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PREFACE

The technology described in this guidebook is part of a broad approach to software productivity
improvement.. This preface provides an overview of that approach and identifies the series of guide-
books that support it. These guidebooks were developed by the Software Productivity Consortium un-
der contract to the Virginia Center of Excellence for Software Reuse and Technology Transfer
(VCOE). For a complete listing of VCOE guidebooks and products, call the Software Productivity
Consortium's Thchnology Transfer Clearinghouse at (703) 742-7211.

Each technology has been packaged so it can be used without reference to the other technologies.
However, it is also possible to combine these technologies into an integrated approach for product
development. Figure P-1 shows how the guidebooks for these technologies relate to the practices of
software development organizations.

Ojcieimprovement Efforts iImplementation

Development Efforts

D evelopm ent Or ai ato a Project

AssetsApplication

Product and Process "

Customer and Market Customers and End
Drivers and Trends System Contracts

Figure P-1. Structure for Integrated Application of Consortium Technologies

These practices are composed of:

"Improvement Ffforts (IE). Application of technology to improve software development efforts.
These efforts require managed approaches to assessment of objectives and current ca-
pabilities, planning for the improvement, implementation of the plan, and measurement of
success.

"* Deveopment Forts. Development of products that meet the needs of customers and markets
or products that make the organization more competitive in meeting expected future needs.

Xxvii
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- Organizational Process Development (OPD). Development of standardized
organizational process assets (e.g., process and method descriptions, process
enactment tools) tailored for a particular organization.

- Product-LineBawed Product and Process Development (PLD). Development of
integrated product and process assets (e.g., core products and processes for adapting
them for particular customer needs) appropriate for a particular product line.

- ProjectApplication Development (PAD). The tailoring and application of organizational
assets for a particular product development effort.

"Mible P-1 describes how existing products can be integrated to address your organizational practice.

Thble P-1. Consortium Guidebooks and Related Practices

Guidebook Part Number Relationship to Software Practice

Consortium Requirements SPC-92060-CMC Used for defining and analyzing requirements
Engineering Guidebook in PAD. Adaptable for use in PLD.
Managing Process SPC-93105-CMC Supports IE by providing a process and
Improvement: A Guidebook supporting guidance for initiating and
for Implementing Change maintaining an organizational process

improvement program.

Process Definition and SPC-92041-CMC Provides methods for defining and
Modeling Guidebook documenting processes so they can be

analyzed, modified, and enacted. Supports 1E
and OPD.

Process Engineering With the SPC-93098-CMC Used to iteratively plan, manage, and control
Evolutionary Spiral Process PAD and PLD. Used to construct
Model organization-specific processes in PLD and

tailor them in PAD.

Reuse Adoption Guidebook SPC-92051-CMC Supports IE by providing specific process
improvement activities for incorporating reuse
practices.

Reuse-Driven Software SPC-92019-CMC Provides development approaches for PLD
Processes Guidebook (domain engineering) and PAD (application

engineering) of reusable software assets.

Software Measurement SPC-91060-CMC Supports IE by providing methods for
Guidebook quantitative assessment of project status.

Using New Technologies: A SPC-92046-CMC Supports IE by providing a process that
Technology Transfer addresses how to get an organization to use
Guidebook new technologies.

This guidebook considerably expands upon the first version to reflect lessons and examples from use,
and to increase coverage in a number of areas. For example, the number of templates has more than
doubled, the number of data fields has increased nearly tenfold, and the definition of process risks and
process metrics has been given explicit support. Additionally, template usage has been separated into
four tiers of formality, thereby allowing you to easily select and use only those templates and fields
that directly support your process definition goals.
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1. INTRODUCTION

1.1 PURPOSE AND SCOPE

The objective of this guidebook is to guide you in efficiently developing and evolving a quality set of
process definitions that will direct and improve the ways you develop software--both to improve your
products and process and to allow assessment at the DoD Software Engineering Institute's (SEI)
Capability Maturity Model (CMM) Levels 2 (Repeatable) and 3 (Defined). You should be better able
to engineer your process descriptions and the processes themselves.

L1.1 A PRACrnCAL APPROACH TO PRocEss DEFINITION

This guidebook offers a practical approach to reflecting experience and distilled research, and
includes highlights from a significant, real-world example. This approach has several characteristics
that help ensure a successful process definition and modeling effort. For example, Managed Process
Definition Methodology (MPDM):

"• Provides "how to" guidance for early success and a sound foundation for continuing success

"* Organizes the definition as it is developed

"* Avoids unnecessarily elaborate or formal notations

"* Is driven by your goals

"• Considers your context and the factors you need to deal with in your situation

"* Exploits simple automation to rapidly generate and revise guidebooks, training material, etc.

"* Directly supports management (including self-management) of the process definition effort

Organizations need to have a representation option that combines the strengths of text- and
graphic-based representations while minimizing their respective weaknesses. MPDM is specifically
designed to support process representation as three separate yet tightly integrated concerns: (1) de-
sign, development, and implementation of the process model; (2) generation of various output prod-
ucts, such as guidebooks and training material, from your process model; and (3) management and
review of the development of both the process model and the derived output products.

The data-organizing templates presented in this guidebook can be rendered as paper templates, but
their design directly facilitates "automated templates" via mainstream information management re-
positories. Examples of template fields include text-oriented descriptions of activities, pre- and
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post-conditions, internal processing, comments, role descriptions, product descriptions, risk types and
levels, revision history, etc. However, through a variety of relationships the templates also convey an
explicit architecture directly supporting graphical rendering and analysis. This combined template-
and graphically-based approach provides you greater opportunity for the optimal combination of both
text and diagrams toward the cost-effective development and use of process representations.

1.1.2 PRocEss DE•NrnoN GoALs

There are numerous goals for process definition:

"* To improve your processes organization-wide such as through a Total Quality Management
(TQM) initiative

"* To reduce software management or technical problems

"* To respond to customer or market pressures to improve or certify such as SEI CMM or ISO
9000

"* To reach aggressive business goals involving software

"* To augment or replace existing process documentation that is either unused or too expensive
to maintain

Process definitions are needed for the same reasons sports teams need playbooks. A team without a
playbook must transfer everything from head to head typically through long apprenticeship, is only
as good as what is in their heads, has more trouble adjusting and improving plays, scratches their
changes only in the dirt, and can never be on the same page. Though they do different things with them,
playbooks are important to both coaches and players-an essential organizational asset.

Every software organization, regardless of size or maturity, has a process for developing and
maintaining software. When using a defined software process, your organization may experience
some of the following benefits:

"* Improved productivity (and teamwork) because communication among the process users,
managers, process developers, and customers is more effective

"• Reuced rework because you identify and eliminate problems early in the process rather than

later

" Efficient project stastart-up time because there is a documented process to train them on

"* Reducedsoftware development costs due to reduced volatility in software development processes

"* Improved predictability of budgets and schedules because you have defined what to measure,
when to measure it, and how to use the information

"* Improved tool usage because tool usage is defined and supported by training material

"• Faster project start-up because the project has a process that it can tailor
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"* Increased integration beween rsulting products due to improved coordination among and
communication between teams

"* increased quality of the re ing products because reviews are defined and understood to be an
integral part of the process

Existing examples of process representations include policy, procedures, and operational manuals
developed by organizations to inform and guide their employees in the performance of their responsi-
bilities. Most organizational process guidebooks only define the process, but a few make use of
relatively high-level or simple process models.

Although process modeling is a comparatively rare technique for representing organizational
processes, it is a well-known and mature technique for representing systems implemented by comput-
er systems. Example techniques include Statecharts, Structured Analysis and Design Technique
(SADTs), and the Entry-Task-Validation-eXit (ETVX) paradigm. Due to fundamental parallels be-
tween defining and modeling organizational processes and computer-based systems processes, you
can apply many techniques from systems process representation to organizational process representa-
tion. Similarly, many of the advantages and benefits derived by building computer process
representations can also be derived from organizational process representations.

1.1.3 GOAL-DRiVEN APPROACH

Unfortunately, probably as many attempts at process definition fail as succeed. The job is not simple
or intuitive and can fail in a number of ways. These ways to fail include: undertaking the wrong scope;
trying to define too much too soon; ignoring existing staff, process, or culture; over or under designing
of process; using inappropriate techniques for process definition; developing an inconsistent or rigid
definition; producing guidebooks that are not used; updating too slowly; and loss of sponsorship or
support due to cost or schedule overruns within the process definition effort.

To avoid these types of failures, you need to clearly define specific goals. Example goals include:

"* Analyze process (in)efficiencies

"* Identify and remove process redundancies

"• Identify and eliminate areas where the process is unknown or undefined

"* Gain insights into process risk

"* Identify where, when, and how process metrics will be collected and used

The key point is that it is important to allow your goals to drive your process definition effort. If the
goal is to analyze the representation for process bottlenecks, this will influence the type of representa-
tion that should be constructed. If the goal is to identify and remove process redundancy, to eliminate
areas where the process remains largely undefined, seek insights into process risk, or to establish or
analyze a metrics program, all these considerations influence not only the type of definition or model
constructed but also the approach taken in researching and constructing those representations. This
issue is examined in detail in Section 5, Volume 2.
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Process representation can span the effort spectrum from easy to exceedingly difficult as a function
of process complexity and desired level of detail:

"* Initially, you may find that relatively simple diagrams of isolated parts of your process are
sufficient to achieve your immediate goals.

" Later, you may find that you can achieve additional goals by extending your existing
representation, adding more detail, and maybe capturing primary interrelationships between
your growing inventory of "process asset" models.

"• Still later, other goals may be achieved through even further expansion of scope, detail,
abstraction, and information.

The magnitude of your goals must be directly related to the magnitude of organizational support for
process representation. This guidebook, and the tools and techniques it proposes, have been designed
to facilitate precisely this type of goal-driven, incremental approach to process definition and
modeling.

1.2 INTENDED AUDIENCE AND USES

The intended audience for this guidebook includes practitioners interested in developing process
definition(s) that are acceptable for SEI Level 2 or 3 assessments, ISO-9000 certification, and those
interested in the tangible benefit derived from applying process definition and modeling techniques
and methods including automation. This audience is primarily:

"• Software Engineering Process Group (SEPG) members

", Process Action Teams

"• Process engineers and modelers

Line engineers, project managers, and anyone working on or interested in the area of process analysis,
design, development, improvement, or management can also use this guidebook (see Table 1-1 a map-
ping of topics to audience). Because most of the intended readers are not necessarily familiar with the
issues and aspects of process definition, representation, and modeling, motivation and rationale
behind the recommended techniques are provided throughout the guidebook.

To clarify what sections you should read, Table 1-1 identifies generic audience types and the sections
of this guidebook that each should read Keep in mind that at any one time you may fit the description
of more than one audience type.

Table 1-1. Guidebook Audience

Volume 1 Volume 2

Audience¶Tpe 1 2 3-6 1 2 3 4 5 A B

Person doing basic process definition " j.. PO k J k-1 e 0

Person leading basic definition e" k " e e e,

Person doing advanced definition e e" e e' i- vP e "

Person leading advanced definition e• e e ' " &-' e P., e e e e

Person performing process modeling yE yE

Person controlling resources e' e e- i" v"
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1±1 ScoPE OF USE

This guidebook can help you:

"* Establish a common foundation for process engineering, training, "ad documentation

"- Develop process-oriented guidebooks, improve their usability, or reduce their cost

"* Develop process training and education

"* Improve your process either in general, for ISO 9000 certification, or to CMM Level 2 or 3

"* Construct process representations either generally or based upon SAD1 ETVX, or another
process representation paradigm

"* Model your processes

While this guidebook can be useful in a variety of contexts, it particularly benefits people who must
develop a software process improvement action plan calling for definition of parts or all of their
software processes.

This guidebook introduces both fundamental and advanced process definition concepts, explains how
to develop a definition, and provides nontechnical as well as technical advice. While you can use this
guidebook by itself, you are also provided with relevant references to other material.

1.2.2 LEms OF USE

This guidebook provides a flexible set of templates and techniques for capturing and representing
processes and explains how to use the template-based information to produce guidebooks, training
materials, and models. The material is presented on two primary levels:

"* Basic usage: suitable for you if you need to produce process guidebooks and training material

"* Advanced usage: suitable for those having increased need of process formality (to support, for
instance, process simulation and automated enactment)

Volume 1 presents basic usage principles and techniques; Volume 2 presents advanced usage con-
cepts. Volume 1 conveys the entire MPDM. Volume 2 provides more details and, in some areas, ex-
tends the scope. Although Volume 2 addresses issues related to automated process enactment, the
principle subject of this guidebook is how to prepare process definitions that can be effectively used
by people.

13 GUIDEBOOK ORGANIZATION

This guidebook is separated into two volumes. Volume 1 covers the basics suitable for organizations
needing to produce process definitions intended to be enactable by humans as opposed to machines.
Volume 1 contains Sections 1 through 6.

The structure of Volume 1 is:
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1. Introduction

"• Section 1, Introduction, describes the goals, scope, and audience of this guidebook.

" Section 2, Process Definition Basics, presents the role of process definition within an
organization and fundamental process definition concepts; it shows where and how you use
process definitions and introduces MPDM.

"* Section 3, MPDM Tmplates and Graphical Notation, describes the conceptual model behind
the information gathering templates, goal-based process definition, and template "tiers of
usage." Then it discusses in detail the Tier 1 templates and their associated fields.

"* Section 4, Fundamentals of Defining Your Process, explains how to start using the templates
:., i describes in detail the eight tasks of MPDM.

" Section 5, Examples: Peer Review Process, presents a complete set of examples for
MPDM-based process definition and modeling. These examples include a context diagram,
indented lists, graphical models, completed templates, a navigation and extract. algorithm, and
an example of automatically generated pages to a guidebook.

" Section 6, Automated Process Definition and Modeling, discusses the use of mainstream,
commercial off-the-shelf tools that support MPDM and briefly discusses a process definition
pilot project.

"* The List of Abbreviations and Acronyms contains abbreviations and acronyms used in this
guidebook and their definitions.

"* The Glossary contains a list of terms used in this guidebook and their definitions.

"* The References section contains sources cited in this guidebook.

"• The Bibliography section contains additional sources of information.

Volume 2 covers a more advanced approach suitable for those with prior process definition
experience, focuses on process definition issues from the larger perspective of general process im-
provement, and contains information on defining processes that are enactable by machines. Volume 2
contains Sections 1 through 5 and two appendixes.

The structure of Volume 2 is:

"• Section 1, Introduction, describes the goals, scope, and audience of this guidebook.

"* Section 2, The Road to a Defined Process: The Management Perspective, discusses
organizational change, the introduction of process definition and modeling into an
organization, the scope of organizational process definition, and briefly discusses metrics.

" Section 3, Organizational Process Definition, presents the goals of organizational process
definition; a top-down approach to process definition; process engineering; process architec-
tures; and an alternative, bottom-up, "pockets of excellence" approach to process definition.

" Section 4, Advanced Templates, presents the full set of process definition templates and
describes Tier 2, Tier 3, and Tier 4 usage.
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" Section 5, Alternative Process Representations, describes characteristics of process
representations, degrees of formality, choosing the "right" process notation, alternative
notations and models, and the benefits of MPDM.

" Appendix A. Inspection Templates Example, provides a completed set of templates to support
the example in Section 5 of Volume 1.

" Appendix B, Checklists, provides a set of checklists that you can tailor to facilitate your process
definition effort.

" The list of Abbreviations and Acronyms contains abbreviations and acronyms used in this
guidebook and their definitions.

" The Glossary contains a list of terms used in this guidebook and their definitions.

" The References section contains sources cited in this guidebook.

" The Bibliography section contains additional sources of information.

1.4 AUTHOR INTERACTION AND FEEDBACK

The Consortium is actively interested in end-user reaction, case studies, feedback, pilot projects, and any
suggestions or recommendations you have for improving and advancing the content of this guidebook.
While insights from researchers and technologists are also appreciated, the Consortium is especially
interested in feedback from those producing process definitions. The Consortium encourages you to
apply the information presented, and strongly encourages feedback on how to make this information
progressively more useful to you and others. Contact Software Productivity Consortium, SPC Build-
ing, 2214 Rock Hill Road, Herndon, Virginia 22070 (703) 742-7211. Ask for (or write to) the Process
Definition Technology Manager in the Process Improvement Division.

1.5 TYPOGRAPHIC CONVENTIONS

This guidebook uses the following typographic conventions:

Serif font ....................... General presentation of information.

Initial Capitalization, Serif font .... Names of fields, values within fields, activities, and work
products.

CAPITALIZED SERIF font ...... Names of undesired events.

Italicized serif font ............... Mathematical expressions and publication titles.

Boldfaced serif font ................ Section headings and emphasis.

Bokifaced ita/ized sertf font ....... Run-in headings in bulleted lists and, in the Appendix,
minor subsections.

Sans serif font .................. Information ordering.
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2. THE ROAD TO A DEFINED PROCESS

Having a successfully defined process consists of more than just having a definition. To remain useful,
the definition must be accepted, trained and performed, and evolve. In addition, it needs to be of such
quality that the organization's products and services are successful and result in the organization
having sustained success.

Additionally, to have an SEI CMM Defined Process you need to not only establish the process
descriptions necessary to assess at SEI Level 3 but need to have the integrated process trained,
practiced, enforced, measured, and able to be improved though an institutionalized organizational
process focus (Paulk et al. 1993).

Achieving a successful project- or organization-wide defined process is not something easily or quickly
acomplished. lypically, significant organizational and cultural change is involved. This section covers
a number of the key issues i. achieving organizational and engineering success. These include
understanding change, introducing proness definition into your organization, the scope of process
de.finition, and the use of metrics.

2.1 CHANGE

Software producers are affected by rapidly changing markets; tight budgets; increasingly critical roles
for software in competences and products; new customer and standards requirements on software
suppliers; and new, expensive technology. Your organization may be motivated to define and improve
its process due to a variety of forces impacting software development and maintenance. Additional
forces include: international competition, ISO 9000 compliance, the SEI levels of software process
maturity, down-sizing of computers and staff, corporate TQM programs, and the use of software and
computing in strategic, new, competitive products and services. This results in a need for more
powerful, reliable, flexible, standards-compliant, and less labor-intensive approaches to software
engineering.

2.1.1 ORGAMZ ONAL CHANGE

Organizations differ widely in the ways they address process improvement: some handle it as stressful
episodes; others try to learn from each improvement but are poor at applying any lessons; and others
treat process definition and improvement as a "core competency" with organizational structures,
processes, and incentives aimed at maximizing their competitive advantage deriving from this area.

From this perspective, process improvement involves the managed exchange of information and
resources both within your organization and with related, external organizations. Figure 2-1 shows a
number of organizations and conditions that affect process improvement z" well as the subsystems
mentioned.
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Contract Labor
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Parent Subse.m Professional
Organization Organizations

Joint Ventures and Governments
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Figure 2-1. Organizational Subsystems and Context

When an organization views process improvement as an ongoing function, then organizational
arrangements to handle technologies and process improvements may be instituted and improved.
Each of these issues must be considered:

"* Strateic Subsystem. Does your organization have a business strategy or do they simply react
to whatever changes come along?

" TechnoogicalSubsysem. Are the processes used to transform inputs into outputs standardized
and institutionalized? Do the processes rigidify operations or are they flexible? What types
of technologies are being used?

" Human/CuUaral Subsystem. What are the core values, behaviors, and "unwritten rules" that
shape your organization's culture? What orientations do people bring to work? Are they
searching for challenge and involvement or simply working for money?

"* Strctural Subsystem. Is your organization bureaucratic and hierarchical or matrix in
structure? Are Integrated Product TIams used?

" Managerial Subsystem. Does the dominant managerial philosophy stress accountability and
control (authoritarian) or encourage initiative and enterprise (democratic)? Does the
organization stress innovation and risk-taking?

" External Entifies and Reationships. Do your processes mesh smoothly with your suppliers and
customers? How do you assess and address customer satisfaction? Do you have mutually
beneficial long-term relationships with technology sources? How do you compare to your
current and future competitors? Do you exploit consortia?
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2. The Road to a Defined Process

2.1.2 ORGANIZING FOR SoFvMrE PROCESS IMPROVEMENT

A typical organizational structure recommended for software process improvement has a Software
Steering Committee that coordinate, support, and guide one or more SEPGs that, in turn, create and
support Process Action Teams (PA~B) that do various process improvement tasks and participate in
piloting new methodologies, techniques, and tools. This example structure will vary between
organizations, but the roles enumerated in Section 2.1.3 will likely be common regardless of your
overall organizational structure.

2.1.3 Rous IN ORGANuATIONAL CHANGE

Staff at any level in your organization can play one or more of the following roles in process
improvement:

" Sponsor. This person possesses sufficient authority or influence to either initiate resource
commitment for process improvement (authorizing sponsor) or reinforce process
improvement efforts at the local level (reinforcing sponsor). Both authorizing and reinforcing
sponsors continually legitimize and demonstrate ownership and commitment to process
improvement. The departure or unavailability of sponsors could jeopardize the success of an
improvement activity or group.

The authorizing sponsor is usually the senior manager of the organization and often serves as
the chairperson of the Software Steering Committee. Reinforcing sponsors are typically at a
middle manager level and are present within the Software Steering Committee.

" Change Agent. This person or team is empowered by sponsors to implement and facilitate
process improvement throughout the organization. The SEPG and the PATs are considered
change agents.

" Champion. This person advocates and publicly supports software process improvement in the
organization, but lacks the power to sanction it. A champion can be present at any and all levels
of an organization; successful ones are usually respected for personal or technical leadership.

" Process Usen. This group of people implements the change and is the focus of the effort; i.e.,
they are expected to follow the process definition in the way they work, and are therefore likely
to change their behavior. Throughout the cycle of process improvement, everyone affected by
the change will, at some time, be changing some aspect of the way they work. Typically, process
users are the people who develop your organization's software products and are commonly
considered the technical staff.

Remember that any of these roles may, at some time, be subject to change (changing some aspect of
the way they work). Sponsors may need to change their communication style to better stress the impor-
tance of process improvement. Change agents may need to develop their interpersonal skills to build
strong teams within the organization.

These roles will evolve and overlap during your process improvement program. For example, a
sponsor may start out as a subject of the change effort. The champion influences this manager to
become an authorizing sponsor. Upon authorizing the proposed change, the sponsor may champion
the improvement on a larger scale and to other organizations.
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2. The Road to a Defined Process

2.1.4 EVOLUTIONARY CHANGE PROCESS

To be consistently successful, process definition efforts need to be part of a viable and well planned
and implemented process improvement effort. Managing Process Improvement: A Guidebook for Im-
plementing Change (Software Productivity Consortium 1993a) gives extensive guidance on establish-
ing a viable, well-managed process improvement effort. It provides a cyclic process for process
improvement. Though process improvement activities and their dates cannot be accurately predicted
in detail far in advance, Managing Process Improvement shows how a well-structured and executable
plan can be developed by considering a set of core activities you can plan and execute in an iterative
manner. Figure 2-2 presents an overview of this process:

1. Understand Context Conextw 2. Analyze Risks and

Reviewdi Iprvmet

Ass•ess/ ' Select Strategy

SUnderstand Analyz

5 Process and Re-

p Dat neupae Bctowe mroee

F PImprovement Strattgieo Risce-Objectives Seec trae Commit to

TheCkeytstepstare

viable altrnatve stAlteg naivesadpoes

n , a Establish/Verify Sponsorship a a 3. Plan
P Commit pr-em nt Foundation vmn forthi c Imrovements

* m n n Iew Mana ts andi h

RpProgress Monitor p

SProgress L• 4. Implement

Advocting pangeRfrigreviewindgaindt maagng proessengierngadprcs

Fiiure na 2. Process cltirovement Process

The key steps are:

"• Understand Contx. Understand the current context including support for improvement,
viable alternative strategies, and process.

"• Ana0me Rbs/s and Select Strategy. Analyze risks and select a strategy for implementation.

"• Plan Improvement. Plan the improvements for this cycle.

"• Impiement Improvements. Implement the improvements according to the plan.

"• Re•,w and Update. Review progress and update overall plans.

Advocating, planning, performing, reviewing, and managing process engineering and process
definition are involved in potentially all of these activities, but the process definition activities

concentrated upon elsewhere in this guidebook fit mainly into the Implement activity as part of
carrying out an action plan.
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2. The Road to a Defined Proces

2.1.5 STARTING WITH THE EVOLUTIONARY SpIRAL PROCESS

The Evolutionary Spiral Process (ESP) provides a starting place for a sophisticated, modem process.
You should find it useful particularly if you have requirements for a substantial amount of variation
and tailoring. It also is a good source of risk management methods if you want only them. It also
contains activity definition outlines and artifact and role lists that may be useful as a starting point.

To date, most process models have been tied to a specific life-cycle model to the point that it is very
difficult to distinguish the process from the life cycle. Another problem to completely tying the life-
cycle perspective to process models is that life-cycle representations are linear and do not highlight
the impact of feedback and iteration. A third problem arises when projects do not define a process
model that would best suit their unique situation but rather attempt to use a model that is mismatched
to project objectives and constraints because it is readily available or required by the customer. On
the other hand, it is often difficult and overly constraining to define a model that is best suited to the
project's objectives and constraints at the beginning of a project without knowing what surprises are
in store as the project progresses.

The ESP model attempts to resolve these difficulties by providing a process model that:
"* Is intentionally not tied to a specific life cycle

"* Can be used to define and evolve a life cycle that will best meet project-unique objectives and
constraints

"* Will help incrementally generate the development process used to reach the life-cycle states

The ESP model is based on the spiral model, which was orginally developed by Boehm (1986, 1988) to
address the known problems in more conventional, primarily waterfall, life-yde models. The spiral model
explicitly incorporates the management steps missing from most of the earlier models. It permits its
users to avoid the automatic adoption of one-size-fits-all processes and eliminates the lock-step or
linear progression of stages characteristic of the earlier models.

The conceptual ESP model, shown in Figure 2-3, is essentially a management model. It is described
by five main steps and several specific product and process management activities that can be used
in conjunction with any life-cycle model. A cycle starts in the upper left quadrant with the step to deter-
mine objectives, alternatives, and constraints, then moves clockwise. In addition, you can follow the
ESP model activities to determine a life-cycle alternative that will adequately address your objectives
and constraints, incorporate the life cycle into the model, and subsequently evolve the life cycle as
product development proceeds and objectives and constraints change.

The ESP model is meant to be repeated using the knowledge gained and lessons learned from the
previous cycles; that is, you traverse all five steps of the ESP model one cycle at a time. A cycle is a
complete traversal of all five steps that, when completed, matures the product by the amount defined
in cycle-specific objectives and success criteria. A spiral is one or more cycles that, when combined,
accomplish a specific objective, such as complete a project, product, work product, or other major
milestone. A spiral may represent the complete life cycle or may include only the activities necessary
to meet one or more of the life-cycle states.

By identifying and incorporating a specific life-cycle model into the conceptual ESP model, you can
engineer a process model specific to your situation. In cases where the problem is well understood,
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2. The Road to a Defined Process

you may be able to successfully apply the waterfall, or top-down, approach that elaborates all
requirements before starting design, completes the design before writing any code, and finishes the
code before integration and test.

1.~~~~4 Uneeveloptet eve

. neand n 2. Analyze Risks

lerform

DcvekW~pdat eve
Estimate of the Risk eAnalysis
Situation

Plan Risk c o m t o

-Stakeholders ttsut e d-O bj ect ve
-AlenavesEecueRisko

commit o pConstraints Araon sm Plan

astheon shwRnFgr -,ta emisamr potnsic edulew for Ducevelopment

Updlate Spiral Plan Plan and

been orce to ake choce wih inuffiientknowedge

SReview Progress and Verify s Pin

, proce od c

chaning bjecivesandonsrain cts idengfed risks, r and lsosland

5.Manage and PlanIPrdc

Figure 2-3. The Conceptual Evolutionary Spiral Process Model: A Management Focus

However, you may not have enough details to write the correct requirements until you have developed
a prototype or performed some preliminary design. You almost guarantee some amount of rework if
you adhere strictly to the top-down sequence. In this case, you may engineer a process model, such
as the one shown in Figure 2-4, that permits a more opportunistic schedule for product development
because it allows you to postpone some key requirements decisions where you might otherwise have
been forced to make a choice with insufficient knowledge.

In the sample ESP model shown in Figure 2-4, you could have defined the life cycle in the first cycle
and then updated the model to show the specific product life-cycle states and supporting activities in
Cycles 2 through 4. As the spiral progresses, you can evolve the process model to accommodate
changing objectives and constraints, identified risks, and lessons learned.

This example is only one possible elaboration of the spiral. Each project can have a customized
spiral(s) to fit its situation.
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Figure 2-5. Success cts in Process Transfer

2.2.1 TEcHNOLOGY TRmNs

The key challenge in process definition is not in defining processes, but in getting people to accept and
comply with new processes. Technology transfer, or the insertion of new processes, is a field unto itself
and is beyond the scope of this guidebook; further information is available in Using New Technologies:
A Technology Transfer Guidebook (Software Productivity Consortium 1993b). Generally, however, you
should consider the following guidance when starting or performing technology transfer:

* Needed Commitment. Your sponsors need to understand that if they attempt a transfer and fail,
they incur the following costs (adapted from Implementation Management Associates 1992):

- Short-Term Costs. Direct costs include wasted resources and failure to achieve a stated
business objective. Indirectly, staff morale suffers because they may have invested
their own time and energy into a failed transfer.

- Long-Term Costs. If management commits to something that fails, then the staff will
potentially have a lower confidence in management's leadership ability and will in-
crease their resistance to the next transfer that they are asked to support.

So as not to incur these costs, your sponsors need to make sure they support the
transfer throughout the entire process. They cannot just give the transfer lip service,
expect it to succeed, and not expect any repercussions when it fails. If there is any doubt
about whether you will receive ongoing support, then you should get new sponsors,
delay the transfer until the support is received, or fail.
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" Scope. Establishing the scope of the process definition effort needs careful consideration,
particularly at the beginning. Among the factors to consider are your purposes (goals,
objectives, motivations), constraints, alternatives, risks, opportunities, existing situation and
plans, time frame, cost/benefits, and the exact products. In addition to organizational scope
and users, you need to address depth, generality, adaptability, and integration.

" Cost and Schedule. Most technology transfers are expensive. If you are tight on resources, then
you can possibly make up for it in the beginning by stretching out your schedule, but there will
come a time when management will have to provide adequate resources. If you are limited on
time and resources (and cannot change the situation or scale back to fit), the best guidance
is to delay the transfer until-your situation improves.

" Timing. Organizations perform work and for the most part can only perform work when they
have a stable environment. If at all possible, time the transfer to occur at the beginning of an
effort or at a major transition point when people are able to absorb changes better. It is nearly
impossible to get an ongoing project to change, especially when it is in the middle of schedule
and resource crunches.

As mentioned above, process improvement and therefore definition and transfer of processes
into use is best done by a series of cycles rather than everything, everywhere at once.

" Activity Duration. Perform the transfer activities as rapidly as possible by performing activities
and tasks concurrently. This might mean trading detail, elegance, and perfection (but not
effective usability) for speed.

"* Cyc Duration. The length of a cycle will be dependent on your situation. However, you can
use the following rules of thumb when planning a cycle: the more people involved in the cur-
rent cycle, the shorter the cycle should be because of the higher probability that risks will occur;
and, the more comfortable your organization is with the activities planned for the cycle (e.g.,
training), the longer the cycle can be because your organization already knows how to mitigate
most of the risks. One possibility is to time the cycles to correlate to your reporting cycle; for
example, if management wants to see a progress report every 3 months, then you can time your
cycles to be approximately 3 months in length.

" Resourcs. In general, transferring in a tool alone will take the least amount of resources,
transferring in a method alone will take more resources, transferring in a tool and associated
method together will take even more resources, and transferring in a system or software
development life-cycle process will take the most resources. This is due to the increasing levels
of impact on existing practices of each technology type.

2.2.2 UNDE•sTA YouR PuRposFs ;mN THMR IMPUCAnONS

Like any systems or software engineering effort, many of the potentially serious problems in achieving
a defined process are related to requirements. What are the goals and their relative importance, who
are the stakeholders and what are their concerns, what are the success criteria/measures, do the re-
sources fit the requirements, and what requirements have the greatest risks are all typical questions
that are important here as well. Your requirements for the process definition-related efforts exist in
a context of organizational requirements.
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Achieving a clear, shared, explicit statement of the objectives that reflect your needs in a particular
situation is a key to success. Objectives can involve understanding (particularly understanding the
requirements a process must meet), having an as-is definition, or improving. Process improvement
efforts vary in scope and goals.

Scope of organizational objectives can be of five kinds (adapted from Venkatraman [19911):
(1) localized improvements, (2) improvement integrated internally across organization, (3) business
process redesign, (4) business network redesign including suppliers, customers, and others; and (5)
business scope redefinition where new process and technology are used to break out and change the
organization's mission, scope, markets, and products. Your initial definition effort is more likely to
to be successful the earlier it is on this list of kinds.

If your situation is typical, it will be somewhat mixed with objectives varying for different parts of the
definition(s). For some part, say configuration management, you may be satisfied with how this is done
in a portion of your organization and want to capture these satisfactory internal example processes
that you will then propagate. For other parts, your management's instructions may be, "We are lousy
at that. Do not study how we do it now. Define us a good process." Of course, the greater the fraction
that falls in the first category the easier introduction should be.

Identify the symptoms that your sponsor, users, and others most want to see change. Project overruns,
shipped defects, excessive integration costs, time-to-market, SEI CMM level-what is it that will
make it a success in their eyes? You will probably need to do some root cause analysis to go from
symptoms to process causes.

Process definition can be used to help many kinds of activities. Figure 2-6 lists many uses ofdefinitions.
As shown, process definitions are used for anything from marketing, through process engineering and
organizational change, to ISO 9000 certification. You should use this list of "process definition uses"
to remind you of the uses that are important to you.

Marketing Understanding Istitutionalization Productivity
ramnferring Design Cultural Change Predictability

Selection Definition TQM Time-to-Market
Trial Analysis Process Improvement Cost Lowering
"Ihiloring Reasoning Process Reengineering Quality Improvement
Training Review Tool Development Standardization
Learning Integration Environment Development Vendor Evaluation
Remembering Change Team Building SEI CMM Assessment
Performance Reuse Organizational Unity Certification (e.g., ISO 9000)
Planning Traceability Multioanization Coordination
Measurement Communication
Management Knowledge Capture
Quality Assurance Shared View

Figure 2-6. Uses of Process Definitions

Initially, much of your process definition effort is likely to be concentrated on capturing descriptions
of existing processes for understanding requirements and as input into initial definitions. The common
process for discovering and capturing these processes resembles the processes long used to analyze
processes in systems, software, and industrial engineering. (See Sections 2 and 4 of Volume 1.)
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Thus, establishing the scope of the process definition effort needs careful consideration, particularly
at the beginning. Among the factors to consider are your purposes (goals, objectives), constraints, al-
ternatives, risks, opportunities, existing situation and plans, time frame, cost/benefits, and the exact
products. You should outline the definite inclusions, commonalities, variabilities, and exclusions-
what is new and what unchanged. You also need to address depth, generality, adaptability, integration,
and change over time. You need to verify your initial statement of scope against process improvement
plans and validate it with all affected parties.

2.2.3 PRocEss DE•1MnON AmN MODEUNG STAFF

When introducing or expanding a process definition and modeling effort, you must determine which
roles are necessary for supporting the work and what types of skills are desirable for people
performing those roles. Arguably, three to five matrixed engineers and one matrixed manager are
necessary for establishing a process representation (definition and modeling) program. Because some
training is involved, there is too much risk in training only one person and then having the entire
program depend on the efforts and availability of that person. In principle, it is better to have more
people contributing smaller amounts of their time than to have fewer people contributing significant
amounts of time. Once a program is well underway, it is ideal to have one or more people work their
way into full-time responsibilities as "process engineers."

The preferred candidates for such work are those that already have a process-oriented background.
This group includes people who have had experience in systems analysis and design. These individuals
have had considerable exposure to process control at a systemic level. Also included are those
individuals who may have received exposure to systemic process issues through involvement with
TQM, process assessment efforts, and similar activities.

The learning curve involved in becoming proficient in MPDM is comparatively nominal, so the
benefits of having several people trained and potentially available (as matrixed resources) for process
representation efforts is relatively low-cost and low-risk. This is especially true when you consider the
value derived from the increased variety of insights and experience.

As discussed in Section 5, the templates can be used as a point of departure for alternative process
representation notations such as ETVX, SADI and Petri Nets. If such notations are one of the
eventual goals of the process representation effort, it is highly advantageous to select process
engineers partially as a function of whether they have a background in the alternative notation of
choice. In all cases, using alternative notations for constructing process models is consistent with their
use in constructing software models. Consequently, notation-specific skills previously acquired by
process engineers can be applied to process representations using those notations.

2.2.4 ORGANMZG FOR PROCESS DEFmINoN AcrnmEs
It is suggested that process definition, as an organizational process, be the first representation
constructed. Then, when performing the subsequent process representation effort, you will be
following the model constructed during your first effort.

Much is said elsewhere in this guidebook about steps and practices for creating process definitions.
This subsection discusses related activities that any engineering efforts most also address.

2.4.1 Creating Process Definition

If you have a limited project or program scope, then the material in Volume 1 suffices. If you have
organization-wide requirements or those involving substantial variations and tailoring, then the

2-11



.ZThw Road to a Defid Proms

material in Volume 1, combined with the the Tier 2 fields discussed in Section 4, will suffice. If you
plan on process simulation and enactment, then the material in Section 3, and the Tier 3 and 4 fields
presented in Section 4 will be helpful.

2.2.4.2 Verification and Validation

Verification and validation of process definitions occur repeatedly. You verify a definition by
investigating whether the process is being defined in a manner consistent with requirements; you
validate a definition by investigating whether the right process is being defined. Reviews and
inspections are the most common techniques for verifying and validating process definitions, but pilot
trials, simulations, and analytical modeling are also possible.

Validation and buy-in are important to the success of process definition efforts. These should start at
the beginning and continue throughout the entire effort.

2.2.4.3 Process Definition Management

Like any engineering endeavor, the process definition efforts need to be managed. Commonly, this
will be done in the context of process improvement and process engineering. All the principles of good
engineering management apply-particularly, concern for user involvement and satisfaction. You
need to give attention to planning process definition releases and transfers/installations, installing
processes, and providing operational support. (Process definition management issues are discussed
in detail in Section 2.2.7, and throughout Section 3.)

2.2.4A Process Definition "Process" Management

The process definition process needs all the normal infrastructure of an engineering endeavor
including quality management, process definition improvement, configuration management,
documentation management, process definition support, "system" administration, and training.
These need not be elaborate or require separate organizational entities. You may want to take
advantage of existing infrastructure to accomplish many of these activities.

Not only should the definitions continually improve, but the process that is used for process definition
should also be systematically improved. This can help set an example for software process
improvement.

2.2.5 GErMG STARTM

Once you have identified who will be working as process engineers, the next step is to identify the first
area to be defined. Your own process definition process can be a good example to learn on, but do not
spend excessive resources or unreasonably delay the main work.

Before actually performing process representation, you must train the process engineers and, if possible,
those who will be managing the efforts. MPDM is not complex, therefore, training can be limited to
approximately 2 days. However, this depends on requisite background and related topics also
introduced during training, such as metrics, process maturity levels, and transferring processes.

For further information on getting started, see Volume 1, Sections 2 and 4.
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Once you have a sufficiently complete process representation, it can be analyzed for areas of risk and
for opportunities of improvement. Often, simply having an entire process detailed in an easily accessi-
ble and understandable format allows you to think about and discover risks and opportunities. For
example, you can examine the templates with regard to the average number of entry criteria and aver-
age number of exit criteria specified for events. Then, you can reevaluate events whose criteria signifi-
cantly exceed the average to determine whethe: such excessive binding to other events constitutes
unusually high risk.

The eventual goal of analyzing models for risks and opportunities is to derive new and improved models.
You can then carefully analyze the new models for consistency, completeness, and potential problems.
When management is confident that the proposed process is well understood and has sufficient potential
benefits, they may decide to institute an exploratory or pilot project based upon the proposed process.

2.2.6 ONGOING IMPROVEMENTS

Improvements can occur in both the processes and how they are represented.

2.2.6.1 Process Improvement

Process improvement stems from using the baselined process and evaluating how well it works, and
from evaluating and monitoring the product being produced as a result of enacting the project process.
Process evaluation techniques can include internal and external process assessments, ongoing
measurements and metrics, and post-mortem evaluations.

An internal process assessment assists an organization to determine and characterize its internal
process maturity, mobilize support, and guide improvement. An external measure of organizational
process maturity can be used as a way for a customer to assess the software development capability
of potential contractors or vendors.

Cost, schedule, size, error, and risk measurements are all very useful project management data. They
can be collected in the process measures database and used to build process metrics, such as the
average percentage of cost and time spent at each activity, or the identification of the activities where
errors and risks are typically discovered or introduced.

A post-mortem evaluation of a project's process model and enactment might also identify potential
reusable process assets such as process(es), methods, tools, and measurements, as well as the rules
for reusing these process assets. Process evaluation can include classifying and analyzing the different
development process data by business areas to leverage similar process metrics of cost, time, errors,
and risks.

Both originally and as part of evolution, you need to give particular attention to planning process
definition releases and installations, installing processes, providing operational support, and
identifying new operational capabilities.

22.6.2 Representation Improvement

Once you have used the templates to construct one or more process models, you will have insight into
how the templates can be improved and explicitly tailored toward your needs and the nature of the
models being constructed. You can add new fields, develop new classes of templates, include new
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meta-classes, and introduce even further levels of abstraction. In all cases, it is important to monitor
the benefits when contrasted with the additional effort and complexity introduced by such extensions.

The recommended approach is, of course, to automate support for process representation and to work
with electronic versions of the templates. This not only allows for virtually unlimited field sizes
(constrained only by limitations in a supporting database, for instance), it also introduces the possibility
of active links between the templates. Relatively trivial automated support allows you to easily follow
relationships between templates. This greatly improves the ease with which templates can be
improved.

Once you are familiar with the development and use of process representations within your organization,
you can look for ways in which process modeling can support other organizational endeavors, and vice
versa. One major candidate for potential mutual support is with organizational metrics and measures.
Although many organizations have established measurement programs without using process
representations or models, you should note that these programs can readily facilitate each other.
Hence, you may want to tailor your templates to directly support a program of process measmrement.
As discussed in Section 2A, metrics are a excellent means to gain insights into dynamic process
characteristics.

2.2.7 GUIDELINES FOR MANAGING PROCESS DEFINMON

Managing the process definition effort involves the full range of management issues. Although many
of the points made elsewhere in this section have management components, the guidelines here
directly address leaders of process definition efforts.

Process definition should be an example of a well-run effort.

1. Set explicit, realistic goals--both near- and long-term.

2. Adopt desired process behavior. While one cannot reasonably expect your software process
definition effort to be much better organized and executed than your software projects, you
should strive to adopt the next round of improvements desired of such projects. For example,
if you expect software project- to use sound estimating procedures, then the process improve-
ment program should use them. If you are aiming toward having a defined software process,
then the process definition effort should define its process first.

3. Use the eleven-step scale (shown in Figure 2-7) to determine local cultural norms in handling
risk or need to change (Grove 1983; Charette 1992; Redwine and Riddle 1985; Sage 1993).
Build a culture within the process definition effort (and hopefully the whole process
improvement program) that is climbing the eleven-step scale (Figure 2-7) ahead of the rest
of the organization.

4. Explicitly manage uncertainty and risks. Be particularly sensitive to the need to provide your
sponsors with near-team, tangible successes. Though process improvement economics is in its
infancy, you should strive to justify process improvement efforts from the perspective of
"return on investment."

5. Have your own explicit process improvement effort.
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Manage Change "We lead, cause, &

exploit change. We're not sur.

Proactive prised-we surprise the competition."

MAnticipate "We have a full range of
needed tolerance and flexibility."SEliminate Root Cause 'We killed it; it'll

never get us again."

n I nteBlamtie Prevent thisTtmes"Keep probingnand we can

Denyt fereii avoid it for now."

gFault Tolerance "We can usually inyediately and
cheaply detect, f t and recover."

SMitigate Damage "Reservceswll pay for damages."

Reactive h Fmx-On-Faelure "Okay, who can we pull off
I what job to go and work on it until its fixed?"
SCrisis Management "Oh nnow what do we do?"

Inactve. ]Blame Others ."That's not my job, it's their fault!"

. e aa Dent "We are different, it could never happen here."

inclu ore "I nevew heard of it or paid any attention to it."

Figure 2-7. Eleven-Step Scale for How Organizations React to Risks or Need to Improve

Respond to your customers.

I. Listen to process users and sponsors (e.g., Steering Committee). Follow the motivations, the
threat or risk vectors, the money, the process users' needs and their customers' needs in
deciding what to do. Motivated process definition users are the keys to success.

2. Be aware that the list of stakeholders may change. i y to obtain support broad enough to
include likely new stakeholders (successors). This affects the amount of time and resources
needed to get commitmer it.

3. Increase sponsor and management commitment and enthusiasm by building increasingly
open, ongoing relationships with more key persons, and ensure that they see you as yielding
solutions, not surprises.

4. Rotate process users through the process definition effort.
5. Have validated requirements for your process definition efforts.

6. Measure diffusion, success, and satisfaction.

Integrate the process definition effort with organization processes.

1. As far as possible, involve yourself in all related planning (including budgeting) and with
similar initiatives.

2. Increase awareness, coordination, and integration across software process improvement and
definition efforts throughout the organization.

.3. Ensure that the process definition effort's own processes integrate smoothly with other
organizational processes.
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2.2.8 PROCESs ENGINEEMNG

This section covers issues such as: Are the processes used to transform inputs into outputs
standardized and institutionalized? Do the processes rigidify operations or are they flexible? What
types of technologies are being used?

Institutionalization is the extent to which the use of the process is routine, widespread, and embodied
in the organization's governmental mechanisms. Only a summary treatment is provided here; for
further information, see Managing Process Improvement: A Guidebook for Implementing Change
(Software Productivity Consortium 1993a) and Process Engineering With the Evolutionary Spiral
Process Model (Software Productivity Consortium 1994).

In your process engineering, use the best practices and ideas from systems engineering,
organizational development, software process improvement, user, and other communities.

1. Support learning. Train and educate your process definition management and staff in new
software process engineering-related skills and knowledge. Most software process knowledge
and skill has an even shorter half-life than regular computing knowledge; this requires
continual study, training, and education.

2. Copy the best involvement mechanisms in use in your organization. For example, joint

application design, integrated product/process teams, or concurrent engineering teams.

3. Pay attention to process requirements and integration.

4. Use process (re)design expertise to improve processes' speed, dependability, cost, and
resulting customer satisfaction.

5. Cultivate the persons performing the process to become your biggest source for improvement

suggestions; then use them.

Stay on top of new process developments.

1. Access and digest relevant periodicals, market reports, and government studies. Subscribe to
services, databases, and analysis groups.

2. Use existing data and knowledge wherever possible. In technology areas that change rapidly,
be careful of data over 2 to 3 years old.

3. Use traditional and nontraditional sources, as well as local and global sources, for new
processes and technology. Traditional sources include consulting firms, colleagues, literature,
seminars, internal R&D laboratories, universities, computer manufacturers, software tool
vendors, and meetings. Less traditional but sometimes even more effective sources include
joint ventures, consortium membership, federally funded R&D centers, competitors,
suppliers, and customers.

4. Participate in or track appropriate standards projects, e.g., SPICE.
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Exploit automation.

1. Use office automation to manage and communicate.

2. Use automation to support process definition and modeling.

3. Generate an electronic "paper trail" on your analyses, decisions, rationale, and
implementation efforts. To support this, many activities do not prescribe a specific
documentation type (e.g., a formal plan). Type of document you create is up to you and your
management.

Institutionalize the process definition effort.

1. Define the software process definition process and evolve the definition.

2. Achieve a workforce skilled in its use.

3. Embody the process in organizational governmental mechanisms such as policies, procedures,
measurements, reports, reviews, assessments, and audits.

4. Incorporate representations in initial personnel indoctrination and training and other
mechanisms of acculturation.

5. Reinforce the process to prevent your process improvements from slowly fading away.

2.2.9 ExrnqAL ENm-rs AND REL ONSHIS

For your organization to be a permanent leader in process definition, it will need to develop stable
and long-term relationships with other important external organizations, including your customers,
suppliers (e.g., vendors, consultants), and industrial peers.

Ensure strong and improving relationships with external organizations.

1. Encourage staff, user, supplier, and customer involvement in decisions that affect them.

2. Attempt to establish relationships so you can design processes appropriate for
supplier-customer pairs or chains with your subcontractors and clients.

3. Form ongoing relationships with select process definition and technology sources. This can
take forms such as industrial liaison relationships with universities, contracts, joint ventures,
consortia, periodic benchmarking, strategic alliances, investment, or cross ownership. Ongo-
ing relationships will help facilitate transfer, give you advance insight and influence on how
new processes will fit into your environment, and promote ongoing support for the transfer
from the source.

4. Provide avehicle for systematically asking customers and suppliers about their immediate and
expected future process and technology needs and changes.

5. Carefully select and form a relationship with assessor organization(s) and personnel that can
come to know your organization and approach to improvement.
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6. Find ways (e.g., industry surveys, benchmarking, visits, business intelligence) to compare your
organization's software process and software process improvement program to your
competitors.

2.3 THE SCOPE OF PROCESS DEFINITION

Particularly if you are leading or planning a process definition effort, you should be aware of the full
range of activities and future possibilities involved---even if, as is likely, you concentrate on the defini-
tions for immediate use. Process definitions can exist at different levels of generality at different levels
of the organization (as discussed in Section 3.3), contain multiple parts, use a variety of representa-
tions, and change over time. Process definition efforts involve the full range of engineering activities
as applied to process definitions, including verification and validation and configuration management
of the process definitions themselves.

2.3.1 FoRMs OF PROCESS DEFINIrIONS

Process definitions describe some or all of their process's aspects--e.g., goals, activities, artifacts,
ordering, organizational structure, resources-at varying levels of specificity and scopes of
applicability. They are used, possibly in different forms, to constrain, engineer, and perform
processes. Examples include corporate standards, guidebooks, plans for human use, and scripts for
computer execution. The emphasis in this guidebook is on definitions that interact with humans for
engineering, performance, or other purposes.

The most common technique for representing or defining processes is the use of descriptive text.
Generally, operations manuals are text-based representations that describe one or more processes.
Organizational policy and procedure manuals are also potential sources of process descriptions. One
significant advantage to text-based descriptions is that there are virtually no constraints placed on the
description itself. Because the notation is the entire language of words, anything that can be talked
about can be described. This, however, is also the most significant disadvantage to text-based process
descriptions. Because no constraints exist (other than grammar) on the structure of the description,
the potential for inconsistency, ambiguity, uncertainty, and inaccuracy is considerable. Text-based
descriptions are typically the least formal type of process representation.

At the other end of the formality spectrum is mathematics. Although mathematically provable process
models are an ideal goal, such methodologies are still an area of active research, and there are not
any clearly cost-effective and widely applicable math-based methodologies. However, between the
informality of descriptive text and fully rigorous formal mathematical descriptions of all aspects, there
are many options for representing processes at varying degrees of formality.

Having graphical support for a notation can directly contribute to having some degree of formality.
Usually, a graphically-oriented notation comes coupled with a methodology that imposes rules on
placement, use, and connections between the graphical objects. These rules constrain the types of
structures that can be built and increase the formality of the resulting depictions. Additionally,
graphical depictions are especially useful for portraying abstract or high-level relationships. The
resulting diagrams allow for insights into the process that can be virtually impossible to derive from
descriptive text.

2.3.2 ARcI=TEcruT Acryvmrs, AND MFHODS

Tb facilitate construction, evolution, reuse, and adaptation of software processes, software process
architectures are useful just as they are in other types of systems (Redwine 1991). While architectures
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are sometimes talked of as just the structure and relationship among the components of a system and
the system's interfaces with its operational environment, architectures fulfill a number of purposes.
For process architectures these purposes include: describing the significant components and struc-
ture; reuse variations; guiding tailoring (selection, adaptation, and composition), instantiation and
binding; smoothly assembling the components; and gracefully evolving over time. An architecture
must, of course, allow provision of the needed functionality and performance, but it should also, where
possible, facilitate their provision and use. Architectural design decisions tend to be the earliest made
and the longest lasting of process definition design decisions.

Architecturally identified activities can be black boxes, possibly arranged in levels of decomposition,
to be filled by methods performed by tools and persons. Activity black boxes are generally described
by their entry and exit criteria, including descriptions and constraints on input and output work prod-
ucts. The activity interface also needs to accommodate management direction as input and measure-
ment and management data as output. These include progress/status reports, problem and risk
reports, recommendations for higher level decisions, and process and product measurements includ-
ing quality measures. Figure 2-8 shows the elements typically involved in performing an activity.

Product Inputs Product Outputs
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decentralization and dependability criticality-a method may be appropriate only for a subset,
adaptable across a range, or unaffected by variation in such an aspect or process definition "driver."

2.3.3 EVOLUTION OF PRocEss DEFINmONS

Definitions evolve to help improve the process in general and to respond to requirements and
experience. Figure 2-9 shows some of the ways in which definitions evolve. At the project level, two
versions of the process definition are shown:

"* The As-Is Project Definition that is currently being enacted

"* The To-Be Project Definition that is planned to replace the as-is definition

As-is definitions can be derived from tailoring program-level, business area, or organizational
definitions, or from analyzing and capturing current practice. The latter is a common source when
organizations are just beginning to define their processes. Typically, the best of these become
candidates for generalization and inclusion in organizational-level definitions.

To-be definitions may evolve before implementation as the result of analyses (both static and through
process simulation) or after implementation as the result of learning from experience. The
project-level experience can also be a source of improvement for the organizational level. Results of
enactment across projects can be measured and analyzed for such things as activities that originate
the most serious defects, and improvement of these can be addressed at the program, business area,
or even organizational level.

Meet New
Organizational Organizational
Requirements or 1 Reusable Generic
Exploit New Assets
Process Technology Generalize

Tailor to Meet
New Project
Requirements

1 • To-Be As-IsI

Aaye Project Project
Definition Definition

~Instantiate -Observe

Obsere •'ISimulation and/or Enactment

Figure 2-9. Process Definition Evolution
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2.3.4 AiDvANCED PRoCESS DESCRIPTION USES

While this guidebook version gives them limited treatment, two of the areas with strong future
potential for using process descriptions are automated support for processes based on their
definitions and simulation of processes for analysis, planning, improvement, and training.

2.3.4.1 Automated Enactment

Over the last decade, a series of International Software Process Workshops has been held, mainly
inspired by the potential for automated support. Although they are limited, early products are
beginning to appear not only targeted to software process support but to office work-flow and business
reengineering. Some groupware product- have potential to provide some support to processes. Scripts
or more advanced mechanisms compose and orchestrate the execution of multiple tools with little or
no human action.

This is an area with considerable promise, but limited products. Nevertheless, awareness of these
technologies may be important to your mid- and long-term planning.

2.3.4.2 Simulation

Simulation tools originally intended for other or general purpose uses have been used to try to
simulate software processes. Experience is very limited but shows some promise for engineering.
management, and training. The creation of "virtual projects" with stochastic simulation allows both
analysis of what may happen and case studies for training. The analogy of flight simulation is used by
some proponents. One advantage is that the effects of the stochastic and multiple feedback loop
nature of projects and organizations are much easier to appreciate with some of these simulation
techniques.

As in all modeling of human organizations, many questions exist as to the appropriate purpose, scope,
and fidelity for a model to be useful. Definitions that can be modeled and instantiated to degrees
needed for useful simulation will offer significant advantages in the long term. The Tier 3 and Tier
4 fields discussed in Section 4 support the extension of your process information toward the more
rigorous descriptions needed for simulation and other automated analysis.

2.4 USING METRICS TO STEER TOWARD SUCCESS

The purpose of metrics is to increase objectivity by providing a common measure with which to
compare different phenomena or the same phenomenon at different times. However, in addition to
the considerable benefit derived from using metrics, there is also the risk of mismeasurement, or mis-
interpretation. Section 2.4.1 covers important characteristics of metrics: both from the perspective of
benefits and from the perspective of associated risk.
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2.4.1 IMpowRTNT CH.JucrEusrnlcs

There are many important aspects to metrics, but four of the most important are:

"Metrics must correlate to the phenomenon being measured. From one perspective, metrics are
intended to facilitate insight into some phenomenon in the real world. The intent of the metric
is to change in some manner that is consistent with changes in the phenomenon being
measured. If a metric does not correlate to what it should measure, it is useless. The more
closely changes in the value of a measurement parallel change in the characteristics being
measured, the greater the usefulness of that metric.

" Metrics must measure something of interest. In addition to correlations, metrics must also
measure something that is interesting. Interesting is invariably subjective, but the concept is
crucial nevertheless. It is too easy to define a large collection of metrics and spend
disproportionate amounts of time and effort measuring characteristics that yield little, if any,
valuable insight. From this perspective, interesting metrics are those that provide you with
insights that affect your decisions or your actions. Clearly, when you find that you largely
ignore a particular metric and it does not influence your thinking, that metric has ceased to
be interesting for you.

" Metrics must rejlctsomething that can be inJ14enced. Another key characteristic of metrics is that
the measure relates to something that can be influenced. There is little value gained by mea-
suring something that has no relation to anything that can be influenced. Curiosity may be sa-
tisfied, but if the metric monitors something completely outside your sphere of control and if
nothing related to that metric can be influenced by you, the metric does not allow adjusting
a process to achieve changes in the data reflected by the metric. If the metric can in no way
provide you with any useful guidance on how to alter the phenomenon being measured, or your
actions with respect to that phenomenon, then the metric is essentially meaningless.

" Metrics must support making corrections or predictions. Finally, it should be stressed that one of
the primary benefits to metrics is their use in validating predictions. For example, when
proposing changes to a process model, you should attempt to predict what effect the changes
will have on the metrics monitoring that process. When proposing a new or modified process,
such proposals should be accompanied by claims to the effect that metric-a will go up by x units
and metric-b will be reduced by about y 7 ercent, etc. One value to such predictions is that they
more precisely communicate the expected benefit from instituting a particular change.

Of even greater value is the fact that this approach can contribute to verifying whether the actual
results of the new process match the predicted results. If results are generally as predicted, there can
be a higher degree of confidence that the predicted benefits will likewise be manifested. If changes
in the metrics are running opposite to their predicted direction, it maybe time to consider reinstituting
the original process and reexamining the new process.

Please note, however, that it is not always the case that when the predictions are wrong, the process is
wrong. It could be that the metrics are not measuring what they seem to be measuring or that there are
confounding influences affecting the measurement that are not being considered in the interpretation.
Simply put, the problem may not be what is being examined, but the way it is being examined. Fortunately,
using metrics to make predictions is a self-correcting problem. Either the metrics are high quality and your
ability to make predictions improves, or the metrics are not high quality and the lack of predictability
causes you to reexamine and improve the metrics. In any event, you gain insight and make progress.
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2.4.2 INCORPORATING MEASURmrNT IN PROCESS DEFINITION

Considerations of what measures to include involve three factors: a minimum uniform set, measuring
to meet your organizations goals, and a set of measures for each activity (and possibly each other type
of item, e.g., artifact).

When establishing measures for an activity, a useful rule of thumb is to include measures of input size
and quality, resource usage, and output size and quality. Note that this generally implies size and
quality measures for products that could benefit from standardization across activities.

2.4.3 MEric SUPPORT FOR PROcEsS TRAcKiNG AND COST MODEING

This section describes activity-based cost models and how you can apply them in starting your process
modeling effort. Tb implement process models, you need to accumulate software process and product
information. Many existing accounting systems maintain costs in terms of activity-based models.
Yours should do so in terms of the activities in your process definition.

This section presents methods now used to work with the software development processes in your
organization. The methods express each major process in terms of an activity. The methods are used
by management for activity-based cost estimation. Activity-based models use a bottom-up approach
to software development cost estimation based on an analysis of the costs of the individual activities
that compose the software development process. Activity-based models are especially effective in an
environment in which you have established a software experience database and where you use that
database to feed back information about the process to improve the process.

The cost estimation methods usually base estimates on a function of the software product size. In turn,
the development schedule is estimated as a function of the cost estimates. The size, cost, and schedule
parameters are closely related.

The methods presented in this section roughly correspond to a progression through the SEI process
maturity levels. If your software development organization is at process maturity Level 1, the initial
level, you probably have no experience data in a database. By the time your software development
organization is at SEI process maturity Level 2, repeatable, you will have established a software expe-
rience database and accumulated sufficient data so that you can calculate unit costs for the main activi-
ties of software development (e.g., requirements definition, design, code and test, integration and
test) and apply them on a project basis.

An activity-based model is built by assembling and ordering the activities that compose the development
process to be used to produce the intended software product. The activities that form your
development process may be from a previously used process, or they may come from a modified
version of a previous process with some activities removed and other activities added. Alternatively,
they maybe a selected subset of activities from a"menu" of activities. An activity-based model enables
you to begin by using the resource consumption (cost) for each of the activities in the development
cycle, such as requirements analysis, preliminary and detailed design, code and unit test, computer
software component integration test, and computer software configuration item system test. Your
project may not use all of the "repertoire" of possible activities. For example, if you are developing
a new version of an existing system, you might not have any preliminary design in your development
process. Define your software development cycle in terms of known and measurable activities based
on your organization's experience as contained in your experience database.
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Often, a computer-aided software engineering (CASE) tool is seen as a potential approach for reducing
project cost. When considering the use of a CASE tool, you must determine (or estimate) its effect on
specific activities in the software development process. This consideration should be tempered by a
general recognition of the fact that some aspects of an activity are subject to automation while others
can only be done by a person. For each activity, you should determine the impact of the CASE tool
application on:

"* The reduction in the unit cost of doing the activity

"* The additional cost, if any, on this and any other activity of applying the CASE tool

"* The inputs to and the outputs from the activity

"* The determination of how and when the activity is completed

"* The quality of the activity

"* The sequence of activities

You must not only consider the potential impacts of the application of the CASE tool on each activity
but also the possible interactions of the applications of several CASE tools. If investment (in the tools
or the process) is the same for each application, you must recognize the possibility of a decreasing
return on investment.

2.5 SUMMARY

This section covered variations among process definition and modeling situations and provided
guidance you can use to improve your own process definition effort. Much of the guidance derives
from seeing what others have done in the past-particularly what they have overlooked. However, you
can certainly be successful without following every piece of advice, and this guidance should always
be evaluated with respect to your particular situation.

Each time you want to improve your process, consider process definition an ongoing function with a
permanent set of organizational processes and relationships. Initially, some of this may be a luxury
in your situation, but you should revisit these aspects as you are considering your second or ongoing
effort.

Process definition success depends on the same factors that make systems or software projects
successful. Use your experience, involve your users and funders, set realistic objectives, manage your
requirements, have competent staff, have good organizational relations, verify and validate
throughout, and use good management and engineering practices. Remember your organization only
benefits if people use the definitions to do better work.

As a word of caution, when process definition efforts fail, it is often due to either: (a) organizational,
cultural, or management reasons, rather than technical; or (b) by taking on too much too soon, rather
than taking an incremental approach, building incremental experience, and providing incremental
benefit. The road to successful process definition is the same road that leads to success in other proj-
ects: plan, manage, do quality work, be efficient, involve your users, get early results, and demonstrate
ongoing success to your sponsors.
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Recognizing that process definitions could exist at the organizational level and require tailoring to a
variety of dissimilar projects, the previous sections of this guidebook addressed such situations, but
only at an introductory level. This section provides further details on the activities of organizational
process definitions. In part, it also provides the motivation for some of the more advanced template
features described in Section 4. Although organizational process definitions do not necessitate these
advanced features, they may be facilitated by them.

3.1. GOALS OF ORGANIZATIONAL PROCESS DEFINITION

Organizational process definitions need to provide all the advantages of sharing, while preserving the
ability to deal with variations among projects.

Organizational process definitions are intended to convey both constraints and flexibility. You want
to constrain the processes in such a way that you can pursue organizational goals while avoiding disas-
ters, yet you also want to preserve-and pass through to your program and project managers- the
flexibility they need to select how to efficiently and effectively engineer end-prod'icts. This allows you
to vary a process to different circumstances even though the final product is essentially the same.

Consider the housing industry. One process for building a house involves hiring an architect, designing
a totally custom house, and having it built to your exact preferences. A different approach is to go to
a developer who might have a hundred or so predesigned types or styles of houses-some intended
for use in cities, some designed for use on mountains, others for coastal communities. As a buyer, the
process allows you to select from some "reusable designs" and tailor the design to suit your prefer-
ences. Tailoring options may be extensive, such as whether you want the optional garage, porch, or
three-story model. The result of each of these processes is the same: you have a house that you expect
to suit your needs. Similarly, you might also visit a builder who is constructing a townhouse community.
In that scenario, you may have the option to select from six or seven basic models. For each model,
your tailoring options could include whether or not you want a fireplace, upgraded carpet or ap-
pliances, a bay window for the living room, etc. Here too, you end up with the same product: a house
to live in. But the process that produces and markets these houses is markedly different in each of the
examples.

Independent of these three process variations for building and marketing houses, there are certain
invariants that hold true for each of the processes. For example, there are electrical codes, building
codes, standards for plumbing, structural stresses or load maximums, federal and state zoning and tax
requirements, etc. These are, effectively, "organizational" process constraints that must be adhered
to independent of the type of process being used.

As can be seen from this example, process definitions can-and should-occur at different levels of
abstraction. The number of abstraction levels appropriate for you is a function of the size of your
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organization and its type. However, as shown in Figure 3-1, one way to analyze levels is to think about
process definitions at five levels of abstraction. These levels are:

1. Organizational process definitions

2. Business area process definitions

3. Program process definitions

4. Project process definitions

5. Project plans

Note that your options span the entire spectrum from the highest or least detailed level
(organizational definitions) to the lowest or most detailed level (a workable plan that is used to enact
and track the process). The remainder of this section elaborates upon issues related to developing
process definitions at different abstraction levels. This section concludes with a brief discussion on
how to develop organizational process definitions via the creation of "pockets of excellence."

3.2. TOP-DOWN SOFTWARE PROCESS DEFINITION

The software industry is beginning to recognize the importance of standard and defined development
processes to producing consistently high-quality software within budget and on schedule. However,
unique project characteristics may impact a project's ability to perform to a previously defined devel-
opment process: that is, different process drivers generally result in software development processes
that may vary slightly to significantly from project to project.

Many process groups today are faced with the difficult task of defining the product development
process for a large, complex, and highly variable organization, as well as for the multiple and diverse
projects within that organization. Finding the right set of solutions requires structure and discipline,
including careful analysis of the problem, designing an architectural framework within which the
problem can be decomposed (a top-down perspective), and decomposing the problem into smaller,
more manageable pieces.

Similarly, imagine trying to build a large, complex software system without first designing a software
architecture: interface problems are prevalent, requirements are implemented inconsistently or not
at all, and design constraints are violated. Like software engineering, one approach to process engi-
neering is to represent complex interactions among process steps through a high-level process archi-
tecture that can be subsequently refined and elaborated. That is, process engineering can follow an
approach which elaborates the process through different forms of representation and level of detail
until an enactable, or performable, level is reached with appropriate reuse and tailoring at each level.
(Discussion of a "bottom-up" or object-oriented approach is deferred until Section 3.5.)

Many software organizations have expended a significant amount of time and resources to produce
voluminous process descriptions. Often, these descriptions do not correspond to the processes actual-
l" performed during software development or maintenance. Some key problems may cause the discon-
nect between how a project actually performs to produce its required product and the organization's
standard process model, including:
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"* Organizational process models developed at too high a level of detail

"* Organizational process models defined at too low a level of detail

"* Organizational process models that mandate inappropriate life-cycle model(s)

Process Engineering With the Evolutionary Spiral Process Model (Software Productivity Consortium
1994) states that to a large extent, these key problems are symptoms of the difficulties currently en-
countered when attempting to tailor an organizational process definition for a specific project. To re-
solve tailoring problems, it may help to consider the process model in terms of reusable assets,
including:

"* Organizational Process Definition

"* Business Area Process Definition

"• Program Process Definition(s)

"* Project Process Definitions

"• Project Plans

"• Process Asset Library

"* Process Measures Database

"* Policies

"* Standards

"* Program Assets

"* Procedures and Methodologies

"* Resource Mappings

You can gain additional insight by understanding how to develop and elaborate process assets based
on different levels of drivers, such as organizational, business area, program, and project. Section 3.3
(and Figure 3-1) shows you a process through the different levels of elaboration, producing the
supporting process assets.

3.3 PROCESS ENGINEERING

Process Engineering With the Evolutionary Spiral Process Model discusses the process engineering
process in terms similar to those shown in Figure 3-1. The material in this guidebook slightly extends
the approach to provide information on process definition abstraction at the program level.

3.3.1 PROCESS ENGINEERNG PROCESS

Figure 3-1 shows activities to produce and continually evolve the appropriate process assets to the
appropriate level of detail. In addition, it specifically surfaces the impact of process drivers that place
requirements on each level of abstraction or elaboration.
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Figure 3-1. Abstraction Levels for Process Definitions
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At the organizational level, top-down process engineering can start by identifying existing process
assets, including activity specifications, method descriptions, standards, and artifact definitions, and
using them as the basis for creating an organizational process definition. Parts of the process definition
may be unique to a given business area. Where no appropriate material exists, you may need to create
it from scratch.

An organization may be divided into two or more business areas. These are coherent markets
characterized by customers possessing similar needs. In this case, you may find it useful to further
detail one or more standard process definitions based on the unique drivers of the appropriate
business areas.

Additionally, within a business area you may have two or more major programs occurring. Typically,
each program will have requirements in common with all the other programs (and hence, can be
considered business area drivers) and each program will have requirements that are unique unto the
program. These are the program process drivers.

Project process definition addresses product-specific characteristics, such as the product risks and life
cycle, and is based on the process definition developed for a specific program, business area, or for
the organization (if the concepts of business areas and/or programs do not apply). The information
identified in the program process definition is fully elaborated in the project process definition, which
is turned into an enactable process plan by mapping people and other resources available for the
project, establishing budgets and schedules, etc.

Sections 3.3.2 and 3.3.3 discuss each of these top-down process engineering life-cycle activities in
terms of the key process assets that result from each and the process drivers that place requirements
on the development of assets.

3.3.2 ENGMEER STANDARD PRocEss Assmrs

As shown in the top box of Figure 3-1, higher abstraction levels of process definition have the goal of
producing standard process assets. This includes creating organizational definitions, business area
definitions, and program process definitions.

3.3.2.1 Organizational Process Definition

This activity involves defining organizational context and organizational process policies. You analyze
and document how organizational procedures are enacted currently and resolve conflicting inter-
pretations of these procedures to obtain a consistent view of organizational policy. To synthesize this
information at an organizational level of elaboration, the process is typically represented by a set of
organizational policies, with appropriate cross-references to show policy relationships.

Organizational process definitions vary from one organization to the next, based on unique process
drivers. Process drivers that may place requirements on the identification and definition of process
policy at an organizational level include:

"* Investments (such as hardware, software environments, training, etc.)

"* Internat~onal standards
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"• Infrastructure and culture

0 Government rules and regulations (such as Federal Acquisition Regulations)

"* Market trends

"* Performance goals

If an organization is not further divided into business areas, then you should develop an integrated
set of program process definitions that includes the information discussed in Section 3.3.2.3.

3.3.2.2 Define Business Area Process Definition(s)

This phase involves decomposing organizational policy and augmenting that process information with
additional detail. 1Iypically, business areas are subject to several internal and external standards, espe-
cially product standards. At this level, your process definition will need to communicate, at a mini-
mum, the organizational policies and standards that drive one or more of the programs conducted
within the business area.

7b accurately develop business area process definitions, you must first determine what constitutes an
organization, business area, etc. Instead of an entire company, an organization can also be a division
or a functional area within the division. One company may feel that it has several divisions, each with
sufficiently different missions, customers, products, and cultures to warrant creating several business
area-specific process definitions. Another company may determine that one process definition is
sufficient because only one type of business is pursued.

However, if the business areas have specific operational environments that are significantly different,
then multiple business area process definitions can be developed based on business area unique
process drivers, such as:

"* Technology and business strategies

"* Product lines

"* Methods particular to the business area

"* Risks specific to the business area

"• Industry standards for the business area

"* Existing product assets for the business area, such as development environments and reusable
software

You can define specific business areas at a lower level of granularity than at the organizational level
because of visibility into product lines of various programs within the business area. This visibility
allows you to determine, select, or identify applicable process and product standards.

3.3.2.3 Define Program Process Definition(s)

At the program level, you can identify the type of products produced within the program, and hence,
the life-cycle models for key products in the product line. You then begin to elaborate the life-cycle
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models with partially ordered steps or activities that will help guide projects in achieving each of the
key product's life-cycle states.

The process definition at the program level will facilitate construction, evolution, and product reuse
by identifying and defining standard process steps at a summary level. The goal is to identify the par-
tially ordered key process activities, which compose the overall process, and elaborate the primary
relationships between them. The resulting definition is still at a high level of abstraction and, typically,
has the following characteristics:

"* Partially ordered sequence of process activities

"* Key process activities that you define in terms of their functions, primary inputs, and major
outputs

"• Naming conventions and standards

"* Standard process templates or formats

"* Interface specifications

"* Composition, selection, and tailoring rules

Again, at the program level, the process definition typically does not decompose the key process
activities in any great detail. You generally represent it graphically and support it by text or templates
that define the high-level scope, objectives, and function of each key activity, and the policies and
standards that guide, cause measurement of, or constrain those activities.

3.3.3 ENGINEwR PROJECr PRocEss

The result of the above types of process definition (Section 3.3.2) is a repository-typically called a
process asset library-of reusable process assets. These assets are used to facilitate the development
of project process definitions which are tailored to the needs and circumstances of individual projects
and can be instantiated and enacted.

333.1 Project Process Definition

This is a two-phase activity which yields a preliminary and final project process definition,
respectively. In the first phase, you work with the process manager to select the process asset(s) that
will be used on the project to guide the key product's development phases. This preliminary project
process definition is a description of a project's process and includes a selected life-cycle model. It
identifies the various options for process steps, the options for performing them, their various
connections to each other, and alternative mappings to the product life-cycle phases. The preliminary
project process definition is developed based on specific product drivers, such as:

"* Product-specific requirements

"* Product-specific development standards
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* Product-specific methods

* Product-specific risks, such as performance or integration problems

This phase can be relatively uncomplicated if an organization is subdivided into business areas and
programs, and the program has defined its product line and the life-cycle models that best support
each key product in the product line. If this is the case, there may be several preliminary process
definitions "on the rack" for a project to choose from thereby eliminating the need to custom build
the preliminary project process definition.

During the second phase of this activity, you use the preliminary project process definition to derive
a final project definition. During this phase, you and the project manager elaborate the preliminary
project process definition by selecting from among the alternatives presented in the preliminary proj-
ect process definition. This is your opportunity to tailor the final project process definition specifically
to the project situation. Generally, the final project process definition is developed by: selecting and
tailoring the process step specifications that will meet the objectives of each product life-cycle stage;
identifying the work products that will be produced by each step; and choosing the methods that will
be used by each step. The final project process definition is tailored based on project specific drivers,
such as:

"* Selected product life cycle

"* Project objectives, such as producing zero-defect software

"* Project constraints, such as customer requirements or environment

"* Project risks, or potential problem areas, such as limited access to users

The project manager can define the project process definition either before it is performed by the
project team or in parts, as long as each part is defined prior to performance. In either case, the result
should be a (progressively more) final project process definition that represents the roadmap that the
project team will follow to reach each life-cycle state.

3.3.3.2 Instantiate Process Plan

In this phase, the project manager instantiates the final project process definition by using it as a
template for the project schedule. The manager also uses the process step specifications as templates
for specific project tasks, assigns specific agents to the each task, and estimates the time and effort
needed to complete the tasks. Specifically, the project manager instantiates the final project process
definition by assigning schedule and resources to produce an enactable process for the project team
to follow. The project manager makes these allocations depending on such drivers as staff availability
and experience, contract milestones, contract budget, and risk mitigation.

The result of instantiating the project process definition is a project plan. The project plan should
document, or provide a reference to, everything that is needed to enact the project process. The
process plan specifies the resources necessary for enacting the process, the relationships of these
resources to process steps, the products produced by these steps, and any constraints on enactment
or resources. Resources include human process agents, computer resources, time, and budgets.
Relationships refer to the estimation or assignment of resources to process steps to meet project
objectives (Feiler and Humphrey 1992).
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Again, the final project process definition does not need to be instantiated completely at one time;
often it is better to define and instantiate it in increments based on lessons learned and an increasing
knowledge about project and product process drivers and awareness of changes in the circumstances
surrounding the project as the project evolves.

3.3.3.3 Enact Project Process

To put the process into practice, the project manager performs resource leveling in order to validate
that the proper resources have been allocated to each task, and initiates, monitors and controls the
execution of each task according to the project schedule. An enactable process consists of a process
definition, required process inputs, assigned enactment agents and resources, an initial enactment
state, an initiation agent, and continuation and termination capabilities. An enacting process may be
in a suspended state if an assigned process agent is not available or other process constraints are not
satisfied (Feiler and Humphrey 1992). The project team enacts the project process by following the
plan and performing their assigned tasks.

3.4 PROCESS ARCHITECTURE

Process architectures can be developed to support any level of process definition abstraction. You can
have process architectures at the organizational level, business area level, program level, and even at
the project level. As a rule, the higher the level of abstraction, the more sparse the architecture.
Section 3.4 outlines what the purposes of a software process architecture are, what composes one, and
what are many of the issues involved in creating one (Redwine 1991).

3.4.1 PuRposEs

While an architecture might appear to be just describing the structure and relationships among the
components of a system and the system's interfaces with its operational environment, architectures
actually fulfill a number of purposes. For software process architectures, these purposes include:

"* Describing the significant components, structure, internal and external relationships and

interfaces

"* Defining graceful evolution paths and required reuse variations

"* Guiding component selection, adaptation, composition, and binding

"* Allowing smooth assembly of the components and connecting them with the surrounding
environment

"• Providing compatibility across multiple instances

An architecture must allow for different degrees of elaboration, functionality, and performance. An
architecture should also, where possible, facilitate the provision and use of various components. Any
architecture must also try to address particular qualities or properties important for its system; for
example, a fault-tolerant structure might help address a requirement for high reliability.

A software process architecture is reusable across some subdomain of software projects. A reuse
architecture aims at capturing the invariant plus providing for anticipated changes and variations. You
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must start by deciding what can be treated as stable and what variety must be accommodated.
Decisions having strong impact on an architecture include the scope of variety that must be
accommodated in methods, role definitions, and standards. While many organizations may simplify
their concerns by severely limiting the variety in these areas, you may have to treat them as having
significant variety.

3.4.2 WHAT Is Nlm0m LN AN ARcmrr uRE

A software project involves performing tasks that create and change artifacts using resources and
technology in an organizational, professional, and market context. To be (re)usable and practical, the
architecture must be reasonably integrated and contain guidance about how to tailor and instantiate
in different circumstances. Thus, a software process architecture can accommodate the following
kinds of components, each with appropriate levels of granularity:

"* For tasks: Activities-input, output, entry and exit criteria, measurements, and control

"* For artifacts: Data-objects attributes, relationships, structures, and constraints

"* For fit and customization: Tailoring and instantiation guidance-selection, adaptation,
composition, and binding

"• For integration: Policy constraints and standards aimed at integration

"* Possibly three other kinds:

- Constraints on activity contents

- Additional constraints on activity composition and timing

- Organizational entitie- -,ad constraints

Looking at a number of existing descriptions of "life-cycle methodologies," or other descriptions that
have been found useful, the number of activity types is generally between 50 and 200. Activities can
be black boxes, possibly arranged in two to four levels of decomposition, to be filled by methods
performed by tools and persons.

The level of detail in the architectural data schema or artifacts will vary depending on the invariance
of the details and on whether the architectural schema explicitly details alternatives to a degree
appropriate for the intended level of abstraction. Data schema are engineering-oriented; documents
are only particular presentations. Constraints over the data can be either active or passive and must
allow for inconsistency tolerance.

Instantiation guidance is needed to allow instantiations to be readily performed across a wide range
of projects. Variations in projects that need to be accommodated at instantiation time include
variations in not only the levels of understanding of requirements and architecture and availability of
reusable assets (Boehm and Belz 1989) but also in other factors, such as performance, degree of
distribution, standards, etc.

While policy constraints and standards can address a number of issues (part. for
organizational- and business-area level process architectures), integration issues must be Li.alt with
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at least by the program level (that is, you may have already dealt with some integration issues at the
business-area level; but if not, integration should definitely be addressed at the program level). This
includes terminology, data integration, control integration, and method and tool interoperability.
Note that some integration issues, such as terminology, may well be addressable above the program
level. That is, your process architecture may show the role and use of terminology across an entire
business area.

The three other possible kinds of constraints that may be included in a process architecture reflect
either more convenient ways to describe items or ways to describe laws or policies. For example, it is
convenient to say that inside each activity black box shall be tasks aimed at progress as well as
verification (and possibly validation), measurement, and local management.

3.4.3 IssuEs

An architecture will be influenced by goals, object-oriented class and other structuring, organizational
and human aspects, and automation. The kinds of goals that may impact an architecture include
continuous improvement, exploiting application-specific attributes and knowledge, commonality
across development and evolution, fault tolerance of the software process, early defect detection, risk
reduction, measurement, reuse, and quality.

Activities, data, and methods can have class structures with inheritance. For example, an "evaluate"
class might have subclasses of review, test, and analyze. "Explore" might have subclasses of prototype,
model, collect data, and study. Other structuring issues include layering an architecture from general
to detailed (e.g., policies at the top and procedures at the bottom); separation of concerns (e.g.,
functional, temporal, and organizational concerns); and units of reuse.

Organizational and human aspects include how projects are structured and managed, geographic
decentralization, use of subcontractors, quality of personnel, and role structure. Process architectures
must decide how much management, quality assurance and/or independent verification and
validation, and measurement are separate, explicit, or invariant in the architecture. An architecture
may address control and autonomy. In addition, busines, erprise and system engineering
processes and resulting constraints must be accommc - When an architecture must
accommodate significant variation in role definitions, then loca ole fragments or task-roles may be
used to allow their composition into roles conforming to an organization's definitions.

Human problem solving jumps within seconds across such boundaries as requirements, preliminary
design, and detailed design. Process architectures must allow or even facilitate such opportunistic
behavior-or they become only instructive myths or even barriers to accomplishment. While
timing/synchronization constraints cannot be as severe as in the traditional waterfall method,
constraints can usefully address visibility, atomicity, and configuration management.

Automation choices can come either before the architecture or at instantiation or enactment. One
significant special case is the supplying of both automation and process architecture by the same
source-a situation with significant potential for simplification or synergism.

Finally, one of a software process architecture's most important impacts is the requirements it places
on methods used to accomplish activities. Beyond fitting boundaries, methods may need to provide
data details, progress and continuous-improvement measurements, and information for project
planning and estimating. This is in addition to local management methods, appropriate verification
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and validation methods, and conformance to integration standards. Finally, methods need to treat the
many instantiationvariables mentioned, such as the degrees of software systems' decentralization and
dependability criticality. A method may be suitable or adaptable across a subrange of an instantiation
variables.

At least initially, it is useful to have your architecture be silent in a number of more advanced areas.
If done judiciously, this can simplify your task and allow you to speed it into use and gain experience.

3.5 THE POCKETS OF EXCELLENCE APPROACH

So far, this section has described process definition that can be approached in a top-down manner.
There are, of course, countless other approaches. A substantially different approach is to build
"pockets of excellence" within your organization by defining your process from the bottom up. Once
you have "backed into"your organizational process definition, you can then reverse course to improve
and optimize your process definitions in a top-down manner. Then, after reaching and improving
project-level definitions, reverse course again and start working your way back up through the
abstraction layers. Highlights of the bottom-up approach are presented in Sections 3.5.1 through
3.5.10.

3.5.1 IDENTr' IhIGH.VAwg, Low-RISK PRocEss KERn

Typically, as a result of either a formal or informal process assessment, you will have identified several
areas of your process that are candidates for improvement. This provides you an opportunity to create
a pocket of excellence within those projects that were assessed. An important decision you need to
make is which process problem are you going to address first. For example, do you want to improve
the configuration management process, the quality assurance process, project tracking, project man-
agement, or peer reviews? Each of these process areas, when defined, yields a "process kernel" that
becomes part of your process asset library.

When you are selecting which process kernel(s) to define, keep the following advice in mind:

"* Prefer smaller process areas to larger

"* Prefer simpler process areas to those that are more complex

"* Prefer a process that is almost adequate, as opposed to one that is totally inadequate

"* Prefer a scope of effort that is shorter as opposed to longer

"* Prefer a process area that the projects consider unthreatening

To summarize, when you start defining your process, first select a process kernel that allows you to
show a quality process definition in a short amount of time which has high likelihood of being accepted
and used on the projects. As you gain in experience and ability, you can extend your effort to define
more difficult or challenging process areas (as indicated in Section 3.5.7).

3.5.2 IDETrIFY PROJECS FOR POCKET OF ExcEtaNcE

Once you have identified the process kernel you want to define, you need to identify the initial
audience who you expect to use the intended process definition. Generally, the audience will consist
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of one or more projects which were included in the original process evaluation or assessment. It can
certainly be the case that another project, not included in the original assessment, may be a good
candidate for the newly defined process. However, to whatever degree that external project feels it
is "different" from those assessed, you likely find it correspondingly more difficult to convince them
the newly defined process is applicable to their circumstances. Regardless of how similar you think
projects are, the managers of each of those projects will, almost invariably, consider their project
unique.

Ity to find projects that truly are interested in incorporating the newly defined process. As incentive,
remind them that their advice will be unobtrusively solicited (as described in Sections 3.5.3 through
3.5.5) throughout the process definition effort. Keep in mind that you are not necessarily defining a
new process for them to use--the goal of this particular phase may well be to simply define the process
as it is currently being performed.

3.5.3 INwmucnvEY DFINE COMMON PRoCESS KERNEL FOR TARGEr PROJEcFS

It is almost imperative that you involve your end-users in the work of defining their process.
Involvement includes, at a minimum, conducting interviews, even if they are quite brief, on how they
do their work and on how they think it should be done. Have the end-users (at their discretion-but
try and encourage participation) review and comment upon various draft releases of the process
definition. Later, continue to involve your users by maintaining an "open door" policy for ongoing
feedback after a version of your process definition has been baselined and officially released for use.
Also, visit them to determine their perceptions about and use of the process kernel definition.

3.5.4 PILOT INSTATmAITON OF PROCESS KERNEL ON SELEcTED PRoJEcr

As you develop the definition of the selected process kernel, you will perceive different degrees of
interest and support from among the projects involved in becoming a pocket of excellence. It is gener-
ally the case (but certainly not always) that the project that offers you the most support or shows the
most interest is also an ideal candidate for piloting the newly defined process. The purpose of the pilot
is to acquire that last degree of insight based on feedback from "real-world" application.

To whatever degree possible, try to pilot the newly defined process kernel on a project that:

"* Is being managed by someone who is interested in piloting the newly defined process

"* Is staffed by people who are interested in piloting the newly defined process

"* Is not under unusual time constraints

"* Is not under unusual budget constraints

"* Is not already involved in significant change

"* If a complex process kernel, has successfully piloted prior newly defined processes

In practice, however, the overriding factor that drives success is whether you can find a project where
the people want to participate in piloting the newly defined process.
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3.5.5 BuID VALID PRocEss DEFINITION

Piloting the newly defined process will invariably yield insights into the applicability, usability, and
intrinsic value of your process definition. Use the pilot as a means for continuing to improve the
overall quality and value of the process definition. Do not make substantial changes to the process
definition without validating the impact and value of those efforts on your pilot project. If for some
reason, the project completes before you are done with the process definition, or if the project must,
for whatever reason, disengage itself from the pilot effort, then be sure to find another pilot project.
It is extremely important that you validate your process definition before releasing it to your general
audience.

3.5.6 TRANSmF VADATE PRocEsS KERNEL TO OTHER PROJECTS IN POCKET OF EXcEENCE

Once you have a defined process kernel validated, your next step is to export that definition for use
on other projects targeted for the pocket of excellence. Do not just ship out guidebooks. For each proj-
ect you have targeted, attempt to arrange with the project manager for a "roll-out" meeting of the new
definition. This can be as short as 10 minutes if you defined a process the project was already trying
to follow. For duration, we highly recommend the roll-out meeting not exceed 30 minutes. The roll-out
is not intended to train people on the process. It is only intended to make the project aware of:

"• Who you are

"• What you are doing

"• Why you are doing it

"* How it is intended to help them

"* How they are expected to use what you are providing them

"* How they can reach you if they have questions, comments, concerns, or recommendations

After the roll-out meeting, you will need to aggressively follow up and support the project-and
possibly help the project manager arrange for training. Ideally, you will find that the project accepts,
absorbs, and appreciates having the process definition available. However, in those instances where
they find using the process definition to be awkward, excessively time consuming, or confusing, you
will certainlywant to be aware of that, and take steps to address these issues at the earliest opportunity.

3.5.7 SLEcr NEXT PRoCEss KERNEL

Generally, unless you have a high degree of expertise, we discourage you from attempting to define
several process areas simultaneously. This is especially true if one or more of the process areas are
complex or involve areas of possible contention regarding "best" approach. You should first secure
two or three solid-and sequential-victories.

When you are reasonably certain that your first process definition has high quality and will be of value
to the projects, you can begin work on the next process area. The process proceeds in much the same
way as described above, with the exception that in time you will have the expertise to confidently
address two or more process areas as part of a single process definition effort.
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3.5.8 SEucr NExr PocKEt OF EXCELLENCE

Once several process areas have been defined and transferred into the projects within a particular
pocket of excellence, you will want to look for other areas within your program or business area that
can benefit from the existing set of process kernels. For each new pocket of excellence, you should
select a project to pilot the newly defined process kernels. You need to verify that the new pocket of
excellence is indeed similar enough to the original pocket of excellence. If the similarity is sufficient,
projects in the new pocket of excellence will very likely perceive the process definition(s) to be
applicable to their situation, valuable, and usable. If the definitions are not accepted by the projects,
it may be because the new projects have process problems in different areas or the new projects are
too different. These issues are addressed in Sections 3.5.9 and 3.5.10, respectively.

3.5.9 DisnLL PROCESS KERNEL DEFINmoN(s) FOR MuLTiPLE PocKErs OF EXCELLENCE

At a certain point, as you continue to export defined processes to more projects, you will find that there
is a need to address new problems that did not surface during your original process assessment. Cer-
tainly, this may indicate that it is a good time for another assessment. However, it is also true that you
do not need to wait for an assessment before you define a process. All that is necessary is for the orga-
nization to acknowledge that process problems can at least partially be addressed by developing or
improving upon the definition of one or more process areas and then authorizing that work.

This work proceeds as described in Section 3.5 (selecting one or more process areas, interactively
defining them with the involvement of a subset of your intended audience, piloting/validating, etc.).
This work leads to continuing extension and expansion of your process asset library.

3.5.10 ABsTcr Up TO ORGANIZATION.WIDE PRoCESS POUciES

Projects will also resist a given process definition if they consider the definition to be inapplicable
given local project circumstances and characteristics. In other words, the defined process is not
sufficiently tailorable to that project's needs.

This becomes the catalyst for you to evoive your process definitions to progressively higher (less
detailed, more flexible) levels of abstraction. Note that as a general rule, you distill higher levels of
abstraction by throwing details away, not by adding more details. The level of detail and the number
of necessary constraints are less at the program level than they are at the project level. Similarly, the
level of detail and the number of necessary constraints you need at the business area level are less than
what you need at the program level.

As implied by Figure 3-1, you can start at the bottom, or most detailed level, and define your
organizational process as follows:

"* Takeyour project plan.Throw away the names of people, dates of work, and similar enactment
information, and you have a good foundation for your project-level process definition.

"* Take your project definition. Throw away information that is specific or unique to that
particular project, and you have a good foundation for program-level process definition.

" Remove program-specific information and life-cycle models and you will likely be left with two
major types of information: standards with which the process must comply and organizational
policy. Jointly, these serve as a good foundation for business area process definition.
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* If you eliminate standards that are relevant only within, but not between, business areas, then
the remaining information-typically policy intensive-can be an excellent foundation for an
organization-level defined process.

As stated at the beginning of this section, the five levels of abstraction used in this material may not
be applicable to your organization. You may, in fact, be quite comfortable defining your processes at
two levels: organization and project. Nevertheless, the key point remains the same: at every level of
abstraction, strive to define only what has to be defined. Keep your process definitions as Spartan as
possible, and strive to preserve maximum flexibility at every level of abstraction. This permits your
project managers and engineers the greatest opportunity to leverage their experience, expertise, and
talent for addressing unexpected problems and for capitalizing on unforeseen or unusual
opportunities.
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4. ADVANCED TEMPLATES

Prior sections have examined a variety of global, high-level issues related to establishing, managing,
or participating in a program of process definition. Critical aspects of process definition are collecting
and managing your process information. As discussed in Volume 1, Section 3, process definition is tru-
ly an information management problem-not a word processing problem. Consequently, it is recom-
mended that you use an information management environment to support your process definition
effort and then "export" process information from your database for use by other automated tools
(e.g., wo, d processors, presentation packages, etc.).

Section 3 introduced the concept of the MPDM templates. Section 4 elaborated on details on how to
use the process templates, and Section 5 presented an extensive example on how process information
can be algorithmically extracted and exported to create "push-button" guidebooks, training material,
etc. TLa section considerably expands upon the information model presented in Volume 1. However,
general principles on template usage remain as presented in Volume 2.

4.1 ADVANCED TEMPLATES OVERVIEW

The three templates discussed in Volume 1 capture only fundamental process information. As you can
see in Figure 4-1, the full set of MPDM process templates consists of 37 templates at 4 levels of
abstraction. Specifically, MPDM templates consist of:

"* One Foundation template

"* Five Meta-Class templates

"* Two Class templates

"• Thirty-one Subclass templates

Before discussing details of these templates, there are two important concepts that need to be
reviewed. First, the foundation, meta-class, class, and subclass templates represent an inheritance
structure that shows you the scope of use for any given field. If a field is shown on the foundation
template, that indicates it exists on all subclass or "final" templates. Meta-class templates add
additional fields that pass to all the class (and subclass) templates within that meta class. Class
templates pass their fields through to the subclass level. In all cases, you eventually arrive at subclass
or final templates-these are the templates you actually use in gathering process information.

Second, the fields distributed among these templates allow you to collect and manage information at
several levels or "tiers" of usage. As you may recall from Volume 1, MPDM recognizes four tiers of
process definition. Each tier has different goals. Note that tiers of usage are independent from levels
of abstraction discussed in Section 3. lypically, however, your intended usage will be less formal at
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higher levels of abstraction and, if you have a need for increased formality, it will first occur at the
program or project abstraction levels. For example, you will likely need an enactable model of one or
more project processes before you need an enactable model of an entire business area.

To briefly review the concept of tiers from Volume 1, higher tiers of process definition require
increased formality, and lower tiers require less formality. The four tiers are:

" Tier 1: General. The goal of Tier 1 usage is to create and maintain process models that facilitate
the production of process-related end-products that must be usable by large, general
audiences. Examples include guidebooks, training material, and process-related sections of
contract proposals.

" Tier 2: Procedural. The goal of Tier 2 usage is similar to Tier 1, except that more detail is
desired. Typically, this reflects the evolution of guidebooks that convey progressively more
detail. Operations manuals, for example, are process end-products that typically contain high
degrees of "how-to" details.

" Tier 3: Formal. The goal of Tier 3 is to provide end-products that facilitate static analysis of
the process. The purpose of such analysis can be to discover desirable or undesirable process
characteristics, identify areas of unusually high process risk, etc.

" Tier 4: Enactable. At Tier 4, the goal is insights into the behavioral characteristics of a process,
whether virtual or real. Currently, this is primarily achieved through automated process
simulators and enactment environments, respectively.

In the interest of brevity, fields that were discussed in Volume i of this guidebook are not repeated
here. Also, in many cases, a group of fields presented as Tier 1 will have additional fields that are at
Tier 2, 3, or 4. Again, only the non-Tier 1 fields are discussed.

Many of the field names in Section 4.2 are either self-evident or used in a manner consistent with a
prior explanation. For example, Elaboration Text fields exist as part of many different groups of fields.
In all cases, the use of this field is the same: it allows a place for you to add additional details about
the group of data under discussion and how it relates to that template. To avoid duplication of material,
once a field or group of fields has been explained, they will not be reexplained on subsequent templates
unless there is something that makes their usage or purpose different.

There are some template classes, especially under the activity meta-class, that do not add any unique
fields. These templates are composed entirely of fields inherited from the foundation template and
the activity meta-class template. There are two circumstances in whic you should use these
templates. First, use them whenever it is important to show that a particular type (class) of activity
is occurring in your process. For instance, the Corrective Action template does not add any unique
fields. However, certain quality initiatives consider the ability to perform corrective action as a key
indicator of process quality. When you want to highlight the fact that your process has explicit activities
for taking corrective action, use this template.

Second, although some templates currently do not add additional fields, they provic a simple means
to do so in the future. This improves your opportunity for organizing and extending the information
you capture. If you anticipate adding additional fields, then having these templates already separated
in your data schema can facilitate allocating, arranging, and managing that information.
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Section 4.2 presents the advanced templates and fields involved in achieving the goals of Tiers 2, 3,
and 4. Each field or group of fields indicates the Tier to which it applies.

4.2 ADVANCED TEMPLATES

The advanced usage templates are presented in the following order. The contents of the foundation
template are discussed first. Each meta-class is then discussed; within each of these areas, the subordi-
nate class (and subclass) templates are described. Meta-class templates are presented in the following
order: activity, product, support, constraint, and risk.

4.2.1 FOUNDAION TEMlATE

Virtually every field on the foundation template applies to Tier 1 usage. The few exceptions are shown
below, and include additional information on reviews, access permissions, and project identifiers.

4.2.1.1 Review History (Group of Fields)

Review history fields are used to collect information about the occurrence and results of reviews. This
group includes the following fields:

"* Review ID: Tier 1 (multiple occurrence)

"* Review Date: Tier 1

"* Version Reviewed: Tier 1

"* Review Composite Result: Tier 1

"• Reviewed By: Tier 2 (multiple occurrence)

"* Individual Review Result: Tier 2

"* Individual Reviewer Comments: Tier 2

All but the last three fields are discussed in Volume 1. As you move into Tier 2 usage, you may find
the following additional detail to be valuable:

Reviewed By is a multiple occurrence field that contains the names of everyone participating as a
reviewer. Each name is treated as a unique identifier.

Individual Review Result indicates how each reviewer evaluated the product. For example, if five
people reviewed a product, three of them might choose to recommend it be Passed Conditionally,
while the other two might choose to recommend it be Failed Marginally. In such cases, either
consensus opinion or policy would determine what the review composite result is. This field'ailows
for distinguishing reviewer results prior to the consensus or composite result.

Individual Reviewer Comments provides a means for reviewers to provide a brief text comment back
to the developers. This can be particularly useful if the reviewer has one or more solutions or
recommendations that might be of value to the developers.
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4.2.1.2 Access Permissions (Group of Fields)/Tier 2

This group of fields consists of:

"* Owner

"* Group

"* World

Each of these fields contains one of the following three values:

"* Read and Write

"* Read Only

"* Access Denied

This information can be used to control who has access to viewing and/or altering the information
contained on the template. If your database or environment already provides for security, then you
do not need these fields. Otherwise, you can begin to impose at least a nominal level of security
(particularly to prevent accidental change) through the use of this group of fields. Note that if the
Assigned To group of fields (discussed in Volume 1, Section 3) is empty, then, in principle, no one can
access this template until your process database administrator provides a name and/or group to the
Assigned To fields. This can be avoided by assigning completed templates to (for instance) the SEPG
leader's name. This allows others in the SEPG group to retain access and also permits the SEPG
leader to reassign the template or adjust permissions as necessary.

4.2.1.3 Project Invocation ID/Tier 4

To enact a process model typically involves "instantiating" a tailored subset of templates which define
the process to be followed by a specific project. To distinguish this unique instantiation, each template
will need to have a Project Invocation ID that identifies the project using this instantiation of the
process.

4.2.2 Acnvrrw TEMPLATES MmrA-CiAss

At the activity meta-class level, several new fields are added which apply across all classes of activities.
There are fields targeted to support usage at each of the three higher tiers. The fields are organized
by type of information, not by usage tiers. As you read, be sure to note the tier indications.

4.2.2.1 Objective/Tier 2

This is an open text field that is used to augment the information in the Description or Purpose group
of fields (inherited from the foundation template). lypically, this is a more concise representation of
that information and specifically focuses on the objective of the activity.

4.2.2.2 Abstraction Level

Activities occur at many levels of abstraction. The purpose of this field is to facilitate collecting sets
of templates that contain, for instance, very detailed "how to" steps, very high-level policy statements,
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etc. These can then be referenced by other templates, at different levels of abstraction, with the
confidence that the desired level of detail is available. You should distinguish the following five levels
of activity abstractions:

" Process. Process indicates an activity that does not have discreet start and stop times, but
instead is ongoing. For example, "management" can be described as a process, whereas
"review resumes" can be an activity.

"* Activity. Activities have start and stop times, but typically lack "how-to" details.

"* Methods. Methods are sequences of steps that describe, virtually in cook-book style, how to
accomplish a particular task. Methods may involve one or more techniques.

"* Techniques. Techniques are practices that are generically useful but which usually are
combined with other techniques in order to build a "standalone" methodology.

"* Examples. Examples indicate templates that provide examples of how to do work.

Obviously, there are no discrete transitions between activities and methods, or methods and
techniques. Nevertheless, it is quite desirable to be able to model an activity, to show that the activity
involves using one or more methods and techniques, and to show that an example or several are
available.

4.2.23 Activity Criteria and Process (Group of Fields)

This group of fields is discussed in Volume 1, Section 3.

4.2.2.4 Formal Activity Criteria and Process (Group of Fields)

This set of fields is similar to the Activity Criteria and Process group of fields except for one key
difference: formality. Whereas the Activity Criteria and Process group of fields contains text-based
information intended to be easily read and understood by humans, the Formal Activity Criteria and
Process group of fields contains information that can be easily read and understood by computers.
Whether you use a process programming language, state transition language, first-order predicate
logic, or some other alternative or hybrid, is a function of the capability of the enactment tool you are
using. Use these fields to formally capture information that can be exported for use by an enactment
tool. The four fields that compose this group are:

Entry Criteria: Tier 4

* Internal Process: Tier 4

* Exit Criteria: Tier 4

* Invariants: Tier 4

4.2.2.5 Related Products (Group of Fields)

This group of fields is partially discussed in Volume 1, Section 3.
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When relating products to activities, it can be useful to capture additional information about where
that product comes from, where it is going, why you need it, etc. The following fields extend the
Related Products group of fields to capture this information:

"* Source: Tier 2. The Source field is used to simply distinguish where a product originates from.
The suggested values for this field are:

- External

- Internal

Use External to indicate any product coming to an activity directly from "outside" the process.
Use Internal to indicate a product that is generated as output from a prior activity in the
process.

"* Destination: Tier2. The Destination field indicates where products go after this activity is done.

The values for this field are:

- External

- Internal

Use these terms as described under Source field.

"* Purpose: Tier 2. The Purpose field gives some idea of why the activity needs that product.
Example values for this field are:

- Development

- Evaluation

- Reference

Development indicates the activity participates in developing the product. Evaluation indi-
cates the activity is reviewing or auditing the product, but otherwise leaving it alone. Reference
indicates that the product is being used as a reference or example, and hence, the product in
some way influences, but is not changed by, the activity.

" Product Leve of Quality Needed: Tier 3. Product Level of Quality Needed is used to indicate the
degree of quality that must exist in a product before it is usable by this activity. For instance,
early prototype activities can likely tolerate lower quality requirements. However, activities
typically require higher quality requirements as 'hey become more development-oriented.
This field can be especially useful when modeling "spiral" processes. Suggested field values
are:

- Very Low

-Low

- Medium
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- High

- Very High

Clearly, the assumption is that these levels are qualitative, as opposed to quantitative, values.

Product Criticality: Tier 3. Prodwut Criticality is a field that ranges from Very Low to Very High
(as described under Product Level of Quality Needed) indicating how critical this product is
to the activity. During process simulation or enactment, this allowsyou to define, evaluate, and
enforce complex heuristics for activity entry and exit criteria. Tlypically, these heuristics would,
for example, evaluate the criticality of a product, in combination with its quality, to determine
whether that product is ready to be used by the activity.

4.22.6 Related Supports (Group of Fields)

This group of fields is partially discussed in Volume 1, Section 3. However, there is additional
information desired for Tiers 2, 3, and 4. Keep in mind that support can be either a role (a person or
collection of people), a tool, or a resource. The additional fields are:

"* Minimnum Required: Tier2. Minimum Required is a cardinality field that is used to indicate the
minimum number of resources or roles required to support the activity.

"* PreferredAllocation: Tier 3. Preferred Allocation is an ideal or preferred level of support, in
terms of number of people, tools, or resources.

"• Maximum Allowed: Tier 3. Any nonzero value in the Maximum Allowed field indicates the
maximum number of resources or roles allowed.

"* Shared Access Needed: Tier 3. Shared Access Needed is a value that ranges from 0 to 100%
indicating an estimate of how much of the time the activity needs the support on a shared basis.

"* Exclusive Access Needed: Tier 3. Exclusive Access Needed is also a value that ranges from 0 to
100%, but it indicates an estimate of how much of the time the activity needs the support on
an exclusive basis.

"* IdofSupportffiiencyNeeded: Tier 3. Level of Support Efficiency Needed is used to indicate
the degree of efficiency that is expected from the role or resources when it is applied to this
activity. As before, with product quality, you should use a system with five efficiency levels:
Very Low, Low, Medium, High, and Very High.

"* Support Criticaity,: Tier 3. Support Criticality is also a field that ranges from Very Low to Very
High indicating how critical this support is to the activity. As with product criticality, this allows
for complex heuristics about activity entry and exit criteria.

The Duration Information fields (see Section 4.2.2.11) assume that the Level of Support
Efficiency Needed is provided. When efficiency levels are less than what is needed, your
calculation (or simulation) of span or duration times should be proportionately increased.
Likewise, higher levels of efficiency should result in shorter simulated durations. Use the
Support Criticality field to adjust how much you allow the efficiency of a particular support
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to affect the duration time of the activity. The efficiency of a support with very high criticality
should have considerably more influence on an activity's duration than the efficiency of a
support with very low criticality.

Current Access T3ype: Tier 4. Current Access "larpe indicates the type of "lock" the activity

currently has on the support. The two values are:

- Shared

- Exclusive

Exclusive conveys that the role, tool, or resource is not currently available for use by any other
activity.

4.2.2.7 Risks (Group of Fields)

It can be very useful, even as early as Tier 2 usage, to begin to model the various risk factors that apply
to activities. The fields that compose this group are:

"* Unique ID: Tier 2. Unique ID is a unique identifier from a risk template.

"* Maximum Risk Tolerance: Tier 2. Maximum Risk Tolerance is a number, typically less than 1,
that indicates how much risk you are willing to tolerate before corrective action is taken.

"* Applies To: Tier 2. Applies To indicates to which phase of the activity the risk applies. Field
values are:

- Entry

- Internal Process

- Exit

- All

" Risk Likdihood: Tier 3. Risk Likelihood is a number from 0 to 1 indicating how likely you think
this risk will manifest.

"• Risk Severity: Tier 3. Risk Severity is a number from 0 to 1 indicating the consequences of this
risk occurring. Generally values closer to 0 indicate low severity, and values approaching 1
indicate disaster.

" RiskFrequency: Tier 3. Risk Frequency reflects how often you expect this particular type of risk
to recur. This value represents how often you think the risk is likely to occur on a "per cycle"
basis. Twice per cycle is frequency 2.0. A likelihood of once every couple cycles indicates a fre-
quency of 0.5. This refers to process risk, not product risk. Since processes have behavior in
time, the risks associated with those processes also have time characteristics. When all else
is equal, a risk that threatens us weekly is distinctly different from one that threatens annually.

" laboration Text: Tier 2. Elaboration Text is a free text field that allows you to describe
characteristics of the risk and how they specifically apply to this activity.
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" Curent RiskLikelihood: Tier4. Current Risk Likelihood is a fluctuating value that reflectsyour
current best assessment of risk exposure as the project work occurs.

" Current Risk Severity: Ter 4. Current Risk Severity likewise reflects any changes to your
impression of how severe a given risk is. Keep in mind that these are Tier 4 fields. They
represent "actual" evaluations as opposed to those used during process definition or project
planning.

" Current Risk Frequency: Tier 4. Current Risk Frequency shows the current evaluation, as a
project progresses, of how frequently you think a risk exposure will occur.

" Delta Below Maximum Tolerance: Tier 4. Delta Below Maximum Tolerance is a calculated field.
Its value is:

Maximum Risk Tolerance--Risk Likelihood * Risk Severity * Frequency).
If this calculation results in a negative number, you have exceeded your risk tolerance.

412.8 Constraints (Group of Fields)

Constraints are anything that influences your process, but which are not better represented using one
of the other template classes. For instance, you might want to capture the fact that an activity must
be compliant to a particular standard. You may find it clarifies your model to represent standards as
constraints. This group of fields consists of:

"* Unique ID: Tier 2 (multiple occurrence). Unique ID is the unique identifier of a constraint
template.

"* Applies To: Tier 2. Applies 7Tb indicates which part of an activity is subject to the constraint.

Options for this field include:

- Entry

- Internal Process

- Exit

- All

"* Elaboration Text: Tier 2. Elaboration Text allows you to specifically describe, in free text, how
the constraint applies to this activity.

" Currently In Effect: Tier 4. Currently In Effect, a Tier 4 field, indicates whether the constraint
is currently active. Keep in mind that internal constraints are those for which you can receive
a waiver. If the constraint has been waived, it is no longer in effect. Values for this field are:

- Yes

- No

- Partially
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4.2.2.9 Activity State Information (Group of Fields)

Product states were introduced as Tier I fields. However, it is also quite useful to describe activities
in terms of states. This group of fields consists of:

"State System Identfer: Tier3 (multiple occurrence). State System Identifier is a unique identifier
for a set of states. Note that for any given activity, it may be subject to two or more systems
of state transitions. For example, there may be one system of states that represents activity
transitions from an engineering perspective. There maybe another system of states that repre-
sents activity transitions from a management perspective. Still another state system could be
used to define activity transitions from an auditor's perspective. Keep in mind that complexity
in a process model invariably introduces risk of misunderstanding, mismodeling, and miscom-
munication. Therefore, you should only create multiple state systems in those instances where
doing so simplifies, as opposed to complicates, your model.

" Label: Tier 3 (multiple occurrence). Label is the unique identifier for a particular activity within
a cohesive set of states within one state system. You will need a unique label for each distinct
state within that state system.

"* Description: Tier 3. Description describes the state.

" Application: Tier 3. Application indicates whether this set of states should only be used at the
current level of abstraction, or whether it is passed through inheritance to all the children (at
all sublevels) under this template. The values for this field are:

- Node Only

- All Children

" Augments: Tier 3. Augments is a "Yes/No" field that is only relevant when a set of states has
been inherited and when different state information is available at this level. A value of"No"
in this field indicates the local state information completely replaces any inherited informa-
tion. A value of "Yes" indicates that the local set of states extends or augments the inherited
set.

" Current Activity State(s): Tier 4. Current Activity State(s) indicates, in an ongoing enactment
of the process, what the current state is of this particular activity. Note that if you have defined
multiple state systems, then this is a set of fields, one field for each state system.

4.2.2.10 Process Quality Attributes (Group of Fields)/Tier 3

Depending on your needs, values for the following fields can be either qualitative or quantitative.
Keep in mind that these are process quality fields. Therefore, these fields are intended to capture in-
formation on process reliability, process efficiency, process safety, etc. This group of fields consists
of:

"* Reliability

"o Efficiency
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"* Effectiveness

"* Predictability

"• Safety

"* Error Density

"• Fault Tolerance

"* Probable Correctness

"* Availability

"* Maintainability

"* Evolvability

"* Security

"* Survivability

"* Utility

As with other qualitative judgements, we recommend that, at most, you use a five-level scale: Very
Low, Low, Medium, High, and Very High. By rating your activities using some or all of these attrib-
utes, you allow for choosing between process options as a function of these attributes and their relative
importance to a particular project.

For consistency, you only set these fields at final templates, and heuristically derive appropriate values
for any contributing templates. Generally, span or duration times of child activities can be used to
weight the emphasis given to a child's attributes.

4.2±.11 Duration Information (Group of Fields)/Tier 4

This group of fields is used to capture the duration of a given activity. This information is essential at
Tier 4 if you want to investigate simulated execution of your process. You will want to adapt this set
of fields to match the conventions used by your simulation environment. However, example informa-
tion needed by many tools includes average duration and how much this activity varies from the aver-
age. Certainly, standard deviations can be used. However, you can allow for more unbalanced
variation by using lower and upper "high confidence" thresholds, as shown in the following list:

"* Average Duration: Tier 3

"* Typically More Than: Tier 4

"* 71rpically Less Than: Tier 4

4.2.12 Planned and Actuals (Group of Fields)

This group of fields provides you a means to capture both what you plan for an activity and what
actually occurs. This group consists of:
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"* Planned Earliest Start: Tier 4

"* Planned Latest Start: Tier 4

"* Planned Earliest Finish: Tier 4

"* Planned Latest Finish: Tier 4

"* Actual Start: Tier 4

"* Percent Complete: Tier 4

"* Actual Finish: Tier 4

"• Critical Path: Tier 4

The earliest and latest start and finish fields support project planning and enactment. Of course,
actuals can vary from planned, so there are fields to capture actual start and stop dates. Percent
Complete is a value that ranges from 0 to 100 and can be used to facilitate analysis of project progress.
Note that at the final templates, this information needs to be provided by someone. On any
contributing template, it can be calculated as a function of weighted percent completion of the
children. Critical Path can be derived algorithmically and contains either a Yes or No value.

4.2.3 AcrTwmv/DECISION TEMPLAESTIer 2

This class of templates is used to represent the key decision points of your process. At a minimum,
we recommend you collect additional information which characterizes the source(s) of information
used to support the decision process.

4.2.3.1 Source of Information, Planned (Group of Fields)

The following fields all contribute to evaluating the source of information upon which the decision is
based.

"* Source Unique ID: Tier 2 (multiple occurrence)

"• Expected Declared Accuracy of Information: Tier 3

"* Expected Reliability of Source: Tier 3

"* Expected Timeliness of Information: Tier 3

"• Elaboration Text: Tier 2

Expected Declared Accuracy of Information represents what you expect to be the source's evaluation
of the accuracy of the information. For example, you might typically expect a source of information
to consider its information to be 95% accurate.

Expected Reliability of Source represents the confidence level you typically associate with that source
of information.
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Expected Timeliness of Information is a five-tier scale:

1. Very untimely

2. Somewhat untimely

3. Questionable timeliness

4. Somewhat timely

5. Very timely

As a rule, the more untimely information is, the less useful it is.

4.2.3.2 Source of Information, Actual (Group of Fields)

"* Source Unique ID: Tier 4 (multiple occurrence)

"* Declared Accuracy of Information: Tier 4

"* Reliability of Source: Tier 4

"* Timeliness of information: Tier 4

These fields are direct counterparts to those described in Section 4.2.3.1. The only difference is that,
at Tier 4, you want to compare real-world values with those you had planned.

4.2.3.3 Minimum Threshold for Decision (Group of Fields)

There are two fields in this group:

"* Text Description: Tier 2

"* Numeric Minimum: Tier 4

Generally, you at least want to be able to describe, using the Text Description field, the minimum
standards on accuracy, reliability and timeliness of information for the decision process to occur,
particularly for Tier 2 usage. For either simulation or enactment, you will also need to use the Numeric
Minimum field.

4.2.4 AcrIVrrv/PRODucIION TEMPLATES/TIER 2

This class of templates is used to represent activities that are directly billable. Consequently, this
template adds a field to capture charge code information.

4.2A.1 Project Charge Code/Tier 4

Although you might find this field valuable at lower Tiers of usage, for project enactment, you will want
to capture the charge codes to which activities are billed.
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4.2.5 Acrvrry/MILESrONE TEMPLATES/TrER 2

Milestone templates are used to highlight key events within your process model. It is recommended
that you use the convention that milestones are events and, hence, they do not take any time to occur.
This can be easily represented using only the exit criteria fields on this template.

4.2.6 Acnvrrw/OvmRHFA, TEMLATF/1sTha 3

Overhead templates are the counterpart of production templates. These are activities where you do
not have project-direct charge codes.

4.2.7 Acnwry/CoRREcrwE ACnON TEMPLATES/NIE 3

The corrective action class of templates is used to highlight how you recover from problems. The use
of these templates is exactly like the use of Exception Handlers in Ada. For simulation purposes, if
a problem (such as noncompliant product) manifests within an activity, that activity should have a
mechanism for addressing the problem. If not, the problem "propagates" to the next higher level.
Ideally, at some point your process has a "corrective action" mechanism for handling the problem in
a planned and predictable manner.

4.2.8 Acrnrrl/QuAurrY ASSURANCE TEMPLATF/TIER 3

Quality assurance means a variety of things to different people. However you use this template, be
sure to define, on the foundation quality assurance template, exactly what your organization considers
the scope of quality assurance to be. If you have different types of quality assurance activities, use the
Type field described in Section 4.2.8.1.

4.2.8.1 lpedrier 3

As a simple example, different types of quality assurance activities may be:

* Desk Check

* Sample

* Review

* Inspection

In general, this list moves from activities that typically are more subjective to those that are more
objective. Note that if you do not elect to use the Audit templates (discussed in Section 4.2.10) then
you can capture audit activities as a fifth type of quality assurance activity.

4.2.9 ACIVrrY/CONFIGURATION MANAGEMENT TEMPLATESfitER 3

Use this template to highlight and define those activities related to the configuration management
process. As with other class-level templates, you may find it useful to distinguish different types of
configuration management (as a function of "what" is going through the configuration management
process).
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4.2.9.1 nF•/Tier 3

Some organizations have different types of configuration management. Often this is a function of the
product. For instance, the configuration management process for plans may be fundamentally differ-
ent from that for noncompliant products. Unless you essentially do only one type of CM, you should
distinguish these activities by type. Examples include:

" Plan Control

"* Design Control

"* Product Control

"* Noncompliant Product Control

"* Design Control

4.2.10 AcnTvm/AuDrr TE•PI•ArmsI• 3

If you need to highlight audit activities, use this template. Be careful that you clearly distinguish why
some activities are quality assurance, and other activities are audits. 'Typically, the term "audit"
indicates an investigation by an outside or totally independent entity.

4.2.11 AcTVrwT/PRocEss IMPROVEMENT TEMPLATES/TIER 3

These templates can be used to emphasize activities specifically related to process improvement.
Although not shown here, you may also want to include a "motivation" field for indicating whether
this activity is CMM motivated, Malcolm Baldridge motivated, ISO 9000 motivated, internally
motivated, etc. Allow for the fact that a given activity may be motivated by two or more quality
initiatives.

4.2.11.1 Tlype/Tier 3

Process improvement is often conducted according to a relatively standard sequence of life-cycle
phases. You may find it useful to aistinguish process improvement activities as a function of which
phase that activity supports. Example phases include:

"* Process Improvement Process Research

"* Assessment for Process Improvement

"• Planning Process Improvement

"* Piloting Process Improvement

"* Technology Transfer

"* Monitoring Process Improvement
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4.2.12 ACTIVITYITRAINING TEMPlATESWrER 3

Use this class of templates to define activities related to training. Note that the results of these
activities are often "intangible." You can model the output of training by using the
Product/Intangible/Skill template, discussed below.

4.2.13 Acir',VTY/PuRcHsJNG TEMPLATES/TIER 3

Use this template whenever purchased products or services are an important part of your process.

4.2.14 ACrIVrrI/SERVICE TE•PLATEWS/'II 3

This template is for service that you provide to others, not service they provide to you. Most
commonly, you use this template to capture how you service one or more products produced by the
process.

4.2.15 AcvrrY/Docum ANT7oN TEmPLAmE/TR 3

Often, the development of a product entails the creation and delivery of a considerable amount of
documentation. Use this template to highlight activities dedicated to documentation development.

4.2.16 Acnvn/ME ssmi TEmPL•TS/IER 3

Measurement templates are used to show where, when, and how metrics are collected within your
process.

4.2.16.1 "lypei~er 3

"° Product

"* Process

"* General

"lypically, you can divide your metrics into those that measure product characteristics and those that
measure process characteristics. If you find if difficult to classify a metric into these two distinctions,
then indicate it as a general metric. For the purposes of this template, there is no distinction between
"measures" and "metrics." Either or both can be documented using this template.

4.2.16.2 Collection/Tier 3

You will likely want to show measurement activities as collecting more than one measure or metric.
This collection of fields repeats for each different measure or metric you collect.

"* Metric ID (multiple occurrence)

"* Unit of Measure
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"* Method of Collection

"* Frequency of Collection

"* Collected By

The primary purpose of this group of fields is to ensure consistency in how and how often metrics are
collected.

4.2.163 Recorded IndTier 3

Use this field to show where the metric information is stored. This may be a report, database, etc. Your
process should also show where, when, and how the metric information is used.

4.2.17 PRODUCr TEwPLATES META-CLASS

As discussed in Volume 1, Section 3, product templates are used to show both what is needed by and
used by the various activities.

4.2.17.1 Quality Rating Levels (Group of Fields)

"* Quality Level/Unique ID (multiple occurrence)

"* Quality Level Description

"• Current Product Level of Quality: Tier 4

The Current Product Level of Quality field uses the same levels as described in Product Level of
Quality Needed (discussed in Section 4.2.2.5). This field permits distinguishing between what is
needed and what exists.

4.2.17.2 Product State Information (Group of Fields)

Most of the fields in this group are discussed in Volume 1, Section 3. However, at Tiers 3 and 4 you
may find the following additional fields useful.

" State System ldentoie: Tier 3 (multiple occurrence). As with activity states, State System
Identifier is the unique identifier for a set of states. Any product may be subject to two or more
systems of state transitions. As discussed in Section 4.2.2.9, complexity in a process model
invariably introduces risk, and should you only create multiple state systems in those instances
when doing so simplifies your model.

"* Labeh: Tier I (multiple occurrence). Label was discussed in Section 3 of Volume 1.

"• Description: Tier 1. Description was discussed in Section 3 of Volume 1.

" Application: Tier 3. When you define one or more systems of states for a product, any one set,
or state system, may apply only to that template, or may also apply to all the children of that
template. The Application field reflects this scope through the following two values:
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- Node Only

- All Children

"• Augments: Tier 3. Augments is a Yes/No field that is only relevant when a set of states has been
inherited and when different state information is available at this level. A value of No in this
field indicates the local state information completely replaces any inherited information. A
value of Yes indicates that the local set of states extends or augments the inherited set.

"* Current Product State(s): Tier 4. Current Product State(s) indicates, in an ongoing enactment
of the process, the current state of this particular product. Note that if you have defined multi-
ple state systems, then this would be a set of fields, one field for each state system. (Example
states for a single state system were presented in Volume 1, Section 3.)

4.2.17.3 Related Activities (Multiple Occurrence)

This group was discussed in its entirety in Volume 1, Section 3.

4.2.17.4 Risks (Group of Fields)

This set of fields is exactly as discussed in Section 4.2.2.7, with the following two exceptions. First, the
risks in this section are product-related risks, as opposed to activity-related risks. Consequently, the
values appropriate for the Applies To field are different.

The fields that constitute this group are:

9, Unique ID: Tier2 (multiple occurrence)

"* Maximum Risk Tolerance: Tier 2

"• Applies Tb: Tier 2

"• Elaboration Text: Tier 2

"* Risk Likelihood: Tier 3

"• Risk Severity: Tier 3

"* Risk Frequency: Tier 3

"* Current Risk Likelihood: Tier 4

"* Current Risk Severity: Tier 4

"* Current Risk Frequency- Tier 4

"• Delta Below Maximum Tblerance: Tier 4

As mentioned, these fields are used in a manner consistent with the explanation in Section 4.2.2.7.
However, Applies To, for product risks, takes one of the following values:
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4.2.18.1 ype/Tler 3

"* Developed Product

"* Value-added Product

"• Purchaser Supplied Product

"• Measurement Product

"* Plans

"* Policies and Procedures

"* Standards

Product types are highly dependent on your business domain, customers, market, etc. Thilor the list
of types to suit your specific circumstances.

4.2.18.2 Security Classification/Tier 2

Products from your process may need to be characterized by a security designation. Examples of
designations include public, company proprietary, secret, top secret, classified, etc. In an elaborate
enactment or simulation model, you will want to ensure that the roles or people assigned to an activity
have the appropriate clearance levels to access the products provided to or generated by that activity.

4.2.19 PRODUCT/TANGIBLE PRODUCT/CONTRACT DmvmBLE Tm•wLATE

One of the most important product distinctions you can make is whether a given product will be
delivered to a customer or not. If so, use this template for your detailed product information.

4.2.20 PRODUCT/TANGIBLE PRODUCT/ComNRACT NoNDELwouABLE tMPLTE

If a product is not intended for delivery to a customer or client, but is required by the contract, use
this template. If you do not need to highlight the distinction between delivered and nondelivered prod-
ucts, you can use the Destination field at the meta-class level to capture this distinction. Otherwise,
your selection of this subclass template must be consistent with the value of the Destination field.

4.2.21 PRODUCT/TANGIBLE PRODUCT/NONCONTRACT NoNDwmV BLE TEMwLaTE

Use this template to represent any products generated or used during the process that are not required
by the contract and not delivered to the customer. For example, your process might require that you
design and develop custom software to test and evaluate the performance of products required by the
contract. If the contract does not require you build that custom software and you do not intend to
release it to the customer, you represent it with this template.

4.2.22 PRODUCT/TANGIBLE PRODUCT/STATUS REPORTS

If status reports do not require high visibility within your process, you do not need this template.
Instead, you can simply add "status reports" as one of the tangible product types listed in Section
4.2.18.1.
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However, there are a variety a reasons where you might want to explicitly highlight the generation and
use of status reports within your process. For example, you can use status reports as the critical mecha-
nism that controls your process. In such a model, status reports are used to convey the states of prod-
ucts and activities, product quality, etc. An activity would then look to various status reports to
determine whether it can execute or continue executing, and may itself generate one or more status
reports during execution or at completion.

If you use this template, and if some status reports are required as contract deliverable, and others
are noncontract, nondeliverable, you will need a Type field on this template to capture those
distinctions.

4.2.23 PRODUCT/INTANGIBLE PRODUCT TEMPLAT/1ER 2

Aside from tangible products, there are also intangible products. Intangible products result from
activities occurring that yield value to you or your customer, but which do not necessarily produce
something tangible. The two primary examples of intangible products are knowledge and skills.

4.2.24 PRODUC/INTANGIBLE PRODUCT/KNOWLEDGE TEMPLATES/TIER 3

When an activity involves the accumulation of important information, but does not yet result in any
documentation of that information, use the knowledge template to show how this "product"
(knowledge) is both generated and used.

4.2.25 PRODUCT/INTANGIBLE PRODUCT/SKILL TEMPLATFs/TIER 3

Skill templates are one of the most common "output products" of training activities.

4.2.25.1 Proficiency Rating Levels (Group of Fields)

In addition to the efficiency fields inherited from the support template, role templates (Section 4.2.27)
can also show roles at different levels of proficiency. Proficiency ratings on this skill template indicate
the different levels of ability you may need for a role to have at various times or places within your
process.

This group of fields consists of:

ProfjiPUy LeWl/Unique ID (multiple occurrence). Each Proficiency Level needs a unique
identifier. Use the following scale:

- Academic

- "Iained

- Novice

- Experienced
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- Highly Experienced

- Expert

Role templates will use these values to indicate how proficient a role needs to be at this and
other skills.

Projciency LeWel Description. Use the Proficiency Level Description field to explain the
distinguishing characteristics of each level of proficiency.

4.2.26 Supponr TEMPiATES META.CLASs

Support templates include both roles and resources. Type of access, sharing, locks, etc., all become
important at higher tiers of usage.

4.2.26.1 'Iype of Access Available/Tier 3

For both roles and resources, it is necessary to know whether the support is only available in a shared
capacity, only available in an exclusive capacity, or both. Use the following field values to capture this
information:

"* Shared Only

"• Exclusive Only

"* Shared and Exclusive

4.2.26.2 Share (Group of Fields)

If a support is available in any type of a shared capacity, you need additional information. Use this
group of fields to capture information on how sharing occurs:

"* Share Limit: Tier3. If a role, resource, or tool can be shared, it is sometimes the case it cannot
be infinitely shared. Use the Share Limit field to put a limit on how many activities the support
can be shared between.

" Cwrent Share Count: 7Yer 4. The Current Share Count field is used to hold an actual count of
the current number of "shared locks" on this role or resource. When Current Share Count
equals Share Limit, then the support can not participate in any other shared support activities
(until one or more activities that currently hold locks release them).

4.2.26.3 Security Clearance/Tier 2

If your process involves products that carry a security classification (see Section 4.2.18.2) then the
Supports for your process may likewise need to be characterized by a security clearance. (Example
clearances include none, company proprietary, secret, top secret, classified, etc.) Note that the set of
security levels used to characterize your products and supports needs to be consistent.

In addition to people having sufficient clearance to access a sensitive product, you might also need to
apply this concept to other supports. That is, it may be that only certain copy machines may be used
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to duplicate classified material, that only particular rooms can be used when reviewing or discussing
top secret information, that disposal of secret material must only occur in certain rooms or containers,
etc.

4.2.26.4 Supported Activities (Multiple Occurrence)

Most of the fields in this group were discussed in Volume 1, Section 3. In addition to that information,
for every activity needing this support, it is necessary (at Tier 4) to know what type of "lock" is held
on the support. Generally, at any given moment a support will have: (a) no locks upon it, (b) one exclu-
sive lock and no other locks, or (c) up to "share limit" shared locks. Additionally, at any moment there
may be an arbitrary number of requests for locks pending from the various activities.

In addition to the Tier 1 fields, this group includes Current Lock Status: Tier 4.

For every activity that has or needs a lock on the product, the type of lock (or request) is added to the
other information about that activity. The values for the Current Lock Status field are:

"* Shared Lock Held

"* Exclusive Lock Held

"* Requesting Shared

"* Requesting Exclusive

4.L26.5 Efficiency Rating (Group of Fields)Tiler 4

Efficiency Rating for supports allows you to explore the implications of using more or less efficient
roles or resources in supporting the various activities. This group of fields consists of:

" Efficency LevellUnique ID (multiple occurrence). Each level of efficiency needs an Efficiency
Level/Unique ID. You should use a three- or five-step scale that ranges from (well-)below
average to (well-)above average.

" Eficncy Level Description. Use the Efficiency Level Description field to explain the
distinguishing characteristics of this level of efficiency.

" EOiiency Impact Multiplier. Each activity has an average duration. However, you will want to
make the estimated duration of an activity a function of the efficiency of the roles, tools, and
resources assigned to that activity. An Efficiency Impact Multiplier of 1.0 has no impact on
durations. Multipliers greater than I will result in longer durations. Multipliers less than 1,
shorter durations.

4.26.6 Current Level of Support Efficiency/Tier 4

During dynamic simulation or enactment you may want to vary the efficiency of a support or otherwise
tie the efficiency to a variety of other factors (e.g., reduce level of efficiency with each new "shared
lock" on the support). Use this field to show the actual (as opposed to default) efficiency level. Al-
though you can establish this field as a direct multiplier, it is recommended that you use an identifier
from one of the efficiency levels in the Efficiency Rating group of fields instead (Section 4.2.26.5).
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42.26.7 Risks (Group of Fields)

Risks associated to supports are similar, in how you define them, to risks associated with products or
risks associated with activities. Note that the following fields are identical to those named in the risk
groups discussed in Section 4.2.2.7 (activity risks) and Section 4.2.17.4 (product risks). The only excep-
tion is that this group of fields does not contain the field Applies To. When you associate a risk with
a support, it applies to that support in general.

"• Unique ID: Tier 2 (multiple occurrence)

"• Maximum Risk Tolerance: Tier 2

"* Elaboration Text: Tier 2

"* Risk Likelihood: Tier 3

"• Risk Severity: Tier 3

"• Risk Frequency: Tier 3

"• Current Risk Likelihood: Tier 4

"* Current Risk Severity: Tier 4

"• Current Risk Frequency: Tier 4

"* Delta Below Maximum Tolerance: Tier 4

An example of support risk is Unavailability. For instance, if you expect to normally not have a role
on staff, but plan a process that presumes you can acquire the needed skills through hiring, then you
may want to highlight that risk:assumption.

4.L.26.8 Support State Information (Group of Fields)

For advanced applications, you will find it useful to expand on the state information for supports and
how to interpret that information, by adding the following fields:

"* State System Identifier: Tier 3 (multiple occurrence)

"• Label: Tier 3 (multiple occurrence)

"* Description: Tier 3

"• Application: Tier 3

"* Augments: Tier 3

"• Current State(s): Tier 4

The use of these support state fields is similar to the descriptions provided in Sections 4.2.2.9 (activity
states) and 4.2.17.2 (product states).
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4.2.27 SuPpoRT/RoLE TEMPLATES

Role templates are used to show how humans are involved in the process. With roles, it is important
to capture information about reporting structures; skill proficiencies; authority; and, in highly
advanced applications, who within your organization is qualified to hold which roles.

42.27.1 Reports To/Tier 2

Discussed in Volume 1, Section 3.

4.2.27.2 Reported To By/Tier 2

Discussed in Volume 1, Section 3.

4.2.27.3 Unique Individual/Tier 4

This is a Yes/No field that indicates whether the template is being used to represent a specific and real
individual within the organization. If this is truly a role, and not a real person, the field value is No,
otherwise, use Yes.

4.2,27.4 Proficiency (Group of Fields)/Tier 3

Skill templates (a subclass of intangible products) are used to show skill as an output product of
training. Roles need certain skills. Use this group of fields to show the skill levels necessary for this
role. The fields in this group are:

"* Required Skill Area Unique ID (multiple occurrence). Required Skill Area Unique ID is the
unique identifier of a skill template.

" Minimum Level of Proficiency. The skill template defines a group of fields (Section 4.2.25.1)
which define the different levels of proficiency, or expertise, that apply to the skill. Select one
of those levels of proficiency to represent the Minimum Level of Proficiency that must be
achieved to have adequate skill in this area.

Note that if this role template is being used to the level of detail where it represents an actual
person (that is, Unique Individual field (Section 4.2.27.3) has a value of Yes), then the
semantics of this field is not "minimum" level of proficiency, but is instead "actual" level of
proficiency.

"* Required Skill Area Elaboration Text. Use the Required Skill Area Elaboration Tbxt field to
provide a text explanation about the use or importance of the skill to the role.

4.2=27.5 Internal Constraint Waiver Authority/Tier 3 (Group of Fields)

If you use internal constraint templates, the implication is that some role exists which has the authority
to waive the constraint.

* Template Unique ID (multiple occurrence). Use the Tebmplate Unique ID field to list the
identifier(s) of internal constraint templates for which this role has waiver authority.
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Waivmr Elaboration Te.a. Use the Waiver Elaboration Tbxt field to provide any details or
additional information about the nature of or conditions surrounding when, why, or how a
waiver occurs.

4.2.27.6 Approved Staff Unique ID (Multiple Occurrence)M/Ter 4

If this template represents a role, as opposed to an actual person (see Section 4.2.27.3), then list all
the identifiers of actual persons approved to hold this role. When the role template represents a real
person, this field is meaningless and left blank.

4±.28 SuPPoRo/ToOL TmPATEs/IER 2

Use the tool template to specifically highlight the primary tools that participate in the process. Note
that if a tool involves a network site license which limits simultaneous use to, for instance, 8 people,
then you will want to set the field Share Limit to 8 (see Section 4.2.26.2).

4.2.29 SuPPo'/lREsouRcE TEM•PL

Use this template to represent any resource needed to perform the process. This includes training
rooms, meeting rooms, various office supplies, etc. Needless to say, only represent those resources
considered important in either understanding, analyzing, or performing the process. This template
only adds one field to those inherited.

4.2.29.1 Owned By/Tier 3

This field indicates ownership of resources. Whether you own a particular resource can significantly
impact the types of risk you have with respect to that resource.

4.2.30 CONSTRAINT TmmPLATS MErA-CLASSiTIR 2

Constraint templates have two important uses. First, use these templates to indicate any constraining
influence that is not better represented as an activity, product, or support. Second, use constraint tem-
plates to simplify your models. For instance, if you have 30 different entry criteria for a pirticular activ-
ity, you can c!ean your model by showing, for instance, a constraint that indicates "'jsk Manager
decides activity may start."

These tradeoffs always involve a price. On one side you have detailed accuracy, but may lack clarity.
On the other side, clarity is improved, but details are lost. At lower tiers, opt for improved clarity, at
higher tiers, you will need the details.

If you find yourself using a high number of constraint templates (maybe, higher than 10% of your total
templates) then examine the constraints and see if you can extract another meta-class. If so, your
model will be more informative when you establish that meta-class and elaborate it with appropriate
details.

You may have constraints on activities, products, and supports. Generally, however, if a constraint is
applicable to products (for instance), it is only applicable to products. This is not a rule, it is just in
the nature of constraints. If you have a constraint that applies to more than one meta-class, reexamine
that constraint to be sure that you are not inadvertently using it to represent two different things.
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Additionally, the nature of the constraint may introduce risk.

4.2.30.1 Constrained ActivitF3; (Multiple Occurrence)!rm 2

When the constraint apnlics to one or more activities, put the activity template unique identifiers in
this field.

4.2.30.2 Constrained Products (Multiple Occurrence)Arzm 2

Use Nis field for unique identifiers of products subject to this constraint.

4.2.303 Constrained Supports (Multiple Occurrence)friE 2

If the constraint applies to roles, tools, resources, or other supports, put the support template
identifiers in this field.

4.2.30.4 Constraint Induced Risks (Group of Fields)iArI 2

The fields in this group are identical to those discussed in Section 4.2.26.7 (support risks). Because
anything that influences your process can be modeled as a constraint, you may also find it useful to
include the Applies To field to this group of fields. Examples of its use can be found in Section 4.2.2.7
(activity risks) and Section 4.2.17.4 (product risks).

4.231 CoN• IINFmNAL CON AI TeIATE

Internal constraint templates are used to represent any constraint where those who participate in the
process have the option to potentially receive a waiver to that constraint.

4.2.31.1 Waiver CriteriatTIR 2

Use this field to describe, in detail, the criteria that justifies a waiver to this constraint.

4.2.31.2 Roles Authorized to Exercise Waiver (Multiple Occurrence)flier 2

The role templates show which internal constraints a role has waiver authority over. This field
represents the opposite side of that view. That is, use this field to show which roles have waiver
authority over this constraint. Your environment may automatically maintain this type of "reverse
relation" and, if so, you do not need this field.

4.2.32 CONSmRAI T/EXTERNAL CONSTRAINT TEMPLATE

External constraints are constraints for which there are no waivers. An example of this might be your
organization's safety policies or standards.

4.233 RISK T LATE MnrA.CIASs 2

The last meta-class of templates is used to represent risk. Each of the other meta-classes (activities,
products, supports, and constraints) all have fields to reflect the types of risk that may be associated
with them. Use risk templates to capture details about these risks and their degrees of impact.
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4.2.33.1 Severity Levels (Group of Fields)/Tler 2

Each risk should be divided into several levels, where each level indicates severity of impact. At a
minimum, show two levels of risk (Moderate and Severe). At the other end of the spectrum, avoid
using more than a seven level table (ranging from Extremely Low to Extremely Severe). This group
of fields consists of:

"* Level/ID Number (multiple occurrence)

"* Level Description

Use the Description field to explain how the severity of the consequences can be distinguished at each
level.

4.2.33.2 Activity Risks Unique IDs (Multiple Occurrence)ITIER 2

This is a "reverse relation" field that you may not need, depending on the automated environment you
are using. For any activity template that indicates the activity is subject to this risk, show the activity's
unique identifiers in this field.

4.2.33.3 Product Risks Unique IDs (Multiple Occurrence)riTER 2

This too is a "reverse relation" field. For any product template that indicates the product is subject
to this risk, show the product unique identifiers in this field.

4.2.33.4 Support Risks Unique IDs (Multiple Occurrence)MTIER 2

Use this field to establish the reverse relation from risks to support templates.

4.7.33.5 Constraint Risks Unique IDs (Multiple Occurrence)[TDER 3

This field contains identifiers for constraint templates that reference this risk template.

4.2.34 RISK/CoST RISK TEMPiAm

Use this template whenever the primary impact of a risk is cost.

4.2.35 RiK/QuALrry RISK TEmPLATp

Use this template to capture information about quality risk. If you use the performance and
construction risk templates, then exclude those characteristics from consideration as quality
attributes. If you elect not to use performance and construction risk templates, then consider those
factors as relating to product quality and use this template.

4.2.35.1 Type of Quality Risk/Tier 3

At a minimum, quality risk can be divided into that which applies to products and that which applies
to the process producing the products. In the event that a risk does not seem to clearly apply either
to products or activities, show it as a General risk.
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"* Product

"* Process

"• General

1ypically, product risk will be mapped only to product templates, process risks will be mapped only
to activities, etc. However, there may be exceptions. When you encounter an exception, take a moment
to verify that you are accurately relating risks to the appropriate process objects.

4.2.36 RIsKwScHEIUuLE RISK TE LATE

Sometimes the primary consequence of a risk is its impact on schedule. Use this template to define
these risks.

4,2.37 RISK/PERFORMANCE RISK TEMPLATE

The performance risk template is used to define product performance risk and process performance
risk.

4.237.1 Performance Risk Applies To/Ter 3

As with the quality risk templates, this field can have one of three values:

"* Product

"* Process

"* General

When the speed, throughput, or other performance characteristics of a product represent an
important risk consideration, it is product risk; when the risk relates to how fast or efficiently activities
are performed, show it as a process type of risk.

4.2.38 RISKICONSTRUCrION RISK TEMPLATE

This risk applies entih ýly to products. When you think that the quality of construction (as opposed to
how a product performs) is at risk, use this template.

4.2.39 RIsK/PREDICrABnLrY RISK TEMPLATE

You will note, as you analyze and perform risk management, that there are certain common
relationships that affect the risk tradeoffs you make and their impact on your overall risk exposure.
For example, by increasing the number of quality reviews within a process, you usually reduce your
quality risk, but increase your cost risk and increase your schedule risk. Conversely, by eliminating
some of the intermediate product inspections and tests, you might reduce your schedule risk, reduce
your cost risk, but significantly increase your quality risk.

Occasionally, you may elect to eliminate activities from a process in a way that, at first glance, seems
to reduce cost risk, schedule risk, and quality risk, and have no impact on performance risk or
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construction risk. Such "no-cost" improvements are exceedingly rare and should be viewed
suspiciously. Often, what you have lost is "predictability" in the outcome of your process. Uncertainty
in a process is undesirable. When actions (or the lack of actions) adversely impact your confidence
in meeting project plans, you can represent this using predictability risk templates.

4.3 SUMMARY

The more advanced your usage of process information, the greater the likelihood that information,
and its relationship to other information, will be unique to your circumstances and needs. At Tier 1,
the fields are generally applicable to all circumstances, environments, and business domains. Howev-
er, by the time you arrive at Tier 4 usage, the data you collect, its relative importance, and how you
use it will all depend extensively on your budget, the experience of your people, your organization's
tactical and strategic goals, the relative dependence of those goals on process definitions and models,
and various other process drivers.

If one of your organizational, business area, or program process goals is to export process information
from your repository and reformat it into a different representation, you will want to verify that the
information you collect accommodates the needs of that alternative representation.

A brief overview of alternative representations is presented in the next section. It discusses their
general characteristics, uses, and the type of information necessary to support them.
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5. ALTERNATIVE PROCESS REPRESENTATIONS

5.1 CHARACTERISTICS OF PROCESS REPRESENTATION NOTATIONS

When comparing alternative process notations and their accompanying methodologies, relative
advantages and disadvantages can be highlighted by contrasting the various approaches from the
perspective of key characteristics. Key characteristics that determine the suitability (and hence, the
subjective value) of different process notations include:

"• Scalability

"* Applicability

"* Flexibility

"* Readability

"* Maintainability

" Learnability

"* Robustness

"* Relative formality

"• Representative power

5.1.1 ScAu nAry

Scalability represents the degree to which a notation can simultaneously tolerate both abstraction and
details. Some notations may be especially good at representing high-level abstractions of a process,
but rather inadequate at capturing process details. Other notations may excel at representing details,
but may suffer severe "scale-up" problems when it comes to representing high-level views of the pro-
cess. An ideal characteristic for a notation is to efficiently provide both abstract views and detailed
views of a process.

5.1.2 Appucminmry

A notation can be more or less applicable to the specific needs of a given domain of processes. For
example, some notations may be quite poor at representing parallelism; others may be quite poor at
representing the people involved in a process; and others may provide only a static view of a process
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but no insights into dynamic characteristics. If, for example, parallelism, people, or process dynamics
are important to the domain of processes being represented, it is ideal to select a notation that can
capture and represent these and similar details important for and applicable to your specific domain.

5.1.3 Fuxmuzrm

Flexibility is the degree to which a notation can be altered and customized to better achieve specific
objectives. Note that this is a different quality than maintainability (described in Section 5.1.5).
Flexibility is the characteristic of being adaptable outside of a specific domain. A notation is relatively
flexible to the degree that it can be tailored for your specific needs.

5.1.4 RFAD•num'

A process notation is relatively readable to the degree that it allows a reader to quickly, clearly, a.
accurately derive insights into the described process. An additional consideration with readability is
the amount of training or expertise required before a notation becomes readable. Complex
mathematical expressions may require years of relevant education before they can be accurately
interpreted; whereas, a simply flowchart type approach may convey meaningful information even to
the uninitiated.

5.1.5 MANTANABIrY

A process notation is more or less maintainable as a function of the ease with which changes can be
made to existing representations. Process improvement implies process change. Any process
definitions or models that you use to document the existing process will, therefore, need regular
updates. The ease with which such updates can be done is a direct reflection of the maintainability of
that notation. Although maintainability is affected by, for example, readability, flexibility, and
learnability, it is a separate consideration. Just because something is readable, flexible, and learnable
does not guarantee that it is maintainable.

5.1.6 LEARAnBUv

The learnability of a process notation is derived from three factors:

"* The average level of expertise needed by individuals before they can receive training in using
the process notation

"* The average amount of training required before they are capable of using the notation

"* The average amount of time it requires a trained person to transition from just being capable
to actually being proficient and adept at using that notation

A highly learnable notation requires little or no related expertise, perhaps a day or two of training,
and it allows process engineers to become proficient in a few weeks or months of actual usage.

5.1.7 RoBusTSS

A process notation is robust if it can be used "as is" on a comparatively larger set of different processes.
Note that higher robustness can, to some degree, compensate for a lack of flexibility. There is less need
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for a notation to be tailorable for different uses when that notation is usable in standard form across
a wide variety of applications. Likewise, a low level of robustness in a notation can be offset by a
relatively high degree of flexibility.

5.1.8 PEAVE FoRM~rrY

The formality of a notation is a combination of a variety of factors. At a minimum, relative formality
is reflected by the degree to which a notation is unambiguous and deterministic. Formality increases
to the degree that it constrains the set of elements with which processes can be described, and it defines
the operations and transformations permissible on those elements. An ideal level of formality for a
process notation is one that allows process representations or models to be machine compilable, link-
able, and executable. Even more formal are "provable" notations where it can be proven (using math-
ematical techniques) that the design representation is consistent with and complete against an analysis
representation, and the enactment representation is consistent with and complete against the design.

5.1.9 REPRESESNATrVE PowER

How broad a spectrum of representational techniques does the notation contain? For example, some
so-called broad spectrum programming languages combine a wide array of logic, functional, procedur-
al, parallel techniques. As a process definer, you may be interested in how a notation represents
procedure, rules, and data or, from another perspective, function, behavior, and organization.

Of interest as well are its "structuring" capabilities reflecting your concern with factors such as
granularity, redundancy, modularity and information hiding. You may be interested in its
compatibility with an object-oriented approach.

Finally, the notation's relationship with and power in describing and generating various media, forms
(e.g., guidebooks, tutorials, training charts), analytical and simulation models, and automated process
management or enactment may be of interest.

5.1.10 CHmACrEmsncs oF "BEST" REPRESnTwA.IONS

The characteristics introduced in Section 5.1 are not mutually exclusive and, to greater or lesser
degrees, each one overlaps the others. Nevertheless, these are key factors that you need to consider
when matching the level of process definition and representation with your situation and strategy.

The "best" notation for you will be driven by a variety of factors that not only differ between
organizations but which also change, in time, within the same organization. Regardless of your choice,
it is clear that some representation beyond free-text based descriptions is critical for documenting,
analyzing, and communicating about your process.

You are likely to benefit from an approach that is highly dynamic; makes change management an
explicit, accepted, and deliberate part of the process; and is flexible, maintainable, and easily
tailorable. As discussed in Section 5.5, these are all deliberate characteristics of MPDM.

Additionally, you may also want to represent your process information using different styles,
notations, graphical conventions, etc. Alternative techniques for representing your process are
discussed in Section 5.4.
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5.2. DEGREES OF FORMALITY

The most common technique for representing or defining processes is also the least formal:
descriptive text. Essentially, all operations manuals are text-based representations that describe one
or more processes. Organizational policy and procedure manuals are also potential sources of process
descriptions. One significant advantage to text-based descriptions is that there are virtually no
constraints placed on the description itself. Since the notation is the entire language of words, anything
that can be talked about, can be described. This, however, is also the most significant disadvantage
to text-based process descriptions. Since there are no constraints (other than grammar) on the
structure of the description, there is the potential for considerable inconsistency, ambiguity,
uncertainty, and inaccuracy. "TIxt-based descriptions are typically the least formal type of process
representation.

Now-. A text-based process description is distinctly different from an information-model-based
description that produces a text-intensive end-product (described extensively in Volume 1.)

At the other end of the formality spectrum is mathematics. Although mathematically provable process
models are an ideal goal, such methodologies are still an area of active research, and there are not
any clearly cost-effective and widely applicable math-based methodologies. However, between the in-
formality of descriptive text and the rigorous formality of mathematics, there are many options for
representing processes at varying degrees of formality.

Having graphical support to a notation can directly contribute to higher degrees of formality. Usually,
a graphically-oriented notation comes coupled with a methodology that imposes rules on placement,
use, and connections between the graphical objects. These rules constrain the types of structures that
can be built and increase the formality of the resulting depictions. Additionally, graphical depictions
are especially useful for portraying abstract or high-level relationships. The resulting diagrams allow
for insights into the process that can be virtually impossible to derive from descriptive text.

Fortunately, there are enough parallels between the need to represent human or organizational
processes and the need to represent software-based processes that many of the techniques and notations
developed for use in software engineering can be extended for use in general process representation.
From a software perspective, any software program can be written using five basic constructs:

"* Sequence

"* Selection

"• Iteration

"* Dispatch

"* Rendezvous

These are exactly the same constructs needed to represent organizational processes. Any type of process
can be represented if you have:

"* A means for indicating a series of activities occurring in sequence

"* A means for selecting between two or more optional activities
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"* The repetitive execution of one or more activities

"* The parallel initiation of two or more activities

"* The synchronization of two or more activities executing in parallel

Examples of software-based techniques that can be used in general process modeling include State
"Transition Diagrams (STDs), ETVX, SADT, Statecharts, and Petri nets. These and similar alternative
notations will be examined later in Section 5.4.

5.3. CHOOSING THE RIGHT PROCESS REPRESENTATION NOTATION

When deciding how to initiate a program of process representation, the selection of a process notation
is of central importance-it is the language you will be using to communicate about your processes.
The key characteristics described in Section 5.1 are important for guiding your thinking in choosing
a process representation notation. However, primary considerations when choosing an approach to
process representation depend upon your relative comparisons of characteristics that you consider to
be important.

Remember that all notations imply some type of methodology by which the notation is used. When
considering alternative process notations, you need to simultaneously consider the associated meth-
odology. Both the notation and its accompanying method of use determine its relative scalability,
readability, and robustness.

Some of the questions you will need to answer include:

"* Can the notation represent details and also abstractions? (Scalability)

"* Can the notation be used to represent your processes? (Applicability)

"• Can the notation be adapted for use in representing different processes? (Flexibility)

"* Are process descriptions resulting from this notation easily interpreted? (Readability)

"* Can process depictions be easily updated to reflect changes? (Maintainability)

"* Can average people become quickly competent without extensive training? (Learnability)

"* Is the notation capable of representing a large variety of processes? (Robustness)

"* Does the notation yield machine-interpretable process models? (Formality)

"* How many different types of products can be supported? (Representative Power)

There are no simple answers to these questions. In all cases, the answers depend on several important
factors relevant to your organization. As discussed in Sections 5.3.1 through 5.3.5, these factors in-
clude the type of environment you have, the resources available, budget constraints, history, and your
immediate and future goals.

5.3.1 ENVMONMENTs

Environments vary significantly between organizations, and they can even vary significantly between
divisions within a single organization. From the perspective of process representation, one major
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consideration is the relative volatility of your environment. Are the processes you intend to model
relatively stable or highly dynamic? Are the changes relatively nominal, or are they often radical? Are
the changes predictable, or are they often unexpected? Additionally, is the environment dedicated to
a single domain of processes, or are there processes occurring within a variety of domains? Are the
processes of relatively short duration, or are they long-term? Are the processes highly iterative, or
typically nonrepeating? Is management largely a human-intensive activity, or is there a large degree
of automated project management support? These are examples of environmental considerations
that can strongly influence which process notational characteristics are applicable to your specific site.

5.3.2 REsouRcEs

Another consideration is the resources you have available to perform process analysis, design, and
representation. From the perspective of people, do you have highly trained or experienced process
engineers already available or will you need to have people trained? Are you anticipating a large initial
effort (involving dozens of people), or will you initially involve only a few people? Will your process
engineers be full-time, dedicated resources; or will process-related work be a matrixed responsibility
added to their current responsibilities? Are you intending to use the process representations to sup-
port project management in an automated, integrated environment? If so, do you currently have the
tools and techniques needed to support that approach, or will you have to acquire them?

5.3.3 BuDGmr CONmANT

Budget constraints are another major factor. How much funding is available to you for initiating the
process representation effort? After start-up costs, how much funding is available to support the
ongoing program? Is immediate cost justification important, or can the costs be amortized over a
longer period of time?

5.3.4 HISTORY

Organizational history must also be considered. Is there an existing repository of process
representations? If so, are they rendered in one or multiple notations? Is there an existing experience
pool for the performance of process engineering? Was process engineering an effort previously done
but canceled long ago or has it been an ongoing effort? Is the staff allocated to process engineering
being held relatively constant, or is it being significantly increased or decreased?

5.3.5 GOAIS

Finally, and most importantly, you must consider both the organization's immediate and long-term
goals. It is important to take a goal-driven approach to process representation. "Improved process
maturity" is too ambiguous a goal to help answer many of the questions presented here. Instead,
explicit and well-defined goals are needed. Is the goal to develop a process guidebook? If so, is the
guidebook intended to be a technical reference or a self-teaching tutorial? Is the goal to develop a
guidebook of a proposed process that can then be distributed to reviewers and process analysts? Is one
of the goals to develop material that will facilitate training employees in organization processes? Is
one of the goals to have a representation that facilitates gaining insights into dynamic and static
process characteristics? Does the representation need to facilitate developing automated process
models that can be executed? Is the goal of process model execution to gain insights into performance
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issues such as deadlocks and bottlenecks? Is it a goal to use the representations to facilitate project
management?

5.3.6 ORGANIZATIONAL IssuEs AND PRocss CHAmcnAsTics

The answers to questions in Section 5.3.5 vary from one organization to another; and even within the
same organization the answers will change with time. Nevertheless, there is a general mapping that
can be made between the key characteristics of alternative notations and the organizational issues
presented in Section 5.3. To reiterate, the issues are:

"* Your environment

"* Available resources

"* Budget constraints

"* History

"- Your immediate and future goals

If your environment is volatile, then a notation with a high degree of maintainability is desirable.
Ideally, as your process goes through significant change, the notation and methodology you have
chosen will remain usable. If you will be defining and modeling processes across multiple domains,
robustness and flexibility become important. You will need a notation that is either capable of
handling a variety of processes or one that can be easily adapted to your changing needs. Conversely,
if you will be targeting a single domain, applicability is of key importance. Long-term processes imply
a need for a notation that exhibits a high degree of maintainability; and highly integrated, automated
environments may convey a need for greater formality in the selected notation.

The type of available resources also affects your choice of a notation. If you anticipate a high rate of
turnover in the personnel performing as process engineers, then you will need a notation that has a
high degree of readability and learnability. Conversely, if many of the process engineers are already
familiar with a particular notation, then learnability is less important-your resources already have
much of the fundamental training and experience.

If you must work within a very small or very tight budget, you will need a highly scalable notation. This
gives you the opportunity to build either very high-level abstract representations or, if it is more
expedient, to build very low-level detailed representations of isolated or highly cohesive
sub-processes. Either way, a considerable amount of progress can be accomplished with
comparatively little time and effort. Similarly, if you need short-term confirmation of beneficial
results, then both scalability and learnability are crucial. Under such budget or schedule constraints,
you cannot afford a notation that requires either extensive training or labor- and time-intensive
application.

History is a key consideration, but so is your view of history. It may be that your organization has built
a small resource pool of people familiar with the use of a particular notation. If the notation is
applicable to your process domain, then it is sensible to give close consideration to that notation for
representing your processes. However, it also may be time to depart from history and introduce a new
notation. In short, the applicability, learnability, and maintainability of a notation can rapidly become
more important to you than history of usage within your organization.
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A notation's relative support of your current and future goals can involve several, if not all, of the key
characteristics already discussed. If your goal is to develop process guidebooks or self-teaching
tutorials, for example, then readability and learnability are primary considerations. If your goal is to
develop process models and study them for temporal or behavioral characteristics, then you need a
notation capable of capturing process dynamics. This implies you need a notation with a relatively high
degree of formality. If one of your long range goals is integrated process automation, then formality
may become of central importance.

As a general rule, the more flexible, robust, maintainable, and learnable a process representation
approach can be, the more usable it is. As certain environmental, budget, resource, historical, or
goal-oriented constraints become more important, others become less important. Nevertheless, there
are advantages to having an approach to process definition and modeling that manifests all of these
characteristics to a high degree. As discussed in Section 5.5, this is the rationale behind the
template-based process representation approach proposed in this guidebook.

5.4. ALTERNATIVE MODELS AND REPRESENTATIONS

The MPDM templates can be used as an analytical tool to facilitate the organized collection of
information that will later be used to develop process models in SADT, ETVX, etc. The fields on the
templates are intentionally designed to capture a superset of information needed by alternative
representations. From this perspective, if a process representation already exists in the format of an
alternative notation (such as ETVX, SADT, etc.), the templates can be used to augment or extend that
representation by including additional information and relations that the templates provide. The
challenge facing you is to select which (if any, but it may be several) alternative notation you will need
to use in the future.

Alternative approaches to process modeling can be contrasted by examining the objects elaborated
by each approach and the relationships permitted among those objects. There is no universal standard
for what is a "better" approach and what is "worse." All that can be evaluated is which approach has
the greatest potential for helping you achieve your goals, in your environment, using your resources,
given the funds available in your budget, etc. Additionally, significant changes in any of these variables
may render one approach progressively less beneficial and another approach more beneficial. There-
fore, the purpose of this section is not to provide a rank-ordering of better and worse approaches to
process definition and modeling; instead it is to provide a basic framework that you can use when per-
forming your comparative analysis, and to p: -sent information that you can use in determining the
approach best suited to your requirements.

Sections 5.4.1 through 5.4.7 discuss the following seven alternative process representation and
modeling notations:

"* State Transition Diagrams (STDs)

"* Entry Task Verification eXit (ETVX)

"* Structured Analysis and Design Technique (SADT)

"* Statecharts

"* Petri nets
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"* Process and Artifact State Transition Abstraction (PASTA)

"* RINs (Role Interaction Nets)

These notations can accomplish a variety of objectives. STDs are discussed first because they offer one
of the simplest approaches for modeling a process. Although STDs are quite limited when compared
to other techniques, they can be quite useful for learning or teaching purposes.

ETVX and SADT are widely accepted by industry. Originally designed as techniques for representing
software-based or software-oriented processes, they can be generalized for use in process definition
and modeling.

Statecharts and Petri nets offer opportunities for gaining insights not only into the static but also the
dynamic characteristics of a process. PASTA is included because it was designed to support environ-
ment-based process modeling.

Finally, RINs are included as an example of a notation that readily translates into Petri nets and/or
Statecharts.

All these alternative process representation notations are compatible with the templates. Although the
templates can be used as a standalone technique for representing a process, they can also be used prior
to, in conjunction with, or subsequent to these alternative notations.

5.4.1 STATE TRANSmON DIAGRAMS

STDs are often used for describing finite automata (finite state machines). Any process that can be
described in terms of a finite automaton can be represented using an STD. Generally, a finite automa-
ton accepts some series of input symbols and typically produces some series of output symbols (Kol-
man and Busby 1984). Each such output symbol is a function of the relevant input symbol, the current
state of the automaton, or both. Additionally, as input symbols are received by the automaton, its state
may change. With regard to process modeling, input symbols and output symbols typically represent
milestones that occur in reality, and states within the machine represent different phenomena or acti-
vities within an overall process. States have a time dimension, state transitions do not. Thus, finite
state machines can be seen as one possible representation for modeling sequences of phenomena
within some defined domain. When modeling the behavior of large or complex systems, it is often use-
ful to discuss both states and sets of states. The term "mode" is optionally used to distinguish a state
set (Sanden 1992a).

The dynamic behavior of a state transition machine is simply described. All state machines, at the
outset, are set in their initial state. Whenever a legal input symbol is received, the machine always
transitions to the next state, which may or may not be identical to the current state (this is the state
transition).

From the data collection templates, it is state information captured by the templates that directly
translates to STD models. It is often easier to represent events as arcs. The arcs among events can be
throughput and state transitions; however, STDs are not good for representing supports and
constraints. Also, you may want to consider an SID for throughputs (as they have state transitions
also); but typically, not much insight would be gained from such a diagram (that is, it is likely to be
just a chain of states, perhaps with a simple loop involved).
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Because of scale-up problems, STDs are best used when a process (or part of a process) is not
excessively large or complicated. Another advantage to STDs is that, due to their relative simplicity,
the initial costs for training and the learning curve are likely to be lower than using other less familiar
or more complex process models.

From the perspective of the objects and relationships used within the templates, STDs primarily
capture activity-activity sequence relations. However, carefully constructed STDs can convey an
intertwined model that not only shows activities and their states, but also products, and their evolution
through a variety of states. Note that product state transitions can be used to drive the ordering of
activities, activities can be used to determine the states of products, or some combination of these two
approaches can be captured-all using STDs.

5.4.2 ENTRY-TASK-VALIDATION-EXrr

The premise behind the development of ETVX was the necessity to find a means to embed methods
and tools into a common framework for intellectual and management control. ETVX (see Figure 5-1)
is a quasi-diagrammatic representation of IBM's Program Process Architecture (PPA). The authors
of ETVX take the position that PPA is the highest representation of the software process and that al-
though it contains the necessary elements for representing software engineering environments and
activities, it also is applicable across a much broader framework (Radice and Phillips 1988).
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Figure 5-1. Entry-Task-Validation-eXit Diagram

Part of the motivation behind PPA was the belief that it is essential to have the ability to rigorously

manage processes beyond the levels provided by individual tools and techniques. Also important was
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the need to provide some means whereby an evolving process could, by virtue of how that process was
enacted and applied, influence or govern the requirements for new support tools.

Generally, PPA is intended to define a basis for beginning an orderly evolution in the way that software
is engineered. Radice and Phillips (1988) claim that PPA:

"• Ensures a repeatable and simple paradigm at all levels of the software process

"* Contains the means for self-improvement by basing itself on the need for statistical quality
control

"* Requires a validation mechanism for any work item produced during the development cycle

"* Is based on what already exists in the software industry and draws only from the best proven
alternatives

"* Addresses the complete life cycle of software production

"* Does not require a complete set of tools in its first iteration

The ETVX paradigm is a procedural formalism for representing activities and relationships within
PPA. An ETVX box represents the concept that at any level of abstraction a work activity must have
entry (E) and exit (X) criteria, some task (T) to be done, and some means or collection of means for
performing validation (V).

Hierarchical decomposition is achieved in ETVX by "exploding" the task (T) component of an activity
and showing the subactivities (each in ETVX form) of which ii is composed. Similarly, any subactivity
can also be further decomposed, as necessary. Additionally, the ETVX model does not imply all
activities or tasks in succeeding stages wait for completion of preceding stages. Later stages may be
functioning (that is, activities occurring) concurrent with preceding stages.

The only constraints governing the commencement of activities at a given stage are its entry criteria.
Once the entry criteria are satisfied, the task related work of that stage may begin. After task related
work is completed, validation may begin. Typically, the validation effort will yield information for use
in evaluating the degree of compliance achieved with regard to the exit criteria. Formally, a stage is
not complete until all of its exit criteria have been met. However, one or more exit criteria may be
satisfied at any time during the task related work. In this way, entry criteria to other stages maybecome
satisfied prior to complete satisfaction of exit criteria in prior stages, thereby leading to the previously
mentioned parallelism and general asynchrony.

You should note that the ETVX approach does not yield an interconnected diagrammatic
representation of the system being modeled. Instead, ETVX rigorously examines each of the four
subcomponents that constitute an activity.

When using the templates, E and X are the Entry Criteria and Exit Criteria on the Activity template.
The parent/child relations on the template can be used to define ETVX decomposition. Validation
is best captured by defining a set of events that are explicitly intended for performing validation, and
then heuristically asserting that all events in a given model must, somewhere within their internal
processing, invoke one or more events from the valiaation event-tree. Internal Processing, also on the
Activity template, maps to the tasks (T) in ETVX. The Child Activities, from the Process template,
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explicitly describes the tasks in ETVX. Even though the templates contain all of the information for
EIVX, it is important to remember that ETVX is not an operational representation. ETVX's
usefulness comes from its conceptual presentation for process definition.

ETIVX is useful for defining the high-level organizational processes because it has greater flexibility
than the other approaches. This is especially useful in volatile environments where you may want to
repeatedly change and update your representation as your understanding of the process grows. ETVX
can also define a process in an environment where management is not willing to support the process
control of a well defined process. ETVX is a good process representation when parts of the process,
specifically some of the lower-level events, are defined in greater detail. This can provide a good com-
promise between high-level flexibility and low-level detail. Additionally, because ETVX has a hierar-
chical presentation mechanism, essential for representing large and complex processes, it represents
hierarchical processes well but not as explicitly as other models.

From the perspective of the objects and relationships used within the templates, ETVX models
primarily capture activity-activity, activity-product, and activity-constraint reference relations. The
decomposition of activities into subactivities is also well supported. Notably absent from the ETVX
approach are explicit conventions or techniques dedicated to representing the supports (roles, tools,
and resources) required within a process. To capture such information, you need to use the Entry Criteria
and Exit Criteria fields of ETVX, and you possibly need to add adjunct documentation to detail the
characteristics of various supports.

5.4.3 STRucruRD ANALYSIS AND DESIGN TECHNIQUE

When applying the SADT to software systems, the overall approach consists of identifying activities,
identifying the inputs and outputs of those activities, identifying factors that constrain the activities,
and identifying resources or materials that support the activities (Marca and McGowan 1988).

As Figure 5-2 depicts, activities are represented diagrammatically as boxes. Inputs to an activity are
labeled arrows arriving at the left side of the box. Outputs from an activity are labeled arrows departing
from the right side of the box. Constraining influences are labeled arrows arriving at the top of the box,
and enabling mechanisms are labeled arrows arriving at the bottom of the box.

Control

Input - Activity 3- Output

Figure 5-2. Structured Analysis and Design Technique Diagram

The outputs from one box may be tht inputs, controls, or enabling mechanisms for any other box
(including, in rare cases, itself). Boxes are all named and all arrows carry labels. Arrows are allowed
to be split into multiple branches or join to combine multiple branches into one. Any box can be
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decomposed into any number of subboxes. These, in turn, can be decomposed, and such
decomposition can repeatedly continue until the necessary level of detail has been achieved. Inputs,
outputs, and controls define the interfaces between boxes, and enabling mechanisms permit the
controlled mixing of subjects. When a box is "exploded" to yield a new subordinate diagram, the box
and diagram boundaries must match.

Figures 5-3 and 5-4 depict a small example of the top two layers of a process. Generally, and for
diagrammatic clarity, a diagram is restricted to three to six boxes. This approach allows for a gradual
progression in the presentation of details. Also, huge models are discouraged in favor of collections
of many small, interrelated models. Each of these smaller models contributes meaning to and derives
meaning from its interactions with the other small models. In principle, developing an understanding
of the small models and their relationships to other small models will lead you to a clear understanding
of otherwise very complex systems.

System Risk
Management
Plan

Software
Policy

TRVW AdaSoftware
Requirements Model

Project Team

Figure 5-3. Structured Analysis and Design Technique Example 1

Commonly, it is throughputs that would be modeled in SADT as arrows arriving at the left side of a
box and/or departing from the right side of a box. Constraints (especially external constraints) would
be modeled as "control" arrows arriving at the top of an SADT box. The support templates (roles and
resources) can be used (from the event perspective) to represent the enabling mechanisms (arrows
arriving at the bottom of an SADT box). Further, SADT permits capturing a considerable amount of
text information; therefore, comment and description fields and other relevant information can be
readily transferred from the templates to SADT, and vice-versa.

SADT is one of the more popular software process notation being used to date. It is used for software
system design, and there are a number of automated tools available on the market which support the
technique. SADT is capable of large scale process definition; but SADT, like ETVX, is weak at captur-
ing process dynamics. For example, an SADT link can only carry the syntactic structure of the process
information but not the semantics of the enactment. For SADT to be enactable, you must define the
type of link on the SADT diagram and then implement the semantics of the link. Along with the SADT
diagram, you should also use the data dictionary for the implementation of enactment. Other limita-
tions with SADT include the difficulty representing the concept of roles and authority for a process.
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Figure 5-4. Structured Analysis and Design Technique Example 2

However, SADT can be relatively easy to use for defining large processes since it is capable of
representing higher level abstraction and process decomposition structure.

SADT models readily capture virtually all the reference relations between and among objects.
Activities can reference other activities, products, supports, and constraints. Similarly, products and
supports can each reference themselves. SADT also readily supports decomposition. Although SADT
primarily supports activity decomposition, deliberate use will allow SADT models to show relative
decompositions of products, supports, etc. Finally, SADT does support capturing information about
the sequence or order of activities, but only in the sense of constraints; this typically implies a
partial-ordering, at best.

5.4.4 STATEcHAS

Statecharts are an extension of the basic notation used for finite state machines. Statecharts allow a
finite automaton to be decomposed into a representation that models two or more interacting or com-
municating subsystems. Statecharts also support hierarchical decomposition of transition diagrams
so that various levels of abstraction can be independently represented (Sanden 1992b). Figure 5-5 and
Figure 5-6 are examples of Statecharts adapted from Marc Kellner's SEO technical report (Kellner 1989).
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Figure 5-5 is an activity chart of Statemate that represents the functional perspective of process. Figure
5-6 is Statechart of Statemate that represents the behavior perspective of process.
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Sour cetdRptptDesired fr om _(189b)

FiuPrep Inv_Rpta•t E -

InvestAssgnd C,• (D I •_••51)5
-einI•es NM MOIR F _,I o

Investigation- -

Source- adapted from Kellne (1989)

Figure 5-5. $Statch Example I
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Figure 5-6. State~chart Examnple 2

Statecharts are commonly used to model concurrent, real-time system behaviors. Consequently, they
are an intuitively attractive technique for general process modeling. Since statecharts were intended

to model systems that are typically very complex, they contain a variety of conventions which both sim-
plify and clarify the representations. In addition to the hierarchical decomposition already mentioned
there are techniques for representing superstates, conditional transitions, default states, history states,
conditional entrance, selection-based entrance, and timeouts (Haral 1988; Coleman et al. 1990).

Hierarchical decomposition, in combination with the concept of superstates, allows gathering sets of
states together that have common transitions. "Ipically, the superstates of a level are defined, then
subordinate levels of substates are defined as an expansion of each superstate. Each such substate can,
in turn, be viewed as a superstate and itself defined in terms of still lower substates. This iterative process
can be repeated until the desired level of detail has been achieved.

Conditional transitions provide a simple means for extending the concept of some milestone-event
causing a transition fronm one state to another state. Specifically, milestone events can be coupled with
conditions, and then only when the right combination of milestones and conditions occurs does the
state transition happen. Using this technique, it is possible to represent situations where an activity
causes a state transition only if some condition is simultaneously true or where an activity results in
one type of transition given one condition and the same activity results in another type of transition
given a different condition. Obviously, a condition may be replaced by an arbitrarily complex condi-
tional expression, and thereby represents increasingly complex interactions. Conditional transitions
are diagrammatically represented by following an are's listed transition (or transitions) with a "
character which in turn is succeeded by a simple or complex conditional expression.

Default states are a simple extension within statecharts that allows a single state within each
orthogonal collection of states to be labeled as its default state. Independent of whether there are one
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or more orthogonal subsystems of state machines, any state machine can be marked to represent the
default state of that machine. Furthermore, each subordinate refinement of superstates into substates
can also include a marking that represents default states. By using this technique, it is possible to
simply and explicitly represent the behavior of a machine (or "submachine") upon its receipt of initial
input. Default states are represented by an unlabeled arrow pointing to one of the states within a
machine.

"History states" augment the concept of "default states." With default states, the machine always
commences from the indicated default, regardless of any activity which may have happened internal
to that machine during a prior activation. However, history states provide a mechanism for making
the entry state to a machine a function of the state that the machine was left in when last activated.
As implied by the name, with history states the history of activation directly affects the behavior of
future activations. (With default states, a machine's prior activity is locally unimportant--the machine
always commences from the same state.) The relevance of history within a given machine is indicated
by placing an unlabeled arrow pointing to a small circle surrounding the letter "H" inside the boundary
rectangle of an entire machine. Note that a machine might have both a default state and history states.
In such circumstances, the default state is only relevant during the first activation of that machine. All
subsequent activations would be influenced by history.

Conditional entrance is an abbreviated way to represent complex transitions from one state to a number
of substates. If a state, for example, transitions into one of five different substates of another state,
one diagrammatic representation would be to explicitly show the five conditional transitions, each
bound to the relevant substate. Alternatively, conditional entrance can simplify the diagram in the fol-
lowing way. Instead of showing five condition-driven variations of the event causing the transition
from the first state to the second state, only one line is drawn from the first state to the second state,
and it is labeled "unconditionally" as the particular event. Then the decomposition of the second state
shows the conditional information as follows. The event is shown as a single inbound event on a line
pointing to a small circle surrounding the letter "C" (signifying the conditional entrance). From this
encircled "C" radiates (in this example) five lines, one to each of the substates. Each of these lines
is then labeled with the appropriate condition or conditional expression.

Selection-based entrance is similar to conditional entrance except that selection entrance is used when
decomposing a higher state into its substates and when those substates have a clearly defined one-to-
one correspondence with a range of discrete values generated by the superstate. Consequently, when
showing, for example, 26 different substates (representing each letter of the alphabet, any one of
which might be "selected" during the superstate), it is not necessary to show 26 inbound lines, each
labeled with an activity representing the selection of the appropriate letter. Instead, these 26 labeled
lines can be replaced by an unlabeled arrow pointing to a small circle surrounding the letter "S." Nota-
tionally, these two approaches are equivalent, but the latter notation eliminates considerable clutter
and usually results in more readily interpreted and maintained diagrams.

Finally, there are occasions, particularly with real-time system representations, where it is necessary
to ensure that the system or some subsystem does not linger unnecessarily in some state. This
constraint is represented in statecharts by including a small, wavy line on the left side of the upper
border of the state. Under this line would be a time value indicating when this state would
automatically transition to the next (and possibly prior) state.

The time constraint concept includes a lower bound in addition to the upper bound. The lower bound
provides a way to represent that once a state is entered, that system (or subsystem) remains there for
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at least the specified minimum time. In effect, all transition signals (or inputs), whether relevant or
not, are ignored until the minimum time has passed. Neither, both, or either of these temporal
constraints can be used in conjunction with a state (Haral 1988).

With these extensions, Statecharts are effectively a more robust and flexible implementation of STDs.
Note that STDs can be represented using statecharts without any loss of behavioral meaning, but the
converse is not true. Although relatively simple activities can often be easily diagrammed using STDs,
such diagrams often become progressively more unwieldy and unmanageable as the complexity of ac-
tivity increases. As a general rule, the options available in statecharts become increasingly valuable
as the process being represented becomes increasingly complex.

As with STDs, the templates can be used to define a detailed state-driven model which converts almost
directly into a Statechart model. Statecharts are especially good at capturing "parallel" execution of
multiple state machines and can explicitly capture their interdependencies. Therefore, parallelism in
events can be easily captured. However, it is important to note that if the process engineers want to
eventually use Statecharts, they need to clearly note any parallelism and interdependencies that occur
between steps within events.

Statecharts are good for representing critical processes where simulation and enactment are important.
The tool, Statemate, will generate C or Ada code for connecting to programming libraries where vari-
ous process assets can be implemented. For a given event, if the set of tasks in a process definition can
be limited to a set of key fundamental activities, they can be implemented to work with code generated
by Statemate. There are some potential problems with using Statecharts; they typically require low-
level detail and it is difficult to represent roles and resources (supports) and research. As with many
notations, Statecharts can become quite difficult to scale up for modeling highly complex, large pro-
cesses. Because Statecharts capture dynamic process information, a process defined using Statecharts
can be translated into a Petri net model. Dynamic models have the advantage of being subject to assess-
ment and simulation (providing insight into time-to-completion, dead-lock, completeness, consistency,
correctness, race conditions, dead-locks, and similar dynamic phenomena).

Statecharts primarily capture activities, activity sequencing and coordination, and activity
decomposition. The execution of and interaction between activities is highly constrained. When
properly constructed, it yields an hierarchically decomposable executable model. In practice,
modeling products can be difficult because they must also be described in terms of states and state
transitions. However, this can be done with the resulting model showing the relationships between
changes in activity states and changes in product states: each (typically) highly constrained by the
other.

5.4.5 ftn Nmrs

Petri nets are progressively becoming more widely used as a means for building a wide variety of
process representations. Petri nets have been successfully used to model manufacturing processes,
chemical processes, hard real-time embedded processes, etc. One of the most important
characteristics of Petri nets is the fact that they capture the dynamic behavioral characteristics of the
system being modeled (Figure 5-7). In effect, Petri nets can be executed.

In addition to the graphical notation, Petri nets also come with a significant body of mathematical
formalism. By-relying on the mathematical substructure of these diagrams, it is possible to do a static
structural analysis of the system's dynamic behavioral characteristics without having to resort to actually
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Figure 5-7. Petri-Type Net

running a simulation. This is of key importance because it allows formal interpretation and analysis of a
process model for both desirable and undesirable characteristics (Levis 1992).

Another key factor contributing to the facility of Petri nets is its graphical nature. The basic graphical
representation principles are conceptually simple to learn and understand, yet they can be used to
build detailed representations of complex systems or models.

Formally, a Petri net is a bipartite directed multigraph that includes an initial marking. The nets are
composed of two types of nodes: places and transitions that are connected by directed arcs. Arcs may
connect either a place to a transition or a transition to a place. Graphically, transitions are usually
depicted as bars, and places are depicted as circles.

The behavior of a Petri net is also simply described. A transition is said to be enabled if each input place
to that transition carries at least as many tokens as are required by the "weight" of the connecting arc.
If a transition is enabled, it may or may not fire (depending on the semantics of the model). However,
if a transition does fire, the following two events occur. First, v tokens are removed from the input
places (where v is the weight of the inbound connecting arc) and gX tokens are placed in each output
place (where tL is the weight of the outbound connecting arc).

One simple extension to the Petri net theory includes the concept of a transition switch. When a switch
is employed, only one of the output arcs fire after that transition is enabled. Consequently, instead
of tokens appearing at all output places (as occurs with regular transitions) only one of the output
places has a token appear. In the case of have only two output places, this behavior is like an "if, then,
else" statement.

Other important extensions to basic Petri nets are the inclusion of timing and stochastic
characteristics. Stochastic Petri nets are especiallywell suited for process modeling. These nets do not
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make the assumption that transitions are instantaneous (Henderson and Taylor 1991). They include,
for instance, both an enabling time, and a firing time. This introduction of time almost invariably alters
the execution characteristics of these nets, just as delays in real-world activities almost invariably alter
the overall schedule governing some general process.

Petri nets, in their basic form, can easily capture the relationships between events from a coordination
and execution perspective, and they do so entirely from the information contained in the entry and
exit conditions. More complex nets can be constructed that model availability of resources
(represented by a token) and the nonviolation of constraints (represented by the absence of a token).
However, the templates do not automatically request timing information, so if the eventual goal was,
for example, timed stochastic Petri nets, then timing characteristics would need to be added to the
information collected on the templates (and the easiest way to accommodate this is for the process
engineer to modify the foundation template and add a field or two that captures timing behavior).

Petri nets are useful for process simulation and dynamic process analysis. If process execution issues
are critical, Petri nets can provide what might otherwise be obscure or limited insights into dynamic
behavioral characteristics (i.e., the notation itself is executable). Since Petri nets are capable of low
level models, such detailed models can be more labor intensive than higher level models using other
process notations. In software engineering, many of the processes being defined are still ad hoc and
volatile. For some organizations, it may be best to defer constructing detailed Petri net representa-
tions, because without automated tool support such representations may be difficult to update and
maintain.

The primary strength of Petri nets is their ability to capture highly constrained (and especially,
temporally constrained) information about a flow of activities. Additionally, through a variety of
techniques, Petri nets can be decomposed (sometimes called "unfolding") or recomposed ("folding").
Depending on the model being constructed, subnets might be developed that represent specialized
forms of high-level Petri nets. For this reason, activities and the constraints placed on those activities
can be involved in specialization/generalization relationships.

5.4.6 PRoCEsS AND AwmTAcr STATE TRANSmTON ABSTRACTION

The PASTA notation is designed to allow you to define a model for any development method or
process that has defined artifacts and defined composition and dependency relations among the
artifacts. Defined artifacts and relations allow for explicit artifact states upon which process states and
the overall process depend. Defined artifacts allow specification of the artifacts that record software
development. Artifacts and relations support analysis of product completeness. For artifacts whose
completeness cannot be formally specified, you can use technical reviews and issue tracking to specify
completeness.

5.4.6.1 Structure of Formal Generic Process Model

Figure 5-8 shows all of the key terms used in defining a process model. Arrows depict the relationships
used in defining the design model. In the following list, each term represents one relation between two
artifacts.
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"* RWfer-To. Analysis on the software process always refers to an artifact, A-state, and P-state.

"* Composed-Of A P-state is composed of the operations that the technologist can currently perform

and a role is composed of the activities that the role is able to perform.

"* Change. An operation changes (promotes or demotes) an A-state.

"• Manipulate. Operations manipulate artifacts.
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Figure 5-8. Relationships Defining the Design Model

5.4.6.2 Artifacts and Their States

Artifacts capture the decisions made during the software development process. Examples of artifacts
are a description of the decomposition of a design into a set of components (such as modules, objects,
packages, or subroutines) and a specification of the interface of one of the components. To character-
ize the state of a software development process, the engineer must characterize the state of the arti-
facts produced during the software process, e.g., whether or not the software decomposition is
complete. However, merely characterizing the state of the artifacts is insufficient to describe a com-
plete software process. You must also describe the activities that may be performed on artifacts, the
conditions under which those activities are performed, and the roles of the people who may perform
them.

5.4.63 Process State

The PASTA model has two levels. The lower level is based on the states of the artifacts produced during
the software process; such states are called artifact states (A-states). A-states alone are insufficient
to completely describe the software process, descriptions of activities, and operations on artifacts. The
augmented states in the upper level state model are called process states (P-states). The two-level
model allows the separation of the process description from the representation used for the artifacts.

Whether an activity is performable or not depends on the state of the artifacts. At any point in time,
the set of performable activities represent the choice of artifacts on which the line engineer maywork.
Those that are not performable represent the artifacts on which he may not work. The model
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prescribes a permissive ordering of activities (and on the work of the developer) by specifying which
activities are performable and which are not performable at any point. Permissive means that the line
engineer can choose from among the set of performable activities those to pursue. As with artifacts
and activities, different processes will specify different roles, such as designer, reviewer, programmer,
and manager. The logical grouping of activities in which people may participate defines the roles.

A P-state is represented as a rectangular box with two types, and only two types, of boxes that can
intersect with it. Figure 5-9 shows an example. The two types of boxes are the entrance and exit
conditions. The difference is that the entrance condition has a P-state name subbox on the bottom of
the box, but the exit condition box does not. The P-state name can be on any edge of the P-state boxes.
This gives the process engineer a lot of geometric and topological freedom to draw.

Entrance ___________________

turn engine on off car.engine Exit
car.engiOc off shift to drive on ear.engine-

shift to neutral _____________

- cuarengine onl turn engine off drive ca"gear

car.gear park get off
insert key

initiating remove key

Figre -l~s a exmpl ofanartnifac rlton sediarm Yup can raw n arw rmnatiatls

car.gear odrive thein n.

~drvi/2gI

car~ngui on ,sift,,o,.,= pak o anI"

Figure 5-9. P-State Diagrmi Example

Figure 5-10 is an example of an artifact relation diagram. You can draw an arrow from an artifact class

to an instance of an artifact. The name of the artifact has a dot in it to connect the class name and the
name of the instance.

5.4.6.4 Translating From Process Templates to Process and Artifact State Transition Abstraction

The state information in the templates is certainly usable by PASTA, especially since different state-sets
exist for events (processes) and throughputs (artifacts). A corporation can decide their formal migra-
tion path in different ways, e.g., from process templates to ETVX to PASTA or from the templates
to PASTA directly. All of the process and activity templates can be translated to P-states. However,
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if some of the activity and task templates are supported by CASE tools, these activities and tasks will
be mapped to operations in PASTA. Both the template and PASTA have role elements so the mapping
is direct. A role in PASTA is defined as a collection of activities. You will need to collect the set of
activities for the role. All of the product, research, and resource templates will be translated to
artifacts in PASTA. The cross-reference will be used extensively to translate the collection of related
information which is mapped differently to PASTA- This is especially true for the difficult translation
of constraints, which do not exist in PASTA. In this case, a new artifact needs to be created for
supporting constraints (e.g., checklists and signatures), defined for the artifact, and then referenced
in the pre- or post-conditions for either P-states or Operations. Finally, all of the super-sub
relationships captured in the templates can be translated to PASTA.
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CARdoor-ddriver

engine

keyhole

gear

speed - doorfront-right
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Super - Sub P-Artifact
Artifact

Figure 5-10. Artifact Relation Diagram Example

The primary strength of the PASTA approach is its ability to capture the relationships between
activities and products in a highly constrained manner. Note that PASTA models show flow of
activities as a function of state changes in underlying products. Hence, it is the state of the products
that defines the state of the activity and not the converse. Again, PASTA presents what is
fundamentally a two-level process model: the P-state level (process or activities) and the A-state level
(artifacts or products).

5.4.7 RoLE INTmAcnoN NETs

A RIN is a visual formalism for the design, specification, and enactment of work processes that consist
of activities ranging from informal to formal and from semiautomatic to fully automatic (Singh and
Rein 1992). The RIN formalism describes processes as collections of organizational roles and their
respective interactions. Role instances and their bindings to specific individuals are part of process
instantiation.

A process is viewed as a collection of roles that communicate and interact to accomplish their goals.
Each role in a process consists of a partially oudered set of tasks. Tasks are either solitary actions
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performed without the involvement of the other roles or joint actions performed with other roles.
Joint tasks can be as simple as delivering a document or as complex as negotiating a contract.

An example of the visual formalism is seen in Figure 5-11. It depicts a simple process describing the
development of a document. The author, reviewer, and the repository form the set of interacting roles.
Each role is represented by a column. Tasks appear as boxes. In the simple case shown here, tasks ap-
pear in the order of their execution: from top to bottom. Tasks requiring manual action are drawn as
M. Interactions between the roles are signified by connecting their respective task with a horizontal
line. The interaction between roles often involves the transfer of an artifact, such as a document or
report. In the notation, a transfer is indicated by curved flow lines from the source . • to its
destination -"I.

Generate Docament
mert

Transfer document (mrom Author to Reviewer and Repository)

Read document and generate Issues

Transfer Issue lis (fro Reviewer to Author and R epstr) ........................

Respond to Issues
)oses

Tran•ser responses (from Author to Repository) X

Figure 5-11. Role Interaction Net

The complete notation includes many more features than are shown in this simple examrqe. The order
of tasks within a role form a partial order and not the simple linear order implied by the example.
Alternation and iteration of tasks can be specified. Further, tasks can themselves be a process, thus
providing a powerful abstraction/decomposition mechanism.

Tasks have a number of attributes reminiscent of the ETVX formalism. These attributes serve as both
description and additional support for process enactment. Figure 5-12 shows a task with its attributes
expanded. The goal is a descriptive title for the task, e.g., Generate Document. The objects attribute
lists the artifacts (inputs and outputs) necessary for performing the task. The entry and exit conditions
are the necessary conditions to begin and terminate a task. In addition to these conditions, the role
occupant is required to initiate and terminate all manual tasks. The execution condition defines an
invariant which must be true throughout a tasks execution. Failure of this condition causes the task
to abort. The behavior describes tLe actions to be performed by the task. For automatic processes, this
behavior is written in some machine-interpretable script language. Measurements define the metrics
collected by the task. Finally, the permissions attribute defines the degree to which a role occupant
can modify the task.
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Figure 5-12. Role Interaction Net Templates

The RIN notation is supported by formally defined operational semantics. Both Singh and Rein
(1992) and Singh (1992) provide formal semantics, in terms of Petri nets and STDs. These publications
also provide further details and examples of the notation.

RINs seem to have a number of features that make it a dvsirable process modeling nohation:

"* Appealing visual notation

"* Powerful abstraction/decomposition mechanism

"* Well-defined operational semantics

However, RINs are a relatively new notation and suffer from:

"* Lack of industry wide exposure

"* Limited real-world application

"* Few supporting tools

From the perspective of the objects and relationships defined within the templates, RINs capture four
of the meta-classes: activities, products, supports, and constraints. Although inheritance is not an
explicit part of the RIN model, decomposition is strongly supported through role decomposition.

5.5. BENEFITS TO THE TEMPLATE-BASED PROCESS REPRESENTATION

This section has described a small but representative selection of other notations that maybe used in
performing process definition and modeling. As stated previously, you can use MPDM as a prelimi-
nary effort before constructing process models based on one or more of the other process notations,
or you can use the templates to extend or augment information that has already been captured using
an alternative notation.

It should again be stressed that there is no approach that is universally better or universally worse for
all organizations under all circumstances. Instead, the choice of a notation is highly site-specific and
should involve evaluation and consideration of all the issues presented in this section of the
guidebook.
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If you remain uncertain on which notation to use for process definition and modeling, you should start
with the templates and supporting techniques of MPDM. The primary advantage of this approach is
that it is designed to allow you to start simply, confidently, and (with the use of low-cost automation)
quickly allows you to automatically generate process end-products such as guidebooks and training
material. Additionally, if or when the need arises, you can adapt, tailor, and even fundamentally alter
the set of templates (and supporting graphical notation) to fit the specific needs of your environment.
Once you are using a relatively stable set of templates, you can examine the templates and their char-
acteristics and compare and contrast them with the characteristics of alternative notations (such as
those presented in this section). The "better" notation will be, of course, the one that most completely
matches your definition and modeling requirements.

Again, you can use these templates in both pre- and post-support of other process tepresentations.
More importantly, the templates are also designed to be used as a standalone technique for process
definition and modeling. Sections 5.5.1 through 5.5.8 briefly present an overview of additional benefits
of MPDM-based process representation by examining the templates from the perspective of the key
characteristics presented in Section 5.1.

5.5.1 ScA.IA•uLry

The templates have a very high degree of scalability. Each template contains a set of fields for
representing inclusion -elations. Therefore, arbitrarily long chains of ancestries can be defined. A
template can be establishwd as a parent template and other templates can serve as its "children." Any
or all of those child templates may, in turn, have further (grand) children which likewise may have still
other children. Consequently, you can use the templates to capture the most exacting and detailed
proce- information, the most general or abstract process information, any level or "view" between
those extremes, and any combination of these views.

5.5.2 APPUcABmrv

You will also find the templates to be highly applicable to your domain because the templates have
been explicitly designed for representing organizational (as opposed to computer-executed) pro-
cesses. The different template types (managerial and production activities, roles, resources, products,
research, internal constraints, and external constraints) immediately provide a rich set of fundamental
conventions for capturing many of the important characteristics of your process.

5.5.3 Ftmmunrry

You will find the templates to be an extremely flexible and highly tailorable tool for process
representation. The structural, hierarchical architecture that underlies the templates readily
accommodates the addition of new levels to the hierarchy, new types (or "meta-classes") at the highest
level, or new sublevels under any existing or new level. Additionally, you can make field and content
changes to the templates at the lowest level or at higher levels where the changes can then be
"inherited" by lower levels. Though the templates are completely useable as is, you can also adapt
them to your changing needs.

5.5.4 READABILITY

The templates preserve the detailed readability of pure text-based representations because the
majority of template fields allow unconstrained descriptive text. Additionally, the templates also
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support organizational or global readability because of template interrelationships and especially
because of the accompanying graphical conventions diagraming template-based process architectures
and models.

5.5.5 MINTANABIMltY

The maintain, oility of template-based process representations is quite high because template usage
is conducive to the construction of relatively modularized process elements. Each template allows you
to define an element both in terms of its internal characteristics and in terms of how that element re-
lates to the other elements in the representation. As a result, "information hiding" (the encapsulation
of implementation details so that they are invisible to the outside world) is directly achievable through
template usage. You can change a template without having to perform compensating changes in nu-
merous other templates. This yields architectures that are highly tolerant of maintenance, updates,
enhancements, and similar modifications.

5.5.6 LEARNABiLrry

Learnability is one of the chief benefits to the template-based approach described in this guidebook.
The associated tools and techniques are comparatively quite simple, yet they can be used to capture
and depict even highly complex processes. The use of these templates does not require any special
background or education, and trainees can be easily constructing process representations by the end
of their first day of training. There are relatively few rules that need to be followed, yet when adhered
to, the result is well-defined process representations.

5.5.7 ROBUSTNESS

The templates achieve a high degree of robustness by not attempting to focus on just one specific
domain, but instead by focusing on the phenomenon of process itself. The only assumption behind
these templates is that the representation being constructed is intended to design and/or model a
process. The type of process is not particularly important. Whatever that process is, if you describe
the flow and relationship of activities, the passage and evolution of products and research, the people,
tools, and other resources needed by that process, and the constraints and risk the process is subject
to, you will capture more thait enough information to understand and improve that process. You can
achieve all of this by using the templates in their current form. Though tailoring the templates is
certainly an option, the templates are robust enough that you may prefer-especially initially-to use
them just as they are.

5.5.8 FoRrtmy

The templates can support differing degrees of formality. This preserves the ability to choose the
degree of formality appropriate to your needs. Since increased formality typically translates to
increased cost, you may decide to use the templates to build low or moderately formal
representations. These representations would be characterized by the relatively high use of free-form,
text-based descriptions when providing or filling in field values. Increased formality can be achieved
by, for example, using the "formal" description fields on the activity templates. Additionally, if you
explicitly use states and state transitions, you can achieve a sufficiently precise and nonambiguous
degree of formality that can be exported and mechanically executed within an integrated, automated
process support environment.
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5.5.9 FINAL REMAK

lb summarize, the benefits of template-based process representation include their versatility to be
used in both top-down (functional decomposition) or bottom-up (object-oriented) methodologies for
process analysis, design, development, and verification. Additionally, the template field values can be
incrementally established which allows template usage to employ cyclic or spiral development tech-
niques. There are explicit fields on the templates for referencing, or binding to, other templates so that
both the characteristics of a given template and the relationships it has with other templates are quite
visible and accessible. This facilitates maintaining and updating not only the information contained
within the templates, but also the overall process architecture represented by the templates.

Template usage is based on a few simple conventions and requires no special background or experience;
therefore, training requirements will be nominal. Furthermore, you can use them as a foundation for
building representations using extensions of other notations (such as SADT or Petri nets). You can
also use the templates to augment any existing representations based on other notations.

Another benefit of the template-based approach is that the use of these templates is completely consistent
with the application of automated tool support. As discussed extensively in Volume I of this guidebook,
the templates are designed as a set of "views" into a data management repository. Coupled with a
"windowing" computer environment, the construction, use, and application of the templates or the
resulting process representations are directly supported by a variety of commercial off-the-shelf tools
or environments. Using the extensions presented in Volume 2 of this guidebook, you can achieve
executable process representations that support both project-level and process-level simulation,
enactment, and management.

Finally, as insurance, the templates are designed to be tailored to accommodate site-specific or
organization-specific requirements. If you work under special circumstances or have uncommon
requirements or needs, you can readily alter the templates so that they provide you with improved
support exactly where you need it. Should your needs change, you can alter the templates to conform
to the new priorities. The templates not only support you in efficiently changing your process, they also
support efficiently changing the way you change your process.
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APPENDIX A. INSPECTION TEMPLATES
EXAMPLE

Section 5 of Volume 1 includes an example of templates used to define an Inspection Process. Only
a subset of the templates were shown. This appendix contains the full set of example templates.
Section A.1 activity templates, Section A.2 shows product templates, and Section A.3 example role
templates.

In this appendix, an ellipses in a section title indicates a group heading as opposed to an actual field.

A.1 PEER REVIEW ACTIVITY TEMPLATES
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A.1.1 Ac-rvlrv TEMPLATE: PEER REViEws

A.1.1.1 Name

Peer Reviews

A.1.1.2 Unique ID

INS

A.1.1.3 Brief Description

The peer review activity is based upon the formal inspection process.

A.1.IA Overview Description

The inspection method is one technique for the static verification of an artifact. Developed by
Michael E. Fagan of IBM (Fagan 1984), the primary objective of this method is to detect defects in
an artifact in an efficient and effective manner. Frequently referred to as a "formal inspection," you
can use this method to verify any artifact generated during the development process, although consid-
erable focus has been given to applying this method to preliminary design, detailed design, and code
artifacts.

The inspection method consists of well-defined roles and activity stages. Associated with the roles are
specific responsibilities. Additionally, entrance and exit criteria and objectives for each activity stage
and mechanisms for recording and reporting defects ensure consistent application of this method.

The efficiency of this approach depends on focusing the participants on the overall objective of the
method, which is defect detection. The effectiveness of this method depends on proper training of the
participants and commitment by management to adhere to the prescribed process.

As stated earlier, you can use the inspection method to verify any artifact generated during the
development process. This section, however, states the specific purpose for preliminary design,
detailed design, and code inspections.

During the preliminary design phase, you hold preliminary design inspections to inspect the design
documentation to verify that the requirements are satisfied and that the product will be maintainable,
adaptable, and of high quality.

During the detailed design phase, you hold detailed design inspections to inspect the design
documentation to verify that the design has been refined correctly, is defined to a level which allows
coding to begin, and satisfies assigned product requirements. You inspect the design to ensure that
it is maintainable, adaptable, and of high quality.

During the implementation phase, you hold code inspections to inspect the code to verify that it
implements the detailed design correctly and completely.

The project team must baseline all reference material (i.e., specifications, requirements, documents)
prior to the inspection meeting. For example, a preliminary design inspection cannot be held until they
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have baselined the requirements. An example of a requirements specification document is a system

requirements specification (SRS).

A.1.1.5 Summary Description

It should also be noted that this method supports two types of tailoring. The first includes tailoring
of guidelines and checklists to create an inspection process which adheres to the method and is rele-
vant to the organization. You must do this type of tailoring to ensure a valid inspection process. The
second type of tailoring is to modify the inspection method. This type of tailoring is optional. Addition-
ally, tailoring of the method is subject to the limitations described below. The following discussion
presents the mandatory tailoring followed by the optional tailoring.

Use of the inspection method requires that your organization establishes supporting mechanisms.
These supporting mechanisms include entry criteria checklists, preparation checklists, and reinspec-
tion criteria for each artifact type that will be inspected. While there are many examples of these, you
must tailor them to your organization's goals and the specific artifact being inspected.

Your organization may also tailor the classification of the defects. Trypically, you classify defects, at a
minimum, by type and severity. You may also classify each defect by category (i.e., missing, wrong,
extra).

Because the objective of the inspection method is to find defects early in an efficient and effective
manner, the focus is clearly on defect detection. One approach to tailoring the method, therefore, is
to remove the causal analysis stage. The results of the causal analysis activity are intended to improve
the development process to prevent the defect from occurring in the future. This stage emphasizes
defect prevention. For organizations introducing the inspection process, the initial focus is probably
on defect detection. The causal analysis activity could then be added in the future.

A second type of optional tailoring is to combine multiple inspections into a single inspection. This
situation seems more frequent when inspecting a software artifact. An example is a change that is
small in scale. The author may want to consider combining the preliminary design and detailed design
inspections. Guidelines for determining when multiple inspections could be combined are:

"* Combine the preliminary design and detailed design inspections when an update is made to
an existing module and the preliminary design is not affected.

"* Combine the detailed design and code inspections when the detailed design is done at a very
detailed level and is expressed in the target language.

The moderator should be certified to run an inspection. Certification should consist of a minimum of
I day of training in the inspection process and the specific role of the moderator within that process.
In addition, newly trained moderators should be observed by an experienced moderator for the first
two to three inspections. Other participants in an inspection should be given a 1-hour overview of the
inspection process.

A.1.1.6 Parent Template(s)

<Field is Empty>
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A.1.1.7 Child Templates...

A.1.1.7.1 Unique ID

INSPLAN

A.1.1.7.1.1 Child Type

Composition

A.1.1.7.1.2 Child Tailoring

Required

A.1.1.7.1.3 Child Proximity

Local

A.1.1.7.2 Unique ID

INS OVR

A.1.1.7.2.1 Child Type

Composition

A.1.1.7.2.2 Child Tailoring

Suggested

A.1.1.7.2.3 Child Proximity

Local

A.1.1.7.3 Unique ID

INSPREP

A.1.1.73.1 Child Type

Composition

A.1.1.73.2 Child Tailoring

Recommended

A.1.1.7.3.3 Child Proximity

Local
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A.1.1.7.4 Unique ID

INS MTG

A.1..7.4.1 Child Type

Composition

A.1.1.7.4.2 Child Tailoring

Recommended

A.1.1.7.4.3 Child Proximity

Local

A.1.1.7.S Unique ID

INS REWK

A.1.1.7.5.1 Child Type

Composition

A.1.1.7.5.2 Child Tailoring

Suggested

A.1.1.7.5.3 Child Proximity

Local

A.1.1.7.6 Unique ID

INS FWUP

A.1.1.7.6.1 Child Type

Composition

A.1.1.7.6.2 Child Tailoring

Suggested

A.1.1.7.63 Child Proximity

Local
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A.1.1.8 Used Within...

A.1.1.8.1 Output Object Name

PeerReviewProcedureManual

A.1.1.8.1.1 Output Object Type

Procedure Manual

A.1.1.8.1.2 Include In Next Build

Yes

A.1.1.9 Transition Text...

A.1.1.9.1 Output Object Name

PeerReviewProcedureManual

A.1.1.9.1.1 Leading Transition Text

The technical office has decided that the Peer Review process used internally will be a variant of the
Fagan formal inspection method. Comments and recommendations for improving either this materi-
al in particular, or the peer review process in general, should be forwarded through your local SEPG
representative.

A.1.1.9.1.2 Trailing Transition Text

<Field is Empty>

A.1.1.10 Activity Criteria and Process...

A.I.I.10.1 Entry Criteria

The author or project manager has selected a trained moderator for the preliminary design, detailed
design, or code inspection.

The moderator has agreed to moderate the indicated inspection.

The moderator has been notified by the author that the preliminary design, detailed design, or code
is completed, baseli-ned, and is ready for examination.

A.1.1.10.2 Internal Process

There are seven parts to the inspection process. Six of these parts are required. These include:
planning, preparation, inspection, causal analysis, rework, and follow-up. The optional part is the
overview. The following sections indicate the entrance criteria, procedure, and exit criteria for each
of these parts.
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A.1.1.10.3 Exit Criteria

The Inspection Close Memo has been completed and distributed.

A.1.1.10.4 Invariants

The product being inspected continues to have purpose.

A.1.1.11 Related Products..

A.1.1.11.1 Unique ID

"liP

A.1.1.I1.1.1 Usage

Before Starting

A.1.1.11.1.2 Impact

Left Unchanged

A.1.1.11.1.3 Tailoring Options

Required

A.1.1.11.1.4 Elaboration Text

<Field is Empty>

A.1.1.11.2 Unique ID

MEMO

A.1.I.I1.2.1 Usage

While Underway

A.1.1.11.2.2 Impact

Created

A.1.1.11.2.3 Tailoring Options

Recommended

A.1.1.11.2.4 Elaboration Text

<Field is Empty>
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A.1.I.113 Unique ID

RMET

A.1.1.11.3.1 Usage

Before Ending

A.1.1.11.3.2 Impact

Created

A.1.1.113.3 Tailoring Options

Required

A.1.1.11.3.4 Elaboration Text

<Field is Empty>

A.1.1.12 Related Supports...

A.1.1.12.1 Unique ID

PRT

A.1.1.12.1.1 Usage

While Underway

A.1.1.12.1.2 Tailoring Options

Required

A.1.1.12.1.3 Elaboration Text

<Field is Empty>

A.1.1.12.2 Unique ID

RCO

A.1.1.12.2.1 Usage

Before Starting

A.1.1.12.2.2 Tailoring Options

Required

A.1.1.12.23 Elaboration Text

<Field is Empty>
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A.1.2 Acnrvrrv TEMPLATE: INSPECTION PLANNING

A.1.2.1 Name

Inspection Planning

A.1.2.2 Unique ID

INSPLAN

A.1.2.3 Brief Description

The Inspection Planning activity plans the time and resources of the inspection process.

A.1.2.4 Overview Description

During the planning stage, the author (i.e., owner) gives a copy of the material to be inspected to the
moderator, who verifies the inspection readiness of the artifact. The moderator typically completes
this assessment by using an entry criteria checklist suitable for the artifact type being inspected. If the
artifact is ready to be inspected, the moderator and the author of the artifact identify relevant refer-
ence material, a checklist of likely defects (i.e., a preparation checklist), the participants and their re-
spective roles, and the inspection schedule. The moderator generates the preparation checklist, which
is suitable for the artifact type being inspected, by modifying a generic checklist.

The moderator uses planning guidelines, suitable for the artifact type being inspected, to aid in
determining the inspection schedule. These guidelines include limiting the length of a single
inspection meeting to 2 hours and not scheduling more than 4 hours per day to inspection activities.
The moderator can derive guidelines to determine the duration of the overview, preparation, and
inspection meeting activities from the following:

A.1.2.5 Summary Description

<Field is Empty>

A.1.2.6 Parent Template(s)

INS

A.1.7.7 Child Templates...

<Fields are Empty>

A.1.M.8 Used Within...

A.1.2.8.1 Output Object Name

PeerReviewProcedureManual
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A.112.8.1.1 Output Object Type

Procedure Manual

A.1.2.8.1.2 Include In Next Build

Yes

A.1..9 Transition Text...

<Fields are Empty>

A.1.2.10 Activity Criteria and Process...

A.1.2.10.1 Entry Criteria

The author submits a completed entry criteria checklist with the inspection package to the moderator.
Refer to the appropriate procedure for the details of the entrance criteria checklists.

A.1.2.10.2 Internal Process

The moderator examines the materials to determine:

"* The correct level of detail

"* Whether it is an appropriate amount to inspect

"* The availability of appropriate reference documents

The moderator calculates the time required for the overview meeting, preparation time, and
inspection meeting by dividing the size of the document to be inspected, in pages, or the code to be
inspected, in lines of code, by the following estimates (these estimates are based on data related to
an inspection process used in another organization and wili be revised as data is collected):

"O erview. An overview should be limited to a single two-hour meeting. If an overview longer
than 2 hours is indicated by the length of the material, the moderator and the author should
examine the material to divide it into separate inspection pieces. If the material indicates that
an overview can be completed in a half-hour or less, the overview can be held at the beginning
of the inspection meeting.

" Prepaation. An estimate for preparation rates for preliminary design material is 12 to 15
pages per hour; for detailed design material, 8 to 12 pages per hour; and for code, 200
noncomment source statements per hour.

* L a m. An estimate for inspection rates for preliminary design material is 10 to 12 pages
per hour; for detailed design material, 8 to 10 pages per hour; and for code, 100 to 150
noncomment source statements per hour.

The moderator, project manager, or author contacts the inspection participants, tells them what is
expected, and solicits available dates.
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If an overview meeting is desired, it is scheduled by the moderator.

The moderator schedules the inspection using the estimated inspection meeting time computed
earlier. An inspection may require multiple meetings. The length of a single inspection meeting
should not exceed 4 hours in a given day. For each 4-hour meeting, it should be organized into a 2-hour
meeting, a half-hour break, and then the remaining 2 hours.

The moderator or author (with approval of the moderator) distributes the inspection package
consisting of the reference and inspection materials to the participants after appending the following:

"* The Inspection Invitation Memo which identifies the type of inspection, time, location, time
charge number, participants, and job assignments for the inspection

"* Thvial Error Log

A.1.2.10.3 Exit Criteria

If an overview meeting is indicated, the overview meeting has been scheduled.

The inspection meeting has been scheduled.

The inspection package has been distributed to all inspection participants.

A.1.2.10.4 Invariants

<Field is Empty>

A.1.2.11 Related Products...

A.1.2.11.1 Unique ID

RMET

A.1.2.11.1.1 Usage

Before Starting

A.1.2.11.1.2 Impact

Left Unchanged

A.1.2.11.I.3 Tailoring Options

Required

A.1.2.11.1.4 Elaboration Text

<Field is Empty>
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A.1.2.11.2 Unique ID

MEMOINV

A.1.2.11.2.1 Usage

Before Ending

A.1.2.11.2.2 Impact

Created

A.1.2.11.2.3 Tailoring Options

Required

A.1.2.11.2.4 Elaboration Text

<Field is Empty>

A.1.2.12 Related Supports...

A.1.2.12.1 Unique ID

RCO

A.1.2.12.1.1 Usage

Before Starting

A.1.2.12.1.2 Tailoring Options

Required

A.1.2.12.1.3 Elaboration Text

<Field is Empty>

A.1.Z.12.2 Unique ID

PRTMOD

A.1.2.12.2.1 Usage

Before Starting

A.1.2.12.2.2 Tailoring Options

Required
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A.1.2.12.2.3 Elaboration Text

<Field is Empty>

A.1.2.123 Unique ID

PRT DEV

A.1.1Z.3.1 Usage

Before Starting

A.1.2.12.3.2 Tailoring Options

Suggested

A.1.123.3 Elaboration Text

<Field is Empty>
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A.1.3 AcrivITY TEMPLATE: INSPECTION OVERVIEW

A.1.3.1 Name

Inspection Overview

A.1.3.2 Unique ID

INSOVR

A.1.33 Brief Description

The Inspection Overview activity provides the context of the Inspection activity and explanation of the
product to be inspected.

A.13.4 Overview Description

The overview consists of a presentation, by the author, of a general description of the inspection
material to the remaining participants. Additionally, the moderator may use the overview meeting to
emphasize the purpose of the inspection method and to ensure that the participants understand their
roles and responsibilities. This meeting is typically held prior to the inspection meeting.

A.1.3.5 Summary Description

<Field is Empty>

A.1.3.6 Parent Template(s)

INS

A.1.3.7 Child Templates...

<Fields are Empty>

A.1.3.8 Used Within...

A.1.3.8.1 Output Object Name

Peer ReviewProcedureManual

A.1.3.8.1.1 Output Object Type

Procedure Manual

A.1.3.8.1.2 Include In Next Build

Yes
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A.1.3.9 Transition Text...

<Fields are Empty>

A.1.3.10 Activity Criteria and Process...

A.1.3.10.1 Entry Criteria

The planning stage has been completed.

All key inspectors are present.

A.1.3.10.2 Internal Process

The moderator runs the meeting.

The author presents his design, addressing the following:

"* The purpose of the functional changes/additions

"* The external interfaces

"* The relation between the modules, as a function, to the rest of the software component and
to the software product

A.1.3.10.3 Exit Criteria

The overview has been presented.

A.13.10.4 Invariants

<Field is Empty>

A.1.3.11 Related Products...

A.1.3.11.1 Unique ID

"ip

A.13.11.1.1 Usage

Before Starting

A.1.3.11.1.2 Impact

Left Unchanged

A.13.11.1.3 Tailoring Options

Required
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A.1.3.11.1.4 Elaboration Text

<Field is Empty>

A.1.3.12 Related Supports...

A.1.3.12.1 Unique ID

PRT

A.1.3.12.1.1 Usage

Before Starting

A.1.3.12.1.2 Wailoring Options

Required

A.1.3.12.13 Elaboration Text

<Field is Empty>
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A.1.4 ACTIvrrY TEMPLATE: INSPECTION PREPARATION

A.1.4.1 Name

Inspection Preparation

A.1.4.2 Unique ID

INS-PREP

A.1.4.3 Brief Description

The Inspection Preparation activity consists of each inspector individually reviewing the product.

A.1.4.4 Overview Description

During the preparation stage, each inspector individually reviews the inspection material. During this
individual review, he verifies the artifact for technical accuracy, fulfillment of requirements, and ad-
herence to standards and conventions. The inspector records any detects discovered during this activ-
ity stage. He may also develop questions which may lead to the discovei, if additional defects during
the inspection meeting. The moderator ensures that adequate time has been allocated for proper
preparation and assists the inspectors, as needed, in their preparation activity.

A.1.4.5 Summary Description

<Field is Empty>

A.1.4.6 Parent Template(s)

INS

A.1.4.7 Child Templates...

<Fields are Empty>

A.1A.8 Used Within...

A.1.4.8.1 Output Object Name

Peer-Review Procedure Manual

A.1.4.8.1.1 Output Object Type

Procedure-Manual

A.1A.8.1.2 Include In Next Build

Yes
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A.1.4.9 Transition Text...

<Fields are Empty>

A.1.4.10 Activity Criteria and Process...

A.1.4.10.1 Entry Criteria

The planning stage has been completed if a separate overview is not planned. Otherwise, the overview
has been completed.

A.1.4.10.2 Internal Proress

The moderator ensures that each inspector has received the inspection package. This may be done
by phone, electronic mail, or personal visit.

The moderator ensures that sufficient preparation time is available for each inspector.

Each participant prepares for the inspection. During preparation, trivial errors are documented on
the Trivial Error Log. Refer to the appropriate procedure for guidelines for reviewing the inspection
material.

A.I.4.103 Exit Criteria

Each inspector has the materials, knows his role, has had sufficient time to prepare, knows the place
and time of the inspection, and has a copy of the Ilivial Error Log.

The moderator determines that all key inspectors are prepared for the inspection.

A.1.4.10.4 Invariants

<Field is Empty>

A.1.4.11 Related Products...

A..4.11.1 Unique ID

HP

A.1.4.11.1.1 Usage

Before Starting

A.1.4.11.1.2 Impact

Left Unchanged

A.l.4.11.1.3 Tailoring Options

Required
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A.1.4.11.1.4 Elaboration Text

<Field is Empty>

A.1.4.12 Related Supports...

A.1.4.12.1 Unique ID

PRT

A.I.4.12.1.1 Usage

Before Starting

A.1.4.12.1.2 Tkiloring Options

Required

A.1.4.12.1.3 Elaboration Text

<Field is Empty>
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A.1.5 AcTrivrrY TEMPLATE: INSPECTION MEETING

A.1.5.1 Name

Inspection Meeting

A.1.5.2 Unique ID

INS MTG

A.1.5.3 Brief Description

<Field is Empty>

A.15.4 Overview Description

At the inspection meeting, the inspectors report defects and the moderator records a description of
the defect. The inspector who identifies a defect additionally classifies that defect according to its type
and its severity. The moderator pursues questions that are raised only to the point where the answers
are found to be satisfactory or a defect is identified and recorded. Fixing defects is not the purpose
of the meeting.

At the conclusion of this meeting, the moderator completes a brief "process check." The purpose of
this activity is to give each participant the opportunity to critique the Inspection Meeting activity. The
moderator uses results of this process check to improve the effectiveness and/or efficiency of the
inspection meeting.

A.1.5.5 Summary Description

<Field is Empty>

A.1.5.6 Parent Template(s)

INS

A.1.5.7 Child Templates...

A.1.5.7.1 Unique ID

INS MTG REV

A.1.5.7.1.1 Child Iype

Composition

A.1.5.7.1.2 Child Tailoring

Required
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A.1-5.7.1.3 Child Proximity

Local

A.1-5.7.2 Unique ID

INSMTGREIN

A.1.5.7-.21 Child Tpe

Composition

A.1.5.7.2.2 Child Tailoring

Required

A.1.5.7.23 Child Proximity

Local

A.1.5.8 Used Within...

A.1.5.8.1 Output Object Name

PeerReviewProcedure Manual

A.1.5.8.1.1 Output Object Type

Procedure Manual

A.1.5.8.1.2 Include In Next Build

Yes

A.1.5.9 Transition Text...

<Fields are Empty>

A.1.5.10 Activity Criteria and Process...

A.1.5.10.1 Entry Criteria

The preparation stage has been completed.

A.1.5.10.2 Internal Process

The moderator runs the inspection and:
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"* Ensures that the inspection begins on time.

"* Introduces people and identifies their role in the inspection.

"* Solicits and records the preparation time of each inspector. All inspectors should submit their
preparation time on the Trivial Error Log to obtain an accurate accounting of the preparation
time.

"• Reschedules the inspection if the moderator determines, at the start of the inspection, that the
preparation by any of the key inspectors was inadequate or that a key inspector is absent. In
this case, the project manager is to be notified.

The reader pages through the inspection material, paraphrasing as appropriate.

The inspectors identify errors as the reader steps through the material.

The moderator records the errors on the Inspection Error Log and categorizes them, soliciting input
from the inspection participants.

The moderator summarizes the error and the categorization.

At the end of the inspection meeting, all participants make a reinspection determination. A
reinspection is required if a simple majority feels that it is necessary.

A.1.5.1.3 Exit Criteria

The inspection meeting has been held.

All inspection material (design or code) has been inspected.

All detected errors have been noted on the Inspection Error Log.

The reinspection decision has been made.

A.I.5.10.4 Invariants

<Field is Empty>

A.1.5.11 Related Products...

A.1.5.11.1 Unique ID

Up

A.1.5.11.1.1 Usage

Before Starting

A.1.5.11.1.2 Impact

Left Unchanged
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A.1.5.11.1.3 Tailoring Options

Required

A.1.5.11.1.4 Elaboration Text

<Field is Empty>

A.1.5.11.2 Unique ID,

MEMORES

A.1.5.11.2.1 Usage

Before Starting

A.1.5.11.2.2 Impact

Left Unchanged

A.1.5.11.23 Tailoring Options

Required

A.1.5.11.2.4 Elaboration Text

<Field is Empty>

A.1.5.12 Related Supports...

A.1.5.12.1 Unique ID

PRT

A.1.5.12.1.1 Usage

Before Starting

A.1.5.12.1.2 Tailoring Options

Required

A.1.5.12.1.3 Elaboration Text

<Field is Empty>
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A.1.6 AcrvrvTy TEMPIATE: INSPECTION MEETING REVIEW

A.1.6.1 Name

Inspection Meeting Review

A.1.6.2 Unique ID

INS MTG REV

A.1.6.3 Brief Description

<Field is Empty>

A.1.6.4 Overview Description

The errors discovered at an inspection meeting are recorded and categorized along two dimensions,
with the exception that trivial errors are classified along one dimension.

The first dimension identifies the t= of error. One example of this categorization for software
artifacts includes requirements, design, data, logic, syntax, standards, interface, return
code/message/exception, prologue/comment, and performance. A brief description of each of these
is as follows:

"* RP•i•,ii tI. The error is attributed to a requirement that is either unclear, incorrect, or
inconsistent.

" Design. The error is attributed to the design. "lypicaily, the design does not meet the baselined
requirements specification.

" Data. The error reflects a missing, extra, or wrong data definition. It can also indicate incorrect
use of a data definition.

"* L.Qgk. The error is algorithmic in nature and can refer to missing, wrong, or extra logic.

"* Syn The error violates the grammar of the defined design or code language.

"* Standards. The error reflects a deviation from organization or project standards.

"* Interface. The error refers to an incompatible definition or format of the information being
exchanged between two components.

" Return Code/Message/Ezc.ion. The error indicates that the wrong return
code/message/exception is being returned to the calling routine.

" Prologue/Comment. The explanation accompanying the design or code is incorrect, implicit,or missing.

" Performance. The code will not perform in the amount of time or resources allocated if
implemented as designed/coded.
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The second dimension identifies the severity of the error and consists of two primary categories, major
and minor, and one secondary category, trivial. The distinction between these is as follows:

"* MajQt. A major error is a deviation between the intended and observed state or behavior of
a system.

" Minor. A minor error indicates a violation of standards, conventions, or rules which would not
result in a deviation from requirements if not corrected, but could result in difficulties in terms
of maintenance or clarity of purpose.

"* Ilixial. A trivial error is a formatting, typographical, or spelling defect whose correct
interpretation is obvious to a knowledgeable reader.

The inspector shall make the judgment in categorizing errors along these two dimensions. The
moderator shall solicit this input from the inspection participants at the time the error is being
recorded.

A.1.6.5 Summary Description

<Field is Empty>

A.1.6.6 Parent Template(s)

INS MTG

A.1.6.7 Child Templates...

<Fields are Empty>

A.1.6.8 Used Within...

A.1.6.8.1 Output Object Name

PeerReviewProcedureManual

A.1.6.8.1.1 Output Object Iype

Procedure Manual

A.1.6.8.1.2 Include In Next Build

Yes

A.1.6.9 Transition Text...

<Fields are Empty>

A.1.6.10 Activity Criteria and Process...

A.1.6.10.1 Entry Criteria

A.1.6.10.2 Internal Process

A.1.6.10.3 Exit Criteria

A.1.6.10.4 Invariants

<Field is Empty>
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A.1.6.11 Related Products...

<Fields are Empty>

A.1.6.12 Related Supports...

<Fields are Empty>
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A.-17 AcrivrrY TEMPLATE: INSPECnION ME~rrNG REINSPECTION DECISION

A.1.7.1 Name

Inspection Meeting Reinspection Decision

A.1.7.2 Unique ID

INSMTGDEC

A.1.73 Brief Description

<Field is Empty>

A.1.7.4 Overview Description

A.1.7.5 Summary Description

<Field is Empty>

A.1.7.6 Parent Template(s)

INSMTG

A.1.7.7 Child Templates...

<Fields are Empty>

A.1.7.8 Used Within...

A.1.7.8.1 Output Object Name

PeerReviewProcedureManual

A.1.7.8.1.1 Output Object TIype

Procedure-Manual

A.1.7.8.1.2 Include In Next Build

Yes

A.1.7.9 Transition Text...

<Fields are Empty>

A.1.7 ' Activity Criteria and Process...

A.1.7.10.1 Entry Criteria

A.1.7.10.2 Internal Process

A.1.7.103 Exit Criteria

A.1.7.10.4 Invariants

<Field is Empty>
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A.1.7.11 Related Products...

<Fields are Empty>

A.1.7.12 Related Supports...

<Fields are Empty>
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A.1.8 Acrvrry TEMPLATE: INSPECTION REWORK

A.1.8.1 Name

Inspection Rework

A.1.8.2 Unique ID

INS REWVK

A.1.8.3 Brief Description

During the rework stage, the author fixes the defects that were recorded during the inspection
meeting.

A.1.8.4 Overview Description

<Field is Empty>

A.1.8.5 Summary Description

<Field is Empty>

A.1.8.6 Parent Template(s)

INS

A.1.8.7 Child Templates...

<Fields are Empty>

A.1.8.8 Used Within...

A.1.8.8.1 Output Object Name

Peer-ReviewProcedureManual

A.1.8.8.1.1 Output Object Type

Procedure Manual

A.1.8.8.1.2 Include In Next Build

Yes

A.1.8.9 Transition Text...

<Fields are Empty>
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A.1.8.10 Activity Criteria and Process...

A.1.8.10.1 Entry Criteria

The inspection stage has been completed.

A.1.8.10.2 Internal Process

Within I working day of the inspection meeting, the moderator provides the author with a copy of the
Inspection Error Log and Trivial Error Logs.

The moderator gets an estimate of rework from the author. This includes the time required and a
commitment for a completion date from the author.

Within 2 working days after the inspection meeting, the moderator completes an Inspection Summary
Report and generates an Inspection Meeting Exit Memo.

The moderator distributes a copy of the Inspection Meeting Exit Memo and the Inspection Summary
Report to the inspection participants, the project manager, and the Quality Assurance Administrator.

The author completes rework of the requirements, design, or code. The author corrects the defects
recorded in the Inspection Error Log by modifying the requirements, design, or code, as appropriate.
In situations where the correction for the defect is not obvious, the author should request an informal
review (i.e., walkthrough) or confer with the project manager or technical lead.

If a reinspection is not necessary, the author contacts the moderator to schedule an informal review
of the reworked material. Otherwise, the author notifies the moderator that the reinspection can be
scheduled.

A.1.8.103 Exit Criteria

The rework time and completion date have been obtained from the author.

The Inspection Meeting Exit Memo and Inspection Summary Report are complete and have been
distributed by the moderator.

The rework is completed by the author.

The informal review of the reworked material has been scheduled with the moderator or the
reinspection has been scheduled. If a reinspection was indicated, the process continues with the
planning stage.

A.1.8.10.4 Invariants

<Field is Empty>

A.1.8.11 Related Products..

A.1.8.11.1 Unique ID

HiP
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A.I.8.11.1.1 Usage

Before Starting

A.1.8.11.1.2 Impact

Changed

A.1.8.11.1.3 Tailoring Options

Required

A.1.8.11.1.4 Elaboration Text

<Field is Empty>

A.1.8.12 Related Supports...

A.l.8.12.1 Unique ID

DEV

A.1.8.12.1.1 Usage

Before Starting

A.1.8.12.1.2 Tailoring Options

Required

A.1.8.12.1.3 Elaboration Text

<Field is Empty>
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A.1.9 Ac-riVry TEMPLATE: INSPECTION FOLLow-UP

A.1.9.1 Name

Inspection Follow-Up

A.1.9.2 Unique ID

INSFWUP

A.1.93 Brief Description

The moderator verifies that all the rework has been completed during the follow-up stage. If the
moderator recorded a large number of significant problems in the material during the inspection
meeting, he schedules a reinspection of the reworked material. Otherwise, this inspection is
considered complete upon the moderator's verification of the modifications.

A.1.9.4 Overview Description

A.1.9.5 Summary Description

<Field is Empty>

A.1.9.6 Parent Template(s)

INS

A.1.9.7 Child Templates...

<Fields are Empty>

A.1.9.8 Used Within...

A.1.9.8.1 Output Object Name

Peer.ReviewProcedureManual

A.1.9.8.1.1 Output Object Type

ProcedureManual

A.1.9.8.1.2 Include In Next Build

Yes

A.1.9.9 Transition Text...

<Fields are Empty>
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A.1.9.10 Activity Criteria and Process...

A.1.9.10.1 Entry Criteria

The rework stage has been completed.

Reinspection was not indicated.

A.1-.910.2 Internal Process

The moderator and the author review the reworked material. The moderator makes an approval
decision on the reworked material.

Any remaining open issues that cannot be resolved by the author are documented in the Software
Problem Reporting (SPR) system. The author assumes responsibility for ensuring that these issues
are eventually resolved.

If the rework and open issues, if any, are approved, the moderator generates an Inspection Close
Memo within 2 working days after the review with the author. This memo identifies the SPR problem
number that was opened to record any remaining issues.

The moderator distributes a copy of the Inspection Close Memo to the inspection participants, the
project manager, and the Quality Assurance Administrator. (Note that the Inspection Close Memo
may be generated electronically.)

A.1.9.10.3 Exit Criteria

The Inspection Close Memo has been completed and distributed.

A.1.9.10.4 Invariants

<Field is Empty>

A.1.9.11 Related Products...

A.1.9.11.1 Unique ID

lIP

A.1.9.11.1.1 Usage

Before Starting

A.1.9.11.1.2 Impact

Changed

A.1.9.11.1.3 Tailoring Options

Required
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A.1.9.11.1.4 Elaboration Text

<Field is Empty>

A.1.9.11.2 Unique ID

RMET

A.1.9.11.2.1 Usage

Before Starting

A.1.9.11.2.2 Impact

Created

A.1.9.11.2.3 Tailoring Options

Required

A.1.9.11.2.4 Elaboration Text

<Field is Empty>

A.1.9.12 Related Supports...

A.1.9.12.1 Unique ID

DEV

A.1.9.12.1.1 Usage

Before Starting

A.1.9.12.1.2 Tailoring Options

Required

A.1.9.12.1.3 Elaboration Text

<Field is Empty>

A.1.9.12.2 Unique ID

MOD

A.1.9.12.2.1 Usage

Before Starting
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A.1.9.12.2.2 Tailoring Options

Required

A.1.9.12.2.3 Elaboration Text

<Field is Empty>
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A.1.10 AcTrivrry TEMPLATE: CAUSAL ANALYSIS

A.1.10.1 Name

Causal Analysis

A.1.10.2 Unique ID

CA

A.1.10.3 Brief Description

The purpose of the Causal Analysis activity is to identify and remove the cause of defects.

A.1.10.4 Overview Description

The Causal Analysis activity consists of a meeting attended by anyone who has participated in the
inspection process. The purpose of the meeting is to make recommendations with regards to how
processes may be improved in the sense of reducing the potential for and occurrence of defects in
products. The scope of this process improvement includes not only all related engineering processes,
but also the inspection process itself.

The causal analysis stage is a recent addition to the original method and is oriented toward imp-oving
the development process. Following the inspection meeting, the moderator holds a causal analysis
meeting to encourage the inspection participants to identify root causes for defects which occurred
with high frequency in the inspection material. Once they identify the root causes, the moderator solic-
its suggestions for process improvements which eliminate these root causes. The project team uses
these suggestions to improve the development process. This meeting is typically limited to 30 minutes.

A.1.10.5 Summary Description

Meetings are scheduled to be between 1 and 2 hours in duration and within a given division, should
be held at least monthly.

A.1.10.6 Parent Template(s)

<Field is Empty>

A.I.10.7 Child Templates...

<Fields are Empty>

A.1.10.8 Used Within...

A.1.10.8.1 Output Object Name

Peer Review ProcedureManual
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A.1.10.8.1.1 Output Object T•ype

Procedure Manual

A.1.10.8.1.2 Include In Next Build

Yes

A.1.10.9 Transition Text...

<Fields are Empty>

A.1.10.10 Activity Criteria and Process...

A.1.10.10.1 Entry Criteria

Metrics are available from the inspection process that provide insight into the types of defects
occurring in products, their frequency, and their severity.

The review coordinator has received a sufficient number of confirmed responses to justify holding the
meeting.

A.1.10.10.2 Internal Process

The first part of the causal analysis meeting consists of examining metrics from the inspection
activities and identifying the types of defects that occur with the highest frequency (or which, given
their frequency, have the greatest undesirable impact). Using the technique of "foundation cause
analysis" the group strives to identify process or environmental changes which can be made with the
objective of removing some or all of the factors that contribute to that type of defect.

A.1.10.10.3 Exit Criteria

Minutes of the meeting are documented.

Action items have been reviewed.

A.1.10.10.4 Invariants

<Field is Empty>

A.1.10.11 Related Products..

A.1.10.11.1 Unique ED

RMET

A.1.10.11.1.1 Usage

Before Starting
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A.1.10.11.1.2 Impact

Left Unchanged

A.1.10.11.1.3 Tailoring Options

Required

A.1.10.11.1.4 Elaboration Text

<Field is Empty>

A.1.10.11.2 Unique ID

MEMO RES

A.1.10.11.2.1 Usage

Before Starting

A.1.10.11.2.2 Impact

Left Unchanged

A.1.10.11.2.3 Tailoring Options

Suggested

A.1.10.11.2.4 Elaboration Text

<Field is Empty>

A.1.10.12 Related Supports_.

A.1.10.12.1 Unique ID

PRr

A.1.10.12.1.1 Usage

While Underway

AA.10.12.1.2 Tailoring Options

Required

A.1.10.12.1.3 Elaboration Text

<Field is Empty>
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A.1.10.12.2 Unique ID

RCO

A.1.10.12.2.1 Usage

Before Starting

A.1.10.12.2.2 Tailoring Options

Required

A.1.10.12.2.3 Elaboration Text

<Field is Empty>
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A.2 PEER REVIEW PRODUCT TEMPLATES
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A.2.1 PRODUCT TEMPLATE: INSPECTION INPUT PRODUCT

A.2.1.1 Name

Inspection Input Product

A.2.1.2 Unique ID

"iP

A.2.1.3 Brief Description

This is the product, item, or artifact to be inspected.

A.2.1.4 Overview Description

The inspection input product is anything that can be subjected to static analysis. This includes, but
is not limited to, software requirements documents, software design documents, software code, and
essentially all other types of documentation, including policies, procedures, standards, proposals, etc.

A.2.1.5 Summary Description

<Field is Empty>

A.2.1.6 Parent Template(s)

<Field is Empty>

A.2.1.7 Child Templates...

<Fields are Empty>

A.2.1.8 Used Within...

A..1.8.1 Output Object Name

Peer Review Procedure Manual

A.2.1.8.1.1 Output Object Type

ProcedureManual

A.L1.8.1.2 ladude In Next Build

Yes

A.21.9 Transition Text..

<Fields are Empty>

A.2.1.10 Related Activities

INS
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A.2.2 PRODUCT TEMPLATE: REw MEMOS

A.2.2.1 Name

Review Memos

A.2.2.2 Unique ID

MEMO

A.2.2.3 Brief Description

This product is the set of memorandums that are used to support the inspection process.

A.2.2.4 Overview Description

The inspection process is facilitated by the use of memorandums. These serve three major purposes:
(1) to convey information about upcoming inspection activities, (2) to serve as a type of checklist for
those participating in the inspection process, (3) as an informal means to temporarily report metric
information.

There are two primary types of memorandums currently in use: (1) The Invitation memorandum, and
(2) the Results memorandum.

A.2.2.5 Summary Description

In addition to these two types of memorandums, moderators and review coordinators are encouraged
to develop and use other memorandums if it appears that they will improve the efficiency or
effectiveness of the inspection process.

If additional memorandums are developed, they should be taken to the causal analysis meeting for
consideration and possible recommendation as new inspection support products.

A.2.6 Parent Template(s)

<Field is Empty>

A.2.2.7 Child Templates...

A.2.7.1 Unique ID

MEMO IN

A.2.2.7.1.1 Child Type

Specialization

A.2.7.1.2 Child Tailoring

Recommended
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A.2.2.7.1.3 Child Proximity

Local

A.2.2.7.2 Unique ID

MEMOREV

A.2.2.7.2.1 Child "ype

Specialization

A.2.2.7.2.2 Child Tailoring

Recommended

A.2.2.7.2.3 Child Proximity

Local

A.2.2.8 Used Within...

A.2.2.8.1 Output Object Name

Peer ReviewProcedureManual

A.2.2.8.1.1 Output Object 'Iype

Procedure Manual

A.2.Z.8.1.2 Include In Next Build

Yes

A.2.9 Transition Text...

A.2.2.9.1 Output Object Name

Peer Review ProcedureManual

A.2.2.9.1.1 Leading Transition Text

<Field is Empty>

A.2.2.9.1.2 Trailing Transition Text

Following are specific details about these two types of memorandums.

A.2.10 Related Activities

INS
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A.2.3 PRODUCT TEMPLATE: INSPECTION INVITATION MEMORANDUM

A.2.3.1 Name

Inspection Invitation Memorandum

A.2.3.2 Unique ID

MEMOINV

A.2.3.3 Brief Description

This memorandum is used to inform participants of an upcoming inspection.

A.2.3.4 Overview Description

The Invitation memorandum informs all participants that they have been selected to participate in
a coming inspection. The memorandum includes the name of the artifact to be inspected, the amount
of time the reviewer is expected to spend preparing for the inspection, the date that the inspection
material will be distributed, the date and time of the inspection, and the role each person in the review
team is expected to play.

A.23.5 Summary Description

<Field is Empty>

A.23.6 Parent Template(s)

MEMO

A.23.7 Child Templates...

<Fields are Empty>

A.2.3.8 Used Within...

A.2.3.8.1 Output Object Name

PeerReview ProcedureManual

AJ.3.8.1.1 Output Object Type

Procedure Manual

A.23.8.1.2 Include In Next Build

Yes
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A.2.3.9 Transition Text...

A.2.3.9.1 Output Object Name

Peer Review ProcedureManual

A.2.3.9.1.1 Leading Transition Text

<Field is Empty>

A.2.3.9.1.2 Trailing Transition Text

For an example of what this memorandum looks like, refer to the appendixes.

A.2.3.10 Related Activities

INSPLAN
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A.2.4 PRODUCr TEMPLATE: INSPECTION RESULTS MEMORANDUM

A.2.4.1 Name

Inspection Results Memorandum

A.2.4.2 Unique ID

MEMORES

A.2.4.3 Brief Description

This memorandum is used to report the results of a completed Inspection activity.

A.2.4.4 Overview Description

The Results memorandum is used to collect and summarize information about a completed
inspection. The primary purpose of this memorandum is to serve as a vehicle for capturing inspection
information that may or may not be transferred into an automated information management system
or database. In any event, this memorandum serves as a permanent record of the inspection and its
results.

A.2.4.5 Summary Description

<Field is Empty>

A.2.4.6 Parent Template(s)

MEMO

A.2.4.7 Child Templates...

<Fields are Empty>

A.2.4.8 Used Within...

A.2.4.8.1 Output Object Name

Peer ReviewProcedureManual

A.2.4.8.1.1 Output Object "lype

Procedure Manual

A.24.8.1.2 Indude In Next Build

Yes

A46



Appendix A. 1tspetcion Templates Example

A.2.4.9 Transition Text...

A.2.4.9.1 Output Object Name

Peer ReviewProcedureManual

A.2.4.9.1.1 Leading Transition Text

<Field is Empty>

A.2.4.9.1.2 Trailing Transition Text

For an example of what this memorandum looks like, refer to the appendixes.

A.2.4.10 Related Activities

INS-PLAN
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A.2.5 PRODrGI' TEMPLATE: REv•EW MErRics

A.2.S.1 Name

Review Metrics

A.2.5.2 Unique ID

RMET

A.2.5.3 Brief Description

This is a hard-copy report summarizing the inspection results.

A.2.SA Overview Description

The review metrics product is a report that contains all the metric information gathered during the
inspection process. The primary contents of this report includes:

"* Number of defects (by type and severity) found during preparation

"* Number of defects (by type and severity) found during the inspection meeting

"* Number of people that prepared for the inspection

"* Total time spent in preparation

"* Number of people that attended the inspection meeting

"* Inspection meeting start time

"* Inspection meeting completion time

"* Tbtal staff-time spent reviewing the product within the inspection meeting

"* Estimated rework time

"* Actual rework time

"* Names and roles of all participants

A.2.5.5 Summary Description

<Field is Empty>

A.2.5.6 Parent Template(s)

<Field is Empty>
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A.2.5.7 Child Templates...

<Fields are Empty>

A.2.5.8 Used Within...

A.5.8.1 Output Object Name

PeerReviewProcedureManual

A.2.5.8.1.1 Output Object Type

Procedure-Manual

A.2.5.8.1.2 Include In Next Build

Yes

A.2.9 Transition Text...

A.2.5.9.1 Output Object Name

Peer-ReviewTraining_Material

A.2.5.9.1.1 Leading Transition Text

<Field is Empty>

A.2.5.9.1.2 Trailing Transition Text

On a separate piece of paper, describe at least five additional metrics that might be important to
collect during the inspection process. Explain both how and when theywould be collected and for what
they would be used. Please spend about 20 minutes on this exercise.

A.2.5.10 Related Activities

INA

A-49



Appendia A. Inspection Templatcs Example

A.3 PEER REVIEW ROLE TEMPLATES

-50



Appendix A. Inspertion Templates Example

A.3.1 ROLE TMPLATE: PEER REEW TAM

A.3.1.1 Name

Peer Review Team

A.3.1.2 Unique ID

PRT

A3.1.3 Brief Description

The Peer Review Team participates in and is responsible for all phases of the Peer Review process.

A.3.1.4 Overview Description

Peer Review Teams conduct reviews of products (sometimes several times) before those products are
placed into Configuration Management. The team typically contains three to six people who have one
or more of the roles of: Moderator, Scribe, Reader, Key and Regular Inspectors, and Developer. Note
that the developer of the product being inspected serves as part of the review team.

A.3.1-5 Summary Description

<7ield is Empty>

A.3.1.6 Parent Template(s)

<Field is Empty>

A.3.1.7 Child Templates...

A.3.1.7.1 Unique ID

PRTMOD

A.3.1.7.1.1 Child lype

Composition

A.3.1.7.1.2 Child Tailoring

Required

A.3.1.7.1.3 Child Proximity

Local

A3.1.7.2 Unique ID

PRTRDR
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A.3.1.7.2.1 Child l•ype

Composition

A.3.1.7.2.2 Child Tailoring

Required

A.3.1.7.2.3 Child Proximity

Local

A.3.1.7.3 Unique ID

PRTSCB

A.3.1.7.3.1 Child "ype

Composition

A.3.1.7.3.2 Child Tailoring

Required

A.3.1.7.3.3 Child Proximity

Local

A.3.1.7.4 Unique ID

PRTINS

A.3.1.7.4.1 Child lype

Composition

A.3.1.7.4.2 Child Tailoring

Required

A.3.1.7.4.3 Child Proximity

Local

A.3.1.7.5 Unique ID

PRTDEV
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A.3.1.7.5.1 Child lype

Composition

A3.1.7.5.2 Child Tailoring

Suggested

A.I1.7S.3 Child Proximity

Local

A3.1.8 Used Within...

A3.1.8.1 Output Object Name

PeerReviewProcedureManual

A.3.1.8.1.1 Output Object Tyjpe

ProcedureManual

A.3.1.8.1.2 Include In Next Build

Yes

A.3.1.9 Transition Text...

A.3.1.9.1 Output Object Name

PeerReviewProcedureManual

A.3.1.9.1.1 Leading Transition Text

<Field is Empty>

A3.1.9.1.2 Trailing Transition Text

Details about each of these roles are presented below.

A3.1.10 Supported Activities

INA
CA

A3.1.11 Reports To...

<Not Applicable>

A.3.1.12 Reported To By...

<Not Applicable>
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A.3.2 ROLE TEMPLATE: MODERATOR

A.3.11 Name

Moderator

A.3.2.2 Unique ID

PRTMOD

A.3.2.3 Brief Description

The moderator manages the overall inspection process and ensures that the requirements and intent
of the inspection method are met.

A.3.2.4 Overview Description

The moderator is responsible for all aspects of a particular review process. Once selected as
moderator, that person sees that the review process is conducted as efficiently and effectively as
possible.

A.3.2.5 Summary Description

<Field is Empty>

A.3.2.6 Parent Template(s)

PRT

A.3.2.7 Child Templates...

<Fields are Empty>

A.3.2.8 Used Within...

A.3.2.8.1 Output Object Name

PeerReviewProcedureManual

A.3.2.8.1.1 Output Object TI~ype

Procedure Manual

A.3.2.8.1.2 Include In Next Build

Yes

A.3.2.9 Transition Text...

A.3.2.9.1 Output Object Name

PeerReviewProcedureManual
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A.3..9.1.1 Leading Transition Text

<Field is Empty>

A.3.2.9.1.2 Trailing Transition Text

<Field is Empty>

A3.2.10 Supported Activities

INA PLAN
INA OVR
INA PREP
INAMTG
INA REWK
INA FWUP

A.3.2.11 Reports To...

A.3.2.11.1 Unique ID

RCO

A-3.2.11.1.1 Elaboration Text

After every inspection, the moderator reports the results to the review coordinator. Additionally, the
moderator has access to the review coordinator at any time for advice, recommendations, etc.

A.3.712 Reported To By...

MOD
SCB
RDR
INS
DEV
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A,3.3 RoLE TEMPLATE: SCRIBE

A.3.3.1 Name

Scribe

A.33.2 Unique ID

PRTSCB

A.3.3.3 Brief Description

The scribe records and classifies the defects identified during the inspection meeting.

A.3.3.4 Overview Description

The scribe role only exists within the actual inspection meeting itself. During the meeting the scrbe
is responsible for building the defect log. As the meeting progresses, the scribe notes the defects
identified by type, location, and severity. At the end of the meeting, the scribe gives the defect log to
the moderator.

A.33.5 Summary Description

<Field is Empty>

A.3.3.6 Parent Template(s)

PRT

A.3.3.7 Child Templates...

<Fields are Empty>

A.3.3.8 Used Within...

A.3.3.8.1 Output Object Name

PeerReviewProcedureManual

A.3.3.8.1.1 Output Object lype

ProcedureManual

A33.8.1.2 Include In Next Build

Yes

A.3.3.9 Transition Text...

A.3.3.9.1 Output Object Name

PeerReviewProcedureManual
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A.3.3.9.1.1 Leading Transition Text

<Field is Empty>

A.3.3.9.1.2 Trailing Transition Text

<Field is Empty>

A-3.3.10 Supported Activities

INSMTG

A.33.11 Reports To...

A.3.3.11.1 Unique ID

PRT MOD

A.3.3.11.1.1 Elaboration Text

<Field is Empty>

A.3.3.12 Reported To By...

<Field is Empty>
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A.3.4 ROLE TEMPLATE: READER

A.3.4.1 Name

Reader

A.3.4.2 Unique ID

PRTRDR

A.3.4.3 Brief Description

The reader presents the product during the inspection meeting.

A.3.4.4 Overview Description

The reader is responsible for presenting the material to be inspected during the inspection meeting.
This presentation consists of advancing through the material in a manner that allows the participants
of the meeting to present any defects they had previously identified and to again review the material
for as yet undetected defects.

A.3.4.5 Summary Description

<Field is Empty>

A.3.4.6 Parent Template(s)

PRT

A.3.4.7 Child Templates...

<Fields are Empty>

A.3.4.8 Used Within...

A.3.4.8.1 Output Object Name

Peer Review Procedure Manual

A3.4.8.1.1 Output Object Type

ProcedureManual

A.3.4.8.1.2 Include In Next Build

Yes

A.3.4.9 Transition Text...

A.3.4.9.1 Output Object Name

PeerReviewProcedure Manual
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A.3.4.9.1.1 Leading Transition Text

<Field is Empty>

A.3.4.9.1.2 Trailing Transition Text

<Field is Empty>

A.3.4.10 Supported Activities

INSOVR
INS MTG

A.3.4.11 Reports To...

A.3.4.11.1 Unique ID

PRT MOD

A.3.4.11.1.1 Elaboration Text

<Field is Empty>

A.3.4.12 Reported To By...

<Field is Empty>
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A.3.5 RoLE TEMPLATE: INSPECTORS

A.3.5.1 Name

Inspectors

A.3.5.2 Unique ID

PRTNS

A3.53 Brief Description

Inspectors evaluate material against both formal and informal standards to identify and log defects.

A.3.5.4 Overview Description

Each inspector is responsible for reviewing the material during the preparation stage and for
participating in the inspection meeting. Their goal during the preparation activity and the inspection
meeting is to find defects in the artifact or material being inspected. Inspectors are considered to be
of two types: key inspectors and regular inspectors.

A.3.5.5 Summary Description

In addition to key and regular inspectors there is also the informal role of "guest inspector." Although
rarely part of the process, a guest inspector is someone who does not participate in any of the meetings.
Instead, guest inspectors evaluate the product and send the results of their evaluation to the
moderator.

A.3.5.6 Parent Template(s)

PRT

A.3.S.7 Child Templates...

A3.5.7.1 Unique ID

PRTINSKEY

A.3.5.7.1.1 Child lype

Specialization

A3.5.7.1.2 Child Tailoring

Required

A3.5.7.13 Child Proximity

Local
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A3.S.7.2 Unique ID

PRT INS-REG

A.3.5.7.1 Child 1Tpe

Specialization

A.3.57.7-2 Child Tailoring

Suggested

A.3.5.7.2.3 Child Proximity

Local

A.3.5.8 Used Within...

A.3.5.8.1 Output Object Name

PeerReview Procedure Manual

A.3.5.8.1.1 Output Object Tyjpe

ProcedureManual

A.3.5.8.1.2 Include In Next Build

Yes

A.3.5.9 Transition Text...

A.3.5.9.1 Output Object Name

Peer Review Procedure Manual

A.3.5.9.1.1 Leading Transition Text

<Field is Empty>

A.3.5.9.1.2 Trailing Transition Text

<Field is Empty>

A.3..9.2 Output Object Name

PeerReview_'raining Material
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A.3.5.9.2.1 Leading Transition Text

<Field is Empty>

A.3.5.9.2.2 Trailing Transition Text

On a separate piece of paper, briefly describe one or two additional types of inspectors the might be
useful to have in the Peer Review process. Please spend about 10 minutes on this exercise.

A.3.5.10 Supported Activities

INS OVR
INS PREP
INSMTG

A.3.5.11 Reports To...

A.3.5.11.1 Unique ID

PRTMOD

A.3.5.11.1.1 Elaboration Text

<Field is Empty>

A.3.5.12 Reported To By...

<Field is Empty>
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A.3.6 RoLE TEMPLATE. DEVELOPER

A.3.6.1 Name

Developer

A.3.6.2 Unique ID

PRT DEV

A.3.6.3 Brief Description

The developer is the person currently responsible for working on a product.

A.3.6.4 Overview Description

A developer is anyone who is currently assigned to, working on, creating, or is otherwise responsible
for a product. It is often the case that a team of developers share responsibility for the development
of a product. In such circumstances, one person on that team has the role of lead developer.

A.3.6.5 Summary Description

<Field is Empty>

A.3.6.6 Parent Template(s)

PRT

A.3.6.7 Child Templates...

<Fields are Empty>

A.3.6.8 Used Within...

A.3.6.8.1 Output Object Name

PeerReviewProcedure Manual

A.3.6.8.1.1 Output Object Type

ProcedureManual

A.3.6.8.1.2 Include In Next Build

Yes

A.3.6.9 Transition Text...

A.3.6.9.1 Output Object Name

Peer ReviewProcedureManual
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A.3.6.9.1.1 Leading Transition Text

<Field is Empty>

A.3.6.9.1.2 Trailing Transition Text

<Field is Empty>

A.3.6.10 Supported Activities

INS PLAN
INS OVR
INSPREP
INSMTG
INS REWK
INS FWUP

A.3.6.11 Reports To...

A.3.6.11.1 Unique ID

PRT MOD

A.3.6.11.1.1 Elaboration Text

<Field is Empty>

A.3.6.12 Reported To By...

<Field is Empty>
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A.3.7 RoLE TEmPLATE: KEY INSPECTOR

A.3.7.1 Name

Key Inspector

A.3.7.2 Unique ID

PRTINSKEY

A.3.7.3 Brief Description

Key inspectors are inspectors that are required at the inspection meeting.

A.3.7.4 Overview Description

Key inspectors have the primary responsibility for inspecting the product or artifact under review.
Generally, candidates are identified to be key inspectors due to particularly high levels of experience,
insight, or ability that they can contribute to reviewing the artifact. Generally, key inspectors should
have different specialty areas so as to provide greater scope in evaluating the artifact.

A.3.7.5 Summary Description

<Field is Empty>

A3.7.6 Parent Template(s)

PRT INS

A.3.7.7 Child Templates...

<Fields are Empty>

A.3.7.8 Used Within...

A.3.7.8.1 Output Object Name

PeerReview ProcedureManual

A.3.7.8.1.1 Output Object 'lpe

Procedure Manual

A.3.7.8.1.2 Include In Next Build

Yes

A.3.7.9 Transition Text...

<Fields are Empty>
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A.3.7.10 Supported Activities

<Field is Empty>

A.3.7.11 Reports To...

<Fields are Empty>

A.3.7.12 Reported To By

<Field is Empty>
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A.3.8 ROLE TEMPLATE: REGUlAR INsErOR

A.3.8.1 Name

Regular Inspector

A.3.8.2 Unique ID

PRTrNS. EG

A.3.83 Brief Description

Regular inspectors are inspectors that are optional at the inspection meeting.

A3.8A Overview Description

Regular inspectors are inspectors who are expected to participate throughout the inspection process
but who will not cause the cancellation of an inspection meeting if they cannot attend. All inspectors
start as regular inspectors and, after they have acquired sufficient experience, may periodically be
selected to be key inspectors.

A.3.8.5 Summary Description

<Field is Empty>

A.3.8.6 Parent Template(s)

PRTINS

A3.8.7 Child Templates...

<Fields are Empty>

A.3.8.8 Used Within...

A.3.8.8.1 Output Object Name

Peer ReviewProcedureManual

A.3.8.8.1.1 Output Object Type

Procedure-Manual

A.3.8.8.1.2 Include In Next Build

Yes

AJ.8.9 T'ransition Text...

<Fields are Empty>
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A.3.8.10 Supported Activities

<Field is Empty>

A.3.8.11 Reports To...

<Fields are Empty>

A.3.8.12 Reported To By

<Field is Empty>
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A.3.9 ROLE TEMPLATE: REvIEW COORDINATOR

A.3.9.1 Name

Review Coordinator

A.3.9.2 Unique ID

RCO

A.3.9.3 Brief Description

Review coordinators are responsible for organizing and overseeing reviews.

A.3.9.4 Overview Description

The primary responsibility of review coordinators is to see that all planned reviews are conducted
according to schedule, that the necessary output products are produced and archived, and that reviews
are conducted in an efficient and effective manner. One key area of responsibility is ensuring that
review work is evenly and fairly divided among all those who are authorized to participate. As a
secondary responsibility, review coordinators also ensure that all participants have the necessary
training, or if not, that arrangements are made so that training occurs.

A.3.9.5 Summary Description

<Field is Empty>

A.3.9.6 Parent Template(s)

<Field is Empty>

A.3.9.7 Child Templates...

A.3.9.8 Used Within...

A3.9.8.1 Output Object Name

PeerReviewProcedureManual

A.3.9.8.1.1 Output Object 'ype

Procedure-Manual

A3.9.8.1.2 Include In Next Build

Yes
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A.3.9.9 Transition Text...

<Fields are Empty>

A.3.9.10 Supported Activities

INS
CA

A.3.9.11 Reports To...

<Fields are Empty>

A.3.9.12 Reported To By

PRTMOD
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This Appendix contains checklists that you can adapt to help you review your process definition work.
Consider using these checklists for inspections of filled in templates.

The checklists include a statement, question or claim, followed by two boxes. For each statement put
a value in the first box that ranges from -3 to 3, where -3 indicates Definitely False or Definitely
Disagree and where 3 indicates Definitely True or Definitely Agree. Of course, 0 indicates you are
neutral or have no opinion, 1 and - 1 indicate you slightly agree or slightly disagree, respectively; etc.

For each statement, in the second box put a value of L, M, or H indicating Low, Medium, or High
confidence level in your numeric rating.

For example, upon reading the statement, 'Are all portions of the template filled in that should be?"
you might respond with a 2 in the first box and a L in the second box. This reflects, for example, that
you agree with the statement, based on what you have seen of the templates; but you have only seen
a few of the templates so, at this time, your confidence is low. Later, upon reviewing more templates
you would likely increase your confidence to M or H, and possibly change your numeric rating as
appropriate.

You are encouraged to reduce the following checklists to something that you and your peers can use
to support review and evaluation of your process definition work. You will find that even a very brief
checklist can considerably simplify, standardize, and accelerate reviews, evaluations, and inspections
of your process definition.

The following areas and categories are addressed:

ACTIVITY TEMPLATE

"* Elementary
"* Advanced

ATTRACTIVENESS FOR ADOPTION

"* Introduction
"* Business

ROLE USAGE

"* Evaluators, Champions, and Change Agents
"• Users, Learners, Enactors
"* Tailor and Instantiator
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DEFINITION PROPERTIES

"• Scope and Power
"• General Characteristics
"• Performance Factors
"* Global Characteristics Support

ADAPTABILITY

* Adaptability Factors

DETAILED CONTENT AND SUPPORT

"* Startup Requirements
"* Input Requirements
"* Process and Method Architecture Requirements
"* Body Requirements
"* Output Requirements
"* Data Requirements
"* General Definition Requirements
"* Method Description Desired/Optional Characteristics
"* Kinds of Engineering Knowledge
"* Methods Conformance
"* Level of Detail
"* Compatibility/Interoperability
"* Level of integration
"* Planned Improvements
"* Method Automation
"* Scope and Availability of Supporting Items
"• Style and Aesthetics
"* Role Usage Summary

COMPETITION

"* Benchmark Information
"* Definition Competition Information
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B.1 ACTIVITY TEMPLATE

Category: Elementary

Rating Confidence
# Item -3 to +3 L,M, or H

1. Are portions filled in that should be? _

2. Does all terminology conform to glossary?

3. Do all names and identifiers conform to standards?

4. Is this activity described using means and terms that are the same
as those used to describe other parts of the process?

5. Is this activity consistent with descriptions of other parts of process
that it is supposed to be consistent with (e.g., parents, children,
referenced in description, need to be composed or integrated
with)?

6. Is scope of activity dear?
7. Is purpose of activity clear?
8. Is the description clear?
9. Are external references such that they can be easily obtained?
10. To the extent it is supposed to, does the description match the as-is

process?
11. Is the description realistic?

12. Can all the users of the description understand it?

13. Does the description include enough so the activity can be done?

14. Does it contain the information needed for management planning
and accounting (e.g., work breakdown structure element
identification)?

15. Are all input and output artifacts identified?

16. Are important input and output non-artifact capabilities and
knowledge identified (e.g., skills resulting from training)?

17. Does the user know where to go next for info/help?

18. Are internal artifacts identified?

19. Are common or severe pitfalls and risks identified?

20. Does the activity include verification?

Category: Advanced

Rating Confidence
# Item -3 to +3 L, M, or H

21. Are all formal portions filled in that should be?

22. Are limitations dear?

23. Does it conform to process architecture?

24. Are states of the activity and transition criteria identified?
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Category: Advanced (cont.)

Rating Confidence
# Item -3 to +3 L, M, or H

25. Is timing covered?

26. Is tailoring covered?

27. Are contingencies and responses (e.g., cases, input changes,
exceptions, rework) identified?

28. Are organizational aspects covered?

29. Are starting and ending dealt with in addition to input and output
conditions/criteria?

30. Are options and alternatives covered?
31. Is validation included?

32. Is measurement included?

33. Is quality assurance included?

34. Is risk assessment included?
35. Is management of this activity covered?

36. Is process improvement covered?

37. Is opportunity identification and exploitation covered?

38. Is automation covered?

39. Is reuse covered?

40. Does it provide advanced, sound, and complete guidance?

41. Is it better than competition?

42. Is it easily adaptable?

43. Is it easily evolvable?
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B.2 GENERAL PROCESS DEFINITION CHECKLIST

This section of the appendix provides definition checklists for each of the following categories:

1. Airractivenessfor Adoption. Exhibits the characteristics that usually encourage a decision to
transfer/adopt.

2. Role Usage. Ease of successful use by each different user type (e.g., evaluators, tailors, learners,
and enactors).

3. D#Don Properties. Exhibits those charact'eristics that maximize use and usefulness.

4. Adaptability. Suitability for tailoring and evolving all or part-highlights this important
property.

5. Detailed Contents. Contents are complete, including automation considerations, and adequate
support devices are in place.

6. Competition. Competition's comparative strengths and weaknesses are understood, and
processes or methods and their definitions have been measured against their competition.
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B.2.1 ATTRACTIVENESS FOR ADOPTION

Category: Introduction

Rating Confidence
# Item -3 to +3 IL, M, or H

1. Concern for your organization's transition from existing practices
to the newly developed process or method is addressed. Concern
for transition from existing releases is incorporated into each
upgrade.

2. Definition is compatible with existing organizational
requirements.

3. All or part of the definition can be used on a trial basis without
permanently impacting existing techniques (trialability).

4. Definition can be adopted piecemeal (modularity).

5. Definition can be used on a trial basis to ensure applicability and
cost-effectiveness for organization (trialability).

6. Effects are easily observable.

Category: Business

Rating Confidence
# Item -3 to +3 L, M or H

7. Credibility of benefits is high.

8. Has prior use.

9. Has prior evaluation results that are quantitative and qualitative
and show realism and credibility.

10. Conforms to standards.

11. Original sources have strong reputation, history, and stability.

12. Has testing and verification history. Availability of results,
independent verification and validation, and thoroughness.

13. The implementation satisfies cost-benefit criteria (which includes
product quality considerations).

14. Is predictable, reducing risks taken by customer.

15. Has indirect benefits of ease of learning and positive market
impact.

16. Has low cost start-up.

17. Satisfies all items on Competition checklist.
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B.2.2 ROLE USAGE

Category: Evaluators, Champions, and Change Agents

Rating Confidence
# Item -3 to +3 L,MorH

1. Definition identifies an aggregate list of all stakeholders (those
types of persons who will be affected by any decisions made during
an instantiation of the definition).

2. Includes assessment of cost of introduction.

3. Includes assessment of cost of operation, maintenance, and use.

4. Includes assessment of cost of replacement.

5. Includes assessment of direct, expected benefit from the results
(type, quality, quantity).

6. Includes assessment of time reduction benefits.

7. Includes assessment of resource reduction benefits (e.g., definition
lets customer reduce technology and project costs).

8. Has prior demonstrations of use indicated.

9. Ease of installation and start-up is incorporated.

10. The definition has been packaged and productized such that it
minimizes adoption work by organization.

Category: Users, Learners, Enactors

Rating Confidence
# Item -3 to +3 L,M or H

11. The definition addresses the following user needs:

To know where the definition might be useful
To quickly find part(s) that is needed or desired or
establish that the part(s) does not exist

To decide to use the part(s)
To do detailed plan to use part(s)
To know what is needed to use the part(s)
Use the part(s)
To know when he/she is straying from the intended usage
and return to the right usage if desired

To be able to recover when errors are encountered
To know when he/she/they is finished
To know the quality of the result

12. Definition is relevant and appropriate.

13. Definition has logical qualities. Includes unifying idea that
postulates nothing unnecessary, internally is logically consistent, is
conceivably refutable, is explicitly bounded in application, and is
consistent with previously established theories and laws.
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Category: Users, Learners, Enactors (cont.)

Rating Confidence
# Item -3 to +3 L, M, or H

14. Definition has empirical qualities.

Makes observationally confirmable predictions or
conclusions, confirming observations are reproducible by
skeptics, and provides criteria for observations as fact or
anomaly.

15. Definition is usable and can be interacted with successfully by
business area managers, project managers, line engineers, and
technologists.

16. Definition is accurate.

Is the document correct? Are there obvious mistakes? Are
assumptions about resources and environment valid? Is there
evidence of a lack of understanding of important aspects of the
problem or process?

17. Definition is clear.

Will it be understandable to the users? Is the document
expressed in a form that is accessible and understandable? Are
table and diagrams used where possible instead of text?

18. Definition is consistent.

Definition possesses the characteristic of consistency to the
extent the definition products correlate and contain uniform
notation, terminology, and symbology. In addition, passages
do not contradict each other.

19. Is the document organized so that it can serve different user
populations simultaneously?

20. Allows learners to start immediately on meaningfully realistic
tasks.

21. Reduces the amount of reading and other passive activity in
learning.

22. Helps to make errors and error recovery less traumatic and more
proactive in reducing future errors.

23. Is able to successfully deal with realistic range of your organization
personnel skills and knowledge.

24. Includes guidance for resource and planning estimates.
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Category: Tailor and Instantiator

Rating Confidence
# Item -3 to +3 LM,orH

25. Uses generic terminolog" and symbols for ease of adaptation.

26. Methods work in standalone mode as well as integrated within a
process.

27. Alternative tailorings and instantiations should support any
needed variations for:

Different life-cycle models
Levels of human/organizational capability
Level of understanding of requirements or architecture
Available reusable assets, including mix of reused and new
components

Tailoring at organization, project, team, individual levels
Automated support differences, including mixed levels of
automation

Dependability criticality
Performance criticality and real-time
Data intensity
Degree of distribution
Size
Customer types and standards (e.g., commercial, DoD, NASA,

NSA, FAA, etc.)
Programming language (e.g., Ada, C, or C++)
Subsetting
Likely changes/enhancements/evolution

28. instantiation bindings should support organizational structure,
physical communication, relative and then absolute time, staffing
qualities and needs, and identities of other needed resources.

29. Composition and integration of all or part of the definition should:

Match Ins and Outs
Receive (re)direction
Interface with other information flows

Coordination, collaboration, informing, report to,
measurements database, external sources of
information and advice

Have links fulfilling necessary dependency requirements
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B.23 DEFINITION PROPERTIES

Category: Scope and Power

Rating Confidence
# Item -3 to +3 L, M, or H

1. Addresses known need or big problem area.

2. Applicable to existing environment(s).

3. The definition explains what is currently known in the world for
sufficient state of the practice, best state of the practice, or state of
the art.

Includes algorithmic or automated procedures, elimination of
ambiguity, and ability to overcome obstacles within
conventional framework.

4. The definition explains the limitations of its contents and points to
where opportunities exist for improvement and enhancement.

Includes understanding of what part(s) of definition are
automatic and why, understanding of ambiguity and obstacles.

5. The definition provides techniques for addressing those novel
areas that go beyond what is fully understood.

Includes application of definition to novel tasks, tolerance of
ambiguity, and redefinition of obstacles

Category: General Characteristics

Rating Confidence
# Item -3 to +3 L, M, or H

6. Correctness

The extent to which the definition conforms to its system
specifications and standards, is free from defects, and satisfies
its specified requirements.

7. Completeness

Aproduct possesses the characteristics of completeness to the
extent that all of its parts are present and each of its parts is
fully developed; all aspects addressed (definitions, theory,
data, techniques, evaluation, integration, extension, compari-
son, application, artifacts, anomaly detection and recovery).

& Self-descriptiveness

The definition explains the implementation of its methods and
procedures.

9. Simplicity

The definition provides implementation on its components in
the most understandable and regular manner.
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Category: General Characteristics (cont.)

Rating Confidence
# Item -3 to +3 L, M, or H

10. Adequacy

Degree to which the definition satisfies the required and
optional needs of the member companies.

11. Usefulness

Includes effective, functional, feasible, durable, operable,
usable, useful, workable.

12. Definition satisfies those items in the Adaptability checklist.

Categoiy: Performance Factors

Rating Confidence
# Item -3 to +3 L, M, or H

13. Efficiency

The extent to which the definition performs its intended
functions requiring a minimum amount of resources.

14. Integrity

Maintaining the validity and consistency of data and of the
components within the definition.

15. Reliability

The extent to which all or part of the definition can be expected
to perform its intended functions in a satisfactory manner.

16. Survivability

The extent to which the definition will perform and support
critical functions without failures within a specified time peri-
od when a portion of the definition is inadequate, unsuitable,
or inoperable.

17. The definition minimizes the amount of processing that needs to
be done both during actual execution of a component and during
transition from one component to another.

18. The definition minimizes the amount of data that needs to be
stored during transition from one component to another.
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Category: Global Characteristics Support

Rating Confidence
# Item -3 to +3 L M, or H
19. Scale up

20. Repeatability

21. Measurability

22. Integrability

23. Early prediction and validation of benefits

24. Easily learned

25. Cost-effective
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B.2.4 ADAPTABILITY

Category: Adaptability Factors

Rating Confidence
# Item -3 to +3 L,MorH

1. Modularity

The extent to which the definition is composed of discrete
components such that a change to one component has minimal
impact on other components.

2. Reconfigurability

The relative effort needed to change the interconnection and
status of definition components and links.

3. Expandability/Extensibility

The extent to which the definition is designed to facilitate
development and use of extensions or expansions and the
extent to which the definition is reusable so that the parts can
be combined to create new interfaces and facilities.

4. Flexibility

The relative effort to increase definition capability by
enhancing current components or adding new components or
data.

5. Portability

The ease with which the definition can be transferred from one
computer system or environment to another.

6. Reusability

The extent to which all or part of the definition can be used in
multiple applications or multiple process architectures.

7. Augmentability

The relative effort for the customer to increase or adapt the
functionality of the definition by adding new functions or
modifying existing functions.

8. Commonality

The extent to which there is commonality and reuse across the
methods for multiple activities or process architectures.

9. Definition is customizable/tailorable.

10. Traceability

Those characteristics of the definition that provide a thread of
origin from the implementation to the requirements with re-
spect to the specific development envelope and operational
environment.
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Category: Adaptability Factors (cont.)

Rating Confidence

# Item -3 to +3 L, M, or H

11. Maintainability

The extent to which the definition facilitates updating to
satisfy new requirements or to correct deficiencies. This
implies that the definition is understandable, testable, and
modifiable.

12. Interoperability

The ability of components within the definition to exchange
information and to mutually use the information that has been
exchanged.

13. Generality

Degree to which the definition is applicable in different
applications, organizations, and environments.

14. Open architecture

15. Visibility

Those characteristics of the definition which provide status
monitoring of its development and use.

16. Verifiability

The relative effort to verify the contents, operation and
performance of the definition.

17. Definition satisfies those items in the Role Usage checklist under
the Instantiator category.
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B.2.$ DETAILED CONTENTS

Category: Startup Requirements

Rating Confidence
# Item -3 to +3 L, M, or H

1. States what the user is expected to know before using.

2. States where the method is applicable and any factors that must be
taken into consideration for use.

3. Includes or references standard introductory material.

Identification-includes name, description
Status-maturity level, completeness, whether method

represents best state of the art, best state
of the practice or other

Background-history
Rationale and reasons for confidence
Technical-concepts, definitions, notations

Category: Input Requirements

Rating Confidence
# Item -3 to +3 L,M,or H

4. Input to method activity or includes input products, entrance
criteria, standards and other governing documents and direction,
operations/transactions to be handled by the activity or the
method, and dependency requirements for method (which may
vary with the alternative method being used).

5. Entrance criteria include data and states (musts versus desirables
versus exceptions), humans and states, other resources,
"verification" steps, repair steps/suggestions if entrance criteria
fail, other applicability considerations, discussion of
granularity/scopes of input and output.

Category: Process and Method Architecture Requirements

Rating Confidence
# Item -3 to +3 L Mor H
6. Process and methods are built to be fault tolerant.

Includes damage confinement, early defect correction, repair
and recovery, continuing service to other (sub)activities.

7. Process and method architectures are structured to facilitate
change.

Activities known only through externally visible, specific
behavior.
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Category: Process and Method Architecture Requirements (cont.)

Rating Confidence
# Item -3 to +3 L,M, or H
& Process architecture identifies the weakest set of constraints

needed to ensure successful execution (e.g., weakest set of pre- and
post-conditions on each method).

9. Process architecture and methods provide commonality across
initial development of software and evolution of existing software.

10. Processes and methods are built to ensure early defect detection
and should pay attention to repair methods for defect correction.

Category: Body Requirements

Rating Confidence
# Item -3 to +3 L, M, or H

11. Clearly identifies heuristic (or better) steps and decision points
that need to be executed for successful completion.

12. Body of method (which may have alternatives) contains internal
data and states; internal standards, conditions, and rules; goals;
issues.

13. Body includes description of components.

Components (Steps/jasks/Operations/Subtransactions)
Subgoals
Procedures

Analyses, derivations, creations, models,
Planning, prerequisites

Decisions
Subgoals, constraints/rules, input and
involvement, data collection procedures,
alternatives (with rationales),
claims, questions, anticipated results,
desirables/suggestions/heuristics, means of
prediction and evaluation

Reuse
Validation
Action item creation, etc.
Progress checkpoints
Constraints on sequencing and feedback

Absolutes, decisions, exceptions
Automation
Roles
Embellishments

14. Body of method includes decision criteria or activity that leads to
output products within expected range of values.

15. Includes dependability characteristics (identification and
avoidance of pitfalls and risks, mitigation of risks).
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Category: Body Requirements (cont.)

Rating Confidence
# Item -3 to +3 L, M, or H

16. Includes measurement needs.

Progress measurement/tracking, measurement for
improvement, entrance and exit criteria, measurements or a
checklist for measuring progress through execution, quality
measures.

17. Includes continuous improvement bubactivity.

18. Includes information flow.

Report to, coordination, collaboration, informing, metrics
reporting, links to CM.

19. Identifies any links to human, dependability, and performance
engineering.

20. Clearly specifies interfaces with system engineering, configuration
management, and QA.

21. Provides planning information/estimation, including degree of
predictability, resources and time, quality, and rates of
improvement.

Category: Output Requirements

Rating Confidence
# Item -3 to +3 LM,orH

22. Output from activity or method includes output products, exit
criteria, exceptions, deliveries to, and obligations.

23. Exit criteria include data and states, verification, approvals, and
internal repair steps and suggestions if exit criteria fail.

Category: Data Requirements

Rating Confidence
# Item -3 to +3 LMorH

24. For data affected by a method, method addresses its:

Consistency (attainment, preservation/propagation,
inconsistency tolerance, verification, and repair)

Completeness (attainment, incompleteness tolerance,
verification, validation, and repair)

Quality-suggested qualities (measures [Gilb columns],
attainment, early defect detection, repair)

Intermediate conditions/states
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Category: General Definition Requirements

Rating Confidence
# Item -3 to +3 L, M, or H

25. Examples are provided in the definition.

26. Definition identifies all stakeholders within each component
(those who will be affected by any decisions made during
enactment of that component).

27. Definition includes separation of functional concerns, temporal or
sequencing concerns, and organizational concerns.

Category: Method Description Desired/Optional Characteristics

Rating Confidence

# Item -3 to +3 LMor H

28. Provides guidance for verification.

29. Provides examples that run through complete execution of the
method.

30. Provides instructions on human engineering, dependability
engineering, and performance engineering.

31. Provides algorithmic steps for execution of the method.
32. Provides instructions for validation.

33. While exploiting the features of organization's standard
programming language(s), presents alternatives for other
languages wherever possible.

34. Provides reusable issues, alternatives, rationales, and decisions.
35. Provides a graphical description of integration of subcomponents

within the method and integration of the method within the
process(es).

36. Provides references that should be followed, show evidence for
maturity, explain prior work, describe rejected alternatives.

Category: Kinds of Engineering Knowledge

Rating Confidence
# Item -3 to +3 ,M, orH

37. Fundamental design concepts

38. Criteria and specifications

39. Theoretical tools
40. Quantitative data
41. Practical considerations

42. Know how: procedures, ways of thinking, judgmental skills, design
instrumentalities

43. Normative: standard, quantitative solutions based on subjective
value judgements
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Category: Kinds of Engineering Knowledge (cont.)

Rating Confidence
# Item -3 to +3 L, M, or H

44. Rational: quantitative analysis and algorithms that tell how to find
solution

45. Argumentative: broad participation requirements or process for
interested parties

46. Heuristic: common seuse rules derived from experience and
judgement

Category: Methods Conformance

Rating Confidence
# Item -3 to +3 ,MorH

47. Consideration will be given for each method to cover the standard
life-cycle models.

48. Each method conforms to the process architecture.

49. Each method conforms to the central glossary.

50. Each method conforms to standard formats.

51. Each method conforms to a standard process notation.

Category: Level of Detail

Rating Confidence
# Item -3 to +3 L, M or H

52. The contents reflect a level of detail appropriate to the purpose of
the document.

53. Adequate elaboration is provided in each area.

54. Input is described in sufficient detail.

Category: Compatibility/Interoperability

Rating Confidence
# Item -3 to +3 L, M, or

55. Product addresses use on standard platforms.

. 56. Product addresses use with standard interfaces.

B-19



Appeadf 3. &hecklist

Category: Level of Integration

Rating Confidence

# Item -3 to +3 L, M, or H

57. Product is internally integrated.
58. Product is integrated with rest of software engineering

environment and practices.

59. Addresses common data integration.

60. Addresses common conceptual bases integration.

61. Addresses common control integration.
62. Addresses common presentation.

63. Addresses common process or procedures.

64. Addresses tool interoperability.

Category: Planned Improvements

Rating Confidence
# Item -3 to +3 L,M,orH

65. Improvements provide gateway to other innovations.

66. Consideration given to cost of conversion to future replacement.

67. Improvements to definition and supporting materials made with
ease of usability in mind for customers (especially instantiators and
users).

Category: Method Automation

Rating Confidence
# Item -3 to +3 ,,M,orH

68. Descriptions of how to use supporting tools or procedures are
available.

69. Descriptions of the associated input, outputs, and data for a
supporting tool are defined.

70. Consideration was given to the cost-effectiveness of available,
supporting tools or of the construction of new, supporting tools.

71. The resulting software products was verified against the
tool/procedure definition for the method.

72. Provides advice and suggestions for automation.

73. Provides precise instructions on automation.

74. Status messages, error messages, and recovery are explained.
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Category: Scope and Availability of Supporting Items

Rating Confidence
# Item -3 to +3 ,,M,orH
75. Maintenance support available
76. Maintenance aids available
77. Training available
78. Consulting available
79. Pilot projects available
"80. User groups available

31. User aids
2. Operation aids

83. Technology insertion aids

Includes information on how to tailor product to organization,
success stories, and codevelopment of methods with member
companies.

84. Other support (e.g., hotline)
85. Reliability

The ability to perform the promised service dependably and
accurately.

86. Responsiveness

The willingness to help customers and to provide prompt ser-
vice.

87. Assurance

The knowledge and courtesy of employees and their ability to
convey trust and confidence.

Category: Style and Aesthetics

Rating Confidence
# Item -3 to +3 L,MorH

88. Definition has style

Includes harmonious, balanced, elegant, unified, complete,
refined, fluent, dear.

89. Definition is aesthetic

Includes attractive, interesting to view.
90. Demonstrates technical skill in content and communication.
91. Has perceived quality.
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Category: Style and Aesthetics (cont.)

Rating Confiden-

# Item -3 to +3 L,Morh

92. Is well-crafted, well-made.

93. Is expressive.

94. Is interesting to study and/or use.

Category: Role Usage Summary

Rating Confidence
# Item -3 to +3 LM,orlH

95. Contains information required by evaluators and adopters
checklist under role usage.

96. Contains information required by Instantiators checklist under
role usage.
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B.16 COMPETITION

Category: Benchmark Information

# Item -3 to +3 LM,orlH

I. Has overall relative advantage

Over professional books, government-funded definitions and
your organization definitions.

2. Positioning of the product and compared products

Positioning is clearly stated and consistently reflected
thrGughout the definition and supporting products and
services. -

3. Product uniqueness

For example, product has unique features for customer, did a
unique task for the customer, and/or was a highly innovative
product that was new to the market.

4. Superiority

For example, product is superior to competing products in
meeting customer's needs and/or the product is higher quality
than the competitors.

5. Novelty

Product has originality (novel, unusual, unique, original
and/or ingenious), is germinal (trend setting, influential,
revolutionary, and/or radical), and/or is transformational (has
an impact on society or culture).

6. Usability

Product has less prerequisites, has lower level prerequisites,
takes less time to learn, takes less time to perform, causes few-
er mistakes and problems, takes less time to modify products,
is preferable, is less frustratingto use, would be used again, and
would be recommended to colleagues.

7. Market and business advantages

Marketing and business factors include appearance,
conspicuousness, market differentiation, social value, service
availability, and pricing competitiveness.

Category: Definition Competition Information

# Item -3 to +3 L, M, or H

8. Definition includes information that was gathered on competition
and alternative methods through such techniques as benchmarking
and literature searches.
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LIST OF ABBREVIATIONS AND ACRONYMS

CASE computer-aided software engineering

CM configuration management

CMM Capability Maturity Model

DOD Department of Defense

ESP Evolutionary Spiral Process

ETVX Entry-Task-Validation-eXit

FAA Federal Aviation Administration

IDEF Integrated DEFinition

IE Improvement Efforts

ISO International Organization of Standardization

MPDM Managed Process Definition Methodology

NASA National Aeronautics and Space Administration

NSA National Security Agency

OPD Organizational Process Development

PAD Project Application Development

PASTA Process and Artifact State Transition Abstraction

PAT Process Action Team

PERT Program Evaluation and Review Technique

PLD Product-Line-Based Product and Process Deveiopment

PPA Program Process Architecture

QA quality assurance

R & D research and development
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List of Abbreviations and Acronyms

RFP Request for Proposal

RIN Role Interaction Nets

SADT Structured Analysis and Design Technique

SDT State Transition Diagram

SEI Software Engineering Institute

SEPG Software Engineering Process Group

SPICE Software Process Improvement Capability dEtermination

TQM Total Quality Management

V & V verification and validation

VCOE Virginia Center of Excellence for Software Reuse and Technology
Transfer
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GLOSSARY

Class template Class templates are derived from meta-class
templates and add information unique to that
template.

Constraint Process constraints describe the limiting conditions
associated with the activation, performance, or
cessation of an event. Whereas supports can be
viewed as those things required to enable or make
the right things happen, constraints can be viewed as
those things required to disable or prevent the wrong
things from happening. In this guidebook,
constraints have been divided into two general types:
internal constraints and external constraints.

Contributing template These are any non-leaf-node templates.

Cycle A traversal of all five sectors of the spiral model,
which donates that some aspect of the product has
matured by a specific amount.

End-product The product that results from a process definition
and modeling effort. Examples include guidebooks,
training material, subsections of proposals,
operations manuals, project plans, etc.

Estimate of the situation (EoS) A document that identifies the project's goals,
strategies, product and process assumptions, and the
assets available for performing a project.

External constraints External constraints include all factors that may limit
or constrain how an activity proceeds, that are not di-
rectly attributable to local authority (which are mod-
eled as internal constraints). Examples of external
influences that may constrain an activity include
quality requirements, corporate standards, division
policies, engineering procedures, process guidelines,
and management directives. External constraints dif-
fer from internal constraints in that they are typically
not subject to discretionary use-they are intended
to be, and expected to be, explicitly followed,
regardless of project-specific issues.
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Final template These are the leaf-node templates.

Foundation template All templates are derived from a common
foundation template.

Guidance The use of a process definition (constraint) by an
observer or process agent to provide the enacting
process agent with the legal set of process step
options at any point of the enactment of the observed
process. This may involve process cues, process
interaction, or process management.

Internal constraints Internal process constraints are typically managerial
in nature and usually take the form of authority and
permission. Examples of internal constraints include
management authority or permission required be-
fore an event can commence. Internal constraints
also convey authority to roles to suspend events, can-
cel activities, recommence activities, cease activity,
etc. In all cases, internal constraints are always
coupled with a role (typically a role signifying lead or
managerial responsibility, but in all cases a role signi-
fying-by definition-some form of authority). As a
rule, internal constraints are those constraints that
you have authority to change, countermand, enforce,
etc.

Meta-class template Meta-class templates inherit common fields from the
foundation template.

Policy A guiding principle; a process constraint, usually at
a high level, that focuses on certain aspects of a
process and influences the enactment of that process.

Precision The degree to which the process definition
completely specifies all the actions needed to pr•,
duce accurate results. That is, a precisely defined
process, executed with fidelity, produces an accurate
result.

Predictability An indication that either the process is intended to
terminate and does terminate or that the process is
intended to be nonstop and that it does continue until
terminated by a control process (or its agent).

Process A series of actions or operations conducing to an end.
A series of actions intended to reach a goal, possibly
resulting in products.
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GlossLry

Process architecture A conceptual framework for incorporating process
elements in consistent ways (or for signaling that the
process element is incompatible with the architecture).

A framework within which project-specific processes are
defined.

Process control The external influence over process enactment by
other enacting processes. This influence may be
driven by process evaluation and may be through
control of the process enactment state, reassignment
of resources, or change of process goals through
process evolution.

Process definition An instantiation of a process design for a specific
project team or individual. It consists of a partially
ordered set of process steps that is enactable. Each
process step may be further refined into more
detailed process steps. A process definition may
consist of (sub)process definitions that can be con-
currently enacted. Process definitions, when
enactable by humans, are referred to as process
scripts. Process definitions for nonhuman enactment
are referred to as process programs.

Process evolution The evolution of process definitions (static) as well
as the evolution of enacting processes (dynamic),
e.g., nonstop processes. Both static and dynamic
change must be managed to ensure stability of the
process and control over the process results.

Process model A possibly partial process definition for the purpose
of modeling certain characteristics of an actual
process. Process models can be analyzed, validated,
and, if enactable, simulates the modeled process.
Process models may model process architecture, de-
sign, project plans, etc. Process models are at times
used to predict process behavior.

Process modeling Process modeling both extends and constrains
process definition by requiring that the process mod-
el adheres to a predefined set of objects, relation-
ships, methods, and structural conventions, the latter
of which are often rendered graphically.

Process representation A general term referring to the combined or sequential
efforts of jointly performing process definition and
process modeling.
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Process supports A process support is any non-throughput item that is
needed by an activity for the activity to be performed.
Activities need products, as that typically is the pur-
pose of activities: to accept one or more products,
modify, manipulate, inspect, and possibly create one
or more new products, and pass those along to other
activities. However, more is needed by an activity
than just the products. These nonproduct items are
all modeled as supports. TWo common types of
support include roles and resources.

Products Products represent the vast majority of artifacts that
pass through a process. Examples include code mod-
ules, end-user guidebooks, circuit boards, and any-
thing else tangibly produced by a process. Products
can be decomposed into subproducts,
sub-subproducts, etc.

Project An enactable or enacting process whose architecture
has control processes (project management) and
enacting processes performing the project tasks.

Project management An enactable or enacting process whose goal is to
create project plans and, when authorized, instanti-
ate them, monitor them, and control their enact-
ment. These responsibilities are commonly known as
project planning (i.e., development of process plans)
and project control (i.e., process evaluation of plan
information and process control to make adjustments,
if necessary).

Project manager A human agent enacting the control process
responsible for the execution of a project.

Redundancy A process task or step that is not required by an
error-free enactment. Redundancy thus compensates
for human or other errors in process enactment.
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Research Research is a by-product of a process; but it differs
from products in that research is considered intangi-
ble. If for instance, the research leads to a technical
paper, that technical paper is modeled as a product.
However, if experiments or investigations are being
performed within one or more events, but nothing
tangible is available as evidence of the work, the
throughput can still be explicitly modeled as a re-
search (intangible) artifact. As with products, re-
search can be decomposed into subresearch, sub-
subresearch, etc. This decomposition is captured
within a model by the inclusion relation.

Resources Resources are nonhuman items needed to support an
event. Examples include equipment, office space,
supplies, funding, etc. All items that might be re-
quired to support an event can be modeled as re-
sources. Resources can be decomposed (using the in-
clusion relation) so that while one level of event ab-
straction shows that the training building is required,
at a lower or more detailed level of abstraction the
support might show that only a small classroom is
actually required.

Robustness The degree to which the process rejects unauthorized
process control and/or modification (intrusion).

Role Roles commonly represent either individual humans
or humans working in concert toward a commongoal
or set or goals. Consequently, "programmer," "man-
ager," "clerk," etc., all define roles that can be as-
sumed by individuals. However, "programming
team," "inspection department," and "quality assur-
ance division" also define roles. In the latter case, the
roles are essentially organizational roles as opposed
to individual. For process definition, roles can be
defined at all levels of abstractions.

Spiral One or more cycles.

Subclass template Subclass templates are used to further refine and
distinguish process information.

Task A process (step), typically enacted by a human,
requiring process planning and control.
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Tiers of Usage Tiers of usage separate process definition work by
degree of formality. Tier 1 usage requires the least
degree of formality. Tier 4 usage requires a high de-
gree of formality.
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