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Introduction

1.1 Preface

This technical report has been developed by the United States Air Force (USAF) Software Technology Support Center (STSC) under the direction of the Embedded Computer Resources Support Improvement Program (ESIP) program office. The report can be used to identify training sources XE "training sources"  or develop training material XE "training material"  for the purpose of software process XE "process"  improvement XE "software process improvement" . It can also be used to identify technology XE "technology" , commercial, and professional solutions for analysis and insertion in a software development XE "software development"  or maintenance XE "maintenance"  organization.

This report is divided into eight sections. Following is a brief description of each section. Section 1, contains an introduction to and summary of the report. Section 2, provides an overview of project management standards XE "standards" , theory XE "theory" , and terminology XE "terminology" . Section 3, provides case studies illustrating the implementation of various software project management approaches. Sections 4, 5, and 6, provide reference XE "reference"  information including information about software tools XE "tools" , commercial services XE "services" , professional societies XE "professional societies"  and symposia XE "symposia" , and recommended readings on the topic of project management. Sections 7 and 8 provide a glossary and index of terms used in this report.

1.2 How to Use This Report

This report is structured for use as both a training XE "training"  document and a reference XE "reference"  source. The management theory XE "theory"  and concepts discussed in it are, for the most part, proven and institutionalized in many software organizations. Some concepts represent topics that are either in development or are currently being tested and/or adopted in organizations. Where possible, the concepts presented are identified as either proven, or in trial or initial XE "initial"  use. Software personnel should review the material presented in this report carefully prior to implementing its information. Considerable effort XE "effort"  has been made to ensure that the reference material in this report is as accurate as possible as of the printing date. Some data such as software tool information, management services XE "services"  vendors, conferences, XE "conferences"  and symposia XE "symposia" , of necessity, become outdated. Care has been taken to minimize this problem. The material presented in the report can be used to develop training materials for workshops XE "workshops"  or presentations. It may also XE "presentations"  be used to identify, evaluate, XE "evaluation"  and select technology XE "technology"  and services.

2 An Overview of Software Project Management

This section provides an overview of software project management. It presents a brief, introductory history of project management and discusses its applicability to software engineering XE "software engineering" . Project management standards XE "standards"  that affect software engineering are also discussed. This section concludes with a brief but informative tutorial XE "tutorial"  and reference section on project management activities, terminology, XE "terminology"  and related disciplines.

2.1 History of Project Management

Richard Thayer, in his paper on software engineering XE "software engineering"  project management, sought to define the terms management and project management [THAYER97-1]. According to Thayer, management “involves the activities and tasks undertaken by one or more persons for the purpose of planning XE "planning"  and controlling XE "controlling"  the activities of others in order to achieve objectives XE "objectives"  that could not be achieved by the others acting alone.” He maintains that this responsibility leads to specific activities termed “management functions XE "management functions" ” that are carried out by those who are responsible for the effort XE "effort" . When the effort is defined XE "defined"  as a project, these management functions are what constitute project management. We can thus conclude that project management is a system of management procedures XE "procedures" , practices XE "practices" , technology XE "technology" , skill XE "skill" , and experience XE "experience"  that are necessary to successfully manage a project.

Software project management has gained much of its popularity and owes significant acknowledgement to the development of a network XE "network" -based project management XE "network-based project management"  methodology XE "methodology"  [MODER83]. According to Moder, the following principal events have set the stage for this methodology: 

· The initiation of large development programs during the 1950’s 

· The emergence of general systems theory XE "theory" 
· The development of the digital computer XE "computer"  

Some initial XE "initial"  advances were made in the early 20th century with respect to scheduling XE "scheduling"  and optimization XE "optimization" . Ship builder Henry L. Gantt XE "Henry L. Gantt"  championed the development of the bar chart XE "bar chart" \t "See Gantt chart"  (later called the Gantt chart XE "Gantt chart"  in his honor) for scheduling ship construction activities during World War I XE "World War I" . In 1931, Polish scientist Karol Adamieki XE "Karol Adamieki"  developed and published information about what he termed the “Harmonygraph XE "Harmonygraph" .” The Harmonygraph was a vertically oriented bar chart XE "bar chart" \t "See Gantt chart"  scheduling technique XE "scheduling technique" . Time was represented on a vertical axis with specific activity XE "activity"  bars displayed horizontally. Movable tabs clearly defined XE "defined"  the duration XE "duration"  and start and end dates for each activity. These and other early advances paved the way for an intense interest during the 1950’s in what has since evolved into modern project management.

In 1958 XE "1958" , engineers working for the United States Navy XE "United States Navy"  were tasked to develop the Polaris missile XE "Polaris missile" . Time and cost XE "cost"  overruns were characteristic of such weapon system programs of the day XE "weapon system programs" . In an attempt to minimize the impacts to time and cost objectives XE "objectives" , complex constraints XE "constraints"  were applied to the project. Engineers from the Navy and its associated contractors formed a team to address and analyze these constraints. The resulting approach eventually became known as the Program Evaluation and Review Technique XE "Program Evaluation and Review Technique" \t "See PERT" , or PERT XE "PERT" . According to PERT, a project was analyzed and represented as a logical network XE "network"  of related tasks. Each task XE "task"  was associated with its preceding and succeeding  XE "predecessor" 

 XE "successor"  tasks. Time was initially selected as the controlling XE "controlling"  factor. Accordingly, three duration XE "duration"  values XE "values"  were estimated for each task: optimistic XE "optimistic" , most likely XE "most likely" , and pessimistic XE "pessimistic"  duration values. Based on these estimates, uncertainty XE "uncertainty"  could be introduced into the project plan XE "project plan" , and a probability XE "probability"  value could be computed for finishing the project ahead, on, or behind schedule XE "schedule" . The overall effect was to give project managers insight into the consequences of slipped schedules and an understanding of the effects of expediting or otherwise manipulating the schedule.

A parallel effort XE "effort"  was underway in Great Britain XE "Great Britain"  during 1956-1959 XE "1956-1959" . This effort was undertaken by scientists at the duPont Company XE "duPont Company"  and Remington Rand Univac XE "Remington Rand Univac" . The result was the development of the Critical Path Method XE "Critical Path Method" \t "See CPM" , or CPM XE "CPM" . In developing CPM, the project team XE "project team"  was tasked to examine the tradeoff XE "tradeoff"  between total project duration XE "duration"  and total project cost XE "cost"  associated with regular plant overhauls at the two companies. According to CPM project constraints XE "constraints"  were examined and the sequences of tasks that required the longest duration to complete were defined XE "defined"  as critical paths for the project. Using CPM, the team was able to model the project duration that minimized the sum of direct and indirect costs XE "indirect costs" .

Tasks associated with CPM XE "CPM"  projects have relatively little variation in duration XE "duration"  estimates as compared to those in PERT XE "PERT"  projects. The primary difference between CPM and PERT approaches is that CPM yields a project schedule XE "schedule"  that minimizes project cost XE "cost" , while PERT yields a schedule that optimizes project duration.

The combination of CPM XE "CPM"  and PERT XE "PERT"  have resulted in an approach that is similar to Adamieki’s Harmonygraph. In addition to the original duration XE "duration"  and date information, tabular listing of slack XE "slack"  and float times, PERT duration, probability XE "probability"  values XE "values" , and degree of criticality are included. In addition, a rich variety of sorting XE "sorting"  and layout XE "layout"  schemes present the desired information in various ways to meet individual needs. 

Other project management pioneers have added their contributions. During the 1960’s XE "1960’s"  John Fondahl XE "John Fondahl" , an early CPM pioneer introduced his “Method of Potentials XE "Method of Potentials" .” The emergence and acceptance of precedence diagramming also took place. During the 1970’s XE "1970’s"  and 1980’s XE "1980’s" , project management continued to mature and expand on the works of CPM and PERT. In addition, the growth and availability of personal computers marked the migration of project management software XE "project management software"  applications from the previously exclusive domain of mainframe XE "mainframe"  platforms to the personal computer XE "computer" . Now in the current decade, the complex algorithms behind CPM and PERT play relatively minor roles XE "roles"  in project management software applications, but have been instrumental in arriving at the current state of the technology XE "technology" . 

The science of project management  XE "science" continues to exploit software and hardware technologies. Niche technology markets such as groupware XE "groupware" , knowledge XE "knowledge"  management XE "knowledge management" , and telecommunications XE "telecommunications"  have brought diverse and distributed management functions XE "management functions"  together in amazing ways. Similar to electronic technology, process XE "process"  technology has increased. Improved management frameworks and standards XE "standards"  have been proposed and implemented, increasing the capability and maturity XE "maturity"  of organizations to manage and succeed in their projects.

The government has imposed software development standards upon all organizations that supply software for government use. These standards include project management requirements. The imposition of these requirements has further enhanced current project management initiatives.

2.2 Application to Software Engineering

As recently as 1995 XE "1995" , over 70 percent of software development XE "software development"  organizations develop their software through ad hoc XE "ad hoc"  and unpredictable methods [ZUBROW95]. The Software Engineering Institute XE "Software Engineering Institute" \t "See SEI"  (SEI XE "SEI" ), Capability Maturity Model XE "Capability Maturity Model" \t "See CMM"  (CMM XE "CMM" ) for software describes such organizations as not having an objective basis for determining software cost, XE "cost"  schedule, XE "schedule"  or for judging software quality XE "quality" . This “hap-hazard” approach contributes to what has been termed as “the software crisis XE "software crisis" .” It is characterized by late delivery of expensive, low-quality and unmaintainable software. In addition, the inability to complete current work on time and within budget has caused a backlog of maintenance XE "maintenance"  projects that stifles new development efforts [JONES90]. Many, if not most, of these problems have been blamed on inferior or inadequate software project management. One of several department of defense XE "department of defense" \t "See DOD"  reports states that “After two decades of unfulfilled promises about productivity and quality gains from applying new software methodologies and technologies, industry XE "industry"  and government organizations are realizing that their fundamental problem is the inability to manage the software process XE "process"  [DOD87].”

In an attempt to address these concerns, the department of defense XE "department of defense" \t "See DOD"  has sought at length to provide guidance in software project management. One initiative directed toward this goal is the SEI XE "SEI"  CMM XE "CMM"  mentioned previously. [SEI93] states: “The Capability Maturity Model XE "Capability Maturity Model" \t "See CMM"  for Software provides software organizations with guidance on how to gain control XE "control"  of their processes for developing and maintaining software and how to evolve toward a culture XE "culture"  of software engineering XE "software engineering"  and management excellence. The CMM was designed to guide software organizations in selecting process XE "process"  improvement strategies by determining current process maturity XE "maturity"  and identifying the few issues most critical to software quality XE "quality"  and process improvement XE "process improvement" .”

In parallel with the government, international project management organizations as well as professional societies XE "professional societies"  have sought to improve the performance XE "performance"  and results of software project management. Examples of these efforts include the International Standards Organization XE "International Standards Organization" \t "See ISO"  quality XE "quality"  initiatives (ISO 9000) and the Project Management Institute XE "Project Management Institute" \t "See PMI"  (PMI XE "PMI" ) Project Management Body of Knowledge XE "Project Management Body of Knowledge" \t "See PMBOK"  (PMBOK XE "PMBOK" ). Both ISO XE "ISO"  standards XE "standards"  and PMI initiatives will be discussed further in sections of this report. These and other standards established by the software development XE "software development"  industry XE "industry"  are intended to thwart the software crisis XE "software crisis" .

2.3 Software Project Management Standards

Project management specifications XE "specifications"  and standards XE "standards"  can be found in every field of software engineering XE "software engineering" . These guides are generated by all branches of the military XE "military" , the federal government XE "federal government" , academia XE "academia" , and industry XE "industry" . The following sections discuss some of the more prominent and accepted standards and standardized approaches used today. 

2.3.1 Military Standards Documents

The military XE "military"  and federal government XE "federal government"  have been deeply involved in software engineering XE "software engineering"  since its creation. Accordingly, these organizations have been the primary producers of software project management standards XE "standards"  documents. Industry standards are becoming more widely accepted and endorsed by the government. However, software development XE "software development"  organizations with processes based on cancelled government standards still exist. The following standards documents are still in use.

2.3.1.1 Military Handbooks, Standards, Instructions, and Directives:

MIL-HDBK-347 Military Handbook Mission-Critical Computer Resources Software Support 22 May 1990

MIL-STD-480A Configuration Control – Engineering Changes, Deviations and Waivers

MIL-STD-481A Configuration Control – Engineering Changes, Deviations and Waivers (Short Form)

MIL-STD-483A Configuration Management Practices for Systems, Equipments, Munitions, and Computer, Programs 

MIL-STD-490A Specification Practices

MIL-STD-498 Software Development & Documentation—(Cancelled-Superseded by IEEE/EIA 12207.0, IEEE/EIA 12207.1 and IEEE/EIA 12207.2) 

MIL-STD-499A Engineering Management—(Cancelled-No Superseding Document) 

MIL-STD-881A Work Breakdown Structures for Defense Materiel Items 

MIL-STD-973 Configuration Management

MIL-STD-1521B Technical Reviews and Audits for Systems, Equipments, and Computer Software

MIL-STD-2549, Configuration Management Data Interface, 30 June 1997

DOD Handbooks, Standards, Instructions, and Directives:

DOD-HDBK-287 Defense System Software Development

DOD-STD-1467 (AR) DEPARTMENT OF DEFENSE STANDARD SOFTWARE SUPPORT ENVIRONMENT 18 January 1985 

DOD-STD-2167A DEFENSE SYSTEM SOFTWARE DEVELOPMENT 29 FEBRUARY 1988

DOD-STD-2168 Defense System Software Quality Program 

DODI-5000.2R Defense Acquisition Management Policies and Procedures 

DOD-STD-5200.28 Trusted Computer System Evaluation Criteria 

DODD 5200.28 Security Requirements for AISs 

DODI-7000.2 Performance Measurement for Selected Acquisitions 

DOD-STD-7935A DoD (AIS) Documentation Standards 

DODD 8320.1-M-1 DoD Data Element Standardization 

2.3.1.2 Federal Standards:

FIPS PUB 132 Guideline For SW Verification & Validation Plans

2.3.1.3 United States Army Standards:

FM 770-78 System Engineering

2.3.2 Capability Maturity Model XE "Capability Maturity Model" \t "See CMM" 
In November 1986 XE "1986" , the Software Engineering Institute XE "Software Engineering Institute" \t "See SEI"  (SEI XE "SEI" ) along with the MITRE Corporation XE "MITRE Corporation"  began development of a process XE "process"  maturity XE "maturity"  framework XE "framework"  that could be used to help software development XE "software development"  organizations improve their software process. This framework was subsequently expanded and implemented in pilot form for four years [HUMPHREY89]. Software process assessment XE "software process assessment"  and software capability XE "software capability"  evaluation XE "software capability evaluation"  methods were developed to assess organizations with respect to the framework. Finally, in 1991 XE "1991" , the framework was released to the software community as the Capability Maturity Model XE "Capability Maturity Model" \t "See CMM"  for Software [SEI93]. Since its release, the CMM XE "CMM"  has undergone intense review and use by software organizations. The initial XE "initial"  version 1.0 was updated to version 1.1 in 1993 XE "1993" . The CMM presents a description of recommended practices XE "practices"  in several key process areas XE "key process area"  of software development that have been proven to enhance software process capability. The CMM provides organizations with guidance on how to control XE "control"  their software development and maintenance XE "maintenance"  processes and increase their maturity and capability to produce quality XE "quality"  software. It has been used as a guide in selecting process improvement XE "process improvement"  strategies by determining current process maturity and identifying the most critical issues for software quality and process improvement. The intent of the CMM is to help organizations focus on a limited set of activities and work aggressively to achieve them, thereby improving the organization-wide software process capability. The popularity and success of the CMM in improving software processes has made it the preferred model for software development and maintenance processes.

According to the CMM XE "CMM" , software organizations fall into one of five levels of process XE "process"  maturity XE "maturity" : initial XE "initial" , repeatable XE "repeatable" , defined XE "defined" , managed XE "managed" , and optimized XE "optimized" . A maturity level XE "maturity level"  is a well-defined evolutionary XE "evolutionary"  plateau toward achieving a mature software process. Focusing on and improving specific key process areas within each level enables organizations to steadily improve their software capability XE "software capability"  maturity. Figure 1 illustrates the five maturity levels. The CMM is a model for improving software capability. Its priorities are not directed at single projects, but are focused on processes that are of value to the entire organization.
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Figure 1—The five levels of software process XE "process"  maturity XE "maturity"  as described by the SEI XE "SEI"  Software Capability Model (CMM XE "CMM" ) for Software.

Level 1 XE "level 1" : Initial—At the initial XE "initial"  level, the software development XE "software development"  environment XE "environment"  is unstable. Level 1 XE "level 1"  is characterized by over-commitment, frequent budget and schedule XE "schedule"  overruns, and the presence of exceptional performers, or “heroes”, who react well under pressure and perform to meet the need of the situation. During critical times, level 1 projects often abandon procedures XE "procedures"  and plans and revert to coding XE "coding"  and testing XE "testing" . If a strong performer leaves the organization, often the capability he or she brings to the organization leaves as well.

Level 2: Repeatable—Level 2 organizations have policies XE "policies"  in place for managing software projects, and procedures XE "procedures"  to implement those policies. Basic project management principles XE "principles"  enhance process XE "process"  capability and projects are managed XE "managed"  based on experience XE "experience"  from similar projects. Specific management processes are defined XE "defined" , documented, practiced, trained, measured, enforced, and the ability to improve is established. Realistic commitments are made and disciplined practices XE "practices"  are in place for requirements management XE "requirements management" , planning XE "planning" , tracking XE "tracking"  and oversight XE "tracking and oversight" , subcontractor management XE "subcontractor management" , software quality assurance XE "software quality assurance" , and configuration management XE "configuration management" . At level 2 XE "level 2"  the software process is stable and disciplined because earlier successes can be repeated.

Level 3: Defined—At level 3 XE "level 3" , the software process XE "process"  is standardized, documented, and used across the organization. This standard process XE "standard process"  includes mature integration XE "integration"  of both software engineering XE "software engineering"  and management processes. Processes are used and changed to promote effective software development XE "software development"  practices XE "practices" . Software processes are given focus and definition XE "definition"  at the organizational level, an organizational training XE "organizational training"  program is established and used, coordination XE "coordination"  is promoted between project groups, and peer reviews XE "peer reviews"  and inspections XE "inspections"  are conducted. Level 3 maturity XE "maturity"  is based on an organization-wide understanding of the activities, roles XE "roles" , and responsibilities XE "responsibilities"  in a defined XE "defined"  software process.

Level 4 XE "level 4" : Managed—Level 4 XE "level 4"  organizations routinely set quantitative quality XE "quality"  goals XE "goals"  for their software products and their software processes. These organizations make quality measurements XE "quality measurements"  across all projects as part of an organizational measurement program XE "organizational measurement program" . These measurements provide a quantitative foundation for process XE "process"  improvements. Level 4 XE "level 4"  organizations can be described as quantifiable XE "quantifiable"  and predictable XE "predictable"  because performance XE "performance"  is measured with respect to specific limits. These organizations are able to predict trends in quality and performance. When performance varies from desired levels, the organization is able to make corrections that address the discrepancy.

Level 5: Optimizing—At level 5 XE "level 5"  the entire organization is focused on continuous process improvement XE "continuous process improvement" . The organization is able to identify its weaknesses XE "weaknesses"  and strengthen its processes accordingly. Goals are routinely set and achieved for preventing defects XE "defects"  and improving efficiency. Improvements occur both by incremental XE "incremental"  advancements in process, new technologies and management methods. Technology and process improvements are planned and managed XE "managed"  as regular business practices XE "business practices" .

The CMM XE "CMM"  is a framework XE "framework"  representing a path of improvements for software development XE "software development"  and maintenance XE "maintenance"  organizations that desire to increase their software capability XE "software capability"  [PAULK97]. It focuses efforts on specific activities within key process XE "process"  areas (KPAs) of software engineering XE "software engineering"  and project management. Table 1 lists the KPAs within each level of the CMM. 

	CMM Level
	Key Process Areas (KPAs)

	Level 5

Optimizing
	· Process Change Management

· Technology Change Management

· Defect Prevention

	Level 4 XE "level 4" 
Managed
	· Software Quality Management

· Quantitative Process Management

	Level 3

Defined
	· Peer Reviews

· Inter-group Coordination

· Software Product Engineering

· Integrated Software Management

· Training Program

· Organizational Process Definition

· Organizational Process Focus

	Level 2

Repeatable
	· Software Configuration Management

· Software Quality Assurance

· Software Subcontract Management

· Software Project Tracking and Oversight

· Software Project Planning

· Requirements Management

	Level 1 XE "level 1" 
Initial
	None


Table 1—Individual key process XE "process"  areas of the CMM XE "CMM" , organized by CMM level.

The CMM can be used to understand the mechanisms for establishing a software process improvement XE "software process improvement"  program, developing appraisal methods, evaluating development sources and organizations, assessing organizational strengths XE "strengths"  and weaknesses XE "weaknesses" , and for overall process improvement XE "process improvement" . For additional information on the CMM, refer to [SEI93], [LAWLIS95], and [HERBSLEB94].

2.3.3 International Standards

A number of international standards XE "standards"  have been established that apply to the field of software project management. The ISO XE "ISO"  9000 series of standards is one example. ISO 9000 XE "ISO 9000"  is a set of documents dealing with quality XE "quality"  systems that can be used for  XE "external" quality assurance XE "assurance"  purposes [PAULK94]. These documents specify quality system requirements XE "quality system requirements"  for use where a contract between two parties requires the demonstration of a supplier’s capability to design XE "design"  and supply a product. Multiple standards exist in the series, including ISO 9001 XE "ISO 9001" , ISO 9002, ISO 9003, ISO 9004, and ISO 8402. Of these, ISO 9001, “Quality Systems – Model for quality assurance in design/development, production XE "production" , installation XE "installation" , and servicing XE "servicing" ” applies to software development XE "software development"  and maintenance XE "maintenance" .

ISO XE "ISO"  9001 consists of 20 quality XE "quality"  sys XE "quality system requirements" tem requirements to show conformance of a supplier’s capability to design XE "design"  and supply a product. The requirements are aimed primarily at achieving customer satisfaction by preventing nonconformity XE "nonconformity"  at all stages of the product lifecycle XE "lifecycle"  [ISO94]. Table 2 lists the 20 quality system requirements.

	Quality System Requirements

	4.1
Management Responsibility

	4.2
Quality System

	4.3
Contract Review

	4.4
Design Control

	4.5
Document Control

	4.6
Purchasing

	4.7
Purchaser-Supplied Product

	4.8
Product Identification and Traceability

	4.9
Process Control

	4.10
Inspection and Testing

	4.11
Inspection, Measuring, and Test Equipment

	4.12
Inspection and Test Status

	4.13
Control of Nonconforming Product

	4.14
Corrective Action

	4.15
Handling, Storage, Packaging, and Delivery

	4.16
Quality Records

	4.17
Internal Quality Audits

	4.18
Training

	4.19
Servicing

	4.20
Statistical Techniques


Table 2—20 ISO XE "ISO"  9001 quality XE "quality"  sys XE "quality system requirements" tem requirements.

Correlation with the CMM XE "CMM" — Paulk identified elements within the 20 quality system requirements of ISO 9001, XE "ISO 9001"  that can be summarized and compared to the practices XE "practices"  of the CMM. Paulk’s findings indicate that although an ISO 9001 compliant organization would not necessarily satisfy all of the CMM level 2 XE "level 2"  key process XE "process"  areas, it would satisfy most of the goals XE "goals"  intended in both level 2 and level 3 XE "level 3" . There is not a one to one mapping between the CMM and ISO 9001. Therefore, it is possible that a level 1 organization could achieve ISO 9001 certification XE "certification" . Paulk contends that a level 3 organization would have little difficulty obtaining ISO 9001 registration XE "registration"  and a level 2 organization would be well on its way. A detailed mapping between the ISO 9001 quality XE "quality"  sys XE "quality system requirements" tem requirements and the CMM key process areas can be found in [PAULK94]. A summary of this mapping is illustrated in  matrix form in Figure 2.

ISO 9001 XE "ISO 9001"  consists of less than 20 pages while the CMM exceeds 500 pages of detail. Several sections of ISO 9001 have little or no comparison with the CMM, while the content of another section is distributed throughout the CMM. The biggest difference between the two standards XE "standards"  is primary focus. The CMM’s focus is on continuous process XE "process"  improvement, while ISO 9001 describes the requirements of a minimum acceptable quality XE "quality"  system with subjective reference XE "reference"  to continuous process improvement XE "process improvement" . In 1997 XE "1997"  ISO released ISO 9000-3 XE "ISO 9000-3"  Guidelines for Applications ISO 9001. This document specifically discusses how to apply the requirements of ISO 9001 to software development XE "software development"  and maintenance XE "maintenance"  projects [ISO91]. Additional information on ISO 9000 series standards can be found in [COALLIER94] and [MARQUARDT91].
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Figure 2—A summarized mapping of ISO XE "ISO"  9001 Requirements to the SEI XE "SEI"  CMM XE "CMM"  KPAs, adapted from [PAULK94].

Other Standards—Other international standards XE "standards"  have been proposed for software development XE "software development" . Some notable examples of these standards are listed below.

2.3.3.1 ISO XE "ISO" /IEC Standards:

· ISO XE "ISO" /IEC 9126 Guidelines for Software Product Evaluation

· ISO XE "ISO" /IEC 9646-1 OSI: Conformance Testing Methodology & Framework

· ISO XE "ISO" /IEC 9646-5 OSI: Requirements/Conformance Assessment Process

· ISO XE "ISO" -9000-3 Guidelines for Applications ISO 9001 XE "ISO 9001"  

· ISO XE "ISO" -9001 Quality System Model for Quality Assurance

2.3.4 Industry and Professional Standards

Industry and professional standards XE "standards"  are becoming increasingly more accepted and used in the field of software development XE "software development" . In recent years, military XE "military"  organizations have abandoned their own standards as viable and complete industry XE "industry"  standards have been developed. An example of this preference is the cancellation of MIL-STD-498, a much researched and discussed software development standard. MIL-STD-498 was anticipated by some to supercede DOD-STD-2167A. As IEEE 12207 was released, the military abandoned the use of MIL-STD-498. Some of the industry and professional standards XE "professional standards"  in use for software project management include the following:

2.3.4.1 IEEE/ANSI Standards:

610.12-1990 IEEE Standard Glossary of Software Engineering Terminology 

730-1998 IEEE Standard for Software Quality Assurance Plans 

730.1-1995 IEEE Guide for Software Quality Assurance Plans (ANSI) 

828-1998 IEEE Standard for Software Configuration Management Plans 

829-1983(R1991) IEEE Standard for Software Test Documentation (ANSI) 

830-1998 IEEE Recommended Practice for Software Requirements Specifications 

982.1-1988 IEEE Standard Dictionary of Measures to Produce Reliable Software (ANSI) 

982.2-1988 IEEE Guide for the Use of IEEE Standard Dictionary of Measures to Produce Reliable Software (ANSI) 

1002-1987 (R1992) IEEE Standard Taxonomy for Software Engineering Standards (ANSI) 

1008-1987 (R1993) IEEE Standard for Software Unit Testing (ANSI) 

IEEE Standard for Software Verification and Validation 

1016-1987 (R1993) IEEE Recommended Practice for Software Design Descriptions (ANSI) 

1016.1-1993 XE "1993"  IEEE Guide to Software Design Descriptions (ANSI) 

1028-1997 IEEE Standard for Software Reviews

1042-1987 (R1993) IEEE Guide to Software Configuration Management (ANSI) 

1044-1993 XE "1993"  IEEE Standard Classification for Software Anomalies (ANSI) 

1044.1-1995 IEEE Guide to Classification for Software Anomalies (ANSI) 

1045-1992 IEEE Standard for Software Productivity Metrics (ANSI) 

1058.1-1987 (R1993) IEEE Standard for Software Project Management Plans (ANSI) 

1059-1993 XE "1993"  IEEE Guide for Software Verification and Validation Plans (ANSI) 

1061-1992 IEEE Standard for a Software Quality Metrics Methodology (ANSI) 

1062-1993 XE "1993"  IEEE Recommended Practice for Software Acquisition (ANSI) 

1063-1987 (R1993) IEEE Standard for Software User Documentation (ANSI) 

1074-1995 IEEE Standard for Developing Software Life Cycle Processes (ANSI) 

1074.1-1995 IEEE Guide for Developing Software Life Cycle Processes (ANSI) 

1175-1992 IEEE Standard Reference Model for Computing System Tool Interconnections. 

1209-1992 IEEE Recommended Practice for the Evaluation and Selection of CASE Tools (ANSI) 

1219-1992 IEEE Standard for Software Maintenance (ANSI) 

1220-1994 IEEE Trial Use Standard for the Application and Management of the Systems Engineering Process 

1228-1994 IEEE Standard for Software Safety Plans (ANSI) 

1233-1996 IEEE Guide for Developing of System Requirements Specifications 

1298-1992 IEEE Software Quality Management System, IEEE Part 1: Requirements (ANSI)

1348-1995 IEEE Recommended Practice for the Adoption of Computer-Aided Software Engineering (CASE) Tools (ANSI) 

1420.1-1995 IEEE Standard for Information Technology--Software Reuse--Data Model for Reuse Library Interoperability: Basic Interoperability Data Model (BIDM) (ANSI) 

1420.1a-1996 IEEE Supplement to Standard for Information Technology--Software Reuse--Data Model for Reuse Library Interoperability: Asset Certification Framework 

1430-1996 IEEE Guide for Information Technology--Software Reuse--Concept of Operations for Networks of Interoperating Reuse Libraries 

J-Std-016-1995 EIA/IEEE Interim Standard for Information Technology--Software Life Cycle Processes--Software Development Acquirer-Supplier Agreement (Issued for Trial Use) 

12207.0-1996 IEEE/EIA Standard: Industry Implementation of International Standard ISO XE "ISO" /IEC 12207:1995 Standard for Information Technology--Software Life Cycle Processes. 

12207.1-1997 IEEE/EIA Standard: Industry Implementation of International Standard ISO XE "ISO" /IEC 12207:1995 Standard for Information Technology-- Software Life Cycle Processes--Life cycle data 

12207.2-1997 IEEE/EIA Standard: Industry Implementation of International Standard ISO XE "ISO" /IEC 12207:1995 Standard for Information Technology-- Software Lifecycle Processes--Implementation considerations 

1320.1-1998 IEEE Standard for Functional Modeling Language - Syntax and Semantics for IDEF0 

1219-1998 IEEE Standard for Software Maintenance 

2.3.4.2 Open Software Foundation (OSF):

OSF DME Distributed Management Environment

2.3.5 Project Management Institute XE "Project Management Institute" \t "See PMI"  Standards

The Project Management Institute XE "Project Management Institute" \t "See PMI"  (PMI XE "PMI" ) was founded in 1969 XE "1969" . PMI is dedicated to the promotion of excellence in project management and its establishment as a unique discipline and independent profession. PMI establishes project management standards XE "standards" , provides seminars XE "seminars" , educational programs XE "educational programs"  and professional certification XE "certification" . Its total membership to date exceeds 45,000 professionals. Early efforts by PMI in defining project management resulted in the creation and subsequent refinement of the Project Management Body of Knowledge XE "Project Management Body of Knowledge" \t "See PMBOK"  (PMBOK XE "PMBOK" ) [PMI87]. The PMBOK is an inclusive term that describes the sum of knowledge XE "knowledge"  within the profession of project management. It includes knowledge of proven practices XE "practices"  that are widely incorporated as well as knowledge of innovative and advanced practices that have seen limited use. 

The PMBOK provides both theoretical and operational definitions of project management. These definitions are based on a basic structure or framework XE "framework"  for project management activities. The framework establishes the context XE "context"  of project management and describes the scope XE "scope"  and interaction of the various project management processes. PMI’s project management framework is organized around nine specific knowledge areas XE "knowledge areas"  [PMI96] that are  XE "process" quickly becoming industry XE "industry"  standards. A brief description of the nine areas is presented below.

Project Integration Management—Project integration management XE "project integration management"  includes those aspects of project management that promote and ensure proper coordination XE "coordination"  between various project elements. It includes project plan XE "project plan"  development, execution XE "execution" , and change control XE "change control" .

Project Scope Management—Project scope XE "scope"  management XE "project scope management"  includes processes for completely determining all required work for a project. It also provides mechanisms for determining work that is out of scope for the project. Scope management includes project initiation and scope planning XE "planning" , definition XE "definition" , verification XE "verification" , and change control XE "change control" .

Project Time Management—Project time management XE "project time management"  includes processes for consistently completing projects on time. It includes activity XE "activity"  definition XE "definition" , sequencing XE "sequencing" , duration XE "duration"  estimating XE "estimating" , and schedule XE "schedule"  development and control XE "control" .

Project Cost Management—Project cost management XE "project cost management"  includes processes for consistently completing projects within approved budgets. It includes resource planning XE "resource planning" , cost estimating XE "cost estimating" , cost budgeting XE "cost budgeting" , and cost control XE "cost control" .

Project Quality Management—Project quality management XE "project quality management"  involves establishing processes for ensuring that a project meets the requirements for which it was performed. It includes quality planning XE "planning" , quality assurance XE "assurance" , and quality control XE "control" .

Project Human Resource Management—Project human resources XE "resources"  management XE "project human resources management"  includes processes for effectively using the people resources available to a project. It includes organizational planning XE "organizational planning" , project staffing XE "project staffing" , and project team XE "project team"  development.

Project Communications Management—Project communications XE "communications"  management XE "project communications management"  includes processes for efficiently generating, collecting, distributing, storing, and controlling XE "control"  project information. It includes communications planning XE "planning" , information distribution XE "distribution" , and performance XE "performance"  reporting.

Project Risk Management—Project risk XE "risk"  management XE "project risk management"  includes processes for identifying, analyzing, and controlling XE "controlling"  project risk. It includes risk identification, quantification, response development, and response control XE "control" .

Project Procurement Management—Project procurement management XE "project procurement management"  includes processes for efficiently acquiring services XE "services"  and products from organizations external XE "external"  to the project. It includes procurement planning XE "planning" , solicitation XE "solicitation" , source selection XE "source selection" , and contract administration XE "administration"  and closeout.

One of PMI XE "PMI" ’s primary services XE "services"  is accreditation XE "accreditation"  and certification XE "certification"  in the field of project management. This certification applies to professionals and not organizations. PMI’s approach is that people, namely project managers, develop and implement the processes that drive projects. Therefore, educating project managers on correct principles XE "principles"  will result in improved processes and successful projects.

2.4 Project Management Technical Reference

This section provides a top-down, technical reference XE "technical reference"  for software project managers. It discusses the principal aspects of project management as they apply to software engineering XE "software engineering" , beginning with a general discussion on organizing XE "organizing"  for project management at the organizational level. Distinctions are then presented that define the relationship XE "relationship"  between individual projects, operations, and the organization. A detailed discussion is then presented of the technical elements applicable to software engineering. These elements include the required content and process for developing the project plan, approaches for developing the project work breakdown structure, ideas for conducting staffing activities for the project, methods of scheduling the project activities, and techniques for tracking project performance and earned value. Finally, a brief description of associated technical disciplines and their relationship to software project management is presented, including requirements management, risk management, software quality assurance, and configuration management.

2.4.1 Organizing for Project Management

2.4.1.1 Sponsorship XE "sponsorship" 
Sponsorship XE "sponsorship"  is perhaps the single most important key to project success. Sponsors are those individuals and organizations that authorize and/or reinforce the change captured by the project effort XE "effort" . According to SEI XE "SEI" , project sponsors can be divided into authorizing and reinforcing sponsors. The authorizing sponsor XE "authorizing sponsor"  is generally a single individual who can commit all resources XE "resources"  required to implement the project successfully, and can enforce the behavioral changes that are necessary. Reinforcing sponsors XE "reinforcing sponsors"  are often other managers whose support is required for successful implementation. They implement the project in their responsible areas and contribute to the overall success of the project. Sponsors own the project and communicate their ownership to all involved. They make needed resources available and promote the proper environment XE "environment"  and infrastructure XE "infrastructure"  for completing the project. To contribute to the success of the project the sponsor must act as leader, manager, administrator, and technician. The Sponsor XE "sponsor"  has a multifaceted role as illustrated in Figure 3.
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Figure 3—Pyramid diagram showing the diverse roles XE "roles"  of the project sponsor.

Projects in today’s organizations are typically embarked upon to initiate some type of change to the organization. The rapidly changing environment that organizations find themselves in requires change in order to survive. Executive sponsorship provides the required support structure to ensure that the required change is realized and that the project is successful. Studies indicate that there are five factors that influence the ability of an organization to implement change. Good sponsorship XE "sponsorship"  ensures that a project will have the appropriate vision XE "vision" , skills, incentives XE "incentives" , resources XE "resources" , and action planning XE "action planning"  to effect the desired change and achieve the goals XE "goals"  of the project. Weak or incomplete sponsorship jeopardizes these factors resulting in confusion, anxiety, frustration, and reduce the probability of a successful project. These factors are illustrated in Figure 4.
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Figure 4—Sponsorship factors for successful change

2.4.1.2 Vision and Mission

Successful organizations have clear vision XE "vision"  as to their current state and the destination to which they desire to arrive—both in the short term as well as in the long term. Stephen R. Covey XE "Stephen R. Covey"  notes that a principal problem faced by organizations around the world is the lack of “shared vision XE "shared vision"  and values XE "values" ” [COVEY91]. All project-performing groups within the organization should understand and be committed to implementing the organizational vision. A mission XE "mission"  statement XE "mission statement"  represents the vision and values of the organization. Covey points out that often, either an organization has no mission statement or there is no deep understanding of and commitment to the mission at all levels of the organization. To be most effective, a mission statement should address all four basic human needs: economic, relationship XE "relationship" , growth, and contribution. Projects that align their focus and mission with the vision and mission of the organization have a greater chance of success from the start.

2.4.1.3 Goals

Organizational goals XE "goals"  should align with the mission XE "mission"  statement XE "mission statement"  of the organization. The goals should be clear and should be communicated to all levels of the organization. Covey suggests viewing the mission statement as an organizational constitution by which all project “laws” are established and by which all activities are governed [COVEY91]. The organizational goals should be established accordingly. Any deviation from focusing goals on the organizational mission indicates a misalignment XE "misalignment" . Projects based on this misalignment are likely to move the organization away from its vision XE "vision" .

2.4.1.4 Strategic Planning

Strategic planning XE "planning"  consists of identifying activities and actions that will successfully achieve the organizational goals XE "goals" , and fulfill the mission XE "mission"  of the organization. Early strategic planning XE "strategic planning"  focused on a desired state, specific methods for reaching that state, and an understanding of the resource commitments XE "resource commitments"  required to implement the selected transition methods. Current approaches to strategic planning focus on the principles XE "principles"  and values XE "values"  espoused in the organizational vision XE "vision"  and mission. Specific plans and activities are selected and evaluated with respect to the organization’s values to implement appropriate solutions. Individual project plans should align with the organizational strategic plan to keep proper focus on the organization’s vision while satisfying the needs of the project environment XE "environment" .

2.4.1.5 Management Structures

A variety of organizational structures XE "organizational structures"  exist that can be and have been used for software projects. These structures have different strengths XE "strengths"  and weaknesses XE "weaknesses"  and are appropriate for some applications and inappropriate for others. It is the responsibility of organizational management to determine which structure is most appropriate. 

PMI XE "PMI"  identifies a spectrum of organizational structures XE "organizational structures"  characterized by three types including functional, projectized, and matrix structures [PMI96]. Thayer similarly identifies several different and potentially overlapping organizational types. These include conventional organization, project organization, and team structures [THAYER97-1]. 

Youker proposed that in selecting an appropriate management structure the contingency model be used [YOUKER77]. This model holds that the best solution is contingent upon the key factors in the environment XE "environment"  in which the solution will have to operate. Some of the key factors presented by Youker are listed in Table 3. Regardless of the structures available, it is important that the selected structure match the needs and goals XE "goals"  of the project. The structure should promote and facilitate communication among all organizational groups of the project.

According to PMI XE "PMI" , functional organizations lie at one end of the spectrum, projectized organizations lie at the other end and a rich variety of matrix organizations that utilize varying degrees of functional and projectized characteristics lie in between. Line organizations have the responsibility and authority to perform work in accordance with the mission XE "mission"  and goals XE "goals"  of a larger organization. Staff organizations consist of functional experts that perform work in support of a line organization. Project organization structures generally exist as a temporary group of expertise assigned to perform a specific effort XE "effort" . Project organization structures can, in turn, be functional, project, or matrix based. 

	Key Decision Factor
	Favored Project Organization

	
	Functional
	Matrix
	Projectized

	Uncertainty
	Low
	High
	High

	Technology
	Standard
	Complicated
	New

	Complexity
	Low
	Medium
	High

	Duration
	Short
	Medium
	Long

	Size
	Small
	Medium
	Large

	Importance
	Low
	Medium
	High

	Customer
	Diverse
	Medium
	One

	Interdependency (Within)
	Low
	Medium
	High

	Interdependency (Between)
	High
	Medium
	Low

	Time Criticality
	Low
	Medium
	High

	Resource Criticality
	Depends
	Depends
	Depends

	Differentiation
	Low
	High
	Medium


Table 3—The Contingent Model for project organization

An example of a functional structure XE "functional structure"  is shown in Figure 5. A functional structure is based on a basic hierarchical organization XE "hierarchical organization" . It is organized around a specific function or group of functions [YOUKER77]. The project is completed by passing work products from functional group to functional group during the project’s lifecycle XE "lifecycle" . No specific supervisor exists for the complete project. Instead, some form of project coordination XE "coordination"  is established among the functional groups, and is used to communicate progress and issues to the organization’s upper management.
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Figure 5—Software development XE "software development"  project functional organization.

In a projectized organization all the resources XE "resources"  necessary to attain a specific objective are separated from the regular functional structure XE "functional structure"  and set up as a self contained unit headed by a project manager XE "project manager"  [YOUKER77]. The project manager is given required resources and is expected to meet project objectives XE "objectives"  established at the organization level. The project manager generally has total control XE "control"  over the project and the assigned resources, and is responsible for communicating progress and issues to the organization’s upper management. Figure 6 illustrates an example of a projectized structure XE "projectized structure" .

[image: image9.jpg]Leader

Technician

Manager Administrator





Figure 6—Software development XE "software development"  projectized organization.

The third type of project organization is the matrix structure XE "matrix structure"  and an example is shown in Figure 7. The matrix structure is a combination of the projectized and functional organizations.
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It can vary in degree with respect to these two structures [STUCKENBRUCK81]. According to PMI XE "PMI" , a weak matrix structure retains many characteristics of a functional organization, the manager being more of a coordinator or expediter, while in a strong matrix organization, the characteristics are much closer to a projectized organization, with full-time project managers and a full-time project administrative staff. In the matrix structure, the project manager XE "project manager"  has responsibility and authority for successfully completing the project. The functional manager is responsible for providing resources XE "resources"  to 

Figure 7—Software development XE "software development"  project matrix organization.

the project. Thayer explains that the project manager is generally responsible for controlling XE "controlling"  and managing the activities of the project, while the functional manager is responsible for the career, training XE "training"  and well-being of the resources assigned to the project [THAYER97-1].

It is up to the organization management to determine if the project will operate under the functional, projectized, or matrix structure XE "matrix structure" . Specific programming teams are established and operate within the project structure. The majority of software engineering projects in the aerospace industry XE "industry"  use the matrix organization with their project teams. Table 4 summarizes some of the strengths XE "strengths"  and weaknesses XE "weaknesses"  of the matrix structure.

	Matrix Structure Strengths and Weaknesses

	Strengths
	Weaknesses

	Clear project objectives XE "objectives" 
	Two bosses: functional and project

	Clear project integration XE "integration" 
	Increased complexity

	Efficient use of resources XE "resources" 
	Difficult monitoring and controlling XE "controlling" 

	Effective information flow
	Complex information flow

	Enhanced retention of disciplinary teams
	Slower reaction time

	High morale of project personnel
	Conflicting guidance

	Enhanced training XE "training"  of project managers
	Conflicting priorities

	Easier project shutdown
	Conflicting management goals XE "goals" 

	
	Resentment and frustration among workers

	
	Increased management strain from conflict 


Table 4—Strengths and weaknesses XE "weaknesses"  of the Matrix structure.

2.4.2 The Definition of a Project

2.4.2.1 Projects, Operations and Organizations

The field of project management consists of projects, operations XE "operations" , and organizations. All three are similar in various ways. All three function using specific processes, either documented or not.

PMI XE "PMI"  defines a project as a temporary endeavor undertaken to create a unique product or service [PMI96]. Projects are focused on the completion of a unique end product and have a finite duration XE "duration" . They also have defined XE "defined"  goals XE "goals"  and strategic plans that should optimally reflect and complement the goals and plans of the organization. Projects are performed based on an organizational structure that is often similar to the functional structure XE "functional structure"  of the organization. Projects can be of any size XE "size"  and involve any number of resources XE "resources" . Mature software organizations have defined software processes that guide the utilization of these resources and the implementation of the project.

Operations are similar to projects in that specific resources XE "resources"  perform them, they have constraints XE "constraints"  and dependencies, and they are planned, executed and controlled. However, operations XE "operations"  are generally ongoing and repetitive. Operations may in fact produce or generate unique projects. Projects can be distinguished from both organizations and operations by a specific project lifecycle XE "lifecycle"  that uniquely defines the project. 

Organizations perform work. They have unique functional structures that define clear, hierarchical responsibilities XE "responsibilities"  and reporting lines. They generally function with respect to sound business principles XE "principles"  and employ multiple types of resources XE "resources"  capable of completing projects and operations XE "operations" . Organizations have specific goals XE "goals"  and strategic plans established to guide their purposes and success.

2.4.2.2 Project Life Cycle

The project lifecycle XE "lifecycle"  is used to divide a project into an organized sequence of phases XE "phases"  or logical groupings of activities. This division promotes better management control XE "control" , improved quality XE "quality" , and better integration XE "integration"  with ongoing operations XE "operations"  within an organization. A software lifecycle model XE "software lifecycle model"  defines the stages or phases through which a software development XE "software development"  project moves and is a primary element of an organization’s software process XE "process"  [DAVIS97]. According to Davis, a software lifecycle model is a view of the activities that occur during software development. The lifecycle model guides a project from the inception of an idea, through development, to final deployment and eventual retirement. It provides a view of how software is developed. Davis discusses six lifecycle models: waterfall, incremental XE "incremental" , evolutionary XE "evolutionary" , prototyping XE "prototyping" , spiral XE "spiral" , and concurrent XE "concurrent"  [DAVIS97]. The DOD recently proposed the recognition of an additional model used by some commercial organizations, termed the “CleanRoom”. This model is intended to minimize software defects XE "defects"  and improve quality. Additional information on software lifecycle models can be found in [DAVIS88], [DAVIS95], and [ALEXANDER91].

2.4.2.3 Project Management

Project management can be defined XE "defined"  as the collection of procedures XE "procedures" , practices XE "practices" , technologies, skill XE "skill" , and experience XE "experience"  necessary to successfully manage a project. This collection contributes to five generally accepted management functions XE "management functions" : planning XE "planning" , organizing XE "organizing" , staffing XE "staffing" , directing XE "directing" , and controlling XE "controlling" . It is the responsibility of the project manager XE "project manager"  to implement these functions with respect to the lifecycle XE "lifecycle"  approach selected for the project.

2.4.3 Project Management Technical Elements

The major project management functions XE "management functions"  of planning XE "planning" , organizing XE "organizing" , staffing XE "staffing" , directing XE "directing" , and controlling XE "controlling"  are completed in varying forms and degrees for every project. These functions are satisfied by specific activities, including developing the project plan XE "project plan" , defining the project work breakdown structure XE "work breakdown structure" , staffing the project, developing the project schedule XE "schedule" , and tracking XE "tracking"  and controlling the project. This section describes these activities.

2.4.3.1 The Project Plan

The purpose of the project plan XE "project plan"  is to provide a foundation for execution XE "execution"  of the project. Other uses of the plan, such as communication are important, but are secondary in nature. Planning should be completed prior to any work being performed on project tasks. The project plan contains both general and detailed planning XE "planning"  information for the project tasks. As a minimum, the project plan should include the following [MILLER78]:

· A definition XE "definition"  or breakdown of the work comprising the total project

· Effort and other work content estimates for project tasks

· Schedules and milestone XE "milestone"  charts listing all relevant tasks and related information

· Resource assignments for labor and other resources XE "resources" 
· Resource loading and cost XE "cost"  estimates for all labor resources XE "resources"  and other resource types

· An identification of policies XE "policies"  and procedures XE "procedures"  applicable to the project

Development of the project plan XE "project plan"  is an iterative process XE "process" . As information is refined or clarified the individual elements of the plan are updated. Additional plans that address support and related activities are added to the project plan. These include plans for requirements definition and specification XE "requirements definition and specification" , risk XE "risk"  management, configuration management XE "configuration management" , software quality assurance XE "software quality assurance" , testing XE "testing" , etc. Once the plan is completed, peers and subject matter experts should review it. It is then submitted to upper management for approval. Approval of the plan allows the project to be baselined and clears the way for execution XE "execution" .

2.4.3.2 Work Breakdown Structure

A work breakdown structure XE "work breakdown structure" \t "See WBS"  (WBS XE "WBS" ) can be defined XE "defined"  as a method of representing, in a hierarchical manner, the parts of a process XE "process" , product, or combination of the two. Process WBSs can be developed to represent such processes as requirements analysis XE "requirements analysis" , design XE "design" , coding XE "coding" , or testing XE "testing" . Product WBSs can be developed to represent specific products, such as applications, utilities, and operating systems. Hybrid WBSs can be developed to represent systems that combine product and process elements [FAIRLEY90]. Figures 8, 9, and 10 demonstrate the use of process, product, and hybrid XE "hybrid"  WBSs. The WBS is illustrated in graphical format in Figure 8 and in textual format in Figure 9.

The WBS XE "WBS"  is the principal tool of what the Project Management Institute calls “scope XE "scope"  definition XE "definition" .” Scope definition involves breaking the major project deliverables XE "deliverables"  into smaller and more manageable pieces. This process XE "process"  has a three-fold purpose: 1) improve the accuracy of project estimates, 2) define a baseline for performance XE "performance"  control XE "control"  and measurement, and 3) facilitate clear responsibility assignments [PMI96]. The WBS is nothing more or less than a checklist of the work that must be accomplished to meet the project objectives XE "objectives"  [CORI85]. According to PMI XE "PMI" , the WBS should reflect the way the project will be managed XE "managed" . It can be created using the process of “decomposition XE "decomposition" .” Decomposition consists of four steps [PMI96]:

· Identify the major elements of the project.

· Analyze the elements to determine if adequate cost XE "cost"  and duration XE "duration"  estimates can be developed from each element’s level of detail.

· If further detail is required for a given element, identify its constituent elements and test each of them for adequate detail, as explained in step 2.

· Verify the correctness of the decomposition XE "decomposition" .
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Figure 8—Hierarchical process XE "process"  WBS XE "WBS" .

Generally, the first two or three levels of a WBS reflect the management reporting structure desired by the project owner. This is sometimes referred to as the “contract work breakdown structure XE "work breakdown structure" ”, or “CWBS XE "CWBS" .” The lower levels are then developed by the project team XE "project team"  and ultimately define the individual project deliverables XE "deliverables"  the project will produce. These levels are sometimes referred to as the “project work breakdown structure”, or “PWBS XE "PWBS" .”
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Figure 9—Textual product WBS XE "WBS"  (adapted from [FAIRLEY90]).

Figure 10—Hybrid XE "hybrid"  WBS XE "WBS"  (adapted from [FAIRLEY90]).[image: image12.jpg]High
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2.4.3.3 Staffing

Staffing can be defined XE "defined"  as that set of activities required to ensure the availability of resources XE "resources"  needed to complete the objectives XE "objectives"  of the project. The approaches and techniques to staffing XE "staffing"  a software project vary, but the more principal responsibilities XE "responsibilities"  are summarized in Table 5 [THAYER97-3]. Of these responsibilities, those affecting the selection and education XE "education"  of software professionals are of particular importance to software engineering XE "software engineering" .

	Management Activity
	Detailed Description

	Fill organizational positions
	Select, recruit, or promote qualified personnel for each project position.

	Assimilate newly assigned personnel
	Orient and familiarize new personnel with the organization, facilities, and tasks to be done on the project.

	Educate and train personnel
	Fill gaps or deficiencies in meeting position qualifications by providing training XE "training"  and education XE "education" .

	Provide for personnel general development
	Improve knowledge XE "knowledge" , attitude, and skills of project personnel.

	Evaluate and appraise personnel
	Record and analyze the quantity and quality XE "quality"  of project work as the basis for personnel evaluations. Set performance XE "performance"  objectives XE "objectives"  and goals XE "goals"  and appraise personnel periodically as needed or required.

	Compensate personnel
	Provide wages, bonuses, benefits, or other financial remuneration commensurate with project responsibilities XE "responsibilities"  and performance XE "performance" .

	Terminate personnel assignments
	Transfer or separate project personnel as strategic and necessary.

	Document personnel staffing XE "staffing"  decisions
	Record staffing XE "staffing"  plans, training XE "training"  progress and training plans, appraisal records, and compensation recommendations.


Table 5—Staffing a successful software project.

Much focus has been placed on selecting appropriate software personnel. According to Robert A. Zawacki XE "Robert A. Zawacki" , the objective during the selection process XE "process"  is to match personnel with high technical need for growth, to jobs or positions of high motivating potential; and those with lower need for growth to jobs of lower motivating potential [ZAWACKI85]. Mismatches in this process are destined to create lower job satisfaction and lower productivity as illustrated in Figure 11.

Zawacki identifies challenges XE "challenges"  and barriers XE "barriers"  to proper selection that spring from managers’ tendencies to form stereotypes, and overconfidence XE "overconfidence"  in their own predictive abilities during interviews XE "interviews" . Based on these challenges, Zwacki proposed a structured, patterned approach to project staffing XE "project staffing" :

· Structure and plan the interview process XE "process"  (multiple interviewers, recording, questions, etc.).

· Properly prepare the interviewing environment XE "environment"  and staffing XE "staffing"  goals XE "goals" .

· Conduct the interview in a professional manner.

· Perform post interview tasks (document, comparisons, and follow-up with the candidates.
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Figure 11—Growth Need Strength (GNS) / Motivating Potential Score (MPS) matrix.

The tasks of assimilation XE "assimilation" , education XE "education" , and providing for general development apply to the training XE "training"  aspect of staffing XE "staffing"  a software project. Training is a crucial element of software engineering XE "software engineering"  and is a common feature of the key process XE "process"  areas at each level of SEI XE "SEI" ’s CMM XE "CMM" . The establishment and administration XE "administration"  of a specific training program XE "training program"  is a key process area of CMM Level 3 XE "level 3"  [SEI93]. According to SEI, the purpose of the training program key process area is to develop the skills and knowledge XE "knowledge"  of individuals so they can perform their roles XE "roles"  effectively and efficiently. It involves first identifying the training needed by the organization, projects, and individuals, then developing or procuring training to address the identified needs. Each software project evaluates its current and future skill XE "skill"  needs and determines how these skills will be obtained. Some skills are effectively and efficiently imparted through informal vehicles (e.g., on-the-job training and informal mentoring), whereas other skills need more formal training vehicles (e.g., classroom training and guided self-study) to be effectively and efficiently imparted. The appropriate vehicles are selected and used.

2.4.3.4 Scheduling

The project schedule is a dynamic, detailed record of tasks or activities that must be accomplished to satisfy the project objectives XE "objectives" . As described in the preceding section on work breakdown structures, these activities are generally the smallest elements at the bottom of the WBS XE "WBS" . The project schedule is used in executing and controlling XE "controlling"  these activities and is used as a basis for decision making throughout the lifecycle XE "lifecycle"  of the project. Scheduling involves estimating XE "estimating"  the work content of an activity XE "activity" , assigning resources to the activities XE "resources" , and determining when each activity should be performed in order to meet the overall project deadline [MILLER78]. Some of the major factors that affect the project schedule include the project objectives, requirements of other projects, unique resource requirements and constraints XE "constraints" , and the individual capabilities of team members [CORI85]. According to Cori, there are seven specific steps necessary to the development of any project schedule. These steps must always be undertaken in the proper sequence, while the amount of time devoted to them may vary with each project. The steps include:

· Define project objectives XE "objectives" 
· Develop the WBS XE "WBS" 
· Sequence the project activities

· Estimate activity XE "activity"  duration XE "duration"  and costs

· Address schedule XE "schedule"  and time constraints XE "constraints" 
· Address schedule XE "schedule"  and resource constraints XE "constraints" 
· Review the schedule

 XE "schedule" 
PMI XE "PMI"  addresses several of these steps in describing five specific processes of time management defined XE "defined"  in the PMBOK XE "PMBOK" . According to PMI, each project undergoes the following scheduling XE "scheduling"  processes: definition XE "definition" , sequencing XE "sequencing" , duration XE "duration"  estimating XE "estimating" , development, and control XE "control"  [PMI96]. Each process XE "process"  has specific input information, various tools XE "tools"  and techniques for schedule XE "schedule"  manipulation, and specific outputs that ultimately will define the project schedule. A description of the five processes is presented below.

Activity Definition—Activity definition XE "definition"  involves identifying and documenting the activities that must be performed in order to meet the project objectives XE "objectives" . The activities are identified using the WBS XE "WBS" , statements of work (SOW), historical documentation, time and resource constraints XE "constraints" , and basic assumptions affecting the project. The activities are documented primarily by using classification and decomposition XE "decomposition"  techniques. Often, software organizations provide templates that identify standard activities and associated definitions for the desired project. The results of activity definition XE "activity definition"  include an activity list that is used in conjunction with the WBS to ensure that the project consists of only “in-scope XE "scope" ” effort XE "effort" . The activity list helps to identify any discrepancies and allows updates to the WBS as appropriate. Activity definition also includes detailed documentation of all activities, assumptions, and related interfaces to other project management processes.

Activity Sequencing—Activity sequencing XE "activity sequencing"  involves identifying and documenting the interrelationships between activities. Proper sequencing improves the chances for developing a realistic and achievable schedule XE "schedule" . Interrelationships are identified using the activity XE "activity"  list, detailed activity descriptions, and often the overall product description. Other elements aiding the identification of interrelationships include understanding and analyzing dependencies and constraints XE "constraints" .

Dependencies can be classified as mandatory XE "mandatory" , discretionary XE "discretionary" , and external XE "external"  to the project. Mandatory or “hard logic XE "hard logic" ” dependencies apply to the physical completion of the project (i.e., coding XE "coding"  must be completed prior to testing XE "testing" , etc.). Discretionary or “soft logic XE "soft logic" ” dependencies are defined XE "defined"  by the project team XE "project team"  and often include implementations of “best practice XE "practices" ” initiatives, or specific preferred sequences that meet unique desires or needs of the team. External dependencies include relationships between the project tasks and non-project issues. External dependencies include the requirement to use equipment or tools XE "tools"  that have not yet been acquired, to complete project tasks.

Constraints include factors that limit the options in executing the project. These factors include date constraints XE "constraints"  and resource commitments XE "resource commitments" . Additional constraints may be enforced by assumptions made by the project team XE "project team"  and the associated risks.

Activity sequencing XE "sequencing"  can be accomplished using various approaches to precedence diagramming. These approaches primarily include Precedence Diagramming Method (PDM) XE "PDM" , Arrow Diagramming Method (ADM) XE "ADM" , and other graphical modeling techniques. Figure 12 demonstrates the PDM and ADM diagramming techniques. Regardless of the approach, each task XE "task"  is identified with those tasks that immediately precede and succeed or follow it. With all predecessors and successors known, an activity XE "activity"  network XE "network"  can be drawn that identifies each task’s place in the order of execution XE "execution" . As the complexity of the network and number of potential paths from project start to project finish increases, statistical techniques can be used to analyze risk XE "risk"  and constraints XE "constraints"  to determine the optimum sequences.
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Figure 12— Network XE "network"  diagramming using (a) the Arrow Diagramming Method XE "Arrow Diagramming Method" \t "See ADM"  (ADM XE "ADM" ) and (b) the Precedence Diagramming Method XE "Precedence Diagramming Method" \t "See PDM"  (PDM XE "PDM" ) techniques.

Activity sequencing XE "sequencing"  is often helpful in refining the activity XE "activity"  list. As potential sequences are defined XE "defined" , missing or incomplete tasks can be identified and incorporated into the project as appropriate. The principal result of activity sequencing is the generation of the project network XE "network"  diagram, which will be used in estimating XE "estimating"  duration XE "duration"  to identify the critical path XE "critical path"  and other useful schedule XE "schedule"  information.

Activity Duration Estimating—Activity duration estimating XE "activity duration estimating"  involves estimating the number of work periods XE "work periods"  required to complete each project task XE "task" . During this phase of scheduling XE "scheduling" , the nature and requirements of each task should be determined. For example, some tasks will be completely effort XE "effort"  driven, completing after a given amount of effort is expended. Other tasks may be administrative in nature, requiring a fixed percentage of effort throughout the tasks entire duration. Still other tasks may require unique resources XE "resources"  or staffing XE "staffing"  levels. The duration of software project activities is generally driven by the effort required to complete them. A variety of techniques exist for estimating size XE "size"  and effort. The two principal approaches include source lines of code XE "source lines of code" \t "See SLOC"  (SLOC XE "SLOC" ) and function point analysis techniques. These approaches are based on mathematical foundations. They take into account resource capabilities and experience XE "experience"  and employ algorithmic and simulation XE "simulation"  techniques. Both approaches enable the project manager XE "project manager"  to estimate the size of a software project and therefore, the effort required for each software development XE "software development"  activity XE "activity" . Other duration estimates may require historical or operational information. For example, testing XE "testing"  activity duration may be based on automatic test software or procedural constraints XE "constraints" . A good treatment of SLOC estimation can be found in [BOEHM95], [LEGG97], and [GAFFNEY95-2]. Information on function point analysis can be found in proceedings of the International Function Point Users Group (IFPUG), and in [JONES96] and [GAFFNEY95-1]. The primary result of activity XE "activity"  duration XE "duration"  estimating XE "estimating"  is a set of sound, (and hopefully) accurate duration estimates for each activity. These estimates should often include a degree of uncertainty XE "uncertainty"  or a range of possible values XE "values" , if permissible. For example, an activity with an effort XE "effort"  of 100 staffhours might be expressed as 100 plus or minus 20 staffhours. Additional results of activity duration estimating include a basis of estimates for the project and continued refinement of the activity list.

Schedule Development—Schedule development XE "schedule development"  involves assigning start and end dates to the project activities. These dates can be determined initially by applying the activity XE "activity"  duration XE "duration"  estimates to the activities in the project network XE "network"  diagram. The network diagram dictates the precedence for each activity and, given its estimated duration, its initial XE "initial"  start and end dates. It also allows the critical path XE "critical path"  and non-critical activities to be identified and enables available float to be computed for future resource leveling XE "resource leveling" . Schedule development XE "schedule development"  uses resource requirements, activity constraints XE "constraints" , and calendar and availability information to assign specific resources XE "resources"  to each task XE "task" . The result is a “rough-cut” schedule XE "schedule"  for the project as shown in the Gantt chart XE "Gantt chart"  of Figure 13.
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Figure 13—An example of displaying the project schedule using a Gantt chart.

Resource availability and the tentative start and finish dates for each activity identify the conflicts for and over-allocation of resources. A resource loading histogram, illustrated in Figure 14, used in conjunction with the initial schedule can be particularly useful in identifying and resolving such problems.
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Figure 14—A histogram showing resource loading with respect to work period, superimposed on a Gantt chart XE "Gantt chart" .

Schedule development XE "schedule development"  is accomplished using established mathematical scheduling XE "scheduling"  algorithms and simulation XE "simulation"  techniques, including CPM XE "CPM"  and PERT XE "PERT" . It includes schedule XE "schedule"  manipulation techniques such as schedule “crashing XE "crashing" ”, “fast tracking XE "fast tracking" ” [PMI96], and resource leveling XE "resource leveling" . Schedule crashing involves focusing on critical path XE "critical path"  activities and identifying schedule and cost XE "cost"  tradeoffs that will allow the duration XE "duration"  of these activities to be shortened. Schedule fast tracking involves identifying tasks that can be completed in parallel that would normally be completed in sequence. Both crashing and fast tracking can compress the overall duration of the project, but also increase risk XE "risk"  and often result in rework. 

Resource leveling involves moving non-critical activities within their float and delaying critical path activities in order to free-up resources XE "resources"  in conflict and to reduce resource over-allocation. All conflicts and over-allocation can be resolved with leveling, but the result is generally an increase in project duration. 

Schedule development XE "schedule development"  can be accomplished manually or automatically. Project management software XE "project management software"  has matured considerably and is very useful in schedule development. Care should be taken to select software that is both appropriate and capable to meet the needs of the project. Project management software XE "project management software"  is available in a wide range of functionality and cost. Additionally, some schedule manipulation activities such as resource leveling require great care and attention, and can often be accomplished more accurately by manual methods than by automatic means. Overall, the use of a viable project scheduling software application can greatly ease the burden of schedule development.

The primary results of schedule XE "schedule"  development include the detailed project schedule and a plan for managing and updating the schedule. The detailed schedule can be displayed using different graphical techniques including Gantt charts and time-scaled network XE "network"  diagrams. One representation of the schedule is a milestone XE "milestone"  chart. The milestone chart represents the schedule in terms of specific phases XE "phases"  or notable time periods. It is particularly useful for status reporting and high level views of the overall project. A host of additional information can be displayed for each project activity XE "activity" , including cost XE "cost"  accounts, float, assigned resources XE "resources" , points of contact, etc. Tailoring this information to the appropriate audience is an important aspect of schedule development. 

Schedule Control—Schedule control XE "schedule control"  involves managing updates and changes to the project schedule XE "schedule" . Schedule control XE "schedule control"  makes use of the current schedule, performance XE "performance"  and tracking XE "tracking"  reports, project change requests. It involves defining action to address the impacts and to maintain an accurate and useful project schedule. Schedule control XE "schedule control"  is often implemented using project management software XE "project management software" . Policies and procedures XE "procedures"  should be established to govern the software’s use and to ensure proper documentation of control activities. The results of proper schedule control are documented schedule updates, detailed corrective actions, and a means for collecting experience XE "experience"  and lessons learned that can be applied to future scheduling XE "scheduling"  efforts. 

Terminology—Project scheduling XE "scheduling"  as defined XE "defined"  by PMI XE "PMI"  and standard project management theory XE "theory"  makes use of unique terminology XE "terminology" . A complete treatment of scheduling terms can become unwieldy. For most practical purposes, the following terms should promote a basic understanding of scheduling.

Gantt Chart—A Gantt chart XE "Gantt chart"  is a graphical tool used to display the project schedule XE "schedule" . The chart depicts project tasks as bars on a horizontal time scale. Each bar shows the start, finish, duration XE "duration" , and precedence of each task XE "task" .

Task/Activity—A task XE "task"  or activity XE "activity"  is the smallest unit of work depicted on a project schedule XE "schedule" . The words task and activity are used interchangeably and often map to the lowest level work packages of the WBS XE "WBS" .

Predecessor—A predecessor XE "predecessor"  is a task XE "task"  or activity XE "activity"  that precedes a given task of interest in the project schedule XE "schedule" .

Successor—A successor XE "successor"  is a task XE "task"  or activity XE "activity"  that succeeds or follows a given task of interest in the project schedule XE "schedule" .

Critical Path Method XE "Critical Path Method" \t "See CPM"  (CPM XE "CPM" )—The Critical Path Method XE "Critical Path Method" \t "See CPM"  (CPM) is a scheduling XE "scheduling"  method specifically used to determine tradeoffs between project duration XE "duration"  and project cost XE "cost" . The principal output of CPM is the determination of the critical path XE "critical path"  for the project.

Program Evaluation and Review Technique XE "Program Evaluation and Review Technique" \t "See PERT"  (PERT XE "PERT" )—The Program Evaluation and Review Technique XE "Program Evaluation and Review Technique" \t "See PERT"  (PERT) is a scheduling XE "scheduling"  method specifically used to optimize project duration XE "duration" . It employs statistical methods to determine optimum start and end dates for each task XE "task"  and analyzes the effects of these dates on the overall project duration. 

Arrow Diagramming Method XE "Arrow Diagramming Method" \t "See ADM"  (ADM XE "ADM" )—The Arrow Diagramming Method XE "Arrow Diagramming Method" \t "See ADM"  (ADM) is infrequently used today and was the initial XE "initial"  approach used for network XE "network"  diagramming and the sequencing XE "sequencing"  of tasks. ADM is also known as “activity on arrow XE "activity on arrow" ” (AOA) diagramming. ADM represents tasks as arrows between labeled nodes that denote the start and ending dates of the project tasks.

Precedence Diagramming Method XE "Precedence Diagramming Method" \t "See PDM"  (PDM XE "PDM" )—The Precedence Diagramming Method XE "Precedence Diagramming Method" \t "See PDM"  (PDM) is most widely used today for network XE "network"  diagramming and sequencing XE "sequencing"  of tasks. PDM is also referred to as “activity on node” XE "activity on node"  (AON) diagramming. PDM represents tasks as nodes or “collections” of information about each task XE "task"  connected with arrows that denote transitions from one task to another.

Network Diagram—The network XE "network"  diagram is a graphical representation of the project schedule XE "schedule"  that primarily shows precedence information. Network diagrams can be constructed using a variety of methods including ADM XE "ADM"  and PDM XE "PDM"  approaches. The network diagram displays the order or sequence of tasks as well as other pertinent information such as the critical path XE "critical path" .

Float XE "float" —Float XE "float"  is the amount of time that a task XE "task"  can be delayed from its start date without delaying the project finish date. Float XE "float"  is also called slack XE "slack"  and can change for a given task as changes are made to the project schedule XE "schedule" .

Critical Path—The critical path XE "critical path"  of a project is the longest sequence of tasks that mark the earliest date by which a project can be completed. Changes to the critical path will immediately cause changes to the start or finish dates of the project.

Activity Constraints—Activity constraints XE "constraints"  are issues and considerations that affect the sequencing XE "sequencing"  of project tasks. Constraints can be physical, assumed, and external XE "external" . Examples of activity XE "activity"  constraints include “must” dates that fix the start or finish date of a task XE "task" , and logical relationships that govern the order of tasks.

Logical Relationships—Logical relationships govern the order in which task XE "task"  are completed. An example of a logical relationship XE "logical relationship"  includes the constraint that the finish of one task must occur before the start of its successor XE "successor"  (finish-start constraint). Other logical relationships include finish-finish and start-start constraints XE "constraints" .

Milestone—A milestone XE "milestone"  is a specific event-marking task XE "task" . Milestones are generally characterized as zero duration XE "duration"  events that mark the start or completion of a specific project phase or period.

2.4.3.5 Tracking and Earned Value

Once the project plan XE "project plan"  is prepared, approved, and baselined, the project enters implementation. Throughout its duration XE "duration" , the project manager XE "project manager"  monitors its performance XE "performance" . Regular schedule XE "schedule" , cost XE "cost" , and technical reports are made to upper management to ensure that the project is progressing according to the project plan. The practice of monitoring progress has been called by several names, including monitoring, tracking XE "tracking" , controlling XE "controlling" , etc. In fact, project tracking and oversight XE "tracking and oversight"  is a Level 2 XE "level 2"  key process XE "process"  area within the CMM XE "CMM"  and is used to assess the maturity XE "maturity"  of a project’s tracking and control XE "control"  process.

In the past 30 years, two principal approaches to project tracking XE "tracking"  have emerged. Flemming and Koppelman identify these approaches as “traditional cost and funding management XE "traditional cost and funding management" ” and “earned value XE "earned value" ” [FLEMMING96]. Traditional cost and funding management is as old as management and has been the most widely used approach for project tracking. The earned value approach originated over a hundred years ago as a result of improvement efforts in the operation of factories, but has only gained popularity in the last few decades. Earned value was proposed formally approximately 30 years ago and was implemented as a pilot project in the minuteman missile XE "minuteman missile"  program. Success in that effort XE "effort"  prompted what has become known today in the DOD as the Cost/Schedule Control Systems Criteria XE "Cost/Schedule Control Systems Criteria" \t "See C/SCSC"  (C/SCSC XE "C/SCSC" ), and in private industry XE "industry"  as the Earned Value Management System XE "Earned Value Management System"  (EVMS). The C/SCSC currently consists of 32 management criteria XE "management criteria" , detailed in the DOD’s acquisition policy document DOD Instruction 5000.2R. The reader is referred to [FLEMMING92] for an excellent treatment of the management control XE "control"  factors originally making up the C/SCSC.

According to Flemming and Koppelman, traditional cost XE "cost"  and fundi XE "traditional cost and funding management" ng management is based on a project expenditure plan XE "expenditure plan" . This plan identifies a specific funding expense rate over the duration XE "duration"  of the project. As progress is made, the current cost expended on the project is compared to the planned funding rate. This comparison enables management to determine whether expenditures are ahead of or behind the amount planned for the project at that time. Earned value adds a third dimension to this process XE "process" . In earned value XE "earned value" , a quantitative estimate is made of the value of the current work performed. This estimate represents a measure of “what you got for what you paid.” Comparing the earned value to the planned expenditure for a given period identifies whether or not the project is ahead of or behind schedule XE "schedule" , also called schedule variance XE "schedule variance"  (SV). Likewise, comparing the earned value to the actual costs expended during the period identifies whether or not the project is under-running or over-running its budget, also called cost variance XE "cost variance"  (CV). For example, assume that during the first month of a software project, the budgeted amount for the work planned during this period is $10,000. Assume further that it is estimated that the work performed during this period is worth roughly $8,000. From this information, it is evident that the project is $2,000 or 20% behind schedule. Similarly, if the actual costs for this period indicate that $12,000 has been spent, the project manager XE "project manager"  can see that the project costs have overrun the planned budget by $2,000. Earned value adds the crucial information of schedule status to project tracking XE "tracking" , that the traditional approach lacks.

The biggest challenge the earned value XE "earned value"  approach has faced, has been its association with C/SCSC XE "C/SCSC" . C/SCSC has a proven track record as a means of managing and controlling XE "controlling"  large projects. Flemming and Koppelman point out that projects for which C/SCSC is both appropriate and usually mandated constitute only 1 percent of all projects [FLEMMING96]. However, the current C/SCSC version’s 32 criteria are cumbersome and likely deemed overkill for the remaining 99 percent. Still, the principles XE "principles"  behind the earned value approach are both applicable and appropriate for these projects. Accordingly, a brief description of C/SCSC and the earned value management process XE "process"  is in order.

Terminology—C/SCSC XE "C/SCSC"  uses a unique terminology XE "terminology" , much of which has been adopted by the earned value XE "earned value"  approach. For most practical purposes, the following terms are sufficient to understand the elements of earned value [FLEMMING96]:

Budgeted cost of work scheduled XE "Budgeted cost of work scheduled" \t "See BCWS"  (BCWS XE "BCWS" )—The sum of the budgets for all planned work scheduled to be accomplished within a given time period.

Budgeted cost of work performed XE "Budgeted cost of work performed" \t "See BCWP"  (BCWP)—The sum of the budgets for completed work and the completed portions of open work.

Actual cost of work performed XE "Actual cost of work performed" \t "See ACWP"  (ACWP XE "ACWP" )—The costs actually incurred in accomplishing the work performed.

Schedule variance (SV)—The difference between the budgeted cost of work performed (
BCWP) and the budgeted cost of work scheduled (BCWS) XE "BCWS" .

Cost variance (CV)—The difference between the budgeted cost of work performed (BCWP) and the Actual cost of work performed (BCWP) XE "ACWP" .

Schedule performance XE "performance"  indicator (SPI)—The planned schedule XE "schedule"  efficiency factor representing the relationship XE "relationship"  between the value of the initial XE "initial"  planned schedule and the value of the physical work performed.

Cost performance XE "performance"  indicator (CPI)—The cost XE "cost"  efficiency factor representing the relationship XE "relationship"  between the actual costs expended and the value of the physical work performed.

Budget at completion (BAC)—The sum of all budgets allocated to a project. The BAC is synonymous with the PMB (see below).

Variance at completion (VAC)—The difference between the budget at completion (BAC) and the estimate at completion (EAC).

Estimate at completion (EAC)—A value expressed either in dollars or hours, to represent the projected final costs of work when completed.

Performance measurement baseline (PMB)—The budget plan against which project performance XE "performance"  is measured. The PMB is synonymous with the BAC.

The Work Breakdown Structure—The use of an appropriate WBS XE "WBS"  is at the heart of C/SCSC XE "C/SCSC"  and earned value XE "earned value" . All work defined XE "defined"  and subsequently tracked by the project can be located within the structure of the WBS. C/SCSC projects usually consist of a two-part WBS. The first two or three levels constitute the “contract work breakdown structure XE "work breakdown structure"  (CWBS XE "CWBS" ).” The CWBS is often defined by the project owner, and shows the way that cost XE "cost"  and schedule XE "schedule"  will be monitored and reported throughout the project lifecycle XE "lifecycle" . The project managers and technical team members define the subsequent levels. These levels constitute the “project work breakdown structure (PWBS XE "PWBS" ).” At the lowest level of the PWBS, the tasks can be traced directly to project deliverables XE "deliverables"  called out in the project’s technical statement of work XE "statement of work" . It is at the lowest levels that the primary tracking XE "tracking"  mechanism of C/SCSC and earned value, the cost account XE "cost account" , is found.

The Cost Account—Cost accounts are created at the intersection of the organizational breakdown structure and the PWBS XE "PWBS" . This is illustrated in Figure 15. The resulting intersection creates a performance XE "performance"  measurement unit that combines the schedule XE "schedule" , cost XE "cost" , and technical aspects of the project. C/SCSC XE "C/SCSC"  defined XE "defined"  the cost account XE "cost account"  as “A management control XE "control"  point at which actual costs may be accumulated and compared to the budgeted cost of work performed. A cost account is a natural control point for cost/schedule planning XE "planning"  and control, since it represents the work assigned to one responsible organizational element on one contract work breakdown structure XE "work breakdown structure"  (CWBS XE "CWBS" ) element” [DOD67]. Cost accounts provide a correlation between specific scope XE "scope"  and amount of work that is planned and the resources XE "resources"  available to accomplish that work. Each cost account contains three pieces of information: the scope of work for the associated WBS XE "WBS"  element, its schedule, and its planned budgeted cost.
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Figure 15—Cost XE "cost"  accounts result at the intersection of the organizational breakdown structure (OBS) and the work breakdown structure XE "work breakdown structure"  (WBS XE "WBS" ).

Performance Measurement Baseline—When the collection of cost XE "cost"  accounts are summarized upward, the entire project scope XE "scope" , schedule XE "schedule" , and planned cost can be determined. In C/SCSC XE "C/SCSC"  and earned value XE "earned value" , this information is called the “performance measurement baseline XE "performance measurement baseline" ” (PMB). C/SCSC defines the PMB as “The time phased budget plan against which contract performance is measured. It is formed by the budgets assigned to scheduled cost accounts and the applicable indirect budgets…It equals the total allocated budget, less management reserve.” Using the PMB, at any time during the performance of the project, the PMB allows the project manager XE "project manager"  to compare tracking XE "tracking"  information. Comparing the PMB at a given time with its estimated earned value yields the schedule variance XE "schedule variance"  for the project. Similarly, comparing the earned value with the actual costs posted against the PMB yields the cost variance XE "cost variance"  for the project.

Earned Value Measurement Methods—With the PMB in place, performance XE "performance"  measurements can be made. The specific methods for measuring performance and earned value XE "earned value"  must be selected prior to the start of the project. A variety of methods for measuring earned value have been proposed and different methods are appropriate for different projects. Patricia W. Hurst presented the “binary reporting XE "binary reporting" ” method for earned value measurement. According to Hurst, binary reporting is useful for projects whose lowest level WBS XE "WBS"  work units are relatively small in effort XE "effort"  (i.e., 4 to 80 staff hours). Binary reporting holds that work packages are in one of only two states, either complete or incomplete. This gives the project manager XE "project manager"  a specific measure of the progress made with respect to the effort expended [HURST97]. Other methods exist for measuring earned value including methods based on percent complete or weights applied to milestones [FLEMMING96]. Project and cost XE "cost"  account managers have the responsibility for determining the most appropriate and effective method. Table 6 lists several categories of these measures. An overall indication of the health of the project can be obtained by applying the selected measures on a regular basis. This is illustrated in Figure 16.

Forecasting—Perhaps one of the most important benefits of earned value XE "earned value"  is its ability to forecast the final cost XE "cost"  and schedule XE "schedule"  of a project. Successful forecasting XE "forecasting"  is based on a foundation of a good baseline plan, tracking XE "tracking"  performance XE "performance"  against that plan, and the commitment of upper management to use and act on the performance data. Several methods have been proposed to forecast project performance.

	Earned Value Measurement Methods

	Measurement Method
	Notes

	Weighted Milestone

Fixed Formula (0/100; 25/75; 50/50)

Percent Complete Estimates

Percent Complete and Milestone Gates
	These measures are typically used in tracking XE "tracking"  earned value XE "earned value"  on non-recurring tasks.

	Earned Units

Earned Standards
	These measures are typically used in tracking XE "tracking"  earned value XE "earned value"  on either non-recurring or recurring tasks.

	Apportioned Relationship to Discrete Work
	This measurement can employ any of the above six methods.

	Level of Effort
	This method is generally not recommended for use in tracking XE "tracking"  earned value XE "earned value" .


Table 6—Table showing different earned value XE "earned value"  measures adapted from [FLEMMING96].

Flemming and Koppelman present a forecast approach based on the work remaining, the CPI and SPI, and the actual costs for the project. The cost XE "cost"  forecast is determined in this approach, by computing the remaining work, or the planned effort XE "effort"  of all uncompleted tasks (this is usually the BAC minus the total BCWP to date). Dividing this factor by the CPI or the product of CPI and SPI gives the remaining work with respect to the relative efficiency with which it will be completed. The actual costs expended to date are then added to this amount, yielding the forecasted cost of the project. The schedule XE "schedule"  forecast can be determined graphically by examining the earned value XE "earned value"  and planned costs. Figure 16 displays a line graph in which budget is expressed on the vertical axis and time is expressed 
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Figure 16—Illustration of the earned value XE "earned value"  curves: BCWS XE "BCWS" , BCWP, and ACWP XE "ACWP" ; and representative cost XE "cost"  and schedule XE "schedule"  variances with respect to a given status date.

on the horizontal axis. For a given status date, the BCWS XE "BCWS" , ACWP XE "ACWP" , and BCWP lines are plotted on the graph. The date is noted corresponding to the point at which the BCWP value intersects the BCWS line. This date is compared with the status date, yielding the schedule variance XE "schedule variance" . This variance can be applied to critical path XE "critical path"  information to predict the potential completion date for the project.

2.4.4 Related Technical Disciplines

Several technical disciplines are closely coupled to the field of software project management. Complete texts have been written on these subjects. For our purposes, the foremost of these disciplines are briefly described in this section. Their relationship XE "relationship"  to software project management is also identified.

2.4.4.1 Requirements Management

Requirements management involves successfully and accurately describing what the project will produce and documenting the results. Requirements management is a Level 2 XE "level 2"  Key Process XE "process"  Area of the CMM XE "CMM" . The Software Requirements Specification (SRS) or similar requirements document is a key element of the software project plan XE "project plan" . Stuart R. Faulk explains that requirements management XE "requirements management"  is, for the most part, an immature science XE "science" . This is evidenced by the fact that the more specific one gets in defining requirements, the less agreement there is in what constitutes the best method [FAULK97]. Disagreements persist in terminology XE "terminology" , approach, the details of various methods, and proper classification. Despite this disagreement, Faulk identifies several generally accepted methods of requirements definition XE "definition"  and management. These methods include functional decomposition XE "decomposition" , structured analysis, operational specification, object-oriented analysis, and software cost XE "cost"  reduction. Additional interest in the field of requirements management surround the time and cost reductions achievable through software reuse. Additional information about requirements management can be found in [BOEHM81], [HENINGER80], [JACKSON95], and [ZAVE82]. A number of requirements management software tools XE "tools"  are available both for specification and for traceability and management of requirements.

2.4.4.2 Risk Management

Risk Management is a Level 2 XE "level 2"  Key Process XE "process"  Area of the CMM XE "CMM" . The Risk XE "risk"  Management Plan is a principal element of the Software Project Plan XE "project plan" . Software risk management involves the identification, analysis, and handling of risks to a software project. In risk identification, software risk factors are identified. This includes an organized, thorough approach to seeking out the real risks associated with a software project [THAYER97-2]. According to Thayer and Fairley, risk factors are identified by analyzing project information including, lifecycle XE "lifecycle"  cost XE "cost"  and schedule XE "schedule"  analyses, requirements documents, prototyping XE "prototyping"  and simulation XE "simulation"  models, lessons-learned documentation, trade studies and analysis, WBS XE "WBS" ’s, and schedule networks. Risk factors can be grouped according to schedule, cost, requirements, quality XE "quality" , and operational risks. Risk analysis requires an examination of identified risks to determine the probabilities of undesired events and the consequences associated with those events. The purpose of risk analysis is to discover and prioritize the causes, effects, and magnitudes of potential risks to the project, and to examine alternatives for managing those risks. Risk handling includes techniques and methods developed to reduce and/or control XE "control"  risk. It includes techniques for risk avoidance XE "risk avoidance" , risk assumption XE "risk assumption" , problem control XE "problem control" , risk transfer XE "risk transfer" , and knowledge acquisition XE "knowledge acquisition" . Table 7 provides a light-hearted but informative summary of risk handling techniques. 

	Risk
	Avoidance
	Assumption
	Control
	Transfer
	Knowledge

Acquisition

	Vehicle and/or occupant injury in an auto accident while driving to work.
	Live close to work and walk.

Ride rapid-transit systems.
	Drive to work and hope for the best.
	Reduce speed limits.

Wear seat belts.

Strengthen side panels.

Go with a safe driver.
	Carry auto insurance.

Operate good emergency medical systems.

Sue the other driver.
	Determine safest automobiles through crash tests.

Determine safest route to work.

	Developing cataracts from microwave oven radiation.
	Use gas or electric ovens.

Don’t cook food.
	Use microwave only when you are in a hurry.
	Provide users with Faraday shielding.

Design ovens with door interlocks.
	Carry health insurance.

Provide free cornea transplants.
	Measure radiation for different ovens.

Evaluate good cooking practices XE "practices" .

	Getting shot by someone with a handgun.
	Eliminate handguns.
	Assume it will happen to the other guy.
	Stay away from high crime areas.

Be constantly vigilant.

Buy bullet-proof glass for car.
	Carry health insurance.

Operate good emergency medical systems.

Sue person who shot you.
	Determine areas to avoid.

Establish warning signs of impending danger.

	The hard disk on your computer XE "computer"  will crash.
	Don’t use a hard disk.
	Keep on using the disk and promise yourself to back it up tomorrow.
	Periodically back up the hard disk.
	Use a disk recovery software utility.
	Determine the frequency of failures for different hard disks.


Table 7—An application oriented list of risk XE "risk"  handling techniques (adapted from [THAYER97-2]).

A number of risk management software tools XE "tools"  are commercially available for identifying, analyzing, and handling software risks. Additional information about risk management can be found in [BOEHM81], [BOEHM89], and [DSMC89].

2.4.4.3 Software Quality Assurance

Software Quality XE "quality"  Assurance XE "assurance"  (SQA XE "SQA" ) is a Level 2 XE "level 2"  Key Process XE "process"  Area of the CMM XE "CMM" . It involves ensuring that good processes are in place for developing software. Although involved in the entire software development XE "software development"  process, SQA focuses on continuous process improvement XE "process improvement" , defect prevention, analysis of the project’s end product, and testing XE "testing"  of the final product [DUNN84]. Roger Pressman discusses several major SQA activities that are found throughout these areas of focus [PRESSMAN97]. These activities include:

Configuration management—SQA XE "SQA"  tasks in software configuration management XE "configuration management"  (SCM XE "SCM" ) emphasize the establishment of an SCM plan for the software project and audits XE "audits"  for compliance to the plan and software development XE "software development" /change management XE "change management"  standards XE "standards" .

Reviews and audits XE "audits" —The SQA XE "SQA"  team conducts formal technical reviews on requirements models and specifications XE "specifications" , preliminary design XE "design"  models, detailed design models and specifications, code, and test plans and procedures XE "procedures" . The reviews ensure that procedures are being followed and actions and results are documented.

Software specification, design XE "design" , and construction—In addition to the review activities, the SQA XE "SQA"  activities for software specification, design, and construction include review of interface specifications XE "specifications" , user manuals, development records and progress, verification XE "verification"  of requirements traceability, standards XE "standards"  compliance, and design and test traceability.

Tools and techniques—SQA XE "SQA"  activities include the review of individual software development XE "software development"  tools XE "tools"  and their applicability to each applicable software engineering XE "software engineering"  phase.

Software testing XE "testing" —SQA XE "SQA"  activities in software testing focus on the review of test plans and procedures XE "procedures" , test results, and test reports. 

Corrective action—SQA XE "SQA"  activities in taking corrective action XE "corrective action"  are a result of testing XE "testing" . They include defining and monitoring the implementation of corrective action procedures XE "procedures" , the audit of design XE "design" /code/test deficiencies and problem reporting and correction systems, and the analysis of design/code/test problems and defects XE "defects"  for trend XE "trend" .

Subcontractor management—SQA XE "SQA"  tasks in subcontractor management XE "subcontractor management"  focus on monitoring and auditing the subcontractor’s SQA approach.

Planning—The SQA XE "SQA"  tasks in planning XE "planning"  focus on the creation of a set of SQA requirements that will be applied throughout the planning process XE "process" . This includes the definition XE "definition"  of SQA responsibilities XE "responsibilities" , personnel, and tools XE "tools" , the review of the project plan XE "project plan"  for compliance, and review and updating of the project SQA plan.

Management monitoring—SQA XE "SQA"  activities include encouraging project managers to emphasize quality XE "quality"  throughout the project lifecycle XE "lifecycle" . It includes review of the project plan XE "project plan"  and project progress, participation in management steering group and status meetings, and the audit and review of development and management records.

Deliverables management—SQA XE "SQA"  activities in deliverables XE "deliverables"  management focus on the review of project deliverables to ensure conformance to plan and requirements.

Some of the specific techniques used in SQA XE "SQA"  include audits XE "audits" , trend XE "trend"  data, direct measurement, failure analysis, process XE "process"  cause and effect, Pareto analysis XE "Pareto analysis" , defect removal, and task XE "task"  entrance/exit criteria.

2.4.4.4 Configuration Management

Software Configuration Management XE "configuration management"  (SCM XE "SCM" ) is a Level 2 XE "level 2"  Key Process XE "process"  Area of the CMM XE "CMM" . It is the discipline of identifying the configuration of a system at discrete points in time for the purpose of systematically controlling XE "controlling"  changes to the configuration and maintaining the integrity and traceability of the configuration throughout the system lifecycle XE "lifecycle"  [BERSOFF84]. The software configuration is not just a set of computer XE "computer"  programs. It contains the documentation required to define, develop, and maintain these programs. According to Bersoff, SCM includes four components: identification, control XE "control" , audit, and status accounting XE "status accounting" .

Software configuration identification XE "configuration identification"  involves careful definition XE "definition"  of the baseline components of a system. This includes definition of changes to the baseline components as well. The baseline consists of specific elements commonly termed Software Configuration Items (SCI’s). The SCI’s make up the complete system and are generally related to one another in a tree-like hierarchical fashion. Identification of baselines as the development/maintenance XE "maintenance"  of a system progresses provides an explicit documentation trail linking the phases XE "phases"  of the software lifecycle XE "lifecycle" . This trail enables both the software developer and acquirer to assess the integrity of the system.

Software configuration control XE "configuration control"  involves the development of baselines and the incorporation of a series of changes into the baseline. The control component provides an administrative mechanism for identifying, preparing, evaluating, and approving/disapproving all change proposals throughout the system life cycle. This process XE "process"  generally includes documentation for formally initiating and defining a proposed change to a software system, an organizational body for formally evaluating and approving/disapproving a proposed change (i.e., Configuration Control Board (CCB)), and procedures XE "procedures"  for controlling XE "controlling"  the changes to the system.

Software configuration auditing XE "configuration auditing"  provides the mechanism for determining the degree to which the current state of the software system mirrors the software system described by the baseline and requirements documents. It also provides the mechanism for formally establishing a baseline. Auditing serves two purposes: configuration verification XE "verification"  and configuration validation. Verification ensures that what is intended for each SCI as specified in one baseline or update is actually achieved in the succeeding baseline or update. Configuration validation ensures that the SCI configuration solves the right problem and that customer needs are met. Auditing provides management visibility of the current status of the software system. It also provides traceability between the current product and the requirements for that product.

Software configuration status accounting XE "status accounting"  involves maintaining a record of how the system has evolved and where the system is at any time relative to what appears in the baseline documentation. Status accounting supports all of the previous components. It provides administrative tracking XE "tracking"  and reporting of all software items formally identified and controlled. It also includes the maintenance XE "maintenance"  of records to support configuration auditing XE "configuration auditing" . Status accounting provides traceability of the complete history of the software lifecycle XE "lifecycle" .

3 Software Project Management Approaches

This section presents three case studies of actual software project management implementations of the standardized approaches discussed in the previous section of this report. Each case study presents a summary of the specific approach, a discussion of results, and a list of key factors contributing to the results and outcome of the approach. The first case study describes CMM-based software project management activities at Raytheon Electronic Systems. The second case study discusses efforts at Sybase, Inc. to implement ISO 9001 quality initiatives and thereby gain ISO 9001 registration. The final case study describes a PMBOK-based software project management approach at the USAF’s Sacramento Air Logistics Center (SM-ALC/TIST).

3.1 CMM XE "CMM" -Based Software Project Management: Raytheon Electronic Systems XE "Raytheon Electronic Systems" 
The majority of software process XE "process"  improvement XE "software process improvement"  activities within the DOD over the past decade have centered on the SEI XE "SEI" ’s CMM XE "CMM" . Organizations within the DOD and its supporting contractors have sought to capture and assess the current state of their software processes. Based on assessment results that indicate low software process maturity XE "maturity"  (CMM Level 1 XE "level 1" ), most organizations have initiated approaches to progress toward higher CMM levels. Raytheon Electronic Systems XE "Raytheon Electronic Systems"  (RES) provides an example of this improvement process [SEI95]. RES is a division of Raytheon Company and is responsible for commercial and defense electronics. The software engineering XE "software engineering"  group within RES is the Software Engineering Laboratory (SEL) and consists of approximately 1,200 software engineers XE "software engineers" . By the latter part of the 1980s, software had become so pervasive within RES’s products that software problems quickly transformed into contract performance XE "performance"  problems. Due to an increasing problem of late and costly software projects, in 1987 RES conducted a self-assessment of its software process. The results of this assessment positioned RES at Level 1 of the CMM. Prompted by this low rating, RES launched the Software Engineering Initiative that resulted in marked improvements in the predictability and quality XE "quality"  of their software products.

3.1.1 Approach Summary

The software engineering XE "software engineering"  initiative instituted by RES is based on a standard software process XE "process" . This process is defined XE "defined"  by an underlying RES software policy describing the set of common software engineering practices XE "practices" , the elements of what software is developed, detailed procedures XE "procedures"  of how software is developed, and the tools XE "tools"  and training XE "training"  needed to make the organization effective. RES developed a process database to contain metrics and baselines collected and established for comparing future accomplishments, and a repository of project-related lessons-learned. Each project used the organization’s process tailored to its specific needs. Each project also developed and maintained its own software development XE "software development"  plan. A communications XE "communications"  infrastructure XE "infrastructure"  was created to funnel real-time information about successes and lessons learned to other projects for the benefit of the entire organization.

This implementation approach embodies three critical activities: establishing and maintaining an effective improvement environment XE "infrastructure" , identifying and managing risks to the effort XE "effort" , and measuring and analyzing project data to determine the benefits of the effort.

The environment XE "infrastructure"  consisted of an executive committee for direction and oversight, specialized working groups assigned to the major improvement areas, task XE "task"  teams to implement the improvement activities, and a software process XE "process"  engineering group (SEPG XE "SEPG" ) manager to monitor and coordinate the improvement activities. The executive committee was chaired by the software engineering XE "software engineering"  manager over software development XE "software development" , and consisted of the RES senior software engineer, chairmen of the working groups, the SEPG manager, the RES SQA XE "SQA"  manager, and the RES SCM XE "SCM"  manager. The working groups were chaired by line managers and focused on four major improvement areas: policy and procedures XE "procedures" , training XE "training" , tools XE "tools"  and methods, and software engineering process database. Each task team consisted of a team lead and a group of people focused on a specific process improvement XE "process improvement"  activity XE "activity"  and assigned a schedule XE "schedule"  and budget by one of the working groups. Task team participation was on a part-time basis in parallel with normal engineering responsibilities XE "responsibilities" . The SEPG manager evolved into two full-time management positions. One position was responsible for the extensive training program XE "training program"  and one position managed XE "managed"  the engineering repository.

The Policy and Procedures Working Group was responsible for documenting RES’s standard software process XE "process" . The group began by documenting the organization’s best practices XE "practices"  collected from individual projects throughout the organization. A standard list of best practices was selected as a process starting point. RES also leveraged information gained from DOD-STD-2167A and SEI XE "SEI" ’s work in process improvement XE "process improvement"  and the CMM XE "CMM" . The working group’s efforts resulted in a set of documents that described the RES standard software process.

The Training Working Group developed an extensive training XE "training"  program. The program was responsible for training over 4,200 personnel and utilized trainers selected from the RES engineering staff. Courses were conducted during work hours and included a feedback system to promote continuous improvement of the program.

The Tools and Methods Working Group identified and implemented a set of CASE tools XE "tools"  for use by the engineering and management teams. The tools were used for engineering, development, requirements, design XE "design" , and documentation. In addition, the working group established an advanced prototyping XE "prototyping"  laboratory called the Raytheon Advanced Prototyping, Integration and Demonstration (RAPID) lab used for rapid development and support tool evaluations for RES.

The Process Database Working Group was responsible for the development of the Process Data Center. This repository contained project and process XE "process"  data and provided a source for root cause analysis and recommendations for local and general process improvements to the project and standard processes.

3.1.2 Results

RES used metrics collection, root cause analysis, and other forms of analysis to identify the causes and nature of problems. This information enabled RES to determine specific improvement activities. The results of these efforts allowed RES to progress through CMM XE "CMM"  Levels 2, 3 and 4. RES’s standard process XE "process"  has been refined and improved. Within the context XE "context"  of the initiative, all projects are required to perform the following project management functions XE "management functions" :

· Collect appropriate, monthly metrics for storage and analysis by the process XE "process"  data center

· Regularly report the metrics and analyses

· Compare key quality XE "quality"  metrics and parameters to project baselines

· Train task XE "task"  managers and line personnel in statistical process XE "process"  control XE "control" 
· Use statistical process XE "process"  control XE "control"  to efficiently apply resources XE "resources"  to problem areas

· Perform root cause analysis at the project and SEPG XE "SEPG"  level for project and process XE "process"  problems

· Perform actions to change RES’s processes at the project and SEPG XE "SEPG"  levels.

To identify their return on investment (ROI), RES identified measures to define the cost XE "cost"  of quality XE "quality" . These measures included the cost of rework, the cost of identifying problems, the cost of preventing problems, and the cost of correctly developing software. In the first two years of the initiative, the cost of rework decreased from 41% of project costs to 20% of project costs with a downward continuing trend XE "trend" . This translated to savings of $4,480,000 over a one-year period based on specific project costs. An estimated initial XE "initial"  investment of $1,000,000 spread across the effective labor force resulted in an effective investment of $580,000 and an estimated ROI of $4,480,000/$580,000 or 7.7 to 1.

RES’s analysis continued in subsequent years with added projects. The initiative-sponsored activities resulted in several large software projects completing slightly ahead of schedule XE "schedule"  and up to 6% under budget. RES experienced similar improvements in the areas of software productivity, cost XE "cost"  performance XE "performance" , and overall product quality XE "quality" . Since the beginning of the initiative, deliverable source instructions (DSI) data gathered from 24 different projects showed an increase of approximately 170%. All of the projects were real-time embedded systems of moderate size XE "size"  (70K to 500K DSI). RES computed the cost performance index (CPI) as the quotient of the “Cost at Completion” (CAC) and the budgeted cost. Over the first four years, the CPI improved from an average 40% cost overrun XE "cost overrun"  to +/-3%. Product quality was measured using product defect density XE "defect density" , measured as the number of software trouble reports per thousand lines of DSI on a single project basis. The individual project data was then combined to produce a monthly weighted average. The defect density experienced a decrease from 17.2 to 4.0 software trouble reports per thousand lines of DSI.

3.1.3 Success Factors

RES credits five factors for the success of the initiative and its effects on their software project management activities. These factors are:

· The initiative vision XE "vision"  and commitment came from the software organization manager.

· The initiative had full support and sponsorship of general management.

· The process XE "process"  improvements demonstrated clear benefits to the projects.

· The initiative carefully considered and addressed the corporate culture XE "culture"  of Raytheon.

· The initiative was run from within the ranks of the software organization.

3.2 ISO XE "ISO"  9000 Software Project Management: Sybase, Inc. XE "Sybase, Inc." 
A significant amount of interest within private industry XE "industry"  has focused on ISO XE "ISO"  9000 registration XE "registration" . The ISO 9000 XE "ISO 9000"  standard is a series of documents dealing with quality XE "quality"  systems that can be used to establish and maintain quality assurance XE "assurance"  programs. The series includes ISO 9001 XE "ISO 9001" , ISO 9002, ISO 9003, ISO 9004, and ISO 8402. Of these, ISO 9001, “Quality Systems – Model for quality assurance in design XE "design" /development, production XE "production" , installation XE "installation" , and servicing XE "servicing" ” and its guidelines document ISO 9000-3 “Guidelines for Applications ISO 9001” apply to software development XE "software development"  and maintenance XE "maintenance" . Sybase, Inc. XE "Sybase, Inc."  recently instituted ISO 9000 registration programs within its software organizations [ISOEASY98]. Sybase is the world’s seventh largest software company and is the only independent company to be ISO 9001/TickIT XE "TickIT"  certified in more than 80% of its engineering organizations in the United States. Sybase became interested in ISO 9000 certification XE "certification"  because of the customer satisfaction and cost XE "cost"  savings it has brought to other companies.

3.2.1 Approach Summary

Sybase’s first step in implementing ISO XE "ISO"  9000 in its quality XE "quality"  efforts was to interview companies who had been successful in gaining registration XE "registration" . Lessons-learned by these companies were compiled and adapted to the corporate culture XE "culture" . An independent consultant was hired early in the process XE "process"  on a temporary contract geared toward transferring the ISO language and attitudes to the targeted organizations. Based on this information foundation, a three point strategy was developed for the implementation process:  (1) maintain a sense of humor and proportion about ISO 9000 XE "ISO 9000" , (2) find the old mistakes made by other software groups and avoid them, and (3) focus effort on the critical success factors.

Maintaining a Sense of Humor and Proportion—From the outset, Sybase prepared itself for a deluge of ridicule and resistance. The personnel responsible for the change implementations anticipated the challenge and resolved to take the resistance in stride. They recognized that a key to acceptance of the certification XE "certification"  efforts was procedural simplicity. Sybase elected to follow the ISO golden rule that if a process XE "process"  doesn’t make sense, it should be rewritten. Sybase also recognized the diversity of ISO registrars and took care in selecting a registrar that provided flexible but firm added value to the organization.

Finding and Avoiding Old Mistakes—Sybase collected lessons learned by interviewing organizations that had achieved ISO XE "ISO"  registration XE "registration" . The ISO team strived to identify, understand and avoid the mistakes made by these organizations. Some of the mistakes XE "challenges"  the team identified and the strategy taken to mitigate the risk of incurring the same mistakes are presented below.

	Previous Mistakes
	Mitigation Strategy

	Setting the registration XE "registration"  schedules longer than needed.
	Sybase estimated that a nine-month schedule XE "schedule"  would be adequate.

	Establishing and delegating the responsibility for the project too low within the organization.
	Sybase identified and promoted responsibility for ISO XE "ISO"  registration XE "registration"  at all levels of the organization.

	Attempting to train too many people in too short of time.
	Sybase took a piecemeal approach to training XE "training" . They identified promising personnel and groups, administered training, and leveraged-off of the success to spread the information to other groups.



	Overloading functional experts with procedure writing.
	Sybase utilized a dedicated technical writing function to write procedures XE "procedures"  based on expert input.



	Underestimating the resource commitment for the ISO XE "ISO"  effort XE "effort" .
	Sybase planned for reviews, training XE "training" , internal auditing functions, and other ISO-related activities in the budgets of all affected projects and departments.

	Including excessive detail in procedures XE "procedures" .
	Sybase set effective page limits for the length of procedures. An ideal limit was set at two pages, one being a flowchart. Individual procedures varied in length, but a minimum size XE "size"  was enforced.

	Lack of sufficient training XE "training"  for appropriate personnel.
	Sybase established training plans to train all personnel involved in the ISO XE "ISO"  effort XE "effort"  in performing the procedures XE "procedures" , and on taking ISO audits XE "audits" .



	Maintaining executive interest and project momentum.
	Sybase implemented efforts to keep executives informed and involved in the project and relied on this sponsorship to maintain momentum for the registration XE "registration"  effort XE "effort" .




Focus on Critical Success Factors—Sybase identified critical success factors early in the registration XE "registration"  project and focused efforts on exploiting these factors. The first engineering group targeted received certification XE "certification"  after ten months. Six months after that, 80% of Sybase engineers were working under ISO XE "ISO"  9001/TickIT XE "TickIT"  certified processes.

3.2.2 Results

Sybase leveraged-off of success stories from other companies and sought quick, meaningful improvements. One research source they used indicated potential defect error rate improvements on the order one magnitude. Specific improvements became immediately obvious from a process XE "process"  standpoint. For example, on some projects former skeptics of ISO XE "ISO"  certification XE "certification"  became avid supporters when functional specifications XE "specifications"  and documents that were previously routinely outdated, became regularly updated and made available. Another process improvement XE "process improvement"  involved Sybase’s engineering departments who publicly vetoed proposed management shortcuts citing that quality XE "quality"  shortcuts would not be allowed and that the correct procedure would be followed. Sybase incurred some initial XE "initial"  consulting costs and a modest investment in technical writers, dedicated management, personnel training XE "training" , and internal auditing functions. For this investment, they achieved a quality systems management approach that provided a common direction and language for process and measurement. In the long term, Sybase achieved significant improvement in customer satisfaction and therefore, the bottom line.

3.2.3 Critical Success Factors

Sybase credits the identification and exploitation of a few critical success factors for achieving ISO XE "ISO"  9001/TickIT XE "TickIT"  registration XE "registration" . These factors included:

· Dividing the effort XE "effort" . Sybase divided the registration XE "registration"  project into short, distinct units and staggered the schedules for the units. As the initial XE "initial"  units progressed and successes were encountered, these successes were communicated and shared with the remaining units underway or just beginning. Successes were leveraged and continuous process XE "process"  improvement was leveraged.

· Temporary consulting assistance. Sybase contracted for temporary assistance from a consultant to quickly transition terminology XE "terminology"  and general understanding of ISO XE "ISO"  9000 to the organization.

· Executive sponsorship. Sybase executives were strongly involved in the registration XE "registration"  project. A steering committee was established and meetings were held regularly. Successes were identified early and communicated to all other areas of the project. Executives understood the successes in their organizations and ensured that needed resources XE "resources"  were available to continue the success.

· Close project management and control XE "control" . Sybase ensured that tight schedules were managed XE "managed"  and controlled closely. A scoring system was established to identify issues for management attention.

· Dedicated procedure writing. Sybase established a technical writing function that was dedicated to writing the ISO XE "ISO"  9000 procedures XE "procedures" . Functional experts were called to meetings in each ISO 9000 XE "ISO 9000"  requirement area. While in the meetings, the experts gave suggestions and inputs to the technical writers who developed the procedures in real-time, based on the inputs received.

· Accountability. Sybase held managers accountable for success in their areas, which promoted buy-in and sponsorship.

· Metrics. Sybase established metrics early in the registration XE "registration"  project. Focus was placed on quality XE "quality"  and metric information was made highly visible to the organizations preparing for certification XE "certification" .

· Added value audits XE "audits" . Sybase established and implemented audits that added value to the organization instead of audits focusing on conformance only. Both internal and external XE "external"  audits were conducted.

3.3 PMBOK XE "PMBOK"  Software Project Management: SM-ALC/TIST XE "SM-ALC/TIST" 
The Software Engineering Support group (SM-ALC/TIST XE "SM-ALC/TIST" ) at Sacramento Air Logistics Center XE "Sacramento Air Logistics Center" \t "See SM-ALC/TIST"  used a combination approach in improving its software project management capabilities. Using a controlled, metric-based effort XE "effort" , TIST established a mature software engineering process XE "process"  based on the CMM. They then built on that foundation with state-of-the-practice management approaches espoused by PMI XE "PMI" .

3.3.1 Approach Summary

TIST was created in the 1970’s XE "1970’s"  to support a variety of aircraft and software systems. It was consolidated into the Technology and Industrial Support (TIS) directorate in 1993 XE "1993" . The organization consisted of over 320 engineers and support staff and supported a software development XE "software development"  and maintenance XE "maintenance"  workload of between $30,000,000 to $35,000,000 annually. The organization’s customers included software systems for the A-10 attack aircraft, the MILSTAR communications XE "communications"  satellite system, ground and weather radar systems, and warfare simulation XE "simulation"  systems.

TIST began its software improvement journey in 1991when it was considered an immature CMM XE "CMM"  Level 1 organization. By 1994, TIST had established the necessary software engineering XE "software engineering"  processes and experience XE "experience"  to enable the organization to be assessed at CMM level 3 XE "level 3" . TIST examined its capabilities and challenges XE "challenges"  and identified three principal areas of needed further improvement. The areas included strategic planning XE "planning" , human resources XE "resources"  management, and marketing and project management. Within these areas, the following specific challenges were identified:

· Strategic planning XE "planning" —projects continually became bogged down in the concept stage and the organization could never settle on how it should do business.

· Human resources XE "resources"  management—roles XE "roles"  and responsibilities XE "responsibilities"  between key players were often blurred and restrictive, and individuals in the organization often lost focus in TIST’s active multi-tasking environment XE "environment" .

· Marketing and project management—processes were plagued with problems, persisted without needed focus, and were not widely accepted, and despite the solid level 3 XE "level 3"  rating, individualism was still present at a distracting level.

The first step in TIST’s improvement approach was to focus on continued CMM XE "CMM"  education XE "education"  and tools XE "tools"  training XE "training" . The organization decided to focus its efforts on process XE "process"  management, project estimation, project management, executive information systems, and resource reporting. The initial XE "initial"  results included the development of the Program Planning Management Toolset (PPMT) which provided some of the desired improvements in the project management focus area. However, in June 1995, the Base Realignment and Closure Committee (BRAC) announced that McClellen Air Force Base XE "McClellen Air Force Base"  would be closed. Despite this setback, TIST was committed to its improvement plans and refocused its efforts to transitioning its workload, close McClellen AFB, and complete its mission XE "mission"  with honor. 

TIST’s progress was again assessed. It was determined that some progress had been made with respect to CMM education and tools training in the areas of project mentoring and technology XE "technology" , but challenges XE "challenges"  still existed with project management education and policy, process, and methodology XE "methodology"  understanding and acceptance. Overall, little progress had been made in the original three focus areas of strategic planning XE "planning" , human resource management, and marketing and project management. In 1996, TIST established a relationship XE "relationship"  with PMI XE "PMI"  and began investigating PMBOK XE "PMBOK"  education and professional project management certification XE "certification" . Utilizing information and resources XE "resources"  from PMI, TIST focused new efforts on an improvement effort XE "effort"  targeted toward the organization, project managers and the technical staff. Elements were selected from the nine PMI core areas: project scope XE "scope" , time, cost XE "cost" , quality XE "quality" , human resources, communication, risk XE "risk" , procurement, and integration XE "integration"  management. These elements were exploited to improve interfaces between customers, management, and the project. Training was established in PMBOK basics and project integration and monthly project management meetings were held to promote the training. By the end of 1996, improvements continued in project mentoring and technology, and improvements were noted in project management education and policy, process, and methodology understanding and acceptance. Noted improvements were made in each of the original three focus areas. Based on this success, TIST was even more determined to make project management the “life blood” of its software project successes. A five-element strategy was established to continue the improvement process. The five elements included:

· Guidelines—Stabilize project management processes to facilitate rapid navigation through the project lifecycle XE "lifecycle" .

· People—Adequately train and equip project teams to manage projects.

· Measurement—Measure project success against a common set of standards XE "standards" .

· Communicate—Communicate project management as an accepted and positive influence.

· Structure—Establish an organizational environment XE "environment"  that accommodates the project manager XE "project manager" .

This strategy was implemented and monitored to measure progress against the original focus areas. A final effort XE "effort"  was placed on professional certification XE "certification"  in the field of project management and the appropriate and skilled use of project management tools XE "tools" . As progress was measured, solid, ongoing improvements were identified in project mentoring, technology XE "technology" , project management education XE "education" , and policy, process XE "process" , and methodology XE "methodology"  understanding and acceptance. Measurable success was identified with all challenges XE "challenges"  identified in the original focus areas of strategic planning XE "planning" , human resource management, and marketing and project management. Once efforts with PMI XE "PMI"  became institutionalized, solutions were identified to each challenge in the original focus area as described below.

· Strategic planning XE "planning" —The PMBOK XE "PMBOK"  was adopted as the standard project management framework XE "framework" , and TIST’s current best practices XE "practices"  were tailored PMI XE "PMI" ’s processes.

· Human resource management—The role of project manager XE "project manager"  was formally defined XE "defined"  and recognized in context XE "context"  with other roles XE "roles"  in the organization, and the management processes were applied with an accompanying skills development program.

· Marketing and project management—A process XE "process"  for continuous project management improvement was established, and communication was enhanced through project management forums and technology XE "technology" .

3.3.2 Results

TIST’s early progression to CMM Level 3 XE "level 3"  enabled it to improve its software quality XE "quality"  from 3-9 defects XE "defects"  per work unit in 1991 XE "1991"  to 1 defect per work unit in 1994. The average software cost XE "cost"  per project was improved by $8,000,000 to $26,000,000, and productivity, based on project duration XE "duration" , was increased by a factor of 37.5% to 50%. As of April 1998, a total of 200 personnel had received significant PMI XE "PMI"  training XE "training" , including 12 Project Management Professional certifications, 80 workshop completions in PMBOK XE "PMBOK"  basics, and an additional 108 personnel in the process XE "process"  of completing project management internships, certification XE "certification" , and/or other general education XE "education" . Perhaps most important, the principles XE "principles"  conveyed in the workshops XE "workshops"  and certification activities were applied directly to work on the job, leading to improved project success and personnel reemployment opportunities in light of the pending base closure.

3.3.3 Success Factors

TIST gained valuable experience XE "experience"  in the benefits of combining CMM XE "CMM"  and PMI XE "PMI"  approaches to their software project management responsibilities XE "responsibilities" . TIST management listed the following lessons learned and key factors as instrumental in their success:

· The organization understood and practiced good project management principles XE "principles" , but did not understand how to apply them in the correct ways.

· TIST analyzed the results it achieved from both the CMM XE "CMM"  approach and their relationship XE "relationship"  with PMI XE "PMI"  and drew the conclusion that a gap exists between project management capability and software process XE "process"  maturity XE "maturity" .

· The organization determined that the proper use of technology XE "technology"  and software process XE "process"  maturity XE "maturity"  go hand-in-hand with each other.

· Introducing and effecting technological change in an organization can be accomplished successfully if the change is treated and managed XE "managed"  as a project itself.

· The institutionalization of continuous process XE "process"  improvement is essential to successfully managing software projects.

· An attitude of consistent project leadership is critical to achieving success at the organizational level.

4 Software Project Management Tools and Support

The field of project management has produced a number of tools XE "tools"  and support services XE "services"  to aid and assist software organizations. These support options include specific tools to automate project management functions XE "management functions" , consulting and expertise services, academic and professional organizations that promote common interests, and conference and other presentation and discussion forums for the proposal and debate of ideas and innovations. This section provides a discussion of the various tools and support areas for software project management.

4.1 Project Management Software

Project management software XE "project management software"  has been instrumental in the field since the 1970s and 1980’s XE "1980’s"  and the advent of the personal computer XE "computer" . The number and capabilities of tools XE "tools"  has grown steadily since that time. Today, a wide range of tools are commercially available. These tools focus on every aspect of project management, offer diverse functionality, and are available at a wide range of prices. The burden of selecting and inserting a suitable project management tool often rests with the project team XE "project team" . The following sections provide guidance on the evaluation XE "evaluation"  and insertion of these tools. A listing of commercially available project management software tools is found in the appendix “Project Management Software Tools.”

4.1.1 Evaluation

The process XE "process"  of evaluating project management software XE "project management software"  can be divided into three principal steps: candidate selection, candidate evaluation XE "evaluation" , and data analysis XE "data analysis" .

Candidate Selection—The purpose of candidate selection is to identify appropriate software tools XE "tools"  as candidates for detailed evaluation XE "evaluation" . The identification process XE "process"  involves developing a list of minimum functional features that a candidate must provide. The minimum criteria is based on tool or project characteristics and specific management functions XE "management functions"  (i.e., the stability of the tool vendor, the maximum number of tasks per project, or the different methods used by the organization to track earned value XE "earned value" ). This list can then be used to sample or test the functionality offered by a given project management software XE "project management software"  tool. It should be noted that not all project management software tools are equivalent in features. Tools also vary considerably in cost XE "cost" . Care should be taken in developing the required function list. If the required functions are too stringent, higher priced tools may be the only surviving candidates. The list of required functions should be detailed and large enough to qualify some tools and disqualify others. One approach is to assign priority or weighting factors to the requirements. This allows some tools to be considered that may be strong in some areas but lacking in others. An effective threshold of suitability can then be used to focus on the best candidates. The required function list should only be used as a filter at this point. Some common set of features exists, but how each tool implements them will be different. The filtering process should narrow the list of possible candidate tools to a manageable number (generally 3-4).

Candidate Evaluation—The purpose of candidate evaluation XE "candidate evaluation"  is to perform detailed evaluations of the selected candidate tools XE "tools" . This process XE "process"  involves a detailed examination of each candidate’s capabilities. A team with knowledge XE "knowledge"  of the organization’s projects should perform the evaluation. The list of functional requirements becomes the functional criteria against which each candidate is evaluated. As the functional requirements are addressed, each candidate’s implementation should be noted and documented. A scoring methodology XE "methodology"  should be applied to separate and distinguish the candidates. One approach is to assign a three point scale to the evaluation results (i.e., score 0 – does not perform the requirement, score 5 – performs the requirement, score 10 – performs the requirement exceptionally with respect to the organization’s business practices XE "practices" ).

Data Analysis—The purpose of data analysis XE "data analysis"  is to use the detailed evaluation XE "evaluation"  and scoring data to formulate specific recommendations for the organization. Data analysis involves gaining a consensus on each candidate’s scoring data. Each team member should be allowed to explain his or her results and to vote on final scoring. Scoring justification for key criteria should be noted and documented for each candidate. The final scoring data can then be compiled, formatted, and presented as specific recommendations to organization management for review and procurement decisions.

4.1.2 Insertion

Technology insertion includes processes for guiding process XE "process"  improvement by identifying and implementing technology XE "technology"  solutions in an organization. These processes include both technology evaluation XE "evaluation"  and technology change management XE "change management" . Project management software XE "project management software"  can either improve or hinder process improvement XE "process improvement"  efforts. Specific projects or departments should be carefully selected. Detailed entry and exit criteria should be developed and an insertion plan should be established. As with any technical change, sponsorship and management buy-in should be established prior to insertion activities. Communication should be maintained at all levels of the organization to inform affected individuals of successes and challenges XE "challenges" .

4.2 Project Management Services

The field of project management has grown and matured dramatically since the 1950’s. Since that time, organizations have improved in all aspects of the science XE "science" . A large number of organizations have emerged that specialize in project management services XE "services" . These services include organizational management, human resources XE "resources" , cost XE "cost"  accounting, and information and communications XE "communications"  management. Specific service providers can be located in the software technology related sections of the local phone directory, through specific interest groups and professional societies, and topic searches on the internet.

4.3 Professional Organizations

The establishment and growth of project management professional organizations has steadily increased since the 1970’s XE "1970’s" . These organizations are committed to furthering and refining the field of project management. They set standards XE "standards" , provide education XE "education" , grant accreditation XE "accreditation"  and certification XE "certification" , conduct conferences XE "conferences"  and symposia XE "symposia" , publish professional journals, and maintain networks of project management professionals throughout the world. Membership in some organizations is free of charge, but a well-compensated fee is required in most cases. A list of some project management professional organizations is found in the appendix “Project Management Professional Organizations.”

4.4 Conferences and Symposia

Most of the larger and well established professional organizations and commercial project management vendors conduct conferences XE "conferences"  and symposia XE "symposia"  relative to the field of software project management. Some symposia are dedicated to project management science XE "science" , such as the PMI XE "PMI"  Symposium sponsored by the Project Management Institute XE "Project Management Institute" \t "See PMI" . Other conferences such as Project World provide a commercial as well as theoretical approach. Project management vendors also often host annual user conferences that highlight specific advances in project management possible using their products. A list of project management conferences and symposia is found in the appendix “Project Management Conferences and Symposia.”

Appendices

This section provides specific appendix information referenced in the report. It contains technical listings for project management software tools, project management professional organizations, and project management conferences and symposia.

4.5 Technical Listings

4.5.1 Project Management Software Tools

Project Management

	Action Plan
	Netmosphere, Inc.

1730 S. Amphlett Blvd., Suite 123

San Mateo, CA 94403

Phone: 650-655-2031 
Fax: 650-655-2032

www.netmosphere.com

	aimfirst
	aimware [us]; 374 congress street, suite 307,

Boston, MA 02210
Phone: 617 357 9000

Fax: 617 357 9004

www.aimware.com

	Allegro
	Deltek Systems, Inc.

5690 DTC Boulevard Ste. 260
Englewood, CO 80111 - 3234
Phone: 303 850-9854
FAX: 303 779-9852

www.allegrogroup.com

	AMS Realtime Projects
	Advanced Management Solutions, Inc.

5746 Union Mill Road
Suite 295
Clifton, VA 20124
Phone: (703) 968 6660
Fax: (703) 631 4491

www.amsusa.com

	Artemis Views Release 4
	Artemis Management Systems

6260 Lookout Road
Boulder, CO 80301 USA

Telephone: 800-477-6648

Fax: 303-531-3140

www.artemispm.com

	AutoPLAN Enterprise
	Digital Tools

20300 Stevens Creek Blvd., Suite 400
Cupertino, CA 95014
Phone: 1-408-366-6920

www.digit.com

	BST Management Information   System
	BST Consultants, Inc.
5925 Benjamin Center Drive , Suite 110
Tampa, FL 33634

Voice: 813-886-3300
Fax: 813-884-8528

www.bstconsultants.com

	CA-SuperProject for Windows
	Computer Associates International, Inc.
One Computer Associates Plaza
Islandia, NY 11788, USA
516-342-5224
www.cai.com

	FastTrack Schedule 5.0
	AEC Software

22611-113 Markey Court

Sterling, VA 20166
Phone: (800) 346-9413

Fax: (703) 450-9786

www.aecsoft.com

	Function Point Manager
	ABT Corporation

1353 Redwood Way

Petaluma, CA 94954

Tel: 707-793-8300

Fax: 707-793-8318

www.abtcorp.com

	IntraPlan
	Intra2000

P.O. Box 8592

Berkeley, CA 94707-8592

Phone: (800) 555-8310

FAX: (510) 527-6228 

www.intraplan.com

	Metrics Manager
	ABT Corporation

1353 Redwood Way

Petaluma, CA 94954

Tel: 707-793-8300

Fax: 707-793-8318

www.abtcorp.com

	MicroFrame Project Manager (MPM)
	Business Engine Software Corporation

100 Bush Street, 22nd Floor 
San Francisco, CA 94104 
Phone: 415.616.4000 
Fax: 415.616.4008

www.microframe.com

	Micro Planner
	Micro Planning International Inc.

3801 E. Florida Ave., Ste. 500 
Denver, CO 80210 

Phone: (800) 852-7526

Fax: (303) 757-2047

www.microplanning.com

	Microsoft Project 98
	Microsoft Corporation
One Microsoft Way 
Redmond, WA 98052-6399
Telephone: (425) 882-8080

www.microsoft.com

	Milestones, Etc.
	Kidasa Software, Inc.

1114 Lost Creek Blvd., Ste. 300

Austin, TX 78746

Phone: 800-765-0167

FAX: 512-328-0247

www.kidasa.com

	Open Plan Professional
	Welcom Software Technology 

15995 North Barkers Landing Road, Suite 275 
Houston, TX 77079-2494 
Tel: 281.558.0514 
Fax: 281.584.7828 

www.welcom.com

	PlanView Software
	PlanView Software Inc. 

7320 North Mopac #300 
Austin, TX 78731 

Tel: (512) 346-8600 General 
Fax: (512) 346-9180 

www.planview.com

	PowerProject
	Asta Development, Inc.
145 West 58th Street
New York, NY 10019 

Phone: (212) 765-2355

Fax: (212) 765-2348

www.astaus.com

	Primavera Project Planner
	Primavera Systems, Inc.
Two Bala Plaza
Bala Cynwyd, PA 19004 USA
Phone: 610.667.8600

www.primavera.com

	ProChain Project Scheduling & Management
	Creative Technology Labs, LLC
Washington, D.C. Headquarters
12910 Harbor Drive
Lake Ridge, VA 22192
Office: (703)-490-8821
Fax: (703)-494-1414
www.prochain.com

	ProjecTrak
	Eden Communications, Inc.

376 Broadway

Saratoga Springs, NY 12866

Phone: (518) 580-0760 

www.projectrak.com

	Project Kickstart
	Experience In Software, Inc.

2000 Hearst Avenue

Berkeley, CA 94709

Phone: 800-678-7008 

www.projectkickstart.com

	Project Scheduler 7
	Scitor Corporation
333 Middlefield Road, FL2
Menlo Park, CA 94025 

Ph: (650) 462-4200
Fax: (650) 462-4201

www.scitor.com

	Project Workbench PMW 3.2
	ABT Corporation

1353 Redwood Way

Petaluma, CA 94954

Tel: 707-793-8300

Fax: 707-793-8318

www.abtcorp.com

	Projx Tool Suite
	Andrew Ballantine Technology Ltd.

Worting House

Basingstoke, Hampshire, UK, RG23 8PY
Phone: 01256 355350

Fax: 01256 811876 

www.aballantine.demon.co.uk

	SLIM-Control
	Quantitative Software Management

2000 Corporate Ridge, Suite 900
McLean, VA 22102
Phone: (800) 424-6755

Fax: (703) 749-3795

www.qsm.com

	SLIM-Metrics
	Quantitative Software Management

2000 Corporate Ridge, Suite 900
McLean, VA 22102
Phone: (800) 424-6755

Fax: (703) 749-3795

www.qsm.com

	SPR KnowledgePLAN
	Artemis Management Systems

6260 Lookout Road
Boulder, CO 80301 USA

Telephone: 800-477-6648

Fax: 303-531-3140

www.artemispm.com

	SureTrak 2.0
	Primavera Systems, Inc.
Two Bala Plaza
Bala Cynwyd, PA 19004 USA
Phone: 610.667.8600

www.primavera.com

	Time Line 6.5
	Time Line Solutions Corporation
7599 Redwood Blvd., Suite 209
Novato, CA 94945
Phone: 415.898.1919
Fax: 415.898.0177 

www.tlsolutions.com

	Trakker
	Dekker Ltd., Management Technologies Institute (DMTI)

636 E. Brier Drive, Building 260

San Bernardino, CA 92408

Phone: 909-384-9000

fax: 909-889-9163

www.dtrakker.com


Related Fields:

	Caliber-RM(requirements mgt/trace)
	Technology Builders, Inc.
400 Interstate North Parkway, Suite 1090 
Atlanta, GA 30339 

Phone: 770-937-7900 
Fax: 770-937-7901 

www.tbi.com

	CMS Planner(requirements mgt/trace)
	STEPS: Tools Software
367 Spadina Road, Lower Level
Toronto, ON
CANADA M5P 2V7

www.stepstools.com

	DOORS(requirements mgt/trace)
	Quality Systems and Software, Inc.

11921 Freedom Drive, Suite 550 
Reston, VA 20190 
Phone: 703 904 4360
Fax: 703 834 6622 

www.qssinc.com

	KRM-mv(risk XE "risk"  management)
	The Kamakura Corporation

2800 Woodlawn Drive, Suite 138
Honolulu, HA 96822, 
Phone: (808) 539-3847
Fax: (808) 539-3748

www.kamakuraco.com

	Requirements & Traceability Management (RTM) (requirements mgt/trace)
	Marconi Systems Technology
4115 Pleasant Valley Road, Suite 100
Chantilly, VA 22021
Phone: (703) 263-1260
Fax: (703) 263-1533

	RequisitePro(requirements mgt/trace)
	Rational Software Corporation
18880 Homestead Rd
Cupertino, CA 95014
Tel. 408-863-9900 
Fax 408-863-4120

www.rational.com

	Risk+ (risk XE "risk"  management)
	Program Management Solutions Inc.

111 Sepulveda, Suite 333
Manhattan Beach, CA 90266
Phone: 281-447-7213
Fax: 281-447-8291

www.prog-mgt.com

	Risk Radar(risk XE "risk"  management)
	Software Program Managers Network

Phone: 703-521-5231

www.spmn.com

	RiskTrak (risk XE "risk"  management)
	Risk Services & Technology

17 Old Nashua Road #6

Amherst, NH 03031

(603) 673-9907

www.risktrak.com

	SLIM-Estimate(risk XE "risk"  management)
	Quantitative Software Management

2000 Corporate Ridge, Suite 900
McLean, VA 22102
Phone: (800) 424-6755

Fax: (703) 749-3795

www.qsm.com

	SQA XE "SQA"  Suite (sqa)
	Rational Software Corporation
18880 Homestead Rd
Cupertino, CA 95014
Tel. 408-863-9900 
Fax 408-863-4120

www.rational.com

	System Risk Management Database (risk XE "risk"  management)
	NASA Lewis Research Center 
Office of Safety, Environmental & Mission Assurance 
Tel: (216)433-2416 

www-osma.lerc.nasa.gov

	Visual Quality Toolset (sqa)
	McCabe & Associates, Inc. 

5501 Twin Knolls Road, Suite 111
Columbia, MD 21045 

Phone: 1-800-638-6316 
Fax: 410-995-1528 

www.mccabe.com


Total Project Management

	Business Engine
	Business Engine Software Corporation

100 Bush Street, 22nd Floor 
San Francisco, CA 94104 
Phone: 415.616.4000 
Fax: 415.616.4008

www.microframe.com

	Firstcase 3.5
	AGS Management Systems, Inc.

1012 W. Ninth Ave., 
King of Prussia, PA 19406

Phone: (800) 220-2471

www.agsms.com

	Process Continuum
	Platinum Technology

1815 S. Meyers Rd., 
Oakbrook Terrace, IL 60181

Phone: (800) 442-6861

www.platinum.com

	Project Communicator
	Scitor Corporation
333 Middlefield Road, FL2
Menlo Park, CA 94025 

Ph: (650) 462-4200
Fax: (650) 462-4201

www.scitor.com

	Project Home Page
	Netmosphere, Inc.

1730 S. Amphlett Blvd., Suite 123

San Mateo, CA 94403

Phone: 650-655-2031 
Fax: 650-655-2032

www.netmosphere.com


Team Management

	ABT Connect
	ABT Corporation

1353 Redwood Way

Petaluma, CA 94954

Tel: 707-793-8300

Fax: 707-793-8318

www.abtcorp.com

	ABT Resource Manager
	ABT Corporation

1353 Redwood Way

Petaluma, CA 94954

Tel: 707-793-8300

Fax: 707-793-8318

www.abtcorp.com

	AMS Realtime Resources
	Advanced Management Solutions, Inc.

5746 Union Mill Road
Suite 295
Clifton, VA 20124
Phone: (703) 968 6660
Fax: (703) 631 4491

www.amsusa.com

	BB Project
	Quality Decision Management, Inc.

200 Sutton St., Suite 225
North Andover, MA 01845

Phone: (508) 688-8266

www.qdm.com

	CarpeDiem 7.55
	ProSoft Corp.

14800 Quorum Dr., Suite 500
Dallas, TX 75240-6745

Phone: (800) 477-6763

www.pscorp.com

	Einstime
	The Logical Choice

187 Victory Blvd., 
Staten Island, NY 10301

Phone: (800) 851-8401

www.theological.com

	GroupWork
	IslandWay Corp.

131 Elliot St., 
Newton, MA 2164

Phone: (617) 527-5288

www.islandway.com

	ManagePro 3.2
	Avantos Performance Systems, Inc.

5900 Hollis St., Suite A
Emeryville, CA 94608

Phone: (800) 282-6867

www.avantos.com

	TeamFlow for Windows 5.0
	CFM, Inc.

P.O. Box 353, 
Bedford, MA 01730-0353

Phone: (800) 647-1708

www.teamflow.com


Project Accounting

	ABT Connect
	ABT Corporation

1353 Redwood Way

Petaluma, CA 94954

Tel: 707-793-8300

Fax: 707-793-8318

www.abtcorp.com

	Electronic Input
	BST Consultants, Inc.
5925 Benjamin Center Drive , Suite 110
Tampa, FL 33634

Voice: 813-886-3300
Fax: 813-884-8528

www.bstconsultants.com

	COBRA
	Welcom Software Technology 

15995 North Barkers Landing Road, Suite 275 
Houston, TX 77079-2494 
Tel: 281.558.0514 
Fax: 281.584.7828 

www.welcom.com

	Expedition
	Primavera Systems, Inc.
Two Bala Plaza
Bala Cynwyd, PA 19004 USA
Phone: 610.667.8600

www.primavera.com

	Oracle Project Accounting
	Oracle Corp.

500 Oracle Pkwy., 
Redwood Shores, CA 94065

Phone: (800) 633-0596

www.oracle.com

	Renaissance CS Project Accounting
	Ross System, Inc.

Two Concourse Pkwy., Suite 800
Atlanta, GA 30328

Phone: (404) 851-1872

www.rossinc.com

	Solomon IV Project Controller
	Solomon Software

200 East Hardin St., 
Findlay, OH 45840

Phone: (800) 476-5666

www.soloman.com

	SQL Time Project Accounting
	Design Data Systems Corp.

11701 S. Belcher Rd., Suite 105
Largo, FL 33773

Phone: (800) 655-6598

www.designdatasy.com

	TimeControl 3
	HMS Software

1000 St-Jean, Suite 711
Pointe Claire, QC H9R 5P1
Phone: 514-695-8122
Fax: 514-695-8121

www.hmssoftware.ca

	Timeslips
	Sage - Timeslips
17950 Preston Road
Suite 800
Dallas, TX 75252 

Phone: 972-818-3900
Fax: 972-248-9245

	Time Wizard
	Business Engine Software Corporation

100 Bush Street, 22nd Floor 
San Francisco, CA 94104 
Phone: 415.616.4000 
Fax: 415.616.4008

www.microframe.com


Visual Aids

	ABC Flowcharter
	Micrografx

1303 E. Arapaho Rd.
Richardson, TX 75081

Phone: (800) 445-3006

www.micrografx.com

	ABT Publisher
	ABT Corporation

1353 Redwood Way

Petaluma, CA 94954

Tel: 707-793-8300

Fax: 707-793-8318

www.abtcorp.com

	Clear Process
	SPSS

444 N. Michigan Ave.
Chicago, IL 60611

Phone: (800) 338-1759

www.spss.com

	Corel Flow
	Corel

1600 Carling Ave.
Ottawa, Ontario, Canada K1Z 8R7

Phone: (800) 772-6735

www.corel.com

	MetaDesign
	Meta Software

125 CambridgePark Drive

Cambridge, MA 02140
Phone: 617-576-6920

Fax: 617-661-2008 

www.metasoftware.com

	PERT XE "PERT"  Chart EXPERT
	Critical Tools

8004 Bottlebrush Drive
Austin, TX 78750

Phone: 512-342-2232
Fax: 512-342-2234
www.criticaltools.com

	Process 98
	Scitor Corporation
333 Middlefield Road, FL2
Menlo Park, CA 94025 

Ph: (650) 462-4200
Fax: (650) 462-4201

www.scitor.com

	Visio 4.5 Technical Edition
	Visio

520 Pike St., Suite 1800
Seattle, WA 98101

Phone: (800) 446-3335

www.visio.com

	WBS XE "WBS"  Chart for Project
	Critical Tools

8004 Bottlebrush Drive
Austin, TX 78750

Phone: 512-342-2232
Fax: 512-342-2234
www.criticaltools.com


Process Planning

	ABT Repository
	ABT Corporation

1353 Redwood Way

Petaluma, CA 94954

Tel: 707-793-8300

Fax: 707-793-8318

www.abtcorp.com

	ForeSight
	Lockheed Martin PRICE Systems

700 East Gate Dr., Suite 200
Mt. Laurel, NJ 08054

Phone: 888-877-0960

www.pricesystems.com

	KnowledgePLAN
	Software Productivity Research

One New England Executive Park
Burlington, MA 01803-5005

Phone: (781) 273-0140

www.spr.com

	Methods Architect & Project Bridge Modeler
	ABT Corporation

1353 Redwood Way

Petaluma, CA 94954

Tel: 707-793-8300

Fax: 707-793-8318

www.abtcorp.com

	Milan Process Integrator
	CorePlan, Inc
PO Box 143
Warrington, PA 18976
Voice (800) 288-7784
Fax (215) 491-3936

www.coreplan.com

	PE/Process Manager
	LBMS

1800 West Loop South, 9th Flr.
Houston, TX 77027

Phone: (800) 345-5267

www.lbms.com

	SHL Transform
	MCI Systemhouse

13155 Noel Rd., Suite 1001
Dallas, TX 75240-5095

Phone: (416) 366-4600

www.systemhouse.mci.com

	Workflow Modeler
	Meta Software

125 CambridgePark Drive

Cambridge, MA 02140
Phone: 617-576-6920

Fax: 617-661-2008 

www.metasoftware.com


Simulation

	Extend BPR
	Imagine That Inc.

6830 Via del Oro, Suite 230
San Jose, CA 95119

Phone: (408) 365-0305

www.imaginethatinc.com

	GPSS/H
	Wolverine Software

7617 Little River Turnpike, Suite 900
Annandale, VA 22003-2603

Phone: (800) 456-5671

www.wolverinesoftware.com

	Optima!
	Micrografx

1303 E. Arapaho Rd.
Richardson, TX 75081

Phone: (800) 445-3006

www.micrografx.com

	ProcessModel
	ProModel Corp.

1875 S. State, Suite 3400
Orem, UT 84097

Phone: (801) 223-6046

www.promodel.com

	ProSim
	KBSI

1500 University Dr. E., 
College Station, TX 77840

Phone: (409) 260-5274

www.kbsi.com

	Workflow Simulator
	Meta Software

125 CambridgePark Drive

Cambridge, MA 02140
Phone: 617-576-6920

Fax: 617-661-2008 

www.metasoftware.com


Version Control

	Business Model Repository
	Meta Software

125 CambridgePark Drive

Cambridge, MA 02140
Phone: 617-576-6920

Fax: 617-661-2008 

www.metasoftware.com

	CaseWare/CM
	Continuus Software Corp.

108 Pacifica, 
Irvine, CA 92718

Phone: (800) 820-1995

www.continuus.com

	CCC Harvest
	Platinum Technology

1815 S. Meyers Rd., 
Oakbrook Terrace, IL 60181

Phone: (800) 442-6861

www.platinum.com

	MKS Source Integrity
	Mortice Kern Systems Inc.

185 Columbia St. W., 
Waterloo, Ontario, Canada N2L 5Z5

Phone: (800) 265-2797

www.mks.com

	PVCS Version Manager 5.3
	Intersolv Inc.

9420 Key West Ave., 
Rockville, MD 20850

Phone: (800) 547-1000

www.intersolve.com

	StarTeam
	StarBase Corp.

18872 MacArthur Blvd. #300, 
Irvine, CA 93612

Phone: (800) 891-3262

www.starbase.com

	Visual SourceSafe 5.0
	Microsoft Corporation
One Microsoft Way 
Redmond, WA 98052-6399
Telephone: (425) 882-8080

www.microsoft.com


4.5.2 Project Management Professional Organizations

	Association for Computing Machinery (ACM) Software Engineering Special Interest Group (SIG)
	One Astor Plaza
1515 Broadway
New York, NY 10036 
1.212.869.7440 

www.acm.org

	Institute of Electrical and Electronics Engineers (IEEE) Computer Scociety
	445 Hoes Lane
Piscataway, NJ 08855-1331
(732) 981-0060

www.computer XE "computer" .org

www.ieee.org

	Project Management Institute XE "Project Management Institute" \t "See PMI"  (PMI XE "PMI" )
	Four Campus Boulevard

Newtown Square, PA 19073

www.pmi.org


4.5.3 Project Management Conferences and Symposia

	Conferences of the ACM Software Engineering Special Interest Group (SIG)
	One Astor Plaza
1515 Broadway
New York, NY 10036 
1.212.869.7440 

www.acm.org

	Conferences of the IEEE Computer Society
	445 Hoes Lane
Piscataway, NJ 08855-1331
(732) 981-0060

www.computer XE "computer" .org

www.ieee.org

	Project Management Symposium
	Sponsored by the Project Management Institute XE "Project Management Institute" \t "See PMI"  (PMI XE "PMI" )

Four Campus Boulevard

Newtown Square, PA 19073

www.pmi.org

	ProjectWorld
	Imark Communications - Florida
501 Brickel Key Drive, Suite 202
Miami, FL 33131
Ph: 305-371-8333
www.projectworld.com


Glossary

4.6 Acronyms

ACWP XE "ACWP" 
Actual Cost of Work Performed

ADM XE "ADM" 
Arrow Diagramming Method XE "Arrow Diagramming Method" \t "See ADM" 
ANSI
American National Standards Institute

AOA
Activity on Arrow

AON
Activity on Node

BAC
Budget At Completion

BCWP
Budgeted Cost of Work Performed

BCWS XE "BCWS" 
Budgeted Cost of Work Scheduled

BRAC
Base Realignment And Closure

C/SCSC XE "C/SCSC" 
Cost/Schedule Control Systems Criteria XE "Cost/Schedule Control Systems Criteria" \t "See C/SCSC" 
CAC
Cost At Completion

CASE
Computer Aided Software Engineering

CCB
Configuration Control Board

CMM XE "CMM" 
Capability Maturity Model XE "Capability Maturity Model" \t "See CMM" 
CPI
Cost Performance Index

CPM XE "CPM" 
Critical Path Method XE "Critical Path Method" \t "See CPM" 
CV
Cost Variance

CWBS XE "CWBS" 
Contract Work Breakdown Structure

DOD
Department Of Defense

DSI
Deliverable Source Instructions

EAC
Estimate At Completion

EVMS
Earned Value Management System XE "Earned Value Management System" 
IEEE
Institute of Electrical and Electronics Engineers

IFPUG
International Function Point Users Group

ISO XE "ISO" 
International Standards Organization

KPA
Key Process Area

LOE
Level of Effort

OBS
Organizational Breakdown Structure XE "International Standards Organization" \t "See ISO" 
KLOC
Thousands of Lines of Code

OSF
Open Software Foundation

PDM XE "PDM" 
Precedence Diagramming Method XE "Precedence Diagramming Method" \t "See PDM" 
PERT XE "PERT" 
Program Evaluation and Review Technique XE "Program Evaluation and Review Technique" \t "See PERT" 
PMB
Performance Measurement Baseline

PMBOK XE "PMBOK" 
Project Management Body of Knowledge XE "Project Management Body of Knowledge" \t "See PMBOK" 
PMI XE "PMI" 
Project Management Institute XE "Project Management Institute" \t "See PMI" 
PPMT
Program Planning Management Toolset

PWBS XE "PWBS" 
Project Work Breakdown Structure

RAPID
Raytheon Advanced Prototyping, Integration and Demonstration

RES
Raytheon Electronic Systems XE "Raytheon Electronic Systems" 
SCI
Software Configuration Item

SCM XE "SCM" 
Software Configuration Management

SEI XE "SEI" 
Software Engineering Institute XE "Software Engineering Institute" \t "See SEI" 
SEL
Software Engineering Laboratory

SEPG XE "SEPG" 
Software Engineering Process Group

SLOC XE "SLOC" 
Source Lines of Code

SM-ALC/TIST XE "SM-ALC/TIST" 
Sacramento Air Logistics Center XE "Sacramento Air Logistics Center" \t "See SM-ALC/TIST"  Software Support Division

SOW
Statement of Work

SPI
Schedule Performance Index

SQA XE "SQA" 
Software Quality Assurance

SRS
Software Requirements Specification

STSC
Software Technology Support Center

SV
Schedule Variance

TIS
Technology and Industrial Support

USAF XE "USAF" 
United States Air Force XE "United States Air Force" \t "See USAF" 
VAC
Variance at Completion

WBS XE "WBS" 
 Work Breakdown Structure

4.7 Terms

The following terms and their definitions were collected from various sources, including general project management theory XE "theory" , [PMI96], and [FLEMMING96].

Activity—An element of work performed during the course of a project. An activity XE "activity"  normally has an expected duration XE "duration" , an expected cost XE "cost" , and expected resource requirements.

Activity Duration Estimating—Estimating the number of work periods XE "work periods"  which will be needed to complete individual activities.

Activity On Arrow (AOA)—See Arrow Diagramming Method XE "Arrow Diagramming Method" \t "See ADM" .

Activity On Node (AON)— See Precedence Diagramming Method XE "Precedence Diagramming Method" \t "See PDM" .

Actual Cost of Work Performed (ACWP XE "ACWP" )—The costs actually incurred in accomplishing the work performed.

Arrow Diagramming Method XE "Arrow Diagramming Method" \t "See ADM"  (ADM XE "ADM" )—A network XE "network"  diagramming technique in which activities are represented by arrows. The tail of the arrow represents the start of the activity XE "activity"  and the head represents the finish. The arrows are connected to each other by circles, or “Nodes” that identify the transition from one activity to another and the sequence in which they are performed.

Bar Chart—A graphical scheduling XE "scheduling"  technique in which project tasks are represented by horizontal bars placed on a calendar or date scale. The date corresponding to the left edge of each bar represents the task XE "task"  start date. The date corresponding to the right edge represents the task finish date. The horizontal length of each bar represents the task’s duration XE "duration" .

Baseline—The original plan identified for a task XE "task" , project, or work package, plus or minus approved changes. Actual progress (schedule XE "schedule"  and cost XE "cost"  information) is compared to the baseline to determine variances from planned values XE "values" .

Budget At Completion (BAC)—The sum of all budgets allocated to a project. The BAC is synonymous with the Performance XE "performance"   XE "performance measurement baseline" Measurement Baseline (PMB).

Budgeted Cost of Work Performed (BCWP)—The sum of the budgets for completed work and the completed portions of open work. The BCWP is also known as the “earned value XE "earned value" .”

Budgeted Cost of Work Scheduled (BCWS XE "BCWS" )—The sum of the budgets for all planned work scheduled to be accomplished within a given time period.

Calendar—The time frame used to schedule XE "schedule"  and staff a project. The calendar lists project and resource non-work days and defines the work units for the project (i.e., hours, days, months, etc.).

Communications Management— A subset of project management that includes the processes required to ensure proper collection and dissemination of project information.

Configuration Control Board (CCB)—The authority responsible for evaluating, approving, and disapproving proposed engineering changes to the hardware/software configuration and ensuring implementation of approved changes.

Contract Work Breakdown Structure (CWBS XE "CWBS" )—A customer prepared breakdown or subdivision of a project typically down to Level 3 XE "level 3" . The CWBS subdivides the project into all of its major components, integrates the customer and contractor effort XE "effort" , and provides a framework XE "framework"  for planning XE "planning" , controlling XE "controlling" , and reporting.

Control—The process XE "process"  of comparing actual performance XE "performance"  with planned performance, analyzing variances, evaluating possible alternatives, and taking appropriate corrective action XE "corrective action"  as needed.

Corrective Action—Changes made to bring expected future performance XE "performance"  of the project into line with the plan.

Cost Account—A point representing the intersection of the work breakdown structure XE "work breakdown structure"  (WBS XE "WBS" ) with the organizational breakdown structure (OBS) at which functional responsibility for work is assigned. Cost accounts are the focal point for the integration XE "integration"  of scope XE "scope" , cost XE "cost" , and schedule XE "schedule" .

Cost Estimating—The act of determining the expected costs to perform a task XE "task"  or to acquire an item. The resulting cost XE "cost"  estimates may be single values XE "values"  or ranges of values.

Cost Management— A subset of project management that includes the processes required to ensure that the project is completed within the approved budget.

Cost of Quality—The cost XE "cost"  incurred to ensure quality XE "quality"  in the project. The cost of quality generally included quality planning XE "planning" , quality control XE "control" , quality assurance XE "assurance" , and rework costs.

Cost Performance Index (CPI)—The cost XE "cost"  efficiency factor representing the relationship XE "relationship"  between the actual costs expended and the value of the physical work performed.

Cost Variance (CV)—The numerical difference between the earned value XE "earned value"  (BCWP) and the actual costs for the project (ACWP XE "ACWP" ).

Crashing—Taking action to decrease the total project duration XE "duration"  after analyzing a number of alternatives to determine how to get the maximum duration compression for the least cost XE "cost" .

Critical Path—A series of tasks in a network XE "network"  schedule XE "schedule"  representing the longest duration XE "duration"  for a project. Any slippage of tasks along the critical path XE "critical path"  increases the total duration of the project.

Critical Path Method XE "Critical Path Method" \t "See CPM"  (CPM XE "CPM" )—A network XE "network"  analysis technique used to predict project duration XE "duration"  by analyzing which sequence of activities has the least amount of scheduling XE "scheduling"  flexibility. Early dates are computed by making a forward pass through the network using a specified project start date. Late dates are calculated by means of a backward pass starting from a specified completion date.

Deliverable—Any measurable, tangible, verifiable outcome, result, or item that must be produced to complete a project or part of a project.

Dependency—See logical relationships.

Duration—The number of work periods XE "work periods"  required to complete a task XE "task"  or activity XE "activity" . Duration is usually expressed in terms of work hours, days, weeks, and months.

Early Finish—In the critical path XE "critical path"  method, the earliest possible point in time on which the uncompleted portions of an activity XE "activity"  can finish based on the network XE "network"  logic and any schedule XE "schedule"  constraints XE "constraints" .

Early Start— In the critical path XE "critical path"  method, the earliest possible point in time on which the uncompleted portions of an activity XE "activity"  can start based on the network XE "network"  logic and any schedule XE "schedule"  constraints XE "constraints" .

Earned Value—The value of what the project physically got from what was actually spent; the value of the work accomplished; the measured performance XE "performance" ; the BCWP.

Effort—The number of labor units required to complete an activity XE "activity" . Usually expressed as staff hours, staff days, staff weeks, and staff months.

Estimate At Completion (EAC)—A value expressed in either dollars or hours to represent the projected final costs of work when completed. EAC equals the actual costs incurred, plus the estimated costs for completing the remaining work.

Fast Tracking—Compressing the project schedule XE "schedule"  by overlapping tasks that would normally be done in sequence.

Finish Date—A point in time associated with an activity XE "activity" ’s completion. Usually qualified by one of the following: actual, planned, estimated, scheduled, early, late, baseline, target, or current.

Finish to Finish—See logical relationships.

Finish to Start— See logical relationships.

Float XE "float" —The amount of time a task XE "task"  can be delayed from its early start without delaying the project finish date.

Forecasting—The planning XE "planning"  process XE "process"  of trying to predict future events from courses of action, or anticipating future events by making assumptions.

Functional Organization—A line or staff organization that is organized around one or more related sets of functions.

Gantt Chart—A graphical management tool for displaying the project schedule XE "schedule" . Synonymous with a bar chart XE "bar chart" \t "See Gantt chart" .

Human Resource Management—A subset of project management that includes the processes required to make the most effective use of the people involved with the project.

Integration Management— A subset of project management that includes the processes required to ensure that the various components of the project are properly coordinated.

Lag—A modification of a logical relationship XE "relationship"  which directs a delay in the successor XE "successor"  task XE "task" .

Late Finish—In the Critical Path XE "critical path"  Method, the latest possible point in time at which an activity XE "activity"  can finish without delaying a specific milestone XE "milestone"  or the project finish date.

Late Start— In the Critical Path XE "critical path"  Method, the latest possible point in time at which an activity XE "activity"  can start without delaying a specific milestone XE "milestone"  or the project finish date.

Lead— A modification of a logical relationship XE "relationship"  which allows an acceleration of the successor XE "successor"  task XE "task" .

Level of Effort (LOE)—Work that does not result in a final product, and which cannot be effectively associated with a definable end product process XE "process"  result. LOE is measured only in terms of resources XE "resources"  actually consumed within a given time period.

Leveling—A form of network XE "network"  analysis in which scheduling XE "scheduling"  decisions are driven by resource management concerns.

Lifecycle—A collection of generally sequential project phases XE "phases"  or stages whose name and number are determined by the control XE "control"  needs of the organization or organizations involved in the project.

Line Organization—An organization within a larger organization or company with the responsibility and authority to do the work that represents the primary mission XE "mission"  of the larger organization.

Logical Relationships—A dependency between a task XE "task"  and its predecessor XE "predecessor"  that defines the sequence or order of their performance XE "performance" . Logical relationships include:

Finish to Start—The predecessor XE "predecessor"  activity XE "activity"  must finish before the task XE "task"  can start.

Finish to Finish—The predecessor XE "predecessor"  activity XE "activity"  must finish before the task XE "task"  can finish.

Start to Start—The predecessor XE "predecessor"  activity XE "activity"  must start before the task XE "task"  can start.

Master Schedule—A summary level schedule XE "schedule"  which identifies the major activities and key milestones.

Matrix Organization—Any organizational structure in which the project manager XE "project manager"  shares responsibility with the functional managers for assigning priorities and for directing XE "directing"  the work of individuals assigned to the project.

Milestone—A significant event in the project often marking the completion of a project deliverable.

Milestone Schedule—A summary schedule XE "schedule"  which identifies the major milestones for the project.

Mission Statement—An expression of shared values XE "values"  espoused by an organization that reflects the vision XE "vision"  of the organization at all levels.

Mitigation—Taking steps to lessen risk XE "risk"  by lowering the probability XE "probability"  of a risk event’s occurrence or reducing its effect should it occur.

Monitoring—The capture, analysis, and reporting of project performance XE "performance"  usually as compared to the plan.

Monte Carlo Analysis—A schedule XE "schedule"  risk XE "risk"  assessment technique that performs a project simulation XE "simulation"  many times in order to calculate a distribution XE "distribution"  of likely results.

Network Diagram—Any schematic diagram that displays the logical relationships of project tasks. The network XE "network"  diagram is drawn from left to right to reflect project task XE "task"  sequence.

Network Path—Any continuous series of connected activities in a project network XE "network"  diagram.

Node—One of the defining points of a network XE "network" ; a junction point joined to some or all of the other project dependencies. See Arrow Diagramming Method and Precedence Diagramming Method.

Organizational Breakdown Structure—A depiction of the project organization arranged so as to relate work packages to organizational units.

Pareto Analysis—A project analysis technique used to show frequency of occurrence of given results generated by given causes.

Path—See Network path.

Percent Complete—An estimate expressed as a percent, of the amount of work which has been completed on a task XE "task"  or group of tasks.

Performance Reporting—Collecting and disseminating information about project performance XE "performance"  to help ensure project progress.

PERT XE "PERT"  Chart—A specific type of project network XE "network"  diagram. See Program Evaluation XE "evaluation"  and Review Technique (PERT).

Phase—A collection of logically related project activities, usually culminating in the completion of a major project deliverable.

Precedence Diagramming Method XE "Precedence Diagramming Method" \t "See PDM"  (PDM XE "PDM" )—A network XE "network"  diagramming technique in which project tasks are represented by boxes or “nodes.” Tasks are linked by precedence relationships, or dependencies, to show the sequence in which the tasks are to be performed.

Precedence Relationship—The term used in precedence diagramming to denote a logical relationship XE "relationship"  between tasks. 

Predecessor—The task XE "task"  or activity XE "activity"  that logically precedes a task or activity of interest.

Procurement Management— A subset of project management that includes the processes required to acquire goods and services XE "services"  from outside the performing organization.

Program—A group of related projects managed XE "managed"  in a coordinated way.

Program Evaluation and Review Technique XE "Program Evaluation and Review Technique" \t "See PERT"  (PERT XE "PERT" )—An event-oriented network XE "network"  analysis technique used to estimate project duration XE "duration"  when there is a high degree of uncertainty XE "uncertainty"  with the individual activity XE "activity"  duration estimates.

Project—A temporary endeavor undertaken to create a unique product or service.

Project Management—The application of knowledge XE "knowledge" , skills, tools XE "tools" , and techniques to project activities in order to meet or exceed sponsor needs and expectations from a project.

Project Management Body Of Knowledge (PMBOK XE "PMBOK" )—An inclusive term that describes the sum of knowledge XE "knowledge"  within the profession of project management. The body of knowledge rests with the practitioners and academics who apply and advance it. The PMBOK includes proven, traditional practices XE "practices"  which are widely applied as well as innovative and advanced ones which have seen more limited use.

Project Management Professional (PMP)—An individual certified as such by the Project Management Institute XE "Project Management Institute" \t "See PMI"  (PMI XE "PMI" ).

Project Management Software—A taxonomy of computer XE "computer"  applications specifically designed to aid with planning XE "planning"  and controlling XE "controlling"  project costs and schedules.

Project Management Team—The members of the project team XE "project team"  who are directly involved in project management activities.

Project Manager—The individual responsible for managing the project.

Project Plan—A formal, approved document used to guide both project execution XE "execution"  and project control XE "control" .

Project Planning—The development and maintenance XE "maintenance"  of the project plan XE "project plan" .

Projectized Organization—Any organizational structure in which the project manager XE "project manager"  has full authority to assign priorities and to direct the work of individuals assigned to the project.

Quality Management— A subset of project management that includes the processes required to ensure that the project will satisfy the needs for which it was undertaken.

Risk—The likelihood of a specified hazardous event occurring within a specified period or circumstance, having both frequency, probability, XE "probability"  and consequences.

Risk Management— A subset of project management that includes the processes concerned with identifying, analyzing, and responding to project risk XE "risk" .

Schedule—The planned dates for performing activities and the planned dates for meeting project milestones.

Scope Management— A subset of project management that includes the processes required to ensure that the project includes all of the work required, and only the work required, to complete the project successfully.

Schedule Performance Index (SPI)—The planned schedule XE "schedule"  efficiency factor representing the relationship XE "relationship"  between the value of the initial XE "initial"  planned schedule and the value of the physical work performed, earned value XE "earned value" .

Schedule Variance (SV)—The numerical difference between earned value XE "earned value"  (BCWP) and the budget plan (BCWS XE "BCWS" ).

Slack—See float.

Software Quality Assurance (SQA XE "SQA" )—The process XE "process"  of evaluating overall software project performance XE "performance"  on a regular basis to provide confidence that the project will satisfy the relevant quality XE "quality"  standards XE "standards" . Also used to denote the organization responsible for performing SQA activities.

Sponsorship XE "sponsorship" —The degree of commitment, support, and buy-in expressed and demonstrated by key stakeholders or sponsors of the project.

Start Date—A point in time associated with an activity XE "activity" ’s start, usually qualified by one of the following: actual, planned, estimated, scheduled, early, late, target, baseline, or current.

Statement of Work (SOW)—A narrative description of products or services XE "services"  to be supplied under contract.

Successor— The task XE "task"  or activity XE "activity"  that logically follows, or “succeeds” a task or activity of interest.

Task—See activity XE "activity" .

Time Management— A subset of project management that includes the processes required to ensure timely completion of the project.

Work Breakdown Structure—A deliverable-oriented grouping of project elements which organizes and defines the total scope XE "scope"  of the project. Each descending level represents an increasingly detailed definition XE "definition"  of a project component.

Work Package—A deliverable at the lowest level of the Work Breakdown Structure XE "work breakdown structure" .
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