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Preface

This document provides a framework for a system and software measurement program to support the management of system development and maintenance activities at Space and Naval Warfare (SPAWAR) System Center (SSC) San Diego.  The document’s system engineering scope is constrained to those issues that are shared with software engineering.  Issues addressing hardware development, or other system level activities not having activities shared with software development, are not addressed.  The document provides encouragement to initiate or expand the collection of metrics, conduct analysis, and apply proactive management based on that analysis to the full spectrum of systems engineering activities. 

The Systems Engineering Process Office (SEPO) maintains this document.  SSC San Diego organizational entities using this guide may report deficiencies and or corrections using the Document Change Request at the end of the document.  SEPO will collect and process this data as inputs for process improvement.
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Section 1.  INTRODUCTION

1.1
Purpose

This document provides a framework for a system and software measurement program to support the management of system development and maintenance activities at Space and Naval Warfare (SPAWAR) System Center (SSC) San Diego.  In addition, it provides encouragement to initiate or expand the collection of metrics, conduct analysis, and apply proactive management based on that analysis to a full spectrum of system engineering activities. 

The three key reasons for an organization to measure its engineering processes and products are summarized below:

a. Increase the understanding of current engineering processes

1. Baseline cost models and relationships

2. Baseline key process characteristics

b. Enhance the management of projects

1. Planning and estimating

2. Tracking actual versus planned 

3. Validating cost models

c. Manage continuous process improvement

1. Understanding processes

2. Assessing processes

3. Improving processes

Any one of these reasons should be enough to motivate an organization to implement a measurement program.  The underlying purpose of any such program, however, must be to achieve specific results from the use and application of the measures.  Collecting data is not the objective.  Most failed measurement programs suffer from inadequate use of data, not from an inadequate data collection process.  Without objectives, no benefit will be derived from the measurement effort.

1.2
References

The following references have been instrumental in the development of the measurement strategy presented in this document.

a. The 1999 Survey of High Maturity Organizations, CMU/SEI, February 2000

b. Capability Maturity Model Integration for Systems Engineering/Software Engineering, Version 1.02, Staged Representation, Software Engineering Institute, CMU/SEI-2000-TR-028, November 2000.

c. Practical Software and Systems Measurement, Version 4.0b, Department of Defense and US Army, October 2000

d. Goal-Driven Software Measurement - A Guidebook, Software Engineering Institute, CMU/SEI-96-HB-002, August 1996

e. NASA Software Measurement Guidebook, NASA, NASA-GB-001-94, August 1995

f. Software Measurement Guidebook, Revision 1, Software Engineering Lab, NASA, Goddard Space Flight Center, SEL-94-102, June 1995

g. Capability Maturity Model for Software, Version 1.1, Software Engineering Institute, CMU/SEI-93-TR-24, February 1993

h. Software Project Tracking and Oversight (SPTO) Process with appendices, Version 1.0, SEPO, SSC San Diego, March 1999
i. Software Process Improvement Tracking and Oversight Procedure (SPrTO), Version 1.1, SEPO, SSC San Diego, March 1999 
1.3
Document Approach

Section 2 of this document provides an introduction to the key reasons for implementing a measurement program.  Section 3 describes the approach for SSC San Diego.  Section 4 provides a framework for the quantitative management necessary in achieving Capability Maturity Model Integration for Systems Engineering/Software Engineering (CMMI- SE/SW) Levels 4 and 5 using the staged representation.  Compliance at Levels 4 and 5 addresses systems engineering only to the extent that activities are shared with the software engineering effort.  Section 5 defines the roles and responsibilities for the Software Engineering Process Analysis Group (SEPAG), the group charged with continuous process improvement of the SSC San Diego software engineering processes.

The appendices in this guide are provided to clarify the approach required to manage the measurement program at different management levels.  Each addresses a specific management level, or spectrum, of measurement and the reporting required in communicating information from the project level to the Business Board. 

Measurements needed to provide comprehensive software project tracking and oversight are contained in reference (h), the Software Project and Oversight Process.  This information is the basis for informing the software project manager, his sponsor, and the management chain on the status of the project.  A key focus in reference (h) is providing the software project manager the information to improve software engineering, planning, and management processes.  Reference (h) was developed by the SSC San Diego Systems Engineering Process Office (SEPO) and contains a sample Software Measurement Plan (SMP) and supporting attachments.  The bulk of the material in the SMP is considered as an aid to projects in determining their measurement requirements.  

Appendix A addresses the roll-up of information from the various projects through their middle management to the Department Head.  This information targets educating the Department Head on the health of the projects and the organization under his cognizance in the context of the SSC San Diego’s systems engineering goals.  The requirement for this reporting is at the discretion of the Department Head.  Material in this document serves only as guidance to the Department Head in his determination of what data he needs, the format, and periodicity of any required reports.  

Appendix B addresses the roll-up of information from the Departments to the Business Board in a form specifically addressing progress in meeting the SSC San Diego systems engineering goals.  In addition, Appendix B employs reference (i), the Software Process Improvement Tracking and Oversight (SPrTO) Procedure, designed to report status on SPI activities within SSC San Diego. 

1.4
Acronyms and Abbreviations

The following acronyms and abbreviations are important to an understanding of the material presented in this document.

CMMI-SE/SW
Capability Maturity Model Integration for Systems Engineering/Software Engineering

COTS
Commercial Off-The-shelf

DCR
Document Change Request

LCS
Life Cycle Support

OSPD
Organizational Software Process Database

PAL
Process Asset Library

PDF
Project Data Form

PS
Project Status

SEI
Software Engineering Institute

SEPAG
Software Engineering Process Analysis Group

SEPO
Systems Engineering Process Office

SMP
Software Measurement Plan

SPAWAR
Space and Naval Warfare

SPI
Software Process Improvement

SPTO
Software Project Tracking and Oversight

SPrTO
Software Process Improvement Tracking and Oversight 

SSC
SPAWAR Systems Center

Section 2.  Measurement Overview

2.1
Increasing the Understanding of Current Engineering Processes

A systems engineering organization may want to establish a measurement program for many reasons.  Those range from having good management information for guiding system development to carrying out research toward the development of some innovative advanced technique. 

The first reason for establishing a measurement program is to evolve toward an understanding of system and software engineering processes, to derive models of those processes, and examine relationships among the process parameters.  Knowing what an organization does and how it operates is a fundamental requirement for any attempt to plan, manage, or improve.  Measurement provides the only mechanism available for quantifying a set of characteristics about a specific environment or for system engineering in general.

Increased understanding leads to better management of system engineering projects and improvements in its software engineering process.  A system engineering organization’s objective may be to understand the status of its software engineering process or the implications of introducing a change.  General questions to be addressed might include those listed below:

a. How much are we spending on software development?

b. Where do we allocate and use resources throughout the life cycle?

c. How much effort do we expend specifically on testing software?

d. What types of errors and changes are typical on our projects?

To be able to address such issues, a system engineering organization must have established a baseline understanding of its current software product and process characteristics, including attributes such as software size, cost, and defects corrected.  Once an organization has analyzed that basic information, it can build a software model and examine relationships.  For example, the expected level of effort can be computed as a function of estimated software size.  Perhaps even more important, understanding processes makes it possible to predict cause and effect relationships, such as the effect on productivity of introducing a particular change into a process, such as a new software tool.  The precise effect within the local environment depends on a complex combination of factors involving current staff productivity, experience, and maturity.  The parameter values that tailor the model to the unique characteristics of the local environment must be derived, over time, under the careful administration of the measurement program.

Table 2-1 suggests sample characteristics that a manager should be able to answer about his software engineering processes.  

After an organization understands the roles that measurement can play in system and software engineering activities, it is ready to establish a measurement program.  The effective application of information derived from measurement entails building models, identifying the strengths and weaknesses of a particular process, and aiding the management decision process. A clear, well-defined approach for the application and analysis of measurement information will minimize the cost and disruption to the software organization.

2.2
Enhancing the Management of Systems Engineering Projects

The second key reason for establishing an effective measurement program is to provide improved management information.  Having an understanding of the software environment based on models of the process and on relationships among the process and product parameters allows for better prediction of 

Table 2-1.  Sample Software Characteristics

Questions
Quantifiable Issues

What are the cost (resource) characteristics of software in my organization?
SYMBOL 183 \f "Symbol" \s 10 \h
Distribution of effort among development activities—amount spent on design, code, test, or other activities

SYMBOL 183 \f "Symbol" \s 10 \h
Typical cost per line of code, function points, etc.

SYMBOL 183 \f "Symbol" \s 10 \h
Cost of maintenance

SYMBOL 183 \f "Symbol" \s 10 \h
Hours spent on documentation

SYMBOL 183 \f "Symbol" \s 10 \h
Computer resources required

SYMBOL 183 \f "Symbol" \s 10 \h
Amount of rework expected

What are the error (reliability) characteristics of software in my organization?
SYMBOL 183 \f "Symbol" \s 10 \h
Number and classes of errors found during development or maintenance

SYMBOL 183 \f "Symbol" \s 10 \h
How and when software defects are found

SYMBOL 183 \f "Symbol" \s 10 \h
Number and classes of errors found in specifications

SYMBOL 183 \f "Symbol" \s 10 \h
Pass/fail rates for integration and system testing

How does my organization’s rate of source code production (or change) compare to previous experience?
SYMBOL 183 \f "Symbol" \s 10 \h
Typical rate of growth of source code during development

SYMBOL 183 \f "Symbol" \s 10 \h
Typical rate of change of source code during development or maintenance

How does the amount of software to be developed relate to the duration of the project and the effort required?  What is the relationship between estimated software size and other key parameters?
SYMBOL 183 \f "Symbol" \s 10 \h
Production measured in number of lines of code, function points, etc.  

SYMBOL 183 \f "Symbol" \s 10 \h
Schedule as a function of software size

SYMBOL 183 \f "Symbol" \s 10 \h
Cost as a function of size

SYMBOL 183 \f "Symbol" \s 10 \h
Total number of pages of documentation produced

SYMBOL 183 \f "Symbol" \s 10 \h
Average staff size

process results and more awareness of deviations from expected results.  Thus, understanding the software engineering process leads to better system level management decision-making.  The understanding comes from analyzing local data.  Without analysis, any data collection activity is a waste of effort.  The next step is to use the understanding that comes from the engineering models to plan and manage the system’s software activities.

A measurement program that focuses on the collection process, or that does not have a clear plan for applying the acquired understanding, will fail.

Specifically, the knowledge gained about the system’s software engineering process will be used to perform the following functions:

a. Estimate project elements such as cost, schedules, and staffing profiles

b. Track project results against planning estimates

c. Validate the organizational models as the basis for improving future estimates.

Engineering models and relationships provide a foundation for the software engineering estimates that form an important part of the project management plan.  Without accurate models based on similar classes of software development and maintenance activities, system level management success is uncertain.

2.2.1
Planning and Estimating

One of the most critical responsibilities of a project manager is developing a software project management plan, and one of the most important elements of that plan is a set of project estimates for cost, schedule, staffing requirements, resource requirements and risks.

Measurement results from similar completed projects are used to derive software development models (providing an understanding of the environment), which, in turn, are used to develop the estimates.  The quality of the information in a historical database directly affects the quality of the software engineering models and, subsequently, the quality of the planning estimates for new projects.

A manager who can produce a product size estimate based on software functionality requirements can then derive such estimates as cost and schedule using organizational models and relationships. 

2.2.2
Tracking Actual Versus Planned

An important responsibility of software project management is tracking the actual size, effort, budget, and schedule against the estimates in the approved plan.  Successful, effective management requires visibility into the progress and general status of the ongoing project, so that timely and informed adjustments can be made to schedules, budgets, and processes.  Periodic sampling of project measurement data provides that visibility.

The extent and effectiveness of the project tracking process depends on the availability and quality of a set of historical models and relationships. If the only available model is related to cost data, then management tracking will be limited to cost information.  However, a more extensive set of derived models for staff size, software growth rate, software change rate, error rate, and other parameters will facilitate a broader tracking capability.

2.2.3
Validating Cost Models

Once a manager has the ability to track actual project measures against planning estimates, he or she can begin to use any observed differences to evaluate the status of the project and to support decisions to take corrective actions.  Observing the trend of the actual growth rate relative to the planned values can provide a management indicator of a healthy project (as determined by a growth pattern within the expected range) or a potential problem that requires further evaluation to determine the cause.  With the insight gained by observing the trend, a manager can adjust staffing or schedule to get the project back on track.

Although it is obvious that an actual value below the allowable range may indicate a cause for concern, it is perhaps less obvious that an actual value that falls above the allowable range should also generate a management investigation.  In this example, a software growth rate above the allowable range may indicate that some other project activities are not being performed or, perhaps, that the wrong model was used for planning and estimation.  Consistent and regular deviations may also indicate a need to adjust the organization’s models.

Examples within this section have illustrated that a baseline understanding of the software engineering process derived from historical results provides the essential model, which leads to the planning estimate, which makes the tracking possible.  The process of tracking actual versus planned growth values provides the insight for model validation, which facilitates adjustments by project management.  The fundamental element of measurement support for project management is insight into the software engineering process.

2.3
Managing Continuous Process Improvement

The third reason for establishing an effective measurement program is to facilitate the management of continuous process improvement.  The primary focus of any system engineering organization is to produce a high-quality product within schedule and budget.  However, a constant goal, if the organization is to evolve and grow, must be continual improvement in the quality of its products, processes, and services.  Product improvement is typically achieved by improving the processes used to develop the product.  Process improvement, which requires introducing change, may be accomplished by modifying management or technical processes or by adopting new technologies.  Adoption of a new technology may require changing an existing process.  In any case, software measurement is a key part of any process improvement program; knowing the quality of the software developed using both the initial and the changed process is necessary to confirm that improvement has occurred.  

The context associated with an organization’s vision of its process improvement goals varies by the level of responsibility.  Each level of the organization must focus on its own unique business issues while contributing to the larger quest.  This is illustrated in Table 2-2 depicting goals associated with each level of organizational management. 

Table 2-2. Systems Engineering Goals by Management Level

Management Level
Systems Engineering Goals

Executive 
Achieve the software engineering and project management capability defined through the CMMI-SE/SW Level 3 as a milestone to CMMI-SE/SW Level 5

Produce quality software in shorter development cycle times

Reduce the costs of supporting software throughout the life cycle

Rapidly introduce new technology into the product and the software development process and achieve successful transition

Integrate software across traditional system boundaries to provide a composite set of capabilities to the end user

Continuously improve customer satisfaction

Continuously increase employee satisfaction

Department 
All projects are meeting sponsor’s needs

All projects have stable, educated staffs

All projects have adequate resources

All projects are contributing to SSC San Diego Executive-level goals

Project 
Inform sponsor and senior management of project status

Plan and budget realistically

Objective project insight

Achieve requirements stability

Maintain adequate staffing and computer resources

Maintain highly trained and knowledgeable staff

Achieve on target cost/schedule performance

Produce high quality product

Contribute to SSC San Diego Executive and Department goals

Section 3.  SSC San Diego Approach

3.1
Measurement Strategy

Table 2-2 defined goals from the perspective of three levels of management.  That table has been expanded in Table 3-1 to identify measures that could provide quantified answers to the goals associated with each level of management. 

Table 3-1.  Measurement by Management Level

Management Level
Systems Engineering Goals
Potential Measures of Success

Executive
Achieve CMMI-SE/SW Level 3 as a milestone to CMMI-SE/SW Level 5

Shorter software cycle times

Reduced cost of software Life Cycle Support (LCS)

Rapid introduction of new technology

Integrated software across boundaries

Continuously improve customer satisfaction

Continuously increase employee satisfaction
Project Software Process Improvement (SPI) status 

New requirements delivered over time

Deviation of actual versus planned costs     

Deployed new technology 

Percent of projects complying with integration initiatives

Summary of customer satisfaction surveys

Staff turnover rates 



Department
All projects are meeting sponsor’s needs

All projects have stable, educated staffs

All project have adequate resources

All projects are contributing to SSC San Diego Executive-level goals
Project performance, project volatility, process performance, customer satisfaction

Staff turnover, training completed

Space, logistics, and lab issues

Projects SPI status reports

Project
Informed sponsor/senior management 

Plan and budget realistically

Objective project insight

Achieve requirements stability

Maintain adequate staffing and computer resources

Maintain highly trained and knowledgeable staff

Achieve on target cost/schedule performance

Produce high quality product

Contribute to SSC San Diego Executive and Department goals
Quarterly Status Briefs

Cost/Schedule planned versus actual

Quantified end product status reports

Requirements additions, deletions, etc. 

Staff turnover and lab utilization

Training objectives accomplished

Milestone completion tracking

Problem report status tracking

SPI status reporting and Project Data Form (PDF) submission

In developing a strategy to provide the required measures for each level of management, a strategy of reporting by management levels has been defined.  Table 3-2 illustrates a further decomposition of the reporting levels expressed in Tables 3-1 by addressing management levels and mapping reports generated by package identifier. 

Table 3-2.  Management Levels and Report Packages

Stakeholders
Project
Branch/Group/Team
Division and Sponsor
Dept
SEPO

Project Status Reports
PS01, PS03 and PDF to SEPO
PS01, PS02, PS03, PS04
PS03, PS04, PS05
PS05
PS06

The following list identifies the Project Status (PS) report packages that appear in Table 3-2:

Identifier
Report Package

PS01 
Project Status Package, including Project Data Form (PDF) 

PS02 
Quarterly Project Review with Division Head and Sponsor

PS03 
Weekly Highlight Report (Optional) 

PS04 
Quarterly Division Report on Division’s status to Department Head (Optional)

PS05 
Department Head Quarterly meeting with Division Head (Optional)

PS06 
SEPO Quarterly Progress Report on SSC San Diego systems engineering goals

Figure 3-1 illustrates the flow of the report packages through the management levels to facilitate the measurement strategy. 

3.2
Management Level Reporting

The following paragraphs provide an overview of the reporting activities for each management level and where in this guide detailed information on those reporting processes are described.  In addition, it should be noted that projects could be reporting directly to their sponsor.  

3.2.1
Project Level

Appendix A of this document addresses the implementation of measurements needed to provide comprehensive project tracking and oversight.  This information is the initial step in informing the software project manager, his sponsor, and the management chain on the status of the project.  A key focus in Appendix A is providing the software project manager an assessment of the project’s progress.  Appendix A contains the SEPO-developed SPTO Process with its SMP and supporting attachments designed specifically to meet the requirements for reporting project status.  The software project managers would tailor this material to meet their project's needs.  Only the PDF represents a specific requirement in terms of content and format.  The PDF is the principal vehicle for populating the 
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Figure 3-1.  Measurement Strategy Report Flow

Organizational Software Process Database (OSPD).  The OSPD, in turn, is the focal point for historical data to assist in cost estimation and for the quantitative analysis that will result in the constant improvement of the processes in the Process Asset Library (PAL).  

3.2.2
Branch/Group/Team Level

Appendix A and reference (h) combine to address the roll-up of information from the various projects through middle management toward the Division Level.  This information is the data source for educating Division level management, and a sponsor, on the status of the projects and serves as the foundation for reporting the health of the organization.  The stakeholders, to meet the requirements of the Division Head and the sponsoring agency, should tailor this material.  This reporting activity is addressed in Appendix A and reference (h) of this document.  The following report forms are used at this level:  

a. PS01
Project’s Status Package per SSC San Diego’s SPTO Process

b. PS02
Quarterly Project Review with Division Head in accordance with
 SPAWARSYSCEN SAN DIEGO INSTRUCTION 3912.1A (Management Project/Design Reviews) or an approved alternative format such as described in Attachment G to the SMP contained in reference (h) of this document.  This report would also be used to keep the sponsor informed on the project's status

c. PS03
Weekly Highlight Report 

d. PS04
Quarterly Division Report on projects.  This report is a combination of a stoplight chart and narrative style containing information addressed in Appendix A of this document.  The data is derived from selected project measures and by a division-level or department-level requirement for any additional data. 

3.2.3
Division Level

Division-level management should build upon the measurement data received from the Project/Branch/Group/Team Leaders to develop reports (PS03 and PS04) that educate the Department Head on the state of the projects and the organization under his cognizance.  The Department Head should establish the reporting requirements and to that end, the following data is presented as typical examples of reporting content and format.  This reporting activity is addressed in Appendix A of this document.  The following report forms are used at Division level:  

a. PS03
Weekly Highlight reports 

b. PS04
Quarterly Division Report on Division’s projects.  Report is a combination of a stoplight chart and narrative style containing information addressing department level data to be collected with the intent to produce quantified answers to the Department Head’s issues and goals.  The data is derived from selected project measures and by requiring additional data to be collected at the division level  

c. PS05
Department Head quarterly interactive meeting with Division Head on division’s project issues as related to PS04 and SPI.

3.2.4
Department Level

The Department Head uses the data in PS04 as the basis for an assessment on the health of the projects and the organization under his cognizance.  The PS03 report is a roll-up of highlights from the various Divisions and used to draw immediate attention to key issues.  This reporting activity is addressed in Appendix A of this document.  The following report forms are used at Department level:  

a. PS03
Weekly Highlight Reports

b. PS04
Quarterly Division Report on division’s projects and related issues

c. PS05
Department Head quarterly interactive meeting with Division Head on division’s project issues as related to PS04 and SPI.

3.2.5
Executive Level

Appendix B addresses the completion of the roll-up of information from the Departments to the Business Board in a consolidated format.  SEPO generates the PS06 report from SSC San Diego's OSPD.  The report, presented quarterly, addresses progress in meeting SSC San Diego’s goal of achieving the SEI CMMI-SE/SW Level 3 and beyond.  In addition, reference (i) is the "Software Process Improvement Tracking and Oversight Procedure (SPrTO)" document, designed to report quarterly SPI project progress. 

Section 4.  Quantitative Management 

Maturity Levels 4 and 5 in the CMMI-SE/SW are based on statistical process control.  Level 4 focuses on identifying and removing assignable causes of variation in SSC San Diego processes while Level 5 focuses on improvement of the intrinsic processes.

SSC San Diego will employ the fundamentals of quantitative analysis, viewing all work as a series of interconnected processes, where the processes are variable, basing decisions on facts, and reduce variations in the provided processes in the PAL to achieve constant process improvement. 
To that end, SSC San Diego will perform the following activities:

a. Establish quantified quality targets and process goals to support the systems engineering goals.

b. Use control charts and other statistically rigorous methods to optimize the processes in the PAL and within projects applying those resources. 

c. Use “cost of quality” (appraisal, prevention, internal failure, and external failure costs) to determine the effectiveness of their process improvement activities.

d. Collect and analyze data on schedule performance, requirements stability and defect density. 

e. Collect and analyze data on cost performance, process stability, rework, customer (or user) satisfaction, and miscellaneous other measures.
f. Will manage the incorporation of new technology into the processes contained in the PAL.
Sustaining Level 3 serves as the foundation for moving to higher levels of maturity.  A key contribution of the effort to sustain Level 3 is the continued growth of projects contributing to and employing the data in both the PAL and the OSPD.  The PDF serves as a data call for project information to populate the OSPD with the data needed for the quantitative analysis that characterizes CMMI-SE/SW Level 4 and 5.  In addition, the projects need to make use of the database to help them in their estimates for future work.  Figure 4-1 illustrates this interaction between the PAL/OSPD, the project teams, and the Software Engineering Process Analysis Group (SEPAG).  The SEPAG is charged with both coordinating and performing the statistical analysis that will lead to constant process improvements and new technology insertion into the managed processes. 
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Figure 4-1.  SSC San Diego High Maturity Organizational Structure

Section 5.  The Software Engineering Process Analysis Group

SEPO will employ the SEPAG as a working group comprised of SEPO staff and SPI Agents, and/or technical staff from SSC San Diego projects to implement process improvement activities supporting the higher levels of maturity; i.e., Level 4 and Level 5.  The roles, activities, and responsibilities of membership in the SEPAG are defined in the paragraphs that follow.

The SSC San Diego SEPAG is responsible to the SEPO Director for the analysis of SSC San Diego process data contained in the OSPD.  The SEPAG provides an arena for discussion of software engineering processes and promotes the gathering and dissemination of information on the efficiency of the software engineering processes contained in the SSC San Diego PAL and the tailored derivatives.  These processes will be analyzed to ensure they are being adapted properly and to determine those processes that need improvement.  Examples of the issues addressed would include, but not be limited to those listed below:

a. Establish process capability baselines for the respective business domains using the data in the OSPD.  The capability baselines are updated based on new and recurring inputs to the OSPD, with trend analysis performed to quantify progress in meeting organizational goals. 

b. Perform quantitative analysis of cost/schedule impacts of SSC San Diego projects employing standard process assets, the various life cycle models, and new technologies/methods.

c. Facilitate the establishment of business domain quality goals and coordinate the planning to meet those goals.

d. Perform defect causal analysis and relate defect prevention to achieving product quality goals.

e. Measure the ability of standard processes to comply with targets associated with SSC San Diego goals for quality.

f. Make recommendations to projects on process improvement for defect prevention, cost and schedule efficiency.

g. Propose changes to SSC San Diego organizational processes to incorporate recommended improvements to methods/procedures based on quantitative analysis.

h. Facilitate the analysis of new software engineering technologies and methods and select those to be piloted at SSC San Diego.  The focus of this effort is to determine the impact on process improvement of the new technologies and methods and to facilitate their adoption across SSC San Diego when appropriate.  Efforts would include but not be limited to those listed below:

1. Evaluation of Commercial Off-The-Shelf (COTS) software engineering tools.

2. Evaluation of new software engineering design/specification paradigms.

3. Analysis of the current standard process in the PAL to identify areas that would benefit from new technologies/methods.

4. Recommend and assist pilot efforts for the application of new technologies. 

5. Draft changes to the standard software processes in the PAL that integrate approved new technologies into those standard software processes.

i. Facilitate and plan for the integration of new technologies into the organization’s standard processes in the PAL to ensure constant process improvement in quality, productivity, and cycle time reduction.

j. Coordinate the required training to ensure consistent quality planning, defect prevention, new technology selection, and the application of quantified methods within the projects. 

k. Publish papers on the current state of the SSC San Diego processes, the results of the application of new software engineer technology, and other software engineering issues that will serve to both help and communicate information that will enhance product quality and overall productivity.

The SEPAG interfaces with SEPO and the SSC San Diego SPI Agents to exchange knowledge on software engineering processes and process improvement. 

5.1
SEPAG Membership Responsibility

The SEPO Director will appoint members of the SEPO staff and specific Departmental SPI Agents to serve as members of the SEPAG.  Representatives have the following responsibilities:

a. Attend all SEPAG meetings.  Meetings will be held monthly or more frequently, if required.

b. Provide draft issue papers, as tasked to the member, at a specified period prior to the SEPAG meeting where it will be discussed.

c. Update, release, and control technical memoranda reflecting the SEPAG decisions back to the staff represented by the member.

d. Distribute copies of released documents to the staff represented by the member.

e. Report findings on a no-less-than quarterly basis to the SPI Agents for consideration and/or inclusion in reports to senior management on progress in meeting organizational goals.

5.2
The SEPAG Chairperson Responsibility

The SEPO Director will appoint a member of the SEPO staff to serve as the SEPAG Chairperson.  The SEPAG Chairperson shall be accountable to the SEPO Director to report problems as they are surfaced by the SEPAG for discussion at the SPI Agent meetings.  This Chairperson shall have the following responsibilities:

a. Schedule meetings

b. Distribute issue documentation to be addressed at the upcoming SEPAG

c. Conduct the SEPAG meetings

d. Record, track, and update action items

e. Ensure that the minutes of the SEPAG meeting are recorded and distributed

f. Ensure that decisions are distributed within the time frame agreed to by the affected participants.
Appendix A.  DEPARTMENT-LEVEL PROCEDURES

A.1
INTRODUCTION

This appendix targets informing the Department Head on the health of the projects and the organization under his cognizance to measure success in meeting the department goals.  Implementing a measurement program at this level is at the Department Head's discretion.  The following information serves only as an example of the data a Department Head may need to know and how he would collect that information.  Table A-1 is a summary of possible Department-Level reporting requirements. 

Table A-1.  Department-Level Reporting Requirements

Department Goals
Measure of Success
Lead Indicator

Project Meeting Sponsor’s needs
Project Performance
Cost and Schedule variance within limits

Project Meeting Sponsor’s needs
Project Volatility
Requirements stability within risk tolerances for project.  

Project Meeting Sponsor’s needs
Process Performance
Track project tasks (i.e., project end products) completion versus schedule.  

Project Meeting Sponsor’s needs
Customer Satisfaction
Track post-delivery high priority problem reports and need for contact team support to users

Project has stable, educated staff
Staff Stability
Development team turnover rate within tolerance

Project has adequate resources (i.e., space, labs)
Project resource issues
Forum for raising related issues

Project contributing to SSC San Diego SE Goals
SPI Participation Data
Determine project SPI status

Measurements are gathered from the project, interpreted and supplemented at the Branch level, then communicated through the software project manager to the Division Head and then to the Department Head. 

A.1.1
Purpose

The purpose of this appendix is to describe suggested procedures and measurements that could be implemented by a Department Head to track and monitor the health of the department and its assigned projects. 

A.1.2
Background

Managers must make decisions based on quantifiable data.  This document defines the measurement activities and reports that will give the Department Head the data needed to both monitor the health of assigned projects and make those key decisions necessary for the success of the department’s projects and SSC San Diego’s future.  Although the procedures given here present the activities as a sequence, in practice, tracking and oversight of any effort must iterate between these activities to effectively keep management appraised of department’s status.  

A.2
Roles and Responsibilities

A.2.1
SEPO Director

The Systems Engineering Process Office (SEPO) Director is responsible for the overall coordination and support of Software Process Improvement (SPI) efforts within Space and Naval Warfare (SPAWAR) Systems Center (SSC) San Diego.  The SEPO Director reviews status of SSC San Diego process assets, training, and SPI tasks on a quarterly basis with the Business Board.  The SEPO Director presents related issues on system engineering within SSC San Diego to the Business Board on a quarterly basis.

A.2.2
Department Head

The Department Head is responsible for the overall management of activities supporting the SSC San Diego systems engineering goals for all projects assigned to the department.  The Department Head monitors the Weekly Highlight Reports for issues requiring immediate attention and the Division Head’s Quarterly Division Reports (See Attachment A to this appendix for an example) for trends.  The Department Head reports the department’s status on SPI through the department SPI Agent and the SPI Status Report.

A.2.3
Division Head

The Division Head is responsible for the overall management of the projects assigned to the division, the reporting of their status to the project’s sponsor, providing the resources for the division to support it’s projects, and reporting their progress on SSC San Diego’s systems engineering goals.  The Division Head reviews each project weekly for impacting issues, on a quarterly basis for trends affecting submittals to support the content of the Quarterly Division Report, and quarterly to review project progress from the sponsor’s perspective.

A.2.4
Branch Head

The Branch Head is responsible for the overall management of activities assigned to the branch.  The Branch Head is responsible for the continuous assessment of the project activities, submitting weekly highlight inputs, supplemental inputs for the Quarterly Division Report, and any collection and reporting requirements specified in a project’s Software Measurement Plan (SMP).

A.2.5
Project Manager

The project manager is responsible for the overall execution of the project.  The project manager will ensure that appropriate tracking and oversight activities take place to ensure insight into the project’s development status and SPI activities for himself, the sponsor, and the Division Head.  The project manager is responsible for the management of the measurement collection and reporting process, analyzing the database of project indicators, and reporting this data to both project members and management as required for weekly, monthly, and quarterly reporting.  The project manager is responsible for the submission of Project Data Forms (PDFs) to SEPO for inclusion in the SSC San Diego Organization Software Process Database (OSPD).

A.2.6
Data Analysis Team

The data analysis team consists of project, division, and department level members assigned additional duties to support the assimilation, analysis, reporting and presentation of project data. 

A.2.7
Project Members

The project members are responsible for objectively collecting and reporting specific measurements as set out in the project’s SMP.  The project members may be assigned additional duties to support the assimilation, analysis, reporting, and presentation of project data. 

A.2.8
SEPO Data Analyst

The SEPO data analyst is a SEPO member assigned additional duties by the SEPO Director to support the assimilation, analysis, reporting and presentation of organizational measurement tracking data.  The data analyst will be responsible for preparing consolidated presentations to the Business Board.  This effort requires coordination with the Department SPI agents to allow analysis of the department’s SPI status reports and the SEPO-maintained OSPD.  The SEPO data analyst works with department data analysts and SPI Agents to perform trend analysis and to validate the achievement and/or deviation from the Software Quality Management and Quantitative Process Management targets associated with the SSC San Diego systems engineering goals.  The SEPO data analyst is responsible for the maintenance of the OSPD serving as a resource for future cost estimation efforts.

A.2.9
Department SPI Agent

The Department SPI Agent is responsible for the coordination and implementation of the department SPI effort.  The Department SPI Agent works with the SEPO data analyst, representing the department’s divisions and their projects, in developing the quarterly SPI progress report to the Business Board from the SPI status reports.

A.3
DEPARTMENT-LEVEL Measurement and Reporting process

The Department Head ensures that the departments, divisions and projects perform measurement activities.  This activity includes meeting with the Division Heads to discuss the measurements and software-related issues.  The following sections describe activities, performed under the direction of the Department Head, which support the Department-Level measurement and reporting responsibilities.  An overview of the process is contained in Figure 3-1 of the Organizational Measurement Guide (OMG).

A.3.1
Division-Level Status Reporting

A.3.1.1  Entrance Criteria.  The entrance criteria for this activity are listed below:

a. Project managers have performed required project-level status reporting

b. Division data analyst has been designated

c. Approved division measurement procedures are in place

d. Branch Heads have performed required branch-level status reporting.

A.3.1.2  Inputs.  The inputs for this activity are listed below:

a. Quarterly Project Reviews (PS02) to Division Head from projects scheduled during the period 

b. Accumulated inputs for Weekly Highlight Reports (PS03)

c. Accumulated Project Status Packages (PS01)

d. Accumulated supplemental inputs for the Quarterly Division Report (PS04). 

A.3.1.3  Tasks.  The tasks for this activity are listed below:

a. The Division Head will review accumulated Project Status Packages (PS01) to assess project performance.

b. Quarterly, the Division Head will conduct a project review meeting.  The review is used to communicate the status of the project and SPI efforts to all effected groups to ensure a consistent understanding and to coordinate project tasks between affected groups.  At a minimum, the meeting will include the activities listed below:

1. Review of the project status (PS02).

2. Discussion of risks, issues raised in Weekly Highlight Reports (PS03), and issues related to achieving SSC San Diego’s goals.

3. Action items are recorded and tracked to closure.

c. The Department SPI Agent will attend the quarterly project review meetings addressing the status of SPI activities. 

d. The division data analyst will consolidate the branch’s Weekly Highlight Reports (PS03) into a division Weekly Highlight Report (PS03) that will be submitted to the Department Head.

e. Each quarter, the division data analyst will consolidate the branch Quarterly Division Report (PS04) submissions into a division's Quarterly Division Report (PS04) that will be submitted to the Department Head.

f. Each month, the Department SPI Agent will brief the Department Head on the department SPI status.  The Department SPI Agent presentation will include the items listed below:

1. Review of the department SPI Plan Schedule

2. Discussion of upcoming SPI activities, risks, and issues

3. Action items will be recorded at these briefings and tracked to closure.

A.3.1.4  Outputs/Exit Criteria.  The outputs and exit criteria for this activity are listed below:

a. Division Weekly Highlight Report (PS03).

b. Division Quarterly Report (PS04).

c. Quarterly Project Review action items.

A.3.2
Department-Level Status Reporting
A.3.2.1  Entrance Criteria.  The entrance criteria for this activity are listed below:

a. Division-Level status reporting procedures have been performed

b. Department data analyst has been designated

c. Approved department measurement procedures are in place.

A.3.2.2  Inputs.  The inputs for this activity are listed below:

a. Division Weekly Highlight Reports (PS03)

b. Quarterly Division Reports (PS04).

A.3.2.3  Tasks.  The tasks for this activity are listed below:

a. The Department Head assigns oversight responsibility for the conduct of measurement activities within the department to the Department SPI Agent and Division Heads.

b. The Department Head directs Division Heads to implement the organizational measurement strategy within their divisions and report to him in accordance with his documented plan.

c. The Department Head reviews the Weekly Highlight Reports (PS03) to identify key issues impacting a project, division, department, or SSC San Diego.

d. The Department Head reviews the Quarterly Division Reports (PS04) with the Department SPI Agent and/or data analyst to perform trend analysis, identify deviations from expected values relating to the Software Quality Management and Quantitative Process Management targets, and notes items critical to the risks impacting the department business objectives.

e. The Department Head meets with each Division Head (PS05) on a quarterly basis for review of the content of the Quarterly Division Report (PS04).  Action items are assigned by the Department Head and recorded. 

f. The Department Head attends the quarterly SEPO Director brief to the Business Board on the SSC San Diego systems engineering goals effort status. The Commanding Officer, Executive Director and Department Heads attend this brief.  The SEPO Director’s presentation will include the items listed below:

1. Review of the SEPO Quarterly Progress Report (PS06) 

2. Discussion of upcoming SPI activities, risks, and issues

3. Action items are recorded at these briefings and tracked to closure. 

A.3.2.4  Outputs/Exit Criteria.  The outputs and exit criteria for this activity are the action items from the Quarterly Division Head meetings (PS05) and the Business Board brief.

A.3.3
Review Department Level Tracking and Oversight Process

A.3.3.1  Entrance Criteria.  The entrance criteria for this activity is the completion of quarterly review by the Business Board of SSC San Diego’s progress on its systems engineering goals.

A.3.3.2  Inputs.  The inputs for this activity are listed below:

a. SSC San Diego’s consolidated Quarterly Progress Report (PS06) on SSC San Diego systems engineering goals.

b. Accumulated Weekly Highlight Reports (PS03).

c. Accumulated Quarterly Division Reports (PS04).

A.3.3.3  Tasks.  The tasks for this activity are listed below:

a. Department Head and Department SPI Agent review Department’s progress on the SSC San Diego systems engineering goals relative to the overall SSC San Diego progress.  

b. Department Head, Department SPI Agent and department data analyst review ability of current measurement set to adequately communicate issues and progress.

c. Department Head and Department SPI Agent determine if changes to the measurement procedures are necessary.  If required, the Department SPI Agent effects documenting the changes.

d. Department Head conducts a quarterly brief with the Division Heads to communicate results of SEPO Quarterly Progress Report (PS06) to the Business Board, any changes to the measurement procedures, and assign action items as required.  

A.3.3.4  Outputs/Exit Criteria.  The outputs and exit criteria for this activity are listed below:

a. Revised departmental measurement procedures.

b. Communication to Division Heads on department and SSC San Diego progress on the systems engineering goals.

Attachment A.  Quarterly Division Report 

This attachment contains the format for the Quarterly Division Report (PS04) to the Department Head. Tailoring by the Department Head can be accomplished by adding additional slides and/or columns for issues to the stoplight chart.  The four slides described below are considered a minimum set for quarterly reporting of the status of the various projects within a division to the Department Head:  

a. Division Identification: Figure A-1 introduces the division whose status is being reported.

b. Division Highlights: Figure A-2 is a compilation of key items from the Weekly Highlight Reports (PS03).

c. Division Stoplight Chart: The status colors, as depicted in Figure A-3, will be specified by the requiring Department Head.  The measurements contained in this appendix are suggestive of those that would keep the Department Head informed of the status of the many projects in the department and of the department’s progress on SPI issues.  Tailoring by the Department Head can be accomplished by adding additional slides and/or columns to the stoplight chart.

d. Issues: Figure A-4 is used to relate any significant events and risks not reported or indicated by the slides above.  It may also be used to expand on any issue that is having an impact on a specific project or projects. 
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Figure A-1.  Division Identification Slide
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Figure A-2.  Division Highlights
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Figure A-3.  Division Stoplight Chart
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Figure A-4.  Issues

Appendix B.  EXECUTIVE-LEVEL PROCEDURES

B.1
INTRODUCTION

This appendix addresses the direction and monitoring of activities related to the Space and Naval Warfare (SPAWAR) Systems Center (SSC) San Diego’s goals for systems engineering excellence.  The Business Board establishes the SSC San Diego systems engineering goals, delegates the responsibility for achieving those goals to the Department Heads with facilitation from Systems Engineering Process Office (SEPO).  These goals are summarized in Table B-1.

Table B-1.  Executive-Level Measurements

Goal
Issue
Measurement

Capability Maturity Model-Integrated (CMMI-SE/SW) Level 3, 4 and 5 compliance
Breadth of Software Process Improvement (SPI) activity working toward CMMI-SE/SW Level 3,4 and 5 compliance 
Percent of projects recognized as working SPI toward CMMI-SE/SW compliance.  This data is in addition to that required by the Software Process Improvement Tracking and Oversight (SPrTO) Procedure (SPrTO measures SPI project status.  See reference (i))

Reduce software development cycle time
Benchmark and measure progress in shortening development cycles
New requirements delivered over time and post-delivery trouble reports per requirement

Reduced cost of software life cycle strategy
Baseline and measure improvements in productivity
Deviations of actual costs from planned costs and post-delivery origin of errors data

Technology adaptation
The degree projects are embracing new technology
List by project of applied technologies and lessons learned

Integrated software across traditional boundaries
The levels of reuse across projects 
Percent of projects complying with integration initiatives 

Continuously improve customer satisfaction
Customer satisfaction 
Customer satisfaction survey results

Continuously increase employee satisfaction
Loss of corporate skills and knowledge
Turnover rates by job series

Employee satisfaction survey results

Measurements are gathered from department data and the projects using the Project Data Form (PDF), then entered into the Organizational Software Process Database (OSPD) for analysis and interpretation.  The information serves as a foundation for measuring progress against the SSC San Diego systems engineering goals.  SEPO serves as the database administrator for the information and develops a quarterly presentation to the Business Board on SSC San Diego’s progress in meeting its systems engineering goals.

B.1.1
Purpose

The purpose of this appendix is to describe the procedures and measurements that are utilized to track and monitor SSC San Diego’s progress in meeting the SSC San Diego systems engineering goals.  

B.1.2
Background

Managers must make decisions based on quantifiable data.  This document defines the measurement activities and reports that will give the Business Board the data needed to both monitor the health of the SSC San Diego’s systems engineering activities and make those key decisions necessary for the success of the SSC San Diego in the current competitive environment.  Although the procedures given here present the activities as a sequence, in practice, tracking and oversight of any effort must iterate between these activities to effectively keep the Business Board appraised of status.  

B.2
Roles and Responsibilities

B.2.1
Business Board

The Business Board establishes the systems engineering goals for SSC San Diego.  The Business Board, comprised of the Technical Director and Department Heads, is responsible for the overall management of systems engineering efforts within SSC San Diego.  The actual implementation of the systems engineering methods to meet those goals comes in the form of the delegation of responsibility and authority to the Department Heads.  On a quarterly basis, the Business Board reviews the status of progress on its goals and the ability of the SSC San Diego to support its projects with the Department Heads.

B.2.2
SEPO Director

The SEPO Director is responsible for the overall coordination and support of Software Process Improvement (SPI) efforts within SSC San Diego.  The SEPO Director reviews status of SSC San Diego process assets, training, and SPI tasks on a monthly basis with the Department Heads and a quarterly basis with the Business Board.  The SEPO Director presents the SPI status reports and related issues on software engineering within SSC San Diego to the Business Board on a quarterly basis.  SEPO maintains a repository of measurement information on project performance.  This data is for trend analysis, verification of process improvement, and benchmarks for cost estimation of future work. 

B.2.3
Department SPI Agent

The Department SPI Agent is responsible for the coordination and implementation of the Department SPI effort.  The Department SPI Agent works with the SEPO data analyst, representing the departments divisions and their projects, in developing the Quarterly Progress Report (PS06) for the Business Board from the various SPI Status Reports (e.g., PI03 as defined in reference (i).). 

B.2.4
SEPO Data Analyst

A SEPO member assigned additional duties by the SEPO Director to support the assimilation, analysis, reporting and presentation of organizational measurement tracking data.  The data analyst will be responsible for developing information from the OSPD and SPI status reports into a consolidated presentation to the Business Board.  This effort requires coordination with the Department SPI Agents to allow analysis of the PI03 reports and the OSPD.  The SEPO data analyst works with the SPI Agents to perform trend analysis and to validate the achievement and/or deviation from the quantitative targets associated with the SSC San Diego systems engineering goals.  The SEPO data analyst is responsible for the maintenance of the OSPD serving as a resource for future cost estimation efforts.

B.3
Executive-LEVEL direction and monitoring process

The following sections discuss activities that support meeting Executive-Level measurement and reporting requirements.

B.3.1
Implement Software Process Improvement Initiative

B.3.1.1  Entrance Criteria.  The entrance criteria for this activity are listed below:

a. Recognition of competitive forces in market place defined by strategic business plan

b. Recognition of the need for constant process improvement to maintain competitive edge

c. Consensus at the executive level on the SSC San Diego systems engineering goals.

B.3.1.2  Inputs.  The inputs for this activity are the SSC San Diego systems engineering goals.

B.3.1.3  Tasks.  The tasks for this activity are listed below:

a. Initiate process improvement activities to achieve systems engineering goals.

b. Define systems engineering policies that support the systems engineering goals.

c. Define an organizational entity to facilitate system and software process improvement within the SSC San Diego.

d. Establish a set of department SPI projects to embrace software engineering process improvement disciplines.

e. Set quantified targets for systems engineering goals.

f. Track progress in meeting process improvement goals by implementing measurement processes defined in this guide.

g. Establish rewards for SPI projects for their efforts in institutionalizing constant process improvement with SSC San Diego.

h. Direct the expansion of the SPI initiative SSC San Diego-wide.

i. Ensure that all personnel managers and technical project managers are educated on all aspects of supporting the software process improvement initiative.

j. Conduct external Software Capability Evaluations (SCE) on SPI projects.

B.3.1.4  Outputs/Exit Criteria.  The outputs/exit criteria for this activity are listed below:

a. Systems engineering policies that support the SSC San Diego systems engineering goals.

b. Concept of constant software process improvement established and confirmed in all departments.

c. Established organizational entities to support process improvement.  This would include a SEPO, its staff, and a network of SPI Agents representing the projects of each department, and Software Engineering Process Groups (SEPGs) formed at appropriate levels of management such as the department and division.

d. Personnel managers and technical project managers educated on the need, concepts, and their responsibilities for constant process improvement.

e. Quantified targets for the systems engineering and software engineering goals. 

f. Personnel managers and technical project managers educated on the requirement to provide measures of success for their department in meeting the SSC San Diego system engineering goals.

g. SPI projects rewarded for their efforts in institutionalizing constant process improvement with the SSC San Diego software projects.

h. SCE conducted, any deficiencies identified and resolved.

i. SPI initiative expanded SSC San Diego-wide.

B.3.2
Executive-Level Monitoring

B.3.2.1  Entrance Criteria. The entrance criteria for this activity are listed below:

a. Executive-level measurement in place SSC San Diego-wide

b. SPI Project SPI efforts initiated

c. Process Asset Library (PAL) established and in maintenance. 

B.3.2.2  Inputs.  The inputs for this activity are listed below:

a. Consolidated Department’s Quarterly SPI Progress Report (PI03) per reference (i)

b. Action Items from previous quarterly reviews

c. SEPO Quarterly Progress Report (PS06) on SSC San Diego systems engineering goals.

B.3.2.3  Tasks. The tasks for this activity are listed below:

a. Business Board provides resources for SEPO activities.

b. Business Board conducts quarterly review of progress on systems engineering goals.

c. Business Board assigns action items based on trend analysis and issues raised at quarterly review.

d. The Commanding Officer, Technical Director and Department Heads attend the SEPO Quarterly Progress Report (PS06) to the Business Board on the status of the SSC San Diego systems engineering goals effort.  The SEPO Director’s presentation will include the following items:

1. Review of the SPI progress 

2. Discussion of upcoming SPI activities, risks, and issues

3. Action items are recorded at these briefings and tracked to closure. 

e. Business Board provides follow-up inquires on a monthly basis for high impact action items.

B.3.2.4  Outputs/Exit Criteria.  The outputs/exit criteria for this activity are listed below:

a. Action items from quarterly reviews to all concerned

b. Progress reports in Outlook on a quarterly basis.

B.3.3
Review Executive-Level Tracking and Oversight Process

B.3.3.1  Entrance Criteria.  The entrance criterion for this activity is the completion of quarterly review by the Business Board of SSC San Diego’s progress on its systems engineering goals.

B.3.3.2  Inputs.  The input for this activity is the SEPO Quarterly Progress Report (PS06) on the SSC San Diego systems engineering goals.

B.3.3.3  Tasks.  The tasks for this activity are listed below:

a. SEPO Director and SPI Agents review progress on SSC San Diego’s systems engineering goals as reported in the SEPO Quarterly Progress Report (PS06). 

b. SEPO Director and SPI Agents review ability of current measurement set to adequately communicate issues and progress.

c. SEPO Director and SPI Agent determine if changes to the measurement procedures are necessary.  If required, SEPO documents the changes.

d. SEPO Director at the following quarterly meeting with the Business Board communicates any recommended changes to the measurement procedures and other software-related issues raised during SPI Agent meetings complying with the CMMI-SE/SW Levels 4 and 5 Key Process Areas. 

e. Action items will be recorded at these briefings and tracked to closure.

f. Business Board approves any changes in procedures or goals, as required. 

B.3.3.4  Outputs/Exit Criteria. The output/exit criterion for this activity is the revised Executive-Level Measurement Procedures and/or new or changed systems engineering goals.
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