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�4.0	PERFORM PROCESS IMPROVEMENT

Overview

In this activity, the organization capitalizes on experiences from former projects to support on-going projects, and continuously performs process and product improvements.  This activity includes: 

Defining an organizational software baseline that documents statistical norms for the organization’s products and processes.

Identifying and prioritizing improvement goals.

Identifying lessons learned on past projects.

Identifying needed changes in processes and technologies.

Running controlled experiments to determine what changes and technologies are beneficial.

Providing projects with reusable products and meaningful project metric reports.

Documenting and updating the organization’s standard software process.

Dispositioning requests for deviations from the organizational standards.

Providing organizational training.

Roles and Responsibilities

The software engineering process group (SEPG) performs the following  main functions:  identifying, testing, and implementing process improvements; maintaining the organizational  assets; and defining and providing organizational training.

The SEPG normally consists of experienced project software managers, software developers, software testers, and software quality assurance (QA) and configuration management (CM) personnel.  Usually, at least one professional is assigned full time to the SEPG, and the group’s membership consists of 1 to 3 percent of the organization’s software professionals.  The SEPG leader (i.e., the SEPG chairperson) must be an experienced and knowledgeable manager with the respect of the project’s professionals and support of top management [Humphrey, 1989, p. 295].

Controls

Organizational goals determining:  the overall approach to process improvement, process areas to be focused on, and improvement program goals.

The organization’s standard software process that defines the process improvement activities and products to be produced.

Inputs

Requests for Deviation/Waiver (see Appendix C) from software projects requesting deviations from the organization’s standard software process.

Reusable software products from projects that are within the organization or from other organizations, or that are commercially purchased.

Project metrics submitted by software projects within the organization.

Procedures

The SEPG’s three main functions are:  identifying/implementing process improvements, maintaining the organizational assets, and organizational training.  The SEPG performs these on-going activities, which are not bounded by project schedules or delivery dates.

1)  4.1 Identify And Test Process Improvements - In this activity, the SEPG determines what process or technology changes should be made in the organization’s standard, based on the high-level organizational goals; by continuously evaluating new processes, methods, and technologies; developing improvement studies to test the proposed changes; testing these changes via pilot projects; and evaluating the results.  These experiments and their results are documented in Improvement Study Plans (ISP) (see Appendix E).  In addition to these planned changes during a software project’s course, the project software manager may need to deviate from or substantially tailor the organization’s standard software process and, consequently, submits a completed Request for Deviation/Waiver documenting the need to the SEPG for evaluation and approval.

2)  4.2 Maintain The Organization’s Assets - In this activity, information about the organization’s process and products is tracked and maintained.  This consists of collecting and storing the organization’s assets (e.g., reusable software products, the organization’s standard software process), determining and maintaining the organization’s software baseline, updating the organization’s products, and providing metric reports to the projects.

3)  4.3 Develop And Supply Organizational Training - In this activity, the organization’s training needs are defined, training materials and methods are developed or identified, and the training is conducted. 

Outputs

Reusable software products maintained by the SEPG and made available to software projects and other organizations.

Metric reports documenting the organization’s norms and reports on software projects’ status.

Dispositioned deviations/waivers for software projects seeking to deviate from the organization’s standard software process.

ISPs documenting experiments to be implemented on the organization’s projects, in addition to results and associated recommendations based on the studies. 

The organization’s standard software process, which is maintained.



�4.1	Identify And Test Process Improvements

Overview

The software engineering process group (SEPG) may determine that changes should be made in the organization’s standard software process, based on lessons learned, project needs, metric information in the organization’s software baseline, organizational goals, and/or new or advanced software engineering technologies and tools.  These changes can be in the process, methods, tools, etc., and may be requested by the project software manager on an on-going project (communicated to the SEPG via a Request for Deviation/Waiver (see Appendix C)), or identified by the SEPG and implemented on a pilot project(s).  An analysis, based on a pilot project’s data, is performed to determine what changes, if any, should be made to the organization’s standard software process.

Roles and Responsibilities

See parent activity 4.0 Perform Process Improvement.

Controls

Organizational goals determining:  the overall approach to process improvement, process areas to be focused on, and improvement program goals.

The organization’s Configuration Management (CM) Plan (CMP) specifying how change control will be implemented, and how products will be submitted to the asset library.

Inputs

Project metrics submitted by software projects within the organization.

Requests for Deviation/Waiver from the software projects requesting deviations from the organization’s standard software process.

The organization’s software baseline providing statistical norms for the software projects following the organization’s standard software process (see activity 4.2.3 Analyze And Develop Software Baseline). 

The organization’s standard software process that is to be changed.

Procedures

The following steps are not sequentially performed because process improvement is on going.  Activity 4.1.1 Review Requests For Deviation/Wavier is performed on demand.  Activity 4.1.2 Identify Lessons Learned is normally performed at a project’s end, but may be performed after completing some project milestone or set of activities.  Activity 4.1.3 Determine Improvement Goals And Potential Changes is an on-going activity.  Activity 4.1.4 Produce Improvement Study Plan may be performed at any time based on the output of 4.1.3 Determine Improvement Goals And Potential Changes, and the availability of on-going and future projects to implement the change.  Activity 4.1.5 Analyze Project Results is conducted at the end of each Improvement Study.  Metrics are collected via the metrics database (see activity 4.2.2 Maintain Metrics Database) throughout all process improvement activities.

1)  4.1.1  Review Requests For Deviation/Waiver - During a project, it may be necessary to deviate from the organization’s standard software process.  When this occurs, a completed Request for Deviation/Waiver is submitted to the SEPG, describing the requested deviation/waiver and the rationale.  The SEPG accepts or rejects the request based on the project’s status and documentation.

2)  4.1.2 Identify Lessons Learned - Within one month of completing or during a project (or other significant milestone), members of the project’s software engineering group meet with the SEPG members to capture software project-specific lessons learned in the Lessons Learned Document (LLD) (see Appendix E).

3)  4.1.3 Determine Improvement Goals And Potential Changes - Based on the metric information in the organization’s software baseline, lessons learned, and Requests for Deviation/Waiver from projects, the SEPG may identify improvements to the organization’s standard software process or suggest new tools to better meet the organization’s high-level goals (e.g., lower costs, increased productivity).  In this activity, these proposed changes are determined and documented.

4)  4.1.4 Produce Improvement Study Plan - Based on proposed changes in processes or technology, the SEPG develops an Improvement Study Plan (ISP) (see Appendix E) documenting how a process or technology change will be implemented, monitored, and evaluated on a selected project. 

5)  4.1.5  Analyze Project Results - When a software project is completed using a modified software engineering process, method, or new tools, the results are documented in a LLD (see activity 4.1.2 Identify Lessons Learned), and captured in the software project metrics.  The results must be reviewed, analyzed, and compared to the organization’s software baseline to determine if the process, method, or technology change is an improvement.  The analysis and results are recorded in the ISP, and placed under configuration control in accordance with the organization’s CMP.  If the results are inconclusive, the experiment may be repeated on a new project, which would require a new ISP (see activity 4.1.4  Produce Improvement Study Plan).

Outputs 

Dispositioned deviations/waivers approved or disapproved by the SEPG.

ISP(s) describing the planned process improvements to be implemented on a project, results, and final evaluation.

LLD documenting the lessons learned on a project.

Metric Variance Notification form documenting that certain project metrics should not be included in the organization’s software baseline.

Process improvement metrics are collected throughout this activity.

�4.1.1	Review Requests For Deviation/Waiver

Overview

During a software project, it may be necessary to deviate from the organization’s standard software process.  When this occurs, a Request for Deviation/Waiver (see Appendix C) is submitted to the software engineering process group (SEPG) describing the requested deviation/waiver and rationale.  The SEPG determines the request’s merit based on project documentation, and accepts or rejects the request.

Roles and Responsibilities

The SEPG members disposition the Request for Deviation/Waiver.

The project software manager requesting the deviation presents the SEPG with sufficient information and documentation to allow the members to properly disposition the request.

Controls

See parent activity 4.1 Identify And Test Process Improvements.

Inputs

Request for Deviation/Waiver submitted by the software project requesting a deviation from the organization’s standard software process.

Project documentation submitted by the software project to support the deviation request (e.g., software project schedules, funding documentation).

The organization’s standard software process from which the project is requesting a deviation.

Procedures

The following steps are sequentially performed: 

1)  The SEPG chairperson receives a Request for Deviation/Waiver, and sends a copy to each SEPG member.

2)  The SEPG chairperson assigns one or more reviewers (i.e., other SEPG members) to analyze the request and establish a date for completing it.

3)  The reviewer(s) analyzes the request against the organization’s standard software process, determining the request’s impact on any on-going improvement studies, baselining, and reuse efforts, as well as the expected effect on the system and software products developed by the project.  The project software manager or other project personnel should be consulted, and any related documentation from project personnel should be reviewed.  During this analysis, the reviewer(s) should identify what project metrics, if any, will be impacted by the requested deviation.

4)  The reviewer(s) documents the findings on the Request for Deviation/Waiver in accordance with the organizational-level Configuration Management (CM) Plan (CMP), and notifies the SEPG chairperson that the review is complete.

5)  The SEPG chairperson reviews the analysis to determine the reasons for and validity of the request, and its impact on the organizational and project products (e.g., quality, schedule, cost), on-going process studies, and baselining efforts.  The request and accompanying analysis then is submitted to the SEPG for a vote to accept or reject.  It is recommended that the analysis and request be electronically routed because the SEPG may be loosely organized with members working on other projects.  The SEPG members should base their votes on what is best for the project.  The project software manager and SEPG chairperson then are notified of the SEPG’s decision.  If the request is granted, the SEPG completes a Metric Variance Notification form (see Appendix C) stating which software project metrics will by impacted by the change.  The completed form is placed in the organization’s asset library (see activity 4.2.1 Maintain Asset Library).

6)  If the SEPG chairperson believes the requested deviation may have merit for several current or future projects, the SEPG chairperson identifies the requested deviation as a potential modification to the organization’s standard software process (see activity 4.1.3 Determine Improvement Goals And Potential Changes). 

Outputs

The dispositioned deviation(s)/waiver(s) returned to the project software manager.

The Metric Variance Notification form submitted to the SEPG member(s) maintaining the organization’s software baseline.



�4.1.2	Identify Lessons Learned

Overview

Within one month of completing a project or other significant milestone (e.g., baselining requirements, completing integration testing), members of the project’s software engineering group meet with the software engineering process group (SEPG) to capture project-specific lessons learned in the Lessons Learned Document (LLD) (see Appendix E).

Roles and Responsibilities

The project’s software engineering group describes the lessons learned during the project.

A SEPG member(s) interviews the software engineering group members to document the lessons learned and complete the LLD.

Controls

LLD Data Item Description (DID) (see Appendix E).

Inputs

Software project metrics collected during the software project.

Procedures

The lessons learned are identified and documented primarily for the SEPG as effective tools in identifying potential process, method, or technology changes.  The SEPG member(s) developing and documenting these lessons should understand that the software project group members may disagree about what the lessons are.  Consequently, the SEPG member(s) should document the various (and at times conflicting) viewpoints, and may consider interviewing the software group members separately to guarantee an accurate project representation.  The SEPG member(s) should not be judgmental toward the software group members; the information being gathered is for use only in process improvement, and should never be reflected or referenced in personnel evaluations.  The SEPG member(s) in this activity should have sufficient background to understand the project’s domain and activities, and carefully review the software metrics to understand the software project’s history. 

1)  The SEPG member(s) works with the project software manager to describe and document the original and final (or current) scope of the effort.  This includes an overview of the project, its size, goals, etc., that are recorded in the LLD’s Scope section.  Emphasis should be on differences in size, cost, scope, or level of complexity between the original and final (or current) project estimates.

2)  The SEPG member(s) works with the project software manager to gather feedback on the general management approach, management activities that were performed, and the management tools (e.g., planning, scheduling) that were used.  The project software manager should provide feedback on the value of various activities, the tools’ usefulness, changes that should be made in the organization’s standard software process, support, and training provided by the SEPG.  Based on the software project’s metrics, the SEPG member(s) should question the project software manager about variations in original estimates for project size, labor, and cost.  The SEPG member(s) also should focus on the history of the planning documents (e.g., Software Development Plans (SDP), Software Test Plan(s) (STP)) and determine if they were followed and kept up-to-date.  The SEPG member(s) documents this in the Management Lessons Learned section of the LLD. 

3)  The SEPG member(s) works with the software developers and testers to gather feedback on the development and testing approaches, development activities performed, and development tools (e.g., computer-aided software engineering (CASE) tools, compilers, test tools, simulators) used.  The software developers and testers should provide feedback on:  the value of various activities, including training, that should have been performed; usefulness of tools; changes that should be made in the organization’s standard software process, etc.  The software project’s metric reports may be discussed as time spent on each activity, lines of code (LOC) completed, productivity rates, etc.  The SEPG member(s) should focus on the value of the requirements analysis and design methods used, formal inspection results, coding standards, software configuration management (SCM) tools and support, testing documentation, software engineering environment, and any other relevant areas.  The SEPG member(s) documents this information in the Development Lessons Learned section of the LLD.

4)  The SEPG member(s) works with the SCM manager and staff to gather information on the SCM effort and tools, and activities performed.  The SEPG member(s) reviews metric reports on the number of Software Change Requests (SCR), Software Trouble Reports, and Requests for Deviation/Waiver (see Appendix C for all forms) to determine, from a SCM viewpoint, their effects on the project.  The SCM manager and staff provide feedback on the value of various activities, the tools’ usefulness, changes that should be made in the organization’s standard software process, value of training provided, etc.  The SEPG member(s) documents this information in the Software Configuration Management Lessons Learned section of the LLD.

5)  The SEPG member(s), with input from the software engineering group, completes the remaining sections of the LLD (e.g., referenced documents, glossary, acronym list).  Project members may review the LLD for accuracy.

6)  The SEPG member(s) submits the LLD to the organization’s asset library in accordance with the organizational-level Configuration Management (CM) Plan (CMP).  In some cases in which the information may be detrimental or controversial, the SEPG chairperson may limit LLD access.  Normally, only SEPG members who are identifying potential technology or process changes (see activity 4.1.3  Determine Improvement Goals And Potential Changes) have access to the LLD.

Outputs

The LLD which has been placed in the organization’s asset library.

�4.1.3	Determine Improvement Goals And Potential Changes

Overview

The software engineering process group (SEPG) may identify improvements to the organization’s standard software process or tools to better meet the organization’s high-level goals (e.g., lower costs, increased productivity).  These proposed improvements are based on:  metric information in the organization’s software baseline, lessons learned, and/or new or advanced software engineering processes, methods and tools, organizational goals, and the project’s Requests for Deviation/Waiver (see Appendix C).  These identified improvements can be in the process, methods, techniques, procedures, tools, or any other applicable areas.

Roles and Responsibilities

The SEPG identifies and documents proposed improvements to the organization’s standard software process or tools to better meet the organization’s high-level goals.

Controls

Organizational goals determining the:  overall approach to process improvement, process areas to be focused on, and improvement program goals.

The Improvement Study Plan (ISP) Data Item Description (DID) (see Appendix E).

Inputs

The organization’s standard software process.

Dispositioned Requests for Deviation/Waiver.

Tools for evaluation.

Lessons Learned Documents (LLD) (see Appendix E) from previous or on-going projects.

Software engineering processes/methods for evaluation.

Software baseline documenting the organization’s norms for the various activities.

Procedures

1)  The SEPG must determine the process improvement effort’s current goal.  Just as management has its general goals of better, faster, and cheaper, the SEPG normally has two general goals:  prevent defects (better) and increase productivity (faster, cheaper).  [Humphrey, 1989, p. 296] recommends that the SEPG’s initial emphasis be on project planning and management, thus, improving productivity by allocating sufficient resources and proper training.  The Software Engineering Institute’s (SEI) Software Process Assessments may be conducted to identify problem areas.  These assessments normally are conducted every 1.5 to 3 years.  Requests for Deviation/Waiver from the organization’s standard software process also may provide insight into problems of on-going projects and suggest areas for improvement.  The SEPG should prioritize its efforts to focus on tasks it can quickly and effectively handle to ensure continued support by the organization’s upper management and software professionals.  The SEPG should focus on a few, non-overlapping, well-understood goals (e.g., reduce the number of coding errors prior to system integration testing, produce better requirements documentation, improve labor/cost estimates) at a time to solve an organizational problem(s).  The SEPG must avoid overloading a project with changes because this would prevent the cause and effect of metric variances from being apparent.  The SEPG also may propose study goals where no significant changes are proposed, but specialized data is collected to refine the understanding of software processes and products.  This goal is documented in the Goals section of the ISP.

2)  If applicable, the SEPG must determine the problem areas that need to be corrected or improved to meet the selected goal, and the reasons for the problem.  Once the organization’s software baseline is established, the SEPG can use historical metrics to gain insight into the areas needing improvement.  LLDs and Requests for Deviation/Waiver from projects also can give a more partisan insight into the areas that the software professionals believe need improvement, and may be especially helpful in determining the effectiveness of tools and the value of training provided.

3)  If the problem area is tool related, the SEPG performs tool evaluations to find other tools that better support the project’s needs.  The SEPG performs the tool evaluations following the process in IEEE STD 1209-1992 IEEE Recommended Practice for the Evaluation and Selection of CASE Tools.  IEEE STD 1209-1992 provides evaluation criteria for project management and configuration management (CM) tools, as well as computer-aided software engineering (CASE) tools.  Internet news groups and software engineering publications may be consulted for user feedback on specific tools, as well as the availability and descriptions of new tools.  Generally, tool evaluations are most useful when real project data is used as input.

4)  If the problem is process-related, the organization’s standard software process is evaluated to determine if additional training (see activity 4.3 Develop And Supply Organizational Training) or a process change is needed.  If it is determined that a process change is needed, the SEPG may evaluate other software engineering processes/methods (i.e., design methodologies, implementation techniques, size estimating techniques) to determine those that better meet the organization’s needs.  During this evaluation, the SEPG should consider the following:

Is the process or method well defined and documented?

Is commercial training available?

Is tool support available for the process or method?

Was the process or method successfully used by other organizations in a similar domain?

How long will it take the organization to fully transition to the new process or method?

Internet news groups and software engineering publications may be consulted for user feedback and information on new software engineering processes or methods as they become available.  

5)  Once the change in technology or process or method is identified, it is described in the Approach section of the ISP, along with any related information (e.g., evaluation performed).

6)  The SEPG then seeks to identify a suitable project to test the new process, method, or technology (see activity 4.1.4 Produce Improvement Study Plan).

Outputs

The process improvement goals and proposed approach documented in the ISP.

�4.1.4	Produce Improvement Study Plan

Overview

Based on proposed changes in processes or technology, the software engineering process group (SEPG) develops an Improvement Study Plan (ISP) (see Appendix E) to document how a change in a process or technology will be implemented, monitored, and evaluated on a selected project.  For a sample ISP see [NASA-GB-001-94, pp. 127-128].

Roles and Responsibilities

The SEPG members implementing the plan.

The project software manager works with the SEPG to determine how the change will be implemented.

Controls

The ISP Data Item Description (DID) (see Appendix E).

Inputs

The improvement goals and approach documented in the ISP.

Current project status as provided by the project software manager.

The organization’s software baseline documenting the organization’s statistical norms for the various process activities.

Analyzed project results and recommendations (if this is not the first test of the proposed process method or technology).

The organization’s standard software process, which is being modified.

Procedures

1)  Based on the new process or method or technology, a SEPG member determines if any new or on-going project can pilot the new process, method, or technology.  It must be understood that any change to the organization’s standard software process or use of new technologies involves risk to the project, and may require additional training.  The project software manager must compare this against the project’s goals, constraints, and current status, and must feel free to decline to participate in the study if the risk or overhead seems too great.  The project software manager should be given the results of any previous improvement studies using the same or related processes, methods or technologies.  If a project cannot pilot the study, the study may be placed in the asset library (see activity 4.2.1 Maintain Asset Library) until a suitable project is available.  The study is checked back out upon identifying a suitable project.

2)  Once the project is selected, a brief description is developed and documented in the Project Description section of the ISP.  Any relevant information concerning the project’s size, life cycle, design methods, schedule, implementation language, or related details should be documented in the Key Facts section of the ISP. 

3)  The SEPG member(s) defines the study’s goal in a quantifiable form (e.g., decrease errors found during qualification testing by 10 percent).  The Goal/Question/Metric approach [Grady, 1992, pp. 23-28] may be used for defining and evaluating the goal using metrics.  The SEPG member(s) must verify that the software baseline is well-defined for the identified metrics.  If not, the study must be postponed until the baseline is established. 

4)  The SEPG member(s) determines the approach for evaluating the study’s results, including documenting the statistical evaluation to be made, references to previous related projects and study evaluations, expected study completion date, and project phases and activities expected to be impacted.  The SEPG member(s) may wish to schedule informal reviews with software project members throughout the study to review the metrics and determine if the study should continue.  This information should be documented in the Approach section of the ISP.

5)  The SEPG member(s) determines what metrics (from the organization’s standard set) are expected to be impacted by the change in the process, method or technology, and documents them in the Data Collection section of the ISP.  The SEPG member(s) also should document any special reports that should be generated or new metrics they wish to collect during the study.  A Metric Variance Notification form (see Appendix C) should be submitted to the asset library (see activity 4.2.1 Maintain Asset Library) to identify metrics that should not be included in the organization’s software baseline.  If special metric reports are needed, the software database may need to be modified (see activities 4.2.4 Maintain Process Standards).

6)  The SEPG member(s) should review the completed ISP with the project software manager and the SEPG chairperson to obtain their approvals and commitments.  The SEPG member(s) then places the ISP under configuration control in the organization’s asset library (see activity 4.2.1 Maintain Asset Library) in accordance with the organization’s Configuration Management (CM) Plan (CMP).

7)  The ISP is incorporated into the appropriate project plans by the project software manager and implemented.

Outputs

The completed ISP.

Any Metric Variance Notification forms submitted.

�4.1.5	Analyze Project Results

Overview

When a project is completed using a modified software engineering process, method, or new tools, the results are documented in a Lessons Learned Document (LLD) (see Appendix E) (see activity 4.1.2  Identify Lessons Learned), and captured in the Software project metrics.  The results must be reviewed, analyzed, and compared to the organization’s software baseline to determine if the process, method, or technology change is an improvement.  The analysis and results are recorded in the Improvement Study Plan (ISP) (see Appendix E).  If the results are inconclusive, the experiment may be repeated on a new project, which would require modifications to the study plan to include the additional project and associated data.

Roles and Responsibilities

The SEPG members are responsible for analyzing the software project metrics and LLDs, and based on these, making recommendations on changes to the organization’s standard software process.  The SEPG member(s) performing this activity should have an understanding of basic statistical techniques.

Controls

The ISP Data Item Description (DID) (see Appendix E).

Inputs

The LLD providing feedback on the new process, method, or technology.

The organization’s software baseline documenting its norms for the various activities.

The ISP explaining the process, method, or technology experiment.

Software project metrics for the pilot project.

Procedures

This activity may be started as soon as metric results begin to be reported by the software project.  These results should be periodically reviewed and analyzed throughout the duration of the study to determine the impact of the changes.  If it is determined that the change(s) are jeopardizing the success of the project, the study may be terminated.

1)  The ISP is checked out of the organization’s asset library to be updated in accordance with the organization’s Configuration Management (CM) Plan (CMP).

2)  The software engineering process group (SEPG) member(s) should first look at the project metrics (described in the ISP)) that are likely to be affected by the study.  The SEPG member(s) statistically compares these metrics to those in the organization’s software baseline to determine if the variances are statistically significant.  Statistical hypothesis testing is described in [Weinburg, Schumaker, and Oltman, 1981, pp 208-225].  This analysis is documented in the Results and Recommendations section of the ISP.

3)  Due to the low number of projects, process studies cannot be repeated many times, and studies show there may be a large learning curve associated with new processes [Fayad, Tsai, and Fulghum 1996, pp 109-121].  Also, each individual project may have peculiarities (e.g., high personnel turnover, unusually high or low complexity levels) causing unusual statistical variances.  Statistical results with low significance levels (avoiding type one errors) cannot always be obtained due to the low number of projects and uncontrollable variances between them.  Therefore, the SEPG also must consult the LLD to determine if the process, method, or technology change had a positive or negative impact on the project.   For example, the project metrics may show the process, method, or tool impaired a project’s productivity rate because of poor training or the project team’s difficulties in adjusting to the new paradigm.  If the LLD shows a consensus that the change was an improvement, the SEPG should consider this in determining if additional improvement studies on the process, method, or tool are warranted.

4)  SEPG members make recommendations based on the statistical analysis and the Lessons Learned.  The following are general guidelines for recommendations:

Significant changes in the organization’s standard software process, methods, or tools should not be recommended without supporting statistical evidence or strong project support.

Studies indicating marginal statistical improvement or receiving some positive feedback by the project group should be candidates for additional study on future projects.

The results and recommendations are briefed and discussed with the project group.

5)  The recommendations are documented in the Results and Recommendations section of the completed ISP, which is placed in the organization’s asset library (see activity 4.2.1 Maintain Asset Library) in accordance with the organization’s CMP.  If the recommendation is to change the organization’s standard software process, a Software Change Request (SCR) (see Appendix E) is written and submitted to the SEPG control board (see activity 4.2.4 Maintain Process Standards). 

Outputs

The results and recommendations from the improvement study documented in the Results and Recommendations section of the ISP.

�4.2	Maintain The Organization’s Assets

Overview

In this activity, information about the organization’s process and products is tracked and maintained.  This consists of collecting and storing the organization’s assets such as  software work products and improvement studies (planned and completed), determining and maintaining the organization’s software baseline, and updating the organization’s products. 

Roles and Responsibilities

See parent activity 4 Perform Process Improvement.

Controls

See parent activity 4 Perform Process Improvement.

Inputs

Lessons Learned Document (LLD) (see Appendix E) to be placed in the asset library.

Improvement Study Plans (ISP) see Appendix E) to be placed in the asset library.

Metric Variance Notification form (see Appendix C) indicating to the software engineering process group (SEPG) personnel analyzing the software metrics that a project varies from the organization’s standard software process.

Reusable software products to be placed in the asset library.

Project metrics to be entered into the metrics database.

The Organizational Training Program (OTP) (see Appendix E) to be placed in the asset library.

Software Change Requests (SCR) (see Appendix C) for SEPG products (e.g., training materials, the organization’s standard software process).

Procedures

In this activity, the organization’s software process assets, shown as entities in Figure 4.2-1, are maintained.  The organization’s asset library (i.e., the library of software process-related documentation in Figure 4.2-1) contains this Guidebook (with the descriptions of the software life cycles, guidelines, criteria for tailoring the organization’s standard software process, and the organization’s standard software process as shown in Figure 4.2-1), as well as reusable software products (i.e., project results and software work products in Figure 4.2-1).  The metrics database (i.e., the organization’s software process database in Figure 4.2-1) also is maintained.  Process improvement metrics are collected throughout this activity.  The following subactivities are continuous and concurrently performed:
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Figure 4.2-1  Conceptual Software Process Framework Used in the CMM [CMU/SEI-93-TR-24]

1)  4.2.1 Maintain Asset Library.  In this activity, the organization’s process assets (e.g., standard software process, LLDs, Metric Variance forms, OTP, software work products, metrics database and documentation, reusable code) are stored and made available to projects and other organizations upon request for training, process definition and maintenance, as product examples, or for project reuse.

2)  4.2.2 Maintain Metrics Database.  A metrics database is implemented and maintained to collect, track, and report available data on the software activities, products, and processes.  The organization’s software baseline is defined with this data.  The database is used by the SEPG to analyze organizational data, and reports are provided to the project software managers to track their individual projects. 

3)  4.2.3 Analyze And Develop Software Baseline.  In this activity, the organizational norms (i.e., the organization’s software baseline) are captured as models, relationships, and characteristics.  These are identified by analyzing metrics from the metric database of projects that follow the organization’s standard software process.  This baseline is essential to future process improvement activities because it is the norm against which future process improvement activities are measured.

4)  4.2.4  Maintain Process Standards.  The organization’s standard software process, once it is defined, must be refined via process improvements, and kept up-to-date to meet the organization’s current needs.  Because the process is subject to change, it must be kept under configuration control in the asset library (see activity 4.2.1 Maintain Asset Library).  In this activity, members of the SEPG develop a Configuration Management (CM) Plan (CMP) for the organizational-level products, and form a configuration control board (CCB) that determines what changes are to be made to the organization’s standard software process.  These changes are handled via Software Change Requests (SCR) (see Appendix C).

Outputs

The organization’s standard software process maintained and updated by the SEPG, and made available to all organization personnel.

The organization’s CMP documenting how organizational products are controlled and maintained.

Project and organizational process improvement metrics which are collected throughout this activity.

Software metric reports to supply project information to the project software managers.

Reusable software products made available by the SEPG to projects and other organizations.

The software baseline depicting the statistical norms for the organization’s standard software process to identify improvement areas and determine if improvements were made.

Approved changes (as documented on SCRs) to the organizational products.

�4.2.1	Maintain Asset Library

Overview

In this activity, the organization’s process assets (e.g., standard software process, software work products, reusable code, metrics database) are stored.  These assets are made available to projects and other organizations, upon request, for training, process definition and maintenance, product examples, or for reuse.

Roles and Responsibilities

The software engineering process group (SEPG) must maintain a library of software process-related documentation and reusable software products.  The members maintaining this library must have a good understanding of the products, and how they may be applied or reused on software projects. 

Controls

The organization’s Configuration Management (CM) Plan (CMP) describing how products will be maintained and updated in the library.

Inputs

The organization’s standard software process.

Lessons Learned Documents (LLD) (see Appendix E) (see activity 4.1.2 Identify Lessons Learned).

Reusable software products from software projects.

Organizational Training Program (OTP) (see Appendix E) (see activity 4.3 Develop And Supply Organizational Training).

Improvement Study Plans (ISP) (in various stages of completion) (see Appendix E).

The organization’s software baseline (see activity 4.2.3 Analyze And Develop Software Baseline).

The metrics database and documentation which are put under configuration control.

Metrics Variance Notification forms (see Appendix C).

Procedures

1)  The SEPG should continually review new journals, books, and standards to determine if they are relevant to the organization’s domain.  The SEPG also should be aware of the services offered by commercial and government software repositories and libraries (e.g., MountainNet), which may be of interest to the organization’s projects.

2)  When a project is completed, the SEPG members should work with the project’s group members to determine which work products from the software project should be moved to the organization’s asset library.  These products normally include:  LLDs, Metric Variance Notification forms, the Software Development Plan (SDP) (see Appendix E), reusable software components, etc.  The SEPG member(s) maintaining the library receive products from software projects that are placed in the asset library and updated in accordance with the organization’s CMP (see activity 4.2.4 Maintain Process Standards).  In addition to project-related products, new and updated organizational products (e.g., the organization’s standard software process documentation, metrics database and documentation, ISPs, OTP, the organization’s software baseline) also are placed in the library.

3)  When an item is added to the library, all SEPG members and appropriate software project members should be notified. 

4)  The SEPG members maintaining the library should support software projects by locating and acquiring software products and documentation relevant to the project’s efforts.  By providing good examples of previous plans or other documents, the SEPG speeds up the planning process and helps develop commonality between projects.  The library will be used to support software baselining efforts.

Outputs

Reusable software products (e.g. documentation examples, software components) for use on future projects.

Organizational products (e.g., OTP, CMP, standard software process) kept under configuration control.

 �4.2.2	Maintain Metrics Database

Overview

A software metrics database is implemented and maintained to collect, track, and report available data on the software activities, products, and processes.  The organization’s software baseline is defined using this data.  The database is used by the software engineering process group (SEPG) to analyze organizational data, and reports are provided to the project software managers to track their individual projects. 

Roles and Responsibilities

The SEPG members responsible for maintaining the metrics database serve as database developers and administrators.  They must have a detailed understanding of the database schema, and be able to accommodate the introduction of new or modified forms, reports, etc.

Controls

The organization’s standard software process documenting the minimum set of metrics to be recorded.

The organization’s Configuration Management (CM) Plan (CMP) that dictates how the database code and related documentation will be submitted to be placed under CM in the asset library.

Inputs

Project and organizational metrics being entered.

Approved Software Change Requests (SCR) (see Appendix C) that result in modifications to the database.

Procedures

Metrics collection is on-going and not dependent on any individual project.  After initially completing the metrics database in step 1, steps 2 and 3 are continuously performed.  For a complete listing of the information collected by the Software Engineering & Analysis Laboratory  (SEAL) software metrics database, see the Software Metrics Database User’s Guide.   The metrics database may be updated at any time as a result of an approved SCR in accordance with the organization’s CMP.  Note:  due to the nature of cost data, a secure cost database may be maintained separately from the software metrics database.

1)  The metrics database is developed to collect a core set of project and organizational information and metrics.  At a minimum, the following project information must be recorded in the database:

Project Name - collected at project start.

Computer software configuration items (CSCI) (may be broken down to the computer software component (CSC) level) - determined at startup and updated as needed.

Computer language(s) for each CSCI 

Target platform - determined at startup and updated as needed.

Estimated hours by activity (e.g., preliminary design, detailed design).

Estimated cost of project.

Development platform - determined at startup and updated as needed.

Software project schedule (planned and actual) - determined at startup and updated as needed - includes reviews and may contain phase start/complete dates.

Software project personnel and roles - determined at startup and updated as needed.

Project and organizational-level training classes offered, with instructor name(s), and dates - event driven.

Students completing project and organizational-level training classes - updated at the end of each training class.

Formal inspections planned and conducted (moderator, inspector, products inspected) - updated after each inspection or change in plans.

The following is a minimum set of project metrics that are collected and recorded in the database:

Number of SCRs (received, deferred, disapproved, approved, implemented) and products impacted by the change - normally collected weekly after products are baselined.

Number of Software Trouble Reports (see Appendix C) (received, deferred, to be corrected, already corrected) - normally collected weekly (during testing and/or maintenance).

Lines of code (LOC) per CSCI broken down into new, modified, and reused (estimated, actuals to date for each category) - collected monthly for estimates, weekly during development for actuals.

Labor hours expended by activity (estimates and actuals) - collected weekly for actuals - estimates should be updated monthly.

Cost estimates and actuals - collected weekly for actuals - estimates should be updated monthly if the project cost data is available.

2)  The SEPG generates reports from the database based on the project metrics received.  The following are a minimal set of reports to be supplied to the project software manager:

Project Activity Hours Report - contains the total hours spent on each activity to date against estimates - may be broken down into phases if requested - normally generated weekly.

Project Cost Report (if cost data is available) - contains each activity’s total cost to date against estimates - may be broken down into phases if requested - normally generated monthly.

Project Change Profile Report - contains the cumulative number of changes requested (may be broken down by phase), total number of changes implemented, and number of times each product was changed - may be generated monthly.

Project Summary Statistics Reports - contains the project name; language; new, modified, and reused LOC (based on actuals); total number of SCRs received during the project; labor hours  by labor category and activity - generated at the end of the project.

Training Report - contains the courses completed for each person in the organization or on a given project - generated on demand.

Project Error Reports - contains the cumulative number of Software Trouble Reports received or requested, action taken, total number of changes requested (SCRs) from Software Trouble Reports - may be generated monthly.

Formal Inspections Report - contains the inspection dates, items inspected, and major defects found.

Project Status Report - Contains the project name, CSCIs, LOC estimated and completed for each CSCI, labor hours estimated and actuals for each CSCI, software products baselined, and actual and estimated milestone dates - normally generated monthly.

3)  The SEPG or project software managers may request that special reports be generated, or that reports be generated at specific dates or different time intervals.  The SEPG may, as part of its improvement (see 4.1.4 Produce Improvement Study Plan) or software baselining effort (see 4.2.3 Analyze And Develop Software Baseline), request that special reports be generated and metrics from a particular project be included (or not included) in these reports.  Any requests requiring changes to the database are made via SCRs.

4)  The metrics database and related documentation are submitted to the asset library (see activity 4.2.1 Maintain Asset Library) to placed under configuration control in accordance with the organization’s CMP.

Outputs

Software metric reports provided to the SEPG for analysis and to the project software managers for project tracking.

The metrics database and related documentation placed under configuration control.



�4.2.3	Analyze And Develop Software Baseline

Overview

In this activity, the organizational norms (i.e., the organization’s software baseline) are captured as models, relationships, and characteristics.  The software baseline is identified by analyzing the data housed in the metric database, which is obtained from projects that follow the organization’s standard software process.  This baseline is essential to future process improvement activities because it is the norm against which future process improvement activities are measured.

Roles and Responsibilities

The software engineering process group (SEPG) is responsible for developing and documenting the organization’s software baseline.

Controls

The organization’s Configuration Management (CM) Plan (CMP).

Inputs

Metric reports acquired via the metrics database.

Metric Variance Notification forms (see Appendix C) from past projects.

Procedures

1)  The SEPG first must determine what project types will be in the organizational baseline by looking at the functionality of the software being developed in the organization, the process being followed by those projects, and the standards being applied.  Projects used to establish a baseline must have common functionality, process, standards, methods, etc.  If no standard process is followed, or there are no common domain or standards between projects, metrics from these projects have no value for baselining.  The organizational domain is documented in the Organizational Domain section Software Baseline Document (SBD) (see Appendix E).  

The domains for the Software Engineering & Analysis Laboratory (SEAL) are as follows:

Flight software - software needed on-board the flight instrument to control the various flight components.

Ground support software - simulation software needed to test and validate the flight software or hardware and associated interfaces and data.

Mission operations software - software needed to acquire the science/instrument data on the ground and issue commands to the system in-flight.

Post mission data analysis software - software needed to analyze the mission data.

2)  Once the domain(s) is identified, the organization’s code and documentation (i.e., products) and their characteristics can be defined.  The characteristics include values such as:  software size, project personnel attributes (e.g., years of experience by position), implementation language used, and development platform.  These characteristics are documented in the Product Characteristics section of the SBD.

3)  Once a set of projects which followed or are following the same process, are in the same domain, and have other identified homogenous characteristics (e.g., test methodology, design methodology), the statistical characteristics of the organizational process may be established based on metric reports generated from the software metrics database.  When identifying the projects to be included, the SEPG members should review the Metric Variance Notification forms from those projects which document metrics impacted by improvement studies or approved Requests for Deviation/Waiver (see Appendix C).  The baseline components may vary, depending on the current focus of the SEPG process improvement (see activity 4.1.3 Determine Improvement Goals And Potential Changes), but the following are commonly included:

Error density (number of Software Trouble Reports (STR) (see Appendix C)/source lines of code (SLOC)).

Productivity (number of SLOC per month).

Number of major defects found during formal inspection, grouped by type of product inspected/product size.

Labor hours spent in each software process activity.

Labor hours spent on each software product (e.g., Software Requirements Specification (SRS), Software Configuration Management Plan (SCMP) (see Appendix E for Data Item Descriptions (DID) for both documents)).

These values are statistically analyzed to determine the organizational norms.  For a detailed description of statistical analysis techniques and how to apply them, see [Humphrey 1995, pp. 487-566].  The analysis results are detailed in the Process Characteristics section of the SBD.

4)  A relationship describes the association between various product or process characteristics. Common relationships include:

Labor hours vs. SLOC.

Duration vs. SLOC.

Duration vs. labor hours.

Staff size vs. labor hours.

Total documentation pages vs. SLOC.

Total documentation pages vs. labor hours.

Number of STRs vs. SLOC.

Productivity vs. SLOC.

These relationships may be very useful to project managers when developing project estimates.  The SEPG members should consult with the project managers to determine their needs when determining the relationships to be investigated and documented.  The relationships are documented in the Relationships section of the SBD.  

Examples of relationships at the Software Engineering Laboratory (SEL) at Goddard Space Flight Center are in [SEL-91-001, pp. 3-1 to 3-20].  

5)  A model describes the expected behavior of a software development metric over the project’s lifecycle.  Common models include:

Labor hours by phase.

SLOC developed by phase.

Software Change Requests (SCR) by phase.

These models may be very useful to project managers when developing project estimates and tracking progress.  The SEPG members should consult with the project managers to determine their needs when determining the models to be investigated and documented.  The models are documented in the Models section of the SBD.  

Examples of models developed at the SEL at Goddard Space Flight Center are in [SEL-91-001, pp. 4-1 to 4-21].

6)  The SBD is placed in the organization’s asset library in accordance with the organization’s CMP.  The SBD must be maintained as a project is completed and more information is gathered.  The SEPG must be careful when determining what data to include in the baseline.  Projects deviating from the organization’s standard software process should not be included in the baseline (e.g., a project in which no design documentation was produced cannot be compared to one in which an object-oriented design approach was used and documented with computer-aided software engineering (CASE) tools).  Projects not fitting into the organization’s defined domain (e.g. real time flight software metrics should not be mixed with simulation software metrics) should not be included in the baseline.

Outputs

The organization’s software baseline documented in the SBD and placed in the asset library.

�4.2.4  Maintain Process Standards

Overview

The organization’s standard software process, once it is defined, must be refined via process improvements, and kept up-to-date to meet the organization’s current needs.  Because the process is subject to change, it must be kept under configuration control in the asset library (see activity 4.2.1 Maintain Asset Library).  In this activity, members of the software engineering process group (SEPG) develop a Configuration Management (CM) Plan (CMP) for the organizational-level products, and form a configuration control board (CCB) that determines what changes are to be made to the organization’s standard software process.

Roles and Responsibilities

The SEPG is responsible for developing the organization’s CMP and controlling changes to the organization’s software products.

Controls

See parent activity 4.0 Perform Process Improvement

Inputs

Improvement Study Plans (ISP) (see Appendix E) that were completed and that suggested changes to the organization’s standard software process.

Software Change Requests (SCR) (see Appendix C) that were submitted requesting changes to organizational documentation.  These may be submitted at any time by any member of the organization.

Organizational-level products to be reviewed and/or updated.

Procedures

Step 1 is performed at the beginning of SEPG operations.

1)  The SEPG develops an organizational-level CMP (see 1.1.2 Perform Software Configuration Management Planning) to cover the organizational documentation and products (e.g., standard software process documentation, metrics database and documentation, ISPs, Organizational Training Plan (OTP) (see Appendix E), software baseline).  The Organization’s CMP then is placed under CM in the asset library (see 4.2.1 Maintain Asset Library).

2)  In accordance with the organization’s CMP, proposed changes to the organizational products (e.g., organization’s standard software process, software metrics database) may be submitted by software project or SEPG personnel via SCRs (see activity 2.2.4 Request Software Product Change), which may be supported by Process Improvement Studies (see activity 4.1.5 Analyze Project Results), and approved/disapproved by the SEPG control board (as described in the organizational CMP and 2.2 Dispositioning Software Configuration Management Reports/Requests).  Before approving significant changes to the organization’s standard software process, the changes should be tested on one or more pilot projects.

3)  When a significant change to an organizational-level product is made, a formal inspection (as described in the Instructional Handbook for Formal Inspections) of the changed product(s) may be performed to confirm that changes were correctly made, and no other products were impacted.

4)  When changes are made to the organization’s standard software process, the SEPG must consider if these changes will (or should) impact any on-going projects.  Project personnel should be consulted on a project-by-project basis to determine what, if any, changes should be made on current projects.  All organizational personnel should be notified of changes that may impact them.

Outputs

The organizational-level CMP placed under configuration control.

The organization’s products which were updated and placed under configuration control.

Approved SCRs which describe approved changes to be made in organizational products.

�4.3	Develop And Supply Organizational Training

Overview

In this activity, the software engineering process group (SEPG) determines and supplies the training for the organization’s personnel.  This includes the initial training of current personnel in various aspects of the organization’s standard software process, continuously evaluating newly available course material(s) and classes, modifying existing course materials in response to change requests, and providing training for new personnel.

Roles and Responsibilities

The SEPG is responsible for determining the organization-level training needs, developing the Organizational Training Plan (OTP), selecting and/or developing training classes, and conducting the organizational-level training.

Controls

The OTP Data Item Description (DID) (see Appendix E).

The organization’s Configuration Management (CM) Plan (CMP).

Inputs

The organization’s standard software process documenting the activities to be performed on each project, the standards to be followed, the methods to be used, etc.

Course materials and classes for evaluation.

Approved Software Change Requests (SCR) (see Appendix C) that are used to request changes in the OTP or training materials.

Procedures

1)  The SEPG members responsible for training first review the organization’s standard software process to determine the types of training for the identified roles.  For each role (e.g., developer, project manager, SEPG member) a training specification is defined.  This specification includes training in areas such as object-oriented design, formal inspections, project management, and CM.  The project software manager and software engineering managers must receive training in teamwork (e.g., group dynamics, building and managing teams), as well as system engineering training to gain a better understanding of other disciplines (e.g., electrical, mechanical).  All project personnel should receive orientation in working as a team.  The training program may include training in individual tools.  If the same tool is expected to be used on multiple projects, the SEPG may arrange the training for the organization; otherwise, the tool training is done at the project level.  An outline of the training needed in each subject for each role is completed as a basis for course development or selection. 

2)  Once the needed training subject/topic areas  are identified, the SEPG determines how the training is provided.  In comparing conventional training methods, in-house (training conducted by members of the organization) and commercial training programs ( training courses by commercial training companies) are found to be the most effective methods [Jones, 1995, pp. 88-89].  An alternative approach is to have a part-time consultant(s) provide training on-site and support projects over several months.  Developing in-house training is not always cheaper because the effort required to develop and maintain the course materials must be considered.  If the training is to be developed in-house, the resources (e.g., personnel, labor, cost) must be clearly identified and approved by senior management.

3)  The SEPG identifies the cost and time required for the training.  Initial training can be lengthy.  Studies [Quann, 1995, pp. 25-30] show approximate classroom needs as depicted in Table 4.3-1.

Table 4.3-1.  Training Time Estimates

Subject�Weeks��Software engineering concepts and process�1 - 4��New design methodologies�1- 2��Software development tools�1 (per tool)��Basic Ada programming skills�1 - 2��Advanced Ada concepts�1 - 3��Financial support must be provided to the organization.  Upper management must be made aware of the cost and training needs, and be willing to invest in training their personnel.

4)  Once the training needs, training materials, and courses are identified (and funding secured), they are documented in the OTP, which is submitted to the asset library in accordance with the organization’s CMP.

5)  Training materials are acquired (or developed) and placed in the organization’s asset library in accordance with the organization’s CMP.

6)  Classes are scheduled and conducted.  For each class, the individuals completing the course should be documented on the Course Record Form (see Appendix C), and entered into the software metrics database.  Individuals successfully completing all areas of the training program for a role also are tracked via the organization’s software metrics database.

7)  Feedback should be gathered from each individual completing the training on the training’s strengths and weaknesses.  This is collected via the Course Evaluation Form (see Appendix C).  The SEPG should review these results at the end of each course to determine if the training should be modified.

8)  If in-house training materials or the OTP require corrections or updates (in response to changes in technologies and/or processes), an SCR should be written (see activity 2.2.4 Request Software Product Change) and submitted to the SEPG chairperson for approval (see activity 4.2.4 Maintain Process Standards) before modifying the training.  Changes should not be made until an approved SCR is received.

Outputs

The Organization’s Training Program (consisting of the OTP and course materials) which is placed in the asset library.

The training metrics and information collected and placed in the organizational metrics database. 
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