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Preface

The process descriptions in this document are not intended to define a Space and Naval Warfare (SPAWAR) System Center (SSC) San Diego standard software development process.  Rather the process descriptions should be viewed as a “Best Practice” example in terms of the level of detail needed for documenting a software development process.  The document is intended to compliment the Project Management Plan Template, addressing a hypothetical project, the Red/ Black Controller (RBC) Project.  To that end, the process descriptions are written in the context of supporting the RBC project’s Incremental software development strategy.  Projects employing other approaches, or addressing total system development, would need to re-write the process descriptions in the context of their strategy and/or methodology (i.e., Rational’s Unified Process, etc.)  This document is part of a trilogy of sample documents and templates intended to support the guidance provided by the SSC San Diego Project Management Guide (PMG).  Figure A provides an abstract of the PMG’s project management functions of Initiation, Planning, Control, Execution, and Close Out.  

As depicted in Figure A, the Planning Function includes the development of plans to facilitate both the Control Function and the Execution Function.  The documents listed below are not intended as the only means or documentation selections that can facilitate implementation of the concepts presented in the PMG.  However, they are considered a ‘Best Practice’ and are available from the SSC San Diego PAL as documents that can be tailored during the Planning Function to guide the Control Function and Execution Function: 

a. Project Management Plan (PMP) Template, TM-PP-01.  Control Function planning requires a defined Management Solution, documented in a format such as the IEEE 1058-1998.  The PMP addresses such issues as budget, budget control, schedule, schedule control, staffing, risk management, configuration management, quality assurance, and project tracking measurements.

b. Product Engineering and Qualification (PE&Q) Process, PR-TS-01.  Planning for the Execution Function results in documented engineering and qualification processes needed to implement the product.  The PE&Q Process represents an example of the level of detail needed for these processes.  The PE&Q Process represents one method of defining an engineering process.  Other process definition methods could include, but not be limited to, data flow diagrams, Entry-Task-V&V-Exit (ETVX) diagrams, Integrated Computer Aided Manufacturing Definition (IDEF) 0 or IDEF 3 diagrams for process flow, etc.

c. Project Build Plan Template, TM-PP-02.  Planning for the functional content of the product should result in a document as typified by the Project Build Plan Template.  This document defines the product content in terms of functional requirements to be delivered, the acceptance criteria, fielding direction, and user training needs.  This document could serve as a contract between the acquirer and the supplier for any given deliverable increment of the product.  Other build plan methodologies could include, but not be limited to, use of the MIL-STD 498 Data Item Description (DID) for Software Version Description (SVD), or detailed project plans itemizing the product content.
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Figure A.  Project Management Guide Functional Overview

The SSC San Diego System Engineering Process Office (SEPO) assumes responsibility for this document and updates it as required to meet the needs of users within SSC San Diego.  SEPO welcomes and solicits feedback from users of this document so that future revisions of this document will reflect improvements, based on organizational experience and lessons learned.  This document is updated in accordance with the SEPO Configuration Management Procedure.  SEPO makes copies of this document available on the SSC San Diego Process Asset Library (PAL) at http://sepo.spawar.navy.mil.

Questions or comments regarding this document may be communicated to SEPO via the Document Change Request (DCR) form located at the back of this document or on the SSC San Diego PAL.
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DOCUMENT CONVENTIONS

Standard conventions are used within this document to assist the reader.  When clarification of a sample process description is required, a guidance box is included to assist the reader in understanding the context of the content. 

Guidance 

The guidance box provides explanations, in italics, as required to assist the user in understanding the RBC Project context of the process description and/or provides amplifying information.  

The process description samples are written for a hypothetical project, the Red/ Black Controller (RBC) Project, and as such may need to be re-written to describe a project using a different strategy, methodology, or with a different technical objective (i.e., Integration, Research, etc.).  

For projects using an IEEE/EIA 12207 Incremental Development Strategy, the document can be tailored following the directions contained in ‘A Description of the SSC San Diego Software Process Assets (SPA)’ document contained in the SSC San Diego PAL at http://sepo.spawar.navy.mil.  

The engineering process descriptions contain references to other key processes and/or templates contained in the PAL that are available for assistance.  
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SECTION 1.  INTRODUCTION

1.1
PURPOSE

The purpose of this document is to define the product engineering and qualification processes for the Red/Black Controller (RBC) Project.  In providing the following guidance, it is assumed that the reader is familiar with A Description of the SSC San Diego Software Process Assets (SPA), reference (a).

1.2
BACKGROUND

The major responsibility of the Space and Naval Warfare (SPAWAR) Systems Center (SSC) San Diego’s Systems Engineering Process Office (SEPO) is to promote the application of standardized, disciplined, and comprehensive engineering and management practices in the development of software-intensive systems.  SEPO has adapted “Best Practices” to define the methodology contained in this document.   The goal is twofold: 1) to promote the creation of complete and consistent process descriptions; and 2) to establish an effective standard product engineering and qualification process that can be the basis for future improvement Center-wide and/or project- specific enhancement. 

1.3
SCOPE

Guidance contained in this document applies to those activities that are necessary to product engineering and qualification for the RBC Project.  The Work Breakdown Structure (WBS) found in Appendix A to the RBC Project Management Plan, reference (b), implements the recommended approach to software acquisition as defined in the Institute of Electrical and Electronics Engineers (IEEE)/Electronic Industries Association (EIA) Standard 12207 Series, reference (c), and follows direction provided in the SSC San Diego Software Engineering Process Policy, reference (d).

1.4
TAILORING GUIDELINES

Those tasked with creating a product engineering and qualification process may find it necessary or beneficial to expand on the steps defined in this document.  Such modifications are acceptable and encouraged to provide the levels of product quality appropriate to the software-intensive system's intended application.  The procedural steps established here serve as a core set for an effective software engineering process. 

1.5
DOCUMENT OVERVIEW

Section 1 of this document provides introductory information.  Section 2 provides detailed information on the tasks and supporting activities that comprise the software product engineering and qualification process.  The following list provides the format used to describe each of the process steps in Section 2:

a. PURPOSE: The objective of the process activity.  If a sub-process activity exists, the details are described in that specific paragraph description. 

b. ROLES AND RESPONSIBILITIES: The individuals or groups responsible for accomplishing a process activity.

c. ENTRY CRITERIA: The elements and conditions necessary to be in place to begin a process activity.  Reading lower level activities assumes that the entry criteria for all higher-level activities have been satisfied.

d. INPUT: Data or material required to conduct the process.

e. PROCESS ACTIVITY: Actions to transform an input, as influenced by controls, into a predetermined output.

f. OUTPUT: Data or material produced by or resulting from a process activity.  

g. EXIT CRITERIA: Elements and/or conditions necessary to be in place to complete a process activity.

h. PROCESS MEASUREMENTS: An Earned Value (EV) schedule and suggested measurements for process and product analysis.

Where sub-processes are used to elaborate a primary process activity, the description will be constrained to Entry Criteria, Process Activity, and Exit Criteria.

1.6
REFERENCES

The following documents are referenced to support the defined processes.

a. A Description of the SSC San Diego Software Process Assets (SPA), PR-OPD-03.  See http://sepo.spawar.navy.mil/ 
b. RBC Project Management Plan, RBC 
c. Institute of Electrical and Electronics Engineers (IEEE)/Electronic Industries Association (EIA) 12207 Series, Standard for Information Technology, Software Life Cycle Processes, IEEE/EIA, March 1998

d. SPAWARSYSCEN San Diego Instruction 5234.1, Software Engineering Process Policy, SSC San Diego, July 2000
e. Requirements Management Guidebook, Naval Air Systems Command, September 1998

f. Peer Review Process, PR-PR-02.
g. COTS Evaluation, Selection, and Qualification Process, PR-SPE-05.
h. Reuse Adaptation and Management Process Definition, PR-SPE-04.

i. Department of Defense Joint Technical Architecture, Version 5.1, September 2003

j. Software Test Planning and Management Guide, PR-SPE-03.

1.7
ABBREVIATIONS AND ACRONYMS

CM
Configuration Management

COTS
Commercial Off-the-Shelf

CSCI

Computer Software Configuration Item

DBDD

Database Design Description 

DCR
Document Change Request

EIA
Electronic Industries Association

EV
Earned Value

FI
Formal Inspection

GOTS
Government Off-the-Shelf

GUI
Graphical User Interface

HCI
Human Computer Interface

IEEE
Institute of Electrical and Electronics Engineering

IRS
Interface Requirement Specification

LCCB
Local Configuration Control Board

PAL
Process Asset Library

PM
Project Manager

PR
Problem Report

RBC
Red/Black Controller Project

QA
Quality Assurance

RM
Requirements Management

SCCB
System Configuration Control Board

SCP
Software Change Proposal

SDD
Software Detailed Design

SDF
Software Development Folder

SDL
Software Development Library

SEPO
Systems Engineering Process Office

SLOC
Source Lines of Code

SPA
A Description of SSC San Diego Software Process Assets document

SPAWAR
Space and Naval Warfare 

SQT
Software Qualification Test

SRS
Software Requirements Specification

SSC
SPAWAR Systems Center

SSS
System/Subsystem Specification

STD
Software Test Description

STP
Software Test Plan

STR
Software Test Report

SU
Software Unit

TRR
Test Readiness Review

WBS
Work Breakdown Structure

SECTION 2.  PRODUCT ENGINEERING AND QUALIFICATION 

Table 2-1 maps the product engineering and qualification processes to reference (c), software development model phases as tailored to the RBC project in Section 6 of reference (b).  The following paragraphs in this section elaborate the product engineering and qualification processes described in Table 2-1, as required to implement and qualify the system software.  The project organization, roles and responsibilities, referenced in the process descriptions in this document are defined in Section 4 of reference (b).



Table 2-1.  Product Engineering and Qualification 

2.1
REQUIREMENTS SPECIFICATION

The Project Manager (PM) directs the manager of the Development Group to apply the following process to develop, document, and manage software requirements for the project from the initial development increment and through subsequent revision cycles. 

Figure 2-1 provides an overview of requirements specification while the following paragraphs provide a detailed description of the process.

2.1.1
Purpose

The purpose of the Requirements Specification Process is to formulate, document, and manage the software performance baseline; analyze impacts; draft and maintain the currency of the Software Requirements Specification (SRS); establish traceablility, record software requirements measures; and manage the requirements analysis and change process.  The process for requirements management applies the guidance of the Requirements Management Guidebook, reference (e), to ensure application of policy defined in reference (d).  

2.1.2
Roles and Responsibilities

The roles and responsibilities for this process are listed below:

a. The Requirements Team within the Development Group establishes and maintains the requirements database, and performs analysis to identify algorithms, high-level data flow, interfaces, logical functions, and establishes traceability.

b. The Test and Evaluation Group review the requirements for testability.
c.  The Quality Assurance (QA) Group verifies the process is performed.

d.  The Configuration Management (CM) Group performs configuration control of the artifacts.

e. The Communications Security Office’s System Configuration Control Board (SCCB) serves as the approval authority.
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Figure 2-1.  Requirements Specification Overview

2.1.3
Entry Criteria

The entry criteria for this process are listed below:

a. Product engineering and qualification processes have been defined.

b. The project staff has been trained in the process disciplines defined for product engineering and qualification, including Requirements Team training in all tools and techniques associated with requirements specification.

c. The SCCB has approved the system level requirements specification (i.e., System/Subsystem Specification (SSS)).  Members of the Development Group will have participated in the review of the SSS prior to approval by the SCCB.

2.1.4
Input

The input for this process are listed below:

a. Approved System level specification, defining Software Configuration Items (SCI) and their associated requirements.

b. Approved change requests (i.e., Software Change Proposals (SCPs)).

c. Accumulated problem reports. 

2.1.5
Process Activity 

Guidance 

The RBC Project’s external and internal organizational interfaces and structure, positional roles and responsibilities, documents and associated peer review levels are described in the RBC Project Management Plan (PMP).  For the RBC Project, the sponsor’s SCCB performs the role of an approving authority for all requirements related specifications and in that capacity conducts an IEEE/EIA 12207 Joint Review or the equivalent of a DoD Standard 2167A Software Requirements Review (SRR) of the Software Requirements Specification (SRS).
The Requirements Team within the Development Group, except where noted, performs the following steps to complete this process: 

a. Perform initial database entry and attribution of the system requirements allocated to software.

b. Perform detailed analysis and update of requirements in database to ensure completeness, testability, and consistency.

c. Perform detailed analysis to identify functions, functional interfaces, algorithms, and develop high-level data flow model. 

d. Perform analysis to verify the requirements associated with each identified SCI.

e. Document the qualification method for each of the software requirements as an attribute for each requirement in the database.   

f. Define acceptance criteria for the update to the current system software baseline (i.e., percent targeted requirements passing test).

g. Test and Evaluation Group reviews the requirements for testability and its associated qualification method.
h. Document in a Project Build Plan the content (i.e., requirements, change requests, problem reports) of the current update to the system software baseline and associated acceptance criteria.

i. Perform a Technical Review of the Project Build Plan in accordance with the Peer Review Process, reference (f).  Defect information from the Technical Review is placed in the project’s measurement database.

j. Produce draft of the SRS defining functions, functional interfaces, algorithms, and high-level data flow model.  

k. Develop a traceability matrix between the SSS and the requirements for each SCI as documented in the SRS.

l. Perform Formal Inspection (FI) in accordance with reference (f) to ensure that the SRS meets the system requirements allocated to software and the traceability matrix is accurate.  The Test and Evaluation Group participates in the FI.  Defect information from the FI is placed in the project’s measurement database.

m. Update SRS based on the sum of the accumulated analysis and comments.

n. The QA Group verifies that the processes have been followed. 

o. Obtain approval of the SRS from the Communications Security Office’s SCCB.

p. Negotiate the Project Build Plan with the Program Office, gaining agreement with the Communications Security Office’s SCCB on content, schedule, costs, and acceptance criteria.

q. The CM Group places the approved SRS and Project Build Plan in the Software Development Library (SDL).

2.1.6
Outputs

The outputs of this process are listed below:

a. Communications Security Office’s SCCB approved SRS

b. Communications Security Office’s SCCB approved Project Build Plan with documented acceptance criteria

c. Catalogued requirements, including qualification method, attributed in a database and approved by the PM.

d. PM approved bi-directional traceability matrix between the SSS and the SRS.

e. Updated project measurement database.

2.1.7
Exit Criteria

The exit criteria for this process are listed below:

a. SCCB, performing the equivalent of a Software Requirements Review (SRR), has approved the SRS.

b. SRS has been approved and placed under configuration management control

c. A commitment has been reached with the Communications Security Office on the content of the system software baseline (or update to the system software baseline), including the acceptance criteria, for the baseline as documented in the Project Build Plan.  (Note: multiple builds may be required to meet SRS requirement).

2.1.8
Process Measurements

Guidance

The following Earned Value schedule was established for the RBC Project’s process description.  Any re-write would require developing an Earned Value schedule reflecting progress within that new process description.       

The following data shall be collected:

a. Earned Value Schedule.

	Event
	Report % Complete

	Complete initial entry and attribution of build requirements into database
	10

	Complete definition of SRS-level requirements data flow, interfaces, and associated algorithms. 
	40

	Complete cataloguing and attribution of requirements allocated to build in the Requirements Management (RM) database.
	55

	Complete SRS trace to SSS 
	65

	Start Formal Inspection of SRS draft
	75

	Finish Formal Inspection and finalize SRS
	90

	Approve SRS and Project Build Plan 
	100


b. Track total requirements allocated to build.

c. Track percent of requirements allocated to build that are fully attributed.

d. Track percent of build allocated requirements that are testable (e.g., requirements that can be validated by explicit test).

e. Track actual versus planned staff hours expended. 

f. Track actual versus planned costs expended.

2.2
ARCHITECTURAL DESIGN

The PM will direct the manager of the Development Group to apply the following process to develop, document, and manage the architectural design of the project’s software. 

Figure 2-2 provides an overview of architectural design while the following paragraphs provide a detailed description of the process.

2.2.1
Purpose

This design step transforms the results of requirements analysis, decomposing the SCIs into the discrete components that will comprise the system software.  Detailed design, described in Section 2.4.1, decomposes the components of the architectural design into Software Units (SUs), their internal data, algorithms, interfaces, and control flow.  

The software architectural design of the project will be placed under configuration control following the LCCB approval of the architectural artifacts.  Updates and refinements to the design will occur incrementally during detailed design and an updated design will be placed under configuration control following completion of the peer review of the detailed design.

2.2.2
Roles and Responsibilities

The roles and responsibilities for this process are listed below:

a. The Design Team within the Development Group performs analysis to create the architectural design of the software system.  

b. The QA Group verifies the process is performed. 

c. The CM Group performs configuration control of the artifacts.

d. The LCCB, with the PM serving as Chairman, serves as the approval authority.

2.2.3
Entry Criteria

The entry criteria for this process are listed below:

a. The project staff has been trained in the process disciplines defined for product engineering and qualification, including Design Team training in all tools and techniques associated with architectural design. 

b. SRS has been approved and placed under configuration control 
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Figure 2-2.  Architectural Design Overview

2.2.4
Input

The input for this process is listed below:

a. Approved SRS

b. Approved Project Build Plan with documented acceptance criteria.

2.2.5
Process Activity

Guidance 

The RBC Project’s external and internal organizational interfaces and structure, positional roles and responsibilities, documents and associated peer review levels are described in the RBC Project Management Plan (PMP).  For the RBC Project, the LCCB, with the PM as Chairman, performs the role of an approving authority for all product-related specifications and in that capacity conducts a IEEE/EIA 12207 Joint Review or the equivalent of a DoD Standard 2167A Preliminary Design Review (PDR) of the Architectural Design activity artifacts.
The Design Team within the Development Group, except where noted, performs the following steps to complete this process:

a. Review available documentation on requirements, assumptions, and constraints.

b. Formulate and evaluate architectural alternatives.

c. Define the software components for each SCI, their internal and external interactions, data flow, and functional processes.

d. Allocate known requirements to the architectural components.  At the component level:

1. Identify and select Commercial Off-the-Shelf (COTS) open system architecture hardware and system software components using the COTS Evaluation, Selection and Qualification Process, reference (g).

2. Maximize reuse of existing software application packages using the Reuse Adaptation and Management Process, reference (h).

e. Design and document the initial Graphical User Interface (GUI) and position actions following the guidance of Section 5 of the Department of Defense (DoD) Joint Technical Architecture (JTA), reference (i).

f. Document architectural design in the selected formal design method (i.e., Inter-action Diagrams).

g. Identify, define, and document component external interfaces in an Interface Requirements Specification (IRS).

h. Develop initial RBC internal database schema to support the system and document in a preliminary Database Design Document (DBDD).

i. Conduct a technical review of the GUI screen designs to ensure they satisfy system-level operational needs and conformance to reference (i) for the Human Computer Interface (HCI).  Defect information from the Technical Review is placed in the project’s measurement database.

j. Develop a preliminary User’s Manual (UM) for the RBC system.

k. Conduct a Technical Review of the UM in accordance with reference (f).  Defect information from the Technical Review is placed in the project’s measurement database.

l. Conduct an FI of the IRS, in accordance with reference (f), to ensure completeness, accuracy, and testability.  The FI to include members of the Test and Evaluation Group. Defect information from the FI is placed in the project’s measurement database.

m. Develop a traceability matrix between the components of the architectural design and the SRS.

n. Conduct a Technical Review of the architectural design, its components, functions, and interactions in accordance with reference (f).  Verify that the traceability matrix is accurate. Repeat process until architectural design meets approval.  Defect information from the Technical Review is placed in the project’s measurement database.

o. The QA Group verifies that the processes have been followed. 

p. The Local Configuration Control Board (LCCB) reviews architectural design, IRS, preliminary DBDD and GUI screen designs, serving as the equivalent of a Preliminary Design Review (PDR).

q. The PM, as LCCB Chairman, approves the architectural design, IRS, and the preliminary DBDD, UM, and GUI screen designs.  

r. The CM Group places the approved architectural design, IRS, preliminary DBDD and GUI screens in the SDL.

2.2.6
Outputs

The outputs of this process are listed below:

a. Documented and approved architectural design.

b. Documented and approved preliminary GUI screen designs.

c. Document and approved preliminary UM.

d. Documented and approved IRS.

e. Approved RBC internal database schema documented in a preliminary DBDD

f. Approved updated requirements traceability matrices.

g. Updated project measurements database. 

2.2.7
Exit Criteria

The exit criteria for this process are listed below:

a. Architectural Design has been approved and is under configuration control in the SDL.

b. Requirements allocated to architectural components have been validated by comprehensive tracing to the SSS.

c. External interfaces have been identified and documented in an IRS that is under configuration control.
d. Documented preliminary GUI screen designs are under configuration control.

e. Documented preliminary UM under configuration control.

f. A preliminary DBDD documenting the internal database schema for RBC is under configuration control.

2.2.8
Process Measurements 

Guidance

The following Earned Value schedule was established for the RBC Project’s process description.  Any re-write would require developing an Earned Value schedule reflecting progress within that new process description.       

The following data shall be collected:

a. Earned Value Schedule.

	Event
	Report percent Complete

	Start component level Inter-action Diagrams
	10

	Complete Inter-action Diagrams at component level and define associated algorithms 
	40

	Complete definition of each software component’s SUs and structural relations 
	55

	Complete Architectural Design trace to SRS 
	65

	Start technical review of Architectural Design 
	75

	Finish technical review and update of Architectural Design 
	90

	Approve the GUI Screens, initial database schema, IRS, and Architectural Design 
	100


b.
Track percent of build allocated requirements traceable to architectural model components.

c.
Track actual versus planned staff hours expended. 

d.
Track actual versus planned costs expended. 

2.3
QUALIFICATION TEST PLANNING

The PM will direct the manager of the Test and Evaluation Group to apply the following process to develop a Software Test Plan (STP) to formally qualify the project’s software.   

Figure 2-3 provides an overview of the Qualification Test Planning Process while the following paragraphs provide a detailed description. 

The activities performed during the development of the STP occur concurrently with the development of the architectural design.  The STP must be reconciled with the architectural design and the GUI designs prior to moving to implementation of the test sets, cases, and test procedures.  The testing strategy and associated processes apply the guidance of the Software Test Planning and Management Guide, reference (j). 
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Figure 2-3.  Qualification Test Planning Overview

2.3.1
Purpose

The purpose of software test planning is to document in a STP the test environment, resources, schedule, tests sets and test cases necessary for the qualification of the developing software.

2.3.2
Roles and Responsibilities

The roles and responsibilities for this process are listed below:

a. The Test and Evaluation Group performs analysis to create a strategy for qualification of system software. 

b. The QA Group verifies the process is performed.

c. The CM Group performs configuration control of artifacts.

e. The LCCB, with the PM serving as Chairman, serves as the approval authority.

2.3.3
Entry Criteria

The entry criteria for this process are listed below:

a. The SRS is under configuration control

b. The Project Build Plan has been approved by the SCCB, with targeted requirements and acceptance criteria.

c. The project staff has been trained in the process disciplines defined for product engineering and qualification, including Test and Evaluation Group training in all tools and techniques associated with Qualification Testing.

2.3.4
Input

The input for this process is listed below:

a. Approved SRS

b. Approved Project Build Plan with documented acceptance criteria

c. Defined qualification methods attributed in the requirements database.

2.3.5
Process Activity

Guidance 

The RBC Project’s external and internal organizational interfaces and structure, positional roles and responsibilities, documents and associated peer review levels are described in the RBC Project Management Plan (PMP).  For the RBC Project, the LCCB, with the PM as Chairman, performs the role of an approving authority for all planning documents and in that capacity conducts an IEEE/EIA 12207 Joint Review of the Software Test Plan.
The Test and Evaluation Group, except where noted, performs the following steps to complete this process:

a. Perform analysis of software performance requirements documented in the SRS and identified in the Project Build Plan.

b. Define the overall test concept, levels for software testing, including general test requirements, objectives/functions to be supported by defined test sets, and test cases (e.g. stress, erroneous input, maximum capacity, and timing). 

c. Define test sets based on a functional decomposition of RBC and allocate the requirements to be tested to those test sets. 

d. Identify the environment in which tests will be conducted.  Define plans for implementing and controlling the test environment, including any special test equipment and/or software necessary to test external interfaces. 

e. Estimate the personnel and other resources required to support the test concept and objectives.

f. Develop a general schedule of defined tests, including time for problem correction and retest.

g. Draft the STP, following the instructions of the assigned documentation standard, ensuring that the contents are complete including a definition of any special hardware and/or software needed to test external interfaces.  Refine the test strategy to create a structure of test sets and cases. Develop bi-directional traceability between the SRS and the STP defined test sets and cases. 

h. Perform an FI in accordance with reference (f) to ensure that the STP meets the system requirements allocated to software, is consistent with the architectural design, and the traceability matrix is accurate.  Defect information from the FI is placed in the project’s measurement database.

i. Revise draft STP to correct discrepancies and incorporate recommended changes.

j. The QA Group verifies that the processes have been followed.

k. Local Configuration Control Board (LCCB) reviews the STP.

l. The PM, as LCCB Chairman, approves the STP.

m. The CM Group places the approved STP in the SDL.

2.3.6
Outputs

The outputs of this process are listed below:

a. Approved STP

b. Approved updated traceability matrices.

c. Updated project measurements database.

2.3.7
Exit Criteria

The exit criteria for this process are listed below:

a. All SRS performance requirements have been allocated to defined test sets and cases as validated by the completed traceability matrices.

b. The STP has been approved and is under configuration control.

2.3.8
Process Measurements

Guidance

The following Earned Value schedule was established for the RBC Project’s process description.  Any re-write would require developing an Earned Value schedule reflecting progress within that new process description.       

The following data shall be collected:

a. Earned Value Schedule.

	Event
	Report % Complete

	Start Analysis 
	10

	Start Formal Inspection of STP
	50

	Finish Formal Inspection and update to STP
	75

	Approve the STP
	100


b.
Track percent of build allocated testable requirements traceable to test sets identified in STP

c.
Track actual versus planned staff hours expended 

d.
Track actual versus planned costs expended 

2.4
SOFTWARE PACKAGE DEVELOPMENT

The PM will direct the manager of the Development Group to apply the following processes to develop, document, and manage the production of the program deliverables in preparation for qualification.  Development of the software package is a two-step effort.  The first step involves the Detailed Design of the components and their SU(s).  The second step is Unit Implementation and Test.  These activities are addressed in the following paragraphs.  Components identified during architectural design to be COTS/Government Off-the-Shelf (GOTS) will follow the guidance of reference (g), and the qualified components will be integrated into the software system during the Incremental Integration and Test Process described in Section 2.6 of this document.

2.4.1
Detailed Design

The Design Team within the Development Group will apply the following process to develop the detailed design of the project’s software.

Figure 2-4 provides an overview of detailed design process while the following paragraphs provide a detailed description of the process.
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Figure 2-4.  Detailed Design Overview

2.4.1.1  Purpose.  The purpose of detailed design is to incrementally define and describe the software components in terms of their SUs and the internal relationships of those SUs using detailed graphical representation.   

If development of detailed design identifies deficiencies in architectural design or software requirements, the Development Group will submit requirement changes and/or update the architectural design as required.

2.4.1.2  Roles and Responsibilities.  The roles and responsibilities for this process are listed below:

a. The Development Group performs analysis to create the detailed design of the system software.

b. The Test and Evaluation Group reviews the external interactions of the components.

c. The QA Group verifies the process is performed.

d. The CM Group performs configuration control of artifacts.

f. The LCCB, with the PM serving as Chairman, serves as the approval authority.

2.4.1.3  Entry Criteria.  The entry criteria for this process are listed below:

a. The SRS has been approved.

b. The Software Architectural Design has been approved.

c. The preliminary GUI design has been approved.

d. The preliminary UM has been approved.

e. The Project Build Plan has been approved.

f. The project staff has been trained in the process disciplines defined for product engineering and qualification, including Design Team training in all tools and techniques associated with Detailed Design.

2.4.1.4  Input.  The input for this process are listed below:

a. SRS and attributed software requirements database

b. Documented and approved architectural design

c. Documented preliminary GUI design

d. Documented preliminary UM.

e. Documented preliminary IRS.

f. Initial RBC system database schema documented in a preliminary DBDD.

2.4.1.5  Process Activity.  

Guidance 

The RBC Project’s external and internal organizational interfaces and structure, positional roles and responsibilities, documents and associated peer review levels are described in the RBC Project Management Plan (PMP).  For the RBC Project, the LCCB, with the PM as Chairman, performs the role of an approving authority for all product related specifications and in that capacity conducts a IEEE/EIA 12207 Joint Review or the equivalent of a DoD Standard 2167A Critical Design Review (CDR) of the Software Detailed Design (SDD) and Database Design Description (DBDD).
The Design Team within the Development Group, except where noted, performs the following steps to complete this process:

a. Construct graphical representation for each component of the SCIs detailing the interaction of the component’s SUs.

b. Define external interactions of the SU(s) in detail. 

c. The Test and Evaluation Group reviews the external interactions and interfaces of the components and SUs to verify the content of the IRS and to determine if any special test and/or test equipment is needed.  The IRS is updated to incorporate SU interfaces as necessary.

d. Add final algorithms, data attributes, data flow, and control flow to each SU design.

e. Allocate known requirements to the SUs.  At the SU level:

1. Identify and select Commercial Off-the-Shelf (COTS) products that can be acquired to meet the requirements for an SU using reference (g).  Identify COTS SUs in the SDD.

2. Maximize reuse of existing software application packages using reference (h), to meet the requirements for an SU.  Identify reuse SU package in the SDD.

f. Finalize GUI screen designs (i.e., icons, pull down menus, data inputs/outputs, etc.).

g. Update the UM to reflect any GUI changes.

h. Complete the Software Detailed Design (SDD) document.  

i. Provide bi-directional traceability matrix between SUs and parent requirements in the SRS.

j. Conduct a Technical Review in accordance with the reference (f) on the IRS.  Defect information from the Technical Review is placed in the project’s measurement database.

k. Elaborate the preliminary RBC database schema in the Database Design Description (DBDD).

l. Conduct a Technical Review of the DBDD in accordance with the reference (f).  Defect information from the Technical Review is placed in the project’s measurement database.

m. Conduct a Technical Review of the SDD in accordance with the reference (f), reviewing each component’s SUs, their functions and interaction, and the traceability to the parent SRS requirement.  Defect information from the Technical Review is placed in the project’s measurement database.

n. Repeat process until the SDD, IRS, and DBDD meet approval.

o. The QA Group verifies that the processes have been followed.

p. LCCB conducts the equivalent of a Critical Design Review (CDR) on the SDD, IRS, and DBDD.

q. The PM, as LCCB Chairman, approves the SDD, IRS, and DBDD.

r. The CM Group places the approved SDD, IRS, and DBDD in the SDL.

2.4.1.6  Outputs.  The outputs of this process are listed below:

a. Approved SDD containing graphical representation of the detailed design, internal data, and algorithms definitions.

b. Approved final GUI screen designs.

c. Updated UM.

d. Approved IRS with requirements specified to the SU level.

e. Approved RBC system database schema documented in a DBDD.

f. Approved SRS/Component/SU traceability matrices. 

g. Updated project measurements database.

2.4.1.7  Exit Criteria.  The exit criteria for this process are listed below:

a. Software components and their SU’s graphical design representation, internal data, algorithms have been defined, reviewed, approved and placed under configuration control

b. GUI Screens have been approved and placed under configuration control.

c. The UM has been updated

d. The RBC system database has been documented in a DBDD that has been approved and placed under configuration control.

e. Test and Evaluation Group has reviewed the external interactions of the SU(s).

2.4.1.8  Process Measurements.  

Guidance

The following Earned Value schedule was established for the RBC Project’s process description.  Any re-write would require developing an Earned Value schedule reflecting progress within that new process description.       

The following data shall be collected:

a. Earned Value Schedule.

	Event
	Report % Complete

	Start analysis
	10

	Complete definition of the GUI representation and associated algorithms
	40

	Complete definition of SU structural relations, algorithms, and interfaces. 
	55

	Draft SDD
	65

	Start technical review of SDD
	75

	Finish technical review of SDD
	90

	Approve SDD, IRS, and DBDD
	100


b. Track percent of build allocated requirements traceable to SUs described in the SDD.

c.
Track actual versus planned staff hours expended. 

d.
Track actual versus planned costs expended.

2.4.2
Unit Implementation and Test

The PM will direct the manager of the Development Group to apply the following process to develop, test, and document the production of the project’s software units. 

Figure 2-5 provides an overview of the unit implementation and test process while the following paragraphs provide a detailed description. 
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Figure 2-5.  Unit Implementation and Test Overview

Software Development Files (SDFs) are employed to provide close control and visibility into the development status of each software functional component.  The Development Group will maintain SDFs for each component included in the detailed design.  SDFs will be the principal working logs for assigned engineers. 

SDFs will be maintained in softcopy and be structured to include the items listed below:

a. Introduction - Statement of purpose and objectives, lists the contents of the SDF.

b. Requirements – The software component's allocated requirements to the SU level with a cross-reference and pertinent programmer notes.

c. Design Data - Schedules, Status, Component, and SU(s) design in the design depiction method selected for the Component.

d. Source Code - Contains listings, by directory, of SU(s) source code files.

e. Unit Test Plan and Procedures - Current unit test plan and procedures (for SUs). Integration plans and procedures (for Components).

f. Unit Test Reports - Unit (for SUs) and integration (for Components) test results and reports.

g. Review and Audit Comments - Record of reviews and sign-off signatures resulting from reviews and informal audits.

2.4.2.1  Purpose.  The purpose of implementation and unit testing is to create qualification test ready software components by implementing and testing each component’s SUs as identified in the detailed design.  This may involve developing new code, or modifications of existing code following documented programming style guidelines.  Components and/or SUs may be acquired as COTS following the processes defined in reference (g) or may be reusable components and/or SUs from a reuse library. 

2.4.2.2  Roles and Responsibilities.  The roles and responsibilities for this process are listed below:

a. The Production Team within the Development Group performs implementation/unit test and/or COTS acquisition.

b. The QA Group verifies the process is performed.

c. The CM Group performs configuration control of artifacts.

g. The Development Manager serves as the approval authority.

2.4.2.3  Entry Criteria.  The entry criteria for this process are listed below:

a. SDD containing graphical representation of the detailed design, internal data, and algorithms definitions have been approved.

b. SUs have been allocated to individual engineers for implementation and test.

c. SDF formats have been defined. 

d. Programming style guides have been defined.

e. The Development Group has completed training on project processes, style guidelines, and tools. 

2.4.2.4  Input.  The input for this process is listed below:

a. Approved SRS

b. Approved IRS

c. Approved SDD

d. Approved GUI design

e. Updated UM

f. Database schema as documented in an approved DBDD.

2.4.2.5  Process Activity.  The Production Team within the Development Group, except where noted, performs the following steps to complete this process:

g. Review requirements allocated to the SUs, the SDD, and programming style guidelines.

h. Develop code, required databases, and/or acquire COTS components and /or SUs employing reference (g) or acquiring re-useable components and/or SUs from a reuse library. 

i. Maintain working source for assigned task within the SDF.

j. Perform tracing of each SU implementation to the parent software component in the SDD.

k. Review all inputs and outputs for each software unit.  Identify any test drivers necessary to stimulate unit execution, provide inputs, and capture final outputs.  Identify all interfaces to other units and determine if other units are available or if unit stubs must be written. 

l. Identify the various paths that may be taken by the unit (a McCabe complexity analysis tool may be used to determine the unit paths).  Identify data variables and conditions that determine which paths are taken.  Identify parameter limits for all input, output, and control parameters.  Examine and list all error handling facilities of the units and error conditions.

m. Identify a set of unit tests to conduct the required testing (path testing, boundary condition testing, and input validation and syntax testing).  There must be a test for each path through the unit, for the upper and lower limits of all parameters, and for all error conditions (pass and fail).  Write step-by-step procedures for each test case to verify algorithm implementations.  

n. Document the unit tests in the SDF.

o. Conduct walkthroughs for each SUs implementation and unit tests in accordance with reference (f).  Resolve all comments.

p. Perform the test in accordance with the unit test plan.

q. Compare test results with expected results and SU acceptance criteria (e.g., 100 percent path test analysis successful).  Document the results in the SDF.  If discrepancies are found, attempt to determine whether the errors are associated with the software, test/test driver, or hardware.   Rework and update traceability matrices as required.  

r. Upon successful completion of the unit tests for a software component’s included SUs, promote the software component for integration testing, and submit the software component for configuration control in the SDL.  Defect data resulting from unit testing is submitted to the project measurement database.

s. Document and report requirement and/or design errors/inconsistencies in a unit test report and place in the SDF.  Submit Problem Report (PRs) for any requirement and/or design errors to the CM Group.  Update and submit the UM to the CM Group.

t. The QA Group verifies that the processes have been followed.

u. The Development Manager verifies SDFs and approves component implementation.

v. The CM Group places approved components into the SDL, and notifies the PM.

2.4.2.6  Outputs.  The outputs of this process are listed below:

a. Development Manager approved SDFs.

b. Development Manager approved components/SUs placed in updated SDL. 

c. Development Manager approved unit test reports. 

d. Updated project measurement database.

e. Updated UM.

f. Updated SRS/Component/SU traceability matrices.

2.4.2.7  Exit Criteria.  The exit criteria for this process are listed below:

a. Development Manager has approved the updated SDFs.

b. Successfully tested and integration ready Components/SUs have been placed in the SDL by the CM Group.

c. Measurement database has been updated with defect information from unit testing.  

d. The PM has been notified of Components/SUs checked into SDL ready for integration by the CM Group.

2.4.2.8  Process Measurements. 

Guidance

The following Earned Value schedule was established for the RBC Project’s process description.  Any re-write would require developing an Earned Value schedule reflecting progress within that new process description.       

The following data shall be collected:

a. Earned Value Schedule.

(Note: Earned value will be tracked against each Component contained in an SDF) 

	Event
	Report % Complete

	Start Implementation and Unit Test of a Component’s SUs
	10

	Complete Implementation and Unit Test development 
	50

	Complete the tracing of each SUs Unit Test to the Component/SU allocated requirements 
	60

	Complete all SU implementation Walkthroughs 
	70

	Complete execution of all Unit Test, and the update of all SU source code and Unit Tests 
	85

	Verify Component SDF
	90

	Place Component into the SDL
	100


b. Track percent of actual number of SUs completing implementation and unit test against build’s total number of SUs. 

c. Track Source Lines of Code (SLOC) developed, reused, and modified to facilitate process modeling and estimation.

d. Collect for process defect analysis defects, and their origin (i.e., code logic, design, requirements, etc).

e. Track actual versus planned staff hours expended. 

f. Track actual versus planned costs expended. 

2.5
TEST PACKAGE DEVELOPMENT

The PM directs the manager of the Test and Evaluation Group to employ the following process to design and implement the test cases and procedures to be employed for integration and qualification testing.  Test Package Development is a two-step effort.  The first step involves a Test Case Design Process.  The second step is the Test Procedures Development Process. Figure 2-6 provides an overview of Test Package Development while the following paragraphs provide a detailed description of the Test Case Design and the Test Procedures Development Processes. 

2.5.1
Test Case Design 

2.5.1.1  Purpose.   The Test and Evaluation Group will design the test cases required to implement each test set defined in the STP.  The design will be in keeping with the overall test concept and objectives of the STP to verify the software meets all performance requirements allocated to the functional components of the architectural design.
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Figure 2-6.  Test Package Development Overview

2.5.1.2  Roles and Responsibilities.  The roles and responsibilities for this process are listed below:

a. The Test and Evaluation Group performs analysis to design the test cases.

b. The QA Group verifies the process is performed.

c. The CM Group performs configuration control of developed artifacts.

d. The manager of the Test and Evaluation Group serves as the approval authority.

2.5.1.3  Entry Criteria.  The entry criteria for this process are listed below:

a. The STP has been approved and is under configuration control.

b. The SRS has been approved and is under configuration control.

c. The Architectural Design has been approved and is under configuration control.

d. The Project Build Plan, with documented acceptance criteria, has been approved and is under configuration control.

e. The project staff has been trained in the process disciplines defined for product engineering and qualification, including Test and Evaluation Group training in all tools and techniques associated with testing. 

2.5.1.4  Input.  The input for this process is listed below:

a. Approved SRS, with associated requirements database.

b. Approved STP.

c. Approved Architectural Design.

d. Approved Project Build Plan

2.5.1.5  Process Activity.  The Test and Evaluation Group, except where noted, performs the following steps to complete this process:

a. Design test cases required to implement the test sets identified in the STP in a preliminary Software Test Description (STD), expressing the purpose and conditions associated with each test case and identify included test procedures.  For each test case:

1. Define the inputs (stimuli to the component under test) required to fulfill the test purpose.

2. Define the expected results (outputs from the component under test in response to inputs) required to fulfill the test purpose.

3. Define insertion and extraction methods to/from the component under test.  Identify points of data input/output and volumes of data.

4. Define evaluation criteria for test results analysis.  Define ranges of values, capacities, and times for test pass/fail.

5. Identify test procedure suite (i.e., required discrete procedures).

6. Identify test environment configuration, interface drivers, database loaders, controllers/monitors, and other test tools to support test case purposes.

b. Trace SRS performance requirements to specific test procedures within the test cases.

c. Design testing software required to support the test cases following the Detailed Design Process defined in Section 2.4.1.

d. Perform a walkthrough in accordance with reference (f) to ensure that the test case design meets the system requirements allocated to each component and to verify the accuracy of the traceability matrix. 

e. Revise draft test case descriptions to correct discrepancies and incorporate recommended changes.
f. The QA Group verifies that the processes have been followed.

g. The Test and Evaluation Manager approves the preliminary STD.

h. The CM Group places the preliminary STD into the SDL, and notifies the PM.

2.5.1.6  Outputs.  The outputs of this process are listed below:

a. Approved test case design in a preliminary STD format.

b. Approved and updated requirements traceability matrices.

c. Test software design specifications, as required.

2.5.1.7  Exit Criteria.  The exit criteria for this process are listed below:

a. Test and Evaluation Manager has approved the test case design in a preliminary STD.

b. Functional component performance requirements are allocated and traced to test case procedure suites.

c. Design specifications for any required test software have been approved by the Test and Evaluation Manager and placed under configuration control.

2.5.1.8  Process Measurements.  

Guidance

The following Earned Value schedule was established for the RBC Project’s process description.  Any re-write would require developing an Earned Value schedule reflecting progress within that new process description.       

The following data shall be collected:

a. Earned Value Schedule.

(Note: Earned value will be tracked against individual Test Cases identified in the STP.  Required Test Software will follow the Earned Value Schedule as described in Section 2.4.1.)

	Event
	Report % Complete

	Start Analysis 
	10

	Start walkthrough of test case design and/or required test software
	50

	Finish walkthrough and update test case design and/or required test software
	75

	Approve preliminary STDs
	100


b.
Track percent of build allocated testable requirements traceable to test procedures defined for the test cases. 

c.
Track actual versus planned staff hours expended. 

d.
Track actual versus planned costs expended.

2.5.2
Test Procedures Development 

2.5.2.1  Purpose.  Develop detailed steps for controlling tests, injecting inputs, recording results, and comparing actual to expected results.  Document test case procedures in a STD.

2.5.2.2  Roles and Responsibilities.  The roles and responsibilities for this process are listed below:

a. The Test and Evaluation Group performs analysis and implements the test procedures for each defined test case and/or implements required test software.

b. The QA Group verifies the process is performed.

c. The CM Group performs configuration control of developed artifacts.

d. The LCCB, with the PM serving as Chairman, serves as the approval authority.

2.5.2.3  Entry Criteria.  The entry criteria for this process are listed below:

a. Test cases are designed and documented in a preliminary STD format.

b. Software performance requirements are allocated to test cases.

c. GUI screens design is approved.

d. Design specifications for any required test software have been approved.

f. The project staff has been trained in the process disciplines defined for product engineering and qualification, including Test and Evaluation Group training in all tools and techniques associated with testing. 

2.5.2.4  Input.  The input for this process is listed below:

a. Approved GUI screens and UM.

b. Approved test case designs.

c. Approved test software design specifications.

2.5.2.5  Process Activity.  The Test and Evaluation Group, except where noted, performs the following steps to complete this process:

a. Review software GUI and/or operator manuals to identify methods of operator input, use of simulator/emulator tools, and software data recording.

b. Define and document detailed test procedure steps for providing inputs for test cases.

c. Prepare input data files to provide test stimuli.  Prepare operator logs for the component under test, as well as the test environment.  

d. Define evaluation steps for conducting post-test analysis and comparing actual and expected test results.

e. Define and document the test procedures in the STD following the instructions of the assigned documentation standard.

f. Develop required test software following the Unit Implementation and Test Process defined in Section 2.4.2  

g. Trace specific test case procedures and/or required test software to requirements allocated to parent test case.

i. Conduct a Technical Review in accordance with reference (f) to verify consistency of the STD test procedures with the test case descriptions, the STP, baseline requirements, and planning documents.  Recommend revisions, as appropriate, and verify the traceability matrix.  Defect information from the Technical Review is placed in the project’s measurement database.

h. The QA Group verifies that the process has been followed

i. LCCB conducts a review of the STD.

j. The PM, as LCCB Chairman, approves the STD.

k. The CM Group places the final STD into the SDL.

2.5.2.6  Outputs.  The outputs of this process are listed below:

a. Approved STD containing test procedures.

b. Approved test software, as required.

c. Test input data files.

d. Updated project measurement database.

e. Approved updated traceability matrices.

2.5.2.7  Exit Criteria.  The exit criteria for this process are listed below:

a. STD has been approved and placed under configuration control.

b. Test software has been approved and placed under configuration control

c. Test stimuli data artifacts are under configuration control.

2.5.2.8  Process Measurements.  

Guidance

The following Earned Value schedule was established for the RBC Project’s process description.  Any re-write would require developing an Earned Value schedule reflecting progress within that new process description.       

The following data shall be collected:

a. Earned Value Schedule.

(Note: Earned Value will be tracked against the sum of a Test Case’s procedures. Required test software will follow the Earned Value Schedule as described in Section 2.4.2)

	Event
	Report % Complete

	Start Test Case Procedures development
	10

	Complete draft of Test Case Procedures 
	50

	Complete tracing of Test Case Procedures to test case allocated requirements 
	60

	Finish Test Procedure Technical Review 
	70

	Approve STD 
	100


b.
Track total number of test procedures required to implement all test cases.

c.
Track percent of test procedures/test software completed.

d.
Track actual versus planned staff hours expended.

e.
Track actual versus planned costs expended.

2.6
INCREMENTAL INTEGRATION AND TEST

The PM, monitoring the development status of both test and software, will direct the Development Group Manager and the Test and Evaluation Manager to initiate and apply the following process to manage the incremental integration and testing of the project’s software. 

Figure 2-7 provides an overview of the Incremental Integration and Test Process while the following paragraphs provide a detailed description.

2.6.1
Purpose

The purpose of the Incremental Integration and Test Process is to incrementally integrate SUs, including COTS, into larger software components, and components into a complete qualification ready system.  Testing is performed to validate each component’s ability to meet its stated requirements and to ensure interoperability of the major software components.  

Integration continues until all software components are integrated with the system-level hardware suite into a single functioning system.

[image: image9.jpg]Entry Criteri
+{PM determines SDL test reaty.
+/STD Approved
+/Staff Trained in Process Disciplines

Incremental Integration and Test

Activiies:
* Plan SU Integration and Testing Order
+ Perform Test Data and Test Software

Installation
* Install Integrated SUs Under Test
« Execute Required Testing
* Verity, Validate, and Finalize UM
+ Conduct Post-test Anatysis
+ Analyze Problem Reports
+ Perform Rework as Needed
+ Prepare Software Test Repor
« Verity Process Compliance

Outputs:
+ Integration Test Report
+ Qualfication Test Reaty.
System Software in SDL
« Final UM
* Updated SDFs

* Updated Measurements
Datahase





Figure 2-7.  Incremental Integration and Test Overview

2.6.2
Roles and Responsibilities

The roles and responsibilities for this process are listed below:

a. The Test and Evaluation Group plans, integrates, and executes tests.

b. The Development Group performs updates in response to developmental problem reports.  

c. The QA Group verifies the process is performed

d. The CM Group performs configuration control of test reports, and updated project artifacts in the SDL.

h. The LCCB, with the PM serving as Chairman, serves as the approval authority.

2.6.3
Entry Criteria

The entry criteria for this process are listed below:

a. SDL containing approved integration ready Components/SUs is available.

b. Project Build Plan has been approved.

c. Test Report (TR) format for integration tests has been defined.

d. STDs and test artifacts have been approved.

e. Installation of the test environment, hardware and software, has been completed. 

g. The project staff has been trained in the process disciplines defined for product engineering and qualification, including Test and Evaluation Group training in all tools and techniques associated with testing. 

2.6.4
Input

The input for this process is listed below:

a. Updated SDL (includes qualified Components/SUs).

b. Approved STD (includes test cases with test procedures).

c. Approved Project Build Plan

2.6.5
Process Activity

The following steps are performed to complete this process:

a. In response to direction from the PM, the Test and Evaluation Manager chairs a working group, including members of the Development Group, to review the Project Build Plan and schedule, the list of software components/units to be included in the deliverable system, and the software fixes.  The working group determines an overall plan for incrementally combining SUs into sub-increments and eventually into Components, and the application of test sets and cases to be used to test each sub-increment.  The strategy of evolving ever-larger sub-increments into Components is documented in an integration schedule that identifies the content of each sub-increment.

b. For the requirements identified for the build, the Test and Evaluation Group documents an integration test plan in the project-defined format.  The integration test plan should identify the sequence of SU and Component sub-increment integration, traceability to the requirements to be validated by the test, test tools and drivers to be used, and the applicable test cases including procedures for conducting the test and analyzing the results.  

c. The Test and Evaluation Manager leads a walkthrough in accordance with reference (f) of the integration schedule and resolves all comments.

d. The CM Group places the approved integration schedule under configuration control.

e. The Test and Evaluation Group requests and receives a sub-increment build from the CM Group, and installs it in the test area.

f. The Test and Evaluation Group provides the test data, test criteria, and test procedures as documented in the STD and performs any necessary installation of test software. 
g. Test and Evaluation Group conducts the tests in accordance with the integration test plan sequences of components/units under test, verifies the content of the UM and makes corrections as necessary to ensure accuracy of the document.  Record test results as they are observed.

h. Perform any required post-test analysis or data reduction to determine pass/fail criteria as specified in the integration test plan.

i. Compare test results with expected results.  If discrepancies are found, attempt to determine whether errors are associated with the software, test/test drivers, or hardware.

j. Document all test results using the Test Report (TR) format.  This report should contain all data recorded from test tools, test results, and deviations from the test plan.  Document any problems detected on a Problem Report (PR) form and submit to CM for tracking and entry into the projects measurement database.  Requirements satisfactorily tested are documented in the test report.

k. The Development Group performs required rework in response to PRs and supports the Test and Evaluation Group’s test analysis.

l. Determine if another sub-increment build is required.  Proceed with activity (e) above if needed.  If not proceed to next step.

m. The QA Group verifies that the test process has been followed. 

n. The Test and Evaluation Group Manager reviews the integration test report and any problem reports for accuracy and thoroughness.  File the test report in the project history file in the document library and submit a copy of the test report and still outstanding PRs to the Development Group Manager for review.

s.   LCCB reviews the integration test report.

t. The PM, as LCCB Chairman, approves the system artifacts as ready for a formal Test Readiness Review (TRR) in preparation for Software Qualification Testing.

u. The CM Group places all updated developmental and test artifacts in the SDL under configuration control.

2.6.6
Outputs

The outputs of this process are listed below:

a. Approved system software (i.e., source code, executables, and test procedures).

b. Approved integration test report.

c. Final UM.

d. Updated SDFs.

e. Problem reports submitted for all detected problems and entered into the projects measurement database.

2.6.7
Exit Criteria

The exit criteria for this process are listed below:

a. Integration TR has been reviewed and approved. 

b. All testable requirements allocated to the build have been tested to the required threshold for acceptance as defined in the Project Build Plan.

c. Defect data has been collected and placed in the project measurement database for process analysis.

d. Qualification test ready components with updated source code and test procedures have been placed into the SDL under configuration control.

2.6.8
Process Measurements

Guidance

The following Earned Value schedule was established for the RBC Project’s process description.  Any re-write would require developing an Earned Value schedule reflecting progress within that new process description.       

The following data shall be collected:

a. Earned Value Schedule.

	Event
	Report % Complete

	Start Analysis 
	10

	Complete draft of Integration Schedule 
	20

	Complete walkthrough of the Integration Schedule 
	35

	Begin Initial sub-increment test 
	50

	Complete integration testing and drafting of the results in an integration test report 
	80

	Verify that test process has been followed. 
	90

	Approve integration test report. 
	100


b. Track percent of build allocated testable requirements successfully completing integration test.  (Note: Test Procedures trace to testable requirements.  See Test Case Design).

c. Track SUs successfully completing integration as a percent of total targeted for integration.

d. Track open versus closed problem reports.

e. Track actual versus planned staff hours expended. 

f. Track actual versus planned costs expended. 

2.7
SOFTWARE QUALIFICATION TESTING

The PM will direct the Development Manager and the Test and Evaluation Manager to apply the following process to manage the qualification of the project’s software. 

Figure 2-8 provides an overview of the software Qualification Testing (QT) Process while the following paragraphs provide a detailed description. 

2.7.1
Purpose

The purpose of software QT is to validate satisfaction of requirements documented in the SRS and targeted for a specific build.  Software QT is to ensure suitability for release to an external test agency and/or user community.

The STP and STDs will provide the detailed plan and design for software QT.

2.7.2
Roles and Responsibilities

The roles and responsibilities for this process are listed below:

a. The PM chairs a Test Readiness Review (TRR).

b. The Test and Evaluation Manager directs the Test and Evaluation Group in the conduct of testing. 

c. The Development Group performs updates in response to problem reports.

d. The LCCB, with the PM serving as Chairman, serves as the final approval authority.  

e. The QA Group verifies the process is performed

f. The CM Group performs configuration control of test reports, and updated project artifacts. 
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Figure 2-8.  Qualification Testing Overview

2.7.3
Entry Criteria

The entry criteria for this process are listed below:

a. Increment Integration and Test has been completed

b. Software components, including COTS items, are under configuration control in the SDL.

c. High priority problem reports resulting from integration testing are closed.

d. Approved STD with Test Procedures and test materials are under configuration control in the SDL.

e. Software test environment has been validated.

f. Project Build Plan and schedule have been approved.

g. The project staff has been trained in the process disciplines defined for product engineering and qualification, including training in all tools and techniques associated with testing.

2.7.4
Input

The input for this process is listed below:

a. Test ready SDL (includes fully tested SUs and COTS items).

b. Approved STD (includes updated execution ready test cases with included test procedures).

c. Approved Integration Test Report.

d. Problem report database.

e. Problem report forms.

f. Test drivers, test stimuli data, and test inspection tools as required by the STD.

2.7.5
Process Activity

Guidance 

The RBC Project’s external and internal organizational interfaces and structure, positional roles and responsibilities, documents and associated peer review levels are described in the RBC Project Management Plan (PMP).  For the RBC Project, the LCCB, with the PM as Chairman, performs the role of an approving authority for the readiness of the software for qualification testing and in that capacity conducts a IEEE/EIA 12207 Joint Review, or the equivalent of a DoD Standard 2167A Test Readiness Review (TRR), to verify readiness.  In addition, on conclusion of the software Qualification Testing, the LCCB conducts an IEEE/EIA 12207 Joint Review to verify the results and readiness of the software to proceed to System Qualification Testing (SQT) at an external agency.  
The following steps are applied to complete this process:

a. The PM chairs a TRR to verify readiness for software QT.  The items to be verified are listed below:

1. High priority problem reports resulting from integration testing are closed and corrections tested.

2. Software Components, including COTS, have completed integration and test.

3. STP and STDs are complete and under configuration control.

4. Test materials (e.g. data files, test environment, and operator logs) are complete and in conformance with STDs.

5. Test environment is validated and operational.  

b. The PM approves TRR findings and authorizes start of software QT, or directs correction of discrepancies in the system software, STP, STD, test materials, and test environment configuration, and if necessary a return to the Incremental Integration and Test Process.  

c. The Test and Evaluation Group prepares the test environment, loads, and initializes software to meet prescribed test conditions for execution of complete test case suites.

d. The Test and Evaluation Group executes tests, following scripted test steps and records results on operator logs and automated recording media.

e. The Test and Evaluation Group performs data reduction and formats results in textual and graphic form.

f. The Test and Evaluation Group reviews test case purposes and expected results documented in the STD.

g. The Test and Evaluation Group evaluates actual test results by examining the Test History log, open versus closed problem reports, data reduction information, and submits problem reports to CM for tracking as necessary.

h. The Development Group performs rework to resolve problem reports and updates documentation as required.

i. The Test and Evaluation Group ensures problem reports opened during software testing have been tested and closed.  Accumulated defect data is submitted to the project measurement database. 

j. The Test and Evaluation Group ensures that adequate regression testing of the updated version has been conducted and any resulting problem reports have been tested and closed.

k. The Test and Evaluation Group determines degree of compliance to acceptance criteria and record percent requirements satisfactorily tested.

l. The Test and Evaluation Group documents findings and recommendations (i.e., promotion to more complex testing, retest, or system acceptance).

m. The Test and Evaluation Group prepares a draft qualification test report, following the instructions of the assigned documentation standard.  Include calculated test metrics data, marked-up data from the STD, and processed data reduction information to support test results and recommendations.

n. Conduct an FI in accordance with the reference (f) on the qualification test report.  Test and Evaluation Group revises the draft qualification test report to correct discrepancies and incorporate recommended changes.

o. The QA Group verifies that the processes have been followed.

a. The qualification test report is submitted to the LCCB for review.  The PM, as LCCB Chairman, will approve acceptance or direct corrective action as necessary.  This may include problem report repair and re-qualification testing, or a return to incremental integration and test.  A Project Data Form (PDF) for the project build is submitted to the Center’s process measurement database.

p. The CM Group places the approved final system software build configuration artifacts into the SDL.

2.7.6
Outputs

The outputs of this process are listed below:

b. Approved updated SDL (e.g., Build specific artifacts).

c. Approved build-specific qualification test report.

d. Approved updates to project measurement database and a Project Data Form (PDF) submittal for the project build completion to the Center’s process measurement database.

2.7.7
Exit Criteria

The exit criteria for this process are listed below:

a. A qualification test report indicating a qualified system has been approved.

b. Approved components constituting a build specific system have been placed in the SDL.

c. The project’s measurement database has been updated.

d. A PDF has been submitted to the Center’s process measurement database

2.7.8
Process Measurements

Guidance

The following Earned Value schedule was established for the RBC Project’s process description.  Any re-write would require developing an Earned Value schedule reflecting progress within that new process description.       

The following data shall be collected:

a. Earned Value Schedule.

	Event
	Report % Complete

	Start TRR 
	10

	Initiate Qualification Test 
	25

	Complete Qualification Test cycle
	80

	Complete review of Build STR
	85

	Approve build qualification test report 
	100


b. Track percent of build allocated testable requirements successfully completing qualification test.

c. Track open versus closed problem reports.

d. Track actual versus planned staff hours expended.

e. Track actual versus planned costs expended. 

DOCUMENT CHANGE REQUEST (DCR)
	Document Title: Product Engineering and Qualification Process
	Tracking Number: 



	Name of Submitting Organization: 



	Organization Contact: 


	Phone: 

	Mailing Address: 



	Short Title: 


	Date: 

	Change Location: 

(use section #, figure #, table #, etc.)

	Proposed change: 



	Rationale for Change: 



	Note:  For the Systems Engineering Process Office (SEPO) to take appropriate action on a change request, please provide a clear description of the recommended change along with supporting rationale.

Send to:  Commanding Officer, Space and Naval Warfare Systems Center, SEPO, Code 212, 53560 Hull Street, San Diego, CA 92152-5001 

Fax to:  (619) 553-6249 

Email to: sepo@spawar.navy.mil
Submit online  http://sepo.spawar.navy.mil/ 

DCR Form 9/2002


ii

