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Abstract

The growth in quantity, variety, and merging of industry standards, process capability models, regulatory requirements, and customer request has inundated many Original Equipment Manufactures’ (OEMs) process groups. Customer requests for objective evidence corroborating capability and maturity of documented internal design and development processes are necessary to demonstrate compliance to these source requirements.  This paper discusses Rockwell Collins’ approach to manage these changes using a requirements database to assist projects in tailoring Enterprise standard design and development processes and processes assets to meet the customer requirements.
Introduction

Rockwell Collins processes have been documented and improved throughout the company’s 70 year history.  The latest improvement is the use of a requirements database, Dynamic Object Oriented Requirements System (DOORS), to economically define process requirements employed to assist projects in tailoring the Enterprise standard design and development process and selection of appropriate process assets to meet the development needs of a project, while concurrently demonstrating compliance of internal processes to source requirements.

Background.  Over the last five years, Rockwell Collins has documented and implemented an enterprise level standard engineering process framework.  The resulting Rockwell Collins Technical Consistent Process (RC-TCP) addresses the technical engineering disciplines of Systems, Software, Hardware, Application Specific Integrated Circuits (ASIC), and Installation.  The RC-TCP is the Design and Development Process portion of a suite of enterprise level processes that encompass the complete business lifecycle of a product.  

Process Influences.  Shortly after Rockwell Collins embraced the Software Engineering Institute (SEI) Capability Maturity Model For Software (CMM-SW), the Electronic Industries Alliance (EIA) 731 : Systems Engineering Capability Model, and the EIA-632: Processes For Engineering A System, customers began advocating and requiring the use of additional source requirements as part of contracts and development requirements.  

These additional requirements included company assessments and certification to the SEI Capability Maturity Model Integrated (CMMi); IEEE 12207 : Industry Implementation of International Standard ISO/IEC 12207: 1995 (ISO/IEC 12207) Standard For Information Technology – Software Life Cycle Processes - Life Cycle Data; Radio Technical Commission for Aeronautics Document RTCA/D0-178B, Software Considerations In Airborne Systems And Equipment Certification. RTCA, Inc, 1992; and RTCA/DO-254, Design Assurance Guidance for Airborne Electronic Hardware:2000; as well as customer driven requirements such as Airbus Industries’ ABD0100, GRESS; and Boeing’s D6, and others. 
Each source requirement influence has subsequently enhanced the RC-TCP fidelity.  As each source requirement undergoes an update, this update initiates a cascade of reactions within the design and development community that may include re-accomplishment of company assessments to maintain currency.  The continuous monitoring and management of the various industry standards, process capability models, regulatory requirements, and OEM processes is a classic Systems Engineering demonstration of a development environment with fluctuating requirements.

Discussion will begin with an analysis of existing source requirements, a description of how these various source requirements flow into process requirements, the Enterprise development of a mapping requirements database, the resultant source requirement to Enterprise process compliance demonstration, and process improvement.
Source Requirement Analysis
When is a “Will” or “Should” statement a definitive requirement?  When is a “Shall” or “Must” statement not applicable to a particular development?  By applying the Rockwell Collins’ Lean Electronics ™ approach to these difficult questions we have been successful in establishing an Enterprise Level methodology for demonstrating compliance-gap relationships between company processes and customer source requirements.  
Imperative Statements.  Imperatives are words and phrases that define specific requirements (e.g., Shall, Must, Must Not, Will, and others).  Figure 1, Comparison of Source Requirements provides a comparison of imperative statements of widely accepted industry standards such as DO-178B, customer referenced OEM Process 1, 2, 3, and the RC-TCP.  OEM Process 1, 2, and 3 refer generically to customer processes and standards used for compliance mappings and self-certification of the Design and Development Process.  

An examination of imperative statements from industry standards, OEM Process 1, 2, and 3 to the RC-TCP Design and Development Process clearly demonstrates the subjectivity and interpretive nature of source requirements. 
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Figure 1 – Comparison of Source Requirements
Source to Process Requirement Flow

Figure 2, Source Requirement Hierarchy, pictorially establishes the documentation hierarchy at Rockwell Collins.  Source requirements flow into project specific documentation and customer deliverables through Enterprise (RC) and Business Unit (BU) processes and process assets.
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Figure 2 - Source Requirement Hierarchy
Source Requirement Context.  Source requirements are initially addressed within RC Polices which provide corporate direction and guidance on critical business topics.  This direction and guidance represent governing principles.  RC Procedures implement policies by defining the process steps necessary to comply with the Policy.  RC Methods, Templates, Tools define specific actions to assist product design and development teams in performing the activities necessary to satisfy the RC Procedure requirements (e.g., Quality System, Configuration Management, Design and Development (RC-TCP), and others).  
Since source requirements may not be fully satisfied by Enterprise Level processes and process assets, it is necessary for the Business Unit to further evaluate the source requirements to determine the availability of specific Business Unit processes and process assets satisfying the source requirements.  BU Procedures may be necessary when the BU has additional requirements beyond those defined by the RC Procedure.  These additional BU requirements are mostly related to business relationships or product certifying authorities. BU methods define specific steps or actions that may be needed to address a BU process or procedure, or may be used to enhance the fidelity of an existing RC Method.  For example, specific industry standards for commercial flight certification are not necessarily required for military aircraft; therefore, to require each Business Unit process to address all aspects is inappropriate and not cost effective.  

Further, source requirements may not be fully satisfied by Enterprise or Business Unit processes and process assets.  It is therefore necessary for the design and development project to further examine the source requirements to determine if additional specific project processes and process assets are necessary to satisfy these requirements.  By reviewing previous project processes and process assets that were developed, identifying project level assets that should be elevated to BU and Enterprise level may be accomplished for reuse purposes.
Mapping Requirement Database

A mapping repository containing all applicable source requirements facilitates the generation of a traceability reports.  The source requirements are composed of industry standards, business process models, and any project specific documentation needed to demonstrate compliance. The traceability report can be analyzed to determine if there are any gaps between the industry standards and the implementing processes defined by the organization.  The resulting analysis may then be used as objective evidence for self-certification as well as used to improve Enterprise and Business Unit processes, process assets and products.
Structuring the Requirements Database.  The following practice was employed to establish the mapping requirement database.   
1) Import Source Requirements – Import industry standards, business process models, and project specific documentation requiring objective compliance demonstration.  To increase readability of gap, compliance, and framework reports, it is encouraged to maintain document integrity and structure by importing all textual content, figures, and diagrams.

2) Perform Requirements Allocation – Assign source requirements by imperatives to functional areas of responsibility (e.g., Project Management, System Engineering, Software Engineering, Quality, or Configuration Management).  The extent of various classification functions and disciplines are dependant upon the specificity of the source requirement.  Non-imperatives (e.g., titles, headers, and descriptions) not requiring traceability should be flagged as “Informative Text”, but not discarded, within the database.
3) Perform Early Requirements Review - An allocation review and agreement of the requirement classification is then conducted to establish internal Enterprise and Business Unit ownership of the source requirement.  Without internal agreement on ownership, process improvement can not be accomplished.
4) Perform Synthesis – Establish the relationship between the source requirement and the Enterprise and Business Unit processes and process assets by imperatives to ensure 100% coverage.  If the existing RC and/or BU Standard Work Products do not meet the established levels of rigor or compliance, Project Specific Documentation must be created, updated, and maintained to satisfy a source requirement.  By maintaining the traceability of the source requirement within the DOORS database, it can be shown that much previously unique project specific documentation has been, may be, and should be elevated to an Enterprise and/or Business Unit Standard Work Product.  When elevation to an Enterprise level is accomplished, the same Standard Work does not need to be re-accomplished with every product development.  Also, when source requirements become updated, merged or replaced, by tracing the changes from one version to the next only requires an inference mapping, thereby no longer forcing a complete revision of Enterprise and Business Unit Standard Work.
5) Perform Verification – Verification of the source requirement to an Enterprise process requires that specific determinations be provided by the area of responsibility.  For example, a source requirement of system requirement allocation may be satisfied with an identified Enterprise Level template to be completed by a specific project.  By providing the Enterprise procedure identification, with a consolidated database, the linkage and thereby the objective evidence of the requirement satisfaction is accomplished.  Every project under development that has a customer requirement specifying this particular source requirement to addresses system requirement allocation, may be considered compliant and mature by instantiating the Enterprise procedure identified.
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Figure 3 - Detailed Linking Schema

DOORS Detailed Linking Schema.  Figure 3, Detailed Linking Schema, pictorially establishes the detailed linking scheme for the requirements database development.  
The DOORS detailed linking is accomplished through the RC-TCP as the Enterprise Standard.  The RC-TCP using the Entry-Task-Verification-Exit (ETVX) process model is shown.  By linking each activity-task (R) to a specific industry framework (source requirement), the task accomplishing the work is identified.  Each activity-task is supported by identification of required inputs (X), and available Enterprise and Business Unit methods, templates, and tools (Y) which accomplish the required product or output (Z).  By linking within DOORS the actual project deliverable created from (Z), a direct linkage between the source requirements to the delivered product (T) is accomplished.  

Process Compliance Demonstration

Once the compliance-gap relationships have been established, the company created a roadmap for gap closure, performed impact analysis for Process Change Requests, developed compliance reports for company and customer use, and established pre-approved tailoring of the Enterprise Standard Work products.  An example of the DOORS database linkage is provided Figure 4, DOORS Detailed View Example.
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Figure 4 - Gap-Compliance Reports

Process Improvement

Source requirements not addressed by Enterprise and Business Unit Standard Work Products are considered “gaps” in the process.  A determination may then be made to update the higher level processes or address at the project specific level due to its uniqueness and expected non-applicability to existing and future customer requirements.  If the source requirement is not unique to the particular project development, Enterprise process improvement is initiated thereby providing reuse and cost savings for future project developments and to all existing and future customers.

Gap-Compliance Analysis.  Figure 3 - Detailed Linking Schema in conjunction with Figure 4 - Gap-Compliance Reports can be used to assist the following:

· Identifying critical process improvement opportunities.  Methods, templates and tools (Y), Inputs (X), and Outputs (Z) may be updated based on the (R) relationship.

· There is risk of process compliance issues as process is not repeatable or has high variation.  Missing customer requirements or potential project compliance issue may exist.  Activity-tasks may be updated based on the (S) relationship

· Conflicting source requirements may be identified and negotiated based on review of the (R) relationship.

· Changing source requirements (e.g., updated, merged or replaced) may be identified and company processes updated based on review of the (R) relationship. 

· Items that were initially considered “gaps” in the Enterprise or Business Unit processes and process assets may be accomplished directly with Project Specific processes and process assets (S).   Project specific documentation is ideal candidates that could be and with further investigation should be elevated to Enterprise and/or Business Unit Methods, templates and tools (Y).
Process Producibility.  Figure 5, Producibility Diagram, illustrates an effective technique to determine company process as Valued.  The terms traceability, producibility are defined as follows and combine to create a valued process.
· Traceability:  Conformance of the company process (e.g., RC-TCP) to source requirements (e.g., DO-178B)

· Producibility:  Economic impact of design and development process to create customer deliverable

· Valued Process = Producible + Traceable
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Figure 5 - Producibility Diagram

Other uses for the Producibility Diagram include process improvement techniques.

· Unacceptable - Missing customer requirements or possible Project Compliance Issue:  Not compliant to Framework or TCP because project can not produce required output.

· Undesired - Process Improvement Opportunities or possible Process Compliance Issue:  Process is not repeatable or has high variation.

· Waste - Working on non-desired or non-essential requirements "Gold Plating".
Conclusion

By providing a defined methodology to ensure organizational processes and process assets are highly capable and are in compliance to needed industry standards, models and regulatory requirements these company investments are continually adjusted and the model re-analysed for process redundancies, gap exposure, and process improvement.  When source requirements are not unique to the particular project development, organizational process improvement can be initiated thereby providing reuse and cost savings for future project developments.

The DOORS tool suite was selected to accomplish this effort. Resultant benefits from this activity include:

Process Improvement
· By providing a defined methodology showing compliance, visibility of process redundancies and exposing gaps is accomplished.  

· Linking Reports via the DOORS database provides visibility for impact analysis of proposed Enterprise and Business Unit process changes.

· By providing a Lean vision to currently available methods, templates and tools, to streamline and consolidate process and procedures. 
· Assists in identify currently needed but unavailable methods, templates and tools. Elevation of processes and process assets to higher levels provides cost savings and risk mitigation to future projects.

· Impact Analysis for source requirement updates. Provides visibility for impact analysis of proposed Enterprise and Business Unit organizational processes and process assets changes.

Cost Savings
· Multiple instances of standards and models were being documented and mapped using a variety of methods and tools (e.g. excel spreadsheets, access databases, and DOORs).  The majority of these are now consolidated into a single database to be used across the Enterprise reducing redundant efforts. 

· Upon review and approval of the Enterprise compliance and capability mappings, these mappings can be used during Pursuit Order Capture activities.  

Reuse
· Assist in defining company process minimums which can be used for organizational processes and process assets project tailoring (e.g., DO-178B) or frameworks (e.g., CMMi).

· Inference mappings can be used to evaluate how one product line made for one customer can be moved into compliance for another customer’s requirements.

· Harvesting of project specific processes and processes assets for future projects has been lessened.
· All gap and compliance reports are available via DOORS. Reports provide objective evidence that internal development processes are both capable and mature. Previously recognized and approved compliance reports may be updated as necessary and provide existing and future customers compliance demonstration (e.g., 12207).
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