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ENTRANCE - Evolution of SystemsENTRANCE - Evolution of Systems

Systems Engineering and Design 

Requirements

Interfaces and Product Integration

Design and Sourcing Approach
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Comparison - Then to NowComparison - Then to Now

AV-8, GEPOD
Legacy specifications 
had few lower level 
specifications
Traceability to other 
documents and impact 
assessments done 
manually
“Product Manufacturer” -
Product designed and 
manufactured in-house

JSF Gun Systems
Requirements flowed to 
lower level configuration 
item specifications
Traceability and impact 
assessments achieved 
through use of 
automated tool
“System Integrator” –
Product designed and 
manufactured with 
subcontractors as an 
integrated team
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RequirementsRequirements

Legacy Programs
HOW - Design-based 
requirements 
Referenced MIL-STDs as 
requirements

JSF
WHAT - Performance-based requirements 
Industry best practice
Reference DoD and other documents as “Guides”

DEVELOPMENT 
SPECIFICATION # PAGES # REQMTS 

(SHALLS)

AV-8B 29 195

JSF - CTOL 91 170

GPU-5/A (GEPOD) 46 228

JSF - MISSIONIZED 125 206
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Current ChallengeCurrent Challenge

Larger requirements documents

Intertwined and interdependent requirements

Verification of requirements, especially unique 
requirements (e.g. chem bio)

Flow down and allocation of requirements to 
sub systems

Flow down of requirements to subcontractors 
(system integrator vs. sole designer/mfr)
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Adjusting How We Manage 
Requirements
Adjusting How We Manage 
Requirements

Requirements have been developed and 
managed using a “document centered” 
approach

Separate requirements, design and test documents are 
developed by different organizations and stored in 
different locations
Requirement information is duplicated in many different 
documents to accommodate tracing and allocating 
requirements
Document management and maintenance effort is 
extensive and is sometimes the focus
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Adjusting How We Manage 
Requirements
Adjusting How We Manage 
Requirements

Developing and managing requirements has 
evolved to a “database centered” approach

Dynamic Object Oriented Requirements System 
(DOORS) is tool of choice
Single database, accessible to all users, contains all 
requirements and related documentation
Requires a transition from the use of traditional word 
processors in order to capitalize fully on DOORS 
functionality
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DOORS Links Provide for Traceability
User Requirements Technical Requirements Test CasesDesign Elements

1.1. Identify impacted elements due to a change in another element
• Traceability Reports: consistency with driving design elements
• Impact Reports: other design elements affected
• Links to impacted design elements
1.1.1. Create backward traces to design elements within and  across any organizational

procedure
• Traceability Reports: Procedure Attribute

1.1.2. Create backward traces to design elements within and  across any project milestone
• Traceability Reports: Milestone Attribute

1.1.3. Create backward traces to design elements within and  across Design Control
Guidance Elements
• Traceability Reports: Linked design elements

1.1.4. Create forward impacts to design elements within and across any organizational
procedure
• Impact Reports: Procedure Attribute

1.1.5. Create forward impacts to design elements within and across any project milestone
• Impact Reports: Milestone Attribute

1.1.6. Create forward impacts to design elements within and across Design Control
Guidance Elements
• Impact Reports: Linked design elements

1.2. Associate changed design elements with related elements
• Link Change Design Object with affected design element(s)
• Traceability Links and Reports from affected design element(s)
• Impact Links and Reports from affected design element(s)
1.2.1. Associate design element changes with decisions, rationale, and approval authority

information
• Change Decision Objects with following Attributes:
• Disposition Attribute
• Decision Attribute
• Rationale Attribute
• Owner Attribute
• Management Approval Attribute

1.2.2. Provide associations within and  across any organizational procedure
• Change Design Object Traceability Link on Procedure Attribute
• Change Design Object Impacts Link on Procedure Attribute

1.2.3. Provide associations within and  across any project milestone
• Change Design Object Traceability Link on Milestone Attribute
• Change Design Object Impacts Link on Milestone Attribute

1.2.4. Provide associations within and  across Design Control Guidance Elements
• Change Design Object Traceability Link to traced design elements
• Change Design Object Impacts Link to linked design elements

1.3. Mange the change process
• Design Change Module
• Design Change Reports
• Object History
• Object History Reports
• Versions
• Baselines

1. 820.30(b) Design and Development Planning

Each manufacturer shall establish and maintain plans that describe or reference the design and development
activities and define responsibility for implementation.

The plans shall identify and describe the interfaces with different groups or activities that provide, or result
in, input to the design and development process.

The plans shall be reviewed as design and development evolves.
The plans shall be updated as design and development evolves.
The plans shall be approved as design and development evolves.

2. 820.30(c) Design Input
2.1. Each manufacturer shall establish procedures to ensure that the design requirements relating to a

device are appropriate and address the intended use of the device, including the needs of the user
and patient.

2.2. Each manufacturer shall maintain procedures to ensure that the design requirements relating to a
device are appropriate and address the intended use of the device, including the needs of the user
and patient.

2.3. The procedures shall include a mechanism for addressing incomplete requirements.
2.4. The procedures shall include a mechanism for addressing ambiguous requirements.
2.5. The procedures shall include a mechanism for addressing conflicting requirements.
2.6. The design input requirements shall be documented by a designated individual(s).
2.7. The design input requirements shall be reviewed by a designated individual(s).
2.8. The design input requirements shall be approved by a designated individual(s).
2.9. The approval, including the date and signature of the individual(s) approving the requirements,

shall be documented.
2.10. Questions.

2.10.1. Summarize the manufacturer's written procedure(s) for identification and control of
design input.

2.10.2. From what sources are design inputs sought?
2.10.3. Do design input procedures cover the relevant aspects, such as: (Mark all that apply and

list additional aspects.)
2.10.3.1. intended use
2.10.3.2. user/patient/clinical
2.10.3.3. performance characteristics
2.10.3.4. safety
2.10.3.5. limits and tolerances
2.10.3.6. risk analysis
2.10.3.7. toxicity and biocompatibility
2.10.3.8. electromagnetic compatibility (EMC)
2.10.3.9. compatibility with accessories/auxiliary devices
2.10.3.10. compatibility with the environment of intended use
2.10.3.11. human factors
2.10.3.12. physical/chemical characteristics
2.10.3.13. labeling/packaging
2.10.3.14. reliability
2.10.3.15. statutory and regulatory requirements
2.10.3.16. voluntary standards
2.10.3.17. manufacturing processes
2.10.3.18. sterility
2.10.3.19. MDRs/complaints/failures and other historical data
2.10.3.20. design history files (DHFs)

2.10.4. For the specific design covered, how were the design input requirements identified?
2.10.5. For the specific design covered, how were the design input requirements reviewed for

adequacy?

Comply with FDA Design Control Guidance GMP Regulation

1. Capture design and related information
1.1. Input electronically formatted data
1.2. Reference external information sources
1.3. Reference external documentation

2. Store design and related information
2.1. Identify and tag design information as unique “design elements”
2.2. Organize design elements

2.2.1. Organize by Design Control Guidance Element
2.2.2. Organize by inter-relationships

2.3. Ensure all design elements are available
2.3.1. Store design elements by Design Control Guidance Element
2.3.2. Store design elements and their historical values

3. Manage all user needs
3.1. Identify the source of the user need
3.2. Identify all user types (groups)
3.3. Identify the customer (s)
3.4. Profile the expected patients
3.5. State the intended use of the product (family)
3.6. Capture the acceptance criteria for each user need

4. Manage design input requirements
4.1. Identify the source of the requirement
4.2. Identify the associated user need
4.3. Capture requirement description and attributes
4.4. Capture acceptance criteria
4.5. Assign responsibility for each requirement
4.6. Manage incomplete requirements
4.7. Manage ambiguous requirements
4.8. Manage conflicting requirements
4.9. Approve all requirements

5. Manage acceptance
5.1. Ensure the acceptance of every user need
5.2. Ensure the acceptance of every design input requirement
5.3. Document the results of every user need acceptance test
5.4. Document the results of every design input requirements test
5.5. Make acceptance results available

6. Manage change
6.1. Maintain history of design element changes

6.1.1. Make complete change history available
6.1.2. Maintain history within and  across any organizational procedure
6.1.3. Maintain history within and  across any project milestone
6.1.4. Maintain history within and  across any Design Control Guidance Elements

6.2. Capture frequency and nature of element changes
6.2.1. Provide rationale for change
6.2.2. Describe decisions made
6.2.3. Identify approval authority for the change
6.2.4. Capture date, time, and signature of approving authority

6.3. Identify impacted elements due to a change in another element
6.3.1. Create backward traces to design elements within and  across any organizational procedure
6.3.2. Create backward traces to design elements within and  across any project milestone

1.1. Identify impacted elements due to a change in another element
• Traceability Reports: consistency with driving design elements
• Impact Reports: other design elements affected
• Links to impacted design elements
1.1.1. Create backward traces to design elements within and  across any organizational

procedure
• Traceability Reports: Procedure Attribute

1.1.2. Create backward traces to design elements within and  across any project milestone
• Traceability Reports: Milestone Attribute

1.1.3. Create backward traces to design elements within and  across Design Control
Guidance Elements
• Traceability Reports: Linked design elements

1.1.4. Create forward impacts to design elements within and across any organizational
procedure
• Impact Reports: Procedure Attribute

1.1.5. Create forward impacts to design elements within and across any project milestone
• Impact Reports: Milestone Attribute

1.1.6. Create forward impacts to design elements within and across Design Control
Guidance Elements
• Impact Reports: Linked design elements

1.2. Associate changed design elements with related elements
• Link Change Design Object with affected design element(s)
• Traceability Links and Reports from affected design element(s)
• Impact Links and Reports from affected design element(s)
1.2.1. Associate design element changes with decisions, rationale, and approval authority

information
• Change Decision Objects with following Attributes:
• Disposition Attribute
• Decision Attribute
• Rationale Attribute
• Owner Attribute
• Management Approval Attribute

1.2.2. Provide associations within and  across any organizational procedure
• Change Design Object Traceability Link on Procedure Attribute
• Change Design Object Impacts Link on Procedure Attribute

1.2.3. Provide associations within and  across any project milestone
• Change Design Object Traceability Link on Milestone Attribute
• Change Design Object Impacts Link on Milestone Attribute

1.2.4. Provide associations within and  across Design Control Guidance Elements
• Change Design Object Traceability Link to traced design elements
• Change Design Object Impacts Link to linked design elements

1.3. Mange the change process
• Design Change Module
• Design Change Reports
• Object History
• Object History Reports
• Versions
• Baselines

Impact analysis is the first step towards 
determining the cost of a change

Understand the change 
before you make it

TraceabilityTraceability
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DOORS View With Multiple DocumentsDOORS View With Multiple Documents

End-to-end visual validation in a single view  

User Requirements Technical Requirements Test Cases Design Elements 

Understand 
the change 
before you 

make it

Impact 
analysis is 

the first 
step toward 
determining 
the cost of 
a change
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JSF DOORS Structure SummaryJSF DOORS Structure Summary

JSF Unclassified

Joint Strike Fighter Gun 
System Specification

• Internal Gun System
• Missionized Gun System

Configuration Item Specs
• Gun Assembly
• Ammunition Handling System
• Power Transmission
• Gun System Control Unit

Test Plans

The internal gun system shall have a 
minimum parts replacement interval of 
18,000 rounds. 

Verification Method    Accepted     Flowed Down     
Completed . . .

Within a module or 
between two modules.
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J11089214 12/10/99

Airframe
Req.

Vehicle
Systems Req.

ORD

Mission
Systems Req.

JSF Contract
Spec.

Air System Req.

Air Vehicle
Req.

Autonomic
Logistics Req.

CSCI A
SRS

Supplier X
PBS

Supplier Y
PBS

Gun System
PBS

Tier 1

Tier 2

Tier 3

Components CSCI B
SRS

CSCI B
SRS

JSF Specification TreeJSF Specification Tree
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JSF Gun System 
Requirements Flow Down 
JSF Gun System 
Requirements Flow Down 

JSF Gun System PBSJSF Gun System PBS

Gun and 
Transfer 

Unit

Gun and 
Transfer 

Unit

Ammo 
Handling
System

Ammo 
Handling
System

Power 
Transmission

Power 
Transmission Gun System 

Control Unit

Gun System 
Control Unit

Gun System 
Controller 

CSCI

Gun System 
Controller 

CSCI

Hydraulic 
Drive Unit

Hydraulic 
Drive Unit

JSF Gun System SOWJSF Gun System SOW

SDRLsSDRLs

Data 
Deliverables

Data 
Deliverables

Configuration Item 
Specifications

Maintained in 
DOORS

Gun PodGun Pod

Specifications Flowed to SubcontractorsSpecifications Flowed to Subcontractors
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Verification MatrixVerification Matrix
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Traceability to CI SpecificationsTraceability to CI Specifications
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EXIT – JSF Gun System 
Benefits / Lessons Learned 
EXIT – JSF Gun System 
Benefits / Lessons Learned 

Traceability effort has been dramatically reduced with 
proper tools.  DOORS database:

Contains entire document and associated trace 
information
Avoids updating multiple documents to the current 
requirements’ baseline
Eliminates the need to correct consistency errors

Requirement status, comments, or any other 
information can be readily associated with each 
requirement
Through linking, relationships between requirements, 
design information, and test information are 
dynamically managed
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