Appendix A - IEEE 12207.1/NPR 7150.2 Tailoring Matrix

GPC Project Example – Release of Class E Heritage Software



Instructions (Use this example ONLY For Software Completed Prior To 05/14/2013 That Is Now Having Release Requested)
This document provides examples of some of the items needed for release of completed heritage software – that was completed prior to 05/14/2013. The Compliance Matrix and Software Management Plan provide examples of fulfilling LPR 7150.2 Langley Software Engineering Requirements, LMS-CP-7150.6 Class E Software requirements and answers to some of the questions on Form 7: Software Release Request Authorization (Mar 2013) all of which are required to release software.
1. Perform LPR 7150.2, Langley Software Engineering Requirements, Section 1.2 Software Classification and Safety Criticality. While completing this section, develop a short description of what the “completed Heritage software” is currently used for or was used for. The description can be in the form of a paragraph, list of bullets, approved proposal, or existing description of the research performed using the software, comments in the header of the code, a research agreement, etc. Email it to the Mission Assurance Branch. The following is the description of the GPC Project example submission to the Mission Assurance Branch.
Purpose of Code

The code is a MATLAB program for performing numerical simulations of the use of Generalized Predictive Control (GPC) for active control of free-body dynamic systems.  While there are various GPC methodologies described in the literature, the subject program uses a version of GPC developed at Langley by Dr. Paul Revere and his team during the mid-1990s.  The overall objective of such numerical simulations is to assess the applicability and effectiveness of GPC for active control of dynamic systems having rigid-body modes, such as aircraft in flight.  Two possibilities present themselves.  One can determine the control inputs needed to quell undesirable vibratory responses due to disturbances acting on the system (the regulation problem) or one can determine the control inputs needed to perform a prescribed maneuver or follow a specified flight path (the tracking problem).  Both regulator (zero target response) and tracking (nonzero target response) problems can be studied with the program.     

The subject code has its genesis in a series of programs developed in the late 1990s under a cooperative NASA Langley/Company X research program in tiltrotor aeroelasticity.  The present version of the program was developed during the period 5/09-10/10 during which time a state-space model defining the rigid-body flight dynamics of the NASA/Army VV-3000 Tiltrotor Research Aircraft was embedded in the program and replaced the simple three-degree-of-freedom mass/spring/dashpot system that was used as the subject system in earlier programs.  The VV-3000 model was obtained from Company X and was developed for an aircraft cruising at 150 knots in the airplane mode of flight.  The math model has four control inputs (Collective pitch, longitudinal and lateral cyclic pitches, and pedals) and four outputs (Forward velocity, pitch angle, roll angle, and sideslip angle).    

Researchers knowledgeable in coding using MATLAB and having a basic understanding of the equations underlying the methodology implemented in the program should be able to modify the code as needed to meet their particular situation.  The primary changes would be to replace the VV-3000 state-space model and to adjust plotting parameters in the code to account for differences in numbers of control inputs and response outputs.

The equations and analyses underlying the implementation of GPC in the subject code are described in NASA report NASA/TM-0000-00000. I believe that this is Class E software.

2. Ounce you receive the independent Software Assurance Classification Report from the Mission Assurance Branch (Leslie Johnson) and have agreement on the software Class, complete the first line of the Form 7 section shown below by inserting the text “Class E - see attached for answers to the remainder of this section.” into the form where the arrow is pointing. 
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3. Walk through LMS-CP-7150.6 Class E Software procedure and use this example to aid you in documenting the attachment containing the remainder of the items requested in the screen shot above from Form 7.
4. Complete the Compliance Matrix as you walk through the LMS-CP; then include the answers to the other questions in this section of Form 7 (as shown in the box on the next page).
5. After all of this example has been modified to reflect your Class E project specific information, delete these instructions and attach this updated document to the Form 7.
Software Management Plan (and Answers to Particular Questions on Form 7)
Project title: Generalized Predictive Control (GPC)
Answers to particular questions from Form 7
	What is the classification of the software? Class E and it is not safety critical.
NOTE: Refer to LPR 7150.2, Langley Software Engineering Requirements, Appendix D (for the explanation of the classifications).

Does the software comply with the requirements of LPR 7150.2 for the applicable software classification?

The software activity complies with LPR 7150.2 Section 1 through 1.3; but as for the called out child procedure LMS-CP-7150.6, this software activity only complies with some of the requirements. However since the software was completed/predates the LPR then the LPR Exclusion P.2.d.6 applies. No waiver is needed; this fact is recorded in the Compliance Matrix.

IMPORTANT: Enclosed is copy of the completed Compliance Matrix for Class E.

If software does NOT comply, are the deviations/waivers documented and approved? No since LPR Exclusion P.2.d.6 applies and therefore no deviations/waivers are required.

If YES, attach relevant deviations/waivers. None required.


Testing:
-A cooperative experimental research agreement was put in place between LaRC and Company X circa 1994. Software was developed to meet some of the intent of that agreement.

-This software was extensively tested via numerical simulations to verify that the results produced by the software met the intentions of the agreement.  

-- The current version of the software is intended for performing numerical simulations to assess the applicability and effectiveness of Generalized Predictive Control (GPC) for active control of aeroelastic systems having rigid-body degrees of freedom, such as aircraft in flight.  The program provides for two options for execution of the code: (1) one can determine the control inputs needed to quell undesirable vibratory responses due to disturbances acting on the system (the regulator problem), or (2) one can determine the control inputs needed to perform a prescribed maneuver or follow a specified path (the tracking problem).  In the present application, the math model used as the subject system describes the rigid-body flight dynamics of the NASA/Army VV-3000 tiltrotor research aircraft flying at 150 knots in the airplane mode of flight.  Extensive numerical simulations were performed to demonstrate the robustness of the GPC controller to a variety of changing disturbances and target motions.

DATA MANAGEMENT SECTION
Version Control-The source code is version controlled by including the version as part of the file name and incrementing it each time the code is changed.
Backups -Backups are done daily by LaRC Center-wide contract.

Software release-This new version of the code has been requested and is to be delivered to George Washington of Company Y in Jacksonville, Delaware. The file name of the code for this release is: vv3000gpc_tar_rgk_V17.m

This software is being released following LMS-CP-1723, Release Classification for Software and LMS-CP-1724, Software Release and NASA Form 1679, Disclosure of Invention and New Technology (Including Software).
Changes -Text was included at the top of the source code file describing the changes made to the specific versions.
Location of software products, data, and corresponding test inputs/outputs and results-The code and corresponding test inputs/outputs is under a folder called GPC_17 located on Patrick Hennery’s computer. 

. 
File parent: Appendices for LMS-CP-7150.6 Class E Software CP_7150-6_130514_A.doc
Appendix:  LaRC Compliance Matrix for Class E Software (not Safety Critical)
Instructions: For each STEP and Appendix listed below, complete the 3rd and 4th column of this matrix or equivalent; complete all remaining columns for each tailoring request. Obtain the approvals listed at the bottom of the matrix. See “Appendices for LMS-CP-7150.6: Class E Software” at: https://sites-e.larc.nasa.gov/sweng/supporting-products/ for a Microsoft Word electronic copy of this Matrix. 

Note: To add additional rows within a STEP, right click on a cell in the middle of the row, select “Insert,” select “Insert Rows Above” or “Insert Rows Below”; follow a similar process for adding columns. 
Name of Project: Generalized Predictive Control (GPC) Project_____ Date Approval Requested: _July 2, 13
            [SWE-125]
	LMS Procedure
	Planned Implementation
	Tailoring

	Step
#
	Step Name
	Step or substep 
ID#
	Responsible party


	If an LMS CP step is tailored, explain the tailoring requested
(or how  the step was fulfilled)
	Impacts/risks associated with the tailoring request
	Justification for tailoring requests (why impacts and risks are acceptable)

	1
	Develop the Software Management Plan (SMP) for the project
	1.a
	#
	Only the cooperative experimental research agreement exists
	
	

	
	
	1.b
	Patrick Hennery (PH)
	Documented the software Class and Safety criticality determination in the SMP which agrees with the Mission Assurance Branch’s Software Assurance Classification Report (SACR); and software inventory data was submitted as required
	
	

	
	
	1.c
	PH#
	Only some of the items specified in Appendix A of LMS-CP-7150.6 are included in the SMP. LPR 7150.2, Section 1.4, Multi-Party Software Activities was not followed.
	
	

	2
	Review SMP and Compliance Matrix
	2.a
	PH
	The Software Manager approved the Compliance Matrix and the partial SMP above
	
	

	
	
	2.b
	John Adams #
	The Line Manager approved the Compliance Matrix and the partial SMP above
	
	

	3
	Execute SMP and manage software activities
	3
	#
	No SMP was used in completing the software
	
	

	4
	Develop, test, and deliver Software Products/Data
	4a
	#
	Only the cooperative experimental research agreement exists
	
	

	
	
	4b & 4c
	#
	Developed software to meet needs and Extensively tested it
	
	

	
	
	4.d
	PH
	Delivering software as is.  A NASA report documenting the analytical methodology underlining the software has been published and made available to the requester.
	
	


	LMS Procedure
	Planned Implementation
	Tailoring

	Appen-dix  #
	Appendix Name
	Appendix item or subitem 
ID#
	Responsible party


	If an LMS CP Appendix item is tailored, explain the tailoring request
	Impacts/risks associated with the tailoring request
	Justification for tailoring requests (why impacts and risks are acceptable)

	A
	Software Management Plan (SMP)
	Appendix A
	PH#
	Many of the items in Appendix A of LMS-CP-7150.6  are not included in the SMP
	
	


# This software was completed prior to the publication of LPR 7150.2; consequently it predates the LPR.  Therefore the software does not comply with many of the requirements in LMS-CP-7150.6. Required items that were not performed are documented in the compliance matrix with a pound symbol “#”.

LPR 7150.2 Exclusion P.2.d.6 states that:  “If a project predates the LPR release (05/14/2013), from the LPR release date forward, the project will follow the LPR requirements for the current and all future project activities (i.e., if the project started before the LPR was approved and it does not make sense to go back and fulfill requirements from completed phases, then the project complies with the LMS requirements for the present and remaining project phases).”
Approvals Required for Planned Implementation


Software Manager:  Patrick Hennery
Date: July 2, 2013
Approved (Yes, No) Sig.

Yes


Software Manager’s Line manager:
John Adams
Date:
July 5, 2013
Approved (Yes, No) Sig.2
Yes

Since the software predates the LPR 7150.2, then the LPR Exclusion P.2.d.6 applies and no waivers are needed.  

Additional Approvals Required if Tailoring is Requested (Follow requirements for obtaining approvals in LPR 7150.2, Section 2.Tailoring and Waivers.)


Applicable project personnel:

Date:

Approved (Yes, No) Sig. 2

Mission Assurance Branch (C201):
Date:

Approved (Yes, No) Sig. 2


Software Engineering Process Group Rep:
Date:

Concurred (Yes, No) Sig. 2


Technical Authority (Directorate Head):

Date:

Approved (Yes, No) Sig. 2


Other:

Date:

Approved (Yes, No) Sig. 2

� Approval by Software Manager confirms that the project plans to complete all LMS-CP-7150.6 requirements and any requested tailoring specified in the above Compliance Matrix.


� Optional: Written or electronic signature.


� The line manager reviews and approves this Compliance Matrix to ensure the project complies with LMS-CP-7150.6, Class E Software, and to approve tailoring requests.


� Individuals accepting the risk associated with the tailoring.


� The Software Engineering Process Group representative from the Software Manager’s Directorate.


� The Software Manager’s Directorate Head.


� This may be the LaRC Director SMA Office, NASA HQ CE, or HQ Chief SMA (see LPR 7150.2A for approvals required).
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