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Abstract

This report describes the results of the FY01 Level 1 Peer Reviews for the Verification
and Validation (V&V) Program at Sandia National Laboratories. V&V peer review at
Sandia is intended to assess the ASCI code team V&V planning process and execution.
The Level 1 Peer Review process is conducted in accordance with the process defined in
SAND2000-3099. V&V Plans are developed in accordance with the guidelines defined
in SAND2000-3101. The peer review process and process for improving the Guidelines
are necessarily synchronized and form parts of a larger quality improvement process
supporting the ASCI V&V program at Sandia. During FY00 a prototype of the process
was conducted for two code teams and their V&V Plans and the process and guidelines
updated based on the prototype. In FYO01, Level 1 Peer Reviews were conducted on an
additional eleven code teams and their respective V&V Plans. This report summarizes
the results from those peer reviews, including recommendations from the panels that
conducted the reviews.



Acknowledgements

The authors thank Stephen E. Lott, Mary A. McWherter-Payne, Amalia R. Black, and
Richard O. Griffith for formally reviewing this report. Their comments were appreciated
and have improved the quality of this report.

Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin
Company, for the United States Department of Energy under Contract DE-ACO04-
94AL85000.



Table of Contents

ACKNOWLEDGEMENTS ... coretrecsiereiessesessnsressssasrasssssassssssssesssssssassssssastsssssnsnsssnsassssssasassess d
TABLE OF CONTENTS R ——— 5
LIST OF FIGURES......ccoonininmniensarnescsrernsressssssssssssasens . .0
LIST OF TABLES.......cocccnticnnniannnnenonaressesens S
EXECUTIVE SUMMARY ....ccccccrnneicirnresrssensssrssessasens terseresssssessssnasesassenstessarastesssnananses 7
1 INTRODUCGCTION ...oiiiiicirierssaeressassaresssssssssssssssnssesssssnsssssssasssssnssessssstsssasasssssnsss sassnnssesessas seransssssssasas 15
1.1 BACKGROUND, PURPOSE, AND SCOPE ......ocitiiiiiieiiieieieteieteieteteeeteteseeietetaieieieieteiesiateteteserereserararares 15
1.2 INTENDED AUDIENCE ...uvuveteieieieieesitereeseieiereseseseeeseessinteresesesesensesesasseimsnsesesesesssmnsnseseseseanisnsnsesases 15
1.3 BENEFITS AND 08T ..ottt ee e et et e e et et et se e e s et et ieseee s et e bebm b s sembabssn e sesesatarnsnsenes 15
1.4 OVERVIEW OF DIOCUMENT ..ovvuvvvevriserierereteisiereisnsassresesssssosernsesesseraesesesesessinsesesessesesesssssnseseseseseses 16

2 OVERVIEW OF THE LEVEL 1 PEER REVIEW PROCESS....... venererene 17
2.1 LEVEL 1 PEER REVIEW PROCESS EVOLUTION .....iiiiiiiiiieieieieiiiiaiieieiesereteinsnsnsesrasasssnsasessrnresnienes 17
22 LEVEL 1 PEER REVIEW PROUCESS .....cioeteteteieiereiesrererereeeamisereresessesateteseseseassnsesesesseseseasssasesesesesnins 19
2.2.1 REVIEW SBSSION........ooiiiiiii it et e et e et n e ae e e e re e ae e 21
222 Review Panel SeleCtionN............ccc.oocccceieieeeeeeeee et 21
223 REVIEW MALEFIALS ..........ocovev oot e st e e ae et ae e e esams e e ebseaeensseeeennnes 22
224 REVIEW PFOCESS ..ottt st a1 e s st be st eea e e e e e s bt maneeeeee s 22
225 RevIew DelVerables ..........c..occuoioieieeeee e et s 24

3 DESCRIPTION OF FY01 LEVEL 1 PEER REVIEW SESSIONS ....veerrtrrrerimmernseeesessessasssnnees 25
3.1 SESSION 1: MARCH 6-8, 2001 ....ooiiioiiiiiiiee ittt esieee s esbneeeeste s enaessanssaeesessnseennsnteansmsneeenn 27
3.1.1 Review Panel SeleCtion..............c.cccccccciiiiiiiiiiii ettt 27
3.1.2 REVIEW MATEFIAIS ... oo ettt 27
3.1.3 ReVieW DeliVer@bBIEs ...........c.ccoeveviiiie oot e et st sttt 27

32 SESSION 2: MARCH 28-29, 2001 ...oiiiiiiieiiiieiiieecie ettt et et et ete e sras s tn s e ne s tnasanasaanassares 28
321 Review Panel SeleCtion...........c....cc..cooiouiiieiiiiiiiie et e et a sttt 28
322 REVIEW MOUCFIALS ... ettt ettt e e et e e e e 28
323 REVIEW DI@lIVEFABIES ... et 28

3.3 SESSION 3: MAY 1517, 2001 ..iiiiiiiiiiit ittt ettt eressteeesbesses e b ssae s esse s eesesseesesnasessessens 29
3.3.1 ReVIeW Panel SlECHION. .........c.cc..ocoiveiee ettt ettt r ettt e e 29
332 REVIEW MATEFIAIS ... oo et 29
3.3.3 ReView Deliverables ..............occoiiiiiieiiee ettt 29

34 SESSION 4: SEPTEMBER 18-20, 2001 .....iciiiiiiieieiiiieiiciciie ettt et svaserae e e s e enan s savaessnasavaeserns 30
341 Review Panel SeleCtion..............cc.oovevoe et 30
3.4.2 ReVIeW MATEFIQLS ..........c.....cooo ittt et e sttt e e et st e e e s 30
3.4.3 Review Deliverables ... 30

4 RESULTS, ANALYSIS, AND RECOMMENDATIONS......cccccvnrmerennresressensoenes 31
4.1 VBV PLAN ..ottt e et e e st e e e s et e e e et e e e s easee e s eae e e e eaas e s betesesmtasesessabesesesnbesesbassneas 31
4.1.1 Conformance 10 V&V GUIdeliNes ............cc.cccooiiiiiiiiiiiiiiiiiiesec e 31
4.1.2 SEFEIZIAS ..ottt et E bbbt 3]
4.1.3 Opportunities for IMProvement .. ...........c..cccocoooiiiiiiiiiei et 32

4.2 VEV GUIDELINES .....oveieetesesesereeseeessseieseseseimseseseesaseeesmsmseeesaseseeeasseseasssseeebesssesabssaesabasseesabesanasansns 33
4.2.1 SEPERIGIAS ..ot 33



4.2.2 Opportunities for IMProVEMERt .................cccoiii it 34

43 V&V LEVEL 1 PEER REVIEW PROCESS ..ottt ettt et 37
4.3.1 SHFEIGIRS ..ot 37
4.3.2 Opportunities for IMPFrOVEMERT .............c.ocoiiiiiiiiiiii et 37
4.4 GENERAL OBSERVATIONS ...ttt ettt rt ettt et et e bt et e e et s ameeembn s ame e et e et e e beeasasesbeeeaneean 39
5 SUMMARY OF MAJOR RECOMMENDATIONS.......ociiiercerieneseneresenesnssressessssssnssossnsssnssssenss 41
5.1 CONTINUE USE OF V&V GUIDELINES AND PEER REVIEW PROCESS <.cieievieieieeneiecieeemeeeee e 41
52 Focus LEVEL 2 PEER REVIEW PROCESS ON INTEGRATED STS APPLICATIONS......ccccccvviniviirenennn.d
5.3 INTEGRATE THE V&V PLAN PARTICIPANTS FOR THE MOST EFFECTIVE RESULTS....cvvvieeiiiirieenne 41
5.4 QUANTIFY METRICS AND ACCURACY REQUIREMENTS MORE RIGOROUSLY .....ocviiireiiiieaesnneenaans 42
5.5  DEVELOP ORGANIZATIONAL LEVEL GUIDANCE FOR SQE, VERIFICATION, VALIDATION, AND
STOCKPILE COMPUTING . ..c.citteeeteeeeeieseseeieiesesesesssssesssasseseseseassesesesesesasessssssssssssssssssssssessssesesesesesesereserereraeees 42
5.6 REVISE PEER REVIEWED V&V PLANS AND PUBLISH.......vcieivcuivesissesssssesssesassesssiesssssesssssessneres 42
5.7 REVISE V&V GUIDELINES 2.0 AND PEER REVIEW PROCESS 1.0 AND PUBLISH ......ccoociviniiiinine 42
APPENDIX A. ACRONYMS AND REFERENCES ......cotiiinimmmsisnisamsissismsisssissssssssisssnssssassssnssssnsas 43
AT ACRONYMS oottt sttt ese et bt be s b s bbb bbb bbb 43
A2. REFERENCES «ourtrerrereieieieiessiesresesetessse s e ssesssssessassessansessessessasssssesasssasaseseses osssessssessssesssssessesas 44
APPENDIX B. LEVEL 1 PEER REVIEW SCORING SUMMARIES.........comninninninncseninnen. 47
B.l.  SCORING SUMMARIES AND ANALYSES .....uvuevueisiusisesseisssssisnsssssssssssassiasssssessssssssesssssesssssesesssnos 47
B.2.  NOTEWORTHY PRACTICES ......imuieiiueieiessisssesssissassesesssssssssiosssassse s e sesssebossses e boss et ssss s iossassias 56
List of Figures
Figure 2-1. Conceptual Evolution of the V&V Peer Review Process ........ccccoceecvevceennen. 18
Figure 2-2. Sandia ASCI V&V Program Peer Review Levels.........cccoovviviniiinniiiinne. 19
Figure B-1. Overall Average of Scores by V&V Criterion........ccoeeivvieiiiniienienienieciennnes 49
Figure B-2. Overall Average of Scores by V&V Criterion (no Frameworks) ................. 51
Figure B-3. Highest V&V Plan Average Score for each Criterion...........cocceevveecvrrcvecenen. 52
Figure B-4. Lowest V&V Plan Average Score for each Criterion...........ccoccoovvevinieninannn. 53
Figure B-5. Example of Best V&V Plan Score vs. Overall Average Score ..........ccccc...... 54
Figure B-6. Comparison of Overall Average Scores for non-Integrated vs. Integrated
C0AE TRAMS ... .vieiiiiiiiiieciteeeie ettt et e et e e eitaatbeeteesanaasbsasseeasesbsaasssasssennssesaeassseeseenns 55
List of Tables
Table 2-1. Level 1 Peer Review Deliverables........cccovviiiniiinnciiiniieiciiecceeeecenen 24
Table 3-1. Pre-Review Calendar: Session 1 Level 1 Peer Review Implementation Plan.25
Table 3-2. Level 1 Peer Review Code Team Participants ..........cccceecvvviveeienencenneecenne 26
Table B-1. V&V GuIdelines Criteria......covvivriiririiiriioiirierneesiesresseaesieesaeessnessssssaeassuns 47
Table B-2. List of Noteworthy PractiCes.........cccuiiiiiriinieiiiiiiiecintee et 56



Executive Summary

This report describes the results of the Level 1 Peer Reviews of ASCI code team V&V plans
during FYO1. The results include programmatic review information related to the V&V plans
and improvement suggestions related to the review process. This summary highlights the overall
process, results from the reviews, and major recommendations derived from the review process.

PROCESS

The description of the Level 1 Verification and Validation (V&V) Plan Peer Review Process at
Sandia National Laboratories is contained in Peer Review Process 1.0 [V&V-REVIEW-1_0] .
The Level 1 V&V peer review at Sandia is intended to assess the ASCI code team V&V planning
process and execution status. The peer review definition is designed to assess the V&V planning
process in terms of the guidelines specified V&V Guidelines 2.0 [V&V-GUIDE-2_0].

The peer review process and process for improving the Guidelines are necessarily synchronized,
and form parts of a larger quality improvement process supporting the ASCI V&V program at
Sandia. The Level 1 Peer Review process is the first level of three peer review levels. Level 1
focuses on the programmatic aspects of creating an acceptable V&V Plan. Level 2 focuses on
the technical results of executing the V&V Plan. Level 3 focuses on the use of the code as part
of a stockpile certification calculation.

V&V plans are expected to demonstrate and document how the quality and fidelity of the code
M&S (modeling and simulation) capability will satisfy specific stockpile programmatic
requirements. Each code team, in partnership with their stockpile customers and designers, is
expected to create, maintain, and execute these plans throughout the life cycle of the code.

The V&V Guidelines 2.0 specifies the general format and content of a V&V Plan. The V&V
Plan defines the V&V information for modeling and simulation, in support of establishing the
requirements, design, implementation, and/or qualification of a specific stockpile driver
application. At the core of this information is a Phenomena Identification and Ranking Table
(PIRT). The PIRT is a requirements management mechanism that links a stockpile application
and its requirements to the phenomena required to be modeled/simulated in support of the
application, and to specific verification tests and validation tests that provide assurance the
implemented simulation model results adequately support the stockpile application.

The Peer Review Process 1.0 specifies the process for conducting V&V Peer Reviews. Review
panel members were selected from customers (e.g., Defense Programs and Surety), designers and
analysts familiar with the code, and the V&V Program office. Two or three code teams were
combined into one review session. Core review panel participants reviewed all the plans and
rotator participants reviewed only those specific to their areas of expertise. The four steps to the
review process are: train the review panel; prepare for the review by reading and scoring the
V&V Plan; conduct the review of a code team’s V&V and follow up with written reports to each
code team, and a written report to the ASCI V&V Program Office summarizing the participating
code team results and process improvement suggestions. Code teams were required to provide
some action plan information to the ASCI V&V Program Office in response to the written report.



SESSIONS

An initial set of V&V Guidelines and a Level 1 Peer Review Process were developed in FY00
and used in a prototype Level I Peer Review involving two code teams and their V&V Plans.
Results from that prototype were used to improve the guidelines and review process. The V&V
Guidelines 2.0 and Peer Review Process 1.0 were published, and plans were made to conduct
Level 1 Peer Reviews for eleven code team V&V Plans during FY01. Funding was provided
through the ASCI V&V program for development of the V&V Plans and for the review of those
plans. The following code teams participated in the FYO01 reviews in four different sessions.

e Session 1 (March 6-8, 2001): SIERRA Framework, CALORE, FUEGO-SYRINX
e Session 2 (March 28-29, 2001): GOMA, HPEMS-XYCE

e Session 3 (May 15-17, 2001): ALEGRA Framework, EMPHASIS, CEPTRE-ITS
e Session 4 (September 18-20, 2001): NuGET, PEGASUS, ALEGRA-EMMA

RESULTS

V&V Plan Content:

Overall:

All Code Team V&YV Plans followed the V&V Guidelines format. Exceptional V&V

Plans were presented that satisfied nearly all of the programmatic requirements. More
detailed specification of performance measures would improve most plans.

The Review Panels felt that the V&V Plans conformed to the format recommended by the
Guidelines. The Code Teams made a valid attempt to identify their DP customer(s) in their
Plans, although the Surety customers were not adequately identified when applicable. Many
code teams inadequately addressed the Validation content. Performance measures for SQE,
verification, and validation were inadequately addressed.

Strengths:

Through the PIRT mechanism, the V&V Plans have established a common terminology for
all code teams, a common method for describing the identification and prioritization of
customer requirements, and a capability to trace these requirements to implementation and
testing. There were several strong V&V Plans and a large number of individual
noteworthy approaches to describing the V&V planning information.

The Panels were impressed by the energy, effort, and professionalism that the Code Teams
brought to the V&V planning and peer review process. Code Teams participated in the process in
a professional and cooperative manner. All Code Teams conducted discussions of the feedback
in an honest and accepting manner.

Most of the Plans were good. The Plan authors are aware of the basic requirements of V&V, are
beginning to engage the DP and Surety customers, recognize minimal SQE requirements, and



demonstrate a basic understanding of computational modeling and V&YV activities in a
certification environment,

The Code Teams with prior experience in using their code for certification activities were much
more aware of the issues, and addressed the stockpile computing issues more completely. An
effort was made by most Plan authors to address software quality engineering (SQE) issues.
Most of the major components of SQE were at least recognized and commented upon. The
development of the PIRTs, VERTS, and VALTS were very effective for a couple of the V&V
Plans. There were several strong plans and individual noteworthy practices, including:

Team organization: integrated customer, analysts, experimentalists, code developers
Identification of & justification for selection of various V&V Plan participating roles
Document tree/reference use

Stockpile Driver description and tie to M&S Requirements

General PIRT Chart Representation and Scoring/Ranking system

Good description of the prioritization methodology and its use

Concept of extracting application-specific PIRTs from a more general Global PIRT
SQE practices defined, being used, and found useful

Question/answer table format for VERTS/VALTS representation/justification
Concept of VERTS/VALTS "tiers" was expanded to cover levels of phenomena
Mapping of V&V criteria to V&V Plan sections in which criteria discussed

VERTS description and tie to PIRT

VALTS description and tie to PIRT

Metrics for assessing the success of VERTS/VALTS

Methodology/application of PIRT to framework services - "services" IRT

Improvement:

The use of integrated teams with analysts and experimentalists in key author roles as well
as code developers is suggested for all V&V Plans. The one common technical area that

could use improvement is in the specification of V&V performance measures and success
criteria.

Overall the Plans need to link more completely to customer schedules and milestones. Plans
should include traceability between the PIRT and the code’s capability releases. While the V&V
Plans typically identify the experimenters, analysts, and various customers in a general sense,
more specific links would be very helpful to readers of the Plans.

The current process appears to work much better with an analyst or phenomenologist as the lead
author, than with a code developer alone in that role. Execution of different elements of the
V&V Plans must belong to different people, hence the recommendation that ownership (as
opposed to mere authorship) consist of code representatives, customer representatives, analysts,
and experimentalists. The intent is that the various roles actually participate in V&V planning.
It is essential that the owners of the V&V Plans have the authority and the resources to engage
the necessary participants in the development of the V&V Plan.



Ties to needed experiments, and hence to required experimental accuracy, should be discussed
more fully. This includes both experiments to provide input data (e.g., material properties), and
validation experiments.

V&V Teams could compile fairly comprehensive lists of multiple stockpile drivers and related
phenomena (as a few teams have already done). Then, each time a particular application is
identified, a "slice”" through such a tabulation would provide the input for a new prioritization
activity, thus leading to a PIRT which forms the core of the new, application-specific V&V Plan.

The V&V Plans should strive to quantify the accuracy requirements for validation and
verification in a more rigorous fashion, or reference where such quantification is to be described.
There is inadequate treatment of success measures and acceptance criteria for verification and
validation, as well as metrics to assess the effectiveness of SQE practices. Related to this is the
specification of needed accuracy for experimental results. Although uncertainty quantification
(UQ) is considered part of a standard ASCI product, in general very little, if any, V&V aspects of
the UQ and its associated process have been discussed.

V&V Guidelines Version 2.0:
Strengths:

The common process and terminology with which V&V planning can be addressed was
praised. The existing V&V Guidelines are effective, particularly the PIRT representation.

The existing guidelines are adequate and effective for M&S codes. Several of the V&V Plans
were excellent examples of how these guidelines could and should be applied. Those teams
where the members clearly share a common vision of what must be done and how to do it, were
most successful in applying the guidelines. Such teams included code developers, analysts,
experimentalists, and customers.

Code teams were compliant with the form and content suggested by the guidelines; with only a
few exceptions, the guidelines were able to be read and interpreted by each of the code teams.
Differences in following the guidelines tended to be related more to specific organizational
structure and code team philosophies than a misinterpretation of the guidelines.

A common terminology for key aspects of V&V (e.g., Stockpile Driver, PIRT, VERTS, VALTS,
SQE, Stockpile Computing) was established across a wide range of code team application
domains and peer review participants; perhaps most important was the understanding provided
to DP and Surety customers.

Improvement:

The existing V&V Guidelines need better descriptions of the GLOBAL PIRT concept,

clarification of scoring and ranking concepts, and how risk issues can be integrated within
the V&V Plans.
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The Guidelines should encourage teams to reference generic (i.e., SNL ASCI Program level)
guidance for Stockpile Computing, UQ, and SQE. Program-level guidance for Stockpile
Computing needs to be developed. Teams should focus first and foremost on PIRT, VERTS, and
VALTS.

The Guidelines should emphasize that the PIRT can be viewed as a tool for requirements
development and representation, and hence is applicable even to frameworks and other areas
such as visualization software. Frameworks have a “services” IRT (SIRT) instead of a PIRT;
some explanation of how to apply the PIRT concept to frameworks and other model-based areas
as an extension of requirements management would be useful.

Most panel members feel that the best approach to V&V planning is to have a documented
information source with all the capabilities (and associated requirements) that a code must
provide -- a Global PIRT. Then the V&V Plan for each specific, single stockpile driver would
refer to this master document for ‘down-selection’ of the components required for that particular
application.

The Guidelines discuss using a scoring system for the PIRT to help in performing the ranking or
prioritization of phenomena. Many Panel members feel that adequacy scoring and importance
ranking are different activities. A given phenomenon will be scored both for its importance and
the adequacy of its current representation; these scores should then be used to rank the
phenomena. Most teams only performed the scoring.

The Guidelines should ask for the V&V Plan to include risk issues. The Plans should identify
risks and risk response strategies -- e.g., mismatch between stockpile-driver schedule and code
availability for use. Development of a programmatic-level risk-management process that V&V
Plans could reference (as with SQE, UQ, Stockpile Computing Guidelines) is suggested.
Examples of risks identified during the Level 1 Peer Review are:

1. Campaigns and DP milestones are not consistent.

2. Uncertainty quantification appears to be “falling through the cracks”.

3. Needed validation experiments may not be conducted in timeframe required to allow
code use by DP.

4. In at least one case, it was critical for a code team to use Nuclear Weapon models from
the two physics labs, and there was no apparent V&V evidence for these models.

Level I Peer Review Process Version 1.0:

Strengths:

The panels commented that without this year’s Level 1 peer review process, it is unlikely
that the V&V Plans, and the code teams' understanding of V&V, would be at their current

level of maturity. The involvement of DP and Surety customers in the review process was
lauded and is critical to its success.

The peer review process forces teams to seriously think about what is required to perform
adequate V&V. The current state of the Plans, the heightened awareness of the V&V issues
related to coupled physics, and the justifiable concerns about roles and responsibilities, are all the
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result of teams having confronted those issues for the purpose of developing their V&V Plans.
Members on the various panels commented that without this year’s Level 1 peer review process,
it is unlikely that the V&V Plans, and the code teams' concomitant understanding of V&V, would
be at their current level of maturity.

Selection of Panel members is considered to be very good, specifically with regard to the diverse
representation of interests and expertise. It is especially commendable to include managers,
customers, code subject-matter experts, and V&V/SQE expertise. The inclusion of DP/Surety
customers on the review panels had an additional benefit; several of these panel members stated
that they had a much better understanding of what ASCI was trying to achieve, an improved
sense of confidence that we were “trying to do the right thing”, and an appreciation for the
difficulty of the problem.

The short turn-around time for deliverables (quick feedback, final report, etc.) is crucial to the
Plan owners, and is also to be commended.

Improvement:

The peer review process should evolve to an application-centric approach: integrated teams
developing integrated V&V Plans involving multiple phenomena and codes for STS
environments.

The peer review process should make inclusion of a DP and/or Surety customer on the Panel a
requirement rather than a suggestion. The value added by these panel members is exceptionally
important. The Level 2 Peer Review process should be expanded to encompass the suggested
application-centric approach to evaluating the technical content of the V&V Plan, and the
resulting evidence. The Panels feel that Level 1 Reviews are still essential at the code-centric
level, but that Level 2 and higher reviews are most relevant to application-centric V&V.

Although the peer review process cannot dictate specific Sandia organizational and process
guidance, it should be emphasized that certain organizational structures and related verification
and validation processes will improve the V&V Planning and execution. One key element would
include having customers, experimentalists, analysts, code developers, and V&YV specialists
responsible for the V&V planning and execution within the suggested application-centric
approach. Along with the definition of roles, the funding and management structure must permit
code teams to acquire the resources necessary to implement the V&V requirements being
imposed on them.

The panels were concerned that all the effort and results attained so far might be lost without
appropriate sustainment support. This includes the publication of the existing V&V Plans,
continued support for the development and evolution of new V&V Plans, particularly with an
integrated application focus, and management commitment to continue with the Level 1, 2, and 3
peer reviews. The ASCI Program needs to provide adequate cross-cutting support for UQ efforts
for all code teams, templates for many of the work products (e.g., design documents), resources
for verification and validation experiments, and more personnel trained in SQE and V&V.
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RECOMMENDATIONS

The following seven recommendations are from the accumulated panel reviews and represent the
most important general suggestions from the reviews.

Recommendation 1. Continue Use of V&V Guidelines and Peer Review Process

The panels, in particular the customer representatives, felt that the customers should request
continued use of V&V Plans and Peer Reviews as a basis for supporting a common approach for
application-specific V&V activities. In addition, the customers should request the continued
development of information as required by the V&V Guidelines 2.0 or its updated version.

Recommendation 2. Focus Level 2 Peer Review Process on Integrated STS Applications

The proposed Level 2 Peer Review, which will focus on technical content, should be applied
primarily to integrated Stockpile-to-Target-Sequence (STS) applications. These reviews should
focus on STS applications for the normal, abnormal, and hostile environments. In addition, the
focus should be on coupling of multiple phenomena which would imply the integrated use of
multiple codes. These integrated applications should develop V&V Plans following the V&V
Guidelines 2.0 (as updated). The panel for such reviews should have strong customer
participation.

Recommendation 3. Integrate the V&YV Plan Participants for the Most Effective Results

The integration of code developers, analysts, experimentalists, and customers for the V&V Plan
development and execution appears to provide the most effective results. The V&V Plans
created by teams that had this recommended composition, and experience with stockpile
certification, were the best with respect to programmatic organization and detailed content. In
those cases where the center, department, and line organization infrastructure supported this
integrated team concept, the review results were noticeably better.

It is essential that the owners of the V&V Plans have the authority and the resources to engage
the necessary participants in the development of the V&V Plan.

Recommendation 4. Quantify V&V Success Criteria and Performance Measures

The V&YV Plans should strive to quantify the accuracy requirements for verification and
validation in a more rigorous fashion, or reference where such quantification is to be described.
There is inadequate treatment of success criteria. This observation refers to acceptance criteria
for verification and validation, as well as metrics to assess the effectiveness of SQE practices.
Related to this is the specification of needed accuracy for experimental results. Although UQ is
considered part of a standard ASCI product, in general very little, if any, V&V aspects of the UQ
and its associated process were discussed.
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Recommendation 5. Complete Organization-Level Guidance for SQE, Verification,
Validation, and Stockpile Computing

ASCI program plans currently include activities for developing organization-level guidance for
SQE, validation methods, and stockpile computing during FY02. It is recommended that this
guidance be completed, and then referenced by the revised Peer Review Process. In addition,
organization-level guidance should be provided for Verification.

Recommendation 6. Revise Peer Reviewed V&V Plans and Publish

It is recommended that each V&V Plan be revised as appropriate to incorporate suggestions from
the code-specific peer review report and published as a SAND report. It is important to establish
a baseline of information that will benefit future V&V Plans.

Recommendation 7. Revise V&V Guidelines 2.0 and Peer Review Process 1.0 and Publish

The V&V Guidelines 2.0 and Peer Review Process 1.0 should be updated to incorporate
recommended improvements. Incorporate the suggested improvements and publish as updated
versions.

14




1 Introduction

1.1 Background, Purpose, and Scope

In Fiscal Year 2000 (FY00), the Sandia ASCI V&V program (hereafter called the SNL V&V
program) began to implement a formal three-level peer review process for the Accelerated
Strategic Computing Initiative (ASCI) verification and validation (V&V) program at Sandia.
Initial attention was devoted to V&V plans developed in FY00 for Sandia ASCI computational
codes. Two documents, reference [V&V-GUIDE-1 0] and a draft of [V&V-REVIEW-1_0],
were produced in FY00. A prototype Level 1 Peer Review was conducted in FY00 with two
code teams. As a result of this prototype, the reference [V&V-GUIDE-1_0] was updated and
published as reference [V&V-GUIDE-2_0, and the reference [V&V-REVIEW-1 0] was
finalized. In addition, a formal lessons-learned memorandum provided official feedback to the
V&V Program.

As a result of the Level 1 Peer Review prototype in FY00, plans were made to conduct a Level 1
Peer Review of V&V Plans produced by the remaining eleven code teams in FY01. The purpose
of the present report is to summarize the results of the FY01 Level 1 Peer Review activities.

1.2 Intended Audience

This report is intended for use by the ASCI V&V Program as guidance for the future evolution of
the V&V Peer Review Process within the Sandia Stockpile Stewardship Program. Defense
Program (DP) and Surety System customers, as well as Modeling and Simulation (M&S)
analysts, experimentalists, and code developers also have important roles to play in the V&V
Program and future V&V Peer Review activities, and are expected to be users of this report.

1.3 Benefits and Cost

The results of the peer review process described in this report aim to contribute to the overall
quality of the Sandia V&V program through the following results:

1. Establish Status Information for the V&V Plans: the peer review process provides
metric information regarding the status of code team V&V activities to the Sandia V&V
program, as well as other interested stakeholders; peer review results may also be applied
to V&V program and individual code team process and product improvement.

2. Help Direct V&V Planning: the peer review process provides planning information for

the Sandia V&V program; the process is coordinated with ASCI budget planning
activities to aid in the development of program and code team implementation plans.

3. Provide an Independent Assessment: the peer review process is an independent
assessment that can provide evidence to Defense Programs (DP) for the use of Sandia
ASCI codes in weapon system qualification activities.

4. Facilitate Future Coordination: the peer review process contributes to coordination
between the V&V program and experimental programs at Sandia, as well as DP.

5. Improve The Review Process and V&V Guidelines: the peer review process provides
immediate feedback to individual code projects regarding their V&V plans and progress;
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the process seeks to insure that scientifically credible V&V plans are produced, tasks are
performed, and results are obtained for each ASCI code development project at Sandia.

The peer review process is coordinated with several specific elements of the ASCI V&V program
at Sandia. These elements include:

1. Program guidelines for Sandia V&V plans in references [V&V-GUIDE-1 0] and [V&V
GUIDE-2 0],

2. V&V plans developed by individual ASCI code projects, e.g., reference [V&V-
SACCARA];

3. Sandia V&V program V&V software quality engineering infrastructure and policy
developed in FY00, see reference [DOE-ASCI-SQE], and FYO01, see reference [SNL-
ASCI-SQE]; and

4. V&V implementation planning that traditionally begins in April and is completed by the
end of August of any given year.

The FYO1 cost for development of the V&V Plans was approximately $900K for eleven code
teams. The FYO1 cost for the publication update of the V&V Guidelines 2.0, Peer Review
Process 1.0, and organization and conduct of the four peer review sessions plus the writing of
this final report was approximately $200K. Total cost to implement the peer review process in
FY02 was approximately $1.1M.

1.4 Overview of Document

Executive Summary provides a brief overview of the most significant aspects of this report,
including seven general recommendations.

Section 1 provides an introduction to the scope and purpose of this document.

Section 2 summarizes the peer review process. Details can be found in references [V&V-
REVIEW-1_0] and [V&V-GUIDE-2 0]

Section 3 provides a brief description of the four Level 1 Peer Review sessions conducted in
FYO01, including identification of the panel members, participating codes, and formal
deliverables.

Section 4 summarizes Level 1 Peer Review results, analysis, and recommendations.

Section 5 provides a summary of the major recommendations, some of which are aggregates of
multiple suggestions from several panels.

Appendix A includes a list of acronyms and important references.

Appendix B includes scoring summaries from the reviews and a list of noteworthy practices as
identified by the various panels.



2 Overview of the Level 1 Peer Review Process

This section provides a brief overview of the Level 1 Peer Review process, its relationship to the
Sandia Guidelines for V&V plans, and its relationship to the other two levels of the peer review
process.

2.1 Level 1 Peer Review Process Evolution

It is helpful to distinguish the purpose of the ASCI applications program from that of the ASCI
V&V program to best understand the goals in designing V&V guidelines and a peer review
process.

ASCI Applications Program Purpose: To develop high performance computational tools and
models to help manage the safety and reliability of the enduring nuclear stockpile.

ASCI V&V Program Purpose: To substantially increase the credible predictive content of high
consequence modeling and simulation for science based stockpile stewardship.

The Sandia ASCI V&V Program mission is to establish high confidence in the use of our ASCI
modeling and simulation tools by:

1. advocating the use of modern software engineering practices;
2. facilitating code verification; and
3. establishing a formal validation program.

The Sandia ASCI Program includes several code teams that develop a variety of computational
codes to simulate physical phenomena and their interactions. Each code team may have one or
more codes that they support. The approach is for each code to have a V&V Plan that describes
the activities necessary to ensure the code can be used for its specific application. For the ASCI
Program, the intended purpose is to support the Stockpile Stewardship Program for continued
certification of existing weapons and planned upgrades. Certification of existing weapons and
planned upgrades is dependent upon the general weapon and weapon-related processes as
described in the Technical Business Practices, reference [TBP-SYS].

The Sandia V&V program has developed a reference [V&V-GUIDE-2 0] to provide overall
guidance to code teams as to the expected content, activities, and evidence to be covered in their
V&V plans. To assess progress on V&V plans, a three-level peer review process has been
defined in reference [V&V-REVIEW-1_0]. A key goal of the peer review process is to assess
conformance of V&V plans and technical results to the published Guideline requirements.

The first form of these guidelines, reference [V&V-GUIDE-1_0], was published as a Sandia
report in December, 1999. The version of the peer review process discussed in this document is
primarily based upon the content of these guidelines, the lessons learned from the FY00 V&V
peer review prototype based on these guidelines, and the subsequent version of these guidelines,
[V&V-GUIDE-2 _0]. Itis the intent that the peer review process description in this document
will also evolve as lessons learned from prototype use.

A conceptual diagram of the content guidelines development and relationship to the three-level
peer review, as shown in Figure 2-1, emphasizes some of the environmental factors that
influence the implementation of the planning and peer review cycle:

17



Factors internal to the V&V program, such as changing requirements and a developing
infrastructure for software quality engineering (SQE) and V&V.

The evolution of code specific V&V activities as work progresses over the duration of the
program.

External program influences, most specifically the MAVEN experimental program and
DP stockpile programs.

Initialization of the V&V peer review process

December, 1999 April/May, 2000 October, 2000

ASCl, ASC! V&V I

ASCivsy =
-

=

Elements underlying the V&V peer review process

Figure 2-1. Conceptual Evolution of the V&V Peer Review Process



2.2 Level 1 Peer Review Process

This section summarizes the Level 1 Peer Review Process used during the FY01 V&V Plan
assessments. The SNL ASCI V&V program three-level peer review process is illustrated in
Figure 2-2. The levels are designed to reflect increasing depth of peer review for the V&V
program at Sandia. All three of the levels are required to track the progress of the V&V program
at Sandia. The levels are staged in time to reflect a promotional model of peer review. Codes
(and integrated applications), represented by their V&V teams, are expected to undergo a Level 1
review before a Level 2 review, and one or more Level 2 reviews prior to a Level 3 review.
Generally, the first level — Level I - emphasizes a programmatic review. The second level —
Level 2 — emphasizes technical assessment of the content and implementation of the V&V
program for selected ASCI codes, typically representing an integrated application. The third level
— Level 3 — emphasizes technical assessment of the performance of the V&V program for
selected ASCI codes, typically in conjunction with a stockpile certification activity. This latter
review level should be viewed as an essential component in a certification strategy for
application of Sandia ASCI codes to stockpile problems. Therefore, DP and Surety at Sandia is a
stakeholder and customer for this review. The peer review process seeks to address all of these
areas — programmatic, technical and results - in terms of measurement of individual ASCI code
team V&V efforts at Sandia.

Programmatic

Technical Content

Technical Performance

Figure 2-2. Sandia ASCI V&V Program Peer Review Levels

The Level 1 peer review process is a programmatic review of the development, maintenance, and
execution of a Sandia application/code team V&V plan. The goal of this review is acceptance of
an individual application’s/code team’s V&V plan by the ASCI V&V program at Sandia. An
independent internal panel performs the assessment. The primary materials required for
performing a Level 1 assessment are the V&V plans for the codes being assessed that have been
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written to conform to the most current version of the reference [V&V-GUIDE-2 0]. For FYO01,
the primary metric used to assess the individual code plans is conformance to the reference
[V&V-GUIDE-2 0]. The goal of the Sandia V&V program was that all ASCI-funded code
projects at Sandia undertake Level 1 reviews by the end of FYO1.

The key objectives of the Level 1 review are to assess:

1. status of the code-specific V&V activities with respect to development and maintenance
of a documented V&V plan conforming to the most current published guidelines;

2. implementation status of that plan; and
3. programmatic performance or progress on that implementation.

The main areas of specific V&V plans targeted for assessment of conformance are:

1. understanding of Sandia DP stockpile requirements relevant to critical code applications
and their use as drivers for the code specific V&V program;

development of a Phenomenology Identification and Ranking Table (PIRT);

3. implementation of a Software Quality Engineering (SQE) verification approach, and

conformance of that approach to relevant programmatic SQE requirements associated
with the ASCI program, references [DOE-ASCI-SQE] and [SNL-ASCI-SQE];
4. existence of a Verification Test Plan;
5. existence of a Validation Test Plan; and
6. development of guidelines for stockpile computing applications of the code.
The precise format and content of conformance criteria has evolved from reference [V&V-
GUIDE-1 0] to reference [V&V-GUIDE-2 0]. These specific criteria are extracted from
reference [V&V-GUIDE-2 0] and listed in Appendix B. These criteria detail V&V plan content
requirements in each of the six specific areas listed above. Assessing the conformance of V&V
plans to these criteria is the key element in the Level 1 peer review. Content in these
conformance criteria can be measured through either quantitative or qualitative means. The
particular approach performed for the FYO1 assessments was:

1. Qualitative and general feedback on the content of the code team’s V&V plan in each of
the six general content categories above.

2. Scoring of the individual criteria on a three point scale:
0 - no content present in the current plan;
1 - content is present but inadequate for complete assessment;
2 - substantial content is present.
A mix of qualitative and quantitative assessment of conformance criteria is important.

The Level 1 review also provides a top-level measurement of the implementation status of the
code team’s V&V plan by reviewing the performance self-assessment with code team personnel
in terms of the six general category areas.

It is also important to develop some information on the code team’s V&V plan performance.
The Level 1 review uses the performance self-assessment by the code team. By briefly
examining performance, the Level 1 review achieves a sanity check of the required alignment of
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the code team’s V&V plan with the evolving Sandia V&V program, as well as the overall DOE
ASCI V&V program.

Implementation and performance results based on the code team’s V&V plan is not the major
goal of a Level 1 assessment. Level 2 and Level 3 peer reviews will concentrate more fully on
these areas. For a Level 1 review, the goal is to determine progress achieved to date, at the time
of the review, toward accomplishing the objectives of the code team’s V&V plan.

2.2.1 Review Session

Each code team prepared a specific V&V Plan for review. In order to make the reviews more
efficient, up to three code teams were grouped into a review session. The Review Panels for the
code teams consisted of some participants who were common across all the code teams involved
in a session and some participants who participated only in a specific code team V&V Plan
review. In addition, to add some continuity to the sessions, some panel members (primarily the
process observer and core member facilitator/SQE expert) were common to all sessions. During
FYO0I, four review sessions were conducted. These specific review sessions are described in
Section 3.

2.2.2 Review Panel Selection

Members of a peer review panel are selected by the Sandia V&V program to perform the formal
Level 1 assessment of a given code team’s V&V plan. Suggestions from the code teams as to
their direct DP/Surety customers and internal experts were solicited and used. The membership
of the panels, as somewhat evolved from the general guidance in reference [V&V-PR-Guide-
1_0], included:

1. Core Members: A minimum of three panel members (chair, facilitator/SQE, and code
team customer) were chosen as core panel members. These members had the
responsibility for reviewing all (typically two or three) codes that were included in a
Level 1 review session. These three people were selected from the Sandia V&V program,
supporting infrastructure support personnel, the ASCI Applications Program Office, and
possibly from DP/Surety. One member from this group served as the chairperson of the
panel. A common “facilitator” that had extensive experience with M&S, V&V, and SQE
was used on all panels. It is desirable that one of the core panel members have software
development or software engineering experience.

2. Rotator Members: Up to two members of the panel were selected by the specific code
project under review. Their duties extend only to that specific project. These participants
are called rotators for the core panel. If possible, two functions were targeted for the
rotators. One function of the rotators was to serve as a subject matter specialist in the
technical focus area of the code under review. This subject matter expert must be
independent of the specific code development project. The second function of the rotators
was to represent the customer community for the code. In particular, this representation
could be as an analyst who is independent of the code project but likely to be a user of the
code. Or, this representation could be as a DP/Surety customer for the modeling
capability of the code. Ideally, the rotator who represents a customer presence for the
review panel represents the main stockpile application community that serves as the focus



of the code team’s V&V plan under review. Sometimes this function was provided by a
core team member.

3. Observer Members: The V&V program also placed one or more observers on the panel
who provided programmatic, process support, and facilitator functions for panel
deliberations. For the FY01 panels, the V&V Program Manager served as a general
programmatic observer, the V&V SQE team lead (or designee) served as the process
observer, and the scribe/facilitator function originally assigned to the observer member
was assumed by a common core team member facilitator for all panels.

The chairperson of the review panel was responsible for organizing and managing the delivery of
the review outcomes for that particular panel. The chairperson was also responsible for
facilitating panel deliberations. For the FY01 reviews, a common facilitator assisted the panel
chair in these activities. In addition, this facilitator was assigned the responsibility of developing
first drafts for written work products of the panel.

The Sandia V&V program formally tasked the Level 1 review teams in a letter or memorandum
from the V&V Program manager. All Level 1 review personnel were trained in the methods and
expected outcomes of the peer review process.

2.2.3 Review Materials

For the Level 1 review process, the following material was provided by each code project at the
beginning (prior to the panel training session) of the review process:

1. V&YV Plan: One electronic copy of the existing current V&V plan for the specific code
under review. For FYO0I1, the panels assessed this document for compliance with
reference [V&V-GUIDE-2_0].

2. Performance Self-Assessment: One electronic copy of a written performance statement
which concentrates on the topics outlined in Appendix A of the reference [V&V-
REVIEW-1 0].

The electronic input from a code team was delivered before beginning training of the applicable
review panel in most instances. Occasionally this delivery occurred shortly after the training,
which seemed to cause very little problem. Typically the training was held no later than one-two
weeks before the scheduled date of the Level 1 review of the code.

2.2.4 Review Process

Training (1/2 day):

Once selected, personnel representing the Sandia V&V program trained the panel. Training
lasted approximately one-half day for each panel, although the training time tended to decrease
from one-half day to about two hours by the end of the fourth session.

Preparation (2 days per code):

At the time of training (or shortly thereafter) the panel members received written copies of the
needed review materials from the participating code teams. Rotators received material only
relevant to their specific code. The core panel members received material for all of the codes they
were responsible for reviewing. Prior to the day of the panel review for a code the panel members



performed individual assessments of this material, including scoring of the V&V criteria. Based
on experience with the FYO01 reviews, a level of effort of approximately one to two days by each
reviewer was required to assess the material for one code.

Review Day (1 day per code):

The actual review day consisted of a full working day per code project. The overall schedule for a
review day was as follows.

Two hours: Panel initial deliberations

Two hours: Code presentation and panel Q&A

Three hours: Panel deliberations and preparation of same-day outbrief
One hour: Panel outbriefs code team

The initial two hours of the review was devoted to transforming individual assessments and
understanding into a common panel assessment and understanding. In addition, panel member
input critical for developing the panel work products for the review was developed.

The individual assessments and initial panel deliberation lead to further questions and issues.
These questions and issues were discussed during the code presentation phase in which the code
team presented information about the review materials. The total two hours allotted for this
discovery phase was roughly one hour for the code team and one hour for the review panel
questions and issues. The oral presentation was also an opportunity to provide further guidance
on the structure of the code team’s written V&V plan. The panel did not present assessment
conclusions (individual or group) during the oral presentation and Q&A time.

Following the oral presentation and Q&A session, the panel had a working lunch and prepared
general strength and improvement opportunity themes. Supporting evidence was derived from
the individual V&V conformance criteria scores, oral discovery information, and general
knowledge of the panel members. The themes and supporting evidence was drafted into a
vugraph outbrief presentation. As time permitted plans for future follow-up meetings, written
report development, and responsibilities were also discussed.

The final activity of the review day was the outbrief presentation to the code team participants.
This one hour period was led by the chair although the facilitator member was given the
responsibility for presenting the outbrief. Other panel members participated in discussions
during the presentation. The objective of this presentation was to provide a quick look feedback
to the code team that highlighted the panel assessment of the V&V Plan conformance to
reference [V&V-GUIDE-2_0]. Some clarification and interaction was encouraged, but detailed
discussion was reserved for the follow-up written report to the code team.

Follow-Up (2 weeks):

Each panel was responsible for delivering several work products for each code. A summary
discussion of these work products (Section 2.2.5) is given below. Some time was allocated for
discussion and development of initial drafts of these work products by the review panel during
previous process steps. One of the work products was the same day feedback briefing to the code
team to give them overall panel findings. The same day feedback briefing was the primary input
for the more detailed written work products. A written report was delivered to the code team,
typically within approximately one-two weeks of the review day. A written report was also
delivered to the V&V program office within approximately two weeks of the review day that
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summarized general conclusions across all the code teams that participated in that panel’s peer
review. In addition, the panel for each code team was available for a follow-up meeting to
discuss any clarification of the written report information and possible insight into the
development of code team action plans in response to the review. No code team requested a
follow-up meeting. Each code team was then responsible for providing to the V&V program
office an action plan on their response to the assessment report and a feedback report concerning
strengths or areas of improvement for the peer review process. Feedback was done verbally and
captured in writing as part of the V&V Program written report.

2.2.5 Review Deliverables

A high priority was placed on achieving timely relevant outcomes from this peer review process.
The outcomes, or work products, of the Level 1 review consist of the items shown in Table 2-1.
The panel review team was responsible for the first three products, both the code team and the

panel for the fourth product, and the code team for the fifth and sixth products.

Table 2-1. Level 1 Peer Review Deliverables

Product | Prepared Deliver To Description Template
By
#1 - Quick Review Code Team Panel provides outbrief presentation to the See Fig 3-3, of
Look Panel Team code team at the end of the review day reference [V&V-
Feedback REVIEW-1_0]
#2 - Code Review Code Team Panel provides a written feedback report to See Fig 3-4, of
Team Panel Team each code team typically one week after the reference [V&V-
Written date of the formal review. This information REVIEW-1_0]
Assessment will be shared with the Sandia V&V program
Report office.
#3 - V&V Review SNL V&V Panel provides a written feedback report on See Fig 3-5, of
Program Panel Team Program Office important findings of the review panel to the | reference [V&V-
Written . Sandia V&V program office on a fast time REVIEW-1_0]
Assessment | (Primarily scale (typically two weeks after the panel’s
Report e last code review). The chairmen of the
members) review panel is responsible for delivery.
#4 - Follow- | Review Code Team An oral follow-up meeting with the code Not requested by FY01
Up Meeting Panel Team team will be held by the panel to discuss the code teams.
With Code contents of the written feedback report.
Team
#5 - Code Code Team SNL V&V The code team will develop a formal action Verbal communication
Team Action Program Office plan (memo or more extensive written and implemented
Plan & Code Review response) to the findings of the panel. This through V&V and Code
Panel work product is delivered to the program Team IPs
office and members of the review panel for
that code.
#6 - Code Code Team SNL V&V The code team provides feedback on the peer | See Fig 3-6, of
Team Program Office review process to the V&V program office. reference [V&V-
Feedback REVIEW-1 0]
Report
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3 Description of FY01 Level 1 Peer Review Sessions

Prior to each review session, the V&V Program provided extensive coordination with each of the
selected code teams and the potential members of the review panel. An implementation plan for
each review session was constructed with a day-by-day list of activities that covered
approximately one month in time prior to the actual review day. As an example, the calendar of
activities contained in the Session 1 peer review implementation plan is presented in Table 3-1.

Table 3-1. Pre-Review Calendar: Session 1 Level 1 Peer Review Implementation Plan

Plan Actual | Activities Responsible Personnel
Date Date
01/29/01 [01/29/01 |+  Establish Potential Review Panel Team Dave Peercy
—  Contact potential panel members and send out e-mail request for panel member Marty Pilch
articipation
01/29/01 |01/29/01 | -  Contact Potential Review Panel Team Dave Peercy/Marty Pilch
_ _ Discuss review process and schedule
Obtain commitment or other potential panel members
01/31/01 |02/05/01 Determine training date and best three days of 5-9March
02/02/01 |02/07/01 |- Finalize Review Panel Members, Training Date, Review Dates Dave Peercy/Marty Pilch
Send e-mail to all panel members w/schedule
Send e-mail to all code team leads/V&YV Plan owners w/schedule
e  Distribute references [V&V-GUIDE-2_0] and [V&V Peer Review Process V1.0]
to each panel member for early prep. Dave Peercy
02/02/01 [01/29/01 |-  Reserve conference room needed for review week. Dave Peercy
880/C38F: March 5 (>10am); March 6,7,8.9 (all day)
. Reserve conference room needed for training
892/297: February 21 (8:30-12pm)
02/02/01 |02/07/01 |-  Establish lunch & refreshments for panel members Dave Peercy
Morning: coffee, bagels, juice
Lunch: sandwiches & sodas
Afternoon: sodas for panel and code team
02/16/01 —  Complete Training Notebook for Panel Members Gary Froehlich/Dave Peercy
V&V Plan & Performance Self-Assessment V&V Plan Owners
Training materials, forms, templates .
. Send reminder of training session to panel members Gary Froehl?Ch/Dave Peercy
Gary Froehlich/Dave Peercy
02/21/01 -~ Complete Half-day Panel Review Team Training Gary Froehlich/Dave Peercy
(8:30-12:00 in 892/297) and
- R‘“'“e“: GG R All review panel members
—  Review code team inputs
—  Review schedule and deliverables (discuss potential dates for written report
follow-ug effort;
02/21/01 ¢ Review panel preparation All review panel members
_ Review V&YV plans vs Reference [V&V-GUIDE-2 0] guidelines
03/05/01 Review Performance Self-Assessment
Perform informal scoring of V&V Plans & complete comments
e  Send electronic copy of the scoring summaries to Panel Facilitator by COB
03/05/01 All review panel members,
optional for observers,
members score only those
codes they will be reviewing.
03/05/01 o Compile electronic scoring for analysis use by the panel members during review Gary Froehlich/Dave Peercy
week
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The codes/code teams for each review session are summarized in Table 3-2 with a short
description of the code's application domain. Each session is briefly described in the subsections
of this section.

Table 3-2. Level 1 Peer Review Code Team Participants

Session

Code Name

Application Domain/Description

Prototype

SACCARA

Sandia Advanced Code for Compressible Aerothermodynamics Research and Analysis.
SACCARA provides high-fidelity, 3D compressible fluid

mechanics/aerothermodynamics modeling, simulation, and analysis capability for three
categories of systems: gravity bombs, reentry systems, and glide bombs/cruise missiles.

Prototype

PRONTO/JAS
PRESTO/ADAGIO

Solid mechanics codes. PRONTO/JAS legacy and PRESTO/ADAGIO are respective
evolution within the SIERRA Framework.

1

SIERRA
Framework

Physics Framework: Sandia Integrated Environment for Research and Robust Analysis
Services Framework that provides various common services and interfaces to libraries
for physics solid mechanics applications modeled by various code teams.

CALORE

Thermal Simulation Code. Thermal transport and thermally induced phenomena are of
significant importance in all phases of DP weapon production and deployment,
including design, fabrication, testing

and certification, manufacturing and assembly, transportation, storage, and deployment.

FUEGO-SYRINX

Fire Simulation Code: FUEGO means fire in Spanish. SYRINX is a water nymph in
Greek mythology. FUEGO is the flow/combustion mechanics module and SYRINX is
the radiation transport module that is embedded in the SIERRA software architecture.
Codes used to address abnormal thermal environments for nuclear weapons safety
considerations.

HPEMS/XYCE

High Performance Electrical Modeling and Simulation/ChileSpice with XYCE as
newest model version. Characterization of nuclear weapon electrical systems from first
principles in all environments over a 50-year lifetime.

GOMA

Spanish for rubber, gum, or elastic. Strongly coupled multi-physics transport simulation
for manufacturing, material aging, and electrochemical performance applications.

ALEGRA
Framework

ALEGRA - Arbitrary Lagrangian Eulerian General Research Applications
Services Framework that provides various common services and interfaces to libraries
for physics application classes modeled by various code teams.

EMPHASIS

Electromagnetic Physics Analysis System. EMPHASIS is suite of electromagnetics
codes, the V&V Plan was for Eiger, the frequency-domain portion of EMPHASIS.
EMPHASIS has a milestone to perform frequency-domain simulations of the W76-1
system response to a variety of STS normal EM environments.

CEPTRE-ITS

Coupled Electron Photon Transport for Radiation Effects — Integrated Tiger Series
(SNL radiation transport package) V&V Plan has multiple aspects for CEPTRE code
and ITS code. Used in hostile radiation environments. ITS is used to determine energy
deposition, which can drive both mechanical response and transient electrical response.
For electrical components, CEPTRE, is use to predict charge deposition which drives
electromagnetic pulse effects.

ALEGRA EMMA

ALEGRA - Arbitrary Lagrangian Eulerian General Research Applications — Electro-
Mechanical Modeling in Alegra: shock physics application code.

NUGET

Neutron Generator simulation code. The NuGET code is being developed to provide a
high fidelity code for characterizing the coherent nuclear environments and neutron
damage response from hostile nuclear events and from fratricide encounters.

PEGASUS

Neutron tube particle based simulations. Simulation of chemically reacting
plasma/neutral systems in both 2D and 3D geometries from the collisional limit to
collisionless systems.

26




3.1 Session 1: March 6-8, 2001
The code teams that participated in Session 1 included: SIERRA Framework, CALORE, and

FUEGO-SYRINX.

3.1.1 Review Panel Selection

The peer review panel for this review is in the following table. Information current as of review.

Function (codes to review) Name Org Phone E-mail Location
bldg/room
Chair (all) Richard Griffith 09117 | 505-844-8232 rogrifi@sandia.gov 880/B34G
Facilitator/SQE (all) Gary Froehlich 06535 | 505-284-3930 gkfroeh(@sandia.gov 6585/1801
Core (all) Bill Moffatt 02114 | 505-844-7062 wemoffa@sandia.gov 836/1236
Rotator (SIERRA & FUEGO- | Mike Bohn 12333 | 505-844-4598 mpbohn(@sandia.gov 836/1061
SYRINX)
Rotator (CALORE) Brad Altman 12333 | 505-844-5784 bsaltma(@sandia.gov 836/1139
Rotator (SIERRA) Kevin Copps 09143 | 505-844-4521 kdcopps@sandia.gov 880/Y 10K
Rotator (FUEGO-SYRINX) Paul Desjardin 09116 | 505-844-7740 pedesja@sandia.gov 880/B30C
Rotator (CALORE) Shawn Burns 09111 | 505-844-6200 spburns(@sandia.gov 880/Y23C
Programmatic Observer (all) Mike McGlaun 09140 | 505-845-8236 jimmecgla@sandia.gov 880/A-35B
Programmatic Observer (all) Marty Pilch 09133 | 505-845-3047 mpilch@sandia.gov 880/C38E

3.1.2 Review Materials

For the Level 1 review process, the following material was provided by each code project at the

beginning (prior to the panel training session) of the review process:

1. V&V Plans:

SIERRA Framework: “Sierra Framework Verification and Validation Plan”™
CALORE: "Draft CALORE Verification and Validation Plan for Weapon-in-a-Fire Simulations,

Version 1.1"

FUEGO-SYRINX: “SIERRA/FUEGO and SIERRA/SYRINX Verification and Validation Plan”

2. Performance Self-Assessment:

Each plan had an associated performance self-assessment.

3.1.3 Review Deliverables
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SIERRA_quicklook.ppt and SIERRA_Code-SpecificSummaryReport.doc
CALORE quicklook.ppt and CALORE_Code-SpecificSummaryReport.doc
FUEGO-SYRINX _quicklook.ppt and FUEGO-SYRINX Code-SpecificSummaryReport.doc
FYO01 Sessionl ProgramOfficeFinalReport.doc




3.2 Session 2: March 28-29, 2001

The code teams that participated in Session 2 included: GOMA and HPEMS/XYCE

3.2.1 Review Panel Selection

The peer review panel for this review is in the following table. Information current as of review.

Function (codes to review) Name Org Phone E-mail Location
bldg/room
Chair (all) Amalia Lopez 09133 | 505-844-8057 arlopez{@sandia.gov 880/X23D
Facilitator/SQE (all) Gary Froehlich 06535 [ 505-284-3930 kfroeh(@sandia.gov 6585/1801
Core (all) Chuck Harjes 01639 | 505-845-7106 hcharje@sandia.gov 962/1481
Rotator (HPEMS/XYCE) Doug Weiss 02333 | 505-845-9134 drweiss(@sandia.gov 891/4501
Rotator (GOMA) Tom Baer 09114 | 505-845-8912 tabaer@sandia.gov 880/Y-101
Programmatic Observer (all) Marty Pilch 09133 | 505-845-3047 mpilch@sandia.gov 880/C38E
Process Observer (GOMA) Dave Peercy 12326 | 505-844-7965 depeerc@sandia.gov 892/296D
Process Observer (HPEMS) Ann Hodges 06534 | 505-844-6284 alhodge(@sandia.gov 6585/1101

3.2.2 Review Materials

For the Level 1 review process, the following material was provided by each code project at the

beginning (prior to the panel training session) of the review process:
1.

V&YV Plans:

GOMA: “Verification and Validation of Encapsulation Flow Models in GOMA”

HPEMS/XYCE: “High Performance Electrical Modeling and Simulation Software Normal

Environment Verification and Validation Plan”

2. Performance Self-Assessment:

Each plan had an associated performance self-assessment.

3.2.3 Review Deliverables
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GOMA_quicklook.ppt and GOMA_Code-SpecificSummaryReport.doc
HPEMS-XYCE_quicklook.ppt and HPEMS-XYCE Code-SpecificSummaryReport.doc
FY01 Session2 ProgramOfticeFinalReport.doc




3.3 Session 3: May 15-17, 2001
The code teams that participated in Session 3 included: ALEGRA Framework, EMPHASIS, and

CEPTRE-ITS.

3.3.1 Review Panel Selection

The peer review panel for this review is in the following table. Information current as of review.

Function (codes to review) Name Org Phone E-mail Location
bldg/room
Chair (all) Mary McWherter-Payne [ 09115 | 505-844-8500 mapayne@sandia.gov 880/X23N
Facilitator/SQE (all) Gary Froehlich 06536 | 505-284-3930 gkfroeh@sandia.gov 6585/1801
Core (EMPHASIS, CEPTRE- Kaz Oishi 02113 |505-844-0159 koishi@sandia.gov 836/1197
ITS)
Rotator (CEPTRE-ITS) Bill Barrett 15344 | 505-845-7596 whbarre@sandia.gov 962/4467
Rotator (EMPHASIS) Joe Kotulski 01642 | 505-845-7955 jdkotul@sandia.gov 962/1100
Rotator (CEPTRE-ITS) Clif Drumm 15345 | 505-845-7953 crdrumm@sandia.gov 962/3050
Rotator (ALEGRA Framework) | Kevin Brown 09231 | 505-844-0475 khbrown(@sandia.gov 880/Y32E
Programmatic Observer (all) Marty Pilch 09133 | 505-845-3047 mpilch@sandia.gov 880/C38E
Process Observer (all) Dave Peercy 12326 | 505-844-7965 depeerc(@sandia.gov 892/296D

3.3.2 Review Materials

For the Level 1 review process, the following material was provided by each code project at the

beginning (prior to the panel training session) of the review process:

1. V&V Plans:

ALEGRA Framework: “ALEGRA FRAMEWORK V&V Plan for the EMPHASIS code team

modeling and simulation scenarios for the W76-1 Life Extension Program STS
Electromagnetic Radiation (EMR) environment”

EMPHASIS: "EMPHASIS: ASCI V&V Plan for Electromagnetic Radiation Environment”
CEPTRE-ITS: “CEPTRE and ITS Verification and Validation Plan”

2. Performance Self-Assessment:

Each plan had an associated performance self-assessment.

3.3.3 Review Deliverables
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ALEGRA_quicklook.ppt and ALEGRA Code-SpecificSummaryReport.doc
EMPHASIS quicklook.ppt and EMPHASIS Code-SpecificSummaryReport.doc
CEPTRE-ITS_quicklook.ppt and CEPTRE-ITS Code-SpecificSummaryReport.doc
FYO01 Sessionl ProgramOfficeFinalReportl.doc
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3.4 Session 4: September 18-20, 2001
The code teams that participated in Session 4 included: NuGET, PEGASUS, and ALEGRA-

EMMA.

3.4.1 Review Panel Selection

The peer review panel for this review is in the following table. Information current as of review.

Function (codes to review) Name Org Phone E-mail Location
bldg/room

Chair (all) Mary McWherter-Payne | 09115 | 505-844-8500 mapayne@sandia.gov 880/X23N
Facilitator/SQE (all) Gary Froehlich 06536 | 505-284-3930 kfroeh(@sandia.gov 6585/1801
Core (all) Bob Paulsen 02109 | 505-844-0132 rapauls@sandia.gov 836/1217
Rotator (NUGET) Gary Harms 06422 | 505-845-3244 gaharms(@sandia.gov 6585/2306
Rotator (NUGET) Bill Barrett 15344 | 505-845-7596 whbarre{@sandia.gov 962/4467
Rotator (PEGASUS) Robert Koss 02564 | 505-284-2455 rikoss@sandia.gov 891/2056
Rotator (ALEGRA/EMMA) John Ludwigsen 12333 | 505-844-8581 isludwi{@sandia.gov 836/1141
Rotator (ALEGRA/EMMA) Steve Montgomery 02561 | 505-844-9062 stmontg@sandia.gov 891/1028
Rotator (ALEGRA/EMMA) Allen Robinson 09231 |505-844-6614 acrobin@sandia.gov 880/D34H
Observer (ALEGRA/EMMA) Aamer Haque* DOE/ | 202-586-7289 Aamer.Haque@nnsa.doe | DOE*

NNSA/ .20V

DP-15
Programmatic Observer (all) Marty Pilch 09133 | 505-845-3047 mpilch@sandia.gov 880/C38E
Process Observer (all) Ann Hodges 06546 | 505-844-6284 alhodge@sandia.gov 6585/1101

* - unable to attend due to travel restrictions

3.4.2 Review Materials

For the Level 1 review process, the following material was provided by each code project at the
beginning (prior to the panel training session) of the review process:

I. V&V Plans:
NuGET: "NuGET Verification and Validation Plan: Version 0.99"

PEGASUS: "Verification and Validation Plan for the Codes LSP and ICARUS (PEGASUS)"

ALEGRA-EMMA: "ALEGRA-EMMA Verification and Validation Plan for Modeling and
Simulation Scenarios involving the FerroElectric Neutron Generator Power

Supply"
2. Performance Self-Assessment:

Each plan had an associated performance self-assessment.

3.4.3 Review Deliverables

NuGET quicklook.ppt and NuGET Code-SpecificSummaryReport.doc

PEGASUS quicklook.ppt and PEGASUS Code-SpecificSummaryReport.doc
ALEGRA-EMMA_quicklook.ppt and ALEGRA-EMMA _Code-SpecificSummaryReport.doc
FYO01 Session4 ProgramOfficeFinalReport.doc
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4 Results, Analysis, and Recommendations

Results and analyses are presented in the following three areas:
o V&V Plan;
o V&V Guidelines; and
e V&V Level 1 Peer Review Process

Throughout these areas there are many observations and suggestions/recommendations.
References are made, when appropriate, to analysis information in Appendix B that support the
various suggestions and recommendations.

4.1 V&V Plan

The following observations and suggestions provide a general set of results that apply
appropriately to all, most, many, or some of the V&V Plans. There are usually some exceptions
to nearly any statement, but the sense of major issues is presented.

4.1.1 Conformance to V&V Guidelines

e Overall, the Review Panels felt that the V&V Plans conformed to the format recommended
by the Guidelines.

e The concept of a “documentation tree”, referencing information that is or will be in other
documents, was used by most Plans. This was recommended by the Guidelines.

® The Code Teams made a valid attempt to identify their DP customer(s) in their Plans. The
Code Teams neglected to identify Surety customers, or whether that was applicable. The
framework code teams (SIERRA and ALEGRA) appropriately identified code teams as their
customers, with the associated customer base.

e Many code teams inadequately addressed the Validation content (see Appendix B.1), and
some gave only cursory acknowledgement to SQE in a general sense, although following the
guidelines for the most part. Performance measures for SQE, verification, and validation
were inadequately addressed (see Appendix B.1).

4.1.2 Strengths

e The Code Teams brought an energy, effort and professionalism to the V&V planning and
peer review process. The Panels were impressed by the effort that the Code Teams gave to
the V&V planning and peer review process. Code Teams participated in the process in a
professional and cooperative manner, although there were some honest disagreements voiced
about the process and the guidelines. Discussions of the feedback were conducted in an
honest and accepting manner by all Code Teams.

e Most of the Plans were good. The Plan authors are clearly are aware of the basic
requirements of V&V they have or are beginning to engage the DP and Surety customers;
they recognize minimal SQE requirements; and they demonstrate a basic understanding of
computational modeling and necessary verification activities that are needed in a certification
environment.



Most of the Code Teams acknowledged the demands of computational modeling in a
certification environment, evidenced by the attention that was paid to issues of
reproducibility, traceability, and configuration management.

The Code Teams with prior experience in using their code for certification activities were
much more aware of the issues and addressed the stockpile computing issues more
completely (see Appendix B.1).

An effort was made by most Plan authors to address software quality engineering (SQE)
issues. Most of the major components of SQE were at least recognized and commented
upon.

The development of the PIRTs, VERTS, and VALTS were very effective for the NuGET
Plan. The NuGET PIRT and the process leading to its development could serve as a model
for other physics codes. There were also several other strong plans with various practices of
noteworthy mention (See Appendix B.2).

4.1.3 Opportunities for Improvement

Overall the Plans need to tie more completely to customer schedules and milestones. Then,
working backward from customer milestones, credible V&V milestones could and should be
developed, and included in the prioritization scheme of the PIRTs. Plans should include
traceability between the PIRT and the code’s capability releases.

While the V&V Plans typically identify the experimenters, analysts, and various customers in
a general sense, more specific links would be very helpful to readers of the Plans. The Plans
should provide specific identification of the Plan owner, the process owner, their customers
(DP, and Surety if applicable), and experimentalists. These links should be to specific
organizations, and to the specific individuals who are currently responsible. The volatility of
organization numbers is understood, but more readers are familiar with those (and their
histories) than with organization names. The same is largely true of individuals. The
NuGET Plan provides an excellent example that other Teams should be encouraged to
emulate.

The current process appears to work much better with an analyst or phenomenologist as the
lead author, than with a code developer alone in that role. The reason is that this analyst is
more qualified than the code developer to identify and prioritize the phenomena that need to
be addressed.

It is very clear that execution of different elements of the V&V Plans must belong to different
people, hence the recommendation that ownership (as opposed to mere authorship) consist of
code representatives, customer representatives, analysts, and experimentalists. The current
requirement (PR 1) has in many cases become a ‘box-checking’ exercise, in which authors’
names are included to meet the requirement. The intent is that the various roles actually
participate in V&V planning.

Ties to needed experiments, and hence to required experimental accuracy, should be
discussed more fully. This includes both experiments to provide input data (e.g., material
properties), and validation experiments.

If codes are intended to interface at some point, and someone will eventually need to be
evaluating the V&V of this coupling, would it make sense for someone other than the code
teams to choose an appropriate stockpile driver for all parties? Or, should code teams choose
a driver that delivers maximum M&S value for the effort invested, regardless of coupling
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issues? A suggestion: V&V Teams could compile fairly comprehensive lists of multiple
stockpile drivers and related phenomena (as a few teams have already done). Then, each time
a particular application is identified, a "slice" through such a tabulation would provide the
input for a new prioritization activity, thus leading to a PIRT which forms the core of the
new, application-specific V&V Plan.

It is essential that the owners of the V&V Plans must have the authority and the resources to
engage the necessary participants in the development of the V&V Plan.

The V&V Plans should strive to quantify the accuracy requirements for validation and
verification in a more rigorous fashion, or reference where such quantification is to be
described. As a whole, there was a notable lack of depth and detail in the discussion of these
metrics in the V&V Plans. Regarding acceptance criteria, quantitative comparisons are
preferable, where possible, to visual comparison of plots. It is understood that if no metrics
are given, the Panels will ask for them; if you do give metrics, the Panels will ask for
justification. The real questions are: How do you know when you’re ‘done’? How good is
good enough?

There is inadequate treatment of success measures. This observation refers to acceptance
criteria for verification and validation, as well as metrics to assess the effectiveness of SQE
practices. Related to this is the specification of needed accuracy for experimental results.
Although uncertainty quantification (UQ) is considered part of a standard ASCI product, in
general very little if any V&V aspects of the UQ and its associated process have been
discussed.

In general, Plans have had little or no discussion of software metrics. Metrics for SQE are
intended to provide gquantifiable evidence that software development processes are (or are
not) adding value, so that developers need not rely solely on their intuition regarding those
processes.

In general, acceptance criteria for third-party software are not discussed in the Plans. This is
an important concern, and needs more attention.

4.2 V&V Guidelines

The following conclusions provide a general set of observations of strengths and
recommendations for improvement that apply to the existing version of the V&V Guidelines,
reference [V&V-GUIDE-2_0].

4.2.1 Strengths

The existing guidelines are adequate and effective for M&S codes. They are not "broken".
What may be “broken” instead of the guidelines is an understanding of roles and
responsibilities across multiple participants and departments. Several of the V&V Plans were
excellent examples of how these guidelines could and should be applied. Those teams where
the members clearly share a common vision of what must be done, and how to do it were
most successful in applying the guidelines. Such teams included code developers, analysts,
experimentalists, and customers.

Code teams were compliant with the form and content suggested by the guidelines; with only
a few exceptions, the guidelines were able to be read and interpreted by each of the code
teams. Differences in following the guidelines tended to be related more to specific
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organizational structure and code team philosophies than a misinterpretation of the
guidelines.

A common terminology for key aspects of V&V (e.g., Stockpile Driver, PIRT, VERTS,
VALTS, SQE, Stockpile Computing) was established across a wide range of code team
application domains and peer review participants; perhaps most important was the
understanding provided to DP and Surety customers.

4.2.2 Opportunities for Inprovement

Guidelines should encourage teams to reference generic (i.e., SNL ASCI Program level)
guidance for Stockpile Computing, UQ, and SQE. Someone must be tasked to develop this
guidance (SQE is done; UQ and Stockpile Guidance are being planned). Some aspects of
each of these areas will likely remain code specific. Teams should focus first and foremost on
PIRT, VERTS, and VALTS.

Program-level guidance for Stockpile Computing should be developed. DP & 12300 want
confidence in the stockpile-computing process. This includes confidence in the codes
themselves, but also confidence that the codes were properly applied to the problems of
interest. Some specifics, such as required training for use of a given code, will necessarily
remain the responsibility of the individual teams, but much of the guidance can be ‘factored
out” and applied to all teams. This guidance really refers to issues of traceability and
reproducibility, as they apply to "official" calculations. How do you prove to your customer,
or an auditor, that you did in fact use the executable you claim to have used? Or that said
executable was compiled from the claimed source version? What are the technical training
requirements for users of the code, or of the code results? What are a// the components of a
product set? What are the environmental requirements (e.g., operating system, platform,
stability)? How should one handle "restarts" during an official certification calculation? How
do you demonstrate that your inputs were properly verified and validated prior to use? How
is all this information captured and archived? Etc. Virtually all Plans have interpreted this
section to apply selely to training users of the code. Stockpile Computing Guidance should
also address the following: What artifacts are put into CM? What becomes part of the body
of evidence?

The Guidelines are very specific to M&S codes, at least with respect to some of the
terminology. This is especially true of the PIRT concept. However, for M&S codes, the
phenomena are also a format used to develop requirements. In fact, the PIRT is a specific
representation of the general quality approach for requirements representation called Quality
Function Deployment (QFD). If the PIRT is viewed as a tool for requirements development
and representation, then the guidelines remain applicable even to frameworks, visualization
software, etc. Frameworks have a “services” IRT (SIRT) instead of a PIRT. Some
explanation of how to apply the PIRT concept to frameworks and other model-based areas as
an extension of requirements management would be useful. SIERRA provided a good meta
model for how to interpret the guidelines for frameworks and ALEGRA provided a superb
example of applying the SIERRA model. This interpretation should be considered for
inclusion in any revision to the guidelines. Perhaps the guidelines should provide a definition
or description of what characteristics a “requirement™ has, i.e., non-ambiguous, traceable,
testable, and so forth. The guidelines might also offer examples of requirements sources,
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such as STS, SLEP, Military Characteristic specifications, Vulnerability Committee, Nuclear
Safety studies, customers, weapon designers, and so forth.
DP customers felt a V&V Plan’s focus should be on a single problem of interest to them.
Others such as analysts felt that if synergy between multiple drivers exists, then teams should
take advantage of it. Most Panel members (all 4 sessions) feel that the best approach to V&V
planning is to have a documented information source with a// the capabilities (and associated
requirements) that a code must provide -- a Global PIRT. Then the V&V Plan for each
specific, single stockpile driver would refer to this master document for ‘down-selection’ of
the components required for that particular application. To some extent, some code teams in
each session did this. This approach permits rapid construction of individual V&V Plans, as
well as prioritization across applications. As an example of this reusability —a PIRT could
be “tweaked” to change it from a W78-component PIRT to a W76-component PIRT.
The Guidelines discuss an adequacy scoring system for the PIRT, yet give examples of
importance ranking (low, medium, high); many Panel members feel that importance ranking
and adequacy scoring are different activities; if the guidelines suggest that ranking is
adequate, then the requirement to evaluate the scoring system (PIRT3) should perhaps be
reworded; the Guidelines should differentiate between how to score, and how to perform
ranking — teams are stopping after scoring; add schedule and difficulty to the ranking criteria
- most Teams only included importance (need) and capability.
The Guidelines should ask Teams to raise risk issues in the V&V Plans. The Plans should
identify risks and risk response strategies; e.g., mismatch between stockpile-driver schedule
and code availability for use. There needs to be a programmatic-level risk-management plan
that Plans could refer to (as with SQE, UQ, SCG, etc.). Examples of risks identified during
the Level-1 Peer Review are:
1. Campaigns and DP milestones are not consistent. For example, C7, W78, and RES do
not share consistent milestones.

2. Uncertainty quantification appears to be “falling thru the cracks”.
3. Validation money is functionally allocated, not code specific.

4. Needed validation experiments may not be conducted in timeframe required to allow
code use by DP.

5. There is currently no V&V of NW models from the 2 physics labs -- in particular,
EDM72, NWMS80, NWMO96

Clarify the meaning and intent of the VAL3 and VALS5 evaluation areas; both the code teams
and the review panels felt that these are very confusing as currently stated. Some Panel
members feel they say the same thing; others feel they mean to address the distinction
between two general types of data-quality requirements. One is determined by the accuracy
needed for input to the codes (e.g., material properties) and the resulting impact any
uncertainties will have on code output. The second is related to the impact of measurement
uncertainties on the ability to make meaningful comparisons between observed and predicted
behavior. It is worthwhile to distinguish between these, but VAL3 and VALS are currently
unclear. In fact, content criteria VAL1 through VAL7 all come from a single bulleted
statement each, in the guidelines document. If the code developers and the plan reviewers are
to understand them, perhaps a lot more explanation of what is intended/expected would be
good. (See also SQE, SQEI1, PR1, PR2, and PIRT2).
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By applying the Guidelines, there is a clearer understanding of the strengths and weaknesses.
Some specific opportunities for improvement in the guidelines include:

1.

10.

11.

12.

13.

Provide a clearer identification of roles and responsibilities across multiple participants
and departments.

Explicitly define what a stockpile driver is; e.g., is it a specific intended use or application
of the code, to support stockpile computing.

Identify the purpose of the V&V Plan; e.g., it is a contract between the code team and
their customer, as well as the intended audiences (e.g., code-team members, external
reviewers).

Consider adding Surety as a customer (not solely DP); the requirement to list DP
customers is too restrictive; equally important might be Surety customers, component
groups, etc; the guidelines should be revised to include these other possibilities.

In general, acceptance criteria for third-party software are not discussed in the Plans.
This is an important concern, and needs more attention; guidelines for verifying “third-
party” models, such as ProE models, should be peer reviewed as well.

Suggest specifying in the guidelines to include the stockpile driver in the title of the V&V
Plans for application specific V&V Plans.

The Guidelines ask that customers and constraints be identified (DP1); however, the
Guidelines (and the Panels) are quite unclear on what ‘constraints’ refers to, exactly;
revise the guidelines to clarify this requirement.

The process for planning V&V activities should be described within the Plans; in other
words, the Plans should describe who met, how often, whether customers had input, etc.;
perhaps the guidelines should be more explicit on this point; the Guidelines should make
it clear that, ideally, verification happens before validation.

Plans should show the high-level “concept of operations™ for a code, or group of codes,
and their application to a stockpile problem; what is the “workflow” - what is done first,
and then what follows, and so forth.

The guidelines discuss an adequacy scoring system for the PIRT, yet give examples of
importance ranking (low, medium, high). Many Panel members feel that adequacy
ranking and importance scoring are different activities; if the guidelines suggest that
ranking is adequate, then the requirement to evaluate the scoring system (PIRT3) should
perhaps be reworded.

Plans should indicate what kinds of numerical models are involved (e.g., finite-element,
finite volume, gridless, etc.) to permit assessment of the adequacy of the VERTS.

Every V&V Plan should include a mapping matrix from the V&V criteria to sections
within the plan that cover the criteria; it would be helpful if the V&V plan authors were
asked to identify where in the plan each criterion was addressed (section number, page
number, or something); perhaps the “Summary Scoring Matrix™ could be modified with
the second column used to give the location where the criterion is addressed (instead of a
score); the Guidelines should indicate that V&V Plans are required to provide this
mapping to the criterion requirements (PR1, VAL2, etc.).

Every Plan should provide a Glossary, and a list of acronyms, initializations, and
abbreviations; this should become a guidelines requirement.
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14. Clarify the meaning and intent of the VAL3 and VALS evaluation areas; both the code
teams and the review panels felt that these looked like the same thing.

15. There is a word missing from DP2 in the Scoring Sheet Template.
4.3 V&V Level 1 Peer Review Process

The V&V Level 1 Peer Review Process was also evaluated by each Review Panel. In addition,
the Code Teams were provided the opportunity to comment on this process. By extension,
recommendations for the next level (Level 2) of the peer review process structure and overall
SNL ASCI program organization and process improvements were provided. This section
identifies key aspects that were reported during the various peer review sessions.

4.3.1 Strengths

e The peer review process forces teams to seriously think about what is required to perform
adequate V&V. The current state of the Plans, the heightened awareness of the V&V issues
related to coupled physics, and the justifiable concerns about roles and responsibilities, are all
the result of teams having confronted those issues for the purpose of developing their V&V
Plans. Members on the various panels commented that without this year’s Level 1 peer
review process it is unlikely that the V&V Plans and the code teams' concomitant
understanding of V&V, would be at their current level of maturity. Plan authors also have
stated this repeatedly.

o Selection of Panel members is considered to be very good, specifically with regard to the
diverse representation of interests and expertise. It is especially commendable to include
managers, customers, code subject-matter experts, and V&V/SQE expertise. The inclusion of
DP/Surety customers on the review panels had an additional benefit: several of the panel
members stated that they had a much better understanding of what ASCI was trying to
achieve, an improved sense of confidence that we were “trying to do the right thing”, and an
appreciation for the difficulty of the problem.

e Virtually every Panel member has observed that having an experienced member, i.e., one
who has been on many Panels, is invaluable. There was some consensus that having more
than one full-time, core member (e.g., facilitator, chair, and perhaps even a ‘permanent’ pool
of customer representatives) would reduce training requirements and flatten the learning
curve that each Panel has faced. However, such participation in the Peer Review process
would have to be viewed as valuable by the respective members’ managers and by the ASCI
Program.

e The short turn-around time for deliverables (quick feedback, final report, etc.) is crucial to the
Plan owners, and is also to be commended.

4.3.2 Opportunities for Improvement

e Specific opportunities for improvement in the peer review process include:
1. Inclusion of a DP and/or Surety customer on the Panel should be a requirement rather
than a suggestion for the Review Panel members.

2. Make the Peer Review templates more useable by pre-formatting with spaces and bullets.
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3. Provide more explicit guidance to the code teams as to their oral presentation format;

e.g., follow the V&V Plan outline, and include requested information from the
Performance Self-Appraisal; the Panel Q&A follows more readily with that format.

Expand the Level 2 Peer Review process to encompass the suggested application-centric
approach.

Specific ASCI program guidance for improving organizational structure and related processes
that would facilitate an improved peer review process include:

1.

Management within the ASCI program must develop and communicate a clear and
consistent vision of the evolution of V&V activities, and of the roles and responsibilities
that permit those activities to be performed. The “code team™ does not consist only of the
people writing code; it is made up of the analysts who will use the tool, the
experimentalists that will provide validation data, the code developers, and SQA
representatives. The entire “code team” is responsible for the V&V plan and activities,
not just the line manager of one element of the code team. All four of these elements must
be clearly represented on a “V&V team™ for it to successfully meet the V&V guidelines,
and the leadership of the team must recognize this need. Along with the definition of
roles, the funding and management structure must permit code teams to acquire the
resources necessary to implement the V&V requirements being imposed on them.

What is needed at the next level (application-centric focus) is a clear project organization
for an application (e.g., a normal/abnormal/hostile milestone, weapon in a crash/fire, etc.)
that pulls together elements from across many departments and disciplines (e.g., analyst,
experimentalist, codes, V&V). From this project, the development of a V&V Plan could
be accomplished, subject to the Peer Review process just like code-centric V&V Plans.
V&V Plans produced via this mechanism (which for a given stockpile application will
include several codes and the associated PIRTs, models, VERTS, and VALTS) should
still be subject to Level 1 Peer Review, just like code-centric V&V Plans. In addition,
these application-centric V&V Plans would be subject to Level 2 and Level 3 Peer
Reviews. The Panels feel that Level 1 Reviews are still essential at the code-centric
level, but that Level 2 and higher reviews are most applicable to application-centric
V&V,

. Along with the definition of roles, the funding and management structure must permit

code teams to acquire the resources necessary to implement the V&V requirements being
imposed on them. In some cases the current management structure creates barriers to a
“code team” because the staff representing the four elements listed above reside in
multiple departments. Our current structure can also make unclear which line manager is
responsible for the “code team™.

Elements of the V&V process can provide products that are extremely valuable to the
Center in coordinating work and resources. For example, the identification of stockpile
drivers and the phenomena identification and ranking tables yield specific information on
code development needs and experimental validation needs that can be used to prioritize
investments under ASCI Apps, Experimental Programs, and Laboratory Research and
Development Programs. A process that combines the results of the V&V reports for the
different code projects and provides them to Center management to guide programmatic
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decisions might be valuable. Otherwise this information may sit in isolated V&V reports
and may not be used beyond the confines of the individual code projects.

5. Some thought should be given to capturing tangible benefits now, to hedge against losing
all this work (i.e., V&V Plans, PIRTS, understanding of needed V&V activities,
experimental requirements, etc.) if future funding goes away.

6. Code specific feedback should become input for the next phase of V&V Plan
development and review. The Panels and Code Teams would like to see a task relating to
closure/response on V&V Program feedback to the ASCI V&V Program Office.

7. The Program needs to provide adequate cross-cutting support for:

o UQ efforts for all code teams.

o templates for many of the work products (e.g., design documents).
o resources for verification and validation experiments.

o more personnel trained in SQE and V&V.

4.4 General Observations

It should be made absolutely clear that Code teams are doing V&YV for their customers, not for
the ASCI V&V Program. It is essential that the owners of the V&V Plans have the authority and
the resources to engage the necessary participants in the development of the V&V Plan. Along
with the definition of roles, the funding and management structure must permit code teams to
acquire the resources necessary to implement the V&V requirements being imposed on them.

The panels feel that what is needed at the next level (application-centric focus) is a clear
mechanism for pulling together elements from across many departments and disciplines (e.g.,
analysts, experimentalists, code developers, SQE/V&V experts). This mechanism must address
funding and authorization issues. V&V Plans produced via this mechanism (which for a given
stockpile application will include several codes and the associated PIRTs, models, VERTS, and
VALTS) should still be subject to Level 1 Peer Review, just like code-centric V&V Plans. In
addition, these application-centric V&V Plans would be subject to Level 2 and Level 3 Peer
Reviews. The Panels feel that Level 1 Reviews are still essential at the code-centric level, but
that Level 2 and higher reviews are most applicable to application-centric V&V.

Code teams have a perception that needless, burdensome SQE practices are going to be imposed
upon them. Good practices, i.e. those that demonstrably add value, are strongly encouraged, and
will help ASCI applications achieve success. However, teams must be made to understand that
SQE practices should be evaluated and adopted commensurate with the size (and operational
style) of the code team. Program-level guidance and support should also be available to code
teams for SQE-related activities. As these become available, teams should take advantage of
them, and should cite in their V&V Plans the practices they use.

Configuration Management appears to be piecemeal. A programmatic or corporate solution, one
that meets the needs of both V&V and code teams, should be provided. CM needs to include the
concept of movement from Unclassified to Classified. CM and other practices should be
commensurate with scope and rigor applicable to teams. The issue of backups (CM of tools,
including the CM tool) is apparently nowhere addressed.

Organization-level guidance on Verification should be provided (e.g., grid-convergence analysis,
Method of Manufactured Solutions).
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The Panels felt that the definition of Validation is too narrow, in that it does not allow for
validation in the absence of relevant data. The actual issue is probably not necessarily to extend
the definition of Validation. Perhaps there should be an "accreditation/qualification" acceptance
step included in the Stockpile Computing process where expert judgment is applied to existing
evidence (e.g., verification, validation, certification, qualification, or the lack thereof) to
determine whether existing M&S evidence is sufficient. Accreditation must be applied when
resources aren’t available for needed experiments. Who owns these “accreditation™ activities is a
subject for Stockpile Computing guidance.

There may be intellectual-property issues with respect to a Commercial Off-The-Shelf and
Government-Off-The-Shelf code that is integrated into another code or a framework. This has
implications for CM, security models, and procurement.
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5 Summary of Major Recommendations

The following recommendations are from the accumulated panel reviews and represent the most
important panel suggestions from the reviews.

5.1 Continue Use of V&V Guidelines and Peer Review Process

The panels, in particular the customer representatives, felt that the customers should request
continued use of V&V Plans and Peer Reviews as a basis for supporting a common approach for
application-specific V&V activities. It was recommended that DP and Surety customers of M&S
support for the stockpile applications should request the continued development of information
as required by the V&V Guidelines 2.0 or its updated version. The code teams and integrated
STS applications would be more responsive to continuing the development of V&V Plans with
such a request. The panels’ consensus was that the approach to developing the information
required in the V&V Plans was excellent and should be continued. The panels’ consensus was
that the Level 1 Peer Reviews, as conducted, were valuable and well organized. The success of
continued reviews is dependent upon a well-defined Level 2 Peer Review process that can focus
on an integrated approach and technical content.

The existing V&V Plans and results are adequate to do significant FY02 V&V planning and
execution. All panels (and most of the code teams) have voiced feedback that the process was
beneficial in establishing improved communication among the various stakeholders, defining
better technical content, and developing a common method/terminology for future use.

5.2 Focus Level 2 Peer Review Process on Integrated STS Applications

The proposed Level 2 Peer Review, which will focus on technical content, should be applied
primarily to integrated Stockpile-to-Target-Sequence (STS) applications. These reviews should
focus on STS applications for the normal, abnormal, and hostile environments. In addition, the
focus should be on coupling of multiple phenomena which would imply the integrated use of
multiple codes. These integrated applications should develop V&V Plans following the V&V
Guidelines 2.0 (as updated). The panel for such reviews should have strong customer
participation. The development team would include all the necessary participants from the
customer, designer, analyst, experimentalist, code team, and V&V program. The effort should be
run as a project with schedule, effort, and performance defined by the project.

5.3 Integrate the V&V Plan Participants for the Most Effective Results

The integration of code developers, analysts, experimentalists, and customers for the V&V Plan
development and execution appears to provide the most effective results. The current process
appears to work much better with an analyst or phenomenologist as the lead author, than with a
code developer alone in that role. The V&YV Plans created by teams that had the recommended
integration and experience with stockpile certification were the best for programmatic
organization and detailed content. In those cases where the center, department, and line
organizations infrastructure supported this integrated team concept, the review results were
noticeably better. Code Teams that had active participants in all the indicated roles provided
more detailed customer requirements, a more thorough ranking and prioritization method for the
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resulting phenomena requirements, and created more complete VERTS and VALTS with
detailed traces to the recommended testing tiers and the phenomena requirements.

It is very clear that execution of different elements of the V&V Plans must belong to different
people, hence the recommendation that ownership (as opposed to mere authorship) consist of
code representatives, customer representatives, analysts, and experimentalists. The current
requirement (PR1) has become a “box-checking’ exercise, in which authors” names are included
to meet the requirement. The intent is that the various roles actually participate in V&V
planning. It is essential that the owners of the V&V Plans must have the authority and the
resources to engage the necessary participants in the development of the V&V Plan.

5.4 Quantify Metrics and Accuracy Requirements more Rigorously

There is inadequate treatment of success measures. This observation refers to acceptance criteria
for verification and validation, as well as metrics to assess the effectiveness of SQE practices.
Related to this is the specification of needed accuracy for experimental results. Although
uncertainty quantification (UQ) is considered part of a standard ASCI product, in general very
little if any V&V aspects of the UQ and its associated process have been discussed.

The V&V Plans should strive to quantify the accuracy requirements for verification and
validation in a more rigorous fashion, or reference where such quantification is to be described.
In general, Plans have had little or no discussion of software metrics. As a whole, there was a
notable lack of depth and detail in the discussion of metrics in the V&V Plans. Regarding
acceptance criteria, quantitative comparisons are preferable, where possible, to visual comparison
of plots. Answers to the following questions should be more apparent: How do you know when
you're ‘done’? How good is good enough?

5.5 Develop Organizational Level Guidance for SQE, Verification, Validation, and
Stockpile Computing

ASCI program plans currently include activities for completing organizational level guidance for
SQE, validation methods, and stockpile computing during FY02. It is recommended that this
guidance be provided and referenced by the peer review process. In addition, organization-level
guidance should be provided for Verification (e.g., grid-convergence analysis, Method of
Manufactured Solutions).

5.6 Revise Peer Reviewed V&V Plans and Publish

It is recommended that each V&V Plan should be revised as appropriate to incorporate
suggestions from the code-specific peer review report and published as a SAND report. It is
important to establish a baseline of information that will benefit future V&V Plans (at the code or
application level).

5.7 Revise V&V Guidelines 2.0 and Peer Review Process 1.0 and Publish

The V&V Guidelines 2.0 in reference [V&V-GUIDE-2 0] and Peer Review Process 1.0 in
reference [V&V REVIEW-1 0] should be updated to incorporate recommended improvements.
Incorporate the suggested improvements and publish as updated versions. The Sections 4.2 and
4.3 provide details of the suggested changes.
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Appendix A. Acronyms and References

A.1. Acronyms

ASCI Accelerated Strategic Computing Initiative
CM Configuration Management

DOE Department of Energy

DP Defense Programs

DSW Directed Stockpile Work

FY Fiscal Year (October 1 — September 30)
P Implementation Plan

M&S Modeling and Simulation

MC Military Characteristics

MMS Method of Manufactured Solutions
PIRT Phenomena Identification Ranking Table
QFD Quality Function Deployment

SCG Stockpile Computing Guidelines

SIRT Services Identification Ranking Table
SLEP Stockpile Life Extension Program

SNL Sandia National Laboratories

SQE Software Quality Engineering

SSP Stockpile Stewardship Program

STS Stockpile to Target Sequence

TBP Technical Business Practice

uQ Uncertainty Quantification

V&V Verification and Validation

VALTS Validation Test Suite

VERTS Verification Test Suite
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Appendix B. Level 1 Peer Review Scoring Summaries

This Appendix provides scoring information to indicate basic conformance across code teams (without reference to which code teams
or which session is involved) to the V&V Guideline criteria, as well as identification of noteworthy practices recognized by the Panels
during the reviews. Noteworthy practices do not include the acceptable practices that most V&V Plans reflected, so there should be no
reflection on Code Teams that are not listed. In addition, it is noted that there are probably other noteworthy practices that were not
recognized due to the specific focus of the reviews. Information in this appendix is intended to provide some indication of arcas where
overall strengths and areas of improvement might be targeted relative to the specific criteria in the V&V Guidelines, and practices that
may be useful to use at an organizational level for future applications. The information and charts in this section are presented in the
spirit of identifying general areas of concern and particularly good practices (recognized by code team).

B.1. Scoring Summaries and Analyses

Each panel member contributed scores of 0,1,2 for each of the V&V Plan criterion listed in Table B-1 for each of the V&V Plans for
which the panel member was a reviewer. Although it is not appropriate to disclose individual V&V Plan scores, it is informative to
look for trends or indications in the scores as to criteria that scored particularly well or poorly. It is also appropriate to stratify the
scoring to determine if there are general code team organization methods or best practices that might have contributed to particularly
high or low scores.

Table B-1. V&V Guidelines Criteria

1. General Guidelines

PRI The V&V plan authorship includes the V&V process owner, and experimenter, and a DP customer representative,
PR2 The plan is compatible with the format specified in the Version 2.0 guidelines.

PR3 A single stockpile driver for the V&V plan is identified.

PR4 The V&V planning process is described.

2. Stockpile Drivers and DP Customer Requirements

PR3 A single stockpile driver for the V&V plan is identified.

DP1 The appropriate customers and constraints associated with the stockpile driver have been identified.
DP2 The detailed stockpile requirements been extracted from the stockpile driver.

DP3 The stockpile requirements have been mapped to M&S needs and requirements.

DP4 There are sufficient requirements to allow the development of a useful PIRT.

3. Phenomena Identification And Ranking Table (PIRT)

PIRT1 | The PIRT is present in the V&V plan
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PIRT2 The PIRT process methodology is described.

PIRT3 Phenomena in the PIRT are ranked by a rational scoring system.

PIRT4 Current M&S status (capability) for each of the phenomena in the PIRT is presented.

4. Software Quality Engineering (SQE)

SQE Content required by DOE and Sandia SQE policy documents is present.

SQEI Software V&V

SQE2 Software Engineering

SQE3 Project Management

5. Verification Testing (VERTS)

VERTS A Verification Test Suite has been constructed and documented.

VERTSI The structure and logic of the VERTS is addressed.

VERTS2 The construction of the VERTS is addressed.

VERTS3 The acceptance metrics for the VERTS are addressed.

6. Validation Plan (VALTS)

VALI The relation between validation activities and the PIRT is defined.

VAL2 The data requirements associated with the validation activity are described.

VAL3 The known dependence of assessment of the fidelity of the code physical models upon experimental data is described.

VAL4 The opportunities and obligation for experimental investigation of the assumptions underlying the implemented physical models are discussed.

VALS The dependence of the code models upon experimentally measured quantities is discussed.

VALG6 The prioritized experimental needs are described.

VAL7 The anticipated use of technologies like uncertainty quantification in the validation activities is described.

VALTS A Validation Test Suite is constructed and documented.

VALTSI The structure of the VALTS is described. The structure is compatible with the PIRT and the four-tiered approach described in these
guidelines.

VALTS2 The construction of the VALTS is addressed.

VALTS3 The acceptance metrics for the VALTS are addressed.

i Stockpile Computing Guidance (STG)

GSC Guidance for stockpile computing using the code is provided.

GSCl1 Technical guidance for code application is provided.

GSC2 Process guidance for code application to the associated stockpile driver is provided.
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The following Figure B-1 is the overall average of the scores within each of the V&V Criterion areas. Scores above 1.5 are considered
to be good. Scores below 1.0 are considered to be areas for general improvement.

Figure B-1. Overall Average of Scores by V&V Criterion
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The following subjective bounds provide a measure of how well the overall set of V&V Plans evaluated satisfied the V&V Guidelines
criteria.

Average Score >= 1.5 Criterion well- satisfied across the V&V Plans
Average Score >=1.0 & < 1.5 Criterion partially satisfied across the V&V Plans
Average Score < 1.0 Criterion not satisfied across the V&V Plans

Using these general bounds and the overall averages as indicated in Figure B-1, the General Guidelines (except for PR1), Stockpile
Drivers, Phenomena Identification Ranking Table criteria, and Software Quality Engineering criteria all scored in the "well-satisfied"
category. The Verification Plan/Test Suite category was split between well-satisfied and partially satisfied. The Validation Plan/Test
Suite category was essentially "not satisfied". The Stockpile Computing Guidance category was on the low side of partially satisfied.
Hence, the general areas of programmatic concern are the VALTS and the Stockpile Computing Guidance. Along with the relatively
lower score for PR1 (integrated team of authors for the V&V Plan), these scores reflect the general lack of an organization structure
within many of the teams constructing the V&V Plans that includes customers, analysts, and experimentalists as an integral part of the
team. It also reflects a lack of understanding about how the M&S codes are going to be used as part of the stockpile computing
program. However, there were a few code teams who did have this organizational structure and who did have experience with using
their codes for stockpile certification activities. These code teams were knowledgeable about the validation and stockpile computing
issues and scored well in these areas.

Analyzing the specific criteria, the lowest criteria were VAL3,VAL5,VAL6,VAL7, and VALTS3. VAL3 and VALS5 were
acknowledged as being confusing, but the consensus of the panels was that experimentally measured data, dependencies, and priorities
(VALG6) were not adequately described. Likewise, for VAL7, the use of Uncertainty Quantification (or in general error analysis of the
results) was inadequately described. VALTS3 was the lowest and indicated a general lack of adequate acceptance/success metrics for
validation. One can also observe that VERTS3 was also fairly low for the acceptance/success metrics for verification. All together,
the low scores for these criteria indicate that there is inadequate understanding across the V&V Plans of adequate measures of
"goodness" for the verification and validation activities.

It is important to remember that these scores indicate programmatic information that may or may not be directly linked to how well the
actual verification and validation activities of a code team are being accomplished. However, the panels indicated strong support for
the construction of such V&V Plans for integrated applications as an indication to the customer that their stockpile computing needs
are being adequately addressed. Analysis and review of the actual V&V activities through methods such as the Level 2 and Level 3
Peer Reviews was considered essential to provide convincing evidence that the integrated application does satisfy their stockpile
computing needs.
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The following Figure B-2 is the overall average scores excluding the Frameworks (ALEGRA, SIERRA). This figure illustrates a
slightly better score for the Validation part since the Frameworks were not targeted for Validation Plan and Stockpile Computing
Guidance criteria except through the services provided to the code teams that use the Frameworks.

Figure B-2. Overall Average of Scores by V&YV Criterion (no Frameworks)
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The following Figure B-3 shows the highest average score given for each criterion for one or more code teams. The scores indicate
that for every criterion, at least one code team's V&V Plan scored very well.

Figure B-3. Highest V&V Plan Average Score for each Criterion
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The following Figure B-4 shows the lowest average score given for each criterion for one or more code teams. The scores indicate that
for every criterion, at least one code team's V&V Plan did not score well. "Blank" column is actually a zero average score. Non-
framework codes were used so as to not bias the validation and stockpile computing scores.

Figure B-4. Lowest V&V Plan Average Score for each Criterion
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The following Figure B-5 provides an example of the best code team V&V Plan average scores. This provides some evidence that the
V&V Guidelines as defined in reference [V&V-GUIDE-2_0] can be followed exceptionally well. Furthermore, this particular team
had a lot of Level 2 evidence of having actually conducted verification and validation activities, so the maturity of the code/application
is significant in being able to adequately satisfy V&V requirements. This also provides some evidence that the other codes, as used
within specific stockpile computing activities, can adequately satisfy V&V requirements as these codes become more mature.

Figure B-5. Example of Best V&V Plan Score vs. Overall Average Score
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The following Figure B-6 provides a comparison of the overall average of scores for those code teams that did not have an integrated
(customer, experimentalist, analyst, code developer, V&V) organization versus those code teams that had more of an integrated
organization. With only a few exceptions (notably in SQE), the integrated organization scored much better, particularly in the
Validation Plan and Stockpile Computing Guidance criteria.

Figure B-6. Comparison of Overall Average Scores for non-Integrated vs. Integrated Code Teams
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B.2. Noteworthy Practices

There were several noteworthy practices as recognized by the responsible panel and itemized in Table B-2. These practices may assist
code teams and applications in improving the overall approach to development of V&V Plans and conducting V&V activities in the
future. Such practices typically represent a rather unique way to implement a part of the V&V Plan. Normal good practices are not
identified in this table. It is recognized that there are probably other noteworthy practices that have not been captured in this table.

Table B-2. List of Noteworthy Practices

Area Noteworthy Practice Description Code Team(s)
Stockpile e Identification of customers e CEPTRE-ITS (Tables 1&2)
Driver/Customer * Identification of and justification for selection of various V&V Plan participating roles e NuGET

*  Stockpile Driver description and tie to M&S Requirements e NuGET
PIRT *  General PIRT Chart Representation and Scoring/ranking system e CEPTRE-ITS, NuGET
e  Methodology/application of PIRT to framework services e SIERRA & ALEGRA
» _ Concept of extracting application-specific PIRTs from a larger & more general Global PIRT | « HPEMS, EMPHASIS
SQE » Discussion of framework services (SIERRA) used by code team's V&V Plan. e FUEGO-SYRINX
e List of software development recommendations e GOMA
e SQE practices defined, being used, convinced of their usefulness e HPEMS, NuGET
¢  Promotion concept (development, design analysis, qualification, release); software as e CEPTRE-ITS, NuGET
product
VERTS ®  Questions and tables format for presenting verification and validation tests e EMPHASIS
e Metrics for assessing the success of VERTS e FUEGO-SYRINX
*  Good description of the prioritization methodology and its use ¢ GOMA
e  Concept of "tier" is expanded to cover levels of phenomena o CEPTRE-ITS
e VERTS description and tie to PIRT e  NuGET
VALTS *  Metrics for assessing the success of VALTS and validation experiments e FUEGO-SYRINX
s VALTS description and tie to PIRT e  NuGET
Stockpile Computing *  General description of issues, concerns, approach for use of code for stockpile certification. | ¢ NUGET
Guidance
Performance Self- * Evaluation criteria matrix mapping criteria (e.g., PIRTI) to the relevant section of the Plan., | ¢ CEPTRE-ITS (performance
Appraisal self-appraisal part)
Other ¢  Team organization: integrated customer, analysts, experimentalists, code developers. e NUGET, CEPTRE-ITS,
FUEGO-SYRINX
¢ Document tree/reference use HPEMS
¢  Plans in place for the sustainment of the code and the V&V Plan GOMA
® _ Color-coded cross-reference among the PIRT, VERTS, VALTS and qualification status NuGET (Table 12)
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