


testing because of the cessation of underground nuclear testing and the consolidation and closure of nuclear reactor-
based testing facilities. As a result, computational simulation has become the only viable method for understanding

the response of weapon electrical systems to radiation environments. While the radiation environments of interest are
primarily associated with hostile STS scenarios, additional normal and abnormal STS applications and scenarios require
computational simulation. Given the many electrical subsystems that must function reliably for the weapon to act as an
effective deterrent, certification and assessment of nuclear weapons systems require this simulation code capability.

Diagnostics Capability

Stockpile stewardship requires capabilities for the evaluation of nuclear diagnostic data, such as those collected

on aboveground and underground nuclear tests, as well as radiographic data produced by current and proposed
radiographic techniques. This in turn requires a diagnostics simulation capability for accurate transport of neutral
and charged particles through detailed three-dimensional geometries using continuous energy cross-section sets and,
particularly for radiographic applications, the implementation of accurate coupled neutral-charged particle transport
physics. This diagnostics capability will also incorporate and perform transport calculations through hydrodynamic
meshes from performance codes to allow a direct link from nuclear or hydrodynamic performance to observed nuclear
or radiographic data. Finally, this capability extends beyond evaluation of nuclear diagnostics to such problems as
criticality, vulnerability and lethality, and shielding assessment, as well as Special Nuclear Material (SNM) detection
modeling and emergency response.

Ancillary Modular Capabilities and Setup Tools

In addition to defining the integrated capabilities of the national portfolio, there are opportunities to consolidate other
efforts and increase collaboration across the IC program element. The first is in the area of physics models and software
libraries that are integrated into end-user applications (see Appendix C for a description of common application
architectures and terminology). These components range from application programming interfaces (APls) for reading
physical data, through modular physics packages such as particle transport or material constitutive models, to more
general numerical libraries such as linear equation solvers and graph partitioning methods. Our goal in this area is to
enable cross-code sharing of physics modules and common material data APIs, and to drive the interoperability of solver libraries. Sharing of
physics modules should be done with caution to ensure that independence is maintained. Emphasizing common APIs
for data and methods, and breaking down barriers to interoperability among components, will increase the leveraging
of new capabilities across the laboratories, simplify applications by standardizing interfaces, and increase the diversity
of physics and algorithms available to application developers and users.

A background gas (A < 1) inhibits jetting and leads to a more symmetric Richtmyer-Meshkov instability, as seen in the second
simulation: Series of 9 snapshots, one every 50 ps, for Richtmyer-Meshkov instability development as a shock wave is
transmitted from copper to a dense (0.5 g/cc) gas. In the third and fourth frames, one can clearly see the transmitted gas shock
(still nonplanar), as well as a complex interaction of rarefaction fans from the roughened Cu/gas interface.

(Los Alamos National Laboratory)




The second area of focus is setup tools, or codes used by designers and analysts to set up models and input data to

run physics simulations. Capabilities include geometry definition, generation of computational meshes, retrieval and
insertion of material data into text input files, and workflow process assistants to help users organize and format model
and case definitions for input to codes. Historically, meshing methods were related to the numerical schemes used

in the simulation codes, and many setup tools and output file formats were developed exclusively for one, or a small
number of codes. Over the years, our ability to reuse meshing technology for multiple applications and algorithms has
greatly improved, and there are opportunities now to standardize around a smaller number of setup tools to support the
national code portfolio. Our goal is to standardize input and output data models for the national code portfolio and to consolidate efforts
across the three labs related to setup tools. Meeting this goal will require tri-lab planning and coordination, as well as cross-
laboratory development and user support.

Implementing National Codes

As was discussed previously, the strategy of establishing code capabilities whose usage, and possibly development,
extend across laboratory organizational boundaries is a significant cultural change for the weapons programs at the
national laboratories. There are many potential pitfalls in terms of managing co-development work and user support,
and, most importantly, expectations. While these challenges can also exist within a laboratory, they will need to

be handled in more formal ways when the organizations in question are being governed under different contract
arrangements with the federal government. There is precedent for such collaborations, and one approach that has
worked is the establishment of a laboratory-to-laboratory Memorandum of Understanding (MOU), which clearly sets
out roles, responsibilities, and expectations among the partners. The formalism of an MOU may not be required for all
the national code interactions, but given the increased stake that each laboratory will have in the activities and products
of the others, it will probably be needed in some instances. It is also expected that the federal program would play a
role in the establishment of the MOU and that the negotiated arrangements would be reflected in the budgeting and
implementation plans of the national program.

1.2. End development funding for legacy codes
Legacy codes, which are those whose development and usage predate the inception of ASCI, the precursor to the
ASC Program, have played an extremely important role in stockpile stewardship and the development of the modern
ASC modeling and simulation capability. During the first decade of the ASC Program, legacy codes helped to address
major stockpile assessment and certification challenges both because of the familiarity and trust established in those
codes among designers and analysts, and the relative lack of maturity in the newer ASC codes. However, because of
the combined efforts of code developers and analysts committed to improving the capability and predictivity of ASC's
modeling and simulation capabilities, the modern codes have now reached a sufficient level of maturity, robustness, and
performance to become the default implementation framework for future simulation development activities.
Therefore, to eliminate future duplication of effort, whereby improved physics capabilities would be implemented in
multiple generations of simulation tools, the support for legacy codes should be limited to providing the continued
capability to run benchmark calculations needed to assess modern code behavior. This means that legacy codes will
continue to be ported and run on a subset of computing platforms, such as workstations and small capacity scale
clusters, and that modifications to the codes will be limited to those necessary to ensure that the codes can be run in a
correct and robust manner on hardware that is readily available to designers and analysts. The program will not support
efforts to improve the parallel scalability or physics predictivity of the legacy tools, since investment in those efforts
will be focused on the ASC modern codes.

While implementing this goal is not expected to result in an immediate significant reduction in overall development
efforts, it will have long-term strategic benefits to the ASC Program. Completing the migration of users from legacy
to modern ASC tools will produce long-term benefits by fostering a robust user community for the modern codes, and
by helping to mature the modern tools through increased usage and testing. Experience has shown that an active user
community is an important element of an overall user support network, and that support demands per user decrease as
codes mature through usage and improve in their robustness, capability, and performance. Implementing this goal will
also have broader ASC Program benefits, by focusing the efforts of the Physics and Engineering Models (PEM) and
Verification and Validation (V&V) program elements on improving and evaluating the modern codes. It is envisioned




that the legacy codes may continue to play a limited, but valuable, role for the program by, for example, supporting
low-fidelity scoping studies and providing guidance for performance and robustness improvements in the modern
codes. Finally, the costs and benefits of continuing to port legacy codes should be reconsidered as the implementation
of the current strategy is being completed.

1.3. Establish the capability to couple between codes of national portfolio
The third step in establishing the national portfolio is establishing the capability to couple between codes in the
portfolio. There are two primary reasons for establishing this coupling capability:

¢ Provide the capability to perform end-to-end, integral assessment of stockpile performance, safety, and survivability
scenarios;

¢ Provide the capability to test multiple algorithms and alternate coupling strategies in order to better assess the
predictive capabilities and uncertainties of the ASC modern codes.

In other words, the ability to couple the capabilities in the national portfolio will expand capability beyond those
defined application areas to broader complex and multi-disciplinary assessment scenarios. It will also increase the
algorithmic diversity of our portfolio, thereby mitigating the risks associated with the consolidation of code efforts.

Our purpose is to focus most resources towards developing well-integrated capabilities for each of the applications
covered by the national code portfolio, rather than to develop a single sophisticated and deeply integrated framework
to cover the full range of ASC application scenarios. Therefore, the ability to couple capabilities is envisioned to be
flexible but nonintrusive for the code systems. For example, the establishment of common output file formats can
accommodate the necessary internal variables to perform accurate transfers from one simulation domain to another, and
common mapping and interpolation services can consistently link solution fields discretized on different meshes.

The coupling capability will be based on use cases that define common coupling scenarios of interest to designers and
analysts. The following list is representative, though not exhaustive:

e Link nuclear performance systems to create combinations of different approaches to full system simulation (for
discovery science, not certification);

¢ Link non-nuclear assessment and nuclear performance systems to perform integrated STS assessments;

e Link NEP safety and non-nuclear assessment capabilities to perform integrated safety assessment;

¢ Link non-nuclear assessment and electrical systems capability to perform integrated radiation effects assessment;
e Link nuclear performance systems to diagnostic simulations for simulation of nuclear or radiographic data;

¢ Incorporate sufficient HEDP/ICF physics into nuclear performance systems to support validation and design of
experiments.

Implementation of the coupling capability will involve developing a prioritized list of these use cases in order to derive
requirements, as well as the identification of current best practices for linking separately developed application codes to
tackle both loosely and tightly coupled multiphysics phenomena.

National Simulation Portfolio Summary
The development of the ASC National Simulation Portfolio is the most extensive and significant component of the
national code strategy. We have detailed the following steps:

e Defining a focused, minimal set of integrated, national application capabilities necessary to stockpile certification
and weapons science;

e Accelerating the phase-out of legacy codes by ending development of new capabilities in those codes;

e Expanding the capability of the national portfolio through link-based coupling of the applications.




These three steps will allow the program to consolidate current efforts while continuing to meet stockpile certification
needs, reduce long-term development and maintenance costs, and combine the best capabilities of the national
laboratories for modeling physics and engineering processes and phenomena that occur under disparate, extreme
conditions.

2. Advance Computational Algorithms to Enable Predictive Simulation and QMU
The second strategy addresses the predictive simulation and QMU goals of the ASC Program. Based on projections,
this includes developing algorithms and implementations that will run effectively at petaFLOP and exaFLOP scales.
There are major areas that must be addressed to achieve computational algorithms that can enable predictive simulation
and QMU at these scales. The first is the design and properties of the algorithms themselves, which require focus
on applied mathematics research. The second is on the software programming models that enable the coordination,
scheduling, and memory management for millions of parallel, interdependent, execution threads across a computing
platform. Current programming models are not expected to meet requirements at scales of 10 petaFLOPS and beyond.

2.1. Advance scalability of computational algorithms to petaFLOP and exaFLOP scales
A necessary condition for effective simulation at petaFLOP to exaFLOP scales is establishing a broad range of
algorithms that are provably scalable, at least in a weak sense, to arbitrarily large numbers of variables and parallel tasks.
Tremendous progress has been made in the past two decades on parallel, scalable numerical algorithms, but troubling
bottlenecks still exist. These include not only increasing the generality and robustness of scalable linear solvers, but also
scalable algorithms for coupling multiple nonlinear physics modules, algorithms for computing stability and eigenvalue
characteristics of equations, discretization methods for addressing complex field equations, flexible dynamic load
balancing capabilities for combinations of volumetic, surface, and particle mechanics kernels, and scalable methods for
assessing errors in numerical methods.

Advancing algorithm scalability is a long-term research problem. The ASC Program has supported this research
through the Focused Research, Innovation, and Collaboration (FRIC) element of the program, and has developed
strong groups of applied mathematicians and algorithm architects at each laboratory to continue advancing work in
scalable algorithms. Given constraints in future resources, as well as increasing demands to innovate new algorithms
to meet petaFLOP and exaFLOP computing challenges, it is imperative that the program optimize its work and
investments in this area. The best approach to improving the effectiveness of the program is to increase collaboration
and coordination between the algorithm efforts across the labs and to leverage non-ASC investments in algorithms
research. This can be achieved by coordinating tri-lab research efforts on scalable algorithms, engaging the newly
initiated Predictive Science Academic Alliance Program (PSAAP) university centers on algorithms research and
development, and expanding collaborations with other DOE national laboratories and universities.

Sandia ASC-funded researchers are developing novel
kinetic algorithms to study the equilibration, stopping
power, and fusion reactivity of dense, radiating, burning
multi-component, multi-species plasmas.

Implicit electromagnetic LSP simulation of a moderately
coupled, 50 eV iron plasma at charge state 25. The ions
are shown in red, the electrons in blue.

(Sandia National Laboratories)




The next steps to achieving this overall strategy for scalable algorithms are as follows:

e [nitiate annual planning at a national level of the FRIC component of the IC program element. This annual planning
activity would assess the FRIC investments across the laboratories to look for synergies and disconnects in the tri-
lab program, as well as discussing how to best engage the PSAAP centers and external communities to achieve the
program’s goals in scalable algorithms for predictive simulation.

¢ Within five years, employ peta scale (10+ petaFLOPS) computing, with improved fidelity and performance, on a
mission-driven application.

¢ Define algorithm scalability requirements for exaFLOP scale simulation, including balanced increases in subgrid
physics complexity, spatial and temporal grid fidelity, and other model enhancements needed to achieve predictive
capability.

These actions are specific steps that will promote collaboration and demonstrate progress in the technology necessary
to develop predictive capability for the ASC codes.

2.2. Collaborate on evolution of programming models for petaFLOP and exaFLOP scale computing
The Infrastructure Plan for ASC Peta Scale Environments articulates plans within the CS&SE and FOUS elements to
address critical components necessary to the success and productive capability of peta scale computing platforms. One
of the four technical areas in the infrastructure plan involves development environments and tools, which includes
the issues associated with effective programming models for such platforms. This planning element naturally relates
to the second area of focus in the current code strategy. It is worth noting the following summary from the section
introduction:

Our challenge is to provide an environment that supports efficient use of emerging peta scale systems without requiring bundreds of person-
years of new programming effort. We must provide new and innovative programming environments and tools to support code design, creation
and modification, including building and debugging applications and tuning their performance. Each of these tasks involves significant
complexity, particularly in the context of the multiphysics applications that characterize the ASC integrated codes.

The infrastructure plan identifies 39 areas of concern and associated strategies for environments and tools, and all but
three of these are identified as needing near-term activity. While the level of analysis in this plan is extremely valuable,
it is difficult to see how the program will have the resources to pursue many of these tasks. Thus, it is critical for IC to
engage deeply with CS&SE in the prioritization and execution of this work.

[t is expected that FRIC will play a central role in the establishment of next-generation programming models and that
research on these issues will be part of the national FRIC planning agenda. In addition, the following next actions have
been identified:

e Coordinate research efforts on parallel programming with CS&SE and develop compact application suites for
advanced programming model research;

e Establish a set of leading indicators that signal when the program should initiate development of next-generation
integrated codes;

¢ Engage the broader HPC community to drive open standards towards the most effective solutions for ASC/NNSA.

Furthermore, to mitigate risks associated with next-generation platform technology, the IC program element must
actively engage with CS&SE on new platform architecture design and development to ensure that specifications for
operating systems, compilers, and libraries are consistent with proven programming models, and can be adopted by
production code teams. While new platforms and programming models will still impact codes and drive redesign and
refactoring efforts, this suggests that the program will balance the cost to achieve platforms at particular scales with the
cost to effectively port integrated codes to those platforms, such that there is an overall benefit from these investments.




2.3. Deliver advanced capabilities for QMU and uncertainty quantification
To advance predictive simulation and QMU, future simulation studies must assess the variability of predicted quantities,
given distributions of values for input parameters. The computational problem is to evaluate that variability, given a
large number of input parameters, each with independent ranges of possible values. Possible approaches include random
and structured sampling methods, reliability methods, and krieging methods. These methods are nonembedded, in that
they interact only with simulation codes through changes in input parameters and otherwise use the normal forward
simulation capabilities of codes. ASC supports development and implementation of these methods, through the FRIC
and V&V program elements, to provide analysts with the capability to perform QMU studies.

Just as with scalable algorithms, the program must continue to invest in developing new scalable algorithms and
methods for performing uncertainty quantification. Research directions with high potential for developing more
scalable methods include embedded methods such as adjoints for error estimation and sensitivity analysis, automatic
differentiation, and stochastic Galerkin methods. These methods are embedded because they require the calculation
of new quantities of interest within the simulation codes and often involve new numerics or solution algorithms in
addition to changes in the source code. The benefit of the additional software development is the ability to compute
uncertainty measures with improved accuracy and at a reduced computational cost.

The IC program element will need to determine requirements to guide the development of advanced methods for
QMU and uncertainty quantification. These requirements must reflect the dimensionality of the uncertainty problem
itself, as well as the character of the physical processes being simulated, and the required fidelity of the calculated
distributions. From these requirements, developers, analysts, and algorithm researchers can identify the needed
capabilities of future tools, including the mixture of non-embedded and embedded algorithms, and plan the future
algorithm research and capability development tasks for application codes and uncertainty quantification tools.

3. Broaden the Impact of ASC Simulation Capabilities in National Security
This final strategy is to increase the impact of the simulation capabilities of the ASC Program in national security,
both within the nuclear security arena, as well as in the defense and energy security arenas. There is strong interest in
ASC capabilities within the larger national security community, and this represents an opportunity and a challenge for
the program. ASC capabilities are unique in their breadth of application to complex phenomena and in the degree to
which they have been developed to employ advanced computing. As parallel, tera scale computing moves from being a
unique, costly, and difficult-to-obtain resource to a commodity product, the interest in using that computational power
to solve problems of interest to government and industry has grown substantially. And while ASC capabilities have
potential application in many public and private applications, it is in the national security arena that ASC capabilities
are truly differentiating and can have the greatest impact and value to the nation.

Having impact on other national security applications will not happen without focused effort. Experience shows that
extending existing capabilities to new applications involves additional capability development such as new material
models, source terms, and boundary conditions, as well as testing and optimization of solution algorithms. New
problems beget new combinations of physical phenomena, and existing codes are usually robust and verified over only
a small subspace of models and parameters. The challenge for ASC is how to manage additional requirements arising
from new applications and the expectations of new stakeholders. The benefit to ASC is that broadening its "footprint”
may help to stabilize the ASC investment in an increasingly constrained and uncertain budget future. There is also
potential for bringing in new resources, and to leverage those resources to sustain our core competencies, attract the
next generation of computational physicists, and maintain staff to support and improve codes for the complex in

the future.

Executing this strategy entails leveraging our current capabilities, identifying new opportunities, building
collaborations, and enhancing our capabilities for the broader security arena. Our path forward and next actions in this
area are less specific because much depends on developing relationships with organizations outside NNSA and DOFE,
and ensuring that we understand, and can add value to, the missions of those organizations. In the following sections,
we cover the key next actions that can foster and advance these relationships. These next steps are not exhaustive, and
the ASC Program will need to identify further steps and plans as these relationships develop.




3.1. Develop a business “prospectus” for major IC Program capabilities
The broad range of ASC capabilities and how they might apply to problems outside the nuclear weapons program are
not necessarily understood outside the ASC community. To educate the broader set of national organizations, each
major ASC capability, from integrated codes, through frameworks and libraries, should outline its capabilities, known
application areas within national security where it could have impact, and extended capabilities that could be developed
to enhance its value in national security problems. These descriptions can be used by the labs, as well as federal
managers, to engage potential partners in development of new applications of ASC capabilities.

3.2. Develop and support interagency partnerships in national security applications
Interactions between federal managers at ASC and federal agencies are important components of developing
program partnerships. Without the support of managers on both sides, it is difficult to establish commitments to
develop, deploy, and apply new capabilities. Therefore, it is necessary for the federal program to develop and
support interagency partnerships, and increase the ASC Program presence in the broader national security modeling
and simulation community. This can be through working groups with the Department of Defense, the intelligence
community, and other agencies with responsibilities in science and engineering (e.g., NASA, National Science
Foundation, etc.). Increasing the program’s presence can also take the form of program participation in new ventures
like the Capitol Hill Modeling and Simulation Exhibition. There is also benefit in increasing participation in technical
conferences, where federal representatives attend to identify new research that is relevant to their mission. Laboratory
personnel often participate in such conferences, but usually in the role of presenting research rather than developing
high-level programmatic relationships.

3.3. Develop enhanced capabilities for expanded national security missions
This is the least developed strategic area, since enhancing capabilities requires a goal or application in mind. Given this
ambiguity, however, there are specific actions and areas that should be explored, based on existing relationships outside
the nuclear weapons community, and the potential impact of the capabilities. These actions are as follows:

¢ Defining requirements for a national outputs and environments capability. This capability would complement the
ASC national portfolio, address applications in the nuclear security and nonproliferation arena, and strengthen
capabilities of interest to organizations such as the Defense Threat Reduction Agency (DTRA).

e Developing information-based technologies. Leveraging ASC capabilities in HPC to tackle "big data” problems has
applications within nuclear security, as well as considerable interest from other government agencies.

e Exploring ASC capabilities for decision support through, for example, integrating simulation with surveillance data,
and developing capabilities to simulate networks of complex systems. These areas are transformational extensions
of traditional physics-based modeling and simulation, but add considerable power through a broadened scope of
applications and dynamics. Enhancing the ability of modeling and simulation to answer questions posed by decision
makers in operational scenarios holds great value across a broad spectrum of applications.

Through such steps, and maintaining flexibility to adapt resources to new partnerships, the program should be
positioned to have an impact in the broader national security arena.




4.0 RISK ASSESSMENT FOR THE NATIONAL
CODE STRATEGY

The following risk assessment examines the current strategy by anticipating problems with its implementation and
effectiveness, and developing approaches to mitigate those problems. As detailed in Section 3.0, the strategy itself is

a mitigation plan to address high-risk exposures for the IC program element. However, the strategy poses risks in
terms of both uncertainty in its future effectiveness and in the ability to implement components of the strategy.

Table 3 summarizes these risks together with mitigation approaches for each. The highest identified risk exposure is
the inability to sustain the full code portfolio because of pending funding cuts to the program. The preferred mitigation
approach for this, given the need to sustain capabilities across the core stockpile application areas within the portfolio,
is to further increase modularization and consolidation within each of the code systems. Another risk is an inability

to fund implementation of the strategy, again because of limited resources. The mitigation plan to address this issue

is to prioritize the implementation targets for the strategy. These prioritized implementation targets are detailed in
Appendix B. Mitigation approaches for other identified risks have been integrated into the various detailed strategies in
Section 3.0, but are listed here for clarity and completeness.

Table 3. Risk Assessment for the ASC National Code Strategy

Risk Assessment

Risk Description Consequence
to Stockpile | Likelihood | Risk Exposure
Stewardship

Mitigation Approach

Increase modularization
and consolidation within
code systems to further
reduce maintenance
costs

National code portfolio not
sustainable; too many codes to High High
support given funding cuts

Define prioritized
implementation targets,
to adjust to available
resources

Code strategy is too ambitious;
inadequate resources to implement Moderate High Medium
complete strategy

Difficult to support national codes
usage across lab boundaries

Define expectations via

High Moderate Medium lab-lab agreements

Provide coupling
High Moderate Medium capabilities to increase
diversity of approaches

Lack of diversity in approach slows
development of predictive capability

Work with CS&SE on
platforms to incorporate
proven next-generation
programming models

Disruptive changes in platform
technology impacts code scalability High Moderate Medium
faster than we can manage

Develop improved
coupling and error
High Moderate Medium estimation algorithms;
work with V&V to assess
linkage errors

Linkages in performance codes
introduce large errors




5.0 SUMMARY AND IMPACT

This document has detailed the background, goals, and new strategies for the Integrated Codes program within ASC.
We have described the current objectives, the current program state, and the existing and future challenges. This is
summarized through a risk assessment that identifies important issues for the program, and motivates the development
of this strategy. We have described in detail the new strategy, including the establishment of a national simulation
portfolio, efforts to advance algorithms and codes to enable predictive simulation and QMU, and efforts to broaden
the program'’s impact in the national security arena. Finally, we have examined the risks associated with adopting these
strategies and provided additional recommendations to mitigate those risks. A high-level description and impact of the
current strategy on the program is given in Table 4.

Table 4. Impact of the Code Strategy on Future ASC Program

Focus Areas Current State Strategies Future State

14 modern + numerous 7 modern national
Integrated legacy codes across 6 Establish the capabilities
Simulation broad application areas National Simulation
Capabilities o ) Portfolio for End legacy development
(Application Core physics simulation Stockpile Core competencies
Codes) competencies Certification ) dp

established sustaine

Algorithms &
Tera scale computational programming models
science established (MPI Advance

Computational

programming model)

computational
algorithms to

supporting predictive
simulation at petaFLOP

science Basic capabilities enable predictive and exaFLOP scales
for uncertainty simulation and QMU Advanced capabilities for
quantification uncertainty quantification
and QMU studies
Capabilities for broader
ASC simulation Broaden the impact national security
Scope of capabilities focused of ASC simulation applications, including
Applications on certification for tail capabilities in NNSA nuclear security
numbers national security and non-proliferation
missions

The implementation targets related to the strategy are addressed in Appendix A. We have separated the strategy

content and its implementation in order to keep the main document focused on the goals, strategies, and ideas, and
to ensure that the ideas behind the strategy remain relevant in the event that the implementation plan is substantially
revised in response to budget and schedule constraints in the coming years.

This strategy represents the ideas and efforts of the tri-lab integrated codes leads and managers, and the ASC program
managers at NNSA. We believe the strategy developed herein will help the program to sustain its capabilities and
meet future challenges, and to operate in a focused and interdependent manner for the benefit of the nuclear weapons
complex. Adopting this strategy will mark a significant shift in the operational culture of the codes program, dating
from before the inception of the ASCI Program. It is expected that such change will pose difficulties and require
commitment from all organizations to succeed, but that the program and the laboratories see the necessity for change
and will work together to make the program a continued success.




APPENDIX A.
Implementation of the National Code Strategy

The prioritized implementation plan presented in Table A.1 provides a set of targets over the coming six-year period
from fiscal year 2009 through 2013. Given the nature of rapid change involved in the current program, it is not
appropriate to plan at this level of detail beyond this time period. It is expected that additional efforts will be required
to sustain this program direction and meet the program goals, and that additional implementation targets should be
identified as the current six-year period concludes.

The targets in Figure A-1 and Table A-1 have also been prioritized into two levels to provide guidance to the program
in how to manage the implementation given uncertainty in future budgets. The “theme” listed maps each target to
one of the major strategies in the main document, and the relationship between the two should be clear to the reader.
Rather than provide a more verbose explanation of each target here, the main document provides sufficient detail to
understand the ideas and intent behind the targets and should be used in translating the target items to determine
potential activities and deliverables in the program’s annual implementation plan.

2009 2010 2011 2012 2013 2014

A a
1 AgA A

Priority

IBI
Priority . . A ‘ .

Phase 1: Phase 2: Phase 3:
Planning and Deliver Core Extend Portfolio
Requirements for Consolidated (apabilities for
the National Code Simulation Future Needs
Portfolio (apabilities (2013-2014)
(2009-2010) (2011-2012)

A Establish the National Simulation Portfolio . Advance computational algorithms * Broaden ASCImpact in National Security

Figure A-1. Implementation Timeline and Major Phases for ASC Code Strategy




Table A-1. Prioritized Implementation Plan (FY09 to FY13) for the

ASC National Code Strategy

Phase Year Priority Theme Target
TSU 2009 A I End development funding for legacy codes
© Negotiate capabilities and support expectations for national code
z 2009 A I .
o portfolio with customers
=
5 2009 A I Plan for setup tool consolidation
:g 2009 A Il Initiate national FRIC planning
© 0
IS Develop national capability requirements for QMU and uncertainty
o 2009 B Il . .
£%5 quantification
8 o
17 2009 B i Develop prospectus and support partnerships for national IC capabilities
'r% 8 to impact national security
g Establish requirements and priorities for coupling of national code
= 2010 A | o
c capabilities
D
= 2010 A I Define tri-lab physical data APIs
% 2010 B Il Develop compact application suite for programming model research
T 2010 B I Define requirements for national outputs and environments capability
- 2011 A I Complete evaluation of code capabilities for engineering assessment
3]
g 2011 A | Deliver two national nuclear performance capabilities that consolidate
§ @ future development
§ % 2011 B | Complete evaluation of code capability for casting/manufacturing
o3 applications
33
9 = 2011 B Il Deliver advanced capabilities for QMU and uncertainty quantification
o O
> =
T8 Deliver an integrated national capability for non-nuclear assessment that
83 2012 A | :
- consolidates future development
N
= 2012 A I Complete setup tool consolidation*®
®©
T 2012 B I Evaluate leading indicators for next-generation software
implementations
2013 A I Complete implementation of tri-lab physical data APIs*

" 2013 A " Employ peta scale (10+ petaFLOPS) computing with improved fidelity/
© 5 performance on a mission-driven application
o 9
"% % 2013 B I Achieve required coupling of national code capabilities
% g 2013 B 1l Enhance capabilities for expanded national security missions
=g
m — . . . lrec . .
5 S Deliver national integrated capabilities for NEP Safety, HEDP, Diagnostics,
o8 2014 A I and Radiation Effects for Electrical Systems, which consolidate future
5 = development in these areas

L2
S ®
T & Consolidate transport capabilities for diagnostics, outputs, and

8 2014 B | oy

radiation effects
2014 B I Define algorithm scalability requirements for exa scale simulation

* This is the target date for completion. Planning will set a more definitive completion date.




APPENDIX B.
Taxonomy of Integrated Codes Program

Consistent with the ASC Business Model (July 2005), the IC program is organized into five Level 4 products as detailed below.

Modern Multiphysics Codes

This is a suite of large-scale, integrated multiphysics simulation codes and physics packages needed for the SSP,
including the classified codes used by designers and analysts to simulate the nuclear safety, performance, and

reliability of stockpile systems. The products are complex, integrated hydro, radiation-hydro, and transport codes for
performance assessment; design and analysis of experiments; general-purpose hydro and radiation-hydro problems; and
analysis of radiation and particle transport problems for a variety of applications. In addition, these codes are used to
simulate other dynamic events, including high-explosive, laser, and pulsed-power driven systems; subcritical and above-
ground experiments; ICF; and the response of energetic materials to thermal and mechanical insults. The codes are
designed to run in parallel and make effective use of advanced ASC computing platforms.

Legacy Codes

This product is the maintenance and limited enhancement of the suite of legacy and support codes historically used for
design of primaries and secondaries, and for engineering analyses. Legacy codes serve as established tools for nuclear
weapons simulation, with well-understood capabilities and limitations for stockpile stewardship applications. They
serve as reference points for the assessment of new codes, models, and algorithms. For designers, they represent a

link to the era of active nuclear weapon design and testing, provide well-calibrated reference simulations, and serve as
standards for evaluating the effectiveness of new simulation tools.

Engineering Codes

This product is a suite of engineering and manufacturing codes and supporting frameworks used for Stockpile
Stewardship activities, life extension programs, and SFls. Engineering codes support analyses such as thermal, structural,
and electrical/electromagnetic modeling of weapon components and systems under normal, abnormal, and hostile
environments. Manufacturing process codes support casting, welding, forging, and encapsulation operations.

Focused Research, Innovation, and Collaboration

This product is focused on research, innovation, and collaboration with other ASC elements, laboratories, and the
scientific community to develop future technologies, algorithms, and computational methods. This research enables
greater predictive capability by focusing on overcoming critical obstacles in integrated codes (e.g., the need for robust
efficient solvers, optimization algorithms, and innovations to improve code effectiveness). Exploratory efforts include
focused research projects, as well as basic research aimed at larger challenges. Activities include application-specific
computational science research, such as development of software architectures that enable application of new and
coupled physics, models, and verified algorithms to problems of interest. Research is conducted at the laboratories and
with academic researchers.

Emerging and Specialized Codes

This product explores emerging technologies that are not mature enough for use in the modern codes, specialty codes
that simulate complex processes in unique environments, and supporting codes for problem setup and analysis. This
suite of codes will change as new methods and new application-specific requirements are identified. Specialty codes
have detailed physics focused on applications (e.g., ICF laser-plasma interactions or direct numerical simulation of
turbulence). The supporting codes are application-specific problem setup and physics-based post-processing codes.




Integration of Integrated Codes with ASC Program Elements

Physics and Engineering Models (PEM): The PEM program element is responsible for developing models of physics and
material phenomena, as well as transport for particles, x-rays, and other phenomena. PEM includes the development,
initial validation, and implementation of those models into the integrated codes. The implementation component of
PEM must have requirements management, code testing, and version-control processes, and the planning of model
development, implementation and deployment for future code releases must be coordinated with IC.

Verification and Validation (V&V): The V&V program element is responsible for predictive accuracy assessments, metrics,
and methods that relate simulation capabilities to real world behavior. The IC program element develops the codes that
V&V assesses for accuracy. The V&V program element is also responsible for the ASC program's Software Quality (SQ)
process, including the SQ policy guidelines and assessments, and code and solution verification methods development.
Finally, the V&V program element is responsible for developing methods for uncertainty quantification, which must be
integrated with the IC tools in order to provide quantified uncertainties based on code predictions.

Computational Systems & Software Environment (CS&SE) and Facility Operations and User Support (FOUS): The CS&SE and
FOUS program elements provide Integrated Codes users with computing environments for all ASC platforms, including
capability, capacity, and advanced systems. For the ASC to have maximal impact, there must be close collaboration
between IC developers and platform and operating system developers. IC developers are dependent on the CS&SE
program element for system and development tools, including compilers, debuggers, optimized kernels, input/output
services, run-time libraries, and message passing libraries.




APPENDIX C.
Code Project and Product Terminology

In the ASC Program, the term “codes” is synonymous with software, and “integrated codes” is generally understood
as referring to the end-user software products that integrate and couple multiple numerical methods and
phenomenological models of physical processes to simulate complex physical systems in operating scenarios. To
understand the IC program element and strategy, it is helpful to have general definitions of software design and
architectural components that are used in developing codes and that are often the product or deliverable of specific
projects within the program. In particular, code suites, applications, frameworks, and libraries are defined below, and
their relationships to one another and overall code architectures are depicted in Figure C-1.
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Figure C-1. Multiple Tiers of Software Products in Code Architecture Designs, Driven by Modularity and Code Re-use.

The complexity in software design results from maximizing the modularity of code components and re-using existing
implementations of generic data methods and algorithms. The benefits of code re-use include leveraging development
cost across a large base of applications, increased robustness, and lower maintenance costs. Modularity is synergistic
with code re-use, in that reusable components are, by nature, modular. Modular designs also help manage complexity
in a large integrated software product. However, modularity and code re-use comes at the price of architectural
complexity (as exhibited in Figure C-1) and project management complexity. Managing software interfaces,
requirements, and project interdependencies is an ongoing challenge to any major software development enterprise,
including the ASC IC program element.

Code System or Suite: A code system or code suite is a grouping of modules used together to perform coupled physics
or multidisciplinary analysis, and share underlying software architectures, libraries, and/or data models. Code suites are
end-user software products that may be executables linking multiple applications with an in-core data model, or shell
scripts, that run applications and manage couping data via external files.

Application Module: An application module is a code that performs a specific class of problems. A module is usually
designed to solve a single dominant type of physics or mechanics, but may provide some tightly coupled multiphysics
capability. Modules can be end-user executables, or libraries linked into a higher level executable, that are executed by
analysts or designers to model and simulate physical systems and processes.




Library: A library is a set of software functions that can be linked into frameworks and applications to provide common
re-usable methods and functions. Libraries are defined by an application programming interface, which defines data
types and methods used to operate on the data. Libraries are products used by other developers and delivered in the
form of statically or dynamically linkable object code (termed a library file).

Framework: A framework is a set of related software elements that provide common services used to implement
algorithms in an application code. Frameworks are built around integrated in-core data models, where multiple
capabilities are interdependent through the data model. Frameworks are software products used by other developers,
are delivered as statically or dynamically linked libraries, and can range from monolithic to highly modular. A
framework may be encapsulated into multiple libraries.







