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Integrated Workflow (IWF) Project Overview

« ASC Integrated Project

Created by ASC program leads

Key goal is to deliver integrated [analysis workflow] capability to NW analysts
(focus on W80-4)

Includes: SAW, Cubit, Sierra, Ramses, Dakota, Slycat, FOUS, ...

~$5M/yr (commitments, not new $)

RLC (P1); Randy Lober (PO); large team of PO’s representing sub-projects
Management/administration as lightweight as possible

* History and Progress

R.L Clay JOWOG_34 201 7 of Energy’s National Nuclear Security Administration under contract DE-AC04-94AL85000.
L. y

Started late Q3 FY16
FY16 was info gathering

Q1 FY17 was planning, and getting teams aligned on integrated deliverables
« Sounds easy; wasn’t
« Planning workshop was very effective (Oct 2016, documented)

FY17 planning still being refined, but work is moving forward at pace
FY18+ planning will happen in April to sync up with ASC cycle
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* (W80-4) Use Cases & Requirements
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IWF Requirements Capture Process

 FY16
— Initial W80-4 staff interviews and requirements capture - Hoffman & Hough
« FY17

— October IWF planning workshop:
* Analysts present their use cases & requirements
» Synthesized rolled-up requirements and deliverables
» Deliverable traceability developed, mapping to requirements

— Detailed traceability worked Nov 2017
* Follow-up interviews with all W80-4 stakeholder staff
« Requirements->Deliverable gaps identified and partially closed
« Graphical traceability developed (MindMap images)
— Ongoing work
« Simplifying top-level goals/deliverables (add clarity; improve structure)
» Load balancing staff resources
« Additional deliverable resolution

Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia
Corporation, a wholly owned subsidiary of Lockheed Martin Corporation, for the U.S. Department
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IWF Requirements Capture Process

* Prelim user input — summer 2016

* QOctober 2016 workshop, followed by Randy doing a lot of
requirements data analysis

« The following eye charts give a sense of the analysis of
the relationship between rolled-up key deliverables and
requirements

— Looking for coverage (of requirements) and proper mapping

(between deliverables to requirements)

— 154 requirements doesn’t make for 154 deliverables

— We synthesized integrated deliverables that captured groups of
requirements, and started organizing around ‘themes’

— First cut was team-based; redux accounted for more cross-cutting
solutions

R.L. Clay, JOWOG-34 2017
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Model Building requirements, at Oct'17 IWF Workshop

- No Link To S-value
W80-4 Staff ES Model Requirements
(R values) =

No Link To D-value
model artifacts: track and rmanage
dependencies, allowing reuse of artifacts
R4z O
WE0-Dike Etnsembles: Provide easy way to generate © (Gath initial and downstream) that
parameters for madel inputs (simple geametry - - comman 1o multiple instances =
such as bolt sizes, wall thicknesses, and © RrRo128 =
Lolerances, model orientation, and fresh
| refinement level) - model artifacts: database model instances o Orient
(&) R-43 fa instance reuse
batwaen Hifferent srodics
Lober CAD-to-FEM: Provide capability to enforce a _
minimurm element quality evel for automatcally- ) R 11
>, 9enerated, scaled mesh ~ impraved model building: better suppart for WHO-johnson s-15
R=44 () thermal analysis in SAW Model Builder ©
&)
common GAD-to-FEM: tuming CAD assembly into
Soffietfing CUBK bety et impraved model building: complete Dobranich
5 —) Integratlos ssembly tools (from
RS D S e o cludie: o
s-z25-24 wa0-johnson Need capabiliy to easily add/remove Grouping of sub-assemblies inte directories [
& geometry and remesh &)
(S}
= improved model building: Provide capability (o Lober
s-225-24 W80 Dike Pre  provide improved meshing paradigms B :io inerimimy bouncs for model
Including morc oprions to use shell and tet = g 136 material  initial
elements and guaranteeing hex clements will Conditlons. and boundary conditions. -
(o) adiere 1o the actual geometric surfaces e A
External Deps = 0 - Iimpravac easLBUIIINGE Pravie cARaABIy 't CoBaE
Orient Provide full suite of geometry manipulatio " —, fefine.store edir, dispiay. and graphicaily
Toats within Cabit: specine capanimbes meatude NN B ir oo rhore Gn e Cs ) e s T
The SEACAS grenas and Solidwarks het of o= (&) & fnhanced geometric Tespective acceptance Criteria each on a per
gcometry manipulation featurcs processing & meshing model basis
Lober CAD-to.FEM: Provids capabllity 1o consiruct a improved model building: Provide capability Lober s-17
b autamatically __ for the User to define required Quantities of L=
Gifforant mesh density Raanllls) interest to hs comptited a% 5 Host (o
R ramant but with Idan el Geametne topeiogy as Processing activity as part af a user defined
& theinital mosh. Lty
Wa0-Dike Provide capability to manage rolerance stack— e Necd bertor capabiliy to creare, assers, and
ups’ S R-95 D repalr radiatio 1o’ SAW Model
= b. Mesh-based Builde
model assembly
s-34 Orient generate a family of meshes at once, behind  —/ o i
1= o the scenes Sighssl 120 Model nulider ~ provide casy contact serup by WBO-Dike
(= o =2 surface and by blo <
o
5-2 5-24 Sarah Scott meshing: ensuring mesh quality during mesh i
= P — N .
S . refinement (poor elements get worse) Provide capability for Model Manager to W80-Dike . 5-11
[=, | 1. Model Building interactively assemble madel, BCs, ICs, 1S
L J — materials, and perform (ga checks and save
s-145-22 Orient meshing: abllity to reliably gencrate and solve this pracess as a workflow element/nade ro
really large meshes for solution verification. be run In batch mode as part of a larger
This 4iso needs 1o address usabiliy of large wor =
h models within Cubit (addressing hos ST ©
long they take to load) open from disk, and if
users can caslly manipulate/rotate/zoom Rl108 M) Model Bulider - Model tree structure | W80 Dike
compared to comercial viz tool performance). o <
(S
RlTos o) Mode! Builder — Capability for turning off W80-Dike
Orlent libraries: abliity to created librarire e
databases of mean model, best m "\udel =) R-38
o cali with inties, us: _
¢ . Model Builder — Export to different analysis —Dike
RT07 ) Model Builder — Export to different analy WE0-Diks
Cheryl Lam libraries: database or library of electrical - - 1=
evices and assoclated callbrated (including (=) R-39
(o) Uncertaintics) parameter sets Provide capability for a robust material
= assignment tool for mapping rmaterial
Bp140 assignments from one model to another
516 __ W80-Johnson, WE0-Dike libraries: database or library of constitutive/ Within SAW
1S4 material models, associated parameter sets, =2
nd Uncertainties
— Model Builder = Display model by material —
raries: database or library of standard parts, o
eshed appropriately for different tasks, & r-a1
along with any pedigree and/or U odel Bullder — Display modsl conpectivities —Dike -
9 v pedig Jor UQ —— Model Builder — Display model crivities | who-Dike 525
Cheryl Lam K pr adets: and
translai ferent model variants @ ro33
o with GsiFerar sHeulation wols Elicipristivaiibrais ESalllcy Vodd Bulider—Display boundiary and ) WE0-Dika o £225
Cheryl Lam “bootstrapping” models: mechanism for re- —
ing, extanding design phase models for  (CINEEEN
more rigorous activitics
o __ modular (plug-n-play?) modeling: ability to Cheryl Lam;
R-36 (O swap models in and out/use models at
so Cheryl Lam modular (plug-n-play?) modeling: means of diftetanis levilsof medel hisrarchy o
assembling full system electrical models. &l -
possibly across « range of model types (more (=] R-35
o come once we actually decide what an — modular (plug-n-play) modeling " WB0-Templeton
| integrated full system electrical model is) iecampose apment of system models,
= Raakicl i Sl Ll i e
obtained from component group:
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Mode! Builder - Display madel by material

Model Building requirements, after analysis
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Chend Lam, WE0-Dike modular (plug-n-play?) modeling: ability to swap
——————— odels in and outiuse’ models at different levels of

model hierarchy

>g

modular (plug-n-play?) modeling: means of
assembling full system electrical models, possibly
across = of model types (more to came once
we actually decide what an integrated full systom
electrical mode is

R.L

Clay, JOWOG-34 2017
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6. store. edil, display. and graphically plot one

&

nce criteria each on a per model basis
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ana -

parameter sets

“bootstrapping” modeis: mechanism for re-using.
extending design phase models for more rigorous
activities

Gheryl Lam

" dols: and
transiation of differant model varants associated
I

weith different simulation tools

Cheryl Lam
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Deliverable Reference — part 1

D Value Deliverable Title Theme

D1 Provide full functional SAW Cubit 2.a.

D2 Cubit Pre-Analysis Verification Tools 1.b.

D3 Faster/Bigger Cubit Serial Tet Mesher 1.a.

D4 Parallel Tet Mesher 1.a.

D5 Tet Mesh Scaling for Solution Verification 1.a

D6 Next Generation Workflow (NGW) 3.a. & 3.c.

D7 SIMBA Features in Integrated Framework 1.b.

D8 Simulation Data Management (SDM) - Tagging & Branching 2.b.

D9 Slycat/SAW Integration 4.c.

D10 Visualization Tool/SAW Integration 4.a.

D11 In Situ Simulation Results and Automated Post Analysis 4 a.

D12 Provide Improved Sierra/SAW Integration 2.a.&2.c.

D13 Catalyst integration into all Sierra modules 2.b.

Sandia National Laboratories is a muli-program aboratory managed and operated by Sandia Sandi
R.L. Clay, JOWOG-34 2017 of Enoray s Nationl Nuciear Securiy Adminiirationunder contract DE-ACO4 S4ALBSO0, | Na?idulr?al
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Deliverable Reference — part 2

D Value Deliverable Title Theme
D14 Provide Extended output capabilities TBD
D15 Metadata propagation/preservation within Sierra 5.c.
D16 Dakota Examples Repository 2.a.
D17 Dakota Visualization and Insight 2.a.
D18 Improve Dakota/SAW Integration 2.a.
D19 <removed>

D20 Support Ensemble Parallel Modes TBD
D21 V&YV Specific New User Training 2.c.
D22 Provide Credibility of Workflows TBD
D23 Provide Solution Verification Workflow TBD
D24 Advance Ensemble Analysis Capabilities 4.c.
D25 Dakota Steering TBD
D26 Report Generation Framework hardening 4.b.

R.L.

Clay, JOWOG-34 2017
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Deliverable Reference — part 3

D Value Deliverable Title Theme
D27 Geometric Tolerance management TBD
D28 Export Model to external analysis codes TBD
D29 Uncertainty Management at Workflow level TBD
D30 Model Assembly 1.b.
D31 Library Capability Across Projects 2.b.
D32 Improved Repository Searching 2.b.
D33 Code Deployment Plan 2.C.
D34 Validation Metric Library TBD
D35 Metadata creation and retention TBD
D36 Improved Job Submission Process 3.b.
D37 Improved Job Submission resource leveraging 3.b.
D38 Human in the loop Workflows 3.a.
D39 Workflow Customization 3.b.
D40 Universal Journaling TBD

R.L. Clay, JOWOG-34 2017

Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia
Corporation, a wholly owned subsidiary of Lockheed Martin Corporation, for the U.S. Department
of Energy’s National Nuclear Security Administration under contract DE-AC04-94AL85000.

SAND2016-7247 PE

Sandia
National
Laboratories



IWF Capability Development Themes

* Integrated Model Building

» Workflow Automation
 Ensemble Analysis

* Analysis Insight Assistance
* Infrastructure (“trail blazing”)

These “themes” provide an organizing
structure for the IWF project

Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia

R.L. Clay, JOWOG-34 2017
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Outline

* (W80-4) Analysis Pain Points

R.L. Clay, JOWOG-34 2017
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Analysis Pain Points

* Time (Speed)

* Credibility

« Data Management

* Process Management

« Scalability (Problem Size)

« Complexity (Human Factors)
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Analysis Pain Points — Time

* Time is the top-level driver — analysts need more time
« Time is entirely cross-cutting

« Every aspect of analysis impacts time

— Problem setup (e.g., meshing, model building, workflow building, ...)

— Simulation execution (e.g., running ensembles, debugging failed jobs, ...)
— Results analysis (e.g., visual analytics, graphics generation, ...)

— Report generation (e.g., automated assurance info, ...)

* It's a zero-sum game — time spent on one thing reduces
time to use on another
* Bottom line on time

— We need more time spent on analysis
— And less time spent on using the analysis tools

Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia
Corporation, a wholly owned subsidiary of Lockheed Martin Corporation, for the U.S. Department
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Analysis Pain Points — Credibility

« Can the result be reproduced?
— Repeatability is mandatory (not just by the same analyst!)

« (Can the result be verified?
— Demonstrate solution convergence

« Can the result be validated?
« Can the workflow be shared with another analyst?

—  Workflow must be portable (user agnostic)
« Credibility of ensemble analysis is crucial as automated
processes dominate

— One example: auto-generation of QOI plots

« Bottom line for Credibility

— Must be an integrated part of the workflow — not increased overhead/work
— Reproducibility & sharing of workflows must be standard procedure

Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia
Corporation, a wholly owned subsidiary of Lockheed Martin Corporation, for the U.S. Department

R.L Clay JOWOG_34 201 7 of Energy’s National Nuclear Security Administration under contract DE-AC04-94AL85000.
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Analysis Pain Points — Data Management

« Data management underpins assurance and credibility

« There are many aspects of (requirements for) data
management

R.L. Clay, JOWOG_34 20 17 of Energy’s National Nuclear Security Administration under contract DE-AC04-94AL85000.

Tracking (and using!) meta data from design through analysis
Automated data capture as part of analysis workflows

Analysis data repository with versioning, dependency tracking,
provenance, ...

‘Archival’ — this is used to certify NW system requirements
Full security model — kerberos, NTK, Sigma 15, ACLs, team based, ...

Distributed computing environment
* jobs run on local and remote machines
« ‘central’ database

Open-source, portable solution

Scalable solution (user’s archiving 1 TB runs these days, and we expect
that to grow)

Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia
Corporation, a wholly owned subsidiary of Lockheed Martin Corporation, for the U.S. Department
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Analysis Pain Points — Process Management

« Process management essentially is workflow

« There are many aspects of (requirements for) process
management

R.L. Clay, JOWOG_34 20 17 of Energy’s National Nuclear Security Administration under contract DE-AC04-94AL85000.

Automated analysis workflows — time saving, key to reproducibility,
sharing, lowering complexity, ...

Ensemble analysis workflows are the new normal
Simple to build, run, share, debug, save, modify, ...

Intuitive — should be able to see a workflow and make sense of it without
being a ‘workflow expert’

Open-source, portable solution

Scalable solution — works on ACS-x systems

Extensible — easily add [user-contributed] components

Full security model — kerberos, NTK, Sigma 15, ACLs, team based, ...
Distributed computing environment

Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia
Corporation, a wholly owned subsidiary of Lockheed Martin Corporation, for the U.S. Department
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Analysis Pain Points — Scalability

« Growth of computing resources will continue

Support for ACS-x systems is a key deliverable

« Scalability is a cutting pain point — it all needs to scale
« Scalability requirements are embedded within:

Process and Data management of ensemble analysis workflows
Model creation tools for generating large scale models
Preprocessing tools capable of scaling up existing models for convergence work

In Situ visualization and automated post-processing of quantities of interest (user
configured)

Advanced methods to harvest and aggregate ensemble data and quantities of
interest (at scale)

Framework to support automated report generation (reduces analyst burden of
manually creating and recreating large numbers of similar QOI plots/images and
locating them into a report format)

« Bottom line — workflow capabilities need to operate

smoothly at scale

R.L. Clay, JOWOG_34 20 17 of Energy’s National Nuclear Security Administration under contract DE-AC04-94AL85000.
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Analysis Pain Points — Complexity

Reducing complexity improves everything, basically
Simpler means easier

Easier to build, run, share, test, debug, understand, ...
More intuitive — look at the workflow and understand it on sight

— Ease of use can be strategic

Simpler and easier means:

Faster (less time messing with tools; more time analyzing the problem)
Fewer mistakes

Easier to explain to others — simpler to share [workflows]

Promotes reusable components — user provided

Fewer ‘exotic’ solutions [that one person understands]

Very sophisiticated workflows can be constructed from

relatively simple components

R.L. Clay, JOWOG_34 20 17 of Energy’s National Nuclear Security Administration under contract DE-AC04-94AL85000.

Make it as complicated as it needs to be
But no more so

Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia
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Outline

« Conclusions

R.L. Clay, JOWOG-34 2017
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Conclusions

* Analysts want to spend less time on the tools, and more
time on analysis.

« Analysts want to gain fidelity and credibility of their work
without adding time and complex processes.

* Analysts [develop and] use workflows, although not
necessarily with workflow management systems.

* Analysts are willing participants to help define better [ASC]

L]
solutions.
Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia .
Corporation, a wholly owned subsidiary of Lockheed Martin Corporation, for the U.S. Department Sal'l_dla
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R.L. Clay, JOWOG-34 2017

Questions?

riclay@sandia.gov
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Save that one for the panel!

R.L. Clay, JOWOG-34 2017
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