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Workflow for Dummies / Rocket
Scientists — Panel Questions

« What applications are driving workflow capability

at your lab?
 What is your current workflow capability”?
* What level of effort are you investing?
* What is your current focus?

* What does a workflow capability look like in
20257
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Simulation-Based Stockpile Stewardship

Moving away from test based certification

Results
Processing

DSM/ASM Analysis Model
Development Development
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Uncertainty Quantification / Optimization

Simulation

How credible are my simulations?

PDM Database SDM Database

Can | support my analysis data?

Do | understand the pedigree of my

engineering assertion? ‘
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Typical Analysis Workflow — Many tools,

many files

Design Solid
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"\ (Solidworks File)
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Meshing Model Assembly imulation Processing

COTS Analysis
Codes

COTS Analysis Input File
Nastran .BDF
ABAQUS .INP

COTS Analysis Output File
(Nastran, ABAQUS)

Post Processing

Sierra
% Concat [==n ==
/| (EPU)
/ \ Ensight SOS Files
xodus |
+ Results |

Sandia Analysis
Codes

ASM
ACIS Geometry |
(*.SAT, *5AB) / |

{ 3 ParaView

Materials | :
WISDM i
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Solid Model + Mesh

+ + adata
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Sandia Analysis Workbench

Solid Model + Mesh + Physical +
Simulation Metadata

- The analysis process involves many (stove-piped) tools that generate a large
number of artifacts, which must be managed by the analyst.

- SAW Vision: an integrated environment for these tools
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SAW is a Collaborative Modeling &
Simulation Platform

SAW products contain contributions from multiple teams
throughout Sandia:

SAW was recently open-sourced

SAW core framework (org 8900)

Cubit (org 1500)

Dakota Ul (org 1400)

V&YV Visualization Tools (org 1500)
Analytics and Visualization Tools (1400)
PLATO — Topology Optimization (org 1500)
Electrical Analysis Codes (org 1300)
Computational Mechanics Codes (org 1500)
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Model Assembly Workflow

« Experimented with using Generic Components to script
server-side assembly
* One generic component for each Cubit part
* Generic component for assembly script (Gen3d)
* Run as a linear sequential workflow; Cubits could run in parallel

« Edit journals for each part locally, experiment with local cubit,
then run

* Next: assembly script generation

o o Model Builder - Example_Files_For_Testing/Modi y mbly_files/part2/part2.jou - Sandia Analysis Workbench

Generic (part2)

el GHe Q- s B . O Y ‘ B 88 Team | ® Model Builder | # Project Requirements
- *Model N [~ Power Too = O |[@DARTLi [@Assembl %2 [T Settings| = O | g *Model View - unsaved [~ XYPlot =g
IS WM b : JIFIIRIRUR2RAQINEID W EE s &
v @ “Assembly
» T assemble
Vi
il part1.jou
» 7 Simulation Job
v par2
i *part2.jou
» 3 Simulation Job
7 Parameter Studies

APREPRO

v
A

AY4
B @ SoH /o 0

[] slurm-24468570. (@ part1jou [ assemble.sh [l *part2jou 2 % =0
1bri x 10

.

mesh volume 1
block 1 volume 1
export mesh 'part2.g' overwrite

N & Console | (7 Machines Pro; 52 @ Internal Web Browser | €] Error Lo v=a
2 Job Status R $g v=0 e 8 ! FgFrogress 9 wser| %) Error Log x

o § N No operations to display at this time.
Showing 4 jobs, 2 filters are active.
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PLATO - Topology Optimization

» Powerful topology
optimization
capabilities in an
environment that
makes them easy to
use

« The PLATO product
is built on top of the
SAW architecture

» Leverages SAW
geometry/meshing,
graphical model
attribution, HPC job
submission and
monitoring

R.L. Clay, SOS-20
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£ "Model Navigator [ Power Tools =8

B €S ERBR
» g a_bracket KG
> g adaptt
» % adaptive_mitchell

> g bracket_anaiysis
> g bracket_analysis2
» g bracket_analysisd
» ¥ cylnder_under_toraue
» 9 demo
» g Demo_hanging load
» g gaiser_brackat
» g gaisor_bracket fino_mosh
» g gaiser_bracket fine_mesh_min_fixed
» @ gaiser_bracket_half_symmetry_tet
» g housing
> g Lantern_1M
> g Lantern_720
» g Lantern_800
» 9 lantern bracket
» g lantern bracket_save
» g lantern_comp_a_r1
» g lantern_comp_a_r1points
> g lantern_comp_a_r2
» g lantorn_comp_s_point2s.
» g lantern_comp_s_point2s_mult_itor
» g lantern_comp_s_point7s.
» g lantern_sd
» g lantern sa2
v “Lanterns

v ) Geometry/Mosh

» @ nigh_res_lantern

» @Lanters
» @ Timestep1o
> @ Timestep100
TimeStep1s.
Timostep20
Timestep2s.
Timestepao

g
F
z
H

TimeStep80
Timestepss.
TimeSteps0
> @Timostepds

» {@albany

FF Parameter Studies

> g mitcheil
» g mitcheilfrom scratch
» g mitchellfrom_scratch2
» g mitchelLfrom_scrateh2_now
> @ mitchelLfrom_scratch3
» . mitchell_mosh_var
» g mitcheil s
» g mitchellsd_from_Tom
> @ mitchei2

H
g

» g now_me_glory

» g new_me_half_chama

» g new_me_half_redsky

> g new._me._half_skybridge
» g now_mo_redsky

> narametarizad bracknt

[ Settings _(fj} Command Panel =0
@ Geometry/Mesh: 'high_res_lantern'
CubFie | /users/bwolark/CompSimUiModeisLan

journal Fle | /Users/bwelark/CompSimuiModois/Lan

Mesh File  /Users/bwelark/CompSimUiModeis/Lan
Next Stops:

© Execute Geometry/Mesh Node

3 dob status ¢ $§% v=0

Showing 140 jobs, 2 fiters are active.

Job Name stage
il s lantorn Submitted
 domo2 Finished
 domo2 Finished
£ demo Finished
£ lantern_bracket Finished

demo Finished

i domo Finishod
£ lantern_bracket Finished
& tantern_bracket Kiled
& lanten_bracket Kiled
i lantern_bracket Kiled
i lantern_bracket Kiled
i antorn_brackot Kiled
£ lantern_bracket Finished
£ lantern_bracket Finished
£ demo2 Finished
£ domo2 Finished
£ domot Finished
i demot Failed

0 “Model View - high res_lantern

2@ @2 oA +E

5 Machines | & console 22
CUBIT Console

No entities found for color command

CUBIT> list vol
The 1 volume id is 1

Journaled Command: list volume

CUBIT> color vol all red

CUBIT>

VIPOIRILURAROIN NI D

EX

|M@wng =0
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DAKOTA Ul: Electrical Workflow (XYCE)

® O O Model Builder - SAW_Scalability/SimpleModels/Clipper_files/xyce/clipper.cir - Sandia Analysis Workbench "
- | o n GA Qv 5y g0 5?'5" y y y v ( Quick Access j‘ ‘ : ‘&jTeam ¥ Model Builder 4y Project Requirements
2- Model Nav [~ Power To = O ||[7] Settings = O || 2 clipper.cir % 1l Model View - unsaved =R
T E¥RERR Y A DAKOTA Study 'R1_R2_Sensitivity' 1 Diode Clipper Circuit O
» ¥ calibration . :E:i - ?6}
v @ Clipper Bl DAKOTA Help | *{R3 = 5.3}
v T xyce ] - 5*{R2 = 8}
B clipper.cir |= Input File | /Applications/Sandia_Analysis_Workbench_v2.2.0_RC o x
» 23 Simulation Job [Finished (Succ|| €3 Submit Study '* Voltage Sources
: ZVCC 1 @ 5v
v &F Parameter StU| || 2 Clean up Stud JVIN 3 0 oV
_._R1_R2_Sensitivity [Executing ( SR UD Siudy 0% Analysis C d
. i & Stop Dakota Job ) na ysis Logman
»@4environment 11.DC VIN -10 15 1
s¥interface 12 * Output
2 method Dakota Results 13 .PRINT DC V(3) V(2) V(4)
#¢ model Sample Name R1 R2 - V2 - V3 - L * Diodes
ﬁ\-)responses S lel 2.0 73 0 15D1 2 1 DIN3940
F ample . . 000 000 1602 @ 2 DIN3940
> (g variables Sample2 1.4 7.3 5.63006... 1.50000... -7 17 * Resistors
v [.iSamples Sample3 1.6 7.3 000 000 o L&R1 2 3 {R1}K
> i Sample1 [Executing] Sample4 1.8 7.3 5.61805... 1.50000... -¢ 19RZ 1 2 {RZ}K
» dlisample2 [Finished] Sample5 2.2 7.3 5.60790... 1.50000... -1
> i Sample3 [Executing] Sample6 2.4 7.3 000 2727273 © |73 Job Status 5% =g Progress $ 5 v= 0
» fliSample4 [Finished] = — — —— — » -
» dliSamples [Finished] Showing 84 jobs, 2 filters are active.
» i Sample6 [Executing] &) Console % |= Machines 8 || [job Name Stage Queue Status |Submit Date
» @i Sample7 [Executing] _ g @ Sample8 Executing in... 2015-10-09
. - = LH - v T
» dl§Sample8 [Executing] i bmitti = % | * LB & ‘ =0 Sample7 Submitted 2015-10-09
» # UniaxialTension clipper - submitting Sample6  Submitted 2015-10-09
Pushing file: /Applications/Sandia_Analysis_Workbench_v2.2 Samplel  Submitted Idle 2015-10-09
0% 50% Sample3 Submitted Running 2015-10-09
.......................................................... Sample4 Finished Completed 2015-10-09

gl

A 1item selected Command watcher R &

First demonstration of user-defined workflow components, enabling
users to wrap virtually any mod-sim code
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Simulation Data Management

Team-based configuration management and dependency management of analysis data.
Central repository for archiving pedigreed models and simulation-derived knowledge.

DSM/ASM
Development

Design PDM
Repo
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Analysis Model
Development

ﬂ

Mirrored
Structure

Simulation

- -

Uncertainty Quantification / Optimization

Project i
Workspace

Directory

7 >

SDM Repo

Processing

-, Project Navigator

> ujAnaIy5|sFoIder
> ﬁ Deleted Items
v {5 Examples
> (4 Test
> % Ubomb
v £ Uniaxial
v £ FullModel
» {2 notch.g [1/1]
4 EB notch.presto.template.i [2/2]
> #ff1 notch.template.jou [1/1]
» £ run-elhoffm-01
> {ift geometry.jou [1]
> @ mat_l.mdf [1]
> iff mesh.jou [3]
> (i Models
> (s MovieSnippets
> |5 SAW_Training.pptx [1]
> E;WorkProductsD&umenthIder

» {3 MNB_analysis Onflguration
» {=3 MyProject
Management

Projects

S oA K
Dec2014Training

[ Properties |5 Team Members 2 = g8

=0

Role

Team Lead
Team Member
Team Member
Team Member
Team Lead
Team Member

[ S PR R

'Name v
Friedman-Hill,Ernest J.
Garcia JR,Ricardo Manuel
Gibson,Marcus J.
Gomez,Steven Paul
Greenfield,John Andrew
Grieb,Neal Phillip

Teams/Roles

Sandia
r“‘ National
Laboratories




e

Job Submission Tools

Simplifies the process of running simulations in a diverse computing environment.
Remote simulation jobs and data are managed as if they were on the analysts desktop

1000

Edit configuration and launch.

dit Configurat

Select the code and machine for the job submission, then select an execution template. Set the parameters of the job
submission
Ginout files. auese. number of nodes_ioh time. etc) under the Resources. Machine. and Fxecution Instriictions tabs.

@

P & .
Name: [far_field_pressure ) 7 Job Status §3 X (B
( = = N . y )
[E2main] 5 commn| &, APC Repository Showing 38 jobs, 1 filters are active. |
Code: [presto )
Execution Template: | presto-glory . o
vaching: [y B Job Name Stage Queue Status Submit Date Machine - — —=
[ Y v fileB Finished Maon Nov 07 0 local % glory 2 1 JEIEIRA @
Resources | Machine | Execution Instructions
v i -
Quese . fileB Finished Mon Nov 07 O local Jgscratch/elhoffm/JoeDemo2/Files
3 . v SV5.i(2) Finished Mon Nov 07 O local
emote Directory: Jgscratchl, } hed laeal Size | Modified
i P v OS5 (2) Finishe: Mon New N7 NA: e Al
= Crrrer Ry DA v _( ) nished “ Refresh = 3_point_bend_testL.i 7.9KB Nov 3, 2010 1:00:07 P,
. » o
Number Of Processors: [2 PPN 16, Nodes: 1 V5.0 (2) Finishe M ] 3_point_bend_testla.cfg 284 bytes Nov 3, 2010 1:00:16 P
Job Time: Hours: [ Minutes: [0 Seconds: [0 v S¥5.i(2) Finished Completed w3 Delete ® [2) 3_point_bend_testla.g 1MB Nov 3,2010 1:00:09 P)
Account: FY092692 = v SYS.i(2) Finished Completed L Kill job [2) 3_point_bend_test1a.g.4.0 322 KB Nov 3,2010 1:00:16 P|
v SY5.i(14) Finished Completed T View Submit log [4) 3_point_bend_testla.g.4.1 355.9KB Nov 3,2010 1:00:16 P
v simple-case-inches-coarse Finished Completed TU  View Post log [2) 3_point_bend_test1a.g.4.2 385.2KB Nov 3,2010 1:00:17 P
@ simple-case-inches-coarse Submitted Removed Ty <% Link Selection 2] 3_point_bend_test1ag.43 3459KB Nov3,2010 1:00:17 P
imple-case-inches-coarst Killed Removed - Ry ) [5 3_point_bend_testla.lbd.err 0bytes Nov 3,2010 1:00:16 P
ol nch dod 4 [ View Remote Files 7 3_point_bend_testla.lbd.out 2.1K8B Nov 3,2010 1:00:16 P
8 _simple-case-inches-coarst Kille Removet T 3_point_bend_testla.nem 204.7 KB Nov 3,2010 1:00:16 P o
# Terminal 3_point_bend_testL 588 bytes Nov 3, 2010 1:00:16 P,
—_ e _ I _point_bend_testla.pex ytes Nov3, 16 P v
Job Status View € =
o atus vie 0
@ I I I[_ tfawofsos m
V

Remote File

Job Submission Dialog View

FYEIE

(3 Machines X @eE v=0)

Project l
Workspace

Local Project Files
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E@redsky ssh://redsky.sandia.gov.
[Z>skyb... ssh://skybridge.sandia....
[#5chama ssh://chama.sandia.gov...

Estimate Job Start for Processors: | 16 ; Hours: |1 \; Minutes: 0 acy

Name URL % Utilized |Estimated Job Start for: 16 pra |
[Zuno ssh://uno.sandia.gov/fs... 15% Immediately (2015-04-...
[Zglory  ssh://glory.sandia.gov/f... Immediately (2015-04-...

Immediately (2015-04-...
Immediately (2015-04-...
Today in 1h 6m (2015-...

HPC Distributed Data

Machines View

mh
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SAW Model Builder

Integrated Graphical Model Building Environment

Model Viewer

Cubit

\

Properties Editor

/

Geometry

& Mesh

v

Sierra ™™

Problem
Definition

Sierra
Job

Remote
files

UniaxialTension
@ Geometry/Mesh
» [7)]Journal
% Assemblies
» & Volumes
» 5 Groups
» @ Blocks
»> % SideSets
» 4 NodeSets
It Boundary Layers
42 Sierra Solid Mechanics
» 4ABoundary Conditions
8 Constraints
& Contact
»1_ Coordinates
» @ Description
% Failure Models
» @ Finite Element Models
» I Functions
@ Initial Conditions
2]Loads
» @3 Materials
»Q, Output
» -Procedures
» i Regions
*— Rigid Bodies
» @ Root
[ *Sections
» © Solution Control
» %Y Solvers

v &3 Simulation Job
ﬁ » (%> Working Directory

BE Parameter Studies

DAKOTA
Study
Definition

@i

v i VaryBeta [Failed (Job exited with error status)]
»#2environment
sVinterface

# model

fiiresponses
» (7 variables
»[1Samples
» L5 Output Fil

tem selected

[ ] Model Builder - Sandia Analysis Workbench
| ) ENC R == J B &8 Team @ Model Builder wﬁa Requirements
- Model Navigat(;r [~ Power Tools =08 n Set(ing; =8 ‘l‘ Model View - UniaxialTension
=% ¥ @ 1% Y ® Method 1 message detected © FIFTIIRISUE 2R3 9 D)

Select a category and type

category: Parameter Studies
Select Other ...

type: centered_parameter_study a Select All
Reset Zoom
Centered Parameter Study Details Refresh Display
All Visible
Step vector
Zoom To
Variable Value Rotate About
beta 0.1 Fly Into
Locate
Draw
Refresh Graphics
Isolate
Toggle Visibility
B Create Volume
X < Create Surface
X Delete
i @Y 89/ -
Number of steps per variable L — EModify
Variable Value ) Console | [ XYPlot % &g Progress| @ % Transform
beta 3 - B imprint
Display
& | mefm m 4k A€ mesh
Plot View Delete Me.sh
0.47- Reset Entity
04 4 \ Show Quality
. 5 oS- Mesh
.~ A . = m — <=1 A | |
“7 Job Status | 5 Machines 2 BE R« o @ Exodus
Estimate Job Start for Processors: | 16 C| Hours: 1 C| Minutes: 0 z Apply Loads
Apply Boundary Conditions
[C} Reset
Name URL % Utilized Estimated Job Start for: ~ List Information
[Z>red... sshi/redsky.sandia.... Immediately (2016-0... { | |
[Z>sky... ssh://skybridge.san... Immediately (2016-0...
[Z3uno  ssh://uno.sandia.go... Immediately (2016-0...
[#ch... ssh://chama.sandia, Immediately (2016-0... : : : -
[Zlocal file:/localhost/ 1000 1020 1040 1072.76

[

DAKOTA
Samples

R.L. Clay, SOS-20

HPC Machine
Status

Uncertainty
Data Viz

Graphical model
assembly

Cubit Viewer

gvy

vvyVvyy

: fixed displacement

fixed rotation
> prescribed acceleration
prescribed displacement
prescribed rotation
> prescribed rotational velocity
prescribed temperature
prescribed velocity
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Metrics show widespread adoption of SAW

SAW Usage Metrics (Quarterly)

600 170
550 155
500 f 140

450 / 125

S g
a 400 110 @
E S
350 95
=|mpact
300 80
Logins
250 /\/ 65
200 50
T - NOT - NDET T NOT = NODT—N®T — N O
cNeclclcNecNcNcNcNeNecNcNecNeNecNecNeNeNeNeNeNeNeNeNeNe)
gooocDP\—x—‘—NNNNmmmmvvva"“_’QE
cEbiTrrrTiELITiEEEibEcece
uarter

“Impact” represents staff who own data in our repositories
“Logins” are unique users of our data management service
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Scale of Sandia’s Effort

 SAW (core workflow integration capability) is
about $2M/yr (~ 5 FTESs)

 |Integrated Workflow (IWF) Project includes
SAW, plus about $2M/yr (~ 5 FTES)
collaborative effort — hence, ~$4M/yr (~10
FTES)

* Plus, there are other investments that provide
enabling capabillity (e.g., Data Warehouse,
Scalable /O, electrical visualization capability,

)
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Sandia’s Current Workflow Focus

 |Integrated Workflow (IWF) Project is the brand

new umbrella project effort (RLC PI)

» Core focus for that effort is enabling analysts for

NW mission

— Faster model building

— Faster problem setup

— Faster problem execution

— Faster/better post processing / analysis

» Bottom line: we want to get the tools out of the

way and have analysts spend their time on
physics and engineering, not mastering the
tools.

R.L. Clay, SOS-20
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Current Workflow Focus (cont)

« Extending computational mechanics workflow
capability (V&V/QMU workflows)

* Enabling electrical analysis workflow to full
production state (FY17 L2 — calibration
workflow)

* Continue to advance our Dakota / V&V
capabilities — applies to all physics domains

» Continue to advance scalability of workflows
(Trinity workflows, ...)

« Community engagement (SDM with LLNL, ...)

) ieon
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Workflow in 20257

Guiding Principles

Everything is a workflow
V&V everywhere
Component architecture
Federation and cooperation
Data-driven, not hand-coded
Small-, meso-, large-scale

R.L. Clay, SOS-20
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Workflow in 20257

Analysts are 100x More Effective

* Model-building becomes simple
- Virtual “Parts Library / Warehouse”
- Anything that can be automated is automated
- “Smart” components

« Workflow execution becomes effortless
- Express what you need, not how to do it
- System finds and manages resources to get the job done

* Analysts only need to think in their domain (not struggle

with the mechanics of running simulation and analysis
workflows)

) Nt
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Workflow in 20257

“Smart” Workflows

Tools understand models and suggest what is possible
Suggest next steps while building models and workflows
Suggest missing components

Suggest missing data

Can automate routine connectivity

Can run themselves once built

Automated lookups (e.g., material properties data)
Incorporating metadata automatically

Sandia
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