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From the Perspective of the Sierra Project
at Sandia National Laboratories

« How do we make HPC modeling and simulation a
larger part of our engineering processes?
— From software development perspective
« Sustained Innovative Development
— Software capabilities
— Physics capabilities
— Application domains
— From an end-user usability perspective
« Ease of use
— Installation
— usability
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Background: What is Sierra?

A DOE/NNSA funded ASC project — about 15 years

An engineering mechanics simulation code suite
— Solid mechanics

— Structural dynamics

— Thermal Mechanics

— Low mach fluid mechanics

— High mach fluid mechanics

massively parallel
multi-physics coupling

— Between various modules

— With other non-sierra applications
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Sierra Architecture Overview

« Sierra applications are built on a common framework.

« The framework provides a common set of HPC
services for applications.

Applications

Mechanics Mgmt

. Core
Field Mgmt Mesh Mgmt

Parallel Communications

Third Party Libraries

Bulk Mesh Data I/0O Linear Solver I/F

User Input Parsing Master Element I/F

Field Transfers Load Balancing

H-Adaptivity Element Death
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Sierra Framework Issues

 No use outside of Sierra. Why?
— Very heavy-weight with a steep learning curve.
— Has a bloated APl and a complex dependency graph.
— Restrictive application architecture.
— All or nothing nature of the framework.

 Internally to Sierra

— The tightly coupled Framework is increasingly limiting as
new demands continue to be placed on it (new codes, new
physics, etc).

— Software design viewed as a barrier to supporting next
generation platforms
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Frameworks vs. Toolkits

We decided a few years ago that transitioning from a
Sierra Framework to a Sierra Toolkit (STK) would be in
the best interests of the project.

*Frameworks

— emphasize design reuse

— dictate the architecture of an application
*Toolkits

— emphasize code reuse

— supplies functionality for an application

*You commit to the design when you use a framework, whereas
you commit to a set of functionality when you use a toolkit.
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Sierra Toolkit Vision and Goals

A broader presence within the HPC community

« Be acollaboration vehicle for algorithm and model
development
— Both internally and externally
— Enable a faster R-D-A capability migration

« Support a broader application space

 Improve the agility and robustness of Sierra
— Improved testability - unit, use-case, and performance
— Pay attention to APIs and implementations

— Provide some high-level support for hybrid parallel
programming models

NYSA 7 ) e
ot et Sy Ao ational
Laboratories




Sierra Toolkit Highlights

« Currently have 12 modules in the toolkit

« stk_mesh reaching high-level of maturity and
robustness.
— 90% line coverage from unit testing
— Integrated functionality tested with use cases

« Parallel dynamic mesh
capability
— Basic mesh modification
and skinning

— New element death
algorithm implementation
shows a ~3X performance
Improvement over the

mryeom Framework algorithm
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Sierra Toolkit Highlights

* Integrated into Sandia’s Trilinos software project.
— Makes the Sierra Toolkit available as open source

— Makes the Sierra Toolkit available to a broader audience and
complements the capabilities within Trilinos to provide a
very capable open source HPC development toolkit

— Automated nightly integration between Sierra and Trilinos

 Sierra Toolkit development occurs within the Sierra
development environment

« Makes new developments in Sierra Toolkit and Trilinos
Immediately available to both development communities

e Tutorial at SIAM CS&E Conference (3/2011).
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Sierra Toolkit Highlights

« Several Sandia projects are currently using or plan
to use the Sierra Toolkit
— Production applications
— Research applications

« Users outside of Sandia are using the Sierra Toolkit
— For research applications
— For production applications
— For collaborating with Sierra
— Universities and other DoE/DoD entities

« Migration of Sierra to the Toolkit is underway.
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Sierra Toolkit Future Plans

« Continue the Sierra migration
* Improve the maturity of existing modules

« Continue collaboration with other SNL projects to
Improve the R->D->A technology transition
— Next generation platforms
— New physics capabilities

« Explore supporting alternate data storage and
access implementations behind the same API

 Expand usage internally and externally
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Sierra Usability

End-User usability historically has not been a strength for
DoE physics and engineering software.

— More emphasis on capability than usability

— End-users at Sandia preferred text editors and input files

But...

— End-users were typically a small group of very experienced
analysts

— The vision is to have a broader impact and interject modeling
and simulation sooner in the design process.

» These end-users have a different level of expertise and
expectation

We are putting more emphasis on documentation and
training
Moving to a GUI front-end to the applications
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Geometry
Creation
Import/Export
Decomposition
Cleanup
Editing
Tolerances

Meshing
Generation
Import/Export
Cleanup
Quality statistics

Desired Ul Components

Simulation Data
Management
Model & results database
Work groups
Security & access controls

Model Attributes &

Management
Model assembly
Define surfaces & sets

I VA [ =37
AVASNA

Input definition & validation
Material database access

UQ & Optimization
Parameter estimation
Sensitivity/variance

Post-Processing
Local
Remote
On-the fly

Job Submission

& Monitoring
Local resources
Remote resources
Status
Notification
Auto-restart
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Sandia Has Many of the Components Today

CUBIT DAKOTA
Creation DART WORKBENCH Parameter estimation
Import/Export Model & results database Sensitivity/variance
Decomposition Work groups
Cleanup Security & access controls PARAVIEW
Editing Local
Tolerances Remote
On-the fly
Cléz:]-gration DART WORKBENCH DART
Import/Export Model assembly WORKBENCH
Cleanup Define sgrches & sets Local resources
Quality statistics Input definition & validation Remote resources
Material database access Status
Notification
Auto-restart
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How Do We Integrate Everything Together?

 Build on the experience and success of the DART
Workbench project
— Open architecture and sustainability
— Based on Eclipse framework
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Phase | — The Sierra Editor
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solvers,

blocks, etc)

Syntax Guide
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Sierra Editor Overview

SIERRA - DART Work [Users felhoffm/Deskiop/workspace/LPC_Demo/JjobSubmissi .i = Sierrabditor -
- ¥ v v
=0 Outline 1 bl =
m - ¥ & begin time control
- 300.8 ¥ ® begin time stepping block P
ial condition ic_block 6 & begin parameters for calore regio —
@ c . Le) L |
@ begin initial condition 5
® begin inital conition Error Marking
@ begin initial condition
@ begin initial condition
@ begin initial condition
@ begin initial condition
imit sition ic_block_9 @ begin initial condition
hlock. 992 @ begin initial condition I
= 300.9 @ begin initial condition
end | =3 Add Surface - Surface name to which this initial condition applies. @ begin radiative Ao boundary condition -
5 Add Velume - May specify 2 space-delimited list. @ begin results output >
bed) 5 Al Volumes Preview of template E2 xv Plot Wiew £ =1
y s - nclude - Include Anather Text File
€ = Integer Data Add Surface Surfacelist_string 1300 [
end | B2 Node Subroutine - 1.200
= Real Data 1100
52 Temperature 1000
f —
¥ =5 Use File Variable - —

crd {nTETET condiEion 1c block 3

2 flux boundary con

surfoce 1
- B.85

end rodiative flux bound

Begin Results Output out .l
is S¥5-mod.e

llows the specification of a user-defined

Preview of template

Begin Initial Condition Name
Add Volume Volumelist_string
Ternperature = TO_real

Use File Variabie File_variable_name_string For Calare_variable_name_string At Time Value_real

Integer Data Integer

Real Data Real

All Vellumes

Add Surface Surfacelist_string

Node Subrautine = Name_string
End Inital Condition Name

[433 - 17] Begin Initial Condition ic_block_9

initial conditions on any combinatien of volumes, surfaces and nodes.

LT

&, Model View I

200

W00 40 500 €0 00

(blocks, side-
sets, node-sets)
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Phase Il — Initial Integration

« This effort is currently under development
— Initial release planned for April 2012.

* Integrate more components
— Cubit: geometry and meshing
— Sierra Editor: Model setup
— Job Submission

 Model tree navigation
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Fully Integrated Sierra Editor + Geometry
Creation and Meshing Tools (Cubit)

fanNno SierraUl - DART Workspace /Users/elhoffm/Desktop/ExampleData/3_point_bend_testl/3_point_bend_testl.i - Sierrall —
Find Enclosures | (©) @ @[5 %-a |2 - v S
[ Model Navigator 52 | (] Cubit Tree| = O | il Mode View - 3_point_bend_testl £3 = 0| i co... EE Out.. (M Ne.. 32 |Ocu. | = O

Integrated Sl - oI rdISeQ ey | wron——  Command

&4 Groups Q
VTK 9 |
Srume Pane
|]j Surface 10 Volume
Geometry J e == :
< Vertex 41 i o / *
and Mesh romes | T
olume
& Volume 3 Rotate About Transform
@ Volume 4 F|Y Into . —
Locate @ Alsa 2\:‘) C I
Draw ontextua
U n |f|ed G Volume 8 Isolate
@ Blocks g Toggle Visibilit
s 99 ¥
4 Nodesets ) Mesh en us
Model Tree it - r
O e ee emi_pomt_bend_testl..l m 3_point_bend_testl.i &% Reset rga |
L@J?bs ) begin parameters for ble Show Qua”ty | Volume ID(s) (g |
@merra3_pmm_bend_lesl] solid mechanics use o m |
?L..C‘)dei”ﬂles material default List Information > % To Coerdinates () To Other Entity's Locat |
() Descripti end parameters for block w—weree () Distance () In Direction of Surface||
. Thite Element Models 4 1 () General Location |
@ 3 nnint_hend test] X # - Block id 2 had name 2 b ~ |
ierra inpu I ——————————— =) < |
DeCk (Text E properties 3 & console 22 b | w b | o .58 X¥Z Coordinates I
CUBIT Consocle ] Include Merged
] h Q 9 Multiple entities selected I
CUBIT> select volume 6 |
an Tree Property Value Multiple entities selected
General m CUBIT> select volume 9 uL
Color Not Set Multiple entities selected
Id 5 CUBIT> select volume 5 @ <
Name Volume 5 4 | Multiple entities selected - :é') ——————
Type volume v | cuBIT> v | Preview | | Apply ) b
—=_ s . | NS —— - e
= = '-‘o'/
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Fully Integrated Model Tree

1 Model Navigator &2 ] Cubit Tree = O
Presentation of distributed data S]i i
. . . . 5§ Volumes
(multiple files on multiple file systems) T e A —
in a unified model-centric tree for saral | Fotue About
content creation and editing of: JBlsuraces - Locate
Qioumz | Draw
‘Geometry gx:a::: Toggle Visibility
— Fully integrated geometry data and tools & Volume & el |
for geometry processing B4 dovaine Reset
}:{'N.DdeSets Show Quality
° M €S h ?iil_d;;is_bend_tesﬂ. List Information 2
— Fully integrated meshing tools | %ﬁjﬂ o U
*Input Deck b
— Tree presentation of Sierra syntax 4
. . R gfaterials
«Job Submissions #Procedures |
Gy adagio procedure adagio_procedure
— All job data/metadata for jobs submitted ' *ﬂi‘;‘j;‘;m it bend.testt )
locally and on HPC platforms llﬂsouﬁnaa'wcm?amnn's .
@ fixed displacement v
With contextual menus present 2SS s
relevant actions for selected entities
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Fully Synchronized Contextual Linking

anmn SierraUl - DART Workspace/Users/elhoffm/Desktop/ExampleData/3_point_bend_testl/3_point_bend_testl.i - SierraUl -
Find Enclosures @ @& %-a | E° LR R =TT

= Model Navigator &3 1 Cubit Tree =08 D RTS_Master_presto.i D InfDef.i D 3_point_bend_testl.i 28 =g l'm Mode View - 3_point_bend_testl &3 =g

- . . =
=1 K& = tension release = 5 iterations = 4 ﬁ}
=2 @ normal tolerance = 4e-5 L R a' @ & g (:j @ @ O @ i
&5 Groups T end interaction int5 O-
& Volumes o=
emi_point_bend_testl.i end contact definition contacts m
(%5 Jobs # 5
[y sierra 3_point_bend_testl # - Block id 2 had nome 2

{m Coordinates
@ Description
@ Finite Element Models
[ Functions
‘.fj Materials
@3 Procedures
Gqadagio procedure adagio_procedul
E‘ﬂ Regions

|
|
|
|
|
|
|
|
|
|
|
|
Gqadagio ( 3_point_bend_testl .L.
“ﬂ Boundary Conditions
@ fixed displacement
S fed displacement
@ fixed displacement
@ prescribed displageme
@ prescribed tepdperatur
8 Constraints

@ Contact

begin fixed displacement
block = block 1
components = x y z

end fixed displacement

#
# - NodeSet id 10@@ had name ns10@@
begin fixed displacement

& node set = nodelist 1000 g
' components = X Z

end fixed displacement
#
# - NodeSet id 3 had name 3

begin fixed displacement
node set = nodelist 3
components = X Y Z

end fixed displacement

€

{include("solver.txt")}

5% Failure Models = end adagio region A v %
& Initial Cahditinns 4 S T T SR 1 1z
" L
= Properties 23 M}P = ¥ = 0| E console 82 | = Progress b | wpl|FE-5-70
Property valde CUBIT Console
General Multiple entities selected
Coler Not Set CUBIT> select nodeset 1009
Description Multiple entities selected
Id 1000 CUBIT> select block 1
Name Nodeset Multiple entities selected
Node Count 244 CUBIT> select nodeset 1009 m
Type MNodeset Multiple entities selected ')
CUBIT= 3
- ————— — — —— — — — — — —— —) 4
o @ 1items selected p
« User selection in the tree highlights input deck text, corresponding mesh
entities in the graphics view, and metadata
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Sierra Ul Supports Traditional Text Based
Data Entry

B O Sierralll - DART Workspace [Users/elhoffm/Desktop /ExampleData/3_point_bend_testl/3_point_bend_testl.i - Sierrall
= Find Enclosures | (©) QN NEEN = R = R =R =R

T Model... | T Cubit... EE Outline 58 | = O m *3_point_bend_testl.i 23 = 0| i comm... | ) NewC... | ] Cubit... |l Mode ... 52| = O

i

% o ek ety porameters for sato reon ader > I rRIDRAID

@ sierra 3_point_bend_testl M end parameters for adagic region adogio
{NCoordinates end time stepping block time_stepping_block
@Description end time control
@ Finite Element Models
[ Functions & begin adagio region odagio

lrﬁ, Materials
@3 Procedures

a USE FINITE ELEMENT MODEL 3_point_bend testl

Syntax
completion of

begin prescribed displacement name
node set = nodelist 1001

) @ oint_bend_testl : component = y
bIOCk Ilst Il i function = displacement_y
ent ' scale factor = 1.9

@ fixed displaceme end prescribed displacement name

@ fixed displacement
@ prescribed displaceme
Ggprescribed temperatur a
 Constraints ) ohd
@ Contact

begin prescribed temperature
block =

function block_1
prescri block_2

&Failure Madels # <
13 Initial Conditions # ¥®¥¥ Resublock 5
=] Loads begin resullblock
QDutput dotabase
{includg *"f'
end results 3‘;
Visual linking Fopernes 38| |3 4 7 =8 _— -
Property Value g NODE SET Bl console 23 b | x i |t E-5-708
When user General COMPUTE GLOBAL y_reaction as sum of nodal| CUBIT Console
Eoloy Nogset END USER OUTPUT m'ltip'le entities selected
Description
CUBIT lect block 1
mouses over Id 1001 BEGIN HISTORY OUTPUT Multiple emtities selected
- - Name Nodeset DATABASE NAME = y_reaction.h CUBIT= select block 4 J
I|St entrles RodeEoank 20 DATABASE TYPE - exodusll Multiple entities selected
Type Nodeset AT STEP 1 INCREMENT = 1 CUBIT=
VARTARLF - GIORAL v reactinn ns v reaction’ ™
L L —
n [138 : 21] BEGIN PRESCRIBED TEMPERATURE code/version: raven 4.22 = E[‘)/
A
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Sierra Ul Supports Tree-Based Data Entry

Contextual

Menu for Tree-
Based Editing

of Input Deck

Data Entry
Dialogs Auto-
Generated
from Sierra
XML
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Sierrall - DART Workspace [Users felhoffm/Desktop /ExampleData/3_point_bend_testl/3_point_bend_testl.i - Sierrall )

Find Enclosures -

CREh

E Model Naviga... 3 E Cubit Tree EE DOutline =g m Command Panel m New Command ... E Cubit Power Tools m Mode View - 3_... = =0

BE 0D~

@ Blocks
-}3 MNodeSets
EH sideSets
GE 3_point_bend_testl.i
E‘{g]obs
m sierra 3_point_bend_testl
{H Coordinates
(1) Description
@ Finite Element Models
[#* Functions
'f}'_-{, Materials
Q; Procedures

EtB Regions

@ adagio ( 3_point_bend_testl )
||& Boundary Conditions

@ fixed displacement

fixed displacement
gd displacement

@ adagio procedure adagio_procedure

———————

@ pres Edit ure 1
% Eon stra  View 3 y
e —————— T "1 ;‘;
E properties 22 B |
Property Value = console 22
Cefz:er‘lﬂ Not S CUBIT Console
Dﬂ'ﬂr_ . ot set Multiple entiti
IdESC”plon 1001 CUBIT> select
N Nodeset Multiple entiti
NEEEC - Gg{lese CUBIT> select n
TO: oun Nodeset Multiple entiti
¥ CUBIT=
— : RN € :q
A

@ 1items selected

0.0

WYY CECY TAE

Defines a prescribed displacement kinematic boundary condition. The
type may be COMPONENT or DIRECTION. The boundary condition is
specified with a surface (side set), node set, or both.

name

name

node set = |

component

function = W
scale factor = ]_07
radial axis =

subroutine debugging on

remove surface =

subroutine real parameter: =

node set subroutine =

Cancel

@ ¢

Sandia
National
Laboratories



Ultimately, Sierra Ul will Support Graphics-

User Visually
Selects Entity of
Interest

Contextual Menu
in Graphics
Viewer

Tree and Input
Deck Fully
Synchronized
(no need to see
input deck)
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Based Data Entry

ann Sierrall - DART Workspace /Users/elhoffm/Desktop/ExampleDataf3_point_bend_test1/3_point_bend_testl.i - Sierrall =
Find Enclosures fe=14
[ Model Navigator &3 O Cubit Tree EE Outline| = O l'm Command Panel l'm New Command P... | ] Cubit Power Tools l'm Mode View - 3_p... &3 =g
BR T

M

@Blocks

D NodeSets

EH sidesets

GE i_point_be nd_testl.i

[ZzJobs

Ela sierra 3_point_bend_testl

|
|
|
|
|
|
| Zoom To
|

1., Coordinates Rotate About
@Description F|‘.~" Into
2 {gite Element Models Locate
= Functl Draw
€5 Materials
@Procedures Isolate o
Gqadagio procedure adagio_] TOggIe VISIbIlItV
E@Regions Mesh
Ggadagio ( 3_point_bend_test1) Delete Mesh
||& Boundary Conditions Reset
@ fixed displacement > Show Qua“ty
@ fixed displacement b v
/_ ____________ ) e P List Information > |
5 Properties 53 =0

= || Bl console 52 | Apply Load

Boundary Conditions

2 0 s e [OOSR (o] s
(o FeNé)
Property ~fixed displacement
Gener |fixed rotation
Color Prescribed acceleration m
prescribed displacement name | Fixed| +
prescribed rotation

fixed displacement details

IR IFTAAQD

— |
Nam prescribed rotational velocity Al[v]|,| O remove surface = +
- i 4w
rescribed temperature .
— 1 . p. al|¥v|| . [0 include all blocks
=i prescribed velocity b = =
al[[*[[,] O remove node set = n 22
aj[v]|4| O block = [ plock_1 CIE
af[v]l | O surface = [ syrface_1 ™ N
o - ~
2 Cancel € oK )
P
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Future Plans

* Integrate Paraview based post-processing capability
* Integrate Dakota based UQ & Optimization capability
* Develop other application interfaces
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