ATDM Applications

Sandia National Laboratories

R. P. Pawlowski (Pl), R. A. Bartlett, M. T. Bettencourt, A. M. Bradley, J. B. Carleton, S. Conde, E. C. Cyr, K. Kim,
P. T. Lin, A. Mota, C. C. Ober, M. Perego, J. N. Shadid, G. D. Sjaardema, W. Spotz, |. Tezaur, A. R. Toth

Sandia National Laboratories, New Mexico 87123

Project Description Discretization Tools
* Develops general computer-science components required by ATDM applications: * (General Tools Drekar Multi-species Plasma O
 Mesh database for structured, unstructured and hybrid meshes « Stand-alone or integrated use cases Assembly DAG O
* Finite element discretization tools « Performance portability: Kokkos Ip I I’Oul 1 51 B < g RO RO
 Time integration library that supports IMEX and adjoint sensitivity analysis  Embedded technology: AD and UQ " 3
« Performance portable linear and nonlinear solver abstractions (Compatible Biscretization) S
(12 (=) (1) () W ©,

Electromagnetic field and Finite Element Tools: Intrepid?2

P

« Components use ATDM Core capabilities: electron p'asmaiesponse * Local assembly = ——— >
« Kokkos performance portability * High order bases . Oﬂcm&@ OIOXO
7/ D G

NS
 DARMA asynchronous many-tasking (AMT) * Nodal/Edge/Face discretizations " eqaz;“ "je’ OO

 DataWarehouse © O O
« Sacado/Stokhos embedded technology.  DAG-based Multiphysics Assembly: Phalanx \\,‘o
* Node local Task and Data parallelism
« Released as open source software components via Trilinos  Experimental AMT via Kokkos IE{ZZ‘EEZIOH Lype 1Thre§“§/ node | 8 Threjd;/ node | 16 Thriags/ node
Jacobian 3.4 3.4 3.5

Mesh Database

Global Multiphysics Assembly Tools: Panzer
* Degree of freedom indexer

Order of Accuracy of Drekar/Rythmos Time Integration:

Rethink h icat H * Fully-coupled assembly Stokes 2nd Problem (Ux)
* Rethink how application uses a mes Application AV (Phama) « Mixed basis within element block
database _— [f - (compatible discretizations) 1.8+00
* “Mesh as scaffolding” - Different equations across element blocks IMEX
o I/O and S|mp|e tOOIS IOSS API (Extended to hybrid) | o BIOCked or Interleaved i Ebi
. . . . L‘ Data Warehouse I F BT E
» Application can define optimal structures Driabase Implementation A [BF_l 1” s ] S—C_BF-1BT £
Data Structures Kokkos E 1.E-02 BB U E
: ’ () —_— : Ux Error
- Development (SEACAS/IOSS): — ————[|'[SCALF e * Workset builders 5 SDIRK(2,2): U Error
. clnemen nline Refinemen N — | -—2n rder
« Structured, Unstructured and Hybrid | e onerion T S“;zpt — | o | = eon —BDFL Ux Eror
» Kokkos and data warehouse integration LOSS: Fle Reader API — « Multiple applications built on tools: Drekar e Error
- Burst buffer support —_ —— s (Tiings: Shardis) (Turbulent CFD/MHD/Multi-species plasma), IMEX RK2SSPEq17
e |nline refinement (Percept) EMPIRE (EM/PIC), Charon?2 (DeVice), Albany 1.e-04 Bk -
Exodus Mesh (unstructured) j¢— . 2.50E-02 h 2.50E-01 2.50E+00
e Structured mesh Support (CGNS) — Geometry/CAD Library (Quantum, Solid meCh., lce Sheet, )
(structured and unstructured)
Fully-coupled Algebraic Multigrid Performance Drekar Multi-species Plasma Assembly Performance
f ® 800 - W\I/'Veak' S'cz‘al‘in'g': Linlea'rllt'eration‘s ('H'a';,2”.5) - 520 —— —_—
Performance Portable Solver Abstractions —rcaMe (500 16 | — HaswellKokkos
J00l| * = DD ILU(1),0v=1 (Titan) h _ 27 =a Faswell-MFH
+ =+ FC AMG (Titan) ¢ . o—e Cuda-K80
. . . M 2" f e—e KNC-Kokkos
« General interfaces for abstract numerical algorithms S 600 : A
. . &a d 7|
* Vector/Operator, Linear and nonlinear problem ; = N 5
_ _ LinearOpBase 2 500 ’ ~
abstractions (Thyra) domain range 7N = K o |
* Block Composition Space Y/ 2 400 N =
. . : %I VectorSpaceBase = @W Alaebraic Multiarid o 2°f
» User Defined Reduction/Transformation c R gebralc Multigri z
Operators (RTOps) | 100k cores) 2
'5 200 ,’, 8 pad
« Supports Trilinos solvers: Nonlinear, Optimization, MultiVectorBase ~ |-—-——- , ?‘*
. . u L ' 100k | i 221
Bifurcations analysis, Block Preconditioners and 1 /N i @\»[64 cores|512
GMRES Solvers S L e e e 2L ——
RTOpT 10° 10° 10’ 10° 10° 10" 10 10 . 10 10
. Deve|0pment' . - 7 Number of Unknowns Fraction of Machine
. > |
 CUDA performant abstractions for Tpetra l |
p . p VectorBase T REfe rences
* Performance portable RTOps design
= = 10°F ——s—— ERK(1.1) Forward Euler 1. R.A. Bartlett, B. G. . Van Bloemen Waanders, and M. A. Heroux, Vector Reduction/Transformation Operators, ACM Transactions on Mathematical
TI m e I nte g rat|0 n — ERK§2:2; Explicit Trapezoidal Software, Vol. 30, No. 1, (2004) 62-85.
| o ERK(E3) Kimmmark and Gray 2. P.Bochev, H. C. Edwards, R. C. Kirby, K. Peterson, and D. Ridzal, Solving PDEs with Intrepid, Scientific Programming 20 (2012) 151-180.
LU D ERK(4,4L o 3. P. K. Notz, R. P. Pawlowski, and J. C. Sutherland, Graph-Based Software Design for Managing Complexity and Enabling Concurrency in
] : : - - . xpected Slope Multiphysics PDE Software, ACM Transactions on Mathematical Software, Vol. 39, No. 1 (2012).
‘ Tempus. Anew Time Integratlon paCkage in Trilinos §10-4_ ’”"M 4. R. P. Pawlowski, E. T. Phipps and A. G. Salinger, Automating Embedded Analysis Capabilities and Managing Software Complexity in

Multiphysics Simulation, Part l:Template-based Generic Programming, Scientific Programming 20 (2012) 197-219.

5. E. G. Phillips, J. N. Shadid, E. C. Cyr, H. C. Elman, R. P. Pawlowski, Block Preconditioners for Stable Mixed Nodal and Edge Finite Element
Representations of Incompressible Resistive MHD, SIAM J. Sci. Comput., Vol 38, No. 6, (2016) B1009-B1031.

6. J. N. Shadid, R. P. Pawlowski, E. C. Cyr, R. S. Tumiinaro, L. Chacon, and P. D. Weber, Scalable Implicit Incompressible Resistive MHD with
Stabilized FE and Fully-coupled Newton—Krylov-AMG, CMAME, Vol. 304, (2016) 1-25.

_ _ 7. E.C. Cyr, M. Hoemmen, R. P. Pawlowski, B. D. Seefeldt, Parallel Unknown Numbering for the Finite-Element Method, Submitted to ACM

Time-Step Size Transactions on Mathematical Software.

* Built on Thyra solver Abstractions

* Design targets IMEX and adjoint sensitivity analysis

* Currently supports Euler (forward/backward), ERK (10
tableaus), DIRK (5 tableaus)
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