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Hierarchical Parallelization

¢ Uintah framework
Distributed task-graph:
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Ainisyrmy On-node task-graph
¢ "Expression Library” SRR ke A

¢ Nebo EDSL EDSL

¢ Utilize resources at “high” level &
“push down” as parallelism runs out
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A Simple Example of DAGs

¢ Register all expressions [ =I(T.p.y)

® Each "expression” calcuiates one or more feld

& Fach expression agvertises s girect gependencies.

Direct (expressed)

# Set a "root” expression; construct a graph
dependencias.

o All Jepengencies are giscoversd/ resoiveg jutomatically

¢ Mianly localhized intluence of chanaes in models

Indirect (discovered)
dependencies,

L -r"'J.i'.'.' il eXpressions in TRe reqIistify may De Felevanty; used

¢ From the graph: '_
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? Usduca STOrage requiremeEnts & alldcate Mamaory

axtarnally to aach axprassion

® Automatically schadule svaluation, snsuring proper
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& dgynrnrontus axecytion = erticall loverlsp communication &

* Robust scneauling algarithms are key - —-“'/

Expression
Registry




Changes in model form are naturally handled

Multi-species mixture he%t flux:

q=-AVT+) hi;
=1
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rhs <<= -divOpX( xConvFlux + xDiffFlux )
-divOpY¥( yConvFlux + yDiffFlux )
-divOpZ( zConvFlux + zDiffFlux );

* 70+ natively supported discrete operators, easily
define new ones

* Masks - allow operations on field subsets

* CPU (senal, multicore), GPU, Xeon Phi backends

* conditional operations (vectorized 'if')

¢ Field can live in multiple locations (GPU, CPU)
simultanesusly,
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Auto-aenerate code tor ethicient execution on CPU
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GPU. XeonPhi, etc. during compilation.
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(Portable Kinetics,

Real example: POKITT  rmogmamc s fmspon
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"Moditiers” - injecting new dependencies

¢ Motivation:

* Boundary conditions. mod

* Multiphase coupling. sca source terms to RHS

¢ Modifiers allow “push” rather than
“pull” dependency addition.

¢ Modifiers are deployed after the node
they are attached to, and are provided
a handle to the field just computed.

¢ Modifiers can introduce new
dependencies to the graph.
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Coal combustion

* 55 PDEs
» -35 ODEs per particle
* Complex interphase coupling
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¢ Many dozens of “modifiers”

L
= ® Houndan
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¢ "Wide" graph (lots of PDEs)

F"I’Irl, I ol Trl |h. W l-.lvr: ] "Ldl' FI“I"IIII }

: | 1 "Throttle” between task
: : & data parallelism based
¥ = on width of graph.




Conclusions

¢ DAG approaches can expose and exploit task & data
parallelism.
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¢ Qveriap communication & computation

® [hrottio between task & data paralicism as necessary

¢ More information & examples of applications:
* Minisymposterium on Uintah today

¢ Large-scale multi physics applications in Uintah/Wasatch
DOE Awarnds
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* Wednesday 9:55 AM (Room 250 A) P —
* Portable Kinetics, Thermoaynamics & Transport (PoKiTT) DENAO
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