A Novel Computational
Framework ftor Reactive Flow
and Multiphysics Simulations

James C. Sutherland
and
Tony Saad




e
Pnabis

90 000, 06T

Exascale



Cha,lleges

,!C,’f{-"'

“It says it’s sick of doing things like inventories
and paryrolls, and it wants to make some
breakthroughs in astrophysics”
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int mgin(veid)
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int count
for (count = 13 Count{= 5003 (OU“T*"')

PRIt ("I will not Throw paper dirplanes i class.”);
return O;
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THAT MEANS NO MORE
PLANNING AND NO MORE
DOCUMENTATION. JUST

START WRITING CODE

AND COMPLAINING.

WERE GOING TO
TRY SOMETHING
CALLED AGILE
PROGRAMMING.

I'M GLAD THAT
IT HAS A WAS YOUR

NAME. TRAINING.
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Notz, P. K., Pawlowski, R. P., and Sutherland, J. C., “Graph-based software design for managing complexity and enabling
concurrency in multiphysics PDE software,” Vol. IV, 2010.
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‘@ An Expression is a software representation

- of a mathematical expression
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‘@ An Expression comp
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‘' Each Expression indicates which expressions
- [t depends on
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e Execute graph in reverse order: That's
* = thealgorithm!
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(m_CACO3_1_growth_ MONOSURFACE, )

(m_CACO3_0_rhs, ) @
(w_CACO3_0, ) (a_CACO3_0, )

(m_CACO3_0_growth_ MONOSURFACE, )






l........ ahkhtAafns AAAAaAs ™ W
b A L L L L L L I L L L L L L L L L L Ll L L R

Cy_velocity (5)

x_momentum (6) y_momentum (6)

%
Vp+s
One expression
(calculated on a patch/workset)




Priority Queue Threading
Allows “backfilling” based on graph

x_momentumRHS (0)

y_momentumRHS (0)
pressure_xmomrhs (1) rhoEORHS (0) @
densityRHS (0) rho_O2_RHS (0) @ @ @

x_velocity_advect (1)

SpeciesDiffusionFlux (2) thermal_conductivity (2) temperature (3)
O @

execution order

X_momentum (6)

Each expression receives signals from its dependents when
they complete execution. When all are done, the expression
enters the priority queue.

y_momentum (6)



Overhead?

e Staggered, structured FV

mesh
e (Gradient, interpolant &

divergence operators.

e The overhead of the
expression graph approach
does not contribute in any
meaningful way to the
execution time.

(rhs, STATE_NONE ) (0)

. 4. 5 ()
stencil 30 0Gybrid 1Giumber of glints
( HeatFluxX, STATE_NONE ) (1) ( HeatFluxY, STATE_NONE ) (1) ( HeatFluxZ, STATE_NONE ) (1)
( Temperature, STATE_NONE ) (2) ( ThermalCond, STATE_NONE ) (2)
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Questions?

THE #1 PROGRAMMER EXCUSE
FOR LEGITIMATELY SLACKING OFF:

“MY CODE'S COMPILING.”

HEY! GET BACK
TOWORK!




