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Context, Model and Numerics
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Context: atomization

Source: C. Dumouchel CORIA Rouen Source: P. Edwards, Stanford

Separated phases

e Smooth interface,

Disperse phase

e Polydisperse cloud (d ~ 10um).
o Instabilities A ~ 1mm.
e Rey) ~ 104, Wey >> 1.

e Drag, collisions, evap., reaction. ..
e Reyg < 100,Wey < We,

Source: J. Réveillon

)\K @dmp @jet Very large range of
1 um 1 mm 1m scales (x109).
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Eulerian moment method

Williams-Boltzmann ([4]) Equation: f(¢,X, €, 5)

of 0 0 /(= ORsf
S @+ (F)+ S5 =0
ot o0X (ef) 0c ! oS
— ——
Transport Acceleration Evap.

HODINS Team StarPU for Hyperbolic Equations 5/24



Eulerian moment method

Simplifying Hypotheses:
f(t,%,E5) =n(t,% 9) (@), F linear, Rs(S)=—K.

T L= % (€_ﬁgf) + Kosf

ot  0X
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Eulerian moment method

Simplifying Hypotheses:
f(t,%,E5) =n(t,% 9) (@), F linear, Rs(S)=—K.

of 0 .0 [é-a,
ot e = (

2 f) + Kosf

Tp

Velocity Moments [3] Fractional Size Moments [2]

S
. M,, fé’mf(t,i,as)da m s :J Sk 2n(t, %, S)dS
0
m Monokinetic: (¢, @) = §(¢ — ) SaGa = A7 mop,
orn + 0Oz - (ni) = Kosn, Edgd i 2T Elﬂ’
i+ (nB®E) = nZ% 4 Kosni S T
Tp (e %] = 6/ m3/2
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System of equations, (Essadki [1, 2])

dmoz  + 0z (mopt) = —Kn(tX .S =0),
Otmy /o + @ (ml/Qu) = —% m_j/2,
Omapy 0z (Mmaypd) = —Kmyg)s,
a157’”3/2 + 65 . (m3/2u) = —% myy2,
at (mg/Qﬁ) + ai . (m2/2ﬁ®ﬂ:) = -K mo/gﬂ' == mo/gi%ﬁ,

Operator splitting

oM + 03 F(M) = 0,
d; M = —K[n(,X,5)],
dt(m2/2ﬁ) = mo/zu —
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Advection: Numerical Discretization

Polynomial Discretization

Ci—1 M‘/J\.JT_J\}a\'i\_/I\ Cz+1 Z Z
—em : Mo (z .

C; €My, keC;

Discontinuous Galerkin Formulation

oM+, F(M)=0 = f [@Mh + 0, F(My) = 0] x o}
(]

el Y (f sozsof) oM+ [ Fra ) = [ F).Flix
keC; J9C S ,

_

A ~~
Time Evolution Numerical Flux (Surface) Volumic Term
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Global numerical procedure

Advection

n" /Mn

HO DG

Mn+1

A

Next time step
Compute At

3
nH= Y wid(S—Si—KAt)

i=1

n+1

1-KAt
mk/2=/ Sk2pnt1(8)dS, k= [0,3]
Jo

Drag
1 ODE

i

d¢(mg ) = mo/2

HODINS Team

Reconstruction

Entropie Max.

Transport in
phase space

3 ODEs

StarPU for Hyperbolic Equations

”7]+1/AHA1

Flux

Projection
Quadrature

on

oS

Evaporation

Mass Loss

FlO-KAL)

(wi Si)iz1.2.3 such

1
/ Sk/2
KAt

(

3
> wid(S - 5,))

i=1

that

dS = IIIL’;?’ 1

k=[-2,3]
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Outline

Task-Driven Programming
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Heterogeneous Architechures (Top500)

Rank Site

1

National Supercomputing Center in
Wux

China

| Super Computer Center in
hou

)ak Ridge National
Laboratory
United States

DOE/NNSA/LLNL
United States

RIKEN Advanced Institute for
Computatienal Science [AICS)
Japan

HODINS Team

System Cores
Sunway TaihuLight - Sunway 10,649,600
MPP, Sunway SW26010 260C

1.45GHz, Sunway

NRCPC

Tianhe-2 [MilkyWay-2] - 3,120,000

TH-IVB-FEP C

E5-2692 ]
ntel Xeon Phi 3151P

ter, Intel Xeon

IS

Express

NUDT

Titan - Cray XK7 , Opteron 6274 560,640
16C 2.200GHz, Cray Gemin
ﬂe’(owe

Cray Inc.

Sequoia - BlueGene/Q, Power 1,572 864
BQC 16C 1.60 GHz, Custom

IBM

K computer, SPARC64 VilIfx 705,024

2.0GHz, Tofu interconnect
Fujitsu
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Rmax
(TFlop/s)

93,014.6

33,862.7

17,590.0

17,173.2

10,510.0

Rpeak
[TFlop/s)

Power
(kW)

125,435.9 15,371

54,902.4 17,808

27,1125 8,209

20,132.7 7,890

11,280.4 12,660



Heterogeneous Architechures

System on Chips (SoC)

Jaguar Specs (2011) Titan Specs (2012)
Compute Nodes Compute Nodes
Login & VO Nodes Login & 1O Nodes

Memory per node Memory per node 3268+6G8

Display Output 1

#of Opteron cores #of Opteron cores 299,008

DDR3 / 4 ECC

#0f NVIDIAK20 Keplor' #of NVIDIA K20 *Kepler”

acoslerators (2013) - accelerators (2013) U

Display Output 2

Total System Memory Total System Memory

Total System Peak Total System Peak
Performance

Display Output 3

PCI Express®/ Display

PCle® Gen3x8

DDR3 / 4 ECC

PCle® Gen 2/3 x4

4x-8x USB 2.0

4x USB 3.0
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Task-driven Programming: a StarPU Lexicon

Task = Codelet + Kernels + Data_handles
— —_ -

Task Descriptor  Executed Code ~ Memory Management

Example: c¢=d+ b.

= # of Handles = 3; //(@, b, ) = CPU_Kernel = CPU;
m Access Modes = {R, R, W}; = GPU_Kernel = GPU;

Data_handles

—

a
handler|

CPU Kernel GPU_Kernel

=N

=y 4 c CPU.exe GPU.exe
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Description of the Tasks

Time Stepping Advection Update

m InitialCondition = StorelU0 ® Interpolate m InnerResiduals

m CheckTimeStep » RKUpdate m Projection m BorderResiduals
Input/Output

m FillOverlaps m Drag m gatherForOutput

m Evaporation m Positivity m OutputTask
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DG-P! task diagram
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DG-P! task diagram
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Outline

Results

HODINS Team StarPU for Hyperbolic Equations 14 / 24



Simple Advection

tho
—1.995e+00

ﬂ

1.000e+00
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Numerical Convergence

L1 Errors for RKDG

i
g
&
—
-
-~ DG-PO
10° —— Slope = 0.81||
< X DG-P1
10° — Slope = 2.41 |
10 ¢ ocr2 |
= Slope = 3.83
10-11 L
107 107 107
# Cells
16 / 24
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Parrallel efficiency

Number of Tasks Limited Cases

25

= linear
-— NPart=1
20|75 NPart=4
He—k NPart=16

15+

Speedup

20 25

Number of cores
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Parrallel efficiency

Correct Scalli

25 T

- linear
-— NPart=1
20| [55< NPart=4 1
ek NPart=16
Il NPart=64
§-¢ nrart=256

Bl @@ NPart=1024

Speedup

10+

Number of cores
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Parrallel efficiency

head Limitatio

Speedup

25

20 H

15
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Parrallel efficiency

Parallel Efficiency
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Parrallel efficiency

Knights Landing Xeon Phi, 64 procs

70 T T T

- linear
<= NPart=4
& NPart=16
Il NPart=64
0@ NPart=256

O NPart=1024

40 L{VFY NPart=4096
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Speedup
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Parrallel efficiency
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GPU: Some tasks are faster. ..

T 1% I epy
cUDA—— . —
InnerResidual cUDA Update
1000 100
100 10
g 2
g 10 ‘; 1
£
E E
1 01
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oo o000 1ewds Tor07 Toros Tovos ) oo 00 tew06 Toro7 Toros ) )
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" S 1% FEpD——
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£
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GPU: Some tasks are not!

CPU —— .
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Scheduler Choice

e
™
o
o
B T
Py
T

eager scheduler. Final time = 146s dmda scheduler. Final time = 61s
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Evaporating spray: Taylor-Green vortex

C 005 -

HODINS Team
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GPU Gain (6 domains, 4 CPUs, 2 GPUs)

min: 0 ‘ - max;: 17091.9

Gant Diagram on CPUs only. Final time = 17.09s.

HODINS Team StarPU for Hyperbolic Equations 21 /24



GPU Gain (6 domains, 4 CPUs, 2 GPUs)

wwwww

|
I 1871 )

,
I 1 I T

Some tasks are given to the GPUs. Final time = 10.13s.
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GPU Gain (6 domains, 4 CPUs, 2 GPUs)

‘max‘ 79‘62 2‘4

7000

MEMNO.

MEMNO.

Better choice of scheduler. Final time = 7.96s.

HODINS Team StarPU for Hyperbolic Equations 21 /24



Future Work

m MPI Extension

m Arbitrary High Order DG

m Look at other frameworks (Kokkos, DAGUE, ORCCA, ...)
m Integration within Aerosol

N
[N
N
=
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