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o BSC and the Computational Earth Science group
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o Tools: MONARCH & CAMP

e Implementations:
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> Preliminary work on exploiting GPU capacity <
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BSC Departments

Computer Earth

Sciences Sciences
To influence the way machines are built, programmed To develop and implement global and
and used: programming models, performance tools, regional state-of-the-art models for short-
Big Data, Artificial Intelligence , computer architecture, term air quality forecast and long-term
energy efficiency climate applications

\
" Lif

Sciences

To develop scientific and engineering software to
efficiently exploit super-computing capabilities
(biomedical, geophysics, atmospheric, energy, social
and economic simulations)

To understand living organisms by means of
theoretical and computational methods
(molecular modeling, genomics, proteomics)
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Earth Sciences

COMPUTATIONAL EARTH SCIENCES

ATMOSPHERIC CLIMATE

COMPOSITION PREDICTION

EARTH SYSTEM SERVICES
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Computational Earth Science

Performance Team

* Provide HPC Services (profiling, code audit, ...) to find main
bottlenecks of our operational models

=8 ° Research and apply new computational methods for current and

Models and Workflows Team

* Development of HPC user-friendly software framework
* Support the development of atmospheric research software

Data and Diagnostics Team

* Big Data in Earth Sciences
* Provision of data services
* Visualization
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Performance Team

Weather and CES-
Climate Performance

Science Team

Computer
Science

o Knowledge of the mathematical and computational

aspects of Earth System Applications
o Knowledge of the specific HPC needs of Earth Systems

Applications
o Research of HPC methods specifically designed for Earth

Systems Applications
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Atmospheric models

Atmospheric models are a mathematical representation
of atmospheric water, gas, and aerosol cycles.
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Chemical mechanism
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Alkyl and Acyl Pevory Radical Chemistry

CHaO» + NO —3 HCHO + HO> + NO»

3.0 x 107 exp (280/7°)

Lm

M "
OH + HNOs % NO,3 Ko+ [M]ko/(1 + [0 + 0.22HO; 4 0.10CH;0; + 0.05ETHP + 0.09RO; ETHP + NO —+ ALD2 + HOz + NO3 2.6 x 10='” exp (363/T) 1,11
b laxliae v e e e e RO: + NO —+ 0.160NIT + 0.84NOz + 0.34XO; £0x 10712 811
s z + 0. sOH + 0.08CHa 1 0.01C;H, + 0.62A0ONE + 0.25ALD2 + 0.08ETHP + 0.76HO.
P Letie 103000 4 018C0, + 0.16RCOOH - 2.26PAR X T 1.68PAR :
7 . — NO, -
(28)  OH + HO2 — Ha0 + Oy 48x 1071 exp (25 gz‘j) gtglr:(g;" —_‘.x‘ooa:rftgk:onzgggﬁ:':L?gur;:g; ;g: }g_,, z" 8 {un) U205 + NO 25 CHyU; + NOy + GOy 52 % 10713 aep (260)T7) 100
(29) OH + H202 —+ HO: 2.9 x 107" exp(— . _ 2123 t 2 P (100} ANO2 + NO —3 NOz + C20: + HCHO 40x 10717 8,11
(30)  HO, + HO: -5 H;Os (Ra+ M) ) OLET + NOs —s NAP 31%10-1 exp(. (101  Nar +g§"——. 1,5};;), 1;:.1.;"(7"0 + 0.3ALD2 4.0 x 10-12 8,11
ki =23%107% & o 12 + 0.50NIT + 0.5HO; -
e e (69) OLEI + NOs — NAP 25x10 (102)  ISOFP + NO — UUSONIT + U9INO; + 0.91HO, 4.0 x 1072 8,15
(G HO | HO, | H:0 4 ILO; bsooldple S ) TOLE OB — DUSXU; + U240, s v exp (3 .03 FICHO + 0SIIBOPRD o 0.16PAR
H 5 R -12 . . 3 q -12
ol Es 0 o T nub et e it Ve e e
2 + NO: —» 3 8(-31). 3.2, 71 \ ol » 0.5X0; + 0.55HO: + 0.8MC! 73%10°" axp X _ia
(3)  HO, 4 NO. — HNO; 5.0 % 10-1% - IPAR .+ 045TO. & 0.05CRES (104)  [SOPO: + NO —3 NO, + HO, + 0.09C0 + 0.55ALDZ 10 % 10 8,15
(35) HNO, % HO; + NO; ks x 476 x 10% @ (72) TO2 4+ NO — 0.95(NO; + OPEN + HO2) + 0.05ONIT 81 x10-12 (105)  XO, 4 NO —s NO, : 5 0510515 -
(36)  NOs + NO — 200z 13 %1070 exp (17 (73) CORES + OH - 0.4CRO | 0.6X0; | 0.6HO: 41 x 107" (106)  CH.03 + NOs —» HCHO + HO, + NO. 11 % 10-12 711
(1) RIOR O o O it 0 IOFEN (107)  ETHP + NOs —s ALD2 + HO; 4 NOs 2.5 x 10712 711
(38) NO3 + NO» —5 NaOs F(2.2(-30), 3.9, 1.5 (74) CRES + NO3 —+ CRO + HNOs 22x 1071 3, =00 ! 3 )
(39) NO3 + NOs — 2NO3 + O1 8.5 2 10= exp (1 (75) CRO + NOs —» ONIT 14 x10-1 (108) RO: o+1N0,P—» 1:;)},“: ovﬁgg:no.nf\oxsa +0.3ALD2 25 x107*? 7,11
(1)  NOs | HO; - 3HNO, + .7NO; + TOH 35 x 10712 (76)  OPEN + OH — XO; + C30y + 2C0 + 2HO; + HCHO 3.0 10" Goh., LUK b Oy -3
(41)  NaOs + H;0 — 2HNOs 20 x 10 (T7)  OPEN + hv —+ G204 + CO + HOz 9.04 X JuoHon (109) i S Rt S S SNl & A
(42)  N20g % NOs + NO, ks x37x10 ex  (78)  OPEN + O3 —» 0.03ALD2 + 0.62C05 + 0.7HCHO 54%10- 7 exp(~ (MO  ANO2 + NOx — NOj + G203 + HCHO L2 %10 = 5,11
(13)  NO + NO + 0; 2% 2NO, 3.3 % 1079 exp (53 + 0.69CO + 0.080H + 0.03XO; + 0.76HO; + 0.2MGLY ) R e e A THO L 0.5ALD3 A0 %10 611
~13, ot o 2 - -
g‘;g ggzt%ﬁ’{ i a0 O }-:?J}(lgl].(al~3+l.? Isoprene Chemistry (112) X0z + NO3 —» NO, 2.5 x 107 7,11
' (79)  ISOP + OH — ISOPP +0.08X02 _ _ o 255 x 107 exp (¢ (113)  CHaO» + HO2 — CHaOOH 3.8% 10717 exp (800/T) L1l
OH 7.6 % 1071 exp (700/T) 1,11
O o gﬂt";x.?ECHEM 1.7 > 10712 oxp (1300/7) 8,11
YOH + 05) 45 % 1071 exp (1000/T) 1,10
WATER LemeT NUCLEATION AND ! 1210 exp (13001 ®,11
. DU, SS, BC = 1.7 % 10-1? exp (1300/T) 8,11
(SS, BC UPTAKE y , s aneidn
) DA ke . sto4 .CONDENSAﬂON ol 1] 4 i ™ I 1.7 % 10719 exp (1300/T) 8,15
OC,S04) .7~ . s 0cC, S04) cetan , 3 s
A . . - > ’ o3 oo : 03 4 + 2PAR L7 % 1074 exp (1300/T) 8,15
% 13O & ¢ 6 o) Oo = N O i H 1.7 % 10719 ey (1300)77) 215
oo x s o O ~H OO <“3 1.7 % 107 exp (1300/T) 8,11
(@) fe) ORI ) . (@) o Q Parameterized Rermutation Reactions
o @ R ‘(( 0.32HO; + 0.34CH;0H kY i = CH30, 11,16
i SRFNEE HOy | 0.2C;Hs k", i = ETHP 11,16
SEA-SALT A DIMETHYL SULFIDE ‘GAS+h\) \LD2 + 0.57AONE + 0.06ETHP k"), i = RO, 11,16
EMISSIONS i1 EMISSIONS ANV e
d e sl k;”, i= 0, 1,18
(127)  ANO2 — 0.7(C203 + HCHO) + 0.15(MGLY + AONE) &, i = ANO2 11,16
(128) NAP —s 0.5(NOz + HCHO + ALD2 + ONIT) - PAR kM, i = NAP 11,16

Barcelona
Supercomputing

Centro Nacional de Suparcompulacion



BSC | Motivation | Tools | GPU | Multi-cells & GPU | Conclusions

Computational design

Source: COMET

Computer
Resources

e Programming languages:

o FORTRAN, C = —
e Parallelization strategy: Y,g,c..“/\ B g— |
o Domain decomposition A Conrdnae Sy L

¢ Resolution >
— of .
Features——

o MPI, MPI+OpenMP
o New approaches: MPI +
OpenACC | CUDA
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Parallelization techniques

OpenACC: Portable GPU and CPU Performance ﬁ

¥ CPU: MPI + OpenMP
; ¥ CPU: MPI + OpenACC
“ CPU + GPU: MPI + OpenACC

miniGhost (Mantevo) NEMO (Climate & Ocean) CLOVERLEAF (Physics)

359 miniGhost: CPU: Il Xoon E5-2636 v3, 2 sockets, 32-.cores Lotal, GPU: Tesk KBO (single GPU|
NEMO: Each socket CPUE Intel Xeon E5-—2698 v3, 16 cores; GPU- NVIDIA KBO toth GPUs
CLOVERUEAF; CPU: Dusl socket Intel Xeon CPU £3-2080 v2, 20 cores total, GPU: Tesk KBD Soth GPUs

Performance Portability from GPUs to CPUs with OpenACC, Nvidia Developer Blog
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Configuration Median CPU  Median acce-  Performance
exec ume lerated exec over @
(s) time (s) CPU =
Intel Xeon X5650 4+ M2070 4.502 0.999 4.50x g
Intel Xeon E5-2680 v3 + K80 1.476 0.283 5.21x% =
IBM POWERS + P100 3.040 0.149 20.40x £
=
2
Configuration MPI Processes CPUexec  Accelerated Performance o
time (s) exec time (s) over CPU 8=
9_‘1
2 x 6-core Intel Xeon X5650 +  2MPI processes 5199 2358 2.27 x R
2 x NVIDIA M2070 12MPI processes 1388 1368 1.01 x ;'f_-
<
2 x 12-core Intel E5-2680 v3 + 4 MPI processes 7362 3384 217 % o
2 x NVIDIA K80 24 MPI processes 1756 1473 1.19 x
2 x 10-core IBM POWERS + 4 MPI processes 2294 918 2.50 x
4 x NVIDIA P100 20 MPI Processes 814 437 1.86 x
Michail Alvanos and Theodoros Christoudia, GPU-accelerated
atmospheric chemical kinetics in the ECHAM/MESSy (EMAC) Earth
system model , 2017
Barcelona
Supercomputing
Center
Centro Nacional de Suparcompulacion

BSC | Motivation | Tools | GPU | Multi-cells & GPU | Conclusions

Chemistry in the GPU: CUDA

Booé

"

B A~ ° 1ol
@ RKC-CPU H
RKC-CPUX6 A
. X ~ RKC-GPU =~ @

10°

10° 10* 10° w0°
Number of independent ODEs

Kyle E. Niemeyera,b,1, Chih-Jen Sungb,
Accelerating moderately stiff chemical kinetics in
reactive-flow simulations using GPUs, 2018

...ahd more
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Our goal

e Challenges Addressed
o Siloed treatment of physical/chemical processes
o Huge heterogeneous codebase
o Efficient solving of complex physical/chemical systems

e Howwedoit
o Integrated stand-alone chemistry solver
o Standardized description of physical/chemical processes
o Porting high-cost functions to GPUs
o Simultaneous solving of multiple grid-cells

]
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MONARCH: Multiscale On-line Atmosphere
Chemistry Model

~20%

| — Janjic and Gall (NCAR/TN 2012)
— Janjic and Vasic (EGU2012)
— Janjic et al. (MWR 2011)

— Pérez et al. (ACP 2011)

— Haustein et al. (ACP 2012)
— Spada et al. (ACP 2013)
AEROSOLS —» Spada et al. (AE 2014)

— Spada (2015)

— DiTomaso et al. (GMD 2017)

~80%

VOLCANIC ASH iy e Yo 0T

B — Jorba et al. (JGR 2012)
GAS-PHASE — Badia and Jorba (AE 2014)

CHEMISTRY — Badia et al. (GMD 2017)
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Atmospheric chemistry - Classical approach

Host model
. . . . vapor
activity activity P
pressure
model model
model

l l l 4 \ p
7 ‘ N
II 4 / .

support module
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CAMP: Chemistry Across Multiple Phases

Host model CAMP Solver

model state

€ B

integrated
chemical
mechanism

1

A 4

- |:

provides

aerosol Aerosol Representation
properties
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CAMP: Chemistry Across Multiple Phases

Host model CAMP Solver

model state

photolysis

deposition

integrated
chemical
mechanism

emissions

provides

aerosol Aerosol Representation
properties

Al
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ODE Solver

e Purpose: Iteratively solves y’'=f(t,y) using a Backward
Differentiation Formula (CVODE) and the SuiteSparse
KLU Linear Solver

e Needs: f(y) and J = of /oy (Derivative & Jacobian)

19
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ODE Solver

e Purpose: Iteratively solves y’'=f(t,y) using a Backward
Differentiation Formula (CVODE) and the SuiteSparse
KLU Linear Solver

e Needs: f(y) and J = of /oy (Derivative & Jacobian)
~20% ~10%
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~70%

~30%
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ODE Solver

e Purpose: Iteratively solves y’'=f(t,y) using a Backward
Differentiation Formula (CVODE) and the SuiteSparse
KLU Linear Solver

e Needs: f(y) and J = of /oy (Derivative & Jacobian)
~20% ~10%
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~70%

~30%
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CAMP: Optimization strategy

Profiling: Identify the most-time consuming functions

GPU-based derivative function: Porting to GPUs and
performance analysis

Multi-cells & GPU: Improve performance using a multiple
grid-cell solving strategy
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CAMP: Optimization strategy

Profilinetdentifot . ot SO
Derivative (~20%)

e GPU-based derivative function: Porting to GPUs and
performance analysis

e Multi-cells & GPU: Improve performance using a multiple
grid-cell solving strategy
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CAMP workflow in MONARCH

MONARCH

[Solve meteorolog)J
v
Integrated chemical
Update cell mechanism

Send cell
v /|
=N .,. Yy

[ Solve chemistry ] [ ODE solver ]

A

fi(y) and
Jacobian

Return cell

=N

Barcelona
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Centro Nacional de Suparcompulacion



BSC | Motivation | Tools | GPU | Multi-cells & GPU | Conclusions

Derivative: f(y)

® A reaction:

ciyy +c2y2 + -+ CmUYm © Cm+1Ym+1 + Cm+2Ym+2 + *** + CnlYn,
(dy,-) e —Ci"j(y,T,P,...) fori <m
J

dt ciri(y, TP, i) form<i<n
® Derivauve:

_dy; dy;
fim—r= 5

c = stoichiometric coefficient J J
t=time
r = rate
J = reaction
i = species
y;= concentration of species i
m = number of reactants Barcelons
n = number of products (( Chamempatiog
Centro Nacional de Suparcampulacion

p = number of reactions
w = number of species

[ ODE solver ]

requests f(y)

Receive y(t)

f(y)

j=0

h 4
Update
I'j(y,T, P.:)

S

pecies loop

No j++

j::p?

Yes

Reaction loop

v Return f(y(t))

Continue ODE
solving

|

26



BSC | Motivation | Tools | GPU | Multi-cells & GPU | Conclusions

Derivative GPU

requests f(y)
Receive y(t)

[ ODE solver i

e Parallelize reactions loop

A4

[Copy y to GPU

~

J

GPU run Launch p
v threads
Update i
Ny, TP.) |

e Add data transfer

h 4

fi+=cijrj

e Atomic operations '/gp—lp

Yes

A 4

[Copy f(y(t)) on]
CPU

 Return f(y(t))

Continue ODE
solving

Barcelona
Supercomputing
COntor
MCampuiscion
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Test environment

e Plaftorm: CTE-POWER cluster, each node with:
o 2xIBM Power9 8335-GTH @ 2.4GHz
o 4 x GPU NVIDIA V100 (Volta)
o GCCversion 6.4.0 and NVCC version 9.1

e Configuration: CBO5

Mechanism | Reactions | Reactants Cells GPUs MPI
processes

CB05 (CPU) 186 72 1 0 1

CB05 (GPU) 186 72 1 1 1

28
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Derivative GPU

e Test impact of
GPU reaction  CAMP GPU scalability speedup

calculations 2
1.8
15 /

® Scale by 2 _

repeating CBO5 z /1..06

mechanism 2 0.82

& os /
_0:3%
. 026

e We can still e

i m p rove 1000 2000 3000 4000 5000

memory aCCESS Number of reactions

Barcelona
Supercomputing
COntor
Mrcompulaoon
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Reaction data structure

Reaction 1 Reaction 2
<& > < >

reactlon t.y pe int reaction reactlon t.y pe int reaction
[int] array int data size int data size

float data size | P2 float data size | P@r@ms

3 int 3~100 * [int] 3 int 3~100 * [int]

Reaction 1 Reaction 2
>

<€
float reaction ke
[float] array reaction
params
params

3~30 *[float] ~ 3~30 * [float]

Barcelona
Supercomputing
COntor
ampuiacion
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Derivative GPU: Inverted Data Structure

J = Reaction
p = Parameter
Value # = GPU access order and arrangement in memory

P
. »*
] A
Thread 1 N Valuel | Value4 | Value7
Thread 2 ——»|| Value2 | Value5 | Value 8
Thread 3 —>( | vaye 3 | value 6 | Value 9
 J

GPU access on original
reaction data structure

Barcelona

Supercomputing

Center

Centro Naciona) de Suparcampulacion

Thread 1 Thread 2 Thread 3
< >
Valuel | Value2 | Value 3
Value4 | Value5 | Value 6
Value7 | Value8 | Value 9

GPU access on inverted
reaction data structure

31



BSC | Motivation | Tools | GPU | Multi-cells & GPU | Conclusions

Derivative GPU: Inverted Data Structure

CAMP GPU scalability speedup memory access

= Memory access optimization == Original version
2

—
1:89

Speedup (CPU/GPU)

1000 2000 3000 4000 5000

Number of reactions

Barcelona
Supercompuﬂng
Cz:r ts ondl de Suparcampulacion
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CAMP: Optimization strategy

Prefilinetdentifut . ot SO
Derivative (~20%)

o | derivatives o Pt oy I
performanee-aralysts—-> GPU initialization is costly for

small amounts of data

e Multi-cells & GPU: Improve performance with a multiple
grid-cell solving strategy
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CAMP: Multi-cells

e System Features:
o Cells are not interdependent w.r.t. chemistry
o GPUs need sufficient work to offset initialization

o MPI domain decomposition results in multiple cells per
node

S2EF

e Goals:
o Avoid resetting variab
o Reduce cache misses
o Reduce ODE iterations

Barcelona
Supercomputing
COntor

iteration
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CAMP: Multi-cells

] CBO05 CBO05 CBO05
one-cell - s e N
)
Cell 1 Cell 2 Cell N

CBO05,

CBO05,
Multi-cell

CBOS5y

N cells
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CAMP: Multi-cells

ST CB05 CBO05 CBO5
one-cell : =l I N
b}
Cell 1 Cell 2 CellN
CBOS, e Species
. CBO05; “replication”:
Multi-cell 03,, 03,.. O
e Common
CBOSY, ODE solver
parameters
N cells
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CAMP: Multi-cells

Original Multi-cell
one-cell

[Solve meteorology

A

( |
Update cell ]‘ f [Solve meteorology]

.
Send cell E Send all cells
X X
[ H
Solve chemistry ] # [ Solve chemistry ]
\ !
Return cell Return all cells

A

)
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CAMP: Multi-cells

_ dye dy;j
Ji = dt 24 dt

J

f,=derivative

t=time

J =reaction

i = species

k = cell

y, = concentration of species i in cell k
p = number of reactions

q = number of cells

Barcelona
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[

ODE solver
requests f(y)

Receive y(t)

fy)

j=0,k=0
Y

|

i=0

h 4

fik+=Cij Mk

Update
rjk(y,T, P. )

Species loop

No j++

Reaction loop

No K++, j=0

Cell loop

Yes

Return f(y(t))

h 4

{Continue ODE

solving ]
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Test environment

e Plaftorm: CTE-POWER cluster, each node with:
o 2 XxIBM Power9 8335-GTH @ 2.4GHz
o 4 x GPU NVIDIA V100 (Volta)
o GCC version 6.4.0 and NVCC version 9.1

e Configuration: Basic

Mechanism Reactions Reactants Cells® GPUs MPI
processes
Basic 2 3 100 - 0 1
(One-cell) 10,800
Basic 2 3 100 - 0 1
(Multi-cell) 10,800

*10,800 cells is the common configuration in MONARCH
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CPU Multi-cells: Results

o Reduced ODE solver iterations

Number of Derivative calls from ODE solver

== One-cell == Multi-cells
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6000000
3968514
£ 4000000
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2000000
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Number of cells
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CPU Multi-cells: Results

CAMP speedup for basic test with multi-cells

15.00
2 14.00
Q
e
=
E 13.00
©
Q
2 1200
<} ' 12.35
2 1192 1206
D
o 11.00
£
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10.00
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GPU Multi-cells

[ ODE solver ]

e ———————————=%
requests f(y) ODE solver
Receive y(t) _requests f(y) ]
f(y) Receive y(t)
P ) ()
Update
Co to GPU
{ k(Y T,P...) ’ _pyy_}
i=0 GPU run Launch p'q
v v threads
S Update
fik+=GC;i I W
[ ik*=Cij Mk ]‘i rity, T,P...)

Species oop Reaction & Cell parallelization

No j¥+ fl = derivative

Reaction loop t=time
r = rate
J =reaction
k++, j=0 i = species
& k = cell
ell loop . .
y. = concentration of species i in cell k Return f(y(t))
ik ’ PP i Sty
Retum (D) p = number of reactions Continue ODE
i d q = number of cells . Soying
Continue ODE
solving
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Test environment

e Plaftorm: CTE-POWER cluster, each node with:
o 2 XxIBM Power9 8335-GTH @ 2.4GHz
o 4 x GPU NVIDIA V100 (Volta)
o GCC version 6.4.0 and NVCC version 9.1

e Configuration: Basic GPU

Mechanism Reactions | Reactants Cells* GPUs
Basic (GPU) 2 3 100- 1
10,800

*10,800 cells is the common configuration in MONARCH

MPI
processes

1
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GPU Multi-cells: Results

CAMP speedup for basic test with multicells CPU and GPU

== CPU Multi-cells == GPU Multi-cells
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GPU Multi-cells: Data & Compute

Utilization

Mechanism Reactions = Reactants = Cells | GPUs MPI
processes
Basic (GPU) 2 3 10,800 1 1
100%
90%
70%
60 I Memory operations
50% [ Control-flow operations
I Arithmetic operations
40% B Memory (System)
30%
I 0

Compute Memory (System)
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GPU Multi-cells: Data & Compute

Mechanism Reactants Cells GPUs Processes
Basic (GPU) 3 131072 1 1
Basic (MPI) 3 131072 0 40

Derivative on GPU and MPI

B Receive [ Send WM Compute [l MPI

Time[s]

0.6

((

Barcelona
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CAMP: Optimization strategy

Profilinetdentifot . ot SO
Derivative (~20%)

o | derivatives o Pt oy I
performanee-aralysts—->GPU initialization is costly for

small amounts of data

Mttiee s 8- GRU : . i

i i ->GPUs can handle even more
load ... For upcoming work!
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Conclusions
GPU-based derivative function improves systems with >2000
reactions

-> GPUs significantly speed up solving large mechanisms

Optimizing GPU memory access by reconfiguring data
structures improves execution up to 30%

-> Ensuring optimal memory access always improves
efficiency

Barcelon
Su| p rcomp uting
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Conclusions

Multi-cell approach makes solving 12—14 times faster

-> Simultaneously solving cells reduces solver iterations

Porting solver functions to GPUs coupled with multi-cell
treatment improves chemistry solving by 7—-21x

-> Maximizing parallelization improves GPU functions

Data movement accounts for most multi-cell GPU
computation time for large numbers of grid-cells

-> Search for alternatives (async & more computation)

(C Barcelon
Su, p rcomp uting
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Future work

Porting all solver functions to GPUs will reduce data
movement and improve efficiency

Load balancing GPU & CPU + asynchronous communication

Evaluate GPU-based chemistry solving in MONARCH
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Initial CPU-based CAMP

Performance compared against reference methods

4

Time [s]

CAMP

EBI KPP

Solver option
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GPU Multi-cells: Memory & Compute

GPU-based derivative data movement and computation times

B Data movement [ Compute

2.5

Time [s]

10800

100 1125

Number of cells
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CAMP GPU vs KPP GPU

KPP GPU CB054 CBO05, - CBO5p
b )
Cell 1 Cell 2 Cell N
|
Thread 1 Thread 2 Thread N
s 3 Threads:
Solve f(_y) or N Cells X
CAMP S _ Jacobian | M Reactions
. 1
GPU [ )
ODE solver
J J
CBO5y .
[ MONARCH J
N cells

Center
‘Contro Nacional de Supercompulecion : Multiscale Online Nonhydrostatic AtmospheRe CHemistry model 57
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CAMP GPU (including future work) vs KPP
GPU

KPP GPU CB054 CB05, o CBO5y
Cell 1 Cell 2 CellN
1
Thread 1 Thread 2 Thread N
- Threads:
Sjlve lf)m or | — NCells x
acoblan M Reactions
CA_MP CB054 -
Multi-cell CBO5, . e
GPU ' h Threads:
ODE solver — N Cells x
. J P Species
CBO5Sy v
{ MONARCH ]
N cells
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GPU Multi-cells

CAMP time per different threads per block for basic test with
10,800 cells

2

1.5

Time [s]

0.5

512 256 128 64

Threads per block
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: Block processing

CAMP time kernel division for basic test with 10,800 cells

Time [s]

GPU kernels

NMMB-MONARCH 10

Multiscale Online Nonhydrostatic AtmospheRe CHemistry model 59
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Platform

CTE-POWER:

2 login nodes and 52 compute nodes, each of them:

2 x IBM Power9 8335-GTH @ 2.4GHz (3.0GHz on turbo, 20
cores and 4 threads/core, total 160 threads per node)
512GB of main memory distributed in 16 dimms x 32GB @
2666 MHz

2 x SSD 1.9TB as local storage

4 x GPU NVIDIA V100 (Volta) with 16GB HBM2.

GPFS via one fiber link 10 GBit

Compilers: GCC version 6.4.0 and NVCC version 9.1
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Reaction data

Reaction 1 Reaction 2
-« > <€ >
irr?’[a] gg?an;?;ze int reaction | float reaction irr?ta dcgfansté r;e int reaction i:):étion
float data size | P2rams params float data size | P2rams params
3int 3-100 * [int] 3-30 * [float] 3int 3-100 * [int]  3-30 * [float]
Reaction 1 Reaction 2
- > < >
EEIE 0 int reaction LI 9 int reaction
[int] array int data size arams int data size arams
float data size P float data size P
Reaction 1 Reaction 2
-«
float " float
[float] array oat reaction reaction
params params
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