expert in GPU programming.

Introduction

This work shows the potential in the use of graphics processing units (GPU) to
speed up the calculation of radiative energy absorption by atmospheric gases. Gas
absorption calculations are needed at millions of spectral lines (wavelengths) in
order to have an accurate depiction of the Earth’s in-coming and out-coming radia-
tive energies. The CUDA/GPU portion of the code obtains fast Voigt lineshapes
at several spectral locations, whereas the NIO/Java portion of the code performs
efhicient random file access on the large HITRAN database to obtain molecular
oas parameters. The first advantage of this programming model is the great speed
up obtain by the introduction of parallel GPU algorithms, and the second advan-
tage is the modular combination of the lower-level CUDA algorithms for the GPU
calculations and the higher-level Java language for efficient input/output of files
(I/O). The latter results in an accessible interface to the end-user that is not an

EARTH'S ENERGY BUDGET
. Reflected by Reflected Reflected from
atmosphere by clouds earth's surface
6% 20% 4% 64% 6%

Radiated to space
from clouds and

Absorbed by land
and oceans 51%

e Modeling radiative transter in the atmosphere is an extremely challenging task

e Current needs :

- Fast, accurate and robust PARALLEL models (GPU, MPI, Threads)

- Sub-grid models for coupling with other phenomena (i.e. turbulence, convec-

tion, cloud physics)

- Avoid computationally expensive codes (z.e. Monte Carlo)

e General computing in graphic processing (GPGPU) units is a powerful alterna-

t1ve
e Drawbacks:

- Full speed up only for single precision (4 bytes)

-GPU low memory and CPU/GPU communication are bottlenecks

- Lack of documentation, validation and applications to radiative transfer

Mathematical Formulation
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e Gas absorption is a extremelly noisy function
HI w along the spectrum [1]

I
i ML e Line-by-line (LBL) calculations using Voigt
\ lineshapes are required for every single gas at
g lw [ every single state [2]

e Slow process as there is many gas species and
thousands of millions of important
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CUDA GPU / JAVA 10 Programming Model

GPU Parallel Model: Voigt Lineshape -
Integral Function|2]

fv (v=v,yL76) — / /L (v—v'Tp) fG (V’—D,T)dy (1>

VIn 2 _ 2 .
— \/%WGK(% y) = Re [e (1 —erf|—iz] )} (2)
r=VIn?2 Vv y:’\/ln2/y—L. (3>
VG G

Voigt lineshape calculation on GPU

Humlicek algorithm on GPU
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GPGPU programming basis [3, 4]
e Cost, $ per teraflop (10 floating point operations) is low
e A GPU has thousands of processors for lightweigth tasks
e Parallel processes (threads) launch from CPU
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e High CPU/GPU data transfer reduces efficiency

e Double precision is needed for Jacobian-free calculations

=
_ sequential code ‘ \._\ host ‘

¥

er block 0>>>(var*1, ..., var*n);
device
rid 0

el . <E‘,?F<'S 00 || . (Ble?(k. é?? e /.(.5'}22}569.?( .

e ( (¢ { WK ;
wrrveney | ey ey
shared memory | | shared memory | [ shared meman Y
ooooooooooooooooooo

CPU

sequential code ‘ \/"-\\ host ‘
»

block_1>>>(var*1, .., var'n);
device

k (0,1

,‘(’P‘S 0.0 <‘/J3',°9((L ()<‘ ,,B'QCK!O)(Z)N
COCCCCE || CCCCCECE || €CCEC(l

Vorrvy || Yrrvrrenvy|| YeRhrYerY
ed memory | | shared memory | | shared memary

\ockmwio | - EIocB(I(D,‘./ Bosk (12
s || Sy
red memory | | shared memory ry

mmmmmmmmm

YOG R ARG AR

< [ VVVYVVVVYYVYYY

X

OP/s.
1500 Initial values (shared ‘1|1|1|1
memory per block)

-
~

1250 ==p==NVIDIA GPU Double Precision Stride 8 Thre:

\
s
l{'/
.
- x-
@
o
g
=4
o
bl
8
g
o]
N
N
N
N
ol

{((

ad ID
i EIEI KRR

1 gtﬁg:“ e‘o‘ﬁa‘e Thread ID
2l [af[af [ r]1]o]0]

EIRIEIEY

Step 3
o2 Q{D Thread ID
[r[7]s ez o] e [efe[o]e]1]t]o]c]

x\

A
(
Y
“

750

|
h |
)

500

{

SSSSS
Stride 1

Ty

YYYYVYYRY

/,
Y
S
z
’141
r:
k|
3
%

4

/l
SARBARRERRARRI

Thread ID
o vaues shared [1a] 7 [aJo [z [z [a[ o[t [a[o] o[ [1]1]1]
Final reduced

_—— -

>
W
=
—
>

vvvvv

™ Harpertown
Sep-01 Jan-03 Jun-04 Oct-05 Mar-07 Jul-08 Dec-09

Results and Speed up for Atmospheric H,O and COs

Atmospheric Profile at 50 Altitudes
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e Errors due to GPU single precision are less than 0.3% in the case of atmospheric HoO and CO9 at sea level

e Maximum speed up of 18 for 50,000 tested wavenumbers, speed ups grow proportional to the number of wavenumbers

e Potential extension to entire spectrum and multiple gaseous species is a must!

Summary & Conclusions

e A hybrid Java/CUDA model allows the modular combination of GPU and high-level /O algorithms

e The model allows for code reusability with an accesible learning curve for the end user
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