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Accelerating a Sea Ice Model on Sunway Many-Core Processor

LI Bin-Yang LI Bo QIAN De-Pei
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Abstract  Sea ice model is an important part of the earth system model which uses a finite difference
grid and time stepping to simulate the sea ice vicissitudes. Sea ice model simulations can take
from hours to days to complete due to the compute-intensive nature of the model. As a result,
the size and resolution of simulations are constrained by the performance limitations of modern
computing hardware. Sunway Taihulight supercomputer is the world’s first system with a peak
performance greater than 100 Pflops. It brings a new opportunity for high resolution earth system
model simulations but exploiting the parallelism in this architecture is not trivial. Some applications
have been ported and parallelized on many core architecture platforms. But when compared with
other HPC application domains. the porting of the climate models onto many-core architectures
has been relatively slow. Most of efforts are based on GPU. And most early-stage efforts focused

on the physics modules. Since the modules are usually compute-intensive and do not involve
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communications, GPU-based acceleration can generally achieve a speedup of one order of magnitude.
Different from the projects mentioned above, our work focuses on CICE 5.1 and uses Sunway
many-core processor as our hardware platform. Since CICE sea ice model has many relationships
with other climate components, optimizing communications between Sunway many-core processors
becomes an important issue we need to address. Besides, tuning the original CICE algorithms to
fit the new calculation elements is another problem we need to resolve. To address these issues,
in this work we implement a new parallelization of sea ice model algorithm on Sunway many-core
processor. Sunway many-core processor architecture is much different from the architecture of
CPU which we use now. Each Sunway many-core process contains 4 CGs (Core Groups), each
CG contains 1 MPE (Management Process Element) and 64 CPEs (Computing Process Element).
To exploit the massive parallelism offered by Sunway many-core processor, we propose a parallel
algorithm for sea ice model which contains the ways for data transmission, data dividing as well
as the calculation method. The main purpose of our work is reducing the data transfer time and
exploiting the parallelism offered by the platform. The methods we used to achieve this goal is
easy-understanding and we believe simply methods are more efficient in this scenario. Some tricks
are also used to achieve good performance. We benchmark with CICE test dataset as well as real
world data collected from COREv2 dataset to test our implementation. Two sea ice model algorithms
have been ported on Sunway many-core processor and our implementation yields speedups of up to
11. 6x and 9.8x over the parallel implementations running on MPEs, while demonstrating

comparable performance to the basic parallel implementation on Sunway many-core processor
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which improve the performance up to 40%.
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£2 1997 £ o3 MEREMIEFARAKEERNMIES 7. init_csr(csry trans_area, next)
KRG R 8. real=change_state(pre, csr —> val_length)

0 0. 089 9. IF real <<next

1 0. 136 10. shrink(csr, real)

- 0197 1. ENDIF

3 0.136 ) )

4 0.135 12, left_blocks = left_blocks—real

5 0.131 13. END WHEN
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Data transmission.

. max_size= get_max_size(trans_size, pace)

. limit=get_limit(trans_size, local_size)

. When left_block >0

1
2
3. init_predictor(pre, pace, init, limit, max_size)
4
5 next=next_trans( pre)

6

trans_data(trans_area, next)
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rhORT DU A de KB K/ T IS A inie_predict
WG AL TN S5 254 . Z )5 - B P A4S A next_trans o
B e AT A T KR e A KR R T — IR
T AP 25 K 4 AR U S B A R 1 2 0 ik T R R
R 1 PRV A change_state PREL, % bR AR 1]
AR YR A% i Fe AT DRAF (8 508 5 DR /N I % T g 45 )
HEAT SR A5 A AL i B oK R TR B 4
A Y TR A8 B S B shorink bR M8 GR35

i K.
3.3.2 HUWRRE 10 B

AR 508 A2 Ay J SR AR 1 1 B 0 R 3 R AT
A2 LSRN 43 SN S SR AR L o ST AR
Ak e FIAS B B P AS TOICAR 25, T LA 1 bit R 5
N VRS A AL Y G 0 A% B R 8 AR
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@ A basic tool kit for sparse matrix computations, 1990.

http: // citeseerx. ist. psu. edu/viewdoc/summary?doi =
10. 1. 1.41. 3853
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BN B S wh X (trans_area) » JEAEBE X 3K (cal_area) ,
R 45 J5 (0 B0 IR 2 Cesr) s A7 0045 SR 10 %5 18] Cans_
area) s T BEE RN Ccal_size) A& i 2% op X K 42
KN (trans_area_size)
ik s A JE TR A R
AR Ak temp_area Wi I A7 il 25 2R 1 25 (1)

Calculation method.

1. 1IF trans_area_size >=cal_size

2 retrains_with_val(csr, cal_area, trans_are)
3. calculate_ans(temp_area, trans_area)
4

construct_same(csr, ans_area, temp_area )

ELSE

> O

times= (cal_size — trans_area_size + 1)/
trans_area_size + 1
7. split cal_area and ans_area into times pieces

8. FOR 7 in 1, times

9. retrains_with_val(csr, cal_areal i |, trans_are)
10. calculate_ans(temp_area, trans_area)

11. construct_same(csr, ans_areal i), temp_area)
12. i++

13. END FOR

14. END IF

15. Return ans_area

M3 % 05 ¥ S AR S PR B AR b AT R
— A TR B 20 58 B I BR EAR B O i B B O A
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Experiments) % dr fr #2 fE i 548, B T COREv2
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4.2 AEMEEETEEZBENEZRITLE S
ARFTRE A3 1A [6] A RUBE T BEAS IR 47 J7 2%
WO 5 B A AE SR 0 A 4 BSCHE A i 3 4 A
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@ A spherical coordinate remapping and interpolation package.
http: //oceansl1. lanl. gov/trac/SCRIP

@ CDO user’s guide. https://code. mpimet. mpg. de/projects/
cdo/embedded/ cdo. pdf
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Background

High-resolution climate modelling remains a significant
scientific and engineering challenge because of the enormous
computing, communication, and storage requirements. In
recent years, many heterogeneous architectures have been
proposed and have achieved much higher peak performance
than ever before. Porting and parallelizing climate model on
the new hardware platforms is one way to accelerate high
resolution climate modeling process. Parallel programming
methods, such as MPI and OpenMP, have been widely used
to support the parallelization of climate models. However,
supercomputers are becoming increasingly heterogeneous and
diverse, involving devices such as the GPU and the Intel
Many Integrated Core (Intel MIC), new approaches are
required to effectively utilize the new hardware.

When compared with other HPC application domains,
the porting of the climate models onto many-core architectures

has been relatively slow. Many researches are based on
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GPU. The typical examples include GPU-based accelerations
for the ROMS (Regional Ocean Modeling System), and the
POM. gpu-vl. 0 which redesigned the parallel version of the
Princeton Ocean Model to fit the GPU.

In recent years, some climate models are ported to the
Sunway processor. Haohuan Fu has ported and refactored
the CAM on the Sunway TaihuLight supercomputer and
other efforts are in progress now.

Different from the projects mentioned above, our work
focuses on the sea ice model. Moreover, we concentrate our
efforts on propose a framework which need to dig into the
algorithms as well as the new architecture.
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