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© Introduction © Single Node Performance © Weak Scaling and Performance © Analysis and Discussion
- High-resolution atmospheric simulation provides more precise @ Kernel Programs @ Experimental Conditions - We analyzed the performance degradation in the physical step.
cloud behavior and an insight into extreme weather events, - In the physical step, average number of floating-point
such as typhoons and heavy rains associated with climate * NICAM has two main components in the main loop: + We evaluated the performance by weak scaling the compute operations per node is constant with the number of processes
change. dynamics and physics. nodes from 5 to 81,920 nodes. (Figure 5).
high-resolution simulations. programs from the components based on profiling results (intra-node) hybrid parallelization. £ e = dynamical step  ® physical step
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- To perform more effective computations with high-resolution (Table 1). - We focused on the main loop of NCAM. .§ S e |
. . . . Table 1 Kernel programs o =
in a production run of Nonhydrostatic Icosahedral Atmospheric - : g
p y p Kernel name Outline blocks ’ Setup and I/O time were |9n0red- ° 2 6E+11 -
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Model (NICAM)[1][2], we optimized single node performance, divergence horizontal divergence operators 1 L . . s 2
P N ; - To maintain same problem size per process, the experiment 5 _
and evaluated the performance by weak scaling using almost ; s &
: : - . o . . . O
dynamics |- 220ent horizontal gradient operators : was carried out under the conditions listed in Table 2. 2
all the compute nodes on the K computer. divdamp3b 3D divergence damping : ERE
advlim tracer advection with limiters 6
- Furthermore, we analyzed the application bottleneck derived divdamp horizontal divergence damping : Table 2 Experimental conditions for weak scaling 0
vsics cloud microphysics T-moment bulk scheme of the cloud microphysics 3 5 20 30 320 1280 5120 20480 82910
from SCheme, P radiation broadband longwave/shortwave radiative transfer scheme 3 g|eve| # of horiz. grids # of Procs. Ax [km] Number of Processes
7 163840 5 56
. o 655360 50 o8 Figure 5 Average number of floating-point operations per node
© NICAM © Tuning and Result : o o
- A weather/climate application for high-resolution global - Some kernel programs are divided into blocks corresponding 10 10485760 320 7.0 * Furthermore, we analyzed the number of floating-point
atmospheric simulation studies to loop/loops. 1 41943040 1280 3.5 operations for subroutines of the physical step, and found
, , , o , 2 167772160 >120 1.7 inter-node load imbalances in the cloud microphysics.
- Nonhydrostatic and fully compressive equation system, - We took optimization processes of trial and error for each 13 671088640 20480 0.87
discretization on the icosahedral grid arrangement block (Figure 2). 14 2684354560 81920 0.44 * Regions with a large number of floating-point operations
: correspond to the distribution of the ice water (Figure 6).
(Figure 1) - o
advlim diffusion
. . . » The intra-n | imbalan rived from th hem
» NICAM uses a finite volume method, requiring only @ Result e intra-node load imbalances derived from the scheme
boint-to-point communication instead of global becomes more remarkable as the total number of processes
C - The dynamical step is good scalability (Figure 4). incr .
communication in spectral transform method. Y P159 y (Fig ) Creases
= - In the physical step, the peak performance ratio decreased, - For future work in high-resolution calculation, our results
o and elapsed time increased with the number of processes suggest that the physical step has an intrinsic bottleneck that
N cescoomes | J:z:::22| i . o . . .
divergence despite there being no communication. cannot be ignored.
Figure 2 Tuning History of the divergence, diffusion, and advlim
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- Optimizing single processor performance improved the peak performance performance
: : 10.2% 8.3%
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+ The K computer[3] is first 10 peta-flops massively parallel : y a global map in the cloud microphysics (glevel-14)
. 0.0 | 5 20 80 320 1280 5120 20480 81920
computer with 82,944 nodes. (Each node has a S 3 § £ & 2 28 8 Number of Processes Acknowledgement
SPARC64V””:X OCta‘Core Ch|p and 16GB memOry.) L}E §- g % 3 % _:87 Q. §. s COMM _data. transfer (time) s physical step (time) s dynamical step (time) Part of the results is obtained by using the K computer at the RIKEN Advanced Institute for Computationla Science.
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