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(b) Strong scalability of 1-km resolution

Figure 10. The strong scaling of swLICOM (Simulated Days per Day, SDPD) for (a) 2-km test ranging from 1,277,770 to 24,315,850 cores

and (b) 1-km test ranging from 1,201,070 to 26,995,020 cores. The red lines are the efficiency.

To verify the accuracy of mixed precision, we conducted a one-month simulation on both the double precision version of

LICOM-Domain and the mixed precision version of silicon. As introduced in section 3.4.2, we calculate the average value of

30 daily data points for temperature, salt, and sea surface height. Then, we use our accuracy formula MIXRMSD to evaluate335

the accuracy, as shown in Figure 11. The MIXRMSD of temperature, salt, and sea surface height is around 0.018, 0.0098, and

0.0005, respectively.

We use swLICOM with a horizontal resolution of 2 km to conduct a short-term (50 days) simulation test in the new

generation Sunway cluster. Figures 12 and 13 show the snapshots of sea surface variables in the Kuroshio and Gulf Stream

regions, respectively. The normalized vertical vorticity field, defined as ( ∂v∂x−∂u
∂y )/f , demonstrates active submesoscale processes340

with the magnitude of O(1), especially along the energetic jets and around the mesoscale eddies. The sea surface temperature

field can also show clues of stirring submesoscale activities.

5 Conclusions

In conclusion, swLICOM represents a significant advancement in kilometer-scale resolution ocean general circulation models

on heterogeneous computing architectures. By optimizing LICOM3 for the new generation Sunway supercomputer, we successfully345

address several key challenges associated with ultra-high-resolution global simulations. Through our effort, swLICOM demonstrates

a peak performance of 453 SDPD with 59% efficiencies at a 1-km resolution on 26,995,020 cores and 410 SDPD with 45%

efficiencies at a 2-km resolution on 24,315,850 cores in terms of strong scalability. Moreover, swLICOM captures the vigorous

mesoscale eddies and active submesoscale phenomena with 2 km horizontal resolution.
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Figure 10. The strong scaling of swLICOM (Simulated Days per Day, SDPD) for (a) 2-km test ranging from 1,277,770 to 24,315,850 cores

and (b) 1-km test ranging from 1,201,070 to 26,995,020 cores. The red lines are the efficiency.

We use swLICOM with a horizontal resolution of 2 km to conduct a short-term (50 days) simulation test in the new

generation Sunway cluster. Figures 12 and 13 show the snapshots of sea surface variables in the Kuroshio and Gulf Stream

regions, respectively. The normalized vertical vorticity field, defined as ( ∂v∂x−∂u
∂y )/f , demonstrates active submesoscale processes340

with the magnitude of O(1), especially along the energetic jets and around the mesoscale eddies. The sea surface temperature

field can also show clues of stirring submesoscale activities.

5 Conclusions

In conclusion, swLICOM represents a significant advancement in kilometer-scale resolution ocean general circulation models

on heterogeneous computing architectures. By optimizing LICOM3 for the new generation Sunway supercomputer, we successfully345

address several key challenges associated with ultra-high-resolution global simulations. Through our effort, swLICOM demonstrates

a peak performance of 453 SDPD with 59% efficiencies at a 1-km resolution on 26,995,020 cores and 410 SDPD with 45%

efficiencies at a 2-km resolution on 24,315,850 cores in terms of strong scalability. Moreover, swLICOM captures the vigorous

mesoscale eddies and active submesoscale phenomena with 2 km horizontal resolution.

Our optimization efforts addressed a series of challenges that are particularly crucial for high-resolution modeling. The350

automatic parallel code translation tool, swCUDA, is optimized to enhance computational performance and simplify the

porting process for future applications, thereby promoting productivity and scalability. The initialization phase suffers from

scalability limitations due to extreme parallelism processes and point-to-point (send-recv) communication patterns. Meanwhile,

output operations require gathering hundreds of gigabytes of data into a single process, creating severe bottlenecks in write
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Figure 10. The strong scaling of swLICOM (Simulated Days per Day, SDPD) for (a) Strong scalability of 2-km resolution. 2-km test ranging

from 1,277,770 to 24,315,850 cores and (b) Strong scalability of 1-km resolution. 1-km test ranging from 1,201,070 to 26,995,020 cores.

The red lines are the efficiency.

the accuracy, as shown in Figure 11. The MIXRMSD of temperature, salt, and sea surface height is around 0.018, 0.0098, and

0.0005, respectively.

We use swLICOM with a horizontal resolution of 2 km to conduct a short-term (50 days) simulation test in the new

generation Sunway cluster. Figures 12 and 13 show the snapshots of sea surface variables in the Kuroshio and Gulf Stream340

regions, respectively. The normalized vertical vorticity field, defined as ( ∂v∂x−∂u
∂y )/f , demonstrates active submesoscale processes

with the magnitude of O(1), especially along the energetic jets and around the mesoscale eddies. The sea surface temperature

field can also show clues of stirring submesoscale activities.

5 Conclusions

In conclusion, swLICOM represents a significant advancement in kilometer-scale resolution ocean general circulation models345

on heterogeneous computing architectures. By optimizing LICOM3 for the new generation Sunway supercomputer, we successfully

address several key challenges associated with ultra-high-resolution global simulations. Through our effort, swLICOM demonstrates

a peak performance of 453 SDPD with 59% efficiencies at a 1-km resolution on 26,995,020 cores and 410 SDPD with 45%

efficiencies at a 2-km resolution on 24,315,850 cores in terms of strong scalability. Moreover, swLICOM captures the vigorous

mesoscale eddies and active submesoscale phenomena with 2 km horizontal resolution.350

Our optimization efforts addressed a series of challenges that are particularly crucial for high-resolution modeling. The

automatic parallel code translation tool, swCUDA, is optimized to enhance computational performance and simplify the
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