
JK decomposition algorithm. Otherwise, swCUDA directly translates its index to global indexing. Based on this new strategy,

most kernels perform better due to the appropriate memory usage.205

3.1.3 Manually Optimization

In CUDA kernels, stencil computation is not concerned with the order of the three-dimensional loop since all data has been

loaded into the GPU device memory. However, Sunway kernels are very sensitive to the k-loop position. If the k loop is in the

innermost layer, the efficiency of the Sunway kernel is worse; even the method of using DMA transfer can’t address this issue.

In this case, we need to manually optimize the kernels. There are two ways. One is to extract the k loop to the outer based on210

trading space for time. Another method is to decompose data by IK decomposition, as shown in Figure 5. From our example

in Figure 5a, WKK is extended to a three-dimensional data array wktmp to record data in every grid point, which can extract

k-loop to outer. Then, the Sunway kernel can use JK decomposition with continuous data access. As shown in Figure 5b, data is

decomposed from the i- and k-directions. Each CPE is assigned part of the i-directional and total k-directional data using stride

DMA transfer. Data is reorganized and loaded to Sunway CPE with the continuous array. Hence, data indexing is required for215

redirection. The manual optimizations are used in several kernels to improve the performance significantly.

1: DO J = 1,jmt

2: DO I = 1,IMT

3: WKK (1)= (PSA (I,J)* OD0+ WORK (I,J)* G)* VIT (I,J,1)

4: DO K = 1,KM

5: WKK (K +1)= WKK (K) - GG (I,J,K)* DZP (K)* VIT (I,J,K)

6: END DO

7: DO K = 1,KM

8: WKA (I,J,K)= P5* (WKK (K) + WKK (K +1))

9: END DO

10: END DO

11: END DO

1: DO K = 2,KM+1

2: DO J = 1,jmt

3: DO I = 1,IMT

4: if(K .eq. 2) then

5: wktmp(i,j,1)= (PSA (I,J)* OD0+ WORK (I,J)* G)* VIT (I,J,1)

6: endif

7: wktmp(i,j,k)= wktmp(i,j,k-1) - GG (I,J,K-1)* DZP (K-1)* VIT (I,J,K-1)

8: WKA (I,J,K-1)= P5* (wktmp(i,j,k-1) + wktmp(i,j,k))

9: END DO

10: END DO

11: END DO

(a)

j

i

k

CPE 0 CPE 1 CPE 63….

(b)

Figure 5. Manual optimization is needed to change the loop order from jik to kji. (a) An example of extracting the k loop to the outer. The

upper code snippet is the original stencil computation with k in the inner loop, and the lower one is the optimized code, extracting the k loop

to the outer based on trading space for time. (b) Part of the i and j directional data is assigned and loaded to each CPE.
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