
auto-translation based on the high-level directive. The architecture of swCUDA 1.1 is shown in Figure 3a. Firstly, high-level165

directives are embedded to illustrate the attributes and patterns of the data in the CUDA kernel, as shown in Figure 3b. Secondly,

the code generator ANTLR (Parr et al., 2014) is utilized to parse the CUDA kernel to an abstract syntax tree (AST). Thirdly,

our translation algorithms are utilized in corresponding AST nodes to accomplish CUDA primitive translation and memory

redirection. By swCUDA 1.1, the Sunway kernel is translated not only with high efficiency but also with high performance.
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(a) The workflow of swCUDA 1.1.

1: //kernel parameter directive

2: userDef paraVar(double,h0,sizeof(double)*jmt*imt,outonly,dma,j*imt+i);

3: userDef paraVar(double,h0p,sizeof(double)*jmt*imt,readonly,cache,j*imt+i);

4: userDef paraVar(double,work,sizeof(double)*jmt*imt,readonly,cache,j*imt+i);

5: //data redirection directive

6: dataPattern(blockIdx.x * blockDim.x + threadIdx.x,

7: blockIdx.y * blockDim.y + threadIdx.y, NONE);

8: //CUDA Kernel Funciton

9: __global__ void barotr2_cu1(double *h0, double *h0p, double *work){

10: int j = blockIdx.x * blockDim.x + threadIdx.x;

11: int i = blockIdx.y * blockDim.y + threadIdx.y;

12: if (i < imt && j < jmt){

13: h0[j * imt + i] = h0p[j * imt + i]+ work[j * imt + i] * dtb;

14: }

15: }

(b) An example of swCUDA 1.1 usage.

Figure 3. swCUDA 1.1 overview. swCUDA 1.1 automatically translates the CUDA kernel to the Athread kernel by using high-level

directives. (a) swCUDA adopts a hardware mapping model and scaled affine algorithm between GPU and SW26010 Pro. ANTLR is used to

parse CUDA kernels to CUDA AST. Our algorithm translates the CUDA AST to the Athread AST and generates the ATHEAD kernel. We

promote adaptive decomposition and memory accessing optimization in swCUDA 1.1. (b) Kernel parameter directive userDef paraVar

and data redirection directive dataPattern are specified to implement memory accessing optimization in translation.

3.1.1 Adaptive Decomposition170

LICOM3 uses finite-difference approximation to solve the Navier–Stokes equations, the general stencil computation in a

multidimensional grid. In the LICOM model, space is discretized into 3-D grid points. Horizontal grid points are labeled

as (I, J). Each grid point represents multiple levels, which correspond to various vertical heights in the ocean; the vertical

height is denoted as K. Most data structures (arrays) in LICOM are three-dimensional arrays with the layout of (I, J, K). The

elements in Fortran’s arrays are stored in column-major order. Therefore, elements in dimension I are stored continuously in175

memory. Because there are different computational patterns in LICOM, different decomposition schemes are used for different

patterns. For example, “JK decomposition” means that the computation is decomposed by assigning tasks with different J

and K ranges to different CPEs. In the GPU version of Licom3, the grid is decomposed into two or three-dimensional thread

blocks. Each thread block has fixed threads depending on the hardware limit, which is divided as a cube, as shown in Figure 4a.

However, this decomposition is not adapted to the Sunway platform since it conducts data swapping in the cache to increase180

the cache miss rate. Hence, we designed an integrated "JK decomposition" to improve Sunway parallel efficiency, as shown in

Figure 4b. By this decomposition, the whole grid is divided into multiple i-directional blocks. With data stride, blocks with the

same color are sent to the same CPE. Data access in each CPE is continuous, which is the most effective cache utilization.
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Figure 3. swCUDA 1.1 overview. swCUDA 1.1 automatically translates the CUDA kernel to the Athread kernel by using high-level

directives. (a) The workflow of swCUDA 1.1. swCUDA adopts a hardware mapping model and scaled affine algorithm between GPU

and SW26010 Pro. ANTLR is used to parse CUDA kernels to CUDA AST. Our algorithm translates the CUDA AST to the Athread AST and

generates the ATHEAD kernel. We promote adaptive decomposition and memory accessing optimization in swCUDA 1.1. (b) An example

of swCUDA 1.1 usage. Kernel parameter directive userDef paraVar and data redirection directive dataPattern are specified to

implement memory accessing optimization in translation.
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