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Processor SPECIFICATIONSProcessor SPECIFICATIONS

Xeon E5‐
2670

Xeon Phi 
5110P

Tesla 
M2050

Tesla 
K20c

Tesla
K20X

GeForce
GTX Titan

Performance
(SP)

333
GFlops

2022
GFlops

1030
GFlops

3520
GFlops

3.95
GFlops

4500
GFlops

Memory
Bandwidth

51.2 GB/s
320 GB/s
(ECC off)

148 GB/s
(ECC off)

208 GB/s
(ECC off)

250 GB/s
(ECC off)

288 GB/s
(nonECC)

Memory Size ‐‐‐ 8 GB 3 GB 5 GB 6 GB 6 GB

number of 
cores

8 60/61 448 2496 2688 2688

Clock Speed 2.6 GHz 1.053 GHz 1.15 GHz 0.706 GHz 0.732 GHz 0.837 GHz
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Architecture of Xeon Phi Architecture of Xeon Phi 

 512bit幅のSIMD命令

 60 core
 4  threads/core
 32KB L1 cache/core
 512KB L2 cache/core

5110P

双方向リングバス

タグディレクトリ

L２にキャッシュされている
メモリアドレスをトラック
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GeForce GTX Titan (non ECC)

Memory BandwidthMemory Bandwidth

Tesla K20X

Tesla K20c

Tesla M2050
Xeon Phi 5110P

Xeon Phi 3110
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Performance of Diffusion Eq.Performance of Diffusion Eq.

A primitive stencil application accessing neighbor
7 points using 2nd‐order Finite Difference Method

time = 0.0                  time = 0.0125              time = 0.025

time = 0.0375            time = 0.05                time = 0.0625
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Intel Xeon Phi Coprocessor 
High Performance Programming 

Authors:  James Jeffers, James Reinders (Intel)
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DiscretizationDiscretization
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Our code is picked up
for performance tuning.
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Source CodeSource Code
float   f[256*256*256],    fn[256*256*256];

for(jz=0; jz < nz; jz++) {
for(jy=0; jy < ny; jy++) {

for(jx=0; jx < nx; jx++) {

j = nx*ny*jz + nx*jy + jx;
je = j+1;  jw = j‐1;  jn = j+nx;   js =j‐nx;
jt = j + nx*ny;  jb = j ‐ nx*ny;

if (jx == nx‐1) je = j;
if (jx == 0   ) jw = j;
if (jy == ny‐1) jn = j;
if (jy == 0   ) js = j;
if (jz == nz‐1) jt = j;
if (jz == 0   ) jb = j;

fn[j] = cc*f[j]
+ ce*f[je] + cw*f[jw]
+ cn*f[jn] + cs*f[js]
+ ct*f[jt] + cb*f[jb];

}
}

}

boundary condition

¥ jejw
jn

js

jt

jb

j
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Xeon/Xeon Phi (1)Xeon/Xeon Phi (1)

#pragma omp parallel  {
#pragma omp for collapse (2)

for (int jz=0; jz < nz; jz++) {
for (int jy=0; jy < ny; jy++) {

#pragma simd
for (int jx=0; jx < nx; jx++){

j = nx*ny*jz + nx*jy + jx;
je = j+1;  jw = j‐1;  
jn = j+nx;   js =j‐nx;
jt = j + nx*ny;  jb = j ‐ nx*ny;

fn[j] = cc*f[j]
+ ce*f[je] + cw*f[jw]
+ cn*f[jn] + cs*f[js]
+ ct*f[jt] + cb*f[jb];

}
}

}

Standard (simply directive)       in the book (Intel)
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Xeon/Xeon Phi (2)Xeon/Xeon Phi (2)

#pragma omp parallel  {
#pragma omp for collapse (2)

for (int jz = 0; jz < nz; jz++) {
for (int jy = 0; jy < ny; jy++) {

jx = 0;  . . .
#pragma simd

for (int jx = 1; jx < nx‐1; jx++){
j = nx*ny*jz + nx*jy + jx;
je = j+1;  jw = j‐1;  
jn = j+nx;   js =j‐nx;
jt = j + nx*ny;  jb = j ‐ nx*ny;

fn[j] = cc*f[j]
+ ce*f[je] + cw*f[jw]
+ cn*f[jn] + cs*f[js]
+ ct*f[jt] + cb*f[jb];

}
jx = nx ‐ 1;  . . .

}
}

Peeling in the x-direction in the book (Intel)
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Xeon/Xeon Phi (3)Xeon/Xeon Phi (3)

#pragma omp parallel  {
#pragma omp for collapse (2)

for(jy_b=0; jy_b < ny; jy_b += YBF){
for(jz=0; jz < nz; jz++){

nymax = iy_b + YBF;
for(jy = jy_b; jy < nymax; iy++){

jx = 0;  . . .
#pragma simd

for (int jx = 1; jx < nx‐1; jx++){
j = nx*ny*jz + nx*jy + jx;

fn[j] = cc*f[j]
+ ce*f[je] + cw*f[jw]
+ cn*f[jn] + cs*f[js]
+ ct*f[jt] + cb*f[jb];

}
jx = nx ‐ 1;  . . .

}
}

+Tiling in the y-direction   in the book (Intel)
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GPU codeGPU code

int jx = blockDim.x * blockIdx.x + threadIdx.x;
int jy = blockDim.y * blockIdx.y + threadIdx.y;

if (jx == nx‐1) jxp = jx; if (jx == 0) jxm = jx;
if (jy == ny‐1) jyp = jy; if (jy == 0) jym = jy;

#pragma unroll
for (int jz=0; jz < nz; jz++) {

jzm = (jz == 0   ) ? jz : jz‐1;
jzp = (jz == nz‐1) ? jz : jz+1;

j = nx*ny*jz + nx*jy + jx;

fn[j] = cc*f[j]
+ ce*f[je] + cw*f[jw]
+ cn*f[jn] + cs*f[js]
+ ct*f[jt] + cb*f[jb];

}
__syncthreads();

boundary 
condition

Standard

boundary condition

¥ jejw
jn

js

jt

jb

j
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GPU tuning (1)GPU tuning (1)

int jx = blockDim.x * blockIdx.x + threadIdx.x;
int jy = blockDim.y * blockIdx.y + threadIdx.y;

・ ・ ・
jz = BLOCK_Z * blockIdx.z;
jzm = (iz == 0) ? 0 : jz – 1;
f0  = f[jzm*nx*ny + jy*nx + jx];
f1  = f[jz *nx*ny + jy*nx + jx];

#pragma unroll
for(int k = 0; k < BLOCK_Z; k++) {

int jz = BLOCK_Z * blockIdx.z + k;
jzp = (jz == nz‐1) ? jz : jz+1;
f2  = f[jzp *nx*ny + jy*nx + jx];

fn[j] = cc*f1
+ ce*f[je] + cw*f[jw]
+ cn*f[jn] + cs*f[js]
+ ct*f2 + cb*f0;

f0 = f1;  f1 = f2;
}

+ Register reuse (reuse variable)

¥

boundary condition

f0
f1
f2

Reuse of the variable

loop for z
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GPU tuning (2)GPU tuning (2)

int jx = blockDim.x * blockIdx.x + threadIdx.x;
int jy = blockDim.y * blockIdx.y + threadIdx.y;

__shared__ float fs[NX]; // shared memory

jz  = BLOCK_Z * blockIdx.z;
jzm = (iz == 0) ? 0 : jz – 1;
f0  = f[jzm*nx*ny + jy*nx + jx];
f1  = f[jz *nx*ny + jy*nx + jx];

#pragma unroll
for(int k = 0; k < BLOCK_Z; k++) {

int jz = BLOCK_Z * blockIdx.z + k;
jzp = (jz == nz‐1) ? jz : jz+1;
f2  = f[jzp *nx*ny + jy*nx + jx];
fs[jx] = f1; __syncthreads();

fn[j] = cc*f1
+ ce*fs[jxp] + cw*fs[jxm]
+ cn*f[jn] + cs*f[js]
+ ct*f2 + cb*f0;

f0 = f1;  f1 = f2; 
}

+ Shared memory use

f0
f1
f2

loop for z

¥

Shared memory
In the x‐direction
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PerformancesPerformances
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Compressible Fluid ComputationCompressible Fluid Computation

3-dimensional Euler Equation:
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CPU, MIC, GPU PerformancesCPU, MIC, GPU Performances
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 Shared Memory Use in the x-directional kernel. 
 Super function unit
 Loop unrolling
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 Reduction of branch diverges

Kepler GPU Tuning
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