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 Para ejecución en el host:

 nvc++ suma_vectores.cpp -o suma_vect

 Para ejecución en el Multi-core:

 nvc++ -acc=multicore suma_vectores.cpp -o suma_vect

 Para ejecución en la GPU:

 nvc++ -acc suma_vectores.cpp -o suma_vect
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Δ𝑢 = 𝛻2𝑢 = 0

𝛻2𝑢 =
𝜕2𝑢

𝜕𝑥2
+

𝜕2𝑢

𝜕𝑦2
son las segundas derivadas parciales
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𝑚

𝑛

Aprox. por diferencias finitas tenemos
𝜕2𝑢

𝜕𝑥2
=
𝑢𝑖,𝑗−1 + 𝑢𝑖,𝑗+1 − 2𝑢𝑖,𝑗

ℎ𝑥
2

𝜕2𝑢

𝜕𝑦2
=
𝑢𝑖−1,𝑗 + 𝑢𝑖+1,𝑗 − 2𝑢𝑖,𝑗

ℎ𝑦
2

Chandrasekaran, S., & Juckeland, G. (2017). OpenACC for Programmers: Concepts and Strategies. Addison-Wesley Professional.

Asumiendo ℎ𝑥 = ℎ𝑦 y condiciones de

temperatura inicial en las orillas de la malla,

iteramos la siguiente relación:

𝑢𝑖,𝑗
𝑘+1 =

𝑢𝑖+1,𝑗
𝑘 + 𝑢𝑖−1,𝑗

𝑘 + 𝑢𝑖,𝑗+1
𝑘 + 𝑢𝑖,𝑗−1

𝑘
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 nvc++ `pkg-config --cflags opencv4` LaplaceEq_MemEstaticaDinamica.cpp -o 
LaplaceEq_sec `pkg-config --libs opencv4`
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./LaplaceEq_sec

iter: 0, mse: 18.0969734192

iter: 10000, mse: 0.0000156189

iter: 20000, mse: 0.0000040188

iter: 30000, mse: 0.0000010534

iter: 40000, mse: 0.0000002762

Número de Iteraciones: 47602, 

mse: 9.999529e-08

Tiempo de procesamiento: 22.05 segundos.

Resultado



Enero-Julio 2021Cómputo Paralelo (OpenACC-Ejemplos). Francisco J. Hernández-López 15



 nvc++ -acc `pkg-config --cflags opencv4` LaplaceEq_MemEstaticaDinamica.cpp -o 
LaplaceEq_par1 `pkg-config --libs opencv4`
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./LaplaceEq_par1

iter: 0, mse: 18.0969734192

iter: 10000, mse: 0.0000156186

iter: 20000, mse: 0.0000040187

iter: 30000, mse: 0.0000010534

iter: 40000, mse: 0.0000002763

Número de Iteraciones: 47605, 

mse: 9.999439e-08

Tiempo de procesamiento: 16.76 segundos.

Speedup = 1.32x

Resultado



 nvc++ -acc -Minfo=accel `pkg-config --cflags opencv4` 
LaplaceEq_MemEstaticaDinamica.cpp -o LaplaceEq_par1 `pkg-config
--libs opencv4`
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Laplace_Jacobi_memEstatica_acc(unsigned char *, int, float):

193, Generating implicit copyout(u_kp1[1:239][1:319]) [if not already present]

Generating implicit copyin(u_kp0[:][:]) [if not already present]

Generating implicit copy(mse) [if not already present]

195, Loop is parallelizable

196, Loop is parallelizable

Generating Tesla code

195, #pragma acc loop gang, vector(128) collapse(2) /* blockIdx.x threadIdx.x */

Generating implicit reduction(+:mse)

196,   /* blockIdx.x threadIdx.x auto-collapsed */

206, Generating implicit copyin(u_kp1[1:239][1:319]) [if not already present]

Generating implicit copyout(u_kp0[1:239][1:319]) [if not already present]

209, Loop is parallelizable

210, Loop is parallelizable

Generating Tesla code

209, #pragma acc loop gang, vector(128) collapse(2) /* blockIdx.x threadIdx.x */

210,   /* blockIdx.x threadIdx.x auto-collapsed */
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 nvc++ -acc -Minfo=acc `pkg-config --cflags opencv4` 
LaplaceEq_MemEstaticaDinamica.cpp -o LaplaceEq_par2 `pkg-config
--libs opencv4`
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Laplace_Jacobi_memEstatica_acc(unsigned char *, int, float):

192, Generating copy(u_kp0[:][:]) [if not already present]

Generating create(u_kp1[:][:]) [if not already present]

193, Generating implicit copy(mse) [if not already present]

195, Loop is parallelizable

196, Loop is parallelizable

Generating Tesla code

195, #pragma acc loop gang, vector(128) collapse(2) /* blockIdx.x threadIdx.x */

Generating implicit reduction(+:mse)

196,   /* blockIdx.x threadIdx.x auto-collapsed */

209, Loop is parallelizable

210, Loop is parallelizable

Generating Tesla code

209, #pragma acc loop gang, vector(128) collapse(2) /* blockIdx.x threadIdx.x */

210,   /* blockIdx.x threadIdx.x auto-collapsed */



 nvc++ -acc -Minfo=acc `pkg-config --cflags opencv4` 
LaplaceEq_MemEstaticaDinamica.cpp -o LaplaceEq_par2 `pkg-config --libs
opencv4`
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./LaplaceEq_par2

iter: 0, mse: 18.0969734192

iter: 10000, mse: 0.0000156186

iter: 20000, mse: 0.0000040187

iter: 30000, mse: 0.0000010534

iter: 40000, mse: 0.0000002763

Número de Iteraciones: 47605, 

mse: 9.999439e-08

Tiempo de procesamiento: 2.90 segundos.

Speedup = 7.6x

Resultado
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 nvc++ `pkg-config --cflags opencv4` LaplaceEq_MemEstaticaDinamica.cpp -o 
LaplaceEq_sec_memdin `pkg-config --libs opencv4`
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./LaplaceEq_sec_memdin

iter: 0, mse: 4.8828125000

iter: 10000, mse: 0.0000032874

iter: 20000, mse: 0.0000010965

iter: 30000, mse: 0.0000005932

iter: 40000, mse: 0.0000003945

Número de Iteraciones: 50000, 

mse: 2.925066e-07

Tiempo de procesamiento: 363.99 segundos.

Resultado

const int imageW = 1024; //Probando con una imagen más grande

const int imageH = 1024;
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 nvc++ -acc -Minfo=accel `pkg-config --cflags opencv4` 
LaplaceEq_MemEstaticaDinamica.cpp -o LaplaceEq_par_memdin1 `pkg-config --libs
opencv4`
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Laplace_Jacobi_memDinamica_acc(unsigned char *, int, float):

276, Generating copy(u_kp0[:tam_imag]) [if not already present]

Generating create(u_kp1[:tam_imag]) [if not already present]

277, Generating implicit copy(mse) [if not already present]

279, Complex loop carried dependence of u_kp0->,u_kp1-> prevents parallelization

Accelerator serial kernel generated

Generating Tesla code

279, #pragma acc loop seq

280, #pragma acc loop seq

279, Complex loop carried dependence of u_kp0-> prevents parallelization

280, Complex loop carried dependence of u_kp0->,u_kp1-> prevents parallelization

296, Complex loop carried dependence of u_kp1->,u_kp0-> prevents parallelization

Accelerator serial kernel generated

Generating Tesla code

296, #pragma acc loop seq

297, #pragma acc loop seq

297, Complex loop carried dependence of u_kp1->,u_kp0-> prevents parallelization



 Ayuda al compilador a indicarle que los apuntadores no
apuntan a la misma localidad de memoria (not aliased), de esta
forma permite que cierta región de código no sea considerada
secuencial por problemas de alias
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 nvc++ -acc -Minfo=accel `pkg-config --cflags opencv4` 
LaplaceEq_MemEstaticaDinamica.cpp -o LaplaceEq_par_memdin2 `pkg-config --libs
opencv4`
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Laplace_Jacobi_memDinamica_acc(unsigned char *, int, float):

274, Generating copy(u_kp0[:tam_imag]) [if not already present]

Generating create(u_kp1[:tam_imag]) [if not already present]

275, Generating implicit copy(mse) [if not already present]

278, Loop is parallelizable

279, Loop is parallelizable

Generating Tesla code

278, #pragma acc loop gang, vector(128) collapse(2) /* blockIdx.x threadIdx.x */

Generating implicit reduction(+:mse)

279,   /* blockIdx.x threadIdx.x auto-collapsed */

296, Loop is parallelizable

297, Loop is parallelizable

Generating Tesla code

296, #pragma acc loop gang, vector(128) collapse(2) /* blockIdx.x threadIdx.x */

297,   /* blockIdx.x threadIdx.x auto-collapsed */



 nvc++ -acc `pkg-config --cflags opencv4` LaplaceEq_MemEstaticaDinamica.cpp -o 
LaplaceEq_par_memdin2 `pkg-config --libs opencv4`
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./LaplaceEq_par_memdin2

iter: 0, mse: 4.8828125000

iter: 10000, mse: 0.0000032901

iter: 20000, mse: 0.0000010970

iter: 30000, mse: 0.0000005933

iter: 40000, mse: 0.0000003945

Número de Iteraciones: 50000, 

mse: 2.924465e-07

Tiempo de procesamiento: 11.02 segundos.

Speedup = 33.03x

Resultado

const int imageW = 1024; //Probando con una imagen más grande

const int imageH = 1024;
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