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Background 

• Exercise:  

– Given a memory bandwidth-rich GPU platform, 
take a bandwidth-bound computation with 
regular memory access and produce a code that 
runs at the bandwidth limit. 



Background 

• Problem:  

    Jacobi’s method for the 2-D Poisson equation 

 

 



Background 

• Poisson's equation:  

    A partial differential equation with broad 
utility in electrostatics, mechanical 
engineering and theoretical physics. 

 

 



Background 

• Jacobi method:  

    Jacobi’s method for the 2-D Poisson equation 

 

 



Background 

• Recent studies 

– GPU-only 

– Synchronized designs 

 

• Our main contributions: 

– CUDA platform tuning lessons 

– Hybrid multi-CPU/multi-GPU implementation 

– Asynchronous parallelism 

 

 



Code Design and Tuning 

• We consider both sequential and parallel 
Pthreads-based implementations as our CPU-
based baselines. 

• CPU-sequential version: 

 

 



Code Design and Tuning 

• CPU-parallel version: 

• Single-program multiple data (SPMD) style 

 

 



Code Design and Tuning 

• CPU implementation tuning: 

– Compiler SIMD optimization (verified by the 
assembly code) 

– Bind threads to cores  

  (Using pthread_attr_setaffinity_np()) 

– Bind data blocks to sockets in a way that physically 
matches the layouts of the cores and sockets. 



Code Design and Tuning 

• CPU implementation tuning: 

 

 

 

 

 

 

– NUMA: non-uniform memory access  



Code Design and Tuning 

• GPU implementation: 



Code Design and Tuning 

• GPU implementation tuning: 

– Padding for coalescing memory access 



Code Design and Tuning 

• GPU implementation tuning: 
– Shared memory, without padding. 

• Hold elements from neighboring blocks. 

• reduces the total number of device memory fetches by 
3x and we can eliminate storage of the second grid. 

– Shared memory, with padding. 
• Avoid shared memory bank conflicts. 

– Texture memory. 
• Binding the global memory to 1-D textures as a cache. 

– Unrolling 
• Avoid shared memory bank conflicts. 



Code Design and Tuning 

• GPU implementation tuning: 

– A double-precision trick. 

• Using double-precision (8-byte words) leads to bank 
conflicts during shared memory accesses, because the 
banks are arranged in a way that favors vector loads on 
4-byte words. We avoid this problem by separately 
storing the lower and upper 4-byte words, and 
recombining them prior to computation using a pre-
defined CUDA macro (__hiloint2double()) [1]. 



Code Design and Tuning 

• Hybrid implementations: 

 



Code Design and Tuning 

• Hybrid implementations: 

 

 



Code Design and Tuning 

• Hybrid implementations tuning: 

 



Code Design and Tuning 

• Hybrid implementations tuning: 

– Parameterized by α, an asynchronicity factor. 

– An approximate measure of the degree to which 
we are willing to allow threads to get “out of sync.” 



Code Design and Tuning 

• Hybrid implementations tuning: 

– Asynchronous variations  0 
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4: Fetch (R + 2) × (C + 2) 
elements from device 
memory into B1. 
5: Copy just the fringes to 
B2. 
6: sync_threads: 
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9: Compute 1 iteration in 
B1, writing to B2. 
10: sync_threads 
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11: Write penultimate 
fringe from B2 to device 
memory. 
12: sync_threads 
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13: Fetch fringe elements 
from device memory to 
B2. 
14: sync_threads 
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15: Compute 1 iteration in 
B2, writing to B1. 
16: sync_threads 
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17: Write penultimate 
fringe from B1 to device 
memory. 
18: sync_threads 
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19: Fetch fringe elements 
from device memory to 
B1. 
20: sync_threads 
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22: Compute one Jacobi 
step with elements in B1. 
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23: Write results back the 
results to the device 
memory. 
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Code Design and Tuning 

• Hybrid implementations tuning: 

– Asynchronous variations  1 



 



Code Design and Tuning 

• Hybrid implementations tuning: 

– Asynchronous variations  2 



 



Code Design and Tuning 

• Hybrid implementations tuning: 

– Asynchronous variations  3 



 



Results and Discussion 

• Evaluation platforms 

– gcc 4.3.2 with “-O4 -mtune=native” flags 

– CUDA 2.0 SDK 



 



Results and Discussion 

• GPU 



Results and Discussion 

• GPU 



Results and Discussion 

• GPU 



Results and Discussion 

• GPU 



Results and Discussion 

• Hybrid CPU/GPU execution 



Results and Discussion 

• Multi-GPU 



Results and Discussion 

• Wildly asynchronous execution 



Conclusions and Future Work 

• Hybrid performance models 

– Host-to-device transfer time, that have sometimes 
been omitted in prior work. 

• Wildly Asynchronization 

– Now is an appropriate time to take a fresh look 
into this area of research. 



My Comments 

• Hybrid performance models 

– A hybrid implementation will not lead to speedups 
overall if there is a large gap between CPU and 
GPU speeds or a high transfer overhead. 

• It may be tricky to keep the accuracy 

• Comparison for double-precision 

 

 



Thank you! 


