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Background 

 GPUs can significantly accelerate many regular, data-parallel 

applications. However, the benefits of GPUs are not as 

useful for irregular applications. 

 The execution time of kernels with irregular memory access 

consumes a large fraction in some irregular applications. 

 

 

 

 

 

 

 

 Improving performance by optimizing the irregular memory 

access in irregular applications has great potential benefit. 
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Related work and challenges 

     Several solutions have been proposed to solve the irregularity problem. 

Hardware extensions: redesign the warp of a modern GPU 

• Highly dependent and limited by hardware 

• Expensive and difficult to make this a popular method 

Compiler techniques: reorder or relocate data before running the 

program 

• Optimize only the memory access pattern in compile time 

• Useful for static memory access but inapplicable to dynamic memory 

access 

Duplication algorithm: reordering data on CPUs  

• Inefficient, and high overhead for large-scale data 

• Extra overhead for transferring the reordered data 
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Main idea 

Software solution to solve dynamic irregularities 

 Data reordering: divide data into multiple chunks and reorder chunk by 

chunk in accordance with the access patterns.  

 Index redirection: update and redirect the GPU kernel to access the 

reordered data. 

Cache data copy for reuse in the next iteration or other kernel  

Multiple CUDA streams and pipeline mechanisms to reduce the 

overhead of data reordering 

 Overlap the reordering and computations with Hyper-Q technology. 
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Scheme of eliminating irregular memory access 

Data reordering 

& 

index redirection 

Overlap 

remapping with 

computations 

& 

data cache 
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1. Dynamic data reordering 

Remove indirect memory access: extract elements in A indexed 

by B and fill these elements into the new memory region 

individually 

 

Offload the reordering task 

from a CPU to a GPU 

 Launch a remapping kernel 

for each data chunk 

 Copy or fill one element into 

a new memory region in 

one kernel thread 

Front In
form

 Technol E
lectro

n Eng



2. Multiple CUDA streams and pipeline 

Each remapping kernel is positioned at a different stream for 

each data chunk 

CPU checks whether a data chunk has been reordered in a 

polling mode 

With hyper-Q, the new feature 

of the Kepler architecture, the  

stream number, can be set up  

to 32 on Kepler GPUs. 
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3.  Data cache 

     Software cache mechanism to record every remapping 

Record the mapping between the original and the 

corresponding reordered data 

Check whether the data have been reordered already 

 If found: return a pointer of new memory locations to 

avoid redundant data reordering 

Otherwise: launch a remapping kernel to reorder this 

chunk of data, and insert a new entry filled by 

remapping results to the cache 

A valid field indicates whether the values of the data chunk 

are changed to avoid extra data copies and save global 

memory 
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Benefits of data reordering on GPU  

Reduction of memory transactions 

Data reordering varying 

from CPU to GPU 
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Optimization with overlap and cache  
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Conclusions 

 The benefits of GPUs are minimal for irregular applications. To 

improve the performance of these irregular applications, a pure 

software solution to remove indirect memory access has been 

proposed. 

  The volume of memory transactions can be reduced by  

    16.7%–50% compared with CUSPARSE-based benchmarks. 

  The performance of irregular kernels can be improved by 

     9.64%–34.9% using an NVIDIA Tesla P4 GPU. Front In
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