
K-Means

• Unsupervised learning 
algorithm for clustering 
unclassified samples
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K Nearest Neighbors

• Classification and 
regression algorithm
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Smith-Waterman Algorithm

• Local sequence alignment algorithm
– Finds longest “similar” subsequence 

within 2 given sequences (DNA / 
protein)
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O(n2) computation
n ≈ 108 or more
Embrss parallel,
time  O(n2/#PU)

ReCAM wins

Accepted, IEEE Micro



Conclusions

• ReCAM Processing in Storage supports a wide 
variety of algorithms 

• Recent trends favor ReCAM Processing in 
Storage 

• Might deliver the next 10× performance 
improvement

• Might enable Exabyte-size dataset processing

• New programming challenges emerge

12



Intel Collaborative Research Institute

Computational Intelligence

Accelerator for 
Sparse Machine Learning
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State of Art*
• SpMV accelerator integrated into a CPU core
• Fetches all matrix elements from memory 
• Arithmetic intensity for SpMSpV: O(sparsity)

– sparsity ~= 0.02%**
– Performance = arithmetic intensity × memory bandwidth 

* Mishra, A., Nurvitadhi, E., Venkatesh, G., Pearce, J., and Marr, D, "Fine-grained accelerators for sparse machine learning workloads," IEEE ASP-DAC
** Based on: T. Davis, Y. Hu, "The University of Florida sparse matrix collection," ACM Transactions on Mathematical Software, 38, no. 1 
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Our Accelerator
• Reduces SpMSpV memory access by 3-4 orders of magnitude

– By fetching only the matrix elements that produce nonzero partial results

• Arithmetic intensity: O(1)

15In review, IEEE Computer Architecture Letters



Comparison
• Median speedup, SpMSpV: 260×

– Compared to reference accelerator: 70×

• Energy reduction compared to reference accelerator

– SpMSpV: 8×

– K-SVM-C, K-SVM-R, Sparse PCA (using SpMSpV): 2×
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K-SVM-[C,R]=Kernelized SVM [classification,regression]



Converting to our accelerator
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Read cols rather than rows

Product 
Vector Cache



Summary

• ReCAM useful for PRinS (PRocessing in Storage)

– Use with caution

• CAM useful for SpMSpV accelerator

– Can be used also for SpMDV
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