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Motivation
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Motivation

• Encoder (Context summarization)

✓ Large batch size MM

(seq_len × batch_size)

✓ Higher weight-reusability

✓ Computation-bound

• Decoder (Generation)

✓ Small batch size MM

(seq_len=1, autoregressive)

✓ Lower utilization

✓ Memory-bound
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Motivation

• Matrix compression – pruning, Compressed Sparse Row (CSR)

4 of 25



Motivation

• Matrix compression – pruning, Compressed Sparse Row (CSR)
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Motivation

• Matrix compression – pruning, Compressed Sparse Row (CSR)
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Motivation
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• Effective bandwidth

✓ Effective bandwidth : bandwidth from the processing engine’s perspective
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Motivation
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✓ Ideal compression ratio = 
1

1−𝑆

✓ Ideal effective bandwidth = 
1

1−𝑆
× physical bandwidth, S = sparsity
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Backgrounds

• XORNet compression process

✓ Pruning, quantization, and XOR encoding
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Backgrounds

• XORNet encoding process

✓ Fixed length encoding with error patch
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Backgrounds

• XORNet encoding process

✓ Compare encoding sequence with possible output sequence

✓ Choose a minimum error sequence as an input (encoded) sequence 
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Backgrounds

• XORNet encoding process

✓ Errorless matching is not guaranteed

✓ Add extra error index for correction (patch)
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XORNet compression

• Detailed XORNet encoding and decoding process

✓ Encoded sequence and error position index (patch)
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XORNet decoding hardware
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✓ XORNet decompressor with patch correction module

✓ Patch FIFO, distributing network
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XORNet decoding hardware
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✓ The number of decompressor (N)

✓ N=256 supports 960GBps memory bandwidth (RTX 3090 : ~940GBps)

✓ The area complexity increases exponentially with memory bandwidth

✓ Distributing network dominates area overhead in high-bandwidth system
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Interface for high-bandwidth system
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• Horizontally aligned (HA) patch memory

✓ pij represents j-th patch in i-th vector

✓ HA-patch save the patch sequentially
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Interface for high-bandwidth system
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• Vertically aligned (VA) patch memory

✓ VA-patch saves patch in the order of decompressor

✓ Large buffer size is required due to the patch imbalance
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Patch imbalance along with decompressors
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• Vertically aligned (VA) patch memory

✓ Transformer model, WMT en-de task

✓ Large patch imbalance cause large patch buffer size
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Stacked XORNet (sXORNet)
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✓ Conventional XORNet uses single LUT independent with sparsity

✓ Proposed stacked XORNet adaptively uses LUT based on the sparsity

▪ Generates fewer patches, leading to low patch imbalance
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Experimental results
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• Patch imbalance comparison for VA-patch

✓ Transformer model, WMT en-de task

✓ The patch imbalance decreased with the proposed sXORNet in all case
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Experimental results
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• Compression quality for different compression techniques

✓ 8-bit quantized transformer model
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Experimental results
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• Sparsity and area complexity

✓ N=256 (960GBps)

A
re

a
 c

o
m

p
le

x
it
y
 (

m
m

2
)

10
0

10
1

10
2

10
-1

10
3

Sparsity (S)

CSR

XORNet (HA-patch)

XORNet (VA-patch)

sXORNet (VA-patch)

Previous Proposed

0.6 0.80.7 0.80.70.6

Transformer GPT-2



Experimental results
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• Sparsity and effective bandwidth

✓ N=256 (960GBps)
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Conclusion

✓ Investigated interface-level overhead for different compression types

✓ Proposed XORNet optimized hardware patch architecture (VA-patch)

✓ Proposed imbalance considering algorithm (sXORNet)

✓ Achieved low-area complexity, high-throughput memory interface
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Thank you



Appendix A. DNN hardware with memory interface

[1] Y. -H. Chen et al., "Eyeriss: A Spatial Architecture for Energy-Efficient Dataflow for Convolutional Neural Networks," ISCA, 2016.
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Appendix B. area complexity and effective bandwidth


