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Motivation: ReRAM-based DNN accelerator

• High bit-resolution ADC accounts for >60% 
power and >30% area

• ADC resolution dictated by accumulated 
currents on bitlines: need sparsity in G

• Limited cell bit density: each XB only holds 
2 bits (bit-slice) of the weight  

• Need higher sparsity among bit-slice
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More accurate prediction	by	paying	computation cost using larger models.
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Weight sparsity Bit-slice sparsity
Two-order magnitude advantage in 
energy, performance and chip footprint



Bit-slice L1 for dynamic fixed-point quantization

• Dynamic range scaling (to [0,1])

• N-bit uniform quantization

• L1 regularization over all bit-slices



Training routine

• Dynamic range recovery

• Training routine
• FP and BP with quantized weight

• Gradient update on full-precision weight

• Add Bit-slice L1 to the objective



Improving the bit-slice sparsity
• Up to 2x less nonzero bit-slices than traditional L1

• Codes available at: https://github.com/zjysteven/bitslice_sparsity

https://github.com/zjysteven/bitslice_sparsity


Reducing ADC overhead

• High sparsity in bit-slices enables the use of low-resolution ADC

• Low resolution reduces ADC overhead

• Simulation results for mapping to 128x128 ReRAM XBs


