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Abstract
• We propose a Bit-Separable Transformer Accelerator

to cut compute and DRAM cost in AI inference.

• The key idea is to split weight bits, compute with upper bits,
and skip lower bits when ReLU output is zero.

• This conservative approximate method removes redundant work
while preserving accuracy.

• For memory, we use subarray-level separation
to balance banks, reduce latency, and save power.

• A Samsung 28nm chip shows up to 27.3 TOPS/W with very small accuracy loss.
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Exploiting Output Activation Sparsity
• We exploit output activation sparsity to skip lower-bit work,

cutting compute and DRAM access while preserving accuracy without extra overhead.
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• World’s first ReLU-based Transformer Accelerator.
• Attention layer was normalized by standard deviation for model convergence.*

• Subarray-level parallelism was applied to minimize data access.*
• Overlap the timing of DRAM operation.
• Store separated bits into each subarrays. => prevents collisions between subarrays.

BSM-Based ReLU-Transformer NPU

Leveraging Output Activation Sparsity

Subarray-Level Parallelism

* “A Study on ReLU and Softmax in Transformer,”
Arxiv:2302.06461

“A Case for Exploiting Subarray-Level Parallelism(SALP) in DRAM,”
ISCA, 2012
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Bit-Separable Multiplier (BSM)
• In our previous study, the bit-separable multiplier (BSM) was introduced.*

• BSM optimizes data usage by exploiting output activation sparsity.
• BSM split weight bits into upper and lower halves.

• If MAC result of upper bits < 0,
• ReLU activation outputs 0.
• Skip computation of lower bits!

Bit-Separable Multiplier Architecture Leveraging Output Activation Sparsity

* “Bit-Separable Radix-4 Booth Multiplier
for Power-Efficient CNN Accelerator,”

COOLChips, 2024.
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Bit-Separable Multiplier (BSM)
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In this way, the Bit-Separable Architecture can predict Activation Output Using 
Only Higher Bits.
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• 22.3% memory access latency reduced.
• 35.7% bank utilization increased.
• 19.4% bandwidth improved.
• 13.2% power saved.

=> memory-efficient operation!

DRAM Simulation Results

DRAMSim3 ResultsBit-Separable 
Subarray-Level Parallelism
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Bit-Separable Transformer Accelerator
• Bit-separable multiplier skips unnecessary lower-bit computations
• Optimizes DRAM access using subarray-level bit separation.
• Outperforms existing sparsity-aware accelerators with 14.3~27.3 TOPS/W
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Conclusion
• The proposed accelerator uses bit-separable computation

and subarray-level DRAM optimization.

• It predicts outputs with upper bits and skips unnecessary lower-bit operations.

• This reduces both computation and memory access with no accuracy penalty.

• Subarray-level separation balances bank usage and lowers latency and power.

• Overall, the design achieves strong efficiency gains with minimal accuracy loss.
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