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Motivation: 
Gradient Quantization Results in Accuracy 
Degradation

ZeRO++ with 4bit Gradient Quantization:
 Intra/Inter Grad: 32 bits→ 4 bits

SDP4Bit with 1bit Gradient Quantization:
 Intra Node Grad: 32 bits→ 8 bits
 Inter Node Grad: 32 bits→ 1 bits

Loss of ZeRO++, SDP4Bit
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Design 1 Algorithm: 
Fast-Slow Reduction

“Slow” Gradient Reduction:
1) High Precision FP32
2) Async with forward-backward
3) On the CPU

“Fast”  Gradient Reduction:
1) Low Precision INT1/INT4/INT8…
2) Sync before Optimizer Step
3) On the GPU



Design 2 System: 
Overlapping Communication with Computation
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Existing LLM training overlaps only with the first and last micro-batch.

Ours overlaps “slow ” reduction with other idle phases.
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mb: micro-batch



Design 3 System: 
Gradient Offload Optimization

DUO requires copying gradients to 
CPU before starting the “fast” 
reduction (D2H copy bottleneck).

1) Bucket-wise offloading

2) Fine-grained D2H overlap

3) GPU memory bridge
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3) GPU Memory Bridge
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Experiments

➢ End-to-end Training Loss with DUO

Final loss is close to the baseline. Even fully remove “fast” reduction (0-bit)



Experiments

➢ E2E Training Throughput with Different Models

DUO achieves similar throughput to SDP4Bit, showing that our high-precision 
communication adds minimal overhead.
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