
EdgeDiff: Multi-modal Few-step Diffusion Model Accelerator with 
Mixed-Precision and Reordered Group-Quantization for On-device Generative AI

Motivation

Sangjin Kim, Jungjun Oh, Jeonggyu So, Yuseon Choi, Sangyeob Kim, Dongseok Im, Gwangtae Park, and Hoi-Jun Yoo

Proposed Condition-aware Reordered Mixed Precision

Proposed HW Opt. for Mixed Precision and Group Quantization Implementation Results (Chip, System)

Channel Saliency Fluctuated by Conditioning
Monitoring channel-wise saliency of IA  Grouping and reordering IA & W
 Similar scale in a group & Easy outlier handling

Micro-arch. for Group Quantization

Trending Algorithm Opt. for DM: Few-Step Diffusion Model with Knowledge Distillation
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No Inter-step Redundancy 1 Sensitive to Quantization3

50 Step
W: FP16
IA: FP16

50 Step*

W: 4b-C
IA: 8b-T

1 Step*

W: 4b-C
IA: 8b-T

1 Step*

W: 4/8b-G
IA:4/8b-G

Robust to Quant.

Requiring Mixed Prec. + Group Quant. 
*T: Per-tensor / C: Per-channel / G: Per-group Quant.

EdgeDiff: Accelerate All Encoder/Unet/Decoder of FSDM with Mixed Precision + Group Quant.
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Condition-induced random saliency
(<5% Outlier Overlapped)
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cf.) Preemptive Outlier Handling in LLM

71~93% Outlier Overlapped in LLM
@ Lamma-7B, 5% outlier in FFN

OutlierOutlier

Static Reorder

O
ut

lie
r

O
ut

lie
r

O
ut

lie
r

O
ut

lie
r

O
ut

lie
r

Prompt 2

Prompt 1

O
ut

lie
r

O
ut

lie
r

O
ut

lie
r

O
ut

lie
r

O
ut

lie
r

IA Precision Control W Precision Control

1) Saliency Monitoring 2) Grouping 3) Re-ordering 1) Re-ordering-only
Channel Saliency

Channel-wise Mean

Dynamic Channel Saliency

Channel

Similar Scale in a Group Quant. & Reorder by IA Order
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Different Scale in a Group 
 Large Group Quant Error

Grouping Reordering Reordering

Micro-arch. for Mixed Precision MAC

Both Signed & Unsigned 
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4/8/12/16b Mixed Precision 
using Bit-scalable PE
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Unit MAC should support both signed & unsigned MAC
Previous: Bit-enlarged MAC unitsor sign-only MAC units

Inter-bit Adder (IBA)
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Multiplier w/ Sign Reconfig.
Adder-Tree after Mult.

Compressor

Shift-and-Add w/ Sign Reconfig.

<Baseline>
Mult.+AT

<Proposed>
CAA

Reducing Overhead by Changing Accum. Order
Baseline: Inter-bit (mult. w/ sign reconfig. ) Inter-ch. (add)
CAA: Inter-ch. (compressor)  Inter-bit (add w/ sign reconfig. )

FP Accumulation

FP Scaling (Mult.)

Quant. Unit

FP Division

OA (INT)

SFOA (FP8/16)

Tensor PE...× × × × ××g

+
SFIA (FP8/16)

SFW (INT4)

INT MAC

1

10

100

Relative Logic Power

INT4  MAC FP Scaling 
FP Accum. FP Division

   
  

1

64
.7

28
4.

1

FP scaling factor (SF)  Power-intensive FP operation
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FP Accumulator (F-AC)

INT Accumulator (I-AC)

Mult

Outlier?

I-AC Accum.  

F-AC Accum. 
(I-AC PSUM)

Overflow?

F-AC Accum. 
(MAC PSUM)

Accum.
End?

Tiering into INT-Accum. & FP-Accum.
(Tier 1: I-AC) Checking Range & In-range Data Accumulation
(Tier 2: F-AC) Conditional Operation for Power Reduction
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