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Announcement

• This is the last class of our courses this semester.

• Our final project  will be presented on Jun 20, 9:30am.

• Location: 新金博大楼@ Handan Campus 

• 20min for each student, 2 hours for total

• 15 min for presentation, 5 min for Q&A

• High recommend: do not use more than 25 slides.



Lecture Last time

• PE (CGRA) Based Arch for Deep 
Learning 

• Efficient Data flow to avoid 
repeated data bandwidth



Overview

• Algorithm / Software / Hardware Codesign
• Bit-width reduction

• Sparsity

• Processing in Memory (PiM, CiM)



Cost of Operation

MAC is the key energy 
consumer in a deep learning 
processor, and it is highly 
related to the bit width

Multiplication follows a 
square rate law.



Question:

Human brains 
never have 32b 
floating range 
and accuracy, 
why DL need to 
use such 
presentation?



Ideal Precision

• For no loss in precision, M is determined based on largest filter size 
(in the range of 10 to 16 bits for popular DNNs)

• But we do not really need that, many sum are zeros (ReLU).







Fine Tuning Methodology

• Training after quantization





























Network Sparsity

• Human’s neurons are highly sparse

• So as the matrix multiplication in NNs

• Exploiting Sparsity in Deep learning
hardware

• Reducing numbers of Ops and Weights

• Activation Statistics

• Network Prunning

• Knowledge Distillation





























Neuromophic Implementation
Analog Computing etc.



True north

DARPA funded 
the first brain-
inspired 
processor

1 Million Neurons
70 mW













Conclusion


