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The deep learning setup 
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Models are getting larger 

 

2 

7-6-2017 



The Efficiency Problem of Deep Learning 

• Computation Intensive 

• Memory Intensive 

• Difficult to Deploy 

 

 

 

 

 

 

• AlphaGo:  1920 CPUs and 280 GPUs 

  $3000 electric bill per game 
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Agenda 
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The Problem of Large DNN Models 

• App developers suffer from the model size 
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Large DNN on Mobile 

• Large models => more references => more energy 
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Advanced Algorithms for Efficient Inference 

• Pruning 

• Weight sharing 

• Quantization 

• Huffman Coding 

 

• Best paper ICLR 2016 
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Pruning Networks 

• Not all parameters 

are important 

• Remove some 

• Retrain to reduce 

errors 
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AlexNet Pruned 

• Similar performance with less parameters 
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Speedup for Pruned FC layer 
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Energy Efficiency for Pruned FC Layer 

 

11 

7-6-2017 



Deep Compression Approach 

• Pruning helps the reduction 

• Advanced quantization reduces even more 
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Evaluation of Deep Compression 
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Compression to the extreme 

• Add Huffman Encoding 
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Deep Compression Results 
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Agenda 
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Diannao (Electric Brain) 

• Improved CNN computation efficiency by dedicated 

functional units + buffers optimized for CNN work 

• Multiplier + adder tree + shifter + non-linear lookup 

• Weights in off-chip DRAM 

• 452 GOP/s, 3.02 mm2,  485 mW 
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Diannao later variants 

• DaDianNao (Bigger Computer) 

• Multi-processor and EDRAM to fit large models 

• 68mm2 

• 16 Watt 

• 12 M parameters 

 

• ShiDiannao (Vision Computer) 

• 2D PE array 

• 4.86 mm2 

• 320 mWatt 

• 64K parameters 

18 

7-6-2017 



Eyeriss:  Reduce Access by Row-Stationary 

  Dataflow 
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Eyeriss:  Reduce Memory Access by Row-

  Stationary Dataflow 

 

20 

7-6-2017 



EIE: Efficient Inference Engine 
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EIE PE architecture 
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Energy Efficiency Evaluation 

• >10x improvement over Da-DianNao by compression 
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Future Intelligence on Mobile 
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Outlook: the Path for Computation 
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