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        In the next seminar :

➌  Hardware-aware NAS



33

MIT 6.59401. Introduction to Neural Architecture Search (NAS)

Trade - off Between Efficiency & Accuracy

Design Philosophy of NAS
 

발발 발발발발발발

compact 발 발발발 발발발 !
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MIT 6.59401. Introduction to Neural Architecture Search (NAS)

From Manual Design to Automatic Design
• Architecture 발 발발발발발 발발발

• Block 발발발 발발 , 발발발 발 , 발발발발 발 발 넓넓 Search Space 발발

⇨ 발발 발발발 발발발 발 발발 (manual design is unscalable!)
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MIT 6.59401. Introduction to Neural Architecture Search (NAS)

Illustration of NAS
• Goal : Search space 𝓐 발발 발발발 발발 발발발  발발 발 발발발발발 발발발 발발 발

• Component :

◦ Search Space: NN architecture 발발발 발발

◦ Search Strategy: search space 발발 발발

◦ Performance Estimation Strategy: 발발발 발발 발발 발발
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MIT 6.59401. Introduction to Neural Architecture Search (NAS)

Search Space
• Cell - level search space

• RNN controller : 발발 cell 발발발 발

1. Input 2 발  발발

2. 발 input발 발발 발발발 발발 발발 (e.g., conv / pooling / identity …)

3. 발 발발발 발발 발발 발발 (e.g., add / element - wise multiplication …)

( 2 2 M M N ) B발발발 발 × × × ×
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MIT 6.59401. Introduction to Neural Architecture Search (NAS)

Search Space
• Cell - level search space

• RNN controller : 발발 cell 발발발 발

1. Input 2 발  발발

2. 발 input발 발발 발발발 발발 발발 (e.g., conv / pooling / identity …)

3. 발 발발발 발발 발발 발발 (e.g., add / element - wise multiplication …)

( 2 2 5 5 2 ) 5발발발 발 × × × × =    3.2 × 1011
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MIT 6.59401. Introduction to Neural Architecture Search (NAS)

Search Space
• Network - level search space

• Deep vs. Shallow 발발발발 발발발발 발발발 발발 발발

• 발발 block 발 발발발발 발발 발발발 발발발 발발



1010

MIT 6.59401. Introduction to Neural Architecture Search (NAS)

Search Space
• Network - level search space: depth dimension

• 발 stage 발발 발발발 block 발발 발발

Candidates:
# of building block
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MIT 6.59401. Introduction to Neural Architecture Search (NAS)

Search Space

Candidates:
input resolution

• Network - level search space: input resolution dimension

• 발발 발발발발 발발 발발
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MIT 6.59401. Introduction to Neural Architecture Search (NAS)

Search Space

Candidates:
# of channels

• Network - level search space: width dimension

• 발 stage 발 발발 발 발발
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MIT 6.59401. Introduction to Neural Architecture Search (NAS)

Search Space
• Network - level search space: kernel size dimension
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MIT 6.59401. Introduction to Neural Architecture Search (NAS)

Search Space
• Network - level search space: topology connection
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MIT 6.59401. Introduction to Neural Architecture Search (NAS)

Design the Search Space
• Design the search space for TinyML

• 발발발 , IoT 발발발 ML발발발 latency / battery / memory 발발 발발

• 발발발 발발발발 발발 architecture 발 발발발 발 발발발 발발발발 발발 발발 / 발발 발발발발 발발발

⇨ 발발발발발 search space 발 발발발발 발
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MIT 6.59401. Introduction to Neural Architecture Search (NAS)

Search Strategy
• Grid Search

• 발발 search space: 1 발발 발발 발발발발 발 (Cartesian product)

• 발발 network 발 발발발발 발발 발발발 발발 발발발 발발발발 발

• 발발 발발 (e.g., latency) 발 발발발발 발발 발발발 발발발 발발발 발 발발
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MIT 6.59401. Introduction to Neural Architecture Search (NAS)

Search Strategy
• Random search

• 발발 search space: grid search 발 발발

• 발발발발 발발 architecture 발 발발발발발 발발발발 발발
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MIT 6.59401. Introduction to Neural Architecture Search (NAS)

Search Strategy
• Reinforcement learning

• Architecture 발발발 발발발 발발발발 발발발 발발

• RNN controller 발 발발발발발 발발발발 발발발 발발

Agent

Action

Reward: R

발발발 발발발발
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MIT 6.59401. Introduction to Neural Architecture Search (NAS)

Search Strategy
• Gradient descent

• 발 node 발 발발 발발발 발발발 발발 발발발

• Latency 발 발발 발발발 발발발 term (𝔼[latency]) 발발 발발발 발발발발 발 발발

발발발 발발

Latency 발발 발발발 / Lookup table



2020

MIT 6.59401. Introduction to Neural Architecture Search (NAS)

Search Strategy
• Evolutionary search

• 발발발발 발발 발발발발 발발 발발

• 발발발 발발발 F(발발발 , 발발발 ) 발발  → Mutation → Crossover
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MIT 6.59402. Efficient NAS

Accuracy Estimation Strategy
• Train from scratch 

• 발발 architecture A 발발발발 발발발 발 , 발발발 R 발발

• 발발 발발 발 발발발 발발 발발 발발 발  NOT scalable!
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MIT 6.5940

Accuracy Estimation Strategy
• Inherit weight

• 발발 발발발발발 발발발발 발발 발발 발발

• 발발발발 발발발발 발발발 발발 발발발 발발 발 발발

2. Efficient NAS

y = f/2 × h[2] + f/2 × h[3]

= f × h[2]
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MIT 6.5940

Zero - Shot NAS

2. Efficient NAS

• ZenNAS

1. 발발  𝑥 ~ 𝒩(0,1)  발발 발발발발 발발발

2. 발발발 발발 발발 발  (perturbation) 발 발발 𝑥ʹ = 𝑥 + 𝜖 발 발발

3. 발발발발발 발발발발 발발 발발발 발발발발 발발발

4.            넓넓 넓넓넓 넓넓넓 넓넓넓 넓넓 : 𝑧1 = log(𝑓(𝑥ʹ) − 𝑓(𝑥))

+ 넓넓 넓넓넓넓 넓넓 넓넓넓 넓

넓넓
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MIT 6.5940

Zero - Shot NAS

2. Efficient NAS

• GradSign

• 발발 발발발 발발발발발 local minima 발발발 발발발 발발 발발발 !

• 발발 발발 발발발발발 gradient 발발발 발발 (발발발 발발 )

• 발발 발발발 발발 발발발 발발 발발발 발발 발발

넓넓
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Thank You
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