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Neural Architecture 
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Neural Network Architectures

Trial and Error!

VGGNet ResNet Inception …
Task 

（Dataset）

• Find a good one 
•Design a brand-new 

architecture and train it

often pre-trained  
on some datasets

Sometimes...
• a known architecture 

works well on our tasks. 
Happy! Other times...



One-Shot Neural Architecture Search
Joint Optimization of Architecture c and Weights w

!3

max
w,c

f(w, c)
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xt

Conv 3 x 3 
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Conv 5 x 5 
W2

max 
pooling

avg 
pooling

…

xt+1

0

0

1

0

…

+

w: (W1, W2) c: (0, 0, 1, 0)

max
c

f(w⇤(c), c)

subject to w⇤(c) = argmax
w

f(w, c)
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NAS as hyper-parameter search

One-shot NAS

1 c evaluation 
 = 1 training

optimization of x and 
c within 1 training



Difficulties for Practitioners
How to choose / tune the search strategy?
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w  w + ✏wrwf(w, c(✓))

✓  ✓ + ✏✓r✓f(w, c(✓))
<latexit sha1_base64="HVsL6MfL3cRx/YNlI3wm1Sd7FAs="></latexit>

Search Space Search Strategy

Gradient-Based Method

Other Choices 
• Evolutionary Computation Based 
• Reinforcement Learning Based

hyper-parameter: step-size

- how to treat integer variables such as #filters? 
- how to tune the hyper-parameters in such situations?



Contributions
Novel Search Strategy for One-shot NAS 

1. arbitrary search space (categorical + ordinal) 
2. robust against its inputs (hyper-param. and search space)

Our approach

max
w,c

f(w, c) ) max
w,✓

J(w,✓) :=

Z
f(w, c)p(c | ✓)dc
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1. Stochastic Relaxation exponential family

differentiable w.r.t. w and θ

2. Stochastic Natural Gradient + Adaptive Step-Size

wt+1 = wt + ✏tw
\rwJ(wt,✓t)

✓t+1 = ✓t + ✏t✓F(✓
t)�1 \r✓J(wt+1,✓t)

<latexit sha1_base64="HLe5ikCOIzFH1404FMTVwWAAgKc="></latexit> Natural Gradient

J(wt,✓t) < J(wt+1,✓t) < J(wt+1,✓t+1)
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Monotone Improvement

Under appropriate step-size
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Results and Details
• Faster & Competitive Accuracy to other one-shot NAS
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The detail will be explained at Poster #53


