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Search to Distill: Pearls are Everywhere but not the Eyes



Background
Why do we need Knowledge distillation ?

Inconsistencies between training and deployment environments

During training, we prefer to use large-scale neural networks to fit massive data

When deployed, we prefer to use small networks to save memory and Increase speed



Background

What is Knowledge distillation ?

A large-scale model is pre-trained as teacher model, and the output 𝑞 of the 
teacher model is the target of the student model 

𝑳 = 𝑪𝑬 𝒚, 𝒑 + 𝜶𝑪𝑬 𝒒, 𝒑



Knowledge Distillation

Why dose Knowledge Distillation work?

Soft target provided by teacher model would have more information than hard 
target from ground truth

Soft targets

hard targets

Inputs 

It is not considered from the perspective of network structure



Motivation

A confusing experimental results

Is the learning relative performance of student model related to the structure of 
the teacher model‘s  architecture ?



Motivation

Large-scale experimental validation

Different teacher architectures favor different student architectures



Idea

For a given teacher model, search the best student model structure suitable the teacher model , 
the student model can learn the structural knowledge of the teacher model to the maximum 
extent.

NAS: Neural Architecture Search
AKD: Architecture-aware Knowledge Distillation



NAS via RNN + RL

Toy example: using RNN to search a CNN structure with 20 Conv 
layers 

• Searching space: the set containing all the possible 
architectures

{𝟐𝟒, 𝟑𝟔, 𝟒𝟖, 𝟔𝟒}𝟐𝟎 × {3 × 3, 5 × 5, 7 × 7}𝟐𝟎 × 𝟏, 𝟐 𝟐𝟎



NAS via RNN + RL

Using RL to train RNN

• Objective : Improve the controller RNN so that validation accuracies improve over time

• Rewards : validation accuracies + latency.

• Policy function: the controller RNN

• Improve the policy function by policy gradient ascent.



AKD

The difference between NAS and AKD is that AKD uses the teacher model’s
soft label to train the student model，while NAS lets the student model 
train directly on the training set.



Search process

Green circle : the structure initialization parameter of RNN represents 

Orange dot: the Structure that NAS search for

Blue dot: the Structure that AKD search for



How to prove the existence of architecture knowledge ?
Neural network knowledge = learned parameters + architecture knowledge?

1. Do optimal architectures for training with GT and KD are same?  No

2. Do optimal architectures of different teachers are same?  No

3. Will tow different RL agent converge to the same architecture when distill the same model? Yes

Figure 1 Figure 2 Figure 3



Performance

A metric to measure how AKD improves KD result

: (66.5 -61.4) – (63.9 – 57.7) = 0.93 

Compare with SOTA architectures
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