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Domain adaption

Source domain Target domain

• A different but 
relevant domains

• Abundant training 
examples

• Target task

• Limited or no training 
examples

Domain adaptation (Pan and Yang 2010) aims to build learning machines 
that generalize across different but relevant domains.



Learning with Transferable Curriculum

Goal:

2. Train a deep network with a transferable curriculum to eliminate the negative 
influence of noisy source samples and enable positive transfer of noiseless source 
samples

1. Close the domain gap and bound the target risk by learning transferable features f 
and a robust classifier across noisy source domain and clean target domain 

this paper addresses the weakly-supervised domain adaptation problem where the 
source domain is noisy in labels or features, and the target domain is fully 
unlabeled.



Curriculum Learning

Instead of feeding all samples to the model at once, SPL learns samples from easy to hard 
gradually just like the process of human learning:

Learning samples in a Self-Paced way has yielded brilliant results in many applications. 
(Khan, Mutlu, and Zhu NIPS’11; Tang, Yang, and Gao MM’12; Basu and 
Christensen AAAI’13; Zhang et al. IJCAI’16) 

Easy images of 
cat to learn 
earlier

Complex 
images of cat 
to learn later



Curriculum Learning

Repeat:
1. Find easy examples based on current curriculum
2. Use easy data to train the model
3. Update curriculum to select harder examples

Until Stopping criterion

Sample loss Curriculum

min
𝑤𝑤

𝑤𝑤𝑤𝑤 + 𝑅𝑅(𝑤𝑤; 𝛾𝛾)

min
𝑓𝑓
𝑤𝑤𝑤𝑤

The solution of 𝑤𝑤 is inversely 
proportional to the loss L.



Learning with Transferable Curriculum

Step 1: Minimization of distribution shift between the source and target domains 

𝑮𝑮𝒇𝒇: Feature extractor

𝑮𝑮𝒅𝒅: Discriminator to distinguish the feature representations of 
the source domain from the target domain

ICML’15 Domain Adversarial Learning, Ganin and Lempitsky 2015 



Learning with Transferable Curriculum

Step 2: Train a classifier for target domain

𝑮𝑮𝒇𝒇: Feature extractor

𝑮𝑮𝒚𝒚: Classifier

Weighted training error 
in source domain

Entropy loss in 
target domain

the entropy loss to quantify the uncertainty of a target example’s label predictions 



Learning with Transferable Curriculum

Step 3: Find easy and transferable examples

simultaneously prioritizes easier and transferable examples



Alternating Minimax Optimization

𝑮𝑮𝒇𝒇: Feature extractor

𝑮𝑮𝒅𝒅: Discriminator to to distinguish the feature representations 
of the source domain from the target domain

𝑮𝑮𝒚𝒚: Classifier



Experiment

Compared methods:

Baseline

ResNet-50 (He et al. CVPR’16)

Curriculum learning

Self-Paced Learning (SPL) (Kumar, Packer, and Koller NIPS’10)
MentorNet (Jiang et al. ICML’18)

Deep Adaptation Network (DAN) (Long et al. ICML’15)
Residual Transfer Network (RTN) (Long et al. NIPS’16)
Domain Adversarial Neural Network (DANN) (Ganin et al. JMLR’16)
Adversarial Discriminative Domain Adaptation (ADDA) (Tzeng et al. CVPR’17) 

Domain adaption methods

Source code:  https://github.com/thuml

Dataset:

Office-31: 4652 images with 31 
classes in 3 distinct domains 

Office-Home : consisting of 15,500 
images from 65 classes in 4 domains 

Bing-Caltech: Bing -> Caltech-256 



Experiment



Experiment

TCL-adversarial_w: removing w for the source data on the domain discriminator; 
TCL-classifier_w : removing w for the source data on the label classifier
TCL-easiness: removing easiness term ℓ when updateing w
TCL-transferability: removing transferability term 𝜏𝜏 when updateing w



Experiment



Summary

+  Applying curriculum learning to domain adaption to against noise. 

+  Considering the transferability of examples.

+  Solid experiment

- Do not have an unified objective function
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