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• Background
▪Knowledge Distillation

−Hinton et al. In 2015 NIPS Workshop.

▪Dataset Distillation
−Wang et al. In 2018 arXiv.

• Paper
▪Dataset Distillation by Matching Training Trajectories

−Cazenavette et al. In 2022 CVPR (oral).

• Conclusion
▪Discussion

▪ Limitations

Outline
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• Model compression method in which a small model is trained to mimic a pre-
trained, larger model
▪ Referred to Teacher-student model

−Teacher : Large model
−Student : Small model

1) Geoffrey Hinton, Oriol Vinyals, Jeff Dean. Distilling the Knowledge in a Neural Network. In NIPS 2015 Deep Learning Workshop.

Knowledge Distillation1)
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2) Tongzhou Wang, Jun-Yan Zhu, Antonio Torralba, Alexei A. Efros. Dataset Distillaion. In arXiv preprint 2018.

Dataset Distillation2)
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2) Tongzhou Wang, Jun-Yan Zhu, Antonio Torralba, Alexei A. Efros. Dataset Distillaion. In arXiv preprint 2018.

Dataset Distillation2)

How much data is really necessary?



14

2) Tongzhou Wang, Jun-Yan Zhu, Antonio Torralba, Alexei A. Efros. Dataset Distillaion. In arXiv preprint 2018.

Dataset Distillation2)



15

2) Tongzhou Wang, Jun-Yan Zhu, Antonio Torralba, Alexei A. Efros. Dataset Distillaion. In arXiv preprint 2018.

Dataset Distillation2)



16

2) Tongzhou Wang, Jun-Yan Zhu, Antonio Torralba, Alexei A. Efros. Dataset Distillaion. In arXiv preprint 2018.

Dataset Distillation2)
• Idea

▪Not distilling the model,
▪ But distilling the dataset.

• Goal
▪Distill the knowledge from a large 
training dataset into a very small set of 
synthetic training images.

▪ Training a model on the distilled data 
would give a similar test performance 
as training one on the original dataset.
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• Algorithm
▪ To obtain a new, much-reduced synthetic dataset which performs almost as well as the 
original dataset.

Dataset Distillation2)
2) Tongzhou Wang, Jun-Yan Zhu, Antonio Torralba, Alexei A. Efros. Dataset Distillaion. In arXiv preprint 2018.
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• History

Dataset Distillation2)

Dataset Distillation, 2018, arXiv

2) Tongzhou Wang, Jun-Yan Zhu, Antonio Torralba, Alexei A. Efros. Dataset Distillaion. In arXiv preprint 2018.
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• History

Dataset Distillation2)

Dataset Distillation, 2018, arXiv

2020 Dataset Condensation with Gradient Matching 
(ICLR)

Flexible Dataset Distillation: Learn Labels 
instead of Images (NIPS Workshop)

2) Tongzhou Wang, Jun-Yan Zhu, Antonio Torralba, Alexei A. Efros. Dataset Distillaion. In arXiv preprint 2018.
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Dataset Distillation, 2018, arXiv

Dataset Condensation with Gradient Matching 
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Dataset Distillation with Infinitely Wide 
Convolutional Networks (NIPS)

2020

2021

Flexible Dataset Distillation: Learn Labels 
instead of Images (NIPS Workshop)

2) Tongzhou Wang, Jun-Yan Zhu, Antonio Torralba, Alexei A. Efros. Dataset Distillaion. In arXiv preprint 2018.



25

• History
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Dataset Distillation, 2018, arXiv

Dataset Condensation with Gradient Matching 
(ICLR)

Dataset Condensation with Differentiable 
Siamese Augmentation (ICML)

Dataset Distillation with Infinitely Wide 
Convolutional Networks (NIPS)

2020

2021

Flexible Dataset Distillation: Learn Labels 
instead of Images (NIPS Workshop)

Dataset Condensation with Distribution 
Matching (ICLR)

Dataset Condensation via Efficient Synthetic-
Data Parameterization (ICML)2022
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• History

Dataset Distillation2)

Dataset Distillation, 2018, arXiv

Dataset Condensation with Gradient Matching 
(ICLR)

Dataset Condensation with Differentiable 
Siamese Augmentation (ICML)

Dataset Distillation with Infinitely Wide 
Convolutional Networks (NIPS)

2020

2021

Flexible Dataset Distillation: Learn Labels 
instead of Images (NIPS Workshop)

Dataset Condensation with Distribution 
Matching (ICLR)

Dataset Condensation via Efficient Synthetic-
Data Parameterization (ICML)2022

Toy Dataset?

Theoretical Interest?

2) Tongzhou Wang, Jun-Yan Zhu, Antonio Torralba, Alexei A. Efros. Dataset Distillaion. In arXiv preprint 2018.
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• New formulation that optimizes our distilled data
• Train the network for several iterations on our distilled data and optimize the 

distilled data
• Outperform existing methods & allow us to distill higher-resolution visual data

3) George Cazenavette, Tongzhou Wang, Antonio Torralba, Alexei A. Efros, Jun-Yan Zhu. Dataset Distillation by Matching Training Trajectories. In CVPR 2022.

Matching Training Trajectories3)
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Matching Training Trajectories3)
3) George Cazenavette, Tongzhou Wang, Antonio Torralba, Alexei A. Efros, Jun-Yan Zhu. Dataset Distillation by Matching Training Trajectories. In CVPR 2022.
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Matching Training Trajectories3)

Expert Trajectories are trained on Real Data

Iteration t

Iteration t+M

3) George Cazenavette, Tongzhou Wang, Antonio Torralba, Alexei A. Efros, Jun-Yan Zhu. Dataset Distillation by Matching Training Trajectories. In CVPR 2022.



32

Matching Training Trajectories3)

Iteration 1

Iteration N ≪ M

3) George Cazenavette, Tongzhou Wang, Antonio Torralba, Alexei A. Efros, Jun-Yan Zhu. Dataset Distillation by Matching Training Trajectories. In CVPR 2022.

Student Trajectories are trained on Synthetic Data
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Matching Training Trajectories3)

Relative error between ends of
Student and Expert Trajectories

3) George Cazenavette, Tongzhou Wang, Antonio Torralba, Alexei A. Efros, Jun-Yan Zhu. Dataset Distillation by Matching Training Trajectories. In CVPR 2022.
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Matching Training Trajectories3)

Backprop Through All 
Student Updates

3) George Cazenavette, Tongzhou Wang, Antonio Torralba, Alexei A. Efros, Jun-Yan Zhu. Dataset Distillation by Matching Training Trajectories. In CVPR 2022.
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Matching Training Trajectories3)

Update Synthetic Data

3) George Cazenavette, Tongzhou Wang, Antonio Torralba, Alexei A. Efros, Jun-Yan Zhu. Dataset Distillation by Matching Training Trajectories. In CVPR 2022.
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Matching Training Trajectories3)

Update Synthetic Data

3) George Cazenavette, Tongzhou Wang, Antonio Torralba, Alexei A. Efros, Jun-Yan Zhu. Dataset Distillation by Matching Training Trajectories. In CVPR 2022.
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Matching Training Trajectories3)
1000 distillation iterations of CIFAR-100, 1 image/class

3) George Cazenavette, Tongzhou Wang, Antonio Torralba, Alexei A. Efros, Jun-Yan Zhu. Dataset Distillation by Matching Training Trajectories. In CVPR 2022.
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Matching Training Trajectories3)
• Experiments

▪ 32×32 CIFAR-10 and CIFAR-100
▪ 64×64 Tiny ImageNet

▪ 128×128 ImageNet subsets

3) George Cazenavette, Tongzhou Wang, Antonio Torralba, Alexei A. Efros, Jun-Yan Zhu. Dataset Distillation by Matching Training Trajectories. In CVPR 2022.
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Matching Training Trajectories3)

Plane

Car

Bird

Cat

Deer

Dog

Frog

Horse

Truck

Boat

3) George Cazenavette, Tongzhou Wang, Antonio Torralba, Alexei A. Efros, Jun-Yan Zhu. Dataset Distillation by Matching Training Trajectories. In CVPR 2022.

50 images/class
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42

Matching Training Trajectories3)

Plane Car Bird Cat Deer Dog Frog Horse Boat Truck

3) George Cazenavette, Tongzhou Wang, Antonio Torralba, Alexei A. Efros, Jun-Yan Zhu. Dataset Distillation by Matching Training Trajectories. In CVPR 2022.

1 image/class
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Matching Training Trajectories3)
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Matching Training Trajectories3)
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Matching Training Trajectories3)
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Matching Training Trajectories3)
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Matching Training Trajectories3)
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1 image/class
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Matching Training Trajectories3)
• Experiments

▪ 32×32 CIFAR-10 and CIFAR-100
▪ 64×64 Tiny ImageNet

▪ 128×128 ImageNet Subsets
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Matching Training Trajectories3)
3) George Cazenavette, Tongzhou Wang, Antonio Torralba, Alexei A. Efros, Jun-Yan Zhu. Dataset Distillation by Matching Training Trajectories. In CVPR 2022.

1 image/class
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Matching Training Trajectories3)
• Experiments

▪ Cross-Architecture Generalization
−Evaluate how well our synthetic data performs on various architectures

−Robust to changes in architectures
−Do not seem to suffer from much over-fitting to that model

CIFAR-10 with 10 images/class

3) George Cazenavette, Tongzhou Wang, Antonio Torralba, Alexei A. Efros, Jun-Yan Zhu. Dataset Distillation by Matching Training Trajectories. In CVPR 2022.
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Matching Training Trajectories3)
• Experiments

▪ Performance w.r.t. the number of expert trajectories (left)
−Logarithmic performance improvement

−Quickly saturating near 200

▪ Performance w.r.t. expert time-step stage (right)
−The upper bound on the expert epoch at which the synthetic data starts working cannot be too 

high or low to ensure quality learning signal.

3) George Cazenavette, Tongzhou Wang, Antonio Torralba, Alexei A. Efros, Jun-Yan Zhu. Dataset Distillation by Matching Training Trajectories. In CVPR 2022.
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Matching Training Trajectories3)
• Experiments

▪Distillation time
−0.6 seconds per distillation step

҉ A single RTX3090
҉ CIFAR-100, 1 image/class with N = 20

3) George Cazenavette, Tongzhou Wang, Antonio Torralba, Alexei A. Efros, Jun-Yan Zhu. Dataset Distillation by Matching Training Trajectories. In CVPR 2022.
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Conclusion
• Discussion

▪Directly optimizing the synthetic data
− Induce similar network training dynamics as the real data

▪ First to scale to 128×128 ImageNet images
−Allow us to gain interesting insights of the dataset

−Serve as an important step towards practical applications of dataset distillation on real-world 
datasets

• Limitations
▪ The computational overhead of training and storing expert trajectories
▪Application to other tasks and datasets with higher resolution


