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Highlights

Learn to build neural network by PyTorch

Learn to train a whole network

Learn the features of basic optimizers

Understand the FP16 training and visualization of Tensorboard

Understand the features of different training frameworks
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Deep learning framework
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gluon-cv.mxnet.io

• The history of deep learning framework
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Deep learning framework
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Caffe (UC Berkeley) Caffe2 (Facebook)

Torch (Facebook) Pytorch (Facebook)

Theano (U Montreal) Tensorflow (Google)

PaddlePaddle (Baidu)

CNTK (Microsoft)

MXNet (Amazon/Apache) 

Parrots (SenseTime)
Keras (Google)

... ...

• The history of deep learning framework
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caffe.berkeleyvision.org

github.com/BVLC/caffe

• Caffe

Yangqing Jia created the project 
during his PhD at UC Berkeley in 
2013.

Deep learning framework

http://caffe.berkeleyvision.org/
https://github.com/BVLC/caffe
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Deep learning framework
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• CPU vs GPU

https://www.omnisci.com/technical-

glossary/cpu-vs-gpu

https://ph.news.yahoo.com/nvidia-achieves-massive-increase-ai-013811898.html
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Deep learning framework
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• Static vs Dynamic Graphs

TensorFlow: Build graph once, then

run many times (static)

PyTorch: Each forward pass defines

a new graph (dynamic)

New graph each iteration

Build
graph

Run each
iteration

http://cs231n.stanford.edu/slides/2018/cs231n_2018_lecture08.pdf
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Deep learning framework
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• Static vs Dynamic: Optimization

With static graphs,
framework can
optimize the
graph for you
before it runs!

The graph you wrote
Equivalent graph with
fused operations

http://cs231n.stanford.edu/slides/2018/cs231n_2018_lecture08.pdf
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Deep learning framework
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• Static vs Dynamic: Conditional

http://cs231n.stanford.edu/slides/2018/cs231n_2018_lecture08.pdf

PyTorch: Normal Python

TensorFlow: Special TF
control flow operator!
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Introduction to Pytorch
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• Advantages of Using Pytorch

Library functions

Computational efficiency + GPU support

Auto-differentiation

Online community

The most popular framework for academia

http://bangqu.com/AT8859.html
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Introduction to Pytorch

13

https://pytorch.org/

• Installing PyTorch
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Introduction to Pytorch
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• Pytorch package

https://pytorch.org/
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Introduction to Pytorch
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https://transfer.d2.mpi-inf.mpg.de/rshetty/hlcv/Pytorch_tutorial.pdf

• Pytorch Tensors

916 ms ± 45.8 ms per loop 
(numpy + cpu)

26.6 ms ± 721 µs per loop 
(numpy+gpu)

26.8 ms ± 545 µs per loop 
(torch+gpu)
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Introduction to Pytorch
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Tensor Initialization

Directly from data

From a NumPy array

From another tensor:

https://pytorch.org/tutorials/

With random or constant values

• Pytorch Tensors
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Introduction to Pytorch
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Moving to GPU

Standard numpy-like 
indexing and slicing:

Multiplying tensors

In-place operations

• Tensor Operations

https://pytorch.org/tutorials/
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Introduction to Pytorch
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• The NumPy Bridge – Arrays And Tensors

Tensor to NumPy array

Tensor to NumPy array

https://pytorch.org/tutorials/
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Introduction to Pytorch
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Computational Graph

Autograd forward pass Autograd backward pass

Run the requested operation to compute a resulting 
tensor, and

Computes the gradients from each .grad_fn

Maintain the operation’s gradient function in the 
directed acyclic graph

Accumulates them in the respective tensors .grad 
attribute, and

Using the chain rule, propagates all the way to the leaf 
tensors.

• Pytorch Autograd

https://pytorch.org/tutorials/
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Use Pytorch to build neural network
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A typical training procedure for a neural network is as follows:

• Define the neural network that has some learnable parameters (or weights)

• Iterate over a dataset of inputs

• Process input through the network

• Compute the loss (how far is the output from being correct)

• Propagate gradients back into the network’s parameters

• Update the weights of the network, typically using a simple update rule: weight = weight -
learning_rate * gradient

• Overview

https://pytorch.org/tutorials/
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Use Pytorch to build neural network
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• Define the network

https://pytorch.org/tutorials/
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Use Pytorch to build neural network
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• Define the loss function

• Backprop

• Update the weights-naive

• Update the weights-torch.optim

https://pytorch.org/tutorials/
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Tensorboard and FP16 training
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embedding

https://pytorch.org/tutorials/
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Tensorboard and FP16 training
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https://pytorch.org/tutorials/
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Tensorboard and FP16 training
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• Mixed-precision training

combined single-precision (FP32)
with half-precision (e.g. FP16)

· Shorter training time
· Lower memory 
requirements, 
enabling larger batch 
sizes, larger models, 
or larger inputs.

FP16 on NVIDIA V100 vs. FP32 on V100

https://pytorch.org/blog/accelerating-training-on-nvidia-gpus-with-pytorch-automatic-

mixed-precision/
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Non-convex optimizer

• Gradient Descent

• Batch gradient descent

• Stochastic gradient descent
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𝑥 = 𝑥 − 𝜂∇𝑥𝐽 𝑥

𝑥 = 𝑥 − 𝜂∇𝑥𝐽 𝑥; 𝐼(𝑖:𝑖+𝑛); 𝑦(𝑖:𝑖+𝑛)
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Non-convex optimizer

• SGD

• Considering two cases:

• the local loss landscape is a 

smooth hill

• may take a long time to reach the 

bottom

• the local loss landscape is a steep 

ravine

• may oscillate back and forth near 

the bottom

30
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Non-convex optimizer

• SGD + momentum

31

𝑣𝑡+1 = 𝜌𝜈𝑡 + ∇𝑓 𝑥𝑡

SGD

𝑥𝑡+1 = 𝑥𝑡 − 𝛼∇𝑓 𝑥𝑡
𝑥𝑡+1 = 𝑥+ − 𝛼𝑣𝑡+1

SGD + Momentum

Sutskever I，Martens J，Dahl G, et al. On the importance of initialization and momentum in deep learning. ICML, 2013.
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Non-convex optimizer

• SGD + momentum

• momentum term 

• increases for dimensions 

whose gradients point in the 

same directions

• reduces updates for 

dimensions whose gradients 

change directions

32
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Non-convex optimizer

• SGD + momentum

• We'd like momentum term has a notion of where it is going 

• It may slow down when a local minimum is near

• Nesterov momentum

33
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Non-convex optimizer

• Nesterov momentum

• Look ahead by calculating the 

gradient at the approximate future 

position of the parameters instead 

of current ones

34

𝑣𝑡+1 = 𝜌𝑣𝑡 − 𝛼∇𝑓 ෤𝑥𝑡

෤𝑥𝑡+1 = ෤𝑥𝑡 − 𝜌𝑣𝑡 + 1 + 𝜌 𝜈𝑡+1

= ෤𝑥𝑡 + 𝑣𝑡 + 𝜌 𝑣𝑡 − 𝑣𝑡−1
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Non-convex optimizer

• SGD + momentum

• Choosing a proper learning rate can be difficult.

• The same learning rate applies to all parameter updates

• AdaGrad

35

Duchi J, Hazan E, Singer Y. Adaptive Subgradient Methods for Online Learning and Stochastic Optimization. JMLR, 2011.
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Non-convex optimizer

• AdaGrad

• Gradient-based optimization

• Smaller learning rates for frequently 

occurring features

• Higher learning rates for parameters 

associated with infrequent features

36

Duchi J, Hazan E, Singer Y. Adaptive Subgradient Methods for Online Learning and Stochastic Optimization. JMLR, 2011.
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Non-convex optimizer

• RMSProp

37

Tieleman and Hinton, 2012

• AdaGrad + momentum
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Non-convex optimizer

• RMSProp

• AdaGrad + momentum

38

Tieleman and Hinton, 2012



• 正文级别 1

• 正文级别 2

• 正文级别 3

• 正文级别 4

• 正文级别 5

标题文本

Chapter 1 Section 4 March 17, 2022 Advanced Computer Vision

Non-convex optimizer

• Adam

• momentum: a ball running down a slope

• Adam: a heavy ball with friction

• prefers flat minima in the error surface

39

Kingma D, Ba J. Adam: A Method for Stochastic Optimization. ICLR, 2015.
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Non-convex optimizer

• Adam

• momentum: a ball running down a slope

• Adam: a heavy ball with friction

• prefers flat minima in the error surface

40

Kingma D, Ba J. Adam: A Method for Stochastic Optimization. ICLR, 2015.
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Non-convex optimizer

• Adam + Weight decay

• Weight decay is a technique in training neural networks

• AdamW

• adjusts the weight decay term to appear in the gradient update

• small details can make a noticeable difference

41

Kingma D, Ba J. Adam: A Method for Stochastic Optimization. ICLR, 2015.
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Non-convex optimizer

• Which one to choose?

42

• Case 1: Little budge to hyperparameter tuning?

Adam, AdamW, Demon Adam ...

• Case 2: Best performance?

SGD + Momentum


