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Python

In recent years, Python has rapidly 
emerged due to its simplicity, efficiency, 
ease of learning, rich third-party libraries, 
and wide application.
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Python

TIOBE Index 2023年编程语言排行榜

According to the TIOBE Index website, 
as of September 2023, Python continues 
to top the list with a popularity of 14.16%.

https://www.tiobe.com/tiobe-index/
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Python installation

Download Python
Download Anaconda

https://www.python.org/downloads/
https://www.anaconda.com/download/
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Python installation (optional)

Download PyCharm
Download Jupyter

https://www.jetbrains.com/zh-cn/pycharm/
https://jupyter.org/
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Basic Knowledge

Data Types Arithmetic Operators
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Basic Knowledge

Basic Data Structures
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Basic Knowledge

Conditions Loops
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Basic Knowledge

Function Declaration
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Learning Materials

https://www.python.org/
https://www.runoob.com/python/python-tutorial.html
https://github.com/MurphyWan/Python-first-Practice

Other library recommended to learn：
• NumPy
• Pandas
• Scikit-Learn (Machine Learning)
• Scipy
• Deep Learning Library

• TensorFlow
• PyTorch

https://www.python.org/
https://www.runoob.com/python/python-tutorial.html
https://github.com/MurphyWan/Python-first-Practice


15

Q1: Any question?
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Scikit-Learn

Scikit-Learn is currently one of the most popular 
machine learning libraries. It efficiently implements 
various commonly used machine learning algorithms, 
with clean code, unified style, and rich and practical 
online documentation. This makes it one of the most 
popular libraries in the field of machine learning.
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Scikit-Learn

The code functions of Scikit-Learn can be 
roughly divided into six parts: classification, 
regression, clustering, dimensionality 
reduction, model selection, and 
preprocessing, as shown in the left figure.
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Scikit-Learn installation

There are many ways to install scikit-learn：
• Official Release： Installing scikit-learn — scikit-learn 1.3.0 

documentation
• Special versions： Installing scikit-learn — scikit-learn 1.3.0 

documentation
• Build from source： Installing the development version of 

scikit-learn — scikit-learn 1.3.0 documentation

My favorite: Run the following command
> pip install scikit-learn

https://scikit-learn.org/stable/install.html#install-official-release
https://scikit-learn.org/stable/install.html#install-official-release
https://scikit-learn.org/stable/install.html#install-by-distribution
https://scikit-learn.org/stable/install.html#install-by-distribution
https://scikit-learn.org/stable/developers/advanced_installation.html#install-bleeding-edge
https://scikit-learn.org/stable/developers/advanced_installation.html#install-bleeding-edge
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Scikit-Learn Dependencies

Dependencies
scikit-learn requires:
•Python 
•NumPy 
•SciPy
•joblib
•threadpoolctl
•Matplotlib
•Seaborn
•Jupyter
•Statsmodels

https://matplotlib.org/

http://seaborn.pydata.org/index.html

https://matplotlib.org/
http://seaborn.pydata.org/index.html


22

API is all you need

https://scikit-learn.org/stable/user_guide.html

https://scikit-learn.org/stable/user_guide.html
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Diabetes Progression Prediction: An Example

• Let’s start from a simple tutorial dataset provided 
by sklearn.

• The task is to predict the diabetes progression by 
some information of the patients:
• Age
• Sex
• BMI
• BP (average blood pressure)
• S1-S6 (six blood serum measurement)
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Load the Dataset

• What we want (predict): 
• disease progression 1 year after (a 

value)

• In real problems, data are always needed 
to be collected and processed by yourself
but not just simply given to you using a 
single command. This may be a painful 
procedure. However, data is the most 
important stuff.
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Show the Dataset

• You may feel strange with values of age and sex 
and so on. This is because the value has been 
normalized. We’ll talk about this later.

• The whole dataset is too big to be shown, so 
we just show the first 5 samples.
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Show the Dataset

• Supervised learning: Training data include both inputs and outputs
• Data collection:  Start with training data 𝒟 from which experience is learned.
• Data representation: Encode 𝒟 to be the input to the learning system.
• Modelling: Choose hypothesis space ℋ --- a set of possible models for 𝒟.
• Learning: Find the best hypothesis ℎ ∈ ℋ according to some objective.
• Model selection: Select the best model according to some criteria.

• Two categories:
• Classification
• Regression
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𝑦 = 𝑊𝑋

𝑊∗ = (𝑋𝑇𝑋)−1𝑋𝑇𝑦

• Our task is a regression task, so choose among regression models.

• Here we simply choose linear regression model as our model. 

Model Selection
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Train-Test Split

• To evaluate the generalization of the model, we shouldn’t use the whole dataset to train the model. We 
should train the model on a part of the dataset and test it on the remaining part.

• Use the function train_test_split, we can achieve this easily
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Train-Predict-Test

• Train: fit
• Predict: predict
• Test: mean_absolute_error

• where 𝑦 ̃_𝑖 is the predicted value, 𝑦_𝑖 is the 
ground truth value

• (we also has many other metric which will be 
decribed later)

𝑀𝐴𝐸 =෍

𝑖

෤𝑦𝑖 − 𝑦𝑖
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Cross Validation
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K-Fold Cross Validation

https://scikit-
learn.org/stable/modules/cross_validation.html#c
omputing-cross-validated-metrics

https://scikit-learn.org/stable/modules/cross_validation.html#computing-cross-validated-metrics
https://scikit-learn.org/stable/modules/cross_validation.html#computing-cross-validated-metrics
https://scikit-learn.org/stable/modules/cross_validation.html#computing-cross-validated-metrics
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Visualization

• A simple value is not intuitive!
• We have to visualize the result!
• matplotlib
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Preprocessing Data

• The sklearn.preprocessing package provides 
several common utility functions and 
transformer classes to change raw features 
into representations more suitable for 
downstream tasks. 

• In general, learning algorithms benefit from 
the standardization of datasets. If there are 
some outliers in the collection, scaling or 
transformation is generally required.

1. Standardization, or mean removal 
and variance scaling

2. Non-linear transformation
3. Normalization
4. Encoding categorical features
5. Discretization
6. Imputation of missing values
7. Generating polynomial features
8. Custom transformers

https://scikit-learn.org/stable/modules/preprocessing.html#standardization-or-mean-removal-and-variance-scaling
https://scikit-learn.org/stable/modules/preprocessing.html#standardization-or-mean-removal-and-variance-scaling
https://scikit-learn.org/stable/modules/preprocessing.html#non-linear-transformation
https://scikit-learn.org/stable/modules/preprocessing.html#normalization
https://scikit-learn.org/stable/modules/preprocessing.html#encoding-categorical-features
https://scikit-learn.org/stable/modules/preprocessing.html#discretization
https://scikit-learn.org/stable/modules/preprocessing.html#imputation-of-missing-values
https://scikit-learn.org/stable/modules/preprocessing.html#generating-polynomial-features
https://scikit-learn.org/stable/modules/preprocessing.html#custom-transformers


36

Decomposing Signals in Components

1. Principal component analysis (PCA)
2. Truncated singular value 

decomposition and latent semantic 
analysis

3. Dictionary Learning
4. Factor Analysis
5. Independent component analysis 

(ICA)
6. Non-negative matrix factorization 

(NMF or NNMF)
7. Latent Dirichlet Allocation (LDA)

https://scikit-learn.org/stable/modules/decomposition.html#principal-component-analysis-pca
https://scikit-learn.org/stable/modules/decomposition.html#truncated-singular-value-decomposition-and-latent-semantic-analysis
https://scikit-learn.org/stable/modules/decomposition.html#truncated-singular-value-decomposition-and-latent-semantic-analysis
https://scikit-learn.org/stable/modules/decomposition.html#truncated-singular-value-decomposition-and-latent-semantic-analysis
https://scikit-learn.org/stable/modules/decomposition.html#dictionary-learning
https://scikit-learn.org/stable/modules/decomposition.html#factor-analysis
https://scikit-learn.org/stable/modules/decomposition.html#independent-component-analysis-ica
https://scikit-learn.org/stable/modules/decomposition.html#independent-component-analysis-ica
https://scikit-learn.org/stable/modules/decomposition.html#non-negative-matrix-factorization-nmf-or-nnmf
https://scikit-learn.org/stable/modules/decomposition.html#non-negative-matrix-factorization-nmf-or-nnmf
https://scikit-learn.org/stable/modules/decomposition.html#latent-dirichlet-allocation-lda
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Supervised Learning Algorithms

1. Linear Models
2. Linear and Quadratic Discriminant 

Analysis
3. Kernel ridge regression
4. Support Vector Machines
5. Stochastic Gradient Descent
6. Nearest Neighbors
7. Gaussian Processes
8. Cross decomposition
9. Naive Bayes

10. Decision Trees
11. Ensemble methods
12. Multiclass and multilabel algorithms
13. Feature selection
14. Semi-Supervised
15. Isotonic regression
16. Probability calibration
17. Neural network models (supervised)
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Clustering
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Clustering
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Classification Metrics
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Classification Metrics
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Classification Metrics
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Confusion Matrix
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Q2: Any question?
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History

⚫ 2002--Torch
⚫ 2011--Torch7

Caffe
⚫ 2013--Caffe
⚫ 2017--Caffe2

Merits: flexible、dynamic、user-friendly
Demerits: based on Lua

⚫ 2017--PyTorch
⚫ 2018--PyTorch v0.4

Merits: fast(based on C++)
Demerits: not flexible
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History

阿里：X-Deep Learning
小米：Mobile AI Compute Engine
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History
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How to build a model？

• Install pytorch
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How to build a model？

• Install pytorch

• Decide the model you want to realize
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How to build a model？

• Install pytorch

• Decide the model you want to realize

• A model may have …
• Convolutional Layers
• Fully-connected Layers
• Batch Normalization Layers
• Pooling Layers
• ……
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How to build a model？

• Install pytorch

• Decide the model you want to realize

• A model may have …
• Convolutional Layers
• Fully-connected Layers
• Batch Normalization Layers
• Pooling Layers
• ……

• How to train a model？

Load data Model Loss

Loop

Backward

Train:

Predict: Load data Model Prediction
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Common API

import torch torch

nn Tensor Autograd cuda optim utils …

Contrainers

Conv Layers

Pooling Layers

Padding Layers

Norm Layers

Linear Layers

Loss Functions

Vision Layers

...

data types

Operations:

+ - x /

new_empty

new_ones

new_zeros

abs

asin/acos/atan

...

grad

backward

...

x.cuda()

device

...

Adam

SGD

RMSprop

lr_scheduler

...

model_zoo

tensorboard

...
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Common API

torch.nn
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Common API

torch.nn
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Common API

torch.nn
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Common API

torch.nn
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Common API

torch.Tensor



59

Common API

import torchvision torchvision

datasets models transforms

MNIST

COCO

CIFAR

ImageNet

ImageFolder

DatasetFolder

...

AlexNet

VGG

ResNet

DenseNet

FCN

DeepLab

...

Resize

Crop

ColorJitter

Flip

Rotation

Affine

...

…
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Example：AlexNet
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Example：AlexNet – DataLoader & Dataset
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Example：AlexNet – Model
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Example：AlexNet – Main

Load data Model Loss

Loop

Backward
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Learning Materials

Learning resources
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Learning Materials

Learning resources

Course

Docs Code

pytorch.org

https://pytorch.org/
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Q3: Any question?
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Homework
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