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背景简介
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• 机器学习基础架构[1]

____________________________
[1] 林轩田，机器学习基石



基本概念

– Bayes optimal classifier

• all the hypotheses

– Bayesian parameter averaging

– Bayesian model combination

– Bucket of models

– Stacking

– Bootstrap aggregating (bagging)

• trains each model using a

randomly drawn subset of the

training set

– Boosting
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• 集成学习（Ensemble learning）

– In statistics and machine learning, ensemble methods use multiple

learning algorithms to obtain better predictive performance than could be

obtained from any of the constituent learning algorithms alone.

______________________________
Wikipedia，Ensemble learning



基本概念

• Bagging
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Boosting

算法原理



算法原理

• Boosting

– Incrementally building an 

ensemble by training each new 

model instance to emphasize the 

training instances that 

previous models misclassified.
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Boosting – Toy Example
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• Decision Stump

X1 < 0.2

+ -

Yes No

X1



Boosting – Toy Example
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𝜖1 = 0.30
𝛼1 = 0.42

ℎ1



Boosting – Toy Example
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𝜖2 = 0.21
𝛼2 = 0.65

ℎ2ℎ1



Boosting – Toy Example
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ℎ1 ℎ2

ℎ3

𝜖1 = 0.30
𝛼1 = 0.42

𝜖2 = 0.21
𝛼2 = 0.65

𝜖3 = 0.14
𝛼3 = 0.92



Boosting – Toy Example
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=

H = sign[0.42*(-1) + 0.65*(-1) + 0.92*(+1)]

= sign[-0.15]

= -1



算法原理

• 那么问题来了！

– 1. 对每一个 “new model” 有什么要求？

– 2. 为什么子模型的叠加可以提高总模型的效果？

– 3. 样本权值𝐷𝑡(𝑖)是如何调整的？

– 4. 𝛼𝑡的表达式是如何确定的？
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算法原理

• “New model”- Weak learner

– A ‘weak’ learner is just one which performs just slightly better than 

random guessing.  —— Schapire, 1990
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– Decision stump – SVM



算法原理

• The Strength of Weak Learnability -- Schapire, 1990

– Boosting is based on the 

question posed by Kearns 

and Valiant (1988, 1989)
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“Can a set of weak learners 

create a single strong learner?” 



算法原理

• 𝐷𝑡(𝑖) & 𝛼𝑡
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损失函数

子模型训练目标

模型权重

样本权重

Adaboost (Adaptive Boosting)



算法原理
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Adaboost



算法原理

• Boosting Methods
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Boosting

优劣分析
应用总结



优劣分析
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应用总结

• GBDT (Gradient Boosting Decision Tree) 

– Boosting & Gradient boosting
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– Adaboost – Gradient boosting

{( 𝑥𝑖 , 𝑦𝑖 )} 𝑖=1
𝑛

{ 𝑥𝑖 , 𝑟𝑖𝑚 }
𝑖=1
𝑛



应用总结

• XGBoost - a system

– XGBoost provides a parallel tree boosting (GBDT) that solve many data 

science problems in a fast and accurate way. 

– Technical Highlights

• Sparse aware tree learning

• Distributed weighted quantile sketch

• Cache aware learning algorithm

– Impact

• XGBoost is one of the most frequently used package to win machine 

learning challenges

• Can solve billion scale problems with few resources
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研究现状

• Schapire, 1990

– The Strength of Weak Learnability 

• Schapire, etc. 1993

– First application of boosting idea to a real world OCR(Optical Character Recognition) 

task

• CVPR 2017

– Fast Boosting Based Detection Using Scale Invariant Multimodal Multiresolution Filtered 

Features

• NIPS 2016

– SEBOOST - Boosting Stochastic Learning Using Subspace Optimization Techniques

– Boosting with Abstention

– Incremental Boosting Convolutional Neural Network for Facial Action Unit Recognition
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知人者智，自知者明。

胜人者有力，自胜者强。

知足者富。

强行者有志。

不失其所者久。

死而不亡者，寿。
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