
DATA MINING 2
Gradient Boost
Riccardo Guidotti

a.a. 2024/2025

Slides edited from StatQuest



Gradient Boosting for Regression
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Gradient Boosting for Classification
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This is the Loss function



GB Algorithm



Indeed, in the previous example we performed
• 1 – 0.7 = 0.3
• 0 – 0.7 = -0.7
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0.33/(2/3 x 1/3) = 1.48



GB Algorithm



GB Algorithm



GB Algorithm



GB Algorithm



GB Algorithm



Gradient Boost Improved 

•XGBoost (Extreme Gradient Boost)

• LightGBM (Light Gradient Boosting Machine)

•Both designed for large complex datasets



XGBoost Characteristics

• Gradient Boost

• Regularization

• Approximate Greedy Algorithm

• Weighted Quantile Sketch

• Sparsity-Aware Split Finding

• Parallel Learning

• Cache-Aware Access

• Blocks for Out-of-Core Computation
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Tree Pruning 



We set a threshold parameter gamma.
Then we cut leaves with a gain less than gamma.
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Also if we set gamma equals to 0 we prune this branch

Tree Pruning 



Leaves Update
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Tree Prediction
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XGBoost for Classification
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XGBoost for Classification

-0.5/(0.5 x (1-0.5) + 0) = -2
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LightGBM

• LightGBM (by Microsoft) is a distributed high-performance framework 
that uses decision trees for classification, and regression tasks.

• Advantage w.r.t. XGBoost
• Faster training speed and accuracy resulting from LightGBM being a 

histogram-based algorithm that performs bucketing of values (also requires 
lesser memory)

• Compatible with large and complex datasets but is much faster during training

• Support for both parallel learning and GPU learning



LightGBM vs XGBoost

• XGBoost: level-wise (horizontal) growth

• LightGBM: out leaf-wise (vertical) growth

• LightGBM is significantly faster than XGBoost but delivers almost equivalent performance



Gradient-Based One-Side Sampling (GOSS)

• In Gradient Boosted Decision Trees, the data instances have no native 
weight which is leveraged by GOSS.

• Data instances with larger gradients contribute more towards 
information gain.

• To maintain the accuracy of the information, GOSS retains instances 
with larger gradients and performs random sampling on instances 
with smaller gradients.



Exclusive Feature Bundling (EFB)

• Exclusive Feature Bundling is a near lossless method to reduce the 
number of effective features.

• Just like One-Hot encoded features, in the sparse space, many 
features rarely take non-zero values simultaneously. 



LightGBM and XGBoost

• Handling Categorical Features

• Handling Missing Values



CatBoost

• Categorial Boosting

• Gradient Boosting Machine 

• Adopts Ordered Target Encoding procedure for categorical attributes

• Rely on Symmetric Decision Trees, i.e., dedicion trees with the same 
splitting conditions for nodes at the same lavel

Age <= 30Age <= 30



Explainable Boosting Machines (EMB)

• Type of Generalized Additive Models (GAMS)

• Additive Model: y = f1(x1) + f2(x2) + … + fm(xm)

• Linear Model: y = β1x1 + β2x2 + … + βmxm

• Complex Model: y = f(x1, x2, …, xm)



EBM Algorithm Sketch

• Iteration feat1  feat2  feat3  …  featm

• 1

• 2

• …

• 10k

res res res res res

res res res res res

res res res res res



EBM Prediction Time

Age Relationship

+ … + … + … +
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