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Application: 

Hierarchical CA, MDS, SVM and DNN in Text Mining

2025, Chapter 9 Machine Learnings



• Definition of ML(machine learning) : 

ML is the study of computer algorithms that can improve 
automatically through experience and by the use of data. 

- Recently, ML became very important and useful approaches for 
classification and clustering of Big data which are structured and 
unstructured data.

- It is seen as a part of AI(artificial intelligence). 

https://velog.io/@kjune1236/Machine-Learning

Classification + DA 
Dimension Reduction: PCA, 
CA, Biplot, MDS, CRA



• Definition of AI(artificial intelligence) : 

AI is what allows to imitate human intelligence activities.

AI refers to the field of computer engineering and

information technology that studies the 

thinking,

learning,

imitation and

self-development 

that human intelligence can do.



• Learnings : Supervised vs. Unsupervised (James et al., 2013)

• Supervised : the goal is to use the input to predict the values of the outputs

- SVM(support vector machine), L(Q)DA, Classification Trees, Random Forest,…

• Unsupervised : the goal is to directly discover interesting thing about inputs for each 

observation without a supervisor or teacher (often part of EDA)

- PCA, Cluster Analysis(K-means), Biplot, MDS, CRA…

Supervised Learning Unsupervised Learning
https://starship-knowledge.com/supervised-vs-unsupervised-vs-reinforcement



• Definition:                         

• SVM was developed by Cortes and Vapnik(1995) for binary 
classification :

• SVM is a powerful technique for general(nonlinear) data 
classification that separates data using separating 
hyperplanes. This is based on the algorithms that analyze 
data for classification and regression analysis. 

• Moreover it is especially useful for data whose distribution 
is unknown (also known as non-regularity in data). 

• Note: Usually, traditional DA(LDA and QDA) need the assumption of MVN
and homogeneity of covariance matrices in clusters or groups.

Binary response variable

Vladimir Vapnik(1936 ~, Russia)

Corinna Cortes(1961~, Denmark )

https://en.wikipedia.org/wiki/Algorithm
https://en.wikipedia.org/wiki/Statistical_classification
https://en.wikipedia.org/wiki/Regression_analysis


Linear SVM :   Linearly Separable SVM vs. Linearly Non-separable  SVM



• 여기에수식을입력하십시오.

Algorithms for Linear SVM

(1) Optimization Problem for Linearly Separable SVM

Separating function

𝑇𝑜 𝑓𝑖𝑛𝑑 𝑜𝑝𝑡𝑖𝑚𝑎𝑙 𝑠𝑒𝑝𝑎𝑟𝑎𝑡𝑖𝑛𝑔 ℎ𝑦𝑝𝑒𝑟 𝑝𝑙𝑎𝑛𝑒 𝐻 𝑇𝑜 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒 𝛽0 and 𝛽



𝐿𝑎𝑔𝑟𝑎𝑔𝑖an Multipler Method :

with







SVM classifiers : Linear case and Non-linear case

(2) Optimization Problem for Linearly Non-separable SVM

Non-linear transformation with Kernel trick 

: Inner product 







Kernel functions : Best choice : polynomial and RBF 



Kernel functions : library(e1071) for SVM: [Data 6.3.1]





: [Data 1.3.4]





• The development of a neural network is inspired by human brain 
activities.

• The neural network is a network made up of artificial neurons (or 
nodes). 

Definition

Computational model that mimics the pattern of the human mind or

constructed a simplified abstraction of the process of neuron activity in the

human brain.

Computing Machine Model

Warren Sturgis McCulloch (1898 – 1969) : neurophysiologist and logician Walter Pitts (1923 – 1969) : 

mathematician A Logical Calculus of Ideas Immanent in Nervous Activity (1943). They were the first to 
create a mathematical model of a neuron, inspired by the concept of a biological neuron.



Three types of neurons

Connection strength between neurons

Single-layer perception with 3 inputs 

activation value



(1) Single-layer perception with 3 inputs and 1 output 

Single Computing Unit

(2) Multi-layer perception with 𝑝 inputs and 1 output 



Applications : classification, clustering, and prediction

Process: 

1) Input neurons receive the input information; 
the higher the input values, 

the greater the activation values. 

the activation value is passed through the network in

regard to weights and transfer functions(activation functions) 

in the graph. 



2) The hidden neurons (or output neurons) then sum

up the activation values and modify the summed

values with the transfer function.

The activation value then flows through hidden 
neurons and stops when it reaches the output nodes. 

As a result, one can use the output value from the    
output neurons to classify the data.





Note : (1) sigmod function and tanh(𝑥) are more robust for outliers.
(2) tanh(𝑥) converges faster than sigmoid function in ANN.





Three-layer : Multilayer NN
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R-Code: SVM                                                                ANN

library(e1071)
svm()
tune.svm()

library(neuralnet)/library(nnet)
neuralnet()/nnet()

gamma = 2^(-1:1), cost=2^(2:4)
kernel=" linear/polynomial/radial"

hidden=3, act.fct = "logistic/tanh“/size=3

## Training and Testing data
ind=sample(2, nrows(iris), replace=T, 
prob=c(0.60, 0.40))
train=iris[ind==1,]
test=iris[ind==2,]

length(iris)


