
Lecture 4

Support vector machine (SVM)



Support vector machine (SVM)

One of the most popular learning methods used to solve classification and
regression problems.

The main idea of the method is to construct a hyperplane that separates the
sample objects in an optimal way.

The algorithm operates under the assumption that the greater the distance (gap)
between the separating hyperplane and the objects of the separable classes, the
smaller the average classifier error will be.



Linear classification

Consider a binary classification problem in which 𝑋 = 𝑅𝑑 − object space;

𝑌 = −1, +1 − set of valid answers (target feature);

𝑋 = (𝑥𝑖 , 𝑦𝑖) 𝑖=1
𝑙 − training set;

Let’s call class +1 positive, and class −1 negative.

Here 𝑑 − dimension of feature space, l − number of examples in the training set.



Linear classification

1. Problem Statement

Suppose we have a dataset 𝑋 = (𝑥𝑖 , 𝑦𝑖) 𝑖=1
𝑙 . 

The goal of SVM is to find a hyperplane that separates the data into two classes.

The hyperplane is defined by the equation 𝑤, 𝑥 + 𝑏 , where 𝑏 ∈ 𝑅 − bias, it
determines how far the hyperplane is from the origin. If 𝑏 = 0, the hyperplane
passes through the point (0,0), if 𝑏 ≠ 0, the hyperplane is biased.



Linear classification

𝑤 ∈ 𝑅𝑑 − vector of weights, it specifies the direction in which the hyperplane
divides the data.

2. Optimal Hyperplane

The optimal hyperplane should maximize the margin between the two classes.
The margin is the distance from the hyperplane to the nearest points of each class
(support vectors).



Linear classification

To be precise, the distance from a point with a radius vector 𝑥𝐴

to plane 𝑤, 𝑥 = 0:

𝜌 𝑥𝐴, 𝑤, 𝑥 = 0 =
𝑤,𝑥

𝑤

To maximize the margin, we need to minimize 𝑤 ,

as the margin is inversely proportional to the norm

of 𝑤.



SVM for linearly separable sampling

So, the corresponding optimization problem (hard margin support vector
machine):

ቐ

1

2
𝑤 2 → min

𝑤,𝑏

𝑦𝑖 𝑤, 𝑥𝑖 + 𝑏 ≥ 1, 𝑖 = 1, … , 𝑙

The functional is strictly convex, and the constraints are linear.



Solving the support vector machine 
problem

If the data is not perfectly separable, a regularization parameter 𝐶 is introduced,
which allows some points to violate the margin boundary (soft margin support
vector machine): :

1

2
𝑤 2 + 𝐶 ෍

𝑖=1

𝑙

𝜉𝑖 → min
𝑤,𝑏,𝜉

𝑦𝑖 𝑤, 𝑥𝑖 + 𝑏 ≥ 1 − 𝜉𝑖 , 𝑖 = 1, … , 𝑙
𝜉𝑖 ≥ 0, 𝑖 = 1, … , 𝑙



Solving the support vector machine 
problem

Let us construct a dual problem to the support vector machine problem. Let's
write the Lagrangian:

𝐿 𝑤, 𝑏, 𝜉, 𝜆, 𝜇 =
1

2
𝑤 2 + 𝐶 ෍

𝑖=1

𝑙

𝜉𝑖 − ෍

𝑖=1

𝑙

𝜆𝑖 𝑦𝑖 𝑤, 𝑥𝑖 + 𝑏 − 1 + 𝜉𝑖 − ෍

𝑖=1

𝑙

𝜇𝑖 𝜉𝑖



Solving the support vector machine 
problem

Depending on the values of 𝜉𝑖 and 𝜆𝑖 objects 𝑥𝑖 are divided into three categories:

•𝜉𝑖 = 0, 𝜆𝑖 = 0. Such objects do not influence the decision and lie outside the
dividing line. Objects in this category are called peripheral.

•𝜉𝑖 = 0 , 0 < 𝜆𝑖 < 𝐶 . From condition 𝑦𝑖 𝑤, 𝑥𝑖 + 𝑏 = 1 − 𝜉𝑖 we have
𝑦𝑖 𝑤, 𝑥𝑖 + 𝑏 = 1. The object lies strictly on the border of the dividing strip.

•𝜉𝑖 = 0, 𝜆𝑖 = 𝐶. Such objects may lie inside the dividing strip or extend beyond it. 
If 0 < 𝜉𝑖 < 1 then the object is classified correctly, otherwise - incorrectly.
Objects in this category are called support intruders.



Support Vector Machine in Python

Solving the problem of binary (when there are only two classes) classification:

•the algorithm is trained on objects from the training set for which the class labels
are known in advance

•the already trained algorithm predicts the class label for each object from the
delayed/test sample

Class labels can take values 𝑌 = {−1, +1}.

Object is a vector with 𝑛 features 𝑥 = (𝑥1, 𝑥2, … , 𝑥𝑛) in 𝑅𝑛.

.



Support Vector Machine in Python

The main goal of SVM as a classifier is to find the equation of the separating
hyperplane 𝑤1𝑥1 + 𝑤2𝑥2 + ⋯ + 𝑤𝑛𝑥𝑛 + 𝑤0 = 0.

General view of the function: 𝐹 𝑥 = 𝑠𝑖𝑔𝑛 𝑤𝑇𝑥 + 𝑏

After adjusting the weights of the algorithm, all objects falling on one side of the
constructed hyperplane will be predicted as the first class, and objects falling on
the other side will be predicted as the second class.



Support Vector Machine in Python

We configure the separating hyperplane in such a way that class objects lie as far
as possible from the separating hyperplane.

The algorithm maximizes the gap between the hyperplane and the class objects
that are closest to it.



Support Vector Machine in Python

So, we need to maximize gap between two classes. Vector 𝑤 is the normal vector
to the separating hyperplane.

Distance between classes:
2

𝑤
→ 𝑚𝑎𝑥 ⇒ 𝑤 → 𝑚𝑖𝑛

ቐ

1

2
𝑤 2 → min

𝑤,𝑏

𝑦𝑖 𝑤, 𝑥𝑖 + 𝑏 ≥ 1, 𝑖 = 1, … , 𝑙

We got a default SVM setting with a hard-margin SVM, when no object is allowed
to fall into the separation strip



Support Vector Machine in Python

For linearly inseparable classes, we will allow the algorithm to make errors on
training objects, but at the same time we will try to ensure that there are fewer
errors:

1

2
𝑤 2 + 𝐶 ෍

𝑖=1

𝑙

𝜉𝑖 → min
𝑤,𝑏,𝜉

𝑦𝑖 𝑤, 𝑥𝑖 + 𝑏 ≥ 1 − 𝜉𝑖 , 𝑖 = 1, … , 𝑙
𝜉𝑖 ≥ 0, 𝑖 = 1, … , 𝑙

Let’s substitute it into the functional and get an unconditional optimization
problem:

1

2
𝑤 2 + 𝐶 ෍

𝑖=1

𝑙

max 0,1 − 𝑦𝑖 𝑤, 𝑥𝑖 + 𝑏 → min
𝑤,𝑏



Support Vector Machine in Python



Support Vector Machine in Python

Let's start by loading all the necessary modules and spinning the usual dataset
with irises following the example from the documentation of the scikit-learn
package.



Support Vector Machine in Python

The famous Iris database, first used by Sir R.A. Fisher. The dataset is taken from
Fisher's paper.

The data set contains 3 classes of 50 instances each, where each class refers to a
type of iris plant.



Support Vector Machine in Python

Description of the dataset.

1. Classes (Iris species)

The dataset contains three classes:

-Iris setosa,

-Iris versicolor,

-Iris virginica.

Each class is represented by 50 samples.



Support Vector Machine in Python

2. Features

For each sample, 4 features were measured:

-Sepal length in cm,

-Sepal width in cm,

-Petal length in cm,

Petal width in cm.

Thus, each sample is described by 4 numerical features.



Support Vector Machine in Python

3. Data structure

The data set is usually represented as a table, where:

-Rows correspond to samples (150 rows),

-Columns correspond to features and class label (5 columns).

Example of data



Support vector machine (SVM) for 
image classification

Let’s consider using SVMs for image classification.

Image is a two-dimensional array of pixels. The size of the array corresponds to
the resolution of the image, for example, if the image is 200 pixels wide and 200
pixels tall, the array will have the dimensions 200 x 200 x 3. The third dimension
represents the RGB color channels.

One of the main advantages of using SVMs for image classification is that they can
effectively handle high-dimensional data, such as images.



Support vector machine (SVM) for 
image classification

Step 1:Import required libraries.



Support vector machine (SVM) for 
image classification

Step 2: Load the image and convert it to a data frame.



Support vector machine (SVM) for 
image classification

Step 2: Load the image and convert it to a data frame.



Support vector machine (SVM) for 
image classification



Support vector machine (SVM) for 
image classification

Step 2: Load the image and convert it to a data frame.



Support vector machine (SVM) for 
image classification

Step 2: Load the image and convert it to a data frame.



Support vector machine (SVM) for 
image classification

Step 3: Separate input features and targets.



Support vector machine (SVM) for 
image classification

Step 4: Separate input features and targets.



Support vector machine (SVM) for 
image classification

Step 5: Build and train the model



Support vector machine (SVM) for 
image classification

Model training



Support vector machine (SVM) for 
image classification

Step 6: Model evaluation

Now the model is tested using testing data in this way model.predict() and the accuracy of the 
model can be calculated using the accuracy_score() method from sklearn.metrics.



Support vector machine (SVM) for 
image classification

Classification Report.

Precision: The proportion of correctly predicted positive classes among all predicted positive 
classes

Recall: The proportion of correctly predicted positive classes among all actual positive classes.



Support vector machine (SVM) for 
image classification

Support: The number of actual examples for each class in the test data.

Macro Avg (Average macro): Average value of metrics (precision, recall, F1-score) for all classes 
without taking into account class imbalance.

Weighted Avg: Average metrics (precision, recall, F1-score) across all classes, weighted by the 
support (number of examples) of each class



Support vector machine (SVM) for 
image classification

Step 7: Prediction

Now we will give a new image to our model and it will predict whether the given image is of cat or 
dog



Support vector machine (SVM) for 
image classification





Support vector machine (SVM) for 
image classification

Image Classification Using MNIST Dataset as an Example.

Let's take the classic MNIST dataset, which contains images of handwritten digits from 0 to 9.



Support vector machine (SVM) for 
image classification

After training, the model will be able to independently determine what is presented in the image. 
In this case, there are not two classes, but ten.

First, we import the necessary libraries and the dataset itself from the Scikit-learn library.



Support vector machine (SVM) for 
image classification



Support vector machine (SVM) for 
image classification



Support vector machine (SVM) for 
image classification

In the process of training the model, we first split the data into training and test samples. We then 
use support vector machines to train the model and make a forecast.



Support vector machine (SVM) for 
image classification

To evaluate the quality of the model, we will first use the accuracy metric. It shows the proportion 
of correct predictions. In the case of multi-class classification, it is calculated as the arithmetic 
mean of accuracy across all classes.



Support vector machine (SVM) for 
image classification

Accuracy for each class can be conveniently viewed using the error matrix.
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