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Abstract. In order to investigate the classification laws of the two types, three machine learning
models (decision tree, SVM) were constructed in this paper, and their classification accuracy was
96%, which met the practical requirements. Subsequently, a K-means algorithm was constructed to
classify the subclasses, and the high potassium and lead-barium glasses were divided into three
subclasses. By descriptive statistics of the differences between the subclasses, the results showed
that there existed a better differentiation of the divided subclasses in terms of multiple chemical
compositions as well as ornamentation and color, which verified its reasonableness. By setting a
perturbation factor (a normally distributed sequence with a mean of 0 and a standard deviation of 3)
to test the sensitivity of the classification results, the model classification results did not change after
several repetitions of the experiment and showed good robustness.

Keywords: Glass, Chemical composition, Classification, Machine learning models, K-means.

1. Introduction

Since the opening of the Silk Road, a large number of glass products have been introduced into
China. The arrival of these different styles of glass products had a great impact on the development
of China's glass industry [1]. The ancients gradually mastered the high level of glass making
techniques and made modifications and improvements to it, developing it into a unique glass making
process with Chinese characteristics.

Ancient glass in China appears to be the same as foreign glass, but in fact the chemical composition
is very different, mostly consisting of quartz sand, fluxes and stabilizers [2, 3]. The study and
identification of the chemical composition of ancient glass products is a vivid portrayal of the
integration and development of modern technology and archaeology, which is of great significance
to the development of archaeology and history in China and plays an important role in better
understanding the profound Chinese civilization [4].

In this study, the classification rules of high potassium glass and lead-barium glass are analyzed
and the two categories are divided into subcategories, in which the specific classification methods
and results and the research analysis of the rationality and sensitivity of the classification results are
required.

2. Analysis ideas and model selection

For the first sub-question, it is required to analyze the classification law of high potassium glass
and lead-barium glass. Two solution methods are used in this question, Decision Tree and Support
Vector Machine (SVM). For the Decision Tree model and SVM, we obtain the final learning models
after training by means of dividing the data set such as cross-validation. The accuracy of the two
learning models is obtained by computing to 96%.

For the second subquestion, it is required to select the appropriate compounds for subclassification
of high potassium glass and lead-barium glass, and this problem is solved by cluster analysis and
visualization of the results [5-7].

To investigate the sensitivity of the prediction results, we set the measurement error (sampling
from a normal distribution with mean 0 and variance 3) and sampled each chemical component of
each sample independently, and repeated 100 times to obtain the final results.
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3. Data pre-processing

3.1. Missing value handling

In the process of sample acquisition, it is inevitable that the final sample set will have some missing
attribute data due to some reasons. Since the missing data are very few, the missing data are discarded
directly in this problem.

3.2. Normalization of raw data

Before performing K-means clustering, the original data should be standardized to prevent the
influence of different levels on the clustering. In this problem, SPSS software was used to standardize
the data.

4. Model building and solving

4.1. Decision tree model

Based on the fact that the size of the information gain and is not affected by the number of attribute
values, this problem can be solved by constructing a decision tree for discrete data. Decision Tree is
a tree-like structure similar to a flowchart, which divides the data based on the tree structure and
classifies them by constant division conditions. The greater the uncertainty of the variables, the
greater the corresponding entropy. One of the most critical things is to find out the conditions that
have the greatest impact on the results, i.e., low information entropy, and put them in front to save
the number of lookups.

MATLAB was used to model the obtained data, and a total of 58 samples of 14 chemical
components were involved in the analysis in this paper. We can get the inference rules directly from
the decision tree, and get the sample size and confidence level contained in each node.

4.2. SVM model

Support Vector Machine (SVM) is a new technique of data mining, which solves machine learning
problems with the help of optimization methods to overcome "dimensionality difficulties”. The basic
idea is to find a hyperplane that correctly separates as many data points as possible, while keeping
the two separated data points as far away from the classification plane as possible [8-10].

4.3. Clustering Analysis

Cluster analysis is a multivariate statistical analysis method for quantitative classification of
multiple samples, in which data information is grouped according to information found in the data
that describes the objects and their relationships. Objects within a group are related to each other,
while objects in different groups are unrelated. The greater the similarity within groups and the greater
the gap between groups, the better the clustering effect.

The goal of clustering is to obtain a high intra-cluster similarity and a low inter-cluster similarity,
so that the distance between clusters is as large as possible and the distance between samples within
clusters and cluster centers is as small as possible. The relevant definitions in clustering analysis are
as follows.

(1) Cluster center: the mean of all sample points in a cluster (center of mass).

(2) Cluster size: the number of samples contained in a cluster.

(3) Cluster density: the closeness of the sample points in a cluster.

(4) Cluster description: the operational characteristics of the samples in the cluster.

The K-means algorithm, a division-based clustering, is used in this problem. The algorithm
clusters objects by dividing them into mutually exclusive clusters, each object belongs to one cluster
and only one cluster, calculates the distance between the sample points and the center of mass of the
class cluster, and the sample points close to the center of mass of the class cluster are divided into the
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same class of clusters, and the similarity between them is measured by the distance between the
samples. The closer the two samples are, the higher the similarity is.
The steps of K-means clustering are shown as Figure 1.
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Figure 1. Cluster analysis flow chart

4.4. Analysis and testing of results
The confusion matrix, ROC curve of this model is obtained by building a decision tree
classification model as shown in Figure 2 and Figure 3.
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Figure 2. Confusion matrix of decision tree model
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Figure 3. ROC curve of decision tree model

The decision tree model applied in this problem was cross-validated to achieve 96% accuracy for
the solution.
The confusion matrix, ROC curve obtained by SVM are shown in Figure 4 and Figure 5.
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Figure 4. Confusion matrix of SVM algorithm
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Figure 5. ROC curve of SVM algorithm

After cross-validation, the SVM algorithm is evaluated as follows.
The results of clustering analysis are as follows.
(1) The contour plot of clustering results is shown in Figure 6.
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Figure 6. Clustering analysis contour diagram
(2) The scatter plot of clustering results is shown in Figure 7.

224



Highlights in Science, Engineering and Technology MMACS 2023
Volume 42 (2023)

Ddde @ 06| kE

-20 0 20 40 60 80 100 120 140

Figure 7. Scatter plot of K-means algorithm results

According to Figure 6 and Figure 7, it can be seen that in the case of k=3, i.e., clustering into three
categories, the clusters of sample points have a good value of the result in the category assignment,
i.e., based on the 58 sample data, it is possible to classify these 58 samples into three types of glass,
i.e., the two glass artifacts, high potassium glass and lead-barium glass, are classified into three
categories by this algorithm.

5. Conclusions

In order to investigate the classification laws of the two types, three machine learning models
(decision tree, SVM) were constructed in this paper, and their classification accuracy was 96%, which
met the practical requirements. Subsequently, a K-means algorithm was constructed to classify the
subclasses, and the high potassium and lead-barium glasses were divided into three subclasses. By
descriptive statistics of the differences between the subclasses, the results showed that there existed
a better differentiation of the divided subclasses in terms of multiple chemical compositions as well
as ornamentation and color, which verified its reasonableness. By setting a perturbation factor (a
normally distributed sequence with a mean of 0 and a standard deviation of 3) to test the sensitivity
of the classification results, the model classification results did not change after several repetitions of
the experiment and showed good robustness.
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