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Abstract 

In order to explore the problem of how to correctly classify wine, the particle data group 
algorithm of feature correlation analysis table, support vector machine and optimization 
parameters was used to analyze the wine data provided by UCI. The results showed that 
the wine category characteristics were significantly correlated with Proline, Color 
intensity and Alcohol; the wine category characteristics and Ash characteristics were not 
correlated; the analysis of the parameter optimization results table showed that the 
prediction accuracy of the training set was higher than the correct rate of the test set. By 
changing the ratio of the test set and the training set, the correct rate also changes 
accordingly; the size of the data set has a significant impact on the correct rate of the 
model prediction; finally, through the model verification analysis, the type of the nuclear 
vector machine to identify the wine is obtained. The effect is obvious. 
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1. INTRODUCTION 

As people's understanding of industry data and the breadth of control, data mining 
technology is widely used in various industries, and has been rapidly developed in recent years. 
Data mining is a non-trivial process that reveals hidden, previously unknown and potentially 
valuable information from a large amount of data in a database [1]. The data mining process is 
a process of decision support based on big data and integrating artificial intelligence, pattern 
recognition, statistics, machine learning and deep learning. Its main purpose is to summarize 
and infer hidden rules through automated analysis of data to provide the correct decision basis 
for top-level designers. At present, classification technology is the most widely used technology 
in data mining. It has many applications in financial institutions such as risk control, telecom 
fraud analysis, and retail commodity sales correlation analysis. Its core is classification 
algorithm, including: passing prior probability. The Bayesian classification algorithm with the 
largest a posteriori probability value to determine the category to which the classification 
object belongs, and the closest neighbor algorithm to the sample with the closest sample to be 
tested, the category with the most predictive classification as a sample, the support vector 
machine algorithm establishes a The optimal decision hyperplane is such that the distance 
between the two types of samples closest to the plane on both sides of the plane is maximized. 

The premise of the naive Bayesian classification algorithm is that the hypothesis features 
satisfy the independent and identical distribution, but the real problem often does not satisfy 
this premise. The literature [2] proposes a feature selection method combining mutual 
information and principal component analysis to calculate the classification factor. The validity 
of the new method is verified by comparing the correct classification ratio and the average 
absolute error. In recent years, dealing with multi-label classification problems on large data 
sets has attracted attention. To improve operational efficiency, the literature [3] proposed an 
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ML-KNN classification algorithm, which first uses the kmeans algorithm to cluster training data 
and test data. Then iteratively calculates the Euclidean distance from the clustering center to 
each training data center, and finally determines the test data clustering center to the nearest 
training data clustering center, thereby implementing multi-label classification. SVM avoids the 
complexity of high-dimensional space, directly uses the kernel function to directly solve the 
decision problem of the corresponding high-dimensional space, and the support vector 
machine has better generalization ability. The literature [4] proposes the fisher criterion and 
the principle of maximum. The kernel parameters are combined to identify and verify the 
emotional speech database. The results show that the recognition accuracy is significantly 
improved. 

2. SUPPORT VECTOR MACHINE WORKING MECHANISM 

2.1. Support Vector Machine Classification Algorithm 

Support Vector Machine (SVM) is a supervised learning method widely used in statistical 
lassification and regression analysis. It maps the vector into a higher-dimensional space, in 
which a maximum interval hyperplane is created, and two parallel planes are formed on both 
sides of the hyperplane. Separating the hyperplane maximizes the distance between two 
parallel planes. The key of the support vector machine is to determine the parameters w and b 
in the classification function f(x)=w.x+b. To determine w and b, the maximum classification 
interval needs to be calculated first. This is a convex quadratic programming problem[5]. The 
Lagrangian multiplier is introduced to optimize it, and finally the optimization problem is 
transformed into the dual problem.  

 

 

Figure 1. svm Classification schematic map 

 

Let the training set be {(x1, y1), (x2, y2)...(xm, ym), x∈Rm}, y∈ (-1, 1) .The optimal 
hyperplane convex quadratic programming problem is described as follows: 
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Equation 1 represents the function of finding the largest classification interval and its 
constraints. In order to convert the above equation into the optimal solution for the constraint, 

the Lagrange multiplier i  corresponding to the sample xi is introduced and required to be 

greater than zero. The following expression: 
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To implement the classification task, you need to determine the parameter w and the 
parameter b. In this case, the partial derivative of the two parameters will be taken into the 2 

formula, and the optimization problem will be converted into the dual problem of i  , and the 

dual expression is: 
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Find the maximum value of Q( ) in Equation 3, and the result is the vector ( 1 ... m ) 

corresponding to the maximum value. Bring this vector into 
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calculate the parameter b. For the test sample data, the class of the sample can be judged by the 
optimal discriminant function. The following is the discriminant function: 
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2.2. Nuclear Vector Machine and Kernel Parameters 

For linearly separable data samples, the methods in Section 1.1 can be used to classify, but in 
practical case applications, sample data tends to be linearly inseparable (possibly high-
dimensional linear separability). The kernel vector machine is a support vector machine with a 
kernel function, which can reasonably solve the conversion of data from low dimension to high 
dimension, and at the same time reduce the complexity of inner product calculation. The 
representation of the kernel function is as follows: k(x, y) = <f(x), f(y)>, where f(x), f(y) are 
nonlinear mapping functions, and the inner product is equivalent to the kernel function. value. 
Different kernel vector machines have different effects on data samples. Commonly used are 
linear kernel vector machines, Gaussian kernel vectors, polynomial kernel vectors, etc[6]. 
Among them, radial basis kernel vector machines are widely used[7], which are mainly in the 
same space. The similarity between samples is used to achieve linear separability. The formula 
of Gaussian kernel function is as follows: 
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g  is Nuclear parameter           (5) 

 

3. EXPERIMENTAL PROCESS AND ANALYSIS 

3.1. Experimental Process and Steps 

This article uses the UCI machine learning database wine data as a basis for data analysis. In 
the data set, there are 178 sample data and 13 features (Alcohol, Malic acid, Ash, Alcalinity of 
ash, Magnesium, Total phenols, Flavanoids), Nonflavanoid phenols, Proanthocyanins, Color 
intensity, Hue, OD280/OD315 of diluted wines, Proline, category), where different 
classifications represent the different qualities of the wine. Using the support vector machine 
to process the multi-classification problem According to the data pre-processing, the selection 
classification algorithm and the training data, the test data is tested using the training model 
and the discriminant conclusion is obtained. Through analysis, there are data imbalance 
problems[8] and data magnitude differences in the wine dataset, which need to be standardized 
first, and then processed by equal-frequency discretization method, which not only improves 
the accuracy of the training model, but also avoids over-fitting. 

3.2. Feature Selection and Selection of Nuclear Parameters 

In order to obtain the correlation between the characteristics of each component of wine, the 
Pearson correlation coefficient[9] is calculated. The coefficient shows that the wine category is 
mainly related to Proline, Color intensity and Flavanoids. The wine category is significantly 
positively correlated with Proline, Color intensity and Alcohol, and is not related to Ash. The 
correlation coefficients of the 13 features of the wine data set are shown in Table 1. 

 

Table 1. Feature Correlation Analysis 

category Alcohol 
alic 
acid 

Ash 
Alcalinity 

of ash 
Magnesium 

Total 
phenols 

Flavanoids 
Nonflavanoid 

phenols 
Proanthocyanins 

Color 
intensity 

hue D280/OD315 proline 

1 -0.328 0.44 
-

0.05 
0.5178 -0.209 -0.719 -0.8474 0.4891 -0.5 0.27 0.62 0.79 0.63 

 

The selection of support vector machine kernel parameters has a great influence on the result. 
How to choose a set of optimal (c, g) values becomes the essential content of support vector 
machine classification. In this paper, we use the empirical value [10] and particle swarm 
optimization algorithm to optimize the kernel parameters of support vector machine. The test 
set and training set are allocated according to the ratio of 0.4 and 0.6, and the training set and 
test set are accurately determined by using different parameters. Rate calculation, the 
parameter optimization range is (0.01,100), and finally the optimal c=37.949, g=3.34, as shown 
in Table 2. 

 

Table 2. Partial parameter optimization results 

parameter 
Training 

set 
Test 
set 

parameter 
Training 

set 
Test set parameter 

Training 
set 

Test 
set 

1,1 0.8867 0.8611 2,1 0.8867 0.8611 3,1 0.8867 0.875 
1,2 0.8962 0.875 2,2 0.9245 0.8611 3,2 0.9245 0.888 
1,3 0.905 0.875 2,3 0.924 0.888 3,3 0.915 0.8611 
1,4 0.915 0.875 2,4 0.915 0.875 3,4 0.915 0.875 
1,5 0.921 0.875 2,5 0.915 0.875 3,5 0.9245 0.888 

PSO Para c 37.949 Para g 3.34 
Training 

set 
0.933 Test set 0.88 



World Scientific Research Journal                                                      Volume 6 Issue 1, 2020 

ISSN: 2472-3703                                                       DOI: 10.6911/WSRJ.202001_6(1).0009 

67 

3.3. Result Analysis 

It can be seen from Table 2 that in the case where the c parameters are the same, the correct 
rate of the training set and the test set is gradually increased, and each column group has a local 
optimal solution, at (c=37, g=3.34). In the case, the empirical results are close to the correct rate 
of the training set and test set of the PSO algorithm. However, under the same hardware 
configuration conditions, the PSO algorithm is more efficient in optimizing time. The results of 
parameter matching show that the correctness of the training set is 93.3% and the correct rate 
of the test set is 88%. In further experiments, the ratio of the training set and the test set was 
changed to 0.7 and 0.3, and the correct rate of the training set and the test set was reduced to 
91.9% and 87.03%, which indicates that the size of the training set and the test set have a 
significant impact on the model results. The more complete the training, the higher the accuracy 
of the test set. 

 

Figure 2. Svm-feature classification map 

 

It can be seen from the classification chart of wine characteristics that different c and g values 
are significantly different in the feature classification effect. The left picture takes c=37, g=3.34, 
the right picture takes c=3, g=5, and the left-hand classification boundary line exhibits obvious 
nonlinear characteristics. There is a red element in the blue area and a blue in the red area. The 
color element indicates that the kernel vector machine has a certain fault tolerance rate; in the 
right picture, the blue element in the red area is significantly more, indicating that the error rate 
is higher under this parameter. From the blue and green areas on the right, 2 green and 2 blue 
elements are on the support plane. The left image shows 4 blue elements on the support plane. 
The original 2 green elements are correctly assigned. Green area. In general, the PSO 
optimization parameters allow the nuclear vector machine to clearly distinguish between 
different types of wine.  

4. CONCLUSION 

The Pearson correlation coefficient matrix shows that the wine's category characteristics 
have a strong correlation with proline, color intensity, and Flavanoids. The category of wine 
classification is modeled using Python language, and the parameters c and g are optimized by 
particle swarm optimization. Calculated, the retrained model has a significant effect on wine 
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classification, but on small-scale datasets, the ratio of test data and training data has a greater 
impact on the correctness of test data, thus affecting the generalization of new test data. 
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