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Abstract. Recent years have witnessed the surge of
interest of big data model predictions in various fields.
How to improve the accuracy of big data models has
become an important issue. Most of the existing big
data models use a single algorithm or its improved
version. Using the Support Vector Machine (SVM)
algorithm and the K-Nearest Neighbor (KNN)
algorithm as the base classifiers, this paper aims to
the soft voting method in ensemble learning to
establish a combined model of SVM-KNN. A
comparative experiment on the proposed algorithm
and the single algorithm is performed, which show
that the SVM-KNN combined model has better
performance in the four model evaluation indicators
of accuracy, precision, recall, and F1 score.

Keywords: Big Data Model, SVM-KNN, Soft Voting
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1. INTRODUCTION
With the strengthening in the examinations, subjects

and majors, contemporary undergraduates are not only
facing the heavy academic pressure, but also more
choices of development directions, such as civil service
exam, postgraduate entrance examination, employment,
and starting a business. In addition, the absence of the
attention by various groups, such as the lack of teachers'
targeted guidance on the development direction of
undergraduates, parents' neglect of their children's
undergraduate life, and the lack of awareness of
undergraduates to actively understand their own future
development direction, leads to the emergence of many
undergraduates the situation where learning has become
no purpose and is confused about the future direction of
development.
At present, there are two methods commonly used by

undergraduates to choose their own development
direction. One is that students make their own selection
by referring to existing plans, and the other is to consult
teachers or seniors. Both of two programs have certain
limitations. One is select the development direction
based on the reference information obtained from the
consultation, The existing programs are often suitable for
most people, and they cannot provide programs for
undergraduates based on their majors. Although the
reference information obtained from the seniors or
teachers overcomes the shortcomings of not being able to

provide programs for undergraduates’ majors, it is
difficult to choose the development direction for
undergraduates based on their own characteristics.
The recommendation of undergraduate development

direction can be transformed into a multi-classification
problem. Collect six parts of information from
undergraduates through questionnaires, "gender", "major
types", "learning habits", "interests", "development
direction", and "motivation for choice", convert the
information into data, and fit the data. According to the
existing data set, carry out big data modeling to realize
the recommendation of the development direction of
undergraduates [1], [2].
Most of the existing undergraduate student

development direction recommendation models use a
single algorithm or its improved version. At present,
there are mainly the following types of prediction models
established by a single algorithm. One is to find out
regular development in historical data, and then
determine the relationship between independent
variables and dependent variables, and construct a
mathematical equation to predict new data, such as linear
regression, nonlinear regression, and logistic regression
models, etc [3]. The second is use a small amount of
incomplete information and hidden changes in the
information to predict the future development and trend
of things, mainly including univariate gray models,
multivariate gray models, etc. There is also the use of
computers as auxiliary tools and machine learning
algorithm to predict the development trend of things. The
main prediction models included: Support Vector
Machine (SVM) model, Random Forest (RF) model, etc
[4-6]. In addition, there are other deep learning models,
such as deep neural networks, convolutional neural
networks, etc.
Due to the limitations of a single algorithm under

different data sets, the performance of the prediction
model established by a single algorithm is often poor.
Therefore, consider using integrated learning to combine
multiple algorithms to establish a combined model [7-9].
Armstrong J.S proved that under ideal conditions, the
prediction accuracy of the combined model is better than
the best prediction value of the prediction model
established by multiple single algorithms, and is not
lower than the average value of the prediction model
established by multiple single algorithms [10].
The main conclusion of the above research on

prediction combination is that the combination of big
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data models established by multiple single algorithms
can improve the prediction accuracy of big data models
[7-9]. Therefore, this paper intends to use the SVM
algorithm and K-Nearest Neighbor (KNN) algorithm as
the base classifier, using the voting method to establish
an SVM-KNN combined model to predict the
classification events of the "undergraduate development
direction".
The main contributions of this paper are
1. Applying the SVM-KNN combined model to the

recommendation of the development direction of
undergraduates. It can provide more credible results on
the premise of “not ignoring the undergraduate’s major,
and predicting the development direction for
undergraduates based on their own characteristics” for
undergraduates to choose their development direction,
and to improve the status quo of undergraduates’
learning without a purpose and feeling confused about
the future.
2. Apply the idea of soft voting method to the

combination of SVM algorithm and KNN algorithm to
establish a combination of SVM-KNN model. The
experimental results prove that the SVM-KNN combined
model established by the soft voting method has better
generalization ability than the big data model established
by the SVM algorithm or the KNN algorithm.
This paper is divided into five chapters. The first

chapter is as described above. Chapter 2 introduces two
sub-algorithms used to build the combined model: SVM
algorithm and KNN algorithm. The third chapter
introduces the voting method of establish the combined
model. The fourth chapter is to verify the performance of
the big data model established by the combined model
and a single algorithm through experiments on the model
evaluation index. Finally, this paper is summarized in
Chapter 5.

2. ALGORITHM INTRODUCTION

In this paper, we divide the development direction into
four categories: "employment", "postgraduate entrance
examination", "civil service exam ", "start a business". In
the data set, "1" represents "employment" and "2"
represents "Postgraduate entrance examination", "3"
stands for "civil service exam", and "4" stands for "start a
business". The undergraduate development direction
prediction data set has a total of 1008 samples and 26
feature quantities.

2.1. SVM algorithm
The SVM is used to solving the binary classification

problem, seeking an optimal hyperplane that meets the
classification requirements, and making the distance
between the points in the training set and the
classification surface as large as possible.
For a given training set ��, �� |� = 1,2, …, 26 , �� ∈

��, �� ∈ 1, − 1 , �� is the category label, and the
corresponding optimal classification line is � ∙ � +
� = 0 [5]. Because we want to maximize the distance
between the separating surfaces, so finding the optimal

classification line is transformed into solving the
problem of the optimal variables � and �:

min
1
2

� 2

��(� ⋅ �� + �) ≥ 1, � = 1,2. . . , �  
   (1)

For the classification problem that can be divided
linearly but there is an error point, you can introduce a
slack variable �� ≥ 0, and then turn the problem into:

min
1
2

� 2 + �
�=1

�

���

�� � ∙ �� + � ≥ 1 − ��, � = 1,2, …, �
�� ≥ 0, � = 1,2, …, �

(2)

In the formula: � is a penalty parameter. The larger the
� is, the greater the penalty is for misclassification [4].
The objective function is convex and the constraints

are linear. This is a convex quadratic programming
problem. The Lagrangian function is introduced to solve
the problem, which satisfies the KKT condition, and
obtains the dual form of the optimization problem
according to its extreme conditions. Thus, one has:

min
1
2
�=1

�

�=1

�

�������� �� ∙ �� −
�=1

�

�����

�=1

�

���� = 0,0 ≤ �� ≤ �, � = 1,2, …, ��

(3)

In the formula, � is a Lagrange multiplier.
By solving the optimal solution of Lagrange multiplier

�� = �1� �� , �2� �� , …, ��� , �� is obtained and then the decision
function is constructed as follow:

� � = sgn
�=1

�

���� �� �� ∙ � + �� (4)

For non-linearly classified samples, the training set
samples are transformed into a high-dimensional space
through a certain mapping � � , thereby constructing a
hyperplane of linear classification in the
high-dimensional space. By introducing the kernel
function � ��, �� , it is possible to calculate the inner
product value � �� ∙ � �� of the nonlinear sample data
in the low-dimensional space and in the
high-dimensional space [5]. The commonly used kernel
functions in SVM include linear kernel functions,
polynomial kernel functions, Gaussian radial basis
kernel functions, sigmoid kernel functions, etc [6].

2.2. KNN algorithm
The basic idea of the KNN algorithm is that if most of

the � nearest neighbor instances of an instance in the
feature space belong to a certain category, the instance
also belongs to this category.
The algorithm flow is as follows:
1. Calculate the distance from the unknown point to all

known category points
2. Sort by distance in ascending order
3. Select the first � points closest to the unknown point
4. Count the number of each category in � points
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5. Among the above � points, the category with the
highest frequency of occurrence is regarded as the
category of the unknown point
In this paper, the distance measurement method is

Euclidean distance, and the calculation formula of
Euclidean distance is as follows:

� �, � =
�=1

�

(�� − ��)2� (5)

Where � is an instance, � is another instance in the
feature space, � is the number of features, that is 26, ��
represents the feature of the instance, and �� represents
the feature of other instances.
The probability that the KNN algorithm classifies the

�-th instance as "employment" is:

��� =
��
1

� (6)
The probability that the KNN algorithm classifies the

�-th instance as "postgraduate entrance examination" is:

��� =
��
2

� (7)
The probability that the KNN algorithm classifies the

�-th instance as "civil service exam " is:

��� =
��
3

� (8)
The probability that the KNN algorithm classifies the

�-th instance as "start a business" is:

��� =
��
4

� (9)
Among them, ��

1 represents the number of samples
with the category "employment" in the � samples closest
to � , ��

2 represents the number of samples with the
category "postgraduate entrance examination" in the �
samples closest to �, ��

3 represents the number of samples
with the category "civil service exam" in the � samples
closest to � , and ��

4 represents the number of samples
with the category "start a business" in the � samples
closest to �.

3. COMBINATIONMETHOD INTRODUCTION
In this paper, the method of establishing the combined

model is the voting method, and the voting method is the
soft voting method. The following is an introduction to
the voting method.

3.1. Principles of voting method
Voting is a combination strategy for classification

problems in ensemble learning. It is an ensemble
learning model that follows the principle of minority to
majority. On the same training set, train multiple
classification or regression models, and then pass a voter
to output the result with the highest vote rate through a
certain weighting method.
Voting method can be used in regression model and

classification model. The undergraduate development

direction recommendation is a classification problem.
This paper chooses the classification voting method.

3.2. Voting method
For the classification voting method, according to the

two types of output: output class label and output class
probability, the former is called hard voting, and the
latter is called soft voting.
The prediction result of hard voting is the class that

appears most among all voting results, and the prediction
result of soft voting is the class with the largest sum of
probabilities among all voting results [7-9].
Hard voting is applicable when the model used in the

voting collection can predict clear category labels.
Soft voting is suitable for two situations.
1. The model used in the voting set can predict the

probability of a category.
2. It is used for a model that does not predict the

probability of a class member by itself, and can output a
prediction score similar to the probability (such as SVM,
KNN and Decision Tree).

3.3. Matters needing attention in voting method
For the voting method to produce better results, two

conditions need to be met.
1. The effect of each base model cannot be too

different. When the effect of a base model is too poor
compared to other base models, the model is likely to
become noise.
2. There should be less homogeneity between the base

models. For example, when the prediction effect of the
base model is similar, voting based on the tree model and
the linear model is often better than two tree models or
two linear models.

4. EXPERIMENT
Compared with the big data model established by

different single algorithms, the combined model has a
better effect on the classification and prediction of the
"development direction of undergraduates". In order to
verify this idea in the experiment, we established a SVM
model, a KNN model, and a combined SVM-KNN
model. The accuracy, precision, recall and F1 score of
the three big data models were calculated using the
ten-fold cross-validation method.

4.1. Survey data set of undergraduate development
direction
This set of data is based on a questionnaire survey of

some undergraduates. Transform the questionnaire
information into data according to the established rules
and make it into a data set. The data set has 26 features.
Table 1 shows the meaning of each characteristic value.

Table. 1 Data set characteristics
characteristic quantity The meaning of

characteristic quantities
�1 Gender
�2 Majors type
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�3 − �5
�6 − �19
�20 − �26

Learning habits
Interests

Motivation for choice
In the development direction of undergraduates, there

are four development directions, one is employment, the
other is postgraduate entrance examination, the third is
civil service exam, and the fourth is start a business.
In the experiment, we divided the data set into training

set and test set according to 9:1.

4.2. Experimental results
4.2.1. The choice of Support Vector Machine kernel
function
The choice of different kernel functions will affect the

accuracy of the big data model established by the SVM.
In order to find the kernel function when the SVM
algorithm performs best on the undergraduate
development direction prediction data set. We tested the
accuracy of the big data model established by the SVM
algorithm under the linear kernel function, polynomial
kernel function, radial basis kernel function, and sigmoid
kernel function. The result is shown in Fig 1

Fig 1 The accuracy of SVM models under different
kernel functions

It can be seen from Fig 1 that when the linear kernel
function is selected as the kernel function, the big data
model established by the SVM algorithm has the highest
correct rate. This paper chooses the linear kernel function
as the kernel function of the SVM.

4.2.2. The value of K in the KNN algorithm
Different � values will affect the accuracy of the big

data model established by the KNN algorithm. In order to
find the � value when the KNN algorithm performs best
on the undergraduate development direction prediction
data set. We tested the accuracy of the big data model
built by the KNN algorithm under different � values.
The result is shown in Fig 2

Fig 2 The accuracy of the KNN model under different
� values

It can be seen from Fig 3 that when the � value is 3,
the accuracy of the big data model established by the
KNN algorithm is the highest, indicating that 3 is the
optimal value of � . Therefore, when using the KNN
algorithm to build a big data model, the � value is
selected as 3.

4.2.3. Model effect comparison
In the undergraduate development direction survey

data set, the accuracy of the big data model established
by the SVM algorithm is 64.18%, and the accuracy of the
big data model established by the KNN algorithm is
60.82%. The accuracy of the SVM-KNN combined
model is 67.46%. The accuracy of three big data models
on the data set is shown in Fig 3.

Fig 3 Accuracy of different models

Figs 4, 5, and Fig 6 compare the results of the three
prediction models. Table 2 shows the results of the three
models under all evaluation indicators.

Fig 4 Precision of three models

Fig 5 Recall of three models
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Fig 6 F1 score of three models

Table. 2 All evaluation indicators of the three big data
models

From Figs 3, 4, 5, and 6, and Table 2, it can be seen
that the SVM-KNN combined model is superior to the
big data model established by the SVM algorithm and the
KNN algorithm in all evaluation indicators, and performs
best on the data set. It shows that among the three models
selected in this paper, the SVM-KNN combined model
has a better effect when recommending the development
direction of undergraduates. It can provide a more
valuable reference for undergraduates when choosing a
development direction.

5. SUMMARY
This paper uses the SVM-KNN combined model to

recommend the development direction of undergraduates.
By adopting a ten-fold cross-validation method, the
accuracy, precision, recall and F1 score of the
SVM-KNN combined model and the prediction model
constructed by the SVM algorithm or the KNN algorithm
have been calculated to prevent contingency. In addition,
three big data models have been compared on the four
model evaluation indicators. The experimental results
show that the SVM-KNN combined model has better
performance, and is more suitable for the
recommendation of the development direction of
undergraduates. The experimental results are also
suitable for researchers who need to predict the
development direction of undergraduates.
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Algo
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Accuracy Precision Recall F1
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SVM 64.18% 65.42% 64.18% 0.64

KNN 60.82% 62.87% 60.82% 0.61
SVM-
KNN

67.46% 68.43% 66.76% 0.67
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