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ABSTRACT  

With the development of the used car market, the demand for a more accurate and scientific price prediction model of 

used cars becomes urgent. This paper uses multiple linear regression，decision tree and random forest to build up the 

automobile price forecasting model. We use means to cluster cars and find out that some factors like power, kilometers, 

gearbox have an influence on the price. According to the analysis, we find out that random forest has the best prediction 

performance，make sure R2 reaches 0.92 will be enough. 
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1. BIG DATA AND ITS USE 

In essence, the value of big data for commercial 

projects is to organize the circulation of better products 

or services, solve most people's needs in the fastest and 

most efficient way, and achieve stable income. In fact, 

big data has already provided practical applications for 

the development of business. Here is the summary of the 

five fundamental values and application scenarios of big 

data commercial applications. 

To begin with the tagging management. Big data can 

achieve a relatively fine division of users. [1]For 

example, the current SCRM system can automatically 

label different groups of people, continuously operate 

and calibrate user labels, which realizes the enrichment 

and improvement of each user's portrait, and finally 

realizes the accurate push and personalized service of the 

brand to different users.[2] 

Next is the ARVR big data commercial advertising 

scene enhancement and simulation. Deeply integrate "big 

data" and analytical technologies for business marketing 

to successfully transform consumer operations and 

business models. Enabling brands to access more 

effective information in more interactive ways and store 

and model user behavior information and transaction 

information anytime, anywhere [3]. Any transaction 

process, product usage scenario and consumption 

behavior can all be managed by data and visualization. 

Furthermore is the improvement on the return of sales 

investment[4]. Improving the return on investment of the 

whole marketing management and customer acquisition 

transformation based on the existing operation mode. 

With the help of big data capabilities, a company or brand 

customer can perform a comprehensive analysis of 

information from the cloud, the Internet, and local 

databases to form a good operational climate for the 

entire enterprise, ultimately outputting customer 

conversion and business profits [5]. 

Then is the interactive customer management. It can 

be understood as social CRM or interactive CRM 

management. According to different scenarios of users, 

basic information and behavioral catches of users are 

collected, and users are analyzed from different 

dimensions to comprehensively understand the 

preferences, habits, consumption tendencies, and 

consumption-ability of each user. And new customers are 

made through digital operation to enhance the attention 

of brand users, improve customer loyalty, and stimulate 

sustainable consumption of users[6]. 

Moreover, deliver personalized and accurate 

information. Accurate information push is now mainly 

used in information flow advertising and video. In fact, 

Advances in Economics, Business and Management Research, volume 203

Proceedings of the 2021 3rd International Conference on Economic Management and

Cultural Industry (ICEMCI 2021)

Copyright © 2021 The Authors. Published by Atlantis Press International B.V.
This is an open access article distributed under the CC BY-NC 4.0 license -http://creativecommons.org/licenses/by-nc/4.0/. 542



  

 

for brands and enterprises, especially under the current 

trend of content operation, users do not lack content, but 

lack content that can quickly meet the needs and meet 

users' reading habits. For the commercial operation of 

users, big data can implement individual sample analysis 

with the characteristics of sub region association 

algorithm, semantic analysis, tagging, etc., realize 

directional push with multiple maintenances according to 

region, interest, crowd preference, etc., and solve the 

problem of users' selection of content[7]. 

Here are the basic steps for the business analysis. The 

first step to solve the problem must be the problem of the 

data source. Allen usually divides data into two 

categories. The first type is directly accessible data, 

usually internal data[8]. Nothing more than from the 

website background or their home database inside the 

guide. The second type is external data, which needs to 

be processed. Then we are going to do the data cleaning. 

The purpose of cleaning data (screening, clearing, 

supplementing, and correcting) is to extract and derive 

valuable and meaningful data from a large number of 

disordered and difficult to understand data. After 

cleaning, we save precious and organized data and reduce 

the obstacles to data analysis. The third step is to do the 

Data comparison-contrast is the starting point of data 

analysis. Because if there is no reference, there is no 

quantitative evaluation standard for the data. Generally 

speaking, we start from two points for comparative data 

analysis: Horizontal comparison and vertical 

comparison. For the horizontal comparison, we compare 

with the industry average data and the data of 

competitors[9]. While the vertical comparison compares 

with the historical data of their own products around the 

time axis. After the data comparison and anomalies 

appear, we certainly want to know what caused it. Here 

we need to use data subdivision, which is usually divided 

into latitude and then granularity. Classification by time 

is time latitude, classification by region is region latitude, 

classification by origin is source latitude, and 

classification by visited page is visited latitude. What is 

the granularity? Do you use time and latitude according 

to day or hour? This is the difference in granularity[10]. 

The latitude of your origin, the website of your origin, or 

the URL of your origin are the differences of granularity. 

By subdividing the latitude with granularity, you can 

gradually lock the difference value of the contrast to the 

problem area. It is easier to find out the cause of the 

problem. Usually, we can analyze the causes of most 

problems and deduce conclusions through data 

subdivision. But there are also special cases. Even if we 

specify the granularity, it cannot deliver a convincing 

conclusion. At this time, we can go further and find out 

the cause of the problem through data traceability. The 

latitude and granularity of the lock are the search criteria, 

querying the source logs and records involved and then 

analyzing and reflecting on the user's behavior based on 

this. There are often amazing discoveries. 

1.1. Basics of statistics and data cleaning 

Median 

Median is the number in the middle of a set of data 

arranged sequentially. 

Standard Deviation 
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The process of data cleaning 

First,choose one data subsetting and name it. 

Choose one data column that needs to be analyzed in 

the dataset in order to avoid interference. 

Second, delete duplicate values. 

Third, deal with missing data. 

There may be a lack of data values in the original data, 

so data-free data cells may be in the data set. Data 

analysis could influence the result. So we are supposed to 

complete the missing data. 

There are four ways: 

1.Replenish the data manually when there are less 

data. 

2.Delete missing data directly. 

3.Replace the missing data with average. 

4.Replace the missing data with statistical values. 

Fourth, Consistency treatment  

It could happen that some data leads to inconsistent 

standard or naming rules in a dataset. So we ’ re 

supposed to use the segmentation function to split the 

data values into inconsistent data columns. 

Fifth, sort the cleaned data. 

It is the application of functions such as filtering and 

sorting, ascending and descending one data column in the 

dataset[11]. 
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Sixth, deal with an outlier. 

The value that deviates more than twice the standard 

deviation from the average in the set of values is defined 

as an outlier. 

1.1.1. Introduction of linear regression 

Simple linear regression is a useful way to predict the 

response variable with a single predictor variable. In 

practice, however, there is often more than one predictor 

variable. A better method is to extend the simple linear 

regression model to include multiple predictor variables 

directly compared with building a simple linear 

regression model for each predictor variable separately. 

To this end, we can give each predictor a separate slope 

coefficient in a single model. In general, suppose there 

are p different predictors. Then the form of the multiple 

linear regression model is: 

𝑌 = 𝛽0 + 𝛽1𝑋1 + 𝛽2𝑋2 + ⋯ + 𝛽𝑝𝑋𝑝 + 

                      

 (3) 

Where represents the jth predictor variable and 

represents the association between the jth predictor 

variable and the response variable. It can be interpreted 

as the average effect of every additional unit of on Y 

while holding all other predictors fixed. It is the intercept, 

value of Y when  = 0.  is the slope, sensitivity coefficient 

of the ith factor. 

The regression coefficients  𝛽0 , 𝛽1 , 𝛽2 ,…, 𝛽𝑝 

unknown, so we need to predict.  

The parameters of multiple linear regression are 

estimated by the least square method, ,, ,…, is selected to 

minimize the residual sum of squares(RSS): 

RSS =  ∑(yi − yi)
2

n

i=1

 

(4) 

The β
0
, β

1
, β

2
,…,β

p
 that can minimize the RSS 

is the least square estimation of the multiple regression 

coefficients. 

2. METHODS OF PREDICTING THE 

SECOND-HAND CAR PRICE 

2.1. Assess the price of used cars based on neural 

networks 

There exists asymmetric information between buyers 

and sellers in the second-hand car market. The artificial 

neural network is able to solve nonlinear problems well 

and has fault tolerance, generalization and adaptive 

capacity[12]. 

2.1.1. Steps: 

Make price forecasts based on the basic conditions of 

models, driving miles, age and other basic information.  

Adjust the price of the used cars according to the 

specific vehicle condition forecast based on the basic 

price. 

2.1.2. Two stages of the research process: 

Data from officially certified websites can serve as a 

basis for prediction and analysis of factors affecting 

second-hand car market prices. [13]. 

Modeling by artificial neural network method 

2.2. Predict the value preservation rate of used 

vehicles based on cluster analysis 

Aiming at a part of used car models that lack 

historical data, find a group of similar models according 

to various characteristics that affect the value 

preservation rate of second-hand vehicles. 

Firstly, make the sample can optimize the 

classification according to the analysis of layered 

clustering[14]. 

After that, use the historical data of other models, 

which is similar to the second-hand cars with missing 

historical data in order to establish a multiple linear 

regression model taken as the preservation prediction 

model of this part of second-hand cars. 

2.2.1. Steps: 

Carry out dynamic cluster analysis 

Establish a multiple regression prediction models 

2.2.2. Analysis method 

Stratified clustering: Decompose the collection of 

data objects hierarchically until certain conditions are 

achieved. 

3. DECISION TREE MODEL AND 

RANDOM FOREST MODEL 

Decision tree is an algorithm to solve classification 

problems. The decision tree algorithm uses a tree 

structure and uses layered inference to achieve the final 

classification. The decision tree is composed of the 

following elements: 

1. Root node: contains the complete set of samples 

2. Internal node: corresponding characteristic 

attribute test 

3. Leaf node: represents the result of the decision[15] 
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The establishment of a decision tree is divided into 

three steps: 

3.1. Feature selection 

Feature selection determines which features are used 

to make judgments. In the training data set, there may be 

many attributes of each sample, and the effects of 

different attributes are different. Therefore, the function 

of feature selection is to filter out the features that are 

more relevant to the classification results, that is, the 

features with strong classification ability. Decision trees 

divide the predictor space (i.e. all the possible values for 

for X1,X2, ...,Xp) into distinct regions, say R1, R2, ..., 

Rk . For every xi that falls in a particular region (say Rj) 

we make the same prediction[16]. 

3.2. tree growing 

The goal is to find regions R1, ..., Rk that minimize 

the RSS given by,  

∑ ∑ (𝑦𝑖 − 𝑦∧𝑅𝑗)2
𝑖∈𝑅𝑗

𝑘
𝑗=1             (5) 

where  is the mean response for the training 

observations within the jth region. 

Given the predictor Xj and the cutpoint s, for any j 

and s, the predictor space is split into the following two 

regions[17] 

𝑅1(𝑗, 𝑠) = {𝑋|𝑋𝑗 < 𝑠} ,𝑅2(𝑗, 𝑠) = {𝑋|𝑋𝑗 ≥ 𝑠}     (6) 

and we seek the value of j and s that minimize the 

equation 

∑ (𝑦𝑖 − 𝑦∧𝑅1)2 + ∑ (𝑦𝑖 − 𝑦⋀𝑅2)2
𝑖:𝑥𝑖∈𝑅2(𝑗,𝑠)𝑖:𝑥𝑖∈𝑅1(𝑗,𝑠)             

(7) 

We stop until our regions have too few observations 

to continue. 

3.3. tree pruning 

Rather than considering every possible subtree, we 

consider a sequence of trees indexed by a nonnegative 

tuning parameter α. For each value of there corresponds 

a subtree T ⊂ T0 ，such that 

∑ ∑ (𝑦𝑖 − 𝑦∧𝑅𝑗)2 + 𝛼|𝑇|𝑖:𝑥𝑖∈𝑅𝑗

|𝑇|
𝑖=1                            (8) 

is as small as possible. Here |T| indicates the number of 

terminal nodes of the tree T. 

The main purpose of pruning is to combat 

"overfitting" and reduce the risk of overfitting by actively 

removing some branches. 

Random Forest is an improvement over bagged trees. 

As in bagging, we build a number of decision trees on 

bootstrapped training samples. When building these 

decision trees, each time a split in a tree is considered, a 

random sample of m predictors is chosen as split 

candidates from the full set of p predictors. A fresh 

sample of m predictors is taken at each split, and typically 

we choose m ≈ √p. 

𝑅2 is coefficient of determination. 

𝑅2 =
𝑆𝑆𝑅

𝑆𝑆𝑇
=

𝐸𝑥𝑝𝑙𝑎𝑖𝑛𝑒𝑑 𝑉𝑎𝑟𝑖𝑎𝑡𝑖𝑜𝑛

𝑇𝑜𝑡𝑎𝑙 𝑉𝑎𝑟𝑖𝑎𝑡𝑖𝑜𝑛
 

                                                                                      (9) 

It’s the ratio pf variation explained by the regression. 

IT measures the prediction power of the fitted model. The 

larger R2, the better. 

The Pearson correlation coefficient is used to 

measure the degree of correlation between two variables 

X and Y. The Pearson correlation coefficient varies from 

-1 to 1. A coefficient value of 1 means X and Y can be 

well described by a linear equation, all data points fall on 

a very good straight on, and Y increases 

as X increases. The value of the coefficient −1 means that 

all data points fall on a straight line, and Y decreases 

as X increases. The value of the coefficient is 0 means 

that there is no linear relationship between the two 

variables. 

More generally, we find that if and only 

if X i and Y i are on the same side of their respective 

mean values, then the value of ( X i  −  X )( Y i  −  Y ) is 

positive. That is, if the X- I and the Y I simultaneously 

tend to be greater than, less than, or at the same time 

tending to their respective mean value, the correlation 

coefficient is positive. If the X- I and the Y I tend to fall 

on the opposite side of their average, then the correlation 

coefficient is negative[18]. 

The Spearman correlation coefficient is a parameter-

free (independent of distribution) test method used to 

measure the strength of the relationship between 

variables. In the absence of repeated data[19], if one 

variable is a strictly monotonic function of another 

variable, the Spearman rank correlation coefficient is +1 

or -1, which means that the variable is completely 

Spearman rank correlation. Note the difference between 

this and Pearson correlation[20]. Only when the two 

variables have a linear relationship, the Pearson 

correlation coefficient is +1 or -1. 
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4. SCATTER DIAGRAMS OF PREDICTED 

PRICE AND REAL PRICE 

 

 

 
These three scatter graph shows the actual price and 

predict price. Adjusted  tested by random forest , decision 

tree and multiple linear regression are 0.92, 0.90, 0.72 

respectively. Thus, random forecast is the most accurate 

method. The difference between predicted price and 

actual price is caused by non-linear exchange.  

We clustered six types of cars using K-means 

clustering and then used PCA to visualize it. We can see 

from the graph that these six kinds of clustering are 

equally distributed. 

5. CONCLUSION   

We use multiple linear regression，decision tree and 

randomforest to build up automobile price forecasting 

model.We use kmeans to cluster cars and find out that 

there are some factors like power ,kilometers ,gear box 

have influence on the price.According to the analysis, we 

find out that randomforest has the best prediction 

performance，make sure R2 reaches 0.92 will be enough. 
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