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Abstract— The paper explores the application of data mining in car manufacturing, aiming to develop a reliable classifier
for future product classifications. Using datasets from the UCI Machine Learning repository, the study focuses on establishing
a classifier capable of accurately predicting vehicle attributes such as type, body-style, horsepower, and fuel type. By
leveraging Al techniques, the research aims to improve the accuracy of vehicle market forecasts, aiding in efficient decision-
making and sales promotion strategies. Three classification algorithms—Naive Bayes, Logistic Regression, and Multilayer
Perceptron—are employed to analyze a vehicle evaluation database, with the extracted insights facilitating informed decisions
in vehicle sales promotion. Ultimately, the study demonstrates the potential of data mining and Al methodologies in enhancing
predictive modeling and optimizing automotive industry operations.

l. INTRODUCTION

Vehicle selection is influenced by a range of factors including model preferences, manufacturer reputation, cost, safety features,
and luxury amenities. These attributes collectively contribute to accident prevention and overall satisfaction with the purchased
vehicle. Buyers also consider standard equipment such as performance enhancements, convenience features, and safety
mechanisms when making their decisions. Safety features are particularly crucial, along with convenience attributes like
maintenance ease, door configurations, and storage capacity. Cost-effectiveness is essential to ensure that the vehicle purchased
provides value for money. Additionally, owning a vehicle entails financial responsibility for its maintenance and upkeep.

This research assesses the perceived value of vehicle cost compared to other attributes such as convenience features, storage
space, individual preferences, and safety measures. Data mining, a branch of Artificial Intelligence, proves instrumental in
exploring uncharted relationships within vast datasets. Its applications extend across diverse fields including manufacturing,
healthcare, business, and education. Various data mining techniques, such as Artificial Neural Networks, Support Vector
Machines, and Naive Bayes, offer unique insights into data patterns.

The primary focus of this study is to evaluate the performance of three prominent algorithms—Naive Bayes, Logistic
Regression, and Multilayer Perceptron—in terms of speed and accuracy. By analyzing a dataset comprising vehicle attributes,
the study aims to determine the efficacy of these algorithms in predicting key aspects of vehicle selection.

1. CLASSIFICATION

Approach is the way toward tracking down a model or a cutoff that portrays and sees information classes and contemplations,
to utilize the model to foresee the classes of things whose class mark isn't known. Information solicitation can be seen as a two-
stage measure: learning step in which a classifier is created portraying a destined blueprint of classes or musings by isolating
the status set contained enlightening list tuples and their associated names [2]. In the subsequent development model is utilized
for demand by first assessing the prudent precision of classifier worked during the fundamental development. It is finished
utilizing the test information. The accuracy of classifier on a given test set tuples is level of tuples that are correctly mentioned
by the classifier. On the off chance that the precision is over some good level, the classifier can be utilized to expect future
tuples whose class mark isn't known.

Depiction is a sort of information appraisal that can be utilized to make models depicting gigantic information classes. Strategy
is an information mining approach used to foresee pack revenue for information models. It is one of the basic frameworks in
information mining and is utilized in different applications, for example, plan attestation, affliction confirmation, client
relationship the pioneers, and allocated showing. The objective of the depiction assessments is to gather a model from a ton of
preparing information whose target class names are known and therefore this model is utilized to pack covered cases [1] [3].

Page | 42



International Journal of Engineering Research & Science (IJOER) ISSN:[2454-1850] [Special Issue Vol-10, Issue-4, April- 2023]
SV University, Tirupati

Plan is the most ordinary and most prestigious information mining strategies. Strategy maps information into predefined social
events or classes. It is run of the mill proposed as overseen getting the hang of considering how the classes are settled going
before looking at the information. Strategy is the way toward tracking down a model that sees information classes, to utilize
the model to anticipate the class of things whose class name is dull. The chose model depends upon the appraisal of a ton of
preparing information. Enlightening assortments are rich with disguised data that can be utilized for vigilant dynamic.

Building unequivocal and valuable classifiers for gigantic information bases is one of the essential undertakings of information
mining and Al research. Building productive solicitation frameworks is one of the focal errands of information mining.

. METHODOLOGY

At this moment clarified about administered learning methods like Naive Bayes, Multilayer Perceptron and Logistic Regression
system models for our vehicle order issue.

3.1 Naive Bayes Algorithm

The ML Naive Bayes calculation is utilized for grouping learning assignments in which examples of the dataset are separated
dependent on the predefined include. The calculation is probabilistic in nature and simultaneously depends on Bayes Theorem
[3]. The Eq. (1) beneath shows Bayes Theorem:

P(B|A) P(A)

P(A|B) = P

@)
Were,

P(A|B) = Probability of A happening given occasion B has effectively happened.

P(BJA) = Probability of A happening given occasion B has effectively happened.

P(A) = Probability of occasion A happening.

P(B) = Probability of occasion B happening.

Let, 'X" is another information point, discovered P(A|X) and P(B|X). Then, at that point our classifier analyzes those two and
chooses X has a place with 'A' or 'B'.

3.2 Logistic Regression Algorithm

Strategic Regression ML calculation is utilized for characterization learning errands in which the affiliation versus absolute
ward highlights against autonomous highlights are resolved [2]. The learning calculation is utilized when the reliant highlights
have parallel qualities like 0 and 1, valid or bogus, negative or positive, and no or yes [3][5]. The following is the calculated
relapse calculation numerical Eq. (2) used to compute the relationship between subordinate highlights and autonomous
properties or highlights of the dataset:

| = Logistic regression(p)= In( %) 2

3.3 Multilayer Perceptron (MLP)

A MLP is a legend among the most all around saw Neural Network plan that has been used for various applications. The MLP
figure out is customarily made out of different concentrations or overseeing units, and it is figured out into an improvement of
no under two layers [4]. The essential layer (or the most decreased layer) is named as an information layer where it gets the
external information while the last layer (or the most shocking layer) is a yield layer where the response for the issue is gotten.
The secret layer is the comprehensively captivating layer in the data layer and the yield layer, and may layout with some place
close to one layer. The arrangement of MLP could be bestowed as a nonlinear improvement issue. The objective of MLP
learning is to find the best loads that limit the partition between the information and the yield. The most predominant getting
ready evaluation used in NN is Back inducing (BP), and it has been used in overseeing various issues in model declaration and
portrayal [6]. This estimation depends a few cutoff points, for instance, extraordinary covered center concentrations at the hid
layers learning rate, energy rate, approval work and the measure of wanting to happen.

V. EXPLORATORY RESULTS

In this work, a true vehicle assessment data set was taken from the UCI storehouse of Al data set [7]. It contains 1728 examples
and grouped into four classes, there is no missing worth in the dataset. The vehicle assessment data set contains six credits
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models with a vehicle (Buying, Main, Doors, Persons, Lug boot and Safety). Among the 7 ascribes, initial six credits about the
purchasing value, support cost, number of entryways, number of people to convey, size of the baggage boot, and the wellbeing
level are utilized as information credits. The seventh characteristic class is utilized as the characterization yield to address 4
vehicle classes, i.e., unacc, acc, vgood and great dependent on the different vehicle highlights reasonable for a specific gathering
of clients. The class insightful circulation of names is displayed in the figure-1. We have utilized the weka to explore our
proposed calculations. Weka is a state-of-the-art office for making ML techniques and their application to genuine data mining
issues.
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Figure-1: Frequency of class labels of the car dataset
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Figure-2: Summary of the dataset
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Figure-3: Statistical summary of the dataset

41 Results

This segment presents aftereffects of the experimentation arrangement. The interaction is as per the following; it is regulated
learning strategy. We have prepared the model using ascribes comprehensive of class credits. As it's anything but an
administered model, the model is constructed basing on the class esteems in correspondence to the upsides of traits
independently. Weka is utilized for recreation reason. The outcomes accomplished by different experimentation arrangement
in Naive Bayesian, Logistic Regression and multi-facet perceptron are expounded in Table-1 and figure-4 separately.

TABLE-1
EXPERIMENTAL RESULTS
Algorithm Accuracy Precision Recall
Naive Bayes 93 93 93
Logistic Regression 94 93 93
MLP 99.5 99.5 99.5

Classification performance, classification accuracy by class, and precision of various classifiers are shown using bar charts for
each of the 4 car classes for comparative analysis, which are graphically shown and explained below.

Performance of Classifiers
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Figure-4: Performance of three algorithms

From the figure-4, we notice the exhibition of classification for Naive Bayes 93% of Accuracy, Logistic Regression has
achieved 94% of accuracy and the Multilayer Perceptron (MLP) has achieved the accuracy of 99.5%. So, the Multilayer
Perceptron (MLP) classification has got highest accuracy when compared to Naive Bayes and Logistic Regression. The screen
shots of experimental results are shown in the figure-5, figure-6 and figure-7.

Page | 45



International Journal of Engineering Research & Science (IJOER)

SV University, Tirupati

ISSN:[2454-1850]

[Special Issue Vol-10, Issue-4, April- 2023]

ST e T T e
[Preprocess | Cassfy | Clster | Associate | Selct strbutes | visualzs

& Weka Explorer

Classffier

[Cchonse

pletogisic 10-11510 150 00 \

Test options

) Use training set

) Suppled test set

ross-validation  Folds

Paceiogesit %

(Nom) class. -

Result lis (right-click for options)

10i51:14 - bayes.NaiveBayes
10:51:27 - bayes.NaiveBayesSimple

10:81:43 - bayes NaiveBayespdateable
10:52:04 - functions,Los

10:52:23 - Functions. MukiayerPerceptron
10:55:47 - functions. SmpleL ogistic

Classifier output

Time taken to build model: 0.7 seconds =

Stracified cross-validation

Summary

Correctly Classified Instances 1609 ©3.1134 %
Incorrectly Classifisd Instances 119 5.em88 %
Happa statistic 0.8504

Mean absolute error 0.0428

Root mean squared error 0.152

Belative absolute error 1s.6918 %

Boot relative squarsd error 219852 %

Total Number of Instances 1728

Detailed Accuracy By Class

TP Rate FF Rate Precision Recall F-Measurs ROC Area Class

0.%6 0.071 0.%¢ 0.% 0.9%5 0.921  unace
0.872 0.085 0.882 0.872 0.852 0.98a ace
0.783 0.007 0.818 0.783 0.8 0.955  good
0.892 0.008 0.888 0.802 0.878 0.955  vgaod
Ueighted Avg.  0.931 0.061 0.932 0.931 0,931 0.92

Confusion Matrix

a b e classified as
ez a1 - unace =
37 335 8 ace
0 10 sa = gosd
0 4 3 = vgood

Status
ok

Custr | Assodate | seectatrutes | Vualee

Classffier

[ ChomeJsmpletogistic 10-11500-150 w00 |

Test options

©) Use training set

Suppled test set

Cross-validation ~ Folds
»

Result s (ight-cick For options)

© Percentage spit:

10351114 - bayes.NaveBayes
10:51:27 - bayes. NaiveBayesSimple
10:51:43 - bayes. NaiveBayesUpdateable
10:52:04 - Functions Logistic

10:52:23 - Functions MultlayerPerceptron

Classifer output

Time taken to build model: 12.08 ssconds 2

Stratified cross-validation

=== Sumary =
Correctly Classified Instances 1610 e3.1713 %
Incorrectly Classified Tnstances 118 c.8287 %
Kappa statistic 0.8522

Mean absolute error 0.0488

Root mean squared error 0.1527

Belative absolute error 21,2421 %

Rost relative squared srror 45,1524 %

Total Number of Instances 1728

=== Detailed Accuracy By Class =

TP Rate TP Rate Precision FRecall F-Measuze ROC Area Class

0.958 0.088 0.972  D0.059 0.%68 0.991  wnace
0.875 0.048 0.844  0.875 0.852 0.984  ace
0.788 0.007 0.2 0.768 0.797 0.995  good
0.938 0.007 0.847  0.e38 0.891 0.995  vgood
Veighted Avg.  0.932 0.057 0.933 0032 0.e32 .59

Confusion Matrix

a b ¢
1160 42 1
32 33 ¢ E
0 1 s
0 3 1

Status
ok

Preprocess | Classiy | Chuster | Associte | Select attrioutes | Visuakze

@ Crossvaldation  Felds |10
| PercentagespR % 56

Reesult kst ighk-chck For optians)

10:51:14 - bayes Nawasaves

10:51:27 - bayes NaveBayesSimpie

10:51:43 - bayes NaeBayesUpdatesble

10:52:04 - functions. Logistic

0 Y
SmplsLogist

10:55:

Classfier

Choose | Simpledogistic -10 -M 500 -
Test options

| Use traming set

) Suppledtestset | oo

H50-W0.0

Classfier output:
Tize taken To build model: 15,21 seconds -

= Stratified cross-validation
- Summary ===

22537 %
0.463 %

Correcely Classified Instances
Incorrectly Classified Instan:
Kappa statistic

Mean sbsoluts
oot mean squared error
Relacive absolute error
oot relative squared error
Total Nusber of Inatances

Detailed Accuracy By Class

TP Rate FP Rate Precision Class
o.c88  0.006 0.988 unace
0.267  0.002 0.982 e
0.7 0.001 0.971 good
1 a 1 wgood
ighted Avg.  0.295  0.008 0.985

=== Confusion Matrix ===

a b & d <= classified as
1208 1 0 01 a=wunace
33 2 01 b=acc
0 2 & 01 coegood
0 0 0 &1 4= vgoed

Figure-7: Screen shots of Experimental results
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V. CONCLUSION

The research showcases three machine learning classifiers along with their comparative performance. Evaluating three models
for experimental vehicle assessment, the results indicate that all three models exhibit similarly strong predictive capabilities.
Among them, the Multilayer Perceptron (MLP) model demonstrates the highest accuracy and predictive ability, making it ideal
for vehicle suitability assessment. In summary, leveraging data mining modeling techniques accurately predicts vehicle
effectiveness, bridging the gap between consumers and businesses, thereby enhancing both enterprise profitability and
consumer satisfaction.
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