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Preface

On behalf of the IC3INA 2022 organizing committee, I am honored and delighted to
welcome you to the ninth of 2022 International Conference on Computer, Control,
Informatics, and its Applications (IC3INA 2021) with the theme: “Digital
Transformation Towards Sustainable Society For Post Covid-19 Recovery”. The
theme is perfectly in line with these two important reasons. First, the
acceleration of digital transformation caused by change of lifestyle due to
Covid-19 pandemic. This momentum is perfect to forge partnerships and
cooperation, and to share research progress between research institutions,
campuses, and small to large scale industries in order to optimize the
management and the use of the available resources into multi-disciplinary
science, to attain sustainable development. And second, with the world
recession is around the corner, the theme never becomes more important
than today for us to exchange ideas on how digital transformation could also
tackle future challenges and ensure that everyone has the best (access) to

participate and benefit from the digital transformation of our economy.

Our technical program is rich and varied with 5 keynote speakers and 76
technical papers split between 15 parallel oral sessions in two days' virtual
conference. From 112 reviewed papers, we have accepted 76 papers, which
means 67.9% of acceptance rate and 32.1% rejection rate. Both accepted
paper number and rejection rate increase compared to IC3INA 2021 (45
accepted papers, 10% of rejection rate). IC3INA is committed to maintain and
improve the quality of accepted papers. The accepted papers are separated
into Computer and Networking (10 papers), Control (6 papers), Informatics
and Data Processing (51 papers), and Information Communication
Technologies (ICTs) Applications (9papers). The IC3INA 2022 has been approved

and sponsored by the Association for Computing Machinery (ACM) as the global
proceeding which is indexed by the Scopus.

Regarding the conference, this is the second year that we are holding the

IC3INA annual event in a virtual format, with no audience physically in the

Xiii



room. Following our previous success in 2021, this year we use a conference
management system (Indico) to ensure that we all could optimally engage and
present the latest innovations and developments, and to exchange ideas and
various aspects of advances in computer technology, control, informatics and

their applications.

As a conference chair of IC3INA 2022, I know that the success of the conference
depends ultimately on the many people and the committees who have worked with
us in planning and organizing both the technical program and the supporting team
arrangements. We thank the steering committees for their wise advice and brilliant
suggestions from the organizing committee. The technical program committee (TPC)
for their thorough and timely reviewing of the papers, and our ad-hoc teams who
have helped us to keep down the costs of IC3INA2021 for all participants. Recognition
should go to the organizing committee members who have all worked extremely hard
both individually and team efforts for the details of important aspects of this virtual
conference program and the other related activities. Last but not least, thank you
very much for your participation and support of our International Conference on

Computer, Control, Informatics, and Its Applications (IC3INA 2022).

General Chair of IC3INA 2022,

Dr. Purnomo Husnul Khotimah M.T.
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Housing Price Prediction Using a Hybrid Genetic Algorithm with
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ABSTRACT

Predicting property prices provides a better service for customers to
evaluate and estimate price movement before their purchases. Some
features including OverallQual and GrLivArea, which were selected
when applying GA, become important features that can influence
property prices. This research proposes a hybrid Genetic algorithm
combined with the Extreme Gradient Boosting algorithm to predict
real estate housing prices. The proposed scheme is evaluated by
Root Mean Square Error, processing time, and the number of deleted
features. The proposed scheme has been compared with the sole
Extreme Gradient Boosting. The experimental results show that
the proposed scheme produces the smallest root mean square error
value of 0.129 compared to 0.133 of the sole Extreme Gradient
Boosting. Furthermore, the predicted time of the proposed scheme
is much better than the sole method.

CCS CONCEPTS
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1 INTRODUCTION

The real estate and property sector could be categorized as quite
profitable but with a high risk because sales are pegged to market
prices with high and low buyers’ interest. Real estate and property
businesses consist of land, buildings, and everything attached to
the land [1].

During the Covid-19 pandemic, many companies were downsiz-
ing their firms due to economic uncertainties and business turmoil.
These facts have encouraged people to seek alternative jobs. Real
estates and housing businesses promise high returns for business
and primary needs for almost everyone [2].

On the other hand, this pandemic is also blamed for the slow
increase or even decrease in house prices. Bank Indonesia (BI)/ In-
donesian Bank recorded that the prices of real properties, especially
residential ones, relatively stagnate in the fourth quartile of 2020
[3]. This slowdown is predicted to stay until the first quartile of
2021.

By knowing the interest of the market, the company could predict
these prices. There exist algorithms and tools performing prediction.
However, it is always a necessity to get accurate results. Therefore,
this paper examined the combination of the eXtreme Gradient
Boosting (XGBoost) algorithm and the Genetic Algorithm (GA)
and compared both algorithms independently. By doing so, it is
expected to find the better accuracy of those algorithms for this
prediction. We aim to get a house that suits the wishes of the buyer
based on price and other criteria.

The GA is a prediction method which has advantages such as
dealing with non-stationary data [4]. Another advantage is a mod-
elled phenomenon which is not necessary to define since this model
will be enhanced gradually during the process. This method is a
kind of adaptive heuristic algorithm that can be integrated to se-
lect the best features for prediction, rather than spend much time
searching for the ideal features using the greedy algorithm [5]. It
is because GA can be used for global optimization, which deter-
mines the optimal features [6]. GA is a search technique used in
computer science to find approximate solutions for optimization
and search problems which were created to mimic some of the
processes observed in natural evolution [7]. Furthermore, GA is
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a strong stochastic algorithm that is quite successful in machine
learning relating to those problems.

XGBoost is one of the methods in machine learning, which uses
the ensemble method for a regression and classification algorithm.
This method is a variant of the algorithm of the Tree Boosting
System, a scalable end-to-end of this algorithm [8]. Tree boosting
is a greatly effective and broadly used machine learning method.

XGBoost has been implemented or reviewed in many research.
For example, XGBoost has been a winner of challenges hosted by
Kaggle, 17 out of 29 solutions which eight these solutions were
obtained from the implementation XGBoost alone [8].

Another application of XGBoost is on medical problems such
as in [9]. In their research, this algorithm is used to classify the
fMRI (functional MRI) in epileptic patients and healthy subjects.
The research also aims at determining the best combinations of
features that show the most predictive power. Features here are
region, hemisphere, and task which focused on filter and wrapper
methods. The finding of this research is a special mix of features, the
SEM_LH BA_47-21 was the most compelling to identify patients.
XGBoost is also applied to predict gene expression value [10]. The
profiling of these values is used to reflect the health of the body, di-
agnose genetic diseases, and others. By using the XGBoost method,
the cost to profile genome-wide expression could be reduced. The
performance of XGBoost was compared to the D-GEX algorithm,
linear regression, and KNN methods. The result is that the XGBoost
model has a lower overall error than the three models.

XGBoost has also been applied to predict environmental re-
sources. One of these applications is the prediction of the levels
of groundwater in Selangor, Malaysia [11]. There, XGBoost, ANN,
and Support Vector Regression have been tested and evaluated in
order to obtain accurate groundwater level prediction. The precise
input variables are critical for the model’s achievement; thus cross-
correlation is used to find the match between the target variable
and the delayed values of inputs. The results of this research are
XGBoost has the highest mean absolute error (MAE) and root mean
square error (RMSE). Another application is the prediction of PM2.5
concentration every hour in Tianjin, China [12]. This prediction
was modelled using data-driven models. The application of XGBoost
was compared with other established data-mining models, such
as the Random Forest, Multiple Linear Regression, Decision Tree
Regression, and Support Vector Machine for Regression. The result
is the RMSE and MAE of XGBoost which is better than the four
compared models. It is claimed that the XGBoost is more efficient
to predict the hourly PM2.5 concentration.

Although much research has been conducted using XGBoost,
we have never found any of these that combined with GA and
relate to house price prediction. Thus, in this paper, we present
our research on applying a combination of XGBoost and GA to
this problem. Algorithm implementation will be processed in the
Python programming language. Following this, our contribution
is to identify the better features of the problem of house pricing
prediction by implementing the combination of GA and XGBoost
using the Kaggle dataset and machine. Features in our study are
factors regarding the House Price Index (HPI), which is commonly
used to estimate changes in house prices. Based on this index, house
prices are highly correlated with other factors such as location, area,
population, and other information.
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Table 1: The XGBoost’s Parameter

Parameter Value
n_estimators 500
learning_rate 0.05
subsample 0.5
colsample_bytree 0.5
max_depth 3
objective reg:linear
gamma 0

alpha 0

lambda 2

2 MATERIAL AND METHOD

There are several stages of our research. A brief description is given
as follows.

2.1 Data Collection

The data is from Kaggle.com in the form of a dataset of Ames Hous-
ing compiled by Dean De Cock. The following is the data source
link https://www.kaggle.com/c/house-prices-advanced-regression-
techniques [13]. This dataset consists of 4377 entries for houses in
Ames, Jowa. A number 0f 2917 data if for training, and 1460 data
is for testing. There are 23 nominal, 23 ordinal, 13 discrete, and 20
continuous variables for each property.

2.2 Conducting Pre-processing

The next step is the implementation of pre-processing over the data.
This stage includes the implementation of replacing the missing
values data and cleansing the data.

2.3 Performing Feature Selection using GA

The feature selection stage is carried out to reduce complexity and
avoid unused/ irrelevant features so as to achieve a better accuracy
rate of the result [14]. In the feature selection phase, the method
which is used is the GA. Combining GA and XGBoost differs our
research considerably from the implementation of the sole XGBoost
algorithm.

2.4 Algorithm Implementation

The next stage is to process data from the XGBoost algorithm and
GA. Parameters are depicted in Table 1.

For the XGBoost model, we used XGBRegressor so the training
model and testing data could use all the features or some of the
features as the result of applying GA. Thus, we fed the selected
features obtained by GA to the XGBoost. After training the data
model, the sale price is predicted over the testing data. These sale
prices are then sent to Kaggle to obtain scores of RMSE.

Our research could be categorized as research which describes
technical results. Among the four types of technical results, the
fitting type is a system construct. In this case, we set a research
method by feeding the XGBoost algorithm on the results of GA.



Housing Price Prediction Using a Hybrid Genetic Algorithm with Extreme Gradient Boosting

2.5 Evaluation of Results

After implementation, the accuracy testing phase of the prediction
results using RMSE is conducted. In this case, better accuracy will
be found for the prediction of the price of each house.

3 RESULTS AND DISCUSSION

This section displays the results obtained after carrying out the
steps described in the method section. Through the data collection
stages, the training model data is on 81 columns and the testing
data is on 80 columns.

We applied three methods of replacing missing values. We re-
placed the missing values from data that do not number/integers
using their modus. Meanwhile, for the number/ integer data val-
ues, we replaced the missing values with their mean or median.
Furthermore, values of “NaN” will be replaced with “0” or “None”.

The next process is data cleansing. There were as many as 78
training model data features and 78 data testing features within 329
columns. These 329 columns were obtained after pre-processing the
data using One-hot Encoding method in which every categorical
data will be changed into several columns based on their categorical
values. We used this method to ease us in the selection phase. In
the cleansing step, we deleted columns with many “NaN” values or
columns with only one cluster since it indicates the less important
or we could say that they are outliers. First, we plotted data using a
Scatter plot, then we delete the outliers. Figure 1 shows a correlation
among features. Based on Fig. 1, the two features that influence
the price of houses most are OverallQual and GrLivArea. Previous
research has found that by performing clustering, outliers could
be detected and removed [15][16]. In this research, we found that
there are two outliers.
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Figure 1: A heat map correlation among columns

The correlation that is shown in Fig. 1 is to correlate the features
of the numerical types to other types of features. It ranges from -0.5
to 1, from darker colour to brighter colour, respectively. The brighter
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colour represents the strong correlation between the feature in
the X ordinate and to feature in the Y ordinate. For example, the
correlation between SalePrice and OverallQual is a bright colour
tile. It means that both have a strong correlation with each other.

The next process is the feature selection using GA, which is
a single-point crossover and flip mutation to reduce columns in
the data and speed up the training model process. The mutation
rate is defined as 30%. Our GA accepts input: all columns from
the training model data except the target column (the column that
contains phenotypes/ features of the house), targets (SalePrice),
number of populations, and number of generations. A chromosome
will represent an individual binary string whose length of this chro-
mosome suits the number of features. Each chromosome represents
a feature. Fitness values are obtained from the RMSE values of each
population. Thus, the one with the smallest value of RMSE will be
the optimum solution for the problem. After several iterations and
this number reach the maximum number of iterations, the global
optimum is reached [17][18]. For training the data, we used all the
training datasets, then, we split the training dataset using the 80:20
method; 80% of the data will be for training, and 20% of it will be
for validation.

The value predictive between XGBoost and GA is obtained af-
ter processing the trained data model and followed by the tested
data. We used also all the test datasets. Here we used the RMSE
value, processing time, and the number of eliminated features as
the benchmark to find the best algorithm of the two algorithms.
The RMSE value is obtained by first inputting the predicted results
of the data test for each model into Kaggle’s machine. The number
of eliminated features and GA’s processing Time are gained from
the training process in the GA, whereas the Predicted Time is from
the test process.

We conducted 26 experiments with several combinations of num-
bers of population and generation, in which one of the experiments
is the model of XGBoost solely. The comparison is given in Table 2.
GA_P25G25 means that the GA parameters used in the experiment
are: 25 for the number of populations and 25 for the number of
generations.

Based on our experiments, both XGBoost and GA_P20G15, and
XGBoost and GA_P25G25 have a better result of RMSE than the
other algorithms after being examined by using the Kaggle ma-
chine. The best predicted time is obtained on the XGBoost and
GA_P15G25 algorithm. The best GA processing time is on XGBoost
+ GA_P5G5. The last evaluation is the number of eliminated fea-
tures. The algorithm that has many deleted features is the one that
has the smallest predicted time.

Based on research [19] it was found that the quality of the house,
house_area, median_house_neigh, and the house age were the fea-
ture importance components in predicting urban residential hous-
ing prices. It is found also that the weighted generated model had
the best error value of RMSE which is 25,000. As compared to our
research, our RMSE is better, and the number of the important
features is different.

From previous research regarding house prediction in [20], this
research found the smallest errors which are 16208.5 for MAE, 0.878
for R? (coefficient of determination), 10135.9 for MedAE (median ab-
solute error), and 754362031.6 for MSE, Those values were obtained
using Random Forest algorithm with values of hyperparameters
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Table 2: Comparison Between XGBoost and Genetic Algorithm

Algorithm Population Iteration Number of GA’s Pro- Predicted RMSE
Eliminated cessing Time (sec-
Features Time (sec- ond)
ond)
XGBoost - - - - 6.825 0.133
XGBoost+GA_P5G5 5 5 172 49.607 3.569 0.152
XGBoost+GA_P5G10 5 10 165 85.021 2.362 0.142
XGBoost+GA_P5G15 5 15 148 123.204 2.068 0.142
XGBoost+GA_P5G20 5 20 164 161.126 1.930 0.138
XGBoost+GA_P5G25 5 25 175 199.863 1.818 0.136
XGBoost+GA_P10G5 10 5 163 92.574 1.935 0.133
XGBoost+GA_P10G10 10 10 174 168.733 1.803 0.140
XGBoost+GA_P10G15 10 15 155 246.618 2.027 0.136
XGBoost+GA_P10G20 10 20 174 322.058 1.857 0.144
XGBoost+GA_P10G25 10 25 176 396.661 1.832 0.133
XGBoost+GA_P15G5 15 5 159 137.853 1.989 0.141
XGBoost+GA_P15G10 15 10 165 251.729 1.978 0.139
XGBoost+GA_P15G15 15 15 174 368.672 1.808 0.135
XGBoost+GA_P15G20 15 20 166 484.766 1.896 0.137
XGBoost+GA_P15G25 15 25 181 642.557 1.750 0.130
XGBoost+GA_P20G5 20 5 165 185.300 1.931 0.143
XGBoost+GA_P20G10 20 10 169 338.597 1.899 0.134
XGBoost+GA_P20G15 20 15 172 487.316 1.855 0.129
XGBoost+GA_P20G20 20 20 159 646.379 1.997 0.138
XGBoost+GA_P20G25 20 25 154 800.272 2.033 0.133
XGBoost+GA_P25G5 25 5 153 232.330 2.030 0.137
XGBoost+GA_P25G10 25 10 151 421.556 2.070 0.132
XGBoost+GA_P25G15 25 15 150 615.438 2.075 0.138
XGBoost+GA_P25G20 25 20 160 804.718 1.984 0.143
XGBoost+GA_P25G25 25 25 163 987.446 1.939 0.129
are 41 for the number of estimators, 63 for maximum features, and ACKNOWLEDGMENTS

criterion is mse. These values are bigger than the value of the best
RMSE of our research.

Another research found 8.31% for MDAPE (median absolute
percent error), 14 minutes of CPU-time training, 7.3 minutes of
CPU-time predicting using the cluster aggregation model in the
lazy learning model of kNN and 5000 objects strong Uppsala mu-
nicipality sample [21]. This research obtained a better error value
rather than ours. However, for the predicted times and processing
time, our research is better than this research.

4 CONCLUSION

Our research found that the hybrid GA with XGBoost resulted in
the best RMSE, processing times, and predicted times compared to
the sole XGBoost. It is also found that there are two features that
most contributed to housing price prediction: OverallQual, which
represents the overall material and finish quality of the house,
and GrLivArea, which represents above-grade (ground) living area
square feet of the house. Based on the comparison to three previous
research, our research could perform better error values than two
of those research. Thus, the hybrid method could be developed for
housing price prediction.
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