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1 Introduction 
 

An implementation of the project to analyse Airbnb data in Italy and develop an annual 

profitability prediction model. This configuration manual encompasses System Configuration, 

Data Collection, Library Package Requirement, Data Preparation and Pre-processing, Model 

Preparation and Execution, and Evaluation. 

 

2 System Configuration 

The project was conducted on the local system with the hardware and software specifications 

as shown in Figure 1 and Figure 2. 

2.1 Hardware Requirement 
 

Figure 1: Hardware and Software Specifications 

2.2 Software Requirement 

 

Figure 2: Python and Notebook versions 
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2.2.1 Manual of Jupyter Notebook installation 

1) Right-click the Anaconda installation file downloaded through the link and run it with 

administrator privileges. 

Free Download | Anaconda (https://www.anaconda.com/download/) 

2) Press the "Next" button to proceed with the installation, and tick the box when the screen 

below appears in Figure 3. 

 

Figure 3: Anaconda Installation 

3) After that, install it according to the default setting. (The path is also kept as C: drive) 

4) Please make sure that both Anaconda Prompt and Jupiter Notebook are installed like 

Figure 4 and Figure 5 when you click the Windows icon on the taskbar. 

 

Figure 4: Jupyter Notebook 

 

Figure 5: Anaconda Prompt and etc. 

5) The installation has been successfully completed if the screen appears in the web browser 

as shown in Figure 6 after running the Jupiter Notebook as shown in Figure 4. 

 

 

 

https://www.anaconda.com/download/
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Figure 6: Jupyter Notebook on the local environment through localhost:8888/tree 

 

3 Data Collection 

The source of the original data was obtained from kaggle.com. 
 

Figure 7: Data source from kaggle.com  

The provided dataset through an open link is 'merged_file.csv' to start this project, which 

merged the data from all 10 cities as shown in Figure 8, due to the division of original data 

into separate 10 cities. 

1. Download data on Google Drive with an open link.  

2. Please click the link below and download a CSV file named 'merged_file.csv'.  

https://drive.google.com/file/d/1rxWScCzr-SH2H55IC8xxijs6lXjkaPMZ/view?usp=dr 

ive_link 

3. And then place the CSV file in the same folder where 1-3 Jupyter Notebook files in. 
 

 

 

https://drive.google.com/file/d/1rxWScCzr-SH2H55IC8xxijs6lXjkaPMZ/view?usp=dr
https://drive.google.com/file/d/1rxWScCzr-SH2H55IC8xxijs6lXjkaPMZ/view?usp=dr
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Figure 8: Data file Properties 
 

 

4 Library Package Requirement 

Like Figure 9, essential libraries must be imported before running all the other cells. If some 

libraries or packages have never been installed before, these installations also should be 

preceded with !pip command lines as shown in Figure 10. 

 

Figure 9: Import libraries for the first running Notebook file 

 

Figure 10: install scikit-optimize and deap for optimisation 

Figure 9 indicates a screenshot of essential libraries to be installed for the 

‘1.Preprocessing.ipynb’ file, Whereas Figure 11 is for the ‘2.Modelling.ipynb’ file. 
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Figure 11:  Import libraries for the Second running Notebook file 

 

5 Data Preparation and Pre-processing 

 

Figure 12: Data Import and Explore Dataframe 

Import data as a dataframe in pandas, Figure 12, and explore the dataset such as the shape of 

df, data types, characteristics of features, and statistical analysis with describe() function as 

indicated in Figure 13. 
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Figure 13: Statistical Analysis 

Visualising null values can help to understand them easily and at a glance. Sorted feature 

with many null values in descending order and then use ‘missingno’ by the line of codes 

‘msno.bar()’ function as described in Figure 14. 

 

Figure 14: Visualise Null Values using missingno tool 

In Figure 15, ‘yyyy-mm-dd’ data type should be changed to 'to_datetime' for readable by 

pandas. Drop rows if they have NA in the 'host_since' column. Because one criterion that 

determines the size of the dataset is the 'host_since' feature. In the absence of the 'host_since' 

column, the measurement of hosting tenure and the calculation of profitability become 

challenging. 

 

Figure 15: preprocessing of .to_datetime() and .dropna() 
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If numeric data contains special symbols such as $23.00 or 67%, these symbols need to be 

removed. Looking at maximum, mean and median statistical metrics, the presence of outliers 

and skewed distribution is observed in the column of 'price'. As 'price' is one of the key 

factors to create a 'profitability' column, this means that normalisation or similar work on 

'profitability' should be applied(The last cell in Figure 16). 

 

[Figure 16: Remove $ and % symbols] 

Incorrect listing counts should be modified in Figure 17. In instances where the same host has 

posted multiple hostings, the values of 'host_listings_count' and 'host_total_listings_count' 

are duplicated. Therefore, rectification of this issue is necessary. For instance in a dormitory 

room, if a host posts a listing for each bed in order to accommodate guests to full capacity, 

the hosting count for each bed is equivalently assigned as a product of the bed count. 

 

Figure 17: Fix host listings, ‘host_listings_count’ and  ‘host_total_listings_count’  
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Now we can calculate annual profitability with create column 'total_listings_count_divided' 

This project does not follow the formula of profitability in the business field, its own 

calculation, like the percentage of the annual sales, is applied instead. Taking logarithm after 

division due to the skewed distribution. And then, change the values into percentages because 

the target column represents 'Profitability' as shown in Figure 18. 

 

Figure 18: Calculate by the own formula to create ‘profitability_by_numOfYears’ 

 

Figure 19: Encoding values 

In Figure 19 and Figure 20, For the features requiring encoding, applied various encoding 

methods to their specific characteristics, including one-hot encoding, mapping and 

LabelEncoder. 
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Figure 20: mapping the values for -1, 0, 1 with regular expression 

Drop columns and fill null values with -1 as in Figure 21. 

 

Figure 21: Drop columns and fill null values with value of -1 

 

Figure 22: Split the dataset into 10 cities for Modelling implementation 
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Figure 23: Distribution of “profitability_by_numOfYears” in 10 Italian city datasets 

 

Figure 24: one-way ANOVA test  

 

6 Model Preparation and Execution 

6.1 Set pre-define Functions 

In the second Jupyter Notebook file, "2.Modeling.ipynb," the data for 10 cities is required 

which was generated as a result of executing the first Jupyter Notebook file. When opening 

the second Jupyter Notebook, start by importing the necessary libraries. Next, pre-define 

functions to write code more practical and enable its straightforward utilisation. 
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Figure 25: Distance calculator from the city centre to the hosting location 

 

Figure 26: Hence the column requiring encoding only in the same city data,  

the values were encoded in the second Notebook file 

 

Figure 27: Function to find the top 10 important factors in models 
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Figure 28: 20 times running to find the best model and hyperparameters  

 

Figure 29: Evaluation function for 4 different metrics 

  

Figure 30: Bayesian search setting 
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Figure 31: Evaluation function for 3 different metrics of Genetic Algorithm 

 

Figure 32: DEAP framework and Genetic Algorithm 
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6.2 Base Learners 

For the base learners, the execution procedure is the same across the three methods, Figure 

33, Figure 34, and Figure 35. 

 

Figure 33: Random Forest Modeling, Fitting, Prediction and Evaluation 

 

Figure 34: Gradient Boosting Modeling, Fitting, Prediction and Evaluation 

 

Figure 33: LightGBM Modeling, Fitting, Prediction and Evaluation 
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6.3 Meta Learner 

XGBoost, as a Metalearner and a single ensemble model, is consistent with the above 

execution method. 

 

Figure 33: XGBoost Modeling, Fitting, Prediction and Evaluation 

 

6.4 Ensemble Stacking 

Ensemble stacking model is consistent with the above execution method, except for the use 

of meta-features which are stacked from base learners' predicted values. 

 

Figure 34: Ensemble stacking model  

 

 

 

 

 

 

 

 

 

 

 

 



16 

 

 

6.5 Bayesian Optimisation 

 

Figure 35: Bayesian search on the stacking model 

 

6.6 Genetic Algorithm 

The stacking model incorporating Genetic Algorithm follows a straightforward execution 

approach, as all functionalities were assigned to the 'optimize_GA()' function in advance. 

 

Figure 36: Iteration of GA model with 20 Generation runnings 

 

Figure 37: With best hyperparameters, Fitting and prediction for GA model 
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7 Evaluation 

To evaluate the model’s performance in Adjusted-R², RMSE, MAE, Accuracy is same as 

shown below. 

 

 

Figure 38: Bayesian Optimisation 

 

Figure 38: Bayesian Optimisation 

 

Figure 38: Genetic Algorithm 
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Figure 39: Comparison graphs on Stacking, BO and GA in 10 Datasets 
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