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ДОДАТОК А  

Графічний матеріал кваліфікаційної роботи 
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ДОДАТОК Б  

Код програми 

 

 

#!/usr/bin/env python 

# coding: utf-8 

 

# Підключення необхідних бібліотек 

 

# In[1]: 

 

import numpy as np  

import pandas as pd  

from sklearn.linear_model import LogisticRegression # 

LogisticRegression 

from sklearn.model_selection import train_test_split # to split 

from sklearn.model_selection import TimeSeriesSplit # to split 

from sklearn.metrics import roc_curve # ROC curve 

from sklearn.metrics import roc_auc_score # ROC score 

from sklearn.model_selection import cross_val_score # cross 

validation score 

from sklearn.preprocessing import StandardScaler # 

Standartization 

from sklearn.preprocessing import MinMaxScaler # Standartization 

from sklearn.model_selection import GridSearchCV # to find best 

parameters 

from sklearn.ensemble import RandomForestClassifier # Random 

Forest 

from sklearn.ensemble import GradientBoostingClassifier # 

Gradient Boosting 

from sklearn.ensemble import BaggingClassifier # Bagging 

from sklearn.ensemble import VotingClassifier # Ensemble models 

(voting and mean) 

from sklearn.metrics import confusion_matrix # Confusion Matrix 

from sklearn.svm import SVC # SVM 

from sklearn.svm import LinearSVC # SVM 

from sklearn.pipeline import make_pipeline # Pipepline 

 

import xgboost as xgb # Gradient Boosting 

from mlxtend.classifier import StackingClassifier # Stacking 

from mlxtend.classifier import StackingCVClassifier # Stacking 

import lightgbm as lgb # Microsoft Gradient Boosting 

import matplotlib.pyplot as plt # to plot 

plt.style.use('ggplot') 

import seaborn as sns # to plot 

import numpy as np # to count 

import pandas as pd # DataFrames 

from scipy import stats # Statistics 

import pickle # to read pickle files 

from IPython.display import display # Display tables 
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import time # time checking 

import re # regular expressions 

import eli5 # to check features importance 

from collections import Counter # to count 

pd.set_option('display.max_columns', None) # to display max 

columns in DataFrames 

pd.options.mode.chained_assignment = None  # don't lool at 

mistakes 

 

 

# In[2]: 

 

import os 

for dirname, _, filenames in os.walk('data'): 

    for filename in filenames: 

        print(os.path.join(dirname, filename)) 

 

 

# In[3]: 

 

def load_train_or_test(): 

    i = input('train or test ') 

    if i == 'test' or i =='train': 

        name = f"{i}_sessions.csv" 

        df = pd.read_csv(f"data" + name) 

        return df 

    else: 

        pass 

 

 

# In[4]: 

 

def norm(data): 

    return (data)/(max(data)-min(data)) # to norm 

 

 

# In[5]: 

 

df_train = pd.read_csv("data/train_sessions.csv") 

 

 

# In[6]: 

 

df_train.head() 

 

 

# In[7]: 

 

df_train["target"].value_counts(ascending=True) 

 

 

# In[8]: 

 



67 

def time_operations(df): 

    if 'target' in df.columns: 

        df['number_of_sites'] = ((df.notna().sum(axis=1)) / 2) - 

1 

    else: 

        df['number_of_sites'] = ((df.notna().sum(axis=1)) / 2) - 

0.5 

    for col in [f"time{i}" for i in range(1,11)]: 

        df[col] = pd.to_datetime(df[col]) 

    df['session_strt'] = df[[f"time{i}" for i in 

range(1,11)]].min(axis=1) 

    df['session_end'] = df[[f"time{i}" for i in 

range(1,11)]].max(axis=1) 

    df['session_len'] = (df['session_end'] - 

df['session_strt']).dt.seconds 

    df['weekday'] = df['session_strt'].dt.dayofweek 

    df['weekday'] = df['weekday'].astype('category') 

    df['start_hour'] = df['session_strt'].dt.hour 

    df['start_hour'] = df['start_hour'].astype('category') 

    df['end_hour'] = df['session_end'].dt.hour 

    df['end_hour'] = df['end_hour'].astype('category') 

    df['day'] = df['session_strt'].dt.day 

    df['day'] = df['day'].astype('category') 

    df['minute'] = df['session_strt'].dt.minute 

    df['month'] = df['session_strt'].dt.month 

    df = df.sort_values('session_strt', ignore_index=True) 

    df = df.reset_index() 

    df = df.rename(columns={'index':'time_index'}) 

    df = df.sort_values('session_id', ignore_index=True) 

    return df 

 

 

# In[9]: 

 

df_train = time_operations(df_train) 

 

 

# In[10]: 

 

df_train.head() 

 

 

# In[11]: 

 

df_train.info() 

 

 

# In[12]: 

 

plt.figure(figsize=(10,7))  

plt.hist(df_train.weekday, bins=7,rwidth=0.9,color='green') 

plt.rcParams['font.size'] = '14' 

plt.rcParams['font.family'] = 'Times New Roman' 
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plt.rcParams['text.color'] = 'black' 

plt.rcParams['text.color'] = 'black' 

plt.rcParams['axes.labelcolor'] = 'black' 

plt.rcParams['xtick.color'] = 'black' 

plt.rcParams['ytick.color'] = 'black' 

plt.xticks(ticks=[i - 0.5 for i in np.linspace(1,6,7)], 

labels=['Пн','Вт','Ср','Чт','Пт','Сб','Нд']) 

plt.xlabel('Дні тижня', fontname='Times New Roman') 

plt.ylabel('Кількість сесій', fontname='Times New Roman') 

#plt.title('Розподіл сесій до дням тіжня', fontname='Times New 

Roman',fontsize=15, color = 'black') 

plt.show() 

 

 

# In[13]: 

 

plt.figure(figsize=(5.5,4.5))  

 

plt.rcParams['font.size'] = '14' 

plt.rcParams['font.family'] = 'Times New Roman' 

plt.rcParams['text.color'] = 'black' 

plt.rcParams['text.color'] = 'black' 

plt.rcParams['axes.labelcolor'] = 'black' 

plt.rcParams['xtick.color'] = 'black' 

plt.rcParams['ytick.color'] = 'black' 

plt.hist(df_train[df_train.target==1].weekday, bins=7, 

color='green', label='Alice', rwidth=0.5) 

plt.xticks(ticks=[i - 0.5 for i in 

np.linspace(1,6,7)],labels=['Mo','Tu','Wd','Th','Fr','Sat','Sun'

]) 

plt.xlabel('Weekdays', fontname='Times New Roman',fontsize=14) 

plt.ylabel('Number of sessions', fontname='Times New 

Roman',fontsize=14) 

plt.title('Distribution of sessions by day of the week for 

Alice', fontname='Times New Roman',fontsize=14) 

 

plt.savefig("Рис. 4_En.pdf", dpi=400, format="pdf") 

plt.show() 

 

 

# In[14]: 

 

plt.figure(figsize=(6.5,4.5))  

plt.rcParams['font.size'] = '14' 

plt.rcParams['font.family'] = 'Times New Roman' 

plt.rcParams['text.color'] = 'black' 

plt.rcParams['text.color'] = 'black' 

plt.rcParams['axes.labelcolor'] = 'black' 

plt.rcParams['xtick.color'] = 'black' 

plt.rcParams['ytick.color'] = 'black' 

plt.hist(df_train[df_train.target==0].weekday, bins=7, 

color='red', label='Alice', rwidth=0.5) 

plt.xticks(ticks=[i - 0.5 for i in 
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np.linspace(1,6,7)],labels=['Mo','Tu','Wd','Th','Fr','Sat','Sun'

]) 

plt.xlabel('Weekdays', fontname='Times New Roman',fontsize=14) 

plt.ylabel('Number of sessions', fontname='Times New 

Roman',fontsize=14) 

plt.title('Distribution of sessions by day of the week for other 

users', fontname='Times New Roman',fontsize=14) 

 

plt.savefig("Рис. 5_En.pdf", dpi=400, format="pdf") 

plt.show() 

 

 

# In[15]: 

 

plt.figure(figsize=(10,6))  

plt.rcParams['font.size'] = 17 

plt.rcParams['font.family'] = 'Times New Roman' 

plt.rcParams['text.color'] = 'black' 

plt.rcParams['text.color'] = 'black' 

plt.rcParams['axes.labelcolor'] = 'black' 

plt.rcParams['xtick.color'] = 'black' 

plt.rcParams['ytick.color'] = 'black' 

plt.hist(df_train[df_train.target==1].start_hour, bins=20, 

color='green', label='Alice', rwidth=1) 

plt.xticks(ticks=[i + 0.5 for i in 

np.linspace(7,22,17)],labels=['7','8' 

,'9','10','11','12','13','14','15','16','17', 

                   '18','19','20','21','22','23']) 

plt.xlabel('Hour', fontname='Times New Roman',fontsize=17) 

plt.ylabel('Number of sessions', fontname='Times New 

Roman',fontsize=17) 

plt.title("Alice's timetable", fontname='Times New 

Roman',fontsize=17) 

 

plt.savefig("Рис. 6_En.pdf", dpi=400, format="pdf") 

plt.show() 

 

 

# In[16]: 

 

plt.figure(figsize=(10,4.5))  

plt.rcParams['font.size'] = 17 

plt.rcParams['font.family'] = 'Times New Roman' 

plt.rcParams['text.color'] = 'black' 

plt.rcParams['text.color'] = 'black' 

plt.rcParams['axes.labelcolor'] = 'black' 

plt.rcParams['xtick.color'] = 'black' 

plt.rcParams['ytick.color'] = 'black' 

plt.hist(df_train[df_train.target==0].start_hour, bins=17, 

color='red', label='Alice', rwidth=0.8) 

plt.xticks(ticks=[i + 0.5 for i in 

np.linspace(7,22,17)],labels=['7','8' 

,'9','10','11','12','13','14','15','16','17', 
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                   '18','19','20','21','22','23']) 

plt.xlabel('Hour', fontname='Times New Roman',fontsize=17) 

plt.ylabel('Number of sessions', fontname='Times New 

Roman',fontsize=17) 

plt.title('Timetable for other users', fontname='Times New 

Roman',fontsize=17) 

 

plt.savefig("Рис. 7_En.pdf", dpi=400, format="pdf") 

plt.show() 

 

 

# In[17]: 

 

plt.figure(figsize=(10,6))  

plt.rcParams['font.size'] = 17 

plt.rcParams['font.family'] = 'Times New Roman' 

plt.rcParams['text.color'] = 'black' 

plt.rcParams['text.color'] = 'black' 

plt.rcParams['axes.labelcolor'] = 'black' 

plt.rcParams['xtick.color'] = 'black' 

plt.rcParams['ytick.color'] = 'black' 

plt.hist(np.log(df_train[df_train.target==1].session_len + 1), 

bins=30, color='green', label='Alice', rwidth=0.5) 

plt.xlabel('log(session_len)', fontname='Times New 

Roman',fontsize=17) 

plt.ylabel('Number of sessions', fontname='Times New 

Roman',fontsize=17) 

#plt.title('Розклад дня Еліс (за годину)', fontname='Times New 

Roman',fontsize=17) 

 

plt.savefig("Рис. 8_En.pdf", dpi=400, format="pdf") 

plt.show() 

 

 

# In[18]: 

 

plt.figure(figsize=(10,6))  

plt.rcParams['font.size'] = 17 

plt.rcParams['font.family'] = 'Times New Roman' 

plt.rcParams['text.color'] = 'black' 

plt.rcParams['text.color'] = 'black' 

plt.rcParams['axes.labelcolor'] = 'black' 

plt.rcParams['xtick.color'] = 'black' 

plt.rcParams['ytick.color'] = 'black' 

plt.hist(np.log(df_train[df_train.target==0].session_len + 1), 

bins=30, color='red', label='Alice', rwidth=0.5) 

plt.xlabel('log(session_len)', fontname='Times New 

Roman',fontsize=17) 

plt.ylabel('Number of sessions', fontname='Times New 

Roman',fontsize=17) 

#plt.title('Розклад дня Еліс (за годину)', fontname='Times New 

Roman',fontsize=17) 

 



71 

plt.savefig("Рис. 9_En.pdf", dpi=400, format="pdf") 

plt.show() 

 

 

# In[19]: 

 

def alice_sites(train_df): 

    for j in range(1,11): 

      if j == 1: 

        df = 

train_df[['session_id','site{i}'.format(i=j),'target']] 

        df.columns = ['session_id','site', 'target'] 

      if j<10: 

        df_2 = train_df[['session_id','site{i}'.format(i=j+1), 

'target']] 

        df_2.columns = ['session_id','site', 'target'] 

        df = pd.concat([df, df_2], ignore_index=True) 

    sites = df.groupby('site')['target'].mean() 

    return sites 

 

 

# In[20]: 

 

def time_treshold_save_zero(df, date='2014-03-01'): 

    df['day'] = df['session_strt'].dt.dayofyear 

    train_df = df[df.session_strt < date] 

    test_df = df[df.session_strt >= date] 

    return train_df, test_df 

 

def add_alice_sites(df, sites, alice_size = 0.06): 

    mask = sites[sites > alice_size].index 

    df['alice_site'] = 0 

    for col in [f"site{i}" for i in range(1,11)]: 

        alice_mask = df[col].isin(mask) 

        df.alice_site[alice_mask] = 1 

    return df 

 

 

# In[21]: 

 

def add_more_alice_sites(df, sites, a_s_2 = 0.3, a_s_3 = 0.01, 

a_s_4 = 0.5): 

    count = 1 

    for j in [a_s_2, a_s_3, a_s_4]: 

        count += 1 

        mask = sites[sites > j].index 

        df[f'alice_site_{count}'] = 0 

        for col in [f"site{i}" for i in range(1,11)]: 

            alice_mask = df[col].isin(mask) 

            df.loc[alice_mask, f'alice_site_{count}'] = 1 

    return df 
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# In[22]: 

 

train_df, test_df = time_treshold_save_zero(df_train) 

 

 

# In[23]: 

 

sites = alice_sites(train_df) 

 

 

# In[24]: 

 

train_df = add_alice_sites(train_df, sites, alice_size = 0.06) 

 

 

# In[25]: 

 

train_df = add_more_alice_sites(train_df, sites) 

 

 

# In[26]: 

 

work_df = train_df.groupby('day')['alice_site'].sum() 

work_df 

 

 

# In[27]: 

 

good_days = work_df[(work_df > 70) == True].index 

good_days 

 

 

# In[28]: 

 

bad_days = work_df[(work_df <= 70) == True].index 

bad_days 

 

 

# In[29]: 

 

df_train[df_train.target==1].start_hour.value_counts() 

 

 

# In[30]: 

 

df_train[(df_train.target==1) & (df_train.start_hour==11)] 

 

 

# In[31]: 

 

df_train[(df_train.target==1) & (df_train.start_hour==14)] 
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# In[32]: 

 

df_train[(df_train.target==1) & 

(df_train.start_hour==18)].sort_values('minute') 

 

 

# In[33]: 

 

def remove_days(df, border=70): 

     

    df = df.set_index('session_id') 

     

    work_df = df.groupby('day')['alice_site'].sum() 

    good_days = work_df[(work_df > border) == True].index 

    bad_days = work_df[(work_df <= border) == True].index 

    good_session_id = df[df.day.isin(good_days)].index 

    bad_session_id = df[df.day.isin(bad_days)].index 

     

    bad_hours_array = np.array([7,8,10,11,14,19,20,21,22,23]) 

    good_hours_array = np.array([12,13,16,17]) 

    good_hour_session_id = 

df[df.start_hour.isin(good_hours_array)].index 

    bad_hour_session_id = 

df[df.start_hour.isin(bad_hours_array)].index 

     

    rare_hours_array = np.array([9,18,15]) 

     

    nine_oclock_bad_minutes = np.arange(30,60) 

    fiften_oclock_bad_minutes = np.arange(20,50) 

    six_oclock_bad_minutes = np.arange(25,60) 

     

    nine_oclock_good_minutes = np.arange(0,30) 

    fifteen_oclock_good_minutes = np.append(np.arange(0,20), 

np.arange(50,60)) 

    six_oclock_good_minutes = np.arange(0,25) 

     

    bad_nine_oclock_session_id = df[(df.start_hour == 9) & 

(df.minute.isin(nine_oclock_bad_minutes))].index 

    bad_fifteen_oclock_session_id = df[(df.start_hour == 15) & 

(df.minute.isin(fiften_oclock_bad_minutes))].index 

    bad_six_oclock_session_id = df[(df.start_hour == 18) & 

(df.minute.isin(six_oclock_bad_minutes))].index 

     

    good_nine_oclock_session_id = df[(df.start_hour == 9) & 

(df.day.isin(good_days)) & 

(df.minute.isin(nine_oclock_good_minutes))].index 

    good_fifteen_oclock_session_id = df[(df.start_hour == 15) & 

(df.day.isin(good_days)) & 

(df.minute.isin(fifteen_oclock_good_minutes))].index 

    good_six_oclock_session_id = df[(df.start_hour == 18) & 

(df.day.isin(good_days)) & 

(df.minute.isin(six_oclock_good_minutes))].index 
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    good_session_id = np.intersect1d(good_session_id, 

good_hour_session_id) 

     

    good_minutes_session_id = 

np.concatenate((good_nine_oclock_session_id,  

                                              

good_fifteen_oclock_session_id, good_six_oclock_session_id), 

axis=None) 

     

    bad_minutes_session_id = 

np.concatenate((bad_nine_oclock_session_id, 

                                              

bad_fifteen_oclock_session_id, bad_six_oclock_session_id), 

axis=None) 

     

    good_session_id = np.unique(np.concatenate((good_session_id, 

good_minutes_session_id), axis=None)) 

     

    bad_session_id = np.unique(np.concatenate((bad_session_id, 

bad_hour_session_id), axis=None)) 

    bad_session_id = np.unique(np.concatenate((bad_session_id, 

bad_minutes_session_id), axis=None)) 

 

     

    df = df.drop('minute', axis=1) 

    df = df.loc[good_session_id] 

    df = df.reset_index() 

     

    return df, good_session_id, bad_session_id 

 

 

# In[34]: 

 

def get_dummies(train_df, more_features): 

    l1 = more_features 

    l2 = 

['number_of_sites','session_len','weekday','start_hour', 

'end_hour', 'time_index', 'session_id'] 

    col_names = l1 + l2 

    train_df = train_df[col_names] 

    train_df = train_df.set_index('session_id') 

    train_df = pd.get_dummies(train_df, 

columns=['weekday','start_hour', 'end_hour', 'number_of_sites'], 

                           drop_first=True) 

    train_df = train_df.dropna() 

    return train_df 

 

 

# In[35]: 

 

train_df_short, good_session_id_train, bad_session_id_train = 

remove_days(train_df, border=70) 

 



75 

test_df = add_alice_sites(test_df, sites, alice_size = 0.06) 

test_df = add_more_alice_sites(test_df, sites) 

 

test_df_short, good_session_id_test, bad_session_id_test = 

remove_days(test_df, border=70) 

 

 

# In[36]: 

 

more_features = ['alice_site', 'alice_site_2', 'alice_site_3', 

'alice_site_4', 'target'] 

 

 

train_df_short = get_dummies(train_df_short, more_features) 

test_df_short = get_dummies(test_df_short, more_features) 

 

 

# In[37]: 

 

train_df_short.head() 

 

 

# In[39]: 

 

X_train = train_df_short.drop('target', axis=1) 

X_train = X_train.drop(['start_hour_8', 

'end_hour_8','start_hour_10','end_hour_10','start_hour_11','end_

hour_11','start_hour_12','end_hour_12', 

                         

'start_hour_14','end_hour_14','start_hour_19','end_hour_19','sta

rt_hour_20','end_hour_20','start_hour_21','end_hour_21', 

                        

'start_hour_22','end_hour_22','start_hour_23','end_hour_23','tim

e_index', 'alice_site_4'], axis=1) 

 

y_train = train_df_short.target 

 

y_train_valid = train_df.target 

 

X_test = test_df_short.drop('target', axis=1) 

X_test = X_test.drop(['start_hour_8', 

'end_hour_8','start_hour_10','end_hour_10','start_hour_11','end_

hour_11','start_hour_12','end_hour_12', 

                         

'start_hour_14','end_hour_14','start_hour_19','end_hour_19','sta

rt_hour_20','end_hour_20','start_hour_21','end_hour_21', 

                        

'start_hour_22','end_hour_22','start_hour_23','end_hour_23','tim

e_index', 'alice_site_4'], axis=1) 

y_test = test_df.target 
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log = LogisticRegression(C=4, multi_class='ovr', penalty='l1', 

solver='liblinear', random_state=126) 

log.fit(X_train, y_train) 

 

# TEST PART 

# predict data with Alice (DataFrame with good_sessions_id) 

y_pred_prob_lg = log.predict_proba(X_test)[:,1] 

final_df_test_start = pd.DataFrame(y_pred_prob_lg, columns = 

['target'], index=good_session_id_test) 

 

# prepare data without Alice (DataFrame with bad_sessions_id 

filled by zeros) 

empty_result = np.zeros((len(bad_session_id_test),), dtype=int) 

empty_df = pd.DataFrame(empty_result, columns = ['target'], 

index=bad_session_id_test) 

 

# concat two DataFrames 

final_df_test = pd.concat([final_df_test_start, empty_df], 

axis=0) 

y_pred = np.array(final_df_test.sort_index().target) 

 

# plot the ROC Curve 

fpr, tpr, trhesholds = roc_curve(y_test, y_pred) 

plt.figure(figsize=(10,6))  

plt.rcParams['font.size'] = 14 

plt.rcParams['font.family'] = 'Times New Roman' 

plt.rcParams['text.color'] = 'black' 

plt.rcParams['text.color'] = 'black' 

plt.rcParams['axes.labelcolor'] = 'black' 

plt.rcParams['xtick.color'] = 'black' 

plt.rcParams['ytick.color'] = 'black' 

plt.plot([0, 1], [0, 1],'k--') 

plt.plot(fpr, tpr, label='Logistic regression') 

plt.xlabel('False-positive') 

plt.ylabel('Positive') 

#plt.title('Logistic Regression ROC Curve')Крива ROC логістичної 

регресії 

plt.legend(fontsize=14) 

 

 

 

# TRAIN PART 

# predict data with Alice (DataFrame with good_sessions_id) 

y_pred_prob_lg_train = log.predict_proba(X_train)[:,1] 

final_df_train_start = pd.DataFrame(y_pred_prob_lg_train, 

columns = ['target'], index=good_session_id_train) 

 

# prepare data without Alice (DataFrame with bad_sessions_id 

filled by zeros) 

empty_result = np.zeros((len(bad_session_id_train),), dtype=int) 

empty_df = pd.DataFrame(empty_result, columns = ['target'], 

index=bad_session_id_train) 
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# concat two DataFrames 

final_df_train = pd.concat([final_df_train_start, empty_df], 

axis=0) 

y_pred_train = np.array(final_df_train.sort_index().target) 

 

# plot the ROC Curve 

fpr, tpr, trhesholds = roc_curve(y_train_valid, y_pred_train) 

plt.plot([0, 1], [0, 1],'k--') 

plt.plot(fpr, tpr, label='Logistic regression (training)') 

plt.legend() 

 

plt.savefig("Рис. 10_En.pdf", dpi=400, format="pdf") 

plt.show() 

 

print(roc_auc_score(y_test, y_pred)) 

print(roc_auc_score(y_train_valid, y_pred_train)) 

 

 

# In[ ]: 

 

 


