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° # check for missing values
full_data.isnull().sum()

> hotel
is_canceled
lead_time
arrival_date_year
arrival_date_month
arrival_date_week_number
arrival_date_day_of_month
stays_in_weekend_nights
stays_in_week_nights
adults
children
babies
meal
country 48
market_segment
distribution_channel
is_repeated_guest
previous_cancellations
previous_bookings_not_canceled
reserved_room_type
assigned_room_type
booking_changes
deposit_type
agent
company 112593
days_in_waiting_list
customer_type
adr
required_car_parking_spaces
total_of_special_requests
reservation_status
reservation_status_date
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nan_replacements = {“children:”: 0.0, country”: “Unknown”, “agent”: “Unknown”, “company”: “Unknown”}
full_data_cln = full_data.fillna(nan_replacements)

(4) ¥
d *> adr fr lead_time & FHMF - hEAHE b FHRF EHE 7 0 R
BoB - o S LR B S o Flet R RRERE L g L BB G
zscore (7538 5 K- gt A AR E -

df['adr’] = =zscore(df[ adr’ ])
df[’ lead time’] = =zscore(df[ lead time’])
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df =

le =

df[ hotel’]

df[’ arrival date month’] =

pd. get_dummies (df,

columns =

“right_room”,

[“required_car parking spaces”,

“far _in_advance”,

"recent_booking”,
“changed_booking”,

“previous_cancel”,
“special_requests”,

"arrival date year”,

“meal”,

"market_segment”,
“distribution_channel”,

“deposit_type”,
“customer_type”,

“reserved_room_type”,
"assigned_room_type”])

LabelEncoder ()
df [’ country’ ]

= le. fit_transform(df[’ country ])
= le.fit_transform(df[ hotel’])

"April’ :4, May’
" October’ :10,

"March’ :3,
" September’ :9,

(6) H¥HkEEP
#d pandas 22 <0 corr() e > AP ELE L 28 is_canceled” B~ i
SR B FIRT LG AN R D0 F]pt A @2 is_canceled” B i A

i ift # ”servation_status_date” ,”reservation_status”,

© cancel_corr =

data _corr =

df [’ arrival date month’].map({ January’ :1,
:5, ' June' :6,
" November’ :11,

'February : 2,

"July' :7,” August’ :8,

"December’ :12})

full_data.corr()["is_canceled"]

cancel_corr.abs().sort_values(ascending=False) [1:]

lead_time
total_of_special_requests
required_car_parking_spaces
booking_changes
previous_cancellations
is_repeated_guest

agent

adults
previous_bookings_not_canceled
days_in_waiting_list

adr

babies

stays_in_week_nights
company

arrival_date_year
arrival_date_week_number
arrival_date_day_of_month
children
stays_in_weekend_nights

0.293123
0.234658
0.195498
0.144381
0.110133
0.084793
0.083114
0.060017
0.057358
0.054186
0.047557
0.032491
0.024765
0.020642
0.016660
0.008148
0.006130
0.005048
0.001791

data corr. drop ([’ reservation status’, reservation status date’ ],

reserved_room_type”#1 ",ﬁf °

axis=1)



2. WAEH
(1) Machine Learning Model
AR Y R L E 2R §F A e A 4 Machine Learning
Model % 4 7 2% ene ol > gt o fd 4] 4 W) 5 DecisionTree ~ RandomForest ~
LogisticRegression ~ XGBoost » & 12 gt i¥ 5 4 2k o
# define models to test:
base_models = [("DT_model", DecisionTreeClassifier(random_state=42)),
("RF_model", RandomForestClassifier(random_state=42,n_jobs=-1)),

("LR_model", LogisticRegression(random_state=42,n_jobs=-1)),
("XGB_model", XGBClassifier(random_state=42, n_jobs=-1))]

DecisionTree | RandomForest | LogisticRegression | XGBoost

accuracy
score

0.8246 0.8664 0.7937 0.8165

e

PR Ge EEA S REE o d BT g A B S A
RandomForest - 2 #zx & % 0.8664 -

Y

(2) Deep Learning Model
i * = f Machine Learning Model ~ 47 » 2 P F | * & f& Deep
Learning Model #§ i&— # a2 > ¢ & 8153 4 =] £_Neural Network
(NN) ~ Multi-layer Perceptron (MLP) -

B Neural Network + (NN+)

NN+H#-3] s & 24 5 - ﬁi%l » R (relu) ~ — "2 & & (relu) 2 - ﬁi;—l IR
(sigmoid) > 2 i p 7 & 4 » 7 - k& dropout(alpha = 0.25) 12 & vg 384 Fofd o

SR EA S S S

e %- K& 5500 M&e % - &5 100 B o g

e  gradient descent optimizer = ‘adam’

* loss function = ‘binary_crossentropy’

e i#{7- =X 50 i# epochs 72" )

Dropout
Sequential

keras. lavers
keras. models
Dense

2 keras. layers
model=Sequential ()
model. add (Dense (500, input_dim=11, activation= relu'))

model. add (Dropout (0. 23) )

model. add (Dense (100, activation="relu’))

model. add (Dense (1, activation=" sigmoid’))

model. compile (loss= binary_crossentropy’, optimizer='adam’,metrics=[" accuracy’])
model. fit(X_train, y_train, epochs=530, batch_size=35,validation_data=(X_test, y_test)



2612/2612 [==================SS=SSSSSSSssS ] - 5s 2ms/step - loss: 0.4224 - accuracy: 0. 8041
1120/1120 [ ==== ] — 25 2ms/step — loss: 0.4282 — accuracy: 0.8011
Train accuracy:0. 804

Test accuracy:0.801

B Multi-layer Perceptron (M LP)
MLP % - faw o @ yR8pa G rs J1* @ @ Lo 3 f%";‘ g3 e
:;@1.‘@&%{;_.@;} L \xz$@ 51 1R > 5 DNN eh— fa4F ] o 24 i #
sklearn EEP AMLP 25 E o AKEF ¢ i B R ERRD A -
TR T2 AR GG
*  hidden_layer_sizes= ( X.shape[1])
e activation=‘relu’
e solver= ‘adam’
*  batch size= ‘auto’
* learning_rate= ‘constant’
e learning_rate_init=0.001
*  max_iter=200
* random_state=0

1 from sklearn.neural network import MLPClassifier
2mlp = MLPClassifier(hidden laver sizes=(X.shape[l]),
3 activation= relu’,

4 solver="adam’, batch size=" auto’,

5 learning rate= constant’,

6 learning rate init=0. 001,

7T max_iter=200,

8 random_state=0)

9

10 # mlp. summary ()

1 mlp. fit (X train, y_train)
2 print ("Train accuracy of MLP:{:.3f}”. format (mlp. score(X train, y train)))
3 print ("Test accuracy of MLP:{:.3f}”. format (mlp. score (X_test,y test)))

Train accuracy of MLP:0. 824
Test accuracy of MLP:0. 319

1 from sklearn.metrics import fl score
2 predict = mlp. predict (X test)
3 print (f1_score(predict, v test))

0. T230880908663905
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RandomForest NN+ MLP
gV R Machine Learning Deep Learning Deep Learning
b sklearn keras sklearn
AEIZR o g 5
BEER - i i
iH'EIi 86.64% 80.1% 81.9%
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pandas.decribe() i #icrt 2 BLEB £ 4r g HRCE B R EBREFR AT
FRF O EN TP > 2 ADR- Dlstrlbutlon Channel ~ Room Type ~

Deposit Type » 12 F 2 78 44 4- 4433 0t 4 fic (B 22 SUAR S 15 R B
is_canceled lead_time arrival_date_year arrival_date_week_number arrival_date_day_of_month
count 119390.000000 119380.000000 119390.000000 119390.000000 119390.000000
mean 0.370416 104.011416 2016.156554 27.165173 15.798241
std 0.482918 106.863097 0.707476 13.605138 8.780829
min 0.000000 0.000000 2015.000000 1.000000 1.000000
25% 0.000000 18.000000 2016.000000 16.000000 8.000000
50% 0.000000 69.000000 2016.000000 28.000000 16.000000
75% 1.000000 160.000000 2017.000000 38.000000 23.000000
max 1.000000 737.000000 2017.000000 53.000000 31.000000



m  ADR
& ADR e384 » AP RFME A 5 A 300p - ¥ FIADR 3 5 p T3
S EH T ARG e Flt A0 0 o 2 300 AL

s ADR Distribution
5000
50000
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L ]|
o 5 -
1 0 100 200 300 400 500 600
ADR ADR
data = dataldata.adr >=0 ]
data = dataldata.adr <= 300]

B Distribution Channel
. Distribution Channel 3384 » ViR 2 5 -5 384 T4 L Undefined fr
GDS » F]pt A i S ﬁﬁﬁjﬁﬂffﬁiw‘ﬁ% o
100000
80000
60000

40000

20000

U H -

= v o o W
L — LT}
§f § =& 5 °
B °
8 c
s |
data = datal(datal’ distribution channel’] == 'TA/TO’) |
(datal’ distribution channel’] == ’Direct’) |
(data[’ distribution channel’] == ’Corporate’)]



B Deposit Type
% Deposit Type 3384 » 24 48 3. Non Refund #f %] shF 2 168 -5 #ic > F]
A B T

100000
80000
60000
40000
20000
0

= wu =

S 5 5

(=1 () —

u L= Q

(] c e

o = c

2 U S

data = datal[data.deposit type != 'Non Refund ]

2. FHELN
i z¢ 3 Booking Changes ~ Parking Space ~ Special Request ~ Previous Cancel
e BRG] OFRY 2 0 A 5 0 FALLEN T EFTAES o FR ARG T R
Tr BAEGEER S binary A i > AniT it AE{R - AERE R F R
ARG R G AEI N e BKER o ¥ b b Leadtime %] 0 AP0 25
Ao 75 B A RGO T A BEE TR LRI RSB
binary #g %] o
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B Booking Changes

20 8 Booking Changes Distribution
® 100000
0
o
15 4 80000
o
o
10 g 60000
o
o
g 40000
5 o
o
g 20000
o
0 —t— , I
1 0 1 2 3 4 5
Booking Changes Booking Changes Request
data[’ changed booking’] = pd.Series([0 if x == 0 else 1 for x in data[ booking changes’]])
data[’ changed booking’'] = pd.Categorical(datal changed booking’ 1)
B Parking Space
Parking Space Distribution
8 o
7 100000
6
80000
5
4 60000
|
40000
2
1 o 20000
0 .
o I
1 0 1 2 3 4 5
Parking Space Parking Space

data[’ required_car parking spaces’] = pd.Series([0 if x == 0 else 1 for x in datal required car parkine spaces’ ]])
datal’ required_car_parking_spaces'] = pd Categorical(data[’ required_car_parking spaces'])

B Special Request

5 o Special Request Distribution

70000
4 o
60000
3 o 50000
40000
2
30000
1 [ 20000
10000
0 -
I
0 1 2 3 4

1 0

Special Request Special Request

data[ special_requests’] = pd.Series([0 if x = 0 else 1 for x in datal total_of_special_requests’ ]])
datal special_requests’'] = pd.Categorical(data[ special requests’])
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B Previous Cancel

- g Previous Cancel Distribution
[e] 100000
40 [+]
80000
15 g
60000
10 8
40000
s 8
8 20000
. -]
0 L
1 0 1 2 3 4 5
Previous Cancel Previous Cancel
datal previous_cancel’] = pd.Series([0 if x == 0 else 1 for x in data[ previous_cancellations’ ]])
datal previous_cancel’] = pd.Categorical (data[ previous_cancel’])

B Leadtime

#lead time distribution

bins_list=[-50, 0, 50, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650,
n, bins, patches=plt.hist(full data_cln.lead time, bins=bins_list, color = ' lightcoral’)
print (n)
print (bins)
for p 1in patches:
print (p)
plt. title("Lead Time Distribution’)
plt.xlim((0, 700))
plt.xlabel ( Lead Time’)
plt. show()

#lead time boxplot

plt. boxplot (full data cln. lead time)
plt. xlabel (Lead Time')
plt. show()

700 8 Lead Time Distribution
50000
600
500 40000
400
30000
300
200 20000
" IIII
10000 I
° |
. r | NI
. o 100 200 300 400 S00 600 Joo
Lead Time Lead Time
datal’ far_in advance’'] = pd.Categorical (np.where(datal lead time’] >= 180, 1, 0))

pd. Categorical (np. where(datal lead_time’] <= 16, 1, 0))

data[ recent_booking ]

12

700]



A
1. Neural Network +(NN+)

dense 500.relu dense 500.relu dense 500.relu
dropout 0.25 dropout 0.25 dropout 025
dense 100.tanh dense 300,tanh dense 100.relu
dropout 02 dropout 02 dropout 0.2
dense 1.softmax dense 1.softmax dense 1.softmax
loss_function ' mean L_squared_error loss function | mean squared error loss_function ‘ mean_squared_error
optimizer ‘ sed . optimizer I sgd . optimizer ‘ sed
epochs constant epochs constant epochs constant
batch_size constant batch_size constant batch_size constant
l train_accuracy ‘ 0.63 . train_accuracy . 0.63 train_accuracy ‘ 0.63
._ test_accuracy - 0.628 test_accuracy . 0.628 test_accuracy 0.628
dense 500.relu dense 500.relu dense 500.relu
dropout 0.25 dropout 0.25 dropout 0.25
dense 100.relu dense 100.relu dense 100.relu
dropout 0.2 dropout 0.2 dropout 0.2
dense 1.sigmoid dense 1.sigmoid dense 1.sigmoid
loss_function = mean_squared eror loss_function | binary_crossentropy loss_function | binary_crossentropy |
optimizer sgd - optimizer | sgd . optimizer I
epochs constant epochs constant epochs constant
batch_size constant batch_size constant batch_size constant
train_accuracy A 0.63 train_accuracy 7 0.63 train_accuracy 7 0.869
l test accuracy 0.628 ‘ test_accuracy ‘ 0.628 test_accuracy 0.862

= NN+

0P %?—w:% Bor iR B

/// %I

R

%ifi¥l4ilﬁi-3' (R

EEES G
0.628 >

- k- optimizer f€_sgd 3 % % adam -

HNN+

from

AP A AR S R bl s

- k& dense ~
T'L& F %%g% ° %1
AR B 1

o A AL 5

= % dense 12 2 loss_function

TR

from
from
model=
model.
model.
model.
model.
model.
model.

model.

keras. lavers
keras. models
keras. layvers
Sequential ()

add (Dense (500,
add (Dropout (0. 2
add (Dense (100,
add (Dropout (0.

import Dropout

import Sequential
import Dense
input_dim=X. shape[1], activation="relu’))
5))

activation="relu’))

2))

add (Dense (1, activation=" sigmoid'))

compile (loss="

fit(X train, v

L o

binary_crossentropy

train, epochs=50, batch_size=35, validation_data=(X_test

S Bcis o A
I 0.862 -

,optimizer=" adam’ ,metrics=[ accuracy ])

v_test))

FE

2480/2480
1063/1063

nTrain

nTest accuracy

1 — 3s Ims/step — loss:

1 - 1s Ilms/step — loss:

accuracy
:0. 862

:0. 869

0. 2808 — accuracy:
0. 3031 - accuracy:

0. 8690
0.8618
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Model: “sequential_2”

Layer (type) Output Shape Param &
dense_6 (Dense) (None, 500) 32500
dropout_4 (Dropout) (None, 500) 0
dense_T7 (Dense) (None, 100) 50100
dropout_5 (Dropout) (None, 100) 0
dense_8 (Dense) (None, 1) 101
Total params: 82, 701

Trainable params: 82, 701

Non—trainable params: 0

2. Multi-layer Perceptron (MLP)

' 2

A
L

4

|

hi il

hidden_layer size X.shape[1] hidden_layer_size X shape[1] hidden_layer_size X.shape[1]
activation relu activation relu o
activation tanh
solver adam solver sgd
solver adam
batch size auto batch_size auto .
batch_size auto
learning rate constant learning_rate constant 1 .
oy learning_rate constant
learning_rate_init 0.001 learning_rate_init 0.001 learning_rate_init 0.001
max_iter 200 max_iter 200 max iter 200
train_accuracy 0.875 train_accuracy 0.836 train_accuracy 0.879
test_accuracy 0.865 test_accuracy 0.836 test_accuracy 0.862
F1_score 0.8098 Fl_score 0.7663 F1_score 0.8164
hidden_layer size X.shape[1] hidden_layer_size X.shape[1] hidden_layer size | X.shape[1],40
activation logistic activation logistic activation logistic
solver adam solver adam solver adam
batch size auto batch_size auto batch_size auto
learning_rate constant learning_rate constant learning_rate constant
learning_rate_init 0.001 learning rate init 0.001 learning_rate_init 0.001
max_iter 200 max_iter 1000 max_iter 1000
train_accuracy 0.885 train_accuracy 0.888 train_accuracy 0.892
test_accuracy 0.868 test_accuracy 0.87 test_accuracy 0.873
F1_score 0.821 Fl_score 0.8219 Fl_score 0.8233
+ 3 N\ J--" EAy 2y >
D‘—MLP AP > A sklearn £ 2 ¢ O MLP £ g Benddic EEI F

F] J}L’;\'IFB

i

0.862 -

&R B B
R 4-solver

wELEY
I 0.868 » & F A ik ¥ max_iter
hidden_layer_sizes :z 5 & 4

v

14

N S i S
j€_adam 34 & % sgd> H

LA

H %y % 7% 0.865 T "3 3 0.836°
L 3% i - solver :xw adam T #- activation j€_relu = 3 tanh » % &5z % j%_0.836
=& #- activation j&_tanh = 5 logistic »
1000 » # gz 4x 3
Ry AT 0873

ST ENEE
0.87 -

s



1 from sklearn.neural network import MLPClassifier
2mlp = MLPClassifier(hidden laver sizes=(X.shape[l], 40),
3 activation= logistic’,

4 solver= adam’, batch_size="auto’,

5 learning rate= constant’

6 learning rate init=0. 001,

7 max_iter=1000,

8 random_state=0)

9

l mlp. fit (X train, v _train)

2 print (“"Train accuracy of MLP: {:.3f}”. format (mlp. score (X_train, y_train)))

3 print ("Test accuracy of MLP: {:.3f}”. format (mlp. score(X_test,y _test)))
Train accuracy of MLP:0. 892

Test accuracy of MLP:0. 873

1 from sklearn.metrics import fl score
2 predict = mlp. predict (X test)
3 print (f1_score(predict, v _test))

0. 8233314177817914

3. AR
EITALIR 1S o A WA S 48 Deep Learning Model s 4-dc > 1 ¥ 7 #7
P o€ By o4 o T &SR A PIFRDERS

fuy:
3
!
=
Q?ﬁ
o
e

7ok s imal
Y Training Process i: };; ;Tbl Ol\zt)deT Improvement
e activation
e optimizer
NN+ | » loss_function 0.801 0.862 0.862 +6.1%
e epochs
e batch_size
e activation
e solver
MLP _ 0.819 0.865 0.873 +5.4%
*  max_iter
* hidden_layer_sizes
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Average number of hotel guests per month

hotel
= City hotel
~— Resort hotel

1800

1400
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