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ДОДАТОК А

Графічний матеріал кваліфікаційної роботи
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ДОДАТОК Б

Вихідний код розроблених програмних засобів

Лістинг 1 – Загальний лістинг дослідження

import os
import pandas as pd
import numpy as np
import seaborn as sns

import matplotlib.pyplot as plt
import matplotlib.mlab as mlab
import matplotlib
from statsmodels.tsa.api import SimpleExpSmoothing

# Configure base plot params
matplotlib.rcParams['figure.figsize'] = (10, 5)
matplotlib.rcParams['axes.grid'] = False

# Download latest dataset
full_dataset =
pd.read_csv('https://covid.ourworldindata.org/data/owid-covid-
data.csv')

# Filter data by location
df = full_dataset.loc[full_dataset['location'] == 'Ukraine']

# Convert date from string to DateTime
df['date'] = pd.to_datetime(df['date'], format='%Y-%m-%d')

# Add base temperature & humidity info
wdf = pd.DataFrame([[1,-2.7,0.86],  [2,-0.5,0.83],

[3,4.3,0.74],   [4,9.7,0.64],
[5,15.2,0.68],  [6,19.9,0.68],
[7,21.6,0.68],  [8,21.2,0.64],
[9,16,0.68],    [10,9.2,0.76],
[11,3.8,0.84],  [12,0.3,0.87]],
columns=['month','temperature','humidity'])

# merge with main dataset
df = pd.merge(df.assign(grouper=df['date'].dt.month),
wdf.assign(grouper=wdf['month']), how='left', on='grouper')
df = df.drop(['grouper', 'month'], axis=1)

# smooth temperature & humidity info
WINDOW_SIZE = 40
df['temperature'] =
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df['temperature'].rolling(WINDOW_SIZE).mean()
df['humidity'] = df['humidity'].rolling(WINDOW_SIZE).mean()

# select target columns
df = df[['total_cases', 'total_tests', 'stringency_index',

'new_tests', 'new_cases',
'people_fully_vaccinated', 'population',
'date', 'temperature','humidity']]

# NEXT CELL
for col in df.columns:

null_records = df[col].isnull()
pct_missing = np.mean(null_records)
rounded_percent = round(pct_missing*100)
print('{} - {}%'.format(col, rounded_percent))

# NEXT CELL
matplotlib.rcParams['figure.figsize'] = (10, 6)

# show heatmap for empty values
sns.heatmap(df[df.columns].isnull(),
cmap=sns.color_palette(['#000099', '#ffff00']))
plt.xticks(rotation=45)
plt.show()

# NEXT CELL
plt.figure(figsize=(10, 5))
plt.plot(df['date'], df['total_tests'])
plt.legend()

# NEXT CELL
# fill None records by zero value
df['people_fully_vaccinated'] =
df['people_fully_vaccinated'].fillna(0)
df['stringency_index'] = df['stringency_index'].fillna(0)

# calculate 'vaccinated_percent'
df['vaccinated_percent'] =
df['people_fully_vaccinated']/df['population']*100

# total_tests interpolation
df['old_total_tests'] = df['total_tests']
interpolated =
df['total_tests'].interpolate(method='polynomial', order=2)
df['total_tests'].fillna(interpolated, inplace=True)

# show plot for 'total_tests' && 'old_total_tests'
plt.figure(figsize=(10, 5))
plt.plot(df['date'], df['total_tests'], color='red')
plt.plot(df['date'], df['old_total_tests'])
plt.legend()

# drop useless column
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df = df.drop(['old_total_tests'], axis=1)

# NEXT CELL
# recalculate 'new_tests'
df['new_tests'] = df['total_tests'].diff()
interpolated = df['new_tests'].interpolate(method='linear')
df['new_tests'].fillna(interpolated, inplace=True)

# smooth 'new_cases' & 'new_tests'
df['new_cases_smoothed'] = df['new_cases'].rolling(7).mean()
df['new_tests_smoothed'] = df['new_tests'].rolling(7).mean()

# show plot for 'new_cases_smoothed' & 'new_tests_smoothed'
plt.figure(figsize=(10, 5))
plt.plot(df['date'], df['new_cases_smoothed'], label='New Cases
Smoothed', color='black')
plt.plot(df['date'], df['new_tests_smoothed'], label='New Tests
Smoothed', color='blue')

# show plot for 'new_cases' & 'new_tests'
plt.plot(df['date'], df['new_cases'], label='New Cases',
color='red', alpha=0.7)
plt.plot(df['date'], df['new_tests'], label='New Tests',
color='green', alpha=0.7)
plt.legend()

# NEXT CELL
# move column values
df['new_cases'] = df['new_cases_smoothed'].round(0)
df['new_tests'] = df['new_tests_smoothed'].round(0)
df = df.drop(['new_cases_smoothed', 'new_tests_smoothed',
'total_cases', 'total_tests','people_fully_vaccinated',
'population' ], axis=1)

# drop rows with None values
df = df.dropna()

# plot option for float values
pd.set_option('display.float_format', lambda x: '%.2f' % x)

# show data statistics
df.describe()

# NEXT CELL
# show data correlation info
df.corr()

# NEXT CELL
# show correlation heatmap
sns.heatmap(df.corr(), annot = True, vmin=-1, vmax=1, center= 0,
cmap= 'coolwarm', linewidths=3, linecolor='black')

#NEXT CELL
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import tensorflow as tf

from keras.callbacks import EarlyStopping, Callback
from keras.models import Sequential
from keras.layers import LSTM, Dense, Flatten, ConvLSTM2D,
Dropout, Bidirectional
from keras.layers import RNN, Input, Conv1D, MaxPooling1D,
SimpleRNN
from tensorflow.keras.optimizers import SGD

# try import external lib for TCN network
try:
from tcn import TCN

except:
!pip install keras-tcn --no-dependencies
from tcn import TCN

# NEXT CELL
def split_frame(frame, history_size, horizon_size,
result_labels):
input = []
output = []

for i in range(history_size, len(frame)-horizon_size+1):
temp = frame[i-history_size:i]
data = temp
input.append(data)

temp = frame[i:i+horizon_size]
data = temp[result_labels]
output.append(data.to_numpy())

return np.array(input), np.array(output)

# convert date to index
df.index = df['date']

# drop date column
df = df.drop(['date'], axis=1)

# split dataframe to train & validation frames
TRAIN_SPLIT = int(len(df)*0.6)
train_frame = df[TRAIN_SPLIT:]
validation_frame = df[:TRAIN_SPLIT]

# normalize columns
df['stringency_index'] = df['stringency_index']/100
df['vaccinated_percent'] = df['vaccinated_percent']/100
df['temperature'] = (df['temperature']+36)/72
nc_mean, nc_std = train_frame['new_cases'].mean(),
train_frame['new_cases'].std()
df['new_cases'] = (df['new_cases']-nc_mean)/nc_std
nt_mean, nt_std = train_frame['new_tests'].mean(),
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train_frame['new_tests'].std()
df['new_tests'] = (df['new_tests']-nt_mean)/nt_std

# NEXT CELL
history_size = 60
prediction_horizon = 20
target_labels = ['new_cases']
features_size = len(df.columns)

# NEXT CELL
class NNData(object):
def __init__(self, train_frame, validation_frame):
self.train_frame = train_frame
self.validation_frame = validation_frame

def prepare_slices(self, history_size, prediction_horizon,
target_labels):

x_train_data, y_train_data = split_frame(
train_frame, history_size,
prediction_horizon, target_labels

)
x_val_data, y_val_data = split_frame(

validation_frame, history_size,
prediction_horizon, target_labels

)
self.train_tuple = (x_train_data, y_train_data)
self.validation_tuple = (x_val_data, y_val_data)

# NEXT CELL
class NNTestBench(object):
name = None
def __init__(self):
self.fitlog = None
self.model = None

def configure_model(self, params):
pass

def set_optimizer(self, optimizer, loss='mse'):
self.model.compile(optimizer=optimizer, loss=loss)

def fit(self, epochs, batch_size, nndata):
self.fitlog = self.model.fit(

nndata.train_tuple[0],
nndata.train_tuple[1],
epochs=epochs,
batch_size=batch_size,
validation_data=nndata.validation_tuple)

class LSTMBench(NNTestBench):
name="LSTM"

def configure_model(self, params, custom_layers = None):
self.model = Sequential()
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# for nonstandard models
if custom_layers is not None:
for layer in custom_layers:
self.model.add(layer)
return

self.model.add(LSTM(
units=params['units'],
input_shape=params['shape'],
activation=params['activation']))

self.model.add(Dropout(rate=params['dropout']))
self.model.add(Dense(params['prediction_horizon']))

class RNNBench(NNTestBench):
name="RNN"

def configure_model(self, params, custom_layers = None):
self.model = Sequential()

# for nonstandard models
if custom_layers is not None:
for layer in custom_layers:
self.model.add(layer)
return

self.model.add(SimpleRNN(units=params['units'],
input_shape=params['shape'],
activation=params['activation']))

self.model.add(Dropout(rate=params['dropout']))
self.model.add(Dense(params['prediction_horizon']))

class TCNBench(NNTestBench):
name="TCN"

def configure_model(self, params, custom_layers = None):
self.model = Sequential()

# for nonstandard models
if custom_layers is not None:
for layer in custom_layers:
self.model.add(layer)
return

self.model.add(TCN(
nb_filters=params['filters'],
kernel_size=params['kernel_size'],
dilations=params['dilations'],
dropout_rate=params['dropout'],
input_shape=params['shape'],
activation=params['activation']))

self.model.add(Dense(params['prediction_horizon']))
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class CNNBench(NNTestBench):
name="CNN"

def configure_model(self, params, custom_layers = None):
self.model = Sequential()

# for nonstandard models
if custom_layers is not None:
for layer in custom_layers:
self.model.add(layer)
return

self.model.add(Conv1D(filters=params['filters'],
kernel_size=params['kernel_size'],
strides=params['stride'],
activation=params['activation'],
input_shape=params['shape']))

self.model.add(MaxPooling1D(pool_size=params['pool_size']))
self.model.add(Flatten())
self.model.add(Dense(params['prediction_horizon']))

# NEXT CELL
# init data container
nndata = NNData(train_frame, validation_frame)
nndata.prepare_slices(history_size, prediction_horizon,
target_labels)

# load SGD optimizer
optimizer = SGD(learning_rate=0.1, clipnorm=1.0, momentum=0.9)

# NEXT CELL
lstmbench = LSTMBench()
lstmbench.configure_model({

'units': 16,
'shape': nndata.train_tuple[0].shape[-2:],
'activation': 'tanh',
'dropout': 0.4,
'prediction_horizon': prediction_horizon

})
lstmbench.set_optimizer(optimizer)
lstmbench.fit(epochs=25, batch_size=10, nndata=nndata)

# NEXT CELL
rnnbench = RNNBench()
rnnbench.configure_model({

'units': 128,
'shape': nndata.train_tuple[0].shape[-2:],
'activation': 'tanh',
'dropout': 0.4,
'prediction_horizon': prediction_horizon

})
rnnbench.set_optimizer(optimizer)
rnnbench.fit(epochs=25, batch_size=10, nndata=nndata)
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# NEXT CELL
tcnbench = TCNBench()
tcnbench.configure_model({

'filters': 64,
'kernel_size': 3,
'dilations': (1,4,16,64),
'shape': nndata.train_tuple[0].shape[-2:],
'activation': 'relu',
'dropout': 0.3,
'prediction_horizon': prediction_horizon

})
tcnbench.set_optimizer(optimizer)
tcnbench.fit(epochs=25, batch_size=10, nndata=nndata)

# NEXT CELL
cnnbench = CNNBench()
cnnbench.configure_model({

'filters': 256,
'kernel_size': 2,
'stride': 1,
'shape': nndata.train_tuple[0].shape[-2:],
'activation': 'relu',
'dropout': 0.3,
'prediction_horizon': prediction_horizon,
'pool_size': 5

})
cnnbench.set_optimizer(optimizer)
cnnbench.fit(epochs=25, batch_size=10, nndata=nndata)

# NEXT CELL
dates = df[-(history_size+prediction_horizon):].index
real_data = df[-
(history_size+prediction_horizon):]['new_cases']*nc_std +
nc_mean
history_data = df[-(history_size+prediction_horizon):-
prediction_horizon]
dates_for_predicted_values = df[-
prediction_horizon:].index.to_numpy()

plt.figure(figsize=(10, 5))
plt.plot(dates, real_data, label='Real Data')

reshaped_history_data =
history_data.to_numpy().reshape((1,history_size,features_size))
for bench in [lstmbench, rnnbench, tcnbench, cnnbench]:
predicted = bench.model.predict(reshaped_history_data)*nc_std

+ nc_mean
plt.plot(dates_for_predicted_values, predicted[0],

label=f'{bench.name} Prediction')
plt.legend()

# NEXT CELL



83

frame_slice = validation_frame[:-40]

dates = frame_slice[-(history_size+prediction_horizon):].index
real_data = frame_slice[-
(history_size+prediction_horizon):]['new_cases']*nc_std +
nc_mean
history_data = frame_slice[-(history_size+prediction_horizon):-
prediction_horizon]
dates_for_predicted_values = frame_slice[-
prediction_horizon:].index.to_numpy()

plt.figure(figsize=(10, 5))
plt.plot(dates, real_data, label='Real Data')

reshaped_history_data =
history_data.to_numpy().reshape((1,history_size,features_size))
for bench in [lstmbench, rnnbench, tcnbench, cnnbench]:
predicted = bench.model.predict(reshaped_history_data)*nc_std

+ nc_mean
plt.plot(dates_for_predicted_values, predicted[0],

label=f'{bench.name} Prediction')
plt.legend()

# NOTEBOOK END
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ДОДАТОК В

Результати тестування

Таблиця 1 – Результати тестування впливу гіперпараметрів на нейронні

мережі LSTM та RNN

Мережа Filters/Units Dropout Activation MSE Час навчання

LSTM 16 0,4 tanh 0,405 18

LSTM 32 0,4 tanh 0,4397 18

LSTM 64 0,8 tanh 0,4037 23

LSTM 128 0,4 tanh 0,5023 35

LSTM 64, 32 0,4; 0,4 tanh 0,5131 36

LSTM 8 0,4 tanh 0,3176 18

LSTM 4 0,4 tanh 0,4113 18

LSTM 2 0,4 tanh 0,6467 18

RNN 64 0,4 tanh 0,2293 8

RNN 64 0,4 relu 0,1453 9

RNN 16 0,4 tanh 0,4354 8

RNN 4 0,4 tanh 0,5323 8

RNN 128 0,4 tanh 0,1103 12

RNN 128 0,8 tanh 0,5831 12

Таблиця 2 – Результати тестування впливу гіперпараметрів на нейронні

мережі TCN та CNN

Мережа Filters/Units KernelSize Stride Dilations MSE Час навчання

CNN 64 2 1 - 0,4054 8

CNN 32 2 1 - 0,5635 6

CNN 16 2 1 - 0,7952 3

CNN 128 2 1 - 0,3702 12

CNN 64 5 1 - 0,9928 4

CNN 64 2 2 - 0,4623 4
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Продовження таблиці 2 – Результати тестування впливу гіперпараметрів на

нейронні мережі TCN та CNN

CNN 64 2 3 - 0,4871 4

TCN 64 3 1 1,2,4,8,16,32 0,2056 26

TCN 32 3 1 1,2,4,8,16,32 0,5641 24

TCN 128 3 1 1,2,4,8,16,32 0,1783 67

TCN 64 5 1 1,2,4,8,16,32 0,1825 33

TCN 64 2 1 1,2,4,8,16,32 0,2923 24

TCN 64 3 1 1,2,4,8 0,3564 16

TCN 64 3 1 1,4,16,64 0,109 30

Таблиця 3 – Вплив глобальних гіперпараметрів на нейронні мережі

Мережа Batch History Horizon MSE Час навчання

LSTM 10 60 20 0,4154 15

RNN 10 60 20 0,3908 8

TCN 10 60 20 0,2011 24

CNN 10 60 20 0,4002 3

LSTM 5 60 20 0,6203 30

RNN 5 60 20 0,5103 15

TCN 5 60 20 0,3341 30

CNN 5 60 20 0,6134 5

LSTM 1 60 20 0,9313 75

RNN 1 60 20 0,7842 54

TCN 1 60 20 0,4345 53

CNN 1 60 20 0,8011 14

LSTM 10 30 10 0,0983 12

RNN 10 30 10 0,2057 7

TCN 10 30 10 0,0921 22
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Продовження таблиці 3 – Вплив глобальних гіперпараметрів на нейронні

мережі

CNN 10 30 10 0,2291 4

LSTM 5 30 10 0,1192 21

RNN 5 30 10 0,4179 21

TCN 5 30 10 0,139 44

CNN 5 30 10 0,2985 7

LSTM 1 30 10 0,1241 83

RNN 1 30 10 0,6813 41

TCN 1 30 10 0,7313 51

CNN 1 30 10 0,6954 20

LSTM 10 15 5 0,0423 12

RNN 10 15 5 0,1512 6

TCN 10 15 5 0,1174 19

CNN 10 15 5 0,1103 3

LSTM 5 15 5 0,0753 22

RNN 5 15 5 0,6073 11

TCN 5 15 5 0,2068 23

CNN 5 15 5 0,1385 10

LSTM 1 15 5 0,0531 42

RNN 1 15 5 0,8922 33

TCN 1 15 5 0,4315 54

CNN 1 15 5 0,2315 20


