NOJATOK A

["pahiuHMin MaTepian KBanigikaliinHoi poboTu
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XapKiBCbKMI HaLLIOHaNbHWI YHIBEPCUTET PaioeNeKTPOHIKN

Kadenpa EOM

MeToA4 NPOrHO3yBaHHA Kypcy BantoT
33 AOMNOMOTOK HEMPOHHOT MepeXi

KBanidikauinHa poboTa
Opyrui(marictpcbkuii) piBeHb

ABTOp: KepiBHUK:
KopsriHa .0 Mpod. Kyuyk H.T.
ctyg,. rp. CMm-2

MeTa i 3aga4i poboTu

* MeTa: onucatv MeTof NPorHo3yBaHHA KYpPCy BantoT 3a 0NOMOro HeMpoHHOI
MEPEXI
* 334avi:
* AHani3 OCHOBHWX IHCTPYMEHTIB
* Onwmc cyyacHoro 6a3oBoro Nigxoay NPOrHO3yBaHHA KypCis BaNtOT
* CTBOPEHHA HEMPOHHWUX MEepeX
* CtBopeHHA aHcambto HEMPOHHUX MEPEK
* AHanis To4HoCTI
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Kypc BantoT

* QYHKUIT :

« da

MNogonaHHA ekoHOMIYHOT 0BMeeHoCTi
MNopisHAHHA BapPTICHUX NOKA3HMKIB

Peanisauifa iHTepHaLioHansHOI BapTOCTi TOBapY
MixHapogHa Topriena

KTOpM:
TEMNK 3POCTAHHA NPOAYKTUBHOCTI Npauj, Temnu 3poctanHa BHI kpaiku, micue i pone
KpaiHu y cBiTOBIN TOprisni;

Temn iHdunAuil;

Pi3HMUA BiACOTKOBMX CTABOK Y DI3HUX KpaiHax;

BUKOPWUCTAHHA BaNOTH ¥ MiXHapOAHMWX BiAHOCUHAX;

Mipa JoBipW 40 BANKOTW H3 HAUIOHANBHOMY | CBITOBOMY PUHKAX;

CTaH nnaTiHoro BanaHcy;

W £
s £
20 H
. 2
15
10
10
5 4
5
02.09 1998.10 2007 .09 208410 200F 09 2017 08 2016.05 2020 DL.01 19930.12 200B6.01 20021.12 20105 11 20120 11 2018
Date Date

Oonap CLUA Eepo
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PeKkypeHTHI HEMPOHHI Mepei

]-STM (JRU Tpoisaicaann Gani, ¥y
+ Bunpasnae npobaemy 3HWKAOHOro rpadieHTa

Buxigni gani Heq
# IHANOAMTE CHAAAHI KOPEAALTY YaCoBWX PAAAX

Esvazeo g, Hy

- PecypcoemHi
Miporsciakani died, ¥,
CraH ks, g . CTRH RS, ‘
: I : ___I_ Erigpn g, ¥y
"'I"‘ + Bunpasnse npobnemy sHUKaKYoro rpanicHTa
Fi rl” x + Bpaxosye cesoHHi Kopenauil
(o] L] [ma]: ![a] l + 30i6HI ONpauboBYBATH YACOBI DALM 3 BENUKKM
. ] ] ] T pIBHEM LWyMYy
- PecypcoemHi

Bl gand,

AHcambNi HEMPOHHUX
MepeK

* MeTa BUKOPUCTAHHA —

—— e —— NiABULLEHHA ePEeKTUBHOCTI
T AT MPOrHO3yBaHHA

* BUKOpuMCTOBYE NONepeaHbO
HaBYeHi HEMPOHHI

* [lonomarae YHUKHYTU npobnem
NoB'A3aHUX 3 NepeHaBYaHHAM
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MpwKnaa nporpamHoi peanilaui
HEMPOHHWUX MEPEXK Ta NPUKNAL,

dopmyBaHHA aHcambo

Modenk HeitpoHHOT mepei:
model = tf.keras.models.Sequentiall()

model .add (tf.keras.layers.LSTM(8,

input_shape=x_train_uni.shape[=2:]})
model .add (tf.keras.layers.LeakyReLU(})
medel .add (tf.keras.layers.Dense (1))

medel .compile (cptimizer="Nadam",

loss="mae")

NpuEnan QopMyBAHHA aHCAMOIR:
models = [medel 0,model 1,model 2]

model input =
tf.keras.Input (shape=x_train_uni.shape[-2:])

model ocutputs = [model (model input) for model
in models]

ensemble output =
tf.keras.layers.Average () (model_outputs)

ensemble _model =
tf.keras.Model (inputs=model input,

outputs=ensemble ocutput)

OuiHKa TOYHOCTI HEMPOHHUX MEpPEK

TowHicTs NporHosyBaHKA, %

Oomap CLIA
donap CLUA
Oonap CLUA

€spo
EBpo
Erpo
Oonap CLIA
Danap CLUA
Dosap CLUA
Espo
EBpo
Cepo

HonnsadHa

TouHoeT, ¥



OuiHKa TOYHOCTI aHCambniB HEMPOHHUX Mepex

Bug >

-
aHcambnio | 2

L1}

@
KoHKaTHHA

81,8

puia
CepegHiii

5 843
: =]
Barosuid g 85.7

HoHKatuHA
64
win
CepegHii
58'3

€8po

68,9

67,6

831

85,3

86.3

65,2

67,5

69,7

emoHCcTpauid

TouHicTb NpOrHo3yBaHHA, %

83,5

851

86.0

65,5

67,8

66,0

83,5

85

84.9

65,9

67,4

66,6

83,8

84.6

85.4

67,6

69,8

84,7

87.3

66,3

67,7

67.1

85.7

65,9

67,7

64,0

83,5

851

85.2

(=13

67,9

65,7

83,7

85

87.9

65,7

67,9

64,0

83,3

84,9

859

65,6

67,9
66,8

H¥
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KonueanH

250

15
58



BMCHOBKM

* Y xoai pobotu 6yno:
* ChopmoBaHO Ta NPOTECTOBAHOK HEMPOHHI meperi 3 LSTM 1a GRU apxiTekTypoio
* CTBOPEHO Ta OLHEeHO TOYHICTb aHCambAiB peKypeHTHUX HePOHHUX Mepe
* B3Ha4yeHo, MOXK/MBICTE BUKOPUCTEHHA MeToay ANA KYPCIB 3 Pi3HOK KiNbKICTIO
KONMBaHb Ta WYMIB
* MlepcnexkTUBU PO3BUTKY:
* 36inblUeHHA NapameTpiB 4acoBoro paay
* 36inblWeHHA Nepioay NPOrHo3yBaHHA

BMCHOBKM

* Y xoai pobotu 6yno:
* ChopmoBaHO Ta NPOTECTOBAHOK HEMPOHHI meperi 3 LSTM 1a GRU apxiTekTypoio
* CTBOPEHO Ta OLHEeHO TOYHICTb aHCambAiB peKypeHTHUX HePOHHUX Mepe
* B3Ha4yeHo, MOXK/MBICTE BUKOPUCTEHHA MeToay ANA KYPCIB 3 Pi3HOK KiNbKICTIO
KONMBaHb Ta WYMIB
* MlepcnexkTUBU PO3BUTKY:
* 36inblUeHHA NapameTpiB 4acoBoro paay
* 36inblWeHHA Nepioay NPOrHo3yBaHHA
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NOJATOK B
JICTUHT MPOrPAMMM

6.1 JTicTUHT nporpamun NPorHo3yBaHHA

#%%

from numpy.lib.function_base import average
import tensorflow as tf

from collections import Counter

import matplotlib as mpl

import matplotlib.pyplot as plt
import numpy as np

import os

import pandas as pd

import DataPreprosesing as dp
import Visualize as visualize
import GetDataFromNationalBank as gd

stopSign = True

while stopSign:

currency = Input("'Please enter currency: ')

date = input("Please enter date to predict in format
D_.MM_YYYY: ')

uni_data, trainSplit = dp.readDataFromFile(currency)
min = uni_data[:trainSplit].min()
max = uni_data[:trainSplit].max()

periodStartTime, periodEndTime =
gd.previousMonthBeforData(date)

dataStart = gd.selectAndWriteToFileDataForTrain(currency,
periodStartTime, periodEndTime)

data = dp.predictNormalizeData(dataStart, min, max)

dataX, dataY = dp.univariate _data(data, 0, 21,
20,
0,
0)

#Load the model

model O =
tf.keras.models.load _model (f”Istm_simple_{currency} 0.h5”
compi le=False)
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model O. name = “modelO”

model _1 =
tf.keras.models.load _model (f”Istm_simple_{currency} 1.h57,
compi le=False)

model_1. name = “modell”

model_2 =
tf.keras.models.load model (f’Istm_simple_{currency} 2.h5”,
compi le=False)

model_2. name = “model2”

model 3 = tf.keras.models.load _model (f’gru_{currency} 0.h5~,
compile=False)
model 3. name = “model3”

model_4 = tf_keras.models.load_model (f’gru_{currency} 1.h57,
compi le=False)
model 4. name = “model4”

model 5 = tf._keras.models.load _model (f’gru_{currency} 2.h57,
compile=False)
model_5. name = “model5”

models = []
1T currency == "dollar":

models = [model _O,model_1,model_2,model_4,model_5]
elif currency == "euro™:

models = [model _0O,model_2,model_3,model_4]

model_input = tf._keras. Input(shape=dataX.shape[-2:])

model _outputs = [model(model input) for model in models]

ensemble output = tf.keras.layers.Average() (model outputs)

ensemble_model = tf.keras._Model (inputs=model_input,
outputs=ensemble_output)

predictionData = ensemble _model .predict(dataxX)[0][0]
predictionvVal = float(round(predictionData*(max -
min)+min,4))

print("-——--—- ™)
print(""Previous values: ')

print(dataStart[:-1])

print(’---——————— )
print(f'Prediction for {date}')

print(predictionVal)
print(C--—-———-—---1-----o oo b e ——_————— ™)

stopSign = input("'Write “false” to stop: ')
# %%



6.2 JTiCTUHT (hyHKLUi 360py AaHKX

import requests

from datetime import datetime, timedelta
Iimport numpy as np

import xml._etree.ElementTree as ET

## [eHb noaBneHma Hay BawTbl - 02.09.1996

## MNocnegHwnii geHb Korga ponnap 6bin go 20 rpuBeH - 05.02.2015

## [enaem NpPoOrHo3bl 414 Jonnapa, KaHaACKoOro pgosapa n gyHTa.

## Yunvm gBe ceTu Ha ABYyX Habopax [AaHHbIX — Kaxgplhi Habop nosioBuMHa
cTaHpapTa

## bepem pgBa nepuoga AaHHbLIX ?

## dollar = 169

## canadian dollar = 29
## GBP = 163

## euro = 196

HOST = ”old.bank.gov.ua’

FILE_NAME = “control/uk/curmetal/currency/search’
FORM_TYPE = ’searchPeriodForm”
TIME_STEP = “daily”

OUTER = “xml”
EXECUTE = "'‘BukoHaTun'

def previousMonthBeforData(date):
targetDate = datetime.strptime(date, "%d.%m.%Y') .date()
periodStartTime = (targetDate -
timedelta(30)) .strftime("'%d.%m.%Y"™)
periodEndTime = (targetDate -
timedelta(l)).strftime("%d.%m.%Y"")
return str(periodStartTime), str(periodEndTime)

def writeDataToFile(fileName,root):
TilePATH = f'C:/Users/Baku-
chan/Desktop/Diploma_Full/data/{fi1leName}"
file_writer = open(filePATH, ™"a'")
file writer.write('Date,Rate\n™)

for child iIn root:
writeLine = 7’
unitNumber = 1
for childOne in child:

iT(childOne.tag == "'date™):
writeLine += childOne.text + ","
iT(childOne.tag == "number_of units™):
unitNumber = int(childOne.text)
iT(childOne.tag == "exchange_rate'):

rate = round(float(childOne.text) /
unitNumber,ndigits=3)
writeLine += str(rate) + "\n"
file writer.write(writelLine)
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file_ writer.close()
return filePATH

def createlnputArray(root):
data = []
for child iIn root:
unitNumber = 1
for childOne in child:

iT(childOne.tag == "number_of units™):
unitNumber = int(childOne.text)
iT(childOne.tag == "exchange_rate'):

rate = round(float(childOne.text) /
unitNumber,ndigits=3)
data.append(rate)
data.append(0)
return np.array(data[-21:])

def selectAndWriteToFileDataForTrain(currency, periodStartTime,
periodEndTime, writeToFile = None):
currency = str(currency)

if(currency == >dollar”):
currency = 7169’
fileName = “dollar.csv’
elif(currency == “canadian_dollar”):
currency = 29’
fileName = “canadian_dollar.csv’

elif(currency == “GBP”):
currency=7163"
fileName = “GBP.csv’

elif(currency == “euro’):
currency=7196"
fileName = “euro.csv’

url =
(f’https://old.bank.gov.ua/control/uk/curmetal/currency/search?’
+
>formType=searchPeriodForm” +
f’&time_step=daily” +
f>&currency={currency}’ +

f’&peritodStartTime={periodStartTime}” +

T’ &periodEndTime={periodEndTime}” +
f’&outer=xml” +
T &execute=BukoHaTn”)
response = requests.get(url)
root = ET.fromstring(response.content)

iIT writeToFile:

return writeDataToFile(fileName, root)
else:

return createlnputArray(root)



6.3 JTiICTUHT (hyHKLiA 06PO6KMN faHNX

#%%

Iimport numpy as np

import matplotlib as mpl

import matplotlib._pyplot as plt
import pandas as pd

import tensorflow as tf

## Data prosesing constant

## Step i1s value of prediction step.

## 1T we need to predict next one val after 3 days step is 3
STEP =1

BATCH_SIZE = 256
BUFFER_SIZE = 10000

def readDataFromFile(currency):

df = pd.read_csv(f'C:/Users/Baku-
chan/Desktop/Diploma/data/{currency}.csv'")

data = df[’Rate”]

data.index = df[’Date’]

trainSplit int(0.8*len(data))

data = data.values

return data, trainSplit

def standardizeData(data, trainSplit):
uni_train_mean = data[:trainSplit].mean()
uni_train_std = data[:trainSplit].std()
uni_data = (data-uni_train_mean)/uni_train_std
return uni_data, uni_train_mean, uni_train_std

def normalizeData(data, trainSplit):

uni_train_min
uni_train_max

= data[:trainSplit].min()
= data[:trainSplit].max()

uni_data = (data-uni_train_min)/(uni_train_max -
uni_train_min)

return uni_data, uni_train_min, uni_train_max
def predictNormalizeData(data, min, max):
uni_data = (data-min)/(max - min)

return uni_data

def prepareTrainAndTestSets(data, trainSplit, testData,
univariate_past_history, univariate_future_target, number=0):

x_train_uni, y_train_uni = univariate_data(data, O,
trainSplit,
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univariate_past_history,
univariate_ future_target,
number)

x_val _uni, y val_uni = univariate_data(data, trainSplit,
testData,
univariate_past_history,
univariate_future_target,
number)

x_test _uni, y test uni = univariate_data(data, testData,
None,
univariate_past_history,
univariate_future_target,
number)

return x_train_uni, y train_uni, x_val_uni, y val _uni,
x_test _uni, y test _uni

def shuffleBatchCache(xSet,ySet):
univariate = tf.data.Dataset.from_tensor_slices((xSet, ySet))
univariate =
univariate.cache() -shuffle(BUFFER_SI1ZE) .batch(BATCH_SIZE) .repeat
O

return univariate

##Form arrays of values to train and test
def univariate_data(dataset, start_index, end_index,
history size, target _size, number):

data = []

labels = []

start_index = start_index + history_size +number
iIT end_index 1s None:
end_index = len(dataset) - target_size

for 1 In range(start_index, end_index):
indices = range(i-history_size, 1)
# Reshape data from (history_size,) to (history _size, 1)
data.append(np.reshape(dataset[indices], (history_size, 1)))
labels.append(dataset[i+target_size])

return np.array(data), np.array(labels)

return np.array(data), np.array(labels)

def returnDataToRealValues(predicted,
realValue, train_std,train_mean):
predictionval =
float(round((predicted*train_std)+train_mean,4))
realval =
float(round(((round(realVvalue,7))*train_std)+train_mean,4))
infelicity = float(predictionvVal - realval)
return infelicity
# %%
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6.4 JTiCTUHT (hyHKLUiA HaBYaHHS HEMPOHHOT Mepexki LSTM

#%%
import tensorflow as tf

import matplotlib as mpl

import matplotlib.pyplot as plt
import numpy as np

import os

import pandas as pd

from collections import Counter

import DataPreprosesing as dp
import Visualize as visualize

currency = "dollar"

number = 1
univariate_past_history = 2
univariate_ future_target =
BATCH_SIZE = 256
BUFFER_SIZE = 10000

0
0

EVALUATION_INTERVAL = 500

EPOCHS = 60

mpl .rcParams[”figure.figsize’] = (8, 6)
mpl .rcParams[’axes.grid’] = False

uni_data, trainSplit = dp.readDataFromFile(currency)
testData = int(trainSplit+ ((len(uni_data) - trainSplit)//2))

uni_data, uni_train_min, uni_train_max =
dp-normalizeData(uni_data, trainSplit)

X_train_uni, y_train_uni, x_val _uni, y val uni, x_test _uni,

y _test uni = dp.prepareTrainAndTestSets(uni_data, trainSplit,
testData, univariate past _history, univariate future_target,
number)

testSize = len(x_test _uni)
train_univariate, val _univariate =
dp.shuffleBatchCache(x_train_uni,y train_uni,x_val _uni,y val_uni

)

simple_Istm_model = tf_keras.models.Sequential ([
tf.keras.layers.LSTM(8, input_shape=x_train_uni.shape[-2:]),
tf.keras.layers.LeakyReLU(),
tf.keras.layers.Dense(1)

D

simple_Istm_model .compile(optimizer="Nadam”, loss="mae”)
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history = simple_Istm_model.fit(train_univariate, epochs=EPOCHS,
steps_per_epoch=EVALUATION_INTERVAL,
validation_data=val_univariate,
validation_steps=50)

visualize.plot_train_history(history, “Multi-Step Training and
validation loss”)

simple_Istm_model .save(f’C:/Users/Baku-
chan/Desktop/Diploma/lstm_simple_{currency} {number}.h5”)

for x, y in val _univariate.take(2):
plot = visualize.show _plot([X[O0]-numpy(), y[O0]-numpy(Q),
simple_lIstm_model .predict(x)[0]], O, ’Simple
LSTM model ™)
plot.show()

# %%
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B.5 JTiICTUHT (hyHKUi HaBYaHHA HEMPOHHOT Mepexi GRU

#%%
import tensorflow as tf

import matplotlib as mpl

import matplotlib.pyplot as plt
import numpy as np

import os

import pandas as pd

import DataPreprosesing as dp
import Visualize as visualize

from collections import Counter
## EVALUATION_INTERVAL=300 EPOCHS = 1000

currency = "‘euro”

number = 2
EVALUATION_INTERVAL = 500
EPOCHS = 60
univariate_past_history = 20
univariate_future_target = 1
STEP = 1

BATCH_SIZE = 256

BUFFER_SIZE = 10000

mpl .rcParams[”figure.figsize’] = (8, 6)
mpl .rcParams[’axes.grid”] = False

uni_data, trainSplit = dp.readDataFromFile(currency)
testData = int(trainSplit+ ((len(uni_data) - trainSplit)//2))

uni_data, uni_train_min, uni_train_max =
dp-normalizeData(uni_data, trainSplit)

X_train_uni, y_train_uni, x_val uni, y val uni, x_test _uni,

y _test uni = dp.prepareTrainAndTestSets(uni_data, trainSplit,
testData, univariate past_history, univariate_future_target,
number)

testSize = len(x_test _uni)
train_univariate, val_univariate =
dp.shuffleBatchCache(x_train_uni,y train_uni,x _val _uni,y val_uni

)

simple_gru_model = tf.keras.models.Sequential ([
tf.keras.layers.GRU(8, input_shape=x_train_uni.shape[-2:]),
# tf_keras.layers.Activation(’linear?),
tf.keras. layers.LeakyRelLU(),
tf.keras.layers.Dense(1)
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D

simple_gru_model .compile(optimizer="Nadam”’, loss="mae”)
##was RMSprop

##was Adagrad - 1 like this one

## was Adadelta - no

## Adamax 80%

## Nadam 80%

## SGD no

##tf _Kkeras.optimizers.SGD(Ir=0.01, decay=1le-7, momentum=0.9,
nesterov=False)

step_history = simple_gru model.fit(train_univariate,
epochs=EPOCHS,

steps_per_epoch=EVALUATION_INTERVAL,

validation_data=val univariate,
validation_steps=50)

visualize.plot_train_history(step_history, “Multi-Step Training
and validation loss”)

simple_gru_model .save(f’C:/Users/Baku-
chan/Desktop/Diploma/Zgru_{currency} {number}.h57)

for x, y in val _univariate.take(2):
plot = visualize._show_plot([Xx[O0]-numpy(), y[O]-numpy(Q),
simple_gru_model .predict(x)[0]], O, ’Simple
LSTM model ™)
plot.show()



5.6 JTiICTUHT (oyHKUIT OLiIHK/ TOYHOCTI MPOrHO3YyBaHHA

resulted = []

for 1 In range(0,10):

predicted = []

prediction =
real = []
diferense =

test_univariate
tf.data.Dataset.from_tensor_slices((x_test _uni, y test_uni))
test_univariate

67

test_univariate.cache().shuffle(BUFFER_SIZE) .batch(BATCH_SIZE).r

epeat()

for x, y in test_univariate.take(len(x_test _uni)):
predictionData = ensemble_model .predict(x)[0][0]

readlData round(tf.keras.backend.get value(y[0]).,7)

predictionVval

float(round(predictionData*(uni_train_max -
uni_train_min)+uni_train_min,4))
realvVal = float(round(readlData*(uni_train_max -
uni_train_min)+uni_train_min,4))
infelicity = round(float(predictionval - realval),3)
diferense.append(infelicity)
if(infelicity > -0.100):
if(infelicity < 0.100):
predicted.append(True)
else:
predicted.append(False)

else:

predicted.append(False)
prediction.append(predictionVval)
real .append(realval)

c = Counter(predicted)

mostlyGood = c[True]

calculatedAccurency = (mostlyGood/len(predicted))*100
print(round(calculatedAccurency,l1))
resulted.append(round(calculatedAccurency,1))

1+=1
print(resulted)

print(min(resulted))
print(max(resulted))
print(average(resulted))



