JIOJIATOK A

[IporpaMuuii KO aNTOPUTMIB MPOTHO3YBAHHS BUTPAT Ta JOXOIB 13

3aCTOCYBaHHSM MeToy MamuHHoro HaBuanHs (RandomForestRegressor)

import pandas as pd

import numpy as np

import matplotlib.pyplot as plt

from sklearn.ensemble import RandomForestRegressor

from sklearn.metrics import mean squared error,

mean absolute error, r2 score

# BaBaHTaXeHHI JAaHUX

# Ilpunyckaemo, mo CSV-gann "financial data.csv" micTurs

xkoJIoHKkM: "date", "expenses",

df = pd.read csv("financial data.csv")

"revenues"

# [lepeTBOPEeHHSA KOJIOHKM 3 maTamMu y dopmaT datetime Ta

COPTYBaHHA IHOaHUX

df['date'] = pd.to datetime(df['date'])

df.sort values('date',

inplace=True)

df.set index('date', inplace=True)

# CTBOpPEHHS JIaTOBMX OBHAK IJIS BUTPAT Ta IOOXOI1iB

lag-2, lag-3)
df['lag 1 expenses'] =
df['lag 2 expenses'] =
df['lag 3 expenses'] =
df['lag 1 revenues'] =
df['lag 2 revenues'] =

df['lag 3 revenues'] =

# JIomaBaHHS YacoOBUX OS3HAaK:

df['day of week'] = df.index.dayofweek

df [ 'expenses']
df [ 'expenses']
df [ 'expenses']
df [ 'revenues']
df [ 'revenues']

df [ 'revenues']

df ["month'] = df.index.month

# BumajieHHS PAOK1B 3 NPONYHEHMMM SHAUEHHIMMU

pankiB uUepes JlaroBl O3HaKWM)

df .dropna (inplace=True)

# ®opMyBaHHS L1JBOBUX SBMIHHMUX:

OOXOO1B HACTYIMIHOTO IHA

.shift (1)
.shift (2)
.shift (3)
.shift (1)
.shift (2)
.shift (3)

IOeHbL TWXHHS Ta Mlicdlb

(lag-1,

IIPOT'HO3YBAHHA BUTPAT Ta
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(mepmi ximbka
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df ['target expenses'] = df['expenses'].shift(-1)
df ['target revenues'] = df['revenues'].shift(-1)
# BunaJieHHS OCTaHHBOTO PpsAlKa, y fAkoMy 3'saBurbcsa NaN nicnus
CTBOPEHHSA LU1JIbOBMX 3MI1HHUX
df .dropna (inplace=True)
# BmsHaueHHa HaboOpy OBHAK IJIS MOIEJIOBAHHS
features = |
'expenses', 'revenues',
'lag 1 expenses', 'lag 2 expenses', 'lag 3 expenses',
'lag 1 revenues', 'lag 2 revenues', 'lag 3 revenues',
'day of week', 'month'
]
X = df[features]
y exp = df['target expenses']
y rev = df['target revenues']
# Po30MTTS HAaHMX Ha TPEeHYBaJIbHY Ta TEeCTOBY BUO1pKM 3a
yacoBuM npuHumnoMm (80% mna TpeHyBaHHd, 20% Ojd TecTyBaHHSA)
train size = int(len(df) * 0.8)

X train, X test = X.iloc[:train size], X.iloc[train size:]

y exp train, y exp test y exp.iloc[:train size],
y _exp.iloc[train size:]

y rev _train, y rev test = y rev.iloc[:train size],
y rev.iloc[train size:]

# CTBOpeHHs 1 HaBUYaHHS MOIEJIel MNPOTHOBYBAHHSA BUTPAT Ta
noxonis

model exp = RandomForestRegressor (n estimators=100,
random_state=42)

model rev = RandomForestRegressor (n_estimators=100,
random_ state=42)

model exp.fit (X train, y exp train)

model rev.fit (X train, y rev train)

# [pOTHO3YBAHHSA HA TECTOBUX IOAHUX

y_exp pred = model exp.predict (X test)

y rev pred model rev.predict (X test)
# OuiHka edeKTMBHOCT1 MomeJsiell 3a IOIOMOTIOK MeTpuk MSE, MAE

Ta R?
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mse exp = mean squared error(y exp test, y exp pred)
mae exp = mean absolute error(y exp test, y exp pred)
r2 exp = r2 score(y exp test, y exp pred)

mse rev = mean squared error(y rev test, y rev pred)

mae rev = mean absolute error(y rev test, y rev pred)

r2 rev = r2 score(y rev test, y rev pred)

print ("IIporHo3yBaHHsa BUTpaT:")

print ("MSE: {:.2f}, MAE: {:.2f}, R?:
{:.2f}".format (mse exp, mae exp, r2 exp))

print ("\nllporuosyBaHHga noxomie:")

print ("MSE: {:.2f}, MAE: {:.2f}, R?:
{:.2f}".format (mse rev, mae rev, r2 rev))

# Bisyanizsanisa pesynbTaTiB HDPOTHOBRYBAHHS BUTPAT

plt.figure(figsize=(12, 6))

plt.plot(y exp test.index, y exp test, label='daxTuuHni
BUTpaTm')

plt.plot(y exp test.index, y exp pred, label='llporHosoraHi
Burpatn', linestyle='--")

plt.xlabel ('OaTa')

plt.ylabel ('Burpartu')

plt.title ('lIporHo3yBaHHa BUTpPAT')

plt.legend()

plt.show ()

# Bisyamnisainig pesyabTaTiB NPOTHO3YBAHHS IOXOI1B

plt.figure(figsize=(12, 6))

plt.plot(y rev test.index, y rev test, label='daxkTuuni
noxoomu')

plt.plot(y rev test.index, y rev pred, label='llporHososaHi
noxomnu', linestyle='--")

plt.xlabel ('IaTa')

plt.ylabel ('Joxoom')

plt.title ('llporHo3yBaHHa Hmoxomis')

plt.legend()

plt.show ()
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JOJATOK B

[IporpamHuuii ko peanizaiii alrOpUTMIB Kiacuikarii Ta Kiactepu3arii

(hiHAHCOBUX TPaH3AKIIIHA

import pandas as pd

import numpy as np

import matplotlib.pyplot as plt

import seaborn as sns

from sklearn.model selection import train test split

from sklearn.feature extraction.text import
TfidfVectorizer

from sklearn.ensemble import RandomForestClassifier

from sklearn.metrics import classification report,
accuracy score

from sklearn.cluster import KMeans

from sklearn.decomposition import TruncatedSVD

from scipy.sparse import hstack, csr matrix

# Tpunyckaemo, mo CSV-darn "transactions.csv" MicTuTs Taki
KOJIOHKU :

# 'transaction id', 'date', 'amount', 'description',
'category'

df = pd.read csv("transactions.csv")

# BuBenmemo mnepmi pSIKM IaHUX IOJS TepeBipKu

print ("lepwi paoxu maHmux:")

print (df.head())

# BunmansgeMo pPSAOKM 3 NPONYHNEHUMMM 3HAUEHHAMU Y KPUTUUHUX
KOJIOHKAaX

df.dropna (subset=['"'description', 'amount', 'category'],

inplace=True)

# YacTmua 1: Kmacubikauis Tpanzakiin
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# MeTa: xjacumbikyBaTy TpaH3akKlil 3a KaTeropisaMM Ha OCHOBI
TEKCTOBOI'O OINMCY Ta CyMM olepauil

# Poszminsgemo maHi Ha o3Haku (X) Ta uUiaboBy 3MiHHY (V)

X = df[['description', 'amount']]

y = df['category']

# PosOUTTS HaHMX Ha TPEeHYyBaJIbHYy Ta TecToBY Bubipkm (80/20)

X train, X test, y train, y test = train test split(

X, y, test size=0.2, random state=42, stratify=y

)

# TexcToBa obOpobka: MEepPeTBOPEHHS ONMCY TpaHz3akuinm y TF-IDF
BEKTOPU

vectorizer = TfidfVectorizer (max features=500)

X train desc tfidf =
vectorizer.fit transform(X train['description'])

X test desc tfidf =
vectorizer.transform(X test['description'])

# OOpoOxa umMciiOBOI O3HakM "amount": NepeTBOPEHHS Y
MaTpuuw (reshape nma cymMicHOCTI)

X train amount = X train['amount'].values.reshape(-1, 1)

X test amount = X test['amount'].values.reshape (-1, 1)

# [lepeTBOPEeHHS UYMCIJIOBMX IaHMX y bopmaT sparse njs
nojaJjipmoro o6’ enHaHHA

X train amount sparse = csr matrix (X train amount)

X test amount sparse = csr matrix (X test amount)

# 06’ epguaHHa TexcToBMx (TF-IDF) Ta uUuMCJIOBMX OSBHAK

X train combined = hstack([X train desc tfidf,
X train amount sparse])

X test combined = hstack([X test desc tfidf,
X test amount sparse])

# CTBOpPEeHHS Ta HaBuUaHHA Mozeini kjaacubdikauii (Random
Forest)

clf = RandomForestClassifier(n estimators=100,
random_state=42)

clf.fit(X train combined, y train)

# IlpoTHO3YBaAHHSA KATeTOopiM Ha TecToBiV BUOipIi

y pred = clf.predict (X test combined)
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# Ouinka edexTMBHOCTI MoIesi
print ("\nKnacudbikamniiHa TouHiCTb:
{:.2f}".format (accuracy score(y test, y pred)))
print ("\n3eiT no xyacmdikauii:\n",

classification report(y test, y pred))

# UacTtmHa 2: Kilacrepmusalisa TpaH3akLUin

# MeTa: 3rpynyBaTM TPaH3aKLI1l 3a CXOXVMU
XapakTepucTukamMm (6e3 BUKOPMUCTAHHS MITOK kKaTeropin)

# BUKOPMUCTOBYEMO IaHl1 BCix TpaH3akLim (6e3 CcTOoBMNIIA
'category')

# BUMKOPMUCTOBYEMO TEKCTOBUM ONMC TpaH3akuim njusa TEF-IDF
BeKTOpM3auil

# (MOXHaA CTBOPUTM OKpeMumrt vectorizer njsg Kjacrepmuszanii,
mo® He 3ajiexaTy Bin NmonepelHbOT'O HABUAHHS)

vectorizer clust = TfidfVectorizer (max features=500)

tfidf matrix =
vectorizer clust.fit transform(df['description'])

# O6pobBka umcioBOl o3Haku "amount"

amounts = df['amount'].values.reshape (-1, 1)

amounts sparse = csr matrix(amounts)

# O6’enmHaHHS O3HAaK IJIg KJjlacTepmsanil

features clust = hstack([tfidf matrix, amounts sparse])

# BacTocyBaHHa anropuTMy KMeans mig kjacTepmsaliii

# KimbpxicTe kJlacTepiB Moxe OyTu niniBpaHa eMIipMUHO; B

LUbOMY IIPMKJIaIl BUKOPUCTOBYeMO 4

n clusters = 4
kmeans = KMeans (n_clusters=n_ clusters, random state=42)
clusters = kmeans.fit predict (features clust)

# Iomaemo oTpuMaHl kJjacTepu nmo DataFrame

df['cluster'] = clusters

# Ina Bisyaniszauii sMeHmMMO PO3MIipPHIiICTL TaHMX OO 2-X
BUMipiB 3a pomnomorown TruncatedSVD

svd = TruncatedSVD(n_components=2, random state=42)

features 2d = svd.fit transform(features clust)



# IloBynora rpabika kjJacTepis

plt.

sSns.

figure (figsize=(10, 6))
scatterplot (x=features 2d[:, 0], y=features 2d[:,

hue=clusters, palette='viridis')

plt.
plt.
plt.
plt.
plt.

title ("Knacrepuszauia diHaHCOBMX TpaH3akKUim")
xlabel ("KomMmmnoHeHTa 1")
ylabel ("KoMmrnioHeHTa 2")
legend (title="KmaacTep")

show ()

# BuBermeHHS KiJNbKOCT1 TpaH3akKLiM y KOXHOMY KJjlacTepi

print ("\nKinpkicTe TpaH3akLiMl y KOXHOMY KJjacTepi:")

print (df['cluster'].value counts())
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JIOJATOK B

[IporpaMHuii KOA TECTYBaHHSA Ta OLIIHKY PE3YyJbTaTiB pOOOTH pO3pPOOIECHUX

aJITOPUTMIB

import matplotlib.pyplot as plt

import numpy as np

import pandas as pd

from sklearn.metrics import (mean squared error,
mean absolute error, r2 score,

classification report,

accuracy score, silhouette score)

from sklearn.cluster import KMeans

from sklearn.datasets import make blobs

def evaluate forecasting(y true, y pred, title="Ouinka

IIPOTHO3yBaHHA") :

OuiHwe poBOoTy aJITOPUTMIB HPOTHOBYBAHHS MIJISXOM
OOUMCJIEHHA METPUK:
MSE, MAE Ta R?, a Takox Oynye TIpabdik HNOPiBHSHHS
bakTUUHYX Ta NPOTHO30BAHUX SBHAUEHL.
[lapamMeTpm:
y true: pandas Series 3 QaKTHMUHUMM SHAUEHHAMU
(iHODexc NoOBMHEeH MicTuTHM maTy abo uac)
y pred: numpy array abo pandas Series 3
IPOTHO30BAHVMY 3HAUEHHSAMU
title: BaroynoBox rpadiky

mwmwn

mse = mean_ squared error(y true, y pred)

mae mean absolute error(y true, y pred)
r2 = r2 score(y true, y pred)
print (f"{title}:")

print ("MSE: {:.2f}".format (mse))
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print ("MAE: {:.2f}".format (mae))

print ("R2?: {:.2f}".format (r2))

plt.figure(figsize=(12, 6))

plt.plot(y true.index, y true, label="daxTuuxi
3HaueHHa")

plt.plot(y true.index, y pred, label="IlporHososaHil
3HaueHHa", linestyle="--")

plt.xlabel ("OaTa/Yac")

plt.ylabel ("3HaueHHa")

plt.title(title)

plt.legend()

plt.show ()

def evaluate classification(y true, y pred):

Ouiuoe poboTy alropuTMiB kjlacudikanili, oOUMCIIUM
TOYHICTBL Ta BUBOIAYUU

OoKJIamHuM 3BiT (precision, recall, Fl-score nna
KOXHOT'O KJacy) .

[lapamMeTpm:

y true: macup abo CHMCOK 13 QaKTMUHMMU MI1TKaMmm
KJlIaciB
y _pred: macup abo CIOMCOK 3 MNPOIHOSOBAHMMM MI1TKaMM

KJlIaciB

acc = accuracy_ score(y true, y pred)

print ("TounicTe kJacubikauii: {:.2f}".format (acc))

print ("3BiT no xyacumbikauii:\n",
classification report(y true, y pred))

def evaluate clustering(features, labels):

OuiHwe gaxicTe kJjacTepmszauil sa pgonomorow Silhouette
Score Ta

Bisyanisye pesynbTaTH, SAKIO NPOCTiP O3HAK Mae 2

BUMipU.

[TapameTpm:



features: 2D numpy array 3 O3HakaMu (HaOpUKJIAD,
nicysa 3HWXEeHHS PO3MipHOCTI)
labels: Macup 3 IOPMBHAUEHVMM HOMEpPaMM KJIACTepiB
mew
sil score = silhouette score (features, labels)

print ("Silhouette Score: {:.2f}".format(sil score))

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

plt.scatter (features([:, 0], features[:, 1], c=labels,
cmap='viridis', marker='o")

plt.xlabel ("KomnoHeHnTa 1")

plt.ylabel ("KoMmnioHeHTa 2")

plt.title ("Bisyanizauisa kjacrepir")

plt.colorbar (label="Homep xjacTepa")

plt.show ()

# TpukJIaIM BUKOPUCTAHHA GYHKIIIN OIiHKMK
# (mns memoHcTpallii CTBOPKITLCS WMTYYH1 IaHl; y peanbHOMY
npoekTi saMiHiTe Ha cBOi =BMiHHI,

# oTpmmaHl B pes’yybTaTi po®OTM AJITOPUTMIiB)

oo
if name == " main_ ":
# 1. OuiHka aJlToOpMUTMiB MNPOTHO3YBAHHS BUTPaT/OOXOOiB
# CrBopoeMO WTyuyHl »OaHl YaCOBMX PANIB g OeMOHCTpAaliil
dates = pd.date range(start="2025-01-01", periods=50,
freg="D")

# ®axTMuHl 3HauyeHHS (HANPUKJIAI, BUTPAT)

y true forecast = pd.Series (np.random.rand(50) * 100,
index=dates)

# IlporHOo30BaHl 3HaueHHA — GaKTUMUHI BHAUEHHS 3 NOINAHUM
Iy MOM

y_pred forecast = y true forecast +
np.random.normal (0, 5, size=50)

evaluate forecasting(y true forecast, y pred forecast,
title="OuizHka NpPOTHO3YyBaHHA BUTPAT")

# 2. Ouinka ajnropurMy kjacubikauii Tpanszakuin
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# CreopoeMo mTyuHl madHi g kjacubikaunii (Hanpukiam,
KaTeropiil TpaH3akliM)

categories = ["lIpomykTu", "Tpaucnopt", "KoMyHaJibH1
nocanyru", "Pozparu"]

# Q®axTmuHl MiTkM KJAciB

y true class = np.random.choice (categories, size=100)

# IlporHo30BaHl MiTKM KJAC1B (IJg OeMOHCTpanil
BUKOPUCTAEMO BUIIAOKOBUNM IPOT'HO3)

y pred class = np.random.choice (categories, size=100)

evaluate classification(y true class, y pred class)

# 3. OuihHka ajropmuTMy KJjacTepmsalil TpaH3akiin

# CreopoweMo mTyuHi1 maHl (OBOBMMIipHWMM npocTip) mjdg
KJlacTepmusanil

features dummy, = make blobs(n samples=200,
centers=3, n features=2, random state=42)

# BuxopmcToByeMO aynropuTMm KMeans njs BMUBHAUEHHS
KJjjlacTepirB (meMmoHCTpallis)

kmeans = KMeans (n clusters=3, random state=42)

cluster labels = kmeans.fit predict (features dummy)

evaluate clustering(features dummy, cluster labels)
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JTOJATOK I

[IporpaMuuii koA anrOPUTMY MPOTHO3YBaHHS IIIHOBUX PYXiB Ha (DIHAHCOBUX

PUHKAX 3a TOTIOMOT'OI0 peKYpeHTHOI HelipoHHoi Mepexi LSTM

import numpy as np

import pandas as pd

import matplotlib.pyplot as plt

from sklearn.preprocessing import MinMaxScaler

from tensorflow.keras.models import Sequential

from tensorflow.keras.layers import LSTM, Dense, Dropout

# 3aBaHTaxeHHs OaHuUX. llpunyckaemo, mo CSV-darn
"price data.csv" micTurh koJiOHKM: "Date" Ta "Close"

data = pd.read csv("price data.csv", parse dates=['Date'])

data.sort values ("Date", inplace=True)

data.set index("Date", inplace=True)

# BUKOPMUCTOBYEMO BaKPUTTA 1LI1H 9 OPOTHO3YBAHHS

prices = data['Close'].values.reshape (-1, 1)

# Hopmamnisanisa manwx y nianasoui [0, 1]

scaler = MinMaxScaler (feature range=(0, 1))

scaled prices = scaler.fit transform(prices)

# Bu3HaAUEeHHS NapaMeTpiB: KijgbkicTep nomepenHix nHiB nmga
nporHo3y (window size)

sequence length = 60 # BuKOpMCTOBYyeThbCA iHdopMalia 3a
ocTaHHl 60 nOHIB

# ®opMyBaHHS MOCH1IOBHOCTEM HOaHUX

X,y = 1[1, T[]

for 1 in range (sequence length, len(scaled prices)):

X.append(scaled prices[i-sequence length:i, 0])
y.append (scaled prices[i, 0])

X, y = np.array(X), np.array(y)

# Bmina posMipunocTi X nns LSTM: [samples, timesteps,
features]

X = np.reshape (X, (X.shape[0], X.shape[l], 1))

# Posnonis maHMX Ha TPEeHYBaJIbHY Ta TEeCTOBY

Brubipku (80%/20%)



train size int (len (X)

X train, X test

y train, y test

# Tlobynmosa Momesii LSTM

model Sequential ()
model.add (LSTM (units=50,
input shape=(X train.shapel[l],
model .add (Dropout (0.2))
model.add (LSTM (units=50,
model .add (Dropout (0.2))
model.add (Dense (units=1))
LiHm
model
model.summary ()

# HaBuaHHS MOIeJsil

history

batch size=32, validation split=

# IporHO3yBaHHSA Ha

predicted prices

predicted prices

X[:train

yl:train

.compile (optimizer="adam',

model.fit (X train,
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* 0.8)

size], X[train size:]

size], yltrain size:]

return sequences=True,

1))

return sequences=False))

# IIPOT'HO3 HACTYIIHOI'O 3HAUYE€eHHA

loss="'mean squared error')

y train, epochs=50,

0.1)

TeCTOBUMX IaHUX

model.predict (X test)

scaler.inverse transform(predicted prices)

y test actual

1, 1))

scaler.inverse transform(y test.reshape (-

# Bisyanisalig pesyabTaTiB NPOTHO3YBAHHS

plt.figure(figsize=(12, 6))

plt.plot (data.index[-len(y test actual):],

color='red',

plt.plot (data.index[-len(predicted prices)

predicted prices, color='blue',

linestyle="'--")
plt.
plt.xlabel ('IaTa')
plt.ylabel ('IIiua')
plt.legend()

plt.show ()

y test actual,

label="daxkTmuni 1iHM')

01,

label="Illporuo3oBaHi uium',

title ('lIporHO3yBaHHA IL1HOBMX PyxiB 3a pmonomorown LSTM')
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JIOJTATOK ]I

[IporpaMuuii Ko CTBOPEHHSI MOAEI1 AJIsi aBTOMAaTU30BAaHO1 TOPTIBIII 32

JOITIOMOI'OIO HiI[CI/IJICHOFO HaBYaHHA

import gym

import gym anytrading # IoTpi6HO BCcTaHOBMTHM: pip install
gym-anytrading

import numpy as np

import pandas as pd

import matplotlib.pyplot as plt

from stable baselines3 import PPO # IIoTpiOHO BCTaHOBMUTHU:
pip install stable-baselines3

from stable baselines3.common.vec env import DummyVecEnv

# 3aBaHTaXeHHI 1CTOPMUHMX HOaHMX NPO LiHM

# Hpunyckaemo, mo CSV-dain "stock data.csv" micTurs
kKOJIOHKM: "Date" Ta "Close"

data = pd.read csv("stock data.csv", parse dates=["Date"])

data.sort values ("Date", inplace=True)

data.set index("Date", inplace=True)

# HajawTyBaHHA HapaMeTpiB OJjig cepeloBMilla TOPIiBJIi:

# - window size: kimepkicTe nonepenHix nHiB, axi
BUKOPUCTOBYITHCS SK KOHTEKCT

# - frame bound: iHTepBaJy, AKUN BUKOPUCTOBYETLCA IJA
bopMyBaHHSA NOCJH1IOBHOCT1 (Bin 4KOT'O IO SKOT'O 1HIOEKCY IaHUX)

env = gym.make ("stocks-vO", df=data, window size=10,
frame bound=(10, len(data)))

env = DummyVecEnv ([lambda: env]) # OBropTaHHS CcepeloBuUlla
oiasa cyMmicHocTi 31 stable-baselines3

# CTBOpPEeHHS Ta HaBYaHHS TOPTOBOI'O aTeHTa 3a IOMNOMOI'O
anropmuTt™my PPO

model = PPO ("MlpPolicy", env, verbose=1l)

model.learn (total timesteps=10000)

# TecTyBaHHS HABUEHOTO al'eHTa Ha cepemoBmumi

obs = env.reset()

done = False
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while not done:
# ArTeHT OpoTHOBYE Hil IOJIS MOTOUYHOTO CIOCTEPEXeHHS
action, states = model.predict (obs)
obs, reward, done, info = env.step(action)
# Bisyamiszauisg moTouHOTO CcTaHy (rpadbik 3 ToproBMMM
CUTHaJIaMM Ta [O3MI1aMuM)
env.render ()
# Iicosa 3aBeplleHHS TeCcTyBaHHS BisyanisyeMo pesybTaTu y
BUTJIAO1l 1HTEepakKTMBHOTO Tpadbika
env.render all()

plt.show ()
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JOJATOK E

[TporpaMHuuii Koa npoiiecy Basligarii Ta ONTUMI3allii TOPrOBUX aJTOPUTMIB

import backtrader as bt
import datetime
# BuM3HaAUEHHS TOPIOBOL CTpaTeril Ha OCHOBl HepeTMHY KOB3HUX
cepenmHix
class MovingAverageCrossStrategy (bt.Strateqgy) :
params = (
('fast period', 10), # nepionm mia wWBMIKOIL
KOB3HO1 cepenHbol
('slow period', 30), # nepionm mia noBijbHOIL
KOB3HO1 CcepenHbol
)
def init (self):
# OOumMcJieHHS KOB3HUX cepenHix
self.fast ma =

bt.indicators.SimpleMovingAverage (self.data.close,

period=self.params.fast period)
self.slow ma =

bt.indicators.SimpleMovingAverage (self.data.close,

period=self.params.slow period)

# BusHaueHHS CUTHAJY I[IepPeTUHY

self.crossover =
bt.indicators.CrossOver (self.fast ma, self.slow ma)

def next (self):

# Axmo HeMmae BipgkpmTol mos3muil Ta WBMAKA KOB3HA
IepeTUHae IMNOB1JIbHY 3HM3Y BIOPY — BliIOKpMBaeMo MNos3ullin (KyniBjs)

if not self.position:

if self.crossover > 0:
self.buy()
# Axmo e mosuiig 1 mBMIKa KOB3HA [NepeTMHAac

MOBiJIbHY 3Bepxy BHMSZ — BaKPMBAEMO I[MO3UII1L
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elif self.crossover < O:
self.close()
# CrBopeHHs 00'ekxrTa Cerebro musa ynpaBJIiHHA NPOLIECOM
CUMYJISL1 1
cerebro = bt.Cerebro (optreturn=False)
# B3aBaHTaxeHHSa 1CTOPMUHMX IaHMX (B HAaHOMY MNpUKIani
BUKOPUCTOBYyETHCSA IaHl Apple 3 Yahoo Finance)
data = bt.feeds.YahooFinanceData (
dataname='"'AAPL',
fromdate=datetime.datetime (2024, 1, 1),
todate=datetime.datetime (2025, 1, 1)
)
cerebro.adddata (data)
# BcTaHOBJIEHHS MOYATKOBOTO KamiTamny
cerebro.broker.setcash(100000)
# IonmaBaHHg aHaliTukiB nJjsg ouinkm ebexTmBHOCTI CcTparTerii
cerebro.addanalyzer (bt.analyzers.SharpeRatio,
_name="'sharpe', timeframe=bt.TimeFrame.Days)
cerebro.addanalyzer (bt.analyzers.DrawDown,
_name='drawdown"')
# HaslamTyBaHHSA ONTMMisaiii:
# Mu Oynemo nepebupaTmu napamerpu fast period (5, 10, 15)
Ta slow period (20, 30, 40, 50)
cerebro.optstrategy (
MovingAverageCrossStrategy,
fast period=range (5, 16, 5), # 5, 10, 15
slow period=range (20, 51, 10) # 20, 30, 40, 50
)
# 3Banyck onTuMmMizanii (3a noTpebu MOXHA BUKOPUCTOBYBATU
maxcpus>1l g IPUCKOPEHHSH)
optimized runs = cerebro.run (maxcpus=1)
# Tlomyx Haukpamoi komBinanii napameTpiB Ha ochHoBi Sharpe

Ratio

best sharpe None
best params = None

for run in optimized runs:
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# KoxeH run - lie CIMCOK eK3eMIIapiB crTparerii (B
HaANIOMy BMIAOKY JIMIIE OOVH eK3eMILIAap)
strategy = run[0]

sharpe ratio =

strategy.analyzers.sharpe.get analysis() .get('sharperatio',
None)

drawdown =
strategy.analyzers.drawdown.get analysis().get('max', O0)

if sharpe ratio is not None:
print (f"HapameTpun:
fast period={strategy.params.fast period},
slow period={strategy.params.slow period}, "
f"Sharpe Ratio: {sharpe ratio:.2f}, Max
DrawDown: {drawdown:.2f}")
if best sharpe is None or sharpe ratio >

best sharpe:

best sharpe sharpe ratio

best params = (strategy.params.fast period,
strategy.params.slow period)
print ("\nHarkpami napameTrpu 3a Sharpe Ratio:")
print (f"fast period = {best params[0]}, slow period =

{best params[1l]}, Sharpe Ratio = {best sharpe:.2f}")
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