JIABOPATOPHA POBOTA Ne 4

JOCIIKEHHA METOAIB AHCAMBJIEBOI'O HABYAHHS TA
CTBOPEHHSI PEKOMEHJAIIMHUX CUCTEM

Mema pobomu: euxopucmogyrouu cneyianizoeani OiOniomeKku ma Moy
npoepamyeants Python oocnioumu memoou axcamoénie y MawuHHOMY HABYAHHI
ma cmeopumu peKoOMeHOAYiluHi cucmemu.

YACHHA 1. JOCIIIZKEHHSA METOAIB AHCAMBJEBOI'O
HABYAHHA

1. TEOPETHUYHI BIJIOMOCTI

Teopernuni BiAOMOCTI mMOJaHI Ha JEKIiAX. TakKoX JOIUILHO BUBYUTH
MaTepiall MoJaHui B JIiTepaTypi:

Jlxommu Ipatuk. IckyccTBeHHBIN MHTEIUIEKT ¢ ipuMepaMu Ha Python. : Ilep.
¢ anri. - CII6. : OOO "[uanextuka", 2019. - 448 c. - [lapan. tur. anrn. ISBN
978-5-907114-41-8 (pyc.)

Moskna BukopucroByBatn Google Colab a6o Jupiter Notebook.

Tepmin ancamOiieBe HaBuyaHHs (ensable learning) BiZHOCHTBCS 110 TMPOIECY
noOyJ 0B MHOXXHHH MOJIEJel Ta TOIIYyKYy Takoi iX KomOiHaIlii, sika J03BOJIsE
OTpUMATH Kpalli pe3yJbTaTH HDK KOXHAa 3 MoJeled OkKpemMo. Y SKOCTI
IHAUBINYaTbHUX MOJCIECH MOXXYTh BHUCTYIIATH KJIacH(IKaTOPH, PErpecopH 1 iHII1
00’ €KTH, 1110 TO3BOJISIOTH MOJCIIOBATH JaHI TUM YU 1HIIHUM CIIOCOOOM.

AHcamOJieBe HaBYaHHS 3aCTOCOBYEThCA B 0OaraThoxX cdepax, HaNpHUKIA,
IIPOTHOCTUYHIN Ki1acudikallii, BUSBICHHS aHOMAJI Ta 1HIIIE.

Yomy 3actocoByeThcsi aHcamOnieBe HapuaHHsa? Io6 1e 3po3ymitw,
3BEpHEMOCS JI0 peajbHOro mnpukiamy. Ilpumyctumo, Bu XoueTe KYMUTH HOBHMA
TEJIEBI30p, ajie IPO OCTAHHI MOJIEN1 BaM HIYOTO HE BIIOMO.

Baiie 3aBmanHs - KynuTH HAMKpAIIANA TEJIEBI130p 13 THUX, K1 MPOTIOHYIOTHCS 32
JOCTYITHOIO JIJII Bac I[IHOIO, aji€¢ BH HEIOCTAaTHHO JOOpE 3HAETE PHUHOK, MI00
3poOUTH OOIPYHTOBaHUK BHOIp. Y MOMIOHMX BHMAAKaX BH IIKABUTECS TYMKOIO
KUTBKOX €KCIEPTIiB y Mii ramy3i. Tak BaM Jermie MpUHHATH HaWBIpHIIIE PIICHHS.
VY OinpmIoCcTi BUMAAKIB BH HE MPHUB'S3yBATUMETECS O TYMKHA SKOTOCH OJIHOTO
daxiBi 1 TpWMETe OCTATOYHE pINICHHS HAa OCHOBI y3araJIbHEHHS OIIHOK,
3poOJIEHUX PI3HUMH JIIOABMH. MU poOMMO Tak, TOMY IO MParHeMoO 3BECTH [0
MIHIMyMY HWMOBIPHICTh TPHUHHSATTS HEBIPHUX YH HEJIOCTATHHO ONTHMAaIbHUX
pIIIEHb.

[Tpu BuGOP1 MoaEN1 HAYaCTIlIE BUXOMASThH 3 TOTO, 1100 BOHA MPU3BOUIIA 10
HallMEHIIMX MOMUJIOK Ha TpeHyBaJlbHOMY HaOopi gaHux. [IpoGnema momsrae B


https://colab.research.google.com/drive/

TOMY, IO TaKuM MIAXIT HE 3aBKAM Mpalloe 4Yepe3 MOXIUMBUM edekT
nepeHaByaHHs. HaBiTh sKII0 nepexpecHa MepeBipka MoOAENl NIATBEPIXKYeE ii
aJICKBaTHICTb BOHA MOXE MPU3BOJUTU [0 HE3aJOBUIBHUX pE3YyJbTaTIB IS
HEBIJIOMUX JIAHHX.

OpHi€r0 3 OCHOBHUX NPUYMH €(PEKTUBHOCTI aHCaMOJIEBOTO HaBYaHHS € Te, 1110
1Iel METO/I TO3BOJISI€ 3HU3UTH 3arajbHUM pU3UK BUOOPY HEBAANIOT MOJIET1. 3aBIsIKU
TOMY, 110 TPEHYBaHHS 3[IIHCHIOETHCS HA IIHUPOKIA PI3HOMAHITHOCTI HaBUAJbHUX
Ha0OpIB JaHUX, aHCAMOJIEBUI MiIX1J I03BOJISIE OTPUMYBATH HEMOTAaH1 PE3yIbTaTH
JUIS. HEBIIOMUX JaHuX. SIKIIO MU CTBOPIOEMO MOJENIb Ha OCHOBI aHCaMOJIeBOTO
HaBYaHHS, TO Pe3yJbTaTH, OTPUMaHI 3 BUKOPUCTAHHAM iHAMBIAYaTbHUX MOJICIICH,
NOBUHHI BUSBIIATH NEBHUM po3kuj. Lle m03Bossie BIOBIIOBATH BCUISKI HIOAHCH, B
pe3ybTaTi 4oro y3arajbHEHa MOJICNIb BUSBIISIETHCS OUIBIIT TOYHOK. 3a3HAUCHE
pO3MAITTS  pe3y/bTaTiB JIOCATAETHCS 3@ PaXyHOK BHUKOPHCTaHHS PI3HHX
HaBYAIBHUX IMapaMeTPiB JJIs IHIWUBIIYyaIbHUX MOJEJNEH, 3aBASKH YOMY BOHH
TE€HEPYIOTh PI3HI MEXI1 pillIeHb JJIs TPEeHYBaJbHUX JaHUX. e o3Hauae, 1m0 KoXKHa
MoJielib OyJie BUKOPHCTOBYBAaTH Pi3HI IpaBWiIa IS JIOTIYHOTO BHCHOBKY, THM
caMuM 3a0esneuyroud OUThII  €PEeKTHMBHUN CHOCI0  Baijaiii KIHIIEBOTO
pe3yabpTaty. SIKIo MK MOJENSIMHU CIIOCTEPIraeThCsl Y3TOJKEHICTh, TO 1€ O3HAYa€e
10 MOJIeNIb KOPEKTHA.

Bunaoxoei ma epanuuno eunaoxosi nicu

BunaakoBuit mic (random forest) - okpeMuii BHMaJIOK aHCAMOJIEBOTO
HaBYaHHS y SKOMY IHAMBIAYalbHI MOJEN KOHCTPYIOIOTHCS 3 BHKOPHUCTAHHAM
nepeB pimeHb. OTpuMaHull aHCaMOJIb BUKOPUCTOBYETHCS B IMOAAIBIIOMY IS
NpOrHO3yBaHHS  pe3yhbTariB.  [Ipy  KOHCTpYyIOBaHHI  OKpEeMHX  JEpeB
BUKOPUCTOBYIOTh BHIAJKOBI IMIJIMHOXXWHU TpEeHYBaIbHUX AaHuX. Lle rapanrye
PO3KHA JaHUX MDK PI3HUMH JepeBaMu pimieHb. Sk 3a3Hayanocs BWIIE, B
aHcaMOJIeBOMY HaBYaHHI JY)K€ BaXXJIMBO 3a0€3MEUYUTH PI3ZHOPIAHICTH aHCAMOJIIO
IHAUBITYaTbHUX MOJIEIICH.

Onnier0 3 HAWOUIBPIIMX IIepeBar BUIMAJKOBUX JIICIB € Te, IO BOHH HE
NEPEHABYAIOTECSA. SIK BM BXKE€ 3HAETE, Y MAIIMHHOMY HaBUYaHHI I Mpoodiema
TPAIUIAETHCA JOCUTh YacTo. KOHCTpYyIOI0uM HEOTHOPITHY MHOKHUHY JIEPEB PillleHb
3a PaxXyHOK BHUKOPUCTAHHS PI3HUX BHUIMAIKOBHUX IIIMHOXHH, MU TapaHTYEMO
BIJICYTHICTh TIEpEHAaBYAHHS MO/JIEJI1 HA TPEHYBaJbHUX JIaHUX.

VY mporeci KOHCTPYIOBaHHSI JepeBa pIIEHb HOTO BY3JIH IOCHIIOBHO
PO3MICTUIIOIOTHCS, 1 M BUOMPAIOTHCS HAWKpAIIll TOPOTrOBi 3HAYEHHS, 1110 3HIKYIOTh
SHTPOIII0 KOKHOMY pIBHI. Y TIpoIeci pO3MEIJICHHS BY3/iB BPaXxOBYIOTHCS B
MOBHOMY 00CsI31 03HAKH, 110 XapaKTePU3YIOTh JIaHi BXITHOTO HAOOPY.

HatomicTe BHOMpaeThCss HaWKpamuid Crmocid0  pO3MICTUICHHS  BY3IIB,
3aCHOBaHMI Ha TIOTOYHOMY BHUIIQJKOBOMY MiIHA0Opi O3HAK, IIO PO3IJISIAFOTHCS.
BrutrouenHs (hakTopa BUIAIKOBOCTI 30UTBIITY€E 3MIIIEHHS BUTIAIKOBOTO JIICY, TPOTE
JWCTIEPCiss 3MEHIIYEThCA 3aBASKH ycepeaHeHHio. Ile oOyMoBmoe poOACTHICTH
(CTIKICTB 0 BIAXHWICHB) PE3YIbTYIOUOT MOJIEIIL.

I'pannuno Bunaakosi jicu (extremly random forests) e Ou1bliie TOCHITIOIOTH
ponb dakTopa BUMAAKOBOCTI. [lopsia 13 BUMAAKOBUM BHOOPOM O3HAK BHUMAIKOBO
BUOMPAIOTHCA TAKOXX TpaHU4YHI 3HayeHHA. LI BUMaaKOBO TeHEpPOBaHI 3HAYEHHS
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CTalOTh MpaBUIaMH PO3OUTTS, IO JAOJATKOBO 3MEHIIYIOTh BapiaTUBHICTH MOJEIIL.
ToMmy BUKOpUCTAHHSI TPAHUYHO BUMAJAKOBUX JIICIB 3a3BUYail MPU3BOAUTH 10 OLIBII

IVIaJKUX MEXK MPUUHATTA PillIEHb Y MOPIBHIHHI 3 TUMH, 5IK1 BIA€ThCSA OTPUMATH 3a
JOTIOMOT' 00 BUMAIKOBUX JIICIB.

2. 3ABJJAHHS HA JIABOPATOPHY POBOTY TA METOIUYHI
PEKOMEHJALII 1O TOI'O BUKOHAHHS

3aBaanns 2.1. CTtBopeHHs Kiacu(pikaTopiB Ha OCHOBi BUIIAAKOBHX TA
TPAaHUYHO BUIIAIKOBMX JICiB

BuxopucroByBatn  ¢aitn  BximHux jgaHux: data_random_forests.txt,

noOyayBaTh KiacuQikaTopd Ha OCHOBI BHUIAJIKOBHUX Ta TPAHUYHO BHIAJIKOBUX
JICIB.

PEKOMEH/TALIII JJO BUKOHAHHS

Cnocobu cTBOpeHHsI KJIacH(PIKaTopiB 000X THUIIB JyXKE CXO0X1, TOMY JJIst

BKa3iBKH TOTO, KW KiIacU(iKaTOp CTBOPIOETHCS, MH OyJIeMO BHKOPHCTOBYBATH
BXIJTHUH TIpamop.

CrtBopith HOBHH (aitn Python Ta iMmmopTyiiTe Taki makeTu.

import argparse

import numpy as np

import matplotlib.pyplot as plt

from sklearn.metrics import classification report
from sklearn import cross validation

from sklearn.ensemble import RandomForestClassifier,
ExtraTreesClassifier

from sklearn import cross validation

from sklearn.metrics import classification_report

from utilities import visualize classifier

Busnaunmo cuHTakcWMYHUN aHamizatop (mapcep) aprymeHtiB nisi Python,
o0 MOkHa OyJo MpuitMaTH TUM KiacudikaTopa sSK BXiTHUN mapaMeTp. 3a/1ardn
BIIMIOBITHE 3HAYEHHS I[LOTO TapaMmeTpa, MH 3MOXEMO BHOMpATH THI
KiacudikaTopa, o CTBOPIOETHCS.

# Ilapcep aprymeHTiB



def build arg parser():
parser = argparse.ArgumentParser(description='Classify \
data using Ensemble Learning techniques')
parser.add argument ('--classifier-type',
dest='classifier type', required=True,
choices=['rf', 'erf'], help="Type of \
classifier to use; can be either 'rf' or \
'erf'")
return parser
BusHaunmo 0CHOBHY (PYHKI[1}O T2 BUTYYUMO BX1JAHI apTyMEHTH.

if name ==' main ":
# BuiydeHHs BXITHUX apryMEHTIB
args = build arg parser().parse args()

classifier type = args.classifier type

VY daiini data_random_forests.txt KokeH psIOK MICTUThH 3HAUSHHS PO3AUICHI
koMoto. [lepini gBa 3HAYEHHS BiJINMOBIIAIOTH BXIIHUM JIaHUM, OCTaHHE — IUIHOBIN
MITII. Y 1IbOMY Ha0Opi JaHMX MICTATBCS TPHU PI3HI Kiacu. 3aBaHTaXXUMO JIaHi 13
1oro (aiiny.

# 3aBaHTaXE€HHSA BXIIHUX JaHUX
input file = 'data random forests.txt'

data = np.loadtxt(input file, delimiter=',6")
X, y = data[:, :-1], data[:, -1]

Po3i6'emo BXimHI AaH1 HA TP KJIACH.

# Po30WTTS BXIIHUX TaHUX HA TP KIIACH

class 0 = np.array(X[y==0])
class 1 = np.array(X[y==1])
class 2 = np.array(X[y==2])

Bizyanizyemo BXifHi 1aHi.

# Bizyaurizaliis BXiJHUX JaHUX



plt.figure()

plt.scatter(class 0[:, 0], class O[:, 1], s=75,
facecolors="white', edgecolors='black',
linewidth=1, marker='s"')

plt.scatter(class 1[:, 0], class 1[:, 1], s=75,
facecolors="white', edgecolors='black',
linewidth=1, marker='o')

plt.scatter(class 2([:, 0], class 2(:, 1], s=75,
facecolors="'white', edgecolors='black',
linewidth=1, marker='"")

plt.title('BxonHele naHHee')

Po310'eMo n1aH1 Ha HaBYAJIBbHUN Ta TECTOBHI HAOOPH.
# Po30uBKa JaHUX HA HaBYAJIILHUI Ta TECTOBUM HAOOPHU
X train, X test, y train, y test =
cross validation.train test split(
X, ¥y, test size=0.25, random state=5)

Buznaunmo mnapameTpu, sKi BUKOPHUCTOBYBATUMEMO IPU KOHCTPYIOBAHHI

knacudikaropa. Ilapamerp n_estimator - 1e KUIBKICTH JEpeB.
max_depth — me MakcuManbHa KUTBKICTh PIBHIB y KOXHOMY zAepeBi. [lapameTp
random_state - 1ie MOYaTKOBE 3HAYEHHS I TEHEPAaTOpa BHITAJKOBUX YHCEN,
HEOoOXiJIHE 1HIIiaTi3allil alropuTMy KiIacudikaTopa 3 ypaxyBaHHSIM BHUIAKOBOTO

# Knacudikarop Ha OCHOBI aHCaMOJIEBOTO HaBUYaHHSI

[TapameTp

params = {'n_estimators': 100, 'max depth': 4,

'random_state': 0}

3aJIe)KHO BiJl TOTO, SKE 3HAUCHHsS BXIHOrO TapamMeTpa MU HaJajw,
KIacu(dikaTop KOHCTPYIOEThCS HA OCHOBI  BHIAJKOBOTO
BHITQIKOBOTO JIICY.

if classifier type == 'rf':

rPaHUYHO

classifier = RandomForestClassifier (**params)

else:
classifier = ExtraTreesClassifier(**params)

HaBuuMmo Ta Bizyamnizyemo kimacudikatop.

classifier.fit (X train, y train)
visualize classifier(classifier, X train, y train,
'"Training dataset')



O6uncIuMO pe3yabTaT Ha TECTOBOMY HaOOP1 JaHUX Ta Bi3yasi3yeMO HOro.

y test pred = classifier.predict (X test)
visualize classifier(classifier, X test, y test,
'TecToBEl HAOOP INAHHBX')

[lepeBipumo, K Impalroe KIacu(pikaTop, BUBIBIIHU 3BIT 13 pe3ylbTaTaMU
KJ1acuikaii.

# IlepeBipka poboTu kinacugikaTopa

class names = ['Class-0', 'Class-1', 'Class-2']

print ("\n" + "#"*40)

print ("\nClassifier performance on training dataset\n")

print (classification report(y train,
classifier.predict (X _train), target names=class_names))

print ("#"*40 + "\n")

print ("#"*40)

print ("\nClassifier performance on test dataset\n")

print (classification report(y test, y test pred,
target names=class names))

print ("#"*40 + "\n")

BukoHnaiiTe 1eil KoJ, 3alpOCHBIIM CTBOPEHHS Kiacu(ikatopa Ha OCHOBI
BUIIAJIKOBOTO JIICY 3a JOMOMOrow mpamopis rf BXxigHOro aprymeHrty. BeemiTe y
BIKHI TEpMIHAJIy HACTYITHY KOMaH/Y:

$ python3 random forests.py --classifier-type rf

VY mporieci BUKOHAHHS IIBOTO KOy OTPUMAKTE pso 300pajxcens ma 3anecimo
ix y 36im.

I'padix Bximamx panux. Ha rpadiky kBagpatu, Kona Ta TPUKYTHUKA
MPEACTaBIAIOTh, Tpu Kiacu. OIIHITH BI3yaJlbHO, IO KJIacH 3HAYHOIO MIpOIO
MEPEKPUBAIOTHCS, TIPOTE HA IILOMY €Talli 11e HopManbsHO. I pagik 3anecims y 36im.

300pakeHHS Ha SKOMY BimoOpakeHi Tpanuii kiacudikatopa. Ipaghik
3anecimo y 36im.

Tenep BuKoOHalTE TOW camMuil KO, 3alPOCHUBIIIHA CTBOPEHHS Kiacudikaropa Ha
OCHOB1 TPaHWYHO BHUMAJKOBOTO JICYy 3a JOMOMOTror mpamnopus erf BXigHOTO

aprymeHTy. BBeaiTh y BikHI TepMiHATy HACTYITHY KOMaHY:

$ python3 random forests.py --classifier-type erf



Otpumaiite 300paxkeHHs TO MOpIBHAWTE ioro 3 mnonepenHim. Ipagik
3anecims y 36im. 3BEpHITH yBary, 10 B OCTAHHbOMY BHIIJIKy OyJIM OTpHUMaHi
Outbw JyariaHi miku. lle oOyMoBI€HO TUM, IO B MPOILECi HABUYAHHSA TPAHUYHO
BUIAJIKOB1 JIICH MalOTh OUIbIIE MOXJIUBOCTEU MJii BUOOPY ONTHUMAIbHUX JEPEB
pillieHb, TOMY, SIK TPaBUJIO, BOHU 3a0€3Me€UyI0Th OTPUMAHHS KPAIlUX FPAHUIIb.

Ouinka mip 0ocmogipnocmi npozHo3ie

Skio BU TOIMBUTECS HaA pe3yJbTaTH, W0 BIIOOPaXKAIOTHCS Y BIKHI
TEpMiHaLy, ModauyuTe, IO Ui KOXKHOI TOYKH JAHWUX BHBOJSTHCS WMOBIPHOCTI.
[HuMu KWMOBIPHOCTSIMU BHUMIPIOIOTBCS PIBHI AOBIPAMBOCTI (piBHI JOBIpH) ISt
KoxHOro kiacy. OIliHKa piBHIB JOBIpU BIJAIIPAa€ BaXJIMBY POJb Y MAIIMHHOMY
HaByaHHI. Jlogaiite B TOi e ¢aliia HACTYNHUM PSAJOK, SIKUA BH3HAYAE MACUB
TECTOBUX TOYOK JIaHUX.

# OOuucIeHHs TapaMeTpiB JOBIPJIUBOCTI
test datapoints = np.array([[5, 5], [3, 6], [6, 4],
(7., 21, [4, 41, [5, 2]1)

O6G'ext knacudikaropa Mae yOyJIOBaHMN METOJ, NPU3HAYCHUN IS
oOurclieHHsT piBHIB JOBIpiAUBOCTI. KiacugikyemMo KOXXHY TOYKY Ta OOYHCIMMO
PiBHI1 TIOBIPJIUBOCTI.

print ("\nConfidence measure:")
for datapoint in test datapoints:

probabilities =
classifier.predict proba([datapoint]) [0]
predicted class = 'Class-' +

str (np.argmax (probabilities))
print ('\nDatapoint:', datapcint)
print ('Predicted class:', predicted class)

BizyainizyemMo TeCTOBI TOUKH JJaHUX Ha MiJCTaBl MEX KiIacudikatopa.

# Bisyanizauia TOYOK gaHUX

visualize classifier(classifier, test datapoints,
[0] *len(test datapoints),
'TecTOBEE TOYKM NOaHHEX')

plt.show()

Pe3ynbTaT BUKOHAHHS BOTO KOAY 13 IpanopoM rf 3anecimeo y 36im
VY BikHI TepmiHany 3'siBUTbCS BuBeAcHa 1HGopmauis Ckpinuwom uyiei
iHghopmauii eupirxcme ma 3anecims y 36im.



JImg KOXKHOI TOYKM HaHUX OOYHCIIOETHCS MOXKIHMBICTh 11 HAJICKHOCTI
KOXXHOMY 3 TphOX KjaciB. Mu BUOMpaeMo TOH Kjac, SKOMY BIANOBIJIa€ HAMBUILMMA
piBEHb TOBIPH.

Pe3ynpTaT BUKOHaHHA KONy 13 ipaniopoMm erf 3anecime y 36im.

VY BikHI TepmiHany 3'sIBUThCS BuUBeAcHa 1HGopmaiis Ckpinwom yiel
IHhopmayii eupirxccme ma 3anecimep y 36im.

3oepearcimob K00 pobouoi npozpamu nio nazeoro LR 4 task 1.py

Koo npozpamu, zpaghix ¢hynkuii ma pezyromamu oyinKu AKocmi 3aHecimos y
36im.

3poodime 8uCHOBOK

3aBnanns 2.2. O0podka qucdaiaHcy KJIaciB

BukopucroByroun g a”Hanizy  JAaHi, AKI  MICTAThCsS Yy daiil
data_imbalance.txt mpoBeaiTh 00poOKYy 3 ypaxyBaHHSIM JucOaaHCy KIIACIB.

Axicte knacudikatopa 3aJCKUTh Bl JaHUX, [0 BUKOPUCTOBYIOTHCS IS
HaBuaHHg. OpHIEIO 3 HAUNOMMPEHIMMUX TMpoOIeM, 13 SKUMU JIOBOJUTHCS
3IITOBXYBATUCSl Y peajbHUX 3aBlaHHsX, € sAKicTh naHuX. [llo6 kmacudikatop
IpaIffoBaB HaJiiHO, HOMY HEOOXITHO HaJaTU PIBHY KUIBKICTh TOYOK JaHUX JJIs
KOXXHOTO Kjacy. OHaK y pealbHUX YMOBaX rapaHTyBaTH JOTPUMAHHS ITI€T YMOBH
HE 3aBXJIH MOXJIMBO. SIKIIO KUIBKICTh TOYOK JaHUX JUIS OJHOTO Kiacy B 10 pa3iB
OuTbIlle, HDK ISl 1HIIOTO, TO Kiacu(iKaTop BiIJaBaTHUME IIEpeBary IepriomMy
kiacy. OTxe, Takui qucOaianc HEOOX1THO BpaxyBaTH alrOPUTMIYHO.

PEKOMEHALIT TO BAKOHAHHA

CtBopiTh HOBHII daiin Python Ta iMmmopTy#iTe Taki makeTH.

import sys

import numpy as np

import matplotlib.pyplot as plt

from sklearn.ensemble import ExtraTreesClassifier
from sklearn import cross validation

from sklearn.metrics import classification report

from utilities import visualize classifier

BukopucroByemo  nnsi  aHamizy  JaHi, Kl MICTATbCs y  (paiimi
data_imbalance.txt. ¥ 1npomy ¢aiisii KOK€H psIIOK MICTUTh 3HAYEHHS PO3JILUICHI



koMoro. [lepuri ABa 3HaYeHHs BIAMOBINAIOTh JAHUM, OCTAHHE — IUIBOBIM MITHI. Y
bOMY Ha0Op1 ITaHUX € JIBa KJIACH. 3aBaHTAXUMO JIaH1 13 IbOro (aimy.

# 3aBaHTa)XeHHSA BXiAHUX AaHUX

input file = 'data imbalance.txt'

data np.loadtxt (input file, delimiter=',"')
X, ¥y data(:, :-1], data[:, -1]

Il

Po310'eMo BXi7HI JJaH1 Ha JiBa KJIACH.
# Mopin BXiAHUX AaHWMX HA ABa KNacu Ha NiACTaBi MITOK
class 0 = np.array(X[y==0])
class 1 = np.array(X[y==1])

Bizyanizyemo BXiZH1 JaH1, BAKOPUCTOBYIOUH TOUKOBY Jlarpamy.
# Bisyanizauia BXigHUX gaHnX

plt.figure()

plt.scatter(class 0(:, 0], class 0(:, 1], s=75,

facecolors='black', edgecolors='black',

linewidth=1, marker='x")
plt.scatter(class 1(:, 0], class 1[:, 1], s=75,

facecolors='white', edgecolors='black',

linewidth=1, marker='o")
plt.title('BxonHue naHHee')

Po3i6'emo a1 Ha HaBYAIBLHUN Ta TECTOBHI HAOOPH.

# Po36MTTA AaHMX HA HaBYalbHUI Ta TECTOBUIMN Habopwu
X train, X test, y train, y test =
cross validation.train test_split (
X, y, test size=0.25, random state=5)

Busnaunmo mapamerpu s kiacudikatopa 3 ypaxyBaHHSM TpPaHUYHO
BUIIAJIKOBHUX JIICIB. 3BEpHITh yBary Ha BXIIHHI mapameTp balance, sikuii kepye
TUM, Y1 BPaXOBYBATUMETHCS aJITOPUTMIYHO AUCOAIaHC KIIACIB.

VY pasi BpaxyBaHHs 1[b0T0 (haKTOpa MU MOBUHHI J0JIaTH 1€ OJIUH Mapamerp,
class_weight, o 6ayrancye Barm TakuM YMHOM, OO BOHHU OYyJIM MPOIOPIIIHI 10
KUTBKOCT1 TOYOK JTAHUX y KOKHOMY KJIaci.

# Knacudikatop Ha OCHOBI TPaHUYHO BUMIAJKOBUX JIICIB



params = {'n estimators': 100, 'max depth': 4,
'random state': 0}
if len(sys.argv) > 1:

if sys.argv[l] == 'balance':
params = {'n_estimators': 100, 'max_depth': 4,
'random state': 0, 'class weight': 'balanced'}
else:

raise TypeError ("Invalid input argument; should be
'balance'")

CtBOpHMO, HaBUYMMO 1 BI3yalli3yeMO KiacU(IKaTop, BHUKOPUCTOBYIOUU
TPEHYBaJIbHI JaHI.

classifier = ExtraTreesClassifier (**params)
classifier.fit (X train, y train)
visualize classifier(classifier, X train, y train, 'Training dataset')

[Tepenbaunmo Ta BizyasizyeMo pe3yJbTat JJis TeCTOBOI'0 HAOOPY JTaHUX.
y test pred = classifier.predict (X test)
visualize_classifier[classifier, X test, y test, 'TecTOBm HaGoOp HaHHBIX')

# OOuHCIICHHS TTOKAa3HUKIB ePEeKTUBHOCTI Ki1acudikaTopa
class names = ['Class-0', 'Class-1']
print ("\n" + "#"*40)
print ("\nClassifier performance on training dataset\n")
print(classification report(y train,

classifier.predict (X train), target names=class names))
print ("#"*40 + "\n")

print ("#"*40)

print ("\nClassifier performance on test dataset\n")

print (classification report(y test, y test pred,
target names=class names))

print ("#"*40 + "\n")

plt.show()

I'paghix éxionux oanux 3anecimeo y 36im.
I'paghix oanux knacughixamopa ona mecmoeozo Habopy 3anecimo y 36im.
3BEepHITH yBary 110, Kiacudikatopy He BAANIOCs BU3ZHAYUTH (DAKTUUHY MEXKY

MDK JBOMa KjiacaMu. B naHoMmy BUNAJKy OOYMCIIEHY MEXKY MpEACTaBIs€ YOpHa
IJISIMA Y BEPXHIM YaCTHHI MaJIOHKA.
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VY BiKHI TepMiHANly TaKOX BiioOpa3uthes iHbopmalis. CKpin 3 inghopmauiero
eupixcme ma 3anecims y 36im!

Takoxx Oyzne BHBEACHO MOMNEPEIKEHHS NPO HASBHICTh HYJIBOBUX 3HAUEHb Y
NEPIIOMY PSAKY 3 YACTOBUMU JTAHUMH, 1110 MPU3BOJUTH 10 BUHUKHEHHS MOMUIIKH
moJly Ha Hynb (BHKIIOUeHHs ZeroDivisionError) mpu cnpo0i 0OYHCIICHHS
nokasHuka fl-score. 11{o6 1e nonepemxeHHs: He 3'ABISUIOCS, 3aIyCTITh KOJ Y BIKHI
TEpMIHALY 13 IPAriopoM ignore.

python3 --W ignore class imbalance.py

Jlami s BpaxyBaHHs JucOaiaHCy K1aciB BUKOHAMTE KO/

python3 class_imbalance.py balance

I'paghix oanux knacughixamopa 3anecims y 36im.
VY BikHI TepMiHAIly TaKOX Bi1oOpa3uthes iHbopmaltis. CKpin 3 inghopmauiero
eupixcme ma 3anecims y 36im!

3bepesrcimob K00 po60uoi npozpamu 3 0006°A3K08UMU KOMEHMAPAM IO
naszeorwo LR 4 task 2.py
3poobime 8ucHoB80K

3aBaanns 2.3. 3HAX0XKEHHS ONTHUMAJbLHUX HABYAJBLHUX NapaMeTpiB 3a
JA0MOMOI0I0 CITKOBOT0 MOUIYKY

Bukopucroyroun JaHi, 110 MICTSATBCS y dbaiti

data random forests.txt. .
_ - 3HAUTHU OIITUMAJIBHUX HaB4YaJIbHUX

mapameTpiB 3a JOTOMOTOIO CITKOBOTO TOIIYKY .

Y mpomeci pob6otum 3 KiacudikaTopamMd BaM HE 3aBXKIW BIiIOMO, SKi
napaMeTpu € HalKpanluMH. IX Tigdip BpydHY MeTogoM Ipy0oi cuimu (LLISTXOM
nepebopy BCiX MOKIMBUX KOMOIHAIi ) TPAaKTUYHO HEpeaTi30BaHUIA.

[ Tyt Ha qomoMoTy MpUXoauTh ciTounmii momyk (grid search). Posrmsiaemo sk
11€ pOOUTHCS.

PEKOMEHALIT JTO BAKOHAHHA

CtBopiTh HOBHII ¢aiin Python Ta iMmmopTyliTe Taki makeTH.
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import numpy as np

import matplotlib.pyplot as plt

from sklearn.metrics import classification report
from sklearn import cross validation, grid search
from sklearn.ensemble import ExtraTreesClassifier
from sklearn import cross_validation

from sklearn.metrics import classification report

from utilities import visualize classifier

BukopucrtoByemo st Hamoro a”amizy JaHi, MO MICTAThCA Yy (paitmi
data random forests.txt.

input file = 'data random forests.txt'
data = np.loadtxt (input file, delimiter=',6')
X, y = data[:, :-1], datafl:, -1]

Po3i6'emo nani Ha TpH Kiacu.

# Po30UTTS aHMX Ha TP KJIACH HA M1ACTaB1 MITOK
class 0 = np.array(X[y==0])

class 1 = np.array(X[y==1])
class 2 np.array (X[y==2])

Po3i6'emo nani Ha HaBYAIBLHUN Ta TECTOBHI HAOOPH.

# Po36MTTA AaHWX HA HaBYalbHUI Ta TECTOBUMN Habopwu
X train, X test, y train, y test =
cross validation.train test split(
X, y, test size=0.25, random state=5)

3amaMo CITKy 3Ha4eHb TapaMeTpiB, Jie Oy/IeMO TeCTyBaTH Kiacu(ikaTop.

3a3Buyail MU TIATPUMYEMO TOCTIHHMUM 3HAYECHHS OJIHOTO IapaMerpa Ta
BapitoeMo iH1II. [loTiM 1151 mpotiemypa MOBTOPIOETHCS KOKHOTO 3 TTapaMETPiB.

Ha pa3i mu xoueMo 3HaWTH HaWKpallli 3HaYEHHS MmapamMeTpiB n_estimators i
max_depth. Buznaunmo ciTky 3Ha4eHb MapaMeTpiB.

# BM3HAYEeHHA CiTKM 3HA4YeHb NapameTpiB
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parameter grid = [ {'n_estimators': [100],
'max depth': (2, 4, 7, 12, 16]},
{'max depth': [4], 'n estimators': [25, 50, 100, 250]}
]

BusHauumMo MeTpHuYHI  XapaKTepUCTUKH, SKI Ma€ BHUKOPHUCTOBYBATH
KjacudikaTop A 3HAXOKEHHs HallKkpamioi KoMO1Hallli mapaMeTpis.

metrics = ['precision weighted', 'recall weighted']

JIJist KOX)KHOT METPUKHM HEOOX1ITHO BUKOHATH CITKOBUM MOUIYK, MiJ Yac sIKOTO
MU HaBYaTUMEMO Kiacu(ikaTop KOHKPETHOI KOMOIHAIlIi mapaMeTpiB.

for metric in metrics:
print ("\n##### Searching optimal parameters for", metric)

classifier = grid search.GridSearchCV(
ExtraTreesClassifier(random state=0),
parameter grid, cv=5, scoring=metric)
classifier.fit (X train, y train)

BuBenemo o11iHKy /11 KOKHOT KOMOiHAIlIi mapaMeTpiB.

print ("\nGrid scores for the parameter grid:")

for params, avg score, in classifier.grid scores :
print (params, '-->', round(avg score, 3))

print ("\nBest parameters:", classifier.best params )

Busenemo 3BIT 13 pe3ynbpTaTamu poOoTH KitacudikaTopa.

y pred = classifier.predict(X test)
print ("\nPerformance report:\n")
print (classification report(y test, y pred))

[Ticns BUKOHAHHS MBOTO KOAY Yy BIKHI TepMiHANTY 3'IBUTHCS 1HQOpMAIIis.
Ckpinuwiom uiei ingpopmauii 3anecimo y 36im.

Buxonsan 3 koMOiHaIiii 3HAYeHb MapaMmeTpiB, BUKOPUCTAHUX Y CITOYHOMY

MOITYKY, TYT BHBEICHI PE3yJbTaTH, IO BiAMOBIIAIOTh HAWOUIBII ONTHMAJBHIM
KOMOIHAIIIT TS ITOKa3HKMKa Precision.
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Otpumaiite iHIIY KOMOIHAIII0 3HAuYeHb MapaMmeTpiB, W0 3abe3neuye
OTpUMAaHHS HallKpaloro 3HaueHHs nokasuuka recall. Ckpinwom yiei inghopmauii
3anecimo y 36im.

Bona Bipi3HA€TbCA Bl NEPILIOT, IO LIUJIKOM 3p03yMUIO, OCKUIBKM precision 1
recall - pi3Hi MeTpUYHI XapaKTEPHCTUKH, 110 BUMAararOTh BHKOPHCTaHHS PI3HUX
KOMO1HAI[I} TapaMeTpiB.

3bepercimob K00 po6ouoi npozpamu 3 0006°A3K06UMU KOMEHMAPAM NI
nazeorw LR 4 task 3.py

Koo npozpamu ma pucynok 3anecimo y 36im.

3poodime 6uCcHOBOK

3aBaannga 2.4. O0uucJIeHHS BiIHOCHOI Ba'KJIUBOCTI 03HAK

Konu mu mpairoemo 3 HabopaMu JaHUX, M0 MICTATh N-BUMIpPHI TOYKU JTaHUX,
HEOOXITHO PO3YyMITH, IO HE BCl O3HAKKM OJHAKOBO BaxiauBi. OmHlI 3 HHUX
BIITPalOTh OUIBILY pOJIb, HDK 1HIIL. Mawuu B CBOEMY PO3MOPSHKEHHI IO
iHpOpMaIli€ro, MOKHA 3MEHIITUTH KUTBKICTh PO3MIPHOCTEH, 110 BPaXOBYIOTbCA. Mu
MO’KEMO BHKOPHCTOBYBATH 1[0 MOYKJIUBICTh 3HW)KCHHS CKJIQJHOCTI aJTOPUTMY Ta
foro mpuckopeHHs. [HoM1 edki o3HAKU BUSBIAIOTHCS 3aiiBuMH. OTXKe, iX MOXKHA
0e300TICHO BUKIIFOUHUTH 13 HA0OPY JTaHUX.

Jlist oOuMcleHHsT BaXXJIMBOCTI O3HAK OyJIeMO BUKOPHCTOBYHUTE perpecop
AdaBoost. CkopodeHnHst nmoxoauTh Bif anroputMmy Adaptive Boosting (amanTuBHa
MiATPUMKA), SIKMM YacTO 3aCTOCOBYETHCS y TMOEIHAHHI 3 1HIIUMH QJITOPUTMAMHU
MaIlTMHHOTO HaBYaHHS JUIS MiABUIIEHHS iX edekruBHOCTI. AdaBoost BuTArye
HaBYaJbHI TOYKHM JAHWUX JJII TPEHYBaHHA IIOTOYHOrO  Kiacudikaropa,
BUKOPHUCTOBYIOUHM JIeSKMK posmonain ix Bar. lleit po3moain  iTepaTUBHO
OHOBJIFOETHCS, TOMY HACTyIHI KiacudikaTopu (QOKYCyIOTbCS Ha CKJIIATHIIIUX
Toukax. (Baki TOYKM - 1€ TOUYKH, 5Kl Oynu KiacudikoBaHi HENPaBHIBHO.)
3aBAsiKM 1IbOMY TOYKM JaHUX, SKI paHimie Oylu HempaBUIbLHO KiacugiKOBaHi,
OTPUMYIOThH BEIIMKI Baru y BUOIPKOBOMY HaOOp1 JaHUX, 1[0 BUKOPUCTOBYETHCS IS
HaBYaHHS KiacudikatopiB. AiaropuT™m o0'eqHye i kiacudikatopu B "komirer",
KUY TIpUiMae OCTaTOYHE PIIICHHS HA IMi/ICTaBl BUBAKEHOI OLTBIIIOCTI TOJIOCIB.

PEKOMEHALII JTO BAKOHAHHA

CtBopiTh HOBHII daiin Python ta iMmopTyliTe Taki makeTu.
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import numpy as np

import matplotlib.pyplot as plt

from sklearn.tree import DecisionTreeRegressor

from sklearn.ensemble import AdaBoostRegressor

from sklearn import datasets

from sklearn.metrics import mean squared error,
explained variance score

from sklearn import cross validation

from sklearn.utils import shuffle

Mu OyaemMo BUKOPUCTOBYBaTHM BOyAOBaHUM HaOlp JaHUX 13 LIHAMH Ha
HEPYXOMICTh, TOCTyIHUH y Oi0aioTeni scikit-learn.

# 3aBaHTa)KE€HHS JAHUX 13 [IHAMU HA HEPYXOMICTh
housing data = datasets.load boston()

[Tepeminiaemo naHi, OOU MIABUIIATHA 00'€KTUBHICTH HAIIIOTO aHAI3Y.

# IlepeminryBaHHs TaHUX
X, y = shuffle(housing data.data, housing data.target,
random state=T)

Po3i6'emo nani Ha HaBYAIBLHUN Ta TECTOBHI HAOOPHU.

# Po30UTTS TaHWX HAa HAaBYAJIBHUI Ta TECTOBUM HaOOpHU
X train, X test, y train, y test =
cross validation.train test split|
X, y, test_size=0.2, random_state=7)

Busnaunmo 1 HaBumMo perpecop AdaBoost, 3actocoByrouu perpecop Ha
OCHOBI JIepeBa PIllIeHb Y SKOCTI 1HIUBITyaIbHOT MOJIEIII.

# Mounenb Ha ocHOBI perpecopa AdaBoost
regressor = AdaBoostRegressor |

DecisionTreeRegressor (max depth=4),
n _estimators=400, random state=7)
regressor.fit (X train, y train)

OuinuMo epeKTUBHICTH perpecopa.
# O0unCIeHHs TOKa3HUKIB eekTuBHOCTI perpecopa AdaBoost
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y pred = regressor.predict (X test)

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

evs = explained variance score(y test, y pred )
print ("\nADABOOST REGRESSOR")

print ("Mean squared errcr =", round(mse, 2))

print ("Explained variance score =", round(evs, 2))

Lleii perpecop mae BOyIOBaHUN METOMA, SIKUM MOXHA BUKJIMKATH IS
004YMCIIEHHS BITHOCHOI Ba)KJIMBOCTI O3HAK.

# BunmydeHHs! BAXKIIMBOCT1 O3HAK

feature importances = regressor.feature importances

feature names = housing data.feature names

HopmanizyeMo 3HaueHHs BITHOCHOT Baru O3HaK.

# Hopmautizallis 3Haue€Hb BaXJIMBOCTI O3HAK
feature importances = 100.0 * (feature importances /
max (feature importances))

Bigcopryemo 111 3Ha4eHHS BiIOOpaKeHHS Y BUTJISI JlarpaMu.

# CopTyBaHHs Ta IEPECTAaHOBKA 3HAYECHB
index sorted = np.flipud(np.argsort(feature importances))

Po3cTaBuMoO MiTKH B3710BX OC1 X ISl TOOY/IOBU CTOBITYACTOT JIiarpaMH.

# Po3MilieHHST MITOK Y3/10BX oci X
pos = np.arange(index sorted.shape(0]) + 0.5

[ToOyayeMo cToBIYacTy giarpamy.

# IloOynoBa cTOBIMYACTOI JiarpaMu

plt.figure()

plt.bar(pos, feature importances|index sorted], align='center')

plt.xticks(pos, feature names[index sorted])

plt.ylabel ('Relative Importance')

plt.title('OueHKa Ba¥HOCTM MPM3HAKOB C MCNONbL30BaHMEM perpeccopa
AdaBoost')

plt.show()

[licns BUKOHAHHS UBOro KOAY Ha €KpaHl 3'saBUTbcs Alarpama. /iazpamy
3anecimo y 36im ma npoananizyime.
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BinnoBinHO 10 MPOBENEHOrO aHalli3y 3p00iTh BUCHOBKH, SIKI O3HAKUA MAalOTh
HalOUIBIIY POk, a IKUMHU MOXHA 3HEXTYBaTH. BUCHOBKM 3aHECITH Y 3BIT.

Koo npozpamu ma pezyrvmamu 3anecimep y 36im.
Ilpozpamnuit koo 36epexncimo nio nazeorw LR 4 task 4.py

3aBaanns 2.5. IIporHo3yBaHHs iIHTEHCMBHOCTI IOPOKHBOI0 PYyXy 32
JA0NOMOT 010 KIacu(dikaTopa HA OCHOBI TPAHMYHO BUIIAIKOBHX JICiB

[TpoBeniTh MPOrHO3yBaHHS IHTEHCUBHOCTI JOPOXKHBOTO PYXY 3a JOIMOMOTOKO
kinacudikatopa Ha OCHOBI T'PaHUYHO BHUIAJIKOBUX JiciB. Bukopucraiite Habip
JIaHUX, JOCTYITHUU 32 aAPECOKO;

https://archive.ics.uci.edu/ml/datasets/Dodgers+Loop+Sensor.

Ileti HaOip MICTHTH JaHI NPO IHTEHCUBHICTh JOPOKHBOTO PyXy TiJ dac
npoBeAcHHsT OelcOoNbHMX MatdiB Ha ctamioni Jomkep-cteaiym y Jloc-
Amnpkenect.

[I{o6 3poOutu AaHi OUTBII MPUAATHUMU JJI aHAJI3y, 1X HEOOXITHO MiIJaTH
nonepeaHid  06po6ui. Ilomepenuro 00poOneH1 JaHl MICTATbCS y  daimi
traffic_data.txt.

. Y npoMy (aiti KoxkeH PSAAOK MICTHThH PSAKOBI 3HAYEHHS,
pO3MiIeHI KOMOI0. SIK MpHKIAL pO3MVITHEMO MEpIIHiA PsIOK. 3HAYEHHS B IIBOMY
pAAKY BiggopMaTOBaHI HACTYITHUM YHHOM: JCHb TIDKHSA, 4Yac 00M, KOMaH[a
CyNepHHKA, JBIMKOBE 3HAUEHHS, IO BKa3ye, YW MPOXOAWTH Mard (yes/no),
KUIbKICTh TPAHCIIOPTHHUX 3aCO01B, IO MPOTKIKAOTh.

MeTor0 3aBIaHHS € MPOTHO3YBaHHS KUIBKOCTI TPAaHCIOPTHUX 3ac00iB, IO
IPODKKAIOTH JOPOT0r0, Ha MiJCTaBl HagaHO1 1HGOpMAITii.

OTxe, HEOOXITHO CTBOPUTH PErpecop, 3MaTHHM IPOTHO3YBATH BHUXITHUM
pesynbrat. CTBOPITH TaKHil perpecop Ha OCHOBI TPAHUYHO BUMAJAKOBUX JIICIB.

PEKOMEHALIT TO BAKOHAHHA

CtBopiTh HOBHII daiin Python Ta iMmmopTy#iTe Taki makeTH.

import numpy as np

import matplotlib.pyplot as plt

from sklearn.metrics import classification report,
mean_absolute error

from sklearn import cross validation, preprocessing

from sklearn.ensemble import ExtraTreesRegressor

from sklearn.metrics import classification report

3aBaHTa)XxUMoO JaHi 13 (aitny traffic data.txt.
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https://archive.ics.uci.edu/ml/datasets/Dodgers+Loop+Sensor

input file = 'traffic data.txt'
data = []
with open(input file, 'r') as f:
for line in f.readlines():
items = line[:-1).split(',"')
data.append(items)

data = np.array(data)

HeuncnoBi o3HakH, 1110 MICTATHCS cepel IUX AaHUX, TOTPEeOYIOTh KOTyBaHHSI.
KpiM Toro, My MOBHMHHI MPOCTEKUTHU 32 TUM, 10O YUCIIOBI O3HAKU HE MiAAaBAIUCA
KoJayBaHHIO. [l KOXHOI O3HaKW, W0 mnoTpedye KOIAyBaHHS HEOOX1THO
nepeaoaynuTH  OKpEeMHM  KOAyBadbHUK. MU  TOBHHHI  BIICTEXYBaTH I
KOJIyBaJIbHUKH, OCKLJIBKU BOHU 3HA00JSATHCS HaM, KOJIM MM 3aX0UE€MO BHUPaXyBaTH
pe3yabTaT JIs HeB1IOMOi TOYKH JaHuX. CTBOPUMO BKa3aH1 KOAYBaJTbHUKH.

# IlepeTBOpEHHS PSAIKOBUX JIAaHUX HA YHCIIOBI

label encoder = []

X encoded = np.empty(data.shape)

for 1, item in enumerate (data[0]):
if item.isdigit():

X encoded[:, 1] = datal[:, 1i]
else:
label encoder.append (preprocessing.LabelEncoder ())
X encoded([:, 1] = label encoder(-1]
.fit transform(datafl:, i])
X = X encoded[:, :-1).astype(int)
y = X encoded[:, -1].astype(int)

Po3i0'eMo maHi Ha HaBYANBbHUN Ta TECTOBHI HAOOPH.

# Po30UTTS NaHKWX HA HABYAJIBHUI Ta TECTOBUN HAOOPHU

X train, X test, y train, y test =
cross_validation.train test split(
X, y, test size=0.25, random state=5)

HaBuuMmo perpecop Ha OCHOBI TPAaHMYHO BUTIAIKOBHUX JIICIB.

# Perpecop Ha OCHOBI TPaHUYHO BUIAJIKOBHX JIICIB
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params = {'n estimators': 100, 'max depth': 4,
'random state': 0}

regressor = ExtraTreesRegressor (**params)

regressor.fit (X train, y train)

O6uncIMMO MOKa3HUKHU €(PEKTUBHOCTI perpecopa Ha TECTOBUX JAHUX.

# OOuunCIeHHS XapaKTepUCTUK €EKTUBHOCTI perpecopa Ha TECTOBUX JTaHUX
y pred = regressor.predict (X _test)
print ("Mean absclute error:",
round (mean_absolute error(y test, y_pred), Z2})

PosrasiHeMo stk 00UHCITIOETHCS PE3yJIbTAT JIJIsi HEBIIOMOT TOUKH JTaHUX.
Jl71s1 mepeTBOpPEHHST HEUMCIOBUX O3HAK HA YUCJIOB1 3HAUYCHHS MU
BUKOPUCTOBYEMO KOJYBaJIbHUKH.

# TecTyBaHHS KOJIyBaHHSI Ha OJIMHOYHOMY MPHUKJIaI1

test datapoint = ['Saturday', '10:20', 'Atlanta', 'no']
test datapoint encoded = [-1] * len(test datapoint)
count = 0

for i, item in enumerate(test datapoint):
if item.isdigiti():
test datapoint encoded[i]
else:
test datapoint encoded([1i]
int (label encoder([count].transform(test datapoint(i]))
count = count + 1

int (test datapoint([i]}

test _datapoint_encoded = np.array(test_datapoint_encoded)

CnporHo3yemo pe3yJbTar.

# [IporHo3yBaHHS pe3yabTaTy JJIs TECTOBOT TOYKH JaHUX
print ("Predicted traffic:",
int (regressor.predict ([test datapoint enceded]) [0]))

BuxonaBmm 1ei Ko, BU OTPUMAETE K BUXITHUN pe3yabTaT 3HaueHHS 20,
SKe Tyke OJM3bKO 10 (aKTHYHOTO 3HAYCHHS. Y IIbOMY HE BaXKKO MEPEKOHATHUCS,
3BEPHYBIIUCH 0 (paiiy TaHHX.

Koo npozpamu ma pezynemamu 3anecims y 36im.
Ilpozpamnuit Koo 36epexcims nio nazeoro LR 4 task 5.py
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YACTHUHA 2. CTBOPEHHA PEKOMEHJAIIIMHUX CUCTEM

1. TEOPETHYHI BITOMOCTI

CucreMu pexomMeHaamin

[Tepconanizailisi KOpPUCTYBAI[LKOTO JOCBiYy Oyyia MPIOPUTETOM 1 CTajaa HOBOIO
MaHTPOIO B rajy3siX, OpIEHTOBaHMX Ha CHOXWBaya. MOXJIMBO, BU MOMITHIIH, SIK
KOMIIaH1i eJICKTPOHHOT KOMEPIIii pO3MINIYIOTh IEPCOHAII30BAaHY pEKIaMy JIJisl Bac,
MPOMOHYIOYH, 110 KYIyBaTH, sIKI HOBUHU YUTATH, SIKE BiZI€O TUBUTHUCS, Ae/II0 iCTH
Ta 3 KAM BaM MoOXe OyTH I[IKaBO CHUIKyBatucs (Apy3i/mpodecioHanu) y
COLIIAIbHUX Mepekax. mefdia cailtu. CucreMu pexkoMeHJalii — 1€ OCHOBHA
cucreMa ¢unpTpamnii iHpopmallii, po3poOieHa i TPOTHO3YBAaHHS TIepeBar
KOPHUCTYBauiB 1 IONOMOTM PEKOMEHAYBAaTHU MPaBUIbHI €JIEMEHTH JIJIi CTBOPEHHS
crienuG19HOrO JJIsI KOPUCTYBaya JOCBIAY MEpCOHAI3aIlI.

[cHye nBa TUNM pekoOMeHAAIINHUX cUcTeM: 1) QuIbTpallis Ha OCHOBI BMICTY
Ta 2) cninbHa ¢inerpanis (puc 1).

Content-Based Filtering Collaborative Filtering

l' o LT
v

N
~
~
~
~
~

Similar Items

Similar Users

———> Already Bought
<= = = Recommended

Puc.1

Dinompayisn na ocnosi emicmy (Content-Based Filtering)

Le#t Tum cUCTEMU 30CEPEIKYEThCSI HA aTpuOyTi MOAIOHOCTI €1eMEHTIB, 00
JaTH BaM pekoMmeHmamii. Halikpame 1ie MoKHa 3pO3yMITH Ha MPUKIALIL: SKIIO
KOpPHUCTYBad Tpua0aB TOBapH IMEBHOI KaTeropii, iHIm momiOHiI ToBapu 3 TIE€l XK
KaTeropii peKoMeHI0BaHi KOpUCTyBadeBi (IuB. puc 1).

AJNTOPUTM PEKOMEHJAINN IIOA0 CXOXKOCTI Ha OCHOBI €JIEMCHTIB MOXKHA
MPEICTABUTH Y BUTIISII:

Zsimr- (T i ) %)
i Z|Simj{i”"' ib ]|

iy

-

'xk_n.' =
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Cninona inempayis (Collaborative Filtering (CF))

CF 30cepemxyeTrbcsi Ha aTpuOyTi MOAIOHOCTI KOPUCTYyBauiB, TOOTO BIH
3HaXOJUTh JIOJIEH 31 CXOXKMMHU CMakaMH Ha OCHOBI MIPH CXOXKOCT1 3 BEJIMKO1
rpynu kopuctyBadiB. Ha mpaktuui icHye nBa tunu peanmizauii CF: Ha OCHOBI
nam’sTi Ta Ha OCHOBI MOJIEJIL.

Tun Ha OCHOBI mam'siTi B OCHOBHOMY 0a3y€ThCsl Ha alropuTMi MOJIOHOCTI,
ANropuT™M pO3rIsSJaE €JIeMEHTH, SKI M0A00aloThCs MOAIOHUM JIIOISAM, 11100
CTBOPUTU PaHXOBaHUH CHUCOK pexomeHpaamii. IloTiM B MoXeTe BiICOPTYBATH
PEUTHHIOBUIA CITHUCOK, I00 PEKOMEHIyBaTH KOPUCTYBAaUYeBl NEPIL N €JIEMEHTIB.

ANropUTM pEeKOMEHJAIl MO0 CXO0KOCTI Ha OCHOBI KOPUCTYBayiB MO>KHA
NPEJICTAaBUTH SK:

> {r; —m, Jsim(u,, u,)
e, ) o ' -
Z. ‘sim{ul, ", )‘

[T

pr.,=m,+

JlaBaiiTe po3riasiHeMO Ta IOCTIAMMO TPUKIIAIN PEKOMEHAAIIHHUX CUCTEM.

2. 3ABJAHHA HA IABOPATOPHY POBOTY TA METOJAUYHI
PEKOMEHJALII 1O NOT'O BUKOHAHHSA

3aBaanus 2.6. CTBOpeHHsI HABYAJBHOI0 KOHBeepa (KOHBe€Epa
MAIIMHHOTO HABYAHHS)

3a3Bryail, CHCTEMU MAIIMHHOTO HABYaHHS OyAYyIOThCS Ha MOJYJIbHII OCHOBI.
KonkpeTHa KiHIIEBa MeTa JOCITAETHCS 3 JOIMOMOTOK (opMyBaHHS BIAMOBITHUX
KOMOIHaIili okpeMux MoaymiB. Y Oi0miotern scikit-learn mictsaTees yHKIT, 110
JT03BOJISIIOTH 00'€THYBATH Pi3HI MOJIU B €JIUHI KOHBEEP

KonBeep moxe hopmyBaTucs 3 MOAYIIB, 0 BUKOHYIOTh Pi3HI (QyHKIIIT, Taki
SK BimOIip O3HAK, momepenHs oO0poOka maHWUX, MOOyJAOBa BHUITAJIKOBUX JIICIB,
KJIacTepH3allis 1 T.11.

HeoOXxigHO CTBOpPHUTH KOHBe€p, NPHU3HAYEHUH A BHOOPY HAHOLIbLII
BaXJIMBHUX O3HAK 3 BXiIHHUX JaHUX i IX mnogaabmol kjaacupikamii 3
BHKOPHMCTAHHAM KJIacu(]ikaTopa Ha OCHOBI TPAHMYHO BUNAKOBOIO0 JIiCy.

PEKOMEHALIT TO BAKOHAHHA

CtBopiTh HOBHII daiin Python Ta iMmmopTyliTe Taki makeTH.
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from sklearn.datasets import samples generator

from sklearn.feature selection import SelectKBest, f regression
from sklearn.pipeline import Pipeline

from sklearn.ensemble import ExtraTreesClassifier

3reHepyeMo MapKoOBaH1 BHOIPKOBI JaHi JyUIsi TIPOLIECIB HABYaHHS Ta
tectyBaHHs. [laker scikit-learn Bkitoyae BOy0BaHy (PYHKIIIIO, SIKA CIIPABISETHCS
13 IIUM 3aBJAHHSAM. Y HABEJECHOMY HW)XXY€ PSAKY KOAY CTBOproOThCA 150 TOHOK
JaHUX, KOKHA 3 SKUX € 25-MIpHUM BEKTOPOM. UHCIOBI 3HAYEHHS Yy KOXXHOMY
BEKTOpPl O3HAaK TE€HEPYBaTUMYTbCS 3 BHUKOPHUCTAHHSIM T€HEpaTtopa BHUIAIKOBUX
BuOIpok. KoxkHa Touka JaHUX BKJIIOYAE HIICTh 1HOOPMATUBHUX O3HAK 1 HE MICTUTD
»KOJTHO1 HAJUTUIIIKOBO].

BukopuctoByeMo HacTynHUN KOJ.

# I'enepyBaHHs TaHUX

X, y = samples generator.make classification(n_samples=150,
n features=25, n_classes=3, n_informative=6,
n_redundant=0, random state=7)

[Tepmum 6510KkOM 1IBOTO KOHBEEpa € ceyekTop o3Hak. Llel 6yok BimOupae k
"Hatikpamux" o3Hak. BcranoBuMo juist k 3HaueHHs 9.
# BuOip k HaliBa)KTUBIIIMX O3HAK
k best selector = SelectKBest (f_regression, k=9)

Hactynmuumit  Omoxk koHBeepa - KiacudikaTop Ha OCHOBI TpaHUYHO
BUIIAJIKOBOTO Jicy 3 60 mepeBaMu Ta MaKCHUMaJbHOIO TIHOMHOIO, IO JOPIBHIOE
YOTUPHOM. BUKOPHUCTOBYEMO HACTYITHUM KOJ.

# Inimianizamis kiacugikaTopa Ha OCHOBI TPAaHUYHO BUIIAKOBOTO JIICY
classifier = ExtraTreesClassifier(n estimators=60, max_depth=4)

CTBOpMMO KOHBEEp 3a JIONOMOIOI OO0'€THAHHS ONUCAaHMX OJIOKIB. Mu
MO>KEMO MPHUCBOITH 1M’ 51 KOXKHOMY OJIOKY, 100 1X Jieriie 0yo BiCIiIKOBYBAaTH

# CTBOpEHHS KOHBe€epa
processor pipeline = Pipeline([('selector’', k best selector),
('erf', classifier)])

MoskHa 3MIHIOBaTH MMapaMeTpu OKpeMux 010kiB. J[aBaiiTe HamaMo 3HaAYCHHS 7
napameTpy k y mepmomy Gromi 1 3HadeHHst 30 KiUTbKICTh AepeB (n_estimators) y
apyromy Omori. Jlms  Bu3HaueHHs oOmacTeld  BUAMMOCTI  3MIHHUX MU
BUKOPHUCTOBYEMO IMEHA, paHille HaJaH1 OJI0KaM.

# BcTaHOBIICHHS TapaMeTpiB
processor pipeline.set params(selector k=7, erf n estimators=30)
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HaBunMo KOHBe€ep, BUKOPUCTOBYIOUHM 3T€HEPOBaH1 epe UM BUOIPKOBI JIaHi.

# HaBuaHHs KOHBeepa
processor pipeline.fit(X, y)

CnporHo3yemo pe3ysbTaTH JJisl BCIX BX1JHUX 3HAUYC€Hb Ta BUBEAEMO iX.
# IlporHo3yBaHHs pe3yabTaTIB JJIs BXIIHUX JaHUX
output = processor pipeline.predict(X)
print ("\nPredicted output:\n", output)

O6uKCcIUMO OLIIHKY, BUKOPUCTOBYIOUM MAapKOBaH1 TPEHYBAJIbHI JIaHi.

# BuBeneHHs OL{IHKA
print ("\nScore:", processor pipeline.score(X, y))

Butsraemo o3Haku, BifmiOpaHi 0JIOKOM celektopa. Mu BKazaid, 110 X04eMO
BUOpaTu 7 TaKuX O3HAK 13 3arajibHOI1 KUIBKOCTI 25. BUKOPHUCTOBYEMO HACTYITHUM
KOJI.

# BuBejeHHs 03HAK, BiIIOpaHUX CEJIEKTOPOM KOHBEEPA

status = processor pipeline.named steps['selector']

.get supporti()
# BunmydeHHs Ta BUBEJCHHS 1HIEKCIB 0OpaHUX O3HAK
selected = [i for i, x in enumerate(status) if x]
print ("\nIndices of selected features:",
', '".Join([str(x) for x in selected]))

[Ticns BUKOHAHHS IIHOTO KOJY Y BIKHI TEpMIHAIy BiI0Opa3uThCs iH(pOpMaIlis
3podimb cKpin ikHa mepminaiy ma ecmasme 1020 y 36im.

Hanuwims 6ucnogokK y 36im. Y 6uCHOBKAX NOACHIMb:
o micmumuca y nepuiomy cnucky?

1o o3nauace 3nauenns Score?

o micmumuca 6 ocmannbomy paoKy ?

3o6epescimpb K00 pobouoi npozpamu nio nazeoro LR 4 task 6.py

3apnannd 2.7. llomyk HalidaMKIUX cycCiaiB

Jlns hopmyBaHHS e(PEKTUBHUX PEKOMEHAIIN Y peKOMEHJAIMHUX CUCTEMax
BUKOPHUCTOBYETHCS MOHATTS HAUOMMKYHMX CycilliB (nearest neighbours), CyTh sIkoro
MOJIsiTa€ 'y 3HAXOJ/KEHHI TUX TOYOK 3aJaHOro HaOopy, SIKI pO3TalloBaHI Ha
HaWOMMKYMX BIACTAHSAX Bia 3a3HaueHoi. Takuil MiaxiJ 4acTO 3aCTOCOBYETHCS IS
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CTBOPEHHS CHUCTEM, IO KJIACU(IKYIOTh TOUKY JAHUX Ha MiJCTaBl il OJU3BKOCTI 10
PI3HUX KJIaCIB.
3MIACHITh MOUTYK HAHOIMKYMX CYCIAIB 33/1aHOT TOUKH JTaHUX.

PEKOMEHJIALIII 1O BUKOHAHHA
CtBopiTh HOBHII (aiin Python ta iMmnopTyliTe Taki makeTH.

import numpy as np
import matplotlib.pyplot as plt
from sklearn.neighbors import NearestNeighbors

Busnaute BUOIpKY TBOBUMIPHUX TOUOK JaHUX.
# BxiaH1 gaHi

X = np.array([[2.1, 1.3], [1.3, 3.2], (2.9, 2.5), [2.7, 5.4],
(3.8, 0.9], [7.3, 2.1), (4.2, 6.5], [3.8, 3.7],
(2.5, 4.11, [3.4, 1.9), [5.7, 3.5], (6.1, 4.3],
(5.1, 2.2], [6.2, 1.1]1])

BuszHaure KUTBKICTh HAWOIMKINX CYCITIB, KOTP1 XOUEMO BUTSTTH.

k=5

BusHauumo TecTOBY TOUKY JaHUX, Ha Ky OyaeMo BUiaydaTH k HarOMmKunx
CycimiB.

# TecToBa TOYKaA JaHUX

test datapoint = [4.3, 2.7]

Bino6pasumo Ha rpadiky BXiIHI JlaHi, BUKOPHCTOBYIOUH SIK MapKepH YOpPHi
KPYXXKH.

# BinoOpakeHHs BXITHUX JaHUX Ha rpadiky

plt.figure()

plt.title('BxonHeie paHHue')

plt.scatter (X[:,0], X[:,1], marker='o', 3=75, color='black'})

CTBOpMMO Ta HAaBYMMO MOJICIh Ha OCHOBI MeTony K HaWOIMK4YMX CyCimiB,
BHKOPHCTOBYIOYM BXiAHI JaHl. 3acTOCyEMO IIF0 MOJENIb ISl OTPUMaHHS
HaWOMMKYMX CYCIJIB HAIIOT TECTOBOT TOUKH JTaHHX.

# IToOynoBa MojielTi Ha OCHOBI MeTOIy K HalOMMKIUX CycCimiB

knn_model = NearestNeighbors(n_neighbors=k,
algorithm='ball tree').fit (X)
distances, indices = knn model.kneighbors(test datapoint)

BuBeneMo BUTATHYTI 3 MOJIEJI1 TOYKH JaHUX, 0 € HAUOIMKUYMMU CYC1IaMH.
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# Bupenemo 'k' HallOnmkuux cyciiiB

print ("\nK Nearest Neighbkors:")

for rank, index in enumerate(indices([0] [:k], start=1):
print (str(rank) + " ==>", X[index])

BizyanizyemMo HallOIMKYUX CYCIA1B.

# Bizyauizallist HalOIM>XK4YUX CYCIIIB pa30M 13 TECTOBOIO TOUKOIO JJAHUX

plt.figure()

plt.title('Bauxaiune cocemn')

plt.scatter(X[:, 0], X[:, 1], marker='o', s=75, color='k')
plt.scatter (X[indices] [0] (:][:, 0], ¥X[indices] (0] [:])[:, 1],

marker="g', s5=250, color="k', facecolors="none')
plt.scatter(test datapoint(0], test datapoint[1l],
marker='x', s=75, color='k')

plt.show()

VY nporeci BUKOHaHHS I[bOTO KOAY Ha €KpaHi Bi1oOpa3saThes ABa padika.
Oobuoea cpaghixa 3anecimo y 36im.
VY BikHI TepMiHay 3'IBUThCS iHQopMarlis. Inghopmauiro 3anecimeo y 36im

3pooimeb 6UCHOBKU 8 AKUX YKAMHCIMDb:
[Io BimoOpaskeHo Ha nepiomy rpadiky.
o BimoOpaskeHo Ha ApyroMy rpadiky.
[Io BimoOpakeHO y BiKHI TEpMiHAITY.

3oepescimb K00 pobouoi npocpamu nio nazeoro LR _4_task_7.py

3aBaanns 2.8. CtBoputH KiaacudikaTop MeToaom K HaiilGamK4InX cyciaiB

KnacudikaTtop Ha ocHOBI K HalOIMKYIKMX CyCiIiB — Iie MOJIeIb Kilacudikailii, B
AKIH 3a7aHa TOYKAa KIACU(DIKYEThCS 3 BUKOPUCTAHHSM QJITOPUTMY HaWOIMHKUUX
cycimiB. I BU3HAYECHHS KaTeropii BXiAHOT TOYKH, JaHWK aJITOPUTM 3HAXOJHUTH Y
HaBYaJILHOMY Ha0o0pi K TOYOK, 110 € HAHOIMKYMMH 10 BIJHOIICHHIO O 3aJIaHOi.
ITicns boro MpU3HAYEHUH TOUI JAHUX KJIac BU3HAYAETHCA "TonocyBaHHsAM'". Mu
MeperiaagaeMo Kiacu K eleMeHTIB OTprMMaHUM CIIMCKOM 1 BUOMPAEMO 3 HHUX TOU
KJIac, SKOMY BIJNOBiZa€ HaOUIbIIA KUIBKICTh "TosiociB". 3HaueHHS K 3a1eKHThH
BiJI KOHKPETHOTO 3aBJaHHS.

BHKOPHCTOBYIOUM ISl AHAJI3Y AaHi, AKi MicTaTbea y ¢aiai data.txt.
CtBopiTh KIacudpikaTop MeTonoM K HAOIMIKINX CyCiTiB.

25



PEKOMEHJAL]II 1O BUKOHAHHA
CtBopiTh HOBHII (aiin Python Ta iMnopTyliTe Taki makeTH.

import numpy as np

import matplotlib.pyplot as plt

import matplotlib.cm as cm

from sklearn import neighbors, datasets

3aBaHTa)XTe BXiJHI AaH1 3 (aitmy data.txt. KoxeH palok Lboro aimy

MICTUTb 3HAUYEHHS, PO3AUIEH] KOMOIO, MPUYOMY JaH1 IPEICTABISIOTh YOTUPH
KJIACH.

# 3aBaHTa)KECHHS BXIIHUX JaHUX

input file = 'data.txt'

data np.loadtxt (input file, delimiter=',")

X, y = data[:, :-1], data[:, -l].astype(np.int}

Bizyani3yiite BXiJiHi JaH1, BAKOPUCTOBYIOUH YOTHUPU MapKepH Pi3HOT HOPMH.
Ham noTpiOHO nepeTBOPUTH MITKH Y BIAMOBIIHI MapKEPH, 1 caMe JJIs I[bOTO
Npu3HaYeHa 3MIHHa mapper

# BimoOpaskeHHS BXITHUX JaHUX Ha Tpadiky
plt.figure()
plt.title('BxonHue naHHee')
marker shapes = 'v“os'
mapper = [marker shapes[i] for 1 in y]
for i in range(X.shape[0]):
plt.scatter(X[i, 0], X[i, 1], marker=mapper(i],
s=75, edgecolors='black', facecolors='none')

BuszHaunmo KUTbKICTh HAWOMIKYUX CYCI/TIB, SIKI MU XOY€MO BHKOPHUCTATH.
# KipKicTh HAMOIMKINX CYCIIB
num neighbors = 12

Busnaunmo Kpok CiTKH, sSIKy OyJeMO BUKOPUCTOBYBATH JIJISl Bi3yasizarlii

step size = 0.01

CTtBOpHMO MOJIeNh KiIacu(ikaTopa METoI0M K HalOIMKIAX CYCimiB.

# CtBopeHHsI KitacudikaTopa Ha OCHOBI MeToty K HaHOMMKInX CycCiiB
classifier = neighbors.KNeighborsClassifier {(num neighbors,
weights="distance')
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HaBuuMo mMozienb, BUKOPUCTOBYIOUH TPEHYBAJIbHI JAaHI.
# HaBuaHHs Mojelni Ha OCHOBI MeTony K HailOmmK4nx cycinis
classifier.fit (X, vy)

CTBOpPUMO MOJUIKH, IKI BAKOPUCTOBYBATUMEMO JIJISl Bi3yasi3allii CITKH.

# CTBOpPEHHS CITKHU JJI BIOOpa’KEHHS MEX Ha rpadiky

x min, x max = X[:, O].min() - 1, X[:, O].max() + 1

y min, y max = X[:, 1l].min() - 1, X[:, 1].max() + 1

X _values, y values = np.meshgrid(np.arange(x min, x max,
step_size), np.arange(y min, y max, step_size))

Buxonaemo knacudikaTtop Ha BCiX TOUKaX CITKH.

# BukoHaHHA Ki1acu]ikaTopa Ha BCIX TOUKaX CITKU

output = classifier.predict(np.c_[x values.ravel(),
y values.ravel()])

CTBOpUMO CITKY 3 BUAUICHHSIM KOJIbOPIB 00acTei JyIsl Bizyasizalii
pe3yJbTary.

# Bizyanizalisg nepeoauyBaHOrO pe3yibTaTy

output = output.reshape(x values.shape)

plt.figure()

plt.pcolormesh(x values, y values, output, cmap=cm.Paired)

Bino6pasumo HaBuanbHI AaH1 MOBEPX KOJIIPHOT KapTH ISl Bi3yasizallii
pO3TallyBaHHA TOYOK II0JI0 MEX.
# HaknagaHHsI HaBYaJIbHUX TOYOK Ha KapTy
for i in range(X.shape[0]):
plt.scatter(X[i, 0], X[i, 1], marker=mapper([i],
s=50, edgecolors='black', facecoclors="ncne')

3ajamMo rpaHWYHI 3HAYCHHS JIs ocell X Ta Y Ta BKa)KEMO 3aroJiOBOK.

plt.xlim(x values.min(), x values.max())

plt.ylim(y values.min{(), y values.max())

plt.title('I'panuus MoOenm knaccudukarTopa Ha ocHoee K
EnMEaiWMx cocenei')

06 orinnTH eheKTUBHICTD KiacudikaTopa, BABHAYMMO TECTOBY TOUKY
nanux. Bimoopa3zumo Ha rpadiky HaBYaIbHI TOUKU JAHUX Pa30M 13 TECTOBOIO
TOYKOIO JIJIsl BI3yaJIbHO1 OI[IHKHM 1XHBOTO B3a€EMHOI'0O PO3TalllyBaHHS.

# TecTyBaHHS BXIHOI TOYKH JAHUX



test datapoint = [5.1, 3.6]
plt.figure()
plt.title('TecToBas Touka NaHHLIX')
for i in range(X.shape([0]):
plt.scatter(X[i, 0], X[i, 1], marker=mapper(i],
s=75, edgecolors='black', facecolors='none')

plt.scatter(test datapoint([0], test datapoint(l], marker='x',
linewidth=6, s=200, facecolors='black"')

Butsaraemo K HaltOmmkuux CycijiiB TECTOBOI TOYKH JIAaHUX, BUKOPUCTOBYIOUHN
Mojienb kKinacudikaropa.

# Bunyuyenns K HallOnmx4mnx cyciiiB
_, indices = classifier.kneighbors([test_datapoint])

indices = indices.astype(np.int) (0]

Bino6pasumo Ha rpadiky K Hailbamx4nx cyciiiB, OTpUMaHUX HA
HOIEpPETHBOMY KPOIII.

# BigobpaxkeHHA K HanbauxKumx cyciais Ha rpadiky
plt.figure()
plt.title('K Gnuxaiumx cocepnei')
for 1 in indices:
plt.scatter (X[i, 0], X[i, 1), marker=mapper(y[i]],
linewidth=3, s=100, facecolors="black')

Bino6paszumo Ha TOMY K TpadiKy TECTOBY TOUKY.

plt.scatter (test datapoint[0], test datapoint([l], marker='x',
linewidth=6, s=200, facecolors='black')

Bino6pazumo Ha Tomy X rpadiky BXiIHI JaHi.

for 1 in range(X.shape(0]):
plt.scatter (X[i, 0], ¥X[i, 1], marker=mapper([i],
s=75, edgecolors='black', facecoclors="'none')

BuBenemo nmporaHo3oBaHuid pe3yJibTar.

print ("Predicted output:",
classifier.predict([test datapoint]) [0])
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plt.show()

VY nporueci BUKOHaHHS I[bOTO KOAY Ha €KpaHl BiI0Opa3sIThCs YOTUPH rpadiku.
3anecims ix y 36im. Ilionuwims w0 micmumusca Ha KOHCHOMY 2paiKy.

VY BiKHI TepMiHaJly BU3HAUTE, A0 SAKOTO KJIAacy BITHOCUTHCS TECTOBA TOUKA.
JlaH1 3 TepMiHaTy 3aHECITh Y 3BIT.

3bepercimob K00 po60ouoi npozpamu 3 0008°A3K0BUMU KOMEHMAPAM IO
nazeorwo LR 4 task 8.py
3poodime uCcHOBOK

3asaanudg 2.9. O0uncJIeHHs OLIHOK MOIi0OHOCTI

[Tpu moOyA0B1 peKOMEHAAIINHUX CUCTEM JYXKE BAXKIUBY POJIb BiAirpae BUOIp
crioco0y TIOpIBHSHHS PI3HUX OO'€KTIB, 110 BXOJASATh JO Ha0Opy JaHUX.
[Tpumnyctumo, 110 Hamr HaOip JaHUX BKJIIOYAE 1HPOPMAITiIO PO KOPUCTYBAUIB Ta iX
nepeBaru. [ns Toro, moO HIOCh pPEKOMEHIyBaTH, MU TOBUHHI PO3YMITH, SIK
MOPIBHIOBATH CMakKu pi3HUX jroAeil. | TyT mepmiomy miaHi BUXOASTH OI[IHKH
nooionocmi (similazity scores). OuiHka MogiOHOCTI Ja€ YABIACHHS MPO Te y SAKiH
Mipi JiBa 00’ €KTa MOXXYTh BBa)KaTUCS aHAJOTITYHUMH OJWH ojHOMY. JIs 11i€l MeTn
JacTO BHUKOPHCTOBYIOTH OIIHKM JBOX THITIB: eBKJIi0BI 1 mo Ilipcony. B ocHoBy
€BKJIIZIOBOT OIIHKKA (METPUKH) MOKJIAJACHO BIACTAaHb MK JIBOMa TOYKaAMHU JIaHUX.
SIKIo BaM HEOOXITHO OCBIKMTH 3HAHHS II[OJI0 TOr'O, 1[0 TaKe €BK/I1J0Ba BiACTaHb,
To 3arstHbTe B Bikineniro (https://ru. wikipedia. org /wi ki /EBkiioBa meTpuka).
EBkminoBa BificTaHb HE OOMEXEHA 3a BEIMYMHOI. ToMy MU OepeMo BiJIIIOBiIHE
3HAUEHHS Ta MEPETBOPUMO MOTO TAKUM YMHOM, 00 HOBE 3HAYEHHS 3HAXOJUIIOCS
B miana3oHi Big 0 mo 1. SIkiio eBKIIigoBa BiACTaHb MIXK JBOMA O0'€KTaMHU BEJIMKa,
TO BIJIMOBiJIHA €BKJIiJIOBA OIlIHKA IOBUHHA MATH HEBEJIWKY BEIMYHMHY, OCKUIBKH
HU3bKA OIIHKA BKAa3ye Ha Mally Mipy MOJII0HOCTI MK 00'ekTamu. OTKe, €BKI1I0BA
BiJICTaHb 00EPHEHO MPOMOPIIIHO €BKIIIIOBIN OIIHIIL.

Oyinxa noodibnocmi 3a Ilipconom (Pearson score) — me mMaTemMaTndHa Mmipa
Kopensmii aBoX 00'ekTiB. [l i1 OOYMCIIGHHS BUKOPHCTOBYIOTH KOBapiaIlito
(covariance) 1BOX 00'€KTIB Ta iX iHAMBiAyajdbHI cTaHAapTHI BigxwieHHs (Standard
deviations). 3Ha4eHHS IIi€l OIIHKKM MOXYTh OyTH 3MiHEHI B MeXax Bim -1 mo +1.
Ominka +1 CBITYUTH MPO BUCOKUU PiBEHB MOMIOHOCTI 00'€KTIB, TOII K OIliHKA -1 -
BENUKI BiAMIHHOCTI 3-moMDK HUX. Omiaka O CBIIYUTH PO BIICYTHICTh KOPEISAIIii
MDK JIBOMa 00'€eKTaMu.

PEKOMEHALII JTO BAKOHAHHA
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CtBOpiTh HOBHII (aiin Python ta iMnopTyliTe Taki makeTH.

import argparse
import json
import numpy as np

CtBOopuMO napcep 1uist 00poOKH BXIIHUX apryMeHTiB. Humu OyayTh Cly)KUTH
IMEHa JBOX KOpPHUCTYBayiB Ta THUIl OL[IHKH, KA BUKOPUCTOBYBATUMETHCS IS
O0OYHMCIIEHHSI CTYTECHS TOA10HOCTI.

def build arg parser():
parser = argparse.ArgumentParser (description='Compute

similarity score')

parser.add argument ('--userl', dest='userl’', required=True,
help="'First user')

parser.add argument ('--user2', dest='user2', required=True,
help='Second user')

parser.add argument ("--score-type", dest="score type",

required=True, choices=['Euclidean', 'Pearson’'],
help='Similarity metric to be used')
return parser

Buznauumo ¢yHKIIi0, 110 00YHCITIOE €BKIIIOBY OIIIHKY JUIS JBOX 3aJaHUX
HabopiB

# OOumcIIEHHS OLIIHKYU €BKJIIOBA BIACTaHI MK
# xopuctyBadamu userl Ta user2
def euclidean score(dataset, userl, userZ):

if userl not in dataset:
raise TypeError('Cannot find ' + userl + ' in the dataset')

if userZ not in dataset:
raise TypeError('Cannot find ' + userZ + ' in the dataset')

Busznaunmo 3MiHHY, sika BUKOPUCTOBYBATUMETHCS ISl BIACTEKEHHS (PLIBMIB,
K1 OTPUMAJIM PEUTUHTOBY OIIHKY Bill 000X KOPHCTYBayiB.

# dinpMu, oriHeH1 000Ma KoprucTyBadaMmu, userl Ta user2
common_movies = {}

Butsrnemo ¢inbMu, sKi  OTpuMaid PEUTHHIOBY OIIHKY Big 000X
KOpPHUCTYBayiB.
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for item in dataset[userl]:
if item in dataset[user2]:
commeon movies(item] = 1

VY pasi BiACyTHOCTI PUIBMIB, OI[IHEHMX 000OMa KOpPHUCTyBauaMH, OOUMCIICHHS
OI[IHKY ITOA10HOCTI CTa€ HEMOKIIUBHM.

# 3a BiACYTHOCTI1 (D1IbMIB, OLIIHEHUX 000Ma KOPUCTYBaYaMH,
# ouiHKa npuiiMaeTbest piBHOO O
if len(common movies) == 0:

return 0

O6uncnuMO  KBajpar pI3HULI MDK  PEUTUHTOBUMHU  OLIIHKaMU  Ta
BUKOPUCTOBYEMO HOTO /1JI1 OTPUMAHHSI €BKJI10OBOI OIL[IHKH.

squared diff = []

for item in dataset[userl]:
if item in dataset[userl]:
squared diff.append(np.square(dataset(userl][item] -
dataset [user2] [item]))
return 1 / (1 + np.sqrt(np.sum(squared diff)))

Busnaunmo (yHKIIiIO, sSika 00YUCITIOE OIIHKY moji0HocTI 3a IlipcoHom muis
JIBOX 3aJlaHUX KOPUCTYBAdiB 3 4YHCJIa BKIIOYEHHUX 0 Habopy maHux. Y pasi
BiJICYTHOCTI iH(popMaIlii Ipo MUX KOPUCTYBAYiB T€HEPYETHCS BUHSATOK.

# BerumcnuM kosgduumeHT xoppensaumm [lupcoHa mnAa userl u user?
def pearson score(dataset, userl, user2):

if userl not in dataset:

raise TypeError|('Cannot find ' + userl + ' in the dataset')
if user? not in dataset:

raise TypeError('Cannot find ' + user2 + ' in the dataset')

Busnaunmo 3MiHHY, sika BUKOPUCTOBYBATUMETRCS JJISI BIICTEXKCHHS (DITBMIB,
K1 OTPUMAJIN PEUTUHTOBY OIIHKY Bil 000X KOPHCTYBadyiB.

# dinpMu, oriHeH1 o0oMa KopucTyBadamu, userl Ta user2
common movies = {}

Butsraemo ¢unbMu, SKi  OTpuMaid PEUTHHIOBY OIIHKY Big 000X
KOpPHUCTYBayiB.
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for item in dataset|[userl]:
if item in dataset[user?]:
common movies[item] = 1

VY pasi BiACYTHOCTI PUIBMIB, OI[IHEHMX 00OMa KOpPHUCTyBauaMH, OOUMCIICHHS
OI[IHKY ITOA10HOCTI CTa€ HEMOYKJIUBHM.

num ratings = len(common movies)

# 3a BiacyTHOCTI (P1IBMIB, OLIIHEHMX 000Ma KOPUCTYyBaYaMH,
# ouiHKa npuiiMaeTbest piBHOO 0
if num ratings == 0:

return 0

O6uncnIuMO CcymMy pPEUTHMHTOBUX OIIIHOK YCiX (UIBMIB, OILIIHEHHX oOoma
KOpHCTYyBayaMu.

# OOuuCIeHHS CyMH PEUTHHTOBHX OI[IHOK yCiX ()UIbMIB,
# oriHeHNX 000Ma KOpUCTYBaYaMu

userl sum = np.sum(([dataset[userl] [item] for item in
common movies])
userZ sum = np.sum([dataset[userZ] [item] for item in

common_movies] )

O6uncnTuMO CyMy KBaJpaTiB PEUTHHTOBUX OIIIHOK yCiX (UIbMIB, OI[IHEHUX
o0oMa KOpHUCTYBavYaMH.

# O6uuncnenns Cymu KBapaTiB pEeHTUHTOBUX OI[IHOK BCiX
# QuIbMiB, OIIIHEHMX 000Ma KOPUCTYBaYaMHU
userl squared sum = np.sum([np.square (dataset[userl] [item])

for item in common movies])
user? squared sum = np.sum([np.square (dataset[userZ] [item])
for item in common movies])

O0uncnTuMO CyMy TBOPIB PEUTHHTOBHUX OIIIHOK YCiX (iNbMIB, OI[IHEHUX
o0oMa KOpPUCTYBauyaMH.

# OOYMCIIEHHS! CyMU TBOPIB PEUTUHIOBUX OIIHOK BCIX
# G1UIbMIB, OLIIHEHUX 000Ma KOPUCTYBaYaMu
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sum of products = np.sum([dataset[userl] [item] *

dataset[user2] [item] for item in common movies])

OG6uucnumMo pi3HI MapaMeTpu, HEOOX1AHI OOYUCIICHHS OIIHKU MOAIOHOCTI O
[TipcoHy 3 1OMOMOTOI0 Pe3yJbTATIB MONEPEIHIX OOUUCIICHb.

# OOuucnenHs koediuienta kopenauii [lipcona

SRy

Sxx
Syy

= sum_of products - (userl sum * userZ sum /
num_ratings)

= userl squared sum - np.square(userl sum) / num ratings

= .user2 squared sum - np.square(user2 sum) / num ratings

VY BiICYTHOCTI BIIXUJICHHS OI[IHKH JTOpiBHIOE ()
if Sxx * Syy == 0:

return 0

[ToBepTaemo 3HaueHHs oliHKH 3a [lipcoHOM.

return Sxy / np.sgrt(Sxx * Syy)

Busnaunmo ocHOBHY (DYHKITIIO Ta po306epeMo BXiJIHI apTryMEHTH.

if name ==' main_ ':

args = build arg parser|().parse args()
userl args.userl

user’ args.user?2

score type = args.score type

3aBaHTa)XMMO PSUTHUHTOBI OIIHKH 3 (paiimy ratings.jSON y CIOBHHUKY.

ratings file = 'ratings.json'

with open(ratings file, 'r') as f:

data = json.loads(f.read())

O06uHrCTUMO OIIHKY MOAIOHOCTI BUXOASYH 3 BXITHUX apTyMEHTIB.

if score type == 'Euclidean':

print ("\nEuclidean score:")
print (euclidean score(data, userl, userZ))

else:
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print ("\nPearson score:")
print (pearson score(data, userl, user?))

BukonaeMo 1eit koa misa aeskux KoMmOiHalii BxigHUX AgaHux. [Ipumyctumo,
MU XOYeMO OOYMCIIMTH €BKIIIOBY OLIHKY MOAiOHOCTI KopucTyBauiB David Smith
ta Bill Duffy.

$ python3 compute scores.py --userl "David Smith" --user2
"Bill Duffy" --score-type Euclidean

[Ticns BUKOHAHHS HaBEACHOT KOMAaHIW y BIKHI TEpMIHAIY BiT0Opa3UThCS
iHpopMmaris.
Ingpopmauiio 3anecimo y 36im.

106 oGuucnuTH o1inkKy noaioHocTi [lipcoHa /uist Ti€l sk mapu KOPUCTYBayiB,
BUKOHAWTE HACTYITHY KOMaH]TY.

$ python3 compute scores.py --userl "David Smith" --user2
"Bill Duffy" --score-type Pearson

VY BiKkHI TepMiHATY Bi1oOpa3uThCs 1HPOpMAITIS.

Ingpopmauiro 3anecimo y 36im.

Bukonaiite aHaJIOT19H1 KOMaHIM JJIsI 1HIIMX IMO€HAHD MTapaMeTPiB
OO04HCHITH OIIHKH! I

David Smith ta Brenda Peterson

David Smith ra Samuel Miller

David Smith ta Julie Hammel

David Smith ta Clarissa Jackson

David Smith ra Adam Cohen

David Smith ta Chris Duncan

Ingpopmauiro 3anecime y 36im.

30epeosicimb KOO pooouoi npozpamu 3 0008°A3K0BUMU KOMEHMAPAM NI
nazeoro LR 4 task 9.py
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Koo npozpamu ma pucynok 3anecimo y 36im.
3poodimsb 6UCHOBOK

3aBaanns 2.10. [lomyk kopucTyBaviB 3i CX0KMMH YIIOA00AHHSIMHU
METOA0M K0J1a00paTUBHOI ibTpanii

Tepmin konabopatuBHa ¢uibTparis (collaborative filtering) BimHOCHTBCS 1O
npouecy ineHtudikaiii mabNoHIB MOBEAIHKH 00'€KTIB HAOOpPY OaHUX 3 METOIO
NPUKAHATTS PINICHH MO0 HOBOTO 00'€KTa. Y KOHTEKCTI PEKOMEHIALlIHHUX CUCTEM
MeToJl KosabopatuBHOi (UIbTpalii BUKOPUCTOBYIOTH [JIsi MPOTHO3YBaHHS
ynogo0aHb HOBOTO KOpPUCTyBauya Ha MIACTaBl HasBHOI 1H(dopmalii mnpo
yno00aHHs HIINX KOPUCTYBAYiB 3 aHAJIOTIYHUMU CMaKaMH.

Cknajmaroud NOpPOrHO3W JUIsl TepeBar 1HAUBIIyaJIbHUX KOPHUCTYBayiB, MU
BUKOPUCTOBYEMO CHUIBHY 1H(QOpMaIlil0 MpO YHOJ00aHHS 1HIIMX KOPUCTYBayiB.
Came Tomy 1ieit meton GuIbTpaIlii HA3UBAETHCT KOJAOOPATUBHUM.

B nmanomy BHITagKy OCHOBHE MPHITYIICHHS TOJSATa€ B TOMY, IO SIKIIO JBi
JIOJIMHU J1al0Th OJHAKOB1 PEUTHHIOB1 OI[IHKM JesKOMY HaOopy ¢iuIbMiB, TO iX
OLIIHKK (IIBMIB 3 HEBIIOMOTO HAa0Opy TaKOX OyIyTh MPHUOJIM3HO OJHAKOBHMH.
3HaXoJsA4M 3arajibHi OIIHOYHI CY/UKEHHS MO0 OJHUX (IIbMIB, MU MOXKEMO
IPOTHO3YBATH OITIHKK MI0J0 1HIMX (GUIbMIB. 3 TMONEPEIHbOr0 3aBIaHHSI MU
JI3HAINACS, K TOPIBHIOBATH MDK COOOI0 PI3HUX KOPHUCTYBAdiB Yy MEXKaX OIHOTO
HaOopy manuXx. [li MEeTOaUKHM OLIHKK MOAIOHOCTI BUKOPHUCTOBYIOTHCS JIJISl TIOIIYKY
KOPHUCTYBaYiB 31 CXOKHWMH YIIOJ00aHHIMHU B HAIlloMy HaOopi maHuX. SIk mpaBuio,
KoabopatuBHe (UIBTPYBaHHS 3aCTOCOBYIOTh, KOJM MalOTh CIpaBy 3 HaOOpamu
JaHUX BEJIMKOro po3Mipy. MeToau Takoro TUINY MOXHA BHUKOPUCTOBYBAaTH B
pi3HUX  oOJyiacTsX, BKIOYaroud  (IHAHCOBUM  aHaJi3,  OHJIANWH-TIOKYIIKH,
MapKETHHTOBI1 JIOCIIPKEHHS, BUBYCHHSI KYITIBEJIbHUX 3BUYOK 1 T.II.

PEKOMEHJIAL]II 1O BUKOHAHHA
CtBopiTh HOBHII daiin Python Ta iMmmopTy#iTe Taki makeTH.
import argparse

import json
import numpy as np

from compute scores 1mport pearson score

Buznaunmo (GyHKIiIO A7 MApCHHTY BXIJHUX apryMEHTIB. Y pa3i €IuHUM
BXIJTHUM apTyMEHTOM € iM'sl KOpHUCTyBayva.
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def build arg parser():
parser = argparse.ArgumentParser (description=
'Find users who are similar to the input user ')
parser.add argument ('--user', dest='user', required=True,
help='Input user"')
return parser

Busnaunmo @QyHkKuito, fKa 3HaXOAUTHUME B HAOOpl JAaHUX KOPUCTYBaUiB,
aHAJIOTIYHMX 3a3HaueHoMy. JSkmo iHdopmalis 0po BKa3zaHU KOPUCTyBad
BIJICYTHSI, TEHEPYETHCS BUHSTOK.

def find similar_users(dataset, user, num users):
if user not in dataset:
raise TypeError('Canncot find ' + user + ' in the dataset')

Mu Bxke IMOOpTyBaiM (YHKIIIO, HEOOXIAHY JUIsi OOYHMCIICHHS OLIHKH
noaionocti Ilipcona. OOuucauMo 3 11 JOMOMOTOK OIIHKY TMOJIOHOCTI 3a
[TipcoHOM MiK BKa3aHMM KOPHCTyBadyeM Ta BCiMa IHIIMMH KOPUCTyBa4aMH Yy
HAOOp1 JTaHUX.

# OOumciIeHHs OIliHKY noxi0HocTi 3a [Tipconom Mix

# BKa3aHUM KOPUCTYBaueM Ta BCiMa IHIIUMHU

# xopucTyBadyaMu B HaOOp1 JaHUX
scores = np.array([[x, pearson score(dataset, user,

®)] for % in dataset if x != user])

Bigcopryemo omiHkH 11010 CriajaHHs.

# CopTyBaHHS OIIIHOK 3a CITaJIaHHAM
scores_sorted = np.argsort(scores(:, 1])[::-1]

Butsraemo nepiri NUM_USErs KopucTyBaviB 1 TOBEPHEMO MAaCHB.

# BuitydeHHs OI[IHOK MEPIIMX num_users' KOpUCTyBadiB
top_users = scores_sorted[:num users]

return scores(top users]

Busnaunmo ocHOBHY (yHKIIIIO 1 po306epeMo BXiTHI apryMEHTH, 00 BUTATTH
iM'st KOpUCTyBaya.
if name ==' main ':
args = build arg parser().parse args/()
USer = args.user

36



3aBaHTaXUMO JaHi 3 (aitmy ratings.json, B SKOMYy MICTATbCS IMCHA
KOPHUCTYBAuiB Ta pEUTUHIOB1 OLIHKH (PLIBMIB.

ratings file = 'ratings.json'

with open(ratings file, 'r') as f:
data = json.loads(f.read())

3HailleMO TMepIIMX TPbOX KOPUCTYBadiB, aHAJIOTIYHUX KOPUCTYBAYEBI,
BKAa3aHOMY 3a JIOIIOMOTOI0 BXIIHOT'O apryMeHTy. SIKIIO XodeTe, MOXKETe BKa3aTH
AK apryMEHT IHIIY KUIbKICTh KOPUCTYBauiB. BuBegemMo iMeHa KOpUCTYBauiB pa3oM
13 OL[IHKaMU MOI10HOCTI.

print('\nUsers similar to ' + user + ':\n')
similar users = find similar users(data, user, 3)
print ('User\t\t\tSimilarity score')
print{'-'*41)
for item in similar users:
print (item[{0], '\tA\t', round(float(item[1]), 2))

Bukonaiite meil koj 1 3HaWAITh KOPUCTYBadiB, aHAJIOTIYHUX KOPUCTYyBauyeBi

Bill Duffy.

$ python3 collaborative filtering.py --user "Bill Duffy"

VY BikHI TepMiHaITy 3'IBUTHCS 1HGOPMAILS PO MOAIOHUX KOPUCTYBAUiB.
Ingpopmauiio 3anecime y 36im.

Bukonaiite ToOW camuii KO 1 3HAWIITh KOPHUCTYBAdiB, aHAJIOTIYHUX
kopuctyBauesi Clarissa Jackson.
Ingpopmauito 3anecimeo y 36im.

3bepesrcimob K00 po6ouoi npozpamu 3 0008°A3K0BUMU KOMEHMAPAM IO
Hazeoro LR 4 task 10.py

Koo npozpamu 3anecimeo y 36im.

3poobims eucHoBoK

3aBpnannd 2.11.CTBopeHHsI peKOMeHIANiHOI cucTeMHu QiaTbMiB

CtBOpiTh pEeKOMEHJAIIMHY CUCTEMY HAa OCHOB1 JaHUX, HaJaHux y aiimi
ratings.json. Y npomy aiiii MiCTUTBCSI iH(POpPMAITis PO KOPUCTYBAUIB Ta OIIHKH,
naHi HuMu piHUM  QuibMam. [I]o6 pexkomenayBaTu (HUIBMU KOHKPETHOMY
KOpPUCTYBauy, MU MOBMHHI 3HAWTHU aHAJIIOTTYHUX KOPHUCTYBadiB y HAOOpi JaHUX Ta
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BUKOPUCTOBYBATH 1H(pOpMalLlil0 Mpo iX mepeBard s (pOpMyBaHHS BiIMOBIIHOI
peKoMeHaIlli.

CtBOpiTh HOBHII (aiin Python Ta iMmnopTylitTe Taki makeTH.

import argparse

import json

import numpy as np

from compute scores import pearson_score

from collaborative filtering import find similar users

Buznaunmo (QyHKIIIO A7 DapCUHTY BXIJHUX apryMEHTIB. Y pasl €IuHUM
BX1JIHUM apryMEHTOM € IM's KOpUCTyBaya.

def build arg parser():
parser = argparse.ArgumentParser (description='Find the movie
recommendations for the given user')
parser.add argument ('--user', dest='user', required=True,
help="Input user"')
return parser

Buznaunmo QyHkIito, sKa OTpUMyBaTMME pPEKOMEHJAllli JUis 3a3HAYeHOTro
KopucTtyBaya. Skuio iHdopmallisi Tpo BKa3aHOr0 KOPUCTyBaya BIICYTHS y Habopi
JaHUX, TEHEPYETHCSI BUHATOK.

# OTpumaTu peKoMeH aIlii Mmoo GiIbMiB

# 111 BKa3aHOT'0 KOpUCTyBaya

def get recommendations(dataset, input user):

if input user not in dataset:
raise TypeError('Cannot find ' + input user + ' in the dataset’')

Busznaunmo 3MiHHI IS BIACTEKEHHS OL[IHOK.

overall scores = {}
similarity scores = {}

OO0uncnTuMO OIIHKY TOMIOHOCTI MDK BKa3aHMM KOPHCTyBaueM Ta BciMma
IHITMMHU KOpUCTyBayaMu y Ha0OP1 TaHUX.

for user in [x for x in dataset if x != input user]:
similarity score = pearson score(dataset, input user, user)

Sxmo omiaka momiOHocTi MeHma 3a 0, mepexoguMo 10 HACTYIMHOTO
KOpHUCTYBaua.
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if similarity score <= 0:
continue

Bunyunmo cnucok ¢uIbMiB, L0 BKE€ OTPUMAJIU PEUTUHIOBY OI[IHKY BIJ
MOTOYHOI0 KOPUCTYBaua, aje 1e HE OLIIHEHUX 3a3HaYE€HUM KOPHCTYBAUEM.

filtered list = [x for x in dataset[user] if X not i

n o\
dataset [input user] or dataset[input user] [x] == 0]

Bincnigkyemo 3BakeHy PEUTHHIOBY OLIHKY JUIsl KOXKHOTO €JIEeMEHTa

BiI(P1IBTPOBAHOTO CIUCKY, BUXOASYM 3 OLIHOK MOAIOHOCTI. TakoxX BIACTEXKHMO
OLIHKH ITO10HOCTI.

for item in filtered list:

overall scores.update({item: dataset[user][item] *

similarity score})
similarity scores.update({item: similarity score})

VY pasi BiICYyTHOCTI BiAMOBIAHUX (UIBMIB, MM HE MOXXEMO HAJIaTH >KOJTHUX
pEKOMEeHTaIlii.

if len(overall scores) == 0:

return ['No recommendations possible']
HopwmasnizyeMo oIiHKH Ha MiJCTaBl BUBAXKEHUX OIIIHOK.

# I'enepariist peMTHHTIB (D1UIBMIB 3a JOTIOMOTOIO iX HOpMasTi3aIii
movie scores =

np.array([[score/similarity scores[item],
item] for item, score in overall scores.items()])

Buxonaemo copTyBaHHS OI[IHOK Ta OTPUMAEMO peKOMeHaIlii GpiIbMiB.

# CopTyBaHHS 3a CIaJaHHIM
movie scores = movie_ﬁcores[np.argsort{movie_scores[:, 01)y[::-11]

# BunydyenHs pekomeHaaIii GiibsMiB

movie recommendations = [movie for

_, movie in movie scores]
return movie recommendations

BuzHauuMo OCHOBHY (YHKIIIIO 1 MpOaHAI3yeEMO BXIiJHI aprymMeHTH, 1100
BUTSTTH 1IM'sl 3a3HAUYEHOT0 KOPUCTYyBaya.

39



if name ==' main °':

args = build arg parser().parse args()
user = args.user

3aBaHTaXMMO JaHi MPo perTHHT GiLTbMIB i3 daiiay ratings.json.
ratings file = 'ratings.]Json'

with open(ratings file, 'r') as f:
data = json.loads(f.read())

Bunyunmo pexomenaaiiii ¢uibMiB Ta BUBEAEMO PE3yIbTaTH.
print ("\nMovie recommendations for " + user + ":")
movies = get recommendations(data, user)
for i, movie in enumerate (movies):
print(str(i+l) + '. ' + movie)

3Haiinemo pexomeHnaiii s kopuctyBada Chris Duncan.

$ python3 movie recommender.py --user "Chris Duncan"

VY BiKkHI TepMiHATY 3'IBUThCS 1HPOpMAITis.

Ingpopmauiio 3anecime y 36im.

3unaidims pekomenoauii inomise 011 kopucmyeaua Julie Hammel.
Ingpopmauiio 3anecime y 36im.

3naidims pekomenoauii hinomie ona kopucmyeaua Chris Duncan.
Ingpopmauiio 3anecime y 36im.

3bepesrcimob K00 po6ouoi npozpamu 3 0006°A3K08UMU KOMEHMAPAM NI

Hazeoro LR 4 task 11.py
Koo npozpamu 3anecimeo y 36im.
3poobime 6ucHoB0OK

Koau komitut Ha GitHab. Y ko:xxHOMY 3BiTH NOBMHHO OYyTH NOCUJIAHHA
Ha GitHab.

Haszeimo 61ank 36imy CIHII-JTP-4-NNN-XXXXX.doc
0e NNN — no3nauenns cpynu
XXXXX — noznauennsn npizeuwia cmyoenma.
Ilepexonsepmyiime ¢aiin 36imy ¢ CIII-JTP-4-NNN-XXXXX.pdf
Haoiwnims 36im euxnaoauy.
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