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BCTVYII

MeroanduHi BKa3iBKH MICTSITh TEOPETHYHI BIJIOMOCTI Ta 3aBIaHHS 10
71a00paTOpHUX POOIT, KI BUKOHYIOTHCS CTYJEHTaMH B Kypci « MoieroBaHHs Ta
MPOTHO3YBaHHA Yy cdepl MPUPOJTOKOPUCTYBAHHS» IIiJ] YaC BUBYAHHS METO/IIB
POTHO3YBAHHS Ta iX pealtizallii Ha MOBi mporpamyBanHs Python.

MopentoBaHHs Ta aHami3 AaHUX — cepa MaTEeMaTHKU Ta 1HGQOPMaIIHHUX
TEXHOJOT1HM, sfKa 3alMaeTbcsi MOOYJOBOIO 1 JOCHIIDKEHHAM MaTeMaTHYHUX
METOMIB 1 OOYHCIIOBIbHUX QJITOPUTMIB OTpUMaHHS Oa3u 3HAHb 13
eKCliepuMEeHTaIbHuX JaHux. JlaHa cdepa oxorumoe mpoluecu 30MpaHHA,
CTPYKTYPYBaHHS 1 MOJIETIIOBaHHS JAHMX, 1X TOCHIIIKEHHA Ta (PUIbTpaLii 3 METOIO
OTpUMaHHS KOPUCHOI 1HQoOpMallii Ta MPUUHATTS pilieHb. MaTeMaTuyHi METOIU
noOy/10BU MOJIENe Ha OCHOBI JJaHUX O0’€IHYIOThCSI B HAYKY, KA Ha3UBAETHCS
MaIIMHHUM HaBYaHHSAM. CyKYITHICTh HayK, CIIPSIMOBAHHUX HAa METO/AM 1 TEXHOJOT11
poboTu 3 1aHuMH, Ha3uBaroTh Data Science.

VY 3B’43Ky 31 CTPIMKHM PO3BUTKOM 1H(OpPMaLIMHUX TEXHOJIOT1H 32 OCTaHH1
JNECATWIITTS AaHl NPUPOJHMM YHMHOM CTajld HAKONUYyBaTHCS B LU(pOBOMY
BUTJISIIL, 1 TOMY HAyKOBA rajiy3b IHTEJIEKTYaIbHOTO aHATI3y JAHUX CTajla aKTUBHO
po3BuBatucs. /o TenepinHLOro Yac HaKOMUWYEHI JJaHi TOCSATJIM 3HAYHUX OOCSITIB,
3a JIOMOMOTOI0 SKHX 3’SIBUJIACS MOXJIMBICTb OTPUMYBAaTH 3 HHUX KOPHUCTb:
3HAaXOJUTH B JIAHUX MPHUXOBAHI 3aJIEXKHOCTI, a 3 iX JIOIOMOTOI0 MPOTHO3YBaTH
HOBI pe3yJIbTaTH 1 pOOUTH PEKOMEHAIlll, 1[0 JO3BOJISIOTH ONTUMI3yBaTU Pi3HI
MpollecH 1 BUTpATH pecypciB. MeTonu aHaizy AaHUX 1 MAalTUHHOTO HaBYaHHS
AKTUBHO PO3BUBAIOTHCA 1 3HAXOIATH CBOE 3aCTOCYBAaHHS HE TUIHKU B €KOHOMIIIL,
db13u, ane 1y chepi NpupoIOKOPUCTYBAHHS.

Tomy aKkTyanbHUM € BUBYEHHS JUCHUIUIIHU «MoentoBaHHs Ta
MPOTHO3YBaHHA y cepi NPUPOJOKOPUCTYBAHHS», IO JI03BOJIUTH (POPMYBATH y
CTYJICHTIB KOMIIETEHIII1, OB’ sA3aH1 3 BIJIMOBITHAM HarpsiMoM Hayku. OTpuMani
HAaBUYKHU JIO3BOJISITh y TEPCIEKTHBI MIBUAKO Ta €(PEKTUBHO IHTETPYyBaTHUCS B

po3B’s3aHHsl npodeciiHUX 3aJady Ha CTUKY MPEIMETHUX Tally3ed Ta



KOMIT’ FOTEPHUX TEXHOJIOT1H, sIKI ChOT'O/IHI € MEePEIOBUMH, aJie BXKE€ B HAMOIKU1M
MIEPCIIEKTHBI CTaHYTh 3BUYHOIO MTPAKTHUKOIO.

MeToau4Hi BKa31BKU MICTATh MOTPIOHUI TEOPETHUHUIN MaTepial 3 0a30BUX
METOIIB 1 3ac001B MOJICTIOBaHHS 1 MPOTHO3YyBaHHS, a TaKOX X peai3aliio Ha
moBi.Python. HaBeneHo BenmwKy KUNBKICTh TPUKIIANIB  PO3B’sI3yBaHHS
MPaKTUYHUX 33]1a4 IHTEJIEKTYaJIbHOTO aHaJIi3y TaHUX B 3a/1a4ax MOJICITFOBAHHS Ta
IIPOrHO3YBaHHs 3a J0IoMoror Oiomiorek MoBu Python. Hamano mnpakrtuuni
3aBJIaHHS, TEPENIKM KOHTPOJIBHUX MUTaHb Ta BUMOTH 10 3HAHb CTYACHTIB, IO
NOTPIOHI JJI1 BHKOHAHHS J1Ia0OpaTOpHUX poOOIT, SKI BIJHECEHI, 3TAHO 3
HABYAJIBHOIO MPOTPaMoOI0, 0 AUCHUILTIHA «MOJIeTI0BaHHS Ta MPOTHO3YBAHHS Y

cdepl IpUPOAOKOPUCTYBAHHS.



1 MATEMATHUYHE MOJIEJIIOBAHHSA TA AHAJII3 JAHUX
ITPOI'PAMHUMMU 3ACOBAMHU PYTHON

1.1 3aco0u podoTu 3 GaraToBUMipHMMH MACHBAMHU JaHUX 0i0/Jai0TeKH
NumPy

Jana 6165110TeKa npyU3HaueHa AJisl Pi3HOTO POy MaTeMaTUIHUX OOYHMCIIEHb 1
poOoTH 3 OaraToBUMIpHUMHM MacuBaMH. BOHa JTOCHThH TMOTYKHA, Ma€ BeEJU-
KM MaTeMaTMYHUN TOTEHINaN, THYYKHi 1 3po3yminuii iHTepdeiic. OcHOBHA
ctpyktypa NumPy — 11e nmeBHui 0araToBUMIpHUI MacHB, SIKHIl CTBOPIOETHCS HA
OCHOBI OTpUMaHUX JaHuX. JIis CTBOpEHHS [E€IKOTO MAacuBY TOTPIOHO
IMIIOPTYBAaTH JaHy O10J10TEeKy, MICAS YOro BUKIMKATH (YHKLIIO array, sika
npuiiMae Ha BXiJ JIaHl Y BUTJISA/IL IESIKO1 TTOCIIJOBHOCTI

import numpy as np

x =np.array([1,2,3,4]).

3a 101OMOIor0 KOMaHIU X.dfype MOKHA BU3HAUYMTH, K1 JaH1 30€piratoThCs
B MacuBl. Tun JaHUX MOXE BU3HAUATHCS aBTOMAaTUYHO HA OCHOBI TOTO, SIKI €
BXIJIHI JIaH1, @ TaKO MOKHA MOTr0 BKa3yBaTH MPHU CTBOPEHHI MacUBY SIK J0AaT-
KOBHUH apTyMEHT

x =np.array([1,2,3,4], dtype=np.int64).

VY nanomy Bumajky OyJio CTBOPEHO NIEBHUN OJJTHOBUMIPHUN MACHB 1 JIJIsl BU-
3HAYEHHS PO3MIPHOCTI TMOTPIOHO BUKOPUCTATH KOMaHAy Xx.shape. ATpuOyT
shape noBepTae Habip pO3MIPHOCTI MO BCIX OCSX, 5Kl Y Hac € B Macusi. To0ToO,
Ipy JIBOBUMIPHOMY MacuBi Oysi0 O OTpMMaHO Tapy 4YHCell, a came: KIJIbKICTh
PSAIKIB 1 YUCJIO CTOBIIIIB, aJi€ B JAHOMY BUMAJKY JJI OJHOBUMIPHOTO MAacHBY
OTPUMYIOTH TUTBKH OJTHE 3HAYCHHSI.

JIJ1st CTBOpEHHS JBOBUMIPHOTO MacKBY NOTP10HO BBECTU

m = np.arra)([[2,3.,4], [5,6,7]]).

3a nmonomororo NumPy macuBM MOkKHa CTBOPIOBATH JEKUIbKOMa CHOCO0a-
MU. MU pO3TISHYIM METOJ CTBOPEHHS MacHBY Ha OCHOBI /ist, TaKOX MO>XHA
cipoOyBaTH CTBOPUTH MacHBH Ha OCHOBI BOymoBaHoi ¢yHkiii. [lpumyctumo,
SIKITIIO TIOTPIOHO OTPUMATH MACHB, 3allOBHEHUH TUIBKH OAWMHUIIIMHU, TO MOKHA
CKOpHUCTaTUCsl (DYHKIIEIO ones, sika sIK apryMEHT NMpUiMae po3Mip HAIIOro Ma-
CHUBY, B pe3yJbTaTli MU OTPUMYEMO BXK€ MACHB, 3aIIOBHEHUI TUIbKU OJUHUIISIMH,

m = np.ones(5).

Takum >xe cnocoOoM MOKHA CTBOPUTH MAacHuB, 3alI0BHEHUI TUTBKH HYJISIMHU,

m = np.zeros(2).

Takox MOXHa CTBOPUTH JESKY OJMHUYHY MATPHILIO, JIe MO AiaroHati Oy-
JyTh PO3MIIIECHI OJWHMUIII, a 1HII 3HAYCHHS OYAYTh HYJIHOBUMHU

m = np.eye(6).

JIJisi CTBOpEHHSI MacuBY, 3alIOBHEHOTO BUITAJIKOBHUMH 3HAYCHHSIMH, MOKHA
CKOPUCTATHUCS] METOAOM random

m = np.random.randint(10, size = (2, 3)).

6



[Ticast Toro, sik Oys0 CTBOPEHO MacHB, MOTPIOHO 3 HUM B3aemoiaTu. 1100
BU3HAYNUTU SIKICh TIEBHI 3HAUCHHS €JIEMEHTY MacHuBYy, MOTPiOHO, BHOpaBIIH
NOTPIOHUN HaM 1HJEKC, 3BEPHYTHCS 3a HUM 1 OTPUMATH 3HAYCHHS (1HIEKcallis
MOYHUHAETHCS 3 HYJIS)

x[0].

VY cBotO Yepry, Al ABOBUMIPHOI MATPHIll MTOTPIOHO 3a/1aTH 1HACKCH BiIpa3y
0 JIBOX OCSIX, TOOTO CHOYATKy MEPIIMM apryMEHTOM B KBaJpaTHHUX Iy>KKaxX
BKa3y€eThCS 1HACKC MO 0ci X, a sIK Ipyruil apryMeHT BKa3yeMo 1HJIEKC 10 ocl ¥

m[0,3].

MokHa BKa3yBaTH TaKOX JACSKUN MPOMIKOK 3HAUEHHS 1HJIEKCY: OOMpPaOTh-
Cs yCl 3HAYEHHS MO PAAKaX 1 OOMPAIOTHCSA TUIBKU 3HAYEHHS TUIBKU MEPIINX
TPHOX CTOBIIIIIB

m[:,:3].

Takox MOXHa OTPUMYBAaTH 3HAYCHHS, SKI 3a/J0BOJIBHSIOTH TIEBHY YMOBY.
Hampukiaza, 1t oTpuMaHHS YCiX 3HAa4YeHb, IO MEPEBUINYIOTh OY/Ib-IKE 3a1aHE
YUCJI0, JJISI TIOYATKy MOTPIOHO 3amaTh Halll yMOBU, B PE3yjbTaTl 4Or0 MH
OTPUMYEMO JIeIKy MacKy. Macka — 1€ MacuB TOTO X pPO3MIpY, IO M HaIl
BUXIJIHWM, ajie sSIK 3HA4YCHHS BKa3yeThCs frue abo false, 110 o3HAYae, 110 JIaHE
YHUCJI0 B MAaCHBI MEPEBUIILy€e, 00 HE TIepeBUIYE 3aaHy Mexy. [licis doro, 1mo6
OTpUMAaTH MOTPIOHE 3HAUCHHS, JJaHa MacKa IMepeacThes K 1HJIEKC B HaIll Ma-
CHUB, B p€3yJIbTaTi YOTO MMOBEPTAETHCS BXKE MACHUB 3HAUECHb, 1110 BIAMOBITAE YMOBI

x[x>2].

[Ipu poOoTi 3 GaraTOBUMIPHUMH MAacHBaMM BUHUKA€ CUTYyallid, 110 TOTPiO-
HO 3MIHUTH (opMy, a00 pO3MIpHICTh JdanuXx. Hampukian, ajis 6araToBUMIpHOT
CTPYKTYPH BUKOHATH PO3TOPTaHHS B OJIMH MAacHB (OJTHOBUMIPHUIA), 1 POTJISAHY-
TH Aesiki 3HadueHHA. Y NumPy 11e MokHa 311HCHUTH, BUKOPUCTOBYIOUYH METOIU
flatten 1 reshape. JIns po3ropTaHHs ycCiX 3HA4€Hb, 10 30€piraroThCs B HaIIii
MaTpHIll, B OJTHOBUMIPHUNA MAaCUB BUKOHYEMO

x =np.array([[1,2,3],[6,5,4]])

x.flatten().

BuxopucroByroun Meron reshape MOXHa OTPUMATH JCSIKAA MacHB 3 ITUX
€JIEMEHTIB 1HIIUX PO3MIPIB, HAPUKIIAJ MO IBOX OocsAX X 1 Y, AKi MM XO4YEMO MO-
OaunTH,

x.reshape((6, 1)).

Takox, BUKOPUCTOBYIOUM METOJI resize, MOXKHA 3MIHUTH (HOpPMY HAIIIOTO
BHUXI1JIHOTO MacuBY. BiAMIHHICTB resize BiJ reshape Tonsrae B TOMY, IO resize
aBTOMATUYHO 3MIHIOE BUXIJTHUN MAacHB, B TOW 4Yac SIK reshape MPOCTO 3MIHIOE
roro popmy

x.resize((6, 1)).

B NumPy Han BekTOpaMu MO>KHAa BUKOHYBAaTH TaKl MareMaTHU4HI omepariii,
SIK TTIOCJIEMEHTHE 0JaBaHHs, MHOKCHHS, BITHIMAaHHS:

v = np.array([9,10])

w = np.array([11,12])

res=v+tw



res = np.add(v, w)

res=v*w
res = np.multiply(v, w)
res=v-w

res = np.subtract(v, w).

Jlns Toro, mo0 oTpuMaTu CKaJsipHUU TOOYTOK BEKTOpIB, a00 BEKTOpa Ta
MaTpHulli, MOTPIOHO CKOPUCTATUCS METOAOM dot

res = np.dot(v, w).

1.2 3aco0u peanizauii MaTeMaTHYHHUX onepauiii B 0i0aioreni SciPy

Jlana 610;0Teka mpu3HaYeHa JJII BUKOHAHHS IIMPOKOTO CIIEKTpa MaTema-
THYHUX OIEpaIliii Ta OXOILIIOE: METOIM ONTHUMI3allii, METOIU JiHIHHOI anredpu,
00pOOKHU CUTHAJIIB 1 300pakKeHb.

Busznaunmo JnerepMiHAHT 3aJaHOi MaTpulll, aje Mepe] UM BHUKOHAEMO
IMITOPT BIJIMOBIAHUX MOJYIIB 13 ScyPi:

from scipy import linalg

from scipy import optimize

import numpy as np

import matplotlib.pyplot as plt

A =np.array([[1,3,5],[2,5,1],[2,3,8]])

linalg.det(A),
ajyie MoTpiOHO 3ayBaXKUTH, IO JETEPMIHAHT BU3HAYAETHCS TUIBKU IS KBaapaT-
HUX MaTpPHUIIb.

Buznauenns o6epHeHOT MaTPHIIi:
linalg.inv(A).

Jlns BU3HAauYeHHs BJacHUX 4Yuced 1 BekTopiB B Oibmioremi SciPy
peanizoBaHU METOJI, SKUW BU3HAYAE TApy YUCEN, J¢ MEPIINM 3HAYCHHSIM OY-
IyTh BJIACHI YUCJIA, & JPYTUM — BIIACHI BEKTOPHU:

eigenvalues, eigenvectors = linalg.eig(A4).

VY mizicyMKy OBEPTAETHCS MACHB, B IKOMY 3HaXOJSATHCS BJIACHI YMCTIA, a Ta-
KO TIOBEPTAETHCS MATPUIIA, B AKIH 3HAXOMSITHCS BJIACHI BEKTOPH.

3amamMo HIKYCHaBEACHY (DYHKITiFO:

def f(x):

return x**2 + 6*np.sin(x).

Buznaunmo moxijgHy naHoi GyHKIIi B TodIl x = 1, A I[bOTO IMIIOPTYEMO
MOJYyJIb derivative

from scipy.misc import derivative

derivative(f, 1.0, dx=1e-6),

Jie OJTHAM 13 apTyMEHTIB METOAy derivative € TapaMeTp TOYHOCTI dx, SKUH
BIJIIIOBIIA€ 32 KUJIBKICTH 3HAKIB ITICJISI KOMH.

Busnaunmo nepBicHy gaHoi QyHKIT B TOYIl X = 1, A7 1[bOTO IMIIOPTYEMO

MOAyJb quad
from scipy.integrate import quad



quad(f, 0, 1),
ne napa yucen 0 1 1, uo Bka3aHa B IyXKax, € MEKaMH 1HTETpyBaHHSI.

[To6ynoBa rpadika qaHoi QyHKIIIi:

x =np.arange(-10, 10, 0.1)

f2=np.vectorize(f)

plt.plot(x, f2(x))

plt.show().

AHanizyroun AaHuid rpadik BU3HAYAEMO, L0 TJI00aTbHUM MIHIMYM 3HaXoO-
nuThest B okoidi -1. [{nst Tounoro oOuucnenHss MiHiMyMy ¢yHKLUIi B SciPy €
BIIMIOBIMHUN MeTON minimize. B ommii gaHOTO METOAYy SIK apryMeHT
nepenaeThes Hama QyHKIIiS, a TAKOXK MOYaTKOBE HAOIMKEHHS, TOOTO 0071acTh, 3
AKO1 MOYMHAETHCS MOUIYK MIHIMYMY (U1l MpUKJIaay npuiMaemo 0).

optimize.minimize(f, 0).

PesynbraTom pobotn (yHkIi Oyne neskuii 00’€KT, B SKOMY HPHUCYTHI
0e3niu mapameTpiB. baraTto 3 nMx mapameTpiB HajexaTh J0 OOpaHOTO METOIY
onTuMi3allii, a ocTaHHIM Oyzae BianoBigatu MiHIMyMy ¢yHKIi. I[loTpiGHO
BIIMITUTH, 110 METOJ TIOBEPHYB 3a MIHIMyM 3Ha4yeHHS -1, 10 BIAMOBIAA€E TIIO-
OaJIbHOMY MIHIMYMY.

BaxnuBo BiJI3HAYUTH, 110 METOJ minimize Ma€ OUIbIIIE YHUCIO apTyMEHTIB,
HDK OyJio BKa3zaHo. Mo)Ha TakOo» BKa3yBaTHM METOJ ONTHUMi3allii 3aJeikKHO
BiJl TOTO, fIKa y HAC (DYHKIIIS, a TAKOXK TOYHICTh HAOJIMIKEHHS, 3 K01 MU XO0UEMO
3HAUTH MIHIMYM.

Meron minimize TakKoX MOX€E MOMWIATHCS. 30KpEMA, SKIIO Y HAC € JIOKaJb-
HUW MIHIMYM, TOJli BUIAJKOBO 3aMICTh IJI00ATBHOTO MIHIMYMY METOJ] MOXE
MIOBEPHYTH JIOKAJbHUM MIHIMYM, 1 IIbOTO JIETKO JOOWTHCS, 3MIHHMBIIH JIHIIC
OJIMH TapaMeTp, HAMpUKIaJ, MouyaTkoBe HaOmmxkeHHs. Hampukiax, 3amarouu
3HAYEHHS T[0YaTKOBOTO HAOMMKEHHS pIBHE TPbOM, TOJAlI pE3yJbTaT, SKHIl
BIJIOBIJIA€ MIHIMYMY, B JJaHOMY BHUIIaJIKy HAOJMXKA€TbCS 10 3HAYEHHS 3, 110
CXO€ Ha OJIUH 3 JJOKAJIbHUX MIHIMYMIB (DyHKIII].

1.3 3aco0u podOTH i3 MOATOTOBKOIO Ta AHAJII30M AaHMX Yy OiOsiorewi
Pandas

bibmioreka Pandas € ongHiero 3 KIOY4oBHMX O10JIOTEK, SKa JI03BOJISIE
3pOOUTH MMOBHOIIHHUIN MPOIIEC aHAIII3Yy JAHUX, & CaMe:

— 3aBaHTaXeHHA NaHux. biOmioreka Pandas m03Boiisie 3aBaHTaxyBaTH J1aHi
pizaux ¢opmariB. bibmioTeka MiATpUMY€E 3aBaHTAKEHHS TEKCTOBHUX (hailiiB,
OlHApHUX, a TAKOXK € MOXJIMBICTh IMIAKIOUYEHHS 10 0a3 JaHUX 1 poOOTH 3 HUMH
HaTIPSIMY;

— momaHHsa gaHuX. Pandas omepye 1BoMa OCHOBHUMH CTPYKTYpaMU JTaHUX:
Series 1 DataFrame. Series — 1HI€KCOBaHMI MacuB JESKOTO THILY: YUCIIOBHIA,
Oimapuuii abo kareropianbHuid. DataFrame — nBoBHMMipHa CTpyKTypa AaHUX
(cykymHICTh Series) abo — 11e TaOIHIIS;

— 00pobka panmx. Ilicms 3aBaHTakeHHs Ta ¢opMyBaHHS Series abo
DataFrame BuxonanHs QinbTparii, I1HAEKCYBaHHA, OO’ €IHAHHA PI3HUX



DataFrame oaus 3 omHUM, € MOKJIUBICTh HAITUCAHHS BIIACHUX OOYMCITFOBATLHUX
METO/IIB 1 3aCTOCOBYBaHHS iX Ha DataFrame;

— nobynoBa rpadikib. 3a oOpanumu ganuMu 3 DataFrame moxHa OyayBaTu
ricTorpaMu 3Hay€Hb, MOKHA TOJUBUTUCA SK 3HAYEHHS B JIaHOMY CTOBIIIII
3MIHIOETHCA B Yaci. Bizyaizaliisi MOXKIuBa 3aBJsiku iHTerpairii Pandas 3 iH1moro
oi6morekoto — Matplotlib. 3arasom Pandas iHTerpyerbcss # 3 Takumu
o16moTtekamu, sk NumPy a6o SciPy.

1.3.1 O6’exr Pandas.Series

Crpykrypa Series € 00’€KTOM, CXOXMM Ha OJHOBUMIPHHI MacuB, aje
HOT0 BIJIMIHHOIO PHCOIO € HAsABHICTh MITOK, TOOTO 1HJEKCIB OIS KOXKHOTO eJe-
MEHTA 31 CIIHCKY

import pandas as pd

s = pd.Series([1,2,3,4], [’a’, ’b’, ’c’, ’d’]).

Jlns ctBopeHHst Series HEOOOB’SI3KOBO BKazyBaTH 1HJekcHu, Pandas aBroma-
TUYHO MPOCTABUTh YUCIOBUM 1HAEKC. Takoxk Series MOXKHaA CTBOPIOBATH, Tepe-
JAI0YW HE TIJIBKH JIUCT 3 JAaHUMH, a i CJIOBHHK, KITFOUl SIKOTO CTaHYTh 1HJICKCAaMHU
B CTBOPEHOMY Series:

d = {"Moscow’: 1000, ’London’: 300, ’Barcelona’: None}

cities = pd.Series(d).

OTpumaTH 3HaYEHHS B Series MOXKHA 3a 1HIEKCOM

print (cities|”Moscow’]),
a0o0 3a 1HIeKCaMu

print cities|’Moscow’,’ London’];

a00 MO)KHa OTpUMATH 3HAYEHHS 32 1HJIEKCaMU

print(s[‘a’ : ‘c’]).

Jlns Toro, 106 13 Series OTpUMATH JIESIKI PSAJKH, SIK1 3aI0BOJBHSIOTH JICSKI
YMOBH, HaIlPUKJIa 3HAYEHHS, [0 HE TIEPEBUIITYIOTh TTEBHOI MEXi, CIIOYATKY IO~
TPIOHO CTBOPUTH MACKy y (JOpMI yMOBH, SKIi Mae BIANOBIAATH Series, a MOTIM
nepeaTy ii K 1HJEKC

print cities[cities < 1000].

Jlyis 3MiHM 3HAYEHHA B Series TOCTaTHbO BHOpATH 3HAYEHHS B MOTPIOHOMY
1HJEKC1 i IPUCBOITH HOMY HOBE

cities|’Moscow’] = 100.

Jlist 3MiHU 3HaveHb B Series, 1m0 Oynu Bi(UIBTPOBAHUMU, HANPHUKIA, 3a
3a/1aHOI0 MACKOI0, MOKHA 11€ 3pOOUTH aHAJIOTTYHUM CIIOCOOOM

cities|cities < 1000] = 3.

Sxio B Series 30epiratoTbCsi YUCIOBI 3HAYEHHS, TO MOXHA MPOCTUM CIIOCO-
OOM 3MIHUTH 3HAUYCHHS YChOTO Series 3a IOMOMOTO apru(METHUHHUX OTepallii

print(cities|cities>0]*3).

VY HaBeneHoMy Series TpPUCYTHI 3HaYeHHs NalN, iK1 BIAMOBIAI0Th TOMY, 1110
3a iHAeKcoM «bapcenona» y Hac BiACYTHI 3HaueHHs. s BindiibTpyBaHHS TH-
noBux psankiB y Pandas peanizoBaHo ABa MeToNU isnull 1 notnull, K1 mpoTUIEK-
H1 OJIUH OJTHOMY,

print (cities|cities.isnull()]).
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Merton isnull moBepHYB HaM TUTBKW OJMH PSOK, aJie SKIIO MU CIIPOOYEMO
BUKJIMKATH METOJ notnull, Toal HaM TOBEPHYThCA M yCl1 1HII PSAIKH, B SKHX €
3HAYEHHS

print (cities|cities.notnull()]).

1.3.2 O0’exTt Pandas. DataFrame

s po6oTu 3 Moaysiem DataFrame iMmmopTyeMo noTpiOH1 HaM 010J110TeKH:

import pandas as pd

import numpy as np.

Ha npukiaji naracery moisaok Beno6aitkom B Hero-Mopky

df = pd.read_csv(’citibike.csv’)

PO3IIITHEMO, K BiamrToBanuii cam DataFrame. He moTpiOHO poO3IpyKOBYBaTH
Becb DataFrame, KON MU XOU€MO [I3HATUCS MOro CTPYKTypy, SKI Tam
MicTAThCs cToBMII. [IpumycTumo, Mo moTpiOHO MOAWBUTHUCS TIIBKHA Ha TEPII
Tpu psaku, ToMy B Pandas € meton Head, sxuii 3a 3aMOBUYBAHHSIM IOBEPTAE
nepii 1’ ath psaakiB Hamoro DataFrame,

df-head(3).

Axuo noTpiOHO moaMBUTHCS He mnepin Tpu psaaku DataFrame, a octanwi,
TOJ1I MOXXHA CKOPHUCTATUCA METOJIOM fail, IKUi, aHAJIOT14HO, MMOBEPTAE OCTAHHI
I’ SITh PSIZIKIB 32 3aMOBYYBAHHSM,

df-tail(3).

Kpim mporo DataFrame mae Taki BJIacTHMBOCTI, SIK BU3HAYEHHS PO3MIPY
(couaTKy BKa3y€eThCs YUCIIO PAJIKIB, MOTIM BKA3YETHCS YUCIIO CTOBIIIIIB),

df-shape.

TaKOX € MOXKJIMBICTh OTPUMAaHHS OKPEMHUX Ha3B CTOBIIIIB
df.columns,
1 SIK1 TUTIA JJaHUX € B HamoMy DataFrame

df.dtypes.

Takok € MOKJIMBICTh BUBEJCHHS He BCchoro DataFrame, a meBHUX CTOBIIIIIB.
Jlia uporo moTpiOHO BKa3aTh HA3BH MOTPIOHUX HAM CTOBIIIIB 1 MepeAaTy ix, a
TOJIl OTPUMYEMO MOXKJIMBICTh OpyKyBaTu He Bech DataFrame, a Timbku oOpani
CTOBIIITI

df[[’start time’, ’start station name’]].head().

Jlnsa 3BepHenHsis 10 enemeHTiB DataFrame y Pandas peasnizoBani Taki MeTo-
1y, siK loc W iloc. Iloc 1o3BoJIA€E 32 1HACKCOM 3BEPTATUCS JIO0 PSJIKIB 1 CTOBIIIIIB.
30kpema, SKIIO MOTPIOHO OTPUMATH 3HAYEHHS, 110 30epiraloThCs B HAMOCTaH-
HIIIOMY PAJIKY, B iloc MOTPIOHO BKa3aTH 1HAEKC -1, 1 32 3aMOBUYBaHHSIM ITOBEP-
HEThCS OCTaHHIHN PSIIOK

df.iloc[-1].

Taxox 3a JOMOMOT0I0 METOy i/loc MOKHA MOAUBUTHUCS, SIKE 3HAYEHHS Oy/e
MmictuTu DataFrame Ha mepeTuH1 CTOBIIIA 1 psAKa,

df.iloc[-1, 4].

Merton loc Biapi3HA€ETbCS Bl iloc TUM, IO MU MOXEMO BKa3yBaTH 3HAYCHHS
3pi3y 3a IHJAEKCOM,

df.loc[1,[ tripduration’]].
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SAxuo nmotpibHO BiAGIIBTPYBATH 3a JOMOMOTOI0 METOAY iloc, BKa3yrouu
MEXI1, TOJIl Y HAaC He BKa3yIOThCA KpaiiHi 3HaueHHs. MeTtoa [oc mpallioe HaBMaKw,
BiH MICTUTbH KpaiiHi 3HaueHHs. [{j1s1 TOpiBHAHHS:

df-loc[0:6,0:4]

df.iloc|0:6, ’tripduration’: start duration time’].

Haitgactime npu po6oti 3 DataFrame mMu cTukaeMocs 3 THM, 1110 HaM IOT-
piOHO BUOpATH PSIIKH, IO 33JI0BOJBHSIOTH MEBHI YMOBH. JIJ1s 11bOr0 MOTPIOHO
CTBOPUTH MAacKy, sika Oyjie 3aJJaHOI0 YMOBOIO, i MepeAaTH ii SK 1HAEKC HaIIoMYy
DataFrame. Takok MOXHa CTBOPIOBATH JEKUJIbKa YMOB Ha (DUIBTpaIlito

df|(df| tripduration’] < 1000) & (df[ usertype’] == Subscriber’)].

Oxpim ¢insTpariii B Pandas peanizoBaHi aesiKki METOHU, K1 I03BOJISIOTH TIO-
JVBUTHUCS CTAaTUCTUKY ycboro DataFrame. Hampukian, 3a 10oroMororw mMetony
describe MOXXHa TIOJUBUTUCSA CEPEHE, MAKCUMAaJbHE 1 MIHIMAIbHE 3HAUYCHHS
0Jipa3y B YCIX CTOBMIIIX

df.describe().

Ockinbku Ham DataFrame 30epirae He TIJIbKU YMCIIOBI, aji€ ¥ KaTeropiajibHi
03HAaKH, TO 3a JOMIOMOTOI0 METONY describe 3a HUMU TaKOK MOYXHa BU3HAUUTH
cTaTUCTUKY. [ 11poro moTpiOHO BKa3aTH, KU TUI JAaHUX MU XOYEMO OTpH-
MaTH,

df.describe(include=[np.object]).

[Ipu poGoTi 3 KaTeropiabHUM O3HAKAMH JJII OTPUMAHHS CITiBBITHOIICHHS
JIeSIKNX 3HAY€Hb BUKOPUCTOBYIOTh METOJ value counts

df usertype’].value counts(normalize=True).

J1st oTpuMaHHs KUTBKOCTI YHIKAJIbHUX 3HAYEHb B OKPEMHUX Series BUKOPH-
CTOBYIOTb METOJ Unigue

df|’gender’|.unique().

Takok MOKHA OTpUMATH KOPEJISIIIIO0 MiXK YCIMa CTOBHISIMU JATaceTy, AKIIO0
BOHH YHUCJIOBI, BUKOPUCTOBYIOUH METOJ COTY,

df.corr().

Kpim Toro, OyBae moTpiOHO 3poOuTH TEBHUN sample 3 BUXIAHOTO
DataFrame (DataFrame nanTo o0’emHMi1 1 mOTpiOHO 30€perTv OKpeMy YacTH-
Hy). 3a JIOMOMOTOI0 METOAY Sample BUKOHYETbCA BHOIp MEBHOI YaCTHHH 3
BuxigHoro DataFrame

df.sample(frac=0.1).

[Ticns 3a3HaueHUX nepeTBOpeHb MokHa 30epertu DataFrame 1 Bukopucratu
MeToJ to_csv. JIjisg 11boro moTpiOHO BKa3zaTh NUIIX A0 ¢aiy 1 BKa3aTH 1HIII Ma-
pameTpu

dfito_csv(path_to file.csv’).

1.4 MeTtoau rpynyBaHHsI JaHUX

3 MeTOI0 OTJIsiTy METOIIB TPYyIyBaHHs Ta MaHIMyJsIii nanux B Pandas po3-
IJISTHEMO JIESIKy 3MIHHY, IO MOXe HaOyBaTH JiBa ab0 KiJibKa 3HA4Y€Hb, 1 MOT-
p1OHO BU3HAYMTH BC1 PSJAKH, B IKMX 3YCTPIHYA€THCS TIIbKU MEpIIE 3HAYEHHS J1a-
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HO1 3MIHHOI, MOTIM — TUIbKH Apyre 1 T. A. Lle MokHa 311HCHUTH 3a JOTIOMOTOI0
metony groupby. Ilicns Toro, K y Hac BUALIMIACS TIEBHA IpyIia, 3 HEIO MOXKHA
OKpEMO MpaloBaTH, aHATI3yBaTH PO3IOILT PI3HUX O3HAK y JaHIW TpyIl, a Ta-
KO>K MOYKHA TTOPIBHIOBATH 111 TPYIIH MIXK COOO0IO0

import pandas as pd

import numpy as np

df = pd.read csv(citibike.csv’)

df.groupby([’usertype’]).

Ornsig rpyt, siki 0yJ0 OTPUMaHO:

df.groupby([ usertype’]).groups.

VY pesynbraTi Oyne OTpUMAaHO MEBHHUM CIOBHUK, € SIK KJIIOY 3HAXOATHCS
3HAYEHHS 31 3rPYNOBAaHOIO 3MIHHOIO. Y JTaHOMY BHUIIQJKY iX yChOTO JBa, 1€ 3a
3HAQYEHHSI BUKOPUCTOBYIOTHCS 1HJEKCH PS/IKIB, B SIKUX 3yCTPIYAIOTHCS caMe I
3HAYCHHS.

OxpiMm nmaHoi GopMH TIOJAHHS Yy BUTJISI 1HICKCIB MOKHA BU3HAYUTH, SIKI
camMe 3HAYCHHS 1 PSJIKK Y HAc 3yCTpidaroTbesa B Tpymi. [[is mporo moTpiOHO
TIEPEBIPUTH TIEPIII PSIAKU 3 KOKHOT TPYTH, BUKITUKABIIN METOJ first,

df.groupby([usertype’]).firs«),
npu 1boMy oTpumyeMo Aesikuii DataFrame 3 ycimMa o3Hakamu, siki Oynu cro-
YaTKYy.

Ha ocHOBI 0TpuMaHO1 MEBHOI 3rpyMOBaHOI CTPYKTYpU MOKHA MOpaxyBaTu
JeSKAA  pO3MOJiT 3HaueHb. Hampukman, NOTPIOHO BU3HAYUTH CEPETHIO
TPUBAJICTh MOI30K Y KOXHIA IpyIl KOPUCTyBauiB. {1 IbOTO 3I1HCHIOETHCS
IpynyBaHHS JIaHUX, BKA3YEThCS JIUCT 3HAYEHB, MOTPIOHUX JIJISi arperyBaHHs, a
MOTIM METOJ, 3a SIKUM arperyroThbCs JaHl, HalPUKIAJ, CEPEeIHS TPUBATICTb
MO13JI0K,

df.groupby([’usertype’]|)[[ tripduration’]].mean(),

IIpU bOMY OTpUMY€EMO Aesikuil DataFrame, B AKkOMy sIK apryMeHTH BKa3aTH HE
CIIMCOK 3HAY€Hb, @ YChOT'O JIUIIIE OJIHE 3HAYCHHS (TPUBAIICTh MOI3JKH), TOM1 Y
HAC BXKE TTOBEPHETHCS 00’ €KT TUIY Serious.

Takox Pandas mo3Bosisie rpynyBaTu JaHi HE TIJIbKU 3a SIKOIOCH OJTHIEIO 03-
HaKoI0, a ¥ BiJIpa3y 3a IpyIoro o3Hak. st 1iboro moTpiOHO J0AaTH JOMATKOBUMA
CTOBIICLIb B METO groupby.

[Ticns rpynyBanHg nanux Pandas 3’sBAsSETbCS MOXIMBICTH OOUYMCITIOBATH
NIEBHE arperoBaHe 3HAYCHHS 32 O3HAKAMU ISl KOKHOI TPyIU. AJie SKIIO MOTpi-
OHO BHW3HAUMTH 3HAYCHHS HE TUIBKM 3a OJHICI0 O3HAKOK, a W Bigpaszy 3a
KUJIbKOMa O3HaKaMH, TOJIi MOTPIOHO BUKOPUCTATH METOM agg

df.groupby([’usertype’]).agg({ tripduration’ .sum, ’starttime’: first’ }).

VY pesynbraTi 3acTOCyBaHHS JAaHOTO METONy moBepraeThcsi DataFrame, B
SAKOMY 1HJIEKC — 11€ BUX1J{HAa O3HAKa IPYITyBaHHS i BIJIMOBIIHI JBa CTOBIMIII 3 O-
TPIOHUMU 3HAYEHHSIMU.
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binpiie toro, sKmo nmoTpiOHO BU3HAYMTH 3MIHY 3HaY€Hb a00 B3araji Oynb-
SK1 1HIII METPUKHU 3a SIKOKIOCh OJIHIEID O3HAKOI, TO B JAHOMY CJIIOBHUKY (IJIsI
JTAHOT O3HAKU SIK 3HAYEHHS) MOTPIOHO BKA3aTH CIIMCOK METO/IIB

df.groupby([’usertype’]).agg({ tripduration’:[sum, min], ’starttime’:’first’ }).

SIKo MOTpiIOHO OOYMCIWTH SKECh 3HAYCHHs 3a JOMOMOTOK BJIACHOI
byukiii (6e3 3acTocyBaHHs BOYyIOBaHUX (YHKIIIH), TO I BOTPO MOTPIOHO
BUKOPHUCTATH JIAMO1a-QYHKITIO

df-.groupby([’usertype’]).agg({ tripduration’: lambda x: max(x) + 1,
‘starttime’first’ }).

1.5 OcHoBHi 3aco0u npu po6oTi 3 AeKIbKOMA TA0IMIAMHU

PizHOMaHITHI gaTraceTd MICTATh JEKUIbKa TaOimmop gaHmx. Jlos
NMO€AHAHHA yCiX TaOJuIlb, 3 METOK aHali3y 1 BUSBJICHHS 3B S3KIB MIXK
BIIMOBIJHUMHU iX €JIEMEHTaMM, 3aCTOCOBYIOTh METOJ join. Hampukmnam, s
MOEHAHHSA JAaHUX JaTaceTiB JBOX TaOJullb, y sSKUX € 3arajbHe mojie (ID
00’€eKTa), MOKHA yC1 PSAAKUA 3 MPaBOT YaCTHUHU TaOJIMII 0JaTH iX 0 JIIBOI Yac-
TUHHU, 200 yCl PAJIKM 3 JIIBOI YaCTUHU JIOJATH 0 MpaBoi, a00 3pOOUTH SKHUIICH
MEePETHH JIBOX TaOJHIlh, 00 K B3SATH SIKECh 1X 3arajibHe 00'€THaHHS.

V Pandas icHye 1Ba BapiaHTu no€aHaHHSA TabNMMIIb, a came: merge i join. 1x
BIIMIHHICTh TIOJISITA€E B TOMY, II[0 3a JIOTIOMOT'O0 METOJy merge OB’ I3yIOThCS
1Bl TAONMII 3a SKUMOCH O3HAKaMM, a 3a JOTIOMOTOIO join TIOB’S3yHOTHCS JBi
TaOJIUII 34 IKUMOCH 3araJIbHUM 1HJIEKCOM.

Hamnpuknan, y Hac € nataceT 13 JaHUMH OpEHIM KBapTup B Airbnb y dopmi
TphOX TaONuIb: TaOMuuA [istings MICTUTH JeTajdbHy 1H(OpMaIo mpo cami
KBapTUPH; TAOJUIIA reviews MICTUTh ACSAKI BIATYKH, SIK1 3aJIMIIATN JIFOJIH; Tao-
mus calendar — 4ac 1 1aty OpOHIOBaHHS KBapTHPHU:

import pandas as pd

from IPython.display import Image

calendar = pd.read csv(‘boston-airbnb-open-data/calendar sept.csv’)
reviews = pd.read_csv(‘boston-airbnb-open-data/reviews.csv’)
listing = pd.read_csv(‘boston-airbnb-open-data/listing.csv’)

calendar.head(2)
reviews.head(2)

listing.head(2).

Jomamo 10 Tabnui /istings BIATYKH JIFO/I€H, BUKOPHUCTOBYIOUHM METOJI merge

pd.merge(listings, reviews, left on=["id’], right on=[’listing id’]),
PEe3yIABTATOM SIKOTO € TIEBHA TaOJINIIS.

3a 3aMOBYYBaHHSIM METOJ] merge, KO HE BKAa3yBaTH, KN METOJ join MH
xouemo 3aiiicHuty, 3aiicHioe LEFT JOIN, To0TO 10ja€e Bce 3HAUYCHHS 3 TPaBoi
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Tabnuil a0 niBoi. TakoX 1€ MOKHA 3MIHWTH, MPOCTO BKA3aBIIU B apryMEHTI
MOTPIOHUHN METOI,

pd.merge(listings, reviews, left on=["id’], right on=[’listing id’],
how="inner”).

Takox, SKIIO MOTPIOHO 3PO3YMITH, 3 KO TaOJWI 1 KyJIU JOJAIUCS 3HA-
YEHHs, JI1 [IbOTO MOTPIOHO 3MIHUTH 3HAYEHHA Yy MapameTpa indicator, KU
MOKaXe, 3 SKUX Tabnuib Oynu B3sTI 00paHi 3HadeHHsA. ToOTo, B DataFrame
MOBEPTAETHCS IOAATKOBUI CTOBIEIL merge

pd.merge(listings, reviews, left on=[’id’], right_on=[’listing id’],
how="inner’, indicator=True).

Onmepartist join TakoX MOXKe OyTH 3M1MCHEHA MPU 3aCTOCYBaHHI 1HIIIOTO Me-
tomy. JIJis mbOTO y KOXKHIM 3 TaONHIlh, SIKI MOEIHYIOTHCS, 33a/1a€ThCS TEBHUMN
THCKC

calendar.set_index(’listing id’, inplace=True)

reviews.set index(’listing id’, inplace=True).

[Ticist yoro obupaeThes JiiBa TaOMMI, HapUKIaj calendar, 1 3aCTOCYBaB-
IITK METOJI join, IepelacThCs TaOJIUIIS, IKa PUETHYETHCS,

calendar.join(reviews, lsuffix="listing id’, rsuffix="listing id’).

Mo Tabmuii calendar nopanucs 3Ha4€HHs 3 BIJATYKIB, 1 Tenep 3’ SIBUBCS HO-
BUI 1HJEKC, 1110 30UTBIINWIIO KUIbKICTh 3HAY€Hb Y HaIllli TaOIuIIl.

1.6 MeToau nepeTBOPEeHHS 03HAK JAHHUX

Jlist po3riisimy METOJIB MepeTBOpeHHs o3HaK B Pandas 3aBaHTakumo Har
caiit Beno6aiik mo Heio-MopKy, sikuii Hazae iHGOpPMAIIito TIPO MOT3IKN BETOCH-
neja (Micie BHUi3/y 1 MyHKT MPU3HAYEHHS, TPUBAJICTD MOI3/IKU Ta TUIl KOPUCTY-
Baua),

import pandas as pd

import numpy as np

df = pd.read csv(’citibike.csv’)

df-head().

3a momomororo (pyHKINT map MOXKHA MEPETBOPIOBATH E€IIEMEHTH CTOBIIIIS.
JIJIsi 1IbOTO CTBOPIOETHCSA CIIOBHHK, Jie KIIIOUy (CTape 3HAYCHHS CTOBIIIIA)
BIJINOB1Ja€ HOBE 3HAYCHHS IICJIS IEPETBOPEHHSI.

3MIHUMO cTOBIELb usertype. OCKUIbKM usertype MICTUTh TUIbKHU JiBa IOJS,
TOM1 customer, BIAMOBITHO, OY/IEMO 31CTaBJISITUChH, HAPUKJIA 13 3HaUYCHHM 1, a
subscriber Oyzae 31CTaBIATUCH 13 3HAYEHHSM 2, 1 TOM1 3 SIBJSETHCS HACTYIMHUUN
CJIOBHUK

usertype = {’Customer’:1, ’Subscriber’:2}.

3acTocyeEMO METOJ map A0 CTOBIISA usertype

df| usertype’].map(usertype).head().

Meton apply sx aprymMeHT niepenac nmoTpiOHy HaM (DYHKIIIO, IKa MOYKe OyTH
3aCTOCOBaHa JI0 BChOTO JIaTaceTy, abo 0 OKPEMOi MOro KOJIOHKH.
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Ha mpuknaai TpuBamocTi MOi340K CTOBMENb 4acy, 3aJaHUNl y CEKyHIax,
MEPETBOPIOETHCS Y XBUJIMHU 3a JIONTOMOTOI0 JIIMOAa-GyHKIII1 1 MeToy apply

df|tripduration’].apply(lambda x: x / 60).head().

Takoxx MOXHa BHKOPHCTOBYBaTH BIacHI (YHKIIi 3a JOMOMOTOI METOIY
apply 1 komOiHa1ii 3 1IM01a-QYHKITIEFO.

Takox apply mpaioe 3 psakaMu: A [BOTO JOCTaTHHO BKazaTH axis |
(omuH 13 apryMeHToB apply). 1 momepenHi MepeTBOPEHHS MOXKHA 3alKcaTH B
THIITOMY BHTJISIII

df.apply(lambda x: x|’ tripduration’] / 60, axis=1).head().

1.7 KoHTpOJIbHI MUTAHHS

1. Ilo Take maTtaceT 1 siki Bigomi (aiiioBi ¢opMaru IXHBOTO MOJAHHS BU
3HaeTe?

2. lllo Take aucTpuOyTUB MporpamMHoro 3abesneueHHss Anaconda? Hasenith
B1JIOMI1 aHAJIOTH.

3. Ilpusnayenns 6i6aioteku NumPy.

4. ITpuznauenns 6i6mioTexu SciPy.

5. Ilpusnauenns Oi0miorexu Pandas.

2 BI3YAJII3BALIA PE3YJBTATIB AHAJII3Y JAHUX
ITPOTPAMHUMMU 3ACOBAMHU PYTHON

2.1 BizyaJaizauis ganux B 0ioJioreni Matplotlib

Hnst peamizamii ganux B Pandas motpibHo ctBoputH DataFrame, B
AKOMY OyJie 1B1 KOJIOHKH X 1 ):

import pandas as pd

from numpy.random import exponential

df = pd.DataFrame({’x’: range(20), ’y’: exponential(10,20)}).

Jlna BimoOpaxenHs BizyamizoBanux Aanux B [Python Notebook motpi6HO
BKa3aTH, o0 yce, 1o pucyethcs B Matplotlib, BuBoauiock ycepeansi, a He B
OKpeMoMy BikHi. [[71s1 1bOro moTpiOHO BUKOPHUCTATH KOMaHAY magic

Yomatplotlib inline.

Hactynmaum Geperbest Ham DataFrame 1 BUKOHY€TBCSI SIKUHCh BUKIWK IS
Bi3yamizamii. Hanpuknaa, BUKIUK hist, sSskuil BimoOpakae TiCTOTpaMy HAIIOTro
pO3MOIiTy, e BHCOTa CTOBMYMKA IMOKA3y€ KITbKICTh CIIOCTEPEKEHb 3 TaKUM
3HAYEHHSM, K€ MTOKa3aHo TI0 X,

df y.hist().

bi6moreka B Pandas BuKOHY€E pi3HI BUKIUKH, K1 JO3BOJISIOTH Bi3yalli3yBa-
TH J1aH1 3a JOTIOMOTOIO TiCTOrpaMu, TOUOK abo MOJIUIOK. AJie BCi 11l CIoco0u 3a-
no3u4eHi 3 616moTexu Matplotlib. [lyig Toro, mo6 noyartu mpairoBatu 3 6107110-
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Tekoto Matplotlib, mominbHO iMMopTyBaTH ii HEMOBHICTIO, @ TUIBKH MOIYJb
pyplot. Monyns pyplot no3Bojsie npaioBatu 3 010ai0Tekor0 Matplotlib B orme-
paTuBHOMY CTHJI1. MU BKa3zyemo, 1110 MOTPIOHO 300pa3uTH, SIK1 aTpUOyTH 3MIHU-
TH, TICJISI YOT'O yCE 1€ 3aCTOCYETHCS 10 TAHOTO 300pasKeHHS

import matplotlib.pyplot as plt.

Ha npuknani natacery COPTHBHUX pPE3yJbTaTiB TpaBilsl 300pa3uMo HOTO
YCHIIIHICTh 3aJI€KHO B1JI HOMEpa crpoOu. JlaHuil 1ataceT MICTUTh OJUH €KCIIO-
HEHITIaJILHUN PO3IOIT 3 TapaMeTPOM X = 5, JJIS IKOTO MPUHUMAETHCS IBAILISTh
cpo0. | npyruil ekcroHeHianbHUN PO3MOALUT 3 TapaMeTPoOM X = 6 1 pO3MIpOM
nBamATh. Jljis ix Bizyamizarlii moTpiOHO BBECTH TaKi KOMaH/IN:

datal = exponential(5, 20)

data2 = exponential(6, 20)

plt.plot(datal).

Hpyruii Meron 300pakeHHs! JaHUX 3a JOMIOMOI'OI0 TOYKH 3 KOpJUHATAMU X 1
y. Jlns maHoro Meroay € KOMaHJa scatter, B Ky HEOOXiJHO TepeJaTH 1Ba ap-
TYMEHTH (X, )

plt.scatter(range(len(data)), data?).

Bbyno orpumano aBa rpadiku Ha oHOMY 300pakeHHi. OCKUIbKM BOHU OJ-
HOTO KOJIbOPY, iX HEMOXJIMBO 1AeHTU(IKyBaTH. KpiM TOro, BIICYyTHI HIANHCH
oceit mig ycboro rpadika. Takox BiicyTHS 1H(pOpMaIlisi HOMEPIB CIPoO, TOMY
10 Ha oci X MOJIIKKM 300pakeHl He IIJTUMHU YuciiaMu, a apodoBumu. Jis ycy-
HEHHS BKa3aHMX HEJOJIKIB MOTPIOHO HAJIAIITYBATH BIAMOBIAHI Tpadiky.

Hust igentudikamii rpadika, HampuKIag A KPUBOI PO3MOALLY APYroro
IpaBIls, 3aPUCYEMO HOTO YEPBOHUM KOJIHOPOM

plt.scatter(range(len(datal)), data2, color="red’).

JIns BU3HAUYEHHsI Ha3BU rpadika € MeTof title

plt.scatter(range(len(data?)), data2, color="red’)

plt.title(’ Results’).

[TpakTruno Oyab-sIKOMY TeKCTOBOMY 00’ekTy Matplotlib moxHa nepenatu
napameTp fontdict, SKUi € CTOBHUKOM 3 JACSIKUMHU aTpUOyTaMH BaIIOTO TEKCTY

plt.title(’ Results’, fontdict={"fontsize’: 20}).

Jljia mignucy oceil BBOJUTHCS KOMaHIH:

plt.xlabel(’Attempt number”)

plt.ylabel(’ Result’).

JlaHi OoCl TakOXX HaJAIITOBYIOTHCS (KYT MOBOPOTY, KOJIp MIPpUPTY, po3Mip
Torio). Jlam BimoOpaxkeHHsI 3Ha4YeHHsS rpadikiB MEBHOTO TPABI BUKIUKAETHCS
meton legend, 110 300pakeHo Ha rpadiky

plt.plot(datal, label="First player’)

plt.scatter(range(len(data?)), data2, color="red’, label="Second player”)

plt.title(’Results’, fontdict={"fontsize’: 20})

x.label(’ Attempt number’)

y.label(’ Result’)

plt.legend().
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Jlerenga aBTOMAaTHYHO PO3TAIIOBYETHCA B MICI 3 MiHIMaJbHUM HaOOpOM
CHUMBOJIIB JIaHuX. J[JI1 BCTAaHOBJIEHHS 3aMITOK IO OCi1 X y IIIJIOUYMCIIOBIN (popmi
NOTPIOHO CKOPUCTATUCh METOAOM Xtick

plt.xticks(range(0, 20, 4)).

Jist 30epekenHs 300pakeHHs1, He TuUlbku B cepenosuiii [Python Notebook
[1, 9], ane ¥ B 1HIIKX, MOTPIOHO BUKOPUCTATH METOJ savefig. BaxiInuBo BKa3aH-
HSl MIPABHJIBHOTO PO3MIMPEHHS (ailiry, TOMy 110 BiJ] PO3IIHMpPEHHS (haimy 3aje-
XKUTh Horo ¢dopmart: skmo ¢aitn 30epiraeThcs Ak results.png — me Oyme png-
KapTUHKA; SIKIIO 11e Oyae po3mupenns .pdf — e 6yne pdf-daiin

plt.savefig(Cresults pdf’).

2.2 Po3mmpena Bi3yaJizaunis 3aco0adu 0idmiorexkn Matplotlib

Hist pobotu 3 Oi6miorekoro Matplotlib, 3 mMeTor0 BU3HayYeHHs CHOCOOY
BIJIOOpaKEHHS BiJpa3y JCKIIBKOX TpadikiB HA OJHOMY 300pa)K€HHI, CIIOYATKy
NMOTPIOHO 3a/1sTH BiMOBIIHI QYHKIIIT 3 6107110TEK

from numpy.random import exponential

import matplotlib.pyplot as plt

%omatplotlib inline.

Jliist po3yMminHs cTpykTypu 610m10Texku Matplotlib moTpiOHO po3rasiHyT 6a-
30By ¢yHKIII0 subplots, sika moBepTae KOpTex 3 1BOX 00 €KTiB fig 1 axes. lpu ii
3aCTOCYBaHHI BUKJIMKA€ETHCA MOPOXKHIN Ipadik 3 1BOMA OCSMU X 1)

fig, axes = plt.subplots().

3MiHHA figure MICTUTDH yC1 Hallll 300pa’KEHHS, B SKHX MOXKe OyTH OJMH a0o
OinbIIe axes. Axes — 11e CBOrO POy MOJIOTHO, Ha SIKOMY B1J0OpaKarOThCs HaIll
rpadiku. Ha oqHOMY MOJOTHI axes MOXYTh OyJIyBaTUCh OApa3y ACKUIbKa rpa-
¢ikiB. Y nonoTtHa axes € 1B oci — x 1 y. KoxXHOMY MOJIOTHY MO>KHA 3aJ]aTH CBiif
3aroJ0BOK, CBOI ITIAIIMCH JIO OCEH, CBOT MEK1 OCEH TOIIIO.

Jlns BimoOpaxeHHs rpadika Ha MOJOTHI axes MOTPIOHO BUKJIUKATH SIKUNCH
METOJl, HAMIpUKJIIaJ, plot, ane MU BUKIMKAEMO plot He camoro Moy pyplot, a
KOHKPETHOTO 00’€KTa axes, THM CAMUM BHU3HAYA€THCS, 110 came MOTPiOHO BiJIO-
Opa3uTu 6e3mocepeIHhO Ha TAaHOMY TTOJIOTHI

axes.plot(exponential(5, 20)).

JIJist 3MiHU TIEBHUX BJIACTUBOCTEH NTAHOTO TIOJIOTHA BHKOPUCTOBYETHCS KO-
MaHjia set _title

axes.set_title(’ Chart’).

Hama moOynoBa BUKOHYETHCS HE B SKOMYCh MPOCTOPi, a HA KOHKPETHOMY
MOJIOTHI, BJIACTHUBOCTI SIKOTO MOXYThb 3MIHIOBATUCA. 3 JaHUM IOJIOTHOM axes
MO>KYTh BUKOHYBATHCS BCl BUIIIEHABEICHI KOMaHIM (3MiHa KOJHOPY, BU3HAYCH-
HS MEX1 OCel ToIo). Y MEPCIeKTUBI 3 ABISETHCS MOXKIMBICTh OYTyBaTHU KUJIbKa
MIOJIOTEH, JIe KOYKHE 3 IKUX MA€ CBOi KOOPAWHATH 1 MapaMeTpH HATAIITyBaHHS.

Jnisa BimoOpakeHHs IeKisibka rpadikiB MOTPIOHO BKA3aTH KUIBKICTh PAAKIB Y
Hamux rpadikax i1 KUIbKICTh KOJOHOK. JIJis IbOTO Tak caMO BUKIIMKAETHCS Me-
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Tox subplots 1 3aaeTbesl 1Ba MapaMeTpu (nrows — KUIbKICTb PSAKIB, ncols — Ki-
JIBKICTh KOJIOHOK)

fig, axes = plt.subplots(nrows=2, ncols=3).

Jyist 301TbIIIEHHST pO3MIpY 300paKeHHSI BUKOPUCTOBYIOTh METOJI figsize (po-
3MipH BKa3yIOThCS B IFOMMaXx)

fig, axes = plt.subplots(nrows=2, ncols=3, figsize=(10, 5)).

Ha npukiiai 3anoBHEHHST KOXKHOTO 3 IIeCTH rpadikiB BHUKOPUCTAEMO 00’ €KT
axes, IKUil, B TaHOMY BHUIIAJIKY, 11€ BXK€ HE OJIUH 00 €KT (TI0JIOTHO), a 1€ CTIHCOK
CIUCKIB MOJOTeH. | oro cTpykTypa BIANOBIAa€ TOMY, SIK BUIJISJAE HAIE 30-
OpakeHHs. Y JTaHOMY BHMAJKY 1€ JABa CIHUCKHA IO TPU CJIIEMEHTH B KOXXHOMY
cnucky. BimoOpa3sumo Ha KOKHOMY TOJIOTHI CBi#i Tpadik 1 3a1aM0 MOMY CBOIO
Ha3By. Jlyisg TouHOi imeHTU(IKaIli 1HAEKCIB Ha3Ba Oy/e MICTUTH B cOO1 Ha3BYy
KOJIOHKH 1 HOMep psiaka. JlJig 1Iboro MOTPIOHO MPOXOIUTH 3a HAIIMM CIUCKOM
CITMCKIB axes 1 Ha KOXHIH 3 oceil MOCh BIJOOpakaTH

for row, row_axes in enumerate(axes):

for column, ax in enumerate(row_axes):
ax.plot(exponential(column, 20))
ax.set_title(’ Canvas column {} row {}’.format(column+1, row+1)).

Ockinbku Bel rpadikd HE PO3MINIYIOTHCS KOMIIAKTHO, TOAI OO’€KTy fig,
SKUW MICTUTH yCl1 MOJOTHA, MOTPIOHO BKa3aTH CIOCIO PO3MIIIEHHS 3 TTOBHUM
BMICTOM

fig.tight layout().

Takum 4MHOM, MOXHA PYXaTHUCh MO YCiX MOJIOTHAX 1 HA KOKHOMY 3 HUX BH-
KOHYBAaTH Halp13HOMAaHITHIII orneparltii (Bi1o0pakeHHs pi3HuX rpadikis, 13 Blia-
CHUM Ha0OpOM Ocel, BUKOHYBATH BJacHI MiJANUCcH ocei 1 3aroyioBku). Lle mo-
3BOJISIE IETATLHO HAJIAIIITOBYBATH 300PaKCHHSI KOXKHOTO 3 rpadikiB. 3a pe3yib-
TaTaMU B1IOOpaKEHHsI, 3 METOI0 30€peKEHHs, MOTPIOHO BUKOPUCTATU OO0 €KT
fig, micIist 4oro BKa3yeMo savefig 13 MiclieM HOoro 30epeKeHHs

fig.svefig(‘all results.png’).

[Ticnst 9oro 3’IBUTHCS KapTHHKA 3 MTICThMA Tpadikamu.

2.3 Bizyauaizamisi pe3yJbTaTiB aHaJdi3y AaHMX 3acob0amu Oi0imioTexn
Pandas

Jlns Bizyamizaiii gaHux, mo 30epiraioTecs B Pandas Data.Frame, norpiOHo
BMITH BUKOpHCTOBYBaTH O106mioreky Matplotlib. Jlnsg 1mporo imMmopTyeThes
oesnocepenHnbo cam Moxaysib Matplotlib. Bukopucraemo paracer fitanic.csv,
akui 30epirae iHdopmMaliiro mpo nacaxupiB « Turadikay (o3Haku, GpakT IXHHOTO
BIDKMBAHHS B JaHii KatacTpodi:

import pandas as pd

import matplotlib.pyplot as plt

df = pd.read csv(’titanic.csv’)

df-head().
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JocmimkenHs: OyIp-sIKOTO JaTaceTy MOTPIOHO MOYMHATH 3 BU3HAYEHHSIM
BJIACTUBOCTEHN PO3MOJILIIB THX UM 1HIIKUX KOJOHOK. J[Jis moyaTKy BU3HAYMMO Ba-
PTOCTI KBHUTKIB 1 fIKa KIJIBKICTh MAca)XUpiB Maju JNaHl KBUTKHU. [ 11bOTO Y
DataFrame € none Fare, B sikomy 30epiraeTbcs iH(opMallisi mpo BapTiCTh, s
SKOT MM BUKOPUCTAEMO CTaHAApPTHUN MeTo] 01010Teku pandas — atpulyT plot.
AT1puOyT plot € K y KOJIOHOK, Tak 1 B ychoro DataFrame. Bin mictuth y co01
Ha0lp METO/IB, sIKI JO3BOJIAIOTh BUKJIMKATH Ty YU 1HIIY Bi3yasi3alliio 3 apceHa-
ay Oi6miorexku Matplotlib. Hampukian, moTpiGHO po3MIISHYTH TiCTOrpamy po3-
noaury. [[ns mboro BUKIWKAETHCS Aist 1 BKa3y€ThCS AUPEKTUBA Zomatplotlib
inline nns Toro, mo0 Hamia Bizyamnizaiis Oyna BigoOpakeHa BCEpeIrHI HAIIOTO
Jupyter Notebook.

%omatplotlib inline

df-Fare.plot.hist().

OtpumMmana ricrorpama, sika 0epe Hailll JiaHi, po3MOIIsSE X MO AKIUCH K1JTb-
KOCTI 1HTEpBaJIB 3HAYEHb 1 PaxXye€ KiJIbKICTb CIIOCTEPEKEHb, K1 MOTPANUIN B
TOM uM 1HIIWHK 1HTEepBaj. JlaHa ricTorpama nokasye, o0 HalOUIbIIE criocTepe-
€eHb, a00 MacaXxupiB, KyNWIM HaiiemeB KBUTKA. Mo)KHa JeTani3yBaTy Ha-
111, BKa3aBIIU KUIBKICTh KOJOHOK, HANPUKIIA, JBAALSATh, a00 3MEHIIUTH JeTa-
JI13aI1110, BKa3aBIIIM MEHIIIE KOJIOHOK,

df Fare.plot.hist(bins=20)

plt.show().

MoskHa CKOpPUCTATUCS THIIUMHU METOJIaMU Bi3yalli3allii, HampukKiaa, mooy-
JyBaTH TYCTHUHY PO3MOJLIY JIaHOTO 3HaueHHA. JIJisi bOro moTpiOHO BUKIIMKATH
y arpulyta plot meton kde:

df-Fare.plot.kde().

plt.show().

MoxHa OyyBaTH pO3MOALT HE SIKOICh OJHIET BETUYMHU, a PI3HUX BEJIUYHUH.
Haiinipocriwe — ue scatter plot. JIng 1poro notTpiOHO BUKIMKATH METOJ BXKE HE
0e3mocepelHbO B KOHKPETHIA KOJIOHLI, a Yy BcboMmy DataFrame. BinmosigHo,
NpUIMAaOThCS SIKICh /1Ba 3HaUeHHs X 1 y. [lng x mpuitmaeThes yce Toil ke Fare, a
TUTS y IpUiMaeThesl GakT BUKUBAHHS Macaxkupa, aTpulyTt Survived

df-plot.scatter(x="Fare’, y="Survived’)

plt.show().

Otpumano aBa rpadiku, siki MK cOOOI0 BIAPI3HSAIOTHCS, a caMe: HEBU3HA-
YyeHa HAJIGKHICTh 10 Survived, HEMOXJIMBICTD 1AeHTH(DIKaLIl MaciiTaldy, HasB-
HICTh BiJ’eMHUX 3HadeHb. Ockinbku Matplotlib miarpumye aBa MeToau poOOTH
3 rpadikamu (TIporeaypHU, 00’ €KTHO-OPIEHTOBAHWI), TO IS BHIIPABIICHHS
JAHUX HEJOJIKIB MOXXHa BHKOPUCTATU TpouenypHuii meroxa. Jms 1poro
IMIIOPTYETHCS Oe3mocepeHbo caM MoAy b Matplotlib

import matplotlib.pyplot as plt.

[Ticns Bizyamizarlii kde moTpiOHO OAYUTH «IETEHTY»

df-.groupby(’Survived’).Fare.plot.kde()

plt.legend()

plt.show().
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Ha otpumanomy rpadiky Big Matplotlib 3 DataFrame, y nac 3’aBunacs «ie-
reH/1a», 110 MOoKa3ye: Hylb (CHHI) — 1Ie JIIOAM, 0 HEe BUKUIIM; OJUH (IIOMapaH-
4eBi) — 11€ JIFOJH, 110 BOKWIN. TaKkoXX /IS 3MIHU J1alfa30Hy 3Ha4Y€Hb X MOTPIOHO
BKazaTH x/im, 00 BiH MOYMHABCS SIK MIHIMYM 3 HYJISI, a 3aKIHUyBaBCs, HE Bpa-
XOBYIOYH BeCh BennuesHuit xBict (200)

df.groupby(’Survived’).Fare.plot.kde()

plt.xlim(0, 200)

plt.show().

Jlj11 poOoTH B 00’ €KTHOMY PEXHMI MU MOKEMO BUKJIUKATH OYyJIb-SIKUN 3 M€-
TOMIB aTpulyTa plot, HaMPUKIIAJ, yce TOU ke hist, ajie BIH TOBEPTAE HACIIPABIi
BXKE O0’€KT axes, 3 SKUM MU BXKe MpaioBaii. Mu mMoxkeMo #Woro 30eperta B
3MIHHY 1 TIPAIFOBATH 3 HEIO TaK, sIK MM BXKe TpairoBaiu 3 00’ ektamu Matplotlib.
Hampukinaz, Bukivkaerbes set_title 1 3’ABIISIETbCS 3ar0JIOBOK y HAIIOro rpadika.
[le MOkHa pOOUTH 1 B IPOIEAYPHOMY CTHUJI1, ajl€ MOKHA POOUTHU 1 TAKUM YHHOM:

ax = df.-Fare.plot.hist()

ax.set_title(’ Visualization’).

Jlare 300pakeHHST MOYKHA TaKOXK 30eperTu

ax.figure.savefig(’something.png’)

plt.show().

[ndopmariisi HassBHOCTI 00’€KTa axes NO3BOJIsIE BUKOHYBATH Bi3yalizalii 3
pandas B IHIIUX TOJIOTHAX, sIKI MOTJIM O OyTH 3po0sieHi Hamu. JlJid [IbOTO TOTPI-
OHO CTBOPHUTH HaIlll figure 1 axes, ik OyJ0 3pO0JICHO paHillle, BKa3aBIId METO/
subplots,

fig, ax = plt.subplots(figsize=(10,5)).

[Ticas Toro, sk Hamu OyJIO BUKIMKAHO B aTpuOyTa plot MeTon BiATBOpPEHHS
4Oroch, HaMpPUKIIA, kde, MU BKa3yeMO Ha SIKOMY 3 axes oMy OTPIOHO pUCYyBaTU

df.Survived.plot.kde(label="A11’, ax=ax)

for label, class df in df.groupby(’Pclass’):

print(label)

class_df-Survived.plot.kde(ax=ax, label=label)

plt.legend()

plt.show().

Ha otpumanux 4yotupnox rpadikax mokazaHo: (QakT BHKMBAHHS JIIOJEH 1
BpaxyBaHHS IXHBOTO PO3IOLIY IO KiIacax KaoiH.

2.4 InTepakTHBHA Bi3yaJi3auisi 3acodammu 0idiorexn Plotly

VY monepeHix miapo3aiaax Oyiao po3ryIsHYTO CTaTHYHI Bi3dyaui3allii, Ha Oc-
HOBI JIaHUX SIKUX BUBOJMIIACH Tpadiki Ta OTpUMYBAJIaCh KapTHHKA.

Jlyis iHTEepakTUBHOI Bi3yasizalii JaHUX MOTPIOHO BUKOPHUCTOBYBATH BOYIO-
BaHI eleMeHTH 01010Tekn Bizyamizarii ganux plotly, Ha ocHOBi Opay3epa i JS-

616mioTexu. bibmoreka Plotly moxke OyTu BukopucTaHa B ABoX pexumax. Oaun

PEXUM — 1€ OHJIAH-PEXUM, KOJIM y BaC BUKOPUCTOBYEThCS cepBep plotly. [lns

IOTO TOTPIOHO OTpUMATH JIOTIH, TMAapoJib, WO JO3BOJUTH 30epiratu
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300paxXeHHs] B XMapi 1 MaTtu A0 HBOTO JOCTYN B OYIb-SIKHH MOMEHT 3 Oy[Ib-
SIKOTO MPUCTPOIO

#import plotly.plotly as plt.

Hpyruii cnoci6 — 1ie oddraitH-pekuM, KOJIM BUKOPHUCTOBYETHCS Bi3yali3a-
it 1 610oTeKa Bi3yasisallii, ska JIOKAJIbHO BCTaHOBJICHA Ha MamuHi. Lle mae
MOXJIMBICTh Bi3yalli3yBaT B Opay3epi 3 MOKIIMBICTIO 30epiraHHs B XxMapi Jo/a-
TKOBOIO KHOTIKOIO

import plotly.offline as offline.

s pobGotu 3 plotly oddnaiin 1 anst CTBOpEHHs Bizyalizaiii moTpiOHO 1MIO-
pTyBaTH yci rpadgu o0’exTa

from plotly.graph_objs import *.

I'padu 06’°exTa — 11€ T1 00 €KTH, SIKI BUKOPUCTOBYIOTHCA, 1100 CTBOPIOBATH
Bizyamizauii. Takox i Toro, mo0 Bi3zyasnizyBaTu AaHi uepes plotly abo IPython
Notebook, moTpiOHO BUKIMKATU METOA init notebook mode. Jlanuii mMeTon
crpuiiMae Bech jS Ta BCI CSS-CTHII, sIKI MOTPIOHI O10J10TeNl A Bizyanizalii, 1
BOynoBye ix y Ham [Python Notebook

offline.init_notebook mode().

VY HbOro 1Ie € mapamerp connected, sikuii moxke 0yt True abo False. 3a
default Bin False, 1 1e o3Hayae, 10 BUKOPUCTOBYEThCs JS-610mioTeka 3 plotly
package Python, 1 Tomy BukopuctoByBatu [HTEpHET a1 poOOTH HEMOTPIOHO. Y
JIPYroMy BUMAJKy, KO connected 0yne True, nam [Python Notebook Oyne
MaTu MeHIui po3mip. buein Toro? nam [Python Notebook 6yne BukopucToBy-
BaTHCA B peaJlbHOMY 4aci? g 4oro 3 cauTy plotly 3aBaHTaxkutbes yci JS-
0101110 TEKU.

OckuIbKyU I MaHIMyJisIIii 3 HammM dataset Oyje BUKOpPHUCTOBYBAaTUCH 010-
mioreka Pandas, moTpi6Ho B3sTH dataset, skuif Hagae plotly. Lleit dataset po3k-
puBae nani GDP (piBeHb BajlOBOro NPOAYKTY, TPUBAIICT KUTTS B PI3HUX Kpai-
Hax 1 Ha pI3HUX KOHTUHEHTaX). J{Jis mojanbinoi Bizyanizailii HOro noTpioHo mij-
roTyBaTH, BizicopTyBaBiu dataset GDP 3a BanoBuM mpoIyKTOM:

import pandas as pd

df = pd.read csv(https://raw.githubusercontent.com/yankevl/test/master/

life-expectancy-per-GDP-2007.csv’)

df-sort values(’gdp percap’, inplace=True)

df-head().

Jlst cTBOpeHHS Bizyalizailii B plotly BAKOPUCTOBYEThCS METOJ trace. Trace —
1€ Bi3yasli3allisl SKOTOCh OJTHOTO PO3MOAUTY JaHUX. Y HalloOMy BUMAJAKY MOTPIO-
HO BUKOHYBATH frace y BUTIIAII scatter plot, T0OOTO To4ok abo JiHii. s uporo
BUKOPHUCTOBYETHCS 00’ EKT scatter

trace = Scatter(x=df.gdp percap, y=df.lif exp).

Otxe, Oymo mepenaHo aBa mapamerpu. Jlami moTpiOHO cTBOpUTH 00’ €KT
data, sikuii iHKanCysto€e B co01 yci rpadiku, skl MU XO04eMO Bi3yamizyBaTu. Y na-
HOMY BUNAJKYy Y HaC yChOTO OJUH rpadik i oauH trace. ToMy 3am1aeTbcsi OJUH
MacuB 3 OJHOTO MeToay trace. Jlami 3 mum 00’eKTOM 3BepTaioThes 10 plotly
(odmaita Bepcis) 1 1o iplot, moBimoMIIIETHCS, a came: data
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data = Data([trace])

offline.iplot(data).

Byno orpumano iHTepakTUBHUMN Tpadik, Ha SKOMY, SKIIO HABECTU Ha KOHK-
peTHE 3HAYCHHS, MOXKHA MMOOAYMTH KOHKPETHI 3HAYEHHS X 1 ), SIKI MPUHMAIOTh
Hail JaHi. TakoX MO)KHa BUIUIMTU YacTUHY rpadika 1 modayuTy OiIbl JeTa-
JBHUM PO3MOJILT y SIKOMYCh Jiama3oHi. [Ipu HaTHCKaHHI Ha KHOIKY 30eperTu
300pakeHHs1 abo 30eperTu Moro B xmapi, Oyje 3arnpornoHOBaHO CTBOPUTH OO0JIi-
KOBUH 3amuc, mo0 MokHa OyJ10 JUIUTHCS HAIIUM 300paXKEHHSIM.

Buie 6yno 300paxkeno onuH rpadik. Jlyiss BUBEACHHS IEKUIbKOX IpadikiB
a0o trace MOTPiIOHO TPOXH JOOIPAIIOBATH HAIll AaTaceT. BUKOHaEMO HUKYEBKa-
3aHe: BBEIEMO HOBY KOJIOHKY population, Kyl BUHECEThCS 3 psika country ii
HaceseHHs. BBegemo KooKy name, ne Oyje 3amucaHo Ha3By KpaiHU. A TaKOxX
po316’emo Ham DataFrame Ha 1Ba: 0MH — A1 KOHTUHEHTY AMepHKa, IPYruil —
JJ1s1 KOHTUHEHTY €Bporna

df|’population’] = df.country.str.split(’:”).apply(lambda words:
float(words[-1]))

df|’name’| = df.country.str.split(’:”).apply(lambda words:
words[1].split(C<br>")[0])

americas = df[(df.continent=="Americas’)]

europe = df|(df.continent=="Europe’)].

st orpumanux aB8ox DataFrame moTpiGHO CTBOPUTH JIBa frace: MEPIINA —
1€ TOW ke scatter, ane Ha DataFrame, sskuii HaJIeXUTh 10 americas; NPYrun —
st europe. OOUIBa yTBOPEHUX frace TiepeilaMo B MacuB 1 B 00’ €T data, 11100
B1J100pa3uTH JIB1 Bi3yauni3alii

tracel = Scatter(x=americas.gdp percap, y=americas.life_exp)

trace2 = Scatter(x=europe.gdp percap, y=europe.life exp)

data = Data([tracel, trace2])

offline.iplot(data).

[Ticns 3amycky MoskHa ToOauuMo aBa line chart pi3HOTO KOJILOPY 1 3 JIETCH-
aamu. AJe JereHIu He J03BOJSIOTh HaM 1MeHTH(IKYBaTH BIANOBIAHI rpadiku.
Jlns BumpaBiieHHs JaHoi mpoOieMu mnoTpiOHO MoaudiKyBaBIIM Hall frace
scatter. O0’€KT scatter 1 caM trace BIANOBIJAIOTH 3a T€, SIK BUTJISAA€ KOHKPETHO
0JIHa Bi3yaJjizallis. BiamoBigHo, MOXHa SIK TepeaTy AaHi, TaK 1 MOYKHA HaJalll-
TYBaTH SKiCh TapaMeTpH, HANIPUKIIA]], HAJAIITyBaHHS TapaMeTpa name

tracel = Scatter(x=americas.gdp percap, y=americas.life exp,
name="Americas’)

trace2 = Scatter(x=europe.gdp percap, y=europe.life_exp, name="Europe’)

data = Data([tracel, trace2])

offline.iplot(data).
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Sk BuaHO, Oynu BUAO3MIHEH] Ha3BU rpadikiB, ajie MOTPIOHO BIIKOPEryBaTH
line chart mnsXOM JOAAaBaHHS TOUOK, K B scatter plot. ]I bOTro HANAIITOBY-
€ThCSl  scatter trace, 1€ BKa3yeTbCs HOTO pEXUM, B SKOMY BiH
300paxkacTbcs. Y JaHOMY BUMAAKY BKA3YEThCS PeXUM markers st 000X
rpadikiB 1 000X trace

tracel = Scatter(x=americas.gdp percap, y=americas.life exp,
name="Americas’, mode="markers’)

trace2 = Scatter(x=europe.gdp percap, y=europe.life _exp, name="Europe’,
mode="markers”)

data = Data([tracel, trace2])

offline.iplot(data).

Bbyno orpumano aBa Habopu Touok. [Ipu HaBeneHHI HA OJIHY 3 HUX HEMOXK-
JUBO 1JIeHTU(IKYBAaTU KpaiHy, 1110 HE AYy»Ke 3py4dHo. {15 Toro, mob 1e BUnpaBu-
TH, IOTPIOHO MepeaaTH B MapaMeTp fext CIUCOK 3 Ha3B HAIIMX KpaiH, K1 TaK0XK
30epiratotbes B Hamomy DataFrame,

tracel = Scatter(

x=americas.gdp_percap,
y=americas.life_exp,
name="Americas’,
mode="markers’,
text=americas.name

)

trace2 = Scatter(

x=europe.gdp percap,
y=europe.life_exp,
name="Europe’, mode="markers’,
text=europe.name

data = Data([tracel, trace2])

offline.iplot(data).

Jlns HamaHHA O1IBIIIOTO KOHTEKCTY HAIlii Bizyasizallli MOXHa 3MIHIOBATH
PO3Mip TOYKH 3aJIeKHO BiJ SKOTOCH MapaMeTpa, HalpHUKIal, 3aJie)KHO Bill PO3-
Mipy HaceneHHs. [lane mose 30epiraetbest B DataFrame, B kitoui population, ne
napameTp marker BIAMOBIAA€ 32 PO3MIP TOUKH.

Jlns HanmamtyBaHHsl marker OTPIOHO BKa3aTH, 110 marker — 1€ CIIOBHUK, Y
SIKOTO € KJIIOY Size aHAJIOTIYHUMH, SIK 1 B population. Ane sSIKIIO BKa3aTH MPOCTO
population, To po3mipu OynyTh MUTBHOHHUMH, a 1€ 3alIOBHUTh HaM yBECh I'pa-
¢ik. Tomy HaMm mOTpiOHO HOpMAaNi3yBaTH 1€ HA MaKCUMaJIbHE 3HAUYEHHS Hace-
JICHHS, SIKE MHOXKMMO, Hanpukiaa Ha 20, mod oTpuMaTH po3Mip HAIUX TOYOK
Biz HyJs 710 20
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tracel = Scatter(
x=americas.gdp percap,
y=americas.life_exp,
name="Americas’, mode="markers’,
text=americas.name,
marker={"size’: americas.population/americas.population.max()*20}
)
trace2 = Scatter(
x=europe.gdp percap, y=europe.life exp,
name="Europe’, mode="markers’,
text=europe.name

)
data = Data([tracel, trace2])
offline.iplot(data).

OTpuMaHi TOYKHM PI3HOTO PO3MIPY J03BOJSIOTH BUKOHYBAaTH HaNpHUKJIA,
aHaJi3 OYIKYBaHOI TPUBAJIOCTI XKUTTS (BesiMKa KpaiHa 3 BucokuM GDP mae oui-
KyBaHy BHCOKY TPUBAIICTb KUTTS). 1711 TOCUTH MaluX KpaiH, SKUX HEMOXKIIUBO
Ha rpadiky mo6aynT, MOKIJIMBOCTI 0107i0TeKH plotly 703BONSIIOTH HIISXOM Ma-
ciiTabyBaHHS TaKOX iX JA€TaIbHO mpoaHaiizyBaTtu. Kpim toro, ocobnmBocti 0i-
omotexu plotly 103BOJISIOTH MOOAYUTH OUTHIIME Jlana30H 3HAYEHb, MTOPIBHSIHO
31 CTATUYHOIO Bi3yasi3alli€o. Ale, B TOH e Jac, XapaKTepUCTUKa po3Mipy Kpa-
1HM 3a JOTIOMOT'OI0 PO3MIPY TOYKH — HE JIy’K€ TapHe PIIIeHHs, TOMY 110 0arato
TOYOK (MaJii KpaiHu) MiCis I[bOTO 3HUKIIU.

2.5 KoHTpPO/IbHI NN TAHHA

1. Ha oCHOBI SIKMX CHUCTEMHHUX IOAATKIB MPALIOOTh BOYIOBaHI €IE€MEHTH
010;1i0TeKH Bizyanizailii ganux plotly?

2. SIkuM YMHOM BUKOHYETHCS 30€pEKEHHS PE3yJIbTaTIB aHAJI3y JaHUX 3aCO-
6ammu 0i6mioTex Matplotlib i Plotly?

3. [Ipusnauenns 6i6mioTexu Matplotlib.

4. Ipuznauenns 616miotexu Plotly.

3METOIM TA 3ACOBU CTATUCTUYHOI'O AHAJII3Y JAHUX

3.1 3aco0m peasizaumii cTaTUCTUHYHUX MeTOAIB B 0i0sioTeni SciPy

Jliist 0OpOoOKHM CTATUCTUYHUX JaHUX OyAyTh BUKOPHUCTOBYBATUCH 010J110TEKU
NumPy 1 SciPy, a Tounime — Moy stats

import numpy as np

from scipy import stats

import matplotlib.pyplot as plt
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Yomatplotlib inline

plt.style.use(’ggplot’).

JIns moyaTky moTpiOHO, 1100 OYJIU PO3TJSHYTI MPUHIIUINA CTBOPEHHS JIHC-
KPETHOI'0 1 HEMEPEPBHOI'O PO3MOAUTY BXKE BIJOMOTO TUIy. AJie TIepIl HIXK Tepe-
XOJIUTH O€3MOCePeIHBO 10 HUX, MTOTPIOHO pO3iOpaTHCs K Yy CaMOMY MOy pe-
aJI130BaH1 KJIacH, 1110 BIAIIOBIIAIOTH 32 BUITAJKOB1 BEIUYHHH.

VY stats € nBa xiacu — rv_continuous 1 rv_discrete, B SIKUX peaji30BaHl1 BCl
METOJH /I pOOOTH 3 BHUMAJKOBUMHU BEJIMUYMHAMHU. MOXKHA MOpaxyBaTd (PyHK-
1[I0 PO3MOJILTY, MiIpaXyBaTH TYCTUHY UMOBIPHOCTI JUIsl HETIEPEPBHOI BUIIAIKO-
BO1 BEJIMYMHU, Pi3HI CTATUCTUKU TOOTO, BC1 MOTPIOHI METOAM BXKE peai3oBaHi B
naHoMmy kjacl. [[7si cTBOpeHHs pO3MOJiIy BiIOMOTO THITY MOTPiOHO, 00 OyB
CTBOPEHHI KJIac, SKUM yCIaIKOBY€ETHCS BT IIUX JBOX KJIACIB,

Stats. rv_continuous

stats.rv_discrete.

k1o noTpiOHO CTBOPIOBATH BJIACHI BUMAAKOBI BEJIMUMHU, TO MOXHA ycIa-
JIKOBYBATH BiJl WX KJIACIB Ta IX BUKOPUCTOBYBATH.

J1st poOOTH 3 TUCKPETHUMH PO3MOALIAMH TOLIIBHO PO3MOYATH 3 PO3MOILITY
bepHymni (BUnaakoBa BeJIMUMHA MPUMMAE TUIBKM JIBa 3HAUYEHHA: HYJIb a00 0Ju-
HULA 3 MEBHOK HMOBIPHICTIO). JlJIsi CTBOpEHHS BUMNAJAKOBOI BEIMYHMHH IOT-
pi1OHO BKa3aTH BIAMOBIIHUMA Kiac, SIKMM Ha3WBAETHCSA TaK camo, SK 1 BUITAJKOBA
BEJTMYMHA, 1 331aTH MOMY €JIMHUN TTapaMeTp

rv_bernoulli = stats.bernoulli(p=0.3).

[Ticst 9oro iHIMA3yeThCsl 00’ €KT, HA OCHOBI SIKOTO CTBOPIOIOTHCS BHOIPKH.
J1J1s 1IbOTO IOCTATHRO, 11100 OYIM 3a1aH1 TUTBKH PO3MIp BUOIPKU 1 OTPUMAaHO MAacHB

rv_bernoulli.rvs(14).

plt.hist(rv_bernoulli.rvs(14), bins=10)

plt.show().

[Tpu GinomianbHOMY po3monini (y3aranbHEHHsS po3noniny bepryii)
PO3IIISIIA€THCA HE OAUH €KCIIEPUMEHT, a 71 EKCIIEPUMEHTIB 3 UMOBIPHICTIO YCITI-
xy p. Toxi nnst ctBopeHHs 00°€KTa, SIKUI BiANOBIIA€ 32 O1HOMIHATBHUI PO3MO-
Ii1, TOTPIOHO BKA3aTH J1Ba MapaMeTPH: KiJIbKICTh EKCIIEPUMEHTIB 1 KUMOBIPHICTB

rv_binom = stats.binom(100, p=0.9).

Ha ocHOBI 1aHOT0 po3moaity MOke OyTH 3reHepoBaHa JesKa Budipka

rv_binom.rvs(8).

J{ns1 BimoOpaskeHHs TiCTOrpaMu MOTPiOHO BBECTH

plt.hist(rv_binom.rvs(80), bins=10)

plt.show().

ITo oci x BIAKJIAMalOThCS 3HAYEHHS 3 HAIlOi BUOIPKHU, a MO OCl ) BIJIKIIaja-
€ThCSI Ta KUTBKICTh pa3iB, CKUIBKU JJaHe 3HAUEHHS 3yCTPLI0csa y BUOIpII.

[lepexonsun 110 HEMEPEPBHOTO PO3MOIUTY JOIUIBHO PO3MOYATH 3 PiB-
HOMIPHOTO (BUIIQJIKOBAa BEJIMYMHA BU3HAUEHA HA JCSIKOMY BIIPI3KY, 1€ 3YyCTpi-
YaeTbCs 3 OJJHAKOBOIO MMOBIPHICTIO). 3a MeXaMH JaHOTO BiJpi3ka HMOBIPHICTh
3yCTPITH BUIAJKOBY BETUUYHUHY JIOPIBHIOE HYIIIO.
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Jlns Toro, 1mo0 CTBOPUTH BUMAIAKOBY BEJIWYHMHY PIBHOMIPHOIO PO3IOILTY,
NOTPIOHO BKa3aTH IMOYATOK BiJpi3Ka, a TaKOXX Ha CKUIBKKA OJWHUIIb MOTPIOHO
3MICTUTHUCH BiJl CTApTOBOi TOUKH. TOOTO, 3a71a€ThCs HE MOYATOK 1 KiHEIlb, a caMe
CTapT 1 3MIIICHHS

a=>5

b=10

rv_uniform = stats.uniform(a, b - a).

[Ticns Toro, sik OyJ0 CTBOPEHO OO’€KT BUMAAKOBOI BEJIIMYMHU, MOXKE OyTH
BHU3HAYeHa (DYHKILIIS PO3MOJLIY B MEBHIN TOULl. SKIIO NPUHAMAETHCSA 3HAYEHHS 3
HAIOTO 1HTEpBady, TO (GYHKISI PO3MOJALTY HE JIOPIBHIOBATUME HYINIO. SKIO
MPUIMAIOThCS 3HAYCHHS, 1110 HE TOTPAIUISIOTh B HAIl IHTEPBAJ, TOJI 3HAYCHHS
GyHKIIT po3MoAiTy TOPIBHIOBaTUME a00 OJMHUIIL, 00 HYJIIO

rv_uniform.cdf(5.5).

AHaJOTIYHO 1 3 TYCTHHOIO MMOBIPHOCTI, TOOTO, JIJIsl 3HAYEHb yCepeauH1 1H-
TepBajy r'yCTHHA WMOBIPHOCTI HE JOPIBHIOE HYJIIO, a JUIsl 3HaY€Hb 032 1HTep-
BaJly T'yCTHHA MMOBIPHOCTI OyJie JOPIBHIOBATH HYIIIO

rv_uniform.pdf(7).

Jlnst orpuManns rpadika QyHKIIT po3noiTy TOTpiIOHO CTBOPUTHU MEBHI 3Ha-
YEeHHSI, SIKI MepeAaroThCs B Hallly (PYHKIIIIO PO3IOALLY, B pe3yJibTaTi yoro Oyje
OTPUMaHO MAacCHB 3HAY€Hb (PYHKIIIT pO3MOALTY

X=np.linspace(a - 2, b+ 2, 100)

cdf =rv_uniform.cdf(X)

plt.plot(X, cdf)

plt.ylabelCF(x))

plt.xlabel(’x’)

plt.ylim([0,1.5])

plt.title(’ Cumulative distribution function for uniform’)

plt.show().

3a pe3ynbpTaTaMy BUBEACHHS BUIHO, [0 HAIlla BUIAKOBA BEJIIMYMHA BU3HA-
YyeHa Ha BIAPI3KY, a 3a MOro MeKaMmH 3HadeHHs OyJie JOpPIBHIOBATH HYJIO a0o
onunuii. [leperinemo no moOynoBu rpadika TycTUHH WMOBIPHOCTI. OCKITBKH
IryCTUHAa MMOBIPHOCTI — II€ MOXIJHA BiA (YHKLII pO3MOALIY, TO Ha NEBHOMY
BIJIpI3KY T'yCTHMHA WMOBIPHOCTI BEJIMYMHA MTOCTIHHA

X =np.linspace(a-2 , b+ 2, 1000)

pdf=rv_uniform.pdf(X)

plt.plot(X, pdf)

plt.ylabel(f(x)’)
plt.xlabel(’x’)

plt.xlim([4, 12])

plt.title(C PDF for uniform’).
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[Tpu po60TI 3 HOPpMAIBHUM PO3IOIIJIOM JIJII HOr0 CTBOPEHHS MOTPIOHO 3a-
JaTH JIBa TTApaMeTpU: 1 — CEPETHE 3HAYCHHSI 1 0 — CepeTHbOKBAIPATUYHE BiTXH-
aeHHs. [ cTBopeHHs 00’ €KTa HOPMaJIbHOI BEIMYUHHU TOTPIOHO, 11100 Oynu BU-
3Ha4YeHl TakKl apryMEeHTH, K [oc, 1110 BIANOBIJAE 3a CEpeAHE 3HAYCHHS 1 Scale —
e OyJie Halla curma

mu =72

sigma = 0.5

rv_norm = stats.norm(loc=mu, scale=sigma).

Takox 3 1€l BUIMAAKOBOT BEJIMUYMHUA MOKHA 3po0uTH sample maHux

rv_norm.rvs(17).

['padix dbyHKIIT po3noaiTy 1)1t HOpMAIbHOI BEIMUYUHU

x = np.linspace(0, 4, 100)

cdf = rv_norm.cdf(x)

plt.plot(x, cdf)

plt.ylabel(’F(x)’)

plt.xlabel(’x’)

plt.show().

VY nanoMy BUMaJKy XapakTep (QyHKII po3MOAiLTY HE 3MIHIOETHCS ((DYHKITIS
BU3HAYCHA BiJl HYJIS JI0 OJMHUIIL 1 HE yOyBae), ane rpadik Bxe OUIbII 3IIajKe-
HHU.

[ToOynyemo rpadik ryCTUHH WMOBIPHOCTI

x = np.linspace(0,4,100)

pdf=rv_norm.pdf(x)

plt.plot(x, pdf)

plt.ylabel(’f(x)’)

plt.xlabel(’x’).

OCKiTbKHA HOPMAJIBHUM PO3MOIN CUMETPUUHUH, TO 1 Tpadik TaKoX CUMET-
puaHUii. CaMOCTIHO 3MIHITH TTapaMEeTPH HOPMAIIBLHOTO PO3IMOIiTY, HATIPUKIIA/,
GbiKCyrOUun 4 1 3MIHIOIOYHM CEPEeIHbOKBapaTUUHE BiaXwiieHHS. [loauBiThCs, sIK
TyCTHHA WMOBIpHOCTI Oyze 3MiHIOBaTHCs. Hampukianm, sSKio 3HaYeHHS o Malle,
TO 1 rpadik OUIBII BY3bKHI, YUM OUIbILIE 3HAYEHHS 0, THM Tpadik BUIIISIIAE
OUIBII MIUPOKUM

means = [1,5,10]

mu =10

sigmas =1, 2, 4, 6]

for sigma in sigmas:

rv_norm = stats.norm(loc=mu, scale=sigma)
x = np.linspace(0,20,200)
cdf = rv_norm.pdf(x)
plt.plot(x, cdf, label=sigma)
plt.legend().
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Kpim Toro, moxe Oyt o6unciaeHa GyHKIIs pO3NOALTY TYCTHHH MMOBIPHOC-
Ti, BAKOPUCTOBYIOUU O10T10TEKY Stats sl OOUUCICHHS PI3HUX CTATUCTUK. JIJist
IIbOTO JIJISl HAIIO1 BEJIMYMHKU MOXKE OYTH BUKJIUKAHUN METOJH Stats 1 oOpaHO Bij-
MOB1/IHI MOMEHTU. T00TO, MOKe OYyTH MOPaXOBaHO CEpPEeIHE 3HAUCHHS mean, -
criepcis var 1 mapameTp 3MileHHs skew (TOOTO, SIKIO PO3MOALT aCHMETPUUHUM,
HaIpuKIaa 3MIIIEHHS BJIiBO a00 BIpaBoO, TOJI JIaHWM mapameTp He JOpIBHIOBa-
TUME HYJIIO)

from scipy import mean, var

from scipy.stats import skew

mean, var, skew = rv_norm.stats(moments="mvs’)
print(mean, var, skew).

3.2 /loBipumii iHTEepBaJI B 32/1a4aX IHTEJICKTYAJbHOI0 aHAJI3Y JaHUX

JloBipumii iHTepBaN — Il MOKa3HHK TOYHOCTi BUMiproBaHb. Mloro 3actoco-
BYIOTh SIK JJIsl OTPUMaHHSI OIIHKW CEPEJHIX 3Ha4€Hb, TaK 1 JIJIi OTPUMAaHHS OIli-
HKU aucnepcii. BiH Takox BijioOpakae, HACKIJIbKU BEJIMYMHA, 1110 BU3HAYCHA 32
BUOIPKOIO, BI1I0OpaXkae CIpaBKHE 3HAUYECHHS 32 JESKOI0 T'eHEepalbHOIO CYKYIHIC-
TIO.

3aranoM JOBIpYMI 1HTEpBaJ BH3HAYAETHCS Yepe3 WMOBIPHICTH TOTO, MIO
OIIHIOBaHMM MapameTp (1le Moke OyTH cepelHe 3HaueHHsS a0o aucrepcisi) He
BUXOJUTH 3a MEBHI MeXI1 (MMEBHUN piBEeHb J0BIpH). T0OTO, 11e KMOBIPHICTH TOTO,
10 JOBIpYMl IHTEpBaJ MICTUTh TOYHI 3HAYEHHsI. 3a3BUUall IPUIMAETHCS PIBEHDb
ToBipH, sikui qopiBHIOe 0,95 a6o 0,99.

P(LB <0< RB) = p, JIe p — PIBEHb JIOBipH, a JiBYy LB 1 mpaBy RB Mexi Mo-
TP1OHO 3HANTH.

Jl7is HOpMaJIbHOTO PO3MOILTY, Y BUNIAAKY BioMoi aucnepcii, popMyina g0-
BIPYOTO IHTEPBAITy BUIJISAA€ TaK:

Plx-z Z<u<k+z ZLl=l-a, 3.1)

ne X — BuOOpUE CepelHeE, o — BioMa AHCIepCis TeHepaTbHOI CYKYITHOCTI, T06-
TO MO YChOMY PO3IMOJLIY, 77 — PO3MIp BUOIPKH.

from PIL import Image

Im=Image.open(‘The Normal Distribution.png’)

im.show().

ToOto, 3 (3.1) MOTPIOHO BU3HAYUTH MEXI, B SIKHX 3HAXOJUTKLCS SIKECh cepe-
nHe 3HadeHHs. Y (3.1) HeBimoMHMiA MapaMeTp z BUSHAYAETHCS 3 TIpaBUia JIBOX 1
TphOX cUTM (95% yciX 3HaUY€Hb MICTIATHCS B Mexkax 20, a 99% 3HaueHb 3Ha-
XOJIUThCS B 1IHTEpBaJl 130 ) 3a mOonoMororo (yHKIi po3noAily, sika HacIpaBi
HaKOMMU4Yye€ yci 3Ha4YeHHsS. TOOTO, SKIIO MOTPIOHO BUOPATH PIBEHB JOBIPH, SIKUIM
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nopisaioe 0,95, To BignmoBigHE 3HAaYEHHS (PYHKIl pO3MOALTY Oyne OJU3BKO 10
97%. Ilicna 4oro OOYHUCHIIOETHCS ACSKUU z-Score, TPYHTYIOUMCh Ha (QYHKIIIL
pO3MO/IIY, a 111 3HaYCHHSI, Y CBOIO 4epry, OyayTh 3a/laBaTh MEXK1 IHTEpBay.

s 0oOuYMCIeHHS [OBIpUOTO 1HTEpBaldy, BHUKOPUCTOBYIOYHM O0i0iioTeKy
SciPy, 3aikcoByeThCs ACSIKMI BUX1THUN PO3MOALT 3 TEBHUMHU TapaMeTpaMu

from scipy import stats

population = stats.norm.rvs(loc=2, scale=5, size=100000).

[Ticist woro moTpibHO 3poduTH sample nanoro po3noaury. JJia bOro MOX-
Ha CKOPHUCTATHCS METONIOM np.random.choice, 1 TiepenaeThcsl BUXITHUN pPO3-
MO1T 1 BKa3YEThCS, SKUW PO3Mip BUOIPKH MOTPIOHO OTpUMATH

import numpy as np

sample size =100

sample = np.random.choice(a = population, size = sample_size).

BusHnauaeThscst BUOIPKOBE CEpeIHE 1 TUCTIEpCis TeHepaIbHOI CyKYMTHOCTI

sample _mean = sample.mean()

st _dev = population.std().

[Ticnst 9oro BU3HAYAETHLCS BIAMOBIIHE z-Value

z value = stats.norm.ppf(q = 0.975)

print("z-value:right", z_value).

[ToTpiGHO 3ayBa)KUTH, 10 HOPMAJIBHUHN PO3MOIIT CUMETPUUHHM, 1 TOMY J0-
CTaTHBO 3HAWTHU z-value 3 OMHOTO KIHIIS, TOMY III0 B CHJIy CUMETPUYHOCTI JIiBa
Mexka Oyjie TOpIBHIOBATH MpaBiid, ajie 3 MPOTUJICKHUM 3HAKOM

z value = stats.norm.ppf(q = 0.025)

print("z-value:left", z value).

Tyt BuUKOpUCTOBYETHCS (GYHKLISI, KA Ha3uBAa€Tbesl probability percentile
function (ppf) — e pyHkuiss, odepHeHa QyHKINT po3MOLTYy, B sIKIi TPOCTO 3a/1a-
€THCS BIJICOTOK 1 00uuctoeThes z-value. Toal 3aramom noBipuuii iHTEpPBaAI BU-
3HAYAETHCSA TaK:

interval =z_value * (st_dev/np.sqrt(sample_size))

conf inv = (sample_mean - interval, sample _mean + interval)

print("Confidence interval:”, conf inv).

VYci orpumaHni Bulle 00UMCICHHS MOXHA 310paTi B 0HY (QYHKIIO 1 MOXKYTh
OyTH 3aCTOCOBaHI JIJIs 1HIIIOT BUOIPKHU

def compute ci(sample, st _dev):

z value = stats.norm.ppf(q = 0.975)

sample size = len(sample)

interval =z _value * (st_dev/np.sqrt(sample size))

conf inv = (sample_mean - interval, sample mean + interval)

return conf inv.
Jna npukiany, Moxke Oytu obpaHa BUOIpKa OUIBIIIOTO PO3MIPY, HIXK BHU-
X1gHa
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np.random.seed(5)
sample_size = 2000
sample = np.random.choice(a = population, size = sample_size)

ci = compute_ci(sample, st_dev)

print("conf interval for 2000 sample size:", ci).

[ToTpiOHO 3ayBa)KUTH, 10 B ILOMY BUMAJAKY JOBIPYMA 1IHTEPBAJ CTAB BY3b-
kM. ToOTO yuM Oinbiiie BUOIpKa, THM TOYHIIIIE MU MOKEMO OIIIHUTH MapameT-
U pO3TIOLTY.

Burie O0yno po3riissHyTO BUMAAKU 3 BIJIOMOIO TUCTIEPCi€r0. AJie KO 3ajaHa
Jy’Ke MaJIeHbKa BHOIpKa 1 HE MOXKHA OIL[IHUTH 3a HEI JUCIEPCiio, Ha JJOTIOMOTY
npuxoauTh po3noai Cteroaenta. [1oTpiOHO PO3TIAHYTH SIK Y TaHOMY BUIAAKY
Oyne Bursinatu Gopmyina JOBIPUOro 1HTEpBaNy. TaKoX MOTPIOHO OIIHUTH Ce-
penHe

~ S ~ S
P| X - L <u<X+ 0 =1-a,
Zl—Z,n—l n H Zl—j,n—l Jn

ne X — BuGopue cepene, Sy — BUIPABICHA BHOOPYA IUCIIEPCIs, 71 — PO3MIp BHU-
O1pKH.

Jljis BU3HA4YeHHS y JAHOMY BHIIQJKy JOBIPYOTO 1HTEpBATy MOTPIOHO CKiIac-
U JeaKky ¢yHkiio. O0uncieHHs po3noauty CThloJIeHTa BUMarae BUKOPUCTAH-
HS BIJIMOBIHOTO KJIACy ¢ 1 3 HHOTO BUKIUKAETHCS TOW METO/, SIKUI BUKINKAETh-
csi B pa3i HOpMaJIbHOTO posnoziuty. [licis doro mepenaroThCs mapameTpu, sKi
OyAyTh BIANOBIIATH HAIIOMY 1IHTEPBATY

def compute ci t(sample, alpha=0.95):

n = sample.shape[0]
mu, se = np.mean(sample), stats.sem(sample)
bound = se * stats.t.ppf((1 + alpha) / 2., n-1)

return mu - bound, mu + bound

sample = np.random.choice(a = population, size = 30)

ci_t = compute ci_t(sample, alpha=0.95)

print(“conf interval with t test for 2000 sample size:”, ci_t).

AHani3yrouu A0BIpUMi THTEPBaAI MOTPIOHO 3ayBAXKHUTH, 110 B IIbOMY BUTIA/I-
Ky JOBIpYHMI 1HTEpBald CTaB CYTTEBO OuIbIle, TOMY IO JHUCIEPCis HEBIIOMA.
ToMy € ceHC MOT0 pO3IINPIOBATH.

Byno po3risHyTO, SIK OOYHMCIIIOETHCS TOBIPYMIA THTEPBA ISl HOPMAJILHOTO
po3mnoiTy. AJle HailyacTile Ha MPaKTHINl € Jieska BHOIpKa, 1 HEBIIOMO, SIKOTO
BOHA MOXOJKEHHS. SIK B IIbOMY BHUIIAKY, MOXE OyTH OIlIHEHA AKICTh MapaMeTpiB
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11€i BUOIPKH 1 K 3pO3yMITH, 1110 A1MCHO BUOIpKa perpe3eHTaTUBHA 1 CTATUCTUYHO
3Hauyma? Y 1pOMy BHUIAQJKy Ma€ MiICUE LEHTpaJlbHa TIpaHUyYHA TeopemMa
(IT'T). Bigomo, 110 po3MOii CepeaHiX — Me 1 € HOPMAIbHUN PO3MOAUL. A IS
HO-PMAaJIBHOTO PO3MOJILTY BXKE BIZIOMO, SIK OOYHCITIOETHCS JOBIPUMIA IHTEpPBAL.

JloBipuuii 1HTEpBad Ha MPUKIIAJl MOI3J0K Takcli B MicTO MeXiko BU3HaYa-
€THCS SIK BKa3aHO HUXKYE.

import pandas as pd

import numpy as np

taxi_mex = pd.read_csv(’taxi-route/mex_clean.csv’)

def generate distribution_sample(data, sample size, dist size):

sample means =[]

for i in range(dist_size):
sample = np.random.choice(a = data, size = sample_size)
sample means.append(np.mean(sample))

return sample _means.

Jlns moyaTky MoTpiOHO 3reHepyBaTH PO3MOAL cepenHiX. s boro moTpi-
OHO 3a1aTu po3Mip BHOIPKHU 1 3reHepyBaTH TaKUX BUHOIPOK ayxe Oarato. Amxe,
SK B1JIOMO, OJHIEIO 3 YMOB T€OPEMH € T€, 110 YUM OUIbIIE PO3Mip BUOIPKU, TUM
OJI>KYE PO3IMOIIT CEPEaHIX 10 HOPMATBLHOTO PO3TOILTY

sample size = 10000

dist size = 50000

sample_means = generate_distribution_sample(taxi_mex[’dist_meters’]/1000,

sample size, dist_size).

JlaBaiiTe Tenep MOAMBUMOCS, SIK BUTJISIAE TricTOorpama JJisi po3noJiny cepe-
JTHIX

import matplotlib.pyplot as plt

plt.hist(sample_means, bins=100)

plt.xlabel(’distance in km’)

plt.show().

[ToTpiOHO BIAMITUTH, 1110 BOHO BK€ OLIbII CUMETPUYHE 1 MOKHA 3PO3YMITH,
KWW PO3KHUJ 3HAYCHB Y IOT0 mapaMmeTpa. OCKIIbKH 11 BXKE HOPMaJIbHUN PO3-
MO, TO MOXHA OOYMCIIMTH BiJIOBIJIHI MPOILEHTHI CIIBBIIHOIICHHS, 1 MICJIA
IIOTO OTPUMATH JTOBIpYMi iHTepBai. /{15 TecTyBaHHS MOXKHA B3SITH BIJICTaHb B
KUIOMETpaXx, Ky MPOTKIKAE TaKCl, 1 TOOYAyBaTH IJIsl IbOTO 3HAUYCHHS JTIOBIPYHIA
1HTepBaJl.

np.sort(sample means)

[b = np.percentile(sample _means, 2.5)

ub = np.percentile(sample means, 97.5)

print("conf interval for bootstrap:", (Ib, ub)).
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3.3 IlepeBipka rinore3 i po3noaij CTbro1eHTa

VY craructui -xputepid CTbroJieHTa — 11 HaOlp METOIIB JJIsl IEPEBIPKHU Ti-
noTe3, SKIi 4acTo HOro BUKOPHUCTOBYIOTH MAJI TEPEBIPKUA PIBHOCTI CEpeHIX
3HaueHb BUOIpkHU. 711 1boro morpioHo, 100 Oyno oO4yuCIeHa CHOYaTKy f-
CTaTUCTHUKA, MICJS YOro ii MOTPIOHO MOPIBHATH 3 JAESKUM I'DAHUYHUM 3HAYEH-
HSIM, 1110 JIO3BOJIUTh MPUUHATH PIMIEHHS NIPO TPUUHATTS a00 BIAXUIIEHHS CaMOi
rinoTesu.
T-cratuctrka OyJqyeThbCsl 32 TAKUM MPUHIUIIOM: Yy YHCEIIbHUKY BKA3y€TbCS
BEJIMYMHA 3 HYJIbOBUM MAaT€MAaTHYHUM OYIKYBaHHSIM, a B 3HAMEHHUKY — CTaH/Ia-
pPTHE BIAXWJICHHS BiJI 111€1 BUTIAJIKOBOT BETUYUHHU.
AJNTOPUTM MEPEBIPKH TiNOTE3 MOO0YI0BaHUN 32 TAKUM MPHUHIIUIIOM: ISl T1O-
4yaTKy NOTpiOHO, 1100 Oyna BU3HAuUEHA JesKa HyJbOBa rimore3a. Y pasi Mopis-
HSIHHSI CEpeJIHIX MOTPIOHO MPHUIHSATH MPHUNYIICHHS, 10 CEPEeIHI 3HAYEHHS 3a
JnBOMa BUOIpKaMHu piBHI. TakoX BU3HAYAETHCS AIbTEPHATUBHE i MPUITYIIICHHS —
HEPIBHICTh CepeNHIX 3Ha4YeHb. [1icis IbOro OOYMCITIOETHCS -CTATUCTHKA 1 TTOPi-
BHIOETHCS 3 TTIOKA3HUKOM p-value (AIMOBIPHICTh IPUHHATTS HYJIHOBOI TIIOTE3M).
P-value — 1ie AMOBIPHICTh TPUUHSTTS HYJIBOBOI TIMOTE3W 3a YMOBH, IO
CIIpaBe/JIiBa aJbTEpHATUBHA TinoTe3a. 100TO, SKIIO p-value Ayxke MajeHBKE
3HAYCHHS, TO, MBHJIIIC 32 BCE, HE BiIOYBAIOTHCS B3araji SKiCh BUIAJIKOBI MPO-
necu. AJie KO X p-value NOCUTH BEJIMKE, TO MMOBIPHICTh TOTO, 110 BUOIPKH,
OTpUMaH1 BUMAaJKOBUM YMHOM, HE MAIOTh HISIKUX 3B’A3KiB, Ay’K€ 3HAUHA.
PosrasaeMo Tpu BUmaaku 3acTocyBaHHs KpuTepito CThIOJCHTA:
— MepUud BUIMAJOK — MOPIBHIOETHCA CEPEIHE 3HAYEHHS 3a BUOIPKOIO 3
SIKUMOChH BIJJTOMUM CE€PETHIM 3HAYCHHSIM;

— JIPyruid BUTIAJ0K — MOPIBHIOKOTKCS JIBa 3HAYCHHS 3a TBOMA HE3AJIC)KHUMH
BUOIpKaMH;

— TpeTid BUIAJOK — y JIaHii cepii BUMIPIOBaHb MEPEBIPSIETHCS HACKUIBKH
CTATUCTUYHO 3HAYMMI YC1 BUMIPH.

Jlist mepexoay 10 OMHOBUOIPHOTO KpUTEpito, Ha mpukiaal dataset moizmok
no mictax Mexiko 1 borora, moTpiOHO nepeBipUTH YU BiJIPI3HIETHCS TPUBATICTD
MO13/I0K Y IMX MiCTaX 3aJeKHO B1J] Yacy OYiKyBaHHS TaKCl

import numpy as np

from scipy import stats

import matplotlib.pyplot as plt

import pandas as pd

Yomatplotlib inline

taxi_bog = pd.read_csv(’taxi-route/bog clean.csv’)

taxi_mex = pd.read csv(’taxi-route/mex_clean.csv’).

Hanpuxknazn, ais nepeBipku 4acy O4iKyBaHHS TakKCl MOTPIOHO MPHUITYCTHUTH,
10 Cepe/IHIM Yac OUiKyBaHHS — II€ JIeCATh XBUJIUH. [l bOTO B stats peainizo-
BaH1 yCl METOAM 1 TOMY JJIsl IEPEBIPKH OJHOBUOIPHOTO KPUTEPIIO MOTPIOHO BU-
KOpUCTAaTH METOJ ttest Isamp. Ilpu iboMy NoTpiOHO mepeaaTH Halry BUOIPKY i
TaKOX MEepeIaTi T€ 3HAUECHHS CEPEAHBOr0, SIKE OUIKYEThCSI TOOAYUTH.
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PesynpraToM poOoTH maHOrO MeETOay OyJe NMEBHHMM Kiac, SIKMil MOoBepTae
JIBa MapaMeTpH: statistic — e 1 € -CTaTUCTHKA, a TAKOXK pO3paxoBaHuit pvalue

sample = taxi_mex[’wait_sec’]|.sample(n=3000)/60

print(stats.ttest 1samp(sample, 10)).

s Toro, mo6 3po3yMiTH, YU MOKHA BIAKMHYTH a00 MPUNHSATH HYJIHOBY
rinoresy, MOTPIOHO TMpoaHai3yBaTH 3HA4YeHHS p-value. 3a3Buyail p-value
npuiiMaetbest piBHUM 0,05 a6o 0,01. Ane Tyt dikcyerbecsi 3Ha4eHHs, piBHE 0,5.
[ToTpiOHO BIAMITUTH, IO JJIS i€l TinoTe3u p-value meunie, Hix 0,5; To0TO, BU-
XOJIUTh, 1110 HEPIBHI CEPEIH1, 3HAUNUTh, BIJIKMIAETHCS HYJIHOBA T1OTE3A.

AHa3yIOThCS ABI BUOIPKHU, a came: 0a3u JaHWX MOI3M0K Mo MicTy Mexiko
MOPIBHIOIOTHCS 3 TOi3AKaMu o boroTi.

taxi_mex|’pickup datetime’] = pd.to_datetime(taxi _mex.pickup datetime)

taxi_mex|[’month’] = taxi_mex[ pickup datetime’].dt.month

taxi_bog.shape

taxi_mex.shape.

[Ipu 11bOMY MPUITYCKAETHCS, IO CEPETHS TPUBATICTD MOI3I0K Y TBOX MiCTaX
omHaKoBa. TakoX MoXxe OyTH IMigpaxoBaHa i {-CTaTUCTUKA, ajie JJIS I[bOTO IOT-
piOHO BHKOPWCTATH 1HIIMN METOJ, SIKWW Ha3WBaEeThCs ttest ind, kyam mepena-
I0TbCS ByKe Haln oOouaBi BUOIpku. [licis bOro MOBEPTAETHCS TaK CaMo, SIK 1y
NonepeIHbOMY BUIIAJKY, 00UHCIIEHA CTaTUCTUKA p-value.

print(stats.ttest_ind(taxi_mex[’trip_duration’].sample(n=3000),

taxi_bog[’trip duration’].sample(n=3000))).

VY naHoMmy BUNAIKy 3Hau€HHs p-value nyxe Omusbke 10 «0», TOIl HaMU
3HOBY BIJIKUJIA€THCS HYJIbOBA rinoresa [4, 5]. ToOTo, TpuBamicTh MOi370K BIAPI-
3HSETHhCS. AJie Y pa3i BpaxyBaHHS 4acy OUIKYBaHHS TaKCi, HAMH BXE€ HE MOXeE
OyTH BIJKMHYTa HYJIbOBA TIIOTE3a, 1110, B MIPUHIIUIIL, JIOTTYHO (MIPUOIU3HO B Ce-
pPEAHBOMY JIFOJIU OUYIKYIOTh TAKC1 OJTHAKOBUH Yac).

print(stats.ttest_ind(taxi_mex[’wait sec’].sample(n=3000),

taxi_bog[’wait sec’].sample(n=3000))).

HeoOxiqHO BU3HAYUTH, YUM BIIPI3HSAETHCA TPUBAIICTH MOI3JI0K B OJTHOMY
MICTI, ajie B Pi3H1 MiCAIll, Ha IPUKJIA/Il TOI3I0K 10 MicTy Mexiko 3a JucTonap i
rpyZeHb. Y JTaHOMY BHUNAJKy BHUKOPHUCTOBYETHCS TaKOXK MeTon 3 SciPy, skuit
HA3UBAETHCA ftest rel. Y maHOMY BUMAJKY MEPEIAIOTHCS BXKE /1Bl BUOIPKH.

control = taxi_mex[taxi_mex.month ==11]["trip_duration’].sample(n=1000)

treatment = taxi_mex[taxi_mex.month ==
12][’trip_duration’].sample(n=1000)

print(stats.ttest rel(control, treatment)).

VY nmanoMmy BUNAAKY p-value HabaraTo OubIla, HIXK PiBEHb 3HAUUMOCTI. T00-
TO, B)X€ HE MOXHA BIJIKHHYTH HYJIbOBY TiMOTE3y, 10, B MPUHIIMII, 1 JOTIYHO.
MoskHa IPHUITYCTUTH, IO JIUCTOTAJ 1 TPYICHD TaK OJMM3bKO 3HAXOIATHCS B KaJie-
H7api, 110, MIBUIIIE 32 BCE, MOTOJ/IHI YMOBH HisIK HE BIUIMBAIOTh HA TPUBATICTH
IIOI310K.
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3.4 KoHTpO/IbHI IMTAHHSA

1. Mo Take po3nosain CThioJCHTA 1 IOBIpUYMA 1HTEPBA?

2. Y 4oMy BIIMIHHICTh M)XK O1HOMIQJIBHUM 1 HOpMaJIbHUM po3noaiioM? Ski
iX MpU3HAYEHHS 1 XapaKTePUCTUKU?

3. IIlo Take neHTpaJibHA TPaHUYHA TeopeMa 1 AKe ii Mpu3HaYeHH?

4. HaBeniTh aJITOPUTM MEPEBIPKU CTATUCTUYHMX T1I1OTE3?

5. Mo Take t-kputepiit CThrogeHTa?

4 3BAZTIAYA ITPOI'HO3YBAHHA

4.1 Buau MeToaiB MAIIMHHOT0 HABYAHHSA

HatimommpeHimmm 1miaxoa0M 10 MaIllMHHOTO HaBYaHHS € HaBUYaHHS «3 Y4H-
Tenem» abo «super viselearning». Y naHoMy BHNAgKy € SKAach KIJIbKICTb
pPO3MIUEHUX JaHUX, IJs SKUX BHU3HAUY€HA KOPEKTHA BIJAMOBIJIb 1 KOPEKTHE
nependoadeHHs. Ha nux maHuX BUKOHYETHCS HABUAHHSI HAIIOT MOJIENI, HICHS 4O-
ro BUKOHYETHCSA Mepei0aueHHs Ha HOBUX JaHUX, 3 SIKUMH 1€ He OyJIu 3HaioMI.

VY naHnoMy BUNIAJKy HaBYAHHS BUKOHYETHCS 3 YUHTENIEM, 1 KJIACUYHUM IPU-
KJIaJIOM 3a/adi, siKa OyJia BUpIIIEHA 1 BUPIIIYETHCS HA JIAHUH MOMEHT 3a JIOIO-
MOTOI0 JAaHOTO TIAXOAy 1 MAIIMHHOTO HaBYaHHSA, € 3aj]adya KpPeJUTHOI
OILIHKY. Bi/IMoBiIHO 70 1Mi€T 3a/1a4l ICHY€ AKUNCh OaHK 1 IMyJ KIEHTIB, JJIS SKUX
€ 1H(opMmalis (piBeHb BIAaCHUX MPUOYTKIB, a TaKoX (aKT OTpUMaHHS 1
NOBEpHEHHSI KpeauTiB). Hampuknan, SKmo NOoTpiIOHO BU3HAYWTH, YU BapTO
BUJIATU KPEJIWTHI KOIUTH MEBHOMY KJIIEHTY OaHKa 1 Ha SIKy CyMy, Ha OCHOBI
JaHUX OTPHUMAaHUX 13 3amoBHEHOI 1H(OpMaliifHOT aHKeTH, TOHI IIe 3aJada
HAaBYaHHS 3 YYHUTElIeM (Ha OCHOBI HOBHX JaHUX BHUKOHYETHCS TepeaOaudeHHs).
Sxmo moTpiOHO TIMBPKA BU3HAYWTH, YA BAapTO BHJABATH KPEIWUT YH Hi, TOII
e € 3aBAaHHs kiacudikamii. Skio 3a0AH0 MOTPiIOHO BU3HAUUTH, HA SIKYy CyMY
BUJIATU KPEJAWTHI KOIITH, TOJII 1€ HA3WBAETLCSA 3aBAaHHS perpecii (BIAMOBIIL
nependadeHHss € AidcHUM uynciaoM). OCKUIBKM y JaHUW Yac BHILEBKa3aHUM
MiIX11 HaWOIIBIN TOIIUPEHHM; SKIIO TIEBHI KOMITaHii abo MiANpHEMCTBA, IO
3aCTOCOBYIOTh MAalllMHHE HAaBYaHHSA B CBOIM POOOTI, TO, IMIBHUIIE 32 BCE, BOHU
BUKOPHUCTOBYIOTH MiJX11 HABYaHHA 3 yuuTeneM. BiAmoBigHi METOAM 1 MOJENI €
Halle(DeKTUBHIIIUMHU dYepe3 HalKpalle HaBYaHHSA, TOMY W 3aCTOCOBYIOTHCS
HalJacTiIe.

Benvka yacTrHa HEHPOHHUX MEPEX MPAITIOE HA MIEBHUX PO3MIYCHHX JIaHUX.
AJle SKI10 HaBYaHHS B1I0YBA€ThCS HA HEPO3IMIUEHUX JAHUX 1 JI1 HUX HE MOTPi-
OHa sKach py4yHa a00 HaBiTh aBTOMAaTUYHA PO3MITKA, TO JAHWM MiAX1] HaBYAHHS
Ha3UBAEThCS «0€3 yuuTens», abo «unsupervised learning.

VY maHOMY BHITaJIKy BUKOPHUCTOBYETHCS TIEBHA 3aJICXKHICTh BCEPEAMHI JaHUX
1 poOJIATHCS TIEBHI BUCHOBKH 3a HAIIMMU JTaHUMU ab0 SKICh nepeTBOpeHHs. Ha-
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MPUKJIAJ, KIACHYHOIO 33/1aueio I HaBYaHHS 0e3 yuuTess € 3a7ava 3HIKCHHS
po3MipHOCTi. Hampukiaz, /uisi meBHOro AaTaceTy, HAbopy JAaHMX 3 BEJIMKOIO Ki-
JBKICTIO O3HAK, MOTPIOHO: 11100 HABUaHHS MPOBOAMIOCH HE HAa BEJIMUYE3HIN KiJTb-
KOCTI O3HaK, HAMpUKIIAJ, HE HA TUCSAYl O3HAK, a TIJIbKU HA CTa, CTA HAWBaXKJIU-
BIIIIMX; TAaKOXX MOTPIOHO BIJKWMHYTH 3aliBl O3HAKH, 30epiraroud MaKCUMaJbHY
NpeAUKaTUBHY 3aTHICTh, TOOTO TakK, 1100 3roJoM Oyja MOXKJIUBICTh BUKOPHC-
TOBYBATH JlaHl O3HAaKU B po0OTi. TakuM YMHOM 3/1HCHIOETHCS 3HMKEHHS PO3Mi-
PHOCTI JaHUWX, BIJKUIAIOTHCS O3HAKH, SKI HAWMEHIN BIUIMBAIOTH HAa 3MICT Ta
CYTHICTh IUX JaHUX. TakoX € MOXJIHMBICTh HE IPOCTO BIAKUAATH O3HAKH, ajie i
MPUXOIUTH B SIKUHCHh HOBHUM MIPOCTIP 03HAK, TEHEPYIOYH HOBI 200 MPOCTO MOJIe-
JIIOI0YU SIKUHCh HOBUH TIPOCTIP.

[Ile omHMM 13 3aBJaHb JAHOTO MIIXOMY € 3a/a4da KiacTepusallii, A¢ y BeH-
Ki¥l KIJTBKOCTI JAaHWX BU3HAYAIOTHCS TIEBHI KJIACTEPU 200 TPYINH CXOXKHUX OJUH Ha
oJ1HOTO 00’€ekTiB. [IpryoMy y 1aHOMY BHUIIAJIKy TaKOX BIJCYTHSI pPO3MITKA, TOMY
110 BUKOHYETHCS MEBHE TPYIyBaHHS BUXITHUX JaHUX HA NIEBHY KUIBKICTh Kjlac-
TEepiB.

OcTaHHIM YacoM 3HAYHOTO TOMIMPEHHS OTpUMaja 3agadya MOJICITIOBAHHS
CTAaTUCTUYHOTO PO3IMOILTY JaHUX, Je¢ OyAyeThbCs MOJENb, Ka 3/1aTHA MOJIEITO-
BaTU PO3MOAUT IIUX JAHUX 3 METOIO TeHepallli: HOBUX NMPUKIaaiB, HOBUX O3HAK 1
HOBUX JIaHUX.

OpHniero 3 HaWOIBIT MOMMPEHUX 3aCTOCYBaHb MIIX0y HAaBYaHHS «0e3 yuH-
TEJIs» B PI3HUX TaTy3X JIIOACHKOI AISUTBHOCTI € 3aja4a MoIrykKy aHomaniii. Ha-
MPUKJIAJ, y IEBHOMY OaHKY 3/[1HCHIOEThCS BEJTMKA KUIBKICTh TPaH3aKIIii, 1 MOT-
piOHO TpoaHai3yBaTU JaHiI TpPaH3aKilli 3 METOK BHU3HAYEHHS IIaXpanChKUX
TpaH3aKIii. ¥ NaHoMy BUIAJKY, K MPABUIIO, Majla KUIbKICTh MPUKIIAIIB aHO-
MaJIbHUX TpaH3aKIli{, IaxpancTB, a, MOXJIMBO, BOHM W B3araji BiACTyHi. Bin-
OyBaeTbCs MOUIYK AKUXOCh PO3KUIB, aHOMAJIbHUX TPAH3aKLIN, sIKI MOXYThb Oy-
T «ppoaom», ado maxpaiicTBOM. AHAJIOTIYHO MO>KHA 3aCTOCOBYBATHU JJIsl TIEB-
HUX 3aBOJIIB 1 CKJIQAHUX MPUCTPOIiB, /1€ TTOJIOMKHU TPAIUIAIOTHCS AY>KE PiAKO a0
HaBITh HIKOJIU.

[Ile omuH MeTOM, KW ACIIO BiAPI3HAETHCS Bl MOMEPEIHIX, — 1€ HABYAHHS
«3 miaKpimieHHsIM» abo «reinforcement learningy. ¥ qanoMy BUNaAKy MOCTaHO-
BKa 3aJ1a4i BiIOYyBA€ThCS TPOXH IMO-iHIIIOMY. ICHY€e meBHE cepenoBwiie, abo 0To-
YEHHS, 1 areHT, KU i€ y 1IboMy cepeaoBuill. ToOTo, SKICh 3a/1aHl MpaBujIa B
HaIlIOMY CBITI, SIKach (Pi3MKa B IbOMY CBiTI, 1 SKUHUCh areHT (aKTOop), 110 Hamara-
€THCS 3 IUM CBITOM B3a€EMOJIATH, OTPUMYIOUYHM BUHAropoAy ado mrpadu 3a cBoi
nii. TakuM YMHOM, TTIOBTOPIOKOYM PI3HI i1, HAIll areHT MOKE€ BHBYATH TEBHHUX
MOJIITUKIB, BUBYATH TIEBHY MOBEAIHKY, 11100 MaKCUMi3yBaTH, HAIllPUKJIaJl, BUHA-
ropoay. Lle nyxxe moTyHa KOHUEIMIS, Ka BUKOPUCTOBYETHCS HA JaHUM MO-
MEHT JJOCUTh OOMEKEHO, IPOTE MA€ BEIIUKY MEPCIIEKTUBY BUKOPUCTAHHS B Maki-
OyTHBOMY.

Ha nanwnii MOMEHT OiTBIITICTh HAYKOBUX JOCIIKEHB 3 JTAHOI TEMATHKH Tpa-
I0€ 3 AesikuMu irpoBumu cepegosumiamu (AlphaGo Bin xommanii DeepMind,
KU HE TaK JaBHO 00IrpaB YEeMITIOHIB CBITY 3 Tpu B GO).
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AJie, He3BaXKarO4M Ha Te, L0 JIyKe 0arato IOCHiIKEeHb 30CEPEIKEHO caMe
Ha ITPOBUX CEPEIOBHUILAX, TAKOXK iM 3HAXOAMUTHCS 3aCTOCYBAHHS B PEATbLHOMY
xUTTi. Hanmpuknan, 3a 70MOMOT0r0 MiX0AY HaBUYaHHS «3 MiIKPIMICHHSIMY Oyiia
onTuMizoBaHa poborta mina ueHtpy Google, MmO M103BOJUIO 3€KOHOMHTH
CIOXKMBAHHS €JIEKTPOCHEPTil MPAKTUYHO BJIBIYI.

Takok aKTUBHO MIJX1J HABYAHHS «3 MIAKPITUICHHSIM)» BUKOPHCTOBYETHCS B
pOOOTOTEXHIII1, TOMY IO 337a4a, KOJIU areHT JIl€ B OTOYEHH1 1 OTPUMY€ BUHATO-
poay, BIAMIHHO BiOOpa)kaeThbcsl HA 1CTOpii (HAMPUKIIAL, KOJU POOOT BUUTHCA
XOJIUTU abo JiTaTu, OpaTu SKICh MPEIMETH, IIOCh B 3araJiIbHOMY PO3Mi3HABATH,
B3aEMOJIISITH 3 PEaJTbHUM CBITOM). Y JaHOMY BHUMAJKy MOKHA HE TUTbKH HABYH-
TH poOOTa B peajbHOMY CBITI, ajie i IepeHaBYaTH HOTO B SKOMYCh BIPTyaJIbHO-
MY CEpEJIOBHIII, 10 JO3BOJUTH HOMY 3T0JIOM B3a€EMOIISITH 3 HABKOJIMIITHIM CBi-
TOM 1 JIOHABYATHCH.

Takoxx HaBYaHHS «3 MIAKPIMJICHHSM)» aKTUBHO BHKOPHUCTOBYETHCS B TpEH-
JUHTY, KOJIM pOo3po0JeHi OOTH MOXYTh 3AIMCHIOBATH ormeparlii KymiBii abo
npoaaxy. | st TaHuX omepaliiii iCHye 4iTKa BUHAropoja — 1e nNpulyToK, sIKUM
OyB oTpuMaHuit a00 HEe OTPUMAHUI y pe3yNbTaTi KymiBii a00 MPOJaxy SKHXOCh
aKTHBIB. 3a JIOMOMOTOIO MMiJIX0/Ty HAaBYaHHS «3 MIIKPIIJICHHSIM)» MOXHA HABUUTH
BIJIMOBITHUX OOTIB, K1 A1IOTh HA PUHKAX.

Takox ICHYIOTh MPOMIDXHI MIAXOAM MK BHUIIEBKAa3aHUMH MITXOJIaMH Ma-
IIMHHOTO HaBYaHHS, a came «semi-supervised learningy. Jlanuii miaxig Moxke He
POCTO BUKOPUCTOBYBATH PO3MIUCHI JaHi, ajie ¥, Ha MOJATOK 0 PO3MIUYEHUX
JTAHUX, MOXKE BUKOPUCTOBYBATH MEBHY KIJIbKICTh HEPO3MIUCHUX JTAHUX.

4.2 JliniiiHa perpecist

JlinifiHa perpecis BUpILIye 3a7ady MIOXOLY «HaBYaHHS 3 yuutenem». Lle
03Hayae, 1110 € MEBHUI pO3MIYeHH Ha0lp JaHUX, HA IKMX BUKOHYEThCSI HaBYaH-
Hs. [licas goro BimOyBaeThes epenOaueHHsl Ha HOBUX JaHMX, SIK1 II€ HEBIAOMI.
«Jliniina perpecis» nepeadavae sIKych AIACHY 3MiHHY, IO JA03BOJISIE 3I1HCHIO-
BaTH MOJICNIOBAHHSA JIIHIKHOT 3aJIe)KHOCTI BiJl 3a/1aHUX O3HaK. ToOTO, iCHy€E TIEB-
Ha 3MIHHA, SIKa 3aJIEKUTh, K OYIKYETHCS, BiJl 1HIIMX O3HAK 1 JUIS SIKOT BUKOHY-
€THCSI TOMTYK 3aJIEKHOCTI.

Hanpuxknan, MoxxHa cripoOyBaTu nependadyuTu 3apoOiTHY muiaty (axiBIisd
3aJIEKHO B1Jl HOTO BIKY, IOCBIAY, CTaTi Tolo. MoJHa O4YiKyBaTH, 1110 3apo0iTHA
mata ¢axiBIld 3aJIeKUTh Bij BIKY 1 JOCBIY, ajieé HE 3aJIe)KUTh, HANIPUKIIAI, Bij
crarti. [{ro 3amexHiCTh 1 TOTPIOHO 3MOJICITIOBATH.

Hanpuxnan, nns 3agadi mapHoi perpecii (1moOymoBa 3ajeKHOCTI OAHIET
3MIHHOI B1J] 1HIIIO1), MOTPIOHO MOOYAyBaTH 3aJ€KHICTh Bard JIFOJAUHU BiJ ii 3po-
cty. O4eBuHO, ICHYE TEBHA MPUPOJIHA 3aJIEKHICTh, SIKYy MOXKHA TOOYIyBaTH.
ToOTo0, icHye (HyHKIIOHAIBHO-3AJIEKHA TpsiMa B IBOBUMIPHOMY IPOCTOPI, sIKa
MO3Ke OyTH BUKOpHUCTaHa JJIs Iepei0aueHHs Baru Oy/1b-s1KO1 1HILIOT JIFOIUHHU.

[Ipote B peasbHOMY CBITI MPOCTIp AAHUX € MPOCTOPOM Habarato OLTBIIOL
PO3MIpPHOCTI (IJIOMKUHA 200 TIMEPIUIONTUHH ).
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Takum gmHOM, JiHIHHA perpecis — Ie MIboBa (QYHKIIIS, IS SIKOT MOTPIOHO
BU3HAYUTHU Pi3HI BaroBl KoeilieHTH (XapaKTEpUCTHKA PI3HUX O3HAK), K1 Hail-
Kpallle ONMCYIOTh BUXI/IHI JIaHI.

Y=w0+a)1xl+...+a)kxk=<a),x>, (4.1)

ne Y — 1iap0Ba 3MIHHA, X; — O3HAKU, )y — BaroBi KOEQIIIEHTH.

Takox minpoBa (PyHKIIIS JiHIHHOT perpecii Moke OyTH IHTEpIpEeTOBaHa SIK
3Ba)KEHA CyMa PI3HUX O3HAK MOJIEJN y BUTJISI BaroBUX Koedili€eHTIB, 1Mo Oy-
JTyTh MiAOUpATUCS B HAIIIN MoJieni. 3a 3HAYEHHSAMHU IT1/11I0paHuX BaroBux Koedi-
IIEHTIB BU3HAYAETHCS, SIK1 3 O3HAK € HAHOUIBII BaKIUBUMH.

VY3aragbHEHHSIM JIIHIKHOI perpecii € moJiiHOMIalbHaA Perpecis, sika BUKOHYE
aHanoriydi ¢yHkmii. Y manii MiiboBid GyHKIN aHAIOTIYHO MiIOUPArOTHCS Ba-
TOB1 KOE(IIIEHTH XapaKTEPUCTUK O3HAK MOJIEI, IPOTE 3MIHHI XapaKTEPUCTUKU
03HAK MOXYTb OyTH IITHECEH] Y CTENIEHEBY (YHKIIIO.

4.3 OyHKIiOHAJ IKOCTI i TPagieHTHHII CIIyCK

[Tpu po6oTi 3 JNIHINHOI PETPECIEl0 BUKOPUCTOBYETHCS MiAX1JT HABUAHHA «3
yUuTEIEeM», JIe Ha PO3MIYCHHUX JTaHUX BHUKOHYETHCS MPOIIEC HABYAHHS MOJETI 3
METOI0 Tiepe10adeHHs] Ha HOBHUX JaHuX. J[1s BU3HAUEHHS XapaKTEPUCTUKH SKO-
CTl ONUCY JaHUX TPEHYBAJIbHOI BUOIPKH, HA SIKIA BIJOYBA€THCS MPOLIEC HABYAH-
Hs1, TOTPIOHO (PYHKIISI MOMUJIKH, IKY HEOOX1JHO ONTUMI3YBaTH.

Ax QyHkuis noMusiku mMoxke OyTu BukopucraHa «Mean Absolute Errory,
abo cepemHs abCONIIOTHA MOMMIIKA, SIKa BKa3ye, SIK JAJIEKO CEpelIHi MPOTHO3M
JIeXKaTh BiJ] KOPEKTHUX BIATOBIICH:

, (4.2)

MAE 1§| y
_Nizlyi Vi

ne N — po3mip BUOIpKH, y; — KOPEKTHA BiANOBigb, ), — MependaueHHs.

3anexHicth (4.2) IOCTaTHBO JOTiYHA 1 J00pe 1HTepnpeToBaHa (QYHKIIS
BTpaT, NpOTe BOHA HE AudepeHIiiioBHa, TOMy HE MOXe OyTH BUKOPHCTaHA, Ha-
MPUKJIAA, JJII METOMY TPaJIEHTHOTO CIYCKy a00 METOJIB TPai€HTHOI OMNTH-
Mmizamii B3arani. Tomy, 3a3BU4Yail, BUKOPUCTOBYIOThCs 1HII (yHkmii. Ha-
npukiajn, GyHKUis cepeHboi kBaapaTuuHoi nomuiku («Mean Squared Errory),
3 aHAJIOTIYHOIO (PYHKIII€IO, ajie 3 yCepeAHEHHSIM KBaJApaTiB BiAcTaHel mependa-
YEeHb BiJ] peaJIbHUX BiIOBIJICH:

M=

1 )
MSE =— = . 4.3
Ni (yz yl) s ( )

Il
—_

ne N — po3mip BHOIpKH, ; — KOPEKTHA BiAMOBi/b, J; — Mepea0daveHHS.
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HNana ¢ynkuis (4.3) nudepeHiiiioBHa 1 Ay’ke 4acTO BUKOPHUCTOBYETHCS B
MeToJax rpaaieHTHOro cnycky. OmHak JiHIHHA perpecis 3 Takow (YHKIIIEIO
BTpaT MOKE€ BUPIIIYBaTH MpoOJIeMy il aHaIITHYHO, O0€3 BUKOPUCTAHHS Tpajli€H-
THOTO CITYCKY. AJie B MPOCTOpPax BEIUKOi PO3MIPHOCTI JOBOJIUTHCS ONEPyBATH
CKJIJHUMHU MaTpHUISIMU, U, BIJIIOBITHO, HE 3aBXK/U 1€ Tpalfoe. Tomy ayke yac-
TO JIETIIIC BUKOPUCTOBYBATH I'PAIiEHTHI METOJIH, SIKi JAIOTh pe3yIbTaT MPaKTHY-
HO 3aBXK/IH.

Otxe, QyHKITISE BTpaT MOXKe OyTH TOJaHa MOBEPXHEIO, MO SKii MOTPIOHO
cnyctutucs. ToOTo, MOTpiOHO MiHIMIZYBaTH (YHKIIIIO, BU3HAYUTH ii MIHIMYM.
Came Tam Mozenb 1 Oy/e npairoBaTu Haiikpale. 3arajaibHOBIIOMO, 10 TPAJAIEHT
MOKa3y€e HAMpsSIMOK HaWIIBUJIIOTO 3pOCTaHHsS (YHKINi, a aHTUTPAIEHT — Ha-
MPSIMOK HANIIBUAIIOTO 3MEHIIEeHHs (yHKII. ToMy MOKHA B3STH SIKMICH HaOIp
napaMeTpiB (BEKTOpP) y Halliil MOJesi, BU3HAYUTH BEKTOP aHTUTPAJIEHTA 1 1O
HBOMY CIIyCTUTHCS. BUKOpHCTOBYIOUM BEKTOp aHTUTPATIEHTA TTApaMEeTPH MOJIe-
Ji OHOBIIIOIOTBCS JIO THIX IIp, MOKH BIIOYAEThCS 301KHICTH, a00 SKICTh HAIIO1
Mojieni He Oyje BIAIITOBYBATH 3a/JaHl XapakTepUCTHKUA. ToOTO, MOCIHIIOBHO
OHOBIIIOIOTHCA MMAPAMETPU MOJIEII1, HAIIPUKJIA, BaroBi KoeQIilieHTH JIHIKHOI pe-
rpecii BIAMOBIAHO 10 BEKTOpa aHTUTPAJIIEHTA.

Icnye BenmmuesHa KUIbKICTh MOAMGQIKAIIN TPaaIEHTHOTO CIYCKY: MOHA
3MIHIOBaTH MIBHJKICTh 1TEPAIITHOTO KPOKY, MOKHA OIEpyBaTH MiABUOIpKAMU
00’exTiB. Hampukian, 1CHye CTOXaCTMYHUN TpaJl€HTHUN CIYCK, SIKAWA BH-
KOPUCTOBY€E HE BCIO BHOIPKY IJisl ITEpalliiHMX KPOKIB 332 aHTUTPAAIEHTOM, a
TIJIBKU OJIUH 00’ €KT, 00 IpaJliEHTHUHN cITycK «mini-batchy (Habip 06’exTiB). Yci
BUIM MOIMGIKAIINA 1 METOIU ONTHUMI3allll, IKI BAKOPUCTOBYIOTBCS K B JIIHIHAHIN
perpecii, Tak i1, HaIpUKJIAJ, Y HeMpoMepekax, 3a3BUYail, 1€ MEBHI PI3HOBUIU
TPaJlEHTHOTO CITYCKY.

4.4 JlorictTu4Ha perpecis

VY 3amauax kmacu@ikarlii mependavdacTbes AKaCch AUCKPETHA BiAMOBIAb, IS
4YOro BUKOPHUCTOBYETHCS MIJX1J MAlIMHHOIO HaBYaHHS «3 yuurteiaem». TooTo,
IpOIleC HaBUaHHS BiIOYBA€ThCS HA PI3HUX JAHUX, BUKOHYETHCS TIPOTHO3 HOBHUX
JaHuX 1 nepeadavyaeTses AUckpeTHa BiamoBias (0 abo 1 B pasi GiHapHOI Ki1acH-
¢ikarii).

Hanpuxknan, moxHa kimacugikyBaTu criaMm ad0 BUKOHYBATH O1JIbII CKJIIAJIHY
OaratokiacoBy Kiacu@ikailio (TBapuHU, POCIMHU TOIIO). Y pa3i OiHApHOI KJja-
cudikaiii MOXHAa BUKOPHCTOBYBATH JIIHIMHY PErpeciro 1 TUBUTUCS Ha 3HAK
oTpumanoro uucia. JliHiiiHa perpecis nepeadadae qiCHE YUCIIO, 1, HATPHUKIA/,
SKIIO Y HAC 3HAYCHHS MEHINE HYJS, TOAl BBAKAETHCS, 110 II€ HYJb, a AKIIO Oi-
JIbIIIE HYJISI, TOI 1€ BBOKAETHCS OJMHULIA. TaKUM YMHOM, ISl JTIHIAHO pO3/Iiib-
HUX KJIACiB BUKOHY€ETHCS MOOYI0Ba IEAKOI PO3JIIILHOI MOBEPXHI, /1€ YC1 TOUKH,
110 JIEXKATh 3BEPXY, OYAYTh BITHOCUTHCH A0 KiIacy «1», a yci TOUKH, 1110 JIeKATh
3HH3Y, OYAYTh BITHOCUTHUCH A0 Kiacy «0».
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AJe, SKIIO HEOOXITHO mependadaTH WMOBIPHICTh HAJEKHOCTI O SKOTOCh
KJIacy, TOJil MOTPIOHO BUKOPUCTOBYBATH JIOTICTUUHY perpecito. JlorictuuHa pe-
rpecisi B CBOill OCHOBI BUKOPUCTOBYE CUTMOII-(DYHKIIIIO, B SIKY BIANPaBISETHCS
JiHIMHUT KiIacudikaTop, a CUTMOIA-(QYHKIlISA, Y CBOIO 4Uepry, MOBEPTAE YUCIIO
B «0» 110 «1», sike Moke OyTH BiJJHECEHE BIAMOBIHO J0 JEIKOT HMOBIPHOCTI:

Z=Wytwx . WX, (4.4)
yzsigmoid(z)zl/(1+e_z). 4.5)

UuMm Onmpkde 4MclIo JO OJUHMIN, TUM BHINA MMOBIPHICTh HAJEKHOCTI 0
MEeBHOTO Kjacy. Takok MO)KHa MOOYIyBaTH JeaKui KiacudikaTop, BUOUpAOUH
neBHe BiJicikaHHs «decision boundaryy.

JIs onTuMmizariii JIOTICTUYHOI perpecii BUKOPUCTOBYETHCS JIOTICTUYHA (DYH-
Kiist BTpat «loglossy:

1 ¥ . .
logloss=—NZ(yilogyi+(1—yl~)10g(1—yi))a (4.6)
i=1

ne N — po3mip BHOIpKH, y; — KOPEKTHA BIANOBIAb, ); — HAIIE TIepeI0aIeHHSL.

PiBusiHs (4.6) MOke OyTH IMOJAHO SIK JIESKE 3BAKEHE «accuracy», TOOTO
«logloss» Hac cuiibHO mITpadye 3a BIEBHEHICTh Y HEMPABHIBHUX MPOTHO3aX.

4.5 Po3B’s13aHHs 3aa4i JIiHIAHOI perpecii

Jlst po60TH 3 JIHIMHUMU MOJICIISIMU JIJIsl PO3B’sI3aHHS JIBOX 3aja4 perpecii i
kjacudikaiii moTpiOHO BUKOPUCTATH 3acobu 010110TeKu sklearn.

Jis  movatky mOTpIOHO IMIOpTyBaTu O107i10TeKy JUIsl  Bizyamizarii
Matplotlib 1 seaborn. Takox moTpiOHO iMIOPTYBaTH 010M10TEKY pandas 1ist po-
ootu 3 616110Texor0 sklearn 111 Momynem datasets. ¥ datasets MicTUTBCSI IEBHUI
HaO1p cTaHgapTHUX 0a3oBuX dataset, Ha SIKMX MOYXKHA MEPEBIPSITH POOOTY MO/Ie-
Jieil, BAKOHYBATH aHAI3 1 TPEHYBaHHS.

Yomatplotlib inline

import matplotlib.pyplot as plt
import pandas as pd
import seaborn as sns

from sklearn import datasets.

Jlisi mouaTKy MOKHA pO3B’s3aTH 3a/ady perpecii, ToOTO mnependayuTu
SAKyCh JIACHY 3MiHHY 3a jornoMororo dataset boston, B skoMy MICTUThCS 1HGOP-
Mallis Mpo BapTICTh 1 XapaKTEPUCTHKW OYJIMHKIB B paiioHax Mmicta bocrow,
CHIA. ko noguBuTHCS Ha onKc AaHoro dataset, To y HbOMY € pi3HiI XapakTe-
PUCTUKH B palloHaX MicTa, 1 I[IJIbOBA 3MIHHA — 1€ CEPEHE 3HAYEHHS BapTOCTI
OyIMHKY B OJUHUIISIX THUC. OJIapiB
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boston = datasets.load boston()
boston.keys()

print(boston. DESCR[100:1300]).

Tob6to, € meBHa 1iaboBa 3MiHHAa MEDV 1 pi3HI XapakTepUCTUKU THUITY
CRIM rate, ToOTO piBEHb 3JIOYMHHOCTI B JTAHOMY paiiOH1, BIK, KUTbKICTh KIMHAT
TOIIIO.

3aranoM, BUKOPHUCTOBYIOUM BIJNOBI/IHI JJaH1 MOTPiOHO BMITH IependadyBa-
TU LLJILOBE 3HAYEHHS, TOOTO CepeaHIO BapTicTh OyauHKy. i moyaTky notpio-
HO BI3yaJbHO MpOaHANI3yBaTH JaHl. 3aBkIu MOTpiOHO AMBUTHCS Ha dataset,
1100 MpUOIU3HO YSBJIATH SIK BiH BUTJIsSAA€ (HAsSBHICTh MPOITYCKIB, O3HAK Yy BU-
TJISA]T1 IPOCTHUX YHCEIT TOIIIO)

boston_df = pd.DataFrame(boston.data, columns=boston.feature names)

boston_df.head().

OckIbKM y HAc JIIMCHI YKCia, TO MOKHA PO3B’A3yBaTH 3a/lauy MnepeoadyeH-
HA A1MCHOT 3MIHHOI 3a JJOIIOMOTOI0 JIiHIMHOI perpecii. Buznauaemo cepensio 1i-
Hy OyAMHKY 3a gornoMoroto distplot 13 seaborn

plt.figure(figsize=(6, 4))

sns.distplot(boston.targer)

plt.xlabel(’ Price (in thousands)’)

plt.ylabel(’ Count’)

plt.tight layout()

plt _show().

Cepennsi 1miHa OyAuHKY KOJUBaeThcs B paiioni 20-30 Tucsy ponapiB. Y
MIPUHITUII, SIKIIO TlepeadadanHs BiIOyBaeThes 3aBxkau 3a 20 abo 30 Ttucsy gona-
piB 3a M dataset, To, IBHUIIIE 32 BCE, MU B3KE€ MOKEMO HEMIOTaHO BIa lyBaTH.

OckinpKM HaBYaHHSA JIIHIMHIA perpecii BUKIUKA€e 1HTEPEC, TO AJIS LbOTO IO0-
TpiOHO  imMmopTyBath 3  MoAyids linear model  BimmoBigHMI — Kiac
LinearRegression 1 orpuMaTu instance JaHOTO Kjacy — MOJIENb, sika Oyjie HaB4a-
tucs. J{ns toro, mo6 HaBuuTH MOojenb y sklearn, moTpiOHO BUKIMKATH METOJ
fit. Meton fit — 1ie cranmapTHuil iHTepdeiic, Ikl BUKOPUCTOBYETHCA B TEpeBa-
JKHIM OiabIocTi Moaeneit. Y meron fit mepenarorbes nani: Boston.data — e Ha-
0ip 00’exTiB (Habip iH(DOpMaIli po o3Haku); Target — 1e 1ILOBa 3MiHHA (Ha-
0ip, CIMCOK LIJIbOBUX 3MIHHUX KOXHOTO OyAMHKY, TOOTO cepelHs 1iHa OyIuH-
Ky B 1[1{i 00J1aCT1).

from sklearn.linear model import LinearRegression

linear regression = LinearRegression()

model = linear regression.fit(boston.data, boston.target).

Monens npoiiiiia HaB4aHHs, 1 cTaH 30epircst B 3MiHHINA model. J1jig mo4atky
NOTPIOHO TpoaHaNli3yBaTH MpolleC HaBuYaHHs. Bimomo, 1o jiHIAHA perpecis
«PO3KHUJIa€» BaroBi KOEMIIIEHTH 3 KOKHOI 03HAKOIO JIJI TOTO0, 1100 OI[IHUTH T€,
KWW BHOCHUTBCS BKJIaJ B mepeadadyeHHs AiMCHOT 3MiHHOI. Takum 4MHOM, SIKIIO
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NEPEMHOKUTHA yCl BaroBi KOeQIIEHTH 3 BIJMOBIAHUMH O3HAKaMH, TO Oyne
OTpHMaHa IJIboBa 3MiHHA, TOOTO CepeHs BapTiCTh OYJIUHKY:

feature weight df = pd.DataFrame(list(zip(boston.feature names,
model.coef )))

feature weight df.columns = [’ Feature’,’ Weight’]

print(feature weight df).

BuaHo, 1110 € pi3Hi Baropi KoeillieHTH y PI3HUX O3HAK, a caMe: BEJIUKI 1 Ma-
neHbKi Baru. OILIHIOBAaTH X a0COJIIOTHE 3HAYEHHS HE BapTO, TOMY IO iX HisIK HE
MoskHa HopMmanizyBatu. [Ipore, gkmio 6 ix MoxHa Oyn0 O MPUBECTH 0 STKOTOCh
OJTHOTO TIOPSJIKY, MOKHA Oyiio O BM3HAUUTH iXHIN JIACHUN BHECOK B mepenoda-
YyBaHy 37aTHICTh HAIIOi MOJIEII.

Ockinbku JdiHINHA perpecis 3a QyHkiiero (4.3) nepeMHo)kae Baropi koedirri-
€HTH 3 O3HaKaMH, TO MOXXHA BHKOHATH mnependadeHHs. [Ipuyomy moTpiOHO HE
3a0yTH BUIbHUM KOE(ILIEHT intercept, IKUI 3aBXKIM € Y HABUCHIM MOJEN JHIN-
HOI perpecii:

import operator

first_predicted = sum(map(lambda pair: operator.mul(*pair),
zip(model.coef , boston.data[0])))

first_predicted += model.intercept _

print(first_predicted).

Otpumano pe3ynbtat — 0151 30 THCSY HOTapPiB, — MO BKE OJIMKYE 70 TPaB-
1A, TOMY 1110 cepeiHe 3HaueHHs AopiBHIOE 20 a6o 30 TucsY g0JapiB.

Jl1s1 Toro, 1100 KOXKEH pa3 BPyUYHY HE MIEPEMHOXKATH BC1 BaroBi KoeilieHTH
31 3MIHHUMHU O3HAaK, BUKOPUCTOBYEThCSI CTAaHIAPTHUN MeToH predict, SKUW BU-
KJIIMKAETHCSI Y MOJICJI Ha JJaHUX, 11100 OTpUMATH KOHKpETHE rependadeHHs. [la-
HUN Metop predict aBTOMaTH3y€e BUIIEBKA3aHy MPOIEAYPY MHOKCHHS BaroBUX
koedimieHTiB. Ile Takox cranmapTHuil 1HTEepdec — B ycix Mouensx sklearn,
KpIM METONY fit, € TakoXK MeTo predict, SKUii J03BOJIsIE TIepe0ayaTH 3HAUECHHS.

predicted = model.predict(boston.data)

print(predicted[:10]).

Jlst Toro, 1mo0 OIIHUTH SKICTh BUKOHAHOI pOOOTH (BIAMOBIIHICTH OTpUMA-
HOTO Iepe0adeHHs peaJbHUM 3HaUYEHHIM ), MOKHA BUBECTH TaKy TaOJIMYKY:

predictions _ground truth df =

pd.DataFrame(list(zip(predicted,boston.target)))

predictions _ground_truth _df.columns = [’ Prediction’,’ Ground truth’]

predictions _ground_truth _df-head()

print(predictions _ground_truth_df).

OckUIbKM TaONMMYHI 3HAYEHHS € MEHII 1H(QOPMAaTUBHUMH, TO MOXXHA BHUKO-
pUcTOBYBaTH rpadiyHe NoJaHHs, Ha AKoMy OyJle BigoOpaxaTuch nepeadoadyBa-
HeE 1 J1JiCHE 3HAYEeHHS.
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plt.figure(figsize=(6, 4))

plt.scatter(predicted, boston.target)

plt.xlabel(’ Predicted’)

plt.ylabel(’ Ground truth’)

plt.plot([0, 50], [0, 50], color="red")

plt.tight layout()

plt_show().

VY niticHocTi Ha Tpadiky BCl 3HAYEHHS MAIOTh PO3MIIIYBATHUCh HA JIHIT Mij
45°. Bimbir TOro, € MeBHA MOXMUOKA, SKUHCH OUIKYBAHHH PO3KHJ, TOMY IO JIi-
HiliHa MoJieNIb (MOJIENb JIIHIMHOT perpecii) J0CUTh MPOCTa 1 cliabKka MOJICIIb.

4.6 Po3p’s13annd 3a1a4i kaacudikaunii

Posrnsnemo 3amauy knacudikariii Ha cranmaptHoMy dataset, e moTpiOHO
knacu(ikyBaTu pak rpylaed Ha JOOpOSIKICHY 1 3J0sAKICHY TyxJuHH. JlaHwii
dataset € cranmapTHUM, KU MOXKe OYTH 3aBaHTaXEHUHN 32 JOIIOMOTOI0 MOJTYJIS
datasets

from sklearn import datasets

cancer = datasets.load_breast cancer()

cancer.keys().

JUTSI OTPUMAaHHS OTUCY IbOTo dataset BHKOPUCTOBYETHCS KOMAH/Ia:
print(cancer.DESCR[:760]).

VY nanomy mpukiaai 61m3sko 30 XapaKTEpUCTUK KOHKPETHOTO THUITY MYyXJIH-
HH, a 3arajoM Oym3bko 600 00’exTiB. Ha mux maHMX MO)KHA HaBYATHCS IEepe-
Oauvatu kiacudikauiro (BUpilLyBaTy 3aaa4y kinacudikanii, nependayatu 0 ado 1,
JTOOPOSKICHA UM 3JI0sAKICHA y TTyxJinHa). [IpoaHanizyemMo BIAMOBIIHI JIaHi.

import pandas as pd

cancer_df = pd.DataFrame(cancer.data)

cancer_df.columns = cancer.feature names

cancer_df.-head()

print(cancer_df).

VY BIANMOBIIHUX JAaHUX € YUCJIOBI 3MiHHI, sIKI BU3HAYAIOTh TIEBHI XapaKTepH-
CTUKM Hamoro o0’ekta. [[ms Toro, mo0 mnpoaHaaizyBaTH pO3MOALT KJIAciB, MOT-
p1OHO BBECTH TaKl KOMaH/IU:

import matplotlib.pyplot as plt

import seaborn as sns

plt.figure(figsize=(6, 4))

sns.countplot(cancer.target)

plt.xlabel(’Class’)
plt.ylabel(’ Count’)
plt.tight layout()
plt_show().

43



[lepernsaaTu Moaia KiaciB B 3ajadax KBamidikailli 3aBXIu BaKJIUBO 1 He-
o6xinHo. Ilo-mepiie, moTpiOHO BUSBUTH HAsSBHICTH MPOMYCKIB 3HA4eHb. [lo-
Jpyre, 3aJ1eKHICTh 1 PO3MO/ILI KJIaciB MK COOO0I0 BIUIMBAIOTh HA TOBEIIHKY MO-
aeni. 3aBXKAU BOXKIMBO PO3YMITH PIBHOMIPHICTH PO3NOALTY. Y TaHOMY BUIAAKY
OJTHOTO KJIacy MPHUOJU3HO B JIBa pa3u Oifbllle, HDK 1HIIMX MOAIOHUX, alie 1€ He
CYTTEBO.

HactynHoro HeoOXiHO IMIOPTYBAaTH JaHy JIHIMHY MOJENb — JOTICTHYHY
perpecito 13 Moayis linear model. J1j1s1 1bOTO BUKOHYIOTHCSI @aHAJIOT14HI Jii: 1H-
CTAHI[IIOETHCS BIAIIOBIIHUM KJIAC, IIC/SA YOro B 1HCTAHCH BHKIIMKAETHLCS METO.I
fit. Momy mepenaroThest BiAmOBimHi faHi, ommc 06’€KTiB BiAMOBIAHO 10 O3HAK i
[IThOBA 3MIHHA, SIKA y TAHOMY BHUIIAJIKY € JUCKPETHOO BIAMOBIIIO «0» a060 «1»
(mobOposikicHa ab0 3TTOSKICHA MyXJIMHA).

from sklearn.linear model import LogisticRegression

logistic regression = LogisticRegression()

model = logistic regression.fit(cancer.data, cancer.target).

Takox MOXHA MpoaHaIi3yBaTH KOEQIIIEHTH 3BUYANHOI MO, Y SAKii Ta-
KOX € TeBH1 YKCJIa, TOMY [0 MOJIENb JIIHIHA:

print(model.coef ).

Jlns BU3HAUYEHHS Tiepe0auyeHHs] BUKIIMKAETHCS METOM predict. Y naHoOMY
BUMAAKY TependadaeThcsi HE JIMCHE YHCIIO0, a TUCKPETHA BiAMOBiAL — «0»
abo «1»:

prediction = model.predict(cancer.data)

print(prediction[:10]).

OCKITbKH aHaNI3YETHCS JIOTICTUYHA PErpecis, TO B JAaHIM MOJAET € METOJ
predict proba. JIns naHOTO THUITY JIOTICTUYHOI perpecii BAXKJIMBO aHATI3yBaTH He
TiIIBKU TIepeadadeHui Kiac, a e W HaCKUIBKU MOJIENIb BIIEBHEHA Y CBOEMY IIe-
pendadyeHH1, HaCKIJIbKM BOHA PO3MOJISIE CBOIO BIIEBHEHICTh IO PI3HUX KJlacax.
Hampuknan, moxkHa mporHo3yBaTu «0», ajne BHKOHYBAaTH 1€ 3 YIEBHEHICTIO
«0,6», MO IOCUTH CHJIBHO BINPI3HIEThCS Bim ymeBHeHoOCTI «0,9». Jlyxe
94acTo 1€ MOTPIOHO IJIsi PO3B’sI3aHHS 3a/1ad 0araTokiacoBOi Kiacuikartii, e
IPUCYTHSI MHOYKMHA BIJIMIOB1IEH (B17 ABOX 1 OUIBINE), IKUM OTPIOHO BUSHAUYUTH
B LIJIOMY PO3MOJALT BIANIOBIICH B HAIIIH MO,

prediction = model.predict_proba(cancer.data)

print(prediction[:10]).

Takox y Moz € METO Score, SIKAW BU3HAYa€ Accuracy:

print(CAccuracy: {}’ format(model.score(cancer.data, cancer.target))).

Y maHoMy BHITJIKy TIPOIEC HABYAHHS MTPOUIIIOB BiJIHOCHO HEMOTAHO, IO J0-
3BOJIHIIO 3 MOBIpHicTIO 0,95 BU3HAaUaTH HAsBHICTH JTIOOPOSIKICHOT M 3JI0SKICHOT
MYXJIMHH Y TAHOTO 00’ €KTA.
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4.7 KoHTpPO/IbHI TMTAHHS

1. OcHOBHI BUAM MalIMHHOTO HaB4YaHH. [Ipr3HaueHHs 1 3aCTOCYBaHHS.
2. llo Taxe niniitHa perpecis? Mera 1 npu3HaYEHHS.

3. [Ipu3HadeHHs QyHKITIOHANIA SKOCTI B 3aJ]a4ax aHAII3y TaHHX.

4. J1ns AKOTO TUITY 3a/1a4 3aCTOCOBYIOTh 1HTEJIEKT-JIOTICTUYHY Perpecito?

5 METOJA BUSHAUYEHHSA IKOCTI MATEMATUYHUX MOJEJIEA

5.1 Meroau BUMipIOBaHHS SIKOCTi MAaTeMaTHYHHUX MoJIeseil

JI7s mATOTOBKM JAaHMX 1 HABUYAHHS MOJACII MAIIMHHUM HaBYaHHSM IIIJIXO-
JIOM «3 YYUTEJIEM» BHUKOPUCTOBYIOThCS 0araTo pi3HOMaHITHUX MeToAuK. OmHi-
€10 3 HAWUIPOCTIIMUX METOAMK € BIAMpaBIEHHSA JaHUX B oOpaHy MaTeMaTUYHy
MOJIe/Th 1 HaBYaHHA ii 32 JOTIOMOTOI0 SKOTOCh METOJIy ONTHUMI3aIlii, HAaPUKJIIA/,
3a JOTMOMOTOI0 TPami€eHTHOTO cmyckKy. Ilicis HaBuaHHS JaHa MaTeMaTH4YHA
MoJeNb Oylie XapakTepUu3yBaTUCh MEBHUMHU IMapaMeTpaMmu, 110 AO3BOJUTH ii B
MOAANBIIIOMY BHUKOPHUCTOBYBaTH. [IpoTe moTpiOHO mepeBipUTH €(PEKTHBHICTH
poOOTH HAIIOi MAaTEeMAaTUYHOI MOl HA HOBUX JIAHUX, OCKUIBKA OCHOBHA METa
noOyZI0BY aJICOPUTMY HABYAHHS «3 YUUTEJIEM» MOJISTa€ B TOMY, 100 JaHa MO-
nenb ePeKTUBHO MpalffoBaia He TIIbKY Ha TPEHYBaJbHIN BUOIpII, ajie i B3araii,
1106 OyJia MOKITUBICT BITPOBAKEHHS JIJIs peaii3allli KOPeKTHUX 3aKOHOMIPHUX
nependayeHb.

OckiJIbKHU TIepeBipKa KOPEKTHOCTI poOOTH HaBYEHOI MAaTEMaTUYHOI MOJENI
B1IOYBa€ThCS Ha HOBUX (peajbHUX) JAHUX, TO BUKOPHUCTAHHS aOCOIIOTHO BCIX
MTOYAaTKOBHUX JaHUX JJIS HaBUYAHHS € Hee(PEKTUBHOIO MPaKTUKO. Tomy Handac-
Timne dataset po30uBaeTbCA Ha JEKUIbKAa YaCTHH, a came: Ha TPEeHyBATbHY 1 Tec-
ToBY BuOipku. Ha TpeHyBanbHIN BUOIpIl BiIOYBA€THCS HAaBYAHHS 1 HAJIAIITOBY-
I0TbCSI TMapaMeTpu Oe3mocepe/lHb0 camoi mMatemMaTuuHoi Mozeni. Ilicims goro
BIOyBa€ThCs TepeBipka poOOTH JaHOi MOJIeNll Ha TECTOBIA BHOIPIN 1 BH-
3HA4Ya€ThCs €(PEKTUBHICTh CaMOro nepeadoayeHHs. Aje 1 B JaHOMY BHUIIaJKy Ma-
I0Th Miclle TTpo0JieMH, OB’ 3aHi 3 HasBHICTIO e(PEeKTUBHOT pOOOTH Ha TpEeHYBa-
JBHIN BHOIPIN, aje 3aJuIIaeTbes mpodiieMa HEKOPEKTHOI poOOTH Ha TECTOBIN
BUOIpII, IO € PE3yIbTaTOM «IIEPECHABUAHHI» MaTEMaTUYHOI MOJCI Ha JaHii
TpeHyBaJIbHIM BUOIpI. J[aHe sSBUILE HA3UBAETHCA «OBEPPITTIHIOMY, SIKE OMHUCYE
JesIKI IIyMOB1 3aJIe)KHOCTI TPEHYBaJIbHOI BUOIPKH, ajie YHEMOKJIHMBIIOE OIKC
MIPUPOJIHUX 3AJICKHOCTEH, SIKI MOTPIOHO MOJICTIOBATH.

Jlns BUpilIeHHS JaHOo1 MpoOJieMH 1CHYIOTh Pi3HI miaxoau. OJHUM 13 TaKUX
MiAXO/IB € BUIAIKOBE p036I/ITT51 dataset Ha TpeHyBaJbHY 1 TECTOBY BUOIPKH y
TaKOMY MPOLEHTHOMY cniBBinHoOIEHHS, sk 80 Ha 20, a6o 90 Ha 10. OgHak yce
3aJIeKUTh 1 BiJ] KITBKOCTI 00 €KTIB, 30Kpema, Juis BEJIUKOI KUTBKOCTI 00’ €KTIB

BI/II[IJ'IH€TBC$I IICBHA THUCAYA, OJIA SIKOT 1 BlI[6yBa€TBC$I TCCTYBaHHA. OKpCMOIO 3a-
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Jadero € mepeadayeHHs 3a YaCOBHUMH O3HaKaMH a00 3a 4acCOBUMH psaaMu. Y
JTAHOMY BHUIMAJIKy MEepEMIIIyBaHHS HEMOXKJIMBE, TOMY 110 OyAyTh BPaXxOBYBaTHCh
JaHl MallOyTHIX nependadyeHb, a e, Y CBOIO Yepry, BUMara€ BUKOPUCTaHHS Jia-
HUX, PO30MTHX 32 yacOM. TaKOX SIKILO JTOCHIIKYEThCS MIEBHUM KJIac, SIKUHA Mae
MaJly KIJIBKICTh 00'€KTIB, MTOTPIOHO CIIJIKYBAaTH, 1100 yCi1 00’ €KTH JAHOTO KJacy
HE BUSIBWJIMCS, HAIIPUKJIAJI, Y TECTOBIM BHOIpIIi, 1HAKIIIE TIPOLIEC HABUYAHHS HE Bi-
0y IEThCSI.

JUis BupilieHHs! MPoOJIeMH «IIepeHaBYaHHSD) MATEMaTUYHOI MOJEINl TaKoXK
icHye O6araro miaxo/iB. OMHUM 13 TaKUX MIAXOIB, Y BUMAJAKY JIIHINHOI perpecii,
€ METOJl 3MEHUICHHs MOTYXHOCTI MaTeMaTHu4HOi Mojeni (moOyaoBa MmojiiHOMa
MEHIIOTO CTyHeHs). Y JaHOMY BUMAJAKY JaHa MOJIElb CTaHe OlIbI MPOCTOI0, a
1€, Y CBOIO Yepry, JO3BOJIUTH OMHUCYBATH AIMCHY peaibHy 3aJl€KHICTh IaHUX, a
HE SIKICh IITYMOB1 BUKU/IH.

HactynHuM miaxoaoMm € METOJl perylispusallii, sSikuid J03BOJISIE BU3HAYUTH
MaTeMaTUYHy MOJIEIb, sika O1IbII €()EKTUBHO OMUCYE JaHi. 30KpeMa, Mpu nody-
JIOB1 TIepe10avyBaHOl MOJIEN, BIIOYBAETHCS MOIIYK MEBHOI (DYHKIIIT Y BEIUKOMY
ciMeicTBl QyHKUINA. Bijbiie Toro, He ICHYE €AMHOTO PO3B’sI3Ky. ICHYE MHOXKMHA
pimieHb (QyHKIII), K1 3 TOCTaTHROK TOYHICTIO BUKOHYIOTh Mepe0aueHHs, aje
BCl 11 QyHKLIT MarOTh Pi3HI MapaMeTpH, I0 Oe3MOCepeIHbO BIUIMBAE HA CKIIAJ-
HICTh CaMO1 MaTeMaTU4YHO1 Mojiesi. ToMy MeTOJ peryisipu3allii HarnpaBJIeHUN Ha
MOITYK MaKCUMaJIbHO MPOCTOT MoJieni (MiHIMaIbHA KUTHKICTh BaroBUX Koedirri-
€HTIB, B pa3l JiHINHHOT perpecii). Po3risinemo perynspu3zartito L.2:

N

k
ridge_loss:%Z(yi—j/l-)2+/lzwl~2, (5.1)
i=1 i=1

ae N — po3mip BuOIpKH, y; — KOPEKTHA BiANOBiAb, Y, — HepeadaueHHs, A — Baro-
BUM KOE(DIIIEHT MpU peryiasipu3aTopl, w; — Baropuil koediieHT MaTeMaTHIHOI
MoJeNi, k — KIJTbKICTh BaroBUX KOE(]III€HTIB.

Taxkum yuHOM, 10JJATKOBO BiJI0yBa€Thes MTpadyBaHHS 3a BEJIMKY KITBKICTh
1 BEJIMK1 3HaUYCHHS BaroBUX KOE(IIIEHTIB, K1 BIJMOBIIAIOTh, BIAMOBIAHO, €KCT-
peManpHUM TIiKaM JTaHol JIIHIMHOI perpecii, a 1e iX, y CBOI 4epry, ycyBae. Ta-
KUM YMHOM BiJI0YBa€ThCS MOLIYK (YHKIIT B CIMEHCTBI yCIX MOKIMBHUX (QYHKIIIH,
10 e(peKTUBHO Oy/Ie OMMCYBATH MPUPOJIHY 3ATCKHICTh BIMOBITHUX TAHUX.

VY cBoro uepry, perynsipusaiis L.l BUKOpUCTOBYE MOYJIl BaroBux Koedirri-
€HTIB:

1 & 2 k
ridge_loss:ﬁZ(yl-—)?i) +/IZ|WZ- , (5.2)

ae N — po3mip BUOIpKH, y; — KOPEKTHA BiANOBiAb, y, — HependaueHHs, A — Baro-
BUM KOE(DIIIEHT MpU pEeryiasipu3aTopl, w; — Baropuil koediieHT MaTeMaTHIHOI
MoJei, k — KIJIbKICTh BaroBUX KOE(]III€HTIB.
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Perynspuzamis L.1 (5.2) no3Bonsie BiAOMpaTu O3HAKW TaKUM YHUHOM, 100
B110yBaJIOCh 3alIOBHEHHSI HYJISIMU O3HAK, SIK1 HE MOTPIOH1 JJIsl TaHOI MaTeMaTH-
gHO1 MoJieni. Tomy perymspusariis gonomarae 60poTucs 3 oBep(IiTTIHIOM 3 Te-
pEHaBYaHHSM, JO3BOJISIOYM BUIUIUTH SIKYChb KOHKPETHY (PYHKIIIIO B CIMEHCTBI
yCiX BU3HAUCHUX (YHKIIIH, a TaKOkK OE3MOCEPEIHhO CHPOIIYE CaMy MaTeMaTH4-
HY MOJIEb.

AJle Ipu peryJisipHOMY TOCTiOBHOMY po30UTTI dataset Ha TpeHYBaJIbHY 1
TECTOBY BUOIPKH 3 MOCIIIOBHUM HAaBYAaHHSAM JaHOi MAaTEMaTHYHOI MO Moc-
TYNOBO BiI0yBa€ThCs MEPEHABUAHHS 1€ I 1]l TeCTOBY BUOIpKy. ToMy 110 Bij-
OyBaeThCst Mou(iKaIlis mapaMeTpiB JaHOI MO sl pIBHO3HAYHOI poOOTH Ha
TpeHyBaJbHIi 1 Ha TecTOBii BUOIpKax. ToMy HaifuacTilie BHUKOPHUCTOBYIOTHCS
OuTbII CKJIaH1 MeToau po3outts dataset. [lepuum € meton po3OuTTs dataset Ha
TPH YAaCTHHH: Ha TPEHYBAJIbHY BUOIPKY, Ha SIKI MU TpeHyeMocs (Ha sIKii B110Y-
BA€ThCA HABYAHHS JaHOI MaTeMaTU4HOI MOJIEJN); Ha TeCTOBY BUOIPKY (Ha sIKii
Mi0MPalOThCs MTapaMeTpU JJAHOI MaTeMaTUYHOT MOJEIN1); 1 Ha BaJlialiiHy, 110
He OepeTbcs A0 yBaru 0 OCTAHHBOTO MOMEHTY. Alle Mpu BIPOBAKEHHI a00
ny0JTiKaiii po3po0aeHol MaTEeMaTUYHOI MOJIEl caMa SIKICTh ii, sKka B TMOJajlb-
oMy OyJie MpUMMaTUCh 32 OCHOBHY, BU3HAYAETHCSI HA OCHOB1 BaJIiIAlliiHO1 BU-
O1pKH.

Jpyrum, HEe MEHII MOMYJSPHUM METOJOM PO3OUTTA € Kpoc-Baiijaiis. Y
JTAaHOMY METO/I1, JUTsl HeBeNMuKuX dataset, y)xe BasijalliifHa 9acTHHA TaHUX Oy-7e
3a/isiHa JUIsl Kpamjoro HaBYaHHA MaTeMaTuyHoi mojeni. [lpu BukopucTaHHi
METOJy Kpoc-Ballijiailii 3araipHuil dataset po30uMBaeThCsl HA 1 IKMXOCh MPUOIH-
3HO piBHUX YacTHH. HacTymHuM BiIOyBa€THCS MOCTIAOBHE BUKOPUCTAHHS OJTHI-
€1 3 IIUX YaCTUH SK TECTOBOI BUOIPKH, a 1HIIMX — K TPEHYBAJIBHOI, MICJIS YOTO
BiIOYBAETHCS MK HUMHU OOMiH. TakuM YMHOM, YaCTHHA JaHUX € TECTOBOIO, a
pemiTa — TpeHyBaJIbHUMU. X04a 3a JJaHUM METOJIOM BUKOPHCTOBYIOTHCS YC1 Jla-
H1, aJIe 1e JI03BOJISIE HE TIPOXOJAUTH MPOIEC MepeHaBYaHHs. Y pe3ysbTari Bii0y-
BA€THCS YCEPEIHECHHS SIKOCT1 KPOC-BaIiaIlii 1 BAKOPUCTAHHS MOTO K METPUKHU
KpOC-BaJIiIallii.

OpHuM 13 0COOIUBOCTEN MAIIMHHOTO HABYAHHS € JOTPUMAHHS KOMIIPOMICY
MDK 3MiIIeHHsM 1 po3kugoM (bias-variance tradeoff). 3 ogHoro 6oky, moTpidHoO,
o0 MaTeMaTU4YHa MOJENIb MaKCUMalbHO OMNKMCYBaJla TPEHYBAJIbHY BHUOIPKY
(BpaxyBaHHS BCIX ICHYIOUHX 3aJIEKHOCTEH), a 3 IHIIOTO — TMOTPIOHO YHUKATH
«TepeHaBYaHHD) M1 HEl.

3 oaHOTrO OOKY, SIKIIO MOOYAYETHCS MaTeMaTUYHA MOJENb, SKa HalKpalie
ONKCY€E TPEeHyBaJbHY BUOIPKY (MOKa3HUK variance Oyae BHCOKHM), ajie MpHU
crpo0i BUKOPHUCTAHHS JaHOI MaTeMaTHIHOT MOJCII Ha 1HIINX JaHUX OTPHUMAEMO
BEITUKHUM PO3KHUJ B OIIHKax. 3 IHIIOTO OOKy, SKIIO Oyae moOyaoBaHa 3aHANTO
poCTa MaTeMaTUYHa MO/JIENb, SIKa CJIa00 OMKCYE TPEHYBAJIbHY BUOIPKY, TOA1 K
pe3ysbTar Oyne moraHe nepeadadeHHs 31 3MileHHsIM. TakuM 4rMHOM BijOyBa-
€ThCSl IEBHE MaHEBPYBaHHs (Ipa), sika Ha3UBaeThecs «bias-variance tradeoff», B
AKIM MOTPIOHO PO3YMITH, 1110 MPU HABYAHHI MAaTEMAaTUYHOI MOEI 3aBXK]IU MOT-
p10HO BUOMPATHU SKECh «MEHILIE 3 JIBOX 30JD».
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5.2 MeTpuKH AKOCTI MATEMATHYHHUX MoO/eJieil

OrinKy SKOCTI MOOYJOBaHUX MaTEMaTHYHHUX MOJENICH MallMHHOTO HaBYaH-
Hs JIOIIJILHO PO3TJISHYTH HAa HaBYEHIN JIHIMHIN perpecii abo kimacudikariii, 1o
JIO3BOJIUTh BUBHAYMUTH IXHIO €PEKTUBHICTh POOOTH.

3okpema, I 3a1aul kiacudikaiii nependadaeTbes 3HadyeHHs «0» (Moenb
crpaiboBye) a6o «1» (Moaenb He CIpalboBYE) 1 JI0JaTKOBO MOXKe OyTH MoOy-
JIOBaHA MaTPUIIS TTIOMUJIOK, sIKa MOKA3ye, K CIIBBIIHOCITHCS BU3HAUYEHI TIEPEI-
OadeHHs 3 peadbHUMHU JaHUMU. Hampukiman, sSKimo MaTeMaTH49HAa MOJENb CIIpa-
I[IOBaJIa 1 Moka3aja 3HadyeHHs «1», a HacmpaBai Mae Oytu «0», Tomi me «false
positive» (FP), a skuo O0yno mokazaHo «0» Tam, ae mMae Oytu «0» — 1e «true
negative» (TN). Halinpocrimia i JioriyHa METpHKa, sika MOXe OyTH BUKOpPUCTaHA
B 3aj1auax kiacudikariii, e «accuracyy (4acTka MpaBHIIBHUX BIAMOBIIEH y Ma-
TeMaTUYHIN MOJEII):

TP +TN
TP+ FP+TN + FN

(5.3)

accuracy =

Ane, HE3BaXKal04yu Ha Te, 10 METPUKA «accuracy» JOCUTh 4acTO BUKOPHUC-
TOBYETBHCS, YV JESIKUX BUIMAAKax aOCOJIOTHO HE MOXe OyTH 3acTOCOBaHa, Ha-
NpUKIaj, IPYU HASBHOCTI cepho3HOTO aucOanaHcy kiaciB. [Ipumyctumo, moT-
pi1OHO BUPIMIKUTH 3ajauy Kiacudikaiii piBHS 370pOB’S MaIll€HTIB (3M0POBUM 1
HE3/I0POBUIA), MIPU LILOMY € AKacCh piJIKiICHa XBOpoOa, 110 3yCTPIYAEThCS B O-
HOMY BHUMAJKy 31 cTa. | sikmo Oyne moOyoBaHO MEeBHE KOHCTaHTHE mepeada-
YEeHHS, IKE CTBEP/IKY€ MPO 3I0POBUI CTaH JIIOJIMHU, TOJI1 3HAUEHHSI «accuracy»
nopiBHOBaTUMe 99%. Xoua 3HAYCHHS BEJIMYMHU «accuracy» JOCTaTHbO BUCO-
Ke, ajie JaHa MaTeMaTHYHa MOJENb y JaHOMY BUIIAJKy Hempaie3fgatHa. Jlis
MOJOJIaHHS TMOMIOHUX MPoOJIeM TOTPIOHO BUKOPUCTOBYBATH OLIBII CKJIAJIHI
METPHUKH SKOCTI:

— MeTpuKa «Precision» MOKa3ye 4acTKy KOPEKTHOTO CIIpallbOBYBaHHS Ma-
TEMaTUYHOI MOJIENl Ha PiBHI 3 yciMa MO3UTHBHUMU CHpaltoBaHHAMHU. Harpu-
KJIa/1, SIKIIO MTOKa3Yy€eThCS «1», TOI HACKUTBKU YacTO 1€ BUKOHYETHCSI TOYHO

1P

— 54
TP+ FP (>-4)

precision =

— MeTpuka «Recall» mokaszye HacKIJIbKU OUIbIIe «1» B mioMy OyJio 3HaM-
JICHO, 1 SIK TOBHO OYJIM OMMcaIu HaIll AaHl

recall :L. (5.5)
TP+ FN

Jani metpuku (5.4) 1 (5.5) gy»e 4acTo MOXKXYTh BUKOPUCTOBYBATHUCH Y pasi
nvcOanaHcy KiaciB. Skimo notpiOHO 00’ eHaTH «precision» 1 «recally, Toa1 BU-
KOPHCTOBYIOTh CEPEIHE TAPMOHIUHE MK HUMU:

48



7. o
F = pVe.Cl.SIOI/l recall . (5.6)
precision + recall

Takox icaye mapametp «logloss» (muB. (4.5), miaposna. 4.4), sskuii po3risaa-
€THCS K MEBHE 3BAYKEHE 3HAUEHHS «accuracy», To0To mapametp «loglossy» cyt-
TEBO MITPa(dyIOTh 32 BIIEBHEHICTh Y HEMPABWIbHIN BiIOBII.

I me ABOMAa BaKJIMBUMHU KOHCTPYKTUBHUMH MapaMeTpaMH, SIKi JTy>Ke 4acTo
BUKOPHUCTOBYIOThCS, € «ROC AUC» 1 «P-R AUCh.

[Ipu BukopucranHi koHCTpykTUBHOTO Mapamerpa «KROC AUC» BinOyBa€eTh-
cs BIIKJIQJIAHHS «frue positive rate» TIpOTH «false positive ratey:

true _positive _rate = P ; (5.7)
TP+ FN
FP
alse _positive _rate = ———. 5.8
Jalse _p - FP+TN (5-8)

HeoOxigHO BIAMITUTH, IO Y HAaC BU3HAYAETHCS IUIOIIA Mif MOOYIOBAHOIO
KpUBOI0. TakuM YMHOM, SIKIIO JaHa IJIOIa AOPIBHIOE «1» (MOBHICTIO 3aKPUTHUI
€IMHUN KBaJpaT), TO KJIacu(pikaTop € 1IealibHUM. SKIIO 1Ioia J0PiBHIOE IPH-
o6m3HOo «0,5», To KiacudikaTop € BUMAAKOBUM 1 3HAYHOTO CEHCY BiH HEMAE.

AHasioriyHo 1 3 kinacudikatopoMm «precision-recally kpupoi (1 — knacudika-
TOP 17€aIbHUM, 1 T. J1.), AKa Ty>KE€ YACTO BUKOPUCTOBYETHCS Y BUMAAKY HasIBHOC-
Ti qucOanaHCy KJaciB.

Takox MoxHa otpumatd RMSE MeTpuky, sika 4acTo BUKOPUCTOBYETHCS SIK
y3aranbHeHHs1 MeTpuku MSE (aus. (4.2), miaposn. 4.3)

RMSE = MSE . (5.9)

BaxnuBoro  MeTpukoro €  Koe(]illleHT JeTepMiHarlii  «R-squared»

(—0>R?*>1)
N

(J’i

> (-5

RP=1-L (5.10)

—_—

.
S (-3

~
—_

ne N — po3Mip BUOIPKH, y; — 3HAUCHHsS] KOPEKTHOI BIAMOBIII, y; — 3HAUYCHHS Tie-
penbaveHHs, y — CepeHE 3HAUCHHS BUOIPKH.

KoeoimienT nerepMinalii mokasye, sk Kparie MO>KHa OIUCATH JAUCIIEPCIIO Y
BIJIMOBITHUX JaHUX. SIKI0 KoedimieHT aeTepMiHalli JOPIBHIOE OJWHMII, TOJI
I1€ BUCTYTA€E MTOKa3HUKOM HAsBHOCTI MO>KJIMBOCTI JIJIsi TIOKPAIIICHHS SIKOCTI, aje
SKIO TIOKa3HHUK «R-squared» MEHINIE HyJs, TOAI JaHA MaTeMaTHYHa MOJIEh
HEMa€ CEHCY.

49



5.3 3acTrocyBaHHSI METPHK SIKOCTI

3 METO BHU3HA4YCHHS €()EKTUBHOCTI poOOTH MOOYI0BAaHOI MaTeMaTUYHOI
MOJIe/Il Ha HOBUX HEBHU3HAYEHUX JAHUX MOTPIOHO OIIHUTHU SAKICTH MOOYI0BaHOI
MaTeMaTUYHOI MOJIEJII 1 BUBHAYUTH METOJ PO3OUTTS TaHUX.

JIns 1poro JOUUIBHO BHKOpHCTaTH O10mioteky sklearn 1 cranmapTHui
dataset, Hanpukiaz, BuieBkazaHui dataset 3 paky rpynen. Takox A01aTKOBO
IMIIOPTY€THCS HOBUM MOJYJIb Metrics, B SKOMY MICTATbCSA (PYHKIIII, SIK1 TOIIOMa-
raroTh OLIIHUTHU AKICTh pOOOTH OOYI0OBaHUX MoAenel. [ moyaTky MOKHA BU-
KOPHUCTATH JIOTICTHYHY PETPECIIO0, 3 IKOIO BXKE 3HANOMI

from sklearn import datasets

from sklearn import metrics

from sklearn.linear model import LogisticRegression.

HapuanHs gaHO1 JOTICTUYHOI perpecii MpoOBOIUTHCS 3a JIOMTOMOTO0 METOTY
fit Ha BCcix maHuX. 3BaKeHE 3HAUYCHHS METPUKHU TOYHOCTI Accuracy aHaI3yeThCs
3a JIOIIOMOT'0I0 METOY SCOTre Yy JAaH1id MOJei

cancer = datasets.load breast cancer()

logistic regression = LogisticRegression()

model = logistic_regression.fit(cancer.data, cancer.target)

print("Accuracy: {:.2f} .format(model.score(cancer.data, cancer.target))).

AHanoriuae 3Ba)XeHe 3HaYCHHsSI METPUKH TOYHOCTI Accuracy MOXHa BHU3HA-
YUTH, TOOYTyBaBIIN MOJIENb JJIsl TPOTHO3YBAHHS 3a JOMIOMOT0I0 MeToay predict
Ha BCIX JIaHMX, 1 IUISIXOM BUKIHKY Y MOJYJISI metrics pizHUX QyHKIii. Hampu-
KJIaJI, KOMaH/Ia accuracy score TaKOXK MOBepTae 3BakeHE 3Ha4eHHs Accuracy.
IcHye mocuTh BenMKa KUIBKICTh PI3HUX METPUK K Ui Kiacugikaiii, Tak 1 A
perpecii, Siki MOXYTb OyTH BUKJIMKaHUMHU, MOKYTh BUKOPUCTOBYBATHUCH 1 aHAaJIi-
3yBaTHUCh

predictions = model.predict(cancer.data)

print(’Accuracy: {:.2f} .format(metrics.accuracy score(cancer.target,
predictions)))

print(’ROC AUC: {.:.2f} . format(metrics.roc_auc_score(cancer.target,
predictions)))

print(C’F1: {:2f} .format(metrics.fl _score(cancer.target, predictions))).

BumeBkazanum Oyio BigMiueHO, IO MPOIIEC HABUYAHHS HA YCIX JIaHUX HE
3aBXIU MPABUJILHUH IIJISX, TOMY [0 HEMOXJIMBO JOCTOBIPHO OILIIHUTH MOBE/II-
HKY JTaHOi MOJieJli Ha Oy/Jb-IKMX HOBUX AaHUX. Hampukiam, npu BIpoBaHKCHHI
noOy1oBaHoOi Mozei OyJio O palioHaJbHO HAaBYATH MOJIEJIl Ha OJIHUX JaHUX, ITi-
CJisl YOro aHaji3yBaTdh Il MpoIeC MOBEAIHKM Ha JEIKOMY HOBOMY HaOopi
JaHUX. Y JaHOMY BUIIAJIKy MOKHA BUKopucTath MeTo model selection

from sklearn.model selection import train_test split.

VY wmeroni train test split mepegaroThCsi BIAMOBIIHI JaHi, MEPEAarOThCs ix
O3HAaKM 1 IITbOBa 3MiHHA. JlaHi pO30MBAIOTHCS HA TECTOBY 1 TPEHYBAIBHY
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BUOIpKY. Y TpeHyBalbHIM BUOIpIIl, Ha KM BiAOyBa€ThCS HAaBUaHHS, MigOHpa-
IOThCS ITApaMETPH MOJICIII MICJIS YOro OIiHKA ii SIKOCTI BUKOHYETHCS HA TECTOBIM
BUOIpIIi 1 HA HOBUX 00’€KTax, sAK1 Iie He Oynu Bu3HaYeHUMU. Lle y cBoro uepry
JI03BOJISIE BU3HAYMUTH CTYMiHb HABYEHOCTI MPUPOIHOI 3aJE€KHOCTI Yy po3poliie-
Hi Mozeni. 3 MeToro dikcallii SKOCTI BUKOPUCTOBYETHCSI BUMAKOBE 3HAYCHHS
seed 12

X _train, x_test, y train, y test = train_test split(

cancer.data, cancer.target, test_size=0.2, random_state=12)
model = logistic_regression.fit(x_train, y_train)

print("Train accuracy: {:.2f} . format(model.score(x train, y train)))

print(’Test accuracy: {:.2f}  format(model.score(x _test, y_test))).

3HaueHHs SKOCTI MOJIENl Ha TECTOBUX JIAaHUX JIEHIO TipIle, 10 € JOTITYHUM
pEe3yNbTaTOM HaBYAHHS MOJIETI HA OJTHUX JIaHWX, @ BUSHAUYCHHS 3HAUCHHS SKOCTI
— Ha IHMUX. BiAMIHHICTh 3HAYEHB SKOCTI HE3HAYHA, aJie SKIO 3HAYCHHS Oy/e
ounbmie abo mopiBHtoBaTH 0.6, TO 1€ CBIMYUTH MPO MEpPEHABUYAHHS MOJEII i
TPEHYBaJIbHY BUOIPKY.

AHanoriuHy npoleaypy MOKHA MPOBECTH 1 JiJIs 3aa4i perpecii. [Ipu nbomy
BIIMIHHOCTEH Hebararo, ajie MO>kHa BUKOPHUCTATH JCKIJIbKa HOBUX KJIAciB, a Ta-
KO 1HIIII MOKJIMBOCTI JITHIMHOT perpecii.

I3 moayns linear model 3-ro kmacy iMnoptyroThesi Metoau Lasso, Ridge i
ElasticNet, sxi 703BOJSIIOTE peanizyBaTd €IUHY PETPECiio 3 PI3HUMH BUIAAMHU
perynsapuzanii. Lasso — 1me Lj-perynspusanis, KoJU y Hamy (QyHKIIO
J0JIaI0ThCSl TOMUWJIKM TEPILIOT HOPMHU Bar, TOOTO A0Jal0ThCsl (QYHKLII CyMU MO-
TyJiB Bar, skl B JIaHWM MOMEHT MICTATBCS y BIJMOBIMHINA JIIHIMHIN perpecii.
Ridge — e rpebHeBa perpecis, sika gojae cymy kBajapartiB Bar. Y ElasticNet no-
naroThesl K Li- Tak 1 L,-perymspusanis. Tomy s poOOTH BHKOPUCTAEMO
dataset boston:

from sklearn.linear _model import Lasso, Ridge, ElasticNet

boston = datasets.load boston()

lasso = Lasso()
ridge = Ridge()
elastic = ElasticNet()

for model in [lasso, ridge, elastic]:

X_train, x_test, y train, y_test = train_test split(\
cancer.data, cancer.target,
test size=(.2)

model. fit(x_train, y_train)

predictions = model.predict(x_test)
print(model. __class )
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print(’MSE: {:.2f}\\n’.format(metrics.mean_squared_error(y_test,

predictions))).

VY nanoMy BUNAAKy 3Ha4eHHS MeTpukM MSE Tpoxu HIKYe, HDK IHIIUX
GyYHKIIH, 0 CBIYUTH PO OLIBII Kpallly TOBEIIHKY TpeOHEeBOl perpecii.

Takox MOXXHA MPAIFOBATH 3 IHIIMMHU (YHKIISIMHAI3 MOAYJIS metrics, Halpu-
Kian, L, score

print(’R2: {:.2f} ".format(model.score(x_test, y test)))

print(’R2: {:.2f} ".format(metrics.r2_score(y_test, predictions))).

HacTtynHuii po3noBCIO)KEHUN KOPUCHUNA METOJA — 1€ Kpoc-Baiijaiis, Je
BUKOPUCTOBYETHCS MIAXIJ, IKHI T03BOJISIE€ HE BIIKIAIATH JACSIKUNA HAOlp TaHUX Y
yopHui amuk. [le mo3Bosisge€ He TIMPKH HUMHU KOPUCTYBATHCH IS MOJANIBIIIOTO
TECTyBaHHS, aJie 1 BUKOPUCTOBYBATH yci AaH1 B3aramii. [Ipore 11e BUKOPUCTOBY-
€THCS Y TOMY BUNAAKY KOJHU BIJOMO, IO JaHA MOJENbh HE 37aTHA 10 TepeHa-
BUAHHS 1 Ma€ BUCOKHUH CTYIIHb aJICKBATHOCTI.

Jlist mpukiagy MOKHA BUKOpUCTAaTH HOBHMH dataset-iris (cTaHmapTHHL), e
Oyzie BUPIIIYBATUCh 3a7a4a Kiacu(ikallii Ha MPUKIIA/l KBITIB TUITY 1pUCH

from sklearn.model selection import KFold, cross val score

iris = datasets.load iris() iris.keys().

VY HasBHOCTI € YOTUPU O3HAKHU KBITKH — II€ JIOBKMHA 1 IUPUHA METIOCTKH, JI0-
BXKHMHA 1 IIMPHUHA YaIOJUCTHUKA. [lnanyeThcs nepeadadeHHs: TpbOX PI3HUX KIIACIB
1pUCIB, IPUUOMY BUSIBIISIETHCS, 110 116 MOKHA Pealli3yBaTy TUTBKHU 32 IUMH XapakK-
TepucTiKamu. ToOTO, MOTPIOHO BU3HAUMTH OMH 13 TphoX Kiacis: 0, 1 abo 2.

Jlana 3amaua Oyae  BUpIIIYBaTUCh 3a  JIOMIOMOTOKO  JIOTICTHYHOT
perpecii. J{ns Toro, mo0 BUKOPUCTOBYBATH KpOC-BaTiNAIlilO, B ITUKI1 MOXHA
BUKOpPHUCTATU MeToA split 1 po30UTH Hallll JaHi, HAMPUKIIAJ, HA T STh OJIOKIB —
0e3rocepeIHbO I’ SITh Pa3iB BUKOPUCTOBYBATH KOXKEH 3 HUX SIK TECTOBUIN OJIOK

logistic regression = LogisticRegression()

cv = KFold(n_splits=5) # +StratifiedKFold

for split_idx, (train_idx, test idx) in enumerate(cv.split(iris.data)):
X_train, x_test = iris.data[train_idx), iris.data[test idx]
y_train, y_test = iris.target([train_idx], iris.target(test idx]

logistic_regression.fit(x_train, y_train)
score = logistic_regression.score(x_test, y_test)
print(’Split {} Score: {:.2f} ".format(split_idx, score)).

VY nmanomy BUTNIAJKY 3BaKCHE 3HAYEHHS METPUKH TOYHOCTI Accuracy Jemnio
BapIIOETHCS, SIK B/l MPUUHATHUX, TaK 1 10 HEMPUIATHUX.

BignoBigHo, joriyHuM BapiaHTOM Oyino O ycepeaHIOBAaTH IO SKICTh Ha
Kpoc-BaJlijiailii, /e micis 4oro o0paTu cepeaHe 3HadyeHHs. [IpoTte BUKOHYBaTH
1Tepario moAiIOHUM IIJISXOM KpOC-BalliJlallil He 3aBXK/I1 palliOHAJIbHO, 1110 BUMa-
rae BIPOBAJKEHHS aBTOMATH3AaIlli 3a JomoMoroto (pyHkIlii cross val score:

cv_score = cross_val_score(

logistic_regression, iris.data, iris.target, scoring="accuracy’, cv=cv)
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print(’Cross val score: {} .format(cv_score))
print(’Mean cross val score: {:.2f} " format(cv_score.mean())).

5.4 KoHTpPOJIbHi MUTAHHSA

1. SIxi iCHYIOTP METOJW 1 MIAXOMW ISl BUPILMIEHHS MNPOOJeMU «IepeHa-
BYaHHS» MaTEeMaTHYHOT MOzei?

2. Mera 1 npu3HaUYEHHS METPUK SKOCTI MaTEMaTHUYHUX MOJEIIEH.

3. V sxux BUMaaKaX HEMOKIMBO 3aCTOCOBYBATH METPUKY SIKOCTI Ha OCHOBI
YaCTKY MPaBUJILHUX BIAMOBIACH y MaTEMaTUUHIN MoJieTi «accuracy»?

4. o Take koediIieHT ASTEPMIHAII] IPY BU3HAYEHHS SIKOCTI MaTeMaTH4-
HUX MOJENEi?



3ABJIAHHSA JIABOPATOPHHUX POBIT

JlaGopaTopna pooora Ne 1. 3acodu peasizanii MAaTeMAaTHYHOTO0 MO/Ie-
JIIOBAHHS TA aHAJI3Y TaHUX

Meta poboTn
Han0anHg npakTUYHUX HaBUYOK 13 3aCTOCYBaHHS OCHOBHHX O010J110TEK
NumPy, SciPy i Pandas ams epexTuBHOrO po3B’si3aHHS IMIUPOKOTO KOJa 3a/1a4y
aHAJIITUYHOTO aHaNi3y JaHUX B MporpaMHoMy cepenoBuii Python.

3aBJ1aHHS HA MIATOTOBKY

Cmyoenm mae 3namu.:

— TIOHSTTA Ta OCOOJIMBOCTI 1HTENEKTYaJIbHOI 3aj1a4l aHaJ13y JaHUX;

— ¢dopMu Ta METOU TIOJaHHS 1HTEJICKTYyJIbHUX 3aJ1a4 aHaJI3y JaHUX;

— MoBHu nporpamyBadHsi PYTHON;

— OCHOBHI TOHATTS MpHU pOOOTI 3 OaraTOBUMIPHUMHU MacHBaMH JIaHUX 010-
mioteku NumPy;

— OCHOBHI TOHATTSI 3 NMOJATOTOBKH Ta aHaJli3y JaHuX y 010ioTer 6101i0TeI
Pandas;

— METOJU TPYIyBaHHS 1 IEPETBOPECHHS O3HAK JIAHUX;

— OCHOBHI 3aC00H TIpH POOOTI 3 JEKITbKOMA TaOTUISIMHU.

Cmyodenm mae emimu:

— cTBOproBartu nmporpamu MmoBoro PYTHON.

s 0onycky 0o 8uKkoHauus pooomu nompioHo.

— BMITH BIJITIOBICTH Ha TEOPETHYHI MUTAHHS 32 X0JIOM BUKOHAHHS pOOOTH;

— TOKa3aTH BUKJIaJlayy 3arOTOBKY 3BITY MPO JJabopaTOpHY poOOTY, sika Mae
MICTUTH TUTYJIBHUH JIUCT Ta OMKUC OOpaHOi MPEIMETHOI raysi.

3aBaaHHA HA J1a0OpaTOpPHY podOTYy

1. Ha caiiti https://www.kaggle.com/datasets migiopaTu Oyab-sIKuii qaTacer,
10 MICTUTh YMCJIOBI 3HAYEHHS Ha PiBHI 3 TEKCTOBUMHU JaHUMHU. [3 oTpuMaHuUM
JaTaceTOM BHKOHATHU YC1 Omepallii Ha MpUKIIaJl 3aJaHOT0 aTaceTy citibike.csv,
10 HaBeAeHi B MyHKTI 1.3.2 ans po6otu 3 00’ extom Pandas.DataFrame.

2. JInst oTpuMaHOro aTaceTy 3a JA0MOMOIO0 1HCTpyMEHTIB 6i0mioTeku Pan-
das BUKOHATH omeparlii: TpyIyBaHHS JaHUX (IUB. MiApo3a. 1.4) 1 mepeTBOpeHHS
o3HaK (muB. miapo3a. 1.6).

3. Ha caiiti https://www.kaggle.com/datasets migiopatu Tpu OyIb-IKHUX
JaTaceTiB, 110 MICTATH JEAKl YMCEIbHI 3HAUEHHS Ha PIBHI 3 TEKCTOBUMH JIaHU-
MU. [3 OTpuMaHUMU aTaceTaMHl BHKOHATH YCi Oomepallii Ha MPUKJIaai 3a1aHOTO
naracety boston-airbnb-open-data, mo HaBeeHUM B T1Apo3aii 1.5. 11t poboTH
3 IeKIJIbkoMa TabuisaMu (quB. miapo3a. 1.5).
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IHopsnoxk BUKOHAHHA Po0OTH

1. BcraHoBUTH IUCTPUOYTHUB MpOrpamMHOro 3abe3nedyeHHs 3a BeO-aapecoro
https://www.anaconda.com/distribution/.

2.V BcranoBinenomy Anaconda.Navigator 3anyctutu Jupyter.Notebook.

3. ¥V pobouomy BikHi Jupyter.Notebook, Ha OCHOBI HaBEIECHMX IPHUKIIAJIIB
po6otu B 616mioterii NumPy, cTBOpUTH /JBa TBOBUMIPHMX MAacHUBHU pO3MipamMu
(n+2)x(n+2), AKi 3alOBHEHI BUIAJIKOBO 3T€HEPOBAHUMH YHCIAMH B Jlialia3oHi
Bi7 0 10 9 (n — NOPSAAKOBUI HOMED CTYJIEHTA Y CIIUCKY KypHaia).

Han orpuManumy MaTpuiisiMy BUKOHATH OTIepallii 10JaBaHHs, BiHIMaHHS,
JIJICHHS, @ TAKOK CKAJIAPHE 1 BEKTOPHE MHOXKEHHSI. /{7151 OTpuMaHuX MaTpHilb, 3a
pe3ynbTaTamMu apuMETUYHUX Olepalliid, 3HalTH: BU3HAYHUK, BJIACHI YHCIIA,
BJIACHI BEKTOPH.

4.V 616mioteni SciPy nns 3aganoi ¢yskiii (tabn. 1.1) BUBHaAUNTH: MOXIAHY
(B 3amaHiil Toulll), MEpBICHY (Ha 3aJaHOMYy MPOMIKKY), a TaKOX BHUKOHATH
ONTHUMI3alliI0 (BUBHAYUTH TJI00AIBHUM 1 TIOKAJTbHUN MIHIMYMU).

5. Y 6i6mioteni Pandas cTBOpUTH OTHOBUMIPHUM MAacHUB 13 BUIBHO 33JJaHUMHU
MITKaMHU 0€3M0CepPeIHbO CaMUM CTYAEHTOM po3MipoM n+1 (n — NOpPSIKOBHIA
HOMEp CTyJC€HTa y CHHUCKY XypHany). Takox y maHiid Oi0Ji0Tell CTBOPUTH
CJIOBHUK pO3MipoM #n+1 13 BIAMIOBIIHUMU 1HAEKCAMU, BUIBHO 3aJaHUMHU CTY/ICH-
toM. Han gaHuM OJHOBUMIPDHUM MacHMBOM BHUKOHATH Olepallii, HABEJIEHI y MiJI-
nyHkTi 1.1.3.1 qyist pobotu 3 06’ ekramu Pandas.Series.

3micT 3BiTY

1. 3BiT 3 mabopatopHoi poOoTu Mae OyTH BUKOHAHUHN Ha Juctax Gopma-
Ty A4.

2. 3BIT Mae MICTUTHU: Ha3By JjabopaTopHOi poOOTH, ii METy 1 KOpPOTKI
TEOPETUYHI B1JIOMOCTI.

3. B poznini «Pe3ynbTaT BUKOHAHHS JJAOOPATOPHOI POOOTH» CTYAEHT Mae
J0JIaTH PO3JIPYKOBAH1 Ha MPUHTEPI JICTIHT MPOrpamMu 3 KOMEHTAPSAMH 1 pe3yJib-
TaTh poboTu B 6i0miorekax NumPy, SciPy i Pandas, nmpoimtoctpoBanuii ckpiH-
III0TaMH, Ha OCHOBI 3aBJjaHb, HABEICHUX y JaHiil 1abopaTopHiii poOOTi, a TAaKOXK
HaIMCaTH BUCHOBKY 3 BUKOHAHHS JIaHOI Jab0paTOpHOI pOOOTH.

Ipuxkiaaau 3aBIaHb HA J1a00PATOPHY POOOTY
Ta6mung 1.1 — BapianTu 3aBianb

InTepBan Koopaunatu Toukn

Y.y, OyHKIIA fX) IHTErpyBaHHS JUTSL TIOX1THOT

[a; D] yHKuii flx)
1 Inx/x J1+Inx [1,0; 3,5] 1,0
2 tg’x +ctg’x [1/6; /3] /4
3 1/xInx [1,5; 3,0] 2,0
4 In*x/x [1,0; 4,0] 2,0
5 e —1 [0; In2] 1,0
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[Tponosxkenus taod. 1

6 xe' sin x [1,0; 4,0] 2,0
7 0,5x(e" —e™) [0; 2,0] 1,0
8 1/ \/9+.x3 [2905 590] 330
9 sin(l / x)x4 [1,0; 2,5] 2,0
10 x’arctgx [0; V3] 1,0
. X
11 arcsin 0:; 3,0 2,0
(1 + X) [ s~ ] o
12 x*(1+Inx) [1,5; 3,0] 2,0
13 1/N1+3x+2x° [0; 5,0] 2,0
14 x> =014/ x [2,3;6,0] 2,0
15 2% ln|cos x| [0; /2] /6
16 (e +1)/(e"+1) [0; 2,0] 3,0
17 xarctgx [ N1+ x° [0; 2,0] 2,0
18 sin’ x / ln(l + x3) [0; /4] 2,0
19 x’N4-x [0; 1,8] 1,0
20 e*cos’ x [0; 2] /8
21 sinx / arcctg8x [0; «t] /3
22 arcctg3x + 2arcctgx [0; 1,57] /5
23 7x + 6arctgx [0; 37] /7
24 x — 4arcctgx + sin x [0; =] /8
25 xtg5x — 4arcctgx +sinx [0; /2] /10
26 X +Inx+2 [2,5;5,0] 2,0
27 e +cos’x+x’ [-27; 27] /8
28 arcctg2x + Sarcctgx — In x [-2m; 27] /5
29 Inx/V1+x+x° [-5,0; 5,0] 2,0
30 x+e'sin2x+Inx [1,0; 4,0] 2,0

JlabopaTopHa pobora Ne 2. MeToau Ta 3aco0u BisyaJisalii pe3y/jibTaTiB
aHaJIi3y JaHUX

Meta poboTn
Han0anHsa mpakTHYHUX HABUYOK 3 Bi3yamisaiii pe3yJbTaTiB aHAJTITUYHOTO
aHami3y JaHux 3a ponomororo 6i16mioTexk Matplotlib 1 Pandas B mporpamuomy
cepenoBuiili Python s eexTuBHOTO PO3B’sI3aHHS MIMPOKOTO KOJa 3a7a4.
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3aBJaHHS HA MIATOTOBKY

Cmyoenm mae 3Hamu.:

— TIOHSATTS Ta OCOOJIMBOCTI 1HTENEKTYaJIbHOI 3a1a4l aHAI3Y JaHUX;

— (QopMu Ta METOIU MOAAHHS THTEIEKTYyAIbHUX 3aJlay aHali3y JaHUX;

— MoBH nporpamyBanHsi PYTHON;

— OCHOBHI TMOHSATTS MpHU Bizyamizamii gaHux B Oi0miorekax Matplotlib,
Pandas 1 Plotly;

Cmyoenm mae emimu.:

— cTBOproBartu nmporpamu mosoro PYTHON.

s oonycky 0o suxonanus pobomu nOmpioHo:

— BMITH BIJIIOBICTH Ha TCOPETHYHI MUTAHHS 34 XOJIOM BUKOHAHHS POOOTH;

— IOKa3aTy BUKJIAJady 3arOTOBKY 3BITY MpO JabopaTopHy poOOTY, sika Mae
MICTUTH TUTYJIBHUN JTUCT Ta ONMKUC 00paHOi MpeIMETHOT 00JIacTi.

3aBaaHHA HA J1a0OpaTOpHY poldOTYy
1. HanucaTtu nporpamy cTaTUYHOI Bi3yalli3allii JaHUX 3a JOMOMOIO0 rpadi-
KiB 13 BUKOpUCTaHHSM 3aco01iB 010m10Tex Matplotlib, Pandas.
2. HanucaTtu mporpamy IHTEpaKTMBHOI Bi3yalli3allii 3a JOMOMOIoK BOyIOBa-
HUX eJIeMeHTIB 010moTeku Bizyanizaiii nanux Plotly, 6pay3epa i JS-6i6mioTeku.

IHopsinoxk BUKOHAHHS po0OTH

1. ¥V pobouomy BikHi Jupyter.Notebook, Ha OCHOBI HaBEJEHUX MPHUKIIAIIB
po6otu B myHkTax 2.1.1 1 2.1.2 ocBOiTH OCHOBHI KOMaH/U Bi3yali3allii JaHUX B
610moremi Matplotlib.

2. Ha caiiti https://www .kaggle.com/datasets miniOpatu Oyb-sKuil JaTacer,
10 MICTUTh YMCIIOBl 3HAUYEHHS Ha PIBHI 3 TEKCTOBUMU JAaHUMHU. [3 oTpuMaHuM
JaTaceToM BUKOHATH yCi omeparlii Ha MpUKIal 3aJaHoro JaTaceTy ftitanic.csv,
10 HaBeJIeHI B MyHKTI 2.1.3 11 poboTy 3 Bizyamizanii qanux B Pandas.

3. Ha caiiTi https://www .kaggle.com/datasets abo Ha iHIMX caiftax migiOpartu
OyIb-SIKUI JaTaceT, 1110 MICTUTh YMCJIOB1 3HaYEHHS Ha PiBHI 3 TEKCTOBUMHU JaHU-
MU (€KOHOMIYHI, TEXHIYHI Ta COIaJbHI XapaKTEPUCTUKU Oyab-SKUX 00 €KTIB
CTaTUCTUYHUX JOCIIPKEHH) [3 OTpuMaHMM 1aTaceToM BUKOHATH YCi orepariii Ha
MIPUKIIAJIl 3a1aHOTO Jatacery life-expectancy-per-GDP-2007.csv’, 110 HaBeaeHUI
B MiJIpo3aim 2.4 1j1st poOOTH 3 IHTEpaKTHUBHOIO Bizyalizarliero 3 Plotly.

3micT 3BiTY

1. 3BiT 3 1abopaTOpHOT pOOOTH Mae OYTH BUKOHAHUH Ha JiucTax ¢opmary A4.

2. 3BIT Ma€ MICTUTH: Ha3BY JIaOOpaTOPHOI POOOTH, 11 METY 1 KOPOTKI Teope-
THUYH1 BIZJOMOCTI.

3. B pozaini «Pe3ynbTaTé BUKOHAHHSA JIAOOPATOPHOi pOOOTH» CTYIEHT Mae
J0JIaTH PO3APYKOBaHI HA MPHUHTEP1 JICTIHT IPOrpaMu 3 KOMEHTApsAMHU 1 pe3yib-
TaTu podotu B Oi6miorekax Matplotlib, Pandas, Plotly, mpoiatoctpoBanuii ckpi-
HIIIOTaMH, Ha OCHOBI 3aBJaHb, HABEJECHUX Yy JaHii JTabopaTopHii poOOTi, a Ta-
KO’ HaIllMCaTH BUCHOBKH 3 BUKOHAHHS J1aHOT JIaOOpaTOPHOI pOOOTH.
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JlabopaTopna podora Ne 3. 3acTocyBaHHSI CTATHCTHYHHMX METOMIB Ta
3ac00iB B 3a/1a4aX aHAJI3Y JaHUX

Meta pob6oTn
HanbOaHHs TpakTHYHUX HABUYOK i3 3aCTOCYBaHHsS OCHOBHHMX METOMIB Ma-
TEMaTUYHOI CTATUCTUKHU, peaizoBaHux B 010mioTekax NumPy, SciPy nis edex-
TUBHOTO PO3B’SI3aHHS IIUPOKOTrO KOJa 3aJad aHAIITUYHOTO aHali3y JaHUX B
nporpaMHomy cepenosuiii Python.

3aB/JaHHS HA MiATOTOBKY
Cmyodenm mae 3Hamu.
— TOHSTTS Ta 0COOJIMBOCTI IHTENEKTYaJIbHOT 3aa4i aHATI3y JaHUX;
— (QopMu Ta METOIU MOJAAHHS THTEJICKTYAIbHUX 33]1a4 aHali3y JaHUX;
— moBu nporpamyBanHsi PYTHON;
— OCHOBHI ITOJIO’KEHHS TEOpii HMOBIPHOCTI;
— OCHOBHI IOHATTSI MPH peatizallli CTAaTUCTUYHUX METO/I1B B 010110TeIT1
SciPy.
Cmyoenm mae emimu:
— cTBOproBatu mporpamu MmoBoro PYTHON.
s 0onycky 0o uKkoHauus pooomu nompioHo.
— BMITH BIJIMTOBICTH HA TEOPETUYHI TUTAHHS 32 XOJI0M BUKOHAHHS POOOTH;
— TOKa3aTy BUKJIAJady 3arOTOBKY 3BITY Mpo jJabopaTopHy poOOTY, sika Ma€e
MICTUTH TUTYJIbHUH JIUCT Ta OMKUC OOpPaHOi MPEMETHOI 001acTi.

3aBraHHsA Ha JadopaTOpHY podoTy
l.Hanucatu nporpamy 3 OTpUMAaHHSI JIOBIPYOTO 1HTEpBAIIy Ha MPUKIAJI 3a-
JTAHOTO /IaTaceTy 1 BUKOHAWTE MepeBIPKY BUCYHYTHUX TIMOTE3.

Iopsaniok BUKOHAHHS PO0OTH

1. ¥V pobouomy BikHi Jupyter.Notebook, Ha OCHOBI HaBEJEHUX MPUKIIAIIB
pobGoTu B miapo3aiai 3.1, 3aCBOITH BUKOPHUCTAHHS METOJMIB MaTeMaTUYHOI CTa-
TUCTUKH 32 JTOMTOMOTO0I0 0i0moTeku SciPy.

2. Ha caiiti https://www.kaggle.com/datasets mimiOpatu Oyab-sKuii 1aTacer,
10 MICTUTh CTATUCTHYHI J1aHl. [3 OTpuMaHuM JaTaceTOM BUKOHATHU yCl omepariii
JUIsL OTPUMAaHHS JIOBIPYOTO IHTEpBajy Ha MPUKIAAl 33aJaHOTO JaTacery
mex_clean.csv, MO HaBeACHWH B migpo3aun 3.2 mias pobOTH 3 00’ €KTOM
Pandas.DataFrame.

3. 17151 OTpUMaHOTO JaTaceTy, 110 MICTUTh CTATUCTUYHI JaHi, 3a JI0MTOMOTOI0
HABEJICHOTO B MiApo3/iii 3.3 npukIaay BUKOHATH MEPEBIPKY TIMOTE3 1 PO3MOILT
CrbroJieHTA.
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3MmicT 3BiTY

1. 3BiT 3 MabopaTtopHOi poOOTH Mae OYyTH BUKOHAHUU Ha JHCTax Gopma-
Ty A4.

2. 3BIT Ma€ MICTUTH: Ha3BY JJAOOPATOPHOI poOOTH, 11 METY 1 KOPOTKi Teope-
TUYHI BiTOMOCTI.

3. B po3nin «Pe3ynbraTé BUKOHaHHS J1aOOPAaTOpPHOI POOOTH» CTYIEHT Mae
J0JIaTH PO3APYKOBaHI Ha MPHUHTEP1 JICTIHT IPOrpaMu 3 KOMEHTApsAMHU 1 pe3yib-
TaTtu poOoTH B Gi6mioreni SciPy 3 pob6oTu 3 MeTOIlaMy MaTEeMAaTHYHO! CTaTUCTH-
KH, TIPOLTIOCTPOBAHMIA CKPIHIIIOTAMH, a TAKOX PE3yJIbTaTH BUKOHAHHS 3aBJIaHb,
HABEJICHUX Y JaH1i JabopaTopHii poOOTi.

JlabopaTopHa podora Ne 4. BukopucranHs JiHIiHUX Mojeseil B 3a1a-
Yax iHTeJEeKTYAJbHOI0 AHAJI3Y JTaHUX

Meta pob6oTn
Han0anHsa npakTWYHUX HaBUYOK PO3B’sI3aHHS 3a/1ay perpecii 1 kimacudika-
1111, B TIHIHHUX MOJEIISX aHATITUYHOTO aHANI3y JaHUX 3a JIOMOMOTOI0 METOJIB i
3aco01B MAIIMHHOI'O HABYaHHS, peasli3oBaHuX B Oi0miorekax Sklearn s edek-
TUBHOTO PO3B’SI3aHHSA IMHMPOKOTO KOJIa 33Jad B MPOTPaAaMHOMY CEpPEIOBUIII
Python.

3aB/laHHA HA MiITOTOBKY

Cmyoenm mae 3namu:

— TIOHATTA Ta OCOOJIMBOCTI 1HTENEKTYaJIbHOI 3aj1a4l aHaAJI3y JaHUX;

— (popmu Ta METOIM MOJAHHS IHTEIEKTYyabHUX 33/1a4 aHaJli3y JaHUX;

— moBH nporpamyBanHd PYTHON;

— OCHOBHI BHJIM METO/IIB MaIlIMHHOTO HAaBYaHHSI 1 perpeciii;

— OCHOBHI NOHATTA (PYHLIOHATY SIKOCTI 1 TPaJlIEHTHOTO CITYCKY MPH PO3B’f-
3aHHI 337124 perpecii 1 kmacudikaii.

Cmyoenm mae emimu:

— cTBOproBaty nporpamu MmoBoro PYTHON.

s oonycky 00 suxonanus pobomu nompioHo:

— BMITH BIJITIOBICTH HA TEOPETUYHI MUTAHHS 32 X0JIOM BUKOHAHHS pOOOTH;

— MOKa3aTy BUKJIAJady 3arOTOBKY 3BITY MpO JabopaTopHy poOOTY, siKa Mae
MICTUTH TUTYJIBHUHN JIUCT Ta OMUC 0OPaHOT MpeIMETHOI 00JIaCTi.

3aB1aHHA Ha JJadopaTOpHY podoOTy
1. Hammucatu mporpamy Juisi perpeciifHoro aHajiily Ha OCHOBI JIaHUX 3aco-
6amu 610miotexu Sklearn.
2. Hanmucatu nporpamy juist kiaacudikariii 00’ €KTiB 32 XapaKTEPUCTHIHUMHU
O3HAaKaMH Ha OCHOBI JaHuX 3acobamu 016moTteku Sklearn 1 Pandas.
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IHopsnoxk BUKOHAHHA Po0OTH

1. Ha caiiti https://www.kaggle.com/datasets abo Ha iHIIIUX caiTax miaidpa-
TH OyIb-SIKUW JaTaCeT, 10 MICTUTh YUCIIOBI XapaKTEPUCTUKU MEBHUX O3HAK J10-
CIKYyBaHOTO 00’€KTa (€KOHOMIYHI, TeXHIUHI ab0 COIllajbHI XapaKTePUCTUKH
OyJb-IKUX O00’€KTIB CTAaTUCTUYHUX JOCIIKCHb). BU3HAUITh LUIBOBY 3MIHHY,
sKa 3aJeKUTh BiJl MEBHUX O3HAK, OMHMCAaHUX B OOpaHOMY aataceTi. I3 oTpuma-
HUM JIaTaceTOM BUKOHATH YC1 OIlepallii po3B’si3aHHS 3ajadl JIHIAHOT perpecii
(mepembaveHHs] 3HAYEHHS IIJTLOBOI 3MIHHOI BiJl 3aJIaHUX O3HAK), HABENICHOI Y
nyHKTi 4.1.5, Ha IpUKIIaal CTAaHIAPTHOTO AataceTy boston 0i6miorexku Python.

2. Ha caiiti https://www .kaggle.com/datasets abo Ha 1HIIMX caiiTax miiopa-
TH OyIb-SIKUW JATACET, M0 MICTUTh YUCJIOBI XapaKTEPUCTUKU MIEBHUX O3HAK JI0-
CJIIDKYBAHOTO 00’€kTa (€KOHOMIYHI, TeXHIYHI a00 COIliaNbHI XapaKTePUCTUKH
OyIb-sIKMX 00’ €KTIB CTATUCTUYHHMX JOCIIKEHB). [ oTpuMaHOro nartacery
NOTPIOHO BU3HAYUTH JIBA OCHOBHUX THUIM KJacy, 3a sSIKUMHU OyJe BiJOYBaTHUCH
Kkjacu@ikauis o3HaK 00’e€KkTa. 3 OTpUMaHUM JaTaceTOM BUKOHATH yCi omepariii
pO3B’si3aHHS 3ajadl Kiacudikaiii, HaBeAeHO1 y miapo3au 4.6, Ha TpUKIIaIl
CTaHJApPTHOTO JaTtacery breast cancer 010110Texku Python.

3micT 3BiTY

1. 3BiT 3 1abOpaTOpHOT pOOOTH Mae OYTU BUKOHAHUH Ha JiucTax ¢popmary A4.

2. 3BIT Ma€ MICTUTH: Ha3BY JJaOOPATOPHOI poOOTH, 11 METY 1 KOPOTKI Teope-
TUYH1 BITOMOCTI.

3. B po3main «Pe3ynbratii BUKOHAHHS J1a00paToOpHOi POOOTH» CTYAEHT Mae
JI0JIaTU PO3JIPYKOBAHI Ha MPUHTEP1 JICTIHT MPOTpaMu 3 KOMEHTAPSAMH 1 pe3yJib-
Tatu pobotu B Gibmioremni Sklearn, mpouTOCTPOBaHI CKPIHIIOTaMH, Ha OCHOBI
3aBJIaHb, HABEJCHUX Y JIaH1i TabopaTopHiii poOOTi.

JlaGoparopna podora Ne 5. 3acTrocyBaHHsI MeTOAiB BUSHAYECHHS SKOCTI
MaTeMATHYHUX MOJIeJiel B 32/1a4aX IHTeJIeKTYaJbHOI0 aHAJI3Y TaHUX

Meta poboTu
Han0anusa npakTHYHMX HABUYOK 13 PO3B’sI3aHHS 3a1ad perpecii 1 kimacudi-
Karlii 3 BUKOPUCTAHHSIM METPHUK SKOCTI MATEMaTUYHUX MOJIEJICH B JTIHIHHUX MO-
JIeISX aHaJIITUYHOTO aHaTI3y JIaHMX 3a JOTIOMOTOI METOMIB 1 3ac001B MalllH-
HOTO HAaBYaHHs peanizoBaHux B O610morekax Sklearn 1 Metrics m1st eeKTUBHOTO
PO3B’sI3aHHS IIIMPOKOT0 KOJIa 3a]1a4 B IIPOrpaMHOMY cepenoBuiii Python.

3aBIaHHA HA MIATOTOBKY
Cmyoenm mae 3namu:
— MOHSATTS Ta 0COOJIMBOCTI IHTENEKTYaJIbHOT 3aa4l aHaAMI3y JaHUX;
— (hopmu Ta MeTOU MOJAHHS IHTENEKTYaTbHUX 3a/1a4 aHAJI3y TaHUX;
— moBH nporpamyBanHa PYTHON;
— OCHOBHI BHJIM METO/IiB MAIlIMHHOTO HAaBYaHHS 1 perpeciii;
— OCHOBHI METPHUKH 1 METOJI BUMIPIOBAHHS SIKOCTI MAaTEMaTHUHUX MO/IENIEH;
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Cmyoenm mae emimu:

— cTBOproBatu nporpamu Mmoo PYTHON.

s 0onycky 00 8uKOHaHHs pooOmMu nOmpioHo.

— BMITH BIJIITOBICTH HA TEOPETUYHI TUTAHHS 32 XOJIOM BUKOHAHHS POOOTH;

— IOKa3aTy BUKJIAJady 3aTOTOBKY 3BITY MPO J1abopaTopHy poOOTY, siKa Mae
MICTUTH TUTYJBHUAN JTUCT Ta ONMUC 00paHOi MpeIMETHOT 00JIacTi.

3aBaaHHsa HA JJabopaToOpHy podoTy
1.Hanmcatu nporpamy it IpOrHO3yBaHHS HA OCHOBI JJaHUX 32 JIOTIOMOTOIO
PI3HUX METO/I1B MAIIMHHOTO HaBYaHHSI.
2. Hamucatu mporpaMy Juisi BU3HaUeHHSI €(PEeKTUBHOCTI poOOTH MOOyHO0Ba-
HOI MaTeMaTUYHO1 MOJIEJ1 Ha OCHOBI METPHK OLIIHIOBaHHS.

ITopsanok BUKOHAHHS PO0OTH

1. Ha caiiti https://www.kaggle.com/datasets abo Ha iHIIIUX caiTax miaiopa-
TH OyIb-SKWI JaraceT, MO0 MICTUTh YUCENbHI XapaKTePUCTUKH TEBHUX O3HAK
JOCTIKYBAHOTO 00’ €KTa (EKOHOMIYHI, TEXHIYHI a00 COIliabHI XapaKTePUCTHKU
OyJb-IKUX 00’€KTIB CTaTUCTHUYHMX AOCHIIXEHb). Ha OCHOBI MiAXOMIB PI3HUX
BU/IIB 3a/1au perpecii nodyyBaTH MaTeMaTUYHY MOJIeNb MPOrHO3YBAaHHS 3a J10-
MOMOTOI0 PI3HUX METOJIIB HaBYaHHS 1 BU3HAUUTU €(PEKTUBHICTH POOOTH MOOY-
JIOBAHOT MaTeMaTUYHOI MOJIeJl (CTYIiHb HABYEHOCTI MPUPOJIHOT 3aJIEKHOCTI) Ha
OCHOBI METPHUK OI[IHIOBaHHS.

3micT 3BiTY

1. 3BiT 3 1abopaTtopHOi poOOTH Mae OyTH BUKOHAHUHN Ha Juctax Gopma-
Ty A4.

2. 3BIT Ma€ MICTUTH: Ha3BY JJaOOPAaTOPHOI poOOTH, 11 METY 1 KOPOTKI Teope-
THYHI BIJOMOCTI.

3. B po3aini «Pe3ynbrat BUKOHAHHS Ja00OpPaTOPHOI poOOTH» CTYJEHT Mae
MOJIATH PO3JPYKOBAHI HA MPUHTEPI1 JICTIHT TPOrpamMu 3 KOMEHTAPSIMHU 1 pe3yilb-
Tatu pobotu B Gibmioremni Sklearn, mpoiuTtOCTpOBaHI CKPIHIIOTAMH, HA OCHOBI
3aB/IaHb, HABEJCHUX Y JIaH1i TabopaTopHiii poOOTI.
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InTepHeT-IKepesia Ta Bieo MaTepiaan

Python Download: https://www.python.org/downloads/

Installing Jupyter: https://jupyter.org/install

Google Colab: https://colab.research.google.com/

Array Programming with NumPy: https://realpython.com/numpy-array-programming/
Introduction to Numerical Computing with NumPy:
https://www.youtube.com/watch?v=ZB7BZMhfPgk

OO6epHeHa MaTpUILs:
https://uk.wikipedia.org/wiki/%D0%9E%D0%B1%D0%B5%D1%80%D0%BD%D0
%B5%D0%BD%D0%B0_%D0%BC%D0%B0%D1%82%D1%80%D0%B8%D1%3
6%D1%8F

Linear Algebra for Machine Learning: https://machinelearningmastery.com/linear-
algebra-machine-learning-7-day-mini-course/

Bessel's correction: https://en.wikipedia.org/wiki/Bessel%27s_correction

Intro to Pandas data structures:
https://pandas.pydata.org/docs/user_guide/dsintro.html#dsintro

Pandas Cheat Sheet for Data Science in Python: https://www.datacamp.com/cheat-
sheet/pandas-cheat-sheet-for-data-science-in-python

Panda’s docs: https://pandas.pydata.org/

Matplotlib Tutorials: https://matplotlib.org/stable/tutorials/index.html

Pyplot vs Object Oriented Interface: https://matplotlib.org/matplotblog/posts/pyplot-
vs-object-oriented-interface/

Pyplot: https://plotly.com/python/

Seaborn: https://seaborn.pydata.org/
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Data Understanding for Machine Learning: Assessment & Exploration:

https://towardsdatascience.com/data-understanding-for-machine-learning-assessment-

exploration-acalaadclch6

Fast EDA in Jupyter & Colab notebooks using Sweetviz 2:

https://towardsdatascience.com/fast-eda-in-jupyter-colab-notebooks-using-sweetviz-2-

0-99c22hcbh3alc

What is Exploratory Data Analysis?: https://towardsdatascience.com/exploratory-data-

analysis-8fc1cb20fd15

Advanced exploratory data analysis (EDA) with Python: https://medium.com/epfl-

extension-school/advanced-exploratory-data-analysis-eda-with-python-536fa83c578a

Different types of missing data: https://medium.com/analytics-vidhya/different-types-

of-missing-data-59¢87c046bf7

Ways to impute missing values in the data: https://medium.com/analytics-

vidhya/ways-to-impute-missing-values-in-the-data-fc38e7d7e2cl

Machine Learning Basics: Model, Cost function and Gradient Descent:

https://medium.com/@dhartidhami/machine-learning-basics-model-cost-function-and-

gradient-descent-79b69ff28091

MeTto1 HaltMEHIIINX KBAJPaTiB:

https://uk.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%BE%D0%B4 %D0

%BD%D0%B0%D0%B9%D0%BC%D0%B5%D0%BD%D1%88%D0%B8%D1%85
%D0%BA%D0%B2%D0%B0%D0%B4%D1%80%D0%B0%D1%82%D1%96%D0

%B2

Regression Metrics for Machine Learning:

https://machinelearningmastery.com/regression-metrics-for-machine-

learning/#:~:text=There%20are%20three%20error%20metrics,Mean%20Absolute%20

Error%20(MAE)

scikit-learn: https://scikit-learn.org/stable/

Linear Regression: https://scikit-

learn.org/stable/modules/generated/sklearn.linear _model.LinearRegression.html#sklea

rn.linear_model.LinearRegression

All about Feature Scaling: https://dlantsst5xjbh.cloudfront.net/data-science-

python/text-8.pdf

Overfitting and underfitting in machine learning:

https://www.superannotate.com/blog/overfitting-and-underfitting-in-machine-learning
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