1. Mera Ta 3aBJaHHSA HABYAJILHOI JMCIUILIIHA

MerToro BUKJIaJaHHS TUCIUIUIIHU € HaJaHHsS CTyIEHTaM 3HaHb 3 MOBU IporpamyBaHHs R, sika
NpU3HAYeHa JJIsl CTaTUCTHUYHOTO aHaji3y, NpPOTHO3YBaHHS Ta Bi3yamizamii nanux. IlpoBimHi
YHIBEpCUTETH MUPY, aHAJIITUKU KOMITaHii, 0aHKIB Ta JOCIIIHUIIBKUX IICHTPIB BUKOPHUCTOBYIOTh R mpu
MIPOBEJICHHI HAYKOBUX PO3PAXYHKIB 1 PO3B’sI3aHHI 3374 IPOTHO3HOT aHATITUKH.

3aBiaHHA AUCLUUIUIIHY MOJIATAE B 3aCBOEHHI CTYJIEHTAaMH OCHOB IporpaMmyBaHHs B R, iMmopty
Ta €KCIOPTY JaHUX, OYHMIIEHHS Ta NMEPETBOPEHHS JAaHUX, Bi3yaui3auii JaHUX, CTATUCTHYHOTO aHANi3y
JaHUX, TOOYIOBH MPOTHO3HUX MOJEINEH 3a J0MOMOI00 aIrOPUTMIB MATUHHOTO HAaBYaHHSI.

VY pe3ynbTari BUBYCHHS JUCHHILTIHU (haxXiBelb MIOBUHEH

3 H @ m u @ CTPyKTypH JAaHHWX, YMOBHI, JIOTI4HI Ta ITUKJIIYHI KOHCTPYKIIi{; MaTeMaTU4Hi,
CTaTUCTHYHI, TEKCTOBI (pyHKIII1; cHHTaKcuC QyHKIIT KopucTyBaya; ¢yHKIii cimeiicTBa apply; QyHKIil
ciMericTBa map; (QyHKIi IMIOOPTY JaHMX 3 TEKCTOBUX (DAilIiB 3 PO3AUIBHUKAMH, (PYHKIIT IMIIOPTY
nanux 3 Excel, ¢ynkmii immopty nmanux 3i craructuunux mnporpam SAS, STATA, SPSS, ¢ynkmii
IMITOPTY MaHuX 3 6a3 JaHux, PyHKINT IMIIOPT AaHUX 3 BEO-CTOPIHOK; OCHOBH IEPETBOPEHHS JaHHX 3a
nonomororo (yskmiii makeriB tydir, dplyr, data.table; ¢ynkmii Bisyamizamii gaHUX 32 JOIMOMOTOIO
nakeTiB ggvis, ggplot2; o3HayeHHsI HE3MIIIEHO1, CTPOMOKHO1, e()eKTUBHOI OI[IHKHU, JOBIpYi IHTEpPBAIU
IUIE HEBIJIOMHX IIapaMmeTpiB, O3HAYEHHS CTATHUCTUYHOI TIMOTE3W, KPUTEPis, MOMWJIOK TEpIIOro Ta
IPYroro poAdy, piBHS 3HAYYHIOCTI KPUTEPit0, PYHKII MOTYKHOCTI KPUTEPiIO, OCHOBHI MapaMeTpHuHi
Ta HeMmapaMEeTPU4HI KpPHUTEpii Ui MEepeBipKH TiMOTe3 MpOo MapamMeTpH PO3IMOMALTIB, OCHOBHI MOHSTTS
JUCTIEPCIHHOTO, KOPENALIHHOTO Ta PErpeciiiHOro aHani3y, alfOPUTMHU MAIIMHHOTO HABYAHHS.

[TinroToBnenuit GpaxiBenb MOBUHEH

6 M I m u :CTBOPIOBaTH BEKTOPU, MATpPHIIi, PaKTOpH, TAOIUII JAHUX CHUCKU Ta MPOBOJUTH
3 HUMH Omeparlii, CKJIaaTd YMOBHI, JIOTi4Hi, IUKJII4YHI KOHCTPYKIIi, KOPUCTYBaTHCS BOYIOBaHUMHU
GyHKIISIMH Ta CKIAAaTH BJIAcHI (YHKIII KOpHCTyBada, MPOBOJUTH OIepallii 3 AaTolo, Yacom,
peryJasipHUMH BHpa3aMH, IMIIOPTYBAaTH MaHi 3 TEKCTOBUX (QaiiimiB 3 posainbHukamu, 3 Excel, 3i
craructuyHux nporpam SAS, STATA, SPSS, 3 6a3 nanux, 3 Be0-CTOpIHOK, KEpyBaTH JaHUMHU, a CaMe:
VIIOPSIIKOBYBATH JaHi, MEPETBOPIOBATH OJWH THII JAaHWX B IHIIWH, MPamioOBaTH 3 MPONYIICHUMHU
3HAYEHHSIMU, BUKUJAMH Ta TIOMUJIKAMHU B JIaHUX, KEPYyBaTH JAaHUMH 32 JIOMIOMOTOI0 (YHKIIH MaKeTiB
dplyr, data.table, Bi3yamizyBatu AaHi, MPOBOJAUTH CTATUCTUYHUN aHATI3 JAHHUX: 3HAXOJUTH BHOIPKOBE
Cepe/iHe, JAMCIEPCiIo, 3HAXOJUTH TOYKOBI Ta IHTEpBajlbHI OLIHKM HEBIJJOMUX IapaMeTpiB,
BUKOPHUCTOBYBAaTH KpHTEpii AJISi MEPEeBIpKA CTATUCTUYHHUX TilOTe3, BUKOPHUCTOBYBATH AalTOPUTMHU
MalIMHHOTO HaBYaHHS ISl MOOYJOBH MPOTHO3HUX MOJENEH, BMITH OIIHIOBATH SKICTh MPOTHO3HUX
MO/IeJIel Ta HaJAIllITOBYBATH ONTUMAJIbHI MTapaMeTPH MOJIETIEH.

2. Tlporpama HaBYAJBHOI JUCHMILTIHA

3MICTOBHUI MOJYJIb 1. CTpyKTypH 1aHHX.

TEMA 1. 3naitomctBO 3 R

VcranoBka R, RStudio. Pobouwnii mpoctip R. Apudmernuni oneparopu (+, -, *, /, **, %%, %/%).
Omneparop npucsoroBanHs. OcHOBHI THITH IaHuX B R: numeric, integer, logical, character, complex.
TEMA 2. Bektopu Vectors.

CtBOpeHHs BeKTOpa 3a jonomororo GyHkiii c(), vector(). 3agaHHs iMEH €JIEMEHTIB BEKTOpa 3a
nonomororo GpyHkKuii names(). ApudmeTnyHi onepauii 3 Bekropamu. Bubip eneMeHTiB BEeKTOpA.
TEMA 3. Matpurii Matrices

CrBopeHHs MaTpuli 3a ornomororo ¢pyHkuii matrix(). CTBOpeHHsI MaTpHIli 32 JONOMOT0I0 00’ €THaHHS
BEKTOPIB. 3aJjaHHs IMEH CTOBOIIIB Ta PSAIKIB MATPHIIi 3a JOTIOMOTO0 (PyHKIIIH rownames(),
colnames(). ®ynukuii rowSums(), colSums(). /lonaBanHs cTOBOIIB Ta PSAAKIB MaTPUIIL 32 JOTIOMOTOIO
¢yukuii cbind(), rbind(). Bubip enementiB matpuii. ApudMeTudHi oneparii 3 MaTpHUIISIMH.

TEMA 4. Kareropianbhi 3miHHi (paktopu) Factors.
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CtBopenHs (akropy 3a qonomororo ¢yHkIii factor(). HominansHi Ta mopsakosi ¢pakropu. OyHKITis
levels().

TEMA 5. Ta6aumi nanux Data Frames.

CrtBOpeHHs TaONuIll JaHUX 3a gornomororo Gynkmii data.frame(). @ynkuii head(), tail(), str(). Bubip
eneMeHTiB 3 Tabiuill. @yHkiis subset(). CopTyBaHHS JaHMX TaOJHIIl 3a AortoMororo GyHkiii order().
TEMA 6. Crcku Lists.

CtBOpeHHS CcIUCKy 3a jporomororo GyHkiii list(). 3amanHs iMeH eIeMeHTIB criucky. Bubip enemMeHTiB
31 criicky. JlonaBaHHS €JIEMEHTIB Y CIHCOK.

3MICTOBHUMIA MOJY.JIb 2. Koncrpykuii Ta ¢pynKuii

TEMA 1. YMOBHI Ta JOT19HI KOHCTPYKIIII.

Omneparopu BiHOIIEHHS (=, =, <, >, <=, >=). JloriuHi oneparopu (&, |, !, &&, ||). YMoBHI
omepatopu (if, else, else if, switch).

TEMA 2. [luknivHi KOHCTPYKIIii.

[ukn while. [ukn for. [{uki repeat, break.

TEMA 3. BOynoBani ¢yHK1ii Ta cTBOpeHHS (YHKIIIT KOpUCTyBaya.

MaremaTHuHi, CTaTHCTUYHI, TeKCTOBI QyHKIii. CTBOpeHHs (hyHKIII{ KOpHCTyBaya 3a JOMOMOTOI0
my_fun <- function(argl, arg2){body}. Bcranosnenns nakeris install.packeges(), 3aBaHTaKeHHS
nakertiB search(), library(), require().

TEMA 4. ®yukuii cimeiictsa apply.

@ynxuii apply(), lapply(), sapply(), tapply(), mapply(), vapply() six ampTepHaTHBA IIUKIAM.
Buxopuctanns anoHiMHUX QYHKIIN pa3oM 3 QyHKLIsIMH ciMelicTBa apply.

TEMA 5. laTtu, yac.

Oyukuii Sys.Date(), Sys.time(). Kinacu POSIXct, POSIXIt. ®ynkuii as.Date() Ta as.POSIXct()
I00YBaHHS JIaTH Ta Yacy 3 TeKCTOBUX BHpasiB. dyHkuis format() 1uist nepeTBOpeHHS AaT B 3aAaHUI
dbopmat. ApudmeTryHi 1ii 3 1aTOK Ta YaCOM.

TEMA 6. PerymnsipHi Bupasu.

Oyukuii grep(), grepl(), sub(), gsub().

TEMA 7. ®ynkuii cimeiicTBa map.

[Taker purrr. ®yukuii map(), map_dbl(), map lgl(), map_int(), map_chr(), map2(), pmap(),
invoke map() sk anbTepHaTHBA LMKJIaM. BUKOpUCTaHHSA aHOHIMHMX (YHKIIH pa3oM 3 QyHKIISIMU
cimeiicTBa map.

3MICTOBHUM MOAYJIb 3. Imnopr nanux B R

TEMA 1. IMnopt gaHux 3 TeKCTOBHUX (ailiiB 3 po3aAlIbHUKAMU

Oynkiii read.table(), read.csv(), read.delim(), read.csv2(), read.delim2().

[MTaker readr, pynkuii read_delim(), read_csv(), read_tsv().

[TakeT data.table, ¢pynkmis fread().

TEMA 2. Imnopt ganux 3 Excel

[Taket readxl, ¢pynkiii excel sheets(), read excel().

[Taker gdata, pynxkuis read.xls().

[Taker XLConnect, ¢pynkiii loadWorkbook(), getSheets(), readWorksheet(), createSheet(),
writeWorkSheet(), saveWorkbook().

TEMA 3. Imnopt nanux 3i cratuctuaaux mnporpam SAS, STATA, SPSS

[Taker haven, ¢pynkuii read sas(), read_stata(), read_dta(), read_spss(), read_por(), read_sav().
[Taket foreign, ¢pynkmii read.dta(), read.spss().

TEMA 4. Imnopt nanux 3 6a3 1aHux

[Maket DBI, ¢pyukiii dbConnect(), dbListTable(), dbReadTable(), dbGetQuery(), doFetch(),
dbDisconnect().

TEMA 5. Imniopt nanux 3 Be0-ctopinok. dynkmist download.file().
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3MICTOBHUI MOJIYJIb 4. OcHOBH KepyBaHHS JAHUMHU

TEMA 1. BuBueHHsI CTpYKTypH TaHUX

Oyukii class(), dim(), names, str(), glimpse(), summary(), head(), tail().

TEMA 2. YnopsakyBaHHS TaHHX 3a JOIOMOror0 makety tydir

[Maker tydir. ®ynkuii gather(), spread(), separate(), unite()

TEMA 3. [lepeTBOpeHHS OJTHOTO TUITY IaHUX B IHIIUN

®yukiii as.numeric(), as.character(), as.vector(), as.matrix(), as.data.frame(), as.factor(), as.logical().
TEMA 4. [lepeTBOpeHHS KaJICHAAPHUX AT

Oyukii as.Date(), as.POSIXct(). [Taker lubridate, pynkuii ymd(), hms(), ymd hms().

TEMA 5. [lepeTBOpeHHSI TEKCTOBUX JaHUX

[Maker stringr, ¢pynkuii str_trim(), str_pad(), str_detect(), str_replace(), tolower(), toupper().

TEMA 6. [IponymieHi 3Ha4eHHS

3Hax0/PKEHHS MPOIYIICHUX 3HaU€Hb, 3aMiHa a00 BUKITIOYECHHS MPOIyIIeHUX 3HaueHb. DyHkiii is.na(),
complete.cases(), na.omit().

TEMA 7. Bukuau ta IOMIIKA B JaHUX

3HaxXO0/XKEHHS BUKU/IIB Ta MOMUJIOK B JaHUX, 3aMiHa a00 BUKITIOUeHHS BUKUIIB. DyHK1ii boxplot(),
summary(), hist().

TEMA 8. KepyBaHHs 1aHUMU 32 AOMIOMOr010 nakerty dplyr

Bub6ip 3minHux 3a gonomororo ¢yskiii select(). CTBoOpeHHsI HOBUX 3MIHHHX 32 JIOTIOMOT0I0 (DYHKIIi{
mutate(). BuOip cioctepexens 3a gonomororo Gpynkuii filter(). BropsakyBanHs criocTepeskeHb 3a
noromororo GyHkiii arrange(). OOYUCIICHHS CTAaTUCTHK 3a JTOoNoMororo (GyHkiii summarise().
['pynyBanHns ganux 3a gornomororo Qyukuii group by(). OnepaTtop mokpokoBUx obuucieHb %>%
(pipe operator).

TEMA 9. KepyBanus [anumu 3a gornomororo nakery data.table

3MICTOBHUM MOJYVYJIb 5. Bizyaaizanisa 1anux

TEMA 1. Bigyamnizaiiisi 1aHuX 3a TOTIOMOT'OI0 TTAKETy ggvis
TEMA 2. Bizyanizaiiisi JaHHX 3a IOOMOTOI0 TTakeTy ggplot2

3MICTOBHUM MOAYJIb 6. CtaTuCTHYHHUIA aHAJII3 TaHUX

TEMA 1. Betyn A0 CTaTUCTUYHOTO aHANI3y JaHUX.

Bubipka, cTaTUCTUKHM: MOMEHTH, aCUMETPisl 1 eKCIeC, BapialliiHUM psijl 1 HOPSIIKOBI CTATUCTUKH,
eMIipuyHuil po3noai. TouKkoB1 OLIHKM Ta IXHI BIACTUBOCTI. [HT€pBasbHI OI[IHKH, TOHATTS JOBIPYOTrO
1HTepBaly Ta piBHA A0BipH. JloBipui iHTEpBaIHU JUIs CEpPEeHBOr0 Ta Meianu. [lepeBipka CTaTUCTUYHUX
rifnore3, OCHOBHI MOHSTTA: PiBEHb 3HAYYIIOCTI, p-value, momuiku I ta Il pony.

TEMA 2. [TapameTpudHa nepesipka rinores

Kpurepii HopmanbHOCTI: KpuTepiit xi-kBaapar [lipcona, kpurepiit Hlanipo-Yinka, kpurepiit
Konmoroposa-Cmupnosa (Jliutiedopca). CripolieHa nepeBipka HOpMaJIbHOCTI 32 aCUMETPI€I0 Ta
excuecoM: kpurepiit Xapke-bepa. Kpurepii 115 nepeBipku rinotes3u npo cepeHi: t- i z-kputepii
CrprofieHTa U1 O/1HI€T 1 1BOX BUOIPOK, 3B's13aH1 BUOipku. Kpurepii 1u1s nepeBipKu rinoTe3u npo
nucnepcii: kputepii xi-kBagpar 1 ®imepa. Kpurepii 115 nepeBipku rinoTe3u Mpo 3Ha4eHHsI apameTpa
posnoainy bepHyIuti: MOpiBHAHHS 3HAUYEHHS MapaMeTpa i3 3aJJaHUM, TIOPIBHSIHHS apaMeTpiB
PO3MOJILIIB ABOX BUOIPOK (BHUITAJIKH 3B'I3aHUX 1 HE3aJIeKHUX BUOIpOK). JloBipunii iHTEpBa A5
napamerpa posnozity bepuymni: Banbna, Yincona. Jloipui iHTepBanu YisicoHa ajs pi3HULI
napaMmeTpiB ABOX BUOIPOK.

TEMA 3. HenapameTpuuHa nepeBipka rinores

Kpurepii 3HaKiB: 01HOBUOIPKOBHIMA, AJIs 3B'13aHUX BUOIpOK. PaHroBi Kkputepii: kputepiid YiIKoKcoHa-
ManHa-YiTHi, KpuTepiid Y1JIKOKCOHA ABOBUOIPKOBUI, KpUTEPiil Y1IKOKCOHA /IS 3B'A3aHUX BUOIPOK.
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[TepecTanoBouni kputepii. [[BoBubipkoBi kputepii 3roau: Koamoroposa-Cmipnosa, Kpamepa-don
Miseca (AHIepcoHa).

TEMA 4. lucniepciiinuii aHais.

TEMA 5. AHani3 3aleXHOCTEH.

TEMA 6. Jlinilinuii perpeciiHuii aHais.

3MICTOBHUII MOAYJIb 7. MammHuHe HABYAHHS

TEMA 1. Knacudikarris.

JlepeBa pimens Decision Trees, meton HaitOmmkunx cyciaiB k-Nearest Neighbors, noricruuna
perpecis Logistic Regression, sumaakoswii tic Random Forest, rpagientauii 6yctinr XGBoost.
TEMA 2. [Iporao3yBaHHS.

ITpocra miniitna perpecist Simple Linear Regression, muoxusHa niniliHa perpecis Multivariable Linear
Regression, meto Hanonmxuux cycimiB k-Nearest Neighbors.

TEMA 3. Knacrepizaris.

Mertony k cepennix Clustering with k-means, iepapxiuna knacrepisarist Hierarchical Clustering.
TEMA 4. Ouinka SK0CTi IPOTHO3HUX MOJIENIeH, HAJIAIITyBaHHS ONITUMAIIbHUX TTapaMeTpiB.
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