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I'maBa 1

YBOnI

1.1 /decKpUNTHUBHA CTATUCTIKA

JecKpUIITUBHA CTAaTUCTUKA CaJPKM METOJe U IIpolleiype 3a IIpe3eHTOBabe I CyMU-
pame noparaka. CBpxa qEeCKpUIITUBHE CTATUCTUKE je 1a moMohy Hekomko OpojeBa ommiie
3Haueme I0/aTaka Koju cToje m3a wux. lloganu ce modujajy Ha OCHOBY OIlcepBaluja Ha
CKYIy pasiIMUNUTHUX ClIydajeBa KOjyi MOTY OMTM HIIP. JbYIMN, >KMBOTIbE, TPATOBI, PA3INUUTI
norabhaju miy Heka KoMOMHalVja CBera HaBeIeHOT. [leCKpUIITMBHA CTAaTUCTMKA je OOMUHO
IIPBU KOPAK y aHAINM3M IOJATaKa, a CIy>KI 32 ONNCUBale IIPUKYIJbeHUX IT0JaTaKa.

Hajuemnrhe xopumrhene nponenype y AeCKpUMIITUBHO]j CTATUCTULM Cy Ipadpuako 1 Tade-
JApHO IIpUKasMBame IT0jaTaKa ) M3padyHaBame Mepa IleHTpalHe TeHJeHLMje M Bapuja-
Sdmnnrera. Behmna ayropa cBpcTaBa Mepe KopeJaluje ¥ acolujamuje IIPOMEeHbUBNX y Je-
CKPMIITUBHY CTaTHCTUKY, jep OIINCYjy Be3y M3Mel)y ABe miu Bullle IpOMEHIBbIBE.

Jenua on mmpoko npuxBaheHux mrardopmm 3a craTUCTUUKA U3pauyHaBarma 1 rpadpu-
Ke je IIPOrpaMCKI je3UK M IIPOTPaMCKO OKpyKeme R. YIoTpedipaBa ce y IpUIIPEeMI, BU3ye-
JM3ALMjU U aHAIU3NU nojaraka. Kopuctu mHTepdejc KOMaHAHe JMHMje, i ¥ Kpo3 BUIIIE
rpadMUKNX KOPUCHIMYKIX OKpYXKera. R 00e3dehyje mmpok n3dop crarucrnukux (ImHeap-
HUX U HeJIMHeapHMX) MOJeJia, KJIaCYHe CTAaTUCTIYKE TeCTOBe, aHAIN3Yy BpEeMEeHCKUIX ceplija,
KiIacuuKanujy, KIacrepmusanujy, uta. IIpojekroBaH je Kao mpaBy IPOTPAMCKH je3UK U OMO-
ryhaBa KOpUCHUIIMMA JOJATHY GYHKUMOHATHOCT HqedUHMCAakheM HOBUX QYHKIja.

R MOKe OUTM IIpOLIMpeH, Kpo3 makere ode3deheHe o cTpaHe KOpuCHUKA, 3a CIIEI-
¢buune dynkumje mnn cnermduune odmactu. 3dor cBor S Hacieha, mma dospy mompiky
3a 00jeKTHO-OpMjeHTICAHO IPOTPAMIpPabe HEero OCTAIN CTATUCTIUKI IPOTPAMCKI je3ULIL.
[IpommpumBocCT R-a je oaKillaHa U HberoBuM ,aadasum’ jeamuknm orncerom. Cieneha npen-
HOCT R-a Cy meroBe rpaguuke moryhuocru, koje odesdehyjy rpaduke kBanmrera KOBOJb-
HO Hodpor 3a MyOIMKoBaibe Koje YKbydyje MaTeMaTuuke cuMose. R IOceyje COIICTBEHN
EIEX-onnku popMar qoKyMeHara, KOji ce KOPUCTH 3a IIpe/iCTaB/batbe CBeOOYXBaTHE TOKY-
MeHTaI1je Ipeko MHTepHeTa y SpojHUM dopMaTiMa MIM Kao IITaMIIaHa KOMuja.
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1.2 IIIra je R?

OBa ckpuita onucyje Kopuirhere MporpaMcKor IakeTa R y CBpXY caBiiajjaBarba IIpeqmMe-
ta Cogpmeepcku anamu 2 Ha [IpupongHo-maremaTnukoM ¢akyinrery y Kparyjesiy. OcHoBHa
HaMepa je omoryhaBabe Jja ce 0Baj LIIMPOKO pacIpoCTparmeHN coQTBEp UCKOPIUCTU Ha Kypce-
BMMa HIDKeT HUBOa, rae ce uecto kopucte MINITAB, SPSS, Excel ntn. Ouekyje ce na unrasnarg
rocefiyje 3Hamwe qodujeHo Ha OMII0 KOM IIOUeTHOM aKaJeMCKOM Kypcy MaTemaruke. [Ipen-
HOCTH R 32 CTyJeHTa YBOJHE CTATUCTUKE CY:

+ R je decmartaH. R je oTBopeHOr Kona u paau Ha UNIX-y, Windows-y u Mac-y.
+ R MMma oyrpahen cucrem 3a momoh.
+ R MMa omynmune rpaduuke MoryhHOCTH.

« Je3uk R-a mMa MOhHY CHHTaKCy, JIaKy 3a yuere, ca MHOTO yrpaheHux cTaTucTuyKux
byHKIIja.

« Je3uk je nako mpowmputu QyHKUMjaMa Koje cy nucann mwerou kKopucHuuu (CRAN
dudnuoreka).

+ R je pauyHapCKM IIporpaMcku jesuk. IIporpamepuma he usriemaru mosnaro, a 3a HoBe
KOpUICHIUKe pauyHapa ciegehn CKok 1o Imporpamupara Hehe SUTM TaKo BEIMKI.

[Ira mak HegocTaje R-y y mopehermwy ca mpyrum copTBepcknm perernma? EBo HEKOIMKO
CTaBKI:

+ ma orpannuen rpadpmuxnu naTedejc. OBo 3HauUM Ha O1 ydere MOIJIO fAa Oyje Texe Y
TIOYETKY.

« Hema xomepimjante mogpiike (1ako ce MO)Ke TBPAUTHU [a je MehyHapogHa MejiIuHT
JCTA jOoIlII d0Jba Y TOM CMIUCIY).

+ Je3uk KOMaHAU je IIPOTPaMCKH je3VK TaKO J1a CTyJeHTU MOpajy Ja Hayue Ja pellaBajy
rpodieme 3ajeJHO ca CIHTAKCOM je3MKa.

* R je CTaTUCTUYKO OKpYKeme oTBopeHOor koaa (GPL) uspaheno nakoun S u S-Plus-a.

Jesmxk S je pasBujeH kacHux ocamaecetnx y AT&T madoparopujama. IIpojekar R cy 3amo-
yenn Robert Gentleman u Ross Thaka n3 Oncexa 3a Cratuctuxy YHusepsurera y OyKiaHgy
1995. romuHue. Bp3o je crexkao mmpoky nydiuky. TpeHYTHO ra omgpskaBa R-pasBOjHU TUM,
orpomaH MehyHapomuu tnm nporpamepa BosoHTepa. IIpojekaT R XOCTOBaH je Ha IOpPTAILy
http://www.r-project.org Koju je ocCHOBHI 13BOp uHpopmalja o R-y. Ha oBom cajty
HaJylase ce yIIyTCTBa 3a IpudaBipambe codpTBepa, mparehmx makera M Opyrux mM3Bopa JOKY-
MeHTaluje.
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1.3 Hamomena o HOTaUIjuI

Y TeKCTy ce KOpUCTM jemHOCTaBHA TUIIOTpadcKa KOHBEHIMja KOja YKIbyUyje pasiIiMunTe
¢donTOBE 32 Bed ampece, R xomaHne, K0 ¥ IMeHa CKYIIOBa II0JlaTaKa I pasjIMUNTe II0CTaBKe

3a Iyre CeKBeHIle R HapeaOu.
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I'maBa 2

Pag ca momanmma

CraTucTuka je HayKa Koja ce daBM IIpoydaBameM IojaTaka. HakoH IITO CMO yCIEIIHO
IIOKPEHYJIN R, IIpBa CTBap Kojy Tpeda Ja ypaamuMo je Aa HayulMMOo KaKo Jja YHeCeMO TpaskeHe
IIOJIaTKe M KaKo [1a HhMIMa MaHUITYJINIIEMO.

2.1 Iloxperame R

R ce HajJakKllle KOPMCTY Ha T3B. MHTEPaKTUBHM HauuH. KopucHuk nmocraspa ynur, a R
MOMEHTAJIHO Jaje OATOBOp. YIIUTHU ce II0CTaBJbajy M OATOBAapa ce Ha KOMaHAHOj tnHuju. [la
Ou ce MOKpeHyJIa KOMaHHA IMHIja R-a MOKe ce ypagutu cienehe. ¥ Windows-y ce mponahe
MKOHA R 1 KIMKHe, y Unix-y ce ca KOMaHJHe JIHIje U3aje KoMaHAaa R. [pyru onepaTus-
HU CUCTEeMM MOTY MMAaTH Jpyraunje cucTeMe IIOKpeTama. Takohe ce Ha cBUM 3HaUajHUjUM
JEeCKTOIl OIIePAaTVBHMM CUCTEMIMa yMECTO CTaHJAapAHe KOH30Je MOKe KOPUCTUTU U dec-
IJTAaTHM TaKeT RStudio, KOjU je JaHacC y BEJIMKO] MepM M IIOCTA0 CTaHJapX 3a Ipadmuko
OKpY’Kerbe OBOT IIPOrPaMCKOT je3uKa. JemTHOM Kafa je R IOKpeHyT, Tpedano du fa ce mojasu
HEILITO OBAKO:

R version 3.4.4 (2018-03-15) ——- "Someone to Lean On"
Copyright (C) 2018 The R Foundation for Statistical Computing
Platform: x86_64-w64-mingw32/x64 (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type 'license()' or 'licence()' for distribution details.

Natural language support but running in an English locale

R is a collaborative project with many contributors.

Type 'contributors()' for more information and

'citation()' on how to cite R or R packages in publications.
Type 'demo()' for some demos, 'help()' for on-line help, or
'help.start () ' for an HTML browser interface to help.

11
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Type 'g()' to quit R.

[Previously saved workspace restored]

3Haxk ,,>” mpejcTaBiba OJ3MBHU 3HAK, JaKie, He YIICYje Ta KOPUCHMK. AKO je KOMaHIa
IIpeBUIIIe OyTa Ja CTaHe Yy jeJaH pel, KOPMUCTU Cce 3HAK ,+ 3a HacTaBak.

2.2 YHOoc momaraka 110M0hy KoMaHae c ()

HajkopucHnja R koMaHza 3a Op3u yHOC peJIaTMBHO MalNX CKYIIOBa IT0flaTaka je QyHKIM-
jac (). OBa pyHKuUja KOMOUHYje WIu criaja TepmoBe. Ha npumep, mpernocrasumo ciregehn
CKYII ITOfiaTaKa Koji IpeJCTaBiba Opoj Ipelllaka y Kyllalby HeKOT TeKCTa I10 CTpaHaMa HeKOT
yudeHmKa:

23031001
OBu nmopmamu ce y R cecnjy yHoce ciepehum komanmama:

> typos = ¢(2,3,0,3,1,0,0,1)
> typos
[1] 2 303 1 001

[Ipumehyje ce cnenehe:

» Jlomeipyjy ce BpeQHOCTU IIPOMEHJbIBOj Ha3BaHO] typos.

« Omneparop gopene je =. OBaj onepaTop je BaluaaH Io4eBIIN of Bep3uje 1.4.0 jeauka
R. [IperxomHO je To dmo (1 joir yBek MoKe OUTM) 3HAK <-. M0o)keMO KOPUCTUTI OMIIO
KOjI O IbMX, Majia je 1oOpo OUTYU KOH3UCTEHTAH U OJJIYUNTH Ce 3a jeJaH O IbIX.

« BpegHocT nmpomeHBUBe typos ce He mucnucyje ayromarcku. IIpukasyje ce kama ce
yIIuiIe 1Me IIPOMeHIbIBE.

« Bpennoctu mpomensbuse typos mperxomu [1]. OBo ykasyje ma je BpegHOCT vector.
Buire o Tome KacHuje.

2.3 Mame Kynama

Y MHOrMM UMILIEeMeHTaljaMa je3MKa R MOKe Ceé CMAmbNTV HEeIoTpedHO KyIlame, aKo
ce HayuM Ja CTpeJIMIiaMa rope/mose MokeMo qodutu mperxomgHe komanpe. ITocedHo, cBaka
KOMaHJa Cce UyBa y MCTOPUjU M CTpesMIia Ha rope he mposasutu yHasajg Kpo3 UCTOPHU)yY,
a cTpenuia Ha noie he nponasmury yHanpen. JleBa u necHa crpennna QyHKIIMOHNIITY Kao
mITo ce ouekyje. OBO y KOMOMHAIMjU ca MUIIIEM MO>Ke 3HATHO Jja OJIAKIIAa MOAM(IKAL]Y
IIPETXOHUX KOMaH/M.
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2.4 Tlpumena ¢pyHKUUje

R moJsiasu ca MHOruM yrpaheHum ¢yHKIMjama Koje MOTy [a ce IpUMeHe Ha ITofaTKe
Kao IITO je typos. JemHa oX BUX je QyHKIMja mean () 3a HalaKeke IIPOCeYHEe BPeTHOCTI
yHeTux nopataka. Kopumrheme je jeqHOCTaBHO:

> mean (typos)
(1] 1.25

Takohe ce moske mo3Batu median, min var ga ce nponahe menmjana wim BapujaHca.
CuHrakca je nmeHTMYHA — uMe QyHKLMje KOjy IIpaTte 3arpaje Koje caapske apryMeHTe:

> median (typos)
[1]1 1

> var (typos)
[1] 1.642857

2.5 Ilomanu cy BeKkTOpHU

[Tomamu ce y je3auky R uyBajy Kao vector. OBO jeJHOCTaBHO 3Ha4l Ja ce IIPaT pefocie]
IolaTaka OHUM peoM KOjuM cy yHeTu. IlocedHO IIOCTOju IPBU €JIeMEeHT, APYTU U CBE TaKO
no nocienmer. OBo je qodap IpUCTyN U3 BUILIEe pasjora:

+ OBaj jeqHOCTAaBHM BEKTOP MOJaTaKa typos MMa IpUpPOJaH pegocien — cTpaHa 1, crpa-
Ha 2 UTH.

« Buto dm modpo na momamy Mory a ce Memajy Jeo IO Ae0 YMECTO Jia Ce YHOCY UNTaB
CKYII IIOfjaTaKa II0OHOBO.

+ Bexrop je maremaruuku nojaMm. Iloctoje mpupoaHa npomupema MaTeMaTUIKIX OIle-
parja, Kao LITo Cy cadupame U MHOXKekbe BEeKTOpa, IIITO OJIaKIIIaBa paj] ca IToJarumMa
KaJa cy AaTy Kao BeKTOPI.

Kako ce oBo mpuMemyje Ha Hall typos npumep? IlpermocraBmMo ce fga cy OBO Ipelllke y
Kyllalby KOje Bake 3a IIpBY Bep3Mjy OTKyLlaHOT TeKcTa. Kako mpaTtuTu pasiamuure Bepsuje
KaKo ce Opoj rpelraka Mema (cMamyje)? OBo MoKe Ja ce IOCTHUTHe cilegehnm komaHgama:

> typos.draftl=c(2,3,0,3,1,0,0,1)
> typos.draft2=c(0,3,0,3,1,0,0,1)

Bunu ce ma cy [Be rpellike Ha IIPBOj cTpaHM ucrpasibeHe. IIpumehyjy ce mBa pasmmunra
MMeHa IIPOMEHJBMBIUX. 3a Pas3jIMKy OJ MHOIUX APYTUX je3lKa, TayKa ce KOPMUCTU caMo 3a
MHTepIyHKIjy. He Moxxe ce Kopuctutu _ (moma 1pTa) Aa ce 03HaUaBajy MMeHa, Kao IITO
ce TO MOKe Y HEKMM JPYTI'UM IIPOrpaMCKUM je3UI[MMa, I1a je 0BO BeoMa KOPUCHO b

! Moma 11pTa ce OpUTUHAIHO KOPUCTHUIA TIPY JIOMIEM, TAKO Ma SU MMe Kao HITO je The_Data 3ampaso mo-
[IeJINJIO BpeIHOCT IIPOMEHJbYIBEe Data IpoMeHJbMBOj The. [loma LipTa y HOBMjUM Bep3MjaMa IIpecTaje ma ce
KOPVICTU U 3HAaK jeJTHAKOCTH je 3aMembyje.
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Hexo du mpumeTno aa je MHOTO IIocja Jja ce yHOCe ITOJauy APYTM IIyT. 3ap He MOKe
R-y [1a ce Ka)Ke J1a caMO IIpOMeHM Opoj rpelraka Ha mpBoj ctpaHu? OAOrosop je HapaBHO
noreBpaaH. EBo kako:

> typos.draftl=c(2,3,0,3,1,0,0,1)
> typos.draft2=typos.draftl # npaBu ce xomnuja
> typos.draft2[1] = 0 # npBoj crTpauu ce pomenyje 0 rpemaxa

[Ipumehyje ce Hekomko HOBuX MoMeHara. [IpBo, KapakTep # ce KOPUCTY 32 KOMEHTape.
CBe HaKOH OBOT 3HaKa ce UTHOpHIIIe of cTpaHe R-a. Jlaibe, Jofesa IpBe BpeJHOCTU Y BEKTOP
typos.draft2 ce pagn pedepeHIupameM IIPBOT eleMeHTa BekTopa. OBo ce pagu momohy
yIJIacTUX 3arpaja (], Kao M y HeKUMM ApyTUM IpOrpaMCKUM je3uimma. BakHo je ma ce mma
Ha yMy jaa cy Maje 3arpafe () 3a mo3us QpyHKI(1je, a yIyiacTe 3arpaje [| 3a eeMeHTe BEKTO-
pa (1 xacHuje Hu30Be U ynucre). KOHKpeTHO, TPEHYTHO y typos.draft2 mocroje cienehe
BpPETHOCTIU:

> typos.draft?2 # mramname BPEeOHOCTH
[1] 0 3 03 1 001
> typos.draft2[2] # mrTaMname BPEeOHOCTU OpPyre CcTpaHe

(11 3
> typos.draft2[4] # ueTBpTa CTpaHa
[11 3

> typos.draft2[-4] # cBe oCcuM UeTBpPTe CTpaHe

[1] 03 01 001

> typos.draft2[c(1,2,3)] # mramname mnpee, Impyre u Tpehe cTpane
[1] 0 3 0

[Ipumehyje ce ma HeraTMBHM MHAEKCK Jajy CBe OCMM eJeMeHTa TOT MHAeKca. Ilocienmu
IpyUMep je BeoMa BakaH. Moske ce y3eTy BUILIE O jeJ{He BpeJHOCTI KopucTehu Ipyru BeKTop
ca HyMepauujama napaekca. OBo ce joir HasuBa s1icing (Iapuame).

Xajme cama na Hahemo cTpaHe ca CTBApHO MHOTO rpelaka. VHCIIeKI[joM ce MoxKe IIpU-
METUTH Ja cTpaHe 2 U 4 IIpecTaBibajy Hajsehu mpodiem. Mosxe Ju ce y R-y OBO M3BeCTH! Ha
CUCTEMATUYHUjU HAaUMH?

> typos.draft2 == 3
[1] FALSE TRUE FALSE TRUE FALSE FALSE FALSE FALSE

[Ipumehyje ce ymorpeda gBocTpykor 3Haka jemHakocTn (==) y cBpxy nmopehema. OBum ce
TeCTMpajy CBe BPeJHOCTU IIPOMeHJbMBe typos.draft2 Ha jemHakocT Opojy 3. [pyra u ue-
TBPTa BpeXHOCT nodujajy oAToBOp TRUE MOK Cy ocTaje HeraTuBHe. OBO ce MOKe 3aMUCIIUTI
Kao ITOCTaB/bakbe MITaa Ja JIN je BpeJHOCT jeqHaka 37 R ofrorapa cBe ofjeJHOM, I TO JIpy-
IYIM BEKTOPOM KOjU cafp:Ky BpegHocTu TRUE u FALSE. Cafa je mmuTame KaKo MOKeMO fAa
nodujeMo MHAeKce (cTpaHUIle) Koje oaroapajy TRUE BpegHocTUMa? AKO ce INUTambe IIpe-
dbopmyuire, Koju MHAEKCK NMajy TauHOo Tpu rpelike? Komanna which je pemreme:

> which (typos.draft2 == 3)
[1] 2 4
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Hpyra uneja je na ce kpeupa HoBu BekTop 1 2 3 ... kKoju he na Senexxn Spojese cTpaHa, u
3aTUM M3IBOjU CaMO OHe 32 KOje BaX! typos.draft2==3:

> n = length(typos.draft2) # xonuxo crTpaHa
> pages = 1l:n # xako ce pmobuja Opo]j cTpaHa
> pages # pages Jje jemHocTaBHO om 1 mo Spoja cTpaHa
(11 1 2 34 5 6 7 8
> pages|[typos.draft2 == 3] # logic usanBajawme. BpPIO KOPUCHO
[1] 2 4

3a kpeupamse Bektopa 1 2 3 ... xopuiheH je omepatop ,:”. Komanma a : b je mpocto
a,a+1,a+2,...,baxo cy a, buenu dpojeBu. YomniureHnuja R pyHKII]ja je seq () Koja 3axTeBa
MaJIo BUIIIE Kyllamkha. YKOJMKO Ce OTKyIla ?seq MOTY ce BUIAETU ieHe omuuje. [la du ce
DoOMIIO IPeTXOAHO HaBeeHo, Tpedano du mpodaru seq (a, b, 1).

Ynorpeda m3nBajarma ereMeHaTa BeKTOpa IIOMONy ApPYyror BeKTopa MCTe AYKUHeE, KOju
ce cactoju o TRUE u FALSE BpeJHOCTM Ha3MBa C€ €KCTPAKIja JOTMYKIM BEKTOPOM.
[IpuMeTuMO fOa je 0BO gpyrauuje of M3ABajarba OpojeBa CTpaHa IapuameM, Kao IITO je pa-
heno panuje. IlosHaBame ymoTpede mapuarma ¥ JOTMUYKUX BeKTOpa JAaje MOTyhHOCT fa ce
jemHOCTAaBHO NIpMCTYnM nofaruma. HapaBHO, MOIJIO je cBe 0BO ma ce ypamu u ciaemehom
KOMaHJOM:

>(l:length(typos.draft2)) [typos.draft2 == max(typos.draft?2)]
(1] 2 4

MebyTum, oBaj HaunH je y 4oOpoj Mepu MOAIOKAH TpeIIKaMa, ajiit OJCIMKaBa KaKo ce n3pa-
311 MOT'y KOMOMHOBATH y KpaTke MohHe Hapende. OBo je BaskaH 3akipyuak. [la du ce 1ieHmIa
ymorpeda jesuka R, Tpedayno dm pasymeTn Kako ce KOMOMHYje 13ia3 jeqHe GyHKIje VN
oIepanyje ca yJa3oM apyre. Y MaTeMaTHIV ce OBaj IIPUCTYII HasWBa KOMIIO3UIIVjOM.

[Ita ako je moTpedHO 3HATM KOJIMKO MMa Ipelllaka y KyIamy, MM KOJIMKO CTpaHa joII
yBEK MMa Ipelllaka Koje Tpeda MCIIpaBUTH, WIN IIaK Koja je pasnuka nsmely Bepsmja? Onro-
BOp Ha CBa OBa INUTama Cy MaTeMaTnuke QpyHKLUje:

> sum(typos.draft2) # xonukxo yXyIHO HUMa rpemaxka

[1] 8

> sum(typos.draft2>0) # xonukxo CcTpaHa ¥Ma Cca rpemkaMma
[1] 4

> typos.draftl - typos.draft2 # pasnuka usMehy Ta nBa
[1] 2 00 000 0O

2.5.1 IIpmmep: IIpaheme BpegHOCTM aKIMja, IPOLINPUBaEHE IIOXATA-
Ka

[IpermocTaBKa je qa cy AHEBHe 3aBpIIIHE BpeIHOCTH aKlyja Ha dep3u 3a [[Be Heflelbe Cle-
nehe: 45,43,46,48,51,46,50,47,46,45. OBe BpeQHOCTU MOT'y fa ce dOeyieke y je3auKy R Kopuiithe-
BEM BEKTOpa:
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> x = c(45,43,46,48,51,46,50,47,46,45)
> mean (x) # cpelwma BPEOHOCT

[1] 46.7

> max (x) # HajBeha BpemHOCT
[1] 51

> min(x] # HajMama BPEIHOCT
[1] 43

MHore 3anuMBMBe QyHKIMje Moryhe je mspauyHaTu Ha jegHOCTaBaH HaunH. Kako ce mory
pomatu u Heke apyre BpenHoctu? IIpso ce nomajy BpeIHOCTM HapeHE OBe HeJebe Y BEKTOP
x, HIIp:

48,49,51,50,49,41,40,38,35,40
Ibux nomajemo BekTopy Ha cienehu HaumH:

> x = ¢c(x,48,49,51,50,49) # pomaje BpPemHOCTHU BEKTOPY X

> length(x) # xonuka je can OyXWHA BekTopa X (mpeTxomHa noyxuHa je 10)7?
[1] 15

> x[16]=41 # pmomaBame Ha omnpeheHu HHIOEKC

> x[17:20] = c(40,38,35,40) # momamame Ha Bulle ompeheHUx

[Ipumehyje ce ma cy nsBpIieHe TPU pasIUUUTe Ollepanuje qa Ou ce BEKTOp IPOIINPUO.
Cse cy kopucHe, anu ux je norpeduo odjacuutu. IlpBo je xopuirthen c (ox combine) ome-
paTop [a ce MPOLIMPHU IPETXOJHA BPeIHOCT  dpojeBuMa ox cienehe Hememe. 3atum je
IoebeHa BPeIHOCT AUPEKTHO 16-TOM MHIEKCY. Y BpeMe ofele, T je mMao 15 uraHoBa, Ia
je ayromaTcKu qomart jou jeqan. KoHauHo, JOome I cMo BpeIHOCTU CKyITy MH/IEKca.

2.6 TI'padpmuxu naTepdejcu 3a yHOC mogaTaka

ITocroje u gpyru HauMHY 3a YHOC 11 ypehuBamwe mogaraka. Jemas o lMX KOpUCTY Tadery
Kao KopucHIYKM uHTepdejc. EBo mpumepa ca aHoTanyjama:

data.entry(x) # orBapa Taleny 3a YyHOC momaraxa
x=de (x) # HCTO, CaMO MmMTO He uYyBa MomaTke

x=edit (X) # XOPHUCTHU €OUTOP 3a U3MEeHY X

vV V V V

median (x) # cpeIma BPEIHOCT

Csu cy jemHOCTaBHMU 3a yriotpedy, ainu 3adyHa MosKe HACTYIIUTHI U3 IT0Tpede [a IpOMeHJbIBa
2 TpeTXoqHo Mopa fa dyne nmedunucana. Ha nmpumep:

> data.entry(x) # pesynTyje rpemkoM, OPOMEeHBHBA HHUJje meduHHUCAaAHA
Error in de(..., Modes = Modes, Names = Names) : object 'x' not found
> data.entry(x=c(NA)) # capma panu, X Jje pneduHucaH y HCTO] Hapendu
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Capa MOKeMO pasMOTPUTH IIpUMeHYy HeKIX Apyrux yrpahennx ¢pyHkuuja Ha yHeTe I10-
natke. EBo Hekonmko nipuMepa. [lokpemHu ipocex jeTHOCTAaBHO 3HAUM Ja ce U3padyHa IIpo-
CeK HeKoT IperxonHor dpoja gaHa. [IpermocraBuMo fa je moTpedaH IeTOTHEBHY ITOKPETHN
npocek. HapaBHo, Moryhe ra je uspauyHaTtu 3a qaHe of 5-or £o 20-0rT, ITOIITO 3a pyTe JaHe
HeMa JI0BOJbHO IT0flaTaKa:

> day=5

> mean (x[day: (day+4)])

[1] 48

> day: (day+4) # Tpuk je y TOMe WTO napuyame usngBaja maHe 5,6,7,8 u 9
[1] 56 7 8 9

,HaKJIe, cpearma BpeJHOCT y3uMa caMoO onpel’)eHe BpE€OHOCTI BEKTOpPA T.

Cnenehm 3amaTak Koju MOKeMO IIOCTaBUTH je M3pauyHaBarme MaKCUMaTHe BPeIHOCTU
akuja. PyHKIMja Koja ce 32 TO KOPUCTH je max (x). YKOIMKO je moTpedHO 3HATU HajBehy
BpPEeIHOCT 10 HEKOT [aTyMa, Takobe je jeqHOCTAaBHO ako 3aHMO fAa R mMa yrpaheny ¢yHK-
11jy Koja ce TuMe daBu. Ta pyHKUMja ce Has3MBa cummax ¥ Bpaha BpeTHOCT KyMyJIaTMBHOT
MakcuMyMma. EBo pesyirara 3a momaTke of 4 Hefiesbe 3ajeJHO ca CIMYHYUM cummin:

> cummax (x) # Texyhu MakxcuMyM
[1] 45 45 46 48 51 51 51 51 51 51 51 51 51 51 51 51 51 51 51 51
> cummin (x) # Texyhu MHHUMYM
[1] 45 43 43 43 43 43 43 43 43 43 43 43 43 43 43 41 40 38 35 35

2.6.1 IIpumep: Pag ca maTemaTnmukum pyHKIMjama

R OJIaKIlIaBa IIpeBoheme MaTeMaTIKe Ha IPUPOIHY)I HAUNH, Kaja nogarke Beh mmamo y
Mmemopuju. Ha nmpumep, yamumo fa je roguursu Opoj KMTOBA KOjII CY ce HacyKaiu y Tekcacy
y nepuony ox 1990. mo 1999. ronuue ciaenehu:

74 122 235 111 292 111 211 133 156 79

Koja je cpenmwa BpenHoOCT, BapMjaHca U cTaHAapaHa aeBujaruja? IloHoBo, R 0Baj mocao
UVHIU TPUBUjaTHIIM:

> whale = ¢ (74, 122, 235, 111, 292, 111, 211, 133, 156, 79)
> mean (whale)

[1] 152.4

> var (whale)

[1] 5113.378

> std(whale)

[1] 71.50789

> sqgrt (var (whale))

[1] 71.50789

> sqgrt ( sum( (whale - mean(whale))”2 /(length(whale)-1)))
[1] 71.50789
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I[IpBo, MoOpajy ce 3arraMTuTI UMeHa QyHKIMja. Y OBOM CJIyuajy, mean je JJaKO IOTOIUATH,
var je IpMJINYHO OYUTJIeTHO, MaJia Make, a 33 CTAaHAApAHY AeBMjalljy Y IIpUMepy yIoTpe-
OJbeH je KBagpaTHI KOpeH BapujaHce. KoHauHo, Iocienma JIMHMja WIYCTPyje Aa R MOXKe
IIOTIYHO NPEeLM3HO Ja OIlIOHAIlla MaTeMaTUUKy (opMyIy 3a CTaHZApAHY AeBUjaLiN]jy:

o(X) = || 2 DX - X

=1

IIpumetymo fia je cyma >, X je mean (whale) u ma ce length (x) KOPMCTM yMeCTO n.

JemHocraBHOCT meduHUCAA KOPUCHNUYKNX QYHKIUja je BPJIO MPUBIAUHA KapaKTepu-
CTMKa R-a Koja he ce kacHMje yecTo KOPUCTUTHU. Y OBOM KOHKPETHOM IIPMMEPY 3a TO MIIAK
HeMa notpede, jep mocroju u yrpahena ¢yunkuuja sd (). Ona nmaje

> sd(whale)
[1] 71.50789

2.7 IIpuctyn momammma

MMa HeKOoJIMKO HauMHA Aa ce M3BYKY Iojanu us Bekropa. EBo mperiena xopmirhema
Iapuama I eKCTpakLuje IoMohy jormukor Bekropa. IIpeTmocraBumo 1a je T BeKTOp Iopaa-
Taka, Hp. = = 1 : 10.

KOJINKO eJleMeHaTa? length (x)

i-TU eJIeMEeHT z[2] (i=2)

CBUI OCVIM {-TOT eJIEMEHTa z[—2] (i=2)

npsux k eremenara 1:5] (k=05)

nocienmpux k eremeHara z[(length(x) — 5) : length(x)] (k =5)

[
onpehenu exemeHTHN x[c(1,3,5)] (IlpBu, Tpehu u meTn)
cBu Behu o Heke BpegHOCTH x[r > 3]
Mamu wiy Behn ox Heke BpenHocTn | [z < —2|x > 2]
nHpaekc Hajseher enemenTa which(x == max(z))
Saganm

1. IIpeTmocTaBMMO Ja sKeJIMMO Aa IPaTUMO KIJIOMETPaKy CBAK! ITyT Kaja CUIIaMO TOpH-
Bo y ayromodui1. Ha mocienmux 6 cumnama KuitoMerpaxa je dmma: 65311 65624 65908
66219 66499 66821 67145 67447. YHecumo oBe OpojeBe y R U ynmoTpedumo QyHKIUjy
diff Ha momamumMma:

> miles = c (65311, 65624, 65908, 66219, 66499, 66821, +
67145, 67447)
> x = diff (miles)

Tpedano du nma ce nodmje dpoj kuimomerapa usmehy nymema. Kopucru ce max nma ce
nponahe makcumanum dpoj kunomerapa msmehy nymema, QpyHKIMja mean Halasm
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mpoceuaH dpoj KmioMmerapa, a momohy min ce moduje MUHUMATIHU Opoj KUIOMeTapa
n3mehy nymema.

2. IIpeTrmocTaBMMO [a IpaTUMO CBOjY BOXKEbY JeceT JaHa U HajJasuMo ciefeha BpeMeHa
y MIUHYTUMA

17 16 20 24 22 15 21 15 17 22

Yuecumo oBo y R. Kopuctnmo ¢pyHkimjy max na Hahemo Hajmyxe BpeMe BoxXibe, PyHK-
nMjy mean na Hahemo mpocek u QyHKIMjy min 3a MuHUMyM. Cafa IpeTIoCTaBIMO
na je 24 dmia rpemka. Tpedado je ma dyme 8. Kako mcnpasutn? Ypagumo 10, 1 OHAa
Hahumo HOoBM mpocek. Konmko myrta je Baira Bokma Tpajaia 20 MUHYTA WJINU BUILe?
Penrmmo:

> sum( commutes >= 20)

[ITa ce noduja? Koju nmporteHar Boxxmu je Tpajao kpahe ox 17 munyra? Kako moskemo
7la OATOBOPMMO Ha 0BO romohy jesmka R?

3. Pauyn 3a modwiHu TenedoH Bapmpa o7 Mecela 4o Mecena. IIpermocraBumo na je y
roguHu OWIIo pauyHa ca cienehnm nsnocuma

46 33 39 37 46 30 48 32 49 35 30 48.

YHeTu oBe mopmatke y nmpomeHspuBy bill. Kopmermmo Hapendy sum ma mporahemo
M3HOC KOjU CTe IOTPOllIeH Ha HMBOY roauHe. Koju je HajMamu M3HOC KOjU CMO IIO-
Tpormn y jexHoMm Mmecenty? Koju je Hajsehn? Kosnmko meceru je pauyn dmo Behu ox
$40? Koju je mporeHaT oBe mojase?

4. JXenmmo na Kynmmo IT0JIOBaH ayTo U HaKOH ofpeheHOr ncTpakmBarba 10d1jamMo ciie-
nehe nene (mpeTrnocTaBMMO Aa Cy CBM ayTOMOOWUIIN CIMUYHUX KapaKTepUCTUKA):
9000 9500 9400 9400 10000 9500 10300 10200
Hahwu npoceuny BpemgHocT u ynopenutu je ca mpouesHom ox $ 9500. Hahn muanmym

I MaKCUMYM.

5. Koju cy pesyiraru nsspiiema cienehnx R komaugu? IIpetmocTaBumo aa je

> x =c¢(1,3,5,7,9)
>y =¢(2,3,5,7,11,13)

(a z+1

(b) y %2

(C) length (x) M length (y)

d) z+y

(e) sum(x > 5)u sum(z[x > b))

() sum(z > 5|z < 3) # rymauntu | Kao 'or’, m & xao ‘and’
) y[3]
(h) y[=3]
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(i) y[x] # IIra je NA?
G) yly >=7]

6. Heka momamu x dyny 3amatu ca

> x =c¢(1, 8, 2, 6, 3, 8, 5, 5, 5, 5)

Wspauynatu Bpeguoctu cnepehnx ¢pynximja. Tpeda mpumerurn ga kopucrumo X 1
Ila 03HAUMMO IIPBU eJIEMEeHT BeKTopa & (koju je 0) uTx:
(@ (X1+4 X2+ -+ X10)/10 (xopuctumo sum)

(b) Iponahumo logo(Xi) 3a cBaxo i. (Kopuctumo 1log pyHKUM]jy Koja je mpenedu-
HIICAaHa ca OCHOBOM €).

(c) Habumo (Xi-4.4)/2.875 3a cBaxo i. (Tpeda ypaguru cBe ogjegHOM.)

(d) Habhmmo pasnuky Hajmarme u HajBehe BpemuocTu x. (Pagm ce o pactiony Bexropa.
Moske ce KOpuCTUTI max ¥ min wian yrpahena Hapenda.)



I'maBa 3

OcHOBHe MaTeMaTHMUKe CTPYKType U
omepamnuje

Y oBoM morzasiby he duty mare cMepHuIe 3a ynorpedy R-a 3a pelllaBambe 3aJaTaka Koju
ce TMUY JIMHeapHe ajaredpe, Kao U HEKOJIMKO IIpUMepa U3 KIacuyHe MaTeMaTHUKe aHaJIu-
3e. OBo nedpMHUTMBHO HIUje IIpMMapHa HaMeHa OBOT IIPOrpaMCKOT OKPY)Kekba, alli CTyeH-
1y Il roquee Moxe momohu y caBiagaBamy rpaguBa MaTeMaTUYKUX IIpegMeTa JMPEKTHOM
IIPOrPaMCKOM JE€MOHCTPAIMjOM MaTeMaTUUKIX KOHIlenaTa. Ilopex Tora, y OCHOBI MHOTMX
anropurama Hayke o mogarmma siexu dai anHeapHa anredpa.

3.1 BexTopu m MmaTpuue

Bexrop ce moxe popmuTaTy Ha ciaenehm HaumH:

> A=matrix(data = c(1:4))
> A
[,1]
[1,] 1
[2,] 2
[3,] 3
(4, ] 4

Y R-y je moapasyMeBaHO CMellITarbe IT0JjaTaka 110 KOJOHaMa (Kao y3 IPOTPaMCKOM je3UKY
Fortran, a CyIIpOTHO OJ IporpaMcKor jesuka C). Caga eBo mryctpanuje GopMupama ase
UJeHTNYHe IBOAVMEH3OHe MaTpuIle:

> B = matrix(data c(1:16), ncol=4)

> C = matrix(data = c(1:16), nrow=4)
C
(11 [,2] [,3]1 [,4]
(1,1 1 5 9 13
[2,] 2 6 10 14
[3,] 3 7 11 15
[4,] 4 8 12 16

21
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Ykonuko xeammo Aa MaTpuly IIOIIyIbaBaMO IIO BpCTaMa, TO €C€ MOpa €KCIJIMINUTHO YKIbYy-
UNTN:

> D = matrix(data = c(1:16), nrow=4, byrow=T)
> D
(,11 [,2]1 [,31 [,4]
(1,1 1 2 3 4
[2,] 5 6 7 8
[3,] 9 10 11 12
[(4,] 13 14 15 16

Ykoiuko mocToju morpeda, mogany Mory U Ja ce IIOHaBIbajy:

> D = matrix(data = c(11:15), ncol=10, nrow=5)

> D

(.11 (,2] (,3] [,4] [,5) [(,e] [,7) [,8] [,9] [,10]
[1,] 11 11 11 11 11 11 11 11 11 11
[2,] 12 12 12 12 12 12 12 12 12 12
[3,] 13 13 13 13 13 13 13 13 13 13
(4,1 14 14 14 14 14 14 14 14 14 14
[5,] 15 15 15 15 15 15 15 15 15 15

Hapenda diag () ce MO)Xe MCKOPUCTUTY Ha pasINUuNTe HaUMHe:

# Elementi glavne dijagonale matrice A
G = diag(A)

# Matrica cija dijagonala uzima vrednosti prosledjenog vektora
H = diag(c(1:5))

# Jedinicna matrica dimenzija 5x5

I = diag(b)

TpaHcmoHOBame BeKTOpa (MaTpuile) BpPIIN ce HapeadoM t () :

A=matrix(c(1,3,2))

> A
[,1]
[1,] 1
[2,] 3
(3,1 2
> t (A)
(11 [,2] [,3]
(1,1 1 3 2

MHoxeme BeKTopa CKalapoM, cadupare I Oy3MMarbe ce Bpllle Ha MHTYUTMBAH HAUVH:

> a=matrix(c(1,3,2))
> b=2*matrix(c(1,3,2))
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TpaHCHOHOBaI-be, MHOJXEIbE CKaJIapOM, caSMpa}be n ogy3mMarbe Ce€ 1 3a MaTpuue ITOCTUXKE
Ha JICTN HAUVMH KaO 3a BEKTOPE, I1a OBAE Hehe dutn J0OJaTHO O6jaLLII-baBaHO.

Ha ce moaceTuMo, CKaJIapHU IIPOMU3BOJ, IBa BEKTOpA BPILI Ce I10 ciiegehem mpaBuiy:
a-b=ab +aby+---+a,b,

IIITO Ce JIAKO IIOCTIIKe HapeadoM sum (a*b), OK ce HOpMAa BEKTOPa (MHTEH3NUTET BEKTOPA)
pauyHa 1o popMyJu:

IIITO Ce y R-y IOCTIDKe HapeadoM sqrt (sum(a * a)).

MHoKee MaTpuIie Of] 7 BPCTa U € KOJIOHA M KOJIOHA BEKTOpA O ¢ WIAHOBA 3BOOM Ce
o ciegehem mpaBuy:

ailr G2 ... Q1 by a11b1 + a2bs + - - - + aq.b.

Ag1 Q22 ... Q2 by a1b1 + agebs + - - - + agcb,
A-b=| . . I I :

Ar1 QA2 ... Gpc bc CL?”lbl + ar2b2 +- 1+ a'rcbc

Cpehowm, nmporpamcku ce oBa oreparja M3BOAY jeJHNM jeJMHUM OIIePaTOPOM:

> A=matrix(c(1,3,2,2,8,9), nrow=3)
> A
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[,1]
(1,1 21
(2,1 79
[3,] 82

MHosxeme nBe MaTpuiie ce 0daBiba II0 CIMYHOM IIPVHIUILY, & ICTUM OIIepaTOPOM Kao y
MPETXOAHOM CIIyuajy:

21 8
[gﬂ: 79 28],
82 26

>

=

|
MO Lo
© 00 N

T IIporpaMcCcKu:

> A <- matrix(c(1, 3, 2, 2, 8, 9), ncol = 2)
> B <- matrix(c(5, 8, 4, 2), ncol = 2)
> A $*% B

[,1] [,2]
(1,1 21 8
(2,1 79 28
[3,] 82 26

JdeTepMmHaHTa MaTpuIle pauyHa ce pyHKIMjoM det (), JOK ce MHBep3Ha MaTpuna (AB =
BA = 1) noduja ¢pyukumjom solve (). Tpeda BomuTu pauyHa fa Cy U AeTepMMUHAHTA Ma-
TpUIle ¥ MHBep3HAa MaTpuua gedmHUcaHe caMo 3a KBagpaTHe MaTpuile. EBo mpummepa 3a
pauyHare MHBep3He MaTpulle:

13 o [-2 s
A‘L147 B=A _[1-44

WU jeJHOCTaBHO:

> A=matrix(c(1,2,3,4),ncol=2)
> solve (A)
(11 [,2]
(1,1 -2 1.5
[2,] 1 -0.5

YnpaBo yBeneHa Hapenda solve () 3alpaBo je IPBEHCTBEHO HaMeheHa pelllaBaby CU-
cTeMa JIMHeapHIIX jefTHAUYMHA, jep ce CUCTeMI JIMHeapHUX jelHauMHa 3alIpaBo MOTY IIpef-
cTaBuUTU y MaTpnuHoM odiauky. Ha npmumep:

T +3x2 =7
2.%'1 +4£E2 =10

1 3 T1| 7 .
[2 4] . LJ = [10} , i Ax = b,

MOJKE Oa Ce€ HaIIllIlI€ Kao:



3.2. HYMEPUYKO OAPE'BUBAKE BPE/THOCTH U3BOJA U MHTETPAJIA 25

AKo 0By jemHauMHYy ca JeBe cTpaHe momoxumo ca A~ (A~'A = 1), onpa:

x=A"b= {_12 _1(5?5] ' [170} - H |

OBo ce IMpeKTHO TpaHCIMpa Y IPOrpaMCcKM KOI:

> A = matrix(c(1l, 2, 3, 4), ncol = 2)
> b = c(7, 10)
> x = solve(A) \%$*\% Db
> x
[,1]
[1,] 1
[2,]

3ampaBo, oIepaluja MHBep3Uje MaTpUIlEe je IPUMJINYHO CKyIla ca CTAHOBUIITA BpeMeHa I
pauyHapCKUX pecypca, 1 IoKeJbHO jy je u3dehu kama rox je To moryhe. Cpehowm, 3a cBpxy
pelllaBama CUCTeMa JIMHeapHUX jeJHauIHa II0CTOoje U JpyTe, Mambe CKyIle, MeToMe, Kao IITO
je 'aycoBa enemmHaimja, koja je takohe yrpahena y xomanay solve (), camo LITO ce cana
II03MBa Ca JOJaTHUM apTyMeHTOM BeKTopa JdecHe CTpaHe:

> solve (A, Db)
(1] 1 2

3.2 Hymepuuko ogpehuBame BpegHOCTM I3BOAA U1 MHTE-
rpajia

I[Ipu perraBamy pasIMINTUX MpodiieMa HayKe J MHXEeHhepCTBa, IIOHEKa je BeoMa TEIIKO
nohm mo TauHe BpegHOCTM M3BOMA MM OfpeheHOT MHTerpana Heke PyHKUMje. 3aTo ce mpu-
Memyjy NpuOIIDKHe HyMeprUKe MeTofe Koje je BeoMa jeJHOCTAaBHO MMIIJIEMEHTMPATI Ha
paduyHapy, a fajy JOBOJbHO TauHa pelllerha 3a IPAKTUUHY IPUMEHY.

3.2.1 MW3Boxg pyHKUIUjE

dopmysa 3a HyMEpMUKO pauyHame M3BOJa CJIeAM OUPEeKTHO M3 meduHMIMje M3Boaa

byHKUKje:
. fle+Ax)— f(z) _ df
/ — 1 = —
f(z) AT 50 Ax dz
Axo nudepennujane df u dr 3amennmo koHauHuM npupaturajuma Az, i A f peciekTuBHO,
€BO HaulHa Ja ce M3pauyHa u3Bof GpyHKIyje y R-y:

x=seq(0,2*pi, 0.01)
f=sin (x)
fprim=diff (f) /diff (x)
plot (x, f)

lines (x[-1], fprim)

vV V V V V
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Hakite, HAIPaBUJIN CMO TOBOJFHO CUTHY IIOZENy IO T, ¥ Y3 IporjiamiaBamwe Ar = T4 — &;
ulAf = f(ziy1) — f(z;), nodnmmu ussoxn pyuxuyje sin(x), kao mwro ce Buau Ha Caunu @
OuurienHo je ma cMo Kao usBox nodmmu GyHKuujy cos(x). IocTymak MoskeMO MOHOBUTHI
3a dmto kojy dyHKUUjy Koja je mudepeHnmjadiiHa y JaToM MHTepPBaly, IpU YeMy Tpeda
BOJMTH pauyHa Ja IIojesa 1o = dyae JOBOJbHO CUTHA.

Ciuka 3.1: UsBox ¢pyukuuje sin(r) nodujeH HyMepUUKUM IIyTeM 10 AeUHIILIVI

3.2.2 PauyHame ogpehenor maTerpana meTomom Tpamesa

Kaxo je BpeguocT onpehenor mHTerpana jeqHaka nmoBpiHY usMely kpuse n amcruce,
npuctynuheMo pauyHamwy BpeJHOCTY MHTerpaja Ha CIMYaH HauMH Kao IITO CMO TO ypaau-
JIM Y cITy4ajy M3BOJA - HOEIOM Ha peaTuBHO Maie uHTepsate (sumeru Cuuky B.2). Bpen-

H_,,.ﬂ"'

vd

Yo ¥i| ¥a| Vs Ya| Vs

AL AX AX AX AX

Cnuxka 3.2: Tpane3Ho npaBuiIo 3a MHTErpauujy
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HOCT IIOBPIINMHE NCIIOA KPMBE CE€ MOJKE AITPOKCUMMUPATII CYMOM ITOBPIINVHA ITPABOYTJINX Tpa-
IIesa:

N
IZ/bf@)%ZPi, R:Axf(l’i)‘*‘;(%ﬂ).
@ i=1

[akie, ako pa3BujeMo CyMy, 10OMjaMo:

I Ax. (f(fﬁo) + f2a) | flon) + fla) flen_1) + f(xN)>

2 2 e 2

IzAx.(@+f(xl)+...+@)7

LIITO Ce cajia JIAKO pelllaBa IPOrpaMcKy, pennmo 3a GpyHkuujy sin(z) y rpanunama ox 0 no
U

x=seq(0,pi, length=100)
deltax=pi/ (length(x)-1)
f=sin (x)
koef=rep(1,100)
koef[1]1=0.5
koef[length (koef) ]=0.5
sum (koef*f*deltax)
.9998

= VvV V.V V V V V

I ITO C€ IIPUJIINTYHO IIO(SpO YKJi1aIia ca CTBapHOM Bpe,IIHOHIhY MHTEerpajaa KOja C€ MOJK€E 13pa-
UYyHATV aHAJIUTUYKN I I3BHOCH 2.
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I'maBa 4

YHuBapujaHTHHI nogann

[Tocroju pasnuka nsmehy Tunosa nogaraka y craructuny u R IpenosHaje HeKe Ol OBUX
pasnuka. KoHkpeTHO, mogany MoTy y3eTH! jeJlaH of] TpM OCHOBHA TUIIA: KATETOPMYKU, TVIC-
KpeTHU HyMepUMYKHU M KOHTUHYAJTHM HyMepM4YKNU. MeToq 3a mperyien 1 CyMupambe I10-
JaTaka 3aBMCHU Of] TUIIA, TAKO Ja je IIOTPedHO 3HATY KaKO ce CBAaKM OJf HMX ITOHAIIIA I IITa
MOJKe J1a c€ Ypaall ca BbUM.

Kareropmuku nmoganm cy noganu koju deseske kateropuje. Permmo, aHkeTa Koja desrexn
Ia Jin je ocoda 3a MJIM IIPOTUB HEKOT mpejJora. Ilonnuc cTaHOBHUIITBA YKIbYUYje HEKOJINKO
NUTamka YNjI je OArOBOP KaTeropmukor tTuna. Ha npumep, jeqHO nuTame Be3aHO 3a pacy Ha
nonucy 2000-te roguHe y CjequmeHuM [[pxaBaMa yKIby4MBaJIO je 15 KaTeropuja ca IpocrTo-
POM 3a HOMMCHBAaKbe jOII 3 BpeJHOCTHU 3a OBy CTaBKY (BMILIepacHM ciyuajeBm). Jour jemaH
IpuMep MOKe OUTY MeOUILIVIHCKM KapTOH Ha KoMe ce deJie)xe Iomaly o rnamujeHty. Iloix
nIn ucropuja onpehere dosecTu ce MOTy TpeTUpaTU Kao KaTeropuje.

Mebyrtum, crapocT ocode u meHa TelleCHa TeKUHA Cy HyMepuuke BpegHocTu. Crapoct
je mucKpeTHa BpeXHOCT (TUIIMYHO), Kao 1 TesecHa TexxnHa. OBy dpojeBu ce oduuHO desesxe
Kao meyn. AKO O1 HEKO MOpao Ja Ipenmsypa, TeOPUjCKU O MOrao a y3Me U KOHTMHYaJIHe
BpeTHOCTH. 3a HeKe CTATMICTIUKE TeCTOBe IT0Ka3yje ce Aa je BAyKHO 3HATY Ja JIV ITOAAI MOT'Y
na uMmajy MehycodHe Bese, Kafa [Ba MM BUIIIe TI0JjaTaKa ITI0Ka3yjy Ha UCTy BpemHocT. Kana
IVICKpeTHe BPeJHOCTU IIpeICTaBbaMoO IpadiUKM, TO UMHUMO IToMohy Tauaka, JOK KOHTH-
HyaJIHe cJIyuajHe IIpOMeHJbMBe IIpeCTaBbaMo IIoMohy nnHuja.

JeqHOCTaBHU, MHTYUTUBHI HAUMH Aa ce ogadepe Oa JIM IMPeACTABUTY IPOMEH/BIBY Kao
IVICKPETHY JUIM KOHTMHYAJIHY je [a ce IIOTPakM Cpefiba BpeXHOCT (IIpocek). AKO OH HeMa
CMIUCIIa, OHMA CYy ITOJaly CUTYPHO KaTeropmuky (Kao IITO je HIIp. IIPOCEK IIyliaya U He-
myiaua). AKO IIPOCeK MMa CMIUCJIA, anu ra Tpeda 3aokpyxutu (perumo 18,5 3a roguue y
ciydajy Kajma desiexXmMo caMo 1iesie OpojeBe), OHa Cy MOJaly JUCKPeTHU HyMepUuKn. ATo
HIje CJIy4aj, IOJal Cy BEpOBATHO KOHTUHYAJIHI.

4.1 Kareropmukmu nmoganu

YecTo mpeacTaBbaMo KaTeropimuke IofaTke TadeIapHo, aly OBy BPCTY IofaTaka Takohe
MO>KeMO ITIoCMaTpaTy 1 rpaduuky Kpo3 cTyOHe MM Kpy>KHe Jijarpame.

29
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4.1.1 Ymuorpeba Tabena

Komanpma table omoryhaBa ¢popmupame Tadene. Ihena HajjeqHocTaBHUja yrorpeda je
JeIHOCTaBHO table (x) IHe je X KaTeropM4Ka IIpOMEeHIbIIBA.

IIpumep: AHKeTa 0 IyHIeHY

AHKeTa ITI0CTaBJba UCIIUTAHNIIMA IIUTAbE Oa JI Iy1e MIN He. [Togarm cy ciaenehu:
Yes, No, No, Yes, Yes

MoskeMo a yHeceMO MoJaTke y R moMohy ctaHmapaHe KOMaHfe ¢ (), M CYMUPaMO UX YII0-
TpedoM KoMaHJe table, Kao IITO CIEMN:

> x=c("Yes", "No", "No", "Yes", "Yes")
> table (x)

x

No Yes

2 3

KomaHpna table jemHOCTaBHO M3pauyHaBa (peKBEHINjY I10jaBJbMBaba CBaKe jeAVHCTBEHE
BpeIHOCTH ITOaTaKa, IITo heMo KacHMje peACTaBUTH U TpadMUKIL.

4.1.2 ®axTopu

Kareropmuky TuI ce uecTo KOpucTi jfa Ou ce IOAaIy KiIacuUKOBaIM Ha pasIMyuTe
HuBoe wiu ¢akrope. Ha npumep, momamnu o myirerwny Ou Moriu ga Oyay Heo IInpe aHKeTe
0 CTYIEHTCKUM 3APaBCTBEHUM IpodieMmMa. R MMa CIelMjaJHy KJIacy 3a pax ca paKTopu-
Ma KOjy je IIoBpeMeHO OMTHO IO3HaBaTH, 003MPOM Ja ce R ayToOMaTCKy Impuiarohasa kamga
IIpeIto3Ha Ja cy nopany GaKkTOpCKOr TUIa. JeMHOCTaBHO je Of IojaTaka HalpaBUTU (ak-
TOp KOMaHJOM factor () MM as.factor (). IIlpuMeTuMo pasnmky y HaumHy Ha Koju R
Tpetrpa ¢aKkTope Kpo3 0Baj MpuUMep:

> x=c("Yes", "No", "No", "Yes", "Yes")

> x # mTamMma BPemHOCTH U3 X

[1] "Yes"™ "No" "No" "Yes" "Yes"

> factor (x) # mTaMna BpemuHocTu u3 factor (x)
[1] Yes No No Yes Yes

Levels: No Yes # mpuMeTHUMO Oa CY HUBOHU HUIITAMIIAHHU

4.1.3 [dujarpamm

Crangapnau crydHu aujarpam (barplot) upra mpaBoyraoHmKe ca BUCMHOM IIPOIIOPLIVIO-
HAJTHOM BpenHocTu y tadenn. Bucuaa moxe na dynme 3amara ppeKBeHIMjOM VN IIPOIIOP-
rujom. I'padux he nsrmenarn ucro, anu pasmepa moxxe dutn apyraumja.
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AnkeTupaHa je rpymna on 25 JbyOU Y Be3) HBUXOBUX NpedepeHLNja y UCINjatby IIMBa.
Kareropmnje cy duie (1) momahe y mumeniun, (2) nomahe dmnammpano, (3) nomahe 3anarcko
nuBo u (4) yBosHo. CupoBu mmomamu cy:

3411343313 2121232311114731

[TotpedHo je HampaBuTu rpaduk ¢ppexBeHuuja u mpomopuuja. I[Ipso ce mo3usa pyHKIMja
scan () Ja ce yumTajy mmopmary, a 3aTum ce uprajy (Cinka @):

> beer = scan|()

1: 3411 343313212123 231111431

26:

Read 25 items

> barplot (beer) # OBO HHJje TauHO

> barplot (table (beer)) # ox, HO3uUB ca CYMHPAaHUM [OomaluMa

barplot (table (beer) /length (beer)) # momenuMO ca n 3a MNPOMNOPLHU]Y

| IIIIIIIIIIDDUDD Nloomn

Cnuxa 4.1: IIpumep 3a barplot - odmiam cMo 25 Kareropuja ymecro 4

Crnuka 4.2: Ilpumep 3a barplot - ppekBeHIIje

Iujarpamu cy matu Ha ciukama @1, .4 u 4.3, Tlpumernmo Hexommko crBapun:

+ Kopucrmnu cmo dyskinjy scan () ma ducmo yunranu nmoparke. OBa KOMaH/a je BPJIO
KOpMCHA 3a yunMTaBarbe ItofaTaka u3 ¢ajia mau ca tactarype. Komanma ?scan maje
BuIlle MHpOpMaIMja, ajlyi OCHOBHA yIOTpeda je MpMINUHO jemqHOcTaBHa. [lomamu ce
YKyllaBajy peoM, a 03HaKa 3a Kpaj je IpasaH peq.
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03

0.0

Cnuxa 4.3: Ilpumep 3a barplot - mpomopuuje

« ITogpasymeBaHa 11eMa 0oja 1 HIje Ha HajBUIIIEM €CTETCKOM HYIBOY.

« Hanmpasunu cmo 3 nujarpama. IIpBu npukasyje na Huje yIyTHO KOPUCTUTH barplot
Ha cMpoBUM nojauuma. [[pyru npukasyje yrorpedy table KoMaHe qa Ou ce Kpeu-
pasii CyMUpaHU IOJaIN, a pe3yJraT ce mpociehyje pyHkuju barplot, kpenpajyhn
nujarpaM ¢gpekBeHLja.

« Konauno, xomauga

> table (beer) /length (beer)
beer

1 2 3 4
0.40 0.16 0.32 0.12

naje nponopuuje. [Tomenmnu cmo dpojem momaraka (25) mnn ca length (beer). Pe-
3yJITar je 3aTuM mpociehen ¢pyHkumju barplot ga du ce modmo rpaduk. [lpumernmo
Ja MMa MAeHTIYaH odJIMK Kao IIPeTXOIHN, ajlyl OpJMHATa cafa MMa orcer usmehy 0
1, IOIIITO MepU IPOIIOPINjY, a He PpeKBEHIN]Y.

4.1.4 Kpy>XHHU gujarpamm

Vctu moganm ce MOTy IIpoy4yaBaTi U Kpo3 Kpy>kHe qujarpame (piechart) kopuctehm pie
(byﬂxumjy. B EBo mexux jemHOCTaBHUX IpUMepa KOji VIIYCTPYjy yIIoTpedy Koja je camuHa
(byHKLU/IjI/I barplot (), anu ca HEKMM JOAAaTHUM KapaKTepUCTIIKaMa:

> beer.counts = table(beer) # cauyramo pesynrtat table

> pie(beer.counts) # npBU XKPYyXHH Oujarpam

> names (beer.counts) = c("domestic\n can", "Domestic\n bottle", +
"Microbrew", "Import") # momaBame HMeHa

> pie (beer.counts) # wmraMname uMeHa
> pie (beer.counts,col=c ("purple", "green2", "cyan", +
"white")) # capma y japxum Sojama

TIpe Bepsuje 1.5.0 oa dpyHKIMja ce 3Bana piechart

TIpodecuoHanHy CTATUCTUUAPY CBE Mathe KOPUCTe KPYKHe Aujarpame. Vmak ce 1 majbe UECTO MOjaBbYjy ¥
Mequjuma. VlHTepecaHTaH ypeqHIUKI KOMEHTAp je HAllpaB/beH Ha CTPAHUIM 3a ITOMON 3a Kpy»KHI qujarpam.
Moskemo mpodaTu ?pie ma OMCMO BUAENN OBaj KOMEHTAp.
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1 domestic domestic
n kAN

Domestic Domestic
bottle bottle

4 Import

3 Wicrobrew Microbrew
Cnuxa 4.4: Ilpumep Kpy>XHUX OMjarpama

IIpsu mujarpam Ha camiu §.4 je Suo HemndopmaTuBam, ma cy gomara nmera. OBo je ypa-
heno ¢pynkumjom names kKoja omoryhasa fa ce momese uMeHa KaTeropmjama. Pesynryjyhu
KPY’KHI AMjarpaM I0Kasyje Kako cy UMeHa ynoTpedibeHa. KoHauHO, momare Cy U ynaabuBe
doje. OBO je MOCTUTHYTO IOCTaBbambeM aTpudyra col. M3jenHauaBa ce ca BEeKTOpOM MMeHa
doja Koju je mcTe Ay KMHE Kao IMOJa3HM BeKTOp rmogaraka. Komanma 3a momoh (2pie) maje He-
Ke IIpMMepe 3a ayTOMAaTCKO J0odMjarbe pasinmuuTux 0oja, HapOUNTO KopuilheweM rainbow
U gray. YodaBa ce Kopuiinrherme JOAaTHUX apryMeHara pyHKimje pie. CuHTaKca 3a BUX
je ime=vrednost. MoryhnocT fa ce mpocnene mMeHOBaHe BpeTHOCTU QYHKUMU Y BEJIUKO)]
MepH OJIaKIIIaBa paj] Y OJHOCY Ha je3uke Kao mto cy C win java. Jomatau deHedurt je mrro
je Tako moryhe kpeuparnu mamu dpoj pyHKIMja, KaKO cBaKa ITOHA0COO MOKe 1a MIMa BIIIIIE
(GYHKIIMOHATHOCTIH.

4.2 Hymepuuku nmoganu

[Toctoju myHo MoryhHOCTM 3a Iperiien HyMepu4Kux rmoparaka. IIpso hemo pasmarparu
CTaHJapAHe HyMepU4Ke I10jMOBe LIEeHTpa I pacuIlama.

4.2.1 Hymepuuke Mepe IeHTpa M pacullama

a du ce ommcana Heka qucTpudyIMja MOTPeOHO je 3HATHU IMe je HeH LIeHTap M KaKBO
je pacumatbe oko nentpa. OHU ce 0OMUHO Mepe cpearboM BpemHolrhy 1 BapujaHCOM (MIN
CTaHAApHOM JEBUjall)ijoM) UM MeMjaHOM ¥ KapaKTepUCTIUHOM IIETOPKOM y30pKa. R KO-
MaHJe 32 IOMEHYTe Mepe Cy, peCHeKTUBHO, mean, var, sd, median, fivenum 1 summary.

IIpumep: JupexTopcke miaarte

H3BpiiieHO je y30pKoBarbe TOAMUIIIIBIX KOMIIEH3a1ja AupeKkTopa u qodujene ce ciaenehe
uudpe (y Munnonuma espa): 12 0.4 5250 8 3 14 0.25.

> sals=scan() # yuurTaBaMo nomaTke noMohy oyHKLHMIe scan
1: 12 .4 5 2 50 8 31 4 0.25
11:

Read 10 items
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> mean (sals) # npocex

[1] 8.565

> var (sals) # Bapujanca

[1] 225.5145

> sd(sals) # cTaHmapnoHa IOeBujanuja

[1] 15.01714

> median(sals) # mMemujaua

[1] 3.5

> fivenum(sals) # MMHHHMYM, DOOBM KBApPTHI, MeOgHjaHa, IOPHBU KBAPTHUI, MaKCHMYM

[1] 0.25 1.00 3.50 8.00 50.00

> summary (sals)
Min. 1st Qu. Median Mean 3rd Qu. Max.
0.250 1.250 3.500 8.565 7.250 50.000

OdpatuMo maKmky Ha KOMAaHAY summary. 3a HyMEepUUYKy IIPOMEH/bMBY ILITAMIIa CKYII
IIeT BpeJHOCTM U MeyjaHy. 3a ApyTre BpCTe IPOMEHJBMBUX IIpIuiarohasa ce Ha MHTEIUTEH-
TaH HauMH.

Pa3zmuka namelhy kapakrepucTuuHe meTropke M KBaHTMUIA

Moske ce mpuMeTnTy copuCTULMPAHA pasiukKa u3Mehy KoMaHaM fivenum ¥ summary.
KonkpertHo, jenHa naje 1.00 3a momu KBapTui, a apyra 1.250 3a mpBM KBaHTWI. Y 4eMy je
pasnuka?

Mepujana je Tauka y ojanyuMa Koja UX JeJIM Ha IoJ0BMHY. To 3Haum fa je IoJoBMHA
rojaTaka M3HaJ e, a II0JI0BIHaA je ucnoa. Ha mpumep, ako cy gaTu mogaum y COpTUPaHOM
HU3Y:

10, 17, 18, 25, 28

jacHo je ma je 18 dpoj y cpenuHu u na cy aBa Opoja Beha o mera, a iBa Mama. AKO Imoganu
Majy DOJATHY TauKy

10, 17, 18, 25, 28, 28

OHJa 1M je cpenmHa Herpme usMehy 18 u 25, jep cy 3 Beha n 3 mama. RauyHa ce npocek oBe
IIBe BPeHOCTU IITO U3HOCK 21,5 3a Mequjany. [lakie, TauKa y K0joj Cy IOAIV MOJe/beHN
Ha IIOJIOBMHE 3aBUCK OX Opoja Tauaka ImojgaTaka. AKo je dpoj Tauaka HemapaH, OHIA TauKa
mojgaTaka ca mHgekcom (n + 1)/2 y coprupanom Husy oprosapa Meaujau. Ako je dpoj
mojaraka napaH IOHOBO ce KOPYCTY TauKa nHaekca (n + 1)/2, anu momrro je to qenmmansm
dpoj, pauyHa ce cpenrba BpeHOCT Tayaka JIEBO U JECHO.

Vpeja 0 KBaHTILTY reHepan3yje [ojaM MenjaHe. p-KBaHTIWI (Takohe rmo3HaT kao 100-
IIPOLIEHTHN IepLeHTI), je Tauka y rae je 100p% momaraka (y IpolLieHTMa) Mame, a 100(1-
p)% (y mpouenTuma) Behe. AKO IIOCTOjU N Tauaka IOfaTaka, OHAA ce -KBAaHTWJI Haja3u Ha
nosuuuju 1 + (n — 1)p ca moHgeprcaHUM IPOCEKOM, ako je To usmehy nennx dpojesa. Ha
npuMmep, .25 kBaHTII dpojeBa 10,17,18,25,28,28 ce jaBpa Ha mosmiujn 1+(6-1)(.25) = 2.25. To
je 1/4 myra namehy npyror n tpeher dpoja, mro je y oBom nmpumepy 17.25.
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Ksantmnuma 0,25 u 0,75 o3HaueHn cy KBapTmiam. IIpBu kBapTmi ce o3Hauasa ca (J1,
a Tpehn kBapTII ca (3. Moxe ma ce momucianu na he ce gpyru KBapTiul o3HavyaBaru ca ()2,
aJy KOPMCTH ce Ha3uB MeaujaHa. OBe BpeJHOCTY U3pavyHaBajy ce GyHKIMjOM R-a summary.
YommreHo, mocroju ¢pyHKIMja KBaHTIIIA Koja he m3pauyHaTy 6110 Koju KBaHTIII u3Mehy 0
u 1. 3a pauyHame HaBeJeHIX KBAaHTIIA MOXKeMO Ja ypaanumo cienehe:

> data=c (10, 17, 18, 25, 28, 28)
> summary (data)
Min. 1st Qu. Median Mean 3rd Qu. Max.
10.00 17.25 21.50 21.00 27.25 28.00
> quantile (data, .25)
25%
17.25
> quantile (data,c(.25,.75)) # DBe BPEeOHOCTH P OLJEOHOM
25% 75%
17.25 27.25

[TocToju ucTopujcku momysaapaH CKyIl aJTepHATUBa KBapTUINMa, HadBaH hinge, Koje je
HEILITO JIaKIlle pauyHaTy MaHyelHo. MenujaHa je nedmHucaHa Ha MCTY HAUMH KaKo je Tope
HaBeneHOo. [lowmu hinge je Taja MeamjaHa CBUX ITOfaTaka JieBO of cpenuHe. [opwmu hinge
ce nedmHMIIE Ka0 MeqUjaHa CBUX II0JIaTaKa JeCHO of cpenmue. Ha mpumep, ako cy Haim
rmomany moHoso 10, 17, 18, 25, 28, 28, oHpa je MeanjaHa 21,5, a mowu hinge je MequjaHa of
10, 17, 18 (1o je 17), a ropwu hinge je menujana ox 25,28,28 1ito je 28. OHU Cy ZOCTYIIHU Y
byHukuujn fivenum, a KacHuje ce 1ojasibyjy u y dyHKuuju boxplot.

EBo mnycrpanuje ca momamuma sals, kojux uma n = 10. Ha npumep, nown hinge je
MeJMjaHa CKyIla Irojiataka jJeso o Meaujase (0,25, 0,40, 1,00, 2,00, 3,00). ITpsu xkBpatmn (Q1)
je, ca mpyre cTpaHe, Ha MecTy Opoj 1+0,2579=3,25, a To je ueTBpTMHA ITyTa n3Mel)y dpojena 1
n 2, T1j. 1,25.

> sort (sals)

[1] 0.25 0.40 1.00 2.00 3.00 4.00 5.00 8.00 12.00 50.00
> fivenum(sals) # umanomena pna je 1 Tpeha BpemHocT, a 8 Jje ocMma
[1] 0.25 1.00 3.50 8.00 50.00
> summary (sals) # BpemuocT uHa 3.25 mecty je 1/4 nyta usmehy 1 u 2

Min. 1st Qu. Median Mean 3rd Qu. Max.

0.250 1.250 3.500 8.565 7.250 50.000

4.2.2 OTnopHe Mepe IleHTPa M pacullama

Hajuenrhe xopumrhene mepe nmeHTpa 1 mpemma Cy cpeirba BpeJHOCT I CTaHJapAHa Jie-
BIjalyija ycJe ] lbIIXOBe Bese ca HOpMaJIHOM pacnoneinoM. Mehyrnm, nmpodiem Hacraje kana
IoaIy MMajy QyTre peroBe MM IIYHO HeTUNIMYHNX BpeJHOCTH. Pasnuunre Mepe 1eHTpa U
pacurama cy pa3BujeHe Kako Ou ce oBaj mpodiem perro. MeamjaHa je ypaBo TakBa Mepa.
Menmujana je oTIIOpHa Kaja je y NNUTalkby HEKOJIMKO IPOM3BOJBHO BEIMKUX BpeqHOCTU. Pe-
LIIMO, aKO HAaIIpaBMMO Ipydy Ipellky u y Mepewny modujemo 1000000 3a HajBehy BpegHOCT
ymecto 10, mequjana he octaTu HermpomemeHa.
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JocTynHe cy 1 HeKe Apyre Mepe OTIIOPHE Ha HETUIIMUHEe BpegHOCTH. JemHa o yodmua-
jeHux 3a 1eHTap je PpyHKUMja trim. OHA je KOpMCHA aKO ITOJALM MIMajy IYHO HEeTUIIMUHUX
BpeHOCTH (Kao IOoJaly AMPEeKTOPCKUX IIIaTa, MaKo je doibe Kaja cy MOofalyl CMMEeTPIUYHN).
Opndarnyjemo oxmpehennu mporeHar rmogaraka ca Bpxa U JAHA, a 3aTUM y3UMaMo Ipocek. [la
OMCMO TO yUMHWIN y R-Y, MOpaMo Jia Ka)keMo QYHKIMjU mean () KOJMKO Tpeda 1a mpumyje.

> mean (sals,trim=1/10) # ceuemo 1/10 u ca Bpxa u ca mOHa
[1] 4.425

> mean (sals, trim=2/10)

[1] 3.833333

Axo ce cBe BUIIIe I BUIIIE ceye BPEIHOCT, CPeIMHA ce IpudirKaBa MeVjaHN Koja ce
3ampaBo U JOCTIDKe Kaja je trim = 1/2. Ilonoso ce npumehyje xopuuthemwe nuMeHOBaHOT
apryMeHTa y GyHKUM]M mean.

Mepe pacumnarma, Kao LITO Cy BapMjaHca ¥ CTaHAAapJHA AeBUjaluja cy Takohe ocerspuBe
Ha HeTunu4He BpegHocTi. OTIIOpHE Mepe pacunama YKbyuyjy IOR 1 mad.

> IQR(sals)
[1] 6

IQR IpejcTaBiba pasiauky nsmelhy Tpeher u mpsor kBaptumna. Cpeabe IPOCETHO OACTYIIArbe
(mad) je Takohe xopucHa, OTIIOpHA Mepa pacuIama. Hanasu cpeqiy BpeTHOCT allCOTYTHIX
pasiuKa o MeujaHe, a 3aTUM Ce MHOKI KOHCTaHTOM. EBo ¢opmyure:

median| X;-median(X)| - 1.4826

[TorpedHno je mponahu menujany, a 3aTuMm cBe pasnuke ox Megujane. Ox TakO HAUMEHEHOT
BEKTOpa ce M3padyHa arCoJyTHAa BPEQHOCT U IIOTOM IpoHahe cpemyHa oBOT HOBOT CKyIla
noparaka. JJodmjeHa BpeTHOCT ce MHOXM KoHcTaHTOM. Ha cpehy, y R-y mocroju yrpahena
¢dyHKIIja 32 OBY CBPXY:

> mad (sals)
[1] 4.15128

EBom IIPOBEPE MAaHYE€JITHOM METOJOM:

> median (abs(sals - median(sals))) # Se3 HopManuszaluje KOHCTAHTE
[1] 2.8

> median (abs(sals - median(sals)))*1.4826

[1] 4.15128

N3dop koHcTaHTe 1,4826 unHU 10dUjeHy BpeTHOCT yIIOPEAMBOM Ca CTAHJAPAHOM JIeBUjaLlV-
joM 3a HOpMaJIHy pacIojeiy.

4.2.3 [lujarpammu ctabjia M JIMCTOBA

AKo je cKyII IoJjaTaKa peJIaTUBHO MaJli, AMjarpaM cradiia I JIMCTOBA je BeoMa KOPUCTaH
3a rocMarpame odJIMKa AUCTpUOyIMje M BpeSHOCTHU IIOjeAMHAUHNX ITofaTaKa, ajl je IIo-
TpedHO MaJo IpUBUKaBawka. bpoj Ha JeBOj cTpaHU Tpake je cTyd, a dpoj Ha mecHOj Hudpa.
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Croojuny ¢cMO MX Kako OmcMo 0daBMIM ITOCMaTparbe. IIpeTmocTaBMMO [a MMaMO yKyIaH

pe3yiTaT KolIapKalrke yrakmuie u cienehe dpojeBe moena 3a urpade y oda tmma:

2 316 23 14 12 4 13 2 00 0 6 28 31 14 4 8 2 5
Kpeupame nujarpama cradiplke M JIUCTA je jeJHOCTABHO

> scores=scan|()

1: 2 3 16 23 14 12 4 13 2 0 0 0 6 28 31 14 4 8 2 5
21:

Read 20 items

> apropos ("stem") # mTa je TauHO Ha3UB?
[1] "R_system_version" "stem" "system" "system.file"
[5] "system.time" "system2"

> stem(scores)
The decimal point is 1 digit(s) to the right of the |

| 000222344568
| 23446

| 38

| 1

w N - O

OcHoBe R-a: help, ? 1 apropos

[Ipumehyje ce ma ce apropos kopuctu aa ce Hahe KoHKpeTHO UMe 3a PyHKIUjy. Tako
BIVIMO Ja je IpaBM HA3uUB stem (), a HUje stemleaf () MJIM HEIITO CINYHO. apropos ()
je morojgaH Kajfa IpeTIIOCTaB/baMO HasUB QyHKIUje, ayy HucMo curypHnu. Komanpma help
nomaxke ga Hahemo momoh 3a mary QpyHKuMjy mmm ckym mopmaraka Kajga 3Hamo Hasus. Ha
mpumep, help (stem) mian ckpaheHo ? stem npukasahe moxymeHTanujy sa yHKIujy stem.
[IpeTmocTaBMMO [1a CMO >KeJIeIM Ja pa3BpCTaMo KaTeropuje y rpyre ox mo 5. To MoxeMo

YpaauTHI IO0CTaB/babe€M T3B. CKaJIE:

stem(scores, scale=2)
The decimal point is 1 digit(s) to the right of the |

| 000222344
| 568

| 2344

| 6
|

|

|

w DN PO O

3
8
1
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IIpumep: IIpeTBapame HyMepMUYKNX MIOAAaTAKA y KATETOPUUKe

Kareropmukmu mogany MOTYy HacTaTy O HYMEPMUKNX I'PYIINCAakeM MHTepBaja BpegHO-
ctu. Ha mpumep, IupeKTopcKe mjare 13 jeJHOT O IPETXOTHIX CKyIIOoBa II0JJaTaka ce MOTy
cBpcTaTy y Kareropuje ox 0-1 MuimoHa, ox 1-5 MiumoHa u 1peko 5 MuianoHa espa. [da du
ce TO ypagmiio y R-y, Kopucre ce pyHKuuje cut () u table (). [IpermocraBumo fa cy miate
IIOHOBO:

12 0.4 5 2 50 8 31 4 0.25,

u na tpeda ma ce ceperajy y unrepsaie [0, 1], (1,5], (5,50]. Ha du ce kopucruna ¢pyHkumja
cut (), HEOIIXOMHO je MepMHMCATI KapaKTEPUCTUUHE TauKe Koje Jiejle MHTepBaje. Y OBOM
cnyuajy 1o ¢y 0, 1, 5 u 50=(max (sals)). Cunrakca je cieneha:

> sals=c(12 .4 5 2 50 8 3 1 4 .25) # yHomeme mopmaTaxa
> cats = cut(sals,breaks=c(0,1,5,max(sals))) # cneyuduxalnuja HUHTEepPBala
> cats # mnpernen uHTepBana

(11 (5,501 (0,11 (1,51 (1,51 (5,501 (5,50] (1,5] (O,1] (1,5) (O,1]

Levels: (0,11 (1,5] (5,50]
> table(cats) # opraunusosame

cats
(0,1] (1,51 (5,50]
3 4 3
> levels (cats)=c("poor","rich","rolling in it") # MewaMO oO3Hake
> table(cats)
cats
poor rich rolling in it
3 4 3

HamomeHna: ¢pyHKIIja cut ofroBapa Ha IUTambe Y KOM je uHmepsany gama épeguocm? Vsmnas
je mHTepBan neduHMCaH Kao factor. 380r Tora ce KOMaHa table KOPUCTHU 3a pe3UMUpaIbe
pesyntara pyukunje cut. [lopex Tora, MMeHa MHTepBaja Cy IpoMeeHa Kao JIycTparuja
KaKO mlbIMa MOXEMO jeJ:[HOCTaBHO MaHUITYyJIVICaTH.

4.2.4 Xwucrorpam

Axo nMamo IpeBenuKy dpoj ImoiaTaKka M HUJBbHU Ay JUTOPIjyM He IT03Haje KaKo Ce Um-
Ta qujarpaM cTadia ¥ JIMCTOBa, MOXKe Ce IMMOKYIIATU APYyTuM TUIom aujarpama. Hajuenrthm je
Ha IIPBU IIOIVIE]] CJIMUaH CTyOHOM AyjarpaMy U Has)Ba ce XMcTorpaM. XucrorpaM aeduHm-
IlIe CEKBEHIly MHTepBaJa, a 3aTUM IIpedpojaBa ITOaTKe KOjI ce YKJIAIlajy y 3aiaTe MHTepBaJe.
OBo je ciimuno yrorpedn dpyHkiuje cut (). CIMdHO je Kao ¥ Ha CTyOHOM qujarpamy, ajiu ce
cryduhu momupyjy. BpenHoct Bucuze Moske Outu ppekBeHIMja WM Iporopuuja. Y Apy-
rOM CJIyuajy ITIOBPILIMHE Ce CyMUpajy Ha 1 - ocod1mHa Koja 3ByUM II03HATO Kafja Ce IpoyydaBajy
pacmozesie BepoBaTHOhe. Y cBakoM ciIyuajy, IIOBPIIMHA je IPOIIOPIMOHAIHA BepOBaTHONIL.

[Tounnmo ca jemHOcTaBHMM IpuMepoM. Heka cy 25 Hajdospe paHrupannx ¢puiMoBa Ha-
npaBmn ciienehe mpuxome sa jexHy cemmMuiy::

STlopanu cy noctynuu Ha movieweb.com (http://movieweb.com/movie/top25.html)
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29.6 28.2 19.6 13.7 13.0 7.8 3.4 2.0 1.9 1.0 0.7 0.4 0.4 0.3
0.3 0.3 0.3 0.30.20.20.20.1270.170.1270.10.1

[Tomamu ce mpBO CKEHUPA]y, a 3aTUM Ce I[pTa XMCTOTpaM:

> scan ()
1: 29.6 28.2 19.6 13.7 13.0 7.8 2. 1 0.7 0.4 0.4 0.3
15: 0.3 0.3 0.3 0.3 0.2 0.2 0.2 0. 0 0.1
27:
Read 26 items
[1] 29.6 28.2 19.6 13.7 13.0 7.8 4 2.0 9 1.0 O

0.4 0.4 0.3 0.3 0.3 0.3 0.3 0.2 0.2 0.2 0.1 0.2
0.1 0.1 0.1

> hist (x) # dpexBeunuje

> hist (x,probability=TRUE) # nponopuuje (unu BepoBaTHOOhe)

> rug(jitter(x)) # momajy ce nomnedmaHe o3HaxKe

Histogram of x Histogram of x

| T T —
ol

F requency
1
Density

= _| i

0000 0005 0010 0015 0020 0025

280 280 300 310 320 330 280 280 300 310 320 330

Cruka 4.5: Ilpumep 3a xucrorpam - ppekBeHIMje (J1eBO) MM Iporopirje (qecHo)

Ha comuu .9 npukasana cy msa rpadmka (aam He 3a cKyIm mojaraka o dguimosuma). Ilp-
BN je mogpasyMeBaHU rpadmk Koju npukasyje ppexksenmuje. [Ipyru nmpukasyje Xmcrorpam
IIpomopuyja unja je yKyInHa IoBpluMHa jenuHNYHA. OBO je mo)keJbHUje, jep OumnrjienHuje
KOopeJylile ca II0jMOM TI'yCTMHe pacrofene. JenyHa pasimka je Ha y ocu. Jlem momarak xu-
CTOrpaMy je UCIpTaBaibe Tauaka KoMaHaoM rug. Kopuithen je ma du ce modwite monedipa-
He O3HaKe OOMax M3HaJ T oce. AKO Cy IOJaIy AMCKPETHU M ITOBe3aHM, oHAa he xomanma
rug (jitter (x)) HOAATU YOUBMBOCT IIOjeAMHAUYHIM BpeIHOCTIMA T-a.

[Ipumehyje ce ma oBe KoMaH/e 0TBapajy mocedaH rpo3op rpaduka, ako ce KOPUCTY CTaH-
napaHo okpyskerbe (RStudio mma mocedan onespax 3a rpaduke). 'paduk y R-y MMa HEKOIUKO
OIII[Mja KOje CY HOCTYITHe yIIoTpedoM MMIIIA, ajiii MHOTY KOPICTeE OILVje KOMaHHe JIUHIje.
ggplot2 MMa MHOTO BMIIIE OIILMja, ali 3aXTeBa MOMATHY MHCTalalujy nakera. OCHOBHU
XMCTOTpaM MMa yHampe[ geduHucaH CKyIl Tauaka Ipekuaa (MHTepBaie). AKO je ToTpedHO,
MOKeMO Of[PeIITH SPOj MPeKUIa M UaK 3aJaTi COTICTBEHE Tauke mpekuna (camka [@.6).
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> hist (x,breaks=10) # 10 npexupma unu camo hist (x,10)

> hist (x,breaks=c(0,1,2,3,4,5,10,20,max (x))) # coneuudbuuHe Tauke NOpeKUIa
many breaks few breaks
g —
w = i
A
o _|
[==]
o
= S 7]
o
= =
[72] [72]
T o | o
] o =]

0.2

0.1

0.0
 E—
—

0.00
|

Crmka 4.6: Xucrorpamu ca crienuuIpaHnM TauyKaMa IpeKuga

U3 xmcTorpama MOry JIako fa ce IIOToJie Cpetba BpeaHocT, Meaujana u I () R. [1a du ce To
YUMHIIO, HOTPedHO je 3HATH! 1a MeAyjaHa eJIi XMCTOrpaM Ha JBa jeJHaKa JeJia IIOBPIIHE,
cpenrba BpemHOCT du dmuta Tauka y Kojoj Om xumcrorpam danaHcupao, a [ ()R denesxu TauHO
Cpenby IOJIOBUHY IIOJaTaKa.

4.2.5 Dboxcmiaor

Bokcror (cuka f.7) crysxu 3a ynporrhasarse cI0KeHOT CKyIia IToaTaka, Sp3iM mpuKa-
30M Jja JIM Cy IIOJAI(M CUMETIUYHIL, MJIV aKO Ce CYMIba Ha II0CTOjatbe HETUIIMUHIIX BPETHOCTIL.
3acHOBaH je Ha KapaKTepUCTUUHO]j IETOPLY Y30pKa, Koja je odjallibeHa y IPeTXOJHOM TeK-
cTy. Y 1eroBoj HajjefTHOCTaBHM]jOj yIIoTpedu, OOKCILIOT Ma KyTHjy ca JIMHIjaMa Ha JOmeM
hinge-y (y ocuoBu (Y1), menujanu, ropwmeMm hinge-y (y ocHoBu ()3) 1 SpKOBUMA KOjI Ce IIPO-
Oy’KaBajy 1o MUHIMYyMa 1 MakcumyMa. [la du ce mokasasne moryhm HeTumyHe BpeIHOCTH,
yCBOjeHa je KOHBeHIVja Kako Ou ce OpPKOBM CKpaTWIM [0 AYXKMHE Of 1,5 myTa Ty>KMHE Ky-
tuje. [lomauu koju ce Habhy M3BaH TOr OIcera Cy MCUPTAHM IOjeAMHAYHMUM Taukama. OBu
[TOJIall}l Ce MOTY O3HAUUTHU U ApyTrauuje ako ce MPOCTUPY U u3BaH Tpu (3) AyKUHE KyTuje.
Crora, SOKCILIIOTOBU J03BOJbaBajy Op3y IpoBepy cuMeTpuje (0dIUK u3riea HeypaBHOTeXe-
HO) I HETUIIMYHUX BpeJHOCTH (IIyHO TauakKa rmojgaraka n3Bad Opkosa). Ha cimiu @ BUIVIMO
VICKPUBJbEHY TUCTPUSYLUNjY ca IYTUM PEIoOM.

IIpumep: [Ipuxogu pumamona

Y oBOM mpuMepy, IOCMaTpajy ce IMoAaIy o mpuxoaunma 3a 25 Hajpehux ¢pnimosa y na-
TOj CemMMUUM. YCIIYT, YBOOU Ce M HAaUuMH , unMTama yrpaheHor ckyma mogaraka. OBpme cy
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* Mpuwehyje ce WCEpUEMREHSE
aucTpudyunjea
= [Tpueehyjy 2 HETUNUUHE BEPEAHOCTH

in Q1 Msdian =1 G w1 SeaR

1]

o2 o= 08 L 14

Cnuxka 4.7: Tunuuasg SOKCILJIOT

IIOCTABJbE€HU IIOJAIN 13 CKYIIOBA IIOOAaTaKa UsingR E

data (movies)

vV V V V

names (movies)
[1] "title" "cu
attach (movies

\%

install.packages ("UsingR")

library ("UsingR") # npouurtartu y OSudnuoTeluu HANOMEHE

# uuTaTu y CKymy nomataka 3a OpyTo

rrent" "previous" "gross"

) # oa IMNPHUCTYIIMTE TI'Ope€ HaBelOLeHHM Ha3HBHMA

> boxplot (current,main="current receipts",horizontal=TRUE)

> boxplot (gross
> detach (movies

,main="gross receipts",horizontal=TRUE)
) # B3aBpmeTak pala ca CKYIOM IomaTaka

Ilpramo u TpenyTHe U dpyTo npuxone y dokcruiory (Cianka @)

Hamomena: Ode muctpudyunje cy UCKpUBJbeHe, aly OpyTO NPUXOAY 3HAYAjHO Marbe.
OBo moxasyje 3amrTo je XoJUBYA TOJIMKO 3alfHTEPECOBaH 3a ,BedMKU xuT . [IpaBu BeIuku

XNUT MOK€E€ Na Ir€HEPUIIE MHOI'O BUIIIE ITPMXOAa HETO BMIIE ITPOCEUHNX ,,XI/ITOBa” YKYIIHO.

OcHoBe R-a: Unrame cKyIla mogaTaka u3 nmakera

Y ropeHaBeeHOM IpuMepy unta ce u3 yrpahenor ckymna noparaka. Kako ce Hmp. unra
y CKyIly IojaTaka u3 makera ts (¢pyHKIuje BpeMeHcKux cepuja)? IIpBo ce mopa yumrarn

ITaKET, a 3aTVIM 3aTPAKUTHU Ja YUNTa II0JaTKe. EBo Konga:

> library ("ts")
> data ("lynx")

# yuutatu Sudnuorexy

# yuuTaTu nomaTke

4Cxymosu rogaraka Koju npare CKPUIITY IOCTYITHU cy
project.org/web/packages/UsingR/UsingR.pdf ~u  mopajy ma  Oymy  uMHCTaqmpaHuM  KOMaHAOM
install.packages ('UsingR"').

Ha https://cran.r-
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Teryfin pavyH#

........... [+] =] =] o o

I I I I I I I
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BEpyTO pavyHK

T T T | |

0 50 100 130 200

Cnuxa 4.8: Texyhu u dpyro nmpuxonu ox ¢puiamosa

> summary (lynx) # camo oHo mTo je lynx?
Min. 1st Qu. Median Mean 3rd Qu. Max.
39.0 348.3 771.0 1538.0 2567.0 6991.0

KomaHpne library 1 data MOTy Ja ce KOPUCTe Ha HEKOJIMKO pasnmunTux HaumHa. [la du
Ce M3JIMCTAIN CBM JOCTYIIHM IAKeTU KOPUCTU ce KoMaHAa library (). 3a JMCTame CBUX
OOCTYITHIX CKyIIOBa II0JjaTaka KOpMCTH ce Hapenda data () de3 MKaKBUX IPOMEHJbMBUX. 3a
JINCTarbe CBIUX CKyIIOBa IIOJaTaKa y JAaTOM IIaKeTy KOPVICTU ce data (package='package
name'),Hanpmmﬂq)data(package:ts).SaHMTaHﬁIHanaKaKopMCTmcedata('dataset
name'), Kao IITO je JaTO y ropieM npuMepy data (lynx). Hajmpe ce yunra naker na om ce
no0y0 MPUCTYI CKYIIOBUMA ITOaTaKa, HIIp. library (ts).

Ha du ce mponarute nudpopmanyje o JOCTYIHNM CKyIIOBMMA II0JIaTaKa, KOPUCTHU Ce KO-
MaHza he lp a ce BUIU [a JIU IIOCTOjU JOKYMEHTAIVja O JATOM CKyITy mogaraka. Ha nmpumep
help (lynx), LITO je MCTO LITO U ?1lynx.

4.2.6 HcroBpeMeHU IPMKa3 XUCTOTPaMa M OOKCILIOTA

dynkumja simple.hist.and.boxplot ncuprahe n xucrorpam 1 SOKCILIOT Kako du ce
npuKasao omHoc usMehy mBa rpaduka 3a mcTu cKym mogaTaka. Cimka .9 mpukasyje Heke
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IIpUMepe CIy4YajHO TeHepMCAaHUX CKyIoBa Itoparaka. Ommcu oBUX CKyIIOBa IojaTaka Ou
moran dutu (1) 3B0HO (HOpMaTHa pacmopena), (2) KpaTkor perna, (3) MCKpuBJbeHO u (4) Qyror
pera.

HOpManHo kpaTeor pena MOKpHEM:2HO Ayror pena

ol WL 0L i,

E o 1 =z 3 =3 1o 1 =z 3 =10 00 10 = o =z a &8 8

b1 | A M ] L -

Cnuka 4.9: CiryuajHo nzadpana guctpudyuuja mpeacTaB/beHa ¥ XICTOTPaMOM U QOKCILIIOTOM

4.2.7 TIlonuronu ppexkBeHIUja

[Tonekan ce uuHoOpMaIMje IpeacTaBbeHe TOMOhy XucTorpaMma MoOry mocMarpaT 1 Ha
APYTY HauMH. YMECTO Ja ce MCLpPTa IIPaBOYraOHMK 3a CBAKV MHTEpPBAJI, CTaBY Ce TauKa Ha
BpX IIpaBOyTaoOHMKa, a 3aTUM Ce OBe Tauke IIOBeXy NpaBuM auHujama. OBo ce 30Be ¢pe-
KBeHTHU moJNroH. [la du ce reHepucao, Mopajy Oa ce 3Hajy mHTepBanu un Bucute. OBne
ce IOKa3dyje HAUMH KaKO TO yPaAUTH TAaKo Aa R moduje morpedHe BPeOHOCTM OUPEKTHO M3
Hapende hist. IIpermocraBuMo qa Cy IpoCeuHN MOJAlM yCIeMIHOCTY urpaua dejsdosa 3a
New York Yankees?.

x = c(.314,.289,.282,.279,.275,.267, .266, .265, .256, .250, .249, .211, .161)
tmp=hist (x) # uyBajy ce pesynrartu
lines (c (min (tmpSbreaks), tmpSmids, max (tmpSbreaks) ),

+ VvV V V

c (0, tmpS$Scounts, 0) ,type="1")

Kao 1m1to ce Buum, 0BO je pellaTMBHO MHOTI'O KyIlama U 3aTO ITOCTOju GyHKIMja Koja TO pagn
ayTOMAaTCKIH, Tj. simple. fregpoly.R. Takohe, npumehyje ce na Tpaxxenu momamu mory aa
ce nodujy u xopuurhemem pyHKIMja breaks U counts.

4.2.8 T'ycrumHa pacmopele

3Hauaj paja ca IoIMroHoM (ppekBeHIMje je Ja IOBeKe XMCTOIpaM ca I'YCTMHOM pacIio-
IeJie CKyIla IofaTaka. 3a OBy HaMeHY IIPelopywsUBO je Kopuctutu yrpahene ¢pynkuuje.
Yrpaheun ckyn mopmaraka faithful mparu Bpeme usmel)y epymnuuja rejsupa Old Faithful.

’0BU Hopanu cy mpeyseTu ca http://www.espn.com
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Histogram of x
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Cnmxa 4.10: Xucrorpam ca noJmnroHoM ppexkseHIja

KomaHpma density Moske ce KOPMCTUTH 32 LIpTame COPUCTUIMIPAHIUX IIPUKa3a ca KPUBOM,
KaKo TO paay IoauroH ¢pekseHiuje. PyHKIMja density () MMILUIMONUPA ayTOMATCKy Ce-
nexujy pesonyiuje. [Iyn onmc mosxe ce Hahu Ha cTrpanunama 3a momoh. Ako KopucTuMo
roapasyMeBaHM M300D, jeTHOCTABHO je JOJAAT! AMjarpaM I'yCTUHE pacIiofielie XMCTOTpamy.
[TosuBaMo pyHKIMjy lines ca pe3yJTaToM I'yCTMHE pacIojese, I plot ako je TO IpBU
rpa¢ukon. Ha mpumep:

data (faithful)

attach (faithful) # ma ce epynuuje Bume

hist (eruptions, 15, prob=T) # nponopuuje, a He dpeKBeHLUH]E
lines (density (eruptions)) # lines upra Xpury

lines (density (eruptions,bw="SJ"),col="red’)

#= V V V V V

xopucTu SJ kepHen, y uUpeeHo] Soju

OcHoBHa Hujeja je ga ce 3a CBaKy TauKy y3Me HeKa BpCTa IIPOCeKa 3a TauKe y OKOJIMHU
I Ja ce Ha OCHOBY TOTa [ajy IIpOLieHe I'ycTuHe. [leTa’by OKO Tpaskema IpoceKa MOry Om-
T BPJIO KOMIUIMKOBAHM, aJIi [VIaBHA KOHTPOJIA je mmpuHa omcera (bandwidth) n moxe ce
KOHTPOJIVICATY TI0 KeJbM. 3a Iocienmy rpaduk ogadpaHa je mmpuHa orcera SJ. Moxe ce
Takohe rmocraBuTu u Ha pukcHy BpegHocT. Ha comim Cy TpM IpuMepa ca IIMPUHOM
npomycHor orcera ox 0.01, 1 1 0.1, pecnekTuBHo. MoXe ce NpUMETUTH Aa aKo je LIMPU-
Ha oIlcera IIpemMasia, pe3yJjTar je cyBumiile omrap. AKO je ITak IpeBesuKa, IUCTpudyLuja ce
U3TyON yCpenmhaBatbeM.

Saganm

1. Yuertn nmomartke:
60 85 7259377593798 63419051797

Ha ocHOBY ®BMX Kpeupatu aujarpam cradiia 1 JMUCTOBA.
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Cnuka 4.11: Xucrorpam u mpoueHe ryctute. [Ipumehyje ce ma je uadop mimpnse omcera
BeoMa BayKaH.

2. VrunraTu rpaduK KpeupaH y IPeTXOIHOM 3aaTKy, a 3aTUM yHeTu ciefehe mogaTke
U HaI[PTaTU XMCTOTPaM.

The decimal point is 1 digit(s) to the right of the |

8. | 028

9. | 115578
10. | 1669
11. | 01

3. Ilomohy R KoMaHAM MOTy ce TreHepucaTu ciayuajHu noganu. Ha npumep, nzadepe ce
100 ciryuajHux SpojeBa ca HOPMATHOM pacrofenoM. Tpeda HallpaBUTU ABa pas3INMuUTa
XJICTOTpaMa 3a JIBa pasiInyuTa, CIy4ajHo modujeHa cKyIa moparaka. [la i ce qoduja
MCTH XucTorpam?

4. TloTpedHO je HAIPaBUTK XUCTOTPaM U QOKCILIIOT OJ ciiefehux CKyIloBa IojjaaTaka Jqo-
cTynHux y dudiamorenn UsingR: south, crime u aid. Koju ox oBMx cKyIoBa je mc-
KpuBibeH? Koju mMa HeTuNuuHe BpeTHOCTH, a KOjU je CUMeTpUYaH?

5. Hampasuru xmcrorpam 3a UsingR CKyIlOBe mogaTaka bumpers, firstchi, math.
ITokymatu npensubame mean, MequjaHe U cCTaHOapAHe OeBUjanuje ca ciuke. [Ipose-
puTy npeasuhama IpUKIagHIM R KOMaHAaMa.

6. Bpoj kxBapoBa O-mipcrena 3a mpBa 23 serta Space Shuttle Atlantis duo je

010NAO0O000011100300000201

(NA 3Haum HemoCTyIHO - ompeMa je dmia uarydmena). Hampasurtu tadeny moryhux
kateropuja. [lokymatu ca mean. [TorpedHo je nsadparu mean (x, na.rm=TRUE) na Ou
ce u3deryia BpeTHOCT NA miau npodatu ca x[!is.na (x) ].
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7. UsingR CKyI IojaTaka pi2000 campxu mpBux 2000 mmdapa dpoja m. Hampasutu
xucrorpam. Huje nmu nsnenabhyjyhn? 3arum nponahm nponopuujy 3a npsy, apyry u
tpehy nudpy. Moxe nu ce To ypaguru 3a cBux 10 nuudapa, ox 0-97

8. IlpmnaromuTy IpoleHy I'yCcTiHe Ha UsingR CKyl ITofgaraka pi2000.

9. IIponahu Heku rpadukon Ha MHTepHeTY Ha cajTy Heke Menujcke Kyhe. ITomohy R-a
IIOKYLIATH JO0Mjarbe HeueT CIMYHOT.



I'masa 5

busapujanTHHN mogann

[Ipenmer pasmarparsa y CTATUCTUIIM MO)Ke OUTHU eBeHTyalHa Be3a u3Mel)y qBe BeImun-
He. Pernmo, a i cy BUCHHA U IIMpUHA HEKOT 0djeKTa moBe3aHn? [la iu cy roguiire Heke
ocode 11 ouMTaBame IIyJica HeKaKko rmose3anu? Jla iu cy moBesaHu npuxoau u maheHu mo-
pe3u? [a nu je HOBU Jek dosbu of cTapor? [la nmu pyndanep mpeln3Huje IyTpa J€BOM UK
necHoM HoroMm? [la i BpeMeHCKe IIpMIIMKE 3aBJICe Of BpeMEHCKMX IIPIJIMKA IIPEeTXOXHUX
naHa? VcTpakmBambe TaKBUX II0BE3aHOCTH je IIPUMapHU LVJb OBOT IIOIVIABJbA.

5.1 Kareropmuxkm HacynmpoT KaTeTOPMUYKIX IIOJaTaKa

Komanna table he cymapusoBaTtu duBapujaHTHe ITogaTke, Kao IITO je To paheHo ca yHI-
BapujaHTHUM nofgarmma. EBo nmpumepa. [lara je cTygeHTCKa aHKeTa ca IIMJbeM Ja Ce MCIINUTA
[a JI CTY[eHTH IyIllauy 3ampaBo yue Kpahe ox cTymeHara Hemyraua. [IpukynsbeHn moga-
(/1 M3TJIE/1a]y OBAKO:

Ocoda | Ilymrau Bpeme yuema

1 oa Mame o1 5 caTu
2 HE 5-10 catn

3 He 5-10 catu

4 na Builte ox 10 catu
5 He Buite ox 10 catu
6 oa Mame o1 5 caTu
7 oa 5-10 cat;

8 na Marbe o] 5 catu
9 He BUIIIe O 5 caTu
10 oa 5-10 catu

Y R-y ce Kpeupame OBaKBe CTPYKType IIOCTIIKe AeUHICamkeM ABa BEKTOpa y Koje cMe-
IIITAMO II0J1aTKe, ¥ Beh HayueHOM KOMaHMIOM table:

> Smokes C("Y","N","N","Y","N","Y","Y","Y","N","Y")
c(1,2,2,3,3,1,2,1,3,2)

> table (smokes, amount)

> amount

47
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amount
smokes 1 2 3
N O 2 2

Y 321

Bumu ce ma mokaa moctoju Heka moBe3aHocT Mebhy momarmma. Cafa je KOPMCHO U3BECTH

U M3HOCEe ¥ IpoIIopLyje, HIp. KOjU IIpolieHaT Iyllada yuu 5 caTym miu Mame. [losHaro

je ma je 33“ == %, aJm Kako oBo ypanutu y R-y? Komanna prop.table he oBo pemrurn

ayromarckn. Kao aprymeHnTu ce 3agajy tadesna m dpoj Koju Iokasyje ma JI ce Kejle pegHe
npomnopruje (a 1) man nponopumje mo koixoHama (a2). AKo ce He 3ama APYIM apryMeHT,

IIPOIIOPIIVje Ce OTHOCE Ha CBe ITOaTKe Y Tadel.

tmp=table (smokes,amount) # cauyBaj Talbeny
old.digits = options("digits") # cauymaj Opoj uudapa 3a npuxas
options (digits=3) # mTamnaj camo 3 @meuLUuManHa MecTa

vV V V V

prop.table (tmp, 1) # pemoBu cama y cymu pajy 1
amount
smokes 1 2 3
N 0.000 0.500 0.500
Y 0.500 0.333 0.167
> prop.table(tmp,2) # xomoue y cymu cama pajy 1
amount
smokes 1 2 3
N 0.000 0.500 0.667
Y 1.000 0.500 0.333
> prop.table (tmp) # cBu OpojeBu y cyMu cama najy 1
amount
smokes 1 2 3
N 0.0 0.2 0.2
Y 0.3 0.2 0.1
> option(digits=old.digits) # BpaTtu crapu Opo] uudapa

5.1.1 HWcnopraBame Ta6enapHI/[x mogaTaxKa

Hekana je motpedHo rpadmuky npukasaTu Iogatke cyMupaHe y Hekoj Tadenn. 3a mpm-
Mep ca IylLIemeM, MOXKe ce IIpUKa3aTy BpegHOCT amount 3a CBako No WIN Yes, MU No U
Yes 3a CBaKM HUBO BpeMeHa yuerma. Y OMIJIO KOM CIIy4ajy, MOKe ce KOPUCTUTU barplot,
caMo je mOTpedHO MT03BaTM KOMaHy Ha ofrosapajyhm Haums:

barplot (table (smokes, amount) )
barplot (table
smokes=factor

(
(amount, smokes) )

(smokes) # 3a umMeHa

barplot (table (smokes, amount),
beside=TRUE, # cTaBUTH [IOpPEen, HeHaCNIaraHoO

legend.text=T) # momaTu nereHnoy

vV + + V V V V

barplot (table (amount, smokes) ,main="table (amount, smokes) ",
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+ beside=TRUE,

+ legend.text=c("less than 5","5-10", "more than 10"))
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table{amount,smokes)
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Cnmxka 5.1: Yetnpnm dapmmora 3a MCTe IOJgaTKe

Ha camm @ ce mpumehyje BaKHOCT pefiociieqia Ipu Kpenpary Tadene. CyIITHHCKY, barplot
MCL[pTaBa CBaKy pef nogaraka. Moke TO ypaguTy HacjiaraHo (ImogpasyMeBaHa OIIVja) MU
jemHO mopen Opyror, IoCTaBbakheM beside=TRUE. ATpudyT legend.text moaaje JereHIy.
Takohe ce Mory m3amMeHUTU 1 Ha3UBM IIPOMEHJBUBUX, IV Hajje JHOCTABHU)jU HAUMH je Ja-
Senmpa}be penoBa 13 KoMaHae table u HaBobeH)e legend.text=T y KOMaHIM 3a LIpTambe
Iujarpama.

5.1.2 [domaTHHU yBUA: YCIOBHE NpoOIopuuje

YKOoNMMKO mOKeIMMO Aa M3pauyyHaMo OJHOC Opoja Iylllaya M HeImyllaua, MoTpedHO je
IIOJEeJIUTI APYTu U mectu pex. Mehyrum, jeman unm nBa pefna je jeJHOCTAaBHO M3payvyyHATH
U pyYHO, aJIM KaKo ce To Moxke ayromarn3oBatu? Hapenda apply he mpumenutu pyHrumjy
Ha BpCTe JUIY KOJIOHE y MaTpUIM. Y OBOM CIIy4ajy, HOoTpedHO je na qepmHMIIeMO QyHKLIN]jY
KOja M3padyHasa IIpOIIopLje BeKTopa:

> prop = function (x) x/sum(x)

[IpumeHnnTH 0BY GYHKIMjy Ha MAaTpUILy ¥ je cafga jeqHoctaBHO. I[IpBo ce ypane KooHe (MH-
nekc 2) ca:

\2

apply (x, 2, prop)
amount

2 3

0 0.5 0.6666667
1 0.5 0.3333333

Koz
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Wupnexkc 1 je 3a BpcTe, au Mopa ce KOpUCTUTH yHKIINja TPAaHCIIOHOBamwa t () ma Ou pesyiarar
Omo BaymMOaH:

> t(apply(x,1,prop))
smokes 1 2 3

N 0.0 0.5000000 0.5000000
Y 0.5 0.3333333 0.1666667

5.2 Kareropmukm HacynpoT HyMepMUKNX MOAATAKa

Hexa cy maTti HyMepUUKy ITOJAIM 32 HEKOJIMKO KaTeropuja. JemHoCcTaBaH IpuMep MoKe
OUTH TeCT 3a HEKM JIeK, Iie Cy AaTy ropaiu (y oaroBapajyhum jeqmHmiiama) 3a eKCIepu-
MEHTJIHY ¥ KOHTPOJIHY TPYIIy.

excrnepuMeHTtanHa: 5 5 5 13 7 11 11 9 8 9
xoHTponHa: 11 8 4 5 9 5 10 5 4 10

[Tomamu ce MOry OABOj€HO CyMUpPATU U IIOPEANITH, ajlyi KAaKO Ce MOTYy IIpeACTaBUTU Ha ICTOM
rpa¢pmky? BoKcIIoT mpescraBiba CONMAAH IOUeTaK. JeTHOCTaBHO ra je reHepyCcaT:

> x = c¢(5, 5, 5, 13, 7, 11, 11, 9, 8, 9)
>y c(11, 8, 4, 5, 9, 5, 10, 5, 4, 10)
> boxplot (x,V)
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Cnuka 5.2: BOKCILUIOTOBM jeaH Iopen ApPyror

U3 oBor nopehema ce iy (cuka b.J) ma mpomerbuBa i (KOHTPOIHA TPyIIA O3HAUEHA Ca 2
Ha rpaduKy) n3riena HIbKa o IpoMeHpNBe & (eKcreprMeHTanHa rpymna). HapaBHo, oBu ce
IIOJAIY MOTy JOOUTM OJf eKCIIEPMMEHTATOPA U Y ApyraunujeM odIMKYy:
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xomnuuyuha: 5 5 5 13 7 11 11 9 8 9 11 8 4 5 9 5 10 5 4 10
kateropuja: 1 1 1 111 1111222222222 2

HampaButu SOKCIIIIOTOBE jemaH IOpex APYTOT je 1 OBe jeJHOCTaBHO, aKO Ce KOPUCTHU CJIe-
nehu cmHTaKCHM Mopen:

> amount=scan ()

1: 55513 7 11 11 98 9 11 8 4 5 9 5 10 5 4 10
21:

Read 20 items

> category=scan ()

1:1 11111111122 22222222

21:

Read 20 items

> boxplot (amount~category) # npumehyje ce ~

Uspas amount ~ category ce mocmMaTpa Kao pasdujare BpeJHOCTI KOJINUMHE 10 KATErOpI-
jaMa u mpuKasuBambe CBaKe Of BUX. BepdanHo, 0BO ce MoXe IPOUNTATH KAO KOTUUUHA U0
kameiopuju. Buiire mpumepa ynorpede oBe crienudnuHe CMHTaKce MOXe ce Hahm y oepky
0 MyJITMBapUjaHTHNUM IIOAALIMA.

5.3 HyMepunuku HacynpoT HyMepUUKNX IIOJaTaKa

Ynopehnsame nBe HyMepuuKke IIPOMeHJBMBE MOXKE Ce BPIIUTU HA Pa3iNuUTe HAUNHE.
Axo ce cMarpa fa cy ABe Bapujadiie He3aBYCHU Y30pI, MOTY ce Ha HeKU HauuH ynopehu-
BaT! HBUXOBe pacrnogene. Mehyrum, ako ce ouekyje Besa m3mehy nmpomernssnsux, dome je
dbopMupaTy mapoBe Tavaxa.

5.3.1 Ymopehusame nBe pacmoaesie momohy mixoroBa

Axo ce ynopebyjy nBe pacropeine, To ce MoXe ypagUTy QOKCIUIOTOBMMA TUIIA jegaH go
gpyioi. Mehytum, ako ce ynopelyjy xucrorpamm munm HeKu ApyTu qujarpamu aa Ou ce mpem-
CTaBMJIO BHMIIIE ITO/{aTaKa, [IOCTOjM BUIIIE PA3IMUNTIX HaUMHA [a Ce TO Ypaail.

BoxkcmioToBu ca Tenmxom

Kopumrhewem komaHae rug Ipu gHy Aujarpama IIOCTaBbaMoO JIMHUjE 32 CBAKM II0Ja-
Tak nojeguHauHo. OBy oIuujy MMa CMICIa KOPUCTUTHU ca MIMM CKyIIOM ITofaTaka, MHaue
MOpaMo Jia II030BeMO M KOMaHAy jitter, Koja yHOCH IIIyM KOjU yMambyje IIpeKilaname.

> library ("UsingR") ;data (home) # yuuTaBame ckxyna mnomaTaka
> attach (home)

> names (home)

[1] "old" "new"

> boxplot (scale(old),scale(new)) # ucupraj OOKCIIOTOBE

> detach (home)
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Cnuxa 5.3: pynkunmja scale

Y oBoM mpumepy yBogumo pyHKImjy scale. OHa ImocTaBba JBa CKyIla II0JaTaKa Ha MCTY
CKaJIy Kako 0¥ MOTJIN fa ce JIakIle yropehyjy.

Kan ce nHanpasm oBaj dokcmutor (Ciamka @) BUJIM Ce Ja IBe pacIiojiesie BepOoBaTHO I10ce-
nyjy mehycodny xopemnanujy. IIpommupen ckyn mogaraka homedata he oBy mpoieny camo
IIOTBPAMTH.

Kopimrheme TpakacTux mian TaukacTux rpaguka

Tpakactu (Taukactn) rpaduxk he mcipraTy cBe mogaTKe Ha HAUMH KOjU OJIAKIIIaBa YIIO-
pebuBame pacnonmena. 3a okBup rmogaraka hd To ce pagu Ha cienehu HaumH:

> stripchart (scale(old), scale (new))

POOOMTOI _c xArZ=0
S

Freq

Cnuka 5.4: Taukactu rpaduk 3a Homedata podatke

Ynopehusame o6mmka pacrogena

Kopuithewe ¢ynkimje ryctue density omoryhasa nmopeheme odnuka pacronena Ha
uctoMm qujarpamy. Ilopeheme pacnomena momohy xmcrorpama Huje darrr 3arogHo 380r Impe-
kinanama. MehyTtum, pynkumja simple.violinplot pemiaBa oBaj mpodiem Kopuirhemem
BUMOJIMHCKYX ILUI0TOBa. OHU Cy CIIMUHY QOKCIUIOTOBMMA, CAMO IITO je YMEeCTO KYTIjoM, I'y-
CTMHA pacIojelie IpefcTaBbeHa CBOjOM CIMKOM y orienany. IlorpedHo je ucnpodaTtu oBy
KOMaHy Aa ce BUAM KaKo TO M3IJIe/a:

> simple.violinplot (scale(old), scale(new))
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>

2

T2 3

-1 0

-3 -2

Cinmxka 5.5: BuonmaCcKM miot

Jujarpamu pacejama 3a ynopehusame ogHOCca nBe Bapujabire

Yecro ce Hamehe morpeda na ce mcTpaku yTunaj jeqHe mpomMeHbpuBe Ha Apyry. Ha mpu-
Mep, BICIMHA Olla Y OJTHOCY Ha BUCHHY HeT'OBUX CMHOBA IJIU IIOTPOIlIha CJIafoslefa y OQHOCYy
Ha IIOTPOILY NUBa TOKOM roanHe. KomaHna plot nmogpasyMeBaHO IIpUKa3syje JBe IPOMeH-
JpVIBe Ha OOMUHOM JUjarpaMy pacejama.

IIpumep: Ilene HeKpeTHMHA

[Tpumep nomaTaka o IleHaMa HEKpETHIHA 3 IIPETXOQHOT OfeJbKa MPIKa3yje cTapy Ipo-
1emweHy BpemHoct (1970. rogmHa) y 0JHOCY Ha HOBY IpOIeleHy BpeaHocT (2000. rogmHa).
WurtynutusHO, Tpedayso Oy [a IOCTOju HeKa Be3a uaMely oBe aBe KosoHe. VcTpakuBambe
odaBpamo omohy rpaduka Ha cumu .6,

T T - ~ . ; ~ o
S {4 Tl Fesld Rae ] Sl jeel
Rerk fexd e Aot el G @ 0000 100000 150000 200000 Z50000 3ODO00

w1970

Cnuxka 5.6: [Iujarpam pacejama y3opka (JIeBO) 1 ILieJIOT CKyIla IofaTaka (JecHoO) o IjeHama
HeKpeTHIHA

> data (home) ; attach (home)
> plot (old, new)
> detach (home)
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Hpyru rpaduxk je HarpTas KopuithemeM IeJOKYITHOT cKyna rmogaTaka. OH du tpedaio na
dyIe mOCTyIaH Kao CKyII II0oJIaTaka Kpo3 KoMaHay data (). OyakiraBamo cedu 11ocao Kopu-
crehm attach:

data (homedata)
attach (homedata)
plot (old, new)
detach (homedata)

vV V V V

W3riena na rpaduny miycTpyjy jak JMHeapHU TPeHN, Koju he dutu mcTpakeH HeITO Ka-
CHIUje.

OcHoBge R-a: IIITa pagu attaching?

Kana ce nmosesyjy home 1 homedata, MOe ce IIPUMETUTHU Ja ce II0jaBJbyjy JMCTa MMeHa
npoMenspuBux: old u new. lllray crBapm pagn attaching? Kama Tpaxumo o R-a 1a KOpUCTU
BpPEeIHOCT IIPOMeHJbMBe Mau QyHKIje, R TO UMHM KPO3 HEKOJIMKO T3B. okpyiera. [locra-
BJbAbEM OKBMpaA IIOJlaTaKa, MMeHa IIPOMEHJbUBUX Ce€ IIOCTaBbajy Y APYro IpeTpaKMBaHO
OKpYyKerbe (Me OKBUpa IT0f1aTaKa je y IpBOM OKpykewy). OHe cy MacKupaHe IIPOMeHIbI-
BaMa Koje Beh nmajy ucrto nme. [Tocroje mocimenuiie Ha koje Tpeda odparnutu naxmwy. [Ipso,
MO>Ke ce II0jaBUTH M3BeCTaH CTelleH KOH(]y3uje y Be3u ca IPOMEHJBMIBOM KOja ce TPEHYTHO
kopuctu. IlTo je HajBaskHMU]je, He MOTY Ce IIPOMEHUTY BPEIHOCTM IIPOMEHJBVBUX Y OKBU-
py mmomaraka de3 ynyhmBarsa Ha Taj okBup. Ha mpmmep, kpempa ce okBup mmoparaka df ca
IIpOMeHJb/BAMa x U y:

> x=1:2;y=c(2,4) ;df=data.frame (x=x, y=Vy)

> 1s () # nmucTa CBUX MHO3HATUX IPOMEHBUBUX

[1] "df" "x" "y"

> rm(y) # Opucawme HOPOMEHBUBE Y

> attach(df) # moBesayjeMO ca OXBHUPOM

> 1s()

[1] "df" "x" # y je BUIBKUBO alu ce He nojaBmyje

> ls(pos=2) # y je Ha nosuuuju 2 OO Xama Jje IOBe3aHo

(1] "x" "y"
> v # v Je Bummuso Jjep je df mosesaHo
[1] 2 4
> x # xoje x je Haheno, x wunu df[['x']]
(11 1 2
> x=c(1,3) # momemeHO X-Y
> df # mema x-a y df
Xy
112
2 2 4
> detach (df)
> X # momemeHO MNPaBO]j MNPOMEHBHUBOT] X
[

11 1 3
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>y
Error: Object "y" not found

BaskHo je 3amamTuTy 1a Tpeda OJIBOjUTH CKYII II0JjaTaKa u3Mehy yrmoTpede NCTOMMEHNX IIPO-
MEHJBMBIIX, jep ce JJaKO MO’Ke 3a00paBUTH Ha KOjy IIPOMEHJBMBY Ce 3aIpaBo pedepeHumpa.

Y matum mpumepuma Cy WIyCTpOBaHM OfHOCU u3Mehy pasmmumtmx mogataka. Y oda
CcIIyuaja To je JIMHeapHa Be3a. MojieoBarbe TaKBUX OJJHOCA je yoduuajeHa CTaTUCTIUKA IIPaK-
ca 1 omoryhasa Ham fa pagumo npensubarba IPOMEHIBIBE Y HA OCHOBY BPEIHOCTI IIPOMEH-
JpUBe X ¥ OOPATHO.

5.4 JInmHeapHa perpecuja

JInneapHa perpecuja je Ha3uB IIPoOleAype KOja OAroBapa IpoHaNaKewy Hajdosbe IpaBe
KOja OfroBapa yHeTM OMBapMjaHTHMUM IofanuMma. Vneja je qa BpeJHOCT T eKCIlepuMeHTa-
TOp KOHTPOJINIIIE, a BPEIHOCT ¥y eKcliepuMeHTaTOop Mepu. IIpaBa modujeHa perpecujom 3a-
IIpaBO MOKe Ja IIpeaBUON BPeTHOCT ¥ 3a IT03HATY BpeaHocT 2! IIlpoMeHsbUBa = je HE3aBUICHA
NPOMEHJBMBA, a Y 3aBYICHA. YKOJIMKO HAIIMILIEMO jeJHAUNHY IIpaBe Kao:

g = bO + blxa
oHpa du 3a cBako r; npensuheHa BpegHOCT dumia
Yi = bo + by z;.

MebhyTum, nsmepeHa BpeTHOCT je 3aIpaBo ¥;, a pasjyKa ce Ha3WBa OCTATKOM I MMa BpeJ-
HOCT

€ = Yi~Yi-
Merton HajMamuUX KBagpaTa ce KOpUCTU aa Ou ce m3adpase BpeqHocTu by 1 by Koje MuHU-

MU3NpajJy CyMy KBaJapaTa I'pe€lllakKa oCTaTaka. MareMmaTuukmu IIpeacCTaB/b€Ha BPpEAHOCT CyMeE

JI3HOCI:
n

Z(?/z —:)°

=1
OBy CyMy Tp66a MIWHIVMI30BaTH, a TO C€ ITIOCTIUXKE MSje,uHaanaI'beM 3BOJa rOpmeEr 1n3pa3a
ca HynoMm. Tume ce moduja cucrem off iBe jelHAUMHE ca B Helo3HaTe, by 1 b;. PemraBamem
cucrema ce moduja:

AT Sl
5,2 S(x;—T)2

To je mpaBa ca koepurujeHTOM IpaBua by, Koja Iposasy Kpo3 Tauky (T, 7).

bo == y - blf.

[Tomohy R-a nuHeapHa perpecuja ce u3BpIlIaBa y TpM Kopaka: yIpTaTi Tauke, ipoHahu
BpeqHOCTH by, by, a 3aTUM JoOaTU IMHUjY OUjarpamy.

> data (home) ; attach (home)
> x=0ld # xopuCTe Cce reHepuuka HMeHa I[IPOMEHIBHBUX

> y=new # camMo 3a unycrpauujy
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Cimka 5.7: Ilogmanu o ieHaMa HEKpETHMHA Ca PETPEeCUOHOM JIMHIjOM

> plot (x,V)
> abline (1lm(y~x))
> detach (home)

dyHnkIuja abline HITaMIIa IMHAjY ca 3adaTUM KoepUIjeHTIIMa Y TPeHyTHOM IIPO30py
rpaduka. IIpaBa xojy mramna mgonasu kao pesyiarat ¢pynkuuje lm. OBo je dyHKUMja 3a
nnHeapHU Monen. CuHrakca odlmKa y ~ & TOBOPU R-y [a MOJeyje IPOMEHJBUBY Y Kao
nnHeapHy ¢yHKUUjy . OBO je cmHTakca Mopmeia gopmyle R-a Koja IOHEKaJ MoKe OUTH
30ymyjyha, au je mpUINMYHO jacHA Yy OBOj CUTYALVjIL.

Kao antepHaruBa ropeHaBeneHoM, pyHKumja simple.lm 13 nakera UsingR, ucuprahe
ucTy rpad MK ¥ BpaTUTH KoepULMjeHTe perpecuje:

> data (home) ; attach (home)
> x=o0ld; y=new

> simple.lm(x,y)

Call:
Im(formula =y ~ x)

Coefficients:
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(Intercept) X
-2.121e+05 6.879e+00

> detach (home)
BpeIIHOCTI/IMa Koe(bI/IuI/IjeHaTa Cce MOJKe IIPUCTYIIUTN OJUPEKTHO HOMohy (byHKLU/Ije coef:

> lm.res=simple.lm(x,y) # cauyBaTu OLroBOpe y lm.res
> coef (1lm.res)
(Intercept) b4
-2.121158e+05 6.879161e+00
> coef (lm.res)
(Intercept) X
-2.121158e+05 6.879161e+00

5.4.1 TI'padux pesmgyaia

Jou jeman nadopmaTuBan rpaduk je rpaduk ocraraka (pesmmyaia). OBo takohe mosxe
dutnu ypaheno nomohy simple. lm dyukuuje. Hapenda

simple.lm(x,y, show.residuals=TRUE)

npoussomu rpaduk Ha Crvun .8,

Ha curu b.§ cy npukasana tpu Hoa rpaduka. Hopmanau rpadux he Sutn oSjammen
kacHuje. [opmu HecHU Aujarpam je qujarpam pesmayaja HacyIpoT OAroBapajyhux BpemHo-
ctu (y-oca). Ako Imomaiy OqroBapajy CTaHIapOHOM CTATUCTMUKOM MOJENY, Pe3UAyall CY
pacytn oko Junuje y = 0 ca BpeqHOCTUMa HopmanHe pacromeie (y oOnuKy 3BoHa). 3a oBe
KOHKpETHE ITOJaTKe YOUJbMBO je U jeHO JMICKaKakbe KOje 3aciyKyje DOOaTHY HNaKiby.

Kako d1 ce mMpeKTHO MPUCTYNIIIO pe3uayanMa JUHeapHe perpecuje, KOPUCTU ce KO-
MaHJa resid Ha pe3yJiTaTy KOMaHOe lm:

> lm.res=simple.lm(x,Vy)
> the.residuals=resid(lm.res) # xako mDoduTu ocrarTke
> plot (the.residuals)

5.4.2 KoednnujeHTHn Kopeamnuje

Hymepnuxka BpeTHOCT jaunHe JuHeapHe Be3e u3Mely nBe cepuje nmogaraka je [ImpcoHos
Koepunujent R nedpunncan xao

e DX -X)%-Y)
NOE O o0 3t N ot

KoeduumjeHnt xopenamnuje je 3anmpaBo ckanupaHa Bep3uja koBapujauce usmehy X u Y. To
je Mepa Kako Bapuparbe je[jHe IIpOMeHJbMBE yTUUe Ha APYTry. BpemHOCT je ckanmpaHa aa ce
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Cnuxka 5.8: I'padmk pesupayaina 3a MojelI JIMHeapHe perpecuje

yknonu y untepsan [—1, 1]. Bpennoctu R? Snucke 1 ykasyjy Ha jaky nuHeapHy Besy, 0K
BpenHOCcTU O3y 0 Ha ciady, KoK BpegHoccTy Om3y -1 Takohe ykasyjy Ha jaky JMHeapHY
Be3sy, anu oOpHyTe nponopunonanoct. HapasHo, moryhe je ga joir yBek mocroju Be3a, camo
HeJMHeapHAa. Y R-y ce KoeUIMjeHT Kopenanyje Hana3y Mo3uBoM (QyHKI[je COr:

> cor(x,y) # ma ce pobuje R

[1] 0.8806976

> cor(x,y)”"2 # ma ce pmobBuje R"2
[1] 0.7756283

[InpcoHOB KoedUUMjeHT Kopeialyje ce y R-y pauyHa I Kaja ce M3BpILIaBa JIMHeapHa pe-
rpecuja, any ce He LITaMIla IojgpasyMmeBaHo. Moske ce modmuTyu KOMaHAOM summary (lm
(y~x)). CnupMaHOBa KopeJanuja paHra ce padyHa Ha MCTM HauMH Kao IImpconosa, camo
ce IpUMembyje Ha paHTOBe CKyIla IojaTaka. PaHr ckyna rmojaTaka je 3alpaBo BEKTOpP KOju
Iaje peJaTVBHIU PAHT BpeJHOCTHU. boibe je 0djacHUTM IIpUMepoM:

> rank(c(2,3,5,7,11)) # Beh cy nopebanu
[1] 1 2 3 45
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> rank (c(5,3,2,7,11)) # uop. 5 je Tpehu omosro

(c(
[1] 32 1 4 5
> rank(c(5,5,2,7,5)) # xama ce nomauud IOHAaBBAJY
(1] 3 3 1 5 3

Ha ducmo Hanuy CimpMaHOB paHT KopeJalnyje je JHOCTaBHO II03MBaMoO cor () Ha paHTupa-
HIM IIofauymma

> cor (rank (x), rank (y))
[1] 0.925

Osaj dpoj je dmmsaxk 1 (vnm -1) ako mocroju crporo pactyhu (omamajyhu) rpenn y moganmma.
Tpenn He mopa duru juHeapaH. Kao nomarak, Moxxe ce kpemparty 1 QyHKIja [a M3BPIIN
OBaj padyH, HIIp:

> cor.sp <- function(x,y) cor(rank(x),rank(y))
> cor.sp(x,vy)
[1] 0.925

IIpumep: IIpenceqamuku n3dopu y ®iaopmuan

Pasmarpa ce ckym mmomaraka ca mpepcegHmukux m3dopa 2000. rogmue y mpyxasu dio-
pmna. Benexxu dpoj riacoBa 3a cBaKOT KaHAMaTa Koje je JoOMO y pasaMunTUM OKPY3MMa
npsxase Propune. Ucrpakyje ce omaoc nsmehy dpoja rmacosa 3a Bymra Hacynpot dpoja ria-
coBa 3a bjykeHoHa.

> data(florida) # unu read.table y florida.txt
> names (florida)

[1] "County" "GORE" "BUSH" "BUCHANAN" "NADER"
[6] "BROWN" "HAGELIN" "HARRIS" "MCREYNOLDS" "MOOREHEAD"
[11] "PHILLIPS" "Total"

> attach(florida) # ma O6u ce pobuna MMeHa KaHIWIaTa
> simple.lm (BUSH, BUCHANAN)

Call:

Im(formula = y ~ x)

Coefficients:

(Intercept) X
45.289861 0.004917

> detach (florida) # pamuumharBame

Ha cimm @ ce BIUOV jaKa JMHeapHa Be3a, M3y3eB JABe HeTUNUUHe Tauke. Kako ce mory
nneHTuuUKOBaTU OBe Tauke? JemaH o HaUMHA je [a ce IpeTpaxe camu nogamnyu. OBo pyHK-
HMOHHUIIEe ToOpO 32 Malbe CKyIlOBe ITofaTakKa, ajlu 3a Behe, R IpyKa HEKOJINKO KOPUCHUX

'OBu noparu cy mpeysern us ,,John Maindonald, Using R for Data Analysis and Graphics”. [ama nuckycuja
0 0BUM IOjaI(mma Moxe ce nponahu Ha Hexonuko Bed cTpaHuUIA.
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y= 0x +45.29
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Cnuxka 5.9: I'paduk pacejarba BjykeHeHOBUX Ii1acoBa y ogHOCY Ha By1rose riiacose

dyukumja: identify 3a mpoHaNaKkeme MHAEKCA HajOMMKUX (r,y) KOOpAMHATA HA KUK
Muma u locator, KAKo OU ce TIPOHAILIE BPETHOCTH (I, Y) Ha KOje Ce KIMKHYIIO MULIEM.

Ha du ce ngenTndUKOBaTe HETUIINUHE BPEJHOCTI, IIOTPEOHY CY IMXOBY MHIEKCH KOje
Iaje identify:

> identify (BUSH, BUCHANAN,n=2) # n=2 maje IOBe Tauke
[1] 13 50

KimkoM Ha qBe HeTMIIMYHE TauKe Hajase ce oArosapajyhu nmugexcu, u to 13 u 50. Bpegunoctu
ce Mory noduTu ysumameM 13. u 50. BpeTHOCTU BEKTOpa:

> BUSH[50]

[1] 152846

> BUCHANAN[50]

[1] 3407

> floridal[50, ]

County V2 GORE BUSH BUCHANAN NADER BROWNE HAGELIN HARRIS MCREYNOLDS
50 50 39 268945 152846 3407 5564 743 143 45 302
MOOREHEAD PHILLIPS Total

50 103 188 432286

[Tocnegmwa nuHMja MoKa3yje 11eo pex 3a okpyT 50. Oxpyr 50 je 3anpaBo okpyr Majamn-/lejny
KoMe je KopuurheHu ritacauky amuctuh npoyspokoBao BeJINKy KoHQysnujy Mehy rmacaunma.
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Tacrep 3a Bjykenona Ha jauctuhy je sanpaso duo jJoumupas nopexn nmeHa Ama ['opa. Konuko
T'opoBux riacosa je oBa KoHdy3uja nogana BjykeHony? JemaH HaumH [1a ce OATOBOPM je 1a ce
Hahe perpecuona nuHuja 3a momaTke de3 OBUX Tauaka 1 oHAa yrnorpede By1rosm riracosm ga
ce mpenBuau peanHnu Opoj bjykeHoHOBuUX riaacoBa. EnmuMuHucame jeqHe Tauke 13 BeKTOpa
IojlaTaka MOJKe ce M3BeCTU MHAeKcupameM, yrnorpedom munyca (BUSH[50] je 50. exemenT,
BUSH][-50] je cBe ocum 50-0r eieMeHTA):

> simple.lm (BUSH[-50], BUCHANAN[-501])

Call:

Im(formula = y ~ Xx)

Coefficients:

(Intercept) X
65.573496 0.003482

[Ipumehyje ce na je pesynrar 3Hauajuo dossu. HoBa nuHmja perpecuje je
y = 65.57350 + 0.00348x

ymecto y = 45.28986 + 0.00492z. Konmko oBo yrmue Ha pasnuke? Perpecmona mpasa b
npensuba BpemHOCTM 3a AaTo . AKO je Bymr modmo 152846 riacosa (BUSH[50]), oHpa ce
ouekyje na bjykenon moduje:

> 65.57350 + 0.00348 * BUSH[50]
[1] 597.4776

a He 3407 (BUCHANAN [50]) Kao IIITO je CTBApHO 0OMO.

HopmaTHu yBUA: ymoTpeda simple.lm 3a npeaBubhame
OsaxkBo npenBubare ce Moke u3BecTu u nomohy ¢pyukumje simple.lm. EBo kako:

> simple.lm(BUSH[-50], BUCHANAN[-50], pred=BUSH[50])
1
597.7677

Call:
lm(formula = y ~ x)

Coefficients:
(Intercept) X
65.573496 0.003482

5.4.3 Perpecuja oTriopHa Ha HETUIIMYHE BPeTHOCTHU

[IpeTxomHu IpuMep MIYCTPyje jOlLI jeAHY BaXKHY cTaBKy. Kao 1 cpeqmma BpeJHOCT U CTaH-
JapaHa AeBujalyja, IMHIja perpecuje je BeoMa OCeT/bMBa Ha HeTUNMYHe BpegHocTu. Kako



62 I'JTABA 5. BUBAPUJAHTHHU IIOAALIA

JMHUja perpecuje u3riaea 3a moaarke ca u de3 Tux rauaka? Ilomrro Beh mocroju jemnaun-
Ha IIpaBe 3a I1e0 CKyII ITIoJlaTaKa, HajjeJHOCTaBHIjI HAauUlH je Ja ce IIPBO HalpTa JMHUja 32
CBe IOJaTKe, a 3aTUM Jaofda JunHuja de3 okpyra Majamu-/eja. OBo ce mocTike GyHKIjOM
abline. Cimxka Ha qodap HAUMH JUIyCTPYje OCEeT/BMBOCT perpecioHe IIpaBe Ha CAMO
JjegHy HeTUIINUHY BpeIXHOCT.

> simple.lm (BUSH, BUCHANAN)

Call:

Im(formula = y ~ Xx)

Coefficients:

(Intercept) X
45.2898061 0.004917

> abline (65.57350,0.00348) # OpojeBu u3 NPETXOOHOT

y=0x +45.29
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Crnnka 5.10: Perpecuona nnHnja 3a nmogatke ca u de3 Majamu-/lejn HeTunuyHe BpeTHOCTI

OtnopHa perpecuja nomohy rim u 1gs

OTHoOpHOCT y CTaTUCTULM 3HAUM [ je IIOCTYIIaK OTIIOpaH Ha HEeKU IIpolLieHaT IIPOM3BOJb-
HO BeJIMKUX M3y3eTaka, a poOyCHOCT 3HAUM Ja je IOCTYIIaK y BEeJMKOj MepU IpuiaroheH
dyarmM opcTynamMMa y IperiocraBkama. [locroje pasmmunty HaumHN Aa ce GopMupa oT-
IIOpHa IIpaBa perpecuje. Y R-y IocToje ABe QpyHKIMje y ImakeTy MASS Koje ce KOpUCTe Ha
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CIMYaH HauMH Kao u ¢pyHKIyja 1m (ann He n pyHKUMUja simple.lm). PyHkumja 1gs yme-
CTO MUHUMM3MPakha CyMe KBapaTa OCTaTaKa 3a CBe pe3uayaie, TO YUMHI caMo 3a ogpehenn
npoiteHat pesunyana. Pyukimja rlm xopmueru t38. M-npouewnsau. Oda majy ciuuse pe-
3yJaTaTe, any He M UACHTUYHe. Y HapeJHOM TEKCTy ce KOPMCTHU rlm, aiy ce Om ce MoIJa
KOPUCTUTH U 1gs, IIOJ YCJIOBOM Ja ce IpBo yumnra dmudnmoreka (library ('lgs')). rlmce

1 [=]

BUCHANAN
1000 2500

]

0 50000 100000 150000 200000 250000 300000

BUSH

Cnnka 5.11: I'paduk oduuHe 1 oTIIOpHE perpecuje

IpUMemYyje Ha Imofarke o n3dopuma Ha Propuau koje cmo Beh kopuctmmm. I'padpux oduune
perpecuje 1 OTIIOpHE perpecuje AarT je Ha CININ .

library (MASS) # yuuTaTu naxkerT

attach(florida)

plot (BUSH, BUCHANAN) # rpadux pacejama

abline (1m (BUCHANAN ~ BUSH),lty=1) # lty mocrTaBma BPCTY JIHHH]E
abline (r1lm (BUCHANAN ~ BUSH), lty=2)
legend(locator (1), legend=c(1lm, rlm), 1lty=1:2) # momaBame nereHme
detach (

VvV V. V V V V V

florida) # mocnpeMuTu

Moske ce mpuMeTUTH HEKOJIMKO cTBapu. IIpBo, kopuurhen je mogen ¢popmynaruje (m(y ~
), IITO je MCTO IITO OueKyje u PpyHKIuja r1m. Takohe ce mnycTpyje Kako ce MOKe mpome-
HIUTK BpcTa anHMje (1ty), Kao ¥ KaKo yKbyuuTH jJereHay momohy legend. Ilenokyman xoxq
JaT je y HacTaBKy:

> plot (BUSH, BUCHANAN)
> abline (rlm (BUCHANAN ~ BUSH),lty=1)
> abline (rlm (BUCHANAN[-50] ~ BUSH[-50]),1lty=2)

OsBaj rpaduk he nmoxasaty na ykiamarme jeqHe Tauke He UMHY pasjMKy Ha IIpaBoj Koja je
ormopHa (kaxo ce 1 ouekyje - Cruka b.1).

5.5 OcHoBe R-a: llprame rpaduka

Y oBoM opiesbKy KopuiitheHa je KoMaHga plot 3a Kpeupambe rpaduka pacejarba 1 Hapenda
abline 3a gogaBambe JuHUje. [locToje 1 Ipyru HaUMHY Ja ce MaHUITYJINIIIE ITIOTOBMMa Koje
je KOpUCHO 3HATH.
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Cnnxka 5.12: OtopHoCT rpaduKa Ha yKIamarbe jeHe TauKe

5.5.1 Iprame anHamuTnuknx ¢pyHknuja nomohy plot u curve

dynknuja plot he mcupratu tauke kao mro je Beh mrycrpoBano y Bumre HaBpaTta. Ha
IIpuMep, YKOJIMKO ce KBafipMpajy paBHOMepHO pacrnopehene Tauke, moduhe ce mapadoia.
Odpatutu naxmy fa je 0daBesHO KpeuparTu IojeJMHAUHe BPeJHOCTI Ha T OCK Jujarpama:

> x=seq(0,4,by=.1) # xpeupawe BPEOHOCTH 3a X
> plot (x,x"2,type="1") # cumbon "1" 3a nuHH]IY

Mebhytum, pyHkumja curve je morogHmja jep HeMa 3axTeB Ja IIPETXOTHO 3HA TAUKe HA all-

cuucu (cimka ):

> curve (x°2,0,4)
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= =
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o o
I I I I I I l I I I
0 1 2 3 4 0 1 2 3 4
X X

Crnuka 5.13: Iprame rpaduka nomohy plot u curve

Kao mro je Beh peueno, u plot u curve oTBapajy HoBe rpaduuke IIpo3ope y IMoapasyMeBa-
HOM OKpY:Kemwy. AKo Kopuctumo mnaket RStudio, rpadunu ce nprajy y HaMEHCKOM IIPO30py
n moryhe ux je yBeharn, CHUMMTY Kao CIMKY, KOMMPATH Ha KINIIOOPH UTH.
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5.5.2 [domaBame rpaduky momohy points, abline, lines u curve

[Toctojehem rpaduky moxe ce momaru mpomsBosbaH Opoj GyHKIMja. 3a HoaaBarbe Ta-
Yyaka KOPUCTU ce KOMaHJa points Koja je cimyHa KomMaHau plot. PaHuje je 3a momaBame
IIpaBe 3aJapre KoepnIujeHTNMa [T0Ka3aHa PyHKUMja abline. PyHKIMja 1ines ce KOpUCTU
3a JoaaBambe OITIITUX JII/IHI/Ija n (byHKLU/IOHI/Ime CJIVTUHO Kao JoaaBambe type="1" (1)YHKLII/I-
ju plot. Konauno, pyukumja curve he aktuBHOM rpadmky momaTu IMHUjy aKo je 3a0aTO
add=TRUE. Kao miycrpaimja, ako je gaT CKyIl IoJaTaka:

mileage [0 |4 [8 |12 [16 |20 |24 |28 |32
tread | 394 | 329 | 291 | 255 | 229 | 204 | 179 | 163 | 150
wear

Tanma nuHMUja perpecuje mma mnpecek ca y ocom 360 u koedurujent mpasua -7.3. Ciene
TPY HAYMHA 3a LPTarbe IIOATAKA U perpecruoHe uHmje (ciuka b.14).

> miles=(0:8)*4 # 0 4 8 ... 32

> tread=scan ()

1: 394 329 291 255 229 204 179 163 150
10:

Read 9 items

> plot (miles, tread) # rpadux pacejama
abline (Im(tread~miles))

## unu ako ce 3Ha mNpecex ca y OocoM u Harud
> abline (360,-7.3)

## unu akxo ce xopucTH points

> points(miles, 360-7.3*miles, type="1")
## unu axo ce xopuctu lines

> lines (miles, 360-7.3*miles)

## unu akxo ce XOpPHCTH curve

> curve (360-7.3*x,add=T) # momaje ce dyHKUMHIa on X

Sagamm

1. CTymeHTCKa oIleHa HacTaBHUKa HaTa je Ha Leichert-oBoj ckanm omeHama ox 1 mo 5.
Opnrosopu Ha IIpBa TpU MUTakA Cy AaTH Yy cienehoj tadenu:
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Crnuka 5.14: [lomaBamwe rpaduky nomohy points, abline, lines n curve

Crynenr | Ilutamwe 1 IIntame 2 IInrtame 3
1 3 5 1
2 3 2 3
3 3 5 1
4 4 5 1
5 3 2 1
6 4 2 3
7 3 5 1
8 4 5 1
9 3 4 1
10 4 2 1

ITomarm ce yunraBajy 3a [Iuramwe 1 u [lutame 2 kopuithemweM c (), scan, read.table
mnn data.entry

» dopmupatu Tadeny of pe3yiTara 3a MNUTame 1 U MNUTame 2 0BOjeHO.
« ®opmupatu Tadeiy ciyudaja 3a muTama 1 m 2.

« ®opmupaTu cioxxeHy Tadely 3a murTama 2 u 3.

Harpratu ynopeguu rpaduk 3a cBa TpU IIUTambA.

. Y dudnmorern MASS je cKyn nojgaraka UScereal Koju cagpsxu nHGoOpMaIiyje o IoIry-

JapHUM Iepeanujama. [TorpedHO je 3akaumTy CKyII ITIofaTaka Ha ciaefehn HaumH:

vV V V V

library ('MASS")
data ('UScereal')
attach (UScereal)
names (UScereal) # ma ce BuUIe HMeHAa

Hcrpaxkutu ogHOCe M KOMeHTapucaTtu Buheno. Mory ce kopuctutu Tadese, IJIOTOBU
u rpaduim pacejama:



5.5. OCHOBE R-A: [IPTAIHE TPADUKA 67

« oxHOC u3Mehy npoussohaua n nmomnuia,

« omHOC M3Mely MacTu 1 BUTAMUHA,

+ OHOC U3Mehy mMacTy 1 mosnua,

« omHOC u3Mehy yripeHux xuapara u irehepa,
« oxHOC u3Mely BiakaHa u mpomsBohaua,

« oxHOoCc u3Mehy Hatpujyma u mrehepa.
ITocroje mu npyru ogHOCK KOje ce MOTY IIpeABUAETU U UCTPAKUTU?

3. Yrpahenu ckyn nogataka mammals cagpsKM IIOJATKE O TEJIECHO] TEKMHN y OTHOCY Ha
TeXXMHY Mo3ra cucapa. Kopuctutu cor na éu ce nponanum Ilupconosu u Crnmpma-
HOBU Koedunujentu kopenaiuje. [da nu cy ciuunu? Mcupratu nmogatke kopucrehnu
KOMaHAy plot ¥ QUCKyTOBAaTU eBeHTyaslHy ciamyHocT. OBaj qujarpam Hehe dutu 3a-
noBospaBajyhm. JlorapurmoBatu nomaTke (log) M QUCKYTOBATU Aa JIX je MOIILIO IO
rodosplama y MHGOPMATUBHOCTY AMjarpama.

4. 3a cKynl IIofaTaka Koji ce OJJHOCH Ha IleHe HEKpeTHMHA, homedata, MCTPaKUTU O~
Hoc nsMehy crape u HoBe ponemeHe BpegHOCTU. KOopucTuti old Kao NpeauKTOpCKy
npoMeHbMBY. [la iy momany ykasyjy Ha JuHeapHY Be3dy? IlocToje im HeTMnuuHe
BpenHoctu? Illta yspokyje oBe HetunuuHe BpenHoctu? Koja je mpensBubena Hoa
rpoliereHa BpeHOCT 3a Kyhy ox 75000 qosapa y 1970. roguamn?

5. 3a ckyn nogaraka florida Bymra nporus bjykeHeHa, mocToju jour jegHa HETUIIMMIHA
BpPeTHOCT KOja Ha3HauaBa Ja je BjykeHOH nodmo Marbe Iy1acoBa HEro IITO Ce OYeKIBa-
710. AKO YKJIOHMMO 00e HeTUIIMYHe BpeJHOCTH, Koja je IpenBuleHa BpegHOCT 3a dpoj
ritacoBa Koju du Bjykenen noduo y okpyry Majamu-/lejn Ha ocHOBY dpoja riacosa By-
ma?

6. 3ackynnogaTtaka emissions ucupraru BT (SpyTo momahu nponsBox) 1o riasu cra-
HOBHIKa Kao mpeaukrop 3a emucujy C'Oy. MneHTMGUKOBATY HETUINYHY BPeTHOCT U
npoHahy perpecuoHe JuHMje ca OBOM TaUKOM, Kao 1 0e3 OBe TauKe.

7. llpMKaumMTy CKyII IMojaTaka babies:

> library ("Simple")
> data ("babies")
> attach (babies)

OBaj ckyn momaTaka cagpsku IyHo mHQopMalija o dedaMa 1 BUXOBMM MajKaMa 3a
1236 mocmarpama. Hahu koepuunjent kopenauuje (u [Inupcornos u CimpmaHoB) usme-
by yspacra u rexxune. [lToHOBUTM MCTO 32 OXHOC BUCKUHE U TexxuHe. Vciparu rpaduke
pacejama CBAKOTI IIapa ¥ IIPOBEPUTH [a JIU IIPOLleHa JIMa CMIICJIA.

8. Ilponahu ckyn nmogaraka Koju je KaHAMAAT 3a TMHeapHy perpecujy. [lorpedHe cy Ham
IBe HyMepuuKe Bapujadie, jemaH IpeauKTOp U jemaH onrosop. Mcuprarn rpadumx pa-
cejampa ca perpecoOHOM JIMHUjOM.
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9. Vrpahenu ckyn nogataka mtcars cagpsku nHpoOpManuje o ayToMoOMInMa 13 U3gama
Motop Tpenn us 1974. rogune. Yunraru cKyn mopgaraka (data (mtcars)) U OOrOBO-
putu Ha cnenehe:

+ Koja cy umena npomensnBux? Mcmnpodatu koMaHAy names.

+ Koju je makcumanuu mpg?

« Kojux 5 ayromodmnia cy npsu Ha JIucTu?

« Kojy cuary (hp) uma Valiant?

« Koje cy cBe kapakrepuctuke Mercedesa 450 SLC (Merc 450SLC)?

+ Ucipraru rpadux pacejama Opoja rmnnugapa (cyl) y ogHOCY Ha Mujbe IO Ta-
noHy (mpg, motpoinma). IlocraButu perpecuony nuHujy. [a au je oBo modap
KaHIMUMOAT 32 JJMHeapHy perpecujy?

10. ITponahn meku rpaduk dmBapujanTHMX MogaTaka Ha VurepHery. Vckopmerutn R n
reHepucaTy CJIMYaH Oujarpam.



I'maBa 6

MysaruBapujaHTHU IOAALIN

Ha ducmo ce yImo3HaIy ca IIpUKa3MBabeM M MaHUITYJIMCAbeM II0JalyMa, IIpe CBera je
ITOTpedHO OPTaHM30BaTU UX. R KOPMCTU T3B. OKBUpE II0[IaTaKa, YMMe IIOMake y OpraHm3a-
LJjJ BEJIMKUX CKyIIOBa IMOJaTakKa.

6.1 MyJaTuBapujaHTHHU NOAATAIIM Y OKBIIPUMA

YecTo cy y cTaTMCTULIM ITOAALM IIpeacTaBbeHn y TaderapHoM popmary. Komone mpen-
CTaBJbajy pasamunte aTpndyTe, a CBAKM pejl IpeCcTaBba 110 jeaH y3opak. Ha npumep, ckyr
Iojmaraka home Cap KU OBe KOJOHE, IIPOLEHEeHY BpeQHOCT HeKpeTHNHe 13 1970. roanHe u
npouemeny BpegHoct 13 2000. rogauHe. R KOPUCTU OKBUpE IIoJaTaKa Ja cauyBa OBE Bpen-
HOCTY Ha OKYITy U IIOCe[yje IyHO OJIaKIIMIa 3a Kopuilrherme 0BaKO cauyBaHUX ITOAaTaKa.
Axo xopuctnMo R-OBe yrpabheHe CKyIoBe IofaTaka, BeJMKe Cy IIIaHCe Aa Cy mojgauu Beh
OOCTYIIHM Y OOJIMKY OKBUpa. Bullle 0 yBOXKeIby CIOJPHUX ITOfaTaKa y R Moke ce Hahu y n
OOKyMeHTY R Data Import/Export Koju monasu y3 R.

Moryhe je HampaBuTH U COIICTBEHe OKBUpE IIOfAaTaKa M BepoBaTHO he To m dmrm 1mo-
TpedHO. 3ampaBo, JOBOJBHO je [a ce IOoAalM yKJIAlajy y IpaBoyraoHM HU3, Kao IITOo je Beh
moMeHyTo. AKo je Tako, data.frame KomaHaa he ypaguru mocao. Kao mpumep, ueetupu
ocode cy moduie 1O TPU MUTAKA: HUXOBA TEKIMHA, BUCUHA U ITOJI. [logary cy yHeTH! y R Kao
rocedHe IIPOMEH/bMBE Kao IIITO CIIeIN:

> weight = c¢(150, 135, 210, 140)
> height = c(65, 61, 70, 65)
> gender = c("Fe","Fe","M","Fe")
> study = data.frame (weight,height, gender) # HanpaBu OKBUP mHomaTaka
> study
weight height gender
1 150 65 Fe
2 135 61 Fe
3 210 70 M
4 140 65 Fe

Kosnone Haciebhyjy nmena npomenssusux. Moryhe je matu u pasanumra MMeHa, 110 >KeJbI:

69
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> study = data.frame (w=weight, h=height, g=gender)

Hasusu ce takohe mory momenntu m pemoBuma. Ako cy natu cydjektu Mary, Alice, Bob n
Judy, onna he komanzma row.names M3IUCTATH VIV IIOCTABUTY HAa3UBe peoOBa:

> row.names (study) <-c ("Mary", "Alice", "Bob", "Judy")

KOMaHIIa names he BpaTUTU MME€HAa KOJIOHA, a MOKE€ C€ KOPUCTUTI U fa X MU3MEHN.

6.2 IIpucryname nmogamnmnMa y OKBUpIMa

OxBup study mma Tpu npomensbuBe. Kao u panmje, moryhe um je mojeqmHauHo IIpu-
CTYIIMTY HaKOH ITOBe3VBaka OKBIMpaA IToflaTaka y R cecuju Kopucrehy komanay attach:

> weight = c (150, 135, 210, 140)
> height = c(65, 61, 70, 65)
> gender = c("Fe","Fe","M","Fe")
> study = data.frame (weight,height, gender)
> study
weight height gender
1 150 65 Fe
2 135 61 Fe
3 210 70 M
4 140 65 Fe
> rm(weight) # mouuncTu crapy Xonujy
> weight

Error: object 'weight' not found
> attach (study)
The following objects are masked _by_ .GlobalEnv:

gender, height

> weight
[1] 150 135 210 140

Mebyrtum, nosesuBame 1 OBajarmbe OKBUpA II0JaTaKa MO>Ke OUTI HAIIOpaH I10Ca0 aKo ce
rnojauyma Ipucryna camo jeqaoM. Ilopen Tora, ako je OKBUp IofaTaKa I10Be3aH, HIje MOTy-
he mcroBpeMeHO MemaTy OpUTMHAIHU OKBUP ITofaraka. [la Ou ce NMpMCTYIMIIO IoJanyMma
KOPMCHO je 3HaTU Ja ce OKBMpPU IoAaTaKa II0CMAaTpajy Kao JIMCTe VUL HU30BU U TaKO MM Ce
U IIpUCTYIIA.

6.2.1 IIpucTym nmpeko BpcTe M KOJIOHE

Martpuna je HauUMH 3a IOXpamblBakbe IT0JJaTaka Tako Ja UM ce MO)Ke IIPUCTYIIUTHU IIPeKo
MHAEKca pefa 1 KotoHe. OKBUPU ITOfaTaKa Cy 3alIpaBo MaTpuIle, 0O3MPOM J1a MMajy KOJIOHe
Koje cy aTpuOyTU U peoBe KOjU IpeCcTaBibajy MojequHauHe y3opke. [Ipema Tome, Moxe
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ce IPUCTYINUTU IOjeAMHAYHNM ITomaruma crenuuiupajyhu pex n KojgoHy y yriaactum
3arpagama ([row, column]). Y omiurem ciayuajy, MOpajy Ja IIOCTOje U Pef U KOJIOHA KOjuMa
ce MO)Ke IPUCTYNNUTH. AKO je jeZHO M30CTaBIbeHO, odMjeMo I1e0 pen Wim KoiaoHy. Kao
IIpuMep, OBaKoO ce Jodyja IPOMeH/bIBa weight:

> study[, 'weight'] # cBu pepmoBu camo weight xomnona
[1] 150 135 210 140

> study[,1] # cBU pemnoBu caMO MNpPBa KONOHA

[1] 150 135 210 140

HwnsosHu npuctyn qo3Bosbasa 1 Bullle GpuekcndmIHocTu. Mory ce nodutn weight mheight
HaBOl)emeM IIpBe 1 Apyre KOJIOHE OJjeTHOM:

study[,1:2]

weight height
Mary 150 65
Alice 135 61
Bob 210 70
Judy 140 65

Wnu, mory ce modurnu cBe mHpopmanuje o Mary riaepajyhu camo meH pex MM caMo HbeH
aTpudyT weight, IO )KeJbM:

study [ 'Mary"', ]
weight height gender

Mary 150 65 Fe
study [ 'Mary', 'weight']
[1] 150

6.2.2 IIpuctyn Kao aucTu

JIucra je omIITHjM KOHIIENIT UyBakba II0j1aTaka OJf OKBMpa mmoparaka. Jlucra je ckyir odje-
Kara, IIpM 4YeMy CBakM Moxke Outu dmiro Kor tuna. OKBUp IofaTaka je JIICTa, TAe Cy 00jeKTu
KOJIOHE KOje ce UyBajy Kao BEKTOPIL.

Ha 6y ce MpUCTYIIIIO JIMCTH, TOTPeSHO je KOPUCTUTY 3HAK $ MM TyIUIe yIiIacTe 3arpaje
u Opoj min nme. Taxo 3a study NIPOMEHIBUBY MOXKeMO IPUCTYIIUTH weight (IIpBa KOJIOHA)
Kao JIMCTU Ha CBe HaBeJleHe HaullHe:

> studySweight # xopucrehu $
[1] 150 135 210 140

> study[[’weight’]] # xopucrtehu uwme.
> study[[’w’]] # HeODBOCMHUCIEHE MNpeuulle Cy OK
> study[[1]] # npema mosuuMjHU

OBa ngBa HauMHA MOTY OUTHU MICKOMOMHOBAHA Kao y OBOM IIpMMepy, PeLVIMO Ja ce M3BYKY
camo nHpopMamyje o ocodama keHCKor nosa. OBO Cy peioBM) I'ie je IOoJ Fe:
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study [studyS$Sgender=="Fe', ]
weight height gender

Mary 150 65 Fe
Alice 135 61 Fe
Judy 140 65 Fe

6.3 Manunyiancame OKBMPHUMA IOAAaTaKa: stack munstack

Y mojeguHMM cilydajeBMMa, MOTY OUTM KOPMCHA [Ba HaulfHA 3a UyBambe ITojaraka. Ha
npumep, CKyIl mogaTaka PlantGrowth u3rjiena oBako:

> data (PlantGrowth)
> PlantGrowth
weight group

1 4.17 ctrl
2 5.58 ctrl
3 5.18 ctrl
4 6.11 ctrl
5 4.50 ctrl
6 4.61 ctrl
7 5.17 ctrl
8 4.53 ctrl
9 5.33 ctrl
10 5.14 ctrl
11 4.81 trtl
12 4.17 trtl
13 4.41 trtl
14 3.59 trtl
15 5.87 trtil
16 3.83 trtil
17 6.03 trtl
18 4.89 trtl
19 4.32 trtl
20 4.69 trtl
21 6.31 trt2
22 5.12 trt2
23 5.54 trt2
24 5.50 trt2
25 5.37 trt2
26 5.29 trt2
27 4.92 trt2
28 6.15 trt2
29 5.80 trt2
30 5.26 trt2

Jlakite, IMOCTOje TpuU TpyIle: KOHTPOJIHA M JBa TpPeTMaHa. 3a CBaKy IpyImy je mocedHO mara
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Te)XMHA. 3arpaBo, MOJAIM Cy TeHepICcaHy deJie)KeheM TeKIHe U IPyIle 3a CBaKy MHIVBIU-
nyanny OmspKy. Illta ce merraBa ako je MoTpedHO OAIITAMIIATI ITOAATKE OABOjEHO II0 TpyIIa-
Ma? MeTtogoMm rpyde cuie Mo)Ke ce CIIpOBECTH pasfiBajarbe 3a CBaKy BpeJHOCT group. OBO
dp3o mocraje 3amopHO 3a Behe ckymoBe momaraka. PyHkimja unstack he To ogpaputu y
jemHOj MMHMjU. AKO Cy IIomaly CTPYKTYpMpaHU MCIPaBHO, Kpeupahe oKBuUp ImomaTaka ca
IIpOMeHJbMBaMa Koje OAroBapajy HuBouma ¢akropa:

> attach (PlantGrowth)
> weilght.ctrl=weight [group=="ctrl"]
> unstack (PlantGrowth)

ctrl trtl trt2

1 4.17 4.81 6.31
2 5.58 4.17 5.12
3 5.18 4.41 5.54
4 6.11 3.59 5.50
5 4.50 5.87 5.37
6 4.61 3.83 5.29
7 5.17 6.03 4.92
8 4.53 4.89 6.15
9 5.33 4.32 5.80
10 5.14 4.69 5.26

ame, ma ce du ce Kpeupao OOKCILJIOT OBe TPU IpyIle MoOIja O ce KOPUCTUTU KOMaHOa y
jeIHOj IMHUjU:

> boxplot (unstack (PlantGrowth))

6.4 Ymorpeba R-oBe moaes ¢popMysia HOTALIUje

Mopen ¢popmyna HoTanMja KOjyR KopucTu oMoryhaBa f1a ce IIPeTXOQHO pasBajame 110
rpynaMa ypaay Ha cucreMarnuad HaunH. Ha mouetky je maso 38ymyjyhe, ann Behuna R-
OBUX HamnpeqHUX QYHKIMja KOpUCTU OBY ¢uiekcumdmIHy Hortauumjy. Mimycrpyjyhm npumep
M3HAJ MOXKe Ce CIIPOBECTHU I OBAKO, aKO je OKBMp ITofaTaka PlantGrowth Beh 3akaueH:

> boxplot (weight ~ group)

IIIta oBa kKomaHza pangu? Pasduja mpomeHBUBY weight Ha BpeXHOCTH 110 GaKTOPy group U
npociebhyje pesynrar komaHau boxplot. Peg weight ~ group Tpeda UmTaTi Kao: BpaTu
weight 110 IPpOMEHJBUBOj group.

Kapa mocToje mBe mpoMeHJbMBe, 3alMC je IPUINUYHO MHTyUTUBaH. Kiacudukanmona
IIPOMEHJbMBA je JIEBO, 0K je IIPeNKTOp Ha AeCHOj CTPAaHMN.

response ~ predictor # (3a OBe NPOMEHIBUBE)

Kapa nma Buiite o aBe predictor IpoMeHIbIBe, CTBApM IIOCTajy Mayo 30ymyjyhe, Hapo-
YIUTO 3aTO IITO yoOMUajeH) MaTeMaTUUKM OIlepaTopU He paje OHO IITOo ce Mucan. [laro je
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HEeKOJIMKO pasamuntux MoryhHoctu koje he dutu noBosbHe 3a camall. Ha IpuMep, IpeTIo-
CTaBKa je Ja cy MpoMeHJbMBe Ha3BaHe Y, X u Xo:

dopmyna 3Haueme
Y ~ X4 Y je momenoBano ca X3
Y ~ X7+ X5 Y je momenoBaHno ca X7 u X5 Kao y BUIIECTPYKOj perpecuju

Y ~ X; %X, Y je momenoBano ca X, Xo u X x Xy

Y ~ (X; + X5)? | IBojake untepakumje. [lpumeTutu oSuuaH crenen
Y ~ X+ I(X3) | Y je monenosano ca X; u X;

Y ~ Xi| X, Y je mogenoBaHo ca X; u yciIoBHO ca Xo

TauHa MHTepIpeTalja MOge06aHO 10 Bapupa y 3aBUCHOCTH of yrorpede. 3a boxplot
KOMaHJIy Japyrauuje je Hero 3a komaHay lm. Takobhe tpeda mpmmerutu nma cy yoduuajeHa
MaTeMaTHUKa 3Hauerba JOCTYITHA, ajl Mopajy OUTu ykbydyeHa nomohy ynkimje I ().

6.5 HaumHu npukasmuBama MyJITUBapPIjaHTHUX IIOaTaKa

Kapa ce mayun xako cadyBaTy U NPUCTYIUTH MyJITUBApMjaHTHUM IIOfallIMa, BpeMe je
1 ce IperJiefia BeJUKM OpOj HauMHA 33 BU3YeIN3alijy OBaKBMX CKYIIOBa ITO/IaTaKa.

6.5.1 n-tocTpyke Tabeise mopehema

[BocTpyke Tadene mopehema ce popmupajy xomangom table, Kao U OHe BUIIIET pefa.
Axo cy w, x, Y, 2 UeTUpU IPOMEHJbUBE, Tala KOMaHJa table (x, y) Kpeupa IBOCTPYKY Tade-
ay, table (x,y, z) Kpeupa IBOCTpYKe Tadejie £ HACIIpaM Y 3a CBaKy BpeaHOCT z. KoHauHO,
HaBohemwe 1,7V, 2, w he YUMHUTHI JCTO 3a CBaKy KOMSMHaquy BpeHOCTU z U w. AKO cy
IpoOMEHJ/bMBE CauyBaHe y OKBUPY IIOJIaTaKa, HIIp. df, oHJa ce KoMaHHa table (df) IIoHa-
IIIa TaKO J1a CBaKa IIPOMEHJbMBA OATOBapa KOJIOHU y JaToM pepocieny. Pagu miycrpaunje,
PasMOTHMPUMO ITOBE3aHOCTH Y CKYIIy IojaTtaka Cars93 u3 MASS dudnmorexe:

> library (MASS);data (Cars93);attach (Cars93)

## HanpaBUTH KaTeropuuke IpPOMeHBUBe kopucTehu cut

> price = cut (Price,c(0,12,20,max(Price)))

> levels (price)=c ("cheap", "okay", "expensive"))

> mpg = cut (MPG.highway,c(0,20,30,max (MPG.highway)))

> levels (mpg) = c("gas guzzler","okay","miser"))

## mormemaTu NOBE3aHOCTH

> table (Type)

Type

Compact Large Midsize Small Sporty Van
16 11 22 21 14 9

> table (price, Type)

! Meramuo odjanrmerse cunTakce u kKopuiherwa Moxe ce Hahu y yrmytcetsy An Introduction to R, u nparehem
nmokymenry Using R for Data Analysis and Graphics ox Maindonald-a. Taxobe, nmorimematu komaHnge xtabs u
ftable YKOJIMKO Ce YKaKke ITOTpeda 3a COPUCTUIMPAHNjOM yIIOTPEdOM.
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Type
price Compact Large Midsize Small Sporty Van
cheap 3 0 0 18 1 0
okay 9 3 8 3 9 8
expensive 4 8 14 0 4 1

> table (price, Type, mpg)

, , mpg = gas guzzler
Type
price Compact Large Midsize Small Sporty Van
cheap 0 0 0 0 0 0
okay 0 0 0 0 0 2
expensive 0 0 0 0 0 0
;¢ Mpg = okay
Type
price Compact Large Midsize Small Sporty Van
cheap 1 0 0 4 0 0
okay 5 3 6 0 6 6
expensive 4 8 14 0 4 1
, , Mpg = miser
Type
price Compact Large Midsize Small Sporty Van
cheap 2 0 0 14 1 0
okay 4 0 2 3 3 0
expensive 0 0 0 0 0 0

6.5.2 TI'padumam xooHe

Kao mro je mosHaro, rpa¢miiu KOJOHe pafe Ha CyMapHUM Iomanuma. IIperxomHo je
IOTpedHO MPOITyCTUTH ITOAAaTKe Kpo3 KoMaHAy table. Komannma barplot mucipraBa cBaky
KOJIOHY Kao IIPOMeHJbUBY, Oalll Kao OKBUp ITofaTaka. M3na3 komaHze table Kajia je mo3BaHa
ca Be IpOMeHJbMBEe KOPUCTH IIPBY IIPOMEHJBUBY 3a penoBe. Kao u panmnje, rpadpmim KosoHa
Cy IoJpa3yMeBaHO Hacjaraum. Mo>kxeMo KOPUCTUTHI apTyMeHT beside=T fga Ou ce rpadpuim

JICLPTaINU jeaH IIopex Apyror:

> barplot (table (price, Type), beside=T)
> barplot (table (Type,price) ,beside=T)

# LIeHa II0 Pa3lIHuuYHuTHM THIIOBHMA

# Tun mo Pa3iInuuyuTUM LIEHaMa
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6.5.3 bBokxcmiIoToBn

KomaHpga boxplot ce jeqHOCTaBHO KOPMCTH 3a CBe TUIIOBe UyBama romaraka. Hapenda
boxplot (x,y,z) he mpoussBecTu QOKCILIOTOBE jefaH IIOpexd APYror, Kao IITO je BUI)EHO
paunje. IIpema ToMe, jeqHOCTaBHU IIpUMepH boxplot (df) M boxplot (y ~ x) he takohe
byukumonucatu. Jpyru odnuk kopuctu Moaes ¢opMyJia HOTaLjy.

IIpPUWep:ISOKflLHOT"YSOPHUKa]{aCYNﬂﬁq}HKX]IOHaTalﬂl

EBo mpumMepa y koM ce mramia 10 SOKCILIOTOBa IToJaTaka HOpMaJIHe pacIojelie ca Cpes-
BOM BpemHourhy 0 u craHgapaHUM ofcrynameM 1. OBae ce kopucty PyHKUMja rnorm Jaa
IpoM3BeJie HaCyMIYHe IoaTKe:

> y=rnorm(1000) # 1000 HacyMmuuHuXx OpojeBa

> f=factor(rep(1:10,100)) # Opojeru 1,2,...10 100 myTa
> boxplot (y ~ f,main="Boxplot of normal random data with model notation")

Boxplot of normal random data with model notation
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Cnnka 6.1: Bokc rpaduk HanpaBibeH ca boxplot (y ~ f)

[Ipumerurtu koHcTpyKUMjy f. BpojeBm ox 1 mo 10 cy moHoBIBeHM 110 100 mmyTa na hopmn-
pajy factor Bapmajadny mucre gyxmHe Kao y. Kaga ce xkopmeru momen Hotanuja, SOKCILIOT
Y ToJaTaka ce paay 3a cBaku HUBO (dakTopa f, Tj. 3a CBaKy BpeqHOCT Y Kaja je f jemHako 1,
3aTuM 2, na go 10. Pe3ynTar je mpmukasaH Ha camnu .
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6.5.4 TpakacTu gujarpamm

BoKCII0TOBM MCIPTaHM je[JaH Iope APYTOoT Cy KOPUCHMU 3a Iopehere CIMYHUX pacio-
Ae€JIa, HApOUMTO aKO IIMa MHOTO IToJaTaKa 3a CBaKy IIPOMEHJbIVIBY. KOMaHJIa stripchart
paau cINMUHy CTBap, a KOPMCHA je aKo HeMa IyHO mnojaraka. Mcuprasa mojenmHauHe II0-
JaTKe CJINMYHO Kao KOMaHa rug I(Oja C€ KOpUCTHU Ca XUCTOTrpaMIIMa. %! stripchart (df) m
stripchart (x ~y) he@yHKuMOHmcwnLaﬂMIﬁzmstripchart(x,y,zL

Kao u y ropmem npumepy, norpedHo je reHepmcatu 10 CKyImoBa HaCyMUYHMX OpojeBa
KOjI ITO[IJIeKy HOpMasHoj pacnofgemn. Osor myTta he cBakm ckym cagpxaty camo 10 Hacy-
MumuHyX Spojesa. Ilornemaru cauky b.2:

> x = rnorm(100)
>y factor(rep(1:10,10))
> stripchart(x ~ y)
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Cnuka 6.2: Tpakactu aujarpam

6.5.5 BuogmHCKM gUjarpaMu M gMjarpaMu rycTHe

dynkiuje simple.violinplot U simple.densityplot Mory Outu KopuirheHe yMme-
cTo doKCILIOTOBA (jemaH Imopen Apyror) ma Ou ce ymopenwsie pasauunte pacmopene. Ode
KOPIICTe eMIINPUjCKy TyCTMHY IIpoHaheHy npeko ¢pyHKIUje density, fa Ou ce MIIycTpoBa-
Jla pacIojesa ciayuajHe IIpOMeH/bUBe. ['yCTHHA ce MOKe 3aMUCIUTH Kao XMCTOrpaM, CaMo
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IIITO MMa 3HAUajHO Mabe ,cMeha” 1o rpaduky, Tako qa ce BHUILle ceToBa epUKaCHUje MOXKe
CMECTUTH Ha VICTU TpaduK.

I'paduxk rycTmHe mcrpraBa HEKOIMKO I'yCTMHA Ha JICTO] CKajM. Buime xucrorpama ms-
ryiefia JIOIle, ajy BUIle I'yCTMHA M3IJleia IOOHOLBMBO. [la moaceTMo, BMOJIIMHCKI Aija-
rpaM je BeoMa ciImuaH OOKCIUIOTY, CaMO IITO je KyTHja 3aMerbeHa I'yCTITHOM KO0joj je momaTa
CIMKa Y orjiefaity fa Ou dmiia jacHuja.

Kao mnyctpanmja je mpukasaH MCTM CKyI IIOJaTaka Ha CBa TpU rpaduka Ha CIUIN @
I'padmxk rycTuHe nsriena Majo IMpeTpIaHo, AJIM jaCHO ce MO>Ke BUAETY Aa IMa [ABa THUIIA pac-
noxnesa. Tpeda nmpumerutn na ce GyHKIMje KOPUCTe Ha CIMUAH HAUMH Kao KO OOKCILIOTA:

par (mfrow=c(1,3)) # 3 rpaduxka mo CTpaHU

data (InsectSprays) # yuuTaBawme momaTakxa

boxplot (count~spray,data=InsectSprays,col="1lightgray")
simple.violinplot (count~spray,data=InsectSprays,col="1lightgray")

vV V. V V V

simple.densityplot (count~spray,data=InsectSprays)
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Cruka 6.3: ITopeheme dokcIuroTa, BMOIMHCKOT rpadmka 1 rpaduKa I'yCTIHe 3a JICTe II0JJaTKe

6.5.6 TI'padux pacejama

Hexka cy x mpemmkTop (He3aBMCHa IIPOMEHJbMBA), & Y U 2 IIPOMEHJpNMBE OJ3MBa. AKO
je moTpedHO MCUPTATU UX HA MCTOM TpaduKy, ajau ca pasiNuUTUM O3HaKaMa, TO Ce MOKe
YUMHUTU KOMaHJ0M pch. IIpumep:

> plot(x,y) # obuuan rpadux pacejama
> points(x,y,pch=2) # momajeMo jom JjenHy MIPOMEHBUBY

Tpeda nmpumeTuTn ga gpyra KoMaHJa Huje plot Hero points, Koja momaje Ha rmoctojehm
rpad K, 3a pa3iIuKy of plot Koja I[pTa IIOTIYHO HOBU rpaduk.

[Tonekan cy maty moganu « u y, Koju cy Takohe pasdujenn mmo 3agarom pakropy. Ilorped-
HO je ucupraTu rpaduK pacejarma 3a MoJaTke & u Y, au Kopucrehm pasnmunre o3Hake rpa-
¢duka 3a paznuunute HUBoe dakropa. [la du ce TO MOCTUIIIO, TOTPESHO je KOPUCTUTI HUBOE
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dakropa 3a o3Hake. HuBou cy mHTEpHO cauyBaHU Kao OpOjeBU 1 HUX MHTEPHO KOPUCTIIMO
3a BpeTHOCTU pch.

IIpumep: Pact 3y6a

R-0B yrpahenn ckyn nomaTtaka ToothGrowth je moTekao u3 CTyauje Koja Mepu pact 3yda
Kao ¢yukiujy komnunHe ButammuHa C. V3Bop Butammua C cy cCOK oJ TOMOpaHIle ca jegHe
CTpaHe ¥ BUTAMUHCKU CyIUIEMEHT ca Jpyre cTpaHe. I'padmk pacejarma Koju Ipukasyje xo-
3y HACIIpaMm Qy’KHHe Jart je Ha cuumu b.4. [Ipumerutn pasnmunre cuMSoie 3a IBa HIBOA
dakTopa Koju npexacrasiba n3Bop ButamuHa C.

legend(locator (1), legend=tmp, pch=1:1length (tmp))
detach (ToothGrowth)

> data ("ToothGrowth")

> attach (ToothGrowth)

> plot (len ~ dose,pch=as.numeric (supp)) ## KIUKHYTH MHIIEM 3a OOLaBake JIereHIe
> tmp = levels(supp) # cauyBaj Ha TpeHYyTax

>
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Cnnka 6.4: Pact 3yda kao pynkuuja qose suramuua C

Ca rpaduka fmenyje ma je 3a cBe BpegHOCTHU H03e, Butamuucka popma (VC) duna mamse edpu-
kacHa of coka (OJ).
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[Tonekan je motpedHO IOCeOHO PasMOTPUTU pPACIIOfesie T U Y, Ayl TaKohe U HUXOBY
noBe3aHocT. OBO je JaKIlle aKo ce MOKe MCLpPTaTu Bullle rpadumka oxnjenHom. PyHKumja
simple.scatterplot u3 makera UsingR y TOMe MoyKe IToMohu.

IIpumep: BAII Hacnpam emucuje C'O,

[Turame emucuje C'O; je TpeHYTHO BeoMa aKTyesHa TeMa 300T jaCHOT yTUI[aja Ha K-
Marcke mpoMeHe. CKyII ImojjaTaka emissions caapu moparke 3a dOpyTo momahm nmpousson
(BAII), BAII o rmaBu cranoBHuKa u C'Oy eMuUCKjy y HEKOJIMKO eBpoIcKux 3emasba u CAJ|
3a 1999. ronuny. I'paduk pacejama Ha cann @ j€ 3aHUMJBUB.

data (emissions)

attach (emissions)

simple.scatterplot (perCapita, CO2)

title ("GDP/capita vs. CO2 emissions 1999")
detach (emissions)

vV V. V V V

GDP/capita vs. CO2 emissions 1999
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Cnuka 6.5: B[III macipam C'O; emucuje
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[IpumeruTu fa ca gogatHuM mHpopManujama Ha OBOM rpadpuKy pacejarba MOXKEMO BI-
netu fa je puctpudyruja Bl npuianuno parnpeHna 3a pasnuky ox emucuje C'Oy Koja oun-
IJIe[THO Ma je[JaH yCaMJbeHU ITO/IaTaK.

6.5.7 YmapeHu rpadpummu pacejama

AXo TpM IIpOMEHJBUBE CafipKe HyMepIUKe BpeJHOCTH, OHMA CYy Tpaduiu pacejarma Ipu-
KJIafaH HaunMH npukasa. KomaHpa pairs he nmpoussectu rpaduk pacejama 3a CBaku Mo-
ryhm nap Bapmjadiam. Moske dutu KopuirheHa Kao pairs (cbind(x,y,z)), pairs (df)
miu y pakTop odnMKy pairs (data.frame (split (times, week))). HajjemHOcTaBHUjE je
KaJja ce IIoJalM Hajla3e y OKBUPY IofaTaka. AKO HICY Y OKBUPY, IIOTPedHO je I03BaTU KO-
MaHy cbind Koja Besyje IIpoMeH/buBe Kao Kojone. Cimka 6.6 maje mpumep xopumrhersa
emissions CKyIla ITOJgaTakKa.

> pairs(emissions)
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Cnuxa 6.6: YHOTpeSa pairs ca emissions CKyIIOM ITOJaTaKa

Komanpna pairs mma Benuku dpoj ommmja 3a ypehusame rpadpmka. Ha crpanm 3a momoh
Mory ce Hahy nBa moyuHa mmpumepa.
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6.5.8 Ilaker lattice

HomaTHu maxer lattice nMiuieMeHTHpa Trellis rpaduuke koHIenTe buna Kinpien-
na. Ou u npatehm MpexHu nmaker omoryhasajy pasandure HaulMHe IIOCMaTpamba MyJITHBA-
pUjaHTHUX ITofaTaka nopep rope onnucannux. Ox sBep3uje 1.5.0 oBo cy IpenopyueH MakeTu,
any Hucy u feo dasHe Bep3uje R-a. Hexkm kopucHm rpaduiu ce jeqHOCTaBHO Kpempajy 1
NpUKa3aHU Cy Y HACTaBKYy.

3a miaycTpamnujy ce KOpUCTU CKYIl ofaTaka Cars93. IlpermocraBibaMo Ja je yumUTaH,
aJIy HIje IPIJIO’KEH KaKo OM MIIyCTpoBao yroTpedy moparaka data=below. OcHOBHaA uaeja
je ma ce rpaduk cacToju O BUIlle IaHeJa. TMINYHO, OBO OAroBapa oapeheHoj BpeaHOCTHU
ycioBHe mpoMeHbrBe. PyHKIMje ce I03MBajy ca 03HAKOM Mojeia popmyre. 3a yHUBapuU-
jaHTHe rpaduke Kao ILITO Cy XMCTOTpaMM, IIPOMEHJbMBA OM3MBA, Tj. JIeBa CTpaHa je IIpasHa.
3a dmBapujanTHe rpaduke je mata. [Ipumerutn qa cy mMeHa QpyHKIMja IPUPOTHA, IV jOLII
yBeK [pyraunja o7 OHIX Koje Kopuctu da3Hu R. Ha mpumep, kopuctu ce histogram ymecto
hist.

Xucrorpamm

Xwucrorpamu cy yHnBapujantTHn. Ciegeha koMaHa IpuKasyje XMCTOIpaM MaKCUMAJIHe
IleHe yCJIOBJbeHe OpojeM LIUIMHAApa. 3araka ce Ja Ha MeCTy IIPOMEHJbUBE ON3JBa OCTaje
IIpasHO MEeCTO:

> histogram( ~ Max.Price | Cylinders , data = Cars93)

BoxkcmioroBu

BokcmnoroBu cy Takohe yHuBapujautau. Komanna je bwplot:

> bwplot ( ~ Max.Price | Cylinders , data = Cars93)

I'padum pacejama

I'padunu pacejama cy takohe moctynuu. PyHkMja je xyplot, 3a pasinuKy og OasHOT
plot. Kako cy momarnu duBapujanTHY, IpOMeHJBbMBA OAroBopa je HeonxonHa. Ciaenehu xon
ipra ogHoc nsmehy MPG (Miles Per Gallon) u Benuunse pesepBoapa. OuekyjemMo fa ayToMo-
Suut ca §0IOM MOTPOIIIEOM MOTY IMaTH Makbe pesepBoape, cimka .7, Oa Bpcra rpaduka
HaM oMoryhaBa fa IIpoBepyUMO U [1a JIN je OMHOC MCTY 3a CBE TUIIOBE ayTOMOOWIIA:

> attach(Cars93) # uuje Ham norpedan Cars93 y OBOM TPEHYTKY
> xyplot (MPG.highway ~ Fuel.tank.capacity | Type)

## nnoTupaMo ca pPerpecHoHOM INHHHJOM

## OpBO MIOTUPAMO perpecuoHy nuHujy uprajyvhu PyHKUH]Y

> plot.regression = function(x,y) {

+ panel.xyplot (x,Vy)

+ panel.abline (1lm(y~x))

+ }
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> trellis.device (bg="white") # MewmamMo nosamguuy y Oemno
> xyplot (MPG.highway ~ Fuel.tank.capacity Type, panel = plot.regression)

%$xako ma odesdemuMO ma TEKCT HEe [pelas3u MapruHe?
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Cnuxka 6.7: Ilpumep lattice rpaduka: OgHOoC MPG U BeIMYMHE pe3epBoapa

Hexu TpeHIOBU ce MOTYy BieTH ca came ciauke. V3riena nqa Harud mocraje Mame CTpM Kajga
ce BeqmumHa Bo3wita noBehasa. OdparnTu makiy Ha KoMaHAy trellis.device Koja Io-
nerraBa dojy mosanuHe Ha deno. ITogpasymeBaHe doje cy momano tamHe. L{prex ykbpyuyje
n perpecuony JunHujy. OBo je mocTuUrHyTOo QYHKIMjOM 3a Kpeuparbe mmaHemna. [lompasyme-
BaHO, xyplot he kopuctutu GyHKIMjy panel .xyplot ma du dopmupao rpaduk paceja-
wa. [a du ce qodmio Buie, neduHmucanu cmo GyHKUUjY O x U y, KOja je Kpeupaja rpa-
¢uxk pacejama (omer ca panel.xyplot) 1 fofaya perpecuoHy anHujy kopucrehm pynximje
panel.ablinemn 1lm.

Sagamm

1. 3a ckym mojgaraka emissions mocroju HetunnuHa BpegHocT 3a emucujy C'O,. Ilpo-
Hahu oBy BpegHOCT Kopuctehmu identify, a 3aTuM moHOBUTH rpaduK de3 oBe Tauke.
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. Cxkyn nogaraka chips cagpsku mogaTke o qedJbMHY MHTerprucanux kKoiua. [locroje mo-

Tary 3a ABa YNIIa, Off KOjUX je CBaKM MepeH Ha 4 pasnuunurta Mecta. Harpasuru side by
side rpacduk 3a cBako MecTo Meperba. Ha mctom rpaduky Tpeda na dyae 8 SokcmimoTosa.
Ia nu je cpenmwa BpeqHocT ucra? Pasnnke?

. UsingR ckyn nogaraka chicken caap:Ku TeJecHe Mace KOKOIIIaKa KojuMa ce fJaje jeqHa

o Tpu BpcTe odpoka. HanmpaButu dokcmior 3a cBe Tpu BpcTe odpoka. [la i msriena
Ja MMa pasjiMKa y Cpefioj BpeaHOCTI?

. UsingR ckyn mopaTtaka WeightData campxu nmHboOpMaIije 0 TeJIeCHOj TeXXIHN Jele

y3pacra ox 0 mo 144 mecena. Hanpasurnu side by side rpaduk pacropehen mo roguna-
ma. Koje tpennose youaBamo? IIpomeHbnBa age fata je y Mmecenuma. [IperBapame y
TOIVHE Ce MOYKe M3BPIINTU KopulithermeM cut Kao LITO CIeRN:

> age.yr = cut (age,seq(0,144,by=12),labels=0:11)

10 IMPETIIOCTAaBKOM Ia je CKYII IToJaTaKa IIPpMKAa4Y€H.

. UsingR ckyn nmogaTaka Carbon caap:;K1 KOHLIEHTpallje yIJbeH-MOHOKC/Ia Ha TPU pa-

3NMMYNTe MHIyCTpUjcKe okaryje. [Tomamy nmajy ABe IpoMeHIbMBE: OUNTABAKE YTIbEH-
MOHOKcHa U GaKTOPCKY IIPOMEHJBUBY Koja IpaTu oKaiujy. Hanpasurnu side by side

rpaduk HUBOA yIJbeH-MOHOKCHIA 32 CBaKy JoKanujy. [la s m3riena ga IoCToju pa-

3JIMKa?

. 3a ckyn moparaka babies HampaBUTU ymHapeHHu rpadpuk (pairs (babies)) 3a mc-

TpaKMBame ogHoca usMmelhy npomenssuBux. Koje mpoMeHbMBe U3Iiea qa MMajy Jim-
HeapHM ofHoc? 3a IpOMEHJbMBe TeJleCHe TeXUHe Ha pohemy U nykmHe TpymHohe
KpempaTu rpaduK Koju pasinunTUM KapakTepuMa (pch) Ipukasyje HuBoe ¢akropa
IylIema.



I'maBa 7

CayuajHn moganu

[Topen moryhHocTy ma pamm ca peaqHUM IoganyMa KOjy ce YUMTaBajy u3 ¢ajioBa pa-
snnuntux popmarta miau nyrem URL agpeca, R mocenyje moryhHocT reHepucarba c1ydajHUX
Iojarakxa.

sample (1:6,10, replace=T)
(1] 6 41 1 3142 4 6

UM ToMohy HOBOKpeupaHe QpyHKLje

> RollDie = function(n) sample(l:6,n,replace=T)
> RollDie (5)
[1] 5 3 2 3 1

3ampaBo, R MOKe [1a Kpeurpa IMyHO pasIMUUTUX BPCTa CIy4yajHNX dpojeBa of IMo3HATUX da-
MIUINja pacIiofiesia A0 HEKMX CACBMM CIeLUjalIi30BaHMX pacIogesa.

7.1 T'eHepartopu ciryuajHux OpojeBa

Kao m1To je mosHato, ciryuajuu dpojeBu cy ommcaHu pacrogenoMm. Pacmopena je pyHk-
IlIfja KOja OINMCYje BepoBaTHONY Ha ce CiIy4yajHM Opoj Hajas3M y HEKOM MHTepBaly, HIIp.
P(a < X<b). Paciopena ce Moke 3aaTui TyCTMHOM BepoBaTHOhe (Y KOHTUHYaJIHOM CIIy-
uajy) wu ¢pyakuujom P(X = k) = f(k) y nuckpersom ciyuajy. R uma moryhHocr jma
reHepuiile ciydajHe dpojeBe M3BYUeHe M3 IIYHO pasnM4uTux pacrogena. [la du ce oBa mo-
ryhHOCT KopucTiia, MOTpedHO je yIO3HATU ce ca IlapaMeTpyMa Koju ce ajy ¢pyHKIujama
Kao IIITO Cy HIIp. mean WIN rate. Y HaCTaBKy Cy IpuMepu Hajuelrhux pacrnopgena. 3a cBa-
KU je JaT XMCTOrpaM 3a CJIy4YajHM y3opak BeanunmHe 100 1 rycTuHa pacropeiie kopucrehu
dyukuumje ca mpedukcoM d.

7.1.1 YuudopmHa pacmopgena

YHudopmHU ciyuajHu OpOjeBU CYy OHU 3a KOje je jegHaKo 6eposamHo a ce Hayase y Ha-
TOM MHTepBany. Kama ce reHepuiily Ha pauyHapy, yIJIaBHOM ce pagu o uHTepBany [0,1],

85
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any y Ipakcy MOTy OUTHU y IPOM3BOJbHOM MHTepBany [a,b], rme a m b 3aBuce ox mocraske
npodiema. Ha mpumep, Bpeme uekamwa Ha ceMadopy Moke OuTK yHI(GOPMHO Ha MHTEPBAIY
[0, 2] (y MunyTuma):

> runif (1,0,2) # Bpeme uekama Ha cemadopy

[1] 0.7850514 # Taxohe runif (1,min=0,max=2)

> runif (5,0,2) # BpemMe uexama 3a 5 cBeTana

[1] 0.4295075 0.7865266 0.6133130 1.6936797 0.8875498
> runif (5) # 5 cnyuajuux Opojema us [0,1]

[1] 0.9488014 0.2816744 0.2567723 0.2196983 0.6296562

uniform on [0,1]

1:5

1.0

Density
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Cnuka 7.1: CrornHy yHNPOpMHUX cydajHNX OpojeBa Ha mHTEpBaty [0,1]

Onmtu odnuk je runif (n, min=0,max=1), unMe je moryhe xoHdurypmcaru xoiamko
cayuajunx dpojesa je moTpedHO (n) U MHTepBAT U3 Kojer ce dupajy ([min, maz|). da du ce
TIpuKasana pacrogena Spojesa sa min = 0 mmaz = 1 (moapasymesano, cimka [f.1) morpeduo
je:

> x=runif (100)
> hist (x,probability=TRUE, col=gray(.9),main="uniform on [0,1]")
> curve (dunif (x,0,1),add=T)

JequHa KOMILTMKOBaHNja CTaBKa y IPETXOJHOM JIMCTUHTY OMJIa je MICLpTaBabe XICTorpaMa
ca no3aguHckoM dojom. Ilpmmerntn Kako je pyHKIMja dunif (IycTuHa pacronese) KOpu-
mrhena ca pyHkujoM curve.
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7.1.2 HopmanaHa pacmopgesa

Hopmainuu cryuajHu dpojeBu ¢y OCHOBA KJIACUUHE CTATUCTUYKe Teopuje, 30or T3B. IleH-
TpaJIHe TpaHMUHe TeopeMe. HopMainHa pacriofena mMa 1Ba mapaMeTpa, Cpeilby BpeIHOCT
[t I CTaHAAPHO ofcTyname 0. OBO cy T3B. IapaMeTpH JIOKalMje U IIPOCTUpabha.

Ha mpumep, /() Hexe monyJialiyju je HopMaJiHe pacriofelie ca cpeamoM Bpeguolhy 100 i
CTaHAapaHOM AeBujanujoM 16. Bpeme pasBoja mroma Kox by Ay Moke OUTH SUTI OIYMCAHO
HOPMAJIHOM pacIIOfeJIoM cpenme BpeaHocTu 280 u craHaapaHe neBujanuje 10. Hopmanna
pacmonena Moxke OMTM CTaHAApAM30BaHa ca cpeamoM BpegHouthy 0 n BapujancoMm 1. OBo
ce IOCTIDKe cmaHgapgusosarbem BpexHoCcT momohy dpopmyie

z=2H
o
EBo mexkux npumepa:

> rnorm(1,100,16) # IQ

[1] 94.1719

> rnorm(1l,mean=280,sd=10) # xonuxo maHa mo nopohaja (10 maua paHuje)
[1] 270.4325

normal mu=0,sigma=1 normal mu=100,sigma=16
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Cnuka 7.2: Hopmanua pacniogena (0,1) n HopmaitHa pacriogena(100,16)

CDyHKLU/Ija rnorm (n, mean=0, sd=1) onpebyje U Cpearby BPEeOHOCT U CTaHOapaHYy JIeBI/Ija—
uujy. Ha cnunn @ IpMKa3aHM Cy XMCTOTpaMI ABe HOpMaJIHe pacIlofelie.
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> x=rnorm(100)
> hist (x,probability=TRUE, col=gray(.9),main="normal mu=0, sigma=1")
> curve (dnorm(x) ,add=T)

7.1.3 buHoMHa pacmopaena

BunomHu cityuajuu OpojeBu cy guckpemuu cirydajau dpojeu. To je, y cTBapum, pacmone-
na Opoja ycrexa y n He3aBUCHUX BepHyinujeBux eknepumeHara. Jeman BepHynujes excre-
PUIMEHT 3aBplllaBa yCIIeXOM MJII HeyCIIeXOM, a yCIIeX ce [elllaBa ca BepoBaTHohoM p. JemaH
Bepuynujes orien je mar can = 1 y OMHOMHOj pacroesn:

> n=1, p=0.5 # mocraBu BepoBaTHOhY

> rbinom(l,n,p) # pasnuuuTa CBAaKMH IYT

[1]1 1

> rbinom(10,n,p) # 10 TaxBux pas3nuuYUTHUX OpojeBa
(1] 0110101010

Bpoj ca duHoMHOM pacmofnesnoM je jexHak Opojy jemmHMIA y N TaKBUX BepHynujeBux ciy-
yajHUX dpojeBa. 3a mocienpy IpuMep, To Ou Omia BpegHoCT 5. [lakie, pacronesna 3aBUCU
on aBa mapamerpa, n 10 n (dpoj BepHynujeBux ornena) n p (BepoBarHoha ycmexa). [a du
ce reHepucany OMHOMHU OPOjeBH, jeJHOCTABHO ce MPOMEHM BPEIHOCT N O 1 0 KeJbeHOT
dpoja ornena. Ha mpumep, can = 10 orsnena danawa HoBumha rue je BepoBatHOha nqodujama
,TJaBe” y cBakoM o wux p = (.5:

>n = 10; p=0.5

> rbinom(l,n,p) # 6 ycmexa y 10 ormema

[1] 5

> rbinom(5,n,p) # 5 OuHoMHMX chnyuajHux Opojema
[1] 55 35 8

Bpoj ycmexa je HapaBHO AVICKpeTaH, ajin Kaja ce n nmoehasa, pacronerna mounmme fga jgmyn
Ha HOpMaJIHY pacnoneiny. OBo je mocienua IleHTpanHe rpaHNYHe TeopeMe Koja Y OIILITeM
CIy4ajy Kaxke fa:
X —p
o
vn

JMa HOpMAJIHy pacIiofiesly. Y HallleM KOHKPeTHOM cJIyuajy OMHOMHe pacIofeiie

3>

- D
VP
n

rae je p = broj_uspeha/n,a g = 1 — p, peda na uMa HOpMAJIHy pacIONeINy.

Mujarpamu Ha vy [7.3 moxasyjy 100 SusoMHO pacmopehenux ciyuajuux Spojesa 3a
Tpu Bpeguoctu n (5,15,50) u 3a koHcTaHTHO p = 0.25. OdparnTn Nakmby Aa Kaga ce n ImoBe-
haBa, 0dnmk rocTtaje cBe Buire 3BoHact. OBM fujarpamu cy Kpeupanu cienehum komannama:
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Crnnka 7.3: Cayuajun mopgamu ca SMHOMHOM PacIIofeIoM

par (mfrow=c (1, 3))

n=5;p=.25 # npoMeHUTH 1O noTPedHu

x=rbinom (100, n,p) # 100 cnyuajuo usabpaunux OSpojeBa

hist (x,probability=TRUE,) # KOPUCTUTHU Tauke, a HEe KPUBY, MOUCKPETHO
xvals=0:n;points (xvals,dbinom(xvals,n,p),type="h", lwd=3)
n=15;p=.25

x=rbinom (100, n, p)

hist (x,probability=TRUE, )

xvals=0:n;points (xvals,dbinom(xvals,n,p),type="h", lwd=3)
n=50;p=.25

x=rbinom (100, n, p)

hist (x,probability=TRUE, )

xvals=0:n;points (xvals,dbinom(xvals,n,p),type="h", lwd=3)

vV V.V V V V V V V V V V V

7.14 ExcrnoHeHIMjaJHaA paclogesa

Excrionennumjanxa pacnopena je BaKHa y TEOPMjCKOM M IIPaKTMYHOM fgoMeHy. Ha mpu-
Mep, KOPUCTH C€ 3a OINC KMBOTHOT BeKa eJIeKTpMUHMX KoMmIoHeHTH. Ha mpumep, ako je
IIpoceuHN BeK cujanmie 2500 caTu, MOKe ce CMaTpaTy Ja je HeH KMBOTHM BEK CIydajaH ca
eKCIIOHEHLIMjaJTHOM pacIojesioM cpefme BpegHoctu 2500. Jeman of mapameTapa je T3B. CTO-
ma, Koja ce pauyHa kKao rate = 1/u. Hapenda 3a reHepucarme ciyuajHux dpojeBa KOPUCTI
JeHOCTaBHY CMHTaKCy rexp (n, rate=1). IIpumep ca crorom 1/2500 mpmKasaH je Ha CIMIIA

> x=rexp (100,1/2500)
> hist (x,probability=TRUE, col=gray(.9),main="exponential mean=2500")
> curve (dexp (x,1/2500) ,add=T)
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Cnuxka 7.4: XucrorpaM nojaTaka Koju 0JroBapajy eKCIIOHEHIMjaJIHOj PacIIofesIn

[TocToje u mpyre pacropneie ox MHTepeca y cratuctuiin. Yoduuajere cy [loaconosa, Cry-
neHTOBa -pacnofena, F-pacnionena, 3 pacrnionena u x2-pacropena.

7.2 Y3umambe y30paka ca IiIm 0e3 3aMeHe

R nMa MoryhHocT y3umama y30pka ca u Oe3 3ameHe. Haume, y3opKoBame ce MOKe Bp-
INTH ca 3aMeHoM (rmomyT darama Koukuie) min Oe3 3amene (momyt Lotto-a kaga Opoj He
Moske fa ce oHoBu). IlogpasymeBaHO, sample reHepuiie y3opke 0e3 3aMeHe I CBaK!
odjexar uMa jemHake I1aHce qa Oynme msadpaH. Mopa ce mocTaBuTu replace=T aKo ce KeJIu
3aMeHa y30pkKa. [lajbe, MOTy ce OfpequTI OJBOjeHe BepoBaTHOhe 3a CBaKy 3aMeHY ako je
notpedHo. EBO HekoIMKO mpumMepa:

## Sauame XOLKHILE
> sample(1:6,10, replace=TRUE)
[1] 6 6 2 2 551 3 5 6 # uemMa ueTBOPKHU!
## OSauame HoOBuuha
> sample (c("H","T"), 10, replace=TRUE)
[1] "T" "T"™ "wT" WT® MTW wEW wpm wTm wTN W n
## Bupame 6 onm 54 (notTo)
> sample(1:54,6) # HeMa 3amMeHe
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[1] 43 45 14 13 6 8

## Oupame xapTe (xopucTu ce \texttt{paste, rep})

> cards = paste(rep(c("A",2:10,"Jg","Q","K"),4),c("H","D","S","C"))
> sample (cards, 5)

(2] "7 p"™ "8 s" "Q S"™ "8 H" "2 C"

## 2. Sauame XolLKHUIle, MOIEpPHU]E

> dice = as.vector(outer(l1:6,1:6,paste))

> sample (dice, 5, replace=TRUE) # ykxmpyueHa 3aMeHa

[1] "5 1" "6 3" "2 6" "3 6" "2 5"

[Tocneniwe nBe Hapende MIYCTPYjy IMpUMepe KOju ce MOTY HAIlpaBUTM Ca PeJIATUBHO Majo
Kyllalka ¥ IIYHO pasMMIIUbama, Kopucrehu komanme paste 3a crajambe CTPUHIOBA, rep 3a
IIOHaBJbalbe U outer 3a reHepucame cBUX Moryhmux komOuHanmja.

7.3 Bootstraping y3opka

Bootstraping je MeTox y30pKOoBama 13 CKyIla II0JaTaka, Kako OV ce M3BeO CTaTUCTUUKI
3akbydyak. VHTYyUTUBHA Ufeja je [a ce M3 HEKOT Marber y30pKa MoKe JOOUTM HeKa Mjeja
o BapmjadwtHOCTM Ioparaka. IIpoltec ykibyuyje Bulile n3dopa y3opaka 1 3atuM ¢popMupa
cTaTUCTUKY. EBO jemHOCTaBHE MiIycTpanuje o qodujamy y30pKa.

Yrpahenn ckyn mopmaraka faithful MMa IpOMEHJBUBY eruptions Koja Mepu BpeMe
nsmebhy epymnnuja rejsmpa mox HasmBoM faithful. Pacmopmerna je mpmiamuHO HeoOMUHa.
Y3opkoBame bootstrap MeTOOM je 3alpaBO OOMUHO y30pKOBaIbe Ca 3aMEHOM M3 JaTUX
BpenHoctu. [Joduja ce Ha cienehu Hauns:

> data(faithful) # meo R-oBe Jase

> names (faithful) # uHahu umena xonoHa 3a faithful

[1] "eruptions" "waiting"

> eruptions = faithful[[’eruptions’]] # unu s3akauu u oTkauu faithful
> sample (eruptions, 10, replace=TRUE)

[1] 2.03 4.37 4.80 1.98 4.32 2.18 4.80 4.90 4.03 4.70

> hist (eruptions,breaks=25) # cxyn nopmaraka

## bootstrap ysopax

> hist (sample (eruptions, 100, replace=TRUE), breaks=25)

Ha cuu [7.5 ce mpumehyje peraTnsHo Mana pasmuka usmely pacmoperne Ha rpaduky
CBUX ITOfaTaka (JIeBo) 1 y3opka ox 100 rmomaraka (IecHo).

7.4 Ilpebuxcumd, pug

dyuxuuje ca npedukcom d, kao dnorm cy Beh kopuurheHe 3a riotToBare ropeHaBeJeHIX
TEOpeTCKUX IycTuHa pacropeie. Kao n xox ¢pyHkIimja ca npedpnkcom r, moTpedHO je HaBe-
CTU ITapaMeTpe paciiofiesie. p U g pyHKIMje cy 3a KyMynaTuBHe QyHKIMje BepoBaTHOhe 1
kBaHTIIIe. Kao 1ITO je MOMeHyTO, pacropeia ciy4dajHor dpoja je crierudupaHa BepoBar-
HohoM na ce ysopak Habhe usmehy a u b, mrro ce odenexasa ca P(a < X < b). ¥V crBapu,
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Histogram of eruptions Histogram of sample{eruptions, 100, replace = TRUE)
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eruptions sample(eruptions, 100, replace = TRUE)

Cnuxka 7.5: Ilpumep Bootstraping merone

JI0BOJbHA je BpeIHOCT T3B. KyMmysnaTuBHe QpyHKIuje BepoBaTHohe F'(x) = P(X < b), jep je:
Pla< X <b)=P(X<b)—P(X <a)=F(b)— F(a)

Hakite, p GyHKIM]je 1ajy OATOBOP KOJIMKa je BepoBaTHoha fia je cilydyajHa IIpOMEeHJbMBA Mamba
o x:

> pnorm(0.7)

[1] 0.7580363

> pnorm(0.7,1,1)
[1] 0.3820886

TopenaBeneno naje ogrosop Ha P(X < 0,7) = F(0,7), roe je X cranmapaHa HOpMaIHA WK
HopmauHa (1,1) rycrmaa pacnogeine. [la du ce ce nspauyHana BepoBaraoha na P(X > 0,7)
moBospHO je 1-P(X < 0,7) = 1—F(0,7) ym mycTutu R ja TO ypagy caM CrielypuIparmeM
lower.tail=F:

> l-pnorm(0.7)
[1] 0.2419637
> pnorm (0.7, lower.tail=F)
[1] 0.2419637

par (mfrow=c(1,2))

x = seq(-3,3,1ength=1000)
Yy
plot (x,vy,type="1",1lwd=1,xlab="x",ylab="function (x) pnorm(x) (x)")
title(main="F(x) = P(X <= x)")

clip(-3,1.5, 0,0.9381928)

pnorm (x, mean=0, sd=1)

V V. V V V V
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> abline(v=1.5,1ty=2, h=0.9381928)

> clip(=5,5,-1,2)

> temp =locator(l) # xnuxHYTH Ha rpaduk Ha MectTy rpe Tpeda ma ce NnojaBH TEKCT
> text (temp, "pnorm(1.5) is 0.9381928")

> temp = locator(l) # HOHOBO XKNHKHYTH Ha rpadux

> text (temp, "gnorm(0.9381928) is 1.5")

> x = seq(-3,3,1length=1000)

> y = pnorm(x,mean=0, sd=1)

> plot (x,y,type="1",1lwd=1,xlab ="x",ylab = "function(x) pnorm(x) (x)")
> title (main ="F(x) = P(X <= x)")

> clip(-3,1.5, 0,0.9381928)

> abline(v=1.5,1ty=2, h=0.9381928)

> clip(-5,5,-1,2)

> temp =locator(l) # xnuxHYTH Ha rpadux

Area to left of 1.5 = pnorm(1.5,0,1) F(z) = P(Z <= 2)

04
1.0

lgnorm(.9381928) is 1.5

03
1
0.8
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1

area/~ pnorm(1.5,0,1)
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Crnuka 7.6: Unycrpannja 3a p u q pyHKIuje

[Ipedukc g je mHBep3Ha PyHKIMja p. [laje OATOBOp KOja BpeTHOCT OATOBapa AaToj Be-
poBarHohm. Ha mpumep, xoja BpemHOCT x ogrosapa BepoBaTHohu 0,75 mogpydja yiaeBo 3a
CTaHAapaHY HOPMAaJIHY pacrofeny (oBo je ()3)?

> gnorm(0.75)

[1] 0.6744898

> pnorm(0.6744898)
[1] 0.75

Hemnosuaro x ce Hanasu peuaBameM jemHaumue 0,75 = P(X < z) = F(0,75). [Haxue,
gnorm je y MaTeMaTuukoj HoTauuju F~1(P).
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7.5 Cranpapamusanuja, CKajga I z pe3yJITaTu

Ha du ce c1yuajHa IpOMeHJbMBA CTAHAPAM30BAJIA, Oy3Me Ce Cpeqiba BPETHOCT, a 3aTUM
nodOMjeHo MOoIeNN ca CTAaHJAPAHOM JeBUjalljoM:
X —p

Z = .
o

OsBaj pauyH 3axTeBa II03HaBaibe Cpeibe BPeJHOCTU U CTaHOapaHe AeBmjanuje. Taxohe ce
MOKe cTaHgapausoBaTu 1 ysopak. [loctoju morogHa pynknuja koja he to ypaguru ymecro
HAC U YUMHUTU J1a HaIll y30paK MMa Cpeqmby BpeqHocT 0 u cranmapaHy aesujanujy 1. Osa
0coduHa je KOpUCHA 3a yropehuBame cIydyajHUX IPOMEHJbMBIUX UMje ce CKajle 3HaUajHoO pa-
3muKyjy. HopmanHe cirydyajHe MpoMeHJbYIBE Cy UECTO CTaHAapAM30BaHe IIOIITO je pacloje-
Jla CTaHJapAM30BaHe HOpMaslHe IIPOMeHJbMBEe IIOHOBO HOPMaJIHa ca CpeqiboM BpeqHOIIhy
0 n BapujaHcoM 1. Z-pe3ynTaT HOpMaTHe BPEOHOCTY je BpeTHOCT HAKOH CTAaHAapAM3allyje.
Heka cy maTu HOpMajHU CIy4yajHU IIOJAIlM ca CpedmoM BpenHourhy 100 u cTaHgapaHIM
oncrymameM 16. Ouna he z-pesynratu duru:

= rnorm(5,100,16)

x
X
1] 120.59601 85.31513 102.59779 119.39866 95.10614

z = (x-100)/16

z

]

>
>
[
>
>
[1 1.2872506 -0.9178045 0.1623620 1.2124164 -0.3058664

Z-pe3yJaTaT MOKe Ja ce MICKOPUCTY Ja Ce OUNTajy KyMyJIaTMBHe BepoBaTHOhe 3a maTy ciy-

yajHy IpoMeHBUBY z. Mehyrum, ca R-oM, 0BO HUje HEOIIXOTHO, jep ce MOKe AUPEKTHO
KOpuUCTUTH PyHKIMja pnorm HaBOhemeM cpetbe BpeHOCCTH U CTaHAAapIHE qeBujalje:

> pnorm(z)

[1] 0.9009965 0.1793606 0.5644896 0.8873235 0.3798532
> pnorm(x,100,16)

[1] 0.9009965 0.1793606 0.5644896 0.8873235 0.3798532

3aganm

1. T'enepucaru 10 ciayuajHux OpojeBa u3 yHuU(pOpMHe pacrofeine Ha uHTepBary [0,10].
Vckopuctutnu R 3a yTBphuBame MaKCMMaTHIUX ¥ MUHUMAJIHUX BpegHOCTH X .

2. Tenepucaru 10 ciryyajHUX HOpMATHUX OpOjeBa ca CpeqboM BpeHOILINY 5 11 cCTaHAap.-
HoM neBujanujoM 5. Konmuko wux je Mamwe ox 07

3. Terepucatu 100 HOpMaTHMX CIIy4YajHUX OpojeBa ca cpenrmoM BpemHothy 100 1 cTaH-
napaHoM aeBujaumjoM 10. Kosmko mux ymana y MHTepBaj ABe CTaHJAapAHE AeBUja-
Luje O Cpearbe BpeqHOCTI (mame on 80 ity Butire oy 120)?

4. Bauutu HoBunh 50 nyra (kopucrehu R). Konuko myTa je mana ,riaaBa”?
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5.

6.

10.

11.

12.

Banure xorkuny 100 myra. Konnko mectuna cre Buaenn?

Opnadepure 6 OpojeBa Ha Jloroy ca 49 nonrtuia. Koju je Hajsehu dpoj? Koju je Hajma-
wu? Ogrosoputu xopucrehn R.

. 3a HopmainHy pacnogeny (0,1) Hahu dpoj z+ pemraBajyhu P(Z < z+) = 0,05 (kopuctutu

gnorm).

. 3a Hopmanny pacrogeny (0,1), Hahm Spoj z+ pemraBajyhu P(-z+ < Z < z+) = 0,05.

Kopmcrntu gnorm u cumerpujy.

. Konuxo je Benuko moapyuje mecHo ox 1,5 3a HopManHy pacrogeny (0,2)?

Hanpasutu xmucrorpam o 100 eKCIIOHeHUMjaIHNX OpojeBa ca CpeqroM BpeqHOIIhy
10. IIponrenutu Mmenujany. [a nu je Beha mnu mama on cpenmme BpegHOCTI?

Moskere i a yTBpAMTe IITa OBa Hapenda R-a pagu?
> rnorm (5, mean=0, sd=1:5)
Kopuerutu R ma ducmo m3adpanu 5 kapara us mmmia o 52 xkapre. [a jau modujamo

nap miau Heiuto dospe? [IoHOBUTHU OCTyIIak MoK He qodujemo map. Konuko uteparnuje
je duo morpedHO?
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I'maBa 8

Cumynanuje

CumMynanmja pasanumuTiX TUIIOBA IIOJaTaKa Jqaje KOPUCHMUIMMa MOryhHOCT na m3Boje
eKCIIepMMeHTe U OJrOBOpe Ha NNTama Op>Ke Hero a U3Boje peanHe ekcrepuMenTe. OBo je
BeoMa KOPMCHA BELITIHA, aJIN je HUje TPUBMjaJIHO CaBJIafdaTI.

Kao mrTo je mpmkasano, R nma Behu 0poj pyHkiuja 3a reHepucame ciyuajHux dpojena.
IbuxoBa pacmopena Moxe ce IpUKasaTy IOMONY XycTOrpaMa U APYTUX ajlaTa 3a BU3yen-
saumjy. Capma HaM je IJb reHepucarbe HOBMX TUIIOBA CIyUajHUX OpojeBa M IIOCMAaTpambe
IbIIXOBE pacIiofee.

8.1 IlenTpamHa rpanuuHa teopema (III'T)

3a mouerax je HajdutHUje yBecTu Llenmpanny ipanuuny meopemy (LUI'T). 3a nmpousBopHE
X, Koju ce y3suMajy U3 IOITyJalije The cy (4, M 0 IT03HaTe KOHCTaHTe, BAXXI Ja je pacrojeia

X—p
a/vn

ACUMIITOTCKI HOpMaJHa ca MeaujaHnoMm 0 u BapujaHcoM 1 (mo3HaTa u Kao HOpMaJHA pac-
nmogeia (0,1)). Y mpeBoxy, 3a JOBOJPHO BeJIMKO N, pacIiofielia je IpuOIIKHa HOPMAIHOj ca
MeIVjaHOM /i M CTAHIAPJHOM HeBujaumjoM o /+/n. Cumynanuja je omjMual HAuMH Oa ce
OBO ITOTBP/IIL.

ITpBo hemo monenom npodatu ma nu LI'T Baxu 3a Smuromuy pacnogeny. ITo LII'T, ako S,
rmojiIeske OMHOMHO]j pacIIOfeNt ca ImapaMeTpuma n 1 p, OHIa

Sn —np
np(l — p)
noiexxe mpudIVKHO HopMaHoj pacriofenu (0,1). Kako ce oBo Moske yrorpedutu 3a reHe-

pHucabe HEeKOT OJ CIy4ajHIX dpojeBa KOju ITOAJIeXKY IIPeTXOTHOM n3pasy?

> n=10;p=.25;S= rbinom(1,n,p)
> (S - n*p)/sqgrt (n*p* (1-p))
[1] -0.3651484

97
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ORo je camo jemaH of TakBMX ciydajHMX OpojeBa. IloTpedHo je myHO HUX [a Ou Ha XUCTO-
rpaMy Omiia youwsMBa BIXOBA pacrnofena. Ha mpmumep, 100 OpojeBa ce MOXe jeJHOCTaBHO
TeHepIICATH - CaMO Ce y3Me BUIIIe y30paKa Y QYHKIUjI rbinom:

>n = 10;p = .25;S8 = rbinom(100,n,p)

> X = (S - n*p)/sqrt (n*p*(1l-p)) # 100 cnyuajuux Opojesa
> hist (X, prob=T)

> x<-seq(-3,+3,by=0.01)

> curve (dnorm(x), add=TRUE)

IIpomerbuBa X CagpiKi Pe3yIITaTe KOji ce MOTY BUZETH Ha X¥MCTorpamy Ha camrm B.1.

Histogram of X

Density
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\\
i
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Cnuka 8.1: Ckanmpana SMHOMHA pacrofea je npudmmkHa HopmanHoj (0,1)

8.2 For nmerbe

Wuaue, MexaHM3aM 3a reHepucame 100 ciayuajHux OpojeBa Mokaa Hehe yBek OuTH Tako
jemHOCTaBaH, ma Tpeda y3opKoBaTu OpojeBe jemaH 1o jeman. OBo ce moxxe moctuhm for
IIeTJbOM, MaKO OV HEeKV KOPUCHMIIY R-a pajanje KOPUCTUIN KoMaHay apply. Komannma for
urepuiie Kpo3 ogpeheHu ckyn BpegHOCTH Kao 11To ¢y OpojeBu ox 1 mo 100. OBu pesyiaratu
ce uyBajy nmomohy BekTOpa qopespMBameM jeflHe 0 jemHe BpegHocTu. Ciieqy MCTU puMep
Kao IIPeTXOIHM, aly KopuirhemeM for IeTsbe:



8.3. LUI'T CA IIOJALIMMA 13 HOPMAJIHE PACIIOAEJIE 99

> results =numeric (0) # MecCcTO 3a CKIaNUITEHE pe3ylTaTa
> for (i in 1:100) { # for mnerna

+ S = rbinom(l,n,p) # camMo JjemaHnyT

+ results[i]=(S—- n*p)/sqrt (n*p* (1-p)) # cauysaj OOTOBOP
n

}

IIpomenspuBa results he cauyBar; cBe ogrosope. 3atmm ce 3a cBako ¢ maMmehy 1 u 100,
Kpeupa ciayuajHu Opoj (CBakm IyT pasnmuut!) ¥ uyBa y BeKTOPy results Kao i-TU YHOC.
Pesynratu ce mory BumeTu moMmohy xmcrorpama HaBohemweM hist (results).

Cunrakca 3a for

For merjpa mma jeJIHOCTaBHy CUHTAKCY:
for (npomMeunusa in BekxTOp) {kxoMaupma/e}

Bennke 3arpaze cy OmIMOHE aKo je y MUTakby caMo je[JHa KOMaHa, XICTO Kao 1 y IpOrpaM-
ckoM je3uky C. [IpomeHsbnBa ¢ ce Mewa y cBakoj urepauuju. Ciene HeKU IIpUMeEpU:

> primes=c(2,3,5,7,11);

## meTma nNpexo HUHIEeKcCa

> for(i in 1:5) print (primes[i])
## unu Some, meTha IOUPEKTHO

> for(i in primes) print (i)

8.3 II'T ca moganmmMa M3 HOpMaJIHe pacmojelie

LI'T Takohe Baku m 3a HopmanHy pacromeny. Heka X; momyeske HOpMaJIHOj pacroe-
JM ca MeOUjaHOM [, = D U CTaHJAapOHOM HeBujauujoM o = 5. IloTpedHa je dpyHKIMja 3a
U3padyHaBambe BpeJHOCTU

(X1+X2++Xn)/n—u_7—u_
a/vn S o/vn

Kao i y mperxogHOM, MOXe ce MCKOPUCTUTH for MeTha

(mean(X) — mu)/(sigma/sqrt(n))

results = c();

mu = 0; sigma = 1

for(i in 1:200) A

X = rnorm(100,mu, sigma) # redHepucame ClyuajHUX HOmaTaxa
results[i] = (mean(X) — mu)/(sigma/sqgrt (100))

}

hist (results, prob=T)

vV + + + V V V

Xucrorpam Ha canuu .2 mokasyje ma je pacroena IpUSIIKHO HOPMAITHA.
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Histogram of results
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Crnuka 8.2: Cumymnanuja LII'T ca HopmanusoBauuM nogauuma. [Ipumehyje ce oduk 3BoHa.

8.4 Tectupame HOPpMATIHOCTU

I'padpmuxa mpepcraBa HallpegHMja O XMCTOTpaMa 3a yTBphuBame ma Ji je pacropeia
MpuOIIDKHO HOpMaJIHA je T3B. rpadguk HopmamHocTu. OCHOBHa ujeja je na ce rpadpuuku
IpefcTaBe KBAaHTIIIN IojaTaKa HacIlpaM TE€OPMjCKUX KBAHTIIIA HOpMayiHe pacnopene. Kao
11To je Beh odjanrmbeHo, KBAaHTIUIM CKyIla IIOJaTaKa MMajy MCTI CMICAo Kao MeaujaHa, ()
n (Y3, camo wTo cy yomiureHnju. KBautmn ¢ je tauka y kojoj je ¢»100% mogaraka u3 mgaror
ckyna mame. Tako je 0,25 kBaHTII 3ampaBo (J1, 0,5 KBaHTWII je MenujaHa, a 0,75 KBAaHTILT je
(3. KBaHTIIIN 32 TeOpMjCKy pacIofesy Cy CIMUHIY, CaMo je IIoApyYje ca JeBe CTpaHe Tauaka
romaraka oxpehene BennunHe. Ha nmpumep, Meaujana nean noapyuje UCIO KPUBe I'YCTUHE
pacrofese Ha oJoBUHe. ['padMKk HOPMAIHOCTH je jeqHOCTaBaH. Y CYLUTHHH, aKo rpaduk
M3Ilefia Kao IIpaBa JIMHYja, OHJA je pacIiojesa Imogataka mpudirmKHO HOpMaiiHa. buto kxoja
KpMBYIHA 3HAYM J1a pacIiofielia iMa KpaTKe JYUIM qyTe pertoBe. Tpeda mpuMeTHUTI Ja OBO HIje
npaBa perpecuje. OBa mpaBa ce I[pTa Kpo3 Tauke ¢popMupaHe IpBUM 1 TpehuM KBaHTUIOM.

R OJIaKIIIaBa CBe 0BO QpyHKIMjaMa ggnorm (MJIM OIIITHjOM ggplot) M ggline, Koja pTa
pedepentny munujy. Tpadumu 3a Heku ysopak mofataka gatu cy Ha ciumiu B.3. IIpsa asa
rpaduka usriefajy Kao HopMaHe pacliofeiie, a Jpyre ABe I1aK He.

> x=rnorm(100,0,1); ggnorm(x,main="'normal (0,1)"); ggline (x)
> x=rnorm(100,10,15); ggnorm(x,main="'normal (10,15)"); ggline (x)
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Cnuxa 8.3: Hexu rpaduim HopMaIHOCTI

> x=rexp (100,1/10); ggnorm(x,main='exponential mu=10"'); ggline (x)
> x = runif (100,0,1); ggnorm(x,main="'unif(0,1)"); ggline (x)

8.5 VYmorpeba pyHKIUje simple.sim

Y oBOM of1eJbKy ITOKa3aH je HAUMH 3a Kpeupare QyHKIMja Koje ce KOPUCTe y capagbn
ca MeToOoM simple.sim. 3a moTpede cumyiauje, OXKeJBHO je Aa ce for IeTipba n3derte
yKoIuko je To moryhe. ®dyHkumja simple.sim HaMemeHa je ynpaBo ToMe. Kao aprymeHT
simple.sim Tpaky yIpaBo YHKLMjY KOja reHepuIlle ciydajHu Opoj 13 IpoU3BOJbHE pac-
rojere.

Ha npumep, y oxsBupy nposepe III'T 3a dunomHy pacmopeny dmito je morpedHO ha ce
reHepullle jefaH ciaydajHu Opoj ca SuHOMHOM pacnonesioM. PyHKIja Koja 0BO M3BOOM je:

function () {
rbinom(1l,n,p)

S— n*p)/sqgrt (n*p* (1-p))

+ 4+ + V
~ ~ N
Il

Ca oBoM ¢QyHKIMjOM simple.sim ce MOXe MICKOPUCTUTHI Ha cienehy HaumH:

> x=simple.sim (100, f)
> hist (x)

OBo enmmuHMIIE ToTpedy 3a for MEeTIHOM M YMHU CUMYyJalMje KoH3ucTeHTHNM. Kana ce
Kpenpa GyHKIIja 3a TeHeplUcame CIydajHOr Opoja, Aabe je jemHocTaBHO. [Jodpa mpaxca je
neduHMCabe MICIIPAaBHOT HAUMHA 3a MIcame OBUX PpyHKUMja. Y Hamoj GyHKumju, omoryhnm-
hemo momudukanujy dpoja nokyiiaja n u BepoBaTHohy ycmexa p, 1a je dosbe geduHMICATI
f mano mpyrauuje:

function (n=100,p=.5) {
rbinom(1l,n,p)

S— n*p)/sqgrt (n*p* (1-p))

+ 4+ + V
~ ~ N
Il
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dopmar 3a npomensbuBe n = 100 roBopu fa je n npBu mapamerap GyHKIUje, TOApa-
3ymeBaHoO 100, p je mpyru mapamerap u nogpasymeBano je p = (0.5. Capga ce simple.sim
II031Ba Ca

> simple.sim (1000, £,100,0.5)
EBo npumepa ¢yHkuuje koja Bpaha jeqHy BpegHOCT:
> the.range = function (x) max(x) - min (x)

Osga ¢yuk1mja Bpaha orncer Bexropa x. 3a R 0Bo 3Hauu fAa je the.range QyHKIM]ja, a lbeHU
apryMeHTH ce Hajlase y 3arpajiama, y OBOM ciIyuajy (z).

Axo je pyHKIMja CITOKEHM]a I 3aXTeBa BUIIe KOMaHI!, KOPUCTE ce BeJmKe 3arpae (Kao
3a nmemibe). Bpaha ce mocienma mspauyHata BpegHOCT. Y IpuMepy ce m3pauyHasa [QQR
(MHTepKBaHTIIIHY PACIIOH) Ha OCHOBY JOIbe U TOpIbe IPaHMUIle, a He KBaHTMIa. Kopucrnmo
pesyJitaTe KOMaH#e fivenum ga OMCMO HOOMIIN TpaHMUILe:

> find.IQR=function (x) {

+ five.num=fivenum (x)

+ five.num[4]-five.num[2]

+ 3

3Hak IUIyC yKasyje Ha HOBU peJ 1 TeHepuilie Ta R, Tj. He Kyua ce. [{oduja ce mer dpojesa:
MUHUMYM, gorba ipanuue, Megujana, iopra ipaHuya u Makcumym, a nata GyHKIja ogy3uMa
npyru ox uetBpror. PyHKIMja ce IMo3uBa I10 MMeHY U ca 3arpagaMa. Ha npumep:

> find.IQR=function (x) {

+ five.num=fivenum (x)

+ five.num[4]-five.num[2]
+ 3

> x=rnorm(100)

> find.IQR(x)

[1] 1.275791

8.6 Ilpumep: PyHknuja xoja cadbupa OpojeBe M3 HOpMAJI-
He paciojeie

3a Hamakeme craHAapausoBaHe cyMme npBux 100 SpojeBa HopmanHe pacmogene (0,1)
MOJKE C€ KOPUCTUTIL:

f = function (n=100,mu=0, sigma=1) {
nos = rnorm(n,mu, sigma)
(mean (nos) -mu) / (sigma/sqgrt (n))

}

+ + + V

3aTuM ce mosmBa simple.sim:
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> simulations = simple.sim(100,£,100,5,5)
> hist (simulations,breaks=10, prob=TRUE)

ma du ce modmo xmcrorpam HopMasHe pacrogese (0,1).

8.7 HI'T ca ekclIOHEeHIMjaITHUM IMOJAITMIMA

Axo ce ITOUHe ca HarHYTOM pacIIofiesIoM, IleHTpaHa I'paHIYHa TeopeMa Kake fa he opa
pacropena Ha Kpajy JMUYUTY Ha HOPMAJIHY 3a TOBOJBHO Bestuko n. llta sHaum Ha kpajy? OBo
MOKeMO J1a IIPOBEPUMO CUMYJIALVjOM.

[Ipumep HarHyTe AucTpudyIMje je eKCIoHeHIujaaHa qucTpudynnja. AKo je MenujaHa
10, oHfa je craHmapaHa AeBujaiuja Takohe 10, ma je moTpedHO caMo By creruduUIpaTy.
Cnenu ¢pyHKUMja 3a Kpeupame jeJHOT CTaHAApAM30BAaHOT IIpoceKa (eKCIIOHEHIVjallHa pac-
IofieJia Ma TeOPeTCKy CTaHAapAHY AeBUjallujy jeJHaKy MequjaHm):

> f = function(n=100,mu=10) (mean (rexp (n,1/mu))-mu)/ (mu/sqrt (n))

Cama ce cumysanyja BpIIM 3a pa3ianyure BpegHocTn n. 3a cBaky ox oBux, m = 100 (8poj
reHepUCaHNUX CayuajHux dpojeBa), anu n Bapupa ox 1,5,15 m 50 (Spoj ciayuajuux dpojeBa y
CBaKOM OJf IT0je JMHAYHUX IIPOCEKA).

> xvals = seq(-3,3,.01) # 3a rpadux rycruHe pacrnomene
> hist (simple.sim(100,f,1,10),probability=TRUE,main="n=1",col=gray(.95))
> points(xvals,dnorm(xvals,0,1),type="1") # upTa XPUBY HOPMAlHEe paclromene

nmoHoBUTH 3a n=5,15,50

Xucrorpam Ha cunu B.4 moduja sBomactu odmuk usmehy n = 15 u n = 50, maga Ha n = 50
u3Ijena U gajbe IIoMayo HarHyTo.

Sagamm

1. Ypagnutu gBe cumynanuje dSuHoMmHe pacnogeie can = 100 m p = 0.5. [a mu modmjamo
ucte pesynrare cBaku myT? Illra je pasnmunro? llra je cnmuno?

2. Ypagutu cumynanmjy HopMaiHe pacnofeie aBa nyra. Jemny 3an = 10, p = 10 n
o = 10, ppyry 3an = 10, p = 100 m o = 100. ¥ uemy ce pasnukyjy? Ilo uemy cy
cimune? [la i cy ode npudamkHO HOpMaTHe?

3. BuaoMHa pacmozena je Takohe HarHyTa Kana p Huje 0.5. Ypagutu npumep ca n = 100
np=0.25p=0.05up = 0.01. Jaan cy momary npudImKHO HOPMAIHH y CBAKOM OJX
ciyuajeBa? VMckycTBeHO paBmIo rtacu Aa he pacnopena dutu npudIM>KHO HOpMaTHa
Kajajenp > Hu n(l—p) > 5. Jla n1u oBO Baskm?
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Cnnka 8.4: Cumynannja ca eKCIIOHeHIMjaTHUM roganyuma. Hema caBpiiieH o0IuK 3BOHa.

4. I'padpmk HOpMAIHOCTHU je HajOOJBY HAUMH Ja ce IIPOBEPU Aa JIU je pacroesa mpudin-

’)KHO HOpMaJyiHa. Maso NpuMNUTUBHUjI HauMH je Aa ce IIpoBepu na Ju je 68% mona-
Taka YHyTap jefHe CTaHOapAHe AeBUjalije, 95% yHyTap ABe CTaHOapAHe AeBujalluje
n 99.8% yHyTap Tpu craHgappaHe meBujaimje. Kpempatu 100 ciyuajumx dpojeBa X
ca HOpMaJIHOM pacnogeioM MeaujaHe 0 u cranmapgHe gesujauuje 1. Koju nponenar
IojiaTaka je y OKBUpPY jeHe CTaHAapAHe AeBMjallje Y OMHOCY Ha MequjaHy? A nBe
CTaHJapAHe JeBUjalyje, TpU cTaHAapAHe aeBujanuje? [la iu cy mogamny KOH3UCTEHT-
HU ca HOpMaJHoM pacnofesom? EBo Harosellraja:

> k = 1;sigma = 1
> n = length (x)

> sum( -k*sigma <x & x< k*sigma)/n

OBO ce unTa Kao ,-1 Marbe Of1 * U & Matbe of 1” u umeHTNUHO je uspasy P(-1 < x < 1).

. I/IHTepecaHTHO je ncapTaBaTy pacCiiofgesry CTaHOapAM30BaHOT IIPOCEKA KaKO Ce€ 71 II0-

Behasa. Ypaguru oo xama X; nogiexe yuudopMmHoj pacriogenn Ha uarepsaty [0, 1].
PasmoTputu xmcrorpam kana je n jemHako 1, 5, 10 u 25. [la 11 youaBamo 0OIMK HOP-
maunHe pacrnoneie? [IpaBuio je ma ako X; HUCy IIpeBUIlle MCKOIIeHe, OHAA 3a 1. > 25
IpoceK Moxke OuTH NpnuOILKHO HopMaiaH. EBo kopna:
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> f=function(n,a=0,b=1) { mu=(b+a)/2
sigma=(b—a) /sqrt (12)
(mean (runif (n,a,b))-mu)/ (sigma/sqrt (n)) }

rae cy gate GopmyJie 3a MeaMjaHy 1 CTAaHOAPAHY AeBUjaljy.

6. Iloctoju moryhHoCT a ce cHUMM BUIE0 aKo ce ayTOMAaTCK!U IIpMKa3yje CeKBEHIa Ipa-
¢doBa. Cucremcka PpyHKIMja System. sleep MOXKe [a HallpaBu Iay3y uaMehy kampo-
Ba. Kop ca cimeneher mucrmara he npukasatu xmucrorpaM paciojerie y3opaka 3a pacry-

he n:

> for (n in 1:50) {

+ results = c()

+ mu = 10;sigma = mu

+ for(i in 1:200) {

+ X = rexp (200, 1/mu)

+ results[i] = (mean(X)-mu)/ (sigma/sqgrt (n))
+ }

+ hist (results)
+ Sys.sleep(.1)
I3

+

7. Hanpasurtu HopmaiiHe rpaduke 3a cienehe cinyuajue pacronene. Koje ox sux (ako nx
MMa) Cy IpUOIVKHO HOpMaJHe?

() r£(100,4)
(b) 7£(100,50)
(c) rchisq(100,4)
(d) rchisq(100,50)

8. TexHmka bootstrap CUMyJIMpa Ha OCHOBY y3UMarba y30paka u3 nogataka. Ha mpu-
Mmep, cieneha ¢pyukuuja he nponahm menujany ysopka bootstrap-a:

bootstrap=function (data,n=length (data)) {
boot .sample=sample (data,n, replace=TRUE)
median (boot.sample)

}

+ + + vV

Hexa momauu Oyny omm us yrpabenor ckyma momaraka faithful. Kako msriena
bootstrap pacnofaena 3a Mmeaujany? [la au je HopmanHa? KopucTutu KoMaHAay:

> simple.sim (100, bootstrap, faithful[['eruptions']])
VY 3aBucHOCTHU o TUIIa IIomaTaka Tpe6a KOPUCTUTU UIU apUTMETUUKY CPEOVHY I

MmenujaHy. EBo jemHor HaumHa 3a ynopehnBarbe oBa Ba Opoja Kaga Cy Iomaiy HOp-
MaJIHO AUICTPUOYUPaHU:
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res.median=c () ;res.mean=c () # uHHULUM]anuzauuja
for(i in 1:200) { # xpeupamwe 200 cnyuajHux ysopaxa
X = rnorm(200,0,1)

res.median[i] = median (X);res.mean[i] = mean (X)

}

boxplot (res.mean, res.median) # ynopehurame

vV + + 4+ V V

ITokpenyTu oBaj kox. Koje cy pasnuxke? IlokymiaTu ncTu eKCIieprMeHT ca TUCTPudy-
LMjOM ca HEeTUIIMYHMM BpeJHOCTUMA Kao IITO je X = rt (200,2). Ilocroju nu pa-
anuka? OdjacHuTH.

Y MaTeMaTM4Koj CTATMCTIIIN IIOCTOjU BeJIMKY Opoj Moryhux mpoieHa 3a eHTap CKy-
rma noparaka. [la Ou ce m3adpao jemaH of BUX, UECTO Ce y3UMa HajMama BapujaHca.
Osa BapujaHca 3aBucu ox quctpudyuuje nonyiaanuje. OBae ncTpaxyjemo xKoeduim-
jeHT BapMjaHCH 32 apUTMETUYKY CpeJUHY UM MeaMjaHy 3a pa3jndure pacrnojgeie. 3a
HopMmaiHe (0,1) mogaTke MOKeMO IIPOBEPUTY IIOMOhY

median.normal = function(n=100) median (rnorm(100,0,1))
mean.normal = function(n=100) mean (rnorm(100,0,1))

>
>
> var (simple.sim (100, mean.normal)) /
+ var (simple.sim (100, median.normal))
[

1] 0.8630587
OpnroBop je cayuajuu dpoj koju he oduuno Surnm mawnu ox jemmuuue. OBO rosopu
Ia je BapMjaHca cpeyHe OOMYHO Mama OJ BapujaHce MeaujaHe 3a HOpMaJHe II0aT-
ke. IToHoBMTM MCTO KOpucTehy excrioHeHIMjaHY pacmonmesy ymecto HopMainHe. Ha

puMep:

> mean.exp = function(n=100) mean (rexp(n,1/10))
> median.exp = function(n=100) median (rexp(n,1/10))

1 t-pacmopieny ca 2 crerieHa ciodope:

> mean.t = function(n=100) mean(rt (n,2))
> median.t = function(n=100) median(rt (n,2))

Ha nu je aputMeTnuka cpenmHa yBek dosba o Mequjane? Taxohe, uma cmucia ucup-
TaTu rpadmKe pe3yiTaTa KOMaHe simple.sim TUIa jegaH uopeg gpyiol.



3akibyuak

R je BeOMa KOpPMCTaH IIPOrpaMCKI je3MK 3a CTyJeHTe Ha II0UeTKYy CTyAuja, KOj! jOII YBeK
HIICY IMaJIV IIPVJIVKE Ja CBeOOyXBaTHO OBJIAMajy HEKUM IIPOTPAMCKUM je3VKOM, IIpe cBera
yciieq pa3yMJbJBe CUHTAaKce JlaraHe 3a yuermwe. Takobe, o BeJuKe je KOpMCTU 3a MCTPasKM-
Baue Koju ce 0aBe pasNMUUTUM HAYUYHUM AUCHUIUIMHAMA KOje KOPUCTEe CTATUCTUKY Y VIC-
Tpa)XMBAIMa, a II0 BOKALVjI HIUCY cO(TBepCKM MHXKemepu. Iberosa npumena je moryha
y pasnuumuTuM odJacTiMa Ie roj je IPUCyTHA CTATUCTUKA, Kao Aeo OMoJIoruje, MeULHE,
eKoHoMUje, pUHaHCKja I MHOTUX APYTUX HayKa.

Y oBOM Marepujasy OIICaH je paj ca pasIMUUTIM BpcTaMa IofaTaka y R-y, aKIleHar je
CTaBJbeH Ha M3pagy AMjarpama Koju HajCIMKOBUTH]je MPUKA3Yjy IIOJATKe U HBUXoBe Mehy-
codne oguoce. Cienehu xopak 6u tpedasno ma dyae TecTrparme yHETUX IOJaTaka y CKIamy
ca CTaTUCTUUKUM TECTOBUMA, Ka0 UM aHAJIM3a YHETUX IT0JaTaka M Kopuihemwe eKCTEPHUX
IaKera.
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