


3ayem Hy>keH R?

. bbiCcTpag ctatnctnyeckas obpaboTka gaHHbIX

. [10CTPOEHME KpacKBbIX rpadunKoB
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. Qopymbl: Stackoverflow, R mailing list, etc.

. [lokymeHTtauua (http://www.r-project.org,
nelp(...))
. Hawm nekuyn 1 TetoToprassl




R — BEKTOpN30BaHHbLIN A3bIK

. OCHOBHOWM TUM [JaHHbIX — BEKTOP (YNOpAOOYEHHbIV
Habop YKcen)

. Vlpea — pabortatb ¢ HaboOpOM OaHHbIX Kak C OOHUM
4yucroM (napasfiesibHoO obpadaTbiBaTb BCE 3HAYEHUA
Habopa)

. OTO MO3BOJIFET 0OXO0OMTLCA (B paOe ciydaeB) 0Oes
LKJTOB



BekTop

> xX<-1:5; y<-6:10 > X*2

> X 11 2 4 6 810

[1] 12345 > X>4

>y [1] FALSE FALSE FALSE

[1] 6 7 8 910 FALSE TRUE

> X+Y > y::7

[1] 7 9111315 [1] FALSE TRUE FALSE
FALSE FALSE
> X'y

[1] 6 14 24 36 50



Kak MO>XXHO co3faTb BEKTOP?

Onepatop c)
> c(1, 2, 3)
11123

[locrnenoBaTenbHOCTU

> 1:10
111234567 8 910
> seq(from=1, to=8, by=2)
[1]1357

> seq(1, 10, 2)

[1]13579



Kak MO>XXHO co3faTb BEKTOP?

ObbegHEHNE HECKObKNX BEKTOPOB

> x<-c(1, 2, 3)

> X<-C(X, 1:3); X

11123123 [nsa uenbix yncen (paboTtaet
[ToBTOpPbI bbiCcTpee)

> rep(0.95, 6) > rep.int(1, 5)

[110.50.50.50.50.50.5 [1]1111 1



Kak MO>XHO co3aaTb BEKTOP?

PacnpepeneHue

-HopmanbHoe pacnpepneneHue:

~.dnorm(Xx) — N1OTHOCTb pacnpeneneHns

pnorm(q) — pyHKUMS pacnpeneneHns

.gnorm(p) — KkBaHTUNbHasA PYHKLMS

CnyyanHasa reHepauus u3 pacnpegeneHvs:

> set.seed(100)
> rnorm(5)

[1] 1.1568405 -0.8248219 0.1428891 -0.4784408 0.7561443



PaBHOoMepHoOe

runif(n, min=0, max=1)

> runif(5, 0, 1)

[1] 0.1972687 0.3090867 0.2865924 0.1409635 0.3441481
BbuHoOMunanbHoe

rbinom(n, size, prob)

> rbinom(10, 100, 0.5)

[1] 54 47 55 50 47 45 52 45 58 52

NyaccoHa

rpois(n, lambda)

> rpois(10, 4)

112 32 4103 2 356



Cpesbl

> x<-¢(1,5,7,9, 15, 3) > X[-1]

> Xx[1] 1] 57 915 3
[1] 1 > X[-(1:3)]

> Xx[2:4] [1] 915 3
11579 > X[X>5]

> x[c(2, 5)] 1] 7 915

(1] 515 > X[x>5 & x<10]

1179



[IpocTenwnm cTaTucTUYEeCKNN aHannsa

> X <- rnorm(100)
CpenHee

> mean(x)

[1] -0.04029328

CTtaHpapTHOEe OTKJ/IOHEeHMue
> sd(x)
[1] 1.037552



[IpocTenwnm ctaTucTM4yecKnin
aHann3s

MuHnmanbHoe n makcumanbHOe 3Ha4YeHUs
> min(x)

[1] -2.605444

> max(x)

[1] 2.51254

MepawnaHa

> median(x)

[1] -0.1039548

KBaHTUNMN
> quantile(x)

0% 25% 50% 5%
100%
-2.6054443 -0.6321819 -0.1039548
0.4765935 2.5125400



A ewe AaHHble yaOOHO
aHaIM3MPOBATb C MOMOLLbIO rPadPUKOB



CambI NpocToun rpaduk

>X_data <- ¢(0:10)

>y_data <- x_data +5

>plot(x_data, y_data, main = "My Chart Title", xlab ="X", ylab = "Y",
pch=16, col = "red")
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[TapameTpbl Xlim, ylim

>plot(x_data, y_data, main = "My Chart Title", xlab ="X", ylab
="Y", pch=16, col = "red", xlim=c(1,7), ylim=c(0, 20))

My Chart Title




JINHUN

|

Yy

0 20 40 60 80

> X <-1:10 ;

>y <- X*X ]

>Z <-X-5 o ! ! |
2 4 6 10

> plot(y ~ x, type= “1” , col = ‘red’)

> lines(y ~ z, col = ‘blue’)




Scatterplots

> x<-rnorm(1000)
> y<-X*X + rnorm(1000, sd=2)
> plot(x, y, pch=19, cex=0.3)



Scatterplots: npobasum nMHUK

> abline(Im(y~x), col="red")
> lines(lowess(y~x), col="blue")



[ uctorpammeil

> X <L- rnorm(1 OOO) Histogram of x
> hist(x, col="blue’)
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Histogram of mtcars$drat
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Boxplots
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> boxplot(mpg~cyl,data=mtcars, main="Car Milage Data",
xlab="Number of Cylinders", ylab="Miles Per Gallon")



CoxpaHeHue rpadunka B haunsi

> png(file="Pictures/boxplot.png” , width=400,
height=350, res=72)
> boxplot(x,y)

> dev.off()

[pyrue dpopmartsl:
pdf("mygraph.pdf") pdf file: pna neyatn
win.metafile("mygraph.wmf") windows metafile
png("mygraph.png") png file: ana Beba
jpeg("mygraph.jpg") jpeg file: He

pekomeHayem
bmp("mygraph.bmp") bmp file

postscript("mygraph.ps") postscript file



QUIZ TIME



[1ns1 BOCMpomn3BOAMMOCTU peaysibTaTa YCTaHOBUTE HaYa IbHYHO
TOYKY OS5 reHepaTopa nceBoocsiy4anHbIX YACEST C MOMOLLBIO
KomaHab! set.seed(100)

C NOMOLLIbKO ClyHarHOM reHepauun N3 paBHOMEPHOMO
pacrpeneneHns cosgante BEKTOP X 13 15 ymcern.

CozfanTe BEKTOP Y, PaBHbII CYMME BEKTOPA X 1 BEKTOPA,
NOJTYHEHHOrO reHepaLyien N3 HOPMaJTbHOIO pacnpeneneHns co
cpefHuM 1 cpegHekBagpaTUYHbIM OTKIOHEHMEM 0.2,

HapucynTe TouedHyto grarpamMmy 3aBUCUMOCTU Y OT X.

CKOJIbKO TOYEK PAaCMOSIOMEHO BbILLE PEMPECCUOHHOM MPSAMOINT?



Yemy paBHO cpepgHee BeKTopa Y,
CO3[0aHHOro B npeabiayLwem 3agaHmnn?



CozganTe BEKTOP X, COCTOALLMM 13 NepBbiX 20 41eHOB
reoOMEeTPUYECKOW NMPOorpeccu co 3HameHaTenem /2 (oenaercs
KoMaHgowm sgrt(2)) n nepBbIM YieHaM TakKe PaBHbIM /2. [1nd
3TOr0 BaM MOXKET MOHAA0OUTLCA DYHKLIMA CO30aHNS
NnocenoBaTesIbHOCTU YACEST Seq 1 OnepaTop BO3BEAEHVA B
cTeneHb N XAy O3HA4YaeT X B CTEMNEHN Y

Co3pganTe eLle OOMH BEKTOP Y, B KOTOPOM Kaxk[oe 3HadveHve Vi
PaBHO MakKCUMyMY 13 Habopa cliydarHbIX (MceBaoC/lyHanHbIX)
YMCEN, pacnpeneneHHbIX HopMasibHO ¢ napameTpamu (0,1). Tpu
3TOM KOJIMYECTBO YMCEN B HADOPE OO/MKHO BbITh PaBHO
3HaYeHWIo X[i], OKpYriIeHHOMY 00 LEeIoro ymca.

KaKoB XapakTep pocTa 3HAYEHN Y B 3aBUCMMOCTU OT X7



C NOMOLUBIO CJTydanHOW reHepauyn N3 PaBHOMEPHOIO
pacnpeneneHns cosgante Bektop 13 1000 3HaveHuN.
HapucynTte ructorpammy pacnpeneneHns Yiices B BEKTOPE.
CozpaunTe eLle oayH BekTop 13 1000 cryYyanHbiX
PaBHOMEPHO pacrnpenesieHHbIX 3HadeHnn. CloXXuTe aTu
BEKTOPA N HAPUCYUTE TMCTOrpamMmy pacripenesieHnsa CyMmbl
OBYX HE3ABVCUMbIX CJTyHariHbIX BESINYUMH, PacnpenesieHHbIX
PaBHOMEPHO.

[loBTOPUTE reHepaumto 1000 paBHOMEPHO pacrpeneeHHbIX
C/y4YaHbIX 3HAYEHVN N HAPUCYUTE TCTOrpamMmy
pacnpeneneHnss CYMMbIl YoKe TPEX HE3ABUCKMbIX CrlyqanHbIX
BEJINYNH.

[10 Mepe yBESIMYEHUSA KOIMHECTBA CYMMUPYEMbIX CITyHarHbIX
BESIMYVH pacnpenenieHne JO/MKHO Bece 6osibLue
NPNOIMXKATLCS K HOPMaSTbHOMY.



Data Frames



Y10 Takoe data frame

- CTpyKTypa OaHHbIX: Tabnmua N3 HECKObKNX BEKTOPOB (MO
cTonbuam), B pa3Hblx cTonbuax MoryTt 6bITb AaHHbIE Pa3HbIX
TNUNOB

mpg cyl disp hp drat wt gsec vs am gear carb
Mazda RX4 21.0 6 160.0 110 3.90 2.620 16.46 0 1 = 4
Mazda RX4 Wag 21.0 6 160.0 110 3.90 2.875 17.02 0 1 = 4
Datsun 710 22.8 4 108.0 93 3.85 2.320 18.61 1 1 = 1
Hornet 4 Drive 21.4 6 258.0 110 3.08 3.215 19.44 1 O 3 1
Hornet Sportabout 18.7 8 360.0 175 3.15 3.440 17.02 0 O 3 2
Valiant 18.1 6 225.0 105 2.76 3.460 20.22 1 O 3 1
Duster 360 14.3 8 360.0 245 3.21 3.570 15.84 0 O 3 4
Merc 240D 24 .4 4 146.7 62 3.69 3.190 20.00 1 O = 2
Merc 230 22.8 4 140.8 95 3.92 3.150 22.90 1 O = 2
Merc 280 19.2 6 167.6 123 3.92 3.440 18.30 1 O = 4
Merc 280C 17.8 6 167.6 123 3.92 3.440 18.950 1 O = 4
Merc 450SE 16.4 8 275.8 180 3.07 4.070 17.40 0 O 3 3



Kak co3natb cBou data frame?

>n<-c(2,3,95)

> S <_ C("aa", Ilbbll, IICCII)

> b <- ¢(TRUE, FALSE, TRUE)
> df <- data.frame(n, s, b)

lnn Kopoue:

> df <- data.frame(n=c(2, 3, 5),
S:C("aa", Ilbbll, "CC"),
b= c(TRUE, FALSE, TRUE))



OCHOBHbIe KOMaHAb

> df <- data.frame(n=c(2, 3, 5), s=c("aa", "bb", "cc"), b=
c(TRUE, FALSE, TRUE))

> df

ns b
12aa TRUE
2 3 bb FALSE
3 5cc TRUE
> df$n
11235
> colnames(df)
[1] "n" "s" "b"
> rownames(df)
1] "1" "2" "3"
> dim(df)

[1]13 3

# ObpalleHne K ctonobuy no
NMEHN, MOXKHO NCMOJIb30BaTb
tab!

# BaxxHo, 4TO 3TO
NUMEHa CTPOK, a He
ymucna!



Ncnonb3oBaHue data()

> mtcars
mpg cyl disp hp drat wt gsec vs am gear carb

Mazda RX4 21.0 6 160.0 110 3.90 2.620 16.46 0 1 4
Mazda RX4 Wag 21.0 6 160.0 110 3.90 2.875 17.02 0 1 4
Datsun 710 22.8 4 108.0 93 3.85 2.320 18.61 1 1 4
Hornet 4 Drive 21.4 6 258.0 110 3.08 3.215 19.44 1 O 3
Hornet Sportabout 18.7 8 360.0 175 3.15 3.440 17.02 0 O 3
Valiant 18.1 6 225.0 105 2.76 3.460 20.22 1 O 3
Duster 360 14.3 8 360.0 245 3.21 3.570 15.84 0 O 3
Merc 240D 24.4 4 146.7 62 3.69 3.190 20.00 1 O 4
Merc 230 22.8 4 140.8 95 3.92 3.150 22.90 1 O 4
Merc 280 19.2 6 167.6 123 3.92 3.440 18.30 1 O 4
Merc 280C 17.8 6 167.6 123 3.92 3.440 18.90 1 O 4
Merc 450SE 16.4 8 275.8 180 3.07 4.070 17.40 0 O 3

KomaHOolu data() moxHO nocmompems, KaKkue 8bl60pKuU '
3a2pyxceHsl 0418 UCMOMb308AHUSA :
> data()

(O T N N A N N i ) S N e BT BT AN



Mcnonb3oBaHume data(
> data()

File Edit Code Sessi Project Build Tools
Qlv| =~ B =

| JRdatasets = @7line_typesR* @] Untitled1* % | ]Rdata sets » =]

el )

Data sets in package ‘cluster’:

agriculture European Union Agricultural
Workforces

animals Attributes of Animals

chorSub Subset of C-horizon of Kola Data

flower Flower Characteristics

plantTraits Plant Species Traits Data

pluton Isotopic Composition Plutonium
Batches

ruspini Ruspini Data

votes.repub Votes for Republican Candidate
in Presidential Elections

xclara Bivariate Data Set with 3
Clusters

Data sets in package ‘datasets’:

AirPassengers Monthly Airline Passenger
Numbers 1949-19¢&0

Bdsales Sales Data with Leading
Indicator

BJdsales. lead (BJdsales)
Sales Data with Leading

Indicator

BOD Biochemical Oxygen Demand

coz Carbon Dioxide Uptake in Grass
Plants

ChickWeight Weight wversus age of chicks on




MoxcHo y3Hame o 0ocmyriHoU 8b1bopke bonee

MnoopobHo

> ?mtcars

& Project: (None) ~
p— Workspace  History

Files Plots Packages Help — (]
& o M ] S
R: Motor Trend Car Road Tests v

mtcars {datasets} R Documentation

Motor Trend Car Road Tests

Description

The data was extracted from the 1974 Motor Trend US magazine, and comprises fuel consumption and 10
aspects of automobile design and performance for 32 automobiles (1973—-74 models).

Usage

mtcars

Format

A data frame with 32 observations on 11 variables.

[, 11 mpg Miles/(US) gallon

[, 2l cyl Number of cylinders

[, 3] disp Displacement (cu.in.)

[, 41 hp Gross horsepower

[, 5] drat Rear axle ratio

[ 6wt  Weight (Ib/1000)

[, 71 gsec 1/4 mile time

[L8]vs V/S

[ 91 am Transmission (0 = automatic, 1 = manual)

) [,10] gear Number of forward gears
A [,11] carb Number of carburetors

Source

Henderson and Velleman (1981), Building multiple regression models interactively. Biometrics, 37, 391-411.



Bbibop cTpOK, cTonbuoB, A4eekK

> tharS[lz,Z] # cTpoka 12, ctonbed, 2
[1] 8

> mtcars[8,]

mpg cyl disp hp drat wt gsec vs am gear carb
Merc 240D 24.4 4 146.7 62 3.69 3.19 20 1 0 4 2

> mitcars[1:3,] #crpoku1-3, sce cronbup

mpg cyl disp hp drat wt gsec vs am gear carb
Mazda RX4 21.0 6 160 110 3.90 2.620 16.46 0 1
Mazda RX4 Wag 21.0 6 160 110 3.90 2.875 17.02 0 1
Datsun 710 22 .8 4 108 93 3.85 2.320 18.61 1 1



Bbibop cTpOK, cTonbuoB, A4eekK

> mtcars|,2] # BCe cTpoKM, cTonbet, 2
[1]166468684466888888444488884448684

> mtcars[c(1,13),] #crpoku 1113, sce cronbup

mpg cyl disp hp drat wt gsec vs am gear carb
Mazda RX4 21.0 6 160.0 110 3.90 2.062 1l6.40 0 1 t
Merc 450SL 17.3 8 275.8 180 3.07 3.73 17.60 0 O 3

> mtcars|c(1,3,7,13),1]

# ctpokn 1, 3, 7mn 13, ctonben, 1
[1] 21.022.814.317.3



[1obasuTb cTtonbeu

> dim(mtnew)
[1] 33 11

> num<-1:33
> mtnew<-cbind(mtnew, num) #nobaensiem ctonbel

> mtnew([30:33,]

mpg cyl disp hp drat wt gsec vs am gear carb num

Ferrari Dino 19.7 6 145 175 3.62 2.77 15.50 0 1 5 6 30
Maserati Bora 15.0 8 301 335 3.54 3.57 14.60 0 1 5 8 31
Volvo 142E 21.4 4 121 109 4.11 2.78 18.60 1 1 4 2 32
Lada 21.0 6 150 120 4.00 2.50 16.46 1 1 4 4 33



[106aBUTb CTPOKY

> mtnew<-mtcars

> dim(mtnew)
[1] 32 11

> mtnew[1,]
mpg cyl disp hp drat wt gsec vs am gear carb
Mazda RX4 21 6 160 110 3.9 2.62 16.46 0 1 4 4

> newcar<-c(21, 6, 150, 120, 4.0, 2.5, 16.46, 1, 1, 4, 4)#paboTaeT ToNbKO ecnu
BCce AaHHble oaHoro Tunallll

> newcar<-data.frame(mpg=21, cyl=4, disp=100, hp=80, drat=1, wt=2, gsec=16,
vs=1,am=0, gear=4, carb=1) # data.frame 13 1 cTpoku

> mtnew<-rbind(mtnew, newcar)  #gobasrnsem CTPOKy

> rownames(mtnew)[33]<-"Lada" #npucBanBaem en nvs

> mtnew[30:33,]

mpg cyl disp hp drat wt gsec vs am gear carb

Ferrari Dino 19.7 6 145 175 3.62 2.77 15.50 0 1 5 6
Maserati Bora 15.0 8 301 335 3.54 3.57 14.60 0 1 5 8
Volvo 142E 21.4 4 121 109 4.11 2.78 18.60 1 1 4 2
Lada 21.0 6 150 120 4.00 2.50 16.46 1 1 4 4



Jlornyeckune ycnosusa un order

> mtcarsl <- mtcars[mtcarsScyl>4 & mtcarsScyl<8,]

> mtcarsl

mpg cyl
Mazda RX4 21.0 6
Mazda RX4 Wag 21.0 6
Hornet 4 Drive 21.4 6
Valiant 18.1 6
Merc 280 19.2 6
Merc 280C 17.8 6
Ferrari Dino 19.7 6

hp drat
110 3.90
110 3.90
110 3.08
105 2.76
123 3.92
123 3.92
175 3.62

> mtcarsl[order(mtcars1Sdrat),]

mpg cyl

Valiant 18.1
Hornet 4 Drive 21.4
Ferrari Dino 19.7
Mazda RX4 21.0
Mazda RX4 Wag 21.0
Merc 280 19.2
Merc 280C 17.8

o O OO O O)Y O O

disp
225.
258.
145.
160.
160.
167.
167.

O O O O O O O

hp drat
105 2.76
110 3.08
175 3.62
110 3.90
110 3.90
123 3.92
123 3.92

N W wwwhDN

wW W N DMNDDND W W

wt

. 620
.875
.215
.460
.440
.440
. 7770

wt

.460
.215
.770
. 620
.875
.440
.440

gsec vs am gear carb
le.46 0 1 4 4
17.02 0 1 4
19.44 1 O 3 1
20.22 1 O 3 1
18.30 1 O Z! Z!
18.90 1 O 4 4
15.50 0 1 5 6
gsec vs am gear carb

20.22 1 O 3 1
19.44 1 O 3 1
15.50 0 1 5 6
le.46 0 1 4 4
17.02 0 1 4 4
18.30 1 O 4 4
18.90 1 O 4 4



PDakTOopb

icnonb3yoTca oasa npeacTaBfeHns KateropmanbHbIX
OAaHHbIX (Oa/HeT, HU3KUW/CpegHN/BbICOKUN, MYy>X4nHa/

>KEHLUMHa...)

> T <- factor(c("yes", "yes", "no", "yes", "no"))
> f

[1] yes yes no yes no

Levels: no yes

> levels(f) # BO3MOXHble 3HA4YeHUA B (PaKTope
[1] IInOII llyeS!!
> levels(f) <- c(levels(f), "maybe")

> table(f)
.F
no yes maybe
2 3 0



PDakTOopb

YPOBHN MOXHO yropsagovnBaTh NMpy cO3gaHnm
dhakTopa
(MOXXET 6bITb BaXKHO B JIMHEVNHOW perpeccun):

> f <- factor(c("yes", "yes", "no", "yes",
"no"), levels = c("yes", "no"))
> T

[1] yes yes no yes no
Levels: yes no



PakTopbl

Pa3bueHne BekTopa no dpakTopy:

> boxplot(mtcars$mpg ~ mtcars$cyl)

15 20 25 30

10
|
O

I
4 6 8

mpg: 21.0 21.0 22.8 21.4 18.7 18.1 14.3 24.4 .
cyl: 6 6 4 6 8 6 8 4



[TapameTp legend

Milage by Car Weight > boxplot(
mtcars$mpg~mtcars$eyl,
T | main="Milage by Car Weight",
: Number of Cylinders yaxt="n", xIab=“MiIage",

W40608 col=terrain.colors(3), varwidth=T)
> legend("topright”, inset=.05,
— title="Number of Cylinders",

— T c("4","6","8"), fill=terrain.colors(3),
| ' | horiz=TRUE)




[ padhrnyecknn napameTtp pari)

> par() # npocMoTpeTb TeKyLLme 3Ha4YeHNs rpadnyecknx napameTpos
>old_par<-par( no.readonly = TRUE ) #npe>xae 4em MeHsSTb HaCTPOWKMN,
PEKOMEHAYEM COXPaHUTb CTapble

> par(col.lab="red") # coenaTb kKpacHbIMV NOANMCU K OCAM
> hist(mtcars$mpg) # rpaduk pucyeTcs ¢ HOBbIMU HACTPONKaMK

Histogram of mtcars$mpg
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10

Frequency
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I T T T T 1
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mtcars$mpg

>par(old_par) #soccTaHaBnMBaemM ctapble HACTPOWKM



mtcars$mpg

Frequency

KoMbuHaumsa rpaumnkos

Scatterplot of wt vs. mpg
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> par(mfrow=c(2,2))

> plot(mtcars$wt,mtcars$mpg,
main="Scatterplot of wt vs. mpg")
> plot(mtcars$wt,mtcars$disp,
main="Scatterplot of wt vs disp")

> hist(mtcars$wt, main="Histogram
of wt")

> boxplot(mtcars$wt,
main="Boxplot of wt")



Violin Plot: kombunaumsa boxplot n
rpadurka nJIoTHOCTU pacnpeneneHns

Violin Plots of Miles Per Gallon

«The violin plot is

like the lovechild g

between a density .

plot and a box- )
and-whisker plot.» &7 N @

- T I I
4 cyl 6 cyl 8 cyl

> library(vioplot)
> X1 <- mtcars[mtcars$cyl==4,]$mpg

> X2 <- mtcars[mtcars$cyl==6,]$mpg

> x3 <- mtcars[mtcars$cyl==8,]$mpg

> vioplot(x1, x2, x3, names=c("4 cyl", "6 cyl",
"8 cyl"), col="gold")

title("Violin Plots of Miles Per Gallon")



QUIZ TIME



[locTpounTe rpaduk NIOTHOCTW pacrpeneneHns Beca ass
NaHHbIX mtcars (mtcarsdwi).

Kakoe 13 yTBEPXXAEHN ABISAETCA BEPHbLIM?
a. pacrnpenenieHne aBNsgeTcs yHMMOoOa IbHbIM
b. pacnpepeneHmne aBnsgeTcsa bumoaasibHbIM
C. pacrnpeneneHne aBsSETCS PaBHOMEPHbBIM



[TocTpowTe boxplot ons Bpemenun pasroHa mawmnH (1/4 mile
time) B 3aBMCUMOCTIM OT TuUMa KOPOobKM rnepenad.

Kakue yTBep»XOEHUSA ABNAKTCA BEPHbBIMIAY

a. PacnpepgeneHre g mMallvH C aBTOMATUYECKOW KOPODKOMU
nepenad MMeeT BbIBPOC

b. MeonaHa pacnpeneneHns g MallyiH ¢ aBTOMaTUYECKOU
KOPOBKOW nepenady paBHa /5% KBaHTWUM pacnpeneneHns
0719 MaLUvH C MEXaHNYeCcKoW KOpobKou rnepenad

c. MalmH ¢ aBTOMaTU4YeCKOW KOPODBKOW rnepenad
npencTaB/eHO BOJbLUE, YEM MALLIH C MEXAHNYECKOW
KOpObKoW nepenad



OTCOPTUPYUTE OAaHHbIE O COCTOSHM BO3OyXa B
Hito-V1opke (airquality) mo mecsauam u
TEMMepPaType BO3Oyxa (B nopsaaxke
BO3paCTaHVA).

Kakas CKOPOCTb BETPA yKasaHa B TPETLEW MO
NOPALOKY CTPOKE?



PaboTa ¢ dhannamm



PaboTa ¢ hannamm: OCHOBHblE (PYHKLNU

YTeHune m NpumeHeHue

YTeHne/3anmncob
read.table write.table  TabynMpoBaHHbLIX TEKCTOBbIX
dannos

YTeHne/3anncb hannos B
dopmaTte CSV

YTeHne/3anncb TeKCTOBbIX
dannos no cTtpokam

read.csv write.csv

readLines writelLines

3arpyska/coxpaHeHune
load save o0bbekToB R 13/B bUHapHbIe
dannel (.RData)



PaboTa c hannamu: paboyvasa gUpeKTopus

Y3HaTb pabouyyro gUpeKTopUIO:

> getwd()
[ToMeHATL paboyyo OANPEKTOPUIO:

> setwd("Week3") # nyTb ykasaH oTHocuTenbHO paboyel aupekTopun!
Y3HaTb crnncok annos B paboyen gupektTopun

> dir()

Y3HaTb CNUCOK (banioB B yKa3aHHOW ONPEKTOPUN

> dir(”/Users/anna/FBB/R/")

B RStudio:

3aknagka Files (cnpasa BHU3Y) -> BblIbpaTb HY>XXHYIO gnpekToputo -> More ->
Set As Working Directory



PaboTa ¢ hannamu: read.table

mYuTaeTt pann c pasgennTensamm

m Bo3BpallaeT data.frame

> students <- read.table("FBBRStudents.tab",sep="\t", header=T)

> students[101:102,]

Name Faculty Level Year
101 lnpokunn B. P.  xumnyeckmn cneunanntetr 4
102 basbines C. C. buonornyecknn baxkanaspuat 1



PaboTta ¢ dannamin: read.table

OCHOBHble apryMeHTbl:

m file — uma panna nnn coeguHeHmne (connection)

m header — ecTb N1 B hanne 3aronoBok? (no ymonyanumo, FALSE)
m Sep — pasgenutenb nonen (KoNoHOoK) (Mo ymonyanuto, npoben)
m colClasses — BEKTOP C Ha3BaHUSAMW K1acCOB KOJIOHOK

B NFOWS — KOJIMYECTBO CTPOUEK, KOTOPbLIE HY>KHO MpoYnTaTh

m SKip — KONIMYeCTBO CTPOYEK, KOTOPbIE HY>XKHO NPOMNMYCTUTL

m comment.char — 3HaK KOMMeEHTapueB

m stringsAsFactors — npeobpa3oBbiBaTb CTPOKOBbIE MOSA B
dakTop? (no ymonuaHuto, TRUE)



PaboTa ¢ hannamu: read.table

> students<-read.table("FBBRStudents.tab",sep="\t",header=T,
+ colClasses = c("character","factor","factor","integer™))

> str(students)
'data.frame': 141 obs. of 4 variables:

$ Name : chr "AHToHOB C. B." "OmuTtpnes pA. W." "3onotoB M.
A." "mBaHoBa T. B." ...

$ Faculty: Factor w/ 10 levels "buonormyeckumn,..: 3 3 3 3
333333...

$ Level : Factor w/ 3 levels "bakanaBpuat",..: 3 3 3 3 3 3
3333 ...

$ Year : int 33334444144 ...



PaboTta ¢ dannamun: read.csv, write.csy,
readlLines

mread.csv — TO Xe, 4TOo read.table, HO ¢ gpyriMn OedONTHLIMK
3HaAYEHVAMM NaPamMeTPOB (header=TRUE, sep="“,”)

m Write.csv:
> write.csv(students, "FBBRStudents.csv")
m readLines:

> lines <- readLines("FBBRStudents.txt“,3)

> lines

[1] "Name\tFaculty\tLevel\tYear"

[2] "AHTOHOB C. B.\tMexaHnko-mMaTtemaTnieckum\tcneyanmTeT\t3"
[3] "Omuntpres . V. \tmexaHrko-MmaremMatudeckum\tcrneumamteT\t3"



PaboTa ¢ davnnamu: save, load

CoxpaHaem 0bbeKkTbl students u lines B dhann:

> save(students, lines, file="Students.RData”)
Ypanaem Bce 00beKTbI 3 paboyero NpoCcTpaHCTBa:

> rm(list=Is())

> |3()
character(0)

3arpy»xaem obbekTbl 13 hanna:
> |oad("Students.RData")

> |3()
[1] "lines

students® # 0O0bEKTbI NOABNAKOTCA B
# paboyeM NPOCTPaHCTBE



CoeanHeHus

m file — OTKpbIBAET coeamHeHre ¢ haniom
m gZfile, bzfile — 0TKpbIBAET CoednHEHE C apXMBUPOBAHHLIM (harioM

m url — OTKPbIBaAET coegmHeHne C Be6-CTpaHI/ILI,eI7I
> con <- file("FBBRStudents.txt", "r")
> readLines(con, 1)
[1] "Name\tFaculty\tLevel\tYear"
> readLines(con, 1)
[1] "AHTOHOB C. B.\tMexaHnko-martemaTnieckum\tcneumanmteT\t3"
> close(con)
> con <- gzfile("FBBRStudents.gz")
> read.csv(con, nrow=2)

X Name Faculty Level Year

1 1 AHToHOB C. B. MexaHnko-MareMaTuyeckn cneumanmTeT 3
2 2 Omutpres L. V1. MexaHMko-MaTteMaTtu4eckmin cneupannteT 3
> close(con)



[ lakeTbl

(ycTaHaBnmBaem B R Studio)



KpacuBble rpaddukin



Kak penatb KpacuBblie U 3 dpeKTuBHbIe rpapunkn

CornacHo Naomi Robbins, adhdekTrBHbIE rpauku
«yJTy4LlwaroT NoOHUMaHue gaHHbIX». OHX HE OO/MKHbI cOnBaTb
C TOJIKY!

YTO Mbl XOTUM:

- CpaBHMBaTb OaHHbIE MeXxay coboun
- BbISIBNSATb TPEHObI



[TouemMy He HY>XHO ncnosb3oBaThb pie charts

CaMbIn y>KacHbIN TUM rpaduka, HO Npu 3TOM NMOoTPsICaloLLE
nonynsipHbIN!

http://www.richardhollins.com/blog/why-pie-charts-suck/

“The only worse design than a pie chart is several of them.”



This animation created by Darkhorse Analytics illustrates how communication can
be greatly enhanced by eliminating clutter and de-emphasizing supporting
elements. Every aspect of a figure should be there on a “need to have it” basis.

Remove
o |mprove

(the data-ink ratio)

Darkhorse Analytics darkhorseanalytics

http://stat545-ubc.github.io/img/less-is-more-darkhorse-analytics.gif



from Wickham’s Tidy Data
In tidy data:

1. Each variable forms a column.
2. Each observation forms a row.

3. Each type of observational unit forms a table.

messy tidy

treatmenta treatmentb name tr result

John Smith - 2 .
Mary Johnson 3 1 Jane Doe a 16
Mary Johnson a 3
John Smith Jane Doe Mary Johnson John Smith b 2
treatmenta — 16 3 Jane Doe b 11
treatmentb 2 11 1 Mary Johnson b 1

https://github.com/jennybc/ggplot2-tutorial/tree/master/ggplot2-tutorial-slides



from White et al’s Nine simple ways ...

Habitat Species | HabitatX | HabitatY | HabitatZ
Species X Y Z
A 0 3 0
A 0 3 0 B8 1 0 2
B 1 0 2

Species Habitat Abundance

A Y 3
B X 1
B Y4 2

https://github.com/jennybc/ggplot2-tutorial/tree/master/ggplot2-tutorial-slides



reshape your data
. |

| g

data has a tendency to get shorter and wider, but
tall and thin often better for analysis + visualization



from Wickham’s Tidy Data
see also reshape2

reshape2::melt
tidyr::gather

row column value

row

o

LW N = |
SOl | T
Nolie oI Il B o]

O T O T D0 oD
o000 TcoToD DD
C O I C U & Wb =

https://github.com/jennybc/ggplot2-tutorial/tree/master/ggplot2-tutorial-slides



from Wickham’s Tidy Data
see also reshape2

reshape2::cast
tidyr::spread

row column value

row

ox

Lo N = |
SOl s | T
Nelie o Il B @]

0O TP O T D0 oD
000 oo DD
C©C 0 ~J O O & W N =

https://github.com/jennybc/ggplot2-tutorial/tree/master/ggplot2-tutorial-slides



gather

r column value

-
C
=

row
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spread

typical usage pattern:

gather to facilitate analysis and
visualization

spread to make compact tables
that are nicer for eyeballs

https://github.com/jennybc/ggplot2-tutorial/tree/master/ggplot2-tutorial-slides



MakeT reshape2

install.packages ("reshapel")
library (“reshape2”)

names (airquality) <- tolower (names (airquality))
head (airquality)

agql <- melt(airquality)
head (agl)



KoHTponupyem, Kakue nepemMeHHble ABnfA0TCA id

agl <- melt(airquality, id.vars = c("month", "day"),
variable.name = "climate variable",
value.name = "climate value")

head (agl)



U obpaTHoO...

agl <- melt(airquality, id.vars = c("month", "day"))
agw <- dcast(agl, month + day ~ variable)
head (agw)



ggplot2



Author

Hadley Wickham February 3, 2010

ggplot2 was developed by Hadley Wickham, assistant Dobelman Family Junior Chair

professor of statistics at Rice University, Houston. In July Statistics, Rice University | 515 450 8171
6100 Main St MS#138 | hadley@rice.edu

2010 the latest stable release (Version 0.8.8) was published. Houston TX 77005-1827 | http://had.co.nz

2008 Ph.D. (Statistics), lowa State University, Ames, IA. “Practical tools for exploring data and
models.”

2004 M.Sc. (Statistics), First Class Honours, The University of Auckland, Auckland, New Zealand.

2002 B.Sc. (Statistics, Computer Science), First Class Honours, The University of Auckland, Auckland, New Zealand.

1999 Bachelor of Human Biology, First Class Honours, The University of Auckland, Auckland, New Zealand.

http://www.ceb-institute.org/bbs/wp-content/uploads/2011/09/handout ggplot2.pdf




### ycraHaBIuBaeM U 3arpyxaeM IIaKeT
install.packages ("ggplot2")
library ("ggplot2")



data, in data.frame form

aesthetic: map variables into properties people can
perceive visually ... position, color, line type!?

geom: specifics of what people see ... points? lines?
scale: map data values into “‘computer” values
stat: summarization/transformation of data

facet: juxtapose related mini-plots of data subsets



lifeExp

gdpPékzp
p <- ggplot (gapminder, aes(x = gdpPercap, y = lifeExp))
p + geom point ()



dx3a)|

(gdpPercapA)

log10

_|_

y = lifeExp))

aes(x = loglO (gdpPercap),

ggplot (gapminder,
geom point ()



dx 39y

gdpPercap

+ scale x 1oglO ()

p + geom point ()



80 -

40 -

1e+03 1e+04
gdpPercap

ggplot (gapminder, aes(x = gdpPercap,

continent)) +
geom point ()

+ scale x 1oglOQ()

1e+05

continent

Africa
Americas
Asia
Europe

Oceania

y = lifeExp, color



gdpPercap

dx3ay|

+ geom smooth ()

p + geom point ()



dx 38yl

e+uo

]

gdpPercap

method

FALSE,

se =

+ geom smooth (lwd = 3,

p + geom point ()

" lmll )



| | | | | |
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year

ggplot (subset (gapminder, country == "Zimbabwe"),
aes(x = year, y = lifeExp)) + geom line() + geom point ()



) - >
" S
|
o —~
.- -
) o e
e o
A >
" Y
—
o
> -
o
60 - T
e country
a - Cambodia
wl +- Canada
K
— *- Mexico
Rwanda
| | | |
1950 1960 1970 198( 1990 2000
year

jJjCountries <- c("Canada", "Rwanda", "Cambodia", "Mexico")
ggplot (subset (gapminder, country %in% jCountries),

aes (x = year, y = lifeExp, color = country)) +
geom line () + geom point ()



lifeExp

ggplot (gapminder,
geom point ()

aes (x

continent

continent,

y = lifeExp))

+
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continent

+

y = lifeExp))

aes (x = continent,

ggplot (gapminder,
geom jitter ()
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continent

ggplot (gapminder, aes(x = continent, y = lifeExp)) +
geom boxplot ()



Africa Americas Asia Europe Oceania
continent
ggplot (gapminder, aes(x = continent, y = lifeExp)) +
geom boxplot (outlier.colour = "hotpink") +

geom Jjitter (position = position jitter (width = 0.1, height
0), alpha = 1/4)



count

lifeExp

ggplot (gapminder, aes(x = lifeExp)) + geom histogram()



lifeExp

ggplot (gapminder, aes(x = lifeExp)) + geom density ()
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ggplot (gapminder, aes(x = lifeExp, color = continent))

geom density ()
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continent

Africa
.-? Americas
2 0.050 - ,
) Asia
©
Europe
Oceania

lifeExp

ggplot (gapminder, aes(x = lifeExp, fill = continent)) +
geom density(alpha = 0.2)



By

40- 3
S continent
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lifeExp
ggplot (subset (gapminder, continent != "Oceania"),
aes(x = lifeExp, fill = continent)) +

geom histogram() +
facet grid(continent ~ .)



Life expectancy over time by continent
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p + ggtitle("Life expectancy over time by continent")
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gdpPercap
p + theme bw()



QUIZ TIME



[MocTpouTe rpadnk 3aBUCUMOTU MPOOOSIKUTENBHOCTU XN3HN OT BBI
Ha agywy HaceneHust (GDP per capita) ons Beibopku gapminder.
CpenanTte norapudmnyeckoe wkanuposaHue rno ocn GDP. PackpacbTe
TOYKMN MO KOHTUHEHTAM N NOCTPOUTE NNHUN TPEHOA C MOMOLLbIO
NNHENHOW Moaenu.

BbibepuTe BEpHbIE YTBEPXKOEHUS:

a. NIMHNA TpeHga ansa A3nn nNexkuT Bblle NNHUKM TpeHaa oia AQpukmn
b. nnHMS TpeHga ona EBponbl NeXXUT Bblwe NMHUK TpeHaa ans A3nm
C. MHNA TpeHaa onsa AQPUKN NexXXnT Bbllle NNHUK TpeHaa gnst A3nm
d. nnHna TpeHaa ans AMepuK NexXXuT Bblle NMHUK TpeHaa gns A3nm



