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R RGui (64-bit)
File Edit View Misc Packages Windows Help

"R R Console

R versicn 3.3.3 (2017-93-06) —- "Ancther Canos"
Copyzight (C) 2017 The R Foundation for Stacistical Computing
Platform: x86_64-w6d-mingw32/x64 (64-bit)

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

Natuzal language SUPPOIT but running in an English locale

R is a collaborative project with many contributors.
Type 'contributors()' for more information and
'citation()' on how te cite R or R packages in publications.

Type 'demo()’ for some demos, 'help()' for on-line help, or
‘help.start()’ for an EIML browser interface to help.
Type 'a()’ to quit R.
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£ 01-Introduction.Rnw €] 02-SRS.RAw 2] Data analysis Kalimantan.R
SourceonSave & /v
200
201 # 8i

202 kalimantansw. brown<-brown. moist. d(kalimantansdbh

203 kalimantansw.yamakura<-yamakura.stem(kalimantansdbh, kalimantansh)+yamakura.branch(yamakura.stem(k

204 kalimantansw. basuki<-basuki.mixed.d(kalimantansdbh
205 kalimantan$w.samalca<-samalca.d(kalimantansdbh
206 kalimantansw. hashimoto<-hashimoto.d(kalimantansdbh
207 kalimantansw. kenzo<-kenzo.d(kalimantansdbh

208 kalimantas forda<-forda. d(kalimantansdbh

209 kalimantanSw. jaya<-jaya.d(kalimantansdbh

210 kalimantans$w.novita<-novita.d(kalimantansdbh

211 kalimantanSw. nugroho. d<-ny st a L —cdisls-

212 kalimantansw.nugroho.d. h

213 .

214 plot(kalimantansdbh, kali

215 points(kalimantansdbh, kal

216 points(kalimantansdbh, ka

217 points(kalimantanidbh, ka

218 points(kalimantansdbh, kalimantaniw.hashimoto, co

219 points(kali .kenzo, col-6

220 points(kalimantansdbh, kalimantansw.forda, col-7

221 points(kalimantansdbh, kalimantansw.jaya, col-8

222 points(kalimantansdbh, kalimantansw.novita, col=9

223 points(kalimantansdbh, kalimantansw.nugroho.d, col=10

224 points(kalimantansdbh, kalimantansw.nugroho.d.h, col-11
225

226 legend(10,8000, c("Brown", “"vamakura", “Basuki”, "samalca", "Hashimoto”,

227
228
229

231
3101 @ (Untitled) *

in

Console  Compile PDF

> Kal.plot<-merge(Kal.plot, Dmed.Hmed.piot, by="PIot")

ih

h with different models”, xlab="DBM

>

> # Calculating the

> kal.plotsdg<-sqrt((4*kal.plot R CO n SO | e
>

write.csv(kal.plot, “"Kalimantal

AMETER

Studio

SRun = o9 Source

"kenzo",

Forda”, "Jaya",

# ing all values per plot and ne: T
230 bio.plot.brown<-as.data.frame(tapply(kalimantansw.brown, 1ist(kalimantansplot_id, kalimantanssubpl ~

R Script *

| Envionment  History =0

. 2 [ _#Import Dataset> § Clear List~

#| @ Global Environment >

Ohil.trees 716 obs. of 23 variables o
Okal.plot 94 obs. of 18 variables
Okalimantan 1993 obs. of 44 variables J
©1si.plor 59 obs, of 19 variable 3
01s 5
:

R environment
valu

EF Tz

EFm 49.7359197162173

EFS 198.943678864869

N, tot 2696, 5863280181 vs
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=} A Zoom HEgport- O Clearan
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% & £ A (Data Types)
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¥ IR AF (Data Operators)

Arithmetic : :

asb
a-b . ,
. i _ Relational al=b
a Arthmetic el S
T Oerators ——
Less Than a<

Modul a%%b
Greater Than Equal To a>=b
Exponent a’b Opel‘atO I's s@sh
sk

Logical

Assignment Operators

- a&b | It combines each element of vectors and gives a output \
- [TRUE if both the elements are TRUE. :

ilt combines each element of the vectors and gives a
|output TRUE if one the elements is TRUE.

Takes each element of the vector and gives the opposite |
logical value. [ /




% % (Functions)

ooV A WNERE

Predefined
Functions

> example("mean”
mean> x <- c(©:10, 50)
mean> Xxm <- mean(Xx)

mean> c(xm, mean(x, trim = 0.10))
[1] 8.75 5.50

User Defined

1
2
3
4
5

Functions

= sum_of_square <- function(x,y) {
X"2 + y*2
}

sum_of _sgares(3,4)



R & (R packages)

@ craN - CRAN

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

GitHub Github

R packages are collections of functions and data sets developed by the community.

install.packages(“XXX")

source("https://bioconductor.org/biocLite.R")
biocLite(“XXX")

library(XXX)
install.packages(*'devtools")

devtools::install_github(*'hadley/babynames") help(XXX)

search()



13 B HE (Import from files)

R base functions:

1
2

> filesdk:

# Command to copy&paste tables from Excel or other programs into R.

read.delim("clipboard”, header=T)}

# Reads in table and assigns it to data frame, with info on column headers and field separators.

read.table(file="file", header=TRUE, sep="'t")

# Reads a file in table format and creates a data frame from

read.csv("file",header = T)

- R
L

Importing Data Into R
xTfijcsvy

Flat files <
txt | csv ) ’

Excel files
xls | xIsx

R data file formats
RDS | RDATA

.CSV

XA LINEY, T ARABST B2 KA T2 (& WindowsF %42 & B #HAc') 8 SR FHT'\) o

> e RBBEEF LA T L, AEFARATERIRH P L, KXt EAfileEncoding="utf-8'

R package (readr):

Oy V1 BwW N

install.packages("readr")
# Loading
library("readr")

read _csv(file, col names
read_tsv(file, col names

TRUE)
TRUE)

Compared to R base functions, readr functions are:

¢ much faster (X10),

* have a helpful progress bar if loading is going to take a while
¢ all functions work exactly the same way.

Import data from txt | csv files into R
read_ts_,v(). rea_d_csv()

7




+ H #3% (Export data from R)

R base functions:

1 data("mtcars™)
2 Hwrite.table(mtcars, file = "mtcars.txt", sep = "\t",
3 [ row.names = TRUE, col.names = NA)
4 ______________________________________________________
5 write.csv(mtcars, file = "mtcars.csv")
6
7
Export data from R to txt | csv files
write.txt(), write.csv()
R package (readr): v

1 write_csv(challenge, "challenge.csv™)
2

R Base Functions
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% &% 3 (Data transformation) suess

library(nycflights13)

library(tidyverse)

# 1.1 Tait: filter()

(janl <- filter(flights, month == 1, day == 1))
# 1.2 HA|: arrange()

arrange(flights, year, month, day)
arrange(flights, desc(arr_delay))

# 1.3 HIF: select()

select(flights, year, month, day)

10 # 1.4 TH: mutate()

11 flights_sml <- select(flights, ] ﬁ
12 year:day,
13 ends_with("delay"),
14 distance, Y,
15 air_time
16 ?ﬁfﬁj]DE’J@JTLAJ%%Fﬁfr A
17  mutate(flights_sml, 2o R < e gL g .
18 gain = arr_delay - dep delay, ;}ﬂ(‘«Er /ﬁéﬁ 5']%4’1&//\1%4 3&4 ’JFHEE’
19 hours = air_time / 68, %Fill )
2e gain_per_hour = gain / hours )
21 #wwis LREZREMD) N
22 transmute(flights, .
23 gain = arr_delay - dep_delay, . ﬁ]}']g’f/ﬁff}éi%lﬁ%é%%i%}%%
24 hours = air_time / 68, ﬁ&
25 gain_per_hour = gain / hours ) /
26 # 1.5 JLE: summarise()
27 5ummari€ée(flight5, delay = mean{dep_delay, na.rm = TRUE)}) A
28 # 1.6 772H: group_by() — &F
29 by _day <- group by(flights, year, month, day) Qﬁ; X’TE)%}'] i;}}%ﬁ /7}'\7,'7‘37,7‘%}1'5']
30 summarise(by day, delay = mean(dep_delay, na.rm = TRUE)) 4 Y,
31
< N\
Xt A FEAE B R 0 ok R 4TI B AR A, &
CE | BRI R )




18 o B (%>%) F= 4 B

1 delays <- flights %>%

2 group_by(dest) %>%

3 summarise( 40

4 count = n(),

5 dist = mean(distance, na.rm = TRUE), o)

6 delay = mean(arr_delay, na.rm = TRUE)

7 ) %>% ’ .

8 filter(count > 2@, dest != "HNL™) ] e B oo
9 geplot(data = delay, mapping = aes(x = dist, y = delay)) + N > ® 12000
10 geom_point(aes(size = count), alpha = 1/3) + .- @ oo
11 geom_smooth(se = FALSE)

=
pJ

0 1000 2000
dist



% 3% %75 (Reshaping Data)

(s T o' B = I Wy R U (S

16

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

install.packages(“tibble™)
library("tibble™)
# Create a new tibble use data frame()

= friends _data <- data frame(

name = c("Nicolas", "Thierry", "Bernard”, "Jerome"),
age = c(27, 25, 29, 26),

height = c(18e, 170, 185, 169),

married = c(TRUE, FALSE, TRUE, TRUE)

)

friends data

= Source: local data frame [4 x 4]

name  age height married

1 Nicolas 27 188 TRUE

2 Thierry 25 178 FALSE

3 Bernard 29 185 TRUE

4  Jerome 26 169 TRUE

# Convert your data as a tibble
data("iris"”

class(iris)

[1] "data.frame”

my data <- as_data frame(iris)
class(my data)

[1] "tbl df" "tbl" "data.frame’
# Turn a tibble back to a data frame
my data2 <- as.data.frame(my data)

T

Tibble Data Format in R:
Best and Modern Way to Work with Data

» flights
Source: local data frame [336,776 x 18]

year month  day dep_time dep_delay arr_time arr_delay carrier toilnum

|__<ints <int> <intx  <ints bl <ints «dbl> _<chr> _<chral Column types
T s ) T T =3 Z 5] T
2 2013 1 1 533 4 &50 28 L&
3 2013 1 1 542 2 4973 33 Ah i
i 2013 1 " 7 18 8 FII-'51. 10 rows
5 2011 1 1 25 Bl printed by default
E gg i : :: : {Useful with large
a13 1 1 -14 EV data sets)
9 2013 1 1 -8 85
19 2013 1 1 -2 753 & A4
Variables not Shown: TITght <int>, Orign <chr>, dEst <chrs, air.time ] Columns that don't
adbl>, distonce <dbl>, hour <dbls, minute =dbls, fit to the screen are
not shown

« data_frame(): create a new tibble data frame (thl_df)
« as_data_frame(): convert your data as thl_df

tibble R package



Tidy data

Varlables
Tes!sml |
Tl
E L oE tidy data set:

1 > library("tidyr") 2 :”f; === _
2 > my _data <- USArrests[c(1, 10, 20, 30), ] S === ;; & i & » each column represents a variable
3 E> my_data t—N=—w === -
4 | Murder Assault UrbanPop Rape § —*m':':;, e > each row represents an observation
o Alabama 3.2 236 58 21.2 ——.= .. %« The opposite of tidy is messy data
6 Georgia 17.4 211 60 25.8 B :
7 Maryland 11.3 200 67 27.8
8 New Jersey 7.4 159 89 18.8
9 > my _data <- cbind(state = rownames(my data), my data) i
10 7> my_data Organize Your Data
11 | state Murder Assault UrbanPop Rape for Easier Analyses in R
12 Alabama Alabama  13.2 236 58 21.2
12 Georgia Georgia 17.4 211 60 25.8 gather() spread()
14 Maryland Maryland 11.3 300 67 27.8 —— - P = e e |
15 New Jersey New Jersey 7.4 159 89 18.8 e = o
16 — i—-

separate() unite()

1 [ | R 1 1) e 1) -
. = EEE HEE —- ]
] [ | ] | HEE |

v’ gatherfespread ) £ 1 2 48 /£ K A& X An STAS X Z 8] 40 B 4%

+ gather(): collapse mulliple columns into key-pair values

- > z P o . . « spread(): revarse of gather. Separate one column into multiple
4)6 , )52 ﬁ] /f’i l?h 'ﬁﬂ ﬁ%;}lufﬁ F$7]EU7FF] % %E F$Z, Jé] é}:’ 3%4)6, « separate(): separate one colurmn into multiple
‘/ Separateﬂ{‘c'unlonﬁ/i\‘;}ii T 71:5((;}}%/\ éﬂ_{r‘}% /\ﬂ‘éﬁ jj] Bt « unite(): unite multiple columns into one

& B Enominal 2 4& 69 4540 _E



gather() 5 4354 % K 332

| - -
| |
o - |
—
—
1
_—— 1 > my_data
gather(data, key’ value, ) 2 | state Murder Assault UrbanPop Rape
3 Alabama Alabama  13.2 236 58 21.2
e data: A data frame 4 Georgila Georgia 17.4 211 60 25.8
. 5 Maryland Maryland 11.3 300 67 27.8
* key, value: Names of key and value columns to create in output 6 New Jersey New Jersey 7.4 159 39 18.8
» ...: Specification of columns to gather. Allowed values are: ; T e
. = > my_data
* variable names 9 | state arrest _attribute arrest estimate
 if you want to select all variables between a and e, use a:e o 1 Alabama Murder 13.2
- 11 2 Georgia Murder 17.4
* if you want to exclude a column name y use -y 12 3 Maryland Murder 11.3
» for more options, see: dplyr::select() 13 4 New Jersey Murder 7.4
14 5 Alabama Assault 236.0
15 6 Georgila Assault 211.0
16 7 Maryland Assault 300.0
1 my_dataz <- gather‘(my_datﬁ_, . ; 17 8 MNew ]gr‘sey Assault 159.0
- key = EPPESt—attPl?UtE s 12 9 Alabama UrbanPop 58.0
3 value = "arrest_estimate”, 19 10 Georgia UrbanPop 60.0
4 -state) 26 11  Maryland UrbanPop 67.0
5 # Only Murder and Assault columns, 21 12 New Jersey UrbanPop 89.0
6 # remaining columns have been duplicated. 2213 Alabama Rape 21.2
7 my_data2 <- gather(my_data, 23 14 Georgia Rape 25.8
8 key = "arrest_attribute”, 2415  Maryland Rape 27.8
9 value = "arrest_estimate", 25 16 New Jersey Rape 18.8
10 Murder, Assault) 0
11



spread() K # B4 4 5T 4B

1 | | [
| = - L -
[ -
-

]

-

-

spread(data, key, value)

» data: A data frame

 key: The (unquoted) name of the column whose values will be
used as column headings.

* value:The (unquoted) names of the column whose values will
populate the cells.

my data3 <- spread(my_data2,
key = "arrest _attribute”,
value = "arrest_estimate”

)

uvi B w N

[N Ry

b = &

R = e = I == I s L T W I -8

=
(¥ I - N

16
17
18
19
20
21

B
“

23
24
25
26

[ S I S
W0 Co =

o
K= @ D

L
[*¥]

O =l O N ol pa =

> my_data
state Murder Assault UrbanPop Rape
Alabama Alabama 13.2 236 58 21.2
Georgia Georgia 17.4 211 60 25.8
Maryland Maryland 11.3 300 67 27.8
New Jersey New Jersey 7.4 159 89 18.8
= » my data2
' state arrest_attribute arrest _estimate
Alabama Murder 13.2
Georgia Murder 17.4
Maryland Murder 11.3
New Jersey Murder 7.4
Alabama Assault 236.8
Georgia Assault 211.@
Maryland Assault 306.6
New Jersey Assault 159.8
9 Alabama UrbanPop 58.@
18 Georgia UrbanPop 66.8
11 Maryland UrbanPop 67.8
12 MNew Jersey UrbanPop 85.0
13 Alabama Rape 21.2
14 Georgia Rape 25.8
15 Maryland Rape 27.8
16 Mew Jersey Rape 18.8
=l » my _data3
: state Assault Murder Rape UrbanPop
Alabama 236 13.2 21.2 58
Georgia 211 17.4 25.8 68
Maryland 380 11.3 27.8 67
New Jersey 159 7.4 18.8 89

N R



unite() 716 %—7
N -

unite(data, col, ..., sep="_")

v data: A data frame
v"col: The new (unquoted) name of column to add.
v’ sep: Separator to use between values

my datad <- unite(my_data,
col = "Murder_Assault”,
Murder, Assault,

Sep — II_II)

T B w2

0O~ w1 b WK

PR R PR Y
w MNP

> my_data

Murder Assault
Alabama 13.2 236
Georgia 17.4 211
Maryland 11.3 300
New Jersey 7.4 159
> my_datad

Murder_Assault
Alabama 13.2_236
Georgia 17.4_ 211
Maryland 11.3_3080
New Jersey 7.4 159

UrbanPop
58
60
67
89

UrbanPop
58
60
67
89

Rape
21.2
25.8
27.8
18.8

Rape
21.2
25.8
27.8
18.8



separate(data, col, into, sep = "[*[:alnum:]]+")

v’ data: A data frame

separate() ¥—z1» % »
=

v" col: Unquoted column names

v" into: Character vector specifying the names of new variables to be created.

v’ sep: Separator between columns:

v' If character, is interpreted as a regular expression.
v" If numeric, interpreted as positions to split at. Positive values start at 1
at the far-left of the string; negative value start at -1 at the far-right of

the string.

uvi B w M

my data5 <- separate(my_data4,
col = "Murder_Assault”,
into = c("Murder”, "Assault"),

Sep = Il_ll)

%

7|

el I o B s W [ -y Wy L Ry S

)
11
12
13
14
15
16
17
18
19

> my data

Murder Assault
Alabama 13.2 236
Georgila 17.4 211
Maryland 11.3 300
New Jersey 7.4 159
> my data4d

Murder Assault
Alabama 13.2 236
Georgila 17.4 211
Maryland 11.3 300
New Jersey 7.4 159
> my_ datas

Murder Assault
Alabama 13.2 236
Georgila 17.4 211
Maryland 11.3 300
New Jersey 7.4 159

UrbanPop
58
60
67
89

UrbanPop
58
60
67
89

UrbanPop
58
60
67
89

Rape
21.2
25.8
27.8
18.8

Rape
21.2
25.8
27.8
18.8

Rape
21.2
25.8
27.8
18.8



B 183 H (Y%>%)

gather() + unite()

1 my dataé <- my _data %>% gather(key = "arrest attribute”,
2 value = "arrest _estimate”,
3 Murder:UrbanPop) %>%
4 unite(col = "attribute estimate”,
5 arrest attribute, arrest estimate)
7 E > my data
g8 | Murder Assault UrbanPop Rape
9 Alabama 13.2 236 58 21.2
18 Georgila 17.4 211 68 25.8
11 Maryland 11.3 E1515] 67 27.8
12 New Jersey 7.4 159 89 18.8
13 E > my_dataé
14 | Rape attribute estimate
15 1 21.2 Murder 13.2

6 2 25.8 Murder 17.4
17 3 27.8 Murder 11.3
18 4 18.8 Murder 7.4
19 5 21.2 Assault 236
20 6 25.8 Assault 211
21 7 27.8 Assault 3ee

2 8 18.8 Assault 159

3 9 21.2 UrbanPop 58
24 10 25.8 UrbanPop 68
25 11 27.8 UrbanPop 67

6 12 18.8 UrbanPop_ 89

[
|



* % A 4 3% (Relational data) n

1 library(nycflights13)
2 » class(flights)
3 [1] "tbl_df" "th1l" "data.frame"
4 > flights
5 [E# A tibble: 336,776 x 19
6 | year month day dep _time sched dep time dep_delay arr_time sched arr _time arr_delay carrier flight tailnum origin dest
7 <int» <int» <int>» <int> {int» <dbl> <int» {int> <dbl>  <chr> <int>  <chr> <chr> <chr>
8 1 29813 1 1 517 515 2 830 819 11 ua 1545 HN14228 EWR TAH
9 2 20913 1 1 533 529 4 B850 830 208 ua 1714 N24211 LGA IAH
1@ 3 2813 1 1 542 546 2 923 850 33 Ad 1141 N61SAA JFK MIA
11 4 2913 1 1 544 545 -1 lea4 1822 -18 B& 725 MNEe4]B JFK BQMN
2 5 2813 1 1 554 (S15]%} -6 812 837 -25 DL 461 N663DN LGA ATL
13 6 20913 1 1 554 558 -4 740 728 12 ua 1696 N39463 EWR ORD
14 7 20913 1 1 555 (o1a]%} -5 913 854 19 B6 507 MN5163B EWR FLL
15 g8 2913 1 1 557 600 -3 789 723 -14 EV 5788 HNB829AS LGA TAD
16 9 2813 1 1 557 ce8 -3 838 846 -8 B& 79 N5937B JFK  MCO
17 18 2913 1 1 558 {51515} -2 753 745 a Ad 381  MN3ALAA LGA ORD
18 # ... with 336,766 more rows, and 5 more variables: air time <dbl>, distance <dbl>, hour <dbl>, minute <dbl>, time_ hour <dttm:>
19 planes %>¥% count(tailnum) %>% filter(n > 1) # verify the key
208
. . . . . L flights weather
primary key: uniquely identifies an observation in its own table. year Je—  —{ year
planeS$ta||num airports ronth g
day |« . q day
faa ] )
key h(?ur < q h?ur'“
flight ~——— origin
origin [e—
» dest
foreign key: uniquely identifies an observation in another table. Slanes J—v tailnum
- - oo b carrier L airlines
flights$tailnum tailnum b

names




[ o I < W 8

R )|

X = = = = WD 28

Mutating joins .y

HNNery

>
|
> flights2 <- flights %% select(year:day, hour, origin, dest, tailnum, carrier) 1] x1 1 y]' o ° E‘ 'r:u
> flights2 2 [x2|[2]y2 &o Q% ——
E# A tibble: 336,776 x 8 &oo%
: year month day hour origin dest tailnum carrier 3|x3 4 y3 @ % 2| x2
<int» <int» <int> <dbl> <chr» <chr>  <chr>  <chr>
1 20913 1 1 5 EWR TAH N14228 A
2 2013 1 1 5 LGA IAH N24211 A
3 2813 1 1 5 JFK MIA NG619AA AA
4 2013 1 1 5 JFK BQN NE8241B Bb x| =
5 2013 1 1 6 LGA ATL N66SDN DL B 5
6 2013 1 1 5 EWR ORD N39463 A 1] x1[y1 740'
7 2013 1 1 B EWR FLL MN516JB Bb 2|x2|y2 >
8 2013 1 1 6 LGA  TIAD N829AS EV I x3 | NA x1
9 2013 1 1 G JFK MCO  N5931B Bb x2
18 2813 1 1 6 LGA  ORD N3ALAA Al X3
# ... with 336,766 more rows a3 x4
> flights2 %>% select(-origin, -dest) %>% left_join(EElgElyas, by = "carrier" LR
Fl# A tibble: 336,776 x 7 AR
: year month day hour tailnum carrier nams 4 |NA [y3 .
<int» <int> <int> <dbl> <chr: <chr> <chr> 2
1 2813 1 1 5 N14228 uA United Air Lines Inc. 1
2 2013 1 1 5 N24211 UA United Air Lines Inc. 2
3 2013 1 1 5 N619AA AA  American Airlines Inc. = | d 2
4 2913 1 1 5 N8941B B6 JetBlue Airways T :1 ;1 z
5 2913 1 1 6 N6G6BDN DL Delta Air Lines Inc. 2[x2[y2 -
6 2813 1 1 5 N39463 ua United Air Lines Inc. 3 [x3[NA
72813 1 1 6 N516JB B6 JetBlue Airways 4|NA|y3
8 2813 1 1 6 N8239ASs EV Expresslet Airlines Inc.
9 20813 1 1 6 N5931B B& JetBlue Airways
18 2813 1 1 6  N3ALAA AA American Airlines Inc.
# ... with 336,766 more rows inner_join(x, y) left_join(x, y)

full_join(x, y) @ right_join(x, y)

()
(D
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Filtering joins

> top dest «<- flights %»% count(dest, sort = TRUE) %>% head(1©)

> flights %>% semi join(top dest)

> dim(flights)

[1] 336776 19

> dim(flights %>% semi_join(top_dest))

[1] 808262 19

> flights %>% anti_join(planes, by = "tailnum”) %>% count(tailnum, sort = TRUE)
# A tibble: 722 x 2

tailnum n
<chr> <int>

1 <NA> 2512
2 N725MQ 575
3 N722MQ 513
4 N723MQ 567
5 N713MQ 483
& N735MQ 396

# ... with 712 more rows

semi_join(x, y): keeps all observations

In X that have a match iny

val_x

x1

N[ = | key

X2

N &
@

anti_join(x, y): drops all observations in

X that have a match iny

val_x

w | key




Set operations

[V B SN WS R 6 R

00 =] Oh

11
12
13
14
15
16
17
18
19
20
21
22
23

dfl <- tribble(

H v M

(Y

dfl
A tibble:
X

2 x 2
y

<dbl> <dbl>

1
2
df2
A tibble:
X

1
1

2 X 2
y

<dbl>» <dbl>

1
1

1
2

v" intersect(X, y): return only observations in both x and y.

v" union(x, y): return unigque observations in x and y.

v' setdiff(x, y): return observations in x, but not in y.

o o TR I o L TR ¥ B i WE T 6y ]

N R R R R R R RR R R
® W oo JOoOu & W EO®

>

intersect(dfl, df2)

# A tibble: 1 x 2

X y
<dbl> <dbl>
1 1

union(dfl, df2)

# A tibble: 3 x 2

X y
<dbl> <dbl>
1 2
2 1
1 1

setdiff(dfl, df2)

# A tibble: 1 x 2

X y
<dbl> <dbl>
2 1



Plotting in R
for Biologists
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ggplot2

http://hadley.nz/

http://ggplot2.org/




K & (layers)

Plot
]
E - E Aesthetics
! + : (Colour, shape, size,
: : location)
Db —> Geoms

--------------------------- (Bars, lines, text, points)




ggplot2e9y A ~#t e

Mapping Scale
2 3 4 a 2 3 a 25 11 red
> #3% (Data) #=mt4+ (Mapping) N HER U NN Sy B HEN EEEED o | o | red
4 5 15 b 4 5 b 75 53 blue
9 10 80 b 9 10 b 200 300 blue

> 4=/ (Scale)

> JUTF % (Geometric)

L

T A |

> %t L (Statistics) _
T T T T T T
. = = / = = /
» A 47 % % (Coordinate) ; S

Geoms Stat Coord Layer

> K& (Layer)

> s (Facet) Facet
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1 > library(ggplot2)

2 > str(mpg)

3 Classes 'tbl df', 'tbl' and 'data.frame': 234 obs. of 11 variables:

4 $ manufacturer: chr "audi" "audi" "audi" "audi"”

5 $ model chr "a4" "a4" "agq"

6 $ displ nhum 1.8 1.8 2 2 2.8 2.8 3.1 1.8 1.8 2 ...

7 $ year int 1999 1999 2008 2008 1999 1999 2008 1999 1999 2008 ...

8 $ cyl int 4444666444 ...

9 $ trans chr "auto(1l5)" "manual(m5)" "manual(mé)" "auto(av)" ...

10 $ drv chr "f" T U e

11 $ cty int 18 21 20 21 16 18 18 18 16 20 ...

12 $ hwy int 29 29 31 30 26 26 27 26 25 28 ...

13 $ fl chr "p" "p" "p

14 $ class chr "“compact"™ "compact" "compact" "compact™

15

16 > head(mpg)

17 # A tibble: 6 x 11

18 manufacturer model displ vyear cyl trans drv cty hwy fl class
19 <chr> <chr> <dbl> <int> <int> <chr> <chr> <int> <int> <chr> <chr>
20 1 audi a4 1.8 1999 4 auto(l5) f 18 29 p compact
21 2 audi a4 1.8 1999 4 manual(m5) f 21 29 p compact
223 audi ad 2.0 2008 4 manual(mé) f 20 31 p compact
23 4 audi a4 2.0 2008 4 auto(av) f 21 30 p compact
24 5 audi a4 2.8 1999 6 auto(ls) f 16 26 p compact
25 6 audi a4 2.8 1999 6 manual(ms) f 18 26 p compact

26



LY

1 p <- ggplot(data=m
2 p + geom_point()

‘ w

1 p <- ggplot(mpg,aes(x=cty, y=hwy, colour=factor(year)))

2 p + geom_point()

‘ w

position identity

1 p + geom_point() +
2

3 geom_smooth: na.rm
4 stat_smooth: metho
5 se =
6 level
7 metho
8

9

1 p + geom_point() + stat_smooth()+facet_wrap(~ year, ncol=1)

2

aesthetics

pg, mapping=aes(x=cty, y=hwy))

stat _smooth()

> summary(p + geom_point() + stat_smooth())

= FALSE

d = aute, formula = y ~ x,

TRUE, n = 88, fullrange = FALSE,
= 8.95, na.rm = FALSE,

d.args = list(), span = 8.75

40-

30-

40-

20-

cty

20-

1999

40~

factor(year)
1999
— 2008 £ 2008

40-

20-
30-

20~

cty cty

factor(year)
* 1999
* 2008

factor(year)
1989
2008
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1 p <- ggplot(mpg,aes(x=hwy))
2 p + geom_histogram()
3

count

hwy
1 # Histogram with density plot ! iS22
2 Hp + geom_histogram(aes(fill=factor(year),y=..density..), alpha=0.3,colour="black') + = (]
3 stat_density(geom="line’,position="identity',size=1.5, aes(colour=factor(year))) + 0.20-
4 facet_wrap(~year,ncol=1) -
- .

0.10-

[l
0.05-
0.00- — S|

= factor(year)
g 2008 [ 1000
T 25- Ezuus
0.20-
0.15-
0.10- ]
0.05- L™ —
. ’—_‘/ ]




ggplot(mpg, aes(x=class))
geom_bar()

T O

count

[
=

0-

aaaaa

class

bnmpcl

O =~ O Ln B W ka2

class2 <- mpg¥class

class2 <- reorder(class2,class2,length)
mpg$class2 <- class2

p <- ggplot(mpg, aes(x=class2))

p + geom bar(aes(fill=class2))

help(reorder)

Reorder Levels of a Factor

Usage

reorder(x, X, FUN = mean, ...,
order = is.ordered(x))

class(class2)

[1] "factor”

count

60-

=]
=1

Zseater

mlﬂl\iﬂﬂ

plckup

subco mpacl
class2

mldsu_e

cumpact

class2

.Zseater
. minivan
. pickup

. subcompact
. midsize
. compact

suv
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p <- ggplot(mpg, aes(x = factor(1l), fill = factor(class))) +
geom_bar(width = 1)
P

o

p + coord_polar(theta = "y")

p + coord polar(theta = "y") +
scale_fill_brewer(palette="Dark2")

factor(1)

;
factor(1)

count

factor(1)

factor(class)
2seater

. compact

B ridsize

. minivan

. pickup

. subcompact
suV

EREN
g o
geg

éégé

85 5
i B
2
g

(1] [ E
£ 2233 2




40-

1 p <- ggplot(mpg, aes(class,hwy,fill=class))
2 p + geom boxplot()
3

hy

20-

PR

1 7p + geom _violin(alpha=0.3,width=0.9)+
2 geom jitter(shape=21)
3

40-




W oo~ v = wMBRE

set.seed(1234)
df <- data.frame(
sex=factor(rep(c("F", "M"), each=200)),
weight=round(c(rnorm(200@, mean=55, sd=5),
rnorm(200, mean=65, sd=5)))

)
head(df)
sex weight
1 F 49
2 F 56
3 F 60
4 F 43
5 F 57
6 F 58
p <- ggplot(df, aes(x=weight, color=sex)) +

geom_density()

1
40

1
50

60
weight

1
70

1
80

SEX

l:' M
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df2 <- data.frame(sex = rep(c("Female”, "Male"), each=3),
time=c("breakfeast"”, "Lunch", "Dinner"),
bill=c(1@, 30, 15, 13, 40, 17) )

head(df2)
sex time bill
1 Female breakfeast 10
2 Female Lunch 30
3 Female Dinner 15
4 Male breakfeast 13
5 Male Lunch 49
6 Male Dinner 17
P <- ggplot(df2, aes(x=time, y=bill, group=sex)) +

geom_line(aes(linetype=sex, color=sex))+
geom_point(aes(color=sex))+
theme(legend.position="top")

bill

40-

20-

breakfeast

SEX Female --*- Male

Dinner Lunch
time
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12

library(pheatmap)
test = matrix{rnorm{(200), 28, 18)
help(rnorm)

random generation for the normal distribution with
mean egual to mean and standard deviation equal to sd.
rnorm({n, mean = 8, sd = 1)

colnames(test) = paste("Test", 1:18, sep = "")
rownames{test) = paste("Gene", 1:28, sep = "")

pheatmap(test, color = colorRampPalette(c("navy", "white", "firebrick3™)})(58))

gisa ]

[REEHN

[ACLHR

[AIRELHN

Gisal

FRELNR

gisa L

[2ELHR

fisal

gisa ]

Geneb
Genel4
Genels
Genel
Gene20
Gened
Gene10
Gene1
Gene19
Genel
Gene18
Gened
Genel7
Gene2
Gene16
Genes
Gene7
Gened
Gene12
Gene13
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1 install.packages("corrplot™)

2 library(corrplot)

3 mydata <- select{mtcars,hp,disp,wt,gsec,mpg,drat)

4 source{"http://www.sthda.com/upload/rquery cormat.r™)

5 [ rquery.cormat<-function(x, type=c('lower', ‘upper', 'full', "flatten'),|... & o© S .

8 B{... & & & & & s ;
91 }

92 rquery.cormat(mydata, type="full") hp . . . .

g3 08

disp

. )
r 04

o0
gsec L 0o
- -04
mpg
-0.6
drat

. . . _U-B

-



F Ay 55 #7 (PCA)

L B =

=] o LA

PC2

z1 <- rnorm{108088, mean=1, sd=1)
z2 <- rnorm(10@60, mean=3, sd=3)
z3 <- rnorm{18808, mean=5, sd=5)
z4 <- rnorm{18808, mean=7, sd=7)
z5 <- rnorm{108088, mean=9, sd=9)

mydata <- matrix(c(z1l, z2, z3, z4, z5), 2500, 20, byrow=T, dimnames=list(paste("R", 1:2588, sep=""), paste("C", 1:20, sep="")))

pca <- prcomp(mydata, scale=T)
summary(pca)$importance[, 1:8]
mycolors <- c("red", "green", "blue", "magenta", "black™)

library(scatterplot3d)
scatterplot3d(pca®x[,1:3], pch=28, color=mycolors[sort{rep(1:5, 588))])

PC1

PC2

PC3

PC4

PC3

PC1

PC2
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A% A (Bubbles)

require(ggplot2)
df<- read.csv("Bubbles.csv")
> df

Term Input_number
1 Ribosome 45
2 Biosynthesis of secondary metabolites 354
3 Metabolic pathways 282
4 Plant hormone signal transduction 193
5 Galactose metabolism 29
[ Flavonoid biosynthesis 18
7 Carbon fixation in photosynthetic organisms 38
8 Fatty acid elongation 208
9 Fatty acid metabolism 424
18 Fatty acid degradation 58
11 Steroid biosynthesis 16
12 Valine, leucine and isoleucine degradation 19
13 Phagosome &7
14 Starch and sucrose metabolism 48
15 Biosynthesis of unsaturated fatty acids 23
ggplot(df, aes(x = id,y=Term,label = Term)) +

geom_point(aes{size = Input number, colour =
#geom_text(hjust = 1, size = 2) +

scale size(range = c(1,15)) +

scale x continuous(breaks = seq(1, 15, 2)) +
scale colour gradientn({colours=rainbow(4)) +
theme _bw()

P.Value)) +

P.Value id
P.00000000000088797516 1
B.0000600000000081496554 2
8.0000000000R3940R2733 3
0.00080001163614774948 4
0.00001489712360000000 5
B.00048351702379700000 6
8.00008197712300000000 7
P.00000852890000000008 8
B.60029620699999959999 O
8.00033999500000000000 16
9.08851699999999999999 11
P.08858755199999999997 12
@.0BE58792999999959995 13
9.08442000000000000032 14
P.08253350000000000016 15

aline, leucine and isoleucine degradation -

Steroid biosynthesis

Starch and sucrose metabolism

Ribosome

Plant hormone signal transduction 4

Phagosome -

Metabolic pathways

Galactose metabolism

Flavenoid biosynthesis q

Fatty acid metabolism

Fatty acid elongation

Fatty acid degradation

Zarbon fixation in photosynthetic organisms

Biosynthesis of unsaturated fatty acids

Biosynthesis of secondary metabolites

Input_number

Carrected_P.Value
l 0.004

0.003

0.002

0.001
|



% 4 (themes and background)
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11
12
13
14
15
16
17
18
19
20
21
22
23

# ggplot2 [l ¥

p <- ggplot(iris, aes(Sepal.Length, Sepal.Width, colour = Species))+

geom_point()

p
p + theme_classic()

# ity

install.packages("ggthemes") # Install

library(ggthemes) # Load

p + theme_calc()+ scale_colour_calc()+
ggtitle("Iris data™)

# gl
p + theme(
panel.background = element_rect(fill =
colour
size =
panel.grid.major = element_line(size =
colour
panel.grid.minor = element_line(size =
colour

"lightblue",

nH ® 11 ©® ® 0

"lightblue",

.5, linetype = "solid"),
.5, linetype = 'solid’,

"white"),

.25, linetype = 'solid’,

"white")

Sepal Width

ris data

6
Sepal Length

cies

Sepal Width

Species

555555

rrrrrrrrrrr

6
Sepal Length

uuuuuuuuu
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RNA-Seq (DESeq?2)

library(DESeq2);library({limma);library(pasilla);data(pasillaGenes);exprSet=counts{pasillaGenes)
# FRinERRE

head(exprSet)

L treatedlfb treated2fb treatedifb untreatedifb untreated2fb untreated3fb untreateddfb
FEgndoaaeas e e 1 e e e e
FEgnBdanaas 78 46 43 47 89 53 27
FBgnaaaoalsd 2 e a a a 1 ¢
FBgnBaaaals 1 e 1 e 1 1 2
FBgndaaaly 3187 1672 1859 2445 4615 2863 1711
FBEgnogeoels 368 158 176 288 383 135 174

# FiiRddsE
colData <- data.frame(row.names=colnames(exprSet), group list=group list)
=l » colData

L group_list
treatedifb treated
treated2fb treated
treated3fb treated

untreated1lfb untreated

untreated2fb untreated

untreated3fb untreated

untreated4fb untreated

dds <- DESegDataSetFromMatrix(countData = exprSet,colData = colData,design = ~ group_list)
# normalization

dds2 <- DESeq(dds)

# EREROTER

resultsNames(dds2)

res <- results{dds2, contrast=c({"group_list","tre
resOrdered <- res[order{res$padj),]
resOrdered=as.data.frame(resOrderad)

[ t]
+
[y ]

d","untreated"))

-] head{resOrdered)

L baseMean log2FoldChange 1fcSE stat pvalue padj
FEgn@@3215: 453,2753 -3.714214 B.1608538 -23.28543 4,0813291e-119 3.8894312-115
FEgne@29167 2165.844%5 -2.882793 8.1835963 -26.18491 6.6344542-94 2.572846e-36
FBgnBa35es5 366.8279 -2.227243 8.1369744 -16.266828 1.888618e-59 4.84p194e-56
FBgnBa29396 257.9827 -2.286788 B.1586969 -13.98563 5.854583e-44 1.126716e-48
FEgnea34736 118.4874 -2.565002 B8.1847628 -13.88268 82.067448e-44 1.242864e-48
FEgnoad4sedl 618.6835 -1.43@433 8.1261539 -11.985%81 1.114552e-32 1.429978e-29



I Corruption and human development
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Corruption Perceptions Index, 2011 (10=least corrupt)

Sources: Transparency International; UN Human Development Report




1 library(ggplot2) .
2 dat <- read.csv("EconomistData.csv") . .:. .
3  # Basic plot . Y., . s s :
4 Fpcl <- ggplot(dat,aes(x = CPI, y = HDI, color = Region))+ : ’ . s ’ ’ .
5 geom_point() e ’
6 pcl 08- .. . . —
7 . . 'S * .t :
. it . ® K : + - " N . . Region
N i + Americas
N ....'.| *  Asia Pacific
o N . " : * EastEU CemtAsia
Tos- -
. . . . * EUW. Europe
i : * MENA
: S : s + SSA
R H $ o® .
L " .
04- o . .
2.I5 5.I0 T.IS
CPI



2. IIJ\\Z] nfﬁ_%’ 2%

*  Asia Pacific

* EastEU CemtAsia
* EUW. Europe

* MEMNA

® 3EA

_pcz

1 # Trend line

2 =pc2 <- pcl +

3 = geom_smooth(aes(group = 1),

4 method = "1Im",

5 formula = y ~ log(x), -

6 se = FALSE, o

7 color = "red") « Americas
8

9

0.4-

25 5.0 75
CP!



# Open points
“Ipc3 <- ggplot(dat,aes(x = CPI, y = HDI, color = Region))+
geom_point(shape = 1, size = 4) +

= geom_smooth(aes(group = 1),
method = "1m",
formula = y ~ log(x),
se = FALSE,

10 color = "red")

0.8-

1
2
3
4
5
6
7
8
S

Region

i} Americas

} Asia Pacific

3 EastEU CemtAsia
i} EUW. Europe

T MENA

O asA

0.4-

25 5.0 75
CPI



4. TREEERIR

1 pointsTolabel <- c("Russia", "Venezuela", "Irag", "Myanmar", "Sudan", Norway

2 "Afghanistan", "Congo", "Greece", "Argentina", "Brazil", - DGem“lany

3 "India", "Italy", "China", "South Africa™, "Spane", ftaly o &9“%‘1 States” 5 ™ Heu

4 "Botswana", "Cape Verde", "Bhutan", "Rwanda", ETEEEE < )

5 "France","United States"™, "Germany", "Britain", "Barbados", - LRI

6 "Morway", "Japan", 0.8

7 "New Zealand", "Singapore")

8 library("ggrepel™) ) _

9 pcd <- pc3 + geom text repel(aes(label = Country), Vergzuela &5 I;egﬂenm
18 color = "gray28", ) Asia Padiic
11 data = subset(dat, Country ¥in¥ pointsTolLabel), a ) EastEU Cermt Asia
12 force = 18) Tos 3 EUW. Europe
13 pcd O MENA

14 O asA

04- [g o o

25 5.0 75
CPI
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5. {2 EHEMITF

dat$Region <- factor(dat$Region,
levels = ¢("EU W. Europe”,
"Americas",
"Asia Pacific",
"East EU Cemt Asia",
"MENA",
"SSAM),
labels = c("0OECD",
"Americas",
"Asia &\nOceania”,
"Central &\nEastern Europe”,
"Middle East &\nnorth Africa",
"Sub-Saharan\nAfrica"))
pcd$data <- dat
pcad

ftaly
Greece cd o
Arcent O
o8- Cgentlng
. )
o Olaﬂcg O
2 ot o
Venezuela 3
o o 8
o = g Botswana
_ &
[ Og g
T os- South Africa Cape Verde
4 -
India
_ O o
d ,{2'\
gg@ Bhutan
o % I
Sudan oo o3 o
0.4- ﬁ? ) ) Rwanda
Mghaniﬁag BQ}
{g} I o0
&
25 50

CPI

¢ Americas
Asia &

O Oceania

o Central &
Eastern Europe

o Middle East &
north Africa

o Sub-Saharan
Africa

75



6. Fscale>k(Z8x, yill, EREaflinitititle

library(grid)

El pe5s <- pcd +

=  scale x continucus(name = "Corruption Perceptions Index, 2811 {(18=least corrupt)}",
limits = (.9, 10.5),
breaks = 1:18) +

scale_y continuous(name = "Human Development Index, 2811 (1=Best)", Corruption and Human development
limits = c(0.2, 1.8),
breaks = seq(®©.2, 1.0, by = ©.1)) +

scale _color _manual(name = N
values = c("#24576D",

"W

0 s

BRpwo~Noawn Bow e
M

1 "#895DDT", =

12 "#28AADCT, E
13 "#248E84" =
14 "#F2583F", 8 © oEcp
15 | "#96503F")) + 3 © ametcas
16 ggtitle("Corruption and Human development") + t Qoeania,
17 theme(plot.title = element_text(hjust = ©.5)) 5 o) WAL
18 pcs E o %Eﬁ‘sﬁg?an
19 =

£

z

0.z-

1 2 3 i e 6 7 8 e 10
Corruption Perceptions Index, 2011 (10=least corrupt)
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I Corruption and human development

QOECD O Americas Asia & Ofentral & O Middle East & QSub-Saharan — R? =56%
Oceania Eastern Europe north Africa Africa
1.0 GETmany Norway  New

Spain, France, |5 Zealand

Ital
0.9 Glee:eo C}y [e] \3

go_a Russia._ Argentina anl(&} 0 5o Bnlain Japan  Singapore
= Venezuela CP 0 b Barbados
library(grid) # for the 'unit' function g C“'“a o Botswana
El pee <- pcS + '-E 06 'aqc- Id i?ll_.trlh O Cape Verde
| theme_minimal() + # start with a minimal theme and add what we need £ 05 Myanmar O ndia O @ Bhutan
= theme(text = element_text(color = "gray2e"), ES Sudan oFRwanda
- C - ; S
legend.position = c("top"), # position the legend in the upper left § 0'4
legend.direction = "horizontal", £ 43
legend.justification = .1, # anchor point for legend.position. 50"90
legend.text = element_text(size = 11, color = "grayl@")}, u.2
axis.text = element text(face = "italic"), . " 5 . s . ; " o 0
axis.title.x = element_ text({vjust = -1}, # move title away from axis Corruption Perceptions Index, 2011 {10=least cormupt)
EXiS.titlE.y = element_text{vjust = 2}_, # move away for axis Sources: Transparency International; UN Human Development Report
axis.ticks.y = element blank(), # element blank() is how we remove elements Corruption and Human development
axis.line = element_line(color = "gray42", size = 8.5}, o opch o Asiag Middle East &
axis.line.y = element_blank(), o SR, e,
panel.grid.major = element line(color = "gray5Se", size = 8.5), Eastern Europe ~ Africa
| panel.grid.major.x = element_blank() .
) 1.0 Nom\gy
pcH 09 iaty o %med Statesg{} gGerQa% r%,-%:
% Greece - B{; o &E}an@ - {:}Sin a%reNEWZEEbnd
L »Arqentma o Onn & trjinu"jpan 9ap
= . ! Barbados
g2 .- o
i .
= e o0
£ 06 §;puth Africa Bétm"‘laﬂa
é s %Ind|a Cape Ver/eg
T Bhutan
3 g Rwanda
c g4
£
=0
T
0.3
0z
1 2 3 4 5 6 7 8 ] 10

Corruption Perceptions Index, 2011 (10=least corrupt)



THANKS FOR YOUR WATCHING

ILLE]] ﬁo http://tiramisutes.github.io/

@Huazhong Agricultural University




