
!"#"$%"#&'%(%#)(*+",-.&

/(*0.1(2.&

33345%(%#)(*+",-.4-"&

2 Module #: Title of Module 



6($789&:&

;#<*($7-,(#&<(&=!

>"#%989&69*%-(&

?(.<@$(-<(*"8&A988(3&

>(##988B&!9#<*9&

C#%D9*.%<B&()&E(*(#<(&

1F2GHH5"$9*8"54(*IH

>"#%98969*%-(&

"#$%&'()*&#!$&!+! bioinformatics.ca 

,-.$!/0!+1!

•! +&%.&"&2%&3%.44/#3!5.#3(.36&"#$&0&78.%6!

6#9/%&#46#$!)(*&.<",.,-"8&-(+27,#I&"#$&I*"21%-.&

–! >"<"&1"#$8%#I&J%#27<K&(7<27<L&&

–!6"<*%M&(29*",(#.&

–! N<",.,-"8&<9.<.&

–! O*"21%-.&J94I4&9M28(*"<(*B&.<",.,-.L&

–! P%I18B&.29-%"8%Q9$&$"<"&"#"8B.%.&J94I4&+%-*("**"B.L&

•! R*%I%#"88B&$9D98(29$&J:SS:@:SSTL&5B&!"#$%&'($)&*$+,)&"#$&!"--'

./,0,'".&<19&(29#@.(7*-9&D9*.%(#&()&<19&1'2%"3%,++4)3'*,)35,3$'

5B&6"/)'7/,+#$%-&J'988&U"5.L&



"#$%&'()*&#!$&!+! bioinformatics.ca 

+:!;&%6!.#'!<.)=.360!

•! +!)&%6!

–! U"#I7"I9&%#<9*2*9<9*&J9M9-7<9.&=&-($9L&

–! C.9*&%#<9*)"-9&JOC;L&

–! O*"21%-.&<9*+%#"8&

–! N7%<9&()&9..9#,"8&<((8.&)(*&.<",.,-.&"#$&I*"21%-.&

•! ;&#$%/>($6'!2.)=.360!

–! N29-%"8%Q9$&$"<"&"#"8B.%.&J94I4&+%-*("**"B.L&(*&I*"21%-.&

–! V#B&*9.9"*-19*&-"#&$9D98(2&"&2"-0"I9&"#$&.75+%<&%<&

–! 84"9"):59&"%&%.&"&2*(W9-<&)(*&<19&$9D98(2+9#<&()&I9#(+%-&$"<"&

"#"8B.%.&2"-0"I9.&J1F2GHH33345%(-(#$7-<(*4(*IHL&

"#$%&'()*&#!$&!+! bioinformatics.ca 

+!<%&3%.44/#3!?$@560!

•! E3(&+($9.&()&7.9G&

"4! /*%<9&"&.1(*<&2*(I*"+&J"&.-*%2<LK&W7.<&<(&"#"8BQ9&.(+9&$"<"&

54! /*%<9&"&8(#I9*&2*(I*"+K&31%-1&3%88&59&7.9$&(D9*&"#$&(D9*&5B&

B(7&"#$H(*&(<19*&7.9*.&

•! ;#&<1%.&-(7*.9&B(7&3%88&1"D9&9#(7I1&9M2(.7*9&<(&=&<(&

29*)(*+&J"L&57<&#(<&J5L&



"#$%&'()*&#!$&!+! bioinformatics.ca 

A&8!$&!B06!+!

CD! ,%/$6!+!)&'6&&

7.%#I&<19&57%8<@%#&9$%<(*&(*&"#B&(<19*&<9M<&9$%<(*&

–! *9+9+59*&<(&."D9&B(7*&-($9&".&"&4=&X89Y&

ED! +(#!+!)&'6&&

&7.%#I&<19&OC;&J=@!(#.(89L&(*&"&CZ;[@.<B89&<9*+%#"8&

–! I*"21%-.&3%88&59&I9#9*"<9$&5B&<19&I*"21%-.&<9*+%#"8&".&

"$$%,(#"8&3%#$(3.&

–! B(7&-"#&."D9&I*"21%-.&".&X89.&7.%#I&=&-($9&

–! B(7&-"#&."D9&$"<"&%#&<9M<&)(*+"<&7.%#I&=&-($9&

–! B(7&-"#&."D9&$"<"&%#&<19&%#<9*#"8&=&*92*9.9#<",(#&5B&."D%#I&

B(7*&=&;"%0-2,9$'

"#$%&'()*&#!$&!+! bioinformatics.ca 

F-6!G&0$!?/4256!+!?600/&#!

:4! R29#&=&

\4! /*%<9&<19&)(88(3%#I&=&-($9&7.%#I&<19&57%8<@%#&9$%<(*&

 print ("Hello World") 

]4! =7#&<19&=&-($9&

–! '7%8<@%#&9$%<(*&J/%#LG&!E=U^A_&

–! '7%8<@%#&9$%<(*&J6"-LG&V??U`^=`EC=Z&

–! V#B&28"a(*+H9$%<(*G&-(2B&"#$&2".<9&%#<(&<19&=@-(#.(89&



"#$%&'()*&#!$&!+! bioinformatics.ca 

"#$%&'()*&#!$&!+! bioinformatics.ca 

A&8!$&!H))600!$-6!A652!

•! `M"-<@+"<-1&1982G&
 help ("keyword")   help ("if") 

 ?"keyword"    ?"if" 

•! 678,289@+"<-1&1982G&
 help.search ("keyword")  help.search ("arithmetic") 

 ??"keyword"    ??"arithmetic" 



"#$%&'()*&#!$&!+! bioinformatics.ca 

I>J6)$0!

•! ;#&2*(I*"++%#I&8"#I7"I9.&&

&<19*9&"*9&#"+9$&9#,,9.&-"889$&&>J6)$0!

&7.9$&<(&.<(*9&D"879.&J%494&#7+59*.K&<9M<&.<*%#I.L&

•! P"#$8%#I&(5W9-<.&%#.<9"$&()&+9*9&D"879.&9#"589.&<(&57%8$&

2*(I*"+.&<1"<&3(*0&3%<1&$%b9*9#<&D"879.&%#&%#27<&

&J94I4&"&2*(I*"+&<1"<&-(+27<9.&<19&+9"#&()&"&.9<&()&

+9".7*9+9#<.L&&

"#$%&'()*&#!$&!+! bioinformatics.ca 

I>J6)$!K.460!

•! R5W9-<.&"*9&%$9#,X9$&5B&"&<9M<7"8&8"598K&<19&&>J6)$!

#.46!

–! V88(39$&-1"*"-<9*.G&a-z A-Z 0-9 _ . 

–! E19&X*.<&-1"*"-<9*&()&<19&#"+9&+7.<&59&"821"59,-&

–! E19&#"+9&%.&-".9&.9#.%,D9&

•! E19&#"+9&.1(78$&.7II9.<&31"<&%.&<19&)7#-,(#&"#$&

-(#<9#<&()&<19&(5W9-<&

–! ;&3%88&7.7"88B&.,-0&<(&<1%.&2*%#-%289&%#&+B&9M"+289.K&.<*7-<7*%#I&

<19&#"+9&%#&<3(&2"*<.&.92"*"<9$&5B&c4dK&"8<1(7I1&<1%.&%.&#(<&

*9e7%*9$&5B&=&

 data.df 

 text.ch &&



"#$%&'()*&#!$&!+! bioinformatics.ca 

I>J6)$!H00/3#46#$!

•! E19&"..%I#+9#<&(29*"<(*&<-&&

&%.&7.9$&<(&"..%I#&"&.29-%X-&D"879&<(&"#&(5W9-<&

x.n <- value  x.n <- 1 

–! R<19*&8"#I7"I9.&*9e7%*9&<(&X*.<&$9X#9&<19&&<2$&()&"#&(5W9-<&

J94I4&#7+9*%-K&-1"*"-<9*LK&"#$&(#8B&<19#&"..%I#&"&D"879&

–! =&%.&+(*9&f9M%589G&B(7&"..%I#&<19&D"879&3%<1(7<&2*9D%(7.&

$9X#%,(#K&"#$&<19&<B29&%.&%#)9**9$&"7<(+",-"88B&

"#$%&'()*&#!$&!+! bioinformatics.ca 

I>J6)$!;5.00!

•! `"-1&D"*%"589&B(7&-*9"<9&598(#I.&<(&"&)5.00!

&class (object) 

•! E19&-8"..&%#$%-"<9.&31"<&<B29&()&D"879&<19&(5W9-<&-"#&"..7+9&

–! K(46%/)!

&x.n <- 1 / 5&

–! ;-.%.)$6%&J%494&.<*%#I&()&<9M<L&

&text.ch <- "Hello World"&&

–! L&3/).5&J%494&E=C`&(*&AVUN`L!

–! M.)$&%!

&$9<"%89$&9M28"#",(#&8"<9*&(#&



"#$%&'()*&#!$&!+! bioinformatics.ca 

H%/$-46*)!&26%.$&%0!
•! E(&+"#%278"<9&#7+9*%-&(5W9-<.K&&

&B(7&-"#&7.9&<19&3988@0#(3#&"*%<1+9,-&(29*"<(*.&

+ &"$$%,(#&&

- &.75<*"-,(#&&

* &+78,28%-",(#&&

/ &$%D%.%(#&&

^ &2(39*&

      

x.n <- 1 + 2 

x.n <- 3 ^ 2 

"#$%&'()*&#!$&!+! bioinformatics.ca 

L&3/).5!N.5(60!.#'!OP2%600/&#0!

•! g(7&-"#&3*%<9&8(I%-"8&9M2*9..%(#K&&

&31%-1&3%88&(7<27<&"&<*79&(*&)"8.9&D"879&

–! !(+2"*%.(#&(29*"<(*.&

–! `D"87"<9&(5W9-<&2*(29*,9.&

•! g(7&-"#&"8.(&"..%I#&<19&*9.78<.&()&.7-1&9M2*9..%(#.&&

&<(&(5W9-<.&()&<B29G&*"349,*'



"#$%&'()*&#!$&!+! bioinformatics.ca 

;&42.%/0&#0!I26%.$&%0!
•! O*9"<9*&H&.+"889*&<1"#&

value or object <  value or object 

value or object <= value or object 

value or object >  value or object 

value or object >= value or object 

x1.n <- 2  

x2.n <- 4 

x.bn <- x1.n > x2.n 

x.bn    # FALSE 

"#$%&'()*&#!$&!+! bioinformatics.ca 

;&42.%/0&#!I26%.$&%0!
•! `e7"8&<(&

value or object == value or object 

x1.n <- 2 

x2.n <- 2 

x.bn <- x1.n == x2.n 

x.bn   # TRUE   

–! ' ,*;,<-'%$+$+#$%'&"'5-$'=>>?',):')"&'=>?'@@@'



"#$%&'()*&#!$&!+! bioinformatics.ca 

I$-6%!5&3/).5!6P2%600/&#0!
•! !8"..&9D"87",(#&&

is.numeric (object) 

is.character (object) 

•! N29-%"8&D"879&9D"87",(#&

is.finite (object) 

is.na (object) 

"#$%&'()*&#!$&!+! bioinformatics.ca 

L&3/).5!I26%.$&%0!
•! A(*&.%#I89&D"879.&1"D9&"&$(7589&.B+5(8&&

•! A(*&D9-<(*.&1"D9&"&.%#I89&.B+5(8&J(29*"<9&989+9#<&5B&989+9#<L&

–! HKQ &&&  & 

–! I+ &||  | 

–! KIF &!  ! 

T && T   # T 

T && F   # F 

F && F   # F 

T || T   # T 

T || F   # T 

F || F   # F 

!T    # F 

!F    # T 

We will do some practice 

on data-set sub-setting 

using logical conditions 

later on 



"#$%&'()*&#!$&!+! bioinformatics.ca 

?26)/.5!K(46%/).5!N.5(60:!KH!

•! KH&%.&"&.29-%"8&D"879&<1"<&%.&"..%I#9$&319#&%<&%.&#(<&

2(..%589&<(&1"D9&"#&"-<7"8&D"879&

–! `M"+289G&319#K&%#&"&D9-<(*K&.(+9&989+9#<&1".&#(<&599#&

"..%I#9$&"&D"879&J.99&#9M<&-1"2<9*&)(*&+(*9&$9<"%8.L&

x.n <- NA  

is.na (x.n)    # TRUE&

–! '9&"3"*9&()&ZV&D"879.K&".&<19B&-"#&c2*(2"I"<9d&319#&B(7&

-(+27<9&(29*",(#.K&2*($7-%#I&+(*9&ZV&D"879.&

"#$%&'()*&#!$&!+! bioinformatics.ca 

?26)/.5!K(46%/).5!N.5(60:!"#R!
•! =&-"#&I9#9*"<9&D"879.&<1"<&"*9&#(<&*9"8&#7+59*.&

.7-1&".&2(.%,D9&"#$&#9I",D9&%#X#%<9&
  1 / 0   # Inf 

 -1 / 0   # - Inf 

–! E19.9&D"879.&"*9&"*%<1+9,-"88B&(29*"<9$&3%<1&<19&

)(88(3%#I&*9.78<.&

Inf + 1    # Inf 
Inf / 2    # Inf 



"#$%&'()*&#!$&!+! bioinformatics.ca 

,&%=02.)6!

•! E19&3(*0.2"-9&%.&<19&-(889-,(#&()&"88&<19&(5W9-<.&B(7&

1"D9&-*9"<9$&%#&"&.29-%X-&=&.9..%(#&

–! E(&8%.<&"88&(5W9-<.&%#&B(7*&3(*0.2"-9&

 ls () 

–! E(&*9+(D9&(5W9-<J.L&)*(+&<19&3(*0.2"-9&

 rm (objects)  rm (x.n, y.n) 

–! E(&*9+(D9&"88&(5W9-<.&%#&<19&3(*0.2"-9&

&rm (list = ls ()) 

"#$%&'()*&#!$&!+! bioinformatics.ca 

?.96!$-6!,&%=02.)6!

•! g(7&-"#&."D9&"88&(5W9-<.&%#&B(7*&3(*0.2"-9K&)(*&7.9&%#&

"#(<19*&.9..%(#K&9%<19*&7.%#I&<19&OC;&(*&7.%#I&<19&

-(++"#$.&

save (objects, file = filename) 

save (x.n, y.n, file = "ws_xn.RData") 

save.image (file = filename) 

save.image (file = "ws_all.RData") 

."D94%+"I9&."D9.&"88&(5W9-<.&



"#$%&'()*&#!$&!+! bioinformatics.ca 

,&%=/#3!'/%6)$&%@!
–! 6%#$&<1"<&<19&3(*0.2"-9&3%88&59&."D9$&<(&"&X89&8(-"<9$&%#&

<19&-7**9#<&3(*0%#I&$%*9-<(*B&

–! E(&-1"#I9&<19&3(*0%#I&$%*9-<(*B&7.9&<19&OC;&(*&<19&

)(88(3%#I&-(++"#$&

 setwd (path) 

 setwd ("C:\Users\Daniele\Documents\Data") 

–! E(&-19-0&31"<h.&<19&-7**9#<&3(*0%#I&$%*9-<(*B&&

 getwd () 

"#$%&'()*&#!$&!+! bioinformatics.ca 

N6)$&%0!
•! V&!"#$%&&%.&"#&(5W9-<&-(+2(.9$&()&"#&(*$9*9$&

-(889-,(#&()&989+9#<.&&R!$-6!0.46!$@26!

x.nv <- c (1943, 1940, 1942, 1940) 

x.chv <- c ("George", "John", "Paul", "Ringo") 

class (x.nv)   # numeric 

class (x.chv)  # character 

–! ! c () %.&<19&-(#-"<9#",(#&-(++"#$K&<1"<&B(7&

-"#&7.9&<(&I9#9*"<9&"#&(*$9*9$&-(889-,(#&()&989+9#<.&

  c (value or object, value or object, …) 

–! ! 7.9 length (vector) <(&-(7#<&<19&#7+59*&()&

D9-<(*&989+9#<.& 



"#$%&'()*&#!$&!+! bioinformatics.ca 

N6)$&%!"#'6P60!
–! E(&"--9..&"&.75.9<&()&<19&D9-<(*K&7.9&%#$9M9.G&<19&X*.<&

989+9#<&%.&"..(-%"<9$&<(&%#$9M&:K&9<-i&

&x.chv <- c ("George", "John", "Paul", "Ringo") 

 x.chv[1]   # "George" 

 x.chv[3]   # "Paul" 

 x1.chv <- x.chv[1: 3] 

 x1.chv <- x.chv[c (1, 4)]   

 i <- 1 

 x.chv[i] 

"#$%&'()*&#!$&!+! bioinformatics.ca 

N6)$&%!"#'6P60!
–! E19&"F9+2<&<(&9M<*"-<&"#&989+9#<&<1"<&$(9.&#(<&9M%.<&3%88&

2*($7-9&"#&9**(*&

&x.chv <- c ("George", "John", "Paul", "Ringo") 

 x.chv[5]    

–! P(39D9*K&B(7&3%88&59&"589&<(&"..%I#&"&&D"879&<(&"&2(.%,(#&

<1"<&$(9.&#(<&9M%.<&B9<&

 x.chv[5] <- "The Walrus" 

•! ;)K&$(%#I&.(K&B(7&.0%2&2(.%,(#.&<1"<&1"D9&#(&D"879.&"..%I#9$K&ZV&

D"879.&3%88&59&I9#9*"<9$&

 x.chv[7] <- "The Eggman" 

 x.chv[6]  # NA 



"#$%&'()*&#!$&!+! bioinformatics.ca 

N6)$&%!"#'6P60!

•! j9-<(*&989+9#<.&-"#&"8.(&59&"--9..9$&

–! C.%#I&<9M<7"8&8"598.&"..(-%"<9$&<(&989+9#<.&

–! C.%#I&D9-<(*.&()&8(I%-"8&D"879.&

&J(#8B&989+9#<.&3%<1&"&-(**9.2(#$%#I&<*79&D"879&3%88&59&

9M<*"-<9$L&

"#$%&'()*&#!$&!+! bioinformatics.ca 

L&3/).5!"#'6P60!

•! (#8B&989+9#<.&3%<1&"&-(**9.2(#$%#I&$%(6!9.5(6!3%88&59&9M<*"-<9$&

!x1.nv <- c (1: 4) 

 x1.nv[x1.nv > 2]   # 3 4 

 x2.nv <- c (1: 2, NA, 0, 0) 

 x2.nv[!is.na (x2.nv)]   # 1 2 0 0  

•! which()&<*"#.)(*+.&8(I%-"8&D9-<(*.&%#<(&#7+9*%-"8&%#$9M&D9-<(*.&

 which (!is.na (x2.nv))  # 1 2 3 4&



"#$%&'()*&#!$&!+! bioinformatics.ca 

G.$%/)60!
•! 6"<*%-9.&"#$&"**"B.&-"#&59&*9I"*$9$&".&<19&&

&\@$%+9#.%(#"8&9M<9#.%(#&()&D9-<(*.&

•! U%09&)(*&D9-<(*.K&&

–! E19%*&989+9#<.&+7.<&"88&59&()&<19&."+9&<B29&

–! E19B&1"D9&#"+9.&J+"<*%-9.G&-(87+#&"#$&*(3&#"+9.L&

"#$%&'()*&#!$&!+! bioinformatics.ca 

"#/*.5/S6!.!4.$%/P!
matrix (values, ncol, nrow, byrow) 

x.mx <- 
matrix (c (1: 6), ncol = 2, nrow = 3, byrow = T) 

#      [,1] [,2] 

# [1,]    1    2 
# [2,]    3    4 
# [3,]    5    6 

dim (x.mx)    # 3, 2 

class (x.mx)    # matrix 



"#$%&'()*&#!$&!+! bioinformatics.ca 

"#/*.5/S6!.!4.$%/P!!

–! C#8%09&)(*&D9-<(*.K&(#-9&"&+"<*%M&1".&599#&%#%,"8%Q9$K&%<&%.&#(<&

2(..%589&<(&"--9..&989+9#<.&(7<.%$9&<19&$9X#9$&$%+9#.%(#.&

 x.mx <-  
 matrix (c (1: 6), ncol = 2, nrow = 3, byrow = T) 

 x.mx[3, 3] <- 7 

 # Error in x.mx[3, 3] <- 7 : subscript out of bounds&

–! E(&"$$&"$$%,(#"8&*(3.&(*&-(87+#.&<(&"#&%#%,"8%Q9$&+"<*%MK&

-19-0&(7<&<19&+,&%4A'9")9,&$),B")'"2$%,B")-'

"#$%&'()*&#!$&!+! bioinformatics.ca 

G.$%/P!"#'6P/#3!
•! ;#&"#"8(IB&<(&D9-<(*.K&<19*9&"*9&$%b9*9#<&3"B.&<(&

"--9..&<19&+"<*%M&989+9#<.&

–! Z7+9*%-"8&%#$9M9.&

–! U(I%-"8&D"879.&

–! E9M<&8"598.&J*(3#"+9.K&-(8#"+9.L&



"#$%&'()*&#!$&!+! bioinformatics.ca 

G.$%/P!"#'6P60!
–! V&+"<*%M&989+9#<&%.&%$9#,X9$&5B&"&2"%*&()&%#$9M9.&

x.mx <-  
matrix (c (1: 6), ncol = 2, nrow = 3, byrow = T) 

x.mx[1, 1]     

# 1 

x.mx[1: 2, ] 

#      [,1] [,2] 

# [1,]    1    2 

# [2,]    3    4 

"#$%&'()*&#!$&!+! bioinformatics.ca 

+&8#.460!.#'!;&5#.460!
x.mx <-  
matrix (c (1: 6), ncol = 2, nrow = 3, byrow = T) 

colnames (x.mx) <- c ("c1", "c2") 

rownames (x.mx) <- c ("r1", "r2", "r3") 

x.mx["r1", ]    

# r1 r2 r3  

# 1  3  5  

class (x.mx["r1", ])   # integer 

dim (x.mx["r1", ])   # NULL 

•! Z(<9&<1"<&5B&.75.9k#I&<19&+"<*%M&<(&"&.%#I89&$%+9#.%(#&<19&-8"..&

1".&-1"#I9$&<(&J%#<9I9*L&D9-<(*K&"&.75<B29&()&#7+9*%-&D9-<(*&



"#$%&'()*&#!$&!+! bioinformatics.ca 

H9&/'/#3!G.$%/P!$&!N6)$&%!;&#96%0/&#!

•! ;)K&"l9*&"&.75.9k#I&(29*",(#K&B(7*&+"<*%M&59-(+9.&"&D9-<(*K&59&

"3"*9&<1"<&B(7&3%88&8(.9&.9D9*"8&)9"<7*9.&<B2%-"8&()&+"<*%-9.&

–! colnames ()&"#$&rownames ()&3%88&#(<&59&"D"%8"589K&(#8B&names 
()&3%88&59&"D"%8"589&

–! dim ()&3%88&59&ZCUUK&(#8B&length ()&3%88&59&"D"%8"589&

•! E(&"D(%$&<1%.K&7.9&<19&)(88(3%#I&(2,(#G&

&matrix_object [i, j, drop = F] 

 x33.mx <- x.mx [3, 3, drop = F]&
!class (x33.mx); dim (x33.mx) 

"#$%&'()*&#!$&!+! bioinformatics.ca 

H%/$-46*)!I26%.*&#0!
•! 6"<*%M&"#$&.-"8"*G&&&

–! 9D9*B&989+9#<&()&<19&+"<*%M&%.&(29*"<9$K&7.%#I&<19&.-"8"*&

–! V$$%,(#K&.75<*"-,(#K&+78,28%-",(#K&$%D%.%(#K&i&

•! 6"<*%M&"#$&D9-<(*G&&

–! <19&D9-<(*&%.&<*9"<9$&".&"&+"<*%M&3%<1&(#8B&(#9&*(3&(*&
-(87+#&

–! 3%<1&*9-B-8%#I&%)&*9e7%*9$&

•! 6"<*%M&"#$&+"<*%MG&

–! `89+9#<&5B&989+9#<&J-(+2",589&$%+9#.%(#.&*9e7%*9$L&

–!6"<*%M&2*($7-<&J.%+%8"*&<(&$(<&2*($7-<L&



"#$%&'()*&#!$&!+! bioinformatics.ca 

G.$%/P!;&#).$6#.*&#!

•! 6"<*%M&-(#-"<9#",(#&9#"589.&<(&"$$&"&*(3&(*&"&-(87+#&

<(&"&2*9@9M%.,#I&+"<*%M&

–! rbind ()&%.&7.9$&<(&-(#-"<9#"<9&5B&*(3&"#$&cbind ()&%.&
7.9$&<(&-(#-"<9#"<9&5B&-(87+#&

x.mx <-  
matrix (c (1: 6), ncol = 3, nrow = 2, byrow = T) 

cbind (x.mx, c (7, 8)) 

#      [,1] [,2] [,3] [,4] 

# [1,]    1    2    3    7 

# [2,]    4    5    6    8&

"#$%&'()*&#!$&!+! bioinformatics.ca 

Q.$.DR%.460!

•! V&$"<"&)*"+9&%.&.%+%8"*&<(&"&+"<*%M&&

&57<&9D9*B&-(87+#&-"#&1"D9&"&:4C$%$)&'&<2$&&

&J#7+9*%-K&-1"*"-<9*K&8(I%-"8K&)"-<(*L&

•! N<",.,-"8&$"<"&"*9&<B2%-"88B&8("$9$&)*(+&X89.&".&

$"<"4)*"+9.&



"#$%&'()*&#!$&!+! bioinformatics.ca 

+6.'D$.>56!
•! =9"$4<"589&%.&<B2%-"88B&7.9$&<(&*9"$&<"5@K&-(++"@&"#$&.2"-9@

.92"*"<9$&X89.&%#<(&$"<"4)*"+9. 

x.df <- read.table ( 
   filename, 
   sep = "\t", 
   header = T, 
   quote  = "", 
   comment.char = "", 
   stringsAsFactors = F 
   )&

•! sep&%.&<19&.92"*"<(*&-1"*"-<9*m&7.9&"\t" )(*&<"5&

•! header&-(#<*(8.&<19&2*9.9#-9&()&"&-(87+#&,<89.&%#&<19&X*.<&*(3&

•! quote&%.&"&-1"*"-<9*&D9-<(*&%#$%-",#I&31%-1&-1"*"-<9*.&"*9&7.9$&<(&3*"2&.<*%#I.&

<1"<&%#-87$9&<19&.92"*"<(*&-1"*"-<9*&

•! stringsAsFactors&-(#<*(8.&"7<(+",-&-(#D9*.%(#&()&-1"*"-<9*&D9-<(*.&<(&

)"-<(*.&

•! comment.char&%#$%-"<9.&31%-1&-1"*"-<9*&3%88&59&%#<9*2*9<9$&".&<19&59I%##%#I&

()&"&-(++9#<&J#(<&*9"$&%#<(&<19&$"<"4)*"+9L&

"#$%&'()*&#!$&!+! bioinformatics.ca 

,%/$6D$.>56!
•! 3*%<94<"589&%.&<19&c-(+2"#%(#d&()&*9"$&<"589K&%<&%.&7.9$&<(&3*%<9&

$"<"4)*"+9.&<(&<"5H.2"-9H-(++"@.92"*"<9$&<9M<&X89.&

write.table ( 
   x.df, 
   sep = "\t", 
   col.names = T, row.names = F, 
   quote  = F, 
   filename) 

•! col.names row.names&-(#<*(8&319<19*&<(&2*%#<&<19&-(8#"+9.&"#$&

*(3#"+9.m&+%#$&<1"<&<19&-(87+#&()&*(3#"+9.&3%88&#(<&1"D9&&-(87+#&#"+9&

•! quote&-(#<*(8.&319<19*&-1"*"-<9*&D9-<(*.&3%88&59&2*%#<9$&3%<1&e7(<9&

-1"*"-<9*.&J7.7"88B&"D(%$&<1%.L  



"#$%&'()*&#!$&!+! bioinformatics.ca 

Q.$.DR%.46:!"#/*.5/S.*&#!

x.df <- data.frame ( 
   c1 = c (1, 2, 3), 
   c2 = c ("a", "b", "c"), 
   c3 = factor (c ("f1", "f2", "f2")), 
   stringsAsFactors = F 
   ) 

"#$%&'()*&#!$&!+! bioinformatics.ca 

Q.$.DR%.46!"#'6P/#3!
–! >"<"4)*"+9.&"*9&%#<9*#"88B&*92*9.9#<9$&".&8%.<.K&3%<1&<19&

"$$%,(#"8&-(#.<*"%#<&<1"<&(5W9-<.&+7.<&59&D9-<(*.&(*&

)"-<(*.&3%<1&9e7"8&89#I<1&

–! ;#$9M%#I&)(88(3.&<19&*789.&)(*&8%.<.&

•! $& &!&"--9..&-(87+#&"#$&(7<27<&D9-<(*&

•! [[]] &!&"--9..&-(87+#&"#$&(7<27<&D9-<(*&

•! [] &!&"--9..&-(87+#&"#$&(7<27<&$"<"4)*"+9&

class (x.df)   # [1] "data.frame" 
class (x.df$c1)   # [1] "numeric" 
class (x.df$c2)   # [1] "character" 
class (x.df$c3)   # [1] "factor" 
class (x.df[, "c1"])  # [1] "data.frame" 



"#$%&'()*&#!$&!+! bioinformatics.ca 

?(>06T#3!Q.$.DR%.460!!

B0/#3!L&3/).5!;&#'/*&#0!

•! g(7&3%88&(l9#&1"D9&<(&.75.9<&<(&<19&*(3.&()&"&$"<"4)*"+9&

<1"<&+99<&I%D9#&-(#$%,(#.G&7.9&subset 

 subset (data.frame, logical condition)&

&subset (x.df, c1 > 2 | c2 == "b")&
#  c1 c2 c3 

#2  2  b f2 

#3  3  c f2 

–! ;#&<19&8(I%-"8&-(#$%,(#&B(7&-"#&*9)9*&<(&<19&$"<"4)*"+9&-(87+#.&W7.<&

5B&<19%*&#"+9&J94I4&c1L 

"#$%&'()*&#!$&!+! bioinformatics.ca 

M.)$&%0!

•! A"-<(*.&"*9&59.<&7.9$&319#&B(7&1"D9&).$63&%/).5!'.$.!

!%494&319#&B(7&1"D9&"&-(889-,(#&()&D"879.&<1"<&598(#I&<(&"&$%.-*9<9&
.9<K&"#$&<19&."+9&D"879&-"#&"229"*&+78,289&,+9.&
–! !"<9I(*%-"8&D"*%"589G&-%I"*9F9&.+(0%#I&.<"<7.&JcN<"<7.dL&

–! !"<9I(*%-"8&D"879.&J*$D$*-LG&c2*9.9#<dK&c2".<dK&c#9D9*d&

smoke.df <- data.frame ( 
 Individual = c ("John", "Bob", "Jack", "Al"), 
 Status = factor (c ("present", rep ("past", 2), 
"never")), 

 stringsAsFactors = F 
 ) 

levels (smoke.df$Status) 



"#$%&'()*&#!$&!+! bioinformatics.ca 

F.>56!
•! E(&-(7#<&1(3&+"#B&,+9.&9"-1&89D98&(--7*.&%#&"&)"-<(*&&

 table (smoke.df$Status) 
 # never: 1, past: 2, present: 1 

•! ;)&<3(&)"-<(*.&"*9&2*9.9#<K&B(7&-"#&"8.(&-*(..&<"578"<9&<19+ 
x.df <- data.frame ( 
   A = c (rep ("a1", 2), rep ("a2", 2)),  
   B = c (rep ("b1", 1), rep ("b2", 3)) 
   ) 

table (x.df) 
#     B 
# A    b1 b2 
#   a1  1  1 
#   a2  0  2 

"#$%&'()*&#!$&!+! bioinformatics.ca 

L/0$0!
•! U%.<.&"*9&(*$9*9$&-(889-,(#.&()&(5W9-<.&

–! V&8%.<&1".&"&#7+59*&()&.8(<.K&31%-1&-"#&59&"--9..9$&5B&

#"+9.&J%494&-1"*"-<9*&8"598.L&(*&5B&#7+9*%-&%#$9M9.&

–! E19&-(#<9#<&()&<19&.8(<&-"#&59&()&"#B&-8"..&J.%#I89&D"879K&

#7+9*%-&(*&-1"*"-<9*m&D9-<(*m&+"<*%Mm&8%.<m&9<-iL&

–! N9D9*"8&=&)7#-,(#.&)(*&.<",.,-.&(7<27<&"&8%.<&

Slot OBJECT 

Slot OBJECT 

LIST 



"#$%&'()*&#!$&!+! bioinformatics.ca 

L/0$!OP.4256!
x.ls <-  
list (Name = "John", Surname = "Locke", Birth_year = 

1632) 

# $Name 

# [1] "John" 

# 

# $Surname 

# [1] "Locke" 

# 

# $Birth_year 

# [1] 1632 

"#$%&'()*&#!$&!+! bioinformatics.ca 

H))600/#3!L/0$!?5&$0!
•! V&.8(<&-"#&59&"--9..9$&

–! 'B&#7+9*%-"8&(*&8(I%-"8&%#$9M&

–! 'B&.8(<&#"+9&D"879&

x.ls[[2]] 

x.ls$Surname 

x.ls[["Surname"]] 

s.ch <- "Surname"; x.ls[[s.ch]]   

# "Locke" 



"#$%&'()*&#!$&!+! bioinformatics.ca 

L.>!H00/3#46#$0!

:4! =9"$&nA(*59.o\ppq4<M<n&".&"&$"<"4)*"+9&

\4! !(7#<&<19&#7+59*&()&-"<9I(*%-"8&D"879.&()&r-"<9I(*Br&-(87+#&

]4! !(7#<&<19&#7+59*&()&ZV&D"879.&()&r2*(X<.r&-(87+#&

q4! =9+(D9&<19&*(3.&3%<1&ZV&D"879.&

s4! /*%<9&<19&.75.9<&$"<"&<(&"&#93&<"589&

T4! U%.<&<19&(5W9-<&%#&<19&3(*0.2"-9&

t4! N"D9&<19&(5W9-<&rA(*59.o##"4$)r&".&rA(*59.o##"4=>"<"r&

3(*0.2"-9&

N(87,(#.&%#&<19&#9M<&.8%$9.K&57<&<*B&<(&XI7*9&%<&(7<&B(7*.98)&

"#$%&'()*&#!$&!+! bioinformatics.ca 

# 1 

# set working directory... 

Forbes.df <- read.table ( 

 file = "Forbes_2004.txt",  

 sep = "\t", header = T,  

 stringsAsFactors = T) 

# 2 

table (Forbes.df$category) 

# 3 

notna.ix <- which (!is.na (Forbes.df$profits)) 

length (notna.ix) / nrow (Forbes.df) 

# 0.9975 

# 4 

Forbes_nna.df <- Forbes.df[notna.ix, ] 



"#$%&'()*&#!$&!+! bioinformatics.ca 

# 5 

write.table ( 

 Forbes_nna.df, 

 sep = "\t", 

 col.names = T, row.names = F, 

 quote = F, 

 file = "Forbes_2004_nna.txt" 

 ) 

# 6 

ls () 

# 7 

# set working directory... 

save (Forbes_nna.df, file = "Forbes_nna.RData") 

"#$%&'()*&#!$&!+! bioinformatics.ca 

+6R6%6#)60!

•! +!F($&%/.5!

&1F2GHH3334-B-8%.+(4(*IH<7<(*%"8H=H&

!1F2GHH5"$9*8"54(*IH?"<13"BV#"8B.%.=9"$%#I.uU9-<7*9.&

•! +!<%&J6)$!A&46!

&1F2GHH3334*@2*(W9-<4(*IH&

•! H#!"#$%&'()*&#!$&!+!

&1F2GHH-*"#4*@2*(W9-<4(*IH$(-H+"#7"8.H=@%#<*(42$)&

' 'E/$'#,-49'+,)5,*'F"%'!'2%"3%,++4)3'

•! +!+6R6%6#)6!;.%'!

&1F2GHH-*"#4*@2*(W9-<4(*IH$(-H-(#<*%5HN1(*<@*9)-"*$42$)&

•! ?9<9*&>"8I""*$4&"#$%&'()$&%@!?$.*0*)0!8/$-!+G&N2*%#I9*&

& &H'354:$'&"'&/$'5-$'"F'!',):'F5):,+$)&,*'-&,B-B9,*',),*<-4-''

•! G&%6!U&&=0&

&1F2GHH3334*@2*(W9-<4(*IH$(-H5%5H=@W"5*9)41<+8&



"#$%&'()*&#!$&!+! bioinformatics.ca 

A&8!$&!"#0$.55!+!&#!V&(%!I8#!

•! ,/#'&80!B06%0!

–! ;#.<"88&=&
•! >(3#8("$&)*(+&
&1F2GHH-*"#4*@2*(W9-<4(*IH5%#H3%#$(3.H5".9H&

•! j%.<"&7.9*.G&<(&"D(%$&2"%#K&%#.<"88&=&%#&"&.75)(8$9*&()&B(7*&7.9*&)(8$9*&

&(*&*9)9*&<(&<1%.G&&
-W2:XX)%.#D%Y2%&J6)$D&%3X>/#X8/#'&80X>.06X%8YMHZD-$45[Q&60Y+Y%(#Y(#'6%Y,/#'&80Y

N/0$.\]]^R!

–! R2,(#"8G&%#.<"88&=&-($9&9$%<(*&
•! >(3#8("$&Z(<92"$^^&
&1F2GHH.(7*-9)(*I94#9<H2*(W9-<.H#(<92"$@287.HX89.H&

•! >(3#8("$&Z22E(=&J%#<9*)"-9.&Z(<92"$$^^&"#$&=L&
&1F2GHH.(7*-9)(*I94#9<H2*(W9-<.H#22<(*H&

"#$%&'()*&#!$&!+! bioinformatics.ca 

A&8!$&!"#0$.55!+!&#!V&(%!I8#!
•! G.)!B06%0!

–! ;#.<"88&=&

•! 1F2GHH-*"#4*@2*(W9-<4(*IH5%#H+"-(.MH&

–! =&-($9&9$%<(*G&&

•! v7.<&7.9&<19&57%8<@%#&(#9&



"#$%&'()*&#!$&!+! bioinformatics.ca 

/9&"*9&(#&"&!(b99&'*9"0&w&

Z9<3(*0%#I&N9..%(#&


