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> 0.45 == 3%0.15
[1] FALSE
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> 0.45 == 3%0.15
[1] FALSE
lslous 53 s 355 58 Lol 05,5 kb o LU ODEs! ol (dned &) S|
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> 0.45 == 3%0.15

[1] FALSE
QL,MW):Ua}-Q;;;Jf el 935 as o LB OOl (e ) e
S pten Uas (S5 5 pazd & 2 oo

AL S s Ll Sl phs 4 S5 bl T Lo s cpl ohs &
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> 0.45-3%0.15

[1] 5.551115e-17
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>7>5
[1] TRUE
>7 <5
[1] FALSE
>T7 >=7
[1] TRUE
> 7 <=5
[1] FALSE
> 7 ==
[1] FALSE
> 7 =
[1] TRUE
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dind 29355 s Shee (laauglis



sl s o soes 2ol A (585 Glaanolis 5 5ld saes boslasl b aloe s
S 1y |y SIS iz Vsene allequal() 5o

(0.5-0.3) == (0.3-0.1)

[1] FALSE

> all.equal(0.5-0.3,0.3-0.1)
(1] TRUE



sl s o s 2ol A (585 Glaanolis 5 5ld aes boslasl b aloe s
S 1y |y SIS iz Vsene allequal() 5o

(0.5-0.3) == (0.3-0.1)

[1] FALSE

> all.equal(0.5-0.3,0.3-0.1)
(1] TRUE

cor 5 and Sl Jyp s Sles

> (5> 7) & (6%7 == 42)
[1] FALSE
> (5> 7) | (67 == 42)
[1] TRUE
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> typeof (7)

[1] "double"

> is.numeric(7)

[1] TRUE

> is.integer(7)

[1] FALSE

> is.character(7)
[1] FALSE

> is.character("7")
[1] TRUE

> is.character("seven")
[1] TRUE

> is.na("seven")
[1] FALSE
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:a&ﬁocb

> as.character(5/6)

[1] "0.833333333333333"

> as.numeric(as.character(5/6))

[1] 0.8333333

> 6*as.character(5/6)

Error in 6 * as.character(5/6) : non-numeric argument to binary ope:
> 6*as.numeric(as.character(5/6))

[11 5

> 5/6 == as.numeric(as.character(5/6))

[1] FALSE
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> pi
[1] 3.141593
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Laosls & Oals (’b
i 2x a3 18 Lo Lesl s 1y L ae (OUSRL cpl 23S (MSRL 1 Laosls 0 5o
1le s as-Lu R)é )Lfe Lhrl.l
> pi
[1] 3.141593

> approx.pi <- 22/7

> approx.pi

[1] 3.142857

> diameter.in.cubits = 10

> approx.pi*diameter.in.cubits
[1] 31.42857

1y 51 o Aoy 1y g 500l o SladS (la e Lol 31 eslicd
OLs lp ey il @
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i 2x a3 18 Lo Lesl s 1y L ae (OUSRL cpl 23S (MSRL 1 Laosls 0 5o
1le s as-Lu R)é )Lfe Lhrl.l
> pi
[1] 3.141593

> approx.pi <- 22/7

> approx.pi

[1] 3.142857

> diameter.in.cubits = 10

> approx.pi*diameter.in.cubits
[1] 31.42857

1y 51 o Aoy 1y g 500l o SladS (la e Lol 31 eslicd

OLs lp ey il @
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1le s as-Lu R)é )Lfe Lhrl.l
> pi
[1] 3.141593

> approx.pi <- 22/7

> approx.pi

[1] 3.142857

> diameter.in.cubits = 10

> approx.pi*diameter.in.cubits
[1] 31.42857

1y 51 o Aoy 1y g 500l o SladS (la e Lol 31 eslicd
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1le s as-Lu R)é )Lfe Lhrl.l
> pi
[1] 3.141593

=L < —jlewsle LS Shes

> approx.pi <- 22/7

> approx.pi

[1] 3.142857

> diameter.in.cubits = 10

> approx.pi*diameter.in.cubits
[1] 31.42857

1y 51 o Aoy 1y g 500l o SladS (la e Lol 31 eslicd
OLs Gl el bl g5
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b Sl
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win pn 33V B 5 Ve 5 cell VP Slasle mle @
$3,8 A5 fymile A 5 050elS Yo 1500 LT
> 60%20 + 40%8 <= 1600
[1] TRUE
> 3%20 + 1%8 <= 70
[1] TRUE
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b 1S o 55 0500l 5 ble GELES Lo 5 5V g5 3l eslisd b sl S
505 5L aYs ) 5L cele b il S e
S5 aYs 5 ¥ 5L celu £ 5elS K@
win a3 N 5V 5L el VP Dl as)le e @
OS5 a5 oedle A5 0508 Y0 0l U
> 60%20 + 40%8 <= 1600
[1] TRUE
> 3%x20 + 1*%8 <= 70
[1] TRUE

Coshr pdle 4 5 O slS Y
> 60%20 + 40%9 <= 1600
[1] TRUE
> 3%20 + 1x9 <= 70
[1] TRUE
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S5 g az oldel ool a8 5 55ks in 1y dlges ol sl (Ko codisl 55 (S @0 a0 @

> hours.car <- 40; hours.truck <- 60

> steel.car <- 1; steel.truck <- 3

> available.hours <- 1600; available.steel <- 70

> output.trucks <- 20; output.cars <- 10

> hours.car*output.cars + hours.truck*output.trucks <= available.hours
[1] TRUE

> steel.car*output.cars + steel.truck¥output.trucks <= available.steel
[1] TRUE
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> hours.car <- 40; hours.truck <- 60

> steel.car <- 1; steel.truck <- 3

> available.hours <- 1600; available.steel <- 70

> output.trucks <- 20; output.cars <- 10

> hours.car*output.cars + hours.truck*output.trucks <= available.hours
[1] TRUE

> steel.car*output.cars + steel.truck¥output.trucks <= available.steel
[1] TRUE

blze (sla ane ol IS L S 85 (g5 3L Y ST 08 (nip JSS pl b
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> x <- c(7, 8, 10, 45)
> X

[1] 7 8 10 45

> is.vector(x)

[1] TRUE

af/\0
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> x <- c(7, 8, 10, 45)
> X

[1] 7 8 10 45

> is.vector(x)

[1] TRUE

ol S sl 0 315 6T 55 Oled L 1 lap K palie ¢f) b

A Ge)ler a1 joble aes
(3398 3 (Gl 03 &S LI5S e £ Jsb 4 I s, SO vector(length = %) ;s
g b g ole lau g i oS 0 gl ol (sdtn [ ss

weekly.hours <- vector(length=5)
weekly.hours[5] <- 8

A¥ Vo
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>y <= c(-7, -8, -10, -45)

> x+y
[1] 00O0O

a¥/\#
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>y <= c(-7, -8, -10, -45)

> x+y
[1J] 0000

O pols il (5,505 51l S )l 4l (5l i Slkes 53 1551 STesks
Ly 1SS

> x + c(-7,-8)
[1] 0 0 3 37

1595 o )),SS I 5540 sde a8 dmar N Jsb b slayls (LgS slael ol by

>x + 1
[1] 8 9 11 46
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> (x> 9) & (x < 20)

[1] FALSE FALSE TRUE FALSE
> (x> 9) & (x < 20)

[1] FALSE

all.equal & identical 31 estsusl oly ¢ g 505 55, IS L ls 0 G S amnlis (51 5
:Cﬂw\

> x == -y

[1] TRUE TRUE TRUE TRUE

> identical(x,-y)

[1] TRUE

> identical(c(0.5-0.3,0.3-0.1),c(0.3-0.1,0.5-0.3))
[1] FALSE

> all.equal(c(0.5-0.3,0.3-0.1),c(0.3-0.1,0.5-0.3))
[1] TRUE
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« sum() ,length() ,min() ,maz() ,var() ,sd() ,median() ,mean() ®
Conl 32 G Ll aer s >
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Lowr LA)‘JJ..: ‘c‘}SJ\ Golws (35,5
« sum() ,length() ,min() ,maz() ,var() ,sd() ,median() ,mean() ®
Conl 32 G Ll aer s >

J.:\J;‘jaj (eSS o) ol )\bﬁ &3 "y SOTt() L4
LS o A5 1 St S S iisi()

LS o A5 e slayls 51, sae O Jold 4> S &S summary() @
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Lowr LA)‘JJ..: ‘c‘}SJ\ Golws (35,5
« sum() ,length() ,min() ,maz() ,var() ,sd() ,median() ,mean() ®
Conl 32 G Ll aer s >

Ll3 S (odics o) Lok )l S oS s0rt() @
LS o A5 1 St S S iisi()

0
LS o A5 e slayls 51, sae O Jold 4> S &S summary() @
()

Ldie Sy sbayls s sl all() 5 any() ®



Layls o sole Oals Q"')'J
st Lo il 51551

> x[c(2,4)]
[1] 8 45

> x[c(-1,-3)]
[1] 8 45

Sl

> x[x>9]
[1] 10 45
> y[x>9]
[1] -10 -45

L‘BQTJ:QLZ.A 4§ J\Ab@ djl.am.bl )\ )\Jﬁ &3 9 CM.-:‘ J}J )‘JJ..’ &3 whzch() LQJ))J
Liwas TRUE

> places <- which(x > 9)
> ylplaces]
[1] -10 -45

LA FALY



> names(x) <- c("vi","v2","v3","Hossein")
> names (x)

[1] "vi" "y2" "y3" "Hossein"

> x[c("Hossein","v1")]

Hossein v1

45 7

s s K3 names(1) dsed T 15 o3lie 31 end g ool LS C3s
(el (L ST )

> names(y) <- names(x)

> sort(names(x))

[1] "Hossein" "vi" "y2" "y3"
> which(names(x)=="Hossein")
[1] 4
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> hours <- c(hours.car,hours.truck)

> steel <- c(steel.car,steel.truck)

> output <- c(output.cars,output.trucks)

> available <- c(available.hours,available.steel)

35 Jos ) e w3sd 0 Y
> all(hours[1]*output [1]+hours[2] *output [2] <= available[1],

+ steel[1]*output[1]+steel[2] *output[2] <= available[2])
[1] TRUE

> all(c(sum(hours*output), sum(steel*output)) <= available)
[1] TRUE
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names (hours) <- c("cars", "trucks")

names (steel) <- names(hours)

names (output) <- names (hours)

names (available) <- c("hours","steel")
all(hours["cars"]*output ["cars"] + hours["trucks"]x*
output ["trucks"] <= available["hours"],
steel["cars"]*output["cars"] + steel["trucks"]*
output ["trucks"] <= available["steel"])

(1] TRUE

+ + + V V.V VYV
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needed <- c(sum(hours*output[names(hours)]),
sum(steel*output [names(steel)]))

names (needed) <- c("hours",'"steel")
all(needed <= available[names(needed)])

[1] TRUE
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> x.arr <- array(x,dim=c(2,2))
> x.arr

[,11 [,2]
[1,] 7 10
[2,1] 8 45

jjja.w.k.g-.)._g;@ R‘Urﬂ! dim .r)bd}wwﬂjbﬁdﬁdﬂgw‘.&:ﬁ‘wd:

2,85 53 O
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> x.arr <- array(x,dim=c(2,2))
> x.arr

[,11 [,2]
[1,] 7 10
[2,1] 8 45

jjja.w.l..g-.)._g}f@ R‘UVJA dim .rjsojvwwﬂjbﬁdﬁdj\gw‘.\lg‘.&;fdé

250 s o

Byl b bl dim gl ple oSl oa s ¥ slaalT Ol e
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el

> dim(x.arr)

[1] 2 2

> is.vector(x.arr)

[1] FALSE

> is.array(x.arr)

[1] TRUE

> typeof (x.arr)

[1] "double"

> str(x.arr)

num [1:2, 1:2] 7 8 10 45

53 s e 0L | abl skl str() L das e 0L 1y wll ol ¢ 5 typeof () e

Colg 53 5 «Llodd (I il V — Y L g5 2 a8 U 33 b el (3e a0l YU Jls
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I @‘)Tgﬁtgﬂj Do b ) glacas L Ol 5 0 (o @lj&:- 4
> x.arr[1,2]
[1] 10

> x.arr[3]
[1] 10

tsl O Ao om0 el SO Gl

> x.arr[c(1:2),2]
[1] 10 45

> x.arr[,2]

[1] 10 45
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> which(x.arr > 9)
[1] 3 4

S e T Tkl 250 b @l 51 ok

> y.arr <- array(y,dim=c(2,2))
> y.arr + x.arr
(.11 [,2]
[1,] 0 0
[2,1] 0 0

S e Jos T3 O o b w8 6oy o sb 4 Koo S

> rowSums (x.arr)
[1] 17 53
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> factory <- matrix(c(40,1,60,3) ,nrow=2)
> factory
[,1]1 [,2]
[1,] 40 60
[2,1] 1 3
> is.array(factory)
[1] TRUE
> is.matrix(factory)
(1] TRUE

S el g kw035 5l byrow = TRUE 5 ncol 3 ol 5 s <!
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> factory <- matrix(c(40,1,60,3) ,nrow=2)
> factory
[,1]1 [,2]
[1,] 40 60
[2,1] 1 3
> is.array(factory)
[1] TRUE
> is.matrix(factory)
(1] TRUE

S el g kw035 5l byrow = TRUE 5 ncol 3 ol 5 s <!
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7 ¢rwﬁj‘}éﬂﬂ{ﬁlegri;Lé%{ré‘stﬁ):D)b\)bji'uﬂL;ng&Pcgfﬁjsu o)
(J}Jdﬁ oslazul

?¢@@;.sevens <- matrix(rep(7,6) ,ncol=3)
> six.sevens
[,11 [,2]1 [,3]
[1,] 7 7 7
[2,] 7 7 7
> factory %*% six.sevens # [2x2] * [2x3]
[,11 [,21 [,3]
[1,] 700 700 700
[2,] 28 28 28
> six.sevens x*} factory # [2x3] * [2x2]
Error in six.sevens %*% factory : non-conformable arguments
> output <- c(10,20)
> factory %*J output
[,1]
[1,] 1600
(2,1 70
> output %*% factory
[,11 [,2]
[1,] 420 660

qf /v
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s
> t(factory) # Matrix transpose
(,11 [,2]
(1,1 40 1
[2,] 60 3
> det(factory) # Matrix determinant
[1] 60
> diag(factory) # Extracting or replacing the diagonal
[1] 40 3
> diag(factory) <- c(35,4) # Change it
> factory # See that it changed
(,11 [,2]
(1,1 35 60
(2,1 1 4
> diag(factory) <- c(40,3) # Set it back for later



1g(c(3,4)) # Creating a diagonal matrix
[,1]1 [,2]
[1,] 3 0
[2,] 0 4
> diag(2)
[,1]1 [,2]
[1,] 1 0
[2,] 0 1
> solve(factory) # Inverting a matrix
[,1] [,2]
[1,] 0.0500 -0.7500
[2,] -0.0125 0.4375
> factory %*% solve(factory)
(.11 [,2]
[1,] 1 0
[2,1] 0 1
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> available <- c(1600,70)

> solve(factory,available)

[1] 10 20

> factory %*J, solve(factory,available)
[,1]

[1,]1 1600

[2,] 70
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(oSt 08 ol 4 b el g B AS 0 SWS Lo g ch)\.lf(aL;

> rownames (factory) <- c("labor","steel")
> colnames(factory) <- c("cars","trucks")

> factory

cars trucks
labor 40 60
steel 1 3

> output <- ¢(20,10)

> names (output) <- c("trucks","cars"

> available <- c(1600,70)

> names(available) <- c("labor","steel")

> factory %*J, output # # But we’ve got cars and trucks mixed up
[,1]

labor 1400

steel 50

> factory %xJ, output[colnames(factory)]
[,1]

labor 1600

steel 70

> all(factory %*% output[colnames(factory)] <= available[rownames(factory)])

[1] TRUE
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> rowMeans (factory)
labor steel

50 2
> apply(factory,1,mean)
labor steel

50 2
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ey S e 1y g gen Lagsl & alie 3l slallss
> my.distribution <- list("exponential",7,FALSE)
> my.distribution

[[1]1]

[1] "exponential"

[[2]1]
(11 7

[[3]1]
[1] FALSE
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> my.distribution <- list("exponential",7,FALSE)
> my.distribution

[[1]1]

[1] "exponential"

[[2]1]
(11 7

[[3]1]
[1] FALSE
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3,5 eslaud (SO Gl SOU[]] 0L [] ) Ll dils Ol g5 a0 (o s (810

> is.character(my.distribution)

(1] FALSE

> is.character(my.distribution[[1]])

[1] TRUE

> my.distribution[2]~ 2

Error in my.distribution[2]72 : non-numeric argument
to binary operator

> my.distribution[[2]]72

[1] 49

Af /YA
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> is.character(my.distribution)

(1] FALSE

> is.character(my.distribution[[1]])

[1] TRUE

> my.distribution[2]~ 2

Error in my.distribution[2]72 : non-numeric argument
to binary operator

> my.distribution[[2]]72

[1] 49

bl o Sl e (oS o3l a3 puysl g [[1] 51 sl s S
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(e

> my.distribution <- c(my.distribution,7)
> my.distribution

[111

[1] "exponential"

[[2]1]

[11 7

[[31]

[1] FALSE

[[411

[11 7

> length(my.distribution)

[1] 4

> length(my.distribution) <- 3
> my.distribution

[111

[1] "exponential"

[[2]1]

[11 7

[[31]

[1] FALSE

4 /4
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> names(my.distribution) <- c("family","mean","is.symmetric")

> my.distribution

$family

[1] "exponential"

$mean

(11 7

$is.symmetric

[1] FALSE

rbﬁu\) \Jwﬂb$wy\9bo‘ﬁuu\rbbd\y@ﬂuw‘m;.))}.puﬂjé
(.L\fdo g_&J.?- \Jﬂ‘»&«)bhﬂj

> my.distribution$family

[1] "exponential"

> my.distribution[["family"]]
[1] "exponential"

> my.distribution["family"]
$family

[1] "exponential"
qF /¥



T PP W NI RN P U FC I g PR PSP R ATR
> another.distribution <- list(family="gaussian",mean=7,
+ sd=1,is.symmetric=TRUE)

> another.distribution

$family

[1] "gaussian"

$mean

(11 7

$sd

(11 1

$is.symmetric

[1] TRUE

¥ /¥



.distribution$was.estimated <- FALSE

74 distribution[["last.updated"]] <- "2011-08-30"
> my.distribution
$family

[1] "exponential"
$mean

[11 7
$is.symmetric

[1] FALSE
$was.estimated
[1] FALSE
$last.updated

[1] "2011-08-30"



.distribution$was.estimated <- FALSE

74 distribution[["last.updated"]] <- "2011-08-30"
> my.distribution
$family

[1] "exponential"
$mean

[11 7
$is.symmetric

[1] FALSE
$was.estimated
[1] FALSE
$last.updated

[1] "2011-08-30"

et b s 5 p8 e sl NULL s b OF a3 lie b cnd 53 (635)5 SO Gl

my.distribution$was.estimated<-NULL
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> a.matrix <- matrix(c(35,8,10,4) ,nrow=2)
> colnames(a.matrix) <- c("vi","v2")
> a.matrix
vl v2

[1,] 35 10
[2,] 8 4
> a.matrix$vl # The $ access operator doesn’t work on a matrix
Error in a.matrix$vl : $ operator is invalid for atomic vectors
> a.data.frame <- data.frame(a.matrix,logicals=c(TRUE,FALSE))
> a.data.frame

vl v2 logicals
135 10 TRUE
2 8 4 FALSE
> a.data.frame$vl # But $ does work on a data frame
[1] 35 8
> a.data.framel[,"v1"]
[1] 35 8
> a.data.frame[1,]

vl v2 logicals
135 10 TRUE
> colMeans(a.data.frame)
vl v2 logicals
21.5 7.0 0.5
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T a1 esls Sl b 4l G 4 1y lad e b U las 015 e cbind() 5 rhind()
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> rbind(a.data.frame,list(v1=-3,v2=-5,1logicals=TRUE))
vl v2 logicals

1 35 10 TRUE

2 8 4 FALSE

3 -3 -5 TRUE

> rbind(a.data.frame,c(3,4,6))
vl v2 logicals

1 35 10 1

2 8 4 0

3 3 4 6
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> eigen(factory)
$values
[1] 41.556171 1.443829
$vectors
[,1] [,2]
[1,]1 0.99966383 -0.8412758
[2,] 0.02592747 0.5406062
> class(eigen(factory))
[1] "1list"
> str(eigen(factory))
List of 2
$ values : num [1:2] 41.56 1.44

$ vectors: num [1:2, 1:2] 0.9997 0.0259 -0.8413 0.5406
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> factory %xJ eigen(factory)$vectorsl[,2]
[,1]
labor -1.2146583
steel 0.7805429
> eigen(factory)$values[2] * eigen(factory)$vectors[,2]
[1] -1.2146583 0.7805429
> eigen(factory)$values[2]
[1] 1.443829

> eigen(factory) [[1]1]1[[2]] # NOT [[1, 2]]
[1] 1.443829
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