%11 & BXEE
11: Programming

R 22— #ERX 3 EEAFEF (expression language), H AT — {3k i AR
AU EEE—EREABER S, EARETP BB RN ER, R E—
EEREERES (programming language), Rt T HERFE S B WG
(if-else), ##1 (switch), JBH (loop) &, B P& AlfE#EEE. R E—EREENES
(programming language), RtAIR C BXFES, RFBFSTUBEF—EEEEH
7 # X (function).

11.1 #EH 4435 7% Control Structures

R B2—HEREABEREAFES (expression language), HFfal—{f ik it A]#B
BB E—AFRERSGERR, CHEHESFRAEBRERIENER, ZEXK
BEEAATLET, REM—T AR BNREASERS, AT TR E—1TH0EE.
FEABERENZHI 298 77 MERIREGER #4T (new line) fER 8.

R iE—EEEERES (programming language), KL T HEERFE
BRGNS (if-else), i (switch), SEE (loop) &, BRFEHIEMEEE. %
EFERBCERE AT DI —#E, R — R RE SR ZABERR, B LA

OMEH (2018): BE 4t st
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o, ZEABGER N AT LA AR BEE—E, f,

1 > {expressioni; ... ; expressionm}

L, & —HNE G REABER VR, RRGAP & —EHE R ERN(E. B
AR—EHEEANREATER R, (AR —(HZEABERN, ErtrREBHEHAM
e, BB — AR ARG REASGERA .

11.2 Bt HEESs

Conditionals Execution

R Z2—EEMEERFES (programming language), Kt THERFES
HEH HKH4EH3E S (conditionals execution), B8 HKHEHIES if-else, BH
EHER ifelse(), UK BHEME switch ), F, FHBHIEFHEE

11.2.1 & HE S if-else gt
REREEWELR GHEHES if-clse ZEBAFTRE

1 > if(condition) {

2 ## condition = TRUE

3 do expressionl

4 } else {

5 ## condition = FALSE

6 do expression2

7 }

8

9 > if(conditionl) {
10 ## conditionl = TRUE
11 do expressionl
12 } else if(condition2) {
13 ## conditionl = FALSE
14 ## condition2 = TRUE
15 do expression2
16 } else {
17 ## condition2 = FALSE
18 do expression3d
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# FEABGER REHE, AR

1 > if (condition = TRUE) do expressioni

N

3 > if (condition = TRUE) do expressionl else do expression2

Hrt condition EEHIEM, condition B—H#EEHE, PEEHIRGR 2”7
B “#5” (TRUE or FALSE), condition [Elf—{[ #i & (scalar), & condition [E{#
TRUE, AJ${T do expressionl X FKEHXBGER; & condition [H[{# FALSE, ,\J
else ${T do expression2 Z FEABGER; H M do expression2, RIAE
EATES, 58 —1E NULL.

1 > ## if-else

2 > (x <- 1:5)

3112345

4 > if (x[3] > = 3) print("x is greater than or equal to 3")
5 [1] "x is greater than or equal to 3"

6 > if (x[38] > = 3) print("x > 3") else print("x < 3")

7 [1]1 "x > 3"

8 > if (x[2] > = 3) print("x is greater than or equal to 3")
9 > ## error: condition returns a logic vector
10 > if (x > 3) print("x > 3") else print("x < = 3")
11 111 "x <= 3"

12 Warning message:

13 In if (x > 3) print("x > 3") else print("x < = 3") :

14  the condition has length > 1 and only the first element will be used

TR EFIFES R EE R (expression), expressionl, expression2, expression3,
CEE A DIER “RER BEREEERERSGERER. —KREK:

1 > if (condition1) {

2 do expression21

3 do expression22

4 Ll

5 } else {

6 do expression31
7 do expression32
8

IR TR 11-clse REMRBERIER 11 74
1 > ## if-else {}

2 > (x <- 1:5)

31112345

4 > if (x[3]1 > = 3) {

5 print("x is greater than 3")
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6 print("or x is equal to 3")
7 } elseq{
8 print("x is less than 3")
9 print("x < 3")

10 ¥

11 [1] "x is greater than 3"
12 [1] "or x is equal to 3"
13 > #

14 > (x <- 1:5)
151112345

16 > if x[2] > = 3) {

17 print("x is greater than 3")
18 print("or x is equal to 3")
19 } elseq{

20 print("x is less than 3")
21 print("x < 3")

22 }

23 [1] "x is less than 3"

24 [1]1 "x < 3"

BRAHZHIFE S if-else MIEAMER, FTLIEEHIE, if-else A LAAERERT
HILRE S IEBR T RN R, W EHHE RLTELRE.

1 > ## if-else assign and calculation

2>(x<—0:4)

3M101234

4 > if (any(x < = 0)) y <- 10g(0.0000001+x) else y <- log(x)
5>y

6 [1] -16.1180957 0.0000001 0.6931472 1.0986123 1.3862944
7 >y <- if(any(x < = 0)) 10g(0.0000001+x) else log(x)

8 > y

9 [1] -16.1180957 0.0000001 0.6931472 1.0986123 1.3862944

IRIFRFIEES if-else B if BUEHHEM: condition HA T LG4 LA RIREH
&, H FH AR R R ERE «& (and) €2 || (or), BEEIE &4 (and) & || (or) B
ERUT:

1 > conditionl && condition2 && ...
2 > conditionl condition2

A EEBEE (condition) B R—{E 4 & KYEEE (logical value), B && I,
{2B7E conditionl BEMEN T, condition2 FEITHIEN, B || K, EBXE
conditionl BRMIEI T, condition2 FEITHIE. EEEFE &« M | KAHRHA
BHFETR, M & & || EHPRERS 1 HiE.
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1
2

1
2
3
4
5
6
7

BRSO, P HI R HIETE R FALSE #5258, AIBT EH K4 (expression4).

1
2
3
4
5
6
7
8
9
0
1

> ## if-else && and
> (x <- 2:5)
[11 23 45
> if (all(x > 0) && all(log(x) > 0)) {
y <- log(log(x));
print(cbind(x, y));
} elseq{
cat(’some x < = 1, unable to do log(log(x)) \n’);
}
x y
[1,] 2 -0.36651292
[2,] 3 0.09404783
[3,] 4 0.32663426
[4,] 5 0.47588500
> #
> ## if-else && and
> (x <- 0:3)
[11 0123
> if (all(x > 0) && all(log(x) > 0)) {
y <- log(log(x));
print(cbind(x, y));
} elseq{
cat(’some x < = 1, unable to do log(log(x)) \n’);
}
some x < = 1, unable to do log(log(x))

BRIFIEHIFES if-else WA LIREMRKAIFEE (nested), A1

> if (conditionl) {
do expressionl
} else if (condition2) {
do expression2
} else if (condition3) {
do expression3
} else do expression4d

> ## if-else nested
> (x <- seq(from = 0.1, to = 0.9, by = 0.2))
[1] 0.1 0.3 0.5 0.7 0.9
> if (all(x > 1)) {
print("all x > 1")
} else if (all(log(x) > 0)) {
print("all log(x) > 0O")
} else if (all(1/x < 0)) {
print("all 1/x < 0")
} else print("all are wrong")
[1] "all are wrong"
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11.2.2 A= HIE R ifelse()

R B2—EREFES, PR EHFHRESYHEETH. B R F8 REREES
if-else YGRS, AR —MED RGBS, ERPIETGRER 4%, (£5 TRUE 5
FALSE. A EEIFM if-else, B —1{H[a & AR ETRETR — G, A%
FH if-else. B, HMAE x (x.vec) NEFETTLREEITR —BRHZEH], & x. vec
> 0Hlx.vec = 1, HE x.dvec = 0,

1 > if(x.vec>0) 1 else O

EREEH x.vec BR—(HAER, ILRHFER LR (R E, ERFERAEHIFES if-else
BB

1 > ## if-else return a scalar

2 > (x <- seq(from = -2, to = 2))

310 -2-10 1 2

4 > if(x > 0) 1 else 0

5 I11 0

6 Warning message:

7 In if (x > 0) 1 else O :

8 the condition has length > 1 and only the first element will be used

FrLLEEERAERGE R R

1 > y <- numeric(length(x))
2> y[x>0] <=1
3>ylx<= 0] <0

4 >y

5100011

R{EHT if-else BRAEHFESHABPAZER ifelseO. HAIERR

1 > ifelse(test, yes, no)
2 > ifelse(condition.vec, yes.vec, no.vec)
3 > (tmp <- yes; tmp['test] <- no['test]; tmp)

H £ 25 B0l

e test, condition.vec: [ HIFAMA &, El{E logic vector.

e yes, yes.vec: & & condition.vec W5 i {EFRMAEHITTER.
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— # test = TRUEH condition.vec[i] = TRUE, [Al{# yes 8 yes.vec[i]

— # test = FALSE, B condition.vec[i] = FALSE [E[{# no & no.vec[i]

o KA ifelseO) R GHEE—FEME, BRINHEGNS | BAETRERREN

FEEFHFENRE.

> ## ifelse()

> (x <- seq(from = -2, to = 2))

11 -2 -1 0 1 2

> ifelse(x > 0, 1, 0)

[1] 00011

> #

> (x.vec <- seq(from = -2, to = 2))

[1] -2 -1 0 1 2

> (y.vec <- 1:5)

[11 12345

> (z.vec <- 11:15)

[1] 11 12 13 14 15

> ifelse(x.vec > 0, y.vec, z.vec)

[1] 11 12 13 4 5

> #

> ## ifelse() caution

> x <- c(6:-4)

> sqrt(x) #- gives warning
[1] 2.449490 2.236068 2.000000 1.732051 1.414214 1.000000 0.000000
[9] NaN NaN NaN

Warning message:

In sqrt(x) : NaNs produced

> sqrt(ifelse(x > = 0, x, NA)) # no warning
[1] 2.449490 2.236068 2.000000 1.732051 1.414214 1.000000 0.000000
[9] NA NA NA

> #

> ## Note: the following also gives the warning !

> ifelse(x > = 0, sqrt(x), NA)
[1] 2.449490 2.236068 2.000000 1.732051 1.414214 1.000000 0.000000
[9] NA NA NA

Warning message:

In sqrt(x) : NaNs produced

NaN

NA

NA
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11.3 M= fl 33k 28 X switch()

R A — A AR HEHE X svitch O, A DM I GRAEER B8 5 X F
HEREREEE T, WHITRENEENER . HAETR

1 > switch(EXPR, ...)

2 > switch(condition, expressionl, expression3, ... , expression{k}, ... , expression{N})

H £ 25 Bl

o KR switch() WEIEWIEE B & condition, expressionl, expression2,
., expressionN #£ N + 1 {E5[#.

e condition ZH 5%, MEBKEMEEHERR, X HEE BE k5 F&8.
e 7 condition [EIfE—H BH k, B

1>k<N, AT EH S expressionk;

k<18 k>N, HIEENULL.

o EEAHHIE—ME518 condition HE F&, AIEEZ Fek, FELH MG
ZFH) T AECH, FHEEYE, BT F£58 2 2% ficHv ez E5
.

1 > ## switch(integer, ...) integer

2 >x<-3

3 > switch(x, 2+2, mean(1:10), rnorm(5))

4 [1] -1.4928635 1.0811194 0.5648061 -1.8008694 -0.5191843
5 > switch(2, 2+2, mean(1:10), rnorm(5))

6 [1] 5.5

7 > switch(6, 2+2, mean(1:10), rnorm(5))

1 > ## switch(character, ...) character

2 > (y <- rnorm(5))

3 [1] -0.7222697 0.5327645 0.7280864 2.2874758 -1.1042229

4 > test <- ("median")

5 > switch(test, mean = mean(y), median = median(y), sum = sum(y))
6 [1] 0.5327645

7 > switch("mean", mean = mean(y), median = median(y), sum = sum(y))
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8 [1] 0.3443668
9 > switch("sum", mean = mean(y), median = median(y), sum = sum(y))
10 11 1.721834

11.4 EXE1EHFEE Repetitive Execution

R 2—EEKERES (programming language), Kttt THEREFES
HEH ERIEFHFES (repetitive execution), E& E B =% (loop control) for (),
FIE BB EEPAT while O, UK ERFATHABIES repeat () B break %,
HREEHIE R

11.4.1 EEEHFEZ: for()

—RTEXGES B Y B E =4 (for loop control) fEfEEEIERZ for loop, £ R
PR TEEREEEEE R for O, AILAS —ER B8 FIRNK T REEEES,
for () BfEAEEBIEN EERITIES, WAESR

1 > for(var in seq) expr

2 > for (id.name in sequelce.values) expression

H £ 25 B Hl:

e var, id.name s&i[ B

e seq, sequence.values AJLUZ—fEAI & (vector) B2 —3K7 (list), BHE 2
—AmEEER (FHEL 1.k EEPAHIR).
e expr, expression FHEIRIFEBEH id. name FRETHIFAHEE .

e 7f id.name J* sequence.values FTH A] IEIRBERE, #E AT expr 5

A
™.
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1 > ## for loop

2 > ## for()
3>x<-0

4 > for(i in 1:5){

5 x <- x+i

6 cat("i = ",i, ",", "x <- x+i =", x, "\n")
7 }

8i= 1, x< x+ti=1
9i= 2, x< x+ti =3
10 i = 3 , X <- x+t1i =6
11 i = 4 , X <- x+i = 10
12 i= 5, x <- x+i = 15
13 > #

14 > (x <- 1:5)
151112345
16 > for(i in 1:length(x)){

17 if (i > 1) {x[i] <- x[i-1] + x[il}

18 cat("i = ",i, ",", "x[i] <- x[i] + x[i-1] = ", x[i], "\a")
19 }

20 i =1, x[i] <- x[i] + x[i-1] = 1

21 i = 2, x[i] <- x[i] + x[i-1] = 3

22 i =3, x[i] <- x[i] + x[i-1] = 6

23 i =4, x[i] <- x[i] + x[i-1] = 10

24 i =5, x[i] <- x[i] + x[i-1] = 15

1

FER P for(i in 1:n) HEFHECERER, ZER—EE R, E n <0,
n £ 0 BCE B, BE 1L 0 B—ERBERBB(EREE, 7554, En <0,nf0
A, %$%‘£i@7\i@@$ﬂﬂ‘§%‘, FILMEERSME, B8 PIEE B R ER S
NRBRIAE. HEREMERES, RESERRIER forO HEE, K R EE—E
Bl A 2 AR, AEREER R, ¥ gk, BALELER, BB E
18T, BEH apply O FH, BUTHEEHE for O HHE. ATLLERGIFEREE, R 2
—AREFES, BEMEERPTHEHARERET. £/ for O HER, RIFL
AR LT AT Y A B BT, [ (R SRR

> ## for() speed

>x <- cQ

> system.time(

for(i in 1:40000){

x <- c(x, i) # here i is combined with previous contents of x

)
user system elapsed
2.07 0.03 2.12

1
2
3
4
5
6 }
7
8
9
0> #
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11 > x <- numeric(40000) #empty numeric vector
12 > system.time(

13 for(i in 1:40000){

14 x[i] <- i # changing value of particular element of x
15 b

16

17 user system elapsed

18 0.05 0.00 0.05

11.4.2 ERZHFE S while()

EEZEHIFES wvhile ) BIEFRBITRIEAIERBIERLE, HERTHIITERE
BEfEs. WX ESE

1 > while(condition) {expr}

H £ 25 30 Hl5:

m
2

e condition ZH—EGIH, BEPIE GRAEHFIER X, 1 B ERHEH(E.

o FEMRME condition = TURERF, HISWTEE FEER expr.

o WEMEHIT EERX expr, EEIERMAZH condition = FALSE, {F1IL#AT
EHER expr.

o while() EMEEHEN expr HALEHIFERE.

o HHBENERR expr HARPIT, FEEHEH] while ) [BI{F NULL.

e while() HJEH next BY code ifi A.

EERH while O H FZKMERER £ K (iteration) WEHE, G, EREFHE &AM
K B E B R AU =, BRI BRIk,

1 > ## while()
2 > (x <- 1:5)
3112345

4 >4i<-1
5 > while(i < = 5){
6 if (1 > 1) {x[i] <- x[i-1] + x[il}

7 cat("i = ",i, ",", "x[i] <- x[il + x[i-1]1 = ", x[i]l, "\n")
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8 i< i+

9 }

10 i = 1, x[i] <- x[i] + x[i-1] = 1
11 i = 2, x[4] <- x[i] + x[i-1] = 3
12 i = 3, x[i] <- x[i] + x[i-1] = 6
13 i = 4, x[i] <- x[i] + x[i-1] = 10
14 i = 5, x[i] <- x[i] + x[i-1] = 15
15 >

16 > ## while() + break x = 3

17 > x <- 1

18 > while(x < 5) {x <- x+1

19 if (x = = 3) break
20 print(x)

21 }

22 1] 2

23 > ## while() + skip x = 3

24 > x <- 1

25 > while(x < 5) {x <- x+1

26 if (x = = 3) next
27 print(x)

28 }

29 11 2

30 11 4

31 [11 5

11.43 EEZFH|FE S repeat # break

EERFIFES repeat Bl while O FEHHEML, repeat FILAEETIE R, T

B while() IR, repeat 7EIEBEAY R T 3% E e 2 E B IR FIEM, HHHE break

i F, break AI LR REMEE, break BFEHR repeat () i HIME—HRE.

repeat AJEE next Wi M, H next AL KRBT EHEE, RBEHERA “T—RK”
HFE. repeated WEEHEFESHERR

1 > repeat {expressionl; ... ; if (condition) break/mext}
2 > repeat expr

3 break

4 next

H £ 25 [l 5:

o BHE repeat ) W expr &—fEESE (block) A XfEaE BEE, ZVaH _MH
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W5, —ERSITEFER expr, 8 —EBGEHEEEN, AR
TRt R s E B 2], condition.
o 5 (if) FF A EEAEEIES condition, BIFIM break ## repeat ()

> ## repeat ()
> (x <- 1:5)
[11 12345
> i <-1
> repeatq{
if (i > 1) {x[i] <- x[i-1] + x[il}
cat("i = ",i, ",", "x[i] <- x[i] + x[i-1] = ", x[i], "\a")
i<- i+l
if (i > B) break
¥
i =1, x[i] <- x[i] + x[i-1] =1
i=2, x[i] <- x[i] + x[i-1] = 3
i =3, x[i] <- x[i] + x[i-1] =6
i =4, x[i] <- x[i] + x[i-1] = 10
i =5, x[i] <- x[i] + x[i-1] = 15
> #
> ## repeat{}
> x <- c("Hello","repeat")
> condit <- 2
> repeat {
print(x)
condit <- condit + 1
if (condit > 5) {
break
}
}
[1] "Hello" "repeat"
[1] "Hello" “"repeat"
[1] "Hello" ‘“repeat"
[1] "Hello" ‘“repeat"
> ##
> repeat {
if(i > 1) {x[i] <- x[i-11+x[il}
cat("i = ",i, ",", "x[i] <- x[il+x[i-1] = ", x[i], "\no")
i <- i+1
if (i > B) break
}
i= 1, x[i] <- x[il+x[i-1] = 1
i= 2, x[i] <- x[i]+x[i-1] = 3
i= 3, x[i] <- x[i]+x[i-1] = 6
i= 4, x[i] <- x[il+x[i-1] = 10
i= 5, x[i] <- x[il+x[i-1] = 15




