%6 F BAEw

6: Introduction to Function

RFEEHF% ER (function), BRE—EMH, RESNES, JATR T E
EHTRTeS, EREE SRS, L HTUAELMNELX Y. ZHER,
WET REEXZEHHREEFEFNL. R EXZLK (base) BET —H% AR
N, MWRE—BEXLTFTEHRRN, Blar, sum(), mean(), var() F%; ME L [
BFANRR, lEHF 2 TENEEETRE R A4 (contribution) ¥, & & REA &£
FI R EBRFEE B RN,

6.1 B X

E R P ENYHHNEYRE, FEREEHEE BX (function) $T, BANEF
FEN 718 (argument) B TR EHRFK. Bl Let® AR R mean(), var(),
sd(), log() . —EER A WF B ARHEMER B, C, £%.

ZHAABERWHETHEEERER, SEE—E R W, AL ARE
TR EE R, —ERXNEFE TN 713 (argument) R AT AR, HeHE
A, (formals). 1A LA —E £, LG H— 2 EwN, % LETIH (required
argument), H & G| MO EFERRN T, BEF— gL BhEFAERMN, B4 HEIH

OMEH (2018): BE 4t st



-2 6.1 B RFEE

(optional argument), A4 —HE T HAITF— 2 HEFAER R T, B4 288 71 (ellipsis
argument) 3£ 3 5| F A F R AE—EBE RN, 518 UZ#E, X7, E#RELR %

R By fEAT 4 1.

1 > x.vec = c(1:5)

2 > x.vec # show x.vec

31112345

4 > mean(x = x.vec) # function mean() calculate mean, return a scalar
5 1] 3

6 > var(x = x.vec) # function mean() calculate variance

7 11 2.5

8 > sd(x.vec) # function mean() calculate standard deviation
9 [1] 1.581139
10 > summary(x.vec) # summarized statistics
11 Min. 1st Qu. Median Mean 3rd Qu. Max.
12 1 2 3 3 4 5
13 > log(x = x.vec) # take log for all elements in vector x.vec

[1] 0.0000000 0.6931472 1.0986123 1.3862944 1.6094379

— 1 B BEZEBTEEUNEGRE &:

> function.name(arg.1, arg.2, arg3 = value.3, ...)

R NE - Gl bR

o arg.1, arg.2 % SEF|# (required argument).
BolE I 0L NG | B

e arg.3 = value.3 % #EZ 5| (optional argument).
BET|H A = (55%), P, arg.3 = value.3. RS AE A TI%
arg.3, BF—Z L EMANEIRRX function.name() ZW, &H M &L A
NGI% M, BN g EEmE A RGN E B30 7|8 E value. 3.

o ... % &u T (ellipsis argument).
F—RBAEFAERANF, BEZ KA 5 HE2 5 ®RX function.name()
W, 15 2 H e R By 718

e B function.name() EH B RALR (B, W), & B X EEE 44
o ®X args(function.name)  EFHHANLETIBUKTIBN I B B3
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R FIMLB B AR NBRE, TR KA —ET W, BT HAET
FEZAE T N B B Bya T (T .

Blim, B 1log() 4

1 > log(x, base = exp(1))
log() IR R Wk UL B A& KT . H 7|8

x ARG, EAF LR BTN RS B AT .
o base HEFETIH, LALBX T 7, EF—ZE LA AFMNEIENX Log)

ZN.
e base = exp(1) ZAEMEAFXHMANTIHME, BIBER log) WL B AHK
e AR,

o EX, HEAFTTUEBRET MNT M, M\ base = 2, HAEEHRHKL
SR, Bl E B AL 2 AR HHBEH, )/ log(x, base = 2).

1 > ## 1ogQ)

2 > x.vec <- c(1, 2, 3, 4, 5)

3 > log(x = x.vec)

4 [1] 0.0000000 0.6931472 1.0986123 1.3862944 1.6094379
5> log(x = x.vec, base = 2)

6 [1] 0.000000 1.000000 1.584963 2.000000 2.321928

7 > args(log)

8 function (x, base = exp(1))

9 NULL

R B R 4675 € &9 S3 classes B\ H S4 classes B R, #F L&, 7 LA
R N\ R 4, B S3 classes W .. #l4n, function.name (), & H R JE
1RGN S et BRAR. AR08 #E fl methods ("function.name"), getAnywhere ("function.n
stats:::function.name fil#n, FARTFIHR THN sd, EEHFRA sd Wt HFBE
5|8

1 > ## methods()

2 > sd

3 function (x, na.rm = FALSE)

4 sqrt(var(if (is.vector(x) is.factor(x)) x else as.double(x),
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5 na.rm = na.rm))

6 <bytecode: 0x000000000c3d25a0>

7 <environment: namespace:stats>
8>t

9 function (x)

10 UseMethod("t")

11 <bytecode: 0x00000000027282b0>

12 <environment: namespace:base>

13 > methods("t")

14 [1] t.data.frame t.default t.ts*
15 see ’7methods’ for accessing help and source code
16 > methods(class="ts")

17 111t [ <- aggregate as.data.frame cbind
18 [6] coerce cycle diff diffinv initialize
19 [11] kernapply lines Math Math2 monthplot
20 [16] na.omit Ops plot print show

21 [21] slotsFromS3 t time window window <-

22 see ’7methods’ for accessing help and source code

Hept tsx "™ FRERTBLAERRZEBNE RS, 7 LI flgetAnywhere ("function.na
stats:::function.name ##.

EEM, S4 classes B B R\, ¥ LLE | showClass ("function.namme"), showMethods ("fur
getMethod ("function.namme"), selectMethod (), existsMethod (), hasMethod (),
removeClass (), removeMethod (), getClass (), getSlots(), slotNames(), slot ().

AN —EEFR AN FIEHNE R AR, & TR CE REREITH
GEL %N
1 > download.packages(pkgs = "package.name",

2 destdir = "C:/RData",
3 type = "source")

6.2 B F| B 3\

RAH#BEELAHINELRZN, €% :, sequence(), rep() %.
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6.2.1 | HE: seq() # sequence()

ERAERAT, FREELYI W E, FlwEAE [1,2,3,4,5], [1,3,56,7,9] %
&, TLUER BR : (FIR), seq() B sequence() FEAHI| M E.

1 > ## :

2 > 1:5
3112345

4 > 5:1
51154321

6 > -1:3

7 [1]1 -1 0 1 2 3

B R seq() B sequence () A, TZ R A EY, o I E A TEHEK
7.

\

seq(from = 1, to = 1, by = ((to - from)/(length.out - 1)),
length.out = NULL, along.with = NULL, ...)

seq.int(from, to, by, length.out, along.with, ...)

seq_along(along.with)

seq_len(length.out)

Ao 5%

vV V V

Ol WIN =

o from = 1 WFALIEE

e to = 1 WK

o by HFFRHmE

e length.out H7|&KE (L£%H)

> # seq()

> seq(from=1, to=5, by = 0.5)

[1] 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

> seq(1, 5, 0.5)

[1] 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

> seq(1l, 5, length = 3)
[11] 1 35

> seq(from=0, to=1, by
[1] 0.0 0.1 0.2 0.3 0.

> seq(from=0, to=1, by

11 [1] 0.00 0.33 0.66 0.99

12 > z.vec <- c("a", "b", "c", "d", "e")

0.1)
0.5 0.6 0.7 0.8 0.9 1.0
0.33)

—_
OOV UTHWN -

[N |
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13 > seq(along = z.vec)

14 11112345

15 > ## the concatenated sequences 1:3, 1:4, 1:5.
16 > sequence(c(3, 4, 5))

17 11 123123412345

18 > help(seq)

6.22 EHRILHEEA: rep()
A—HE seqO) BMHER repO), TUELMEER IR 0 E.

1 > rep(x, ...)

2 > rep(x, times = 1, length.out = NA, each = 1)
3 > rep.int(x, times)

4 >rep_len(x, length.out)

Ho 58

o x EAHFREMRAERTENHETE.

o times BE M E x ERMKH

o cach M E x WHETLE ERHKHE.

e length.out = NA ¥ & x ERBRHKE.

1 > ## repQ)

2 > rep(0, times = 3)
3[M[looo

4 > rep(1, 5)
5111111

6 > x.vec <- c(4, 5, 6)
7 > rep(x.vec, times = 2)

8[11456456

9 > rep(x.vec, each = 2)

10 11445566

11 > rep(x.vec, each = 2, times = 3)

12 [11 445566445566445566

13 > rep(x.vec, times = c(2, 2, 2))

14 (11445566

15 > rep(x.vec, times = c(1, 2, 3))

16 [11 455666

17 > rep(x.vec, each = 2, len = 4) # first 4 only.
18 114455
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> #

> y.vec <- c("A", "B", "C")

> y.vec

[1] "AII IIB" IICII

> rep(y.vec, times = 2)

[1] "Ali IIB" "CII llA" I|Bll llC"

> rep(y.vec, each = 2)

[1] "All ||A|| "Bll ||B" ”Cll ||C"

> rep(y.vec, each = 2, times = 3)

[1] WAN MAW UBN NBH NON HEn NWAN WAR WBH BN nom

[12] IIC" IIAII ||A" IIBII "Bll Ilc|l "CII
> rep(y.vec, times = c(2, 2, 2))
[1] "AII IIA" "BII |IB" Iicll llC"
> rep(y.vec, times = c(1, 2, 3))
[1] "A" llB" "Bll llC" ||C|| llC"
> rep(y.vec, each = 2, len = 4)
[1] WAM wpn npn npn
#
z.vec <- factor (LETTERS[1:3])
names (z.vec) <- letters[1:3]

bc
BC
Levels: A B C
> rep(z.vec, 2)
abcabc
ABCABC
Levels: A B C
> rep(z.vec, each = 2)
aabbcc
AABBCC
Levels: A B C
> rep.int(z.vec, 2) # no names
[1]1 ABCABC
Levels: A B C
> rep_len(z.vec, 10)
[1] ABCABCABCA
Levels: A B C
> help(rep)

>
>
>
> z.vec
a
A

# first 4 only.

6.3 HHH X, Arithmetic Computing Function

Beta B¥, Z ARY, R=ARY, CdBY REhEY F%.

R A#F £ WM EHE R (arithmetic function), A4 158, ¥, Gamma E#,

HAKN?-%k62
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1 > ## rounding

2 > (x.vec <- 0.5 + -2:2)

[1] -1.5 -0.5 0.5 1.5 2.5

> round(x.vec) # IEEE rounding

[1] -2 0 0 2 2

> (y.vec <- seq(-2, 2, by = 0.5))

[1] -2.0 -1.56 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0
> (y.round <- round(y.vec)) # IEEE rounding

[1] -2-2-1 0 0 0 1 2 2

10 > (y.trunc <- trunc(y.vec))

1111 -2-1-1 0 0 0 1 1 2

12 > (y.signif <- signif(y.vec))

13 [1] -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0
14 > (y.ceil <- ceiling(y.vec))

1511 2-1-1 00 1 1 2 2

16 > (y.floor <- floor(y.vec))

17 11 2-2-1-1 0 0 1 1 2

18 > cbind(y.vec, y.round, y.trunc, y.signif, y.ceil, y.floor)

O XN ONUl W

19 y.vec y.round y.trunc y.signif y.ceil y.floor
20 1,1 -2.0 -2 -2 =B ® -2 _2
21 [2,] -1.5 -2 -1 -1.5 4l )
22 [3,] -1.0 =il -1 -1.0 =il ]
23 [4,] -0.5 0 0 -0.5 0 -1
24 [5,1 0.0 0 0 0.0 0 0
25 6,1 0.5 0 0 0.5 1 0
26 [7,] 1.0 1 1 1.0 1 1
27 [8,] 1.5 2 1 1.5 2 1
28 [9,1 2.0 2 2 2.0 2 2
29 > #

30 > (x.vec <- 0.5 + -2:3)

31 1] -1.5 -0.5 0.5 1.5 2.5 3.5

32 > round(x.vec) # IEEE rounding

33011 -2 0 0 2 2 4

34 > (y.vec <- seq(-2, 3, by = 0.5))

35 1] -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0
36 > (y.round <- round(y.vec)) # IEEE rounding

37 11 -2-2-1 0 00 1 2 2 2 3

38 > (y.trunc <- trunc(y.vec))

39 11 2-1-1 000 1 1 2 2 3

40 > (y.signif <- signif(y.vec))

41 41 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0
42 > (y.ceil <- ceiling(y.vec))

43 [1]1 -2-1-1 0 0 1 1 2 2 3 3

44 > (y.floor <- floor(y.vec))

45 [11 -2-2-1-1 0 0 1 1 2 2 3

46 > cbind(y.vec, y.round, y.trunc, y.signif, y.ceil, y.floor)

47 y.vec y.round y.trunc y.signif y.ceil y.floor
48 1,1 -2.0 -2 -2 -2.0 -2 -2
49 [2,1 -1.5 -2 -1 -1.5 =il -2

50 3,1 -1.0 ] -1 -1.0 =4l -1
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[4,1 -0.5 0 0 -0.5 0 -1
(5,1 0.0 0 0 0.0 0 0
(6,1 0.5 0 0 0.5 1 0
[7,] 1.0 1 1 1.0 1 1
[8,] 1.5 2 1 1.5 2 1
9,1 2.0 2 2 2.0 2 2
[10,] 2.5 2 2 2.5 3 2
[11,] 3.0 3 3 3.0 3 3
> #
> (y.vec <- seq(-2, 3, by = 0.5))
[1] -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0
> y.vec[trunc(y.vec) != floor(y.vec)]
[1] -1.5 -0.5
> y.vec[round(y.vec) != floor(y.vec + 0.5)]
[1] -1.5 0.5 2.5
> #
> (z.vec <- pi * 100~(-1:3))
[1] 0.03142 3.14159 314.15927 31415.92654 3141592.65359
> round(z.vec, 3)
[1] 0.031 3.142 314.159 31415.927 3141592.654
> signif(z.vec, 3)
[1] 0.0314 3.1400 314.0000 31400.0000 3140000.0000
> ## sign() abs()
> sign(pi) # ==
[1]1 1
> sign(-2:3)# -1 -1 01 11
11 -1 -1 0 1 1 1
> abs(-2:3)
[11 210123
> #
> ## log(), exp() calculation

> (x.vec <- 1:3)

[11 123

> log(exp(x.vec))

[1] 123

> (y.vec <- 10~ (x.vec))

[1] 10 100 1000

> logl0(y.vec)

[11 123

> logl0(1le7) # =7

[11 7

> ## options(digits, scipen)

> options(digits = 4, scipen = 0)

> z.vec <- pi*100~(-1:3)

> print(z.vec / 1000, digits = 4)

[1] 3.142e-05 3.142e-03 3.142e-01 3.142e+01 3.142e+03
> options(digits = 4, scipen = 100)

> print(z.vec/1000, digits = 4)

[1] 0.00003142 0.00314159 0.31415927  31.41592654 3141.59265359

> #
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6.3 F 8 X

101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127

> options(digits = 4, scipen = 100)
> x.vec <- 1007-(1+2%1:3)
> cbind(x = x.vec,

loglpx = log(l+x.vec),

loglp = loglp(x.vec),

exp = exp(x.vec)-1,
expml = expml(x.vec))
X loglpx

[1,]1 0.00000100000000 0.000000999999499918
[2,1 0.00000000010000 0.000000000100000008
[3,1 0.00000000000001 0.000000000000009992
exp expml

[1,] 0.000001000000499962 0.00000100000050
[2,1 0.000000000100000008 0.00000000010000
[3,1 0.000000000000009992 0.00000000000001
> #
> options(digits = 4, scipen = 0)
> x.vec <- 1007-(1+2%1:3)
> cbind(x = x.vec,

loglpx = log(l+x.vec),

loglp = loglp(x.vec),

exp = exp(x.vec)-1,
expml = expml(x.vec))
X loglpx loglp exp expml

[1,] 1e-06 1.000e-06 1e-06 1.000e-06 1e-06
[2,] 1e-10 1.000e-10 1e-10 1.000e-10 1e-10
[3,] 1le-14 9.992e-15 1le-14 9.992e-15 le-14

loglp
0.00000099999950
0.00000000010000
0.00000000000001
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*6.1: FAUSEN |

G &

- JRIEEH (Substraction, can be unary or binary)
+ Ak EH (Addition, can be unary or binary)

! T EEHE (Unary not)

* FeixEH (Multiplication, binary)

/ %ixEH (Division, binary)

- ¥ FEEH (Exponentiation, binary)

Woh Y% % % (Modulus, binary)

%/ % EY R EHEH (Integer divide, binary)

%k 48[ W (Matrix product, binary)

%o %8 4% (Outer product, binary)

hxh 481% Kronecker 7% (Kronecker product, binary)
%in% fL## 4 (Matching operator, binary)

(In model formulae: nesting)
round(x, digits = 0)  BE/IHEUYM (KEFTXIEXAAYT)

(its first argument to the specified number of decimal places)
signif(x, digits = 6) REKYUIIN LA/ NI H (HETZEEXARALE)

(rounds the values to the specified number of significant digits)

trunc (x) # x B/ NEEET, 1 0 Fe

(the integers by truncating >x’ toward '0)
ceiling(x) RIA x B/ N

(the smallest integers not less than ’x?)
floor(x) /N x BRI

(the largest integers not greater than ’x”)
sign(x) K xeWIE& M, EE 1,0, = -1.

(sign(x), the sign of a real number is 1, 0, or -1
if the number is positive, zero, or negative, respectively.)
abs (x) K x A

(x|, absolute value of x)
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*6.2: FAHEERNX |

B X A
sqrt (x) Vx
exp(x) e*
expmi (x) x| << 1, 5t& e -1
(computes exp(x) — 1 accurately also for |x| << 1.)
log(x) log(x)
log10(x) log1o(x)
log2(x) log, (x)
logb(x, base = z) log, (x)
loglp(x) g x| << 1,5t H log(1+x)
(computes log(1 + x) accurately also for |x| << 1.)
gamma (x) I(x) = (x— 1)t = [;7t&V exp(—t)dt
lgamma (x) log, [T'(x)]
beta(a, b) B(a,b) = (F(a) ( )/ (T(a+1D))
= [}t (1 — -t
lbeta(a, b) log,[B(a,b)]
digamma (x) % log, [I'(x)]
trigamma (x) dd—Zz log, [I'(x)]
psigamma(x, deriv = 0) A log,[T(x)]
sin(x) cos(x) tan(x) = AR¥ (trigonometric functions)
asin(x) acos(x) atan(x) RZA## (inverse functions)
sinh(x) cosh(x) tanh(x) % iy B ¥ (hyperbolic functionsx)

asinh(x) acosh(x) atanh(x) K& B (inverse hyperbolic functions)

5 1. R WHERH X P EA zapsmall O, L H FE, HEF
EHEF AR UHEREZFIR L, R A% options(digits, scipen) 34,
7o B A Rk, SRR EA.

1 > ## zapsmall()

2 > zapsmall(z.vec/1000, digits = 4)

3 [1] 0.0 0.0 0.3 31.4 3141.6
4 > zapsmall(exp(1i*0:4%pi/2))




%68 BRER 13
5 [11 1+0i 0+1i -1+0i 0-1i 1+0i
6 > #
7 > #i# trigonometric function
8 > (x.tri <- c(0, 1/4, 1/3, 1/2, 1,
9 + 1+1/4, 1+1/3, 1+1/2, 2,
10 + 2+1/4, 2+1/3, 2+1/2, 3,
11 + 3+1/4, 3+1/3, 3+1/2, 4)*pi)
12 [11 0.0000000 0.7853982 1.0471976 1.5707963 3.1415927 3.9269908 4.1887902
4.7123890
13 [9] 6.2831853 7.0685835 7.3303829 7.8539816 9.4247780 10.2101761 10.4719755
10.9955743
14 [17]1 12.5663706
15 >
16 > sin(x.tri)
17 [11 0.000000e+00 7.071068e-01 8.660254e-01 1.000000e+00 1.224606e-16 -7.071068e-01
18 [7]1 -8.660254e-01 -1.000000e+00 -2.449213e-16 7.071068e-01 8.660254e-01 1.000000e+00
19 [13] 3.673819e-16 -7.071068e-01 -8.660254e-01 -1.000000e+00 -4.898425e-16
20 > asin(sin(x.tri))
21 [1] 0.000000e+00 7.853982e-01 1.047198e+00 1.570796e+00 1.224606e-16 -7.853982e-01
22 [7] -1.047198e+00 -1.570796e+00 -2.449213e-16 7.853982e-01 1.047198e+00 1.570796e+00
23 [13] 3.673819e-16 -7.853982e-01 -1.047198e+00 -1.570796e+00 -4.898425¢-16
24 > cos(x.tri)
25 [1] 1.000000e+00 7.071068e-01 5.000000e-01 6.123032e-17 -1.000000e+00 -7.071068e-01
26 [7] -5.000000e-01 -1.836910e-16 1.000000e+00 7.071068e-01 5.000000e-01 3.061516e-16
27 [13] -1.000000e+00 -7.071068e-01 -5.000000e-01 -4.286122e-16 1.000000e+00
28 > tan(x.tri)
29 [1] 0.000000e+00 1.000000e+00 1.732051e+00 1.633124e+16 -1.224647e-16 1.000000e+00
30 [7] 1.732051e+00 5.443746e+15 -2.449294e-16 1.000000e+00 1.732051e+00 3.266248e+15
31 [13] -3.673940e-16 1.000000e+00 1.732051e+00 2.333034e+15 -4.898587e-16
32 > cbind(x.tri, sinx = sin(x.tri), asin = asin(sin(x.tri)),
33 + cosx = cos(x.tri), tan(x.tri))
34 x.tri sinx asin cosx
35 [1,1 0.0000000 0.000000e+00 0.000000e+00 1.000000e+00 0.000000e+00
36 [2,] 0.7853982 7.071068e-01 7.853982e-01 7.071068e-01 1.000000e+00
37 [3,1 1.0471976 8.660254e-01 1.047198e+00 5.000000e-01 1.732051e+00
38 [4,1 1.5707963 1.000000e+00 1.570796e+00 6.123032e-17 1.633124e+16
39 [5,] 3.1415927 1.224606e-16 1.224606e-16 -1.000000e+00 -1.224647e-16
40 [6,1 3.9269908 -7.071068e-01 -7.853982e-01 -7.071068e-01 1.000000e+00
41 [7,1 4.1887902 -8.660254e-01 -1.047198e+00 -5.000000e-01 1.732051e+00
42 [8,1 4.7123890 -1.000000e+00 -1.570796e+00 -1.836910e-16 5.443746e+15
43 [9,]1 6.2831853 -2.449213e-16 -2.449213e-16 1.000000e+00 -2.449294e-16
44 [10,]1 7.0685835 7.071068e-01 7.853982e-01 7.071068e-01 1.000000e+00
45 [11,]1 7.3303829 8.660254e-01 1.047198e+00 5.000000e-01 1.732051e+00
46 [12,] 7.8539816 1.000000e+00 1.570796e+00 3.061516e-16 3.266248e+15
47 [13,]1 9.4247780 3.673819e¢-16 3.673819e-16 -1.000000e+00 -3.673940e-16
48 [14,] 10.2101761 -7.071068e-01 -7.853982e-01 -7.071068e-01 1.000000e+00
49 [15,] 10.4719755 -8.660254e-01 -1.047198e+00 -5.000000e-01 1.732051e+00
50 [16,]1 10.9955743 -1.000000e+00 -1.570796e+00 -4.286122e-16 2.333034e+15
51 [17,1 12.5663706 -4.898425e-16 -4.898425e-16 1.000000e+00 -4.898587e-16




14 - 6.4 1A HPEFFX: choose() # factorial()

6.4 406 HFE A X choose() #2 factorial()

R W24 & H % Fe B X, choose (), 1choose(), factorial(), 1factorial(),

choose(n, k) = (Z) (6.4.1)

fractorial(x) = x!. (6.4.2)

> choose(n, k)
> 1lchoose(n, k)
> factorial(x)
> 1lfactorial(x)

B~ WN -~

A

o k A IFEE
o x n AMERE.

e choose() # factorial() EM#F 44 K. 1choose() # 1factorial () H
18 7 46 45 RECE L.

1 > ## combination

2 > ## choose()

3 > choose(n = 5, k = 2)

4 [1]1 10

5 > log(choose(n = 5, k = 2))
6 [1] 2.303

7 > lchoose(n = 5, k = 2)

8 [11 2.303

9 > for (n in 0:5) print(choose(n, k = 0:n))
10 11 1

11 111 11

12 111121

13 1111331

14 11114641

1511 1 51010 5 1

16 >

17 > ## factorial

18 > factorial(x = 100)

19 [1] 9.333e+157
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20 > 1log(factorial(x = 100))
21 [1]1 363.7

22 > 1factorial(x = 100)

23 [1]1 363.7

24 > 1factorial(x = 10000)

25 [1] 82109

26 > factorial(x = c(1, 3, 5))
27 [11 1 6 120

6.3 #AHIHE RN

e B

choose(n, k) #Lk)'

lchoose(n, k) log,(choose(n, k))
factorial (x) x!=T(x+1)
lfactorial(x) log(x!) =log,[I'(x)]

6.5 RERAE N
all(), any(), which()

BR all(x) # any(x) IUAREEREHENH obj.vec WILEAEH
B R AR R, B @ B4 E TRUE = FALSE. B whichO) EEFI W EMH
obj.vec ATTHEZ LA X UREEKM, RAEEE— BT ERNE, LixHENHFE
Kl EFHNITTRMLE.

(A):
1 > a11(..., na.rm = FALSE)
2 > any(..., na.rm = FALSE)

He .. AWM EDEREEAE. all(x) £ any(x) EME—{#4 & (scalar)
&% TRUE 2 FALSE.

A—E BEEE x (x), EABR all(x) AXeE BEEE x WHATEL
THZ TRUE? m—F &, AR any(x) XKL BEHEXx WE—TEETA
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TRUE?
(B):

1 > which(x, arr.ind = FALSE, useNames = TRUE)
2 > arrayInd(ind, .dim, .dimnames = NULL, useNames = FALSE)

A—1E BB E x (x), FABRES vhich(x) HEE—EHE, 2REHE x +
% % TRUE Pty TAELE (index). 5/# arr.ind = TRUE &% x % array
BF, 4 array % T1EALE.

(©):

1 > which.max(x)
2 > which.min(x)

BB A FE84 which.max (x) ¥ which.min(x) ZHAIE4 which(x) BZE . 4 —1F
M E x (x), which.max(x) ¥ which.min(x) EfE#HKEREWNH x (x) NLF
B A (Gr/NME) Tl TAEALE (index).

1 > ## al10, any(), which()
2 > (x.vec <- c(-1:2))
30]-1 01 2

4 > all(x.vec > 0)

5 [1] FALSE
6
7
8
9

> any(x.vec > 0)

[1] TRUE

> which(x.vec > 0)

[1] 3 4
10 > which.max(x.vec)
11 111 4
12 > which.min(x.vec)
13 111 1
14 > #
15 > (x.mat <- matrix(c( 2, -1, -3,
16 -1, 2, 4,
17 -3, 4, 9,
18 nrow = 3, byrow = T))
19 [,1] [,2] [,3]

20 [1,] 2 -1 -3
21 [2,] -1 2 4
22 [3,1] -3 4 9
23 > all(x.mat > 0)
24 [1] FALSE

25 > any(x.mat > 0)
26 [1] TRUE

27 > which(x.mat > 0)
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28 111 15689

29 > #

30 > which(x.mat%%2 == 0)

311111568

32 > which(x.mat%%2 == 0, arr.ind = TRUE)
33 row col

34 11,1 1 1

35102, 2 2

36 3,1 3 2

37 14,1 2 3

38 > rownames(x.mat) <- paste("Case", 1:3, sep = "_")
39 > which(x.mat%%2 == 0, arr.ind = TRUE)
40 row col

41 case.1 1 1

42 Case 2 2 2

43 case.3 3 2

44 Case 2 2 3

6.6 HE/F® X, Ranking and Sorting

R FAYEEHEFAHB N E R, 2 rev(), sort(), order () # rank(), %

6.4 WEF AWNE LA FHEX.

1 > rev(z)

2 > sort(x, decreasing = FALSE, na.last = NA, ...)

3 > rank(x, na.last = TRUE,

4 ties.method = c("average", "first", "last", "random", "max", "min"))
5 > order(x, ..., na.last = TRUE, decreasing = FALSE,

6 method = c("shell", "radix"))

7 > sort.int(x, partial = NULL, na.last = NA, decreasing = FALSE,

8 method = c("shell", "quick", "radix"), index.return = FALSE)

15 2o ol KX By 3 5 3R

o TlH x AHE x.

e 5|# decreasing:

FALSE & R W /NBIKHEF.
TRUE B¢ K E/NEEF.

— decreasing

— decreasing
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o F|# na.last:

— na.last = TRUE & R W&%# NA HEFERA.
— na.last = FALSE % R W4 NA HEF &R/,
— na.last = NA & R W&# NA H%.

o FRX rev(x) HE—HEE z, A HE x THEKHE.
o BN sort(x) EME—iHM&E z, R HE x WITHRR/NBIKHFHERT|E.

o BRA rank(x) HE—EHE z 2#HE x F—EITRNEAHFZA, x
TR ZAAHIEF (rank).

&

— "average": H[F B EH & EE-F L4 T E.

— "first": AHE BT EEK)T BN BT F HE T A
— "random": A [ ¥ f& BRI HE 7 1H.

— "max": A B BUE B EF 5O HE .

— "min": A8 B BE E &/ NEFE.

o B order(x) EE—HHE z, R HME x W NEARHFRABEZTTE,
ERREE x (RSB E.

1 > ## reverse, rank, sort and order

2 > ## rev(): reverse elements

3 > x.vec <- c(7, 7, 7, 6, 10, 9, 9, 9, NA, 8)
4 > rev(x.vec)

5 [1] 8Ns 9 9 910 6 7 7 7

6 > #

7 > ## sort(): from the smallest to the largest
8 > sort(x.vec)

9011 6 7 7 7 8 9 9 910

10 > #

11 > ## rank():

12 > rank(x.vec, na.last = TRUE)

13 (11 3 3 3 1 9 7 7 710 5

14 > rank(x.vec, na.last = FALSE)

15 [11 4 4 4 210 8 8 8 1 6
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16 > set.seed(1)

17 > rank(x.vec, ties.method = "average")
18 11 3 3 3 1 9 7 7 710 5
19 > rank(x.vec, ties.method = "first")
20 11 2 3 4 1 9 6 7 810 5
21 > rank(x.vec, ties.method = "last")
22 11 4 3 2 1 9 8 7 610 5
23 > rank(x.vec, ties.method = "random")
24 11 2 3 4 1 9 7 8 610 5
25 > rank(x.vec, ties.method = "max")
26 [1] 4 4 4 1 9 8 8 810 5
27 > rank(x.vec, ties.method = "min")
28 M1 2 2 2 1 9 6 6 610 5
29 > #

30 > ## order(): retrun index

31 > ## x.vec[] is the smallest one

32 > order(x.vec)

33 11 4 1 2 310 6 7 8 5 9
34 > x.vecl[order(x.vec)]

35 11 6 7 7 7 8 9 9 9 10 NA

B 16 &N U A E B BUERE, £H N rank () WHYE|#K ties.method, ¥ MEy
NATEAR 6] B (B HE 7 09 32 TR, S 3 HE 7 (8T 68 3R 0 B N

1 > ## rank(): ties.method = "average"

2 >x< c(7,9, 6, 7,8, NA)

3 > sort(x, na.last = FALSE)

411N 6 7 7 8 9

5 > rank(x, ties.method = "average", na.last = TRUE)
6 [1] 2.5 5.0 1.0 2.5 4.0 6.0

7 > (x.ord <- order(x, na.last = FALSE))
8[11631452
9 > x[x.ord] # = sort(x)
OMINa 6 7 7 89

TRRET AT, F AR EE R EAER + o E LR YT, TR A order O).

1 > ## matrix order()

2> (x <- c(1, 1, 3:1, 1:4, 3))
3 [111132112343

4 > (y <- c(9, 9:1))

5 M1 9987654321

6 > (z <- c(2, 1:9))

7 [11 2123456789

8
9

> id = 1:10
> (xyz.mat <- cbind(id, x, y, z))
10 idxyz

11 11,1 1192
12 [2,1 2191
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13 [3,] 3382
14 [4,] 4273
15 5,1 5164
16 [6,] 6155
17 7,1 72468
18 8,1 8337
19 9,1 9428
20 [10,] 1031 9
21 > #
22 > xyz.mat[order(x), ] # sort by x
23 idxyz
24 11,1 1192
25 [2,] 2191
26 [3,] 5164
27 [4,] 6155
28 [5,] 4273
29 [6,] 7246
30 [7,] 3382
31 8, 8337
32 [9,10319
33 (10,1 9428
34 > xyz.mat[order(x, y), ] # sort by x, y
35 idxy z
36 [1,] 6155
37 [2,] 5164
38 [8,] 1192
39 4,1 2191
40 [5,] 7246
41 6,1 4273
42 [7,] 10319
43 [8,] 8337
44 [9,] 3382
45 [10,] 9428
46 > (xyz.order <- order(x, y, z)) # sort by x, y, z sequentially
47 11 6 5 2 1 7 410 8 3 9
48 > xyz.mat[xyz.order, ] # reordering (ties via 2nd & 3rd arg)
49 idxy z
50 r1,] 6155
51 [2,] 5164
52 [3,] 2191
53 [4,] 1192
54 [5,] 7246
55 [6,] 4273
56 [7,] 10319
57 [8,] 8337
58 [9,] 3382
59 [10,] 9428
60 > ## sort data frame
61 > (xyz.df <- data.frame(id, x, y, 2))
62 idxy z
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(@)

N
W 00 N O O W N
©O© 00 N O O B W N =
WD WNR, RPN WR -
© 00 N O O W N~ N

72 10 10

73 > xyz.df [order(xyz.df$x, -xyz.df$y, xyz.df$z), ]

N
N
o
Q.

W W N> OO N

N

\O
W W N O N
BwWwwWwwWw NN PN

83 10 10
84 9 9

N = WO D N OO O P NWHD o N 00 O ©

W ©O© NN O WO ™ N~ N

R #7884 NA REEIEF /NG, 5|8 na.last = TRUE & R Wik, B&
thEQ BMA L, ¥k NA 7 A TR RE.

1 > ## tests of na.last

2 > x <- c(4, 3, 2, NA, 1)
3>y <-c(8, NA, 7, 9, 6)
4 > id <- c(1:5)

5 > (z <- cbind(id, x, )
6 id x y

701,] 1 4 8

8 [2,] 2 3NA

913, 3 27

10 [4,] ana 9

11 (5,1 5 1 6

12 > (o <- order(x, )
13 (115321 4

14 > z[o, 1]

15 id x y
16 (1,1 5 1 6
17 [2,1 3 2 7
18 3,1 2 3 NA
19 4,1 1 4 8

20 5,1 4NA 9

21 > (o <- order(x, y, na.last = FALSE))
22 [1] 45321

23 > z[o, 1




.22 6.6 HeF AR
24 id x y
25 [1,] 4anNA 9
26 [2,] 5 1 6
27 3,1 3 2 7
28 4,1 2 3 NA
29 5,1 1 4 8
30 > (o <- order(x, y, na.last = NA))
31 111531
32 > z[o, 1
33 id xy
34 [1,] 516
35 [2,] 327
36 3,1 148
37 > #
38 > ## rearrange matched vectors
39 > ## so that the first is in ascending order
40 > (x <- c(5:1, 6:8, 12:9))
41 11 5 4 3 2 1 6 7 81211 10 9
42 > (y <- (x-5)"2)
43 [11 0 1 4 916 1 4 9 49 36 25 16
44 > (z.o0 <- order(x))
45 1] 5 4 3 2 1 6 7 81211 10 9
46 > rbind(x[z.0], y[z.o]l)
47 [,11 C,21 (,3] [,4] [,5] [,6] C,7] [,8] [,91 [,10] [,11] [,12]
48 [1,] 1 2 3 4 5 6 7 8 9 10 11 12
49 [2,1 16 9 4 1 0 1 4 9 16 25 36 49
50 > (z.mat <- rbind(x, y))
51 [,11 [,21 (,3] [,4] [,5] [,6]1 [,7] [,8] [,9] [,10]1 [,11] [,12]
52 x 5 4 3 2 1 6 7 8 12 11 10 9
53y o 1 4 9 16 1 4 9 49 36 25 16
54 > z.mat[ , order(x, y)I
55 [,11 [,21 [,3] [,4] [,51 [,6] [,7] [,8] [,9] [,10] [,11] [,12]
56 x 1 2 3 4 5 6 7 8 9 10 11 12

y 18 9 4 1 o0

1 4 9 16 25 36 49
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* 6.4 FAZHTFER

EIEaN A

rev(x) #1aE x TR REZ|H (reverse order)

rank(x) W2 x THEHHEEHF (returns the sample ranks of the values)
MR ENZHEFH A ties.method = "average"

Vs

sort(x) W& x &/NEIRFIH (sort a vector or factor, partially)

into ascending or descending order).
order(x) MEE xH/NBIRHFHHITMEZITLE
(returns a permutation
which rearranges its first argument into ascending

or descending order, breaking ties by further arguments.)

0.7 Wt SR | M o X

RHFLZERE XA is.object O, Bl KX is.na(), is.vector() &, WL
FIREEHE—FrE MRS RINFE—E A

R WFLZRAR XA as.object ), BlamE K as.vector(), as.matrix(()
&, DRI AR T e — A 1 B TSR E N R B, B Rk 6.5, SR LB B X

*

> ## is() and as()

> # vector

> x.vec <- c(1/1, 1/2, 1/3, 1/4, 1/5)
> x.vec

[1] 1.0000000 0.5000000 0.3333333 0.2500000 0.2000000
> is.vector(x.vec)

[1] TRUE

> is.character(x.vec)

[1] FALSE

10 > #

11 > y.vec <- c(1:5)

OO UT = WN -~

> y.vec
[11 12345

> is.vector(y.vec)

[1] TRUE
> is.character(y.vec)
[1] FALSE
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18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

> as.character(y.vec)

[1] "1n wgn wge wgw wgw

> #

> x.vec <- c(1/1, 1/2, 1/3, 1/4, 1/5)
> x.vec <- as.character(x.vec)

> x.vec

[1] ™1n "0.5" "0.333333333333333"
[4] "0.25" "0.2"

>

> #i#

> b.df <- as.data.frame(matrix(c(1:24), nrow = 6, byrow = T))
> is.matrix(b.df)
[1] FALSE
> b.mat <- as.matrix(b.df)
> b.mat
V1 V2 V3 v4
[1,] 1 2 3 4
[2,] 5 6 7 8
[3,] 9 10 11 12
[4,] 13 14 15 16
[6,] 17 18 19 20
[6,] 21 22 23 24
> b.mat <- as.vector(b.mat)
> b.mat
[1] 1 5 9131721 2 6 10 14 18 22 3 7 11 15 19 23 4 8 12 16 20 24
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5 6.5: M E A B8 RS X

M EE B 78 | H 4 B X
is.na() n/a

is.nan() n/a
is.infinite() n/a

is.null Q) as.null()
is.numeric() as.numeric()
is.integer() as.integer ()
is.character() as.character()
is.logical() as.logical()
is.complex() as.complex()
is.vector() as.vector()
is.matrix() as.matrix()
is.array() as.array()
is.1list O as.list()
is.data.frame() as.data.frame()
is.factor() as.factor()
is.ordered() as.ordered()
is.table() as.table()
is.function() as.function()




