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15: Data Management
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EREHENHNEES, B R EREFEET S AAERNERN, B8 [&, B,
R, 7%, H R FRIKAEEM, HEtE g2 &R E R XA,
HEEHEAZREENERNE. R 24t apply O RIERK, ReEX, HRER
R B RHEA B AR, BYIREHERR, 2/ % 15.1. £ plyr, dplyr,
reshape, reshape2, tidyr, tidyverse &, 2 R FHEMBIERIEHE K,
BREEEREEER, BAHE N HA s, B2 HERR.

% 15.1: R Basic apply() Function

Output Object
Input object array data frame list nothing
array apply
data frame . aggregate by
list sapply . lapply
replicates replicate . replicate
function arguments mapply mapply
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EERATHHA, 2 PIET R MBI A T I EER RS RE. 75 FRiEY, L RNGE
EWEAMEERE (loop), BiZBTHEERERIFH. 7£ R F, EEEEENIIT
FEHMACE, EEEHR, Wi, 7£ R P LA EEAN AR &HESR, B/ R FHLK
&=, 140, apply O, lapply O, sapply (), tapply (), mapply (), Vectorize(),
by (), sweep(), aggregate (), replicate () %, AU AR EETEENESR,
Qb3 7 DASIE P e R A T AR, W DU A R T R PR E R e .

& 15.2: B REHFRERR

B N ifa

by df list

aggregate  df df

replicate r array, list

apply matrix, array, df vector, array, list
dendrapply dendogram dendogram

eapply environment list

lapply list, df, vector list

mapply list, df, vectors vector, matrix, list
rapply list vector, list,
sapply list, df, vector vector, matrix, list
tapply df, categories array, list

vapply

list, df, vector

vector, matrix, list
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15.1 ERHm i 1ER R apply() B

FRAKN apply O H—{E EFEHMEZR (data frame), i (matrix) B
(array) W2 E—HEE RIS (margins of an array) $TH —EK=GER, ¥ 6]
—m &, EYETIR. HAETR

1 > apply(X, MARGIN, FUN, ...)

HA £ 55850 5l

o X BFTESITZET MM, EERYIM X 5 A 5 ERHEZ, Al apply O
TG AR B BRHESE EHARL 2-HEE (5 (array).

o MARGIN B[EFIMH: X H:EHEHEE 9%,

— MARGIN = 1 &S] X K5 1 (EHEE (row) BTN, BN, % Al
B BRMEZR WE—F (row) HEER.

— MARGIN = 2 G¥E7] X #9252 EHEE (column) ST, B, ¥ 45
[ 5 ERHMEZR BB— (17, column) HUEREE.

— MARGIN = k ®¥[% X B55 k MEHERE ST

o FUN B#TR—K =AY 2.
) 15.1. 2Z2HE 22 B ok 3B

BEhL— (IS R RIRZE T AVEERCEIT R, AR
B ZIRZE T Ik 2R C Al LUBRUtia FRRIR B . (RIS AL B Rl T —(H o B h
%, £ 10 fiRIRBERES TR, 8 10 f1ZHE, 5 1 Kig T LEH C, 1
B 1 RERHEFRIRRHE. /MR8 2 Kig TRIRE T, BREES 2 RERHE
AEE AT . B IRRY & B S M B A2 A B S R AR R ], 75 B8 2 RIERR AV
AT S 1 REEMEARATIR ], Rl #c WHREE T ] IR Rotiia FRARIR B2




4. 15.1 #H A HEER X apply()

% 15.3 BRI RER (BAL: /N, MRERESE EWNEE X FMEED
HR?

% 15.3: ZIRERZENEERZ BT IREER A IRAR R
% 1 2 3 4 5 6 7 8 9 10

20 36 40 39 40 13 35 39 38 15
50 48 25 62 36 73 49 26 37 74

ﬂ

N O | X

1 > ## apply() + matrix

2 > x.mat <- matrix(1:12, nrow = 4, byrow = T)
3 > x.mat

4 [,11 [,2]1 [,3]

5 I1,] 1 2 3

6 [2,] 4 5 8

7 13,1 7 8 9

8 [4,] 10 11 12

9 > apply(X = x.mat, MARGIN = 1, FUN = mean)
10 111 2 5 811

11 > apply(x.mat, 2, mean)

12 [1]1 5.5 6.5 7.5

13 > #

14 > ## apply() + data.frame

15 > setwd("C:/RData/")

16 > sleep <- read.table(file = "sleepwidePaired.csv",

17 header = TRUE, sep = ",", dec = ".",
18 row.names = NULL)

19 > nead(sleep)
20 id Tdrug Cdrug

211 1 5.0 2.0
22 2 2 4.8 3.6
233 3 2.5 4.0
24 4 4 6.2 3.9
255 5 3.6 4.0
26 6 6 7.3 1.3
27 > apply(sleepl[, 2:3], 1, mean)

28 [1] 3.50 4.20 3.25 5.05 3.80 4.30 4.20 3.25 3.75 4.45
29 > apply(sleepl, 2:31, 2, mean)

30 Tdrug Cdrug

31 4.80 3.15

32 >4

33 > ## more apply() + matrix

34 > set.seed(100)

35 > x.mat <- matrix(rnorm(1000), 200, 5)

36 > apply(x.mat, 2, quantile, probs = c(0.25, 0.75))

37 [,1] [,2] [,3] [,4] [,5]




25% -0.5056721 -0.6637388 -0.6670268 -0.7151312 -0.6835946
75% 0.5273765 0.6685950 0.6429354 0.7748576 0.8415970
>
> y.mat <- matrix(rnorm(10000), 2000, 5)
> apply(y.mat, 2, quantile, probs = c(0.25, 0.75))

[,1] [,2] [,3] [,4] [,5]
25% -0.7058193 -0.6644742 -0.6559814 -0.6828271 -0.6520564
75% 0.6618302 0.6722488 0.6733151 0.6641776 0.6773927
> #
> z.mat <- matrix(rnorm(10000), 5, 2000)
> apply(z.mat, 1, quantile, probs = c(0.25, 0.75))

[,1] [,2] [,3] [,4] [,5]
25% -0.6717053 -0.6963323 -0.6643946 -0.7375793 -0.6294552
75% 0.6154957 0.6828310 0.6504301 0.6262656 0.7088369
>

>
> ## apply() + array
> b.arr <- array(1:24, dim = c(4, 3, 2),
dimnames = list(c("x1", "x2", "x3", "x4"),
c("y1", "y2", "y3"),
c("z1", "z2")))
> b.arr

yl y2 y3
x1 1 5 9
x2 10
x3 11
x4 12

Sw N
0 N o

s 5 22

yl y2 y3
x1 13 17 21
x2 14 18 22
x3 156 19 23
x4 16 20 24

> #
> b.arr[1, , 1]
zl z2
yi 113
y2 5 17
y3 9 21
> mean(b.arr[1, , 1)
[1] 11
> #
> apply(b.arr, 1, mean) # average by x
x1 x2 x3 x4
11 12 13 14
> rowMeans(b.arr, dims = 1)
x1 x2 x3 x4




-6 - 15.1 %A iR 1E X apply()
88 11 12 13 14
89 > #
90 > apply(b.arr, c(2, 3), mean) # average over x
91 zl z2
92 y1 2.5 14.5
93 y2 6.5 18.5
94 y3 10.5 22.5
95 > colMeans(b.arr, dims = 1)
96 zl z2
97 y1 2.5 14.5
98 y2 6.5 18.5
99 y3 10.5 22.5
100 > #
101 > apply(b.arr, c(1, 2), mean)
102 y1l y2 y3
103 x1 7 11 15
104 x2 8 12 16
105 x3 9 13 17
106 x4 10 14 18
107 > rowMeans(b.arr, dims = 2)
108 yl y2 y3
109 x1 7 11 15
110 x2 8 12 16
111 x3 9 13 17
112 x4 10 14 18
113 > #
114 > # array average
115 > a.arr <- array (rnorm(2*2*10), c(2, 2, 10))
116 > apply(a.arr, c(1, 2), mean)
117 [,1] [,2]
118 [1,]1 0.2426878 -0.41321519
119 [2,1 0.1213732 0.09303838
120 > rowMeans(a.arr, dims = 2)
121 [,1] [,2]
122 [1,]1 0.2426878 -0.41321519
123 [2,]1 0.1213732 0.09303838
124 > #
125 > apply(a.arr, c(1, 3), mean)
126 [,1] [,2] [,3] [,4] [,5] [,6]
127 [1,]1 0.4570282 -0.4108178 -0.5218928 -0.4031859 -0.1281254 -0.2967553
128 [2,]1 0.3604596 0.1664159 0.2622479 0.2454029 -0.4436532 0.7604331
129 [,71 [,8] [,9] [,10]
130 [1,]1 -0.1859059 -0.5653128 0.5192811 0.6830499
131 [2,]1 -1.0262100 -0.5717037 1.1088832 0.2097824
132 > rowMeans(a.arr, dims = 1)
133 [1] -0.08526367 0.10720581
134 > colMeans(a.arr, dims = 1)
135 [,1] [,2] [,3] [,4] [,5] [,6]
136 [1,] 0.2399494 0.1379897 0.7800541 0.1544253 -0.3909275 0.2618471
137 [2,]1 0.5775384 -0.3823917 -1.0396990 -0.3122082 -0.1808511 0.2018306
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138 [,71 [,8] [,9] [,10]

139 11,1 -0.1266432 -0.4104021 0.4224371 0.7515755

140 [2,1 -1.0854728 -0.7266143 1.2057272 0.1412568

141 > #

142 > colMeans(a.arr, dims = 2)

143 [11 0.40874388 -0.12220098 -0.12982247 -0.07889147 -0.28588930 0.23183887
144 [7]1 -0.60605798 -0.56850821 0.81408215 0.44641616

15.2 R B AER 2 lapply() # sapply()

IR Lapply O $—(EFIRMME (list) EIF—HS (component), H{TH
—EEA MR, X EE BRI (ist), HILE MR TR RE AR
KRR

B sapply O RATHER Lapply O BABMEANBERER, EAER sapply O
H—{EFIRAE (list) IEYF—HS (component), $FTH—EH=NES, i Ao
— [ B AERE. GUA, BEFIEARIES sapply (X.af) ATUMERHER (FIEM)
X.df $UTR—EERANCES, RIGHE—ERH (WD), H0EH. K vapply O £
R R sapplyO. MAES B

1 > lapply(X, FUN, ...)
2 > sapply(X, FUN, ..., simplify = TRUE, USE.NAMES = TRUE)
3 > vapply(X, FUN, FUN.VALUE, ..., USE.NAMES = TRUE)

HA £ 55850 5l

X BATERITZ TR B BRHEZR.

#Y| R AR BITR — .

FUN B80T — XA 27

FUN.VALUE £ $TE8L FUN BIERI 4258,

USE.NAMES = TRUE: # X ¥ EF G4, WRREREMEM X s 4.
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O XN UIHWN —

> ## lapply(), sapply() + list

> set.seed(100)

> x.list <- list(a = 1:5, b = rnorm(10, mean = 0, sd = 1))
> lapply(x.list, mean)

$a

[1]1 3

$b

[1] -0.01795716

> #

> sapply(x.list, mean)
a b

3.00000000 -0.01795716

> #

> x.list <- list(a = 11:15, b = rnorm(10), ¢ = rnorm(1000, mean = 5, sd = 2))

> lapply(x.list, mean)

$a

[1] 13

$b
[1] 0.2336915

$c

[1] 5.033755

> #

> sapply(x.list, mean)

a b c
13.0000000 0.2336915 5.0337552
> #
> x <- 1:2
> lapply(x, runif)

[[111
[1] 0.5156047

[[211]

[1] 0.4649941 0.5249516
> #

> sapply(x, runif)
[[11]1

[1] 0.1502433

[[2]1]

[1] 0.7110009 0.3702982

> #

> x <- 1:2

> lapply(x, runif, min = 0, max = 10)
[[1]1]

[1] 4.533344

[[211
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[1] 6.179135 2.836679

> #

> sapply(x, runif, min = 0, max = 10)
[[1]1]

[1] 2.069829

[[2]1]
[1] 6.077585 6.662716
> #
> x.list <- list(a = matrix(1:4, 2, 2), b = matrix(1:6, 3, 2))
> x.list
$a
[,11 [,2]
[1,] 1 3
[2,] 2 4

$b
[,11 [,2]
[1,] 1 4
[2,] 2 5
3] 3 6
> #
> lapply(x.list, function(elt) elt[,1])
$a
[11 1 2

$b

[1] 123

> #

> sapply(x.list, function(elt) elt[,1])
$a

[11 1 2

$b
[11 123
> #
> c.list <- list(a = 1:20,
beta = exp(-2:2),
logic = c(TRUE, FALSE, FALSE, TRUE, FALSE))
> lapply(c.list, mean)
$a
[1] 10.5

$beta
[1] 2.322111

$logic

[1] 0.4

> #

> sapply(c.list, mean)
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101 a beta logic
102 10.500000 2.322111 0.400000
103 > #

104 > # sapplyO+ list = simplify

105 > sapply(c.list, mean, simplify = FALSE)
106 sa

107 111 10.5

108

109 $veta

110 [11 2.322111

111

112 $1ogic

113 [1] 0.4

114 > #

115 > sapply(c.list, mean, simplify = TRUE)
116 a beta logic

117 10.500000 2.322111 0.400000

118 > sapply(c.list, mean)

119 a beta logic

120 10.500000 2.322111 0.400000

121 > #

122 > ## lapply() + data.frame

123 > setwd("C:/RData/")

124 > sleep <- read.table(file = "sleepwidePaired.csv",
125 header = TRUE, sep = ",", dec = ".",
126 row.names = NULL)
127 > #

128 > 1lapply(sleep, mean)

129 $id

130 111 5.5

131

132 $Tdrug

133 111 4.8

134

135 $cdrug

136 [11 3.15

137 > #

138 > sapply(sleep, mean)

139 id Tdrug Cdrug

140 s5.50 4.80 3.15

141 > #

142 > ## vapply() + list + FUN

143 > d.1list <- sapply(3:5, seq) # list of vectors
144 > a.1ist

145 (1111

146 11 123

147

148 [r211

149 111234

150
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151 r[r311

152 111 12345

153 > #

154 > sapply(d.list, fivenum)
155 [,1] [,2] [,3]

156 11,1 1.0 1.0 1

157 [2,1 1.5 1.5 2

158 [3,1 2.0 2.5 3

159 [4,1 2.5 3.5 4

160 (5,1 3.0 4.0 5

161 > #

162 > vapply(d.list, fivenum,
163 c(Min = 0, "Q1" = 0,
164 Median = 0, "3rd Qu." = 0, "Max" = 0))
165 [,11 [,2]1 [,3]

166 Min 1.0 1.0 1

167 q1 1.5 1.5 2

168 Median 2.0 2.5 3

169 3rd Qu. 2.5 3.5 4

170 Max 3.0 4.0 5

15.3 ErH ot 1ER . tapply()

AR tapply O AIDIH —2Z Y] (ragged array), MRIREHIE 2L
HY SRk ¥ B AR RUTEAR(E, o BI6E AE — R MeEE. PIan, SHE T E. K
RIETR

1 > tapply(X, INDEX, FUN = NULL, ..., simplify = TRUE)

H £ 25 305

o X 2—EFAEYIHF (atomic object), FBH A &.

e INDEX ¥ E—{H A28, U& HrlAkE B Al Frgny BT mE (8
5, FEEEE X MH[E.

] 15.2. FL, IE [E B3 22 ofn IR 3B 22 B 5T

— (B R IASRA R, DB RE i, IEERE 82 mER ABER: T
e, BRI T3 1.5 BALRENETHERN, ERBEBAER 2?2, O EEE R




12 15.4 ¥R P 1B X mapply()

2?2, A BPsurvey.csv. W5+ Bl —RIREERIEBGIRDL, /5 iR 62 24
R Z B, B0, s34 Sps, RENEIRS B AR AR,

1 > ## tapply() + data.frame

2 > setwd("C:/RData/")

3 > bp.df <- read.table(file = "BPsurvey.csv",
4 header = TRUE, sep = ",", dec = ".",
5 row.names = NULL)

6 > dim(bp.df)

7 [1] 15643 10

8 > head(bp.df)

9 id sex race smoke age wt ht sbp dbp chol
101 3 1 1 1 21 81 179 120 67 268
112 4 o 1 1 32 61 162 126 86 160
123 9 o 1 2 48 68 157 131 73 236
13 410 1 1 1 35 92 177 130 82 225
14 5 11 1 1 2 48 70 168 120 70 260
156 19 1 2 3 44 86 178 133 85 187
16 >#

17 > tapply(bp.df$wt, bp.df$sex, mean)

18 0 1

19 70.56511 80.18642

20 > tapply(bp.df$wt, bp.df$sex, mean, simplify = FALSE)
21 s<o¢

22 [1] 70.56511

24 g1

25 [1] 80.18642

26 > #

27 > # sapply() by pass arguments into tapply()

28 > sapply(bp.df[, 5:10], FUN = tapply, bp.df$sex, mean)
29 age wt ht sbp dbp chol
30 0 47.64641 70.56511 160.1776 123.7655 72.19050 207.8440
31 1 48.44739 80.18642 173.3462 128.4596 76.79267 203.6927

15.4 &R ERER R mapply()

B mapply O 2B apply O B EEAKX, H—E7NRME (list) ARE
— 4> (component), TR —EHKAEE, mapply O BEE—mE, FHfE 5 715%.
B mapply O =R Map B L. B mapply OFESE

1> mapply(FUN, ..., MoreArgs = NULL, SIMPLIFY = TRUE,
2 USE.NAMES = TRUE)
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H £ 25 B0l

1
2

31
32
33

o FUNO) B#THE—ERANLH, B FUNO AFAUEEFI#. FUNO BI5%
DAFUN(ARGL = argl, ARG2 = arg2, ...) FMAFEERN mapply() &

.

o /T FUN ENRAEER;, (fH ARG1 = argl BU%E 1 JCE, ARG2 = arg2 KI5

2 TR,

oL EEsE fEE RUN B5 L

e MoreArgs = list(), BT FUN INFTREERSIERMMA:, H5IBAILIER

EA.

> ## mapply ()
> list(rep(1,
[r111

11 111

[[211]
[11 2 2

[[311]

[11 3

> #

> mapply(rep,
[[11]

11 111

[[2]1]
[11 2 2

[[31]

[11 3

> #

> mapply(rep,
[[11]

[1]1 3

[[2]1]
[1]1 2 2

[[31]
11111

> #

> mapply(rep,
[[11]

3), rep(2, 2), rep(3, 1))

1:3, 3:1)

times = 1:3, x = 3:1)

times = 1:3, MoreArgs = list(x = 7))




14 - 15.4 ¥R P 1B X mapply()
34 111 7
35
36 [[2]1]
37 1177
38
39 (1311
40 1777
41 > ##
42 > noise <- function(n, mean, sd) {
43 rnorm(n, mean, sd)
44 3
45 > set.seed(100)
46 > noise(n = 3, mean = 1, sd = 2)
47 [1] -0.004384701 1.263062331 0.842165820
48 > noise(n = 1:3, mean = 1:3, sd = 2)
49 [1] 2.773570 2.233943 3.637260
50 > mapply(noise, n = 1:3, mean = 1:3, sd = 2)
51 111
52 [1] -0.1635814
53
54 [[21]
55 [1] 3.4290654 0.3494811
56
57 [[31]
58 [1] 2.280276 3.179772 3.192549
59 > #
60 > list(noise(l, 1, 2), noise(2, 2, 2),
61 + noise(3, 3, 2), noise(4, 4, 2),
62 + noise(5, 5, 2))
63 [[1]1]
64 [1] 0.5967321
65
66 [[2]1]
67 [1] 3.479681 2.246759
68
69 [[31]
70 [11 2.941367 2.222292 4.021713
71
72 [[41]
73 [1] 2.172372 8.620594 3.123820 5.528121
74
75 [[5]11
76 [1] 5.523923 6.546809 3.371242 4.123099 3.559557
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155 ERIHHEE K Vectorize()

B3 Vectorize () & mapply ) WHEEHE, BIE—HK=, HUFY mapply O
. HATESEH

1> Vectorize(FUN, vectorize.args = arg.names, SIMPLIFY = TRUE,
2 USE.NAMES = TRUE)

H £ 25 30l

o FUNO) BIHTR —HAWLHE, B FuNO) KB TFLIEEE 8. FuN) LER
EREENERAAL.

e vectorize.args B FF R, A% FUNQ 58S X FHE.

1 > ## Vectorize()

2 > mapply(rep, 1:3, 3:1)
3 [[11]

4 111111

5

6 [[2]]

7 11 22

8

9 [[31]

10 11 3

11 > #

12 > vrep <- Vectorize(rep)

13 > vrep(1:3, 3:1)

14 111111223

15 > #

16 > mapply(rep, times = 1:3, x = 3:1)
17 11111

18 111 3

20 [[21]
21 [11 2 2

23 [[31]

24 11111

25 > #

26 > vrep(times = 1:3, x = 3:1)
27 1322111

28 > #

29 > vrep <- Vectorize(rep.int)
30 > vrep(times = 1:3, x = 45)




.16 - 15.6 ¥Rt 1E i A by()

31 111
32 [1] 45

34 [[21]
35 [1] 45 45

37 11311

38 [1] 45 45 45

39 > #

40 > vrep <- Vectorize(rep.int, "times")
41 > vrep(times = 1:3, x = 45)

42 [[11]

43 [1] 45

45 [[21]
46 [1] 45 45

48 [[31]

49 1] 45 45 45

50 > #

51 > # error

52 > # not a formal function name

53 > vrep <- Vectorize(rep, "times")

54 Error in Vectorize(rep, "times") :

55 must specify names of formal arguments for ’vectorize’
56 > help(rep) # rep.int as a formal function mane

15.6 ERM R ER R by()

HEHAEKR by O " BRHESR EAERIEBIN T, FHEME EERSITH — X

AMCEH. W R RH

1 > by(data, INDICES, FUN, ..., simplify = TRUE)

H £ 25 2ol

e data f5 BRMESE B FHE.

e INDICES BT AENFEREHAHER], HREHE
.

2

B

FHEZRZEHRE (nrows (data))
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o FUNO) EIEFTEFH RAUHET BEBITRH — KA 418, FUNO 895 [BULHERZ

OO WN -~

TORMELE B A SEITHIEROE R
o by () EEFIFEE (list).

> ## by ()
> setwd("C:/RData/")
bp.df <- read.table(file = "BPsurvey.csv",

\%

header = TRUE, sep = ",", dec = ".",

row.names = NULL)
> head (bp.df)
id sex race smoke age wt ht sbp dbp chol

1 3 1 1 1 21 81 179 120 67 268
2 4 0 1 1 32 61 162 126 86 160
3 9 0 1 2 48 68 157 131 73 236
4 10 1 1 1 35 92 177 130 82 225
5 11 1 1 2 48 70 168 120 70 260
6 19 1 2 3 44 86 178 133 85 187
> #

>

bp.df$sex: O

by(data = bp.df[, c(8:10)], INDICES = bp.df$sex, FUN = summary)

sbp dbp chol
Min. : 69.0 Min. ¢ 20.00 Min. : T4,
1st Qu.:108.0 1st Qu.: 65.00 1st Qu.:175.
Median :119.0 Median : 72.00 Median :203.
Mean :123.8 Mean : 72.19 Mean :207.
3rd Qu.:136.0 3rd Qu.: 78.00 3rd Qu.:235.
Max. :237.0 Max. :142.00 Max. :676.
bp.df$sex: 1
sbp dbp chol
Min. : 80.0 Min. : 40.00 Min. : 59.
1st Qu.:116.0 1st Qu.: 70.00 1st Qu.:174.
Median :125.0 Median : 76.00 Median :201.
Mean :128.5 Mean : 76.79 Mean :203.
3rd Qu.:137.0 3rd Qu.: 83.00 3rd Qu.:229.
Max. :244.0 Max. :134.00 Max. :702.

# by(bp.df[, c(5:10)], bp.df$sex, summary)

#

##

tmp <- by(bp.df, bp.df[, "sex"],
function(x) 1lm(sbp ~ age, data =

> sapply(tmp, coef)

0 1
(Intercept) 88.5392872 105.5821478
age 0.7393261 0.4722124

> #
> # NOT WORK ANY MORE
> # BECAUSE MEAN FUN DID NOT TAKE df OBJECT

O O N O O o

x))
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45 > by(data = bp.df[, c(8:10)]1, bp.df$sex, mean)
46 bp.df$sex: 0
47 1] NA

49 pp.df$sex: 1
50 [1] na

51 Warning messages:

52

15.7 BRI B ER .. aggregate()

KR aggregate() A ERMEZE 49 BAFRIMER, 5 BIFHEHRE 2T
— (AR ABCERE. K aggregate O B by O BELIIEE. KR aggregate O

R

> ## S3 method for class ’data.frame’

> aggregate(x, by, FUN, ..., simplify = TRUE, drop = TRUE)
> ## S3 method for class ’formula’

> aggregate(formula, data, FUN, ...,

Qs WIN =

subset, na.action = na.omit)

H £ 25 [ 0Hl5:

o x BERMEZL.
e formula EFTETHAL

o by = £.1ist, & FUEMME (list), BEE TEHES X.af MR BERY.
A A MBS BIE B S R

e FUN BIEFTEEI R BEBITH —EEK 4.

o aggregate() H FUNQ) WYRRHIE by O 4, B aggregate () [EIfE ERIHEZLR
(data.frame) 2 by () [EI{EFIF (list) ~H.

1 > ## aggregate()

2 > aggregate(bp.df[, 5:10], by = 1ist(SEX = bp.df$sex), mean)
3 SEX age wt ht sbp dbp chol
41 0 47.64641 70.56511 160.1776 123.7655 72.19050 207.8440




%15 &: EREHE

-19 -

52

6 > class(aggregate(bp.df[, 5:10]1, by

1 48.44739 80.18642 173.3462 128.4596 76.79267 203.6927
list(SEX = bp.df$sex), mean))

7 [1] "data.frame"

8 > #

9> # transpose a data.frame

10 > t(aggregate(bp.df[, 9:10], by = 1list(SEX = bp.df$sex), summary))
e
0.

20.
65.
72.
72.
78.
142.

12 sex

13 abp.
.1st Qu.

14 avp
15 dbp
16 avp
17 abp

Min.

.Median
.Mean

.3rd Qu.
18 dbp.

Max.

19 chol.Min.

20 chol.1st Qu.
21 chol.Median

22 chol.Mean

23 chol.3rd Qu.

24 chol.Max.

25 > #

26 > ## compare aggregate() and sapply()
27 > aggregate(bp.df[, 8:10], by = 1list(SEX = bp.df$sex), mean)

28  SEX

74.
175.
203.
207.
235.
676.

sbp
0 123.7655 72.19050 207.8440
1 128.4596 76.79267 203.6927

1]
00
00
00
00
19
00
00
00
00
00
80
00
00

[,
il
40.
70.
76.
76.
83.
134.
59.
174.
201.
203.
229.
702.

dbp

2]
00
00
00
00
79
00
00
00
00
00
70
00
00

31 > sapply(bp.df[, c(8:10)]1, tapply, bp.df$sex, mean)

15.8 &R B 1ER N sweep()

A sweep O ATV —1E B Y9, $tHH8RHER,
TR —ERAEER. HAFERR

1 > sweep(x, MARGIN, STATS, FUN = "-",

sbp

dbp

chol
33 0 123.7655 72.19050 207.8440
34 1 128.4596 76.79267 203.6927

H £ 25305

o X —fE B B AR Yt
o FUN @iEFTEFIEAMET EEBITH —KAR 4.

check.margin = TRUE, ..

)

AR R '
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o KR sweep) HEINRSE (FUN = "-") (BLER), HITRERITER,
BIan, WA ERFSEER S + (N5k), RIFFSUZEM M5 m .

> ## sweep()
> b.data <- as.data.frame(matrix(c(1:24), nrow = 6, byrow = T))
> (b.mean <- apply(b.data, 2, mean))
V1 V2 V3 v4
11 12 13 14
> sweep(b.data, 2, b.mean)
Vi v2 V3 V4
1 -10 -10 -10 -10
-6 -6 -6 -6
-2 -2 -2 -2
2 2 2 2
6 6 6 6
10 10 10 10

OCONNUIHWN -

—_
—_
D U W N

14 > #

15 > (b.mean <- apply(b.data, 1, mean))
16 [1] 2.5 6.5 10.5 14.5 18.5 22.5
17 > sweep(b.data, 1, b.mean)

18 Vi V2 V3 V4
19 1 -1.5 -0.5 0.5 1.5
20 2 -1.5 -0.5 0.5 1.5
21 3 -1.5 -0.5 0.5 1.5
22 4 -1.5 -0.5 0.5 1.5
23 5 -1.5 -0.5 0.5 1.5
24 6 -1.5 -0.5 0.5 1.5

15.9 BRI B HEEB X replicate()

KR replicate () EEKR sapply O M, B sapply O WEEHE,
AIEBEBRTH—KAECER. WX ERE

1 > replicate(n, expr, simplify = "array")

Hebiy £ E 58
o n FTEEBEHRITHIRHE.
o expr BFFEEEITHIE —EHEK.
o K replicate() BHE EWITELERREE.
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1 > ## replicate random variables from exponential distribution
2 > replicate(5, rexp(10))

3 [,1] [,2] [,3] [,4] [,5]
4 [1,] 0.06436724 1.49382223 0.1169804 0.39905662 0.0312094139
5 [2,] 4.05790204 0.08366908 2.2931382 0.81557964 0.7972878694
6 [3,] 0.52927286 3.49740175 0.2327129 0.75613704 0.4220017293
7 [4,] 0.08287350 0.35182542 1.3666231 0.74424509 1.1743398280
8 [5,] 0.14477947 0.53206901 1.1084216 0.33239908 0.8897708109
9 [6,] 1.57175982 1.86628848 4.9939808 0.38849803 2.0421579144
10 [7,] 0.02001488 0.16144714 1.5584840 1.37843723 0.2155170352
11 [8,] 0.52199820 1.34512130 0.4799255 0.47659392 0.3325432939
12 [9,] 0.08017182 0.55292033 2.6603417 1.65020506 1.9962155669
13 [10,] 0.23903690 1.18049660 1.1706547 0.04541023 0.0007613422

14 > replicate(5, mean(rexp(10)))

15 [1] 1.0176443 0.7254602 1.0603147 1.0598029 1.4094343
16 > #

17 > hist(replicate(100, mean(rexp(10))))

15.10 ®RHEZR 2 F| -5

R TR EHERHEZR S E (split) EHEHE (merge), FTLASBIFE A B split O
Bl B merge () #EITHEIEE G

15.10.1 ®HAER 2 FH X split()
AR split O AJLIHERMERDE], BRIZIRDME, (EHEATESAT:

1 > split(x, £, drop = FALSE, ...)
2 > split(x, f, drop = FALSE, ...) <- value
3 > unsplit(value, f, drop = FALSE)

H £ 25 B Al

o x 13 1 EFrEDEIZ ERHES.

o £ 5 1 EEMEE, BFHtr s BFEWH (factor), NEERFMHENZAIE
FAE. AJLME A as. factor (£) #$B 8L £ SRR T2
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15.10 ¥ RHEZR 2 F| &5

e drop = FALSE % 1 {E:#iH1Ew, HEINERE FALSE, R EEPEFRIPLERTE £
W2 KERRIERL

o value 3 1 A &R ERHERSS IR E.

#115.3. R AEE ¥ Puromycin

R A& ¥} data(Puromycin), FE# Puromycin B2 Placebo (state = “treated”
B¢ “untreated”) fEN[F] substrate I (conc) THIEERME X FEHRZR.

> ## split()
> data(Purom

conc rate

0.02 76
.02 a7
.06 97
.06 107
.11 123
.11 139

O O © © ©

#
(df.split
13 $treated

14 conc rate
151 0.02 76
16 2 0.02 47
17 3 o0.06 97

vV VO 01 W N

20 $untreated

21 conc rate
22 13 0.02 67
23 14 0.02 51
24 15 0.06 84

26 > #

ycin)

> head(Puromycin)

state

treated
treated
treated
treated
treated
treated

<- split(Puromycin, Puromycin$state))

state
treated
treated
treated

state
untreated
untreated
untreated

27 > lapply(df.split, summary)

28 $treated

29 conc
30 Min. :0.0
31 1st Qu.:0.0
32 Median :0.1
33 Mean :0.3
34 3rd Qu.:0.5
35 Max. :1.1
36

37 $untreated

rate
20 Min. : 47
60 1st Qu.:104
65 Median :145
45 Mean 1141
60 3rd Qu.:193
00 Max. 1207

.0
.5
.5
.6
.2
.0

state
treated :12
untreated: 0
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conc rate state

Min. :0.0200 Min. : 51.0 treated : O
1st Qu.:0.0600 1st Qu.: 85.0 untreated:11
Median :0.1100 Median :115.0

Mean 0.2764 Mean :110.7

3rd Qu.:0.3900 3rd Qu.:137.5

Max. :1.1000 Max. :160.0
> #
> unsplit(df.split, Puromycin$state)

conc rate state
1 0.02 76 treated
2 0.02 a7 treated
3 0.06 97 treated
13 0.02 67 untreated
14 0.02 51 untreated
15 0.06 84 untreated

> #
> split(Puromycin$rate, Puromycin$state)
$treated
[11 76 47 97 107 123 139 159 152 191 201 207 200
$untreated
[11 67 51 84 86 98 115 131 124 144 158 160
> #
> p.split <- split(Puromycin$rate, Puromycin$state)

> lapply(p.split, mean)
$treated
[1] 141.5833

$untreated
[1] 110.7273
> #
> unsplit(p.split, Puromycin$state)
[1] 76 47 97 107 123 139 159 152 191 201 207 200 67 51 84
[16] 86 98 115 131 124 144 158 160

15.10.2 & HFRFHER B X merge()
A merge O AL ERHER G, EREZIEDA. WASESERMT:

1
2
3
4
5

> ## S3 method for class ’data.frame’

> merge(x, y, by = intersect(names(x), names(y)),
by.x = by, by.y = by, all = FALSE, all.x = all, all.y = all,
sort = TRUE, suffixes = c(".x",".y"),
incomparables = NULL, ...)
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15.10 ¥ RHEZR 2 F| &5

H5 (85

OCOIANUT = WN =

vV V V VvV

vV VvV Ol WwN

x, y REGHH BEHESR.
by, by.x = "x.anme",by.y = "y.name"

HEBRMER x, y GFRIVERMER D, PRz 3R 2 S B 4%

(common columns), FI4l, by.x = "x.name",by.y = y.name", NAHE
BB by,
all = FALSE,all.x = all,all.y = all

all.x 5% 1 (@@, Ball.x = TRUE K, FEFTE A Bt BRHESR x, 358
EHRHEZ v REMELZ by.y FIL (rows), Gt INESHEZERERRE,
Vi EREEAS ES by .y BB NA. all .y 55 1 EBEESE 4, fEFEL a11 . x 8
Bl all F7R all.x, all.y BHHEZEEES.

sort = TURE [El{& 5 R 2 A AR column HEFF.

suffixes = c(".x",".y")]

£ x, y B ERIESEF, FEE AR St [F 2 B B HeR B Ui 478,
B E AR B B 208, R I hn S e R {576 A8 IR] A4 T 2 B L.

incomparables % E — L {E N REMECE.

## merge()
x <- data.frame(kl = c(NA, NA, 3, 4, 5), k2 = c(1, NA, NA, 4, 5), id = 1:5, idl = 11:15)
y <- data.frame(kl = c(NA, 2, NA, 4, 5), k2 = c(NA, NA, 3, 4, 5), id = 1:5, id2 = 11:15)
cbind(x, y)
k1 k2 id id1 k1 k2 id id2
NA 1 1 11 NANA 1 11
NANA 2 12 2 NA 2 12
3 NA 3 13 NA 3 3 13
4 4 4 14 4 4 4 14
5 5 5 15 5 5 5 15
#
merge(x, y, by = c("id"))

id
1
2
3

kl.x k2.x idl kl.y k2.y id2
NA 1 11 NA NA 11
NA NA 12 2 NA 12
3 NA 13 NA 3 13
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vV V. N = vV VO O W N vV V. W N - vV VvV Ol W N vV vV o

vV VOO N O O w N

o U W N

#
merge(x, y, by.x
id1l ki1.x k2.x id.

11 NA 1

12 NA NA

13 3 NA

14 4 4

15 5 5
#

merge(x, y, by =

= c("id1"), by.y = c("id2"))

x kl.y k2.y id.y

1 NA NA 1
2 2 NA 2
3 NA 3 3
4 4 4 4
5 5 5 5

c("k1", "k2")) # NA’s match

k1 k2 id.x idl id.y id2

4 4 4 14
5 5 5 15
NA NA 2 12
#
merge(x, y, by =
k1 k2.x id.x id1l
4 4 4 14

5 5 5 15
NA 1 1 11
NA 1 1 11
NA NA 2 12
NA NA 2 12
#

merge(x, y, by =
k2 ki1.x id.x id1
4 4 4 14
5 5 5 15
#

merge(x, y, by =
k1 k2.x id.x id1l
2 NA NA NA

3 NA 3 13
4 4 14
5 5 5 15
NA 1 1 11
NA 1 1 11
NA NA 2 12
NA NA 2 12
#

merge(x, y, by =
k1 k2.x id.x id1l
4 4 4 14

5 5 5 15
NA 1 1 11
NA 1 1 11
NA NA 2 12
NA NA 2 12

4 14
5 15
1 11

"k1") # NA’s match, so 6 rows

k2.y id.y id2

4 4 14
5 5 15
NA 1 11
3 3 13
NA 1 11
3 3 13

"k2", incomparables = NA) # 2 rows

kil.y id.y id2
4 4 14
5 5 15

"k1", all = TRUE)
k2.y id.y id2

NA 2 12
NA NA NA
4 4 14
5 5 15
NA 1 11
3 3 13
NA 1 11
3 3 13

"ki", all = FALSE)
k2.y id.y id2

4 4 14
5 5 15
NA 1 11
3 3 13
NA 1 11
3 3 13
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67 > #
68 > merge(x, y, by = "k1", all.x = TRUE)
69 ki k2.x id.x idl k2.y id.y id2
701 3 NA 3 13 NA NA NA
71 2 4 4 14 4 4 14
72 3 5 5 5 15 5 5 15
73 4 NA 1 1 11  NA 1 11
74 5 NA 1 1 11 3 3 13
75 6 NA NA 2 12 NA 1 11
76 7 NA NA 2 12 3 3 13
77 > #
78 > merge(x, y, by = "k1", all.x = FALSE)
79 k1 k2.x id.x idl k2.y id.y id2
80 1 a4 4 4 14 4 4 14
81 2 s 5 5 15 5 5 15
82 3 na 1 1 11 NA 1 11
83 4 na 1 1 11 3 3 13
84 5 NA NA 2 12 NA 1 11
85 6 NA NA 2 12 3 3 13
86 > #
87 > merge(x, y, by = "k1", all.y = TRUE)
88 k1 k2.x id.x idl k2.y id.y id2
89 1 2 NA NA NA NA 2 12
90 2 4 4 4 14 4 4 14
91 3 5 5 5 15 5 5 15
92 4 nNA 1 1 11 NA 1 11
93 5 NA 1 1 11 3 3 13
94 6 NA  NA 2 12 NA 1 11
95 7 NA  NA 2 12 3 3 13
96 > #
97 > merge(x, y, by = "k1", all.y = FALSE)
98 k1 k2.x id.x idl k2.y id.y id2
99 1 4 4 4 14 4 4 14
100 2 s 5 5 15 5 5 15
101 3 na 1 1 11  NA 1 11
102 4 na 1 1 11 3 3 13
103 5 NA  NA 2 12 NA 1 11
104 6 NoA  NA 2 12 3 3 13
105 > #
106 > x.id <- c(1:6)
107 > x.f1 <- rep(c(1, 2), 3)
108 > x.f2 <- rep(c("m", "£"), each = 3)
109 > x.£3 <- rep(c("L", "M" , "H"), length.out = 6)
110 > x.df <- data.frame(x.id = x.id, x.fl = x.f1, x.f2 = x.f2, x.£f3 = x.£3)
111 > #
112 > y.id <- c(3:8)
113 > x.f1 <- rep(c(1, 2),3)
114 > y.f2 <- rep(c("m", "f"), each = 3)
115 > y.£3 <- rep(c("L", "M" , "H", "E"), length.out = 6)
116 > y.af <- data.frame(y.id = y.id, x.f1 = x.f1, y.f2 = y.f2, y.f3 = y.£3)
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117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166

> #
> cbind(x.df, y.df)

x.id x.f1 x.f2 x.£f3 y.id x.f1 y.f2 y.£f3

1 1 1 m L 3 1 m L

2 2 2 m M 4 2 m M

3 3 1 m H 5 1 m H

4 4 2 f L 6 2 £ E

5 5 1 f M 7 1 £ L

6 6 2 f H 8 2 £ M

> #

> merge(x.df, y.df, by.x = "x.id", by.y = "y.id", sort = FALSE)
x.id x.f1.x x.f2 x.f3 x.fl.y y.f2 y.£3

1 3 1 m H 1 m L

2 4 2 £ L 2 m M

3 5 1 £ M 1 m H

4 6 2 £ H 2 £ E

> #

> merge(x.df, y.df, by.x = "x.id", by.y = "y.id", all = TRUE, sort = FALSE)
x.id x.fl1.x x.f2 x.f3 x.fl.y y.f2 y.f3

1 3 1 m H 1 m L

2 4 2 £ L 2 m M

3 5 1 £ M 1 m H

4 6 2 £ H 2 £ E

5 1 1 m L NA <NA> <NA>

6 2 2 m M NA <NA> <NA>

7 7 NA <NA> <NA> 1 f L

8 8 NA <NA> <NA> 2 f M

> #

> merge(y.df, x.df, by.x = "y.id", by.y = "x.id", all = TRUE, sort = TRUE)
y.id x.f1.x y.f2 y.f3 x.f1.y x.f2 x.£f3

1 1 NA <NA> <NA> 1 m L

2 2 NA <NA> <NA> 2 m M

3 3 1 m L 1 m H

4 4 2 m M 2 f L

5 5 1 m H 1 f M

6 6 2 f E 2 f H

7 7 1 f L NA <NA> <NA>

8 8 2 £ M NA <NA> <NA>

> #

> merge(x.df, y.df, by.x = "x.id", by.y = "y.id",

sort = FALSE, all = TRUE, suffixes = c(".X",".Y"))

x.id x.f1.X x.f2 x.f3 x.f1.Y y.f2 y.f3

1 3 1 m H 1 m L

2 4 2 £ L 2 m M

3 5 1 £ M 1 m H

4 6 2 £ H 2 £ E

5 1 1 m L NA <NA> <NA>

6 2 2 m M NA <NA> <NA>

7 7 NA <NA> <NA> 1 f L

8 8 NA <NA> <NA> 2 f M
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15.11 FFRHER B X with()

FEAERMEREA vith) BEEFEH ERMES data.name WHYEEL, A LITEME
& FHEZE data.name WAV EL var.name KF, #%# H data.name$var.name
PEER R, WA BRF A attach O PR A THEIRY B #2722, MR with O
MiESE

1 > with(data, expr, ...)
2 > within(data, expr, ...)

H5[85:

.dua%ﬁﬂ@%%.
o expr ¥ ERHEZ data EITHIEER.

1 > ## with O

2 > data(Puromycin)

3 > with(Puromycin, mean(rate))

4 [1] 126.8261

5 > with(Puromycin, fivenum(rate))

6 [1] 47.0 91.5 124.0 158.5 207.0

7 > with(Puromycin, t.test(rate ~ state))
8

9 Welch Two Sample t-test

10 data: rate by state

11 t = 1.6375, df = 19.578, p-value = 0.1175

12 alternative hypothesis: true difference in means is not equal to O
13 95 percent confidence interval:

14 -8.504864 70.216985

15 sample estimates:

16 mean in group treated mean in group untreated

17 141.5833 110.7273
18 > #

19 > ## try

20 > with(Puromycin, plot(x = conc, y = rate))

21 > plot(rate ~ conc, data = Puromycin)




