%17 F ARG RN

17: Basic Statistical Function

R BHLMETH, P LS A EEETHE 7, R NERTEE RIERHGLE
et &, BIARMEREK N, sun(), cumsum(), diff (), prod(), cumprod ); &
KifetEH N, FlA, mean(), median(), var(), sd(), range(), min(), max (),
quantile(), sample(x) %, AJ2RE 17.1 FZ GEREA.

A R WHETHETER TR, AR AEERAE, EERYHTERE
{8, —2& R BT RE B IR AR, 7] A E R R A B (E, Jeff k=X
na.omit() EHE, AEFETERST, FIA, mean (na.omit (x)). HH, AIHEAH
SRR ARERASIE, na.rm = T, B, mean(x, na.rm = T) ABRHFETERS
r, SR EE RHMERYHCER, B AR AR K(E, & &F ] FHIAR RS R 2
ZH/INL.
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17.1 Bt et eh X

Functions for Descriptive Statistics

R RE—SEEAHCARET, WEFETIEHEERE. z <- range(x) AR EH—
fEm &, ZETHE [min(x), max(x)]; BAEEMS/MESD IR nin(x), max(x); K
BB AIERTAA quantile ), fivenum(x) EI{E M & [max, Q1, median, Q3, max].
2 HFK 17.1 HH.

& 17.1: W BB EE =

= A

sum(x) HI#EFD (scalar) y=Y;x;

cumsum (x) ZEHIHERD (vector) zj = Yi<jXi

diff (x) x[i+1]-x[4i] Zi = Xjy1 — X;

prod (x) FeE (product) y=TLx

cumprod (x) BEtIRE zj = [Ti<j xi

mean (x) ZFH{E (mean) x=1y.x)

median (x) HA28L (median) 0.5 quantile, 50" percentile
var (x) TR, R §% = ﬁ Y(x; — %)?
sd (x) 1B (SD) s=Vs?

range (x) #i# (range) [min(x), max(x)]
min (x) m/ME

max (x) RAE

quantile(x) HNME
fivenum(x)  AEFHE (five-number summary) [max, Q1, median, Q3, max]

sample (x) et it random sample

1>4# descriptive statistics

2 > (x <- seq(-2, 3, 0.3))

3 [1] -2.0 -1.7 -1.4 -1.1 -0.8 -0.5 -0.2 0.1 0.4 0.7 1.0 1.3 1.6
4 [14] 1.9 2.2 2.5 2.8

5 > sum(x)
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6 [1] 6.8
7 > cumsum(x)
8

[1] -2.0 -3.7 -5.1 -6.2 -7.0 -7.5 -7.7 -7.6 -7.2 -6.5 -5.5 -4.2 -2.6

9 [14] -0.7 1.5 4.0 6.8

10 > diff(x)

11 111 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

12 > prod(x)
13 [1] -0.713814
14 > cumprod(x)

15 [1] -2.0000000 3.4000000 -4.7600000 5.2360000 -4.1888000 2.0944000
16 [7] -0.4188800 -0.0418880 -0.0167552 -0.0117286 -0.0117286 -0.0152472
17 [13] -0.0243956 -0.0463516 -0.1019735 -0.2549337 -0.7138144

18 >

19 > mean(x)

20 [1]1 0.4

21 > median(x)

22 [1] 0.4

23 > var(x)

24 [1] 2.295

25 > sd(x)

26 [1] 1.51493

> range(x)

28 [1] -2.0 2.8

29 > min(x)

30 11 -2

31 > max(x)

32 [1] 2.8

33 >

34 > (y <- quantile(z, probs =
35 5% 25Y% 50% 75%  95%
36 -1.76 -0.80 0.40 1.60 2.56
> # quantile range
38 > yl41-y[2]

39 754

40 2.4

41 >

42 > y[4]-yI[2]

43 759,

44 2.4

45 >

46 > fivenum(x)

[1] -2.0 -0.8 0.4 1.6 2.8
# missing values

x[3] <- NA

x[7] <- NA

X

53 [1] -2.0 -1.7 NA -1.1 -0.8 -0.5
54 141 1.9 2.2 2.5 2.8

55 > mean(x)

c(0.05, 0.25, 0.5, 0.75, 0.95)))

NA 0.1 0.4 0.7 1.0

1.3 1.6
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56 [1] NA

57 > mean(na.omit(x))
58 [1] 0.56

59 > var(x, na.rm = T)
60 [1] 2.33829

17.2 #e 2 oy X R RLBUAE AR X
Probability Function

R BEFHFEBARAEAEEREAS RE 172, 19 X B—FEREE (ran-

dom variable), EE%

SEBASTEE, cumulative distribution function (17.2.1)
p = F(q) = P[X < q] (17.2.2)
SMIBIHE, quantile function (17.2.3)
q9=Qu)F'(p), p< PIX <4 (17.2.4)
WA E LS, probability density function (17.2.5)
d = f(x) =F(x) = P[X = x| (17.2.6)
FEHBLEIHH, random number (17.2.7)
r=R(r)=fYx), f=f(X=1x) (17.2.8)

1 R /1, HHRIAIBEZE RS (probability function), 5 FAHHRIFIHEZE 478, ProbFun,
TEREZS 4478, ProbFun, 2 [, NIk 4 BARK/INEFE, p, q, d, r, BETRAIEEE




9]
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KR (17.2.1 — 17.2.8). Flfl, fProbFun), Fx AMHEMNEERK NG, ELE AR
Al Z R

p T BREMELE B (cumulative distribution function, CDF).

q TR 2K (quantile), FF& u < P(X <= x) B&/) x.

d For #E % E B (probability density function, pdf).

r For FERRIREE B () AL B, “TEREL B 4 K= (pseudo-random number

generation function, random number).
dProbFun HIE—{EHZHRE x.
pProbFun HIE—HZELZ 4.
gProbFun HIE—EZEZ p.
rProbFun HHE—H2ERE n, ERELEZEE.

pProbFun 1 qProbFun ¥ #FE##E5|H lower.tail # log.p.
TRUE (default), HZ85HES P[X <= x].
% lower.tail = FALSE BEZEER P[X > x].

# log.p = TRUE, #25 p 2L log(p) Wy ABLEH].

dProbFun A — (BB og, FAEHSLAR B B[,

# lower.tail

FEHFRZH (non-centrality parameter), ncp HIEE AR RESILHE, HIER
/& ptukey () Fl qtukey () #& Studentized Range Distribution. fiiH fl#iHY
WA ] A2 F B,

> # normal distribution

> pnorm(1.96)

[1] 0.9750021

> gnorm(0.975)

[1] 1.959964

> dnorm(1.96)

[1] 0.05844094

> rnorm(5, mean = 0, sd = 1)

[1] 0.26489830 -1.73168534 0.02819288 1.04172067 1.47740736

OCOIANUT = WN =
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10 > rnorm(5, mean = 3, sd = 3)

11 [11 3.7804748 -0.1957517 5.8409855 6.5761660 0.5526837
12 >

13 > # t distribution

14 > qt(0.995, df = 2)

15 [1] 9.924843

16 > 2#pt(-1.96, df = 2)

17 [11 0.1890573

18 > 2#pt(-1.96, df = 30)

19 [1]1 0.05934231

20 >

21 > # upper 1Y% point for an F(1, 2) distribution
22 > sqrt(qf(0.99, 1, 2))

23 [1] 9.924843

24 >

25 > # Simulation different shapes of distribution

26 > par(mfrow = c(2,2))

27 > histSYM <- hist(rnorm(10000) ,nclas = 100,freq = FALSE,

28 + main = "Symmetric Distribution", xlab = "")

29 > histFLAT <- hist(runif(10000),nclas = 100,freq = FALSE,
30 + main = "Symmetric Flat Distribution", xlab = "")

31 > histSKR <- hist (rgamma(10000,shape = 2,scale = 1),freq = FALSE, nclas = 100,
32 + main = "Skewed to Right", xlab = "")

33 > histSKL <- hist(rbeta(10000,8,2),nclas = 100,freq = FALSE,
34 + main = "Skewed to Left", xlab = "")

35 > par(mfrow = c(1,1))

BEELABMTFIGLETGEEYN, B L R ERERERE T, F—-REL
REBLERY, €& THFE (current time), £ —1E ¥ (seed) i3, TETEREHE
4 FEREIE S BCALEL (uniform random number), Fr AR EFRFHE T#AT R, RO
[FIFET, BRATHEERE FRERRE T, KRR g HEEN, ARRME
B R 2 v BEELEUT Y, HIFFEERKN set.seed ), EERE L RFEHK

BLBUZ NG, BB TR EE T B E e E BN
1

> # seed

> runif (5)

[1] 0.50747820 0.30676851 0.42690767 0.69310208 0.08513597
> runif (5)

[1] 0.2254366 0.2745305 0.2723051 0.6158293 0.4296715

> set.seed(10)

> runif (5)

[1] 0.50747820 0.30676851 0.42690767 0.69310208 0.08513597
> set.seed(10)

> runif (5)

11 [1] 0.50747820 0.30676851 0.42690767 0.69310208 0.08513597
12 > # norm

—_
OO UIWN
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13 > rnorm(s)

14 [1] -0.7539600 -0.6058564 -0.1772105 0.1706176 0.2428141

15 > rnorm(s)

16 [1] -0.1794061 -0.6305186 0.9786930 0.2932970 -0.3703290

17 > set.seed(10)
18 > rnorm(5)

19 [1] 0.01874617 -0.18425254 -1.37133055 -0.59916772 0.29454513

20 > set.seed(10)
21 > rnorm(s)

22 [1] 0.01874617 -0.18425254 -1.37133055 -0.59916772 0.29454513
RRFEH AT ZRETEERK, REWRRELEZRERRRHE. BiERE
[l R B AL A I 0 B ] DL R T /N, R BB E /N, RS R
£ R VP EOCFEERET, Rt G B ENEEZER GRS R
& 17.2: R RS BB R

i Zp i R E®4% (ProbFun) 5%

beta beta shapel, shape2, ncp
binomial binom size, prob
Cauchy cauchy location, scale
chi-squared chisq df, ncp
exponential exp rate

F f dfl, df1, ncp
gamma gamma shape, scale
geometric geom prob
hypergeometric hyper m, n, k
log-normal lnorm meanlog, sdlog
logistic logis location, scale
negative binomial nbinom size, prob
normal norm mean, sd
Poisson pois lambda
Student’s t tdf, ncp
uniform unif min, max
Weibull weibull shape, scale
Wilcoxon wilcox m, n
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17.3 Mgt sample() B R

£ R 1 — {8 % ARRE R, sample O, AEAIT

1 > sample(x, size, replace = FALSE, prob = NULL)

Hep5[%

X
x B—REXR 1 WEERE, 52— HEEH.
size = k
size = k REAMBEHMMZERAE.
prob

prob X & — B AR Y BRI AR e &, FEREE, AlE—

{IE B e S 2 AR FEAR AR RS
replace = FALSE

replace = FALSE 1 {E## 545, A EE A HHAR.

e
&3
fm
iy

# sample

# a random sampling (permutation)

# sampling 5 subjects from 10 subjects
# without replacement

x <- 1:10

sample(x, size = 5, replace = FALSE)
1] 710 9 8 3

VvV m V V V V VvV V

OO WN -

> # equal rpobability

10 > x <- 1:10

11 »> sample(x, size = 5, replace = FALSE, prob = c(1:10))

12 111 2 7 3 810

13 > sample(x, size = 5, replace = FALSE, prob = c(rep(1,10)/10.0))
14 111 5 810 6 7

15 >

16 > # unequal rpobability

17 > y <- 1:3

18 > sample(y, size = 2, replace = FALSE, prob = c(0.1, 0.6, 0.3))
19 111 2 3

20 > sample(y, size = 10, replace = TRUE, prob = c(0.25, 0.3, 0.45))
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57
58

[11 3223313331

# clinical trials

# randomization

# random assign to two groups, total 20 subjects
# random assigning treatment groups

sample(2, size = 20, replace = TRUE)
[1121121212211111111211

>

VvV V V Vv VvV

> # random choose 10 subjects to group 1
> sample(20, size = 10, replace = FALSE)
[1] 10 17 18 9 4 20 514 3 7
>
> # block randomization
> # total 3 blocks, block size 4, choose 2 subjects to group 1
> replicate(3, sample(c(1:4), size = 2, replace = FALSE))
[,11 [,2]1 [,3]
[1,1] 2 4 4
2,1 4 2 1

> # bootstrap sampling -- only if length(x) > 1
> sample(1:10,replace = TRUE)
[1] 510 2 9 9 4 4 2 1 3
>
> # 20 Bernoulli trials
> sample(c(0,1), size = 20, replace = TRUE)
[1101110101001110111011

>
> ## More careful bootstrapping -- Consider this when using sample()
> ## programmatically (i.e., in your function or simulation)!
> # sample()’s surprise -- example
> x <- 1:10
> sample(x[x > 8]) # length 2

[11 9 10
> sample(x[x > 9]) # oops -- length 10!

[11 310 1 4 6 2 9 8 7 5
> try(sample(x[x > 10]))# error!
Error: sample(length(x), size, replace, prob)

’x’ incorrect argument




