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SE S A& i DU/RSEE = (IR 8 T B AR FF R 10— F Sk AT B 9E 8
R, Gt (EEREREES. EREEREIERA (nE. B4, 5k,
SoF 555 ) s A R T SEBUB Gt vk, A B s T R K B AL B
BT D R A 15 FAT T 0T LA (bR R E 3

HRISIE S HSE IR A E 2 RS-PLUS. BETSIES, I Hinsightful /A & 3
— B e E. EARITER KPR RGBT R, SHiEEdE
A4 BIRRER . i, g rikmgmie, AR .

S-PLUSH A B8 F R AThrUE I ST B BT TR 45 1, B2 e EEK
5 552 AT ARSI ASAS T 25 R IR R AR R, T MR A B sz —
M R 7N

S-PLUSHHLRA N TAESE R A, &2 — R Auckland K22 Robert
Gentleman FRoss Thaka KHAMEBAN B R T —IMRES, HiEEEXS5SE
SEAME, HEUAR, FFES RS —ERHREE. RE—1CGPLAH
BAF, AR A2 2.2. 10, £ P ABER S # nT U453 3]. REES-PLUSKEZD>
WL G, HELEE TRBPSLHME. REEITEEESLH HS-PLUSHR.

BAE X B R BN AS-PLUSHIRERGEAE FH M Dhge, HCARA . F AT
FHSZi#RS-PLUSHIR .

1.1 SPREAT]

SEGMEAS MR ML ERMLE L, AR —NRTS, e
GiRG ERREMS . SirdEEAWMENR: RIAXBREEH (<K
7)o FEMRIRAATERA —MRIEAR S HURIEAI B R, WEEH
ERE S A RE T RIS 72 328 . T DU A B e R #R 0| LARTIZ
1T W & F s AT BB SR BT .

SRR I KNG, P LAX AR K144 F

BATH — L] 7R B SHIRF i BRRANTELHEN T R(ES-PLUS) I H
EHH. MALUTERN(CKTSEARGRT, AR B CHAR):

xl <- 0:100

X2 <- x1*2%pi/100
y <- sin(x2)
plot(x,y, type=’1’)

vV V VYV

HEEA T LB ESL &R . H, <" Z2BRESHEF. 0:100R R~ —4
MOFN100 525 M. NS AERT LLE 1, BATAT DL B H BT
UMz, 15 2 x 242 [ B x 1 BT 0 R e LUH $2%pi/ 1000 45 B . 5B
=ANEA)AT LG B R BT DAL R BN, FEAT DU — AN R, SR 1 Ry
H—ANrEREAZEKRN NS ENIEZREHE. NG — M EAT LG K

1
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B AR B i, wT DA By AR R, T DL B R R A =" 1 R

EAR RS, JXAE AT LU 84 {8
TNHENTE—FESHGHDRE.

> marks <- c(10, 6, 4, 7, 8)
> mean(marks)
[11 7

> sd(marks)

[1] 2.236068

> median(marks)
[11 7

> min(marks)

[1] 4

> max (marks)

[1] 10

> boxplot (marks)
>

F—MEARMAE TEHEE AR, REc)HREEREAE I —A &,
JETHH T LA BBk SRR E . bz, A%, BME. BOKE.
BIERREZHEEP G E . Hlhsd() 2R A4 A K RH, 7ES-PLUSH %
Hsqrt(var()) Rt H. ST NP EER —MREAXKNEAZHANE,

AT ERSHIENE TR, BATHESASH K% T HESASUSER. CLASS #ith £

T —ANCASTHCLASS. TXT, SASFEFIT -

data _null_;
set sasuser.class;
file ’class.txt’;

run;

put name sex age height weight;

BATERF LA LA AL A — D EARHE (data frame, A2 TSASH 1%L
Pa5R), AT, LflERsoR BN ES . B ASERIT, EEH AT

N5 R4 ST IR

St B AR

QUIOOOUIUITUNNUIUIOUITOO OO

+ col.names=c("Name", "Sex", "Age", "Height", "Weight"))

> ¢l <- read.table("c:/work/class.txt",
> cl
Name Sex Age Height Weight

1 Alice F 13 56.5 84.
2 Becka F 13 65.3 98

3 Gail F 14 64.3 90
4 Karen F 12 56.3 7

5 Kathy F 12 59.8 84

6 Mary F 15 66.5 112

7 Sandy F 11 51.3 50

8 Sharon F 156 62.5 112

9 Tammy F 14 62.8 102
10 Alfred M 14 69.0 112
11 Duke M 14 63.5 102
12 Guido M 15 67.0 133
13 James M 12 57.3 83
14 Jeffrey M 13 62.5 84
15 John M 12 59.0 99
16 Philip M 16 72.0 150




§1.1 SPRIENT

Weight

55 60 65 70

Height

K 1.1 ARMAEREHEE

17 Robert M 12 64.8 128.0
18 Thomas M 11 57.5 85.0
19 William M 15 66.5 112.0

> attach(cl)

> plot(Height, Weight)

> fitl <- 1m(Weight ~ Height)

> fitl

Call:

Im(formula = Weight ~ Height)

Coefficients:

(Intercept) Height
-143.027 3.899

> abline(fit1l)
>

SERATLL AR 1. BATARXAI 77T LAE 2, o #r R BGEak, 45 R Ext

%, Al LM EE— ST A .
S-PLUSH AL T — MM Thae. tht, sk—ANERER:

> A <- matrix(c(1,2, 7,3), ncol=2, byrow=T)
> A

[,11 [,2]
[1,] 1 2
[2,] 7 3
> Ai <- solve(A)
> Ai
[,1] [,2]

[1,] -0.2727273 0.18181818
[2,] 0.6363636 -0.09090909

@E: LN http://www.math.pku.edu.cn/teachers/lidf/
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KR LT AR PRI 5, -
> b <- ¢(2,3)
> x <- Ai Y*% b

> X

[,1]
[1,] -2.220446e-16
[2,] 1.000000e+00

KPR ERAR T AR . “%* % RnFE Rk
A DB TAT a R AFAE — N SCAR SO (HL e : \work\myprog . v) ™, 4R 5 H
source FAEURIZIT AN A

> source("C:\\work\\myprog.r")

ERTFH RN RFATEE A . R RVFHRHLIE A B AR R

> source("C:/work/myprog.r")

Filsink () e& $n] DL DLJS B % H A R 8 1 10 3 1) B — AN A0 38 SO AR SO,
-

> sink("C:/work/myprog.out")

TR B e E L, A

> sink()

FESH R LLH “0” 5 5 TH ER AW 0 R BOR B B &, B

> 7c
> Ph=="

(BEWRPER T 5 Z AWM S FERK). 54b, ZEMS WindowsiR [f1S-PLUSH 5 Windows

F B A, MAERA AT LA HTML] B 28 >k 2 1 945 B) (H “help.start () B £ 2 Help

- R language (html)”J53))). HIFSTESEERN— RS EHRRENFE DR,

BRI S #0b 5T AN e 8 BT IO 40755, B SR B H B 40 o T2 T
ZLHRHS-PLUSER, " LAHq()BR%, AT LAHISI B A& . RAEIR I 32 1) 2

R A H TAEZ W, B LHEAFE XK AN R (B AT E. . 51

R, REE) PR —ASCM. S-PLUSH DUEFEARAEHRLERT 5

1.2 SHE

SIE B AT HRKET, Al M BIEA KB IE 2 — L e ST
PRA, . FERE. FISR(list) 55 EEREREMAXN GRS, i, HHEiE
X5, AP S, MRS, EITENS, 5%,

SiEFRIEATTLIMER HEMZE, ZEAKNMNE: dysh, By, A
AR, BN TFRABIE TR R, KERA RS KANERAFER. FpE
ER AT DA B 7 SRR 2y, AR B T 6 508 5 P AU W AR 2>
XS EM R4 . Foh, SIEE T P RILARFRAES 7, EIAERRBRA B
WHT A TR,

St AR
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1.2.1 &

R LVES M B ER . BUERIM R =R SEhr B BUE R EEE X
ATRLA R HERY . BOREEE . XURSRESE, AR R TR A RGO B RSRAL. fildn,
123, 123.45, 1.2345e30/ 25 EH A H &, " Weight”, 7 225" & 775 24 (F W~ 5
WS ). BEEESATRUEGERX S KNG, Btruelk & X), #
HREE NFALSE. EHHEHH3.5 — 2 iR BERR.

SH B T CLER B RAE, P S NARKRERAE . pRA%s . na(x)IR [Flx 2 7k
RAE(HIERT) -

1.2.2 P& (Vector) 5B {H

) & B AR EEASR A ST R P A1, KA 4 T HAE 5 i — 454
by EAESH bR B E R 1 M .
" K& ST B iR INE R e (), BIEE T BEE T B8 —4
] i, Lkt

> marks <- c(10, 6, 4, 7, 8)
> x <= ¢(1:3, 10:13)

> x

[1] 1 2 3 10 11 12 13

> x1 <- c(1, 2)

> x2 <- c¢(3, 4)

> x <= c(x1, x2)

> x

[11 1234

15 B M BN BAE R B AL B HI—AN 1), XRAREFIZ B RITHIE—
AN AR, Bl

> 1234501:1234520

[1] 1234501 1234502 1234503 1234504 1234505 1234506 1234507 1234508 1234509
[10] 1234510 1234511 1234512 1234513 1234514 1234515 1234516 1234517 1234518
[19] 1234519 1234520

5B ATH B0 N EOT R, P LAEAT 2230 7R <[10]7
SHHRF S “<-” (R RN T 5 5E—MS ) RAZEE:

> x1 <= c(1, 2)

B $length (x) 7] LATHE M) ExHIHC B .

1.2.3 mEREHE

TR R BEATIN(+) . (). Te(*). BR(/). FTT(")iBH, HERERX
BN DRETEHE. .

> x <- c(1, 4, 6.25)
>y <- x*¥2+1

>y

[1] 3.0 9.0 13.5

@E: BERN http://www.math.pku.edu.cn/teachers/lidf/
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FIEE, W/ hRANEERRIE (WS %/% 341), WhRAARRE (WS %% 3Hh2).
PINERKIR MR, . . Br. RJyia B2 N e [ 1 1Y iz
ﬁ’ ﬁﬂ

> c(1,2,3) + ¢(10,20,30) / c(2,4,6)
(11678

PN EAR B EEEE R, KB —ASREAMER,

> ¢(100,200) + c(1,2,3,4)
[1] 101 202 103 204

WA A EE N RBEHZE, sqrt. log. exp. sin. cos. tanF R EHL TS
LA M 21E B AR, g5REXN MRS — N uEDUHN R EIE, -

> sqrt(x)
[1] 1.0 2.0 2.5

B Fminflmax 73 7 HX 5 28 & W) & 5 /ME R & KME, B #sumit E B R &
& TR, PR meantt H I E, PREvartt HFEEARTT Z, B $sdih H s e
Z (7ESplusH Fsqrt (var () TH5), B rangei [B160 & PI/ME K 7] &, S5 —AMER
B/ME, B /MERBRKAME. -

> max(x)
[1] 6.25

R K var (x) TxEn x pHEFE, WG RAREA)TT 2R .

sort(x) IR [Alx R 70 F AN BIRHEFF 45 R 11 & . order(x) 1R [FIAE A N FI K
HEFI I TCER T ARl & (x[order (x)| 8 Tsort(x)) -

FEATEC S S RAE B S S RA A SRR . B,

> 2%c(1, NA, 2)
[1] 2 NA 4

> sum(c (1, NA, 2))
[1] NA

1.2.4 F=HEERERES

WS Bnumeric(n) A L= A EE To M ER M E. ESHWIRE S = —
NEZEHF . B, 1nf=E N1 B EEE S, -2: 374 -2 BISHIEEL S, 5:277
A ) I EE

>n <-5

> 1:n

[11 1 2345

> -2:3

[1] -2 -1 0123
> 5:2

[1] 5 4 3 2

FERL-1ARREFIZn- 1T - ME LK EL, X2 DHILHE R

St B AR
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—, VeV
[
L s L s
,~0B
N | ==

S~ W

seq FREUE T — M EZHF .. WRAEE—NHZEn>0, Nseq(n)H
B Fin. HEWNEBREN, F—EXERTHE F_ALELS HME,
Wiseq(-2,3) 52 M-2313. XA F S B T SeR £ A I — Lo R R AR 34, Hh SR
O LE A FAN S0 B R, R DA FRR P B R R4 HAFE
R AREUHEEEL=AFEE MWEIBE. B, seq(-2,3)T LG
Hiseq(from=-2, to=3). A LLH—A"byZ%$s & =558 i, #lan:

> seq(0, 2, 0.7)
[1] 0.0 0.7 1.4

WA LS fliseq(from=0, to=2, by=0.7). BSHANSEIRFATE, W:

> seq(0, by=0.7, to=2)
[1] 0.0 0.7 1.4

] UL HlengthZ¥5 @ BIK B, Wiseq(from=10, length=5)/=4210F]14. seqpf
HOL V] LU —Mseq(along=Im &2 4 ) K, X REEHX—N24, A% &
RS, e

> x

[1] 1.00 4.00 6.25
> seq(along=x)

[1] 123

F—ANRE R E R rep, B UERE A HRERTIX, Fla:

> rep(x,3)

[1] 1.00 4.00 6.25 1.00 4.00 6.25 1.00 4.00 6.25
> rep(c (100, 200), c(3, 2))

[1] 100 100 100 200 200

B ANBHE X, BASHA A times(EE KK

1.2.5 ZHRhE
)&= A ABGZ (R, 0.

> 1 <- c(TRUE, TRUE, FALSE)
> 1
[1] TRUE TRUE FALSE

IR, R EE KNSR, W

@ LR http://www.math.pku.edu.cn/teachers/lidf/




> X

[1] 1.00 4.00 6.25
>1<-x>3

> 1

[1] FALSE TRUE TRUE

— AN HESHEILBEKD, gRER—NHE, TR X LRI RE
L
PIA ) A AT DLERER, -

> log(10%*x)

[1] 2.302585 3.688879 4.135167
> log(10*x) > x

[1] TRUE FALSE FALSE

BB HEFARE<, <=, >, >=, ==(H%), 1=(/ ).

PN IE R B LT 5 (&) BU()IE%, SR EX N ITREBHNER. X
B A BT RSN TR KR, Fl:

> (salaries >= 1000) & (salaries < 8000)

e — AN A 1) B A R O B B iR all, G

> all(log(10*x) > x)
[1] FALSE

AR A H A FAE ) B B any, W1

> any(log(10*x) > x)
[1] TRUE

B Htis na(x) R AW (4 — DR R EEE. W

> is.na(c(1, NA, 3))
[1] FALSE TRUE FALSE

B AE W] LLSER I e BB, TRUEZS Bl, FALSEZE 0. %140, A
Plage>65 HEZFEN, BUAFEREAN, FTELHC(young”, "old”)[(age>65)+1]iX
HIFam. BER K T65h age>65% T TRUE, MN1NFETRUER ek $E B 11,
ZERAR2 T RIS “ AN TFARAER “old” . FHMZET0+1 FFRALH “young”

1.2.6 FRHEmE
R ICE A LA R . Bldn:

> cl <- C("X", "sin(x)")
> cl

[1] nyn "sin(x)“

> ns <- c("Weight", "Height", "4F#d")
> ns

[1] "Weight" "Height" néﬁﬁ@u

St B HAE
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paste B BRI E 1) HARBE R 7478, IR ZAE 2T, Bl

> paste("My", "JOb")
[1] "My Job"

FERR AR DU MR, IXI 55 N e BBk, KA R I 0 ) v
WESMH. AREREUE N E, EEN B3 R0E 4 F R R RS
Bt :

> paste(c("X", "Y"), u=n’ 14)
[1] "X = 1" "y = Q" "X = 3" "y = 4n

g3 b P 745 T DLl sep 8588 e, Bl R 617 A3 A SCHE A4

> paste("result.", 1:5, sep="")
[1] "result.1" "result.2" "result.3" "result.4" "result.5"

R 45 paste() & #3567 T collapseZ #, Mpaste() 7] LA —ANF 45 5 [ & 1)
BN TCREER— N/ S, FiE Hcollapsefis & FIME 7B . b lipaste(c(a’,
'b"), collapse="")fF%]’a.b’.

1.2.7 BHHE

SYFEHEH. BHFRABEAZI 2. LXFENEXRET. 2 nEE
—MNTRHRE L WU complex () B HUE B ) B, 04 E SEEA R 1)
& X B K &

x <= (0:100)/100%2*pi

y <= sin(x)

> z <- complex(re=x, im=y)
plot(z)

VvV Vv

\4

AT PAGS e AR i R H R R

> zz <- complex(mod=1, arg=(0:11)/12%2*pi)
> plot(zz)

Re() T ESHE, Tm ()T HAE I, Mod ()T REAE, Arg()HHH REE A, Conj() it
S, BAREC AR B SR R EOE 5, .

> sqrt(-2+01)
[1] 0+1.4142143

FEEEREREH N sqrtE R4 AT H.

@ LR http://www.math.pku.edu.cn/teachers/lidf/
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1.2.8 METHEH
SIEM T+ RIEN R R EICEMN R E TERAThEE, F30sHXEshE
R R EESTE S I H.

H—A R R BRI AT, o — A aES, sl EER
Rk, i —AThx, W

> X

[1] 1.00 4.00 6.25

> x[2]

[1] 4

> (c(1, 3, 5) + 5)[2]
[1] 8

A LA AR — AN TR FE AAE, Bl -

> x[2] <- 125
> X

[1] 1.00 125.00 6.25

HSL b, STRAL T UM I R V5 ) [ B K —E 5y, A& hx[v], <N R &
ERRIE, v K — R AR &

— RIEEEHEN TiRNE
FEx[v]H, vA—AN R, TTRPELE Bllength(x) 28], BUEAFER, i,

> x[c(1,3)]

[1] 1.00 6.25

> x[1:2]

[1] 1 125

> x[c(1,3,2,1)]

[1] 1.00 6.25 125.00 1.00

> c("a", "b", "c")[rep(c(2,1,3), 3)]

[1] Ilbll IlaII I|CII llbll |Ial| IICII Ilbll IlaII llcll

= BROOEBER TR E

ExVH, vI—A &R, JTCEBUELE —length(x) 3] - 12 8], FRFIBRH N AL
BITE. Bl

> x[-(1:2)]
[1] 6.25

=, EEAEN TR E
Ex V], v RIS EE R &, x[v|R R A VI EAER TR, W

> X

[1] 1.00 125.00 6.25
> x<10

[1] TRUE FALSE TRUE

St AR
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> x[x<10]

[1] 1.00 6.25
> x[x<0]
numeric(0)

A WX [x<10JBUH BT /D TLOR TR AU 75 . XFZEAE T ire—FliRf /)
IR TR, Bl fnx[sin(x) >0 "] LUK Hx 7 B A 1E 5% B BB N IE I JT 3R 4R )
H

R TR B L R — A B K B B A numeric(0).

V. RARFRERN TR
FE5E R A] DA TuEn L4y, filn:

> ages <- c(Li=33, Zhang=29, Liu=18)
> ages

Li Zhang Liu

33 29 18

SR S SCHA 1) B AT LB B TRER T IR, 55 SR AT LRI TG 3R 44 7R U7 1 TG 3R BR

TR TE, flan:

> ages["Zhang"]
Zhang
29
> ages[c("Li", "Liu")]
Li Liu
33 18

I T ER 44 P LS, it

> agesl <- ¢(33, 29, 18)
> names(agesl) <- c("Li", "Zhang", "Liu")
> agesl

Li Zhang Liu

33 29 18

EEIRAIE B T A0y ) [ B A TR . AESHIE T LA TR

{5, Hl4n:

> X

[1] 1.00 125.00 6.25

> x[c(1,3)] <- c(144, 169)
> x

[1] 144 125 169

ERBE R B LU R, B AT DB 2 ORI — N4 —1H:

> x[c(1,3)] <- 0
> x
[1] 0 125 0

wE: LR http://www.math.pku.edu.cn/teachers/lidf/
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5 ZHE R EHTA CRER O — M R E T ARSI K, WU xS
2%

> x[] <- 0

HEREXE“ <= 0"&ARW, rEREE R EKEARL, J55 #2438 hix
20,

SR TCRAE B AR S B HAE T Fr k856 0T LA i & 14 BL R 34, 41
B Ly =1f(x) A Zx<OR B —x, FFHE L+, AT LA

> y <- numeric(length(x))
> y[x<0] <- 1 - x[x<0]
> y[x>=0] <- 1 + x[x>=0]

1.3 HMESZHHA

1.3.1 %Ep&

SH R B A HHE S ) B R T e AR TP ) B R, R R R R AR
b —AEHLIE, STESHHRAMT R (matrix) BHERA . SRR
) ERML, RAGMHFEEARR LY. #FA8. FHEMBURNES,
HAP oz HBEATRYE .. W, —m x nfiBEAR] LR AE 7ESHE BE AR
BAY, ARBEATHEFITTRMNAL]

B Fimatrix() HRAE A BGERE, H5e a0k

matrix(data = NA, nrow = 1, ncol = 1,
byrow = FALSE, dimnames = NULL)

Hh 3 — A4 Bdatay FU4L 1 2088 17 2 (B4 B 8 BLRENA), nrow k1T 4,
ncol ) FI4H, byrowZR 7 EUHE KB B I 42 4T IR T I8 & FNIR T, B R shA 1 i
THANKT, XREBRMNEHEER IR ZAFER . dimnamesBit &5 E, 702
—MNKBER2MFIR(I1.5), FIRE MR R KESITEHHEN FZFE N E,
KRBT, TIRE A MR ZKESVIEAH RN Z/FR N E, XREHIH
RS, BN, & S—A31T45), H1:12884T IR P HE AR R, AT LA -

> A <- matrix(1:12, ncol=4, byrow=TRUE)
> A
[,11 [,2]1 [,31 [,4]
[1,] 1 2 3 4
[2,] 5 6 7 8
[3,] 9 10 11 12

FEA BRI G DU RS iR e T s B —. IENEREAD A>T
i BB, XA SR A B . -

> B <- matrix(0, nrow=3, ncol=4)

KAt B HAE
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A RSAT AB I TT R R A ORI AE FE
HER: SHHEFETTRE A IRTZITE “FIR)T”, FIFORTRANIE S H 44
HI TR IRFAR. Fc(A) AT IERIMEMAR TR R, W

> c(h)
[1] 1 5 9 2 610 3 711 4 8 12

XIS HAE L AR P AR FE R ) “He B R E .

PR cbind ()R B AR & P — N KEERE, B¥ubind()#EH B R &N mPf
M— AN KHRE. cbind )M BZEREMEREEEIINENHE, BTENREE
MNAZAHE W F &, SRR, 6T, SERATE). rbindf) B R &%
FEEREEAT MR M A&, BRI IZAEET Fr&E, AR, XFHE
Biﬁﬁﬁ)ﬁﬂl]ﬂ%ﬁl)o MRS 55 ELTE LT A TEENERNEEEHF.
it -

> x1 <- rbind(c(1,2), <c(3,4))
> x1

[,11 [,2]
[1,] 1 2
[2,] 3 4
> x2 <- 10+x1
> x3 <- cbind(x1, x2)
> x3

[,11 [,2]1 [,3]1 [,4]
[1,] 1 2 11 12
[2,] 3 4 13 14
> x4 <- rbind(x1l, x2)

> x4
[,11 [,2]
[1,] 1 2
(2,] 3 4
[3,] 11 12
[4,] 13 14
> cbind (1, x1)
(.11 [,2]1 [,3]
[1,] 1 1 2

[2,] 1 3 4

B 24 cbind () Flirbind () i 45 R s 2 FEFERAY iy LLAT LA A ebind (x)FE 7] B x 3%
7 Hn x VEERE (BT &), B rbind (x)ExRR AL x ndiFE(AT &),

1.3.2 ViR TR TR

B MR REA O R, RES HEMET R AN TS WHES S I T
RIWT, 1A [3,2]°810, ] LAZG—MERETTRIE LMESIZITTER .

KT VRMEREARI ST, HERALDXAERER, 4REINE—/SHE
MARRFRIAT &, SRR MTRENG W ER. Flan:

> A[2,]
[1] 56 7 8

1

FAREET, 2T ViR AEREARIEEF], REMALXFER#,

@E: LN http://www.math.pku.edu.cn/teachers/lidf/
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> A[,2]
[11 2 6 10

H R R R —ANS B RRR 5 [ & .
AT Vi FEREAR 5 do, . i AT 1, o, - - -, 5o SRS U LK) TR R
RE}EHA[C(’L.MZQ, .. 7is)> C(jhj?a see 7jt)] ﬁﬁ%%ﬁ° ﬁﬂ

> A

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

[2,] 5 6 7 8
[3,] 9 10 11 12

> A[1:2,]

[,11 [,2] [,3] [,4]
[1,] 1 2 3 4
[2,] 5 6 7 8

> Af1:2, ¢(1,2,4)]
[,11 [,2]1 [,3]

[1,] 1 2 4

(2,1 5 6 8

> A1, c(1,2,4)]
[1] 124

Hh g G —MER RE AT UG RBHCh— N E, 11BN REFHRNAT
] &

A DA RER) — N FEBREE, TR EN 2SR a2, 80
NG, AT ABRFEFEAR RN FE CEREN -GS —KE, H
an:

> A[l <=0

M E—FE, FEFERAT. Tt U & 7. FEREREAT AT LI —
MT4, IR A4, KT IR LU A2 R T AR, & AT
% Hrownames() A%, € X4 Hcolnames() 8%k,

> rownames(A) <- c("a", "b", "C")
colnames(A) <- paste("X", 1:4, sep="")
A

X1 X2 X3 X4

a 1 2 3 4

b 5 6 7 8

c 9 10 11 12
>

[

VvV Vv

A[Ilbll, le4ll]
1] 8

LT AT 2 FF 2 EiESHEREFES W BRAME, SEFr L, rownames(A)
MY TFHEREFIES P HA->rownames LA .rownames, BIU7 [0 X5 ZAK B 1

rownameso.

St AR
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1.3.3 MMEEHE

MR DAHEAT PUAE 5 (+, —, %, /, ), RN MRS RO R AT s 5, 2
iz SR M — RN AZ A R AR o 32 S i B ) DY D32 S50 USR8 o
B, kA, B, CR=ATERMHFEFIFERE, T

> D <- C + 2%A/B

THEAS B 45 R R AR — AN T0 3R R DAB RS BT 3R 75 3fe LL24R J& n B C RO X B
TR AR R R R -

FEARAN— B 1y A B AR AT DAREAT DU USSR, — A A L) 4 A ) 20
B (%I HI) 0 N TR EATEH, TR NEIAMEARE KL, JFR TR R E
KFEEEAR. Bl

> A + c(100, 200, 300)
(.11 [,2] [,3] [,4]
[1,] 101 102 103 104
[2,] 205 206 207 208
[3,1] 309 310 311 312

2 B RE AR B P B G ) 1 25 W #c(100,200,300) FINSREI12N TG ER G H
Y B 0 5 B AAR R FEAR AR B o A N B9 78 AN B8ORS IR B DA I — N B = R
g géfﬂlzw%%im%niﬁﬂmumﬁﬁaﬁﬁﬁiiﬁﬂ‘]mz"i(ﬁi'—%%ﬁ%ﬁﬁﬂ%ﬁ‘]lﬂlmu:‘@

RN o

SHIHE BERAIBR T AT LAAE 70 2% 18] DU W)z 5 40 3 S e 26 AR 25 b 1 4 B 3fe 7
LB . RE(A)RBIE AR E . nrow(A) N FEARIATEL, ncol(A)N4E
FEARIZIEL

BT R TR VE, B BTG, A %Y BRI FEAR DU FEB(UARE
KARIFIEZETBRATE) . Bilin:

B <- matrix(c(1,0), nrow=4, ncol=2, byrow=T)
B

[,11 [,2]
[1,] 1 0
[2,] 1 0
[3,] 1 0
[4,] 1 0
> A Y*% B

[,11 [,2]
[1,] 10 0
[2,] 26 0
[3,] 42 0

>
>

A, h) B R AERE R Sk b n] LLE R AT [0 BB R B ] LME R 1 [0 B E R, X
EEW MU SRR HATHEMEREEE . flW, o — M KEARK R, A%
—Mnox nfEFE, W “x Y% A % x7RoR IR B Axo {HRE, AN A B AR
Fev: B A HEATE 2, Lk H) m B R AF S Bx, SERIEK “x %) x7Ht
BEF e R m W 2 AT RE R 7mn x nffaa’s BRIARTER T M, PrASEHERR
HIE, 1B N LFIE & H crossprod (x) R . B3R 7nza’, AT LA “cbind(x) %*%
X" B “x %7, rhind(x)” .

bR Fcrossprod(X, Y) &R s — BRI R (W) XY, BIXK&—F 5YH)
TF—HIM N FRA AR MEXFYHZEmENE—RIAR. RE—1%

@ LR http://www.math.pku.edu.cn/teachers/lidf/
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XK crossprod(X)THHEXH G WX X . v = B 5 45 e v Bl crossprod B
B4 R A B SIS IR A —AN x 1R, X —B % e () R B 45 R i
Beplihn & (KL &)

HEMREEHIE A solve(A,b) iR &M TTFEH Az = b, solve(A)sKJ7 ME AR 5E
B, svd()THE A RESE, arOTFE QR R, eigen()THEFFE M EAFFIEME. T
JLEENLHEE B, 510

> 7qr

B Hdiag(VMIPE B TH AR . diag(vector)iR [P LA B4R & (1 &)k EXF
FTCEMIR AR, diag(matrix)iR B AR EXNAIGEHRRIRE. diagk) (kA
PR ) IR Bk BT B

1.3.4 applyBR#

T, Bl sum. mean® B BN HHATHHE . X TAERE, WA
SOHGHAT (B9 HEAT At 32, T U apply %L, IR A

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

HAXH—MERE, MARGIN=1R /R EITIHH, MARGIN=2F& /X & 51 11
Ho FUN ZHRIFERIRE. B, AR FH IS < 4560, Wapply(A,
1, sum) IR XX alf) ZAT R (FREE 5 — 4RI — AN FhRAZ), &1 E—A K
FEA3 117 &2 (AN G E X R R —4T):

> apply(A, 1, sum)
[1] 10 26 42

Mapply(a, 2, sum) &SGR alf) % FIKA, 455052 — MBIV 4I 2 (AT R
Xt R R — 1)

> apply(4, 2, sum)
[1] 15 18 21 24

1.3.5 # 4 (array)

FEFERITTE AP TR, ST ZAS AR ) I EE 450 2 504 (array ) ,
R B B ) — MR

A —MFHE B P Y A e 2 ) & (dimJB ), R E R — N REE
HEW M E, HKERBAMgEL, g m &R/ WA TR N 44
HFERE). #FENS—ATCERIEE T MR ER, THRRTIREH L.

JT iR B R T R B R RR P v BAR S, FETH Y SRR R ek,
X R ER AL, SPFE—DNBRITUFER—MNE; M5 HE—
SRR AKIE, LRSS TRME: BN EBRERLIEIETTRRAET S
WHEERNELR, UWENEKEME. T —ASHEEBEHAEEEE: 3
B (mode) MK B (length) o AFRIFISHZZFEAFRIME M, i, HAHAFdnE
P, X T mRAM IR ESnamesB . Ui FAIXSx B Hatt Hatt (x) K8 205
W, 25 B — Bt 2 A “att(x) <- FHE” IrE.

St B AR
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SXT B ] 43 2k B4 ) (atomic) 1B & [ (recursive) B Ff, FRLAEXT R I BT A JC
R R —MIEARRA (NMBIE . FRH), TRAFRNER, KR ZIHE
A (mode)H logical (). numeric($EAY). complex(FHA!). character(F
RS BEXNRITRARAFRE, S—TRE— S, XK
X% I RSR. Fln, 78 (vector) & AN &, EHIFTA JC R AR L UE
AHIRISRAY, BUE Y I BRI T A TR LA EER, FAF R BT TR AU
FRR; IR (ist) REEXE, KA (mode) AFIR (list, W1.5), FIRKE—It
RERR)HALLZE—ASHE, s RITTE LA —ANE, — MR H, —
&, g2k,

—ERA T EL N E(dinE )G AN EE LS. .

> z <- 1:24
> dim(z) <- c(2, 3, 4)

XWNzE AT — MR R R R e(2,3,4) =480 . T B & e X —
YERA, Bl

> dim(z) <- 24

B o R FIHEF IR P2 R HFORTRAN IS 6 R IR (#50IR 7), BIZE
— FAR BRI R, 85 TR NS, XF R 4ERA) WL 047 i,
Bt % TEZ T H2[1, 1,1, 212,11], 2[1,2,1], 2[2,2,1], 2[1,3,1], 2[2,3,1], [1,2,2],
ey 82,3,4]6

H e %array )] LE#E € XA . array() BB

array(x, dim=length(x), dimnames=NULL)

HpxR2E—BTE, NiZE— IR, RFHNTREHABRNINE. dnSH
4, AWEE E X — A (B — AR E T HE). dimnames/&PErT LA B,
ANEEE R — N KESEHMF IR, SRR A —ERN L TE. Fln
T 27T PLUZAE & X

> z <- array(1:24, dim=c(2,3,4))

Vi M B TG 21,2, 3], AT AV W B P R LT R T4, bhiinz[1:2,2:3,2:3]
B ANYEEHC(2,2,2) M =4 . B T AR ME B I HOR 1, T
tnzl, 4] R—A2 x 3FFE, 22,4 R —MKER2M M E .

HAA 1 DU 3B B 5 R DY I S AR AL

1.3.6 HAHAKIH

PIA B (B 1) ) a MDA AMRUE Ha i B — A TR Sbi R — AN TR B RE—
EMFG R —NHICR, KRR — AU RS Tal 440 B Sbr4E S
BHEERK A&, By aMbEISMA, Mldim(d)=c(dim(a), dim(b)).

afbHISMRICEa %o% b. AN

>d <-a %o% b

@ LR http://www.math.pku.edu.cn/teachers/lidf/
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AT LS A e B0 A B e K

> d <- outer(a, b, ’%’)

it

> ¢c(2,3) %o% c(5,7,9)
[,11 [,2]1 [,3]

[1,] 10 14 18

2,1 15 21 27

R TAT He(2,3) I TCEN N, ZREIES] 5c(5,7,9) K =NTTEXT N,
# Bouter(a, b, )& —MN—MRIERISMARE, &7 EafFE— T E 5b
=T ERBEAERAE A BRI HEARH R CEE, SRR TR R
FITEDL . BRECARE AT, . B, B E—R s, ARk TR i far
IEBEAE
B, BATAEIHEREz = cos(y) /(1 + x2)FE—Dx<Fy I A% - 1 E H >k
2t = h T, vT CAR IR 5 R A R A S bR A

> x <- seq(-2, 2, length=20)

> y <- seq(-pi, pi, length=20)

> f <- function(x, y) cos(y)/(1+x"2)
> z <- outer(x, y, f)

> persp(x,y,z)

P B T DR 5 A ST 7 AP A 4t 74
s

FEAE - ARBIOHT. RO R < () Jue
BAE0.1, .. OO . RIIATE R, b, c. AR BSOS 511
BB, RATEE K KBTI ad — Doy, 0%, DAL RadRTbell s
i, & RO B DU S BRARBES i, 5 MO BERI61/100;

> d <- outer(0:9, 0:9)

EAMEA) N0 x T0FRIFMRERE .
H T W adi100ME (B EE) 5 beHI 100 ME A A 2110000445 5, 7T LA
QR AR RS

> d2 <- outer(d, 4, "-")

IXFETR B — N HEH R B he(10,10,10,10) I DY 4E$ 41, B — Ao & AATHI R —
ANTTREEUE, MR AT 22— HAXERETERELZER, BATTLLH—
Atable() B& R VAR —AME R HILIRE (55K -

> fr <- table(d2)

St B HAE
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400 500
1 1

Frequency

100

o Lt ...
T T T
-50 0 50

Determinant

Bl 1.2: BEHLAEFEAT S0 Al

BRMGERE N E TR B, rHTEL NTHRE—NBUE, 7T
FAANZIUE B SE . e anfr 1) T3 4 A —81, {H K19, RNE-S17EH
Ad2r LT 199 Eid 35 length(fr) 7T LLAIE LA 163N R FME . 7T LA
XA 22 1) — A ATE o A ] (B LA 10000 U Ay SE iR ), WLFEI1.2:

> plot(as.numeric(names(fr)), fr, type="h",
+ xlab="Determinant", ylab="Frequency")

HerPas numeric( )3 [ B P K 7038 4 SCRH T BB R, FORAE 4 1 B R
ARR, frr G RAE B E D P, type="h" K7~ R HETEL K.

1.4 HF

WER S P RIS AT L4y R i SR B B B R, AN, e AR E AT DL
SAXBLEMEG N EE., FFEE. XEZEHOESLMHE, 7T LT R
M. EREERE ., 2 RENGRZENEHE, 7T AHSERR BT LS
FrOUE, HRAREUE BRI bR = X, ASRE SRk 57 Be R 73 SR el
Vlji?fl BN BRBIFHEERN. Ao B, BRI FREERLIR. Fd
il

KA B R B & AN R R IR 75, 7ESH A 48— i WLA¥ H Bl (factor) R 3R
INXF R R, R T HFE T (ordered factor) KRB REFFLE. HTF 2
—Mrsm AR, HhE - oim M —AmsEh r—A, BFENRE MR
JEHlevels R /m X H B HUE. #4n:

> x <- C("%", llﬁ‘ll, n%u, Il%ll, uﬁ‘u)

> y <- factor(x)

>y
M1 % « 5 5 &
Levels: %;[Z‘

@E: BERN http://www.math.pku.edu.cn/teachers/lidf/



20 H—E SESNA

bR $ifactor () FISRIE — A I B C — BT H— B

factor(x, levels = sort(unique(x), na.last = TRUE),
labels, exclude = NA, ordered = FALSE)

] UL BATHE E & 2 OB (K -Flevels), ANEE I HxHIAFRMER K. labelsa]
DU SRR E B 7K ORRAE, AR E I 25 B OB N NP5 B o excludeZ 4L
PR A E B RN G RAE(NA) K TC R R & . WERIEE T levels, WA T/
FINITLR D EFET AP PR ICRER )7, RS RER A A levelsH
EH&?%%EEXNAO ordered FUEAE I 75 X 77K P 2 WX PP ) (2 4w ik
). il

> f <- factor(c(1,0,1,1,0),
levels=c(1,0), labels=c("5H", nir"))

G RFR A —FE .
A LA His factor () KKt S &5 A7, Mas.factor ()38 —A i) B # H sl — A
?

O?Eﬁﬁiﬁﬁ%ﬁiﬁﬁﬁ, FI i #itable() it %, B,

> sex <- factor(c("%", nﬁ‘n, n%n’ n%u, nﬁ‘n))
> res.tab <- table(sex)

> res.tab

sex

5 &
3 2

KRBHIN, L2 AN table) ISR E—NMHTRLHNE, TTRLNFETFK
S, TUERE A ZAKCE ) H AL

MO A8 5] F R AT AT LA S HSASIH —ANX 5. SASHISE R — B H B
R, TR R BEAE N B AR — Fh 2R B, ANEE T X o () 45 itk — P g A b B
ESE‘;F%%%TEIU\ETT%ZIK%%‘B%SX#%(ZZMXEH‘J ) B 45 2R ), AT AR 7 {5 b
it — DAL

Al LA S AN FRATARE X 4328 Bt #E51 (sex) FIERME (job) 28 X 4341
A] PL A table(sex, job)RGEvH 4 —A8 XKML, 48— MR, R EIT4
MBI, 535 AT & K4 .

K7 7] LLRSRAE D A R FE AR B 43 2RA0 B . b, R BT ) sex /254
AR, T

> h <- c(165, 170, 168, 172, 159)

REIXSAN AN, W

> tapply(h, sex, mean)

] PSR 35 0 2K & m P E . XA AN SR EFREXN —NMUE R £
S IMEM AR A (ragged array). J& HIFRATTE T LR 2K 2 (1 K 1)
NH

St B AR
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1.5 FK(list)

1.5.1 F|FREX

TR RN RES, ERTREHFS(TiR)X 5, HE&ETHER
RETTURMEREN G, NEATERALRR KA, TRAH AT RLEER
HHERA, o, FIRM DT RE AT RINE. X REIERBFR A s
JH (recursive) HHERA . Fln:

> rec <- list(name="Z=Hf", age=30, scores=c(85, 76, 90))
> rec
$name

[1] II$E)§II

$age
(1] 30

$scores
[1] 85 76 90

FIRITTER BT U PR A ([T xR sk 5 . Bl

> rec[[2]]
[1] 30

> rec[[3]][2]
[1] 76

B2, FIRARF &, BAVFRRGETIH—ATCE, Wrec[[1:2]] KRN VT
o
HE: FIRA[ T EFIRA[ TRl WHEREAER, BEEENS
AW ERES KT SRR, WEFFES LSRN — N TE, GR5%
JCERRBIAME, WFEH—ETHES, WEREIIERRK—NTFIIR (G REE;
HFNR) .

e 8 LB RN RYE 2 T u R4 F (WrecH Fname, age, scores), 5| H
FIRITCEIE T LB & VR TR, XA “FIRA(P TR L”))”, W:

> rec[["age"]]
(1] 30

F— g A FIR LS TTRERA”, W

> rec$age
1] 30

HpnRL" UM E RS HETRAEBX M EEREE, il recss” 7T LA
K “rec$score” . XM EIETE T A HIZAT, WMEREFN —BKAHGS L% %
R BTt
fEH TR A 5 ER DAEBRNIA S ICAETE — N PRI —NITE, m
E%ﬂ?ﬁjiﬂﬂ@ﬁ%@%?”ﬂﬁ%o HE b, mERMEER TR ETES. 1T
. F4.

wE: LN http://www.math.pku.edu.cn/teachers/lidf/
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5 XU FIR A Filist O B, 89— B RAERIIRI—ATE, HERTLL

FIH P BT, B IR TR B A R B R TC

T AR & S AR (R AU R
A RH).

1.5.2 BHFIR
BIRRIMTCR AT DME e, RERICH S| IRALE T,

> rec$age <- 45

2

> rec$age <- list(19, 29, 31)

(ATLMERBE S MIIRITR) . WRBIRME K TC R FORANAEAE, MBIRIE(H LA
FIAHICRK. Bl recAEILHE =AT0HK, ATEX—MHFHaEIOR, Wik
KEA N4, FESCHENT TR NIIRKEZHA6:

> rec$sex <- "Hin

> rec[[6]] <- 161
> rec
$name

[1] u%_;f%n

$age
[1] 30

$scores
[1] 85 76 90

$sex

[1] ||% n

[[5]1]
NULL

(61l
[1] 161

BT ITCRE RN EA E ST AR “NULL”, XEZXNZ LS. R reck
—ANHE, WHESICR N NA”, ZRRGBRERIL T . WIXEEA AT Bk
S “NULL" 5 “NA” X5l

JUANFZRTT DL 32 R e B HRER, S R0 h— IR, HonR A% AR
BMFIRTE. W

> list.ABC <- c(list.A, list.B, 1list.C)

FERAESH A AL FHEERD, —BRARHRE X

St B AR
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1.5.3 JLANR[EIF R B R 5

PR EEEHSTHXNETEEREE N EN S, ZFEESR
SR BT T LR B —NMEE 2 THEE PR, B R IR B 4
RO DS B A E — AR, BATT T DAk S Xt 15 3] 1) 25 R HEAT 8T, 1X
FESHSAS R — AN T . T2 H JLANR IR B4 F .

— FFEEARE 2

B Hleigen ()Xo 0 AR Bt S HURFAEAE AVRRAE 1) &, IR [B1 5 SR 0 — AN B3R,
IR IR (JGE) AvaluesFlvectors. il

> ev <- eigen((1:3) %o% (1:3))

> ev

$values

[1] 1.400000e+01 0.000000e+00 -8.881784e-16

$vectors

[,1] [,2] [,3]
[1,] 0.2672612 0.8944272 -0.3585686
[2,] 0.5345225 -0.4472136 -0.7171372
[3,1 0.8017837 0.0000000 0.5976143

AL =AM R A — DA F (B T HUE T BT IR, 26 =M AL(E Y
FHEGRARBELUAE) . FAEREZEMEAR, 8508 — ML & .

= ARESERATIIA

B Ksvd (VEAT A RED X = UDV, P XRAERn x mPE, UMn x niE
TR, VAm x mIEAEE, DAn x mX fFEUAE EXN AL TR A AT HIE
F1)o svd(x)IREHE =AM A, u, vIFIRR, RS RE R 8 (BT DR 30
ZITR), u, v HA LRI EAS M. 5 Wan RAE R 77 B W F AT 51 30 F
HIERE T AT R E RN, Brid:

> absdetx <- prod(svd(x)$d)

BE BATTAT LA B — A R4

> absdet <- function(x) prod(svd(x)$d)

=. BRPZRUEEQRAE
PR Esfit (x,y ) iR Bl RN SR -A RIS R . /D IRy AR
y=X0B+e¢
Isfit (x,y) IR 28 — AN S Hoch A b (K BvHBEX, 38 AN S 8y 0 R i R AR
Hy (AT DU —AN A B w] DU —MERE), R [B]—N313, B coefficients iy LTI

BRI G (/D T ARE), Hitresiduals AUEFRZE, R intercept R I87R 2
BEBEEI, MRk Bt BEX QR #E, EAR G W RE— IR, BEAEH

pE: LN http://www.math.pku.edu.cn/teachers/lidf/
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BREWARIEI, 7T AHintercept=FALSEIEIf5 E TLEIED . KT &/ —Fef]
EIER] 2 Ms. diag() B EBH D)) o

R Hqr(x) IR FIxFIQRAM RS R . HBEXHIQRAMAX = QR, QHIERFE,
RA L=, RBEERA—AFIR, BRqrie K45 T QR RTE A 1 —NMERE, £
X AN E=M45 AR, QIS REAAEBAE T =/AE0. &GRIEE
B — A BE B Fqr.QO)Fqr.R() P EAMqr() B145 RHFEIQFR.

1.6  FIEHE (data.frame)

BAEAE 2 SH RUSASE R 1 —Fh B 450 . &Il 2 MR X £,
{BAR MR FI AT R AN R . BORAER S — AN &, AT — Nl

B2, BHERE —HME . E2—MERNFIIENS, 5—MEHN
“data.frame” f¥iclassfB M, #FIR LAV M EFUER . A8, BHEA),
BT BERERE. 7R, SHEHEE. mE. BP0k BiEERgE—A
Ap g W ) E AR RUE B SR R e O R AERE. FIER. BERHEXFER
B A BB HERR AL T A R BEBEMHEAN B R. EAETE
FEAR B [ i, R B R A 20 LA A ) K B (T30

RGN, AT — M2 T DB SR MER 12 — P T HsERE, BT LA
ERERE R BN, AT DA AERE R AR5 R s A TR BT 4.

1.6.1  FHEHEA L,

HyEHE ] DL data. frame () AR i, AV Slist () BREAHRE], & BB
BIAERI S, BRI 4, B ZEL . Bl

> d <- data.frame(name=c("Z=H"  vkHHEe o F @),
+ age=c(30, 35, 28), height=c(180, 162, 175))
> d
name age height
1 Z=H] 30 180
2 7KEE 35 162
3 Fg# 28 175

R — BRI S B  R BAEHE RS SR, & 7T BAM as.data.frame () B4
HORFN B BARE . thdn, b dan SR Flist () B BUE T — M IER, Bt
AT LABRA A — N EARAE .

— AN RE ] LA data. frame () F o — MR HE, W0 58 JEORA 51 44 W H 1)
LAE N BAEAE R R R L, TWRG A 385K &5 R — A2 & 4 (X1,
X2).

1.6.2  HIEHES|H

S| BIEAE TG R 755 5 F AR TG R I 7 A ], o] DS A S ARE N AR )
B, W DMl 4 P a4 . d[1:2, 2:3]. B HE &2 B T LU #5)
K5I HEPHXFES [(D]E$/F 551 H).

HARHER A B4 B tinamessE X, EM— g RIETH . BIENSITHE
A LLE LA, AT LA rownames)@ € o Wl:

> names (d)
[1] "name" ||agen "height"

St B HAE



§1.7 AN 25

> rownames (d)
[1] |l1|| Il2|| l|3|l

1.6.3 attach()E%

HARHER) EZ DG R ORAF ST R Z R . SIIGETH AR D) RE#R 5 22 LA
HARHE D N B . FATT 0 T DB BAHE 24— AR Rk Ab 2

FEAE A B ME (K 22 I PT DU “ B HE X SR A4 i k. (R, IXHEAE A
BURRML, STRME T attach () B ECAT IEEHRAE <" N T ET4% 722 0. B,

> attach(d)
> r <- height / age

Ja — R AR AT TAR A M — MR By, EAS B3 ASERIE, ZHUH
A B 2 EEAE S, T LA

> d$r <- height / age

XFERIRE

h T BOEER, REH M detach()(TLSHEIT).

HE: S-PLUSHIRH 45 5 7% 8] (¥ 4 B2 LU BOMURF (1 . "B 7R I8 AT I IR ¥ —
MR EHRBAR, EERENZEN B XN B EHRBER D BT EE
o, WBERATH—A; ZEE N SR AE AL B UBE (BR AR 0l 98 8 78 H e AL B IR
fB). attach()HIERE A ERAEL B REIZRKIALE2, detach()BhE 2 E#
frE2. BTLA, SHFRM— A I U MR RA T —4 B CHFBCH A AR &
A A REAN A, BV B CEMRBAET MBS E X, ZHEAFTRE
Fer i, o 2 B O IR A i) L

B T AT DUEREEAR, T LUK .

1.7 A
1.7.1 #iH
TESR HIBAT I B B/R FE— AN S E R E AL 2 7RI, 4.
> x <-1:10
> X

[1] 12345678910

XSERr B2 T print() &%, Blprint(x). 7EJEAR BIBAT (FEFF) A8 H print () >k
#th o print() AT L — N digits=2 8RB B IR R, T
PUF—ANquote=2 44 & 745 H i HH DR 15 PRA IS, W AR — A print.gap=5
H¥e e I S A i b B A 2 TR TR B

print () K ECE —NMEH RS, BIEX AR BZEE AR RN X & Fik
RGN . AR 4 FAEHT AT LUAE print (K4 A% =X

cat () bR Z5 At FH SR B HY L H B AT BLIE 2 AN S 5005 B ok T (LA 2L
Fpaste()HIZHREE). Hll0:
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> cat("i = ||’ i, u\nu)

EREAM Hcat O Z B O EHATR \n” o EIEX TR HEL T4 8, 18 Bg L2
BOEEGRKR, REE7m. WREMM AE XKD, 7T sep=24L, Fl4:

> cat(c("AB", "C"), C("E", "F"), "\n", sep="")
ABCDEF

cat()IB AT A48 B — NS B “file=2CHF 447, W LLIE 45 15 245 € 1 T HE A,
-

> cat("i =", 1, "\n", file="c:/work/result.txt")

WIERARE A BN R A BB w5 . 1 L —append=TRUEZ$(7[
DAANEE ai S SO T AL SO AR RN, IXARE ) Ta 4T 45 R .

cat () B BN print () #A B A 1R 58K A % A% T fg, o ha] PUE fcat ()5
format() B GSEI . format () Bk Eh — N EE R B E]— LR I B i
ARG BRI FAR, Fiin.

> format(c(1, 100, 10000))
[1] n o 100" "10000"

RIEFAE T —AMformat Co& H AT LR GERAICTE S Wprint 4 X Th a8, 1 B%F
N A B AN O R AT R e A AR g — A% X, Bl

> formatC(c(1, 10000))
[1] Illll l|1e+004ll

FEformatC() B £ AT LU format =2 848 & CRg SR AL, W17 d” (3%h), "0 (&
REEE), ve”, "B (BEARE), Ve G (I EA BRI AR ), Ve (R
SHAH ] S8 digits i e A B B I ), 7s” (FRFH) . AT widthis
SE K 98 P, T digitsti 22 A UL B (48 K he, B, g, G fglid) B/ i J5 10 5 (4% 5K
Ao LA flag S Bt e — M B U745 8, 545 8 P - R it 2o xd
¥, B0 o e AMOETE, A7+ s B IE 15, 555, B,

> formatC(1234.123456, digits=3, width=10, format="f")
[1] " 1234.123"

SHI % A BRFEAZE & Mo W] LU sink () bR B0 2 — A SO LT JE 22/
o HH 1) B3SO, AT append 2 83 R 2 A5 BEAE SCIF AR RN

> sink("c:/work/result.txt", append=TRUE)
> 1s0

> d

> sink()

St AR
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WHALSEWsink )R E KSR EH .

BB — N R B S, AT A A write(t(x), file = 73047, neol
= ncol(x)) B X B fr LB B 5 5 2 B R SR RE 2 51056 1,
G0 RN R R A . W R AT R AU B 4 51, BRAEx B
B2 TEDT5, LA M data” .

B — AR AE QS B B S0, AT DU write.table(x, file="3C#F427), it
XU EERELRRFITS.

1.7.2 ®WiA

AT WIS AN AR [ B, STRAE T scan () L. WIRIRE T fileZ
H(hR2E—SH), WASRE A, BRI FRA - ERE, S+
BHAEUE A, SRRSO k. Bl

> cat(1:12, ’\n’, file=’c:/work/result.txt’)
> x <- scan(’c:/work/result.txt’)

SRS A — A FH 25 40 R B (BB ), FRATT AT DA S F scan ()38 52
AB|—A [ ER G Fmatrix() BE(Blarray () RS ¥, -

> y <- matrix(scan(’c:/work/result.txt’),
ncol=3, byrow=T)

SEPR b, scan() BB A —N 2 FIHIRK, REHwhatZH$s € — MK,
ZF R KA, T BRI IR . FskipZ H0n] ABk ST R 46 25 4T
A, FsepZHnl DAdE € BAR A 70 BB AT TR ).

scan() AR E B4 IR AR BN, AR H— N TTEHR.

WIRE I — AN UEAE, SHEAE T — A read.table() A%, © RELE—1X
44, AT LA SO 5 43 B B RS SR AT A BARE ) —4T . B,
e \work\d. txt PR EU T

Zhou 15 3
"Li Ming" 9 ZEHf
Zhang 10.2 Wang

Hread.tableiE A\ :
> x <- read.table(’c:/work/d.txt’,
+ colClasses=c(’character’, ’numeric’, ’character’))
> X

vi V2 V3
1 Zhou 15.0 3
2 Li Ming 9.0 ZHj
3 Zhang 10.2 Wang

AN FOANEIRAE . KB AN EIRIEREF R V1. “V2XHRERESH, 17
E “17. “IXFERITA . 7] LA Hcol.namesS I & — N ) 2= AF 0 B R
MERIZR B4, H row.namesZ 38 € — N E W BIE AN BIRAERAT S . BRE
DL AR ARIE AR I R AR, HFAERAE O AR R A
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T, XA —FIAEE =ZFIRADEAR A, PrA A Hin £ T —colClassesZ
O — S B R A,

T2 5 43 B i S Fread.csv() 2B, 0 Eheader=TRUEZ#( 7] DAL 7
BRKHSCAE. B, T AW A R HIE S 7B 3 e : \work\d.. csv:

Name,score, cn
Zhou,15,3

Li Ming, 9, Z=Hf
Zhang, 10.2, Wang

T 5 -
> x <- read.csv(’c:/work/d.csv’, header=T,
+ colClasses=c(’character’, ’numeric’, ’character’))
> X
Name score cn
1 Zhou 15.0 3
2 Li Ming 9.0 Z=Hj
3 Zhang 10.2 Wang

Hog— 2L WA .

1.8 TEFEHgH

SE—ARIENES, AN —MEAHAT E KR - MRER . RiEXZ
8] A9y 73 B B BeAT 70 . RIS UAT LLSEAT, R — AT AR e BERIA A (L
WA R NIRRT R S SEAT, B ARBCR HOFE 5 ) R —A47 0 £ —AT 4k 4L,

A TARIEX AT UBHE —RBHK N REREX, fFA—REXMEH . 4
FHRE SRR, W:

{
x <= 15
X

}

STEH MRt T HER AR ES AN ISR 4 o

1.8.1 X4t

5> XA FRLEEH -
if (%A Fxx1
1%
if (%AF) ik 1 else Fikx2
Hp & A— e ENEBERE, RIEXFTLLZEHRESOEKE &RE
Ko Helse TR —KE il

St AR
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(M) {
RIERA. ...
} else {
RIERA. ...
}

XA S A] DU else AN 22T B A T8 Fifo
i, i RAZElambda Ay SRS T — oA, "TH:

if (is.na(lambda)) lambda <- 0.5;

S ST B ) X A, X R AE TG R AR Oy IE UG ROHR O TE I A R
2, PR 2 A

if (all(x>0) && all(log(x))>0) {
y <= log(log(x));
print(cbind(x,y));

} else {
cat(’Unable to comply\n’);

}

EE&&RR G, RN EBEERT, M5 BN A T
S AN, IR AR B P SO0 Bont il UG B RE . RSP T
R (PSSR BT 5 ) R “B0, B R EIEH AT, 15— &I R
AN TSR AN A
. e TS B )RR ZE R Wrall (x> 1) WA BL, 1= 8 T Ul A K

eSO R P —E BN R LS — AN MEES, JUTIrE RER A &

AT . MSH BIfE A EE — AN W BI A1, & IR T 41 2 b 2 1 B B
H. b, ATEE X— N BB (x), M4 ERREL, F MR Eo, & by
PUAR B A ) SEBLUN T

if(x>0) 1 else O

BRI E SCRAR, B S HARREGE —NMa RN, HAREGIR R
AR, R TCERE R . B EL, XA B BN X G R

y <- numeric(length(x))
y[x>0] <- 1

y[x<=0] <- 0

y

B LN itiE A ielse 5 BT —NECXT . BT LAM#E R “4f - - - else if - - - else if - -
else -7 MIZEAMGWRRZ 0. 2403 LUF Fswitch() BREL.

1.8.2 TEHEH

PRI G5 T ] B R for JRIR, XS —> ) B ERFI R MR AL B, 45 3Xh “for (
name in values) FRIXZ”, Wl:
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s <- 0

for(i in seq(along=x)){
cat(’x(’, i, ?) =, x[i], ’\n’, sep="7);
s <- s+x[i];

}

XA F FATT TR B R ARPOME, BT A seq(along=x) £ TxH FArm&E. W
RAFTE FFrIE, 7T ERE M

s <-0

for(xi in x){
cat(xi, ’\n’)
s <- s + xi

}

28R, R AR EREITCR M, HEEHsum (x) BRI A E AT AT LA
Ei, BRESREE ] LR, FIHBRET AN TCREIHEE. [ HsumE
it B # fapply . lapply. sapply. tapply=s e BEE AT MCEEIA . B8
FREESH RS K (S-PLUSHIRES B R BEE ), Fr LUSR AT 6 38 4 48 ) 5 505

.,

TATRZE—AE 7. bedn, ATEGHFAHR#E. Rix—ILH3651
AHRFEERA. H), T HAA H 83 AH 5 1) (X B 20 T F RS O
KT REAAAE M A H A AT AR AT e —ADFEEnD A, Hnk F3650 { £
DA NG A B FEELRFM. Yo/ TFET 3650, AT LLIHEPr{ZE D
AWARAEHY= 1 - Pr{nM ANEHBHAR}, XE, oA B4 H AT EUE 2
H365™, Tn A~ AN AN [ B AT B850k 365 BXn AN FIHEFI B, B8 AN [R] ) 7T A2
H365 x 364 x --- x (365 — (n — 1)) = 365!/(365 — n)!e K, KT HHn=1, 2,
-, 365ME DL T IR A2 H kR, R LA A0 AR ERSEIR:

x <- numeric(365)
for(n in 1:365){
x[n] <- 1
for(j in 0:(n-1)){
x[n] <- x[n] * (365-3)/365

x[n] <- 1 - x[n]

}

RBFEFIBAIT T70.9808 . BATATLUREM M EIBHARELI, HEERE L.

x <- numeric(365)
for(n in 1:365){

x[n] <- 1 - prod((365:(365-n+1))/365)
}

KB A T0.0308, WE—EPHR2M5. EREANREERE A6, X
SHEHBEERREE.
XA ) A T] LU S cumprod B EGHE— 25 i1k -

x <- 1 - cumprod((365:1)/365)
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XBREFEEEAEER, BNACLEENE., 2RESETTURILE
A — BAR R R 1650% o FR I T AR 1) A5 5 DL R 2R SR I B o 4R
ESTERF AR 7 X

5N B AE Flfor(L in 1)K =K T 508 BR B B 08 A — AN LS IR, B
Uk Tk B L — AN K BN AR R, T BRATTE % AR I 2 n kBl fi
ﬁggXﬁAﬁ%oﬁtﬁﬁ~ﬁ;ﬂu&ﬁ%%%%%ﬁ%%ﬁﬁ%@¢%
FFEEAE .

whilefEFR & 78 FFUG A0 H TR R 4 AF 1 24 RUGE R, 21

while (b-a>eps)q{

cc <- (atb)/2;

if (f(cc)>0) b <- cc else a <- cc
}

BB BT FENE R, K R (x) 2 B BT . T DUR 2 5 i A
FE B R A V£ (x) B T B
Ay LLE
repeat & i&Z X
PG, ZEPE AN F break Bk H
E—MEREN FnextFRiE A 0T LLEA T —47830,
Iy LA G R B T 2 LR 3.

1.9 SERF#IT

TR LT S BB AT % G S R pR B XA I AR R G S K
A E A, I B AT LURAE 5 A S, 55 0 M 4F 402 i £ o 22 B 44 R R
(0, 24T B HOAN 2 R 2 P8 () JR 0 AR B DR A7 21 2 BT A9 T AR A, AT LA S AE sl
BRAS T EREE SR 2 2R A8 T2 RIZAELLE .

1.9.1 THE=FRER

R EATC LR S, STEIBITI R FF— M RBMREIER, BEIEEROLR RN K
RAESLBR AR R P AR, RFEERBISE A SRBMENERRBENE
frEE. RN, MREERE —MIERR MRS Z ), frl 2R
(B2 R R AR, BT AR B RUE RO AT A AL ERBUONE, MR
RF— ML B R LR TAEZR, XA TAESS PR ORAr BT A 7E B B MR E SR
Ak LK R, T HL AT AFESR Y R G R A TAEZE R, R — e W] AT 2 AR
S A AN R AL

XA, PO TAEE R AN ZEoRE, HENISEAT . REL TR
i@ﬁi%ﬂuﬁ%ﬁﬁﬁﬁ,%ﬁW%XWQE%E%%,K%ﬁAﬁﬁl
e[

AL BB E TAE R M % 5. Flls() BRB0T AR B 24 50 T AR 25 (A RA7 1
AR EANBRH, Frm () BT AGIBR AR ER I &R -

> 1s0)

[1] "AII ”Ai" Ilbll Ilclll "Cl.f" ||fit1" "gl" "markS" llnsl'
[10] ("pl"l ;reC;) ||tmp.x" ||xll ||x1|| |lx2|| "x3" "y"
> rm(x, x1, x2, x
> 1s0)

[1] npn nAqM npn neln nel fn nFigl" ngln "marks" "ns"
[10] "Pl" ||recll lltmp.x" ||yll
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Is() AT LAFE € — P patternZ 8, WS HE X —AMLEER, R PR SR
N5 4. BAMAXZUNIX P erepitg . Hoan, Is(pattern="tmp[.]”) 7] LLiR [H]
B BL “tmp.” FF LI 54

rm () AT LAFRSE — A4 Alist KIS H e H 2 BRI 5244, B Llrm (list=Is(pattern
= "tmp[.]")) T EAMER BT A P “tmp.” JF LI 5 4

1.9.2 BFREEX

SH R HUE X — et N <% 8 <- function( £ &) AR X7 R
A DAE A AT HEAT, Bl -

hello <- function(){
cat("Hello, world!\n")
cat("\n")

}

hello

function(){

cat("Hello, world!\n")
cat (u\nu)

}

+ + 4+ VvV

\"

BB — AR ERIEN, FRIEAWZ AT 53T AAdE5H
FH BB 87 B 0E X, AN 2 1 B 4

FE AT N BRSO AR AN T (B 2, P AFRAT]— R 4T I — AN oAb i) G
B/ F(WindowsH i FA), FA LR BUE X, RAFCHE, L fRAFE T
C:\work\ hello.r, FA 15t 7T LLH

> source("c:\\work\\hello.r")

AT IR . 925 b, Fsource()iBAT AR PP AN R T B B0E S, AEFTSTRFP
#AT DL XA G i 18T, R ST EEMA AR, IALEAA
B EARIEAE.-

XA E RIS, AT fix () MEORIE 2, 0

> fix(hello)

RATIF— MR & 1 s R & X, B BUE R A& LR EE S T . fix()if
H I gn B FE P HE At A, 7T LA “options(editor="4n 2 /7 %" )" Kig & H
CE I g AR .

BRECRT U 28, W LLIR [BHE, 4 dn .

fsub <- function(x, y){
z <- X~y
z

}

SIR [BME A R BRI B J5 — N RIE X HIME, AR EM Freturn() K% A,
0] DU “return (X 5R)” BB\ R EUARIR B # . SHEBIREI—ANS, Br
PLZLIR [ 2 /N 85 RN R EH — AN p R X s g A ke ki [A].

St B AR
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1.9.3 ZH(AXE)

SER BOR F 7 SR ROE, #1140, B Bifsub B AN R S Hxcflly, BRATH B
£100 — 45, AT LA F fsub(100,45), Bifsub(x=100, y=45), Bifsub(y=45, x=100),
Hifsub(y=45, 100). Bl LS5 B S0 DIZIRIF4 &, Wl DIEETE € B
iﬁiﬁ EZEE5RETATFHESEE, KEREBENIERFSFTH

R T R T IS SRR R U e e B (.
5 L R

fsub <- function(x, y=0) x-y

T3 A B B T RT AU BB S A ARk aT PR fsub (100), fsub(x=100)%5 77 7
WH, RAHEBEREHREERNLES.

B 4 R S ¥5 e A B v AR A i N S, R 5 RBUA N AT
DL missing () BRECHIWT LR S BB H X NS, Ul

trans <- function(x, scale){
if (!missing(scale)) x <- scale*x

ooooooooooooo

UERREC S T scalef{E IS X B AR BRI, FMGRFFISE. XMAEAELE
S PR WA, STTRASEBELIX — ri i R 2 S bR B0 IAE F 21 2800 8 i
A EWHEIZASHE (PR Wi >RAE”), Br AT DAZE T F B ik R L8 S 3T A
BAELE.

1.9.4 {ERIK

RBH RS e RIEEAEN, MEESHERNERENNESHE. 5
i

> x <- list(1, "abc")
> X

[[11]

[1] 1

[[2]1]
[1] "abc"

> f <= function(x) x[[2]] <- "1
> f(x)

> x

[[11]

[1]1 1

[[2]1]
[1] "abc"

BR AR PN AR B R R D, X B R Y AR TR 2 R B S O AT IR AR R
ERUMIER T, AFEH ROk R 2 A2 B E. Fl:
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x <= 2

f <- function(){
print (x)

x <= 20

— VeV o+ + 4+ VYV
(-]

AT R — AR A2, BT AR R {E20, HREIE1T 585 R
REEIF RN . (HREEEE, BECH I 57 R H0R H I R AR Bt B
WRE, BnmR24 R ExE. XRSHIELRAS MR STy IRHET
—ANREAR R I, REH B IRBIXAN R AR B B R, TR A0 8CA e,
RN IR EAH 2R E o

1.9.5 TR

S-PLUSFIR H fTc A% H e LW 7 & v s 5 A R A B A 50 R
B BEEW A, WBERANEERINIERTIAE. WIRERISTERF, WTLUH—L%
A REF R, HAShiRgt T — il w4k

WAL P IE S, BEANHRTF B AR EAETEN T BT ENE.
A LA M print () Bicat () S~ . #l4n, A4 T AT E L HIfsub() R4 4R
%ﬁﬁ-ﬁﬁﬁ@&%i%%%%%ﬁ%ﬁm), Al LB R AN B 2R f(E & R AR =

fsub <- function(x, y){
cat(’x = ’, x, ’\n’)
cat(’y =, y, ’\n’)
zZ<-XxX -y
cat(’z =, z, ’\n’)
z

}

STHE T —Abrowser () BR%L, MR RS, vTUHs()FIHEHL R, A
PR AEEZESRIEAXNE, & MBS R, Fa:

fsub <- function(x, y){
browser ()
z<-XxX -y
z

}

BABAT IR

> fsub(11:12, 1:3)

Called from: fsub(11:12, 1:3)
Browse[1]> x

[1] 11 12

Browse[1]> y

[11 1 2 3

Browse[1]> n

St B AR
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debug: z <- x -y
Browse[1]>

debug: z
Browse[1]>

[1] 10 10 8
Warning message:

KH ERX SRR EARIER B R K E NG in: x -y

P78 Blbrowser () Y I #E N HRRAS, 7T LA F H A (17 A2 S EH (. aT
PME), Mnfr 4 Al LR ERESZAT, 7R3 — IR Hnfir &5 R ZE R ZE g4k 2L i 2P
FRERIZAT . B HR K browser ()€ 5.7 A c(7ESH AHreturn()). QW] LI [B] 2y
ZITIRE

REEHE T —ANdebug()B& 4L, debug(f) T LUFT FF 54 8 Bf() 1O IR, $04T 20 6
Hewt B Bk N B PAT Fbrowser () S5, [FIZEB AT LABLPHAT . Fundebug(f) %
ZiR/ R

1.9.6 FEF&IZp

W VHSTE PR R A 5 1, FEH] % I AT H A AT AT — SRR Fye e vk 2
SR FRIF 78 0 A RIS T BLA ) & F SRk Rz B B BOR T LA T o ER, B
ISt HRBE RN, SERTFHERR, IIFEEE SSEF R
5.

MSEFTIFRER, REER — R LASE I HEES, WENZRE
WL R MR EOREAT, IF e A STRAL AL B B K, i i ] B XA
W BB RKBECSHIBEHERE, FASREREHATH.

Eﬁ%l?ﬁ%&lﬁwﬂ . #EARAESEEAK R, B RY 5REXZ
I‘ETJ 2 RN

Y=fX)+e

HA B R . WMBIXMYK —HAEARX,,Y;, i=1,...nJ5, X fHE—FAlkt
H:

for= SR O/ o
i=1

Forp Ko ok R B, Ao RSB R R, SR AR B R BB K, AE PR
HETE. GIUIERFERRE, SR =R

K(x):{ <1_‘xl3)3 ol <1
0 He

REf Hidensity () AT AREAT 4% [BE v, 3K B DG 28 G FAT TR XA HIAEAT 4
FRo SERGHIXN =A% B BRI AR T

kernel.dcube <- function(u){
y <- numeric(length(u))
y[abs(u)<1] <- (1 - abs(ulabs(u)<1])"3)"3
ylabs(u)>=1] <- 0

) y
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VER 2 B BN F VR AU T A2 SR A R A [ AR AR INE, I RE SCH BB
HAVFLL R R AR &,

B BRA T ) A T e, — B BRATTE M Vi -5 4% X Yt A ) ) 35 )
o R 5 TS T f (o) E. BRI EE A &R BRAFAE M BX T, AR
TRAFFEIREY WA T BAIRE FPBevh JB B, 7T LS R I STE R :

kernel.smoothl <- function(X, Y, kernel=kernel.dcube,
h=1, m=100, plot.it=T){
x <- seq(min(X), max(X), length=m)
fx <- numeric(m)
for(j in 1:m){
# THEEE AR R FE a1 B pR B T HE
fx[j] <- sum(kernel((x[jl1-X)/h)*Y) /
sum(kernel ((x[j]-X)/h))
}
if (plot.it){
plot(X, Y, type="p")
lines(x, fx)
}
cbind (x=x, fx=£fx)
}

R _EEFEFP A T sum bl BRI o — EXHES . (22, ERKNEEF A
—EXIEI, AREFBITEE. WA EREFCXAMER BB I8
RACTHERRFBFEHE. H5E, R — M, W) UE K-

flz) = (K-Y)/(K-1)

KK = K (55 R— N 5XKEASEIKE ) KT M E, 1251 W
?rj;: X;&BTE—/\i&fEFﬁmE’J &, Xxfg—ANICE R — A{tfﬁﬁnﬁﬁﬁ
" =
K (), ST e T A A — MEREK (m x ), MKY R KB Am
&, PN ITEMNNT—x[jl. & HHIFERETT LLHSKouter() Bk -

f <- function(u, v, kernel, h) kernel((u-v)/h)
K <- outer(x, X, f, kernel=kernel, h=h)

# outer ) HSE—AN HAR BN N T 45 A FEIAT,

# BA HARA T )

RN T B AT R ZX KA L, TRERKMGTHEREN:

fx <- c( (K %*% Y) /
(K %*% matrix(1l,ncol=1,nrow=length(Y)) )

X FE1E Skernel.smooth 1 7] LAFS 21 RS {7 1) B £kernel.smooth2.

% 18] H B 5 R B DL HE 1), FRATTS B A% B U3 bR BN 1% oV F P
ANhRA—A &, S HERE—NE R ITE —&UE &It EER Y, 4R 1EN
RRBUR [FHE R — 1o 5238 AT DAE A 25 3 SEPLIX AN R4, FHERERIXCRTY BWIIAR J5
ERZAG TR, f(2) Fsin(x). XTRIRATAT UG RALEE T .

#5]2. Daubechies/MNE RETHA

St AR
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NP R ERG B RN — AN TR, o7 DN A T &R 5 447 1)
o /N — N B )RR B ARUR B PR B (scale function), B2 FTTEXUR BT

2

d(x) = V2 hep(2x — k)
k

— R IR R B O RAE A R IX A AR, MR SR . RSCR R
T LRSS R { by e DU IS RA AL

no(w) = I[—0.5,0.5] (z)
2N—1

"7n+1(x) = \/5 Z hknn(Qx - k)
k=0

Hrp N IERH, N=21Fho=0.482962913145, h; =0.836516303738, ho=0.224143868042,
hs = —0.129409522551. CH1¢(x) KSR (AR A FMIX () A0, 2N — 1], 1, ()]
ARG T[-0.5,2N — 1]t fEAHT, AR E tH5H.o(x) ISTEFF .

(1) Ao (x) 2 R EL, BT ATRATT RGeS BlatE o (2) IS AL I — LE A AT B A b
MIRREUE. AT HIEATH B, JATES HEVE RSO (A TE P 45t
i FISTRIL(E S L 53 e VR F] B ARIE 5 k) -

Daubechies.phi <- function(nsample=256, nrep=20){
nsample ——- e ISY e
nrep ——— EMRIKEL
<- ;ﬁ'ﬁagﬁﬁﬂ‘]xﬁéﬁrﬂ%
<_
<- ¢(0.482962913145, 0.836516303738,
0.224143868042, -0.129409522551)
yo <~ [&, ffffeta(x) =0l KIH¥IMHE,
LxfE[-0.5, 0.51 NI A1, HEHRO
for(r in 1:nrep){ # IE(CRIFEIR
y <= HSxKEMHRRom &
for(k in 1:(2+N-1)){ # WHHEAXH KK
vk <- eta(.)7E HA R 2x-kAL K fH*sqrt (2),
M E—HyokEE
y <oy +yk
} # for k
yo <- y # {HHeta(.)BiHtyod
# MEA T — B IR ME
} # for r

ey R EExAE[0, 2+N-1] FF %R
RExFyfEHR (x[1], phi(x[il)

P=EX ®H

(2) T TH R ATZE L AL IXA B, IR BN H AT D E B K.
%x[i] = a + (i-1)/(nsample-1)*(b-a), FATRIN, XAF % 5 i) B W fa]
22 — KACH BRBE My O A 2 o FRAR 4% B 2% [i] -k I 35 T3 —Ahx[j], X
Ifeta(2*x[i]-k) = eta(x[j]) = yO[j]. WIER2*x[i]-kAEPIx[j]Z 18], 7] LAER BT i
—Ax[IRERHy0[]. 2%, XFERHBEA e RIEE RS Fril, Mz
BHGARG A 25x[1]-kE I B AEREA ] BT IXER

@E: BERN http://www.math.pku.edu.cn/teachers/lidf/
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2a +

Q(iil)(b—a):aJrjil(b—a)

n—1 n—1
Hrn g RFEE . SR

n—1
b—a

j=142(i—-1)—(k+1)

B AR Een — 1REMED — a8 FBREIT] . AL, Hla = —1,0=2N—1,n =1+ (2N)m,
mA R HE, XERKnD JE8E T XIE[-1,0), &GRS RDTRES
ZE0, BT B SR A 2 /D BEnsample ™ £ B % R TEn* (2N-1) /(2N) K F-4§

Fnsample.

(3) W SRAAIRE SR AR RE HIRAF LB 5 R (038 T LA R M R (B R A5 B BT 7
gE R SMEARAE M R B approx (x, v, n), HH (x, y) N ERHEE BB R

&), nfRZRARAE R (xR AME R BRI S RAE) o
(4) BEMREFWT:

# S-examp2.r
# Daubechies KA PRZEIEA N HMIE

Daubechies.phi <- function(nsample=256, nrep=20,
plot.it=T, debugging=F,
nsample.exact=F){

# nsample: PRI

# plot.it: EHEKRLE

# debuggin: & HHIHIKE R
#nmmhemﬂ:%??%gﬁ%ﬁﬁﬁ-
# HFALSER AT LUE 280K .

# R PrfetaCo) MSCEMIFEN [-0.5, 20-1],

# (0 T ISAR TSI R B AR i _E BT A ZEE

# Joim R BN -1, JEREEDMEOESTBOK.

N <-2

a<--1

b <- 2«N-1 # RFEXE[-1, 2N-1]

ns <- ceiling((nsamplex(2*N)/(2+N-1)-1)/(2%N))*(2+N) + 1

# ns: FrPRAE S
m <- (ns-1)/(2x%N)
# m: phi(x) FIRAERE (HRERALIE 2 /DA 1)
h <- ¢(0.482962913145, 0.836516303738,
0.224143868042, -0.129409522551) =* sqrt(2)

x <- seq(from=-1, to=2*N-1, length=ns)
# x: phi(x)FIERFLE

yO <- numeric(ns) # HIUHPAEL

condl <- (x>=-0.5 & x<=0.5)

yO[cond1] <- 1.0

yO[!condl] <- 0.0

for(r in 1l:nrep){ # EMIKEL
if (debugging && plot.it){

#locator (n=1)
}

St B AR

plot(x, yO, type="1", main=paste("Iteration", r))
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y <- numeric
for(k in 0:(

# nsN

yk <- nume

J <= 2%i -

cond2 <- (

yk [cond?2]
}#k

yo <- y # #r
Y o#rx

ns <-ns - m

# i\tjﬁT [_15
if (plot.it){

abline (h=0)
}

}

}

# Bttt Heta(2x-k),
# TxMMNTa, a+tl/m, a+2/m, ..., b=a+(ns-1)/m

# XU AR A LR A,
# RERAE1BIns WHIRITA] .

i <- seq(along=x)

y <-y +yk

xphi <- x[(1+m) :ns]
yphi <- y[(1+m) :ns]

# 4HUphi (x) OB 2N-1RAFE 1ML

plot(xphi, yphi, type="1",
main=expression(phi(x)), xlab="x", ylab="")

if (nsample.exact)q{
# DANE Rnsample i .
# ¥ F 26 P48 1E (approx, approxfun)
# DFE4HE(E (spline, splinefun)
xyl <- approx(xphi, yphi, n=nsample)
xphi <- xy1$x
yphi <- xy18$y

invisible(list(xphi=xphi, yphi=yphi))

39

(ns) # ERER
2xN-1)){

. BRATTAE R ox -k N N T AREI ] .
ric(ns) # fRffeta(2x-k)
1 - (k+1)*m

j>=1) & (j<=ns)
<- yO[jlcond2]]*h[k+1]

s AAME

0) Fjm A 5.

R I3,

1.10 HE®

1.10.1 FHEE
SHIRSRI K FEDIRE, &

AT A 7 R ) B A PR A H Bl - R B, 2

PRI T SETE I BOR Z J5 1] DU 58 1 2 TR 1 0% 5 O 10 2R B .
E 53— MR R N2 B B AN R K B BT LR AN R B - Bl

n, F6.1. 28 NI LR A -

> attach(cl)
> plot(Height)
> plot(Sex)

GE: FRR

http://www.math.pku.edu.cn/teachers/lidf/
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o(x)
o
S \//
I I I I I I I
0.0 0.5 1.0 15 2.0 2.5 3.0
X
1.3: N=2fJDaubechies/N X 5 ik %L
; F M
Kl 1.4 B B Bl 1.5: MR e E

5B plot ()2 5 = R (B11.4), 28 — A plot () R HIPE A IEA TR I (B1.5) .
I H 2 B R B plot (), Mplot()FE N2 Ex Sy < B, A il
5

> plot(Height, Weight, main="{KEX| & &HIEIH",
+ xlab="%_‘1%—", ylab=||,f7_l§E_:n)

W60 BBt TS W N B 5 f) . RETE A W] 8 R 58 (b
W, AT ), RGBS I — ISR AT R . R “x <- 1427 I Z4f

St B AR
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17, TUFERE S JE 3%, 7T RAFEIN S 5222 [, (HRWRAEXE IR R G B onx
HEE, WARAELS IS 2 a3 R R4 .

B 5 (e 3

#E
80 100 120 140
(((-50):50)/25)"3
0
I

60

T T T T T T T
55 60 65 70 -2 -1 o 1 2
L ((-50):50)/25

B 1.6: A5 o A B 1.7 =R I ek
AT HEL K, REAEplot() BT INtype="1" LT, 4:

> plot (((-50):50)/25, (((-50):50)/25)"3, type="1")

HE1.7. WAL GRS R K2R, e

> stem(Height)

The decimal point is 1 digit(s)
to the right of the |

511
5 | 67789
6 | 033344
6 | 557779
712

N RENEIVE, W

> boxplot(Weight)

R ILE.8, AL H LA EIFHM & E, st Weight 5§ Height 1)
BRERIE S RAEADL, RELSHIHARTEE:

> fitl <- Im(Weight ~ Height)
> pl <- predict(fitl, cl)
> boxplot(list ("{AE"=Weight, "TH#R"=p1))

@E: LN http://www.math.pku.edu.cn/teachers/lidf/
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70
I
140
I

120
L

100
I

T T
& ik

K 1.8 FERGEEE B 1.9: FHERE

L9, Fhist()REOTLALHIE T B . Hilhn:

> hist(Weight)

Normal Q-Q Plot
Histogram of Weight
© - 2 |
3
o
© - S
o
2
H
g 3 g
4 2
£ e
u &
g
8
~
g
8
o
T T T T T T 1 T T T T
40 60 80 100 120 140 160 -2 -1 0 1
Weight Theoretical Quantiles

K 1.10: KERNESHE A 1.11: AENESEERE

JLE1.11. Fagnorm() L HIIESMEE, .

> qqnorm(Weight)
> gqqline(Weight, col="red")

L1,

St B AR
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1.10.2 =EHEFEERE

SHETE R AP SR E R E BRI 0T B 304 A An i
EEERE TR REERE—TTUEXCA M EREE b B E — ik
BIl, mAEEREEETFHE —NHE. TEHRNNMAEHISREERL,
DL FH SRAB X 2 w5 4% B TR R B0 H I AT e S 40

BH I Zplot ) BA . ELA, plot(x,y) (Ferx, y2 &) % w428 5 i s
K. iz —Ae X T<BEMyRENFIR, 338 — NP5 AR Hplot (z)
AT DL s B o W s — AN TR P B 6 S (B T8 B 5 52 F s () bR 0 AR ),
plot (x) 2z il i 18] J7 71 i 28 B o o S — AN 30 1) =, )42 i< R (B 0 3R
FI R o i SR 2 20 ) 2 U 5% ) R SR SE BB I s B . SR — AN F
Miplot (f) 2z TE B (BAE FACF AN ) . iR 2T, y2&FKEREE
In) &, Wplot(f,y) X4 — K FKFLdly T AN BER SRR .. iRdg—4
HAEBUEREE FIEIRHE, Wplot(d)XT A28 2 [EE (USRS,

R XJE — AN BUE R SE B S R AE, I pairs(X) AT DAL 45 85 1) 2 18] 1) B
B, XEZENMARLZH AT URNERZANZENFH KRR, TEKE
A ERADS, B A K.

3 [F) B (coplot) & — M 2 B BB ST ETE . HE A Ncoplot (y ~ x
| ), o<y EM R, 22RKERNRET. X208 —KF, SHHENAH
B Fy B R o 2

> attach(cl)
> coplot(Weight ~ Height | Sex)

eight

We

Bl 1.2 BALPESRI A 5 B PR X 5 v Bl 1.13: 4 IR AR T
A

FEAE L2, AN [E P 43 A e T AR R & m RO . iRz — N EUE R
&, Weoplot()SEXTz BB S 4, ARG X2 —HBUA > 2z B . EZRF LA
Wicoplot (y~ x | x1+x2)RRXx 1 FIx2 83— KFHE L El . coplot()Fpairs() Bk
kA 2 HIEUR B, B AT LA — M panel=2 835 € H B K5 2 B R 2L, Wilines,
panel.smooth %5,

P-E -3 http://www.math.pku.edu.cn/teachers/lidf/
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il

qqnorm(x), qqline(x), qqplot (x,y) fEZ- AL 8- 23 L 8E . qqnorm (x) % [ A
IEASHEZ (Gl IR P g vt EAE, B R X A K P e vt & (0 bR v IE 25 43040 23 4r
BEH). qqline(x)7Eqqnorm (x) & i — & & #1Zk. qqplot(x,y)ExFy ik
Gt vt 84 9 e Bl Ay il DL EE AL YA AR R 1) 43 A

hist(x)1E [ ExK E 77 Bl G4 N B3hHE 74, 1A K fnclass=2$45 &
AN, BFH Mbreaks=ZHIRE — AN AR E . WRIEE T prob=TMZH
o N BE A T

SWATBME=4K . S EERMEEERE, mE persp(), contour() Mimage(),
n:

1.14: SH{HEZE Bl 115 SS{EEE

x <- seq(-3,3, length=100)
y <= X
f <- function(x,y,ssql=1, ssq2=2, rho=0.5){
detl <- ssql*ssq2*(1 - rho"2)
sl <- sqrt(ssql)
s2 <- sqrt(ssq2)
1/ (2xpi*sqrt(detl)) * exp(-0.5 / detl * (
$8q2*%x”2 + ssql*y”2 - 2xrho*sl*s2*x*y))

z <- outer(x, y, f)
persp(x, y, 2)
contour(x, y, z)
image(x, y, 2)

L1113, E1.14, B1.15.

1.10.3 =% B R B H A E I
oG L I R T — SR I, A0 BRSO T SR (B AR o il

> plot(x, main="Graph of x")

Gt BRph AR
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Hrb maingtd —NariES 5, HRIEE BB KIAR S A g T Bt
AhR. RGN T IXFEAIET .

® 1.1 mRETEIEI

add=T 187 R B0 IS % T e BURFEA R R — AT B T = 1R
Ji B At s

axes=F A AL bR, B J5 T DU axis () e 2050 RS B Hb R AR B
R E:. B E Eaxes=T, BRI ARFRH .

log="x" i, ol e P A AR A i R B B 2

log="y”

log="xy”

type= 2 S W

type="p” 2

type="1" 24

type="b” 22 e 1A FH ZedE

type="0" 22 RIFE S I R

type="h" A R A o 1 T

type="s" Wb AiEs:

type="S" MrefeRisl, HiELL

type="n" ANEAEAT /L S, EAE AP LR R, & T
Je T AR R s B AR 1

xlab=""FFF 87 | &XxHMy IR, SRENERNZ 4.

ylab="FFF#”

r;ainz”? F | EERIBRRE.

sub=""FFF 8 | EITER/MRE, BN AR EILER T 7 .

1.10.4 {RZEFEHRE

1 % BT bR B50nT DAV I 17 (50 M 22 o1 WR AL I, H2, FELe il R T
Refn S — SRR BRI T . Ehtn, URA S AR BhAL IR B I BEHH2 41,
AW E BN 5 — A 5dE, ERFPIA—ITIARER, SH 2RI
BRI, 5%, KRR REBALIRE CH KR KRR S TR .

RK125H T % H KL ETE R

KRBT R — R TFEIR e BERE R, P RARRTE 25718 7 A 4%, B
U T ) 7R 2% P T R BT S (R AR AR R P (AR A o ARAR AT LA RN ) B Ry 45 1
AT LA — AN FI AR . W SR A B AR W] BUA R A48 locator () bR 4K
SR AS H b M BTG o B N AR A

1.10.5 A HEEEREK

SHMKR B TE s £ ] DATE O BB SRR B indr W2, 546, St T
A e $locator Flidentify v] LAk 7 38 ik 7 B A A BROPs el o SR e 1 o

B Hllocator (n, type)iB T &5 FRERFH P E R F S, 2R )5 R [EEEH
bR s T AL B AR bR o S5 A p e B BRUPR A B e T DU R4 1R 55 e, AL BT
REl, ZHnts e miti 2 D IR)E BaE ik, S48 85001k S Htypeln S48 H W
AT$E B 4 A Hplot () R MitypeS BUHEM F, 78 Bbw st Ab 22 55 (26

@E: LR http://www.math.pku.edu.cn/teachers/lidf/
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F—E SESNA

R 1.2: {RF R %K

points(x,y)

ERE G LA 2 A K. W DL Fplot(f

rug(x,side=2)

lines(x,y) type=2 $ K 45 € 2 1 77 V%, B4 Wpoints() H A,
lines() 5
rug(x) rug(x) el I — 2 %0 F 2 & = W W 25 |

fH. rug(x,side=2) AT LAFE ML FH) 8 25 ) 7E il o

text(x,y, labels, ...)

76 B A Ay %y H B & b Hlabelsts & B F
FFH o labelsT] DA B E B 87 5 B ) W) &, la-
bels[i]ZEx[i],y[i] dbAx H o

ELEE LE—&EHZ%. WS Ha, b ms B
FEFIRL R . F8Eh=SHN L HK P2k 36 € v=2 5
HlEEZ. U— b US4 Rim.objifEh S
B H1m.objI$coefficients ¥ f2 25 HY H 28 AR BE AN &)
%

polygon(x, y, ...)

B B T T R T T B 2 T DA e TR
AHI L. T col— BRI e T %10
.

legend(x, y, legend,

angle=v)
legend(, density=v)
legend( , fill=v)

legend(
(
(
legend(, col=v)
(
(
(

legend(, lty=v)

legend(, pch=v)
legend(, marks=v)

legend iR £ F SR 75 24 17 BT 1) 48 22 2 b A7 & 2 ] 1]
B o B B Ul B 305 B ) Elegend$@ Mt . /T
HIVAE 2 25 tH DA 8 BT 4 BB EAT B, v K
E SlegendtH A K H & .

angleZ4(¥5 € LA IR

densityZ g€ LM A%
ilZHdE & JLAME B .

colZ4 e JLF Bt .

ltyZH3R € JLFf 2 i

pchZHIR B JLMEURS . hFRE N &,

marksZ H L F5 & JLFP BUS AT S (B4 BUR AT S5UE
R ABER M &,

title(main, sub)

22 Fmaindg <€ AR BN Hsubdi & KD s o

axis(side, ...)

W&, RZWRSEARE L MCE L
Maxes=FIEIAME| T B3 B IRH . S Hiside 15 E
FEWR— 32 2 AL bl X B A 1 304,108 T 3, 4R Ja 1 I 1
o AT LA at=2 %95 € %I B AL B HlabelsZ £ 36 &
ZIE AL HIARAE -

St B AR
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LR, ). locator()HIIRPMER—NFIR, AR NEEOTE)<My, 5HR-AF
AL E IR AR FR N AR R

Bilan, kT TEC S H M2 B rh R — AN S O bR AT AR, B A
TR

> text(locator(1l), "Normal density", adj=0)

text() B B MadjZ B — A $0F 3 78 SR 5T T 45 78 1 AL AR 1Y) IE
adj=0 FRING EMAR K SCAS BB 22U P AR, adj=1R N4 € AR H SCAR BB A
AR, adj= 0.5 E ALFR A STAS Hf v [B] R AR AR

BF ¥identify (x, y, labels)fEIZAT B 245 TR &G H 7 iy, HEI T BAR
FEE, SRR B P ERE S A B s RS, s s i R bR
%o SHExMyE BEFNRSE N RAFE . labelsZ 848 & ml i A BT BT
T 1N 2 I B SCAAR RS, BRAE I bR U 55, i SR R RR R (B T A AR E AT
Al i AT DAZE T A B B BB i — A plot=F &4, ¥ Kidentify()Slocator() A
A, locator ()i [F] B H AT 5 o A7 B AR AR, Tlidentify () IR [BIES s oA B 5l

B, FATLE ) By oG T AR, BT TR

> plot(x, y)
> identify(x, y)

X SRR BB D, HEAERRRES, B AT DA B R S, %
PPt st tl. AT 8R, REREAEIFEREFIE. RIFIZR IR
HHED RS

1.10.6 KEESH KA

T HATC 2 E 2 T W main=, xlab=25Z %k M 5E & 2 K 6 R 01—
LR E . EXR B, R RS TS s AR BB I, S84 i B 4
HIEIAE AN BT R AT R . STRAL T — R IR BB S 5, i e
SHATUBEREE BRI S TR E. FESHOFERTERE. B,
BEHS . CANF T REEMBE. SNERSEE M 4T, HillcolfiaR
B, col="red” T/RL . FAEH & (1EEIK H KA —ERmEES

.

WEEES D AP KERES RN BE. K%8CE M M par () 540k
ITHE, WERARMAT —ERFERG i BB R E R ECh A Y
S, R E]

> text(locator(1), "Normal density", adj=0)

FijadjZ 5.
par(BEREH RSB R LaTEE R &SR ESH . RN TSHEA,
.

> par()
$adj
[1] 0.5

$ann

@E: LR http://www.math.pku.edu.cn/teachers/lidf/
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[1] TRUE

ooooooooooooooooo

$ylog
[1] FALSE

GIRN IR, FIRMFITCR A N EESHNA T, TTREANEESHI
HUfE.

R A R E AN RS A KR B 24, WRIR B R K KBS
K.

> par(c("col", "lty"))
$col
[1] "black"

$1ty
[1] "solid"

Wi E 27 0 FES A A A S5, WesdsE K EES L, iR E
JRAERIFIR

> oldpar <- par(col=4, 1lty=2)
> oldpar

$col
[1] "black"

$1ty
[1] "solid"

P4 Fl par () & SO FE S H0R PR K7 2138 H DURTACA R0, 1o HLB A8 7E i S A
B 4 R, BT ABRATAT EUR AT A5, 7R 58 BAE S5 Ja TR R JER I
S

> oldpar <- par(col=4, lty=2)
°°°°°° (FEBEEE SRS EES)
> par(oldpar) # VKERIEKETESH

B T 5 _EHURFEH par () B BUK AB B TR S 5L, BATE T B JLPARAT B
BT IR E B S BN LS5, RRERBECR IR, R0 R EEE .
Bl

> plot(x, y, pch="+")

HH B S Hpchdf & T LU S AN S . EABOE HE — KA R, Xt
LAJ5 I TS 0

St B AR
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1.10.7 BEESE LR

BT A R IR A B TR R SH—AN IR I, T4 BB S H0R e IR AT
SIER TR, TAMERX BRI HSH KA RS . REETESHTLL
KAk E53 R UFHLAS R, BA G755 4

o BT RSEH

o ARHREH AAKRZI
o HEILZE

o —MZK

—. BELE

B H A, . UK. ZRBETEMR. T EESH R EE
TLER BRI -

e pch="+"  IREM TLHIBAKRT T SHli R L & T EUR T2
E‘Jﬁéi&iﬁE’RﬁpCh:”77&%@4\]\13%0

e pch=4 W RpchHIME A MO8 18] 1] — AN BUF K AF FI R R I & B4
Fo TR B RITEISHRE S5

> plot(c(0, 100), c(0, 100), type="n",

+ axes=F, xlab=’’, ylab=’’)

> legend (10,90, as.character(0:9), pch=0:9)

> legend (50,90, as.character(10:18), pch=10:18)

o lty=2 JEEEAMMLE. A HEIty=1R%L. N2TTHREFIHEL.

o lwd=2 JRELAM, LIrHELAL AN AL XA SHCE W HHE 2R 26
5 AR AR 2 B . T4 IE 5% i 2 -

oldpar <- par(lwd=2)

x <= (0:100)/100%2*pi

plot(x, sin(x), type="1", axes=F)
abline (h=0)

abline(v=0)

par (oldpar)

VVVVVYV

o col=2 FREBE ANATLA. &, XA HEXEK., BHZ. HEHE
WA LA S red” " blue” XAFKIFEALIEE . Hiflcolors() LR AR E
S HIB A .

o font=2 AIRIEE TRAIEES . —ffont=12 IE1A, 202 B4R, 3RAHA 42

e font.axis, font.lab, font.main, font.sub 437l FRTE E AR ZIE . Abbrih
PR2E. AR NERET AR

o adj=0.1 $8RSCAMN T4 AAR IR /2. BOR R 2T 55 1R
AT IRO0.SF R T . LSBT A R (Rt BUZESS AR 223
B SCA I AR, WL adlj=-0. 1 IR S A B 7E S 52 A R B A3 9
22 R4 T SOARL0% KB R 5.
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o cex=1.5 FEEFTIRBAMEEL

= ARERE S ARAR I BE

VR G B T i A AR b g, 38 AT LA S AN i AA B AR JE P acis () B JHUIN . BRI
Hbox () PR AR DS DU FA HIREL o

ARFRE RS =N AE: B (Hllty oT LA IR Y ), ZIRE LR, ZIEAR%E . Al
A AR 30 ) B TS HORE -

e lab=c(5, 7, 12)  H— AN HiE LR 258 MOyl A
] JUA 2 BE e X AN EUR B DUER s 38 = ANEOR AR 21 BE AR 2 1 B8 B A
£ DA FIF AFE N EANBOR NS AEZ AR Z MY & R —FE I E

o las=1  MCFRZIBEARAENI T . OF R BT AT TAL 4RI L3R R K
22 BT BT AR

e mgp=c(3,1,0) ARPREHSIMIFHILE . 5B — A ITu IR N AR KRR AL B B AR AR
b A 285 ) BB ASCASAT W O B o B8 AN T ER O ARk 7 B A AR
FERRRE MR B o 35 =TT N AAAR Bl o7 25 3] S o ) 14 AA A el 114 P O

20,

o tck=0.01  AbhRAl 20 BE 2 KB BT 2 P DX R /DS (D o 2 P XIS L
o tck/NT0.5I ATy 51020 BE LR 48— BIAH R IO BE . BRI B E A%
e BUSUE I 221 P 5 1 7 2 P DX I R S T o

o xaxs="s", yaxs="d" ¥ HlxZh R0y mEHH Tk

EE A7s” (Bistandard) #”e” (Bllextended) B Z 35 Y FE 42 55 7E &
INZIE R KRN E 2 18] B e B i SR 50t S+ S i & e Bl &
WEFRY Ko X FhiE 7 A N SER—A 8 AR TEE.

BAE A7 (Rlinternal) BR7r” (BRI Rka ) 345 %1 B2 £ A0 v 75 B JE
PR, T e 7 T B I A

BUEBEA” A7 2 B e AR bR, 5 2 1) T TR R A 5 e 58 4 48 TR 1 AR A
B, XAEE A — RS B B T RO A . B R B E 7 2T
RAMERS BN EE.

=. Bz

SH AN B ] 2 P DX (4 PRI ) e S I X DI R ) AR T 2 1
DI A3 2 2H R, 300 % P AT DA S AR AR B AR B . ARBR BRI AR SE . AR /DR
AL, 2 D — R A AR B . LRI 16,

AR HmaiZ FEimar S5 H], ENTEZ A TTR K&, 2 A0E
N5 EJi BT ATTHEAE RN, Frmai fUE AR S, TTmar fTH
HHARICARAT L Bl

> par(mai=c(1, 0.5, 0.5, 0))
> par(mar=c(4, 2, 2, 1))

RWAERSEARMAK), BE DB . SIREIRERILEHHX
K, UETHRERE DB/ R S TENEERRK 30 BRI
CABGH A, I HAEAS AR AN AT DORR e/ 3228 . fldn =0 ar DAAE e+
EENEE:

St AR
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Egiﬁhﬁigg j[%ai[3]

L E R

J

mai[2]

mail[l]

K 1.16: EEL=

> oldpar <- par(mar=c(2,2,1,0.2))
> plot(x,y)

FE— DU _F ARG 22 A g, (BEAMERE T 25— P s
AR EA R

., —mEK

RAJ DATE R — DU TAMEAT . SIHE R A%, RN SR o] DE—1R
K. SAEH B RS, A B RSN T L —A <o, WE 117,
— % B HmfrowZHEBimfcol ZHH 2, -

> par (mfrow=c(3,2))

FORFE— TR =ATPIBIBENAE, T0 BARF A AT IR SR,

> par(mfcol=c(3,2))

@ LR http://www.math.pku.edu.cn/teachers/lidf/
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ﬁl\iﬁ% oma [ 3]
N
\
>
oma[2] omal[l] omal[4]
K117 — izl

R AR R 0 B A S5 4, (ELR P 0 $E B8, B S HRG 5 — B I = AN PSR —
o FHRHE— 2 KR EHIET

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

LT

BAE I TEINA A . T M SNLE KN, 7T U A Epar () lomiZ H BlomaZ
Ho omiZHUE T AL, omaZ B LASTAAT w04 B4z, PIASZH 2 D04
TCERME, SAEHT. £ B AFTRAERD. W

> par(oma=c(2,0,3,0))

BR Homtext FRAEIL S HoInsC v Arid . HHEA

mtext(text, side = 3, line = 0, outer = FALSE)

Htext A BEINFISCANE, sideRRNEM—IAE (AT, 287, 34 L, 48F),
line FRniA2 B AN 26 LT, I BT —4T /23805, outer=TRUER{ H
ANAES NS M ET E RS Bl

St AR
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> par(mfrow=c(2,2), oma=c(0,0,3,0), mar=c(2,1,1,0.1))
> plot(x);plot(y);boxplot(list(x=x,y=y));plot(x,y)
> mtext("Simulation Data", outer=T, cex=1.5)

752 BRI AT U mfg ZHOR ERBE R — D E %, Ho

> par(mfg=c(2,2,3,2))

RANEZATHII Z B EEKRIE —ATE SN E. mfeZHHEHA
KRZEHRERAT. 58, TR EBR I E .

AT AN 22 B A 1) B A T TR B A — AN E R B, 25
Tufig, -

> par(fig=c(4,9,1,4)/10)

WSEA—NHE, AR ERKALE. A, F. BEIGHOME, BUER ST
TR EeE), bean T R FAE TUIm A T 5 HF— AN S AER .
1.10.8 K& %

STEEI R &M E T 4%, i H 12 75 28 FlPost Script$T ERML. 7E—
ANSIEATEAE ] LA 2N E B R & R 2. fERHY, H

> x110)

RS O4LKE, Z£S-PLUSH, H

> win.graph()

IO & Q& . PR AR B Boke T T 58 — AN R 0.

> dev.list()

AR BT T B s (5138
ZRHA— B w%, M

> dev.off ()

X AT LLE AR B AR LLSE K, B 05t Frpostscript 34 5% P ¥ 4% I 0] 58 BT B B AE
#ito Fgraphics.off() R LASC BT 11 FF I ETE 5% o

MS Windows T FIR ] LA 7= % 1 o 1) &1 52 1 21 BY WA BA7 0 45 Fids =X
KR S, BIEWME, PostScript, PDF, PNG, BMP, JPEG, iX#:FA17] LA
JﬂjﬂJR%Eﬁ%ﬁﬂ%@%ﬁUﬁﬁﬂﬂ FHEMKN . MS Windows T HIS-PLUSH B A 24
Bj ;148

- RRAS IR FIS-PLUSHR 37 £ 4 i PostScript B FE I Th g, A sk i B 7] LLE
B FTRXHER . a0 FHMS WordHE R U v 48 5f 5 FEAZ A WMESEAE . A2
B PostScript SCHFH) ¥ £ T LU W BREHT

@E: LR http://www.math.pku.edu.cn/teachers/lidf/
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> postscript(file="resultl.ps",
+ horizontal=FALSE, width=5, height=3)

X F B A 2 A i — N TR B TE, R 5 F dev.off () R 4%, WA A2 RS
fresultl.ps. postscript() & £ Fhorizotal S £ 5 7 & 75 ¥ B e 590 BE 4 15 <l
AT TR K34, widthFTheightl < B 1) 5500 6, A A 3 ~F (138 ) =2.54)8

T T 2 BT %% J5 7T LA dev.set () B BORE £ 24 1T 4, dev.next()
1 dev.prev() AR FEl R —/NRI_E—NETE R4 . thlidev.set(dev.prev() )ik
E—AER .

1.11  SHIES

S-PLUSHIRH EEEN T % HNS IR, — G EmEs T
SEPR

WS BT LU ARG . X B IRAT A H T FHSHATHIR Gt . I
BB . AT B IR .

1.11.1 PR EEE ST

X TRCLE [e) B B AR P (AR B FATTT A summary () B RV LAN R ST
v il

> summary(cl)

Name Sex Age Height Weight
Length:19 F: 9 Min. :11.00  Min. :51.30  Min. : 50.50
Mode :character M:10 1st Qu.:12.00 1st Qu.:58.25 1st Qu.: 84.25

Median :13.00 Median :62.80 Median : 99.50
Mean :13.32 Mean :62.34 Mean :100.03
3rd Qu.:14.50 3rd Qu.:65.90 3rd Qu.:112.25
Max. :16.00 Max. :72.00 Max. :150.00

MEE A EVE T EME, &K BAME, TALE Pz —FP 2 =50
B XNEFUET S

SHUERIAS Bx A LA mean, sd, var, median, min, maxZs R HHH H &8
vk &, AT P Hstem (x) 2 Hilx i 25 K, Ahist (x) E 77 B, Hboxplot(x)HEH &
TEE, Fqqnorm(x)Fqqline(x) H IEAQQE

H T AS VB B AR B R4 A % BE, Bk T Rl hist () il B 7 B 28 W] B density () B8
BOHATIESHOR B Biltn:

plot(density(Height), main="Height density")

JLE 118, AT ARG # R M g 21 507 Bk,

hl <- hist(Height, prob=T, plot=T)$density
h2 <- density(Height)

hist(Height, prob=T, ylim=range(hl, h2$y))
lines (h2)

St B AR
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Height density
©
o
(=)
2 3
2 o
[
a}
N
o
o
8 |
[S) : : | |
50 60 70 80
N =19 Bandwidth = 2.561
f=n Sobr BR N
Bl 118 & BRSO R it
Histogram of Height
©o
o -
o
z2 34
2 o
[
fa}
N
o -
o
8 TS
(=} [ T T ; : ‘
50 55 60 65 - 75
Height

P 1.19: 51 RGH0 BT PR R
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JLE1.19,
X BT (45 2674 ) 7T LA table (£) 45 v 4040 45, P plot (F) i 34755 49 7
K.

> table(Sex)
Sex

F M

9 10

FATTAT LA Sk ok i o LR R R T B . xS A AR & AT L
Nl S = S N o T i 3 T oy e S S D Y i = S R YT S
A BE A TR RO, 2 A ] table B B0H 5 BT FE PR S AR SS M T LA IS [ /7
ﬁﬂ%gmﬂa‘%&ﬁ@o RoX S 2 HEE MR, BT ENTE SChREL, R
— T T 1]

eda.shape <- function(x) {
oldpar <- par(mfcol = c(2, 2),
mar=c(2,2,0.2,0.2), mgp=c(1.2,0.2,0))

hist(x, main="", xlab="", ylab="")
plot(density(x), xlab = "x",
ylab = nn , main=" ||)
boxplot (x)
qgnorm(x, main="", xlab="", ylab="")
gqqline(x)
par (oldpar)
invisible()

}

eda.ts <- function(x) {
oldpar <- par(mfrow=c(2,1),
mar=c(2,2,1,0.2), mgp=c(1.2, 0.2, 0))

plot.ts(x, main="", xlab="")
acf(x, main="", xlab="")

par (oldpar)

invisible()

R £ B 5 Hinvisible() R R 7E AT 24T A F MR BN AN B BoR B TR [FHE . BR%k
density FISRVERZE BE e fbivh .

1.11.2 BEKRK

RIfstatsHE P60 (package) f& it T # WHIMR WA I Th e, statsELH4E N B 3
NP
N TAREIESM, REHHshapiro.test() B E0st AT LAShapiro- Wilk K 46 :

> shapiro.test(Height)
Shapiro-Wilk normality test

data: Height
W = 0.9791, p-value = 0.9312

St B AR
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L e B P LE A ARG
BRI Ht. best () FT LAEAT BB PRI ORT 30 L B 0 S AR PO A 20 R RSO X e B o 48
TR A B R B AR A p = 60:

> t.test(Height, mu=60)

One Sample t-test

data: Height
t = 1.9867, df = 18, p-value = 0.06239
alternative hypothesis: true mean is not equal to 60
95 percent confidence interval:
59.86567 64.80801
sample estimates:
mean of x
62.33684

B BEAT B R XA 56 o A T HEAT B A 56 7T PR SE alternative="greater”
2 less” . UA:

> t.test(Height, mu=60, alternative="less")
One Sample t-test

data: Height
t = 1.9867, df = 18, p-value = 0.9688

alternative hypothesis: true mean is less than 60
95 percent confidence interval:

-Inf 64.3765

sample estimates:
mean of x

62.33684

T HRER R AN MILA, 7T test (TR B~ 3HE
)RR SAT S A Rt g . -

> t.test(Height ~ Sex)

Welch Two Sample t-test

data: Height by Sex

t = -1.4513, df = 16.727, p-value = 0.1652
alternative hypothesis:

true difference in means is not equal to O
95 percent confidence interval:

-8.155098 1.512875

sample estimates:
mean in group F mean in group M

60.58889 63.91000

HEE BB RA T E R WA T ZA SR Welchi 5 . 40 A8 & W4 77 =4
5] DULE R B0 A NS 8 var.equal=TRUE. 1R NS4 AE T AR
BX1IFIX2 AL EHH t.test(X1, X2)#E4T HAL.

Hwilcox.test (T E~ A R) Bwilcox.test (X1, X2) A LA TMALH
ZH ) Wilcoxon FRFIRILH: .

X RSO W AR B X Y, B L K B A t.test (X, Y, paired=TRUE). H
wilcox. test (X, Y, paired=TRUE) A AT Wilcoxon {5 FRAL L o

@E: BERN http://www.math.pku.edu.cn/teachers/lidf/
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1.12  SHHHEAEIf A

XAV RN ASH SRR SHEIT JLFIA RS vHEAL, T
HZ MR U —Fh g — K R AR B . X7 T S-PLUSE A1, & SEHL
THZEOF G IIFUSCR, REDY R —A B g8 BT LGS TH R R0 3 18 A )
BRG. FELE, 2RI EFIF W T EIEE US-PLUSTE P R,
AT F PRI R T A T R AR TR S

PR WHEBRMARLAER, KR, 720 PTHEEAR R,

1.12.1 S ERKRR
IR 2 G v BT DL — AR B R SR RO

P
Yi = Zﬁszj +e;, e~ iidN(O,o-Q), i=1,2,....,n
=0
y=XGB+e
oy RAR &, X0 158 Y 50 B 8RR VB, &80 Ao, 21,... 2, FHBLE,
T W R—HN, B L — MBI
ESHR AR —Mxt 5, HRIEE XM —N AR (formula), FA15655 LM
FHRE—F. BEY, x, x0, x1, x2, ... BHEHTE, XRHEHE, A, B, C, ... &
HF.

oy ~x, y~ I+x BN THE Ry B —n &R EH. 58—
TR K AR T 2R A S FE AR IR S E T R

oy~ —l4x, y ~ x—1  ERRZRy R A R A B, R AN g 10 ]
Ho

o log(y) ~ x1 4+ x2  Fiplog(y)Stx1RIx2[) —JuRIH,HH K& FI#R I .

o y~poly(x,2),y ~1+x+1(x72) RayxM—mikEIm=[E14,
F—MR A ERLZ 0,2 R X E A < &R R

o y ~ X + poly(x,2) HAENyHIZL Tolal = BB FEAREAEFEX, DL K&
IR Z T T

oy~ A —MITADERITTET IEAR Ay, S AR FEAA.

oy~ A+ x MRS ERIITES T I Ay, S AR R A AR

=
HXo

ey~ A*B,y~A+B+AB,y~B%n%A,y~A/B JEAMpIHEE
Ji ES AL F85 hy, A BEFIANEE . BB A R R AL X528
Wit JE AN A RS F R E S kTt

ey~ (A+B+C)2 y~A¥B*C — AB:C FR=HERK AEEHN
PR EAE T AE B =R RSB A ARE.

ey~A¥xy~A/xy~A /(1 +x) -1 HRFNET AR K
Wy XK R E I B =2 XK ST AR . e )a— MR AR
BE—7KFAR T A TR EE TR LR T

St B AR
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o y ~ A*B + Error(C) KRG M MEEERAMB,R%E 70 E HBEZRCHE
It

TESH~IB ST AR E SRR AR . — IR M AR TER N
R~ 3T [+] 9 I+ B=I(4] ...
v PR AR W] LR ) O R, B A SR Oh [ B R Rk . [+
FAHEE T —, RORTERBL I — TR B2 d — T, 55— JUHY 1 20 SR 5w ]
LA S o
O 3P A TR BLERCA -

o —MECH M EBMEFFRIRIAR, B8,
o AT
o —MRARFEN, HARBHEAER T, B, HFEHEE R,

B — T 5E LT BN I 0 B B M R B AR B B B T80 . — MR — A
AEEIN, BrAE S bR B B A A R A A

NRBEF I ZEXNGlm. GenstatBAFA 2 SR, AT EF <12
ig%iaﬂlﬁﬁT“:”, BENTESH A R B F I BEFTF. TR T S BE/AN
Ty i B

o Y ~ M YENHAE HMMERE.
o My + My JMAMFIMs.
o My — My JIANM{BEHE M€ I,

o My : My M FIMRITKER . QRIS 2 B 5, W4 B (9 28 AR
Ao

My %in) My 5My : MoRAMEASERIRE R 25 i 77 AN o
Ml*M2 %:J:M1+M2+M11M20
M~n  MEFTH &L A 2lnfi kKA EAF T

I(M) K MG ES A7 M AP K38 SEARF 2 JRUSOR (10 S0R J8 A A e i AN 2
HnIBEHRRE . RIEKM KGR AE 2 — T,

T T AE bR B0 P B3 5 P9 R A 4% 0 DU s SR . B B () T A —
SRR A B ARAE R — T

ERESHBA R R QG T RRRM AR &K HARARR, XAERFE
TERIBERY RS, TR T S A R R K, B AR A S AR T
Ko XM HIEE TR, EARAEENE, FlindEL It AR
o

1.12.2  ZRpkRaEER

LA PR 2 PR Y (KT R S Im (), FETRT SR VR -
fitted.model <~ lm(formula, data=data.frame)
Hrpdata.frame iy %22 & FTAE K BHEAE, formula WAL A T, fitted. model /& 2614
FERIR A 25 AT 5 (Hclass/@PE A Im) . Bl :

wE: LR http://www.math.pku.edu.cn/teachers/lidf/
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modl <- Im(Weight ~ Height + Age, data=cl)

A AU — ANy X< 1= 20 —Jo Bl E (A B & BRI, 28k B BEHE pro-
duction. AWML RHENT X Gmod1H . FE AR EIEHEproduction & 7 LA
Filattach() XEBEN AT ERHEHS T B ()Mo 1 () O3S S+ i

> mod1
Call:
Im(formula = Weight ~ Height + Age, data = cl)

Coefficients:
(Intercept) Height Age
-141.224 3.597 1.278

HRERTHARASRMSEE TR

1.12.3  ##EE B8 H R
Im () B IR [FE Y AR R LA 25 R &, A B2 — AN BB KB AR

ik

Hmodel. coefficients. residuals®f{ i . Im()MERERTHHE, AT

RIGE 2 AR, T UME X mIE SO R IR AF 103 e 5, XLt

.

addl coef effects kappa predict residuals
alias deviance family labels print summary
anova dropl formula  plot proj

IS T IS (PG RERISE) H T 38 B £ fey B

anova(R 1 ME2) B —AN TR 5 ERT HBe AT 254 H7
coefficients(4) IEFIEARE(HEME). AR Heoef(HH).
deviance(XH%) R [EIBR 27 A A AL T AN .
formula(¥%) EEHEAR.

Plot(H4)  AAHIBILL IR JUFHE, sk 2 FUIME .

predict(X % newdata=%$#EHE), predict.gam (A5 newdata=$HEHE) FH
TR A S5 R X BB AT TR . Fie R BT B 4 4 AR
e R A AR AR A5 o bR B0 SR Dk o B HE v A — O 1) BRI 2 2
G5 R (A 1) BB ) o

predict.gam() Hpredict()VEHAHRMEE AL, ATNVH Tlm. glmHlgamff]
WESR. i, M2 AER B T IELZ AR, AT HEdE F30E
2 WA FE R EAE, Fpredict.gam () BRZORT LB HH L5 RS IR 22

print(M %) W ERRBEMEER . — AR print() T EREAXTS

residuals(Rf %) & [AIRE Y 5% 22 (RE B4 ) 45 A AL EE U & 2 A . AT ) 5
HAresid (X4 ).

summary (X 4) A BIRETEM MBI RIE 45 R .

St B p AR
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1.12.4 FESH
7 2275 22 93 B R T HCES RO B0 PR 3Onr — S BB 2R FiE AR R S M g 42 L T

Ho

S AT Z 5T R B Raov(), #& X haov(A R, data=EHEAE), FH%

Hlm ()0, SR B 2538 B BT A 2
FRATT LA T FH A A AN ] R ACHR B 4% L B o B B veneer AR HEfR
17 T AZHE

> veneer
Brand W
ACME
ACME
ACME
ACME
CHAMP
CHAMP
CHAMP
CHAMP
AJAX
10 AJAX
11 AJAX
12 AJAX
13 TUFFY
14 TUFFY
15 TUFFY
16 TUFFY
17 XTRA
18 XTRA
19 XTRA
20 XTRA

)

OCONOOPDdWN -
PWOWNONPR,OONOBWNOPRFL,WHR

NNNNNDNDNDNDNENNDNNNNNNNNNNNNO

T G HEATIC AR B AR ) 2 1175 D 1 G B O ELBCEE R — ST o, /R

W

plot(Wear ~ Brand, data=veneer)

JLEE1.200 XA E AT CAE W EL R — N AR 2 AN A, B BRI LA
A, MWNEFRTLUEH, AJAXM PR, TUFFYR ZE, HE=MEFENAR

.

AT KR IR IR bR S B B E M, RE aov() K%k

> aov.veneer <- aov(Wear ~ Brand, data=veneer)
> summary(aov.veneer)

Df Sum Sq Mean Sq F value Pr(>F)
Brand 4 0.61700 0.15425  7.404 0.001683 **
Residuals 15 0.31250 0.02083

Signif. codes: O “*x*x’ 0.001 ‘*x’ 0.01 ‘%’ 0.05 .’ 0.1 ¢

AL R B

1.13  Giit 3 trsEf

T EFATLAL 1 R IBAS L ARG DU B HEAT — L0 M. BATAE T ik
E. S, FR. SRR NEARR L EMZ RIRKR.
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2.6

Wear
2.4
!

2.0

T T T T T
ACME AJAX CHAMP TUFFY XTRA

Brand
Bl 1.20: AS[R] S RRACHR B 47 & LA
1.13.1  EIEHmA

B 5 B W8 AR T SCAS S e\ work \class.txt 91, ¥ Bk, %28 LT X
Fro BATHRIBIR A —DSEHAHEXS Z

> ¢l <- read.table("c:/work/class.txt",
+ col.names=c("Name", "Sex", "Age", "Height", "Weight"),
+ row.names="Name")
> cl
Sex Age Height Weight
Alice F 13 56.5 84.0
Becka F 13 65.3 98.0
Gail F 14 64.3 90.0

William M 15 66.5 112.0

1.13.2 BHWRHUHEIESH(EDA)

HIEBAVEWI SRR DAL, MR GEIIES, FEWENRHE
8, ARAWERFIIMEK, &5,

S 11117 E S Jeda.shape () B BORKRAT SLS BE AR B 0 At Ol 1E
VAT S BRI N AT R R Bk A A E A I AR R 4 -

attach(cl)

summary (cl)

eda.shape (Age)
eda.shape (Height)
eda.shape (Weight)
tab.sex <- table(Sex)
barplot(tab.sex)

VVVVYVVYV

B B A AN RS (KT O BT LAAS BT REAT PP BUAR SR, R I (8] e 311 o IX L4
T SR AE (B 1.21). FTUAE H, 5 mAs mEHE 280 IR HIC W 81
R R, RN B EUEL T DB FIANRIT IE RS, (HAR S BE Al v th 2 5 vl
VRN IERS AL H

St B AR



§1.13 it Hr el

70

60 65

5p

50 55

L

©
=
o
<
(o8|
S
o
=
o
o
=1
© 50 55

60

65

70 75 2

1

1.21: B @A SRR

63

h TR BE R A B Weight . Height AgelAl ¢ R, FRATHE BT HBUSE

PRl

> pairs(cbind(Height, Weight, Age))

60 80 100 120 140

60 100 140
I I |

Lo L e
Height o7 8o \ o
o8 ° 8
Weight o s ¢
g

Age

MBS A A (B 1.22) ATLAE =AM R [AFR AT Be A PR L R

T T T T
13 14 15 16

B 1.22: B, HE. FEREEUEER

65

55

15

13

11

AT WA T Sexxt He 22 B M, T LUE Sex A K L& B KIS H A,

:
> oldpar <- par(mfcol=c(1,3))
> boxplot(Weight ~ Sex, ylab="Weight")
@ BERN http://www.math.pku.edu.cn/teachers/lidf/
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> boxplot(Height ~ Sex, ylab="Height")
> boxplot(Age ~ Sex, ylab="Age")
> par(oldpar)

140
70

=

120

65

14

100

60

13

+“

55
12

60

Bl 1.23: P00 HAh AR B R

ME1.230] LLE H, 5L . 5 &AW 8K 2R, 10 R 0 2 5 A
B . FRATT T B4 AS R ) 0 B — AR & 43 ) A B BB X B B A
% Weight[Sex== "F”], Weight[Sex=="M"iX £ I B ¥4 (1) 7p3Z: 8 o] LA
. BERE— BT LU B Btapply BLIE AN B 700 3 28 4R ) A T A
BRI

> tapply(Weight, Sex, hist)

AT WG - Sexc AN R 7K 5 H B AR B[] AR SR G R K m, W] AR B A
P

> coplot(Weight ~ Height | Sex)

g5 L (UL AT T PR P 1. 12) 0 S e i S PR 22531

1.13.3 4k

BARAT B L5 6 B 72 57, R PTAL B0 8. EEDANS)
HIIHE S0 B DR 5 o 2 B 0T B2 5, R AT S BRI th
i,

BT LA 10, T ELAFAEL I ROt T LU A FL A S
FEEDA LS AT LUk PIALAOK 1 IEAS R 4. JRE, FAT0T BLAEFR PTRE Aokt
Yoo BIhITIEMAARSARL, AT MG IR BRIy AR UG NPT R A o

> t.test(Height ~ Sex)

St AR



§1.13 k-5 rH7 bl 65

25 B H 20.1652, IHRAT— B HI0.05K FRAEZER . il NXHAEAE
B amEk A RMEEER,

SADLAT DLEAT B Lo iR B LB, pfER0.06799, A B35 .
1.13.4 [AIH4#r

T HEBAIVFTEERTR . WS EHEES, REL 52 WA Y5
PEAEOR, B EABRATSE I & — AT 5 e ) — e e P [Pl A2 -

> Im.fitl <- 1lm(Weight ~ Height, data=cl)

> Im.fitl
Call:
lm(formula = Weight ~ Height, data = cl)
Coefficients:
(Intercept) Height

-143.027 3.899
> summary (1m.fit1)
Call:
Im(formula = Weight ~ Height, data = cl)
Residuals:

Min 1Q Median 3Q Max

-17.6807 -6.0642 0.5115 9.2846 18.3698

Coefficients:

Estimate Std. Error t value Pr(>|tl)
(Intercept) -143.0269 32.2746 -4.432 0.000366 *x*x*
Height 3.8990 0.5161 7.555 7.89e-07 *x*x

Signif. codes: 0 ‘*xx’ 0.001 ‘*%’ 0.01 ‘*x’ 0.05 ‘.’ 0.1 ¢
Residual standard error: 11.23 on 17 degrees of freedom

Multiple R-Squared: 0.7705, Adjusted R-squared: 0.757
F-statistic: 57.08 on 1 and 17 DF, p-value: 7.887e-007

LA BB J B2 A Weight = -143.0269 + 3.8990x Height, & 43¢ R¥F 5
h0.7705, K E AT (AR S ORIpIE K 7.887e—007, A WARA B BE K. XF—
JCEE, AT LAFE R AR S B AR R M HOS B B EH E R E BARE T
BR

> plot(Weight ~ Height)
> abline(lm.fit1)

— B, ImPUA 45 S BIplot () BRI E AT AE 2 Tk BRI A RUR R E,
RATUAEIUANE: HREMNMEMEE. RENESHEERE. bR ZE4 0 E
FIRAHEEE . CookBEEE.

> oldpar <- par(mfrow=c(2,2),

+ mar=c(2.5,2,1.5,0.2), mgp=c(1.2, 0.2, 0))
> plot(Im.fit1)

> par(oldpar)
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1
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Fitted vaH_Jes Theoretlc_a(f Quantiles
Scale-Location plot Cook’s distance plot
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e
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o
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Fitted vaHJes Obs. number

K 1.24: A2 KA

HE1.24, WIRABRAEEHHEE ORENAZ R ERES . UAES, 5K
Z= NP0 1 T LA S IR B 22 PP B B R 5 A, SRARE R T ) 1 i B N i AL
BB AR o 5322 AR TE AR 1T AT LA 56 e 1 1] {8 s A 6 FO B 2441
E—RETRMNES MR ESH, TUEHRENINER. BRE. .
A SENE DL o A vHEA 3R 22 A1 5 ARG UL & P AT DA R I 22 1) 7 L
B & i ZE 1) R Cook i 5 i A — IR UL 5 45 R w0 KA, BUE KA
SRR B AR T BRI M A

Ml fit 159 [B] 52 W BB TR Z2 808 B B AR, ER =D AR R . &
AHEHSFFER.

THEMNEMALCEZREREE D REE R TIRETT . Haddlek HmT
LI I A B FT DA SR A Y -

> add1(lm.fitl, = . + Age + Sex)
Single term additions

Model:
Weight = Height

Df Sum of Sq RSS AIC
<none> 2142.49 93.78
Age 1 22.39 2120.10 95.58
Sex 1 184.71 1957.77  94.07

add1 &5 R B R — DN E DN R, FAT H <none>—17 A A i 22 & 115 W,
Age— AT HIMAN—NZZEAgefa K TE I, Sex—AT A IMMA—A 28 B Sex ) 1F I .
ZFIPDFR AR B K B HEE, Sum of Sqhi%As & XM K77 fl, RSSH A
%A G AR SR, AICH NN %2 & 5 AICS H &E . AICHE /NI
RN, BT LA RN N AN & 5 I ATCTR /N AT Ui AN AR . 31X B
AN AgeFINASex R AICAR R, Bt LA INAIX AL &

WR—FFHMIMANTEHELE, WL Hdropl VR H R —ANEE
Ja ATC RG] LAAE /N :

> Im.fit2 <- 1lm(Weight ~ Height + Age + Sex, data=cl)
> summary (1lm.fit2)
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Call:
Im(formula = Weight ~ Height + Age + Sex, data = cl)
Residuals:

Min 1Q Median 3Q Max

-19.6540 -6.5737 0.4602 7.6708 20.8515

Coefficients:
Estimate Std. Error t value Pr(>|t])
(Intercept) -125.1151 33.9038 -3.690 0.00218 *x

Height 2.8729 0.9971 2.881 0.01142 *

Age 3.1131 3.2362 0.962 0.35132

SexM 8.7443 5.8350 1.499 0.15472

Signif. codes: 0 ‘*x*x’ 0.001 ‘*x’ 0.01 ‘%’ 0.05 .’ 0.1 ‘P

Residual standard error: 11.09 on 15 degrees of freedom
Multiple R-Squared: 0.8025, Adjusted R-squared: 0.763
F-statistic: 20.31 on 3 and 15 DF, p-value: 1.536e-005

> dropl(1m.£fit2)
Single term deletions

Model:
Weight ~ Height + Age + Sex

Df Sum of Sq RSS AIC
<none> 1844.01 94.93
Height 1 1020.61 2864.62 101.30
Age 1 113.76 1957.77  94.07
Sex 1 276.09 2120.10 95.58

Msummary () 145 R F AgeFISex it A B . Fdropl() KL Ager] LUFAIC
M94.9375 /N A94.07, BT LA % FiAge. X 2P Age)s A AL F Fdropl ()&
ISexth Wiz L. FrABRMN1HE18 2] KA R Im fitl.

FE 5 OB R BB 0 5 TS I IR T AE Fupdate R %, HL U M Im. fit2
W p Aget i LLH -

> Im.fit3 <- update(lm.fit2, . ~ . - Age)

7E AR B MR 2 W STRAE T —Astep () BB RIEATE L FIH, & A—1H]
AT 00 A AT N el 2 3R B, B 5 5 B AT AR A

> Im.fit0 <- 1lm(Weight ~ 1, data=cl)

> Im.step <- step(Im.fitO, ~ . + Height + Age + Sex)
Start: AIC= 119.75

Weight = 1

Df Sum of Sq RSS AIC
+ Height 1 7193.2 2142.5 93.8

+ Age 1 5124.5 4211.2 106.6
+ Sex 1 1681.1 7654.6 118.0
<none> 9335.7 119.7

Step: AIC= 93.78
Weight ~ Height
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Df Sum of Sq RSS AIC

<none> 2142.5 93.8
+ Sex 1 184.7 1957.8 94.1
+ Age 1 22.4 2120.1 95.6

- Height 1 7193.2 9335.7 119.7

HRE L R LU, AT AR AL AT LA B TR . Sl R XA
B8 R Mpredict() %, fn:

> predict(lm.fit1)

’%%Iﬁ HOBCHE an RARVETIAR, R ZEAEpredict & H0R FH IR AN B B B AE AF

> new.data <- data.frame(Height=c(50, 51.2, 68, 69.7))
> predict(lm.fitl, new.data)

1 2 3 4
51.92459 56.60343 122.10714 128.73549

1.14 HSYEREHLERITHE

YERGETE TAER, AR T o7 LA SIVIE SEELHT M 4 vk 7 i, i mT DL S#EAT
BEAUSEHL . BEAUELIL AT DU TE AT S0, EEAOAS R SRR I AR Bk A, R IR st
Gt BT W, REAT SRR IEA ITtE TR —.

BEATUASE DL o B A 1 75 2L 7= AR D BE AL B, SHh R it TR 2 80 F 20 A i £
BEALECRR 2, P LR [Pl — MY BEHLEUTF ) & X0 BELERR B UL BRer 3k,
e dirnorm ()2 IEAS Y BEHLEL R 25, runif() 235 o fa Oy BEAL B0k 2, Ho28 — A
BRI ST I . X TXERERT S 011500 R R H B SCHE
T A2 1000 FR v IEAS Dy BEALEL -

> y <= rnorm(1000)

XL Oy AL R £t o] U Fs e 5 A IS4, e R 1= 4100049 E
K150, FRvEZE A 100 IEATHBENLEL -

> y <- rnorm(1000, mean=150, sd=100)

P BENEBUF S RAERN), b b, STE L Oy BN N — N Fh 7t
K, ANWHIEAE B A5, B bL= A2 T RENLEUS A8 BE LSO 7 3t D&
BT o AN BT B R W ER A, O AT AT DAAEAR AT 46 22 AT
Msetseed (JE #4) BAT LAORIEREG™ L K BEHLEOEAR ] K751 o

PERBI T, BATIRT™ A A A i B K ek [ £ il o

# fa] B A] ) (AR AL

Im.simu <- function(n){
# SEABTE. Bk AR ExNIETEE
# 7£150%1802 8] , KEURMIEZS 731 o

x <- rnorm(n, mean=165, sd=7.5)
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# HARRANRZE . BIRRANC, 1.2)50
eps <- rnorm(n, 0, 1.2)

# FHBLH A Rl R AR

y <- 0.8 * x + eps
return(data.frame(y,x))

}

S AL UL AR B AR P, X Bt — AT =T IE SRR R
BRG] R A= TRIESBENLEX ~ N (g, 3)Fn MSZRA, 7T
Sere HEn IR = TAREIE RS A0 RO, TEAE — AT 351 A

U <- matrix(rnorm(3*n), ncol=3, byrow=T)

A LA A FE R U R —AT R — MR =0 IES 2 A0 K . SR S CholeskiZy
RS = ATA, A9 E=AAHRE, FHEEPLEES ~ N(0, 1), Mu+ A€ ~ N(p, %)
B, p+ AUVER—AD=ATn S R R — IR RN (1, )24, HA%51
IS, SRR, PAERX

X <- matrix(rep(mu,n), ncol=3, byrow=T) + U %*} A

AT =FIFERE o

BN FER TR RIRK, 2 Mg S Z S LRI X T Fn)
RRERATTEL 3 T 1) R 23 B rT DA E B0/ 1) R, AR S BT SRR AN N 1) R
G RARAFAESN R P ESCARSE Y, B G476 TR 45 RAR B B 4 45 2R .

T SR — A ) 8 T B TE S ) bR ARG, FRATIAE g BRI T DR A DU
g: kg —E R AR — T RSB, Dttt H O 4 A s AJEIEIIE
ANGIE s DA E) 2 SR B — B TR 5t i S Bl — AN SCAR SR (cat () ERELRT
LU —MileZ$ Mappend S5, XX Fpic F A ERAE T30 RF), R FE Wi
F, WS R ReR A AR, B 2B oL T b v] DR R 0 sk i b | 45 SRR b
I 7 4R SR AT

BohSRE —MERANES, T A ERERXERR LS 4 H S FE R R
K. A BCIRATAT AR 2804 I S9fe, 1ETREEARMH > HC. FORTRANELC++2
&, eSS B HARE S IR A SIMDLLE . X B HEAN BT EMS Win-
dows WA FIRH Y H CERC++4% 1% 3 I FIDLLIE . v & Borland A 7] % 2% # 41
T —AMS Windows FIC++4miF 27, B — B HEKAF K DevC++4 il gn 72
IREE AR AT LLREAT C I C++ G AN 2 5

BEBRAE T —/ MRS CRE T
void convolve(double *a, int *na,

double *b, int *nb, double *ab){
int i, j, nab = *na + *nb - 1;

for(i = 0; i < nab; i++)
ab[i] = 0.0;

for(i = 0; i < *na; i++)
for(j = 0; j < *nb; j++)

abli + j1 += alil * b[jl;
}

FEECHRHEMTA BRRMETE, XEFASHELALEAMENE, HY
FOEHF M — 454 . BELCRE TR T —ANDLL testdlL. UK LE 4T T
YEH . R IFN ZAE B WindowsH#H & DLLIMA & & DB MDLL, A
THERTIFHHREACr L, FEW T PR:
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conv <- function(a, b){
dll.filename <-
file.path(paste("testdll",
.Platform$dynlib.ext, sep=""))
if(!is.loaded(symbol.C("convolve"),
PACKAGE="testd11")){
dyn.load(dll.filename)

.C("convolve",
as.double(a), as.integer(length(a)),
as.double(b), as.integer(length(b)),
ab=double(length(a)+length(b)-1))$ab

EANSHREHECRREL “convolve” AT T, H, pi¥lis.loaded(symbol.C (% £

%)) KIBEDLLHFHCHREZET CELWA TRA, WREH AR EH dyn.load(DLL

#%) WA FAZEWindowsH 8 N A Unix A58 FDLLEFIH R 4 AN IR B LA
AT A, AT HAHCKEE, FH.CT R “CRENE NS
HARDLLHF HCHRE & (R REW FTRIZ), KIS ECRHENBLE, T f
MBRAEZACH) B 25 & #E FHas.doubleflas.integerl ZE L K . “.C” BFIR [A] — 4>
FIRFNKRITEANEAR BZELT REIEITEHE, iR CIERELER
AR BN T 44 (a0 BT B ab) WIIR [9] R 51 38 A R4 X e 42 7

i X 5 B B eR AT DAYV TS TR N B A BB B T AN S R IR AE R B A

1.15 SHEHREHES%

X—T RPN HE AR, FENTTUSESY . K THEEASE, 7]
eI A EEN R AR X,
1.15.1 A
—. HIEER
vector: [A & numeric: FEAY A=
logical: ZHE [n] & character: FfFH m &
list: %Z#& data.frame: FIEHE
o HEEAMEHGIE length: KK
subset: RFEE seq: HZEFF
from:to: ZHZEF3) sequence: FEZEFH
rep: BEH NA: Hr5(E
NULL: ZXt% sort: HEFP
order: HEFF unique: ME—4b
rev: Ef3 unlist: JBFFIF
attr, attributes: X% @M mode, typeof: X ZAFfiEIE 5
names: M%K% T BN
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. FREE

character: FfFHL W&
substr: BT 5
paste, strsplit: B>
grep, sub, gsub: LA S B

= 2
complex: AR A & Re: 3KSZHB
Im: SKEEHR Mod: Ri&
Arg: KEEFM Conj: kEIHE
. B
factor: AEEHF
levels: A7 H& /K4 %
cut: FEHE TN G o X ) 4 R+
split: F&F4r4
tapply: X “ANKI $ 20 W FH bR %

71

nchar: FGE

codes:
nlevels:
table:
aggregate:

format, formatC: X5 RSN ES A FF/F 6
charmatch, pmatch: F£F & JLEE

PR 7 2

RTINS

A X EA

THEA SR TR S

1.15.2 ¥
.
+,5 % ) %%, %)% PUNEE ceiling, floor, round: €A
signif, trunc, zapsmall: €A max, min, pmax, pmin: I K&E/ME
range: I K{EFE/ME sum: [AEICEF
prod: [MEICER cumsum, cumprod: Z. £
cummax, cummin: iR, B sort: HEFF
approxflapproxfun: #H{E diff: Z43
sign: £F5 BEL
. BEERHK
abs, sqrt: ZAXHE, PR log, exp, logl0, log2: X+ ¥5+a%5k%
sin, cos, tan: =R asin, acos, atan, atan2: & =K%
sinh, cosh, tanh: XX { &% asinh, acosh, atanh: Jz X &%
beta, lbeta: DlIIEpR%L gamma, lgamma: ilI¥ K%L
choose, Ichoose: #H-&%k fft, mvfft, convolve: & |22 ¥ FIEF
poly: IEAZZ I polyroot: ZIHFLRIR
bessellZ: Bessel A% spline, splinefun: FEAHHEE
deriv: ] B HITH 2

5135 ek BF < B R BUAH digamma, trigamma, tetragamma, pentagamma,
5 Bessel A = B EE B besselK, bessel],besselY, gammaCody.

HE FRR
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72 %% SEEAM
=, B4
array: S HAH matrix: AR RE
data.matrix: HEEHEAERE Wk $ B B4R RE lower.tri: $EPFERI T =M B0
mat.or.vec: AR FE B R & t: FAFEEEE
chind: 5 & I A 5ERE rbind: AT E IR HEFE
diag: X f A P aperm: HAFE
nrow: FAH AT ncol: FLAIFIEL
dim: FHR %R = dimnames: X KI4E4
rownames: {744 colnames: %144
%*%: HEFETeE crossprod: HEFEAZ XRAR (N FR)
outer: HH MR kronecker: #{ZH HJKroneckerf?
apply: U B S e ok N BR 4 tapply: Xt “ANHE ) $02H N FH bR 2
sweep: W HEBAMMIES I = aggregate: THEIEFENMESL T =
scale: FEPFEFRUELL matplot: XFFERE&F12: K
cor: FARPEE ) T ZERE contrasts: X B &H [
row: FEFEMIAT ThrEE col: FEPEMIZI T FrEe
g, 2t

solve: filekM: 7 FE4H Bk i¥
svd: FEPFERIAT FE SR
chol: Choleski/)fi#

chol2inv: HCholeskiZyfift R i

T, BHEH

logical:
ifelse():

unique:

7N~ AL BKAR
optimize, uniroot, polyroot: —4EfAL5KAR

1.15.3 BRI

—. EHGH

if, else, ifelse, switch: 433Z

for, while, repeat, break, next: ¥
apply, lapply, sapply, tapply, sweep: FEACIEHH R £L

. B
function:
source:
call:

.C, .Fortran:
Recall:

St B AR

W A
R EA
Wi H CELE Fortran T2 /7 I ) A 2
1BIHIEH

eigen: FEFERRFIEAE 53 fif
backsolve: fE=FfITTE4H
qr: FEFERIQRA R

L&, &&, |, ||, xor(): BHIBHELT
. WiREES all, any: 12 BN HEAAFER
A B e B match, %in%: 73k
—HE— which: #KE|EA TS
#HHEEAMHEFRTE duplicated: RFIEEITE
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browser, debug, trace, traceback: 27
options: ¥EERLESH
missing: FIW iSRG EH NN LS
nargs: SN
stop: %Jtﬁﬁ?ﬂﬁ
on.exit: F§EIR H RHAT
eval, expression: FEXIE
system.time: FIEXTHHE IS
invisible: {#ZEEAN BN
menu: EFESEH(FRIIIELFHKH)

HE 5 REE XWIEH delay, delete.response, deparse, do.call, dput, en-
vironment, , formals, format.info, interactive, is.finite, is.function, is.language,
is.recursive, match.arg, match.call, match.fun, model.extract, name, parse, sub-
stitute, sys.parent, warning, machine,

= WA
cat, print: BIRXTH
sink: fy H % 7] 248 & S0
dump, save, dput, write, write.table: FyHXt4
scan, read.table, load, dget: BEA

U, TYERIG
Is, objects: B RXTHFIR rm, remove: FHERXT 5
q, quit: BHRS First: HIUHEBATREL
Last: 1BHIE TR options: RZLIEIN
?, help: #EBh help.start, apropos: #% Bl
data: Bl HBIRELE library: F1H FrE RA4-E
1.15.4 SiitHE
— Gt

B—FoAaf 19 ek H
o d — density(ZEEE),

o p — AR,
o q — MIFEE,
o v — BENLELRAL.

Ebtn, 1IEZA40 A0 KX YA B A dnorm, pnorm, qnorm, rnorm. | [ 3 AT151 H
BOAEE, WITEMATERd. p. Bty R ¥4

norm: 1EZ& t: to AR f: F4rAa
chisq: K7 unif: ¥%%5] exp: Y&
weibull: BT IR gamma: ¥ beta: U3
Inorm: X HER& logis: #7340 cauchy: F 7
binom: X4 Ah geom: JLIA] 43 Ai hyper: #8/JL{A
nbinom: 1 i pois: YA signrank: £ 5%k
wilcox: FLF tukey: ZZAENRE
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—. HRgGiE
sum: F mean: “FHE var: HZE
sd: FRifEZE min: &/ME max: B AE
range: WZ median: HA7 %L IQR: MY4pfrla)EE
sort: HEFP order: HEF rank: &
ave: 7Y fivenum: AEMFE mad: MADS &
quantile: Z 7% stem: ZEMH- &
=, GitRR
R QI ER R e an

shapiro.test: IEAMERK:
wilcox.test: WilcoxonBkl M 155 HaAh 4
var.test: J7 Z=RIFK 5

ks.test: LG EK-SH L

M. 2o

cor, cov.wt, var

biplot, biplot.princomp:
cancor:

princomp:

hclust:

kmeans:

s O 2 B B SR R B
Z e biplot B

LN iEPS

FE RS T
HEREAR

k-YMEIRE

t.test: BLEMARIBIZL . TSR L
prop.test: LB
chisq.test: FAALE R RL:

2 M2 YERR L

cmdscale:

T, WEFS

ts: BFTE)FPAIXT S diff: tHE =5
time: B [EIFFIHIRAERT ] window: B [H] &
HoltWinters: Holt-Winters /5 2= acf: HAHFREREL

arima: ARIMAZ
Box.text: MK
spectrum: AT

ar: UE AR
arima.sim: FHIARIMA
FP.test: HALFRFL:

N G R
Im, glm, aov: ZeMEREAL, |7 URMARAL, T =0T

2]

1. (1) SHIEEAN3, —1.5, SE-10/ [ &.
(2) Bl MN3FFIRAERIG N3, K JE R 100 7] & .
(3) EHH(0, 2)EHI0KKIIM .
(4) XmEx,5HETRERTETONT IS
(5) XfmEx, S HHETTRERAE TR &AM.
(6) BHAES12NABARRINE.
(7) AR AMEE A% tabl txt Bltabl8 txt I 74 & A &

St B AR



§1.15 S AR SH 75

(8) BHAETIES = KRN &E, J5 HHE AR RILXIEZLE.
2. Bx H—ANKI003EE &, i, x <— floor(100*runif(100)),

B2 2305 6K
ExER31,35,39 5 TR AL 0,
BIRx R T 1S M0 ST R AN T4

1)
)
)
4) FIHxPMIEET TR
)
)
)

2

w

5) FIHxFAMIEET IR ORI AR E .

6) AxHE—ANILENLEZT, Ax1Fx100.

7) RxWITFEEH R A TR E AR EZ, HExREET )
A TCERIE TR
(8) XM KEVNHEF . THExII10% 37 2190 % 434 $ 2 B I EE B

3. EX—NYEHCH (3, 4, 2B, HE—ZEE=THND)EMIIFEKE
B, B ERMFF RS, BRE— BT nE. HH(1,1,1),2,2,2),
(2,2, ) SHERMENEF, HTHE—ZN_ 100,358 = ZE N E200. 4357H
BB R

4. MEMEBIY = X0 + ¢, B U XN FEANSERR . B HAlitte
FERSFEIER .

5. #ISASUSER.GPALHE ' (USEX, SATM, SATV/ S ABISH . IR
BRI NE, i ES — AP FRSATMSr . XA EHE H—NF
#. 18 SASUSER.GPA HEH# AN SHIBHEHE .

6. FIEAx <— floor(100*runif(100)) 5T A= B ) & AR AT B — N SCA SO,
AR TR A FHAT 3B o IS e N B8 21 1) By

7. BN KE A AR, S — B S K B s IS B A

m~ o~ o~ o~ o~ o~ o~

s—1
Se(t) = th,i, t=s,s+1,....n
i=0

8. H—AAR(1) AR 8 4L -

.’I/‘t:a'f'bl'tfl +Etat: 1,27...,71,Var<5t) 202

REHISE n. a. b zoflo, BERN=100, a=0, b=1, =0, c=1.
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