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Abstract

Statistical models are usually based on abstract mathematical theories,
but we can analyze and interpret models from the viewpoint of statistical

simulation and graphics, so that models can be less abstract and easier to
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learn, since we have ignored the non-essential mathematical details. Fur-
thermore, we can also use statistical graphics and simulation to obtain in-
tuition before modelling and explore models after they have been built.
This paper is focused on statistical models, but the key point is not on the
mathematical theories; instead, we mainly introduce the assistance of sta-
tistical graphics and simulation to learning and using statistical models,
and we give several examples to illustrate our ideas.

Firstly, we give an overview to the development and advantages of
statistical graphics and simulation, and argue that they cannot be replaced
by modelling in some cases. Secondly, we explain the role of graphics
and simulation in interpreting model theories in four aspects: to verify
the robustness of model assumptions (t test under heteroscedasticiy), to
explain model concepts (the meaning of conditioning and interaction in
linear models), to validate model properties (least median regression), and
to gain new ideas by the intuition from graphics and simulation (outlier
detection in regression). Thirdly, we explore the applications of graph-
ics and simulation in data analysis and find that they can help us know
more about the relationship between variables, extract information beyond
models and update the old rules-of-thumb which are no longer appropri-
ate. Finally we conclude with a discussion on the current situation of statis-
tical teaching and emphasize that we should make better use of the increas-
ing computing power in statistical education and applications, besides, the

powerful R language is also briefly introduced in the end.

Keywords: simulation, statistical graphics, statistical models, statistical

theories, teaching, R language
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2R G BB A 9T 32 BB T 0 i wT A BRI R OE ) 2 g
5 IR U Kl (Playfair, [1801), LA JGoRKZE A1 “H&4T Lok ¥ T 4K (1)
P ¥l (Nightingale| 1858)%; R4 it ¥ JE LTukey! (1977) 4% 2 14 £ 4k
oy AT AR R AL, gk e AR T ORHE B A BB g vk = SR L
I P F PR T 25 AR M T RIS, G AT 38 % 1) A 2k 181 (MGl et all), 1978),
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LOWESS ffi £ (Cleveland) [1979), /5 el #1% & i 2 (Scott, [1992), F:FSik
= 1% {FiChambers ef al.| (1983); [Cleveland! (1985, [1993) LA A i1 H % i £ &
(115 /F Tufte] (1992, 2001) %5 ;s ILARGE VI 14D e D) B Al B U H SR T 2L 1R I F
KUK s & B R RN, HhSiE S (Becker et al, [1988) A AR S:
THEE MR RS T B A, BiJSRIE S (Thaka and Gentleman), 1996;
R Development Core Team), 2009) ¥ g, 54y ok T BA MK e ot ]
Wik, WA ARFR M (K RIS 55 (¥ 2 fit tlgraphicsfl Flgrid fl,(Murrell,
2005). 3 TTrellisl&l J¥(Cleveland, [1993) i 48 fflattice €] J¥ (Sarkar], 2010)-
BT gt BB #L g 2 fHWilkinson| (2005) i ggplot2 & 2 (Wickham), 2009).
T 3 A B FEGGobi 1 % 45 (Cook and Swayne)| 2007)1] = 4 24 28 H. K]
¥ 55 Blrggobifd (Temple Lang et al., [2009). & T-OpenGLI — 4 37 Kl ¥
#irglfi(Adler and Murdoch) 2010) #1454k /R (¥ ved {1 (Meyer ef al.
2010055, WhAh, AT —HEHr e B AR, TR R R AR R
LI FAT A b B (Inselberg), 2007), 1 HIHL T —S6RHE 5 Z AMO AL H.
T A an T 23 v i A H@MANETWtkdUnwin et al., [1996) 17z H = &
T 53 B 4 fF-Mondrian 2002)%5, kLR PR T A0S 1 PR 1 ik o
27 Symanzik| (2004).

BT T B ST AR B T e B E BA2E T B HIRATAE
X AR 2 IRRIE 7m0 0 DLk 380 DURE 200 O O IR AR SR PR e R 73X A ARV 11
WKH T, AE# 120074 I 45 IF KR tanimation (Xie| 2010a), H (k7 1
WGk B, T e DL ) JE X “RTRRAG R SCIRATTEE A B
LEORM; AT LIRS T 20094F 3 [H 48 1 2% 45 [FJohn Chambers Award
(http://stat-computing.org/awards/jmc/winners.html), iXM—M
U PEZ 0 “ PR ST AR RS 1 v BE A AT B S MBI 1 i 2%
REA () TN
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AR AN, AR T it 23 e (2008a)Fi H (K1, P9 IR a4 T AL AT AR
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A A R A BRI E TR & 2% & Bootstrap /7 4 [ T 4 /E (Efron,
1979), ‘BRI SHR G AR A W RS —, ST NI ITRE T
— NI, LR KRBT = ‘B IR T Bootstrap /7 A AL R
FARYERT, JF Hob SO VERCA 8 (fefm X T 8, B e dfi 4 2
F150): X BEYIE S B I Ge vt oF SO0 T Ge vt (0 R R R B e 52 R F S 1),
ACH B HE T SE BN, A i, EALRN . HOOE gk
7&K Bootstrap ) H fli A AR 1) — A 44 0 “Resampling: The New Statistics”
¥ F5(Simon, [1997), IX A3 4 BUEE H T — N W N $500001 kA, i
F Simon$k AT ] — 7 AL S B Geut J7 NBGEv2= 22m, i Bkik A
HWE:

[A] public offer: The intellectual history of probability and statis-
tics began with gambling games and betting. Therefore, per-
haps a lighthearted but very serious offer would not seem inap-
propriate here: I hereby publicly offer to stake $5,000 in a contest
against any teacher of conventional statistics, with the winner to
be decided by whose students get the larger number of simple
and complex numerical problems correct, when teaching sim-
ilar groups of students for a limited number of class hours —
say, six or ten. And if I should win, as I am confident that I
will, I will contribute the winnings to the effort to promulgate
this teaching method. [...] This offer has been in print for many

years now, but no one has accepted it.

YE# Simon I Pkl L2 A TP R 24, HR45 T NREN; XAF5EE
B S th aorE F B 10 T 5 ST ek s R A B R, T SimondE 4 15 YA
A ) T A B, B = R SCHR(Simon et al.) [1976) 4 H — fi SCHR 1K) F
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REHE X

King et al.| (2000)%F ZE VAN IPESAT T P4 R s &5«

1. JUPARAT— P ge vk B8 J7 1% fefe 3 10 45 AT T s B A 21, SRR

Z AT

URSCARF R X AR T VS AL, BN RV SN B R B A 1 e T LA
SRR




1

Ak
R =

s
B

1 #5%

&

2. GEH BRI RERT Hr R 2

AT 5 22 ANSCHRAR (2 R A ) B VA 3R s iR B, AN — IRl
[ e —Fhik Az,

1.2 BinormCircleZIEZE1H

N TRTFRATT ) — A 1] B0 1K) 5249 oA 5t 1] LT O 9000 8 T AR 43 AT £ i
ER. XA 7 e vk Rk B 119864 35 [H 4t vl 24 & £ 4l ¢ (Data
Exposition) P, A7 24 i I 12 — A NG Heds 8 R OT I BHL KT
Kl T EUREKA JUAS 7 BE K56 B AR AR B dln. im0 ] B 2l 1 & o A 2
IrHT, ATRETCIEAR HTAT AR, D oA H e I S 45 T U A 2D R
M, B R AR KR CRERE T oh, R RS EDE (s ED G
A R A A [R) S 2 Ak G G ST P A e ik
A7 EE WAL, FOH AE R W] DL O E] T, XA
K4 5 1 W % AEanimation U (Xie, 2010a) ', 44 Mpollen, %% 45 B
AR T VR R R o ], A A TEIR s FRATT R 7 A pollenl 4
HIE T — = 4EBR R A, w15 [ M jihttp: //yihui.name/cn/2008/10/
historical-demo-of-pollen-data/M %

XA 5] LB AR i pollen®fds i AL AR FRATI ¥t 7200 MEA, |
T AFEAR ok B TP AR AE RS 20 A, 53153 D REAS R (R AR AR
WAEPAR 0.5 [ b, 5 )5 K IX2 5 AN FEARPHE R IFATEUNF. % E i
KAEMSGAL(Xie, 2010b)H, 44 ABinormCircle. HAREH LA MW/ NE &,
ARFRATTFH A 30 1) G v B TR MU AR 2 A JL T Je ik 4k s IR AIE, - 491 G e 1tk
0] Sk s P AN AR BV A V2 [ ) R BT AS bk 2
> library (MSG)

> data(BinormCircle)
> head(BinormCircle)

V1 V2
1 0.889 -1.764
2 0.072 -0.495
3 0.123 -0.180
4 -0.499 0.030
%X /2K 4F oint Statistical Meetings (17 Mle9¢: AT Hseg il — MR, S9E WL ARRIE, T
GEr EOY SR T BOk 2o P 05 B s ke
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> par(mfrow = c¢(1, 2), ann = FALSE, mar = c(2, 2, 0.5,
+ 0.2))

> plot(BinormCircle)

> smoothScatter (BinormCircle)
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N N -'f'
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[ [
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-4 -2 0 2 -4 -2 0 2

B 1 FR - RBIR T R AR —te-Sde it l, BYILE
B BAER AT FF AL, A EARR T AT S feAn % A 0ROk
B, R EARRETIZ A IR AR,

5 0.252 0.432
6 0.450 0.218
> coef (summary (1m(V2 ~ V1, BinormCircle)))

Estimate Std. Error t value Pr(>|tl)
(Intercept) -0.006085156 0.005258164 -1.1572776 0.2471728
Vi 0.003988851 0.007015317 0.5685917 0.5696397

BRI R 25 R AR EE L e Rl Ak B 2 4, REYA R,
X — B PR bl T L ANGE (BRI AR IR G R HCH0).
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2o T A PR E PR PR AU LA RO A S s g s (R AN et (B
Woelt.aniQp&E0; Tt BOE BB 5 RS, AL LB ZEE BB A
BAURIVE T, ASOFARITEAE SR, AT P AT G Aok g6 4 6, &
TERBEAU 3 W A6 20 5 92 B B 2 A e B B RS R K iy, LK BA 22 TRl o
B, D0 S A B ANATDR AR (s DL Uit SRR LIRS AR 0, 32 i
b ESN S DR IE S P AV S - 2 NC S VA G ey I VS K 17T N SPi7itk o b
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Sxy = \/(m — 1)5’3( + (ng — 1)532,
ny +ng — 2

XFNY 5350 Ry AN FEARIGREAR I, SEFNSZ 3590 Jg A FEAR IRFEA Ty
Fo ARG FHAB BT SR BT ZF R 8, 7 &R IR L
T T7 3, J7 ZE AN 1 I i FH Welch %2 1E 11 77 72:(Welch), [1947) 1 340 1 &
H R, AHIATA OB BRI, e REA R AR AT I, 557 22
IR SR T RE R AT 2L, BIFE LSl Ol 7 20, ROE (s 77 28)
B IE (RSS2 AT A X s TITREAS A 22 B R ) I, Welchi
TE A2 WA 36 45 TRk B K5

B R 2 WD IES SR AR S EAS, 35— AN BRI A0, brk
ZREHLI A A A00.5, 1), 5 A EEBMENL, RHEEIRAUR, 5),
SRS BARPRUEZAARSE, e E NV ZH Welch#1E 7772 (BLU R BT vH5
# ] F Welch % 1F 75 1545 B FIPAEAE A IEM B S 5 b5t De  (EtRs 46 i A1 m)
A3 50 V5 55 5 25 F S 5 22 I T, 5 0 4 R 2 K%, IX AN FE B
5210007k, 135100041 P{E, HEZH2APIH.

AT B WA A SISO GYRE 1000, IS0 P FE A
5 FMWelch 52 1E J5 2.4 HIAG 2 P Bl A2 2 AP, vl DG A /e 5t
gk b, PR B A B PR SE, A EPEM ZER, 1L
FWelch# 1F 77 459 21 (I PAE ¥ 3t i oK, LR faf B, PR Weleh 2 1E 1 A
HH B2 /N T 8056 TANE I A B BE,  FFEAS A S5 () I e v 8 1) 23 BE R A
A, g R, B HEEN, PHEBOC, (HSEF ERIFRER
Z /b, bR ] 2

SR G BTG W ALFEAS B 22 ORI IR 00 B — A FE AR 210, 25—
REA R 41000, FERIE ST ERL HBATR AT LUR L, X Pl R A i
WE N, PIRHEERRINPE AT, U, 507 27548
PP EWA, SR RSSO R T Z GO, AR A5 T7
ZEAR T NI S, W2 AP, A DU I A A SR AR R
TELE I 22 52
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> par(mar = ¢(3.5, 3.5, 1, 0.5), mfrow = c(1, 2))
> plot(pval <- t(replicate(1000, {
+ x1 = rnorm(100, mean = 0, sd = runif(1, 0.5,
+ 1))
+ x2 = rnorm(100, mean = 1, sd = runif(1, 2, 5))
+ c(t.test(x1, x2, var.equal = FALSE)$p.value,
+ t.test(x1, x2, var.equal = TRUE)$p.value)
+})), xlab = "JFJHFZE", ylab = "% £", pch = 20,
+ asp = 1, col = rgh(0, 0, 0, 0.3))
> abline(0, 1)
> plot(pvall, 1], pvall, 2] - pvall[, 1], xlab = nRE,
+ ylab = "%ﬁ%ﬁ%ﬁ%”, pch = 20, col = rgb(0,
+ 0, 0, 0.3))
o
(>}
S
S P
 _ = *
o 1 §
© RS
M= oy <
= =
# 3 =
= S
o g <
(@]
=
= S
c 4 T T T T S T T T T
00 02 04 06 08 00 02 04 06 08

B 2: BiRFH EF R AR R Yn (FAZHE): ZBAR
R PR EE, & B R ke PIEZ £ 5 Welchik iE /& P/ 6945
A, @ik F R 4Kt test() 49 var.equalit R, RATTT VA 5% 5| RK R L8 46 36
I WelchB B 89 7 ik FAF AR, KRG 4 H4RIPIA & A,
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> par(mar = c(3.5, 3.5, 1, 0.5), mfrow = c(1, 2))
> plot(pval <- t(replicate(1000, {
+ x1 = rnorm(10, mean = 0, sd = runif(1, 0.5, 1))
+ x2 = rnorm(100, mean = 1, sd = runif(1, 2, 5))
+ c(t.test(x1, x2, var.equal = FALSE)$p.value,
+ t.test(x1, x2, var.equal = TRUE)$p.value)
+})), xlab = "JFJ}H ", ylab = "% £", pch = 20,
+ asp = 1, col = rgb(0, 0, 0, 0.3))
> abline(0, 1)
> abline(h = 0.05, v = 0.05, col = "gray")
> plot(pvall, 1], pvall, 2] - pvall, 1], xlab = N EN,
+ ylab = "WEERATE", pch = 20, col = rgb(O0,
+ 0, 0, 0.3))
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FATTA] DAGR SR XA ERAE S BT 2 A AR B A A IS oL, 9 G [ e 5
TAREA R30, UREEEE — AR N2 EI100 (ng = 2,3, ,100; ny =
30), HBW S 2R 223 BIMPE 2 25 AR k. X — R A 4,
AV HIBHL10007%,  RIIEAFE1000PIE 2 25, A BRATHERA ZEH il %
et diffX %, XAHHEXN G O AEMSG L (Xie, 2010b) 11, 588 AE 1k
FRUWR

> set.seed(123)

> t.diff = NULL

> for (n1 in 2:100) {

+ t.diff = rbind(t.diff, replicate(1000, {

+ x1 = rnorm(nl, mean = 0, sd = runif(1, 0.5,
+ 1))

+ x2 = rnorm(30, mean = 1, sd = runif(1, 2,

+ 5))

+ t.test(x1, x2, var.equal = TRUE)$p.value -
+ t.test(x1, x2, var.equal = FALSE)$p.value
+ )

+ }

> t.diff = as.data.frame(t(t.diff))

> colnames (t.diff) = 2:100

Al A 2 P s 1 Bt g 28431060, PAEZ ZE AR B (32 LI
PR, AU Tt dif SRR IO HTE951D. B ARny = 30 = nof, AE A
P A R AE DRI F B KK, T P ALREA AN 22O, WP AR %
R PRP VAP P2 2 700,025 Y 1) mg AR Y [ 2 26-34:

> data(t.diff)
> names (which(abs (apply(t.diff, 2, mean)) < 0.02))

[1] lI26II |l27|l ll28l| II29I| |l30ll ll31|| II32II |l33ll l|34ll

WA, MAFEARAZSLL NN, 24510 KBUEH IR (PIE
AEHHZER K.

Afirh, T REAUR A DR R BRI A5 T 22 / R 0T %
LN P R 2 5 S8, B LS AT UG B¢ B Welch 1 1E 138 1T 3
o VEF# ¥ {rlowa State University 4t vt 2 M PR & F W — A7 20852 i eha 5 o
fRIWelchA 1E, A1) 45 K 2 B Ol N A Welch#2 1E, 0 W Ri/E &
AR, B BARTH SN A IR TR B O 28 2 LG X384 (Gosset, t7)
AR AR T A,



S

2 BB R 11

> par(mar = c(3.5, 3.5, 1, 0.5))

> data(t.diff)

> boxplot(t.diff[, as.character(2:60)], ylab = "L ERFEHE",

+ xlab = "$n_1$", xaxt = "n", border = ifelse(abs(apply(t.diff,
+ 2, mean)) < 0.02, "black", "green"), at = 2:60)

> axis(1)
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A 4 RRMAFALSTHHCIRPEZ £: s FH—MAERTEL, BT
F|1000/PIA AL, F&EZMAAMEBER TR, RAFIBINHEE, R
w7 g TACKPIEZ £ 69 T AL,

KA, AR T DB T Z= (M5, Bl RSB AT ZEAH S5 1
THOLT, AE ] A H Welch %2 1E e 56 45 Ko 1 SCAgACRS m] LAAR s
EAE SO IXP ST T IR, BR TR, SeAb A gy S =558 T I 45
R

22 EUMBEERHTS

G b LS O, FRAT AT DU I [ R A AL 25 X
EMIBEE R AR, AT SO, AR i S S W AT L, ARy BALR
AN B, 5 T RS SR R i SR M

(] PSR 2 K 22 B e VR R AR R, 1T g Bl U S [ ) il
— A e SIS, FEPE SRR e R A
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2 BB R 12

PR 2 ool . SRR (0 s AE T AR, AR E m AN,
BRI B 2ok — 28R X, 2ol —JoR A B A RE T, gl
FEHIE ARk & — A AR S AR AR R, XA “4Rd” w]
RE S X )2 3 e LA R IR s LR Z RS I T “SSHAR” R
&, BRI AR, D T A B o A
Fr 2 Tl R WA D, FRATT AT DU I AU AN 1 T8 1) 05 304 H S AR
ONETIES

HRH RS B o Iull AT JRATTE ] A B g A AR A
PRIAR R R AR, JRR AR A AR S XA A S BY I 484k, 2 e [ml A )5
LHEIE AN, EILEAZRRITAZNFME T, HRIO
(K] A AN R AR (R R B it e ARy & A A e e
THIAAZREZ R AR R, EAEGRARN EAK R
SCRERIANT

Yy=—xr+2z+¢€

Hohade[0, 4] X8 _EHUE, 2=0,1,---,4, e~ N(0,0?), 0 =0.25 X
AU AR T ik K i, IXFE G Bly bl o (3G KK, SERR
LK Ry SR i R LA ARl

> set.seed(123)

> x = seq(0, 4, length = 100)

> z = rep(0:4, each = 20)

>y =-x + z + rnorm(100, 0, 0.25)
> coef (summary (Im(y ~ x)))

Estimate Std. Error t value Pr(>|tl)
(Intercept) -0.3847108 0.06964946 -5.523529 2.733688e-07
X 0.2036561 0.03008323 6.769757 9.555139e-10

> coef (summary (Im(y ~ x + z)))

Estimate Std. Error t value Pr(>|tl)
(Intercept) -0.03297214 0.05475317 -0.602196 5.484488e-01
X -0.90709758 0.09831225 -9.226699 6.272130e-15
z 0.93488438 0.08107839 11.530624 6.949985e-20

B, A My s B, AR RN RBUE AR B
IR, R A2 DR N 228 5, o) AR O A2 D Al 7 A = 1 2
FEBIF B B D4R R T XA M BRI A T, 2R, RATRT LG Bl Sy 2
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> par(mar = c(3.5, 3.5, 1, 0.5), mfrow = c(1, 2))
> plot(x, y)
> abline(lm(y ~ x), col = "red")

> plot(x, y, pch = z, col = rainbow(5)[z + 1])

> for (i in z) abline(Im(y ~ x, subset = z == i), col =
XK
+ Nk
10| T
o %FH:&» X,X
VE RS
5 I +
< + %60
> = |8 %,
=]
21 g% -
o
o O
=
i
T T T T T T T T T T
0 1 2 3 4 0 1 2 3 4
X X

B 5 4R Byt Xt EBAMaFyER XA, mhE T4
T 2BAEKFZ B ofeysh R T R X A,

R ER, AT B AT TR 2 A [ BUECRAT A S AN TR B A5 5 A (b
R, RS R AR T Bl HUE, AT AR N R
B ORR O R. PTIRZ A Rt E AR X, "
FH Bl W 2k ok A BT T — e [RA AN 2 Je A A AN, 200
(EVEES (&N R iR EIVEEC S8

WIa A E “ZHAEM”: AZTAF AL TR AT 2 AN AR R
T, BRI SOE—A BAZ RN RIS R 152 M R E02 51— A B AR &= (U
KPR, HIEALEA A (L= Jaml o 6D:

y = Bo+ Bix1 + Baxy + Pawi12 + €
A AR E S

(Bo + Brz1) + (B2 + Bawy)ws + €

= Qg+ Qo+ €

y:

"darkgray")
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FRA T 2, B e ER 2K, Az IRIH R By = B + Bsx1s 5
Ha iRk FEL S KRR M2 A FIK 2. A2 HAR S A
GG FERH D — AT e B R s, i & B L RER R HAR R A
Iy RAR BRI AS TN, X IES: AR RO A TAE T B s, TR
HEFR BIEAT 7= 4510

XL RATTHR ] B A 7 AR R T AR B B AT LAY . AU 55
ks

y = 24x+052+05zz+¢ 1)
y = 2+2+052+e 2)

K@ ALZEANEAE, XA CEZ LN FA Tk
MIZI0HUE, RGN TH— oMz B 5, T HyfE, &R,
Ay AR Rtk el BATICH AU 7 2 2 B A, H
i SR T R RN BEAT AN 2 A R T AR A R AT XA K,
ACH N IR AE — H T AR [R) I A9t e S A2 B ) A% ¢ Ji s T A 1
— kb e,

2.3 RIEGIFAEE MR

QSRR BTG, SRR AT R AE S AT A A, LB IR AT A M
WABRBE, i n] DA% AR U 5 P B BRI IR B, LT S #E  1) — FlF
R A/)Fi Ll Venables and Ripley| (2002) /41 i) e /N T AL P J7 (Least
Median Squares, LMS) [IJA#IR A0S, U6 S8 v B/ 50 LR A7 B
R

BN ECE T IR CRSCRFRLMSIRIAD 2 R [m] ) 7 92 i — b,
EOR R S R RO BT, B Hes R R SO LMS[B] U R R S
AR /e LMSIEUE ) H Ax e& B 5k 721 5 i Ar L SR B vHE e b 4
EF

B = argmgnmedian{(yi — ;gl)z} ,i=1,2,---,n

g, = X;8. [Venables and Ripley]| (2002, pp.159)fj i /44 T LMS|H]
AR T R — AN A R R R A T R O B R IR R R
XM BB P IR BAT VRGN 2, AEFRATT AT LR AR HI AU 0 T AR5 U
', MATEIELEBTH AT BT
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I B A TR B 15
par(mar = c(3.5, 3.5, 2, 0.2), mfrow = c(1, 2), cex.main = 1)
sq = 1:10
x = rep(sq, 10)

z = rep(sq, each = 10)
y = c(outer(sq, sq, function(x, z) 2 + x + 0.5 *
z + 0.5 % x ¥ z + runif(1)))
symbols(x, z, y, bg = rgb(0, 1, 0, 0.3), fg = "blue",
main = "$§y = 2 + x + 0.5 z + 0.5 x z + \\epsilon$",
inches = 0.4)
y = c(outer(sq, sq, function(x, z) 2 + x + 0.5 *
z + runif(1)))
symbols(x, z, y, bg = rgb(0, 1, 0, 0.3), fg = "blue",
main = "$§y = 2 + x + 0.5 z + \\epsilon$", inches = 0.2)

y=24+2+4+0.524+0.5zz+¢€ y=24+2+052+c¢€

PN N <X
= | b ANNTTSeS
I RS eg 00
o X ~ ‘-.Eiagii’.:
- R
N
ﬂ\‘ —]
N —]
O —
T T T T T T T T T T T
0 2 4 6 8§ 10 0 2 4 6 8
X X

Be 28R RENREMANCHE: AR rh 8 XEHE, EHAR
AR, RRBT, Aa XA FHyE R RER, BT REMN

ZEAAR Sy Y, REZAORERAK DY AT, i

B A5 Pl s te = 14 = 10, FA20938 K (ATELA), yfd

238 Kik A, el 2 8RR R AR,

B R, f2r = e = 10638 KR R R R—H (BHHk), LihAi,
Pyt Ko Lot ALK P #en. FIRETUAALER, EE%5Eall,

Y
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BT A R R B AR B A Ty, RJE1ES H R SE I
AN B LR e 1 S, R T SLMSIRH S5 R, R EOR R
AT RERORST (FIE Loy MR RG22 HE WD, A T EE M
M AR, FA VBT BN EA H 277 AR IA S R, F MR e AL
PR e 5 i e/ 3 (OLS) [Al YA 2 FILMS [l A 1.2k 1 Al ]

> library (MASS)
> olslms = function(x, y, l.col = c("red", "blue"),
+ 1.1ty = c(1, 2), ...) {

+ plot(x, y, ...)

+ abline(Im(y ~ x), col = l.col[1], 1ty = 1.1ty[1])

+ abline(lgqs(y ~ x, method = "lgs"), col = 1l.col[2],

+ 1ty = 1.1ty[2])

+ legend("topleft", legend = c("OLS", "LMS"), col = 1l.col,
+ 1ty = 1.1ty, bty = "n")

+ }

ARG BAHE By = 24 3 + /E RS, 56— & — D3
TRt LA I LMS[AAH EEECOLS R A f 1 s 58 — b #4075 500 1
OIATAEE G O AT K BEHL G, T DRSS, “ LIMSI] =0 rh o Eidhs SO 1
PE:
> set.seed(123)

> x = runif (50)

>y =2+ 3 % x + rnorm(50)

> x1 = c(x, 2)

> y1 = c(y, 50)

> x2 = c(x, jitter(rep(mean(x), 500), 10))
> y2 = c(y, jitter(rep(mean(y), 500), 10))

P71 £y 4 e 5 P B S [ A 3 ) T LIMIS [T % 5 et A A
X AU . A B OLS I A T2 AR B S A A 8 I R
“Pr7 K, AHLMS[EUEFBAT 2B RN, IRER ST O K
PRBLIRAE s A7 B sPOLSIR A B R A S e 1 pr AT Bt i 4%, iiLMS|H|
VS Ak S 0 S 3 T A (i A R ASTURN I, LMIS IR R ik s
—H T

24 BRIHEIRILER

FERELERE UL T, FAITH AT LAAEGETH A0, Hh £ 38 fife o il AP B A B, 3K
FERERE G )™ B O BCAUEWIHE S, SE A ROtR DA 1 oF SR BT 050 e oA
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> par(mar = c(3.5, 3.5, 1, 0.2), mfrow = c(1, 2), pch = 20)
> olsLms(x1, y1)
> olsLms(x2, y2, cex = c(rep(1, 50), rep(0.1, 500)))

A 7: LMSE) )3 eyAa R b & A BARILT LMSE )3 eyFafE i, & Bk
T LMS®] AT o S H B S AR A 4 AE,

BB AU FEA BB T RETE. AELRZHAHOL T, SRl 2 REfS
HEE R e e et A e 3O, HEAHESNDEA—E, XthEs
TR — RAOL e T BATTHE T ARG (0 [0l )1 0 12 Wy 35 3 o DL A
FITE St — g (172 W s 7k

P FNIE AL G B RS W 5 AT — MK 99 5 it S8
ZA BT R INA%, AL 5877 i CookBR B A5 M B vT B 23 2R, TR DA IX 48 75
AR FE TR — Aot RORE [PIABE R AR 1k 2 A BIRE R T BE A
[l A “Jr 7 b, AR MR IR AN, R 0 B AT AR 2 S ]
VR, DT St B i B AR RO OR e RPN L, AREE A
RGE,  FRATRT DU AL 5l o5 20 iR O 4 5 T 7T LR i 2 A B A
FLRORUE, AT LA “MER Rl ml” (KARVEHE 2 “I B3 T4
Yo", XFEOR, WUEAEZ A B SR N I el BEE T, 2 L
fHOL, [P R BRI B R AEAR KA, IX PP AR AL B ol AR S 6 b vt
SR, tn] DURT IR m R

DU R B 5t AR i A i AR AE T 25 20 A1 iR AL BE ML A ey,
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KJEA100, g EETAIRAREON0, (HR A S I A B 2 AT
(K1 RIRE AL AR5 T Cook &5 52 W, 5 e HTTIT T (A7 23 Sl i S8 12
DR EPNDINAM TR

set.seed(123)
x = c(rnorm(100), 20, 21)
y = c(rnorm(100), 20, 24)
fit = Im(y ~ x)
fitl = update(fit, subset = 1:60)
betaSim = numeric(100)
for (i in 1:100) {
idx = sample(c(TRUE, FALSE), length(x), replace = TRUE,
prob = c(0.6, 0.4))
betaSim[i] = coef(update(fit, subset = idx))[2]

+ + + + VvVVVVVVYV

B 7 T A 12 W7 7 ik 5 3 L L RE B2 T T R I LB b
Vel Sl 75 7 30 2 1 [0 ) 52 B A R R i R BEOR B[R] R Y i K
(K1 CRERDG00, (B4 B AR AS B RF R0RF [BH B Avle s A7 B T
XA ] A5 AL op A AN FE A S Cook R B, AWl LUE R, KA &G
AR R B AR T g S R A e R B R PR IR
A B 2 JE AR AN 2 AT K KA AL (e — B HE D, T A
B A e Cook i B U R A R B oR 17— Ml AR i Al RE Tk BT
FhECER (R T604% (B S0 A&7, LU I JR424¢ (B R
78D, SR EH SRR, JFm R, eI AT UE B,
TRE T WA SRR, P EZRRKEON0, SEBMANT T, BT
X RE AR, AR XA D SR E 1000k, B CERT BEHL A
HE CTREA S B, AR, JFEF R RS, RE
FE1009K 1 R AR A0 s R R IFmAE 4 R -, ATRLE ISR ORER
Oy =R, IR 2R IR AR S OB R AT AN R AN B R (R
W00 RE R H 2 70 A i A s & — B R S5 A, 520
REA R AR AR S S B U R, T SR AT TR R R R A A B A
RUIRER, BRSNS TR e &4
i, BT B BIEOE R0, IXFERRATTA I 2 Wt A% 8 5 1 4R AN oK B
HERAGE KB AR XA K Flasha) i il A< 7] LLAE 9 Glhttp:
//yihui.name/cn/2008/09/multiple-outliers-detection/M A&

A E AU I 7 iR P T — Bl B RE 02 Woph B, W IXRP AR


http://yihui.name/cn/2008/09/multiple-outliers-detection/
http://yihui.name/cn/2008/09/multiple-outliers-detection/
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> par(mar = c¢(3.5, 3.5, 1, 0.5), mfrow = c(2, 2), pch = 20)

> plot(x, y, col = rgb(0, 0, 0, 0.5))

> abline(fit)

> plot(cooks.distance(fit), ylab = "Cook's distance")

> plot(x, y, col = rgb(0, 0, 0, 0.5), pch = rep(20:21,

+ c(60, 42)))
> abline(fit1)
> plot(betaSim, ylab = "$\\beta_1$")

0
[q\]

15 20
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A8 RMAsmEFTEL W EANBHEL: LT@BLMEm A2 BRELYH (4
b)), {24t % & B S5 o sk 4o Cook3E B 5F Xﬁ?wﬁﬁﬁ%%ﬁ(ﬂix
o B RN HABIATINAE (£ TF), WNTUIFELEREASIA (£TF ).
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% BATATCAGRSE R RO L, RIRAME S HIR AN L.

3 HRERENMH

BT LA AR EH AN, Gt BRI RE i) DLAE A Y £ i
LRI P A o ISR 5 R B 7 1), I HIEE BT AT e S s 7Y
FME LM RS RN R RO . KT8 A, Al es
gy th 7ML SRR R SCHE, T T ERATT A A S e s T S B 5

EAEHI T SE— A “PIAT87 531X N 3a R 4L 1T IR
S, i I S KR R G R RR, AR AR ATTRE LU A 11004 ¥
JH, 4587.53%1 M & S Frd 5BTchina”, ot 7743 HE87.53% 5 1 T M A&
TR R, HEMA N GREEER T 4 KRl i/ 4 e s, kIl ] — 4t
gt U eiE. AEE WX XA FE OE T — B, JRE R T At
PP E ST & o L SAETEAT T — AR 4R 2. B9 R T op [ BUR
Wl (344 Ja 8 gov.en R ) vl i Googled® 22 743 21 (1) MO £99.9911)
gy LEEHE (3 R AE, X B RCREMSGE H, 4 Agov.cn.pct, AR
SR IAT61T
> data(gov.cn.pct)
> head(gov.cn.pct)

percentage count round0 roundl
0.00 158000 TRUE TRUE
.01 171000 FALSE FALSE
.02 156000 FALSE FALSE
.03 114000 FALSE FALSE
.04 103000 FALSE FALSE
.05 201000 FALSE FALSE

o Ok W N
O O O O O

pct.lowess = function(cond) {
with(gov.cn.pct, {
plot(count ~ percentage, pch = ifelse(cond,
4, 20), col = rgb(0:1, 0, 0, c(0.04,
0.5)) [cond + 1], log = "y")
lines(lowess(gov.cn.pct[cond, 1:2], £ = 1/3),
col = 2, 1lwd = 2)

+ + + + + + vV

*http://news.sina.com.cn/c/2009-12-12/034016758777s . shtml
‘http://chemhack.com/cn/2009/12/87-53-stat/


http://news.sina.com.cn/c/2009-12-12/034016758777s.shtml
http://chemhack.com/cn/2009/12/87-53-stat/
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+ lines(lowess(gov.cn.pct[!cond, 1:2], f = 1/3),

+ col =1, 1lwd = 2)

+ P

+ }

Ol p A b Lk R oR T R B o EE RS ZRATEOR /N, R ERATT AT L
RIS AL RN b WA R A, T S A AR X KA
FATT LIEEEIEIEOR, s B SR T [10%, 11%) B IR _E 3k, X AT
A LAY A 2 BOCRE R 11 23 B RO B B o EE R REOR, B XA
FAEFRLUEE (GIFE)Ehttp: //yihui.name/cn/wp-content/uploads/
2009/12/percent-count.gif /x| FTA KL T IX ) bR Adl, finxAs
FRAESE AR S EERD. O T RE—DRAE “HORE” 1550, JATTar Loyl
ORISR B 17 73 B DAAS TR U i 3o ok, JF Hon - LOWESS il &
(UBAVPND, MEIHRATLLE R, JoiR e SO S AR 2 B B 1A N, 1
=87 yed SERTA =TG- ool N < P P SR )22 PR SRS b GRS T &
ANHRCHE 1) ST 22 e LU TR v o 380 8 5K

FALL P AT R R M 73 138 v LLYECook and Swayne| (2007) 1 £ 2.
XAl 7y b &5 SRARE T U 0 07 OB B 43 21, DRIHAE S v A2 B T
T, ARSI LG BB R IIR R, WAl e AL AR B A5 B
T FRATT LU H A 4K S 18 ST v R R RS SEUGS TR R NP e A ) Al
BhPE L. B SR BRAT o — 7o AE B K AR AR R "PLOWESS it 2 A bE k2 2 1 1] )
B Ay, LR FRATT 0 B 8 v AL 30 AR EUE G v 11 TR ARSI I SR
BRE, d5c o AT A — D0 o i 2 B 02 ), DUASEIDL Y U7 230 B e 1 3
e

31 FRAANRELTEEKA

FAVHTE B AR LU AR VER R IR ], JCHR T oo R, AT
AN A AN A S 1 A5 24 1) ] A P i B BB P SR e Ry SIS R VA S i~ F
W% (Locally Weighted Scatterplot Smoother, LOWESS) 4L 7 —7#idk:
TR R e AR M OC R 7 T ik (Cleveland, [1979). LOWESS:
TS B8 LB i Jm ot AR I 0y 3 A TR U 22 T el ) 2k
XA FRAE AT LWL ¢ ) K4 A Jag 08 e Bt ke i B A R #7314 (]
I T AR AT AR A ARl S, IR ] DAl A& 4, (R B S AiE h
AR (ERDE) BRI EE VRN — B2k ALK )R T


http://yihui.name/cn/wp-content/uploads/2009/12/percent-count.gif
http://yihui.name/cn/wp-content/uploads/2009/12/percent-count.gif
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> par(mar = c(3.5, 3.5, 1, 0.2), mfrow = c(2, 2))
> with(gov.cn.pct, {
+ plot(percentage, count, type = "1", panel.first = grid())

+ plot(percentage, count, type = "1", xlim = c(10,
+ 11), panel.first = grid())
+ pct.lowess (round0)
+ pct.lowess (round1)
+ }F)
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B9 b EKARNETE 5 b HIBLOWESSH: 4 &M B B HAE
I M (£ L), REAK[10%, 11%| R B Lag s E (£ L), 4
w0 A M B WA AN HFAE, T VA o B 3 SR A e dE AT 69 B 4
B LOWESSH 2%, (£ F ), BN ARG — o fe Mz 469 T 5tk
# LOWESS# £, (& TF ).
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PRRE A ]

data(PlantCounts)
= ¢(3.5, 3.5, 1, 0.2), mfrow = c(1, 2), pch = 20)
with(PlantCounts, {

par (mar

counts

plot(altitude, counts, col

plot(altitude, counts, col
for (i in 1:200) {

panel.first = grid())

i, 0.4), 1lwd = 1.5)

23

rgb(0, 0, 0, 0.3),

for (i in seq(0.01, 1, length = 70)) {
lines(lowess(altitude, counts, f =

i), col = rgb(0.4,

rgb(0, 0, 0, 0.3))

idx = sample(nrow(PlantCounts), 300, TRUE)
lines(lowess(altitude[idx], counts[idx]),
col = rgb(0, 0, 0, 0.1), 1lwd = 1.5)

counts

80

60

40

20

B 10: /&# 5 E 5 %HAv35 B 89 LOWESSW &: £ B A0 E 24 1% £1100%
#)LOWESS ¥4 (R &ERTILE A4 ), £ B 4200 K Bootstrap & thAtZ
J& 6 5538 55 12 5 49 LOWESS # 4%,
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BN A R R HERE, e 28— ek i e gl S ok 170 AR, Mgk
(T R B 5 AT DR BUCEE LBl G Lhfiii >, BIasA G0 (R
THRERIETD, KB Gl R, WLk R LA
YELOWESS45 6 ot ke B ) g A 5t , Rl (el U RS 70 ) — B 2 1k
EIPER

i 2 4] (2008b) AL T — AN FP AL H 54 B A, B ol
ST RN L R R B, E[LOTI LOWESS i £ % iX 1t 4t
AT TR R, BT, 8Bt ik 2 m B B gl ok, A
AR AR I L O R HR, MR N s R R, BARE K,
Bl K ECE DY bR R 2 H e 2 el H B 2B H: 450K (fR D
550k (). 650K (firss) MI7002K (A PRI 50534 (1 1) 8l 2,
Z SR A R B 2 7 I8 A N AZSE 650K BT, A A A AT
HEKRE, PUT SRS, WAYFEE B2, EanfEw =%, BR%E
FFERMLE S AT ED. MBI th &k B, Wi A At
T 650K w2 Ja AT FREas, BT UMLKk E, BATE K L
$OH AE650KMFHR A0 I BIF KA. FILOWT B R ARSI 3, A
(0 £ BE 22 B A T 820 30 E . BRI Sl EAT SE AR (£E6001T5L
Pt b A R A 3004 T ), FHE H A A £ P mILOWESS i 2k, 4 713 2Lk
BRRCE A, FRATR XA R 2007k, 7534 B 2004 ik, it
AELOWESSIH) it [l 2 £ 4 8L 12/3. - MBootstrap 2 & [INLOWESS i £& jik
KRG, LEMFHR 700K A F U n] GE2x AT AR R IR B, RA X — i it 2 2EAIG ihE
WAL B AR, AHAE R AL S “ i ™ E, Xk— D Ui T
TATIAS e 167 5 DA B e S 10 7 Xk Pt v A R 0 b 5 H A e

F UL RATHE 2 T LOWESS J7 i1 R G 1k, (HB & i & e [ oK 2 50
KB E e, BATHIN G B E AE . AT T £ e
F UXELOWESS A — @ MECFTE 50, HPANE R T A 7] §EC R AR
A UAE B AP it 2 b o oK, T HLLOWESS J5 3%l LR 1R — Rl AE S %
Jiik, AR KRG A BB, XA TS HES  R B 2
Pt HTRIET Hirlowess() ek £ n] LUR J7 (EvH S LOWESS i £k, Jir LA
PO ) K T LA T RE A

3.2 RMRBAZIIMER

RN ATk, R B 5 A R e B e R R I B 2 —,
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1 > library(ggplot2)
2> > print(ggplot(sleep, aes(group, extra)) + stat_boxplot() +
PR coord_f1ip())

B 11: StudenttyREIRYE T HIE: MLE

(B4 2t 0 i BEAL 56 20 th A5 B AR B AT B, AT 1 3l B 4 2R i AT —
AP, i HIXAPEARZ AR 2 HCA BB P, F8 REdR A S
EBEEERZIVEHE LR, BATT LS BRI 7 U R R, Rik,
AN RRE HOGTIAE — A R FELR G IIPAE e R IEATEAH UL IR P R AS 2R 1)
KB Ay, St W] IR AEALL R P 7845 o

Hlls ok ARWE & B sleepdli (Ui T-Studentll JFERF ALK, &
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7 3.7 1
8 0.8 1
9 0.0 1
10 2.0 1
11 1.9 2
12 0.8 2
13 1.1 2
14 0.1 2
15 -0.1 2
16 4.4 2
17 5.5 2
18 1.6 2
19 4.6 2
20 3.4 2

Hextrait MK M35, groupit/rdldm 5. FRATTBGHER 1 in] &
T P 2L 52 AR 11 G T[] 38 8 () (A 0 S 3% 25 e AR RATT T DL ERS
1% 5% & Wilcoxon PR AR 36«

> t.test(extra ~ group, data = sleep)

Welch Two Sample t-test

data: extra by group
t = -1.8608, df = 17.776, p-value = 0.0794

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

-3.3654832 0.2054832

sample estimates:
mean in group 1 mean in group 2

0.75 2.33

> wilcox.test(extra ~ group, data = sleep)

Wilcoxon rank sum test with continuity correction

data: extra by group
W = 25.5, p-value = 0.06933
alternative hypothesis: true location shift is not equal to O

b SCp e, Bk g AR ORI AE SARR AT IR, BATER TR B

NO.07HIPME, LA EEE T NG EUZ M R U, 38 PR
A ZREA I LU T U AR 2R B R o an B, A2 PR T 35 VR Fi T 4l
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print(ggplot(sleep, aes(x = extra)) + facet_grid(group ~

.) + stat_density(aes(ymax = ..density.., ymin = -..density..),

>
+
+ fill = "grey50", colour = '"grey50", geom = "ribbon",
+ position = "identity") + geom_point(aes(y = 0,

+ x = extra)))

0.2-
0.1-
0.0-
-0.1-

E\—O.Z -
n

_@ 0.2~
0.1-
0.0 -

-0.1-
-0.2-

B 12: Studentt BEAR3E T 4048 D IREE., ZBRAEEHEAOHBXEFT
I A, TOAR B RSB E S, FIATRARkgELES
Fr ( Rih R IABIR ).

FEAS L BT 2257 2 4, 3] LU B (0 23 A2 A D 14, 3t o
HAEAE M, Bd W] BE 22 52 O AR N [R]85 0F AR, sz b, R el
A S RARAT B, BRATTAT AR 22 /v 5718 (Hintze and Nelson, [1998)k
AR W ALBR IR oy A, PRIl AN EERE A F R A A U 2, R
AR il () BFe, JFEGE 2 2 R Ik, “/MRERT TR
P B RN BRI LR, 2 B e B BATTRT LU 2195 21 K0
RS ATT, 5315 1R A 32 9 A e PRl B SR P i EE ) 50 I 28 P T S Ik
P A AR A S AT DA A8 BT TE — 2D T 03X AN AN 2 B8 L A 1) g o 1) AL
It 2 Bi 2 A i T D9 A PR BE A X A1 7 2545

B T BB Z A0, BATSR T U] A (0 S B R P 4L (0 o
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Ao XA U LUAL SRR BT S0 7 V20 B S B . R L LU ) o M
TR RACIYMEAS B 2 i BEALAZ B 0F HLREFIE BB gt vk o0 A, At RexT
PIRLABAREWT T ATAT—ASGE vt HEIT i) U 2 AR 4 il WL AR 8 1) 20 A1 4 H A
HEWT Do IS AREATIEL ) o A Ly 45 2 WE 2 %6 B 4 EA T A7 T3 m It el 1
BT AR A (8 R ] — P LB A AT IR, S 2R REAS 2 9 2 B8
BMEMAET “Bootstrap3i 7. THH IR QT

> boot.mean = tapply(sleep$extra, sleep$group, function(x) {

+ replicate (500, mean(sample(x, replace = TRUE)))

+ })
> mean(boot.mean[[2]] >= max(boot.mean[[1]]))

[1] 0.384
> mean(boot.mean[[2]] >= quantile(boot.mean[[1]], 0.95))

[1] 0.854

] UL RE S AU AL IR A B A 2 Ja B AT LT REAS BAE R FRA T AR S
B, I B T R, e AT DI PR REfE
TEIAAE e WAL 2 I 2 R HIR 1 505 ) 3 At L3 05, T AR, 3K
ANTYEI AT RO, IR AT ZEAR AN, I EATTR v ) o7 5 A R
2, BT AT CAHERT Y A A BE (0 22 57 LU S

3.3 FEHRIBAYLZIE LN

Gt A N IR AT AR 2 e Bk, 0 4 ) 1B 25 20 A s 23 A 25340
T ATIZAT AR, pANREEITOE1), XLV S i A AR N
FEH RS HHORIN, (B RATZI0A S MU SR W I k. gevt22 5 ik 5
IR, i ST SR A AR T AN KL, BT LA AE AT g A 28 56 2%
AT, AT IRE S £ 1 I R A BB . 245 H, RN T4
TR S AR H AR, ATLEL BRI BEIFBA RARE XL, HELSG
PR MR e N AT DA Tukey bR o 56 1) 28 56325 W 1) i W3R A 1 301 4
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b, FERE EZXFERREAREEE 2> (O E RO, R
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> library(ggplot2)

> boot.mean = data.frame(extra.mean = unlist(boot.mean),

+ group = gl(2, 500))

> print(ggplot(boot.mean, aes(x = extra.mean, colour = group,

+ group = group)) + geom_density(fill = NA, size = 1))
4,
3,
2 group
= 1
c2-
3 2
1 _
O,

| | | |
0 1 2 3
extra.mean

B 13: WLLZ XA BEIRIG S (A

P Tukey 1) 20 5675 W F W (8 22 e 1R S 3B ke B R VHECA 7. 100 1353 %
M2 MK 5% 1%410.1%(Basler and Smawley, 1968). 1% F 4 /5 1% (1)
PR LR HE P R, # T AN 58, B AR T LA RIE A2
— MR RGN T T SRR I — BTl A, IX AN 2R 56k U mf
REAEAEAR K1 )

BRI SR s T FE A 43 50l 301 P 41k A T-Weibullsr A (idd
KW k), XA REZSH, EARRSEHD WFEAR, FRATEH & R
B e s ik P, il sk Tukey i RBIUFEUNEUE, BARERIT
B NG TR 3 W) SRR X ALFEA 7 SR HW (1, kq ) FIW (1, ko)
h T AT AT A3 B 78 4y, FRATTAN AL FH [ 5 Ry Bl ko, 17T 22 B H 120 53
fiz ky ~ U(0.5,4), ko ~ U(1,5)e ZJrLAIEHWeibull 541, — J5 T 2 (K]
h e e B R e BRI o A, U7 e S A R R g A, FRATTAR



O %™ N G AR W N =

4 NEiHRER 30

A7 Tukey 1 28 5675 WS HE X FR 0 B 2 7738 FHe D 17 36 S thS 56 06) 20 A
RS, FRATT ) It M 2 0k 56 Bl Wilcoxon £ 8. AN ZRAHS (%4
PitukeyCount LR IEMSGHL):

> set.seed(402)

>n = 30

> tukeyCount = data.frame(t(replicate (10000, {

+ x1 = rweibull(n, runif(1, 0.5, 4))

+ x2 = rweibull(n, runif(1, 1, 5))

+ c(t.test(xl, x2)$p.value, wilcox.test(x1l, x2)$p.value,
+ with(rle(rep(0:1, each = n) [order(c(x1, x2))]),

+ ifelse(head(values, 1) == tail(values,

+ 1), 0, sum(lengths[c(1, length(lengths))]))))
+ })))

> colnames (tukeyCount) = c("pvalue.t", "pvalue.w",

+ "count")

TATAT LUK P9 Aok 56 () PAE AN & R vt B B A v, B R Rt
HOOE B P R A R B ) . P4, B KRB0 R i R TR
K, WIPEBAN (A 7 5 B 2D, HER, XLEPH 5 &%k
WHEAARTT, I E Ao BO 7%, PIERAAE03 4, X &5
[170.054H Z= JE4 Ko

APIRFA R S K IE T Fhttp: //cos.name/cn/topic/101246, 1F
HRH L) 6-sigmafaly, MAEE IR b A TAHME HAEG 2 &
FR G A AR E, (XA R A 52 kG, WR AT AL
PHET A B R RRARAE A ), AR SR, H B T
SR B BRATHEYG . ASBIEE T W SR R B 2 oh, BRI T
Giil h AL N HARRE AN, (eI, FRATY %IE Y7 —
LEIH A, PO EATTE 2 LA CL 4 mT DA B Se I R U

4 NEERE

LA LLBUE IR HE SO TR ST g A 7 AN, A SO Gt
P T A GE T AU IR R A7 0 e vk A R SR 3R L0 1B Al A 7 e XA AUAS
P AT 77 AT TRV A OO o i T B B LR, O HAR G
SRR AR AT LR BE R BT S KR A AR S L
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data (tukeyCount)
with (tukeyCount, {

P-values
0.4

1.0

0.8

0.6

0.2

0.0

ucount = unique (count)
stripchart(pvalue.t ~ count, method = "jitter",
jitter = 0.2, pch = 19, cex = 0.7, vertical = TRUE,
at = ucount - 0.2, col = rgb(1, 0, 0, 0.2),
x1im = c(min(count) - 1, max(count) + 1),
xaxt = "n", xlab = "Tukey Count", ylab = "P-values")
stripchart(pvalue.w ~ count, method = "jitter",
jitter = 0.2, pch = 21, cex = 0.7, vertical = TRUE,
at = ucount + 0.2, add = TRUE, col = rgb(0,
0, 1, 0.2), xaxt = "n")
axis(1, unique(count))
lines(sort(ucount), tapply(pvalue.t, count, median),
type = "o", pch = 19, cex = 1.5, col = "red")
lines(sort(ucount), tapply(pvalue.w, count, median),
type = "o", pch = 21, cex = 1.5, col = "blue",
1ty = 2)
legend("topright", c("t test", "Wilcoxon test"),
col = c("red", "blue"), pch = c(19, 21),
1ty = 1:2, bty = "n")

—— ttest
- e- Wilcoxon test

T T
0 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Tukey Count

B 14: Tukey & Bt 25k N 5w A e g PIE: T —Fr 4 Bitde, o
AE xR PAE, AN A HEIEPIE, A& AN Wilcoxone 3o PAE, HAPHE
7 ik P P AL RN K B AR T E K, 2 E T 4954 AR AR AT
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Ve, BURGETE Ba H SEHL A IR B i i AN, 1 34T ]
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V£ F 2007 4F 62 TH U6 07T Ge vHAAD RN e v BB XS GE vk BRI i REAE H
I LA ) TE XS T — 8B Gert ITvE R R, XL AR F 2R AER N
fanimation(Xie, 2010a) ', CLAELEH T A, AI0EA, BRI T BE
Wy SEFRIEE, MR TP SRR (Quicunx), T FEHEN KEuE
A PR E R, 2ot T IK-Means 282, HlAE 1 A b i ) AL BE
BURRE. 3 EA0RE. BERERIRE. ROebe. HORAhTh, Bdiaz i k-1 48
D7 VRS, XU REOR GBS T iE I sl 5 [ T P A e g A U )
Kk, MEEWEICANNIAEG IR E A7 L, pRERGHS ERt R
WE A8 R B PR S 1T VR FE (http://staff.ustc.edu.cn/~zwp/teach.htm)
o AICH I LM — TR RS BG4, £ M EAELL TR T 4t
BRI GE T TSR R . A R AR R AR 20X A T, 31X
TRCT AR B2 SGE tH B ya , BENS s B8 22 I I

BEEA WS, AR A E S S e 5 TRIE S—m K
M RIGRGE T ih S, B LA e 5 gt 2 KR 45 & i B3 gk i
fF, JLTFR R T AT AT WBI gt B8 vk, IF B Ry &
P, XA AT F Y U 9% E DA g PR PR 8 AER G DA e 1) A SORS I
TR FJSweave(Leisch, 2002) UL M pgfSweavefi(Sharpsteen and Bracken,
2009)/E M Sweave ERifE F [ KILH, ERLTRXCO SRIFH M4
FE—, ARG R EE B s S A i N SR, DALtk SRy BAy Al B A
(reproducibility), A 3527 ZEHAT REA T FHETEX I 3R A9 A ST U5 SOk,
#aT AR AR A E R A R (DL AR PDECR ). Sweave f 4 H g —
AR, EAEG TR S ARG ATHEY], VIS Mk RERR AL SR
AT A AEAT A G 7 A G R AT REME, X — O BARGE Tt
FOTER IS, I HIRA TS X T4 i) “ Word+Excel /SPSS+F-
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A MSGERFH

N THERRIESE, EEMNS T - PREALIMSG, %48 H T
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A BCRANGE 7 R X B A 40— T e AL 2 0 ek O 2l

S CHAT IR R SR R B I TR TR BB S IR RS B0 T, 9 S AR A A B 2
ST IR ® T T ikslh, NTZIH g 308, P75 R« B8 .
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