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o ik EiState the problem

o Hik##iDescribe the data

o # I EE EREMGTHNEE A RT T EUEReview what
statistical methods are available to analyze your data

o JFIXEETT IR B AT R, RN AES G T E
MBHITVEM— el List their advantages and
disadvantages, in particular compare nonparametric to
parameteric methods

o HAESHUTiEF H — PR J7 S Propose a solution using
nonparametric methods

o FIHARKETE I HTAESS (WEESEE, s, BEuRE, 4
iH AR S List all the tasks that you plan to do: collecting

data, programming, simulating data, estimating, testing, etc.

11

12



http://baike.baidu.com/item/%E6%96%B9%E8%8B%9E
http://baike.baidu.com/item/%E7%8B%B1%E4%B8%AD%E6%9D%82%E8%AE%B0

2020/2/14

AR T R B R

o FAEE—EAXTE B EFHALMET, MERKE-BXAXESY
Rk, BIAREAR, TARERR—B, “XHAHRKEQAX, &
L4REIFHEARY T BORFEFTUSEE K, wRFERE
B, RRZQW, mRESRERA, REENH”

n Yok BHEH—BERMAL BEHT —REHTSEFHA L, K

HANGEETRS T, EARTFIAR

KO BEREFERA—RBRT, HFRTE. ¥ AREE, F
EERHHMLER, [

LEO Breimant Ji3t XM #E: S EXRARAT—AFAE
RARAWE, REAK, K “FOHEERE” , Ak,

. ‘ﬂmﬁ&ﬂﬁﬁ%%

4
/8L

24 il Hl =
Zeit -
firit sere s | | e R
SrH UiESHIRIE]

13

[ ]
AfSE£4H:
1. EE 1@igi#, JESHGiH V), iBeXFE AR, 2015,09.
BnRFZ EEFITEREE

2.John Kloke,Joseph W.McKean,Nonparametric
Statistical Methods Using R,CRC Press
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Fit Tests,Springer.

4.Larry Wasserman, All of non-parametric Statistics[M],
Chap 2,Chap 3,Chap 5* Chap 6*.
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6.John A. Rice, Mathematical Statistics and Data
Analysis[M], chap 9, 10,11,13.
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o Role of Statistics

Role of Statistics and statisticians have
always played a major role, but this has
changed. It used to be almost entirely in
descriptive as opposed to theoretical statistics,
and observational rather than inferential. Now
the processes can best be described as
descriptive statistics plus modeling. However,
"It is descriptive statistics and scientific

method which have to become fully one”
Ehrenberg.A.S.C.(1968)J.R.Statist.Sco.A.131,201
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ZF, BRSET (TR MRERMNESS
N(a,b).

° — MRS H

LR
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Example: Population Mean
2. REHERE N
Whole Numbers or Fractions
Example: Height in Inches (72, 60.5, 54.7)
3. FIRmAEUE
Example: IEAS#A T
4. BF: Z Test, t Test, x2 Test
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Karl Pearson Good of fit test

Spearman xR

Friedman

Kendall

Smirnov

Fisher Erwin

Wilcoxon

Mann,Whitney

Jackknife

Cochran

Brown Mood

Durbin

Kruskal, Wallis

Kendall

Bross

Mantel-Haenszel

Cohen

Hodges-Lehmann ~ HL{fi} 4

Efron bootstrap

Noether A X 0% iR Noether 5% 14
Smoothing
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L EREE A

B(fy(2)) = F(z) Var(fy(z)) = L= F@)

n
TR, MSE(F,(z)) = H20FE) 0, @y By (2)-7F (2).
2.(Glivenko-Cantelli) sup |E,(z) — F(z)]-**0.

3.(Dvoretzky-Kiefer-Wolfowitz(DKW)inequality) 3HE#Eg ¢ > 0,

P (sup [Fu(x) = F(z)] > €) < 267

A R AL T
o #]:19664ECoxFlLewis ) — ks WF 7R 15 25 7 4
25 4T Y 20 % 51 T 9O I 1) S T I (R 4T ik )
R 3 A U0 BE0H0E P 236 A B 5 1

((1/(2#799))*l0g(2/0.05,exp(1)))"0.5
[1] 0.04804618
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nerve=scan(“E:\\data\\nonpar\\nerve.dat")
nerve.sort=sort(nerve)
nerve.rank=rank(nerve.sort)
nerve.cdf=nerve.rank/length(nerve)
plot(nerve.sort,nerve.cdf)

° ‘@%&m@ﬁﬁﬁﬁﬁ@ﬁ

ecdf(nerve)

0

plot(ecdf(nerve,verticals=T))

Fnilx]
0406 08

e

attach(faithful)
plot(ecdf(eruptions), do.points=FALSE, verticals=TRUE)
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iz
% = boxplot(g3,94,col="orange")
§e
iz
0 M N0 W N0 RO K0 WO ! H 00 810 a0
Derps wlapsad D= clapend
¥ 27 ILY EREIE AR
. - A combination of survival curves over strata (male, female) with accounting for left-truncation can be
i 1935:1948 “[1126 {711 obtained in R with the following code (Diaz).
, AR FEBERG
[ ] Tsuang%llWoolson (1977) i g, A install.packages{'survival')

NR:FN AR (MNP BIBE
X ‘\; Wit H br: W’miﬁ % \’Huf‘l‘

Hum”w SARRTY TR, B
i R AE R &R

Obs sex age time desth
12 s o1
2 2.8 1 1
3 2% 2 1
4 2 m n 1
REIE
6 1 19 2 1 Obs sex age time| death
TaAB R Vg 18R 1
8 2 48 n 1

9 2 43 26 1
9 2 4 u 1
10 2 25 3% o e 2 % Ll 1
m 2w om o A 238 3B 0
12 1 4 W™ o @2 129 M0
BB W 0y g 3 W ]
LI A TR I
D]
% 1 % 1 25 2 3 40 1
WM o[ % 1 2 ¥ '

install.packages('KMsurv')

library(survival)
library(KMsurv)

data(psych); attach(psych)

my.surv.object <- Surv(age, age+time, death)
my.surv.object

survfit{my.surv.object~sex)

my.fit <- survfit{my.surv.object™sex)

plot(my.fit, main="Kaplan-Meier estimate with 95% confidence bounds",
xlab="time", ylab="survival function")

i
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qqgplot(g3,g94,xlim=c(8,600),ylim=c(8,600))
abline(0,1)

P TS

LBSEAEA B AT B : 4
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AR R B = ’

PY qgnorm(g3)
qqline(g3,col="green" lwd=3)

500 600
L

Normal Q-Q Plot
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Treoretical Quantles

boxplot(g3,94,col="orange")
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(3) FerE R Ml G O WH s (0), i, (0) TEG = 6,
B P, SN 0.

oo () e (8 ) e )
- il el v oy B o
bt (00 g P (00

B} jim

=Cy. ——=Cr,
S e @) e ez, (8
WV ARRF T A Pitman fH 5T
ARE(V,T) = mini = %

Y 24: RIBRIREE. Ho:0=1~0 & H : 0 =06, bidemde Xk
[557]

1, (6o)

B T, (80
Foh Vi M, 3. eff(V).

75

A ML ¢ S AR
° =) ()= % Vaz, (Tn) = 1
E,(SG,) = np, Var,(SG,) = np(l — p)
BT eff (7)) = L. e
[y g b5
T at.
FE S E HE {7 13 . Nother 5828004 Fe 2 (1) ~ (5). 1 H.
[Bu (@) = X2
; = 1 Cp(=s)?
(BasG) = e [T =t — e #=" ar
= P [Ta(—e#(R)) = T -y
= o d( ‘ ) T 1
T(x) ~V2m-e™*- ¥ 2
n=2 1
T S Eo (SGL)] 2 m—2yz 2 L
H(SG,) = I . G .
e ) i [nVare(SG,) ( ] ) _ 1 /m-2y2 V2
- " 1 2 =T n—1 Vn-1
_ _ 1/ —1\ 7 2
= Jim [\/EH/Z =V (n l)
B, T AR TSGR A R R 7 1
a Lo w)
. 1,1 [2 s =
ARE(T, §G) = [;/; 2 =z
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RO TES Ry

° To 4 HARIE X
R 27 R X, X, BRARE X BOAEHAR, X, X,
HTHGL X, HUOE M, B R = T3 I < X). B A N X K,
X, B DRI, Xy =X, & R= (R~ R) R A
SR, ERHE,

BIRE: FEEBEAR=FERHIMNEWAER, GG NEl¥E
%gﬂ EREIRWT, HIRRIE B EE KRR PSR

300 230 208 580 690 200 263 215 520

79

80

TEEE 2.8: M FRRMHEA, R = (R, - B, FAER (1, n) fEE
@ ! MEFlZ—, RAEM (1, n) MRS RE 2R LR E S0,
Ble & (1,00, 0) B9E—HER (.- o) F

) 1
PR = (i, 1da)) = 5
I8 2.0: XETREBEHLEEA, SHER rs =1, nr A5 B i £,
PR, = =
PR = r,R,:g):n(nli_l).

> a.ex

1] 10. 30.0 32.5 35.0 37.5

[13] 40. 60.0 62.5 €5.0 67.5
@ (251 70. 20.0 92.5 95.0 97.5

[371 100. 120.0

> sample

11 47. 67.5 105.0 17.5 10.0
[13] 92. 52.5 100.0 97.5 20.0
[25] 30. 72.5 95.0 62.5 25.0
[37] 37.
> sample

11 22 £0.0 105.0 20.0 62.5
131 @2 102.5 70.0 110.0 110.0
(251 22 50.0 42.5 50.0 50.0
(371 42
> b.ex=sample (a.ex, 40, rep=T]
> sort(b.=x)

[1] 10.0 15.0 15.0 15.0 17.5 25.0 25.0 25.0 2 30.0 32.5 35.0
[13] §7.5 40.0 62.5 62.5 €5.0 70.0 72.5 0 0 75.0 75.0 77.5
[251 77.5 77.5 77.5 0.0 £7.5 90.0 90.0 § 92.5 97.5 100.0 107.5
[37] 115.0 115.0 117.5 120.0
> rank(b.ex)

[1] 15.5 32.5 7.0 13.0 1.0 7.0 32.5 3.0 18.0 7.0 12.0 21.5 25.5
[15] 15.5 25.5 30.5 21.5 37.5 34.0 5.0 25.5 40.0 38.0 37.5 28.0 8.0 10.0
[28] 3.0 35.0 25.5 36.0 14.0 17.0 11.0 28.0 21.5 3.0 21.5 30
> ozder(b.ex)

[1] 5 §29 3821 3 61027 28 35 11 4 33 1 15 3¢ 9 12 13 18 37 39 1¢
[25] 16 22 31 36 26 17 40 2 7 20 30 32 19 25 24 23
> reviorder(b.ex))

[1] 23 24 25 19 32 2 40 17 26 22 16 14 39 37 18 13 12 38 34
251 15 1 33 4 11 8 s

L 2.10: 3 F i BRELREAS,
E(R:)
Var(R;)

Cor(Ri, Ry) —

n+1

3
_ (+m-1)
12

(n+1)
12
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ARV S T  E/RIUETR

o WA X,...x, BUE & AEXH A REEHLAEE,
RBEEE T e A F K R RAR—
“g”7 , RERBEHNMEONEK.
#l1: 3.8 3.2 1.2 1.2 34 3.2 3.2

o fif: FANG3. 265K A3,

B 2.10: ¥HEA Xy, - X MNBEIRHEFE, MR X)) = Xy =--- =
Xy < Xeruanp 3 Xy < 00 € Xty ) =05 Xty Fof1 g
REAFEHAE, « BB MEHKE. (o) £ g TEBH,
Tn=mn, ¥ (-, 7) HEGITE. 8 | ARFMHBEERE, WTFHR:

1 1+7;
r,:;ﬂ;(ﬁ+---+n,l+k} =Tttt L8

[ J
Bl 2.4 FEARREEE 12 M8, HAE,
PHEERC) A
#o1

BANSESEHE (F 7 3R, A8 s

R

WEE | 2 2 |4 7

5

wr | =1

B |15 153

8,9 9 9 9110
7195 95 95 95|12

7
5

Heiv 6 44, SrERMN 21

B,14,1

83

84
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@  a(m)meRHsa.

1 3 dE £ 5 4k F o fo b — AL HE AR

ik A~k ey B - HEBRR. =7+ 1,
LY A SRR, e fkfed

(r+1)+0r+2)+-- +U'+7]=rv'+y

4 L 69 PR T e
a

(r+1)P+r+22 4k (rr P =rd (v + 1

2 H R A ESWFIN, S ey piod

L TH1 T 1 R o SN & G ot V)
r+ )+l )+ r )=+ =5
ik ke 2 4§ 00 T Fr fe
2 932 2 2 1)?
(r+ 1+ (r 2 44 (r ) 7 far(r 4 1) 4 i

PLL A N A&, R i = 1,2, Neg T4 E-F R T o, o)
1,2, NAE—AF R, HHEGRENI, oflR) = R, S REKRTL

L— A BN CHFR LA PE, Rl — R AU A 2E AR, e R

)+ 77T+ 1)(27 +1)
6

£ (D A, B R A A R 0, ot iy N TR AR T (o) - o
i1 A 0 T S Ao T, A A ] Y 4 P e 4 T 69 8 P 84 AR o e covinlfid ol = —Fv oy — =R E -0

2 R gt BB — A MR
® 1 #HFNAH AR R A A
Saln) = 3ot - B

= =
AR R F F Y
N(N + 12N +1)

B A AR AUE S A 7 R

N

” .
S ath) = 3 gy = M l:_z!\ +1)

=1 = =

)4 T . 6 (i), H
B ali)

23 Fry,1a, o0 ENLLAETEEL, o,

Efa(R)) =a=

Var(a( s))

T (eli) - a)?
\

o F 1 Eeov(a(R),a(R;)) = Ela(Ri)a(R;)) - Bla{R)E(alR;)

Eigaldali) N -5 afi)?
NN 1) NN —1)
Nad - T8 e

E(a(R)a(R;))

cov(a(Ri),alR;))
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2 ANADLLAEC R P g iE En i dL, 0

Ay, wg.
EQN a(R) =Y E(a(R)) = na

=1 i=1
Vur(iu(ﬁ'.) = i\mr(u(ﬁ'.)) + chuv(rr(R{).n(RJjj

i=1 i=1 i<j

= nVar(a(R;)) + n(n — L)cov(al(R;), a(R;))

S -a? N (ai) - a)?
"'Iﬁ —n{n— 1),\"(,\,771}

NN -1)

3)

Nt

WNZAT R T A M fo k) F A fobth i, TOARE, a= 23

N N
3 (ali) - @) =Y ali)* - Na?
i=1 =1

NN +1)(2N +1)
6

i=1

NN i -1
B 12 12
NG R () A TH,
Hf%}ﬂ[ﬁ';)} N n{f\-‘zl 1)
- aN=—n)(N+1) n(N-n)¥i_ (7 -7)
Var(3y_a(Ry)) 12 - NN - 1)
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Ugtit=

7 A
o AL A
BN 211 i Xy, X, BUASAR F = {F(0).0 € O}, mEFFEEE ¢
TR ke AT B, X, k< . DR,

EA(X1,--+, Xy) = 0,¥0 € ©

i bR LAY RN REAR LN & UBRSH 0 R b ATy, BEES A(X, -, X))
Fr 2% 0 B9#% ( Kernel ),
Bl BABEALRETX, SEHERITMHN, X &
BERERZ.

JunShao Chap3.2.1
The use of U-statistics is an effective way of obtaining unbiased estimators.
In nonparametric problems, U-statistics are often UMVUE'’s, whereas in
parametric problems, U-statistics can be used as initial estimators to derive
maore efficient estimators,
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| XEBREAIUGE B 1
M, TERM AR, R GL AF (L k) R
B (v oo in)y A RN e X)) = B( X oo X ) IR SRR, TILA
I FRA A R R

(X, Xp) = % >Ny, X))
k)
BN 212 % Xy, -, X, AT F = {F(0),0 € O} ByfEA, w340
TRTEREATEA & MR A(Xy, -, X)), 0 FRIBRE A7 (X0, -0, X),
WK 0 B U Gt iin T e 3

Uy X} =y 3 B Xy)

(z) (iiyie)

1
Bl 2.6: 8 F = {F(0),0 € O} HEEZHEARGIHEE, WHE 0 =
E(X — EX)* & 2 Bl 5 &80
I H E(X - EX)? = EX? - (EX)?, W[4
h(X1, Xa) = X2 - X, X

RRARFRE, W TR

™
ol -

(XZ = X1X5) + (X2 = X, X0)] = 2 (X, — X)?

121
[
—

- %iz‘\y X3

5 (G )
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o | R T

3. Testing Symmetry. In some situations, it is important to test for symmetry about
an unknown center. Here is one method based of the observation that for a sample of size 3.
X1. X2, X3 from a continuons distribution, symmetric about a point £, P(X, >

Il -+

(X3 —€))/2) = 1/2. Because of this, f(X;.Xa, Xa)
1 estimate of 6(P) = P(2X, > Xa + Xs) — P(2X,
r) represents the sign function, which is 1 if z 0, 0if r =0 and

is an unbia:

-1 if z

is symmetric, 6(P) has value zero . The corresponding symmetri

kernel is
h(xy, wz,9) = Flsen(2e) —xg —x3) +sgn — 1y — x3) +sen(2ry — g —x2)].  (12)
- Bt=NULL
SR A (R S for (i in 1:20)

{
X=rt(200,4)
n=50

Bt x1=sample(x,n)

x2=sample(x,n)
x3=sample(x,n)
greater=sum(x1>(x2+x3)/2)/n
Sum(x1<(x2+x3)/2)/n
Bt=c(Bt,greater)

[1] 0.48 0.40 0.64 0.40 0.54 0.54 0.46
0.46 0.48 0.40 0.44 0.42 0.60 0.40 0.48
0.50 0.54 0.50 0.54 0.54

Bt

MIEZ G724 U-statfe /7«

kk=20q # sample number of U statistics
USTATENULL # Kk refers to bootstrap number
for (mdin 1:kk)

a=rnorm(20,0,1) # generate normal sample from N(0,1) number is 20
X=a
#x=exp(a)
n=length(x)
H=NULL # H refers to different kernels to generate U statistics
for (i in 1:(n-2))
for jin (i+1):(n-1))
for (k in (j+1):(n))
{

al=sign(2*x[i]-x[j]-x[k])

a2=sign(2*x[j]-x[i]-x[k])

a3=sign(2*x[k]-x[i]-x[j])

h=1/3*(al+a2+a3) # h refers to symmetric kernel
H=c(H,h)

Ustat=(1/choose(length(x),3))*sum(H) # Ustat refers to the Ustat of one time
USTAT=c(USTAT, Ustat)

}
USTAT2=USTAT
hist(USTAT)
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MAEXT BRI A 7 A2 U-statfe 57

kk=20q # sample number of U statistics
USTATENULL # kk refers to bootstrap number
for (mdin 1:kk)

x=rnorm(20,0,1) # generate normal sample from N(0,1) number is 20
#x=exp(a)
n=length(x)
H=NULL # H refers to different kernels to generate U statistics
for (iin 1:(n-2))
for (jin (i+1):(n-1))
for (kin (j+1):(n))
{

al=sign(2*x[il-x[j]-x[k])

a2=sign(2*x(j]-x{i]-x[k])

a3=sign(2*x[K]-x[il-x[j])

h=1/3*(al+a2+a3) # h refers to symmetric kernel
H=c(H,h)

Ustat=(1/choose(length(x),3))*sum(H) # Ustat refers to the Ustat of one time
USTAT=c(USTAT,Ustat)

}
USTAT2=USTAT
hist(USTAT, main="4: x4 Fi43 A UGt i1 fi 19 43 44i”)

o A USE B A A
i g
e I==n
= T —T 1
-0.10 -005 000 005 010
USTAT
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AR PRI i 17508

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.03656 0.44600 0.79680 0.87290 1.19200 2.35900

Histogram of VS TAT

| UG53 REORFE L 5

® w0l g X, X BRE A F = {F(8),0 € O} fIRTHEEHLEEA, ¢
Rk AEER, UXy, - X)) B OB U i, ERER h(X, - X0,
#HEUX,, -+, X,) =6,

Var(U(%y, -+, X.)) = éé (k) (2}: f) &

i

H G = cov[h(Xy, -, X, Xig, - X)), M, oo X, X, - Xowi)]-
A, G =0, = Var{h(Xy,-+-, X, )} .
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98

UGETH B R A 5T
T 2.14: Xy, -0 Xy A F = {F(0).0 € O} MFMEIHLIERE, 0
Rk WS, UXy, -+, Xa) f2 0 ) U SEHR, SR AN, X)),

#
E[A(Xi, -+, Xp)]? < oo,
W
Jim EVarlU(Xa, -+, Xa)] = G
Feb G = covlA(Xa, -, Xe), h(Xs, Xiga, o+, Xoaca] > 0.

EHE 2.15:(Hoefiding EH) & X,,---, X, IRAZM F = {F(0),0 € ©} (1§
R, 0 2 k AIf2%, U(X,--- Xa) 22089 U itht, B
B (X, X)),

E[h(Xy, -+, Xp))* < 00,

% G =cov[h(Xy, - Xi), B(Xy, Xpsrs o X | > 0 B, W)

Jim alU(Xy, -+, Xn) = 6] - N(O, k¢ (n = +00).

Corollary 3.2. Under the condition of Theorem 3.4,

(i) ¢ < Var(Un) = 2(m:

(ii) (n + 1)Var(U, ) < nVar(U,,) for any n > m;

(iii) For any fixed m and k=1, ...,m, il ¢; =0 for j < k and ¢ > 0, then

o H G 1
VarU,) = 0 ()

Tt. follows from Corollary 3.2 that a U-statistic U, as an estimator of its
mean is consistent in mse (under the finite second moment assumption on
A}, In fact, for any fixed m, if {; = 0 for j < k and ¢ > 0, then the mse of
U, is of the order n~* and, therefore, U, is n*/?-consistent.

99

UGETH B 244

B 2.7: 3% Xy, -, X RAESS T F = {F(0),0 € O} MBI,
B p, B m, REAH p HERL Vi=1--n, 2 Yi=Txam,y . X
HESHHE T=2L, Y, 8 T/n Z1BATESH PX >m) B UK
it T/n HHGEES 6.
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