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F—F MESRITHEFRANR

AR ARG WA A4 SR ERHS, R E USRSt
HIEATTHEMA R O ATH. AR ER, BRI DR
il WHEHER T Z A RE R 3, Rl A SO SRR AT A, RBESE
FEATLIESR LA IR BIXH BT S0 G 00 2 WAL B 5 B A TR RSy H B, D A
RGN R BRFRIRZ AT, A B el — T AR SC R 5 R St i1 /Y
HAME, URBERS AR

A FH DU 39 i P 2 fT R ] B SIS Y S R, T — 19 i P T B 3 R
ST EEAME R, XA B AR X B A RIS IR — &8 T
SEE, XL EEE — N EARIAR

1.1 FEHLE4SHE

1.1.1 FENLS4

1. FELEH

FE—RRM T, it RARMICTE e, AN ERZ eSS
R —Fh, PRXFELR BN . flan, PP —AhEm, HARA TR H B
1B, AR, HIEKEGTE 1 o SRR, FIEER 0
WK TR 20 o FER — T M A= HAT I, B0 Ao A KA s
B[R] — DA BER, T s SO B2 BB EE e, 2R IR A 45 R
FER, FEH XUHARIMEHEYIIL.

EREPLEL R A5 LA L B B B 2 AR N BEHLIKSE (random experi-
ment), 84 £. FEPLIEHMEE LA T A1

(1) FTLAFEAE Rl &4 T A AT

(2) ZiRA ZFhrTReE, FFETE RS R B E A,

(3) FE—IIRI TR LR B, IR E.

PREEALIATR I BT A AT RESE R AL 88 5 9 R AR 22 1] (sample space), JE29 €.
I & — ARG RO FEA L (sample point), 104 w.

1
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PR Q i R —E R R ABEYLFF (random event), FIREF 8k A, B,

—MREVLE R & — DA AT B R S R A — A A S (Rl — A
RITERH S {w]).

EREH, W— IR RIS BOZ S — AR S . BT REA=
] QA& TIAENEARS, rEERRAR T, ea2&KE, HIK Q HoR
FF (certain event). & ) NMIFEMFEA S, HEGKIRAR ST EA KA, B
PAFR 0 M AT BEFH (impossible event).

2. fEHLEHZERXR

A AWRELRSERN B oykd, WRst A G5 T30 B, 8
F B A& FMFE A LN A C B, IR E (contain) K&,

# ACB, HBCA NKRFHMH A 554 B FH (equivalent), it A = B.

H9HE A 53 B 200 —AkE, WFCOY SR (union), 3858 AU B.

o T Ay Ay, o Ay R ARE, MR 0 SRR 2
A UAU---UA, 5L U A
i=1

FIBE, FTLUE XCTAIEST MR AU Ay U0 A, U-- 50 U A 75
TSGR
B A BT B RRE, WHAFE A 59 B W%, iy A-B.

w3 A5 B R RA, WerdfF A 534 B R (intersection), 184
ANB B AB. % n NHE Ay A, - Ay [FIBSRAE, JUFRDY n AHFAA, 30
NANAN---NA, B A

i=1

FIbE, FTLUE XCTAIEST MR A1 Ay -0 A0 5 () A 7R
b/v s i =t L S i e

et A5 BORRERIE &AL, WIFRHF A 554 B AHEFFF (mutually
exclusive event) B4 (incompatiable event), it~ AB = ().

KA, EARFFZEEWN R,

7 A AMEHLEAE, BR < A RNKRAE” B3 = A B SZ 3 (opposite
event) B FHE (complementary event), i i A. F{EEGXFHSLFH AT -
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A

AUA=Q, AAd=0.

e SCAT R W SLE— g R E e, (HEJRFFEA— R X LR
3. ML EHIEER

(1) S fef
AuB=BUA, AB=DBA. (1.1)

(2) 45t
(AUB)UC=AU(BUC), (AnB)NnC=An(BNQO). (1.2)

(3) 7Pt

(AUB)C = (AC)U (BC), AU(BC)=(AUB)(AUC).  (1.3)
(4) 78 - FEMR AR
AlUA, =A,NAy,, A NA,=A UA,. (1.4)

XHF n AEEFITRFANFFE

U= Na=Ua Ua=N4 Na=Us. as)
k=1 k=1 k=1 k=1 k=1 k=1 k=1 k=1

A-B=AB ® A-B=ANE. (1.6)

1.1.2 g%
1. HEEAELE N

TEREZ T *#%ﬁ$ S Q AR FES R LA RS, Fre XSt
[ 57 6 i — E H AR Kk s
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EX 1.1 BEARE EGFERATEA Q, F R QT EaRGE%R, HR
(1) Qe F;
(2) % AcF, W Ac F; (*iziza F417])
(3) % A€ F,i=1,2,---, Nl G Ay e Fo (RT3 HEH M)

i=1

RAR F o Q #—A o- Rik (FHK), F P@EempEMh HRAZH QM
o REHG M (QF) ARATRHZMA.
EX 1.2 MiLE B @#ATRH Q, (,F) RTRHER, 4 FHEAF4 Ac T,
RN —A523% P(A) B2 E, &% P() #R &M%

(1) MEAF/H A, 3K 0< P(A) <1;

(2) P(Q) = 1;

(3) BFM Ay, Ay, MEESR, AT i j=12 - i#) Ad=0%
A

P(A1UA,U--) = P(A)) + P(A3) + - -+,

AR P(A) AEMH A ¢94E (probability), # (O, F, P) A5 ).
2. HEERMER
PR 1: P(0) = 0, RIARTTREFAFRI R A%
(B R SGE AL, Bl P(A) =04 A=0.
'&)ﬁ 2: %?#’: A17 A27 T An W‘j‘%__’;ﬁ}%, ml‘lﬁ

P(AyUAsU---UA,) =P(A) + P(As) +---+ P(A,), (1.7)

RV E R AR B SE T E 1145 H R A A
MR 3: XHME—F A, BFH P(A) =1 P(A).
MR 4: MPASE AR B, 5 AC B, NE

P(B— A)= P(B)— P(A), P(B)> P(A). (1.8)

R 5: (IEAX) EEWAIFF AN B, FH

P(AUB) = P(A) + P(B) — P(AB). (1.9)



1.1 FERLIHF SR 5

PR 5 ATRAHES

—P(AyAs) + P(A1 Ay Ay), (1.10)

P(AJUA U~ UA,) =81 —Sy+ 83— S+ -+ (=1)""15,, (1.11)

ﬁ\:':'j Sl — iP(Az), Sg — Z P(AZA]), 53 — Z P(A,A]Ak), Tty

1<i<j<n 1<i<j<k<n
S, = P(AAy- - Ay).

1.1.3 HHaE

BRI B AREA S T AR, B Q = {w,wo, - wi},
Fon AFERFBEL BMEAR wi(i =12, n) HIUEFATRER, JFHEK
A B —MER R, WFRXZRBG iy AL (classical probability
model). I A WHF m MEAL, WFHE A BfRE 3Oy

pay=" - JHT A WA EEAR S (1.12)

n HeAR i BB

Bl 1.1 %A kAFRRG (THH) K, SEARIMEERBHGBE 1/] 55 [ A
#F (1> k) 89— F, BEMETTRMEE SAHK, Ko AKX THEH
A 5 B #mE,

A A8 8 kAT T A A

B: B kAT, &R K

f#: HTEANRTUEN | METFRE—A, FFHE—ME T ST
BEAER, BTk ABREN [ AMEFHRI S AHIA LTI AR kA
MRTEEHES, HoRpA g 1F M RB A AL R

Hlhk A Fry BARSERBO R k ANBRIEIRE N kAT 2HESIE B R
Jir A

k!

P(4) = 7.

HT S B s R AR, WA WA B kAT
PURAEEIREY, BOTSeMN | MBI kAR, ikdts CF iy Xt
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HFEER b METF, K EREH DR, WA K MERLER, % B &
H CFE ANEARZER. BT
Wk
P(B)_Clz_k_(Z—k)uk‘

MR T 5 B — AN E LA — A H R SRk ANFE PR RE
5N\ A H AHIE .

FHIEX B ARSEEEG L1 P b AER, HE—4 365 REEHT, B
I = 365, M LRE P(B) g2 BT gk, 4, k = 408, P(B) = 0.109. 5#
BAEDL, 40 NEZE P REDH AN ANF—Rd 4 HERE: P(B) =1-0.109 =
0.891, HAEAE KA - EkL

1.1.4  J0L{ay#EsEy

LR A Z AR — R XS, HFHEE—AEEER (K
B, RS MFEATXIBNEETRER, N3 A fiRE Oy
_ Sa _ MR A BT IRXB R

S FEASZS W] A BE 1 '

X FPRERALIFR A LAY (geometric probability model).
B 1.2 (Buffon(y§ ) $etmIE). &-Fd L&A FIEA o 9—%-FAL R—K
KA (I <a) HHEZVE-FE L, K45-F47%48 X 48E.

& W BT ORI RO — R FATERINEE R, 0 Rt SR ELNRR
A (E L1(a), M (0,2) et st Ik fiE. SHaYBrg rlRER AL ey

Q:{(e,x) L 0<0<m, ogxgg}.

P(A) (1.13)

B 0 -z i ER—NEERERR (B 1.1(b)). -5 PATEMEICH 780 02
FAFRR: v < Lsing, BIE 1.1(b) AR, BRIERN

SA:/ isin@d@zl.
0 2

BlG, A Fm LR ST — s iy Q N E— s oS ATRE, Hidst 51k
— VAT R FAF R A, T
Sa_ 2

P(A) =% =—. (1.14)
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T

N

T = ésin@

e—Q —> «—Q —>
D
e

(a) (b)
&l 1.1: Buffon $4F# JLfAHEZR

B (1.14) FTRARI AR o H. REEPLEET n K, o b IREHE
MHZE, 24 n FEAKHEE, WS ¥ RS p ffhiHE, AR © At E

A
2ln

E .
RIEARK (1.15), Prse Bl —228 AR T REYLIE AR, HEE (e

1.1.5  SREHE

PR RIS Z [5G R I, 78 B MR Fi R & AR 21 T 25 8 oy — B
KA IR ZE AR TO AL S anf 284k, B E B,

w AR B EZMAGE, H P(B) >0, %
P(AB)
P(B)
AR B RERMFZMHT, FF A KAERFMME (conditional probability).

filgn, FEEEPE N AMFAM M AN, EhEEEEEE n A, L
m N. H QFRRIZEER, ARFHP2ELHENES, B RXraEtefkes
TS, RN Q PREEHER— A, WX ADADELtE. &F &M FE

T =

(1.15)

P(A[B) =

(1.16)

AR E 2 IR
M
P R =

ARBR & RN AL — A (Bl A BERE), TRAaRXANL AR
B (GkIF)

P(BA) = - =
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FAFBERBEMR, EWEMEATE A T =2%, W

(1) XEAFHF A 34 0 < P(AB) < 1;

(2) P(Q[B) =1;

(3) M Ay, Ag, - BIIELSR, BIXYT 4,5 =1,2,-- i #j, Ad;=0F

P((A UAyU--)|B) = P(A|B) + P(As|B) +

I EXTTAERTH 25 BRI A5, AREH T A8, fila, MEER
T AL A

P((A1UAy)|B) = P(A|B) + P(A2|B) — P(A1A,| B).

1.1.6 #EEMFEAKX. £MEAKX, Bayes A
HARMFSREAK, 4

P(AB) = P(A|B)P(B) = P(B|A)P(A). (1.17)

2 (1.17) AREER LA (multiplication formula).
FeL X X TAEFNERER n > 2, 28 P(A41Ay--- A, ) >0, &

P(AjAs - Ap_1Ay) = P(A))P(Ay| A1) P(A3] A1 Ag) -+ P(An| A1 As -+ Apy).
(1.18)
TN 1.3 2o RFEM4 B, By, - HA

(J)BlaB% Iﬁjlﬁji)"{:, EP BZmBJZQ;Z#]7 7’7‘72172a7ﬂp(32) >O7
i=1,2,-

(2) BLUB,U--- = Q,
ﬂl]f’,ﬁg/ﬁ;éﬂ BlaB27 e 7%*%ZF&?JE] Q é@"‘/\f(}]/\
W By, By, - - BREASEE Q (J— R0, A E—FF, W

ZP P(A|B)). (1.19)

= (1.19) AefEE 2 (formula of total probability).
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W Bi, By, - - JEREAZER] Q fy—A A5y, WXHE—FHMF A (P(A) >0),F

PAY S p(B)P(AB;)

, (1.20)

A (1.20) & Bayes (DLIH) A28 (Bayes formula), #EHR) P(B;)(i =1,2,- )
N, R P(BilA) (i=1,2,--) NERHE.

TESERRA, WRTREAR 2SR Q BRI By, By, -, B, (Bt B 5 Bt
MAEAZEN Q —ARI5). B W FBOAmEER A B “JRRE”,
M P(B;) Fa&Fh “BRE” KAEHTREMHR/D, WA HERME, P(B]A) N
RV A TR A 25, FBXTEF <JEE” MRTHIAR, 885 5
Bl 1.3 BN ik P AR QEGHATE. A C AmiAAld A I RX—F4,
B A RFTHRAREAMEER X —FH. & PAC) =095 P(A|C) = 0.90.
EEAEF P(C) =0.0004, LA —AZMEMERL, RIEAHHIFREHGBE
P(C|A).

fi%: 1 Bayes n3, H

P(C)P(A|C)
P(C)P(A|C) 4+ P(C)P(A|C)
0.0004 x 0.95

= 0.0004 x 0.95 +0.9996 x 0.10 003

PClA) =

1.1.7 I3 =EH
WERWEFAF A, B pIRR IR & AR RS T X WS FHF R R py s iR, H
P(AB) = P(A)P(B),

NFRF A 554 B BAHE M (mutually independent).
MR A A 534 BMEM, W A5 B, A5 B, A5 B tMHEM

I B AL Ay, Ay B AR, 0> 2 R AR (k> 2)
/l\$:{4: AilvAiw'”vAiku 1 SZI §Z2 < Szk Snu %iﬁ:

P(Aij Ay -+ Ayy)) = P(Ay)P(Ai,) -+ P(Ay)
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BIMSL, PR n A Ay, Ag, - - Ay AHESL.

MBS I

(1) HFA Ay, Ay, - Ay HESESE, T Ay Ay A, PEEE E(K>2) A
AL AL, A 1<y < < -- <y <, WAHEMSZ

(2) #FHE Ay, Ag, -+ Ay MHESE, WA By, B, - - -, B, AHE AL,
B BUA A, ﬁ%’zi,i: 1,2,--+,n.

TR A7 Ay Ag, - Ay HEMSZINE Ay, Ag, -+ Ay BIPIAHEINSL, [adE
% Al, A2, Ty, An WW@*HFL@TLMZ:_‘%% Al, Az, Y An *Hfl.ﬁi_\_ﬁ $;J:,
n AFAEMHEMS, WES C2+C3+ - +C7 =2 —n — 1 MERXFSL, TH
BISL L AA C2 = M) ANt
Bl 1.4 %K 4%FH, £F SR ESFCAFHE AF BB C, Af C, % /
KATEH., RPHEABIR—TK, A A, (B # C) pAaFH D24 FhH LA
FH# A, (B4 C)”, NBRA

P() = P(B) = P(C) = 3,
P(AB) = P(AC) = P(BC) = %
P(ABC) = 0 + P(A)P(B)P(C).

A, A B, C =ZAZHPaeERi iz, X AE4ATME k.

1.1.8 n E Bernoulli {3 AHEEEEITHE
MR —AHENLREE LA W R BB SR A f1 A, JFH
P(A)=p, PA)=1-p=q,

Hr 0 < p < 1, MFRE AL A Bernoulli (fH%F]) id55 (Bernoulli trial). Bernoulli
RGP STEE T n IR, #N n E Bernoulli iIR%.

Bilan, N—#t7= R R, FEH A T A A R 0 IR, JERR SR
“BLI”, FMEBNIE SRR “RIBC, X ELE n B Bernoulli {X55.

‘i&

Ay = {n E Bernoulli iR#+ A HI} k K},
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1l
P(Ay) =CkpP(1 —p)» ™", k=0,1,2,--,n. (1.21)

X E AW I A, HACE B(n, k).

1.2 FENZERES

1.2.1 FEHEENENX

EX 1.4 % F RHEMRE, QR2HEATH, XN TEHE-Dwe, A
R EHK X(w) BZAME, 2 TFTaEL#& re R A {vw: X(w) <z} €F,
WAk Q E#RMERFHEK X(w) A=K E (random variable).

M AT HIFENLARS B0 CAEREA 22 ] Q b, BUETESE XU LA k% |
TEHZERZMEILIAR LR, ML % S R a BB A EYE, B, b
PLAS B BUE A — @ AR, X IR RENLAR B 538 58 R B AR R 2 AL
1.2.2 FEHLEZEENHHEE

ik —MENAE R, MUER I E RS PUIREE, T HEES O ERXEE
MR, B, FIABENLAS B8 oA Bk A A
EX 1.5 % X R—AHEMNEE, FHEFTGEEK v, A

F(z)=P{X <z}, z€(—00,+00), (1.22)

WAR F(x) AMME 2 X 95 & (distribution function), AR AE R fRH
# (probability cumulative function).

WA B, SRR F(2) Ao XAE (—oo, +o0) FEYSHERS, F(o)
TEA, v ACBUENHENIAR B X VEFEXIE] (oo, o] EATHER.

IR BCEA LA TR

(1) 0< F(z) <14
(2) F(x) ZHEJERWERE, B 2 <z BF, F(zy) < F(x);
(3) Floc) = lm_F(x) =0, F+oc) = lm F(x) =1
(4) F(x) RAZESEHRE, B lim F(z) = F(x), ¥V 20 € R ¥R

ZB—>{E0

4
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(5) P{la < X <b} = F(b) — F(a);

(6) P{X>a}:1—P{X<a}:1—F( ).

TERLE EEZRIER]: QR —A % 2 LB AR SRER, ME— R
ﬁ(ﬁ.mﬂ?%ﬂ’ﬂﬁ?ﬁ@ﬁ-

1.2.3 HHEENEE

1. BREFEIEE
EX 1.6 wREMEE X ¢ TRIMARAARSZNSXT AL 4, W4k
X ABPEENEE.
EX LT M THEREENEE X TREAA ), 49HEA.
P{X:LL’k}:pk, ]{321,2,"', (123)

MARRX (1.23) ABEBENE 2 X 695 .
B HAIENI AR R A AR pe B LR
2) Sp=1
k=1

AIFEE 1.1 SRR H At
R 1.1: 5
X Ty Ty e Ty
Pk b b2 T Pk

BB RS B AT R R
Fiz)=P{X <z}=)Y P{X=m}=> p (1.24)

<z <z

2. BAENES R
(1) PR (0-1 534f)
AR X AN

P{X =k} =p"(1-p)'* k=01, (0<p<1), (1.25)
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WIFR X BRASECN p B R AR, 2k X ~ B(1,p). HaAikECy

0, x <0,
Flz)=X 1—p, 0<2<1, (1.26)
1, x> 1.
(2) Bernoulli ik%%, —Tis4a
LRV R X Bt
P{X =k} =CkpF(1—p)"*, k=0,1,---,n, (1.27)

MFR X PRASECHK n,p BI04 4F (binomial distribution), itk X ~ B(n, p),
Hodt CEpP(1 — p)"* J& n B Bernoulli IRIGHFE A BIFRAE b REBEE. H

SRR E N .

Z Crpk(1 — (1.28)

Hrp o] R THCE, AIAED « E@Hiﬁ%’ﬁ, THE.
(3) Poisson 7347
HPEYIAR R X By Ay
P{X =k} = . k=012, (1.29)

MFR X IRMZSECH N i Poisson ((El’l"A) i (Poisson distribution), icfE X ~
P(A) 80 X ~ (), Hir A > 0 FH%EL HoaAmeREch

2] \F a2
Fz)=>)_ o (1.30)
k=0 ’

EIE 1.1 (Poisson )
# Bernoulli X% F, A p, REAFH A AiXIF BGBE, ©E5XRE
EnAHk, &wRXnp, =\ WHn—-o0 M, A

k. k p o Are?
Jim Copn(1—pp)" ™" = o (1.31)
B on AR E p, KB, ZIASH T VRA Poisson 45F ki K%, &
)\ke—)\
Chpi(1—pa)"* ~ (1.32)

Kl
EF \N=np,.
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EMX 1.8 ¥ TFTHMEE X, R A LA NI XE (—o0, +00) LaGIE R FEK f(2),
BIFATFHERKr, LA

F(:)s):P{ng}:/_x fe)dt, —oo<az<+o0, (1.33)

AR X AfGAEME S, f(r) A X 49BEFEREHE (probability density
function), & #RMF R K.

Tﬁﬁg%ﬁlﬁﬁﬁﬁﬂT‘ﬁJﬁ=

1) [M2 f(a)de = 1;

(mﬂ?ﬁgm*ﬁama<mﬁwaﬂa<x<m [P f(x)

(3) # f(x) fERL x hbiZESE, W f(z) = F'(x);

(4) SMEBEE o, BF P{X =a} =0.

2. HIEELES

(1) ¥y5350 4

HREPLAS R X By B ek R

L a<x<b,

fla) = { b—a’ "~ (1.34)
0, HE,

7N

N#R X IRMNIXIE [a,b] LRS54 (uniform distribution), 188 X ~ Ula, b).
HorAn sk Bh

0, T <a,
F(z) = i_ﬁ a<z<b, (1.35)
—a
1, x > b.

(2) A
AREPLAR R X B R O

Ne ™M x>0,
0, x <0,

flz) = (1.36)
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Hrf X > 0 L WFR X IRMSECH N l$5%050 11 (exponential distribution).
Hor A0 kB

F(z) = =™ 220, 1.37
(e) = 0, x < 0. (1:37)
(3) IEZSAM i
A PENIAR R X AR R E Oy
flx) = \/21_7m exp {_(xQ_aéUQ} ,  —oo << 400, (1.38)

Hr po(0 > 0) BRAER, MR X RSB 1,0 BIESDAG (normal
distribution), HFR K Gauss 43047, 0/ X ~ N(u,0?).
Bl 12 fiz 2B n=0,0=1pu=0,0=05fM p=2,0=05HIE

1

0.9 -
n=2,0=05

0.8
0.7
0.6

— 051

0.4

Bl 1.2: IR A R4 T R K

R pfH, REUIESSAEERAE, MASSAEEERER. W
R o H, WESBAEESSAAER. B, 8 1.2 9, WTUES], 5 4
{H, b LSRR IES MR OALE, o EHAD, BIERARD), pEEX,
K mAaHD). Mk o, MSARERRR, o BER/D, HEEEBE; 1o
B, NIEFE BT, L3RR E 577 208 X, IESHIR R e
MAEI R, EA SR — .
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Hpu=0,0=10, X~N(1), MK X RAMMEES A, HBREE

o(x) = \/12_Wexp{—%2}, — 00 < & < +00. (1.39)
ST ALY o
O(z) = Ner /_Oo e 2 dt, (1.40)

H o(—z) =1—-0(x).
Bl 1.3 & HARMEIE S AT b it 28, ASCRZIXR]_EARSy (FH YA

0.45
0.4
0.35
0.3
0.25

0.2

0.15
99.7%

0.1
95.4%
0.05f
/ 68.3%
.

o I
-4 -3 -2 -1 o 1 2 3 4

B 1.3: FRUETERSS A A X 8] ARy (EFR) B E 4 b

W) WEZE. B 1.3 FH, %4 X ~ N0,1) B, P{-1< X <1} =0.683,
P{—2< X <2} =0.954, P{—3 < X < 3} = 0.997, X SH B HR1E LR 28
I/, Mizgac.

XA A AHE B —BOES AT, W&, M p—30 B p+ 30 BIXHE
MR ML THTE AR G SEARE 99.7%, XL EE AR 3o RN

# X ~ N(p,0?), N

z 1 _(tﬂt)2 T —
F(x) = e 22 dt=9 , —00<x < +00. 1.41
W= = (=) (1.41)

Bl 1.4 G T IES AT R E R S 0 AT R B Y e &, i 2o i
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0.4

035

03t
0.25} \

F(x) f(x)

- o2l

015

o1f

0.05

0 I I I
-4 -3 -2 -1 (0] 1 2 3 4

Bl 1.4 AR L PR RS 0 AT R B TR A 5 3R

R PEREL f (), WBASZE 2 MR AT R AL F (). HILA S5 2]

Pl < X <22} = Flaw) — F(z;) = ® (‘”2; ”) — (“; “) L (1.42)

(] 1.4 FPrifg B 4 B2 o RO P HE TE 2570 A O AR 4 T2 R 40
WHEPLAL R X ~ N(0,1), RELHHY 0 < o < 1, PRI

P{X >Z,} = +OO ¢(x)dr =« (1.43)

Zo

IR Zo AHEES AR L o 5300,

Bl 15 25 TAMEIES AT B o iR Z, WILTEX,  H gL
HARER o

3. FEHEERREEIS T

HHEPLAR R X HASREERE fx(2), —oo < < 4o0, Xix g(x) AbALH]
FH ¢'(x) AT, WY =g(X) BBSAEYE R, HAMEZREERECN:

f (y)— {fX (h'(y))|h'/(y)|a O‘<y<ﬁ7
i 0, K,

HAr a = min{g(—00), g(c0)}, B = max{g(—00),g(c0)}, x = h(y) K y = g(z) B
a8
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0.4

0.351

0.3

0.25

0.15

0.1

0.05

I I
-4 -3 -2 -1 (0] 1 2 3 4
X

B 1.5 ARHEIES AR L o 00 AE

#r g(x) BIERPHRE, RHVIERE X WO HREECHY Fx(r), MREER
fx(2),Y = g(X) B9 HREH Fy (v), BEREER fv(y), U

HCEE—2 R fy (y), A HERMR AR 1.

1.2.5 [EHlEE

1. fEHLmERIE X
EX 1.9 2R X #o YV REX AR —BETE (Q,F,P) L&ANMEMNE F, &
(X,Y) A% @ = (random vector), 4 X #= YV R %M a =z (X,Y)
RN E.

“HERELIER (X,Y) R AEREAREE Q b, BUETF R® LRYREL 284,
A RE S n HEREAL I
EM 1.10 & Q AHARZTE, X;=X(vw), Xo=XoWw), -, X, = X, (w) £ Q
L# 0 AEMEE, MHECNHARG nEmE (X, Xo, -, X,) ARA n A

® % (n—dimensional random vector), #& X; A X 45 % i 4% (component).

2. LR ERERE 55 R
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EX 111 & (X,Y) 2EXAE (Q,F,P) L&Ak, &6 (1,y) € R2,
—AEH K
Fz,y) = Plw: X(w) <z,y(w) <y}, (1.44)
A (X,Y) I & (joint distribution function), £+ {X <=z,Y <y}
RAFAE (X <o) BEH (Y <y} GREH
3 X17X27 o '>Xn 7%'—‘/'\ n ?ﬁﬁﬁﬁm@%; X—J-{?L'T%-‘éﬁ (xl,l'g, s -,:L’n) € Rn; n
F(zy, 29, -+ 2,) = Plw: Xj(w) <21, Xo(w) <9, -, Xy (w) <y, b, (1.45)

3. A TFEAIMER

(1) MTFAERFEEN y, 2 x0 > 21 B, F(za,y) > F(z1,y). S TFEEEEH
T, B oyo >y B, F(z,y2) > F(x,y), Bl F(z,y) S4B 2R Z IR .

(2) 0 < Fz,y) < 1, B FEEBER v, F(—oco,y) = 0. XFAEEEE/
x, F(z,—00) =0, F(—00, —00) =0, F(+00,+00) = 1.

(3) F(z,y) = F(x+0,y), F(x,y) = F(x,y+0), B F(z,y) &F = GHELE,
WRT y HBELE.

(4) MFAERE (z1,11), (22,12), 1 < T2, Y1 < y2, PEAFERX

F(x2,y2) — F(x2,91) — F(21,92) + F(21,51) > 0
B A BRI L T4 e
BEWLAE (X,Y) BB {1 < 2 < 22,90 < y < 3o} WHIHERR

P{xy < X <xo,00 <Y <o} = F(w2,y2) — F(x2, 1) — F21,y2) + F(21,11).
(1.46)

4. EHE—AEEE
EX 112 R =R AE (X, V) 950 FARBHUEAEE, Mk
(X, Y) R=tEBHEAUENGE.
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E‘E-',SL 1.13 “Li:—gfi%ﬁﬂmﬁﬁm@% (X, Y) ﬁﬂ'%—éﬁvﬂ-ﬁ‘gﬂk{ﬁ% (xiayj)7 1= 1a 27 Y
G=1,2,- - tHER.

P{X:Ii,yzyj}:pij, i,j:1,2,"', (147)

AKX (1.47) ABBRENGE (X,Y) G92FHE BREST ).
B, py (6,5 =1,2,--) WRERT DKM
(2) X2 py =1
i
BEHCUBENLI R (X,Y) B AR BN
F(x,y) = Z pij, Vr,y € R.
i <z,y; <y
5. BRI HlEmE

EX 1.14 4R34 F_thium 2 (X,Y) $950F B F(r,y), £ 437 6HK
f(z,y), A TEEY vy, A

F(z,y) = /y /x f(u,v) dudo, (1.48)

AR (X,Y) R&EGR G _fHEARE, IK f(r,y) RALHENLAHE (X))
R Y R &

HHE R B R B0 A PRI

(1) f(z,y) >0,V 2,y € R;

“+oo p+00
@ [ F(,y) dedy = F(+00, +00) = 1
(3) 7 f(=,y) WEZHAAH

PF(x,y)
0x 0y

= [z, y);
(4) BEVLA (X,Y) ST H X3 G WRIHER N
P{(X,Y)e G} =[] f(z,y)dzdy.
J
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6. &N
X,Y B9h%43 A5 (marginal distribution) p&%ss B &

Fy(z) = P{X <z} =P{X <Y <+oo} = F(z,+00), (149
Fy(y) = P{Y <y} =P{X <+00,Y <y} = F(+00,y).  (1.50)

A (X,Y) vEaELE, X 5 Y @Gt ki g fi k80 sl

H
P{X =z} — ipij:pi,, i=12- (1.51)
P{Y =y} = Zpij:p.ja =12, (1.52)
Fx(z) = F(z,+00) Z: X;pw, (1.53)
Fy(y) = F(+o0,y) Z;Z;pw (1.54)
#r (X,Y) gL, X MY By B ol 8

@ = [ st (1.55)
U (1.56)

Hah ko A R %003 3 4

7. ER_HIENmEN ST
(1) 45504
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# (X.) BH I IAE R

R (x>y)€Da
ﬂ%wz{A (1.59)
0, HeE.

Hep A B PHE X D fEAYE, WKL 4 gL & (X,Y) X D
PR N 245 5] 53 A

(2) “HEIEZSSM T N1, pi2, 07,03, p)

W (X,Y) BA TR B R

1
x, =
f(@9) 2ro1094/ 1 — p?
1 — )2 — - — 15)2
exp{_ : [(x 2ul) Lo, m) =) | (y 2#2) ]}
2(1—p?) 01 0102 op
—00 < & < 400, —00 < Y < +00. (1.60)

Hr p, pa, 01> 0,00 >0, |p| < 1 HEL, NIFRK " 4EE SN E (X,Y)
RINSECH 11, po, 01, 02, p B ZHEIES AR, 1B4E (X,Y) ~ N(p1, p2, 03, 03, p),
[FIRFAR (X, Y) o —4EIEZSHENLIA .

B 1.6 20T p BORFE{EMEN, EEF 1 =0, 42 =0,01 =1, 00 = 2.
4 p= 0", MR X SRR Y BMSIR, 2 p# 0N, YRR X 5
FEMLAS T Y AR (NIRSL), FFE2 |p| BT 1 B, AHSCHRE B ).

1.3 PENLZ SR FIHE
1.3.1 %

B |l Hesk, MIARGEK D wip; A ABME E X K FMZ (mathematical
expectation), i H E(X), Bp

B(X) = inpi. (1.61)

REGUENE S X 9mEFERLEA f(x), 2R [ |2]f(2)de bk, 0l
Ay [Caf(v)de GEAEME S X GRFHRZ, eh B(X), #

E(X)= /_+OO xf(x)dz. (1.62)



1.3 MALE 88 F A4 23
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Kl 1.6: ZHEIEZRI AT p BORFER L
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E(X) XARAIE (mean).

BB SR TV B BUER T HME, B— 1 EHEENEFRAE. e iE
BA TR

(1) & c RHE, W E(c) =

(2) E(aX +bY) = aB(X) + bE(Y), HH a,b AEEHEG

(3) # XY MHEM., W E(XY)=E(X)EY).

MECA TR E X CFE1E), R Z PR bk 3 SR E X

WR X, Xy, -0, X B n ANRENVER, REZBHER (2), 152

yi“qj CLZ(Z = 1,2,"',77,) %’%“ﬁc

1.3.2 HE

EX 1.16 & X AMME ¥, & F{[X — BE(X)]?} &4, Wk B{X-E(X)*}
A X 87 £ (variance), 1A Var(X), Bp

Var(X) = E{[X — E(X)]*}, (1.64)

H#Ak \/Var(X) A X #trk £ (standard deviation) 347 £ (root mean square).

07 2202 RIR TR AS B EAE X T (ER SRR E R — &, WRERE
BHEFRAE. Jr 2R I IR

(1) # ¢ ZHE, W Var(c) = 0;

(2) Var(aX +b) = a*Var(X), HA a, b HEEHEL

(3) 3R X, Y AHEHEHMSL, W Var(X +Y) = Var(X) 4 Var(Y).

M ZRE S (B, RAZ X 3 FMEFRATE X

AJ LAIER:

Var(X) = BE(X?) — [E(X)]%. (1.65)

X (1.65) FIfENT7ZRTH A
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1.3.3 JLFEAENEENRIBESHE
(1) & X BRASECH p WP R AE B(L,p), HF 0<p <1,
E(X)=p, Var(X)=p(l-p). (1.66)
(2) & X RASECN n,p =T AF B(n,p), 0 <p <1, N
E(X)=np, Var(X)=np(l—p). (1.67)
(3) # X IRAZHH A iy Poisson 4347 P(X), N

E(X)=), Var(X)=A (1.68)

(4) 7 X IRIZEHN a,b 335535047 Ula, 0], N

B(x)="2 ; b Va2 I;‘)Q. (1.69)
(5) & X IRNSHOY A fyse%0r 4, W
E(X) = % Var(X) = % (1.70)
(6) & X RINSECH p, o BIERSHA N(p,0?), T
E(X)=p, Var(X)=o" (1.71)

HC (1.71), AEIHEM T 2 E X, f A2 BB A TR 1.2 B8

1.3.4 WHHESHEXRRH

1. thA%E

X, Y AP R, 3 E{X - E(X)|[Y - E(Y)|} 8 X Y 8977
7% (covariance), it Cov(X,Y), Bl

Cov(X,Y) = E{|X — E(X)|[Y — E(Y)]}. (1.72)

BT AN A AR AR R B R AR R X SRR Y Z Ry 2k
IRABEREFH.
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W7 ZRA T AT
(1) Cov(X,Y) = Cov(Y, X);
(2) Cov(aX + b,cY +d) = acCov(X,Y), HHH a,b, ¢, d IR HE
(3) Cov(X; + X5,Y) = Cov(X1,Y) + Cov(Xs,Y);
(4) Cov(X,Y) = E(XY) — E(X)E(Y), R, % X MY MHEMALN, A
Cov(X,Y) =0;
(5) |Cov(X,Y)| < y/Var(X)y/Var(Y)
(6) Cov(X,X) = Var(X).
R Xo, Xy, -0, X B n ANREYLAS R, B LG E]

Var <Z a; X; ) Z i a;a;Cov(X;, X;), (1.73)

i=1 j5=1

Hta;(i =1,2,---,n) BEEL R Xi(i =1,2,---,n) & n M EISLHIBFENL
Aet, W (1.73) WIS K

Var (i aiXZ-> = i a?Var(X;). (1.74)
2. BXRARHK
24 Var(X) > 0, Var(Y) > 0 B, #
~ Cov(X)Y)
pXY) = v/ Var(X)Var(Y) (1.75)

N X 5Y WAL (coefficient of correlation), BEToENA &, HIEAMER
H:
(D) [p(X Y <1 [p(X,Y)] =1 MFEERMAN X 5 Y ZAFLMERS,
BITFHEREL a,b (a # 0) {515
P{Y =aX +0b} =1

Bk o > 00, X p(X,Y)=1;a <08, W p(X,Y)=—1.
(2) & X 5 Y MEMH Var(X), Var(Y) 1246, W p(X,Y) = 0; #5124
X Y BRESSAAR, X 5Y HEMSIHTRERMFERN o(X,Y) =0.



1.3 BEMLAS A RO RAE 27

T HEIESHA R X, Y, IR (1.60) FHY 0 Fm X AI3S{E,
pe FR Y WHME, of FR X WHE, o3 BRY WIE, pERRXEYH
MRRR LA ATER 1.6 1, 24 [pf BEET 1w, HEFEBE.

1.3.5 MESWhTEHER

1. %8

RHNE R X B AT RE F(x), MAERS &M Bk, & E(1X|F) 18,
MR .
o = B(XF) = / o dF(z) (1.76)

— 00

X )k BYJRASE (moment about origin). XFF k> 1, & E(|X|*) 748, MIFKR

= E (X = EQOP) = [ (@ BQOfar( (1.7

A X H k B0 (moment about centre).

T2 W B — IR AE, $9ME5 77 2200 e — B R A B A
.

VAT RREL F(z) BHOHE uo = B(X — B(X))?, us = B(X — B(X))?, W#FR

3
Cs = us/ps (1.78)

W E Z B0 (coefficient of skewness).

T B ZEOE— N To BN B, BZIRI AR AR 2 O > 08, F(x)
JIr 2 s W R 0 AT i ) {E B D, B 22 DU 1] 220

WA TRREL F(z) HHOHE po = B(X — BE(X))?, uy = B(X — BE(X))*, W#FR

Cr = a3 — 3 (1.79)

MIERE 2K (kurtosis).
WERERBUE— N TLENNE, BZINRFEZEBR 5310 f S of o B B
WHENIAE R X HIME o M2 o2, WFR

X* = (X —p)/o (1.80)
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NV HEALREAL A 1.
2. thAEER
WX = (X0, Xy, Xp), Y = (Y1, Yo, Vo) APIABENLAS R, NIFR
Cov(X,Y) = (04)nxm

X 5Y W2 (covariance matrix), HH 0;; = Cov(X,,Y)),i=1,2, -+
n,j=1,2, - m

o7 ZMERA TR

(1) Cov(X,Y) = Cov(Y, X)T.

(2) Cov(AX +b,Y) = ACov(X,Y), Hoir A BHFE, b 2.
(3) Cov(X +Y,Z) =Cov(X, Z)+ Cov(Y, Z2).

A%

WX = (X, Xy, X,) HEEPLAS R, UK
Var(X) = Cov(X, X) = (04)nxn

A X W77 2R (variance matrix), RN 2 — I 224 (variance-covariance
matrix), F/ 0;; = Cov(X;, X;), 4,5 =1,2,-- -, n.

T R RA TR
(1) Var(X) kIERE, B Vaec R, &

a’ Var(X)a > 0.

(2)VaeR" &
Var(a” X) = a” Var(X)a.

(3)V Ae RF"
Var(AX) = AVar(X)A”.
(4) Var(X) = 0 (AW ELEMRE: Tae R, ce R, fifg

a’ X = c.
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AT ERE R, 0 4EIEZSHEL I A R B e RO R R AR
BHT. nBESHHLAE X = (X1, Xo, -+, X,) FIBEREE RN

1 1 Tyl
)= g er] e -w) (s

HAt o = (21,20, 20)", = (pa, pia, -+ )" = (E(X0), B(Xy), -+, B(X,))T,
¥ = Var(X) A n xn by ZHEEHIEE.

THEIESREAIAS R A B R R R (1.60) FTRAE R n 4EIEZSBEAL ] AR AR
PR (1.81) A, HArdhor 25 X N

[ Uf ,00102}
Y= s |-
PO102 0y

F 0 GEESHALA R (X0, Xo, -, X,,), HATF IR

(1) X1, Xo, - X MEISLG X, X, -, X, B FAEEM

(2) B Y1, Yo, -, Yoo B0 X0, X, -, X, WOERHERRRE, U (Y2, Y2, -, Vi) B
Mo BEEZS A, EHETRFR N IE A R S R A .

3. AB3EAERE

VX = (X0, Xy, o, X,) AREHLASHE, DUFR

Cor(X) = (pij>n><n

A X WIAHRFRE (correlation matrix), HH p;; = Cor(X;, X;), 4,5 =1,2,-- -, n.
FHSCHE R HA T 5
(1) Cor(X) AXFMLITTHRIIN 1 K IEE XS PRAE .
(2) B 5 = (0)uxn HHEFERE, D = ding (0,05, -, 0% ), W

Cor(X) = D™D,

1.4 #RIRZEE

PR B RIS B A E B2 —, TEBERIR MBS B B AR SR LB
A EA BRENE L. ERR T, HEEARE: RSN ORIRE
.
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1.4.1 XK¥TFEE
KRECE I B REALAS B 9 SR T2 {E R A o) B RO Sy e B, R
BHES I EARA SR —.
EX 1.17 & X1, Xo, -+, X, - REMEZAFINEL E(Xy) B4 (K=1,2,--+),
AY, =13 X, BN TEELZN >0, 4
k=1

lim P{|Y, — E(Y,)| > ¢} =0,

S
llm P{lY,, — E(Y,)| <e} =1,
NIAREAE £ 53] { X} RAKE .
KTFREEREF:
1. Bernoulli X#E&#
W ong & n WS ERRE P FF A KEMRE, p 235 A EERIAR
R, MIXFEEMER >0, F

lim P{‘%—p)<a}:1.

n—oo

Bernoulli K¥AEHHRT “BUREGETHR MLMIR.

2. Chebyshev(#ItLtEXR) K¥ER

RN R X, Xo, oo Xy, o MHEMSL, HEAMERHE S %
E(Xy) = p, Var(Xy) = 0? (k=1,2,- ), MM TEEHIER ¢ >0, F

lim P{|Y,, —u| <e} =1

3. Khintchin(ZFE$R) K ERE

E(Xy) =p(k=1,2,--), MXFEENEL >0, F

lim P{|Y,, —u| <e} =1.



1.4 PRl e 31

AXFENAE RS Xo, Xo, o) X, -, AFFEWRL o, WX TAERAIERL
e>0,H
lim P{|X, —a| <e} =1,

4
lim P{|X, —a| > e} = 0)

AL, TBR X, REERICNT o, it4E X, — a. #& B Chebyshev A%
5 Khintchin KEEHRAF

1 & p
Yn:E;Xi%,u.

T RECER, AT R,
T 1.2 AT ST X AAHYE EX) = p, 5 £ Var(X) = o2, NATHEE
e>0, A

0.2
PUX —ulze} < 5. (1.82)
PR 1.2 A% (152) Jy Chebyshey F%R. ER—MEEHIMIE
TH, BURARST. B, AE R RRE S g B

1.4.2 i iRPREIE

e Do 2 T2 4 T AL 91190 430 43 A 2 5 M T 16 A5 A A £ —
KETE. TEERT R, Bk, BB E I SA L A LR 2
YRR, ARG A AR/, TR BB S T LA AR IR A IE 5504
L HR R R B IE B RO B T X — 4.

BN 118 LR A—KART, WRHMEEAT) X, X, o, Xy, 59 Ao
Y, = 30 X @RI HEEST MR, A P IR,

%%’I‘ﬁ%%@ﬂ"]*lb*&ﬁﬁ%fﬁ.
1. 3037 [F 53 AR PO R ER E 38
WA R X, Xy, -, Xy, - AHEMSZ, R —20 A7, F HEA BIEM
Jr. E(Xp) =, Var(Xe) = 02> 0, k = 1,2, -, NIBEHLAS IR
i Xy —np

y, = k=1
Vno
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HI AT BREL B () WOSEITREIE RS 0 AT R %L, RO TR SEEL =, A

lim F,(z) = lim P{Y, <z} = ®(z),

n—oo n—oo

Forf

1 e
MFAORBRE BRI H, 5 n RAEEKREF, Y, TR MARHEIEZS 734 N (0, 1),
XTERERGE T A AR EEA A

2. De Moivre — Laplace (##%E# — i) OREEIE

WHENAR R X, X, -, Xy, - - HEIRSZ, FFHARMNSHON p PR AT,
X FAEE LR 2, H

> Xi—np
lim P{ S <2 = ().
n—o np(l —p)

S X, AT B(n,p). I De Moivre — Laplace HrUye B s F AT 4,
=1

S RS, B(n, p) SEBLTEAAME. T8I 7 40 A Y i DA B 2 B Al 45
SR

1.5 FHIBSITHEARES

BULT R4 TR EA N A, RS, —BR ey R
ERPHEL T, FEEMVIARRA MR, (BB B RN, 0
A B E MR AN A 2 G 2R B 0B MR IR IS AL 1 0 A SO an e < 2 0 25
SR XTSRRI B W L F], XA RBE G Ir Z AR
7%, I HaX Bera) B F 7 A B e R e S A iR B g Bt L, RO G iHEAH
BERIC R ELR X BT BT SR AL R AT 2 IR R A S, A Fean ] & HEH AR
PR, Anferx B AR AT A R A TR B . AT, A fer Xt i SO D R I i B
FIWTH —T 158, HARER +E.

THEHBESE RS, A REEESET S FONREMMNYA R K4
LIV R 22 s BT LAe.
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1.5.1 B, M. EREMEIEE

RS, FREFFEN G828 8K (population), 1% H —~HEHLAE
RN B ARSRE A A BT M (individuals).

MEHE X AR —E MR X, Xy, -, X, 3R X0, X, o) X AR
H X BAEA n (FEZA (sample).

B, TR AR — oo R R R, e EEIRT 1 T/D
BRI, NZH ey 2o Sk, ST Me. b b, BHs
TRy SRR T S BRI R R (B Bddetr X BER 2K,
m, At A X A BRE SRS R BE. B X ZREPIAR
B, X, AR X bR

H T FIEriZHL TR R, BRI & T, METR A
i, AR, Al BA R, R R IR maR vy, it g
NI Wy, W], PR L RE SR R — AR, B n MR T IR
REASR I RABER S {1, 22, 20}, HHPEA o B ¢ IWHIHEWE R4S
R T EREX MM IR SR THERT, BRI R A —
FIELR, BERER B FUEREALE . ML, XEEA RERAT-H s B R B L. By
BRI A ME SR B L 2 2 S5y, XA R MR A B R
# X1, Xy, - X fHEINSL, HEA Xs 5 X R4, Wk X, Xy, -, X AT
HRENIEEA (simple random sample), fRIFREEAS. EH T n FRONEEAR A (sample
size).

EREENZ, FEARRAWEME, RISE—REMEMAEEER—4HE
IBUE. (HAE—RACE AW S — A &, F oy, 55, A
X1, Xo, -+, Xy, BRBENUEEAS, ENTREIPHEILR ©1, 22, - -, T, FRAFEANLI
i (sample value).

FEAVENFENIAS &, A — MR, X MR AR REA . BAR,
FEAR I3 AR BT S A PR ST AR A 1 o

B X FEAATEE (o), T (X1, X, -, X,) 00A BT B4

F(X1, X, X,) = [ Fla).
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X BAMREER f(z), W (X1, Xy, -+, X)) BUEREBEREE N

F(X1, Xy, Xo) = [ flaa).
=1

Bl 1.5 Z/it—hedE % o, ARFEDWARZTLNE n Rk, ERIEA X1, Xo,
s, X, REAR (X, Xy, -+, X)) #9457

% BESRNREMEMS, B X1, Xo, -, X, N—{RIBFEYIAEA. FHE
M LIR Z IR ES 0, RTEE REGiRE, FIMETLRZHEER 0,
TRERHMRDAARERN N(a,0?), KA o IR ER, o RPRTH)
REEE. W (X0, X, -+, X)) HOREZRREE

=1 1
flxy, 29, -, 20 0,0%) = H exp{——z(xi—a)z}
1 V2mo 20

= (V2r0)™exp {—% Z(xl - a)2}

=1

5] 1.6 ZX B TFAHGHFS X RIGHKHH

e ™ x>0,
[z, ) =

0, x <0,

B — e = P Sk = re I 0 AFREAT F R Ee, MR FFRBEA X1, X, -, X,
RER (X0, X, X,) GBI,

B IKEEAER X0, X, X, BISLEI AR, H Xi ~ f(2, A), 8K
CES o8

—=

[y, 29, 203 N) = [z, \)

1
A" exp {—>\
=1

0, HE,

-

xi}v x17x27"'7xn207

I

1.5.2 SHTESShiK

TEG] 1.5 AR N(a,0?), Bt o 5 o BHEDSMHIFER. F] 1.6
ERSATAIERAT f (2, N), N MR E AR H R RS, PR BAE
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BEA AT H B S EL (parameter), FM,  a, o 1 X #ZRSH. XESH
T BARR EBEMEERR, A, XESEIEAERAT, PRARMSEL.
R 15, o BRHBE, T o® BENRMSHEE AMIMRTEENT
FRFREE. EXTRTHEE R T TS o2 ME, W o® SECHSE; A4
RVFHIREEAE T M8, TOIRGH o BE, ERTHEEN E &G HEBHX
MEE, T4, o MERMSE, XoF, K (a,0?) MSEE. SEETHE
FIBUEM B B AR SRR E. Wf] 1.5 H (a,0?) BESE, WSE=ENEN
O ={(a,0%): a>0,0%>0}. 1.6 SEZEEHK ©={\: \>0}.

YRR A RINSENT, ARMSEER YT AR, B, "6
IR I —AS, TE—R, WFRAFEARSAR. [FfE, FIERMSEN, B
TSR IR, WSS AR, B 1.5 H1, & o fl o? BRARMSE, NSk
filih {N(a,0%): a>0,0%> 0}, FEARDHER {f(x1, 20, ,20;0,0%) 1 a>
0,02 > 0}. 7261 1.6 /1, #F N BRENM, WSERSARIER {f(2, \) - X > 0}, 4
DAER {f(x1, 29, 20, A) 0 A > 0},

1.5.3 GitEF0mES

BOARGE T AAE 55 R AL P A R 55, S AR FEAS IR
HATINL, AR BRAF SR R8I S — @ M 4, X —d BB gt it . 1E
GErHHEWT, XPREAHEAT I TR, SEhR bR RARIERE AT S — 2, AR
SR REAS K BT 72 I A 1 B AR PR, X RARR AR AS T 3 H B Bl R
B X gt E, B, St RREREARIER AL
E]M 119 % X1, Xo,--, X, EAK X $9—AREREAELR, T(X, Xy, -,
Xn) A—An AkghEk, LT FREMEMTETE MG RILE, MK T(X,
Xy, o, X)) A—ANGIE (statistic). AT E W HH A @S (sampling

distribution).
1. HHNSGIE
(1) FEAHE
B Xi, Xo,y -, X SEEME X W — D RIBEBEYLEEAS, #R

X =

S|+

zn: X; (1.83)
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NHAYIE (sample mean). 3H HFEASERAM TSR DA EEM XA E
oA ER R .

(2) HEAT 2
B X, Xy, X R X B —MAEREVIREAR, X WHEAIE, R
2 IR )2
S :n—1;(Xi_X) (1.84)

HHEATJ7 7 (sample variance). 3 H A 7 22 Ak TH SR A0 B9 7 2RI 56
AR AR BB B 22 W R AR AL 3

(3) k BrFeAJE s

W X1, Xo, -, X BEVE X 9 — D RTERBEVIEA, FR

== ZXf (1.85)
n i=1

FEAHY k BT IR SRR, R RN b B R RRRAGTHE R AT kB R ORUE.
(4) k BrFeA LA
B X, Xoy oo, X REE X — A REEVREAR, X BREASE,

n

M, = % Y (xi-x) (1.86)

i=1
FEASHY b Bre DR, E AR b B DR AR kB DR,
(5) M Fraeit i
WXy, Xy, oo, Xo B E R X BREA, 21, 20, -, @ HHEEAINE,
W w1, @0, -, 2 FREE/DNEIR BT HES

Ty S TR) < S T,

LA Xy, Xy, oo, X BUER 21, 20, -+, 2 B, X X BUER 2y (B =
1,2,"',77,), % X(1)> X(2)a ) X(n) yg X1> X2> B Xy E@J“ﬁr?éfii‘l‘é (Order

statistic) .

B, Xy = min (X} BHATMFRILR NG, FRMIFSH
# (smallest order statistic). X(,) = 1:(21%{2{)(@} SEAEASILI BB R H — 1,
PRI RTS8 & (largest order statistic). B8 Xy N r DFSITE.
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(6) L6774 PR KL
B X, Xo, oo X BB BE X BIHEA, X ~ F(x), MIFR

F.(z) = %K(x), —00 < x <00 (1.87)

KL Ay AT REL (expirical distribution), At K (z) R X1, Xo, -, X, FAK
Tz L
Lo 3 A bR A AT AR TR A

0, z< X(l),
Fo(z) =9 £ Xy <2 < X, (1.88)
I, 22X

B () Be— M BREReR %, FEBRER SR REASTLIIE. 7E&BRER AL BREREER O 1/n.
Bl 1.7 e no= 10, i H 84 N(0,1) ;ERa k¥ N0, 1) B &
PRIr AR KA.

1

0.9
0.8
0.7

0.6 y=F (9

y=F()

> 0.5

0.4

0.3

0.2

0.1r-

0 ! ! ! !
-3 -2 -1 0 1 2 3
X

Bl 1.7: Gl A AL SR A

LR TR B T4 ( Glivenko (F5 BLSCRY) 1933 4E3ER )

P{ lim sup |F,(z) — F(x)| = O} =1 (1.89)

N—=00 _co<r<oo
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AR HIRE A8 7 2 0 FH KRS, RIS B B S5 A R R
RERAUN, B n S4TSR LA FL (o) SEBREE F(a).

2. & RS I

(1) x* oA
W Xy, Xo, -, Xy BRHEEE N0, 1) — MR, ARG

Y =X7+ X5+ + X (1.90)

HRMNBEHEHR n 8 x? 2047 (chi-square distribution), icH Y ~ x%(n). & 1.8

0.4

035
0.3F
0.25

—- 0.2F

n=
0.15 /n=
0.1t S S

0.05

10 12 14 16 18

Bl 1.8 x? A1 4 B2 pR i 2%

HHT n=1. n=4Mn=10 87 x> 7370 % R EHIZ.

ML 1.8 AILAEH,  x* /M A B R B R B 22, FOmBEREL Cs Ny
1E. 2 n BUNEE, SR SGBRBENN, HUEEERE Cp WU 24 n BORRT, 128
BT, FEEEREL O B

AXTTHER o, 0 <a <1, f77E XA(n) i

P{x* > xi(n)} = o,

MIFRAE 2 (n) X2 AR E o 0. B 1.9 FrRiyE n =5 a=0.1# x°
DAL o L 2 (n).
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Q

o
©
-

0.06 -

0.04f Xom

002" \
0 Il Il

0 5 10 15

Bl 1.9: x* MHY B o ML

X* AT BRI TR

(i) "I 3 Y1 ~ xP(m), Yo ~ X*(n), HWEMEMSL, W Y4+ Y, ~
X2 (m +n).

(1) MEESTZE. HY ~x3n), MEQY) =n, Var(Y) = 2n.

(2) t oA

B X ~N(0,1),Y ~x3(n), H X, Y MHEM, WIFRHELE &

X
VY/n

NMIRM B B EHR n #) ¢ 434 (t-distribution), i6 K T ~ t(n).

BRLIOGFH T n=1, n=2, n=>5Hn=oco0 it 747% K HIZ.

M 110 afLAFRH, ¢ AR PR A, HfwERE Cs 9 0. n BUh, H
WEPE KL O BUR, n R, HIERERE O BUb.

HXMTHER o, 0 <a <1, FiE

T =

(1.91)

P{T >t (n)} = a,

W ta(n) 9t AR E o 0. B 111 Frsiy)e n =5, a = 0.1 §9 t 7347
H L o LR ta(n).
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B 111 ¢ AR B o 2L,

BT ¢ AR R B R AL f(t) EEEL, B f(t) = f(—t), RF t=0XF
PR, EMX—Y n, H E(T)=0. 3-H

/OO fH)dt=1—a,

—tn(a)

F}ﬂ’j tl—a(n) = —ta(n).
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(3) F oA
WX ~x*n), Y ~x*(m), B X fY fHEMS, WFREEHIA &
_ X/n
F= (1.92)

HIRNEEER (n,m) B F oA (F-distribution), 3% n ¥ —HBE, m NH
“HHE, iI£H F~ F(n,m).

K 112 fiRiE n =5 m=20,n=7,m =20, n =20, m = 20, n = 20,
m=2Fn=20,m="7H F 53405 R,

1

n=3, m=20 n=7, m=20

0.9

0.8

06
n=20, m=7
0.4
03
02t |

o1f |

25 3 3.5 4

Al 1120 F A 5 B R RS 2%

FXNTHAEN o, 0 <a <1, FRIE
P{F > F,(n,m)} = a,

W Fo(n,m) 4 F Ay b o 2B
E 113 iR En=5 m=8 a=01F 73t o 2his F.(n,m).
F oA BA G0 T PR
(i) X ~ F(n,m), W 1/X ~ F(m,n);
(i) Fi_o(n,m) = Fa(:nm).

(i) ¥ X ~t(n), M X> ~ F(1,n).
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Bl 1.13: F 34 B o 20

1.5.4 IEEDFHERHESHATENS |

BX1, X, oo, Xy BRETIESEME N(u, 0?) HIFEAR,
P{EMEAT 2, WA

X—p
NG N(0,1),
(n—1)52

X —p
S/vn

~ Xz(n - 1>7

~ tin—1),

H X 5 S* HEML.
i& X17 X27 B an 5 }/17 }/27 B Yn2 ﬁ%”%%ﬁﬂzﬁ
N(po,03) WIFEAS, HIXPIREAAHEMSL, WIE

. o2 o2
X—vaN(m—mﬁi+i),
nq N9

(7— ?) — (1 — p2)

2
%2

~ N(0,1).

2
L4

ni no

X, S% 3 A ke

(1.93)

(1.94)

(1.95)

le:%)é\,ﬁ: N(/"“’ U%)’

(1.96)

(1.97)
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#iof =03 =0% Ho? KA, W

(X —Y) = (p1 — p1o)

/1 1

ny — 1)512 + (ng — 1)522
ny + No — 2

X, Y GRIRFHAREIME, ST, S5 5B RFHAR )7 2.

~ t(ny 4 ny — 2), (1.98)

Hot
52:(

w

: (1.99)

S8 —

Llﬁﬁmﬁ%néﬁxﬁuﬁﬂ%mﬁz%ﬁ%ANﬁguwzﬂw+@g
—ANEPEE, BEEPAKTR, AALRATE, K

(1) (4628 m NEFTHEEEHSN 1 AWGBE;

(2) A m AE, AFEHEEEHSN 1 AdBE,

(3) % N =10, m =6, KAPAASNE—F (A —F, LPBRHNT
A 6t &,
1.2 P, CHAERG - DR RAFG MG EL, CiE— 8RN EIEGH
IR FTEAY, B PRGIBGEEE 1, CHGEAREZ 208, £=
WATE FHDLT 6w R,
1.3 —dF SR 204, LA 5HR%, EAAES. IRRET TS 4
=k, K

(1) % =R A BER bt E,

(2) 25—, % _RBIELGEMNT, % RRIRSGHBE,

(3) % ZRIBR Sty Mot
1.4 AMAZ k&, RXE. A5 AE. ARGBESFH 03,02, 0.1,
0.4. o RARKFE, A5, AF, KIRGGE, BEGBEH A 1/4,1/3,1/12,
MR EMN R ARE]. AMARET, FEZRXERGBMELR )7
1.5 REARF T LA R AEGBHLEA 0.004, MRS 100 A8 ik, K
A P AT K A & R
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1.6 7. L, AETTSAHeML R f Bl —R KAHE, KT, L. AT
AL 514 0.7, 0.8, 0.9.

(1) RCAA P i,
(2) S RA IR T AL 0.7, FH A TP A
LR 0.9, Z=TTAH T, KILBEK, PRt NS S

1.7 —MNeF2Eah 2RO E, RETRELE-FSR A L6 5¢mE]
RE & MARRE, FRHERETRE, XX AFRELEESHCHER, K
REMNEE X 957 J 2.

1.8 X #A23855 2500 A, #HRRGA G5 BMESHRRFER, XA 10000 Ak
S, BARRLE GRS X ~ N(u,02), &k 90 VA EH 359 A, 60 5K TH
1151 A, FIFEREFRMEDHA ST ?

1.9 A 90 6 R ERMRE, &6 R EG TR M ZIESG, RAEKKEGHRE
& 0.0, L—4 X &0 Eaew — AL, REEHSZAGT EARIF, —HE
IALTRIP, HARF 30 &, F—H2d 3ARLFIEKY 90 &, KLBRAA
kAR R A MR R R A 456G A 4G K.

1.10 E MG % (X,Y) 9o HEkH:

127727V 4277 5>0,y >0,
F(r,y) = ‘
07 ‘;t'rz>
X P{1<X<23<Y <5}

111 =AY RA 5 Rk, &9 / Rk, 1 Rak. SRR T ERER
— R, BGTHKE, EEMBFR, A

x 1, &% —kRIHF|4k, v 1, &% RIF|HK,
0, £F—kmslak, 0, %5 ki3 Gk,

i&;‘k:
(1) (X,Y) 695657 1,
(2)P{X >Y}.
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1.12 B EMNEE (X,Y) 69 E R EHEA:

Ae= ) >0,y > 0,
flz,y) = ‘
0, 2.
(1) w& A;
(2) P{-1<X<1,-1<Y <1};
(3) P{X +Y <1};
(4) (X,Y) 69 nA K3k F(z,y).

1.13 XAUBHE A ERA 20 2RE, BIANGREERA 10 NEETWUT &,
EXENERBAATEREBNTARE. BRRREEFANFET EToAAF L
Megtrahta 20k =, L X Rwpdegrd, R E(X).

1.14 ERE A FEBEET R wRE—FH-NBEGREEF A RE,
BN S RIERRE o L, & Chm—FHE4F A REGBEA p, ARG
GIEAFT a 49 5%, % e MIEZERBE XM S VGRS F?

1.15 % A EH N(u,0?) THR—ZEH n GHEK, XL p,0° FhA% 4
n=168, £ P{S?/0? <2.04}.

1.16 & Xla X2a ) Xn f\? }/17 )/'2’ T Yn %h\gll* EI {'f—:’!é:éﬁi X ~ N(,Ul, 02)
Fo Y ~ N(pg,0?), BAaZ 0k =, MW TF 4B R 252

(n—1)(S? + S3) n[(X =) = (1 — )]
(1) o2 (2) S? 4 S2 '

)
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FE RGTREA TR




$-E R RfHFEH

TESR—5, TR EAES, WNAEITFEA A R KK
RGN, N RS FIREZHET, JoXt R OE— AR 4.

2.1 R EBRHEEN

R B2— MM mEREREE, 2—MiEs, 2 SIESm—MEI. SiE
Tl AT&T Bell 3256 E i Rick Becker, John Chambers #1 Allan Wilks JF 4
P —FRBDREATEIR IR R . it ot (ERIMRALES. &) S i& 5 W SEBR
AEBIE S-Prus. S-Prus 22—k, ERET SiEF, i MathSoft 22
RS RIER 5. R B2—MiF, 2—Em B BdRRsE, H5EmMm
Ml &g, HIhe s SRRy, BAHZH TR, SHEERN
goitartr LR, IFmgitdlEie. FEmRAKMREIES: FTHRNBIEN R
ANMg s, WSRO S, PERR, MR E E XITRE.

Auckland (BE55>%) K220 Robert Gentleman Fl1 Ross Thaka M HAhEE A
RIFRET—4 R RS, HErd R B O /NALER, fiilged K. TEST
755, IPREERIMTE STV AT AR A4 AT, AT UEE R RO4H
Rufi (http://www.r-project.org) T A% R BISAE SME AWM, SR &H
fRASHT R BT R B9 SR 4.

R B5E2f 9, W S-Prus RERIEFINFWG ok i:, (H2RER
ey, R uJRALE UNIX . Windows 1 Macintosh BJ#AVE RS LiE4T, BE#AT
— M EESEAN RS, HEARBEMERGES. R @RS S-Prus 1R
SR, WA — A YE. S-Prus WER P, RELSAZH
B RERA R A T

HHU R A R—Fgit ik, &AMy R 2—MEEsiH k. B R
SRAL TR I IREOR AT, AR R EEE; BRAE T E T RIMTEREF
£, UKk—EERMSEITT TR, sibtammt, AP AFEHRE
GEPALAY, 45 A R RO B A SR 28, R RGNS B 24 TR 0 pr S5 L
B, R2QENFERENFNEIHTEIONE. A R AR IR EE
srirad iR, WEERRAFR, FNHR4RMSE, R ROAHRMEE Ty it e

47
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TH, WOMREGHOOR. #id R KFRIF2 ARG RE, H P TURE S
FOJMESE R RPFATERL, WAL H O REORT RIVAR RIES, 5K
VR BHBT AR

2.1.1 R HRHENTHESRE
R SRR, TEM -

http://cran.r-project.org/bin/windows/base/

AT #E R M8 Windows hix, ZHETHIRASZE R-2.3.1 it (2006 426 A 1 H
RAR), K&y 27 Ik, sy R-2.3.1-win32 T#, LB IRRILMER
(mirror near you) NE. ¥R, 7£ R-2.2.0 flRASDIETE S 7 rwXXXX.exe T#, H
W OXXXX RIS, AR AR RAE R-2.1.1, W& rw2011.exe T#K.

R B LAZE Windows 95, 98, ME, NT4, 2000, XP #1 2003 L3247, i
£ Windows 98 DL HAYHEIERSE.

R M2 A 5, BT VRAIA S 8 ARF, 41 R-2.3. 1-win32. exe (R for
Windows Setup), #%Z# Windows 4@/~ 2B 7. B IRFFIGZaR )5 , et
PIES (W), B2, IBHRZAR H R (544 1H C: \Program Files
\R\R-2.3.1), FHiEHEZRHAMN. FELEAMHH, HIFF PDF Reference Manual
Wik b, XFETE R A B SCHR A EO AN PDE #8203k Ud B

ER, 16 R-2.2.0 DARTATIRAS, TEZAR A1, — e B FEZRILIE 5 i (Version
for East Asian languages), FNFEH L Windows BERSE TH R H OSHBLEL
i

eI Windows B FERERVE, RMRAZ], R BRIFRELEEREN T .

ZERSEE, i aAIE R B4 e R E Bl R FRray s (1
A AR B P e A AN ). M PREDT 21T R, R[S R i EH A,
mE 2.1 .

R e Fii -5 Windows B H A FRERIFAHZERL, 2 B —SUSe BRI P
FHAUN. PRGELH T & 02 m SRR 0, B s 548 R
H, FEz5igi ) (mEDE) WSTERde & 1 .

FE A BT —8CF (REFSGRER S, NBRF ) ZRZTT R
B — LS A4S 5] SCF TR > fF5 02 R a2 3mrt (FIEJ6iR), 5
B hs. R ACRAEER TR, R R EERARS, %
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EGui
it wiE OHi EFE B0 &R

R : Copyright 2006, The R Foundation for Statistical Computing
Version 2.3.1 (2006-06-01)
ISBN 3-900051-07-0

RESRHEHEH, TEREMER.
FEREEHTIRTUEE 8 QEH.
..Eﬁ' licensel) 'ﬁ' licencel) 'ﬂE% ﬁ-‘ﬁfﬁ{]iﬁ%%ﬁin

Re-fafErtdl, HiFE A AAZ M T TE.
B contributors 8] 'ﬂE% tﬁ?EHE’]I%ER
Freitation() & FIFIIFEE LR P EH#ET| HrEri2Fa.

Hrdemo () BE —HRERET, Ao helpn REEFSHEB M, of
ﬁﬁ'help.start[] 'ﬁﬂHTHLW{ﬁ%@ﬂE%ﬁHjﬂﬁ{#:
Hrgn BYEe.

> 1

& 2.1: R KAFER D

JEE SR T RER. SR W PRI Y & S — X, 84T A SR
EIREE R PATH A %, IWITERIAHN AR, R 507 A e (E,
At e, BAeamdtTife.

2.1.2 #HRA R

A=A, AR—T R KA
Bl 2.1 (R AREENT 12 25 FPFAERT X (T4) #HEB Xo(BK) T
Mok 2.1 Frw. RITERELEHBE @Y EE/REE.

B EEfEFEEORmAMS,

> # EANREREE

> X1 <- c(35, 40, 40, 42, 37, 45, 43, 37, 44, 42, 41, 39)

> mean(X1)  # HKEMIE

[1] 40.41667

> sd(X1) # IR E A AR EE
[1] 3.028901
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R 2.1: FEFERF

FAEGT | HREX, MEX, | FEB5 | HRE X, ME X
1 35 60 7 43 78
2 40 74 8 37 66
3 40 64 9 44 70
4 42 71 10 42 65
5 37 72 11 41 73
6 45 68 12 39 75

> # B\

> X2 <- c(60, 74, 64, 71, 72, 68, 78, 66, 70, 65, 73, 75)
> mean(X2)  # HEMIERE

[1] 69.66667

> sd(X2) # 1O A A v 2

[1] 5.210712

M EBRHFEERE, R EFTHEXESHEIEERE. RIPDREAE—
TR,

W SRUHER T, # REERERINER], K12 HE
A, SRULHHRR I EAERT TAE, 3827 A0 vl k.

< FRMRME, () TR, Xi<-c( ) HRRBG—HBIERA D H X1

mean( ) ZRJEKE, mean(X1) F/RITFEH X1 HIH{H.

[1] 40.41667 Jeit5rgi, XHEA (1] FRE 147, 40.41667 JEiH5HA
PIE, A 12 AR P RER 4042 T35,

sd( ) ERATHEZ RS, sd(X1) FRIHAEAH X1 WhRUEZE.

bR > 5, BRI AERR.

LARBH R RGN, WAL RS RAFE TIEERBE, R EERE
& (D) HARE (F ).
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SRARK BRSO SCE R, FELUGETE, "SR TR B A e
— 3. HBRARS T S B0 TR BRI RRIT AT, NIRRT
—/ R 4% (R Editor) &1, 728 O AN G2 RIR]. REH SR
Bk, W H44:  exam0201.R.
3] 2.2 o k4] 2.1 F 12 A RETEEHEGERIBRAETGE T AE.

: EEHDO THA

> X1<-c(35, 40, 40, 42, 37, 45, 43, 37, 44, 42, 41, 39)

> X2 <- c(60, 74, 64, 71, 72, 68, 78, 66, 70, 65, 73, 75)

> plot (X1, X2)

W R HASATIF—MHE 0, FiEd 0B EESRENEUIE, W 2.2 B

75
|
(¢]

70

X2

36 38 40 42 44

X1

K] 2.2: 12 245 AP E 5 il R vl IR

A

> hist(X1)
NS H A —NME N, B2 RENETE, WE 2.3 Fis.
Bl 2.3 ®AH XA exam0203.txt, AR 54 X4 TF:

Name Sex Age Height Weight
Alice F 13 56.5 84.0
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=% R &EHEIEM

Frequency
15 2.0 2.5 3.0

1.0

0.5

0.0

Becka
Gail
Karen
Kathy
Mary
Sandy
Sharon
Tammy
Alfred
Duke
Guido
James
Jeffrey
John
Philip
Robert

Histogram of X1

34

= 22 =2 =2 =2 =2 = ™ @™ T T T T T

36 38 40 42

13
14
12
12
15
11
15
14
14
14
15
12
13
12
16
12

X1

65.3 98.0
64.3 90.0
56.3 77.0
59.8 84.5
66.5 112.0
51.3 50.5
62.5 112.5
62.8 102.5
69.0 112.5
63.5 102.5
67.0 133.0
57.3 83.0
62.5 84.0
59.0 99.5
72.0 150.0
64.8 128.0

44

K 2.3: 12 AR ERN EHE

46
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Thomas M 11 57.5 85.0

William M 15 66.5 112.0
AP E—FAETERK RRENEET AN, HHASINGHNE, o F 324
&, BFNRMA, FEZFRFEE, FEAR Y S (BR) FRINRAKE () A
F_AERBEAREZTHAR. KAZIHTiREE&RE, AF Skt
)2 5.

f#: (1) #5L R XXUfF (OCfF4%:  exam0203.R). Hdi “3CHF | #ESLFTHIRR 7
A7 R @O R GHEXTEHE D (R Editor), 75 1 A 25 HITEF
(fir%).

rt<-read.table("exam0203.txt", head=TRUE); rt
1m.sol<-1m(Weight“Height, data=rt)

summary (1lm.sol)

NHEEE— TSI E N SRR T RIESC exam0203. txt, IF
WA S exam0203. txt FHYSH —FTRCMFHIL (head=TRUE); M| (FALSE)
SRR —ATE R HE. RN BER R rt . B e 2
BARERANE (WR—ATITZ a4, FTHS ) FRIT).

FATRXEEE vt FAER (Weight) &% (Height) fEZetERIH, Hit
HEERCEASE 1n. sol H.

FATREB AR In.sol FRITEAINEA, RS H T EIHARA LK, 5%
B/ ESE, MLERIHRE, DT SRS AR E SCRER
THE A48,

(2) AT exam0203.R BN A, PUATSCHFFRINAARILFT, H—F,
£ R g 10 H BARE P EPATHRF (), Refsd “PuTiraiEs
i, il 2.4 P, SBIMOTIER R AR | PET Y. SRR
=R 1IN 3 D DR iy RS [ oy R /K g ) VA o

W7 IEfE]

> rt<-read.table("exam0203.txt", head=TRUE); rt
Name Sex Age Height Weight

1 Alice F 13 56.5 84.0

2 Becka F 13 65.3 98.0

3 Gail F 14 64.3 90.0



% =% R %492

It R EFE B0 8D

R Con:p R rEaresa]

C:\EueYi\WCCT\Statis_and E\EyWorkSpacel\ezam(203.K

c—read able arml head=TRUE) : rt
a=rt]

&l 2.4: P47 R ZBEE DR B a4

4 Karen F 12 56.3 77.0
5 Kathy F 12 59.8 84.5
6 Mary F 15 66.5 112.0
7 Sandy F 11 51.3 50.5
8 Sharon F 15 62.5 112.5
9 Tammy F 14 62.8 102.5
10 Alfred M 14 69.0 112.5
11 Duke M 14 63.5 102.5
12 Guido M 15 67.0 133.0
13 James M 12 57.3 83.0
14 Jeffrey M 13 62.5 84.0
15 John M 12 59.0 99.5
16 Philip M 16 72.0 150.0
17 Robert M 12 64.8 128.0
18 Thomas M 11 57.5 85.0

19 William M 15 66.5 112.0
> 1m.sol<-1lm(Weight~Height, data=rt)

> summary (1m.sol)

Call:
Im(formula = Weight ~ Height, data = rt)
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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
Height 3.8990 0.5161 7.555 7.89e-07 *x*

Signif. codes: O ’*xx’ 0.001 ’**’ 0.01 ’x’ 0.05 >.” 0.1’ ’ 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-07

FERFFR, ER AT SRR RS, MR 0BRSS %

RO AT M. B AU FRINA R SRR Te, AR

exam0203. txt FEYHIA. RS, BRAGHENARINT 5, BiFE.
76 sumnary (Im. so1) J5 ] 577 0 S M ] VB8 EL P-4 25

W ETEAFITALE H, FIFA R ALSEEFIGI 407, AT
e, AT SCPR e R, SR, BEATRAF R AP T
23

KRR, S 0T i, e S 8 X

2.1.3 R FHOGLTERELX
EE H AR P RN 2.5 BiR, MSeE AEEHE H A TR,
1. Xt
EE AR SCF ' A 2.6 Frs.

(1) A RAUH. ..

PATEMANRF. B A RS, .7, 3T “ism AR S
B, EFEEMANRT I (F8N (R), W1 MyFile R. MU ZIHA B SCIF,
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RIS " i B A E

il ks %
|

|
EEREBRLRE

|
HABE

|
5 HIFHE
5 3l T

& 2.5 & 0 ARy RGETT LE

Fig Hi EFE ®O i
RiARME.

ETHEIE R

FIFiZRFME. .

i i

HALIRTE. 5, The R Foundation for 3tatistical Computing
RF L e .. DO05-06-20), ISBM 3-900051-07-0

CINGT N )

1BFEHRE. . {ggiﬂ;ﬁ%n

WENHEF icence () ' FEF BLA 0D Rl S 4 -

FTED. i’-F%)\:i@ZMtleﬂfﬁ.

AR R R R R

i S TR0 7 R AR P E M S| e n R .

B 2.6: FH KA SO SRR

& 9T (0)”. RS PITIZCMHF (MyFile R), HAEER HHA BRIHAUTH
W& (HzE®4, WES—&® AR EEIE), REESE 0 BR

> source("MyFile.R")
WAR, FEEH DIFT source("MyFile .R") 4, EAFEERINEE.

(2) FESLFTHIRE P IAA

A BTRFIA. S SRR, TR R R
BE O, MARERGHN R BT WMAZEE, B8R7F, a1 eis, W
MyFile.R.

(3) FITFREFFRAIAR. .

FTHERRBFIA. B 4THRFHEA. . .7, FTHF “open script” &
O, #FHE— RBJF, 41 MyFile.R, FRafii MyFile R 4@ 8% 1, 7] RAAIAX
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A DX R B (MyFile.R) 2874, sPTIRREF Ho#fo sl ifia <.

(4) BR3fF. ..

BREARSCF. By “BIRXXMFE. .7, AT “select files” B H, MEfF
NS (R 8 . q), W1 MyFile R FERSHA] MyFile R BTIT, WARIAAET 14
fTiZF2E)y (MyFile.R) WYy ekaifian &, (HICIEMIEE N XA F TS0 4.

(5) BATAEZ. ..

PN BRI TAR S M BAR SR, By "R AR, .7, FT0T "2k
AR B 10, FESCIF A3 11 AN BRI SCHF 44, 4 MyWorkSpace, SXFRALE:
* . RData. SIPHHAKINGE, R LIESS AR MyWorkSpace.RData HHHEER AN
LRBOHB] WA, X FRAEA UGE ST, A6 B E TAE2% W] MyWorkSpace . RData
FERML.

P72

> load("MyWorkSpace.RData")

HAF R IEE.

(6) PRAFTAREZZ M. . .

B L ATHY TR M BUR GRAT R — A SO By “IRAF AR, .7, 37T “fR
FIRE]” &0, EXHFAE DA R SCF4, W MyWorkSpace, SCAF2RAY
S * RData, # “BRAF (S)”, %4 Hi0 62 FIWUIG R (775 MyWorkSpace . RData
SO AERARBRATHI SR 4 -5 A B XA B, TSNS RR RE A
EACHF, IRANEREER (02 (Y)), B8R (B (N).

RAF TARZERIBAR AT R AR, 78 PR, AP ITA U625 E R
frian <.

PATaL

> save.image ("MyWorkSpace.RData")

HAF R IEE.

(7) BADTHE. ..

A RIEFE RIS, NG, EEOHFARRAANS, RAER
& BTk, B Ctrl+P . Ctrl+N, AfEyAT RSk, XHRMT s>
VRAYSERLRI .

(8) AT, . .
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B e £ 1 EfEE Ay 20 R RFR] — 4 3CfF . (5% .Rhistory), 0
MyWork.Rhistory. ZXICIFRAISCA S, ML AT RETT T

(9) B METH . . .

BOAE RS AT TAEE . 7ESERE T, R WTIEHRE

C:\Program Files\R\rw2011
e 2.7 frs. FEE DA e TAEE %, 41 D:\XueYi\MyWorkSpace, A%
Browse, IEFEIT R A TAFHE, & 0K B2HIA.

Change directory

AT B R

[ Frogran Files'E\rwill] | [ Browse |

| o ] [cance |

Bl 2.7: PR 4T H R

(10) TEM. ..

FTEI SO

(11) BRAFFISCHE. . .

B E 8 O RICRIRAFRI SO SR (1astsave. txt).

(12) 1B

B R R4 WRB HAT A RE LEZEBUR, NRFESERIRRAE L
e MBUR, IRATERRA (2 (Y)), AR (B (N)).

EEHOHAT 9O w4, BEARERIIRE.

2.

EE DRy g B\ D g 2.8 Frs.

(1) &l

K 24 AT Y SCAS 2 4 2 BT s A

(2) K

e BYMEAR A Y P ZRE G 3 i 247
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RGui
i ey B EFE B0 R

il Ctrl+C

FLME Ctrl+y

HaE R NEars

EHFHENE Ctrl+
= IEHE—

ErETHIE Crl+l

Bl 2.8: F6 Ay i S e

(3) Sl HIKEG G

524 Fire FR By SCAR B B BT A, IR BT AR i N AR G B 24T
(4) HEHE—Y)

e FH 0P SCARNZE.

(5) {EBRTEH &

EEREE D HH A XA N

(6) BidmgntHas. . .

iR CARBIRARR, FRHEERTF LR, i, 76 2.3 F, Kk
HABIECEA I e R, IFESE) ro PREEE, Hdr “BURGER,
“Question” B H, HIAAL rt, WA 2.9 Prx. % OK, BHEERMERE 0, W

Question

RS

|rt

| & | [rancel]

K] 2.9: Question & H

Bl 2.10 s, R s Ban ik, BUURRMxE 0, AR
rt FHYROE A BT R
TEER HPAT fix(rt) a<, W LLAFIFFER H Y.
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g L

Narne Sex Aoge Height |Weight
1 [Alice F 13 56.5 g4
2 |EBecka F 13 65.3 a5
3 | Gail F 14 64,3 a0
4 [Karen F 12 S56.3 i
5 |Kathy F 12 59.8 84.5
& |Mary F 15 G6.5 112
7| Gandv F 11 51.3 50.5

[&] 2.10: KHe A B 1

(7) GUT #&13. . .

A R EPER P S m. B “GULIEIL . .7, i Reui LB A4 R
AR R B B A L R P . RS AT T R AL, (B
fH.

3. HAth
EE A HAT B O 2.11 BR.

RGui
It dmiE il R B0 f5RD
E Pl B RIENTE ESC
v SRt Ctrl+d

it BENE
e | WIS ER R E o &

Pl EHEE

A 211 F£H 0 R HAb R

(1) st H AR5

By i H ARy R A IR S BNEE TR

(2) SRk

By ‘G SfE “Gerbim s ArH BEUROE /, BT BB 22 v

(3) FH HARI 4
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By G HARNE, FlHefA A, EEHOPIT 1sO w4, FLA
FFERERY H A
(4) MR FTH HARX 5

By “MERFTE HinX4”, i s NNETER. EEE 0HUT
rm(list=1s(all=TRUE))

i, FRAKE|FE R H §.
(5) Il AR AR

o B HEREAR, SIHAERCSF (SRR RS, U TEAR
Y AR AR 7 6.

(1] ".GlobalEnv" "package:methods" "package:stats"
[4] "package:graphics" ‘"package:grDevices" "package:utils"
[7] "package:datasets" "Autoloads" "package:base"
FEEHEOPAT searchO 4, FLAARIFEIFER HEY.
4. EFE
EW O RFAT & 0 2.12 Bs.

R6ui

Wi e Hit gl wo #E

HLAEFE.
FECRANERIR. ..
R Console EEERE
EEERE. .
BAERE. .

RAENEzip I REEIEFa

K 212 EHEOHE RFE KHR

(1) BARFA. ..

R BB LR EEARTFEN, BFIFEZRETFE, REEFHMREEA.
INTFEE SPSS MM A BHE S, T B BREL read. spss, HAEM A RITFE A
foreign f2J¥ .

Bl AR, ., RS O, WA 2.13 frR. % foreign,
. XHE LI H read.spss B

(2) ¥ CRAN £if%R. ..
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Select one

| m= || mi |

Bl 2.13: mEHREFEE N

By ‘g CRAN B8, #H CRAN B335 1, B, % B,
EREEEIFE B SRR A

(3) HEEAFHAL. . .

WERRITEE. fTIEE N, B, % e AV B s
TR .

(4) ZERETA. ..

TRFMRTE. B “ZREFE, #H CRAN SHRE D, EHAEMNE
B, T B, MR, THREUE B SRR RN, TEREFE, JEE
LA

(5) EHRFAL. ..

EHOAEMBRTE. B EHETE, B CRAN SHRE O, EHEAEN
GARR, He “BRE. MRS, TRV B SRR S, TEEFE, I
SRR

(6) FAHLEY zip S RZEFETFA. . .

FTHF “Select files”, EHEFFEZFN zip UM
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63

5. g0
EE AR 0T ' E i 2.14 FR.

B 2.14: EHEOHR “E 07 K8

(1) B&
¥irEE HEE.
(2) 4l
HETH B T4
(3) ZHEZE

6. #Bh
EE O AFE B & 0w 2.15 FrR.

=}

T RAIFAR
QQ:J:ﬂindowsJ:REtlFAQ
i (BDFIL )
BEA S Cira ek,
Him1E5Eh

EZHFER.

search. r-project. org ...

#T. ..

EETT
CRANZETT

=T

EATD
EEEF i
EIES A /BT
RESESM

NI ERT BiERE

Bl 2.15: E8 H ARy HHE SR

(1) #E#l &

DLRATE R a4, By R, MR G AR D, WA 2.16 s, &

T 1 At B i 9%
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Information |z|

1) T
@ ﬁ}éﬂ?gﬂown Ctrl+ﬁ;&;ﬁ CtrltHome, Ctrl+End,

HCH .

HEahE
Eﬁiﬁuﬂw AE—F:
HEALEICtr 14T s —h
HomeEiCtrlth: FEF[TL:
End@Ctr1+E: BRNTRE:

FE . Tk, Ctrl+P, Crl+y

Delﬁ[ﬁtrlﬂ] HHERTE BRI BB TR

Backspace: HMEEE HJ#EZHJH@?H_

Ctrl+DelmiCer 14k IR H A SR RAMRE T,

Ctr1+U: M B g Pr R T A IsiEs PR e B Ir =
EHIFOHENE.

HRR TSR TR FEErT.

FHShi £4+0el (EECr 140 IDEFEEIHTE

FHShi £4+Ins (EECtr LHVEED L1+ ) FEREEHII
ﬁjﬂﬁj . Ctrl+isE S HIEHN,

Ctrl+l: ERRErElS
CtrlH]: F%E’atﬁ% B2 XA
Ctr1+T: 5 E iR BT S EE AT HER.

HE: RAES AT ST I E.
R v Rz —IhEE.

FREsCHRPETTER.

AT LA ® i ndow =B8R R
$2ERYE MIIFHCtr1+TabAECLr1+FE, SDIFIAL+Tab)

AR
ETAR A DR FRYIE)

&l 2.16: #Edil 45 0

(2) XF R 1 FAQ

R LA, FAQ J& frequently asked questions Bfai 5. Hidi “T R Y
FAQ”, #Hi R FAQ MTIN%E 1, #R R fAEANE, R MAH. R HEAR
W, RIEFEH SIET, UK RBFFE

(3) 2= F Windows [ R A FAQ

KT RIERGE— L E WRE. B 5T R gy FAQ”, 3l R for Win-
dows FAQ MTIX% 1, HNAEFRZRGHF. BFE. Windows fFe. THE
22 (AR G SRS, %A O R R

(4) F (PDF 3Cf#)

H REMAAIERHFM.  C RATIY . K RZEZFY . « REHTESA
/SHY . C RIEFWENY . (5 RYBETFY A1 « R ZES5EHY . rfF
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FHH2 PDF XS 1 X P02 ) R ARAHEREE T BRI #58).

VA E =22 ORI SO R85 RN, RVEATTAT AR BEE 2 PR #2428 R
BRAFA A

(5) R %L CCASCMF).

#HEha4A. MM T help("Fun_Name"). Hifi “R %L CCASCH)...”, HE
IR O, 1EW 0 AR TG EN IR RS, W In(ZMERA) R, % 0K,
M et Lo R BUBTRY XS T HE, R 1m 092 X5 7%,

LB IS, AL B BIREH help. search("read. spss") (AL
).

(6) Html #Hj

RTOEAR B 0. By “Heml #FBY, Sl MO & O58, A
H DL RER BN, W, TR ERNE.

(7) AEfeHH. ..

IR #H. #H24 T help.search("Fun_Name"). By “FxFk#HEL. . .7, HE
BRI 1, 72 DA FERRYREA, 0 In(ZRHERAL) %L,
T2 OK 82, MIpEw o mBUBMAHEHE, LIS 1n (RAERR) Fem 2
PR (R SRR R % 4).

(8) search.r-project.org

Ml EAR. B “searchr-project.org”, Fedei Bl “GERM(F2 RS
S XEHE, WAERNE, WS B shiEEr s ( http://search.r-
project.org), R VRTFEHI PIEY.

(9) =F. ..

FIHAEH R G545 B, M4 T apropos("Fun_Name"). Hiy “S&F...7,
PSS TXIEE O, 756 1 i A FEERN R SE R4, 0 1n, $ 0K, 1]
e b B BUIRTERE, EEAIEEFFAE In MR HL 5EESA.

FEE: ‘R EE CCAEXX)..” M oeF. . BELYTCAMETFETE
], mOCERFD. . BEEANMEFOTER. Flan, HET MOOeT XHEE
HFETN “read.spss” (£ SPSS P SCHFRED), WEH O HBL “character(0)”,

'TETEIRI TS 2% PDF B34 Adobe Acrobat Reader A RE[E (I T/
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AR, mAHE AR XHEHE, W ESHIHmE O, HIFR
read.spss J§ T foreign &7 4.

(10) R F5

B3] R 751, B http://www.r-project.org/.

(11) CRAN 3T

B3] CRAN F 71, B http://cran.r-project.org/.

(12) XF

4 R WRRAE R

AT A R PR G RAE, B S rEriaH.
221 m@ME

1. MENRE
R i i R s S ERE. AT RS — NN v i, Y
B4R 104, 5.6, 3.1, 6.4 f1 21.7, FI R fi & &
> x <- ¢(10.4, 5.6, 3.1, 6.4, 21.7)
Hr o BAEA, < HRESF, () HEELEE. iRk m%
c() PHERRA L ©.
A—MRIEREUE assign( ), g BN
> assign("x", ¢(10.4, 5.6, 3.1, 6.4, 21.7))
F=FREE XN
> c(10.4, 5.6, 3.1, 6.4, 21.7) -> x
HE—H
>y <= c(x, 0, x)

EXARR y H 1L AR, iR o, PREE.
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XEF AT RMED (+) . 38 (=) . % (+) . Bk (/) f3er (A) 185, HEE
JEXT R BN TCREATIE, HAN, MAMECRIE S R AT A B 5
FAME,

> x <-c(-1, 0, 2); y <= c(3, 8, 2)

> v <K-2xx +y+1; v

(11 297
F—A7, WARE x My, BT, BEETRERRSG AR v, K 2y 2
AW FEE, 1 ZRmENE N ' 1L 25E v 2 BRI
WA, O R KOS R A TIRE, FFA BRI R A 2.

X R AIAIE, BRIL, o7 ST, HE SO MM A E o R,

BrikAIsfeIr 25, W
> x %y
(1] -3 0 4
>x /vy
[1] -0.3333333 0.0000000 1.0000000
> x72
[1] 104
> y7x
[1] 0.3333333 1.0000000 4.0000000
I TFRAEREZST, B, RIEZFHEREEDRITRER.

I, %o | Yo FRREEERIE (Blan 5 % / % 3 A1), % % FmsRKR%E (Filan
5% % 3K 2).

WA LMERBGETE, WEAYIFEREL, A log, exp, cos, tan, sqrt . 2 HAL
O, BB EMER R R, A& BBOH N R EE. a0

> exp(x)

[1] 0.3678794 1.0000000 7.3890561

> sqrt(y)

[1] 1.732051 2.828427 1.414214
B sqre(-2) 2441 NAN AR AR5 8, 0 SORORRETF 7. (EIm AR f
BRGE5, N ANERVHECY sqre (-2+01).

3. SRBEEHXNEK
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I H— 5 R A SR R
(1) SRrap iy e/ ME. B IAEAN I B R %X
min(r) . max(r) ., range(r) Z;AIFRRIEE v WE/r R, RKRTEA
itz ATEHE, B [min(z), max(z)]. 40
> x <- c(10, 6, 4, 7, 8)
> min(x)
(1] 4
> max(x)
[1] 10
> range(x)
(1] 4 10
5 min() (max()) BRI EEE vhich.min() (which.max (), F/RIEL LD
SR ER/D (BK) H, W
> which.min(x)
(1] 3
> which.max(x)
(11 1
(2) SKFeREL, SKAFFHREL.
sum(e) ZARHE © SR2ZA, B Y o, prod(x) Z7sk @ 4 kIETR

i=1

1, ljx AT length(r) FRoR iR « S REAR B 0.

(3) Wik, BWE. &, tRHEZRIGFSETH .
median(z) F/RKEE © APAE. mean(x) FRRE » ME, A
sum(z)/length(z). var(z) FRRAE « A2, B
var(z) = sum ((z — mean(z))?) /(length(z) — 1).

sd(z) FmsRmi o MRMEZE, B sd(v) = \/var(z).
sort(w) AR FTRE = J/NHIF, B SEHEB IR i, OORSE .
MV E FFRE order(x) B sort.list(x) FH. Hilan, 4 x<-c(10, 6, 4, 7, 8)
B}, sum(z). prod(z). length(x). median(z) . mean(x) . var(x) il sort(z)
R R AR 35 . 13440, 5. 7. 7. 5f14 6 7 8 10.
ARIIE. TTEFFOTRIERM B BRI IE, R RN,
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2.2.2 FEFHENFS]

1. FEH5|

a:b FZR M a FFE, ZWn 10K 1), BEF] b A1k a1 x <- 1:30 /"
== (1,2---,30), x <- 30:1 F/RME = = (30,29,---,1). 24 a HEE, b
R, R acb BSkr, HERRZE 1 WY a MEEL b ySEEN, aib R
AR ZE 1 Ry ERa R W

> 2.312:6

[1] 2.312 3.312 4.312 5.312
> 4:7.6

[1] 4567

FEE: x <- 2¢1:16 JFARRFIR 2 3 15, MERRME v = (2,4,---,30),
B x <= 2 x (1:15), WatRRFZBHMTRLZN. FE, 1:n-1 FARFR
L& n-1, MERFREE 1o 8% 1 AFEFR 18] o-1, WFEX o-1 hifE5.
FEAE T T P AR AR 22501

> n<-5

> 1:n-1

(1] 012 3 4
> 1:(n-1)

[1] 1 23 4

EE: X/ THEHEE A ST RRE.
2. FrEIfRRE
seq() RBUZE —MATREL, B EFREREAES, HEALEX

seq(from=valuel, to= value2, by=value3)
BN valuel FF45, | value2 Z553, a]AyE]fE-~ value3.
> seq(-5, 5, by=.2) -> sl
FRME s1 = (—5.0,—4.8,—4.6,---,4.6,4.8,5.0). )\ FiRE XkH, seq(2,10)
ST 2:10, EAERF R E BRI T, HEFEY 1.
Xt T seq BRELEA H—FrE T,

seq(length=value2, from=valuel, by=value3)
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B\ valuel F74E, [EIRGA valued, HaE K value2. 41
> s2 <- seq(length=51, from=-5, by=.2)

AR s2 S s1 AH[A].
3. EEHH
repO) EEE R, BV KX —MEEES TIRFERAFHEES, @
> s <- rep(x, times=3)
Bk it « R 3 1%, AEZR s . W
> x <- c(1, 4, 6.25); x
[1] 1.00 4.00 6.25

> s <- rep(x, times=3); s

[1] 1.00 4.00 6.25 1.00 4.00 6.25 1.00 4.00 6.25

2.2.3 ZEME
H5HEES M, R KEAFEHZERE LYPZHZFNER, REME
& TRUE, 43282 5 B, R EE K FALSE. #i4n
> x <- 1:7
>1 <-x >3
HeE R K
> 1
[1] FALSE FALSE FALSE TRUE TRUE TRUE TRUE
BHRIZHMHE <, <=, >, >=, == (RRHFT) Ml =FRAEFET). WHR 1
il c2 B ANEHIIAA, M cl & 25878 c1 “5” c2, ¢l | c2 /R el “E”
c2, 'cl TR “dE c1 ”.
A A AT DARAE, 4
> z <- c(TRUE, FALSE, F, T)
Hrdr T & TRUE (faiE, F /& FALSE {Hj5.
FIWr— A Z S E N B ER R BUE all, i
> all(c(1, 2, 3, 4, 5, 6, 7) > 3)
[1] FALSE
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HIWr S H G BN R EUE any, 40
> any(c(1, 2, 3, 4, 5, 6, 7) > 3)
[1] TURE

2.2.4 GREEIE

F NA SRR FEAb R P s A Bk 2. A
>z <- ¢c(1:3, NA); =z
[1] 1 2 3 NA
PREC is.na Q) ER B AREER A R, R E{E N E (TRUE), M3k B %L

PSR R, SRR BME YR (FALSE), MIBLEER AR ILHE.

> ind <- is.na(z); ind

[1] FALSE FALSE FALSE TRUE
MR FERHRBARSCH 0, WA W T w4

> z[is.na(z)] <- 0; z

[11 1230
BRI RBOLE is.nan O (KMEHR &G A€, TRUE A A E, FALSE HHfE),
is.finite ) (KEIE &G AR, TRUE N AR, FALSE HF55), is.infinite()
(KRS M Jo9¥, TRUE 4TG5, FALSE AAIR). #l4n,

> x<-c(0/1, 0/0, 1/0, NA); x

[1] 0 NaN Inf NA

> is.nan(x)

[1] FALSE TRUE FALSE FALSE

> is.finite(x)

[1] TRUE FALSE FALSE FALSE

> is.infinite(x)

[1] FALSE FALSE TRUE FALSE

> is.na(x)

[1] FALSE TRUE FALSE TRUE
e x WA, 0/1 850, HATE is.finite (RN T 2H, HARHHRK.
0/0 FAHE, {HXFPR%L is.nan M is.na RPN FYAE, XOZRF ARHEE
MU ESRREIE.  1/0 HI65, HMHRFAE is.infinite fll FVE. NA
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RERREE, RATE is.na M N RHE, K RSREHEIHABAH EEIE, ik
TE is.nan R AR,

SR EBE ., SARBERIRAE, 7T RAR R X S BER IR E R 7 B
JTRAE.

2.2.5 FHE@E

[ ST W A AR E. i,
>y <-c ("er", "sdf", "eir", "jk", "dim")
Y,
> c("er", "sdf", "eir", "jk", "dim") ->y
JUEEE)
>y
[1] "er" "sdf" "eir" "jk" "dim"
" H paste REUHRICER B A EER —NFra, P HZESIF, i,
> paste("My","Job")
[1] "My Job"
TR B AR ] DUR i, XX TR IEREER, < BEAAH [F] I Y ) &
WEEMH. BARTTDUREAE M E, BN H IS 4 F A B,
m,
> labs<-paste("X", 1:6, sep = ""); labs
[1] "X1" "X2" "X3" "X4" "X5" "X6"
SRR FRFTTIRY sep ZHCHIE, BT THIF A4 A4S0/
> paste("result.", 1:4, sep="")
[1] "result.1" "result.2" "result.3" "result.4"
KT paste BREL, AU TILFHE.
> paste(1:10) # same as as.character(1:10)
(1] "1 vQm  ngm ongwoowgnoongnoowymoongnoongnowqQgn
> paste("Today is", date())
[1] "Today is Tue Sep 13 16:16:29 2005"
> paste(c(’a’, ’b’), collapse=’.’)
[1] "a.b"
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2.2.6 E¥Hm=E

R SRR BuE. FRHBEREHEF RN, W 3.5+2.11. complex
A EBOTR A, ATLAA complex () BUEME RIME. W
> x <- seq(-pi, pi, by=pi/10)
> y <= sin(x)
> z <- complex(re=x, im=y)
> plot(z)

> lines(z)

Hf—rRehmE x ’E, SRRNE y E, F=ATRWEER

1.0

0.5

Im(z)
0.0

-0.5
|

-1.0

Re(z)

Bl 2.17: % 2 = o +isin(x) YRR EIRHTZLRE
i, oA x OMSEES, vy MBI BT RLHERNE z WEUEE, FHT
X SR, K 2.17 A H T AN A EDE.
MTFEEGER, ReO BHHERAEE, InO RBIHHIFHEEHET,
Mod ) EHAERAE, Arg() BT EEAIEMA.
2.2.7 METHREE

R ARME T+ REM VI RETRM R’ TR, R—1PuER
ZH x[1] iU, Hrf x B—AmiE4, s MR REAREX, W
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> x <- ¢(1,4,7)

> x[2]

[1] 4

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

[1] 8
APV — TR BIME,

> x[2] <- 125

> X

[11 1 125 7

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

> X

(1] 144 125 169

1. ZEMNE

v Al x FREHENE, xv] BREEEG v yEENITER, W
> x <- ¢(1,4,7)

>x <5

[1] TRUE TRUE FALSE
> x[x<5]
[1] 1 4

AT A ) A i R B R IR 0,
>z <- ¢c(-1, 1:3, NA)

> z[is.na(z)] <- 0
> z

[1] -1 1 2 3 0
o, 7] DL 1y f RS R BAR RS 55— i,
>z <- ¢c(-1, 1:3, NA)
>y <= z[!is.na(z)]
>y
[1] -1 1 2 3
SAEM N ATE S,
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75

> (z+1)[('is.na(z)) & z>0] —> x

> X
(1] 23 4
HOE TR STCR ERI ARG B ARAE T AR T AL G 7T LA RE SCI LRy 7 Be ek %, 191
m, g
l—2, <0
S
1+2, >0
CIRYY:|

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

KFR, HA numeric PRECE S AERUER M .
2. FTHREEEHZE

v A—AEE, THRBIEAE 1 %] length(v) Z[H, BEAFEER, #l,
> v <= 10:20
> v[c(1,3,5,9)]
(1] 10 12 14 18
> v[1:5]
[1] 10 11 12 13 14
> v[c(1,2,3,2,1)]
(1] 10 11 12 11 10
> c("a","b","c") [rep(c(2,1,3), times=3)]

[1] llbll l|al| |IC|I llbll |la|l IICII llbll IlaN llCll
3. TR BHER

v y—AN i, TARBUETE —lenght(x) #| —1 Z &,
> v[-(1:5)]
[1] 15 16 17 18 19 20

R R TTER.
4. BFFEEN TR E
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T SR AZE ST R L4,
> ages <- c¢(Li=33, Zhang=29, Liu=18)
> ages
Li Zhang Liu
33 29 18
RO RE SCHY T v] LA RTE W A Ipik in], S38E Rl DA JE R 44 TRV R ST R BT
RT4, fil:
> ages["Zhang"]
Zhang
29

i TTRA P LU,
> fruit <- c(5, 10, 1, 20)
> names(fruit) <- c("orange", "banana", "apple", "peach")
> fruit

orange banana apple peach
5 10 1 20

2.3 ¥MBEHMECHEXESENE

RBE—METXREIIES. ROXNREE TETITRIENEESE, 5350
T — LR IRRR PR B 1 (attribute), FFRLE T — L4 BRAE (AITHL,
)., —AHERE IR, —AEERE-INR. R WG yHRLL
(atomic) XIRME G (recursive) XTR BT, FAAERF G B A TR AR —Fidk
AR (WEUE. T8, TRAHEXNR; EGXRAITTR I LUEAR A
MR, B—PIHRETHNE.

2.3.1 EEREM: mode F0 length

R RGN EARG RN mode(CRAY) HYEM length(RJE) JEM:. K
mEE RS logical((BHA) | numeric(F{EA) . complex(FHH) |
character (474, Hin

> mode(c(1,3,5)>5)
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[1] "logical"

R XA —FRE A null(S{ER) 2, HA—MFRRIRE NULL {E X i
A, FREHE (RFET NA, NA B—FRFoRE, 1 NULL RABAHXSRE).
BRI R R EGHEM, AFZANEMT is.numeric) HYRKEALASE
A, is.numeric(x) FSRRZRXTS x EENEER, BRE—AZHEALE
is.character O FJRIRERXTRZER N FAA, FF. W
>z <= 0:9
> is.numeric(z)
[1] TRUE

> is.character(z)
[1] FALSE

REBRIERR R WRTRNE,
> length(2:4)
(1] 3
> length(z)
(11 9
EEFEAVHREDY 0, BEA A E A B E R8N numeric () B numeric(0),
FERERRKE NEFE RN character() 5 character(0).
R AT RASR | AT 2R A e e, o4
> digits <- as.character(z); digits
[1] "O" nmin mwQn w3 ngw wgw wgn wyw ugw ugn

> d <- as.numeric(digits); d

[11 0123456789

FMREEBUERR z FBOv P AL digits. 55 /MR{EIL digits N
PO TRAERR d, XBF d Mz B2—FRR 7. R EFFSEHRLU as. LR

2.3.2 BRMROKE

SHEFTRAR 0 KESIEEECHKE. R VB K EN TR,
KB X R B S DI TR, RBETTEREEE (NA), fildn
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> x <- numeric()
> x[3] <- 17
> X

[1] NA NA 17
FE I R B R TR EE ST rT A T,
> x <= 1:3
> x <- 1:4
(11 1234
BHEX R RENE 2 ? RERER—MREEN TR T. W
> x <= x[1:2]
> X
[1] 1 2
> alpha <- 1:10
> alpha <- alpha[2 * 1:5]
> alpha
(1] 2 4 6 8 10

AR R ERE, W
> length(alpha) <- 3

> alpha
(1] 2 4 6

2.3.3 attributes() F0 attr() K%

attributes(object) JREIX4 object WAFFIRIBIEAMAIFNZE, NEHE
&4 J& 1 mode fl length. fil#n,
> x <- c(apple=2.5,orange=2.1); x
apple orange
2.5 2.1
> attributes(x)
$names

[1] "apple" '"orange"
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APAH attr(object, name) AYFEAIFEFTE object W44~ name HYJEM:. #i
i,
> attr(x,"names"
[1] "apple" "orange"
WATLAE attr O BREEEMRIE R 2230 AU IR VR EE0E SO e 1, il an,
> attr(x,"names") <- c("apple",'grapes"); x
apple grapes
2.5 2.1
> attr(x,"type") <- "fruit"; x
apple grapes
2.5 2.1
attr(,"type")
(1] "fruit"
> attributes(x)
$names

[1] "apple" "grapes"

$type
(1] "fruit"

2.3.4 X5 class B

£ R AR LAURA%FIRET class JRMRSIRFE ORI FREXAS, XTRHT class
JEIERIRX X RIYZE, W] LA H i ] o8 ORI G 2R A Rl AT A R A A,
tan, print O BT R BN R BRITERAR, plot O BMETARZE
i 5 A B AEA R B .

N T ERER—NHRBXTRE class JEME, FLAEH unclass(object)

24 [AF

SRR EZEIGN: KEZRE, 4 ERMARFALR. KEERE
BGELERRUE, FTRAEATSRA, T ESFES. 2 3R B A G e,



80 —E R ®MAREH

FTARBENR, WAl AUE, HEARBEBA BRI R S, A
M, R BRI KB A SRR, Ay, Bk, HFARRMYE

2.4.1 factor() ¥

F B ARG SRR R L, £ RERGH, hTH—ER, FHEF
(factor) ReZ/RIXMRAR AR, Hlan, HIE 5 A AEm R, HEFZRRR
> sex <- c("M","F","M","M", "F")
> sexf <- factor(sex); sexf
(1] MFMMF
Levels: F M

PR factor O HIRAE— RGN — M E 1. KBy

factor(x, levels = sort(unique(x), na.last = TRUE),

labels, exclude = NA, ordered = FALSE)

Horb x JEmdd, levels /K-, WILLEATIRE & REUIRE, AERH x A
[F{ESKRSRTS.  labels W] LAFISRAE & &K F-RIPREE, A1 % I 2 B iU fE Ay X
AP H. exclude ZRURAE E BB KME (NA) BT RESLS. AR
182 T levels, ME RIS i MNCRYEFT/KFFE j M ITRER "5, W
REMEERE HITE levels H, NIXWEFILRER NA. ordered FHAE
(TRUE) Ff, ZRm B T7KFRARIFHY (RmiGy); B0 (SE1(E) —ICKIFH).
B PAH is.factor() feIeXtE£ AR+, H as.factor() fE— | EEEH
T
%L 1evels O AIRARFIA F@Y7/KF, 40
> sex.level <- levels(sexf); sex.level
(1] "F" "M"
XHFHE PR, "R table O SRS REIRAIEL. i,
> sex.tab <- table(sexf); sex.tab
sexf

F M
2 3
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RKRFME3I N, L2 A tableO WEERE-MHTRANINE, STRAN
BHF7KF, STTREAZAKTH L BRE. T table M A%, ERHEIESV
3.

2.4.2 tapply() %
AR T HE 5 Prr BRI, EHANE 5 MR S &, ARSI
FIfH.
> height <- c(174, 165, 180, 171, 160)
> tapply(height, sex, mean)

F M
162.5 175.0

PREL tapply O WY—MEfEERE N
tapply (X, INDEX, FUN = NULL, ..., simplify = TRUE)

Ho X B—WR, @HE—[E, INDEX 25 X FRFERENET, FUNEFR
MR RAL,  simplify RaZHACH, By TRUE(BR4) Ml FALSE.

2.4.3 gl() FH

gl O RBTAT = A N 1, He— M il 2

gl(n, k, length = n*k, labels = 1:n, ordered = FALSE)

Hrbn KPR, k WEEIHIREL length HZERAKE, labels E—1 n
demir, RBEFIKF, ordered E#FHEAE, RNEGANATFHF, REHERN
FALSE. 111

> g1(3,5)

(1] 111112222233333
Levels: 1 2 3
> g1(3,1,15)

(1] 123123123123123
Levels: 1 2 3
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2.5 SREMAIFER
2.5.1 ERMASIER

WA (array) AJRVE BT 2 TRRREM R TR B S, #HRRE
ERABAMAERE, BrIUALERM (a8, 28R, FH0H). R fJLMR
RO A AR, Fenl R AR (LX),

BAAA — BRI AR i B (dim &), 4Rk B2 — oo R UR 2
BoERr R, AR R ZERL, Handelim A WAoo R R4 oy 48
(REFE). BB B —NITRIEE TiX Mgy LA, TR TR ER L.

1. ¥mEEESREE

i A T 4ER A & (dim B8 E) JEA RERCE RS54, -
> z<-1:12
> dim(z)<-c(3,4)
>z
[,11 [,2]1 [,3] [,4]
[1,] 1 4 7 10
[2,] 2 5 8 11
[3,] 3 6 9 12
VR MR TCEEIIAERR. AT U B O — 4R, .
> dim(z)<-12

> z

(1] 1+ 2 3 4 5 6 7 8 910 11 12
2. H array ) R¥EZLEZLA
RRAFTAM array O sACEBMERA, HHER 0
array(data = NA, dim = length(data), dimnames = NULL)
Hort data 2 AEEIE, dim BRASAENRE, SVERCYE R KE.
dimnames ERALEMH T, BREMYZE. W
> X <- array(1:20,dim=c(4,5))
FRE—AS 4 x 5 B R (), B
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[,11 [,2]1 [,3] [,4] [,5]
[1,] 1 5 9 13 17

[2,] 2 6 10 14 18

[3,] 3 7 11 15 19

(4,] 4 8 12 16 20
H—Mr N

> Z <- array(0,dim=c(3, 4, 2))

ERENXT A 3x4x2 =28, HITRWN 0. XL R BAEY
sk,

3. H matrix() REHEERE
PR matrix () JEAERERE (T 48504 s, HAaEE Ry

matrix(data=NA, nrow=1, ncol=1, byrow=FALSE, dimnames=NULL)
Hrr data 22— mEEHE, nrow ZHEMFMITEL ncol REMEMIIE. 24
byrow=TRUE B, AR MR BIRTZATIHCE, SR IAH 24 T byrow=FALSE, $#Efk
FIWCE.  dimnames EXZHZERM AT, SRAER NZ.
WeE—A> 3 x 5 B rE R
> A<-matrix(1:15, nrow=3,ncol=5,byrow=TRUE)
> A
[,11 [,2] [,3] [,4] [,5]
[1,] 1 2 3 4 5
[2,] 6 7 8 9 10
[3,] 11 12 13 14 15
ERE, T PR S i A s U2 F Uy
> A<-matrix(1:15, nrow=3,byrow=TRUE)
> A<-matrix(1:15, ncol=5,byrow=TRUE)
IEEHFE ALY Dyrow=TRUE 223, NISCELFIHCE.

2.5.2 AT
BAHmE—FE, TRAXEAF RS TT R Tihm, s TiE s
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1. BH TR

BEUiRBARNFEN TR, REEHHAAM TSN HES 2T T iRE
A, 4 al2, 1, 21. %W
> a <- 1:24
> dim(a) <- c(2,3,4)
> al2, 1, 2]
(1] 8
HE— B UTEEE— D T ES — D M i, RRX —4E0 irg fa
E TIRITR, W all, 2:3, 2:3]1 WHHrAEH—TWA 1, BTN 2 5 3,
F=TWH2H3WITER. W
> al1, 2:3, 2:3]
[,11 [,2]
[1,] 9 15
(2,1 11 17
HE, BAE—ERIE—-NTir, BT, BERE— MM ER 2 x 2
W%
Th, WURMEE R 4R MR, IR ZgEeik. B,
> all, , 1]
[,11 [,2]1 [,3] [,4]
[1,] 1 7 13 19
[2,] 3 9 15 21
[3,] 5 11 17 23
BHEFER—TWA 1 TR, B3—MERK 3 x 4 %A,
>al , 2, 1
[,11 [,2]1 [,3] [,4]
[1,] 3 9 15 21
[2,] 4 10 16 22

BHTESE TR 2 MITRBR—1 2 x 4 (3.
> al1,1, 1]
[11 1 7 13 19
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M HREARE]— MK E N 4 iy, RERE. al , , 1 5 all #FEREA
B,

> a [1<-0
Al ATEAS B RO 4500 264 T BT R AR 0.

A —FRFER TR IMERXT TRA R —A T inm i (B, A=),
tean

> al[3:10]
[1] 3 4 5 6 7 8 9 10

X 22 M R A B KU R AR A 2R AR R R A Bt LB TR
2. FRNEIELE T 4R

ERIESH, B2 AR BT RIEABAV N, Kk
F— N HEAE AR TR, AN E T2 IR TR, 515k
BAHMZER. a0, B8 RRATEAR N 2 x 3 x4 %A a 956 [1,1,1], [2,2,3],
[1,3,4], [2,1,4] SN TRERN—DEKYIE, o8 X—PMEEXE TR
VEAATHI 250

> b <- matrix(c(1,1,1,2,2,3,1,3,4,2,1,4), ncol=3, byrow=T)

> b

(,11 [,2] [,3]
[1,] 1 1 1
[2,] 2 2 3
[3,] 1 3 4
(4,1 2 1 4
> alb]

[1] 1 16 23 20
EERG R R, ROTEF XX LA TR RE, -
> a[b] <- ¢(101,102,103,104)
119

> a[b] <- 0
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2.5.3 FHAMHONLZEE

FIDIMECAH Z TGS (¢, — o o« /), IXBFER TR R X e
RHNEZESE, SN2 eE A — Rz EARDERE (din JE 2 2AHR). 4
n,

> A <- matrix(1:6, nrow=2, byrow=T); A
[,11 [,2] [,3]

[1,] 1 2 3

[2,] 4 5 6

> B <- matrix(1:6, nrow=2); B
[,11 [,2] [,3]

[1,] 1 3 5

[2,] 2 4 6

> C <- matrix(c(1,2,2,3,3,4), nrow=2); C
(,11 [,2] [,3]

[1,] 1 2 3

[2,] 2 3 4

> D <- 2*C+A/B; D
[,1] [,2] [,3]

[1,] 3 4.666667 6.6

[2,] 6 7.250000 9.0

XA AT LB R, BEZHAT I, J8002 SRR 2 S0 2 IR R R 2 S
IR, (HECHMTE. BRzE bR L RBH Ao AL S e R B 5L

TR — S i (SRL) T BAREATIIE Y, — i LI 6t (s
BA) hryBaR S N (B3 FRBEETEE, R (EEH) B
BARPEFE A, AmAT S (B8 aRHEFTIRR, JF/3 T REfR B 3L
R R . B,

> x1 <- ¢(100,200)

> x2 <- 1:6

> x1+x2

[1] 101 202 103 204 105 206

> x3 <- matrix(1:6, nrow=3)
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> x1+x3
(.11 [,2]

[1,] 101 204

[2,] 202 105

[3,] 103 206
RS, L SHALFERZER, RS, 2R A TLECR,
SiRHES. W

> x2 <- 1:5

> x1+x2

[1] 101 202 103 204 105

Hef2=
%D FI:%\‘

KA HIRX R AR BARM R B EMAER in: x1 + x2
2.5.4 EEHEE
X ELf A R R R AE 5
1. HEER
XTHRERE A, BREL (A FRFERE A R, B AT 4o

> A<-matrix(1:6,nrow=2); A
(,11 [,2] [,3]

[1,] 1 3 5

[2,] 2 4 6

> t(A)
[,11 [,2]

[1,] 1 2

[2,] 3 4

(3,] 5 6

2. X7FRERATSI=
PR det O RRITHEATHIXMIE. W0

> det(matrix(1:4, ncol=2))
(1] -2
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3. MEMAR

XEF n gEAE o, AR nox LS L x o0 R 5 2 5y BAHR
ARy, W x % yRome Sy fENER. B,
> x <- 1:5; y <= 2%1:5
> x Ixhy
[,1]
(1,1 110

PRE crossprod () JEHFIEFHREL (TR XEMH), crossprod(x,y) TTH
Wiz 5y A, B Pt (x) %% y’. crossprod (x)FRme Gy AR, Bl [z]3.

KA, tcrossprod(x,y) R ’x W% t(y)’, BlaGyrsR, WAk X
L. tcrossprod(x) E/n ¢ 5 x fESMFH.

4. mEMHIMR (XA

Wor,y & n dEmE, N x %% yRReHyESME. fln,
> x <= 1:5; y <= 2%1:5
> x hoh y
[,11 [,2] [,3] [,4] [,5]
[1,] 2 4 6 8 10
[2,] 4 8 12 16 20
(3,] 6 12 18 24 30
(4,1 8 16 24 32 40
(5,] 10 20 30 40 50

PREL outer ) BAMZBIIRKEL, outer (x,y) Wi HE » 5 y BSMR, E
ZN T x %ol y.
BREL outer O By—IA AN
outer(X, Y, fun = "x", ...)
Hor X, Y R (), fun RAESMUZTREL, SREENFILZH. KA
outer ) TEZH =Z4EM I AEH A, EFAER— XM Y BRE. XTELE
2t = HEH A R TE SR =5 3.3.1 7 iFE.

5. FERERYRIE
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WERFERE A M B HAME 4R, M A x B FRIRFE M XS M 1 ST R 1 3
L, A% * % BRAEEE TR ERER SRR (HSRBREM A 15155
THME B #1750, W
> A <- array(1:9,dim=(c(3,3)))
> B <- array(9:1,dim=(c(3,3)))
>C<-A xB; C
(11 [,2] [,3]
[1,] 9 24 21
[2,] 16 25 16
(3,] 21 24 9
>D <- A %) B; D
(11 [,2] [,3]
[(1,] 90 54 18
[2,] 114 69 24
[3,] 138 84 30
HIRERZEMNFTIEE, x % * % A % * % xR IRAL
PR crossprod(A,B) F/RAYE t(A) % * % B, pRA%Y tcrossprod(A,B) 3
RHSEA % * % t(B).

6. R AREFIZEREI N AIE R

BREL diag(O) KB T EMAR, 4 v 2—PrER, diag(v) R vy
TR MM ALITTRII ARE. 24 M —NERER, T diag(M) R7RByZH M Xt
ML ERTRY IR, W

> v<-c(1,4,5)
> diag(v)
[,11 [,2]1 [,3]
[1,] 1 0 0
[2,] 0 4 0
[3,] 0 0 5
> M<-array(1:9,dim=c(3,3))
> diag(M)
[1] 1 59
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7. WREMEAIREFOR B B8 FERE

FORBERETRA Av = b, KB R solve(d,b), KEEME A fyi, H
A TER N solve(A). & FE 4

1 2 3 1
A=|45 6 |, b=]1
7 8 10 1

NIEITARA Av = b WfE « FORFERE A fSERE B B2
> A <- t(array(c(1:8, 10),dim=c(3,3)))
>b <- c(1,1,1)
> x <- solve(A,b); x
[1] -1.000000e+00 1.000000e+00 -4.728549e-16
> B <- solve(A); B
[,1] [,2] [,3]
[1,] -0.6666667 -1.333333 1
[2,] -0.6666667 3.666667 -2
[3,] 1.0000000 -2.000000 1

8. RIEMFIIHEESHIERE
PRE eigen(Sm) JESRXIFRMEME Sm pFFIEE S FFIER R, Har&Eh

> ev <- eigen(Sm)
N ev FFCERPRARE Sm FAAEEFIFAE &, BHIIFREXS HE CHXR55E
MIHES I 2.6 7)), HA ev$values & Sm BIEEEM R M, ev$vectors &
Sm HYRFE [ B B R M. 40

> Sm<-crossprod(A,A)

> ev<-eigen(Sm); ev

$values

[1] 303.19533618 0.76590739 0.03875643

$vectors

[,1] [,2] [,3]
[1,] -0.4646675 0.833286355 0.2995295
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[2,] -0.5537546 -0.009499485 -0.8326258
[3,] -0.6909703 -0.552759994 0.4658502

9. FERERYET RIES

PREL svd(R) BXTRERE A fEar AR, B A= UDVT, Kt U, V 2IE

KM, D OgXt ke, WEURAERE A BETSRIE.
svd(A)$d ZnHERE A AT RME, RIAERE D fXt & LR TR,

N SEIEARZE U, svd(A) $v XTI SEIERCKE V. #ilan,

> svdA<-svd(4);
$d
[1] 17.4125052
$u

[,1]
[1,] -0.2093373
[2,] -0.5038485
[3,] -0.8380421
$v

[,1]
[1,] -0.4646675
[2,] -0.5537546
[3,] -0.6909703
> attach(svdA)
> u %x*% diag(d)

svdA

0.8751614 0.1968665

[,2] [,3]
0.96438514 0.1616762
0.03532145 -0.8630696

-0.26213299 0.4785099

[,2] [,3]
-0.833286355 0.2995295
0.009499485 -0.8326258
0.552759994 0.4658502

Toxh £ (v)

[,11 [,2] [,3]

[1,] 12
[2,] 4 5
(3,] 7 8

3
6
10

svd(A) IR EME WIS ZR,

svd (A) $u X}

TELHAERH, attach(svdA) B THAAZRE u, v, d ZfET svda

[, XTF attach() PREXHIEEHIJTIRRAE 2.6.2 T/ETEANN 4.

10. RIEFEFHYITIIREYE
PREL det (A) JESRHEFE A

475N AE.
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> det(A)
(1] -3
11. &/MIEE QR 4
PRAL 1sfit () AR EMERHR/D IR GHILR, M
> 1sfit.sol <- 1lsfit(X, y)
75 /DA SR, Hh y B R, X RUotERE. filam

x 0.0 0.2 0.4 0.6 0.8

y 0.9 1.9 2.8 3.3 4.2

PeZethi/D M, HarSuh:
> x<-c(0.0, 0.2, 0.4, 0.6, 0.8)
> y<-c(0.9, 1.9, 2.8, 3.3, 4.2)
> lsfit.sol <- 1lsfit(x, y)
BRI R ESNIFRERX GRTIIRMMEBRAE 2.6 TiTie)
> 1sfit.sol
$coefficients
Intercept X

1.02 4.00
$residuals
[1] -0.12 0.08 0.18 -0.12 -0.02
$intercept
[1] TRUE
$qr
$qt
[1] -5.85849810 2.52982213 0.23749843 -0.02946714 0.10356728
$qr

Intercept X
[1,] -2.2360680 -0.8944272
[2,] 0.4472136 0.6324555
[3,] 0.4472136 -0.1954395
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[4,] 0.4472136 -0.5116673
[6,] 0.4472136 -0.8278950
$qraux

[1] 1.447214 1.120788
$rank

[1] 2

$pivot

(1] 12

$tol

[1] 1e-07

attr(,"class")

[1] "qI'"

Hrp $coefficients EHUG HREL, $residuals EEFRZE, HMSEIRAER

TEfRE, KRBT

5 1sfit O RECHE VIR RS 1s.diagO, ERHUGHE—P RS

HEE.

AR/ R EFEIRARWREOE QR 2RI qr O, MERFESE

KRB, BUWTERE qrO, qr.coef(), gr.fitted() fil qr.resid(). N T #—

WIHRIX A, F LT

> X<-matrix(c(rep(1,5), x), ncol=2)
> Xplus <- qr(X); Xplus
$qr

[,1] [,2]
[1,] -2.2360680 -0.8944272
[2,] 0.4472136 0.6324555
[3,] 0.4472136 -0.1954395
[4,] 0.4472136 -0.5116673
[5,] 0.4472136 -0.8278950
$rank
(1] 2

$qraux
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[1] 1.447214 1.120788
$pivot
(1] 1 2
attr(,"class")
(1] "qr"
QR 7 fpR %L qr O W AR BOHAERERZEMLL 1 AT RS, HaR E{ERS5E,
Horb $qr R E=MAMR QR @RI R ERE, T=AF% QR /2#H
FIIERHE Q RHME R,  $qraux & Q WKTINMGEE. HEE, XM NSRS
RERE 1sfit O B EIRZMF Y.
A QR 721 9 45 R s/ 3R m) R AL
> b <- gqr.coef (Xplus, y); b
[1] 1.02 4.00
REN R BT RE 1stit O WRMFR, Ei 2 XL THHEE? X2
HH QR e R/ N I AR, HATRIRE W — BT IEE /).
Fefohst, wTRLES QR MR R/ Rry M-S EM R ZE.
> fit <- gr.fitted(Xplus, y); fit
[1] 1.02 1.82 2.62 3.42 4.22

> res <- gr.resid(Xplus, y); res
[1] -0.12 0.08 0.18 -0.12 -0.02

2.5.5 5k (H4E) SRFXMEH

1. BRFERERVER

PREL dim(A) TBFNFERE A MUZERL, REC nrow(A) 1BRIAERE A B175L, R
ncol (A) RENIH M A WyFI%L. 4
> A<-matrix(1:6,nrow=2); A
[,11 [,2] [,3]
[1,] 1 3 5
[2,] 2 4 6
> dim(A)
(1] 2 3
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> nrow(A)
(1] 2
> ncol(A)
[1] 3

2. JEEMEFF

PBREL cbind O EH B A BB SN —PRERE, rbind(O) EH ARG
PEL— A RHFERE. cbind O B AR ZEFSREES MRy ER, 2R
EENZASE.  rbindO B EHZREEFSEFETm RN RN, 5ARKYTE
FERNZAE. RS 58RI RE, WEFEERIE W

> x1 <- rbind(c(1,2), c(3,4)); x1
[,11 [,2]

[1,] 1 2

[2,] 3 4

> x2 <- 10+x1

> x3 <- cbind(x1l, x2); x3
[,11 [,2] [,3] [,4]

[1,] 1 2 11 12

[2,] 3 4 13 14

> x4 <- rbind(x1l, x2); x4
[,11 [,2]

[1,] 1 2

[2,] 3 4

(3,1 11 12

(4,1 13 14

> cbind (1, x1)
(,11 [,2] [,3]

[1,] 1 1 2

[2,] 1 3 4

3. JERERVRIE
WA B—NERE, NIR% as.vector (A) LA LUBHAEREEEAL HIa &,
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> A<-matrix(1:6,nrow=2); A
[,11 [,2] [,3]

[1,] 1 3 5

[2,] 2 4 6

> as.vector(A)

[1] 12345686
4. BANEET

AT LIA— @ dimnames {RIFSLERI D TR 44, GR45 I 4 NULL.
m
> X <- matrix(1:6, ncol=2,

dimnames=1ist(c("one","two","three"), c("First","Second")),

byrow=T); X
First Second
one 1 2
two 3 4
three 5 6

WA PLSEE R X 5N dimnames (X) BR{E. 147,
> X<-matrix(1:6, ncol=2, byrow=T)
> dimnames(X) <- list(
c("one", "two", "three"), c("First", "Second"))
XtFHRE, &R LAE R rovnames Al colnames SKUGMIFT4 55144, #l4n,
> X<-matrix(1:6, ncol=2, byrow=T)
> colnames(X) <- c("First", "Second")

> rownames(X) <- c("one", "two", "three")

5. AT NEE
F[LAF aperm(A, perm) RREEIZ A HIE54ERE perm FRHEE HIHTIK T E B
HeF. ailtm,

> A<-array(1:24, dim = c(2,3,4))
> B<-aperm(A, c(2,3,1))
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SR B AR 24RBE T 148, AMSE3IAERI T 24, AWSE 14
FTE=4. XA Bli,j,k]=A[],k,i].
X5 A, aperm(A, c(2,1)) 1A B E, Bl t(A).

6. apply ¥
XFmaE, AU sum, mean SEpRECHHAATIFEL. MR (FEFE), W
R H—4E (S0ET48) #EATHEMITR, AT apply %, H—BIoEXy
apply (A, MARGIN, FUN, ...)
Fodr A 5—AEGH, MARGIN JE&:[& @ WREEZEAAR, FUN ZHRITSAI %
> A<-matrix(1:6,nrow=2); A
(,11 [,2]1 [,3]
[1,] 1 3 5
(2,] 2 4 6
> apply(A,1,sum)
(11 9 12
> apply(A,2,mean)
[1] 1.5 3.5 5.5

2.6 JFIERE5HIEE
2.6.1 3l (list)

1. SRS
FIFRRZ—FRAN RS, ENTRBHFS (T Ko, HESETR
HRAAT LUREREXR, ARTTERALRERF KA. TRAGARFRHERE R
WA, Hin, FIRM—DITREAFRSIR. T HEm R85 1.
> Lst <- list(name="Fred", wife="Mary", no.children=3,
child.ages=c(4,7,9))
> Lst

$name
[1] "Fred"
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$wife

[1] "Mary"
$no.children
[1] 3
$child.ages
(1] 479

FIFRITCR B LA ‘9154 [0 T 117 syss51 8. #ilan,

> Lst[[2]]

[1] "Mary"

> Lst[[4]][2]

(11 7
B, FIRARTmE, ROTFERAGEIIH—IICR, W Lst[[1:2]1] WHER
RV,

ER: 954 [T 17 8 91%R% [ MRl 17 (ARERREER,
EHEXEHWERSSIICEZ AR, WERICSREIIRN—ITER, 4R5
WIOLRRAME, ARG —EHES, WERESIRN— T3 (GPREH)
HFIR).

TERE X HFRHN RIS T o EW B (1 Lst H1f% name, wife, no.children,
child.ages), M5 [HFIZRITTRIE T A B ZFIEN TR, X8 9524 ("
JLE4 "117,

> Lst[["name"]]

[1] "Fred"

> Lst[["child.age"]]
(11 479

FH—AmgUE YIRS $ TTRA”, W
> Lst$name
[1] "Fred"
> Lst$wife
[1] "Mary"
> Lst$child.ages
(11 479
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P B R ) — s
Lst <- list(name_l=object_1, ..., name_m=object_m)
ot name RFRITTRI PR, object JEIIRITRAIIA.
2. JRAVER
FIFRATR A MEY, RESECRGIHMER A, 40k Fred B John.
> Lst$name <- "John"
R B IN—IR BEWON, RFERA M2 1980 A1 1600, A
> Lst$income <- c(1980, 1600)
WSRE MRS R R — I, NPKF% T2 {5 (NULL).
JUAFIZRATLARBERER R ¢ O EHEGER, RN —1 1R, HoTtR A5 E
ARAFIFRITR. W
>1ist.ABC <- c(list.A, 1list.B, 1list.C)

3. REMEAFIREIFEL

TE R, AVFZ R E{E SR, WRFFEERFAE R AT KA eigen (),
A SRE AR svd O A/D BB 1sit O 55, XKEAF——k, &
FHE P72 AH 5% 8 0 T X

2.6.2 HIEIE (data.frame)

BARHES R B— P8R, el F SR MEEXEE, B L
TR, BUREGSE— &, BATE— .

B2, BAREATE — R & L. B —MHRHRMIIRME, H—MEHN “data
frame” W class JEM:, KAIRM A LHZFE FER, FF8, ZEA) |
T BUERIRE. 736, s EEERE. mE, BRROEIEER R,
W AR E A SR A S o R, TR, 53R, EPRHEXRER B AR
BARMESRHE T AR, A% A EEGH RN B A . VR IR HE AR iy e
. ETFEEELAEAMRANKE (17350).

R, — 8ol EmT IEBEREREE—FE T RSERE, B 7T DU R
B BR, FTRARXHERER FARG sk e R T4,

1. BHEIERIE R
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BARHEFTLAA data.frame O UM, HAMES 1istO HEAHAE, % H
AR WBIAER M, AR L4, MOvARRA. flan

> df<-data.frame(
Name=c("Alice", "Becka", "James", "Jeffrey", "John"),
Sex=c("F", "F", "M", "M", "M"),
Age=c(13, 13, 12, 13, 12),
Height=c(66.5, 65.3, 57.3, 62.5, 59.0),
Weight=c(84.0, 98.0, 83.0, 84.0, 99.5)

); df

Name Sex Age Height Weight

1 Alice F 13 56.5 84.0

2 Becka F 13 65.3 98.0

3 James M 12 57.3 83.0

4 Jeffrey M 13 62.5 84.0

5 John M 12 59.0 99.5

AR —AFNFRA 254 o 95 RARAE A B ZER, ERTRAA as.data. frame()
PR KR i R O HARAE. Lo,

> Lst<-1ist(
Name=c("Alice", "Becka", "James", "Jeffrey", "John"),
Sex=c("F", "F", "M", "M", "M"),
Age=c(13, 13, 12, 13, 12),
Height=c(66.5, 65.3, 57.3, 62.5, 59.0),
Weight=c(84.0, 98.0, 83.0, 84.0, 99.5)
); Lst
$Name
[1] "Alice" "Becka" "James" "Jeffrey" "John"
$Sex
(1] "F™ "F" "M" "M "M
$Age
[1] 13 13 12 13 12
$Height
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[1] 56.5 65.3 57.3 62.5 59.0
$Weight
[1] 84.0 98.0 83.0 84.0 99.5

N as.data.frame(Lst) J&45 df H[FHEHRHE.

—MNEMEATAA data. frame () F4fy—MEIRME, 4R B JFERA 5 2 M H
PN ZENEABIRER AR R4, BNARSH IOEER &SR E4. W
> X <- array(1:6, c(2,3))
> data.frame(X)
X1 X2 X3
1 1 3 5
2 2 4 6

2. WAEHERS|H
FIRHBARETC R A IS SR TR I AR, o DA A T ARE M AR
B, AT AR
> df[1:2, 3:5]
Age Height Weight
1 13 56.5 84
2 13 65.3 98

BARAER A28 et vl AR R G (B AXEES [0 11 58 #7551 /). W

> df [["Height"]]

[1] 56.5 65.3 57.3 62.5 59.0

> df$Weight

[1] 84.0 98.0 83.0 84.0 99.5
BARMER L B4 B M names & X, WRME—E ZIEZN. FAREMSITHRT
E XA, AU rownames JBYEE . 4N

> names (df)

[1] "Name ] "Sex" "Age" "Height" "Weight"
> rownames(df)<-c("one", "two", "three", "four", "five")
> df

Name Sex Age Height Weight
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13 566.5 84.0
13 65.3 98.0
12 57.3 83.0
13 62.5 84.0
12 59.0 99.5

one Alice
two Becka
three James

four Jeffrey

= =2 =2 m T

five John

3. attach() EH%

BARRER EE BRSO ERNETE. R AZHT @RISR 2 LA
PEHE A AT, FATH AT LAERRAE 2 il — PR ol A 2. FE i R HE Y 22
EIATDLH “BRMES § R4 fidiE. (HE, XFREHABMA, R&EHT
attachO) PRECF] LMERHRIE A 8 BN, XARE TR ERR
. B,

> attach(df)

> r <- Height/Weight; r

[1] 0.6726190 0.6663265 0.6903614 0.7440476 0.5929648
JE—TERPRAE S AT TAR S W@ — AR r, EAS HIIEABIRAE df 1,
U A RRESIRAEF, LA

> df$r <- Height/Weight
XAER AR

HTBOEERE, REEM detach O (LSEENT).

EE: R PAFEEAEERNEMSY. EEsfri R — M RER
B, FEREIUCREA A R EIX AL R R AR P H AT 52K, KB RAT
—As FEMR(ERT SURAENLE 1 RME (FRIEReATE S EH B EMK(E). attach (O /Y
BB e RER BB RERRNNE 2, detach O SREMRFIENIE 2. FTld,
R GiAefy — A IR L IRR A T —4 B SIS R A9 A R o] BE A H
B, RO R EEH R IEMIEA E L, EHAF TR, &
B DX RAY A

attach ) BRI Al DLERRARHE, Bl LIERSIE.

2.6.3 JSIRSHIEENRE

U R B AR SR T A BRI AT e, BT R edit O #EAT4
B, B, Hadmy
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> xnew <- edit(xold)
Hrt xold BJFFRBBIEMER], xnew BBEUUEHIFREIEE. HE: JFE
P& xold IFEA DN, MBI EIRAEIAE xnew 1.
PRE edit ) AT RAXS )i, HUABHE REISAL py BOE 21 T 15 el sl g

2.7 &, BEHEXH

MRS, BnE— B ke, ARBMRE. AR LIk
EVHESE, BRAVRY. L@RIEERTORYEE. PRARMT. TR
BRI, —BAEH A RN (BB et B B i 25 2R,
FHEE R . R IR ZFHEREE SR TIE.

b, BRI ERMA N RIEFRR L, Y RAFESCFT, LA
.

X HEA 8 R AR BREE SR I

2.7.1 RANXAXH

RO A AP R, — & read.table() FE%L, H—J& scan()

1. read.table( ) K%k

read.table ) RECREERMIEAR M. &7 “EE” BIRELmMA— T4
A # "houses.data" 1, HAEXT:
Price Floor Area Rooms Age Cent.heat

01 52.00 111.0 830 5 6.2 no
02 54.75 128.0 710 5 7.5 no
03 57.50 101.0 1000 5 4.2 no
04 57.50 131.0 690 6 8.8 no
05 59.75 93.0 900 5

BT AT EY, FFRexRTF5.
FF read.table() PRV EALHE, 0

> rt <- read.table("houses.data")

1.9 yes
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R AR B vt S —NEERIE, HE X G54 A XM "houses . data" XA, &
I ek, 53
> is.data.frame(rt)

[1] TRUE
WREAE SR E S —FER TS, W

Price Floor Area Rooms Age Cent.heat

52.00 111.0 830 5 6.2 no

54.75 128.0 710 5 7.5 no
57.50 101.0 1000 5 4.2 no
57.50 131.0 690 6 8.8 no
59.75 93.0 900 5 1.9 yes
AR B i 4 A
> rt <- read.table("houses.data", header=TRUE)
1 rt 2 H 3N LidR 75
read.table () HIfF AN
read.table(file, header = FALSE, sep = "", quote = "\"’",
dec = ".", row.names, col.names, as.is = FALSE,
na.strings = "NA", colClasses = NA, nrows = -1,
skip = 0, check.names = TRUE,
fill = !blank.lines.skip, strip.white = FALSE,

blank.lines.skip = TRUE, comment.char = "#")
Horr file BEAKIEA 4. header=TRUE /s it ¥Ry 26— 47 A &
s BN (BEE) F—ATEAEEE.  sep REIR PRI TR, @EF HEBIER
IYBEAT.  skip FRSIEEURAT RS AIATE HAb S E0 v 0L BY.

2. scan( ) R

scan() BRECAT A ELBERASCA SRR, #iln, A 156 A ERRERIRD
LN — BRI "weight  data” H1, HAEAT:
75.0 64.0 47.4 66.9 62.2 62.2 58.7 63.5
66.6 64.0 57.0 69.0 56.9 50.0 72.0
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w <- scan("weight.data")
BT 15 MERIEA, RS R v
BB A AR R, W
172.4 75.0 169.3 54.8 169.3 64.0 171.4 64.8 166.5 47.4
171.4 62.2 168.2 66.9 165.1 52.0 168.8 62.2 167.8 65.0
165.8 62.2 167.8 65.0 164.4 58.7 169.9 57.5 164.9 63.5
& 100 ZoEA iy S m A R E R BE, BOEADSCARAR X "how. data", A
Lo 3. 5. 7. 9FIESE (em), 552, 4. 6., 8. 10FEEE (kg), N
> inp <- scan("h_w.data", list(height=0, weight=0))
FRAEEAN, FHFUAFIR T RIRE AR inp.
> is.list(inp)
[1] TRUE

LR scan () BEARBHRFBUSGEMIEA. IR “weight.data” HYy
PEBIEAE—A 317 5 SRR, T HEHRRATHCE. Ham o=y
> X <- matrix(scan("weight.data", 0),
nrow=3, ncol=5, byrow=TRUE)

Read 15 items
> X

(,11 [,2]1 [,3] [,4] [,5]
[1,] 75.0 64.0 47.4 66.9 62.2
[2,] 62.2 58.7 63.5 66.6 64.0
[3,] 57.0 69.0 56.9 50.0 72.0

HI BT JFE A R AL matrix O WYL, NHEEHEILESFENT.
> X <- matrix(scan("input.dat", 0), ncol=5, byrow=TRUE)
> X <- matrix(scan("input.dat", 0), nrow=3, byrow=TRUE)
WH A scanO) s ER N FER ER%HE. W
> x<-scan()

1: 13579
6:
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Read 5 items
> X
[11 13579

scan () ESCHFR)— Mg =h

scan(file = "", what = double(0), nmax = -1,
n=-1, sep="",
quote = if(identical(sep, "\n")) "" else "’\"",
dec = ".", skip = 0, nlines = 0, na.strings = "NA",
flush FALSE, fill = FALSE, strip.white = FALSE,
FALSE, blank.lines.skip TRUE,

quiet
multi.line = TRUE, comment.char = "",

allowEscapes = TRUE)

Horp file JY3C{F44.  what MR AR, NIFEREIIH ISR F ZHER T
KA. skip FEMHATDABRE SCAFBO T AR AN TEATRL.  sep P AT LAHE =2 Bcdi Al i
rbefr. FESROLR B .

2.7.2 FEHeHABBHEI G

R BK{FBR T AT AR SCAR SCHA, 38 AT RUEH M SE T s X po %k, an
Minitab . S-Prus . SAS . SPSS %% R AHAMASXEIEE, LA
"foreign" M. ERNET R MNTERE, FEAEM ARTAA. AR IIERE
fif, RTEEANMS:

> library(foreign)

M 2.1.3 WABHBEANETFEEA.
% SPSS. SAS. S-PLUS. Stata #iEXf

EAEFER R 2.2 . AR SPSS HiE 34 ("educ_scores.sav") |
SAS B#ESCHF ("educ_scores .xpt") . S-PrLUS E#HESCHF ("educ_scores") fll
Stata (P8 M ("educ_scores .dta").

% SPSS AL

> rs <- read.spss("educ_scores.sav")

HAME rs B— 13, WERITHIEBEBHRHE, NWamaEh
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& 2.2 XFRFELIE

Sex of
Language | Analogical | Geometric student
Aptiude | Reasoning | Reasoning | (Male = 1)
Student (1) (z2) (x3) (x4)

A 2 3 15 1
B 6 8 9 1
C 5 2 7 0
D 9 4 3 1
E 11 10 2 0
F 12 15 1 0
G 1 4 12 1
H 7 3 4 0

> rs<-read.spss("educ_scores.sav", to.data.frame=TRUE)
% SAS XA U
> rx <- read.xport("educ_scores.xpt")
HAR R rx B— M EARAE.
& S-PLus SUAFRIHE AR
> rs <- read.S("educ_scores")
HAR R rs B— M EARE.
1% Stata SCHFHIAE R
> rd <- read.dta("educ_scores.dta")
HAR R rd B— P EIEE.
2. i% Excel #EX ¥
B BB EHETF A Excel % ("educ_scores.x1s"), {H R B4 Toik HHE1E Excel
K, TENF Excel RINFALMILMAEK, RJFAHEB R BKIAFEL.

B PR KRR Excel REGALAL “SCASCM: (14T 08)" ST, aniEl
2.18 Fr7R.



108 %% R R4 EA

Bl Nicrosoft Excel — educ_scores

[ (R (L) | ﬁ MxforlSpace
ol ) ’ = is th E) ABSENTEE.
% E) Enuc_scorEs
a ] B | c | D] 5 || neneee %;“’:”203
1 [call|colz|co13] cola] ol Bu
2 A 7 I T @' B e
3 B 6 2 4 1 Hill Bttt
4 |C 5 2 T 0
5 D ol a3 1 @
£ |E 11 10 2 1] FRr Y
T |F 12 15 1 0
8 |G i 4 gl 1 ?
H i 3 4 1] B A
10
11 q IS H): |educ_scores
12 - L SR T (L )
13 ' '

K] 2.18: H Excel FRAF N XA

FREL read.delim() EEIZCAH:, B

> rd <- read.delim("educ_scores.txt")
B2 R rd B —PMEIRE.
5 PR W Excel REEALRL “CSV(GES4rBR)” S04, wE 2.19 fr

FIBR%L read. csv () BEIXICASCHF, B

> rc <- read.csv("educ_scores.csv")

REIR AR re B— P RHRHE.
2.7.3 HEBERANBIERE

R B4 T 50 AR A AR TR H 34, FTUUH dataO) R
B X SRR S . A
> data()
%, FIHAEEEARKM (base) A A H| I EEES. RBEHE— N EERE,
HEERESTIMAMN 4. W

> data(infert)
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{RIFAE (1) |:ﬁ My orkSpace

: ' bl r 12
% Y 1.1
A B C D E E LR R =

1 [call]co12|co13] cald] cals
R 2 E

3 B 6| a9 1 e

G sl o 7] o

5 |D o a3 1 gﬁ

6 E 11 to] 2 ol 2w

7 F 12 18] 1] o

2 |G 1 a1z 1 gi

10H s o || S

11 Q@ (EY [
12 x R (1)

13 : , :

K] 2.19: ¥ Excel £ N CSV X4

AR E NI AR R BE R, T LA I 2% package, fi41,

> data(package="nls")

> data(Puromycin,package="nls")

R DR BB Library BEIFERES, NWXALEE R B Sh gt & 3
F,

> library(nls)
> data()

> data(Puromycin)

1E data ) H1, BREFEARKMAE (base) B nls KA.
2.7.4 SHEXH

1. write( ) ¥
write ) BRXUE R XAFRYRE A

write(x, file = "data",

ncolumns = if(is.character(x)) 1 else 5,
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append = FALSE)
Horb x RBHE, EHRARE, WelLUERR.  file B (BRER AN
"data"). append=TRUE W}, 7EJFRSCHF EIMN%HE; AN (FALSE, skE(H) 5 —1
B HESBOLH B S

2. write.table( ) ERZF0 write.csv( ) RE

XT3 R B AR BB IRHERE, VA write.table() pRE(EK write.csv()
PR S A SO KBRS, B CSV AR Excel ZiE 3, #i4n,
> df <- data.frame(
Name=c("Alice", "Becka", "James", "Jeffrey", "John"),
Sex=c("F", "F", "M", "M", "M"),
Age=c(13, 13, 12, 13, 12),
Height=c(56.5, 65.3, 57.3, 62.5, 59.0),
Weight=c(84.0, 98.0, 83.0, 84.0, 99.5)
)
> write.table(df, file="foo.txt")
> write.csv(df, file="foo.csv")
write.table() PRECF write.csv() pREAYE FH#E=Ch
write.table(x, file = "", append = FALSE, quote = TRUE,
sep =" ", eol = "\n", na = "NA", dec = ".",
row.names = TRUE, col.names = TRUE,

gmethod = c("escape", "double"))

write.csv(..., col.names = NA, sep = ",",
gmethod = "double")
Ho x BXt%. file BXF44. append=TRUE i}, 7EJESCH: BIEMEEE; &0
(FALSE, SRE(H) G — . sep BEFRIIIGTA. HESBILH B,

2.8 2l

R B—AMRAET, AR —MERE AT AR - RERX KRB
[R>S bR s BAT b, SRk ST, RERT— A2 BEREX (I
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AR RBREMBIRERFZ 54T, A REMITES) WTF 470 L4704k %E.

A TAREXATPHE —BHR — MR GREX, Ey—FREXEH. 4
FHERES < { ¥ Fx.

RiEFWRM T HERFRFES AN, 18R A 4.

2.8.1 4%iEq
SXIEA]A if / else iBH]. switch 1EAH].
1. if / else 1&4)
if / else 1BM] &N iBA TP EEFNER], if / else iIBAJMMEAN

if (cond) statement_1
if(cond) statement_1 else statement_2
BRI R TE S WA cond B, NATRIEN statement_1; Bk,
AR SR WIRAAF cond or, NIHATRIE statement_1; FHNHAT
FiAR statement_2.
#l4m,
if ( any(x <= 0) ) y <- log(1+x) else y <- log(x)
EE: Wad 5 THrme
y <= if( any(x <= 0) ) log(l+x) else log(x)
S
XF if / else ifH], A FHMAL
if ( cond_1 )
statement_1
else if ( cond_2 )
statement_2
else if ( cond_3 )
statement_3
else

statement_4
2. switch {E4)
switch i%/ﬂ%gﬁfii%/ﬂ, ﬁ:fﬁ)ﬂﬁfj&%
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switch (statement, list)

Hr statement EFRIERK, 1list BFIFR, WA SE L. WRFEXHHRE
{EAE 1 3] length(List), WLREFFANVALEHE; FNRE “NULL” {£. 4]
an,

>x <=3

> switch(x, 2+2, mean(1:10), rnorm(4))

[1] 0.8927328 -0.7827752 1.0772888 1.0632371

> switch(2, 2+2, mean(1:10), rnorm(4))

[1] 5.5

> switch(6, 2+2, mean(1:10), rnorm(4))

NULL
2 list FHAE XM, statement SFTASRAN, & [AAS X W A{E; 7N
iR [E] “NULL” {H. %40,

>y <= "fruit"

> switch(y,fruit="banana",vegetable="broccoli" ,meat="beef")

[1] "banana"

2.8.2 fHEGS5TIESG

FRIEA]JE break 154, break IEAHIIEAIZH ILIEES, R BERITEE
PSP, 2EiEA]JE next ifH], next WRAIRARELIAT, WIATRATIRA LR P
2. KT break A next A WL, FrAG G IEIME IRV,

2.8.3 1EHESG
TEHIERA for JGFF. while fEHMI repeat B IEH].
1. for fE¥E4E)
for JEFAIARRN

> for (name in expr_1) expr_2

HAd name BIEIFER, expr_1 B—PmERIEX GEFEEMNTFS, W 1:20),
expr_2 jliH & —HFRIEA.
A E—1 4 By Hilbert %5 R,
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> n<-4; x<-array(0, dim=c(n,n))
> for (i in 1:n){
for (j in 1:n){
x[i,jl<-1/3G+j-1)

[,1] [,2] [,3] [,4]
[1,] 1.0000000 0.5000000 0.3333333 0.2500000
[2,] 0.5000000 0.3333333 0.2500000 0.2000000
[3,] 0.3333333 0.2500000 0.2000000 0.1666667
[4,] 0.2500000 0.2000000 0.1666667 0.1428571

2. while fE}iEq)
while fi§#FiEH] while TEAAIARR Y

> while (condition) expr
L4241 condition 5L, NIPATZRIE expr. #l4N, 45— 4L 1000 DAAHY
Fibonacci 4.
> f<-1; f[2]<-1; i<-1
> while (f[il]+f[i+1]<1000) {
fli+2]<-f[i]+f [i+1]
i<-i+1;
}
> f

[1] 11 2 3 5 8 13 21 34 55 89 144
[13] 233 377 610 987

3. repeat fEHIEG]
repeat ]RGN

> repeat expr

repeat JEFFKME break iEHBEIIERS. Han, A repeat fE¥ 45 —it4L 1000
LI E) Fibonacci $UH R F.
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> f<-1; f[2]<-1; i<-1
> repeat {
fli+2]<-f[i]+f[i+1]
i<-i+1
if (£f[i]+£[i+1]1>=1000) break
}

SRR B if (£[i]+£[1+1]1<1000) next else break, A [FIFEAYIT
AR,

2.9 HEBHCHRH

R AR EH CRIERAN IR AF2 R WA IR
B, ATk — 2R . XEE MR ISR S A S, 5,
HEFEERW. 5 H MR IRFEIEM RIESHEZINEZ—

FLL, R RGEERMIILRZSEERL, W mean(), var (), postscript ()
%, RAGHEAREE RIESTHELY, SRECENREAEREEAZKR
2.

PREUE LIRS,

> name <- function(arg_1, arg_ 2, ...) expression

expression f& R FAYFRIEX (Ml B —HFRIERX), arg_1, arg 2, ... FTREH
2R RAAF, WERF e E BN B IR EME, & EHE AT L&,
M (ERE) . FEREEARHE.

VA R B R RN name (expr_1, expr_2, ...), I HIE(E{ToHEREAEE
2.

A B CHRE M RE (7)) i, FERCEHRBIARINES, BIE
A 2.1.3 AR A RACHS. . .7 4, AT source ) A%l KT R
A, FHREELEZH A,

2.9.1 {ERENEF
HSHARTF—H, R WLURAZMHEE H COFHERREL
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Bl 2.4 %5 AR =5k R 7 A2AR G B 4, KA
-2 —-1=0

AR (1,2] AeAk, HEER c=10"°

& BRG] [0, 0], 2 fla) 5 f(0) 5, FEZMEHHES SUHEIRTR
iy SR AR B

AR T BURA ¢ = 90 % f(0) 5 f(x) B, WE b=
B 0= o, UK FHREDNFHREERE, LT

W5 _IMERRT, BF4%: bisect.R.

fzero <- function(f, a, b, eps=le-5){
if (f(a)*f(b)>0)

list(fail="finding root is fail!")
else{

repeat {

if (abs(b-a)<eps) break

x <= (at+b)/2

if (f(a)*f(x)<0) b<-x else a<-x
}
list(root=(a+b)/2, fun=f(x))

b

TE M IESRARBI R (7)) 7, RIAE £ &SRR 2, b Rk
e, eps—le-5 RMIEEER, BAABH (FEHAL). B (FF) MR
BHMEJESNER, LR KT EZRN, REMEN “finding root is faill” GRAR
0); i A AR ZR PRI, AR R D 77 REAR A I AUE AT AR DL A AR Y e XU

FESLRAR A FE St R %L

f<-function(x) x"3-x-1
REFEXE [1,2] ARIR.

> fzero(f, 1, 2, le-6)

$root

[1] 1.324718
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$fun
[1] -1.857576e-06
FL b, KERAARERMEE, R KAECREET R0 FAR A R %L
uniroot (), HAF HM AN
uniroot(f, interval,
lower = min(interval), upper = max(interval),
tol = .Machine$double.eps~0.25, maxiter = 1000, ...)
fildn, BERE) 2.4 R, HAFWA@LS
> uniroot(f, c(1,2))
WA RE]
$root
[1] 1.324718
$f.root
[1] -5.634261e-07
$iter
(11 7
$estim.prec
[1] 6.103516e-05
4R G5 RAME B RF R R4 R EH R 5.
THHwE — N EEHA R RE — HRPEAR T gt
5] 2.5 E4=PHAELR
A: 79.98 80.04 80.02 80.04 80.03 80.03 80.04 79.97
80.05 80.03 80.02 80.00 80.02
B: 80.02 79.94 79.98 79.97 79.97 80.03 79.95 79.97
HEMBERG T %it .
& UPItEAR T ZME, HARF, W T St Efit A=ty
X-7)

r- 21 (2.1)
Sy + s
Horr
g2 _ (=St + (ns —1)53

2.2
R— : (2.2)
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X, Y AHEWARARE PRSI E, ST, S DALEMABIRAREATZE, n.n
530 0 P R R R
IR (2.1) M (2.2) MEMVIRESF (BF4%4:  twosam.R )
twosam <- function(yl, y2) {
nl <- length(yl); n2 <- length(y2)
ybl <- mean(yl); yb2 <- mean(y2)
sl <- var(yl); s2 <- var(y2)
s <- ((n1-1)*s1 + (n2-1)*s2)/(n1+n2-2)
(ybl - yb2)/sqrt(s*(1/n1l + 1/n2))
}
FERRR (BE)F) 1, WIAE y1, y2 BREH T ZtRAMARdE. R
(F2F) Bl EMERREAAR &, AN T git .
WA A, B, FH8H T it
> A <- ¢(79.98, 80.04, 80.02, 80.04, 80.03, 80.03,
80.04, 79.97, 80.05, 80.03, 80.02, 80.00, 80.02)
> B <- ¢(80.02, 79.94, 79.98, 79.97, 79.97, 80.03,
79.95, 79.97)
> twosam(A,B)
[1] 3.472245

FERHEENESHE], H T Stk AR E R S AHE.
29.2 EMXFH_TEEHE
R BT L X —oeiz s, HIEh %anything’. & »,y WA,
EX x5y HNR
(z,y) = exp(=|lz — y|]*/2),
HE85H %% R, W JcEHeeE XmT
"% <- function(x, y) {eXp(—O,S*(X—y) %%, (X—y))}

293 FESHEEER

R AXFIER “ name=object » 45 B A A R EHF RIS HL, NXESFT]
DA BRAEAD P25 . e S e &k
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> funl <- function(data, data.frame, graph, limit) {
[function body omitted]
}

T T Ay = O vk

> ans <- funl(d, df, TRUE, 20)
> ans <- funi(d, df, graph=TRUE, 1imit=20)
> ans <- funl(data=d, limit=20, graph=TRUE, data.frame=df)

HRRF Y.

WERAER] 2.4, HOEBEEERIN 1e-5(107°), MIALE ARG ESR, HHHM
A X8 s B AT

> fzero(1,2)
$root

[1] 1.324718
$fun

[1] -1.405875e-05

THEHAMEBSERIINERS — RIS T RARD Newton ILHIFRF.

5] 2.6 %5 RKIAEXM 5 A2 4G Newton HEGA2 5, FH A2 5 KRB IEXE 7 A2
i

{.r%—%aﬁ —-5=0

(1’1 + 1)1’2 — (31’1 + 1) =0

g, Boadss 2O = 0,07, HEZK c=107°.
& SKipEZEITRA

# Newton yERJIERME AN

D) — (k) [J(x(k))]_lf(l’(k))7 k=0,1,---
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Hrr J(x) AREL f(x) B9 Jacobi FERE, HJ

[ on o .. oh ]
8:21 8:22 awn
ofs 0fz ... 9f2
J(ZIZ’) _ oz 0z OTn
Ofn  Ofn ... Ofn
L Ox1 0z oxy I

K, MVARRF (F2/F4%: Newtons.R ) 4
Newtons<-function (fun, x, ep=le-5, it_max=100){
index<-0; k<-1
while (k<=it_max){
x1 <= x; obj <- fun(x);
X <- x - solve(obj$J, obj$f);
norm <- sqrt((x-x1) %% (x-x1))
if (norm<ep){
index<-1; break
}
k<-k+1
}
obj <- fun(x);
list(root=x, it=k, index=index, FunVal= obj$f)
}

TESLRREC (RRF) 1, ARG fun BHTEWEATERE, BB XIE
THAMNE.  x ZYHER, ep SHEENR, HERN 107° it_max REHEKE
FIREL, SR 100.

BRE (BfF) IFIRMIBERE AR LA &, A root EI7 M {IUE.
it BaRfUREL.  index BAEHR, index=1 RHITHINT); index=0 RHIITFILK
. FunVal & FETE root AN EREHE.

IESRITIERT R EL (F2/F4%: funs.R)

funs<-function(x){
f<-c(x[1]"2+x[2]"2-5, (x[1]1+1)*x[2]-(3*x[1]+1))



120 %% R &G ER

J<-matrix(c(2*x[1], 2*x[2], x[2]-3, x[1]+1),
nrow=2, byrow=T)
list(f=f, J=J)
}

BRE (BEF) RIS x. FERRE (BRF) . £ RATROTREATREL J 2
FHIZHY Jacobi FEFE. eI LIFIRIER S, Ha i e BEAIAH M8 Jacobi
FELRE.

TSR fFZ TR

> Newtons(funs, c(0,1))

$root

[1]1 1 2

$it

(1] 6

$index

(11 1

$FunVal

[1] 1.598721e-14 6.217249e-15

A RRRR o = (1,2)7, BHERT 6 K.
2.9.4 BJAKH

R eRBOERT LS TR, AT LATERRECE B 8 e B 5. A2 A ik
R BO T HEER 0
Bl 2.7 M2 &t F MRS [[ L, HAEL =107
& RHEIEELRIEABE AKX, HI7iEE: BUICKKIN %r, 1
FIXTA]_ESR BRI SRR A, ARSI RS B R sk B e /R ARk,
1S BIgRees X AIXF 7. BN THARF (FBF4%: area.R)
area <- function(f, a, b, eps = 1.0e-06, 1lim = 10) {
funl <- function(f, a, b, fa, fb, a0, eps, lim, fun) {
d <- (a + b)/2; h <= (b - a)/4; fd <- £(d)
al <- h x (fa + fd); a2 <- h *x (fd + fb)
if(abs(a0 - al - a2) < eps || lim == 0)
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return(al + a2)
else {
return(fun(f, a, d, fa, fd, al, eps, lim - 1, fun)
+ fun(f, 4, b, fd, fb, a2, eps, lim - 1, fun))

}
fa <- f(a); fb <- £f(b); a0 <- ((fa + fb) * (b - a))/2
funi(f, a, b, fa, fb, a0, eps, lim, funl)

}

BFRRAAZR, PRI, a,b BRI, eps BRER
R, BRAETER 1070 1im Bxbir XA ERR, SRE(EA 10, BTN X ) 5 2 5 55
43R 210 AFIXIE]. AR R EAME.

area FREUH Y T ERF, BHAHBE AKX LA ALOUE, RETHH
PREL funl.

funl BREHHYS TR, ZRBOERHE N E X5, HE
SCRE: R IX TR, RAZAKRRAK, AARMHHEES E— R HEEMAZE
/INTREBEZR eps B 1im = O W, WIS, A0 H B 5 e %L

THETREA . e LR

> f <- function(x) 1/x
PSR E

> quad<-area(f,1,5); quad

[1] 1.609452

HRA IR HE R Inb = 1.609438.

=

21 Es—A RXH, AxtPHAT S 2= (1,2,3)T, y = (4,5,6)T, 3#4FL
TEH.

(1) H z2=20+y+e £F e=(1,1,1)T;

(2) itH v 5 y ¢ WAR;
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(3) it H x5 y &b
2.2 4 1,2,---,20 HRFAAS 4 x5 ek, L PieM A R&EIMAN, £ B
RN, FdeTREH.

(1) C = A+ B;

(2) D = AB;

(8) E = (eij)nxn, L F eij = ai; - byy;

(4) F & d1 A 68T 3 47 H0] 3 3R 694 1

(5) G RM4EM B & 3R bg4Ek, 2148 B#E 37
23 MiE—AN@E o, MERAE 51, 34 2, 4 A 8 F0 24 4 Mk, 12 E A F
rep() H K.
2.4 & R —A 5 Yty Hilbert 4614,

1

H= (hfij)nxnu hij = W’

i7j:1727"'7n'

(1) i+ & Hilbert 42% H #473] X,
(2) & H #i# 451,
(3) R H #945fefiAeffE ) 2.
2.5 Chf 5 LFAEGKE, wk 2.9 Tw. REABEEGH X EANKIE.

& 2.3: FHEYE

Be | s | WAl | ##% | F& (m) | KE (k)
1 ik = - 14 156 42.0
2 E: s % 15 165 49.0
3 F A 'y 16 157 41.5
4 A S b4 14 162 52.0
5 T— 'y 15 159 45.5

2.6 K 2.5 F a9 8B A 2.5 495 AB 5 R — A b LA AR, A k4K read. table ()
BB, REAMNHEK write.csv() Bm—ANFMA Ercel & fbir 7 a9 A,
# B Fxcel & 47 7F.
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2.7 BB RAERF (R#). AN—"TEEK n, =X n <0, NP.LEH, F4H
H— 8 iE: BREAAN-AEEKT BN, R 0 28K, WH 0k 2 FK
tn; TR, ¥ 3n+1RE n. KWK, RE n=1, FA45LHE, $Hs—49
W& CBHRI. ZANPIT A T RIEEAE T 4G — A G .
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B=EF  HiEEAMESH

ST A G RE MG R A . et R i 2 SE A
gt Gt 2R, R RFEIT R R AR IE. ERBAE TR RS
BB, WRESFITHI W AR, ARANBEIHER, W REERNRR ST,
RTGU BT N2, REAE S T %5 T 227 4.

M AU AR R s ik e oA, RTRAE DT M. B, AR TR geit
BV AERN ARG EARSS, B ANMEH R KT
PR RO B AT i P AT

3.1 fEkRGitE
ER—HikE (SO0 ) ZdRE N
T1,XT9 ", Tp.

BT AR ERF R X R 2 — Sk X PR, X n ASUE R
AR, FERREE TR B SERR IR A, X n ASULINM{ER 2 I BERT 5 I 2
k. BARSHTHAES R BN X2 n MEEREIT AT, REREEETEENE
AfEE.

BT E B EE, SRE BTSN EEGEE, EM IR
ERRFE. BAURY, BHTREERECARE. X T RARR BT, B
TR OLE, BRSO A <

3.1.1 NEMEE

FIriE 7 B 6 BE R R IR S et d e VORI A SR S i ae i . W AR
PE. ARKG PR B ARGE.

1. H{E

PIfE (mean) REIRAFHIEL, BE (BN T) XN

Tr = — iy 3]_
T nﬁf: (3.1)

125
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B T R R BUE R T2 AL

12 R B, A meanO) REGHHAFEAMME, Havfi LR

mean(x, trim = 0, na.rm = FALSE)

Forbr x NG (gt AERE, BUEASRHRTE), trin B EERTER SHEZE
BORK A L, g {E oy 0, BlEsG i %dE. 24 na.tm = TRUE I, R
A BRRRE. KRR AR R A HE.

AREMBEMH, FHABTREE 284
Bl 3.1 4 15254 K E (45 T5%£)

7.0 640 474 669 622 622 587 635
66.6 64.0 57.0 69.0 569 50.0 72.0

RFAEKRE T4
fi%: A mean(O eRXORME. HESL R 3XfF (XfF44: exam0301.R)
w <- c(75.0, 64.0, 47.4, 66.9, 62.2, 62.2, 58.7, 63.5,
66.6, 64.0, 57.0, 69.0, 56.9, 50.0, 72.0)
w.mean <- mean(w); w.mean
PUT exam0301. R Ry MEEFRE]: FAEBERIIEN 62.36.
R, % x B (S54) 6, K3 nean O §REME, FFAREME, M
—AE, B R e IR E. B,
> x <= 1:12; dim(x)<-c(3,4)
> mean(x)
[1] 6.5
5 mean(1:12) fEREMEAER], MXHE x E—14 3 x 4 fHEFE.
MR FHRERZE ST S EIE, TEHH apply O &% (WH —F
2.5.5 %) 5. AR ESATRIEIE,
> apply(x,1,mean)
[1]1 5.5 6.5 7.5
TR A SR ME,
> apply(x,2,mean)
[1] 2 5 811
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W x BREREME, W mean() AYIR E{EREE A, W
> mean(as.data.frame(x))
Vi V2 V3 V4
2 5 811
AT AR HE B RT-HHMER, HA 4 as.data. frame (x) (L % 2.6.2 )
SERFRERE x 9 i e Al URRAEE.
B, S IETElEZ e trny, 2 oBdEm i A sk BIRHER P,
XA T T A R AL 2.
KINREL sum O JEGREEA KRR HALAARAN
sum(..., na.rm = FALSE)
ZH na.rn HYE X GHEKEL mean O 1 HYSHE SCH .
W x ZmE, KA length(x) HREMEZME x MR (4E%0). HI,
B (3.1), i 3.1 WBMERT B T HRARE], B
> mean <- sum(w)/length(w); mean
[1] 62.36
AILVEH, PR RLEAR R Y.
HaRERSE S, REHGREREE, FHAKX 31 AEH T, B
Ui, ANRERTHH ] mean (w) THELFEAIME. Hilan, WERFE—FAREE DA
— A, AN 750 T3, WEHERK 3.1) HRHENESHAAGHENIAE, F
— T it5gs
> w[1] <- 750
> w.mean <- mean(w); w.mean
[1] 107.36
FARPFEIRE DY 107.36 T30, XBRRAGHRY.
WRRH T J71%, AT LA B TR AR ZE R SR 2R
> w.mean <- mean(w, trim=0.1); w.mean
[1] 62.53846
Hor trim (BMETE 0 2 0.5 Z W], FRTEH RS ERT 7R 2 5 W ERY .
XA SRR LA RO B0 e o (R R S
na.rm EPEAI SRR SR W, WERIA 16 fiiteA:, {HE 16 A
AP EGRIG, ARSR BRE W RSO IR, AR AR AR
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> w.na <- c(75.0, 64.0, 47.4, 66.9, 62.2, 62.2, 58.7, 63.5,
66.6, 64.0, 57.0, 69.0, 56.9, 50.0, 72.0, NA)

> w.mean <- mean(w.na); w.mean

[1] NA
2% na.rm = TRUE 0] DARGF-HUADFRIX AN, FH— T34 R.

> w.mean <- mean(w.na, na.rm = TRUE); w.mean
[1] 62.36

T sumO) K%, WSREE SCEMFERY, B na.rm = TRUE %78 /] UK
A R RAR AL

H¥{ERKE mean O KA REULEFA weighted.mean (), BITHHERE I MIAL
FfE, BRIy

weighted.mean(x, w, na.rm = FALSE)

Horb x BRUEME, w BEHE x B, 5 x 4R, 2% na.mm WEXS
mean () PREUHA]. IZeR R AR REREAI B TSI {E, (EXRHRHEA &
M P TFEAEHE, weighted.mean() BREUH LR R MRy 345 R 2 AH R
7, T mean () PR HYTH L RZEARRY).

2. IRFFgEitE
B n ARG WINME) 2 N/ DEIRA I HES |

Ty ST S S Ty,

PRAFSETHE (order statistic), AR, H/MRFSIHTRN vq), HAMFLEHE
H L)
1 R BMFF, sort O LMERIRFSiT&. W
> x <- c(75, 64, 47.4, 66.9, 62.2, 62.2, 58.7, 63.5)
> sort(x)
[1] 47.4 58.7 62.2 62.2 63.5 64.0 66.9 75.0
bR b, BREL sort O AFRS H T HEAHINFSei, 43 T Z A ThEE,
Fofs 0N
sort(x, partial = NULL, na.last = NA, decreasing = FALSE,
method = c("shell", "quick"), index.return = FALSE)
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Hrp x BEUE. 77, B AmME.  partial Z&oHEFRIfERHE.
na.last SRR SE, 4 na.last = NABRE(E) B, AACFEHREL
$%; 24 na.last = TRUE B, BRAREHEHEER)S; 24 na.last = FALSE B}, SRISEL
PEHEERC AT . decreasing E@ ARG, FERIEIRHES MY, 24 decreasing
= FALSE (S48 1H), 25 1 AR [BME, & /NEIKHEF#Y; 205% decreasing = TRUE,
MR EL AR [WE B RE/MESY. method BHEFHY A, W method = "shell"
(BRAME), WI3E#E Shell HEFFikHER, HoZ2 58 O(n?/?); 43R method = "quick",
MR AP HE PR, X FRER &, P HE ks AR — R ELT Shell
HEFiE. index.return @ AR &, EAEHHEF THRAYIR FIME, 24 index.return
= TRUE B (S48 {68 FALSE), sREATIR BIEE 513K, FIRME MR $x 2
HEFRIE 7, 25 AR R $ix EHERUFAY T hrxt A E.

T HBIEG TE— TR sort O & FSEAIME AL IREREURE
B RE/NEE, NI 2% decreasing = TRUE. 41

> sort(x, decreasing = TRUE)
[1] 75.0 66.9 64.0 63.5 62.2 62.2 58.7 47.4

LR H BREARR, SR EA BRSO, WAL SE.

> x.na <- ¢(75.0,64.0,47.4,NA,66.9,62.2,62.2,58.7,63.5)
> sort(x.na)

[1] 47.4 58.7 62.2 62.2 63.5 64.0 66.9 75.0

AR SR AT B HE R Ja O K P DR B SRS KR, PR R SBRHEFE S, WA na. last
= TRUE. 415K RREAEHEAE ST, WA na.last = FALSE. 41

> sort(x.na, na.last = TRUE)
[1] 47.4 58.7 62.2 62.2 63.5 64.0 66.9 75.0 NA
> sort(x.na, na.last = FALSE)
(1] NA 47.4 58.7 62.2 62.2 63.5 64.0 66.9 75.0

5 sort O BMEHHRAREA: order O AHHFEH THR; rank(O 4l
BEARRRBRGEE, XT rank O MBESALELSNA.

3. ¥
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AR (median, 3824 me) & SOVBHEHEFOLT A E A E, B

{ Tty L AR, -
me = |
% (5”(%> + 1’(%+1)) . 24 on BT

SRR V€ [P 4% S6/ e el VAL S e o (1 N N B8 = A s VA S N AN 1 61 e S )
BARHRA —. X TRPRAAREE, PES PR R, M T WS
AR, BHESFOROAR. AR N — B E R AR AR, A
Tafdth, e B A S A ST R

76 R KM, BR% median() ZAWRMI Ay R A2 %k,

> x <- c(75, 64, 47.4, 66.9, 62.2, 62.2, 58.7, 63.5)

> median(x)

[1] 62.85

median () PRECAIE &N

median(x, na.rm = FALSE)
Hrb x BEEA R, na.rm BEHAE, 24 na.rm = TRUE B, pRECATLALLER
WA SRR MR BN (na.rm = FALSE, SRE{H) ARBANELH A BRE IR
.

> x.na <- ¢(75.0,64.0,47.4,NA,66.9,62.2,62.2,58.7,63.5)
> median(x.na)

[1] NA

> median(x.na, na.rm = TRUE)

[1] 62.85

4. BHHNHE

EMIEL (percentile) J& P AR, FEEFIRIL N/ NEIR I HSE, XFF
0<p<l1, ENp I iEEXH

{ T(fnp+1)5 2 np NIRRT, 33)
my = 1 .
5 (x(np) + z(np—l—l)) ) ﬂ:![ np %%ﬁﬁﬂ’a

HoAt [np] 7R np HPREGH T

p SRR RS 100p MR A REEAMEAREY 100p B IEMHE A T
p SHPIEL W 0.5 S EEL mo (5 50 EMEEL) BURFNLEL me. EEFRHI,
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0.75 /iS5 0.25 /% (38 75 BG5S 25 Ao i) WREE, Efln
AFRR B, TN, FaRhE s Q3 = mo.75, Q1 = Mmg.2s.

TE R BKFH, quantile O eREGTSIMMEAYH (L% 4N

> w <- c(75.0, 64.0, 47.4, 66.9, 62.2, 62.2, 58.7, 63.5,

66.6, 64.0, 57.0, 69.0, 56.9, 50.0, 72.0)
> quantile(w)

0% 25% 50% 75% 100%
47 .40 57.85 63.50 66.75 75.00

quantile () BREHY—MefE FI#E N

quantile(x, probs = seq(0, 1, 0.25), na.rm = FALSE,

names = TRUE, type =7, ...)

HoAft x EHB(EMRAT . probs R4 HAHNAYETOLE, BARZE 0
1 3
SR

1

Z ~
L 1. na.rm EZHEAE, 24 na.rm = TRUE B}, RFJAMERBREEGE. H4e 0
HBh.
WERATHLAH 0%, 20%, 40%, 60%, 80% F1 100% W H /i %L, WAL

> quantile(w, probs = seq(0, 1, 0.2))

0% 20%  40% 60%  80% 100%
47.40 56.98 62.20 64.00 67.32 75.00

3.1.2 HHEENEE

BT B (B ) B RYRFIE A 7 22, AR, 2. (it 2.
AR R B HELR S5

1. &, HEESTRAK

J7 2% (variance) JERERFARIE S BOER — R, B4 2 (sample vari-
ance) JZFEAAN FEEM IR 2 T r f g T, 188 s, B

— > (@i —7)%. (3.4)
n—14%
Hr 7 BREEAREIE.
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FEAS T ZWI T R MAEEARPREZ (standard deviation), ig24 s, B

AR S R BOL R R BARAR X 7 ey — PP R, 3209 OV,

CV:MMX%OQ, (3.6)

ER—NRENE, HEnHERz.
AR A R G A NI
FEARIEF- 7 Al §

CSS = Z (2, — 7). (3.7)

FEARRAL IEF-J7 Al §
UsS = a?. (3.8)
1=1

1E R M, 2 x B EAM BRI, N var (x) HHRFEATTZE, sd()
WHFEAIREZ, B sd(x) = Vvar(x). filan, X+ 15 B2 ERdE, H
> var (w)
[1] 56.47257
> sd(w)
[1] 7.514823
J7 2R % var O FIFRHEZREL sd O MR
var(x, y = NULL, na.rm = FALSE, use)
sd(x, na.rm = FALSE)
Hrb x BEE &, BEHFSREEEHE. na.rm Z#EAE, 24 na.rm = TRUE A,
FIALERGREHIIE. R LA,
G5 ZRE var O MRMREGER: covO— KUpFTERFE; cor() — K
FHSCHERE. XA bR BORAE 5 T A 4.
XA R ARRL. BB RIEF T FISEETR, TEMS R EF.
filtn, XFF 15 4457 A AR E R
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> cv <- 100*sd(w)/mean(w); cv
[1] 12.05071

> css <- sum((w-mean(w))~2); css
[1] 790.616

> uss <- sum(w"2); uss

[1] 59122.16
2. IRESIREIR
FEANRE (G4 R) MitHA
R = 2y — 71y = max(z) — min(z), (3.9)

Horp o RERFEA R R i FEAR R R AR 7 VR RO RAE. SR
IrRL, HARZEEOR.
A B PR ZRROV i E (SRR ), B0 Ry, B

Ry = Q3 — Q1 (3.10)

EWREREA S B BERFRME, Fx T BA R EANEEE, e
AR AR RN, R EEREEEGR AT P R A EEAEH.
FEAPRIERR (ICH sm) LK

S = J ﬁ ; (; —7)° = % (3.11)

XT R Z SRR R, W] LA R I5 TS
3.1.3 SHAHMRNEE

TEHE—ER 1.3.5 TAFELEEAMRE (skewness) RECANIEE (kurtosis) &
B, X A BREAS A I BE FRBORH U6 BE R 50

1. RERH
AR R R GEH 91) ATHEEAATY

_ n - b T) = n’ 3
gl_(n—l)(n—2)s3;(z e e O IR

(3.12)
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Soott s SERRAERE, o SRR 8 BPRDIE, B gy =3 S (e - )

T BE R HOE 2 RIBAR R XS FRYE SR bR & T (0 B 0 B Hofm B &2 0w 0,
A DN BE 73 B R O BE R O I, 7 M3 73 B s i JBE AR K800 .

2. BERK
PEASHIIEE REL (GEA g2) B AR

_ n(n+1) = N (n—1)2
g2 _(n—nm—mm—aﬁzg’ s P G
n?(n+1)uy (n—1)2

S D —2)n=3)5 “(n—2(n—3)

(3.13)

S s RATHER, BB A WU, B = 2 3(n - T

1
LRI SR AT Y IEZS o AT, W RBOIY 0; 40 AT B ERS A Y
FEHRE O, WEEERKONIE; By, IR REBOYIERS, PR R R 8
%, MG RBOH RN, PIMIm IR
RIEME — NI RE (¥ 45:  data_outline.R), THRFEAHY 25 Fifil
ST
data_outline <- function(x){
n <- length(x)
m <- mean(x)
v <- var(x)
s <- sd(x)
me <- median(x)
cv <- 100%*s/m
css <- sum((x-m)"2)
uss <- sum(x"2)
R <- max(x)-min(x)
R1 <- quantile(x,3/4)-quantile(x,1/4)
sm <- s/sqrt(n)
gl <- n/((n-1)*(n-2))*sum((x-m)~3)/s"3
g2 <- ((nx(n+1))/((n-1)*(n-2)*(n-3) ) *sum((x-m) "4) /s~ 4
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- (3x(n-1)"2)/((n-2)*(n-3)))
data.frame(N=n, Mean=m, Var=v, std_dev=s,
Median=me, std_mean=sm, CV=cv, CSS=css, USS=uss,
R=R, R1=R1l, Skewness=gl, Kurtosis=g2, row.names=1)

¥

PRE NS x BRUER M, WA, Rk FEREIEE,
FLATHEIR: N ARG Mean FEAM(H; Var FEAT 2,  std_dev FEA
PMEZE; Median FEATEG std_mean FEARHYIRAERR; CV FEAMRRRE
CSS FEAMLIE Il USS MEARILIE M, R FEAIRZE; R1FEAERZE,
Skewness FEASIEE 2%, Kurtosis FEASwE R %L

B 3.2 iHHA] 3.1 F 15 =FAGKREGEATL .

& B EFEANT (LEZEHEmA R AR, WMAREFITEA
FIMMAYEER.

> source("data_outline.R")
> w <- ¢c(75.0, 64.0, 47.4, 66.9, 62.2, 62.2, 58.7, 63.5,
66.6, 64.0, 57.0, 69.0, 56.9, 50.0, 72.0)

> data_outline(w)

N Mean Var std_dev Median std_mean Cv
1 15 62.36 56.47257 7.514823 63.5 1.940319 12.05071
CSS [INN] R R1 Skewness Kurtosis

1 790.616 59122.16 27.6 8.9 -0.4299561 0.09653947

3.2 HIENIS A

KRR RO RFAEZ R T R 6 AR, T BEXT RS 6 S AR DA 2 T A
i, BB SRR AT RRE AT 8 EB R R BT Z= R
A BRI A BRI A KR AT Y — A B B BT TR R TR B IES
R, KR Y TE AR B Y R 7
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3.2.1 Sk
TEFH LN TOMRE F(z) fyE X (B 1.5) . oA (X 1.7), Al
P{X:Ik}:pka k:1a2>"'7

FBERE R f(z) X (B 1.8), ARABERE WA f(2) S kL
F(r) B3R

F(l’):P{XSZL’}:/_m f(t)ydt, —oo<x < o0.

FEH T A A, WIESSMi.  Poisson 4347 4.

e R, SR T 350X BB R0 AT i 0 A B . 0 AR B 2% R
B, DAS A bR B0 B ek 0 A ek 4
filn, HRIESSA, ¥ Z8E, o® BFE, MTEBNAER «, Ko

1 z (t — ,u)2
F = -~ 7 dt — , , . ’
(x) o /_OO exp{ 552 pnorm(x, mu, sigma)

HARE pnorm 2 R KA R A QERSAM) BRE, mu E2¥HE p,
sigma JEIRHEZE o A AIHERR A5 BE pR K

1 (v — p)?
f(z) = exp 4 — = dnorm(x, mu, sigma),
V2ro 202

HApEEL dnorm & R BRI FAMER 2 B R B0 (IEASMT) AIREL
HHEARHEE S E a/2 (o = 0.05) 45, Hitsma=th

Zq/2 = qnorm(1-0.025, 0,1) = 1.959964.

H A%l gnorm & R B AT 43 0L s 1Y PR %K
FEAz 100 MR HEIE RSS20 i EHLEL
r <- rnorm(100, O, 1)
A% rnorm 2 R BKAFHAER (IESSAA) MALERIEE, 2% 0, 1 7[RIk
A.
XTIESDAEE dnorm() . pnorm() . qnorm() Al rnorm() F{H I 7%

&
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dnorm(x, mean=0, sd=1, log = FALSE)
FALSE)
FALSE)

pnorm(q, mean=0, sd=1, lower.tail TRUE, log.p

TRUE, log.p

gnorm(p, mean=0, sd=1, lower.tail

rnorm(n, mean=0, sd=1)
He x,q BHEEMNFRWENME. p EHBRERAGME. n B4R
P EL. mean JREITHAIESMATHIRIE, SREEDY 0. sd REITHAYIE
BOATIARUES, SREME R 1. 5 dnorm ()[R [BIE B 1E 254017 A AR 2% BE bR
. K pnorm () AR EMERZIES A/ A AL, BR%L qnorm O IR [I{E 2
MR p BT LA, R rnorm () AR EME R H n M IESS AR HEYLE0Y
JICH 7] 1

log, log.p AR, HEHHE (TRUE) B, ¥R EMEAFZIEST
AW, MHRXBOES 4. lower.tail EZBHALH, UEHHE (TRUE, GR&(H) I,
oA BB LA
F(r) = P{X <},

24 lower.tail = FALSE B}, 34 pE0aitamn=y

F(z) = P{X > z}.
FE R R R B BT, 4 Poisson 534f.  Poisson 1A

i A& R
dpois(x, lambda, log = FALSE)

FALSE)
FALSE)

ppois(q, lambda, lower.tail = TRUE, log.p

gpois(p, lambda, lower.tail = TRUE, log.p

rpois(n, lambda)
HA1 lambda J& Poisson 0 AFHIZAL A HASHETE XS RHM AR R (X
GHA7) SR E SR,

ER, HT Poisson /MATREHME, 3 x BRI LB, HECY
e
k!

A x NEEHEF, dpois(x, lambda)=0. X}FPR%EL ppois(), LIt x &G NI
B, HEOY

= dpois(k, lambda),

lz] —\
A
F(z) = g Z' = ppois(x, lambda).
k=0
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25 EMER p, qpois(p, lambda) AYIREMERE P{X =k} > p BEm/NIERL k.

FA ) /AT R B A USSR, 3R 3.1 FI T &R A i1 s g, B
W RBE A, P& R A RRATE H s BOH Bl S

& 3.1: MRS HE

vl R F )2 5% IpIlE =
beta beta shapel, shape2, ncp
binomial binom size, prob
Cauchy cauchy location, scale
chi-squared chisq df, ncp
exponential exp rate

F f df1, df2, ncp
gamma, gamma, shape, scale
geometric geom prob
hypergeometric hyper m, n, k
log-normal Inorm meanlog, sdlog
logistic logis location, scale
negative binomial nbinom size, prob
normal norm mean, sd
Poisson pois lambda
Student’s t t df, ncp
uniform unif min, max
Weibull weibull shape, scale
Wilcoxon wilcox m, n

1E3% 3.1 Fraliaraieh, I EARRE @RISR R A R E X,

o d— MEREERE f(x), BIIAHE pi;

o p— NMTRE F(2);

o q  ATEREIR R FH(p), BIA MR p 5, RETAOLA;
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o r— {FE (FAEMFNRIFENLED).

3.2.2 HAHE. 2B4HES5 QQ B
1. EAFE

XFRAES A, W REITE (histogram) JEATHEE. FEECRBUE R B 53 AL
AT X (—BORFE MR, FEFRRBIEL T, SMXERERCYAR. 5%
PR NEE— R AR S BR, e84 K Ll — e, TRISERRAE,
R E R LUREL, WRESR | A, 7Em R [ ABARELT, 58—
R T AU R R VE A R AR, IXF LT B T LG T B R B R . 4l
BN BT I AR S ARRA M, A/, SHRBEED, BTN
W, AR DX ) _E A AT REAR G, ZHEERCR, BT B i B AN R

FE R B, AR hist O EHFEARRETE, HERXN

hist(x)
£
hist(x, breaks = "Sturges", freq = NULL, probability = !freq,

include.lowest = TRUE, right = TRUE,
density = NULL, angle = 45, col = NULL, border = NULL,

main = paste("Histogram of" , xname),

xlim = range(breaks), ylim = NULL,
xlab

Xname, ylab,
axes TRUE, plot = TRUE, labels = FALSE,
nclass = NULL, ...)

Horb x RHHEAWER . breaks MlE BT EIRHK, HUTILMERS
H:

o i, HHEFEIMEL. K548,
o ¥, & NHEITEIWALE.
o FHFH,  (WBREIRES).
o REL, THRAEMNTEE.
freq &P A HE:
e TRUE 2 MR H 7l
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o counts Zx MR H 7Kl
o FALSE %% B H 7l
probability RS freq Mk, &5 S-PLus HIFRASEL
e TRUE £ H % & H 7Kl
o FALSE % i Z H /7 &l
col KR HITEIFHIHFTHBIE. plot ZBHEAR.
e TRUE /R4 H H T,
o FALSE K52 EH 7 B & FEE R GFAZED.
HESHLA B

2. ZEEMGITRE

SEFEMEERN % EATT (kernal density estimate) PR density (),
HHEMRHE AR, Mt HEE. Rl HIER:
density(x, bw = "nrd0", adjust = 1,
kernel = c("gaussian", "epanechnikov", "rectangular",
"triangular", "biweight", "cosine", "optcosine"),
window = kernel, width,
give.Rkern = FALSE,
n = 512, from, to, cut = 3, na.rm = FALSE)
Horb x @ PRAMRAY R, bw AT, AIERE. 2 bw VAEMEER, R R
SHEADGEAIE. HESHILR B ST
3.3 ml 3.1 F 15% A REGEFBRRERETE, #5EE0F
#8 F  B T B AR R
i 54X R BF (E)F4: exam0303.R )
w <- c(75.0, 64.0, 47.4, 66.9, 62.2, 62.2, 58.7, 63.5,
66.6, 64.0, 57.0, 69.0, 56.9, 50.0, 72.0)
hist(w, freq = FALSE)
lines(density(w), col = "blue")
x <- 44:76

lines(x, dnorm(x, mean(w), sd(w)), col = "red")

PTIA h Er ER BB (A A RO PR B R 2, AT 3.1 .
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Histogram of w

7<

Density

o/
’

[ I I I I I 1
45 50 55 60 65 70 75

1

0.00 0.01 0.02 0.03 0.04 0.05 0.06
|

w

Bl 3.1 AR EA BT IR AT 25 IEAS A B h 42

ERE, AT 25 IR A B R B i Sn Ay — 2 Y 2 1Y
456 BT RIS BEAG T SORIE— 22 0] 3.2 eI . A B/
T 0, BT IR ATSE.

3. RN

BT B EE & T B OB i G 3T — R Bk A, A
fHTHE R SR A0 R F (), 7] F 2250 70 47 PR AL (empirical distribution function)
VEfliTt. S —FW 1.5.3 Tl TeRs e L (WX (1.87), £ R 1, H
BREL ecdf O ZZHHEAM R AT K%, HHER:

ecdf (x)
plot(x, ..., ylab="Fn(x)", verticals = FALSE,
col.01line = "gray70")

Horfr, ZEpREL ecdf O 1Y x & HOEHMES R EERL W &, TTAERREL plot O H1H)
X A ecdf O AR M. verticals EB AN, 24 verticals = TRUE
FRNE'"EZ; BN (FALSE, S4A1H) ASHE IRZ.
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Bl 3.4 b4 3.1 F 1542 4 G4 E R BIb AT Fadd BLG LA A A,
g 5 REF (F£F4: exam0304.R )

plot(ecdf (w) ,verticals = TRUE, do.p = FALSE)

x <- 44:78

lines(x, pnorm(x, mean(w), sd(w)))
Hirf do.p BZHAREL, 24 do.p = FALSE F/RAHE FALHTIES; H (TRUE, Ht
HiH) HiLT.

PATIE AR AAERAIES A2, W 3.2 Frx.

ecdf(w)

0.8 1.0
|

0.6

Fn(x)

0.4

0.2

Q ===
o

I I I I I I I
45 50 55 60 65 70 75

X

] 3.2: “AAEREEAY 20 o0 A A0 TR 2500 A h 28

4. QQ HE

N EE T EEREEm K, B FERREA RT3 2R 5y 4
A ENMER, QQ EIFT AT BRI FEAS ) 43 A 2 7 DA T S iR AL Y 43 A

B BB IES DA N(n,0?), SHFHEAR 21,20, - - -, x,, HIRFSHITRE
Ty, L), Ty W P(x) SEAMEIES AT N(0,1) frAamE, o '(z) BRK



3.2 BHEH AR 143

B, WRIERSME QQ B LT YA

, — 0.375

P ST RORIE . A AR T IESAE, 78 QQ B _LaX &8 sl U7 H 2%

y=ox+pu

B, SCEZRARIRIEARHER o, BEEME o FrEFHIERS QQ B LMER
WEIEASYERER. #1IER QQ Bl B R MIMAE — SR BT, " LD I RRARL
ok B ES A BA.
1E R B, K% qgnorm() F1 qqline O 2L T HIERS QQ EIHIAHN H 4
W7k, HAE R IR
qqnorm(y, ...)
qqnorm(y, ylim, main = "Normal Q-Q Plot",
xlab = "Theoretical Quantiles",
ylab = "Sample Quantiles", plot.it = TRUE,
datax = FALSE, ...)
qqline(y, datax = FALSE, ...)
qqplot(x, y, plot.it = TRUE, xlab = deparse(substitute(x)),
ylab = deparse(substitute(y)), ...)
Hrf x BB —FIREA. vy BE IR A RSIEAR.  xlab, ylab, main
el HESROLHR B
Bl 3.5 b P 3.1 F 15 2FAENKRETHES QQ B, HAEI LEAINHF ALK
RTER B EESHT B
g S RSP (F/F4: exam0305.R )
w <- c(75.0, 64.0, 47.4, 66.9, 62.2, 62.2, 58.7, 63.5,
66.6, 64.0, 57.0, 69.0, 56.9, 50.0, 72.0)
qgnorm(w) ; qqline(w)
PATRZHIEDS QQ B, MK 3.3 Prs.
MIER QQ B (& 3.3 ) KA, FEAREIREA LrTIE SOk B B A
XFXBOED. 8 A a] MEA A QQ B, H LSRRI T
K B R —AA ) Bk
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Normal Q-Q Plot

Sample Quantiles

Theoretical Quantiles

Kl 3.3 ZEARENIES QQ B
3.2.3 EME, FEERAHEIE

1. EHE

SEITEWE, ZMEERMSONE HEdR A r g, T R T
PSVEE Y S-S
Bl 3.6 X3=H 31 LFA, RITRHE AL =T
25 45 50 54 55 61 64 68 72 75 75
78 79 81 83 84 84 84 85 86 86 86
87 89 89 89 90 91 91 92 100
o A E 0t AL
f#: 15 R BKAFH, H stemO sEUEZEME, Hand (FB/F45: exam0306.R)
wr
> x<-c(25, 45, 50, 54, 55, 61, 64, 68, 72, 75, 75,
78, 79, 81, 83, 84, 84, 84, 85, 86, 86, 86,
87, 89, 89, 89, 90, 91, 91, 92, 100)
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> stem(x)
The decimal point is 1 digit(s) to the right of the |
215

|

|

| 5

| 045

| 148

| 25589

| 1344456667999
| 0112

1010

T T X 25 I 4 A A R
F— K25 W 2, MY 5. AR B, KB 25 A | 50T
25 — 2|5
T AR T DL, R, ZSM PR AR 2,3,4,5,6,7,8,9,10 AT B
FITHEF, EHPFIE MM L2 T E— B, HESRSAMNE EREBEIER Y8
AT Bldn, FEHAIR 5 Ry BEA KR JE 0,4,5, B
5 | 045

ENARIX N E 50, 54, 55 X =AHdE. e A% 3 fBLA A M, BN
JRAGRHEE, BOARMM AR, AEE.

TEZEE A, YOI E B, SRV BERE. BRe T AEGR R
22, VAR Z ;. ARGRER T, BREEH AR, fERSETTE
BT A8

stem() BREHHI {3 7122

stem(x, scale = 1, width = 80, atom = 1e-08)
Hr x BEIEmE.  scale HH2HEMERRE.  width KRS
atom £ A E.

WIRGEHE scale = 2, HPKE 10 MALE MMBL, 0~ 4 A—B, 5~9K

A—B, B THRTHEER

> stem(x, scale = 2)

© 00 N O O b W
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The decimal point is 1 digit(s) to the right of the |
215

5

04

5

14

8

2

5589
13444
56667999
0112

© © 00 00 N N O O 0o O > b~ W W

[
o

0
WnRIEFE scale = 1/2, BIKF 10 DAGLEO A 1/2 Be, B 20 MOy —BE,

> stem(x, scale = .5)

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

215
4 | 5045
6 | 14825589
8 | 13444566679990112
10 | 0
5l 3.7 k] 3.1 F 1542 AR ETHETHE.
iR
> stem(w)

The decimal point is 1 digit(s) to the right of the |
4 |7
5 | 0779
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6 | 22444779

7125
ERE: O T EBIRATRIL, R IRAEER MU R BUE & T
2. F%E

ZE M ERR R RGBT R A Y BB 70 T A6 2 1 B EL VL ART 77 3 e B
B A EERFE. 78 R BKFH, H boxplot () REVERIZLA.
5] 3.8 ] 3.6 FAA XRG4 ML AE.
TN
> boxplot (x)
REFHLE, WAl 3.4 B,

100
|

80
|

40

[e]

] 3.4: AL ST REZRIE]

TERLE T, £ (Q3) T (Q1) WHEU 786 5E Hi A 1R) A8 P iy TR 32 e 5.
Fa R Al L LR LR (me) FRTERIOLE.  F AR AR ) B o Hs A 2 B A0 PR A
R, RREHRHCRIEE, R Aoy 1.5 R AR B, B A A
WHREER, REELH o7 93%7R.
boxplot O MEMIFH A =FIER, HF—FEXh
boxplot(x, ...)
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Horb x Bl BER R BUE R i, s RSIR, SF R, Lmdl a6
RITERRXFIER. B FEA N
boxplot(formula, data = NULL, ..., subset, na.action = NULL)

Hrt formula BAK, WMy ~ grp, XH y BHBIEMEAEER R, grp 2
BlEm A, @ EE . data BEIRSH. H=MEAN
boxplot(x, ..., range = 1.5, width = NULL, varwidth = FALSE,

notch = FALSE, outline = TRUE, names, plot = TRUE,

border = par("fg"), col = NULL, log = "",
0.5, outwex = 0.5),
NULL)

pars = list(boxwex = 0.8, staplewex

horizontal = FALSE, add = FALSE, at

Hr x B GH—FEAMR. range J& “fA07 #97EH (BE{E 1.5). notch
B, 24 notch = TRUE(HRZG{H M FALSE) ), H HAFHLEIADIA.
outline JEWHAF &, 24 outline = FALSE(HU{E N TRUE) BY, AHrBHRH(H
M. col BEifmARE, WMAMNFME, KL ARBERFELRE. horizontal
B, 24 horizontal = TRUE(SR4G{E N FALSE) I, HHEFEZEIZRIKT
MR, add EB#AS R, 24 add = TRUE B}, 7EJRE LEE,; &N (FALSE, SR&{H)
B b —ikEl. HARASENE ELH BT

AU boxplot O sREUEMAEA KA ERK T, &AM FEA R EZEAHIA.
3] 3.9 ke FAY 5 K AF B e T A5

Method A: 79.98 80.04 80.02 80.04 80.03 80.03 80.04 79.97

80.05 80.03 80.02 80.00 80.02
Method B: 80.02 79.94 79.98 79.97 79.97 80.03 79.95 79.97

] P 4 2K A 4G 3 1A= AR B 7
& WAKPE, VA boxplot O R (FE/¥4%: exam0309.R) I H 4K
R,
A <- c(79.98, 80.04, 80.02, 80.04, 80.03, 80.03, 80.04,
79.97, 80.05, 80.03, 80.02, 80.00, 80.02)
B <- c(80.02, 79.94, 79.98, 79.97, 79.97, 80.03, 79.95,

79.97)
boxplot (A, B, notch=T, names=c(’A’, ’B’), col=c(2,3))
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_—

79.94 79.96 79.98 80.00 80.02 80.04

T I
A B

Kl 3.5: PIABHRRIFE LA

FEIFHLRIE, ik 3.5 Prs.
MEFERTLIE H, PABRHERAHAR, H—AEsTH 4. &
B R4 H T RR A S (R IR Y St T ik
EEE:HTHEMA T 28 notch = T, HHMMHZEFAYIO. col = c(2,3),
PrART A WAZRERAE (2 Rp46), KT B WHELZEESE (3 KR4
), WA LLESEE R, col = c(Pred’, ’green’).
£ R #KfF, InsectSprays J& R fROLHIEIRAE, &= b MSIBIRAAL,
—HIM count, HBARMM, F—M spray, HFTHM, HF A, B, C, D, E,
F 73K BUE HEHE count TEXANANKFTHIFLRE, Had (BF4:
figure0306.R) AT :
boxplot(count ~ spray, data = InsectSprays,
col = "lightgray")
boxplot(count ~ spray, data = InsectSprays,
notch = TRUE, col = 2:7, add = TRUE)
A R E R R AR, T EE TSGR T KA (col="lightgray").
B AR E LB A YIN (notch = TRUE), M HA&— LKA —
PRI (col = 2:7) EiH, FPRHXKEAYIEZME] L —5KE L (add = TRUE), K
BIFEaIE 3.6 B,



150 BT BRI T

F—

Hw .0

Kl 3.6: ARIZECTFELE R N

F LR - RT DA Y, 25 i R 2RI 1 2% T D79 T DAY 45 3 ).

3. AHEFE

TERRERIE T, INAEA R, B8R WU HE B B AE A 5L
AL me, TPHAEEL Q1, BV IS Qs, H/ME min FEK(E max. XHA
BOPR A FEA R B HLEEHE.

1E R R, B fivenun () HEEEARW RIS, HHABR N

fivenum(x, na.rm = TRUE)
oA x BAEAREE, na.rm Z2EBAR, 24 na.rm = TRUE(GRE(E) B, 7EIH5E
HROEFEZHT, AR NA I NAN RRe g S5
B 3.10 KH] 3.6 % & %K R 558 I,
f#: (F2J¥4%: exam0310.R)
> x<-c(25, 45, 50, 54, 55, 61, 64, 68, 72, 75, 75,
78, 79, 81, 83, 84, 84, 84, 85, 86, 86, 86,
87, 89, 89, 89, 90, 91, 91, 92, 100)
> fivenum(x)
[1] 25 70 84 88 100
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3.24 EFMHEESHHIISIERE

LA EL FHRESES L. B R BIR A R, HA A2
RSN EM. EEITE., LE0AmBOT AT, BRI SR ERFIALR
A, Bl — 2 G E A S AR A R i R B B AR AT R R 2. AR, T i £
TElE, BRI TRIMRESN. ARMSEREINPBESLE M S, X8
R AR MR I, —FINERRTES AR, 5—MirkEeT
S A R B A e

1. IEZFME W £RAZE

MM Shapiro-Wilk (2% — BURY) W Gt RAEIESER S, K IEFRXF
REIS IR IERS W AR k.

TE R A, pR%K shapiro.test O $&4 W SGitEMAHN p {H, X4 p{E
INTHABEHIKT- a(dn 0.05), M IHEA N AR H IES AR B, &
MIARNFEA R 5 IE 50 A Y S .

PR%( shapiro.test() AYfE RN

shapiro.test (x)
Horp x Bl BdRM e i, IFH A EAIKREETE 3 2 5000 Z[H.
XtFH 3.1 15 s A AR BRI,
> w <- c(75.0, 64.0, 47.4, 66.9, 62.2, 62.2, 58.7, 63.5,
66.6, 64.0, 57.0, 69.0, 56.9, 50.0, 72.0)
> shapiro.test(w)
Shapiro-Wilk normality test

data: w

W = 0.9686, p-value = 0.8371

p {4 0.8371 > 0.05, FH I, INARBIESHAREME, 5 QQ KERIAZ
WAHHRE. Xt

> shapiro.test(runif (100, min = 2, max = 4))
Shapiro-Wilk normality test
data: runif(100, min = 2, max = 4)

W = 0.9493, p-value = 0.0007515
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p {E> 0.0007515 < 0.05, WA HEARNEAR B ES AR S, 28, XRKREH
S A BENLEL

2. Z8448Y Kolmogorov-Smirnov #8574

LRI AT RRL F (2) BRI AR F () Bfhit. Bl &R m 7k
et Fo(r) SRR SRR Fo(r) ZRIZESR.  Kolmogorov-
Smirnov (BHREXKZ R — Hrok/RiER) Gt R F.(2) 5 Fo(x) BEER D,
AP

D= sup |F,(z)— Fy(z)|. (3.15)

—oo<r<0o0

1 R &G, RE ks.test() A H T Kolmogorov-Smirnov #8657, FH
EIEPRrS RS
ks.test(x, y, ...,
alternative = c("two.sided", "less", "greater"),
exact = NULL)
Horf x RARRIIA A AT 1L,y SRR R A R o RS A IR Y
FFE.
frilt,
> x<-rt(100,5)
> ks.test(x, "pf",2,5)
One-sample Kolmogorov-Smirnov test
data: x
D = 0.5596, p-value < 2.2e-16
alternative hypothesis: two.sided
By x BkE ts BIRENLEL, X x 1F Fos fae (BIUCHRSRE MR B dE
H(2,5) Wy F o), HEERZHEAR, AR x RN Fos #9537,
A REAE I AR R TR, RS LEAA TEAR A 4.

3.3 RERHEPHEEGS

FERITE S A BAR T B o A v, RR IR R BRI B Tk —, N
I, FIRZERITE R EEE, B—FEW. AL LB R K
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e, — BRI B ATk,

FEFRREI R, A 2RAEE R, —IRRACTERIRRL, 73—
TEEI % Frif K- TAEE m R, RS IRK- TR PR E BT Y A, RIBr A 2
KRB AT =R R, T RAA A inil, LA IR AR bl A i B S5 FIRZK
TAEE R EOR B B ik AR, R BB AE KTV 1A o 200 A2 1 R 1 Ak 1
HIHTHI EE.

3.3.1 BKFLERE

EACTERI REE:  plot() . pairs() . coplot() . qgnorm() .
qqline() . hist() F contour() .

1. plot() F#k

PREL plot O I HBARMEURE. HZ&REI%. plot O BRECH AT HFHE
iR
1 plot(x, y)
Hor x fly 2mf, £l y T x (HUREL. i, 5] 2. 2802
(R
(2) plot (x)
Her x Z—BRFS, ERETFFIIEE. @R < &mE, WEE < T TR
AR R x BREmE, Wk Z8my il 5 R aui Bl %R 2.2.6
THAET B ERIEL.
(3) plot (f)
plot(f, y)
Horpof BT,y BEUEME. FH-FREA £ AETEL S R U A
y KT £ KRR LA
Bl 3.11 AR WA BBy a4 Ay . Ay, Az, Ay AFEBRGAM, AT
EE R Fodek 327 S EwWRRRTHAFFGHEE, F9H TR
BL7r T AR F A A RE G EF?
& A AR, e AN A ZE] (B2 4%:  exam0311.R).
y<-c(1600, 1610, 1650, 1680, 1700, 1700, 1780, 1500, 1640,
1400, 1700, 1750, 1640, 1550, 1600, 1620, 1640, 1600,
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& 3.2: THESEIE
A+ £ R F 4
A; | 1600 1610 1650 1680 1700 1700 1780
Ay | 1500 1640 1400 1700 1750
Ay | 1640 1550 1600 1620 1640 1600 1740 1800

Ay | 1510 1520 1530 1570 1640 1600

1740, 1800, 1510, 1520, 1530, 1570, 1640, 1600)
f<-factor(c(rep(1,7),rep(2,5), rep(3,8), rep(4,6)))
plot(f,y)

BATIE RN AR, W 3.7 FrR. IWEIHRT UG W O FOR R S 7

1800

— —_—

1700

1600
|

1500
|

1400
|

&l 3.7 PURAS R BL 7 A4 e A i B A 2 &

PR AT i iR B AR
(4) plot(df)
plot (™ expr)
plot(y ~ expr)
Hor af BEIRHE, y BEE TR, expr BXIRAPAIREXW (atbtc).
Wl N R AR RS B E AR E M SEHE (OCfF45:  student_data.R)
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df<-data.frame(
Age=c(13, 13, 14, 12, 12, 15, 11, 15, 14, 14, 14,
15, 12, 13, 12, 16, 12, 11, 15 ),
Height=c(56.5, 65.3, 64.3, 56.3, 59.8, 66.5, 51.3,
62.5, 62.8, 69.0, 63.5, 67.0, 57.3, 62.5,
59.0, 72.0, 64.8, 57.5, 66.5),
Weight=c( 84.0, 98.0, 90.0, 77.0, 84.5, 112.0,
50.5, 112.5, 102.5, 112.5, 102.5, 133.0,
83.0, 84.0, 99.5, 150.0, 128.0, 85.0,
112.0))
plot(df)
attach(df)
plot(“Age+Height)
plot (Weight~Age+Height)

plot (df) ZHAETE MK 3.8 Fris.

0| ol 9
o ® o o - 9
A o0 ) o oo -3
e
g o o o o o ]
00 o o® o o F Y
o o ] ) ba]
5 5
o
™~ o o
8 o ©
8 o °§ 008 o
o o i o [
- Height
- [
© 8 o
o
w 80 og
[Te}
] o
5 o
- <
o o -
o o
o o o oo i
o o © o @, Weight -8
o o
o g o ® o o L o
o o ©
L 9
©
] o
L T T T T T T T T T
1 12 13 14 15 16 60 80 100 140

Kl 3.8: 4Rk, B EAI AR B = I Bl R A &
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plot ("Age+Height) ZH B E SR ATEUS K. plot (Weight~Age+Height)
PR E R, BkERESER, BKERES S,

plot JEF[LAVEIENTSITIEI SR, HUEBIRAMFIR, FHEE 5 S AR
RN,

2. BETSTENE
R By Bn 2 BRHARR M T WA EF A AR, — 2 pairsO K
X, 2 X R M RREHERS
> pairs(X)

MR TR SR EATIE. B, LAz p B AE Sy 4,
> pairs(df)

2z M B ST Y plot (df) AHIA].

T EREZ coplot ). BFH=, WANEERS, coplot() FJLLKFALE
FRIE R EA. Bk a M1 b BEUEME, HH c 2HESET (rAZEAAM
R EE),

> coplot(a ~ b | ¢)
ZHTELE cEHT, a kT b WEURE. HRUSALERFER. BefiRENE
W&,
> coplot(Weight ~ Height | Age)
T IRFRBES B ES SRR, WK 3.9 FR.
AR a, b, c, d, BFLAFU T4
> coplot(a " b | ¢ + d)
Bli% c . dXIZrTF, axT b HUEE.
3. B-ER
HA A &K P2 E R ECE qgnorm(), hist (), dotchart (), contour() 4.

&N qqnorm(x)
qqline(x)
qgplot(x, y)
Hox, y BEMME, ZEHEEN QQ HUNE (B4 3.2.2 W)
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(2)

hist (x)

Weight

140

60 80 100

Given : Age
11 12 13 14 15 16
L 1 1 1 1 1
[ ]
[ ]
[ ]
[ ]
[ ]
T T T T T T
55 60 65 70
1 1 1 1
o
o
- <
o o -
o o o o o B
@ - 8
-
o
L ©
)
L o
©
55 60 65 70
1 1 1 1
o o
o
- o o o o o
o
- & o o O o o o
o o
o
T T T T
55 60 65 70
Height

Bl 3.9: TARR R 7T RS B iy RN

hist(x, nclass=n)

hist(x, breaks=b, ...)

Horb x BUEA R, BRI ETE (B 3.2.2 T 4iad).

(3)

flan,
HIANASETSR,

dotchart(x,

.2
B x B R AL ERE

y HOEEE x tRic,

x RREHE x HEUE.
R # {4, ¥(3E VADeaths 45 Hi T Virginia (5 BIL) MMAE 1940 4F

Rural Male Rural Female Urban Male Urban Female

50-54
55-59
60-64
65-69
70-74

11.7
18.1
26.9
41.0
66.0

8.7
11.7
20.3
30.9
54.3

15.4
24.3
37.0
54.6
71.1

8.4
13.6
19.3
35.1
50.0
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F=F BAERR MO

FAMTH H xR A,

> dotchart(VADeaths,
> dotchart (t (VADeaths),

WK 3.10 BrR, H (a) B4

Death Rates in Virginia — 1940

e,

70-74 o

-54
UrBan Female

main = "Death Rates in Virginia - 1940")

main = "Death Rates in Virginia - 1940")

(b) BHE = Ams

Death Rates in Virginia — 1940

65-69 o Urban Mal o
60-64 o Rura| Female [}
55-59 o Rural Male o}
. ’ 55_?Jgrban Female o
Rural Femaleo_ o Urban Male °
Lo-ra Rural Female o
28:22 ° °© Rural Male o
55-59 o 64
50-54 o Urban Female o
Urban Mal o
Rura| Female o
0-74 o Rural Male o
65-69 o
60-64 o 65-69
2323 ° Orban Fee'e ° o
50-54 ° Rural Female o
Urban Female Rural Male o

-74 o —74
65-69 ° Urban Female o
60-64 ° Urban Mal o
25-29 ° Rural Female o
50-54 o Rural Male o

10 20 30 40 50 60 70

(b)

& 3.10: Virginia JN7E 1940 F-A9 A\ O 3BT/ S &

4) image(x, y, z, ...)
contour(x, y, z, ...)
persp(x, y, z, ...)

Herx, y BYERIME, z 5 x My XVAERE (z 17802 x 4E%, z /1y

FIKOE y B4ERD). image ) L2 H=4ERIERIBE, contour O L =4EKJEHY

SHEZR, persp(O) & =4ERIERYFRIH L.

Bl 3.12 (LEHE) AL LR (CF@RERK (0,2800) x (0,2400) P, #42: K )

MF - s 65 (£ K) dok 3.3+, RAFEZLR LB o F

1A% B,

% WAEEE, A contour O M¥EI%E, JAH perspO
¥ (#2)¥4%: exam0312.R).
x<-seq(0,2800, 400);

z<-scan()

BRI K5 =4 &

y<-seq(0,2400,400)
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%= 3.3: FIIXMF 5 ELHIE

2400 | 1430 1450 1470 1320 1280 1200 1080 940
2000 | 1450 1480 1500 1550 1510 1430 1300 1200
1600 | 1460 1500 1550 1600 1550 1600 1600 1600
1200 | 1370 1500 1200 1100 1550 1600 1550 1380
800 | 1270 1500 1200 1100 1350 1450 1200 1150
400 | 1230 1390 1500 1500 1400 900 1100 1060

0| 1180 1320 1450 1420 1400 1300 700 900
y/x 0 400 800 1200 1600 2000 2400 2800

1180 1320 1450 1420 1400 1300 700 900

1230 1390 1500 1500 1400 900 1100 1060

1270 1500 1200 1100 1350 1450 1200 1150

1370 1500 1200 1100 1550 1600 1550 1380

1460 1500 1550 1600 1550 1600 1600 1600

1450 1480 1500 1550 1510 1430 1300 1200

1430 1450 1470 1320 1280 1200 1080 940

Z<-matrix(z, nrow=8)

contour(x, y, Z, levels = seq(min(z), max(z), by = 80))

persp(x, y, Z)

iz R IEE, —iRESEELE, WE 3.11(a) Prs, H—iEE=4Em,

& 3.11(b) Fi/R.

AT TAER], B 3.11 HWAB,

o TR, HRIRR B TR R

WA, WRBE R AL, B RS AR, R =R
WEEABEATAR, X2 i T R B & M S RS, R AR
ZHWME, EIERMEAEL 2SR, filin, R Sos

> persp(x, y, Z,
HE A BRI 2.

theta =

30, phi = 45, expand = 0.7)



160 F=F HEELESH

500 1000 1500 2000
| |

0
|

X
0 500 1000 1500 2000 2500

(a) SFHZA (b) =4k
Bl 3.11: —=ZEEPR ) SHE L5 Wk il T

5] 3.13 & [—2m,2pi] x [27,27] 9 EFHR KA L FEK 2 = sin(x) sin(y) 49 F
BB f =% AE.

W BIMAVE R EF (R4 exan0313.R)

x<-y<-seq(-2%pi, 2*pi, pi/15)

f<-function(x,y) sin(x)*sin(y)

z<-outer(x, y, f)

contour(x,y,z,col="blue")

persp(x,y,z,theta=30, phi=30, expand=0.7,col="lightblue")

ER: E2=4KDER, 2 FARWEMET v 5y WHRNER, mMEFR
AR f LR TIEIMUER (outer(x, y, ), BEMES, XFEARKLH =
HEE, HFERIEEX— R, 2 himEBmE 3.12 R, LB G
Hr I T EDE i B AR TR 4 £7 B2

332 BATLEHHSS

TER KPS, RIS, RUT5e B PIZE, M — LA
.

1. EiBEa Y

add = TRUE /R EAERE LK, S48 {E N add = FALSE, RIHTHI IR
e JF .



3.3 R KAFFRIZE ML 161

T
i)

] .‘:" l/l””’

;, \\\ || "l .\\\.,, u” :,, A\ ,

Wil R l:, ,; um
PTNIN IIH

||;|n.\\\\\\\§\“.'.."| llr‘/,,"n‘:\"’uul""’7’,’,’0’.‘\\\’4’2’5\
W X777/

Al \\Q\\\\\«'.'llw,':t,l,m,'.\\\\\\m,,,’,': ’ml' W

bill
iy L
\\\ 'l% ‘\- ’ 74
\ \‘\| 'lll’t”

(a) SHEHZE (b) =4k i ]
Kl 3.12: BREL 2 = sin(z) sin(y) BYEF(ELR-S RIA%

axes = FALSE E/RITZLKIEKELIrEl, BE{HE N axes = TRUE.

2. IR

log = "x" RN x RIBVHEIRIMEL  log = "y" Zom v HIRTEBHREONEL,
log = "xy" F7n x S v HAY R R BB AL

3. type &%
o type="p" LKl (HAAE);
[ ] type="l” /Z(“ £
o type="b" Frf HMLLIERE;
o type="o" SEZREM A MM
e type="h" ZHiHF| x BliRyBL;
e type="s" or "S" ZHIFEIEHILZ;
o type="n" ARZALAELHIZL.

4. EhFFE

xlab= FAFE, HPFFRITNAR x fiyii, ylab= 7478, HPMAEH
HIPNASE y BHRYUERA.  main= P8, HPAMFREANAREIR BN, Al sub=
TP, TR AR T RIS,
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3.3.3 {RKFEEEFE

A i EKCF R EE R BOT A RE 2 2k FE BRI 6hR, T Bk /E K R %L
XFETE T LA FE. Br A B ARZK TR B e ZBT 1V B B i AR AE i 7K TV B eR KU
EIER Rz b, B EE.

KK TAEE R ECE points () | lines() | text() . abline() ., polygon() .
legend() . title() fl axis() .

1. MEEZ&EE

MR REUE points O, HAEMZECHE LA, @4 points(x, y) HI)
AEAH4 T plot (x,y).

INEL K%L 1ines O, HAEH ZEC AR LNZL, 4 lines(x, y) HIJEEM
4T plot(x, y, type="1").

2. FERbERiC

PREL text O WVEZTER Ehndric, it h:

text(x, y, labels, ...)
Her x,y BEAEME, labels FJLUREEEL, WAL EFESFH. EHRERSET,
labels=1:length(x). 4N, FTELWH (v,y) WEURE, FEEIFAE S HEFER
g, Hméh
> plot(x, y, type = "n"); text(x, y)
3. EEI LIIE%
PRE abline () WLAYER BANE SR, HE A EA A
&Y abline(a, b)
FRE—% y=a+br EZ.

(2) abline (h=y)
FoE H— &t r A S K EZ.
(3) abline (v=x)

FoE H—& rA S B EEZ.
(4) abline(1lm.obj)
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Ttz MM AR B 27 12, DASR —Fmy0l 2.3 41, DiiiZdn < ik,
BAMY (F2J¥4%: add_line.R)
rt<-read.table("exam0203.txt", head=TRUE);
1m.sol<-1m(Weight“Height, data=rt)
attach(rt)
plot (Weight“Height); abline(lm.sol)

REFERESEEABOL ML R HEZ, W 3.13 Ps.

Weight
80 100 120 140

60

55 60 65 70

Height

(&l 3.13: A AR R 5 e B A RIOR FE A 2 ] U3 2 R

B polygon() WTMTER LINEHTE, HAR R
polygon(x, y, ...)
ABHRET (2,y) MRS, IKUCGERTER R, 2EH—Z3k.
4. 7ZE EmnfRic. HEASEMAE
TEE AN SO, pRic s N A A AR R. — M RINEREH, vk

&

title(main="Main Title", sub = "sub title",)
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oA R E IAE A B 0, 8 H An7E B A R T

F—ARAEAR TR EndRic. viBIEHAM Y, AR

axis(side, ...)

HAr side i1, side=1 FIRFTIINATRAERIBIRHS, side=2 FRFTINAIK
TEREIRIZEM],  side=3 FRIRFT I ATRAERIAITHES, side=4 RSN ABIE
Iy A .

1E R ROE, A HoAl— LR ek R B i &, fe B RFTEL B L
B EAR. TEEEMAES, SEMHNASITHMIR, BESAHEMRANZEDT
7%

3.4 SRHEWBFEHFMESHEXS

TE LR TR AT, HARARREA LR E —JT MR X, MAESERRTEOL
F, FZEARR A SRR B, BIRE BE (X0, Xo, -, X)) XITFRAZ
TCEARRIEARE, B T AT B BUESRE RO, EEBEARS TS R 1
HIREORIC R, XL T BRI A G AT

3.4.1 ZIRHIBNEFSEREXRE

I;% (X, Y)T %:fl’j;‘é\w, H\EPHX’T%X%MU#ZIK (xlv yl)Tu (.]72, y2)T7 T ($n7 yn)T
HARAS LI R By

ic

N#E (7, 9)" oA E R . 3D

n

1 —\2
- n—lz(gji_x)7

i=1

S(E(E

n—14%
=1

S = —— > (@i~ D)~ ),

n—1
i=1
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WIFR sz0 AT X BMEEAATT 2, FK sy, AR Y FOINFEAR T, #R
ey AR XY BMMFEARR BT 22, FR

R A B 7 ZZHE . R
Szy

vV Szxy/Syy

RIS B AHSE R B

1E R, R TITHEARRIIETT 2R @54 L5 — oA E S
[, eIy —Les. 2 TR (E 507 2R A BRHE R 25 M A
B, SRRy E, BT EAHT.
Bl 3.14 XA 5 LA WAL R ks A B, B 10 MR, BMERT Ry A 64
Ta5% (%) & B a2 8 %k y(h) ik 3.4 Fw. W HAELREY

R 3.4 T ATHRAKSEENELS X
x(%) | 67 54 72 64 39 22 58 43 46 34

y(%) | 24 15 23 19 16 11 20 16 17 13

i, 7 £, s EAedak 25K
B RBARE T R ABHE, F mean ) EREGTLIHE, H covO ¥
W2, B cor() REUTHAEME (R, (FBFH4: exam0314.R )
ore<-data.frame(
x=c(67, 54, 72, 64, 39, 22, 58, 43, 46, 34),
y=c(24, 15, 23, 19, 16, 11, 20, 16, 17, 13)
)

ore.m<-mean(ore); ore.s<-cov(ore); ore.r<-cor(ore)

X y
49.9 17.4
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> ore.s
X y
x 252.7667 60.60000
y 60.6000 17.15556
> ore.r
X y
x 1.0000000 0.9202595
y 0.9202595 1.0000000
T EiRi5 A, var(ore) [EIMIHTLRE cov(ore) IR L RAHE.
PREL cov) Hll cor O HIMEFHEAY
cov(x, y = NULL, use = "all.obs",
method = c("pearson", "kendall", "spearman"))
cor(x, y = NULL, use = "all.obs",
method = c("pearson", "kendall", "spearman"))
Horp x BRUEA AR, HESEIRME. v &2 {E (WULL, SUE(E) . mf. HREE
BIRE, HEES x B —%.  covO RRIEMER T 287 25 4.
cor () WY [BI (LA 5 25 B BliAH SC .
5 cov Ml cor HRAYREUEA: cov.wt — HHEIAINTT 2 (WA bhTr 2
FFE); cor.test — THRAHIMER L.

3.4.2 ZIUHIERVAERMERTE
Xt F— BRI [ R (T PR AE S AL EE T, X B BRI T e BR A R
LA
XFF ek
(zlayl)T> (1,2’y2)T’ Tt (xnayn)T>
AP REAR A R R ey RIKFEASKR B SR (X,Y), S —ER9 AR ]
H, BRI RO

_ Cov(X,Y)
/Var(X)Var(Y)

p(X,Y)

HRAFEARI KRR SRR R A RE?



3.4 Z AKMEH KA 548 X 5 167

FIRAEM, SHEEARN n TR, ey ATPMERN o(X,Y) BIfET, Bt
Ui, UEERNREBORES, FEAMS, BREAS . SR REUMT, BIGHE
REMM L. AR RBUR: SR 0 2OWMBIZP0, HERMA HE
PIE SRR ?

Ruben (§%) & T BAEMCREE X EAG T (—fR XA PR AE
BN E) FHERLGEL AR, ¥ n BFERDNEL, r BEAAHERE,
u BAREIESS AT I o/2 LR, Bl w = zop2. WIS

.
f = 3.16
,r m’ ( )
a = 2n—3—u? (3.17)
b = r*\/(2n—3)(2n —5), (3.18)
c = (2n—5—u?)r? — 22 (3.19)
RITHE ay® — 2by + ¢ =0 HIR
b— Vb2 —ac b+ Vb*—ac
p=——— o=, (3.20)
a a
M1 — o FXU A X[ K
jp—1 Uv=—2_, (3.21)

V1+y?2 V1+y2
WA (3.16)-(3.21) s E HH R ¥ (F2/F¥4%: ruben.R)

ruben.test <- function(n, r, alpha=0.05){
u <- gnorm(l-alpha/2)
r_star <- r/sqrt(1-r~2)
a <- 2xn-3-u"2
b <- r_star*xsqrt((2*n-3)*(2*n-5))
c <= (2#n-5-u"2)*r_star"2-2*u"2
yl <= (b-sqrt(b~2-a*c))/a
y2 <= (b+sqrt(b~2-a*c))/a
data.frame(n = n, r = r, conf = 1-alpha,

L = y1/sqrt(1+y1~2), U = y2/sqrt(1+y272))
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% n=06,r=080, FWACIHKFH KL ruben.test O, It
> source("ruben.test.R")
> ruben.test(6, 0.8)
n r conf L U

16 0.8 0.95 -0.09503772 0.9727884
EAEXIEDY (—0.095,0.97), FEAE TAEHAEL, B » = 0.8, B AREULRA SRR
FHIHY.
g n =25, r=0.7, HHHFE
> ruben.test (25, 0.7)

n r conf L U

1 25 0.7 0.95 0.4108176 0.8535657
EAFXIEA (0.41,0.85), Jobt, FEA REUE SR ARICH.
FTEAE XA AL E T 7 84 David (KT, 1954) &8 KR ITI%,
Kendall (F7f/K) il Stuart (T4, 1961) $2H#9 Fisher @i 7 k%,
BN S AR A A DI A U I AR A (X, Y)T A DGR
AIRAERE, % (X,Y)T RTOCIEREME, H p(X,Y) =0, Ngit&

(3.22)

RINE EBHER n— 2§t 534

MHGEHHE t IRMBBIER n— 2 B t AP, FTRAXT RO X AT Y /Y
AP TR . T AHICREL vy BEFRA Pearson (BZ/RER) MG REL, I,
R3S 7R FR A Pearson AR LS.

P AR S, B Spearman Bk ImAl Kendall Bitad, X B HAZH
R AR %, ARRRIFIEE RS SE A RS E

T R K{FH, cor.test) AT HR=FaI k. HEH %R

cor.test(x, vy,
alternative = c("two.sided", "less", "greater"),
method = c("pearson", "kendall", "spearman"),

exact = NULL, conf.level = 0.95, ...)
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Htx, y REGRREMFRFE, alternative R&#MEI (HRMRER
HEPFEGNGE), REEN "two.sided", method JEIERERIRLES 1, BREHE
N Pearson ¥, conf.level J&EAZX[E[/KF, H4{EN 0.95.

cor.test () MRELLAH 57— FhE HHE=

cor.test(formula, data, subset, na.action, ...)

HA formula BAX, BN > utv’, u’, v’ BHUREGMHEKEHEUER
. data BEHEME. subset BR[ZEHME, FRAMEHE T4
Bl 3.15 4] 3.1 &M A L IEREAT AR KA T

%
> attach(ore)
> cor.test(x,y)

Pearson’s product-moment correlation
data: x and y
= 6.6518, df = 8, p-value = 0.0001605
alternative hypothesis: true correlation is not equal to O
95 percent confidence interval:
0.6910290 0.9813009
sample estimates:
cor

0.9202595
H p {H 0.0001605 < 0.05, FELJRRE, INNER X 5 Y XK.

SEfr b, cor.test O IRME T AHIC R KIAIfh T, X HIH5HAY X2
(0.69,0.98), AILINIX— S FIE L ERE X 5§ Y ZAHKH.

AT A

cor.test(x,y, method="spearman")

cor.test(x,y, method="kendall")

i VB RSN TR

3.4.3 SUEBBIVBFIHAE KB
X p oM (X1, Xo, oo, X)), HAEAY

($1171h27"'71hp)T7($217$22,"',Jhp)T,'",($n1,$n2,"',$np



170 FEF BAERBHRMSAT

Hrp s i AHAN
(Iilaxi2>"'>$ip)T7 1= 1,2,"',TL.
FEARE § D EAERE SOy
fj:%i%w J=12-,p.
PR § DRI 2 E SO

n

1 _ .
5? - Z(xm _$j)27 J= 1>2a"'ap-

T n-—1
i=1

PRI A REEE B Ao BT ERE X

I < _ _ ,
Sjk = mZ(xz]_x])(xzk_xk)a ]71{;:1’27"'729'
i=1

R T = (T1,Ta, -, Tp) " 4 p JTCREARHIME, &

S11 S12 - Sip
g [
Spt Sp2 tc Spp
AFEAS T T R
HEARSE ] MR SH Mo EMHEXREE XN
Sjk .
Tik = ; 7]{::1727"'717'
" V55V Skk ’
R
1 T2 o Tip
R | TR T
Tpt Tp2 =+ Tpp

HREAS A SRR ( Pearson AHEHRE ).

(3.23)

(3.24)

(3.25)

(3.26)

(3.27)

(3.28)

T ZoedE, 5 oA, RABIRES AT, "TLAA mean()

BREL. cov() BB cor O BEGTHFRARPIE. Phor ZRERAHSCH .

RTMMRR, R KB N2 TCHIRRME SRR R, 12 cor.testO)

((BEETie b S e
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5] 3.16 A TR EATRIZGGMEL, SR 10 NS, B3 = A48k RE .

THAedett, HEER 3.5 7w,

& 3.5: HRREI=INIE4R

B BE (X)) T (Xa) AL (X)
1 65 45 27.6
2 70 45 30.7
3 70 48 31.8
4 69 46 32.6
5 66 50 31.0
6 67 46 31.3
7 68 47 37.0
8 79 43 33.6
9 66 47 33.1
10 68 48 34.2

*HeM. HFH Pearson 48 £ MALAH AT = X, X, X3 £HAK?

& LR U4

X1
65
70
70
69
66
67
68
72
66
68

© 00 N O O s~ W N -

[
o

X2
45
45
48
46
50
46
47
43
47
48

>
w

27.
30.
31.
32.
31.
31.
37.
33.
33.
34.

= OO O W O O 00 N O

N

rubber.data), HA&EX K

TR, T REE. PO BRI S

> rubber<-read.table("rubber.data")

R E A, HA 7 £ 8 A K40
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> mean (rubber)
X1 X2 X3

68.10 46.50 32.29
> cov(rubber)

X1 X2 X3
X1 4.766667 -1.9444444 1.9344444
X2 -1.944444 3.8333333 0.6166667
X3 1.934444 0.6166667 6.1898889
> cor (rubber)

X1 X2 X3
X1 1.0000000 -0.4548832 0.3561291
X2 -0.4548832 1.0000000 0.1265962
X3 0.3561291 0.1265962 1.0000000

FHEM GRS

> cor.test("X1+X2, data=rubber)
Pearson’s product-moment correlation
data: X1 and X2
t = -1.4447, df = 8, p-value = 0.1865
alternative hypothesis: true correlation is not equal to O
95 percent confidence interval:
-0.8430535 0.2448777
sample estimates:
cor

-0.4548832

> cor.test("X1+X3, data=rubber)
Pearson’s product-moment correlation
data: X1 and X3
t =1.078, df = 8, p-value = 0.3125
alternative hypothesis: true correlation is not equal to O

95 percent confidence interval:
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-0.3525486 0.8052056
sample estimates:
cor

0.3561291

> cor.test("X2+X3, data=rubber)
Pearson’s product-moment correlation
data: X2 and X3
t =0.361, df = 8, p-value = 0.7275
alternative hypothesis: true correlation is not equal to O
95 percent confidence interval:
-0.5465985 0.7003952
sample estimates:
cor

0.1265962
MBI STER AT A, REBIAY X, Xo, Xy PIBIRRAFERE.

3.4.4 ETHXZRHBIITEHNE

AN A — MU A S R B WV A — TR R AR B 2R,
Bl 3.17 A 48 4= RS H P HG LN 8] 69 E IR, NG AX WIS E Y 15 A8
FRATSH, X 15 RASHRH AR RBREGHX (FL) . s (APP) . # L 4k
(AA) . WHAEk (LA). B45% (SC) . REAN (LC) . #32 (HON) . ke
(SMS) . %% (EXP). B3K-F (DRV), Fds (AMB) . 247 (GSP) .
B (POT) . XVt (KJ) #=i& ptk (SUIT). &R R 0 53] 10
5, 05®mAK, 105R&. BERREWY 15 AR Ak 3.6 F. »&itHX
TR 6 LRMEGTIEHE, A S M kol iX B I & 7

. IR 1E 15 THEtREFHE

AVG = (FL + APP + - - - + SUIT) /15,

SRR EcER 6 2N
FABPE (X{44: applicant.data )
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FL APP AA LA SC LC HON SMS EXP DRV AMB GSP POT KJ SUIT
i1 6 v 2 5 8 7v 8 8 3 8 9 7 5 7 10
2 9 10 5 810 9 9 10 5 9 9 8 8 8 10
3 v 8 3 6 98 9 7 4 9 9 8 6 8 10

B, RSB RT G, BT (BREND), 152

rt <- read.table("applicant.data")

\4

\4

AVG <- apply(rt, 1, mean)
sort (AVG, decreasing = TRUE)

\2

40 39 8 7 23 22 2
9.600000 9.466667 9.000000 8.600000 8.600000 8.533333 8.466667
24 9 10 16 3 44 12

8.400000 8.133333 7.666667 7.666667 7.400000 7.400000 7.200000

XFEAGHIAT 6 BN EHE: 40, 39, 8. 7. 23f122%5.

e B3R iER] ) mean BN sum, BISRVIEH 1) 850, HIEEELRIEHF
B

B, BRI TR A E A F . 2448, AT LA nACE{E

WTD_AVG = w,FL + wy APP + - - - 4+ wy5SUIT,

HoAr wi,wa, - -+ wis BAUE, WE wi +wa+ - Fws =1 w; (i =1,2,--+,15)
RN | IEAR R . X B E B AR A A .

ERWFHONEA BB, FOVA SRR SCH, A SRRIRAMRE, J
PRy BRSP4 715, SERR b, SRR ZRIIE AALELR, TAHSRZE DRy I AL
B/ L, EVEPEET, RYeVER SR

TERERAAISCIET Y, TSR

> cor(rt)
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FL APP AA LA SC
FL 1.00000000 0.2388057  0.044040889 0.306313037 0.092144656
APP 0.23880573 1.0000000  0.123419296 0.379614151 0.430769427
AA 0.04404089 0.1234193  1.000000000 0.001589766 0.001106763
LA 0.30631304 0.3796142  0.001589766 1.000000000 0.302439887
SC 0.09214466 0.4307694 0.001106763 0.302439887 1.000000000
LC 0.22843205 0.3712589  0.076824494 0.482774928 0.807545017
HON  -0.10674947 0.3536910 -0.030269601 0.645408595 0.410090809
SMS 0.27069919 0.4895490  0.0564727421 0.361643880 0.799630538
EXP 0.54837963 0.1409249  0.265585352 0.140723415 0.015125832
DRV 0.34557633 0.3405493  0.093522030 0.393164148 0.704340067
AMB 0.28464484 0.5496359  0.044065981 0.346555034 0.842122228
GSP 0.33820196 0.5062987  0.197504552 0.502809305 0.721108973
POT 0.36745292 0.5073769  0.290032151 0.605507554 0.671821239
KJ 0.46720619 0.2840928 -0.323319352 0.685155768 0.482455962
SUIT 0.58591822 0.3842084  0.140017368 0.326957419 0.250283416

LC HON SMS EXP DRV
FL 0.2284320 -0.106749472 0.27069919  0.54837963  0.34557633
APP 0.3712589  0.353690969 0.48954902  0.14092491  0.34054927
AA 0.0768245 -0.030269601 0.05472742  0.26558535  0.09352203
LA 0.4827749  0.645408595 0.36164388  0.14072342  0.39316415
SC 0.8075450  0.410090809 0.79963054  0.01512583  0.70434007
LC 1.0000000  0.355844464 0.81802080  0.14720197  0.69751518
HON 0.3558445  1.000000000 0.23990754 -0.15593849  0.28018499
SMS 0.8180208  0.239907539 1.00000000  0.25541758  0.81473421
EXP 0.1472020 -0.155938495 0.25541758  1.00000000  0.33722821
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DRV 0.6975152 0.280184989 0.81473421 0.33722821  1.00000000
AMB 0.7575421 0.214606359 0.85952656 0.19548192  0.78032317
GSP 0.8828486 0.385821758 0.78212322 0.29926823  0.71407319
POT 0.7773162 0.415657447 0.75360983 0.34833878  0.78840024
KJ 0.5268356 0.448245522 0.56328419 0.21495316  0.61280767
SUIT  0.4161447 0.002755617 0.55803585 0.69263617  0.62255406

AMB GSP POT KJ SUIT
FL 0.28464484 0.3382020  0.3674529  0.4672062 0.585918216
APP  0.54963595 0.5062987  0.5073769  0.2840928 0.384208365
AA 0.04406598 0.1975046  0.2900322 -0.3233194 0.140017368
LA 0.34655503 0.5028093  0.6055076  0.6851558 0.326957419
SC 0.84212223 0.7211090  0.6718212  0.4824560 0.250283416
LC 0.75754208 0.8828486  0.7773162  0.5268356 0.416144671
HON  0.21460636 0.3858218  0.4156574  0.4482455 0.002755617
SMS  0.85952656 0.7821232  0.7536098  0.5632842 0.558035847
EXP  0.19548192 0.2992682  0.3483388  0.2149532 0.692636173
DRV 0.78032317 0.7140732  0.7884002  0.6128077 0.622554062
AMB  1.00000000 0.7838707  0.7688695  0.5471256 0.434768242
GSP  0.78387073 1.0000000  0.8758309  0.5494076 0.527816315
POT  0.76886954 0.8758309  1.0000000  0.5393968 0.573873154
KJ 0.54712558 0.5494076  0.5393968  1.0000000 0.395798842
SUIT 0.43476824 0.5278163  0.5738732  0.3957988 1.000000000

N T AEF B AR e A DGR, W IR A B AR S R B X HE > 0.5
B E TR,

ECR AR A, AR IENE:  [F] —dAAR R 2 A B A 5k R BOR FTRERY

&, MAFEZAR A RBUST ATREA K. AR R BRI AL BT 44,

LO(im%ZE

71) 5 GSP(H@EES)) AR REOE 0.882, GSP 5 POT(HEERES)) RIMISC R
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B 0.876, T LC 5 POT Z[aAIE AR 0.777, B, X EABEA B —
4. SMS(HEgeE ) W iZEEEX4F, FAES LC. GSP M POT M4
FRB A 0.818 . 0.782 1 0.754. AMB(ER L) W FEMA Fr, HARRE
ZHOARE: 0758 . 0.860 . 0.784 1 0.769. #—EHF5E, KM E DRV(Z
3K F SC(AfEO) WatFE A, AP A R R EDTE 0.672
YLk

TEIRBESE AW i, RREFEW SRR FLORIGHIEX) . EXP(&
%) # SUITGERE), HAEEREHE: 0548 . 0.586 F1 0.693.

TR SEEEE KI(ZRREETT) . LAGTAER), MHRREIE 0.685, Bl
HON(E), ES LA B REUE 0.645, (HES KJ fHEREHA 0.448. H
TP N i1, HON ZRpFEHAWE ] LI NG HH).

BE AA(REEY) . APPUOMK) WA, AA R 5HAAR AR
RBOAHL 0.5, T APP A8 &5 HAB AR B 4 A S R BB AR NINTE L 0.5 /Y, 1H
IRFAR ZH P A AHSC R KL

e E HAH:

41:  SC,LC, SMS, DRV, AMB, GSP 1 POT
442:.  FL, EXP f SUIT

43. LA, HON il KJ

21 4 - AA

5 APP

BT E M HEREA LRETH 4880, Hit, RITEEAIEHNE
gy, Hp

G; = (SC+LC+ SMS+ DRV + AMB + GSP + POT) /7
G» = (FL+EXP+ SUIT)/3

G35 = (LA+HON+KJ)/3

Gy = AA

Gs = APP

wJE, AL RIEF R
AVG = (G1+ G2+ G + G4+ G5) /5.
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MEHMVA R RF (F4:  group.R), HH1RE]

> attach(rt)

> rt$G1<- (SC+LC+SMS+DRV+AMB+GSP+POT) /7

> rt$G2<- (FL+EXP+SUIT)/3

> rt$G3<- (LA+HON+KJ) /3

> rt$G4<-AA

> rt$G5<-APP

> AVG<-apply(rt[,16:20], 1, mean)

> sort(AVG, decreasing = TRUE)
8 40 39 7 23 9 2

9.000000 8.971429 8.914286 8.619048 8.390476 8.209524 8.066667
22 24 16 46 5 10 20

8.057143 8.038095 7.571429 7.533333 7.314286 7.304762 7.219048

FESTAIEOLT, |l 6 AV EE R 8. 40, 39. 7. 23M9 5.
s AR O T B IACT- 2 5

WTD_AVG = lel + ngg +--+ w5G5,

ﬁ\?EF'w1+w2+-~-+w5:1.

3.5 ZRRIENERTHE

FERTTE AR TS BARAEIERR L, (HRSHORHI —, —eldEn,
SHERDE BARGEE HR, (HIFATTE. X T =4EL BRI R YE ? 2O A
TESFRME. 2R ER S T 2R EeRARm ERITE, (HaX 77 f o
FERET ABGARPRES, HAETMARA 2 NRIE. LR G REFFEER, TR
JLFh S e B 8 B R I k.

BARRE p 4EBE, A on DURINEEE, FASE EREIIE Y

X = (Tp1, Th2y -+ -y Thyp),  k=1,2,---.n,
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n YORMEBIRHERE X = (i) nxp-
3.5.1 B®BEE

PRI iy LA TR B A2 R 5E R
(1) fEEAIRR, BRI p D, PSR p MR,
(2) XM —UORIMIE, 7 p D BRI AR (RIS ) S50 R Ay A8 fEEX
fERLIE M
(3) BLEI p DRI, BICIZRK LI A — #5578 JFE 285
(4) XF n WORMME, FFRIMESE FRBLE, vTEH n ZIrE, W n KR
B o e SR 1]
9’5 H FC R R AL (PR%(4%: outline.R )
outline <- function(x, txt = TRUE){
if (is.data.frame(x) == TRUE)
X <- as.matrix(x)
m <- nrow(x); n <- ncol(x)
plot(c(l,n), c(min(x),max(x)), type = "n",
main = "The outline graph of Data",
xlab = "Number", ylab = "Value")
for(i in 1:m){
lines(x[i,], col=i)
if (txt == TRUE){
k <- dimnames(x) [[1]][i]
text (1+(i-1)%%n, x[i,1+(G-1)%%nl, k)

}
Hrb x BHEMFSEERE.  txt 2ZHEAE, Y4 txt = TRUE(BE(H) B, 2EIR
25 HOIMMERIbR5; 0N (FALSE) A% Hitns. REBAITE4 R 22 n RO
(EGOE D
5] 3.18 AFX EFAMFIIFA, FREMNGHI 12 25448 5 TRAREL K
BRG, ek ST, Bl 12 AFAFIRGGBEE.
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6 [P KA

= 3.7 12 B34 5 [ JRENE KRS

5 | B0h (X)) | 1B (Xy) | M8 (Xs) | &F (Xy) | 22 (X5)
1 99 94 93 100 100
2 99 88 96 99 97
3 100 98 81 96 100
4 93 88 88 99 96
5 100 91 72 96 78
6 90 78 82 75 97
7 75 73 88 97 89
8 93 84 83 68 88
9 87 73 60 76 84
10 95 82 90 62 39
11 76 72 43 67 78
12 85 75 50 34 37

% REE R A B BAE SR (SO

1

2 99
3 100

HEPE, FIHZER outline() KEL

X1
99

X3 X4 X5
93 100 100
96 99 97
81 96 100

> X<-read.table("course.data")

> source("outline.R")

> outline(X)

2 BRI R IE, WnlEl 3.14 FR.

Hfe A (& 3.14) ATLAEXRYAE H, W2 ARSI MR TI05 .
WRSL RS, WRLERCZE; XTATTIRARIN S, B EDHAE A IR ST 4 SR A o

AR OLRFSE. X PHEITEAER 2 A 5 B

course.data ), HA&EHX N
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The outline graph of Data

| .~v~4’q?f?!=:
T ,

1 \g\ ‘ g

90 100
|

80
|

2 - 0
i : : : é
Number
[l 3.14: 12 #4524 5 [ THRFRRY A ST H2 BE 1A
3.5.2 EH
BRI TR PR

() fE—H&, FHRRE p Fos

(2) LR DA R, 81X p BRI SO R A ARgh, FFRLdE
LA

(3) Mg —WMME, 8 p NERAE D A BAEA Y. B bRl b, RJEHF
ENTEL R —A p

(4) n WRMMEFTE H n A p .

R {25 HAER BRI R AL stars O, fil4n, ®HE) 3.18 Hr 12 fE A%
SRR, A

> stars(X)

SUATE 2K, R 3.15 Brs.

B KRR AR B X, W e, RIKE Xo, Xs, - BT ERIBER
TEFR AR EIR, WER—IRE, Fi, RO E KR sk .
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&y
2 ¥

10 11 12

] 3.15: 12 4544 5 [ TIREE R IR ST 2K

M 315 HA[LAFH 1. 2 a2 IRSHES, 11, 12 S94E% Th
G, MW7, 10 B4R

PREL stars O AU TSR, mE&MARRER, HEHIEWT:
stars(x, full = TRUE, scale = TRUE, radius = TRUE,

labels = dimnames(x) [[1]], locations = NULL,

nrow = NULL, ncol = NULL, len = 1,

key.loc = NULL, key.labels = dimnames(x) [[2]], key.xpd = TRUE,

xlim = NULL, ylim = NULL, flip.labels = NULL,

draw.segments = FALSE, col.segments = l:n.seg, col.stars = NA,

axes FALSE, frame.plot = axes,
main NULL, sub = NULL, xlab = "", ylab = "",

cex = 0.8, lwd = 0.25, 1ty = par("1lty"), xpd = FALSE,

mar = pmin(par("mar"),
1.1+ c(2*axes+ (xlab != ""),

2%axes+ (ylab != ""), 1,0)),
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add = FALSE, plot = TRUE, ...)
Hor x BREFFEEERNE. full B@HANE, AR full = TRUE (§R4&1H), NIERE
H A EF; 0] (FALSE) H Y, FEFEE. scale BZ AR, 24 scale = TRUE
(GRE1H), BEREENE—F &M, It HEFIRSKER 1, s/MER 0; &l
(FALSE) i BRI && . radius EFHEA R, ¥4 radius = TRUE (4
{H), 2 BRI EZ; B (FALSE) 22 9 BRI T AT 2L
len PR RERT (HEEN 1), RUEEWHH. key.loc Z2—TH xHy
ARFRA R T i (BR[O NULL), ERIAMER AL, draw.segments J2&
ZHAS R, 24 draw.segments = TRUE (HR4{HJE& FALSE), ZH I EKE—B—
By, HAh SR 5 ONETES WAL H .

JHEERREL stars O FRYSEL PR 3.18 i 12 A5 52 ] SRy BRI
A —FE R

> stars(X, full=FALSE, draw.segments = TRUE,
key.loc = ¢(5,0.5), mar = c(2,0,0,0))

H 2K WE 3.16 frs.

G W w
Vol A
Lo .

11
X3
X4

X2

&l 3.16: 12 #4574 5 [ TIREERIH IRNSTH 2B (250
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3.5.3 iEF0shZkE

PR 2 AR Andrews (ZAEEH) 78 1972 SR ORI = AFRIE, HEE
SR S YERE ] PR — A TR T AR A — 2R R, X p ZERE, Bk X
JEER v WLIE, B

XZ—‘ = (xrlaxr%"'uxrp)a
DIk 17 e ST B 8 2
fr(t) = i;% + Zp9 - sin(t) + @3 - cos(t) + xpq - sin(2t) + x,5 - cos(2t) +
+-- -1 <t<m. (3.29)

n WK, n 26 HIZR, BUAE R —5K- Vi _Egie—sKIAM A . 244
AR BRI BUE AR ZAEIR, SOt ME L FE R
IR (3.29) 4 5 ) PR HT ZE K R KL ( PR%45:  unison.R )
unison <- function(x){
if (is.data.frame(x) == TRUE)
X <- as.matrix(x)
t <- seq(-pi, pi, pi/30)
m <- nrow(x); n<-ncol(x)
f <- array(0, c(m,length(t)))
for(i in 1:m){
fli,] <= x[i,11/sqrt(2)
for( j in 2:n){
if (Gh%2 == 0)
fli,] <= £[i,]+x[i,jl*sin(j/2%*t)
else

fli,]

N
|

fli,1+x[i,jl*cos(jh/%2*t)

+
plot(c(-pi,pi), c(min(f), max(f)), type = "n",
main = "The Unison graph of Data",

xlab = "t", ylab = "f(t)")
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Ju

for(i in 1:m) lines(t, f[i,] , col = i)
}
oAb x R M ECRCRAE.  oR A 25 R TR 2R
B 3.19 & L] 3.18 F 12 B A F 3 RGaAF LA,
fi%: HZmiFryeR%L unison () RN,
> source("unison.R")

> unison(X)

;A 2R A, Al 3.17 PR,

The Unison graph of Data

f(t)
100 200 300
| | |

0
|

-100

& 3.17: 12 4544 5 [ TURER Y TR i 22 &

Andrews ER] T =X Z WX E G ZRGAHER, X EX SRR
BMRR. iR #e kg it e, IR ZRry v —ie, AFEZRey ity
AR/, JEHEM.

Sk

3.1 X453 100 5 AMNK ek B ZGAEE (g/L), KT
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74.3 78.8 68.8 78.0 70.4 80.5 80.5 69.7 71.2 73.5
79.5 75.6 75.0 78.8 72.0 72.0 72.0 74.3 71.2 72.0
75.0 73.5 78.8 74.3 75.8 65.0 74.3 71.2 69.7 68.0
73.5 75.0 72.0 64.3 75.8 80.3 69.7 74.3 73.5 73.5
75.8 75.8 68.8 76.5 70.4 71.2 81.2 75.0 70.4 68.0
70.4 72.0 76.5 74.3 76.5 77.6 67.3 72.0 75.0 74.3
73.5 79.5 73.5 74.7 65.0 76.5 81.6 75.4 72.7 72.7
67.2 76.5 72.7 70.4 77.2 68.8 67.3 67.3 67.3 72.7
75.8 73.5 75.0 73.5 73.5 73.5 72.7 81.6 70.3 74.3
73.5 79.5 70.4 76.5 72.7 77.2 84.3 75.0 76.5 70.4
THYME, TEREE RE ARBEIR. TRAK. RE. %A,
324 H3IM 31 HAFE, REAITHE, 2By FBMF QQ B, #BRE
It WA EAF R LA, 2R R EELES)F &gtk (L F

EXWMAERAYMEAARE EZR A 3.1 1 H B eG1E).
3344+ 3I4 31 8ETE, AAEB, FitHE 2 8.

3.4 5 A K W L7 kA Kolmogorov-Smirnov %867 ik #4830 3] A0 3.1 693 3
A LR EZS T

3.5 MARABNT SHTRRLGHRTE B EERLI K 8.8, &K

% 3.8: ARAEHIE
B A H EF B Xk

Sh B ALE (RAMATF &, —4& plot &4, 7 —#F=% boxplot #
&) RAT G EMEH=AA LB FHEEREAALLE 2577

3.6 L] 3.16 kT =464 B A, WE FHATH] 3.16 6945869 21k,



EE

189

3.7 RALNIG 19 % AW FAstr, WA, F8. & F (om) Rk E (5), LAk
BAEwm Ak 3.9 P, (1) R BhEATH 6% 88,

®3.9: FEHE. FENKE

ik Tk 4 AR | R X R | KE
01 Alice 13 56.5 84.0
02 Becka F 13 65.3 98.0
03 Gail F 14 64.3 90.0
04 Karen F 12 26.3 77.0
05 Kathy F 12 59.8 84.5
06 Mary F 15 66.5 112.0
07 Sandy F 11 51.3 50.5
08 Sharon F 15 62.5 112.5
09 Tammy F 14 62.8 102.5
10 Alfred M 14 69.0 112.5
11 Duke M 14 63.5 102.5
12 Guido M 15 67.0 133.0
13 James M 12 27.3 83.0
14 Jeffrey M 13 62.5 84.0
15 John M 12 59.0 99.5
16 Philip M 16 72.0 150.0
17 Robert M 12 64.8 128.0
18 Thomas M 11 27.5 85.0
19 William M 15 66.5 112.0

RTF, hEE Y ZH60%5 A,

(3) 4 b B4 BAG R £ 5 5 S 893 8 B
S F A o T B SFEE B AE S F 54980 A,

(2) % h 7R B M 545

(4)

3.8 @k 2 =at — 22y +a? — 2oy + 27+ —dy+4 AR -2 <z <3,
1 <y<7LH=ZHREBOR _BEFEAL LT o5y FEIRYARA
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0.05, F{EZMENAH 0, 1, 2, 3, 4, 5, 10, 15, 20, 30, 40, 50, 60, 80, 100,
15%. (F: BEZBBHYRBLEGAHR.)

3.9 A pearson 48 EAIEAIII A 3.7 FHIF S5 AR ETL LM X,

3.10 & 4] 3.17 F 48 L RIBAKMBEGIE. (1)L 15 AAE ¥ FL, APP,

o, SUIT A Z B4 (2) L G1,Go, -+, G; AZBe5. BT ZHE, IRk

FHRBLAN 6 4RI, HikZBREGSEH AR EIEE WA, AAEETTiE
%598 5 AR 0K

\=24

=

2.

3.11 ) 3.17 F 48 BRME KM AFBE, X G1,Gy,---,Gs ABX



FOE ST

AR TR HY SRS AT R 2 E . A S s [ A P AT TAR 318 T R A B 9 2 b TR
PATER 250 5 Tl S W Ge it I7E, A el DRI S A g 288, (H2 SR oA
WISEOE ARG, TFEE AR . #lan, 5 TR AN T SHE HTA,
BEHIE R ANNTRBONAREE. A RBEFEIR T AFERNIRNIES S0 N (1, 07),
HZ% p f o® W RABEIAME, FEBLIFEARMT. X, Re R
TEEAALITE] (B an—A H ) WSl FHHOR B IR EUIR N Poisson 7304 P(N), HHriy
SR WRARA, FIEREMAEASRME . MIEtEASR T SR i e & 1
RESE, WESE T (parametric estimation). ‘B4 HERT ) —FhEEE
2.

el AR A AR A 1 IR EDR FHROX S E AL THIE ? EAPIFIER: —FR
M AT (point estimation), SH—FFR A X [EMLTT (interval estimation). Akt
MR ER T — RS E AR RERE IR SR A
“RISEORBZZ . Hihdg: AR AT Al ERE. KEfhit 2
P GE it A R IX TR A T+ — AR M 25, FH (7] g B DX 1] v DA w1
ISR HEERE (BEE) EEE: AREEEERAIN RASHA
2" X—HRrEE.

41 Rfgit

BEE X SAEERNRASE O = (01,02, --,00)" FrosE, ek Fy, BF
6 vl REBUERIE R 252 ] (parameter space), IB/E ©.

0 f (2 0) A RR X AR B R B A, #7 BR X A AR SR,
M f(x;0) BRI ERE. AR X A BRI, W f(x;0) ot fl
i, XFF Poisson 23 P(N), 0 = A B 1 4ERABH. ST IESM N(u, 02),
0 = (u, 0?) BEZ 2 fERMSHL

HTATTEM X 2500, EEN SR X il —MEAR X, X, -+, X,
(BF Xy, Xy, - -+, X RAMSLIR S0 A0), ERTRISERI Ak Sk A f (3 0). R T Ak
0, BEMREE LS 0(X1, Xo, -, X,), BRI, RHBT R
SR MR, —EATHAR X0, Xo, -, X, AT 0(X1, X0, -+, X,)

191
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HfE, 1B 0 BFEIHE. BREEHHR 0(X0, Xo, -+, X)) 0 B9fliiE, T 0.
HRIBE 0 Rl 0 MR LA, FIFRRERI AT b A FHRE
FEHHH HONEA: Rk BORMURIE M B/ —aRIE%F.

4.1.1 %E&%

s (method of moments) JEHTEEFITF K K - Pearson 7E 20 M-8 4)42
HREY, B D BRI AR AR Al B,
BUER X B AR R ASEN 0 = (01,02, -+, 0,)7, BRE B X B &k B
E(X") = ap(61,00,+,0,), k=1,2,---'m

AIE, BATL BERRY b B R RESFE T EREARS b RS

1N o
Ak:E;XZ7 ]{7:1,2,"',771,

A

1 n
(61,65, ,6,) = B(X*) = - Y XF=A, k=12 m (4.1)
=1

R (4.1) ATLAREISCTRAIR 0 B

~

éizei(Xl>X2>"'>Xn)> i:1a2>"'>m' (42)

BO= (01,0, 00)" My 0= (61,62, 0,,)" HOATE, WK 0 % 0 HREAGTH
(estimation by moments), FHAETFSEA0 R M L.
Bl 4.1 ZBAR X 693 H u, 7 EAH 02, X1, Xo, -, X,y KRB ER X 65—~
MR, KAET EFEITHME u, o7 £ o2
& PR X M —Br. R AR
ap = B(X)=upu,
ay = B(X?) =Var(X) + [E(X)]* = 0 + p°.

FREAS ) — B, B s

A, :%Zn:XZ:Y, AQZ%EH:XE.
i=1 i=1
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H (4.1) fFE07 R4

{MX,
1 n
2 2 2
- X2
o+ u n; i

LRI RS EIE p AT o? HRL

)
n n

YT - LS (x, -T2 (4.4)

5 =

po= X
1
n n

TR R R T BRGNS THAT 2 52, MRAWTRAX

s n—1

. 2
6" =— Se. (4.5)

XEFIESAME N, o), B ol o® SRR %, 0K (43)
I (4.4) BEISE p F o BFEAGTT

ML, nRLESR], FIHBERATSEM T 2, SN THEARN—B
SRS, FREARR DA T T 2.
Bl 4.2 % A X RARAGE S, BE KL
e ™ x>0,
-]

0 x <0,

PN RATEK F X, Xy, X, KRB EKR X WK, KA ERS
AL AN
& BRI —BrE (FE) & 1/, Hik, et

X:n/i){i.
i=1

Bl 4.3 HEAR X ZRE [0,0] L& 5, L+ 0 RAS=FK, Xy, Xy, -,
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& WA —E () & 6/2, Hit, BErfhitE
2
9:Z¥:E%;X@

Bl 4.4 FEA X RRE [0, O] L35, £+ a, b2AFELK, X, Xy,
e X, BREAR X 89K, KA E/BEEITEAK o 0D

% w41 Bt SR (X (4.3)-(4.4) ) ATHL, H—. B R AAEPRAG I,
A A —Br R AT E, oA T 2=, B

n

1 ¢ 1 2
_E;&,VMM_M_EZ@ny

=1

PISATHIIER: (b —a)/2, 2R (b — a)?/12, FTLA%

b+aziz (b— )QZA@,
2 12
fife L RRASRE] o A b WG AN
=X —\/3My,, b=X++/3M. (4.6)

WERAREREN TR (4.1) a2, AT DUOE A BB /Y 775 KR 07 12
(4.1), [BEIAHMN. Y FEAL T
Bl 4.5 B EKR X RAZFAHH Bk, p), £+ kp Axktidk, X, X -, X,
AR X B—AHK, REK kp ¢ kD

. REARGIFUGEIRE (4.1) ryftra=X, (B8 T EABE AR
A REUME T AR AR B, X B2 K L BUE THA A O ik AT REAG 1

T ARHEME (SRR EE) & kp, FE (BRTEr L) 2 kp(1—
p). B HTRA

kp—X =0, kp(l—p)— My=0. (4.7)

REMMNF R BB (/¥ 4%: moment_fun.R)
moment_fun<-function(p){
f<-c(p[1l*p[2]-A1, pl[i1l*p[2]-p[1]*p[2]~2-M2)
J<-matrix(c(pl[2], pl1],
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pl2]-pl[2]1~2, pl1]l-2xp[1]x*p[2]),
nrow=2, byrow=T)
list(f=f, J=J)
}
Hrr p[1] RSk, p[2] RS H p, £ BJiE (4.7) ZEumtl G i gL, J
NEREL £ B Jacobi FERE.

%18 Newton 3% (WA % 2.9.3 77) SKIFAFLMETRAH (4.7), HAREARR

(BRI R A (FUFF4:  moment_estimate.R)
x<-rbinom(100, 20, 0.7); n<-length(x)
Al<-mean(x); M2<-(n-1)/n*var(x)
source ("moment_fun.R"); source("Newtons.R")
p<-c(10,0.5); Newtons(moment_fun, p)

FERFFH, B RPVE 100 4 k= 20, p = 0.7 # TS HBEHLEG 4
AR RREAYE (FEA—B RS AE) AR B DA, BRI E
FHF2 ¥ moment_fun.R fl Newtons.R, JH source() 1&M]JE B4 F-0IFE 71l
APAE, HAEARARE:

source("FileName")
SCHF45 ("FileName") FHA[ LA S SCHRAY BEAE.
wa RS HWIE, A Newton EiHH TR, HatRE 2 RmMT
$root
[1] 19.4957061 0.7237491
$it
(1] 11
$index
(11 1
$FunVal
[1] 0.000000e+00 -2.220446e-15
Zead 11 JGER, BRI
NS H TR (4.7) TR TS 4G

_2 J—

) X X - M
k= — =19.49571, p= "2 =0.7237491.
X X

— My
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P LA, IRZERAR/INEY.

WEBIZREA, FETIRARE07 R (4.0) AR tE o0 T, FURBUEITSE, BEI%
EMRA R — PR T ik

e B ET R UE B, RIRR RS AR AEL T, AR
fg L. (HADEAEX HA G T Ok, ok B ARE, BRI AR,

4.1.2 HALRE

MKRAUSRIE & Fisher (A7 /R) 78 1912 E52 0 —Fh Y HAEH T IZ 2 504G
Wk, HEBLGF Gauss WiRZHIE, ERAMRZSMEWER. ERSFHE
ARG E, Wk TREEHIEEAL.

w0 BSHAE, S50 v © WrEH, TS EHEARNNEME (21, 2,
tty xn) }ﬁ, Z:EJB'J 0 X F (Xl, Xo, -, Xn) %)\ ($1, T,y * $n) E’JQBERWE@
BERK/DAFE, BAE R FMEEs T (X, Xy, -+, Xo) BIBUEN (21,
Ty, -y @), B, ATRAAH 0 BEAFTRERIETE (X1, Xo, -+, X)) %A (21,
T, o, m) AR BIERIA BRI 0, B

n n

Hf(xi; 0) = supr(xi;Q). (4.8)
i=1 0€0 5
B0 V6N 0 Bftivt, SRt ASR .
EER], 2 X yESAEHIARRR, X (4.8) PRy f(2;0) BSEHBEN
0 W, X BMEREEREGE v AWBUE, 4 X VEEEYIR R, f(2;0)
HSELO W, X B x; g (o Aif).
EX 4.1 F &K X GmERELHEIS>FTEN f(2;0), 0 € © RAFKE,
X1, Xo, -, Xy, kB BB X K, FR

L(6;x) = L(0; 21,29, -, ) = [ [ f(2::0)

A 0 6K FE (likelihood function).

AR, FHHEARE « B, L0;r) 2 0 (RE. S0 e, 5 X
HEGTAMHAS RS, ERURHA (X, X, Xo) BIRE MR ERE; 5 X
AR R, ERURMEA (X0, X, -+, X,) BIERG MR
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BN 4.2 BEA X GBEELLBISFTHA f(:0), 0 € O RA&SHK,
X1, X0, X, RO ZEMA X G9HKR, L0:2) H 0 69MAIK, £ 0= 0(X)
— O(X1, Xa, -+, X)) R—AGIHTF LB

L((X); X) = sup L(6; X),

JUE S é(X) A 0 R RKMREAET (maximum likelihood estimation), & a4 MLE.
F MK AR IRAF T R AE T R A 7 ik A AR R MK k.
T ASFE DA AR AR I Y K At 72
(1) ASRBREL L(0; X) oy 0 WyEZeek %y, HKET 0 1% 0 B w S EFTE.
w0 m 4, H 6 C R™ NI, WHRERN—HruEiF, 53
OL(0; X) ,
06, T
WHEPR (4.9) ARRTTEE. TS A REAS AR R B L(0; X) BA %
FeRRAIE, B L(0; X) BOTRUE RS BOE7fEwy, HsEH EW RS
(4.9) FrayEX

S, m. (4.9)

OlnL(0; X)
00; ’
PR (4.10) AXTEAUSATTHE (loglikelihood equation).

EREERNE: HRENLERMER, BRAARAE T — ZAR T TR %L
AR TT R, (ERMRIT RS RARIR T R B AR R AR RN AL T, A8
P, PURBREL L(0; X) SOEUIARBREL In L(0; X) XTZ%0 0 B9 P Hesse H [
V2L(6; X) B V2In L(0; X) fsE (%5 0 j—oAskt, CUON) gy LX) o
0), NHASR 7 FR B BAUSR T7 TR I A RAR R AAAR A 3
Bl 4.6 &G X RAEESH N(u,0%), 9 p, 0% Ahsbdk, X1, Xy, X,
KB B X G9—MNHLR, RAMRMEEETLE (1, 07).

fF: A ATHI AR R RN

n 1 2
L(p, 0% x) foz,u, = (2m0®) "2 exp [—QZ(%—M)],

HH R H XA SR B RO

i=1,2,---,m. (4.10)

2.y _ 1 2 2
InL(p, 0% x) = —§1n(27r0 ) — — Z:(:BZ — p)°.
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< OlnL(p,0%z) 1 ¢
o :g;(f’fi—u)z(),
2,
g S
IR T R AR

1 n
:—in:f, UQZ—Z(zi—f)z.
i3 s

:‘l&_'ﬂ}g{ﬁﬁ[':, XT?X‘T%&M%@& ll’lL(,U,,O' 7‘7:) E,J FJI Hesse %Eﬁ
2 — o (i — ) ] [—0—"2 0 }
p)?

0-2
i=1
n
O 204

—o—agxi—m %—%é(
AR, (— LS - @2) B L(j, 0% o) RS, # (1, 02) )
W RAUSRAE T

SH 4.1 AR, PIFERITH AR R AR

Bl 4.7 & EAAR X GIRMAGE S, FEFHEKL
e ™ x>0,

fla) = { 0 x <0,
A N R AFAE F X, X, X, RBEA X ALK, KAMKME
it R A% N
i HEIR o, > 0 35, BB MEIRBRRECH
L(xz) =[] fzsA) = A"exp [ AZIZ] ,
=1

HH R H XA SR B RO
InL(A\z) =nln\— )\ZZBZ'.

i=1
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A
8lng§\>\;x) _ % _;x o
R LR R 5. )
)\:n/;x
ey COEND 1o, n/;x J& L(\; o) BRI 40 A B9

BB 1/ Y X
1=1

G 4.2 AHEEL, PRI R AR AR R Y.

(2) URBREL L(6; 2) ST 0 A AT AL

4 O 4 R™ FRyIFXE, MRSRIAR T RAMRR ITIEAE R, BRI S
HARG .
5] 4.8 HEAK X R [a, D] L&93 9 5F, L F a, b RAFEK, X1, X,
o Xy REA X WK, AABRKMEEAEITEE o #2 0.

& MTHA X, X, -, X, HARMRRECH

1
e <1x; <b i=12,--,n,
L(a,b;x) = (b—a)
0, HeE.

REBIR, Lla,byr) A& (a,b) HIELLREL, HICAREAMIATTEA (4.10) K,
1117 5785 AR R AL T 8 SCHUZORR L(a, b ) WIEKAE. 4 T {E L(a, byx) &
FlmR, W b—a WZERER/D, H b ARE/DT max{ry, zo, -+, 2, }; FN
L(a,b;z) = 0. 80011, o REEKT min{zy, 2o, -, 2.} B, o F1 b B
KA A

a=min{Xy, Xy, -+, X} = X1y, b =max{X;, Xo,---, X,,} = Xn).
FEIRERDEEF, & RRRUREEAE ] 4.5 TRy 60, 53R Z5 R 2
0= X

XEFRXBAIT, BRBIRESHIEAG T H A E R AR A
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(3) © HEHSE .

TEMIEN T, RRWKNRAG T, &% Z RS EEAHLRAER, ISR EEH
HAE.
Bl 4.9 A& PHEARHEF 50045 &, K LRT ERANET, FL,REE,
HHBH 1000 &, BRRIAELTH 2 LAeFART. KPEELFTERAE $ 045
&7

% SRRk, wiE N &M, HE e ALY, YL
3 s &, B« XA icy, HLREERMET N

A X idw#san s b aid saai, NE
& O

P{X =z}= ol
N

B, R R EC
L(N;z) = P{X =z},

(V) = L(N;z)  (N—=s)(N—=r)  N*—(r+s)N+rs
g  L(N-1;2) NN -r—s+2) N2—(r+s)N+azN’

Lrs>aN B, Hg(N)>1, Y% rs<azNH, H g(N)<1. B
{L(N;x)>L(N—1;x), %N<%,

L(N;z) < L(N — L;z), %4 N > %

L, AR L(N;2) 48 N = — BUESEINCR, S N ARESS, 5
B N B BRI

SE
T

Hob [ ] R THE, BN Rt
. . A~ 500 x 1000
%@ﬁ*%ﬁ?ﬁA,@ﬂjwzﬁ_ﬁr_
fE1h 6944 4.
(4) HIELERR (VB0 BUATT R TR B Rk, DA IR ik,

W:ﬁ%4ﬂ@%*@%5ﬁ
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5] 4.10 % %4k X JRAK Cauchy 5, RBERE JHHKA

1
Mt @—oy O

f(z;0) =
EP 0 ARFbE X, X, -, X, RBEK X GHLK
it.
fi: Cauchy S A ISR BB

L(Q;z):ﬁ flzs;0) = 1nﬁ
i=1

, RO MK MEK A

T Zzll~+
R HY XA SR B RO
In L(0;x) = —nln(w §2h11+— 0)%) (4.11)
PR RAUSRTT 7R
- T; — 0 .
- m —_— O. (4.12)

FILVER], AEIXRRTT R (4.12) AR AEIRXER), T EH R 5K
P REE

TR (29.1 ) AT HERMEE uniroot O, X EHERMAR
(4.12) AR, RTHEAS X B BUE I FEDLE™ AR
> x <- rcauchy(1000,1)
> f <- function(p) sum((x-p)/(1+(x-p)~2))
> out <- uniroot(f, c(0, 5))
ERFFH, F—AR7A 1000 NS5 0 = 1 (LG 56 A5 AR

(4.12) XFR7HTRREL. 55 =) & FISRAR BRI %L uniroot O SRAUSRITFEAEXTE (0,5) A
AR, HAHSER N

> out

$root

[1] 1.049538

$f .root

[1] -0.006061751
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$iter
[1] 5
$estim.prec

[1] 6.103516e-05

TEHHHLE R, $root By RAMRMIE IR, BIMETHE N 0 = 1.049538. $£.root
PR £ FEATMEAL AR EUE. $iter AUEARNEL BPH T 5 IkE%EAR. $estim.prec
TR SRR SR, DU S R B R 2R 4 A R T 6,104 x
107°.
PREX uniroot O Y —fBefE AIAE =0
uniroot (f, interval,
lower = min(interval), upper = max(interval),
tol = .Machine$double.eps”0.25, maxiter = 1000, ...)
Forp £ BITROTRA RS interval B EHITBEMAAIMXAL.  lower 2
IgR X AR 2% 4, upper JERIIAXIAIAI A . tol EIHIEEE, maxiter
e RKERKEL (BE{EDy 1000).
BT THER R R PRI REOR (R BURTTRERIR. Lk, @
ATV EREA R AR KR (R0 AR R B fE.
R KRS optimize O (B optimise()) W] B HER —4EA8 & R E0 A /)
w KB ERMEPUREEL (4.11) MRER, HBEFWT
> loglike <- function(p) sum(log(1l+(x-p)~2))
> out <- optimize(loglike, c(0, 5))
FERRFFA, SRR RR R (4.11) (BERHRON, BTR%D, In—14-11
F). BIAJERREL optimize O KpF%L loglike FEXIH] (0,5) Ak/M .
Hatsrss 1 h
> out
$minimum
[1] 1.049513
$objective
[1] 1303.192
AR T,  $minimum BN HAGERME, BIEHEY 6 = 1049513,
$objective S H AT ek RELT U AL Y R R MEL.
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ESRMUAR TR IR AL, WEMITH AR ZEAR. FE b, RUART
FEARAY 7715 P RESE MER — L8, (HIOMETREIE R IR, XX THON E IR k%L,
FJRE2MT R — R Y IR M.

PR%L optimize () (fl optimise()) HY—& L SE:

optimize(f = , interval = , lower = min(interval),
upper = max(interval), maximum = FALSE,
tol = .Machine$double.eps~0.25, ...)

optimise(f = , interval = , lower = min(interval),
upper = max(interval), maximum = FALSE,

tol = .Machine$double.eps~0.25, ...)

oAt £ ERAR/D EARREL.  interval EHEESHEWM/MIWIIEIXE.  lower 2
WIGE X 23 5,  upper EWIGA XA A A,  maximum ZB AR, R
maximum = FALSE(HREG{H) TRRKEEAMN/IMES; EN (maximum = TRUE) /R
KRB . tol BitFiksiE.

LORMSE 0 B2 TR, RRMRERBHBETEEEN T24E
BREC. l4n, FTRAA Newton 3 (WS Ay 2.9.3 ) SKEEXEUUAR T (4.10).
WATLAF R B nln ) pR%E BER 870 29 3R 1) 15

m@in L(0;z) =% m@in In L(0; z),

SO o REEHUASR X .

BT THE nin BHCR L TCREOR/NG 7Tk, L2 A4 0T L K nmO)
KL RS (o) BOHMES. A6 nnQ REEL B, HareE
B 6.7.2 PR AR A A T .

H nlm ) sRBCRICL R IR
min  f(z) = 100(xy — 23)* + (1 — 21)? (4.13)

IR/, BRATER R 20 = (=1.2,1)". FRe8%L (4.13) 2 Rosenbrock %L, =
FEE PR %KL
5 HAReR %L (F2/F4%: Rosenbrock.R),

obj<-function(x){
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f<-c(10*(x[2]1-x[1]1"2), 1-x[1])
sum(f~2)
}
B BOHANAE, HAM nlnO LR
> source("Rosenbrock.R")
> x0<-c(-1.2,1); nlm(obj,x0)
Horr x0 ZAIaaME, 5%
$minimum
[1] 3.973766e-12
$estimate
[1] 0.999998 0.999996
$gradient
[1] -6.539275e-07 3.335996e-07
$code
(11 1
$iterations
[1] 23

Hrf $minimum ZREI S ERE, Bl f* = 3.973766 x 107'2. $estimate J&
S ARG HE, BT 2* = (0.999998,0.999996)7. $gradient RAEHILALL (fh
HE) EARREOBEE, B V= (—6.539275 x 1077, 3.335996 x 10~7)T. $code
JEfEbR, XHEE 1, FRERMT.  $iterations EEAWH, XHEZE 23, R
BEATT 23 A

SEfr b, Rosenbrock EMIHRILAE »* = (L))", BICEIRREER
f(z*)=0.

L EIRHTRAE R BT, FTLARE A AU, R A Bk
MR, RVREI TR AL RGE. TR BMRIE N L AU E Bk e, A
RGO T, PR RAN KB N E 28, HAETREET N LEEEAEH
A REVHST H T R

TE LRI, 53 R AIAR AR R %ok T 25 70 A7 M1 53 3 A7 1) S 850k
Fetlivh, TERTSRIRAETE, XMTIESSAE, WRONEGEIR SR THER—3
), TR AR, PIFOREREISEAGTHER —FE. XSRS RGHE T
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FETTMRFRAFUE 2 T 2 H A T A D0 R DI AE .

4.2 HE0NREMEEN]

MBTHE PRI e AR S, XERFE—2% 0, RAAF MG IE
BRI 0 TR R, (EX TR BEHIRR R, diltn, XHFis
G Ula, b], ZHUETHRIRRE SRR PRI MRS R E AR, FERamriEs
B BAGTEREIE ? BIAflpE AT RIS ? X L B A PR A RIS
HIHEN — fEH R T, ARERIAE i (—2eh).

4.2.1 Fimfait

iR B, ST RRMREAERS AR ARG MEITE. XBE, EH
FE— MBI EERIFIR, SR BB AUURIESE K R 25 SRR B, T A0 25T F 0
FERY LSRR, XTI, —A 1 ARTAT AR (4 AR R B R A T R AR,
L, R — R SR A A — S WIS TR S B,
FERBEE I (FRAZRME) i, Frasm -G TRy 5540 250w
BUEARIE, HRIEL, AR R AR I ST RS R B, KRR
MR ER, X —EWESR AR 5 HOR R UL F & X
EX 43 %X ZEK, 0cORELEENR X GoH P&, X1, Xo,
cu X, ARB K X @R ZETE 0= 0(X, Xy, -, X,) SEN
2 E0) #4, AN FEE 0O R

E(0) =0, (4.14)

NIAR 0 2 0 8 K Apfsit & XA (unbiased estimate).

B E(0) — 0 KLk 0 15K 0 (i REREs M. TMmA Y 5257 2 X
PR TR,

2 E6) —0#0, [HUPEARRR n — oo B, F

lim [E(é) - 9] —0, (4.15)

n—oo

WIFR 0 5 0 B TRt
— AR TSR, AR E SRR AT .
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@141115’2@#)(@@1{:%\/%&4&%_ EXMk>1) &5, X1, Xo, -, X, 2
X $9—AHER, A=-— ZX’“ KA kRS, EW ABEK X R

=1

AT 25-F, Nk ARSI Ay = BN ERREIE o W AT
-‘LIEEH= i’}i X17 X27 e 7XTL _’:J X Iﬁjﬁ%ﬁﬂ*ﬁfﬁzﬂj, lﬁ[ﬁ

EXH=EX"=a,, i=1,2,---,n,

B
=E (%ZX’“) = %ZE(XZ.’“) =

R, AR EIR X R A500 0, HERCEE o 71, F E(X) =
Bl X & p By Telm Al
Bl 4.12 B &4k X 493945 . £ 02 B, po? kst N o 44T E

n

Ag_l '_—2
G —nZ(XZ X)

i=1
A et E.
WEER: BT

82:%iXX ZX2_

B@) = E(% x| - B = Ly (x) - BT,

g ,
E(Ez) =0+’ - (U——l—/f) :n;027é02.
n n
Prd o BEMRE, HH 02 Fhit o, WETHEF R/, (HER o LTt
ffhivt.
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XNTHEATE, H
2 _ RN o2
5= 71—1;()(Z X) a1
BS) = 1B = o T m o
R Tt R

KR, FEAT 22 S RRMAT 2 o? WA, B—MeaR A 57 M Bk
% o WG

4.2.2 HEMH

EFZEOLT, SRS 0 (I mibit &N S —/. B4, mfifgg—4
ZEEIAN TR AT =T F e ? — DN EBERER 2 BT B EE 4
PRGSO EERE, BIR— MG ey 25/, X802 T 0y A 8ok
X 4.4 3% 0, = 0,(X1, Xo, -, X)) B 0y = 02(X1, Xo, -, X)) AR 0 8 EA
fEit, %

Var(6,) < Var(6,),

RIAR O) Yo 0, H .

ZEE 0 WA TSR, MR — MR O D7 2EEUD, T
FETHELY 2 e hf, FERRIEAGTHE O o 0 AR/ T Z T AT (minimum variance
unbiased estimate).

FTLRER, X FIES B N(p, 0%), (X, 9%) 2 (1, 0*) Bifr/I7 22 etk

FRER R SO 0 v 0 B, BRI RGmIESS, BRIk T
Bl 4.13 BEM X G390 p fed £ 0" HE, X, X X REAEHK X
%a%#i,m%%ﬁuﬁ;ﬂVAY:%;meng;waﬁﬁ,ﬁ¢
zn:cz-zl, c>0,1=1,2,--- n.

=1
B BHBIE, E(in) = E(fe) = p, #2 u BTG, 5972155

X) =
Var(fiz) = Var ( ciX,> = Z (char(Xi)) — o2 Zcf

=1 1=1 1=1

Var(fi1) = Var( -
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W B e AR
4.2.3 1HEM (—EM)

it 0 B TR IRAERI A SR R R A R i n R AU IH O TR, AT,
TR 0(X1, X, o, X)) IRETHAAE n, BRSEER, —MFHGiHE
0, MkEAZE R n BOCHE, BT ARG BALBE 0, KA R
BRATHE, FEAIEY n — oo B, MHIHMEK SSYCEEIL T BE 3, XHEMit
ERMAYE (SRR —B0HE ). HEA PR oA LT
EM 4.5 % 0(X1, Xo, -+, X)) Akdeidk 0 6951 F, 24 FHE 0O, &

~

n—oo B, 60Xy, X, -, X,) RBEKET 0, P EEZ >0, A
lim P{|0—0| <e} =1,

RAR 0 % 0 t9Aa b5t (consistent estimate) & 3 — B AEHE, HieH 0 £,
O(n — o).

%% n—oo B, 05T 0, B

lim E(0 —0)? =0,

n—oo

MR O A 0 8397kt (R—RKits), #ieH 05 0(n — o).

4.3 X[Ef&it

BT A 280 A7 T SR R S — SR S 0, W93 0 A — ANl
(X1, X, -, X)), XEFRUMAER LR, B —AREARWEME (21,20, 2), 7
R 0(z, 2o, - ) AER O BI—AERUE, BAK O(zy, 20, -, 2,) ~ 6. {H,
R, NATE R PG TR BT 2 FTEARBE AT 2 A T JO 0 I i 2
B R TR, RS X A
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FEM 4.6 BEH X GHTHE Flr0) bAsi 0, $FE2ME o (0 <
a < 1)) %éﬁ%’i\ Xl; X2; Y Xn z@/{éﬁ@/l\%ﬁ_é‘ él(Xl,XQ,""Xn> For

~

O02(X1, Xo, -+, Xy) HR
P {él(XlaXQa e 7Xn) <0< éQ(XlaXQa e >Xn)} =1- «, (416)

RIARREALR ) (01,0,) RAK 0 9EAEREA 1 —a BEAER N (confidence inter-
val), 01 f Oy HAARHEAEEA 1 — o WM EAER N 49 E 45T IR5 B A5 LI,
Rl—a AERFLEREMGZ LK

BAFIXIE (01, 0) B—PBEVLXIE, MERERRERN, FEHFAR, ¥
AW E TS50, ARAES 0. B2, WXHEEE 0 et (BEEE) 2
- o AR, EEGE IR T EEXEAKEBE, HEsE, Mhitd
BB, LT, BESE—EWEFE, KRB EfF X,

4.3.1 —NEXFDHEER

BIZESEE X ~ N(p,0?), X1, Xo, -, X,, FRHEBHE X B—PEEAR,
1— o NEGE, X NHERHE, S*NEEATZE

1. ¥{E 1 BXEET

SAHE B X 522 o? BRI o RATHFEE.

% o BHIAf, BT

X —pu N
70/\/5 N(0,1), (4.17)
A B
X —pu C1-a
P{ N < Za/g} =1 , (4.18)

Hr Z, MARMEIESM T N(0,1) E# o 2008, B @(Z,) =1—a. B (4.18)
RRNCTHME p, BAEER 1 — o BN EAF X 1E]

[7 — %Za/g, X+ %Za/g} : (4.19)
Y o? RN, BT
Xy —
T— o/ _ X tn—1), (4.20)
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(X —n)

P{ 5]V

Htta(n —1) AEHEN n— 1 HK t— 204 L o . HX (4.21) BE
KFEIE p, BEER 1 — o B EAE X

< tm} =1-aq, (4.21)

{Y — %taﬁ(n -1), X+ %ta/g(n - 1)} : (4.22)
RAEAT (4.19) A (4.22) B H BRI 25 B FIRT T 25 4 R0 i L 248
w XJEMEHE R 7 (F2/F4%: interval_estimatel.R ).
interval_estimatel<-function(x, sigma=-1, alpha=0.05){
n<-length(x); xb<-mean(x)
if (sigma>=0){
tmp<-sigma/sqrt(n)*qnorm(l-alpha/2); df<-n
}
else{
tmp<-sd(x)/sqrt(n)*qt (1-alpha/2,n-1); df<-n-1
}
data.frame(mean=xb, df=df, a=xb-tmp, b=xb+tmp)
}
TERRFH, x JEREBREEE () MR R, sigma BZEARRIIRE
%, BIREZC M, WMAMNKNE, B RAESS AT X bR, SR
ZERFINS, FAATT A, B RM t— oAt X EN . alpha J& B&MK
-, BETEN 0.05. RBUBIREAEX G L, MHAAESR: FAY(HE nean,
B af MIEXEAGTR ETR a, b
ER: £ R EKMF, Franyo sy 24k T o i3y, mA+ A ry%k
PRI AR LA B fi s, HIEEAREAXE R KPRy Ech
mTxRA

Zo = qnorm(il-alpha), t,(n—1)=qt(1-alpha, n-1).
Foft AT R BB AR . IR EWEZEA], ERmMETAERE.
TEAFERMEE I, W AR R RO 280 1 AR X A
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Bl 4.14 X = A FOREKE X BAAHIRA N(p,0.04), LKL = 5o T AL
BOA, ARKREGNZMEALT (F42: £X)
14.6, 15.1, 14.9, 14.8, 15.2, 15.1,
RRERMH KRB ER LKA 0.95 R BRIt
R W AEHE, JHHKE interval_estimatel () (F2J¥4%: exam0414.R)
X<-c(14.6, 15.1,14.9, 14.8, 15.2, 15.1)
source("interval_estimate.R")
interval_estimate (X, sigma=0.2)
3%
mean df a b
1 14.95 6 14.78997 15.11003

BIE, R BEEREE RECOY 0.95 A EE XDy [14.79,15.11].

Bl 4.15 ARt~k e EE p, K HART 10K, FEGEE (42 T41)
A
10.1, 10, 9.8, 10.5, 9.7, 10.1, 9.9, 10.2, 10.3, 9.9,
BEFTARB G WA EETIRMA N(u,0?), Rigdoth p BEAKAN 0.95 9EMER

8]

& W AEHE, JAHEE interval_estimatel () (F2J¥4%: exam0415.R)
X<-c(10.1, 10, 9.8, 10.5, 9.7, 10.1, 9.9, 10.2, 10.3, 9.9
source("interval_estimate.R")
interval_estimate (X)

3%
mean df a b
1 10.05 9 9.877225 10.22278

UL, %P p EAE ROk 0.95 BFXEN [9.87,10.22].
RERAFARHY totest A5 o 250RT LA SR B X T Ad vt AR, 0
> t.test(X)
One Sample t-test

data: X
t = 131.5854, df = 9, p-value = 4.296e-16
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alternative hypothesis: true mean is not equal to O
95 percent confidence interval:
9.877225 10.222775
sample estimates:
mean of x
10.05

BEM AT X 4G [9.88,10.22] MIHEH—HEE. EEH: B t.testO K
Boasslpy KA 58 A 19 E R0 2R X R THRA R R, X E AT BIR
KTt test O W T t.test O WA LM AT EKET —

B

2. FE o° WX Ehit
SRl EK X B 4 CATRIE R ARG,
o REAI, o BRI
5= >0 (4.23)

KTt o BEAFIXIE. Hx? 2070 2 SO S

~2 n
no
=Y (K=ot~ ). (4:24)
i=1
A
2 n/O"\2 2
P § Xi_qay2(n) < =3 < Xajo(n) p =1-—a, (4.25)

Hodr X3, o(n) M X2 5 (n) P AIRZRE BEER n #9h x*— i B 1—a/2 fl a/2
SR HERE o® BEGEEN 1 - o BOSUNEEXIE

["‘7 . ] (4.26)

Xi/z (n) X%_a/z (n)

Yo EARAN,  o? BIBCRRIARAE T
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(n—1)52
o2

~ xi(n—1), (4.27)

(n—1)52

o2

P {X%—a/2(n o 1) < < Xi/Q(n - 1)} =1—-aq,

ot X2 (0 — 1) A A2 p(n — 1) S BIEFREBER n— 1 8% - 5k
1— /2 F of2 S3f7m. B o BEEER 1 — o FRUNE(E X[
[m—my m—myl

Xi/Q(n - 1)’ X%_Q/Q(n - 1) .

(4.28)

RIEAF (4.26) M (4.28) H i SR E B HABER I FHE LT 22
o? RJafEiE R #8)F (/¥ 4%: interval_varl.R )

interval_vari<-function(x, mu=Inf, alpha=0.05){

n<-length(x)
if (mu<Inf){

S2 <- sum((x-mu)~2)/n; df <- n
}
else{

S2 <- var(x); df <- n-1
}
a<-df*S2/qchisq(l-alpha/2,df)
b<-df*S2/qchisq(alpha/2,df)
data.frame(var=S2, df=df, a=a, b=b)

}

R, x EHRE SRR (FEA) MR R, nu R EEE, X
HEC RN, BAMHMAME, B RAEEER n 8 x>~ AT X .
LBIERMES, AT, Y RHEHEN n - 18 *— 25X E
Uit 5 R R BHRER B, L ERAEATT 2 var, HHE df FIJ7 2/
XAt a, b.

Bl 4.16 A X A 45T ik AE ] 415 R RE (B £ 0° ), 534351 p
Sk (1= 10) Fe3g4E p K=@AP I LHAT TR,
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fi%: R L g drf s RO
#E N, FAGT R
> X<-c(10.1,10,9.8,10.5,9.7,10.1,9.9,10.2,10.3,9.9)
> source("interval_varl.R")
# BT Z WX E T, AR E R
> interval_varl (X, mu=10)
var df a b
1 0.055 10 0.02685130 0.1693885
# B 77 2 W IX R, AR E R He
> interval_varl (X)
var df a b
1 0.05833333 9 0.02759851 0.1944164
BHHETH (0= 10) B, HF72 o® WIKEMEH R [0.0268,0.169], 2E{ER
Fim, HorzE o @K [0.0276,0.194]. WIHTERRE, 1EHEC AR
O, HHREREY L&

4.3.2 FWNMNEEZHEER

BBEAPPNESEE X ~ N(u, o) MY ~ N(uz,03), X1, Xa, -+ Xy,
AREBE X H— PR, Y, Yy, o Yo, IREEKERY BI— MR, 1-o
HEGEE, X, Y SRS BHARE, ST, S5 s BREATT
7.

1. ¥EE 1 — pe BXEMET
I =FE LTS,
(1) MR T2 of, 05 CRIET, HIESHAERSA

2 2
X-Y ~ N(Ml—ﬂza%‘f‘ﬁ)’ (4.29)

RET A BA X AT RS, 72 w0 — p WEFEY 1 — o BRMERFX
[f]:

2 2 2 2
X =Y — Zup 1,7 X =Y + Zyp 01+U2l (4.30)

ni N2 ny ng




4.3 R E)4E1t 215

(2) Y MARE T ZAME, B 0 = 02 = o2, HARHES, W LRIEE]

XY — (i — po)

T = ! ! ~ t(’)’l,l + no — 2), (431)
Horp
— 2 _ 2
S, = \/("1 DS+ (ne = 1S5 (4.32)
ny+ ny — 2

PR (4.22) WHESE, 1930 o — o WEEEN 1 — o BPBUNEL A5 DX 1]

Y N 1 1
[)i_i_ta/z(nﬁnz R przs (4.33)
X =Y + taja(ng + s — 2)Suy /2 + = } .
(3) WA T2 of Al o3 KA, H of # o3 B, BLAIEH

XY — (= po)

T = — ~ t(v) (4.34)
WAL, FHod
B o2 o2 2 (02)2 (02)2

o= () / Gty * e o) (4:3)
BT of, 05 R, FAREAT2E ST, 55 PRI, Ei,

o 52 52 2 (52)2 (52)2

7= (o) / (Gt ) (4.56)
AT LAy

T ~ t{D).

LTS 1y — 1o BTN 1 — o BRI IX ),

o e R 52 52 e o R 52 52
[X—Y—ta/g(l/) L 22V X A tap(D) 1+2] : (4.37)
nq No ni D)

WIEAZ (4.30) . A (4.33) MIAK (4.37) HEH=FENL THEZE 11 — 1o
XEfhite R 27 (#)¥4%:  interval_estimate2.R ).
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interval_estimate2<-function(x, vy,
sigma=c(-1,-1), var.equal=FALSE, alpha=0.05){
nl<-length(x); n2<-length(y)
xb<-mean(x); yb<-mean(y)
if (all(sigma>=0)){
tmp<-qnorm(1-alpha/2)*sqrt (sigma[1] “2/nl+sigma[2] “2/n2)
df<-ni1+n2
}
else{
if (var.equal == TRUE){
Sw<-((n1-1)*var (x)+(n2-1)*var(y))/(n1+n2-2)
tmp<-sqrt (Swx(1/n1+1/n2))*qt (1-alpha/2,n1+n2-2)
df<-n1+n2-2
}
else{
Si<-var(x); S2<-var(y)
nu<-(S1/n1+82/n2)"2/(81°2/n1"°2/(n1-1)+82°2/n2"2/(n2-1))
tmp<-qt (1-alpha/2, nu)*sqrt(S1/n1+S2/n2)

df<-nu

}
data.frame (mean=xb-yb, df=df, a=xb-yb-tmp, b=xb-yb+tmp)

HERFH, x, y 2Rk 8 AR EEE (FEA) M. signma 2
B P R R PR HEE R R R, S PRMEZE BT, AN E, BFRAES
S AT TR A . A PRUEZE R AT, BT A, R T B R S
W7 R AR E VSR ZAH, #i\ var.equal = TRUE, 27k A
HEEN n+ns — 2 § t— SN A FINAH BT ZEARR, WA
var.equal = FALSE (B(#t4y), P RABHEN v 1 t— 540 TH5 X 8] o .
2oy ANREER, BT — e, HER AR E R

T R A BARER B, fi t PIFR A (22 mean, HHJE af, MIX{HZE



4.3 R E)4E1t 217

i DX e Al i A 2, b
Bl 4.17 BT, CRAFAG R LAY S . IR CN1%5 B AL 1% & 5 5
R N (p11,2.18%) Fo N(pg, 1.76%), X3 H X ATARL F 5 Sl AR X1, Xy,
o Xigo #2 Y1, Yo, -, Yigo (BEAER T HAEAE £, L REAEAGIIES H]A
p =5.32, ig = 5.76). K& H 11— po W EAZ LA 0.95 4K At
& EISEH R4 200 AEEYLEL, FHHA K%L interval estimate2()
AT (FRF4%:  exam_0417.R).
x<-rnorm(100, 5.32, 2.18)
y<-rnorm(100, 5.76, 1.76)
source("interval_estimate2.R")
interval_estimate2(x,y, sigma=c(2.18, 1.76))
BT
mean df a b
1 -0.2549302 200 -0.80407 0.2942096
HIE, i — pe BYESEREOY 0.95 R XTEMETT S [—0.804, 0.294].
FER: BTEHEE TR, B, SRyt RaRENHR
1, HE Ry BRI
B 4.18 A AIH M & 8 R ALER T RAK. I & LA A
X1, Xo, -, Xip 2 Y1, Yy, -, YVig (EABRITHEAAEMZ L), CNREMRT R
KA (ZFT). BARX T FRAKRIT KA F RAKGHRRBBAESH)H, &
FIAH N(uy,0?) o N(po,0%). bR B L% 0.95, KL py — o 49X A4
WiRWAEAL, (1) AEAT E4E;  (2) mEAAy LR, (i HHEMNFA
FEALE G939 48 11y = 501.1 Ay = 499.7, 45 £ 0y = 2.4, 09 = 4.7. )
% HICH R AEMENAFENLE, K% interval _estimate2()
AT (FRJF4:  exam_0418.R).
x<-rnorm(12, 501.1, 2.4)
y<-rnorm(17, 499.7, 4.7)
source("interval_estimate2.R")
interval_estimate2(x, y, var.equal=TRUE)

interval_estimate2(x, y)

WA T Z A RS A R
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> interval_estimate2(x, y, var.equal=TRUE)
mean df a b

1 -0.7120126 27 -3.667566 2.243541

B, NN EZMFEAHEL T, w — pe BEGRECY 0.95 By XEfETY
[—3.67,2.24].
WA T EAR B4R
> interval_estimate2(x, y)

mean daf a b
1 -0.7120126 23.09151 -3.344401 1.920376
L, FEANTEAFRBEL T, 1 — pe FEGRIOY 0.95 B XEIfEY
[—3.34,1.92].
PR AE SRR LR, AACHTEM SR DT Z AR BB, T4 R R —

I

FERXPAGITA,  p — po WXTAAETHEE T, BHRU, w FTRERT
pio, WRATRE/NT oo, KB BRATHINT 111 5 po FFBH BEESF
RERMEFE t.test O BREOT AL B XGREA ZRY X e A7, 4
> t.test(x, y)
Welch Two Sample t-test
data: x and y
t = -0.5594, df = 23.092, p-value = 0.5813
alternative hypothesis: true difference in means is not equal to O
95 percent confidence interval:
-3.344401 1.920376
sample estimates:
mean of x mean of y
500.0234 500.7354
B TFBAF M, RS I PREATT 2R AR . WRI N TTZHM,
TEAH], HfERRF L4 var. equal=TRUE, U
> t.test(x, y, var.equal=TRUE)
Two Sample t-test
data: x and y
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t = -0.4943, df = 27, p-value = 0.6251

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

-3.667566 2.243541

sample estimates:

mean of x mean of y
500.0234 500.7354

KA R SI4ER, RILH t.test O RETESIMITIT R SR 1%%
HRHW RS RECEMAR, SEamesl T, HHRINERE ¢ testO Y
RBATH RS R 6 totest O MBI, FHESITE.

2. ECXEHEX (Gt

DR DA X e 1 B — XS A SR E d, BT, R AR RO P B
A HE, (HR X2 EE, AR T HAREA T, FE(E K % A5
PRIE p MKW TR . X BEWATRTE of CRMITE of RA
R BLAIT IR, TR X A B AR AR E A T T4, X B RS H
R 7 i
Bl 4.19 A TIAEERA L -FETBIMGEIR, 4 E R LBTFGITH G E
A 104, WERTHRITMN G EEHE, ok 1+ KRETHIE

® 4.1 BFRIEMAERNEEXE
RA%BY |12 3 4 5 6 7T 8 9 10

B AT (X) | 11.3 15.0 150 135 128 10.0 11.0 12.0 13.0 12.3

w7k (Y) | 140 138 14.0 135 135 120 14.7 114 13.8 12.0

ALY K F 4 (o = 0.05).
B mANEERE, A t.testO REL
> X<-c(11.3, 15.0, 15.0, 13.5, 12.8, 10.0, 11.0, 12.0, 13.0, 12.3)
> Y<-c(14.0, 13.8, 14.0, 13.5, 13.5, 12.0, 14.7, 11.4, 13.8, 12.0)
> t.test(X-Y)
One Sample t-test



220 FME SHAhT

data: X - Y
t = -1.3066, df = 9, p-value = 0.2237
alternative hypothesis: true mean is not equal to O
95 percent confidence interval:
-1.8572881 0.4972881
sample estimates:
mean of x

-0.68
FRrLAEE], BT AR AR XSy [-1.86,0.497].

BT 0 W& EXEMG TR TR N, BRI JRI7 R W A MLZLE 3 5
HRIERFELER. RTRERRSHIETEHA.

3. FELE of/0f HIX[EIfEIT

T BARIIE o o o ERFEEIIE 0 o po REAPIFHEFOLITE.

(1) i1 5 pe BHL BERS

. 1 . 1
Gr=—> (Xi—m)’ Gr=—> (Yi—m)’ (4.38)

HK of oy Wim/ MG, BT

o2/0?
F=_21 ~ F(ny,ny), (4.39)
a3/o3
e o
gy/0
P {Fl_a/g(nl,ng) < a\é/oé < Fa/g(nl,m)} =1- a, (440)
2 2

Hr Fl—a/2(n17n2) il Fa/2(n17n2> AR B N (n17n2) WA F— o4 b
1—a/2 fl of2 30k, EH, o2/od BE(EKTE 1 — o BE(EXES
[ 01/03 01/03 }

Fa/2(n1an2)’Fl—a/2(n1>n2) .

(4.41)

(2) 11 5 po B BEE S2 F1 S2 401K o F o2 WE/NERAEH, BT

P Sk
52/(7%

~ F(?’Ll - 1,712 - 1), (442)
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5N

Si/oi
P Fl_a/g(nl —1,n2—1) < SFQ/Q(nl—l,ng—l) = 1—04, (443)

~ S3/o3
W of /o3 BEMFKF 1 — o FEFXIEN

2/ @2 2/ @2
[ SI/SQ , SI/SQ :| (444)
Fopp(ny —1,ny —1)" Fi_g2(ny —1,np — 2)

MIEAR (4.41) AR (4.44) B ERWFERL T H 2L of /oF XIEAGTT
M R Y (F£F4%: interval_var2.R ).
interval_var2<-function(x,y,
mu=c (Inf, Inf), alpha=0.05){
nl<-length(x); n2<-length(y)
if (all(mu<Inf)){
Sx2<-1/nl*sum((x-mul[1])"2); Sy2<-1/n2*sum((y-mu[2])"2)
df1<-n1; df2<-n2
}

else{
Sx2<-var(x); Sy2<-var(y); dfi<-nl-1; df2<-n2-1
}
r<-Sx2/Sy2
a<-r/qf (1-alpha/2,df1,df2)
b<-r/qf (alpha/2,df1,df2)
data.frame(rate=r, dfil=dfil, df2=d4f2, a=a, b=b)

}

ERFT, x, yoralEskE MR EHE (FEA) WA IR, nu ZHM
SEEEA A R, SEEE AR, WAENE, BERAEBHER (n1,n)
# F- At S X RS TR A s B0 G AN SRR, BRI A By
(1 —1,m9 — 1) B F- AT X AL A M . alpha BB EMIKT, 6R
BN 0.05. FHERABRERX, WL ERA: HATTEN rate, F—HH
BB af1, S H W E af2, M2 e KT A a, b
Bl 4.20 %k
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A: 79.98 80.04 80.02 80.04 80.03 80.03 80.04 79.97
80.05 80.03 80.02 80.00 80.02
B: 80.02 79.94 79.98 79.97 79.97 80.03 79.95 79.97
KA A ke 2V R A&, (1) 33 0% 1y = up = 80; (2) HaA
Jar,
% SNEBHE, A R interval _var2 ) #4715 (FEF4%: exam0419.R).
#### | scan() M2 A\ B8
> A<-scan()
1: 79.98 80.04 80.02 80.04 80.03 80.03 80.04 79.97
9: 80.05 80.03 80.02 80.00 80.02
14:
Read 13 items
> B<-scan()
1: 80.02 79.94 79.98 79.97 79.97 80.03 79.95 79.97
9:
Read 8 items
w2 I AR
> source("interval_var2.R")
w7 2 X E AT, AR E R
> interval_var2(A, B, mu=c(80,80))
rate dfl df2 a b
1 0.7326007 13 8 0.1760141 2.482042
#t Jr 2 O K E AR, AR E R

> interval_var2(A, B)

rate dfl1 df2 a b
1 0.5837405 12 7 0.1251097 2.105269
PR 4 A R 22 57

MR RATUES], 1 OEEXEMSTTRXES, WtEi, FHEHIAN
PSR 7 Z2 WA 1, BT A S AR B A 7 2202 AH [R] /.
£ R A, var.test () PREREMBARMLNEA T 2 iy KA fkit,
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> var.test(A,B)
F test to compare two variances
data: A and B
F =0.5837, num df = 12, denom df = 7, p-value = 0.3938
alternative hypothesis: true ratio of variances is not equal to 1
95 percent confidence interval:
0.1251097 2.1052687
sample estimates:
ratio of variances
0.5837405

SRS BRI AR (AR, A A AT L B T H Ao
var.test() YRR, AL var.test ) REEMHE:, BEHBANETIE
=ATIHE.
4.3.3 FFIESEHHIXEHIT

LRARAMRMIES AT, AGTHEE R — A ke i i KA J5
5, BIZOREAR R HBOR, HH A OR R e BT A

BER X BMEN 1, TR 0%, Xo, Xoy -, X T H B X #— DA
P N IX R R MOL R AR, ARG OREREH, XTI Ke n, H

55)Q-—7u¢
i=1
ERURAL, XAHERSH o BEEER 1 — o AU UE (S XA
|i7 - %Za/g, 7 + %ZQ/Q] . (445)

AL, %X EK (4.19) seemf, BrAR g X B EF R PR R

MR o BRI, AU ERf S°ORIE of, BRI A
TR XA

) - S
|iX - %Za/g, X"‘ %

WMIBEARX (4.45) A (4.46) HHIFESBEXEMAITE R BF (BF

4. 1interval_estimate3.R ).

Z,m] . (4.46)
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interval_estimate3<-function(x,sigma=-1,alpha=0.05){
n<-length(x); xb<-mean(x)
if (sigma>=0)
tmp<-sigma/sqrt(n)*qnorm(l-alpha/2)
else
tmp<-sd(x)/sqrt(n)*gqnorm(l-alpha/2)
data.frame(mean=xb, a=xb-tmp, b=xb+tmp)

}

ERFT, x BREFFES A EEAERE (FA) [, signa JEEAEMR
HEZE, UIRHEZ T AN, BN TR HERE; BARHEZAR AN, BTG, B
MREAR TR ERAUE SRR TR EZ. i R HBERHEIE X, f A2 {H mean,
PI{EL R DX A A P L 2, .

B 4.21 XS afsit g TAEF v Fa. AL TS THEMMR 50 Ak
WA RIS (B AR T EAURE AL £, IRAIYE 1/) = 2.266 (42 100 N8 )
ARB A ). RIZANE AT RE-TFHFFG B REA 95% ¢ B K .
. /oM R EMNARETIE, FIHH K% interval _estimate3()
BT
> x<-rexp(50, 1/2.266)
> source("interval_estimate3.R")
> interval_estimate3(x)
mean a b

1 2.293804 1.612363 2.975244

B, %08 ] A T34 A o B ELAE RN 95% M EE XA [1.612,2.975].
4.3.4 EBEMEEXEHIT

PR, ARG 0 FER—T7 1 B ARR. wilan, Xk, o
My RYL, BATHH RO EGR 0 /1 TR, TY4RITE & miE
MR p B, SROHESE p Y < LR, FRIX X)) R B X ]
EX 4.7 % X1, X0, -, X, REABEKR X G—AHK, 0 RELLEEHSH T
Whsblk, HTFLEG a(0<a<l), Z4iHE 0=0(X1,Xo, -, X)) HE

P{Q(leX%"'vXn) SH}:l—OK,
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NIARREALE ] [0, +o00) 2 O WEZAEHN 1 —a GEMELRE, R0 H 04
BEAEAN L —a BBEMEMSTR 241H% 0=0X1,X,, -, X,) BE

P{O<0(X1, X2, X,)} =1—q,

RIARAVR R (o0, 8] & 0 WEMLAA 1 —a GRMERRTH, #0940 8F
BEH 1 — o 8 BMEA LIE,

KALT XM EAF K AG TR, MTFaEEMERFE 1 - o EEERFE TR
O B, R E(0) BOKHEF, RS LR 0 5, N2 E(0) BN

1. —AEAREE

RIESEMH X ~ N(p,0%), X1, Xo,---, X, FRHE B X f—MER,
1— o HEGE, X AHABE, S° hHERrE.

SRR BREIME o CAMRAERT, ME 1 095 EE X AT

# o’ B, B\ (4.17), 53]

P{f/\/_<Z}:1—a, P{—Z <u}:1—a.

ARE] p EAEEN 1 — o ARME(FIX R

— o — g
[X — %Za, + oo) , (—oo, X + ﬁZa} . (4.47)
HIt, wBEGEER 1 - o BRMERF TR, LR2H8
__ o _ — g
=X - %Za, n=X+ %Za (4.48)

# o KA, X (4.20), 155

X —pu B X—p)
P{S/\/ﬁgta(n—l)}—l—a, P{—ta(n—l)g S/\/ﬁ}_l_a’
JEARE] p BEAE N 1 — o BB S X ]

{Y — %ta(n —1), + oo) : (—oo, X+ %ta(n — 1)} : (4.49)
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F, p MEGEER 1 — o FERMERF TR, LRS00

H:Y—é%%m—n, ﬁ:7+$%mm—n. (4.50)

MRIEAF (4.47) TR (4.49), LAEBMEF X R AXE H T HE R B
(FE2/¥44: interval_estimate4.R ), FFr[#EHIR B, T BE X a0 &E
IX[H].

interval_estimate4<-function(x, sigma=-1, side=0, alpha=0.05){

n<-length(x); xb<-mean(x)
if (sigma>=0){
if (side<0){
tmp<-sigma/sqrt(n)*qnorm(l-alpha)
a <- -Inf; b <- xb+tmp
}
else if (side>0){
tmp<-sigma/sqrt(n)*qnorm(l-alpha)
a <- xb-tmp; b <- Inf

}
else{
tmp <- sigma/sqrt(n)*qnorm(l-alpha/2)
a <- xb-tmp; b <- xb+tmp
}
df<-n
}
else{

if (side<0){
tmp <- sd(x)/sqrt(n)*qt(1-alpha,n-1)
a <- -Inf; b <- xb+tmp

}

else if (side>0){
tmp <- sd(x)/sqrt(n)*qt(1-alpha,n-1)
a <- xb-tmp; b <- Inf
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}
else{
tmp <- sd(x)/sqrt(n)*qt(1-alpha/2,n-1)
a <- xb-tmp; b <- xb+tmp
}
df<-n-1
}
data.frame(mean=xb, df=df, a=a, b=b)

}

R, x ZHRE BT (FEA) M. sigma & AR
HEZE, BARHEZ TN, WAMNIE, B IES AT XN &0
G ATERA), PR t— AT KA A, side BFEHPREEXE LT
R, FZoREGXE LR, fiA side=-1; Z K EMFXE TR, A side=1; %K
XUEAF X, A side=0 sl4E. FHIRHEERMEE X, i itEA{H nean,
B af, MSER K EAG TP A a,b.

R FR SRR B ALE T RN B AR XA S, WU, % interval
_estimated4 fU& T pR%Y interval_estimatel FJIHE.

Bl 4.22 A —PATIEF AR 5 RAEF4RE, AFES OUDNHT) A
1050, 1100, 1120, 1250, 1280.
BATILF R RAGES O, RATieF a3 B2 R A 0.95 492 MEAZT IR
. AZE, KA interval _estimate4 ()

> X<-c (1050, 1100, 1120, 1250, 1280)

> source("interval_estimate4.R")

> interval_estimate4 (X, side=1)

mean df a b

1 1160 4 1064.900 Inf
WHELRWA 95% HIATIEAFMTE 1064.9 /LA _E.
REFFRY t.test O s R USSR X ] ik, 40
> t.test(X, alternative = "greater")

One Sample t-test
data: X
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t = 26.0035, df = 4, p-value = 6.497e-06
alternative hypothesis: true mean is greater than 0O
95 percent confidence interval:

1064.900 Inf

sample estimates:

mean of x

1160
AR B IX A A4 [1064.900, o], 5 14% 5 sR XA M R A 154521
TEFRJFH, alternative B HMIX, X MESWAET —ZR R H
VEFEAIA 4.

—NEBHKRTE

B GRTEAR, o Bt (4.23) B, 2HTHE BAEAE o B, R
WIfEOL, J7ZE o BB EAE XAt

% p o, mX (4.24), F

2 )
P{ni<xa( )}zl—a, P{X%_a(n)gniz}zl—a,

o2

RARE o® WEFEN 1 - o BIRMERE X

no no?
[X%(n)’ +OO’)’ b X%_a(n)}' (451)
o MEMEEN1— o ERMEET. BRA
,  no’ —  no’
2w TR (4.52)

U RSN, it (127), B
P{(”‘w Sxi(n—l)} —1-a, P{x%_am—l) < (”‘”52} -,

o2

B o? WEIEEN 1 — o @R NEER

2 ) b
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o WEFEN 1 — o EMEET. Ry
s (n— 1)52 — (n—1)5?

-~ /= 2
=" em-n 7

ST (4.54)

WRIEAF (4.51) FIARK (4.54), BB EF X AR A T R BT
(&J¥44:  interval_var3.R ), FFA[¥EHIK LEAFXE., XU EA(F X[H].
interval_var3<-function(x,mu=Inf,side=0,alpha=0.05){
n<-length(x)
if (mu<Inf){
S2<-sum((x-mu) "2)/n; df<-n
}
else{
S2<-var(x); df<-n-1
}
if (side<0){
a<-0
b <- df*S2/qchisq(alpha,df)
}
else if (side>0){
a <- dfxS2/qchisq(1l-alpha,df)
b <- Inf
}
else{
a<-df*S2/qchisq(l-alpha/2,df)
b<-df*S2/qchisq(alpha/2,df)
}
data.frame(var=S2, df=df, a=a, b=b)
}

FEREFFA, x ORH BAREEE (FEA) AT, m REAREE, S5
EERE, BAMEME BFRAEHER n 8 X°— AT KNS 2
PHERAIN, AT, RAERAEHER n— 189 X°— 2 TH X )i
A side BFEHIREA XM L TR, AREMGXE LR, BN side=-1; #KE
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fEIXEFBR, %A side=1; ZRAUMEAFXIE], FiA side=0 BiBE. Kriffm i
KRAEARENER, WHERFEAT 2 var, HHE df T ZEM X a, b
g b, WREE S Tl e 77 28 XE 57T K% interval _varl
I DIRE.
5 4.23 K] 4.21 F 10 F Aty 7 £ EAZR 8] LIR (o = 0.05).
& W ANEHE, HHEE interval_var3()
> X<-¢(10.1,10,9.8,10.5,9.7,10.1,9.9,10.2,10.3,9.9)
> source("interval_var3.R")
> interval_var3(X, side=-1)
var df a b

1 0.05833333 9 0 0.1578894
o? BEAE ERR 0.1579.

T B A DA A o b 5 XU A5 X TR T AR R A, SR %
JRICTE R —M, B, AT A @XMAG T s, B BT RPAT R S 3 B X
EAGHA, ARr R AR, RN bt 2 A F §.

3. MNERHEE

REEWDHESEMHE X ~ N(Ml,lf%) MY ~ N(,uz,U%), X1, Xo, -0 Xoyy
HHRHE B X DA, Y1, Ys, - Y, AREBE Y B— MR, 1-o
NEEE, X, Y SAhE— ERAME, ST, 55 ARIhE—. B A
7.

SATET SR T 2 of, 0f B RAFMBGHFEL T, HEZE 1 — e
Y ERL0 E A IX TR £

Y o, 05 BHIES, B (4.29) FAZRRLF XU EAE XA B AG S, 52
1 — po BFIEAGEEN 1 — o 9 BMNE A X 1A
ot

o o2 L o2 o2
X-Y —Zy| 2 4+2, 400, |—00, X =Y +Zo/ L +2]. (455)
5 no ny N2

W o? =03 = o, HARMEF, X (4.31) FISALTF RN E (7 DX 18] 8 Al 1 T
T, FE] - o EEEN 1 — o BB EAE X

ny N2

— 1 1
[X—Y—ta(n1+n2—2)5w — 4+ —, +oo), (4.56)
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i
<_°O’ X =¥ 4 talms 40— 2)Suy | + i} : (4.57)
s N9
% of fl o KA, H ot # 03 B, — pe WIEFER 1 — o BEANEREK
[E]:
2 2 2 2
X —Y —t,(D) i+i, +oo) : (—oo, Y =X +ta(?) i+§ ’
s N9 n No
(4.58)
o v izt (4.36) 135

WAL (4.55)- A (4.58), LA EFXEH#ARE B THEHE R BT
(#/F#: interval_ estimateb5.R ), FFRIFEMISR L. FHEAF XE SO EH
X [H].
interval_estimate5<-function(x, vy,

sigma=c(-1,-1), var.equal=FALSE, side=0, alpha=0.05){

nl<-length(x); n2<-length(y)
xb<-mean(x); yb<-mean(y); zb<-xb-yb
if (all(sigma>=0)){
if (side<0){
tmp<-gnorm(1-alpha)*sqrt(sigmal1] “2/nl+sigma[2]~2/n2)
a <- -Inf; b <- zb+tmp
}
else if (side>0){
tmp<-gnorm(1-alpha)*sqrt(sigmal1] “2/nl+sigma[2]~2/n2)
a <- zb-tmp; b <- Inf
}
else{
tmp<-gnorm(1-alpha/2)*sqrt(sigma[1] “2/nl+sigma[2] ~2/n2)
a <- zb-tmp; b <- zb+tmp
}
df<-ni1+n2
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else{
if (var.equal == TRUE){
Sw<-((n1-1)*var (x)+(n2-1)*var(y))/(n1+n2-2)
if (side<0){
tmp<-sqrt (Swx(1/n1+1/n2))*qt (1-alpha,nl+n2-2)
a <- -Inf; b <- zb+tmp
}
else if (side>0){
tmp<-sqrt (Swx(1/n1+1/n2))*qt (1-alpha,nl+n2-2)
a <- zb-tmp; b <- Inf
}
else{
tmp<-sqrt (Swx(1/n1+1/n2))*qt (1-alpha/2,n1+n2-2)
a <- zb-tmp; b <- zb+tmp
}
df<-n1+n2-2
}
else{
Si<-var(x); S2<-var(y)
nu<-(S1/n1+82/n2)"2/(81°2/n1"°2/(n1-1)+82°2/n2"2/(n2-1))
if (side<0){
tmp<-qt (1-alpha, nu)*sqrt(S1/n1+S2/n2)
a <- -Inf; b <- zb+tmp
}
else if (side>0){
tmp<-qt(1-alpha, nu)*sqrt(S1/n1+S2/n2)
a <- zb-tmp; b <- Inf
}
else{
tmp<-qt (1-alpha/2, nu)*sqrt(S1/n1+S2/n2)
a <- zb-tmp; b <- zb+tmp
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df<-nu

b

data.frame(mean=zb, df=df, a=a, b=b)

R, x, vy anlek 8w E R EdE (F4) #sny M. sigma j&H
PSR HEZE M R [ B, MARHEZ B RIEE, B AN E, B R ESS
T X IR . 2407 ZER AT, B NTRGRAE, SIS 75 255 8 S A2 5 AH ] -
FNAP R ZAH, #i\ var.equal=TRUE, /¥ RA HHERN ni 4 ny — 2
0 t— AT XSG R A AN ER DT Z AR, Hi\ var. equal=FALSE Bk
B, P RHBHERN vy t— ot XEm R 24 v ARER, BFET
Wot— e, HERFEE AR side BB EEXE E TR, £k
EEREER, A side=-1; FREFXIE TR, HA side=1; & RKXM E(F
XA, %A side=0 sdk4. Hith RABIWEILRX, A {EHZ nean, HH
B af, PR E 2R K E AT P A a,b.

R bR BT SR EAE XA AL, & U, BREL interval
_estimateb f & T PR%( interval_estimate2 FJINEE.

4. RKRANEHBAENER

B SRTHEAHR, o7 Ml 65 B (4.38) & X, 2 AiHem B BIE m
5 po BFIF p1 5 po REERT, HEW of /o3 BN X EME .

2 5 p BB, B (4.39), F

~2/ 2 ~2/ 2
P{Ul/o-l S Fa(nl,nQ)} =1- a, P{Fl_a(nl,m) < 01/01} =1- a,

52/02 ~ 03/03
F, of/o5 BMEFKT 1 — o BERMEAE XY
52/33 ) { 33/33 } \
|:Fa(n17n2)’ o) 0 Fl—a(n17n2> ' ( '59)

2 5 ope RFIEF, B3 (4.42) fl (4.43), 153

52/0.2
P{S;Q/OéSFa(nl_]-anZ_l)} = l—aq,

52/0.2
P{Fl_a(nl —1,ny—1) < Sé/oé} = 1—a,
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W of foF BFEMEKT 1 — o BB EE XAy

U5 N o suss )
Fa(nl—l,ng—l) Fl_a(nl—l,n2—2)

(4.60)

MRIEA (4.59) AR (4.60), PRSI ESE X AKX H TR R 2T
(#2/F#: interval_var4.R ), FFAJPEMR LA, DU (F X TH.

interval_var4<-function(x,y,

}

mu=c(Inf, Inf), side=0, alpha=0.05){
nl<-length(x); n2<-length(y)
if (all(mu<Inf)) {
Sx2<-1/nl*sum((x-mul[1])"2); dfi<-nil
Sy2<-1/n2*sum((y-mu[2])"2); df2<-n2
}
else{
Sx2<-var(x); Sy2<-var(y); dfi<-nl-1; df2<-n2-1
}
r<-Sx2/Sy2
if (side<0) {
a<-0
b <- r/qf(alpha,df1,df2)

else if (side>0) {
a <- r/qf(l-alpha,df1,df2)
b <- Inf
}
else{
a<-r/qf (1-alpha/2,df1,df2)
b<-r/qf (alpha/2,df1,df2)
}
data.frame(rate=r, dfi=dfl, df2=4f2, a=a, b=b)

TERRFFH,  x, vy AR E SRR (FEA) MR .

mu &
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H P SRR (R B e i, SBEC R, SAHNAE, B RAE B ER
(n1,m2) 89 F- AT IXTEAGTHA T Al 00 (CRRABRE), R PR A i
N (= 1,np = 1) 8 F- AT IX AR e R, side JEHEHPEREAF X
[ ERRR, AeREGXE LR, BN side=-1; FREMFXE TR, HA side=1;
ARAMEAF X, HiA side=0 BHRE. alpha B FHKT, SRAEED 0.05.
R R HBIRAEE S, AR HEATTEW rate, H—HBE dfl, 5
HE ¥ df2, A7 2 e XE G T80 a, b.

S

4.1 RERGHHFREA
(a+1Dz* 0<zx<l,
flr;a) =
0, A A,
X1, Xo, -, X, AREHR, KEAK o iEEITE Q) PRAMABITE Q. IR
BAERILRIE H
0.1 0.2 0.9 0.8 0.7 0.7
KA o ¥4E1H1A.
4.2 FAM A R X AR H)T, B 1000 A2 ARt 18] 4942k
AR, Bow BRI CHRELSH A
wmPE 5 15 25 85 45 55 65
FE v; 365 245 150 100 70 45 25
do R & P REHI A AT, KARKMEAMETR N 695+
4.3 A g RAKEFREGHKR, WMHEFBGKTEMMI 50 7, ik

F A XA B A9A R (B — FHR T KA A SRR Poisson 57 ), JiAt
U L
KA E&% /| 0 1 2 3 4 5 6
I 7 2 10 2 1 0 0
RFFHEIR T XY RAANKA S P, £t LRBRAGBEARK?
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4.4 #A R %4 P4 nln () H K KB L AR A

min f(z) = (=13+z; + (5 — z2)22 — 2)79)?
+ (=29 + 21 + ((x2 + D)o — 14)29)?,

wAaras s 20 = (0.5, -2)T.
4.5 JEFAGGIRI-FIESE 128, REAMNF 10 Fl@ 8T H 8 & 690k
HME (R /H) % T

54 67 68 78 70 66 67 70 65 69
S A IR RBIRAE S A, KT HIRX 10 2 %A PRI REAY S AT Ao
95% @R AT, FAERME B At RHoATR 10 L% H6G-FYRFRERE
IR T BT AR T3 Bk AR 2K

4.6 P, UHATEAP S BAP A 10 HXBE P, HRBE T, AL —
F. BREARBAFE X, Y HIRAESHSH, By EaF. KB 103#iX%H
8 F 4 T Frw (B2 5.
AP | 140 137 136 140 145 148 140 135 144 141
CAY | 185 118 115 140 128 131 130 115 131 125
KB EFGIL E 1y — o BN (o= 0.05) .
4.7 T, UAmA FRATSL, ARTaL FHEEPHEMBIR /4R, AL
AFQGRPHEAMIR 5L, CAGRIME (42 Q) 5 5Hh
i 0.143 0.142 0.143 0.137
o 0.140 0.142 0.156 0.138 0.140
AR P 4, TR 5 B R E S A N (1, 02) F2 N(p2, 0%), 0 Ade. KK 1 — po
B EAT LKA 0.95 &R E) At
4.8 3 A 4.0 FF URAT SR IEEH 2GR E&, FHEEHER
FI X MEBER LT F 7 £, ZREET £ 8F, REI ARG TSGR E £
1 — po B9 EAER A (o =0.05) .
4.9 & B 3E B AL L BT IR P AR B 69 v w69 R BORA K R A K24 Poisson 5
P\, MR T 42 A% AR
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I B rF g R 2K 0 1 2 3 4 5 6
B 3L 49 2 710 12 8 8 2 0
KRB -F ek B\ R IT AT B AHCH 0.95 9 EAZR .
4.10 Sk APIE FGRAES S, £k 2P A 40Te T AL 10
R, MR L FE (B D) A
1067 919 1196 785 1126 936 918 1156 920 948
RITsaF AT AR A 0.95 69 F 45Tk,
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FHE (Rixelk

RS (test of hypothesis) BGTHHERT I —MEZENZ, ERMAER
FIAYREE XA S SoE B o TR IR B A i 7 iR A TR B, I e
BOETRIER.

5.1 {RIZIEEHERES
5.1.1 HEXES

RS b, Regdmfhit 240t SR S5, RERIRE SR8

Tfflitt, SRS EIRZARAT AN, Hagldgitile, Bt S as
PIZE. TESHERT T, FEXSEERE —em Rk, REXHE G R
friRcress. FH— Mol U6 B AR B g ) 2 A A .
B 5.1 REZ] AFW—PFR, LARE pEARYG. BIL, & p<0.01,
NIX = o AT 2 GTRATRTIERE., XEZ D<0.017 B2 —ANF £
B, i2H H. R MAZ PR K GG u P ARSI 100 4 en, RILE T
HEMRS, X— iR RAR R A IR H R EREGKRE. BR, ot
REGNERE 538k H & ARAl, RN H A Mt ReANEKA X, F
ME: X KIMt A2/ L iEed HY?

S HTRE T HBSETERE T —Kit=m, XA RN ZHEL .
giit L MRS ke H oL, RIHE X > 3 RG22 K BT
X 464 B(n,p), Hrt n =100, ZGIHHL P00 {X > 3} = 0.08. BAR, Xf
p < 0.01, EMRELE/D, W, Sk H(p < 0.01) Bk, 100 M
m A 3 AEL 3 AU EIR G R AN 0.08. XATRIBEER—A /MER" F
fF. ME—WKIRR AR E T — N IMERRE M EARATRER. B, HefEley
i “p < 0.017 JEAEH v BERY. TETFREAR I RA AN, BV IZ G & X MR,
A E XL A Al #32 (Bl p > 0.01).

iRl s TR — R EEEAE. %, & 0 MHUE
SRR — N RMSE, H—VIREMNESICH 0. MXT 0 fft—kix
ATH <0 € ©7 kRR, Hir © 0 —PHEHTE. EFIHBREERY, BE
BEAE—MEMR IR ARG, HRARREEE R (null hypothesis). 5

239
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ZAHNE, AE SRR AR I, R — S XN ARE, RS ERRE
(alternative hypothesis). JERIZA GBI E KA N

H()Z 96@0, Hli 96@1,

Hrft 00 M1 61 9 © AN AR ETSR, Ho ZmlEkik, H ZrRaHR
.
KT —Ye LSRR A LT =FE (b 0 % fE):
(1) ks
Hy: GSHO, H, ‘9>90

(2) BRI
Hy - 9290, H 9<90.

(3) Bk
H()Z 9:90, H12 9%90

WE ARGy — B, PRk — B

RIZR I AR TR R A, FEASH) SRS BUE T REXT IR R % Ho BF, T 57—
BUERTREXT Ho AF], I AT RAAR 38 F i 23 DA - 2 o DUPRE o A 2 [1] 43 1 A 7
g7 —ER IR AFELESY (critical region), MFEASTE NFELRISIT, EIEL4E Ho; 53—
R4 FI PR A2 (acceptance region), MHEATE N BB AEL .

MR AEE AR EF RS IR o] 5.1 A RS AR
B X), g \R/ANFTA Bt R R Ho ARIECAF]. B, #efadgs W g
AL A E g —NEBUESL C #TE] &L
FEN 5.1 AERAB A, & X, X, -, X, ARAR, W HRKE TG —A
FHE, HFBRG ac(0,1), %W HR

Pg{(Xl,Xg, .. ,Xn) c W} < a, Ve @0, (51)

WA W MR s8R 69400 7 ik 4 R F M K-F (evidence level) a 494655,
BEWKT o B HEBYE SR 0.1, 0.05 1 0.01 2. Xf—ANBEHAT o B

1%, BRI Ho BoL, TEEAE AL W &, MEWwE N PMEZEEAE

T. WMAE—RKRAREF KE N/ MERE R, RS E T XMRERE Ho
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WA E. TEF 5.1 o, WURISEAE o = 0.1, M P—ooa{X > 3} = 0.08, HItY
p < 0.01 B, EMERLE/N. MIFEEX 5.1, W ={X >3} g TRtk
Hy :p < po=0.01 #BFMKF- o = 0.1 gyFELI, o X =3 Er][3E%E H,. H
WS AL W B EHKT o = 0.05, XBF, MM EEFEAKT o BRERTEZ
W ={X >4}, X X = 3 §UARETRYE Ho. HBLFTI, BEHEKT o fUh,
MR R, 52, BEFEAKT o U, WAFEAE NIELBE R
48 Ho BLanal {3,

W, FREXRR H RAEFea —E M EEE, & —HBEE T Ho
MEWE G — PN ERNIKR, FRENS, FEmme 2 EHKT o G
PO/ RBE T —Fh “fRam R 5y A

5.1.2 RIFEBHEXBESSR

iR g g A A AR

(1) AT ek EE. TR R BB, B kReX ™ R
W ROLE, AR ANER. WRFB—MAEHAAR B, B
2R AREM R ERIER, W&, “Ri AEoL. B, RAOTMELRX
A YRR MRBEESFHAGHEMAS KE, NARHEAFRXA “Rix”,
PRIEARBOEAH A Y.

(2) EXRAFAEEP R, FohX BETER RNEH”, FARER
AW g, TR T AT 2 R — RN MER R E—
POREE A DI HEA EAS R,

ik g iy — AP R A -

(1) MEFR IR S 0 RB BN T EAES — MBI EPGa R Rk, 1%
FREBEENE: e h — S EERSH TRMAZREEEMRL “RiF.

(2) e — M EBEHEKTE o, HFHNZE a = 0.05, BFA—RFH o = 0.075
B¢ 0.1, 28 —2TTHL o = 0.025 = 0.01.

(3) IE—NGIT R g, g FIR/NRBXT Hy HRISAF], FHERAEER W =
{g € C}.

(4) MHEE X 5.1 kg W.
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5.1.3 (RIZIERIIRMAELEIR

TR IR AR B et grit, FTREJUMREE iR, B —REREGE T H

Sery RS, JU—BERR ISR 2 N BENMIKT o, B

a = P{%?%Ho | HO%E\%E/‘JL

A LA P B E KT o SREERIIE SR —2REE BRI,
BRI TR RR. U SRR H 0 Rw, B

B = P{#3H, | HoZ551R1}.

WHRYE, TR EFARRNELT, WRBILE —REROTER, Bia
HEIALSE R4 R R, TR0 SR 2R R R, AR —2eE
DRAYEER. WRA R A0 — M S R AR R, BRI A R
B, (HFEARZEMNM, 2REMMAEERA, XHBREAR AT

LR, W — MRS AR HE R SR R T, BB s
SR A RE T AR R BRI ER, W« &R, 1

T=1-08= P{@%Ho | Ho%%i%ﬂ"]}-

MRS T JRRIE Hy - 0 = 6y, WATLAE S E X ], ek
20 WEUETE . BEXEERE —& B EREmMA T XE, BEaH TR
FIH) SRS ER £ TR,

5.2 BEMNSHILE

F T SR ok 2 SR LA R A S R TE 2540, PRI, 3 LA
FREABHE BT, HREAAE, L4 SA TS BARAESE
IR AR,

5.2.1 IEFEFHENRIZEE

1. BANEFEER
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YEREE X ~ N, 0%), Xy, Xo, -+, X, BHE S X AR, H0E p
Bk SGHRIRIET. et XA AR % o EARLA
¥ o RATFIFRL.

(1) Wiskash, B

Ho: p= po, Hy: p# po.

Y7 o BHIRE, mE— 1.5.4 FFageit AR (X (1.93)) 7T, 24 Hy

HIT, _
_ X — o

- o/vn
PIEL Z Aemfse s, Y

~ N(0,1), (5.2)

|Z| 2 Za/2>
WAy Ho ABOL, He o D9 K- sXFO7T IR N IES R k.
B2 o KA, HGEHAR (1.5.4 35895K (1.95)) WAL, 2 Ho HEA,

X — o
T:
S/vn

~ t(n—1), (5.3)
S
I T| > taja(n — 1),
WINK Ho AL XFITIERRA t— Kk
TESERRMIR A, IEZAR SRR 7 220 W R A, Frehe A ¢ Rk g e
TIEZS SRR E R RS .
(2) HAag, B

Hy: p<ypo, Hy:p>po (B Ho: p>po, Hi:op<po),
WIr%E o DA, HIELEY
7> Zy (R Z<—Zy).
WIr % o KA, HIHLY

T>ta(n—1) (KT < —ta(n—1)).
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ey e, SR BE RN I I, TG SRR 1
Srb, @EEIS P—H, & P- ETIHRENRENAT o, NITELE .
Pl P— {EREMNIAR X KT (BUhT) BAE 2 ErIHEER.
XA R B, DIES A v, 52 2 HE, ATHE X > =2
AR, B
Pt = P(X22}= [ s =1-a()
= 1 — pnorm(z, (Z), 1), (5.4)

HHEER X < 2 AR, A

P—{HE=P{X<z} :/Z ¢(x)dxr = pnorm(z, 0, 1). (5.5)

XFRGLKS, ERIESI AN, ERE - HE, TEHE X > [ Ml
X < —[o] IR, SFEHE X > || MRAPIGE. Bk, P—EIHHELEHN

. OP{X <2}, R P{X <z} < P{X > 2}
R {2P{X > 2}, 7l

2 / C b(a)de, R / " () < / " b(a)da
2 / " ba)de, BN
B 20(2), R d(2) < (1 —P(2))
20 -ak) #H

{ 2 pnorm(z), iR pnorm(z) <
2(1 — pnorm(z)) HN

N~

(5.6)

¥k (5.4)-(5.6) HERK P HM R BT (BF4:  P_value.R)
P_value<-function(cdf, x, paramet=numeric(0), side=0){
n<-length(paramet)
P<-switch(n+1,
cdf (x),
cdf (x, paramet),
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cdf (x, paramet[1], paramet[2]),
cdf (x, paramet[1], paramet[2], paramet[3])

)
if (side<0) P
else if (side>0) 1-P
else
if (P<1/2) 2%P
else 2% (1-P)

¥

HBANE cdf BoMRE, WESSAMEJE pnorm. x Zit4E P- HM %G E
{i. paramet BXTNAHHISE, MIESTHAISECH paramet=c (mu, sigma).
side ZITEEM P (HEXUN P- HMTERSEL, WA side=-1, iHHZEMF) P-
fE; A side=1, HHAMEY P- {H; B side=0 Biik4, THHXUM P-{H. &
Koy B AR P {H.

ERRE P— {05, HAmmMERCy: 5 P- /DT B3R o B,
WFEZe R e A NATEL R B

B Ltk A RS R ITE (K (5.2) A1t Rk (X 5.3) G
P- 1 R BFMHZEE, WER—ITESEREEREN R BF BF4:

mean.testl.R)

mean.testl<-function(x, mu=0, sigma=-1, side=0){
source("P_value.R")
n<-length(x); xb<-mean(x)
if (sigma>0){
z<-(xb-mu) / (sigma/sqrt(n))
P<-P_value(pnorm, z, side=side)
data.frame(mean=xb, df=n, Z=z, P_value=P)
}
else{
t<-(xb-mu) / (sd(x) /sqrt(n))
P<-P_value(pt, t, paramet=n-1, side=side)

data.frame(mean=xb, df=n-1, T=t, P_value=P)
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}

1 FRBRFS, MAE x BEIE (FAR) MR R, m ZFRIE 1. signa
TV 0, % o AN, MIANMNEE, B RAESKED; %4 o RAE (H
R), BFRH t— R side BIEXGHKIIE ZHEBALE. B side = 0
(B4R, BRIFVERGIA S, HAABRBIEN: 1 # po; WA side = -1 (Bl <0 ®
), TR, HARBRKRN: 1< po FiA side = 1 (80 > 0 1H), 2
PRI, HAEBBREA: 1> .

BFUBTEER G, SHNAS: ¥ME (nean), HHE (af), KitE
(T fE=% z {H), 1 P- {H.

Bl 5.2 EAPAHEGHES X (DONHT) RAREESSH N(u,0?), £ u0? Hk
Jo, BLAF 160 R AN HF 44T

159 280 101 212 224 379 179 264

222 362 168 250 149 260 485 170

MR LA IR A A G-FEES KT 225 ()2
% R (EEATERP e Rz A T ROEER B, ik

Hy: p < po =225, Hy: p> po=225.

LG ] R0 2 B A A B ]
EINEPE, HH K% mean.test1(), 155
> X<-c(159, 280, 101, 212, 224, 379, 179, 264,
222, 362, 168, 250, 149, 260, 485, 170)
> source("mean.testl.R")
> mean.testl(X, mu=225, side=1)
mean df T P_value

1 241.5 15 0.6685177 0.2569801
HHRE P~ {EJZ 0.2569801(> 0.05), RREFELERIRIK, #32 Ho, BN T 54
ANKRT 225 /NET.
S2br b, SEmy KSR RS S, Baihidd, KEhit SRR
i ERAHRR. X 5.2 Ry RRE R X A T (AT T RR),
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> source("interval_estimate4.R")
> interval_estimate4 (X, side=1)
mean df a b
1 241.5 15 198.2321 Inf
EAE TRy 198.23 < 225, R AReER IR, INA T AFmAKRT 225 /M.
e R KA, W% t.testO 4R4ET T K EeFIAHBAY X | fh 1 DI RE,
t.test O By T
t.test(x, y = NULL,
alternative = c("two.sided", "less", "greater"),
mu = 0, paired = FALSE, var.equal = FALSE,
conf.level = 0.95, ...)
Hrb x,y BB (R AR <, MIERANES SRS ERR; &
NIVERAS BRI {ERLE ), alternative RRFERIZ, two.sided(H4) TR
SR (H, : 1 # o), Less FABIMHB (H, : 1 < o), greater FR Ml
%o (H, > o). mu F7REME 0. conf . level BEMRAT, Bl 1— o, EHE
0.95.

BH t.test O BEIHA] 5.2.

> t.test(X, alternative = "greater", mu = 225)
One Sample t-test

data: X
t = 0.6685, df = 15, p-value = 0.257
alternative hypothesis: true mean is greater than 225
95 percent confidence interval:

198.2321 Inf
sample estimates:
mean of x

241.5

MAER, Pritiisy TE. P—{E. AgfE, MARXIEETES A1 5
RFRT A ESE 2ME, B, TLARIH R €. test O XA BAIESHIEE
PfER IR A X A XA B AR R AR, AT DA A TN
RERAFFE t.test O BMBETNIR. 48R, t.testO MEBUEHEHAHIIIAE,
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XBHREFA PRAAE 5 T T DA 4.
2. WANBEEER
BB X1, Xo, oo, Xy B E B X ~ N, 0f) BIREAR, Y1, Ya, -, Y, 2
REBMEY ~ N(us,03) BFEA, HBRAINL. HAR WEA
XA« Ho: p1=pe,  Hi: o # po,
HIRL I Ho: py <po,  Hi: o opy > po,
BRI Hy: g > pe,  Hi:o g < po.
o LR LA
(1) 72 o2 # o2 BHL BHEITANR (1.5.4 FE=k (1.97)) 751, 4 Hy WE

i, o
X-Y

7 = ~ N(0,1). (5.7)

i

B, 4 Z we (FrorE4ai)
XU - \Z| > Zy)o,
ik . Z>Z,,
Bk 1. Z < —Z,.
MRAA Hy RESL. BT EAT R IE A K0 1.
(2) H# o7 =05 =0 RH. ST S;HHE X MY WHEAFZ HE
AR (1.5.4 359 (1.98)) FI 41, 4 Hy HEHT,
X —

T=—"" ~ t(n1 + no — 2), (58)
Sw L

n

=l

Je
+

Forf

(n1 — 1)512 + (n2 — 1)522

Sy =
n1+n2—2

Q

Uk, 24 T W (Froyiagais)
XA |T| > tasa(ni +no — 2),
Bkt I T > ta(ng +ny —2),
Bk I T < —to(ng +ng —2).
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WAy Ho ANROL. BT t— faliik.
(3) JrZz of # of RA. ST A S pHlE X MY gyFeATrZE. " LAER

X-Y ~
ni no

PERMRAL, FHo

() N ) o

Bk, 5T W (FRoyTELE)

XL - T| = ta2(V),
Bakak I T > t.(v),
Bk I T < —t. (D).

My Ho AL
MIEAK (5.7) . 23K (5.8) MAK (5.10) B H =FELL T M S A EK R
M R T (FB)F4%: mean.test2.R ).
mean.test2<-function(x, vy,
sigma=c(-1, -1), var.equal=FALSE, side=0){
source("P_value.R")
nl<-length(x); n2<-length(y)
xb<-mean(x); yb<-mean(y)
if (all(sigma>0)){
z<-(xb-yb) /sqrt(sigma[1] "2/nl+sigma[2] “2/n2)
P<-P_value(pnorm, z, side=side)
data.frame (mean=xb-yb, df=nl+n2, Z=z, P_value=P)
}
else{
if (var.equal == TRUE){
Sw<-sqrt (((n1-1)*var(x)+(n2-1)*var(y))/(nl+n2-2))
t<-(xb-yb) / (Swxsqrt (1/n1+1/n2))
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nu<-nl+n2-2

}

else{
Si<-var(x); S2<-var(y)
nu<-(S1/n1+82/n2)"2/(S1°2/n1"2/(n1-1)+82°2/n2"2/(n2-1))
t<-(xb-yb) /sqrt (S1/n1+52/n2)

}

P<-P_value(pt, t, paramet=nu, side=side)

data.frame(mean=xb-yb, df=nu, T=t, P_value=P)

e BT, WAE x,y kB BRI R . signa J2H
PSR EZE A S 1] B, M ARHEZE T, AN AE, Bk RS
P BIRHEZRFING (BR4E), BFRH t— Kk, var.equal EZHAHE,
i\ var.equal=TRUE, /RN AWK ZAH[E; #i\ var.equal=FALSE (&
By, HRIAIF BB T ZARF.  side BHEXGHAIGE ZENKE. WA
side = 0 (E(Hh4), BFFVEXGOM L, HAFEMRB N 11 # puo; I side = -1
(B < 0 M), BRI, HAFERB N  m < p; B side = 1 (8
>0 {H), B ERs, HAaRRh: wm > .

BIFUBTEEE NG, WHrNAEa: YENZE (nean), HHEE (df), 48
i (T {HEL z {H), f1 P- {H.

B3 5.3 - LHAT— TR UA L K EBAFT H AR BR G AIE MR E,

R A B — AW AT, BV RERRAED R, RS HREATER
wEAR. RRARRTEGE-Y, RERAFTTEE—Y, REXHRF, EHT
1097, EH/FELSAA

R TR 781 724 76.2 743 774 784 76.0 75.5 76.7 77.3
ik 79.1 81.0 77.3 79.1 80.0 79.1 79.1 77.3 80.2 82.1

iﬁﬁi@#i’fﬂiﬁ!i, ﬂh\}g']* E]Jf.flé,é’ﬁ& N(/,L170'2) ﬁ‘? N(M270'2), ;El"_c'? M, 2
Fr 0% Kda. FIFOGBERGRSFE? (R a=0.05)
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& WIEEE, "R
Hy: py > po,  Hy:opg < po,

XEBE of = 05 = o, FILERE — KRBk, FEMEOEL @BF4:
exam_0503.R).

X<-c(78.1,72.4,76.2,74.3,77.4,78.4,76.0,75.5,76.7,77.3)

Y<-¢(79.1,81.0,77.3,79.1,80.0,79.1,79.1,77.3,80.2,82.1)

source("mean.test2.R")

mean.test2(X, Y, var.equal=TRUE, side=-1)
125

mean df T P_value

1 -3.2 18 -4.295743 0.0002175927
T P {H& 0.0002176 < 0.05, #fEda k. Bl B BE T Re b1 &
IR PSR T ZA R,
> hypothesis.test2(X, Y, side=-1)

mean df T P_value
1 -3.2 17.31943 -4.295743 0.0002354815
53R A28 R AR K.

Sebr b, AR XA R AR R R g, lan, AR A SR E 2 X
[TV E R Bk 5,

#i LW RAR £ 09 K Rt 8 2K

> source("interval_estimate5.R")

# VM X R AT, AN B R Z4

> interval_estimate5(X, Y, var.equal=TRUE, side=-1)
mean df a b

1 -3.2 18 -Inf -1.908255

# E M X A1, JFAN AT ZH

> interval_estimate5(X,Y, side=-1)
mean df a b

1 -3.2 17.31943 -Inf -1.905500
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TN PREAR T ZAMFE, BRI EEA T Z AN, HYEZER _ERAG
T < 0, WLV 111 — pe < 0, B 1y < o,

TE R BKfFr, K3 t.test O WATLMERUREA K B0, HAF %N
t.test(x, y = NULL,

alternative = c("two.sided", "less", "greater"),
mu = 0, paired = FALSE, var.equal = FALSE,
conf.level = 0.95, ...)

Hrp x, vy 2ZRE W EEEIEH A &, alternative B FRIX, two.sided
(ﬁk%ﬁ)%ﬁiﬁxliﬁt&%%(lfl:Anr#:uz),leSSEEiﬁEﬁihﬁi%i(fh_:u1<iﬁu),greater
FRNENRES (Hy @ py > pe). var.equal B HAFHE, var.equal=TRUE 3R
INAPIEEATT ZAHA];  var. equal=FALSE(Hk4Y) SRR N AL T 248
A t.test O BRECT EAIHEATIHL
> t.test(X, Y, var.equal=TRUE, alternative = "less")
Two Sample t-test
data: X and Y
t = -4.2957, df = 18, p-value = 0.0002176
alternative hypothesis: true difference in means is less than O
95 percent confidence interval:
-Inf -1.908255
sample estimates:

mean of x mean of y

76.23 79.43

WS LABS], ¢ test O R{EALUER BRI R, L
PR B R R, G SRR R IR, X5
TR AR R (TH . test O BBLHITHAE 5 TR,

ZEE A BRI BER S, AP t.test() PREL, FIDIMAEER. XURRHIHE
Koth, SEIROET IR A SER R S A Ay 2 TAE.

32 b, BER K S EN BB AR LR — A FE R F R
FEEHVTE, HEPERRER, RUREN4 ¢ test O X IHIFFHREK
W WCAE— AR, LA TN 25 8 8 LR T S50, 80 0 0 P .
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3. RXTHPER t— 1238

AR RSO LAY, B (XG,Y5), (0= 1,2, n), WY IO t— Rl

R TIGEARKER . Frif st (— RS Z, = Xi-Y;, (i=1,2,---,n),
Xt Z AR ERS. B, X1 5.3 RERERR AR - K.
> X<-c(78.1,72.4,76.2,74.3,77.4,78.4,76.0,75.5,76.7,77.3)
> Y<-c(79.1,81.0,77.3,79.1,80.0,79.1,79.1,77.3,80.2,82.1)
> t.test(X-Y, alternative = "less")

One Sample t-test
data: X - Y
t = -4.2018, df = 9, p-value = 0.001150
alternative hypothesis: true mean is less than O
95 percent confidence interval:
-Inf -1.803943

sample estimates:
mean of x

-3.2
RIFEVLEE, BomE T L, (BB P— EE/D, ULH I A .

5.2.2 IEIUIL;\Wﬁ%Eﬁ{FXIl*Aqb

1. EAERETER
B X1, Xo, oo, Xy BREBME X ~ N(u, 0%) BIREA, HALR R BN

AR Hy: o*=o05, Hi: o°#oa,
BRI 1 Hy: o*<oj, Hy: o®>o0p,
B 1. Hy: o*>o03, Hi: o°<op.

n

S ESVREIIE j ARSI 8.
I BESI, % Hy BT, 4 60 = D (X~ ),

i=1

= ~ Xn), (5.12)
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RIS x* R e a2, Al

X HG 5 X* > Xi/z(n) ® x* < X%—a/2(n)?
K T x> A (),
BIIRE I <\, (n).

WA Ho FHSE.
U g RARAI, % Hy WIH, &
== DE ey, (5.13)
o)

L x* Rwh e fELeR, Rl

KGR X2 2 X0 —1) B x* < xi e —1),
BB L > xin—1),
B I x* < xT_,(n—1).

M Ho ANLAE.

S¥fERRAHE, 7RI P— B R/NRAIM R G Hy. 25 P-H
INT o, ISR Hoy BNIATELE Hy. T P— ERTTR DL S ER SR 875
AR

RIFEA (5.12) A (5.13) B i SAREIE B A ER FP R g 0L 7 22
k) R B (FB/F4: var.testl.R), 7ERFHIHA P- HITHREF.

var.testl<-function(x, sigma2=1, mu=Inf, side=0){

source("P_value.R")
n<-length(x)
if (mu<Inf){
S2<-sum((x-mu) "2)/n; df=n
}
else{
S2<-var(x); df=n-1
}
chi2<-df*S2/sigma?2;
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P<-P_value(pchisq, chi2, paramet=df, side=side)
data.frame(var=S2, df=df, chisq2=chi2, P_value=P)
}
TE LT, MAE x BERHM AR, signa2 BIFRIK of. mu 2
B, 24 p BRI, WAAMANAE, BFERHAEBER n @ Rk, S0 (64E),
MY RHEBER n— 18 2Kk side BISPGIKRIIS E BB, WA
side = 0 (BEA), BFEVHRKS, HEBEBRIN: o £ of; fiA side = -1
(B < 0 WfH), PRy, H&EHBBh: o° <of fiA side = 1 (K
>0 ifH), B ERE, HEHERKRN: o > a3
B UAIRER R, B NAR: 7% (var), HEEE (af), St
(chisq2), fil P- {H.
Bl 5.4 Wl B EFMFFAT IR 20 4, MELY S (Bf BE), Hithd
T

136 144 143 157 137 159 135 158 147 165
158 142 159 150 156 152 140 149 148 155

o= 0.05 fFB g ATk

(1) Hy: p=149, Hy: p# 149;
(2) Hy: 0>=75 Hy: o®#75.

& WEURE, F %S R, BT 22 B RAT ZAR MBI R 5,
WCEE B AN AISEAR N B 1 DR J7 2246 5%

#i## Bl scan() R K

> X<-scan()

1: 136 144 143 157 137 159 135 158 147 165

11: 168 142 159 150 156 152 140 149 148 155

21:

Read 20 items

#### E F B EA I #K mean. testl

> source("mean.testl.R")
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#t AN 7 = D, BHERR

> mean.testl (X, mu=149, sigma=sqrt(75))
mean df Z P_value

1 149.5 20 0.2581989 0.7962534
# A T E R, ERERR

> mean.test1(X, mu=149)
mean df T P_value

1 149.5 19 0.2536130 0.8025186
#i## ] I E AR B #K var.testl

> source("var.testl.R")

#HHt AN HE D, EhERR
> var.test1(X, sigma2=75, mu=149)
var df chisq2 P_value

1 74.1 20 19.76 0.9460601
#Ht AN HE A5, EFERD

> var.test1(X, sigma2=75)
var df chisq2 P_value
1 77.73684 19 19.69333 0.8264785

TR, e P— E¥IRT 0.79, RtEZ R R .
2. NEFEYIE

—&XlaXQ?"')an %%EJ%‘W X ~ N(/Ll,O’%) E/‘JEF‘ZIS:’ }/171/'27”'7)/712 %ﬂé
HEMRY ~ N(ug, 03) BIFEAS, HBHEAM L. AR50 )8

BF A B« Hy: o?=03, H,: ol#02,
KL 1 Hy: oi <03, Hy: of>03,
BRI Hy: ol >o05, Hy: o}<o;.

SEE s pe BRRERFPFHF O E.

ni n2

~ 1 N 1
2o 5 op EFIE, & o1 = n_lz(X’ —m)?, 55 = n_Z(Yz — p2)?, %

i=1 2521
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H, HEHRT, ,
F=21 ~ F(ny,n), (5.14)
02
HILH F R g, Bl
PACUL LR F > F,po(ni,ny) 8 F < Fi_q2(n1,n2),

kg 1 F > F,(ni,ny),
Mgt 1. F < Fi_y(ng,ne).

MIANA Hy ST
2o 5 pe RFIE, 24 Hy NE, FH
St
F=21  F(ny—1,ny—1). (5.15)
S5

WL F ok EEZdAE, B2

PYCUL LT F>F,oni—1,n,—1)8 F < Fi_gp(n —1,n,—1),
kg I F>F,(n—1,n,—1),
Hiwie I F < Fi_,(n; —1,ny — 1).

NN Hy AL
WIEAF (5.14) FIA (5.15) B HIME B AFIIEAR T FE O 7 2 ok
IR R 27 (F2/F4%: var.test2.R ).

var.test2<-function(x, y, mu=c(Inf, Inf), side=0){

source("P_value.R")

nl<-length(x); n2<-length(y)

if (all(mu<Inf)){
Sx2<-sum((x-mu[1])~2)/n1; Sy2<-sum((y-mu[2])"~2)/n2
df1=n1; df2=n2

}

else{
Sx2<-var(x); Sy2<-var(y); dfil=n1-1; df2=n2-1



258 FLE (R

r<-Sx2/Sy2
P<-P_value(pf, r, paramet=c(dfl, df2), side=side)
data.frame(rate=r, dfil=dfl, df2=df2, F=r, P_value=P)

}

ERFT, x, vy ERAWBAEEENE. o BHHE, LEET R, K
HEHER (n1,n2) #1 F— 505 FAE; &, REBEBHER (n—1,n,—-1)
B F— A5 F H.  side BIEXGAK KA LK. 24 side = 0 fEX
kg, HERBIEA: of # 03; X side < 0 fEHIRE, HARBREY:
o7 < 03; %4 side > 0 fEHLILME, HEBMRIKN: of > 05

B R HBIREE X, R A TEW rate, FE—HHE dft,
i B af2, F {EA P- {H.

B 5.5 XA 5.3 F &G KB REATE

. 2 _ 2 . 2 2

% mLBEE, A var.test2() KK

> X<-c(78.1,72.4,76.2,74.3,77.4,78.4,76.0,75.5,76.7,77.3)

> Y<-c(79.1,81.0,77.3,79.1,80.0,79.1,79.1,77.3,80.2,82.1)

> source("var.test2.R")

> var.test2(X,Y)

rate dfl df2 F P_value

1 1.494481 9 9 1.494481 0.5590224
P— {4 0.559 > 0.05, FM, JToiktEdemifik, N m e i 2 2.
XA YLRALER] 5.3 H, (R SR ZAH R e & PRy .

R SR DT 22 ey X Ta] Al BEVE REAS 1 O 22 R B

#### F JF 7 = B X JE f& 1T 8 # interval_var4

> source("interval_var4.R")

#rd 17 Z LK E i, £ RHER S NEL
> interval_var4 (X, Y)

rate dfl df2 a b
1 1.494481 9 9 0.3712079 6.016771
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a3 A VK ey DN S S O v =2 E il B

£ R B, var.test () pREERMEAET 22 W By R 30 FUAH B A DX a4 1.
PR P AR A

var.test(x, y, ratio = 1,
alternative = c("two.sided", "less", "greater"),
conf.level = 0.95, ...)

Hort x,y R HPTREABIRM AT A, ratio R EHRMRIEK, BEHEN
1. alternative JE&FMRI%, two.sided FRNMKL: (H, : 0?/03 # ratio),
less FRHMNKIE (H, : 0} /05 < ratio), greater /RN (H, : 03/02 >
ratio).
TH A var.test O EREGTHA 5.5.
> var.test(X,Y)
F test to compare two variances

data: X and Y
F =1.4945, num df = 9, denom df = 9, p-value = 0.559

alternative hypothesis: true ratio of variances is not equal to 1
95 percent confidence interval:

0.3712079 6.0167710

sample estimates:

ratio of variances

1.494481

SEATACE AT AR e 2MFE 8. SRS B var. test O /ERUE
PR75 22 iR B 507 22 LU A IX Il . XA~ ST TmT LASE IR 2Ry 1 AR XK
var.test () fJitH L.

5.2.3 4 mEARIKEE

BT S 2 )R IEAS A A R R B (DT, 3 LA 24 3R TE 2 MR oy e 6 ) AL
RTAEESEHMREIARS, X B8 755050 A0 i RSk 5 7] 4.

AT IER AT, AT FTAHE S H =05 A0 B S TR B 404, &
AN A THE (RASTHRTIXTEMST), AR A Rk g ik, X BRI S
H R AT T AT R B Al Y B %L binom. test .
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binom.test () BREHIME FH ik SE:
binom.test(x, n, p = 0.5,
alternative = c("two.sided", "less", "greater"),
conf.level = 0.95)
Forf x R HIRE SO — A i AEh RO R IR i — e i o 2l
BEG Y x RTZEMER, ETK p 2REREETER.
B15.6 A —#AFAT T 4-FRFF po = 0.85, MMM 500 %, RAPRF
HARALIE, WRA L5 BRF. KRBT R R AL,
% WRIEEUE, PFricieiy Ry

Hy:p=po =085 Hy:p#po.

JHH binom.test () PR%K,
> binom.test (445,500,p=0.85)
Exact binomial test
data: 445 and 500
number of successes = 445, number of trials = 500, p-value = 0.01207
alternative hypothesis: true probability of success is not equal to 0.85
95 percent confidence interval:
0.8592342 0.9160509
sample estimates:

probability of success

0.89
P— {8 = 0.01207 < 0.05, H48JEMRE, I AFRAGHIXS FF & 27 20 BERCR,
MK EMETHESRE, FrAHI AT DA s 1A & 27 3.
BATATEERMAT I SRAUE 25X — 451, T H 28— B R 56 ) 451 .
Bl 5.7 FRIEAT, HAILRERFTFE—MA 1%, XERLNKT L3 400 &
AL, A 1 HREehRrTw, Mz R LA LR ERFTLEMRT —MAKFE?
. WS, Frigmi e

Hy:p>0.01, H;:p<0.01.

P4 binom.test () PRZK,
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> binom.test(1l, 400, p = 0.01, alternative = "less")
Exact binomial test

data: 1 and 400
number of successes = 1, number of trials = 400, p-value = 0.09048
alternative hypothesis: true probability of success is less than 0.01
95 percent confidence interval:

0.00000000 0.01180430

sample estimates:
probability of success

0.0025
P—{H = 0.09048 > 0.05 = o, FFAREIN iz DT Az LA (i e i AR T — M
K- A, NXTEETHERRE U X — &, XTafhiHay 2548 0.0118 > 0.01.
H—FE AN TTE
> binom.test(c(l, 399), p = 0.01, alternative = "less")

HA R 4R

53 HTERWIESHERE

TEGEHHHERT R8T, Ean e siiie T RS AREX (IESS ), R
EHAREHETRANSE, BT R H RS  SHUH TS # T FE
ARG, XIHERIIER NS BT

(HAEVFZ SERRIE R, AT SR A Lz 4>, ARMEXT SR #0 A
A IERIRIEE, &2 HAEX SRR A (B 38 A L2 AL AL e R X
WA — s e EFAERE SR AR RAEX, RENLEE (SHEA)
ES CSIREY N OIS U E MW R IR I B 2 @RS

TSRO R RSO E SRR RS, T AR ER)T, XA
REMAJLFRS R BRI, 1EN ] BBy EE AR IR k.

5.3.1 Pearson {IESHE * £18

BT LA AR RS 3 B y SR e R, Bl vt e A A B
AR AR, A —ESEORA, KRR H ISR TR SHEERE
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e R, XEEMFRES —RRE, HERAZEHXTBAENSE, W
TEEIRT AT 2R, il dn, 8B SR A B RS, W R AR IR
X—WEARE—EG6 TEEN, ATk,

L=, WIELEFE. QQ BEIFZL /A7 B KA b WL %9 2 75
NRFERH 340, X BLA B anfe] R Ge it I e ha So R £ 9 2 75 AR N e Fb o A 7656
—=EA AR W IESHER A Kolmogorov-Smirnov % #f & T4 -G U0 B R du.

1. EANHELTANIER
AR RIS . S R, KRNV R A P, B0 X JE4F n
WS, 8] X, X, -+, X, BRLIR
Hy: X BEFN4 F.
330 LR SRR AT WIS Hh X SR, TR, X SRR
Hy: X REHNH F.
AR IR L5 A SR Al B SRR 55 X B A 4 7 488, TIRFET- %A
WAREEH, X WTREAFERAM . SO R GRS, B
BRI Wi B 5E.
R KRR, K (—o0, 00) A m MK

Il = (_Ooaa'l)aIQ - [a1>a2)a e 'a[m = [am_l,oo).
TEIXEE X ] i BRI AR 43 71
P1,P2," 5 Pm, pz:P{XEIZ}>Z:1a2>>m

e A Xy, Xo, oo, Xy, HIEFEXE L WAOADEL, WIFERMBERAL T, n B9HA
BHHK np;, n; 5 np; W (0= 1,2,---,m) A[FCHEES 5 E 2 (8]0 25 1) A

m

i, BESEEBR -G D ani—n)®, Ed ¢ > 0 FiE 4
i=1
WX

- - (ni — npi)2
K=Y Er— (5.16)
i=1 v

PR K A Pearson x? 45it#. Pearson {ERH T, ZEEMBBEMLAEZHEFT, 4 n—
B, K ARSAAWSSTEBERN m— 18 x* 04, FEXANER B, 5l#E—NK
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AR 42 WEHIK o, 24
K >x%(m—1) (5.17)

MFEL R R Y. XptSE Neyman-Pearson Sl &E x* K.

XA ELE ] AR A — 28, %5 (5.17), HE K > x4 (m — 1), A5 E
R, HE-MEEAT xi(m—1) 8 K 5—PHIERT xo(m—1) # K,
BEXHEFARE, §rafemBEh FER—8 PR —&, 7EitHEE K EE,
S P 1H,

P—fi=P{*m—-1)> K} (5.18)

A P— BRI EER 5 IR R AL E.  P— EBK, CRFEREAIE
PR, S —PMEREEKT o, 3 P—1H < o, SITEARKIX.

5] 5.8 XHFHEWAATHAL T LEREAN 5 AP su iR B ey TN, B
T 1000 %788 % 3FHAEAEREF 4 TRE: BAAFE 5 A 0ikes2E
& —i, AT, X SN RBRSHNERE A, B, C. D, EFHY
5 TR A FEALAYIR iR 455 — AL R 5.1 RAREAE AR T #1245 2] 69 & A Ju i
YRR R AT H GG A . IRARE X AR PV I E A X 5 AP S g R IR 4G & 4T
HARREH?

F 5.1: 5 Fjim R E E AT EAVSNE
= &3k 69 Re T A B C D E

Ad X 210 312 170 85 223

. AR RAENS 5 PRI T REER, R4, A A E X
5 Pk L ) N3 510 A, B 5 Pl BRI 2 45 A B 20%. R

i

Ho : B4 5 PR AN B AT 5.
%3 (5.16) X (5.17) MEIHHAKX, A R KT
> X<-c(210, 312, 170, 85, 223)

> n<-sum(X); m<-length(X)
> p<-rep(1/m, m)
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> K<-sum((X-n*p) "2/ (n*p)) ;K
[1] 136.49
> Pr<-1-pchisq(K, m-1);Pr
(11 0
P— {85 0, NI, ELEJEMRE, AOVTHSRAEXS 5 Fivh MR 4 A H B2
5.
AT LR Likid #edn 5 il — MR F AT, PR b, REMAFEZEMT
W TAE, Prigfiiy chisq.test O eRECFTLATT 1 SE MU TAE. AT T4
A
> chisq.test(X)
BT L F]
Chi-squared test for given probabilities
data: X
X-squared = 136.49, df = 4, p-value < 2.2e-16

chisq.test ) BREHIME AN
chisq.test(x, y = NULL, correct = TRUE,
p = rep(1/length(x), length(x)), rescale.p = FALSE,
simulate.p.value = FALSE, B = 2000)
Fork B RIBCR R AR RS,y RRGRAR (4 x WEFER, v %
). correct EBHAR, RUEEH THLEMBIE, TRUEBEGHE) FRBIE,
FALSE F/RAMEIE.  p @R RIEE /DX A B HER, BB RN 2154
rescale.p JER AL, WiHE FALSE(GRAEME) I, ZEOREAM p 2 i_lei =1
e TRUE I, FFAZORE —&, B EFITH pfH.  simulate.p.value &
WA (A {H0y FALSE), 240y TRUE, ¥fHI{F E A7 EH45T P— {H, BURS, B
5 5.9 A Pearson MAME x> #Ie7 kAR 3.6F ARG A FRMAEESSH
i
& B2 ILEHLT, R XEERREE N R BFETE.
B e AEEE, XHEA scan() KA
TP X 31 A AEMSUH T A, WHAAH R, it Ay = {X < 70},
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Ay = {70 < X < 80}, Ay = {80 < X < 90}, A, = {90 < X < 100}. X Hi
cut O BREAT table O EEGHFTA4IACEL.
S=22 WHEERK (ES) R4/ DR R ERHERE. 5Bt AR
i HME (mean) . WrEZE (sd), FH pnormO) THHIRIBHER.
UK {E Pearson x? #2536, JH/H chisq.test() %X
THEHMANA R 2y (fEF4: exam0509.R)
# F— 0, WM\NBUE
X<-scan()
26 45 50 54 55 61 64 68 72 75 75

78 79 81 83 84 84 84 85 86 86 86
87 89 89 89 90 91 91 92 100

#Ht %, HAFIEK
A<-table(cut (X, br=c(0,69,79,89,100)))
#t £ =0, MEER LA
p<-pnorm(c(70,80,90,100), mean(X), sd(X))
p<-c(pl1], p[2]-p[1], p[3]-p[2], 1-p[3])
#t B 5, FRR
chisq.test(A,p=p)

THRERT

Chi-squared test for given probabilities

data: A
X-squared = 8.334, df = 3, p-value = 0.03959

P—{H = 0.03959 < 0.05, K MIN il TIRFEAT ST R N IE B0 A
XA T A RS, — R cutO BE, H—1 2 tableO
R, T ] A X P R R R
cut () RO AL LI X3 i T X Ta], Hefl 72
cut(x, breaks, labels = NULL,
include.lowest = FALSE, right = TRUE, dig.lab =3, ...)
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HeAt x 2 BRI AT M i, breaks(fi 50 br) J& T DX IR Y di 5 H) LR [7]
.
tableO BRECRITHNTEIFER R, HAEHITIRR:

table(..., exclude = c(NA, NaN), dnn = list.names(...),

deparse.level = 1)
i B X A bR R S R AL AR 18 9 7 A X ] Y AR
Bl 5.10 K AR B RETEMGPIEEAE - KE 2L =9:3:4 %
FRILAAE A 335 : 125 1 160. XA IR AME R L 46 2B IRR ?
& MR,

Hy: p1=—

JAH chisq.test() PR
> chisq.test(c(335, 125, 160), p=c(9,3,4)/16)

Chi-squared test for given probabilities
data: ¢(335, 125, 160)
X-squared = 1.362, df = 2, p-value = 0.5061
P—{d =0.5061 > 0.05, #e32 R R, BIRZHEMI BTG 913 4 A
B3l 5.11 AAT R o3& E AU LB ] P A% B 69 v SR B L IRA Poisson 27,
PKET 424084, dok 5.2 7o, BREAREGOAT, FERETHARELARE
18] PJ 4% 2] 69 2F W SR R AK Poisson 4% (a=0.1)?

F 5.2: i S ERE BN EE BIIFI R EAVIRE
A5 B v el R L 0 1 2 3 4 5 6
RE R E e 7 10 12 8 3 2 0

% WMEMNVAITHERF (B/F4: exam0511.R)
#HE I\ B
X<-0:6; Y<-c(7, 10, 12, 8, 3, 2, 0)
#is T B0, H P mean(rep(X,Y)) A AEAH(E
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q<-ppois (X, mean(rep(X,Y))); n<-length(Y)
pl1l<-ql1]; plnl<-1-q[n-1]
for (i in 2:(n-1))
plil<-qlil-q[i-1]
## (E10 IR
chisq.test(Y, p=p)

HIF A R & H I
Chi-squared test for given probabilities
data: Y
X-squared = 1.5057, df = 6, p-value = 0.9591
Warning message:
Chi-squared ¥4 %4 ¥ # F & in: chisq.test(Y, p = p)

At L2 B FELLYE ? X EFE S Pearson x* MR ERESAE, 4
FEE R BERTHET 5, e A MBI 38 3, 2,0, ¥/hT 5. i
LR RR R B G A 2, SR 5, R EK. TN 4 AR
7 R 7.

#iti B 4

Z<-c(7, 10, 12, 8, 5)

i BT AR A

n<-length(Z); p<-pl[l:n-1]; p[nl<-1-q[n-1]
#iH# ER IR

chisq.test(Z, p=p)

A
Chi-squared test for given probabilities

data: Z
X-squared = 0.5389, df = 4, p-value = 0.9696

P—{ > 0.1, FHI, RERRIANTEICE A IA] Py 43 iy i IR BUIR AN Poisson 43
1.

A 511 BLERATLE 1, 78T 4.9 F, KA 5 BE A Py 33 Ay I m vk
INHER I Poisson 734 &G
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2. BROHBRBTETANRAMSEOER

ﬁn%ﬁﬁjjﬁ F W%ﬁﬂ: r /I\é_//%ﬁ 917927 o 'aera %w%*‘ﬁézl: XlaXZa T 7Xn i\t
ke ge Rk

H: X WnfilET {F(z,01,04,---,0,)}.

RO AN R 20 IR, el AR (01,62, ---,0,) BIMRKRUA T

(01,0, -, 0,) FHAGIRME
H: X 545 F(x,0,,05,--.0,).

RGP A A IS AT A3, Fr AR A2 H X (5.16) B34t
KIRMWBEBHERN m —1—r § x> 04, BEHERDST r.

5.3.2 Kolmogorov-Smirnov 3¢

TER =TS H, 4T Kolmogorov-Smirnov #ae, 2ke4e 32kr_E
ERTUENERR. XEFEL 2 @Rk

Kolmogorov-Smirnov f %A B4R I XA Ty, 725 = H RN
230 2 B AN A B0 A {3 1%

1. BEAEE

HA B =EHNF, FATFE Kolmogorov-Smirnov Ky &l &5 5
Bk LR ARG S, B B DRI AR AT, BRI A

Hy: X B4 F.

R #A44EAL T Kolmogorov-Smirnov #56 i pREL ks.test (), Ff1HHIT-3
—H U B E R 7%
5] 5.12 M — 4B EHTHFFLR, £F 10 RAKE AFH R, Hiio 8k
GRFHES 3 T (42 DH)

420 500 920 1380 1510 1650 1760 2100 2300 2350
XA Kolmogorov-Smirnov #8357 kA B5 3% & ¥ & T AE B 18] 49 0 2 T IR A
A = 1/1500 #5252 57 2

& WAEAE, A ks.testO) pREL.
> X<-c(420, 500, 920, 1380, 1510, 1650, 1760, 2100, 2300, 2350)
> ks.test (X, "pexp", 1/1500)
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One-sample Kolmogorov-Smirnov test

data: X
D = 0.3015, p-value = 0.3234

alternative hypothesis: two.sided

H P—{ERT 0.05, FTeykiada sk, PRGNy 4 T iR AR I 18] 5 20 A i
A =1/1500 FFEET A

2. MERRLE

B Xo, X, - Xy KRB F(o) BHEEEAR, H F(o) KA, Y,
Yo, -+, Y, AMENA G(z) BRRIEEAR, H G(r) RA. BE F(r) fil G(r)
YIRS AT R R, R AT SR AR, BB
Hy: F(x) =G(x).
Bl 5.13 BRI BB A AFty F(x) Fo G(x) 89 EARF 5 Aldbd 25 AF 20
ANMRABGIREAAER, LB D R 5.9 . AL F(r) #= Ga) REAME.

& 5.3: fiiH AES MR
061 029 006 059 -173 —0.74 051 —0.56 0.39

F(x)| 164 005 -006 064 —-0.82 0.37 1.77 1.09 —-1.28
236 1.31 1.05 —-0.32 —-0.40 1.06 —2.47

2.20 1.66 1.38 020 036  0.00  0.96 1.56  0.44
G(z) | 1.50 —0.30 0.66  2.31 329 -0.27 -037 038 0.70
0.52 —-0.71

% WMEMNYATHERF (FB/F4: exam0513.R).
#### I N\ B
X<-scan()
0.61 0.29 0.06 0.59 -1.73 -0.74 0.51 -0.56 0.39

1.64 0.05 -0.06 0.64 -0.82 0.37 1.77 1.09 -1.28
2.36 1.31 1.05 -0.32 -0.40 1.06 -2.47
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Y<-scan()
2.20 1.66 1.38 0.20 0.36 0.00 0.96 1.56 0.44
1.50 -0.30 0.66 2.31 3.29 -0.27 -0.37 0.38 0.70
0.52 -0.71

#### 1E K-S £ 5
ks.test(X, Y)

Two-sample Kolmogorov-Smirnov test

data: X and Y
D = 0.23, p-value = 0.5286
alternative hypothesis: two.sided
P—A{ERT 0.05, 2R BRI Ho, BN F(x) Ml G(x) WA A s B ]

Kolmogorov-Smirnov ¥:355 Pearson x? fe3atH L, Kolmogorov #:3e A%
BrEA A, DT —MEBM, RN, HsnUE I ATEBE A oy —4E
BE AT B st 2 B ST, &HE W Pearson /. HEMWER: 76
Kolmogorov # e il FI #5716 T, HI—BRUE LT Pearson 5.

5.3.3 JFIBRREIERIIHILMHEIETE

WA X, Y BOVEEAR, X BUET {a,a, - a1}, Y AIE
TE:J:‘ {51752, . '7bJ}- L% (Xl,Yl), (X2,Y2), : "7(Xn7Yn) ﬁﬁﬁ*ﬂf‘z':, iZ N 7@1
(X1, Y1), (Xo, Ya), oo+, (X, Vo) FEET (i, b)) BIADEL, EHRICRT R

Hy: X 5Y M.

1. Pearson Y? 538
TESRAFIIERT, HAERIES 3R 5.4 FIE, RN (contingency table).

2
pPi; = P{Xi = Cli,Yj = bj},

J I
P = P{Xi:ai}zzpijv pj = P{Y}:bj}:Zpij,
j=1 i=1
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= 5.4: JlIBLFE
b by e by >
a1 ni ni2 ce nig ny.
a2 N1 Nag te U>; 2.
ar nn nro tet nry nr.
> n.4 n.9 n.g
MR H AI5R7RA

1 J
BRI pipy 2 0, Xopi = 1, o py = 1, TSVEMRARE, Frolix &—14
i=1

=1
é%& Di-s (Z = ]-7 2? ) 1)7 Dj, (] = 1a 27 Ty J) E‘Jmé’ﬁtﬁﬁgﬁrﬂ%~ .[H./n %%
SRR TR iy py, 1R

b = &a Z:1>2a a[>
n
n'.

p] = _ja j:1a27 >J>
n

_ [y = (5) (51 _ §~Ne [ — iy
K=>> O D L 6

RIFRISTE BB, (XY) MRS W 17 M4, [T &
1
REZHC BT Lope = Lopoli = 12 1) PRESHOVE 114, A,

pi(G =12, J) FRASHRARF J - 14, BOEF 1+ J -2 RIS,
K Wy H B ERy

[J—1—(I+J—-2)=(—-1)(J—1).
X K s, HIE4REh
K> x2((I =1)(J = 1)).



272 FLE Bk

gt P—{H
P—fH=P{>*((I-1)(J 1)) > K}.

B 1 =J =20, FlRERTHRE 4 M1, P8 CIRERT, X (5.20) 1

L |

K — n(n11n22 - n12n21)2’

n1.M2.M.1MN.2

HHEERN 1

chisq.test ) BRECH AT RIVEMS AT, RFRFIHRERS BUEMFIE A
I
Bl 5.14 ATARRIMELEZMBEA L, ¥ 3EHBRELER 43 LIEMEE
# (ATHRw) AL T AP ERImALK, F5] 2x2 FBE, dok 5.5 .

K 5.5: SIBRFREIE

ik PO T it
oK) 60 39 99
BB 3 11 14
) 63 43 106

g W ANEHE, H chisq.test() {EHE.
> x<-c(60, 3, 32, 11)
> dim(x)<-c(2,2)
> chisq.test(x,correct = FALSE)

Pearson’s Chi-squared test

data: x
X-squared = 9.6636, df = 1, p-value = 0.001880
BUT LA E.

> chisq.test(x)
Pearson’s Chi-squared test with

Yates’ continuity correction

data: x
X-squared = 7.9327, df = 1, p-value = 0.004855
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T W F e, B P— EH/NT 0.05, FINIE4 R R, Wt RIS
A e
B 5.15 A—k#EL2RAET, UFEATXAE T EE 901 AGFRNBA 4546
BEAAE, BEFERN A HHT 6000 4. 6000 AE 15000 A, 15000 A&
£ 25000 AEARIE 25000 AvaAs. M ARG HETAER BHyARTHE, BIRH
T AABThRRH T AELERA 4 x4 2BKE A, ok 5.0 .

& 5.6: TEREEESFBAIIER

BAHE BRIHE ALAHE REET | &

< 6000 20 24 80 82 206
6000 ~ 15000 22 38 104 125 289
15000 ~ 25000 13 28 81 113 235
> 25000 7 18 54 92 171
&1t 62 108 319 412 901

7. W ANEHE, H chisq.test() {ERE.
x<-scan()
20 24 80 82 22 38 104 125
13 28 81 113 7 18 54 92

dim(x)<-c(4,4)
chisq.test(x)
Pearson’s Chi-squared test

data: x

X-squared = 11.9886, df = 9, p-value = 0.2140
H P— E¥RT 0.05, #2 iRk, B TIEMHERESERATR.

TER chisq.test ) REAETHA;, ZEEHITHIAENE. MRBHESHE
7T (I BITHBER AN E), HH TR BTH RN T4 T 5, AF4 Pearson
X* RS G I, ST RIS BR s R

UREAR A 7 KR SRRy, R Fisher KA.
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2. Fisher f5HAYIHIIIE3E
TEREAR /NS (BT RN T 4), TTEH Fisher M#f g R/E M 2.1

L8
Fisher MBI RPIZEE X 2 x 2 PRI FIECRIZHAT. 24 x° KIEAY
KA BB, XAKEFR IR A By, Fisher fa &8 SL AR JLT 0 A7
B b, X TFESTREU N RS, RS S
XHEAFESACM S, MEE#EES N R AT Fisher HFHR T
ik
5] 5.16 XEF AR CAF L RFZ G A IS HESE HBV 9% R, K 33
] HBsAg Mt BJafi Ay A A iz 4t ferd B, SR Ak 5.7 Fiw. FHw
#HAILG) HBV SRR EA R ER?

& 5.7 MAFE/L HBV BREFERLR

21 %) M M | At | BRE (%)
Tary iz 44 4 18 22 18.18
Ry 5 6 11 45.45

&t 9 24 33 27.27

B A NEITEEUNT 5, MiZIE Fisher KR %.
E RKMF, K%L fisher.test ) VERSHAMERML. HAH LR
fisher.test(x, y = NULL, workspace = 200000, hybrid = FALSE,

control = 1list(), or = 1, alternative = "two.sided",

conf.int = TRUE, conf.level = 0.95)

Horr x R BA “HEFIRFIE A py R M s it B A R Ry Rl A Ry
X5, 2 x JERERERE, ETCRL. workspace M A\ (A& —#%, HHEHGRR AT
WL TAEZS MM R/N. hybrid B840 t, FALSE(GRE(E) kit A
#, TRUE IR G, alternative H45#E, H "two.sided"(fk
BfE) Wi, "less" BM/NTF, "greater" i KTF. conf.int FHATE,
24 conf.int=TRUE(HLEH), 4 H X [EMLTF.  conf.level K EAG/KT, HREHE
9 0.95. HAZHIAEL L.
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T2 x 2 5K, JFRK PIARRTR FMTHERNL (odds rate) T 1.
BAEEE, T Fisher £
> x<-c(4,5,18,6); dim(x)<-c(2,2)
> fisher.test(x)
Fisher’s Exact Test for Count Data
data: x
p-value = 0.1210
alternative hypothesis: true odds ratio is not equal to 1
95 percent confidence interval:
0.03974151 1.76726409
sample estimates:

odds ratio
0.2791061

B2y P— {8 = 0.1210 > 0.05, HXFMEIHMSEIRI AR &R 1, i w
ASRRIALRY, RN NP HT LRy HBY SARREER T2 5.

R Pearson x? K% (chisq.test() %) X XAFIERIERBET, KRS
KIHFAEREIZIR RN, 48, AR E AR

Fi Fisher ¥50K:I0 (fisher . test ) B¥K), X 5.14 fIBCEMERL, 53]
> x<-c(60, 3, 32, 11); dim(x)<-c(2,2)
> fisher.test(x)

Fisher’s Exact Test for Count Data
data: x
p-value = 0.002820
alternative hypothesis: true odds ratio is not equal to 1
95 percent confidence interval:
1.626301 40.358904

sample estimates:

odds ratio

6.74691

o P— {6/NT 0.05, RtiEZE R R GE, BIACY I 5 MRS B TR
T 1, R RIEA DG, WalRid, WHhEkE, R ] Rt stk
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3. McNemar 53¢

McNemar f 5 BARAR BMASI MR, (HERETIPFRREARARLE, i)
JRTE X B AbHE.

McNemar 656 & 7EAH R AR BRI BRRRLES, K56 76 JCE50HE i N FE 56 o A
A AR LU AR AR Y S 35

TSR A RS ) —HEA PR 50 T 7 5 — B o) (RO B AN TR] 45 1 R AE RIS, B
WERTF ZICFER IR, R4 E B IS A TSI REAR, TRAH AR,
B BT IR — X EE. B —R B RIS R, PRSI L R
AHEHHIAE.  McNemar R @R gnix MEbaR B, B REEOR #th 15 7E
WM R R Z 0 2 AR X — 2R R —2K. AT IS HEA S
—RBF 5T K43 B 2R 28 R BF T R4 B 2R BRI 5.8 FTAR.

& 5.8: REIGENHAKLE

5 11
5 1 it
_|_ _
+ a b a+b
- c d c+d
it a+c b+d a+b+c+d

] R AR 5
Ho » ZEIXAN SR A T 58 R SR8 X1

JRAR GRS IEL b Fl ¢ RS e MR AR BENL AR 2.

7 R A, menemar.test() pREZEH T McNemar R, HE /AR
JiiE SR

mcnemar.test(x, y = NULL, correct = TRUE)
oAt x J LA IR S S R p B TR Ry S B TR
XIS, %4 x BFERERT, HAETCAL. correct B4R, TRUE (HE1{H) R/
TETH AR R SE T R A ESEEIE, FALSE 2 AHMELE.
Bl 517 LAAERERH AT, CRMTERR 202 RicAFGRBRATE, 4
Rdode 5.9 P, BT, CRAERSGAEERLEF?
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& 5.9: B, ZAEENREAFHNBRTEER

Lok ‘
¥ ik &t
_'_ —
+ 49 25 74
— 21 107 128
it 70 132 202

. S A\ZE, A mcnemar.test() pREME McNemar #2565,
> X<-c(49, 21, 25, 107); dim(X)<-c(2,2)
> mcnemar.test (X, correct=FALSE)
McNemar’s Chi-squared test
data: X
McNemar’s chi-squared = 0.3478, df = 1, p-value = 0.5553

Hgeit &y 0.3478, P— fHl 0.5553 > 0.05, K, AEENE PRl 75 3%

5.3.4 SR

1. ER— N HARTRBFENERE
RGN SR AR Mo, IR PAE M = My, OTEEZ A
K HFEA B R, R T X . BB EA S E i
FERAIEL Mo, BHERIIE, AEFHIE () . 7 (-) SRR, ARk
HABCEETREAR AR, B M = My, R4, FEAMSEETME L. THEHE
N d —2F, N HBIE SRS MMERN S 1/2. BEAREHR n, HATLL
M =T An B(n, 1/2) R HB RS (RIES) MR, WmRE—<E/ B
FEHAKV o, (EHREGREEZFRE Ho: M = My #HE.
Bl 5.18 HABAJ AR L 66 NKRRTGLEERFAK (RaF 1996 F
12 A A 100) 3 8 ERGRFHI T (ZRZITGREAN 99)
66 75 78 80 81 81 82 83 83 83 83
84 85 85 8 86 86 86 87 87 88 88



278 FLE RixiLlE

88 88 88 89 8 8 8 90 90 91 91
91 91 92 93 93 96 96 96 97 99 100
101 102 103 103 104 104 104 105 106 109 109
110 110 110 111 113 115 116 117 118 155 192
BARSI AR AW R £ RIRT PRI F R, KRS FEBRY, T
RAEPEHKZE TRXAPEKZT.
. FEARHPAIEL (M) YRR A IS AR EE, BT R

Hy:M>99, H;:M<99.

WABE, R0kl
> X<-scan()
1: 66 75 78 8 8 81 82 83 83 83 83
12: 84 8 8 86 8 86 8 87 87 88 88
23: 8 8 88 89 89 89 89 90 90 91 91
34: 91 91 92 93 93 96 96 96 97 99 100
45: 101 102 103 103 104 104 104 105 106 109 109
56: 110 110 110 111 113 115 116 117 118 15656 192
67:
Read 66 items
> binom.test (sum(X>99), length(X), al="1")
Exact binomial test
data: sum(X > 99) and length(X)
number of successes = 23, number of trials = 66, p-value = 0.009329
alternative hypothesis: true probability of success is less than 0.5
95 percent confidence interval:
0.0000000 0.4563087
sample estimates:
probability of success

0.3484848

FERFH, sum(X>99) FRFEARF KT 99 AU, al & alternative HJ4E
H, "1" & "less" WHE. i1 HM P—{H/NTF 0.05, 47 Ri%, W&,
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A H RS AR TR PR K. R, BT Ry 0.4563, KT
0.5, FrfF 4518 BAa 4R R .

2. HHFEAREER N EHREREFHEEEZER

5 g kA v] T DA RSO BB ATL A A O 2 R R A B PR > Sk 2 )& B AR T
BEER. WREADSSETTEEZS, MR REARSEIE,. R
M KEAEE. BE v —y >0 HIESERR, © —y <0 HASERR, W
RENSETEEEER, BAHRESHASHERELS 1/2. 1 LIk
ARGHREFEA B, ATHZIME B(n, 1/2), RIG—& 1 BE 7K T-FIE
T (@5 WA, VEH B EEE A A SR TG 3 2 S A
5l 5.19 AAAP LR GAA A, LB ETHR Rk 5.10 Fraw. RoAAAF A

& 5.10: REITAFSFRIEERTR
A% |1 2 3 4 5 6 7 8 9 10 11 12 13 14

A X 125 30 28 23 27 35 30 28 32 29 30 30 31 16

AHFY |19 32 21 19 25 31 31 26 30 25 28 31 25 25

& KA TRs. BAZE, AN binom.test O 1EKLE.
> x<-scan()
1: 25 30 28 23 27 35 30 28 32 29 30 30 31 16
15:
Read 14 items
> y<-scan()
1: 19 32 21 19 25 31 31 26 30 25 28 31 25 25
15:
Read 14 items
> binom.test (sum(x<y), length(x))

Exact binomial test

data: sum(x < y) and length(x)

number of successes = 4, number of trials = 14, p-value = 0.1796
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alternative hypothesis: true probability of success is not equal to 0.5
95 percent confidence interval:

0.08388932 0.58103526

sample estimates:

probability of success

0.2857143

sum(x < y) RRFER X /NFHER Y 948 R P— EKTF 0.05, ok
L RR G, PTRAUCH AR SR B EE R A K RS EE 0.5, 1
B, FTLUAH X <Y fl X > Y MlER& 5 1/2, B34 mA kg
JRARIE, PIFREEI SR T B3 22 57

TN HF ARG T, o BRRMERABER VIR, M-Sk
AT X M B R 5%, BIanFRATEL 1 ff i e S S, 32 Ry 25k
JE&TX RN, HEARMER 5 RaRXmHER 24, B3G5 H 8 KRk
W28, —Me HRBSR R JETH B 2 N e ) 22 A 0 2%, B R 2% B 2 - ot
e, SEBE FREEL. EmRATT AT SRR R X — 2R E. 3
ZEAR 1t B X ARG 15 ) BRI A
5] 5.20 XARHE A T MBUE ARG R AT, 3t — P A S ATE) AF, AR
F Ak R ERIR, RA WA RHELZITHRAT T AL, %E AL EIUGER
BT 13 LMERATT AL, BE kPR RN EST A7, ERBRARL
et B kR, MERHEEZTR 0k . AKRASHERINER 511 F. K

% 5.11: AEBMEHNEFER
BE®E |1 2 3 4 5 6 7 8 9 10 11 12 13

H ko | 1 1 1 1 0 1 1 1 1 1

E RS TS 1 1 1

DHRE R &R dbiT & BRI R
i R TR A TR
Ho @ B EANOMMESE T 2002 Hyo: B =k 5 2%
PAEBERFR 1A (B 6 S FomxtmmmEmy A ReEZE, H 0%
s WM ERARR A, FrlsEhr b o = 12, 4R Ho RixvE, B
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R XS IMHEAT G 2R AR = A, A v —y <0, RSy 1/2, Brid
HIF S H BR300 40, B(12,1/2). S5 M08, Ut AU B Xk
AR AR Z, NSRRI M Ho ik, W% H &
v, BB kot s, BT AAGE T i & Bkt
H R AT, BEMKTE o = 0.10,
> binom.test(3,12,p=1/2, al="1", conf.level = 0.90)
Exact binomial test
data: 3 and 12
number of successes = 3, number of trials = 12, p-value = 0.073
alternative hypothesis: true probability of success is less than 0.5
90 percent confidence interval:
0.0000000 0.4752663
sample estimates:

probability of success

0.25
P—f = 0.073 < 0.10, [0 X [F4E 4 [0,0.475], BIHARZE R, AR =R
EEOPNEBuR=5 ¢ B S:PN

W B EWKTFELE o = 0.05 B, NIRREIRZRRE, HAgA =ik
MR N—HEZ.

— Ok, o L SHG T ¢ RBIERRGREIR, FRliE. SRk
R B X E RN, R E NI 8.

T REE, A SN, MAERENMTS 2T E S 4axt
ERR/DN. R T IRANX— R, BrAESES 8GR Z 0 A H A A R 3 7 v

5.3.5 WKGItE
B4 TAFsial, THEAMED—PRRIE — Bk Eratkhk
ZHI, N AEHREEA RIS — BREIHRE (rank statistics).

Bt RIS R A NS E, BN N EENEES
i TGV (distribution-freeness).

ESL 5.2 & X17X27"'7Xn %"?ﬂ#%’i (Z:'JL‘EXE] ,‘:’_]",ésﬁi), "]‘% Xl,Xg,"',Xn
M BIRHER—3), M R ieA X; £ LRHF|FHEES, i=1,2---,n F&
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Ry, Ry, R, AR X1, Xy, -+, X, FAGHLITE (rank statistics).
5] 5.21 A T3 —aMFR

T T2 x3 Ty Ty

1.2 0.8 —-3.1 2.0 1.2

B ARSI E RN
Ry Ry R Ry Rs
3 2 1 5 4

EE: 75 ERBIEY v = o5, XL B RFR 21 HE7E o5 AT .
16 R M, B3 rank O ATRUFSERRGE T L. 40 BT AT,
> x<-c(1.2, 0.8, -3.1, 2.0, 1.2)
> rank(x)
[1] 3.5 2.0 1.0 5.0 3.5
XEIFAZANNHFIRAE, BRI HAERTE, T2 FESFAE, 7
3.5. XFEAETH RS ER, ANBRFaA I ES. WRAERIAN NI ER
HEFIR Y, 2R IR BRYE (o) $EIN—AMR/DRYME.
> x<-c(1.2, 0.8, -3.1, 2.0, 1.2+1e-5)
> rank(x)
[1] 32154

X ANTH R AR,

AR, BEA X0, X, - X, SR S SRR ST L A A, It
Ry, Ry, oo, Ry WO AR PREIERAY, RIXS 1,2, n WAL —HF 41,40, -,
7 1

P{Rlz’il,RQ:ig,"',Rn:in}:ﬁ, (521)
XEF, Ry, Ry, -, Ry WA B TE K.
5.3.6 FxMEXIER

FRARSCR IS BRI A — NN . EE=2, BIIAGH T Pearson 56
Ral, ESEhRY HFEIES AT S AR EEE, X B8 BA SR I AN R B
o ROk B IR 2SS R
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1. Spearman #8818

B (X1, Y1), (X2, Y), o, (X, Vo) B R0 BRI HSLAER, Eialk
Th X HR Y Z2EMK @EU X 5Y MEMY (FHEX)” HEREIE,
"X HY MR MEFRL

W, re, e, A Xy, Xoy - X PHERIBRGS TR, Ry, Ro,-- -, R, AH
Y1, Yo, - Y, PRAERBRGETHR, TR

EX 5.3 #&

n 2 2
S ]/
A Spearman (MR F ) g% 4 %K.

2 X 5Y MHEMSIE,  (r,re,--,m0) 5 (Ri, Re, - -+, Ry) AHEMSLET,
E(ry) =0. 2 X 5Y EMEXE, r S TRIEER 4 X 5Y UK, 7,
Wi TERGAE. X R v (RS X 5 Y BEMAL.

FILAIERE: 24 n BERES, n—1 7, BCRIAME R N(0,1). B A] A&
TEAAT AN P—{H, 2 P— ENTR—-BFEKT o B, NEFELRER
B FRATTAT LA 4 [0 R 1 B 0 A G B A A

R A RIS PREL cor.test O FIRAIF T Spearman FRAHICKILS, HAH F
kR

cor.test(x, vy,

alternative = c("two.sided", "less", "greater"),
method = "spearman", conf.level = 0.95, ...)
B 5.22 —RH SNANAFMPIR YT, ARART L, BLERMNE 5127
7w, KA Spearman fAa XA I 7 A AR X MANIERL T A FLIRRA A0 K %
& WARE, TR
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& 5.12: MAVFFIERTFERS

P 1 2 3 4 5 6
445 (X) 1 2 3 4 5 6
Legir s (V) 6 5 4 3 2 1

> x<-c(1,2,3,4,5,6); y<-c(6,5,4,3,2,1)
> cor.test(x, y, method = "spearman")
Spearman’s rank correlation rho
data: x and y
S = 70, p-value = 0.002778
alternative hypothesis: true rho is not equal to O
sample estimates:
rho

-1

TR P— {E/DT 0.05, FILEARBE, INIER X 5 Y HH%.
HE L, BTIEEA = -1 RRXWAN RS RTAER, HWARERA
K&, HE2MX.

2. Kendall {81238

EHENFG— M EREM GRS, FFEFEFEERK Ho: 287 X 5Y M
X, F=AMEHEEE
HyEsfaAHSE (BG)  IEMHSE (BE) sk
I RIS, RFER (X; — Xo)(Y; - Y) > 0, WFRXF (X,,Y) K
(X;,Y;) ZWEA (concordant) BF UL, ENTHRFERNBIM. Rk, WRFEH
(X; — X)) (Y; = Yi) <O, WFRIZXFREAMEA (disconcordant) . 4>

U(X;, X;,Y;,Y;) =40, W (X; - X;)(Y; - Y;) =0, (5.22)
1, R (X, - X)(Y;-Y) <0
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& X Kendall (HiE/R) T HEREL

~ K ng—n
T= Y V(X X5, YY) = 5 =~ (5.23)

1<i<j<n
Hrp n, BBEXSFEE, ng BABEXFREHE. B2,

K=Y W=n.—ng=2n.—Cp. (5.24)

L Xy T iR
7= P{(X; = Xi)(¥; = Vi) > 0} — P{(X; — Xi)(V; - ¥i) <0}

H—AMMEi. BEGEH, -1 <7 < 1. Lk, YFrExt-FaethRe, N
K =CZ Wi, 7=1. $Fraxra_A Ry, W K =-C2 Ief, 7=-1.

1‘& 1,72, ", Tn nyE X1>X2>"'aXn Fﬁzﬂgﬁ%é}ii‘f‘%; RlaR2a"'aRn j%’EH
Y1,Ys, - Y, PPAEMERG IR, A RAUERH

K = Z sign(r; —r;) - sign(R; — R;). (5.25)
1<i<j<n

a3 (5.25) M= (5.23), IS fETHE 7, XA AR 7 [E1ER
. %7 BEET 0B, RARWAAREMY,; 24 7T KTEAEN, RRPIERMER
(IEBER/RIEMSE, MBERRAMER).

£ R &M, Kendall MK IRA A BREL cor.test O 5, HitH ks
Spearman BAHCKIGAHE], HEKZ%( method P, method = "kendall".
5] 5.23 E%)LE A 9 2 s 69 % AT AL, Faea oHldra. B ke
& 518 P, AM Kendall A48 £ A 36 77 kAo To IR0 16 49 % /) & 48 %

= 5.13: 9 XIWHERBIIE L TBER
SRR AT 6 %% 5 1 2 3 4 5 6 7 8 9

eBAdILE (X) | 86 77 68 91 70 71 8 87 63
BhAILE (Y) | 8 76 64 96 65 80 81 72 60

& WAL, PRk
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> X<-c(86, 77, 68, 91, 70, 71, 85, 87, 63)
> Y<-c(88, 76, 64, 96, 65, 80, 81, 72, 60)
> cor.test(X, Y, method = "kendall")
Kendall’s rank correlation tau

data: X and Y
T = 31, p-value = 0.005886
alternative hypothesis: true tau is not equal to O
sample estimates:

tau

0.7222222

P—{H/NT 0.05, B4R, INAXURAG YR Jiemoeny, T HJEER
Y.

5.3.7 Wilcoxon #1238

1. XRE—NEHEFERIER

et Al TR FER R O AL 2 ZR AT R TR, (H2
BIFEAEFAXEEN RN (RETFEZWEIMER /D) FrEaEiEeE, ARP
FHeRF T DAL E AR —30, T 22 A 28 XHE RS BR A /MR SR BE HO AL B A I
I R ELSGEE, BRUIUAHAMFSEAR. XETHENAN
Wilcoxon (/R B 58#b) £F5 Bk E: (Wilcoxon signed-rank test) HJZE.

H T IRAMF SRR Z A B, TEiX B — T — @ FE R EE B4
SES BRIz mER, B |z — M| i =1,2,---,n) FR/DEIRLER
ik fEXERE: (1) B mEEER;  (2) SRR H AR FRE. X
B, ORRAE 2 — Mo| BRI ZR, B R)FHES, IR SR IRT 4 A
WERIK R;, MMEMAIE R/ N ETRIR 1, NEHBRIR 2, -+, -, K
EEUBRIK n. 3% x; — My > 0 FIEBRIR, 2 — Mo < 0 HRARKIK. REHEHR
IERRR A TR S, X R AIRL LS. X PR E SEH Wilcoxon $2H Y, Fr
PAFR g Wilcoxon 5 Bt

Wilcoxon % AL R &M EE H SR AL My KGR 2/)S, T HAE
—ERE LWEE T REL, M. TR, aURNEES SR
2B X EAR SR, BB T RRUORMAEE. Bilan, |z — Mo| = |z; — Mo| =
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o, — M|, B2, BUMRABRIE 4. 5. 6, HTHIEN 5 (R KA THE
SRR BRI, SABERMBRIIR 5). A, W8 2 — M, = 0, 304 o
IREE R i,

MR EMEEA SR A ', WELEHN 0 NSRS, HEEANHN n A
R FRIERK, W FREBKIHA, N Wilcoxon ZiitHH

w=> R". (5.26)
=1

awnéﬁﬁLz~nnmaﬁm7Wj*>ﬁﬁ,mmﬁmﬁﬂﬂuﬁa

(0. ) vassh, MR E 0D My AR RIRRBL Y

F, W4 Wilcoron KIRSEH REIIUEHEBICRE T, 81 4, = "0 E D
HIZEA7EE). IR, U W A HCIEDHE 1 BRI 75 S ) B 30
SBE, fE— R RS, (AT T

R ERFAHT wilcox.tets O B LAE Wilcoxon FF5-Rkk e, HIEAAEK

A
wilcox.test(x, y = NULL,
alternative = c("two.sided", "less", "greater"),
mu = 0, paired = FALSE, exact = NULL, correct = TRUE,
conf.int = FALSE, conf.level = 0.95, ...)

Hrb x,y BWMELERH AR .  alternative Z&HMIX, A HMIK L%
MRS, mu R SEL, A% Mo. paired B84 HE, WA HE x, v
TR EAR.  exact EEHAE, WHRERGHFITHA P—H, YHEARR
/NEF, WS EGRMERH, YEEARREKRE, WAERHESOMIELTTH P— {E.
correct JER A, YHEEXT P— HAHHFRHEZEMEMBEIE. conf.int 2
WERAR R, ULHTR A4 HAH N 0 A K]
Bl 5.24 B kb TR AFGEAA T R FGG TIEEA 140 K3
B AT AR RT AR R TS AR AIARIE, LA L A — el
WP AR 20 ANAAER, FAIX 20 ARy HA AT TR, AR T (%
fr: B3 -

137.0 140.0 138.3 139.0 144.3 139.1 141.7 137.3 133.5 138.2
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141.1 139.2 136.5 136.5 135.6 138.0 140.9 140.6 136.3 134.1
XA Wilcozon # F#4 AW p#r1a) £ F G832 G4 LAR7E.
& MR ARW T R

Ho : AR M > 140 2235/

Hy - B M < 140 L85 /BT
EINEE, A wilcox.test () pR%L,
> X<-scan()
1: 137.0 140.0 138.3 139.0 144.3 139.1 141.7 137.3 133.5 138.2
11: 141.1 139.2 136.5 136.5 135.6 138.0 140.9 140.6 136.3 134.1
21:
Read 20 items
> wilcox.test (X, mu=140, alternative="less",

exact=FALSE, correct=FALSE, conf.int=TRUE)
Wilcoxon signed rank test
data: X
V = 34, p-value = 0.007034
alternative hypothesis: true mu is less than 140
95 percent confidence interval:
-Inf 139.2000

sample estimates:
(pseudo)median

138.2000

XH V= 34 J& Wilcoxon &if#, P— {8 0.007034 < 0.05, ¥E4aJF R, Bl
FLIEARE 140 235 /N, PAH A B TaIAG - R AR 21 AH B2 25148

LA T H Wilcoxon £S5 8k e /7 kR i — MEAS &R B A SR
WA FIRE, XA AT R T O FEA R, DT U A SR = A A i
E L
Bl 5.25 A T A —AFH 64 5 SR f R KB R G TR ERZH T £
BEE, A—ARFFEFET 10 2@, HRFH Ay, L P —3
SR E A, B0 R REM. I EREERFES)>DEFE L
& 5.1 B, KA Wilcozon £ 54 EARH LSRRI LEAREIRS £
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® 5.14: FERTEERER FEH~E (B Fx)
| % |1 2 3 4 5 6 7 8 9 10

HELERE 367 303 310 342 446 430
JR e At 306 321 281 301 391 405

459 392 421 412

414 443 353 390

%, FE5HTHRBFE (o =0.05).
& WIEEEEW TR
Hy : 2 & Aeay =i 5 R AL ey 7= A I,
Hy 2 S ey e T R AR P
EYNEE, JHH wilcox.test() pREKX,

> x<-c(459, 367,
> y<-c(414, 306,
> wilcox.test(x,

Wilcoxon
data: x and y

V = 47, p-value

303, 392, 310, 342, 421, 446, 430, 412)
321, 443, 281, 301, 353, 391, 405, 390)
y, alternative = "greater", paired = TRUE)

signed rank test

0.02441

alternative hypothesis: true mu is greater than O
P— fH 0.02441 < 0.05, fEZaJRfRi%, RIHE G ILRENS BaE i s/ N2 i,
M F ik

> wilcox.test(x-y, alternative = "greater")
HAMFEREER.
LIRS =g L e izl
> binom.test(sum(x>y), length(x), alternative = '"greater")

Exact binomial test
data: sum(x > y) and length(x)

number of successes = 8, number of trials = 10, p-value = 0.05469
alternative hypothesis: true probability of success is greater than 0.5
95 percent confidence interval:

0.4930987 1.0000000

sample estimates:
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probability of success

0.8

P—1{H 0.05469 > 0.05, TiEfE4E R RIK. BAERFEH, 78 o = 0.05 B7KF T, Bt
BT S, Fokiinid s g L X o R DR A 32 /N Z Ry PR e R 2 R

HB A543, ATLAR R,  Wilcoxon £ 5H 56 U AF S I0 7ERRIN 22 57
P77 THT BE A

2. FERRITHEEARRIFRIRFOIS LS

B AR REARIREME N X, Xo, -, Xy YL, Yo, Vi, HEEAR
BRI n Fong. BERTPIAFEVLREA R B A B AR5 R A0S A 55
(AR P AR SE, M B TCER).

BREARREBMEHE R, X1, Xo, -, X0y, Y1, Yo, - oo Yoo A 11, 2, - -+ 1y
HH X, Xo, -, Xy PPEBRGEHTHR, R, Ro, -, Ry HH Y1, Y, Y, PR
HFG TR, W Wilcoxon-Mann-Whitney 481t xE XA

na(ng + 1 e
U= ning + % - Z; RZ (527)

AR —ERE) Wilcoxon fF-5tufe—¢, ofLUELSHE U #7k%, %6k
R~ Wilcoxon FEAI#: L6 .

R #rh, 35REH wilcox.test () 5% Wilcoxon BRAIK: L.
Bl 5.26 AN 4F 10 LdFAE T AFe 7 L8AF L T AW o 4L4E, ko 5.15 P
. XA Wilcozon 4 feAr 3o A7 ¥ 40 T A fe 854670 A £ 3¢

% 5.15: FHT ARIMERE (Bfz: 10 ®mmol/L)
E4ntedese |24 26 29 34 43 58 63 72 87 101

el ga 82 87 97 121 164 208 213

& WIS EEW TR

Ho: AT A TTESR,  H: el A s s Tl A,
ENEE, VA wilcox.test() pREX,
> x<-c(24, 26, 29, 34, 43, 58, 63, 72, 87, 101)
> y<-c(82, 87, 97, 121, 164, 208, 213)
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# AXFESB T
> wilcox.test(x,y,alternative="1less",exact=FALSE, correct=FALSE)
Wilcoxon rank sum test
data: x and y
W =4.5, p-value = 0.001449
alternative hypothesis: true mu is less than O
#it R ESBE
> wilcox.test(x, y, alternative="less", exact=FALSE)
Wilcoxon rank sum test with continuity correction

data: x and y
W =4.5, p-value = 0.001698
alternative hypothesis: true mu is less than O

W = 4.5 J& Wilcoxon-Mann-Whitney gtit&. & LiBifHEA, TLieRfHiE
ZHEIE, BERAKRHELMBIE, H P— [H¥/0T 0.05, HILEZARE D, A4
PRV T MAYE = T IR R ZH A T
Bl 5.27 AT THHGRFRF T EGARLFUWRR T EFGEARATRS, A
RFAE B 10 2F A FTHAEZ 5 GBI 7R RT EGHRFRE. Ly
K—BHEEE, % KBEEAT X GeFXRFF) 2 10 2FEGKFR
TREGEEME (AMERIL, BRFRXAFENFALEL/ TR -0 T Hil), il
HKFRNDFHERHEA, BRIk 5167+, # a=005 £RFFTELTR

< 5.16: FEHFRIVHEFER (1)
ik 3 5 7 9 10

Rk 1 2 4 6 8

R HEEHERRS TEFAR., FHFERR 517w, BAXIAT?

%+ 5.17: FEHFRNDHFER (2)
# ik 4 6 7 9 10

Rk 1 2 3 5 8
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fi&: A Wilcoxon BRANALIEAS R 5 HE AR AR BRIK, 1T LA H A A 200
A B — T, I R A
> x<-c(3, 5, 7, 9, 10); y<-c(1, 2, 4, 6, 8)
> wilcox.test(x, y, alternative="greater")
Wilcoxon rank sum test
data: x and y
W =19, p-value = 0.1111
alternative hypothesis: true mu is greater than O
P—fH = 0.1111 > 0.05, TeiLIRZ4eRRE, RMACIHBABRIFA REN TR
Tk
Xt AL,
> X<-c(4, 6, 7, 9, 10); Y¥Y<-c(1, 2, 3, 5, 8)
> wilcox.test(X, Y, alternative="greater")
Wilcoxon rank sum test
data: X and Y
W =21, p-value = 0.04762

alternative hypothesis: true mu is greater than O
P—fH = 0.04762 < 0.05, fEZE %, BHANBraI =M B& 0T ROTX.

5 5.28 XEMAEAF50L 7 MARBHE X R EBREHE 216 %), 5Tkl &k 5.18
. RO AW ARBE IR T RGETAEME.

R 5.18: XHZGWETTRANIEHISERTHER

IT % 4 N3 i Fik
2 g R 62 41 14 11
v &R 20 37 16 15

& TANTERIEATTR 4 MARBMEFRR (1 FRidf, 4 RnRE),
AR AT LA DX 216 2298 AHERF, BUE, AT Wilcoxon BRAIKEH5 5 77 A .
> x<-rep(1l:4, c(62, 41, 14,11)); y<-rep(1:4, c(20, 37, 16, 15))
> wilcox.test(x, y, exact=FALSE)



IR 293

Wilcoxon rank sum test with continuity correction
data: x and y
W = 3994, p-value = 0.0001242
alternative hypothesis: true mu is not equal to O
P—{H = 0.0001242 < 0.05, HLEJRMRBE, RPN NIZZG P T 2SS0 R
R R 8. PO EERA 4 SAFE, SRRt s P— H, S0y
exact=FALSE.

ARYHE T ~HEREPESERRIE, R EKFERME T A5 &S
ik, XEMA——FI2ET. FOyER T EAINE, B A0 5
VRIXET, (Il FE LA Bl T AR B Ok

B3}k

5.1 EF B F AT EIGME A 225 x 10°/L, 4043 20 % 5 Wbk tek A
4 s AR (B 10°/L)

220 188 162 230 145 160 238 188 247 113

126 245 164 231 256 183 190 158 224 175
Bl T A G S AT B B RSFES TR ERF?
5.2 L X AT HE G RMEE S, AXZ A ZZITa FRMMIR 10
R, MR A (B ) A

1067 919 1196 785 1126 936 918 1156 920 948
RIXANZ A F BTG R 1000 -0 v _E 64 &
5.3 AR LB FEIT Foth BB IT B A B M R ety R, ¥ 16 &8 55
. RE., RAEREAL GG RNE R 83, H5FE R tEEIT ik AN K 8 G IT
Wik, SR BRBEAEE L& Gk 5.19 5, BT REHT 6

R 5.19: SRAFMRBERMNL A G ERENLERDE (9/L)
&F%srem | 113 120 138 120 100 118 138 123

thesesTem | 138 116 125 136 110 132 130 110
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A TGARES?

54 AR E S LA FRBREXR, LESN 40 .4 11 BBERRBHRA
BAT R R AL R 250, iXTe Z WX R AT 5 2R B wm (T Tk Bk )
Aerf o (FFEER W), 5 A MNF XTI 4EAT e 8 Bl B S fett, HFZH o
BTHAL, 4ok 520w, #GAABFwEHRAT FRBRESFEERE

& 5.20: KA SHEBAFREMEE FEE (mmol/L)
K | -0.70 -5.60 2.00 2.80 0.70 3.50 4.00 5.80 7.10 -0.50

(ny =20) | 250 -1.60 1.70 3.00 0.40 4.50 4.60 2.50 6.00 -1.40
e | 3.70  6.50 5.00 520 0.80 0.20 0.60 3.40 6.60 -1.10
(ng =20) | 6.00 3.80 2.00 1.60 2.00 2.20 1.20 3.10 1.70 -2.00

A P e HE 4G TE B R R ?

(1) TRk Bo s e At BRI W R BR EREEESH, KNEEHE W AR
ik (L% =%) . Kolmogorov-Smirnov #3867 ik #= Pearson M&ME X° #&
3,

(2) A t— BBmu KB BERER E5%, »ARAT EAREE, 7 Z1F
R Ao AT t— ATEER

(3) # B iX a5 R wm ey 7 £ 2 AR,

5.5 AR EATH AT e BEE ) 69 ¥k, BALVRHERT Hm R A 12 7], AR
mmA 105, 530 LIk eihiE ) (42 mm®), AERLT:

#hwm. 126 125 136 128 123 138 142 116 110 108 115 140

M. 162 172 177 170 175 152 157 159 160 162
RO 25 40 Ao 2 4L R A B9 ALkt B E 7) R A E A (o= 0.05).

(1) #3720 35 46 % IR E 575

(2) B @At K7 £ % LAa Bl

(3) FH R A1t G To 7 kA Bo 31 25 40 Au 2 BB 41 0 A GG IR S BBE N A 1 £
.

5.6 —NAERFERTEFADKEAN 1L.7% BT XFHENEATAR
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BNRERLETE, MM ET 400 LR, RIALFTH 57T AREFA. FA
SURRTLIHZEFTEFAQWLEN 14.7% A%k (a=0.05).

5.7 fEHEA 4RI, XML E, AR% 528 X, L FAH%E 150 7,

s 178 R, RFIZAP LI GE LG AR AR AL B]? (HAML LA 1:1).

5.8 Mendel F| ¢ 2 49 P2t 4 2 MR BAT e X R B, & &R BAY T 54 &4 4547
e e, FARMEEBASNAE, 2By BHILA

9 3 3 1
. .4 .4 - . . .
ER B4R 44 616 16 16

KVREIAA: KR 154, &5 101 %, 4R 108 %, %% 32%, 3 556 %,
Mg RE G A A BaSAE?
5.9 MRENEFENLE T EGAL X, IR 200 5%, FridFHifteT
VN3 0 1 2 3 4 5
vk e 92 68 28 11 1 0
RO, T RAES LS X IR Poisson 5H (o =0.1).
5.10 IRFHHRALAT
I | 286 314 752 348 2796 543 6.5, 741
IT| 4.38 4.25 6.53 3.28 7.21 6.55
Ao, MBELRALERABF—EK (a=0.05).
5.11 AF A IREA TR e IL e F W R HEL > FAH AR oh, * 5824 F
S TR AR BRIAE, Rk 5.21 o, REAOH.

% 5.21: 5824 Pl FIEIAM AT LR
6L T AL

S &t
A AR

3 358 229 587

& 2492 2745 5237

%
<3
_‘_.

2850

2974

0824




¥ 5% BEAED

512 A&/ T —FLF A TR 300 X FZAAA B  BE 1500 XK,
CRHFR-FHBIERE, 25 4x3 5BA, bk 522 7. &4 a =005,
F 5.22: 300 HEPFEFTRENEERSE

1500 > R R
* B 1R o
kit %k 2 NEFVAE 1~ 2/ B 1 BT
501" ~ 5”30 45 12 10 67
531" ~ 6”00/ 46 20 28 94
6”01" ~ 6”30’ 28 23 30 81
6”31 ~ 7”00’ 11 12 35 58
it 130 67 103 300
¥ BE CALrk=.
5.13 AR T EXMN FmIR TR LA %ok, ML FRdfmaEds, L4

Kdek 523 . RBEATHH.
= 5.23: MM IZ P mRENHELS

ot ot &it
¥ — 3 4 7
¥t = 6 4 10
&t 9 8 17

5.14 MR M E FEAALEAR 147 50188k EH SEKREEFHGHEER, L
GRdek 524 T, RS MRXAM 7R LR GAF.
515 XA &8, HBELEEE, SHKEGTELA 1/.6cm, AL ET
B KE AT —RAEN, BHAKASBEFTRE 10 5&KELT

13.32 13.06 14.02 11.86 13.58 13.77 13.51 14.42 14.44 15.43
KCAMEA —AMHARARETAR. Ao, REBTEHREALTEKZI L, &
R FIZHZT.

(1) R A5 A3 54;
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% E &

R T ww ww |
EF 58 2 3 63
#.53 1 42 7 50
FF 8 9 17 34
&t 67 53 27 147

(2) B Wilcozon 4% 5 # 4 5.
5.16 H @AY RE M 7 ik, MR —HFRHGH RS, HEH 20K,
BRI RIER Jo k. 5.25 P .

R 5.25: MR E S EFEIE
7k [48.0 33.0 375 480 425 400 420 36.0 11.3 22.0

A 136.0 273 14.2 321 52.0 38.0 173 20.0 21.0 46.1

7 | 37.0 41.0 234 17.0 31.5 40.0 31.0 36.0 57 115
B 210 6.1 265 213 445 280 22.6 200 11.0 22.3

(1) AR A F# I EATL AN A LR E £ 57

(2) XA Wilcozon 54 AR EAIARN LA LR E £ 57

(3) KA Wilcowon # Fe i Bo ik b MM X A L % £ 7,

(4) X B BARER M Aoy £F AR, BEBRE T/ - &%, Rk, #
e t— AT,

(5) AT AP e A B 7 ik, RV A e ik 2 R R AF.
517 A& XX FFAFZAF IR 5RO FHFEIRGELL, AwE 10
ANF AW FA R T

IR | 24 17 20 41 52 23 46 18 15 29

¥3%Fw | 8§ 1 4 7T 9 5 10 3 2 6
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AP Fo 10 27REF, 1 Awx i AL EER (Spearman #3Fe Kendall
BE) SMFIFEEFIRGALX 4

5.18 AHei —APHI7 KA LAY IR 697697 R, K 4OZ$%I§£7HL5&/\?’J@%,
B 20 N, — AR I ik, B—a R RAFET k. BE—REREEITE, A
FANE A IT XAF Ty 4G, FRISAE, BRE, —HK &&Hn&%ﬁ/\a‘?ﬁ.
B b AT B F A8 B A AS Ao F 5.26 Fim. AT, Wi REETRAH

%5-263 ;Flg.lji/ lanE’J %

=23 Z B]E — % B 4T +F
T ke 0 1 9 7 3
RIT ik 2 2 11 4 1

7 k0T 2 B E AT RIT K (o = 0.05).



