





i

L

1

1

X

—

2.
2.
2.
2.
2.
2.

2

n

&

2

4

2
3
4
3]
6
7

.8

BAENT . o

EARBHERS

ANILIIT o e
FRBEFOBEI . . e
RAGE .. e
SRAGEBEME
FLEOAIE S . e e e e e
EEBEANMES ...
BIHABRE . .. L
BRAEARKXE . . .

[=> BN U e

=}



ii B

3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
3.10

FwE

L

4.1
4.2
4.3
4.4
4.5
4.6
4.7

Ct

ot M

5.2
5.3
5.4
5.5
5.6
5.7

BEB . e 22
BHFB -« o o e 23
BB . 23
EHE ... 25
BARE . . 26
BB . . . e 28
A e i 29
BRI R FIE . o e 30
BRGITRER ... 32
FHE .. 38
&= 39
/=3 39
FRAAME 39
FARE > A EACEHA L 40
SREFRBEZ 41
HEEE 43
MBAAE ... 43
BRGITRER ... 45
FH e 46

1 47
Bt 47
AT 48
AR 49
Gamma 9 . . . 50
FHESE 50
RS 51



EACE 3
7.1
7.2
7.3

FANE
8.1
8.2
8.3

B

SHERZUEE

PSRBT ..

3t

38 5 5

BESARMIEE .
BHTGEREEMN . e
RGBT EHBER . .. e

&k il

63
63
63
66
68
69
70
73
75

77
77
80
82
83



iv B %

FRE HIARHEHET B 2

9.1 BHBE ... ..

9.2 HEBEHE .. ...
921 X%HBE .. ...
922 RAEHIE ... ...
923 SHEHE ... ...

9.3 HEAEFE . ... .
93.1 PEHRIE ... ..
93.2 CHEHRE ... ..
933 wBEHE ... ...

9.4 ZHWEIEEMESHEFHEHE ... ...

95 BERGIHMBR .. ...
FE .

F+% M AR EH 4

101 B¥RIBIIBAE ST HEE . ...

102 e R LSBETEHIF .. .

103 XKBEZFRIEEHRTH . . . o o o

10.4 B AGIHBER ..
FEL .

%% Sk

M&A

#%B

X & 5]

3% X % 5l

97
97
97
99
101
103
104
105
107
108
111
113
114

115
115
116
119
124
126

127

129

139

143

146



HEZR v
1+ EAZR

#eR#y 44 8 (The R Project for Statistical Computing, http://www.r-
project.org/) b, T AKX B AH BRey E 4, EHRAEE -2, AF KR
HRA 7T M,

R 2 —#HAKIFEPAEFBNGET REN, L —EGNU(SL
“GNU’s Not Unix"#) 4 & 3%, 4 B 154 X &£GNU ; © ¢y # & & “gub-
NEW”) &, sam# g £ B8 A & § & F4)John Chambers%¥ A 3t 5] B #
SE TR B RTHA L RSHE T —BHITHRE, AR EA — & F
OB R, 2RI 5T RASHE T HATHIS, FTEBRRIAT,

R BHEKXEHGGI (LSRR BEA, —RGRHHRE, I
MAZI oM, > BAARERSE) B B4, LAASANEAMSES
WEREEFARGE T FENT R, MRAHILFE» ML T —EER 8R4
w5,

Ry RRZ —AAASHATFRLOARBERG IR, LafE8E
B AKX ERA — oy fE Tk — e BB AT IR, 12 4 R T AR
ot AR K el

RE—T & H&BFHKME cRE T @ A #»Unix ~ Linix ~ MacOS
FoWindows ¥ & FEEF L A el K, BRBR AT TR L EF F A4
A gSHEE R, RE—HTKAKXET, LAFERA T AT EAINY
Ao REY & 4 K88 5 & A LS4 8938 5 T B A8y, b T4 AR Rt b A2
R3ET, WwC, C++, Fortran, =T £ PUTHE K5t — 2 forf ] 64
oMt A EETHEEABFCETHF A RERARGS Y4,

MAFRE — BRI Z2 4, T RRE T —EHRFTHT 53R
B B ABRTAER MR T 433t 42K, & Tk 842 X & (packages)#% & £
Foist e ARZEY, COSNBEARNEARTER, 4TE
i#%CRAN ((http://cran.r-project,org) # 13 4ty 42 X &



vi M+ ZR
Reay4 s -

e RE— & &G Ha, SR —MMY RIS, T £ Unix
> Linix ~ MacOS feWindows*¥ 15 ¥ £ % E#h4T,

o RA 5 %95 9 (help) £ &, (45 MSEF B30 ~ 454 BHARLE 31
W 4 4,

o R4 58 J1 147,

o R iEReyE A F, Tig HH B H A &ESplus, £EET MM
FHoy E LR, FAEHE Y EE,

o AETAATHE HE, BT TIRAHARI, LALW TR LN &0
R - BMARKRTECBRA AL, TRER U,

o & H — ®WEBA & # & % &, 4»R-php(http://dssm.unipa.it/R-
php/), 45 A & 7 AM LB S R A TG, ZBWEFTHAR &
T bt B TR REIT M,

Réy &k -

o R —{BA R4 BH BN G, BHFHRGBME > TRELK
R ARG,

o RIEZ AR LM £, A EBH LKW FFoBRE, 820
LAAE e h R B AT, B A LM B

s RUARFZBETA MBI ARXEZT, MAERAFLALTMHEE
T RRIRAE A 4T,

o Rii H WEBA &, 12 k3 5 YWEBA &1 %, 1378 € Rey 48 W &

ik, AWEBA @ 69 947 345 ) S 55 10 31, P70 % — B % FFak B
TSR,



#HF B3

11 %ATIF

$BMRAE — £42 X484, BS-PLUSA 41, 35 & &3t 3 L s i
PLUSSR X R F&, HiF & HA2 8, PRE — S B %KM EMTARZRE
PR PR BRSSP TG ES®EE, FHAATH T L
Pk,

% BRAYy £ B 48 35 (www.r-project.org), B o T #k & #7869 B A (B AT AL
A &Twl1090 £920MB), 3t 7T /£ 43k LT H S MM KR, i th ¥,

BT RAVE 3 bw A 88 o 4T L B W B BT R AT GG ST SR B b
“r Bk, TaeEll,

BEEAEFRIE427) ¥ #)Download F &4 CRANZ ¥4a (4 # B 1.1),
$ F Bp i #)/CRAN Mirrorsty 4 &, R BB AT T HREEH AR S

A (ﬁﬂ"] vATaiwanF é4http://cran.csie.ntu.edu.tw/ 48 8 &) X B AR E

THARRMGRINESH T TN REEE, ENEAMNTAIKETR
EFEAEHZF SR T Rintk, THRWwEL2Z & R BhA" Tk
EHRBAEINBEATIEZF,
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1.2 mEHEKF

TRERBIFTHREXZLKETK T, KIMFZBTESIE, TR
MUY RRATF,

F A AiTrwl090.exe(Bp £ £ SE86 = K P F % Ao skpt T
L ZETR A B3 BN E G o L BN T — 58X 5% 3 # “Next
"(F—%), &R LH %‘%E“Cancel”( /#]) o

WBNTF — S BR ey R EAF1EF 2L ET accept the agreement” (% 3% %
WWHHRAR), T THET—F" - BTRYFBEAFTHBHAZIMBELRY
T (40 B 1.5-1.9),

ﬁ?ﬁ%ﬁi"}‘%ﬁﬁ%ﬁi’ﬁ@‘&%&n1.10&‘3%&1, 251 “finish” (52 5&%) BP
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1.3 Bk K 5
1.3 BZ%7H K

TR FAL AR R T B 454 ] LR 3R, R TN B e o K
W REEREN, ~ S ERYRBACERAUER, RECLTH LT
k3, — {8 0 B (de H) AHAER AR TR TEAREE
i (de 8 1.11),
BREAKAEE, AT hMBEARZES, RBIRTH L6946 E,
BlEEH KA ETEFHBATEAR 1.9.0, 5B EFTH 2w L1123
1 & &,

B B Ha Peliei Bedcsi [

GO S

B i Depprigin 306H, Ter B Presssses der e isvies] Segmsieg
ewmian 1.E.3  (ACE4-0H4-13], [IEN S-SOESNL-CO-

B oiw frew sodrescn apd cosar wich EMLITILT ¥ il\.h-.ul’

Poes mrm wricesn mo w3y e cemrEse o
Tres ' Sissnan (i’ = |..r..--.. Par diskriledian |r-...-.
3 8 o0 (EBITETTEE FECISSL WICE EAYY CONICIDALSTE
= - o i e aw r,
an bmw fa wibe B in paalisnd e
Trea ‘il for soms dasar. ‘balpc’ dar oo-luws balp. o
wlpmact i’ for o T Rrewssc Lwscfess oo Mo
Tree 'qii' b spain B
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Fi 30 i Lapss o Lo

B1.11 Ry g



6 ¥%—% #F L
1.4 #H¥Eara|

EAREEERZIE, T—IRAETHRARGRETX, SRAEEY
Mk, 5NN FEHREEA TS, AREEARY THRHERELE
HASGNE BETRNAHREEGE-HENNG, BEREERT
By& =K, 20 a7, T A A% (R console),

ek 02 NER B, 2R &R, &, Misc, Wi, ERHLHA,
4o B 112 -

Sl [t P Parksgas Srcoe |

1.12 Rtk £ & 84 #4251

BT HZM—— N BLEAR,

Lo #%(le): CaHEANFMBARE, EAPREREEER I8A
IREH J45 & (change dir ), #]Ep (print)Fe &k B 4L 5 (exit),

2. Hm(edit) © & 4 H # % (copy), B: _k(paste), & Fx X AT # A\ 89 35

4 (clear console), & #} 4 #% (data editor) A & # % 3% € (Gui preferences),
3. Misc @ 4%,k 3 H (stop current computation), %] i 4% # (list objects),
#% B P A 49 #F (remove all objects ), ] th 3% 3% 42 (list scarch path)_
4. #F# & (packages) : T # 42 X & (load packages), # CRANT # &% &
AR F,
5. #H (windows) : L EF a9 BE7] F K, 2 51 & B4 Ak B 7] (cascade) Fe 38
AR HE 7 (tile),

6. 394 (help) : & #(console), ¥Ry % (R functions), htmlE & 3,
&

# (html help), %34 (search help) %

TR &S AN Bikdr, B 11357 F o $HHE —dkdr— — %

oA -



1.4 FAtEnam 7

HEEIEEEIE
113 Rt & @ ey A7)
LB g,
2 B msn,
3 8 s,
1 B s,
5 B pp,
6. B gnpme,
7. Bl gy,
8. [E]: 5yep,

ERAEE R EORARE, B L1, — A4

=l

T BB AR K,

MRS E &I, - X RE R T #9454 drhelp,
AT— ems
[ |
A e

B1.14 RFpEEZ@mamALE

TRRTR R TR, AR EE, Lh —
TARIE S MANEE, Tl ENE %
BN ik

KA T R, BT

%$%mﬁé#@@%
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2.1 WmAEIAT

FTRIEA T AS S R, A& 87 KA IR, Bp>7 &4 R
BTN ZAE S R B W\ (enter) 4k, Rt & HUTPTE 3] 8945 4 &
T — @B NE T A,

>142 <

1] 3
HAVA T TR R, (1] LRI BELERMETF R,

TRAREEWMAN, EABET TG, FEETEERNC)YFEE
38 R A SR, PP O+, llll:ﬂ::IRTJJU%Q’J«‘JET%%T%EQ\JE*JD B, E
A48 S N T AR AL d Sy N B B T AT EFEPE A TR SN,
B e “Esc” 42 Bp T S A #8945 &,



10 % =% RARIMEES
2.2 /A FTHAEH FHA

RE-FARGERMEMANBE, AREELE S
C:\Program Files\R\rw1090,

B ARAMAEAT LBy, ARE PR A GG B L TA 34 B R ARk 7 R Ak ey By
1,

1B HHF T BERARF WTARMGEE N, FEARLD T HRYGTH &
P, ATRE BT ENAREE, REF LAY TR ILEER? AT
Ko F : BUEREM 2 1%, 2l3be s KRR (fle) 3% T, THE G E
¥ 12 7 (change dir, % ¥ B2.1)# 474, T H e B2.200 F @ 4 F R TE
BB R (browse)diz 4adk 2] 18 B30 E 69 A A R RFEA FTAEIMAT]
I PN R S ) N I

HBRECAHFREREZS, #ZHARE, Al € H A wE230538

MEm, MERFRTRMATRBENAR, SHBAGIES P8
PEEFR, K ZREANBAERCY TN AZ P, LHERE
% “RRData” (4 REM®)pe % 10 5 % & F ok 42 A 85, R % % %R.RData
Bp T 3 BAT — KRR R

-

fi bE = g Sl D

el ST

2.1 % FRALH9ER
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:I"‘,I Fm worirpacy g

CEE ] ww | e |

B 23 £EHEAEKENHMER

2.3 TAEH

— S ORRE AT I, R B — JORSUE, 2T R R A B
W, T A A AR K 8 B RIS AR T B B e 4 R IR, A B AR
BAMEE, R LR HREARE P RXF R RS BET, R
KRR TN A TR A SRR ER T

R, 44t 6 BRSAL X 3B 5, /0“8 87 (variable) 35 RFUK — 3 7
Fh, SRR A RIE LB AR, — I 40 T R e T R B e,
L + 1A A R B 60 5 X

>141 <

[1] 2

MRt O, TRBEEF R RRER,
>x<—1 <!

>z +x <

[1] 2

AP R <" 8- TELFR, b A <RIBS AR — B R



12 5% =% RARRMERS

TR ATFTHHRFI T (assign to) v L P HEREE —#F, %
BECE I, TR R ()RR,

Y S L YA P IOV ESR S s E WL 2 Vs
AT HF, TR S BROE A, 2 2 HARRKGF K, G AR
RAGH B,

R R A —SBELH RS ORH G, BREB/BT HE—MF L
A& S X F R, b B 8 F T R U3 LF &7 (letter, dwa, b¥), “#&
%7 (digit, 4el, 2%) Fo g7 (dot, BP7) % A BA — B EH A2 E Y
R 36 L 5B 8 Kol BAR S T F8) % 8L A,

NN

i

2.4 S ey EAaLmrp

PR R HPF R AMEE, REFABGEE —ELRNYLE BElE
BEAHECERTEATHEEREH, KRECEEHEETHEETHNAE R
i R A AL A fo W e AT R B G B R B AR WA, — AR CIs()7,
% —#E & “Is.str()”

B, ANB L) A Is()" 18 4, TF4e B2.4, 3845 4 9 T
] “objects()”, & X AT A48 a4 42 7] E “Misc” #3258 “7] h % R (4w
B2.5), s A X T2 “Is()” ey a6, “Is()" M 2 2 S R LT
B, EEEROETHETH RALZFRBEFARTRLZEBRIBLSF
2 BBLAME RS — @14, B lsstr()”, REF L H M A5,

AR H WA Isstr()" 48 4, T 540 B2.689 & @ 1% 18 B 45 4 T A
BB G BOEATAE A A A AR, o B # K (data frame, &4 5 % &), 9 €,
REFE, AALERE, LA QI HATEERETH,

ol e fT B R, BTRS —AH LR L TR RERNHFTF
o S E Mk B BUE A A (8 B A AR)" Fe “rm(list=1s())” , “rm (% # &
)R TR AE N AR RSB, TRNRGSEEHR, PR EE



2.4 g ayAH Mk 13

¥ 4 3%, “rm(list=1s())” 8] & 7 Mk & B (list) & “Is()” 77 230 2] 4 7 A7 9
B WA AT 4 HB2.7,

EOT arm
.

Ty

24 BRHE S REME

OCTESS——— s
F=|
18] Sfwimiss S pp [ . "
" oy ™ T e

B 2.7 R A



14 % =% RARHMERS
2.5 ML

A —ERE R A FREFEATHREEGTHS, TEH S
17 (help) RI24: 7 =42 £ 2R K 0959, —fE 5 m i85 &4, —H LM
ey £,

%R H 3 O AR s S A (dorm), 12 H M35 S0 dn 3R R R AG A B A
% XA B AE, TH R “help('45 4 & #")” # A “help("rm")” 45 4 3 &
AT 48 SR RARIE 83 a0 A A, £ H E28,

2.8 Zrmig 4

BlakF B o b A5 X, — 48 & A “help.search("45 4 4 #% R il 4
F')7, —#& & # + &3 (online help), i i “help.search('45 4 & i & B 4¢
) &, RE SIS B KIS R T A BT A 4,
o 2.9, % 5h— M MG F B9 A% b B30 P58 % F % (Jelnternet Ex-
plorer) f & 23 77 % % #45 4 B 2% # £ &30 7T i i@ 45 4 “help.start()”,
& oy 3 42 7 164 “FL9A (help)” o4 1% 38 “Html help” (4 # [§2.10), T b % 4o
[2.11464 &30 & ¥

2.6 FEBRAMLEH

ERA AR AT BT ATH I, 2B RAHE R A 0
35 XA ) I AR (J Excel) B P s B ot 7 5 o i o 7 A5 2 2P 61440



2.6 HEEBEARE S 15

~

L4
e P ERSERTIE I Rt N e ] 5 {
[ L e Ty — el
u
1l | 1l 1l 115 ml
Miriei |
a b [ Wi B L o
T ¥ gy st n [ .
lerereic
pia wp b Bape hEae
Bivce | lancnan Makcrial
sdom b Wk ==t
ima Lrsai o Semn ottt
ek Pakregn L
i) e N

211 & EEAAELSER

MR E R X F A (B 314 & & txtagds ) R e £ K (o .csv) B
R385 L write.table, Fmi5 4 B4 F ¢

>write.table( 4 # & #%, file = "4 £ &£ #%. 314 %", quote = TRUE,



16 % =% RARHMERHS

+ sep ="",col.names = TRUE,row.names = TRUE)

H b “quote” kT HF M A G B R F AT T B R “sep” R F AR A M 4
o W5 9%, FA A & 2 [, “row.names” fr “col.names” % = & & 7| i f7 40
Gy &A%, TARME R T BT I8 GG E A [E B 42 sb R ATE A 88 % g 3¢
o, BN Al B A AR5 o3 B AT B,

— RIS S, RMF @ ARY A, 2% 77 o547 69 B R
REMBBT, MA—EBEHERGPX, AEATBRARFCRA R KT
MIANLE RS, CR RS ERAMASR EHFEBEAREL Y
R PFREANGEETHEEAR(NotePad) £ B8 2 &, XEEHRSE
M Excel$k 8 o418 4, i i@ Excel R % 814 R B 4 R X, B FET
Ed-FHaA, fmA Lo E g,

EERBEANNBRCRETIRE, BTRARETEAERWES T
WHEHEANFIRY, L3545 “read.table”, A F X4 F °

>read.table("#% % & #%. 8145 %", header = FALSE, sep =" ",

" ' row.names, col.names, na.strings = "NA")

+ quote =
H + “header” & 7 & HFMAE R F — 7 & A A e $ B L, “nastrings”

R BEANGEFER BERAE, B ANARK,

2.7 W ELiER

23 AT BT AN — R ERBFEH LT RT YR, 2hotT
MAE-—REBER?AMBLELE-DEE-BHENEANTAE
it 15 & (vector) fu 48  (matrix) 44 & X, A $IE JE 7] A& 1 7] (array) &, #
% (data frame) g 7 X

Bk, N6 E %% E (elementary) g A 88 5T 24 & # 5 (number),
F 7t (character), 4% A% & 88 3| 7 F 7t (logical character) vy -& #4948 &
B Cc(HAH)  ZAA R a4 4 2 R Rl F

P



2.7 & F s 17

1. # % % ¥ (numerical vector) :
>¢(1,3,5,7,9) <
113579

2. 5 ju & (character vector) :
>c("teacher”,"student") <!

[1] "teacher" "student"

3. # ¥ % & (logical vector) :
>¢(T,T,F,T,F) <
[1] TRUE TRUE FALSE TRUE FALSE

Tl G BT L R E, BUEF S F23H, MR <
4B TR B AT AR AR MY, T E AL B — kA (order) B 4% s B — 1
R
14710
c=|25811]|,
369 12
HR G EF XA RET,
>x<—1:12 <
>dim(x)<—c(3:4) <

>x <!

[ 1] [2] [ 3] [,4]
,] 1 4 7 10
2] 2 5 8 11
3] 3 6 9 12

FHAPadim" R T ERGHERE AT TAEBEYSF X, A A%
" (matrix) 3§ 4~
>matrix(1:12,nrow=3,bycol=T) <!

L1521 13] 4]



18 5% =% RARHMEIAS

1,] 1 4 7 10
2] 2 5 8 11
3,] 3 6 9 12

B o “nrow” & 45 1 7] $, “byrow” H|Ef £ HAR B IR B AEHES] IR T
i% 1% “row.names” F= “col.names” ¥ & 7o 1784 & A

AEEZLE H— % AEreEE, # 35 (transformation), & 78175 7
e4s B e A RAE ST BT R R $2 E a9 EH

H A0 A B 4E 8y 48 4 A “ismatrix(% # & #%)7 o “as.matrix (% # &
)7, “ismatrix” Al R A BT Pr &b R HA L AERA X, F &, Al o
¥ “TRUE” % 1% w1 “FALSE”, 8] % JE 45 e Al X # “as.matrix” % 4% 45 & 44
G B e R AR AL K

2.8 HAARZAR

Rt 322 61,4 # 42 X, & (package, XAE B4, HX %), MEHEHF S 8H
B AR, TSR Y SR, KA K8 KB L “base” J b oy 42
K A cluster, survival, tseries% Z > H A & 2H M &2 X &, T
BRE G B T HAEKXE, K& dixied L X & (packages)dy i 58 B #7 A7
HEuik, £¥EH212,

JEF #4724 “base” £2 & & 44 “airmiles” 2 5], 3L du 7o v A2 X B 42

HY BIE A H
L sl X BRFAEREN SFE213 45T ¢
>data() <!

2. ol A2 KB AR K —4F T H# 75 B ARIE, A1 B0 8 Bagds & 7T 2
AEAFHRCEBEN S F B2 3450 TF ¢
>data(airmiles) <!
>ls() <



2.8 M MR 19

Fils o v eyl

2.12 %}g{ﬂﬁi;&&mg

2.14 =Fwy 42 X & P sjairmiles

3. k- RAHGF e E, 4 5L F BIE 49 R il (description),
& B 35 % (usage) , #% R (format), 3% % 3t 9 (details), 2 J (source),
4% & #}(references), 45T 44 4445 4 (see also)#» 5| F (examples) -
5HE2.15, 345 %T ¢
>help("airmiles') <!



20 F—%F AARMEHS

2.15 42 X & +airmilesty 3 tm 1 &

H A

L BEANAH B &S5 trees "o K, M A EABLSAELECHLEE
5 R AR, M5 A RHE B RS Ltreesty UFEAE

hA

)

o

2. EFHAIFZ AR T EERYE

3. AT A4ER :
12 4
X=1139 |,
1416



Gt

3.1 =&y

anly

B 2 W, A s EE AR - B3R ik B
—E BN L, BRI AEANBREGBRERS RIER LA
FAHE—FE, RHA EF ML F RSk, e T M, 3 B e
i 4 ] 4 A 45 S,

FE A8 B SO R BB AT AT AT, BARRETHA — A% T
B, AR AT BT FL R MBI e R BIEAE TR, TR B
B ey AT TAE, B TR IR, AU G S BOTRG B A S
THFENERA —2AENTHR? RHELE 7@ 5 A ETHE
WAL,

Gt Bl T RO BRI 2 R LS, LR BAR R A Y, MR,
Sk E AL WA B A T8 ML £ SRS BB R A, FRE
BIR, RAH ST — By T M,

BT RAIVEN BRAAT R W45 E,

21



32 ¥%H

& ¥ [§ (stem-and-leaf diagram), £ — 5@ B X H EBEH R Z4&H
HFEFHENYE, BHRBEWARARFENTH(E), RTH 0 EIEY
SHEEN EXETERMAFTENER, LHRGTEREASR, =24
T il AR E G BIE 5,

JEF &AM ek F 4 6y 8B o8 2 (0O1d Faithful geyser) sy A #, £ F &
EREBERL, L REBAHZBEHUARRE,

HEHE R RBRARGAE X B(HET A2 F285H 0 45), 4 £ R
1% 4% 80 (Wyoming) M 2 % % 2 [ (Yellowstone National Park)sy -& & &
HERGEIERHR - AHAELE - TR EROAE L2 RT B R,
— & Wy R CE B o oF P M RE (R “waiting” & %), 2% RV M F ey
Bl (A “eruptions” & %) R AH N AT S H H3.1, XF2T2F FH,

B3l 2EHARABEAT

G ¥ B A48 4 & “stem” A E B TR R OEH 09 0F M M R (Waiting)
P13 2 % 3 B e B 3,277 7%,

ERTA ¢, € R E O MUE R R B M—R A BET], %R

i@ié.?éﬁz.évfu%, EMERERREE R O REG TR TS E,



3.3 A5 H 23

SO EEEENS———— =Ll
al

B 32 LA ARABEAT

42 BF %, BAT R b RIS | TR R BTy B R Y B R
PR % % TS 852 M, 3t BT Ao il $U3E & & — 1843, 18455 a9 #f
Forh, T Bk € 098 RA B F B R,

FRT AT D B BARRE, ERE T AR — 4%, B
AHETARENRGEENBALEA —MERRO BRI, BIFLEE
LH TR RREE,

3.3 A7 H

# 7 18 (histogram), B & 518 & 5% 64 T E bl a5 B, @458 &
E AR AR AR BOR LA o B AE & B R R A 2 A H R 0 B R M
Ffo 4 04 B W 40 L A 07 8], 4w 3.3, 7T A I 45 4 “hist” & h 57 [,

3.4 kiHE

%@ (bar plot), 2 — R LEAME, k&R I RER LA G EF
 BA T HAE W 43 B T 2 & & HACE Kk FHE - A1 A “barplot” 45 4T
THERMER,

AEHLFH(GL - ¥~ Hif)ZE, 1971512000489 A F 345
BB BHEHIRE ¥ R AR KRR ML), THwE34,



24 % =& 5H3HE

Hislogram of faihlutfsaing Hisbagraim ol daiihiulanepicons

— T T
#HOo O T O P Im B &2 3

T i T

33 LEHARMATH

3
=

o

r

=

w

=

w

o - at QR pEC Bl

dan Fab Ko Spdl Rlay b Jul dag Sepi O Fos Cec oy

3.4 &M ¥ d = EHR1971-2000F-2 A T3 B 4 RAEE

% b ARA2 K B P 4 & “Titanic " &y 8 2 RIEEIE T H (H M &K M e
TG EARN I R) AP, AFAETSL

REHB

AFER | LT | HE
Lst 122 | 203
2nd 167 | 118
3rd 528 | 178
Crew 673 | 212

HBLEFAHTEREHETR G RAEE, 2E3.5,



3.5 &% @ 25

[ T 1]

— B [
= . ]
_— ol
Tar im ored ). Cree

Y ANt L
. j-—|._ll_‘

¢ oD 2N S 43 S0 a0

B 3.5 MASERIREAGT R KR E X

4 % B (box-and-whisker plot, i #&boxplot) F#% & & % B, &£ — R H
AR TFTEARN T E TRAREABE > HH L LT EHMYGEH, 4
T AR A Y 1 414 (skewness) & &k #% 44 (outliers) A B 45 4 “boxplot” 5T &

H&RE,

HAIARGAZXE ¥ £ & “ToothGrowth "W BIFAHRAEAERE W
BH LEHRERARGERE, ERIVETRETH RENRIE - TR
A EZAER B R E a4 A £C(0.5,1, 5028 ) F AR IR A 7 X (W 4 i+ i
o 85 (4 £ FC)) o sLH A RA =@, KA (len), IR & K (supp)
B (dose), 75605 8 n] 4,

ETASZBLZRFEAIRBEYERE, BB TR SR AZ
TEREBENBEBRR GAEAMNAHTEYRAEA B8, RoEE60%
BHG>HHER, TEBERERBRE, wE3.5,



Nrieples loer ben

B35 FkELgEHEHE

B354 —AAERE BTALTHGKIME, ELH R KA, B Dy
AR Lo TSl CALEHSTER BT ETES
2&?%%‘350%%139703‘35%3-5?’Tﬁhﬁ BHeasFHe T, mEMBKRXRAK
NMER R, M A S RE MASEBEKCAET —FARENNE,
REM T2 REHN TREFTFAGHGEMBAHGEHE, o
B3.6% 3.7,

Lasrpebal b gl b obrms s bed i o nappdmees]

B 3.6 EHTH&HHFNEHE

3.6tk

# 8] (scatter plot), 73 B AR 3LAA =18 % HUAE M5 7 0 L A AR B B
I ERERIER, SR MR TRk R E REEALE - AR E,



3.6 #uth | 27

bzapint ioe leregih desciited using euppiemesi and dos

] =

Foanih becgerd

e
g
f

B 3.7 $#GEHE

T 8 B MAS B M AT 09 3SR B B AT BE L @ AR T R AR SR R 1R (e
ZORWER) ~ BEBHAE T M 454 “plot” E i HF

BPBAEE T ARG EHFFHATETM A5, TRRHFGRGE
W, ko 3.8,

pient I the daia of e Did Paiibiul gegeer

- - .
= . |--|I = T 1 _'I
- H
2 R L T
R N W
ais .
¥ agliala ol
) HELE-
r .
E i
E
x
o -
= ;lll l:
L I":“ql e
" &
- -] ]

B 3.8 ZEHEEARLTHGHME



3.7 BB sER

# A B 45 1 (scatterplot matrices), = 4 $t A b & 4 15 0h B 44
Bl B Bl 4B Fe A2 6y — (B B B % & — #0F Bl 7T A 48 4 “pairs” & i 3
] 4B 1

AT R 4 % B, &—AEAY) R AR ARG EZ X R, &
B inis”) 2, R 1842 R 2o SO S ke sk TH0R R Al B AEM B AL
REGREEPLEHGETNREE(BRRAEAD) A TR SEGER
o 7 & “Iris setosa”, “versicolor” #u “virginica” - [83.9.4 & & = # F [8 45

=38

hY

! 1k :I!- -h:l 0y e kE 20 25

&, A5

Sepal.Length

ﬁ
-n-
L]

4% d4r T&

[}

dll! .
%f- iy || s % M ?‘ 2
e lape e
:%:.W *w Petal Length
Lo,

40
111

23 xa

1]
a
TT 11
i 3 9

I . ikl E -

:': o k—: a

] R 8
a - “;%&a?ﬂ 9

1 & o Patal Widih
E' = a

& d ﬂnL : :
45 =5 ES B I 2 3 4 75 E .'

3.9 B R WA B 4E R



3.8 FH

c%%?v

F A

545 B (Quantile-Quantile plot, Q-Q plot ), #] A K 55 kR &
HegB ABRY B BIELERE E—2H T ik,

w R o 99 Q-QE (Normal Quantile-Quantile plot , Normal Q-Q
plot ), ZEBRGEMNE FEReBREHNNEHATRATRESY
(4% 2 F)NEFH, THRAFTEIHGQ-Q B Rith ¥ ehikk B
— 48 B F Bk (normality )#h F ik EA AR A R A TR ey B
B AQ-Q B mAd— 4k A4, &R TR T A4S “gqnorm 7 & F
e Q-QE,

JEF &AM H] JE HE M AL # (random number , F A REFEHEHR AR, KA R
BB BOAR)RAELTEZERE, EREL TR S>HZQ-QE KRIH
Atk g —afERILE, MRBEXRHNERE TR TE

, v

(%‘-?

Rarmal G- Flo

Sornsd Do

B 3.10 AwA& 2%4%75’\%% B Q-QE

oA

5
&%

B3.102F K B b Z 4e9t o A R RIEAH, mE L TR
ZQ-QB TEHBM A Ly AR EY BB SHEERRAETEL
HHEARBE-—F R E AETERZERFTRIH SRR R E
AE R A EREAMRALE, SETAHERZRAFTRSG EFEFGT
FE LR AT— oM, AR EHRE310891EF R, h2REH T
AEHBERAL, mIINER, RE T TR RBEH A F A,

!
>~



30 F=% &itHE

r@magelFRAA R A‘lé’zt'\ﬁifﬁimkéﬁli’rxoﬁaﬁ'ﬂ#a B
B300t i B om wE3IMERTE &, TE>HZQQE
WAL AR B AR B A H R T A de i B W R B 3089t A F AR
T

0

Harmal G- Flo

Sarnsie Cumrd

4

B 311 gor f-’g3()é’3t/\ﬁ?< A& Q-QRE

3.9 B HMZ

W W] & 7] (time series ), 754 B8 i ] S 48 08 A P Lo 4k 0 — 40 HLOR 1A
B M & 7] B (time series plots ) 2 — A8 R R A B R 7] E AR e o

R EBEHAFZE THE LA TH LM e T H R, H
B 5 8 AT AR R B TJﬂa‘a/\“plot 7 & “ts.plot 7 & & 0 A7)

BETAKRGEFoyEF (R aRAE X E, 4 Zsonspots ) &0, FHiL
R 2B KA R A% B 1749519834 p Rl 2] KB B T 809 B 39
18 P73 1 T 4o 18 3.12,

A ey o R AR K BT A E oA+ — e B G, b 0 MR S
Fl 4k T A& s B A — B e 40, 7% fa 0l b7 B AF MR — e IR, Ak



39 M A7 31

3 RAERN G, HREA BT S H R R 20 M 4,

mn 25
N [

150
1

=

1750 1800 1850 1500 1850

Tirme

312 KI5 B FHy M A7)



3.10 ML HMR

28 % 318454 LY
W A B stem (B B AE)7 E B3.25 B 435 A bR
L A E BT HRGEH,

> data(faithful)

2. EHEBEEAFANMGEER,
> stem(faithful$waiting)
3.3 AyBEASHA
WE A 7B A4 & Chist (RS E K330 BB e E 4 F &
1. > BHAE A Apar 3558 B H o & £ & w842 E, mfrow &7
o B RARYE 7 R &, 55 % Amifcol BIARIE AT RMbrE],

> par(mfrow=c(1,2))

2. TRLERARFARFMOATE,

> hist(faithful$waiting,freq=T,col="red",

+ labels=T,ylim=c(0,90))

> hist(faithful$eruptions,freq=T,col="yellow",

+ labels=T,ylim=c(0,90))

EEPATENHE ST, THE freq =T, Xk FREFEAHGAR

R BB W A “freq=F", 8] & I F & (density) R & B & B H
BAREHIES TR ol ”, AHELMAREWEX LT, doic E(red),

#% & (blue)¥, KA HMARB (BHFHARETHRELSE &, degrayd0,
gray80) R & 3 7 49 A8 & “lables " & 7 & G AR T A & B R &, “xlim ”



3.10 1% M &3t #c 8 R 33

“ylim ” 2 3] K Rodhfeydh oy & B Fo 5 BB 40T 38 e “breaks "R & A
7 B ey kL, breaks T ¥4 E — 18, — 0¥ E, KA - HBRFEHF—EF
BRSPS & A&

48 R A% E 3 2L

WA FTE YIRS S
> barplot (4 # % #%, beside=FALSE, horiz=FALSE, legend=NULL)

R P “beside " £ T RMEB A E—HNER—FLOEER, XEHERE
— &A% B “horiz "% B B R & R E HMAE “legend " k7 E EAR R
HF-AEREBRERGER,

EH34n 6P HTFHREABRN YIRS RS
1. hA GBI P HFHEEE 7H‘

> areatemp<—read.table("temp_aveg.txt" header=T)

2. M HAHHE R ARAEERE KX B G H LA LG R, A A “as.matrix
"R 4 e 4G Hh s,
> areatemp<—as.matrix(areatemp)

3. FIBF R R T B FAS X 25 5T 408,
> is.matrix (areatemp)

4. EFHBENEER,

> barplot(areatemp,col=c("white", "gray70","gray40"),beside=T,

+ legend=rownames(areatemp))

FHIAMBERLRE R EREFALMA O RER G S TR

. HEERE»ra ke BE%R,

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



34 %=% HItE

2. B NARE R R BUE AR

> data(Titanic)

3. M AR R EAGE AT R E R EARGIIH R,
> SurTitanic<—apply(Titanic,c(1,4),sum)

4 EFINBFRE SR RER MR NG TR EERE K
18, B P 38 R A R AR A E B
> barplot(SurTitanic,beside=F legend=T,col=rainbow(4))

5. ERREHEIAL LAY KMEE BRI —HENGETHEERE K
18, B P 38 R A R AR A E B

> barplot(t(SurTitanic),beside=F legend=T,col=rainbow(2))

6. EERBFERE LAY RIEE AKFHE, EAFRBERME,
> barplot(SurTitanic,beside=T,legend=T,

+ col=rainbow(4),horiz=T)

T. BHAERBA >R RGEE £ ERE, SARABERMAE,

> barplot(t(SurTitanic),beside=T legend=T,col=rainbow(2))

BUSHBENES S
> boxplot (4 & #%, boxwex=0.8, col=NULL, horizontal=FALSE,
+ add=FALSE, at=NULL) -
A “boxwex "L B F & Fo LA “add "B EHBE M E AT —RGEE
REY, REABET—RYEN “t "REERBTERENEE,
#3358 T A REWH é‘]#‘é’%*ﬁ%% :



3.10 A % 3t %8R 35

LA T & R B AH,

> data(ToothGrowth)

2. EFEA RN KREEHYELRE,
> boxplot(ToothGrowth§len,col="blue" main="Boxplot for len",

+ xlab="Tooth length" horizontal=T)

e REFT 2 B, ATREFENFGEMBAIGEYE, TH %
EEk R TEDREKEREYEE,

1. R¥E % $suppay a5, S HlenE R A EFHMER B,

> boxplot(ToothGrowth$len~ToothGrowth$supp, col=c("white","yellow"),
+ main="boxplot fo length described using supplement",

+ ylab="Tooth legend",xlab="Supplement type (VC or OJ)")

2. AR % $suppie 4 $rdoseny H 3] 4 &, A 4 BlenE R R R B 4Y & 5
> boxplot(len~supp*dose,data=ToothGrowth,
+ col=c("white","yellow","blue") ,ylab="Tooth legend",

+ main=="boxplot for length described using supplement and dose")

% & 9 84 “ToothGrowth$len~ToothGrowth$supp” % & “ToothGrowth $len” &
A 4% “ToothGrowth$supp” sk 2 ##, % 4h “main 7, “xlab ”Fu “ylab ” 5 3] &
TR B a9 AR, AT ooy AR 48,

3.68 &t 1| 452t
EEBHENES S
>plot(x, y, xlim=range(x), ylim=range(y), type="p",
+main, xlab, ylab, pch="1", col="blue")



36 =% &HitE

B4 F “type TR FE MK, Rk K14 FD, L b, h, s, R &
FHE, RAE, BRE, RAEE, BB, pch TR AKX, A B
KT 4 # 313,

ploi symisols © poinis (.. pch=" o0 =31

. +
K L] * -
[ |
. 0 |
Y O %
' * 0 -#

B 3.13 B WAL ey B0y T A X,
EH3O6MEL T ARBMABELSTRE -
L& o BT R R 5 A5 05 M Fo 8 20 B B g3 B
> plot(faithful§waiting,faithful$eruptions,

+ type="p",main="plot for the data of the Old Faithful geyser",

+ xlab="waiting time",ylab="eruption time",pch=20,col="blue")

3.78 Hth B 4Rk E 4543
HoAh [ 4B R RS A A
>pairs (4 # 4 1)
BEFTHERT HERMH,
FHITH BERBMGBEERGIES T RS -

1. S\ &R $IE A H,
>data(iris)

2. BB AR,



3.10 4 F 45T $kBER 37
>pairs(iris)

R E b AT v 1B 9 Say Btk 1B 45 e, 7T F “pairs(iris[1:4])” 48 4

3.88 RSB SILA

THERICEEES S

>qqnorm (4 & % %)

>qqline (48 4 )
46 4 “qanorm” & & 4 F 416 #0Q-QE 4 & 248 4, “qqline” £ R £ F 1
A Q-QE e A8 B — o B 2 A ey B 4T P gk B 4R A B
Bl & B AL — i AR,

FUR At A REARALE, A L ERHE R F RSB OIS 5%

L & A200% A o & H4%9t 5 M a9 E R AL E #E,
> rn<—rt (200,df=4)
2 EHERAIGE,

> qqnorm(rn,col="blue")

C?v%

3. EFESHHQQEFmABBE —FE LB ESE,

> qqline(rn,col="red")

3.9 W M7 7 18 45 4 5L Y
B 2 B R 135 4

>plot (4 # % #%)
ﬁiﬂl] @Fﬁ'%‘i é’];&iﬁ? .%’E‘:/?\%#EJ ] Q!J, "/&";f: [ Bk & ﬁgifﬁéﬂ%f’aﬂ}?-ﬂ%

#,
¥ H3.95 KGR TN A 0354 5% A



38 F=%F &HitHE

L JAE KRB K BT,
> data(sunspots)

2. FHKGEBTFHMAIIE B AR TR SRR 20 MF, 7oA
PRS2 B & b B R 1 8,
> plot(sunspots, main = "sunspots data', xlab = "Year",

+ ylab="Monthly sunspot numbers")

" A

1. T EHE L A “trees” vy & 5 B R4 B4,

2. Bl LA B, MMEREENRSERRRERGES, $h K
8, EART B EF— R MEPTR KGR,

3. AR A BI000 K g by JE B10 0 1h 0 S5 A #, 4k
FR>HHQQHE,



Ay, AR EA TR, e R PR KM, R ERE
APAAE TAZBAFBILYER, FOHERMNEELE—F TRLETHT

W ER,

4.2 kR RAniRMA

HA R R o) BAR F A, A LG R el J F R R ME SRR
KA Bldm, HEF R ARG RFZERAE, —F F 3 3 K& (Feitsui Reservoir
) B AR AR A

H—m A, RBARS gD E KRBT, M EEAH R DGMEARE
P38 g2 )y (minimun value ), % & K 4948 3t4% & f K 44 (maximum value
)o % 4N, B K AR A BN RY £ BE AR B 4 5B (range ),

ZRP, 7T A “min”, “max”Fe “range” 45 4 4 3|3t B B E X H &)
8, AR 2P

39



40 Fw¥ Mgt

BEIRH, EIMATE Ty 35 R KR BI2ZF A FRAK AR H133.54 R,
5 kA B161.52 R,
B ROR ¢ &b g5 BB Bk (http: // www. feitsui.gov.tw/),

=_ = ¥

Ll

Jon Febh Mo Bgrl Ray Jun Jul o hug Sept Oui Mow Deo

i ]

145

140

41 FRAKEE AN B FHRENETR

4.3 FaEH - SEERFHE

FEE, BMERKRE, Pt B Y BORAH AR, 242 KEH
o 89 3R B 3 KR RALRY 5 8 B sh oy F 3 i (mean) B, & &R IF
WA FHHEMEAN - AR F LA - R ER AR S RBIK), ¥4
i (median) 7T 48 & — & & 2L 645 4F,

B — AR R A P R E AR, PP B R A
HAFHREEIME - ZEHBnE TR, WP R L B2 %
BB s, B b g A B g B i s 2 fE 0y R 3 45 4 A “median”

P45 B B Y — B 4T B S B AR Fpar 45 #(pth
quantile) sk A 42 245 B Fp o4 |G 64 % — Bhy, Hbay AR E5R Y
12 E KA RF D, R, KA RFAGEZBRERARER]L —p,
Blr, i a Hpp ik - MADH B HAE Twar s, F050 5 HEE T




44 5 R $AA A 2 41

1ng, BN EAEE Ly ik o &4 A “quantile” 35 4 K i A 4Heh
%0, 25, 50, 75, 100415 £

B4 — A8k o 45 B B 0 48 R N v 4 45 R 3E” (interquantile
range) N W A BB BEFR AT — AT H Y Loy B HETworE#
Z £ FHeEIQR,

AT & A B B A 3G ET, H e AR CRY, R T TR B A
AR, RRE = =10 3 4 45 4 & “mean”,

REBFEARRI2F G B PR REHE, 2FYPTEREI45.TIAR, &
BRI 5146460 R FE KB ey B3R FO, 25,
50, 75, 10042 $¢, 4= 4.2,

4.1 FREAREBFHREGEAGFHMA

Aty —A =A =A A e ~ A
F3gk4a (A R) | 156.02 | 151.28 | 144.09 | 142.72 | 140.29 | 141.08

Aty t A AR LA +A | +—A | +=A
F3gk4a (A R) | 146.60 | 138.05 | 139.26 | 147.14 | 150.48 | 160.64

k4.2 ERKREYB T AEG BT H

LR 3 0% 25% 50% 75% 100%
BF3gkaa(aR) | 133.50 | 141.69 | 145.73 | 150.62 | 161.52

4.4 AR EZ

HEWFERMEH 5 Z0EF T ERF W, =200 TR FEER
RERFEYE, TRAEZTHREIEETHEALIMGZRFTR fler dma
ok BB S —RER, BAEH ALY RET B0, 25 —mz R4




42 FuE kst

&61, 60, 59 F X 4 £90, 60, 30, 88K F — L F A A E AR
W, MmN EARRRGEZE B RTAEZR, R TF4
i, % B3t (variance) S 32 4% B 5 5 ORI B R0 K, A Db T AR A e

BRI,
HEB BN - B = (21,22, ) HRAZL Y~ F X -
G, Aot R RS R TIR T 89 R Bk A 8 £ 8 (sample

variance), ¥As? k%, Bp

2 _ (z; — @)?
s _Z n—1 "

i=1
Kb 2R TR A AR R B4 B Yar”,
B — 18 & ) BV BB R A2 g 5 X A AR & % (standard devia-
tion) « £ 43t R b, Mo R KT, 5B Boy B AR BARE £ LK
7 R AR AR £, s RZ, TRRP

FEHRABRET, yA 2R Ase, Sy RRTAFE LIS & “d”,

FA43F B FR AR BFHYREZE A ey S R b R42T % At
3 k4% & 141.08 2 R, 3t 3k AKAE, &4.388F R Ay B-F 3 RE 00 %
HE# 4pi£3]38.0063, & & AR GME, Torox Ao B R REREAE
X, AR THELIGERE B Rk F S

%43 EEKRAEBIFHALELEANGSER

Aty —A =A =A A e ~ A
F3gk4a (A R) | 0.6940 | 3.6208 | 4.0190 | 0.6421 | 2.8483 | 38.0063

Aty t A AR LA +A | +—A | +=A
F3gk4a (A R) | 3.6634 | 5.1584 | 12.8414 | 8.6029 | 11.2563 | 0.4043




4.5 L4 R 43

45 AREH

P

FR —@m A A, el R #+Tﬁ%«%£#a HE, LTRLE R
—HEHTERABE, AN AELE RN G TG LY R
#(covariance) R 3t — M A H M B2 8058 53 X K L & B a3k 4
BH, B @ EA, KBOAGEe 7 A BB AR BKES &
HERE, BT AT, RBEABRGF RS — R S ER
R d U O8F, ﬁ—:ﬁﬂ"‘%ﬂréﬁﬁf?«}i iREE S

i EKXS

Spy =
=1

Z, g R R TR ATty sy T3 4E ¢ RS B “cov”
AEEEARGBE T S0, BEFAFHETEFHTEATH
GAE THESEH LS R B A13.9778, 7T 40 K B A M4 7 X B 1538
Ko

£+

4.6 A R1EE

46 Bl 1% # (correlation coefficient, & 2 #&correlation)d, T A 4 & ¥ —
MAFOMFERH ALGERBREN AT He Ryt S ILE A — 4
25, A AR R e, y 6 RAA W1 3848 B 15 B0 T A K 1h A 4R,
CARERAE AR B [-1,1] 48 M7 B FRLR-108, R TelyH T2 e8an
M1 A8 B R BT B 7 X &

Sxy

Cor(z,y) = o
xSy

A8 B 15 B ag 15 o & “cor”
AT — N, SHH BB TR R F A MR R R AL R R AR,
A13.9778, XA FIEF H KBRS 7 AR I K 2 XA BRHRT



M FwE st

Bp AT S, TR AR BR BOR T ML AR 60 58 55, R H TR A6
B 1% 30 % 0.9008 =T 31 B iy & A 1R 38 69 SR M BR



4.7 & M Gt SR 45

4.7 EHHIFHRBER

28 & AF & E

N 35 B K R I2F B T3 KA $IE A A

> feitsui<—read.table("feitsui_ month.csv' header=T, ", sep=",",
+ na.strings=".")

CHEBEARRLFBFHYRLERKRAE,

> max(feitsui,na.rm=FALSE)

H b 8y “narm” R A F Lk KA,

T HBRAKR2E AP RLERNE,

> min(feitsui,na.rm=FALSE)
CERBERRRFAFHAREZATHERE,

> boxplot(feitsui,col=rainbow(7))

Job A &l 35 4 “col” 5T H A A dr(rainbow )8y 8 & R E =

35 PR, 4 Bk 4

CHEHRABI2E R P AL SR FHE,

> mean(feitsui,na.rm="T)

A B REARIE B R ARG FAFHM,

> sum(feitsui,na.rm=T)/365

A B REARIE BRI ARG D FA T AR,

#| A “as.matrix” 45 F #t 2 R 48 A X, Bt A PR

> feitsui<—as.matrix(feitsui)



46 Fw¥ Mgt

> median(feitsui,na.rm="T)

% M T A R “apply” 45 43t H o 5 A RI2E B P REZE A G
PR, e T

> apply(feitsui, 2, median,na.rm=T)

4. HH B RAKRI2F B P RELFFEO, 25, 50, 75, 100541 #

> quantile(feitsui,na.rm=T)
4.4% S ABAEEE

L st A 5B AKRE2F B P REZ & A ey s 28,

> apply(feitsui, 2, var,na.rm=T)
4.58 Ag AR

LSt £ & TR R FAF R M ae M ey 4 R 2

> cov(faithful$waiting,faithful$eruptions)
4.6 48 M 1% &

Lo 3H 00 B og 0 00 5 A 0 P S vg 25 ] 15 ed 4 AR L

> cor(faithful$waiting,faithful$eruptions)

H A

L AATFHEHFAE R TR EK AR ZE,
#HH— 192, 34, 80, 76, 80, 67, 86, 93, 20, 98,

#FH = 160, 45, 50, 81, 14, 29, 90, 41, 47, 15



5.1 &

anly

ﬁ)ﬁfiﬁa,ﬂm Bk b E Ly, A~ By A et
o B — 4 B 4 A 3 X (2003),

52 ZENh
H—THRRAARAELERGEMAR, R4 L — 4% )R8 (Bernoulli
brial) > — M2 5

P(X=0)=1-p, PX=1)=np,

HP0<p <1, @AEEH SHpZAGH N 2k, ABer(p) k2,
BRI L a9 8% 7 R, BRARHZHRE R R A, AN KM%
R ZRE, MX 2 EEEHE(BHpdL) TS

(5.1) fa)= () -pre =L,

T

—HRERZpALEF (B, RFELH FHnAPpZ ZA
# (binomial distribution), AB(n,p) &%, L ¥nk —E## 0<p <1 #|

47



18 FEE MAENE

4

=

B 5.1 B(50,0.1), B(50,0.5), B(50,0.9) 54 2 p.d.f. 44 & 4% ]

A B th, Toeizdh— N E4HKE(Q = 0.5)50:k, HH20K F &l F
40.041859 B5.17] s — sk — @ - thp.d.Lag B

5.3 &KfToH

HH B H— A E R E Lp > 0K, HREHXLE 1, &
S X R ARI R, B

(5.2) PX=x)=pl-p)*te=12--

o

—p.dfim(5.2) X 2 Mo # 4 B, R85 A £ BpZ £ AT 5 # (geometric dis-
tribution), X Ge(p) & 2, (5.2) X % & th — LT 4B, WRLSH 2 b AR, %
T kA AT — R P ZI 2% KR, RAREAFABR, @A
HE R —RF L B5.24 1Ge(0.1) ZGe(0.5)p.dLf.2 8 #,



5.4 Jan 5t 49

o Geil)

* 3]

-
=
-

w
o
=
& 7 %y

w,
T

= 1'- iy
= y N

1] 1} 2 o 4 o

S

5.2 Ge(0.1) % Ge(0.5)p.d.f.2 B #H
54 FZH5H

—MEREEX, 2hpdfa

/\)\a?
fla)="2 2=0,1,--,

z!
RN >0, @4 5 H %#HA\Z %5 (Poisson distribution), »AP(A) &
Z B 5.38 i =i - thp.d LB

Rl

1] 2 4 ] a a

=

5.4 P(0.5), P(1), P(5)p.d.f. 2 B %



5.5 Gamma 4
M e X, 2 hpdf s

xa-le—m/ﬁ
(5.3) flz)= T x>0,
Hba, f>08 L&, #4254 %o, fzGamma % 1 (gamma dis-
tribution), AI'(w, )%k % Gammas h F 45 % Frofk & W 4k % #(shape
parameter), 4% & R & 4% #t(scale paremeter) st Ha® Epdf@H 2

WAL L, 70 0% B AZ L 1B D44 b — S Gamman X B

=
- ?'I'll':ll" 58
aamamal 1,2
= Gamma 1.5 2]
= T =,
=
=]
L
=]
. W
o e
"
=] e
= _
1] 2 4 B ;] 10

B 5.3 T(0.5,2), [(1,2), [(1.5,2), T(2.5,2) 5 #p.d.f. B %

5.6 F 7o

4o RGammary h Za = p/2, L bpsh — B8, B =2, ®FHF

% % Ak (chi-squared distribution) & % »# R H — 5 #%p, S5 L A &
& (degrees of freedom), fmp.d.f.&

£P/2—1 /2

T as0
T2z "7

f(z)

(e}



o yfo,%i-ZoE).élﬂP Z GammayHpdfZ B, dAHES =2, ¥
¥ o - thp. L2 B, 23] X3 X3 A&,

o

57 &1

20

& o

¢

% R& 41k (normal distribution) S & W5 5t E R > H — % B uBo?,
pER,0>0, AN (i1, 0?) kb, p.d.f.a

f(:[,‘) = 21 e_(x_y‘)Q/(Qa'z)’ T € R7
T

A P ufk & 45 E % #(location parameter), st Bpus & B H 64 B (o
B5.5), oAl & RE 4 #(54E5.6),

W B 1 6y B T & 45 wh 4k (bell-shaped curve), H B4 #4500 F A
S REE G TR R,

[E]

nn

J 2 z 2 4

5.5 N(=1,1), N(0,1), N'(2, Dp.d.f.2 B %



52 B RF MENH

=

5.6 N(0,0.5), N'(0,1), N(0,2)p.d.f.% B #

5.8 Beta 54

Betasy i (beta distribution) & & £ & F(0,1) , H =% #a, 8 > 0,
ABe(a, B) k2, teathiagp.dl s
I'(a + ) 201
INGIINGE)

Betany 6 & VR RMELE—AREMGF LK, THAREMERMA
ORI FMI BB dAH 28, S8R, TREBARKY
LR H5.),

(5.4) flz) = 11—zt o<z<1,

o'}

5.7 1~ ] Betag- 4 4yp.d.f. B



5.9 T 4% 53
59 t 4%

2X,Y 508 aglER S, AN, 1) BXE ot A
X
Y/n

b

RIT#A B W Enzt 54 (t distribution), AT, k%,
#Xy, o, XnB— BN (u,0?) 0 th P A & 2 B WA A B
X —p
(Sn/v/n)
HTna o, ¥ XS, o 3l R A ATk RAZE £ B5.84 h %

188t p.d.L.og B H

5.8 REEHwp.dLEF

5.10 F otk

U, V2 =08 5 ey RS, 2R X0 B 2,5

U/n
="
V/m’



M FRF MENME

Bl F A 8 o BEnBmz F o4 (F distribution) [§5.94 & %8 F » #p.d.f.44
#,

FrIg0

Fi133)
) 1105
= Fi10, 10
110,20
; |
-
",
. ]
=
0 1 2 3 4 5

5.9 R Fiteop.d LB ¥



5.11 o1 35 4 & 55

®5.1 & bW AW ARIES R

o B RS B
dbinorm(x,size,prob) ZAn P R TR
ZIA Nk pbinormm(q,size,prob) AN PP R B SR

B(size,prob)

gbinorm(p,size,prob)

rbinorm(n,size,prob)

ZIR A P M AR B p AT # R A 2 2
AR =8 ot & A AR FE AR AL 2

dgeom(x,prob) LTt P o H R F A
KT M pgeom(q,prob) KAT 2 F g7 R R A
Ge(prob) qgeom(p,prob) B AT o F AR FAE B pPT ¥ IE 8 45 8
rgeom(n,prob) R AT 0 A A B RE AR L B
dpois(x,lambda) WS -t ¥ TP R R
AN o ppois(q,lambda) RS P R R E
P(lambda) qpois(p,lambda) RN A P A B AR B pPTHE 6 A5 Bk
rpois(n,lambda) ) AN o A B S A L&
dgamma(x,alpha,l/beta) Gammap 1 F i $ IR B E
Gamma 5 pgamma(q,alpha,l/beta) | Gamman-1h P qrr#t ey %%
I'(alpha,beta) | gqgamma(p,alpha,l/beta) | Gammasn 1 & #% F A5 Lp P ¥R 64 {1 2k
rgamma(n,alpha,l/beta) | #| 8 Gamma % & 4 n i85 # 8L E
dchisq(x,df,ncp=0) FF YRGB
F ok pchisq(q,df,ncp=0) F g o b qrr H A R A
Xat qchisq(p,df,ncp=0) o ot P AR B IR 8 2
rchisq(n,df,ncp=0) R 5 o4 & B AL
dnorm(x,mean,sd) FRyH PR FE
¥ &4 | pnorm(q,mean,sd) W RO b P H R RARE
N (mean,sd?) | gnorm(p,mean,sd) RSP REEEpFH R S8
rnorm(n,mean,sd) R F R & AR FE A LR

*35 4 F 84 “nep” X & JE o % #(non-centrality parameter), 8344 &0,




56 FRF MENHE

%5.1 ME ¥ Aok ARSI S R (4)

a1k G e 3.9
dbeta(x,alpha,beta) | Betazy-h b xpr ¥t g oy & &
Beta sy 14 pbeta(q,alpha,beta) | Betay-4h Fqrr ¥ oy Bk %
Beta(alpha,beta) | gbeta(p,alpha,beta) | Betasny1h & # &4 & prr & 6g 5 15 gk
rbeta(n,alpha,beta) #) il Beta s & 4 nAE W8 % 5L 3
dt(x,df) tO- 1 P P ¥R E L
ot pt(q,df) ot b qrr $ R B E
Tat qt(p,df) ZERE LRI Y CPRE T
rt(n,df) FR o & A 18 R AL R
df(x,df1,df2) Fo-th Fori ey B R
Fo-th pf(q,df1,df2) Forth b qpf # e oy AR E
F(df1,d2) af(p,dfl1,df2) T or i b A FAB B pPT #1869 45 26

rf(n,df1,df2)

# A F oA & A nAEE A% EL#

*35 4 F 8y “nep” K & 3 0 % Bt (non-centrality parameter), A% 18 40,




5.11 o1 45 4 & 57

£52 HAb oyt b arr BN EEZHES R
o5 & FE Fe
B 5tk dunif(x,min,max)

# %47 54 | dhyper(x,m,nk)

& =354 | dnbinom(x,size,prob,mu)
AT I A dcauchy(x,location,scale)
PR i dexp(x,rate)

HBF KM | dlnorm(x,meanlog,sdlog)

Fla ok dweibull(x,shape,scale)

Logistica# | dlogis(x,location,scale)

SignRank - | dsignrank(x,n)

Wilcoxon#-# | dwilcox(x,m,n)

“h Bl 5.1, RE2ETH RAMAME(D), o4 B (q) R A EEAAL B (r) 8938 %,
RAAMARK &p, QRIBFT,



58 %A HE

5.12 #HA&HKIHER

EMAH LM TR Hegpdl SFILEHER AR —BH L, ERHRR
E RO E BB ey R, ¥R A “function”, “outer” YA & “matplot” 4 3£ 7|
R

J&F HRAMER =B 5 thip.dLagdg S 1EN G, L R 2 &2 B
WAEAENIE S, Fm AR RETEHE A5 HeH9A,

E

5.2 % — A nhp.dley B
1. /& 4 1515040 # 7],
> x<—0:50
2. #] /A “dbinom” 3+ & b =28 5 hp.d. LA, JF T HF R A X 2
B, HERYITEHERLE,
> matplot(x, outer(x, ¢(0.1,0.5,0.9), function(x,p) dbinom(x,50,p)),

_j’_ lty — 1:3’ type — C(”h“,“h”7 IIhII),ylab:IIII)

(a) function : A 3T & & A ik & “function( AT LK) 2T A
a7,

(b) outer : | & #t (function) & £ — 848 M, o B & % (,y), A
% & “outer(x,y, function)”

(c) matplot : #f 48 M (x,y) IR K AT 69 KA, M AL ERB M A X
& “matplot(x, y, L4 B H ey T8 4) A sy & 4] A “outer”
BERAEAE,

3. BHIBLH,
>legend(20,0.19,¢("B(50,0.1)", "B(50,0.5)",'B(50,0.9)"), lty=1:3,
+ col=1:3)
A1 “legend (xd 2 & yho 4 B, B 7] & 4%, 2040 B 0 09 45 &) 45 4 4%
TR E B REN L,



5.12 f# B &5t 3k B2 R 59

3t HREAM S5 hp.dLEEH

> x<—0:50

> matplot(x, outer(x, ¢(0.1,0.5), function(x,p) dgeom(x,p)),col=1,
+ Ity = 1:2, type = ¢('p","p"),ylab=""pch=¢(1,20))

> legend(20,0.5,¢("Ge(0.1)","Ge(0.5)"),col=1,pch=¢(1,20))

4fp BE AR Hp. AL B @i o h ek EF S HE
> x<—0:10

> matplot(x, outer(x, ¢(0.5,1,5), function(x,p) dpois(x,p)),

+ lty = 1:3, type = ¢("h","h","h"),ylab=""col=1)

> legend(8,0.6,c("P(0.5)","P(1)","P(5)"),lty=1:3,col=1)

5.58 %% Gammay-fhp.d.f.64 B #H
> x<-seq(0,10,0.01)
> matplot(x, outer(x, ¢(0.5,1,1.5,2), function(x,alpha) dgamma(x,alpha,
+ 1/2)),col=1,lty = 1:4, type = c("1",'1",'1","1"),ylim=c(0,1))
> legend(5,1,c("Gamma(0.5,1/2)","Gamma(1,1/2)","Gamma(1.5,1/2)",
+ "Gamma(2,1/2)"),lty=1:4,col=1)

A E o hp.d.fey B R
Lo o7
> x<—seq(-4,4,0.01)
> matplot(x, outer(x, ¢(0.5,1,2), function(x,sd) dnorm(x,0,sd)),
+ lty = 1:3, type = ¢("1",'I", "1"),ylab="",col=1)
> legend(1.5,0.8,¢("N(0,0.5)", "N(0,1)","N(0,2)"), lty=1:3,col=1)

434 K-%i W,
> matplot(x, outer(x, ¢(-1,0,2), function(x,mu) dnorm(x,mu,1)),col=1,

_|’_ lty — 1:3’ type — C(Hll\7H1H7H1H)7ylab:\ll\)



60 FrF BENH

> legend(-4,0.4,c("N(-1,1)" "N (0,1)","N(2,1)"),lty=1:3,col=1)
> legend(-4,0.4,c("N(-1,1)", "N(0,1)",'N(2,1)"), lty=1:3,col=1)

5.885 &% Betajy-fhp.d.f.oyE M
> x<-seq(0,1,0.01)
> matplot(x, outer(x, ¢(1,2,0.5), function(x,beta) dbeta(x,1,beta)),col=1,
+ Ity = 1:3, type = ¢("1",'1", "1"),ylab="",ylim=c(0,5))
> matlines(x, outer(x,c(3), function(x,alpha) dbeta(x,alpha,2)),col=2,
+ lty =4, type ="1",ylab="",ylim=c(0,5))
#] A “matlines” 35 43 fu < B 5 64 B 7
> matlines(x, outer(x,c(4), function(x,alpha) dbeta(x,alpha,4)),col=3,
+ lty =5, type ="1",ylab="",ylim=c(0,5))
> matlines(x, outer(x,c(1/2), function(x,alpha) dbeta(x,alpha,1/3)),col=4,
+ lty =6, type ="1",ylab="",ylim=c(0,5))
> legend(0,5,c("Beta(1,1)","Beta(1,2)","Beta(1,1/2)","Beta(3,2)",
+ "Beta(4,4)","Beta(1/2,1/4)"), lty=1:6,col=c(1,1,1,2,3,4))

5.98 &£ HUTHHp.d.feyEH
> x<—seq(-4,4,0.01)
> matplot(x, outer(x, ¢(1,2,10,30), function(x,n) dt(x,n)),col=1,
+ lty = 1:4, type = ¢("1",'I", """}, ylab="")
> legend(2,0.4,expression(plain(T)[1],plain(T)[2],plain(T)[10],
+ plain(T)[30]),lty=1:4,col=1)
#| B “expression” 4§ 4 T i $| $ % L ¥ R oy kT ik, e R T AR,

5.10f HRF5hp.d.f.esEH
> x<-seq(0,5,0.01)
> matplot(x, outer(x, ¢(1,2,5,10,20), function(x,n) df(x,10,n)),col=1,
+ Ity = 1:5, type = c('I''I', " 11", '1') ylab="")



H A 61

> legend(3,0.8,c("F(10,1)", "F(10,2)","F(10,5)", "F(10,10)","F(10,20)"),
+ lty=1:5,col=1)

H A
(NEIGEEE PR TR P S SAWRESEE R E

2. BEFEIHZH BB BD(2) = P(Z < z) =p,>Rléblp =
0.9,0.95,0.975,0.99% {4,



T I



pi
)
T

(S & 93

6.1 #TF

AT, M E @G R R E ik, R T MR RIS A e R
£, 3R ¥ 8 RAE— 8 09 24T,

6.2 HigAZtizE

kR, B R TIRE — BT HEEL = potd F B, T
A BRAZRZ HiFE ST EHy = po °

#X1, Xoy ooy Xn@N (u,0%) 06 P & £ Z MR, B3o? s e
Su B - —
_ X —po V(X — )

o/v/n o ’
F R BB HT, ZoAN (0, 1)t o BRI 16, 2 R EnH
R, Bl ZoH 8 % R A

ol B kb, T ARE s B Ro B AR EBERHTF,

Zo

63



64 5% BBk

HTn—15 1,
KA H R F

N(5,1), N(5,5), &

& o A AR I A AL B

HM R, o

B AT 10 F ST B A 1w R6.1,

&6.1 o F M1 A AR EMAL BB
N(0,1) N(5,1) N(5,5)

1 | 1.00405702 | 5.82325516 | 2.85546774
2 | -0.37944062 | 3.65857746 | 9.41795098
3 | -1.33690441 | 5.08153128 | -2.51473331
4 | 170595851 | 4.63310514 | 2.78444268
5 | -1.021613848 | 4.78817883 | -4.51136987
6 | 0.02488106 | 5.578173303 | 0.15908764
7 | -2.03636920 | 5.74009755 | 6.02712745
8 | 0.27912606 | 4.60472340 | 8.43356766
9 | -0.04036002 | 4.94552555 | 12.54101082
10 | 1.42386970 | 4.79023810 | 3.17784588

AEHEACIZ ARG ERHE AT R EH, wH6.126.2 % & H A

EO.L0N(0,1) Hhf At 47

B 6.1 d%

10

BHARZ T

HE 1

/\ *}1—0

Fi= 3

o th A R ERALBBIENEHE

3 &N(0,1),




6.2 B AZTHZ 65

-3 piot o LT 00 paal o HI, 1)
T, ‘ .
A J ‘ ]
- ;'.-" | Jr,.r
J/

a0

<.
e
e
LE-|
T _
""-a.h.hh
[ :-\-\-\'.-\_\_\_\.

Hrris Deervie
o
iy Uil

iy

et I L | [ 1] L -5 -rs L1 1=

Thawoy Duoriigs Toapropiny hardan

6.2 wFEIHARIERAKBIEGFTES L

F] ) 25 4 “ttest”, TIFEO.380 AT R B — H AT Sl shBUE
wAN (0, 1) o4 7 & A 8, o B4E A0 T 89 & R T 4o L p i (p-value) 20.9236,
Hep i KA PR M BE % K005 ik C & Rewit T BB EH): p =
0,5 &R, LF B TISNIEHE M RIEARTH,

. iporwe . TRl 1] =i, ml tEp e i "run, =ided"™)  conf . leve]
Cpe Sample T-cest

datat noemd.cesc; 1]
£ = -0.0B06, df = 9, p-valo= = 0,8216
alterpat ive hypothesis: Leoe poan i85 oot egual e O
35 peroent contidemos intervel:
=0.9018373 O.8Za4781
fanple sacimsces)
meEan of x

DO TETIET

i | 2 ¢

6.3 EAR AL




66 BAE BEHET
6.3 —HKAxtize

LEREEHRGEATY, TR —FHBERATFHZ LT M4 2
da 3, A k45 éﬁﬁiﬁ*i 1 4ol b AR R0 B 2 R R, R
FEBALBEMAENE %é’J—T‘i’JﬁV‘“ ? R AR 2tk PR Rl AR BT
Hy R AZFHERLETHE, ANELABEARELZZTESHEEA
A8 5] 8 T 4E -

A IR S AR R X X, Y1 Yoy, 2 BIAN (41, 07)
BN (u2,03) 5t 4 X, SIRY, S35 5 %% — @R H A AT
B BRAAE R
Y = X) ~ (p2 — 1)

\/Uf/nl +a§/n2

(6.1) 7=

HN(0,1) 51 X

(n1 - 1)52 (n2 - 1)52
V — ) L + 2 2 ~ X%1+n2—20

T = Z Tx
1 \/V/(’I’Ll T g — 2) n1+nos—26
#ol otk A TAME, BMTE k& E ol =0, BT =T, £ ¥
(Y — X) — (p2 — pu1)
\/(m—l)S%an—l)S% 141

(6.2) T =

ni+nz—2 n1 7Y

B —H Tnytne—25 W Z 830 & A AT R MR A% & =1 R 2t 2 (two-
sample ¢ test)

W &6. LN (0, 1) BN (5, 1) 2 $dg R 47 = ﬁ$zW“”%ﬁ%Aﬁ
BRAZUR T LB —154, I ttest” 25 — M3 I R Joil FHIE R
wN (0, 1) BN (5, 1) 51 i A& A 49, BARGR % B SO0 5 80, A Mtk &R
Ve HF, TIF 8 6.485 o 7 5 R HpfE £9.268e-10, shpf Js 54 PF 3% R 44 58
% RA0.05, $b i £ & RIBBIE B Ho : 1 = o Bk 8, BT &R



6.3 KT T 67
P, A0 TISDEHRE M A —mFF et RT3,

(RCmmi - E

-
F T.LEST (ormd, t=at[, 1] ;nored s vemc [ 2] s mo=D alvernacive = o "cwo, =ided™| ,
+ paired=F, var.=qual = T,conf.level = 0.95]

I'a SEmple L-LasL

dacm: noEmeE.cesc[, 4] and norms.cescl[, 2]
£ = -1L.5536, df = 1B, p-walue=s = 9,.346=-10
alteErnative hypothesi=; tros differsncs Iin eeans 19 not equal cao O
B: pEcrcEnt confidance imEarsiml:
5. 911505 4. Dez445
aaple SaTimaTEs)
mean of ¥ wsan of 7
-R.7ETEET 4. 761749050

e |
i A

FRREERR R AEY, THBO6.58 547 & R, Hpid 51.856e-8,
Sp B AN PR R T B BE K #20.05, b 2 4T 4 R A b BIE FIARIE B R AR
FHo 1 = po Pl AESAERT, 71 TISDEHE M & = K44y
AT,

_..ll:l_l

t-tEErineend  cmai: [ 1] smored =t [ 2] opu=l slcerpative = g(™ten.=ided™

F FRIEEdSF, Yar.ejual FyooRl. lewel S |
Melech TwS Sample E=EeFE

dntm: mormd . Eewt],; 1] n=d nozod .Eamk[, I]
= -10.5506;, df = 13.737, p-valu= = L.95§e-00
aliscnative hjpeihasix: Erus diffsresnce ic ey isd ot sguel Eo O
95 peEroent oconfideEnce iptecvalil
-Z.932258 -4.0717A3
aanple SscimareEss
mEEn of X remn of

=0L.0FFETIAET 4, FEEF40EE

I =
il QP

B 6.5 Mk AHRE, Rk REE R F




68 5% BEkR

6.4 IR E

FHEAR AT LARERY, NE AR L BARE NEERT
RIBIE R A B ARE N PAAT AR WA S RY, K5 RE, &
TREFEHREBYR D HAERYSY, EFEFLEEH T EREBYE

R EAH - HTORER, 5T HAENAR, AREHERERH, F

RABRBE - RE AN, RERRN T EFAENEERLRTE
gy PR rReE 2R E - F- TR AN ik A
SRR,

7FEJ—TT—J éﬂjﬂj—LéﬁFﬂ%#iiXh t n17 Yl?"'7Y'n,27 57\/3'] %‘N(Mla
al)ﬁN(m,ag) 2 o L AST, 5/‘"]%1%@#%2&1 £ R BB B R
‘71/‘72 =1,

SR, g2y Bt B

> (X H1)2/(”101)
2721( 112)? [ (n2073)

fnl s

I, o B Rk Fe, i Ho & B8, B

2
SlN

? ni—1lny—1s

IR £6.189N(0,1) BN (5,5) & R 2 $IF R 47 2 B B gk & 47 3%
A Bfvardest” % — B 4 3 R 4o i sk = % B, £ N, A
N(5,5) o 1 P & 4 84, F1R 4% 2 $ik 2 o 47 T 13 B6.685 547 & R Hp
18 20.0001373, Bepfd | P 3% 72 04 B8 2% K 420.05, th 47 4 R 4o s B IE 38
@5 ey 080l = 1 BHM, AXWERTE, FH L TOREHE
Bl &~ F A2 AR B plE
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F Teésc To COompArs CWl VAL lansEa

daca: pormd cesc[, 1] and normd  cesc], 3]
F = 0.0507, Buwn df = 5, depnm 4 = B, p=-valus = 0.0001373
alcernastive bypothemim; toue ratilo of vacisances 1= not =gqusl to 1
Ho pErocent confidence intecyval;
0.D01z553399 D.z042z285&
Semple ot limatEs;
racio of Vagilances
D.05D7ZT4E

B 6.6 8 ZHagie e

6.5 FrHE

BB EAE AT AT, AT BB BE A — R ER, REAE
B8 5] T, ST F AR AT R AR Y TR AL BCA R, AT R A S i R 3R B AT
AR RN R BB, a R REEFERRENRL, T
AFiE R AATRE M — AR AR B K G5, Rf Tan ey —aF ik,

ERIPFIRB AR B ZFEE— 5, TABHRYEZRFERAFLIAL
WARLREEHE ELE—HPY, ENAB—FRELE LT .,

H-BMAE Rk EROBE, BT X —RAUHLBERT SHE,
RBEAMNBIENREAGMREM AL, XAV AR THMHHE, S~

AR B A B 1 S 2 (goodness of fit)_ v 7 #r & (x? test) XHG & &k @
4z il A A (Pearson’s chi-squared goodness-of-fit test) % & %
By E MR R —,

REEFFREHIES
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AFmalEE R0 kZ, PEAERe kL,

VA H AL #5058 K E R & P A A B % (round yel-
low)#% T &9 ¥ A 4 4 (wrinkled green)# Ty se 2 5k X R L%, €4
EHE% . B% . GEREEETHBERZILE, B 5 49/16, 3/16,
3/16 & 1/16 4% oy — 4L A BOGIEAHE A 09 B 5%, &A1 5] th Al S8 % A L4 %
H%6.2,

%6.2 maskRBEROBAEERNLIES
BHw H&k 4F 4%
FAHA & 315 108 101 32
BHaE | 312.75 104.25 104.25 34.75

W %6.269 F 4, A ARG A € 2 48 4 “chisq.test”, FriF& RQ = 047,
PiE%0.9254, 2F B6.7 At aEiERE BEHe SAHGEHR S LR,

(R Comele =10l xf
=]
] 1 L i
Chi=sgquared Leakt for given probabilikties

AT pea

SHuaEed .47, 4E 3, pevalis . SIEA

' g
ky |

B 67 ZidMzmetRERYTIIRZE

6.6 mEFEHEE

EE—EF, 3@ R S il AT AR GG AR B AT O B, e AT
AR — e R B RE BB T Tk, RBRILEHE,

BB T ERME 5/, AEBGFETASLE —ROLEH
#itay £ 4, wConover(1999) E T ERMANGB L F o) — kT, M E4
Az Kolmogorov-Smirnovig &, 75 7 #% & B4k A2 K-Sk &



6.6 mF3UrE 71

Kolmogorov-Smirnov;}ég‘ TEFAMRRE - EREAZLT R A X

—HESHENBEESERE TR — éﬂﬂ"\él’\#ﬁx%:%i}%F(x)zFia#%ﬁ
A Xy, oo, REoEnEBRALZTRE —2H IR BE(2)2

i — 8% Iﬂﬁ"\ﬁiF*( Ve E &S (x), S(z)fg & Xy, -, X2 88 1k

% # (empirical distribution function), & & &

1 n
S(z) = - ;I{xém}, —00 <z < 00,
B S(z)# & A&, ToE(S(z) = F(z), Var(S(z)) = LoUF@) 4 prim
B S()MF* ()R EAT — R — AN T X ALLBERFEGRA
18,87 4T (x) = sup, |[F*(x) — S(2)|, 3 AT (x) B4k & 430 8 ik T

Hy : F(z) = F*(z), Vz € (—00,00),
H, : F(z) # F*(z), 2V HAL—x,

%6.3% it — s Kolmogorovir & 43t & 2 # & 6 542 Bl ok e RT (7)) X
ALl —apiagk, RIELHot %,

419 3T H1 A “ks.test” 5 4 £ 15 Kolmogorov-Smirnoviz & % & R B %
A 4= T a9104% £ 4£0.621, 0.503, 0.203, 0.477, 0.710, 0.581, 0.329,
0.480, 0.554, 0.382 4 F fwi b A B IE 2 E R AR I M ey 35 49 o
i BB 6.82 b0 B IR 2 L2 5 o M K B3 g 45 16 o) B B F A “ks.test”
% Kolmogorov-Smirnovi & 2 4 %, 4 B6.9 # T & 1T (x) = 0.29,
Hpfti=0.3696, X Fa < 0.3696,# T & R i< 18 £ %,



2 B5F BEKR

#%6.3 Kolmogorovig T 4.3 & X #HE M R BE &

n |p=080|p=090 | p=095 | p=098 | p=10.99
1 0.900 0.950 0.975 0.990 0.995
2 0.684 0.776 0.842 0.900 0.929
3 0.565 0.636 0.708 0.785 0.829
4 0.493 0.565 0.624 0.689 0.734
3] 0.447 0.509 0.563 0.627 0.669
6 0.410 0.468 0.519 0.557 0.617
7 0.381 0.436 0.483 0.538 0.576
8 0.358 0.410 0.454 0.507 0.542
9 0.339 0.387 0.430 0.480 0.513
10 0.323 0.369 0.409 0.457 0.489
) [ o 9-1 ] 1 a
6.8 4By o th F F L3 4 5 18 Y
M Caamle aloi =
5 1 F i 2l
we-mneg 1 E0 IOg0 ToY-SErTTY CEAT
BIECERSRIVE RYPOTAESLE TWD.B14ES
i 5
) | 2

6.9 Kolmogorov-Smirnovi & % & R
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6.7 kMG HMR

285 FRAZT =
L. & A k6.185 % B o6 Z AR SLECE H

> norm2.test<—data.frame(rnorm(10,mean=0,sd=1),
+ rnorm(10,mean=>5sd=1),rnorm(10,mean=>5,sd=5))
2. B0l &HH,
> boxplot(norm2.test)
3. B62x F L
> par(mfrow=c(1,3))
> qgnorm(norm2.test[,1],main="Q-Q plot of N(0,1)",pch=20)
> qqline(norm?2.test[,1])
> qqnorm(norm?2.test[,2],main="Q-Q plot of N(5,1)",pch=20)
> qqline(norm?2.test[,2])
> qgnorm(norm2.test[,3],main="Q-Q plot of N(5,5)",pch=20)
> qqline(norm?2.test[,3])
4. B3R R T,
> t.test(norm?2.test[,1],mu=0,alternative = c("two.sided"),
+ conflevel = 0.95)
o “mu’ R TR R Hy - p= 0, “alternative” 3% & ¥ & 3k A
B, LREERTREERAL, conf-level”é;:y’t/’@*é%%k%@é@ 18,
35 Atz

B4R Atk R R g R E

>t.test(norm2.test[,1],norm?2.test[,3],alternative = c("two.sided"),
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+ paired=F var.equal = T,conf.level = 0.95)
K & “paired” & F| B H # T F A R H HIE, TR A AFALSE,
“var.equal” Z B Hiz X 2 # Z B L T HE, FA%1A H4FALSE,
2. BO65 AR AR R MR T E EELE,
> t.test(norm?2.test[,1],norm2.test[,3],alternative = c("two.sided"),
+ paired=F var.equal = F,conf.level = (0.95)
48 2 R R L
1. E6.6% ZE M,
> var.test(norm?2.test[,1],norm2.test[,3],ratio=1,
+ alternative = c("two.sided"),conf.level = 0.95)
A “ratio” £ F AR BB B H : 07 /03 =17, B 4 R HZ L
et sl e,
6.58 F T
L B6.7F 7L,
> pea<—read.table("pea.txt")
> chisq.test(pea,p=c(9/16,3/16,3/16,1/16))
F F chisq.testd & o 89 “pPAREAR A R R M E, MNP HAE,
65 &R
LA BIE A,
> t<—c(0.621,0.503,0.203,0.477,0.710,0.581,0.329,0.48,0.554,0.382)
2. K Kolmogorov-Smirnovi 5 |
> ks.test(t, "punif ", 0, 1)

> plot.stepfun(runif(10000,0,1), col.vert = "gray20",do.points =F,



+ main=""ylab="T(x)")

> plot.ecdf(t,verticals =T, xlim=c¢(0,1),add=T,do.points =F)

35 4 b Z “plot.stepfun” £, & 4 & & B & B B, “col.vert "%
EBAKZHEE, “dopoints” & & A iR E AR LB 2, “plot.exdf” 4

ot R BB, “verticals” £ 5 & h & A ey iR,

2%
& 5

H A

RREBEBEALIEFZ L BAAE 55 R ATRF IR

L BT E#
EAER,

92 180 | 76 | T4

68 | 82| 94 | 106
74 | 84| 100 | 79

110 | 93 | 86 | 65

97 | 88 | 84 | 70

72 | 84 | 89 | 100
69 | 87 | 93 | 84

103 | 84 | 86 | 63

5P RRH

2. R TE R &S ERITEITH X224 N S

KO A0, 1, QAR ST L L EH G B H,
#®F o123 4|56 ]| 7|89
#ElgEE (12 1313 (21 8|16 |16 |18 |13 | 14

3. METRHERE, HE LR EHR



6 F% HRRE

% — S
0.165 | 0.063 | -0.616 | 0.748 | -1.457 | -0.288 | 2.104 | 0.082
1.531 | -1.236 | 0.196 |-0.228 | 0.544 | -0.405 | 0.171 | 1.208
-0.503 | 0.394 | -0.791 | 0.035 | -1.236 | 0.098 | 1.5 |-1.003
-1.572 | 1749 | -1.29 | 0.766 | -0.475 | -1.191

5= Bl
0.542 | 0.893 | 0.614 | 0.358 | 0.674 | 0.030 | 0.870 | 0.759
0.362 | 0.716




£k =
7.1 mABAE X

R etk heR AN REE R DR Lf(0)Z 2, =i P24
0k fn 08 15 G B B B 215 PR Q9AE AT 4T R, B dbdke 47 15 3HORE R
B— 1R E R,

%% K L5 3 % (method of maximum likelihood), # % % 4 #0216
B0, 3 RO=0ZTF, ¥R THAE LB e A RE LS K0, ATty »
W& %A kR Bl A B 8 el W R 348, B0, &b
S THe Y IFAE 2 04 4, 1064 A0Z K AW ALE 3 (maximum
likelihood estimate, f#f § ZMLE) & XK ME A E 3o A 2 ANE, %%
# — R BRI LT E A, e 3E(2003),

B 2A ARY Ik & KA 3HA, 78 58 T 8 # R B sz ey “MASS”,
4 ¥BTIRET.2,

AR S RS 3k T e AF — e B LA 1 80 SR K R B S
N, 0?) &3, HANAIAK, 11, -, T B pnBo? % kb, 8T #HIFuRo>
8 KAEABAE SHE A B0 = B, %62 = S0 (2 — 2,)% /0 f S B B
35 B 2 B KA A B] B\ = 1/ T, KATIR b =5t &40, ] A R#Y

77



8 F-LE EI

A “fitdistr” 2 ) K 8 b = o 1% 84 & KA AE 3H4E

=100 =
R B Bo b= | Jship Soion Jb =i =
=[] ] '
[esitill o bingpe i) [ CRAH
[ | i pon b b T it wip e

U pd oo parlimpes Proan CRAH

lerinll pachsgm k1) bvam [Bpooood scim
Nihotr phmger fronn Enrrwtw ke L=l

F 181- A Lsiguegs wel Eovioonenl

71 RESTRAHRE M ER
EC—

=) Cnrsl

B 72 EEXTRAFNEHREN TR

FARARIOEN(0,1) 8 4, 4o k7.1 HROGIGAF LB TFRES
#e50 = —0.008086072 %62 = 0.839037210, dy /- X 3 E ey 4 Rufo’z
B OR A AE S R AL = T, = —0.00808607226% = S0 (z; —
Tn)?/n = 0.839037210, f53t 4 R A A XK KL FET.3,

B4k 3, Al ARA RIOFE 35 8 » M & B = 0.58 B3, v £7.2 %

#RAY 3T 3N = 0.6530994, dy 2 X 3 869 & R & K446 344
A =1/Z, = 0.6531623, 1534 B B A X5k 4o B 7.4,

REFRERIERIEE S H S BRI E T EGERY, THH
¥i:] ééiuﬁa’r,@réﬁ**%é}ﬁ BRA R ARG R ey E A MR E A
FRIEGET P, THL2RFEREBRARK T B E LT TH 2
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Flikey B R, 2 2 A3 E s Hheh it T F, WIBMAFEA LR RE, B
49 % 50.000629, % 4 A A % uF gk iR Z 4E 40 AR 35 4 “fitdistr” T R
BE RS~ 5 - Gammany-F - A AN - Betay i ~ HEF
o ~ F10 5% 5 09 K REBE ST,

%71 gN(0,1) £ %2 10% # 4%
-1.25494872994457 | 2 | 0.580494591832429
-0.203463056389231 | 4 | 0.0507923242732363
-0.400148582512666 | 6 | -0.133561998301612
-1.48978604201467 | 8 | 0.883319416939335

1.19584395609907 | 10 | 0.690597401520781

O | || W | =

K72 5B =050 B0 AR 10F B3
6.18360018696556 | 2 | 0.0952219185649138
0.92688906379044 | 4 | 0.783767773644048
0.849087740046285 | 6 0.37164671998471
2.23702448970618 | 8 | 0.509015057058229
0.381319892592728 | 10 | 2.97255648867447

O (| | W |~

F_ = L]
B B s [eieg Pl =00 8l

O3 DT

SR [ F e ——

7.3 N(0,1) 5% KB 153 60 4 R 9L X 5 5




80 #-t& 3t

F:l]m._ =
B e i peiapi feéen b ul®| x|

55 Ea 1 O3 T

0
B0 Ja Lo g el Eimmmsd

B 74 2#N=05ZHBEIHRABMMUEFHOERBEAIARE

7.2 B RAES

HA—L8 B TRABMAEFE, FREAMAYETARALTH
RESBERAL TR EE—HFPRMALBEFTEIHENLAVERE
it (interval estimation), £ 7 L& 2 & L 1b & B E 389334, 45+ —
A B 43 E 4, dok L 3(2003),

X1,y Xty — BN (1, 0) 4 0 77 2k 2 BB, B 48 i
B M & Zo2e o A KB XAN (02 /n)a #, B (X —
1)/ (o//r) N0, 1) 5, #

X — u
(71) Pﬂ( O'/\/’I_Z < Zl—a/?) =1- ,
1 8 B BP 4F
= g
(7.2) [X . a/2\/— X+ 2 a/Q\/—:|

Bz — RG] — aX EHE M Fol ke, Bl

— S = S
(7.3) [X — tl—a/?,n—lﬁ’X +tia/2n-1 ﬁ]

Bpzl — off HEM, 2S5 = V52 =[S0 (X - X)2/(n - 1),



7.2 B M43 81
HAVA KT LI BIE &0, £ ReGIE S F 5 Tt 23S B M IR
B ERIEGuR O Kk dn, B P RATA R “ttest” 38 4 T & Bk

AZt R ER, ERBRMRAS w— kS TH L EREYEHRE

B K i, sbd8 4 Bp & “t.testSconfint” B 7.5 th b FRIFE N HEE M AN
RBREER,

i M M Commis] alos =
R B s Puless Felis By = |8 =
E=CE0E|OIE
[l .-l'..l'-l:".: -|. .l' l: -..ﬁ:i
ELE [, “gant , 18vsl=)

[1] D.8=%

|||. |'.|'-

[1] D.az45sd

| i
5 Ll
E L3 - & Laypage od Ervmaemns

75 FESHRMZENEHEERER

VR — 3, AR B AR A KT R 5] “ttest” i R & R 6 B — B 1A,
SR “confint” Bk PF B R ZAE WG 2 07 T, $EMIIE LS 5 F RT3,

Fe HEH LU ER
statistic R L E A
parameter e H A wE
p.value i E B pla
conf.int 1 & M
estimate F R A
null.value | & &M@ a € M E, Y E R FHE £
alternative ERBREANEE R E R T
method

WX T ik, BARART R ER AR

data.name

WG H A AR




82 %-t¥ it
7.3 A& HMR

718 &KL
1. &T7.14 RI0EN(0,1) 89 $ 45

> simnorm<—rnorm(10,mean=0,sd=1)

2. BT.3K B puRody i X BEBE T4,
> fitdistr(simnorm, "normal")
3. ABAANF B RRBME AKX,
> mean(simnorm)
> (10-1)* sd(simnorm)/10
4. K724 RI10% 5 E ) =0.56948 5 1h oy B
> exp<—rexp(10,rate=0.5)
5. B 7.44] Fl Gamma(1,1/A\) R K i AaY fx KA SHE,
> fitdistr(exp, "gamma' ;shape=1)
A bR R B A8 Bt & — 45 %] g Gammay- 1k, PFAE T4 S
#Gamman- i 89 T KM AEFHE K ik, TI1F48 5 s & Kbt
i,
6. BIBARAI R R KA E Y AKX,
> 1/mean(exp)

T28 B M A&

L B75A AT TS REEHER,

> t.test(simnorm)$conf.int
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2. AHEAALAKX KB ERME,
> mean(simnorm)+qt(0.05/2,9)* sqrt(var(simnorm))/sqrt(10)

> mean(simnorm)-qt(0.05/2,9)* sqrt(var(simnorm))/sqrt(10)

" A

LA RS HasAa s s AR — AR AR B0 BEFTESH R
¥, 30 4 & KA,

2. AR LA R R BIE A R BIR T B M Rpld,
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8.1 R4

£ R RS b, AR T AR
(81) Y = fo+ Bz + e,
EPY BEERER, o5 — 10 20y LR M0, brd 8 S, 2R K
R AR BRI e s — B SR, WFREE() =0, Var(e) =
o? B T

(8.2) E(Y) =By + fiz,

2

P

—EAHB DR AMEL MR AHEaMEFH Ay, &
B BRI, (21, 910)s - Ty Un)y B (8.1) K, 7T 5 sh 4 A 160 67 2 A e
-

yi = Po+ Pz +ei, 1=1,2,---,n,
IR o F k7, T ARG R L XA, A BIRPoRPLR X B R
CUEE IS AN T T o R

n

(8.3) S(Bo, B1) = (yi — Bo — Brmi)’,

=1

85



86 FHNFE WE S

(8.3) 5.2 7 # Bo & 1 B o 3t 4 L B0, BT 43 (8.4) X & (8.5) &

n

(8.4) > (yi— Bo = Brzs) = 0,
i=1
(8.5) > @iy — o — Brzi) = 0,
i=1

IE(8.4) K & (8.5) X, M

b = Yo (@i — Z)(yi — §)
i@ —3)2
Bo = §—PiZ,

Az =370 mi/n, § =300 yi/n,GE it Wil A2 35 4 H — Mg @ B
£ 4, ’eMontgomery(2001))

JE T &ATE — 41 F, A ARG IE 4 “Isfit”, o7 15 H & b0 6742 0 84 153
{8 B H 4048 B 43148, depfi % McDonald and Studden(1990) % #f %5, &
e 3k f4b &4 (hydrocarbon) &y & 44145 2] F i s #4822 o (F %
"2)fi g G AL Sy (o L/ KR) 6 fide T

(5.133,0.265), (10.124,0.287), (15.060, 0.282), (19.946, 0.286),
(24.899,0.310), (29.792, 0.333), (29.877,0.343), (35.011, 0.335),
(39.878,0.311), (44.862, 0.345), (49.795,0.319),

wREG G S TR @52 A, w81, R4k & E W,
4o 8.2,

B 8.1 Bk an G A M 0o 4 b 18 5 A 4



8.1 ffj 4p bk fF 87

o

a3

o LSS D DL T

o 20 e ] Ll
B 8.2 ARk AL e 4t 5 5 A R BB W

Fe AT & AR Z R R B B B AL &M 2 BAR oA, £ 48 R P BT 3 49 1R
BameamgER, AR MOE JIRE N, — &G > 755
Fodrik, BAPIFLEEAARRBETALELEETAROBRELH, 143
fm 6 8B 44T RSP AT @ P R B 69 48 4 & CIsfit”, sbdE 4 opr A ey AR A
BY = BX + e r TIsfitdg £ 95 > 7T B “lm” fAE @ 8 547, s Bl —
PR MR S, BB 1M 5 ST AE B — TR EH i T NG
Ea— RO EFGRGE - FHRGEE - RELRYBERZE
T~ R IR~ FRAE R SRRk - S EWNEHR
B~ ERREEGRER ALK LT ERQQE JETRIMBEES
BoR R B A A EAT M L4 AR B AR e A Ko ds o

Bk, THMHE, AMNAR = FWE3BLARELTARBEY
HARE b B T A AT 2R AR R R, AR I 5 S T e
8] 8.3 44 o #7 &5 R

W B 8.3 ey o AT AA T H Bl sy R EEFIRAY &

§ = Bo + pre = —1.874016 + 0.075628z,



88 FNFE WE

EBEBIN M ER, BT THB SRt Esh, 24 — LM
¥R -FHIEF, HEKE—— B BT AEEHGERETE
A B B A 4G 8] 0 do B 8.4, F] B Al “aov g & T AR S B AT
% (analysis of variance) » 4n 8.5 b A HE AL AR IN R B EHK

S¥E AR T EEERFR T A B SN EBRAZ T RS LR SN
*, 4w k8.1,

.............

Bl iple EETE T Jm ddjasted F-spms edi

Bl 8.3 %50 & BAL IR B 54 R A

BPABIMTRFIUHRABRTRARB T4 F 2L L0, PR TH :
Br =0 %28 Hy, BFy > Fo1pno, 5 B8.58 A BT LT T ARIE
g Fy = 1162.1 > F0.05717270 = 0.003939457, e HotY 3%,
Thee Ol Faithiul geyssr

I - e
] s I‘:‘i i
'ﬂ- .{ .* " ?1:'.

o BE BT,

CTUpRonE
e L

-~
w oyl BTN E- 07552 R
=u A E
(=1 | . - .-h:. -
B m:t
el

o g
#
B0 &1 D B} &0

wanting

8.4 HEHEERLMIEHMEE S HKE W



8.1 fij -4 M3 67 89

H

B 8.5 EZhERABIE S BRI ER

&8.1 @ R F btk

% LR F I e AwA | M Fy
18 43 SSkr = 15y 1 MSp =SSk | 11&
#E | SSp=8Sr—PiSey | n—2 | MSp =%

M Fo SSr n -1

AP Sy =30 vilz — ), SSr =Y (vi — 9)2,

IR T HPo, BitEfE=tob, T R HF R BAET 5 M BB RS
Z100(1 — o) Y fz 4 B Pl F

Bo — ta/z,n—zse(/;b) <o <P+ ta/2,n—236(30),

B~ t(x/‘z,n—Zse(Bl) <P <P+ ta/Q,n—Qse(Bl)a

b se( 50 VMSE(1/n+ 2230 (2 — T)) & B IE ey 4T £, se([gl)
= V/MSp/ Y (z; — )2 B4 F 042 £ A A “confint” 7T 15 % & K" &
ZRIERSFEZINEHMER, WwBE8.6 LB IERF, HH — 1@
43t i, Bp R? = SSE/SSt, # & ik 4% # (coefficient of determination) &
TEHEETFIRRESRNE S, XELETELGR2 = 08115, &%
i b BT 4 S0 AR R 2081, 15% 40 8

T Nl *:ll

8.6 =& & T f Rk ¥ g A& 2 95704F 4 [ ]
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THRT kAl kRt A, T HEFAHEERAN, KM
m%%km&m@%%fﬁv%%m Tk EREHE RERTRE
Ay Ay M 28 EBREWBH N TR "EET 2 TR
Wi g B8 THESSAE T £ ""é‘%é'm 2 e 18 {8 64 B A B e 2 2
B FRQ-QE b F RQ-QE 23— B4 EH R HE, e E AN R E
e

3 . Eﬁ:::
o = EI. E, -
w, wiges
i - .-IE‘ . :':;lgl‘*:‘llu
l:,: = l'ill"l . " _:.a'.r: AT
: L LR S
I . L oaw
" a ¥ » =
2 a 5
ftied wolem

8.7 & T "B R B IE 0 5% £ L B8 A 09 Bk B

Marmal Q-0 Plag

= '--r
'{t
a =
a =
. ] 2 1] bd 3
Theosetinal Cieanmioes
8.8 TR AREAEZFRQQHE

82 BRHTEAHIN

4 2 ¥ o 47 (analysis of variance, i #ANOVA)E —# % A E TR E
A LM FHE ALRMERENCER TG EE 0 M F % (one-
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way ANOVA),
BHTHEAR>WTOBEL S

(8.6) vij=p+Titeg =12,k j=12---,n,

Kby & Fisa(treatment, X8 B Tk 2 (factor level)) & #} b % 748 #:8]
1, pdkmty kP 58, B ERIAERY MBS, ;b —REAH
B RE(g) =0&Var(e;y) =0%,Vi=1,2-- kj=1,2,---,n

— A ZEBGREBESNRTAREAMOR (0 =p+ )R
Bl B bt 4 R By AT 40 FaMe R AT R LA R M Z BT AR F, TR

Hy :mm=mn=--=1,=0,

(8.7) Hy: 7, #0, EVHAe—i, i=12-k,

4 (8.6) XA (8.7) 09 3%, &M TiHFw k81 ER TH EHIM &,

#EZRH T Ae B WA Bx Fo

k
Gl SSp=nY (G.—79.)" | k-1 | MSp=32 | 4728

k n
me | SSp=y ) (g — ) | k(n—1) | MSp = 5728,

k
e | SSr=) > (w;—9.)" | kn—1

S TR ¥ zéﬂ‘%’nﬂﬂ%fwlﬁéﬁ%iﬁ BPGi. = 3 2oyt Yijod. P
¥, Bry. = ﬁ '—1 Zj—l Yij Fo&x &8, L AEH W RET, Follk
WE> M, Aw A il&k—1 kn—1)8EF > Fop1kmn-1) B4E
B Hoth B3, RZ B2 Ho,

Montgomery(2001) % #F 72 i& Ml # B MR AL & L2 6 RAp S G
FBRENER LBELZLTHBEETRICH T 2B ETHA B
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%8.2, B8.34 L &5 B RIFILF R, THEZHIMN T H 0B84,

(8.2 B th T BUE H

I E o AR A
15 707 |15 |11 19
20 12 |17 | 12 | 18 | 18
25 14 |18 | 18 [ 19 | 19
30 19 |25 |22 |19 |23
35 7010|1115 |11

15

Tarads Sirengsh
1]

J

pesTRringes o Coiian

83 HiInhE & ¥

I

=
B 84 Y RESI/LSRER
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8.3 A& HKMR

8.1k ] ¥ &bk 32 by A7
# BAL S Bl T e o4,
1. B EAGS o 85 4t

> hydrocarbon <—read.table("regression.csv" header=F sep=",")

2. AR “Isfit” 35 o AF I 5 ik A AR

> carbon <—lsfit(x =hydrocarbon[,1], y = hydrocarbon[,2])

3. MBS RELE ZAKA,

>Is.print(carbon)

4. Fdhiofeyby i B,

> plot(hydrocarbonl,1], hydrocarbon[,2],ylab="y" xlab="x",pch=20)

5. e N@EEE
> abline(0.2659,0.0016)

“abline(# 38, 4 %) & 7 £ B W ¥ o — 155,

6. & B W PAE @5 % By=0.265940.0016x

>text(35,0.3,"y=0.2659+0.0016x")
#BEE RO TS,

Lo AR “lm” 35 2 BL 38 2 8 T R R

> fit.faithful <—lm(eruptions .faithful)

2. WBiB RIS ZRHR,

> summary (fit.faithful)
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10.

8.2

1.

% b % 15 vk B (waiting) Fo " 45 0¥ B M) % (eruptions) a4 4 1 ]
> plot(faithful$waiting,faithfulSeruptions,pch=20,xlab="waiting”,

+ ylab="eruptions” ,main=""The Old Faithful geyser”)

. AR NG ERAE

> abline(-1.874016,0.075628)

Fe [8 S F A% 38 5 % By =-1874016+0.075628x

> text(82,2.9,”y=-1.874016+0.075628x")

TS ST TS TR

> aov.faithful <—aov(lm(eruptions .,faithful))

R EBSITREEEZAAR,

> summary (aov.faithful)
&SRB R E AR

> plot(fitted(fit.faithful),residuals(fit.faithful),pch=20,
+ xlab="fitted value”,ylab="residuals”)

A Ax=084g K P8¢

> abline(h = 0, Ity = 2, col = "lightgray”)
FHELEARBMBEAEZNFTEQQE,

> qqnorm(residuals(fit.faithful),pch=20)

> qqline(residuals(fit.faithful))

iR BT

B TR A B A

> redanova<—read.table("anova.csv' ;sep=",",header=T)
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L EHE RN ERE,
> boxplot(Strength ~ Cotton, data=redanova,col=c(gray(0.8)),

+ xlab="percentage of Cotton",ylab="Tensile Strength" pch=20)

R EF YA Y ER E F(factor) B A&, sbA% L i K factor,
> if (lis.factor(redanova$Cotton))

+ redanova$Cotton <—factor(redanova$Cotton)

. A “aov” F Bk M BN H A

> a <—aov(Strength ~ Cotton, data=redanova)

AR ZRAMR,

> summary(a)

H O OA
. Matis and Wehrly(1979)% &F % /% & 4 7 £ & (sunfish) 4y % & =

B AE—ERET, GrBARH, Wi HEYA g EE e T:

(0.10, 1.00), (0.15,0.95), (0.20, 0.95), (0.25, 0.90), (0.30, 0.85),
(0.35,0.70), (0.40, 0.65), (0.45,0.60), (0.50, 0.55), (0.55, 0.40),,

R R RMRERAT, ARA A Z AP B,

LR FE A A P R A & B AR S 4 3k (http://www.cwb.gov.tw/)
HI9T1Z 20004 g 22 63k ~ &% R &M AT A8 AR E
%ﬁi%’;%\ $H "gé igi’n\#fr 4«%0
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A | 1A | 2R | 3A | 44 | 5A | 64

&4k | 15,8 | 169 | 18 | 21.7 | 24.7 | 274

& 16.2 | 16.8 | 194 | 23 | 2b.7 | 27.5

S | 188 | 19.7 | 22.3 | 25.2 | 27.2 | 28.4

H# | 7TH | 84 | 9A | 10A | 11R | 12A

&b | 29.2 | 28.8 | 271 | 243 | 209 | 17.6

& 28.5 | 28 | 272 249 | 214 | 178

S | 289 | 28.3 | 279 | 26.4 | 23.4 | 20.2




Bw) [ T o & W K 48, —FE & 3H& % #) B (variable control charts), %
— #& 2% 3t # 4 4] B (attributes control charts) 3t 8 % 418 64 7 X % 41
(X chart) ~ R% #| B (R chart, &% & 4 3% %/ B)&S% % B (S chart,
KA LIFEZEHE) MR EH B 8 HPE 4B (P chart), ¢ 4] B (c
chart) & u% #| [ (u chart)_

FH B 64— Fousg(central line), XRAHAERLEETHKETAERSH
HHay PR A SR B R AR, 5 5 EE 4 R (upper control
limit, ##UCL)#= F % & & (low control limit, f#ALCL) 2% 42 & £ %
b, BERIE LT AR AR YR AT R LT RZEET %85 &4
e d — T, AR ERE A ARG U THE N, FATHSE
2y “qec” By R R

9.2 HEEFHE
3t & (variable) X & B BB TARF AL T T EH—EHE

97



]9.1 FEIZ AR TH

3 MR AR
1 74.030 | 74.002 | 74.019 | 73.992 | 74.008
2 73.995 | 73.992 | 74.001 | 74.011 | 74.004
3 73.988 | 74.024 | 74.021 | 74.005 | 74.002
4 74.002 | 73.996 | 73.993 | 74.015 | 74.009
5 73.992 | 74.007 | 74.015 | 73.989 | 74.014
6 74.009 | 73.994 | 73.997 | 73.985 | 73.993
7 73.995 | 74.006 | 73.994 | 74.000 | 74.005
8 73.985 | 74.003 | 73.993 | 74.015 | 73.988
9 74.008 | 73.995 | 74.009 | 74.005 | 74.004
10 | 73.998 | 74.000 | 73.990 | 74.007 | 73.995
11 | 73.994 | 73.998 | 73.994 | 73.995 | 73.99
12 | 74.004 | 74.000 | 74.007 | 74.000 | 73.996
13 | 73.983 | 74.002 | 73.998 | 73.997 | 74.012
14 | 74.006 | 73.967 | 73.994 | 74.000 | 73.984
15 | 74.012 | 74.014 | 73.998 | 73.999 | 74.007
16 | 74.000 | 73.984 | 74.005 | 73.998 | 73.996
17 | 73.994 | 74.012 | 73.986 | 74.005 | 74.007
18 | 74.006 | 74.010 | 74.018 | 74.003 | 74.000
19 | 73.984 | 74.002 | 74.003 | 74.005 | 73.997
20 | 74.000 | 74.010 | 74.013 | 74.020 | 74.003
21 | 73.988 | 74.001 | 74.009 | 74.005 | 73.996
22 | 74.004 | 73.999 | 73.990 | 74.006 | 74.009
23 | 74.010 | 73.989 | 73.990 | 74.009 | 74.014
24 | 74.015 | 74.008 | 73.993 | 74.000 | 74.010
25 | 73.982 | 73.984 | 73.995 | 74.017 | 74.013
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e HEEH B, MEEANZEESTHEGPHERG RN &
BERTYE AT EAXEHE  2EHBETYIRREELNE
RAREH B, HEASEHBE K& ¥, M ARTH & & o) BIEEHE
IR (piston rings) R A B E T+ EF 4B A H B AL EHIEGA
Ko—HAHE M FERB R BT E b ke B HER
W — 1B 3 & L L %] F (in control)ay A2 PRI AF 6w E R w8
AT H TR N H R, RIFEE A, EEEARTZETH, AHA
BEERILBTFTREM>REZDENBIEFEETRE G E X,

9.2.1 X444 B

EMABBENGE - TXS3BHERI AL BT — ST HmE%E
FRh, AT AL, $ER A BHANMBEAD, -, 2, AEATY

:I;1+"'+¢'Ifn

T = o

n

YTRAEN (1, %), A AT 5%

g
Fa

g
(9'2) N+Za/2%

ZH W E L] — aFpfo s, BI(9.1) XA (9.2) X THAEXFH e L
FRIEGBFIR Zayr = 3% RXE #8695 HI R R,

EuFook oy, ATBR/do Bk uko, RIEHHE4HF — ok
=8 H 6 Z 4, eMontgomery(1996), 4 3b <A dm 3 A 48 L A mAE
A, B A n ERAE, B

1+ T2+ + Ty

o

81

m
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VAR, -+, Ry B EmABH A etk K a6, B

E_R1+R2+"'+Rm
= p- .

B ot E A Rdo A B, ol TR T E RN TE R REH],

AT E@megfhtE, A XEHBNEH S
3
da/n

;- R,

Il
Il

LEEHRUCL) :
CF"QQ’? = :7
F & # B (LCL)

8

3
da/n

RPN EEBROP TFREEXFHBOELSEEN, 2% F1%
B9.2,

I
&1

R,

Cmbli
e (dala = AlameCer[ 18325 ) Lifps = “EDAr ™|

ibar charr for disserer[i125, ]
Topwary of group ECAatiEsiop:
Min. ler Cra, HAediarn HAenn Jdrd Cu. Eaz.

71,88 T4.00 T DD T4.00 74.00 T4.0L

FZoup FEEpla mizm: o
Famber of groupa: 2

Ceaker of group statistica: TH.0OLLA
STaRdand 4wlarlond U.U0dHEEST
Comacrnl limizal

LTL L

TA.AATE]L T4.01494%

1
I ;Ij

B 9.1 EEBEHXEHELS
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Rl - [R Graghics: Devks T CTITE]] =100 =
=14 =l
w 2
'E E -1 ‘il |
(= I | i
E i . § FAT Y
% E IIIIII'I "lll . --'..'l A "ll. II': -'I L e -l'l'l'-.
e r i Y ;-'* 1_."! .1'-._ .-'.: v I"a, ' A
= . El L |
g Y
o] ﬁ_ W
E ] ] ] 1 ] ] ] | 1 ] ] ] | B ] ] ] I E ] ] ] ] ] ]
1 23 856 748 90 12 1 16 1} xn = N
Group
SRR ensm o
enter = - r nd limits =
Sidbey = 7 DELSTABIEE  Nomber ifsfig runs =g

9.2 HEEBFWXEHE

9.2.2 RE#HHE

HAT— i sodE RAFETT H ARGt fz ey £ Hsh, HAzeg R R
TARMBEE & &, B E 4B 2RE4E REHBE T cHERREZ, &

THLHREHBE G5 E

L EHBR(UCL)
Pos s
FEHMR(LCL)

e

St b dy Bods 7T 43t ML
Beads s AR, 25 H935H94,

v RF KA

wer BB 3

]

&

—  .d3R
R+3d—2,
R,

—  .d3R
R—3d—20

R E| T A EEREZRE H)
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Cmll=z

iemacac[i1:215.], cyppa="FE7|

geciders = dismsrer|l:2E, ], typs = "RF|

E charr for dissscac[i:25, ]

Domary of groep FTNTINCLTEZ

Hin. imc Qu. Hsdiss Esan Jrd gu. .

D.00800 O, 0ddDd 9.02 000 0.02ETE 0.02edD D.DSEdGD

frcup sampls miza: &

Ehoudar of JUaUpE!

Cnmer of Jrauf AcscimTiom: G057
Scandard deviatian: OoD0SGETEST

fansrnl IuslTe

ESL

7]

(=18

O U.HEIEIDR
|

B 9.3 FEBYREH B IS

T T T T T T T T — T T T T T T T T T T
1 2 % & % B ¥ E 85 %0 B EF A M4 B 1B IT 1B 19 @ X X2 11 M N1

Gy

e D Smherbepd e

B 9.4 FEBEHREHE
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9.2.3 S&H B

Fdeo? & kot Blo28g T ipiE3H a5
s Sorg(w — )?

ST =
n—1 ’

1253t ety T AR 3HE, o RAEF RO F, T Ms/cathito, Hdey =
(%)1/2% ASKEMRAIRE LT3, B b

_ 1&
S— E;Sio
ASEH B 585

2 _ Wal g )2
LEHRUCL) = S+3a\/l—c__7
o = 5,

—
FH#BLCL) = §—-3=4/1—¢},

EFarTh 2R BIOSAEI6LEREISEHE NS REH,

a0 %]

&
£

Cmll:
gecidets = dimmwtar[L:Z5, ], =ype = "=7)

2 chart [&2 disssbef|[1:I5;: |

HSyFwary of group STaTianios
Hin fmc Ju. Eedian Hemn Jrd Qu. Hmix.
. 00Z0E4 ©.007314 O.00N4EN O.008240 O.0LLEI0 O.0NELED

zoup mample mize:

Feipber SF gEolps: I8

Cepcer of group Statiacic 0, D0EE 4007
Azandand devianion 1 '|'|-'|'='='-=-|'.l

oncrol limtcw

LCL UCL
0 O.01534135

. £

B 9.5 FERNSEHEIE S




104 %% Gt R HEHNE GO

- Bl - [ Graghivs: Devis 7 (ACTIVE] B =100 =
=19 =
S Ch
] for dmmerei 28, ]
= B B s i e e e A e e e e e e e e e e e e i e e e e e e e e e e e e 0 e e e e 5+ 8, e e 0
g o . ]
EE1 1 M .
i b & B L]
z 2 h, 4 .
E 57 by ! e o
E i Y — » =
=, ﬁ ] W ",
B
= ] ] ] 1 ] ] ] 1 ] ] ] ] ] I E ] ] ] ] ] ]
123 4866789 1 W OB W WM W N
Groep
Humbaer of = 25
Center= ﬂm’f LCL=0 Mumiber b nd limits =0
Stalkey = 00000 TEAT UCL = 001938136 Murmiber s =1

9.6 FEIEMSEHE

9.3 EFHHE

AR TR ETREEGABRFRERA, EFREEFERAL
AR E A, RABHARRYAB EELRE ASRI TR RIEL S
H M Y 2 SAARE, A8 X & 3 B4 (attribute) & AT A 43 248 3 A )
B, >R ZpEHE, cEMBAuE B HKAMA R eBRYE LN TS
R ROy E DL E, ML T EEH B T RFEF # B (control chart
for fraction nonconforming), % 4% &pE #E B AL EERT, H Ak
BRI SEEET G EHE, ALK A 88 8 F 4] B (control
chart for nonconformities), X #% &c% #] B &% — AR L& B 45 40 25 & 41
(control chart for nonconformities per unit), 4% Zus #l &, & A E 5
B 3 ke B B AR B BAZ R 00 — B4R,



9.3 32 F 4B 105

9.3.1 pEHE

TP EERAOKE A, phSob, b BIE AT B3t B A MR
A, HERAANEREME SR FTADMAR SRR, EERAGT &
b 2

FET I S PNTE SIESTE SN

p= iy D - 2 iz Di
mn m °

Rt R oM BADRAEH, IR GBETR B P OB ERRR S

—
.t%%w&aﬂjL)::ﬁ+3lﬂn10’
‘:P'Ué}% = p’
——
'F%%WMLCL)::p_gpSllﬁo

VARE #+ & oh 838 & 4 “Wp #8717 (orange juice) 8y AT30% & 4+ & B,
AHARSZRIZAEFTHRLCHFEBLSRREMETE, REQHH
BERY, RERETHERERL BARWKITZMN6OE ) Wy MME, B8
B R RN MR REEIR, R RE e B AR T R PT A B A O R R
B, A H AR NIRAE, B EIRT T O R IR B, B
HKETEHERE EH, THRMERRMRGBET T A, 8 A EH
FEERBLER M B A A B RELETH THEUE RKYpEHE, 4o
B9.7% 89.8,



106 %/ st g EHE Bl oA

£9.2 Hpdg e b AR AR

BRAGBE | TEBE | AATEBE | RAGBE | T6BH | AT EFE
1 12 0.24 16 8 0.16
2 15 0.3 17 10 0.2
3 8 0.16 18 5 0.1
4 10 0.2 19 13 0.26
5 4 0.08 20 11 0.22
6 7 0.14 21 20 0.4
7 16 0.32 22 18 0.36
8 9 0.18 23 24 0.48
9 14 0.28 24 15 0.3
10 10 0.2 25 9 0.18
1 5 0.1 26 12 0.24
12 6 0.12 27 7 0.14
13 17 0.34 28 13 0.26
14 12 0.24 29 9 0.18
15 22 0.44 30 6 0.12

[Facomd aloi=
-

o e e a0

e o

9.7 BprsiaapE H B 45 4
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B - [K Graghss: Devics 1 {(LCTIVE]] .,Lm_ﬂﬂ
== x]

GEroup summaty siatistics
03
1
"
o
-
‘_.-'
-

Sl T T e e I e B
i 3 5§ 7 9 7 i3 15 47 18 2 Hn X W A

Gmaup

SO Lol =g0saatss Number beyond Imts =2

B 9.8 Mpititagpit il E

9.3.2 c%4 8

FRAENGHRAREAAEGcERE, LMo EF L2 ELRITRETE
A EE cEHE OB T AT BB S B R AR S 1,
¥ B, B

p(fb): z! $:071727"'7

R o RSB B ok, DA MR B b A (L0 A BORAE, B
e S NSRS (P
EA#R(UCL) = ¢+ 3Ve,
CF"QQ’? = ¢
FA&#R(LCL) = ¢-3Ve,
AREH B 44 “Ep Rl BB & 6] T 85 A HHe £9.3, £452618 12 4
LR P AT R B 60 R RS, A — B4R AR IR 1004E Ep BB 5 A0 v B8R A
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THECEHEIESREH, wBHIIZEI.10,

%9.3 B R E FEAR AR A T A

RAGR | TR&BH | HRABE | TRER
1 21 14 19
2 24 15 10
3 16 16 17
4 12 17 13
3] 15 18 22
6 5 19 18
7 28 20 39
8 20 21 30
9 31 22 24
10 25 23 16
11 20 24 19
12 24 25 17
13 16 26 15

9.3.3 uiHE

wE B B A R AT — B B ey e P R S B R B 5 — Bk
AA AR FAL, LA BRI, B & — R FAL ST R R =
LINE Sl ERE o 8

LEHRUCL) = ﬂ+3\/g,
CF"QQ’? = U,
Fa#R(LCL)

I
2
|
(UV]
B
(o]
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-
* dataioircaic _1
F AEESER(ELEEULE]

> g lE(ceaml) . mip=p=piz=lcraml] . S¥pEE="g7]|
Cmll:

gqooidats = x[crial], oype = "oF, sizes = sap=iccial])
¢ chart for Efcciml]

Summary of group =tatiatics:

Ein. ist Ju. Bediam Hean Frd du. Bax,
2,00 16.00 19,00 19,85 Z4.00 39,00
Jrouyp sample sizer 100
Murksart aof groupa: I6

Cencer of group staciscics: §5.84415

Steacdurd deavimbicn: 4.4324002

LOhEES]l LlimiES!:
LTL L
6.421447 33.Z21066

I

9.9 EpRIEIARAGCE H B 4

julgy

Group summaty statistics

I YA
Graup
HNumber of groups = 26
Stben- UEL=3531665  NoMmber viofating rune =

9.10 EpR|E M AGCE # B
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ARE # B & oy 1B A E I % % %7 (pemanufact) & 4] F,— B A 1S

B FBHEHNE P

MBRERHFELEF—FEEAG LEIwEHNE, AKX BTN 208

AR B R4, BBEETHTHUEHEELSZEY, wB9.11%

B9.12,

#9.4 AT MR &/ AR A

Froup Emmpls

Fember of gQroaga: 20
Cazter of group sbebiwtics:

Ttandard 4%

LOECEDL L1md
LZL
0. 06613105
1
=

fafidht 7. 1084

T oL

1. T9RART

1.91
a5

-

k

011 8 A M B it 1y 4

WABI | B | AR | HABE | SmaB | AR
1 10 ) 11 9 )
2 12 ) 12 ) )
3 8 3] 13 7 3]
4 14 ) 14 11 )
5] 10 ) 15 12 )
6 16 3] 16 6 3]
7 11 3] 17 8 3]
8 7 5] 18 10 5]
9 10 3] 19 7 3]
10 15 3] 20 3] 3]

R Comede albi x|
;;::I;ﬂth = §, TypE = Tof¥, aizmm = mpicm)
i chatt E0f
Y DL AR SCALIST LA
Hin., ist Cra, Hedian Hemn JInd O, Has
L.00 1. 400 3 .00 iL.8 1.20
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|~ Bfim - [R Graphscs: Devics 3 (ACTIVE]] =100 =]
= =]

GEroup summaty siatistics
2

il i B B S B e Ry B B R R R A I B B R
1 2 3 4 5§ E 7T 8 9 10 P 14 16 L= I 1

Gmaup

oo o LRL A0S Number beyond imis =g

B 9.12 EMATKEETMuEHE

9.4 EAfe R3S BT T H

EARFRMA IS ERHELEFSRTEHN LSRN ETHE, —MH L
Z 4% #v & #] B (cumulative-sum control chart, & f§ #fcusum), % —# &
F& B HE 4% € -F 35 & H) B (esponentially weighted moving-average control
chart, & fiHEWMA)

VART & 2 i 2 G E IR e F, H A REY 35 4 “cusum” & “ewma” 5T 4 7
i BB Al &%E‘ﬁiﬁnﬁifyfb%‘i@ EHE, wB9.132% B9.14 48 B &
HHH EHSE R sd aH EH E 4, wMontgomery(1996),
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9.5 #M&IHKER
3t 4 B
N EIR A BIE A,
> diameter<—read.table("pstonrings.csv' header="T sep=",")
EREHXEHE,
> qee(diameter[1:25], type="xbar")
EHERRAREHE
> qee(diameter[1:25], type="R")
& B ERRAGSERE,
> qee(diameter[1:25], type="S")
B H
E AR D E R B
> data(orangejuice)
> attach(orangejuice)
> qce(D[trial], sizes=size[trial], type="p")
& IR TR ARG CE I,
> data(circuit)
> attach(circuit)
> qec(x[trial], sizes=size[trial], type="c")
FHEATKELETGuEFE,
> data(pcmanufact)
> attach(pcmanufact)

> qee(x, sizes=size, type="u")
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9.4% R Mo A% B AHEAS By T34 B H

1.

EHERRG R EHE,

> q <—qcc(diameter[1:25,], type="xbar", nsigmas=3, plot=FALSE)
> cusum(q)

FTHEERGBENES G T EHE,

> ewma(q, lambda=0.2)

H A

LA R KM R P S B “dyedcloth” g $ 3% 4 i S.c¥ 4] B Zu¥ 4

Bl 3k E R A — R4 BT B A B A EE50F 5 Ry sk B e &
e &, 3By A A LR R R e I R B,
Montgomery(1991)% 4w T 2 Z B SR T B TR o8y & 114
BBV EERBPOEBECARALTREAERREZATHZ
T T2 E e B FBRAE-3502 % B R 10 34 A s 5 H 2
= XBAREHH,

WA | T | T2 | T3 | ®4 WA | o1 | T2 | T3 | T4
1 6 |9 [10] 15 11 8§ |12 |14 | 16
2 101416 |11 12 6 1139 |11
3 718 1105 13 (169 | 13|15
4 81916 |13 14 711310 12
5 9 10| 7 |13 15 |11 | 7 |10 ]| 16
6 12|11 | 10 | 10 16 |15 10| 11 | 14
7 6|10 8 |9 17 9 | 8 |12 |10
8 715110 4 18 |15 7 (10|11
9 9 | 7| 8 |12 19 8 16 |9 |12
10 | 15| 16 | 10 | 13 20 |14 |15 |12 | 16
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b M5 50 F B A7

10.1 ®MAFRIBERE S SR

FE—F P, KR FHE m ) B R 5] (time series) & — AR A F 1%
LM R, AR KR A7 EE L6 — T, SUA R A 2 IR
AT BAE KT &AM S A A gy — e B B

fe b, & — A ey ARIMA(p, d, q)#E %!

(1—-¢B—---—¢,BPY1—B)Z; =60+ (1—6,B—---—0,BYay,

B F, ¢iyi = 1, ,pAHARS 5 &, 45 B (order) &p 05,7 = 1,---,¢
HMAG S, 1AM Aq dh TR ALBERY £ 5 B1E, 2,0 & £
B t4F 3] 84 B AE, afk & & "k 5 (white noise), —fFBaih £ F(a:) = 0,
Var(ay) & — % #4858 —BE R 70 508, RS F &R T 205 WAk 2
— T B,
L A L B 0 B, 35 H AR G 0 My K BHE T 8 A 7
b EARR TR BTG AN L BAT 6k, T
B A — SR, R A - N - AR RS
MAZEHARSEEBS LB PRNEIERE 20 F R a0iigk
4o ¥ 5 A IR log % B F 7
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2. 3 3 4Bk B 45 F #H 49 ACF (autocorrelation function) 2 PACF (partial

autocorrelation function) B # oy & #H4y ACF 2 PACF g % i@ % T 4k
1&p, g R dit,

3. Hd >0, ¥ E Tk T WA PO,

B A RRR LA 05 B 518 #H 0, B8 TR E &7 A MR,

10.2  feg X LB E T H A7

ARYERBEF e R L (lynx) &S 8IEEH L 5 lynx”, b X
¥tk & R E IR E § 2k (Mackenzie) A3k i 21 & F o L B2, T4
Pl R 8 B R 0 T1821 £1934 4 A A “plot” 34 a2 him & KL
B oy R A A, e B 10.1 B 10.22 /v & KL 5 %289 ACF 2 PACFH ,

The yearly number of lynx
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B E10.30 % BQ-QE & F, AHELERIFGEFTE> M, HLH R
BRI S B e R 1R 80 A At B 10,480 F R Q-QE T A AR R 4

HHEFETES M a5 1% oy B4, AR “plot” ~ “act” & “pact” #&



10.2 g K LS8 F F 4247 117

ol E M A7 E - ACFRPACFR, 4o B 10.5% B 10.6,

Series lynx Series hynx
=
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F %, PACF flag=2% 112 %% X Bt % £ R 2 B 8 v 85 B 4y #
By, &k 2 E il —EAR(p) sy A A AR a9 48 4 “ar” T 13 §10.785 &
R, R #ficill HAR(IL) ey A, St 40 h & — 1% B04A,
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AT ai0] ]
-
[ S
B
mar = Elmnx|
Cosfliicicak
E F k| & -] ] -
1.1 LLEE-2 - ULy LT [61 & F Jo Lol LML ) ) H L
] 1% 11
D137 0.1853 LR T
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10.3 KBGEZTEEAH> W

qEER

ARG HH BT K5 E T4 83 4 M & & “sunspots”, b F F H e
i 7 174951983 E M KB 2 F 2 A AT ¥, K448k
HETFHF-TFHEMETH, ERLFTHBZ, AFR A EH L
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wEI08Y M AZIEMEHNERIRTRASLE - FERMA AAAF
JoAS S KA R F s > R E R A HZ AV 20 R RQ-QE, e
10.10 2 4 et 2 K15 B F A H e B M A 2 B o 8 10.11 #3475 2 $
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al=
B Pl e g B [ bl
[ . A L=
=5
R i :
i i
R Iy pe—

10.14 b Haets, K 2 FAR(O) BB RE & R

W B 10.122 ACFT #wt B A #H Bof BN, £ — s XK P, 42
& H T A B 11 MR M E A sk Bn g, AR Cdiff” 45 o H A HHE £ o
E T & M A7 B - ACFRPACFE, 4 B 10.152 B 10.16_ 5% 1% #
BARIMA(2,0,0)x(1,1,0)11 3 8, #| /i “arima” 3% 4 & e i@ K 05 2 F % #,
% R 10.17,

T e pbat 04 1 - B W
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[ FTH
ar s = mgssnegeri, arder = @[3, 0, 0], sessssad = lisijardes = @3, 1, 0],
pariod = 110}

CasfCivisnlic
mrd mrd mary
1,150 -D.&815 -D.Sk
H.H. O.0kF Dok D.0FRE

pra” ] wrroseced wr D.f40r  Log lilkelobood = -fdd.Bd.  wmdc = 83794

[ ]
ﬁ]’ﬁ-l' Vb ‘La
10.17 K B -FoyMAl frad 4 R




124 %+% M AT >
10.4 4 %3 %R
10265 A 4l 408 SR 947
L g AB#, EEmeFM A7 E - ACF ~ PACFZ # B Q-QHE,
> data(lynx)
> plot(lynx,main="The yearly number of lynx")
> acf(lynx)
> pacf(lynx)
> qqnorm(lynx,pch=20,main="Normal Q-Q plot of lynx")
> qqline(lynx)
2. B PR OB, O 8 Q-QE © BERE SR « ACF ZPACTH,
> tlynx <-log(lynx)
> qqnorm(tlynx,pch=20,main="Normal Q-Q plot of log(lynx)")
> qqline(tlynx)
> plot(tlynx,main="The natural logarithms
+ of yearly number of lynx")
> acf(tlynx)
> pacf(tlynx)
3. Bl AR(p)AEA
> mlynx <—ar(tlynx)
10.38%p KB E THELH >4
L. A A#, &5 deFM A5 E - ACFAPACFER,
> data(sunspot)

> plot(sunspot.year,pch=20)
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> acf(sunspot.year)

> pacf(sunspot.year)

O ERMER TR SN E R REEH AR AR TR TRQQE,
> sqsunspot <—sqrt(sunspot.year)

> par(mfrow=c(1,2))

> qqnorm(sunspot.year,pch=20,

+ main=expression(paste("The normal Q-Q plot ",Z[t])))

> qqline(sunspot.year)

> qqnorm(sgsunspot,pch=20,

+ main=expression(paste('The normal Q-Q plot ",sqrt(Z[t]))))
> qqline(sgsunspot)

- BB HiRg RN 7B - ACEFAPACFR,

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

> plot(sqsunspot,main=expression(paste('The time plot of ",
+ sart(Z[t]))))

> acf(sqsunspot)

> pacf(sgsunspot)

. B AR(2)BEA

> ar(sqsunspot,order=c(2))

. Bl AR(9) B

> ar(sqsunspot,order=c(9))

BB BEZ AR B E B M A S B - ACF&RPACF,

> dsunspot<—diff(sqsunspot,lag=11)
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> plot(dsunspot,pch=20,main=expression(paste("The time plot
+ of ",(1-BM1)sqrt(Z[t]))))
> acf(dsunspot)
> pacf(dsunspot)
7. BB ARIMA(2,0,0)x (1,1,0)1 4%
> arima(sqsunspot,order=¢(2,0,0),

+ seasonal=list(order=c(1,1,0),period=11))

H A

1. A A &4 & F 4 & “LakeHuron” 44 3,45 o b % S35 2 05 M 5 7
+ ACF - PACF ~ ¥ % Q-QH

2. HAFR by EAAZ RS R -l F A



S Xk 127

L B (2003). $ORL EALFERGARAL, &L

. Casella, G. and Berger, R.L. (2002). Statistical Inference, 2nd ed.
Wadsworth and Brooks/Cole Publishing Company, Pacific Grove,

California.

. Conover, W.J. (1999). Practical Nonparametric Statistics, 3rd ed.
John Wiley & Sons Inc., New York.

. Montgomery, D.C., Peck, E.A. and Vining, G.G. (2001). Introduc-
tion to Linear Regression Analysis, 3rd ed. John Wiley & Sons Inc.,
New York.

. Montgomery,D.C. (1996). Introduction to Statistical Quality Con-
trol, 3rd ed. John Wiley & Sons Inc., New York.

. Matis, J.H. and Wehrly, T.E. (1979). Stochastic models of com-
partmental systems. Biometrics, 35, 199-220.

. McDonald, G.C. and Studden, W.J. (1990). Design aspects of re-

gression-based ratio estimation. Technometrics, 32, 417-424.

. Dalgaard, P. (2002). Introductory Statistics With R. Springer Ver-
lag, New York.

. Wei, W.W.S. (1990). Time Series Analysis : Univariate and Multi-
variate Methods. Addison-Wesley Pubilishing Company Inc., New
York.



128 4% 443k

4% # 4 5k

1. R&y4 & : http://www.r-project.org,
2. i K& &34 £ eyNet-Stat  http://tkustat.stat.tku.edu.tw,
3. BUS KRB G A RFEHEHBEAMEL © http://csyue.nccu.edu.tw,

4. HitEAREERKE £ % © http://speedu.iem.yzu.edu.tw,
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MERAL K RBEAEIS
MRA3 R
M % A.4a read.tablesy L fbdg 4

MEAAS B

BAAG B2 Ea)ER
FAA8 wEME

MEA9 #Hitiik

F&A.10a % % @45 S8
1+

M % B
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UREEVE SIS L
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MEkA2 EHT
MERA4 FAemASLI R
B & A.4b  write.tablesy 2L b 3%

A

M kA.ba LB HIE A
MARAT Gt ey
M &A.8a KAk

M &AL0 &FRIEEHE S
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M & A

&AL ERFIMERS

T2 B
+ E RS PN
< RERR
—> HRBEZER
Is(), Is.str(), objects() A3
rm() LNz
help(), help.search(), 3t
help.start()
a() AR
i &A2 EHT
Fe EX!
+, — *, ik, T, B
== A8 %
= ¥
>, < R VA
>=, <= KA A AN A
& (3 B ) )
| 2, (2L 95 5] ¥ )
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FHe B

seq(-5,5,1) & A-5,-4,-3,-.3.4.5
c(1,2,3,4,5) v (1,2,3,4,5)
rep(1,5) Fi 1A
as.matrix(x) X4 3 p% 4B [ A A6
as.vector(x) x4 35 i 6 B R AR
as.numeric(x) pE L E Yo e il
as.character(x) ¥ i R F U RE
factor(x) x4 3 % B T A0 AR
data.frame(datal=c(1,2,3), ## %

data2=c(100,200,300))
attach(x)

detach(x)

is.matrix(x)
is.vector(x)
is.numeric(x)

is.chacter(x)

XA FIEAE F

A X FEAZ b A5 R
FIBTx2 L B 4E R B
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PR A4 FOR A A L

o A X
data( % %) HIAE AR
read.table("#% % & #") PG Y

read.csv("# £ & #4")
read.csv2("4% £ £ #5")
write.table(sk i :h % %

BEB MEIBRE

MAAER I RZAEE
MAA T BZAEE
LR

)
Mt & A.da read.tabledy B fhis 4
4 HA

header=TRUE
append=FALSE
quote=""
row.names
col.names

I

na.strings=" .

nrows

A, REME TR L LA LR

2 A A8 ) B AR OIAE R, R EME e R
HRIIK

5138849 F 7L, % %A 31 JEvAquote=" "% =

FlaY &A%

1789 5

"k & NA(i % 18, missing value)

eIk 4
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Mt & A.4b write.tablegy 435 4

v A
R

X

header=TRUE
quote=TRUE

S()p:\l’\l

row.names=TRUE
col.names=TRUE
na="NA"

HMEE, REMF TR E LAY LK
& & e85l 95,4 % € 5TRUE, B 4744 7
7t (character) & B -F(factor) & 22" "(# 3]

AR e

FHA" T

G 76y 68
RGBT LR
R 4EANA & 2

&RADS B

Fe e

barplot() A%

boxplot() &%

hist() %

pairs() A B 4E [

pie() [

plot() Hth

qqnorm() TS H2Q-QF
stem()

ts.plot()
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M EA5a B A

g4 9

abline() M AR (DR RIERME ) ERH P

arrows|() & gk g ek 2 M 84 4T oA

axis() 2

col &% 843 %, 7T vhred,blue $ 7 &35 2, XK
M (gray20), g rainbow % 3% € B ¥ 84 &%

legend () F2 18 & 3 e [ 1

lines() Kt B2

Ity CE T EN

par(mfrow=c(1,2)) N IRE B AR —AE Y ARIE S A

par(mfcol=c(1,2)) N mIRE B AR —ARE Y ARIEATE A

pch 25 gk X,

points() A gk BB W2

segments() E 30 38 LR L 324

text() FAEE A P &

title() B 4912 4

x11() EEBARE

xlim,ylim X$h ey oy % &
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LR S

log(x) xR oA AR H

logl0(x) xR HF(A105 K)

exp(x) e’

sin(x) L 7

cos(x) BAR AR

tan(x) BUIE Yy 18

asin(x) R IE TR AR

acos(x) BB AR TZAA

atan(x) BRI 1A

min(x) Bx P #y e ME

max(x) BT 8y & RAA
MRAT G by Sk

T2 E&L

cov(x,y) X,y A

cor(x) x & 48 B 1% B

IQR(x) XAy R v 5 4 ] R

length(x) x¥ LA EHRG KL

mean(x) x84 44

median(x) x&y P AL

range(x) X8 2 3B

quantile(x) x64 % 0,25,50,75,100 54 #%

sd(x) XA IF R £

sum(x) X #Y Fu

var(x)

bELE E ¥ o4
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& A8 FRENE

FHe A
dnorm(x) TR o R ER
pnorm(q) TR PR AR
gnorm(p) TR REEEpTH B ST
rnorm(n) F R F R R AnBRE A RLE

Mt & A.8a H Ak o1k
T2 B

pnorm(x,mean,sd)
plnorm(x,mean,sd)
pt(x,df)

pf(x,df1,df2)
pchisq(x,df)
pbinom(x,n,p)
ppois(x,lambda)
punif(x,min,max)
pexp(x,rate)
pgamma(x,shape,scale)

pbeta(x,a,b)

WA
Bk
H/E>H
Gamma 514

Beta 1%

339 4w [B)

otk a4 KEFE (D), 28 () R EAELE(r),
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&AL &Rtk

Fe B

t.test FREHRAZRT
pairwise.t.test Rt T

var.test g R T R
chisq.test TFHRE

binom.test ZARE

fisher.test B ML
prop.test AR 2
wilcox.test ¥ K # i Az Wilcoxon# &
ks.test K-S#x =

lm(y~x) AR Tk Tl
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B RALD 3Rk S A

Fe 3 8
function( 4 # 7] &){ %k g 47 R R
X}
if( )8 X) &K el SN WIE Rl SE R
ifelse(F/ 8 X, &, %) el BT WIE s - CE R
BB BT WA A
if(3]Er X ) £ else & 345 4 [ ifelse
for(#4 % in seq) &+ X foré@i@@%’tﬁ: % 9 HUH R seq sy 5518, B 3
ITR TR
while(#] B X)) &7 X while#y 38 [ 2% 2, % whiledy # B X & &, 8]
PAITRTFAZHE A

& A 10a & R IEE IS S 6] F

#]F A
f(x,y)=2*+ /Yy function(x,y) { x"2+sqrt(y) }
#1<5,8] 7] " TRUE"; f<—function(i) {
#i£5,8] 7] 1"FALSE"; if(i<5)
print("TRUE")
else
print("FALSE") }
forayxa |8, 7| iy 4 for(i in 1:3) print(i)
while#y e [, 7] 18444 1<—1
while(i<=3) {
print(i)

i<—i+1 }
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MEB1 &b SHERE T AFHEEBETH

& B 139

Aty | —R | =A | ZRA |wA | &A <A
&b | 15.8 | 15.9 18 | 21.7 24.7 274
S | 18.8 | 19.7 | 22.3 | 25.2 27.2 28.4
&% | 16.2 | 16.8 | 194 | 23 25.7 27.5
A#r | A | AR | A | +A | +—A | +=A
&b | 29.2 | 288 | 27.1 | 24.3 20.9 17.6
SmAE | 28.9 | 28.3 | 27.9 | 264 234 20.2
&% | 285 | 28 | 27.2 | 249 214 17.8




140 % B

Bk B.2 924 3k B A R RIE R

—A =A =A =] k| ~ A

1 155 1564.17 | 147.64 | 141.03 | 142.4 | 136.41
2 | 155.23 | 153.97 | 147.33 | 140.85 | 142.23 | 136.05
3 | 155,43 | 153.81 | 147.06 | 140.71 | 142.07 | 135.67
4 | 155.53 | 153.65 | 146.78 | 141.25 | 141.87 | 135.27
5 | 155.55 | 153.47 | 146.51 | 141.89 | 141.69 | 134.94
6 | 155.55 | 153.29 | 146.25 | 142.31 | 141.63 | 134.57
7 | 155.63 | 153.06 146 142.57 | 142.06 | 134.36
8 | 156.07 | 152.83 | 145.73 | 142.66 | 142.09 | 134.85
9 | 156.44 | 152.63 | 145.52 | 142.69 | 141.99 | 135.24
10 | 156.75 | 152.4 | 145.34 | 142.93 | 141.83 | 135.38
11 | 156.98 | 152.17 | 145.18 | 143.21 | 141.64 | 135.36
12 | 157.1 | 151.93 145 143.44 | 141.41 | 135.39
13 | 157.15 | 161.71 | 144.8 | 143.49 | 141.21 | 135.42
14 | 157.15 | 151.561 | 144.6 | 143.54 | 140.97 | 135.72

15 | 157.11 | 151.28 | 144.35 | 143.57 | 140.73 | 137.98

16 | 157.06 | 151.05 | 144.08 | 143.47 | 140.61 | 139.02

17 | 156.97 | 150.86 | 143.84 | 143.36 | 140.51 | 140.68

18 | 156.83 | 150.62 | 143.59 | 143.24 | 140.35 | 142.72

19 | 156.7 | 150.37 | 143.31 | 143.06 | 140.19 | 144.74

20 | 156.57 | 150.1 | 143.06 | 142.86 | 139.98 | 145.83

21 | 156.43 | 149.84 | 142.89 | 142.69 | 139.78 | 147.45

22 | 156.25 | 149.59 | 142.67 | 142.69 | 139.47 | 148.05

23 | 156.03 | 149.33 | 142.46 | 143.08 | 139.26 | 148.39

24 | 155.86 | 149.06 | 142.27 | 143.22 | 138.97 | 148.64

25 | 155.65 | 148.77 | 142.06 | 143.2 | 138.68 | 148.83

26 | 155.47 | 148.49 | 141.84 | 143.16 | 138.4 | 148.98

27 | 155.31 | 148.23 | 141.58 | 143.09 | 138.08 | 149.11

28 | 155.08 | 147.92 | 141.31 | 142.96 | 137.78 | 149.17

29 | 154.87 141.35 | 142.82 | 137.46 | 149.16

30 | 154.65 141.34 | 142.64 | 137.15 | 149.17

31 | 154.36 141.19 136.77
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m&B.2 924 Bk E R R KA SR H ()

t A AR LA +A | +—A | +=A
1 | 149.11 | 142.39 | 133.5 | 142.11 | 148.34 | 159.48
2 | 148.98 | 142.02 | 133.57 | 141.94 | 148.15 | 159.72
3 | 148.85 | 141.65 | 134.21 | 141.78 | 147.98 | 159.89
4 | 148.71 | 141.28 | 134.78 | 141.89 | 147.83 | 160.03
5 | 148.54 | 140.93 | 134.96 | 142.21 | 147.77 | 160.15
6 | 148.36 | 140.57 | 134.88 | 142.43 | 147.64 | 160.25
7 | 148.21 | 140.18 | 134.75 | 143.79 | 147.47 | 160.33
8 | 148.09 | 139.77 | 134.62 | 145.17 | 147.25 | 160.41
9 | 148.1 | 1393 | 1344 | 146.03 | 147.06 | 160.58
10 | 148.01 | 138.89 | 134.53 | 146.54 | 147.36 | 160.78
11 | 147.9 | 138.54 | 138.12 | 146.85 | 147.81 | 160.97
12 | 147.84 | 138.18 | 140.11 | 147.06 | 148.25 | 161.12
13 | 147.72 | 138.13 | 140.9 | 147.25 | 148.56 | 161.28
14 | 147.57 | 138.1 | 141.39 | 147.66 | 148.72 | 161.43
15 | 147.36 | 138.13 | 141.7 | 148.39 | 148.79 | 161.5
16 | 147.16 | 138.02 | 141.92 | 148.97 | 148.77 | 161.52
17 | 146.92 | 137.74 | 142.1 | 149.32 | 149.5 161.5
18 | 146.67 | 137.54 | 142.16 | 149.55 | 150.45 | 161.45
19 | 146.41 | 137.38 | 142.15 | 149.72 | 151.1 | 161.38
20 | 146.19 | 137.37 | 142.11 | 149.81 | 151.46 | 161.28
21 | 145.95 | 137.33 | 142.08 | 149.85 | 151.67 | 161.19
22 | 145.64 | 137.12 | 142.07 | 149.83 | 151.97 | 161.09
23 | 145.32 | 136.81 | 142.02 | 149.78 | 152.39 | 160.95
24 | 145.02 | 136.52 142 149.72 | 152.74 | 160.8
25 | 144.72 | 136.22 | 141.96 | 149.61 | 153.06 | 160.64
26 | 144.36 | 135.88 | 141.9 | 149.46 | 153.69 | 160.49
27 | 144.05 | 135.53 | 142.03 | 149.33 | 154.7 | 160.31
28 | 143.78 | 135.15 | 142.29 | 149.16 | 156.53 | 160.13
29 | 143.42 | 134.74 | 142.33 | 148.96 | 158.34 | 159.98
30 | 143.08 | 134.29 | 142.26 | 148.78 | 139.1 159.8
31 | 142.74 | 133.85 148.58 159.62
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(482 kRey354) ar, 125

arima, 122, 126

+.9
ARIMAE A, 115
>,9
array, 16
<-, 11 .
as.matirx, 18, 33
R?, 89
at, 34
X test, 69 .
attribute, 104
F distribution, 54 .
attributes control charts, 97
F ok, 54 . .
autocorrelation function, 116
t distribution, 53
t 54, 53
— [B]
Xcontrol chart, 97
— bar plot, 23
XE#E, 97
barplot, 23, 33
m, 60
base, 18
p-value, 65
Bernoulli trial, 47
pia, 65
beside, 33
beta distribution, 52
[A]) beta 241, 52
abline, 93 binomial distribution, 47
ACF, 116 box-and-whisker plot, 25
acf, 116, 124 boxplot, 25, 34
add, 34 boxwex, 34
airmiles, 18 breaks, 33
alternative, 73 byrow, 18
analysis of variance , 88, 90
ANOVA, 90 [C]
aov, 88, 94 c, 16

apply, 46 ¢ chart, 97



change dir, 10

chisq.test, 70, 74

chi-squared distribution, 50

coefficient of determination, 89

col, 32, 45

col.names, 16

conf.level, 73

confit, 89

control chart for fraction noncon-

forming,104

control chart for nonconformities,
104

control chart fot nonconformities
per unit, 104

cor, 43

correlation, 43

correlation coefficient, 43

cov, 43

covariance, 43

cumulative-sum control chart, 111

cusum, 111, 114

cEH B, 97

[D]
data frame, 12, 16
dbinorm, 58
degrees of freedom, 50
diff, 122, 125
dim, 17
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[E]

empirical distribution function, 71

esponentially weighted moving-average

control chart, 111
EWMA, 111
ewma, 111, 114

expression, 60

[F]
factor, 95
Feitsui Reservoir, 39
fitdistr, 78
freq, 32
function, 58

F-#& 2, 68

[G]
gamma distribution, 50
Gamma 2, 50
geometric distribution, 48

goodness of fit, 69

[H]
header, 16
help, 14, 19
help.search, 14
help.start, 14
hist, 23, 32
histogram, 23
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horiz, 33 [M]
MA, 115

[1] main, 35
if, 95 matlines, 60
interquantile range , 41 matplot, 58
interval estimation, 80 matrix, 16, 17
IQR, 41 max, 39
iris, 28 maximum likelihood estimate, 77
is.factor, 95 maximum value, 39
is.matrix, 18, 33 mean, 40, 41

median, 40

[K] method of maximum likelihood, 77
Kolmogorov-Smirnovig &, 70 mfcol, 32
ks.test, 71, 74 mfrow, 32
K-S#:2, 70 min, 39

minimum value, 39

[L] MLE, 77
labels, 32
LCL, 97 [N]
legend, 33, 58 na.strings, 16
list, 13 normal distribution, 51
Im, 87, 93 Normal Q-Q plot, 29
low control limit, 97 Normal Quantile-Quantile plot, 29
Is, 12 normality, 29
Is.print, 93 nrow, 18
Is.str, 12
Isfit, 86 [O]
lynx, 116 objects, 12

Old Faithful geyser, 22



one-way ANOVA, 91
online help, 14
orange juice, 105
outer, 58

outliers, 25

[P]
P chart, 97
PACF, 116
pacf, 116, 124
package, 18
paired, 74
pairs, 28, 36
par, 32

partial autocorrelation

116
pch, 36

pcmanufact, 110

Pearson’s chi-squared goodness-of-

fit test, 69
piston rings , 99
plot, 30
plot.ecdf, 75
plot.stepfun, 74

Poisson distribution, 49

pth quantile, 40
PE 4 H, 97
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[Q]
qce, 97, 113
Q-Q plot, 29
qqline, 37
qqnorm, 29, 37
quantile, 41
Quantile-Quantile plot, 29
quote, 16

[R]
R chart, 97
rainbow, 45
random number, 29
range, 39
ratio, 74
read.table, 16
rm, 12
row.names, 16
rt, 37
runif, 74

R 4, 97

[s]
S chart, 97
sample variance, 42
scatter plot, 26
scatterplot matrices, 28
sd, 42
sep, 16
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skewness, 25

S-PLUS, 1

standard deviation, 42

stem, 22, 32

stem-and-leaf diagram, 22

summary, 93
sunspots, 30, 119
SEHE, 97

[T]
t, 18
t.test, 65, 73, 81
t.test$conf.int, 81
text, 93
time series, 30, 115
time series plots, 30
Titanic, 24
ToothGrowth, 25
ts, 116
ts.plot, 30
type, 36

[U]
u chart, 97
UCL, 97

upper control limit, 97

ug H g, 97

(vl
var, 42
var.equal, 74
var.test, 68, 74
variable, 11, 97
variable control charts, 97
variance, 42

vector, 16

(W]

write.table, 15

[X]
xlab, 35

xlim, 32

(Y]
ylab, 35
ylim, 33





