INAFABT ¢ AT 4 7 AR
o2 ETFAR

< BB AT >

iR - BT S C B DL R OBR & B D EBOEALD IO LI
HHEZDGERHY T, 20X BRELBMORBRRE ET MET D720 OFEEE
FiE & LTHUFSOHT (regression analysis) 22T S E T, B ORERE#K
FHICET LT 2 2 & T ABMICHAET D RRBERICOWTHE L2 Y
FOEEN MG OERZ TR L0 T2 ENTELLIICRY £,

ZITE, ETL 2 00ZHMOBMGE “ERAIRERE LT T UET S
Hi[alJ7 54T (simple regression analysis) ([COWTHER LE3, 2B, SEHL
Fifle] & EREIZA 2 DT —# (Zhaoet al. 2011, Nature Communications 2:467)
DA 2B BEURDSHT OISV THIA L TV & £97,

FFELANEIEFEC LI LTA RDOT —H Zirird 9, LFDa~vy R
AT 5, ROEET V2 NI & 2 DDA T 7401

(RiceDiversityPheno.csv, RiceDiversityLine.csv) 23257 4 L7 +U (7 %
NWE) IZERLTEBILERH Y 7,

pheno <- read.csv("RiceDiversityPheno.csv™) # csv 7 7 A ILDFEFIIAF
line <- read.csv("RiceDiversityLine.csv")
line.pheno <- merge(line, pheno, by.x = "NSFTV.ID", by.y = "NSFTVID")
# line ® NSFTV.ID & pheno ¢ NSFTVID é’f% LT — 2 A
> head(line.pheno) # BOO6Y T NEIRT
(&SI W)

vV V. V

MARIANTET —Z B EERGITICHWD T — 2 2 2k & H L <. T —
2 D EITWET, Z 2 TlE, ®L (Plant.height) EBEX 1 I 7

(Flowering.time.at.Arkansas) M ORERAMENT L £ 7, 72d6, %I1T M 5B
M RZ2RTERDER (PC1~PC4) bikEHL TBE £, £/, XlEZE
LT TN ONTHEH LN UORY FRNTEBEE T,



> data <- data.frame(
height = line.pheno$Plant.height, # EIL
flower = line.pheno$Flowering.time.at.Arkansas, # BEZA IV
PC1 = line.pheno$P(C1, # 91 ERS
PC2 = line.pheno$P(C2, # W2 TRy
PC3 = line.pheno$P(3, # 93 EMS
PC4 = line.pheno$PC4) #O84ATRSY
> data <- na.omit(data) # RWT—ZOKRE

E£PE. MHEOEBREKRLET,

> plot(data$height ~ data$flower)
# flower % x, height #y & L CHUfXZHi<
# ~ (tilde) Zfli-o7=igEDLIITIEE !

X 1iZbrmENTWBD L2, BIEDR RN DI ERE N/ EL, B2 51F
FEADRKREL AHABRTENET,

180
|

140
|

data$height

80 100

60 80 100 120 140

data$flower

X 1. BIfEo ¥ A4 27 (x) EHAL (y) OREfR

TIE, BEXOEBREZBIEDO XA IV T OENNZ L > Tl T 2 ElRET V&
ER L CTH LD,
> model <- 1mCheight ~ flower, data = data)

# flower 2VMIIZE% x, height #6tEE Sy & L CHlF
# data = dataif, data & W o A7 g T data E4T T — 2 R HEE

[ERSHTORER (HEEIN7-FF ) 1. model IZfAAINLTWET,



[ELF AT O B 2 o S8 2 121X BE%L summary & W E 9,

> summary(model) # B84 summary TEIFSHTOFER %R R
(FEFIZLLFICART)

Tk b a~y FEFEITL TERINEERIZOWTEIZHA L ThE £97,

Call:
Im(formula = height ~ flower, data = data)

THRERIEEAN Liza~vy RBBY RSN OTYT, ANLEERIZZO
HAOREonTH, AHZERTRVWE ) ICEbhET, LrL, B TRRD X
Ou@ﬁ@@W%TW%WOTQ@%Té AR EIF, FoXoRETLE
BELTHLNTEBRTHLINE TR T 2OICAMAIE EBbinEd, 2B, 2
ZTCIE, B Ey, BAfEOX A I T Ex,l LT,

Yi=p+Px;+ g
EVIETNAVEMEE L RGO 2ITo>CET, Bk L= L9 ic, xy0Z L %
ML 2% (independent variable) F 7213 ZA %L (explanatory variable) . y;
D Z L EHEE A (dependent variable) % 7-(3& 24 (response variable)
ELET, pOBEEIFET LD/NT A —HF (parameter) 7213, g%k
7% (error) & JLOVET, £72, uZx U5 (population intercept) . B % FEEl)F
%% (population regression coefficient) & X O E9,

7B EUFET VDR T A= uSCBOBEDEZBEHEMD Z EITTE RN,
BEARZ G LICHEEZITWE T, BEARZ D LICHEE SN NT A —Z u0pDHERE
B4, TNFh., EAYIA (sample intercept) 3L OUEAEIFRE (sample
regression coefficient) & JOVET, EANOHEE S Nlzu, BOEE ., LI, £
NEIL, m, bTERLET, m, blE, EANOHESNDETH LT, [BIRE
TN DIEARITEAS SN TEEBT DMREL T, Lo T, & OMRSMITHE
WET, FERIC OV TIEBBR L E T,

Residuals:
Min 1Q Median 3Q Max
-43.846 -13.718 ©.295 13.409 61.594

ZOHNTBEOSHOMKEZE L TWET, 2 Eff o LEEICHEFET L



DF x= v 7 NTEET, FlZIE, TFVTITEEOHFE (F) 120 &85 2
EERMELTWETA, FRAE (median) 2% 25 KEEIZIZTH TUVZR WD
BT D EMTEET, £72, IREOKRKNE L F/IME, F721%, 26%m & 75%
SBFIERCEZ E > TNDEE I DT, 0 Z2HbE LTEAMNRO 5% LT
WD EERTEET, ZofTIR, RKREP /MEIZHETH LREDTY
D3, FRLSMIRICRE REEITA O E YA,

Coefficients:

Estimate Std. Error t value Pr(ltl)
(Intercept) 58.05464 6.92490 8.383 1.08e-15 ***
flower 0.67287 0.07797 8.630 < 2e-16 ***

Signif. codes: @ ‘***’ @.001 ‘**’ 9.01 ‘*’ ©.05 ‘.’ 0.1 ‘ ’ 1

[AFETNAND/NRT A =2y, BOHEEMmM, bl ., TIUTFE S EHERE tiH, plE
INFRENTWET, £, FITOREOEANL, AEKEZEROICHE LS
FTLLLELDTT, 1 2981E5%, 2 081F 1%, 3 2EIZ0.1%KETHETH
HTEHERLTWET,

Residual standard error: 19 on 371 degrees of freedom
Multiple R-squared: 0.1672, Adjusted R-squared: 0.1649
F-statistic: 74.48 on 1 and 371 DF, p-value: < 2.2e-16

BAIOITIX, BEOEMEFEEZEZ L TOET, T, GBS e OHEEH % s?
LT DL, sTREINDMTT,

21T HIE, REFRRIR2 T, £72, MHIERYIX. HHEEFEF LR EREE KT
NOFEETT, WTbERPIFHHATLI2EBOESVERL THET,

BATHIL, HRETNVOFEMRERT FREDHRTT, £ToRRRE B
MO0 THDENIGE FERR) Ob L TOMETHY, 20O pEPIEFIZ
INSWVIGEITIE, IR IR 2 FER U ORI (BURAREL 1% 0 T2\ %8
RIRETHD EIREINET,

T, ERGTOR R AR L TR TAHE L X 9, £ #fiXafiE, £ 2
(YR ER A 5 & £



> plot(data$height ~ data$flower)
> abline(model, col = "red") # REUFHHTORIEE abline ITRAT 2 & BT D

180
|

140

data$height

80 100

60 80 100 120 140

data$flower

2. HAR X R EAR 22 0 A 72 X

RIZBEUFET T =2 2 UIO TGOy DELZFHE L R L THAET,

> height.fit <- fitted(model) # ETNELTEIDELEED Y DEOFE
> points(data$flower, height.fit, pch = 3, col = "green")
# HTULDTEEFRED+ TR

180
|

140

data$height

80 100

data$flower

3. BT N EH IO TCHAEIND y DEIZTETEMR LEIZED




BERMEyIT, BIRETVTHRASNLET (FT7 A2 TRDIELESOMH) &,
R TR SHARWRRER y O & L TERINE T, BETHDITOVTHRL
T, TOBBREMHBLTAIL L I,

> segments(data$flower, height.fit,
data$flower, height.fit + resid(model), col = "gray")
# segments 1Z(x1, yl1), (x2, y2)RI T EHR< 720D BE%
# x1,yl,x2,y2 13&TXI MUV TRTZENTE, HEOBRSE—EICHIT 5

180
1

data$height
140

80 100

I I I I I
60 80 100 120 140

data$flower

(4. yOlIE, EF A EDTED THAENBYOM (FEOK) &ET O
B (RO ofnl LTREND

EEICIFBIZE SN TV x (60, 80, ..., 140) 12X LT, EURET /L ZHFWT
yaEaTHLTAHAEL XD,

> height.pred <- predict(model, data.frame(flower = seq(60, 140, 20)))
# B predict CTHMEEZFFETE D
# data.frame(flower.) Ty Z TR ELHT — ¥ Z{ERL LTS
> points(seq(60, 140, 20), height.pred, pch = 2, col = "blue")
# FHfEZ2E (col = “blue”) W=/ (pch = 2) T vk
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<EUFET N DT A —Z DFFITIE>
TR EURETAVORFIEICOWTHR LET, £, EBEICR Oav
¥ REEWRD O EREREZFR L TAE T,

Jelk L7z X o I BElRDOET VI,

Y= U+ Px; +e

ELTRBEESNET, 2ok, Bi%Ey, 2, BURGTEATHRAIDEou +
Bx; & . EUFEFETITHA SNBRVRER 2O H Z E2EWRL TWET,
EXD, popr@EnT e, T Tt e b LE T, TIE, ED kD
IZ LT “Beii7y” NI A—=FZRKOUUT I VD TL X 5D,

%t o> T “Biii” & T DOV TIERA REEREBE X GNETH, 22T
X e BT — A RIRTR/NMNCTHZEEEZEZTHET, el TEANT D%
EDFEFTOT, BRUITMAZ LD EHEWIHERSNTLENWET, £Z T, gD 2
Ff (sum of squared error: SSE) # /NI THZ Ea2E1FET, T/4bb,

SSE = i e = i(yi — (u+ Bx))?

(1)
HRNCT DR O RubprEZXTHEL X I,

B4 6. [Blf/ T A — & Of & 572 I o Bk



P16 13tk x e u & BITKT % SSE DEEZR LK TY, K6 a2 wn=a
<~V NI LEMETTRRO L H 12 £,

x <- data$flower
y <- data$height
mu <- seq(@, 100, 1)
beta <- seq(@, 2, 0.02)
sse <- matrix(NA, length(mu), length(beta))
for(i in 1:length(mu)) {

for(j in l:length(beta)) {

sse[i, j] <- sum(Cy - mu[i] - beta[j] * x)A2)

VV VYV VYV

}
}

> persp(mu, beta, sse, col = "green™)

7k, M 3IZHBWT SSE BE/NE R D IRTIE, uX BOUIMTIZEL L Th SSE
WA LW (HERERr) REIZR> T2 T, 22T, X% uk
FOBTRMAD LT, TDEEER L5 LICTED | fR/NRDEIEZRD D Z
EMTEET, T7abb,

OSSE _  OSSE _

o 0B
ELTIhEmET uBE R RONUTINEND LI/ ET, 20X
INTRRAED 2 FMAIR/NTT D LV ) B L72i3 > THEIFET NV D/RT A —
2 xR T D HED 2 L /3L (least squares method) & L OVET,

7%, SSE i/ MbT D uli.

dSSE .
oL - —ZZ(}’L’ —p—=px)=0
H =/
n = n
S y—nmu—f) xi=0
=1 =1
X1 Yi XX _ _
Su=—T"-f——=y-px

ELTRESET,

£7o. SSE 2w/ IMET %I,



aSs
—E——sz(yl p—Px)=0

T )
‘:’in}’i—n(}_’—ﬁf)f—ﬁlez =
(:)Z X;y; — nxy — ﬁ(Z nf2> =0

=1
EZL—leyl nxy SSXY
=h= Y ,x2—nx?  SSX

ELTRESET,

Z 2T, SSXY & SSX 1%, x &y DIRERME x DIRZEFTT, £,
SSXY =) " (x,—X)(3—¥)
= Xy -X) =Y, X +nXy
=Y Xy, —nXy—nyX +nxy

_Z, XY —nxy

SSX =" (x,—x)
—21 i —2)_cz;xi+n)_cz
—z X} —2nx’ +nx’

2

= X —I’l)C

ELTRESET,

SSE%f/MICTHuspr b T A—2OHEEME L, LI, #EEHEmiBs X
VObTETZLICLET, T74hbb,

_ SSXY
~SSX

10



<

Tl BURfREE LR L7 a2 b SICLTEHRLTAELE S, £T0F

FEfn & w2z st/ L £,

{22

> n <- length(x) # Y UTVEE nITUA

> ssxy <- sum(x * y) - n * mean(x) * mean(y) # mZEREFN
> ssx <- sum(xA2) - n * mean(x)A2 # R
FPIIMEEbEFHE L E7,

> b <- ssxy / ssx

>b

[1] 0.6728746

WICHI % 3B L ET,

> m <- meanCy) - b * mean(x)
>m
[1] 58.05404

REINTop L pad S IZFREREZRNTAHAEL X 9,

> plot(y ~ x)
> abline(m, b) # Yl mu, X beta DEREHE<

JelE EBIE Im 2 W TR SZBEYREMR L F L b OB Tnsd Z e %

R LTAHAEL X D,

2, [R/RT A — 2 BHEE ShAUE, 52 bR IC T 5y 0l % 3

THIENRTEDLEOITRVET, T78bb,
}7i=m+bxi

ELTRIAETEET, ZhICXY, BlIEShixileT vaedbTEnlt oy
DIEFF LY . xDBPEMOBEAIyE TRILIZD T 5 2 LN TEET,
D DT BESNEXCET AR HTIED T L X OyOEEFHE L, S6iF Ll

WO BIZREBARLTCAEL & 9,

11




> y.hat <- m+ b * x # XICETAELTRDZEEDO Y OEEFHE
> 1im <- range(c(y, y.hat)) # y & y.hat OEOHIPHZR~5
> plot(y, y.hat, xlab = "Observed", ylab = "Fitted", xlim = 1lim, ylim = 1im)
#y Ly hat OBAMRZH <, BEBIZME, HEH TTDHME
# HAELTRBWEyY &y hat OEOHIFELZ, x BL Oy SO L L THEE
> abline(@, 1)
# B0, HE 1oOER (y = x) Z2H#i<

o
3 -
— o
2 _| o
3 3 0.5 O o
3
8 @z
o _|
[o0]
I I I I I I
80 100 140 180
Observed

B 7. BLANE & & TILOED M D BELR

BEMELHTUIDEDO —FDEES N ERHRD T2 DICHEE OISR EZFHE L T
HEL XD,

> cor(y, y.hat)
[1] 0.408888

eSS

(T, Z OB D 2 /A, BURAHHAT 2yOLEEOEIE (REFHREL R?
i)

272> TCWET, MEERLEXTHAEL & 9,

12



> cor(y, y.hat)A2

[1] 0.1671894

> summary(model)

(&5 & — )

Multiple R-squared: 0.1672, Adjusted R-squared: 0.1649
(&5 — )

13




<|aljfE T L Of B E
%ﬁ%@p@%@%%@%b%ﬁﬂﬁ@ﬁﬁ%ﬁ;<%fﬁiw\ﬁ%&%
OREFRZREIFEMR T BT ML TEET, Lo L, 25 OB 722 BR A
R CRWEA T, BURERRIC L DT LR ) FLITEEHA, 22 T
HEE SN BUFET IV OFIMEEZ BB HR T 27200 T5iEE LT, /8oy
Mz AW TZREIEICOW TR L £,

F£PE. BE HEFREZIT>THELE D,

model <- lmCheight ~ flower, data = data)

Hmonzhlaes Vo EMRIE. B anova # WV THRETX £,

> anova(model)
Analysis of Variance Table

Response: height

Df Sum Sq Mean Sq F value Pr(>F)
flower 1 26881 26881.5 74.479 < 2.2e-16 ***
Residuals 371 133903 360.9

Signif. codes: @ ‘***’ @.001 ‘**’ 9.01 ‘*’ ©0.05 ‘.’ 0.1 ‘ ’ 1

BT ORGSR, 2 flower DIHIZEEICAE (p<0.001) THY ., BAEDOH
X 7 flower NE L height [ZEAY 5 25 & W) BUFET L OH D
BTCEET,

AN

o

k=)

[EFET VDB HT CTlE, LTI RT X REtEMTohES, £7.
R TSN DG (BURET V2 H TTD TEHA é?rb%.’)ﬁyi@ﬁ%q:ﬁ

) X, LT X2 cLCEETEx £7,

SSR = Z(yi %
Z(u + bx; — (u+ bx))

= b? Z(x —x)?

= b2 - SSX—b - SSXY

14



F iz, BIEE y OIS OIRZEO N HFIL., [BYF Tl Su 5 5T SSR &
FRFES N SSE Ofn: L TERENET, Thbb,

n
SSY =) (i =)’
i=1
n
= Z(}’i — Vi + 9 —y)?

=1
n n

= Z(}’i -9+ Z(}A’i —y)?
i=1 i=1

= SSE + SSR

2) =)0 - 7)
= ZZ(yi —m — bx))(m + bx; — (m + bx))
=26 ) (i = (7 = b2) = bx)(x; — )

= 2b(SSXY —b-S5X) =0

TiE, EOREHWTERICHELTCAE L LY, 3L, BURTHBHENS
SE5FN SSR LAY SSE AR L £,

> ssr <- b * ssxy

> ssr

[1] 26881.49

> ssy <- sum(yA2) - n * mean(y)A2
> Sse <- SSy - Ssr

> sse

[1] 133903.2

W, Rz BTl 7B 25t B L £,

15



> msr <- ssr /1

> msr

[1] 26881.49

> mse <- sse / (n - 2)
> mse

[1] 360.9251

AR A DOV T7 iR O EPE G TR . FlEZAE LET, SbIC,
IR SN FIEISHIET 5 pEA2FHR L ET,

> f.value <- msr / mse

> f.value

[1] 74.47943

>

> 1 - pf(f.value, 1, n - 2)
[1] 2.220446e-16

BONDRRIL, KIE LB anova Z W TEHRE SRR L —H L T E
K

78, BUFOLSEIATOFE R, BAE summary % VW TERR S D [BR AT
DFEROFUIZHEZENTWVET,

> summary(model)
(FEJL % —EBA IS
Coefficients:
Estimate Std. Error t value Pr(>ltl)
(Intercept) 58.05464 6.92490 8.383 1.08e-15 ***
flower 0.67287 0.07797 8.630 < 2e-16 ***

Signif. codes: @ ‘***’ @.001 ‘**’ 9.01 ‘*’ ©0.05 ‘.’ 0.1 ¢’ 1

Residual standard error: 19 on 371 degrees of freedom
Multiple R-squared: 0.1672, Adjusted R-squared: 0.1649
F-statistic: 74.48 on 1 and 371 DF, p-value: < 2.2e-16

[Residual standard error] 1%, FRZEDVEEPEFHF OFHBR E 72> TWET,

> sqrt(mse)
[1] 18.99803

16




Multiple R-squared| (R?) %, REFREL (coefficient of determination) &
FIFN DT, SSR & SSY DT,

> ssr / ssy
[1] 0.1671894

[Adjusted R-squared] (R3,;) 1%, HHEFREFRERE L LITNHMET,
ROEIITFHRTEET,

> (ssy / (n-1) -mse) / (ssy / (n - 1))
[1] 0.1649446

*7-. [ Fstatistic] L. DEOMN T flower OZhHE L L TEENTWD FEL
D pfﬁiC*ﬁLiTO F7-. flower DEUFRIICOWTHE I TWD ¢tiE
QT HE FIEIZ/RY F£3 (8.6302="74.477),

7285, REB I URE,1E. SSR. SSY, SSEZ#HWTLTOL SRS &b TE
iTo

oSSR _ | _SSE
- SSY SSY
R2 7—1 SSE

adj 1_n—p.SS_Y

ZIT, pIEETMCEEND RT A—F DT, HEUFET LTI, p = 2
(2720 FF, Rigjld. ETIMTEEND AT A—ZOEBLZITNTLNELE,

TEENRKEL 2D BEFFMONSSEZESBELD) 280N E

m§,

]

17



<[BFFREL DOHEEAEDIE © 7347 >

%Lbf_oto [t tu & BOHEENMD EmiX, EANOHESNAETH
BRI TAERICEL SNDMEREH T, Lich-> T, #HEEMEbEm

iﬁ%ﬁ@ MizbbET, I T, HEEMHEONE D DMICONTEXET,

FT. bIZONTEXET, bld,
zi(xl x)(yl )

l
_EM_-EM—@
~ L ssx 7, 4 SSX

4 £

=1
1 n
= SS_XZ yi(x; — %)
1=

LETILRTEET,

L7IeR->T, HEEMEDb D)1

E(b)—SS—XE(Zyl(x x))
== (Z(u+ﬁx+8)(x x)>
== (Z(u + B =8 + &) (x = ))

n

Z —-X)+ ﬁZ(xi —%)?+E (i g(x; — f))]

i=1 i=1

~ ssx |H

1
= o [0+ BSSX +0] = p

TY, Thbb, HEMEbOFEIX, BEOERIC—FHLET, ZI T, wid, y
Zex; Tl < xy — XIZENE L7286 O EBIHE T,

yi =1+ Bx = %)
LRSNET,

HEEAED D 53 BUE

18



1 n
V) = o V(Z yiCei - f))

1 n
= =57 ) G = DV
i=1

_ILGi—®? ,_ o
SSX? SSX

RV ET, B, T2 Told, EESHe: = V() =V(e) TT,

¥, HEEMEDIL., y,OBITH S

n —_—

xi—x
“Zam' T

i=1

TY, WIFERDHIZHED T2D, TOMEMEE Th Db F - IERSMICHENE
T, T72bb,

b~N(B, SS—X)

-(\“ﬁ—o
WX D, HEEMEmMIZ. m=y—pxeREFET,
L7en-> T, I

E(m)=EQy—-px)=p+px—pfx=u
L7 FET, HEEMEmOYHE, 030, BEOEu—%L 7,

I
o2 o2 ()2
— _ 2~ _ -
V(m) = V(y) + V(bx) — 2Cov(¥y, bx) = + (%) SSX 2:0= l + SSX
L7 ET,

YAZIERDMICHED 72D, m=y— Pl EEINImb - ERSAMAITHENE
T, Thbb,

——

19



B, BRESHEODEDEIIRI TN, THEKEDHS* TEIMA LI L

MTEET, T72bbH,
SSE

2
n—2

S =

TY o T OEIZT I OBRICEIR LI O T

ol E, bITET okEE
b — o

N

N F T
Hy: B = Bo

DOHE T, BHER- 205 ICHENE T,

ZDLE,. B (TbbE) Nl—aDWRTEENDIXM., T72bb,

(1 - ) 100%EHEXEITUT DO L I ITFHE SN ET,

N N
[b B tn—Z,l—% ssx’ b+ tn—Z,l—% \/SSX]

ZIT thegieapFEHE =228 MM 5% (o =0.05) £72iF 1% (a =

0.01) K¥EDIFEHIREFE T,

72, miZ oW T HHEEE

X, IR G
Hy:m = g

DOHE T, BHER- 20t5FICHENE T,

ToEE, u (Thbbuy) B1l—-aDERTEENDIXME., T7hbb,
(1 - a)100%EFEXMITLL TO L I ICEREINET,

_ ﬁ (G ﬁ (6
lm tn—Z,l—%S —t Mt tn—z,1—%5 i SSX]

20



TlX, ZZFTIERD D EMIZOWVTHRESCEHEREOHE AT TAHAEL

FFDICONVT, IFERFHHy: B = 0OV THEL THET,

> t.value <- (b - @) / sqgrt(mse/ssx)
> t.value

[1] 8.630147

> 2 * (1 - pt(t.value, n - 2))

[1] 2.220446e-16

ZOBEDRRIL, BEUFRSARIR S L TR RSN TV b DT,

> summary(model)
(5H%)
oefficients:
Estimate Std. Error t value Pr(>1tl)
(Intercept) 58.05464 6.92490 8.383 1.08e-15 ***
flower 0.67287 0.07797 8.630 < 2e-16 ***
Signif. codes: @ ‘***’ @.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 < ’ 1
(5H%)

ETITo AR EIL, BB DBRICHOWNWTITH) Z ENTEE3, #HilAIE, IR
i Hy: B = 05OV THELTCAEL X I,

> t.value <- (b - 0.5) / sgrt(mse/ssx)
> t.value

[1] 2.217253

> 2 * (1 - pt(t.value, n - 2))

[1] 0.02721132

FERIL, B /KMETHETYT, Ziud., ERL7- 95%E#EIXMIZ 0.5 2 &%
TV ZEEERLTWVET,

TiE, miZOVWTHRIE L EHXMOGFREZIT>TAEL L I, £T, IHHEK
Hy:m = 0DMEZIT>TAHAEL X D,

21



> t.value <- (m - @) / sgrt(mse * (1/n + mean(x)A2 / ssx))
> t.value

[1] 8.383389

> 2 * (1 - pt(t.value, n - 2))

[1] 1.110223e-15

ZORERLREIY ., BEICHAE SN TWEH D TLT,

> summary(model)
(W)
Coefficients:
Estimate Std. Error t value Pr(>Itl)
(Intercept) 58.05464 6.92490 8.383 1.08e-15 ***
flower 0.67287 0.07797 8.630 < 2e-16 ***
Signif. codes: @ ‘***’ @.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 < ’ 1
(W)

(PENETEDRVDIIADOREICL 2O LILEEA)

BB, IR Hy: m = 50IC OV THREL TANEL X D,

> t.value <- (m - 50) / sgrt(mse * (1/n + mean(x)A2 / ssx))
> t.value

[1] 1.163132

> 2 * (1 - pt(t.value, n - 2))

[1] @.2455237

FERIT. BUKETHLAHEETCIZIHY EHATLE, Zhix, Bl L7 95%[E4E
XENZ 500 [EFENTWD] ZEHEHRLTWET,
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< [EUFFRERC & T O E DA X[ >

BI% predict IZI3kk % Z2B8BED DV £9, ETILREIFET L ZHMICH L L
THEEZE-STAELLE ), THEETAELTUIDZ L EOYDENFHES
NET, FOMITREE fitted TEHE NS LD ELLFELTT,

> pred <- predict(model)
> head(pred)

1 2 3 4 5 6
108.5763 118.2769 121.6413 116.9312 117.9966 128.7065
> head(fitted(model))

1 2 3 4 5 6
108.5763 118.2769 121.6413 116.9312 117.9966 128.7065

Z 7 a vinterval & level ZEXET H E. ET A EH LD EEZDYDIF
X EEIRE X ET,

> pred <- predict(model, interval = "confidence", level = 0.95)
head(pred)
fit lwr upr

108.5763 105.8171 111.3355

118.2769 116.3275 120.2264

121.6413 119.4596 123.8230

116.9312 114.9958 118.8665

117.9966 116.0540 119.9391

128.7065 125.4506 131.9623

v

VT WN R

BA% predict Z W Ty DEFHXEZBR L TAHAEL X 9,

pred <- data.frame(flower = 50:160)
pc <- predict(model, int = "c", newdata = pred)
plot(data$height ~ data$flower)

matlines(pred$flower, pc, 1ty = c(1, 2, 2), col = "red")

V V V V
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data$height
100 120 140 160 180

80

60 80 100 120 140

data$flower

8. ET /N A H LD & X DyDFHEXM
XD TS, 20612 EIAL D

yOEFEXEITRO X SICFETEET, £\ x* 252 L &0y, T7hb
H. ym =E@lx=x)=pu+px*2WETH L E2EIET, EANGHESN
TlRlFfeEab 35 &, y, OHEEMIZ, P, =m+bx L7200 ET, 22T,
mbbHMEREBTHDHTZOIT, I b ETMERER LR T, Jpld
Ym=m+bx"=y+ b(x*—X)
EREN, TOHHIILLTO LS ICEARENE T,
V(@) = V(@) + (x* = 1)V (b)
0.2 (x* _f)zo.z
n SSX
BRI ODOWTIEARN ORI R SN DR E S Rs? L EES A D L, lixL e
[FARIZ, iRt =

~

Ym — Ym

1 (x*—x)2
s mt T ss%

t =

24



T, BHER- 20t5MICHENVET, LER-> T, BEOfly, =u+x 1 —a
DHERTEENDLXMH, T2bb, (1 - a)100%ERXEIZLLT O & 5 IZFHE
éﬂ\ij—o

R 1 (x*—x)?% _ 1 (x*—x)2
R LTS SR TS o P O

L FET,

TiE, BRI L7 -oT, x*2blc 2oL 20yOHEEEOFHEXM ZX/R L
THFEL LI,

> X <- 50:160
> tv <- qt(0.975, n - 2)
> y.hat <- mu + beta * x
> mean.x <- mean(data$flower)
> y.hat.upper <- y.hat + tv * sqrt(mse) * sqrt(1/n + (x - mean.x)A2 / ssx)
> y.hat.lower <- y.hat - tv * sqrt(mse) * sqrt(1/n + (x - mean.x)A2 / ssx)
> plot(data$height ~ data$flower)
> matlines(x, cbind(y.hat, y.hat.upper, y.hat.lower),
1ty = c(1, 2, 2), col = "red")

M8 LFE LKA D Z & aa@ L THEL X D,
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< SZEAXEFET NV E EREFET L >
ZZETIE. 2Oo0EKEMOREER CRITERET VET —XIZHEHA LT
EFE L, 22T, BIRETAEZD LIEBELTARAEL X 9,

F9°. ZHEAAFE (polynomial regression) & XX 5 ik CTlhllg&17 > TH
FLXH, ZHEAMERTIL,

Vi = WA Bix; + Boxl + o+ Bpx] + g
EVI M HTxD 2L EOTH S AW TEIFEZITOVET, £0E, 2D 1RO
HE2ROEEHNTEYFEZIT>THEL X D,

> model.quad <- 1lmCheight ~ flower + I(flowerA2), data = data)
> summary(model . quad)

(FER % — A HE)

Multiple R-squared: ©0.1915, Adjusted R-squared: 0.1871
(FER % — A HE)

ZHARYFET L THH SN Dy EBOES RERER?) 23, HERET

JZHARTH ELTWS Z R0 £9,

BB, BRLETNZOMEET TELEAXEFET APERLTND & LT
TNNTER A, R, ZEHARIFET VOIE S HHEEUFET M ATN
TA—ENEL T—=H~ETNLOYTUIDELT I LA DOFRIENEL 7o T
WANLTY, ML EIFTAZLETET VDT —F~DOHTITEY 2 £
HLOEMHRZ & T, M fla T 57— 2B EFULETONRT A =4
NHIEET N ET —FICERBIIHUID D ENTEET (Z0HE, RE
FRERYITFERIZ LIS LET), LER-T, RERTT VERINT 5854
2%, (S OFFHEEIC X 2 FEBRWVRFISALEL 2D £9, o0

TIE%I LET,

Tix, ZEAEYRORREEEXENE TR L THAEL & 9,

v

pred <- data.frame(flower = 50:160)

# FHEHPHOEE MNEH X 25 25)
pc <- predict(model.quad, int = "c", newdata = pred)

# Hxzohl-xIiZxH LT, HTIHMEEEEKMEZFRETS
plot(data$height ~ data$flower) #  EARRK O E
matlines(pred$flower, pc, 1ty = c(1, 2, 2), col = "red")

# HTTOM (A EYREER) 3 KO OETEIXH O

v

vV Vv
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140 180
|

data$height

80 100

data$flower

9. 2 RDOLIEX [T ORER, BATED X A X v 7 )N EFif: 120 HLL k-
DA IIHMEBEHENMENZ L0 5,

Tix, Z2HEAREYFET IV EBERET VORI ) ZFRIC L TAE L &

Do

> pred <- data.frame(flower = 50:160)
# FHREFHOREE MNEHE X 2 5.25)

> pc <- predict(model.quad, int = "c", newdata = pred)
# Hxzohl-xIiZx LT, HTEIHMEEEEKMEZFRETS
> plot(data$height ~ data$flower) #  EARRK O E

> matlines(pred$flower, pc, 1ty = c(1, 2, 2), col = "red")
#  HTTOM (A EYRiER) 3 KO OETEIXH O E
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o
‘@ —
— o
© o o
% ‘i N Q O, 8
g o
i 1 6 EE)
[¢)
S 4B
~ 8}
o _|
[o0]
I I I I I I
80 100 140 180
Observed

X 10. HEFET /L (B) BLXO2®OZEXET IV GR) BT 5
HTII O & BIEME O Rt

TiX. 2ROZHEAXE T NV O T DA EAFEIHNIAEDE D 1 E L TH
FL ko, ABME, 2 00T VOEREVHTMOENR, —HZ2AE LT
LR DET IV (Z ZTlid Model 2 78 Model 1 ZNE L TW5) DOFEZEY T FIC
HRTHORE VDD EFREICE > TRELET,

> anova(model, model.quad)
Analysis of Variance Table

Model 1: height ~ flower
Model 2: height ~ flower + I(flowerA2)
Res.Df RSS Df Sum of Sq F Pr(>F)
1 371 133903
2 370 129999 1 3903.8 11.111 0.0009449 ***

Signif. codes: @ ‘***’ @.001 ‘**’ 9.01 ‘*’ ©0.05 ‘.’ 0.1 ‘ ’ 1

fEF. WET VOFRESHOEWVTEEIZAE (p <0.001) THDHZ L0y
N F94, T/, Model 2725 Model 1 IZEERTHEICIHHA DB E NE WX
R
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TlX., SIOZHEAAFET NV EZH TIIH, 2IROET VI THEIZHH
B ENDRELTHEL L D,

> model.cube <- lmCheight ~ flower + I(flowerA2) + I(flowerA3), data = data)
> summary(model. cube)

(&5 — )

Multiple R-squared: ©0.1931, Adjusted R-squared: 0.1866
(&5 — )
> anova(model.quad, model.cube)
Analysis of Variance Table

Model 1: height ~ flower + I(flowerA2)

Model 2: height ~ flower + I(flowerA2) + I(flowerA3)
Res.Df RSS Df Sum of Sq F Pr(>F)

1 370 129999

2 369 129729 1 270.17 0.7685 0.3813

2WRDET R, 3IROET NVTFHAIA D LEE TR ELTWEST, L
L. TOEITHAHICEETIEID Y AL, T7hbb, 2IROETIVE 3IRD
ETHEIRT DD ER TR END0D £77,

B#IC, EEYF (multiple linear regression) ®7 /L& H CIEO THE L & 9,
EEIP G EN

Vi =W+ Bixy + BaXoi + 4 Bpxypi + &
VO DIZH THEIOBAZEL (x,x,,.0x,) ZHOTEIFEZTVES, H 1
ElOGRICB T, HL (height) PNEBERIEROEWVICE>THRRLZ L
777 TCHERLE LT, 22 T4 EHmOGALE L TRINBEEHNE R
(PC1~PC4) MW TELZHIT L2HEEIFET VAER L THET,

> model.wgb <- ImCheight ~ PC1 + PC2 + PC3 + PC4, data = data)
> summary(model.wgb)
(&5 2 — )
Multiple R-squared: 0.3388, Adjusted R-squared: 0.3316
(&5 2 — )
> anova(model.wgb)
(&5 2 — B ws)
Response: height
Df Sum Sq Mean Sq F value Pr(>F)

PC1 1 28881 28881.3 99.971 < 2.2e-16 ***
PC2 1 5924 5924.2 20.506 8.040e-06 ***
PC3 1 6723 6723.2 23.272 2.063e-06 ***
PC4 1 12942 12942.3 44.799 8.163e-11 ***

Residuals 368 106314 288.9

Signif. codes: @ ‘***’ @.001 ‘**’ 9.01 ‘*’ ©0.05 ‘.’ 0.1 ‘ ’ 1
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[EFE 7 NV OWRTEREAS, T EDZEARFE T /T HmW I &35
MY ET, FBATOREEZ R THLNTNOER DB AE T, BURICED 5L
EINDDHZ NG T,

w%IC, ZHEHARFEET LV EEEIFET VEAMGETAEL X 9,

> model.all <- 1ImCheight ~ flower + I(flowerA2) + PC1 + PC2 + PC3 + P(C4,
data = data)
> summary(model.all)
(&5 2 — )
Multiple R-squared: 0.4045, Adjusted R-squared: 0.3947
(&5 2 — )
> anova(model.all, model.wgb)
Analysis of Variance Table

Model 1: height ~ flower + I(flowerA2) + PC1 + PC2 + PC3 + PC4
Model 2: height ~ PC1 + PC2 + PC3 + PC4
Res.Df RSS Df Sum of Sq F  Pr(GF)
1 366 95753
2 368 106314 -2 -10561 20.184 4.84e-09 ***

Signif. codes: @ ‘***’ @.001 ‘**’ 9.01 ‘*’ ©0.05 ‘.’ 0.1 ¢’ 1

EOLIZH T 2 BT RO EIZIEFICRKRE VDO TTN, 2T THR, B
WDOHA I TOMEIZONTHEMZZIE DN, BT VOB RN ET5 2
EDGMY F97,

R, BANZAER L2 HIEGE 70 & RBICIERR L EERE T L2, Blg
& & TXDEDOFHAT 2V THE L THE L X 9,

> 1lim <- range(data$height, fitted(model), fitted(model.all))
> plot(data$height, fitted(model), xlab = "Observed",
ylab = "Fitted", xlim = 1im, ylim = 1lim)
> points(data$height, fitted(model.all), col = "red")
> abline(0,1)

R, BEMNYE R 2ROEEZET L2 LR EI2X 0 KIBIZET VORI
N ERSTNDZENSNY £, Lovl, —FHT, BEDZ A I I REND
(180 HLARE) 2 > i - ﬁﬁ_owfi BREPICRELNTZET L TH T
ST TE TN E b0 £, FiiceBRZMSEHE LTNZ5
ELT, ETAZHETHORMPFK S TWVDHONE LIVER A,
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B 11. HEYFET v (B) SERIGFET L R) O
FREm DS Bl THEE ST F L2 B TIT O T
FOVHNOY 7T T E D OEI DR L TRy
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< FEEREIHE & Sy Eo T >

FERRERZ S L IhmE L O & T2, WO LREICR D ONBIEE
LA ENDEGEOBEIETT, YT CHERER BT T bEGE R R b
DOTHY ., FRZES TORR TIXMIGZNICAH B DRI 72 B OEWIZ L - T
MENELET, LER- T, BERD > THZNICEE SN TICEBIN
Ma G DT OIZ LRI N FIEDNERRENE L (experimental design) T,

FP. EREAEFET S LT, FEFICEELROITLLTIZART Fisher @ 3 JFH|
(Fisher’s three principles) T3,

(1) ;18 (replication) : EEBRFERICOWVWTHHMIMENTE DL HICTHED
oy FCBICOWTRIEZRT £, FIAE 1 OO s & EEEIRH ¥ 5
EHCLES, IRENTHYT 2EREMOZ 27y b (plot) & LT
£7

(2) E/EZ L (randomization) : FREDENT X KI5 L O IZT HH4E
D EEBERLE DN ET, BIIE, BEERBROF T, iEE BN o7
7y MY A 3 a0 E T T & LIZEIND T £,

(3) A& (local control) : RFTEH & LM% %4 7 v v 27 (block) & Xidi
DIXEIZ3T, 71y v 7 NOBREESRMFNTE DT EIZR D & 5 I2EH
T5ZETY, MGRBROFITIE, BEOHLIELESTLKEBEELT 7Y 7 &0
NSRBI HEITH & T, T ry I NOBEEEREEEN TE 72T HWHEIZR
HE2ICLET, BSRERORERELZWEIZT LX), 7oy 7 GIZHEN
THIEIDBRS T,

7B, BMGENS OO T ey ZIZHFEILT, 7ry 7 NTILTE D720 5E:
BREENBIEIZ/2 5 X912 L TT 9 ERIELELIRTE (randomized block design)
EWVWET, FBETIERSGZ 7 m o 7B LT, 70y 7N TORED
FOATTITEEBITATOVE S, 70y 7 OB RIER L2 £7,

TIE, AR I 2L —3 g 2@ LT, BLBIEICBIT DHEHRE D JTIEIC D
WTHBLET, EFEVIab—va v 2BaT 200, o THE) 2%
ELEL XD, SO L TG ERET D200 LT HETT,

> set.seed(123)
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T, Ry I 2l —yarZhdELr o5, BB, 22T, 16T a vy
L (plot) 7284X4 THEINTWDIEIGEZZ X £ T, £ LT, ZOREGIZHT
DAERNH DRI EE X ET,

> field.cond <- matrix(rep(c(4,2,-2,-4), each = 4), nrow = 4)
> field.cond

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

[1,] 4 2 -4
[2,] 4 2 -2 -4
[3,] 4 2 -2 -4
4,1 4 2 -2 -4

HolbHIINEWNE ZATIHEHH, KWNWEZATIE4ADOENRHDHLELEL
776

ZZ T, Fisher ® 3JFANC LIz >TT7 By 7 BB LET, 70 v 7id, H
HOENE S FLRRTED L) ICHELET,

> block <- c("I", "IT", "III", "IV")
> blomat <- matrix(rep(block, each = 4), nrow = 4)
> blomat
[,11 [,21 [,31 [,4]
[1’] "I" "II" IIIIIII IIIVII
[2’] "I" "II" IIIIIII IIIVII
[3’] "I" "II" IIIIIII IIIVII
[4’] I "II" IIIIIII IIIVII

Wiz, Fisher ® 3JFANZ L7223 > ChfEZ K 7 0 v 7\ ZHAES IR E L E 3,
FTIEIZDOOOHEREZLEL L 9,

> variety <- c("A", "B", "C", "D™) # Ao0MEERRT D

> sample(variety)

[1] "B™ "C™ "A" "D" # B¥ sample T4 MFELZ MAELICW DT ENTE D
> sample(variety) # FATT D HMITIELICW O Hivd

[1] "D™ "A"™ "B" "C"

TiE, &7 0y 7 ICEESIZREZEI VAT THREL X 9,

33



> varmat <- matrix(c(sample(variety), sample(variety),
sample(variety), sample(variety)), nrow = 4)
> varmat
[,11 [,2] [,3] [,4]

(1,7 "Cc" "c" "A" "D"

2,1 "B" "B" "D" "(C"

(3,1 "p" "A" "C" "B"

(4,17 "A" "D" "B" "A"

4 SWFEIZ A BN D BIAIIRES) DEWEE 2 $£9, A~D SEOBEREE ) %= %
NEN+4, +2, -2, -4 L LE T,

> g.value <- matrix(NA, 4, 4)

> g.value[varmat == "A"] <- 4

> g.value[varmat == "B"] <- 2

> g.value[varmat == "C"] <- -2
> g.value[varmat == "D"] <- -4
> g.value

[,1]1 [,21 [,3] [,4]
[1,] -2 -2 4 -4
[2,] 2 2 -4 -2
[3,] -4 4 -2 2
[4,] 4 -4 2 4

BRESIC K DT D0 2 0, R 2.6 OIEM A b OFLE E L TAERK
LE9,

> e.value <- matrix(rnorm(16, sd = 2.5), 4, 4)
> e.value

[,1] [,2] [,3] [,4]
[1,] 1.0019286 1.244626 -2.6695593 -1.5625982
[2,] 0.2767068 -4.916543 -0.5449373 -4.2167333
[3,] -1.3890028 1.753390 -2.5650111 2.0944676
[4,] 4.40672828 -1.181979 -1.8222281 ©.3834328

b

b

B, Loa<wry FTITEEZREL TOETR, S A EFE LR CER
Bonn EBVET, Zhid, BESNLIEED UGB THY ., 5 ED
BHNZHE > TER ST DD TY, 2B, JGICHRE LA OROE 2 %
25E, RIORESNTWDHIEEFI LS DITERSNET A, £, F17T 50
(ZH72 DEAE AR S IVE T
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RBIT, BIEREY), A oAR, SEOBISHIRE ], kDI EE
Labt, IWHOBSHEZBEIICER L £,

> grand.mean <- 50
> simyield <- grand.mean + field.cond + g.value + e.value
> simyield
[,1] [,2] [,3] [,4]
[1,] 53.00193 51.24463 49.33044 40.43740
[2,] 56.27671 49.08346 43.45506 39.78327
[3,] 48.61040 57.75339 43.43499 50.09447
[4,] 62.46728 46.81802 48.17777 50.38343

FRHNCAER LT — 2 2 1R L CTAHAE L & 9,

op <- par(mfrow = c(2, 2))

image(t(field. cond))

for(i in 1:4) text((i-1) / 3, 0:3 / 3, blomat[,i])

image(t(g.value))

for(i in 1:4) text((i-1) / 3, 0:3 / 3, varmat[,i])

image(t(e.value))

image(t(simyield))

for(i in 1:4) text((i-1) / 3, 0:3 / 3, paste(varmat[,i], blomat[,i]))
par(op)

VVV VVVYVVYV

| il
@
s

| 1
=
s | 1
o
2 | 1

00 02 04 06 08 1.0 0.0 02 04 06 08 1.0

A
> Bl
g cl cll Alll

00 02 04 06 08 1.0 0.0 02 04 06 08 1.0

0.0 04 08

00 04 08
00 04 08

X 12. #iAHoAE (L), FEOBESFR L),

REICEDEE2& (£TF) BLIUEHEHOBIEME (FT)
ST EAT O BICATHNI O D= HIZ/2 5 TWST —Z ZF7 —ZIZH L, i
ELET,
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> as.vector(simyield)
[1] 53.00193 56.27671 48.61040 62.46728 51.24463 49.08346 57.75339 46.81802
49.33044 43.455006 43.43499
[12] 48.17777 40.43740 39.78327 50.09447 50.38343
> as.vector(varmat)
(1 "c* "™ "p" "A"™ "C" "B"™ "A" "D"™ "A" "D" "C" "B"™ "D" "C" "B" "A"
> as.vector(blomat)
r« "z "z~ "z~ "z "1z "11r" "1r" "II" "III" "III" "III" "III"
B A TA A VA AT AN AVAL
> simdata <- data.frame(variety = as.vector(varmat),
block = as.vector(blomat), yield = as.vector(simyield))

> simdata

(RERITEM)

YERL U727 — % % B4 interaction.plot Z /i » TRI/R L THAE T,

> interaction.plot(simdata$block, simdata$variety, simdata$yield)

. simdata$vail
o N
© N
AN -- A

o] ‘\‘ - B
P \,
g 0 \ — D
pra) 0 N -- C
o] N
©
©
E
7 o _|

0
.
o
C
©
£

7o)

Crig

o _|

g

simdata$block

4 13. PRI SN - 7 u Y VHONET —#
MHERELFEC LY I T ey ZBERREI W ENETEND
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TIE, W LT =2 2 O THOmaTr 217> THEL X 9,

> res <- aov(yield ~ block + variety, data = simdata)
> summary(res)

Df Sum Sq Mean Sq F value Pr(>F)
block 3 257.77 85.92 13.45 0.00113 **
variety 3 243.02 81.01 12.68 0.00139 **
Residuals 9 57.48 6.39

Signif. codes: @ ‘***’ @.001 ‘**’ 9.01 ‘*’ 0.05 ‘.’ 0.1 ° ° 1

Ty R mEIROEEICARETHDL I 0NN £3, k., B
BEREDOR R TIE2 <, H< ETHMERRZE L HEET D720I2F T /MITHA
AENTWDZLITERLEL X 9,

Ll LA MO, B 7 A ORED 20 OB Im 2 T HIT) 2 &
WCEET,

> res <- lm(yield ~ block + variety, data = simdata)
> anova(res)
Analysis of Variance Table

Response: yield

Df Sum Sq Mean Sq F value Pr(GF)
block 3 257.769 85.923 13.453 0.001126 **
variety 3 243.017 81.006 12.683 0.001391 **
Residuals 9 57.484 6.387

Signif. codes: @ ‘***’ @.001 ‘**’ 9.01 ‘*’ 0.05 ‘.’ 0.1 * ’ 1

BA%Im TliE, # I —Z&%% HO CEFOMHEADH THBU T 217> TV E
9, 728, BA% model.matrix {9 & ¥ I —EHOBXEEMRT HZ ENT
XET,

> model.matrix(res)
(FER A W)

> summary(res)
(FER A W)
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ST AT DRRE >
WE, i BHOGEDO jBRHOT 0y 7 BT A HEOBIEE x; & LET,
ZDEE, IO EHICELS N TEET,
X =X+ (X - X))+ (X, - X))+ (x; —X.—X.; +X.)
Ty X X, XFENEN, iFHOMMEIOWTOVY, jFEROT R
BT, P ERLET, T7205,

(Y
(Y

— r

X =2, Xl

m

X.. = leij/m

lﬁzz;Ziﬂ/mﬂ:ZLZJm:Z;iﬂr

LV ET, T T, midmEE, riiv ey 78T,

BIEEORTEN S OZEOF-HFOF (FJ5F1, sum of squares) |
2 2 (6 —E)’

SO WM RIS YD WNCIES BT YD WS S SES Sy
=y =X AmYy, (X =X+ N (- KX 4R

A%ﬁé ENTEEY, 1HANGMEICERNT 5/, 2HAR T 1y
(SRR DT, 3 THH BRI T,

DEISNT A BHE TE -2 OZ S (mean square) & WO\ E
T, ERIEFIEENENOLEE % &7 5T RIKIC X D R R H (unbiased
variance) (ZxHi UE T, S BOHT ClIdnFED I -5 & R 722 O V-3 5 CEl
ST EFE L, O REAGL (MFEICERT 50830 ob & THH
FEm—1. (m-1)r-D)DFSmHIIHED T EEFA L TREOMEOFEMERIE %
ITVET,

RDO_—=IZB B aov ZHEDOTITHBIT 2T I OO R Da— 2R L%
j—o
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> simdata <- simdata[order(simdata$block, simdata$variety),]
> simdata
(FER 2 W)
> x1j <- matrix(simdata$yield, nrow = 4)
> X1j
[,1] [,2] [,3] [,4]

[1,] 62.46728 57.75339 49.33044 50.38343
[2,] 56.27671 49.08346 48.17777 50.09447
[3,] 53.00193 51.24463 43.43499 39.78327
[4,] 48.61040 46.81802 43.45506 40.43740
X.. <- mean(xij)
xi. <- apply(xij, 1, mean)
x.J <- apply(xij, 2, mean)

m <- nrow(xij)

r <- ncol(xij)

ss.blo <- sum((x.j - x..)A2) * m

> ss.blo

[1] 257.769

> ss.var <- sum((xi. - X..)A2) * r

> ss.var

[1] 243.0174

> ss.err <- sum((sweep(sweep(xij, 1, xi.), 2, X.J) + x..)A2)
> ss.err

[1] 57.48384

>

> ms.blo <- ss.blo / (r - 1)

> ms.blo

[1] 85.92301

> ms.var <- ss.var / (m - 1)

> ms.var

[1] 81.00579

> ms.err <- ss.err / ((m - 1) * (r - 1))
> ms.err

[1] 6.387094

>

> f.value <- ms.var / ms.err

> f.value

[1] 12.08273

>

> gf(1 - c(0.05, 0.01, 2.001), m - 1, (m - 1) * (r - 1))
[1] 3.862548 6.991917 13.901803

>

> p.value <- 1 - pf(f.value, m - 1, (m - 1) * (r - 1))
> p.value

[1] 0.001391247

>
>
>
>
>
>
>
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<FELBRIE & e MR 2 Bl E >

Fisher ® 3J5HIID 1 > TH A /ETEHIZ. 77 v FMEOREMI &V B TR
EOEWEREZIT O - DIZIERICEETY, 2 Tlit, KT &R URESM:
EREELT, 7y 7 5T TICEREITO I EEEZEZTHAET,

FFLEDVIalb—va VERTIIIIEICTr vy 7L, DT 1y 7 NTA,
B,C,D #8/EAICELE LE L, 22 T4 X4 KEOT Y e, [#
BRI 2ICEEAICKRELE T, 20k ic7ue v s 2HETT, BRI
IEVEZ ICRLE L C1T 0 iz [E22EARE (completely randomized
design) | & KLUVET,

> varmat.crd <- matrix(sample(varmat), nrow = 4)
> varmat.crd
[,11 [,21 [,3]1 [,4]
"D" "A" "B"

npn
ngn
npr
nen

L

n D" "C n
n "C n "A"
n B n "C n

AT, B EERICEELICE D RS> TWD O T, FIEIC SRR HIERBEE Y R
RHLZEICHERELEL X 9,

SE A MM ARLE OB N B D R REH D S CET,

.value.crd <- matrix(NA, 4, 4)
.value.crd[varmat.crd == "A"] <- 4

.value.crd[varmat.crd == "B"] <- 2
.value.crd[varmat.crd == "C"] <- -2
.value.crd[varmat.crd == "D"] <- -4

.value.crd

(,11 [,21 [,3] [,4]
[1,1 -4 -4 4 2
[2,] 2 2 -4 -2
3,1 -4 4 -2 4
(4,1 -2 4 2 -2

TIFEDV I 2 b—ra VERERFREIC, 2KEY, Mhoakd, SFEOBK
R BEICLATLSXERELEADEE T,
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> simyield.crd <- grand.mean + g.value.crd + field.cond + e.value
> simyield.crd
[,1] [,2] [,3] [,4]
[1,] 51.00193 49.24463 49.33044 46.43740
[2,] 56.27671 49.08346 43.45506 39.78327
[3,] 48.61040 57.75339 43.43499 52.09447
[4,] 56.46728 54.81802 48.17777 44.38343

TiE, BREICER SN T — X IO T EIT> TAHE L X 9, iF
EDERLITRRY T 0y 7 ZRELTHRVOTT 1y ZHRITEDRNT
SRR A E e T L CRIBO 21TV R T,

> res <- lm(yield ~ variety, data = simdata.crd)
> anova(res)
Analysis of Variance Table

Response: yield

Df Sum Sq Mean Sq F value Pr(>F)
variety 3 121.38 40.461 1.7072 ©.2185
Residuals 12 284.41 23.701
> summary(res)

(FERITEM)

EoflTiE, miERIT, AETEHY A, T OREIC XV iEE
MREL 72D fEROBIGI 70BN T2 I E THEE TE < RoTWn5
el EBEZBNET,

B, EilL7zvIab—va UERE 100 BV KL TIToTAHAELE (K
NR=VIIRLET), ZORR, GLBLEEZ W= TIX 100 B0 5 5 94 [FlD
R TR R AR (BREAKEES%) TXE LN, BLBIEARE T 66
EI LRI CEEEAT LR, /o, AEKEZ I%IRET DH L. g
DR SN D EENZNEN 7008, 30[E 700 £ L GERBEIEARLE Tl
70 [ESFER A BT ), ZoZ b, MOoARRE, Ta vy s E#
ETHIETHIRERENTE 5L 72GE10, SLMEORMHNIER A
W THDHZ LRGN0 T, KM &% TT O ERE TE 20 H%0 7
HOITT L7221, ERFTEZEUICHTe 2 & BNIER ICEHEE RO T,
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n.rep <- 100
p.rbd <- rep(NA, n.rep)
p.crd <- rep(NA, n.rep)
for(i in 1:n.rep) {
# experiment with randomized block design
varmat <- matrix(c(sample(variety), sample(variety),
sample(variety), sample(variety)), nrow = 4)

V V V V

g.value <- matrix(NA, 4, 4)
g.value[varmat == "A"] <- 4
g.value[varmat == "B"] <- 2
g.value[varmat == "C"] <- -2
g.value[varmat == "D"] <- -4
e.value <- matrix(rnorm(16, sd = 2.5), 4, 4)

simyield <- grand.mean + field.cond + g.value + e.value
simdata <- data.frame(variety = as.vector(varmat),
block = as.vector(blomat),
yield = as.vector(simyield))
res <- Im(yield ~ block + variety, data = simdata)
p.rbd[i] <- anova(res)$Pr[2]

# experiment with completed randomized design
varmat.crd <- matrix(sample(Cvarmat), nrow = 4)

g.value.crd <- matrix(NA, 4, 4)
g.value.crd[varmat.crd == "A"] <- 4
g.value.crd[varmat.crd == "B"] <- 2
g.value.crd[varmat.crd == "C"] <- -2
g.value.crd[varmat.crd == "D"] <- -4

simyield.crd <- grand.mean + g.value.crd + field.cond + e.value
simdata.crd <- data.frame(variety = as.vector(varmat.crd),
yield = as.vector(simyield.crd))

res <- Im(yield ~ variety, data = simdata.crd)
p.crd[i] <- anova(res)$Pr[1]

}

> sum(p.rbd < 0.05) / n.rep

[1] 0.94

> sum(p.crd < 0.05) / n.rep

[1] 0.66

> sum(p.rbd < 0.01) / n.rep

[1] 0.7

> sum(p.crd < 0.01) / n.rep

[1] 0.3
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