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JQ/2H a2H2+iBQM

h?2 �BK Q7 KQ/2H b2H2+iBQM Bb iQ }M/ 7`QK � b2i Q7 T`2/B+iQ` p�`B�#H2b i?Qb2
r?B+? �`2 `2H2p�Mi 7Q` i?2 `2bTQMb2 p�`B�#H2X _2H2p�M+2 BM i?Bb +QMi2ti K2�Mb
i?�i p�`B�#BHBiv Q7 i?2 T`2/B+iQ` Bb �bbQ+B�i2/ rBi? p�`B�#BHBiv Q7 i?2 `2bTQMb2
p�`B�#H2X 6m`i?2`KQ`2 i?Bb +Q@2tBbi2M+2 Q7 p�`B�#BHBiv Q7 T`2/B+iQ`b �M/ `2bTQMb2
?�b iQ #2 [m�MiB}�#H2 #v � HBM2�` 7mM+iBQM- bm+? �b i?2 QM2 ;Bp2M BM i?2 KQ/2H
U9XRVX
AM � T`�+iB+�H /�i� �M�HvbBb b2iiBM;- i?2 /�i�b2i mb2/ �b BMTmi iQ i?2 �M�Hv@
bBb K�v ?�p2 K�Mv T`2/B+iQ` p�`B�#H2bX "mi Bi Bb MQi ;m�`�Mi22/ i?�i �HH Q7
i?2K ?�p2 �M BM~m2M+2 QM i?2 `2bTQMb2 p�`B�#H2X "2+�mb2 r2 r�Mi iQ KQ/2H
i?2 `2bTQMb2b rBi? � HBM2�` 7mM+iBQM Q7 i?2 T`2/B+iQ` p�`B�#H2b- 2p2`v �//BiBQM�H
T`2/B+iQ` p�`B�#H2 BMi`Q/m+2b �M �//BiBQM�H +Q2{+B2Mi i?�i Kmbi #2 2biBK�i2/X
1p2`v 2biBK�i2/ +Q2{+B2Mi H2�/b iQ KQ`2 p�`B�#BHBiv BM i?2 T`2/B+i2/ `2bTQMb2
p�Hm2b Q7 � ;Bp2M KQ/2HX >2M+2 B7 � KQ/2H b?QmH/ #2 mb2/ iQ T`2/B+i M2r `2@
bTQMb2b #�b2/ QM Q#b2`p2/ T`2/B+iQ` p�Hm2b- i?2 BM+`2�b2/ p�`B�#BHBiv /2+`2�b2b
i?2 T`2/B+iBp2 TQr2`X
q2 �bbmK2 i?2 7QHHQrBM; HBM2�` KQ/2H

yi =
p∑

j=1
βjxij + ϵi (i = 1, . . . , n) U9XRV

r?2`2 ϵ1, . . . , ϵn �`2 B/2MiB+�HHv BM/2T2M/2MiHv /Bbi`B#mi2/ UBXBX/V rBi? E(ϵi) = 0
�M/ var(ϵi) = σ2X h?2 KQ/2H b2H2+iBQM T`Q#H2K +�M #2 bi�i2/ #v i?2 7QHHQrBM;
[m2biBQMX

ǳq?B+? Q7 i?2 T`2/B+iQ` p�`B�#H2b b?QmH/ #2 mb2/ BM i?2 HBM2�`
KQ/2H\Ǵ

�b �H`2�/v K2MiBQM2/- Bi K�v #2 i?�i MQi �HH Q7 i?2 p T`2/B+iQ` p�`B�#H2b BM@
+Hm/2/ BM i?2 7mHH KQ/2H b?QrM BM U9XRV �`2 `2H2p�MiX S`2/B+iQ`b i?�i �`2 MQi

kN
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`2H2p�Mi b?QmH/ MQi #2 BM+Hm/2/ BM � KQ/2H #2+�mb2 2p2`v +Q2{+B2Mi Q7 � T`2/B+@
iQ` Kmbi #2 2biBK�i2/ �M/ H2�/b iQ BM+`2�b2/ p�`B�#BHBiv Q7 i?2 }ii2/ KQ/2HX AM
+�b2 r?2`2 i?Bb p�`B�#BHBiv Bb +�mb2/ #v MQM@`2H2p�Mi T`2/B+iQ` p�`B�#H2b- i?2 T`2@
/B+iBp2 TQr2` Q7 i?2 2biBK�i2/ KQ/2H Bb HQr2`2/X �b � +QMb2[m2M+2- r2 �`2 Q7i2M
HQQFBM; 7Q` �M QTiBK�H Q` i?2 #2bi KQ/2H ;Bp2M i?2 �p�BH�#H2 BMTmi /�i�b2iX

9XR "B�b@o�`B�M+2 h`�/2@Pz

q?�i r�b 2tTH�BM2/ �#Qp2 +�M #2 7Q`K�HBx2/ � #Bi KQ`2X amTTQb2- r2 �`2
HQQFBM; 7Q` QTiBKBxBM; i?2 T`2/B+iBQM

q∑

r=1
β̂jr xijr U9XkV

r?B+? BM+Hm/2b q `2H2p�Mi T`2/B+iQ` p�`B�#H2b rBi? BM/B+2b i�F2M 7`QK i?2 p2+iQ`
j rBi? j1, . . . , jq ∈ {1, . . . , p}X h?2 �p2`�;2 K2�M b[m�`2/ 2``Q` Q7 i?2 T`2/B+iBQM
BM U9XkV +�M #2 +QKTmi2/ �b

MSE = n−1
n∑

i=1
E

[
(m(xi) −

q∑

r=1
β̂jr xijr )2

]

= n−1
n∑

i=1

(
E

[
q∑

r=1
β̂jr xijr

]
− m(xi)

)2

+ n−1
n∑

i=1
var(

q∑

r=1
β̂jr xijr )

U9XjV

r?2`2 m(.) /2MQi2b i?2 HBM2�` 7mM+iBQM BM i?2 i`m2 KQ/2H rBi? p T`2/B+iQ` p�`B@
�#H2bX h?2 bvbi2K�iB+ 2``Q` n−1∑n

i=1

(
E
[∑q

r=1 β̂jr xijr

]
− m(xi)

)2
Bb +�HH2/

b[m�`2/ #B�b �M/ i?Bb [m�MiBiv Bb 2tT2+i2/ iQ /2+`2�b2 �b i?2 MmK#2` Q7 T`2/B+@
iQ`b q BM+`2�b2bX "mi i?2 p�`B�M+2 i2`K BM+`2�b2b rBi? i?2 MmK#2` Q7 T`2/B+iQ`b
qX h?Bb 7�+i Bb +�HH2/ i?2 #B�b@p�`B�M+2 i`�/2@Qz r?B+? Bb T`2b2Mi BM K�Mv
�TTHB+�iBQMb BM bi�iBbiB+bX LQr }M/BM; i?2 #2bi KQ/2H +Q``2bTQM/b iQ }M/BM; i?2
KQ/2H i?�i QTiBKBx2b i?2 #B�b@p�`B�M+2 i`�/2@QzX h?Bb T`Q+2bb Bb �HbQ `272``2/
iQ �b `2;mH�`Bx�iBQMX

9Xk J�HHQrb Cp ai�iBbiB+

h?2 K2�M b[m�`2 2``Q` BM U9XjV Bb mMFMQrM #2+�mb2 r2 /Q MQi FMQr i?2 K�;MB@
im/2 Q7 i?2 #B�bX "mi Ja1 +�M #2 2biBK�i2/X
G2i mb /2MQi2 #v SSE(M) i?2 `2bB/m�H bmK Q7 b[m�`2b BM i?2 KQ/2H MX lM7Q`@
imM�i2Hv SSE(M) +�MMQi #2 mb2/ iQ 2biBK�i2 MSE #2+�mb2 SSE(M) #2+QK2b
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bK�HH2` i?2 KQ`2 T`2/B+iQ`b �`2 BM+Hm/2/ BM i?2 KQ/2H MX h?2 MmK#2` Q7 T`2@
/B+iQ`b BM i?2 KQ/2H M Bb �HbQ Q7i2M `272``2/ iQ �b i?2 bBx2 Q7 i?2 KQ/2H �M/ Bb
r`Bii2M �b |M|X
6Q` �Mv Ubm#@V KQ/2H M r?B+? BMpQHp2b bQK2 UQ` �HHV Q7 i?2 T`2/B+iQ` p�`B�#H2b-
i?2 K2�M b[m�`2 2``Q` UMSEV +�M #2 2biBK�i2/ #v

M̂SE = n−1SSE(M) − σ̂2 + 2σ̂2|M|/n U9X9V

r?2`2 σ̂2 Bb i?2 2``Q` p�`B�M+2 2biBK�i2 BM i?2 7mHH KQ/2H �M/ SSE(M) Bb i?2
`2bB/m�H bmK Q7 b[m�`2b BM i?2 bm#@KQ/2H MX >2M+2 iQ }M/ i?2 #2bi KQ/2H- r2
+QmH/ b2�`+? 7Q` i?2 bm#@KQ/2H M i?�i KBMBKBx2b M̂SEX "2+�mb2 σ̂2 �M/ n �`2
+QMbi�Mib rBi? `2bT2+i iQ bm#@KQ/2Hb M- r2 +�M �HbQ +QMbB/2` i?2 r2HH@FMQrM
Cp bi�iBbiB+

Cp(M) = SSE(M)
σ̂2 − n + 2|M| U9X8V

�M/ b2�`+? 7Q` i?2 bm#@KQ/2H M KBMBKBxBM; i?2 Cp bi�iBbiB+X

9Xj a2�`+?BM; 6Q` h?2 "2bi JQ/2H qBi? _2@
bT2+i hQ Cp

A7 i?2 7mHH KQ/2H ?�b p T`2/B+iQ` p�`B�#H2b- i?2`2 �`2 2p−1 bm#@KQ/2Hb U2p2`v T`2@
/B+iQ` +�M #2 +QMbB/2`2/ BM � bm#@KQ/2H Q` MQiX h?2 2KTiv bm#@KQ/2H rBi?Qmi
�Mv T`2/B+iQ`b Bb 2t+Hm/2/ ?2`2VX
h?2`27Q`2- �M 2t?�mbiBp2 b2�`+? 7Q` i?2 bm#@KQ/2H M KBMBKBxBM; Cp Bb QMHv
72�bB#H2 B7 p Bb H2bb i?�M 16 r?B+? `2bmHib BM 216 − 1 = 6.5535 × 104 bm#@KQ/2Hb
iQ #2 i2bi2/X A7 p Bb Km+? H�`;2`- r2 +�M T`Q+22/ rBi? QM2 Q7 i?2 irQ 7QHHQrBM;
bi2TrBb2 �H;Q`Bi?KbX

9XjXR 6Q`r�`/ a2H2+iBQM

RX ai�`i rBi? i?2 bK�HH2bi KQ/2H M0 rBi? QMHv � ;2M2`�H K2�M �b i?2 +m``2Mi
KQ/2H

kX AM+Hm/2 i?2 T`2/B+iQ` p�`B�#H2 iQ i?2 +m``2Mi KQ/2H r?B+? `2/m+2b i?2
`2bB/m�H bmK Q7 b[m�`2b i?2 KQbiX

jX *QMiBMm2 rBi? bi2T k mMiBH �HH T`2/B+iQ` p�`B�#H2b ?�p2 #22M +?Qb2M Q` mMiBH
� H�`;2 MmK#2` Q7 T`2/B+iQ` p�`B�#H2b ?�p2 #22M b2H2+i2/X h?Bb T`Q/m+2b �
b2[m2M+2 Q7 bm#@KQ/2Hb M0 ⊆ M1 ⊆ M2 ⊆ . . .

9X *?QQb2 i?2 KQ/2H BM i?2 b2[m2M+2 M0 ⊆ M1 ⊆ M2 ⊆ . . . rBi? i?2
bK�HH2bi Cp p�Hm2X
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9XjXk "�+Fr�`/ a2H2+iBQM

RX ai�`i rBi? i?2 7mHH KQ/2H M0 �b i?2 +m``2Mi KQ/2HX h?2 7mHH KQ/2H Bb i?2
KQ/2H BM+Hm/BM; �HH p T`2/B+iQ` p�`B�#H2b

kX 1t+Hm/2 i?2 T`2/B+iQ` p�`B�#H2 7`QK i?2 +m``2Mi KQ/2H r?B+? BM+`2�b2b i?2
`2bB/m�H bmK Q7 b[m�`2b i?2 H2�biX

jX *QMiBMm2 rBi? bi2T k mMiBH �HH T`2/B+iQ` p�Hm2b ?�p2 #22M /2H2i2/ UQ` �
H�`;2 MmK#2` Q7 p�`B�#H2b ?�p2 #22M /2H2i2/VX h?Bb T`Q/m+2b � b2[m2M+2
Q7 bm#@KQ/2Hb M0 ⊇ M1 ⊇ M2 ⊇ . . .X

9X *?QQb2 i?2 KQ/2H BM i?2 b2[m2M+2 M0 ⊇ M1 ⊇ M2 ⊇ . . . r?B+? ?�b i?2
bK�HH2bi Cp p�Hm2X

9XjXj *QMbB/2`�iBQMb

"�+Fr�`/ b2H2+iBQM U9XjXkV ivTB+�HHv H2�/b iQ #2ii2` `2bmHib i?�M 7Q`r�`/ b2H2+@
iBQM- #mi Bi Bb +QKTmi�iBQM�HHv KQ`2 2tT2MbBp2X "mi BM i?2 +�b2 r?2`2 p ≥ n-
i?2 7mHH KQ/2H +�MMQi #2 }ii2/ �M/ #�+Fr�`/ b2H2+iBQM Bb MQi TQbbB#H2X 6Q`r�`/
b2H2+iBQM KB;?i i?2M #2 � TQbbB#BHBiv- #mi �Hi2`M�iBp2 2biBK�iBQM T`Q+2/m`2b bm+?
�b G�aaP KB;?i #2 � #2ii2` bQHmiBQMX

9X9 �Hi2`M�iBp2 JQ/2H a2H2+iBQM *`Bi2`B�

Pi?2` TQTmH�` +`Bi2`B� iQ 2biBK�i2 i?2 T`2/B+iBp2 TQi2MiB�H Q7 �M 2biBK�i2/ KQ/2H
�`2 �F�BF2Ƕr BM7Q`K�iBQM +`Bi2`BQM U�A*V �M/ i?2 "�v2bB�M BM7Q`K�iBQM +`Bi2@
`BQM U"A*VX "Qi? Q7 i?2K �`2 #�b2/ QM i?2 HBF2HB?QQ/ �M/ `2[mB`2 i?2`27Q`2
�bbmKTiBQMb �#Qmi i?2 /Bbi`B#miBQM Q7 i?2 /�i�X
h?2 ;QQ/M2bb Q7 i?2 }i Q7 i?2 HBM2�` KQ/2H 7Q` 2tTH�BMBM; i?2 /�i� Bb [m�MiB}2/
#v i?2 +Q2{+B2Mi Q7 /2i2`KBM�iBQM r?B+? Bb ivTB+�HHv �##`2pB�i2/ #v R2 r?2`2

R2 = ||ŷ − ȳ||2

||y − ȳ||2 U9XeV

r?2`2 ||ŷ − ȳ||2 �`2 i?2 bmK Q7 b[m�`2b 2tTH�BM2/ #v i?2 KQ/2H �M/ ||y − ȳ||2
bi�M/b 7Q` i?2 iQi�H bmK Q7 b[m�`2b �`QmM/ i?2 ;HQ#�H K2�M ȳX h?2 +Q2{+B2Mi Q7
/2i2`KBM�iBQM R2 Bb �Hr�vb BM+`2�bBM; i?2 KQ`2 T`2/B+iQ` p�`B�#H2b �`2 BM+Hm/2/
BM i?2 KQ/2HX h?Bb #2?�pBQ` +�M #2 +Q``2+i2/ �b T`QTQb2/ BM (uBM �M/ 6�M- kyyR)X
h?Bb +Q``2+iBQM BM+Hm/2b i?2 MmK#2` Q7 T`2/B+iQ` p�`B�#H2b �M ?2M+2 `2/m+2b i?2
7�pQ`BM; Q7 i?2 7mHH KQ/2HX h?2 `2bmHi Q7 i?2 +Q``2+iBQM Bb i?2 �/Dmbi2/ R2 r?B+?
Bb +QKTmi2/ �b

R2
adj = 1 − (1 − R2) n − 1

n − p − 1 U9XdV



9X9X �Gh1_L�hAo1 JP.1G a1G1*hAPL *_Ah1_A� jj

r?2`2 R2 Bb i?2 mM�/Dmbi2/ +Q2{+B2Mi Q7 /2i2`KBM�iBQM ;Bp2M #v U9XeV- n bi�M/b
7Q` i?2 MmK#2` Q7 Q#b2`p�iBQMb �M/ p Bb i?2 MmK#2` Q7 T`2/B+iQ` p�`B�#H2bX h?2
7Q`KmH� BM U9XdV ?QH/b 7Q` bm#@KQ/2Hb i?�i BM+Hm/2 �M BMi2`+2Ti i2`KX 6Q` bm#@
KQ/2Hb rBi?Qmi BMi2`+2Ti- i?2 −1 BM #Qi? MmK2`�iQ` �M/ i?2 /2MQKBM�iQ` Q7
U9XdV +�M #2 /`QTT2/X
h?2 �/Dmbi2/ +Q2{+B2Mi Q7 /2i2`KBM�iBQM UR2

adjV �HHQrb iQ �bb2bb i?2 ;QQ/M2bb
Q7 }i Q7 � KQ/2HX h?�i �bb2bbK2Mi +QMbB/2`b i?2 MmK#2` Q7 T`2/B+iQ` p�`B�#H2b
BM+Hm/2/ BM i?2 KQ/2HX


	Preface
	Course Objectives

	Introduction
	Terminology
	Background
	Breeding Versus Production
	Summary

	Breeding Programs
	Introduction
	Parts Of A Breeding Program
	Different Species
	Success Of A Breeding Program
	Federal Regulations

	Implementation Of A Breeding Program
	Introduction
	Development Of The Breeding Goal
	Determine Traits Of Economic Interest
	Genetic Evaluation

	Model Selection
	Bias-Variance Trade-Off
	Mallows C_p Statistic
	Searching For The Best Model With Respect To C_p
	Alternative Model Selection Criteria

	Variance Components Estimation

