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¯ m¡a(OeOQ_Nf(�°OQP(R�uvq(LNLgSsUWV(RjLg_`f?w+U�LNwW_`f(�xZbL`L�O!P(R Ï )°OQRIdeSsX0\^Rn�+RjO
�  � �2+%-( �0 �5���m� � � 6 � � 6�+ � � < � � <�+ � � <-< � � <24 ��C

�

6 �mC�6 �
C � = ��C � = � 6 ��C � = � 6�+ �(C

�

6 � < �(C
�

6 � <�+ �(C
�

6 � <-< �mC
�

6 � <24 �
C 6 � < ��C 6 � <)+ �(C 6 � <�< �(C 6 � <-4�

� 1 �)��C#0 �)� �F 
% � � 6 � %215C�� ��� <�� % � �

A-3>.0<�6 4�:�6�= A-3>.R6�3-:-:24�< A-3>.P3-32<-<-1)3 3>.R6�3�+�68:�= 3!.;<-:24 6�:�=
� +#12�-��� � �(1 � * �F 


 � *��  � * 1e#(*�C9. 
 - -,+%- *�� ��� 021m*�- �
� � * � 
��� � * 1#- � 1 ��*� 6�,>.;4�:-:�3-=�/2: +-3>.;<�:24�<�,2:)3 3>.P,-=-/ 3!.;<24)3
� 6 A�6D. 68:�354-4�4-4 3>.R6�32:24)/-,�/ A�6�3>.;:�:-< ?-+�1-A�6�/ B-B-B
� 6�+ 3>.0<�+2<-1-1�1-: 3>.03�+-/2:-<�,-< 6�+>.03�/54 ?-+�1-A�6�/ B-B-B
� < <!.01�68<�32:)+-+ 1!. 4�/-+-=21-:)/ 3>.;4),2: 3!.0/�6�,
� <�+ A-3>.P=-+-,2<�6�=-/ 6D.03�3-/-+-3-324 A-3>.0=�+-/ 3!.0=-,-,
� <-< 3>.P32<-<24-4�+-, 3>.03�=-,-+-/21�1 3>.P=-/54 3!.0=21-<
� <24 A-3>.P3-3-321-:-4), 3>.03�3�6�+2:-1), A-3>.0/�3-, 3!.0=54�<
C

�

6 49.01�3-321-<�1�3 +2:!.;:)+21�=21-:-4 3>. 6�/2< 3!.;:-1�6
C 6 +-3>.P+�6�/-+-+�=-/ +2:!.;:)+21�=21-:-4 3>.01�3�6 3!. 4�:24
C � = A-+>.P+�6�+2:-:�:�, 3>.R6�<�=-32:-:)3 A�6�/>.;<�:�6 ?-+�1-A�6�/ B-B-B
C � = � 6 +>.P/54�<�6-6�6-6 3>.R6�=2<-<�,-,�6 681!.0+-<�3 ?-+�1-A�6�/ B-B-B
C � = � 6�+ A-3>.P/-=-,2<-<�<-< 3>.03-<-1�,-=-/24 A�681!.;<�1�6 ?-+�1-A�6�/ B-B-B
C

�

6 � < A�6D.P/-/�6�/-,�6�3 6�3>.0=�=2<�/21�,-: A-3>.R6�=21 3!.;:-1�=
C

�

6 � <�+ 3>.P+2<�=-,2:�1�= 6D. 4�+-+-,2:�+�+ 3>. 6�/-/ 3!.;:�/2:
C

�

6 � <-< A-3>.P3�6 4�:�+-<�= 3>.03-:-<-:�681 6 A-3>.R6�1-1 3!.;:�/-3
C

�

6 � <24 3>.P3-3-32<24�=-= 3>.03�3�68:�+�684 3>. 6�,-3 3!.;:�=-3
C 6 � < A21!.0<�=-+2:-:)/-/ 6�3>.0=�=2<�/21�,-: A-3>.0/�,21 3!. 4�:-1
C 6 � <�+ 6D.P3-=2:�3-=�=21 6D. 4�+-+-,2:�+�+ 3>.0124-4 3!. 4)=2:
C 6 � <-< A-3>.P3-/2124�<�<�/ 3>.03-:-<-:�681 6 A-3>.;:)3-= 3!. 4)+-+
C 6 � <24 3>.P3-3�6�=-,24-4 3>.03�3�68:�+�684 3>.0:-1�= 3!.;<-:�+
A-A-A
#���E � ���9. � +�C 1 �F 3HGIB-B-BKJL3>.03�3�6MGIB-BKJL3>.03�6MGIBNJO3>.P3-=QG�.5JO3!.R6SG�JT6
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� 1 �)��C#0 �)� � * ��� C � -�C 1#- -2+%-c 3!.R6 4�1 + � +-=-3(C/15E -/1�1 � +�����-/1 15C2+  
% 0 � *�� � � 1 � A�#".(0 � - 15C9 L3>.0,�6�+-=�� � C��%0 � * 12C � A �%.(0 � -/15C9 L3>.P,-3-=2:
')A � * � *��"� *�� �  68<�1!.0+ + � 6�, � � Ce+�=-3 " '�� ��A � �)� 021> L?(+!.0+ 1-A�6�/
\H_NO!P 	 �[�z� � p�RI_Nf(�#O!P(RMLNR�Z�X5OyXe_`�+f(_ªa[o�Zbf4OIi'k>P4q(Xy\^R�f(R7�WOya(O0Z#SJUhV(RjL�p4m Ê q(X5O0V(deU+r(r(_Nf(��OQP(_NXTO!RId!SZ�X>uvU+LNL`U:\HXI¢
�  � �2+%-( �0 �5���m� � � 6 � � 6�+ � � < � � <�+ � � <-< � � <24 ��C

�

6 �mC�6 �
C � = ��C � = � 6 ��C � = � 6�+ �(C

�

6 � <�+ �(C
�

6 � <-< �(C
�

6 � <24 �(C 6 � < �
C 6 � <�+ �mC 6 � <-< �mC 6 � <24�

� 1 �)��C#0 �)� �F 
% � � 6 � %215C�� ��� <�� % � �

A-3>.0<�6 4�:�6�= A-3>.R6�3-:24�1�/eA-3>.P3-32<�68<)+ 3>.R6�3�681�/-+ 3!.;<-:24 6�:�=

� +#12�-��� � �(1 � * �F 

 � *��  � * 1e#(*�C9. 
 - -,+%- *�� ��� 021m*�- �
� � * � 

��� � * 1#- � 1 ��*� +>. 681�/ 1��)3�6 6D. 4)<�, 1���3�6 6D.P=�6�+ 3!.R68<�+
� 6 A�6D. 68:�3 1��)3-3 6D.03-:-<�1-A-3�6&A�6�3>.0,�354 ?-+�1-A�6�/ B-B-B
� 6�+ <!.P+2<-:�1-A�3�6 +>.0/-1�, 1-A-3�+ 6�+>.03-:-1 ?-+�1-A�6�/ B-B-B
� < +>.0:-:�+ 1��)3-3 =>.0+�/21�1���3�3 3>.P=54�1 3!.0=2:�=
� <�+ A549. 681-<�1-A�3�6 1!.R6�354/1-A-3�6 A-3>.0=-:-1 3!.0=-=21
� <-< +>.P/2:�/ 1-A�3-+ 49.R6�,-3 1-A-3�+ 3>.P/54 6 3!.0=-+-+
� <24 A-/>.;4)+-3 1-A�354 ,>.R6�+-= 1-A-324 A-3>.;1)354 3!. 4�:�+
C

�

6 6D.P/2<�, 1-A�3�6 :!.;:)+-/ 1-A-3�6 3>. 68:�/ 3!.;:�=2<
C 6 6D.01�,-= 1��)3�6 +>. 4�,-+ 1���3�6 3>.01�+-3 3!. 4�1�+
C � = A-+>.P+�68<�1��)3-3 6D.;<-4�:�1-A-3�6&A�6�/>. 4�68< ?-+�1-A�6�/ B-B-B
C � = � 6 +>.P/54�<�1��)3-3 6D.0=-<�6 1-A-3�6 681!.0+�/54 ?-+�1-A�6�/ B-B-B
C � = � 6�+ A-/>.P=-,2<�1-A�3�6 <!.;1�:-:�1-A-3�+ A�681!. 4�3-= ?-+�1-A�6�/ B-B-B
C

�

6 � <�+ 6D.P+-354/1-A�3-+ 49.;<�<-1�1-A-3�+ 3>.P+21-: 3!.;1-:�+
C

�

6 � <-< A�6D.P/-=-3 1-A�32< =>.0324 6 1-A-3-< A-3>.;<)+21 3!.;124-4
C

�

6 � <24 =>.P,2:�, 1-A�3-= 6D.0/�6�+ 1-A-324 3>.0<-1�6 3!.;1�6-6
C 6 � < A-/>.P=-+-+ 1��)3-3 ,>.R6�+-+ 1���3�3 A-3>.;1 6�= 3!. 4�1�=
C 6 � <�+ ,>.;4)/�6 1-A�3�6 6D.0+-<�3 1���3�3 3>.01�/-, 3!. 4-4�<
C 6 � <-< A-/>.P32:�= 1-A�3-+ 1!.0+24), 1-A-3�+ A-3>.;:�<�, 3!. 4)3-+
C 6 � <24 6D.;4)=-+ 1-A�32< 6D.0=-1�/ 1-A-3-< 3>.P,-+�6 3!.;<�=2:
A-A-A
#���E � ���9. � +�C 1 �F 3HGIB-B-BKJL3>.03�3�6MGIB-BKJL3>.03�6MGIBNJO3>.P3-=QG�.5JO3!.R6SG�JT6

� 1 �)��C#0 �)� � * ��� C � -�C 1#- -2+%-c 3!.R6 4)/21 + � +-=�6 C/15E - 1 1 � +���� -/1 15C,+� 
% 0 � *�� � � 1 � A�#".(0 � - 15C9 L3>.0,�6�+-=�� � C��%0 � * 12C � A �%.(0 � -/15C9 L3>.P,-3-/-+
')A � * � *��"� *�� �  6 4�=>. 4 + � 68: � � Ce+�=�6 " '�� ��A � �)� 021> L?(+!.0+ 1-A�6�/
¤�U:\ÆOQP�R�L`RIZ�XeO
X!_N�+f(_Na(o�Z�f?OnOQRIdeS�_NX 	 �[�#Z�f�V8P(RIf�oIR¡_ªO�+RtOQX
V�d!U+r(r�RIVµZ�O#O!P(_`X#XeOQRjr8mW_`RILNV(_`f��«OQP�Rf(R7�hOÌSJUhV�RIL

Jh�



�  � �2+%-( �0 �5���m� � � 6 � � 6�+ � � < � � <�+ � � <-< � � <24 ��C 6 �(C � = �
C � = � 6 �mC � = � 6�+ �(C

�

6 � <�+ ��C
�

6 � <�< �(C
�

6 � <24 �(C 6 � < ��C 6 � <�+ �
C 6 � <-< �mC 6 � <24�

� 1 �)��C#0 �)� �F 
% � � 6 � %215C�� ��� <�� % � �

A-3>.0<�6 4�:�6�= A-3>.R6�3�/2<�/21 A-3>.P3-3-+-32<�1 3>.R6�3�68:�68: 3!.;<-:24 6�:�=

� +#12�-��� � �(1 � * �F 

 � *��  � * 1e#(*�C9. 
 - -,+%- *�� ��� 021m*�- �
� � * � 

��� � * 1#- � 1 ��*� +>. 68:24/1��)3�6 6D. 4)<�/ 1���3�6 6D.P=-+�6@3>.R6�+-,�=-+2:
� 6 A�6D. 68:�3 1��)3-3 6D.03-:�6 1-A-3�6&A�6�3>.0,�+-= ?�+�1-A�6�/ B-B-B
� 6�+ <!.P+2<-:�1-A�3�6 +>.0/-124/1-A-3�+ 6�+>.R6�6�3 ?�+�1-A�6�/ B-B-B
� < +>.0:-:�+ 1��)3-3 =>.0+�=-/ 1���3�3 3>.P=54�:e3>.0=2:-<),-=21
� <�+ A549.P+�68<�1-A�3�6 1!.03-:-:�1-A-3�6 A-3>.0=�,54 3>.0=-=-+-1�+2<
� <-< +>.01-<�+ 1-A�3-+ 49.R6�1�= 1-A-3�+ 3>.P/-=54 3>.0=�68<)=-32<
� <24 A-/>.P=-/-/ 1-A�354 ,>.03-1-<�1-A-324 A-3>.;1)+54 3>. 4)/-,�,-+54
C 6 6D.01-:-1�1��)3�6 +>. 4):-1�1���3�6 3>.01�68:e3>. 4�1-< 681�,
C � = A-+>.P+�68<�1��)3-3 6D.;<-4)/ 1-A-3�6&A�6�/>. 4�4)= ?�+�1-A�6�/ B-B-B
C � = � 6 +>.P/54�<�1��)3-3 6D.0=�+2:�1-A-3�6 681!.0+�,21 ?�+�1-A�6�/ B-B-B
C � = � 6�+ A-/>.P=-,2<�1-A�3�6 <!.;1�:�6 1-A-3�+ A�681!. 4)<-: ?�+�1-A�6�/ B-B-B
C

�

6 � <�+ +>.P3-354/1-A�3-+ =>.;< 6�3 1-A-3-< <!.01-1-<e3>.03-3-3�+-3�6�B-B-B
C

�

6 � <-< A-+>.P=21�+ 1-A�32< :!.;1),-+ 1-A-324 A-+>.0,�+-/e3>.03-32<�1�=-+$B-B
C

�

6 � <24 :!.P,-3-, 1-A�3-= <!.0=�/-+ 1-A-3�= +>.P=-3-+�3>.03�6�+�,-,-,$B
C 6 � < A-/>.P=-+-+ 1��)3-3 ,>.R6�354/1���3�3 A-3>.;1 6�/e3>. 4�124�4�<�/
C 6 � <�+ ,>.P=-3�6 1-A�3�6 6D.0+�+2:�1���3�3 3>.01-124 3>. 4�<�,�/-,�6
C 6 � <-< A-/>. 68<�6 1-A�3-+ 1!.0+-<�6 1-A-3�+ A-3>.;:-4�: 3>.;<�,21�<�+-3
C 6 � <24 6D.;4)/-/ 1-A�32< 6D.0=-1�6 1-A-3-< 3>.P,2<-<e3>.;<�=�6�/2:�3
A-A-A
#���E � ���9. � +�C 1 �F 3HGIB-B-BKJL3>.03�3�6MGIB-BKJL3>.03�6MGIBNJO3>.P3-=QG�.5JO3!.R6SG�JT6

� 1 �)��C#0 �)� � * ��� C � -�C 1#- -2+%-c 3!.R6 4)/54 + � +-=-+(C/15E - 1 1 � +���� -/1 15C,+� 
% 0 � *�� � � 1 � A�#".(0 � - 15C9 L3>.0,�6�+-=�� � C��%0 � * 12C � A �%.(0 � -/15C9 L3>.P,-3-/-/
')A � * � *��"� *�� �  6�=249.0= + � 681 � � Ce+�=-+ " '�� ��A � �)� 021> L?(+!.0+ 1-A�6�/
M,d!UWoIRjRIV(_Nf(�¡_`f«OQP(_NX�SsZ�f(f(Rjd�\^RxZ�d!de_Nw�RZbOMZ�SJUhV(RjL]\H_ªOQPFZbL`LlX!_N�+f(_Na(o�Z�f?OÌOQRIdeSsX�_`f Ê q�XeO�Xe_ª�«XeO!RIr(X �
\H_NO!P^6¶| ��� �"&
\HP(_`o1P�_`XHZ�X>uvU+LNL`U:\HXI¢
�  � �2+%-( �0 �5���m� � � 6 � � 6�+ � � <-< � � <24 �(C � = �(C � = � 6 �(C � = � 6�+ �

C
�

6 � <�+ �mC
�

6 � <-< ��C
�

6 � <-4 �(C 6 � <)+ �(C 6 � <�< ��C 6 � <24�

� 1 �)��C#0 �)� �F 
% � � 6 � %215C�� ��� <�� % � �

A-3>.0<24�1�6�/-: A-3>.R6�3-:�=�6�3eA-3>.P3-32<-1�,�= 3>.R6�3�/-3-,2< 3!.;<-:-1-:)321

� +#12�-��� � �(1 � * �F 

JbJ




 � *��  � * 1e#(*�C9. 
 - -,+%- *�� ��� 021m*�- �
� � * � 
��� � * 1#- � 1 ��*� +>.P,-3-/ 1��)3�6 6D.0+�6�3 1-A-3�6&+54)3>.R6�+-= ?�+�1-A�6�/ B-B-B
� 6 A�6D. 68:�3 1��)3-3 6D.03-:�6 1-A-3�6&A�6�3>.0,�+2< ?�+�1-A�6�/ B-B-B
� 6�+ <!.P+2<-:�1-A�3�6 +>.0/-124/1-A-3�+ 6�+>.R6�32: ?�+�1-A�6�/ B-B-B
� <-< />.P3-321�1-A�354 6D.0,�+21�1-A-324 <!. 6-681e3>.03-3-+�32<�,$B-B
� <24 A2<!.P/-/2<�1-A�3-= 6D.R6�1-1�1-A-3�= A2<!.R6�6�+e3>.03-3-+�3-/21 B-B
C � = A-+>.P+�68<�1��)3-3 6D.;<-4)/ 1-A-3�6&A�6�/>. 4�4 6 ?�+�1-A�6�/ B-B-B
C � = � 6 +>.P/54�<�1��)3-3 6D.0=�+2:�1-A-3�6 681!.0+�,2< ?�+�1-A�6�/ B-B-B
C � = � 6�+ A-/>.P=-,2<�1-A�3�6 <!.;1�:�+ 1-A-3�+ A�681!. 4)<24 ?�+�1-A�6�/ B-B-B
C

�

6 � <�+ 6D.0:�=-= 1-A�3-+ =>.0+�=2<�1-A-3-< <!.P=2<�+�3>.03-3-324�:�,$B-B-B
C

�

6 � <-< A-+>.0<�+2:�1-A�32< :!.0/�,2:�1-A-324 A-+>.0/-1�/e3>.03-321),-+-/$B-B
C

�

6 � <24 1!.P,2<�+ 1-A�3-= <!.0=�+54/1-A-3�= +>.P+-=�6@3>.03-+-=�+-/-/$B
C 6 � <�+ 1!.P+-=�6 1-A�3-+ =>.0+�=2<�1-A-3-< 68<!.;:)354 ?�+�1-A�6�/ B-B-B
C 6 � <-< A-,>.P/-,2<�1-A�32< :!.0/�,2:�1-A-324 A�6-6D.R684�< ?�+�1-A�6�/ B-B-B
C 6 � <24 <!.;4)=2:�1-A�354 <!.0=�+54/1-A-3�= ,>.0:�6-6 ?�+�1-A�6�/ B-B-B
A-A-A
#���E � ���9. � +�C 1 �F 3HGIB-B-BKJL3>.03�3�6MGIB-BKJL3>.03�6MGIBNJO3>.P3-=QG�.5JO3!.R6SG�JT6

� 1 �)��C#0 �)� � * ��� C � -�C 1#- -2+%-c 3!.R6 4)/-= + � +-=-/(C/15E - 1 1 � +���� -/1 15C,+� 
% 0 � *�� � � 1 � A�#".(0 � - 15C9 L3>.0,�6-6 � � C��%0 � * 12C � A �%.(0 � -/15C9 L3>.P,-3-/-=
')A � * � *��"� *�� �  L+-3�6D.;1 + � 68< � � Ce+�=-/ " '�� ��A � �)� 021> L?(+!.0+ 1-A�6�/
k]U#P[Z�w�R�Z�a[f[Z�L�Z�r(r�d!RIoj_�ZbO!_`U+fxU�u�OQP(_NX3SsUWV(RIL(\^RMp�RI��_`f°\H_NO!PJO!P(R�Xeo�ZbOeOQRjd^r(LNU�OQX3U�u�OQP(R � q[Z�f?OQ_ªO1ZbO!_Nw�RwbZ�d!_`Z�p(LNRIXMuvU+d�V�_N·�RId!Rjf?O�L`Rjw�RILNXnUbu^� � Z�f(V�� 	 i°�zf½O!P(RIXeRxr(L`U�O!X�OQP(R°O!P(d!RjRJLNRjw�RIL`X�Ubu^� � � � Ï � ��Zbf(V� Ï P[Z�w+Rnp�RjRIf�_`f(V(_No�ZbO!RIV�p?mCOQP(R�r(LNU�O!O!_`f(�
XemWSp�U+L`X�� �B2 � � � 2[Z�f(V�� �n2[deRIX!r�RIotOQ_ªw+RILªm+i

1.0 1.5 2.0 2.5 3.0

28.0
28.5

29.0
29.5

30.0

Scatter Plot of Y on X1 for X5=0

X1

Y

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

1.0 1.5 2.0 2.5 3.0

28.0
28.5

29.0
29.5

30.0

Scatter Plot of Y on X1 for X5=−1

X1

Y

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

J 5



8 9 10 12 14

28.0
28.5

29.0
29.5

30.0
Scatter Plot of Y on X3 for X5=0

X3

Y

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

8 9 10 12 14

28.0
28.5

29.0
29.5

30.0

Scatter Plot of Y on X3 for X5=−1

X3
Y

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

k>P(RjX!R�r(L`UbOQX
XeP(U:\ÉO!P(R¡f(U�fh�zLN_`f(RIZ�d!_ªOzm�_`f�{¼uvU�do1P[Z�f(��_`f(�<wbZ�LNq(RIX
U�uH���#Zbf(V8� � Z�X
\^RIL`LyZ�XOQP�R_`f?O!RIdQZbojOQ_NU+fJp�RtOz\yRjRIf��C� ��� 	 Z�f(Vs� � � � � 5 i3¤�R7�WO^\^RMr�RId5uvU+d!SÆZ�d!RjX!_`V�q[Z�L�Z�f[Z�LªmWX!_`X,O!U
o1P(Rjo1¬
\HP(RtOQP(RjdÌO!P(R�SsUWV(RILgZ�X!Xeq(SsrhOQ_`U�f(X>P[Z�w+Rnp�RjRIf«XQZbO!_`Xea(RIV�OQP(deU+q(�+PCOQP�R�uvU�L`L`U:\H_Nf(�r(LNU�OQXji

28.5 29.0 29.5

−2
−1

0
1

2

Residual Plot

Fitted Values

Stan
dard

ized
 Res

idua
ls

−3 −2 −1 0 1 2 3

−2
−1

0
1

2

NPP of Residuals

Theoretical Quantiles

Sam
ple Q

uant
iles

−2
−1

0
1

2

Boxplot of Residuals

Standardized Residuals¤�UbO�U+f(LNm<OQP(Rxr(LNU�OQX�LNUhU+¬�w+Rjdem�X!ZbOQ_NXeu Z�otOQU+d5m � OQP(Rtm½Z�L`XeUC_`f(V�RIRIV½X!q�dewW_Nw�RJO!P(RxU+p Ê RIotOQ_ªw+RJXeO1Z�OQ_`X5OQ_No�Z�L
OQRjXeO!X�uvU+d>P(U�SsU+XeoIRjV[Z�XeO!_`oj_NOzm¶� ¯ Z�deO!L`RjOeO�2 X>OQRIX5O � Z�f(V«¤�U+deS�ZbL`_NOzm�Z�XH\yRjL`L�i^k>P4q(XÌOQP(Rtm«X!ZbOQ_NXeu m�ZbL`LgOQP�R
d!Rj�+d!RjX!Xe_`U+f´Z�X!Xeq(SsrhOQ_`U�f(XnZ�f(V¶O!P4q(X#\^R�SsZ�m�uvRIRjLTX!ZbOQ_NXea[RjV¶\H_ªOQP¶O!P(RsZ�p�U:w�RsSJUhV�RIL3Z�f(V¶XeO!U+r´U+q�d
SJUhV(RjLDp(q(_NL`V(_Nf(�CRj·�U+d5O#P�RId!RxOQU�r(deUhojRIRjV¶\H_NO!P½O!P(Rxf(Rt�WO#XeOQZ��+RxU�u0U�r�OQ_NSs_�<�ZbO!_`U+f«q(X!_Nf(��O!P(RJZ�p�U±w�R
SJUhV(RjL�i
TV\gd �eW�ZC[)\_`d�Xgf?[���Wtu
È U:\yRtw+RId�uvU+d0OQP(Rnr(q(der�U�X!RnU�uDV(RjSsU�f(XeO!dQZbO!_`U+fC\^R#XeP[Z�L`LgOQZ�¬�Rnq(r�OQP(Rn_`XeX!q(R�U�uc\HP[ZbOÌOQUJV(UJ_`f�o�Z�XeROQP�RÌSJUWV(RIL�Z�XeX!q(SJr�O!_`U+f(X3Zbd!RHf(U�OTXQZ�OQ_`X5a[RIVYiDk>P(RÌf[ZbOQq�d!RHU�ugf�U+fh�zLN_`f(RIZ�d!_ªOzm�OQP[ZbOT_NXDOQUnp�RHoIU�f(X!_NV(RIdeRIV
_`fxOQP�RÌ_Nf(V(Rjr�Rjf(V(RIf?O^w�Zbd!_�Zbp(L`R>_NfJU�q(d3o�Z�XeRM_`X,o1P�_`R���msV�RjOQRjd!SJ_`f(RjVsp?m°O!P(R�LNRjw�RIL`X3U�u�OQP(R � q[Z�f?OQ_ªO1ZbO!_Nw�Ru Z�otOQU+deX,Z�f(V
O!P4q(XDOQP(Rjd!R0_NX'f(U�f�RIRIVO!U�V(_`XeoIq(XeX'OQP(ZbO,_`XeX!q(R0Z�f?m#uvq(d5OQP(RjdIi,Ë[q(d5OQP(Rjd!SJU+d!RyZ�X'SJRIf?O!_`U+f(RjV
_`f½r�U+_`f?O Ï U�u0r[Zb�+R Ï )�uvU�dÍIBJ�i Ï � O!P(_`X�_`XeX!q(Rxw+Rjdem½Sq(o1P¶V(RIr�RIf�V(X#U�f¶OQP�Rsf[Z�OQq(deRJUbuyOQP�RsdeRIX!_NV(q[Z�L

J"&



r(LNU�O � \HP�_`o1P�_`f(V�RIRIV�LNUhU+¬4X�XeU��+UhUWVF_`f�O!P(_`XMRt��Z�SJr(L`RO!P[ZbO�\^Rxo�Z�f(f�U�O�O1Z�¬bR°_NO�q�r¶Zbf4m<uvq(deO!P(RId�_Nf
OQP(ZbOHV(_`deRIotOQ_`U�fgi

È U:\^Rjw+Rjd3X!U+SJRjO!_`SJRIX]U+f(R0SsZ�m#f�RIRIV°O!UMOQd!Z�f(XeuvU�d!S%OQP(Ryd!RIXer�U�f(X!RH{�O!U�XQZ�OQ_`X5u m�OQP(R0P�U+SsU�X!oIRjV[Z�X��
OQ_NoI_ªOzmZ�f�Vx¤�U+deS�Z�LN_NOzmnZ�XeX!q(SJr�O!_`U+f(XjiDK¹�+Rjf(RId!Z�L(ojL�Z�XeXDU�u�OQP(RjX!R>OQd!Z�f(X5uvU+d!SsZbOQ_NU+f(Xc_`XDoIZ�L`LNRIV
O!P(R ¯ U��4�
¨yU��¡O!dQZ�f(X5uvU+d!SsZbO!_`U+f�\HP�RId!R�U+f�RMOQde_`RIX0O!U°SsUWV(RjL���� �[�

�
_Nf(XeO!R�Z�VCU�uc{ � \HP(RIdeR�OQP(R�U+rhOQ_`SsZ�L[wbZ�L`q�R�U�u

� _`XÌV(RjO!RId!SJ_`f�RIV�p?m«_NOQXÌL`_N¬�RjL`_`P�UhUWVCuvq(f(ojO!_`U+fYi�K f(U+fh�C<IRIdeU�wbZ�L`q�R#U�u � �+_ªw+RIXMZ�r�U±\^RId°��Z�f(V<P(RIf(ojR
X!U�SsRtOQ_`SJRIX ¯ U:�4��¨yU:�8OQdQZbf(XeuvU+deS�Z�OQ_`U�f(X°Z�deR«ZbL`X!UFoIZ�L`LNRIVµr�U±\^RId°O!dQZ�f(X5uvU+d!SsZbO!_`U+f � U�u�{ \HP(_NL`R�uvU�d
� | �s_NO�_`XMX!Z�SJRZ�X�ojU+f(Xe_`V(Rjd!_`f���L`U�����{ � iMk>P(R°LN_`¬bRIL`_NP(UWUhV�U�u � U�u,OQP�R ¯ U��4�5¨yU��<O!dQZ�f�XeuvU+deS�ZbO!_`U+f
uvU+d0O!P(RnZ�p�U:w�RnV(ZbO1ZxX!RtOÌ\H_ªOQPCOQP�R�a(f[Z�L�SJUhV(RjLg_`XHZbXHuvU�L`L`U:\HXj¢

−8 −6 −4 −2 0

−229
.0

−228
.5

−228
.0

−227
.5

−227
.0

−226
.5

lambda

log−
Like

lihoo
d

 95%

Determining Optimal Box−Cox Transformation

\HP(_No1P¶X!Z:mWX�OQP(ZbOnZ�f²eU+r�O!_`SsZ�LH³JwbZ�L`q(R
U�u^O!P(_`X�OQdQZbf(XeuvU+deS�Z�OQ_`U�f<\yU�q(L`V�p�R°� 5 � U+d�_ªO�Z�V�wW_NX!RIX�q(X�O!U
SJUhV(RjL Ï ?�{ �M_Nf(XeO!R�Z�V�U�u'{Í_NOQXeRILªu�iDk>P(R�X!q(SJSsZ�dem�U�ucO!P(_`XHSJUhV�RILg_NXHZ�X0uvU+L`LNU:\HXI¢
�  � �2+%-( �0 �5���m��� � A54�e� � 6 � � 6�+ � � <-< � � <24 �(C � = ��C � = � 6 ��C � = � 6�+ �

C
�

6 � <�+ �mC
�

6 � <-< ��C
�

6 � <-4 �(C 6 � <)+ �(C 6 � <�< ��C 6 � <24�

� 1 �)��C#0 �)� �F 
% � � 6�� %215C�� � � <�� % � �

A-/>.0<24)= 1-A�32: A-+>.R6�3-, 1-A-3-: A549.0=2<�:�1-A�6�3 6D.0,-=2</1-A-32: 19.03-,-= 1�A-32:

� +#12�-��� � �(1 � * �F 

 � *��  � * 1e#(*�C9. 
 - -,+%- *�� ��� 021m*�- �
� � * � 

��� � * 1#- � 1 ��*� 6D.;4)3-, 1-A�3-/ +>.;<�:�= 1-A-3-: =-,>.03-:�= ?�+�1-A�6�/ B-B-B
� 6 +>.0<�=-3 1-A�321 +>.R6�+-, 1-A-3-: 6-6D.03-<-: ?�+�1-A�6�/ B-B-B
� 6�+ A-/>.;4-4)/ 1-A�32: =>.0+�/2:�1-A-3�, A�6�+>.0+-<24 ?�+�1-A�6�/ B-B-B
� <-< A�6D.P+2:24/1-A�6�3 <!.;1),21�1-A�6�6 A2<!.;<�:�6 3>.03-3-3-:-<�=$B-B-B
� <24 1!.0:�+21�1-A�6�+ +>.;< 6�, 1-A�6�+ <!.0<-1�=�3>.03-3-3-:�=2< B-B-B
C � = 49.0<�,21�1-A�321 +>.0/�=-+ 1-A-3-: 6�/>.0=-:�3 ?�+�1-A�6�/ B-B-B
C � = � 6 A-=>.P+2<24/1-A�321 <!.03�6-6 1-A-3-: A�681!.;<�:-< ?�+�1-A�6�/ B-B-B
C � = � 6�+ 6D.0<�32<�1-A�321 1!. 4�=�6 1-A-3�, 681!. 4�,-= ?�+�1-A�6�/ B-B-B
C

�

6 � <�+ A549.P3-+54/1-A�3-, 6D.03-<�= 1-A-3�, A2<!.;:�:-: 3>.03-3-3�6�+-,$B-B-B

J#'



C
�

6 � <-< =>.P32:-1�1-A�6�3 6D.;1 6 4/1-A�6�3 +>.P,-/-,�3>.03-32<)+21�=$B-B
C

�

6 � <24 A�6D.0124�<�1-A�6-6 />.0,24-4/1-A�6�+ A-+>.0=�6-6 3>.03�6�+�/-/-+$B
C 6 � <�+ A�6D.;4�<�3 1-A�32: 6D.03-<�= 1-A-3�, A�68<!.;: 6�, ?�+�1-A�6�/ B-B-B
C 6 � <-< 6D.P,�6�3 1-A�3-, 6D.;1 6 4/1-A�6�3 6-6D.R684�: ?�+�1-A�6�/ B-B-B
C 6 � <24 A-/>.0:�68<�1-A�6-6 />.0,24-4/1-A�6�+ A-,>.;: 6�+ ?�+�1-A�6�/ B-B-B
A-A-A
#���E � ���9. � +�C 1 �F 3HGIB-B-BKJL3>.03�3�6MGIB-BKJL3>.03�6MGIBNJO3>.P3-=QG�.5JO3!.R6SG�JT6

� 1 �)��C#0 �)� � * ��� C � -�C 1#- -2+%-c +!.;:-:�/ 1�A-32: + � +-=-/(C/15E -/1�1 � +�����-/1 15C2+  
% 0 � *�� � � 1 � A�#".(0 � - 15C9 L3>.0,�6-6-6 � � C��%0 � * 12C � A �%.(0 � -/15C9 L3>.P,-3-/-/
')A � * � *��"� *�� �  L+-3�6D.0, + � 68< � � Ce+�=-/ " '�� ��A � �)� 021> L?(+!.0+ 1-A�6�/
k>P(Rnd!RjX!_`V�q[Z�L�Z�f(Z�LNmWX!_NX>U�u]OQP(_NX0OQdQZbf(XeuvU+deSsRjV«SJUWV(RILg_NXHZ�X0uvU+LNL`U:\HXI¢

1.30e−06 1.45e−06 1.60e−06

−2
−1

0
1

2

Residual Plot

Fitted Values

Stan
dard

ized
 Res

idua
ls

−3 −2 −1 0 1 2 3

−2
−1

0
1

2

NPP of Residuals

Theoretical Quantiles

Sam
ple Q

uant
iles

−2
−1

0
1

2

Boxplot of Residuals

Standardized Residualsk>P(_NXnSJUWV(RILD_NX�_`f(V�RIRIV¶Z�f½_`SJr(d!U:w�RISJRIf?O�U:w+RId�OQP�RJr�d!RjwW_NU+q(X�SsUWV(RjL � O!P(U+q(�+P�OQP�RsZbSsU+q�f4O�Ubuy_NSx�
r(deU±w�RISJRIf?O�_NXMf(U+SJ_`f(Z�L � p�RIoIZ�q(X!R#OQP(R#U+d!_N�+_`f[ZbL�SsUWV(RILl_Nf«OQRjd!SJXMU�u,{É_NO!X!RjLNu,P[ZbVFZ�L`deR�Z�Vhm�XQZbO!_`Xea(RIV
Z�LNL�OQP�RndeR � q(_Nd!RIV<Z�X!Xeq(SJr�OQ_NU+f(XIi

J"!


