
�� ������ ������	
� ��
	����� ���������� � ���
���
��
��� ���
���� ��������� ��� � ���� ���������

����� �� !"�#
$�%& '!%�#�� !
()���%* + , -%). �

/0�12��34 �0���/

5�!6)% !78 �9 :�! #)8
;<=��# �9 >�9�%� �7!�� ��* ?���@�!<�7!�� -)<=��#�A!) 

:�! #)8B :C D EFG
;<�7#��* B 5H

$�%<= EII D



�� ������ ������	
� ��
 	�����
���������� � ��� ���
��
��� ���
����

��������� ��� � ���� ���������

����� �� !"�#
$%%&'() *+,%-./.'+0/& 10.(&&'2(03( 4(5(/637 80'.

937++& +: 10:+6, /.'+0 /0) *+,,-0'3/.'+0 ;(370+&+2'(5
80'<(65'.= +: >/'5&(=

>/'5&(= >$ ? @AB C 93+.&/0)
DEFGHIGJKLMGF NOP QMIQRS

T �UV W!U�#�� !
$%%&'() *+,%-./.'+0/& 10.(&&'2(03( 4(5(/637 80'.

937++& +: 10:+6, /.'+0 /0) *+,,-0'3/.'+0 ;(370+&+2'(5
80'<(65'.= +: >/'5&(=

>/'5&(= >$ ? @AB C 93+.&/0)
X GDEHIGJKLMGF NOP QMIQRS
YZ���U[ \ ] ^UZ_ �

*+,%-./.'+0/& 93'(03(5 ` '< '5'+0
a$9$ $,(5 4(5(/637 *(0.(6

b+c(.. d'(&) C *$
NeDOf EKg MGNQMDIQhMFMQX Ei

j



��������
��	
 ���
� 	�������

 �
��
� ��	��	��� ������
�� �
��


	�� �����

� 	�� ��
 �����	���
  �!��	�� ��	�
�	�� �� �� "�� ���
� ���
� 

�
��	�� #��
 �
���	�� �� �
��
� � 	��
 �
��


	�� ��� � ��� ���
� $%
��
� $ �
��

&
	�� �
���	'�

 	
 �	�
� ��� ��� (
���� ��% ���( �
� 
 �
���
����
 ��
�������( �
 � 
�"��� ���
 �" � � �� ���

&���	���	�� �
���	'�

 #  � ����
����
� 
)�
�	� 
��
 � � ����	�

 ��
 ���
�
 � 	�� 
'��� � 
�"��� ���
	� ������	
�� �� �
��
� �� # *��
��
� + �� � 
	�� 	,���� �
�� ����� ��&��	���	�� + �
��
� ��� �	�� � � �

� ��
� 	� 
� ���
� � ��
� ������
��� �
��
� ��� �	�� ��
 ���

&���	���	�� �
���	'�
 
����-
� "�� ��


�
��	�� �" ��	��	��� ������
��
 #
. ������/�����

012 3456 789: ;23 < 5=1 2> 5?=56@ 82@82??596 =2A165BC2? 5? =1258 7 998 @2628D
4;5E4=596 789728=52? F G6 =12 A4?2 9H 5;;D7 9?2I 789: ;23 ? 9J28K==56@ 5? =12 9C=D
A932 9H ?2;2A=56@ 46 56477897854=2 39I2; ?=8CA=C82 :4?2I 96 4 K65=2 6C3:28
9H 2>437;2? LM N O PN QRNS T F G6 784A=5A2 =12 5;;D7 9?2I 789: ;23 A46 : 2 J 52<2I 4?
4 =845656@ I4=4 ?2= <15A1 79??2??2? 4 ?3 4;; 439C6= 9H 56H9834=596 4: 9C=
=12 I2?582I ?9;C=596 F 09 9J28A93 2 =15? 789: ;23 4 82@C;485E2I H983C;4=596 9H
82@82??596 A46 : 2 A96?5I282I 4? 4 J4854=5964; 789: ;23

3 56U VW XYZ[ \] ^ _
`
a

RbNS T c \PN O ] \M N ^^ d e f] fgW \`^
;24I56@ =9 4 @26284; ?9 ;C=596 9H =12 H983 h`ij

] \M ^ _
RbNS T kNl \MN O M ^ d

mb
n S T on pn \M ^ \j^

<1282 =12 HC6A=596? Lpn \q^Qmn S T ?746 =12 6C;; ?74A2 9H 4 r2789ICA56@ s2862;
t 5;: 28= u74A2 \rst u^ v h`j 46I =12 A9 2w A526=? LkN QRNS T x Lon Qmn S T 482 @5J26
:y =12 I4=4 F z98 =12 7C87 9?2? 9H =15? 747 28 <2 < 5;; 96 ;y 4??C32 =12 A4?2
<126 { _ ` 46I p T \M ^ _ k|a}~ � M F f] fgW 5? 4 6983 56 rst u I2K62I
:y =12 �28A28 �2862; l \M O � ^ � 5 F2 F 4 7 9?5=5J2 I2K65=2 HC6A=596 9H =12 H983
l \M O � ^ _ �� \M ^q� \� ^� h`x `ij F l \M O � ^ 4;?9 A9882?7 96I? =9 4 A46965A4; I9=
789ICA= 56 4 7 9??5: ;y 15@1 I5326?5964; ?74A2 � <1282 =12 567C= I4=4 482
3477 2I :y � � X � � � \?22 2 F@ F h`jj^ F 015? A9882?796I26A2 4;?9 @4J2 85?2
=9 =12 C65KA4=596 9H r2@C;485E4=596 �2=<98�? x u�r x �4C??546 789 A2??2? 46I

�



?7 ;562 32=19I? h`� x � x `� x `i x jj F G6 =15? 747 28 <2 H9 AC? 9C8 4==26=596 96
=12 A4?2 9H =12 BC4I84=5A ;9?? HC6A=596 c _ \PN � ] \M N ^^g 46I < 5;; 4??C32
696D;56248 82@82??596 39I2;? 9H =12 H983 ] \M ^ _ �� � \M ^ d o � 5 F2 F ;56248
39I2;? 56 4 H24=C82 ?74A2 � <1282 567C= I4=4 LMN QRNS T 482 3477 2I =189C@1
4 696D;56248 HC6A=596 � \q^ F GH P 5? 324?C82I < 5=1 4II5=5J2 �4C??546 695?2
=12 39?= 477897854=2 ;9?? HC6A=596 5? BC4I84=5A F

012 3C;=5A9 ;;562485=y 98 6248D;56248 I27 26I26A2 9H 82@82??98? 5? 4 ?2859C?
789: ;23 <15A1 A46 I8434=5A4;;y 56�C26A2 =12 2�2A=5J262?? 9H 4 82@82??596
39I2; F � C;=5A9 ;;562485=y 82?C;=? 56 ;48@2 J48546A2? 46I A9J48546A2? H98 =12
;24?=D?BC482? 2?=53 4=98? 9H =12 82@82??596 A9 2w A526=? F � C;=5A9 ;;562485=y A46
4;?9 789ICA2 2?=53 4=2? 9H =12 82@82??596 A92w A526=? =14= 482 =99 ;48@2 56
4:?9;C=2 J4;C2 F 01C? =12 J4;C2? 46I ?5@6? 9H 2?=53 4=2I 82@82??596 A9 2w A526=?
34y A146@2 A96?5I284: ;y @5J26 I5�2826= I4=4 ?437;2? F 015? 2�2A= A46 ;24I
=9 4 82@82??596 39I2; <15A1 K=? =12 =845656@ I4=4 824?964: ;y <2;; x :C= 56
@26284; :4I @26284;5E4=596 9H =12 39I2; A46 9 AAC8 F 015? H4A= 5? 56 4 J28y A;9?2
82;4=596 =9 =12 48@C326= ?=82??2I 56 h`� j x <1282 =12 4C=198? 14J2 ?19<6 =14=
A199?56@ =12 � 	

��
 HC6A=596 T 56 4 H24=C82 ?74A2 A46 x :4?2I 96 =12 ?399=156@
7897 28=52? 9H =12 ?2;2A=2I �2862; HC6A=596 x ;24I =9 4 ?399=1 HC6A=596 56 =12
567C= ?74A2 F 
2 I5?AC?? =<9 32=19I? <15A1 I24; < 5=1 3C;=5A9 ;;562485=y �
85I@2 82@82??596 46I 7856A574; A9379626= \�� ^ 82@82??596 F

G6 h� x ij <2 7897 9?2I =12 s2862; ��r =2A165BC2 :4?2I 96 46 98=19@964;
789� 2A=596 9H =12 985@ 564; 82@82??98? 56 H24=C82 ?74A2 � 96=9 �� �? H9C6I :y
s2862; � 856A574; �9379626= �64;y?5? \��� ^ h`�j F 
2 < 5;; ?19< =14= 4 K64;
?9 ;C=596 9H s2862; ��r ;24I? =9 =12 H983 \`^ 46I < 5;; 4;?9 15@1 ;5@1= =12
82;4=596 =9 =12 85I@2 82@82??596 =2A165BC2 56 H24=C82 ?74A2 � F

G6 =12 AC8826= ?=CIy <2 14J2 C?2I � G� x 82A26=;y 7897 9?2I :y 0 5:?15D
8465 46I s65@1= h`� j x H98 39I2; ?2;2A=596 56 =12 A4?2 9H s2862; ��r F z98
39I2; ?2;2A=596 56 98=19@964; ;56248 82@82??596 � G� 789J5I2I ?C7 28598 7 28D
H983 46A2 =9 =12 <2;; �69< �4y2?546 46I ��45�2 �? 56H9834=596 A85=2854 h`� j F
� G� 4I�C?=? =12 ����	�� �� =845656@ 28898 :y 477;y56@ =12 39I2; ?2;2A=596
8C;2 =9 7 283C=2I J28?596? 9H =12 I4=4 ?2= 46I 2J4;C4=2? =12 A9J48546A2 9H =12
782I5A=596? 46I =8C2 =48@2=? F

����  !"# $%% &' (�)*�( &* +�� '�*'� ,- . �*/0&1&*2 �&2� 3/04�' ,- +�� 5�25�''&,* 6,�7 86&�*+' �'+&9 /+� :

�



� ������ ������	
� ��
	����� ����������

�96?5I28 =12 ?=46I48I 82@82??596 39I2; 56 H24=C82 ?74A2 �
� _ �� d � O \�^

<1282 � 5? 4 J2A=98 9H a 9:?28J4=596? 9H =12 I2726I26= J4854: ;2 x � 5? 46
\a � � ^ 34=85> 9H 82@82??98? <19?2 �D=1 89< 5? =12 J2A=98 � \MN ^ 9H =12
3477 2I MN 9:?28J4=596 56=9 � � � I5326?5964; H24=C82 ?74A2 � x � 5? 4
J2A=98 9H 82@82??596 A9 2w A526=? 46I � 5? =12 J2A=98 9H 28898 =283 ? <19?2
2;2326=? 14J2 2BC4; J48546A2 	 g x 46I 482 56I27 26I26= 9H 24A1 9=128 F G6 H4A=
<2 ?19C;I 4??C32 =12 3982 @26284; HC6A=5964; ;56248 39I2;? x :C= 56 =15?
747 28 <2 < 5;; <98� < 5=1 J2A=98? 84=128 =146 4 HC6A=5964; 82782?26=4=596 9H
=12 I4=4 F 
2 4;?9 4??C32 4 �A26=282I � H983 9H =12 39I2; <15A1 A46 :2 24?5;y
4A152J2I :y A26=2856@ =12 3477 2I I4=4 56 � :y \``^ 46I \`j^ h`�j F 01C?
�
�

� 5? 789798=5964; =9 =12 ?437;2 A9J48546A2 34=85> 46I s2862; ��� A46 : 2
728H983 2I =9 2>=84A= � 25@26J4;C2? L
n Q�n S T 46I A9882?796I56@ 25@26J2A=98?
L� n Q�n S Tg F 012 
 D=1 696;56248 �� 9H M 5? @ 5J26 4? =12 789� 2A=596 9H � \M ^96=9 =12 25@26J2A=98 � �

� \M ^� �_ �� � q� \M ^� _
RbNS T �

�N l \M N O M ^ q \� ^
�y =12 s2862; ��� 789� 2A=596 9H 4;; 985@ 564; 82@82??98? 96=9 =12 �� �? <2
A46 82<85=2 \�^ 4?

� _ �� d � O \�^<1282 � _ �� 5? 69< 46 \a � � ^ 34=85> 9H =846?H983 2I 82@82??98? 46I �
5? 4 \� �� ^ 34=85> <19?2 
 D=1 A9;C36 5? =12 25@26J2A=98 � � F 012 A9;C36?
9H =12 34=85> � 482 69< 98=19@964; 46I =12 ;24?= ?BC482? 2?=53 4=2 9H =12
A92w A526=? � : 2A932?

�� _ \� �
� ^�

T
�

� � _ � �
T
�

� � O \�^
<1282 � _ I54@ \
 T O 
g O q q q O 
� ^ F 012 82?C;=? 9:=4562I C?56@ 4;; 7856A574;
A9379626=? 56 \�^ 5? 2BC5J4;26= =9 =14= 9:=4562I :y ;24?= ?BC482? C?56@ =12

��� /5� +��,5�+&6/00� /''49 &*2 +�/+ � � � : �+��5� &'� �� �/3� +, (�/0 � &+� +��'&*240/5 6/'� �� � �  /00,� &*2 4' +, �!+5/6+ ,*0� 4. +, � �&2�*3�6+,5' 6,55�'.,*(&*2 +,*,*81�5, �&2�*3/04�' :

�



985@ 564; 82@82??98? F G6 H4A= <2 A46 2>782?? =12 2?=53 4=2 �� 9H =12 985@ 564;
39I2; \�^ 4?

�� _ � \� �
� ^�

T
�

� � _
�bNST 
�

TN � N
\�

N
^� �

� �
46I 5=? A9882?7 96I56@ J48546A2DA9J48546A2 3 4=85> h�j 4?

k|� \ �� ^ _ 	 g� \� �
� ^�

T� � _ 	 g� � �
T� � _ 	 g �bNST 
�

TN � N
\�

N
^� q \�^

09 4J95I =12 789: ;23 9H 3C;=5A9 ;;562485=y ��r C?2? 96;y ?932 9H =12 �� �? F
G= 5? A;248 H893 \�^ =14= =12 56�C26A2 9H ?34;; 25@26J4;C2? A46 ?5@65KA46=;y
56A824?2 =12 9J284;; J48546A2 9H =12 2?=53 4=2 F ��r ?537;y I2;2=2? =12 �� �?A9882?7 96I56@ =9 ?34;; J4;C2? 9H =12 25@26J4;C2? 
N x 5 F2 F =12 �� �? <1282
3C;=5A9 ;;562485=y 34y 477248 F 012 7 264;=y <2 14J2 =9 74y H98 =12 I2A824?2
56 J48546A2 9H =12 82@82??596 A92w A526= 2?=53 4=2 5? : 54? 56 =12 K64; 2?=53 4=2 Ft9<2J28 x 5H 3C;=5A9 ;;562485=y 5? 4 ?2859C? 789: ;23 x =12 56=89ICA2I :54? A46
14J2 4 ;2?? ?5@65KA46= 2�2A= 56 A937485?96 =9 4 15@1 J48546A2 2?=53 4=2 F GH
=12 2;2326=? 9H � A9882?7 96I56@ =9 I2;2=2I 82@82??98? 482 E289 x 46 C6:54?2I
2?=53 4=2 5? 4A152J2I h�j F

� ?56@ =12 K8?= � D696;56248 �� �? =9 A824=2 98=19@964; 82@82??98? \� ^ H98
9C8 s2862; ��r 39I2; \�^ <2 A46 H983C;4=2 =12 ?9;C=596 4?

] \M O � ^ _ �b
�S T � � � \M ^� d o _ �b

�S T � �
RbNS T �

�N l \M N O M ^ d o _
RbNS T kNl \MN O M ^ d o O

\i^<1282 LkN _ � ��S T � � �
�N QRNS T 46I o 82782?26=? 4 : 54? =283 F


2 14J2 ?19<6 =14= :y 8239J56@ =12 �� �? <19?2 J48546A2? 482 J28y ?34;;
<2 A46 2;53 564=2 ;48@2 J48546A2? 9H =12 2?=53 4=2 IC2 =9 3C;=5A9 ;;562485=52? Ft9<2J28 x 5H =12 98=19@964; 82@82??98? A9882?7 96I56@ =9 =19?2 �� �? 14J2 ;48@2
A9882;4=596 < 5=1 =12 I27 26I26= J4854: ;2 P ?CA1 I2;2=596 5? C6I2?584: ;2 \2>7 28D
53 26=4;;y I2396?=84=2I 56 u2A=596 � ^ F 01282 482 ?2J284; I5�2826= ?=84=2@52?
H98 ?2;2A=56@ =12 477897854=2 98=19@964; 82@82??98? H98 =12 K64; 39I2; \?22
h�j 46I 82H F =128256 ^ F 
2 69< A96?5I28 =12 82A26=;y 7897 9?2I � G� H98 39I2;
?2;2A=596 56 s��r 4? 4 69J2; 4;=2864=5J2 =9 32=19I? ?CA1 4? A89??DJ4;5I4=596 F
� ]� ��	�U!��
Z ����
 !�� �U!
ZU!��

2 789J5I2 4 :852H 9J28J52< 9H =12 � G� \H98 3982 I2=45;2I I2?A857=596 ?22
h`�j^ F z98 A;485=y <2 C?2 =12 ?432 69=4=596? 4? 56 h`�j F �2K62 =12 \4J284@2^

�



97=53 5?3
97 \� ^ _ � L� 88 \� ^ � 288 \� ^Q<1282 288 \� ^ 5? 4 =845656@ 28898 9H =12 : 2?= 39I2; � � 46I � 88 \� ^ 5=? =2?= ?2=

782I5A=596 28898 F 012 � G� 82782?26=? =12 2?=53 4=2 9H =12 97=53 5?3 97 \� ^7 ;C? 288 \� ^ 46I 5? I2K62I 4?
A5A \� ^ _ 288 \� ^ d

j
a

�	 g
	 g�

b A9J � LP �N O ��	 \M N O � �� ^Q d
j
a �	 g O \�^

<1282 A9J � 82782?26=? A9J48546A2 C6I28 =12 7 283C=4=596 I5?=85:C=596 9H M N
46I P x 5 F2 F \M N O P �N ^ < 5=1 P �T O P �g O q q q O P �R 4 ?437;2 I84<6 < 5=19C= 827 ;4A2326=
H893 P T O Pg O q q q O PR 46I =12 M N K>2I F � �� 5? =12 39I2; H98 � 2?=53 4=2 H893
=12 7 283C=2I I4=4 x �	 g 5? 46 2?=53 4=2 9H =12 695?2 J48546A2 	 g 46I 	 g� _
� RNS T \PN � 
P ^g � \a � `^ F G6 h`�j 4C=198? 789J2I =14= A5A \� ^ 5? 46 C6:54?2I
2?=53 4=2 9H =8C2 97=53 5?3 97 \� ^ H98 ;56248 K==56@ 46I 78979?2I =12 H9 ;;9< 56@
4;@985=13 =9 2?=53 4=2 =12 � G� F z 5> =12 82@82??98? M _ LM T O M g O q q q O MR Q 46I
@26284=2 � 846I93 7283C=4=596? 9H =12 =48@2=? � �
 _ LP �
T O P �
g O q q q O P �
R Q�
S T F
� ?=53 4=2 =12 782I 5A=596 39I2; � � :4?2I 96 =12 I4=4 ?2=? ��
 _ \M O � �
 ^46I A937C=2 =12 782I5A=596? � �
N _ �� 	� \M N O � �� ^ 9H =12 39I2; F � ?=53 4=2 =12
2>782??596 � A9J � LP �N O ��	 \M N O � �� ^Q :y

RbNS T
�b

S T\P �
N � 
PN ^� �
N �� O

<1282 =12 
PN 5? =12 =8C2 3 246 9H =12 P �
N C6I28 7 283C=4=596 ?437;56@ F �4;ACD
;4=2 H98 =12 =C656@ 748432=28 846@2 x � \=12 39I2; 98I28 748432=28^ F G6 9C8
2>7 2853 26=? <2 H9C6I � _ `� =9 : 2 ?4=5?H4A=98yF � :852H 82J52< 9H s2862;
rr 5? 69< @5J26 F
� ������ � ���� ����������

s2862; rr 5? 469=128 =2A165BC2 =9 I24; < 5=1 3C;=5A9 ;;562485=y :y 4??C3 56@
=12 ;56248 82@82??596 39I2; \�^ <19?2 ?9;C=596 5? 69< 4A152J2I :y 3 5653 5E56@

XYY \� ^ _
RbNS T hPN � ] \M N O� ^jg d e f� fg O \`� ^

<1282 ] \M O� ^ _ �
� � \M ^ d � 46I e 5? 4 82@C;485E4=596 =283 F 012 ;24?=D

?BC482? 2?=53 4=2 9H � 5? : 54?2I :C= =12 J48546A2 5? I2A824?2I F u53 5;48 =9 =12
�



s2862; ��r A4?2 <2 A46 2>782?? =12 J48546A2DA9J48546A2 34=85> 9H =12 �2?=53 4=2 h� j 4?
k|� \ �� ^ _ 	 g �bNST 
 N \
 N d e ^�g� N

\�
N
^� q


2 A46 ?22 x =14= 56 A96=84?= =9 s2862; ��r x =12 J48546A2 82ICA=596 56 s2862;
rr 5? 4A1 52J2I :y @5J 56@ ;2?? <25@1= =9 ?34;; 25@26J4;C2 �� �? J 54 =12 H4A=98
e F

G6 784A=5A2 <2 C?C4;;y I9 69= �69< =12 2>7;5A5= 3 47756@ � \q^ F t9<2J28
5H =12 =846?H9834=596 5? �69<6 x A937C=4=596 56 =12 15@1DI 5326?5964; H24=C82
?74A2 � 34y :2 6C3285A4;;y 56=84A=4: ;2 F 
2 A46 I285J2 =12 I2?582I ?9;C=596
C?56@ =12 ��2862; � =85A� x 5 F2 F =9 C?2 =12 H4A= =14= l \M O � ^ _ �� \M ^q� \� ^� 46I
2>782?? =12 ?9;C=596 56 =1 5? I9= 789ICA= H983 h``x jj

] \M ^ _ �� \� d e � ^�
T� O

<1282 � 5? =12 �843 34=85> A96?5?=56@ 9H I9= 789ICA=? 9H =12 3477 2I 567C=
I4=4 s Nn _ �� \MN ^ q� \Mn ^� � O � _ `O q q q O a 46I � 5? =12 J2A=98 9H I9= 789ICA=?
9H 4 62< 34772I 567C= 2>437;2 � \M ^ 46I =12 J2A=98? 9H =12 =845656@ ?2= ��N _ �� \MN ^ q� \M ^� F�G6 =1 5? 747 28 <2 4??C32 A26=84;5E2I s2862; rr h�j � 5 F2 F <2 4??C32 =12
?437;2 3246 9H =12 3 477 2I I4=4 � \MN ^ 46I =48@2=? PN =9 : 2 E289 F 012
A26=84;5E4=596 9H =12 56I5J5IC4; 3 477 2I I4=4 7 956=? 5? 4AA937;5?12I :y =12
�A26=84;5E4=596� 9H � 46I �� 3 4=85A2? @5J26 :y =12

� _ \� � `
a �R �

�R ^� \� � `
a �R �

�R ^ \``^

�� _ \�� � `
a �R 	 ��R � ^ \� � `

a �R �
�R ^ \`j^

<1282 � 5? 46 6 I5326?5964; 5I26=5=y 3 4=85> 46I �R x �R 	 82782?26= =12
J2A=98? <19?2 2;2326=? 482 4;; 962? x < 5=1 ;26@=1 a 46I a � x 82?7 2A=5J2;yF ��82782?26=? =12 \a � � a ^ �2862; 3 4=85> H98 4;; a � =2?=56@ I4=4 7956=? F


��� '/9 � -,59 6/* � � (�5&3�( &* +�� 6/'� ,- +�� (4/0 5�.5�'�*+/+&,* ,- +�� � �240/58&1/+&,* 
 �+�,5� 9 &*&9 &1&*2 �� 4'&*2 +�� 0,'' -4*6+&,* � ��� � � �� �   � ��� � � �� �   � �� � ��,5 +�5,42� +�� +�6�*&�4�' (�5&3�( -5,9 �/4''&/* .5,6�''�' ��� :

i



� 0�	���
 ����

� ]� �Z�
���UV 
z58?= <2 =2?=2I 9C8 32=19I 96 =12 <2;; �69<6 z852I346� ` 46I �9?=96
19C?56@ I4=4?2=? F G6 : 9=1 A4?2? <2 C?2I 4 jD6I 98I28 7 9;y693 54; �2862;
l \M O � ^ _ \�M q� � d `^g <15A1 ;24I? =9 =12 789� 2A=596 9H =12 I4=4 ?2=? 56=9 ��46I � ` I53 26?5964; H24=C82 ?74A2? x 82?7 2A=5J2;yF z98 =12 z852I3 46 I4=4 <2
846I93 ;y @26284=2I `�� =8456 56@ ?2=? 9H ?5E2 j�� 46I J4;5I4=596 ?2=? 9H ?5E2
�� 46I 962 `��� 2>437;2 =2?= ?2= F G6 =12 A4?2 9H =12 �9?=96 19C?56@ I4=4
?2= <2 846I93 ;y ?7 ;5= =12 I4=4 56=9 `�� � �� `�i `�j� =8456�J4;5I4=596�=2?= �
748=5=596? F 012 J4;5I4=596 ?2=? <282 C?2I H98 A89??DJ4;5I4=596 39I2; ?2;2A=596
56 =12 A4?2 9H s2862; ��r 46I H98 ?2==56@ =12 82@C;485E4=596 =283 e 56 =12
s2862; rr 39I2; F � 2A4C?2 =12 � G� H98 39I2; ?2;2A=596 5? :4?2I 96;y 96
=12 ����	�� �� ����� H98 A937484=5J2 824?96? <2 I5I 69= C?2 4 J4;5I4=596 ?2=
H98 :C5;I 56@ =12 K64; 39I2;? F G6 z 5@C82 ` =12 6C3:28 9H ?2;2A=2I 82@82??98?
\39I2; 98I28^ 4? 4 HC6A=596 9H =12 =9=4; 6C3:28 9H 82@82??98? C?2I 5? I2D
7 5A=2I F 
2 A937482I =12 A89??DJ4;5I4=596 \�� ^ =2A165BC2 46I � G� F �4?2I
96 =12 25@26 ?7 2A=8C3 82@82??98? A9882?7 96I56@ =9 =12 K8?= j� 39?= ?5@65KD
A46= \;48@2?= 25@26J4;C2?^ �� �? \z852I346 I4=4 ?2=^ <282 C?2I 56 4;; 39I2;? F
	6 =12 �9?=96 I4=4 ?2= =12 K8?= � 39?= ?5@65KA46= �� �? <282 C?2I F z 58?=
82@82??98? 26=2856@ =12 39I2; <282 ?2;2A=2I :y ~D?=4=5?=5A? 82782?26=56@ =1258
53798=46A2 56 =12 39I2; F � ;=19C@1 =12 : 2?= 7 28H983 56@ \=2?= 28898^ K64;
39I2;? 482 96 4J284@2 A824=2I :y ��
 9H 4;; =12 4J45;4: ;2 82@82??98? x 5= 5?
9:?28J2I =14= ?932 9H =12 82@82??98? < 5=1 ?34;;28 J48546A2 26=282I =12 K64;
39I2;? F G6 4II5=596 =12 K64; 39I2;? ?2;2A=2I :y � G� @4J2 96 4J284@2 4 j F�

;9<28 =2?=D?2= 3246D?BC482 28898 \� u� ^ 96 : 9=1 I4=4 ?2=? 56 A937485?96 =9
�� F

	6 =1822 ?437;2? 9H =12 �9?=96 19C?56@ I4=4 <2 9:?28J2I 4 ?5@6 5KA46=
56A824?2 56 =12 28898 C?56@ =12 s2862; rr 32=19I 46I <2 I2A5I2I =9 A824=2
� 62< =8456�=2?= 748=5=596? F G6 H4A= x =12 15@1 782I 5A=596 28898 J48546A2 C?56@
=12 ��2862; � 82@82??596 32=19I? 96 =15? I4=4 ?2= <4? 4;?9 9:?28J2I 56 h``j F
	6 :9=1 ?2=? 9H I4=4 <2 I5I 69= 9:?28J2 ?5@65KA46= I5�2826A2? 56 � u� 96
=2?= I4=4 F
� ]� ����� 
 !���# � Z
Z

 !�� �ZU��U���
Z T��!
�U!��

2 14J2 C?2I �J26= r2;4=2I �9=26=54;? \�r� ?^ 46I 7 28H98346A2 I4=4 H893
46 248;528 ?=CIy h`� j F � 5@1= 3 4;2 �4Jy =2A165A546? 2>7 28526A2I 56 =12 97D
284=596 9H I5?7 ;4y ?y?=23 ? 7 28H9832I 4 ?5@64; I2=2A=596 =4?� F G6 =15? ?=CIy

�



5 25 45 65 85
5

15

25

35

45

55

65

75

85

95

total # of regressors

se
lec

ted
 m

od
el 

ord
er

CIC
CV 

20 30 40 50 60 70
20

25

30

35

40

45

50

55

60

65

70

total # of regressors 

se
lec

ted
 m

od
el 

ord
er

CIC
CV 

z5@C82 `� �937485?96 9H =12 � G� \?9 ;5I ;562^ 46I A89??DJ4;5I4=596 \�� ^ \I9=D
=2I ;562^ =2A165BC2? H98 39I2; ?2;2A=596 96 z852I346� ` \;2H=^ 46I �9?=96
19C?56@ \85@1=^ I4=4 ?2=? F 012 4889< ? 56I5A4=2 =12 39I2;? 96 <15A1 =12 : 2?=
7 28H983 46A2 96 =2?= ?2= <4? 4A152J2I F 012 82?C;=? 482 4J284@2I 9J28 `��
?53C;4=596? F
<2 846I93 ;y ?2;2A=2I =<9 I4=4 ?2=? F �28H98346A2 9H =12 97 284=98? <4? 324D
?C82I 4? 4 ;56248 A9379?5=2 9H ?7 22I x 4AAC84Ayx 46I A96KI26A2 F � ?56@;2
324?C82 x �z `x <4? I285J2I C?56@ H4A=98 464;y?5? 9H =12 7 28H98346A2 I4=4 H98
4;; ?C:� 2A=? x 46I J4;5I4=2I < 5=156 ?C:� 2A=? F 012 A937C=4=5964; H983C;4 H98
�z ` <4?

�z ` _ � F���� AAC84Ay d � F����96KI26A2 D � F� `�r24A=596 0 532
C?56@ ?=46I48I ?A982? H98 4AAC84Ayx A96KI26A2 x 46I 824A=596 =53 2 :4?2I 96
=12 3246 46I J48546A2 9H =1258 I 5?=85:C=596? 4A89?? 4;; ?C: � 2A=? F �z ` J4852I
A96=56C9C?;yx : 256@ 15@1 H98 H4?= x 4AAC84=2 x 46I A96KI26= 82?796?2? 46I ;9<
H98 ?;9< x 564AAC84=2 x 46I C6A96KI26= 82?7 96?2? F �r� ? <282 82A98I2I H893
3 5I;562 H896=4; x A26=84; x 46I 74852=4; 2;2A=89I2? \zE x �E x 46I �E^ F 012 HC;;
I2?A857=596 9H =12 2>7 285326=4; ?2==56@ A46 : 2 H9C6I 56 h`� j F

012 I2?582I 9C=7C= �z ` <4? ;56248;y 6983 4;5E2I =9 14J2 4 846@2 9H � =9
`F z98 24A1 ?C:� 2A= <2 ?7 ;5= =12 I4=4 56=9 `� I5�2826= ��
 46I ��
 =845656@
46I =2?=56@ 748=5=596? F � ;2J26DH9 ;I �� =9 2?=53 4=2 I2?582I 74843 2=28? <4?
477;52I 96 24A1 =845656@ 748=5=596 F � H=28 �� 4 K64; 39I2; <4? =2?=2I 96
46 56I27 26I26= =2?=56@ 748=5=596 F z98 I2=45; 2>7 285326=4; ?2==56@ 46I =12
7856A574; A9379626= ?2;2A=596 ?=84=2@y C?2I 56 =12 A4?2 9H �� <2 82H28 =12

`�



824I28 =9 h`� j F G6 =12 A4?2 9H � G� =12 K8?= ��
 9H =12 82@82??98? 26=282I 4;;
39I2;? 46I j F�
 9H =12 82@82??98? A9882?7 96I56@ =9 =12 ?3 4;;2?= 25@26J4;C2?
<282 I5?A48I2I H893 =12 39I2;? F � ? 56 =12 H98328 A4?2 ~D?=4=5?=5A? <282
C?2I H98 4I47=5J2 ?2;2A=596 9H =12 82@82??98? F � 2?A85: 2I 82?C;=? x H98 24A1
?2==56@ 9H =12 74843 2=28? x 482 46 4J284@2 9H `� 8C6? 24A1 96 4 I5�2826=
748=5=596 9H =845656@ x J4;5I4=596 46I =2?=56@ I4=4 F 012 J4;5I5=y 9H =12 39I2;?
<4? 3 24?C82I 56 =283 ? 9H 69834;5E2I � u� \�� u� ^ 46I 56 =283 ? 9H =2?=
7897 98=596 A9882A= \0�� ^ x I2K62I 4? =12 7897 98=596 9H I4=4 H98 <15A1 �z `
<4? A9882A=;y 782I5A=2I < 5=1 `�
 =9 ;2846A2 x 5 F2 F �� q` 56 9C8 A4?2 F G6 =15?
?=CIy <2 C?2I 4 �4C??546 �2862; l \M O � ^ _ ��

� �� �� ��� � x < 5=1 =12 	 J4;C2? 96
<15A1 56I5J 5IC4; 32=19I? 4A152J2I =12 : 2?= 82?C;=? 56 9C8 H98328 ?=CIy h�j F
G6 z 5@C82 j <2 I275A=2I 46 2>437;2 9H A5A \� ^ 4? 4 HC6A=596 9H 39I2; 98I28 � F
G6 04:;2 ` <2 ?C33485E2 =12 82?C;=? 4A152J2I 96 =<9 ?C:� 2A=? � \��j �r� ?^46I � \��� �r� ?^ F 
2 A46 ?22 =14= 4;; 3 2=19I? 4A152J2I ?53 5;48 782I5A=596
82?C;=? F 012 � G� A85=28596 75A�2I C7 =12 39I2;? <15A1 96 4J284@2 C?2? 96;y
��
 9H =12 9J284;; 82@82??98? <15A1 5? 4 ?5@6 5KA46= 82ICA=596 F �9829J28 x =12
6C3:28 9H ?2;2A=2I 7856A574; A9379626=? <4? ;2?? =146 ��
 56 A937485?96
=9 s2862; ��r < 5=1 �� A85=28596 237;9y2I F

� 2=19I �� u� 0�� � 9H 82@82??98?
� � � � � �

s��r d � G� 
 ���� 
 ��
� �
 �� 
� �� �

 �� ��
 ��\� F��^ \� F��^ \� F�j^ \� F�j^ \`� F�^ \`� F�^s��r d ��

 ���
 
 ���� �
 �� 
� �� ��� �� �
� ��\� F��^ \� F�j^ \� F�j^ \� F�j^ \�j F� ^ \�� F�^s 2862; rr

 ���� 
 ���� �� �� 
� �


� �
\� F��^ \� F�j^ \� F�j^ \� F�j^ � �

04:;2 `� 012 A937485?96 9H =12 �� u� 46I 0�� 782I 5A=596 28898? H98 ?C:D
� 2A=? � 46I � F 012 J4;C2? 82782?26= 46 4J284@2 9H `� ?53C;4=596? 46I A9882D
?7 96I56@ ?=46I48I I2J 54=596 5? 782?26=2I 56 74826=12?2? F 012 ;4?= A9;C36
82782?26=? 4 39I2; 98I28 ?2;2A=2I :y � G� 46I �� x 82?7 2A=5J2;yF

``



50 100 150 200 250 300
0

0.003

0.006

0.009

0.012

0.015

0.018

model order

CI
C

50 100 150 200 250 300
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

model order

NM
SE

z5@C82 j � 01822 2>437;2? 9H � G� \;2H=^ 46I �� u� \85@1=^ 4? =12 HC6A=596
9H 39I2; 98I28 \6C3:28 9H ?2;2A=2I 82@82??98?^ 4A152J2I 96 ?C: � 2A= � F 	6
=12 82?= 9H 8C6? 46I 96 ?C:� 2A= � =12 ?53 5;48 : 214J598 <4? 9:?28J2I F 012
�d � 348� 56I5A4=2? ?2;2A=2I 39I2; \3 56 F 9H � G� ^ F
� �����/�����

	6 =<9 :26A1348� 46I 824; <98;I I4=4 ?2=? <2 14J2 I2396?=84=2I =12 A93D
7484: ;2 7 28H98346A2 9H s2862; ��r < 5=1 � G� H98 39I2; ?2;2A=596 56 A93D
7485?96 =9 s2862; rr F 012 A9662A=596 : 2=<226 :9=1 32=19I? <4? @5J26 F
012 A937C=4=5964; A9?= 9H s2862; ��r 5? A937484:;2 < 5=1 s2862; ��� F
G6 H4A= 56I27 26I26A2 9H =12 82@82??98? 4;;9< ? C? =9 A937C=2 =12 2?=53 4=2?
�� N 9H \�^ 4I47=5J2;y 46I =15? 5? 4 ?5@65KA46= =532 82ICA=596 IC856@ 39I2;
?2;2A=596 F

� G� 5? :4?2I 96 2?=53 4=596 9H �� ��	�� �� �����x 5 F2 69 J4;5I4=596 ?2= 5?
622I2I F G= <4? 7 956=2I 9C= 56 h`�j =14= � G� 5? 4 @99I 324?C82 H98 A9374856@
39I2;? :C= 34y :2 ;2?? 477897854=2 =146 32=19I? :4?2I 96 �� 
�	��	�� ��
����� x 2 F@ F A89??DJ4;5I4=596 x <126 @99I 7 28H98346A2 9H =12 39I2; 96 C6?226
=2?= I4=4 5? 82BC582I F t9<2J28 x =12 ?2;2A=596 9H =12 82782?26=4=5J2 J4;5I4=596
I4=4 ?2= 5? 622I2I F G6 9C8 ?=CIy 96 =<9 : 26A1348� I4=4 ?2=? =12 ?53 5;48
: 214J 598 9H A89??DJ4;5I4=596 46I � G� <4? 9:?28J2I F 	6 =<9 ?C:� 2A=? ?2;2A=2I
H893 =12 I4=4 ?2= 82�2A=56@ =12 789: ;23 9H 2?=53 4=56@ 1C346 ?5@64; I2=2A=596
728H983 46A2 H893 =12 �J26= r2;4=2I �9=26=54;? <2 9:?28J2I =14= =12 s2862;
��r 32=19I < 5=1 � G� 82?C;=2I 56 ?53 5;48 7 28H983 46A2 :C= < 5=1 4 ?34;;28
6C3:28 9H 7856A574; A9379626=? ?2;2A=2I F G6 784A=5A4; ?5=C4=596? ?7 ;5==56@

`j



9H =12 4J45;4: ;2 I4=4 ?2= 56=9 =845656@ 46I J4;5I4=596 ?2=? ;24I? 69= 96;y
=9 ;2?? 4AAC84=2 2?=53 4=2? 9H =12 A9379626=? :C= 4;?9 14? =12 79=26=54; =9
=12 I2A824?2 =1258 6C3:28 <126 a � � F 01C? x =12 7 9??5: 5;5=y =9 ?2;2A=
�A9882A=� 7856A574; A937962=? :y ����	�� �� 39I2; ?2;2A=596 789 A2IC82? 34y
:2 H8C5=HC; 1282 F
3����� �����
����

�r� ? I4=4 <282 9:=4562I C6I28 4 @846= H893 =12 �u �4Jy 	w A2 9H �4J4;
r2?248A1 \�� �� ``��^x 3965=982I :y �9 2; �4J5? 46I t489;I t4<�56? F 012
K8?= 4C=198 5? HC6I2I :y 4 82?248A1 @846= H98 =12 789� 2A= �	: � 2A=5J2 �24D
?C82? 9H � 27=1 9H �642?=12?54� � �65J28?5=y 9H �45?;2y 46I � ;4?@9< 
2?=286
G6K8348y �t u =8C?= x 46I 5? 748=54;;y ?C7798=2I :y u;9J4� �846= �@26Ay H98
uA526A2 \@846=? �9 F j���ii��� 46I �9 F ����������i^ F
����������

h`j � F � 896?E4�6 F 01298y 9H 82789ICA56@ �2862;? F ��	��	�
���� �� 
� �
�� ����	� 	 	
� �� 	
��	� 
����
� x �i �������� x `��� F

hjj � F � 85?=546 565 46I � F u14<2D04y;98 F �� ��
��
��
��� 
� 
�����
 ���
��
	 	�� �� �� F �43:85I@2 �65J28?5=y � 82?? x j��� F

h�j 0 F �J@2659C x � F �96=5; x 46I 0 F �9@@59 F r2@C;485E4=596 �2=<98�? 46I
uC7798= �2A=98 �4A1562? F �
�	���� �� ���� � 
	
���	� 	 	
� �� 	
��� x`� �`��� x j��� F

h� j z F � 589?5 F �6 2BC5J4;26A2 : 2=<226 ?748?2 47789> 53 4=596 46I uC7798=
�2A=98 �4A1562? F � ���	� ���� � 
	
��� x `� \�^ �`���� `�i� x `��i F

h�j z F � 589?5 x � F �962? x 46I 0 F �9@@59 F � 8598? x ?=4: 5;5E28? 46I :4?5? HC6AD
=596? � z893 82@C;485E4=596 =9 84I54; x =26?98 46I 4II5=5J2 ?7 ;562? F 02A1D
65A4; r27 98= � FG F � 239 �9 F `��� x � G0 x `��� F

h�j G F 0 F �9;;5�2 F � ������ 	� ��������
 ��	����� F u7856@28D�28;4@ x �2<
�98� x `�i� F

h�j r F r9?574; x � F � 589;43 5 x 46I � F� F 082�9 F s 2862; ��� H98 z24=C82 �>D
=84A=596 9H �J26=Dr2;4=2I �9=26=54;? H98 tC346 u5@64; � 2=2A=596 �28D
H98346A2 F G6 � �����
��� � �� ����	�� �� ���� ������x 74@2? �j `��j� x
� �9=2@98@ x u<2I26 x j��� F u7856@28 F

`�



hij r F r9?574; x � F �589;43 5x � F � F 082� 9 x 46I � F � 5A19 A� 5 F s2862; ���
H98 z24=C82 �>=84A=596 46I �2D�95?56@ 56 �96D� 56248 r2@82??596 F =9
477 248 � ���	� ���� � 
��� � ��� ���	
���� x j�� `F

h�j r F r9?574; x � F � F 082�9 x 46I � F� 5A19 A� 5 F s2862; � 856A574; �9379626=
r2@82??596 < 5=1 �� �77894A1 =9 �96;56248 � 856A574; �9379626=? �>D
=84A=596 F 02A165A4; 827 98= x �65J28?5=y 9H �45?;2yx � Gu x j��� F

h`�j r F r9?574; 46I � F� F 082�9 F s2862; �48=54; �24?= uBC482? r2@82??596 56
rstu F 02A165A4; 827 98= x �65J28?5=y 9H �45?;2yx j�� `F

h``j � F u4C6I28? x � F �43328346 x 46I � F �9J� F r 5I@2 r2@82??596 �2486D
56@ � ;@985=13 56 �C4; �4854: ;2? F G6 � ���� �� 
� � ��
� ��
���	
���	�
���� ���� �� �� 	 	�� �� � ��	����� x `��i F

h`jj � F uA1 �9;�97H x u F� 5�4 x � F� F� F�C8@2? x �Fs 658?A1 x s Fr F� �C;;28 x � Fr �4=?A1 x46I � F� Fu39;4 F G67C= u74A2 J? F z24=C82 u74A2 56 s2862;D�4?2I �2=1D
9 I? F ���� ��	��	�
���� �� � ���	� � �
� ���� x `� \�^ �`���� `� `� x `��� F

h`�j � F uA1 �9;�97H x � F � F u39;4 x 46I s F r F � �C;;28 F �96;56248 �9379D
626= �64;y?5? 4? 4 s2862; � 5@26J4;C2 � 89: ;23 F � ���	� ���� � 
	
��� x`� �`j��� `� `� x `��i F

h`� j � F� F u39;4 x � F uA1 �9;�97H x 46I s F r F � �C;;28 F 012 A9662A=596 : 2=<226
82@C;485E4=596 97284=98? 46I ?C7798= J2A=98 �2862;? F � ���	� � �
� ���� x``�������� x `��i F

h`�j r F 0 5:?15846 5 46I s F s65@1= F 012 A9J48546A2 56�4=596 A85=28596 H98
4I47=5J2 39I2; ?2;2A=596 F �� � � 
 
	
� 
��� � x � `\�^ ��j����� x `��� F

h`�j � F � F 082� 9 x � F z F s84328 x 46I � F � F � 869;I F �J26=D82;4=2I �9=26=54;?
4? G6I5A2? 9H � 5?7 ;4yD3965=9856@ �28H98346A2 F � �� ��� ��	� � ����� ���� x
�� ���� �`x `��� F

h`�j � F �4765� F �� � � 	
��� �� 
 
	
�� 
��	� ��	����� �� ���� F u7856@28 x �2<
�98� x `��i F

h`ij � F 
41:4 F 
� ��� �� 	 �
��� �� 	
����	
���	� � 	
	x J9;C32 �� 9H 
 �����
�� ��� ���
 	 	
� �� 	
��� F uG�� x �15;4I2;7154 x `��� F

h`�j � Fs FG F 
 5;;543 ? F � 82I 5A=596 < 5=1 �4C??546 789 A2??2? � z893 ;56248 82D
@82??596 =9 ;56248 782I5A=596 46I : 2y96I F G6 � FG F �98I46 x 2I5=98 x ��	���
��� 	�
 ��� ������ �� ��	� � ��	� 	 �
��� F s ;C<28 x `��i F

`�


