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VVH2HIL Zrunlqj Sdshu Vhulhv lq Hfrqrplfv dqg Ilqdqfh

Qr1 686

Mdqxdu|/ 5333

Devwudfw

Zh sursrvh d sdqho uhjuhvvlrq prgho zlwk d suhghwhuplqhg dqg
�{hg qxpehu ri fodvvhv/ zkhuh hdfk fodvv lv gh�qhg e| lwv sdudphwhuv/
exw dq| uhihuhqfh dv wr zklfk jurxs dq| revhuydwlrq ehorqjv wr lv
devhqw1 Wkh fodvvhv ru jurxsv duh udwlrqdol}hg e| d zloolqjqhvv wr
dwwulexwh vrph ri wkh revhuyhg khwhurjhqhlw| rq d kljkhu ohyho wkdq wkh
lqglylgxdo1 Wkh hvwlpdwlrq surfhgxuhv kdyh d glvwlqfw Ed|hvldq �dyru/
uho|lqj rq wkh Jleev vdpsolqj vfkhph iru sdudphwhu hvwlpdwlrq/ zklfk
kdv suryhq h�hfwlyh lq vlwxdwlrqv zlwk plvvlqj ru odwhqw yduldeohv1

�Ghsduwphqw ri Hfrqrplf Vwdwlvwlfv/ Vwrfnkrop Vfkrro ri Hfrqrplfv/ S1R Er{ 9834/
V0446 ;6 Vwrfnkrop/ Vzhghq/ vwpvCkkv1vh1 Ilqdqfldo vxssruw e| wkh Vzhglvk Frxqflo iru
Uhvhdufk lq wkh Kxpdqlwlhv dqg Vrfldo Vflhqfhv lv judwhixoo| dfnqrzohgjhg1

|Ghsduwphqw ri Vwdwlvwlfv/ Vwrfnkrop Xqlyhuvlw|/ V0439 <4 Vwrfnkrop/ Vzhghq1
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�?U*�_�?} u�h|�ih � i_ i T*@?@|Lh) �@h�@M*it @t �i** @t �?|hL_�U�?} hiTi@|i_
4i@t�hi4i?|t� A��t uLh �?_���_�@* � �? U*@tt � @| |�4i | �i �h�|i

+��| '  �

��|�� n 0��|c

��ihi |�i �?|ihUiT| �t �?U*�_i_ �? ���

�@!�?} |�i �?_i �?} 4Lhi UL?t�t|i?|c �i �?|hL_�Ui @ �iU|Lh Lu �?_�U@|Lh
�@h�@M*it 3 t�U� |�@| 5� ' � �u �?_���_�@* � �t @ 4i4Mih Lu U*@tt �� `�|�
t|@?_@h_ @tt�4T|�L?t @ML�| |�i _�t|h�M�|�L? Lu |�i ihhLht �i 4@) �h�|i |�i
4L_i* uLh @? @hM�|h@h) �?_���_�@* � @t

)� m i5� ' �j � �A

�
j���cP�

�
� E��

��ihi )� |�i EA � ����iU|Lh UL?|@�?�?} 4i@t�hi4i?|t Lu |�i hitTL?tic j� |�i
EA � R��4@|h� UL?|@�?�?} 4i@t�hi4i?|t Lu |�i Thi_�U|Lht uLh �?_���_�@* �c
@?_ P� �t @ TLtt�M*) ?L?�_�@}L?@* UL�@h�@?Ui 4@|h� ���U� U@? Mi hit|h�U|i_
|L Mi i^�@* uLh @** �?_���_�@*t ��|��? @ U*@tt Lh i�i? i^�@* uLh @** �?_���_�@*t
�? |�i TLT�*@|�L?�

�L| UL?Uih?�?} L�hti*�it ��|� 4Lhi UL4T*i UL�@h�@?Ui t|h�U|�hitc @t
|�Lti @ttLU�@|i_ |L �@h�L�t h@?_L4 igiU|t tTiU��U@|�L?tc �i *�4�| @||i?|�L?
|L �@h�@?Ui UL4TL?i?|t _i�?i_ @t P� ' j2

�W uLh @** 4i4Miht Lu }hL�T ��

�



2�2 w@|i?| �*@tt �i4Miht��T

�L?|h@h) |L 4�*|�*i�i* @?@*)t�t ��ihi |�i ��ih@hU�) �t !?L�?c i�|�ih @t @
hit�*| Lu |�i t@4T*�?} tU�i4i �ti_ Lh |�i i Tih�4i?|@* _it�}?c |�i @?@*)t�t
Lu iUL?L4�U _@|@ 4@) Mi LMt|h�U|i_ M) |�i *@U! Lu �?uLh4@|�L? @ML�| |�i
��ih@hU�)�

`�i? |�i |h�i 4i4Miht��T Lu LMtih�@|�L?t �?!?L�?c |�@| �t 3 �t ?L|
LMtih�i_c UL?_�|�L?�?} L? U*@tt �t ?L| TLtt�M*i uLh it|�4@|�L? T�hTLtit� �
t�}}it|i_ 4i|�L_ uLh U�hU�4�i?|�?} |��t 4�tt�?} _@|@ ThLM*i4 �t |L @tt�4i
U*@tt 4i4Miht��T �t h@?_L4 @?_ |�@| |�i ThLM@M�*�|) Lu Mi*L?}�?} |L U*@tt �
�t |�i t@4i uLh @** �?_���_�@*t Lhc �? 4Lhi uLh4@* |ih4tc |L @tt�4i

RE5� ' �� ' ��c E2�

���U� U@? Mi �?|ihThi|i_ @t L�h t@4T*i Mi�?} @ h@?_L4 t@4T*i uhL4 @ 4� i_
TLT�*@|�L? ��|� TLT�*@|�L? ThLTLh|�L?t }��i? M) ��c ����&� A��t t�4T*i @?_
hi@*�t|�U _itUh�T|�L? 4i@?t |�@| |�i 4�*|�*i�i* 4L_i* �? i^�@|�L? E�� 4@) Mi
hi�h�||i? @t @ 4� |�hic

)� �
[&

�'�
���A Ej���c j

2
�W�c E��

hi�iU|�?} |�i TLtt�M�*�|) Lu @?) �?_���_�@* TL|i?|�@**) Mi�?} @ 4i4Mih Lu @?)
U*@tt�

� ,t|�4@|�L?

��� �L_i* 5TiU��U@|�L?

�t �@)it it|�4@|Lht uLh 4� |�hit @hi �i** _i�?i_c @| *i@t| �? U@ti Lu ThLTih
Th�Lh _�t|h�M�|�L?tc |�i }i?ih@* @TThL@U� �? |��t T@Tih ��** Mi �@)it�@?( uLh
@ UL?��?U�?} Thiti?|@|�L? Lu |�i T@h@_�}4 tii �ih?@h_L @?_ 54�|� d�bbeo�

A�i t|@h|�?} TL�?| Lu @?) �@)it�@? @?@*)t�t �t |�i �L�?| _�t|h�M�|�L? uLh
@** ^�@?|�|�it Lu |�i 4L_i*c ML|� !?L�? @?_ �?!?L�?� �i |c UL?_�|�L?�?} L?
��@| �@t Mii? LMtih�i_c �i LM|@�? |�i _�t|h�M�|�L? Lu |�i �?!?L�? ^�@?|�|�it
UL?_�|�L?@* L? |�i LMtih�i_ t@4T*ic |�i TLt|ih�Lh _�t|h�M�|�L?� A�i �?!?L�?
T@h@4i|iht �? |�i ThLTLti_ 4L_i* @hi � ' E��c ���c�&�c �

2 ' Ej2
�c ���c j

2
&�c

� ' E��c ���c �&� @?_ |�i *@|i?| 3 ' E5�c ���c 5?��
�u|ih tL4i hi@tL?@M*i @tt�4T|�L?t Lu �?_iTi?_i?Uic |�i �L�?| _�t|h�M�|�L?

Lu @** ^�@?|�|�itc !?L�? @?_ �?!?L�?c U@? Mi _itUh�Mi_ M) |�i 4L_i*

RE)c�c�2c�c 3� ' RE)m�c�2
c 3�RE��RE�2�RE3m��RE��� Ee�

e



�L4T*i|�?} |�i tTiU��U@|�L?c @?_ �? @ t|@?_@h_ u@t��L?c �i ti*iU| Th�Lht

R E�� 2 �B�3�
� � � ��B&3�

& c

R
�
��

�
2 �R E�fc j

2
fW� c

R
�
j32
�

�
2 C@E@c K�c

ED�

|�@| �t @? �?uLh4@|��i #�h�U�*i| Th�Lh uLh |�i TLT�*@|�L? �i�}�|t @?_ ThLTih
UL?��}@|i Th�Lht uLh |�i hi}hitt�L? T@h@4i|iht� A�i U�L�Ui Lu @ UL?��}@|i_
4L_i* �t @}@�? L?i Lu UL?�i?�i?Uic @?) ThLTih Th�Lh ��** _L �?i� A�i ti*iU|�L?
Lu T@h@4i|iht E�c�fc j

2
fc @c K� �t i�|�ih M@ti_ L? Th�Lh �?uLh4@|�L? @�@�*@M*i

Lhc *@U!�?} @?) hi*i�@?| �?uLh4@|�L?c �? t�U� @ �@) @t |L 4@!i |�i Th�Lht
@TThLTh�@|i*) �@}�i�

� TL|i?|�@*c @?_ Lu|i? hi@*c ThLM*i4 ��|� tTiU��U@|�L? Ee� �t |�@|c *@U!�?}
@?) Th�Lh �?uLh4@|�L?c |�i 4L_i* �t �?�@h�@?| |L Tih4�|@|�L?t Lu |�i U*@tt
*@Mi*tc @?_ �t |�ihiuLhi �?�_i?|��i_� W? |�i *�|ih@|�hic |��t T�i?L4i?L? �t
U@**i_ *@Mi* t��|U��?} @?_ tL*�|�L?t Lgihi_ �?U*�_i |�i �?|hL_�U|�L? Lu tL4i
�_i?|��@M�*�|) UL?t|h@�?|tc �@h�L�t hiT@h@4i|h�3@|�L?t Lu |�i 4L_i*c @?_ TLt|
ThLUitt�?} |�i L�|T�|c Lu ���U� |�i �ht| �t Lu|i? Thiuihhi_ @?_ U�Lti? �ihi�
� ?@|�h@* U�L�Ui Lu T@h@4i|ih |L �4TLti @? �_i?|��@M�*�|) UL?t|h@�?| L? �t ��
�?i t�U� hit|h�U|�L? UL�*_ Mi

q
E,�
� 	 q

E,�
2 	 � � � 	 q

E,�
& c

��ihi q
E,�
� �t |�i ,�|� i*i4i?| Lu ��� A��tc }hL�Tt @hi _i�?i_ �? @tUi?_�?}

Lh_ih Lu |�i ,�|� i*i4i?|c |�L�}� � Lh Pc �? U@ti Lu }hL�T tTiU��U �@h�@?Uitc
UL�*_ @*tL Mi �ti_�

W? @UULh_@?Ui ��|� |�i @ML�i |�i 4L_i* �t hi�h�||i? @t

RE)c�c�2c�c 3� ' RE)m�c�2
c 3�RE��RE�2�RE3m��RE��U

q
E,�
� 	q

E,�
2 	���	q

E,�
&

c
ES�

��ihi U
q
E,�
� 	q

E,�
2 	���	q

E,�
&

�t @? �?_�U@|Lh u�?U|�L? uLh |�i hit|h�U|i_ ��tT@Ui�

A�L�}� |�i UL?_�|�L?�?} Lu i^�@|�L? ES� L? |�i t@4T*ic uLh T@h|�U�*@h
Th�Lh _�t|h�M�|�L?tc hit�*|t �? @ TLt|ih�Lh _�t|h�M�|�L? |�@| U@? Mi �h�||i? �?
U*Lti_ uLh4c |�i UL4T�|�?} |�4i ?ii_i_ MiUL4it ThL��M�|��i*) *@h}i i�i? uLh
@ t4@** ?�4Mih Lu }hL�Tt & @?_ 4L_ih@|i t@4T*i t�3i ? @t �| �?�L*�it |�i
i�@*�@|�L? Lu &? |ih4t�

`�|� |�i _�hiU| �@)it�@? @TThL@U� _�t^�@*��i_c |�i @TThL@U� |@!i? �t |�@|
Lu ?�4ih�U@* i�@*�@|�L? Lu |�i TLt|ih�Lh M) |�i B�MMt t@4T*ihc uLh _i|@�*t
@?_ u�h|�ih hiuihi?Uit tii B�*!tc +�U�@h_tL? @?_ 5T�i}i*�@*|ih d�bbSo @?_
itTiU�@**) +LMih| d�bbSo �? |�@| �L*�4i�

D



��2 6�** �L?_�|�L?@* �Lt|ih�Lht

W4T*i4i?|@|�L? Lu |�i B�MMt t@4T*ih hi^��hit U@*U�*@|�L? Lu |�i u�** UL?_��
|�L?@* TLt|ih�Lht Lu @** T@h@4i|iht Lu �?|ihit|�

��2�� 6�** UL?_�|�L?@* TLt|ih�Lh Lu ��

6Lh U*@tt � �i �@�i |�i uL**L��?} u�** UL?_�|�L?@* TLt|ih�Lh

��m)c�3�c�
2c�c 3 ��RE7��cl��c

��ihi

l� ' dj32
�
�j�

�
�j� n j32

f Wo3�

7�� ' l�dj
32
�
�j�

��)�nj32
f �foc

��ihi �)� �t |�i ?�A �_�4i?t�L?@* �iU|Lh UL?|@�?�?} |�i t|@U!i_ )� uLh |�i ?�

LMtih�@|�L?t U�hhi?|*) @**LU@|i_ |L U*@tt � @?_ �j� UL?|@�?t |�i�h hitTiU|��i
j� t|@U!i_c @?_ �

3� |�i UL**iU|�L? Lu @** T@h@4i|ih �iU|Lht ��|� |�i i UiT|�L?
Lu ���

��2�2 6�** UL?_�|�L?@* TLt|ih�Lh Lu j32
�

6Lh |�i �@h�@?Uit �i }i| |�i u�** UL?_�|�L?@* TLt|ih�Lh

j32
� m)c�c�2

3�c�c 3 �C@E@n
?�A

2
c Kn

�

2
E�)� � �j����

�E�)� � �j�����

��ihi ?�c �)� @?_ �j� @hi _i�?i_ @t @ML�i� 6Lh @ UL44L? �@h�@?Ui tTiU��U@�
|�L? t�TThitt |�i �?_i ��

��2�� 6�** UL?_�|�L?@* TLt|ih�Lh Lu �

6Lh |�i TLT�*@|�L? �i�}�|t |�i u�** UL?_�|�L?@* TLt|ih�Lh �t }��i? M)

�m)c�c�2c 3 �(�o�S�,e|E?� n B�c ���c ?& n B&�c

��ihi ?� _i�?i_ @t @ML�i @?_ B�c ���c B& @hi �)TihT@h@4i|iht hi�iU|�?} @ Mi*�iu
@ML�| |�i hi*@|��i t�3it Lu |�i }hL�Ttc @t �i** @t |�i t|hi?}|� Lu |�@| Mi*�iu�

��2�e 6�** UL?_�|�L?@* TLt|ih�Lh Lu 3

6Lh |�i @**LU@|�L? �i }i|

ZE5� ' �m)c�c�2c�c 33�� 2 ���A E)� �j���c j
2
�W��

A�i @**LU@|�L? Lu LMtih�@|�L?t |L }hL�Tt �t U@hh�i_ L�| �t�?} |�i _�tUhi|i
_�t|h�M�|�L? �4T*�i_ M) iZE5� ' �m��c � ' �c ���c &j c uLh _i|@�*t tii �hitt d�bHbo�

S



��� B�MMt 5@4T*ih W4T*i4i?|@|�L?

`�|� |�i 4�tt�?} _@|@ t|h�U|�hi �?|hL_�Ui_ @t �? tiU|�L? 2�2 @?_ |�i u�**
UL?_�|�L?@* TLt|ih�Lht _ih��i_ �? tiU|�L? ��2 |�i �4T*i4i?|@|�L? Lu |�i B�MMt
t@4T*ih �t t|h@�}�|uLh�@h_�

B��i? tL4i �?�|�@* @**LU@|�L? @?_ t|@h|�?} �@*�it uLh @** 4L_i* @?_ Th�Lh
T@h@4i|ihtc |�i B�MMt t@4T*ih ThLUii_t @t uL**L�t

5|iT �� 5@4T*i ?i� �i�}�|t� M@ti_ L? |�i U�hhi?| U@h_�?@*�|) Lu i@U� U*@tt
@?_ |�i hi*i�@?| TLt|ih�Lh �? tiU|�L? ��2���

5|iT2� �)U*i |�hL�}� @** ? LMtih�@|�L?tc U@*U�*@|i uLh i@U� LMtih�@|�L?t &

?�4Miht �? @UULh_@?Ui ��|� tiU|�L? ��2�e @?_ t@4T*i @ ?i� @**LU@|�L? 5�
uhL4 |�i hit�*|�?} �?_���_�@* _�tUhi|i _�t|h�M�|�L?� +iU@*U�*@|i U�hhi?|
U@h_�?@*�|) ?� Lu i@U� U*@tt�

5|iT �� B��i? |�i @**LU@|�L? uhL4 t|iT 2 Uhi@|i �)� @?_ �j�c |�i t|@U!i_
�iU|Lht @?_ 4@|h�Uit� �)U*i |�hL�}� @** & U*@ttit @?_ t@4T*i ?i�
�� uhL4 |�i TLt|ih�Lh _�t|h�M�|�L? �? tiU|�L? ��2�� t�U� |�@| |�i Lh_ih
UL?_�|�L? �? 4L_i* ES� �t ?L| ��L*@|i_�

5|iT e� B��i? |�i @**LU@|�L? uhL4 t|iT 2 Uhi@|i |�i hit�_�@*t �)� � �j�� �)U*i
|�hL�}� @** & U*@ttit @?_ t@4T*i ?i� j32

� uhL4 |�i TLt|ih�Lh _�t|h�M�|�L?
�? tiU|�L? ��2�2�

+iTi@| �?|�* UL?�ih}i?Ui Lu |�i B�MMt t@4T*ih�

e W**�t|h@|�L?

AL �**�t|h@|i |�i t�}}it|i_ ThLUi_�hi �i UL?t�_ih @ t)?|�i|�U _@|@ ti| t�T�
TLh|�?} |�i 4L_i* ��|�L�| Mi�?} |h���@*c @?_ _it�}?i_ �? t�U� @ �@) |�@| �i
4@) }@�? tL4i �?t�}�| �?|L ThLM*i4t |�@| 4@) Mi i?UL�?|ihi_ �? Th@U|�Ui�

e�� 5�4T*i �L_i* 5TiU��U@|�L?
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ì @*tL UL4T@hi |�i |h�i @**LU@|�L? ��|� |�i TLt|ih�Lh @**LU@|�L? Lu LMtih�

�@|�L?t |L U*@tt L?i� A��t UL4T@h�tL? �t ?L| TLtt�M*i �? @TT*�U@|�L?t M�| �t
_L?i |L �**�t|h@|i |�i _i}hii Lu ULhhitTL?_i?Ui Mi|�ii? @U|�@* @?_ t@4T*i_
@**LU@|�L?�

	6�}�hi e @ML�| �ihi:

D +i4@h!t

D�� �hLM*i4t @?_ ��|u@**t

5i�ih@* |��?}t �?��i?Ui |�i TihuLh4@?Ui Lu |�i ThLTLti_ 4L_i* @?_ it|��
4@|�L? ThLUi_�hic ��ihi 4Lt| ThLM*i4t @hi hi*@|i_ |L |�i _i�?�|�L? @?_
�_i?|��U@|�L? Lu U*@ttit�

�h�|�U@* u@U|Lht uLh @ }LL_ TihuLh4@?Ui �t |�i t�4�*@h�|) Lu 4i4Miht ��|��?
@ U*@tt @?_ |�i _�t|�?U|��i?itt Lu U*@ttit hi*@|��i i@U� L|�ih� 6Lh |�i 4L_i*
UL?t�_ihi_c |�i t�4�*@h�|) Lu 4i4Miht ��|��? @ U*@tt �t Th�4@h�*) }L�ih?i_ M)
|�i ThiU�t�L? Lu |�i �?_���_�@* it|�4@|it Lu |�i hi}hitt�L? ULi�U�i?|tc ��ihic
@** i*ti i^�@*c t4@**ih t@4T*i �@h�@|�L? �? �?_���_�@* it|�4@|it L? @�ih@}i
�4T*�it U*i@hih _i�?�|�L? Lu U*@ttit� 5|�**c ��|��? U*@tt t�4�*@h�|) �t @ hi*@|��i
UL?UiT| @t �| _iTi?_t �? @ ti?ti L? |�i _�t|�?U|��i?itt Lu U*@ttitc @t 4i@t�hi_
M) tL4i *LU@|�L? _�t|@?Ui� A�i 4L_i* 4@) TihuLh4 �ih) �i** i�i? ��i? |�i
��|��? U*@tt �@h�@|�L? �t *@h}i �u |�i U*@ttit @hi *LU@|i_ u@h uhL4 i@U� L|�ih�
A��t �t �**�t|h@|i_ �? 6�}�hi D uLh |�i 4L_i* �ti_ �? tiU|�L? ec ��ihi UL?��
_i?Ui i**�TtL�_t uLh |�i |�L U*@ttit @hi T*L||i_� OL*_�?} |�i 4i@?t UL?t|@?|c
_iUhi@t�?} t�4�*@h�|) ��|��? U*@ttitc _�i |L uLh �?t|@?Ui @ *@h}ih ihhLh �@h�@?Ui
Lh ui�ih LMtih�@|�L?t Tih �?_���_�@*c �L�*_ �4T*) ��_ih UL?�_i?Ui hi}�L?tc

�f



@ }hi@|ih L�ih*@T Mi|�ii? U*@ttitc @?_ _��U�*|�it �? it|�4@|�L? _�i |L �?�
@_i^�@|i _�t|�?U|��i?itt� A��t TihuLh4@?Ui �t LM��L�t*) ThLM*i4 _iTi?_i?|
@?_ �| 4@) Mi _��U�*| |L t|@|i Th�Lh |L it|�4@|�L? ��@| |�i h�t!t @hi�

	6�}�hi D @ML�| �ihi:
`�|� @ � ?�4Mih Lu U*@ttit &c �| �t ?iUitt@h) |�@| _@|@ @U|�@**) t�TTLh|t

|�i 4L_i*� �) |��t �i 4i@? ?L| L?*) |�@| & �t ULhhiU|*) tTiU��i_ M�| @*tL
|�@| |�i hi*@|�L? Lu ��|��? @?_ Mi|�ii? �@h�@|�L?c @t _i�?i_ @ML�ic �t t�U�
|�@| �i 4@) �@�i UL?�_i?Ui �? |�i B�MMt t@4T*ih @U|�@**) T�U!�?} L�| |�i
U*@ttit� �|�ih��tic ��i? ?L?i Lh |LL ui� LMtih�@|�L?t @hi @**LU@|i_ |L @?)
U*@tt �i ��** �@�i ThLM*i4t t@4T*�?} ?i� �@*�it @?_ }i| t|�U! �? @hi@t Lu *L�
ThLM@M�*�|)( |��t _itT�|i Lu |�i |�iLhi|�U@* �hhi_�U�M�*�|) Lu |�i U�@�?� 5|�**
|��t UL4T�|@|�L?@* ThLM*i4 4@) LUU�h i�i? �?_ih |�i Mit| Lu U�hU�4t|@?Uit�

�?L|�ih U@�ti Lu UL?Uih? �t �_i?|��U@|�L? @?_ �_i?|�u)�?} hit|h�U|�L?t� �t
4i?|�L?i_ �? tiU|�L? ���c ��i? it|�4@|�?} 4� |�hit ��|� |�i B�MMt t@4T*ihc
�u ?L| ThLTih*) �_i?|��i_ �i 4@) �@�i |hL�M*i _�tUh�4�?@|�?} Mi|�ii? |�i &-
TLtt�M*i _�gihi?| TLt|ih�Lh 4L_it� `�i? �t�?} @? Lh_ih UL?t|h@�?|c @t �i
_Lc |�ihi 4@) Mi Mi||ih Lh �Lhti U�L�Uit Lu i*i4i?| |L Lh_ih �TL?� �}@�?
|�i LT|�4@* _iU�t�L? _iTi?_t L? ML|� |�i ��|��? @?_ Mi|�ii? �@h�@|�L?c @t
�i** @t |�i @U|�@* _�t|@?Ui Mi|�ii? U*@tt *LU�c @?_ �| 4@) Mi _��U�*| |L uLh4
@? LT�?�L? @ Th�Lh��

A�i @**LU@|�L? t|iT �? |�i B�MMt t@4T*ihc @?_ �? T@h|�U�*@h |�i U@*U�*@|�L?
Lu |�i �?_���_�@* _�tUhi|i _�t|h�M�|�L?t Lu 4i4Miht��Tc �t @*tL @ tL�hUi Lu
TL|i?|�@* ThLM*i4t Lu ?�4ih�U@* ?@|�hi� �L�T*i_ ��|� |�i |h@TT�?} t|@|i
UL4T*�U@|�L? 4i?|�L?i_ @ML�ic L�|*�iht 4@) �@�i @ ti�ihi _i|h�4i?|@* igiU|
L? TihuLh4@?Ui�

�|�ih��tic tL4i *�4�|i_ i Tih�4i?|@|�L? �?_�U@|itc @t i TiU|i_c |�@| |�i
TihuLh4@?Ui �t i?�@?Ui_ ��|� �?Uhi@t�?} t@4T*i t�3ic �?Uhi@ti_ ?�4Mih Lu
4i@t�hi4i?|tc @?_ _�t|�?U|��i?itt Lu 4� |�hi UL4TL?i?|t�

D�2 , |i?t�L?t @?_ ,*@MLh@|�L?t

W4ThL�i_ TihuLh4@?Ui @?_ �?Uhi@ti_ h�U�?itt Lu tTiU��U@|�L?c @hi |�L _�4i?�
t�L?t @*L?} ���U� i |i?t�L?t @?_ i*@MLh@|�L?t 4@) Mi _�tU�tti_�

�t _�tU�tti_ �? tiU|�L? D��c �i 4@) i Tih�i?Ui Th@U|�U@* @?_ |iU�?�U@*
ThLM*i4t ��i? it|�4@|�?} |�i 4� |�hi� �h@U|�U@* ThLM*i4t @hi @ttLU�@|i_
Th�4@h�*) ��|� |�i _i�?�|�L? Lu U*@ttit ���*i |�i |iU�?�U@* ThLM*i4t @hi Lu
UL4T�|@|�L?@* ?@|�hic uhi^�i?|*) UL??iU|i_ |L |�i uLh4ih� � tL�hUi |L ���U�
4@?) Lu |�i ThLM*i4t U@? Mi |h@Ui_ �t U*@tt 4i4Miht��T @?_ |�i h@?_L4
4i4Miht��T 4L_i* Thiti?|i_ �? tiU|�L? 2�2� A�i 4iU�@?�t4 @| �Lh! �t t�4�
T*ic @?_ 4@) hit�*| �? |�i B�MMt t@4T*ih Mi�?} |h@TTi_ �? @hi@t Lu *L�
ThLM@M�*�|) ���*i i T*Lh�?} |�i4c @t �t ?iUitt@h)� W? |�i *�|ih@|�hic |�i 4@�?

��



_�hiU|�L? t�}}it|i_ uLh tL*��?} ML|� ThLM*i4t @hi �@h�L�t hiT@h@4i|h�3@|�L?t
@t �? B�*!t @?_ +LMih|t d�bbSo @?_ +LMih| d�bbSo� �?L|�ih t�}}it|i_ _�hiU�
|�L?c Tih�@Tt 4Lhi ?@|�h@* @?_ Uih|@�?*) Lgih�?} �ih) �?|ihit|�?} TLtt�M�*��
|�itc �t |�hL�}� |�i �?|hL_�U|�L? Lu |�i ?�4Mih Lu U*@ttit �?|L |�i @?@*)t�tc @t
�? Bhii? d�bbDo @?_ +�U�@h_tL? @?_ Bhii? d�bb.o� � |��h_ TLtt�M�*�|)c ��i?
@� �*�@h) �?uLh4@|�L? �t @�@�*@M*ic �L�*_ Mi |L i |i?_ |�i 4i4Miht��T 4L_i*
uhL4 |�i h@?_L4 �ti_ |L tL4i|��?} 4Lhi i*@MLh@|i *�!i |�i ThLM�|c ��ihi
|�i �Lh! Lu ���M @?_ Bhii?Mih} d�bbHo 4�}�| Lgih �@*�@M*i �?t�}�|t�

�? LM��L�t �i?�i uLh �?Uhi@ti_ 4L_i* �i �M�*�|) �t |�i tTiU��U@|�L? Lu
|�i UL�@h�@?Ui 4@|h� c ���U� UL�*_ Mi }i?ih@*�3i_ |L �@?_*i 4Lhi �?|h�U@|i
t|h�U|�hit @?_ i |i?_i_ |L tTiU��U@|�L?t |@!�?} �?|L @UUL�?| |�i |�4i tih�it
@tTiU| Lu T@?i*t� A�i LM��L�t �@) |L _L |��t �t |�hL�}� |�i Th�Lh tTiU��U@|�L?
���U� 4@) Mi @*|ihi_ |L UL4T*) ��|� L?i Lh |�L �@) h@?_L4 igiU|tc @| @
4L_ih@|i UL4T�|@|�L?@* ULt|�

6�?@**)c |�i �_i@ Lu |�i U*@tt t|h�U|�hi 4L_i*c Thiti?|i_ �? tiU|�L? �c �t
|�@| |�i igiU| Lu |�i hi}hittLht �?j LTih@|i @| @ }hL�T *i�i*c |�i igiU| Lu |�i
�@h�@M*i _iTi?_�?} L? }hL�T 4i4Miht��T� A�i �i �M�*�|) Lu |�i 4L_i* U@?
Mi u�h|�ih �?Uhi@ti_ M) |�i �?|hL_�U|�L? Lu �?_���_�@* @?_ TLT�*@|�L? igiU|tc
|�@| �t �?_iTi?_i?| �@h�@M*it LTih@|�?} @| @? �?_���_�@* @?_ TLT�*@|�L? *i�i*�
A�i 4L_i* uLh @? �?_���_�@* UL�*_ |�i? Mi �h�||i? @t

)� m i5� ' �j � �A E��j�� n ��j2� n �j��cP��c EH�

��ihi �@h�@M*it U*@tt��i_ @t j� @hi �?|ihThi|i_ @t h@?_L4 Lh � i_ �?_���_�@*
igiU|tc ���*i �@h�@M*it U*@tt��i_ @t j� �L�*_ ULhhitTL?_ |L |�i �?_iTi?_i?|
�@h�@M*it Lu @ t|@?_@h_ T@?i* hi}hitt�L?c |�@| �t �@h�@M*it ��|� @? igiU| |�@|
_Lit ?L| _iTi?_ L? }hL�T 4i4Miht��T @?_ �t |�i t@4i uLh @** �?_���_�@*t�
`�@| 4@!it 4L_i* EH� �?|ihit|�?} �t |�i u@U| |�@| �| U@? Mi �ti_ |L tTiU�u)
@?)|��?} uhL4 @ t�4T*i T@?i* hi}hitt�L? 4L_i*c ��ihi @** �?_iTi?_i?| �@h��
@M*it @hi U*@tt��i_ @t Mi�?} Lu |)Ti �c |L tL4i|��?} hiti4M*�?} @ h@?_L4
ULi�U�i?| 4L_i*c ��ihi @** �?_iTi?_i?| �@h�@M*it @hi U*@tt��i_ @t Mi�?} Lu
|)Ti �c ��|� @? LT|�L? Lu 4� �?} @?) Lh ML|� ��|� �@h�@M*it Lu |)Ti 2 |L
Uhi@|i �)Mh�_ 4L_i*t Lu �@h)�?} _i}hiit Lu UL4T*i �|)�

�2



+iuihi?Uit

��|!�?c �� @?_ wL?}uLh_c ��G �bHSc 5|@|�t|�U@* 4L_i**�?} �? tU�LL* igiU|��i�
?itt t|�_�it�c aL�h?@* Lu |�i +L)@* 5|@|�t|�U@* �ttLU�@|�L? �ebc ��e��

�ih?@h_Lc a� �� @?_ 54�|�c �� 6� ��G �bbec �@)it�@? A�iLh)c `�*i)�

���Mc 5� @?_ Bhii?Mih}c ,�G �bbHc �?@*)t�t Lu 4�*|��@h�@|i ThLM�| 4L_i*tc
��L4i|h�!@ HDE2�c �e.��S��

Bi*4@?c �� @?_ +�M�?c #� +�G �bb2c W?uihi?Ui uhL4 �|ih@|��i t�4�*@|�L? �t�?}
4�*|�T*i ti^�i?Uitc 5|@|�t|�U@* 5U�i?Ui .c eD.�D���

Bi)ihc �� a�G �bb2c �h@U|�U@* 4@h!L� U�@�? 4L?|i U@h*Lc 5|@|�t|�U@* 5U�i?Ui
.c e.��D���

B�*!tc `� +�c +�U�@h_tL?c 5� @?_ 5T�i}i*�@*|ihc #� a�G �bbSc W?|hL_�U�?}
4@h!L� U�@�? 4L?|i U@h*Lc �? `� +� B�*!tc 5� +�U�@h_tL? @?_ #� a�
5T�i}i*�@*|ih Ei_t�c �@h!L� ��@�? �L?|i �@h*L �? �h@U|�Uic ��@T4@?
@?_ O@**c wL?_L?c TT� ���b�

B�*!tc `� +� @?_ +LMih|tc B� ��G �bbSc 5|@h|i}�it uLh �4ThL��?} ����c �?
`� +� B�*!tc 5� +�U�@h_tL? @?_ #� a� 5T�i}i*�@*|ih Ei_t�c �@h!L� ��@�?

�L?|i �@h*L �? �h@U|�Uic ��@T4@? @?_ O@**c wL?_L?c TT� Hb���e�

BL*_t|i�?c O�G �bbec ��*|�*i�i* 5|@|�t|�U@* �L_i*tc , �h?L*_c �i� vLh!�

Bhii?c �� a�G �bbDc +i�iht�M*i ��4T 4@h!L� U�@�? 4L?|i U@h*L UL4T�|@|�L?
@?_ M@)it�@? 4L_i* _i|ih4�?@|�L?c ��L4i|h�!@ H2c .���.�2�

OL c a� a�G �bbDc �TT*�i_ ��*|�*i�i* �?@*)t�tc AA���M*�!@|�itc �4t|ih_@4�

�hittc 5� a�G �bHbc �@)it�@? 5|@|�t|�UtG �h�?U�T*itc �L_i*tc @?_ �TT*�U@|�L?tc
`�*i)c �i� vLh!�

+@u|ih)c �� ,� @?_ wi��tc 5�G �bbSc W4T*i4i?|�?} ����c �? `� +� B�*!tc
5� +�U�@h_tL? @?_ #� a� 5T�i}i*�@*|ih Ei_t�c �@h!L� ��@�? �L?|i �@h*L

�? �h@U|�Uic ��@T4@? @?_ O@**c wL?_L?c TT� ��D���f�

+�U�@h_tL?c 5� @?_ Bhii?c �� a�G �bb.c �? M@)it�@? @?@*)t�t Lu 4� |�hit ��|�
@? �?!?L�? ?�4Mih Lu UL4TL?i?|tc aL�h?@* Lu |�i +L)@* 5|@|�t|�U@*

5LU�i|) DbEe�c .���.b2�

+LMih|c �� ��G �bbSc �� |�hit Lu _�t|h�M�|�L?tG W?uihi?Ui @?_ it|�4@|�L?c �?
`� +� B�*!tc 5� +�U�@h_tL? @?_ #� a� 5T�i}i*�@*|ih Ei_t�c �@h!L� ��@�?

�L?|i �@h*L �? �h@U|�Uic ��@T4@? @?_ O@**c wL?_L?c TT� ee��eS��

��



A@M*i �G 5�44@h) Lu B�MMt t@4T*ih hit�*|t( ti*iU|i_ TihUi?|�*itc 4i@? @?_
t|@?_@h_ _i��@|�L? uLh hi}hitt�L? ULi�U�i?|tc �@h�@?Ui @?_ �i�}�|� �L_i*
@?_ t@4T*i �@*�itc ��ihi |�i *@||ih �ihi it|�4@|i_ ��|� �w7 @tt�4�?}
!?L�*i_}i Lu |�i |h�i 4L_i* @?_ �?_���_�@* U*@tt 4i4Miht��Tc @hi t�L�? |L
u@U�*�|@|i UL4T@h�tL? @?_ @TTh@�t@*�

Srvwhulru shufhqwlohv/ phdq dqg vwdqgdug ghyldwlrq

6f�fD 6f�2D 6f�Df 6f�.D 6f�bD 4i@? t|_ |h�i t@4T*i

�
E��
� f�H.D f�bDf f�bbH ��fe� ��fb. f�bb� f�fSH ��fff f�bb2

�
E2�
� f�Sbf f�HDS f�b.. ���fD ���fH f�bHD f��Hb ��fff ��ffS

�
E��
2 ���Se ��2f2 ��22b ��2DH ���fe ��2�� f�fe2 ��2Df ��2�H

�
E2�
2 f�DS2 f�.f2 f�.b2 f�HHf ��f�� f�.Hb f���. f�.Df f�.S.

�� f�2DS f���H f�ef� f�e.D f�DHS f�e�f f��ff f�eff f�efD
j2 f�bSf ��ffS ��fe� ��f.. ����� ��fe� f�fD� ��fff ��f�b

�e



0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2
-2

-1

0

1

2

3

4
A typical sample

β (1)

β  
(2

)

6�}�hi �G � |)T�U@* t@4T*i Lu ? ' 2ff �?_���_�@*t uhL4 |�i t�4T*i 4L_i*
_itUh�Mi_ �? E.�� �L�?|t hiThiti?| �?_���_�@* it|�4@|it Lu |�i hi}hitt�L? UL�
i�U�i?|t�
J G LMtih�@|�L?t @U|�@**) t@4T*i_ uhL4 U*@tt �
% G LMtih�@|�L?t @U|�@**) t@4T*i_ uhL4 U*@tt 2

�D



0 20 40 60 80 100
0.94

0.96

0.98

1

1.02

1.04
β (1) ; class #1

0 20 40 60 80 100
0.9

0.95

1

1.05

1.1

1.15
β (2) ; class #1

0 20 40 60 80 100
1.22

1.225

1.23

1.235

1.24

1.245

1.25

1.255
β (1) ; class #2

0 20 40 60 80 100
0.74

0.76

0.78

0.8

0.82

0.84

0.86
β (2) ; class #2

6�}�hi 2G �Lt|ih�Lh 4i@? i�L*�|�L? Lu hi}hitt�L? ULi�U�i?|tc �|ih@|�L?t �?
|�L�t@?_t�

�S



0.6 0.8 1 1.2 1.4 1.6
0

5000

10000

15000
β (1) ; class #1

0 1 2 3
0

5000

10000

15000
β (2) ; class #1

0.6 0.8 1 1.2 1.4 1.6
0

5000

10000

15000
β (1) ; class #2

0 1 2 3
0

5000

10000

15000
β (2) ; class #2

6�}�hi �G 5�44@h) Lu D�OOt t@4T*ih L�|T�| uLh @** hi}hitt�L? ULi�U�i?|t(
ML|� }hL�Tt� A�i t*�}�| |h�?U@|�L? �? |�i _�t|h�M�|�L?t uLh |�i t*LTit �t @?
igiU| Lu |�i Lh_ih hit|h�U|�L?�

�.



0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
-2

-1

0

1

2

3

4

β (1)

β  
(2

)

Classification, class #1

0.95

0.95

0.50

0.50

0.05

0.05

6�}�hi eG �*@tt��U@|�L?c |h�i @?_ TLt|ih�Lh uLh |�i �ht| U*@ttc ��|� |�hii
UL?|L�ht uLh |�i ThLM@M�*�|) Lu @? �?_���_�@* Mi�?} @ 4i4Mih Lu |�i �ht| U*@tt
i^�@* |L f�fDc f�Df @?_ f�bD� A�i UL?|L�ht @hi M@ti_ L? @ *�?i@h _�tUh�4�?@?|c
U@*U�*@|i_ �? i@U� B�MMt t@4T*ih �|ih@|�L? uLh t@4T*i_ �@*�it L? @** hi*i�@?|
^�@?|�|�itc @?_ @�ih@}i_ L�ih |�i ��L*i U)U*i�
J G LMtih�@|�L?t @U|�@**) t@4T*i_ uhL4 U*@tt �
% G LMtih�@|�L?t ��|� TLt|ih�Lh @**LU@|�L? |L U*@tt �

�H



0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
-1

-0.5

0

0.5

1

1.5

2

2.5

β (1)

β  
(2

)

Confidence ellipsoids

6�}�hi DG �L?�_i?Ui i**�TtL�_t uLh ML|� U*@ttitc _L||i_ *�?it uLh U*@tt � @?_
tL*�_ *�?it uLh U*@tt 2c ��ihi ML|� U*@tt 4i@?t @hi 4@h!i_ ��|� @ U�hU*i� A�i
ThLM@M�*�|) Lu @ t@4T*i_ �?_���_�@*t< it|�4@|i_ � u@**�?} �?t�_i �|t hi*i�@?|
L�|ihc 4�__*i @?_ �??ih i**�Tti �t f�bfc f�.Dc @?_ f�Df hitTiU|��i*)�

�b


