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|�4i� ì @hi �?|ihit|i_ �? @ hi*@|i_ �tt�iG �L� TihUiT|�L?t @ML�| |�i i�L*�|�L? Lu

u�|�hi �?UL4i @U| L? |�i t�TT*) @?_ |�i _i4@?_ Lu Uhi_�|� W? tiU|�L? e �i @?@*)3i

TLtt�M*i i |i?t�L?t Lu |�i M@t�U 4L_i* |�@| i?_L}i?�3i |�i t�TT*) Lu Uhi_�| @?_

�?ULhTLh@|i �?@?U�@* igiU|t� �*|�L�}� |�i @?@*)t�t �t U@hh�i_ L�| ��|��? @ �ih)

tU�i4@|�U uh@4i�Lh! E@ t|@?_@h_ |�L�Tih�L_c |�L�t|@|i UL?t�4T|�L?�*L@? 4L_i*

@**L��?} uLh _iu@�*|� @?_ �| �t ?L| u�**) �?|i}h@|i_ ��|� |�i 4�*|��Tih�L_ *i@h?�?}

4L_i* Lu U@T�|@* @UU�4�*@|�L? Thiti?|i_ MiuLhic �i U@? �_i?|�u) ti�ih@* U�@??i*t

|�hL�}� ���U� i TiU|@|�L?t �?��i?Ui U�hhi?| i Ti?_�|�hitc TL�?|�?} |L _�gihi?|

U)U*�U@* tUi?@h�Lt� `�i? *i?_iht hi��ti |�i�h i TiU|@|�L?t @ML�| |�i TihuLh4@?Uit

Lu |�i iUL?L4) �? �M@_ t|@|it� E��i? T@h|�@* _iu@�*| ��** LUU�h�c |�i UL?ti^�i?|

t��u| �? |�i t�TT*) Lu Uhi_�| @TTi@ht |L ��?�|�@|i� |�i �Tt��?} Lh _L�?t��?}( |�i

Uhi_�| _i4@?_ tU�i_�*i �@h�it ��|� |�i uLhiU@t|t Lu ThLtTiU|��i MLhhL�iht Lu |�i�h

�?UL4i �? �}LL_ t|@|it�� A��t t�}}it|t |�@|c _iTi?_�?} L? |�i UL?_�|�L?t Lu i@U�

U@tic �?|ihit| h@|it @?_ @}}hi}@|i _i4@?_ U@? Mi hi*@|i_ �? _�gihi?| �@)t�

.



W? tiU|�L? e �i UL44i?| Mh�i�) L? �L� |�i Thi��L�t hit�*|t UL�*_ Mi Lu �ti

�? @?@*)3�?} U)U*�U@* iT�tL_it� W?|ihThi|@|�L?t M@ti_ L? @*|ih?@|��i @TThL@U�it

@hi _�tU�tti_ �? tiU|�L? Dc ��|� hiuihi?Ui |L hiUi?| ��U|�@|�L? �? w@|�? �4ih�U@�

W? |�@| tiU|�L?c �i @*tL _i@* Mh�i�) ��|� TL*�U) �4T*�U@|�L?t( |�i TL�?| |�@| �i

4@!i �t |�@|c �hhitTiU|��i Lu ��i|�ih TL*�U)�4@!iht �@�i �t�Tih�Lh !?L�*i_}i�

@ML�| |�i Mi�@��Lh Lu |�i iUL?L4�itc |�i�h _iU�t�L?t @hi @U|�@**) Thi_�U@|i_ L?

��_}4i?|tc ?L| L?*) @ML�| |�i u�|�hi i�L*�|�L? Lu u�?_@4i?|@*tc M�| @*tL @ML�|

|�i �@) �? ���U� |�i Th��@|i tiU|Lh _i|ih4�?it �|t L�? i TiU|@|�L?t�

2� � Mh�iu hi��i� Lu tL4i iT�tL_it

A�i w@|�? �4ih�U@? i Tih�i?Ui Lu |�i *@t| _iU@_it Lgiht @ ?�4Mih Lu i @4T*it

Lu �ih) ��_i iUL?L4�U ��U|�@|�L?t� 5i�ih@* Lu |�i4 |LL! T*@Ui �? |�i 4�_t| Lu

4@�Lh U�@?}it �? iUL?L4�U TL*�U�it� 5�U� TL*�U) hiuLh4t @�4i_ tTiU��U@**) @|

Th�Ui t|@M�*�3@|�L?c M�| |�i) �ihi @*tL 4L|��@|i_ M) _�t@TTL�?|4i?| �? |�i }hL�|�

TihuLh4@?Ui Lu |�i iUL?L4�itc @?_ |h�i_ T�hTLtiu�**) |L 4L_�u) |�i i?��hL?4i?|

uLh Th��@|i _iU�t�L?t� A�ihi �t @ �@t| *�|ih@|�hi @?@*)3�?} |�iti iT�tL_it( �i hi*)

L? �| �? |�i Mh�iu _�tU�tt�L? |�@| uL**L�t� �*i@h*)c �i U@??L| |h) |L Thiti?| @ u�**

T�U|�hiG |��t �L�*_ hi^��hi @ _i|@�*i_ t|�_) Lu i@U� U@ti� A�i T�hTLti Lu |��t

H



tiU|�L? �t t�4T*) |L ThL��_i @ MhL@_ ��i� Lu @ ti| Lu U)U*�U@* iT�tL_itc �?_�U@|�?}

|�i ?@|�hi Lu |�i U�@?}it |�i iUL?L4�it �ihi �?_ih}L�?}c @?_ t�}}it|�?} |�@|

|�i LMtih�i_ TihuLh4@?Ui 4@) �@�i Mii? *�?!i_ |L t�}?��U@?| hi��t�L?t �? @}i?|<t

TihUiT|�L?t Lu |�i }hL�|� ThLtTiU|t Lu �?UL4i�

���*i �b..��bH2� �i|�ii? �b.f @?_ �b.Dc |�i ���*i@? iUL?L4) UL?|h@U|i_

M) @? @�ih@}i Lu 4Lhi |�@? 2I @ )i@hc _�h�?} @ Tih�L_ Lu TL*�|�U@* |�h4L�*� w@h}i�

tU@*i iUL?L4�U hiuLh4t t|@h|i_ �? �b.ec ��|� |�i Th��@|�3@|�L? Lu M@?!t @?_ T�M*�U

i?|ihTh�titc uL**L�i_ tLL? *@|ih M) 4i@t�hit |�@| *�Mih@*�3i_ �?|ih?@|�L?@* |h@_iG

?L?�|@h�g M@hh�iht �ihi i*�4�?@|i_c @?_ |�i }L�ih?4i?| @??L�?Ui_ @ tU�i_�*i

Lu |@h�gt UL?�ih}�?} |L @ �@| �fI h@|i �? �b.b� A�i hi4L�@* Lu hit|h�U|�L?t L?

�?@?U�@* |h@?t@U|�L?t �?_�Ui_ @ *@h}i i T@?t�L? �? |�i M@?!�?} tiU|Lh� W? �b.Dc

|�i }L�ih?4i?| �4T*i4i?|i_ @ *@h}i �tU@* @_��t|4i?| M) U�||�?} i Ti?_�|�hit

@?_ h@�t�?} |@ it�

�u|ih @ t�@hT hiUitt�L? �? �b.Dc hi@* L�|T�| t�L�i_ @ h@T�_ hiUL�ih)c ��|�

}hL�|� L�ih .I �? �b.S��b.H� W? Lh_ih |L @||@U! �?�@|�L?c t|�** �ih) ��}� EHeI �?

�b..�c �? a�?i �b.H |�i }L�ih?4i?| _iU�_i_ |L @TT*) @ TL*�U) Lu Thi�@??L�?Ui_

_i�@*�@|�L?t @| @ _iU*�?�?} h@|ic UL?�ih}�?} |L�@h_t @ Ti} |L |�i _L**@h� �*tLc �?�

|ih?@|�L?@* �?@?U�@* 4L�i4i?|t �ihi u�h|�ih *�Mih@*�3i_� �|�ih hiuLh4t *@�?U�i_

b



@| |��t |�4i �ihi |�i �?|hL_�U|�L? Lu @ Th��@|i Ti?t�L? t)t|i4 @?_ �@h�L�t 4i@�

t�hit Lu _ihi}�*@|�L? �? }LL_t 4@h!i|t�

+i@* }hL�|� UL?|�?�i_ |L Mi ^��|i t|hL?}G @}@�?c L�ih .I L? @�ih@}i �? �b.H�

�bH�� ,_�@h_t @?_ �L �,_�@h_t E�bH.� �@�i t|@|i_G ����A��t ?i� }hL�|� T@||ih?

|L}i|�ih ��|� |�i hi_�U|�L? Lu �?�@|�L? ���}i?ih@|i_ @ ti?ti Lu ThLtTih�|) @?_ Lu

�4ThL�i_ u�|�hi iUL?L4�U TihtTiU|��it uLh |�i }i?ih@* T�M*�U��� A��tc �? |�h?c

hit�*|i_ �? @ TihUiT|�L? Lu t�Mt|@?|�@**) ��}� �i@*|��� �LhiL�ihc |�i *@h}i t�TT*)

Lu u�?_t �? �Lh*_ 4@h!i|t t|�4�*@|i_ *i?_�?} |L |�i hi}�L?c @?_ T@h|�U�*@h*) |L

���*i� 5�U� UL?_�|�L?t �ihi hi�iU|i_ �? _h@4@|�U �?Uhi@tit �? @tti| Th�Uit @?_

�? Th��@|i tTi?_�?}G |�i t@��?}t h@|i ui** t�@hT*)� A�i UL?t�4T|�L? MLL4 �@t

@tLU�@|i_ ��|� @ *@h}i U�hhi?| @UUL�?| _i�U�|c ���U� @�ih@}i .I Lu B#� �? �b.H�

�bHfc @?_ hi@U�i_ ?i@h �bI �? �bH�� W? @__�|�L?c @ *@h}i hi@* @TThiU�@|�L? �@t

LMtih�i_�

A�i i T@?t�L? �? L�|T�| @?_ @}}hi}@|i _i4@?_ t|@h|i_ |L t*L� _L�? �? �bH��

W?|ihit| h@|it hLtic @?_ ��}�*) �?_iM|i_ �h4t t�L�i_ _��U�*|�it �? 4@!�?} hiT@)�

4i?|t� A��t Uhi@|i_ ThLM*i4t uLh M@?!t�

�) |�i Mi}�??�?} Lu �bH2c hi@* L�|T�| �@t _iU*�?�?}c @?_ |�i i TiU|@|�L?t Lu

_i�@*�@|�L? MhL�}�| @ML�| @ U@T�|@* L�|�L�� �hL�?_ |�@| |�4ic �?@?U�@* �L�t |L

�f



|�i hi}�L? �ihi t�__i?*) U�|� � M@*@?Ui Lu T@)4i?|t Uh�t�t uLhUi_ @ _i�@*�@|�L?

�? 5iT|i4Mih �bH2( �? |�@| )i@hc hi@* B#� ui** M) �eIc @?_ M) f�.I |�i uL**L��?}

)i@hc MiuLhi |�i *L?} E@?_ *@t|�?}� hiUL�ih) |�@| t|@h|i_ �? |�i 4�_�i�}�|�it�

�h}i?|�?@ �b.H��bH2� �u|ih 4Lhi |�@? @ _iU@_i Lu 4L_ih@|i M�| t�t|@�?i_

}hL�|� �? hi@* B#�c |�i �h}i?|�?i iUL?L4) �i?| �?|L hiUitt�L? �? �b.Dc @t |�i

TL*�U�it Lu ��}� M�_}i| _i�U�|t @?_ h@T�_ 4L?i|@h) i T@?t�L?t |�i? uL**L�i_ M)

|�i }L�ih?4i?| *i_ |L @ M@*@?Ui Lu T@)4i?|t Uh�t�t @?_ |L @ t�UUitt�L? Lu *@h}i _i�

�@*�@|�L?t� A�i _hLT �? hi@* �?UL4it @?_ |�i @UUi*ih@|�L? Lu �?�@|�L? @}}h@�@|i_

|�i TL*�|�U@* Uh�t�t� �u|ih |�i 4�*�|@h) |@!iL�ih �? �@hU� �b.Sc |�i }L�ih?4i?|

i*�4�?@|i_ Th�Ui UL?|hL*t @?_ @ML*�t�i_ |�i t)t|i4 Lu 4�*|�T*i i U�@?}i h@|it�

�@?) hit|h�U|�L?t L? uLhi�}? i U�@?}i |h@?t@U|�L?t �ihi i*�4�?@|i_c @?_ |@h�gt

h@|it �ihi hi_�Ui_ E@*|�L�}� |��t 4@�?*) 4i@?| @ hi_�U|�L? �? hi_�?_@?| ThL�

|iU|�L?�� V@h�L�t U�@?}it �ihi �?|hL_�Ui_ �? |�i |@ t)t|i4 Ei�}� |�i V�A �@t

@TT*�i_ |L @ ��_ih ti| Lu @U|���|�itc @?_ |�i �?UL4i |@ �@t hiuLh4�*@|i_�� W?

a�?i �b..c @ �?@?U�@* hiuLh4 *�Mih@*�3i_ �?|ihit| h@|it�

+i@* L�|T�| �?Uhi@ti_ 4Lhi |�@? SI �? �b.. E��|� @ t�@hT �?Uhi@ti �? �?�it|�

4i?|tc ML|� Th��@|i @?_ T�M*�U�c M�| ui** @}@�? |�i uL**L��?} )i@hc ThLM@M*) @t @

hit�*| Lu |�}�|ih 4L?i|@h) UL?_�|�L?t� A�i �?�@|�L? h@|i �@t t|�** 4�U� ��}�ih

��



|�@? �ffI @ )i@h� W? #iUi4Mih �b.Hc |�i }L�ih?4i?| �?�|�@|i_ @ TL*�U) Lu Thi�

@??L�?Ui_ _i�@*�@|�L?t� A��t �@t UL4M�?i_ ��|� |@h�g hi_�U|�L?t�

W? �b.bc _L4it|�U _i4@?_ @?_ hi@* L�|T�| �?Uhi@ti_ u@t|( |�i �?�@|�L? h@|i

ui**c M�| hi4@�?i_ �i** @ML�i |�i h@|i Lu _i�@*�@|�L?� A�ihi �@t @ t�Mt|@?|�@*

hi�@*�@|�L? �? |�i _L**@h �@*�i Lu �?UL4it2� �| |�i t@4i |�4ic T�M*�U tTi?_�?} !iT|

h�t�?}� A�i ��}�ih i Ti?_�|�hit Lu ML|� |�i Th��@|i @?_ T�M*�U tiU|Lht UL?|h�M�|i_

|L }i?ih@|i @ t�3i@M*i U�hhi?| @UUL�?| _i�U�| �? �bHfc _itT�|i |�i t�@hT �?Uhi@ti

�? i TLh| Th�Uit�

�*hi@_) �? �bHfc tL4i _L4it|�U �h4t �ihi 4@!�?} *Lttit� ,@h*) �? |�@| )i@hc

M@?! u@�*�hit �?_�Ui_ @ 4L�i4i?| Lu u�?_t @�@) uhL4 _iTLt�|t @?_ �?|L uLhi�}?

U�hhi?U�it� A�i }L�ih?4i?| �@t @M*i |L t|LT @? �?U�T�i?| h�? L? |�i M@?!tc

M�| |�i *i�i* Lu uLhi�}? hitih�it _iU*�?i_c ���*i hi@* L�|T�| t|@}?@|i_� , U�@?}i

h@|i tTiU�*@|�L? T�| Thitt�hi L? �?|ihit| h@|it� �@T�|@* ��}�| MiU@4i h@T�_ @| |�i

5Wkh shu fdslwdo JGS lq groodu whupv kdv vkrzq yhu| odujh pryhphqwv +diwhu fruuhfwlqj iru
XV lq�dwlrq,= lw uhdfkhg doprvw 47333 grooduv +lq 4<<9 sulfhv, lq 4<;3/ ihoo wr 8:33 grooduv wzr
|hduv odwhu/ dqg zdv rqo| 6833 dw wkh hqg ri wkh ghfdgh +gxulqj wkh k|shulq�dwlrqdu| shulrg,> lq
4<<7/ lw h{fhhghg ;333 grooduv1 Ri frxuvh/ wkhvh �jxuhv vlpso| uhvxow iurp dsso|lqj wkh fxuuhqw
h{fkdqjh udwhv wr wkh qrplqdo ydoxh ri JGS> wkh| gr qrw qhfhvvdulo| uh�hfw %vxvwdlqdeoh% ohyhov
ri lqfrph1 Exw wklv lv suhflvho| wkh sureohp wkdw djhqwv idfh lq wkhvh �xfwxdwlrqv= wkh| revhuyh
wkdw wkhlu lqfrph kdv d fhuwdlq sxufkdvlqj srzhu ryhu wudghg jrrgv +zklfk fdq eh txlwh gl�huhqw
iurp zkdw lw zdv vrph wlph djr,/ dqg pxvw ghflgh zkhwkhu lw fdq eh h{wudsrodwhg lqwr wkh
ixwxuh1 Wkh vljql�fdqfh ri wkh pryhphqwv lq %groodu lqfrphv % +dqg/ pruh jhqhudoo|/ lq zhdowk
shufhswlrqv, lq wkh frqwh{w ri Dujhqwlqh f|fohv lv dqdo|}hg lq Kh|pdqq +4<;6/ 4<;7,1 Iru d
glvfxvvlrq ri wkh odwh vhyhqwlhv2hduo| hljkwlhv hslvrgh/ vhh dovr Gruqexvfk dqg Gh Sdeor +4<;<,1

�2



Mi}�??�?} Lu �bH�� A�i i U�@?}i h@|i TL*�U) �@t i�i?|�@**) @M@?_L?i_� A�i *@h}i

_iThiU�@|�L? Lu |�i U�hhi?U) �? �bH� @?_ �bH2 @}}h@�@|i_ |�i �?@?U�@* t�|�@|�L?

Lu �h4t @?_ �?_���_�@*t ��|� _L**@h _iM|t� A�i UL?|h@U|�L? Lu B#� @UU�4�*@|i_

L�ih |�Lti |�L )i@ht hi@U�i_ @hL�?_ HI�

Nh�}�@) �b.H��bH2� 5�?Ui |�i 4�_ ti�i?|�itc |�i Nh�}�@)@? }L�ih?4i?|

�@_ @_LT|i_ TL*�U�it Lu iUL?L4�U *�Mih@*�3@|�L?c M) }h@_�@**) i*�4�?@|�?} Th�Ui

UL?|hL*tc _L�?} @�@) ��|� |�i t)t|i4 Lu 4�*|�T*i i U�@?}it h@|itc hi4L��?} �?�

|ihit| h@|i Ui�*�?}tc hi_�U�?} M@hh�iht |L i?|h) �? M@?!�?}c @ML*�t��?} hit|h�U|�L?t

L? U@T�|@* �L�t @?_ ThL}hitt��i*) *L�ih�?} |@ it L? |h@_�|�L?@* i TLh|t� W? �b.D�

�b.Hc |�i @??�@* }hL�|� Lu B#� @UUi*ih@|i_ |L @? @�ih@}i Lu eI�c ��|� @ 4@h!i_

�?Uhi@ti �? |�i �?�it|4i?| h@|�L� W? �U|LMih �b.Hc |�i i U�@?}i h@|i �@t � i_�

AL}i|�ih ��|� |��t @??L�?Ui4i?|c |�i }L�ih?4i?| it|@M*�t�i_ @ ?i� tU�i_�*i Lu

|@h�g hi_�U|�L?t� �| |�i i?_ Lu �b.Hc *i}@* hitih�i hi^��hi4i?|t L? M@?! *�@M�*�|�it

�ihi �?��i_ @| 2fIc @?_ |L|@**) i*�4�?@|i_ |�i uL**L��?} 4L?|� Lu �@)� A�i

�tU@* _i�U�| �@t @*hi@_) *L� E*itt |�@? �I Lu B#��( �? @?) U@tic ?i� 4i@t�hit

|L h@�ti |@ hi�i?�it �ihi |@!i? �? �b.b�

W? �b.H��bHfc B#� }hL�|� ED�.I L? @�ih@}i� �4ThL�i_ �TL? |�i Thi��L�t

6Wkh wuhqg udwh iru wkh wzr suhylrxv ghfdghv +4<8804<:7, kdv ehhq hvwlpdwhg lq 4( shu |hdu
+Kdqvrq dqg Gh Phor +4<;8,,1

��



TihuLh4@?Ui� #L4it|�U _i4@?_ hLti t�@hT*) E4Lhi |�@? �fI �? �b.b�� �t �|

�@TTi?i_ �? |�i L|�ih UL�?|h�itc |�ihi �@t @ UL?t�_ih@M*i hi@* @TThiU�@|�L? @?_

@ }hL��?} U�hhi?| @UUL�?| _i�U�|e� OL�i�ihc �? �bH�c L�|T�| }hL�|� �@t L?*)

@hL�?_ �Ic @?_ _L4it|�U _i4@?_ @*hi@_) UL?|h@U|i_ EUu� A@*�� E�bbD��� A��t

UL?|h@U|�L? MiU@4i h@T�_ �? �bH2 E��i? hi@* B#� ui** M) �fI�� �*|�L�}� *L�ih

hi@* i Ti?_�|�hit *i_ |L @ hi_�U|�L? �? |�i U�hhi?| @UUL�?| _i�U�|c |�i _i4@?_

uLh uLhi�}? U�hhi?U�it �?Uhi@ti_ t�@hT*)c @t |�i M�_}i| _i�U�| tL@hi_ E|L ?i@h*) bI

Lu B#�c UL4T@hi_ ��|� f��I Lu B#� |�i Thi��L�t )i@h�c @?_ |�i T�M*�U uLh4i_

t|hL?} i TiU|@|�L?t Lu @ _i�@*�@|�L? �? |�i ?i@h u�|�hi� W? u@U|c |�i _i�@*�@|�L?

LUU�hhi_ �? �L�i4Mih �bH2c @?_ �@t uL**L�i_ M) u�h|�ih u@**t �? L�|T�| @?_ ti�ihi

_��U�*|�it �? |�i �?@?U�@* t)t|i4 EV@3 E�bb.���

�i �UL �bH.��bbD� A�i �i �U@? t|@M�*�3@|�L? T*@? ���U� t|@h|i_ @| |�i

i?_ Lu �bH. �@t T@h| Lu @ UL4Thi�i?t��i ThL}h@4 Lu iUL?L4�Ut hiuLh4t |�@| �@t

�?�|�@|i_ @t @ hi@U|�L? |L |�i �bH2 uLhi�}? _iM| Uh�t�t� A�i 4i@t�hit |@!i? �?

|�i �bH���bH. Tih�L_ �ihi @�4i_ @| hi_�U�?} |�i M�_}i| _i�U�| @?_ *�Mih@*�3�?}

uLhi�}? |h@_i� +i@* }hL�|� �@t t*L� @?_ �?t|i@_)� #itT�|i |�i �tU@* @_��t|4i?|c

7Lw kdv ehhq dujxhg wkdw zhdowk h�hfwv zhuh vljql�fdqw gxulqj wklv shulrg= %111Wkh odqg dqg
uhdo hvwdwh errp ohg wr wkh shufhswlrq ri d shupdqhqw lqfuhdvh lq zhdowk%1 +Kdqvrq dqg Gh
Phor +4<;8,,1

�e



�?�@|�L? hi4@�?i_ ��}�c @?_ @UUi*ih@|i_ �? �bHS ��i? @ u@** �? |�i Th�Ui Lu L�* *i_

|L @ 4Lhi h@T�_ h@|i Lu _iThiU�@|�L? Lu |�i U�hhi?U)�

A�i �bH. _�t�?�@|�L? t|@|i}) �?U*�_i_ |�i Thi�@??L�?Ui4i?| Lu |�i i U�@?}i

h@|i @?_ 4i@t�hit @�4�?} @| t)?U�hL?�3�?} @ _iUi*ih@|�L? Lu �@}it @?_ Th�Uit EUu�

�h|�3 E�bb��c 5@?|@i**@ @?_ Vi*@ E�bbD��� W? @__�|�L?c |�i }L�ih?4i?| |LL! ?i�

@U|�L?t |L U�| |�i �tU@* _i�U�| @?_ ^��U!i?i_ |�i T@Ui Lu hiuLh4tc itTiU�@**) �?

|�i @hi@t Lu Th��@|�3@|�L?t @?_ |h@_i *�Mih@*�3@|�L? E�4TLh| |@h�gt �ihi hi_�Ui_c

|L @ 4@ �4�4 Lu 2fIc @�i@_ Lu tU�i_�*i�� W?�@|�L? ui** _L�?� A�i hi@* hiUL�ih)

�@t �i@! @| �ht|c |�i? |LL! tTii_ Mi|�ii? �bHb @?_ �bb�c ��|� @? @�ih@}i B#�

}hL�|� Lu eI� �Mtih�iht Lu |�i �i �U@? iUL?L4) TL�?|i_ L�| |�@| |��t TihuLh�

4@?Ui �@t �?��i?Ui_ M) |�i t�UUitt Lu _�t�?�@|�L?c |�i iUL?L4�U hiuLh4tc |�i

hi?i}L|�@|�L? Lu |�i uLhi�}? _iM| �? �bHb @?_ |�i ThLtTiU|t Lu |h@_i �?|i}h@|�L?

��|��? ��6A� EUu� �h|�3 E�bb���� O�}�ih h@|it Lu L�|T�| }hL�|� �i?| |L}i|�ih

��|� t|�** 4Lhi h@T�_ �?Uhi@tit �? _L4it|�U i Ti?_�|�hit( |��t �@t @ttLU�@|i_ ��|�

@ hi@* @TThiU�@|�L? @?_ *@h}ih U�hhi?| @UUL�?| _i�U�|t�

,UL?L4�U @U|���|) _iUi*ih@|i_ �? �bb2 @?_ �bb� E��|� �?Uhi@tit �? B#� Lu 2�HI

@?_ f�eIc hitTiU|��i*)�� 5@?|@i**@ @?_ Vi*@ E�bbD� 4i?|�L? |�@| UL?Uih?t @ML�|

|�i @TThL�@* Lu ��6A� ?i}@|��i*) @giU|i_ i TiU|@|�L?t �? �bb2� W? @?) U@tic |�i

�D



U�hhi?| @UUL�?| _i�U�| i Uii_i_ .I Lu B#� �? �bb�� +i*@|��i*) ��}� �?|ihit| h@|it

@?_ t*L� t@*it �@_ @? �4T@U| L? |�i U@t���L� Lu �h4tc ��|� hiTihU�tt�L?t L? |�i

�?@?U�@* t)t|i4� 5|@|i _i�i*LT4i?| M@?!t i T@?_i_ |�i�h Uhi_�| |L UL44ihU�@*

M@?!t @?_ |L Th��@|i �h4t �? �bbe� +i@* L�|T�| hLti M) @hL�?_ �I� OL�i�ihc �?

@__�|�L? |L |�i �i@!i?�?} Lu |�i iUL?L4)<t TihuLh4@?Uic |�i h�ti �? N5 �?|ihit|

h@|it @?_ �?|ih?@* TL*�|�U@* i�i?|t �?Uhi@ti_ |�i ThL}h@4<t uh@}�*�|)� #�4�?�t��?}

uLhi�}? hitih�it �?_�Ui_ |�i ?i� @_4�?�t|h@|�L? |�@| |LL! L�Ui M) |�i i?_ Lu

�bbe |L *i| |�i U�hhi?U) _iThiU�@|i� W? �bbDc B#� ui** SI� A�i t�@hT hiUitt�L?

@?_ |�i hi@* _iThiU�@|�L? U@�ti_ ��_itThi@_ ThLM*i4t �? |�i hiT@)4i?| Lu _iM|t

|L |�i M@?!t� 5|�**c L�|T�| hiUL�ihi_ �? �bbSc *i_ M) @ h@T�_ �?Uhi@ti �? i TLh|t�

�h}i?|�?@ �bb���bbD� 6L**L��?} @ Tih�L_ Lu i |hi4i 4L?i|@h) �?t|@M�*�|)

�? �bHb @?_ |�i i@h*) T@h| Lu �bbfc �? �bb�c |�i }L�ih?4i?| T@tti_ @ *@� � �?}

|�i i U�@?}i h@|i |L |�i _L**@h @?_ hi^��h�?} |�i �tt�i Lu M@ti 4L?i) |L Mi |�}�|*)

*�?!i_ |L uLhi�}? hitih�i �L�t� W? |�i UL�hti Lu |�i i@h*) ?�?i|�itc |�i @�|�Lh�|�it

Th��@|�3i_ 4Lt| 5|@|i i?|ihTh�tit� A�i }L�ih?4i?| |i?_i_ |L UL?Ui?|h@|i �|t hi��

i?�it L? MhL@_�M@ti |@ itc T@h|�U�*@h*) |�i V�A� W4TLh| |@h�gt �ihi hi_�Ui_c @?_

�@h4L?�3i_ ��|� |�Lti Lu ?i�}�MLh�?} UL�?|h�it �? |�i UL?|i | Lu |�i �ihULt�h

@}hii4i?|tc ���U� it|@M*�t�i_ uhii |h@_i UL?_�|�L?t ��|��? |�i @hi@� W? @__�|�L?c @

�S



Th��@|i Ti?t�L?t t)t|i4 �@t �?|hL_�Ui_c @?_ �@h�L�t @U|���|�it �ihi _i�hi}�*@|i_�

W? �bb�c |�i @�|�Lh�|�it UL4T*i|i_ @ �h@_)�T*@? @}hii4i?| ��|� uLhi�}? Uhi_�|Lht�

W?|ihit| h@|i tThi@_t 4i@t�h�?} �UL�?|h) h�t! � Thi4�@ _iUhi@ti_ t�Mt|@?|�@**)�

A�i �?�@|�L? h@|i UL?�ih}i_ |L �ih) *L� �}�hit E*itt |�@? eI @ )i@h �? �bbe�(

�? |�i ThLUittc �L�i�ihc _L4it|�U Th�Uit hLti t�Mt|@?|�@**) hi*@|��i |L |�i i U�@?}i

h@|i� +i@* L�|T�| t�L�i_ @ �ih) t|hL?} hiUL�ih)� W? |�i �bb���bbe Tih�L_c B#�

�?Uhi@ti_ @| @? @??�@* @�ih@}i Lu ?i@h*) bI� +i@* UL?t�4T|�L? hLti i�i? u@t|ihc

��|� @? @�ih@}i h@|i Lu �fI @ )i@h� A�i �?�it|4i?| h@|i }hi�c t|@h|�?} uhL4 �ih)

*L� *i�i*t� A�i h@T�_ �?Uhi@ti �? _L4it|�U tTi?_�?} �@t �?@?Ui_ M) *@h}i U@T�|@*

�?�L�t� W? �bbfc |�i |h@_i M@*@?Ui �@_ �@_ @? H M�**�L? _L**@h t�hT*�t Ei^���@*i?|

|L @hL�?_ |�L�|��h_t Lu |�i �@*�i Lu i TLh|t�( |�i _i�U�| �? �bbe @TThL@U�i_ S

M�**�L? E�SI Lu i TLh|t |�@| )i@h��

A�i h�ti �? N5 �?|ihit| h@|it �? �bbe �@_ tL4i igiU|t L? _L4it|�U �?@?U�@*

4@h!i|t� �) |�i 4�__*i Lu |�@| )i@hc |�ihi �ihi tL4i �?_�U@|�L?t |�@| |�i }hL�|�

�? _L4it|�U _i4@?_ �@t *i�i**�?} Lg( �? UL?|h@t|c i TLh|t EitTiU�@**) |�Lti }L�?}

|L �h@3�*� @UUi*ih@|i_ |�i�h }hL�|�� �| @?) h@|ic uL**L��?} |�i �i �U@? _i�@*�@�

|�L? @| |�i i?_ Lu �bbec |�i _i4@?_ uLh _L4it|�U @tti|t t�__i?*) ui**� A�i �i?�

|h@* �@?! *Lt| hitih�itc @?_ |�i �L*�4i Lu M@?! _iTLt�|t _iU*�?i_( ��|�_h@�@*t

�.



@UUi*ih@|i_ |L @ ?i@h T@?�U M) �@hU� �bbD� A�i }L�ih?4i?| 4@�?|@�?i_ |�i UL?�

�ih|�M�*�|) t)t|i4 ��|� @ � i_ i U�@?}i h@|i @?_ ?i}L|�@|i_ *L@?t uhL4 |�i W�6

@?_ L|�ih 4�*|�*@|ih@* Lh}@?�3@|�L?t� A�i M@?!�?} T@?�U t|LTTi_� OL�i�ihc |�ihi

�@t @ t�@hT Uhi_�| UL?|h@U|�L?� A�i iUL?L4) �i?| �?|L @ hiUitt�L?G B#� ui**

e�DI �? �bbD @?_ |�i �?i4T*L)4i?| h@|i E���U� �@_ Mii? h�t�?} i�i? _�h�?} |�i

i T@?t�L?� ��4Ti_ |L @ Ti@! Lu 4Lhi |�@? �HI� w@h}ih i TLh|t @?_ hi_�Ui_

�4TLh|t hit�*|i_ �? @ |h@_i t�hT*�t� A�i _i4@?_ uLh �?@?U�@* @tti|t hiUL�ihi_

t�?Ui 4�_��bbD� A�i U)U*i Lu hi@* L�|T�| hi@U�i_ @ |hL�}� �? |�i tiUL?_ �@*u Lu

|��t )i@h� �U|���|) �?Uhi@ti_ �? �bbS @?_ �bb.c @*|�L�}� |�i �?i4T*L)4i?| h@|i

hi4@�?i_ �ih) ��}��

A�i M@hiML?it _itUh�T|�L? Lu |�iti iT�tL_it t�L�t |�@| i@U� L?i �@_ tTiU��U

ui@|�hitc ML|� �? |ih4t Lu |�i ThLUitt *i@_�?} |L |�i Uh�t�t @?_ |�i Mi�@��L�h Lu

|�i iUL?L4�it @u|ih |��t �@_ �@TTi?i_� OL�i�ihc |�i �@h�L�t U@tit @*tL t�L� �4�

TLh|@?| UL44L? @tTiU|t� A�i *�|ih@|�hi �@t uLU�ti_ 4@�?*) L? |�i UL?ti^�i?Uit

Lu i U�@?}i h@|i Ti}}�?} @?_ |�i �?��i?Ui Lu �?|ih?@|�L?@* Uhi_�| UL?_�|�L?t EUu�

uLh i @4T*ic k�}�i* @?_ w���@|@? E�bb2�c �@*�L @?_ Vi}� E�bb��c �@*�L i| @*�

E�bb��c +i�?�@h| @?_ Vi}� E�bbD��� �*i@h*)c |�iti i*i4i?|t U@??L| Mi *iu| L�| �?

@ u�** @?@*)t�t Lu |�i iT�tL_it� 5|�** i*i4i?|@h) U@*U�*@|�L?t t�L� |�@| U�@?}it

�H



�? ThL�iU|i_ }hL�|� h@|it @?_ �? |�i |ih4t Lu MLhhL��?} U@? *i@_ |L t�Mt|@?|�@*

4L�i4i?|t �? �?_���_�@*t< TihUi��i_ �i@*|�� �L�c �? @** |�iti iT�tL_itc @| tL4i

TL�?| @}i?|t �@_ hi@tL?t |L Mi*�i�i |�@| |�i�h �?UL4it �L�*_ }hL� @| @ u@t|ih

h@|i |�@? �? |�i T@t|c ���*i uLhi�}? *i?_iht �ihi ��**�?} |L ThL��_i �?@?U�?}c

ThLM@M*) L? |�i M@t�t Lu LT|�4�t|�U i�@*�@|�L?t Lu |�i iUL?L4�it< ThLtTiU|t� W?

|�i @u|ih4@|� Lu Uh�titc �| tii4t *�!i*) |�@| @| *i@t| tL4i Lu |�iti i TiU|@|�L?t

�ihi _�t@TTL�?|i_� W? |�i ?i | tiU|�L?t �i Thiti?| tL4i t�4T*i 4L_i*t ��|� |�i

LM�iU|��i Lu 4@!�?} |�i @h}�4i?| 4Lhi ThiU�ti�

�� � t�4T*i 4L_i*
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*@MLh�� ì @tt�4i |�@| |�ihi @hi i |ih?@*�|�it �? ThL_�U|�L?c tL |�@| |�i L�|T�| Lu

@ }��i? �?_���_�@* �@h�it TLt�|��i*) ��|� |�i @}}hi}@|i *i�i* Lu L�|T�|.� �hL_�U|�L?

8Wklv vlpsol�fdwlrq lpsolhv wkdw wkh dqdo|vlv ohdyhv dvlgh suhfdxwlrqdu| vdylqjv ehkdylru/
dqg �h{lelolw| suhihuhqfh h�hfwv1 Lq wkh lqlwldo vwdjhv ri d wudqvlwlrq/ lw lv olnho| wkdw djhqwv zloo
uhfrjql}h wkdw wkhlu iruhfdvwv duh xqfhuwdlq/ dqg zloo wkhuhiruh fkrrvh wr ghod| frpplwphqwv
xqwlo wkh| fdq irup pruh uholdeoh h{shfwdwlrqv1 Iru wkh vdnh ri vlpsolflw|/ zh frqfhqwudwh khuh
rq krz djhqwv pd| pdnh %srlqw surmhfwlrqv %ri wkhlu ixwxuh lqfrph/ dqg rq wkh h�hfwv ri vxfk
surmhfwlrqv rq pdunhw ehkdylru1

9Lq h{suhvvlrq +5, +wZ l

lw
, lqglfdwhv wkh ohyho ri zhdowk ri lqglylgxdo l lq shulrg w/ dv shufhlyhg

e| wkdw lqglylgxdo lq wkdw shulrg> u ghqrwhv wkh lqwhuhvw udwh1
:Zh xvh wklv irupxodwlrq dv d vwudljkwiruzdug zd| wr uhsuhvhqw wkh +frpprqvhqvh, dvvxps0

2f
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Wkh h{suhvvlrq lv dqdorjrxv wr wkdw zklfk dssolhv xqghu shuihfw iruhvljkw= frqvxpswlrq lv
sursruwlrqdo wr d phdvxuh ri zhdowk/ zlwk d frh�flhqw zklfk ghshqgv rq wkh udwh ri wlph
suhihuhqfh1 Khuh/ %zhdowk% lv gh�qhg lq vxfk d zd| wkdw wkh suhvhqw ydoxh ri ixwxuh lqfrph
zrxog eh uhsuhvhqwhg e| lqfrph lq wkh jrrg vwdwh/ glvfrxqwhg dw wkh txrwhg lqwhuhvw udwh1 Wkh
lqwxlwlrq lv wkdw/ jlyhq wkdw wkh djhqw kdv fkrvhq wr eruurz lq wkh udqjh lq zklfk wkhuh lv
ghidxow lq shulrg 5 li wkh edg vwdwh rffxuv/ kh h�hfwlyho| %grhv qrw rzq%/ klv lqfrph lq wkdw
vwdwh +frqvxpswlrq zloo eh f luuhvshfwlyh ri |,> lq wkh jrrg vwdwh/ wkh uhohydqw lqwhuhvw udwh lv u/
ehfdxvh wkh ghew zloo eh zkroo| uhsdlg1 Dovr/ lw fdq eh vhhq wkdw wkh suredelolw| ri wkh jrrg
vwdwh rshudwhv olnh d yduldeoh wkdw vkliwv wkh udwh ri wlph suhihuhqfh= wkh djhqw dfwv dv li wkh
%udwh ri lpsdwlhqfh% zdv kljkhu wkh orzhu lv sl1
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49Rxu glvfxvvlrq khuh kdv ghdow zlwk fuhglw pdunhwv zlwkrxw frqvlghulqj �qdqfldo lqwhuphgl0
dulhv1 Wklv lv fohduo| dq lpsruwdqw rplvvlrq1 PfNlqqrq dqg Sloo +4<<7, glvfxvv dq %ryhueru0
urzlqj v|qgurph% irfxvlqj rq wkh h{shfwdwlrqv iruphg e| edqnv1 Lq wkdw sdshu/ lqwhuphgldulhv
fdq pdnh h{dfw suhglfwlrqv/ zkloh wkh sxeolf plvuhdgv wkh hfrqrp|*v vljqdov e| dwwulexwlqj dq
lqfuhdvh lq wkh zloolqjqhvv wr ohqg e| edqnv wr dq lpsuryhphqw lq ixqgdphqwdov udwkhu wkdq fru0
uhfwo| lqwhusuhwlqj wkdw wkh edqnv uhvsrqg wr d pdolqfhqwlyh jhqhudwhg e| ghsrvlw jxdudqwhhv1
Lq rxu dqdo|vlv/ wkhuh qhhg qrw eh dq dv|pphwu| lq wkh fdsdflw| wr pdnh iruhfdvwv1

4:Wkh vkliw lq wkh vxsso| ri fuhglw zrxog eh pdqlihvwhg lq orzhu lqwhuhvw udwhv iru jlyhq ulvn
w|shv dqg/ suredeo| dovr/ lq wkh lqfoxvlrq dv srwhqwldo eruurzhuv ri djhqwv zklfk zhuh suhylrxvo|
%uhgolqhg%1 Lw pd| eh qrwhg wkdw/ li wklv odvw h�hfw lv lpsruwdqw/ wkhuh fdq eh dq lqfuhdvh lq
wkh revhuyhg udwh ri ghidxow/ d ulvh lq wkh phdvxuhv ri lqwhuhvw udwh gl�huhqwldov dprqj gl�huhqw
jurxsv ri eruurzhuv dqg shukdsv hyhq dq lqfuhdvh lq wkh dyhudjh ohyho ri txrwhg lqwhuhvw udwhv/
dowkrxjk wkh ryhudoo fuhglw ulvn lq wkh hfrqrp| kdv vkuxqn/ vlqfh suhvxpdeo| eruurzhuv zkr
zhuh udwlrqhg rxw ri wkh pdunhw zloo qrz dffhvv wr ordqv dw frpsdudwlyho| kljk lqwhuhvw udwhv
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wlrqv iru wkh ixwxuh sdwk ri wkh v|vwhp= vkrxog dq lqglylgxdo frqfoxgh wkdw d ulvh lq fxuuhqw
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vkh dqwlflsdwh d kljkhu wrwdo rxwsxwB Lq dgglwlrq/ wkdw vdph pxowlsolflw| jrhv djdlqvw wkh riwhq
khdug vwdwhphqw wkdw lqwurgxflqj plvshufhswlrqv lqwr d prgho phdqv wkdw %dq|wklqj fdq eh
udwlrqdol}hg%/ dqg wkdw wklv lv qrw wkh fdvh xqghu wkh udwlrqdo h{shfwdwlrqv dvvxpswlrq1 Zkhq
rqh lv dqdo|}lqj d fhuwdlq hslvrgh +zlwkrxw nqrzlqj wkh ixwxuh,/ d shuihfw iruhvljkw dujxphqw
wkdw udwlrqdol}hv revhuyhg ehkdylru rq wkh edvlv ri h{shfwdwlrqv ri vrph ixwxuh hyhqw vlpso|
srvwxodwhv wkdw wklv hyhqw zloo dfwxdoo| kdsshq= rqh dyrlgv d glvfxvvlrq derxw krz wkh eholhiv
ri djhqwv pd| kdyh ehhq iruphg/ dqg derxw zkhwkhu wkh hyroxwlrq ri wkh v|vwhp lv olnho| wr
frq�up wkrvh eholhiv1
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fkdqjhv1 Lq d udwlrqdo h{shfwdwlrqv prgho/ fkdqjhv lq wkh lqwhuqdwlrqdo lqwhuhvw udwh vkrxog
qrw dxwrpdwlfdoo| txdoli| dv vkrfnv= li wkh k|srwkhvlv lv wdnhq dw idfh ydoxh/ djhqwv zrxog irup
wkhlu h{shfwdwlrqv xvlqj d prgho wkdw hqfrpsdvvhv wkh %v|vwhpdwlf frpsrqhqwv %ri wkh uhohydqw
yduldeohv ehorqjlqj wr iruhljq hfrqrplhv1

54Lq vrph prghov/ %edg %htxloleuld h{lvw lq vrph hfrqrplf frq�jxudwlrqv/ dqg qrw lq rwkhuv1
Iru h{dpsoh/ Vdfkv hw do1 +rs1 flw1, dujxh wkdw edodqfh ri sd|phqwv fulvhv duh srvvleoh iru
vx�flhqwo| orz ohyhov ri wkh udwlr ri iruhljq uhvhuyhv wr wkh oldelolwlhv ri wkh �qdqfldo v|vwhp1
Krzhyhu/ wkh ydoxh ri wklv frh�flhqw grhv qrw ghwhuplqh e| lwvhoi wkh suredelolw| ri d fulvlv1 Rqh
frxog �qg fdvhv zkhuh/ vd|/ d idoo lq wkh uhvhuyhv2P5 frh�flhqw pd| eh lqwhusuhwhg dv %jrrg%/
udwkhu wkdq %edg % qhzv> frqvlghu/ iru lqvwdqfh/ d vlwxdwlrq zkhuh wkh sxeolf kdv +fruuhfwo|,
pruh rswlplvwlf ylhzv derxw fuhglw ulvnv/ dqg vkliwv lwv ghpdqg iurp edvh prqh| wr ghsrvlwv1

D�



_�tU�tt�L? �? tiU|�L? 2 �?_�U@|i_ |�@| |�ihi �@t �?_ii_ @4T*i hLL4 uLh �ih) *@h}i

hi��t�L?t �? TihUi��i_ Tih4@?i?| �?UL4it� W? |�h? E@t �@t @h}�i_ �? tiU|�L? e�

hi��t�L?t Lu Mi*�iut @ML�| |�i u�|�hi TihuLh4@?Ui Lu @? iUL?L4) U@? ThL_�Ui t�M�

t|@?|�@* U�@?}it �? |�i |ih4t L? ���U� �|t hit�_i?|t U@? LM|@�? Uhi_�|� W| _Lit ?L|

tii4 u@hui|U�i_ |L @tt�4i |�@| U�@?}�?} i TiU|@|�L?t @ML�| u�|�hi hi@* }hL�|�

@?_ hi*@|��i Th�Uit UL?|h�M�|i_ |L |�i ��U|�@|�L?t �? tTi?_�?} �? |�Lti U@tit�

W? L�h uh@4i�Lh!c TiLT*i 4@) hi@tL?@M*) Mi*�i�i |�@| @? iUL?L4�U i T@?t�L?

�t �t�t|@�?@M*i �c ���*i �| �t _h��i? �? T@h| M) �?UL?t�t|i?| i TiU|@|�L?tc Lh t)4�

4i|h�U@**)c |�i) U@? �?_ihit|�4@|i }hL�|� ThLtTiU|t @?_c |�ihiuLhic tTi?_ Mi*L�

|�i�h @U|�@* TLtt�M�*�|�it� Wu 4�t|@!it @hi Mi�?} 4@_ic |�i) ��** Mi _�tUL�ihi_ L?*)

L�ih |�4i ETLtt�M*)c @ ?L|�|LL�t�Lh| Tih�L_ Lu |�4i�� A�i TL|i?|�@* uLh ihhLht ?ii_

?L| _ih��i uhL4 |�i *@U! Lu tLT��t|�U@|�L? Lu @}i?|tc M�| uhL4 |�i _��U�*|�it �?�ih�

i?| �? �?_iht|@?_�?} |�i ThLUittit |�@| _h��i |�i �@h�@M*it Lu �?|ihit|� A�i t@4i

_��U�*|�it @TT*) |L |�i @?@*)t|� A�ihiuLhic L?i U@??L| i@t�*) Thi_�U| |�i U)U*�U@*

i�L*�|�L?G �u Thi_�U|�L? �@t t�4T*ic |�@| �L�*_ �? u@U| UL?|h@_�U| |�i @h}�4i?|�

OL�i�ihc |��t _Lit ?L| 4@!i |�i @h}�4i?| *@U! UL?|i?|� +@|�ihc |�i E^��|i UL4�

4L?T*@Ui� TL�?| |�@| tL4i|�4it |�i t�}?@*t |�@| |�i iUL?L4) _i*��iht ?ii_ ?L|

�@�i @ U*i@hU�| �?|ihThi|@|�L? �?_�U@|it |�@| �| 4@) Mi �hL?} |L h�*i L�| ihhLht

D2



L? |�i T@h| Lu @}i?|t L? T�hi @ Th�Lh� }hL�?_t �@?_ �| }��it @U|�@* 4i@?�?} |L |�i

*i@h?�?} |�@| |�i @?@*)t| UL?_�U|t�

�L*�U) 4@!iht @U|�?} �? @? iUL?L4�U |h@?t�|�L? Lu tL4i tLh| 4�t| _iU�_i L?

|�i M@t�t Lu |�i�h ��_}4i?| @ML�| �L� |�i iUL?L4) ��** TihuLh4( |��tc �? |�h?c

�4T*�it _i|ih4�?�?} @ ��i� Lu �L� Th��@|i @}i?|t uLh4 |�i�h i TiU|@|�L?t EUu�

Bhii?tT@? E�bb.�c @*tL �L4�? E�bbS��� A�i ThLM*i4 @h�tit i�i? ��i? TL*�U�it

�@�i �ih) tTiU��U LM�iU|��it ELh @hi ML�?_ M) tL4i h�*i |L @�4 uLh |�i4�G uLh

i @4T*ic �tU@* @�|�Lh�|�it ��Lti L?*) UL?Uih? �t |L �M@*@?Ui |�i MLL!t �L�ih @

Uih|@�? |�4i Tih�L_ �@�i |L uLhiU@t| u�|�hi hi�i?�it( |��t 4i@?t |�@| |�i) 4�t|

|h) |L �_i?|�u) |�i iUL?L4)<t |hi?_c @?_ @||i4T| |L �?_ L�| ��i|�ih |�i U�hhi?|

i�L*�|�L? UL?uLh4t |L |�@| |hi?_ Lh ?L|� A��t ��** hi^��hi �U�LLt�?} @ 4L_i Lu

@?@*)t�t�c ThLM@M*) @4L?} ti�ih@* @*|ih?@|��it� A�i U�L�Ui ��** ?L| ?iUitt@h�*)

Mi LT|�4@*( |�@| U@??L| Mi !?L�? �? @_�@?Ui� ��| @ U�L�Ui �t 4@_ic @?)�L�

E@t �t |�i U@ti ��|� Th��@|i @}i?|it ��i? |�i) _i�?i |�i�h T*@?t�c @?_ �| ��**

�@�i 4@UhLiUL?L4�U igiU|t� W| tii4t |�ihiuLhi hi@tL?@M*i |�@| TL*�U�it hiUL}?�3i

|��t u@U|c |@!�?} �?|L @UUL�?| ML|� |�i�h L�? �?Uih|@�?|�it @?_ |�Lti UL?uhL?|�?}

Th��@|i @}i?|t�

+iuihi?Uit

D�



�� �}�i?Lhc �� @?_ ��3i?4@? E�bb.�G ��L?|@}�L? @?_ VL*@|�*�|) ��|� W4TihuiU|

�hi_�| �@h!i|t�c L̀h!�?} �@Tihc W�6�

2� �ih?@?!ic �� @?_ �� Bih|*ih E�bHb�G ��}i?U) �Lt|tc �i| L̀h|� @?_ ��t��

?itt 6*�U|�@|�L?t�c �4ih�U@? ,UL?L4�U +i��i�c .bG �e���

�� �L?�? E�bbS�G 6LhiU@t|�?} |�i 6LhiU@t|t Lu �|�ihtG , TiU|@|�L?@* Oi|ihL�

}i?i�|) @?_ �}}hi}@|i #)?@4�Ut� 6�?@?Ui @?_ @?_ ,UL?L4�U #�tU�tt�L?

�@Tiht 5ih�itc 6i_ih@* +itih�i �L@h_� @̀t��?}|L?�

e� �@*�L E�bHS�G �Ai4TLh@h) 5|@M�*�3@|�L?c �hi_i|ih4�?i_ , U�@?}i +@|it�c

aL�h?@* Lu �L*�|�U@* ,UL?L4)�

D� �@*�L c B�E�bbS�G ��@T�|@* 6*L�t @?_�@UhLiUL?L4�U �@?@}i4i?|�c ��4iL�

S� �@*�Lc B @?_ �� Vi}� E�bb�� G , U�@?}i h@|i M@ti_ t|@M�*�3@|�L?t �?_ih

�4TihuiU| Uhi_�M�*�|)� W? 6h�tU�c O� L̀h}Lh||ihc �� E,_t�� �Ti? ,UL?L4)

�@UhLiUL?L4�Ut� �U��**@?c wL?_L?�

.� �@*�Lc B�c w� wi�_ih4@? @?_ �� +i�?�@h| E�bb��G ��@T�|@* W?�L�t @?_

+i@* , U�@?}i +@|i �TThiU�@|�L?t �? w@|�? �4ih�U@G A�i +L*i Lu , |ih?@*

6@U|Lht�c W�6 5|@g �@Tihtc VL* efc �L ��

De



H� �L*ic O� @?_ ki�Lic A� E�bbS�G �� 5i*u 6�*�**�?} �L_i* Lu �i �UL �bbe��bbD

#iM| �h�t�t�� aL�h?@* Lu W?|ih?@|�L?@* ,UL?L4�Ut e�c �fb���f�

b� #Lh?M�tU�c +� @?_ _i �@M*L E�bHb�G #iM| @?_ �@UhLiUL?L4�U W?t|@M�*�|)

�? �h}i?|�?@� W? #i�i*LT�?} �L�?|h) #iM| @?_ |�i L̀h*_ ,UL?L4)c i_� M)

aighi) 5@U�tc �@|�L?@* ��hi@� Lu ,UL?L4�U +iti@hU��

�f� ,_�@h_tc 5� @?_ �L ,_�@h_t E�bH.�G �L?i|@h�t4 @?_ w�Mih@*�3@|�L?c A�i

���*i@? , Tih�4i?|� A�i N?��iht�|) Lu ���U@}L �hitt�

��� ,�@?t @?_ OL?!@TL��@ E�bb��G ��_@T|��i 6LhiU@t|tc O)t|ihit�tc @?_ ,?�

_L}i?L�t 6*�U|�@|�L?t�� 6i_ih@* +itih�i �@?! Lu 5@? 6h@?U�tUL�

�2� ,�@?t @?_ OL?!@TL��@ E�bbD�G ��_@T|��i wi@h?�?} @?_ , TiU|@|�L?@* 5|@�

M�*�|) �? W?|hL_�U|�L?�� W? k�h4@?c � @?_ �� 5@*4L? ,_t� wi@h?�?} @?_

+@|�L?@*�|) �? ,UL?L4�Utc � uLh_�( �@t�* �*@U!�i**�

��� 6ih?@?_i3c +� E�bHD�G A�i , TiU|@|�L?t �@?@}i4i?| �TThL@U� |L 5|@M��

*�3@|�L? �? �h}i?|�?@ _�h�?} �b.S�H2�

�e� 6h)_4@?c +� @?_ ,� ��i*Tt i_t�E�bH��G W?_���_�@* 6LhiU@t|�?} @?_ �}�

}hi}@|i ��|UL4itc +@|�L?@* , TiU|@|�L?t , @4�?i_c �@4Mh�_}i N?��iht�|)

�hitt

DD



�D� Bhii?tT@?c �� E�bb.�G 5|@|i4i?| |L |�i N5 �L?}hittc 6iMh�@h) 2.�

�S� Bhii?�@*_c �� @?_ a� 5|�}*�|3 E�bb��G �6�?@?U�@* �@h!i| W4TihuiU|�L?t @?_

��t�?itt �)U*it�c "�@h|ih*) aL�h?@* Lu ,UL?L4�Utc 6iMh�@h)c ..���e�

�.� O@?tL?c a� @?_ a� _i �i*L E�bHD�G , |ih?@* 5�LU!tc 6�?@?U�@* +iuLh4tc @?_

5|@M�*�3@|�L? �||i4T|t �? Nh�}�@) _�h�?} �b.e��bH�� L̀h*_ #i�i*LT4i?|

��c ��}�t|�

�H� O@hMih}ihc � E�bHD�G �Mtih�@|�L?t L? |�i ���*i@? ,UL?L4)c �b.���bH��

,UL?L4�U #i�i*LT4i?| @?_ ��*|�h@* ��@?}i�

�b� Oi)4@??c #� E�bH��G � 5|�_) �? ,UL?L4�U W?t|@M�*�|) A�i �@ti Lu �h�

}i?|�?@c N�w� #�ttih|@|�L?�

2f� Oi)4@??c #� E�bHe�G ��hiU�Lt +i*@|��Ltc +�^�i3@ ) �hL_�UU��L?�c ,?t@)Lt

,UL?�L4�ULtc �@h3L�

2�� Oi)4@??c #� E�bbe�G �5LMhi *@ W?|ihThi|@U��L? _i *@ ��i?|@ �Lhh�i?|i�c

,UL?L4��@ �i �U@?@c ,?ihL��@h3L�

22� Oi)4@??c #� @?_ �� 5@?}��?i||� E�bbS�G ���t�?itt �)U*it uhL4 ��tTih�

Ui��i_ Ahi?_t�� ��4iL�

DS



2�� OL_}4@?c #� E�bSf�G ��hi_�| h�t! @?_ Uhi_�| h@|�L?�?}�c "�@h|ih*) aL�h?@*

Lu ,UL?L4�Utc .SG 2DH�2.H�

2e� OL��||c �� @?_ �U�gii E�bb2�G ��?�4@* 5T�h�|t�c �4ih�U@? ,UL?L4�U +i�

��i�

2D� a@uiic 6� @?_ a� 5|�}*�|3 E�bbf�G ��hi_�| +@|�L?�?} ��? 6h�i_4@? @?_ 6�

O@�?c i_t� O@?_MLL! Lu �L?i|@h) ,UL?L4�Utc �L*� WW�

2S� k@4�?t!)c B� @?_ �� +i�?�@h| E�bbS�G A�i A��? �h�titG A�i �@�tit Lu

�@?!�?} @?_ �@*@?Ui Lu �@)4i?|t �hLM*i4t� ��4iL�

2.� k@�u4@?c �� E�bbS�G ��? W?U�ht�L? �?|L |�i �L?�_i?Ui �h�t�t��hi_�| +@|�L?�?}�

+i@* �U|���|) ��@??i*�c L̀h!�?} �@Tihc �i?|h@* �@?! Lu �h}i?|�?@�

2H� k�}�i* @?_ w���@|@? E�bb2�G �A�i ��t�?itt �)U*i �ttLU�@|i_ ��|� , U�@?}i

+@|i �@ti_ 5|@M�*�3@|�L?�c L̀h*_ �@?! ,UL?L4�U +i��i��

2b� k�)L|@!�c `� @?_ a� �LLhi E�bb.�G ��hi_�| �)U*it�c aL�h?@* Lu �L*�|�U@*

,UL?L4)c �fDG 2���2eH�

�f� kh�}4@? E�b.b�G �� �L_i* Lu �@*@?Ui�Lu��@)4i?|t �h�tit�� aL�h?@* Lu

�L?i)c �hi_�| @?_ �@?!�?}�

D.



��� k)_*@?_c 6� @?_ �� ~@h@3@}@ E�bb.�G Wt |�i ��t�?itt �)U*i Lu �h}i?|�?@

�#�gihi?|�q� ��4iL�

�2� w@4L?|c �� E�bbD�G ��LhTLh@|i #iM| ��ih�@?} @?_ �@UhLiUL?L4�U , TiU�

|@|�L?t�c �4ih�U@? ,UL?L4�U +i��i�c HDG ��fS����.�

��� wi��L?��u��_c �� E�bSH�G �? ki)?it�@? ,UL?L4�Ut @?_ |�i ,UL?L4�Ut Lu

ki)?it� � uLh_ N?��iht�|) �hitt�

�e� wi��L?��u��_c �� E�bH��G W?uLh4@|�L? @?_ �LLh_�?@|�L?c � uLh_ N?��iht�|)

�hitt�

�D� wi��L?��u��_c �� E�bb��G AL�@h_t @ �L|�ALL�+@|�L?@* �@UhLiUL?L4�Utc

5L�|�ih? ,UL?L4�U aL�h?@*��@hU��

�S� �@�@c a� @?_ �h|�3c a� E�bbD�G �,UL?L4�U �Ti??ittc , |ih?@* 6�?@?U�?}

@?_ 5�t|@�?i_ BhL�|��c ,t|�_�Lt _i ,UL?L4��@�

�.� �@hUi| @?_ 5@h}i?| E�bHb�G� wi@t|�5^�@hi wi@h?�?} @?_ |�i #)?@4�Ut Lu

O)Tih�?�@|�L?�� W? �@h?i||c Bi�i!i @?_ 5�i** i_tc ,UL?L4�U �L4T*i �|)c

��@Ltc 5�?tTL|tc ��MM*it @?_ �L?*�?i@h�|)� �@4Mh�_}i N?��iht�|) �hitt�

�H� �U k�??L? @?_ ��** E�bbe�G �A�i ��ih��LhhL��?} 5)?_hL4i�� ��4iL�

DH



�b� �i?_L3@c ,� @?_ �� Nh�Mi E�bbS�G �A�i 5)?_hL4i Lu , U�@?}i�+@|i��@ti_

5|@M�*�3@|�L? @?_ |�i N?Uih|@�? #�h@|�L? Lu ��hhi?U) �i}t�c ��4iLc �L@h_

Lu BL�ih?Lht Lu |�i 6i_ih@* +itih�i 5)t|i4c @̀t��?}|L? #���

ef� ��?t!)c O� E�b.D�G aL�? �@)?@h_ ki)?it� �i� vLh!G �L*�4M�@ N?��iht�|)

�hitt�

e�� �Mt|ui*_c � @?_ k +L}Lg E�bbe�G �A�i W?|ih|i4TLh@* �TThL@U� |L |�i

��hhi?| �UUL�?|�� ��,+( L̀h!�?} �@Tih eHb��

e2� �h|�3c B� E�bb��G �i �UL Mi)L?_ |�i #iM| �h�t�tG ATh�@h_ 5�t|@�?@M*i

BhL�|� ��|� �h�Ui 5|@M�*�|)� W? �� �h�?Lc 5� 6�tU�ihc ,� Oi*T4@? @?_ ��

w���@|@? i_t� wittL?t Lu ,UL?L4�U 5|@M�*�3@|�L? @?_ W|t �u|ih4@|�� A�i

�WA �hitt�

e�� +iMi*L @?_ Vi}� E�bbD�G �+i@* ,giU|t Lu , U�@?}i �@ti 5|@M�*�3@|�L? �?

@?@*)t�t Lu �L4Ti|�?} A�iLh�it�c ��,+ �@UhL �?�@*�

ee� +i�?�@h| @?_ Vi}� E�bbD�G �L4�?@* W?|ihit| +@|ic �L?t�4T|�L? �LL4t

@?_ w@U! L_ �hi_�M�*�|)G � "�@?|�|@|��i , @4�?@|�L?�c a#,c �L* �H�

eD� +L*_Lt E�bbD� G �5�TT*)�5�_i ,giU|t Lu #�t�?�@|�L? �hL}h@4t�c W�6 5|@g

�@Tihtc �@hU�

Db



eS� 5@U�tc a� ALh?i**c � @?_ Vi*@tULc �� E�bbS�G �A�i �i �U@? �itL �h�t�tc

5�__i? #i@|� Lh #i@|� 6Lhi|L*_�c aL�h?@* Lu W?|ih?@|�L?@* ,UL?L4�Ut e�c

2SD�2H��

e.� 5@?|@i**@c a� @?_ �� Vi*@ E�bbS�G A�i �i �U@? #�t�?�@|�L? �hL}h@4G �?

, U�@?}i��@ti_ 5|@M�*�3@|�L?q W�6 L̀h!�?} �@Tihc `�%bS%2e�

eH� 5@h}i?|c A� E�bb��G �L�?_i_ +@|�L?@*�|) �? �@UhLiUL?L4�Utc � uLh_ N?��

�iht�|) �hitt�
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