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oGp n o.q n!MbQ oGr!p n!Mb`�g�I<J�h�JWObksg�I?O.gtRPZ$RPYuJWOb^
I*Mb`#g�I<J�g�I<Q�JUJvkwO.m1Y<JUg�Rd^xZ
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RPSWO.g�RTM1Yu����� ��oGp3�*oGr!p�� ObY?V��DMbQ�O�g\JWY?Z\MbQ	K�M1NPO.Q�e
RTSWO.g�RTM1YF���,� �s�����bo.qU� ycRTg�I*Q�JWZ�KjJW^_g�g\M[g�I<JwMbQ�RTJWY:g�O.g�RPM1Y�Mb`zg�I<Jl��]?ObYGg�RTSWO.g�RTM1Y
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I<JWV¡hG{¡g�I<JtkwO.m1Y<JUg�Rd^$¢,JWNPVXRPYXg�I<JtRTM1Y�Z�M1]<Q
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° YG{�K�M1Z�Z�RTh�NTJ�±�²�³´ycRPNPNzh�JiObNPRPm1Y<JWV�ObNTM1Y?mµg�I<J¬V,RTQ�JW^_g�RTM1Y�Mb`�g�I<J¬K,O.Q�g�RP^UNPJ
Z\K,RPY � H�I<J�^_M1]<K,NPRPY?m¶Mb`#g�I<Jw±�²�³·g\M�g�I?JvJWNTJW^_g\Q
RP^�¢,JWNPVumbJWY<JUQ�O.g\JWV*hG{¬¸�¹�ºsJU`de
`}JW^_g�Z»RPY�g�I<J#Z\g\MbQ�O.mbJ#Q
RdY<m�ycRPNdN.Q�JUMbQ
RTJWYGg3g�I<J#K,O.Q�g�RP^UNPJ�Z\K,RPY�V?RTQ�JW^_g�RTM1Y�nDO�K,I<JWY<M1kvJWY,O
g�I?O.gtRPZ�kvM1Z\g�JWObZ�RPNP{ig\Q
Ob^�¼bJWVµhG{ukvJWObZ�]<Q
RdY<mlg�I<JvV?RPQ�JW^_g�RTM1YuMb`�g�I<J��bJW^_g\MbQtK�M1NPO.Q�e
RTSWO.g�RTM1Y�Mb`�g�I<J�V<JW]<g\JUQ
M1Y½h�JWObk � H�I<J¡K�M1NPO.Q
RTSWO.g�RPM1Y�Mb`cO¦V<JW]?g\JUQ�M1Y�hjJWObk¾ycRTg�I
ObY�O.Q
h,RTg\Q
O.Q
RdNT{¬MbQ�RTJWY:g\JWV|��]?ObYGg�RTSWO.g�RTM1Y|O� fRdZ�^UObY�h�J¶V<JUg\JUQ�kwRPY<JWV½hG{µkwJWObZ�]<Q
RPY?m
V<JW]<g\JUQ�M1Yfe'RdY?V?]?^_JWV�Q�JWOb^_g�RTM1Y?Z�M1YvO�g�O.Q
mbJUgUn:K?Q�MD��RdV<JWVxg�I?O.g»g�I<J	Q�JWNTJU�.ObY:g�ObY?ObNP{GSWRPY?m
KjMDy#JUQ�Z��aMbQcZ\JWY,Z�RTg�RT�fRTg�RTJWZ�g\Mwg�I<J�KjM1NdO.Q
RTSWO.g�RTM1Y � O.Q�J�Z�]f¿¶^URTJWYGg�NT{¡NPO.Q�mbJ �

À RTm1]<Q�J � Z�I<M�y�Z¶g�I?J¦V?J_¢�Y?RTg�RTM1Y�Mb`�g�I<J¦Z\K,RdYFV?RPQ�JW^_g�RTM1YFycRTg�IFQ�JWZ\K�JW^_g¶g\MÁO
^_MGMbQ
V,RPY?O.g\JtZ\{fZ\g\JWk¥V<JUg\JUQ
klRPY<JWV¡hG{¶g�I<JtV<JUg\JW^_g\JWV[Q�JWOb^_g�RTM1YXK?Q�MfV?]?^_g � HcI<J�h�JWObk
V<J_¢�Y<JWZ�g�I<J�K�M1Z�RTg�RT�bJiÂÃ O� fRdZ � H�I<J�NTMf^UO.g�RTM1Y¡Mb`3g�I<J�K,O.Q�g�Rd^UNTJ$V?JUg\JW^_g\MbQWn,ObNTM1Y<mxycRTg�Ig�I<J�hjJWObk¥O� <RPZUnfV<J_¢�Y?JWZ#g�I?J�Z
^UO.g\g\JUQ
RPY<mvK,NdObY<J$ObY,V¶g�I?J�V,RTQ�JW^_g�RTM1Y¶Mb`3g�I<J�K�M1Z�RTg�RP�bJ
ÂÄ O� <RPZ � H�I<J�Z�^UO.g\g\JUQ
RPY<m¡ObY<m1NTJ�RdZ�Å �zÆ Yig�I?RPZc^_MGMbQ
V,RPY?O.g\J�Z\{fZ\g\JWkÇy#Jx^UObY[Z\K�JW^URT`a{
g�I<JiMbQ
RTJWYGg�O.g�RTM1Y�Mb`$g�I?J[V<JW]<g\JUQ�M1YÁhjJWObkÈ�G]?ObYGg�RTSWO.g�RTM1YFO� fRdZvhG{�]?Z
RPY<m¦g�I<JigÉy#M
ObY<m1NTJWZ	Mb`»OvZ\K,I<JUQ�RP^UObN�^_MGMbQ
V,RPY?O.g\JtZ\{fZ\g\JWk�n?ÊvObY?ViËÌn<ycI?JUQ�J�Ë[RdZ	kvJWObZ�]<Q�JWVi`}Q�M1k
g�I<J�ÂÍ O� fRPZxObY?V�RPY?^_Q�JWZ�JWZ�g\MDy�O.Q
V�g�I<J¡K�M1Z�RTg�RT�bJÁÂÄ O� fRdZ � H�I?J¶Z\JWY?Z
RTg�RT�fRTg'{¦Mb`�g�I<JQ�JWOb^_g�RTM1YÁ^_Q�M1Z
ZvZ\JW^_g�RTM1Y�O.g�g�I<J�V<JUg\JW^_g\MbQwg\M*�bJW^_g\MbQ¡ObY?V�g\JWY?Z\MbQvK�M1NPO.Q
RTSWO.g�RPM1Y½RPZ
m1RT�bJWYih�{�Î
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À RPm1]<Q�J � Î¶H�I<J¡^_MGMbQ�V?RPY?O.g\JXZ\{fZ\g\JWk~`}MbQ�K�M1NPO.Q
RPSWO.g�RTM1Y�V?RPQ�JW^_g�RTM1YE�ÖI<JWOW��{�O.Q
Q�M�y �
h,ObZ\JWVtM1Y�g�I<J�Mbh�Z\JUQ��.O.g�RTM1Y�Mb`<OcQ�JWOb^_g�RTM1Y�K?Q�MfV?]?^_g�RPYtO�V<JUg\JW^_g\MbQ��ÖZ�kwObNPN:h�MW  ��� H�I?J
hjJWObk g\Q
OW�bJWNdZ�ObNTM1Y?mlg�I<J*ÂÃ O� <RPZ � H�I<J�V<JUg\JW^_g\MbQ�K�M1Z�RTg�RPM1Y�O.g$ObY¬ObY<m1NTJtÅ|V<J_¢�Y<JWZWnObNTM1Y<m�ycRTg�Iug�I<J�h�JWObk�n!g�I<JvQ
JWOb^_g�RTM1Y*K,NPObY?JxObY?V¦K�M1Z�RPg�RT�bJ�ÂÄ � H�I?J���]?ObYGg�RTSWO.g�RTM1YO� fRPZ�`aMbQ	g�I<J$KjM1NdO.Q
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RTg�RT�bJbn?`aMbQcJ_ <ObkvK,NTJbn,g�I<JWYig�I<J�Q
O.g\J�O.g�g�I<J�V<JUg\JW^_g\MbQv�ÖZ�I<MDycYih�{
g�I<JtZ�kwObNPNjh�MW �RPY À RTm ����� ycRPNdN�RPY,^_Q�JWObZ\JLQ�JWNPO.g�RP�bJLg\Mvg�I<Jt]?Y<K�M1NPO.Q
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� �bJUQLg�I<JwNTJWY<mbg�IuMb`�O¶h�JWObk Z\g\MbQ
Jbn�g�I<JvZ�RTSUJ�Mb`�� ��� � ycRPNPNÌZ\g\JWObV?RPNT{¬RPY?^_Q�JWObZ\JvV?]?J
g\M�g�I<JcOb^U^U],k�]?NdO.g\JWV¶^_M1YGg\Q
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° gLg�I<JvZ�ObkvJvg�RPkwJbnjg�I?JUQ�JvycRPNPN3h�JxOXNPO.Q�mbJvObY?V¦M1Z
^URPNPNPO.g�RPY?m�ÂÄ ^_M1kvK�M1Y<JWYGg�Mb`g�I<J�V<JW]<g\JUQ
M1YiK�M1NPO.Q
RTSWO.g�RPM1Y�V?]<JLg\Mlg�I?JtK?Q�JW^_JWZ�Z
RTM1Y�Mb`»g�I<J�kwO.m1Y?JUg�RP^tkvM1kvJWYGgcRPY
g�I<J¶V?RPKjM1NPJ�¢,JWNdV?ZLMb`zg�I<JwQ
RdY<m �lÆ YµOiZ�RdkwRPNPO.QtkwObY,Y<JUQ�ObZ�V?JWZ�^_Q
RTh�JWV*O.h�M��bJbn»g�I?RPZ
ycRPNPN�mbJWY<JUQ
O.g\J�O¬V,R��jJUQ
JWY?^_J¶RPY�^_M1]?YGg�Q
O.g\JWZx`}MbQvV<JUg\JW^_g\MbQ
ZvkwM1]?Y:g\JWV|O.h�M��bJ�ObY?V
hjJWNPM�y�g�I<J�h�JWObk ��� M$�j��� ��ÚÜÛ p\p �aÅ ��� ��� ���L�\� ��� ×	�t��� H�I?RdZ#ObZ\{fkwkvJUg\Q
{¶ycRdNPN
M1Z�^URPNPNPO.g\J�ycRTg�I�g�I<J�
 � ßv`}Q�JW��]<JWY?^_{bn�ObY?Vig�I<J�Ob^U^U]?k�],NPO.g�RTM1YiMb`�]?Z�JU`a]?N!Z�g�O.g�RPZ\g�RP^UZ
ycRPNPN�Q
JW�G]?RPQ�Jwg�I?O.gxy#JXZ\{fY?^
I?Q�M1Y?RTSUJwg�I?J¡V?O.g�Ou^_M1NPNTJW^_g�RPM1Y�g\Mug�I?O.gx`}Q�JW��]<JWY?^_{ �¬Æ Y
K?Q
Ob^_g�RP^_Jbn1y�J	ycRPNdNG]?Z�J�g�I?JzZ�{�Y?^�I<Q�Mbg\Q�M1Y�M1Z
^URPNPNPO.g�RTM1Y�ObZ»Mbh,Z�JUQ��bJWVv`aQ�M1k5hjJWObk¯K�M1Z�RTe
g�RTM1Y�RPY�g�I?JzV,RPZ\K�JUQ
Z\JWVLQ
JUm1RTM1YxMb`,g�I<J�Q
RPY<m<nbObY?Vxg�I<J�Mbh,Z\JUQ
��O.g�RTM1YxMb`jObYxObZ�{�kwkwJUg\Q�{
ycRPNPN�^_M1Yf¢�Q
k"g�I<J¶^_MbQ�Q�JW^_g�NTM�^
¼�RdY<m�Mb`	g�I<JwK,I,ObZ\J¶ObY?Vµ`}Q�JW��]<JWY?^_{¦g\M¬g�I?O.g�Mb`	g�I<J

 � ßLM1Z�^URPNdNPO.g�RTM1Y � ²�R��jJUQ
JWY?^_JWZ�RPY�g�I?JcQ�JWZ�],NTg»`}Q�M1k ycI?O.g�RdZ�J_ �K�JW^_g\JWV¶^UObYwh�Jc]?Z\JWV
g\Ml^_MbQ�Q�JW^_g�g�I<J�V<Q
RP��RPY?m�`aQ�JW�G]?JWY?^_{¶MbQ�K,I?ObZ\J �

° kwJWObZ�]<Q�JWkvJWYGg	Mb`3g�I?JtNTM1Y<m1RTg�]?V,RPY?ObN,^_M1kwKjM1Y?JWY:g	Mb`,�j�|RPZz`aMbQ�h,RPV?V?JWYlg\Mvg�I<J
J_ �g\JWYGgvg�I?O.gxg�I<JXQ�JWOb^_g�RTM1Y�K?Q�Mf^_JWZ�Z�^_M1Y?Z\JUQ��bJWZ�K�O.Q
RTg'{ � ° gvZ�RPklRPNPO.QtJWY<JUQ
m1RTJWZxKjJUQ
YG]?^UNPJUM1Y!n<Z�kwObNPNj�fRTM1NPO.g�RTM1Y?Z � ß�n �D� O.g	g�I<JLNTJU�bJWN�Mb` O�`}JUy�K,O.Q
g�Z	RPY �U§
� O.Q
J�Z�JUJWYX`}MbQ
K?Q�Mbg\M1Y½JWNPObZ\g�RP^¶Z�^UO.g\g\JUQ
RPY<muV?]<Jwg\Mug�I<J¡RPY:g\JUQ
`}JUQ�JWY,^_Jlh�JUg'y�JUJWY�y�JWO.¼�ObY?V½Z\g\Q�M1Y<m
RPY:g\JUQ�Ob^_g�RTM1Y[^_M1YGg\Q
RTh,]?g�RTM1Y?Z �
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° kvJWObZ�]<Q
JWkvJWY:gzMb`<���½],Z�RPY<m�Z
^UO.g\g\JUQ
RPY<m�MbQzQ�JWOb^_g�RTM1Y?Z�K?Q
M�V?],^_JWVwh�{wK,ObZ�Z�RdY<m�g�I<J
V<JW]<g\JUQ�M1YÙh�JWObkÈg�I?Q�M1]<m1IÙO�g�O.Q�mbJUg�NTJWObV,Zlg\M�g�I<J¦Z\JWO.Q
^
IÙ`aMbQXg�O.Q�mbJUg�kwO.g\JUQ
RPObNPZ
ObY?V¡K?Q�Mf^_JWZ�Z\JWZzycRTg�I¡Z�RPkx]?NTg�ObY?JUM1]?Z�NT{vNPO.Q�mbJL^_Q�M1Z
Z�Z�JW^_g�RTM1Y?Z	ObY?V¡�bJW^_g\MbQcObY?ObNP{GSWRPY?m
KjMDy#JUQ�Z � ³¬M1Z\gw^_M1kwkvM1Y,NT{bn#Z�],^
I�J��jJW^_g�Z¶O.Q�J�O¦Q�JWZ�]?NPg�Mb`�g�I<JiZ\K,RPY<e8MbQ�h,RTg�RdY:g\JUQ\e
Ob^_g�RTM1Y�h�JUgÉy#JUJWYÙg�I<JuV<JW]<g\JUQ�M1YFObY?VÁg�I<JuYG],^UNTJW]?Z ��� Q�M1Z
ZlZ\JW^_g�RTM1Y,Z¶O.Q�JuNPO.Q�mbJWZ\g
O.g$`aMbQ�yzO.Q
VuObY<m1NTJWZUn�ObY?V¬g�I<J�h�JWZ\g�K?Q�Mf^_JWZ�Z$RPZ�],Z�]?ObNPNT{¡JWNPObZ\g�Rd^�Z�^UO.g\g\JUQ
RdY<m ��£ I<JWY
^_M1kvK,O.Q�JWVvOb^_Q�M1Z
Z»g�I<JzKjJUQ�RTM�V,RP^�g�O.h,NTJbnbg�I?JzNdO.Q�mbJWZ\g»J��jJW^_g�Z#O.Q�J	Z\JUJWYx`}MbQ�g�I?JzNdRTm1I:g\JUQ
kwObZ�Z\JWZ�]?Y?NTJWZ�Z�`aJUy	e8h�MfV<{[J���JW^_g�Z�^_M1kwJlg\M¬V?M1kwRPY?O.g\J � HcI<Jw^
I<M1Rd^_JlMb`zV<JW]<g\JUQ�M1Y
KjM1NdO.Q
RPkvJUg\JUQ�h,]?RdNPV<JUQ
Z � � n��fn ©�� RPY|g�I?RPZxJWY<JUQ
mb{½Q�JUm1RdkvJ�I?ObZ�h�JUJWY�^UO.Q�h�M1Y!n#ObY?V
g�I?O.gcRPZ�ycI?O.g	y�JtZ�]<mbmbJWZ�gcI<JUQ�J � H�I?JWZ\JtOb]<g�I<MbQ
Z	I,OW�bJth,],RPNTg#ObY,Vi^UObNPRTh?Q�O.g\JWV¡Z
]?^
I
RPY?Z\g\Q
],kvJWY:g�ZzRPY¡g�I<JtkwM1kvJWY:g�],k Q
ObY<mbJLMb`�� �5�.¨ §����.¨ ��³[J��t��^¶�aMbQ	¼fRPY<JUg�RP^$JWYfe
JUQ�mb{�Û � ß�� §�� �bß © ³¬J�� � `}MbQ�]?Z\J�y�RTg�IlZ\JW^_M1Y,V?O.Q�{�K,O.Q�g�RP^UNPJWZ�RPYwO�Z\K�JW^_g\Q�M1kvJUg\JUQ
Z\{�Z�g\JWk �

À RTm1]<Q�J¦ß�Z�I?M�ycZ¡O½Z
ObkvK,NTJiMb`tI,RTm1Ife8K?Q�JW^URdZ�RTM1Y�JWNPObZ�g�RP^[Z�^UO.g\g\JUQ�RPY<m|kvJWObZ�]<Q�J_e
kvJWY:g�Z�O.g#ß
� § ³[J��E`aQ�M1k g�I?J � ³ ° � H�Z�KjJW^_g\Q
M1kvJUg\JUQ�O.g � Æ"! ±�# � ° Z�OL`Ö]?Y?^_g�RTM1Y
Mb`»RdY?^_Q�JWObZ�RPY?mxNPO.h�MbQ
O.g\MbQ
{¡ObY<m1NPJLÅ�n<g�I<J�^_Q�M1Z
Z�Z\JW^_g�RTM1Y�`ÖObNPNPZ	Z�g\JWObV?RPNT{¡ObY?V��G],RP^�¼fNT{
ycI?RPNTJxg�I<Jv�bJW^_g\MbQ�ObY?ObNT{�SWRPY<mXK�M�y�JUQtÚÜÛ p\p Z�I<MDycZ�g'y�M[RPYGg\JUQ�`aJUQ�JWY?^_JwkwO� <RPkwO�ObY?V
RPZXObNTy�O�{�ZXK�M1Z�RPg�RT�bJ �¯£ I?RdNTJ¬Ú8Û p\p �aÅ � kx]?Z\gX�.ObY?RPZ�IÙO.gXÅ �È§ nc`aMbQXg�I<J*ObY<m1NTJWZ

�
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À RPm1]<Q�Jµß�Î�³[JWObZ�]?Q�JWkvJWYGg�Z�Mb`xV?JW]<g\JUQ�M1YEJWNPObZ\g�Rd^uZ
^UO.g\g\JUQ
RPY<mÁ^_Q�M1Z
Z�Z\JW^_g�RTM1Y�ObY?V
�bJW^_g\MbQ�ObY?ObNT{�SWRPY<mcK�MDy#JUQ»ÚÜÛ p\p `aQ�M1k5^UO.Q�h�M1Y�O.g�ß
� § ³[J��ÙkwObV<J�y�RTg�Itg�I<J � ³ ° � H
Z\K�JW^_g\Q�M1kvJUg\JUQ�O.g � Æ"! ±�# � ±�Q�Q
MbQ
Z�O.Q�J�Y?Mbg�Z�I<M�y�Y �

Z�I<M�y�Y�I<JUQ�J�g�I<JL�bJW^_g\MbQ�ObY,ObNT{GSWRdY<m�K�MDy#JUQcRdZ�ObNPy�O�{�Z�OvZ
RTm1Y?R�¢�^UObYGg�`}Q
Ob^_g�RPM1YXMb` RTg�Z
kwO� fRdk�]?k KjM1Z
Z�RTh,NTJ���ObNd]<JLMb` �.�

H�I<J�V<JUg\JW^_g\MbQlOb^U^_JUK,g�ObY?^_J[RPZ�^
I?M1Z\JWY�g\M*Z\K,ObY�OuQ
ObY<mbJXMb`$ObY<m1NTJWZ�g�I?O.gvycRdNPN
K?Q�M��fRPV<J�O�mbMGMfVXZ\g�O.g�RPZ\g�RP^UObNjh,ObZ
RPZ�`aMbQzg�I<J�K�M1NPO.Q
RTSWO.g�RTM1Y¶kvJWObZ�]<Q
JWkvJWY:g ��Æ Y¡^
I<M�M1Z e
RPY<m¡g�I<J�hjJWZ�g�ObY?m1NTJ�Q
ObY<mbJbn!y�J�kx]?Z\g�h,ObNdObY?^_J�g�I<JvNPO.Q�mbJv^_Q�M1Z�ZLZ\JW^_g�RPM1Y¦`}M1]?Y,V¬O.g
Z�kwObNPN�ObY?m1NTJWZcO.m1ObRPY,Z\gcg�I<J�NPO.Q�mbJUQc�.ObNP]<JWZ�Mb`�ÚÜÛ p\p �aÅ � `aM1]?Y?ViO.g�g�I<J�NPO.Q�mbJUQ$ObY<m1NTJWZ �
H�I?RPZ h�JW^_M1kvJWZ�O�g\Q
ObV?J_e8M �Xh�JUgÉy#JUJWYwI,RTm1I<JUQ�^_M1]?YGg�RPY<m�Q
O.g\JcObY,VvZ\JWY?Z�RTg�RP��RTgÉ{tg\Mz�j� �
H�I<JcZ\g�O.g�RdZ\g�RP^UObN<K,O.Q
g�Mb`�g�I?J�g\Q
ObV<J_e8M �[^UObYlhjJ���]?ObYGg�R�¢,JWVvh�{�RPY:g\Q
M�V?],^URPY<mLO ����� � ���� 	
� �
	 � ycI?RP^�I�RPZ�V<J_¢�Y?JWVXhG{ � � n � �

�
��� �aÅ ����� Ï,Ò¤Ó_Ô �aÅ � Ú8Û p\p �aÅ �$¨ � �1�
H�I?RPZ���]?ObYGg�RTg'{�RPZ»K?Q�MbK�MbQ�g�RPM1Y?ObN�g\M ����� ycI<JUQ�J � RPZ»g�I?J�JUQ�Q�MbQ�RPY�g�I?JckvJWObZ�]<Q
JWkvJWY:g
Mb`�g�I<JxKjM1NdO.Q
RTSWO.g�RTM1Yu^_M1kvK�M1Y<JWYGg�Z�Mb`��j�Á`aMbQLOw¢, �JWV¬g�RPkvJ�ObY?V¬hjJWObkÇM1Yug�O.Q�mbJUg �
Æ Y¦ObV?V?RPg�RTM1Y!njg�I<JvZ\JWY?Z�RTg�RP��RTgÉ{�g\MiZ\{fZ\g\JWkwO.g�RP^xJUQ�Q�MbQ�Z$RdZ�Q
JWV?]?^_JWV¦RT`�g�I<JvObY?ObNP{GSWRPY?m
KjMDy#JUQvRPZxNPO.Q�mbJUQ � H�I?RdZtg\Q
ObV<J_e8M �ÙRPZ�RdNPNP]?Z\g\Q�O.g\JWVµRPY À RPm �»� ycI?RP^�IµK,NPMbg�Z�ÚÜÛ p\p �aÅ �
O.m1ObRPY?Z\g �
��� �aÅ ��� � g�O.g�RPZ�g�RP^UObN�J_¿¶^URPJWY?^_{¦y#M1]?NdVµ`ÖOW�bMbQ�]?Z�RPY<miObY?m1NTJWZ�NPJWZ�ZLg�I?ObY
O.hjM1]?g �b� � ycI?RdNTJ�O�NPO.Q�mbJUQ¶ObY?ObNT{�SWRPY<mµK�M�y�JUQly�M1]?NPV�Z�]<mbmbJWZ\glkwM1Y?RTg\MbQ
RPY?m*M1Y?NT{
ObY<m1NTJWZ�mbQ
JWO.g\JUQcg�I?ObYiO.h�M1]<g �b� � �
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À RPm1]<Q�J � Î���NTMbg�Mb`»g�I<J�ObY?ObNT{�SWRPY<mwK�M�y�JUQcÚ8Û p\p O.m1ObRdY?Z\g�g�I<Jt¢,m1]<Q�JLMb`�kvJUQ�RTg � H�I?J
^U]<Q��bJ�^_M1Y?Y?JW^_g�Z�K�M1RPYGg�Z	O.gcY<JWRTm1IGh�MbQ
RPY<mvObY<m1NTJWZ � ° Y<m1NPJWZ	ycI<M1Z\JL�.ObNP]<JtRdZ�^UNTM1Z\JLg\M
ObYwRPYGg\JUmbJUQ�O.Q�JcZ�I?M�ycYvObZ�MbK�JWY�K�M1RPYGg�Z�ObY?V�g�I<J�ObY<m1NPJ	y�Q
RTg\g\JWYv^UNTM1Z�J	g\Mtg�I<J	K�M1RPYGg �
±�Q�Q�MbQ�Z�O.Q�JtY<MbgcZ
I<M�ycY �

£ JxO.Q
Jx^_M1Y?Z
RPV<JUQ
RPY?mwV<JWZ�RTm1Y?Z�`}MbQ$g�I<J�Z�g\MbQ
O.mbJ�Q�RPY<mwg�I?O.g$I?OW�bJ�V<JW]<g\JUQ
M1Y¬kvM.e
kvJWY:g�O¬h�JUg'y�JUJWY �.� § ObY?V �.� ���$J��t��^.n�Z\MuRTg�RPZ�RPkvK�MbQ�g�ObYGgtg\Mu¼�Y<MDy I?M�y klO� fR�e
kwRTSWRPY<mLJWRPg�I<JUQ�¢,m1]?Q�J�Mb`!kvJUQ
RTg�MbQ�ObY?ObNP{GSWRPY?mLKjMDy#JUQ�y�M1]?NPVwV<JUK�JWY?V�M1Y¶g�I<Jc^�I<M1RP^_J
Mb`�kvM1kvJWYGg�]?k � ° Z�Z�I<MDycY|RPY À RTm ��� n�Y?JWO.Q � �$J��t��^�g�I<JWZ�J¡gÉy#M*^�I<M1RP^_JWZvNTJWObV
g\MµV?R���JUQ�JWY:g�ObY<m1NTJ�^_MD�bJUQ
O.mbJ � ä ]?gxObZ�g�I<J�kvM1kwJWY:g�]?k~Q�RPZ\JWZUn�g�I<JXK�JWO.¼�RPY�g�I<J
ObY?ObNT{�SWRPY<m¦K�M�y�JUQlkvM��bJ¬g\M�yzO.Q
V�Z
kwObNPNTJUQvZ�^UO.g\g\JUQ
RdY<m�ObY<m1NTJWZlObY?V|g�I<JWZ\Ji^�I<M1RP^_JWZ
kvJUQ�mbJ ��Æ Y À RTm ��� n�g�I<J[Z\M1NdRPV|V<Mbg�ZlZ�I?M�y g�I<J¬kvM1kvJWYGg�]?k·V<JUK�JWY?V<JWY,^_J¡Mb`�g�I<J
¢,m1]<Q�J$Mb`ÌkvJUQ�RTgUnfg�I<JLObY?ObNT{�SWRPY<mxKjMDy#JUQ�nfObY,V¶g�I?J$K�M1NPO.Q�RPkvJUg\JUQ�J_¿¶^URTJWY?^_{¦�ÖRPY:g\MvObNPN
O.SWRPk�]?g�I?ObNÌObY?m1NTJWZUn,JU�bJWY¬g�I<M1]<m1I¬M1Y?NT{�I?ObNP`»^_M1YGg\Q
RTh�]<g\Jtg\M¡JWRTg�I<JUQcg�I?J�I<MbQ
RPSUM1Y:g�ObN
MbQ��bJUQ�g�RP^UObN�ObZ\{�klkvJUg\Q�{ � OW�bJUQ
O.mbJWV½M��bJUQxg�I<JvQ
ObY?mbJwMb`�Ob^U^_JUK,g�O.h,NTJlObY<m1NPJWZ¶�Ö]?Z�]<e
ObNPNT{�Z\K�ObY?Y?RPY<m � � g\M �U§ � � ycI<JWY½g�I<J�ObY<m1NTJ¡Q
ObY<mbJX`aM1NPNTMDycZxg�I<Jl¢�m1]<Q�J¡Mb`�kvJUQ
RPg
KjJWO.¼ � ° ZLg�I<JvkvM1kwJWY:g�]?k RdY?^_Q�JWObZ\JWZUn!g�I?Jvg�I?RP^�¼fY<JWZ�Z�Mb`#g�I<Jv^UO.Q�h�M1Y¦g�O.Q�mbJUg�^UObY
ObNPZ\M*RPY?^_Q�JWObZ�J¡Z�RdY?^_J¶g�I?JXV?JW]<g\JUQ�M1Y?Z�I?O��bJXO¦NTM1Y?mbJUQxQ�ObY<mbJ � � �bJUQ�g�I?RPZxK,NPMbg�g�I<J
g�I?RP^�¼fY<JWZ�Z#�.O.Q
RTJWZ#`}Q�M1k ��� Ý g\M�ß
� � � ^Uk � �ÖH�I?Jcg�I?RP^
¼�Y?JWZ�Z\JWZ�O.g �.� § ObY?V �.� ���$J��t��^
O.Q�J �<� � ObY?V � �¦^Uk ��� H�I<JX^_Q�M1Z�ZvZ�JW^_g�RTM1Y?ZvOb^_g�]?ObNPNP{µmbMµV<M�y�Y½y�RTg�I½RdY?^_Q�JWObZ�RPY?m
kvM1kvJWYGg�]?k�n?NTJWObV?RdY<m�g\MwObYXJ_¿¡^URTJWY?^_{lg�I,O.g�RPZ	Y<JWO.Q
NT{���O.g � H�I<J$J_¿¶^URTJWY,^_{¡RPZ�g�I<J
YG]?k�h�JUQzMb`3Z�^UO.g\g\JUQ�JWViV?JW]<g\JUQ�M1Y?Z�g�I?O.g	O.Q�JL^UO.K?g�]<Q
JWV¶y�RTg�I?RPYlg�I<JLV<JUg\JW^_g\MbQcOb^U^_JUK<e
g�ObY?^_J½�ÖObY?V|g�I�]?ZvO.Q�Ji]?Z�JU`a]?N�`aMbQwO*kvJWObZ�]<Q
JWkvJWY:g � V?RT�fRPV<JWVµh�{�g�I<JiYG],k�h�JUQ�Mb`
V<JW]<g\JUQ�M1Y?ZzZ\g\Q�RT¼�RdY<m�g�I<J�g�O.Q�mbJUg � H�IG],Z#g�I?J�Z
I?O.K�JcMb`3g�I?J�¢�m1]<Q�J$Mb`3kvJUQ
RTgz^U]<Q��bJLRPZ

�
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À RPm1]<Q�J � Î ��O.Q
RPO.g�RTM1YFMb`�g�I<Ji¢�m1]<Q�J�Mb`tkvJUQ
RPgUnzO��bJUQ
O.mbJ*ObY?ObNT{�SWRPY<m*K�M�y�JUQWn�ObY?V
KjM1NdO.Q
RPkvJUg\JUQÌJ_¿¶^URTJWY?^_{tObZ O�`Ö]?Y?^_g�RTM1YtMb`<g�I<J#kvM1kwJWY:g�]?k Mb`<g�I<J�V<JW]<g\JUQ�M1YxZ\g\MbQ
O.mbJ
Q
RPY<m ��� M1NPRPVxK�M1RPYGg�Z»g\Q
Ob^�¼vObYwObY?m1NTJ	Q
ObY<mbJ�g�I,O.g�^_M��bJUQ
Z�g�I<JcNPO.Q
mbJWZ\g»¢,m1]<Q�JzMb`!kvJUQ
RPg
��ObNP]?JWZ�O.g�Z�kwObNPNÌZ�^UO.g\g\JUQ
RPY?mXObY?m1NTJWZ � HcI<J�MbK�JWY[^URPQ
^UNTJWZ$Z�I<M�y¯ObY¦ObNTg\JUQ
Y?O.g�RP�bJ�g�I<J
JWkvK,I?ObZ�RPSUJWZÌNPO.Q
mbJUQ ObY?ObNP{GSWRPY?mcK�M�y�JUQ
Z � H�I<J��ce8K�M1RPYGg�ZÌZ
I<M�y|g�I<J�ObY?ObNT{�SWRPY<mcK�MDy#JUQ
ycRTg�I¶hjJUg\g\JUQ	V?RdZ�^_Q
RPkwRdY?O.g�RTM1YwO.m1ObRPY,Z\g#h,Q�JWO.¼�]?K¶K?Q
Mbg\M1Y?Z � ±�Q
Q�MbQ
Z�O.Q�J$Y?MbgzZ
I<M�ycY �

V<JUg\JUQ
kwRPY?JWV[Z\M1NTJWNP{¡h�{�g�I<JxObY?ObNT{�SWRPY<mwK�M�y�JUQ � ° g$g�I<J�NPM�y�JWZ\g$kwM1kvJWY:g�Ofnjy�Jx^UObY
Z�I?RT`ag#g�I?J�Q
ObY?mbJ$Mb` ObY<m1NTJWZ	RPY¶g�I<JLOb^U^_JUK?g�ObY?^_J�g\Mxg�I?J�ObY,ObNT{GSWRdY<m�K�MDy#JUQzK�JWO.¼¶ObY?V
Q�JUm1ObRPY¦JWY<M1]<m1I*Z�g�O.g�RPZ\g�RP^UObN�RdY<`}MbQ�kwO.g�RTM1Y¬g�I?O.gLy#JvJU�bJWYGg�]?ObNPNP{[M1]<g�Z\g\Q�RTK¦g�I<Jw^_Q�M1Z�Z
Z\JW^_g�RTM1YÙNTM1Z�Z\JWZwO.g¡NPO.Q�mbJUQ¡ObY<m1NTJ[ObY?V�K?Q�MfV?]?^_JiOµI,RTm1I<JUQv¢,m1]?Q�JiMb`LkvJUQ
RTg[�aMbK�JWY
KjM1RdY:g�Z ���v£ I<JWY�g�I?RPZ�Mf^U^U]<Q
ZUnÌg�I<JUQ�JwO.Q�JwgÉy#M �
��� �aÅ � K�JWO.¼fZtObZ�Oi`a]?Y,^_g�RTM1Y¦Mb`
g�I<JLZ�^UO.g\g\JUQ
RPY<mvObY<m1NPJ$Å � H�I<J�^
I<M1RP^_JLy�RPNPN,V?JUKjJWY,V¶RPY¶K,O.Q�g�M1Y�^_M1Y?Z\g\Q�ObRPY:g�ZzO.g	g�I<J
Z�kwObNPNTJUQ�ObY<m1NTJWZ�RdY*g�I<Jl^_M1Y?Z�g\Q
]?^_g�RTM1Y�Mb`�g�I?JlK�M1NPO.Q
RPkwJUg\JUQtObY?VµJWZ\g�RdkwO.g\JWZ�Mb`zg�I<J
RPkvK�MbQ�g�ObY?^_JLMb`»Z\{fZ\g\JWkwO.g�RP^LJUQ
Q�MbQ
Z�RPYXg�I?JL¢�Y?ObN!V<JWZ
RTm1Y �

©
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H�I<J�V?JWZ�RTm1YiMb`�g�I?J�K�M1NPO.Q
RdkvJUg\JUQ�V<JUK�JWY?V,Z	M1Y[g�I?Jt¢�Y?ObNÌV<JUg\JUQ
kwRdY?O.g�RTM1YiMb`#RTg�ZcNTM.e
^UO.g�RTM1Y � � Y<JtMbK,g�RTM1Yi^_M1Y?Z�RdV<JUQ�JWV�`aMbQ�ObY[JWO.Q
NPRTJUQ��bJUQ�Z�RTM1YiMb`»g�I?RdZ	J_ �K�JUQ
RdkvJWY:gcy�ObZ
g\MxK�NPOb^_Jcg�I<J$K�M1NPO.Q
RPkwJUg\JUQ#^_M1kvK�M1Y<JWYGg�Z#ObNPM1Y<m�g�I?J$Z\g\MbQ�O.mbJ$Q�RPY<m�RTg�Z�JWNT`!ObY?Vlg\M�]?Z\J
Z�kwObNPN�ObY?m1NTJ � M1]?NPM1k�h�Z
^UO.g\g\JUQ
RPY<mig\M¬J_ �g\Q�Ob^_g�K,O.Q�g�Rd^UNTJWZL`aQ�M1k"g�I<JlhjJWObk � � Y?^_J
J_ �g\Q
Ob^_g\JWV�n�K,O.Q
g�RP^UNTJWZ	y�M1]?NPV�g�I?JWY[Z\g\Q
RP¼bJ�ObY[ObY?Y�]?NPO.Qcg�O.Q�mbJUg�g�I,O.gcZ�]<Q�Q
M1]?Y?V?Zzg�I<J
hjJWObk ObY,V¦`}Q�M1ksycI,RP^
Iug�I<JU{uy#M1],NPV¦Z�^UO.g\g\JUQ�RPYGg\MXg�I<JwV<JUg\JW^_g\MbQ�Z\{fZ\g\JWk � ��O.Q
RPO�e
g�RTM1Y?Z$M1Yug�I?RPZ$Z�^
I<JWkwJ�RdY?^UNP]?V<J�^_Q�JWO.g�RPY<m�O¡Z\K,O.g�RPObNÌh,]?kvK¦RPY¬g�I<JxhjJWObksg\MXh?Q
RdY<m
K,O.Q�g�RP^UNTJWZlg\M�g�I<J¬g�O.Q�mbJUgUn�MbQXkvM��fRPY<m�g�I<J[g�O.Q�mbJUgXRPYGg\Mµg�I<J¬hjJWObk ^_M1Y:g�RdYG]<M1],Z�NT{
V?]<Q
RPY?m¶g�I<JwZ�g\MbQ�J � ° Z\JW^_M1Y,V*^UNPObZ�ZLMb`�MbK?g�RTM1Y?Z�RPZ�mbJWY?JUQ
O.g\JWVµh�{¬^_M1Y?Z�g\Q
]?^_g�RPY<miO
Z\g�ObY?V?O.Q
VXZ�NPM�yEJ_ �g\Q�Ob^_g�RTM1Y�Z\{fZ\g\JWk g�I?O.gzg\Q
ObY?Z\K�MbQ�g�Z�V<JW]<g\JUQ�M1Y,Z#g\M�g�I<J�K�M1NPO.Q
RdkvJ_e
g\JUQWn?ycI?Rd^
IXy�M1]?NPVXg�I<JWY[hjJ�J_ fg\JUQ
Y?ObN3g\Mwg�I<JLQ
RPY?m �

Gas jet or
residual gas

Carbon
target

Fe
absorber

Segmented
plastic
scintillator

À RPm1]<Q�J ��Î � ^
I<JWkwO.g�Rd^wNPOW{bM1]?g¶�ÖY<Mbgtg\M[Z
^UObNTJ � Mb`�g�I<JlkwO��\MbQ�^_M1kwKjM1Y?JWY:g�ZLMb`zg�I<J
KjM1NdO.Q
RPkvJUg\JUQ�RT`xRTg¶y�JUQ�JµZ�RPg�]?O.g\JWVEM1YEg�I<J*Q
RPY?m � H�I<J¦h�JWObkÑg\Q
OW�bJWNdZ�`}Q
M1k�NTJU`}g
g\M*Q
RTm1IGg ��� M1]?NTM1k�h�Z
^UO.g\g\JUQ
RPY<m¦`aQ�M1k Oum1ObZ�� JUgi�aMbQvQ�JWZ�RdV?]?ObN�m1ObZ � Z\JWY?V?Z�Z\M1kvJ
V<JW]<g\JUQ�M1Y?Ztg\M[ObYµObY?Y�]?NPO.Qt^UO.Q�h�M1Y*g�O.Q
mbJUg�g�I?O.gtObNPZ�M[V<J_¢�Y<JWZ�g�I?JvQ
RPY<m�O.K�JUQ�g�]<Q�J �
� O.Q�mbJUQ�ObY<m1NPJ#JWNPObZ�g�RP^UObNPNT{tZ�^UO.g\g\JUQ
JWVwV<JW]<g\JUQ�M1YxK?Q
M�^_JUJWVxg�I<Q�M1]?m1I�ObY�RTQ�M1YxO.h,Z\MbQ
hjJUQ
g�I?O.g�Q�JWV?],^_JWZ�Y<M1Yfe8JWNPObZ�g�RP^zh,Ob^�¼�mbQ�M1]?Y,V?Z�ObY?Vvg�I<JWYlRPY:g\MtOLZ�JUm1kvJWY:g\JWV¶Z�^URPYGg�RPNPNPO.g\MbQ �

° Z�^
I?JWkwO.g�RP^cNdOW{bM1]<g#Mb`!g�I<J�K�M1NPO.Q
RPkwJUg\JUQ�RPZ�K,Q�JWZ\JWYGg\JWVlRPY À RTm � �LycI?Rd^
IwZ�I?M�ycZ
g�I<J$klO�� MbQz^_M1kvK�M1Y<JWYGg�Z�ObZ#g�I<JU{lklRTm1I:g�O.K?K�JWO.Q#RT`!g�I?JcK�M1NPO.Q
RPkwJUg\JUQ�y�JUQ�J$NPM�^UO.g\JWV
M1Y¶g�I?J$Q�RPY<m � H�I<J�ObRPk Mb`Ìg�I?RPZ�Z�^
I?JWkvJLRPZ�g\M�g\Q
ObY,Z\K�MbQ�g#V<JW]?g\JUQ�M1Y?Z�g\M�g�I?J�^UO.Q
hjM1Y
g�O.Q�mbJUg�^_M1Y:g�RdYG]<M1],Z�NT{tV?]<Q�RPY<m�g�I<J	Z\g\MbQ
Jbn1ObY?Vxg\M�I,OW�bJzg�I?O.g�^UO.Q�h�M1Yxg�O.Q�mbJUg�h�J�g�I?RP^
¼
Z\M�g�I?O.g	g�I<J�K�M1NPO.Q
RPkvJUg\JUQ	kwObRdY:g�ObRPY,Z#I?RPm1I¶J_¿¡^URTJWY?^_{ � � Y?J$Z�^�I<JWkvJL`aMbQ	Ob^
I?RTJU�fRPY<m
g�I?RPZ$y#M1],NPV[h�J�g\M�RPYGg\Q�M�V,]?^_JxO¡g�I?RdY[g�O.Q�mbJUgLm1ObZ¶� ° QWn!`aMbQ�J_ fObkwK,NTJ � `}Q
M1kÇy�I?RP^
I
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Oi`aJUy Mb`	g�I<JlV?JW]<g\JUQ�M1Y?Z�RPY*g�I<Jwh�JWObk y#M1]?NdVµZ�^UO.g\g\JUQvRPY*g�I<J � M1]?NTM1k�h*¢,JWNdV*Mb`
g�I<J�Y�]?^UNTJW]?ZzMbQ�g�I?J�O.g\M1kwRP^�JWNTJW^_g\Q
M1Y?Zckx]?^
I[ObZ�g�I<JU{XV<MwRPYXg�I<J�Z\g�ObY?V?O.Q
V�kx]?NTg�RTe
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JWObk Mb`jg�I?RPZ�K�M1RPYGgUn1K�JUQ
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hjM1Yug�O.Q�mbJUg�RPYug�I<JvZ�I?O.K�J�Mb`�ObY*ObY?Y�]?NP]?Z$O.h�M1]<g�g�I<J�hjJWObk�y�M1]?NPVuh�J�RPY?Z\g�ObNPNPJWV �
H�I<J � M1]?NTM1k�hÙZ
^UO.g\g\JUQ�JWV�V<JW]<g\JUQ
M1Y?Zly�M1]?NPVÙI?RTg¶g�I?RPZ¶g�O.Q�mbJUgiObY?VÙh�J[Q�JWkwM��bJWV
`}Q�M1kÈg�I<J[h�JWObk � H�I,RPZwObkvM1]?YGg�Z¶g\M½Z�NTMDy J_ fg\Q
Ob^_g�RTM1Y ��Æ Y?Z�RdV<J�g�I<J[g�O.Q
mbJUg¶g�I<J
V<JW]<g\JUQ�M1Y?Zty#M1]?NdVµZ�^UO.g\g\JUQ�O.m1ObRPYµRPY¦g�I<J¶Z\g\Q�M1Y<m�¢�JWNPV¦Mb`zg�I<Jw^UO.Q�h�M1YµY�]?^UNTJWR�ObY?V
g\Q
OW�bJWN�g\M¬Z�M1kvJlK,O.Q
g�Mb`�O[Z�JUm1kvJWY:g\JWV�K,NdObZ\g�RP^vZ�^URPYGg�RPNPNdO.g\MbQ�g�O.Q�mbJUg�V<M�y�Y?Z\g\Q�JWObk �
H�I<J�^UO.Q�h�M1Y�g�O.Q�mbJUglRTg�Z\JWNP`c^_M1]?NPV�h�J�^U]<gvRPY:g\M*Z\JW^_g�RPM1Y?ZvObY?V|K,]?NdNTJWV�O�y�O�{�`}Q�M1k
g�I<J�hjJWObk V?]?Q
RPY<mtg�I?J�RdY � JW^_g�RPM1Y¶^_{f^UNTJLObY?V¡Q�JUK,NPOb^_JWV¡ycI?JWY¶RTg�yzObZzg�RPkvJ$g\Mxh�JUm1RPY
Mbh,Z\JUQ��.O.g�RTM1Y?Z �

H�I?RPZ¡Z�^�I<JWkvJµI?ObZ¡g�I<J*ObV<�.ObY:g�O.mbJ*Mb`xZ�ObkvK,NdRPY<m�]?Y,RT`}MbQ�kwNT{�Ob^_Q�M1Z�ZXg�I<J¦JWYfe
g�RTQ�JxhjJWObk�ObY?VuK?Q
M��fRPV?RPY<m¶O¶yzOW{¬g\M�^_M1Y:g\Q�M1N»Q�O.g\JWZLObY?V[h�JWObk�NPRT`aJUg�RPkvJ�g�I<Q�M1]<m1I
^
I?ObY<mbJWZ�RPY¦g�I<Jvm1ObZLg�O.Q
mbJUg�V<JWY?Z
RTg'{ � ²$JUK�JWY?V?RPY<m¡M1Y*g�I<JwV?JUg�ObRPNPZ�Mb`�g�I<JwV<JWZ�RTm1Y�n
Z\M1kvJtZ�^UO.g\g\JUQ
RdY<mwycRPNdN,ObNPZ\MvMf^U^U]<Q	`aQ�M1k¥Q�JWZ
RPV?]?ObN�m1ObZ�RPYXg�I<J��.Ob^U]?]?k Mb` g�I<JLQ
RPY?m �
Æ `�g�I?RdZ	Q
O.g\J�RPZcI?RPm1I�JWY<M1]<m1IuRPYig�I?Jt¢�Y?ObN�mbJUM1kvJUg\Q�{bn!O¶Z�JUK,O.Q
O.g\J�m1ObZ$g�O.Q�mbJUg�kwO�{
Y<MbgÌh�J�Y<JUJWV<JWV � Æ Y�h�Mbg�I�Z�RPg�]?O.g�RTM1Y?ZUn.g�I<J�ObY?Y�]?NPO.Q g�O.Q�mbJUg�RPZ�g�I<JzV<J_¢�Y,RPY<mcO.K�JUQ�g�]<Q
J
`}MbQ�g�I?JLQ
RPY<m � H�I�]?Z	ObYG{¡Z\g\Q�OW{¡K,O.Q�g�RP^UNTJWZzy�RPNPN�hjJLNTM1Z�g�O.g	g�I?RPZzK�M1RPYGg � H�I?RPZ�RPZ	^_Q
]fe
^URPObN?`aMbQ�kwObRPYGg�ObRPY?RdY<mLI?RTm1IvJ_¿¶^URPJWY?^_{vRPYvg�I<JcZ
ObkvK,NPRPY?m$Mb`�g�I<J�V<JW]<g\JUQ�M1YlhjJWObk `}MbQ
O�K�M1NPO.Q
RTSWO.g�RTM1Y¦kvJWObZ
]<Q�JWkvJWYGg � � M1kvJwV<JW]<g\JUQ
M1Y?Z�ycRPNPN»Z\g\Q�RT¼bJ�g�I<Jw^UO.Q�h�M1Y¦g�O.Q�mbJUg
ObNTM1Y<m�g�I<J	RPY?Y<JUQ»Z�]<Q
`aOb^_J�g�I?O.g»`aOb^_JWZ�g�I<JzhjJWObkin.ObY,V�g�I�]?Z�Y<Mbg»g�O.¼bJ	`Ö]?NPNGObV<��ObYGg�O.mbJ
Mb`�g�I<J¶^UO.Q
hjM1Y�g�O.Q�mbJUg�g�I?RP^
¼�Y<JWZ
Zt`aMbQ�g�I<JWRPQ�NPO.Q�mbJUQ�ObY<m1NTJ¡Z�^UO.g\g\JUQ
RPY?m � H�I<JU{*ycRdNPN
Y<JU�bJUQ�g�I<JWNTJWZ
Z�h�J�Q�JWkvM��bJWV¬`aQ�M1k¥g�I<JLh�JWObk �

Æ gvRPZ�K�M1Z�Z�RTh�NTJwg�I?O.gvNPO.Q�mbJUQvObY<m1NPJXZ
^UO.g\g\JUQ
RPY<m¦g\M¦g�I<JXNTJU`}g�MbQ�Q
RTm1IGgx`}Q�M1k�g�I<J
m1ObZig�O.Q�mbJUgu^_M1]?NPV�RPY,V?]?^_J*O��bJUQ�g�RP^UObNtKjM1NdO.Q
RTSWO.g�RTM1YEMb`�g�I<JWZ\J½V<JW]<g\JUQ�M1Y?Z � ° YG{
J��jJW^_g�M1Y�g�I<JzkvJWObZ�]?Q�JWkvJWYGg»RdZ Z
]<K?K?Q�JWZ
Z\JWVth�{�kwObRdY:g�ObRPY,RPY<m�g�I<J	Z\{fkwkvJUg\Q
{tMb`,g�I<J
mbJUM1kvJUg\Q�{bn!OwK?Q
Mbh,NTJWk¥g�I?O.g$ycRPNdN�hjJtV,RPZ�^U]?Z�Z�JWViRPY[O¶NPO.g\JUQ�Z�JW^_g�RTM1Y[M1Y¬Z\{fZ\g\JWkwO.g�RP^
JUQ�Q�MbQ
Z �

ä Mbg�I*V<JW]<g\JUQ�M1Y¦K�M1NPO.Q
RdkvJUg\JUQcJ���MbQ�g�Z � � n ��n ©D� `}M1]?Y,V[g�I?O.gLRTg$yzObZ�J_¿¶^UOb^URTM1]?Z
g\M�Q�JWkvM��bJ½kvM1Z\g�Y<M1Yfe8JWNPObZ�g�RP^uK,O.Q�g�RP^UNTJWZ¡`aQ�M1kÑg�I<J*Z�^UO.g\g\JUQ�JWV ��]f �h�JU`aMbQ�J¦g�I<JU{
Q�JWOb^
I<JWVug�I<JxV<JUg\JW^_g\MbQ � HcI?RPZ	yzObZ�Ob^�I?RTJU�bJWVuRPYih�Mbg�I¬^UObZ\JWZ$ycRTg�I�g�I<JxObV?V?RTg�RPM1Y�Mb`
ObY[RTQ�M1Y�O.h�Z\MbQ�h�JUQ�h�JUg'y�JUJWYig�I<J�^UO.Q�h�M1YXg�O.Q�mbJUg$ObY,V�g�I<JtV<JUg\JW^_g\MbQ
Z � H�I,RP^�¼fY<JWZ�Z\JWZ
hjJUgÉy#JUJWY �.� § ObY?V �.� � �$J��t��^�Q
ObY<mbJWV¶`}Q�M1k¥ß�g\M �t^Uk � �b�8� H�I?J�kwObRPY¶J���JW^_gzRdZ�g\M
Q�JWkvM��bJ¶JWZ�Z\JWYGg�RPObNPNT{uObNPN»Mb`�g�I<Jvh?Q�JWO.¼f]<K*K?Q�Mbg\M1Y,ZUn�ycI?Rd^
I*I?O��bJwM1Y?NT{uOXg�RPY:{¦Z\K,RdY
V<JUK�JWY?V<JWY?^_JbnÌ`}Q�M1k g�I<JlV?O.g�O¬Z�ObkvK,NPJ � ä M1Y?RPY�ObY?V � O.g\M1]½^
I<M1Z�J¡V?R �jJUQ�JWYGgLMbK?g�R�e
kwRTSWO.g�RTM1Y?Z$`aMbQ�g�I?RPZ�O.h,Z\MbQ�h�JUQ$g�I?RP^
¼�Y<JWZ
Z � ä M1Y,RPY¦ObNPNTM�y�JWV¦Z\M1kvJ�h?Q�JWO.¼f]<KuK?Q�Mbg\M1Y
��]f  ��� O.g\M1]lMbK?g�RdkwRTSUJWVw`aMbQ#Z�JWNTJW^_g�RTM1Y¶Mb` �\]?Z�g�g�I<J�JWNPObZ\g�RP^cmbQ�M1]<K � H�I�]?Z�g�I?J � O.g\M1]
ObY?ObNT{�SWRPY<m�K�M�y�JUQ
Z�O.Q
JlNPO.Q�mbJUQWnÌObZ�Z�I<MDycY*h�{¦g�I<JvK�M1RPY:g�Z�kwO.Q�¼bJWV*ycRPg�IµObY�¹�RPY
À RPm � �<� ä ]?g�g�I,RPZ�m1ObRdY¡^UObkwJtO.g�g�I?J$J_ fK�JWY?Z\J$Mb`ÌO.g	NTJWObZ\g	Ox`ÖOb^_g\MbQ�Mb`3gÉy#MwRPY¶Q
O.g\Jbn
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Z\Mwg�I<J�¢,m1]?Q�JWZzMb`�kvJUQ
RTgzMb` g�I<J À Q�JWY,^
I[ObY,V � O.K,ObY<JWZ�JtZ\{�Z�g\JWkwZcO.Q�Jt^_M1kwK,O.Q
O.h,NTJ �
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ObY?mbJ �
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Ob^_g�I?ObNP`3V?]<Q
RdY<m�O � §b§ ZzZ\g\MbQ�Jbn
g�I<JlQ
O.g\J¶RPY:g\M¬g�I<Jl^UO.Q�h�M1Y*g�O.Q
mbJUgxRPZ �U§�� ��Z � H�I<JvJ_¿¶^URPJWY?^URTJWZ�Z
I<M�ycY½RPY À RTm � �
y#M1]?NdV¬g�I?JWY¬{fRTJWNPV �¶¹ �U§�� ��ZLRPYGg\M¶g�I?Jxy�I<M1NTJ�V<JUg\JW^_g\MbQWn3Y<MbgL^_M1Y?Z
RPV<JUQ
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¼:e
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O.g\JWZ	ObZzkx]?^
I�ObZ�K�M1Z�Z�RTh�NTJ�h�JU`}MbQ
J�g�I<J
V<JUg\JW^_g\MbQ ��£ I,RPNTJ�O¡NPOW{bJUQ
JWVuV?JUg\JW^_g\MbQt^UObY¬h�Jx]?Z\JWVig\M�kwO.¼bJxK,O.Q�g�Rd^UNTJ�RPV?JWY:g�R�¢j^UO�e
g�RTM1Y!n�g�I<J�JWNPObZ\g�RP^xV<JW]<g\JUQ
M1Y?Z$ycRPNPN3hjJ�g�I<JvI?RTm1I<JWZ�gcJWY<JUQ�mb{¬JU�bJWY:g�ZtQ�JW^_MbQ
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g�I<J�MbKjJUQ�O.g�RPY<mlK�O.Q
ObkvJUg\JUQ
Z$Mb`�g�I?J�K�M1NPO.Q
RdkvJUg\JUQ$ObY,V[g�I<J�Z\K,RdY[V<JUK�JWY?V<JWY,^_J�g�I?O.g
Q�JWZ�]?NTg�Z�y�RPNPN h�J�^UObNdRTh?Q
O.g\JWVµZ�JUK,O.Q
O.g\JWNT{ �w£ JlM1Y?NT{[Q
JW�G]?RPQ�J�g�I?O.gtg�I<JwQ
JWZ\K�M1Y?Z\J�Mb`
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RPZ�Ob^U^_JUK?g�O.h,NPJtK?Q�MD��RPV?JWVXg�I<JtK�JUQ�`aMbQ
kwObY?^_JLRPZ�Y?Mbg�^_M1kvK?Q�M1kwRdZ\JWV �
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M�V?],^_J
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O.h�NTJbn�ycRPg�IÁZ�NPRP^_JWZvRdY�h�Mbg�IÁÊµObY?V�Ë � � JUm1kvJWYGg�O.g�RTM1YFRdYÁËÙycRPNPN	ObNPNPM�y g�I<J
V?RT�fRPZ�RTM1Y�RPYGg\MµZ�ObkvK,NTJWZw`}MbQvJWOb^�IF��]?ObV<Q
ObYGgvg\M*h�JikwObV<JiRPY|g�I?JiObY?ObNT{fZ�RPZUn�g�I�]?Z
Q�JWV?]?^URPY?mwJ��jJW^_g�Z�Mb`#^_Q�M1Z�Z$g�ObNT¼�`aQ�M1k�Z�kwObNPN3Q�Mbg�O.g�RTM1Y?Z�Mb`�g�I<J�V<JUg\JW^_g\MbQtZ\JUm1kvJWYGg�Z
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