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B̂Pd4dI|S^?^ �� S^j½£� #SsjPd1`� �]HO^j_A � ��� ·S^j_G^ R}� # E^P^l� 1̂j¯1dI`�=j� ]H?^jB^j =w� GvG^j�
S^j_�B̂ � SsẐ£Rv1̂I|O^j_Gv� #¯� ·7`Pd 7^?^ �� .1̂�X`Pd� Q ?^G�� 1}� �I`Pd
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% ?dO^j_� #R}7^G^Qj� 7sEdPdI|Oj�� Ed4^4`Gv� 7vO^j_µ¡G^� ]HG^jQ4^lPd�� $R}¦ 7^?̂ � ]HPdI`=c�
-I|Oj Ed��&�X`Pd� ]H�=jE^Q4`�@d�¶R}� rH�E^G^�O^j��% �=}�Q�4vª� ]H?^SvaW� �ºĜ4^P��LO^j�RvP`G^j��
P^S^jAf� �M`Ll� xrY�E`M`E�� Ss¼£I|Ôj_P^j�� P^S^jAc� .1̂�=w� ]WAj4̂j?^j�� �]Wj®� Ŝj®� Rv1̂� I|Bv�
]WPd�B^4^jE^jG^S^j_�� #¯� LO^j�RvP^?^ ��rHZt£ E^j1̂j� 7v]Wj1{G^��=j��4}X`Oj�R}Gv� 1̂QS^7^j��
1̂E`"�� # =k�� P^S^jAc1d� G`� M`F̂� #�P^ � 1`E^j�� B^G^1v� G`1̂ =w� +1̂j�S^� N^�1d�� ']HS`X`Qj��
¯�]UQj�¯O^jS^j_QB}�G^G^j���SvFd 7^j1{¯�­GvEd�SsjjE^�=}��M`Lj� ]Hh�=_1̂�G^G^j��S^EdRvaW�S`?dB}=w�
R}1̂ 4`� S^h =} Ed�� &� $?^S`Ẑi£� G`1̂j� #�P^ � 1`P^j��� G`G^�4`� S^j_P^= R}� G`1̂j� 7`R_�
%L� Ed� #¯aH ¦ Ed�� S`?^j� (?d]H?̂4`Gv� B^G^j� 7^=j1̂j�G^� #S^j�4`� S^j_PdI|Oj� S`?d�
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�2 ?vR_�R����#¯�B^G^j��B`G^j�]HPd7^Ôj �7v]Wj1{¯���Svj9P���X`M���$
H��1vµOvj�% B^:_P���1̂P��
P^uY� xrY��#¯� 1̂P^1̂j� 4{ B^jB}�7sI`�?^j���]YS^j�O^j���#G^j1{¯�#B^Gv��#G^j]WPd 7`��,P��
I|�P��LO^j=�+1̂j�S^�S ]̀YG`Qj�RvS^h�� rH�E^�7^]Hh�?^jB}�LO^j�RvPd Ed�·jµ=Pg�S ]̀YG^ ��P`S^h1̂j�
�]H­X`Pd�GvG^j�% ?dÔj_�S^7v�Ŝjj E^j� 1`R��7vO^j?^ ��1`º�P��P`S`QG^��1}Pd1̂�SsµLj7^�?̂ ���
�S^j½£�¸Qj]H?̂RvE^jP`�X`Pg��#¯�­P^j4^j��]HÔj_A �S^jj E^jP}¬�K|G��R}�7suH�O^j?̂ ���S`?d1d�
7`R_�]W B}]U 4`�S^h Ed��S`?^j�,P��I|�P��1̂j�+ E^j1̂j�P`RvE^M`�"��

G`� S^jG^]WjR}¯� $R}7^G^Qj� ]HaW1̂�=cG^� S`?^�Rv� 2 ?vR_�R��� �P`S�� X`M�� #�Ps =�� ¸j=c 4�� Svj�
xrY�%eWµOvj�S^jjPv;�Nv:��Eg��#G`�?^j���

�
P`S^h� Ŝj_� 1}]W � $�B^ 4`� 7^l�]WjG`�?̂j�� Ed4^4`Gv� S`=w]Wj1{¯� R}¯1d� ®]Wj1̂j� SsZ`£?^j�� Sv�AfẐ£�



X`�G^ � 7vuW]WPd1d� 7^µEd4dI|Oj� Ss7̂�4`� T^PgP^ R}1d� 1{�B^� P^�1̂ � �]HS^aY�]WjG^��=¯aH ¦ Ed��
B̂QB̂j?^j7^j1{ =j =w� �Sv�E`S^j_� .1̂� P� ?^j� �� #G`�?^j� P`S^h�� G�2P^j� #°�� #S^jPd��
rH�=cI|Ôj_?^j�� GvG^j� Bs¦�G^� M`=cR�¡� #°�� =wLjR�� ¸jE^� rH�=_�� �Ll� Rv±R�� B^]H�� B^­Ŝj_S^°��
#QS^jP`R}� ]W�PvT`?^j�� P`�­� ]HGs� ?^j� . =c4^ =� E`1`� 1̂�]U]Wj3_Qj� 7s]Hh�1{G`� ���
¦G^�]H�=cĜj ?g� GvG^j�� G^P^]YPd�P`S^h� .1̂� 9�=j�� +1̂�?d1d� Ss¼£G`� 1̂µaW1̂�=j4`� SsZw£� S`Ẑ£ ��

GvG^j�% 9°Pd 4��7vaW�VWDWHV��Ss¼£�#1̂�?v� �aWP^]H?^= ��P`S^h�NDA 1̂j� rWRs�1̂Oj�# 7sQ 7sQj4`�
+E^j4^jB̂l� Svj9P�� #S^?^ ��� B^Q7^j1{ =w� + B^� «·B^ � 4^?d¦I|Oj Ed� #¯aH ¦ Ed�� G^P^]YPd¯�
4^j�P^j� 7v]Wj1}S`Q¯� �]HO^j­� 7`��� M`4`� Iz?^S^h4`� S^h ?vS`?̂j�� # B̂� +�B^j� ¸jE^� R_S^h�
1̂¯aH 7vS`?^j��1̂G^jM{S^jQj�1̂µaWI|Oj�+E^j=cS`Pd¯�N^O^jrH�=w�rH�E^�1̂Ẑi£��B^G^�R}¯�®�ŜB^�# B`�
1̂Ẑ£�R}Gv�S^h Ed�#¯aH 7vEd�G`x1sBv��# B^�®�[̂ 4`�S^h ?v·���

�
K|G��Ssk4̂jB} Ed�¯P^S^Fd1̂ 4`��GvG^j�]H�=c 7^j1}RvE^j��P`S^h�4^�=c4`�4^jP^1̂rH?̂jB^jG`�?̂j��·]Wj�4`�
K|Gs�­� �]YR}�� #G`��� ��ºG^4^P�� SsZ`£1̂� K|G�� 7vO^j_QĜ�� Lj�Eg� �:_G^ � S^h ?̂1̂��P`"�� GvG^j�
+1̂j�S^4`� �?d 1�� 7vÔjRvE^j�� �]HÔj_A � 7vaWŜ¦�Ĝ� Ss =Gv� B`4v� #QS`=j� G`1̂j� RvE^j�� 1{ 7s �
S^j�B̂j4`� S^h E^ Bv�� �1̂°]W � P`S^h� K|G�� G^ LP�� %S`�QG^�� #R}7^G^� 1̂l?`� RvE^j�� K|G�� R}�
4^�Pd�X| Ed�P^S^jAc��S^j�B̂j�]Hm�Pd4`�Ed4dI|Oj Ed���

���

$?^S`Ẑ£B}�%Ev�Q?`Oj��¯�E^I|¯S^�P^j��+1̂�?`�]Wj2 4`�S^h ?^¯S^�P^j�  

�P^S^jAf�&�x=tS�j�R}�K|G��,·j=c�]H?^j1}��#G`��  

·]WjP^j4`�K|G��rH�=waWG^�7^]Hh�?^j�  

 
�� �Iz�E^jGv� T^ 1̂P`7`P^�1̂j� SsZ`£µ� �G`1̂j� #­� 1̂�]U � ¸jE^� $
J� E{Pd1d Ed�°S^h� B^�P^4`�
]H?^j1{¯�B^�P^4`� BsS^jjQj� �� P`S^h� ¯�E^1̂j]H�1̂� ·j 7v=]Hh�?̂j� 7saH�Ĝ� S^j_=Qj� 4^j�P^j1̂j� S^¦��
S^jj]Wj4̂j� B^¯�� ]H?^j1{G`���� G^P^]YPd� 4^jPd ¦� $R}¦�]Wl�� S`?^j� S^j_� # ÊPd1̂ =w� $R}7^G^�R}�
]HEv�Ẑi� rH�E^� S`?^j� #¯aH 7vEd�� + B̂� ®�S^ 4`� $R}¦�X`?}� ��# B^1̂j� ·j ¦� $SvT^]HP^j?^j�� .1̂�
]H�=_Ĝ� 1{P^j1̂j?^j� ]H?v� S`?^j� 1`?^j�� % =Pg�?dO^j=�� R}� 9Pd4dG^� ]W ]5=G^� G`1̂j� % 1`� ¯G^��
SsjjĜ��9Pd4dG^�=j =j Ed� Maths �Rs1̂�P^P��1̂j�SvjS^jj�S^jj�4̂jP^ �$O^jG^�Ê�4^Pd1d�=k�]UG��SsẐ£?^ �
RvÊ¯�4^j�P^j��G^P^]YPv�S^j_�%�E^Pg��SsẐ£¯S^�RvE^j��1̂ xMs ?�� �]W?g
W�# =k��.1̂X`Pd�1`S`Q¯�S^j_�



S^jj�4̂jPd1d� $O^jG^� #�Bs]WP^j� S^j_P^j�Qj� SvT`?^j�� GvG^j�� ,?^j]Hh� Ssjj]Y � rH�=_G^j�� 1̂°�Ẑi£�
Êl1̂?`¯1d� aW�E^ 4`�'G`�Oj��N^j9 �¸jE^�7vOj�SvaW� �aWP^ 4`�7sI`�?^j�G^P^]YPd�o��N̂Pd 7^Rv¯�
Êj!2 � R}� 4`¯�·j­¸jPdG^� $Ĝ E^ � R}� 4`¯� 1̂°�P^j� 1`P^�1̂j�#Ed� G`1̂j� #]W]Y� ��� B^Ĝ�
Ssjj]Y R}1d� 7^lT`� �� ,¸j� 9P^4^G^�=j4`Gv� Ŝh Ed�� P`S^h� 4^j=1̂Qj� ·j 4^jB^jG`�?^j�� #]WQj�
]W ]5=G^�%Ed1`E^j��$�B^P`�B^�.1̂P}¬�Maths ��1`]Wj�R}�Advanced probability�7sLjB^jG`�P^j�
Svj�V`P̂j�$O^jG^1̂j� 7suH�� ·]UO^j � ¸jE^� # B^� �T^�E^� ' ?^E^j�� ,E}� Ssjj1̂j�L?d� B^ B^j�� G^P^]YPd�
#]W]YG^ 4`� 1̂E^jQjB^jG`�?^j�� �X`P�� �?�=�� �� 7vOsj�B`?̂j�� 1{ 7s � 7^jQ1̂G^4`� ,ŜjG^��=j�
G^P^]YPd� xSs]Hh�7̂lT`?^j���5th line��� �aWP^ 4`�S^h Ed�G^P^]YPd� ]W�P^ ��Svj�V`P^j�M}�P^j�¸jE^�SvaWG^·�
G}=�¡�R}1d�+1d� 7^j1}S^?^ ��# Bv�#Eg�G`1̂j�BsµaWG^�]H¯��1̂jB^l]YQ 4`�5th line�G^j ?g�S^j½£�
7^lT`G^j�#]Hh�?^j�4`¯�G`1̂j�M}F̂� ]H?^RvE^j��IzP^I`=jGv�#QS`=j4`�7v]Wj1{G^��$� �]HLj�Êj?̂j�
7v�]WjG^�� B^uH�·j=}��� G^P^]YPd� :wS^hPd ¦G^� Ssjj]Y B}� .1̂�X`Pd� Rv¦� S^j_�V`P^j� ¯�� 7`¦� .1^�
Rs ]H1`O^j�1{�=_?^j��4^jS^j� �E`1`�+4dPd� ]H?d�Ŝjj1̂�QOj�I|Oj Ed�$ÔjG^�1̂Ẑ£:}?^j��+S^Pd1g�
G}=S^j_=� P`RvE^j� ¯Tv��]UjxRs� I|O^j_P^ E^P^l�� 1`°� # E^Pd1g� R}R}]HQ� $G^ E^ 4`Gv� ' Ed��
G^P^]YPd¯� .1̂�GsQ� ]WrW� ?�� 7vT`P^j�� $� GsQ� 1`Q R}� S^j_�V`Pd� ]W�N`S^ � R}� 4{]H�� S^j_P^j��
S^¦� Ed�  

���

�+1̂�?d� T^ 1̂P`7`P^j�?^j��+1̂�?^� 1`º�P^ ���� G`1̂j� $T^�P^� � 1̂µ4d Ed�� 1{ ?^� ¸jE^� 4^j?d��
O^j_�­1̂jQj� M`4`Gv� Ŝ7`�P^j�� xrH� G^j ?d� 7^l�]Wj =w� �ºĜ4^P�� 7`R_� # E^ 4`� 1̂¯aH�]Wj Ed��
]WP^]Wj¡Qj�«Q �G^Ed� �]H?^S^Qj�aU1`P`Qj�# B`�# E^ 4`�#¯aH ¦ Ed��# E^ �SsĜj1̂�BsµO^j¯�
N̂O^j � ��� S^j 7^j� 1̂aH�G^� 1{ ?^R_��� K|=}Qj� ®]Wj1{ E`S^j¯� 1sSsjP`� ®�uW� PgR�� R}?�� 7vO^j¯�
·]UO^j �4^j�P^j1̂j�S^¦� Ed��P`S^h�ĜS`�?^j��EvS`QO^j �LO^j=���]WG^�4`���1`°�LQ 4`�'G^��
T`�¶����T^j�N^xSsjG^� ]W �]HE`O^j�S^�X`�R}� 1̂¯aH 7`?^j��Sv 1̂=_7`P^j��R_�Rv?̂j"��P`S^h� 1̂EdI`?̂j�  

�,� Sv 1̂=_7`P^j�Qj��� ]Y eH� ���� G`� S^j_=Qj� S^jF^�R}� B^j ¦� �� �#SsjPd1`� Ss¼£G`� ,¸j�
S^jP^¦I|RvE^j����Ssj7^j�1}Qj4`�7^lT`?^j��1`º�Pg� uW�aYB^j?d�% =c1d�®]Wj1̂j�SsẐB`G^G`�?̂j��
�]WPv��#G`�G^j��S`G��1̂Edµ Ed�  

Sv 1̂=_7`P^j�Qj� ��� SvjS^jj� S^jj�4^jP^ � ]Y eH� Ss¼£G^]Hh�?̂j� B`P^]W]H�?`?̂j�� ¹DdR_QG^j� 7^laW�
S^jjPdaWI|B^j =w� +]Hh�?̂j� S^7`�?}� BsµO^jE^j�� ,E}� R}1̂ R}� 'G^��=j� 1̂¯aH 7`?̂j���



Bs�Q4̂�?^ ��� ¸j]W ��F}S^­� ��xrHG^� '�B^PgO^j ��¯QjSs�B^j� 4^ ´P^xSsjG^� P^l]H ���
I`?^jB̂jG`�?}� BsµO^jÊj�� 4{Aj1̂j� =jG`�?}� BsµO^jE^j�� ¹R_�QG^j� B^?d·j� 7^l�X`?̂j�����
S^j­� �N̂·j ¦� 7`R_� ,Ẑi£4`� %1̂�?v� Ŝh =jG`�?^¯� ]Hm:_Pd� 7sI`�?̂j�� B^j 4^N^�E^��� +4dPs4dPd�
]H?^jB} Ed��S^j_�T^�1d�SvjP^1̂j�G^?d¦�SsG^j�­Pd4`Ŝjj��'�4^G^P^aW ]Yi?d�E^�4^P^�S^j½£�1̂¯aH 7`?̂j��&�
X`Pd� ]HE`�]WG^ R}� ��� G^P^]YPd� xFsP^� 4`� �B`B`�� #¯� aHµ7`?^j�� P`S^m�� GvG^k� E�?̂j�
®Ôj?`¯1d�aW�E^ 4`�S^hG`�S^jj����

�
�G`O^jG`���# B`�7^laWG`P`"��]W �N^S^j_T^�P`�Q1̂j�R}G^O^j_�S^jj��$O^jG^�aH¦�S`?̂j�1`E^¯�
P^l@d�-I|Oj Ed��S^?dS^?d4`�G^?^1̂�SsjjE^QjrH�=_?^j��SvjŜjj�$O^j¯��# Êj1}Rv1̂�I|B^jG`� ���
B̂j 4^N^�E`� ®P^ � Ss L?d� 7`R_� uW]Hh� G^?d7`Ŝjj�� ·¦�B̂ � �� S^j_1̂j� N^O^j � SvO^jRvE^j�� $O^jĜ�
]HmPdI`1̂R}��]HSv¹ ¦G^Ev�B^?^S^h4`�Eg]H �Ssµ4d 7`?^j���

�
.1̂�xSs]Hh�B̂j 4^N^�E`�G^Ed�rYkP^j����% 1}�xSs]Hh�]Y eH�¹DdR_Qj���]W F`�Eg]H �G^Ssk�]WjBv��#¯�
7vB̂jQj� :}?d�]Wj =w� Eg]H � SsQjB̂jP^j� R}� :w4gÔjS^j_G^ 4`� 1̂¯aH 7`Oj� $O^jG^� ·T`Q� K`Q ��
Iz?^S`=c�G àW1̂Qj��X`�G^ �7vaWŜ¦��I`1̂�S^jj E^j� 1̂l7^jG`� �1̂?^j]Hh¯ ?`�N}9G^ � rH�=_?̂j��
�G`O^jG`�� �Iz�E^jGv� Rv]HhB`G^j�� ¯�E^1{¦�G`P^j�� ]H ?^j1} ?d�� #¯� ]H1̂�Qj� ]HPd¦�B^G^j� ·?d4`�
7`]H�¸jE^�]H?^j1{G`�?^j���

���

P`�­� ,SvS}� 1̂QQj�� G^P^]YPd� 4^j�P^ � ¸jE^� X`�Pd� 7v�]WjG`�?^j�� SvjS^jj� %]Wj1̂R}�
$?^j1{ =jG`�S^jj��G^P^]YPd�Iz?^S`=c�2�?`¯��%]Wj1̂R}�Ed4^SvaW��4^j�P`¯��Ps ?^j1`Ẑ£�¸jE^�RvaH�
]W1dµ ]H7vT`?^j�� 1̂QR}� ' ?^4`�� G`Qj4d =c1v� RvuHT`?^j�� X`�G^ � 7v�]Wj =w� S^Ẑi£� ª�QjŜj Ed��
P`·7s�=j1d E^� # E^Pd°� F`�G`¯1d� 1̂l7}Ms�=_?^j�� F`�G^ R}Gv� GvG^j� ¯�ÊR}1d� :_P^j1{G`�G^j��
P`S^h� 1̂l?`�� SvjS^jj�� Rv7v� ]WPd1d� B^lP^j�� Pv1̂Qj� ]Hm�Pd4`·7^j�1{G`�Oj�� G^P^]YPd� ¯T^�Q 4`�
F`�G^ R}���1̂G^jQj�BsP^S^RvE^j���Sv 1̂=_7`P^j�Qj�$�B̂ 4`�G^P^]YPdGv�4̂S^j¯�]WjG`�?̂j��G^P^]YPd�
1̂Ẑi£�BsPd7`?^j���,·j�7^laWG`Ŝh�G`O^jG`�  

 
�Tv�B^�S^�X`�R}�#T`�P^l@^jx?sG^�OskF̂j¯��7^laWG`G^j��G^P^]YPd�,E}�7sLjB^jG`�?̂j�  



Sv 1̂=_7`P^j�Q�1̂Ẑi£�7sS^jP`�Oj��$O^jG^�4{ B^j�4`�E^Ed1̂xSsj Ed�  

�G`�1̂n�]UP`O^j?v���G`�1̂n�]UP`O^j?v����1̂QS^Pd�]WjG^��=j4`�' Ed���Eg�P^�S^j�G^ �  

1̂ aH 7v�$O^jG^�]W�P^ �'G^��=j ?d�4^ ´P^xSsjI|Oj Ed�  

 
1̂n�]UEvS^P`O^jQ1̂j�#­G^S^j�1̂xSsjG^�E^ ?^G`O^j1̂jQj�&O^jG^� ]HmPg�1̂jQ=�� ]Y eH� ]HB^G`G^ B^P^ �
rHG^j4{ ?^1̂j�B^P^µI|OjG`��­Pd4d�ŜjS^j1`P^ �7`S^1̂�&O^jG^�%1̂�?d1d�S^7`�?^j��B^G^�I`1̂R} ¦�
+�P^¯� G^kQjE^j�]WjQj� ®aW� 1̂7^�� I|aW� 4}¦� ±4d 7`?^j�� SvjS^jj� (aHPd� ±4̂L�=c� 7^l�]WjG`� ��
B̂Q�1d E^jQj4`�º P`]WG^ R}�M`A � ]W Fd 7`?^j�4`µR}1d���B^=_QjG^�O^jD`�]H1`P^ �¯QL?d�#Ed�
GvQP`Rv��R}4`�% 1}�M`A �SvaW�Ŝj½£�E`¯��4`µR}�¯QL?vR_�7vT`?^j��Sv 1̂=_7`P^j�Qj�# B̂�
Sv4̂ 4`� 1̂E^jQjB`P^¯� SvjS^jj�(aY 7^RvE^j�� Ps ?^j7vB^jR_� 2�?^� �]H»P^ � 7v�]Wj =w� $� SsjP̂j]HhQ1̂j�
S^j_1̂j� 1̂Ẑi£� xMs�P^j� 1̂S^j_�Oj�� G^Ed� .�?^jG^� rH�E^� rH�E^� L ?^P`Ẑ£G^j� +�­� #S^B^Q� ·aWPvT`?̂j��
$P^jG^�P^�#?^j4^jQ�G^P^]YPd�# B^�N`Pg1`O^jj�Ac�E^lEdaH 9R_�4`µR}1d�RvaH�:_�4̂�B^4`�%]Wj1̂R}�
E{�Pd 7`?^j�� G^P^]YPd� ]H B^ � ¸jE^� $O^jG^� E^�4̂P^� 1{¯�P}¬Qj� 4^?dI`S^jj�� SvjS^jj� Ŝ7v��]Wj =w�
# ÊPd�G^jE^j=�1̂j 1̂jS^j�Ed�Ed�'y7s�]W�P^ R}�,E}�#G`�?^j��B^j 4^N^�E^�rYkP^jR}�1̂µaWI|O^j_Oj�
$ÔjG^� S^j_=Qj�� ]WlP^j�?^j� #�]W·j�]WjG`�?^j�� E^lP`G^� '�4^G^P^aW ]Yi?^j� S^jSvj��
7^l�]WjG`�?̂¯aH ¦ Ed�� G^P^]YPd� $O^jG^1̂j� G^S^j]W�Pd ¦� �[`�B^ � �� #¯� % E`1̂� $O^jG^�
7saH�ĜEvE}�'7^�Pd 7`?^j�  

�Ms�Q � 1{�=cG^� P`OjR_� ,·j�=_� 'Qj1̂l� ]HQj1̂l� RvE^j�� #SsjPd1`� ·TvV`Qj� 7s]Hh����� GvGvE}�
7s]H�M}B^j =w� ]W�P^jŜj¯� $I`?^j�� S`G�� �� uW�aYB^j?d� %�Qj� S^¦�Ĝ�=w� S^h Ed�� ·T`Q 4`� S^h Ed��
%�ÊP^ �Ss¼£�uW�aYB^j?d�% �=}�7`O�j�R_ =cEvE}�B`4`S^jj��4^B^ R}�$�%�Qj�]H ?d=��QÊ=��S`P^j�
R}O^jG^j� S^Edµ�Ss¼£I|Ôj_1̂� �X`¯1̂jQj�7^S^�4`� 1{Gv]Wj� 1̂jG`�P^j��#�=w� +1̂j�S^uW]Hh� 4̂?^]H1̂j ?`�
G^G^j��% =cE^�4^P^�Ed aH�Ss¼£I|O^j_?^j�P`S^h���

���

2 ?vR_�R�� 1̂j� #S^jP^G`D�� Ôj_�B^� 4̂jPd ¦� 1̂lQ 1̂]U 4`� BsQj]Wj��O^j_�B̂� �º� Ĝ4^P�� R}� ]H 7^·j�
P}¬� SsjjE^QOj� �]H]Y�R_S�� �7^ E^G`�Pd� �Tv]UG`4�� �]H 7^B^Pg�� Q� ¸jÊj4`� 1`µG^?^1̂G^� Ss¼Bv�
�T`S^A]Hm�PdS^j� G`?^j� µ 4^E^P^�G^ B}� S^jj4^j�]Wj Ed�� RvE^ =w� ]H]Y�R_S�� 1̂j�� 1`P^j� R}� Ss¼£� ��
#1̂�?dG^j ?d� #S^jP�� G`D�� G`Qj4̂jP}¬�R}� Ss¼£P`S^7^j��� 2 ?vR_�R�� B^G^1̂j� BsµaWG^�
S^j]Y B^�]Hm:_Pd�¯� 1̂µaW� Ŝ�X`G^¯� SsZ`£?^j�� 2 ?vR_�R��� S^7v�]WPd1̂�R_� /� G`Qj4̂jP}¬Q1̂j�



]WPd]H?`� L�=Qj� ]W�P^j1{G`�G^ Bv�� �X`M��� ]YS�j�� 7^Rv 4v�� »P^G�� Ssk4d 7`?̂j�  

�ºG^4̂P�� G^j ?d� ]H]Y�R_S�� ]WPd�4`� #P^xSs� xSsjẐi£� �� +G^�?^k� 7^l?^¯� 7s�=j��R}O^j� # E`Qj���
2 ?vR_�R��.1̂��S^j_=�S^j_�=_?dBv�.�=j��1{ ]HEgaW�G^G^j��N`P^ 4`�N`· 7^?̂ �RvE^j� 1̂E`��G`�
(]Y�B^]H�¯�#B^G^j� G^G^j�� 4�P^· 7v� ®Pv� 7sLjB} Ed�� P`S^h� S^j_=Qj� 4^j�P^j1{7`�Oj����S^j_�
Ssjj�B̂ � Ms=_µO^jG�� R}� 2 ?vR_�R��� B^P^jS`Bv� +S^xPsG`� ��� #B^¯� ®P^j� # BvGvSsk� #¯�
]WPdrH�=j1{G`��� ]WPd�4`�&�B^P^»�S^j�G`Gv��$�T^Oj 7vS`?^j�G^P^]YPd��+ B}�#S^]WP^xSsjBv�4`¯�
G}P^j�·uH�S`?^j�1`E^j��# E^P^l�Ss1d�Pd 7vS`P^j��Rs1̂�7vuWS`?^j�1`E^j��.1̂X`Pd�GvG^j�¯�P` B̂�
I|Ovj� ]5=G^� .1̂=c� 9Pd4d Ed�� '4`Ed� ]H ?^j4^� S`Pd� (PdR}� M`4`� 9P^j4^jB^j E^¯� G^G^j��
®]Wj1̂jSsZ`£?̂j�G^P^]YPd�  

 
$� 1̂j�4`Ŝj R}� �]W N`1̂n­R}� SsµT`?^j� G^P^aW ]Y� X`�·j�� ·9O^jG^4^P^� 1`Q � G`=cG^j ?d�
]Hm:_Ed1`Qj� 9P^j4̂jB̂jG^��=j� E`2R_Qj� 'G`�Oj��O^jj�E`¯1d� I|OvjŜjj E^j� E^ ?^G`O^j1̂jQj�
G^P^aW ]Y� X`�·j¯� 1{µ¦� LO^j�RvPv� S`P^=��7`R_� S^jaYS^j� 4^QS`?^¯� 7s]Hh�1{Gv� S`P^j�� SvjS^jj�
SsZw£� ]WPd1d� ]Hm:_Pd� Ŝj �B`Qj� ·¯aH�]WjG`�Oj�� (Pd1d� 1{ 7s � E^lP^ 4`� xPsRv��=_1��� #=k�
�%=k�IzR_Qj��P`O^jQeWŜj� ]H�RsOjG`�$�Ovj?̂j� Ŝ P^ �M`4`�#OjG^�=j Ed��IzR_Qj� ]H7̂�4`�
'G`�Oj�� ' ?^j ?d� .1̂=f� #P`� xPsQj� 1̂lB^Qj� 7^]Hh�?̂j� ·¯aH�]WjG`�Oj�� G^P^aW ]Y� X`�·j�
7^j�=k�N^�1̂jQj�¯QL?^j1{Gv�'G`�P^j�� ]Hm:_Pd� 4^?^�]W N^ R_�o�S^ 4dI|1̂�Iz?^S^h4`� ŜhG`�?̂j��
»P^­�®]Wj1̂j�S^7`�?^j�� 1̂Ẑ£1̂�E^j1{G`�S^jj�� ]Hm:_Pd�Ssjj]Y R}�,E}� ]HPdB^n�aH��B`G^j� ]Hh�=cĜ�
7}=w�X`�·j� uWS^R}�4^?daH���#Ev�S^j�=cR}� 1̂µaW�I|B`G^G^��.1̂�+P^j1̂S^�Q�S^¦�G^� �]HT` B^B̂����
.1̂�S^j»X`�S^j_9��]HP^ ]HP^R}�B`G^j�.1̂?dG^G^��R}R}]Hµ�4^P^� �S^�Q�1`S^7^j���]Hm9Ŝjj4daW Ed��
9G^ R}� 1̂Q1̂Q � Pv4d Ed�� +S^P}� M{L�Pd�]Wl� �9L�Qj� 7^P^j7^j1{ =k� QO^jL�Ê 4`�
G^�Pd�]WjG`�P^j�� G`� ]H1̂�G^� 7^l�E^jG^j� 1̂E`� o� G^P^]YPd� Rv?^j�� 9G`Qj� B{1d�]WR_?^jB^jG`�P^j� ��
G^Pd¡S^jX`�·j�S^Ẑi£�R}1d�S^¦�G`?̂j��#¯�� ]Hm:_Pd�B^=_QjG^�Ed4d�9G`QG^j��T` B̂ �T` B^ ��
#¯�S`Pd 7`?^j��# E^P^l�E^lP^ 4`� xSsE{Q4d�GvQ¸jE^�Ssk1̂Pd�R_P^j��G`� 1̂Ẑ£G^j�GvG^j�G^S^j�Rv1̂�
I|O^j_G^j� ĜP^]YPd��� $QÔj� Ŝj_�P^ 4d1̂jQ� B`Z`G^j4^jA 4`� 1̂Ẑi£�� 7vB^jQj� ­]Hh�B̂l�
G^�Pd�]WjG`�?^j��9G`Q E^Pd°�1}]H 4`��©B`�P^ 4`�7^l�]Wl��N^j:_QE`1`�'Ĝ��¬�=j�+4dPs4dPd�
]H?^jB} Ed�� =t 1`O^jQj� ]J=_� ]J=_� S^j¯� ]H4dR_Oj�� ]Hm:_Pd� G^naW ]Y�]WS^ � 7v�]Wl� 1̂P^l�P^�
»P^­� S^j½£� ®]Wj1̂j� Ŝ7`�P^j��G^Pd¡S^j� X`�·j¯� P`�� G^Qj7^j1̂j� ­ =_�G`��� �� #G^��=j�
+4^jP^jB^jG^�� G^P^]YPd� G^jE^j=� G`S^j � Ed�E`?^j�� % B^R}� G^P^]YPd� QO^j� B^aH� Ed�� E`]WP^jQj�
�B^ �?g�� #¯� G^P^]YPd� I`E`Qj� Ssjj1d�� G`4̂jQ1̂�=� E^�4̂P^� 7`S^jP`Qj� ¸�]Wl� ·�T^·j ]H� 7vT`P^j��



# ÊP^l� Ss¼£� I|O^j_P^j�� ]Hm:_Pd� ®�P^�]HX`E`Qj� ®]Wj1̂j� S^¦�� �G`O^jG`� ,·j� N^�1dP`� °Ed�
+G^�?}� ·G`�G^j� X`�·j� S`P^j� $ŜaY 7^?^ ��� &� G`?̂j� 7^laWG`Ĝj��� #¯� ¯ ?^j4`�
$ºP^�Ed 7`?^j�  

�X`M��7`O�j��eHOvj 4v���2 ?vR_�R���S`G���$uHT`?^j��7^�Q¯�S`B`ŜP^A R}�Sv?d�Sv?d�I`°O^j �
R}¯1d� Ed4^jB^j =w��� �I`A`¯1d� »Oj4`� #¯aH ¦ Ed�� �]W4^ E^lP^ � S^7v�T` �� #G`�?^j�
2 ?vR_�R��� S`G��� �X`�P��� 7v�]Wl�� G`1̂j� S^j4^B^4`� ¯�E^� ]H�=c Ed�� ]H]Y�R_S�� R}� Rv7`G^j�� ]W]Y�
O^j_�­1̂jQj� 7`R_S^j Ev� S^hG`�P^j�� &� ]HEvẐi£4`� G`R}� uHP^j1̂jI|OjG^� . =PdB^G^ �
I`PdI|B̂j E^¯aH ¦ Ed�� 1{ ÊP^j� ·EvºO^jjQj� 1̂l?`� 'G`�P^j� 4^j ]HhR}�� G`Qj4̂j� P}¬Q�
B̂P`�B̂�1̂Qj�X`G^¯�7saH��rWQS^h®]Wj1{¯�Ss¼£I|O^j_?^j�2 ?vR_�R����+1̂�?`�LO^j=�­P^4̂�S^�E^¯�
4^�=c4`�rY7^�Pd 7`?^j�P`S^h��P^S^jAc1d�K|G��7vuW�$R}7^G^�·P^·j 7^j1{G`�G^j��xGsI`R��G^S^Q�.1̂=c�
M`4��R}�S^h ?`µ��S^j½£�'B`¡]Y �S^¦� Ed��G^S^Q�7^E^jS^hB̂l�+]Hh�?}�¯�ÊI|O^j_G^j���

���

# B̂� P^�Eg� ' =j Ê¯� GvG^j� +G^�?^k�(aY 7^RvE^j�� G^?^S^Rv¯� S`Pd¯� ?}¶�R}� Ssk�]Wl� Ôj_�B̂R}�
X`O^j 4`� �X`¯1̂�S^jj�aWS�j�Qj�7`R_�S^j Ed�SsG^j1v�S^�]WjG`�P^j��µ�?^P���G^Ed¸jE^j4`� ]H7^�¯�7s�=G^j�
7^l�]Wl� ]HP^S^T^ B}� G^?^j�]WjG`� �� 1{ B^S^j Ed� 4{ Bs�­� I`?^jB^jG`�P^j�� 4^j ]HhR}� +S^PdE}�
4{ B^j1̂�#]Hh�?^]Hh�?̂j�4^ ´P^ 4`�·G^L?^jB} Ed��+S^P}�9P^�G��·Rv2Pd�� uHP^j�1`
J�S^jG��G`B}�
S^j_=Qj� 1̂µI`?^j��G`� eJµ 4�¡��+R_�S^hG`�Osk�7s]H�ŜjG`�?^j����G`1̂ B^�N^�1d�RvE^j��G`R}�
1̂jB^l]YQ � 7`R_� +1̂j�S^�� 7`R_� 1`Q � G^j ?d� 7^l?^Rv1̂I|B^jG`��� &� X`Pd� ]H�=jÊQ4`�
S^7`�Ĝj��#¯� 7sI`�G^j�� #B^G^j� �X`Qx1s=�� �� �X`Qy4s�=�� Q� 4̂jPd ¦� ·S^Pd ¦� 4^j]YR}� µ 4^ �
�X`Qy4s�=��#¯�7sI`�?^j��$T^�P^� 4`�B^G^1̂j�¹S^h?dR}�N^�1d�S^h Ed�#¯�7sI`�?^j��B̂G^�B^�µB̂ �?^jQj�
%�ÊP^l� 7^¯I|O^j_P^=�� B^G^j� 1{ B^� 1`Q 4`� S`�P`� ]H�­1̂Q1̂j� P`�]Wl� 1`Q � SsẐ£�
Lj7^j�B̂jG`�G^¯�7sI`�?^j���7^E^jS^h1}S^7^j��1̂E`��# =w�B^G^1̂j�academics �R}�$]W�1d�Ĝ¹ ¦ Ed�
#G`�?^j��7^ E^G��S`PgR}��xGs=��1` 
H���S^jG^rW E^j1}��]HT` B^ 4`�#¯aH ¦ Ed�  

���

§1̂�=}� 1̂µaWI|B̂jG^�� S^n[`QG^j� 7^l�]Wl� ' ?dI|O^j_G^j�� G`1s E^j1}� X`O^j �B^S^j =w� +1̂�?}�
N̂O^j ��� E`¯1d� Ps ?^j� LQxSsjĜ� 1`P^A`Rv� 'G`�Oj�� aH�QQ E^P^ � .1̂X`Pd� 1}G^1̂j� SsZ`£ ��



Svj?d]HẐi£� 1}T` �� # B̂� R}B^jRv¯� 1{QG^j�R}� &E` �� 7v]HQj� I`E`Q� 7^j�=k� 7vPd� 7^1d�µ4dµ�
rH?^jB^j =w� 1vPd B^Qj� 1{�=_ � �� SvjS^jj� ­ =k�� S`=c1d� $»P^ � SsE^9�R_ � 7^j�=k� 'G^���
]HmE}=QG^j�7^laW�ŜjjPdaWI|O^j_ ��B^R}�Ed1̂j�1̂j�I|Ôj_P^j��S^j_R}�S^jj�4^jPd1d��S^j½£�1{QG^jR}�
&E`Q¯aH ¦ Ed�� G^P^]YPd� B`G^j� 4̂�=jG^� 1̂l7^j¯� �¸jP^j� &E^ ?d� �� #G`�?^j�� 1{QG^jR}�
.1̂xSs]Hh1̂j� SsZw£� 1{�Eg� R}B^j� +1̂j�S^S^hB} Ed�� F`P^I`B^ 4`� xrHG^j ?d� 1{�B̂� °P^j� S^¦�� ]H?^jB̂lGv�
'G`�Oj��GvG^k��P`S^h�°Ẑi£�9�Qj1{ =k�·G}Ed�]WjG`� ��SvjS^jj�+ B^uW]H=c1d�LO^j=c1d� P`1̂�
I|Ovj]WPd1d� G^P^]YPd1d� ·]Wj4{¦�� SvjŜjj� &E^jB^jG^�� 1{QG^j1̂j� %P^xSs� #?̂j4^jQ� +�B̂jR}� 7^PdO^j�
¸jEd1d� +1d�� �]HT` B^ 4`� 1̂l7^jG`�?^j�� GvG^j� P`S^hG^j� N^O^jrH?^E`S^j¯� 1{QG^jR}� .1̂S^jkQ1̂j�
SsZ`£Ĝj��# Bv�Lj?^j 4^jS^j¯�S^jj¯4dI|Ôj_G^j��$1̂jQj�°=cR}�7s?̂B^?d�uW�Ŝ7v��S`]WĜ��.1̂�X`Pd�
G`1v¸j� B}7^RvE^j�� ]Wl�Qj�� Pv4d]HẐi£� �9B^4`Ẑi£� # E^P^l� 1̂Ẑ£S^jj E^j� 1̂EdR_P^j�� T^�1dSvjP^1̂j�
��� GvQG^j� 1`Ẑ£B}� B^¯�� xrH1d� Ŝ7`�G^j�� G^P^]YPd� 7^PdO^j� Ed4̂jB^jG^��=jG`�?̂j�� 1`°� G^G^j��
7^l?^RvÊj�� P`S^h� ĜG^j�� 7^luW� #S^1`T^ � RvE^j�� S^j½£� Ŝjj¯4dI|O^j_G^j�� % 1}� X`Pd� Ssjj�B^ �
T^�1dG^ B`� 1̂l?^4^�=j1{¯� xrH1d�+4dP`G^j��G`�LQ �7`QRvE^j��R_4v]Wj1{G`�Oj�°Ẑi£��#]Hh�?^j�
7^lT`?^j� G^P^]YPd�� ¯Qj7^jG^�� ]JZ`G^� E^l1`?^j��� rH�E^T^�L B}�� +?^ 7v�B}� G`� SsjjQB`?^j�
E{P^1̂Lj7^j�1{¯�LP`LP`�R_1{�¦��L ?^P`Ẑ£¸jE^�1̂l7}Ms�=_?^j��X`O^j �B^ �+ ?̂R}�S^Aj1̂j�
B̂�4^RvE^j���$�EsL�1d�/�S`P^ �P}¬Qj�S^Ẑi£�X`�FgG^ �BsµO^j1̂j ?`�9�P^ �S^¦� Ed�  

���

% 1}� X`O^j �B^ � GvGv� 1`Êj�� +S^P^l� S^jP^¦I|RvP^j�� + rW=�� Pd9�R�¡� Ŝ7`�Oj�� G`1̂j� S^ Ê�R}�
P` 1̂j� S^¦� Ed��G^P^]YPd� uHP^j�(P^ B`�S^j_P}�4dI|Oj Ed��B^G^1̂j� �uW=�� ]J�
W� P` 1�� S^¦� Ed��
G^P^]YPd� ,?g"� 1̂¯aH 7^?v"� G^P^]YPd� % �=}� # E^P^l�$G^ E^ � ]H�=Rv1̂� S`?d1}]W �7^l�]WjG`�P^j��
S`?d¯�1̂QS`QG^��$P`= R}�S`Pd =c1d�SsZ`£G^j��#]Hh�?v�S`Ẑ£�G`G^�1̂j�G^P^]YPd�P`aWG^�'�B̂P^ ��
E{Pd1d Ed��B^G^j�%�Qj�S^Edµ�Ss¼£�I|B^jG^��=j��.1̂�=w�S`1̂� �  

 
G^P^]YPd� +]Hh�?}�� #G^�� S^j_=Qj� .1̂�X`Pd� G`� S^jG^]WjR}� SsjEdR_Oj�� �N̂Pd 7^Rv¯� E^j!2 � R}�
4`¯��·j­¸jPdG^�$G^ E^ �R}�4`¯�1̂°�P^j�1`P^�1̂j��#Ed�G`1̂j�#]W]Y� �  

���



S^jP^j]W=c�P}¬�ÔjD`�]H1`P^ �%G^jS^j?d ¦G^�'B`¡]Y B}�LO^j�RvP` ��Tv]UG`4�� xSs]Hh�� ÊlP^ 4`�
,?^j� ¹2P`Qj� o� $EdTv]Uj�Ac� I|µ�� # E^j1v� S`=c1`uHP^j�� #?^j4^j� SvO^j=_¯1d� 1{ 7s � �T^S^j�
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rH�=jG^�G^S^h�1{G`�S^j E^P^ ����

�
                                                       ��

 


