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> mWVYXo_ZmW[^X\VyXoTW[^h cedWX _a]Z`b_a[kXo_Zm `b_oXZfW� [^]\X\rQh hH[ _a]\r��^`ud�g [ TWVyX\�^c�qe[k]Z[^T@?�VY_am _ami[HS >=A S�B
[DCi� [^]\Vyh [^d�_ [kqu[^d3Vjt�dW`b_afW]\[|�^cedWX\�WVy]\[^X�_acC� mWcQceX\[ cedi[ocbt�_E? cH]Z`b_ami[^]�TWVGF �kfW�Y_��^`uXZ[kXIH

J d#_amW[LK ]\X\_H� `uX\[�?�mW[k]Z[ g `u] recedNM5d fWhxg [^] VyX2? [ ` O �Yr�qQVYce� `b_Z[^TQP�_ami[ �YVyzem�_Z[^X\_CX\fW� [^]ZX rQh�M
h [k_Z]ZVy�B� `b]\_aVY�^�Y[ Ti[^� ` rQX VYd _Zc�_ZmW]Z[k[SR f `u]TO XIH > mWVyX �y[^`uTWXC_ac�[kqe[kd�_aX�?�VY_Zm ` qe[k]\r � `u]\ze[
hxfi�Y_aVY�W�yVY�^Vj_sr cutVU\[ _aX+?�mWVy� m �W]\[^X\[^d�_aX|` TWVGF �^fi�Y_p�^cehxgiVyd `b_Zce]ZVY� `u�:�i]ZcegW�Y[^h,`b_~`Hm `bTW]ZcediVy�
�kce�y�YVyTW[k]IH > mi[~TWVyX _aVYdW�k_ZVYqe[ �W]\ce�7[k]\_srHcutR_ZmW[~XZ[k�^cediTl�^� `bXZX cbt:hHcQTW[k�XWC`udWcehH`u�YrYM5hH[kTWV `b_ZVyced
W>VyX _ZmW[ dW[ `b]lTW[^ze[kdW[^]Z`u�kr cbto_ZmW[ XZfW� [^]ZMs� `b]\_adi[^]ZXBcuto_ami[�B@n2[M� \!? [^` O g ceXZcediXIH > mW[
mW[^` q@VY[^]�� m `b]Zze[kT�?�VYdWcxTW[k� ` rQX��W]ZcQTWfW�kVydWz Vj_aX VYd�q@VYXZVYgW�y[ dW[^f@_a]a`b�R� `u] _adW[k]IPi_ZmW[~�W]\[^XZ[kdW�^[|cut
?�mWVY� m�hxfiX\_ g7[CVyd@t{[^]Z]\[^T t{]Zceh&_amW[H`u�W� `b]Z[^d�_odWced]Ms�^cudWXZ[k]\qb`b_aVYced�cut _Z]a`udWX qe[k]ZXZ[HhHcuhH[kdNM
_ZfWh,P@`uX�? [k�y�7`uX XZ[^�kcedWT `b]\rH� `u]\_ZVy�k�y[Y[{X^\_?�VY_Zm �Yc`? _a]Z`udWX\qu[^]\XZ[ h cehH[kd�_afWha?�mWVY� m hxfiX\_wg [
[DC@_Z]a`u� _a[kT�t{]Zcuh ` � `u]\ze[~g `u�^O ze]\cefWdWTbH

c cud _Z[dM vw`u]Z�Yc3XZVYhxfW�y`b_aVYcedWX|`u]\[H[khH�W�Yc�re[^T�_ac XZmWce? _am `K_ t{ce] _ZmW[ h c@Ti[^�yX|[DCW`bhHVYdW[^T�dWcu_
cedi�Yr �^`udl_amW[ TiVyX\_ZVydW� _aVjqe[~X\Vyzed `K_afW]\[~cut _amW[ h cQTW[^�7� `udBg [ [dCQ_a]Z`u�k_Z[^TQP gWf@_�_am `b_ `�qb`u]\Vy[ _sr
cut�hH[^`uXZfi]Z[^h [^d�_ZX<[{XZfW� m3`uX�cut�XZ� `u] _aVY�^�y[ hH`uX\XZ[^Xf\w� `ud�`u�yX\c g7[|hH`uTW[gH

> mW[hK d `u�R_E? c � mW`u�i_a[k]ZXp�W]Z[kXZ[^d�_~`ud�VYd�qe[^X _aVYz�`b_aVYcedBVyd�_acC� `b]\_ cut�_ZmW[o[dC@�7[k]ZVYhH[kd _a`u�:m `u]\TNM
? `u]Z[6?�mWVy� mi?�Vy�Y�$g7[CqQVY_ `b��t{ce]o_ZmW[^X\[ `udW`u�YrQXZ[kXIH�j [^`uh _a[kX\_ZX�cut S >=A S�B�XZ[khHVY�^cediTWfW�k_Zce]
_Z]a`u�^Ob[^]~h c@TifW�y[kXpTW[khHcudWX\_Z]a`b_Z[ _amW`b_p_ZmWVyX XZfigNMsTW[ _a[k�k_acu]~� `ud�g7[ [dC@� [^�k_Z[^T _Zc �7[k]\t{ce]\h._ac
Vj_aX X\�7[k�^VkK � `b_ZVycedbP@�W]\c�q@VYTWVydiz _ami[ zecQc@THXZ� `K_aV `b� ]\[^X\ce�yfi_ZVyced `udWT [dF �^Vy[kdW�kr!?�VY_Zm �yce? dWcuVyXZ[gP
[ qe[^d `bt _a[k]w_amW[|[IR fWVjqb`u�y[kd _�cbt�_Z[^dBre[ `b]ZX cut�VY]Z]Z`uTWV `K_aVycudQH
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> mWVYXxTWVYXZXZ[k]\_a`b_aVYced+VyXo_amW[ ]Z[^X\fW�Y_xcut�h�r�c`?�d1? ce]TO P�[DCi�k[^�i_ ?�mi[^]Z[l[DC@�W�yVY�^VY_ ]Z[ t{[^]\[^dW�k[lVyX
hH`uTW[ _acl_ZmW[ ? ce]TO cut cu_amW[k]ZX	P�`udiT�mW`uX dicu_|g7[k[^d�XZfWgWh VY_\_a[kT t{cu]|`udWcu_ZmW[^] R f `u�YVGK �^`b_aVYced
_Zc _ZmWVyX�ce]�`bd r cu_amW[k]�fWdWVYqu[^]\XZVY_sr H

S �y`ud�jw`u]Z]
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J ? cefW�yT �YV Ob[�_ac+_Zm `ud O�_ami[ ��`u] _aVY�^�y[3�$m rQX\Vy�^XB`bdWT S X _a]ZcudWceh�r�� [kXZ[^`u]Z� m v cefWdi�^Vy� t{ce]
�W]\c�q@VYTWVydiz�K d `udW�kV `u�iXZfW�W� ce] _�TWfW]ZVYdWz~_amiVyX�TW[kze]Z[k[0[ fWdWTi[^]����7S���v#X _afWTW[kd�_ ze]Z`ud�_$d fWhxg [^]
���7S�� B�� B�� �"!#!#!#�u���#$%!#$ \dH

& ce]~qb`u]\VycefWX �W`u]\_ZX cut _ZmW[ `ud `u�jrQXZ[^X	P J m ` qu[HhH`uTW[ fWX\[Ccut _ZmW[CS >=A S�B �Wm�r@X\Vy�kX `bd `u�YrQX\VyX
t{]Z`uhH[d? cu] Ol`udiT _Zc@ce�YX ?�mWVY� m3`u]\[ _amW[|]Z[kXZfW�j_�cut��^ce�Y� `ug ce]a`K_aVycudNM ?�VYTW[p[('<cu]\_aX	H

J _a` Ou[3_ZmWVyX ce�W� ce] _afWdWVj_sr�_ac�_Zm `ud O#�^cu�y� `bg7ce]Z`b_acu]ZXC`udWT>cu_amW[k]ZX6?�mWc+m ` qe[3zeVYqu[^d TWVY]Z[k�dM
_ZVyced3`udWT3_Z[^� mWdWVY� `u� mW[k�y� TWfi]ZVydizH_ami[0? ce] OBced3_ZmWVyX�_ami[^XZVYX*)RVYd3� `b]\_aVY�^fW�y`u]+j [^d3S �y�y`ud `u� mbP
+ `udi[k_Hvw`u] _a[^]	P A `b]ZX-,�O �yfWdiTQP + ceXZ[.,$dW]\V R fW[0/|`u]Z�kV ` P + `bhH[kX-1p[ _amW[k]ZVydizu_acedbP + cumWd21pVY�y� P
v mW]\VyX _ace�Wmi[^] A [^X _a[^]	P�/|`u]\[k_am c c@ce]\mW[ `bTQP ��[k_Z[^].��Vy� m `b]ZTWX\cedQP } ` q@VYT3��cegWVydiXZcedQP c `b] M
�k[^�54�ceX	PQj ] r�`ud76�[^gWg [^]	P BQ_Z[kqe[86�cu_\_aced `bdWT [^X\�7[k�^V `b�y�YrBh r3X\fW�7[k]\qQVyX\ce]IP<S dWTir3��`b] Ou[k]IP
m ` qu[ `u�y� hH`uTW[|qe[k]\r qu`b�yf `ugi�y[|�^ced�_Z]ZVygifi_aVYcedWXIH J ce? [x` XZ� [^�^Vy`u� _am `ud OQX _ac v � `uVY]Z[ t{ce] mW[^]
�kcedWX\_Z]ZfW� _aVjqe[o�^]ZVj_aVY�^VyX\h.`udiT�`b]\_aVYX\_ZVy�~�kcedWXZfi�Y_ `bdW�kr H

> mWVYX�_amW[kXZVyX�VYX�TW[^TWVY� `b_Z[^TB_ac h�r �W`u]Z[kd _ZXIH

9;:�< ��=��?>5��=��@���

c fi� m cbt:_amW[�? ce]TO Vyd _amWVYX _ZmW[^X\VyXwm `bX�`u�y]\[ `uT@rHg [^[kdl�WfWgW�YVyX\mW[^TQH > mi[�? ce]TOHcudA� Ms��`u] _aVj_sr
qQVycu� `b_ZVydWz�XZfW� [^]\X\rQhHh [k_Z]\r>XZVyzud `b_afi]Z[^X�[ � m `u�@_a[^]ABY\6?w`bXl�WfWgW�YVyXZmi[^T Vyd _E? c + 1�,�� � ` M
� [^]\X-CD� P\�FE H > mW[�X _afWTir cut$`udWcehH`u�Yr hH[kTWV `K_a[^T XZfi�7[k]ZX\rQh hH[ _a] r�gi]Z[ `gOQVYdWz�[{� m `u�i_Z[^]�GY\wVyX
` qb`uVy�y`ugW�Y[ `uXHCIG PJB%E H

c fi� m cut|_ZmW[ _a[kX\_ag [ `bh `ud `u�jrQXZVyX	P�TW[^X\�^]ZVYg7[kT Vyd � m `u�@_a[^].K+mW`uXlg7[k[^d hH`uTW[ ` qb`uVy�y`ugW�Y[
VYdLCNMeW�$OE PWcu]=?�VY�y�7g7[|�WfWgi�yVyX\mW[^TBVYdBt{f@_afW]\[oS >=A S�BBdWcb_a[^X	H
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� H � > mW[oX\_a`udWT `u]\T�h cQTW[^� H0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH B

� H � H � ��`u] _aVy�k�y[kXp`bdWTBVyd�_a[k]a`u� _aVycudWX HhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH B

� H � H � > mW[ Ti[^XZ�k]ZVY�i_aVYcedBcut�hH`uX\X HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH K

� H � H G > mW[ 1 VyzezuX�h `uX\X�`udWTB_amW[ _Z[^� mWdWVY� `u�:miVy[^]Z`u]Z� m�rl�i]ZcegW�Y[^h HhH0HhHhH $

� H � B@fW� [^]\X\rQh hH[ _a]\r"H0HhHhH0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �#�

� H �NH � �~qu[^] q@VY[	? HhHhH0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �#�

� H �NH � /|]Z`udWTBfWdWVkK [^TB_amW[kce]ZVY[^X:H0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �"G

� H �NH G > mW[ h VydiVyhH`u� XZfW� [^]\X\rQhHh [k_Z]ZVY�oX _ `udiT `u]ZT h c@TW[k� H0HhHhH0HhH0HhHhH �OM

� H �NHNB � M5� `u]ZVj_sr/H0HhHhH0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �"!

� H �NH M B@fW� [^]ZX rQhHh [k_Z]\rBgW]\[ ` O Vydiz HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �e�
� H �NH K S d [dC@�7[k]ZVYhH[kd _a`u�:� [^]ZX\�7[k�k_ZVYqe[ocedl_ami[^ce]\[k_aVY� `u�:h cQTW[^�YX H0HhH0HhHhH �%G

� H G B@fWh hH`u]\r HhH0HhH0HhHhH0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �#M

 !"��#$!&%  ('

�NH � > mW[ A 1~v HhH0HhH0HhHhH0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �#$
�NH � �$m�r@X\Vy�kXpzece`u�yX HhH0HhHhH0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �*)
�NH G }~[k_Z[^� _ace]�ze[kcehH[ _a] rl`udWTB_a[k]Zh VydWcu�ycezuraH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH G��

�NHNB J dWdW[k]pTi[k_a[k�k_Zce]�HhH0HhHhH0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH G#G

�NHNB H � ��V C@[^�:TW[ _a[^� _ace] H0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH G $

�NHNB H � B@[^h Vy�kcedWTWfW� _ace]�_Z]a`u�^Ob[^] H0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH G $

qQVYV
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�NHNB H G > ]Z`udWXZVj_aVYcedB]a`uTWVy`b_aVYced _Z]a`u�^Ob[^] H0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH G )

�NH M vw`u�Yce]ZVYhH[ _a]\r H0HhH0HhHhH0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH G#!

�NH MNH � ,��Y[^� _a]Zcuh `uzudW[k_ZVy�~�^`u�yce]\Vyh [k_Z]\r(H0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH B��

�NH MNH � 1 `uTW]\cedWVY� � `u�Yce]ZVYhH[ _a]\r HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH B��

�NH K c fWcud�X\�7[k�k_a]\ceh [k_a[k] HhH0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH B G

�NH K H � ��]\[^�kVyXZVYced � m `uhxg [^]\X H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH B M

�NH K H � > ]\Vyzeze[k]�� m `uhxg [^]\X&H0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH B K

�NH $ > ]ZVyzuze[^]!HhHhHhH0HhH0HhHhH0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH B K

�NH ) v ceh hH[kd�_ HhH0HhH0HhHhH0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH B !

� � � =�� : � >5��=��@��� ���0� :�� 
	� ��� � � 
 ����� ��� ��

� ��>5�3�
	�� � � 
 �

� ! ��
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G H � S diceh `b�YrHhH[kTWV `b_Z[^TBXZfi�7[k]ZX\rQh hH[ _a] r H0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH M B

G H � j [kdW� mWhH`u] Ol� ceVyd�_ZXhHhHhH0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH M%K

G H G A 1~v ]Z[ `b� m�t{ce]�h S c BNj HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH Ke�
G H G H � ,$qu[^d�_~X\Vyhxfi� `b_ZVyced H0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH Ke�
G H G H � � �@_aVyh VyXZ`b_aVYced cut��^f@_aX HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH K#G

G H G H G � [kXZfW�j_aX�HhH0HhHhH0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH K#K

G HNB }~VyX _aVYdWzefWVYXZmWVYdWz<?�VydicgMs�YV Ou[ A B@��X(H0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH $u�
G HNB H � }~[	K dWVj_aVYcedlcut��7ceVYd�_aX H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH $%G

G HNB H � > mW[ fidWTW[^]\�YrQVydiz [ qe[kd _iHhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH $ B

G HNB H G ,$qu[^d�_ `bdWTl_a]a`b�^OlXZ[^�Y[^� _aVycud�HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH $*)

G HNB HNB � [kXZfW�j_aX�HhH0HhHhH0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH )#G

G H M � _amW[k]��^cedWX _a]Z`uVyd�_aX HhHhH0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH )#K

G H MNH � v ceXZh ce�ycuzeVy�^`u�<]\[^�yVY�~TW[kdWXZVj_sr HhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH )#K

G H MNH � c fWced������ HhH0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH )#!

G H MNH G �����! #" HhHhH0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH !��

G H K v cedW�k�yfWX\VycediX H0HhH0HhHhH0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH !��

qQVyVYV



� �@����
������

� � � ���

(��� �	� 
 ������� �����	��
 %
� %�� � �

B H � J d�_a]\c@TWfi�k_aVYced H0HhH0HhHhH0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH ! M

B H � S dW`u�YrQXZVYX+BQ_a]Z`b_a[kzur HhHhH0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH !#!

B H G BQ_a`udWT `u]\T c c@TW[k� jw`u�^O ze]\cefWdWT HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �����
B HNB }~[k_Z[^� _aVycud cbt�_ZmW[����� � `udWT������ H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �����
B H M }~[k_Z[^� _aVycud cbt�_ZmW[ ���� `udWT����� H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH ���#!
B H K � _amW[k]�qu`b�yfW[kX�cut! #" "

$&%  HhH0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �#� B
B H $ ,_CQ_a]a`b�k_aVYdWzC_amW[ & �y`�qucefW]+BQ_Z]ZfW� _afW]\[ HhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �#�OM

B H $NH � 4�[^]\_Z[dC > `uzezeVYdWz HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �#�O$
B H $NH � & � ` qecufW]�}~VyX\�^]ZVYhHVYd `b_ZVyced t{]Zceh c fWcedWX6HhH0HhH H0HhH0HhHhH0HhH0HhHhH �E�u�
B H $NH G BQ_ `b_ZVyX _aVy�^`u� B@VYzedWVkK � `udi�^[ H0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �E� �

B H ) v cedW�k�yfWX\VycediHhH0HhH0HhHhH0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �E�%G
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MNH � B@[khHVY�^cedWTifW�k_Zce]�}~[k_Z[^�k_Zce]ZX@H0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �E�#$
MNH � H � �p`uTiV `b_ZVycedl} `bh `uzu[ H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �"Ge�

MNH � > mW[oS >=A S�B�BWv > HhHhH0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �"G��
MNH �NH � }~[k_a[k�k_Zce]ZX HhHhH0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �"G��
MNH �NH � � [^`uTWcefi_�H0HhHhH0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �"G#G

MNH G ��[k]\t{ce]\h `bdW�^[@H0HhH0HhHhH0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �"G%B
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K H � J d�_a]\c@TWfi�k_aVYced H0HhH0HhHhH0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �"G $
K H � > mW[og7[^`uh _Z[^X\_ [kd qQVY]ZcedWh [^d�_ HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �"G )

K H �NH � }~[kqQVy�k[^X npdWTi[^] > [kX\_1H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �"G#!
K H �NH � vw`u�yVYgW]a`b_ZVyced HhH0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH � B��

K H G S dW`u�YrQXZVYX � qe[^] qQVy[	? HhH0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH � B��

VkC
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K H G H � > ]Z`u�^O M K dWTiVydWzH`udWT�`u�yVYzedWh [^d�_ H0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH � B �
K H G H � } B > �W]\c@TifW�k_ZVyced�HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH � B �
K H G H G ,�F �kVy[^di�kr `u�Yzece]ZVj_amWh&H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH � B G

K HNB ��[^XZfi�Y_aX<HhHhHhH0HhH0HhHhH0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH � B K
K HNB H � � [kXZVyTif `u�yX HhHhH0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH � B K
K HNB H � c c@TifW�y[H,�F �^Vy[kdW�kr H0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH � B $
K HNB H G v m `u]Zzu[o�kce�y�Y[^� _aVycudB`uX ` t{fidW�k_ZVycedBcut�gWV `bX HhH H0HhH0HhHhH0HhH0HhHhH � B !
K HNB HNB � ceVYXZ[|c@�k�^fW�W`udW�kr H0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �OM%G
K HNB H M B@VyzedW`u�<_acCdWcuVyXZ[|]Z`b_aVYc HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �OM B
K HNB H K ��fi�yXZ[DM B@mW`u�7[|Spd `u�YrQX\VyX�HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �OM#M
K HNB H $ c `uzedW[ _aVY� KW[^�yT `udiT�dWcudNMsdWcu]ZhH`u�<VYdW�^VYTW[^d�_�_a]Z`u�^O X H0HhHhH0HhH0HhHhH �"K��
K HNB H ) ,�Tize[ h [ `bXZfW]\[^h [^d�_aX2H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �"K��
K HNB H ! /o`u�Bh [ `uX\fW]Z[khH[kd�_aX H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �"K $

K H M v cedW�k�yfWX\VycediX H0HhH0HhHhH0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �O$ �
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v�H � A ce?	��
 [^�y[k�k_Z]ZcedBVyTi[^d�_aVkK � `b_ZVyced H0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH ��)��
v�H � A ce?	��
 hxfWcedBVyTi[^d�_aVkK � `b_ZVyced HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH ��)��

� ���	� � ��� ���#0 � ��
 
 � � � ��� � � � � �	����� � � � ����� 

� ��� �
}2H � > mW[o�W]Zcu�7[k]\_aVY[^X�cut 
 
 � HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH ��) M
}2H � / [^dW[k]a`u�YVyXa`K_aVycudWXwcut 
 
 � HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �"!e�
}2H G npdi�^[^] _ `uVYd�_aVy[kX�Vyd � � 
 `udWT 
����� � HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �"!#G
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� H � c `uX\XZ[kX cut�X\_a`udWT `u]\T�h cQTW[^�R�W`u]\_ZVy�^�Y[^X H0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH )

� H � / �yceg `b�<[^�Y[^� _a]Zce? [ ` O�Ki_ >�
�2 1pVYzezeX�hH`uXZX HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH !

� H G 1pVYzezeX�hH`uXZX��Yc@cu� �kce]Z]\[^� _aVycudWX HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH !

� HNB /|`ufWze[ �kcefW�W�YVydWzCfWdWVkK � `K_aVycud�?�VY_am `udiT�?�Vj_amWcef@_���� �oX\fW� [^]ZX rQhHh [k_Z]\r(H � B

� H M c `uX\XZ�Y[^XZX���� �|XZfW� [^]\hxfW�j_aVy�i�y[k_ZX(HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �"K

� H K � Ms� `u]\VY_srHq@VYce� `K_aVydiz��W]\cu_aced TW[k� ` r HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �u�
� H $ ,_Ci`uhH�i�y[ XZ�W`u]\_ZVy�^�Y[ XZ� [^� _a]a` H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �e�

�NH � }~[kqu[^�Yce�Wh [^d�_ cut��i]Zcu_Zced]Wb[ `ud�_aVkMZ\ �W]\cu_acudl�^ce�Y�yVyTi[^]ZX/HhH H0HhH0HhHhH0HhH0HhHhH �*)
�NH � > mW[ A 1~v `bg7c�qe[o`udiT�g [^�Yc`? ze]\cefWdWT H0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �%!
�NH G ,�qe[kd _ TWVyX\�W� ` r�� � 	
	 � �
������������� HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH G%B

�NHNB > mW[oS >=A S�BlVydWdW[k]�TW[k_Z[^� _ace]�H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH G#K

�NH M }~V `bze]a`uh cut _amW[|S >=A S�Bl� `b�yce]\Vyh [k_a[k]ZX H0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH B��
�NH K + [k_ [kdW[^]\zurB]Z[kXZce�Yfi_aVYced H0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH B �
�NH $ c `uzudW[k_ZVy��K [^�YTBh `u�BVYdB_ZmW[ _a]Z`udWXZVj_aVYced ]Z[kzeVycud�HhH0HhH H0HhH0HhHhH0HhH0HhHhH B#B

�NH ) B@VYTW[ q@VY[	? cut�cudW[�R f `uTW]Z`ud�_ cut _ami[oh�fWcedBXZ� [^� _a]ZcuhH[ _a[^]=HhH0HhHhH0HhH0HhHhH B M

�NH ! �$]Zcu_Zced]WQ�i]Zcu_ZcedB�^]ZcuXZX M5XZ[k�k_aVYcedWXLHhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH B $

G H � ��`b]\_ cut _amW[0Bi� B MJ! X\� `u]\_ZVy�k�y[~X\�7[k�k_a]\fWh HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH M%K

G H � ��`b]\_ cut _amW[o��cuVyd�_ T�� SpVkC XZ� `u] _aVY�^�y[ X\�7[k�k_Z]ZfWh HhH0HhH H0HhH0HhHhH0HhH0HhHhH M#$

G H G S c B j Ob[kr XZ�W`u]\_ZVy�^�Y[~hH`uXZX\[^X HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH M%!

G HNB �� � � �YVYt{[ _aVyh [p`udWT gW]a`udi� mWVydWz ]a`K_aVycuX6HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH K��

G H M jw`u�^O ze]\cefWdWT��^]\ceXZXZMsXZ[k�k_ZVycedWX H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH K M

CiV
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G H K > mW[odWcgM cedi[dM `udWTB_E? cgM �y[^�@_acedB� m `udidW[^�YX H0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH K $

G H $ > mW[|_amW]\[^[|�y[k�i_acudNM `udWTBVydi�^�yfiXZVYqu[ � m `udWdi[^�yX HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH K )

G H ) > mW[od fWhxg [^]�cut �� � � X Ti[^� ` rQVydizHVYdB_ZmW[|VydWdi[^]�TW[ _a[^� _ace] H0HhH0HhHhH0HhH0HhHhH $u�
G H ! > ]a`udWX qe[k]ZXZ[�h ceh [^d�_afih9TWVyX _a]\VygWfi_ZVycedocuti� m `u]Zzu[^T�_Z]a`u�^O X�`K_�� � � ��)u�e��/ [ 4 $%K

G H ��� > ]a`udWX qe[k]ZXZ[ hHcuhH[kd _ZfWh TWVyX _a]ZVYgWfi_ZVyced cbt�� m `b]Zze[kT _Z]a`u�^O X�Vyd0U\[ _�[kqe[kd�_aXp`b_
� �
� ��)e�u� / [ 4 H0HhHhH0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH $#$

G H �#� ��
 TWVyX _a]ZVYgWfi_ZVyced cbt �� � � B c TW`ufWzem�_a[k]ZX H0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH $*)

G H �E� > mW[od fWhxg [^]�cut _a]a`b�^OQX XZfi]\qQVYqQVydiz X\fWgWX\[IR fW[^d�_ �^fi_ZXaH H0HhH0HhHhH0HhH0HhHhH $%!

G H �"G 
 
 � � 
 �� � � TiVyX\_Z]ZVYgWfi_aVYcedWX t{cu]+Bi� B M �#Mb� `bdWT�S=M �u�u�5H H0HhH0HhHhH0HhH0HhHhH )��

G H � B 
�� � � 
 �� � � TiVyX\_Z]ZVYgWfi_aVYcedWX t{cu]+Bi� B M Ge�u� `bdWT�S=M �#Mb�5H H0HhH0HhHhH0HhH0HhHhH )��
G H �OM > mW[oXZ[kdWXZVj_aVYqQVj_sr cut 
 
�� � 
 �� � � _Zc	��
 �� � H0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH )%B

G H �"K B@[kdWXZVj_aVYqQVj_sr cut 
 
�� _Zc _amW[|fWdWTi[^]Z�jrQVydWzC[kqu[^d�_ HhH0HhH H0HhH0HhHhH0HhH0HhHhH ) M

G H �O$ v c j `udWVyX\cu_a]\ce��r � ce? [k] MsgW`udWT T `b_ ` HhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH ) $

G H ��) > mW[o�^ceX\hHcu�ycezeVY� `u� ]Z[k�yVY�~T `u]TO h `K_Z_a[k]wt{]Zceh)S c BNj H H0HhH0HhHhH0HhH0HhHhH ) $

G H �"! & [krQdWhH`ud TWV `uzu]a`uh X t{ce]�
��������� H/H0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH )#!

G H �u� > mW[oS c BNj �kced�_a]ZVYgWfi_ZVyced _Zc � � H0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH !e�
G H � � & [krQdWhH`ud TWV `uzu]a`uh cut��y[ `bTWVydWz �kced�_a]\VygWfi_ZVycediXw_ac�� � � " H�H0HhHhH0HhH0HhHhH !��

G H �e� j ]Z`udW� mWVYdWzH]Z`b_aVYc�[ � � �! #"b\�HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH !��

B H � �� � � �YVYt{[ _aVyh [~`bdWTBgW]a`udi� mWVydWz ]a`K_aVyc HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH ! $

B H � ��`b]\_ cut _amW[|XZ�W`u]\_ZVy�^�Y[ XZ� [^� _a]Zfih,`b_�_amW[H� � 4
� ceVYd _SH H0HhH0HhHhH0HhH0HhHhH ! )

B H G > mW[oTWVy�Y[^�i_Zcedl[^Tize[,HhHhH0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �����
B HNB > mW[ ���� _Zc ����� _ac ���� _Zc����� � TW[^�^`�rB� mW`uVyd HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH ���#G
B H M > mW[ U\[k_�[kdW[^]\zurB]Z[kXZ� `b�yVydizCt{fidW�k_ZVyced HhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH ���%B
B H K > mW]\[^[dMkU\[k_pVyd�qb`u]ZVy`ud�_�hH`uXZX�TWVYX\_Z]ZVygifi_aVYcedWX�HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH ��� M
B H $ B@VYTW[^g `bdWTNMsX\fWgi_Z]a`u� _aVycud h [k_ZmWcQT H0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH ���#K
B H ) ��[^�^cudWX\_Z]ZfW� _a[^T �� � � `udWT �� �� h `uX\XZ[kX6HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH ��� )
B H ! B@�YVy�^[kXw_amW]\cefWzem�K z H�B H )@H0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH ���#!
B H ���>� c B B c �W`u]a`uh [k_Z[^]�X\� `u�^[|t{ce]�X\[IR fW[^d�_ZV `u� � m `uVYdWX HhH H0HhH0HhHhH0HhH0HhHhH �#���
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B H �#� ��[^�^cudWX\_Z]ZfW� _a[^T �� � � `udWT �� �� h `uX\XZ[kX6HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �#�#�
B H �E����[^�^cudWX\_Z]ZfW� _a[^T3XZ�y[k�i_acud�`bdWT�XTR f `u] OlhH`uX\XZ[^X HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �#�E�
B H �"G A Vyh VY_ZXwcut�`u�W�W�YVy� `bgWVy�YVY_srCVyd1 #" "&HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �#�OM
B H � B > mW[odW[^f@_a]a`b�yVydic �yVYt{[ _aVYhH[ HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �#�O$
B H �OM 4�[^] _a[DCB_ `uzezuVydWzxt{]\[IR fW[^di�kr H0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �#��)
B H �"K � cudNMsVYXZce�y`b_a[kTlhxfWcedlt{]Z[	R fW[^dW� r�HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �E�u�

MNH � v ]ZcuXZX XZ[^� _aVYced�cbt�` XZVY�yVY�^cedlTW[ _a[k�k_acu] HhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �E�%!
MNH � BWv > gW`u]Z]\[^�:h c@TWfi�y[&HhH0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �"G��
MNH G BWv > ]\[ `uTicefi_ `u]\� mWVY_Z[^�k_ZfW]Z[ H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �"G%B

K H � > [^X\_Zg7[^`uh XZ[ _afW� H0HhHhH0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �"G )
K H � ,�F �^Vy[kdW�krlqu[^]\XZfWX > }|v HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH � B M
K H G ��[^XZVYTWf `u�:TiVyX\_Z]ZVYgWfi_aVYcedWX t{cu]�hHcQTWfW�Y[^X��e�e�%!C`udWT��e���u��� H0HhH0HhHhH0HhH0HhHhH � B K
K HNB A `udWT `bf�TWVYX\_Z]ZVygifi_aVYced�HhH0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH � B )
K H M Bi`uh �W�Y[hB Ms�kfW]\qu[^X�H0HhHhH0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH � B !
K H K c [kTWV `ud � m `u]\ze[|�^ce�Y�y[k�k_aVYced/H0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �OMu�
K H $ B@VYzed `u�<_Zc � ceVYXZ[ H0HhHhH0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �OM �
K H ) ,�F �^Vy[kdW�kr `bdWT�diceVyX\[ c@�k�^fW� `bdW�krBdW[^`u]�_amW[�? ce] O VYdWzH� ceVYd _ HhHhH0HhH0HhHhH �OM%K
K H ! �$fW�yX\[|XZm `u� [^X<H0HhH0HhHhH0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �OM*)
K H ��� }~Vyh [^diXZVycudWX t{ce]��	M5TBhHcQTW[^� H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �"Ke�
K H �#� > mW[od fWhxg [^]ZVYdWzC�^ced�qu[^d�_aVYced t{cu] X _a]\Vy�WX HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �"K#G
K H �E� > mW[og7[^`uh.[kTWze[o`udWTBz�`u� � ceXZVj_aVycudWX HhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �"K#G
K H �"G ��[^XZVYTWf `u�YX�`udWT [	F [^�kVy[kdW�krBdW[^`u]�_amW[|[kTWze[/H0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �"K%B
K H � B BQrQX\_Z[^hH`b_aVY�|[ '7[^�k_ZX `b_�_amW[|[^Tize[|cut�_ZmW[|TW[k_Z[^� _ace]0H0HhH H0HhH0HhHhH0HhH0HhHhH �"K M
K H �OM>}~V `bze]a`uh cut _amW[|�kce]ZdW[k]�cut�` h c@TifW�y[ H0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �"K )
K H �"K ,�F �^Vy[kdW�krl_ZmW]ZcufWzemB_amW[|z�`u� H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �"K#!
K H �O$ c [^`uXZfW]\[^T�?�VyTi_Zm�cut _ami[oze`u�Bg7[ _E? [k[^d TW[ _a[k�k_acu]ZX HhH H0HhH0HhHhH0HhH0HhHhH �O$u�
K H ��)3/ [^ceh [k_Z]\r cbt�_ZmW[|cEqu[^]\� `u� H0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �O$u�
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K H �"! c [^`uXZfW]\[^T3`uX\rQh hH[ _a]\r Vydl_amW[|z�`b� g [k_E? [^[kd TW[ _a[^� _ace]\X HhH0HhHhH0HhH0HhHhH �O$ �

j�H ��}~V `bze]a`uh X �Y[ `uTiVydWzx_Zc qu[^�k_Zce]�g7cuXZced [ '7[^� _aVYqu[|h `uX\XZ[kX H0HhH0HhHhH0HhH0HhHhH �O$%!

}2H � c VYdWVyh VyX\VydWzo_amW[|hH` C@VyhxfWh)cut _E? cCt{fWdW� _aVycudWX HhH0HhH H0HhH0HhHhH0HhH0HhHhH ��) $
}2H � 
 
�� � 
 �� � � TWVyX _a]\VygWfi_ZVycediX1H0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �"!��
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� H � /|`ufWze[�R f `ud�_ZfWh d fWhxg [^]ZX cut _amW[0BQ_a`udWT `b]ZT c cQTW[^�:t{[^]\hHVYcedWX=HhH0HhH0HhHhH M

� H � c B B c � mWVY]a`u�RX\fW� [^]Zh�fW�Y_ZVy�W�Y[k_aX H0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �"K

� H G c B B c z�`ufize[ XZfW� [^]\hxfW�j_aVy�i�y[k_ZX H0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �O$

�NH � A 1~v � `u]a`bhH[ _a[^]\X HhHhH0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH Ge�
�NH � B@fWh hH`u]\r cut�_ZmW[|S >=A S�BlXZfWg TW[k_Z[^� _ace]\X,HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH G#G

�NH G + [k_ ]\[^XZcu�yfi_ZVyced�KW_ � `b]a`uh [k_Z[^]ZX HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH B �
�NHNB > ]ZVyzuze[^]�c�qe[k]\qQVy[d? HhHhH0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH B )

G H � S �Y�yce? [^Tlqb`u�yfW[kX�t{ce]�[ `u� m cut _amW[|�kfi_aX H0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH K#K

G H � > mW[|qb`u�yfW[kX�cut _amW[|�^f@_aX=?�mWVy� m h ``CiVYhHVYXZ[kT _amW[|X\VyzedWVkK � `bdW�^[o`b_ Bi� B MJ! HhH K )

G H G > mW[ [DCi� [^� _a[kT�d fWh�g7[k]~cut�XZVYzed `u� P<`bdWT g `u�^O ze]\cefWdWT [kqu[^d�_aX|`bdWT _amW[�XZVyz M
dWVkK � `udi�^[o`b_ Bi� B MJ!�HhHhH0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH K#!

G HNB �$]Zce� [^] _aVY[^X�cut _amW[ �� � � `K_�_amW[|� ceVyd�_aX�fidWTW[^]�X _afWTir HhH H0HhH0HhHhH0HhH0HhHhH $#M

G H M ,�qe[kd _~`udWTl_a]Z`u�^Ol�^f@_aX8H0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH )e�
G H K v ceX\hHce�YcezeVY� `u� ]Z[k�yVy�|`bdWdWVymiVy� `K_aVycud � m `udidW[^�YX H0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH ) )

B H � c `uX\XZ[kX cut�XZ[k�y[^� _a[kT�� `b]\_aVY�^�Y[^Xh[ / [ 4�\ t{ce]w_amW[|h c@Ti[^�RVYd qu[^X _aVyze`b_a[kTQH H0HhHhH ! )

B H � ����� gi]a`udW� miVydWz ]a`b_ZVyceX HhH0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH ��� $
B H G j MM_ `uzezuVydWz [dFH�kVy[kdW�kr HhH0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �#�"!
B HNB v mWV MsX R f `b]Z[^TBt{ce]�� ` qucefW]�_ `uzezuVydWz HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �E�e�

K H � c cQTWfW�Y[^X�Vydl_ami[oSpfWzefWX _ �u�e���|g [ `uh _a[^X _/H0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH � B��
K H � jw`uT � m `udidW[^�YX HhH0HhHhH0HhH0H HhH0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH � B#B

CQq



K H G c [kTWV `ud � m `u]\ze[o`udWT XZVYzed `u�<_ZcCdWceVyX\[1HhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH �OMe�
K HNB ��[^` O VydWzC_aVYhH[kX�`udWTBTW[k� ` rQX t{]\ceh)_ZmW[�KW_Z_Z[^T �WfW�yX\[|XZm `u� [^X,H0HhHhH0HhH0HhHhH �OM%!

v�H � �$VycedBh VyX\VyTW[kd _ZVGK �^`b_aVYced [dFH�kVy[kdW�kr HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH ��)��
v�H � v ce]\]Z[^� _aVYced t `b�k_acu]�`u�W�W�YVy[^T _Zc��

�
H0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH ��)��

v�H G c fWcud�VYTW[^d�_aVkK � `K_aVycudl[	F �^VY[^dW� r H0HhHhH0HhH0HhHhH0HhH H0HhH0HhHhH0HhH0HhHhH ��)#G
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> mW[Czece`u��cbt �W`u]\_ZVy�^�Y[��Wm�rQXZVY�^VYX\_aX VYX _aclTi[^XZ�k]ZVYg7[�_ZmW[ h ceX\_~t{fidWT `uh [^d�_ `b���^cudWX\_ZVY_afi[^d�_aX cut
_ZmW[ fWdiVYqe[k]ZX\[ `udWT�_amW[6?w` r�Vyd ?�mWVY� m�_ami[kr�Vyd�_a[k]a`u� _0?�Vj_am�cedW[H`udWcu_ZmW[^]	H > mW[ X _ `udiT `u]ZT
h c@Ti[^� [ B c \�VYX$_amW[ d `uh [�zeVYqu[^dC_ac|_amW[ g7[kX\_ �^fW]\]Z[kd _ hH`b_amW[kh `K_aVy�^`u�WTW[kXZ�k]ZVy�@_aVycudHcut _ami[^XZ[
X\fWg `b_ZcehHVY�|� `u]\_ZVy�k�y[^X�`bdWT�cbt�_ami[ot{ce]\�^[kXpg [k_E? [^[kd3_amW[kh,H > mW[o]Z[kXZfW�j_ cut�TW[k� `uTW[kX cut�_amW[kcgM
]\[k_aVY� `u�i`udWT [DCi� [^]\Vyh [^d�_ `b�i]Z[kXZ[^`u]Z� mQP Vj_�m `uX�g7[k[^dC[dCQ_a]\[^h [^�jr�X\fW�^�k[^XZX t{fW� `b_�[DC@�W� `uVYdWVydiz `udWT
�W]\[^TWVY�k_ZVydWz _ami[ ]\[^X\fW�Y_ZX `�?�VyTi[�]a`udWzu[ cbt<[DCi� [^]\Vyh [^d�_aX	P VydCXZceh [�� `uX\[^X�?�VY_Zm [DCQ_a]a`bce]ZTWVYd `u] r
�W]\[^�kVyXZVYcedQH

> mW[k]Z[l`b]Z[ P�mWce? [ qe[k]IP$zecQc@T�]Z[^`uXZcudWX _Zc3XZfi�W�7cuXZ[H_Zm `b_o_amW[�B c VYX dicu_ _ZmW[ � `uX _0? ce]ZT�Vyd
cefi]�fWdWTi[^]ZX _ `udiTWVydWz3cut�hH`b_Z_Z[^]o`udWT�t{cu]Z�^[kXIH �~dW[ dWcb_ `ugW�Y[CXZmWce] _a�kcehHVYdWz3VYXo_Zm `b_ VY_oTWcQ[^X
dWcb_ VYdW�^�YfWTW[�_amW[pze]a` qQVY_a`b_aVYced `u�@t{ce]Z�k[ H > mWVYX �i]Z[^�k�yfWTi[^X Vj_�t{]Zceh(Ti[^XZ�k]ZVYgWVydWz Vyd�_a[k]a`u� _aVYcedWX `b_
`u]\gWVY_Z]a`u]\Vy�jrHmiVyzemB[^di[^]ZzuVy[^X	PWt `u]�g [krecudWT�_ZmW[|]Z[ `b� m�cut�cefW]��kfW]Z]\[^d�_ �W`u]\_ZVy�^�Y[ `u�k�^[^�Y[^]Z`b_ace]\XIH

> mW[�m fWzu[�TWV '7[^]\[^dW�k[wVyd�_ZmW[wX _a]Z[kdWzu_ZmWX$cut _amW[ [^�y[k�k_Z]Zce? [^` Ox`bdWT ze]a` qQVY_a`b_aVYced `u�et{cu]Z�^[kX$�y[^`uTWX
_Zco_E? coqb`uX _a�jr TWV '7[^]\[^d�_ �y[kdWzu_amCX\� `u�Y[^X�Vyd _ami[ fidWVYqu[^]ZX\[ W�_ami[ X\� `u�Y[�cut7_ZmW[ `b_acuhHX�`udiT _Zm `b_
cut$_ZmW[�X _ `u]\XIH > mW[�TiVyXZ�W`u]ZVj_srBVyd3X\� `u�Y[^X+?�mWVy� m gW`�� [^T `udWT3VydWX\�WVy]\[^T c Vy�Y_Zced mQfidWTW]Z[kTWX~cut

G
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ru[ `u]\Xx`uzecB�kced�_aVyd fW[kXo_ZcB� `ufWX\[ `bdNC@Vy[k_sr3_ac h `ud�r�_amW[kce]ZVYX\_aX _Zc@T ` r��eH > mW[ fWdW[dC@� [^� _a[^Ti�Yr
X\h `u�Y�@hH`uX\X�cut _ami[ 1pVYzezeX��W`u]\_ZVy�^�Y[ VYX�cedW[ XZfW� mC�W]\cegW�y[kh,Pu`udWT VYX��W]\[^XZ[kd�_a[^T Vyd _amWVYX�� m `u�i_Z[^]
`uX�� `b]\_ cut _amW[|h cu_aVjqu`K_aVycudHt{ce]�VYd _Z]ZcQTWfW�kVydWz X\fW�7[k]ZX r@h h [k_a] rl_ac _ami[oX _ `udiT `u]ZT h c@TW[k� H
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> mW[�B c TW[^X\�^]ZVYg7[kX `b�y�whH`b_Z_Z[^] `udWT#Vyd�_Z[^]a`b�k_aVYcedWXCVyd�_Z[^]Zh XCcut t{fidWT `uh [^d�_ `b���7ceVYd�_TMs�YV Ob[
� `b]\_aVY�^�Y[^XIH > mW[^X\[~m ` qe[~dic�XZ�W`b_aVy`u� [dCQ_a[kdWXZVYced gWfi_ TWc��^`u]Z] r Vyd�_a[k]Zd `u� `udizefW� `b] h ceh [^d�_afih
?�mWVY� m�VYX~� m `u]Z`u�k_Z[^]\VyXZ[kT�g�r _ZmW[ XZ�iVyd�R f `ud�_afih d fWhxg [^]IP � H > mi[ h `b_\_a[k]~�^ceh � cedW[^d�_|cut
_ZmW[ _ZmW[^cu]\r �^cudWXZVYX\_aX|cut � `u] _aVy�k�y[kX�?�mWVy� m�m ` qe[ � � �

� H > mW[Ct{ce]\�^[^Xog [k_E? [^[^d�_amW[ h `K_Z_a[k]
� `b]\_aVY�^�Y[^X�`u]\[oh [^TiV `b_Z[^TBg�rlcu_ami[^]�� `u] _aVy�k�y[kX ?�mWVy� m�m ` qe[|Vyd�_Z[^ze[k] X\�WVydbH

> mW[ t{fWdWTW`uhH[kd�_ `u� t{[k]Zh VycediX � `ud g [ TWVYqQVYTW[^T Vyd�_Zc+_E? c�_srQ�7[kXIP `u�k�^ce]\TWVydiz�_Zc1?�mW[k_ZmW[^]
ce] dicu_~_ami[kr �^`ud Vyd�_a[k]a`u� _~qQV ` _ami[ X\_a]\cedWzBd fW�^�Y[ `u]~t{cu]Z�^[gH > mWcuXZ[2?�mWVY� m�]\[^XZ� cedWT _Zc _amW[
X _a]ZcudWz~t{ce]Z�k[�`u]\[ O dWce?�dH`bX�R f `u] O X	P `udWTC`u]\[ �^cud K dW[kT g�r�VY_�VYd�h ce]Z[ �^ceh �W�YVy� `K_a[^T ceg]U\[k�k_aX
O dWce?�d+`bXomW`uTW]ZcudWXIH > mW[Ccu_ZmW[^]|g `uX\Vy�xt{[k]Zh VycedWX	PR_amW[C�Y[^�i_ZcedWXIP m ` qu[Hcedi�YrS? [ `gOYM5d fW�^�Y[ `u]
ce]�[k�y[^� _a]\ceh `bzedW[k_ZVy�~� mW`u]Zze[kXIP `udWTBX\cH�^`ud�[DC@VyX\_p`uX�t{]\[^[ � `u] _aVY�^�y[kXIH

,�`u� m cut�_ami[x_amW]\[^[�B c t{ce]\�^[kX VyX~`bXZXZcQ�^Vy`b_a[kT�?�VY_Zm _amW[x�Yc@�^`u� X\rQhHh [k_Z]\r�ce� [^]a`K_aVycudWX cut `
� `b]\_aVY�^fW�y`u] A Vy[|ze]ZcufW�QH > mW[0RQfW`ud�_ ` cut�_amW[ot{ce]Z�k[^X `u]Z[oXZ�WVYdNM �o� `u] _aVY�^�y[kX=OQdic`?�d `bXpz�`bfWze[
g ceXZcudWXIH

> mW[lX _a]\cedWz3t{ce]\�^[gP�?�mWVy� m�mWcu�yTWXo_amW[HdQfi�^�y[kfWXx_acuze[k_ZmW[^]	P�VyX TW[^X\�^]ZVYg7[kT�g�r�_ami[H_ami[^ce] r�cut

��
���������������������� ���!�#"%$'&����#���%()�+*�,),-,/. 0�12��3-�%45$6�#$6���6$879$6�#$8���;:;�<�#$>=?��3@�A3��B$C7D"����!�#"%$6EF��"%3)G%(-"��+7H$>��$
��"%$C��IC�J3-���#�-���KG%����3-L�:-$�=@�%��3)M%L�$6IN�O���P45G%��=���IQ$6���#�-L��%";E	�����>�6R!S ��$T3�4��#"%$T�#$6�?U�G%$��V�#�W3)���K��$6L�$>����$>=F79�)�6X
YNZ�[]\�^%Z	_a`�bdc�`8e#f�^hgW[]bji�`+\jZ�e�e6iJk]l�mNk]n;`To]b�`p^�[]l�bj\p_rq�e�\ps2e�e�i?\jZ�eKt-l�[]u�bj\v[�\wbdk�iJ[�gx`6c�[]gWeC[]ihoN\5Z%e+\p_#^Jbdc�[�g�mN[a`�`
`6c#[�gWeykVzF\jZ�e{e6gWe6mQe6i�\|[]l�_P^%[�l�\wbdc6gWe�`�}�~K�%3��#"%$6�r79�)�6Xy��`��8[]\pn	l�eP`�n�^�e�l�`�_]mCmQe6\pl�bdc���[]iho�b zP`�k]�8Z%k]s�b�`
`�n�^%e6l�`�_]m8mNe�\pl�_�q6l�k>�)e�i2}
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> `ugW�y[ � H � D /o`bfWze[ R f `bd _ZfWh dQfihxg7[k]ZXxcbt�_amW[HX\_ `bdWT `u]\T�hHcQTW[^�$t{[k]Zh VycedWX	H� VyX _ZmW[!? [ ` O VYXZceX\�WVydQP�`udWT ��� VY_ZX _amWVY]ZT��kceh �7cedi[^d�_�H � VyX|_ami["!$#2[��`\&%
m�rQ�7[k]Z� m `u]\ze[ P�`bdWT � VyX|_amW[ [^�Y[^� _a]ZVY�H� mW`u]Zze[gH > mW[ X\fWgWXZ�k]ZVY�i_aXxTi[^dWcu_Z[ �Y[kt _
`udWT ]ZVYzem�_�m `udWTi[^T.6�[ r@� X\�WVydWcu]ZXIH

R f `ud�_ZfWh&� mi]Zceh c@T@r@dW`uhHVY�^X<[('|vw} \dH ,�`u� m�R f `u]TOBVyXp`*) �^ce�YcefW] � _Z]ZVy�i�y[k_ fWdiTW[^] _amW[+'ovw}
z�`bfWze[lze]\cefW�QP,!$#2[ GY\.-_H > mW[lqe[k�k_acu] g7ceX\cedWX2?�mWVY� m�hH[kTWV `K_a[ _ZmWVyXot{ce]Z�k[B`u]Z[�O dWce?�d `uX
ze�YfWcedWX	P `udWTBt{ce]Zh)_amW[|cQ�k_a[ _ ]Z[^�i]Z[^X\[^d�_ `K_aVycudQH BQVydW�k[/!$#2[ G \�VYX�` dicedNMsSpg7[k�yVy`udlze]ZcufW�l_amW[
ze�YfWcedWX�_amW[khHX\[^�Yqu[^X�m ` qe[��kce�ycefi]�� m `u]\ze[^X	H > mW[�Vyd�_a[k]a`u� _aVYcedWX�g [k_E? [^[kd _ZmW[^X\[�t{cu]Z�^[��^`u]Z]\Vy[k]ZX
�Y[ `uTWX�_ZcH` ]\Vy� m�`udWTB�^ceh �W�Y[dCB�Wmi[^dWceh [^dice�ycezbr H

> mW[�cu_amW[k]p_E? c t{ce]\�^[^X=WB[^�Y[^� _a]Zcuh `uzudW[k_ZVyXZh,`bdWT3_ami[0? [ ` OBt{ce]Z�k[ Wl� `ud g [�Ti[^XZ�k]ZVYg7[kT Vyd
_Z[^]Zh X~cut$_ZmW[0!$#2[M� \ � `udiT�# [ �`\.%#ze]\cefW�WX~cbt$_amW[xfidQgi]Zc Ob[^d�? [^` O `bdWT [^�Y[^�k_Z]ZcehH`uzedi[k_aVY�
t{ce]\�^[kXIP�`udiTo_ZmW[ �kce]Z]\[^X\�7cediTWVydWz � m `u]\ze[^X�cuti_ZmW[�t{[^]Zh VycudWX�DQ? [ ` O|VYXZceX\�WVydo`udWT m�r@� [^]\� m `u]\ze[ H
> mW[$qb`u]\VycefWX<� m `u]Zzu[ R f `bd _ZfWh9d fWhxg [^]\X cut _amW[�R f `u]TOQX `udiTo�Y[^�i_ZcedWX `u]\[$zeVYqu[^d|Vyd~_a`ugW�Y[ � H � H

J _�VyXodWcu_ `bgW�y[C_am `K_ _ZmW[^]\[ `u]\[H_ami]Z[^[ t `uh Vy�yVY[^X~cbt R f `u] O X `bdWT��Y[^�i_ZcedWXIP�?�mWVy� m�_Z]a`udiX\t{ce]\h
VYTW[^d�_aVY� `u�Y�Yr>fWdWTW[k] _ZmW[�ze`ufWze[ ze]\cefW�WX	P gWfi_�?�mWVy� m m ` qe[�TiV '7[^]Z[kd�_�hH`uX\XZ[^X	H �~]ZTWVYd `u] r
hH`b_Z_Z[^] �kcedWXZVYX\_ZX cedW�Yr�cut�_amW[l�YVyzemi[^X\_�_E? ciR f `u] O X,[ � `udWT 


\x`udWT�_ZmW[l�yVYzemW[^X _ � m `u]\ze[^T
�Y[^�i_Zced [{_ZmW[ [k�y[^� _a]\ced \dH > mW[ ce]\VyzeVYd�cut _amW[�B c t `uhHVY�Yr X _a]\fW�k_ZfW]Z[ ]\[^hH`uVydiX h�rQX _a[^]\VycefiXIP
gWf@_p�k�yfW[kX�h ` rlg [~t{cefWdWT�`b_�_ZmW[ A 1 v [{XZ[^[oXZ[k� H�B H $ \dH

M
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B@VYdW�^[H`u�YhHceX _o`u�y��cegWXZ[k]\qu[^T+� `b]\_aVY�^�Y[^Xo`u]Z[ChH`uXZX\VYqu[�[{XZ[^[�K z H � H �`\DP VYd�cu]ZTW[k]|_Zc��kceh �W�y[ _a[
_ZmW[lTW[^X\�^]\Vy�i_ZVyced�cut�_ZmW[ � `b]\_aVY�^�Y[^X `udiT�Vyd�_a[k]a`u� _aVycudWX�zeVjqe[kd�Vyd�XZ[k� H � H � cudW[lhxfWX _C`uTWT�`
h [^� m `bdWVyX\h t{ce]�hH`uXZX�ze[kdW[^]Z`b_aVYcedQH$S TiTWVydWzCz�`bfWze[ g ceXZced hH`uXZXw_Z[^]Zh X�g�rlm `udWT TW[kX\_a]\c�r@X
_ZmW[|z�`ufWze[|X r@h h [k_a] rlcut _amW[|�y`uze]a`bdWzeV `bdQPi`bdWTB]Z[^X\fW�Y_ZX�VydBdWcedNM5]Z[kdWce]ZhH`u�YV�� `bgW�y[ _amW[kce]ZVY[^XIH
S.h [k_ZmWcQT+cut�zeVjq@VYdWz3hH`uX\X _ac�qe[^� _ace] g ceX\cedWX<?�mWVY�y[ h `bVyd�_ `uVYdWVydiz ze`ufWze[ VYd�qu`b]ZV `bdW�^[H`b_
mWVYzem [kdW[^]\zurS? `uX~TW[kXZ�k]ZVyg [^T g�r 1pVyzuzeX-CI! E P ��cefi_|`udiT7,$dWze�y[k]\_-C ���FE H > mW[ r �kcedWXZVYTW[^]\[^T `
� `bVy]�cut ]\[ `u�iXZ� `b� `u] K [^�YTWXIP [�� � � � � \DP ?�VY_ZmC`~�7cb_a[^d�_ZV `u� P�� [�� � � � � �� \dPe_amW`b_$m `uX�`~Ti[^ze[kdW[^]Z`b_a[
h VydWVYhxfWh�H > mW[kXZ[oXZ�^`u� `u] KW[^�yTiX�`u]Z[|�^cufW�W�y[kTl_ac ` ]Z[ `b�Rqe[^� _ace] K [k�yTQP�� � H�j rl�^cudWXZVYTW[^]\VydWz
X\h `u�Y�RceX\�^Vy�Y� `b_ZVycediX `ug cefi_p`xqb`u�^fifWh.XZcu�yfi_ZVyced D

� � ��� � � � ���
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� ?�Vj_am � " [	� �
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�
\��>� � [�� H �`\

Vj_�� `udlg [~X\mWce?�d�
|_am `b_ _amW[~qu[^�k_Zce]�g ceXZcediX�]Z[^�k[^Vjqe[|`udl[('<[k�k_aVjqe[|hH`uXZX	P � � ���
�
P]?�mW[^]\[ �

VYX�_ZmW[|�^cefi�W�yVYdWz �^cediX\_ `bd _IH

J d#g7[k�^ceh Vydiz h `bXZXZVjqe[gP _ZmW[ qe[k�k_acu] g ceX\ced#`u�IR fWVY]Z[^X ` �YcedWzeVj_afWTWVYd `u� TW[^zu]Z[^[Bcut�t{]\[^[^Ticeh
?�mWVY� m VyX _ ` Ob[^d t{]Zcuh,_ZmW[�X\� `u�y`u]=K [^�YTWXIH > mi[x]Z[kh `uVYdWVydiz Ti[^ze]\[^[xcut$t{]\[^[kTWceh
�W]ZcQTWfW�k[^X `
hH`uXZX\VYqu[oX\� `u�y`u]�[dC@�kVY_ `K_aVycud VYd ��� � ?�mWVY� m�]\[^�W]\[^X\[^d�_aX _amW[|�Wm�rQXZVY� `u��1 VyzezeX�g ceX\cedQP��QH
J d�_amW[,B c P�VY_ VYXx_amW]\cefWzem�_ZmW[01pVyzuzeXxh [^� m `udiVyXZh _am `K_ _amW[B[^�Y[^� _a]Zce? [ ` O�g7ceX\cedWX,[	���
`udiT 	 � \ cegi_a`uVyd+_ZmW[^VY]xh `bXZXZ[kXIH > mi[ ze`ufWze[lze]\cefW� !$#2[M� \�� #2[��`\DP mW`uXCz�`ufWze[ g7ceX\cedWX
���� � [�� � � � � � GY\dPR`udWT � � P `udiT��kcefW�W�YVydWzl�kcedWX\_a`ud�_aX � `udiT � ":t{ce] _ami[ !$#2[M� \~`udWT _amW[#2[��e\�� `b]\_aX ]Z[kXZ� [^� _aVYqu[^�jr H > mi[ X\[^�Yt M5Vyd�_a[k]a`u� _aVYcedWX�cut�` �kcehH�i�y[dClXZ� `b� `u]�TWcufWgW�y[ _=K [^�YT1[ _amW[
1 VyzezeX+K [^�YT \dP�������� �� �� P<�^`ufWX\[ XZ� ced�_ `udW[kcefWX X r@h h [k_a] r3gi]Z[ `gOQVYdWz P<`bt _a[k] ?�mWVY� m _amW[

! &;$6$T�-�%�J$6��=	�#"%$ 453-�DIN�]�#"%$6IN�]�#���>��Lx=	$6�#�-�WL��6R
K
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dW[d?UhH`uXZX�[^VYze[^diX\_ `K_a[^X `u]\[ �yVYdW[ `u] �^cehxgiVyd `b_ZVycediXwcut _amW[|ce]\VyzeVYd `u�<ze`ufWze[ [kVyze[kdWX\_a`b_a[kX�D

� � �a[	� ��� � � � \ � � � � 	 � � ��XZVYd���� � � � �^cuX���� [�� H � \

?�Vj_am���� ��_ `ud � � [ � " � � \DH > mW[ph `bXZXZ[kX cbt<_ami[pz�`bfWze[ g7ceX\cedWX `u]Z[p`u�YXZc|�yVYd Ou[kT g�rC�^ceX���� �

�� � 

	 `b_�_a]\[^[|�y[ qe[^� H

> mW[�h `uX\XZ[kX cut�_ZmW[ B c t{[^]\hHVYcedWXp`u]Z[oze[kdW[^]Z`b_a[kT3t{]Zceh�� f Ob`�? ` �^cufW�W�yVYdWzeX�_ac _amW[ 1pVyzuzeX
TWcufWgW�y[ _�K [k�yTQP ?�VY_Zm3_ami[ qb`u�yfi[^X cbt$[ `u� m �kcefW�W�YVydWzH�W]Zcu�7ce] _aVYced `u�R_Zc _amW[ h `bXZXIH�B@VYdW�^[o_amW[
hH`uXZX [^VYze[^dWX _ `b_Z[^Xocutw_ZmW[!R f `b] O X `u]\[HdWcb_ _ZmW[HXZ`uh [ `uXo_amW[�? [ ` O [^VYze[^diX\_ `K_a[^X	P�� m `u]\ze[^T
? [ ` O Vyd�_a[k]a`u� _aVycudWXw� `bdl� `ufWX\[ _a]a`bdWXZVj_aVycudWX g [k_E? [^[kd�ze[kdW[^]Z`b_aVYcedWX	H > mW[ Xa`uh [~h VkC@Vydiz�hH` M
_Z]ZVkC�VYd _Z]ZcQTWfW�k[^X ` X\VydWzu�y[��kceh �W�y[DC3�im `uXZ[0?�mWVy� m qQVycu� `b_Z[^Xp_ZmW[x�kcehxgWVYdW[^T X rQhHh [k_Z]\r�
�� P
VYd�?�miVy� mB� `u] _aVy�k�y[kX�`u]Z[ [DC@� m `udWze[kT t{cu]w_amW[kVy]�`ud�_ZVkMs�W`u]\_ZVy�^�Y[^X `udWT _ami[oX\� `u�kV `u�7�^cQce]ZTWVYd `b_Z[^X
`u]\[|Vyd�qe[k]\_a[kTQH

J _�VyX ? ce] _am+dicu_aVYdWz�_Zm `b_o_amW[k]Z[ VYX�`u�YXZc�dWce? `u�yX\c3zecQc@T�[dC@� [^]\Vyh [^d�_ `u� [kqQVYTW[^dW�k[ CD�#�dW�� G E
_Zm `b_~di[^fi_Z]ZVydiceX m ` qu[xXZhH`u�y� [��� t{[	? [(4 \DP7gWf@_~dWced]M �^[k]Zc hH`uX\XZ[^X	PV?�mWVY� m `u�Y�yce?9_ami[^h _ac
ceX\�^VY�y� `K_a[ g [k_E? [^[kd>TWV '<[k]Z[^d�_ � ` qecufW]C[^Vyzu[^dWX _ `b_Z[^XIH 1 c`? [kqu[^]C_amW[Bh [^� m `bdWVyX\h�g�r1?�mWVy� m
dW[kfi_a]\VydWcuXwz�`uVYdHhH`uXZX ]Z[kh `uVYdWX fWdW�^�Y[ `u]	H � [kfi_a]\VydWcxhH`uX\XZ[^X � `udlg [ VYdW�^cu]Z� ce]a`b_Z[^THVyd�_aco_amW[
B c Vyd _ZmW[|Xa`uh [�?w` r `uXw_ZmW[|cu_amW[k]�t{[^]Zh VycudWXIPWgifi_ `u�Y_Z[^]\d `b_aVjqe[ X\� mW[^h [^Xp[dC@VyX _��DH
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> mW[@1pVYzezeX g ceXZcedoVyXR_ZmW[ cedW�Yr � `u] _aVy�k�y[$VYd|_ZmW[ B c ?�miVy� mom `uX dWcu_:re[ _�g [^[kd�[DCi� [^]\Vyh [^d�_ `b�y�Yr
cegiXZ[^] qe[kT��]H

> mW[ gW`u]Z[~hH`uX\Xwcut�`81pVYzezeX g7ceX\cedlTW[k�7[kdWTWX�ced _ZmW[ �^fW] qb`b_afW]\[~cut:_ZmW[ XZ�^`u� `u] �7cb_a[^d�_ZV `u�7`b_

� ~ �A����������G%L����#LWE@������$6�#$>�B�����%(r$ "%��IQ�%L�$�45�#3-I �#"%$C�A3)�W��� 3�42:;��$67 3-4H�BG��A$>�#��E;ICIQ$6���#E ��"%$6�%3)IQ$6�%3)LW3)(-E
���D45��3)I LW$>�	��3)���v��G�I�MJ$6�����v�����#�W�VE':;�W3)L��������%(C�63-G%��LW���%()�! %��G���" �)� �W�y.#"%$-1pR
& &;$>�-�#��"�$>� �]��')(H
 453-�O�N&��#�-��=%�-�#=+*P3	=	$6L-,O��(-()� MJ3)��3-�@���#$!�%3��K=	$%.��%�W����:-$'.#"�/]1pR
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& VYzefW]Z[.� H � D c `uXZXoqb`u�yfW[kXot{cu]<B c � `u] _aVy�k�y[kXIP ?�VY_Zm�_ami[^Vy]|fWdi�^[^] _ `uVYd�_aVy[kXIHlS
�yce? [^]H�yVyh VY_xVyX XZmWce?�d t{ce]C_amW[�B c 1 VyzezeXC� `b]\_aVY�^�Y[ H S �W�i]Zc�C@VyhH`b_a[BfW�W� [^]
�yVYhHVj_aX cedx_ZmW[wdW[kfi_a]\VydWc~hH`uX\XZ[^X�`b]Z[ X\mWce?�dHgW`uXZ[kT cedx_amW[ TWVy]\[^�k_��yVyh VY_ cudx_amW[
hH`uXZX�cut _amW[|[k�y[^� _a]\cedBdW[^fi_Z]ZVYdWc H > mW[o�WmWcu_ZcedBVyX�`uX\XZfWh [^TB_ac g [ h `uX\XZ�Y[^XZX	H

Vj_aX�qb`u�^fWfih.hHVYdWVyh�fWh,PY?�mWVY� m�VYX�` �W`u]a`uh [k_Z[^]h[{]a`b_ZmW[^]w_Zm `ud�`C�i]Z[^TiVy�k_ZVycedX\ cut�_ZmW[0B c H

> mW[k]Z[l`b]Z[ mic`? [kqu[^] g cefWdWTiXxced�_ZmW[ ]\[^dWce]\h `b�yV��k[^T�h `bXZXIH�j r�Vyh � ceXZVYdWzl_amW[H�^cedWTiVY_aVYced
_Zm `b_ _amW[ !_M5h `K_a]ZV C~_Zcpg [ fidWVY_a`u]\r t{ce]:_ZmW[ [k� `uX _aVy��X\� `b_\_a[^]\VydWzp�W]ZcQ�^[kXZX � � � � � � � � � P
_ZmW[H]\[^dWcu]ZhH`u�yV �^[^T 1 VyzezuXohH`uX\Xoh�fWX\_og [ �Y[^X\X|_Zm `ud [�� ��� ������ \ ��
	 ���e�e�0/ [ 4 CD�O$FE H J diTW[^[kT
ze�Yceg `u� KW_aXx_Zc [^�y[k�k_Z]Zce? [^` O+T `K_ ` P�?�mWVY� m>`b]Z[lXZ[kdWXZVj_aVjqe[ _ac _ZmW[B�yceze`u]ZVj_amWh�cut�_ZmW[01pVyzuzeX
hH`uXZX�_ZmW]Zcefizem�]Z`uTWVy`b_aVjqe[~�kce]Z]\[^�k_ZVycediXIPW_a[kdWTB_ac t ` qecefW] `C�yVYzem�_ 1pVYzezeX [{XZ[^[ K z H � H � \dH

S �W]\cegW�Y[^h
`u]ZVYXZ[^X$g [^�^`ufWX\[�_ZmW[^]\[�`u]Z[��y`u]Zzu[ ]a`bTWV `b_ZVYqu[ �^cu]Z]Z[k�k_ZVycedWX�_Zc 
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� Pe_ZmW]Zcefizem �ycQce�
TWVy`uze]Z`uhHX	P XZfW� m�`uXo_ZmWceX\[HX\mWce?�d�Vyd K z H � H G H > mW[kXZ[ �kce]Z]\[^� _aVycudWX�?�mW[^d+X\fWh hH[kT�]\[^XZfi�Y_
VYd�TiVYqe[k]Zze[kdW�^[kXh?�miVy� m ze]Zce? R f `uTW]Z`b_aVY� `u�Y�Yr�?�VY_Zm _ZmW[ �^f@_TMsc '�XZ�^`u�y[gP���HxS(t{[k]Zh VycedS?�Vj_am
hH`uXZX 
�� `udWT �^cefW�i�yVydiz  � _ac _amW[H1 VyzezeX KW[^�yTBzeVjqe[kXp`C�^cud _Z]ZVYgWfi_aVYcedQP
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0.02738±0.00020

theory uncertainty

& VYzefW]Z[ � H �.D > mW[ [k�y[^� _a]\c`? [ `gO �i]Z[^�kVyX\Vyced�KW_ � � � � � � � � ������ `uX `ot{fidW�k_ZVycedcutR_ZmW[�B c 1pVYzezeX h `uX\XIH > mi[~g `udWT ]Z[^�i]Z[^X\[^d�_aXw_ZmW[p_ZmW[^cu]Z[k_ZVy�^`u� fWdW�^[k]\_a`uVyd�_sr
t{]Zcuh h VyX\XZVYdWz�mWVYzemW[k] ce]\TW[^] �kce]Z]\[^� _aVycudWXIH > mi[ qe[^] _aVY� `u�pg `udWT X\mWce?�Xl_amW[
]Z[kzeVycud�[DCi�k�yfWTi[^T3g�rBTWVY]Z[k�k_ XZ[^`u]Z� mW[kX `b_�! M��)�^cedNK TW[^di�^[ H > mi[ T `bXZmW[kT3�yVYdW[
? `uX�cugi_ `uVYdW[^T fWX\VydWz#`ud `u�Y_Z[^]\d `b_aVjqe[ �^`u�y�kfW� `b_ZVyced cbt _ZmW[ '�,�} �^cefW�i�yVydiz P
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�	V\dH & ]Zceh C � K E H

h h h

f W, Z h

(a) (b) (c)

& VYzefW]Z[�� H G�D@�	Ms�Yc@cu�xTWV `bze]a`uh X��kced�_a]ZVYgWfi_ZVydWz _ac _ZmW[�[ '7[^�k_ZVYqu[�1 VyzezeX+[{h `bXZX^\ � P
t{]Zcuh [O`Y\ t{[k]Zh Vycedl�Yc@cu� ) [{g \ z�`ufWzu[og ceX\cedB�ycQce� ) [{�e\ XZ�^`u� `b]��ycQce�QH
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J tW_ZmW[ B c VYX �kcedWX\VyTW[k]Z[^T _ac g7[�_amW[ fW�j_aVyhH`b_Z[�_amW[kce]\r|cbti_ami[ fWdiVYqe[k]ZX\[ Pu_ZmW[^do_amWVYX TiVYqe[k]Zze[kdW�^[
VYX dWcu_|dW[k�^[^X\Xa`u]\Vy�jr `l�W]Zcegi�y[^h�H81 ce? [ qe[^]|_ami[^]Z[ `u]\[ zecQc@T ]\[ `uX\cedWX _acBXZfi�W�7cuXZ[ _am `K_ _amW[
B c ?�Vy�Y�7dicu_�g7[~_ZmW[ � `bX\_ ? ce]ZTBVYdlcefW]�fWdWTi[^]ZX _ `udiTWVydWzCcut _ZmW[~t{fWdWT `bhH[kd _a`u�RVYd _Z[^]Z`u�k_ZVycedWX	H
& ce]w[DCi`uhH�i�y[ P@_amW[ ceh VyX\XZVYced cut ze]Z`�qQVj_srHt{]\ceh)_ZmW[~_amW[kce]\r!?�Vy�Y�7g [^�kcehH[ VYhH� ce] _ `ud�_�`bXwcedW[
`u�i�W]Zc�`b� mW[^X _amW[��$� `udW�^O�X\� `u�Y[ 
 ��� ��� �� $�	� � � � ��
 / [ 4<H 6 miVy�y[ _ZmW[����y`udW�^O�[kdW[^]\zur
]\[^zeVYhH[ VyX t `u] t{]\ceh g7[kVydWz ]Z[^`u�yVYXZ[^T g rH`ud�rH[dC@� [^]ZVYhH[kd�_�PiVj_ �i� `u�k[^Xw` �yVyh VY_�ced _ami[ qb`u�yVYTWVY_sr
cut:_ZmW[ B c Pi� m `udizeVydWz VY_ZX X\_a`b_afiX _ac�_Zm `b_ cut `udl[('<[k�k_aVjqe[�KW[^�yTH_amW[kce]\r P@qb`u�yVYTHcudW�Yr g [^�yce? `
�k[^]\_a`uVyd [^di[^]Zzbrl�y[ qe[^� H

B@[ _Z_ZVydWz _ami[ �kfi_TM5c%' � cbtp_ZmW[lVyd�_a[kze]a`b�yX�_Zc _ZmW[ �$� `udW�^O�XZ�^`u�y[ t{ce]\�^[kXC_ZmW[Bd `b_ZfW]a`u� XZ� `b�y[
cut _amW[ 1pVYzezeX hH`uXZXZMsXTRQfW`u]Z[kT�_ac m fWze[Cqb`u�yfW[kXo`u]ZcefidWT 
 ���� H J d�ce]\TW[^] _ac [^diT�fW� ?�VY_Zm�`
�Wm�rQXZVY� `u��hH`uXZXZMsXTRQfW`u]Z[kT�dW[^`u]~_ami[ [k�y[k�k_a]\ce? [^` O XZ�^`u�y[gP � [����e�0/ [ 4�\ � P `uX TW[kh `bdWTW[^T�g�r
_ZmW[B`u]ZzufWhH[kd�_aXC`b_x_ZmW[lX\_a`u]\_xcut�_amWVYXxXZ[k�k_aVYcedQP�cedW[ hxfWX\_ KNC+_ami[lg `u]Z[ h `uX\Xx[dCQ_Z]Z[^h [^�jr
�W]\[^�kVyXZ[k�Yrx_Zco`ug7cufi_�cedW[�� `b]\_ VydA��� � � H ,�qe[kd VYt � Pe_amW[�XZ�^`u�y[�`K_�?�mWVy� m dW[	?>�Wm�rQXZVy�kX [kd�_a[^]\XIP
VYXH]\[^TWfW�k[^T _Zc�_ami[3fWdWVkK � `K_aVycud X\� `u�Y[3`b_ `ug cefi_ ��� ��
 / [ 4 [ X\[^[�XZ[^�gH�� H �NH � \dPw`�X\_Z]ZVGOQVYdWz
�^`udW�^[k�y�y`b_aVYced VYXH]\[IR fWVY]Z[^T>cEqu[^] _E? [^�jqe[ cu]ZTW[k]ZX cut~h `uzudWVY_ZfWTW[ H > miVyX di[^[^T t{cu]H[DC@_Z]Z[khH[
K di[dM5_ZfWdWVYdWzHVYX O dWce?�d `uXw_ZmW[ _a[^� midWVy�^`u� mWVy[k]a`u]\� m r �W]Zcegi�y[^h�H

J _ VyX mWce? [ qe[^] �7ceX\XZVYgW�y[|_ac `�quceVyT�XZfW� m Ti[^�yVY� `b_Z[o`udWT `u] _aVkK �^Vy`u�R� `u]Z`uh [k_a[k]+KNCiVYdWz H � cu_aVY�^[
_Zm `b_|XZVYzed cut�_ami[x_a[^]\h"R f `uTi]a`b_ZVy�xVYd �9VyX~cu�W�7cuXZVY_Z[xVyd [	R H � H Gl`uX �^ceh � `u]\[^T _Zc [	R H � HNB H
> mWVYX VYXHg [^�^`ufWXZ[�_amW[ & [ rQdWh `bdWd>]\fW�y[kX ]Z[	R fWVy]\[3`�t `b�k_acu] cbt�M � t{ce]H[^`u� m>t{[k]Zh Vyced#�ycQce�
VYd _ami[�TWVy`uze]Z`uh,H > mW[�� `udi�^[^�Y� `b_ZVyced VYd _Z]ZcQTWfW�k[^XB_amW[��7ceX\XZVYgWVy�YVY_sr#_am `b_ _ami[�T `bdWze[^]\cefWX
TWVjqe[k]Zze[kdW�^[kX 
 � `udHg7[�X r@X _a[kh `b_ZVy�^`u�y�jrx� `bdW�^[k�y�y[kTQP �W]Zc�qQVyTi[^TC_am `b_ [ `b� m cut _amW[�B c t{[^]Zh VycudWX
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`u]\[o`u�^�kcehH�W`udWVy[kTBg r _E? cH�^ceh �W�y[DClX\� `u�y`u]ZX ?�Vj_am1  � �  � � � H
B@fi� mx�^ceh � `udiVycedWX `udiT �kcefW�W�YVydWzeX `u]\[ `bd [kXZXZ[kd�_aV `b�Q�kcedWX\[IR fW[^di�^[�cutihHcQTW[^�YXQ?�mWVy� m ]Z[kXZ� [^�k_
`CXZ� [^�kV `u�RX rQhHh [k_Z]\rl�W]\VydW�kVy�W�Y[+W 
�, ����/0
��!� �$��� / � W!?�mWVY� m�VYX�_ZmW[|XZfWg U\[^�k_pcut�XZ[k� H�� H �NH
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> mW[C_ami[^ce] r cutwX\fW�7[k]ZX r@h h [k_a] r m�r@� cu_ZmW[^X\VyXZ[kXx`B]Z[k� `b_ZVycedWX\mWVy� g [k_E? [^[kd+� `u] _aVY�^�y[kX�?�mWVy� m
m ` qu[�Vyd�_Z[^ze[k]�`udWT m `u�Yt M5Vyd�_a[kze[^] XZ�WVYdWXIH J _ �W]Z[kTWVy� _aX�_amW`b_ � `u]\_ZVy�k�y[^X XZmWcefi�yT �^ceh [ VydBhxfW�j_aV M
�W�Y[k_ZX �kced�_ `uVYdWVydizC`ud�[	R f `u�:d fWhxg [^]�cut t{[^]\hHVYcedWVy�~`udWTBg7cuXZcedWVY� TW[^zu]Z[^[kXpcbt�t{]Z[k[^TWcuh,H

> mWVYX X\[^� _aVycud��W]\ceh cu_a[kX~_amW[ h `bVyd h cu_aVjqu`K_aVycudWXpt{ce]|[DC@_Z[^dWTiVydWzB_amW[ BQ_a`udWT `u]\T c c@TW[k��_ac
VYdW�^�YfWTW[ X\fW�7[k]ZX r@h h [k_a] r H & ce]x`�hHce]\[ TW[ _ `uVY�y[kT�_amW[kce]Z[ _aVY� `u� TW[^X\�^]ZVY�i_aVYced+cut�_ZmW[ X\fW�7[k] M
X r@h [k_Z]\r�`u�yzu[^gW]Z` Po`udWT9cutxXZfW� [^]\X\rQhHh [k_Z]ZVY�@K [k�yT�_ZmW[^ce] r P|_amW[�]Z[^`uTW[^]3VyX TWVy]\[^�k_Z[^T9_ZcgM
? `u]ZTiXw_amW[p�7[kT `uzecezuVy� `b� VYd�_a]ZcQTWfW� _aVYcedWX fW�7cud ?�mWVy� m hxfW� mlcutR_ZmW[ t{ce�Y�yce?�VydizoTiVyXZ�kfWXZX\Vyced VyX
g `bXZ[^T C � )`W@� B E H
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�$m�rQXZVy�kVyX _aXx`b]Z[H`u�y]\[ `uTir3t `uhHVY�yVy`u]+?�Vj_am _amW[kce]ZVY[^X ?�mWVy� m�m ` qe[C_amW[ Xa`bhH[ �W]Zcu�7[k]\_aVY[^Xo`bt _Z[^]
X\fW� mxce� [^]Z`b_aVYcedWX `uXR_Z]a`udWX\� `b_ZVyced VYd _aVyh [$ce]:X\� `u�^[gPuce]:]\cu_ `K_aVycudWX:Vyd|XZ�W`u�^[gH c cQTW[^]\d �im rQX\Vy�^X
`u�YXZc hH` Ou[kX�fWXZ[ cut�X\rQh hH[ _a] r fWdWTi[^]w_ami[o]\[^�y`b_aVjq@VYX\_ZVy� A cu]Z[^d�_ � g7cQceX\_ZXIP `bdWTBz�`ufWze[~_Z]a`udiX M
t{ce]\h `K_aVycudWXIH�B@fW� [^]ZX rQhHh [k_Z]\r�VyX~`bd [dCQ_a[kdWXZVYced _ac _ZmW[^X\[ [dC@VyX _aVYdWz X\rQh hH[ _a] r3�W]\VydW�kVy�W�Y[^X	P
`udiT��W]\[^TWVY�k_ZX [DCi`u�k_p]Z[k� `b_ZVycedWX\mWVy�iXwg7[ _E? [k[^d�� `u]\_ZVy�k�y[^X ?�Vj_amBTWV '<[k]Z[^d�_ XZ�iVydWX	H

> clh `gOu[x`HX\_a]\cedWze[k] X _ `b_Z[^h [^d�_�PRVj_ VYXpcudW[xcut�qu[^] r3t{[	?�[DC@_Z[^dWX\VycediX ` qu`bVy� `bgW�y[gH > miVyX ? `uX
X\mWce?�d g�rHv ce�y[kh `ud `udiT c `bdWTWfW�y` C �#MNPO�%K E P ?�mWco�^cediXZVyTi[^]Z[kTH_ZmW[p� ceX\XZVygi�y[�X\rQh hH[ _a]\Vy[^X�cut
_ZmW[pX\� `b_\_a[k]ZVydiz hH`b_a]\VkCVH > mW[krC�W]\c�qe[^TH_am `b_ `~_ami[^ce] r ?�mWVy� m TW[^X\�^]\Vyg [^X ` K diVY_a[�d fWhxg [^]�cut
� ceVyd�_��W`u]\_ZVy�^�Y[^X _sr@� [^X	PX?�mWVy� mlceg [krQX�_ami[ A ce]Z[kd _ �~_a]Z`udWX\t{cu]ZhH`b_aVYcedWXIP@`udWTBVYd ?�mWVy� mB� `b]\_aV M
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�k�y[^X XZ�^`b_Z_Z[^]�Vyd `|�Wm�rQXZVy�^`u�y�jrxX\[^dWX\VygW�Y[ hH`udWdi[^]IP�hH` r cedW�jrxm ` qu[pVYd _Z[^]\d `u� X\rQh hH[ _a]\Vy[^X [{�yV Ob[
z�`bfWze[|X\rQh hH[ _a]ZVY[^Xf\dP `udWTl_ZmW[ X rQhHh [k_Z]ZVy[kX�cut _amW[ ��ceVYdW� `b]��[ ze]\cefW��[ �*2*��2 A cu]Z[^d�_ � g c@cuX\_aX	P
_Z]a`udWX\� `b_ZVycediX `udiT ]Zcb_ `b_ZVycedWXf\dH > mWVyX ]Z[^X _a]\Vy�k_ZVyced VyX O dWce?�dB`uX _ZmW[ v cu�y[^hH`udNM c `udWTifW� `+) dWcgM
zec �W_amW[kce]Z[kh,H

> mW[ cedW�jr2O dWce?�d [DCQ_a[^diXZVycud7C �%K E cut _ami[p`b�y�yce? [^TCX\rQh hH[ _a]\Vy[^X�VYX�_amW[�� ceXZX\VygWVY�yVY_srocutR`uTWTWVYdWz
ce� [^]Z`b_acu]ZXQ?�mWVY� mo]\[^�y`b_a[$g ceXZcudWXR_acwt{[k]Zh VycedWX W _ZmW[$XZfi�7[k]ZX\rQh hH[ _a] r ze[^di[^]a`K_aVydiz�ce�7[k]a`b_Zce]ZX	P� HpS+K �^VYced `uTiceXpt ` qecufW]p_ZmW[x`u]\zefWh [^d�_ _am `b_pXZVYdW�^[ d `b_ZfW]Z[ m `uX � miceXZ[kd _ac ]\[^X\�7[k�k_ z�`bfWze[
`udiT A ce]\[^d�_ �BX r@h h [k_a]\Vy[kX�_amW[k]Z[lVYX [kqe[k]\r�]\[ `uX\ced�_ac g [^�yVY[kqu[ _am `K_ _amW[lX\fW�7[k]ZX r@h h [k_a] r
X\mWcefW�YT3`u�YXZcCg [ �Wm�r@X\Vy�^`u�y�jr ]Z[k�y[ qu`bd _IH

> mW[ XZfW� [^]\X\rQh hH[ _a]\r [ Bin�B � \ ze[kdW[^]Z`b_aVYdWz ce�7[k]a`b_Zce]ZX � m `bdWze[ _ZmW[ XZ�WVYd�cut `�XZVYdWze�Y[ �W`u]\_ZVy�^�Y[
X _ `b_Z[~g�r�� �� PW`udiT VydHTWceVydiz�XZc _a]a`bdWX\t{ce]\h g7ceX\cedWVY�pX _ `b_Z[^XwVYd _Zc t{[k]Zh VycedWVY��X\_ `K_a[^X `udWT >7�156�
>���/0
�� H BQrQhHh [k_Z]\r�fWdWTW[k] _ZmW[^X\[�ce� [^]Z`b_aVYcedWX h [ `udiXx_am `b_Ct{ce] [ qe[k]\r�g ceXZcediVy�BTW[^zu]Z[^[Bcut
t{]\[^[^Ticeh&VYd�_ZmW[ _ZmW[^ce] r P _amW[k]Z[xhxfiX\_~g [x` �^ce]\]Z[kXZ� cedWTWVYdWz t{[^]\hHVYcedWVY�oTi[^ze]\[^[xcut�t{]Z[^[kTWceh�H
B@fi� m _ZmW[^cu]ZVy[kX ?�Vy�Y��_amW[kd d `b_afi]a`u�Y�Yr��W]\cEqQVYTW[�_ZmW[ �^cuhH� `bdWVycediX ]Z[	R fWVy]\[^T _ac�� `udW�k[^� _amW[
TWVjqe[k]Zze[kdW�^[kX Vydl_ZmW[H1pVyzuzeXwhH`uXZX	P ?�mWVy� m�? [k]Z[oTW[^X\�^]\Vyg [^T VydBXZ[k� H�� H � H GNH

J d _amW[|XZVYhH�i�y[^X _�� `uX\[ _amW[k]Z[oVyX�cedW�jr cedi[oTiVyX\_ZVydW� _ �^ce��rlcut�_amW[0Bin�B �
ze[^di[^]a`K_ace]\XIP � P ��� P
`udiT [ `b� m � `u] _aVY�^�y[�X _ `b_Z[�VyX `u�^�kceh � `udWVY[^TCg�rC[dCi`u�k_Z�YrCcedi[pcu_ZmW[^]�X _ `b_Z[=?�Vj_am XZ�WVYdHTiV '7[^]ZVYdWz
g�r `�m `b�YtZH > mW[�hHcu]Z[Bze[^di[^]a`b� �^`uXZ[kX ?�VY_Zm � � � _srQ�WVy�^`u�y�jr��^ced�_a`uVyd XZfW� [^]ZMs� `u] _adW[k]ZX
cut t{[^]\hHVYcedWX+?�VY_am ce�i�7ceX\VY_Z[x� mWVy]Z`u�yVj_sr P7XZc `u]Z[�TWVGF �^fi�Y_~_Zc ]\[^�kcedW�^VY�y[<?�Vj_am _ZmW[84 M5S ? [^` O
�kcefW�W�YVydWzeX Vyd _amW[<B c H 1p[kdW�^[�cedW�YrBX\Vyh �W�y[![ � ���e\�X\fW�7[k]ZX r@h h [k_a] r � `ud g [o�Wm�r@X\Vy�^`u�y�jr
]\[^�y[ qb`ud�_ `K_��yce?�X\� `u�Y[^X	H

J _�VYX _ami[^ce]\[k_aVY� `u�Y�Yr `u�i�7[^`u�yVYdWz _Zm `b_�Vjt Bin�B ��[dC@VyX _aXIPiVY_wVYX VYd _ZVyhH`b_a[k�Yr �kcedWdW[k�k_Z[^T�?�VY_amH_amW[
X _a]Zfi�k_afi]Z[xcut�XZ� `u�k[dMM_aVyh [ P `uX � `bd g7[oXZ[k[^d t{]\ceh._amW[�`ud�_aVY�^ceh hxfi_a`b_aVYcedl[IR f `b_ZVycediX cut�_amW[
ze[kdW[^]Z`b_aVYdWzCce� [^]a`K_ace]\XIP
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?�mW[k]Z[ � `bdWT � � `u]\[�_E? c Ms�^cuhH� cedW[kd _ �^ceh �W�y[DC9X\�WVydice]3ce� [^]Z`b_acu]ZXIP � � VyX�_ZmW[+t{cefW]ZM
h ceh [^d�_afWh�cu�7[k]a`b_Zce]IP�`udWT�_amW[ �^ceh � cedW[^d�_ZX cut � � [ � � �� ��\|`u]Z[C_amW[ VyTi[^d�_aVj_sr `udWT�_amW[
��`ufW�yV�� �#� h `K_a]ZVY�^[kXIH > mi[SB@n�B �
ze[kdW[^]Z`b_acu]IP �

�
`udWT�Vj_aXxmW[k]Zh VY_ZV `ud+�kced U\fWze`b_a[ ���

�
P

�kcehHh�fi_a[�?�Vj_amB_amW[|h cehH[kd�_afWh)ce�7[k]a`b_Zce]ZX	P

C � � � � E�� C � � � � � E���� [�� H KY\

?�mWVY�y[ fWdiTW[^] A ce]Z[kd _ � _a]a`bdWX\t{ce]\h `K_aVycudWX _ami[kr _Z]a`udWX t{ce]Zh X�`uX 6�[krQ� XZ�WVYdWce]ZX	H
> mW[ XZfW� [^]\X\rQh hH[ _a]\r ze[kdW[^]Z`b_acu] � P � `ud�g7[ `uXZX\fWh [^T3_ZcH�kcehHh�fi_a[ ?�VY_Zm _ZmW[ zu[^dW[k]a`b_Zce]ZX
cuti_amW[ ! #2[ GY\�� !$#2[M� \�� #2[��e\ z�`bfWze[ zu]ZcefW��� H > mW[ zef `uze[ Vyd�_Z[^]a`b�k_aVYcedWX�`udWTx� mW`u]Zze[kX�cuti_amW[
X\fW�7[k]Z� `b]\_adi[^]ZX�?�VY�y� _amW[kd��i]Z[^�kVyX\[^�Yr�� `bdW�^[k��_amW[ fid ? `ud�_a[kT@R f `bTW]a`b_ZVy�-1 VyzezuX TWVjqe[^]\ze[^di�^[^X
TWVYXZ�kfWXZX\[^T VYd X\[^�gH?� H � H G H
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> mW[k]Z[pVyX�`udWcb_amW[k] �iVy[^�k[pcbt<�kVy]Z�kfWh X\_ `bd _ZV `u�i[kqQVyTW[kdW�^[ Vyd t ` qecufW] cbt Bin�B � ?�mWVy� mHVyX$]Z[k� `b_Z[^T
_Zc _amW[ mice�7[ _am `K_C`u�y�$_ZmW]Z[k[�B c t{ce]\�^[^X h Vyzum _ [kqu[^d�_afW`u�y�jr�g [ TW[kXZ�k]ZVyg [^T�VYd�_a[k]Zh Xxcut `
X\VydWze�Y[ ze]a`bdWTBfWdWVGKW[^TB_amW[kce]\ri[ /on > \dH

> mW[|`bVyh cut `8/on > VyX _Zc�[khxg7[kT _amW[ !$# [ GY\ � !$#2[M� \ � #2[��e\ z�`ufize[ ze]\cefW�WX Vyd `�XZVYhH�W�Y[
ze]\cefW�QP ?�mWVY� m VyXHXZ� ced�_ `udi[^cefWX\�Yr gW]Zc Ou[^d `K_ X\cehH[�mWVyzum>XZ�^`u�y[gH�Spg7c�qe[�_am `b_ XZ�^`u�y[ _amW[
�kcefW�W�YVydWzeX�?�VY�y�Wg [p[	R f `u� PY?�mWVY�y[�g [^�Yc`?>VY_ [ `b� m!?�Vy�Y�W]Zfid `u�k�^ce]\TWVydWz _Zc Vj_aX�]Z[kdWce]ZhH`u�YVyXa`K_aVycud
ze]\cefW��[IR f `b_ZVyced [ � / , \dH > mW[kXZ[ TiV '7[^]Z[kd�_aV `b�$[IR f `b_ZVycedWXoTW[kXZ�^]\Vyg [ mWce?(_ZmW[Cqu`b�yfW[Ccut _amW[
z�`bfWze[l�^cufW�W�yVYdWzeX � m `bdWze[lTW[k�7[kdWTWVydiz�ced�_ZmW[lXZ�^`u�y[B`b_ ?�miVy� m�_amW[ r+_amW[ r�`u]\[lcegWXZ[k]\qu[^TQH
& ]Zcuh ` �Yc`? M5[^dW[k]Zzur � [^]\XZ� [^� _aVYqu[ ` /on > [^d�_ZmQfiXZV `bX\_<? cefW�YT�mWcu�7[C_ac cegWX\[^]\qu[ `u�Y��_amW]\[^[
cut _amW[@B c z�`ufWzu[ �^cefW�i�yVydizeX _a[kdWT _Zc`? `u]\TWX3`�X\VydWze�Y[ �7cuVyd�_BXZceh [	?�mi[^]Z[�g [k_E? [^[^d _amW[
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& VYzefW]Z[�� H B�D > mW[�]ZfidWdWVydiz cut7_ZmW[�!$# [ GY\dP�!$#2[M� \�`udWT # [ �`\�z�`ufize[��^cefi�W�yVYdWzeX
� ��� ?�Vj_amWcufi_l`udiT � 0�� ?�Vj_am � � � X\fW� [^]ZX rQhHh [k_Z]\r P `u�^�kce]ZTiVydWz�_Zc�cedW[
�ycQce��]Z[^dice]ZhH`u�yV � `b_ZVycedBze]\cefW� [	R f `b_aVYcedWX	H � � � [ M � GY\ � %�PV?�mi[^]Z[ � %�VyX _amW[m�rQ�7[k]Z� m `u]\ze[��^cefW�i�yVydiz+Vyd _ZmW[ �^ced�qu[^d�_aVYced `u� dWcu]ZhH`u�yVYXa`b_ZVycedQH > mi[ g `udWTWX
]Z[ � [^� _ �kced�_a[khH� ce]a`b]\r [DC@�7[k]ZVyh [^d�_a`u�:fWdW�k[^]\_a`uVyd�_ZVy[^X	H & ]\ceh C �#$FE H
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[k�y[^� _a]\c`? [ `gOB`udWT����y`udW�^O X\� `u�Y[^X	H

> mW[�]ZfWdWdiVydWzHcut�_ami[��^cufW�W�yVYdWzeX TW[^� [^diTWX~ced3_ZmW[��W`u]\_ZVy�^�Y[^X ?�mWVY� m `u]Z[�`u�^�k[^X\Xa`ugW�Y[ `b_ `ud�r
� `b]\_aVY�^fW�y`u] X\� `u�Y[ `udWTlX\c2?�Vy�Y�7g [ ` '7[^� _a[^TBg�r _ZmW[ `uTiTWVY_ZVycedHcut dW[	? � `u] _aVy�k�y[kXIH�B@fi�W�7cu]\_a[k]ZX
cutiXZfW� [^]\X\rQh hH[ _a]\r _ZmW[^]\[kt{ce]\[��^cedWX\VyTW[k] VY_ `�ze]Z[^`b_ XZfW�k�^[^X\X�_Zm `b_ _amW[�[('<[k�k_�cutW`bTWTWVydiz�B@n�B �
� `b]\_aVY�^�Y[^X~dW[^`u]~_ami[ [^�y[k�k_Z]Zce? [^` O XZ�^`u�y[�VyX|` XZVYzedWVkK � `ud�_ VYhH�i]Zc�qe[khH[kd _ _acl_amW[ fidWVGK �^`b_aVYced
cut�_amW[|�kcefW�W�YVydWzeX	PW`uX�X\mWce?�d3VydLK z H � HNB H
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J t�XZfW� [^]\X\rQh hH[ _a]\r VyX �Wm�r@X\Vy�^`u�y�jr ]\[^�y[ qb`ud�_w_amW[kd `u�y� O dWce?�d�� `b]\_aVY�^�Y[^X X\mWcefW�YTlm ` qe[ X\fW�7[k] M
� `b]\_adi[^]ZX	PVO dWce?�d3`uX ) X\� `u]\_ZVy�k�y[^X �GH > mWVyX�X\[^�k_ZVyced TW[kXZ�^]\Vyg [^X�_amW[oXZhH`u�Y�y[^X _�� `u] _aVy�k�y[~�kced�_a[kd _
t{ce] `�XZfi�7[k]ZX\rQh hH[ _a]\Vy� _amW[kce]\r Vyd ?�mWVy� m _ami[1B c � `bd g [ [^hxg [^TWTi[^TQP�O dWce?�d�`uXl_amW[
h VydWVYh `b�7X\fW�7[k]ZX r@h h [k_a]\Vy� X _ `udWTW`u]ZT hHcQTW[k��[ c B B c \dH

J _�VYX d `K_afW]Z`u�7_Zc `uX OHVYt `bd rHcut _ami[~� `u] _aVy�k�y[kX cut _ZmW[ B c h Vyzem�_ `u�y]\[ `uT@rHg [~X\fW�7[k]Z� `b]\_adi[^]ZX
cutwcedW[H`udWcu_ZmW[^]	H > mW[ cedi�Yr@B c � `u]\_ZVy�k�y[^X�?�Vj_am�X\�WVyd�TWV '7[^]\VydWzBg�r�`�m `b�Yt�`bdWT@?�Vj_am _amW[
XZ`uhH[ z�`bfWze[�R f `ud�_afih d fWhxg [^]ZX�`u]\[ _amW[ 1pVYzezeX g ceX\ced�`bdWT _amW[ dW[kfi_a]\VydWc H 1pce? [ qe[k]
Vjt�_amW[kXZ[�? [^]Z[l]\[^�y`b_a[kT+g�r�`3X\fW�7[k]ZX r@h h [k_a] r�_Z]a`udWX t{ce]ZhH`b_ZVyced _amW[�B@n�B �,[	R fWVYqb`u�Y[^d�_xcut
_ZmW[ B c � f Ob`�? `+Vyd�_a[k]a`u� _aVYcedWX�? cefi�yT>qQVycu� `b_Z[��Y[^�i_Zced>d fWhxg [^]	H B@c�Vyd>�kcedWX _a]Zfi�k_aVYdWz�`
X\fW�7[k]ZX r@h h [k_a]\Vy�o[dCQ_a[kdWXZVYced cut�_amW[2B c [^`u� m�O dWce?�d � `b]\_aVY�^�Y[oh�fWX\_p[dC@VyX _ VYd3`ChxfW�j_aVY�W�y[ _
`u�YcedWzeX\VyTW[|` dW[d? ) XZ� `u] _aVY�^�y[��i� `b]\_adi[^]IH
J _ VyX hHceX _ �^ced�qe[kdWVy[kd�_~_acHTW[^X\�^]ZVYg7[o_amW[ c B B c Vyd�_Z[^]\hHX cut$Vj_aX Vyd�_a[k]a`u� _aVycud�[kVyze[kdWX\_a`b_a[kXIP
`udiT `b_�`pmWVYzem�[kdW[^]\zuroXZ�^`u�y[�?�mW[^]\[ X\fW�7[k]ZX r@h h [k_a] rogW]Z[^` O VydWzpVyX XZhH`u�y� H > mW[ � `b]\_aVY�^�Y[^X � `ud
g [ _ZmW[^d _a]Z[^`b_a[kT `uXp`u�W�W]\c�CiVYh `K_a[^�jr hH`uXZX\�y[kXZXIH�Sw_ �yce?9[kdW[^]\zeVy[kXIP g7cb_am�_ZmW[<B c � `u] _aVY�^�y[kX
`udiT�_amW[kVy]<Bin�B � � `u] _adW[k]ZX<?�VY�y��` R fWVY]Z[ h `bXZX _ZmW]ZcufWzem�_ZmW[ X\fW� [^]ZX rQhHh [k_Z]ZVy� qe[k]ZXZVYced+cut
_ZmW[ 1pVYzezeXwh [^� m `bdWVyX\h,H J dBXZ[k� H � H �NH M�XZcuhH[ cut _ZmW[ �^cediXZ[IR fW[kdW�^[kX cut_Bin�B ��gW]\[ ` O VydizH`b]Z[
X\fWhHhH`u]\VyXZ[kTQH
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chiral

gauge

supergravity

cplx scalar

weyl spinor

gauge boson

gravitino

graviton

spin

0
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3/2
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& VYzefW]Z[;� H M.D > mW[ h `bXZXZ�Y[^X\X�� � � X\fW�7[k]Zhxfi�Y_aVY�W�y[ _aX	H > mW[ gW�YcegWX ]\[^�W]\[dM
XZ[kd�_�VydWTWVjqQVyTWf `b�QX\fW� [^]Zh�fW�Y_ZVy�W�Y[k_aX	Pu[^`u� mCcutX?�mWVy� m mW`uX�_E? c �^ceh �7cudW[^d�_aX�?�VY_am
XZ�iVydWXpTWV '7[^]\VydWzHg r cedi[�m `u�jtZH B@fW� [^]Zh�fW�Y_ZVy�W�Y[k_aX��^`ud g7[o�^cudWX\_Z]ZfW� _a[^T g�r _amW[
`u�W�i�yVy�^`b_aVYced cut _ami[ozu[^dW[k]a`b_Zce]�ce�7[k]a`b_Zce]ZX � `bdWT � � H

��`u] _aVy�k�y[kX XZ�iVyd�� X\�WVyd �� !$#2[ GY\DP !$# [O� \dP #2[ �`\
X R f `b] O XIP R f `u]TOQX � [ �� � �
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X\�y[k�i_acediXIP �y[k�i_acudWX � [ �� �� � \ [ � � � \ [ � P  P M �� \
[ �3Gxt `uh Vy�YVy[^Xf\ �� �� �� � �� [ � � P � P �e\

1pVYzezeXIP�1pVyzuzeXZVYdWceX ��� [�� �� � �� \ [ �� �� �� �� \ [ � P  P � �� \
� % [�� �% � �% \ [ �� �
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\ [ � P  P M �� \

> `ugW�y[ � H ��D > mi[ c B B c � mWVY]a`u� XZfW� [^]\hxfW�j_aVy�i�y[k_ZXIP�[^`u� m�cut=?�mWVY� m��^ced�_ `bVydWX
g cu_am `HXZ�WVYdNM �k[^]Zc�[ X\� `u�y`u]^\ `udWT X\�WVydNM5m `u�jt=[ 6�[krQ��XZ�WVYdWce]^\��^cuhH� cedW[kd _IH > mW[
1pVYzezeX K [^�YTWXw`u]\[~zeVjqe[^d `�XZfWgiXZ�^]\Vy�i_w� `ug [^� TW[^� [^diTWVydWz�ced ?�mW[ _amW[k]w_amW[ r zeVjqe[
hH`uXZX�_ac � M5_srQ� [|ce] 
 M5_srQ�7[�R f `b] O XIH

> mW[ � ceXZX\VygW�Y[ hH`uX\XZ�y[kXZX|hxfW�j_aVY�W�y[ _aX t{ce] � � � B@n�B �.`u]Z[CX\mWce?�d�Vyd�K z H � H M]H J d�_acB_amiVyX
t{]Z`uhH[d? cu] O|hxfWX _�g [ �W�y`u�^[kT _ZmW[ B c t{[^]Zh VycudWXIPEqe[k�k_acu]�z�`ufize[ g ceX\cedWXIPe`udWT `�t{fWdWT `uh [^d�_a`u�
X\� `u�y`u]��W`u]\_ZVy�^�Y[�W~_amW[�1pVYzezeX g7ceX\cedQH �~dW�Yr|_E? c _srQ�7[kX�cut X\fW� m XZfW� [^]\hxfW�j_aVy�i�y[k_�`u]\[ ]\[IR fWVY]Z[^T
_Zc �^ced�_a`uVyd�`u�y�$cut�_ZmW[ X _ `udiT `u]ZT�hHcQTW[^��� `b]\_aVY�^�Y[^XIP _ami[^XZ[ `u]Z[ _amW[H� mWVy]Z`u� `udWT�_ZmW[ z�`bfWze[
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��`u] _aVY�^�y[kX XZ�WVYd �� XZ�WVYd � ! #2[ GY\dP !$#2[M� \DP #2[��`\
ze�YfWVydic P@zu�yfWced �� � [ � P � P �Y\

?�VydWc P�6 g ceXZcudWX �� ��P �� � ���_P � � [ � P � P �Y\
gWVYdWc PXj g ceXZcediX �� � � � [ � P � P �Y\

> `ugW�y[ � H G�D > mW[ c B B c z�`ufWzu[HX\fW�7[k]Zhxfi�Y_aVY�W�y[ _aX	P�[ `b� m�cut ?�mWVY� m��^ced�_ `bVydWX
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� ��� �)���(7�� � � " � � ����� � �)7 � ��� � � � L ��� �(7���� �$"3�," � � " ��� � ')� � 7�� � � ' � � ")� %��)� ����� " � � "#� � � 7 � � � � 2

9 �



���������
	�� _ ��
�������������	���������	����
ce��	�� �!���"�"	#���
�

����� "#� � �2� � % �$" ��� � * � � �1� � " � � ����� � � %��)� � � � � � �)7�� � � � '(� � 7 � � � �
� ��� � J �)')� � 2 � %�% � � � 2 � �����.��� �8� � �1�4��� * � � " �(7�� � � "<�$" "�� � �,�
2 � � ����� !"�&� � �  	

�����

 � � � a � 6 7&� �6*"��' � ��" �
����� � � ! � � � " � � �)')� �-� � ' ��� " � �,�,� ����% � '�� ����� * � '�� � � ��� � % � � �.� ���2� � � �
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 � � � a � 6 7 *
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*"��' ��� � "-� � % �$" � � � � ���$" � � * � � � �.� � � � � # aQN 4 	 
 	 � ��� � ���.� * � '�� � � ��� � % ��� � '�� �4��� � � �
!��$� ' � � � �," � * ��� � 2 ��� � � �-� � " ��� � � � � ����� 863,:<;D,5= � � %�� � � � � �$" �-�&")" � � "#� � �2� � % � � " � � �
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n−type

Al Electrode 80 um

22 um

Si O2

N+

E−field
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���
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�"� 	
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 � 4 &���� � ���?���
� � �'� � � 	
� �]�.� � � �6� /B& � �
� �"� ���%��& � ����� � � ������� � ��& � �
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� �
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*��"� ���s� � ��������� � � �����
� �D2
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� � ������� )�� �
� 	
	�� �?� �"� � ��� ��� � �����,�B�
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� ��� �
) �
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�"� ��� �-�
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� � � � � @P�9���,�
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	 ���]&����9����� 	
� &��A@7�����"�K�����1� �"�
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�'� �
� � �
	 @b�,���"� � �,�,��� 	 � ��� � � ���� � �,����� ��) � � ���,� � ������� � /B& � �
��� ��) �����!�`��� � � � �,����� 	�� � �(����� &��c@7�,�
�"�N������� �K4 � 
 ���"� 	
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 ��& � ���,@7�'� � ���9@$�
�o��� ) ����� 	 @d��� ��	
� ���,�]� � � �"	 � �?* ��� 	
� ��� 	 ������� ��� � ��� �
�n� � �9����� ��	 @%�p� * ����� �"��A@%�#� � @d� � ��� � ��� � ��� � ���
�"� 	 �"���'�$� � ���L@ 2 � � �S�
*�� �5��� � &��A@7�����"�n������� ��� ��� �
� ��� 	 &����9����� 	
� ���� - � ��� � ��� � ��� �,�'��������� � ��� � ���
�"� 	 �'� ���"	 ���I���,�6� � ����� � � �
�N��� � /B& � ����� �
� ��� 	 � � �9� 2
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� � /B& � ���
� �"� ��� 	 � � �9���`���4 � 
 � ���"� 	
� �,��& � ���9@B�'� � ���9@ � � 	�	 � � �"��� � &������,�
� 	���2
� ��� *��$� �'&������,�
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� ������� *�� � � �1���]�,��& � � ��9@B�'� � ���9@J�'� ���"	 �1���b�����!�K��� � ��&�&Q���,��� � ���L@-��� � �����"� *�� � ��� � &����9���
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� �1�
� � ��� � ���,� �"�324 � �����
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� � � 
 � � � � � � ��� 	 � ���
�I� �	 ������� � � ������� �.� � � � ��� � ���B�I� � �a���`��� � �P���,� � /B& � ���
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	 @ � � � �"� 	 �+��� )�� ������� � �%������,��& � ���9@B�'� � ���9@ 2
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	 � � � ��)��� � �P���,�S� � �"� � �,�������?���
� � ���D� � �����,O � � 	�� &���� ��� � ��� � � � ��� ������� 	 � � �d�9����� � � 2 � ���9��� � ���'��� � ��A@ � /����P� � � ��) ��� � �������?���
� � ��� � � ��� � ���
���>�
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� ��\



��� �������
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�,��� ��) ����� � � *�� ��� � �P��� �
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� �;���-� � � � � � �,����� � �L@>���5��������� � � � 2
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