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Hypercomputation is Experimentally Irrefutable 
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E LCK @ ? IC? @ K J K E G�L�DoJ S S G�_ODoB�DZK GaQC@ Q�B�A @HK Y�J K � �C� � ��� �RG�BC?*G�? E c�E L�J S
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D Y�G�_�K Y�J KhYCT I�@ ? A G�UaICBCK J K E G�L�A J LCL�G�KsN�@�? @ [ BCK @ QjNCT�J LCT
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?A@CBED B�FHG ICJ K L�DNM:OQPRG�S J K L�T BEU�B�L�G V
WYX Z [�\�]�^ [H_ ` acb \c` d Z b ecfgacf d ` hib jk`gl ` mkb X b ` _nd \�o�d f pcZNb oHmk\cacf _ oHpc[chcj b d�j q*rNfs[�` ecfgl \�]co�aib ZYZ \t[�` ecf
_ f mk` _ u�` v�X hwj ]cvcZ X fHj f mk` ocZ b d j xQyC[�` ZYp�` _ Z b d ]�X ` Z ftb o�j Z ` v�b X b Z hHb jEb mnp�\�_ Z ` ocZzd ` oco�\�ZNv�ftacf o�b f a�qA` jkZ [�b j
p�\�pc]�X ` _Cacf j d _ b pcZ b \�on\cl�Z [�fApc_ \�Z \�ozb X X ]�j Z _ ` Z f�jR{ vc]cZ:j f fz| }C\cf ~ �c�c�:l \�_C`Amk\�_ f�l \�_ mk` X�\�ecf _ ecb f rN� �

��_ \�Z \�o�js` _ f�f j j f ocZ b ` Xzp�` _ Z js\cl�\�_ acb o�` _ h�mE` Z Z f _s` o�a�` _ fwj Z ` v�X fH\�ecf _�p�f _ b \ca�js\cl
v�b X X b \�o�j�` o�a�f ecf o�Z _ b X X b \�o�j�\clQh�f ` _ j x���` _ Z b d X fzpc[chcj b d b j Z j�` _ fno�f ecf _ Z [�f X f�j jAb ocZ f _ f�j Z f a
b oiX f ` _ o�b o�^srY[�f Z [�f _Ypc_ \�Z \�o�jzf ecf ocZ ]�` X X hgacf d ` h�qR\�oi`�Z b mkfgj d ` X fs\clk� �c� �kh�f ` _ jz\�_
mE\�_ fcx�y:[�b jRb ocZ f _ f j Z:acf _ b ecf�jRl _ \�m�d ]c_ _ f ocZ�` Z Z f mkpcZ jC` Z�^ _ ` o�aY]co�b l b d ` Z b \�oNZ [�f \�_ b f jCZ [�` Z
rN\�]�X atd \�mnv�b o�fs` X X�l \�]c_zl ]co�ac` mkf ocZ ` X�b ocZ f _ ` d Z b \�o�jn\cl�mk` Z Z f _Nb oi`sj b o�^cX f�j d [�f mkf�x
�i` ochg\clAZ [�f j f�` Z Z f mnpcZ jNf ocZ ` b XQZ [�fk]�X Z b mk` Z fEb o�j Z ` v�b X b Z hs\clAZ [�fkpc_ \�Z \�o�qRj \�_ f j f ` _ d [
^�_ \�]cp�jn` ZY`�oc]cmnv�f _z\clN` d d f X f _ ` Z \�_zl ` d b X b Z b f�jz` _ f�d \�o�a�]�d Z b o�^sZ f�j Z jNZ \tacf Z f d ZYj ]�d [
acf d ` hcj x �z\zd X f ` _Rf e�b acf o�d f�[�` jRh�f Z�v�f f onl \�]co�a���p�\�j j b v�X fYb o�acb d ` Z b \�o�jCZ [c]�j*l ` _Rd ` ozv�f
b ocZ f _ pc_ f Z f asb ot\�Z [�f _�rN` hcj x*| � ��� � � � � � ���n� � � � � � � � �t �¡ � ¢ � � ¢ �i£ ¤� �¡ � ¥ � ¦ � §�¨ © � ¢ ª�«�¬ ­ ­ � ® ¬ ­ ­ ¯
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À�b ecf okZ [�` ZCpc_ \�Z \�o�jA` _ fYu�f hnd \�mnp�\�o�f ocZ jA\clRf ecf _ hn` Z \�mkb dNoc]�d X f ]�j q�b ZCb jQd X f ` _*Z [�` Z*j \�mkfNÀAÁNy*j*{ ^ _ ` o�a
]co�b l b d ` Z b \�onZ [�f \�_ b f j q�rY[�b d [k` _ fNf ÂcZ f o�j b \�o�jQ\cl:Z [�fzÃcZ ` o�ac` _ az�t\cacf X �:rN\�]�X akf ocZ ` b X�Z [�fNb o�j Z ` v�b X b Z hz\clCÄ�Å Å
` Z \�mkb dnj p�f d b f j x�W�ZCZ [�fNZ b mEfz\clRrY_ b Z b o�^Ej f ecf _ ` X:[c]co�a�_ f aEf X f mkf ocZ ` _ hnp�` _ Z b d X f�jQ` _ fNuco�\�rYo�qcrNb Z [kmkf ` o
X b l f j p�` ok_ ` o�^�b o�^nl _ \�mÆZ [�fYecf _ hnX \�o�^z{ pc_ \�Z \�o�jRÇ�� �cÈ ÈChcf ` _ j � qcZ [c_ \�]�^ [nZ [�fNf ecf _ h�ac` hn{ l _ f fYo�f ]cZ _ \�okÉt� Ê
mkb oc]cZ f�j � qRZ \tZ [�fsec` o�b j [�b o�^�X hij [�\�_ Z�{ ËCÌNÉÍ� �cÎ Ï ÐNj f d \�o�a�j � xCÑ*]cZ�r�[�` Z�ac\cf�jzÒ mkf ` oiX b l f�j p�` o�Ó�` d Z ]�` X X h
mkf ` o�b oEZ [�b jAd \�ocZ f ÂcZ ÔYyC[�fnj Z ` o�ac` _ aEacf l b o�b Z b \�oEb jAj Z _ ` b ^ [cZ l \�_ rY` _ a�x�Õ�\�_Qf Â�` mnp�X f q�b lRrNfzj Z ` _ Z:rNb Z [E\�o�f
mkb X X b \�ozl _ f fAo�f ]cZ _ \�o�j q rYfArN\�]�X azf Âcp�f d Z�Z [�` Z�` l Z f _:_ \�]�^ [�X hE� ÊYmkb oc]cZ f�jC{ Z [�fA[�` X l Ö X b l f�\clC`�l _ f fAo�f ]cZ _ \�o��
\�o�X hg` v�\�]cZYÊ��c��q �c�c�grY\�]�X ag_ f mk` b o�qCZ [�f�_ f�j ZA[�` ecb o�^gacf d ` h�f a�x:W�o�\�Z [�f _E� ÊsmEb oc]cZ f jzX ` Z f _YrNfkrN\�]�X a
[�` e�f�\�o�X hY×�Ê���q �c�c��q�` o�aE� ÊYmkb oc]cZ f�jC` l Z f _:Z [�` Z�\�o�X hE� ×�Êcq �c�c��x
yC[�fNd \�o�d f pcZC\cl*Ò [�` X l Ö X b l f ÓYb jQj \nl ` mEb X b ` _CZ [�` Z:b Z
b jÍd \�mnmE\�o�X hØ` d d f pcZ f aÙ` j�` oÚ]co�Û�]�f�j Z b \�o�f a
v�` j b jÜl \�_Üf Âcp�f _ b mkf ocZ ` Z b \�o�xØÕ�\�_Ýf Â�` mkp�X f q
j Z ` o�ac` _ aÞf Âcp�f _ b mkf ocZ ` Xßj ]cpcp�\�_ Zàl \�_áZ [�f
_ f X ` Z b ecb j Z b dHo�\�Z b \�o�Z [�` ZnZ b mkf�j X \�rNjgac\�r�oÍl \�_
l ` j Z�mk\�ecb o�^â\�v ã f d Z jib ocec\cX ecf jgmkf ` j ]c_ b o�^�Z [�f
[�` X l Ö X b l fÍ\cltd \�j mkb d�_ ` hcj xnyC[�f�j f�l `�j Z Ö mk\�ecb o�^
p�` _ Z b d X f�jQ_ ` b o�d \�o�j Z ` ocZ X hEac\�r�ok]cp�\�okZ [�fYä*` _ Z [�q
` o�anb Z�b jCp�\�j j b v�X f�Z \Nmkf ` j ]c_ fA[�\�r�Z [�f b _:oc]cmkv�f _
d [�` o�^�f�jzrNb Z [i[�f b ^ [cZ x*yC[�fgX \�rYf _zrNfsZ ` u�fg\�]c_
mkf ` j ]c_ f mEf ocZ qsZ [�fåX \�o�^�f _wZ [�f�p�` _ Z b d X f�j�rNb X X
[�` e�f�v�f f oâb oÍZ _ ` o�j b Z�` o�aÍ]co�acf _ ^�\cb o�^�acf d ` hcq
` o�anZ [�fYX \�rYf _RZ [�f b _R` pcp�` _ f ocZ:l X ]cÂnrNb X X�v�f d \�mkf�x
äRÂcp�f _ b mkf ocZ ` XAf ecb acf o�d fEd \�o�l b _ mEjNZ [�` ZQZ [�fEl X ]cÂ
a�_ \�p�js\cl lEmn]�d [�mk\�_ f�j X \�rNX hwZ [�` o�rY\�]�X a�v�fif Âcp�f d Z f aw^�b ecf owZ [�fH` mk\�]cocZk\clkZ b mkfHb ocec\cX ecf aw{ ` j
mkf ` j ]c_ f a�vch�` og\�v�j f _ ecf _�\�o�Z [�fnäR` _ Z [�� q�v�f d ` ]�j fnZ [�fkl ` j Z Ö mk\�ecb o�^Ep�` _ Z b d X f jYd \�o�j b acf _�Z [�fQã \�]c_ o�f hkZ \
[�` e�fAZ ` u�f ozd \�o�j b acf _ ` v�X hNX f j j:Z b mkf q rY[�f o�d f�d \�o�j b acf _ ` v�X hNl f rNf _C\cl�Z [�f m�acf d ` h�x
WYd ` acf mEb dn]�j ` ^cfk\clQZ [�fzZ f _ mÙj ]�^c^�f j Z jQZ [�` ZRpc[chcj b d b j Z jAd \�o�j b acf _Aacf d ` hkZ \kv�fno�\�ZCmEf _ f X hkp�\�j j b v�X fzvc]cZ
o�f d f j j ` _ hcqQvc]cZNZ [�b jEb jko�\�rY[�f _ ftf Âcpc_ f j j f a�b oHZ [�fij Z ` o�ac` _ aHacf l b o�b Z b \�o�jkr�[�b d [w` _ ftl b _ mkX htv�`�j f aib o
j Z ` Z b j Z b d ` Xz` o�` X hcj b j xAæHfH{ ` o�awd X f ` _ X hHpc[ch�j b d b j Z j�b oÍ^�f o�f _ ` X �nrN\�]�X a�Ò f Âcp�f d Z Óg_ \�]�^ [�X hH[�` X lk\clk\�]c_
o�f ]cZ _ \�okj ` mkp�X fAZ \Y[�` ecf�acf d ` h�f az` l Z f _A� Ê�mEb oc]cZ f j q vc]cZ�rNf�d ` oco�\�Z�^ ]�` _ ` ocZ f f�b Z x yC[�fQp�\�j j b v�b X b Z hY` X rY` hcj
_ f mk` b o�j qC[�\�rNf ecf _NX \�råZ [�fEpc_ \�v�` v�b X b Z h�q:Z [�` ZQç�è�ç�é�\clAZ [�fko�f ]cZ _ \�o�jYrNb X X*[�` ecfEacf d ` h�f a�qCf ecf oij f e�f _ ` X
ac` h�jCX ` Z f _ x
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P�L�I�XGH I:NGH Q S XGH N�c�?A@�HnQ L�P�Q H ]GI:LGU:@�S \ U x \ B U HnF�B eGH�CbC @�S ]�HqI LMI @�HqP�L�I B L�PfI @�S IGoqp gbr s t�I H P�N�CAI L�KMS V N�C:y H V LMI @�H
\ L�P�F�H VbKMHMKMS B I _:v z j z�oip gbr s tb{}|TS Cis:{}~McG� PTI @�HMU LG\ \ L�KMB P�FJC I S I H RTH PGI C _�I @�HneGS \ E�Hf�`B C*S C C EGRTH NZI Lf[�H
]�L�C B I B eGH�c

�*� � � �:� ��� ��� ��� � � ��� � ���T�G��oqp gbr s t:{�|MS�CAs�{�~
�`PGXDFGB eGH P^]�S V I B Q \ Hqg�RTS XaL�VnRTS XDP�L�IqH eGH PGI E�S \ \ XaNGH Q S X�_:[GEGIqI @�HJQ @�S P�Q H�CnLGU`B I CnP�L�I*@�S eGB P�F
NGL�P�HnC LM[�H Q L�RTH`S V [�B I V S V B \ XMQ \ L�C HqI LMy H V LMS�C:I B RTHq]�S C C H C c ��L�V RTS \ \ XG_ gWC S I B C U B H C
���:� �qt pi���Gp � t:� p � s�t*��p:sG�a��p � t:t���p�oqp gbr s t:�J�`t:�

���   �G��¡f� ��� � � ��� � � ��� � ���T����oqp gbr s tA{¢|fS Cbs�{¢~
�`PGXJ]�S V I B Q \ H _ gi_�RTE�C I*H eGH PGI E�S \ \ XJNGH Q S X�S U I H V`C L�RTHZU B P�B I HfI B RTHJ��p g*t _�[GEGIbKMHZNGLJP�L�Ib£GP�L�K¤B P
S N�e�S P�Q HZK`@�S I*eGS \ E�H��Gp g*t*KMB \ \AI S £�H�c�¥YHZNGLJ£GP�L�Kf_�@�L�KMH eGH V _�I @�S I*B UiKMHfKMH V HfI LJKMS I Q @JRJS PGX
]�S V I B Q \ H�C:I @�Hqe�S V B L�E�CAeGS \ E�H�CAKnL�E�\ Nn[�H`NGB C I V B [GEGI H NfS CbNGH C Q V B [�H N�c ��L�V RTS \ \ XG_ gWC S I B C U B H C
� pq���Gp g*t:t p � s�ti��p:s��D��p g*t:tJ�¦p�oqp gbr s t�§�|MtA�

?A@�HDC X�RZRTH I V Xa[�H I KMH H P^I @�H�I KML^B PGI H V ]GV H I S I B L�P�CMB C P:¨ IqB RTRTH NGB S I H \ XDL�[GeGB L�E�C _bC LDKMHG¨ \ \iS ]G]�\ XDS�\ B I I \ H
© I V B Q £�ª«I L¬@�H \ ]�[GV B P�F¬L�EGITI @�HYC B RTB \ S V B I X�cq� P¬I @�HOC H Q L�P�N¬B PGI H V ]GV H I S I B L�P�_`KMH�¨ V HWRJS £�B P�FYI @�HW[�\ EGPGI
S C C H V I B L�PZI @�S I�oqp gbr s tAB Cby H V L�_GS P�NfQ L�P�C H ­�E�H PGI \ Xn@�S e�HqP�LnP�H H NfLGU�I @�HqI H�C I x ]�S V S RJH I H VA© � ªqI @�S I�S ]G]�H S V CAB P
I @�HMU B V C IAB PGI H V ]GV H I S I B L�P�c�¥YHnQ S PTV H x B PGI V LGN�E�Q HM�`[GXfL�[�C H V e�B P�FMI @�S I�h j k lZQ S PZ[�HMNGH U B P�H NfS�Cb© I @�S I�EGP�B ­�E�H
P�L�P�x P�H F�S I B eGHqPGEGRT[�H V:Kn@�B Q @fB Cb\ H�C CAI @�S PZH eGH V X`]�L�C B I B eGHqPGEGRZ[�H V ª�c ®iL�P�C H ­�E�H PGI \ XG_

pi����p g*t:t p � s�t*��p:sG�a��p g*tAtJ��p�oip gbr s t�§�|Mt:�
B C:I @�HnC S RTHnC I S I H RTH PGI�S�C

p � �qt pi����p g*t:t p � s�t*��p:s��a�Gp g*t:t���p�oqp gbr s t:�J�`t:�
]GV L�eGB NGH N���p g*tbS P�NMoOS V HMB P�NGH ]�H P�NGH PGIALGU*�nS P�NT�MB CiB P�NGH ]�H P�NGH PGI:LGU�gqc �nQ Q L�V NGB P�F�\ XG_GKnHMQ S PZKnV B I HnI @�H
I KMLMB PGI H V ]GV H I S I B L�P�CbB PZC I V B £�B P�F�\ XfC B RTB \ S V:I H V RJC _ Kn@�H V H`�qB CbS F�S B PfEGP�NGH V C I LGLGNMI LM[�Hq]�L�C B I B eGH�¯
���:� �qt pi���Gp � t:� p � s�t*��p:sG�a��p � t:t���p�oqp gbr s t:�J�`t:�

� p � �qt pi����p g*t:t p � s�t*��p:s��a�Gp g*t:t���p�oqp gbr s t:�J�`t:�
®i\ H S V \ X�_ I @�H`L�P�\ XM\ LGF�B Q S \�NGB C I B P�Q I B L�Pf[�H I KnH H PfI @�HqI KMLfB PGI H V ]GV H I S I B L�P�Cb\ B H�CAB PMI @�HqKMS Xf�fB CAQ @�L�C H P�c
°n±:²A³�´ µ ¶W³�·:¸ ¹�ºA» ·b¼:µ ½ ¸ µ ·A¾�¿Aµ ½ Àb¹�ÁAµ º µ ¸ ÂaÃ:Äi¸ ÀA³Z» ·A¸ ³�´ ²:´ ³�¸ ¹�¸ µ Ã�·b½
ÅqÆ Ç È É ÊÌË Í�È Ë*Ë Í�Î Ï ÎTÉ Ð`Ñ�Ò�Ó Î ÔGÕ�Î Ï É ÊTÎ ÑGË È Ç ÖZ×MÈ ØJË ÒDÙGÉ Ð Ë É Ñ�Ú Û�É Ð ÍDÜ�Î Ë ×MÎ Î ÑDË Í�Î Ð ÎZË ×nÒ�É ÑGË Î Ï ÕGÏ Î Ë È Ë É Ò�Ñ�Ð Ý�ÞAÍ�Î
Ï Î È�Ð Ò�Ñ�ß Ò�ÏiË Í�É Ð`É Ð`É ÑGË Û�É Ë É à�Î Ç ØJÒ�ÜGàGÉ Ò�Û�Ð*áDË Í�ÎZÒ�Ñ�Ç ØTË Ø Õ�ÎZÒGßiÕ�È Ï Ë É Æ Ç Îf×nÍ�É Æ Í�Æ È Ñ�ÙGÉ Ð Ë É Ñ�Ú Û�É Ð ÍJË Í�Î ÊÌÉ ÐqÒ�Ñ�Î
×nÍ�É Æ ÍZÑ�Î àGÎ ÏbÙGÎ Æ È Ø�Ð âGÈ Ñ�ÙZÎ àGÎ ÑMË Í�Î ÑMË Í�Î`Î ÔGÕ�Î Ï É ÊJÎ ÑGË ÐA×MÒ�Û�Ç ÙnÍ�È àGÎqË ÒMÜ�Î`Ç Î ß Ë�Ï ÛGÑGÑ�É Ñ�Únß Ò�Ï Î àGÎ Ï:Ü�Î ß Ò�Ï ÎqË Í�Î
ÙGÉ Ð Ë É Ñ�Æ Ë É Ò�ÑZÆ Ò�Û�Ç ÙnÜ�ÎqàGÎ Ï É ß É Î Ù�Ý
ÞAÍ�ÎfÆ Ç È É ÊÌÓ ãqä åbæ ç èié}êTÈ�ÐqçAé}ënÖfÆ È ÑTÜ�ÎMàGÉ Î ×MÎ ÙTÈ ÐiÈfÙGÎ Ð Æ Ï É ÕGË É Ò�ÑJÒGßbË Í�ÎfÎ ÔGÕ�Î Ï É ÊJÎ ÑGË È Ç:Î Ï Ï Ò�Ïb×MÎfÈ Ï Î
ÕGÏ Î Õ�È Ï Î ÙMË ÒZÈ Æ Æ Î ÕGË�×nÍ�Î ÑZË Î Ð Ë É Ñ�ÚnÛGÑ�Ð Ë È Ü�Ç Î`Õ�È Ï Ë É Æ Ç Î�ÐbÈ Ú�È É Ñ�Ð Ë�Ë Í�Î`È�Ð Ð Î Ï Ë É Ò�ÑZÓ Î àGÎ Ï ØMÛGÑ�Ð Ë È Ü�Ç Î`Õ�È Ï Ë É Æ Ç Îq×MÉ Ç Ç
Î à�Î ÑGË Û�È Ç Ç ØJÙGÎ Æ È Ø�Ö�Ý�Å ÑDÒ�Ï ÙGÎ ÏqË ÒTË Î Ð Ë*Ð Û�Æ Í�È Ñ�È�Ð Ð Î Ï Ë É Ò�ÑT×MÎf×nÒ�Û�Ç ÙZÜGÛ�É Ç Ù�Ð Ò�ÊTÎfÈ ÕGÕ�È Ï È Ë Û�Ð â�Ð ÛGÕGÕ�Ç Ø�Ð Ò�ÊTÎ
Õ�È Ï Ë É Æ Ç ÎAåWÈ ÐiÉ ÑGÕGÛGË âG×MÈ É ËAß Ò�Ï*ÈnË É ÊTÎZìTÈ Ñ�ÙfÆ Í�Î Æ ífË ÒTÐ Î Î`×nÍ�Î Ë Í�Î ÏbÒ�ÏAÑ�Ò�Ë åaÍ�È ÙfÙGÎ Æ È ØGÎ Ù�Ý�ÞAÍ�Î`Õ�È Ï È ÊJÎ Ë Î Ï



��� � ��� � � 	 	 � � � 
 � � � 
 � ��� � � � � � ��� � � � � � � ��� ���  � � � � ��� � � � ! ! ��" � � � # � � � $ ! � % &
' (*)�� + � 
 + � , - . � / � 0 1 )�0 2�/ 3 � � 4 � 5 � � 	 5 � - � 6 � 1 1 � � 7 8:9 	 � ; � 4 < � � = - 9�> %

?A@ BDC�EGFIH CGJ K F L M�N KOCGPIK QGR�K F @ SAK MGH L JTK F F C�FVUWH X�KOK QGR�K F @ SAK MGHIB X�C�E�J YZRGF CGY�E�N KAC�[�B K F \GL [�J KAK \G@ YGK M�N KA@ M
P L \GC�EGF]CGP ^I_ B`YGK N L aDL J J�[GEGH�?VCGP:H X�KVH @ SAKGb
c X�KIH deCA@ MGH K F RGF K H L H @ \GKfB H L H K SAK MGH BTN L Mg[�Ke\G@ K dDK YfL�B`h K QGR�K F @ SOK MGH L J�B N X�K SOL B iGb c X�K aDH K J J�E�B]H X�L H�H X�K F K
L F KIj L H�J K L B H k:H dDCDYG@ B H @ M�N H�dDL a�B]@ MfdeX�@ N XfH CDF K J L H KVH X�KT\GL F @ C�E�B]N C�M�B H F L @ MGH B:@ MG\GCGJ \GK Ye@ MDH X�@ B]K QGR�K F @ SAK MGH b
l MfH X�KeC�M�KIX�L M�YfdDKIN L MAK MG\G@ B L m�KeLDB @ H E�L H @ C�MA@ MfdeX�@ N Xgj K Q�L N H:N J C�M�K�B`CGP k]LDB @ M�m�J KVnGM�C�dIMfR�L F H @ N J KVdD@ J J
[�KfF K R�K L H K YGJ aAF K o E�B K YOL�BVH X�Kg@ MGRGEGH*P C�FVC�EGFVK QGR�K F @ SAK MGH p�[GEGH`H X�KfH CGJ K F L M�N K�BTde@ H X�@ MOdeX�@ N XOdDKDX�L \GKDH C
dDC�F nAdD@ J J�[�KD@ SAR�C�B K Yg[GaAB C�SAKDC�EGH B @ YGKDL mGK M�N afL M�YgL F KeM�C�H:L \�L @ J L [�J KeqT^`r s t�r s b uvKDL N N C�F YG@ M�m�J agN L F F a
C�EGH�F K B K L F N XA@ MGH CfH X�KIM�L H EGF KeCGP`C�EGF`R�L F H @ N J K�pGL M�YfH X�K F K [GafN C�SAKeH CfEGM�YGK F B H L M�Yg@ H BTm�K M�K F L J�M�L H EGF K�b c X�@ B
a�@ K J Y�B`K M�C�E�m Xg@ M�P C�F SOL H @ C�MfH CfL J J C�dwLIm�K M�K F L J�F E�J KICGP�H X�KIP C�F Sxh @ P:@ H�X�L B M:_ H�YGK N L a�K YedD@ H X�@ MgygB K N C�M�Y�B p
@ H _ B]M�C�H:m�CG@ M�mDH CGi�b c X�K F K L P H K F p�M�CDSOL H H K F]deX�L H�H CGJ K F L M�N KIdDKG_ F KIH CGJ YDH CfdDC�F ngde@ H X�@ M�p�dDKIL RGR�J aeH X�KVF E�J K
h F EGMzH X�KAK QGR�K F @ SAK MGHTP C�FDy{B K N C�M�Y�BeL M�Y{B K KgdeX�L H`X�L RGR�K M�B iGb l MOH X�KgC�H X�K FVX�L M�Y�p�dDKgN L MzK MG\G@ B L m�KgL
B @ H E�L H @ C�MW@ MzdDKG_ F KgH CGJ YZH X�KAH CGJ K F L M�N K BedeK�_ J J`[�KOK QGR�K N H K YzH CZdDC�F nzH C�p:[GEGH*X�L \GKAM�CzN C�MGH F CGJ*C�\GK FIH X�K
R�L F H @ N J K�BeH X�L HTdD@ J J*[�KzB EGRGR�J @ K Y{P C�FeH K B H @ M�m�b:|eN N C�F YG@ M�m�J aZdeKON C�M�Y�E�N HTF K�B K L F N XW@ MGH CzJ C�H BeCGPIYG@ P P K F K MGH
R�L F H @ N J K�B pGL M�YgYGK Y�E�N KDLemGK M�K F L J�F E�J KDCGP:H X�KeP C�F S}h @ P:~]F EGMgH X�KeK QGR�K F @ SOK MGH:P C�FTyAB K N C�M�Y�B p�~]N L MAK QGR�K N H
L J JG[GEGH�?VCGP�H X�KVH K B H B]H CD[�KeB E�N N K B B P E�J i�b
uvK�B X�C�E�J YvL J B CvK QGR�J L @ MvX�C�d���B X�C�E�J Y�[�KW@ MGH K F RGF K H K Y�b c X�KWK QGR�K F @ SAK MGH L JfB N X�K SAL�BOL F KW@ MvK P P K N H
K QGR�K F @ SAK MGH L J:B aGB H K SOB`dIX�@ N XgL J J C�d�E�B`H CD\�K F @ P aV��[GaDRGF C�[�@ M�mD@ H B`B H F E�N H EGF K p�L M�YeH X�K aeH X�K F K P C�F KIL B B EGSAK
L H]H X�KfC�EGH B K H]H X�L H]M�C�H X�@ M�mA@ BTnGM�C�deMZL [�C�EGH���[�K aGC�M�YgH X�KfB H L M�YGL F YAL�B B EGSgRGH @ C�MAH X�L H]@ H]X�L B*H X�Kfm�K M�K F L J
B X�L R�K�CGPOK QGR�C�M�K MGH @ L JfYGK N L a�dD@ H X�N C�M�B H L MGHfX�L J P o J @ P KGbV�`L N XwH @ SAK�LWR�L F H @ N J KWYGK N L aGB pVX�C�dDK \GK F pVH X�K
K QGR�K F @ SAK MGH�m�K M�K F L H K B`@ M�P C�F SAL H @ C�M�p�L M�YeH X�@ B:@ M�P C�F SAL H @ C�MfL J J C�dfB:E�B:H CeF K R�J L N KTH X�KIL B B EGSOK YeSACGYGK J�CGP��
dD@ H X{L M{C�[�B K F \GK Yz\GK F B @ C�MWj LZB H K R�o P EGM�N H @ C�M{K ��E�L J]H C��f[�K P C�F KAYGK N L aZL M�Yz�OH X�K F K L P H K F k b c X�@ Be@ BIdeXGaGp
deX�K M{LgR�L F H @ N J KAYGK N L a�B p:@ HT@ BISAK L M�@ M�m�P E�J]H CZB L aOt �O� �Gq���^`qGr � s � � �fH X�L H:�Tj ^Tp � kT@ BV� K F COH X�K F K L P H K F b��eMGH @ J
YGK N L azCGN N EGF B p:X�C�dDK \GK F p:M�C{K QGH F LO@ M�P C�F SAL H @ C�M{@ BeP C�F H X�N C�SA@ M�mGp:L M�YOH X�KgF K RGF K�B K MGH L H @ C�M{CGP`�wF K SOL @ M�B
L [�B H F L N H bG�TC�M�B K ��E�K MGH J aGp�@ P*LeR�L F H @ N J Kf@ B*[�K J @ K \�K YgH Cg[�KDEGM�B H L [�J KDj [GEGH:M�K \GK FT@ MOP L N H]YGK N L a�B k`deKfB X�C�E�J Y
N C�MGH @ MGE�KVH CeF K m�L F YV��L B`K ��E�L J�H CeH X�KVXGa�R�C�H X�K H @ N L J�K QGR�C�M�K MGH @ L J�N EGF \GKICGP]B H L M�YGL F YfYGK N L a�b ~ P:LVR�L F H @ N J KV@ B
nGM�C�deM H Cg[�KfB H L [�J KDH X�KfB @ H E�L H @ C�MA@ B*SAL F n�K YGJ afYG@ P P K F K MGH p�[�K N L E�B KD@ MgH X�@ BTN L�B KIdDKenGM�C�dwH X�L H������Ij M�C
SAL H H K F]X�C�d�J C�M�medDKVdeL @ H p dDKVF K SAL @ MgN K F H L @ MfH X�L H�@ H�X�L B M:_ H�a�K H�YGK N L a�K YGk b
~ BO@ HfR�C�B B @ [�J K{H CvYG@ B H @ M�m E�@ B Xv[�K H dDK K MvH X�K�B KWH dDC�K QGR�K F @ SAK MGH L JDB N X�K SOL BOK QGR�K F @ SAK MGH L J J a��Z~ MvC�H X�K F
dDC�F Y�B p�@ B*H X�K F KfB C�SOKDL RGR�L F L H E�BTdeKDN L MAN C�M�B H F E�N H:dIX�@ N XgdD@ J J:m�K M�K F L H KeR�L F H @ N J K�BG^WdeX�@ N XAN L MgF K J @ L [�J a
YG@ B H @ M�m E�@ B XgH X�KeH dDCAB N X�K SOL B �D�GE�N XALeR�L F H @ N J KfB X�C�E�J YfX�L \GKeH X�KIRGF C�R�K F H afH X�L H�deX�K MgdeKDB EGRGR�J aD@ H:L B*L M
@ MGRGEGH p�C�M�KICGP�H X�KIK QGR�K F @ SOK MGH B`@ B`N K F H L @ MfH CedDC�F nfj H X�KIL�B B CGN @ L H K YDJ CGm�@ N L J�K QGRGF K B B @ C�MfK \GL J E�L H K�B:H Ce� r ��� k p
deX�@ J K{H X�KWC�H X�K FA@ BON K F H L @ MvH CvP L @ JDj K \GL J E�L H K�BgH CD� q�� � � k b*u�KWN J L @ S�H X�L HeM�CvB E�N XvL RGR�L F L H E�BAN L M�[�K
N C�M�B H F E�N H K YA[GaOP @ M�@ H KgSAK L M�BVEGM�YGK FTH X�KfH K F SOBICGP*H X�Kgh B N @ K MGH @ P @ NfSAK H X�CGYGiDEGM�YGK F R�@ MGM�@ M�mgH X�KA�GH L M�YGL F Y
� CGYGK J b
c CzB K KgdeXGaGp�dDKfM�K K YOH CZK Q�L SA@ M�KfH X�KgH dDCZB H L H K SAK MGH BV@ MOSAC�F KgYGK H L @ J B p�L M�YAEGM�YGK F B H L M�YOdeX�L HTB C�F H*CGP
[�K X�L \G@ C�EGF*LDh YG@ B H @ M�m E�@ B X�@ M�mDR�L F H @ N J K iIdDC�E�J YfM�K K YgH CgK QGX�@ [�@ H b��VK N L J J�H X�KIH dDCf@ MGH K F RGF K H L H @ C�M�B p�B E�@ H L [�J a
@ M�B H L MGH @ L H K Yf@ MfH X�KIN C�MGH K QGH�CGP�H X�@ B*B @ M�m�J K o R�L F H @ N J KIK QGR�K F @ SAK MGH b

�*� � � �T  ¡�� ¢�� £�� ¢ � ¤�� � ¥G¡z¦Vl EGFTR�L F H @ N J K*^�SAL aAC�FTSAL agM�C�H`K \GK MGH E�L J J aAYGK N L aGp�[GEGH]H X�KgN X�L M�N K�BVCGP
@ H B]M�C�H�X�L \G@ M�mDYGC�M�KeB CD[�K N C�SAKIL F [�@ H F L F @ J aeN J C�B KVH CD� K F CDL�B:H @ SAKVR�L B B K B b

§©¨:ª]?Vk jT«�yGj ? k:¬ j]ª]��k*­�j:�G®{y�j ? k:kZ¯°j��Vj ^`± � k:²O?Ik:³
´�¢ µ ¥G¡�¶z  ¡�� ¢ � £�� ¢ � ¤�� � ¥�¡z¦Vl EGFVR�L F H @ N J K*^vSgE�B H*K \GK MGH E�L J J aOYGK N L aOL P H K FeB C�SAKgP @ M�@ H KfH @ SAKOy�j ^*k p
[GEGH�deKIYGCDM�C�H�nGM�C�d�@ MgL Y�\GL M�N KVdeX�L H�\GL J E�KDy�j ^*k�dD@ J JGH L n�K�b

§°jT«�y�j ^*k:k j:ª]��k*­�j:��®{yGj ^*k:kZ¯°j��Vj ^`± � k:·O�fk:³
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?�@BABA�C�D E*FHG�I ABA�E J�DLK CNMBE O I PQI R K E SUT VWD E O C�J�M�D X�YZG�E S EWT VZ[]\�^:_ `HEbaBJ�C�YcK G�I KdC�@BS*A�I S K e O f Ebe DUABS C�A�E S f P
MBE R e J�E MgYZG�E J]K G�EhE iBA�E S e jQE JBKkD K I S K D XLD CgYZElO I J]S @�f ElC�@BKmK G�ENA�C�D D e n�e f e K P]T Vpoq\�^ rZsLC�K GtD K I K E jpE JBK D
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?A@�BDC�E�B�F G H I�JKIMLON P E�Q R Q JMG B B STSMB U Q V�WXQ YMY�B Q R FZG I\[�BD[�I�EMJ�S\EMYT]^H G @\J�I�G H I�J�F^H J\G @�BDSMB _MB ` I�YMabB JMGcIML
dcR Q J�S^eOJ�H L H B S^?A@�B I�R H B F f�L I�R:]Z@�H U @gH F F E�B F*F E�U @hQ FAYMR I�G I�JgSMB U Q VZY�` Q V^QOU B JMG R Q `MR IM` BMi j G�H F:Y�I�F F H [�` BkG @�Q G
G @�BlL B Q�F H [�H ` H G VmIMLX@MV�Y�B R U I�ahYMEMG Q G H I�JnQ J�SoG @�BpR B ` B _MQ J�U BqIML\dce^?*F\abQ Vl[�BlU ` I�F B ` VoU I�EMY�` B S�iOr�I�R
B s�Q ahY�` B�ftF EMYMY�I�F Bb@MV�Y�B R U I�abYMEMG Q G H I�JkH F^L I�EMJ�S\G I\[�BDH J�SMB Y�B J�SMB JMGuIMLcG @�BXvMG Q J�SMQ R SXwkIMSMB ` fAQ J�S\G @�Q G
v�G R H J�Ph?A@�B I�R Vgx ]Z@�H U @XF EMYMY�I�R G FtYMR I�G I�JbSMB U Q V�f�F B Bby z^Q J�H {:| } ~AH F*L I�EMJ�S^G IhF EMYMY�I�R G:N P E�Q R Q JMG B B ShSMB U Q V�WMi
?A@�B JnvMG R H J�Pq?A@�B I�R Vq]^I�E�` SqR B YMR B F B JMGhQK@MV Y�B R U I�ahYMEMG Q G H I�J�Q `^abIMSMB `gIMLbJ�Q G EMR BpH JoU I�JMG R Q�F GgG IqG @�B
R B U EMR F H I�JkIMLOG @�B\vMG Q J�SMQ R S\wkIMSMB ` i:?A@�H F^R Q H F B�FZG @�BXB s�U H G H J�P\Y�I�F F H [�H ` H G VXG @�Q GcdceZ?*FZabQ V\Q ` ` I�]�abI�R B
L R B B SMI�an]Z@�B JhSMH F U E�F F H J�PZ@MV Y�B R U I�ahYMEMG Q G H I�J�Q `�Q�F Y�B U G FtIML��gQ G EMR B�i
j GOH F^Y�B R @�Q Y�F^]^I�R G @KI�[�F B R _MH J�PTG @�Q Gc]^B R B\QDYM@MV�F H U H F GcG ITY�B R L I�R a�Q JKB sMY�B R H abB JMGOH Jk]Z@�H U @kQD@�H P @�` V
R Q SMH IMQ U G H _MB^F Y�B U H B FuSMH Sg���M�:F @�I�]nF H P J�F*IMLtSMB U Q VMfMG @�B Vg]^I�E�` SgJ�I�G:U I�J�U ` E�SMB^N G @�H FtH FtQZL H J�BZB s�Q ahY�` BZIML
�gQ G EMR B\Q Gu]^I�R ��f*F @�I�]^H J�PXE�FZG @�Q GcSMB U Q VXR B Q ` ` VTH FZYMR I�[�Q [�H ` H F G H UDQ J�S\J�B B S\J�I�GcIMU U EMR^I�_MB R^Q JMVTL H J�H G B
Y�B R H IMSMW�f�[MEMGtR Q G @�B RON G @�B R BbH FZF I�abB G @�H J�Pb]OR I�J�Pb]^H G @XahVbabB Q F EMR H J�PDB C�E�H YMabB JMG WMi�j J\I�G @�B Rc]ZI�R S�F f�J�I
abQ G G B Ru@�I�]�B ahYM@�Q G H U Q ` ` VDC�E�Q JMG EMa�YM@MV�F H U H F G FuabH P @MGtH J�F H F GAG @�Q GAG @�BgB C�E�Q G H I�J�FcIMLtC�E�Q JMG EMa�G @�B I�R VbQ R B
G Ip[�BkH JMG B R YMR B G B SKYMR I�[�Q [�H ` H F G H U Q ` ` VMfcH GgH FDU ` B Q RbL R I�a�G @�B H RbQ U G H I�J�FhG @�Q GOG @�H FbH Fh���M�cG @�B H RhYMR Q P abQ G H U
EMJ�SMB R F G Q J�SMH J�PoIMLXG @�BpU I�J�U B YMG iO?A@�B R BqH FX_MB R VlU ` B Q R ` VoQ JoEMJ�F G Q G B SlYMR B�F EMahYMG H I�JoG @�Q GbSMB U Q Vq�g� � �
B _�B JMG E�Q ` ` VhIMU U EMR f�F I�abB G @�H J�Pg]Z@�H U @DH F*J�I�GAH ahY�` H U H GAH JbG @�BZYMR I�[�Q [�H ` H F G H UgH JMG B R YMR B G Q G H I�JbIMLAG @�B^F G Q J�SMQ R S
abIMSMB ` i
�:B G�E�FtU I�J�U ` E�SMBc]^H G @hQOC�E�B F G H I�J�i ?A@�H FA]ZH ` `�L I�R amG @�Bc[�Q F H FtIML:I�EMR:J�B sMG�SMH F U E�F F H I�J^Y�Q Y�B R i
?A@�BXR Q J�SMI�a�JMEMah[�B RgPMB J�B R Q G I�RgSMB�F U R H [�B SKQ [�I�_MBTU Q JKP�B J�B R Q G BX�M� �pY�I�F H G H _MB\H JMG B PMB R iA�cI�J�F B C�E�B JMG ` V
x I�EMRuU I�R IM` ` Q R VhIML ~A�Z��J�H P�� Fu�:B ababQ^Q YMY�` H B�F f�Q J�ShG @�BgF VMF G B a�ahE�F G:[�B^@MV Y�B R U I�ahYMEMG Q G H I�J�Q `:H L*H GAU Q Jb[�B
[ME�H ` G i:�uEMGuH F^H G*Y�I�F F H [�` BbG I\PMB J�B R Q G BDQb@MV Y�B R U I�ahYMEMG Q G H I�J�Q `cF VMF G B a�E�F H J�PXQt��� ��� � � � �kR Q J�SMI�a�JMEMah[�B R
P�B J�B R Q G I�R f�L I�R*B s�Q ahY�` BO[MVgG I�F F H J�PhQZU IMH J��O�OJgG @�BZL Q U BZIMLAH G f�G @�BZQ J�F ]^B R*F @�I�E�` S^[�BZN J�IMW f�[�B U Q E�F BZQ JMV
YM@MVMF H U Q `tB sMY�B R H abB JMGt]^I�E�` SX@�Q _�BbQ U U B�F FcG IXI�J�` VDQhL H J�H G BhU I�ahY�I�J�B JMG*IML*G @�Bg[�H G � F G R B Q a�PMB J�B R Q G B SD[MV
G @�BKU IMH JqG I�F F H J�PMfOQ J�SqQ JMVg��� ��� � �k[�H G � F G R B Q a�U I�E�` Sq@�Q _MBk[�B B JoP�B J�B R Q G B SK[MVpQTR B U EMR F H _MBTYMR IMP�R Q aXi
�uI�J�F B C�E�B JMG ` VMf\]Z@�Q G B _MB RlG @�B�B L L B U GqIMLlH J�U ` E�SMH J�P�G @�B�U IMH J�� G I�F F H J�PMfTH GqU Q JMJ�I�GpH JMG R IMS�E�U B�abI�R B
H J�L I�R aDQ G H I�J\H JMG IDG @�BhU I�ahYMEMG Q G H I�J\x I�_�B RuG @�BgL H J�H G BgY�B R H IMSDS�EMR H J�Ph]O@�H U @DG @�BgB sMY�B R H abB JMGAG Q ��B FuY�` Q U B ~
G @�Q JgG @�BZB C�E�H _MQ ` B JMG�R B U EMR F H _MB^F V�F G B an]^I�E�` S^@�Q _MBOSMI�J�BMi �ZI�]^B _MB R f�QO` H G G ` BcR B L ` B U G H I�JhF @�I�]gFAG @�Q G�G @�H FtH F
Q ` F IpG R E�BKIMLhG @�Bq� � ��� ��� � �TR Q J�SMI�a�JMEMah[�B RDP�B J�B R Q G I�R iuzZEMR H J�PqQ JMVpL H J�H G BTY�B R H IMSpH G FbI�EMG YMEMG^]^H ` `Z[�B
B C�E�H _MQ ` B JMGcG ITG @�Q GOIMLgF I�abBXR B U EMR F H _MBTF H ahE�` Q G H I�J�iA�ZI�]�U Q Jk]^B\F C�E�Q R BDG @�H FgQ YMY�Q R B JMGuR B U EMR F H _MB J�B F F
]^H G @hH G FA�MJ�I�]OJg@MV Y�B R U I�ahYMEMG Q G H I�J�Q `MJ�Q G EMR B �
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