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C���GIFVË�NXQ�J�LM¬�tVN�Q�N�JKH�DXf>DIL\yINXWKJ6t[N�t�gNSfINXyMGI«[«�NSHEtVN�e[G9TVfINXDIT�ÌÊG9TVJ�L\y\W�DIt[D>«�JUgNXW�¯D�y\D�W�L|�ÍT[y|D>J�LMG9eut��ÎgNXQ�G9T[yMNX��NXeUJ�W
JKH&L\t�L\��NXeUJ�LMG9e[eVNXy\WÅW�TVHuT[eÏtVG9��DIL\eVN�Ð�tVN�¬­GIH���NÑW&L\��«�yMN�²`JB��«�L\R�TVNX��NXeUJuT[evwU��«oNSH�QSTVF�N�Ç�tVN�Ò�Ó!c�t�DIe[W
yMNXR�TVNXy�NXWKJi«syMG9eV�EgN�T[e±tVG9��DIL|eVNÕÔ×Ö­Ø&ØXÀuÙÚcÊgNSfINXeUJ�TVNXy\yMNX��NXeUJÍQ�G9e�WKJ�LMJ�T(gN0tVN�«sy\T[W�LMNXT[H&W�Q�G9��«oG9W&DIePJKNXWÍQ�G9e�Y
eVN�Ì�NXWÚ²°y\NXW
«�D>H&J�L\QST[yMNXW�Ç�jvC6D�t�LMÛ0QST[yMJ�gN!J�LMNXePJÕ¯Dvy|D�Q�G9��«�y\N�Ì�LMJ�gN!�EgNSG9�®gNSJKH�L\RUT[N*t[TÁtVG9�0DIL\eVNÚÐÝÜ Ù0j�CED
�®gNSJ�wVG�tVN�QSy\DIW�W�L|RUTVN(Q�G9e[W�L\W�JKNu¯D���DIL\y\y\NSHkÐÍÜ ÙÞNSJ,tVN�¬°DILMH�N¥y\D�H�gNXWKG9y\TVJ�LMG9eÑW�TVH�Q�N���DIL\y\y|D>�IN�Q�G9eV¬`GIH&��NIj�lvDIL\W
yMN��0DIL\y\y\D>�IN�y|T[L�YB�ÕßNX��N�«�NXTVJ�ßNSJKH&N(Q�GZßTVJKNXTVÌoc>NSJEy|D~��D>JKH&L\Q�N�H�gNXW�T[yMJ�DIeUJKN¥e���NXWKJZ«�DIWE¬°DIQSL\yMN�¯DÅ«[H�gNXQ�G9e[t[LMJ�L\G9e[eVNSHXj
hkG9TVHÅQ�NXW�H�DIL\WKG9e[WSc�G9eÕQ�wVNSH&Q&w[NÚ¯D�WKNuH&DI��NXe[NSHÍ¯D�T[eVNÊH�gNXWKG9y\T[J�LMG9eÕW�TVH�yMNitVG9�0DIL\eVNiÐ?NXe�NXePJ�L\NSHXc[tVNu¬°DoàQ�G9e
¯DÚ«�G9TVfIG9LMHuTVJ�L\y\L|WKNSH�tVNXWuW�G9yMfINXTVH&W�H&D>«�L|tVNXWSjiC6D��®gNSJ�wVG�tVN�H�NSJKNXe�TVN�«�G9TVH�JKH&DILMJKNSHiQ�N��INXeVH�N�tVN�«[H&GIF�y°¯NX��N
NXWKJ(y\Du�ágNSJ�wVG�tVN�tVN�y\Du¬`H�G9ePJ�Lâ¯NSH&N�gNXy\D>H��9LMNIc�L\eUJKH�G�t�T[LMJKN�t[DIe[W�ã p��Iä cPNSJ(RUT[LVQ�G9e�W�L\WKJKNÑ¯D
H�gNXWKG9T[tVH&NÅyMN~«[H&GIF�y°¯NX��N
tVN�hkG9L\W�WKG9eåt[DIe[WÊT[eÏtVG9��DIL|eVNÍ«�NSH�¬`GIH�gNÑNXeÏy\NÑt(gNXQ�G9TV«sy\DIePJÊNXe±T[e[N
H�gNXWKG9y\T[J�LMG9eÏ�9yMGIF�DIyMNÕ²°W�TVHiÐÅÇ~NSJuT[eVN
Q�G9y\yMNXQ�J�L\G9e*tVNuH�gNXWKG9y\T[J�LMG9e[W~yMG�QSDIyMNXW
²°DIT[JKG9TVH�tVNiQ�w[DIQST[eVNÍtVNXW~Q�G9��«�G9W�DIeUJKNXWÅQ�G9e[e[N�Ì�NXW�tVNiÙ�Ç�j
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n(G9e[W&L\t�gNSH�G9e[W�T[e*ï�T[L\tVNÊL\e[Q�G9��«[H�NXW�W�L\F�yMNÅH�gNS�9L6«�D>HÅyMNXW�gNXRUT[D>J�L\G9e[W~tVNi¦�DXf�LMNSHKY¨§�JKGI©INXW�L\e[W�J�D>J�LMG9e[e[DILMH&NXWÊð
ñsò
ñ�ó�ô ² òÁõ�ö Ç òá÷Áø[ù�ò ô ö�ú�û ü t�DIe[W Ð~ýV² ó Ç ² p Ç

ö#õXò®û z t[DIe[W Ð~ýV² ó Ç ²â�9Ç
ò ² ó�û z Ç û ò�þ t[DIe�WÿÐ~ýV² ó Ç ² { Ç

ô n(G9e[t[LMJ�L\G9e[W�DIT�ÌÕy\L\��LMJKNXW W�TVH ñ Ð~ýV² ó Ç ² � Ç
GZ¯TÕÐ~ýV² ó Ç�NXW�J~yMN�t[G9��DIL\eVN�G�QSQST[«(gN�«sD>H¥y\N�ï�T�L\tVN�¯D�yâ��L|e[WKJ�DIeUJ ó ²°T�eÚt[G9��DIL\eVN�F�GIH&e�gN�t[N�Ò��UÇ�c ò NSJ ú WKG9eUJ
H�NXWK«�NXQ�J�LMfINX��NXePJ�yMNuQ&w�DI��«*tVN�f�LMJKNXW&WKNXW¥NSJ~y\DÍ«[H�NXW�W�L\G9e�c ø NXWKJ~y|D
f�L\W�Q�G9W�L\JUgNit�T0ï�T�L\tVNÅNSJ ü T[e�Q&w�DI��«*tVN
¬`GIH&Q�NXW~N�Ì�JUgNSH&LMNXTVH�NXW�²°yMN
Q�w[DI��«ÏtVNi�IH&D�f�LMJ�gNÑ«�D>HÅN�Ì�NX��«�y\N�Ç�j�C��¨gNXR�T[D>J�LMG9e ² p Ç¥H�NS«�H�gNXWKNXePJKN�y\D�Q�G9e[W�NSH�fxD>J�L\G9e
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tVNXWu��G9��NXePJ�WÊJ�DIe[t�L\WÊRUTVN�yâ�¨gNXR�T[D>J�LMG9eÝ²â�9Ç�NXWKJiy\DÚQ�G9eUJKH&DIL\eUJKN�t���L\e[Q�G9��«�H�NXW�W�LMFsL\y\LMJ�gN
DIW�W&TVH&DIeUJÊy|D!Q�G9e[W�NSHKY
f>D>J�LMG9e*tVNi��DIW&WKNIj

d�eVN±tVNXW�«[H&L\e�QSLM«�DIyMNXW!t[LMÛ0QST[y\JUgNXW�y\L¾gNSNXWÁ¯D y\D®H�gNXWKG9y|TVJ�LMG9eÞtVNåQ�N±«[H�GIF�yâ¯NX��NÏNXW�J�y\NåQ�G9T[«�y\D>�INåNXePJKH&NmyMNXW
L\e[Q�G9e�eUTVNXW ò NSJ ú «�D>H~y\D�Q�G9ePJKH�DIL\ePJKNÍt���L\e[Q�G9��«�H�NXW�W�LMFsL\y\LMJ�gNIjEC6NXW��ágNSJ�wVG�tVNXW~tVNu«[H&GxË�NXQ�J�LMG9eÕt[N����6_���^`a���
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�� cZL\eUJKH�G�t�T[LMJKNXW�«�D>H����6_���^­aÞ²Kã {>ä c�ã �Iä Ç�NSJ �
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�� ã p��>ä WKG9eUJu«[H�GIF�D>F�y\NX��NXePJuyMNXWu�®gNSJ�w[G�tVNXW
yMNXW
«�y\T�W�TVJ�L\y\L|WUgNSNXW�«�G9TVH�D>«�«[H�G�Q&wVNSH(NXe0JKNX��«�W�y\NXW�gNXR�T[D>J�LMG9e[W(tVN�� 
�� ^ 	 ��������_�� 	 b>j�n(N�W�G9ePJ¥tVNXW(�ágNSJ�wVG�t[NXW
tVN
�0D>H&Q&wVNÍNXe*JKNX��«sWÑ¯D�«sDIW~¬`H&DIQ�J�LMG9e[e[DIL\H�NXW�f�L\W�DIeUJÑ¯D�t(gNXQ�G9TV«�y\NSH�yMN
QSDIy|QST[y6tVNÍy\D�f�LMJKNXW�WKNiNSJ�Q�NXy\T[LZt[N
y\D
«[H�NXW&W�LMG9e�c�NXeåH�gNXWKG9yMf>DIeUJit[DIe[WuT[eÏ«[H�NX�0LMNSHÊJKNX��«�WuT[eÏ«[H�GIFsy°¯NX��N�tVN�Q�G9ePfINXQ�J�LMG9eát[L�ª�T[W�LMG9evJKNXy\yMN�R�TVN�y\D
f�LMJKNXW�WKN(H�gNXW�T[yMJ�DIeUJKN�e���NXWKJ�«�DIW~¯D�t[LMfINSH��INXe[Q�N�e�T[y\yMNIcx«�T[L|WScxt�DIe[WET�eÍtVNXTVÌ�Lâ¯NX��N¥JKNX��«sWScIQ�NXy\yMN�YBQSL�NXWKJ�«[H�GxËKNSJUgNSN
W�TVH�T[e�NXW�«�DIQ�NitVNu¬`G9e[Q�J�LMG9e[W
¯D�t[L\fINSH��INXe[Q�Nie�T[y\yMNÊD���eÕtVNuW�D>J�L\W�¬`DILMH&NÊy|DÑQ�G9eUJKH&DIL\eUJKN
t���L|e[Q�G9��«[H�NXW&W�LMF�L\y|LMJUgNIj
C���DIe�DIyM��W�N*tVN�Q�NXW0�®gNSJ�w[G�tVN�NXWKJ0tVG9e[e(gNSNvt[DIe[W�ã�� z>ä NSJ0tVNXW�«[H&NXTVfINXW�tVN*Q�G9eUfINSH��INXe[Q�NÏNXe���²! ó#" Ç�W�TVH
y\DÕf�LMJKNXW�W�N�NXeÁeVGIH���N%$ " W�G9ePJÑtVG9e[e(gNSNXWÑt[DIe[W0ã pSz>ä NSJÚã p�q�ä j'&�gNXQ�NX����NXePJSc�T[e[N0eVG9TVfINXy\y\N�fxD>H&L|DIePJKNÚtVNXW
�®gNSJ�wVG�tVNXW6t[N�«[H�GxËKNXQ�J�LMG9e�cxeVG9���®gNSN)(IQ�GIH&H�NXQ�J�LMG9eÑtVN�y\D�f�LMJKNXW�WKN�(�c>D�gNSJ�gN¥L\ePJKH&G�t[T�LMJKN,t[DIe[W�ã pIp�ä cx«�NSH&��NSJKJ�DIeUJ
T[eVN¥Q�G9eUfINSH��INXe[Q�NÅNXe%��²! ó " ÇkW�TVH,y\D�f�LMJKNXW&WKN¥NXe�eVGIH&��N*$ " NSJ�T[eVN�Q�G9eUfINSH��INXe[Q�N~NXe%��²! ó�+, ÇkW�TVH,y\D�f�LMJKNXW&WKN
NXe*eVGIH���N
-/.~NSJ�y\D�«[H�NXW�W&LMG9e�NXe*eVGIH&��N
$ " j
02143 5 ¢�6'7��=?8?:��98�793�:x��¢��9@´36�*;=<Å8�>6798��?>Z��¡A@å8�AB�[7CB,@B�
hkG9TVH�y\DÅt[L|W�Q�H�gNSJ�L\W�D>J�LMG9e
NXe
JKNX��«�WEt[NXWugNXR�T[D>J�LMG9e[W�tVN*� 
�� ^ 	 ���D����_�� 	 b�G9eÑDÅQ�wVG9L\W�LUt���TVJ�L\y|L\WKNSH6T[eÍW�Q&w(gNX�0D
tVNÕ«[H&GxË�NXQ�J�LMG9e C6D>�IH&DIe[�IN�Y#EÊDIyMNSH�©�L\e�j?n¥NSJKJKN�¬°DI��L\y\yMN�tVN�W&Q&w(gNX��DIWÚD gNSJUgNÏDIe�DIyM��W�gNSNÏt[DIe[W*ã�� ä j?d�e tVNXW
DXf>DIeUJ�D>�INXW���D�ËKNXTVH&W�t[NÊQ�NSJKJKNÑD>«[«[H�G�Q&w[N�NXW�J~tVNÊJKH&DILMJKNSH~yMNÊJKNSH&��NiQ�G9eUfINXQ�J�LM¬,tVNi��DIe�L°¯NSH�NÊN�Ì�«�y|L\QSLMJKN�NSJÅtVN
�9D>H&tVNSH�yMNXWÍGI«(gNSH&D>JKNXTVH&W�WK���®gNSJKH&L\R�TVNXWÑNSJ�L\ePf>D>H&L\DIeUJ�WiNXeáJKNX��«�WXj�C���L\t(gNSNÚNXWKJ�tVN!Q�G9�ÍF�L\e[NSHÑy\Dv�ágNSJ�wVG�tVN
tVNXWmgNXy�gNX��NXeUJ�W���e[L\WÍDXfINXQ�T[eáJKH&DILMJKNX��NXeUJÑy|D>�IH&DIeV�9LMNXe®tVN!y|D�t(gNSH&LMf�gNSN�JKGIJ�DIyMN�«�D>HÑy|D��®gNSJ�wVG�tVNÕtVNXWÑQSD>HKY
DIQ�JUgNSH&L\WKJ�L|RUTVNXWXc[fIG9LMHÍã pXrxä NSJÍã pX�xä j
C���L|t�gNSN�«[H&L\e�QSLM«�DIyMN�Q�G9���ÑT[eVN�¯DÅJKG9T[WZyMNXWEW�Q&w(gNX��DIWktVN�«�H�GxË�NXQ�J�L\G9euNXWKJEt[N�t�gNXQ�G9TV«�yMNSHkyMNXW�N�ª�NSJ�W6f�L\W�R�TVNXT�Ìut[T
ï�T[L|tVN�t[NÊy´��L\e[Q�G9��«[H&NXW�W�LMF�L|y\LMJUgNÅtVNiyâ�¨gNXQ�G9T[y\NX��NXePJScsL\y\W¥WKG9eUJ~DIL\e[W�LoF�DIW�gNXW�W�TVH~T[eVNuWKJKH�D>JUgNS�9L\N
tVNu«[H�gNXt[L|Q�J�LMG9e�Y
Q�GIH�H�NXQ�J�L\G9e�j

§�G9LMJF ó*G z yMNu«sDIWÅtVNuJKNX��«sW�NSJÅ«�G9WKG9e[W ó#H�ûJI  ó «�G9TVH zLK I KNM jPOÊe*L\eUJKH�G�t[T[LMJ¥tVG9e[QutVNXTVÌ�W�T�LMJKNXW
² ò?H Ç�NSJ
²AQò H Ç�«�G9TVH�y\DÍf�L\JKNXW�WKNÊNSJ~T[eVNÊW�T[LMJKN�² úRH Ç�«�G9TVH�y\DÍ«[H�NXW&W�LMG9e!JKNXy\yMNuRUT[N�¯D�Q�w[DIRUT[N�«sDIW�tVNÊJKNX��«�W�ð

S ²TQò H Ç�WKG9LMJ(T[eVNFUs¼WVÀX»>Ö!XX¶°Öâ¸>ºvt�T!Q�w[DI��«ÕtVNÅf�LMJKNXW�W�NIc�f�gNSH&LY��DIeUJ¥yMNXW¥Q�G9e[t[LMJ�LMG9e�W�DIT�Ì!y|L\��LMJKNXW���DIL\W�«�DIW
e(gNXQ�NXW&W�DILMH�NX��NXeUJ�y|D�Q�G9ePJKH&DIL|ePJKNÑtVNit[LMfINSH��INXe�Q�N
eUT�y\yMNIc

S ² ò H Ç0WKG9LMJÕT[e[NZX&¸I¼�¼�À[X�¶°Ö°¸>º#tVN ²TQò H Çå¯Dát�LMfINSH��INXe[Q�N±e�T[y\yMNIcÅ�0DIL\W!e[NÏf�gNSH&LY�[NÏ«�DIWÚ¬`GIH&Q�gNX��NXePJvyMNXW
Q�G9e�t[LMJ�LMG9e[W�DITVÌ�y\L|��LMJKNXWSc

S ² ú H Ç(WS��D�Ë�T[WKJKNÊNXe�¬`G9e[Q�J�LMG9e�tVN�²AQò H Ç�NSJ~D>«�«oGIH&JKNÊy|DÍQ�GIH�H&NXQ�J�LMG9e*e(gNXQ�NXW�W�DIL\H�N]\�G9eÕeVGIJKNiRUT[N�QSDIy\QST�yMNSH
² ò)H Ç�H&NSf�LMNXeUJÍ¯D�QSDIy\QST�yMNSHÍ² úRH Ç�j^ T[DIeUJÅDIT�JKH&DILMJKNX��NXeUJ�t[T�JKNSH&��N
e[G9e�y\L\e(gNXDIL\H�NIc�L\y�NXWKJ�¬`DIL\J~«�D>H�y|D��ágNSJ�wVG�tVNÍtVNXW�QSD>H&DIQ�JUgNSH&L\WKJ�L|RUTVNXW�tVG9eUJ

G9e H&D>«[«�NXy\y\N0F[H&Lâ¯NSfINX��NXePJ�yMN�«[H�L\e[QSLM«�NIj±C6DÏJKH&D�ËKNXQ�JKG9LMH�N*t���T�eVN!«sD>H�J�L\QST[yMNÚï�T[L|tVN!t[DIe�W�T[e gNXQ�G9T�yMNX��NXeUJ
DX�9DIeUJ�T[eVN!f�LMJKNXW&WKN ò ² ó�_a` ÇiNSJÑW�N0JKH�G9TVf>DIeUJÕ¯DÏy\DÕ«�G9W�LMJ�L\G9ecb DITáJKNX��«�W�d!NXWKJ�eVGIJUgNSN'eÍ² ó�_ df\[b�Ç�jge NXWKJ
WKG9y\T[J�LMG9eÕtVNiyâ�¨gNXR�T[D>J�LMG9e�t�L�ªÅgNSH�NXeUJ�LMNXy\y\N�GIH�t[L\e[DILMH&NÑð
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�ÊDIe[W�y\D�W�T[LMJKN�G9eÑe[GIJKNPe H ² b�Ç û e
² ó#HR_Kó#H�� . \[b�Ç�j OÊeÑTVJ�L\y|L\WKN�yâ��D>«�«[H�GXÌVL\��D>J�L\G9eÍW�T�LMfxDIeUJKN(«oG9T[HEy\D�t�gNSH&LMf�gNSN
JKGIJ�DIyMNÍNXeÕJKNX��«�W
²°y|D�t�gNSH&LMf�gNSNÍ«�D>H�J�LMNXy|yMNÊ«�D>H~H&D>«[«�GIH�J
¯D�J ô yMNuJKNSH&��NiQ�G9eUfINXQ�J�LM¬�Çið� ò� ó�� ò ² ó#HR_ b(Ç ÷mò ² ó#HR_ e H ² b�ÇKÇ ó ²��9Ç
OÊe±L\eUJKH�G�t[T[LMJ�yMNXW�NXWK«�DIQ�NXW	��
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CZNXWk«[H&GIF�y°¯NX��NXWkNXy\y\LM«�J�L\RUT[NXWZL\W�W�T�W6t[TÑW�Q&w(gNX�0Dut[L\W�Q�H�NSJ�² q ÇÎY�² � Ç6NSJ,RUTZ��G9eÑW�NSH&D�DI��NXe�gNÍ¯DÅH�gNXWKG9T�tVH�Ni¯D�Q�w[DIR�TVN
«�DIWÑtVN�JKNX��«sWÍWKG9eUJÍt[N!tVNXT�Ì±JÎ�U«�NXWSj*C6N0«[H�NX�0LMNSHXcER�T[L�t�gNXQ�G9T[yMN�tVN0yâ�¨gNSJ�D>«�NÚt[N0«[H�gNXt[L|Q�J�LMG9e�ckNXWKJÍtVNÚy\D
¬`GIH&��NiW�T[L\fxDIeUJKN�ð BDCFE ÷Áù E ûÞü . t[DIe[W Ð~ýE ûHG W�TVH ñ ÐÅý _ ² pSz Ç
GZ¯T C NXWKJ~yâ��L\eUfINSH&WKNit�T�«�DIW�tVNuJKNX��«�WXc E t(gNXW�LM�9e[Niyâ��T[eVNutVNXW¥JKH�G9L|W�Q�G9��«�G9W�DIePJKNXW�tVNiy\DÑf�LMJKNXW�WKN Qò H#� .
 c ü .NXWKJ~yMNÊWKNXQ�G9e[tÕ��NX�
F[H&NÊQ�G9e�WKJ�LMJ�T(gNu«�D>H¥JKG9T[W�yMNXW¥JKNSH���NXW*(�X&¸>º�º[¹�Øa(Ï¯DÑy´��L\e[WKJ�DIeUJ ó H�� . NSJ G H&NS«[H�gNXWKNXeUJKNiyMNXW
Q�G9e[t[L\J�LMG9e[W(DIT�ÌÚy\L|��LMJKNXW(DIt�gNXRUT[D>JKNXWXj�CZNiW�NXQ�G9e[t�«[H�GIF�yâ¯NX��N�JÎ�U«�NiR�T[Lst(gNXQ�G9T�yMNitVNuyâ�ÎgNSJ�D>«�NitVNÊ«[H�GxËKNXQ�J�LMG9e
NXWKJÅy\NiW�T[LMf>DIePJuð I ÷�ù�ú ûÞü " t[DIe�WÿÐ~ýñ9ú

ñRI û z W�T[H ñ Ð~ý ² pIp Ç

GZ¯T ú t(gNXW&LM�9eVN ú H�� .
 NSJ ü " yMNiWKNXQ�G9e[tv��NX�ÍF[H�NiQ�GIH�H�NXW�«oG9e�t[DIePJSj
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OÊevQ�G9e[W�L\t�¯NSH�NÑT[e�t[G9��DIL\eVNiF�GIH&e(gN�Ð�� Ò H c�¯D�¬`H�G9eUJ�L°¯NSH�N�C6LM«�W&Q&w[LMJK�XL\NXe[eVNIc[t[DIe[W�yMNXR�TVNXy�NXWKJ�«�yMG9eV�kgNÑT[eVN
Q�G9y\yMNXQ�J�L\G9eÚt[N�WKG9T�W�YBtVG9��DIL\e[NXW�H�gNS�9T[y|LMNSH&W¥Ù ²`JB��«�L\R�TVNX��NXeUJ�tVNXW(F�G9T[yMNXW�Ç�j?OÊe�WKN�«[H�GI«�G9WKN�t[N�H�gNXWKG9T�tVH�NuyMN
«[H�GIFsy°¯NX��NiW�T[LMf>DIeUJuð B ÷Åù E û ü t[DIe[W ÐmÜ ÙE û z W�TVH ñ ÐML ñ Ù ² p �9Ç
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�� ��������� C6D±W�G9y\TVJ�LMG9e D>«[«[H&G�Q�w�gNSN*NXWKJ0QSDIy\QST�y�gNSN*W�TVH�T[e ��DIL|y\y\D>�INÕeVG9e WKJKH&T�Q�J�TVH�gNIc

H�D>Û0e�gN
DIT*fIG9L|W�L\e[D>�INitVNXW~JKH�G9T[W
²°Q�¬2�[�9TVH&N p Ç�j

}�LM�9T[H�N p ð�lvDIL\y\y\D>�INieVG9e�WKJKH&T[Q�J�TVH�gNIj

�,G9L\H�ã pX{Iä «�G9TVH�T�e*N�Ì�NX��«�yMNÑtVNÍW�L|�ÍT[y|D>J�LMG9e*e�T[�ágNSH&L\R�TVNÍtZ�ÎgNXQ�G9T�yMNX��NXeUJ�WÊï�T[L\tVN�Y´«sD>H�J�L\QST[yMNXW¥FsDIWUgNSN
W&TVH�Q�NSJKJKN�D>«[«�H�G�Q�wVNIj�C���DXf>DIePJ�D>�IN!tVNÍQ�NSJKJKN��®gNSJ�wVG�tVN�Q>��NXWKJuRUTZ��G9e�«�NXTVJ�QSDIy\QST[yMNSHÊDXfINXQÑ«[H�gNXQSL\W&LMG9e
DITÁfIG9L\W�L\e�D>�IN0tVN0Ù'NSJÍW�N�«�NSH&��NSJKJKH�N�t��MßNSJKH�N���G9L\e�WÊ«[H�gNXQSL\W
y\G9L\emtVN�ÙÚc6GZ¯Táy\D*WKG9y|TVJ�LMG9eåNXWKJi«sy\T[W
H�gNS�9T�y\L°¯NSH�NIj*C���L|e[Q�G9ePf�gNXe[LMNXeUJÍ��D�ËKNXTVHÍNXWKJÍW�T[H�JKG9TVJ
y\D*«oNSH&JKN!tVN0y|D*WKJKH&T[Q�J�T[H�N0QSD>H�J�gNXW�LMNXe�eVNIc�Q�N!R�T[L
H&NXe[t�t[L\Û0QSL\yMNiy\D0Q�G9e[WKJKH&T[Q�J�L\G9evtVNÍF�G9e[W�«[H�gNXQ�G9e[t�LMJ�LMG9e[eVNXT[H&WSc[NSJ�N�Ì�QSy|TVJÅyâ��TVJ�L|y\L\W�D>J�LMG9eÕt[NÍWKG9yMfINXT[H&W
H�D>«�L\tVNXWSj

� ����� 	 ��� ��������������� �!� ²°Q�¬¥ã q�ä cZã �xä c|ã �xä Ç�CZNÊtVG9��DIL\eVN��9yMGIF�DIy�ÐÝNXW�J(��DIL|y\y�gNÅ«�D>H�T[e!��DIL\y\y|D>�IN�QSD>H�J�gNXW�LMNXeZc
y\N�JKH�G9T!NXWKJ���DIL\y|y�gNÅ«�D>H�T[e!��DIL\y\y\D>�IN�DIt[D>«[J�gN!¯DÑW�D
�kgNSG9�®gNSJKH&L\N!²°Q�¬��[�9T[H�N��9Ç�c�NSJ�yMNXW(Q�G9e[t[LMJ�LMG9e�W�DIT�Ì
F�GIH&t�W�WKG9ePJÅ«[H&L\WKNXW¥NXe�Q�G9��«[JKNi«�D>H�tVNXW~�ÑT[yMJ�LM«�y|DIQSD>JKNXTVH&W�tVNiCED>�IH&DIeV�INIj

}�LM�9TVH&N
��ð0��G9��DIL\eVNXW*�sQ�J�LM¬`WÅDXfINXQ
�ÑT[yMJ�L\«�y\L\QSD>JKNXTVH�W(t[NiC6D>�IH&DIeV�INIj
� ����� 	 ��� �����"���������#� �%$����&
('� � ���	��� ����� � �)� d�e[N~DITVJKH�N~D>«[«[H&G�Q�wVN�tVN�y\DÊ�ágNSJ�wVG�t[NÅtVNXW,tVG9��DIL|eVNXWW��Q¾Y

J�L\¬`W�F�DIW�gNSNiW�TVH¥T[eVN�JKNXQ&w[e�L\RUT[N�tVN�«¥gNXe[DIy\L|W�D>J�LMG9eå²`fIG9LMHiã r�ä NSJuã � ä t[DIe[W(yMNÊQSDItVH�NÊtVNu³�¼KÀ�À&³�*�¿,+�-
.¾Ç�j
h�D>H�N�Ì�NX��«syMNu«�G9TVH�H�gNXWKG9T[tVH&N
yMNÊ«[H�GIF�yâ¯NX��N!² pX{ Ç�W�T[H~y\D��EgNSG9�ágNSJKH&LMNÑH�NS«[H�gNXWKNXeUJUgNSN�t�DIe[W�y\D��[�9TVH&N {

hj k ÷Åù
E ûÞü t[DIe�WÿÐÁÜ ÙE û z W�T[H .E ûHG W�T[H /
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γ
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}�LM�9TVH�N { ð0��G9��DIL|eVNXW*��Q�J�LM¬°W~D�fINXQi«¥gNXe[DIy\L|W�D>J�LMG9e�j
«sD>H�y\D0�ágNSJ�wVG�t[NÑtVNXW�tVG9��DIL|eVNXW ��Q�J�L\¬`W�DXfINXQÑ«(gNXe[DIy\L\W&D>J�LMG9e�c[G9eÏTVJ�L\y\L|WKNiy\D�¬`GIH&�ÑT[y\D>J�LMG9e�fxD>H&L|D>J�LMG9e�Y
e[NXy\yMN�² p�� ÇÊð <?> ö E õ�ö���� > ���� ô p� < 	 E ��û < > ü��
� > ���� ô p� < 	 G���_ ² p�� Ç
GZ¯T � NXWKJ�T[e�H�gNSNXy6WKJKH�L\Q�JKNX��NXeUJ~«�G9W�LMJ�LM¬W(IDIW�WKNS�i«�NSJ�LMJ[(�j
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&ÅD>«�«oNXy\G9e[W�R�TVN�eVGIJKH&N�GIF�ËKNXQ�J�LM¬�NXWKJ(y\D
W&L\�ÍT�y\D>J�LMG9e�e�T[�®gNSH&L\R�TVNÅtZ�ÎgNXQ�G9T�yMNX��NXeUJ�W¥ï�T[L\tVN�Y´«sD>H�J�L\QST[yMNXWXc9Q�N�R�T[L
eVG9T[W�H�DI��¯NXeVN*NXe TVJ�L\y|L\W�DIeUJÑy\Då�®gNSJ�wVG�tVN�t[NÕ«[H�GxËKNXQ�J�LMG9e NSJ�y\D±�®gNSJ�wVG�tVN*tVNXW�QSD>H�DIQ�JUgNSH�L\W�R�TVNXW0t(gNXQ�H&L\JKNXW
«[H�gNXQsgNXtVNX����NXePJSc~¯DÕy\DÚH�gNXWKG9y\TVJ�L\G9e±t���T[eVN�W�T[LMJKN�tVN�«[H&GIF�y°¯NX��NXWutVN�JB��«�NXW0² pSz ÇÎY�² pIp Çit[DIe[WÊtVNXWutVG9��DIL|eVNXW
«�NSH�¬`GIH�gNXW�ÐÝÜ Ù�RUTZ��G9eáeVGIJKN�«�D>H&¬­G9L\WÑÐ~ý�jåC6DÏÃ~Ä�Æ D gNSJUgN*L|ePJKH�G�t[T[L\JKN0t[DIe[W�ã p��Iä t[DIe[WÑyâ��GIF�ËKNXQ�J�LM¬~tVN
�9D>H&tVNSH!y\DÏ«oG9W&W�LMF�L\y|LMJUgN!tVNÕQSDIy\QST[y\NSH�DXfINXQ*«�H�gNXQSL\W�LMG9e t[DIe�W�T[e®fIG9L\W�L\e[D>�IN*t�TáJKH&G9T NSJ�DITÝ�ÕßNX��N*JKNX��«�W
TVJ�L\y|L\WKNSH~T[ev��DIL\y\y\D>�INiQSD>H&JUgNXW&LMNXeåt[DIe[WÅy\N
tVG9��DIL\e[Ni�9yMGIF�DIyâcs«�NSH&��NSJ�DIeUJÅt���ßNSJKH�N���G9L\e[W~«[H�gNXQSL\W�yÎ¯D�GZ¯T�Q>��NXW�J
«�G9W�W�LMFsyMNIcUNSJ�W�TVH�JKG9TVJ�«�G9TVH�«�G9TVfIG9L\H~TVJ�L\y\L\W�NSH¥t[NXW~WKG9yMfINXTVH�W�H&D>«�L\t[NXW*(IWKJ�DIe[t[D>H&t�W[(�j
CZN�«[H�L\e[QSLM«�N
tVN�Q�NSJKJKN0�®gNSJ�w[G�tVN�NXWKJit[N�t(gNXQ�G9��«oG9W�NSH
yMNÑ«[H�GIF�yâ¯NX��N�L\e�LMJ�L\DIyMNX��NXeUJÅ«�G9W�gN�W�T[HÊy\NÑtVG9�0DIL\eVN
«�NSH�¬`GIH�gNÊÐ~ý û Ð�Ü Ù «�D>H¥tVNXT�Ì�«[H�GIFsy°¯NX��NXW�ð�T�e�«[H�GIFsy°¯NX��N�y\G�QSDIyot[DIe[W�T[e0fIG9L|W�L\e[D>�INÊt[T�JKH&G9Tå²°y¨¯DiGZ¯TÚG9e
«�NXTVJ�Q�G9e�W�L\t(gNSH�NSHuT[eÏ��DIL\y\y|D>�INÍDIW�WKNS����eoÇ�coNSJÊT[ev«[H�GIF�yâ¯NX��NÍ�9yMGIFsDIykt�DIe[WÅJKG9T[J�yMN�tVG9��DIL|eVNÚ²°W�DIe�W�JKNXe�LMH
Q�G9��«[JKNÍt[T�JKH�G9TsÇ(FsDIWUgNÍW�TVH~T�eÕ��DIL\y\y\D>�INiQSD>H&JUgNXW&LMNXeá²°Q�¬2�[�9TVH&N � Ç�j

}�LM�9TVH&N � ð(}��¥lÁð���DIL|y\y\D>�INXW~yMG�QSDIy�NSJ~�9yMGIFsDIyâj
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CZNÍy\LMNXeÚNXePJKH&N
yMNXW�H�gNXWKG9y|TVJ�LMG9e[W��9y\GIF�DIyMNuNSJÅyMG�QSDIyMNiWKN
¬`DILMJ�«sD>HXð
S T�eVN�L\eUJKNSH�«�G9y\D>J�LMG9e
t���T[eiQ�w[DI��«Ñ�9yMGIF�DIy�W�TVH6y\DÅ¬­H&G9ePJ�Lâ¯NSH�N¥D>H�J�LY�sQSLMNXy\yMN�DITVJKG9T[Hkt[TiJKH�G9TÚ²°Q�G9�0��N(t�DIe[W
y´��D>«[«[H�G�Q&wVNit[Nit�gNXQ�G9��«�G9W�LMJ�LMG9e*t[NitVG9��DIL\eVNXWÅDXfINXQiH&NXQ�G9TVfUH&NX��NXePJÅJKGIJ�DIy6«[H&GI«oG9W�gNit�DIe[W
ã p � ä Ç�c

S T�e*W�DITVJ~tVNit(gNSH�LMf�gNSNÑeVGIH&��DIyMN!¯D�JKH&DXfINSH&W�yMNuF�GIH&tÕt[T�JKH�G9TZj
�?143 � ��<>¢�7P@48��9@´3E�/:�� AB8��u�Õ2OÊemQ�G9e�W�L\t�¯NSH�NÚT[emtVG9��DIL|eVN�F�GIH&e�gNIc�¯D*¬­H�G9eUJ�Lâ¯NSH�NÚy\LM«�W�Q�w[LMJK�XLMNXe�eVNIc6Ð �#Ò H t[DIe[W
y\NXRUTVNXy�NXW�J
«�yMG9e[�EgNÚT[e
WKG9T[WKYBtVG9��DIL\eVN�H�gNS�9T�y\LMNSHÍÙÚjÚC6D �[�9T[H�N r H�NS«�H�gNXWKNXePJKN�yMN0QSDIWÍt���T[emW�NXT[y,JKH�G9T�jÕlvDIL\W
Q�NSJKJKNÝgNSJ�T[tVN0H&NXWKJKN
NXe[Q�GIH�N
fxDIy\D>FsyMNut[DIe[W~yMNuQSDIWÅG�¯T*Ù NXWKJ~y\D�H�gNXT[e[L\G9eÕtVNu«�y\T[W&LMNXTVH&W(WKG9T[W�YBt[G9��DIL\eVNXWSj �ÊDIe[WÅQ�N
tVNSH&e[L\NSH~QSDIWSc
G9eáfxD�ËKT[W�JKN0W�TV«[«�G9WKNSHÍRUTVN!yMNXW X�¸>¹�¼�¸>º�ºoÀ¾Ø¾c�tVN�JÎ�U«�N���c�DITVJKG9TVH�tVN0Q�w[DIR�TVN!Q�G9��«�G9W�DIeUJKN�tVN!Ù eVN!WKN
H�NXQ�G9TVf�H�NXeUJ~«�DIWSj�C6NXW~¬`H�G9eUJ�L°¯NSH�NXWÅtVN
ÐÞNSJÅtVNiÙ WKG9eUJÅeVGIJUgNSNXWÅH&NXWK«�NXQ�J�LMfINX��NXeUJ~«�D>H .ÁNSJ /Ej
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Global H1 error [slope=0.75]
Local H1 error [slope=0.99]
Global L2 error [slope=1.18]
Local L2 error [slope=2.00]

}�LM�9TVH�N � ð¥n¥G9TVH�F�NXW¥t���NSH�H�NXTVH�W�eUT[�®gNSH�L\RUT[NXW�«�G9TVH~T[eVNuH�gNXWKG9y|TVJ�LMG9e*yMG�QSDIyMNuN�ÌVDIQ�JKNIj

� �w��� � , �%�q� ��� 	 '� � � � �x� �
���x�!�s� � ��� � � ��� � ��� ��
�
 � � �x� 	 ����� � � ���
ñ �
ñ�I ���� 	OÊe0H�NS¬`DIL\J�yMNÅ�ÕßNX��N�JKNXWKJ¥RUT[N~«[H�gNXQ�gNXtVNX����NXeUJ���DIL\W�DIT!y\L\NXT�t�� (IL\exËKNXQ�JKNSH (Íy\Dit(gNSH&LMf�gNSN�e[GIH&��DIyMN~N�ÌVDIQ�JKNutVN

� coG9e�y´��D>«[«[H�G�Ì�L\��Ni«�D>H�y\NiF�L\DIL\WÅtVNÍyâ��DIy\�IGIH&LMJ�w[��Nit[N
«�G9L\eUJ*�VÌ�NÑtVN
yâ��D>«�«[H�G�Q&wVN
W&L\��«�y\L �(gNSNuNXevD�Ë�T[WKJ�DIeUJ
� «�G9TVHÅQ&w�DIRUTVNÑf>DIyMNXTVH�t[N ' j~¦�GIJKG9e[WÊRUT[Ni«�G9TVHÅR�T���L\yZeVNÍ«�G9y\y\TVJ¥«�DIW�yâ��NSH�H�NXT[HXc � tVG9LMJ
ßNSJKH&NÍDIW�WKNS�Ñ«�NSJ�LMJ
²`G9eÏyâ��D�«[H�L\W~tVNÑyâ��GIH&tVH�NÍtVN ' " Ç~NSJÅ«sD>H�W�T�LMJKN
yMNi«sD>H&DI��¯NSJKH�N�tVN
H&NXy\DxÌ�D>J�L\G9e�tVG9LMJ
ßNSJKH�NÍJKHX¯NXW�«[H&G�Q�wVNÍtVN p j
n(NiR�T[L�H&DIyMNXeUJ�LZy\D�Q�G9eUfINSH��INXe[Q�N�tVNiyâ��DIy\�IGIH&LMJ�w[��Nut[T*«oG9L|ePJP�VÌ�N��OÊeÕH&NX��D>H&R�TVNiRUTZ��G9eÕH�NSJKH�G9TVfINÍyMNXW���ßNX��N
H�gNXW&T[yMJ�D>J�WÅt[Niy\D�WKNXQ�J�LMG9e�«[H�gNXQ�gNXtVNXePJKNIju²°Q�¬2�[�9TVH�N � Ç

1/224 1/128 1/64 1/32 1/16
h (log scale)

3×10
-2

6×10
-2

1×10
-1

2×10
-1

4×10
-1

1×10
-1

1×10
0

H
1 

er
ro

rs
 (

lo
g 

sc
al

e)

Global error [slope=0.74]
Local error [slope=0.99]
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Local H1 error [slope=1.00]
Local L2 error [slope=2.00]
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Local H1 error [slope=0.99]
Local L2 error [slope=1.94]
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