
����������	
��������������������������
��� �!�#"$�&%('�)*",+-�.� %0/!���1��23�4�."5���768�4��9"5:;"5�<�4=?>A@B���DCFE�G �HEJI

KBL�MON5P.QRDSUT0V W0X�M8L M8L Y#L[Z$\]Q^`_aW0XbcL KdLfea_RgQ^,hiX�j[L[k-\ml.npo`o5h(X[ZaL qsr�L�t-S.RvuH_�P�w]RgSHx(Xo`Q�yzbcL {!LY�\|uH}`R~l.lUW
���!���`�D�����d�.�,���s�����i�g�1�����1�-���,�]�D�.�.�1�|�����s���4�v� � ���D�.�5���D�f�;�D�U�|�1�7�f�F�0�(�0�0�~�-�� `�

¡  <���`�U�v�a�s�����i�g���������!���,�|�D�.���1�|�����s�7¢!�.£¤ $�D¥i�]�¤¦§�v�¨�.�1�� ,�v©D��.��¢ª �¦¬«iv�D«0�
��¥i�����s�v� ���
®g¯ �5�1���|��¥i�<��°¥i�7±a�.�1�]²
°�D�³�5�.��´�¥i�<©µ¦p�.�&²g�1�³�s¶7�g�.�.���i¥i�i·B� �1�.�.©(�.�¸�U¹�º
¹»�[���D�1� �H�v���p«5¼vv�0�0�g�
�;´½0�0�(¼D���O�&�.�.©(�.�,�7¾��.�.���D�,�

¿�ÀªÁ~Â0ÃHÄ-Å<Ã�Æ�ÇDÈiÉÇgÈvÈ`ÊUË
Ì
Í`Î.Ï,ÐDÑ,Ò Ã Î ÁDÓ,Ô,Õ»Ö Ñ,ÒD×�Ð Æ1Ã ÎUÐ Õ Î Ó5Õ Ð~Ø ÃUÙ�Ú]ÁDÆ�Û[Ö ¡�Ü7ÝOÞ Ö Ý ß Ó × Ö Ñ,Ò Û[à7á!â0ã Ï Ö»Õ»Ã Ø1Ï Ã × Ó,ÄäÁgÚaÖ Ñ5å Ô5Õ ÐgÑ Ã Î ÁvÓ5Ô,Õ»Ö Ñ,Òv×æ ��ç æ ¡-èFéiê ë ì Ê ê ë~í ÐDÑ Ù Ø1Ï Ã-Ö ÑiØ Ã.Æ å Ô5Õ ÐDÑ Ã Î ÁvÓ5Ô,Õ»Ö Ñ,Òpæ`îJï È ê ÇUð(È ê ñDí ÐDÒ Æ1ÃHÃ�ò�Ö Ø1Ï Æ1Ã Î Ã Ñ(Ø Ã Í Ô<Ã�Æ1Ö»Ä8Ã Ñ(Ø�Ð Õ
Ù Ð~Ø�Ð É Ø1Ï Ã�Æ ÐgØ Ö»Á æ ¡Uó æ � ï ÊUÇ-Ã Í`Î ÃHÃUÙ ×�Ø1Ï Ã7Æ1ÃHÔ<ÁDÆ Ø ÃUÙdÂ Ð Õ»Ó,Ã Å(ô ÐgÑ ÁgÆ�Ù5Ã�Æ�ÁgÚaÄ ÐDÒDÑ Ö Ø Ó$Ù`Ãvâ�õ × Ö Ñ5ÒöÒ Ã�ÁvÄ8Ã Ø Æ1Ö ÎUÐ ÕÎ Á Ñ,× Ö¨Ù5Ã�Æ Ð~Ø Ö»Á Ñ,× É Ï Ö ÒvÏ÷Ø ÃHÄ8Ô<Ã�Æ Ð~Ø Ó5Æ1Ã Ã Í Ô ÐDÑ5× Ö¨Á Ñ,×7ÐDÑ Ù§Ô<Ã�Æ Ø Ó5Æ1Å ÐgØ Ö»Â0ÃOÄ8Ã ÐgÑ§ø Ã�ÕmÙ Ø1Ï ÃHÁgÆ&ô(É,ò#Ã ×&Ï Á~ò Ø1Ï$Ð~Ø�Ø1Ï Ã
Û[à7áùÙ`Ã�Æ1Ö»Â0ÃUÙöÃ Í5Î�Ï$ÐgÑ,Ò Ã Î Á Ñ5×sØ�ÐDÑ(Ø1× Õ¨Ã Ð Ù Ø Á Ð Æ1ÃHÄ Ð Æ1ú Ð Å,Õûô ÐDÎHÎ Ó5Æ ÐgØ Ã�Ù`Ã ×&Î Æ1Ö»Ô Ø Ö»Á Ñ ÁDÚ Ø1Ï Ã�Ô`Æ1ÁvÔ<Ã�Æ Ø Ö»Ã × ÁDÚ Ø1Ï Ã × Ã
Ä ÐgØ Ã.Æ1Ö Ð Õ × Ö Ñ,Î Õ¨Ó,Ù5Ö Ñ,Ò-× Ô<Ã Î Ö ø$Î;Ï Ã ÐgØ É × Ó ×&Î Ã�Ô Ø Ö»Å,Ö»Õ»Ö Ø ô(É`ÀªÃ$üÃ�Õ Ø ÃHÄ8Ô<Ã.Æ ÐgØ Ó5Æ1Ã ÐDÑ ÙBÀOý§þ × Ô<Ã Î�Ø Æ Ð â
ÿ ÊDâ»Ê ë â ý§Å�É ÿ ë â»ÊUÈiâ �vÄ÷É ÿ ë â ñ È5â Ì�Ø

�&QdnpoiQ���S.Rvu~RgQ,l�w���y<\|P.ugN��`RgS�RDyönpoi^5QR~l�\]u�n÷oil.RDS.\|oiw|P
l�_RªyR~q
l.RDS.n÷\]Q�o(l�\mN5Q N��-R
	uH_�oiQ�^`R ugN`Q�P�l�o`Q5lHPgX��O\ml._�N�<l÷\mQ���<l���S.N5n
Rgw]RDu~l.S�N`Q\|uµP�l.S��uUl�S.R uDoiw|u
w|o(l�\mN5Q�PDXª_[o`P��S�N��`RDQ��`RgS�� y<\��÷q
u
�w¨l!o`Q�y _[o`PON���l.RgQzw]RDy�l.N��O\]w]yw�� \]Q�ugN`S�S.RvuUl���oiSHoin÷Rgl.RgS��(oiwmq
RvPgL�� _R§\mQ,l�RgS��w]o��zN��7^`RgN5n÷R~l.S��¸oiQ�y���[oiQ,l�n uH_RDn÷\]P�l.S��
_�o5P �$\]Rgw|y<RDy npoiQ�� P�S��S.\|P.RDP �O_\]uH_�u~N�w|y QN`lp_�o��`R"![RDRgQ
oiQ,l�\]ug\���oil.Rvy#�O\ml._�N�<l!o$�%w]w�uDoiw|u
w|o(l�\mN5Q�L�{�	o`n$��wmRvPOoiS�R-l�_R
S�RDu~RDQ,l.w&�Ay<\|P.ugN��`RgS�RDy��(oiQ�o5yo(l�RDP('ªo�)+*0k-,/.�0
1ªoiQ�y2'ªo�) x k-3. 4�1sL5�&Q o`wmwOl�_RDP.RAuDo`P.RDP§l._�RAy<N`n÷\]Q�oiQ,l R6	<uH_[oiQ^5Rµ\mQ,l.RDS�o5uUq
l.\]N`Q[P7�ªRgS�ROS.RvP�N5w��5RDy÷oiQ[y o8^`N$N<y�Q�yRgSHP1lHoiQ�y<\]Q^dN��
l._R-npo(q
l.RDS.\|oiw8�S�N��fRgS.l.\]RDP4N�!<lHoi\]QRDy8N5Qw&��o���l.RDS�oiQ[oiw&�$P.RDP4N��RDwmRvuUl.S�N`Q�\]u
P�l.S��uUl�S.R8uDoiw|u
w|o(l�\mN5Q�P��7RDS.R�ugo`S.S�\]RDy N�<lDL
9S��P1l�S�oil.Rvy P��8�o`S.Rgq½w|o(l.l.\|u~RdP��\]Q<q½_[oiw��7K;RD\]P.RgQ�!fRgS�^ oiQ,l.\���RgS.q

S�N`npoi^5QR~lHP:�O\ml._�QRDo`S.RvP1l#QRg\]^`_�!fN`S�R
	uH_�o`Q^`R�; W o`Q�yBP.RDugN`Q�yQRD\m^5_8!fN`S=<³y<\|oi^5N`Q�o`w?>pR
	uH_�oiQ�^`R@; h _�o��`RµS�RDugRg\&�`Rvy u~N`Q[P�\|y$qRgSHo�!�wmR¸o(l.l.RgQ,l�\mN5Q S�RDugRgQ,l.w&�`LA� _R#��S.N��[RDS�l�\mRvP�N��!l�_R¸n§N<y<RDw
�O\ml._=; hCB-D <³N`SE; WFB-D >ªoiS�RE�7RDwmwGQ[y<RgSHP1l�N$N$yzo(lIHDRgS�N§o`Q�y#JqQ\ml.ROl�Rgn��fRgSHo(l��S.R(. K�1sL�� _R;w|oiS�^`R-; h wm\]n÷\¨l�N��al._R-n§N<y<RDw�\|P�ou~w|o`P�P.\]u�R
	oin��w]R7N��L�8�oiQ,l�ncN`SHy<RgSM!��dy<\|P�N5S�y<RDSN. O�XQP�1sX��O_RDS.R
o(l-l._R÷u~w|o`P�P.\]uDoiw�wmRF�`Rgw�l._�RBlR�ªN�P��!w|o(l.l.\|u~RDP-N`SHy<RDS-oiQ,l�\S��RDS.S�Niq
npoi^5QR~l�\]uDoiw]w��T!�l÷S�Rgnpo`\mQU��S.RDR�l�N¤S.N`l�o(l�R#�O\ml._ S�RDP��[RvuUl÷l.N
RDo5uH_ N`l._RDSDLV� _\|POy<Rg^5RgQRDS�o5u
�§\]P w]\S��l�RDy#!��W��[oiQ,l�nYXL�uUl�<q
o(l�\mN5Q�P w]RDo`y\mQ^§l�N u~N`w]w]\mQRvoiSOnpoi^5QR~l�\]uöN5S�y<RDSO\mQµo÷u~N5w��n§Q[oiS
��oil�l.RDS.Q4L+Zªl-\]Q,l.RgS�n÷RDy<\|o(l�RW; h�[ ; W l._RDS.RB\]PöP1l�S.N5Q^ RF�,\|y<RDQ�u~R��N`S�o P��\]Q<qs^5o��/��_�o`P.R`Xfl._�N�^5_µl._R§Q�oil�S�RBN���l._\|P-�_�o`P.RB\|P
QN`l��%wmw&� S�RDP.N`w&�`RvyW�5R~l\. ]�1½L
b _\mw]R÷l._�RgS�Rp_�o`PE!fRgRDQ¤l.S�Rgn÷RgQ�yN��Pöl�_RgN5S.Rgl.\|ugoiw�\]Q,l.RDS.RvP1l

\]QJl._RvP�R n§N<y<RDw]PDX�l._RDS.R^�7RDS.RpQNA},Q�N��OQJR
	_�[RDS.\]n÷RgQ,l�o`w�S�R~q
oiw]\&HDo(l�\mN5Q�P���N5S�\]Q,l.RDS.n÷RDy\]oil.R l�NAw|oiS�^`R/; h�[ ; W X`Q,l�\mwªl._�R \]Q<q�`RvP1l�\m^,o(l�\mN5QAN�� r�\ h )-k�Z$\�k * !��baµRgw&Hg\+c6dfe�g�hN. i<X j�1�Z$l��y_�$\]Q^l._�RdPk�w]\ml�l.\]Q^���oil�l�RgS�Q�P N���l._R 3 r�\:lfa M Pk�fRDu~l.SHoX$l._�RDP.R�o�<q
l._�N`SHP\�S�RDP.RgQ,l.RvyJP1l�S.N5Q^µR6�$\|y<RgQ[u~RW��N5S�ugN`w&n÷Q�oiSdN5S�yRgS#.QiC1sL
'7N`n !\]Q\mQ�^ P�RF�`RDS�o`w
R
	_�[RDS.\]n÷RgQ,l�P;l._RF�zyRgS�\��5RW. j�1�R
	uH_�o`Q^`R
u~N���w]\mQ�^5P$<%�O\ml._2; hC[ ; W�m 0�n&0C>I�7RDwmw#\]Q,l.N l�_R§S.RD^`\]N`Q/�O_RDS.Rn÷N<y<Rgw4uDoiw|u
w|o(l�\mN5Q�PoJ�Q�y¸u~N5w��n§Q[oiSON`SHy<RDSDL
K;N��ªR6�`RDSDXP.R6�5RgSHoiwG���H6Hgw]\]Q^W�\]RDugRDP;\]Q¸l._[o(l!R6	<ugRgw]wmRDQ,l-oiQ�y

y<Rgl�oi\]w]RDy P�l��y_��S�Rgnpoi\]QqpA<�\r>W� _R SHo(l�\mNJN��8R
	uH_�oiQ�^`R u~N5Q<q
P�l�oiQ,lHP��ªo5P÷QNilW�ªRgw]w!y<Rgl.RDS.n÷\]QRDyA��S�N`n l._R P��P�u~R6�l.\&!\mw]\mlR�
oiQ[yùP��fRDu~\�J[u÷_Rvo(lByoil�o�st�ªR��O\mw]w7�S�RDP.RgQ,l8Rgw]RDu~l.S�N`Q\|u÷P1l�S�[uUq
l��S.RöoiQ�ypnpo`Q8�,qu![N<y_�÷ugo`w]u6w|o(l.\]N`Q[P�l.N§P�_�N�� l�_�o(l7l._R(; h�[ ; W�(oiw&R§\]P-R6�5RgQAn �uH_ w|oiS�^`RDS;l._[oiQAS�R6�fN`S.l.Rvy2. j�1sXG�w]o5u~\]Q^ l�_R

P��<P1l�Rgn yRgR6�fRgS \mQ,l.Nùl�_R u~N5w�n÷Q�o`S��_�o5P�R5Lv<³\m\r>�� _R¸RvP1l�\¨q
npoil.RDybw BxD n÷N`n÷RgQ,lE�ªo5Pöo`QN`npo`wmN��P�w&�¸P�npoiw]wM��N`S�o�P��<P1ql�Rgny�ªRgw]w[\]Q�P.\]yR;l._�RöugN`w&n÷Q�oiS7N`SHy<RgS�RDy��_[o`P.R`L���o`}$\mQ^B\mQ,l.N
o5ugugN�Q,lpl._�R�oiQ,l�\S��RDS.S�N`npoi^5QR~l�\]uz\]Q,l.RgS.qu�w]o`QR u~N���w]\mQ�^�X��ªR
��S.N��[N,P�R l�_�o(lªl._R-l+a MFy<RgS�\��5RDypn÷N5n§RDQ,l�\]PªP.n÷o`wmway_R!l.N§o
uDoiQ�ugRgw]w]oil.\]N`QµN���_��8�fRgS�J�QR(J�Rgw|yPf��S�N`n QRg\]^`_�!fN`S�\mQ�^^�w|oiQRvPgL
<³\m\]\r>(� _RzN`SHy<RDS(��o`S�o`n§Rgl.RDSBR
	_�fN`QRDQ,l$zäo(lBl�_R�l.SHoiQ�P.\¨l�\mN5Q
� o`P RvP1l�\mnpoil.RDyzl�NW!fR\z={ D nQ4�PX��O_\|uH_¸\]P!\mQ,l.RDS.n÷Rvy<\]oil.R�!fR~qlR�ªRgRDQ|4it}�1P.\mQ�^ oiQ�y�lR���\|ugoiwqK5t�R6	��fN`Q�RgQ,l�PDL�bùR\�O\mw]w4P._N��
l�_�o(l�l._Rz\]Q5l�RgS.q~��w]o`QR R
	uH_�o`Q^`R�u~N`Q[P1lHoiQ,l�P�y<\S�aRgS ��S�N`n l._R
w|oiS�^`RvP1l N`Q�RDP�!�� w]RDP�Pªl._�o`Q�lR�ªN÷N`SHy<RgSHPªN��#npoi^`Q�\¨l��y<R`L�� _��P
oJP�l.S�N`Q�^ùugS.N,P.P.N��`RDS !fR~lR�ªRgRDQ�4`t oiQ[yAK5t�!fRg_�o��$\]N`Spu~N�w|y
!fR�R
	_�fRDuUl�RDy
Lf<�\&�_>N� _R\l!RG�RDwfl.Rgn��fRgSHo(l�S.RE� o`P QRvoiS�w���J[Rgw|y
\]Q�y<RF�[RDQ�y<RDQ5l-��¸l.N�o�J�Rgw|y¸N��`��wdL7bùR(�O\]w]w�oiS�^��R�l._�oil!N�S
\]Q�ugS.Rvo`P.RDy÷RDP�l.\]npo(l�R!N��7; h w]RDo5yP�l�N�oBw]o`S.^5RgS7P�o(l�SHo(l.\]N`Q�J[Rgw|yo`Q�y l._�oil�u~N5n(!\]QRDy��O\ml._�QN`Qq½n÷N`Q�Nil.N5Q\|uzyR6�fRgQ�y<RDQ�u~RµN��
l!RG�RDw�l�Rgn��[RDS�oil�S�RdN5Q�J�Rgw|yµ\]n$��wm\]RDP!l._�oil!l�_RBR6	��fRgS�\]n§RDQ,l�oiw
S�RDP�wml�POo`S.RöQNil!o`QN`npo`wmN��PgL
kfS�P�l��y���N��[l�_ROnpo(l.RDS.\|oiw[r�\ h )-k�Z$\�kf*;u~N5Q�P�\|P�l�P#N��
oölR�ªN![oiQ�y§l�\m^5_5l.q~!�\mQ�y\mQ^�n÷N$yRgw�J�l�l.NBl._R-r4tIZ�!�oiQ�y P1l�S��u~l�S�R`X

�O_�\]uH_¸\|P l._RDQµnpo����fRDyzN`Q,l�N÷opK!Rg\|P�RDQ�![RDS.^÷n÷N<y<Rgwt�O\¨l�_z\]Q<q
��w]o`QRU<�; W oiQ�y�; h >po`Q�y�\]Q5l�RgS.q~��w]o`QR2<�;8�o>÷R
	uH_�o`Q^`R ugN`Q<qP�l�o`Q,l�PDLM9�S�l�_RgS�n÷N`S�R`X8�7Röy<R6�5Rgw]N��p_\]^`_ l.Rgn��fRgSHo(l�S.RöP�RDS.\]RDP
R6	_��oiQ�P.\]N`Q�P�oiQ�y��[RDS�l�S�![o(l.\&�`Rùn÷RDo`Q<q�J[Rgw|y�l._RDN`S��A��N`Szl._R
�Q\S��N5S.n Pk[P.ugR6�<l�\�!\]w]\¨lR� oiQ�y�P��[Rvu~\�J[u¸_RDoil N��öl._R@; W�� ; hn÷N<y<RDw�LV� _RDP.R!o`wmw]N��U�P�l.Ndnpoi}5R���[oiQ,l.\ml�oil.\&�`R;u~N5n���oiS�\]P.N`Q[P
�O\ml._zl�_R8R
	_�fRgS�\mn÷RgQ,lHPgL
r�\ h )-k�Z<\�kf*Ou~S��<P1lHoiw]wm\&HgRvP#\mQ�l._�ROl.Rgl.SHoi^`N5Q�oiw$P��$P�l.RDn¸X5P���o`ugR^5S.N�����EO [��G�"� Xªu~N5Q5lHoi\]Q\]Q^ùlR�7N=��N`S�n(�w]o=Q\ml�PW�[RDS u~RDwmw�O\ml._5� B ]�n K�]�j�4��Z oiQ�y�� B O�n O�O8���ZdLE. ��1�� _R�ugS��<P�l�oiw

P�l.S��u~l�S�R!N���r�\ h )-k�Z<\�k * \]P P._N��OQ \]Q#9�\]^�L�0`L�� _Rönpoi^`Q�R~l�q\|ugo`wmw&� o`u~l.\&�`R�QRglR�7N5S.}÷N��#Pk��\mQ¸_�o`wS�M) *�� \]N`Q�Pª\|P�!�\]w¨lI��#!��
. )-k�Z$\�k * 1�h
� w|o��`RDS�P;N��`)-k-�dP��8�oiS�R\���$S�o`n§\|yP;P._�o`S.\]Q^ ugN`S.q
Q�RgSHPt�O\ml._pZ$\�kf*�l�R~l�S�o`_RDy<SHoX(\]Q,l.RDS�uDoiw|o(l.Rvy��O\ml._÷r�\<\]N`Q�PDLt� _R
P�l.S��u~l�S�R�N��4l�_RE) *�� P��8�oiS�RöQR~lR�ªN`S�} Pk�^`^`RvP1lHPgX,l�_�o(lI!fNil�_
l�_ROQRvoiS�RDP�l#Q�Rg\]^`_�![N5SI<�lflf>�o`Q�y�l._ROQR6	$l�QRDo`S.RvP1l�QRD\m^5_8!fN`S
<�l+lflf> \]Q<qu�w]o`QR8u~N���w]\mQ^pP._N��w]y"!fRdP�\]^`Q\�J[uDoiQ,lDXo`w¨l�_N�^5_
\ml#\]P#o(lV!fRDP�l�y\S� u
�w¨l#l.Nöy<RDug\]yRo��S�N`n ^5RgQRDS�o`w,ugN`Q�P.\]yRgSHo(l.\]N`Q[P
�O_�\]uH_JN5QR \|P�y<N5n÷\mQ�o`Q,lDL|l+l u~N���w]\mQ^A\]P(�³o��`N5S.Rvy�!���l._R
R6	<\]P�l.RDQ�u~R-N��
lR�ªNBR
	uH_�o`Q^`R-uH_�oiQQ�Rgw|P7o`Q�y P._N`S.l.RDS7y<\|P1lHoiQ�ugR`X
lfl+l9u~N���w]\mQ^^�S.N�Jl�PI��S.N5n?l._R#� P�l.SHoi\]^`_,lF�fu~N5QQRDu~l.\]N`Q/!fR~q

0



�R�N�6�6�"�� �¡�¢�£$¤?¥�¦��¨§�¤&�8��¤&��©�¤��"��ª��\¦�¢�£$��¥_¤&¡��F«¬��¤�§��q

a
a

c

®�¯�°f±�²F±7³�´�µR¶�·_´�¸�¹Rº¼»�´V»�º¼´�½T¾r¿�·8·_´�µ�·�ÀFÁ�´�Â�ÃLÄFÅ�¹RÆ8´t¸�µ�Ç�¶u¹kÀFÂ�¶u¹�µR¿8¸�È
¹R¿�µR´IÄ6ÅMÉ�º�Ê�ËNÌ�Í�º�Ì�Î�ÀFÁ8Ï�·�µRÄ
Ðu´�¸�¹Rº¼ÄFÁ#À6Â¼ÄCÁ8Ñ^Ò ÓCÓ�²�Ô`¾rÂ¼Ä¬½V´�µN·�ÀFÁ�´�Â�Ã�±
ÕVÆ8´NËNÌ�Ö`·�Ç�µkÀ6×�ºSÏ�¶N¾rÂSÀ
µRÑC´IÏ�ºSÀ6×�ÄCÁ�Ï�¶kÃ:¶�Æ8À6µR´N¹RÆ�´N¸�Ä6µRÁ8´�µR¶�Ä6Å�¹RÆ8´Ø À6¶RÀFÂ�·8ÂSÀFÁ�´�¶G½`ºQ¹RÆ\Í�º�Ì Î ¹R´�¹�µkÀ6Æ8´¬Ï�µkÀf¾r¶�×\ÀFÂ¼Â�Ï�ºSÀF×�ÄFÁ�Ï�¶kÃ�±GÕVÆ8´VÉLº�Ù
º¼ÄCÁ�¶oÀ
µR´�º¼Á�Ï�º¼¸¬À
¹R´¬Ï Ø Ç(¸�ºQµR¸�Â¼´�¶�±
Ú �W§�¡�¥_�6¡7��§ §�Û_��¢�¤&�W¢\¡��F¢�Ü&¤?¦R��¤&«I¢���¥�¡��6Ü&¤&¢�Û�Ü&�Iª�§�����¤���©(��¢�¡k�

§�ÝI¢"��¤�©�ª���Þ~Û�¤���¥�¤���©|ßf¢�£�¤&ÜS��§���¤?¢��qàMÛ�¢���¥T¦R��¡�áL«¬��á�¡��W«F¢�Ü?«
á�Ü?¢�Þ
��¤&§��L¦��o�F¡��-�L�F¡kÝ%§�¡�£��C¥^á�¦�¤&��©$��ª��-Ý%á�Ü&ÜSÞu�¨§����F�8��¤?¢�ÜG��§���§�¡���ª�§�©�Þ
§��L¢�ÜqÜ&§_«6¢�Ü�Þu§�¡�Û�¤S��¢�Üq£�¤&��¤&£(á�£$ÞuÛ�¢�¦�¤&¦+¦�«�ª��F£��^âSãCä�å:��¤���ª�¤��/��ª��
Ü&§�«F¢�ÜI¥_�F��¦�¤S�R A¢�����¡�§�æ_¤�£�¢���¤&§��5ç�è:éIê-ë¬ Ú �A��ª��b¦�«6¢�Ü?¢�¡�¡��6Ü?¢�Þ
��¤&ì�¤&¦k��¤?«�«6¢�Ü&«6á�Ü&¢���¤&§���¦t�N�oá�¦��F¥\��ª����6æ_«�ªL¢���©��7¢���¥ «
§�¡�¡��6Ü?¢���¤�§��
�¨§����F�8��¤?¢�Ü_§�Ý�íV�6¡�¥_�6��¢���¥�î¨á���©��6¡�âSã�ã
åutï$ç�ð8ñ�à ð
òtà ó�ñ�à�ó6ò:à�ð�ô8ë
àõ ç�ö�ñ�à�ö¬ò:à�ð�ô8ë
à�èq¤uç�ö�ñ�à�ö¬ò¨ët¢��L¥$÷�¤uç�ð8ñ�à�ð
ò:à�ð�ô�ë:¦k��¢����F¦Fà�¡��F¦��L�C«¬Þ
��¤&ì��FÜ� �à��N�6¡��I«�ª�§�¦��6��¢�¦���ª��IÛL¢�¦�¤&¦`¦��
�C�êIÜ&Ü�Ü&§��o�F¡�Ü� �¤&��©\¦R��¢����F¦
�N�6¡�����¡��F¢����F¥@¢�¦(«
§�¡���¦R��¢����F¦F"ø�ª���¤&��«6Ü�á�¦�¤&§��T§�Ý�ïùç�ð�ñ�à ð6ò¨ë
¦k��¢����F¦�¤&����ª���ì�¢�Ü��F��«
�\¦k��¢����C¦��N¢�¦����C«
�F¦�¦�¢�¡� ���§W¢�«F«
§�á��8��Ý%§�¡
��§��_Þ~���6©�Ü&¤&©�¤&Û�Ü��`«6§�¡��
Þ�«
§�¡��V§�ì��F¡�Ü?¢��L¦6qø�ª�� õ ¢���¥\÷�¤�ð�ôf¢�¦q�N�6Ü&Ü
¢�¦\��ª��#èq¤�ö¬ò2¦k��¢����F¦(�o�F¡�����¢�ú��F�T¤��8��§b¢�«F«
§�á����(��§|¤&��«
¡��F¢�¦k�
��ª�� «
§�£���Ü��6���F���F¦�¦I§�ÝM��ª��(ÛL¢�¦�¤&¦f¦k�6�FIø�ª��$¦k��¢���¤?¢�Üt�
æ����F��¦k¤&§��
§�Ý7��ª���Û�¢�¦k¤?¦+§�¡�Û�¤S��¢�Ü?¦6àG«
§��8��¡�§�Ü&Ü��C¥/Û� |¢#«6§��_û���¤���©#�L§����F����¤&¢�Ü
â�ãCö�å�ç%ü�ý�ü6þ�ë�ÿ�à���¢�¦o§��_��¤�£�¤��6�C¥���§$£�¤���¤&£�¤��F�+��ª��I��§���¢�Ü¨�6���F¡�©� �
ø�ª��7¡��F¦�á�Ü���¦t§�Ý_��ª��o��¢�¡�¢�£�¢�©����
��¤?«�«6¢�Ü&«6á�Ü?¢���¤&§��Wç�¦k�F���M¤&©��ö�ë

¦�ª�§���¢\ì�¢�Ü&�6�L«
�+ÛL¢���¥#«
§�£���Ü&�
æ�§�Ýt¢�Û¨§�á_�-ãFä(�6ï���¤&¥���ª^��¤���ª
�R�N§IÛ�¢��L¥�¦t«6¡�§8¦�¦�¤&��©���ª������F¡�£�¤�Ü&�6ì��FÜ�tø�ª��F¦��`�R�N§+Û�¢���¥�¦Fà�¥_á��
��§+��ª��o�R�N§+ïU�¨�6¡�«6�6Ü&Ü�à�¢�¡��`�N�6Ü&Ü�¦k�F��¢�¡�¢����F¥EÛ� �¢I©�¢��\§�Ý�¢�ÛL§�á_�
ð-�6ï�Ý%¡�§�£x��ª���¡��F¦k��§�Ý¨��ª���ì�¢�Ü&�6�L«
��Û�¢���¥ «6§�£���Ü&�
æ�¢���¥$¦kª�§��
£�¢�¤&��Ü& ^ï ð�ô����(¢��L¥^£�¤&��§�¡ õ ç~ö�ë�ö¬ò	��
 �(«�ª�¢�¡�¢�«
���6¡�ç�§�æ� �©��6��¦
§�ÝN��ª��WÛ�¢�¦�¢�Ü7��Ü&¢�����§�Ý���ª��Wï õ� �� �¡�¢�£$¤?¥�ë-¤&�@��ª��#¢���¢�Ü� _¦�¤&¦
§�Ý���ª�� «6§�¡�¡��C¦k�¨§��L¥_¤���©$§�¡�Û�¤S��¢�Ü�Þ~¡��F¦�§�Ü&ì��C¥^��¢�¡k��¤&¢�Üt¥_�F��¦�¤S��¤��C¦I§�Ý
¦k��¢����F¦/ç���§��#¦�ª�§����Lë
�ø�ª��/ì�¢�Ü&�6��«6�/Û�¢��L¥�¦�ÛL�FÜ�§�� ��ª��/©�¢��

¢���¥/¢�Û¨§�ì��E��ª������6¡�£�¤:Ü&�6ì��FÜ:ª�¢�ì��\¢�Ü&£�§�¦k�+��á�¡��\§�æ_ �©��6��¢��L¥
ì�¢���¢�¥_¤&á�£Y«�ª�¢�¡�¢�«
���F¡Fà�¡��C¦k�¨�F«
��¤&ì��6Ü& �Vø�ª��+«6§��8��¡�¤&Û�á_��¤&§��^§�Ýqèq¤
¢���¥�÷�¤:¦k��¢����F¦�¤?¦����F©�Ü&¤�©�¤�Û�Ü&�E¤��"��ª����6���F¡�©� �¡��F©�¤&§��"¦kª�§����:

Γ� �X M
�

Γ� Z
�

wave vector

−10

−8

−6

−4

−2

0
�
2

en
er

gy
 (

eV
)

10
�

20
�

30
�

40
�

DOS (eV
� −1

 * cell
−1

)

Γ
�

X
�

M
�

Γ
�

Z
�

wave vector�
−0.2

−0.1

0
�

0.1
�

en
er

gy
 (

eV
)

®�¯u°f± ��±"!VÀFÁ8Ï�¶u¹�µR¿�¸�¹R¿�µR´�ÀFÁ8Ï�¹RÄF¹kÀFÂ\Ï�´�Á8¶�ºQ¹�Ç�ÄFÅ ¶u¹kÀ6¹R´�¶#Å?ÄFµ
ÉLº�Ê�ËoÌ�Í�º�Ì�Î�¾r¿8·8·_´�µ-·8ÀFÁ8´�Â&Ã+ÀFÁ8Ï/¹RÆ�´�#�Ä�ÄC×�´¬Ï Ø À6Á�Ï�¶f¸�Â¼ÄF¶�´�¶u¹�¹RÄ
¹RÆ8´f®8´�µR×�º¨Â¼´�»C´�Â�¾rÂ¼Ä
½M´�µ�·8ÀFÁ8´�Â&Ã�±�ÕVÆ8´-®8´�µR×�º¨Â¼´�»C´�ÂGº¼¶�À6¹$#�´�µRÄ(´�Á�È
´�µRÑFÇ�±qÕVÆ�´NÁ�ÄF¹kÀ6¹Rº¼ÄFÁ Ä6ÅL¹RÆ�´N¶uÇ�×�×�´�¹�µ�Ç+·_ÄCº¼Á�¹R¶Vº¼¶�ÀF¶tÅ?ÄCÂ¼Â¼Ä¬½`¶&%('*)
¾u²¬ÓCÓCÃ,+.-/)�¾u²C²�Ó�Ã,+102)v¾%ÓCÓ�²
Ã
ø�ª���¡��FÜ&¢���¤&ì��6Ü& U�L¢�¡�¡�§�� Û�¢��L¥�¦^¢��^��ª��"���F¡�£�¤-Ü��Fì��FÜ ç�¦��6��M¤&©��ö_à8Ü�§��N�6¡`�L¢����FÜ?ë7¢�¡��Iª�¢�Ü�ÝrÞ~û�Ü�Ü&�F¥qVø�ª��6¡��
Ý%§�¡���à8¦R��¡�§���©(«6§�¡�Þ

¡��6Ü?¢���¤�§����43��F«
��¦"«6¢���Û¨�b�6æ_�L�C«¬���C¥���ª�¤?«�ª��
æ_��Ü?¢�¤&����ª��b�6æ8Þ
�¨�6¡�¤&£$�F�8��¢�Ü&Ü& /§�Û�¦��6¡�ì��C¥/¤��L¦ká�Ü?¢���¤���©#©�¡�§�á���¥b¦k��¢�����65N�F«6¢�á�¦��
��ª��-Ü�§���ÞuÜ� �¤&��©(£�¢�©����6��¤?«+�6æ_«6¤S��¢���¤�§���¦N¤���ì�§�Ü�ì��+§���Ü� $��ª�§�¦��f§�¡kÞ
Û�¤S��¢�Ü?¦t��¤���ª$á����L¢�¤&¡��C¥\¦k��¤���¦V«6§�¡�¡��C¦k�¨§���¥�¤���©+��§f��ª��Nª�¢�ÜSÝrÞ~û�Ü&Ü��C¥
ÛL¢���¥�¦Fà��N��¡��F¦k��¡�¤&«
�I§�á�¡�¦k�FÜ�ì��F¦N��§^¢$�R�o§^Û�¢���¥#��¤�©�ª���Þ~Û�¤���¥�¤���©
¢���¢�Ü& _¦k¤?¦�¢���¥^��ª��\¥_¤&¦�«
áL¦�¦�¤�§��#§�Ýt��ª��F¦��Eª�¢�Ü�ÝrÞ~û�Ü�Ü&�F¥"Û�¢���¥�¦F
ø�ª��-¥_¤&¦��¨�6¡�¦k¤&§��W§�ÝG��ª��C¦k�fÛ�¢��L¥�¦fç�¦k�F�7�M¤&©�_ö_à8Ü�§��N�6¡o��¢����FÜ?ë

ªL¢�¦fÛL�F�6��¢���¢�Ü& 8�6�C¥�¤��b���6¡�£�¦+§�Ý�9:9x��¡�¢��L¦RÝ%�F¡:;,<(¢���¥=979:9
��¡�¢���¦kÝ%�6¡>;@?+��¤S��ª�¤��^��ª��$â ä�ä�ã6å���Ü?¢����$ç�¦��6�:�M¤&©�¨ãIÜ�§��N�6¡7��¢����FÜ?ë
¢���¥A9:9vª�§�����¤&��©B;DC2Û¨�
�R�N�6�F�����6¤&©�ª�Û¨§�¡�¤���©$��Ü?¢����C¦6
ø�ª��F�qà���ª�� «6§�¡�¡��C¦k�¨§��L¥_¤���©�¥�¤&¦��L�F¡�¦�¤&§��/¡��6Ü?¢���¤&§���§�ÝM��ª��(¡��
Þ

Ü?¢����F¥�öFE7ö ��¡�§�Û�Ü&�6£ ��¢�ú��F¦o��ª��EÝ%§�¡�£
G ç&HI ë>JLK�þ�MUö�;@?�â «
§8¦6çON�ë MU«
§8¦6çOP�ë�å

Q óR; < «6§�¦FçON�ý�ö�ë_«6§�¦FçOP�ý�ö�ëSMUö�;DC «6§�¦CçUT�ëWV çRãCë
��ª��6¡��N2J IYX[Z à.PBJ I �R\ à.T6J IRX�] 
ø�ª��^¢�¦�¦�¤&©���£��6�8��§�Ý���ª��W��¢�¡�¢�£$�6���F¡�¦Eª�¢�¦�Û¨�6�6�2¢�«�ª�¤&�6ì��C¥

Û� E�R�N§+��á�£��6¡�¤?«6¢�Ü&Ü& -¤&��¥_�F�L�F��¥_�F������¡�§_«
�C¥_á�¡��F¦[^S5o \¦k��¡�¢�¤&©�ª8��Þ
Ý%§�¡���¢�¡�¥�Ü&�F¢�¦k�N¦`_8á�¢�¡��Iû��k��¤&��©$§�Ýq��ª��f�R�o§$Û�¢��L¥�¦7¤&�#¢�Ü�ÜG¥_¤&¡��F«¬Þ
��¤�§���¦"¢���¥�Û8 �áL¦k¤&��©2��ª��=�6���F¡�©� A�F¤�©��6��ì�¢�Ü&á��F¦#¢��/¥_¤�3¨�F¡��F���
¦��6Ü&�F«
���C¥2ª�¤&©�ª�¦k �£�£��
��¡� T�¨§�¤&�8��¦F�ø�ª��"¡��C¦ká�ÜS��¦$¢�¡���¦�ª�§����
¤&��øM¢�Û�Ü�� Ú 2ø�ª��"�6¡�¡�§�¡�¦ «6¢��UÛL���F¦k��¤&£�¢����F¥U¢�ÛL§�á_�baYcùÝ%§�¡
��ª���¤&�_Þ~��Ü&¢����$��¡�¢���¦kÝ%�6¡�¦�¢���¥�ã�a�c Ý%§�¡E��ª���¤&�����6¡�Þ~��Ü&¢����$���6¡�£

ö



dOe`fRgih,j.k:l.monWkpe`kpqsrpk[tuf�dFvwfRh,jbgxk[qYh`m�fYq.k[lByRvwf{zYk$|.hDh`m�qs}6~.e`f��r4k�l1�.e`k[t[���$jsk[t,k�t,gBy����>l1monWkpe`kpqwr4k[t�r[y�q"vwkbyYt,rpe,m�vwk�l�h`f2h`j.km�q1�s�.k[qsr4k�fRd>j.m�}Rj.k[e�q.kpm�}Rj8v	fRe&tp�$�$j.k�zYkpe`��}Yf�f1l�yR}Re`kpkpgxk[qYhf�d�h`j.k2h,m�}Rj�h�v.m�qsl1m�q.}"|.hx��moh`j�h,jsk2���:��vsyRqsl.t:�@�stDh,m�|sk[t��
�s�������p���U�{��� h`j.k�e`k[tDh,e`m�r4h,m�fRq�h,f� 7 ¡y�qslx 7 : ¡rpfR�.~.��m�q.}Yt¢fYq.���R�

£`¤�¥§¦�¨&©$ª £¬«¥§¦�¨&©�ª £@®¥§¦�¨&©$ª ¯°¥§¨&©�ª ±8¤:¥§²:ª ±R«³¥§²:ª ±R>¥§²:ª´�µ ¶ ·[¸Rµº¹ »U¼Rµ ´ ¼ ½�µ ´[¾ ¸�µ ´�¹ ½Rµ ·[¿¶ ½�µ À�¿ ¿{µ ´�¶ ½Rµ ·[·

ÁWÂÄÃÆÅwÇÉÈ µ ÁwÊDËpÌ�Í�Î ¨ ÊÆÏºÌ{Ð ¨&Ñ ÊDËpÒºÍ¢Ó[Î.Ð@Ô ¨ ÐÖÕ(Ó »U× ËpÌ8ØÐ@Ï Ñ Ô{Ð »U× ÏºÌ8ØRÏºÌ Ñ¦ Ó�Ø ¨ Ò8Ë[Ì�ØÐ@Ô ¨>Ù ÓpÊ¬Ê ¨ Í¬Ú1Ó�Ì�ØYÏºÌ Ñ:¨`ÛRÙ Ô�Ë[Ì Ñ�¨>Ù Ó�ÜYÚ�ÒºÏºÌ Ñ Í ÎÝÓpÊ>ØYÏßÞ ¨ Ê ¨ Ì�Ð
à Ë[ÒºÜ ¨ Í>ÓpÎWÐ@Ô ¨$á Ü ×Y× ËpÊDØ ¯ µ
�$j.k�e`k[t,�.��h,m�q.}�h`e`yRqst@dOk[e>m�qYh`kp}Ye`yR��t¢k[qsy�vs��k��wt¢h,f6k[tDh,m�gxy�h,k�h`j.ke`kp��kpz{y�q�h�k4â.r&jsyRq.}RkBrpfR�.~.��m�q.}Ytbã�ä[å�æÖç(r4e`�sr4mÝy��>dOfRe�h`j.k�l1k[e,m�z{y{�h,m�fRqByRqsl6kpâ.y�gxm�qwy{h,m�fRq�f�dWgBy�}Rqsk4h,mÝrÄgxf8l.kp�.è:yRgxm���h,fYq.m�yRqstÆf�dh,jsk�tD~.m�q1�&ä�éRê6è:kpmÝtDk[q�v	kpe`}�h@�8~wkYë

ìxíÖî4ï�ð�ñóò ïºôxõ ïßô7ö÷ ïFø³ö÷ ô>ù ú êRû

ü qý}Ykpq.k[e`yR�þç	h`j.k�h,f�h&y��Æk4â.r&jsyRq.}Rk õ rpyRqýv	k�l1m�z8m�l.k[l"m�q�h,fÉy�qy�q�h`modOk[e,e`fRgBy�}Yq.k4h`m�ry�qwlAy�dOk[e,e`fRgByR}Rq.kph,mÝrrpfRq�h,e`m�v.�1h,m�fRq õ ñ
õSÿ��

��� õ��
� � ü qLh`j.k tDh,e`fRqs}R��� rpfRe`e,k[��y�h,k[l ��m�g�m�h[ç7z{y���m�ldOfRe�h@�8~.m�r[y��7z�yRqsyRlsy{h,k�tpç$h`j.k=dOfYe,gxk[e2rpyRqLvwk rpyR��rp�.��y�h,k�l m�qh,k[e,gBt�fRduh`j.kbfRqsk4��vsy�qsl"k4â8h`kpqsl1k�l è��.v.vwy�e&l"gxf1l1k[� õSÿ��

�ïñ����
	 ï�� ú����� ï û4� �$j.k"m�qsl.k4â��Br4fRe`e`k[t,~wfYqsl.txh`f  :  y�qsl : 7 �ç  mÝth,j.kxfRq.��t,moh`k���fR�.��fRg�výe`kp~.�.�Ýt,m�fYq"y�qwl � ï m�th`j.km�qYh`kpe,��t,m�h,k���fR�.��fRg�v�m�q�h,k[e`yYr�h,m�fRq�����fYqstDmÝl1k[e,m�q.}7h,j.k$dUyYr�h¢h,jwy{hh,jsk������É~8��e&y�gxmÝl.tbyRe,kÉq.fRh2l1m�e,k�r�h,���*rpfRq.qsk[r�h`k[lFç$v.�.h�z8m�y
�8m ��!=h`k4h,e&y�jsk[l1e&y.ç�dOk[e,e`fRgByR}Rq.kph,mÝr=r4fYqYh`e,m�v.�1h`m�fYqst õ��

� yRe,kk4â1~	k[r4h,k[l*h`f v	k=t,gxyR���Ö��".fYexh,j.k=t`y�gxkÉe,k�yRt,fRqSç>h,j.k�m�q�h,kpe,�t,moh`k#��fY�.��fYg6v"m�q�h,k[e`yYr�h`m�fYqst$� ï t,j.fY�.��lývwkBt,gBy����ÆrpfRgx~syRe,k�l��m�h,j=h`j.k6fYq1�¬tDm�h,k�e,k[~.�.�ÝtDm�fRq  �%".e`fRg � �����¬��&'"(� ú)( &*�$ûtDh,�sl1m�k[tÉã�ä � æ$yRqsl�v8� |.hDh`m�qs} t,~	k[r�h`e,f�t,rpfR~.mÝrbl.y�h`yýh,f"g�f1l1k[�rpyR��rp�.�Ýy{h,m�fRqwt=ãoä�+�æ�ç -,.�0/ +"k1� m�t�k[tDh,m�gBy{h,k�l dOfRe�h@��~sm�r[y��z{y�qsyYl.y{h`k[t[�(�$jskpe`k4dOfRe`kRçY��kyRl1fY~1h 6ñ�� k2� y�qsl 6ñ +³k2� yRte`kp~.e`k[t,kpq�h`y�h,m�zRk�z{yR���.k�t>h`f�k�t@h`m�gBy�h,k7h,j.kk4â.r&jsyRq.}Rk:rpfRqstDh`yRq�h`ty�qwl�h`j.kpm�e:t,kpqst,m�h,m�z�m�h@�bh`f  �u�$jsk6rpyR��rp�.��y�h,k�l�z{y����.k�t$dOfRe�h`j.kk4â.r&jsyRq.}Rkm�qYh`kp}Ye`yR��t$y�e`k³}Rm�zRk[q2m�qA�(y�vs��k ü ���fRgx~sy�e`m�q.}7fY�.e¢rpyR��rp�.��y�h,k�l�k4â.r&jsyRq.}RkÄr4fY�.~.��m�q.}�tÆ��moh`j6h`j.kk4â1~	kpe`m�gxk[qYh&y���|wqsl1m�q.}Yt�ã 3{æ�ç��Äk"|wqsl k4â.r4k[����kpq�hýyR}Re`kpkpgxk[qYhdOfRe6h,j.kAtD�sg õ54
� õ 	 ñ76.ù +98 ä ù +;: ã�ä1<�æ�f�d�h`j.k�m�q1��~.�Ýy�q.kr4fY�.~.��m�qs}Yt[ç6e`kp~	fRe,h,k[l dOe,fYg t,�st`r4k[~1h,m�v.m���m�h@� l.y{h&y ã 3{æ�h,fóv	k

õ=4
� õ 	 ñ 3 ù ê=8�ä>:x� ü q�rpfRq�h,e&yRtDh[ç���kÆ|wqsl�y$e&y{h,m�f õ 	 � õ=4 , ä�ê��j.mÝr&j�kpâ.r4kpk�l.t h,j.k$kpâ8~	kpe`m�g�k[q�h`y�������l1kpe`m�zYk[l6e`y�h,m�f:m�q@?�kpd@�sã 3{æ
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gxk�y�q1�Ö|skp�Ýl�h,j.k[fRe`m�k�tpçSã êNB�æS��k�yRl.tÄh`f�h`j.k�k4â1~.e`k[t`t,m�fYq
O ú õ 4NP E û ñ ORQ úSE û4ã�ä �T� õ 4 ORQ úSE û�æ ú åYû

��jskpe`k OUQ mÝth,j.k�t,�st`r4k[~1h,m�v.m���m�h@�=dOfYe³h,j.k�è:kpmÝtDk[q8vwk[e,}Égxf1l1kp�ú õ 4 ñ BYû��°�:t�t,j.f{��q m�q h`j.k=m�qstDkphbf�d9"(m�}w�uå.ç�y{h E ñ BdOfYe�tDgByR��� õ 4 � õ 	 ç1h,jsm�t�kpâ1~.e,k�t,t,m�fRq2rpfRgx~syRe,k�t�zYkpe`�B��k[������moh`jh`j.k�t,�st,rpkp~1h`m�vsm���moh@��rpy��Ýr4�s��y�h,k[l6dOe`fRg ü t,m�q.}�tDk[e,m�k[t(k4â1~syRqst,m�fYqstp�ã�ä�F�æV"(m�}s�.å�y��ÝtDfxtDjsf{��t>h`jsy{h�y�~s~.���8m�q.}WKXG	�8å6h,f�h,jsk7|wq.moh`k4� E
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