
���������
	��������� ����������������� �"! #$��%�&�'(�)���
	+*-,
�.���/�102!3���4��%5*��6,

7�8:9<;�=>9@?BAC8ED�DGFIH4JG?LK�7�?IMIFBN�?PO
QR8:S�D�MGJT8ESRUVJGS�D�?LWPD�8EM
XZY\[^]G_a`^bdc�egf�cihj]TkT_a[:lnm�o^pq[^rdo^[ts�rLuZf�vVmBw
f)s�xypze<c�lardpysj{|rT`}_apz_akT_a[\c�eg~2[^o��drdc�xqci����w
� s�`as�uT[^rds�f)���G���/����w��\mT��w
�T�/���i���1�1�����1�������6�g�|�i�i� w

����� �Tcihj[\]ds���[i� ���i�i g¡}¢1¢�£1£¤�¥�i�i�������/�¤�|�i�i�G¢i¦n�T�/���1�1�1� w§.¨ s�©�c�l�s�_ac�l¥��e<c�l\f�cihj]dkG_a[:lnmGo:py[:rdo^[iw
ª s�`¥`as�oE��kT`¥[:_¥_a`n{«rd`}_apz_akT_a[Vc�e¤~2[^o��drTcixqci����w
f)s�hR©GlapyuT�i[�w ª ��¬i���^i�GwL�VmT�tw
���i����£����i����®��i¯¤�}���1°P�²±����¤�«�i�i� w³.{|rd`}_apz_akG_a[\c�eg�nuT´�s�rdo:[6uZf�c�hj]dkG_a[:lnmGo^pq[^rTo^[jµ ¨ {|�¶f·md¸
¨ [^pyuT[^r��¹rTpy´i[:la`¥pz_|�

v¹pq[^xq`¹º4ci�Tl¥»�[^�-�iwL���i�f)� ¨ [^pyuT[^r
~)�T[Vv¹[:_a�T[:laxys�rduT`

s�rLu
Y¹[^]Ls/l¥_ahj[^r�_·c�e4f�c�hj]dkT_a[El¶mGo^pq[^rTo^[
�¹rdpq´1[Ela`¥pq_«�¼c�egf�c�xyc�l�siuGc�s/_nº�cikTx@uG[:l
º�c�kdxyuT[El6wBf·½>¾i¬�i¬i��w��VmG��b
��®�¿����1À��������T�2�|�i���������1�1�T��ÁÂ�Ã�G�

Ä�ÅÂÆ^Ç^È/ÉLÊ�ÇiË ~)�Tpy`�]ds�]�[:l¶pqr�´1[^`}_apq�1s/_a[^`no:cihj]dkG_�s�_apqcir�©���xqpqrd[^s�lns�`¥`¥[^hÌ©dxqpq[^`¶c�e
o^c�hj]dxq[:Í.Y\v¹�Î_apqxq[^`^w2»��Tpyo��(»�[�o6s�xqx�`}_¥lapqrT�Z_apqxy[:`^bÂº4�.Ï1[^[:]dpqrd�Z_¥l�s�oEÏ�c�e·_a�d[
`}_¥l�s�rLuT`¤s�`Ð_a�d[:�¹»)[6s6´1[)©ds�o�Ïts�rdute<c�l¥_a�Ì_a�GlacikT�i�t_a�d[)s�`¥`¥[^hR©Txz��w6»)[)`¥�Tc/»�_a�ds�_
`¥kGla]Tlapq`¥pqrd�ixz��`¥ci]T�dpq`}_apqo6s�_a[^uRo6s�xqo^kTxys�_apqcirT`go^s�r�©�[)]�[:l¥e²c�lahj[6utkd`¥pqrd�nxypqrT[6s�l¤`¥[^xze@Ñ
s�`¥`¥[^hR©Txq��b�ÒÂÍTs�hj]Txy[:`2l�s�rT�i[�e@lacih���[^rd[:l�s/_apqrd�\s�rRs�uduGpq_apqc�rÌ_�s�©Txq[4_ac¹]Glac/´GpyuGpyrT�
Ó µ}�6¸¶`¥cixqkG_apyc�rd`�_ac¼f�v\Ô2Ñ|mT�g~Õs�rduZY\Ö �g� b � [to^xys�`¥`¥pze<�-_a�T[\e×s�hjpyxqpq[^`nc�egxys�rTÑ
��kLs���[^`t_a�Ls�_\o6s�r
©�[R�i[^rT[:l�s�_a[6u.©���´is/lapyc�kd`V_|�G]�[^`¹c�e·Y\v¹�Îhjc�xq[^o^kdxq[^`^w2s�rdu
[^`}_�s�©dxqpq`¥�jsno:c�l¥la[^`¥]�c�rLuT[:rdo^[)_ac¶_a�d[)[:ÍGpq`}_apqrd�no^xys�`¥`¥[^`4Ø\Ù¹¬�Ú4Û�Ü�s�rLu�Ø\Ùn¬iÚ4Ý/Þyß�b
~)��kd`^wgxqpqrd[6s/l¼`¥[^xze<Ñ«s�`¥`¥[^hÌ©dxz�àc�eV`}_¥lapqrT�(_apqxq[^`�o6s�rá�i[^rT[:l�s�_a[Z_a�T[-cikG_a]dkG_jxys�rTÑ
��kLs���[^`¶c�eÂâLrTpz_a[:ÑÃ´Gpq`¥pz_¶~2kGlapyrT� ª s�o��dpqrT[^`^b

ã ädå¶æ�çBèVéÌê�ë2æBìaè¶å

í O�î<D�ï�N�?gð ñ�JT8E9<MG9<?INGînò¹JG8:;óJG?�ï-JGî<D�ô�õBî<NG8�ô/JGï-öBõB÷:N�÷:9@JT?ùø í OBî<úGû�ütï�NGO�D
õIñED�J�Aýñ�D�îyA×þ
NGñ:ñ�D�ï¼WBî<KÿACJT8 NG? 9<ïZö2JG8E÷:NG?d÷
ñ�÷ED�ö 9@?Î÷ � D�ô/JTï-öBõ�÷:N�÷E9<JG?��n÷ � DáMTD�?BD�8:N�÷E9<JG?>J�A���� í
8ED�öB8EDiñ�D�?d÷E9<?BM öIN�÷ � ñ�÷ � 8:JGõBM � N�MT8:NGö � J�A	�TD�8E÷E9²ô/D�ñ�
4H � 9<ñ�9<ñZN õPñ�D�ACõBînöI8ED�öB8EJ�ô�D�ñ:ñ�9<?BM
ña÷:D�ö¤FÐ8:D�O�õIô�9@?IM�÷ � DZñED/÷ýJ�A¶NGî@î�öPJdñEñE9<WBî@D-ñED��dõBD�?Pô/D�ñÌJ�A�TD�8E÷E9²ô/Diñt÷:J��aõIñ�÷ýN ñEõBWIñED/÷��C÷ � D
�1NGî@9²O öIN�÷ � ñ��n÷ � N�÷�ô�N�?
W2DjD���ö2JG?BD�?T÷:9<NGî@î<K.ñEï�N�î<î@D�8�
���J�ònD��GD�8iFLî@9<?BDiN�8�ñED�î@A×þ}NTñEñED�ï�WBî<K�J�A
O�JGõBWIî@D�þ � D�î@9²ô�NGî���� í NGöBöPDiN�8:D�O¼÷EJjW2Dtî<9@ï-9@÷ED�O¤FGöB8:JGï-ö�÷:9@?BMý÷ � DtñEõBMGMTD�ñ�÷E9<JG?�÷EJ�õIñED\÷ � D
ñ�D�îyA×þ¥NGñ:ñ�D�ï¼WBî<K�J�AÌ÷aònJGþ}O�9<ï-D�?IñE9<JG?INGîÌø =>9@?Iú���ü�NG?IOÕWB8^N�?Pô � D�O ø =�����ú �1ü!��� í ñ�÷E8:õIô/þ
÷EõB8:D�ñZACJT8"�#� í þ}WINGñED�O�ô/JTï-öBõ�÷:N�÷E9<JG?�
�H � D�ñED
ñEõBMTMGD�ñ�÷E9<JG?Pñ�ò¹D�8:D öB8EDiO�9²ô�N�÷:D�O JG? ÷ � D



�

ô/JGï-öBî<D��àñEKL?d÷ � D�÷E9²ô���� í ñ�÷E8:õIô/÷EõB8:D�ñR9<?$�TD�?d÷EDiOàWLK%�LD�D�ï�N�?áACJG8���� í ?ING?BJ�÷:D�ô � ?IJGî@þ
JGMGKóø �LD�D&��'LF(�LD�D�ú ��ü*)Ð÷ � D�8:D�9²ñR?BJ�ò J+�TD�8ýN(O�Diô�NTO�D�JGA¶D���ö2D�8:9@ï-D�?T÷^N�î)ò¹JG8:; òV9@÷ � ÷ � D�ñED
ïZJTî@Diô/õBî<D�ñ�FB9<?Iô/î<õIO�9<?BM-÷ � Dj8EDiô/D�?T÷�OBD�ï-JG?Iñ�÷E8^N�÷:9@JT?(JGA4÷aò¹J�þ¥O�9<ï-D�?IñE9@JT?IN�î�*',�-�\ô/8:K�ña÷^N�î²ñ
N�?IO.÷ � D�9@8�ïZJ�O�9/.Pô�N�÷E9<JG?�ø =10G=2��ú��BF 0$��3�465�5�F 78����úGúBF 09����úGú�ü*


�LD�î@A×þ}NTñEñED�ï�WBî<KÿN�?IO�WI8:NG?Iô � D�O:��� í ñ�÷E8:õIô/÷EõB8:D�ñ�ï�N1KÕW2D õIñED�O�9<? ô/JTï¼WB9<?IN�÷E9<JG?
òV9y÷ � J�÷ � D�8��#� í ô�JGï-öBõ�÷:9@?IM�÷EDiô � ?B9;�dõBD�ñ�
2UtD�9@A � NGñÌöB8:JGö2JTñED�O
õIñE9<?BM(ñ�÷ED�ö�þ|òV9²ñED¼ñ�D�îyA×þ
NGñ:ñ�D�ï¼WBî<K�÷EJ�8:D�O�õIô�D(D�8E8:JG8^ñ ø UVD�9<úTú1ü<))÷ � D�ô/9<8^ô/õB9@÷�ñEN�÷E9²ñaAÃNTô6÷E9<JG? öB8:JGWBî<D�ï � NTñ�NàöPN�8Eþ
÷E9²ô/õBî²N�8:î@K D�î<D�MdN�?d÷�9<ï-öBî@D�ï-D�?d÷:N�÷E9<JG? 9<? � 9²ñ�ï-J�O�D�î=
?>GJT?BJTñE;�N � NTñ�ô/JT?IñE9<O�D�8EDiO ÷ � DZñ�D�îyA×þ
NGñ:ñ�D�ï¼WBî<K-J�AgWB8^N�?Pô � D�O@�#� í 9<?d÷EJBAID���9<WBî<DÌMT8:NGö � þ}î@9<;GDRña÷:8EõIô/÷EõB8:D�ñ�FdòV9y÷ � NGöBöBî<9<ô�N�÷E9<JG?Pñ
÷EJ��!C�þ}ô�JGï-öBî<D/÷ED¹öB8:JGWBî<D�ï�ñVø >�3��BúGúiü<
 í ?-9@?d÷:D�8:D�ñ�÷E9<?BMÌJTWIñED�8D�1N�÷E9<JG?�9<ñ�÷ � N�÷·öB8:D/þ|ACJG8:ï-D�O
WB8:NG?Iô � DiOE��� í ña÷:8EõIô/÷EõB8:D�ñ�ô�N�?
öB8:J+�L9<OBDýNTOF��N�?d÷:NGMGDiñ¶ACJT8�ñEõBWIñED��dõBD�?d÷töB8:J�ô/DiñEñE9@?IMZWLK
8EDiña÷:8E9²ô6÷:9@JT?.D�?IS�KLï-DRO�9<MGDiña÷:9@JT?áø >�3��Bú �iü<
B7�GD�?.;L?BJG÷�÷EDiO�?BDiñEñ\ô�NG?.W2DýõIñ�DiO�ACJT8\ô�JGï-öBõ�þ
÷:N�÷:9@JT?�) ��� íHG JG8:8:JGï-D�NG?¼8:9@?BMdñ�9@ï-öBî<D�ï-D�?d÷nNRî<JGMT9<ô�N�îJIJK$L¼MTN�÷:Djø �L=��-4�ú ��ü*
�= DtN�8:D\N
î@JT?BMýò¹N1KjAC8:JGï õB?IO�D�8:ñ�÷:NG?IO�9<?BMR÷ � D\ACõBî<îIö2J�ò¹D�8)J�AÐWB8^N�?Iô � DiOB��� í N�?IOZñ�D�îyA×þ¥NGñ:ñED�ï¼WIî@K�


�tJ�ò¹DM�GD�8�F2÷ � D�ñED�öB8:JGö2JTñ:N�î²ñRñ�÷E9<î<î¶õIñED�ô/JTïZöIî@DM�N��� í ñ�÷E8:õIô6÷:õB8:D�ñjN�?PO NTñEñED�ï�WBî<9@Diñ
÷ � N�÷¹N�8:Dtî<9@;TD�î<KZ÷EJ¼ö2JTñED�N�÷nî<D�NGñ�÷¹NTñ�ï�N�?LKZ÷EDiô � ?B9²ô�NGîPO�9/O�ô/õBî@÷E9<D�ñ\NGñP',�ùñ�D�îyA×þ¥NGñ:ñED�ï¼WIî@K�

Q}÷ � NGñZWPD�D�?�ñ�õIMGMGDiña÷:D�O�÷ � N�÷R.���DiOLþ|òV9²OL÷ � JT8�JT?BD/þ¥O�9<ïZD�?IñE9@JT?IN�î-�TS&���ZñED�î@A×þ}NTñEñED�ï�WBî@K
ï-N1K�W2DjN�?
N�÷E÷E8^NGô6÷:9/�TDRNG?IO�8:JGWIõIña÷VDM�Lö2D�8:9<ïZD�?d÷:N�îÂñEK�ña÷:D�ï
F�òV9y÷ � AÃNTña÷:D�8VñED�î@A×þ}NTñEñED�ï�WBî@K
N�?IO(î@J�ò¹D�8\D�8E8:JG8¹8:N�÷EDiñ¹÷ � NG?.÷aò¹J�þ¥O�9<ïZD�?IñE9@JT?IN�îÂñEKLñ�÷ED�ï�ñjø 0T= U	5 5�ü*
�Q¥?(÷ � 9<ñtNG8�÷:9<ô�î@DRò¹D
D���öBî<JG8:D�÷ � D.ô�JGï-öBõ�÷^N�÷E9<JG?PN�î�ö2J�ònD�8jJ�A�S�� ñ�D�îyA×þ¥NGñ:ñ�D�ï¼WBî<K JGA\WI8:NG?Iô � D�ON��� í ñ�÷E8:õIô/þ
÷EõB8:D�ñ�


U V1WYX[Z$\^]`_ba&c6ZJZ�\edgf#]Thic·å�éj_^è�ç�dkc6]R]Tc·å	l¶ê!cml\ùæFn!\¤è�çFh

Q¥?:��� í þ|WINTñ�DiO�ô/JGï-öBõB÷E9<?BMIF�Nà÷EDiña÷�÷:õBWPD�JGA���� í JTî@9<MGJT?dõPô/î<D�J�÷:9<OBD�ñE�CD��dõB9o��N�î<D�?d÷Eî<KGF
ña÷:8:NG?IOBñ���9²ñ�ô�JG?IñE9<OBD�8:D�O�÷:J�8ED�öB8:D�ñED�?d÷ýN
ñED/÷�JGA¹ñ�÷E8:9@?BMdñýJ+�GD�8ýNG? NGî@ö � N�W2D/÷&
 í ña÷:8:NG?IO
J�Ap��� í ô�N�? W2D-9@?d÷ED�8EöI8ED�÷ED�OáO�9<8EDiô6÷Eî<K NGñRN ña÷:8E9<?BM J+�GD�8!qjrts&u�vDw�vbxRvby�zE�«N@��� í
ñ�D&�TõID�?Iô�D&��WLK¼8:D�NTO�9@?IMÌ9@÷:ñ¶WINGñED�ñ)9<?Z÷ � D!{ |~}�� |BJG8^O�D�8&
+Q}A^� 9²ñ�N���� í ñED��dõBD�?Iô/DTF1÷ � D�?
9y÷^ñ¤=�N�÷:ñEJG?BþT�n8:9<ô^;tô�JGï-öBî<D�ï-D�?d÷g9²ñÂòV8:9y÷E÷ED�?��6|�)�D 
 M�
Mu#x�w�y!x�w-x�|�r2w-x�w-u!x�w�y�
i= D
òV9@î<îgACJTî@î<J�ò ÷ � DZô/JG?J�TD�?d÷E9<JG? ÷ � N�÷#��� í ña÷:8:NG?IOBñtï�N1K(WPD¼÷:N�;TD�?
÷:J�8ED�öB8:D�ñED�?d÷�ña÷:8E9<?BMdñ
J+�GD�8\NZî<NG8EMTD�8\N�î<ö � NGWPD�÷��$WLK�õIñE9@?BM�N-ô/J�O�D�WPJLJT;R�8�$�k}�qB�B)�9=
 D 
<FBDiNGô � ñEKLï¼W2JGîÂ9<?
� 9²ñV8:D�öB8:D�ñED�?d÷EDiO WdK N�?��
þ}WINGñEDjñ�õIWIñ�D&�dõBD�?Iô�D 
�Q}÷ÌòV9@î<î4NGî@ò\N1K�ñnW2D¼NTñEñEõBï-D�O(÷ � N�÷tACJT8
�H�r��¶FBJ�ô�ô/õI8E8:D�?Iô�D�ñ¹J�Ae�� � �\N�?IO�����e�\NG8EDRMGõING8:NG?d÷ED�DiO�?BJG÷\÷EJ-J+�GD�8Eî²N�ö(9@?(÷ � D���� í
ña÷:8:NG?IOBñ�õI?IO�D�8-ô/JT?IñE9<O�D�8:N�÷E9<JG?�
�H � õIñ�F)N�÷:õBW2D(JGA!�#� í ñ�÷E8^N�?IOIñ�ô�N�?óW2D ô�JG?IñE9<OBD�8:D�O
÷EJ�8:D�öB8:D�ñED�?d÷�N�ñED/÷tJ�A�ñ�÷E8:9@?IMTñ\J+�GD�8\÷ � D�N�î<ö � N�W2D/÷��@
 G D�ô�NGõIñED-��� í ña÷:8:NG?IOBñVô�N�?�W2D
ô/9<8:ô�õBî<NG8�FTNý÷EDiña÷n÷EõBW2DÌï�N1K-N�î²ñ�J�ô�JG?d÷:NG9@?�ô�9@8^ô/õIî<NG8¶ña÷:8E9<?BMdñ�J+�GD�86q NG?IO��(FG8:D�öB8:D�ñED�?d÷:D�O
õIñ�9<?BMá÷ � D öB8:D�.��ÿñEKLï¼W2JGî	� NTñ�OBD�ñ:ô/8:9@W2D�Oÿî<N�÷ED�8&
6��9@?INGî@î<KGF)?BJG÷ED(÷ � N�÷�÷ � D�ô/J�O�D�WPJLJG;
O�D�.I?ID�ñ�N�ï-NG?LKTþ|÷EJGþ|JT?BDý8ED�î<N�÷E9<JG?Iñ � 9<ö
J�AmqR�j÷EJE����FPW2D�ô�N�õIñEDjònD¼õIñ�D�÷ � D¼ô�JG?J�GD�?d÷E9<JG?
÷ � N�÷E��� í ñ�õBWPñ�D&�TõID�?Iô�D�ñ�÷ � N�÷
N�8:D ?BJG÷(öING8�÷.JGA¼N�?LK�ô/J�O�D�ò¹JG8^O:�� � ��NG8EDàñE9<ïZöIî@K
9@MT?BJG8:D�O�
��IJG8tDM�BN�ï-öBî<DGFBõIñE9<?BM�N�ô/J�O�D�WPJLJG;(ò � D�8:D-����F��r�u#w�y!vT��=���pr2x�u�wZFPW2J�÷ �
÷ � D�ñ�÷E8:9@?IMTñ�u#w�y#x�u#w-x�u#w$NG?IO@x-y#u#w�y	y	y#x�x�u#w-x-y!x�u�w ô/J�O�DRACJG8	�F���+


�BJG8:ï�N�î�î²N�?IMGõINGMGD�ñ�F/ô/D�?d÷E8^N�î�÷:JtõB?IO�D�8:ñ�÷:NG?IO�9<?BM�ô�JGï-öBõ�÷^N�÷E9<JG?ýJT?�ña÷:8E9<?BMTñ�F/öB8:J+�L9<OBD�N
?IN�÷:õB8:NGî�ACJT8Eï�N�î<9²ñ�ï ACJG89�#� í WINTñ�DiOjô/JTïZöIõ�÷E9<?BM�
1H � D�8ED�9²ñ�Ntô/î<JTñED¶ô/JT8E8:D�ñEö2JG?IO�D�?Iô/D·W2D/þ
÷aònD�D�?jMGD�?BD�8^N�÷:9/�TD·MG8^N�ï-ï�N�8^ñÂN�?IOj÷ � D¶ñED�î@A×þ¥NGñ:ñ�D�ï¼WBî<KRNG?IOýî<9@MdN�÷E9<JG?jJGA��#� í ï-JGî<D�ô�õBî@DiñM

G JG÷ � NG8ED-öB8:J�ô/D�ñ:ñED�ñR÷ � N�÷¼MTD�?BD�8:N�÷ED�?BD�òñ�÷E8:9<?BMTñRAC8:JGï öB8:DM�L9@JTõIñýJG?ID�ñ�NTô�ô/JT8:OB9@?BM ÷:J





linear duplex = REG

dendrimers = CF

2D crystals = RE

linear duplex w/ hairpin = 2−LIN

= ET0L fin

mlET0L=permutation, parallel tiles

general, planar, hairpin tiles
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v \^_D\gç�\gå�ë?\eZ

w �nuTxy� Èyx ¨ [^cirds�l�u ª b1�¹uGxy[:h�s�rPb ª cixq[^o^kTxys�l)o:cihj]dkG_�s�_apqcirRc�eB`¥cixqkG_apyc�rd`¤_acVo^cihÌ©dpqrLs/_ac�lapys�x
]Glaci©Txy[:hj`^b
z|{O}�ê|ë.{|êEwL� þ�þ �q�6¬i���]~L�6¬i� È wÐv¹c/´1[:hR©�[:ln�i�iwP�6��� È b

w �nuTxy¬i¬ x ¨ [^cirds�l�u ª bi�nuTxq[^h�s�rPbG~2c6»·s/l�uRs¶h�s�_a�d[:h�s�_apqo6s�x�_a�T[^c�l¥�tc�eL`¥[^xze<Ñ«s�`¥`¥[^hR©Txq��bG�\mdf
~P[^oE�Trdpqo6s�xu�¶[^]�c�l¥_6wL��¬�¬i¬�b

w Ò¤Ö\��¾ x � c�ci`}_·Ò¤rd��[^xze<lapq[:_�s�rLuRÖn[^rLu�lapqÏ � s�r�Ö¹c�ci��[^©�c�cih-b ª mT½ÿuG[:âLrds�©Txy[�`}_¥lapqrd�\_¥l�s�rd`}Ñ
uGkdo:_apqc�rd`js�rLuà_«»)c�ÑÃ»)s^��âLrdpz_a[-`}_�s/_a[Z_¥l�s�rT`auTkTo^[:la`^b ¨ {}�¶f·m ~2[^o��drTpyo^s�xJ�n[:]�c�l¥_
��¾�Ña�6�w2�^�i�i¾�b

w Ò¤Ö\��� x � c�ci`}_nÒgrT�i[^xze@lapy[E_\s�rLu�Ö¹[^rduGlapqÏ � s�r�Ö¹c�c��i[^©�c�c�h-bg~�»)c�ÑC»)s6�¼âLrTpz_a[\`}_�s�_a[¹_¥l�s�rd`}Ñ
uGkdo^[Ela`·s�rdu¼hjc�rLsiuGpqo¹`¥[^o^c�rLu�Ñ«c�l�uT[:l)xyc��ipqoib¤{«r��,ê�{.íC�¤éCê"�F�{í�ê��'} ë@�����c�.�¤í�ê|éRz|{O}C�
ê|ë.{©êEwL´1c�xykThj[Ì� þ È&È w�]Ls��i[^`¶��i��~�1��¬GbPmG]Glapqrd�i[El��4[:laxys��Tw2�^�i���Gb

w Ò¤rd�i�i� x ~Pcir���ÒgrT�Tb ¨ pyrT[6s�l¤Y¹v\� `¥[^xze<Ñ«s�`¥`¥[^hÌ©dxz�V»�pz_a�R�ds�pzla]dpqrd`Â��[^rd[El�s�_a[^`Â_a�d[4[ Ê kdpq´�s�xq[^r�_c�eÂxqpqrd[6s/l¹o^c�r�_a[:Í�_¥ÑÃe@la[^[\��l�s�hjh�s�la`^b¤{«rÇ�¶kd©Tpyr�s�rdu � c�c�u w � � �i� x b
w Ò��\mG¾i¬ x � b2Ò¤rd��[^xze<lapq[:_6w��Ìb"�¶ct�^[:rG©�[Ela�Tw2s�rLu8� mGxqkT_��:ÏGp×bý~Pla[^[ý_¥l�s�rT`auTkTo^[:la`^w ¨ `}�G`}_a[^hj`^w

s�rLu�_|»)c�ÑC»·s^�Zh�s�oE�Tpqrd[^`^b����������c�-�Iè�ë|��zr�y�Cí���z.{��yw���¬G�q�/��¬�~���¬1��w¤�6�i¾�¬Gb
w Ô¤mG�i x ~)`¥kGÑ � k¼Ôdk�s�rdu�v¹siu�lap@s�r�fnbTmG[^[^h�s�rPbIY\v¹��uTc�kd©dxq[:ÑÃo:lac�`¥`¥c/´1[:l·hjc�xy[:o^kdxq[^`^b���}��t�{]�åê��0}2�Cí�é]��wL1��� i���i�]~�i�i��¬�w4�^�i��Gb
w Ön[^r þ � x Ö�b�fnb/Ö¹[:rdrdpq[ib�½¹rd[:ÑC_�s�]�[iw^cy��Ñ«xqpqrd[�~)kTlapqrd�¶h�s�o��dpqrT[go:cihj]dkG_�s�_apqcirT`^b��©ëX�X��é]�Wè�íC}��{ë

è{ë|�$����ë_í�é��t� wL¾�� �i���~G� : ¾Gw¤�^� þ ��b
w �t� mG�i¾ x v¹s�_�s��`as � cirTci`¥Ï�sGwIm�_a[^]d�T[^r���b � s�lax×w�s�rLu ª s�`as��Tpyo:cZmGs�pz_acTb�~)�Tla[:[ÌuGpqhj[^rd`¥pqcirds�x

Y¹v\� `}_¥lakTo:_akTla[^`npqr�o^cihj]TkT_apqrd�Gbn{«r ¨ pqxys � s/lap×w�Ö\s/la´1[:�ó�¶kd©TpqrPw�s�rLu-YVs6´�pyu-ÖÌb
� c�c�uIw4[6uTpz_ac�la`^w� �é���{©ê©ê���}�ëo¡��>���óíM�_ê Èt¢C£?¤ ��¥H¦	��z?¥8êCê|íC} ëo¡9��ë ¤ ��¦§�Zè��.ê��
���y�"�.�¤í�ê|é]�]¨|�_êO�©��è�íuíM�_ê�ª"ër}M«�ê|é���} íC�����m Gê|ë_ë¬�]��� «{è�ë¬}�è�¨ �7�4ë'ê"7®y��t¯y¨<�¯7¯t°iw�]Ls��i[^`
�^¾i��~G��¬�¬Gw�]Gla[^xqpqhjpyrds�l¥��wB�6���i¾�b

w �t� mG�i� x v¹s�_�s��`as � cirdc�`¥Ïis�w�m�_a[^]T�d[^r �tb � s/laxCw¼s�rLu ª s�`as��dpqo^c mTs�pq_acGb f4la[^s�_apqrd� �Ñ
uGpqhj[^rd`¥pqcirds�xn��l�s�]T�Õ`}_¥lakdo:_akGla[^`�»�pz_a�ÕY\v\�tb {|r9�¶kd©Tpyr�s�rLu � c�c�u w � � �i� x w
]ds���[^`V�/���~L�^1��b

w � r�k :  x Y¹cirLs�xyu�Ò�b � rGkG_a�Pb�± �_êR¦Gé©í����������"�.�¤í�ê|é' �é���¡�é>è����0} ë�¡�¨0²¬�t� �o�Aê	³o´�z.��é©íC} ëo¡è{ë|��zcê>è�é�{]��} ëo¡>µ�¶eë.�Çê��O·6b4�¹uTuTpq`¥cirGÑ � [^`¥xq[:��wB�6� : �b
w ¨P¨ ¬i¬ x ª pqo��Ls�pyxu�Ìb ¨ s��ic�kLuds�Ï�py`�s�rLu¼~)�dc�h�s�`)Ö�b ¨ siº4[6s�rIbg��Y Y\v\�ó`¥[^xze<Ñ«s�`¥`¥[^hR©Txq�je<c�l

`as/_apq`}â�s�©Tpqxypz_«��b4{«r � pqrGe<la[^[ts�rLuó�¹p¸�Bc�l�u w � �\¬�¬ x b
w ¨ mdmT��� x ÔTkTlacirT� ¨ pqkPw)�¶kdc�Ø}pq[�mG�dsGw�s�rLutv\siu�lapys�rjfnbim�[^[^h�s�rIb ª c�uTpze@�TpqrT�n_a�d[4`¥kTl¥e²s�o^[�e<[6s�Ñ

_akGla[^`)c�e2_|»�c�Ñ«uTpqhj[^rT`¥pqcirLs�xBY\v\�óo:l¥�G`}_�s�xq`^b��o���¤é©ë'èt� ����íM�_êc¦��Aê|é]}�{Cè�ë4���_ê���}�{Cèt�
z.��{O}�ê|íC��w2�/���1µÃ��¸E� ��� : ~��1����w¤�6���i��b

w ¨ � �¹¬�¬ x ~)�Tcih�s�`ÐÖÌb ¨ s�º�[6s�rPw�Ò¤lapqÏ � pqrTe@la[^[iw�s�rdu � ci�drÌÖÌb)�¶[^pze|bTÒÂÍT]�[Elapyhj[:r�_�s�x�]Tlac���la[^`¥`
pqr�o^c�hj]dkG_�s�_apqcir
©��(`¥[^xze<Ñ«s�`¥`¥[:hR©dxz��c�e¶Y\v\� _apqxqpqrd��`^b�{|r � pqrTe@la[^[�s�rLu6�¹p©�Bc�l�u
w � �\¬i¬ x b

w ¨�¹ �	º ¬�¬ x ~)�Tcih�s�`�Ö�b ¨ siº4[6s�rIwÐÖ\s�c ¹ s�rPw � [^rT` � ci]Ls/_a`¥oE�IwÐÔTkTlacirT� ¨ pqkIwÐÒÂlapqÏ � pqrGe<la[^[iw
� ci�drRÖÌb��n[^pze«w�s�rduÌv¹siuGlapys�r¼fnb�m�[^[^h�s�rIb�f�c�rd`}_¥lakTo:_apqcirPw�s�rLs�xz�T`¥pq`^wixypq�is�_apqcirIw�s�rdu
`¥[:xqe@Ñ«s�`¥`¥[^hÌ©dxz�Zc�e¤Y\v\�Õ_¥lapq]dxq[Vo:laci`¥`¥c/´1[El\o^c�hj]dxq[:ÍG[^`^b��o���¤é|ë�èt�����¢íM�_ê'¦��Aê|é]}�{Cè�ë
���åê��0}�{Cèt�*z|��{O}�ê|íC��w2�6�i���y�^¾ È ¾�~L�^¾ þ ¬GwÐ��¬i¬�¬Gb

w ª mTmT�i� x f��T[^rd�iuT[ ª s�cTw � [:p Ê pqcirT��m�kdrIw¶s�rLuÕv\s�uGlapys�r fnb¹mG[^[:h�s�rPb Y¹[^`¥pq�ird[^uÿ_|»�c�ÑuGpqhj[^rd`¥pqcirds�xÂY\v¹�ÎÖncixqxqpyuds^��Ø}kdrTo:_apqcir(s�l¥l�s^�G`t´Gpq`¥kds�xqp©�^[6u(©��.s/_acihjpqoÌe<c�lao^[jhjpzÑ
oElaci`¥o^c�]���b9�o���¤é©ë'èt���»�\íM�_ê�¦��Wê|é�}�{Cè�ë¼���_ê��0}C{©è���z|��{O}�ê|íC��w·�/���1µÃ��1¸E� � È  : ~�� È�È Gw
�^�i���Gb
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w �¶[^py�i� x � ci�dr��¶[^pze|b ¨ c�o^s�x�]Ls/l�s�xqxq[^xn©Tpqcihjcixq[^o:kdxys�ljo:cihj]dkG_apqrd�Tb
{|r[�nkT©dpqràs�rdu � c�c�u
w � � �i� x wT]Ls��i[^`n��� : ~��i� È b

w �¶ct� :  x �nl��:[^�ic�l��$�¶ct�^[^r�©�[:la�Gb�ÒÂÍG_a[:rd`¥pqcirtc�eG_�s�©Txq[6uÌ¬ ¨ ÑÃ`}�G`}_a[^hj`Ps�rLuVxys�rT�ikds��i[:`^br�©ë_í�ê|é©ë*�
���������c�-�-�©ë��X�{é���� z|{O}½�ywL��� ��i��~�i þ wÂ�6� : �b

w �¹mT� : x �nl��:[^�ic�l��0�¶ct�^[:rG©�[Ela� s�rLuó��l¥_acàmTs�xyc�h�sis�b¿¾�è{ë|�7À�����Á����	�X��é]�Wè��c� è�ë�¡��åè�¡�ê��aw
´icixqkdhj[\��b�mG]GlapyrT�i[:l¥Ñ½�g[:laxys��Gwdvn[:» ¹ c�laÏBwB�^�i� : b

w � � : ¾ x �Ìbe�nc��^[^r�©�[:la�Ìs�rLujYRb7�4[:lahj[:pql6b2½¹r�Òg~�½ ¨ `}�G`}_a[^hj`4c�eIâLrTpq_a[¶pqrLuG[:ÍBb��©ëX�X��é]�Wèt�
íC}C��ëUè�ë|�$����ëåí�é��t� wLi¾G�q�^¬i�~d�6�Gw¤�6� : ¾Gb

w � �\¾i¬ x �Ìbe�nc��^[^r�©�[:la�ts�rduýYRb7�g[:lahj[^pzl6bI½¹rjhj[E_�s�xqpqrd[6s/l·Òg~�½ ¨ `}�G`}_a[^hj`^b*Â-�¤ë|�eè��Wê|ë_í�è
�©ëX�X��é]�Wè�íC}C{©èeêEwd]ds��i[:`��6��~� þ wÐ�^�i¾�¬Gb

w � � �i� x Ö¹s�la´1[E�V�nkT©dpqrts�rdu�Y\s/´�pyuVÖ\s/lax@s�r � c�c�uIw/[6uGpz_ac�la`^b ¤ ��¦Ã�Zèy�Äê��[�����c�.�¤í�ê|é��Y�����X´
¤ ��¥�¦	��zÅÄH��é�Áy�������.¨c�7�4ë'ê�¶7³7�½¶�Æ�¨R�¯7¯oÇ/w2´1cixqkdhj[ È ¾Zc�e ¤ ��¥�¦	��z|´�zcê|é]}�ê��[}�ë
¤ }2��{.éCê|í�ê0¥0è�íM�_ê��kè�íC}�{O�\è�ë.�A± �åê��{éCê|íC}�{Cèt�"���y�"�.�¤í�ê|é�z|{O}�ê|ë|{©êEw � lac/´GpyuG[^rdo^[�w£�¶{Ew
�^�i���Gb��¶hj[:lapqo6s�r ª s�_a�T[^h�s�_apqo6s�xÂmGc�o:py[E_|�Bb

w m�[^[6¾1� x v¹siu�lap@s�r.fnbImG[:[^h�s�rIb)v¹kTo^xq[^pqo:Ñ«s�o^pyu-Ø}kTrdo:_apqc�rd`\s�rLuZxys/_¥_apyo:[^`^b0�o�y�4é©ë'è������N± �åê����
é>ê|íC}�{Cèt�*�
}��t�©��¡���wL���TµÃ�i¸E� �� : ~�� È : w¤�6��¾1��b

w m�[^[6�i¾ x v¹siu�lap@s�r�fnb�mG[^[^h�s�rPb¤Y\v¹�ÿrds�rTc�_a[^o��drTcixqci���I�drdc/´1[^xBY\v¹� o^c�rd`}_¥lakTo:_apqcird`^b�¦Gër�
ë¬�åèt�|ÈJê�«�}�ê�ÉP�»�"�
}����¬�o�y��}�{O�~è�ë.�0�
}��������xê�{O��� è�éRzåí�é��¬{.íC�¤éCêEwP� : � �i����~�� È ¾�w¤�6�i��¾Gb

w m � ¹ º ��¾ x v�bÐfnbÂmG[^[:h�s�rPwIÖ�b � s�rT�Tw ÊÌb � b ¹ s�rT�Tw2Ô�b£�tb ¨ pqkPwÐfnbÐYRb ª s�cTw � b�ËÌbÐmGkTrPw
¨ b � [^r¬�^xq[:l6wYÌÐb ¹ bgm��d[^rIwI��b � b4mG�Ls�w¤ÖÌb ¹ s�rIw ª b¤ÖÌb � cird�Gw � bgmTs/Ñ|��l�uG��[:rPw
º¶b ¨ pqkPwLÖÌb|Ê�b*Ë¹pqkPw|Ê�b � b ¨ p×w � b-Ë¹p×wImBb ª bBY\kPw ¹ b � b*ÌB�ds�rd�Gw � bBÒ·b ª kd[:xyxq[:l6w
~¹b � b�ÔTkPw ¹ b ¨ b � s�rd�Gw�s�rLu � b1ÖÌb1f��d[^rIb�v¹[:»áhjc�_apze<`4pqrýY\v¹�árds�rdc�_a[^o��drdc�xqci����b�Vè�ë.��í�ê�{]�¤ë|�t�©��¡���wB�GµC1¸E� �i� : ~G� : �wg�^�i��¾Gb

w � �\¬i¬ x ÒÂlapqÏ � pqrTe@la[^[�s�rduàY\s/´�pyu � bN�¹p¸�Bc�l�uIwg[6uTpz_ac�la`^b ¤ �c¦Í�Zè��.ê��������"�.�¤í�ê|é]��²<´
¤ ��¥�¦	��zÅÄH��é�Áy�������.¨c�7�4ë'êN�Îr���Æ�¨R�¯7¯7¯�w2´1cixqkdhj[ý� È c�e ¤ ��¥�¦	��z|´�zcê|é]}�ê��[}�ë
¤ }2��{.éCê|í�ê0¥0è�íM�_ê��kè�íC}�{O�\è�ë.�A± �åê��{éCê|íC}�{Cèt�"���y�"�.�¤í�ê|é�z|{O}�ê|ë|{©êEw � lac/´GpyuG[^rdo^[�w£�¶{Ew
��¬i¬�¬Gb��¶hj[:lapqo6s�r ª s�_a�T[^h�s�_apqo6s�xÂmGc�o:py[E_|�Bb

w � pqrd� þ x ÒÂlapqÏ � pqrGe<la[^[ib2½¹rý_a�T[¶o:cihj]dkG_�s�_apqcirds�xT]�c/»�[:l)c�eIY\v\��s�rdrT[6s�xqpqrd�Ìs�rduýxypq�is�_apqcirIb
{«rP�npqo��Ls�l�u � b ¨ pq]T_ac�r s�rLu.Ò¤lapqojº¶b2º�s�kdh-wB[^uTpz_ac�la`^w ¤ ��¦3�Zèy�Äê��@�����c�.�¤í�ê|é��O´
¤ ��¥�¦	��z�ÄH��é�Áy���¬���.¨<¦���é�}2�oÎ¬¨Yt¯7¯7Æ�wT´icixqkdhj[¹� : wT]ds���[^`\�6����~G������w � lac�´�pyuT[:rdo^[iw�¶{EwB�^�i� þ b��¶hj[:lapqo6s�r ª s�_a�d[:h�s�_apqo6s�xÐmGc�o^pq[:_«�Bb

w � ¨ � mT��¾ x ÒÂlapqÏ � pqrTe@la[^[iw�ÔdkGlacird� ¨ pykIw ¨ pq`as¶��b � [^r¬�^xq[:l6w�s�rdu\v\siu�lapys�rÌfnb�mG[^[:h�s�rPb�Y\[:`¥py��r
s�rLu�`¥[^xze<Ñ«s�`¥`¥[^hR©Txq��c�e�_«»)c�Ñ«uGpyhj[:rd`¥pqcirds�xÂY\v¹��o:l¥�G`}_�s�xq`^b[��è�íC�¤é>êEw2�� È � ��i��~G� È�È w
�^�i��¾Gb

w � ¹ mT��¾ x ÒÂlapqÏ � pyrGe<la[^[�w�Ê¹pys�c�]dpqrd� ¹ s�rT�Tw1s�rLuÌv\siu�lapys�r¼fnb�m�[^[^h�s�rPbL�nrdpq´1[:la`as�xdo^c�hj]dkG_�s�Ñ
_apqc�r-´�p@sÌ`¥[^xze<Ñ«s�`¥`¥[^hÌ©dxz�-c�eÂY\v¹���LmGcihj[n_a�d[^c�l¥�Zs�rLuZ[EÍT]�[Elapyhj[:r�_a`^bg{«r ¨ s�kTl�sýÔ�b
¨ s�rduG»)[:©�[:lgs�rduÌÒÂlapqo�ºnb�º)s�kTh-w�[^uTpz_ac�la`^w ¤ ��¦Ã�Zè��.ê��������"�.�¤í�ê|é]�����X´ ¤ ��¥�¦	��zÄH��é�Áy���¬���.¨��7�¤ëcêÏ7Ð��»y¶7¨"t¯7¯7®�wI´1cixqkdhj[ È&È w � lac/´GpyuG[^rdo^[�wu�¶{EwÂ�^�i��¾GbÂ�¶hj[:lapqo6s�r
ª s/_a�d[^h�s/_apqo6s�x2mGc�o^pq[:_«��b


