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N�OQS#hkSYebp{Sup{S�z5S�d�[�d�[_^bZQhqS�ÈMd�S�ZQvQS#v�d{^Ud{OQSypk[_`aO�d'ebZQv3]_S��Þd'ebhq�7ebp'ebh z5^ahkh{[\lQ]_S�zQpk^Ø�M[\vQS#v
d�OweLd�d{OQS¢c#^apkp{S#hkz5^bZQvQ[_Z<` vQS��wZQ[�d�[_^bZH[\h�hkd�[\]_] �bS#pk[\�wS�v$� � ^bd�S¢d�Owesd�d{OQS¢ZQ^bd{[_^aZ ^b�
R3esÈ�[\R3eb]\[\d j ebz<zQ]_[\S#hmd�^¢l:^bd�O.vQS��wZQ[\d{[_^aZ<h*^b��eLzQzQp{^fÈ�[_R�eLd{S�p{S#z:S�d{[\d{[_^aZ c�^aZQh{[\vQS#pkS#v
ebl5^��bS ��[_Z�l5^bd{O�cfebhkS#h � S�c#ebZ�S�ÈMd�S�ZQv�e�pkS#z:S�d{[\d�[\^aZ�d{^�d�OQS�pk[_`aO�d��s]_S��Þd�ebh ]\^aZQ`�ebh�d{OQS
^al<d|eL[_ZQS�v�h{gQl��'^ap{v�p{S#R�eb[\ZQh�e*p{S#z:S�d{[\d{[_^aZ�eLc#c#^bp{vQ[\ZQ`*d�^*d�OQS�c�^aZQh{[\vQS#pkS#v�vQS��QZQ[\d{[_^aZ$�
N�OQp{^ag<`aOQ^ag<d*d{OQ[_h�zwebz:S#pm�'S���[\]_] l5S 
�º �P
 �| �[_Z�d�S�p{S#h�d�S�v.[\Z R3eØÈ<[\R3eL]'pkS#z:S�d�[�d�[\^aZQh# 
��[\d�O<^ag<d�R?S#Z�d{[_^aZQ[\ZQ`?[\dyS�È�zQ]_[\c#[�d�S#]�ja� � ^bd{SUd�OQeLd �¡^apyl5^Ld�O�ZQ^Ld�[_^bZQh ^b� eLzQzQp{^fÈ�[_R�eLd{S
p{S#z:S�d{[\d{[_^aZQhuvQS��wZQS#v ebl:^��aSb 5d�OQSmR�esÈ�[_R�eb]\[\d j�pkS#nFgQ[\p{S#R?S#Z�dY[\R�z<]_[_S�hud{OweLd [\� �$ +* # & %
[_hye3p{S�z5S�d�[\d{[_^aZ�^b�qz:S#pk[_^Mv '�[\Z �� "!$#Q§ %Ô :d�OQS�Z��$ &Y¬ ! %�-��� &Y¬ !*� ' % °7zQpk^Ø�M[\vQS#v
&0+H§i´uebZQv8�$ +*A� ! %��- �$ +*A� ! ¬
' % °7zQpk^���[\vQS#v * .�!Ø´����u¿wgQp�d�OQS�p{R?^ap{SL :[�� �� *�#$& %
[_h�e R3eØÈ<[\R3eL]y`a]\^alweb]\]\j � v<S��wZQS�v±p{S�z5S�d�[\d{[_^aZ, y[�d�c#^aZ�d�eb[_ZQh �Ã�g
	(��º ��� R�[\h{R�eLd�c|OQS�h
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a b

u u’ v v’ w w’

p p

d(u, u’)>K d(v, v’)<K d(w, w’)>K

¿�[_`ag<p{S*� � ��eØÈ<[\R3eL],p{g<Z�^b��� � R?[_hkR3esd�c|O�d|eLZQvQS#R p{S#z:Sfesd�h

a b

p

a

p

b a b

p

a b

p. . . . .
a = b

> 2p

j=0,1,...,K+1j j

0 0 1 1 K K K K+1 +1

¿>[_`agQpkS"T�� ��esÈ�[\R3eb],� � R?[_hkR3eLd{c|O�`a]_^blweb]_]�j � vQS��wZQS#v�pkS#z:S�d{[\d�[\^aZ

�$ 	 %��- �$ 	<¬�' %²  * 2 	 5 	<¬�' 2?&w Qg<ZQ]_S�h{h�d�OQSY��OQ^b]_S��'^ap{v �©c#^bZFd�eb[_Z<h�]_S#hkh�d�OwebZ��
R�[\h{R�eLd�c|OQS�h�°Þd�^�h{[_R?zQ]\[\�Þj�d{OQS3z<p{S#hkS#Z�d|esd�[_^bZ$ >�'S�eb]���efjMh�S�È<c�]_gQv<S�d�O<[_h"]¶eLdkd�S#p"cfeLh{S
�¡p{^aR c#^aZQhk[_vQS�p�eLd{[_^aZw´��
¿>[_`agQpkS���[\]_]\gQhkd{p�eLd{S#hmd�O<S�v<S��wZQ[�d�[\^aZ�^b��°¡R3esÈ�[\R3eb]¶´"pkgQZ ^L�Y� � R?[_hkR3esd�c|O¥d|eLZ �

vQS#R p{S�z5S#eLd�h�  ebZ<v±¿�[_`bgQp{S�T d�Owesd�^b��°7R�esÈ�[_R�eb]¶´m� � R?[_h{R�eLd{c|Oµ`a]\^alweb]\]\j � vQS��wZQS�v
p{S#z:S�d{[\d{[_^aZQh��

��� � � � � ÂD�<
���� 	���¶2��º�º'� �F���	�n��� �����
	(*(� �V���Ã��(*������
����! F�)		���*�P�E"��! [�q¶	��µ��%�' ��
��q(
	
��
����	�� ��������
��� �q¶ �������/��
$#�� 	�� ��
����X 
	�� �F����� ������"	º 
��T¶2����� � ���$���| ���������! D
�ºe� ���)���
�F���)	 � 	�����4�|(*("	�����)(*�* �#�:�V�C�q¶�� 	��� 
���� ���	�������(�
�º���
���� (*������
���� ��
	(
	p¶2��"	���!µ
�%�' ��
��q(
	 ��º'���*
�º�º ��µb�	�����)��� ������������������! �� 
	�� �F� ���-����
�ºe��( ¶2���4� 	������� ���E"	� ����º ��#
� 	����)		���Ã���E"	� �' 
��!µ��%�' ��
���(
	���º'���*
�º�º ��µb�	�����)���������������������� ���1���� |�º ¶ #

â)(%Ýiâ¡å



�����������	��
��������������
�����������������������! �"	���	��$#$
��%�%���	�&���' ��
��)(*� ½

K−mismatch globally−defined repetitions

run of K−mismatch tandem repeats

w

¿�[_`ag<p{S�� � ��ÈMd�S�ZQh{[\^aZ�pkS#]_eLd�[\^aZ

� ! ��� ! � ! ��� ! ��� ! � ! ��� ! � ! ��� ! ��� ! � ! ��� ! ��� !
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¸ Z `aS#Z<S#p�eL]Ô  Sfebc|O±� �ÛR�[\h{R�eLd�c|O `b]_^alweL]_]\j �ÛvQS��wZ<S#v�p{S�z5S�d�[\d{[_^aZ [\h?e hkgQl�� ^apkv·^b�
e�pkgQZ ^b��� � R?[_h{R�eLd{c|O¢d�ebZQvQS�R p{S�z5S#eLd�h��4§YZ d�OQS?^bd{OQS#p"OwebZQv, �e�p{gQZ ^b� d�ebZQvQS�R
p{S#z:Sfesd�h�[\Z¥e��'^apkv¥[_h�d�OQS�gQZQ[\^aZ¥^b��eL]_] `a]\^alweb]\]\j � vQS��wZQS�v pkS#z:S�d�[�d�[\^aZQh"[\dUc#^aZ�d|eL[_ZQh��
» S�h{efj d{OQS#Z d�OQeLd�d{OQS�ZQ^bd{[_^aZ ^b��p{gQZ ^L�u� � R?[_h{R�eLd{c|O d|eLZQvQS#R�p{S�z5S#eLd�hK�Ã��������� 
d�OweLd�^L�8� �ÛR�[\h{R�eLd�c|O�`a]\^alweb]\]\j � v<S��wZQS�v�p{S�z5S�d�[\d{[_^aZ °¡h{S�SU¿>[_`agQpkS���´��

ªu^�� S��aS#p� Qe�p{gQZ�^b�:d|ebZQv<S#R p{S�z5S#eLd�h R�e�jmc#^aZ�d|eL[_Z?ebh R3ebZ�j�eLh'e�]_[\ZQSfeLp8ZFgQRml:S#p
^b��`b]_^alweL]_]\j �ÛvQS��wZ<S#v�pkS#z:S�d�[�d�[\^aZQh#�8¿0^bp�S�È<ebR?zQ]_SL <d�OQS��'^apkv¥¦ ����� ! ��� ¯�¼�^L��]\S#ZQ`bd{O
	b§
[_h"e�pkgQZ ^b� � � R?[_hkR3esd�c|O�d|ebZ<vQS#R pkS#z:SfeLd{h�^b� z5S�p{[_^Mv �< %��O<[_c|O c�^aZ�d|eb[\ZQh3¦ �L§D� !Ø¯
� � R?[_hkR3eLd{c|O�`a]\^alweb]\]\j � vQS��wZQS�v�p{S#z:S�d{[\d{[_^aZQh�� � S�]_^��¹[\h�ebZQ^bd{OQS#p�S�ÈQeLR�zQ]\Sb�
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¸ Z�`aS�ZQS#p{eb]Ô <d{OQSY�¡^a]_]\^���[_ZQ`m^blQh{S�pk�LeLd�[\^aZ�OQ^a]\vQh#�
� Â � � � �<
���� ����$ !�#�§ %���&
C�E"	�-�q¶�� µ��%�' ��
��q(
	 ������	��¬�*������
��� 4�q¶�����E���/�
' 
����Cº'���� �� � 	��N��"�� ���4�q¶&�%�' ��
���(
	��* ��� * % �- �$ +*8¬ '0%��! 2 *657*>¬ ' 2 §
� ��®/"���¾�
�º'�����º �!��� - 1�¦ �� "!����»§,� ' %,57�$ '�¬ !����»§&%¶¯ �$# � 	��� � (*������
����! ��2�H� ¬ !
��º'���*
�º�º ��µb�	�����)���p�*����������������! �#

� ^bd�S8d{OweLd�l:^bd�O�vQS��wZQ[�d�[_^bZQh$cfeLZ"l:Sqc#pk[\d�[\c#[\³#S#v�ebh$�¡^ap$d�O<S#[_p,p{S#]\S��LebZQc�S d�^�zQp{ebc�d{[_cfeL]
h{[\d{gweLd{[_^aZQh��8t Z�^al��M[_^bgQh�zQp{^bz5S�pkd j�^b�>p{g<ZQh# 0ebh�hkOQ^���Z�[\Z �8È<ebR?zQ]\S�T��ç�< Q[_h�d{OweLd�d{OQS
p{S#z:Sfesd�S#v�zweLdkd�S#pkZ�c#ebZ�c|OwebZ<`aSUc�^aR?zQ]_S�d�S#]�j�eb]\^aZQ`*d�OQSUp{gQZ�p{S�`�ebp{v<]_S#hkhud{OQS��beL]_gQS�^b�
�¥��¿w^ap�S�È<ebR?zQ]\Sb _±g±g±V±g°E±V±g°E°)±g°E°)°E°E°�[_h�e?p{gQZ�^b��! � R?[_h{R�eLd{c|O�d|ebZQv<S#R p{S�z5S#eLd�hu^b�
z5S�p{[_^Mv �� Qeb]�d�OQ^ag<`aO ���Û]_S�d{d�S�p'zQeLd{d{S#p{Z<h[±g±	±?ebZQv&°°E°uOwef�aSYZQ^bd{OQ[_Z<`�[_Z3c#^aR?R�^bZ$�F§�Z
d�OQSU^bd�OQS�pyOQebZQv$ :`a]_^blweb]_]�j � vQS��wZQS#v�p{S�z5S�d�[�d�[_^bZQh�zQg<dYe?`a]_^blweb]i]_[\R�[�d�^aZ�d�OQS"ZFgQRml:S#p
^b�iR?[_h{R�eLd{c|OQS#h ebZQv�d�OQS�p{S��¡^bp{S R�efj�ZQ^bd'cfebz�d�gQpkS h{^bR�Sup{S�z5S�d�[\d{[_^aZ<hqd{OweLd'^aZQSu� ^ag<]_v
z5^ahkh{[\lQ]\jµ]_['´LS�d�^.c#^aZQhk[_vQS�p�eLh�hkgQc|O$ �[_ZHzwebp�d�[\c#gQ]_ebp�p{S�z5S�d�[�d�[_^bZQh�^b�ml<[_`�S�È�z:^aZQS#Z�d
��OQS#pkS�d{OQS�d�^Ld|eb]�ZMg<Rml5S�p ^b�:R�[\h{R�eLd�c|O<S#h8c#ebZ�S�È�c#S�S#v�� ��OQ[\]_S'd{OQS�p{S�]¶eLd{[\�aS'ZFgQRml:S#p
^b�"R�[\h{R�eLd�c|OQS�h�p{S�R3eL[_ZQh�]\^���� ªu^Ø�'S��bS#p�  d�OQS�h{S�d �'^.h�d�pkgQc�d{gQp{S�h�eLp{S�^b�"zQpk[_R�ebpkj
[_R?z5^ap�d|ebZ<c#S"ebh d{OQS�j�zQp{^��M[_v<S�p{S�h{z:S#c�d�[\�bS#]�j�d{OQS��'S#S/´LS#h�d�eLZQv�hkd{p{^aZ<`aS#h�dYZQ^bd{[_^aZQhu^b�
p{S#z:S�d{[\d{[_^aZQh$��[�d�OU� R?[_h{R�eLd{c|OQS#h� bebZ<vUd�O<S#p{S��¡^ap{S WéS�RmlQp{ebc#S X eb]_]bzQp�ebc�d�[\cfeb]\]\j�pkS#]\S��LebZ�d
p{S#z:S�d{[\d{[_^aZQh��s¸ Z���OweLd �¡^a]_]\^Ø��h � SYz<p{^az:^ah{S S�«?c#[\S#Z�d�eb]\`a^ap{[�d�OQR?hqd�^��wZ<v�l:^bd{O3d�OQ^bh{S
d j�z:S#hu^b�>p{S�z5S�d�[\d{[_^aZ<h#�
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¸ Z¥d�OQ[\h�h{S�c�d{[_^aZ¥�'S�vQS�h{c#pk[_l:S�OQ^�� d�^��wZ<v$  [_Z e�`a[\�bS#Z¥�'^ap{v �U  eb]_] R�esÈ�[_R�eb]q� �
R�[\h{R�eLd�c|O�`a]\^alweb]\]\j � vQS��wZQS�v�p{S#z:S�d{[\d{[_^aZQh�^Mc#c�gQp{pk[_ZQ`?[_Z � °²� [_h�e�`b[\�aS�Z�c�^aZQh�d|ebZ�d�´��
§Yg<p eb]_`b^ap{[�d�OQR¹S�ÈMd�S#Z<vQh# F^aZmd{OQS�^aZQS OwebZQv$ ad{OQS�^aZ<S �¡^ap8S�ÈQeLc�d R�esÈ�[_R�eb]Fp{S�z5S�d�[\d{[_^aZ<h
¸���eL[ ¤a½M !¥�¥�½a½aeØ¾iebZQv�^bZ�d�OQS�^Ld�OQS�p�OwebZQv, <`aS�ZQS#p{eb]_[\³#S#h'd�OQS�^bZQS�^b� ¸»º%¼<½a�L¾ °7h{S�S�eb]_hk^
¸ÎWYgQh�½�¦s¾Þ´il�j�g<h{[_Z<`�eyhkz5S�c#[_eb]M�7eLc�d�^bp{[_³#eLd�[\^aZ�^b�Qd{OQS'�'^ap{vUd�^ hkz5S�S#v �ÛgQzmd�O<S�eb]\`a^ap{[�d�OQR��
N%^�zQpk^�c�S#S#v, ,� S*Z<S#S#v¢R?^ap{SUvQS��QZQ[\d{[_^aZQh�� � ^aZQhk[_vQS�pYe�`a]\^alweb]\]\j � vQS��wZQS�v�p{S�z5S�d�[!�

d�[_^bZ ��- �� *)��� & %>^L�8z:S#p{[\^�v$'�[_Z�e��'^ap{v8�$ !�#M§&%²���� *)��� *5¬ ' �4! %%[_h�cfeb]\]_S�v�d{OQS�º'��¶E�
�*�|����^b�V��ebZQv �$ &�� '�¬/!$��� & % [\d{h%�� ��		�n���|���7�2��[\h�h�eb[\v�d�^ (*������
�����d{OQS*c|Owebp{ebc�d{S#p
�$ 	 %>[�� * 2 	 2�&w ,ebZQv�[\h h�eL[_v�d{^1�q��"�(
	 �$ 	 %�[ �,��c�^aZ�d|eb[\ZQh �$ 	 %Ô :^apyc#^aZ�d|eL[_ZQh�^bZQS
^b��c|OQebp�ebc�d�S�p{h �$ 	 � ! %²  �$ 	Q¬ ! %²�

» S?ebh{hkgQR?S��'S��<È�S#v¥e�R?[_ZQ[\R3eL]%l:^agQZ<v '����¡^ap�d{OQS�z:S#pk[_^Mv�^b�'p{S#z:S�d{[\d{[_^aZQh��'S
ebp{Su]_^M^�´F[_ZQ`Y�¡^ap��8¿w^apqS�È<ebR?zQ]\Sb  '�� c#ebZ3l:Sud�e�´bS�Z3d�^Ul5Sy� ¬ ! Owef�M[_Z<`U[\Z�R?[_ZQv�d�OQeLd
[\� e�z:S#p{[\^�v ' 2 � [\hYeb]_]\^�� S�v$ $e�d|eLZQvQS#R p{S�z5S#eLdY^b� ]_S�ZQ`bd{O �9'���[\d{O�ZQ^�c#^aR?R?^aZ
c|Owebp�eLc�d�S�p{hUl5S�d � S�S#Z d�OQS�]_S��Þd�eLZQv d�O<S3p{[\`aO�d"p{^M^bdU�'^agQ]\v �7eb]\] [_Z�d�^�d�OQS�vQS��QZQ[\d{[_^aZ$�
N�OQ[_hq[_h z<gQp{S�]\j*zQp{eb`aR�eLd�[\c�ebhkh{gQR?z<d�[\^aZ*��OQ[_c|O?vQ^MS#hqZQ^bd'e �5S#c�dqd�OQS�R?S�d�O<^�v�ZQ^ap8d{OQS
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d�OQ^ahkS���O<[_c|O d{^agQc|O.d�OQS�OQSfeLv c|OweLp�ebc�d�S#p�^b� � �  6��µN�O<S�pkS#h{g<]\d�[\ZQ` c#^aR?zQ]_S�È�[\d j¥[\h
¤�¦²��¦ C � �OC�¬ C � �  6�C ¯{¯��
tu�Þd�S�p�zQpk^�c�S#hkh{[_Z<`µeb]\]�lQ]\^�c*´Fh# ��'S �QZQvBeL]_]Yp{S�z5S�d�[�d�[_^bZQh�d�^ag<c|OQ[_ZQ`.lQ]\^�c*´·O<Sfebv

c|Owebp�eLc�d�S�p{h��V§�lQhkS#p��aS�d�OQeLd�pkS#z:S�d�[�d�[\^aZQh pkS#hkgQ]\d{[_ZQ`"�¡p{^aR}zQpk^�c�S#h{hk[_ZQ`*v<[��5S#p{S�Z�d�lQ]_^Mc*´Fh
ebp{SYvQ[\hkd{[_ZQc�df� ¼�gQR?R?[_ZQ`mg<z�^��aS�p eL]_],l<]_^Mc*´Mh� Qd�OQS�pkS#h{g<]\d�[\ZQ`�c#^aR?zQ]\S�È�[\d j�^b�%d�OQSY�wpkhkd
hkd|eL`aS�[_h ¤�¦¡§$�¢¯���N�OQSYp{S�z5S�d�[\d{[_^aZ<h'��OQ[\c|O�p{S#R�eb[\Z�d�^�l5S �¡^bgQZQv�ebpkS d�OQ^bh{S ��OQ[\c|O�]_[\S
S#Z�d�[\p{S#]�j3��[�d�OQ[\Z�e?lQ]\^�c*´$��d�OQ[\h�[_h�vQ^aZQS"eLd�d{OQS�ZQS�ÈMd�d �'^�h�d|eb`aS�h#�
t�d*d{OQS � Â � Æ�� Ç}���f� � Â �'S��QZQv.eb]_]'p{S#z:S�d{[\d{[_^aZQh�[_ZQhk[_vQS�S#ebc|O.lQ]_^Mc*´ � ����OQ[_c|O

d�^agQc|O¢�7ebc�d�^ap�O<SfebvQh�^bd{OQS#p�d{OwebZ¢d�OQS*l<]_^Mc*´�OQS#ebv·° � ]¶ebh�dYc|Owebp{ebc�d{S#p�^b�qd�OQS�lQ]\^�c*´�´��
¿0^bp�Sfebc|O � �Û Q�'S�zQp{^Mc#S�S#v�lFj�h{[_R?zQ]\S�lQ[_ZQebpkj3vQ[\�M[_hk[_^aZ�eLzQzQp{^aebc|O �
°¡[Þ´�vQ[\�M[\vQS3c�gQp{pkS#Z�d�lQ]_^Mc*´ ^b���7ebc�d{^ap{h � - ���;���  6 ���������  � [_Z�d�^�d �'^¢h{gQl � lQ]\^�c*´Fh

� @0- ��� �����#� � ��� ½�� ebZ<v � @ @ - � � ��� ½��  6 ����� ���  �y 
°7[_[¶´3gQh{[\ZQ`*t ]\`a^apk[\d�O<R �a ��wZQv�d�OQS�pkS#z:S�d�[�d�[\^aZQh�[\Z � ��O<[_c|O�d�^agQc|O�d�O<SYOQSfebv�c|Owebp �
ebc�d{S#pq^b� � � ��� ½��  MlQg<d vQ[_hkcfebpkv�d{OQ^ah{S���OQ[\c|O�d�^bgQc|O�d{OQSyO<Sfebv�c|Owebp�eLc�d�S�p'^L� ���  �^ap�c#^bZFd�eb[_Z�d{OQSY�wp{h�dyc|OQebp�ebc�d�S�pu^L�6���  

°7[\[_[¶´�zQp{^Mc#S�h{h�p{S�c#gQpkh{[��aS#]�j � @ ebZQv � @ @ �
N�OQS�ebl:^��aS�eb]\`a^ap{[�d�OQROwebh	�Þ¨\ªa« ��
�]_S��bS#]\h�^b�up{S�c#gQpkh{[\^aZ$ qebZQv hk[_ZQc�S�eLd�Sfebc|O�hkd{S#z
d�OQS��'^apkv�[_hyh{zQ]\[\dy[_Z�d�^�v<[_h¡rk^b[_Z�d hkgQl �ÛlQ]_^Mc*´Fh# ,d{OQSU��OQ^b]_S�c�^aR?zQ]_S�È<[�d j�^b� d�OQS�h{S#c�^aZQv
hkd|eL`aS�[_h�¤�¦¡§$�©¨_ªb«q�¢¯��
¿>[_Zweb]\]\jb �esd�d�OQS � � �¡�LÇ ����� � Â0 w[\d�p{S#R�eb[\ZQh d�^m�QZQv�d{OQSYp{S�z5S�d�[�d�[_^bZQh ��OQ[\c|O�^Mc#c�gQp

S#Z�d�[\p{S#]�j [_Z<h{[_v<S�S#ebc|O±ºiS#R?z:S#] � 	,[\� �7ebc�d{^ap#  ZwebR?S#]\j ��OQ[_c|O vQ^aZ�� d3c�^aZ�d|eb[\Z [�d�h*�wpkhkd
c|Owebp�eLc�d�S�p�ebZQv vQ^bZ��»d*d{^agQc|O�[\d{hmOQS#ebv c|Owebp{ebc�d{S#p#� �'j¥v<S��wZQ[�d�[\^aZ¥^b���7ebc�d�^apk[_³fesd�[_^bZ
��[\d�O�c#^bzFj�^��bS#p{]_ebz °�� S��wZQ[\d{[_^aZ��<�ÎTa´� wS#ebc|O��7eLc�d�^bp���[\d�O<^ag<du[\d{huO<Sfebv�c|Owebp{ebc�d{S#puOwebh
ebZQ^bd{OQS#p�°7z:^ah{hk[_lQ]�j�^��bS#p{]_ebzQzQ[\ZQ`F´ ^�c�c#gQpkp{S�ZQc#S�d{^Ud�O<S�]_S��Þdf�8N�OQS�p{S��¡^ap{SL QSfebc|O�^L�id�OQS�h{S
p{S#z:S�d{[\d{[_^aZQh�OweLh�ebZ<^bd�OQS�p>^Mc#c�gQp{pkS#ZQc�S'd{^yd�O<S']\S��Þd�d�^M^Q��yh{[\ZQ`�d�OQ[\h%^blQh{S�pk�LeLd�[\^aZ$ sd�OQS�h{S
p{S#z:S�d{[\d{[_^aZQh,cfebZUl5S �¡^agQZ<v"g<h{[_Z<`ud{OQSqh�ebR?S d�S#c|O<ZQ[_nFgQS'ebhid�OQSq^aZ<S ^L�$¸ ¥�¥"½b½aes¾ �:» OQS#Z
c#^aZQh�d�pkgQc�d{[_ZQ`Yd�O<SyºiS�R�z:S#]!�
	,[\���7ebc�d�^apk[_³#eLd�[\^aZ��'S<´LS#S#z?�¡^ap SfeLc|O?�7ebc�d�^ap �B±�eYz:^a[_Z�d�S�p
d�^�e�c#^az�j�^b� � d{^3d�O<S�]_S��Þdf�uN�OQS#Z�z<p{^Mc#S#hkh{[\ZQ`3�7ebc�d�^apkhy�¡p{^bR ]\S��Þdud�^�p{[_`bOFd# 5pkS#c�^Ø�bS#p
p{S#z:S�d{[\d{[_^aZQh"[_Z<h{[_v<S�d�O<S��7ebc�d�^ap"�¡p{^aR£[\d{h�z:^a[_Z�d{S#v¥c�^az�ja�1» S3p{S��¡S#p�d{^ ¸ ¥�¥�½a½bes¾ �¡^ap
eb]_`a^bp{[\d{OQR?[_c v<S�d|eL[_]_h���N�OQSmc�^aR�z<]_S�È�[�d j�^b�8d{OQ[_huhkd�eb`aS�[\h ¤3¦7§�¬·®q¯� 0��OQS�p{S*®µ[\hud{OQS
ZMg<Rml5S�p�^b��pkS#z:S�d{[\d�[\^aZQh �¡^bgQZQv$�
N�O<S"�¡^a]\]_^���[_Z<`Ud�O<S#^apkS#R h{g<R�R�ebp{[\³#S�h d�OQ[\h�h{S�c�d�[\^aZ$�
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�¡S#p{pkS#v�d�^?ebh�t ]\`a^apk[\d�O<R TM w[_h�`a[��aS#Z�l:S#]\^Ø���

� ��� Æ � �¡� � � � � ^aR�z<g<d�[\ZQ`�eb]_],� � R?[_hkR3eLd{c|O�`a]_^blweb]_]�j � vQS��wZQS#v�pkS#z:S�d{[\d�[\^aZQh�[\Z �
���Q� �i��� �'^ap{v �$ !3#�§&%
� ��� � �i��� eb]\]$� � R?[_hkR3esd�c|O�`a]\^alweb]\]\j � vQS��wZQS�v�p{S#z:S�d{[\d{[_^aZQh [_Z �
Á�� � ^bR�zQg�d�S�d�O<SUºiS�R�z:S#]!�
	,[\���7ebc�d�^apk[_³#eLd�[\^aZ3��[\d{O�c�^az�j�^��aS�p{]¶eLz8� - �96 �����#���
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	 Æ � Sfebc|O�lQ]_^Mc*´ � � Ç Æ
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c|OQebp�ebc�d�S�p�^b� � � ��� ½��  QlQg�d�vQ[_hkcfebpkv�d�OQ^ahkSY��OQ[_c|O�d�^bgQc|O�d�OQSYOQS#ebv�c|Owebp{ebc�d{S#p^b� ���  �^bp�c#^aZ�d|eL[_Z�d�OQSY�wpkhkduc|Owebp{ebc�d{S#p�^b� ���

2�� z<p{^Mc#S#hkh�p{S#c�gQp{hk[\�bS#]\j � @ eLZQv � @ @
� � � �¡�sÇµ���f� � Â �
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¸ Z�d{OQ[_h*hkS#c�d�[_^bZ��'S�vQ[_hkc#pk[_l:S�ebZ.eb]_`a^bp{[\d{OQR �¡^ap��wZ<vQ[_ZQ` eb]\] pkgQZQh�^b� � � R?[_h{R�eLd{c|O
d|ebZQv<S#R pkS#z:SfeLd{hu[\Z�e*�'^apkv$�
N�O<S*`aS#ZQS�p�eb]>hkd{p{gQc�d�gQpkS*^b� d�OQSmeb]_`a^bp{[\d{OQR [_hud�OQS�h�ebR?S*ebh �¡^bp `a]\^alweb]\]\j � vQS��wZQS�v

p{S#z:S�d{[\d{[_^aZQh�°7t ]\`a^apk[\d�O<R Tb´:�m[�d Owebh d{OQS�d�OQpkS#S�hkd�eb`aS�h z<]¶efjM[_ZQ`Yhk[_R?[_]¶eLp>pk^a]_S�h#��t�d d{OQS
�wp{h�d�ebZQv3h{S#c�^aZQv�h�d|eb`aS�h# Md�OQS<´bS�j�vQ[ �,S�p{S#Z<c#S [\h'd{OQSyd jMz:S ^b��^alFrkS#c�d{h �'S�ebpkS ]_^M^�´F[_Z<`
�¡^ap �i[_ZQh�d�S#ebv�^b�<c�^aR?zQg<d�[\ZQ`�`a]\^alweb]\]\j � vQS��wZQS�vYp{S#z:S�d{[\d{[_^aZQh5� S ZQ^��¥c�^aR�z<g<d�SV "0�/�E"��! 
^b��� �ÛR�[\h{R�eLd�c|O�d|ebZQv<S#R pkS#z:SfeLd{h#�?¿w^ap{R�eb]_]�ja 5e�hkgQlQpkgQZ [\h�e�p{gQZ ^b� � � R?[_h{R�eLd{c|O
d|ebZQv<S#RpkS#z:SfeLd{h# $��OQ[\c|O�[_h�Z<^bdYZQS�c#S#hkh�ebpk[_]�j�R�esÈ�[_R�eb]Ô��t�d�Sfebc|O¢z:^a[_Z�dY^b�qd{OQS��wpkhkd
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�$ 	 %² '�'S�Z<^Ø� c#^aR?zQg<d{S�hkgQlQp{g<ZQh3^b�yd�OQ^bh{S�� �ÛR�[\h{R�eLd�c|O d�ebZQvQS�R�p{S#z:Sfesd�h���OQ[_c|O
d�^agQc|O �$ 	 %Ô��N�OQ[_hqcfeLZ�l:S�h{S#S�Z�ebhq^ag�d�zQg<dkd�[\ZQ`�lFj�ty]_`a^bp{[\d{OQR �u^bZQ]\jUd�OQSuzwebp�dq^b�5d{OQS
`a]_^alQeb]_]�j �ÛvQS��QZQS#v�p{S�z5S�d�[\d{[_^aZ��7eb]_]\[_ZQ`*d{^�d�O<Sm[_Z�d�S�pk�Leb] 	<� �9'���� 	0¬ �9'$� N�OQSmR?^MvQ[\�wS�v
t ]_`b^ap{[�d�OQR �a wpkS��¡S#pkp{S�v�d{^�eLhuty]_`a^bp{[\d{OQR �< Q[_h�`b[\�aS�Z�l:S#]\^����

� ��� Æ � �¡� � � ��� ^aR?zQg<d�[\ZQ`Yh{g<lQp{gQZ<h'^b�$� � R?[_hkR3eLd{c|O�d|eLZQvQS#R pkS#z:SfeLd{hq[_Z �·d�^ag<c|O �
[_ZQ`�e�vQ[_h�d�[\ZQ`agQ[\h{OQS�v�c|Owebp�eLc�d�S�p
���Q� �i��� �'^ap{v �$ !3#�§&%² Qz:^ah{[�d�[_^bZ 	é  !�+ 	-+µ§
� ��� � �i��� eb]\],h{g<lQp{gQZ<hy^b��� � R?[_hkR3esd�c|O�d|eLZQvQS#R p{S#z:Sfesd�h�[_Z �¹��OQ[\c|O�d{^agQc|O �$ 	 %

� ¿�[_ZQvmd{OQ^ahkSud�ebZQvQS�R p{S�z5S#eLd�hq��OQ[_c|O?Owef�aSud�OQS�[_p pk[_`aO�dqp{^M^bdqh�d|ebp�d�[_Z<`�d{^Yd�OQSu]_S��Þd
d{^ �$ 	 %��
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N�O<S�R3eØrk^bp*ebvQvQ[�d�[\^aZweb]qvQ[ «�c�gQ]\d j [_Z¥c�^aR?zQg<d�[\ZQ`�pkgQZQh�[_hN
� * |�� �/ºe���	�?h{gQlQpkgQZQh
[_Z�d�^�p{g<ZQh#�>N>^uz5S�pk�¡^apkRBd�O<S ebhkh{S�RmlQ]_[\ZQ`Q ��'S'ZQS�S#v"d�^�hkd{^ap{S h{gQl<p{gQZQh>[_Z"ebZUebvQvQ[�d�[\^aZweb]
vweLd|e�h�d�p{g<c�d�g<p{S?ebZQv¢d�^�cfeLp{S��¡g<]_]\j�R3eLZweb`aSmR?S#pk`a[_Z<`�^b� hkgQlQpkgQZQh"[_Z�d�^�lQ[\`a`aS#p p{gQZQh��
» SyOwef�aS�d�^US#ZQhkgQp{S�d{OweLd'd�OQSyZMg<Rml5S�p ^b��hkgQlQpkgQZQh��'S�c#^aR?SugQz���[\d{O�ebZQv�d{OQSy�'^apÃ´
h{z:S#Z�du^aZ�z<p{^Mc#S#hkh{[\ZQ`?d{OQS#R vQ^�ZQ^bdu[_ZQc�p{S#ebh{SYd�O<S"pkS#hkgQ]\d{[_ZQ`*c�^aR�z<]_S�È�[�d j�l:^agQZQv$�
N�O<S ebhkh{S�RmlQ]_[\ZQ`�^�c�c#gQpkh�eL]_p{S#ebv<j·eLd�d�OQS ]_S��aS#]Y^L�mt ]\`a^apk[\d�O<R �< �ebh�h{gQlQpkgQZQh

�¡^agQZQv��¡^ap�vQ[ �,S�p{S�ZFd��Leb]\gQS#h�^L� �¢°¡�¡^bp � ]\^�^bz�eLd�]_[\ZQSY��´ R�efj�^��aS�p{]_ebz�^ap�[_R?R�S�vQ[¶esd�S#]�j
�¡^a]_]\^Ø� S#ebc|O�^bd�O<S#p# <[_Z���OQ[\c|O�c#ebh{S��'S rk^a[_Z�d�OQS�R [_Z�d�^�eml<[_`a`aS�p hkgQlQp{g<Z¥°¡]_[_Z<S#h����q¦a´��
¼�[_R?[_]_ebp{]�ja Mh{gQlQpkgQZQh�^L��d|eLZQvQS#R pkS#z:SfeLd{hy��[\d{O�d{OQS�pk[_`aO�dup{^M^bduhkd�ebpkd{[_ZQ`�d�^?d�OQSUp{[\`aO�d
d�^ �� 	 %�°7cfeLh{SmZQ^bZ � hkOQ^���Z�[_Z�ty]_`a^bp{[\d{OQR ��´�R3efj�Owef�aSmd{^�l:S�rk^a[\ZQS#v���[\d�O�h{gQlQpkgQZQh
�¡^agQZQv?l�j*[_ZQh�d�pkgQc�d{[_^aZQh�� �b¦�^b�5t ]_`b^ap{[�d�OQR ��´��O» S�]\Sfef�aSu^ag<d d{OQS�vQS�d�eb[_]\h ^b�,O<^Ø� d�OQ[\h
[_h�vQ^aZ<Sb�

�'S#]_^�� � S�vQS#hkc#p{[\l5S�d�O<S?d{OQp{S�S�h�d|eb`aS�hU^L� d�O<S3eb]\`a^apk[\d�O<R [\Z R?^ap{S*v<S�d|eL[_]_h���» S
[_vQS�ZFd{[\�Þj�e�hkgQlQp{g<Z ��[\d{O�d�OQS�[_Z�d{S#pk�Leb] ^L������p���| ���������! ^b� d{OQS*d|ebZQv<S#R pkS#z:SfeLd{hU[�d
c#^aZ�d|eL[_ZQh��
¿w^ap"d�OQS3[_ZQzQg�dm� ^bp{v �� >� S�c�^aR�z<g<d�S3d{OQS�ºiS#R?z:S#] � 	,[\���7eLc�d�^bp{[_³#eLd�[\^aZ �F��� 	���"	�

(*�*� �H��¾���Eº 
��ebZQv�vQ[\�M[_v<S�[\dy[_Z�d{^3lQ]\^�c*´Fh ��6 ������� ���² ,SfeLc|O�c#^aZ�d�eb[_ZQ[\ZQ`�� ¬ ��c#^bZ �
h{S#c�g<d�[��aS"ºiS#R?z5S�] � 	,[\���7ebc�d{^ap{h�� ���*� � Â 8 �s��������� � Â0 Q�'SY�wZQv�h{gQlQpkgQZQh�^b��eb]_]:d�OQ^bh{S
d|ebZQv<S#R p{S�z5S#eLd�hq��OQ[\c|O3d�^ag<c|O3lQ]\^�c*´mO<Sfebv�c|Owebp�eLc�d�S�p{h��'¿w^apqS#ebc|O3lQ]\^�c*´ � �Û F� S��wZQv
d�OQS�d|eLZQvQS#R pkS#z:SfeLd{h ��OQ[_c|O�d�^ag<c|O�d�O<SuO<Sfebv?c|Owebp{ebc�d{S#p ^b� � �,lQg�d'Z<^bd d�Owesd'^L� � �  6��
º�S�d 	��il:S�d�O<S�z5^bh{[\d{[_^aZ3^b�id�OQSYO<Sfebv�c|Owebp{ebc�d{S#p�^b��� � � N�OQS#Z�d{OQSYh{gQl<p{gQZQh�^L�>z:S#pk[_^Mv
'i M�¡^bgQZQv�eLd'd�OQ[\h'h�d�S�z$ Ql:S#]_^bZQ`Ud{^Ud�O<S [_Z�d{S#pk�Leb]  	�� � !���� � � � 	��L¬ �9' 5�	��  6�� � � %��@» S
cfeb]\]Fd{OQ[_h%[_Z�d{S#pk�Leb]Fd�O<S��Ã����º'����������������E¾�
�º#�¡^ap1�$ 	�� %�ebZQv 'i��N�OQS h{gQlQpkgQZQh8�¡^ag<ZQv*eLd%d�OQ[\h
hkd�S�z¢cfebZ¢l:S*h{S#S�Z¥ebhYhkgQlQ[\ZFd{S#p��beL]_h�^b� d�O<[_h�S�È<z<]_^apkS#v¢[_Z�d�S�pk�Leb]²�UN�OQS�h{S�h{g<lQp{gQZ<h�ebpkS
hkd�^bp{S#v�[_Z�d�^�e"v<^agQlQ]\S � ]\[_Z¯´LS#v?]_[\hkd [_Z?[_ZQc�p{S#ebh{[\ZQ`U^bp{vQS�p'^b�,z5^bh{[\d{[_^aZ<h#��°�» Sy]_S#e��bSy[�dqd�^
d�OQS�p{S#ebvQS�pqd{^�c|OQS#c*´�^ag<dqd{OweLdqh{g<c|O�e�]_[_h�d cfeLZ�l:S�Sfebhk[_]\j�c#^aR?zQg<d{S#v?l�j*t ]\`a^ap{[�d�OQR �
lFj¥R3e�´F[\ZQ`¢eLd�SfeLc|Oµhkd{S#z e c�^aZQh�d|ebZ�d�ebR?^agQZ�d�^b�yS�ÈMd�p{e¢�'^ap�´0�Î´ ¸Û�yd�OQS�S�È<z<]_^apkS#v
[_Z�d�S�pk�Leb]w�¡^ap �$ 	�� � 6 %5ebZ<v '�S�ZQvQh�esd z:^ah{[�d�[\^aZ 	��9� �� �[�d [_h R�S�p{`aS�v���[\d{O�d{OQS S�È<z<]_^apkS#v
[_Z�d�S�pk�Leb]��¡^ap �$ 	���%Ô  d�OFgQh��¡^bp{R?[_ZQ`¢e¢lQ[_`b`aS#p�S�È�zQ]\^ap{S�vµ[\ZFd{S#p��beL]Ô�.t�c#c#^bp{vQ[\ZQ`a]\jb  d{OQS
]_[_h�d�h"^b��h{g<lQp{gQZ<h*ebh{hk^�c�[¶eLd{S#v ��[�d�O d{OQS#hkS�[_Z�d{S#pk�Leb]\hmebpkS3R?S#pk`aS#v¥[\Z�d�^�e�h{[_Z<`a]_S?]_[\hkdf�
t ]_]%ebv<vQ[\d{[_^aZweL]i^az5S�p�eLd{[_^aZ<hud�e�´bSmc�^aZQh�d|ebZ�d�d{[_R?Sb :ebZQv�d{OQS�pkS#hkgQ]\d{[_ZQ`�c#^aR?zQ]_S�È�[\d j�^b�
d�OQSY�wpkhkduhkd�eb`aS�[_h�¤3¦7§$�¢¯��

� � Â � Â � Æ�� Ç¹����� � Â�[\h�R�^MvQ[��wS#v�[\Z¢e�h{[\R�[\]¶ebp�� e�jb�mx�S#c#eb]_]�d�Owesd�eLdYS#ebc|O c#eb]_]
^b��t ]\`a^ap{[�d�OQR}���'S�ebpkS h{S#ebp{c|O<[_ZQ`*�¡^ap'p{S#z:S�d{[\d{[_^aZQh'^�c�c#gQpkp{[\ZQ`ml:S�d �'S#S#Z�h{^bR�Su�7ebc�d{^ap
OQSfebv, wh�efj �$ 	 @ %² 5eLZQ^bd�O<S#p��7ebc�d{^ap�OQS#ebv �� 	 @ @ %Ô 0ebZ<v�d{^agQc|OQ[\ZQ`�hk^aR?S��7eLc�d�^bpuO<Sfebv �$ 	 %
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° 	 @ + 	L+ 	 @ @ ´���tyh{hkgQR�[\ZQ`3d{OweLd�pkS#c�gQp{hk[\�aS*c#eb]_]\h eLp{SmS�È<S�c#g<d{S#v¢[_Z�zQp{S�^ap{vQS�p�°7hkS#S�d{OQS
vQS#hkc#p{[\z<d�[\^aZ�^L�wd�OQS�hkS#c�^aZQv*hkd�eb`aS'[_Z�d{OQS zQpkS��M[_^bgQh8h{S�c�d{[_^aZ0´� aZQ^ �7eLc�d�^bp>OQS#ebv*l:S�d �'S#S#Z
�$ 	 @ %'ebZQv �� 	 @ @ % OweLhUl:S#S�Z¥zQp{^Mc#S�h{hkS#v jaS�df�4¸ Z d�O<[_h�c#ebh{SL �d�O<S3S�È�zQ]\^ap{S�v [\ZFd{S#p��beL] [\h
 �	��
� 	 @<¬��9'3¬ ! 5�	A��! � ��� ������ 	,¬��9' 5�	 @ @�� � � %²  ebZ<v¥� S�R�efj OQe��bS�d�^�R?S#pk`aS3[�d
S#[\d{OQS#p'��[\d�O�d{OQSYzQp{S��M[_^agQh�S�È�zQ]_^apkS#v�[_Z�d{S#pk�Leb]² <^ap'��[\d�O�d{OQS�ZQS�ÈMd�^aZ<Sb w^ap�l:^bd{O$� N�OQS
c#^aR?zQ]_S�È�[\d j�^L�>d{OQS�h{S#c�^aZQv�hkd�eb`aS�hkd�e�jMhy¤�¦¡§$�©¨_ªa« �¢¯��
tu�Þd�S�pUeLc#c#^bR�zQ]\[_hkOQ[_ZQ`�d{OQS*�wp{h�dmeLZQv hkS#c�^aZQv h�d|eb`bS#h# %� S?Owef�aSL T¶2������
	(
	 ����E���/�

'i Ye�h{S�d�^b�mZ<^aZ � [\Z�d�S#pkh{S�c�d�[\ZQ`.S�È�zQ]_^bp{S#vH[_Z�d{S#pk�Leb]\h#� � eLc|OB[_Z�d{S#pk�Leb]Y[\h�ebh{hk^�c�[¶eLd{S#v
��[\d�O�eUhkS#nFgQS�ZQc#S�^L�ih{gQc�c#S�h{h{[��aS�O<Sfebv�c|OQebp�ebc�d�S�p{h �� 	���%,57�$ 	��  6 % 5������ 57�� 	��(%:hkgQc|O3d�OQeLd
	 �  6:� 	 ��2��9'm¬ ���¡^apT& �  +*%����� � ! %Ô 5ebZQv�d�OQSU[_Z�d�S�pk�Leb]�[\d{h{S�]\�8[\h� 	�� � !���� 	�� ¬ �9' %²�
¸ Z zwebp�d�[\c#gQ]_ebp# $d{OQS�[\Z�d�S#p��Leb] [_hUebh{hk^�c�[¶eLd{S#v¢d�^ �$ 	�� %'ebZ<v �$ 	�� % �yd�OQS��wp{h�dmeLZQv d{OQS
]¶ebh�d�OQS#ebv�c|Owebp{ebc�d{S#p{h�^L�id�OQ[\h�h{S�nMg<S#ZQc�Sb� N�OQ^ah{SYhkgQlQpkgQZQh�^b��d|eLZQvQS#R p{S�z5S#eLd�h'��OQ[_c|O
Owef�aS l:S#S�Z�ebc�d�gweL]_]\jU�¡^agQZQv���[\d{OQ[_Z�d�O<[_hq[_Z�d�S�pk�Leb]² Febp{S�hkd{^ap{S�v3[\Z3e�vQ^agQl<]_S �Û]_[\Z¯´bS�v?]\[_h�d
ebh{hk^�c�[¶eLd{S#v�d�^*d�O<S"[\Z�d�S#p��Leb]Ô�
t�d � � Â � � �¡�LÇ������ � Â0 L�'S OQe��bS'd{^u�wZ<v�h{g<lQp{gQZ<h�^b��d�OQ^ahkS'd�ebZQvQS�R©p{S#z:Sfesd�h���OQ[_c|O

]_[_SUS#Z�d�[\p{S�]\j�[\ZQh{[\vQS*ºiS#R?z:S#] � 	,[\���7ebc�d�^apkh#�*¿w^ap Sfebc|O z5S�p{[\^�v$ ,z5^bd{S#Z�d�[_eb]�^Mc#c�gQp{pkS#ZQc�S#h
^b�8d�O<S#h{S�h{gQlQpkgQZQhYc�^ap{pkS#h{z:^aZQv�zQp{S�c#[_hkS#]�j�d{^3d�O<S�`�ebz<h l:S�d �'S#S#Z¢S�È<z<]_^apkS#v�[\ZFd{S#p��beL]_h#�
N�OMg<h# �d{OQS�d�OQ[\p{v�hkd�eb`aSucfebZ�l5Syeb]_hk^�h{S#S�Z�ebh c#]\^ah{[\ZQ`�gQz�d{OQS�`�ebzQh l5S�d � S�S#Z�S�È<z<]_^apkS#v
[_Z�d�S�pk�Leb]_h'�¡^ap�d�OQ[\h�z5S�p{[_^Mv$�
tyh8[_Z"d�OQS zQp{S���[\^agQh>h{S#c�d�[\^aZ$ bd{OQSD´bS�jm^al<h{S#p��LeLd�[\^aZ�OQS�p{S�[\h>d{OQS �7ebc�d�d�OQeLd8ºiS�R�z:S#]!�

	,[\�*�7ebc�d�^apkh ��[\d{OQ^ag<d'd�OQS�[_p O<Sfebv�c|OweLp�ebc�d�S#p Owef�aS�emc#^bzFj?d�^Ud�OQS�]\S��ÞdY°7OQS�p{S�pkS#nFgQ[_pkS#v
d�^�l5S*Z<^aZ � ^��bS#p{]_ebzQzQ[\ZQ`F´� �ebZQv�d�OQS�[\vQSfe�[_h�eL`�eb[_Z�d{^�zQp{^Mc#S�h{h3� �¡p{^aR ]_S��ÞdYd�^�p{[\`aO�d
ebZQv d{^ pkS�d{p{[_S��aS�d�OQS�h{gQl<p{gQZQh�[_ZQhk[_vQS�S#ebc|Oµ�7ebc�d�^ap*�¡p{^bR�[\d{h�c�^az�ja�-ªy^��'S��bS#p# �d{OQS
h{[\d{gweLd{[_^aZ.OQS#pkS�[\h3vQ[ �,S�p{S#Z�d�[_Z c#^aR?zwebpk[_h{^bZ d�^ `a]_^blweb]_]�j � vQS��wZQS#v.p{S�z5S�d�[�d�[_^bZQh ���'S
R3efj�Owef�bS"d{^�W c#g<du^ag<dOX"e�c|Oweb[_Z�^b��h{gQl<p{gQZQhyl5S�]_^aZ<`a[_ZQ`md{^?d{OQSY�7ebc�d{^ap�c#^az�j��¡pk^aR e
]_^aZQ`bS#p8]\[_hkd8ebZQv*d�O<S#Z�d�^"W �<d)X [\d [\ZFd{^Yd�OQS�`�eLz*l5S�d � S�S#Z�d �'^"S�È�zQ]_^bp{S#v�[\ZFd{S#p��beL]_h#�>N�OQS
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[_Z�d�S�pk�Leb]Ô� ¸ Z�d�OQ[\h c#ebh{SL <d�OQS hkd|eLpkd�[\ZQ`mz:^ah{[�d�[\^aZ�^L�id�OQS�hkgQlQpkgQZ��¡^a]_]\^Ø��[\ZQ`�d�OQS�c�gQp{pkS#Z�d
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^b�>d{OQ[_h�hkS#c�d�[_^bZ$�
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d�OwebZ¥� R?[_hkR3esd�c|OQS�h#��¿w^apUzQp�eLc�d�[\cfeb]'ebzQz<]_[_c#eLd�[\^aZQh� >hkgQc|O.ebhm`aS�ZQ^aR?S�ebZweL]\jMh{[\h# 8[�d
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b c da . . .. . .
v v’

p p

. . .
u u’ w’ w

p

a=b c=dd(u, u’)>K d(v, v’)<K d(w, w’)>K
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a b

u v

u’ v’ w’

w

p exact repetition of period p

d(u, u’)>K d(v, v’)<K d(w, w’)>K
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K−mismatch consensus
repetitions tandem repeats

runs of K−mismatch

K−mismatch uniform
repetitions

K/2−mismatch consensus
repetitions (K is even)

K−mismatch globally−
defined repetitions
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