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IKJML�NPORQTSVUXW"Y�Z\[]Z0^_Z\`baRcedXf(gM^(h&[RZ�f+i2gb^_jlk�`MZ\[]Z0m	npo�^_a]q	f_negb[r[]Z�f+i2gb^_jsk�tune[]netvdTw&`b^xdXqRy�k�z?{�|�{
}<~
dXce`bgM^(n�f(yRt9k��VcegTh6m6�M�;dX^xo�yRdbcecRdXce`bgM^(n�f_y]t9�
�b�2�6�R�?�����s�	�+�
�
��dX[6h�ne[�f(ZG^_dM��f_n�[R`�`bZG[]ZGo���gb[�f_^(gMc�f(y]Z�`MZ\[]ZKZ\w	q]^(Z�o(o(negb[&^_ZGo(a]c�f(ne[]`0ne[!d;��gbtuqRc�Z\w&^(ZG`ba]cpdXf(negb[�o�f(^_aR��f(a]^_Z
�\dXceceZGm��e�R�5�M�\�s���(���X�	 �¡X��¢T��£v���\�¥¤
¢T�(¦0§¨Y5z�©�ª���©<gXf�t«aR�xy¬npo?j6[]gTi?[9dX­sgba]f�f(y]Z�Y5z<©%dbo�d®i?yRgbceZ5­]a	f<i2Z
�\dX[�gb­Ro(Z\^_¯bZ°n�fxo<Z\±sZ���f_o�­6hKtunp��^_gMdb^(^xd²h	o��?³�y]Z«tune�\^(g�dX^_^_d²huZ\w	qlZG^(netuZ\[�fxo?tuZGdMo�a]^_Z5f(yRZ«Z\w	q]^(Z�o(o(negb[9gX´
dbcec
f(y]ZB`MZ\[]Z�o�gX´Vd®`MZ\[]gMtuZ<a][lm	Z\^�¯Tdb^(negbalo
Z\w6qsZ\^_netuZ\[�f_dbcs�\gb[Rm]nµf_negb[Ro\�

³�y]npoBo+f_aRm	h��\gbtuqRdb^(Z�o�f+i�gKm	n�±�Z\^_Z\[�f�Y5z�©¶tug	m	Z\cene[]`¬tuZ�f(yRg6mRo�f(g�o(Z\Zui?y]Z\f(y]ZG^°gb[]Zugb´�f_y]Z\t·`bne¯bZ�o
­lZ\f�f(ZG^<^_ZGo(a]c�f_o?ne[¸f(yRZ°qlZG^_o(qsZG��f_ne¯bZ5gX´�o�f(aRm	h6ne[]`u­]negMc�gM`bnp�\dbcR`MZ\[]ZB^_Z\`Ma]cpdTf(negM[����¹Z°ne[	´ºZ\^?f_y]ZPY5z�©%tug6m]Z\cpo
­�hPtunp��^_gMdX^_^xd²h�tuZ�dbo(a]^(ZGtuZ\[�f_o»ne[«f(netuZ?o�ZG^(neZGo¼db[Rm®ne[«`MZ\[]Z�m]neo(^_a]q	f(negM[�t«a	f_db[Mfxo�½ ¾]k�¿²À¨��³�y]Z�f+i2gBtuZ�f(yRg6mRo
dXq]q]^_gMdM�xy¹f(y]Z®Á+^_ZGdbcµÂvY5z�©/´º^_gbtÃf+i�g0m	n�±sZG^(ZG[�fPm	ne^(Z���f_n�gM[Ro\Ä«gM[&gb[]Z¬yRdX[lm;­6h0^_Z\tugT¯6ne[]`9ZGm]`bZGo�´º^_gbtÅd
y]ne`by]ceh9��gb[R[]ZG��f(ZGm�[]Z�f+i2gb^_jKdX[Rm�gb[Kf_y]Z®gXf_y]Z\^�yRdX[lm�­6hKdbm]m]n�[R`�ZGm]`bZGo�ne[�f(g¬db[�ZGtuq	f+h9[]Z�f+i2gb^_js�B³�yRZGo(Z
f+i�g®tuZ�f_y]g	m]o�^_ZGo(a]c�f2ne[9m	n�±sZG^(ZG[Mf�[]Z\f+i�gM^(j	o�f(y6aRo?`Mne¯�ne[]`P^(npo(Z�f_gvdPqR^(gM­]ceZ\t¶gX´)��gMtuqRdX^_ne[]`Bf_y]Z\t9�
Æ ������Ç�È<�]É
�0Z9o�ZGZvf_y]Z¸Y5z�©Êdbo«d�`M^_dbq]y¹f(yldTf«Ë�aRdbcenµfxdTf_n�¯MZ\ceh9^(ZGq]^_ZGo(Z\[�f_o°f(y]Z¸^(ZG`ba]cpdXf(gb^_h�ne[�f(ZG^_dM��f(negM[Ro5i?n�f(y]ne[¹f(yRZ
`bZ\[RgbtuZX�
³�yRZ�Y5z�©ÌyRdMo�d«[]g	m	ZB´ºgb^?Z�db�xy9`bZG[]ZBdX[Rm9dum	ne^_ZG��f(ZGm¬ZGm]`bZB­sZ�f+i2Z\Z\[¸f+i2g®`bZ\[RZGo?n�´?�e�R��Í��(¢GÎX�RÏ\�
¢+Ð��e�R��Ñ�¢X�	�(Ïx���M�\�s�
ÍR�6£²Ñ�ÒÓÏx¡T p A£uÒp�s�¨�\�(¡bÏG�ÓÑ<¤)Òº�e�¬�p�]�B�_Ô�Ís�(��ÑxÑxÒÓ¢X�KÕ®¡MÏ_�	Òp�s�\��£®¢�Ð��p�]�5��¡T�¨�M�G���M�\�s����³�y�alo)f(yRZ\^_Z
dX^_Z�gMa	f(`Mgbne[]`<Z�m	`bZ�o»´ºgb^Vf(^xdX[Ro_��^_neq	f(negM[Bn�[Rnµf_npdTf(negM[5db[RmPZ\cegb[]`�dTf_n�gM[�´Ódb��f_gb^xo�kTf_^_db[Ro(cedXf(negb[5´ÓdM��f_gb^xo�kXne[�f(ZG^�´ºZG^(ne[]`
z�©<}�o»db[RmBgXf_y]Z\^Ö´Ódb��f(gb^xoÖm]n�^_ZG��f(ceh<Z\±sZ���f_n�[R`?f(y]Z2z�©<}�Z�w	q]^_ZGo_o(n�gM[�×²­]a	f»[RgXfÖ´ºgM^»tuZ�m	npdTf_ZGm�Z�±�ZG��f_o»n�[6¯Mgbce¯6n�[R`
d�f_y]ne^_m¬`bZG[]ZX�

Ø a]^VÙR^_o�f�tuZ�f_y]g	m°´ºgM^)ne[	´ºZ\^_^(ne[]`�f(y]Z<Y5z�©ralo�Z�o��M�\�s��ÎTÒeÑ�����Í��¥ÒÓ¢T�¸�s�G�¥¤
¢T�(¦TÑB§¨Y5Ú�©�ª�½ Û6kMÜTÀRdMo)d5o+fxdX^(f(ne[]`
qlgMn�[�f�´ºgb^�f_y]Z�n�[]´ºZ\^_Z\[R�\ZX�)}ÝY5Ú�©ÞyRdMo�d�[]g	m	Z�´ºgM^�Z�db�xyu`MZ\[]Z�dbo2m	g6ZGo
f(y]Z5Y5z�©Þ­Ra	f2n�f2yRdbo�dX[vZ�m	`bZ�nµ´
�p�]�
ÎTÒeÑ�����Í��¥ÒÓ¢T�;¢+ÐB�p�]�°Ñ\¢T�	�(Ïx���M�\�s�°Ñ�Òß�X�lÒ à�Ïx¡T�s�Ó A£�¡X ß�����xÑ°�p�]�«�(Ô�Ís�_��ÑxÑ�ÒÓ¢T�¹¢+ÐB�p�]�P�¨¡X�¥�M�G�¼�M�\�s���
�0Z�aRo(Z�f(yRZ5Y5Ú�©á­lZ��\dXalo�Z�gX´�f_y]Z�m]nµâv�\a]c�f+hPgb´»m	ne^(Z���f_c�h�ÙR[Rm	ne[]`�f(y]Z�ZGm]`bZGo�gX´Öf(y]ZBY5z�©B�]ãä[¬��gb[�f_^_dMo+fGk

i�Z��\dX[vÙR[Rmuf_y]Z<gMa	f(`Mgbne[]`BZ�m	`bZ�o�´ºgM^�d°`MZ\[]Z�ne[uf(y]Z5Y5Ú�©á­6h®o+fxdX[Rm]db^_mvcedb­lgM^_dXf(gM^(h°qR^(g	��Z�m	a]^_ZGo
n�[6¯Mgbce¯6n�[R`
dP`MZ\[]ZBm	npo(^(aRq	f(negb[¸dX[Rm¸d«tunp��^_gMdX^_^xd²h°tuZGdMo�a]^_Z\tuZG[�f\�
åÅ�+�<��æèçVé-åÅÇ��	ê<�?�
ã�´VgM[]Z�f_dXjMZGo�dPf(^xdX[Ro(n�f(ne¯bZ�^(Z�m	aR��f(negb[¬gX´Öf_y]Z�Y5Ú�©4½ ÛXÀ�gb[]Z5tugMo�f?��Z\^(f_dbne[]ceh®o�f_db[Rm]o�i?n�f(y¸tugb^_Z<Z�m	`bZ�o2f(yRdb[
n�[0f_y]Z�Y5z�©B�¼³�y]npo5npo5­lZ��\dXalo�Zvo(gbtuZ«gX´2f(y]Z�tuZGm	npdTf_ne[]`�`MZ\[]Z�o5q]^(gM­RdX­Rc�hKcpdM�xj�dX[¹ZGm	`MZvm	a]Z®f_gK^_db[Rm	gbt
[]gbnpo(ZX�?ë�Z\^_Z°i2Z°q]^_ZGo(Z\[�f�d®tuZ\f(y]g	m¸f(g¬d²¯bgbnpm�f(y]Z�q]^(gM­]ceZ\tìi?y]Z\[Ki2Z°yRd²¯MZ°dutuZGdMo�a]^_Z5gX´ÖÁ(m	ne^(Z���f([RZGo_oäÂ5gX´
f(y]ZBZ�m	`bZ�o�n�[¬f(yRZ�Y5Ú�©°�

�0Z®tuZGdMo�aR^(Z�f(y]Zum	ne^_ZG��f_[]ZGo_o�gX´�dX[�Z�m	`bZ®­6h�d¸��g�o+f5´ºa][R��f(negb[
c
�v³�y]Z«´ºa][R��f(negb[

c
o(y]gba]cpm�`bne¯bZ«d¬cegTi

��gMo�f?´ºgb^<ZGm	`MZGo?ne[¸f(y]Z«Y5z�©%dX[lm¸d®yRn�`MyK��gMo�f?´ºgb^<ZGm	`MZGo?i?y]g�o�ZBZ\±sZ���f�o(gbtuZ�f_y]ne^_m¬`bZG[]ZBtuZGm	npdXf(ZGo\�2í6ne[R�\Z
f(y]Z«´ºa][R��f(negb[

c
��gM[�f_dXne[Ro<tPal�xy�gX´�f_y]Z®ne[	´ºgb^_tvdTf_n�gM[¬alo�Z�m�ne[�f_y]ZPqR^(a][Rn�[R`�gX´
f(y]ZuY5Ú�©°k�f(y]Zu�xy]gMnp��Z°gb´

cneo��\^(aR�\npdXcl´ºgb^2f(y]ZBtuZ\f(y]g	m�îïo�o�al�\��Z�o(o\�)³�y]Z\^_Z�´ºgM^(Z�f(y]Z5q]^xdb��f(n�f(negM[]Z\^2o�y]gMa]cpmufxdXjbZ�`b^_ZGdXf2�GdX^_Z�ne[¬m]Z\¯bZGcegbq]ne[]`
d«o(gbaR[Rm9dX[Rm¬^(gM­]aRo�f���gMo�f�´ºa][R��f(negb[

c
�
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Y�n�¯MZ\[¸dX[9ZGm	`MZ
i → j

n�[¬f(yRZ�Y5Ú�©°kRf(yRZ\^_Z�t«aRo�f?Z�w	npo+f�d«^(ZG`ba]cpdXf(gb^_h®qRdTf_y
i j = i → x → · · · → jn�[�f(yRZ¬Y5z�©B�V³�y]npo5neoB�\ceZGdX^5­sZG�GdXaRo(Zui�Z®t«aRo�f5yld²¯bZud9^(ZG`ba]cpdXf(gb^_h¸qRdTf_y&o�aR�xy�f(yldTfBf(yRZ�m	npo�^_a]q	f_negb[�gb´

iZ�±�ZG��fxo�f(yRZBZ�w	q]^_ZGo_o�negb[�gX´
j
� Ø f_y]Z\^_i?npo�Z�f(y]ZG^(Z5i2gba]cpm�[]gXf�­sZ°dX[¸ZGm	`MZ

i → j
ne[�f(y]Z�Y5Ú�©B�

©�gTi&i2Z?dX^_`ba]Z
f(yRdXf
d<tuZ�m	npdTf(Z�m°Z�m	`bZ2ne[°f(yRZ<Y5Ú�©r^_ZGo(a]c�f_oÖ´º^(gMt d�^(ZG`ba]cpdTf_gb^_h�qldTf(yPf(yldTf
��gM[�f_dXne[RoÖf(yRZ
tugMo�f�cenejbZGceh®m]n�^_ZG��f�ZGm	`MZGo\��³�y]npo?tuZ�dX[Ro2f_yRdTfGkR´ºgb^<ZGdb�xy9Z�m	`bZ

i → j
n�[¸f_y]Z�Y5Ú�©°ksi2ZB[]ZGZGmKd®qRdXf(y

i jn�[¬f(yRZBY5z<©Bklo(aR�xy¬f(yRdXf2f_y]ZBtugMo�f�Z�w	qlZG[Ro(n�¯MZ�Z�m	`bZ�gb[¬f(yRZBqRdTf_y¬npo�dbo?�xy]Z�dXq¸dbo�qsgMo_o�ne­]ceZ�dM�\�\gb^xm	ne[]`Bf(g
c
�

³�y]Z�qRdXf(yRoÖf(yRdXf»tune[]netun��\ZÖf(y]Z�tvdTw	netPa]t!Z�m	`bZ���gMo�fÖ­sZ�f+i2Z\ZG[Bf+i�g?[Rg6m]ZGo»gX´6f(y]Z�Y5Ú�©�´ºgb^_t d?tune[]netvdTw
`b^xdXq]y��V�¹Z��\gbtuq]a	f_Z�f_y]Z�qldXne^(i?npo(Z�tun�[Rn�tvdXw�qRdXf(yRo�ne[uf(netuZ

O(n3)
i?n�f(yuf_y]Z��VcegTh	m��M�;dX^xo(yRdXcec	dXce`bgM^(n�f_y]t

dXq]q]ceneZGm�gb[¬f(y]Z°�\cegMo(ZGm�o(Z\tune^_ne[]`
(min, max)

½��\À¥�
�0Z<�GdX[uaRo(Z�gM[]Z�gX´�f_y]Z�o�f_db[Rm]dX^xm«Z�w	q]^_ZGo_o�negM[«m	npo�f_db[R��Z?tuZ\f(^_ne�Go)dbo�dBo�netuq]ceZ�i2d²hPgX´���gMtuq]a	f_n�[R`

c(i →
j)
�
³Ög«f_y]npo�Z\[Rm�kli�Z5aRo(Z5f(y]Z°�\gMo(n�[RZ��\gb^_^(ZGcedXf(negb[®tuZ\f(^_ne��dbo2gMa]^�ÙR^xo+f<�\gMo�f2´ºaR[R��f_n�gM[��
�0ZPgb­	fxdXne[�dv­]n�f�tugb^_ZBn�[�f_^(np�\dXf(ZBtuZ\f(y]g	m9­6hKdbo_o�a]tune[]`®f_yRdTf�f(y]Z«`bZG[]ZGo

i
dX[Rm

j
db^(Z«��cegMo(Z\cehv^_Z\cpdTf_ZGm

nµ´Bf_y]Z\ne^¸Z�w	q]^_ZGo_o�negM["��g	m	ZGo�´ºgb^¬f(yRZ¹o_dXtuZ�n�[]´ºgb^_tvdTf(negM[��è³�y6aRo�´ºgb^¸f(y]Z¹o(ZG��gM[Rm"�\gMo�f�´ºa][R��f(negb[Ýi�Z�aRo(Z
f(y]ZGn�^PtPa]f(aRdbc
ne[	´ºgb^_tvdTf_negb[���}<o�f(yRZ¬q]^_gb­ldX­]necen�f+hKtug6m]Z\c�´ºgM^°f_y]Z¬Z\w	q]^(Z�o(o(negb[0i�Z¸dbo_o�aRtuZ®f(y]Z��2Z\^_[]gba]cecen
m	npo+f_^(ne­]a	f_negb[vi?n�f(y¬f(yRZBqRdX^xdXtuZ\f(Z\^�dXqRq]^(g²w	netvdTf_ZGm«´º^_gbt¶f_y]Z°m]dXf_d	�

Ø a]^<f_y]ne^_m���gMo�f�´ºa][R��f_negb[�aRo(ZGo5dbceo(guf_y]ZPne[	´ºgM^(tvdXf(negb[Kdb­lgMa	f�f_y]Z«`bZ\[RZGo\î�^_Z\`Ma]cpdTf_gb^_hv^(ZG`bnegb[lo<dX[lmKf(yRZ
f(^xdX[Ro_��^_neq	f(negb[°´Ódb��f_gb^xo�îX­Rn�[lm	ne[]`�o(n�f(Z�o��»�0Z<�\gbtuq]a]f(Z2f(y]Z��\gMo�f

c(i → j)
­6h«dbm]m	ne[]`�f_y]Z?cegb`�g6mRm]o)gX´sf(yRZ<³?�

­]ne[Rm	ne[]`utugXf_n�´
i
ne[9f(y]ZPa]qRo�f(^_ZGdXt

j
f(guf_y]Z�cegb`ug	m]mRo�gX´)f_y]ZPm]nµ±�Z\^_Z\[�f_nedbc�Z�w	q]^_ZGo_o�negM[¬gb´

j
`bne¯MZ\[

i
¯MZ\^xo�alo

[]gXf�`Mn�¯MZ\[
i
�

� ��çVÈ��6Ç»���
	��
	 ���

Ø a]^�o(ZG�\gb[Rm¸[]gbf_dX­Rc�h¸m	n�±sZG^(ZG[�f�tug6m]Z\c�´ºgM^�f(yRZPY5z�© dMm]m]o<[]Z\i `bZG[]ZGo�n�[�f_gvdX[Kne[]n�f(npdXceceh«Z\tuq	f+h¸[]Z�f+i2gb^_js�
³�y]ZPdbc�`Mgb^_n�f(y]t z?{
|<{
}�~Þ½ �XÀ¼aRo(ZGo?f_y]npo<dbq]q]^_gMdb�xy¸­6hKo�ZGc�Z���f_n�[R`Pf_y]Z�gMq	f(netvdbc�o�Z\f�gX´�^_Z\`Ma]cpdTf_gb^xo
´ºgM^<Z�db�xy
n�[lm	ne¯�npm	aldXcs`bZ\[RZX�

³�y]Zvz?{�|�{
}<~ÝdXce`bgM^(n�f(yRtÊyldboBd9tvd��+gM^5q]^(gM­]ceZ\t7i?n�f_y�f_y]Z�dbo_o(a]tuq	f(negM[�dX­sgba	fP[]gbnpo(Z\ceZGo_o<tuZ�dbo(a]^_Z��
tuZ\[�f_o\���<[Rm	ZG^)f(y]npo�dMo(o(a]tuq	f_negb[®z?{�|<{�}<~KÙl[Rm]o)f_y]Z<o(tvdXceceZGo�fVo(Z�f
gb´�^(ZG`ba]cpdTf_gb^xoÖi?yRgMo(Z?tPa	f_aRdXcRn�[]´ºgb^_tvd��
f(negb[®ZGË�aRdbcpoÖf_y]Z�^_Z\`Ma]cpdTf(Z�m°`MZ\[]Zbî o)ZG[�f(^_gbq6hX�¼³�y]npo¼neo
d5q]^(gM­]ceZ\t%ne[Pf+i�gBi�d²h	o�ÄÖÙR^_o�f\k�n�´lf_y]Z\^_Z?npo¼[]gbnpo(Z2ne[«f(yRZ
Z�w	q]^_ZGo_o�negb[PtuZGdMo�a]^_Z\tuZG[�f_o\kTdMm]m	ne[]`5tugb^_Z�^(ZG`ba]cpdXf(gb^xoVdXcei2d²h	oVne[R��^_ZGdMo�Z�o»f(y]Z�t«a	f_aRdXc]ne[	´ºgM^(tvdXf(negb[�×To(ZG�\gb[Rm�k
nµ´»f(y]ZG^(Z5npo2gb[]ceh®tug	m	ZGo�f?dXtugbaR[Mf�gX´¼m]dTfxdPd²¯Tdbn�cpdb­]ceZXkXf_y]Z\^_ZB�\dX[¸­sZ5o(Z\¯MZ\^xdXc�^_Z\`baRcedXf(gM^�o(Z�f_o2Z\w6qRcedbne[]ne[]`Bf(yRZ
Z�w	q]^_ZGo_o�negb[�­lZGyRd²¯6n�gM^\�

�0Z<dMm]dXq]f)f(y]Z<z�{�|<{
}�~�´ºgM^�tugb^_Z�^(Z�dXcenpo+f_np�
m]dXf_d5i?n�f(y®f+i2g°dXc�f(ZG^_dXf(negb[lo��Ö�Vne^_o�f\kMi�Z�cenetun�fÖf_y]Z<qsgMo_o�ne­]ceZ
^(ZG`ba]cpdTf_gb^xo�f_g®f(y]Z�gb[]Z�o?i?y]gMo(ZBm	npo�^_a]q	f_negb[�Z\±sZ���fxo?f(yRZBZ�w	q]^_ZGo_o�negb[¬gX´Vf(y]Z�`bZ\[RZBn�[9Ë�a]ZGo�f(negM[�kldX[lm¸o(ZG�\gb[Rm�k
i�Z�o(Z\ceZ���fBf(yRZ¬o(Z�f�gb´�^_Z\`Ma]cpdTf_gb^xo�tune[]netun��\ne[]`vf(y]Z¸}�jTdXnejbZ®ãä[	´ºgM^(tvdXf(negb[���^_nµf_Z\^_negb[�§¥}�ã���ªv½��²À�ne[Ro�f(ZGdMm0gX´
tvdTw	netun��Gne[]`�f(y]ZBt«a	f(aldXc�ne[	´ºgb^_tvdTf_negb[��
��Ç»ÉM���ä�]É
³�y]Z®f(y]^_Z\Zvm]nµ±�Z\^_Z\[�fBZGm]`bZv��g�o+f5´ºa][l��f(negM[Ro5^(Z�o�aRcµfBne[¹m	n�±sZG^(ZG[Mf°gMa	f(qRa	f_oBgb´�f_y]ZvdXce`Mgb^_nµf_y]t ½ �TÀ¥����gbf(y0f(yRZ
��gMo(ne[]Z?��gM^(^_Z\cpdTf_negb[°dX[lm�f_y]Z?t«a	f(aRdbc	ne[	´ºgb^_tvdTf_n�gM[���g�o+fxo¼`bne¯bZ2^_gba]`My]ceh5f(y]Z<o_dXtuZ2[6a]t«­lZG^)gX´�ZGm	`MZGo)­]a]f �+aRo�f
gT¯bZ\^)yldXc�´lgb´lf_y]Z\t4dX^_Z?q]^_ZGo(Z\[�f)n�[®­sgXf_y«[RZ�f+i2gb^_j6o\�V³�yRZ�[]Z�f+i2gb^_jB`bZG[]Z\^xdTf_ZGmPi?n�f(yuo�Z�Ë�a]Z\[R�\Z?­Rdbo(ZGm«q]^_np��ne[]`
neo�o�ne`M[]n�Ùl�\db[Mf_ceh®o(tvdXceceZ\^2f_yRdX[Kf_y]Z�gbf(y]ZG^_o�m	a]Z�f(guf_y]Z�cpdb�xj¬gX´)­]ne[Rm	ne[]`vo(n�f(Z°ne[	´ºgM^(tvdXf(negb[�´ºgb^�o�gMtuZBgX´)f(yRZ
`bZ\[RZGoBq]^_ZGo(Z\[�f°ne[¹gXf_y]Z\^°[RZ�f+i2gb^_j6o\�¸©<gXf_Zuf(yRdXf�gb[Rc�h�c�Z�o(o�f_yRdX[;gM[]Zu´ºgMa]^�f_y¹gX´�f(y]Z�ZGm	`MZGo°dX´pf(Z\^Pq]^_a][]ne[]`
dX^_Z°q]^_ZGo(Z\[�f�ne[�dXcecÖf(y]^_Z\ZP[]Z�f+i2gb^_j	o��5³�y]ZGo(Z�[6a]t«­lZG^_o<o�a]`M`bZ�o+f�f_yRdTf�f(yRZGo(Z�tuZ�f_^(np�Go�dX^_Z°a][Rdb­]ceZBf(g¬gb­	fxdXne[
o+f_^(gM[]`«db[Rm9��gMy]Z\^_Z\[�f?o�ne`b[ldXcsf(gum	npo_��^_n�tune[RdXf(Z?­sZ�f+i2Z\ZG[9m]n�^_ZG��f�db[Rm¬f(^xdX[Ro(n�f(ne¯bZ<ZGm	`MZGo\�

³�y]Z�tug	m	n�ÙRZ�mvz?{�|�{
}<~�dXce`bgM^(n�f(yRt ^_ZGo(a]c�f_o�n�[¬hbZ\f�db[]gXf_y]Z\^?�\db[Rm	npm]dXf(Z�dMo?Y5z�©B�R}�o?o�ZGZ\[¸gb[vfxdX­]ceZ!�
nµf¬yRdbovd�ËMaRnµf_Z�[Rdb^(^_gTi/ne["�äm	Z\`M^(ZGZKm	npo+f_^(ne­]a	f_negb[��Ý³�yRneovneov­]negbcegb`Mne�GdXceceh�a][RZ�w	qlZ���f_ZGm"dMo®f(y]Z¹Y5z�©<o¬dX^_Z
`bZ\[RZ\^xdXceceh�­sZ\ceneZ\¯bZ�m¸f(g¬­lZuo_�\dXceZB´º^_Z\Z¸½ Ü²À)f(y6aRo�f(yRZP[]g	m	Z�o�î�m	ZG`b^_Z\Z«m	npo+f_^(ne­]a	f_negb[Ko�yRgba]cpm9´ºgMc�cegTiÝf(y]Z«qsgTi�ZG^
ced²i5�¼³�y]Z<qsgTi2Z\^
cpd²iro�yRgba]cpm®`bne¯MZ�d°y]Z�d²¯�hPf_dbnec	f(gTi�dX^xm®cpdX^_`bZ�[6a]tP­sZ\^xo\� Ø []Z<gb­Ro(Z\^_¯bZ�o¼f(y]npo�q]y]ZG[]gbtuZG[]gb[
´ºgb^?Z�w]dbtuq]ceZ�ne[¬f(y]ZBq]aR^(`MZGm¬[]Z�f+i2gb^_j	o�î]m	ZG`b^_Z\ZBm	npo+f_^(ne­]a]f(negb[Ro2dX[lm¬dbceo(g«n�[¬f(yRZ°z?{�|<{�}<~&[RZ�f+i2gb^_jlîïo2gba	f��
m	Z\`M^(ZGZ5m]neo�f(^_ne­]a	f_n�gM[K½ �TÀ¥�

³�y]ZKZ�w	q]cpdX[ldTf(negM[;´ºgb^uf_y]Z�z?{
|<{
}�~%[]Z\f+i�gM^(jsîïoPaR[]Z�w	qsZG��f_ZGm�f_gbqsgbcegb`Mh;c�neZ�oPne[�f(yRZ�}�ã����	��^_nµf_Z\^_negb[��
³�y]Z��\^(n�f(ZG^(negM[Pm	ZGqlZG[Rm]o�gb[®f(yRZ�o(n��GZ?gX´�f(yRZ�m]dXf_d°d²¯TdXnecpdX­Rc�Z2dX[Rm«f_y]Z<[6a]t«­sZ\^�gb´�qRdX^xdXtuZ\f(Z\^xoVne[®f(y]Z�tug6m]Z\c¨�
³�y]Z°[6a]t«­lZG^?gX´)qRdX^xdXtuZ\f(ZG^_o2ne[¸f(y]Z�z�{�|<{
}�~&[]Z\f+i�gM^(j�`b^_gTi�o�Z�w	qlgM[]Z\[�f_nedbcec�huo(gvdX[6h�^_ZGdbceneo�f(np�GdXceceh�o�n��GZGm
m]dTfxdbo(Z�f?ceg�gMj	o
f_ne[�huZG¯bZG[¬i?n�f(y9d«´ÓdXne^_ceh®o(netuq]ceZ�[]Z\f+i�gM^(js�



³VdX­Rc�Z!�XÄ�� >������+>��
	��+>ACGH®C
��������H�	�@������¼C
��������	�FßE��+C
�2EGH���������	MFßE������ �
�xH
���
>AH!����E
"��!�$#�%'&)(*&,+'-

©<g	m	ZGo?i?n�f_y¬{
m]`bZGo
10% 50%

�KZ�dX[
90% 100%ãä[ ��m	ZG`b^_Z\Z � ¿ ¿6� � � �

Ø a]f �äm	Z\`M^(ZGZ � ¿ �]�ï¾ �
. ¾ �
³�y]Z®´ºgba]^�`bZ\[RZ\^xdTf(Z�m0Y5z<© �\db[Rm	npm]dTf_ZGo5��gM[�f_dXne[�gb[]cehKf+i2g���gMtutugb[�Z�m	`bZ�ov§

ECM18 → RAD6
db[Rm

ERG4 → UBR1
k][]ZGn�f(y]ZG^?c�g6gMju­]negbcegb`Mne�GdXcec�h�o�gMa][RmRª��
³�y]npo�^(Z�o�aRcµfxo2tun�`My�f2­sZBZ�w	qsZG��f_ZGm¸­]a	f�[]ZG¯bZG^�f_y]Z\ceZGo_o

m	npo(dbq]qlgMne[Mf_ne[]`]�
/!��É6����É6É��+���
ã�f�npo�m	n�âu�\a]c�f�f(g¸ne[	´ºZ\^5Y5z�©è´º^(gMt�cedb^(`MZ°o(�GdXceZXk�[]gM[6�MfxdX^_`bZ�f_ZGm�k�tuZGdMo�aR^(ZGtuZ\[�f_o\��³�y]ZPn�[Ry]Z\^_Z\[�f�m]nµâv�\a]c�f+h
^(npo(ZGo�´º^(gMt7f_y]Zv��gMtuq]ceZ�w�tug	m	Z\c)gb´2[RZ�f+i2gb^_jbZGm�ne[Mf_Z\^xdb��f(negb[Ro\�®ãä[	´ºZ\^_^(ne[]`9gM^BZ\¯bZG[�¯MZ\^_n�´ºh�ne[]`�f(y]Z¬��gbtuqRc�Z\w
n�[�f_Z\^xdb��f_negb[Ro?^_ZGË�a]ne^_ZGo�d�cegXf5gX´�Z�w	qlZG^(netuZG[MfxdXc»Z\¯6npm	Z\[R�\ZX��³�y]Zudbtugba][�f�gb´�m]dXf_d¬[]Z\Z�m	ZGm�neo�[]gbf5�\a]^_^(ZG[Mf_ceh
d²¯²dbnecedb­]ceZX�Ö³�y]Z�´ºa	f(a]^_Z<gb´ÖY5z�©"tug	m	ZGc�ne[]`5i?necec	tugMo�f
cenejbZ\cehB­sZ�­RdMo�Z�m®gb[�o(tvdXcec]dbm]¯²db[R��Z�o)ne[ui�ZGcec]q]cpdX[][RZGm
dX[Rm¸i2Z\cecsf_dX^_`bZ\f(Z�mvZ�w	qsZ\^_netuZ\[�f_o\k	[]gXf?gb[¸gT¯bZG^(ceh®cpdX^_`bZ�o(�GdXceZ�Z\w	q]cegb^xdTf(ne¯MZ<dX[Rdbceh6o(npo��

ã�fÖnpo�dXcpo(g2m	n�âv��aRcµf�f_g�Z\¯Tdbc�aldTf(ZVf_y]Z�`bg6g	m	[]Z�o(o�gX´	q]^_gbqsgMo(ZGm5Y5z�©<o\�»�¹Z�cpdb�xj�f(y]ZGgb^_Z�f(np�GdXceceh�gM^�q]^xdb��f_np�\dXceceh
o(dXf(npo+´ÓdM��f_gb^_h�tuZ\f(y]g	m]o»f(g5��gMtuqRdX^_Z)f_y]Z�`bg6g	m	[]ZGo_o»gX´Rf_y]Z�Y5z�©r�\db[Rm	npm]dTf_ZGoÖf(g�gb[]Z�dX[RgXf(yRZ\^¼gb^»f(g5o�gMtuZ\y]gTi
­]negbcegb`Mne�GdXcec�h���gM^(^_ZG��f2[]Z\f+i�gM^(js�

Ø []ZKgX´5f(yRZ�tvdXne[�^(Z�dbo(gb[Ro«´ºgM^vf_y]Z�m	n�âv��a]c�f+h&gb´°m	ZGdbc�ne[]`¹i?n�f(y"Y5z�©�o�npo®f_yRdTf�f(y]Z0dbo_o�a]tuq]f(negb[�gX´
o�netuq]cenp��n�f+hPm]g�Z�o?[]gbf�y]gbcpm��
³�y]npo2´ºZ�dTf(aR^(ZB^_Z\[Rm]Z\^xo2f(y]Z5f_^_dMm	n�f(negb[Rdbcltug	m	ZGcÖo(Z\ceZG��f(negb[vtuZ\f(y]g	m]o�alo�ZGc�Z�o(o\�
}<o
^(Z�o�a]c�f¼i�Z�[]ZGZGm«Z\n�f_y]Z\^Vf(gBm	ZG¯bZGc�gMq�[]ZGi�tuZ\f(y]g	m]oV´ºgM^)Z\¯TdXceaRdXf(ne[]`�f_y]Z?­]negbcegM`bnp�\dbcXo�ne`b[RnµÙs�\dX[l��Z
gb´lgMa]^)^(Z�o�aRcµfxo
gb^�f(g®^_ZGo�f(^_np��f�gba]^?tug	m	ZGceo
f(gvo(tvdXcec�dX[Rm¬^_Z\cpdTf_n�¯MZ\ceh«i�ZGc�c�j6[]gTi?[9o�aR­Ro�h	o�f(ZGtvo2o(aR�xy9dbo2f_y]Z°��ZGc�c��\h6�\ceZX�
� ��0?���,1 ��ÇÖ�32�æ�Ç��2�]É
ã�i2gba]cpm�c�nejMZ�f(g«f_yRdX[]j¬{
o(jbg ��j6jbgM[]Z\[9dX[lm54ba]y]guz?gMaRo�a¬´ºgb^?tvdb[6huy]Z\ceq	´ºa]c»��gbtutuZG[�f_o\�

687�9:7<;�7<=?>�7<@
A�B�C�D'E�FGE)H C
�+@8�xHJI HKE & E -J�x>��������äC�HJI¼E\H��L% E - E %�>�MN����� E5O�P
QSR�T�U�V<W�QSXYT�PZQYT\[K] ^NT�R_XYQa`�bGc_E5D �
� d e D D)��������EGH
�
d f�gK��E�h�i F >AFAF?jVCTC
k H CG@8"6EGH$#$I B�l
m�l�E

A n�C8o
E g2CGFßF�	��pI HKE + E j¼EGFAFYI�g E jV>AH
kXF���#$I o
E � �_@8��������I � E j E�q >AH
kN�_Fr�����_>ßHJI o
E d E�F ����������I D'E�F ���+H6EGH
����s�itj»C�	
���+E��_�JI
FGE�o >ßHJIud E =�E\FßC
"�����I o�EvHKE d®E���������I�d Evw f��<�+C$��������I¼D E,xGE jy�+C�h�HJI � E jVC��������x>AHpI¼EGH��zg Eyw �
���+FAC$f_k EzD ���
w ��E\H��eC��_�\d«>�f��+C²E�����E�# � E���E��6E
���
{u��E���EBE
f�f�������EGH
�}|$	6EGFA>~�t#«E
���������ä@8�xH$�K�+CTCGFr� EK�*V<W�]��?[�W�XYU�c��?�u��c�� I�� BN��B�� { l����
l�� I n���� � E

A � C�D'E % E<F 	����
����I�d E�o
E d®E����+C�HJI�+ E % E<o C�H�����I HKE�o
E %�C
����������I�% E
w �+C
	
�
���+CGHpI HKE � E +u�+@BC�	<��I FGE + E j��xHMH
������I
& EvH C
����#$I F�E � EG>YI�� E � EyF ��IKd E�o
E =?>r�
��I�+ E d E =?>AH
�<IKd E % E d ��#$����I � Evw FßE��<��I�D E � E -J	�@!I w�E j E
w ����"�EGHM>µE\H$����I � E � E?w ��C$�x@°E�kN����I � E g�E
f_��C�������Il= E?H ��E
k$��E
��	�������#$I o�E?w >A@BC�HpI�d E j¼E��_��I�E\H�� w�EJFGEJq �+>��xH
� E
q 	�H�f��+>AC�H�EGFJ�M>���fxC�MN����#�MX>ßE�E�fxCG@8"��xH��b>�	�@ C������<"��������ä>ACGH!"��+C��6F���� E3�,��]S] I B���n<��B�� { B���l��
B�n�� I o 	�F n
�
���<E

A ��C�w�E -l>ßEGH���I w�E�q 	
���+@°E\HpI²EGH���% E<w C�@BC���#b> E %K&)(*&,+'-,ITE3�
�xH
����EGF�����MN�������K�xH���>AH
�����+>AH
�<EGF���C��+>~����@���C
�¼>AH<�S�����xH�f��
C
���
�xH
���+>rf?H����thVC
��kPE���f_��>~����f���	<����� E��u��WG�
��bK�!��XST�W_T
bK��V<Q I�"�E
�
��� B�m���n
l I B�l
l�m<E

A ��C = E D�EGFA>AH E g'���xHM>��� � ����_F�#<MN����k<k�C�¡��xH°@°EGFAFA>ßH$��E\@B>ßH��xH8kN����k���#��t#<�ä@�	<��EGH$���+>��xH�¡äE<E\>�k�E��+E��S¡äC�¡��_H!��k���"��������ä>ACG@B>�����E�	
k$i
�ä>�����E E�D ��f_��H�>�f�E\Fp%���"	C���� H,��n
�
� � ��� I�¢�H�>�MN�����ä>~�t# x � F �xF��ä>AH
kX>YI � ��"6E����+@8�_H��¼C
� H C�@8"�	������ w fx>��xH
f���I q ������	�E���#
n
�
� � E e¨H q >ßHMH�>���� E
D >~�+F���{�d«C��<�xFAFß>AH�� g'�_H
�£%�����	MFµE��+C
��#�¤'����h¼C���k<�u�$#�&)�<"<�������ä>AC�H\d ��E���	����x@8�_H�����>AH � >�����	�"�i
�+>AC�H}d 	<��EGH$���
EGH
�P>AH D >A@8�������+>���� E

A ��C8o
E %K	MH
�<I D'E?w f��MFA>�����Ip+ E jy��E
sx@°E�Is= EJq ���x>�M�E\Fa�<��I�E\H�� o
E (2>AFAC E j�	�>AFr�M>AH��®EGH
�vEGH6E\F~#��ä>AH��!���xHMC�@8��i¥h�>r���G���xH��
�M>�����	
"<�+>AC�H«H����thVC
��k�� E���XYT�X¦P�§�T�R_b���QSXYW�c I B�m��¥l
������nN� { n
��n�wN�<n�B�� I n
�
�Nn�E

A ¨�C�D'E (2EGH�+
FAFr�_H°EGH��G% E gK���x>AH
��� E d«C����xF����xF���f��+>AC�H8f��+>~�����+>ßE*�eC��VF���E��+H�>AH
�£���_Fß>����]H�������{)+
H��x@8"M>��+>�f�E\F�f_C�@8"6E��+>��äC�H E
e¨H ��RtT�W��G©�ª�Qa`«O�P�Q¥��R_P���QSXYT�P���]G�)T�P�§��£T�PZ¬­�NW�`�XSP��!®J���
R�P�XSP$^ IK"6E������ B����$¨��
B�������E d«C����²EGH&=�E�	��e@°E\H�HJI w E\H
q ��EGH�fx>���fxC�I H +�I n
�
���<E

A m�C + E�¯ E���H���� E�F C�h°�+C�����fxC�H�������	
f���E«FßE����������xH����+>�fBH
����h¼C���k­�a�+C�@
n

�
�xH
�8"�������	����6E��+>AC�H
��>AH5�¦��hv�������6E\H
n

2

��E
��#�������"�� Ey��XYT�XSP�§�T�R_b��NQSXSW�c I B�¨���B�n�� { B
B�m � ��B
B�l�¨ I � ��f n
�
�<B
E


