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~�?BCP]PW[Z\WD?BCCB �FD HFE�ë�D �FE�ë�Dü�
Em�FD è�ê*G#¶¸W[Z T ?BO�ZKå�G$OPgBU {){){){){){){){0{){){){){){){){){){ ���
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jcC�Z T WDU�~ T EHq�Z\JVGtL�J@qPG$?´pwWD]PJ@E7U T ?BGRZ�?´pBJVGRpwWDJ8L£?Hd�L T EnZNWDU��*CP?´LNC�EHM#?BO�ZtMPG$J�EHURZ�b�EHCPbVJVGV{9jcC�EH]P]PW �
Z\WD?BC�}HL�JNqPG$?´pwWD]PJNU$?BXYJ�URZmEnZ\WDURZ\WDb�EHA�]FEnZmE0EHM#?BO�Z2b�EHCPbVJVG,EHCP]µZ T JVCµ]PJVU$bVG$WDM#J T ?´L b�EHCPbVJVG9M#J T E�pBJVU,?BC
E6bVJVADADOPAhEHG�ADJ8pBJVA�{ S�T WDU�MFEHU$WDb�MFEHbm�*gBG$?BOPCP]_WDUeJVU$U$JVC�Z\WhEHA�WDCª?BG$]PJVGeZ\?6OPCP]PJVG$URZmEHCP] T ?´L=?BCPJ�bV?BCPURZ\G$OPb8Z\U
Z T J�q T JVCP?BXYJVCP?BAD?BgBWDb�EHAwXY?w]PJVADU�gB?´pBJVG$CPJV]YM�Qª]PJVAhE�Qª]PW[�
JVG$JVC�Z\WhEHA�JVu*OFEnZ\WD?BCPUV{ S�T WDU2MFEHbm�*gBG$?BOPCP]µXxE��
Z\JVG$WhEHAaEHADU$? T JVADqPU,qPAhEHbVJNZ T J6XxEnZ T JVXxEnZ\WDb�EHAPXY?w]PJVAaWDCxE)MPWD?BAD?BgBWDb�EHAPbV?BC�Z\J��wZ�{&kwWDCPbVJNZ T J6XY?w]PJVADU,EHG$J
]PJVU$bVG$WDM#JV]ïM�Q¼]PJVAhE�Q½]PW[�
JVG$JVC�Z\WhEHA�JVu*OFEnZ\WD?BCPU0EHCP]ïC*OPXYJVG$WDb�EHA�XYJ8Z T ?w]PU)EHG$J_JVXYqPAD?´QBJV]¼Z\?�U$WDXªOPAhEnZ\J
Z T JVU$J)JVu*OFEnZ\WD?BCPUV}PL�J)EHADU$?µqPG$?´pwWD]PJ)E_MPG$WDJ8d�MFEHbm�*gBG$?BOPCP]/?BC�]PJVAhE�Q^URQwURZ\JVXYUKWDC/kwJVb8Z\WD?BC¼ëB{ü�w{

Y$Z6Y []\�^`_badce_gf'aih j$kmlnc�aporq�s]tuor\Kvwadc
þ�pBJVGRQxQBJ�EHG�WDCYZ T J@oKCPW[Z\JV]^k*ZmEnZ\JVUV}FEHqPqPG$?���WDXxEnZ\JVA[Q^ë�Em�BéBéFE��HéB�0q#JV?BqPADJ6EHG$J6]PWhEHgBCP?BU$JV]xLNW[Z T b�EHCPbVJVG
ADJ�EH]PWDCPglZ\?·ìHêHè1ExHB�B�/]PJ�EnZ T UV{=jcC"E½URZ\OP]�Q=]P?BCPJ�M�Q¹Z T J�I6EnZ\WD?BCFEHA�~tEHCPbVJVGµjcCPURZ\W[Z\O�Z\JH}9Z T JVG$J�WDUµE
EHM#?BO�Z0E�è���y b T EHCPbVJªdr?BG6Z T JµE�pBJVG\EHgBJ_q#JVG$U$?BC½Z\?^]PJ8pBJVAD?Bq½b�EHCPbVJVG0WDC/Z T JVWDG�ADW[drJ8Z\WDXYJH{ S�T WDU�sFgBOPG$J
WDCPbVADOP]PJVU�XxEHADJVUNEHCP]�drJVXxEHADJVUt?Hd�EHADA�G\EHbVJVU�B ë'G�{
z6XY?BCPg0L�?BXYJVC�WDCµZ T J6oKCPW[Z\JV]^k*ZmEnZ\JVUV}wU$�*WDCxb�EHCPbVJVG�WDU2Z T J6XY?BURZ,bV?BXYXY?BCµb�EHCPbVJVGV}wdr?BADAD?´L�JV]YM�Q

MPG$J�EHURZ2b�EHCPbVJVGV{2IKJ�EHG$A[Q)?BCPJtWDC7Z T G$JVJ�o�k)L�?BXYJVC T E�pBJ�M#JVJVC_]PWhEHgBCP?BU$JV]ªLNW[Z T MPG$J�EHURZ2b�EHCPbVJVGV{ S�T JVG$J
EHG$JNZcL�?ªADJ8pBJVADU,?Hd�b�EHCPbVJVGV�2WDCYU$W[Z\OxEHCP]xWDC�pHEHU$W[pBJH{2jcCxU$W[Z\OYb�EHCPbVJVG�WDU,?BCPJNZ T EnZ T EHU,CP?HZ,QBJ8ZtU$qPG$J�EH]YZ\?
?HZ T JVG�qFEHGRZ\UN?Hd1Z T J0M#?w]�QB}�L T JVG$J�EHUKWDC�pHEHU$W[pBJ@b�EHCPbVJVG T EHU�XY?´pBJV]�Z\?µU$?BXYJ@?HZ T JVG�qFEHGRZN?Hd1Z T J0M#?w]�QB{
jcCïU$W[Z\O¼MPG$J�EHURZ)b�EHCPbVJVG0WDU@OPU$OFEHADA[QlbVOPG\EHMPADJH} T ?´L�J8pBJVG7WDC�pHEHU$W[pBJ_MPG$J�EHURZ)b�EHCPbVJVG)WDU@XY?BG$J_]PW[çYbVOPA[Z�Z\?
Z\G$J�EnZ�{xjcC��H�B��ìxZ T JYz6XYJVG$WDb�EHC¹~tEHCPbVJVGªkw?wbVWDJ8ZcQ3z UªkwOPGRpBJVWDADAhEHCPbVJ ² JVU$J�EHG$b T gBG$?BOPqïJVURZ\WDXxEnZ\JV]¼Z T EnZ
]POPG$WDCPg/Z T J�q#JVG$WD?w]=�H�B��ìr{ �H�B�Bê�Z T JVG$J�L�?BOPAD]¹M#J^EHqPqPG$?���WDXxEnZ\JVA[Q¹ìHêFExHBéB��CPJ8L¾b�EHU$JVU_?HdNWDC¹U$W[Z\O
MPG$J�EHURZ@b�EHCPbVJVG@EHCP]¼�H��ë�E��H�B�µCPJ8LÞb�EHU$JVU�?Hd9WDC�pHEHU$W[pBJ7MPG$J�EHURZ@b�EHCPbVJVG@EHXY?BCPgYL�?BXYJVCl?´pBJVG�è���{ S�T J
U\EHXYJµURZ\OP]�QïJVURZ\WDXxEnZ\JV]¼Z T EnZ)WDC¹�H�B��ì�XY?BG$J_Z T EHC¹�BéFEm�B�B��L�?BXYJVC·?´pBJVG)è���}1L�?BOPAD]ï]PWDJµ?HdtMPG$J�EHURZ
b�EHCPbVJVGV{9|�J8ZcL�JVJVClë´é�H���EHCP]��H�B���6Z T JNG\EnZ\JN?Hd
WDCPbVWD]PJVCPbVJN?Hd
MPG$J�EHURZ,b�EHCPbVJVG9LtEHU,WDCPbVG$J�EHU$WDCPg@M�QY�FD ��y
E@QBJ�EHGV{2j(Z T EHU9M#JVJVC�U$OPgBgBJVURZ\JV]YZ T EnZ�U$?BXYJNG$J�EHU$?BCPU9dr?BG2Z T JKWDCPbVG$J�EHU$JKU$WDCPbVJNZ T JKXYWD]^ë´é��H�Fz U,WDCPbVADOP]PJ
T ?BG$XY?BCPJ7G$JVqPAhEHbVJVXYJVC�Z�Z T JVG\EHq�Q½EHCP]½?BM#JVU$W[ZcQB{ æ6Z T JVG6d EHb8Z\?BG$U6Z T EnZ@WDCPbVG$J�EHU$J7Z T JªG$JVAhEnZ\W[pBJªG$WDU$��?Hd
MPG$J�EHURZ9b�EHCPbVJVG2WDCPbVADOP]PJtG$JVAhEnZ\W[pBJVU�LNW[Z T MPG$J�EHURZ9b�EHCPbVJVGV}�?BG\EHA�bV?BC�Z\G\EHbVJVq�Z\W[pBJNOPU$JNEHCP] y J8LNWDU TµT JVG$W[ZmEHgBJB ë'G�{
jcC¿gBJVCPJVG\EHA�}NW[ZxWDUxM#JVADWDJ8pBJV] Z T EnZ^b�EHCPbVJVG�bVJVADADU�EHG$JlXªO�ZmEnZ\JV] bVJVADADUV{¬j(Z T EHU�M#JVJVC¿U$q#JVbVOPAhEnZ\JV]
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Z T EnZ7U$?BXYJ_pwWDG\EHA2WDC�drJVb8Z\WD?BCPUV}eJ���q#?BU$OPG$JYZ\?�b T JVXYWDb�EHADU)EHCP]·G\EH]PWhEnZ\WD?BC¼XxE�Q½]PG$W[pBJYbVJVADADU0Z\?�M#JVbV?BXYJ
XªO�ZmEnZ\JV]�{�j(Z�LtEHU9?BCPbVJNM#JVADWDJ8pBJV]ªZ T EnZ2Z T JVU$JNXªO�ZmEnZ\JV]µbVJVADADU�gB?@?BC_Z\?0G$JVqPG$?w]POPbVJ�u*OPWDbm�*A[Q_qPG$?w]POPbVWDCPg
XxEHC�Q7XY?BG$J�]FEHOPg T Z\JVG2bVJVADADUeZ T EHC_CP?BG$XxEHA�bVJVADADUeZ T EnZ9EHG$Jtb�EHqFEHMPADJt?HdaG$JVqPG$?w]POPbVWDCPgP{�z XY?BG$JtXY?w]PJVG$C
q#JVG$U$q#JVb8Z\W[pBJYJ���qPAhEHWDCPU�Z T EnZ0W[Z@WDU@CP?HZ@Z T EnZ0b�EHCPbVJVG)bVJVADADU�U$WDXYqPA[Q/G$JVqPG$?w]POPbVJ_d EHURZ\JVGV}1MPO�Z0Z T EnZ@Z T J8Q
AD?BU$J,Z T J�EHMPWDADW[ZcQ�Z\?�bV?BC�Z\G$?BA*Z T JVWDG�bVJVADAwb8QwbVADJH{�z"CP?BG$XxEHA�}nCP?BCw�cb�EHCPbVJVG$?BOPU�bVJVADA T EHU�XxEHC�Q)b T JVbm�*q#?BWDC�Z\U
EHAD?BCPg�W[Z\U�bVJVADA�b8QwbVADJH{ªå�OPG$WDCPgxZ T JVU$Jµb T JVbm�*q#?BWDC�Z\U7E�CP?BG$XxEHAebVJVADA�LNWDADAeURZ\?Bq½Z T J_b8QwbVADJ_W[d,W[Z�]PJ8Z\JVb8Z\U
EHClEHMPCP?BG$XxEHADW[ZcQ�B �H�*G�{�¶¸W[Z T Z T WDUNZcQwq#Jª?Hd�OPCPXxEHCFEHgBJ�EHMPADJ)qPG$?BADW[drJVG\EnZ\WD?BC�}�XY?BG$J7EHCP]/XY?BG$J)gBJVCPJ8Z\WDb
XxEnZ\JVG$WhEHA2gBJ8Z\U7AD?BURZ�}eXxEH�*WDCPg�CPJ8L�JVGªb�EHCPbVJVG7bVJVADADU)J8pBJVC�XY?BG$JYXªO�ZmEnZ\JV]ïZ T EHC·Z T Jx?BG$WDgBWDCFEHA�b�EHCPbVJVG
bVJVADADUV{xþ�pBJVC�Z\OFEHADA[Q½Z T JVG$JµLNWDADA2M#JµMPWDADADWD?BCPU�?Hd�XªO�ZmEnZ\JV]·bVJVADADU)EHCP]·E^Z\OPXY?BG@LNWDADA�M#J_dr?BG$XYJV]�{ S�T WDU
J���qPAhEHWDCPUtL T Q�W[ZNWDU�WDXYq#JVG\EnZ\W[pBJ6Z\?µb�EnZ\b T b�EHCPbVJVGKJ�EHG$A[Q�WDC^Z T J0bVJVADA�b8QwbVADJH{
S�T J�WDC�Z\JVG\EHb8Z\WD?BCxM#J8ZcL�JVJVC^Z T J6M#?w]�Q3z UtWDXYXªOPCPJNURQwURZ\JVX�}P]PG$OPgBUtEHCP]^E)Z\OPXY?BG,WDU9pBJVGRQxbV?BXYqPADJ��
{

jcC ?BG$]PJVG^Z\?&?BM�ZmEHWDC E�XxEHCFEHgBJ�EHMPADJ½XY?w]PJVA�}NL�Jïu*OPWDbm�*A[Q¿G$J8pwWDJ8L%U$?BXYJ¼�HJ8Q¸]PJ8ZmEHWDADU�EHM#?BO�Z^Z T WDU
URQwURZ\JVX�{ ��WD�HJ/EHADA�JVOP�nEHGRQB?HZ\WDb�bVJVADADUV},Z\OPXY?BGµbVJVADADU T E�pBJ�dr?BOPGY]PWDURZ\WDCPb8ZYqFEHGRZ\UµZ\?ïZ T JVWDGµbVJVADANb8QwbVADJH��r� ± qPG$J��cURQwC�Z T J8Z\WDb ³ q T EHU$JH}�� ± URQwC�Z T J8Z\WDb ³ q T EHU$JH}���� ± q#?BURZR�cURQwC�Z T J8Z\WDb ³ q T EHU$JµEHCP]½XYW[Z\?BU$WDUV{ S�T J
q T EHU$JVUw�r��}"��EHCP]L���NEHG$J�bV?BADADJVb8Z\W[pBJVA[Qµ�*CP?´LNC�EHU�Z T J�WDC�Z\JVG$q T EHU$J�URZmEHgBJH{ S�T WDU�WDU�Z T J�URZmEHgBJ6L T JVG$J
Z T J0bVJVADA�qPG$JVqFEHG$JVUNdr?BG�]PW[pwWDU$WD?BC^?BG�XYW[Z\?BU$WDUV{
å�OPG$WDCPg�Z T JxG$JVURZ\WDCPglq T EHU$J��r�8}eZ T J�qFEHG$JVC�ZªbVJVADADU)gBG$?´L�AhEHG$gBJVGV}�b8Q*Z\?BqPAhEHU$X4WDU7EH]P]PJV]=EHCP]¹?BG��

g�EHCPJVADADJVU_EHG$J�G$JVqPG$?w]POPbVJV]�{ S�T WDUµq T EHU$J�WDUªZ T J�AD?BCPgBJVURZ_?Hd�EHADA�q T EHU$JVU'�NW[Z_b�EHC=ZmEH�HJ�OPq=Z\?½Z\?½è�H
T ?BOPG$UV{ S�T J/CPJ��wZ�q T EHU$JlWDU_Z T JK�Þq T EHU$JH}tL T WDb T b�EHC"ZmEH�HJlEHC�Q*L T JVG$J/drG$?BX�H¼Z\?��H� T ?BOPG$UµZ\?
bV?BXYqPADJ8Z\JH{9æ�CPbVJ6Z T Jd�¹q T EHU$J�WDU�bV?BXYqPADJ8Z\JH}wJ�EHb T b T G$?BXY?BU$?BXYJ6bV?BCPU$WDURZ\Ut?Hd�ZcL�?_U$WDURZ\JVGtb T G$?BXxEnZ\WD]PU
bV?BCPCPJVb8Z\JV]&EnZ)Z T J�bVJVC�Z\G$?BXYJVG$JH{ ² JVqPADWDb�EnZ\WD?BCï?Hd�]PJV?��wQwG$WDM#?BU$JVC*OPbVADJVWDb�EHbVWD] ± å@IKz ³ ?wbVbVOPG$U_EnZ)Z T WDU
URZmEHgBJH{ S�T G$?BOPg T ?BO�Z0Z T Jb���)q T EHU$JµZ T JµbVJVADADU@�HJVJVq·gBG$?´LNWDCPgP}�XxEH�*WDCPg�Z T J_sFCFEHA2qPG$JVqFEHG\EnZ\WD?BCPU�dr?BG
XYW[Z\?BU$WDU ± ?BG�bVJVADA#]PW[pwWDU$WD?BC ³ { S�T WDUtURZmEHgBJ�b�EHC�AhEHURZtOPq�Z\?ªè T ?BOPG$U�B �wë'G�{9å�OPG$WDCPg7XYW[Z\?BU$WDUV}�Z T J�bVJVADADOPAhEHG
bV?BXYq#?BCPJVC�Z\U0EHCP]½Z T J_G$JVqPADWDb�EnZ\JV]½b T G$?BXY?BU$?BXYJVU0EHG$J_]PW[pwWD]PJV]lZ\?^JVCPU$OPG$JµZ T EnZ@J�EHb T ]FEHOPg T Z\JVG@bVJVADA
G$JVbVJVW[pBJVU)JVu*OFEHA2]PWDURZ\G$WDMPO�Z\WD?BC�{ v W[Z\?BU$WDU@WDU@E^U T ?BGRZ)q T EHU$JH}1AhEHURZ\WDCPg^EHM#?BO�Z)�B�^XYWDC*O�Z\JVUV{µkw?BXYJ_bVJVADADU
T E�pBJ0EHC^EH]P]PW[Z\WD?BCFEHAFURZmEHgBJ��*CP?´LNC�EHU�Z T Jp�� ´}w?BG�u*OPWDJVU$bVJVC�ZNq T EHU$JH{9ztZ�Z T WDU�URZmEHgBJ6Z T J6bVJVADA#G$J8drG\EHWDCPU
drG$?BX¾]PW[pwWD]PWDCPg7dr?BGNE_AD?BCPg_q#JVG$WD?w]^?HdeZ\WDXYJH{�z­u*OPWDJVU$bVJVC�Z6bVJVADA
LNWDADA
CPJVJV]�U$?BXYJ@URZ\WDXªOPADWaZ\?µJVC�Z\JVGNZ T J
bVJVADA�b8QwbVADJ ± U$JVJ¡B ë´é*G ³ {,kw?BXYJ�bVJVADADU�XxE�QxCPJ8pBJVGKJVC�Z\JVG�Z T J@u*OPWDJVU$bVJVC�ZKq T EHU$JH}PL T WDADJ�?HZ T JVG$UNADWD�HJ�XxEHC�Q
CPJVGRpBJ)bVJVADADUV}PXxE�Q�URZmE�Q�WDC�W[Ztdr?BGtZ T JVWDG�JVC�Z\WDG$J0ADW[drJ�b8QwbVADJH{
~,Q*Z\?B�*WDCPJVU�EHG$J)qPG$?HZ\JVWDCP?BOPU T ?BG$XY?BCPJVUKU$JVbVG$J8Z\JV]½M�Q�?BCPJ7bVJVADA�dr?BGNZ T J)qPOPG$q#?BU$J7?Hd�b T EHCPgBWDCPgYZ T J

M#J T E�pwWD?BG1?BGeqPG$?Bq#JVGRZ\WDJVU1?HdFW[Z\U$JVA[d�?BGeEHCP?HZ T JVGebVJVADA�{ S�T J,WDXYXªOPCPJ9URQwURZ\JVX OPU$JVU�b8Q*Z\?B�*WDCPJVUeJ��wZ\JVCPU$W[pBJVA[Q
± U$JVJ¢B ëBë£G9EHCP]¤B ë´é�G ³ {_~,Q*Z\?B�*WDCPJVU)EHG$JªOPU$JV]ïM�Q¼|9�cA[QwXYq T ?wb8Q*Z\JVU6Z\?�EHb8Z\W[pHEnZ\J S �cA[QwXYq T ?wb8Q*Z\JVUV{ S�T J
S �cA[QwXYq T ?wb8Q*Z\JVU_bVJVADADUC¥$EnZ$ZmEHbm�(¦ïEHCP]=JVADWDXYWDCFEnZ\JYZ T J�Z\OPXY?BGªbVJVADADUV{ S�T JVG$J�EHG$J�]PW[�
JVG$JVC�Z_ZcQwq#JVUµ?Hd
S bVJVADADUV{^¶·JxLNWDADA2?BCPA[Q¼M#JxbV?BCPU$WD]PJVG$WDCPg�Z T J�b8Q*Z\?HZ\?���WDb S �cbVJVADADUV{ S�T JxZ\OPXY?BG)bVJVADADU7EHADU$? T E�pBJ�Z T J
b�EHqFEHbVW[ZcQµZ\?7]PJ�EHb8Z\W[pHEnZ\JNZ T J6A[QwXYq T ?wb8Q*Z\JVUV{2z6U9Z T JKZ\OPXY?BG,gBG$?´LNU�W[Z,WDCP]POPbVJVU�E)]PJ�EHb8Z\W[pHEnZ\WD?BCY?Hd�Z T J
A[QwXYq T ?wb8Q*Z\JVU�Z T EnZNJVC�Z\JVGKWDC�Z\?_Z T J0bVJVADA�{ S�T WDUNqPG$?wbVJVU$UKWDU�b�EHADADJV]^WDXYXªOPCP?w]PJVqPG$JVU$U$WD?BCCB ë���G�{
~ T JVXY?HZ T JVG\EHq�Q)WDU1?BCPJ,?HdPU$J8pBJVG\EHA*LtE�QwU�?HdPbV?BXªMFEnZ$Z\WDCPgNb�EHCPbVJVG�bVJVADADUV{ S�T JVG$JtEHG$J9ZcL�?6XxEHWDC@ZcQwq#JVU

?Hdeb T JVXY?HZ T JVG\EHq�Q^]PG$OPgBUV{ S�T J�sFG$URZ�ZcQwq#J@WDC�Z\JVGRdrJVG$J�LNW[Z T Z T J�bVJVADADOPAhEHGtEHb8Z\W[pwW[ZcQY?Hd1Z T J�Z\OPXY?BGtbVJVADADU
EHCP]YZ T JKU$JVbV?BCP]xZcQwq#J�EnZ$ZmEHbm�*U9Z T JKZ\OPXY?BG2bVJVADADU9]POPG$WDCPgªE0U$q#JVbVW[sFbKbVJVADAab8QwbVADJH{2jcCYZ T WDU2Z T JVU$WDU9L�JKLNWDADA
M#JKURZ\OP]�QwWDCPg)Z T JKAhEnZ$Z\JVGV{ S�T JK]PG$OPgªi�EHbVADW[ZmE���JVAFWDU,EHCYJ��PEHXYqPADJN?Hd1E0b8QwbVADJKU$q#JVbVW[sFbK]PG$OPgP{2i�EHbVADW[ZmE���JVA
WDUKE_]PG$OPgxOPU$JV]�Z\?µZ\G$J�EnZKMPG$J�EHURZ�}a?´pHEHG$WhEHC�} T J�EH]lEHCP]�CPJVbm��b�EHCPbVJVGV{�kw?BXYJ8Z\WDXYJVU�i�EHbVADW[ZmE���JVA�WDUNOPU$JV]
LNW[Z T ?HZ T JVGN]PG$OPgBUNU$OPb T EHU6ì´��`�o£?BGKå�?���?BG$OPMPWDbVWDC�dr?BGNEnZ$ZmEHbm�*WDCPgYEªpHEHG$WDJ8ZcQ^?Hd�?HZ T JVGNb�EHCPbVJVG$UrB �H��G�{
jcC)G$JVbVJVC�Z1QBJ�EHG$UV}nU$J8pBJVG\EHA*qFEHq#JVG$U T E�pBJ9M#JVJVC)]PJ8pB?HZ\JV]0Z\?�Z T J2qPG$?BMPADJVXYU�?HdwXY?w]PJVADWDCPg�EHCP])EHCFEHA[QwU$WDU

?Hd�Z T JxWDC�Z\JVG\EHb8Z\WD?BC¹M#J8ZcL�JVJVC=b8QwbVADJ�U$q#JVbVW[sFb�]PG$OPgBUV}�Z T JxWDXYXªOPCPJYURQwURZ\JVX EHCP]¹Z\OPXY?BG)bVJVADADUV{½æ�OPG
URZ\OP]�Q½M#JVgBWDCPU6LNW[Z T ZcL�?�?Hd9Z T JVU$JµqFEHq#JVG$UV��§ Å£¨wÍ�ÂDÃ8Ä Â�Çr©ªÅmÃ8Â«ªHÎ�É­¬L®9ÈHÎ
ÇmÅ8Í�®eÁFÅ8ÊxÉnÄ»ÁFÅ8Í$È�Ì#Â�ÅmÃ M�Q v {
f WDADAhEHU\EHCFE^EHCP]�>_{eæ�b T ?�E¯B �wë'G�EHCP] ©0ËnÎ#ÈHÊ_Â�ÇmÃ�°6Î#ÈJ± Ë´Ã8ÂDÃ�ÈHÎ#ÆL²�Â»Ê_Â»Är®�Ë�Ç£±DÅYÂ»Î&Èg©ªÅ£±[ÈHË�Å\Æ�³ïÉ�Æ*Å£±
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¬�ÉnÍ�À1¨wÊxÉnÍ¡´tÍ\É*µ2Ä»Á&µ2Â»Ä»Á·¶¸¨wÂ�ÅmÃ´ÇmÅ8Î
ÇmÅ M�Q ² {1¹�EnsaE&B �B��G�{KzKd»Z\JVGNL�Jª]PWDU$bVOPU$UKZ T JªEHM#?´pBJªqFEHq#JVG$UKL�J
LNWDADA
WDC�Z\G$?w]POPbVJ)E_CPJ8L­XY?w]PJVA
L T WDb T bV?BXªMPWDCPJVU�qFEHGRZ\U�drG$?BX¾J�EHb T XY?w]PJVA�{

Y$Z�º [ »L¼&jbces¾½¿ai_gf'aih j$kÁÀ]adÂ'oiÃÄÀÅf£Æ·adc�ad\�s�f'orÂKor\KÇÈ»�ad\Kqef£s�f£_�Éf£sÊÃPËmÌ�Í&o�s�f'jb\Kq
å�W[�
JVG$JVC�Z\WhEHA#JVu*OFEnZ\WD?BCPU T E�pBJ0AD?BCPg7M#JVJVC�OPU$JV]�Z\?_XY?w]PJVAapHEHG$WD?BOPUtbVJVADA
q#?BqPOPAhEnZ\WD?BCPUV{�jcC^XxEHC�Q�b�EHU$JVU
?BG$]PWDCFEHGRQ7]PW[�
JVG$JVC�Z\WhEHAPJVu*OFEnZ\WD?BCPU ± æ@å@þ2U ³ EHG$J�Z T J�URZmEHGRZ\WDCPg@q#?BWDC�Z9WDCªZ T JNXY?w]PJVADWDCPg6qPG$?wbVJVU$UV{�¶ T JVC
Z\WDXYJ_]PJVAhE�QwU ± ]POPJµZ\?^drJVJV]PMFEHbm�a}�bVJVADADU@]PW[pwWDU$WD?BClZ\WDXYJ_AhEHgBUV}�J8Z\bH{ ³ M#JVbV?BXYJµWDXYq#?BGRZmEHC�Z�}
Z T JVC·]PJVAhE�Q
]PW[�
JVG$JVC�Z\WhEHA1JVu*OFEnZ\WD?BCPU�M#JVbV?BXYJªExCFEnZ\OPG\EHAeZ\?w?BA�dr?BG6XY?w]PJVADWDCPgYWDC�Z T JªADW[drJ)U$bVWDJVCPbVJVUV{0`F?BGKJ��PEHXYqPADJH}
Z T J�bVAhEHU$U$WDb�qPG$JV]FEnZ\?BG��cqPG$J8Q^æ@å@þ�XY?w]PJVA#U$OPgBgBJVURZ\JV]�M�Q���?HZ\�nEªEHCP] f ?BA[Z\JVG$G\E7WDCxZ T Jªë´é��H�Fz U T EHUtZ T J
dr?BG$X Î�Ï

±ÑÐ ³Î Ð:ÒÔÓ �
Ï
±ÑÐ ³ {·Õ'� Ï ±ÑÐ ³­Ö ±ÑÐ ³ ± ëB{[ë ³Î Ö ±ÑÐ ³Î Ð Ò { Ó � Ö ±ÑÐ ³Ê× Õx�

Ï
±ÑÐ ³­Ö ±ÑÐ ³ E ± ëB{ü� ³

LNW[Z T WDCPW[Z\WhEHA#bV?BCP]PW[Z\WD?BCPU Ï
± � ³ Ò

Ï  6E Ö ± � ³ Ò Ö  ØE ± ëB{ � ³
L T JVG$J

Ï
±ÑÐ ³ G$JVqPG$JVU$JVC�Z\U7Z T Jµq#?BqPOPAhEnZ\WD?BC½?Hd�qPG$J8QïEHCP] Ö ±ÑÐ ³ Z T Jµq#?BqPOPAhEnZ\WD?BC½?Hd�qPG$JV]FEnZ\?BG$U7EnZ@Z\WDXYJÐ EHCP] Ó ��E Ó �6ExÕ'��ExÕx��EHG$Jlq#?BU$W[Z\W[pBJ/bV?BCPURZmEHC�Z\UV{ j(d)?BCPJlbV?BCPU$WD]PJVG$U�Z T J/d EHb8ZxZ T EnZ�E·b T EHCPgBJ½WDC"Z T Jq#?BqPOPAhEnZ\WD?BC¿?Hd7Z T JïqPG$J8Q¿LNWDADA@CP?HZ�WDXYXYJV]PWhEnZ\JVA[Q"En�
JVb8Z�Z T Jïq#?BqPOPAhEnZ\WD?BC¿?Hd7Z T JïqPG$JV]FEnZ\?BG$U/EHCP]

bV?BC�pBJVG$U$JVA[QB}
Z T JVC�Z T J7URQwURZ\JVX ± ëB{[ë ³ � ± ëB{ü� ³ M#JVbV?BXYJVU�EY]PJVAhE�Q�]PW[�
JVG$JVC�Z\WhEHA�JVu*OFEnZ\WD?BC ± å@å@þ ³ ?Hd�Z T J
dr?BG$X Î�Ï

±ÑÐ ³Î Ð:ÒÔÓ �
Ï
±ÑÐ ³ {ÁÕ'� Ï ±ÑÐ ³­Ö ±ÑÐ {¯Ù*� ³ ± ëB{ è ³Î Ö ±ÑÐ ³Î Ð Ò { Ó � Ö ±ÑÐ ³Ê× Õx�

Ï
±ÑÐ {·ÙØ� ³­Ö ±ÑÐ ³ E ± ëB{üì ³

LNW[Z T WDCPW[Z\WhEHA#bV?BCP]PW[Z\WD?BCPUÏ
± � ³ Ò

Ï  6E Ï ±ÛÚ ³ ÒÔÜ ±ÛÚ ³ E Ö ± � ³ Ò Ö   Ö ±ÛÚ ³ ÒÔÝ ±ÛÚ ³ E�{wÞ¢ß Ú ß � ± ëB{ ê ³
L T JVG$J�Ù*��à �YEHCP]gÙØ��à¿�YEHG$J@Z\WDXYJ�]PJVAhE�QwUKEHCP]�Z T J0drOPCPb8Z\WD?BCPU Ü ±­á ³ EHCP] Ý ±­á ³ EHG$J�Z T J)WDCPW[Z\WhEHA#qFEHURZT WDURZ\?BGRQxdrOPCPb8Z\WD?BCPUV{
å�OPG$WDCPg^Z T JµqFEHURZ0Z T WDGRZcQ/QBJ�EHG$U0L�J T E�pBJYU$JVJVCïZ T Jµ]PJ8pBJVAD?BqPXYJVC�Z)?HdtE^d EHWDG$A[Q�bV?BXYqPADJ8Z\JªZ T JV?BGRQ

dr?BGNJ���WDURZ\JVCPbVJH}#OPCPWDu*OPJVCPJVU$UV}#bV?BC�Z\WDC*OP?BOPUK]PJVq#JVCP]PJVCPbVJH}
URZmEHMPWDADW[ZcQ�EHCP]/C*OPXYJVG$WDb�EHA�EHqPqPG$?���WDXxEnZ\WD?BC^?Hd
U$OPb T URQwURZ\JVXYUV{ S�T JµG$J8drJVG$JVCPbVJVU7U$JVJ&B é*G,EHCP]IB ë´��G9qPG$?´pwWD]PJ_Z T JµMFEHU$WDbµMFEHbm�*gBG$?BOPCP]·CPJVJV]PJV]·WDC½Z T WDU
Z T JVU$WDU�EHCP] T JVCPbVJKL�JKU T EHADAFCP?HZ�EnZ$Z\JVXYq�Z9Z\?)G$J8pwWDJ8L¸EHADA�Z T WDU9XxEnZ\JVG$WhEHA�{�¶·JKU T EHADAaEHADU$?0M#JKWDC�Z\JVG$JVURZ\JV]
WDC½U$JVCPU$W[Z\W[pwW[ZcQlEHCP]½pHEHG$WhEnZ\WD?BCFEHA1JVu*OFEnZ\WD?BCPU ± U$JVCPU$W[Z\W[pwW[ZcQ/JVu*OFEnZ\WD?BCPU�dr?BG6Z T J_WDCPW[Z\WhEHA1]FEnZmE ³ dr?BG@å@å@þ
URQwURZ\JVXYUV{9z6A[Z T ?BOPg T U$JVCPU$W[Z\W[pwW[ZcQ_LNW[Z T G$JVU$q#JVb8ZtZ\?7gBJVCPJVG\EHA#WDCPW[Z\WhEHAP]FEnZmE)G$JVu*OPWDG$JVU�Z T JKOPU$J�?Hd1`FG
âJVb T J8Z
]PJVG$W[pHEnZ\W[pBJVUV}�L�J_LNWDADAedr?wbVOPU@?BC½Z T J_U$q#JVbVWhEHA�b�EHU$J_L T JVG$J_Z T JµWDCPW[Z\WhEHA�drOPCPb8Z\WD?BCPU0EHG$J_bV?BCPURZmEHC�Z ± JH{ gP{[}
WDCYZ T J�qPG$J8pwWD?BOPU�JVu*OFEnZ\WD?BCPU Ü ±­á ³�ã

Ï  �EHCP] Ý ±­á ³�ãÔÖ   ³ {�jcC�Z T WDU,b�EHU$J6Z T J�U$JVCPU$W[Z\W[pwW[ZcQYJVu*OFEnZ\WD?BCPUtEHG$JJ�EHU$WDJVG2Z\?)]PJVG$W[pBJKEHCP]YZ\?0U$WDXªOPAhEnZ\JH{ S�T OPUV}*L�JKbV?BCPU$WD]PJVG�E0URQwURZ\JVX�?Hdåä�]PJVAhE�Q_]PW[�
JVG$JVC�Z\WhEHAFJVu*OFEnZ\WD?BCPU
LNW[Z T ?BCPJ0]PJVAhE�Q�Ùrà¿�µEHCP]�bV?BCPURZmEHC�ZKWDCPW[Z\WhEHA#]FEnZmE_?HdeZ T J@dr?BG$XæÏ ±ÑÐ ³ ÒÔç ±ÑÐ E

Ï
±ÑÐ ³ E Ï ±ÑÐ {·Ù ³ Eéè ³ E Ï ±ÛÚ ³�ã Ï  6E�{wÞ¢ß Ú ß �FE ± ëB{ü� ³
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L T JVG$Jiè0WDU,E0pBJVb8Z\?BG�?Hd�qFEHG\EHXYJ8Z\JVG$U�EHCP] Ï  tWDU�E@pBJVb8Z\?BG�?Hd�WDCPW[Z\WhEHAwpHEHADOPJVUV{2�KJVG$J ç �(êìëbêiípëbêiípëêiîðïAêií T EHU�Z T J@dr?BG$X
ç ±ÑÐ E
Ï ExñFEéè ³ Ò B ç � ±ÑÐ E

Ï ExñFEéè ³ E ç � ±ÑÐ E
Ï ExñFEéè ³ Exò Î(ó ÐôÚ E ç í ±ÑÐ E

Ï ExñFEéè ³ G«õ�E
L T JVG$J ç6ö �(êUë&êiíbë&êií$ëKêiîðïAêýEHG$J0G$J�EHA �(pHEHADOPJV]�{jcC_?BG$]PJVGeZ\?�]PJ8sFCPJtZ T J�U$JVCPU$W[Z\W[pwW[ZcQ)LNW[Z T G$JVU$q#JVb8Z2Z\?@EHCªWDCPW[Z\WhEHA�bV?BCP]PW[Z\WD?BC�}�L�JtADJ8Z

Ï
±ÑÐ E Ï   ³ ]PJVCP?HZ\J

Z T J0U$?BADO�Z\WD?BC�Z\?µJVu*OFEnZ\WD?BC ± ë�Dü� ³ ?BC��$÷ Ð ßðø){2z6U$U$OPXYJ0Z T EnZ�Z T J0WDCPW[Z\WhEHAapBJVb8Z\?BGKWDU�gBW[pBJVC�M�QÏ   ÒÔù�Ò B ù �£E ù �ØEØDØDØD'E ù í G«õ
EHCP]�?BCPJ0WDU�WDC�Z\JVG$JVURZ\JV]�WDC^Z T J0U$JVCPU$W[Z\W[pwW[ZcQ^]PJ8sFCPJV]/M�Q

ú Ï ±ÑÐ E Ï   ³ú ùxû ü Ú û ±ÑÐ E ù ³ D ± ëB{ H ³
j(ZªWDU7URZ\G\EHWDg T Z)dr?BGRLtEHG$]·Z\?lU T ?´L�Z T EnZ ± LNW[Z T EHqPqPG$?BqPG$WhEnZ\JxEHU$U$OPXYq�Z\WD?BCPU7?BC ç ±ÑÐ E

Ï ExñFEéè ³ Z T EnZ7Z T J
U$JVCPU$W[Z\W[pwW[ZcQ Ú û ±ÑÐ E ù ³ U\EnZ\WDURsFJVUNZ T J0ADWDCPJ�EHGt]PJVAhE�Q�]PW[�
JVG$JVC�Z\WhEHA�JVu*OFEnZ\WD?BCæÚ ö ±ÑÐ E ù ³ Ò B ç6ý ±ÑÐ E

Ï
±ÑÐ ³ E Ï ±ÑÐ {¯Ù ³ Eéè ³ G Ú û ±ÑÐ E ù ³ ± ëB{ é ³× B ç�þ ±ÑÐ E
Ï
±ÑÐ ³ E Ï ±ÑÐ {·Ù ³ Eéè ³ G Ú û ±ÑÐ {·Ù�E ù ³ E

LNW[Z T WDCPW[Z\WhEHA#bV?BCP]PW[Z\WD?BC Ú û ±ÛÚ E ù ³�ã ÿ û E�{wÞ¢ß Ú ß �FE ± ëB{[ë´� ³
L T JVG$J ÿ û WDUxZ T JlURZmEHCP]FEHG$]¿OPCPW[ZxpBJVb8Z\?BGCB �FEm�FE�DØDØD'E�ë�EdDØDØDØEm�*G õ LNW[Z T E ëlWDC"Z T J ����� U$AD?HZ^EHCP]¸�JVADU$J8L T JVG$JH{,�KJVG$JH} B ç6ý ±ÑÐ E

Ï
±ÑÐ ³ E Ï ±ÑÐ {gÙ ³ Eéè ³ G�EHCP]�B ç�þ ±ÑÐ E

Ï
±ÑÐ ³ E Ï ±ÑÐ {gÙ ³ Eéè ³ G�EHG$JKZ T J y EHbV?BMPWhEHCxXxEnZ\G$WDbVJVU

?Hd�qFEHGRZ\WhEHA
]PJVG$W[pHEnZ\W[pBJVUNJ8pHEHADOFEnZ\JV]�EnZ ±ÑÐ E Ï ±ÑÐ ³ E Ï ±ÑÐ {·Ù ³ Eéè ³ {
¶·J½U T EHADA�OPU$J½Z T J v z S ��z�| õ�� qFEHbm�nEHgBJïå@å@þ,�H�ïZ\?=U$WDXªOPAhEnZ\J�Z T J½]PJVAhE�Q¿EHCP]¸U$JVCPU$W[Z\W[pwW[ZcQ

JVu*OFEnZ\WD?BCPUV{9å�J8ZmEHWDADU,?Hd·å@å@þ,�H�7XxE�QYM#J6dr?BOPCP]^WDCxZ T J@EHGRZ\WDbVADJ	� É*±�
´Â»Î
ª�©p©
�9Ã�Â»ÎL³L°)ÀÊ² °�� M�Q^�2{
`�{ek T EHXYqPWDCPJH}�k#{ S�T ?BXYqPU$?BCïZ T EnZ7EHqPq#J�EHG$JV]¹WDCïz6qPqPADWDJV]ïIKOPXYJVG$WDb�EHA v EnZ T JVXxEnZ\WDbVUV} ��� ± �H�B��ë ³ }
èBèPë��wè*ìJH ± U$JVJ�B ë6H*G ³ {�¶·J�CP?HZ\JtZ T EnZ9WDC_U$?BXYJ�b�EHU$JVU2Z T WDU�U$?Hd»ZcLtEHG$JNb�EHCYqPG$?w]POPbVJ�CPJVg�EnZ\W[pBJ�b�EHCPbVJVG9bVJVADA
bV?BOPC�Z\U)]POPJ_Z\?�C*OPXYJVG$WDb�EHA�JVG$G$?BG$UV{ S�T WDU0qPG$?BMPADJVXâEHADU$?�?wbVbVOPG$U0WDC¼?BG$]PWDCFEHGRQl]PW[�
JVG$JVC�Z\WhEHA�JVu*OFEnZ\WD?BC
U$?BA[pBJVG$U9EHCP]µU T ?BOPAD]_M#JtbV?BCPU$WD]PJVG$JV]µL T JVCµOPU$WDCPg@?H�a�(Z T J��cU T JVA[d#qFEHbm�nEHgBJVUV{�¶·JtLNWDADAw]PWDU$bVOPU$U�Z T WDU�WDU$U$OPJ
EHg�EHWDC¼WDC¼Z T JYbV?BCPbVADOPU$WD?BCïU$JVb8Z\WD?BC�{ �K?´L�J8pBJVGV}2EHADA�Z T JYC*OPXYJVG$WDb�EHA2G$JVU$OPA[Z\U)qPG$JVU$JVC�Z\JV] T JVG$JYURZmE�QBJV]
L�JVADA�LNW[Z T WDC^J���q#JVb8Z\JV]/pHEHADOPJVUtdr?BGtZ T J0WDCPW[Z\WhEHA#bV?BCP]PW[Z\WD?BCPU�bV?BCPU$WD]PJVG$JV]�WDC^Z T WDU�qFEHq#JVGV{
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jcC·Z T WDU7b T EHq�Z\JVG7L�J�qPG$?´pwWD]PJxZ T G$JVJ�XY?w]PJVADU0dr?BG)MPG$J�EHURZ_b�EHCPbVJVGV{ S�T JxsFG$URZ_XY?w]PJVA9bV?BXYJVU)drG$?BX E
U$JVG$WDJVU_?HdKqFEHq#JVG$UµM�Q v { f WDADAhEHU\EHCFE�}2>_{9æ�b T ?�E½EHCP]=z7{ ² EH]POPCPU$�nE�Q�E�{ S�T JVWDGªXY?w]PJVA,dr?wbVOPU$JVUµ?BC
Z T J@J8�
JVb8ZN?HdeEªb8QwbVADJ@U$q#JVbVW[sFb@]PG$OPg_?BC^qPG$?BADW[drJVG\EnZ\WDCPg)Z\OPXY?BG�bVJVADADUtEHCP]�b8Q*Z\?HZ\?���WDb S �cbVJVADADU ± U$JVJbB ë´é*G�}B �H�*G�EHCP]ÁB �wë'G ³ {��K?´L�J8pBJVGV}�Z T Jªu*OPWDJVU$bVJVC�Z@bVJVADADU�EHG$J7WDgBCP?BG$JV]/WDC/Z T JVU$JªqFEHq#JVG$UV{ S�T JªU$JVbV?BCP]¼XY?w]PJVA
bV?BXYJVUµdrG$?BX Z T J/qFEHq#JVG&B �B��GKM�Q·¹�EnsaE·EHCP]"bV?BCPU$WD]PJVG$UYZ T J�WDC�Z\JVG$bV?BCPCPJVb8Z\JV]¿gBG$?´L�Z T qFEnZ$Z\JVG$CPUY?Hd
M#?HZ T qPG$?BADW[drJVG\EnZ\WDCPg/EHCP]�u*OPWDJVU$bVJVC�ZµbVJVADADUV{½|tEHU$JV]=?BC=E/bV?BXªMPWDCFEnZ\WD?BC¹EHCP]¹XY?w]PW[sFb�EnZ\WD?BCï?HdNZ T JVU$J
ZcL�?·XY?w]PJVADUV}2L�J�dr?BG$XÖE¼CPJ8L XY?w]PJVA�EHCP]&Z T JVC&OPU$J�Z T WDUµCPJ8L XY?w]PJVA�Z\?·EHCFEHA[Qw�VJ^Z T J�J8�
JVb8ZY?Hd
i�EHbVADW[ZmE���JVA�?BC=qPG$?BADW[drJVG\EnZ\WDCPgP}�u*OPWDJVU$bVJVC�ZxEHCP]=WDXYXªOPCPJ�bVJVADADUV{ S�T WDUµEHCFEHA[QwU$WDUªWDUª?BCPJ^?HdNZ T J�XxEHWDC
bV?BC�Z\G$WDMPO�ZmEnZ\WD?BCPU�?HdeZ T WDUtZ T JVU$WDUV{

º�Z6Y � jLÇ&adÂ�Y�� � jLÇ&adÂ¿j$k��¤Í��Äjbc tuadÂØÂØq ÀÅÍKc�fØ\�� � f£sejbqefØqor\KÇ ��\�seadc"!K¼&orq/a
~�JVADAPgBG$?´L�Z T ?Hd#pHEHG$WD?BOPU�ZcQwq#JVU9?Hd
bVJVADADUV}HL T J8Z T JVG2Z T J8Q_M#J�WDXYXªOPCPJtbVJVADADU�?BG�QBJ�EHURZ,bVJVADADU T E�pBJNbVJVGRZmEHWDC
drJ�EnZ\OPG$JVU1WDC@bV?BXYXY?BC�{ S�T JVG$J8dr?BG$JH}HE�XxEnZ T JVXxEnZ\WDb�EHAnXY?w]PJVAH?HdPEtqFEHGRZ\WDbVOPAhEHG�bVJVADAHgBG$?´L�Z T XxE�Q�M#J2OPU$JV]
Z\?xXY?w]PJVA�?HZ T JVGNZcQwq#JVU�?Hd�bVJVADA1gBG$?´L�Z T }#qPG$?´pwWD]PJV]lU$?BXYJ)MFEHU$WDb0b T EHCPgBJVU�b�EHC/M#J)XxEH]PJH{�jcC/gBJVCPJVG\EHA�}
XxEHC�Q¹?HdKZ T JVU$J�XY?w]PJVADUªADJ�EH]¹Z\?¼?BG$]PWDCFEHGRQ¹]PW[�
JVG$JVC�Z\WhEHAtJVu*OFEnZ\WD?BCPU ± æ@å@þ2U ³ L T WDb T EHU$U$OPXYJ�AhEHG$gBJ
q#?BqPOPAhEnZ\WD?BCPU�?Hd1bVJVADADUV{ S�T WDUtWDUtEªG$J�EHU$?BCFEHMPADJ@EHU$U$OPXYq�Z\WD?BC�dr?BG,Z T J@b�EHCPbVJVG�XY?w]PJVADU�bV?BCPU$WD]PJVG$JV] T JVG$JH{
z6A[Z T ?BOPg T ]PW[�
JVG$JVC�Z\WhEHA1JVu*OFEnZ\WD?BCPU@EHU$U$OPXYJ7bV?BC�Z\WDC*OP?BOPU ± WDC/Z\WDXYJ ³ drOPCPb8Z\WD?BCPU�EHCP]lbVJVADADOPAhEHGK]PW[pwWDU$WD?BC
WDUKEµ]PWDU$bVG$J8Z\J)qPG$?wbVJVU$UV}
æ@å@þ2UK?Hd»Z\JVC�b�EHq�Z\OPG$J)XxEHC�Q^?Hd�Z T J)WDXYq#?BGRZmEHC�ZtdrJ�EnZ\OPG$JVUK?Hd�bVJVADA�]PW[pwWDU$WD?BC�WDC
AhEHG$gBJ@bVJVADA�q#?BqPOPAhEnZ\WD?BCPUV{9`F?BG�J��PEHXYqPADJH}�Z T J0dr?BADAD?´LNWDCPgªXY?w]PJVA�WDUKE_URQwURZ\JVX�?Hd�?BG$]PWDCFEHGRQ�]PW[�
JVG$JVC�Z\WhEHA
JVu*OFEnZ\WD?BCPU9Z T EnZ�EHG$JK?Hd»Z\JVCxOPU$JV]xZ\?)]PJVU$bVG$WDM#JVU�A[QwXYq T ?wb8Q*Z\JN]PW[pwWDU$WD?BC�{�`F?BG � Ò ë�E��
EØDØDØD£E$#�}*ADJ8Z&% û ±ÑÐ ³M#J)Z T Jªq#?BqPOPAhEnZ\WD?BC�?Hd9A[QwXYq T ?wb8Q*Z\JVU�EnZ6Z\WDXYJ Ð }
End»Z\JVG � ]PW[pwWDU$WD?BCPUV{Kj(d(' û ]PJVCP?HZ\JVU6Z T JªG\EnZ\J7?Hd2bVJVADAqPG$?BADW[drJVG\EnZ\WD?BC�EHCP]*) û ]PJVCP?HZ\JVUNZ T J0G\EnZ\J0?Hd�bVJVADA�]PJ�EnZ T }PZ T JVC�?BCPJ0WDU�ADJ�EH]^Z\?_Z T J0URQwURZ\JVXÎ %�  ±ÑÐ ³Î Ð Ò { ± '�  × )�  ³ %�  ±ÑÐ ³ ± �w{[ë ³Î % û ±ÑÐ ³Î Ð Ò �+' û-, �.% û-, � ±ÑÐ ³ { ± ' û × ) û ³ % û ±ÑÐ ³ E � Ò ë�E��
EØD«D«D«E$#FD ± �w{ü� ³
|,Q·EH]�í$OPURZ\WDCPg�Z T JxqFEHG\EHXYJ8Z\JVG$UV}eZ T WDU)XY?w]PJVA9b�EHC·M#JxOPU$JV]·dr?BG)XxEHC�Q½ZcQwq#JVUª?Hd�bVJVADA9gBG$?´L�Z T { S�T J
Z\JVG$XYU0WDC�pB?BA[pwWDCPg��+' û-, �6WDC¼JVu*OFEnZ\WD?BCPU ± �w{ü� ³ ?wbVbVOPG0M#JVb�EHOPU$JY]POPG$WDCPg�XYW[Z\?BU$WDU@E^bVJVADA�LNWDADA�U$qPADW[Z0WDC�Z\?ZcL�?7CPJ8L¿bVJVADADUV{2�K?´L�J8pBJVGV}�U$WDCPbVJKbVJVADAF]PW[pwWDU$WD?BCµWDU,E0]PWDU$bVG$J8Z\JKqPG$?wbVJVU$UV}*Z T JVG$JKWDU,E0]PWDU$bVG$J8Z\JNZ\WDXYJ�]PJVAhE�Q

ì
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M#J8ZcL�JVJVClZ T J0Z\WDXYJ0EµbVJVADA1WDUNM#?BG$ClEHCP]�L T JVClW[ZK]PW[pwWD]PJVUV{�z6UKL�J)XYJVC�Z\WD?BCPJV]lEHM#?´pBJH}aW[ZKXYWDg T Z�ZmEH�HJ
]FE�QwU_dr?BG_ElbVJVADA�Z\?½URZmEHGRZµ]PW[pwWD]PWDCPgP{ S�T WDUªZ\WDXYJx]PJVAhE�Q T EHU_M#JVJVC&WDCPbV?BG$q#?BG\EnZ\JV]¹WDC�XxEHC�Q¹XY?w]PJVADU
L T WDb T EHg�EHWDC^ADJ�EH]PU�Z\?YXY?w]PJVADU�gB?´pBJVG$CPJV]/M�Q�]PJVAhE�Q^]PW[�
JVG$JVC�Z\WhEHA�JVu*OFEnZ\WD?BCPUV{�z CPWDbVJ0bV?BXYqFEHG$WDU$?BC^?Hd
bVJVADA�gBG$?´L�Z T XY?w]PJVADU�MFEHU$JV]l?BC�?BG$]PWDCFEHGRQ^]PW[�
JVG$JVC�Z\WhEHA�JVu*OFEnZ\WD?BCPU6EHCP]/]PJVAhE�Q^]PW[�
JVG$JVC�Z\WhEHA�JVu*OFEnZ\WD?BCPU
± å@å@þ2U ³ b�EHC�M#J@dr?BOPCP]�WDCCB ��G�{
jcC �H�B��ë v { f WDADAhEHU\EHCFE·B ë´é�G�]PJ8pBJVAD?Bq#JV]"E½XY?w]PJVA�?HdKZ T J�WDC�Z\JVG\EHb8Z\WD?BCPUªM#J8ZcL�JVJVC"qPG$?BADW[drJVG\EnZ\WDCPg

Z\OPXY?BG0bVJVADADUV}1]PG$OPgBU7EHCP]ïZ T JYWDXYXªOPCPJ_URQwURZ\JVX�{ S�T WDU)XY?w]PJVA�LtEHU7EHADU$?�OPU$JV]ïZ\?/]PJ8pBJVAD?Bq·?Bq�Z\WDXxEHA
]PG$OPg^Z\G$J�EnZ\XYJVC�Z0URZ\G\EnZ\JVgBWDJVUV{ªjcC·�H�B�B��} f WDADAhEHU\EHCFExEHCP] ² EH]POPCPU$�nE�Q�E¯B �H��G2OPU$JV]·E^U$WDXYWDAhEHG6å@å@þ¿Z\?
XY?w]PJVA�Z\?�EHCFEHA[Qw�VJ0Z T J7URZmEHMPWDADW[ZcQ^?Hd2U$OPb T URQwURZ\JVXYUV{KjcC¼�H�B�Hè f WDADAhEHU\EHCFEµEHCP]½æ�b T ?�EKB �wë£G�J��wZ\JVCP]PJV]
EHCP]=WDXYqPG$?´pBJV]¹Z T JVU$J�WDCPW[Z\WhEHA2XY?w]PJVADU_EHCP]�qPG$?´pwWD]PJV]=qFEHG\EHXYJ8Z\JVGªJVURZ\WDXxEnZ\JVU_CPJVJV]PJV]=Z\?½bV?BCPURZ\G$OPb8Z
]PG$OPg)Z\G$J�EnZ\XYJVC�ZtURZ\G\EnZ\JVgBWDJVUV{�z6ADAF?Hd�Z T JVU$J�G$JVU$OPA[Z\U�EHG$J6MFEHU$JV]�?BCxXY?w]PJVADU2Z T EnZ�WDgBCP?BG$JNZ T JKu*OPWDJVU$bVJVC�Z
bVJVADADUNEHCP]�ADJ�EH]^Z\?�¥R?Bq�Z\WDXxEHA#MFEHCPgn�cMFEHCPg�¦_ZcQwq#JVUN?Hd�bV?BC�Z\G$?BADUV{ S�T JVU$J)XY?w]PJVADU�EHG$J@G$JVAhEnZ\W[pBJVA[QxU$WDXYqPADJ
MPO�Z@Z T J8Q½qPG$?w]POPbVJ_G$JVU$OPA[Z\U@Z T EnZ0EHG$J_WDCP]PWDb�EnZ\W[pBJª?Hd,G$J�EHADWDURZ\WDb7b�EHCPbVJVG0gBG$?´L�Z T {ªz6ADU$?P}
Z T JVU$JµXY?w]PJVADU
WDCPbV?BG$q#?BG\EnZ\JªZ T Jµ]PJ�EHb8Z\W[pHEnZ\WD?BC¼?HdtWDXYXªOPCPJªbVJVADADU0M�Q½Z\OPXY?BG@bVJVADADUV}1E�bV?BCPbVJVq�Z)sFG$URZ7WDC�Z\G$?w]POPbVJV]ïM�Q
� OP�VCPJ8Z\U$?´p�EHCP] S E�QwAD?BG�WDC¼ë´éBéHè¢B ë��6G�{9z6UNCP?HZ\JV]�WDC^Z T JVU$J)qFEHq#JVG$UV}FJ���bVADOP]PWDCPg_Z T J0u*OPWDJVU$bVJVC�Z�URZmEHgBJ
XxE�Q&M#J/Z\?w?·XªOPb T ?Hd)E·U$WDXYqPADW[sFb�EnZ\WD?BC�{¸IKJ8pBJVGRZ T JVADJVU$UV}6XªOPb T b�EHC¿M#J/ADJ�EHG$CPJV] drG$?BXØURZ\OP]�QwWDCPg
f WDADAhEHU\EHCFE0EHCP]^æ�b T ?�EFz U�XY?w]PJVA/B �wë'G�{�¶·J6OPU$JKZ T WDU,XY?w]PJVA#EHUtE)URZmEHGRZ\WDCPg)q#?BWDC�Z�WDCµZ T J6]PJ8pBJVAD?BqPXYJVC�Z
?HdeZ T J0CPJ8L­XY?w]PJVA�M#JVAD?´L0{
`F?BG T WDg T G$WDU$�lL�?BXYJVC�}1Z T JVG$J�EHG$JYE�C*OPXªM#JVG)?Hd�EHC�Z\W �cJVURZ\G$?BgBJVCï]PG$OPgBU0Z T EnZ7bVO�Z7]P?´LNCïZ T JYWDCw�

bVWD]PJVCPbVJ/?Hd�MPG$J�EHURZxb�EHCPbVJVGV{ æ�CPJ/?Hd6Z T JVU$J/]PG$OPgBUV} S EHXY?���W[drJVC�} T EHUYM#JVJVC U T ?´LNC"Z\?ïG$JV]POPbVJ/Z T J
C*OPXªM#JVGt?HdeMPG$J�EHURZ�b�EHCPbVJVG�b�EHU$JVU�WDC T WDg T G$WDU$�µL�?BXYJVC^M�Q�CPJ�EHG$A[Q T EHA[d�{�z6CP?HZ T JVGt]PG$OPgP} ² EHAD?���W[drJVCPJH}
WDUNJ8�
JVb8Z\W[pBJ7WDC�G$JV]POPbVWDCPgYZ T J)G$WDU$��?Hd�MPG$J�EHURZ�b�EHCPbVJVGKWDC�q#?BURZ\XYJVCP?BqFEHOPU\EHA�L�?BXYJVC/M#JVb�EHOPU$J)Z T J)G$WDU$�
?Hd�MPG$J�EHURZ�b�EHCPbVJVG�WDCPbVG$J�EHU$JVU,]PG\EHXxEnZ\WDb�EHADA[QªEHU9L�?BXYJVCxgBJ8Z,?BAD]PJVGV{9~�OPG$G$JVC�Z\A[QB}*Z T JVG$J6EHG$JKXxEHC�Q_]PG$OPgBU
Z T EnZ)EHG$JªM#JVWDCPg�Z\JVURZ\JV]ïWDC T ?Bq#JVU0?Hd T E�pwWDCPg^gBG$J�EnZ\JVG@J8çYb�EHb8Q½MPO�Z0qPG$?w]POPbVWDCPg�ADJVU$U@U$WD]PJªJ8�
JVb8Z\U@dr?BG
Z T J0qFEnZ\WDJVC�Z�B ë'G�{9z­M#J8Z$Z\JVGNOPCP]PJVG$URZmEHCP]PWDCPgY?Hd�b�EHCPbVJVGKU T ?BOPAD]�EHWD]^Z T WDU�qPG$?BgBG$JVU$UV{
i�EHbVADW[ZmE���JVA�WDUKEµb8QwbVADJ)U$q#JVbVW[sFb0]PG$OPgYZ T EnZNZmEHG$gBJ8Z\U�Z T Jr�e�cq T EHU$JH{��K?´L�J8pBJVGV}#Z T J)]PG$OPgYqPG$?w]POPbVJVU

CP?µpwWDU$WDMPADJ�J8�
JVb8Z6OPC�Z\WDA�XYW[Z\?BU$WDUV{9~,QwbVADJ)U$q#JVbVW[sFb0]PG$OPgBUKEHG$J0bV?BXYXY?BCPA[QxOPU$JV]lEHCP]�OPU$OFEHADA[Q�WDC�Z\JVGRdrJVG$J
LNW[Z T XYW[Z\?BU$WDU2M�QYWDC T WDMPW[Z\WDCPg6Z T J6bVJVADAFdrG$?BX!qPG$?BADW[drJVG\EnZ\WDCPgP{ S�T WDU,XY?w]PJVAPZmEH�HJVUtWDC�Z\?7EHbVbV?BOPC�Z�Z T JNd EHb8Z
Z T EnZ�]PG$OPgBU�CP?HZN?BCPA[Qx�*WDADAaZ T J�Z\OPXY?BGtbVJVADADUtMPO�Z�LNWDADA
EHADU$?ª�*WDADA
U$?BXYJ�?Hd1Z T J@WDXYXªOPCPJ6URQwURZ\JVXgz UKbVJVADADUV{
S�T JµXY?w]PJVA�EHADU$?�EHU$U$OPXYJVU@Z T EnZ�Z T J_]PG$OPg^LNWDADA�EHG$G$JVURZ@Z T JªZ\OPXY?BG�bVJVADADU6Z T EnZ0EHG$J_WDClXYW[Z\?BU$WDUV{ S�T J
G$JVU$WD]PJVC�Z7Z\WDXYJµ?HdtbVJVADADU)WDCïWDC�Z\JVG$q T EHU$JxWDU0]PJVCP?HZ\JV]¹M�Q�Þ�EHCP]·WDU0WDC·]FE�QwUV{�z6ADU$?P}1L T WDADJ_Z T JYZ\OPXY?BG
bVJVADADU,EHG$JKWDCYWDC�Z\JVG$q T EHU$JKZ T J8QxEHG$J6EnZ$ZmEHbm�HJV]�M�Qxi�EHbVADW[ZmE���JVAFMPO�Z�Z T J8QY]P?wJVU,CP?HZ�]PWDJNOPC�Z\WDAFZ T J8QxEHG$JKWDC
XYW[Z\?BU$WDU Þ/]FE�QwUKAhEnZ\JVGV{�IK?HZ\J@Z T EnZ6XYW[Z\?BU$WDUtWDUKE_pBJVGRQ�U T ?BGRZ6URZmEHgBJ0bV?BXYqFEHG$JV]�Z\?YWDC�Z\JVG$q T EHU$J7EHCP]/U$?
E)Z\WDXYJK]PJVAhE�QYWDCxZ T J�XYW[Z\?BU$WDU9URZmEHgBJ�WDU�CP?HZtWDCPbVADOP]PJV]�WDCYZ T J�XY?w]PJVA#WDCKB �wë'G�{ S�T J�XY?w]PJVA#WDC�Z\G$?w]POPbVJV]
WDC�B �wë'G�]PW[pwWD]PJVU�Z T J@q#?BqPOPAhEnZ\WD?BCx?Hd�Z\OPXY?BG�bVJVADADUtWDC�Z\?ªWDC�Z\JVG$q T EHU$J@bVJVADADUtEHCP]�XYW[Z\?BU$WDU,bVJVADADU,L T WDb T EHG$J
G$JVqPG$JVU$JVC�Z\JV]=M�Q�ø43 ±ÑÐ ³ EHCP]�ø � ±ÑÐ ³ }�G$JVU$q#JVb8Z\W[pBJVA[QB{ S�T JYZ\JVG$X�}/M ±ÑÐ ³ G$JVqPG$JVU$JVC�Z\UªZ T JYq#?BqPOPAhEnZ\WD?BC¼?HdWDXYXªOPCPJ�bVJVADADUtL T WDb T EHG$J@Z T J0q#?BqPOPAhEnZ\WD?BC�?Hd�b8Q*Z\?HZ\?���WDb S �cbVJVADADUV{
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S�T J f WDADAhEHU\EHCFEªEHCP]/æ�b T ?�EµXY?w]PJVA�B �wë'G�WDUNgBW[pBJVC�M�Q^Z T J@sPpBJ)JVu*OFEnZ\WD?BCPUÎ ø43 ±ÑÐ ³Î Ð Ò � Ó�5 ø � ±ÑÐ ³ {76Ø�­ø43 ±ÑÐ ³ M ±ÑÐ ³ {
Î �ôø43 ±ÑÐ ³ { Ó ��ø43 ±ÑÐ {�Þ ³ ± �w{ � ³Î ø � ±ÑÐ ³Î Ð Ò Ó �­ø43 ±ÑÐ {¯Þ ³ {

Î
8 ø � ±ÑÐ ³ { Ó�5 ø � ±ÑÐ ³ ± �w{ è ³{�6 8 ø � ±ÑÐ ³ M ±ÑÐ ³ {:9
� ± ëw{ ÿ ,<;>=@?�A �CB ³ ø � ±ÑÐ ³Î M ±ÑÐ ³Î Ð Ò 9 ×ED M ±ÑÐ ³ ± ø43 ±ÑÐ ³�× ø � ±ÑÐ ³$³ í' × ± ø43 ±ÑÐ ³ × ø � ±ÑÐ ³$³ í {F6��éM ±ÑÐ ³ ø43 ±ÑÐ ³ ± �w{üì ³

{�6 5 ø � ±ÑÐ ³ M ±ÑÐ ³ {
Î �­M ±ÑÐ ³ {:9 8 ± ëw{ ÿ ,<;HGI?�A �CB ³ M ±ÑÐ ³ ± �w{ ê ³ÎKJ � ±ÑÐ ³Î Ð Ò {
Lå�
J � ±ÑÐ ³�× 6 ±ÑÐ ³ ± �w{ü� ³ÎKJ � ±ÑÐ ³Î Ð Ò {
L��
J � ±ÑÐ ³�× 6 ±ÑÐ ³ ± �w{ H ³

LNW[Z T WDCPW[Z\WhEHA#bV?BCP]PW[Z\WD?BCPU ø43 ±ÛÚ ³ ÒÔÜ � ±ÛÚ ³�ã ø�M' ØE {wÞ¢ß Ú ÷¸� ± �w{ é ³ø � ±ÛÚ ³ ÒÔÜ � ±ÛÚ ³�ã ø
MC 6E {wÞ¢ß Ú ÷¸� ± �w{[ë´� ³M ±ÛÚ ³ Ò Ü 8 ±ÛÚ ³�ã M' 6E {wÞgß Ú ÷ � ± �w{[ëBë ³
EHCP] J � ± � ³ Ò � ± �w{[ë�� ³J � ± � ³ Ò �FD ± �w{[ë´� ³
�KJVG$JH} J

±ÑÐ ³ Ò Ù*�
J � ±ÑÐ ³ × ÙØ� J � ±ÑÐ ³ ± �w{[ë�è ³

WDU�E7ADWDCPJ�EHG9bV?BXªMPWDCFEnZ\WD?BCY?Hd�Z T J�¥RURZmEnZ\JVUô¦ J � ±ÑÐ ³ EHCP] J � ±ÑÐ ³ EHCP]N6 ±ÑÐ ³ ]PJVCP?HZ\JVU�Z T J6bV?BCPbVJVC�Z\G\EnZ\WD?BC�?Hd
i�EHbVADW[ZmE���JVA�Z T EnZKWDU�WDC�í$JVb8Z\JV]/WDC�Z\?_Z T J)URQwURZ\JVX EnZNZ\WDXYJ Ð { S�T J&¥R�*WDADA�¦ªZ\JVG$XYU�9
� ± ëw{ ÿ ,<;>=@?�A �CB ³ ø � ±ÑÐ ³EHCP]N9 8 ± ë�{ ÿ ,<;HGO?�A �CB ³ M ±ÑÐ ³ G$JVqPG$JVU$JVC�ZtZ T J6WDXYqFEHb8Z,?Hd
Z T J6]PG$OPgª?BCxXYW[Z\?BU$WDU9EHCP]xZ T J6WDXYXªOPCPJ S �cbVJVADADUV}G$JVU$q#JVb8Z\W[pBJVA[QB{ i�EHbVADW[ZmE���JVA T EHU^E·]PJVb�E�Q"Z T EnZ�b�EHC¿M#JlXY?w]PJVADJV]&LNW[Z T ZcL�?�U$JVqFEHG\EnZ\JlJVADWDXYWDCFEnZ\WD?BC
G\EnZ\JVUV{ S�T J½]PJVb�E�Q"drOPCPb8Z\WD?BC WDUxb T ?BU$JVC¸U$?¹Z T EnZ�Z T JVG$JlWDUx?BCPJl]PJVb�E�Q G\EnZ\JlWDC"Z T JlMPAD?w?w]PURZ\G$J�EHX
EHCP]lWDXYXYJV]PWhEnZ\J�Z\WDU$U$OPJªEHCP]lEYU$JVbV?BCP]½]PJVb�E�Q/G\EnZ\J)Z T EnZ6]PJVU$bVG$WDM#JVU6Z T J7]PG$OPgBU6U$AD?´L�JVG6]PJVb�E�Q/WDC�Z T J
q#JVG$WDq T JVG\EHAFZ\WDU$U$OPJVUV{ S�T JVG$J�WDU�EHCxOPqPq#JVG,M#?BOPCP]�?BCYZ T J6�*WDADAFJ8�
JVb8Zt?Hd�E)]PG$OPgP}wU$?_EHCxWDCPbVG$J�EHU$JV]�]PG$OPg
]P?BU$Jª]P?wJVU@CP?HZ�WDXYqPA[Q�XY?BG$J7]PJ�EnZ T U@?Hd2Z\OPXY?BG6CP?BG S �cbVJVADADUV{ S�T WDU@EHbVbV?BOPC�Z\U�dr?BGKZ T Jªb T ?BWDbVJª?Hd9Z T J
J���q#?BCPJVC�Z\WhEHA�dr?BG$X¾?HdeZ T JVU$J0Z\JVG$XYUNOPU$JV]�WDC^Z T J0qFEHq#JVG�B �wë'G�{
S�T J�AD?BU$Uµ?Hd6Z\OPXY?BG_bVJVADADU_]POPJ�Z\?¼WDXYXªOPCPJ^bVJVADADU_WDUµJ���qPG$JVU$U$JV] M�Q�Z T J�Z\JVG$XYU�ø � ±ÑÐ ³ M ±ÑÐ ³ EHCP]ø43 ±ÑÐ ³ M ±ÑÐ ³ { S�T J@Z\JVG$X

D M ±ÑÐ ³ ± ø43 ±ÑÐ ³ × ø � ±ÑÐ ³$³ í' × ± ø43 ±ÑÐ ³ × ø � ±ÑÐ ³$³ íWDC�JVu*OFEnZ\WD?BC ± �w{üì ³ G$JVqPG$JVU$JVC�Z\U�Z T J)CP?BCPADWDCPJ�EHG�gBG$?´L�Z T ?Hd�Z T J)WDXYXªOPCPJ0bVJVADA1q#?BqPOPAhEnZ\WD?BC^]POPJ)Z\?YZ T J
qPG$JVU$JVCPbVJY?Hd�ExZ\OPXY?BGV{)j(Z@WDU@EHU$U$OPXYJV]½Z T EnZ@Z T J_WDXYXªOPCPJ7URQwURZ\JVXâWDClZ T J_M#?BCPJ_XxEHG$G$?´LýqPG$?w]POPbVJVU
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EYU$XxEHADA�drG\EHb8Z\WD?BC�?Hd�Z T J7WDXYXªOPCPJ0bVJVADADUV{ S�T OPUV}#Z T J7bV?BCPURZmEHC�Z	9#}aM#JVWDCPgYZ T J)MPWDGRZ T G\EnZ\J)?Hd�WDXYXªOPCPJ
bVJVADADU�LNW[Z T ?BO�Z2Z T J�qPG$JVU$JVCPbVJK?Hd
E�Z\OPXY?BGV}BU T ?BOPAD]µM#J�U$XxEHADA�{ei�EHG\EHXYJ8Z\JVG$U D }P'½EHCP]$ä^]PJVq#JVCP]Y?BC_Z T JZcQwq#J@?Hd1Z\OPXY?BGtEHCP]�Z T J T J�EHA[Z T ?Hd1Z T J�qFEnZ\WDJVC�ZØz U�WDXYXªOPCPJKURQwURZ\JVXg�FXY?BG$J6U$q#JVbVW[sFb�EHADA[QµZ T JVWDG�EHMPWDADW[ZcQ
Z\?�qPG$?w]POPbVJµbVJVGRZmEHWDC¼�*WDCP]PU@?Hd�b8Q*Z\?B�*WDCPJVUV{ S�T J_Z\JVG$X D G$JVqPG$JVU$JVC�Z\U)Z T J_WDCPbVG$J�EHU$Jµ?Hd�WDXYXªOPCPJªbVJVADADU]POPJxZ\?lE/URZ\WDXªOPADOPU7EHCP]¹U T ?BOPAD]¹M#J�EHqPqPG$?���WDXxEnZ\JVA[Q¼JVu*OFEHA9Z\?½�FDü�
D S�T JxqFEHG\EHXYJ8Z\JVGQ'¸G$JVqPG$JVU$JVC�Z\U
Z T J T EHA[d�pHEHADOPJµdr?BG0Z T JxWDXYXªOPCPJµG$JVU$q#?BCPU$JH{�¶ T JVC¹Z T JYZ\OPXY?BG0ADJ8pBJVA,WDU)JVu*OFEHA9Z\?�'¿Z T JxWDXYXªOPCPJ
G$JVU$q#?BCPU$J�WDU T EHA[dNLtE�Q¹Z\?½W[Z\U_XxE���WDXªOPX%pHEHADOPJ D {¹�1EHG$gBJVGªpHEHADOPJVU_?Hd�ä¿XYJ�EHC�Z T EnZ_W[ZªZmEH�HJVUµZ T JWDXYXªOPCPJ�URQwURZ\JVX E_AD?BCPgBJVGtZ\WDXYJ6Z\?µG$JVbV?BgBCPWD�VJ@Z T J@Z\OPXY?BGV{
S�T J0Z\WDXYJ@]PJVAhE�Q�Þ�G$JVqPG$JVU$JVC�Z\U6Z T J0C*OPXªM#JVGK?Hd�]FE�QwUNZ T J0Z\OPXY?BG�bVJVADADU�G$JVU$WD]PJ)WDC^Z T J0WDC�Z\JVG$q T EHU$J

URZmEHgBJYEHCP]ïWDU@U$J8Z)Z\?/�^]FE�QwUV{x�1EnZ\JVGV}�L�JµLNWDADA�CP?BCw�c]PWDXYJVCPU$WD?BCFEHADWD�VJªEHADA�?Hd�Z T JµqFEHG\EHXYJ8Z\JVG$U)EHCP]ïU$?
Z T WDU�pHEHADOPJ�LNWDADA
b T EHCPgBJH{�z6U�L�J7EHADG$J�EH]�Q^URZmEnZ\JV]�}FXYW[Z\?BU$WDUtWDUKEªpBJVGRQ�U T ?BGRZKURZmEHgBJ)EHCP]�U$?µL�J)]P?YCP?HZ
WDCPbVADOP]PJ0E_]PJVAhE�Q�dr?BGtZ T J@Z\WDXYJ�W[Z�ZmEH�HJVUNZ T J0bVJVADADUtZ\?µ]PW[pwWD]PJH{
IK?HZ\J�Z T EnZxWDC&G$J�EHADW[ZcQB}tEHADA�qFEHG\EHXYJ8Z\JVG$UY]PJVq#JVCP] ?BC&Z T J�Z\OPXY?BG_ZcQwq#JlEHCP]&Z T J T J�EHA[Z T ?Hd�Z T J

q#JVG$U$?BC�{ S�T J6qFEHG\EHXYJ8Z\JVG9pHEHADOPJVU,gBW[pBJVCxWDCµZ T J6qFEHq#JVGpB �wë£G#L�JVG$J6?BM�ZmEHWDCPJV]xM�QµsPZ$Z\WDCPg)]FEnZmE0bV?BADADJVb8Z\JV]
drG$?BX�E¹qFEnZ\WDJVC�Z^M�Q XYJ�EHU$OPG$WDCPg¹Z T JlWDC�Z\JVG\EHb8Z\WD?BC¿?Hd)i�EHbVADW[ZmE���JVA�EHCP]¸MPG$J�EHURZ�b�EHCPbVJVG^bVJVADADUV{ S�T WDU
qFEHGRZ\WDbVOPAhEHG6U$J8Z)?Hd�qFEHG\EHXYJ8Z\JVG$U@b�EHXYJªdrG$?BX5EHC¼WDCP]PW[pwWD]POFEHAeLNW[Z T E�G\EHqPWD]PA[Q/gBG$?´LNWDCPg^Z\OPXY?BG6L T ?BU$J
WDXYXªOPCPJªURQwURZ\JVXâLtEHU0CP?HZ)EHMPADJ7Z\?�bV?BC�Z\G$?BA�Z T J_b�EHCPbVJVGV{ S�T JµqFEnZ\WDJVC�Z0J8pBJVC�Z\OFEHADA[Q½]PWDJV]ðB �wë'G�{ S�T J
dr?BADAD?´LNWDCPglZmEHMPADJ�b�EHC"M#J�dr?BOPCP]"WDC B �wë'G6EHCP]"qPG$?´pwWD]PJVUYZ T J�pHEHADOPJVUµdr?BG_Z T J/CP?BCw�c]PWDXYJVCPU$WD?BCFEHADWD�VJV]
qFEHG\EHXYJ8Z\JVG$U�L�J0U T EHADA�OPU$J0Z T G$?BOPg T ?BO�Z�Z T WDU�Z T JVU$WDUV{
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º�Z�º � jLÇ&adÂ ºN�R� jLÇ&adÂðj$kTS<ÍKf'adqevwad\�sU�¤Í��ÄjbcÅtuadÂØÂØq
z6U_URZmEnZ\JV]&EHM#?´pBJ f WDADAhEHU\EHCFE�EHCP]"æ�b T ?�EFz U_XY?w]PJVA,]P?wJVU_CP?HZ_WDCPbVADOP]PJ�u*OPWDJVU$bVJVC�ZµZ\OPXY?BG7bVJVADADUV{¼jcC
Z T JªqFEHq#JVG ©0ËnÎ#ÈHÊ_Â�ÇmÃ�°6Î#ÈJ± Ë´Ã8ÂDÃµÈHÎ#Æb²�Â»Ê_Â»Ä�®�Ë�Ç£±DÅªÂ»Î¹È�©ªÅ£±[ÈHË�Å\Æb³ïÉ�Æ*Å£±(¬�ÉnÍ/À1¨wÊxÉnÍ¡´tÍ\É*µ2Ä»ÁKµ2Â»Ä»Á¶¸¨wÂ�ÅmÃ´ÇmÅ8Î
ÇmÅ B �B�6G�¹�EnsaEï]PJ8pBJVAD?BqPUxEï]PJVAhE�Q=]PW[�
JVG$JVC�Z\WhEHA�JVu*OFEnZ\WD?BC&XY?w]PJVAtdr?BG_Z T J�WDC�Z\JVG\EHb8Z\WD?BCPUµ?Hd
qPG$?BADW[drJVG\EnZ\WDCPg�EHCP]ïu*OPWDJVU$bVJVC�Z)Z\OPXY?BG�bVJVADADUV{µ�K?´L�J8pBJVGV}eZ T WDU@qFEHq#JVG@]P?wJVU0CP?HZ)WDCPbVADOP]PJ7Z T JµWDXYXªOPCPJ
bVJVADADU1CP?BG1Z T J,WDXYqFEHb8Z1?Hd�Z T J�EH]PXYWDCPWDURZ\G\EnZ\WD?BC@?HdP]PG$OPgBUV{ v ?BURZ�b T JVXY?HZ T JVG\EHq#JVO�Z\WDb,]PG$OPgBUe]P?6CP?HZe?BCPA[Q
ZmEHG$gBJ8ZKb�EHCPbVJVG6bVJVADADUNMPO�ZNZ T J8Q/EHADU$?YEnZ$ZmEHbm��?HZ T JVGNG\EHqPWD]PA[Q�G$JVqPG$?w]POPbVWDCPgxbVJVADADUNU$OPb T EHU T EHWDG�dr?BADADWDbVADJVU
EHCP] bVJVADADUx?Hd�Z T JlWDC�Z\JVURZ\WDCFEHA�Z\G\EHb8Z�B �H�*G�{£jcC d EHb8Z�}�W[ZxXxE�Q&M#J/WDXYq#?BGRZmEHC�Zµdr?BGxb�EHCPbVJVGxZ\G$J�EnZ\XYJVC�Z
Z\?lZmEHG$gBJ8Z_Z T JVU$J^qPG$?BADW[drJVG\EnZ\WDCPg/bVJVADADUV{¹æ�C�Z T J^?HZ T JVG T EHCP]�}9W[ZªWDU_CP?HZ_bVADJ�EHG7Z T EnZµWDCPbVADOP]PWDCPg/CP?BCw�
qPG$?BADW[drJVG\EnZ\WDCPg)bVJVADADUtWDC�Z T J�XY?w]PJVA#LNWDADA#WDXYqPG$?´pBJ6Z T J@OPCP]PJVG$URZmEHCP]PWDCPgµ?Hd1Z T J@WDXYqFEHb8Zt?Hd�EªqFEHGRZ\WDbVOPAhEHG
]PG$OPg�Z\G$J�EnZ\XYJVC�Z�Z T EnZ2EnZ$ZmEHbm�*U2?BCPA[Q7qPG$?BADW[drJVG\EnZ\WDCPgNbVJVADADUV{��K?´L�J8pBJVGV}wWDCPbVADOP]PWDCPg6u*OPWDJVU$bVJVC�Z9bVJVADADU�WDCªZ T J
XY?w]PJVA*U T ?BOPAD]ªM#J,XY?BG$J,G$J�EHADWDURZ\WDb,EHCP]ªbV?BOPAD]7qPG$?´pwWD]PJtEH]P]PW[Z\WD?BCFEHA�WDCPU$WDg T ZeWDC�Z\?KZ T WDU�bV?BXYqPADJ��)URQwURZ\JVX�{
jcC"qFEHGRZ\WDbVOPAhEHGV}�U$?BXYJ�?BG$g�EHCPU T E�pBJlE T WDg T JVGYu*OPWDJVU$bVJVC�ZxZ\?·qPG$?BADW[drJVG\EnZ\WDCPg½bVJVADANG\EnZ\WD?P{ S�T JVG$J8dr?BG$JH}
WDCPbVADOP]PWDCPg�u*OPWDJVU$bVJVC�Z7bVJVADADU�WDC½Z T J_XY?w]PJVA�XxE�Q/gBW[pBJ_OPU)E^XY?BG$JWVFJ���WDMPADJ_XY?w]PJVAeZ T EnZ0b�EHCïM#J_OPU$JV]
Z\?�OPCP]PJVG$URZmEHCP]·]PW[�
JVG$JVC�Z)�*WDCP]PU)?Hd�b�EHCPbVJVGV{�`F?BG@J��PEHXYqPADJH}1XxEHC�Q½CPJVOPG$?BCPU7URZmE�Q¼WDC½Z T Jµu*OPWDJVU$bVJVC�Z
URZmEHgBJ@dr?BGNEµAD?BCPgªZ\WDXYJ@EHCP] T JVCPbVJ7Eµb�EHCPbVJVGKXY?w]PJVA
Z T EnZKEnZ$Z\JVXYq�Z\U�Z\?µbV?BXYqPG$J T JVCP]/CPJVGRpBJ)b�EHCPbVJVGV}
CPJVJV]PU9Z\?0WDCPbVADOP]PJtM#?HZ T u*OPWDJVU$bVJVC�ZtEHCP]µqPG$?BADW[drJVG\EnZ\WDCPg6Z\OPXY?BG�bVJVADADUV{�jcCY?BG$]PJVG�Z\?0]PJ8pBJVAD?BqxE@bV?BXYqPADJ8Z\J
XY?w]PJVA
Z T EnZNWDCPbVADOP]PJVUNu*OPWDJVU$bVJVC�Z6bVJVADADUV}�L�J)XxEH�HJ@OPU$J)?HdeZ T J0XY?w]PJVA�]PJ8pBJVAD?Bq#JV]�M�Q�¹�EnsaE_WDC�B �B��G�{
��J8ZYX ±ÑÐ ³ EHCP]NZ ±ÑÐ ³ G$JVqPG$JVU$JVC�ZtZ T J6C*OPXªM#JVG�?Hd�qPG$?BADW[drJVG\EnZ\WDCPg@Z\OPXY?BG9bVJVADADU�EHCP]�u*OPWDJVU$bVJVC�ZtZ\OPXY?BG

bVJVADADUV}�G$JVU$q#JVb8Z\W[pBJVA[QB{ S�T J�Z\?HZmEHA,C*OPXªM#JVGª?Hd�Z\OPXY?BG)bVJVADADU7WDU7gBW[pBJVC�M�Q7% ±ÑÐ ³ Ò X ±ÑÐ ³�× Z ±ÑÐ ³ {¼��J8Z)Uà¾�/M#JYZ T J�]PW[pwWDU$WD?BC·G\EnZ\J�?Hd�Z T JxqPG$?BADW[drJVG\EnZ\WDCPg�bVJVADADUªEHCP]\[^]mà¾�/M#JYZ T J�]PJ�EnZ T G\EnZ\J�?Hd�Z T J
qPG$?BADW[drJVG\EnZ\WDCPg�bVJVADADUV{ S�T OPUV}�Õ Ò )C{_[^] à¾��WDU)Z T J�WDC�Z\G$WDCPU$WDbµgBG$?´L�Z T G\EnZ\Jx?HdtZ T J�qPG$?BADW[drJVG\EnZ\WDCPgbVJVADADUV{YkwWDCPbVJµu*OPWDJVU$bVJVC�ZªbVJVADADU@]P?�CP?HZ0G$JVqPG$?w]POPbVJH}1Z T JVG$JYWDU@CP?�qFEHG\EHXYJ8Z\JVG�dr?BG@Z T JVWDG@]PW[pwWDU$WD?BC½G\EnZ\JH{
S�T JVG$JªWDU�EYXY?BGRZmEHADW[ZcQ^G\EnZ\J)G$JVqPG$JVU$JVC�Z\JV]ïM�Qa`�b¯÷­��{ S�T J)Z\JVG$XYUiÙc] ± % ³ EHCP]&Ùdb ± % ³ WDCPbV?BG$q#?BG\EnZ\J
Z T JNZ\G\EHCPU$W[Z\WD?BCµ?Hd�qPG$?BADW[drJVG\EnZ\WDCPg@bVJVADADU�Z\?7u*OPWDJVU$bVJVC�ZtbVJVADADU,EHCP]xu*OPWDJVU$bVJVC�ZtbVJVADADU2Z\?)qPG$?BADW[drJVG\EnZ\WDCPg@bVJVADADUV}
G$JVU$q#JVb8Z\W[pBJVA[QB{9`�WDCFEHADA[QB}�Z T JtZ\WDXYJt]PJVAhE�Q�ÞµWDU�Z T JtZ\WDXYJtW[Z�ZmEH�HJVU9qPG$?BADW[drJVG\EnZ\WDCPg6bVJVADADU�Z\?0]PW[pwWD]PJH{�¹�EnsaEFz U
XY?w]PJVA�WDU�]PJVU$bVG$WDM#JV]�M�Q^Z T J0]PJVAhE�Q^]PW[�
JVG$JVC�Z\WhEHA
JVu*OFEnZ\WD?BCPUÎ X ±ÑÐ ³Î Ð Ò Õ�X ±ÑÐ {¯Þ ³ {·Ùc] ± % ±ÑÐ ³$³ X ±ÑÐ ³ × Ùdb ± % ±ÑÐ ³$³ Z ±ÑÐ ³ ± �w{[ë�ì ³Î Z ±ÑÐ ³Î Ð Ò Ùc] ±$± % ±ÑÐ ³$³ X ±ÑÐ ³ {\[ebeZ ±ÑÐ ³ {·Ùdb ± % ±ÑÐ ³$³ Z ±ÑÐ ³ E ± �w{[ë´ê ³
LNW[Z T bV?BCPURZmEHC�Z6WDCPW[Z\WhEHAFdrOPCPb8Z\WD?BCPU

X ±ÛÚ ³�ã X� ØEfZ ±ÛÚ ³�ã Z� 6E�{wÞ¢ß Ú ÷¸�FD ± �w{[ë�� ³
�KJVG$J�Ùc] ± % ³ WDU6CP?BCP]PJVbVG$J�EHU$WDCPg�EHCP]KÙdb ± % ³ CP?BCPWDCPbVG$J�EHU$WDCPg�WDClM#?BOPCP]PJV]¼U$J8Z\U@?BCg%ï{0j(d9Z T J_]PJVAhE�Q
WDUKU$J8ZKZ\?x�VJVG$?P}#W�{ JH{¸Þ Ò ��}aZ T JVC�Z T J7URQwURZ\JVX G$JV]POPbVJVU6Z\?�EHC½æ@å@þ"URQwURZ\JVX�{N¶·J)OPU$JV]/Z T WDUKURQwURZ\JVX
Z\?/Z\JVURZ_EHCP]·pBJVG$W[d»QïZ T JxbV?w]PJ�OPU$JV]�WDCïZ T JxC*OPXYJVG$WDb�EHA,G$JVU$OPA[Z\U7U$JVb8Z\WD?BC�{/jcC�qFEHGRZ\WDbVOPAhEHGV}1Z T J^æ@å@þ
URQwURZ\JVX Î X ±ÑÐ ³Î Ð Ò Õ�X ±ÑÐ ³ {·Ùc] ± % ±ÑÐ ³$³ X ±ÑÐ ³ {·Ùdb ± % ±ÑÐ ³$³ Z ±ÑÐ ³ ± �w{[ë6H ³Î Z ±ÑÐ ³Î Ð Ò Ùc] ± % ±ÑÐ ³$³ X ±ÑÐ ³ {7[eb^Z ±ÑÐ ³ × Ùdb ± % ±ÑÐ ³$³ Z ±ÑÐ ³ ± �w{[ë´é ³
WDU7E/G$J�EHU$?BCFEHMPADJ�EHqPqPG$?���WDXxEnZ\WD?BC½Z\?/Z T J�å@å@þ¬URQwURZ\JVX ± �w{[ë�ì ³ � ± �w{[ë´ê ³ L T JVC¯ÞFh ��{�jcC·Z T JxCPJ��wZ
U$JVb8Z\WD?BC½L�JYbV?BXªMPWDCPJ7Z T J_ZcL�?�qPG$J8pwWD?BOPU0XY?w]PJVADU6Z\?�qPG$?w]POPbVJYE^CPJ8LÚXY?w]PJVA�LNW[Z T u*OPWDJVU$bVJVC�Z7bVJVADADUV}
WDXYXªOPCPJ�bVJVADADUNEHCP]�]PG$OPg_Z\G$J�EnZ\XYJVC�Z�{
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S�T JªXY?w]PJVA1qPG$?Bq#?BU$JV] T JVG$JªbV?BXªMPWDCPJVUKZ T J)ZcL�?^qPG$J8pwWD?BOPU�XY?w]PJVADU6EHCP]lWDCPbVADOP]PJVU�EH]P]PW[Z\WD?BCFEHA�Z\JVG$XYU
Z\?µEHbVbV?BOPC�Z�dr?BG,Z T J@WDXYqFEHb8Zt?Hdei�EHbVADW[ZmE���JVA
?BC�Z T J�u*OPWDJVU$bVJVC�ZKbVJVADADUV{2jcC^qFEHGRZ\WDbVOPAhEHGV}*L�J@bV?BXªMPWDCPJ6Z T J
Z T G$JVJ�JVu*OFEnZ\WD?BCPU ± �w{ � ³ � ± �w{üì ³ LNW[Z T Z T JtZcL�?0JVu*OFEnZ\WD?BCPU ± �w{[ë�ì ³ � ± �w{[ë´ê ³ EHCP]µEH]P]PW[Z\WD?BCFEHAwbV?BC�Z\G$?BAwZ\JVG$XYUV{
¶·JªCP?HZ\J ± U$JVJgB �wë£G ³ Z T EnZ@u*OPWDJVU$bVJVC�Z0Z\OPXY?BG6bVJVADADU�EHG$JªG$JVU$WDURZmEHC�Z�Z\?^b8Q*Z\?HZ\?���WDb_EHgBJVC�Z\U0EHCP]½U$?�Z T JVWDG
WDCPbVADOPU$WD?BC_LNWDADAFWDC�Z\G$?w]POPbVJKG$JVU$WDURZmEHCPbVJ6WDC�Z\?)Z T JKXY?w]PJVA�{���J8Z ø^b ±ÑÐ ³ ]PJVCP?HZ\JKZ T JKq#?BqPOPAhEnZ\WD?BCµ?Hd�Z\OPXY?BG
bVJVADADU�Z T EnZ6EHG$J0WDC�Z T J)u*OPWDJVU$bVJVC�Z�URZmEHgBJ0?Hd�Z T JVWDGNbVJVADA�b8QwbVADJ7EHCP]/ADJ8Z�% ±ÑÐ ³ Ò ø^b ±ÑÐ ³�× ø43 ±ÑÐ ³�× ø � ±ÑÐ ³M#JYZ T JYZ\?HZmEHA9b�EHCPbVJVGªbVJVADA9q#?BqPOPAhEnZ\WD?BC�{�¶·JxG$JVURZ\G$WDb8Zª?BOPG)URZ\OP]�QïZ\?�Z T Jxb�EHU$JxL T JVG$J�WDC·JVu*OFEnZ\WD?BCPU
± �w{[ë�ì ³ � ± �w{[ë´ê ³ }PZ T J0Z\G\EHCPU$W[Z\WD?BC�G\EnZ\JVU�Ùc] ± % ³ ÒmÓKl EHCP]¢Ùdb ± % ³ Ò ÓKm EHG$J)bV?BCPURZmEHC�Z\UV{ S�T J7bV?BCPURZmEHC�ZÎ
5 G$JVqPG$JVU$JVC�ZµZ T J�CFEnZ\OPG\EHA�]PJ�EnZ T G\EnZ\J^?HdNZ T J^u*OPWDJVU$bVJVC�ZµZ\OPXY?BGªbVJVADADU_EHCP]:6 l WDU7Z T J^�*WDADA�G\EnZ\J�?Hdu*OPWDJVU$bVJVC�Z6bVJVADADU�M�Q^Z T J0b8Q*Z\?HZ\?���WDb S �cbVJVADADUV{
kwWDCPbVJ¼i�EHbVADW[ZmE���JVA�WDU^E�b8QwbVADJ¼U$q#JVbVW[sFb½]PG$OPgP}6W[Z�ZmEHG$gBJ8Z\U�Z\OPXY?BG�bVJVADADUxL T WDADJ/Z T J8Q¸EHG$J½WDC¿Z T J

WDC�Z\JVG$q T EHU$J@URZmEHgBJH{ S�T JVU$J0bVJVADADU�EHG$J@CP?HZKEHb8Z\OFEHADA[QxEHG$G$JVURZ\JV]�OPC�Z\WDA#Z T J@CPJ��wZKbVJVADADOPAhEHG,URZmEHgBJH}PL T J8Z T JVG
W[Z�M#J�XYW[Z\?BU$WDU�?BGtu*OPWDJVU$bVJVCPbVJH{,¶·J�ZmEH�HJ@WDC�Z\?µEHbVbV?BOPC�Z�Z T J�d EHb8Z�Z T EnZ T WDg T ]P?BU$JVUN?Hd�Eªb8QwbVADJ@U$q#JVbVW[sFb
]PG$OPg0LNWDADA�]FEHXxEHgBJ�?BG2�*WDADAPWDXYXªOPCPJtbVJVADADU9EHCP]Y?HZ T JVG9bVJVADADU2WDCµ]PW[�
JVG$JVC�Z,b8QwbVADJVUV{ S�T JKG$JVU$OPA[Z\WDCPg0XY?w]PJVA
WDU�]PJVU$bVG$WDM#JV]�M�Q^Z T J0URQwURZ\JVX�?Hd�]PJVAhE�Q�]PW[�
JVG$JVC�Z\WhEHA�JVu*OFEnZ\WD?BCPUÎ ø^b ±ÑÐ ³Î Ð Ò ÓKl ø43 ±ÑÐ {�Þ ³ { ÓKm ø^b ±ÑÐ ³ {

Î
5 ø^b ±ÑÐ ³ ± �w{ü�H� ³{�6 l M ±ÑÐ ³ ø^b ±ÑÐ ³ {\`Ê� ±ÑÐ ³ ø^b ±ÑÐ ³Î ø43 ±ÑÐ ³Î Ð Ò � Ó�5 ø � ±ÑÐ ³ { ÓKl ø43 ±ÑÐ {¯Þ ³ × ÓKm ø^b ±ÑÐ ³ ± �w{ü�wë ³{�6Ø�­ø43 ±ÑÐ ³ M ±ÑÐ ³ { Î �ôø43 ±ÑÐ ³ { Ó ��ø43 ±ÑÐ {�Þ ³Î ø � ±ÑÐ ³Î Ð Ò Ó ��ø43 ±ÑÐ {�Þ ³ {

Î
8 ø � ±ÑÐ ³ { Ó�5 ø � ±ÑÐ ³ ± �w{ü�B� ³{�6 8 ø � ±ÑÐ ³ M ±ÑÐ ³ {7`"� ±ÑÐ ³ ø � ±ÑÐ ³Î M ±ÑÐ ³Î Ð Ò 9 ×ED M ±ÑÐ ³ ± ø^b ±ÑÐ ³ × ø43 ±ÑÐ ³�× ø � ±ÑÐ ³$³ í' × ± ø^b ±ÑÐ ³ × ø43 ±ÑÐ ³ × ø � ±ÑÐ ³$³ í {76��xM ±ÑÐ ³ ø43 ±ÑÐ ³ ± �w{ü�H� ³

{�6 5 ø � ±ÑÐ ³ M ±ÑÐ ³ {F6 m ø^b ±ÑÐ ³ M ±ÑÐ ³ {
Î �­M ±ÑÐ ³ {7` 8 ±ÑÐ ³ M ±ÑÐ ³

LNW[Z T WDCPW[Z\WhEHAabV?BCP]PW[Z\WD?BCPUtZ T J0U\EHXYJ0EHUNqPG$?´pwWD]PJV]�WDC�B �wë'G
ø^b ±ÛÚ ³ ã �FD HFE {wÞ¢ß Ú ÷¸� ± �w{ü�nè ³

ø43 ±ÛÚ ³ ã ë�D �FE {wÞ¢ß Ú ÷¸� ± �w{ü�Bì ³

ø � ±ÛÚ ³ ã ë�Dü�
E {wÞ¢ß Ú ÷¸� ± �w{ü�Hê ³

M ±ÛÚ ³ ã �FD éFE {wÞ¢ß Ú ÷¸�FD ± �w{ü�B� ³
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z6ADA*qFEHG\EHXYJ8Z\JVG1pHEHADOPJVU�EHG$J,WDC)drG\EHb8Z\WD?BCFEHA*EHXY?BOPC�Z\Ueq#JVGe]FE�QB{ S�T J�bV?BCPURZmEHC�Z\U Ó �eEHCP] Ó�5 G$JVqPG$JVU$JVC�ZZ T J7drG\EHb8Z\WD?BCl?Hd9bVJVADADUKL T WDb T b8QwbVADJ7drG$?BX�WDC�Z\JVG$q T EHU$JªZ\?�XYW[Z\?BU$WDU6EHCP]ldrG$?BX�XYW[Z\?BU$WDUNZ\?�WDC�Z\JVG$q T EHU$JH}
G$JVU$q#JVb8Z\W[pBJVA[QB{7|�?HZ T ?Hd9Z T JVU$J_bV?BCPURZmEHC�Z\U@CPJVJV]½Z\?^M#JªM#J8ZcL�JVJVC·�FDü��EHCP]�ë�D �xq#JVG�]FE�QB{0j(Z@WDU6ZcQwqPWDb�EHA
dr?BG�Z T JVU$JKpHEHADOPJVU�Z\?)M#JNM#J8ZcL�JVJVC^�FDü�0EHCP]�ë�D ��{ S�T JKbV?BCPURZmEHC�Z\U Î ��} Î ��EHCP] Î 8 G$JVqPG$JVU$JVC�Z�drG\EHb8Z\WD?BCPU2?HdCFEnZ\OPG\EHA#bVJVADA#]PJ�EnZ T }�?BGtEHq#?Bq�Z\?BU$WDUV}�EHCP]�U T ?BOPAD]�M#J6M#J8ZcL�JVJVC/�FD[ë�EHCP]��FD ��{ S�T J�bV?BCPURZmEHC�Z\UY6 ö XY?w]PJVAZ T J�AD?BU$U$JVU�?HdaZ T J�bVJVADADU�]POPJtZ\?0EHC_JVCPbV?BOPC�Z\JVG2LNW[Z T EHCP?HZ T JVG2bVJVADA�{l`F?BG�WDXYXªOPCPJ�bVJVADADU�Z T JVU$J�C*OPXªM#JVG$U
EHG$JªOPU$OFEHADA[Q/EHG$?BOPCP]¼�FD[ëB{@¶ T JVCïEHC½WDXYXªOPCPJ7bVJVADA�EHCP]¼Exb�EHCPbVJVG@bVJVADADU�MPWDCP]�}�EHqPqPG$?���WDXxEnZ\JVA[Qïë´��y
?Hd9Z T JªZ\WDXYJ7Z T J_WDXYXªOPCPJ7bVJVADA�WDU�AD?BURZ�{ª`F?BG�b�EHCPbVJVG@bVJVADADU6Z T WDU@AD?BURZ@WDU�U$?BXYJ8L T JVG$JYEHG$?BOPCP]·�H��y Z\?
�B��y�{2z6UKEHM#?´pBJH}FZ T J@Z\JVG$X

Don M ±ÑÐ ³ ± ø^b ±ÑÐ ³ × ø43 ±ÑÐ ³ × ø � ±ÑÐ ³$³ í' × ± ø^b ±ÑÐ ³ × ø43 ±ÑÐ ³�× ø � ±ÑÐ ³$³ íG$JVqPG$JVU$JVC�Z\UKZ T J0CP?BCPADWDCPJ�EHGtgBG$?´L�Z T ?HdeZ T J0WDXYXªOPCPJ�q#?BqPOPAhEnZ\WD?BC^]POPJ@Z\?_Z T J0qPG$JVU$JVCPbVJ7?Hd�EªZ\OPXY?BGV{
S�T J)bV?BC�Z\G$?BA�Z\JVG$XYUp`Ê� ±ÑÐ ³ }q`"� ±ÑÐ ³ EHCP]*` 8 ±ÑÐ ³ EHG$J)XY?BG$J@gBJVCPJVG\EHA�Z T EHC�Z T J0J���q#?BCPJVC�Z\WhEHA�Z\JVG$XYUNWDCB �wë'G�{9�K?´L�J8pBJVGV}#WDC�?BG$]PJVG�Z\?µbV?BXYqFEHG$J@?BOPGNXY?w]PJVA#Z\?µZ T J0J���WDURZ\WDCPgµADW[Z\JVG\EnZ\OPG$JH}wL�J0U$J8Z

`Ê� ±ÑÐ ³ Ò 9 l ± ëw{ ÿ ,<;HrI?�A �CB ³ ± �w{ü�JH ³`"� ±ÑÐ ³ Ò 9
� ± ëw{ ÿ ,<;>=@?�A �CB ³`Ê� ±ÑÐ ³ Ò 9 8 ± ëw{ ÿ ,<;HGI?�A �CB ³ E
L T JVG$JH}#EHUNM#J8dr?BG$JH} ÎKJ � ±ÑÐ ³Î Ð Ò {
Lå�

J � ±ÑÐ ³ × 6 ±ÑÐ ³ E J � ± � ³ Ò � ± �w{ü�Hé ³ÎKJ � ±ÑÐ ³Î Ð Ò {
L��
J � ±ÑÐ ³ × 6 ±ÑÐ ³ E J � ± � ³ Ò � ± �w{ �B� ³

EHCP] J
±ÑÐ ³ Ò Ù*�

J � ±ÑÐ ³ × ÙØ� J � ±ÑÐ ³ D ± �w{ ��ë ³
S�T JªURQwURZ\JVX ± �w{ü�H� ³ � ± �w{ ��ë ³ ?Hd2]PJVAhE�Q/]PW[�
JVG$JVC�Z\WhEHA1JVu*OFEnZ\WD?BCPU6WDU6?BOPG6CPJ8LýXY?w]PJVA�{KjcC/Z T WDUKdr?BG$X�}

Z T J�qFEHG\EHXYJ8Z\JVG$U Ó �8} Ó�5 } ÓKl } ÓKm }
Î ��} Î �´} Î 8 } Î 5 }P6Ø��}K6��´}K6 8 }K6 5 }K6 l EHCP]�6 m EHG$J�EHADAwq#?BU$W[Z\W[pBJ�EHC_ADJVU$U�Z T EHCëB{)`F?BG6Z T J_C*OPXYJVG$WDb�EHA�G$OPCPU�L�J_OPU$JV]¼Z T JªqFEHG\EHXYJ8Z\JVG$U@WDC/Z T J_qPG$J8pwWD?BOPU@qFEHq#JVG$U0EHCP]½U$JVADJVb8Z\JV]¼Z T J

CPJ8L¸qFEHG\EHXYJ8Z\JVG$U9MFEHU$JV]�?BCµZ T JNpHEHADOPJVU,?Hd�U$WDXYWDAhEHG�qFEHG\EHXYJ8Z\JVG$U,WDC_Z T JKqPG$J8pwWD?BOPU,XY?w]PJVADUV{ S�T OPUV}�Z T J
dr?BADAD?´LNWDCPgªZmEHMPADJ0bV?BC�ZmEHWDCPU6EHADA�Z T J)qFEHG\EHXYJ8Z\JVG$UKOPU$JV]lWDC�Z T J)C*OPXYJVG$WDb�EHA�G$OPCPUV{KkwWDCPbVJ)U$?BXYJ0?Hd�Z T JVU$J
qFEHG\EHXYJ8Z\JVG$U T EH]xZ\?7M#J6b T ?BU$JVC�LNW[Z T ?BO�Z�Z T J6M#JVCPJ8sPZt?Hd1]FEnZmE�}wqFEHG\EHXYJ8Z\JVG,WD]PJVC�Z\W[sFb�EnZ\WD?BCYU T ?BOPAD]�M#J
]P?BCPJ)Z\?µsFCP]lqFEHG\EHXYJ8Z\JVG$UNZ T EnZKL�?BOPAD]/M#J7XxEnZ\b T EYqFEnZ\WDJVC�Z�{N�K?´L�J8pBJVGV}
Z T WDUKWDUN?BO�Z\U$WD]PJ)Z T J)U$bV?Bq#J
?HdeZ T WDUtZ T JVU$WDUV{

ÓKl ��{ �B�B��ëÓKm �FD �B�B��ë�ìÎ
5 �FD[ë6 l ìH���
ë´� , 86 m H�ì´�
ë´� ,<l9 l �FD è*�9 m �FDüìB�

S EHMPADJ)�w{ü�w�9i�EHG\EHXYJ8Z\JVG f EHADOPJVUtdr?BG�jcC�Z\JVgBG\EnZ\JV] v ?w]PJVA



|i}�~��"�*���d�6���F�J��� �/�"�'�e���x��/F�����*�3�'�x��0K}
�1�x~21 ë��

z6A[Z T ?BOPg T u*OPWDJVU$bVJVC�Z0Z\OPXY?BG6bVJVADADU�EHG$JªG$JVU$WDURZmEHC�Z�Z\?�]PG$OPgBUbB �H��G�}
Z T JVG$JªWDU�CP?�G$J�EHU$?BC½Z\?�M#JVADWDJ8pBJ
Z T EnZ0WDC�Z\JVG$q T EHU$JµZ\OPXY?BG�bVJVADADU�Z T EnZ0LNWDADA�M#JVbV?BXYJ_u*OPWDJVU$bVJVC�ZªbVJVADADU0EHG$JµEHADU$?�]PG$OPg�G$JVU$WDURZmEHC�Z�{ S�T OPUV}
L�J�EH]P]PJV]�Z T J�Z\JVG$Xs`Ê� ±ÑÐ ³ ø^b ±ÑÐ ³ Z\?lZ T J^XY?w]PJVA,Z\?¼EHbVbV?BOPC�Z_dr?BGªZ T J^AD?BU$Uª?HdKu*OPWDJVU$bVJVC�ZYbVJVADADUª]POPJ
Z\?�]PG$OPgBUV{^j(dtL�JxADJ8ZQ9 lrÒ ��}eZ T JVCïL�JxG$JVbV?´pBJVG)Z T JxU$bVJVCFEHG$WD?�L T JVG$JYZ T Jxu*OPWDJVU$bVJVC�ZªbVJVADADU)EHG$JYCP?HZEn�
JVb8Z\JV]¼M�QlZ T J_]PG$OPgP{r��OPWDJVU$bVJVC�Z)bVJVADADU@EHG$J_EHADU$?�EHCPCPW T WDAhEnZ\JV]/M�QlZ T JªZ T JªWDXYXªOPCPJªURQwURZ\JVX�{ S�T J
Z\JVG$XYU(6 l ø43 ±ÑÐ ³ ø^b ±ÑÐ ³ ]PJVCP?HZ\JVU9Z T JKAD?BU$U$JVU,?Hd�u*OPWDJVU$bVJVC�Z�Z\OPXY?BG2bVJVADADU9b�EHOPU$JV]xM�Q_Z T JKWDXYXªOPCPJ�URQwURZ\JVX�{S�T J�Z\JVG$Xt6 m M ±ÑÐ ³ ø^b ±ÑÐ ³ ]PJVCP?HZ\JVUxZ T J�]PJ�EHb8Z\W[pHEnZ\WD?BC&?Hd@WDXYXªOPCPJ�bVJVADADUµM�Q&u*OPWDJVU$bVJVC�Z�Z\OPXY?BGYbVJVADADUV{z6g�EHWDC�}�M�Q¼U$J8Z$Z\WDCPga6 m�Ò ��L�JYb�EHCïU$JVJµL T EnZ T EHqPq#JVCPU)W[d9Z T JYu*OPWDJVU$bVJVC�Z7bVJVADADU0]P?�CP?HZ)]PJ�EHb8Z\W[pHEnZ\JZ T JªWDXYXªOPCPJ0bVJVADADUV{6z6ADU$?�CP?HZ\J)Z T EnZ�¹�EnsaEFz U�XY?w]PJVA1bV?BC�ZmEHWDCPUKZ T J7Z\JVG$X¿Õ�X ±ÑÐ {·Þ ³ L T JVG$J�Õ0WDUKZ T J
WDC�Z\G$WDCPU$WDb_G\EnZ\Jµ?HdtqPG$?BADW[drJVG\EnZ\WD?BC�}�U$?¢Õ Ò MPWDGRZ T �c]PJ�EnZ T {x�K?´L�J8pBJVGV}�Z T J_Z\WDXYJ_]PJVAhE�Q¼bV?BG$G$JVU$q#?BCP]PU0Z\?Z T J�Z\WDXYJxW[Z7ZmEH�HJVU_Z T J^bVJVADADU)Z\?½qPG$?BADW[drJVG\EnZ\JH{·kwWDCPbVJxZ T JVG$J^WDUªCP?¼]PJVAhE�Q·WDC�]PJ�EnZ T }2L�J^]PJVbVWD]PJV]�Z\?
U$JVqFEHG\EnZ\JYZ T JxMPWDGRZ T G\EnZ\JxEHCP]·Z T Jx]PJ�EnZ T G\EnZ\JH{ S�T EnZªWDUV}edr?BG0Z T JxG\EnZ\JY?Hd�b T EHCPgBJx?HdtZ\OPXY?BG)bVJVADADU
]POPG$WDCPgxXYW[Z\?BU$WDUtL�JªOPU$J)Z T J)Z\JVG$X ÓKm ø43 ±ÑÐ {·Þ ³ Z\?xXY?w]PJVA�Z T J7qPG$?BADW[drJVG\EnZ\WD?BC^?Hd�Z T J7bVJVADADUV}FLNW[Z T Z T J]PJVAhE�Q/bV?BG$G$JVU$q#?BCP]PWDCPgxZ\?xZ T J7Z\WDXYJ0Z T J7bVJVADADU6U$q#JVCP]½WDClWDC�Z\JVG$q T EHU$JªM#J8dr?BG$J7Z T J8Q/G$JVqPADWDb�EnZ\JH{K¶·JªADJ8ZÎ
8 ø � ±ÑÐ ³ G$JVqPG$JVU$JVC�Z�Z T JNWDCPURZmEHC�ZmEHCPJV?BOPU9]PJ�EnZ T ?Hd#Z T JNXYW[Z\?HZ\WDb,Z\OPXY?BG2bVJVADADUV{�IK?HZ\J�Z T EnZ9W[d3ø^b ± � ³ Ò �EHCP] ÓKl�Ò ��}
Z T JVC½Z T J_URQwURZ\JVX ± �w{ü�wë ³ � ± �w{ü�H� ³ G$JV]POPbVJVU@Z\? ± �w{ � ³ � ± �w{üì ³ {@¶·J_OPU$JV]½Z T WDU6d EHb8Z@Z\?�EHADU$?
pBJVG$W[d»Q�Z T J0XY?w]PJVA ± �w{ü�H� ³ � ± �w{ ��ë ³ {
S�T JNdr?BADAD?´LNWDCPg6sFgBOPG$JVU9bV?BXYqFEHG$J v ?w]PJVAa��Z\? v ?w]PJVA�ë�dr?BG�Z T JN]PJVAhE�QBJV]�EHCP]µCP?BCw�c]PJVAhE�QBJV]Yb�EHU$JVUV{

v ?w]PJVA,ë7G$JVU$q#?BCPU$JVU0EHG$J)]PJVCP?HZ\JV]½M�Q�Z T J7]P?HZ$Z\JV]lADWDCPJVU6EHCP] v ?w]PJVA��YG$JVU$q#?BCPU$JVU0EHG$J)gBW[pBJVClM�Q�Z T J
U$?BADWD]ïADWDCPJVUV{^jcC¹gBJVCPJVG\EHA9L�J�?BMPU$JVGRpBJV]¹Z T EnZ v ?w]PJVAKëxqPG$?w]POPbVJVU7pHEHADOPJVU)?Hd¸ø43 ±ÑÐ ³ EHCP]Cø � ±ÑÐ ³ Z T EnZEHG$J T WDg T JVGtZ T EHC^Z T J@pHEHADOPJVUN?Hd�ø43 ±ÑÐ ³ EHCP]Lø � ±ÑÐ ³ qPG$?w]POPbVJV]�M�Q v ?w]PJVA1��{9�KJVCPbVJH}FZ T J0qPG$JVU$JVCPbVJ)?Hdu*OPWDJVU$bVJVC�Z�bVJVADADUN]P?wJVUKEn�
JVb8Z�ø43 ±ÑÐ ³ EHCP]Lø � ±ÑÐ ³ MPO�ZK]P?wJVUKCP?HZKU$JVJVX Z\? T E�pBJ7EµU$WDgBCPW[sFb�EHC�ZKJ8�
JVb8Z6?BCM ±ÑÐ ³ {�¶·J0?BMPU$JVGRpBJ)Z T J0U\EHXYJ@gBJVCPJVG\EHA�M#J T E�pwWD?BG�dr?BGtZ T J7æ@å@þ&XY?w]PJVADUV{
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v(1)=quiescent tumor cells
v(2)=tumor cells during interphase
v(3)=tumor cells during mitosis
v(4)= cytotoxic T−cells

`�WDgBOPG$J)�w{[ëB�,~�?BXYqFEHG$WDU$?BC^?Hd�å@å@þ v ?w]PJVA2ë7EHCP]�å@å@þ v ?w]PJVA1�
jcC/?BG$]PJVG�Z\?µ]PJVXY?BCPURZ\G\EnZ\J@Z T EnZNZ T J0]PJVAhE�Q^WDU�U$WDgBCPW[sFb�EHC�Z�}PL�J)bV?BXYqFEHG$JV]^Z T Jªæ@å@þ v ?w]PJVAe�ªZ\?

Z T JYå@å@þ v ?w]PJVA9��L T JVCïZ T J_Z\WDXYJª]PJVAhE�Q½WDU0�FD é��w{µ�KJVG$J_Z T Jxæ@å@þ G$JVU$q#?BCPU$JVUªEHG$J_gBW[pBJVCïM�Q½Z T J
]P?HZ$Z\JV]xADWDCPJVUV}�L T WDADJtZ T J6å@å@þ·G$JVU$q#?BCPU$JVU�EHG$JK]PJVCP?HZ\JV]xM�QµZ T JKU$?BADWD]µADWDCPJVUV{�jcCxgBJVCPJVG\EHAFL�J6?BMPU$JVGRpBJV]
Z T EnZKZ T J7å@å@þ XY?w]PJVA�qPG$?w]POPbVJVU6pHEHADOPJVUK?Hd/ø43 ±ÑÐ ³ EHCP]gø � ±ÑÐ ³ Z T EnZ�EHG$J T WDg T JVGNZ T EHC�Z T J0pHEHADOPJVUK?Hd
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v(1)=quiescent tumor cells
v(2)=tumor cells during interphase
v(3)=tumor cells during mitosis
v(4)= cytotoxic T−cells

`�WDgBOPG$J0�w{ü�w�,~�?BXYqFEHG$WDU$?BC�?Hd2æ@å@þ v ?w]PJVA2ë7EHCP]/æ@å@þ v ?w]PJVAe�

ø43 ±ÑÐ ³ EHCP]�ø � ±ÑÐ ³ qPG$?w]POPbVJV]/M�Q�Z T J7æ@å@þ&XY?w]PJVA�{2�KJVCPbVJH}FZ T J0]PJVAhE�Q^WDU�WDXYq#?BGRZmEHC�Z�{
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v(1)=quiescent tumor cells
v(2)=tumor cells during interphase
v(3)=tumor cells during mitosis
v(4)= cytotoxic T−cells

`�WDgBOPG$J)�w{ ���,~�?BXYqFEHG$WDU$?BC�æ@å@þ EHCP]�å@å@þ=pBJVG$U$WD?BCPUK?Hd v ?w]PJVA1�

º�ZHu »�ad\Kqef£s�f£_gf£sÊÃPËmÌ�Í&o�s�f'jb\Kq
å�OPG$WDCPg@Z T J6WDCPW[Z\WhEHA�C*OPXYJVG$WDb�EHAFG$OPCPUV}wL�J6?BMPU$JVGRpBJV]xZ T EnZ,Z T JKU$?BADO�Z\WD?BCPU2Z\?7M#?HZ T URQwURZ\JVXYU ± �w{ � ³ � ± �w{üì ³
EHCP] ± �w{ü�wë ³ � ± �w{ü�H� ³ L�JVG$JxpBJVGRQ·U$JVCPU$W[Z\W[pBJxZ\?�Z T JxWDCPW[Z\WhEHA�bV?BCPbVJVC�Z\G\EnZ\WD?BC¹?Hd�WDXYXªOPCPJYbVJVADADU�M ± � ³ {�jcC
?BG$]PJVGNZ\?�EHCFEHA[Qw�VJ0Z T WDUKU$JVCPU$W[Z\W[pwW[ZcQB}FL�J)s���JV]½EHADA�Z T J7WDCPW[Z\WhEHA
bV?BCP]PW[Z\WD?BCPUNJ���bVJVq�ZdM ± � ³ EHCP]/qFEHG\EHXYJ��
Z\JVG$WD�VJV]�Z T J0WDCPW[Z\WhEHA#bV?BCP]PW[Z\WD?BC�M ± � ³ M�Q�U$J8Z$Z\WDCPgbM ± � ³ ÒÔù {2¶·J0]PJVG$W[pBJV]�Z T J0U$JVCPU$W[Z\W[pwW[ZcQ�v�pHEHG$WhEnZ\WD?BCFEHA
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JVu*OFEnZ\WD?BCPU�dr?BGtZ T J0U$JVCPU$W[Z\W[pwW[Z\WDJVU

�/ø^b ±ÑÐ ³ ü
úú ù ø^b ±ÑÐ ³ E �/ø43 ±ÑÐ ³ ü

úú ù ø43 ±ÑÐ ³ E�/ø � ±ÑÐ ³ ü
úú ù ø � ±ÑÐ ³ EHCP]¢�eM ±ÑÐ ³ ü

úú ù M ±ÑÐ ³
EnZ ù�Ò ù  ´}*Z T J�pHEHADOPJN?HdÊM ± � ³ ?Hd�WDC�Z\JVG$JVURZ�{ S�T JKU$JVCPU$W[Z\W[pwW[ZcQ_JVu*OFEnZ\WD?BCPU9dr?BG2Z T JKURQwURZ\JVX ± �w{ü�wë ³ � ± �w{ü�H� ³
EHG$J0gBW[pBJVC�M�QÎ �/ø^b ±ÑÐ ³Î Ð Ò ÓKl �/ø43 ±ÑÐ {�Þ ³ { ÓKm �/ø^b ±ÑÐ ³ {

Î
5 �/ø^b ±ÑÐ ³ ± �w{ ��� ³{�6 l B M ±ÑÐ ³ �/ø^b ±ÑÐ ³�× �eM ±ÑÐ ³ ø^b ±ÑÐ ³ G{rB `Ê� ±ÑÐ ³ �/ø^b ±ÑÐ ³ × úú ù `Ê� ±ÑÐ ³ ø^b ±ÑÐ ³ GÎ �/ø43 ±ÑÐ ³Î Ð Ò � Ó�5 �/ø � ±ÑÐ ³ { ÓKl �/ø43 ±ÑÐ {�Þ ³�× ÓKm �/ø^b ±ÑÐ ³ ± �w{ �B� ³{�6Ø�ØB ø43 ±ÑÐ ³ �eM ±ÑÐ ³ × �/ø43 ±ÑÐ ³ M ±ÑÐ ³ G{ Î ���/ø43 ±ÑÐ ³ { Ó �é�/ø43 ±ÑÐ {¯Þ ³Î �/ø � ±ÑÐ ³Î Ð Ò Ó �ô�/ø43 ±ÑÐ {�Þ ³ {

Î
8 �/ø � ±ÑÐ ³ { Ó�5 �/ø � ±ÑÐ ³ ± �w{ �Hè ³{�6 8 B ø � ±ÑÐ ³ �eM ±ÑÐ ³ × �/ø � ±ÑÐ ³ M ±ÑÐ ³ G{rB `"� ±ÑÐ ³ �/ø � ±ÑÐ ³�× úú ù `"� ±ÑÐ ³ ø � ±ÑÐ ³ GÎ �eM ±ÑÐ ³Î Ð Ò ä4`xwNy ±ÑÐ ³ Î ÿ w ±ÑÐ ³ {·ä4`xw ±ÑÐ ³ Î ÿ wNy ±ÑÐ ³B Î ÿ w ±ÑÐ ³ G � ± �w{ ��ì ³{�6��*B M ±ÑÐ ³ �/ø43 ±ÑÐ ³ × �eM ±ÑÐ ³ ø43 ±ÑÐ ³ G{�6 5 B ø � ±ÑÐ ³ �eM ±ÑÐ ³ × �/ø � ±ÑÐ ³ M ±ÑÐ ³ G�{F6 m B ø^b ±ÑÐ ³ �eM ±ÑÐ ³ × �/ø^b ±ÑÐ ³ M ±ÑÐ ³ G{ Î �ô�eM ±ÑÐ ³ { B ` 8 ±ÑÐ ³ �eM ±ÑÐ ³ × úú ù ` 8 ±ÑÐ ³ M ±ÑÐ ³ GÛE

L T JVG$J ä4`xw ±ÑÐ ³ ü D M ±ÑÐ ³ ± ø^b ±ÑÐ ³ × ø43 ±ÑÐ ³ × ø � ±ÑÐ ³$³ í E ± �w{ �Bê ³Î ÿ w ±ÑÐ ³ ü ' × ± ø^b ±ÑÐ ³ × ø43 ±ÑÐ ³�× ø � ±ÑÐ ³$³ í E ± �w{ ��� ³

ä4`xwNy ±ÑÐ ³ ü D äåM ±ÑÐ ³ ± ø^b ±ÑÐ ³ × ø43 ±ÑÐ ³ × ø � ±ÑÐ ³$³ í , � ± �w{ ��H ³ë ± �/ø^b ±ÑÐ ³ × �/ø43 ±ÑÐ ³ × �/ø � ±ÑÐ ³$³× D �eM ±ÑÐ ³ ± ø^b ±ÑÐ ³ × ø43 ±ÑÐ ³ × ø � ±ÑÐ ³$³ í E
EHCP] Î ÿ wNy ±ÑÐ ³ ü ä ± ø^b ±ÑÐ ³ × ø43 ±ÑÐ ³�× ø � ±ÑÐ ³$³ í , � ë ± �/ø^b ±ÑÐ ³�× �/ø43 ±ÑÐ ³�× �/ø � ±ÑÐ ³$³ D ± �w{ �Bé ³
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¶ T JVC�Z T J0bV?BC�Z\G$?BA�WDCPqPO�ZKWDU�gBW[pBJVC�M�Q ± �w{ü�JH ³ � ± �w{ ��ë ³ }wZ T J0qFEHGRZ\WhEHA
]PJVG$W[pHEnZ\W[pBJVU{zz y `Ê� ±ÑÐ ³ }|zz y `"� ±ÑÐ ³EHCP]szz y `"� ±ÑÐ ³ EHG$J�bV?BXYqPO�Z\JV]=M�Q�U$?BA[pwWDCPg ± �w{ü�Hé ³ � ± �w{ �B� ³ EHCP]�OPU$WDCPg½JVu*OFEnZ\WD?BCPU ± �w{ü�JH ³ L T JVG$J
J
±ÑÐ ³

WDU0]PJ8sFCPJV]·M�Q ± �w{ ��ë ³ {µjcC¼Z T WDU0b�EHU$JµZ T JµU$JVCPU$W[Z\W[pwW[Z\WDJVU�� J � ±ÑÐ ³ ü zz y
J � ±ÑÐ ³ EHCP]·� J � ±ÑÐ ³ ü zz y

J � ±ÑÐ ³
U\EnZ\WDURd»Q�Z T J T ?BXY?BgBJVCP?BOPU�ADWDCPJ�EHGtJVu*OFEnZ\WD?BCPU�LNW[Z T �VJVG$?YWDCPW[Z\WhEHA#bV?BCP]PW[Z\WD?BCPUÎ � J � ±ÑÐ ³Î Ð Ò {
Lå�é�

J � ±ÑÐ ³ E J � ± � ³ Ò �
EHCP] Î � J � ±ÑÐ ³Î Ð Ò {
Lå�é�

J � ±ÑÐ ³ E J � ± � ³ Ò �FE
G$JVU$q#JVb8Z\W[pBJVA[QB{6�KJVCPbVJH}jzz y

J � ±ÑÐ ³¸ã ��}Nzz y
J � ±ÑÐ ³¸ã ��EHCP]}zz y

J
±ÑÐ ³ Ò Ù*�~zz y

J � ±ÑÐ ³�× ÙØ�(zz y
J � ±ÑÐ ³ ã �xEHCP]

Z T J0U$JVCPU$W[Z\W[pwW[ZcQ�JVu*OFEnZ\WD?BCPUNG$JV]POPbVJ0Z\?Î �/ø^b ±ÑÐ ³Î Ð Ò ÓKl �/ø43 ±ÑÐ {¯Þ ³ { ÓKm �/ø^b ±ÑÐ ³ {
Î
5 �/ø^b ±ÑÐ ³ ± �w{ è�� ³{�6 l B M ±ÑÐ ³ �/ø^b ±ÑÐ ³ × �eM ±ÑÐ ³ ø^b ±ÑÐ ³ G�{ B `Ê� ±ÑÐ ³ �/ø^b ±ÑÐ ³ GÎ �/ø43 ±ÑÐ ³Î Ð Ò � Ó�5 �/ø � ±ÑÐ ³ { ÓKl �/ø43 ±ÑÐ {�Þ ³�× ÓKm �/ø^b ±ÑÐ ³ ± �w{ èPë ³{�6Ø�ØB ø43 ±ÑÐ ³ �eM ±ÑÐ ³ × �/ø43 ±ÑÐ ³ M ±ÑÐ ³ G{ Î �£�/ø43 ±ÑÐ ³ { Ó �ô�/ø43 ±ÑÐ {�Þ ³Î �/ø � ±ÑÐ ³Î Ð Ò Ó �é�/ø43 ±ÑÐ {¯Þ ³ {

Î
8 �/ø � ±ÑÐ ³ { Ó�5 �/ø � ±ÑÐ ³ ± �w{ è*� ³{�6 8 B ø � ±ÑÐ ³ �eM ±ÑÐ ³ × �/ø � ±ÑÐ ³ M ±ÑÐ ³ G�{ B `"� ±ÑÐ ³ �/ø � ±ÑÐ ³ GÎ �eM ±ÑÐ ³Î Ð Ò ä4`xwNy ±ÑÐ ³ ë Î ÿ w ±ÑÐ ³ {¯ä4`xw ±ÑÐ ³ ë Î ÿ wNy ±ÑÐ ³B Î ÿ w ±ÑÐ ³ G � ± �w{ è�� ³{�6��*B M ±ÑÐ ³ �/ø43 ±ÑÐ ³�× �eM ±ÑÐ ³ ø43 ±ÑÐ ³ G"{76 5 B ø � ±ÑÐ ³ �eM ±ÑÐ ³ × �/ø � ±ÑÐ ³ M ±ÑÐ ³ G{�6 m B ø^b ±ÑÐ ³ �eM ±ÑÐ ³ × �/ø^b ±ÑÐ ³ M ±ÑÐ ³ G�{

Î �ô�eM ±ÑÐ ³ { B ` 8 ±ÑÐ ³ �eM ±ÑÐ ³ G
L T JVG$J�EHg�EHWDC�ä4`xw ±ÑÐ ³ } Î ÿ w ±ÑÐ ³ }(ä4`xwNy ±ÑÐ ³ EHCP] Î ÿ wNy ±ÑÐ ³ EHG$JN]PJ8sFCPJV]�M�QµJVu*OFEnZ\WD?BCPU ± �w{ �Bê ³ � ± �w{ �Bé ³

EHM#?´pBJH{ S�T J)WDCPW[Z\WhEHA#]FEnZmEªdr?BGtZ T J0U$JVCPU$W[Z\W[pwW[ZcQ�JVu*OFEnZ\WD?BCPU ± �w{ è�� ³ � ± �w{ è�� ³ WDU�gBW[pBJVC�M�Q
�/ø^b ±ÛÚ ³�ã �FD �FEm�/ø43 ±ÛÚ ³�ã �FD �n�/ø � ±ÛÚ ³�ã �FD �`�eM ±ÛÚ ³�ã ë�D �FD ± �w{ èBè ³

jcC^Z T J�C*OPXYJVG$WDb�EHA
bV?BXYqPO�ZmEnZ\WD?BCPUV}*L�J@OPU$J0å@å@þ,�H�)Z\?_U$?BA[pBJ6Z T J�bV?BOPqPADJV]�URZmEnZ\J@EHCP]^U$JVCPU$W[Z\W[pwW[ZcQ
JVu*OFEnZ\WD?BCPU�]PJ8sFCPJV]£M�Q ± �w{ü�H� ³ � ± �w{ ��ë ³ EHCP] ± �w{ è�� ³ � ± �w{ è�� ³ }KG$JVU$q#JVb8Z\W[pBJVA[QB{ S�T OPUV}@L�J·EHG$J·EHMPADJlZ\?
bV?BXYqPO�Z\J�Z T J/U$JVCPU$W[Z\W[pwW[Z\WDJVU�zz y ø^b ±ÑÐ ³ }:zz y ø43 ±ÑÐ ³ }Fzz y ø � ±ÑÐ ³ EHCP]�zz y M ±ÑÐ ³ LNW[Z T Z T J/U\EHXYJ/EHADgB?BG$W[Z T X�{¶·J@CP?HZ\J@Z T EnZ�W[Z�WDU�q#?BU$U$WDMPADJ6Z\?µ?BM�ZmEHWDC^U$WDXYWDAhEHG,U$JVCPU$W[Z\W[pwW[ZcQxJVu*OFEnZ\WD?BCPU�LNW[Z T G$JVU$q#JVb8ZKZ\?µEHC�Q^?HdeZ T J
XY?w]PJVA�qFEHG\EHXYJ8Z\JVG$UV{¼�K?´L�J8pBJVGV}wU$JVCPU$W[Z\W[pwW[ZcQ7LNW[Z T G$JVU$q#JVb8Z9Z\?�Z T J�]PJVAhE�QªADJ�EH]PU�Z\?0CPJVO�Z\G\EHA�drOPCPb8Z\WD?BCFEHA
]PW[�
JVG$JVC�Z\WhEHAFJVu*OFEnZ\WD?BCPU�EHCP]^EH]P]PW[Z\WD?BCFEHA�Z T JV?BG$J8Z\WDb�EHA#EHCP]xC*OPXYJVG$WDb�EHAFbV?BXYqPADJ���W[Z\WDJVU ± U$JVJ�B �*G
EHCP]KB ê*G ³ {
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S�T WDUKb T EHq�Z\JVG6qPG$?´pwWD]PJVU�EYU$OPXYXxEHGRQ�?Hd�Z T J7C*OPXYJVG$WDb�EHA�G$OPCPUKL�J7bV?BCP]POPb8Z\JV]ldr?BG v ?w]PJVA,ëªEHCP]/?BOPG
CPJ8L v ?w]PJVA1��{�¶·J@sFG$URZNpBJVG$W[d»Q�Z T EnZKM#?HZ T XY?w]PJVADUtG$JVqPG$?w]POPbVJ)�*CP?´LNC/b�EHU$JVU6EHCP]�Z T JVC�WDC�pBJVURZ\WDg�EnZ\J
Z T JYWDXYqFEHb8Z)?Hd�i�EHbVADW[ZmE���JVA2]PG$OPg�Z T JVG\EHq�Qï?BC·M#?HZ T XY?w]PJVADUV{ ² JVb�EHADA�Z T EnZ v ?w]PJVANëxWDU0]PJ8sFCPJV]¹M�Q
JVu*OFEnZ\WD?BCPU ± �w{ � ³ � ± �w{[ë�è ³ EHCP] v ?w]PJVA1�µWDU�]PJ8sFCPJV]/M�Q^JVu*OFEnZ\WD?BCPU ± �w{ü�H� ³ � ± �w{ ��ë ³ {

iLZ6Y � Í��Äadc�fØvworÂI½¿adqeÍKÂ£s�q<k�jbc�� jLÇ&adÂ Y
jcC7?BG$]PJVG�Z\?NpBJVG$W[d»Q@Z T EnZ v ?w]PJVAFë,WDU1bV?BCPU$WDURZ\JVC�Z�LNW[Z T pHEHG$WD?BOPU1U$q#JVbVWhEHA�b�EHU$JVUeL�J,U$JVADJVb8Z�WDCPW[Z\WhEHAH]FEnZmEtdr?BG
L T WDb T L�Jt�*CP?´L�Z T J�J��PEHb8Z�U$?BADO�Z\WD?BC�{�`F?BG1J��PEHXYqPADJH}HW[d�dr?BG Ð ÷¸�NZ T JVG$J�EHG$J,CP?�b�EHCPbVJVG�bVJVADADUV}�Z T JVCªZ T J
Z T JNXY?w]PJVAPU T ?BOPAD]µqPG$JV]PWDb8Z,CP?0CPJ8L¿b�EHCPbVJVG9bVJVADADU9EHCP]µZ T JNWDXYXªOPCPJtbVJVADADU2U T ?BOPAD]YEHqPqPG$?�EHb T E0URZ\J�EH]�Q
URZmEnZ\J�bV?BCPURZmEHC�Z9pHEHADOPJH{ S�T OPUV}*L�J�ZmEH�HJ�Z T J�WDCPW[Z\WhEHA�drOPCPb8Z\WD?BC_Z\?@M#J�B ø43 ± � ³ Eôø � ± � ³ EéM ± � ³ G Ò B �FEm�FEm�FD é*G�}U$J8Z)Z T JY]PG$OPg�bV?BCPbVJVC�Z\G\EnZ\WD?BC¼Z\?��VJVG$? ± W�{ JH{�6 ±ÑÐ ³ Ò � ³ EHCP]·OPU$J v z S ��z�|iz Uªå@å@þ,�H��Z\?�U$WDXªOPAhEnZ\Jv ?w]PJVA2ë@dr?BGN�$÷ Ð ÷­ë´�B��{
`�WDgBOPG$Jx��{[ëxU T ?´LNU7Z T JxG$JVU$OPA[Z\U7?HdtZ T WDU)U$WDXªOPAhEnZ\WD?BC�{^�KJVG$JH}~� ± ë ³ Ò ø43 ±ÑÐ ³ }~� ± � ³ Ò ø � ±ÑÐ ³ EHCP]� ± � ³ Ò M ±ÑÐ ³ {�z6U,qPG$JV]PWDb8Z\JV]�}�Z T JNZ\OPXY?BG2bVJVADADU2G$JVXxEHWDCµEnZ,�VJVG$?P}�Z T JNWDXYXªOPCPJ�URQwURZ\JVX�WDU2G$JVqPG$?w]POPbVWDCPgEnZ_E�bV?BCPURZmEHC�Z_G\EnZ\JN9ïEHCP]�}2EHU7J���q#JVb8Z\JV]�}2Z T JxWDXYXªOPCPJYbVJVADADU7EHqPqPG$?�EHb T E/URZ\J�EH]�Q·URZmEnZ\JYpHEHADOPJY?Hd

EHqPqPG$?���WDXxEnZ\JVA[Q��FD[ë��w{
¶·J�qPG$J8dr?BG$XYJV]"EHCP?HZ T JVG_Z\JVURZY?Hd v ?w]PJVA@ë�EHCP]&?BOPGµbV?w]PJ�M�Q�bV?BCPU$WD]PJVG$WDCPg½Z T J�b�EHU$J�LNW[Z T CP?

]PG$OPgBU�EHCP]"CP?·WDXYXªOPCPJ�bVJVADADUV{¿z6UYU T ?´LNC¿WDC"`�WDgBOPG$J���{ü�½Z T JVG$J/WDUxE¼Z\G$JVXYJVCP]P?BOPUxOPCPbV?BC�Z\G$?BADADJV]
gBG$?´L�Z T WDCïZ T JµZ\OPXY?BG0bVJVADADUV{ S�T WDU7EHADU$?�WDADADOPURZ\G\EnZ\JVU@Z T JYG\EHqPWD]ï?BCPU$J8Zª?Hd�b�EHCPbVJVG7WDCïqFEnZ\WDJVC�Z\U0LNW[Z T
pBJVGRQ�bV?BXYqPG$?BXYWDU$JV]^WDXYXªOPCPJ@URQwURZ\JVXYUV{
`�WDgBOPG$Jµ��{ ��WDU0E�qPAD?HZ0?HdtE v ?w]PJVANëµU$WDXªOPAhEnZ\WD?BC/LNW[Z T ?BO�Z0Z T JYEHqPqPADWDb�EnZ\WD?BC½?Hdti�EHbVADW[ZmE���JVA�{_¶·J

OPU$J�Z T J�WDCPW[Z\WhEHAabV?BCP]PW[Z\WD?BCKB ë�D �FE�ë�Dü�
Em�FD é*G�EHADU$?ªOPU$JV]�WDC�B �wë'G�{�¶·J�U$JVJ�Z T J@WDCPW[Z\WhEHAFADJ8pBJVADUt?Hd�Z T J�Z\OPXY?BG
q#?BqPOPAhEnZ\WD?BCPU
]PJVbVG$J�EHU$WDCPgP}�Z T JVC)U$AD?´LNA[Q�G$WDU$WDCPg�End»Z\JVGe�H�t]FE�QwUV{ S�T WDU�WDU�U$WDXYWDAhEHGaZ\?�Z T J2G$JVU$OPA[Z\U1?BMPU$JVGRpBJV]B �wë'G�{2j(ZKWDU�CP?HZNbVADJ�EHGtZ T EnZNZ T J@Z\OPXY?BGtbVJVADADUtLNWDADA�URZmE�Q^M#?BOPCP]PJV]�dr?BG�AD?BCPgBJVGtZ\WDXYJVUV{
jcC�?BG$]PJVG�Z\?_b T JVbm�xZ T J@bV?w]PJ6LNW[Z T EªbV?BC�Z\G$?BA
WDCPqPO�Z�}PEHg�EHWDCxL�J@OPU$J�Z T J@WDCPW[Z\WhEHAPdrOPCPb8Z\WD?BC^]FEnZmEªWDCB �wë'GFEHCP]_qPG$?´pwWD]PJNE�OPCPW[Z2URZ\JVqµWDCPqPO�Z2U$WDXYWDAhEHG�Z\?�Z T JtWDCPqPO�Z\U�dr?BOPCP]_WDCªZ T EnZ2qFEHq#JVGV{�jcCµqFEHGRZ\WDbVOPAhEHGV}nL�J

U$J8Zo6 ±ÑÐ ³ Ò ë)dr?BG Ð U\EnZ\WDURd»QwWDCPgx�b÷ Ð ÷ýë´��}
�H�¡÷ Ð ÷¬�B�YEHCP]½ìH�¡÷ Ð ÷¬êB�YEHCP]�Z T JVClU$J8Z
6 ±ÑÐ ³ Ò ��}?HZ T JVGRLNWDU$JH{ S�T WDU7WDCPqPO�ZªWDU)qPAD?HZ$Z\JV]·WDC�`�WDgBOPG$JY��{ èlM#JVAD?´LºEHCP]¹qPG$?w]POPbVJVU7Z T JxG$JVU$q#?BCPU$J�U T ?´LNC=WDC
`�WDgBOPG$JK��{üìw{�¶·JKU$JVJ�EHCYWDXYXYJV]PWhEnZ\J�]PJVbVG$J�EHU$J6WDCµZ T JKq#?BqPOPAhEnZ\WD?BCµ?Hd
Z\OPXY?BG9bVJVADADU9WDCYWDC�Z\JVG$q T EHU$J�EHCP]
XYW[Z\?BU$WDUNEnZ Ð Ò �FE��H�YEHCP]lìH��}FL T WDb T bV?BG$G$JVU$q#?BCP]PUKZ\?YZ T J)q#JVG$WD?w]PWDb@qPOPADU$WDCPgY?Hd2i�EHbVADW[ZmE���JVA�{�z6g�EHWDC�}W[ZNWDU�CP?HZNbVADJ�EHGtZ T EnZ�Z T J0b�EHCPbVJVGNLNWDADA
M#J0G$JV]POPbVJV]�Z\?µ�VJVG$?xEHU�Z\WDXYJ�bV?BC�Z\WDC*OPJVUV{

ë´ê
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v(1)=tumor cells during interphase
v(2)=tumor cells during mitosis
v(3)= cytotoxic T−cells

`�WDgBOPG$J0��{[ëB� v ?w]PJVA2ëB� ² JVU$q#?BCPU$J0LNW[Z T CP?µZ\OPXY?BGtbVJVADADUNEHCP]�CP?Yi�EHbVADW[ZmE���JVA

0 20 40 60 80 100
0

1000

2000

3000

4000

5000

6000

time t

po
pu

la
tio

n

 

 
v(1)=tumor cells during interphase
v(2)=tumor cells during mitosis
v(3)= cytotoxic T−cells

`�WDgBOPG$J@��{ü�w� v ?w]PJVA2ëB� ² JVU$q#?BCPU$J0LNW[Z T CP?µWDXYXªOPCPJ�bVJVADADUNEHCP]�CP?xi�EHbVADW[ZmE���JVA
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v(1)=tumor cells during interphase
v(2)=tumor cells during mitosis
v(3)= cytotoxic T−cells

`�WDgBOPG$J0��{ ��� v ?w]PJVA2ëB� ² JVU$q#?BCPU$J0dr?BG�jcCPW[Z\WhEHA�~�?BCP]PW[Z\WD?BCCB ë�D �FE�ë�Dü�
Em�FD é*G
LNW[Z T CP?Yå�G$OPg
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v(1)=tumor cells during interphase
v(2)=tumor cells during mitosis
v(3)= cytotoxic T−cells
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v(1)=tumor cells during interphase
v(2)=tumor cells during mitosis
v(3)= cytotoxic T−cells

`�WDgBOPG$J0��{ ê�� v ?w]PJVA2ëB� ² JVU$q#?BCPU$J0dr?BG�jcCPW[Z\WhEHA�~�?BCP]PW[Z\WD?BCCB ë�D �FE�ë�Dü�
Em�FD è�ê*G
LNW[Z T CP?xå�G$OPg
j(d�L�J^WDCPbVG$J�EHU$JYZ T J�WDCPW[Z\WhEHA�C*OPXªM#JVGª?Hd�WDXYXªOPCPJYbVJVADADU)drG$?BX �FD è�ê�Z\?½�FD è�H�L�J^U$JVJ^E/]PG\EHXxEnZ\WDb



|i}�~��"�*���d�6���F�J��� �/�"�'�e���x�o�
�����+���x�ô�.�£�*~e�p�-1Ø�J~ �O1 �H�

b T EHCPgBJ6WDCµZ T JKG$JVU$q#?BCPU$JH{9jcC�`�WDgBOPG$JK��{ü��L�J6qPAD?HZ9Z T JKG$JVU$q#?BCPU$JKZ\?)Z T WDU,WDCPW[Z\WhEHA�]FEnZmE@LNW[Z T CP?)]PG$OPgBUV{
æ�MPU$JVGRpBJ�Z T EnZ�L�J�G\EHCxZ T J�U$WDXªOPAhEnZ\WD?BC_dr?BG,è*ìH�7]FE�QwU�EHCP]xZ T J6Z\OPXY?BG,bVJVADADU�EHqPq#J�EHG,Z\?ªM#J�]PJVbVADWDCPWDCPgP{
�K?´L�J8pBJVGV}
EHUtL�J0U T EHADA�U$JVJ)AhEnZ\JVG�E_qPG$JV]PWDb8Z\WD?BC^MFEHU$JV]/?BCPA[Qx?BC�E_U$WDXªOPAhEnZ\WD?BC�?HdeZ T WDU�CFEnZ\OPG$J@b�EHC�M#J
XYWDU$ADJ�EH]PWDCPgP{�jcCïEHC�Q/b�EHU$JH}�Z T WDU�U$WDXªOPAhEnZ\WD?BC�U$JVJVXYU�Z\?^WDXYqPA[Q�Z T EnZ�Z T JªWDCPW[Z\WhEHA1]FEnZmE�B ë�D �FE�ë�Dü�
Em�FD è�ê*G
WDUµLNW[Z T WDC=Z T J/MFEHU$WDC&?Hd0EnZ$Z\G\EHb8Z\WD?BC&?Hd0EïURZmEHMPADJ�URZ\J�EH]�Q&URZmEnZ\J ± EHg�EHWDC&U$JVJ�Z T J/qFEHq#JVG$U&B ë´é*G�}�B �H�*G
EHCP]ÁB �wë£G ³ { S�T WDU6G$JVU$OPA[Z�WDXYqPADWDJVUtZ T EnZ v ?w]PJVA,ëªWDUKU$JVCPU$W[Z\W[pBJ)Z\?xZ T J7WDCPW[Z\WhEHA�q#?BqPOPAhEnZ\WD?BC�?Hd2WDXYXªOPCPJ
bVJVADADUtCPJ�EHGtZ T WDU�WDCPW[Z\WhEHAabV?BCP]PW[Z\WD?BC�{�z­MPWD?BAD?BgBWDb�EHAaWDC�Z\JVG$qPG$J8ZmEnZ\WD?BC^?HdeZ T WDUtWDUtZ T EnZKEªU$ADWDg T Z\A[QxURZ\G$?BCPgBJVG
WDXYXªOPCPJ�URQwURZ\JVX�WDUNEHMPADJ�Z\?µ]PG\EHURZ\WDb�EHADA[Qxb T EHCPgBJ@Z T J@sFg T Z6EHg�EHWDCPURZNb�EHCPbVJVGV{

0 50 100 150 200 250 300 350 400 450
0

0.2

0.4

0.6

0.8

1

1.2

1.4

time t

po
pu

la
tio

n

 

 
v(1)=tumor cells during interphase
v(2)=tumor cells during mitosis
v(3)= cytotoxic T−cells
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v(1)=tumor cells during interphase
v(2)=tumor cells during mitosis
v(3)= cytotoxic T−cells
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v(1)=tumor cells during interphase
v(2)=tumor cells during mitosis
v(3)= cytotoxic T−cells
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v(1)=tumor cells during interphase
v(2)=tumor cells during mitosis
v(3)= cytotoxic T−cells
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v(2)=tumor cells during mitosis
v(3)= cytotoxic T−cells
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bV?BCPbVJVC�Z\G\EnZ\WD?BC�Z\?Y�FD �ªZ T J@Z\OPXY?BG�bVJVADADUNEHG$J0EHqPq#J�EHG�Z\?µM#J0M#J8Z$Z\JVGNbV?BC�Z\G$?BADADJV]�{

0 20 40 60 80 100 120 140 160 180
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

time t

co
nc

en
tra

tio
n 

c(
t)

`�WDgBOPG$J@��{[ë´ê��9i�EHbVADW[ZmE���JVA1~�?BCPbVJVC�Z\G\EnZ\WD?BC S WDXYJ0�KWDURZ\?BGRQ

0 20 40 60 80 100 120 140 160 180
0

0.2

0.4

0.6

0.8

1

1.2

1.4

time t

po
pu

la
tio

n

 

 
v(1)=tumor cells during interphase
v(2)=tumor cells during mitosis
v(3)= cytotoxic T−cells

`�WDgBOPG$J@��{[ë��w� v ?w]PJVA2ëB� ² JVU$q#?BCPU$J@dr?BG�jcCPW[Z\WhEHA�~�?BCP]PW[Z\WD?BC�B ë�D �FE�ë�Dü�
Em�FD è�ê*G#LNW[Z T i�EHbVADW[ZmE���JVA�~�?BCPbVJVCw�
Z\G\EnZ\WD?BC���J8pBJVADUK?Hd��FD �µEHCP]�èYi2OPADU$JVU
���
���Põ��~� ¶·J^bV?BXYqPADJ8Z\JxZ T WDUªU$JVb8Z\WD?BC�LNW[Z T E/LtEHG$CPWDCPg¼EHM#?BO�ZµC*OPXYJVG$WDb�EHA�JVG$G$?BGV{·z6qPqPA[QwWDCPg

å@å@þ,�H�µZ\?xZ T WDUKXY?w]PJVAeb�EHClqPG$?w]POPbVJªCP?�MPWD?BAD?BgBWDb�EHA�G$JVU$OPA[Z\UKdr?BG6U$?BXYJ)WDCPW[Z\WhEHA�]FEnZmE�{6`F?BGKJ��PEHXYqPADJH}
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W[d�?BCPJYU$J8Z\U0Z T JYWDCPW[Z\WhEHAe]FEnZmE^Z\?�M#J¢B ë�D �FE�ë�Dü�
E\è1D éFEm�FEm�*G2EHCP]ïU$WDXªOPAhEnZ\JVU@Z T JµURQwURZ\JVX%LNW[Z T CP?�]PG$OPgBU
Z T JVC�}2å@å@þ,�H��qPG$?w]POPbVJVU7Z T J�G$JVU$OPA[Z\U7U T ?´LNC�WDCïsFgBOPG$J^��{[ë6H�{ S�T J�?´pBJVG$U T ?w?HZ ± W�{ JH{�Z T J�CPJVg�EnZ\W[pBJ
pHEHADOPJVUN?Hd�ø43 ³ WDUN]POPJ0Z\?µC*OPXYJVG$WDb�EHA�JVG$G$?BG$UNWDC/å@å@þ,�H��{2j(d�?BCPJ0bV?BCPU$WD]PJVG$UNZ T J)CP?BCw�c]PJVAhE�QBJV]�pBJVG$U$WD?BC
?HdKZ T WDU_qPG$?BMPADJVXÖEHCP]=OPU$JVU v z S ��z�|iz U�æ@å@þ,�H�½U$?BA[pBJVGV},Z T JVC"E½U$WDXYWDAhEHG)CPJVg�EnZ\W[pBJ�?´pBJVG$U T ?w?HZYWDU
?BMPU$JVGRpBJV]�{�æ�CµZ T JK?HZ T JVG T EHCP]�}wOPU$WDCPg v z S ��z�|iz U,URZ\W[��U$?BA[pBJVG�æ@å@þ,�H�HU2L�JNL�JVG$J6CP?HZ�EHMPADJ�Z\?@sFCP]
WDCPW[Z\WhEHAPbV?BCP]PW[Z\WD?BCPU2Z T EnZtqPG$?w]POPbVJV]xZ T WDU�CPJVg�EnZ\W[pBJK?´pBJVG$U T ?w?HZ�{ S�T WDU�U$OPgBgBJVURZ\U�Z T EnZtE)URZ\W[��pBJVG$U$WD?BC�?Hd
å@å@þ,�H�ªXYWDg T ZNM#J@CPJVJV]PJV]�Z\?xEH]P]PG$JVU$UNZ T WDU�WDU$U$OPJH{
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v(1)=tumor cells during interphase
v(2)=tumor cells during mitosis
v(3)= cytotoxic T−cells

`�WDgBOPG$J@��{[ë6H�� v ?w]PJVA2ëB� ² JVU$q#?BCPU$J@dr?BG�jcCPW[Z\WhEHA�~�?BCP]PW[Z\WD?BC�B ë�D �FE�ë�Dü�
E\è1D é*G
LNW[Z T CP?Yå�G$OPgBU
æ�CPJ/?Hd@Z T J/XY?BURZxWDXYq#?BGRZmEHC�ZµM#JVCPJ8sPZ\U�?Hd@Z T WDUYXY?w]PJVANWDUµZ T EnZ�W[ZYqPG$?´pwWD]PJVU�U$?BXYJ�WDCPU$WDg T ZxWDC

Z T JYq#?BU$U$WDMPADJµLtE�QwU7Z T EnZ)]PG$OPg½EH]PXYWDCPWDURZ\G\EnZ\WD?BClb�EHC�En�
JVb8Z)Z T JµZ\OPXY?BG7EHCP]ïZ T JYWDXYXªOPCPJµURQwURZ\JVX�{
jc]PJ�EHADA[QY?BCPJ6L�?BOPAD]^ADWD�HJKZ\?_XxE���WDXYWD�VJ�Z T J@J8�
JVb8Z�?Hd1Z T J�]PG$OPg_?BC�Z T J6Z\OPXY?BG�U$?ªZ T EnZ�W[ZtWDU�qPG$?Bq#JVG$A[Q
JVG\EH]PWDb�EnZ\JV]�L T WDADJ6Z T J@WDXYXªOPCPJ6URQwURZ\JVX URZmE�QwUKEHM#?´pBJ@U$?BXYJ6Z T G$JVU T ?BAD]�EHUtWDC�pBJVURZ\WDg�EnZ\JV]�WDCCB �H��G�{2¶·J
Z\OPG$C�CP?´L£Z\?_Z T J0WDC�Z\JVgBG\EnZ\JV]�XY?w]PJVA�]PJ8sFCPJV]/M�Q ± �w{ü�H� ³ � ± �w{ ��ë ³ {

iLZ�º � Í��Äadc�fØvworÂI½¿adqeÍKÂ£s�q<k�jbc�� jLÇ&adÂ�i
jcC"Z T WDUYU$JVb8Z\WD?BC"L�J/qPG$JVU$JVC�Z^G$JVU$OPA[Z\UxMFEHU$JV]¿?BC&Z T J/CPJ8L v ?w]PJVA6�ï]PJ8sFCPJlM�Q&JVu*OFEnZ\WD?BCPU ± �w{ü�H� ³ �
± �w{ ��ë ³ {ïz6U_M#J8dr?BG$J�L�J�sFG$URZµbV?BCP]POPb8ZYG$OPCPUªZ\?lpBJVG$W[d»Q·Z T J^bV?w]PJH{·z6g�EHWDC�}2W[d�L�J�EHU$U$OPXYJ�Z T EnZªdr?BGÐ ÷ý�xZ T JVG$J_EHG$JªCP?^b�EHCPbVJVG@bVJVADADUV}#Z T JVClZ T J7Z T J_XY?w]PJVAeU T ?BOPAD]½qPG$JV]PWDb8Z�CP?^CPJ8LÞb�EHCPbVJVG@bVJVADADU�EHCP]
Z T J_WDXYXªOPCPJ7bVJVADADU�U T ?BOPAD]¼EHqPqPG$?�EHb T E�URZ\J�EH]�Q½URZmEnZ\JªbV?BCPURZmEHC�Z0pHEHADOPJH{ S�T OPUV}�L�J_ZmEH�HJªZ T J_WDCPW[Z\WhEHA
drOPCPb8Z\WD?BClM#JLB ø^b ± � ³ Eôø43 ± � ³ Eôø � ± � ³ EéM ± � ³ G Ò B �FEm�FEm�FEm�FD é*G�EHCP]lU$J8Z@Z T Jª]PG$OPg^bV?BCPbVJVC�Z\G\EnZ\WD?BClZ\?^�VJVG$?± W�{ JH{Y6 ±ÑÐ ³ Ò � ³ {tz6UKU T ?´LNClWDC/`�WDgBOPG$J)��{[ë´é�}FZ T J)WDXYXªOPCPJ0bVJVADADUKEHqPqPG$?�EHb T EYURZ\J�EH]�Q�URZmEnZ\J0pHEHADOPJ0?HdEHM#?BO�Zt�FD[ë��0L T WDb T WDU,J��PEHb8Z\A[QYZ T J6U\EHXYJ�EHU�qPG$?w]POPbVJV]�M�Q v ?w]PJVA�ë ± U$JVJ6sFgBOPG$J���{[ë ³ { S�T WDUtU$OPgBgBJVURZ\U
Z T EnZ�Z T J0CPJ8L­XY?w]PJVA�EHCP]�bV?w]PJ)EHG$J0bV?BCPU$WDURZ\JVC�ZKLNW[Z T/v ?w]PJVA2ë@L T JVC�Z T JVG$J)EHG$J0CP?_Z\OPXY?BG�bVJVADADUV{
æ�MPU$JVGRpBJµZ T EnZ v ?w]PJVA9�^qPG$?w]POPbVJVU)J��PEHb8Z\A[Q/Z T JµU\EHXYJ_G$JVU$q#?BCPU$JxEHU v ?w]PJVA�ë_L T JVC¼Z T JµWDCPW[Z\WhEHA

bV?BCP]PW[Z\WD?BC½dr?BGdø^b ± � ³ Ò ��EHCP]\' lrÒ ��{ S�T OPUV}�W[d,L�JxOPU$JKB �FE�ë�D �FE�ë�Dü�
Em�FD èJG2EHU0Z T JYWDCPW[Z\WhEHA�]FEnZmE�WDCv ?w]PJVAP�6L�J�qPG$?w]POPbVJtZ T JtU\EHXYJtG$JVU$q#?BCPU$JKEHU v ?w]PJVA
ëtLNW[Z T WDCPW[Z\WhEHA�]FEnZmE�B ë�D �FE�ë�Dü�
Em�FD èJG�{ S�T Jtdr?BADAD?´Lt�
WDCPgµG$OPCPUNqPG$?´pwWD]PJ)EµbV?BXYqFEHG$WDU$?BC^?Hd�Z T J0G$JVU$q#?BCPU$J)?HdeZ T J0ZcL�?YXY?w]PJVADUtZ\?_Z T J0U\EHXYJ0bV?BCPbVJVC�Z\G\EnZ\WD?BC
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v(1)=quiescent tumor cells
v(2)=tumor cells during interphase
v(3)=tumor cells during mitosis
v(4)= cytotoxic T−cells

`�WDgBOPG$J@��{[ë´é�� v ?w]PJVA1��� ² JVU$q#?BCPU$J0LNW[Z T CP?µZ\OPXY?BG�bVJVADADU�EHCP]�CP?xi�EHbVADW[ZmE���JVA

Z\WDXYJ T WDURZ\?BGRQB{�¶·J@OPU$J�Z T J@bV?BCPbVJVC�Z\G\EnZ\WD?BC^?Hd�i�EHbVADW[ZmE���JVA�EHU�Z T J@WDCPqPO�Z�U T ?´LNC�WDC^`�WDgBOPG$J@��{ü�H�)LNW[Z T
pHEHADOPJ��FDüìBì0qPOPADU$JV]�EnZ�Z\WDXYJVU��$÷ Ð ÷­ë´��}P�H��÷ Ð ÷ �B��}�êB��÷ Ð ÷ �H�ªEHCP]^�7?HZ T JVGRLNWDU$JH{ S�T J�WDCPW[Z\WhEHA
bV?BCP]PW[Z\WD?BCPUKdr?BG v ?w]PJVA�ë7LNW[Z T CP?�u*OPWDJVU$bVJVC�Z)bVJVADADU6WDU�B ë�D �FE�ë�Dü�
Em�FD èJG�EHCP]lZ T JªWDCPW[Z\WhEHA�bV?BCP]PW[Z\WD?BCPUNdr?BG
v ?w]PJVA1�µEHG$J0b T ?BU$JVC�Z\?µM#J¡B ë�D HFE�ë�D �FE�ë�Dü�
Em�FD èJG�{
S�T WDUKG$OPClWDU�ZcQwqPWDb�EHA1?Hd�Z T J)XxEHC�Q�C*OPXYJVG$WDb�EHA1J���q#JVG$WDXYJVC�Z\UK?Hd�Z T WDU�ZcQwq#JH{6~�?BXYqFEHG$WDCPgx`�WDgBOPG$JVU

��{ü�B��EHCP]¹��{ü�wëµL�JxU$JVJYZ T EnZ)Z T WDU0qFEHGRZ\WDbVOPAhEHG@bV?BCPbVJVC�Z\G\EnZ\WD?BC·WDCPqPO�Z7]PJVbVG$J�EHU$JVU7Z T JYb�EHCPbVJVG7bVJVADADU0WDC
M#?HZ T XY?w]PJVADUV{/�K?´L�J8pBJVGV},WDC v ?w]PJVA6ëYLNW[Z T CP?lu*OPWDJVU$bVJVC�ZµbVJVADADUV}�Z T Jx]PJVbVG$J�EHU$J^WDC·Z\OPXY?BG)bVJVADADU)WDU
XY?BG$J)G\EHqPWD]�Z T EHClqPG$JV]PWDb8Z\JV]lM�Q v ?w]PJVA��YL T JVG$J7Z T JVG$J7WDU�EYU$OPMPURZmEHC�Z\WhEHAeq#?BqPOPAhEnZ\WD?BC�?Hd2u*OPWDJVU$bVJVC�Z
bVJVADADU_EnZªZ\WDXYJ Ð Ò ��{¼jcC=qFEHGRZ\WDbVOPAhEHGV}�Z T J^ADJ8pBJVADU_?HdNZ\OPXY?BG7bVJVADADUªWDC�XYW[Z\?BU$WDU7EHCP]=WDC�Z\JVG$q T EHU$J�EHG$JU$ADWDg T Z\A[Q T WDg T JVGNWDC/`�WDgBOPG$J)��{ü�B�ªZ T EHC�Z T J8Q/EHG$J)WDC�`�WDgBOPG$J)��{ü�wëB{�� )�ø��+���r�½ùBö#óeù�	 øe÷��lô�)���ôYô�)��0eõ��
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S�T J9CPJ��wZeG$OPCPU�L�JVG$J9qPG$?w]POPbVJV]0LNW[Z T WDCPW[Z\WhEHA´drOPCPb8Z\WD?BCPU B ë�E�ë�E�ë�E�ë'G�}(B �FD[ë�Em�FD[ë�Em�FD[ë�Em�FD[ë'GBEHCP]¡B �FD ��ë�Em�FD ��ë�Em�FD ��ë�Em�FD �

G$JVU$q#JVb8Z\W[pBJVA[QB{2z6U,CP?HZ\JV]xWDCµZ T JVU$JNsFgBOPG$JVUV}wW[d
Z T JKWDCPW[Z\WhEHAwq#?BqPOPAhEnZ\WD?BCµ?Hd
WDXYXªOPCPJNbVJVADADU2WDU9U$O�çYbVWDJVC�Z\A[Q
T WDg T ± U$JVJ0`�WDgBOPG$J6��{ü�H� ³ ?BG,Z T JKZ\OPXY?BG�bVJVADA#q#?BqPOPAhEnZ\WD?BCYWDU�U$O�çYbVWDJVC�Z\A[QxAD?´L ± U$JVJ@`�WDgBOPG$J6��{ü�Bì ³ }*Z T JVC
Z T JYWDXYXªOPCPJªG$JVU$q#?BCPU$Jxb�EHCïbV?BC�Z\G$?BA9JVu*OPW[pHEHADJVC�Z)q#?BqPOPAhEnZ\WD?BCPU�?Hd�Z\OPXY?BG@bVJVADADUV{x�K?´L�J8pBJVGV}�Z T JVG$JµWDU
Z T J7b�EHU$J_EHU�WDADADOPURZ\G\EnZ\JV]�WDCl`�WDgBOPG$J7��{ �HèYL T JVG$JªZ T J7u*OPWDJVU$bVJVC�Z0bVJVADADUNLNWDADA1]PWDJ7?BO�Z�}aL T WDADJ0Z T Jª?HZ T JVG
Z\OPXY?BG�bVJVADADU�bV?BC�Z\WDC*OPJ@Z\?µgBG$?´L0{
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v(1)=quiescent tumor cells
v(2)=tumor cells during interphase
v(3)=tumor cells during mitosis
v(4)= cytotoxic T−cells

`�WDgBOPG$Jª��{ü�wëB� v ?w]PJVA�ëB� ² JVU$q#?BCPU$Jªdr?BG6jcCPW[Z\WhEHA�~�?BCP]PW[Z\WD?BC·B ë�D �FE�ë�Dü�
Em�FD èJG1LNW[Z T i�EHbVADW[ZmE���JVA�~�?BCPbVJVCw�
Z\G\EnZ\WD?BC���J8pBJVADUK?Hd��FDüìBì_EHCP]��Yi2OPADU$JVU
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v(1)=quiescent tumor cells
v(2)=tumor cells during interphase
v(3)=tumor cells during mitosis
v(4)= cytotoxic T−cells

`�WDgBOPG$J)��{ü�B�w� v ?w]PJVAe��� ² JVU$q#?BCPU$J)dr?BGNjcCPW[Z\WhEHA1~�?BCP]PW[Z\WD?BC�B ë�D HFE�ë�D �FE�ë�Dü�
Em�FD èJG�LNW[Z T i�EHbVADW[ZmE���JVAe~�?BCw�
bVJVC�Z\G\EnZ\WD?BC���J8pBJVADUK?Hd��FDüìBì_EHCP]/�µi2OPADU$JVU
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v(1)=quiescent tumor cells
v(2)=tumor cells during interphase
v(3)=tumor cells during mitosis
v(4)= cytotoxic T−cells

`�WDgBOPG$J0��{ü�H��� v ?w]PJVA1��� ² JVU$q#?BCPU$J0dr?BG�jcCPW[Z\WhEHA�~�?BCP]PW[Z\WD?BCCB ë�E�ë�E�ë�E�ë'G
LNW[Z T ?BO�ZKi�EHbVADW[ZmE���JVA
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v(1)=quiescent tumor cells
v(2)=tumor cells during interphase
v(3)=tumor cells during mitosis
v(4)= cytotoxic T−cells

`�WDgBOPG$J@��{ü�nèP� v ?w]PJVA1��� ² JVU$q#?BCPU$J0dr?BG�jcCPW[Z\WhEHA�~�?BCP]PW[Z\WD?BCCB �FD[ë�Em�FD[ë�Em�FD[ë�Em�FD[ë'G
LNW[Z T ?BO�ZKi�EHbVADW[ZmE���JVA
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v(1)=quiescent tumor cells
v(2)=tumor cells during interphase
v(3)=tumor cells during mitosis
v(4)= cytotoxic T−cells

`�WDgBOPG$J9��{ü�Bìw� v ?w]PJVAw��� ² JVU$q#?BCPU$J9dr?BG1jcCPW[Z\WhEHA*~�?BCP]PW[Z\WD?BCbB �FD ��ë�Em�FD ��ë�Em�FD ��ë�Em�FD ��ë'GHLNW[Z T ?BO�Zei�EHbVADW[ZmE���JVA
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`FG$?BXÚ`�WDgBOPG$JVU2��{ü�H������{ü�Bì6W[Z9EHqPq#J�EHG$U�Z T EnZ2dr?BG�Z T WDU2G\EHCPgBJ�qFEHG\EHXYJ8Z\JVG$UV}BZ T JNWDXYXªOPCPJtURQwURZ\JVX T EHU
E7URZ\J�EH]�QxURZmEnZ\JKpHEHADOPJK?Hd1EHqPqPG$?���WDXxEnZ\JVA[QY�FD[ë��w{2|tEHU$JV]�?BCxZ T WDUV}*L�J6LNWDADAabV?BCPU$WD]PJVGtE)q#JVG$U$?BC�LNW[Z T EHC
WDCPW[Z\WhEHA�EHXY?BOPC�ZN?Hd�WDXYXªOPCPJ@bVJVADADUNJVu*OFEHA�Z\?µZ T WDU�pHEHADOPJH}aEµCP?BG$XxEHADA[Q T J�EHA[Z T Q^q#JVG$U$?BC�{�¶·J@LNWDADA�CP?´L
WDC�pBJVURZ\WDg�EnZ\J0Z T J7]PW[�
JVG$JVCPbVJVU6WDC�Z T J7G$JVU$q#?BCPU$Jª?Hd2EYq#JVG$U$?BC/L T ?xWDUKXY?BG$J T J�EHA[Z T Q�Z T EHC/CP?BG$XxEHA�}aEHU
L�JVADA9EHU7E^q#JVG$U$?BCïL T ?�WDU0ADJVU$U T J�EHA[Z T Q½Z T EHCïCP?BG$XxEHA�{µ`F?BG0E�q#JVG$U$?BC¼L T ?/WDU@XY?BG$J T J�EHA[Z T QlZ T EHC
CP?BG$XxEHA2L�Jxb T ?BU$J�EHC·WDCPW[Z\WhEHA2EHXY?BOPC�Z7?Hd�WDXYXªOPCPJYbVJVADADU0Z\?/M#J^�Bì�y5XY?BG$JµZ T EHC¹OPU$OFEHA�}�?BG¡D[ë�è�H�H�{
`F?BG�E_q#JVG$U$?BC^L T ?µWDU�ADJVU$U T J�EHA[Z T QxZ T EHC�CP?BG$XxEHA#L�J0b T ?BU$J)EHC�WDCPW[Z\WhEHA#EHXY?BOPC�Z�?Hd�WDXYXªOPCPJ6bVJVADADU�Z\?
M#J)�Bì�yºADJVU$UtZ T EHC�OPU$OFEHA�}P?BGdD �Bé�ë��w{ S�T J0G$JVU$OPA[Z\UNb�EHC�M#J@U$JVJVC/WDC�`�WDgBOPG$JVUN��{ü�B�´����{ü�JH�}wL T JVG$J0W[ZNb�EHC
M#JµU$JVJVC·Z T EnZ7EHA[Z T ?BOPg T M#?HZ T qFEnZ\WDJVC�Z\U7EHG$JYEHMPADJ_Z\?�G$WD]½Z T JYM#?w]�Q½?Hd�Z\OPXY?BG@bVJVADADU@LNW[Z T Z T J T JVADq
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v(1)=quiescent tumor cells
v(2)=tumor cells during interphase
v(3)=tumor cells during mitosis
v(4)= cytotoxic T−cells
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¶·JxZmEH�HJ�WDC�Z\?/bV?BCPU$WD]PJVG\EnZ\WD?BC·Z T JxWDXYXªOPCPJY]PJ8sFbVWDJVC�Z_qFEnZ\WDJVC�ZªM�Q·U$J8Z$Z\WDCPg/Z T J�WDCPW[Z\WhEHA9EHXY?BOPC�Z

?HdtWDXYXªOPCPJ_bVJVADADU0JVu*OFEHA2Z\?/�FD �Bê�{ S�T JxEH]PXYWDCPWDURZ\G\EnZ\WD?BC½?Hd�i�EHbVADW[ZmE���JVA2G$JVXxEHWDCPU�Z T JYU\EHXYJH{Y¶ T JVC
L�JµAD?w?B��EnZ@Z T J_gBG\EHq T dr?BG@ê^XY?BC�Z T U�L�J_U$JVJ_Z T EnZ)i�EHbVADW[ZmE���JVA�WDU�bV?BC�Z\G$?BADADWDCPgxZ T JªZ\OPXY?BG6bVJVADADU6dr?BG
Z T JµsFG$URZ0Z T G$JVJYXY?BC�Z T U)MPO�Z)W[Z)U$JVJVXYU7EHU0W[d,Z T JµZ\OPXY?BG@bVJVADADU)EHG$JµM#JVgBWDC¼Z\?�WDCPbVG$J�EHU$JµU$AD?´LNA[Q¼End»Z\JVG
Z T EnZ�{�¶·J6b�EHCxCP?HZ�M#J6U$OPG$JKLNW[Z T ?BO�Z,drOPGRZ T JVG�EHCFEHA[QwU$WDU9Z T EnZ,Z T JKZ\OPXY?BG9bVJVADADU�EHG$JKbV?BXYqPADJ8Z\JVA[Q_OPCP]PJVG
bV?BC�Z\G$?BA�{ S�T EnZKWDUtL T Q^L�J0CPJVJV]�Z\?µAD?w?B��EnZ�Z T J0U$JVCPU$W[Z\W[pwW[ZcQ�JVu*OFEnZ\WD?BCPU�dr?BG�XY?BG$J@gBOPWD]FEHCPbVJH{
IK?´L�W[d,L�JxAD?w?B�lEnZ0Z T JxU\EHXYJµU$WDXªOPAhEnZ\WD?BCldr?BGµëµQBJ�EHG)Z T JVCïL�JxM#JVbV?BXYJµJ8pBJVC�XY?BG$Jµ]P?BOPM�Z$drOPA

Z T EnZ�Z T J7Z\OPXY?BG6bVJVADADUKLNWDADAeCP?HZ@JVXYJVG$gBJªEHg�EHWDC�{ S�T J_U$JVCPU$W[Z\W[pwW[ZcQ/G$JVU$OPA[Z\U6LNWDADAeM#J_EHMPADJ)Z\?^gBOPWD]PJ7OPU
EHU�Z\?_L T JVC�L�J0CPJVJV]�Z\?µAD?w?B��EnZKE_AD?BCPgBJVGtZ\WDXYJVU$qFEHC�EHCP]^L T JVC�L�J)]P?µCP?HZ�{
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v(1)=quiescent tumor cells
v(2)=tumor cells during interphase
v(3)=tumor cells during mitosis
v(4)= cytotoxic T−cells
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v(1)=quiescent tumor cells
v(2)=tumor cells during interphase
v(3)=tumor cells during mitosis
v(4)= cytotoxic T−cells
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v(1)=quiescent tumor cells
v(2)=tumor cells during interphase
v(3)=tumor cells during mitosis
v(4)= cytotoxic T−cells
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v(1)=quiescent tumor cells
v(2)=tumor cells during interphase
v(3)=tumor cells during mitosis
v(4)= cytotoxic T−cells
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v(1)=quiescent tumor cells
v(2)=tumor cells during interphase
v(3)=tumor cells during mitosis
v(4)= cytotoxic T−cells
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iLZ-i »�ad\Kqef£s�f£_gf£sÊÃP½¿adqeÍKÂ£s�q k�jbc�� jLÇ&adÂ_i
i2G$J8pwWD?BOPU$A[QB}aL�Jª?BMPU$JVGRpBJV]½Z T EnZ�EYU$XxEHADA�b T EHCPgBJªWDC/j ± � ³ }#b�EHClqPG$?w]POPbVJ7U$WDgBCPW[sFb�EHC�Z6b T EHCPgBJVU�WDC�Z T J
ADJ8pBJVADU9?Hd
Z T JNZ\OPXY?BG2bVJVADADUV{ v ?BG$JV?´pBJVGV}�U T ?BGRZ9Z\WDXYJ�U$WDXªOPAhEnZ\WD?BCPU�b�EHCxCP?HZ�EHA[LtE�QwU,M#JNOPU$JV]xZ\?)qPG$JV]PWDb8Z
AD?BCPg�Z\WDXYJYM#J T E�pwWD?BGV{�jcC¹qFEHGRZ\WDbVOPAhEHGV}�E�U$WDXªOPAhEnZ\WD?BC¼?BC�E�U T ?BGRZ7Z\WDXYJµXxE�QïqPG$?w]POPbVJxG$JVU$OPA[Z\U)Z T EnZ¥$EHqPq#J�EHGô¦_Z\? T E�pBJ)G$J�EHb T JV]/E_URZ\J�EH]�Q^URZmEnZ\JH{9jcC^d EHb8Z�}aEªAD?BCPgªZ\WDXYJ�U$WDXªOPAhEnZ\WD?BCxXxE�Q^EHb8Z\OFEHADA[QxU T ?´L
Z T EnZ9L T EnZ9sFG$URZ�U$JVJVXYU9Z\?)M#JKE0U$OPbVbVJVU$URdrOPA
]PG$OPg0Z\G$J�EnZ\XYJVC�Z�EHb8Z\OFEHADA[Q7d EHWDADU�M#JVb�EHOPU$JKZ T J�Z\OPXY?BG9bVJVADADU
J8pBJVC�Z\OFEHADA[Q�M#JVgBWDC�Z\?xgBG$?´L ?BO�Z6?Hd2bV?BC�Z\G$?BA�{NjcC�Z T WDU6b�EHU$J7U$JVCPU$W[Z\W[pwW[Z\WDJVUNb�EHClqPG$?´pwWD]PJ7WDCPU$WDg T ZKWDC�Z\?�E
q#?HZ\JVC�Z\WhEHA�qPG$?BMPADJVX¾AD?BCPgµM#J8dr?BG$J�Z T J0qPG$?BMPADJVX WDU�U$JVJVC/WDC�E_dr?BGRLtEHG$]�U$WDXªOPAhEnZ\WD?BC�{
S ?�XxEH�HJ_Z T WDU@q#?BWDC�Z0XY?BG$J_bVADJ�EHGV}�L�JµbV?BCP]POPb8Z\JV]�E^C*OPXYJVG$WDb�EHA�J���q#JVG$WDXYJVC�Z0LNW[Z T WDCPW[Z\WhEHAe]FEnZmEB �FD HFE�ë�D �FE�ë�Dü�
Em�FD è��*Gwdr?BG�ë´�B�@]FE�QwUV{9`�WDgBOPG$J���{ ����U T ?´LNU9Z T JNG$JVU$q#?BCPU$JNZ\?@Z T WDU9WDCPW[Z\WhEHA*]FEnZmE�{�z6A[Z T ?BOPg T

Z T JNZ\OPXY?BG2bVJVADADU,EHG$JNWDCY]PJVbVADWDCPJ�dr?BG2Z T J�sFG$URZ,drJ8L¿]FE�QwUV}�W[Z9WDU9bVADJ�EHG2Z T EnZ,J8pBJVC�Z\OFEHADA[Q_Z T JNb�EHCPbVJVG�bVJVADADU
M#JVgBWDC/Z\?xgBG$?´LÞEHg�EHWDC/M�Q/]FE�Q·ë´��{ S�T JVG$J8dr?BG$JH}�W[d�L�J T EH]l?BCPA[Q�U$WDXªOPAhEnZ\JV]�Z T WDU6URQwURZ\JVX dr?BGpHx]FE�QwU
L�J)L�?BOPAD]�U$JVJªEYG$JVU$q#?BCPU$J7U$WDXYWDAhEHG,Z\?YZ T J)G$JVU$q#?BCPU$J7WDADADOPURZ\G\EnZ\JV]�WDC/`�WDgBOPG$J0��{ �B��{ S�T J)b T EHADADJVCPgBJ0WDU
Z\?^M#JµEHMPADJ7Z\?^qPG$JV]PWDb8Z@L T JVC¼Z T J_U$WDXªOPAhEnZ\WD?BC�WDU0EHb8Z\OFEHADA[Q�qPG$?w]POPbVWDCPg�E�URZmEHMPADJªURZ\J�EH]�Q½URZmEnZ\JªdrG$?BX¥RU T ?BGRZNZ\WDXYJ'¦_U$WDXªOPAhEnZ\WD?BCPUV{
jcC&?BG$]PJVGªZ\?¼WDADADOPURZ\G\EnZ\JYZ T WDU_q#?BWDC�ZªL�J�qPG$JVU$JVC�ZYZ T J^G$JVU$OPA[Z\U_drG$?BX ZcL�?ïG$OPCPU ± ZcQwqPWDb�EHAtdr?BG7Z T WDU

XY?w]PJVA ³ LNW[Z T ?BO�Zª]PG$OPgBUV{ S�T JxsFG$URZ_G$OPC�OPU$JVU7Z T J�WDCPW[Z\WhEHA2]FEnZmE·B �FD HFE�ë�D �FE�ë�Dü�
Em�FD è�ê*G2dr?BG)L T WDb T Z T J
WDXYXªOPCPJ_G$JVU$q#?BCPU$J·¥$EHqPq#J�EHG$Uô¦�Z\?��*WDADA�?H��Z T JµZ\OPXY?BG0bVJVADADUV{Yz6U)U T ?´LNC¹WDCï`�WDgBOPG$JY��{ �B��End»Z\JVG7�H�B�
]FE�QwU�Z T J6Z\OPXY?BG,bVJVADADU�EHqPq#J�EHG,Z\?ªM#J6WDC�]PJVbVADWDCPJH{2�K?´L�J8pBJVGV}FW[Z�WDU,CP?HZtq#?BU$U$WDMPADJKZ\?7qPG$JV]PWDb8Z�drG$?BX!Z T WDU
U$WDXªOPAhEnZ\WD?BCxZ T EnZ�Z T J@Z\OPXY?BG�bVJVADADUtLNWDADA
bV?BC�Z\WDC*OPJ@Z\?µ]PJVbVADWDCPJ)EHUtZ\WDXYJ�WDCPbVG$J�EHU$JVUV{
S ?�drOPADA[Q½EH]P]PG$JVU$U)Z T WDU0qPG$?BMPADJVX5L�JµL�?BOPAD] T E�pBJYZ\?�]PWDU$bVOPU$U7��Q�EHqPOPCP?´pïJ���q#?BCPJVC�Z\U ± U$JVJ&B ë´ê*G ³

EHCP]lZ T JVWDG6bV?BXYqPO�ZmEnZ\WD?BC�{@�K?´L�J8pBJVGV}1WDClU$?BXYJªb�EHU$JVUV}�G\E�LýU$JVCPU$W[Z\W[pwW[Z\WDJVU6b�EHC½M#JªOPU$JV]½Z\? T JVADq/LNW[Z T
Z T WDU�qPG$?BMPADJVX�{�¶·J�WDADADOPURZ\G\EnZ\J�Z T WDU�WD]PJ�E7M�Q�OPU$WDCPg7Z T J�U$JVCPU$W[Z\W[pwW[ZcQYJVu*OFEnZ\WD?BCPUt]PJVG$W[pBJV]^WDC�~ T EHq�Z\JVGN�
Z\?µbV?BXYqPO�Z\J@Z T J0U$JVCPU$W[Z\W[pwW[ZcQ�?HdeZ T J0U$?BADO�Z\WD?BCPUtLNW[Z T G$JVU$q#JVb8ZKZ\?_Z T J0WDCPW[Z\WhEHA#bV?BCP]PW[Z\WD?BC�M ± � ³ {
`�WDgBOPG$Jï��{ �Hè&U T ?´LNUlE=qPAD?HZ�?Hd7Z T JïCP?BG$X ?Hd7Z\OPXY?BG�bVJVADA@U$JVCPU$W[Z\W[pwW[ZcQ¿LNW[Z T G$JVU$q#JVb8Z/Z\?&j ± � ³ {

S�T J)WDXYq#?BGRZmEHC�Z�?BMPU$JVGRpHEnZ\WD?BC�WDUtZ T EnZNZ T J0U$JVCPU$W[Z\W[pwW[Z\WDJVU�U T ?´L­J���q#?BCPJVC�Z\WhEHA�gBG$?´L�Z T ?BC�Z T J0WDC�Z\JVGRpHEHA
�g÷ Ð ÷!�H�B��{)jcC½d EHb8Z�}
Z T WDU@J���q#?BCPJVC�Z\WhEHA�gBG$?´L�Z T WDU�bVADJ�EHG�J8pBJVCï?BC¼XªOPb T U T ?BGRZ\JVG�Z\WDXYJªWDC�Z\JVGRpHEHADU
U$OPb T EHU_�·÷ Ð ÷%ë´��{ S�T WDUªJ���q#?BCPJVC�Z\WhEHAtgBG$?´L�Z T qPG$?´pwWD]PJVUµE/LtEHG$CPWDCPglZ T EnZ7Z T J^WDCPW[Z\WhEHA2]PJVbVADWDCPJ
?HdtZ T JµZ\OPXY?BG)bVJVADADU)EHU)U$JVJVC�WDC·`�WDgBOPG$JY��{ �B��XxE�Q¼CP?HZ7bV?BC�Z\WDC*OPJH{ S�T WDU)J��PEHXYqPADJYWDU0WDCP]PWDb�EnZ\W[pBJµ?Hd
L T EnZ T EHqPq#JVCPUªWDC·XxEHC�Q·U$OPb T b�EHU$JVUV{ S�T JVG$J8dr?BG$JH}2L�J�U$OPgBgBJVURZªZ T EnZªW[Z)L�?BOPAD]�M#JYL�?BGRZ T L T WDADJYZ\?
WDC�pBJVURZ\WDg�EnZ\J T ?´L£U$JVCPU$W[Z\W[pwW[Z\WDJVU�EHCP]^Z T J@bV?BG$G$JVU$q#?BCP]PWDCPgµ��Q�EHqPOPCP?´p�J���q#?BCPJVC�Z\UNXYWDg T Z�M#J�OPU$JV]/EHUNE
XYJ8Z T ?w]^Z\?_pBJVG$W[d»Q^AD?BCPg_Z\WDXYJ�M#J T E�pwWD?BG�MFEHU$JV]/?BC^sFCPW[Z\J�Z\WDXYJ@U$WDXªOPAhEnZ\WD?BCPUV{
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v(1)=quiescent tumor cells
v(2)=tumor cells during interphase
v(3)=tumor cells during mitosis
v(4)= cytotoxic T−cells
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v(1)=quiescent tumor cells
v(2)=tumor cells during interphase
v(3)=tumor cells during mitosis
v(4)= cytotoxic T−cells

`�WDgBOPG$J@��{ �B��� v ?w]PJVA1��� ² JVU$q#?BCPU$J0dr?BG�jcCPW[Z\WhEHA�~�?BCP]PW[Z\WD?BCCB �FD HFE�ë�D �FE�ë�Dü�
Em�FD è�ê*G
¶¸W[Z T ?BO�ZNå�G$OPgBU
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Norm of Sensitiviy

`�WDgBOPG$J���{ �HèP� v ?w]PJVAK���lIK?BG$XÖ?Hd0~tEHCPbVJVG^~�JVADA6kwJVCPU$W[Z\W[pwW[ZcQ�¶¸W[Z T"² JVU$q#JVb8ZxZ\?�M ± � ³ dr?BGYjcCPW[Z\WhEHA
~�?BCP]PW[Z\WD?BCCB �FD HFE�ë�D �FE�ë�Dü�
Em�FD è�ê*G#¶¸W[Z T ?BO�ZKå�G$OPgBU
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S�T J7C*OPXYJVG$WDb�EHA1G$JVU$OPA[Z\UKbV?BC�ZmEHWDCPJV]lWDC�Z T WDUNZ T JVU$WDU6WDADADOPURZ\G\EnZ\J�Z T J)bV?BXYqPADJ���W[ZcQ�?Hd�b�EHCPbVJVG6XY?w]PJVADWDCPgP{
S�T JVG$JKEHG$JNXxEHC�Qª?Bq�Z\WD?BCPU2WDC_XY?w]PJVADWDCPg�b�EHCPbVJVGV}wEHCP]_L�JK?Bq�Z\JV]_Z\?0JVAhEHM#?BG\EnZ\J�EHCP]YXY?w]PW[d»Q)?BCPJVU2Z T EnZ
U$JVqFEHG\EnZ\JV]¼Z T JªZ\OPXY?BG�bVJVADADU�WDC�Z\?�Z T JVWDG�bVJVADA�b8QwbVADJVUV{7¶·Jµ?BMPU$JVGRpBJV]¼Z T J_]PW[�
JVG$JVCPbVJ_Z T EnZ0i�EHbVADW[ZmE���JVA
XxEH�HJVU)?BC¼Z T JµgBG$?´L�Z T ?Hd,Z T JµZ\OPXY?BG@bVJVADADU)EHCP]¼L T QïEHC·J�EHG$A[Ql]PJ8Z\JVb8Z\WD?BC·b�EHC·EHWD]¼WDC¼bV?BC�Z\G$?BADADWDCPg
Z T JVWDG�gBG$?´L�Z T {�¶·J�WDC�Z\G$?w]POPbVJV]µu*OPWDJVU$bVJVC�Z9Z\OPXY?BG�bVJVADADU�WDC�Z\?@?BOPG�XY?w]PJVAPEHCP]µU$WDXªOPAhEnZ\JV]7Z T J�URQwURZ\JVXYU
LNW[Z T EHCP]¼LNW[Z T ?BO�Z)E T J�EHA[Z T Q½WDXYXªOPCPJªURQwURZ\JVX�{Yz6A[Z T ?BOPg T Z T JµWDCPbVADOPU$WD?BC½?Hd�u*OPWDJVU$bVJVC�ZªbVJVADADU@]PWD]
CP?HZ_gBG$J�EnZ\A[Q·EHA[Z\JVG)Z T J^CP?½]PG$OPg½G$JVU$q#?BCPU$JH},WDC¹U$?BXYJ�b�EHU$JVUªZ T J^WDCPbVADOPU$WD?BC·?HdKu*OPWDJVU$bVJVC�ZµbVJVADADUªWDC�Z\?
Z T JµXY?w]PJVA�]PWD]ïU$JVJVXâZ\?�G$JV]POPbVJµZ T JYJ8�
JVb8Z\W[pwCPJVU$U)?Hd�Z T J�¥R?Bq�Z\WDXxEHA�¦x]PG$OPg�Z\G$J�EnZ\XYJVC�Z\U0U$OPgBgBJVURZ\JV]
WDC·B �wë£G�{ýieJVG T EHqPU�?BCPJ)?Hd�Z T J7XY?BURZ6WDC�Z\JVG$JVURZ\WDCPgx?BMPU$JVGRpHEnZ\WD?BCPU6bV?BCPbVJVG$CPJV]lZ T J7OPU$J7?Hd2U$JVCPU$W[Z\W[pwW[Z\WDJVU
Z\?/qPG$JV]PWDb8Z)L T JVC¹Z T JYXY?w]PJVA2LtEHU)Z\JVCP]PWDCPg�Z\?lE�URZmEHMPADJYURZ\J�EH]�Q·URZmEnZ\JH{ S�T WDU)qPG$JVADWDXYWDCFEHGRQlG$JVU$OPA[Z
U T ?BOPAD]·M#JxqPOPG$U$OPJV]�WDC·XY?BG$JY]PJ8ZmEHWDA�{Öz6ADU$?P}eL�JxCPJVJV]¹Z\?lEH]P]PG$JVU$U7Z T JxqFEHG\EHXYJ8Z\JVG7WD]PJVC�Z\W[sFb�EnZ\WD?BC
qPG$?BMPADJVX¾WDC�?BG$]PJVG�Z\?_Z\OPCPJ@Z T J0CPJ8L¬XY?w]PJVA�{�¶·J)EHADU$?_U$OPgBgBJVURZKZ T EnZN?BCPJ0WDC�pBJVURZ\WDg�EnZ\J�Z T J0M#J T E�pwWD?BG
?HdFZ T J�URQwURZ\JVXÚEHCP]_U$JVCPU$W[Z\W[pwW[Z\WDJVU1dr?BG�WDCPW[Z\WhEHAHdrOPCPb8Z\WD?BCPUeZ T EnZ2EHG$J�CP?HZ�bV?BCPURZmEHC�Z�{2IK?BC_bV?BCPURZmEHC�Z2WDCPW[Z\WhEHA
drOPCPb8Z\WD?BCPU7EHG$JxXY?BG$JYADWD�HJVA[QlZ\?/?wbVbVOPG7WDCïG$J�EHADWDURZ\WDbµb�EHCPbVJVG)Z\G$J�EnZ\XYJVC�Z\UV{/`�WDCFEHADA[QB}�WDC·?BG$]PJVG0Z\?l]PJ�EHA
LNW[Z T C*OPXYJVG$WDb�EHA1]PW[çYbVOPA[Z\WDJVU ± CPJVg�EnZ\W[pBJ7?´pBJVG$U T ?w?HZ\U ³ Z T EnZKL�JVG$J_?BMPU$JVGRpBJV]½L T JVClL�JªOPU$JV]¼å@å@þ,�H��}
L�J7U$OPgBgBJVURZ6Z T EnZKW[ZNL�?BOPAD]/M#J0L�?BGRZ T L T WDADJ0Z\?YLNG$W[Z\J0G$JVU$J�EHG$b T bV?w]PJ)U$q#JVbVW[sFb�EHADA[Q�Z\?x]PJ�EHA�LNW[Z T Z T WDU
WDU$U$OPJH{

��H
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B ë'G)z6XYJVG$WDb�EHC�~tEHCPbVJVG6kw?wbVWDJ8ZcQB} �NÍ\Å\È�Ã8Ä�®9ÈHÎ
ÇmÅ8Í��1È*Ç8Ä»Ã7ÈHÎ#ÆQ�9Â«ªJ¨wÍ\ÅmÃ	 ¢¡K¡�£+¤¥ ¢¡K¡K¦ }�ztZ\AhEHC�ZmE�}Pz6XYJVG��
WDb�EHC�~tEHCPbVJVG�kw?wbVWDJ8ZcQ^jcCPbH{[}#�H�B��ìw{

B ��Gª~6{ S {B�){H|tEH�HJVGV}w>_{nz7{B|�?wb T EHG$?´p#}*~6{Hz7{B�){Bi�EHOPAPEHCP]µ`�{nz7{ ² W T EHC�} v ?w]PJVADADWDCPg6EHCP]ªz6CFEHA[QwU$WDU
?Hd S WDXYJ����1EHgBUµWDC kw?BXYJ�|tEHU$WDb/i�EnZ$Z\JVG$CPUx?Hd0~�JVADAKi2G$?BADW[drJVG\EnZ\WD?BC�}Y§ É*¨wÍ�Î#ÈJ±6É­¬�³¼ÈHÄ»ÁFÅ8ÊYÈHÄ Â�Ç\ÈJ±�NÂ�É*±DÉéªHË } ��� ± ë´éBé�H ³ }P�HèPë������wëB{B �*Gª~6{ S {P�){P|tEH�HJVG�EHCP]�~6{�z7{P�){�i�EHOPA�}På�WDU$bV?BC�Z\WDCP?BOPU�kw?BADO�Z\WD?BCPU,?HdeIKJVO�Z\G\EHA�å�JVAhE�QYå�W[�
JVG$JVC�Z\WhEHA
þ2u*OFEnZ\WD?BCPUV} °�Ì�Ì3± Â�Å\Æ�¨p¨wÊxÅ8Í�Â�Ç\ÈJ±3³¼ÈHÄ»ÁFÅ8ÊYÈHÄ Â�ÇmÃ } 
"� ± �H�B�Bê ³ }a�JHB�d���B�HèP{B èJG7åª{�|�G$JV]FE�}tk#{ v EHU$J�EHCP] ² { f JVG$XYWDgBADWD?P}2~�?BXYqPO�Z\WDCPglZ T J/~ T EHG\EHb8Z\JVG$WDURZ\WDb ² ?w?HZ\Uªdr?BG_å�JVAhE�Q
å�W[�
JVG$JVC�Z\WhEHA�þ2u*OFEnZ\WD?BCPUV}4§ É*¨wÍ�Î#ÈJ±�É­¬
¨p¨wÊxÅ8Í�Â�Ç\ÈJ±"°6Î#ÈJ± Ë´Ã8ÂDÃ } ÿ1� ± �H�B�Hè ³ }�ë��#ë´é�{B ì�G7åª{w|�G$JV]FE�}Pk#{ v EHU$JH}FEHCP] ² { f JVG$XYWDgBADWD?P}�i2U$JVOP]P?BU$q#JVb8Z\G\EHA�å�W[�
JVG$JVCPbVWDCPg v J8Z T ?w]PU�dr?BGt~ T EHG\EHb��
Z\JVG$WDURZ\WDb ² ?w?HZ\U6?Hd�å�JVAhE�Q/å�W[�
JVG$JVC�Z\WhEHA�þ2u*OFEnZ\WD?BCPUV}©�¢ª °i³ § É*¨wÍ�Î#ÈJ±9É­¬ � Ç8Â�Å8ÎFÄ Â «tÇL®,ÉnÊ6Ì3¨wÄ Â»Î
ª }
ÿ�� ± �H�B��ì ³ }Pè�H��)�,è�é�ìw{B ê*G y {�z7{H|�OPG$CPUV}�þ�{ v {B~�ADW[�YEHCP]_k#{Hå�?BOPg T ZcQB}Bz6CFEHA[QwU$WDU�EHCP]ªi�EHG\EHXYJ8Z\JVG�þ2URZ\WDXxEnZ\WD?BC@dr?BG�E v ?w]PJVA
?Hd2~ T AhEHX7Qw]PWhE S G\EHb T ?BXxEnZ\WDU�jcC�drJVb8Z\WD?BC�}4§ Ñ ª Îq
HÅ8Í\Ã´Å7ÈHÎ#Æ ª ±Ñ±�¤@¬NÉ´Ã´Å\ÆQ¬�Í\ÉBÐ'±DÅ8Ê7Ã }�Z\?YEHqPq#J�EHGV{B ��G ² {Fåª{Få�G$W[pBJVGV}�­ Í$ÆHÂ»Î#ÈHÍ�Ë�ÈHÎ#Æ�©ªÅ£±[ÈHËr©0Â ®�Å8Í\Å8ÎFÄ Â ÈJ±��Y¯'¨PÈHÄ Â�ÉnÎ�Ã kwqPG$WDCPgBJVGV}aIKJ8L ¹,?BG$�a}�ë´é��B�w{B H*G � {�þ2CPgBJVAD?BG$g T U,EHCP]xåª{ ² ?w?BU$JH}�æ�C�k*ZmEHMPWDADW[ZcQ7?Hd�� v k v J8Z T ?w]PU�EHCP]�~ T EHG\EHb8Z\JVG$WDURZ\WDb ² ?w?HZ\U2?Hd
å�JVAhE�Q7å�W[�
JVG$JVC�Z\WhEHAwþ2u*OFEnZ\WD?BCPUV}��¢ª °i³ § É*¨wÍ�Î#ÈJ±aÉ­¬&¨p¨wÊxÅ8Í�Â�Ç\ÈJ±(°6Î#ÈJ± Ë´Ã8ÂDÃ } �37 ± �H�B��� ³ }Bê��Héd��ê�ìH��{B é*G)z7{�`FJVAD]PURZ\JVWDC�}�~�?BC�pBJVG$gBJVCPbVJ¹EHCP] z6URQwXYq�Z\?HZ\WDb½þ2G$G$?BG�þ���qFEHCPU$WD?BC¿dr?BG�þ2OPADJVG'z U v J8Z T ?w]¿dr?BG
f EHG$WhEHMPADJtå�JVAhE�Qªå�W[�
JVG$JVC�Z\WhEHA�þ2u*OFEnZ\WD?BCPUV} °�Ì�Ì3± Â�Å\Æo¨p¨wÊxÅ8Í�Â�Ç\ÈJ±
³¼ÈHÄ»ÁFÅ8ÊYÈHÄ Â�ÇmÃ } 
"� ± �H�B�Bê ³ }*�B�wë��
�JHB��{

B ë´�*G y { � {��6EHADJ6EHCP]^k#{ v { f JVG$]PO�QwC���OPCPJVA�}�ª ÎFÄ Í\É�ÆJ¨FÇ8Ä Â�ÉnÎ�ÄcÉ°�Ê¨wÎ
Ç8Ä Â�ÉnÎ#ÈJ±1©0Â ®�Å8Í\Å8ÎFÄ Â ÈJ±��Y¯'¨PÈHÄ Â�ÉnÎ�Ã }
z6qPqPADWDJV] v EnZ T JVXxEnZ\WDb�EHA1kwbVWDJVCPbVJVUV} 4"4 }akwqPG$WDCPgBJVGV}aIKJ8L ¹,?BG$�a}�ë´éBéB��{B ëBë'Gª~6{ez7{ y EHCPJ8Q*LtE�Q=EHCP]�ie{ S G\E�pBJVG$UV}&ª Ê_Ê�¨wÎ
ÉBÐVÂ�É*±DÉéªHË�±¹À�ÁFÅ ª Ê_Ê�¨wÎ
Å � Ë´Ã8ÄcÅ8Ê Â»Î § Å\ÈJ± Ä»Á&ÈHÎ#Æ©0ÂDÃ´Å\È�Ã´Å }F>0EHG$AhEHCP]�i2OPMPADWDU T WDCPg_jcCPbH{[}aIKJ8LÔ¹,?BG$�^EHCP]���?BCP]P?BC�}�ë´éBé��w{B ë���G f {Pz7{ � OP�VCPJ8Z\U$?´p/EHCP] v {Fz7{ S E�QwAD?BGV}FIK?BCPADWDCPJ�EHG�å6QwCFEHXYWDbVU�?Hd�jcXYXªOPCP?BgBJVCPWDb S OPXY?BG$UV�,i�E��
G\EHXYJ8Z\JVG,þ2URZ\WDXxEnZ\WD?BCxEHCP]^>@AD?BMFEHAa|�W[drOPG$b�EnZ\WD?BCµz6CFEHA[QwU$WDUV} �w¨
±Ñ±DÅ8Ä Â»Î½É­¬�³¼ÈHÄ»ÁFÅ8ÊYÈHÄ Â�Ç\ÈJ±q�NÂ�É*±DÉéªHË }
"� ± ë´éBéHè ³ }a�Hé�ìc�����wëB{B ë´�*G S {a��OP�8QwCPWDCFE�} � {aþ2CPgBJVADM#?BG$g T UKEHCP]låª{ ² ?w?BU$JH}
~�?BXYqPO�Z\WDCPgxk*ZmEHMPWDADW[ZcQx?Hd2å�W[�
JVG$JVC�Z\WhEHA�þ2u*OFE��
Z\WD?BCPUtLNW[Z T |�?BOPCP]PJV]/å�WDURZ\G$WDMPO�Z\JV]�å�JVAhE�QwUV} ¨p¨wÊxÅ8Í�Â�Ç\ÈJ±3°i± ª*ÉnÍ�Â»Ä»ÁwÊ7Ã } �1� ± �H�B�B� ³ }PèPë���êBê�{

�Bé
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B ë�èJGªk#{
jm{�IKWDbVOPADJVU$bVO�} ©ªÅ£±[ÈHË���®�ÅmÇ8Ä»ÃxÉnÎ � Ä(È�ÐVÂÑ± Â»Ä Ë�±�°ºÏNÉBÐ'¨�Ã8Ä�®,ÉnÎFÄ Í\É*± °�Ì�Ì#Í\É�È*ÇmÁK´¸²1ÅmÇ8Ä�¨wÍ\ÅQ¨)ÉnÄcÅmÃ
Â»Î·®,ÉnÎFÄ Í\É*±eÈHÎ#Æ ª ÎØ¬�ÉnÍ�ÊYÑ�ÈHÎ#Æ � Ç8Â Ñ } ÿ"�"4 kwqPG$WDCPgBJVGV}aIKJ8L ¹,?BG$�a}#�H�B�B��{

B ë�ì�G y {aie{ ² WDb T EHG$]�} S WDXYJ��c]PJVAhE�Q�k*QwURZ\JVXYUV��z6C½æ6pBJVGRpwWDJ8L ?Hd9kw?BXYJ ² JVbVJVC�Z�z6]�pHEHCPbVJVU�EHCP]½æ�q#JVC
i2G$?BMPADJVXYUV} °i¨wÄcÉnÊYÈHÄ Â�Ç\È } �"4 ± �H�B�B� ³ }
ë´êBê��c�#ë´êBéHèP{B ë´ê*G ² {K~6{ ² ?BMPWDCPU$?BC�} °6Î ª ÎFÄ Í\É�ÆJ¨FÇ8Ä Â�ÉnÎ¬ÄcÉ·©0ËnÎ#ÈHÊ_Â�Ç\ÈJ± � Ë´Ã8ÄcÅ8Ê7Ãc± ®,ÉnÎFÄ Â»Î�¨FÉ*¨�Ã·ÈHÎ#Æ·©0ÂDÃ´Ç8Í\Å8ÄcÅ }
i2G$JVC�Z\WDbVJ)�6EHADA�}PIKJ8L y JVG$U$J8QB}
�H�B�HèP{

B ë���G7åª{ ² ?w]PG$WDgBOPJV����ieJVG$JV�H}�æª{
kw?HZ\?BAD?BCPgB?n�R>@G\EHO�} ² {#þ�{ ² WDu*OPJVADXYJH}#æª{
kw?HZ\?BAD?BCPgB?n�R~�?BURZmE�} y {#z7{
k#{
v WDG\EHCP]FEYEHCP] y {�~6{ z6C�Z\?BG\EHCP�H} S OPXY?BG$UKOPCP]PJVG@ieJVG$WD?w]PWDb S�T JVG\EHq�Q�� ² ?BADJ7?Hd�Z T J7jcXYXªOPCPJ ² J��
U$q#?BCPU$J S WDXYJ0å�JVAhE�QB} ÈHÍHµ0Â�
xÅ¶¤DÌ#Í�Â»ÎFÄ»Ã	¤ªÀ1ÂDÃmÃ£¨FÅmÃ7ÈHÎ#Æ ­ ÍÛª�ÈHÎ�Ã } �x·é-�úrö¸� �º¹¼» 73��7��37"73+ ± �H�B�Bê ³ {B ë6H*G7�2{1`�{1k T EHXYqPWDCPJYEHCP]¹k#{ S�T ?BXYqPU$?BC�}�kw?BA[pwWDCPg�å@å@þ2U0WDC v z S ��z�|6} °�Ì�Ì3±[Ñ�¨p¨wÊxÅ8ÍVÑ ³¼ÈHÄ»ÁPÑ }��� ± �H�B��ë ³ }PèBèPë��wè*ìJH�{B ë´é*G v { f WDADAhEHU\EHCFE�} ° ©ªÅ£±[ÈHËr©0Â ®�Å8Í\Å8ÎFÄ Â ÈJ±x�Y¯'¨PÈHÄ Â�ÉnÎg³ïÉ�Æ*Å£±J¬�ÉnÍ�À1¨wÊxÉnÍ�´tÍ\É*µ2Ä»Á }ai T { åª{Få�WDU$U$JVGRZmE��
Z\WD?BC�}F~�AhEHG$JVXY?BC�ZKoKCPW[pBJVG$U$W[ZcQB}#�H�B��ëB{

B �H�*G v { f WDADAhEHU\EHCFENEHCP]_z7{ ² EH]POPCPU$�nE�Q�E�}�z¿å�JVAhE�Q7å�W[�
JVG$JVC�Z\WhEHAwþ2u*OFEnZ\WD?BCª?HdFZ T J v ?w]PJVAwdr?BG S OPXY?BG
>@G$?´L�Z T }4§ É*¨wÍ�Î#ÈJ±�É­¬p³¼ÈHÄ»ÁFÅ8ÊYÈHÄ Â�Ç\ÈJ±��NÂ�É*±DÉéªHË } �^� ± �H�B�B� ³ }a�B�H�d�P�HéHèP{

B �wë'G v { f WDADAhEHU\EHCFEªEHCP]l>_{#æ�b T ?�E�}a�KJVOPG$WDURZ\WDb0å�JVU$WDgBC�?Hd2~tEHCPbVJVG�~ T JVXY?HZ T JVG\EHqPWDJVUV}�ª �"�"�ºÀPÍ$ÈHÎ�Ã¶¤
È*Ç8Ä Â�ÉnÎ�ÃªÉ­¬��&
HÉ*± ¨wÄ Â�ÉnÎ#ÈHÍ�Ë¢®,ÉnÊ6Ì3¨wÄ(ÈHÄ Â�ÉnÎ } + ± �H�B�Hè ³ }Fìwë´�d�PìB�wëB{B �B��G ² {3¹�EnsaE�}eå6QwCFEHXYWDbVU0z6CFEHA[QwU$WDU0EHCP]·��WDXYW[Z)~,QwbVADJµWDC·E�å�JVAhE�QBJV] v ?w]PJVA�dr?BG S OPXY?BG7>@G$?´L�Z T
LNW[Z T ��OPWDJVU$bVJVCPbVJH} ¨)ÉnÎ�± Â»Î
Å\ÈHÍ�°6Î#ÈJ± Ë´Ã8ÂDÃc±�³ïÉ�Æ*Å£± Â»Î
ª�ÈHÎ#Æ&®,ÉnÎFÄ Í\É*± } ðað ± �H�B�Bê ³ }Fé�ìc�#ëBë´��{



½ 9 ã�O

>@?BADCFEHGªIKJ8LNMPOPGRQ�LtEHUµM#?BG$C v E�Q&�w}Në´é��HélWDC=`aEHWDGRd E��
} f z7{9k T J�G$JVbVJVW[pBJV] T JVGµ|6{ük#{2WDC=|�WD?BAD?BgHQ
drG$?BX5>@JV?BG$gBJ v EHU$?BC½oKCPW[pBJVG$U$W[ZcQlEHCP] T JVG v {ük#{#drG$?BX f WDG$gBWDCPWhEµie?BA[Q*Z\JVb T CPWDbªjcCPURZ\W[Z\O�Z\JªEHCP]¼k*ZmEnZ\J
oKCPW[pBJVG$U$W[ZcQ^WDC v EnZ T JVXxEnZ\WDbVUV{

èPë


