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Q]MRADS_UgK�@>GDU>[BdbK�M¢s dRK O K�P�Q]K;@�K�ügADC4Y O K;d�{ � xBK�@BM]A����.ADPz�ñGD�XQ]xBK;dRK�C4K;QRxBGH@Bd�STd�QRx.AVQ�Q]xBK O AVMR^LK�sidRP�A O K
YBMbGLY¨K;MbQRS_K�dÕGV�ÌIDK�dRdbK O d ò�Sö{�KD{ÀjgQ]xBK;S_MÕUBK�Qi�XGDMR��dbQRMR[BP�Q][BMbKJóÕC [Bd¢Q��¨K¼S_^DUBGLMRK;@)Q]G&S_UgdR[BMbK�P;GLC4YB[gQzA�Q]S_GDU.A O
��K�AVdRS_�gS O SÀQihL{
W O ADdbdRSÀí.K�M�si�.ADdbK�@þCZK�Q]xBGH@Bd�YBMRGHP�K;K�@�STUùQi�8G�d¢Q]K�Ygd�{�ÿ�STMRdbQ�j�A O GJ��s O K;IDK O A O ^LGLMRSÀQ]xBC�YBMbG\@B[gP�K�d%A

dRK;^LC4K�UcQzAVQRS_GLU�GD�ÆdRY.A�Q]S�A O_O h�P;GLUBUBK;P;QRK�@ñMRK;^LS_GLUgd�{ � xBK;dRK&P�AVUB@BS_@BAVQ]K�MRK�^DS_GLUBd�ADMRK�Q]xBK;U3P O AVdRdRSÀí.K�@ñAVd
��K�S_Ug^þILK;dRdbK O GLM4UBGDQZILK;dRdRK O {à�iU ú�m\u�ûÓjÕMRK�^DS_GLUBd4dRK;^LC4K�UcQ]K;@:��hÝ[BdbK�M�s�ADdbdRS_d¢Q]K;@ Q]xBMbK�dRxgG O @BSTUB^þ�8K�MbK
P O ADdRdbSTí.K;@�ADd,� O GHGH@fIDK�dRdbK O GDM O K�AD��AD^LK�ADP;P�GLMb@BS_UB^4Q]G4Q]xBK;S_M O K�Ug^DQ]xfQ]GZ��ST@gQ]x�M]AVQRS_GB{Õ�iU�ú}vwûöj�MRK;^LS_GLUgd
dRK;^LC4K�UcQ]K;@"�ch�QRxBK�CZK�Q]xBGH@ýS_U6ú qVû8�XK;MRK�P O ADdRdbSTí.K;@"AVd ILK�dbdRK O GDM¤UBGDQ IDK�dRdbK O ADP;P�GLMb@BS_UB^3QRG3C�ADUch
YBMbGLY¨K;MbQRS_K�d;j¡S_UBP O [B@gS_UB^�QRxBK�STMaMRK;dRY�GLUBdbK&QRGfA�P O ADdbdRSTP GLY�K�M]A�Q]GLMa@gK�dRST^LUBK;@ùQRG�@BK;QRK�P;Q�MbGcAD@Bd�STUñADK�MbS�A O
S_CZAD^LK;Mbh:ú��VûÓ{ � xBK�@BM]A����.AVPz�ÝGV�aQ]xBK;dRKfCZK�Q]xBGH@Bd4S_d¤Q]xBAVQZQRxBK O ADMb^LK�s dRP�A O K�YBMbGLY¨K;MbQRS_K�d4GD�,ILK�dbdRK O d
P�AVUBUBGDQ8�¨K�ADYgY O STK�@&Q]G¼Q]xBK�YBMRGD� O K;C [BUcQ]S O A�� Q]K�M
QRxBK O GJ��s O K�ILK O dRK�^DCZK;U�Q]AVQ]STGLU4x.ADd8A O MbK�AD@gh%í.UBS_dbxBK�@|{
� xBK;MRK;��GDMRKDjBQRxBK�dbK�YBMRGDY¨K;MbQ]STK�dÕP�ADUBUBGDQ��¨K�[BdbK�@�Q]G¤@gMRSTIDKaQ]xBK�dbK�^LC4K�UcQ]AVQ]STGLUkjgC4K�MbK O hZQRG¤K;IVA O [BAVQ]KaSÀQ�{
� MRADPz��S_UB^�si�.ADdbK�@fCZK�Q]xBGH@BdÕ[gQRS O S_��KaA YBMRGDí O K�C4G\@BK O Q]G&STUBP�MbK�C4K�UcQzA OTO h4dbQRK�Y�A O GDUB^&ADUB@�dRK;^LC4K�UcQ

A4IDK�dbdRK O {��iUæú�mLm�ûÓj¨A)E,GL[g^Lx�QRM]ADUBd¢��GLMRC STd,[BdbK�@�QRG O GHP�A�Q]K¼Q]xBK�Y.ADYBS O_O A STU�A4MRK;QRS_U.A O STC�AV^LKD{ ~ K;dRdRK O
Q]MRADP�STUB^�YBMbG\P;K�K�@gdÉSÀQ]K;M]AVQRSTILK O h¼��MRGDC�Q]xgKÕY.ADYBS O_O A\jVx.A O Q]STUB^���xBK;U4QRxBKÕMRK;dRY�GLUBdbK�QRG¼A�GLUBK�s @BS_C4K�UgdRS_GDU.A O

v



òÑP;MRGLdbd¢s dRK�P�Q]STGLUéó�CZAVQRPzxBK�@>í O Q]K;M��ÑA O_O d���K O GJ� A�^LSÀILK�UþQ]xBMbK�dRxgG O @k{��iU ú�mDtwûöj
AfdRSTCZS O ADMaC4K;QRxBGH@þ�XADd
K�C4Y O GwhDK�@&Q]G¼@BK�Q]K�P�Q8IDK�dbdRK O dXSTU4P;GLMRGDU.ADMbh ADMbQRK�MbS_GL^LMRADC4d�jD��MbGLC [BdbK�M¢s ^LSTIDK�U4dbQ]ADMbQRS_UB^¼Y�GLS_UcQ]d;{��iU�ú}mVqVûöj
Q]xgK Q]M]AVPz�HSTUB^�C4K;Q]xgG\@��XADd�@BMbSTILK;Uñ��h�A���[B����h3C4G\@BK O GD�ÉA�GLUgK�si@gS_C4K�UBdbS_GLU.A O IDK�dbdRK O YBMbGDí O KD{%��UgK
@BMRAJ���BADPz��QRGZQ]xgK�dRK ADYBYBMbGcADPzxBK;d�S_d�Q]xBK;S_M�YBMRGHP O STIHSTQih���GLM�Q]K;MRC4S_U.A�Q]S_GDU�AVQ,�BMRADUBPzx3Y�GLS_UcQ]d ò���xBK�Q]xBK;M
MRK�A O GLM�P�AD[BdRK;@¤�ch%Y.A�Q]xBG O GL^Dhgó�j���xBS_Pzx&AVMRKXUgGDQ�@BK�Q]K;P;Q]K;@¤�XK O_O ��h�GLUBK�si@BSTCZK;UBdRSTGLU.A O í O Q]K;MRd�{�?�UgGDQ]xBK;M
@BMRAJ���BADPz�)S_d8Q]xBK;S_M�MbK O S_ADUBP;Ka[BY�GLU�[BUBdRGDYBxBS_d¢Q]STP�AVQRK�@�CZK�Q]xBGH@BdX��GDM O GHP�AVQRS_UB^�dbQ]ADMbQRS_UB^¤Y�GLS_UcQRd�j\��xgS_Pzx
C [Bd¢Q,A O �XA�h\d���K¼K�STQRxBK�M�A�QÕQ]xBK¼GLYgQRS_P�UBK;MbIDK�GLM�A�Q,db[B�BdbK���[BK�UcQ O hf@BK;QRK�P�Q]K�@��BM]AVUBPzx�Y�GLS_UcQRd�{
�iU"ú�pVûÓj$A�CZK�Q]xBGH@���GLM�QRM]ADPz��STUB^�K�@B^LK¤YBAVQ]xBd�STd�[BdRK;@ùQRG�dRK;^LCZK;UcQ�ADMbQRK�MRSTK�d�STU3P�S_UgK�ADUB^DS_GL^LMRADC4d�{

N @B^LK)YBAVQ]xBd&AVMRK)C4G\@gK O K;@�ADd � ADMR�VGwI>Pzx.ADSTUBd�{3? dbK���[BK;U�QRS�A O K�@B^LK O S_UB��STUB^ýòÓl N �Ìó�A O ^LGDMRSTQRxBC STd
S_UcQRMRGH@B[BP�K;@�Q]G�dbK�ADMbPzxýQ]xBK)Y�GLdbdRS_� O K�dbK;Q¤GV��Y.AVQ]xgd%��GLM�QRxBK)��K�d¢Q íBQ QRG�Q]xBK � ADMR�VGJI�C4G\@BK O { � xBK
YBMbGL�.AD�BS O SÀQ]S_K;dXGD�ÌQ]xBK¼C4G\@gK O ADMbK�AD@��b[Bd¢Q]K�@fQ]G4MRK�õ.K�P�Q,QRxBK¼YBMRGLY�K�M¢Q]STK�d�GD��Q]xBK�@BK�dbS_MbK�@fY.AVQ]x|j.dR[BPzx3AVd
Q]xgKaQ]G O K�M]AVUBP�KaQRG O G\P�A O P�[BM¢IDA�Q][BMbKD{Æ? dbQRMRK�Ug^DQ]xfGD�$Q]xBSTd�ADYBYBMbGcADPzx�S_d8Q]x.AVQÕQRxBK�^LMbGL[BYBSTUB^¤GLY�K�M]A�Q]S_GDU
�8GLMR��d�[BY�GLUnAVP;Q][BA O ^LMRAD@BS_K;UcQ)IVA O [BK;d�j�ADd�GLYBY�GLdRK;@ QRGÝAýQRxBMRK;dRxBG O @BK;@àMbK�dRY�GLUBdbKD{ � xBK;MRK���GLMRKVj�A
dRK;^LC4K�UcQzAVQRS_GLUô@BK�P;S_dRSTGLU:S_dZUBGDQ�MbK�ADPzxgK�@ [BUcQ]S O ADU ADMb�BSTQRM]ADM¢hÝUH[gC �¨K;M)GD��YBS¿ügK O d)STd)A�IVADS O AD� O K���GDM
P O ADdRdbSTí.P�AVQ]STGLUk{�?�@BMRA����.ADPz��QRG�Q]xBK&AVYBYBMRGLADPzxñS_d�QRx.AVQ��BMRADUBPzxBK;d�ADMRK UgGDQ�C4G\@BK O K;@kj|dbG�QRx.AVQ�K�ADPzx
�BMRADUBPzxfC [BdbQ���K�Q]M]AVP�K�@�ADUB@fP O ADdRdbSTí.K;@�S_UB@BK;Y¨K;UB@BK;U�Q O hD{
�iUÝQRxBS_d �8GLMb��jÉ�XKfYBMbGLY¨GDdRKfA3UBK;�FC4K;QRxBGH@æ��GDM¤dRK�^DCZK;U�QRS_UB^ñ� O G\GH@�ILK;dRdbK O d4S_UÝA3MRK�Q]STU.A O STC&s

AD^LKV{ � xBK � ÿ�� S_CZAD^LKVj�P;GLC4YB[gQ]K;@ýADd�@BK�dbP�MbS_��K�@�STU ú qVûÓj�S_d�QRxBMRK;dRxBG O @BK�@>[BdRSTUB^�A�UBGJILK O YBMbGL�BS_Ug^
Q]K;PzxBUBS��H[gKD{ � xBK¼YBMRGL��K�K�ügADC4S_UgK�dÕQ]xBK�STC�AV^LKaS_U�YgS_K�P;K�d;jBQ]K�d¢Q]STUB^4A&U�[BC%�¨K;M�GV��MbK�^LSTGLU\si�BADdRK;@�YBMRGLYHs
K�M¢Q]STK�d�{,� �
Q]xBK�YBMRGD�¨K�@BK�P;S_@BK;d�A�YBSTK�P�K�S_d�ILK�dbdRK O j|QRxBK�U�QRxBK%P;GLUBdbQRSTQR[BK�UcQ�YBS¿ü\K O d,ADMbK%dRSTC [ O QzADUBK;GL[Bd O h
dRK;^LC4K�UcQ]K;@3ADUB@�P O AVdRdRSÀí.K�@|{�WXGLUcQ]MRADdbQRK�@ñAD^cAVS_UBd¢Q�P O AVdRdRSÀí.K�M�si�.AVdRK�@�CZK�Q]xBGH@Bd�jéGL[gM,YBMbGL�BSTUB^ZC4K;QRxBGH@
A OTO GJ��d�A4YgSÀü\K O Q]G4��K¼QRK�d¢Q]K�@�S_U�C [ O Q]S_Y O KaMbK�^LSTGLU�P;GLUgí.^D[BM]AVQRS_GLUgd���K;��GDMRK�í.U.A O P O ADdbdRSTíBP�AVQRS_GLUk{8WXGLUHs
Q]MRADdbQRK�@�AD^LADS_UBd¢Q8QRM]ADPz��STUB^Vsi�BADdRK;@)CZK�Q]xBGH@Bd;jgGL[BM8YBMRGD�BS_UB^�CZK�Q]xBGH@�STdX@BMbSTIDK�U)�ch�A�Qi�XG�si@BSTCZK;UBdRSTGLU.A O
CZAVQ]PzxBK;@�í O QRK�M�MbK�dRY�GLUBdbKD{8WXGLUcQ]MRADdbQRK�@�AD^cADSTUBdbQ¼ú�pVûÓjBGL[gM�YBMRGD�BS_UB^¤C4K;QRxBGH@�S_d�MbK�^LSTGLU\si�BADdRK;@kjBADUg@fdbG
U.AVQR[BM]A O_O h�A OTO GJ��dX��GLM�C [ O Q]STY O K,�BM]ADUgPzxBK�d;{
� xBS_dfY.ADY�K�M�K�ügYBADUB@Bd�[BY¨GDU AæYBMRK O S_C4S_UBADMbhÝMRK;Y¨GDMbQ�^LSTIDK�UàAVQ�Q]xBKÝuJoLo��ý?,CZK;MRS_P�ADU � K�@BSTP�A O

�iUg��GLMbC�A�Q]S_P;d�?�dbdRGHP�S_AVQ]STGLU�?�UBU�[.A O l�h\C4Y�GLdRST[BC úµu�rDûÓ{

p



� � ��
&�42Æ	;�
13#

÷ K�íBMRdbQÆMbK;IHS_K��ôQRxBKÕC�A�Q]PzxBK;@4í O Q]K;M�P�GLUgdbQ]Mb[BP;QRS_GLUZADUB@&P;GLUcILG O [gQ]STGLUkjc@BK;dRP�MbS_��K�@4S_Ufú qVûÓjc[BY¨GDU&��xgS_Pzx
GL[BM�A O ^LGDMRSTQRxBC��B[BS O @Bd;{ ÷ K�Q]xBK;U�YBMRK;dRK�UcQ�Q]xgMRK�dbxBG O @�YBMRGL�gS_UB^¤AVUB@�STQRdÕADYBY O S_P�AVQ]STGLU4QRG¤� O GHGH@ZILK;dRdbK O
dRK;^LC4K�UcQzAVQRS_GLU�STU�A¤MbK;Q]STU.A O STC�AV^LKD{

����� � ��� �"!$#&%('*)+� #&,.-0/1,.23)4/5/5%(67#98:8 #&)48
? C�A�Q]PzxBK;@àí O Q]K�M�@gK�dRP;MRST�¨K;dfQRxBKþK�ü\Y¨K;P;Q]K;@ ADYBY�K�AVM]ADUBP;KþGV� Aæ@BK�dbS_MbK�@ndbS_^LUBA O j���GLM�YB[BMbY¨GLdbK�dfGD�
P�GDCZY.AVM]AVQRSTILK�CZAVQRPzxBS_UB^g{��iU�ú qVû$A � AD[BdRdbS�ADU���[BUgP;Q]STGLU�S_dÕYBMbGLY�GLdRK;@�ADd�A&C4G\@BK O ��GLM�A&� O G\GH@�ILK;dRdbK O
YBMbGDí O KV{ � xBKZCZGH@BK O STd�K�üHQ]K�Ug@BK�@ýQ]G�Qi�8G�@BS_C4K�UgdRS_GDUBd¼��hþADdbdR[BC4S_Ug^�A�ILK�dbdRK O x.ADd�Afígü\K;@>��S_@gQRx
ADUB@�@BS_MbK�P;QRS_GLU���GLM�AZdRxgGLMbQ O K�Ug^DQ]xk{,l\STUBP�K�ILK;dRdRK O d�CZA�hfADYBY�K�ADM,S_U�AVU�hfGLMbS_K;U�Q]AVQ]STGLUkj�AZdbK;Q�GV��Qi�XG�s
@BSTCZK;UBdRSTGLU.A O dRK;^LCZK;UcQ�YgMRGDí O K�d;j¡S_U3K���[BS_ADUB^L[ O ADMaMbGDQzA�Q]S_GDUBd�jkSTda[BdbK�@þADd¼A)í O QRK�Ma�.AVUB�é{ � xBK¤í O QRK�Mbd
ADMbK4STCZY O K�C4K�UcQRK�@ñ[BdRSTUB^�Qi�XK O ILK�uJp<;"u�pfYBS¿ü\K O �DK;MRUBK O d�{ � xBKZ@gK;QzAVS O da��GDM�P;GLC4YB[gQ]STUB^�Q]xBKZADP�Q][.A O
IVA O [gK�dÕS_U�QRxBK¼�DK�MbUBK O d,CZA�h)��K���GL[BUB@fS_Uþú q�ûÓ{
� xBK�CZAVQ]PzxBK;@�í O Q]K�M8S_dXADYBY O S_K�@Z�ch)P�GDU�IDG O IHSTUB^¤A%MbK;Q]STU.A O S_CZAD^LKÕ��STQRx�A OTO Qi�8K O ILK��DK;MRUBK O d0=�{ � xBK

CZAVQ]PzxBK;@3í O QRK�M�MRK;dRY�GLUBdbK�ò � ÿ��,ó�S_d�Q]AD�DK;U>AVdaQ]xBK IVA O [BK ��GLM�QRxBK¤xBS_^DxBK�d¢Q¼dRP�GDMRS_Ug^f�VK�MbUBK O AVQ¼K�ADPzx
YBS¿ügK O {Æ�aU�A l\[BU�lgø¨?>�ÕWXdbQ]AVQ]STGLU�mDtgj�Q]xgK�P�GDCZYB[\QzAVQRS_GLU4GD�kQRxBK � ÿ��6STC�AV^LK���GLM8A¤�DtLt3;ZpLtcv�YBSÀü\K O
MRK�Q]STU.A O STC�AV^LK8Q]AD�DK;dXADYgYBMRG�ü\S_CZAVQ]K O h¼íBIDK�C4S_U�[gQRK�d;{
ÿ.GLM�YB[BMbY¨GDdRK�dÆGD��Q]xgMRK�dbxBG O @4YgMRGL�BSTUB^BjDQRxBK � ÿ��
S_CZAD^LK�S_dÕUBGLMbC�A O S_�;K�@�AVUB@?��[.AVU�QRS_�;K�@�QRG&K�S_^Dx�Q��gSTQ]dÕY�K�M�YBS¿ü\K O {
���A@ BC!$,D#98E!$/F)4%HG$,D/F23I4J$K
� xBK,�.ADdRSTP�GLY�K�MRAVQ]STGLU4GD�¡GL[BM8A O ^LGLMRSÀQ]xBC�S_dÆQ]G�YBMRGL��K�MRK�^DS_GLUBdÉS_U�A�CZAVQ]PzxgK�@�í O Q]K;MÉMbK�dbY¨GLUgdRK&ò � ÿ��,ó
S_CZAD^LKV{�`a[BMbS_UB^¼K�ADPzx)YBMbGL�¨KVjgA�dRK�QXGD�kP�MRSÀQ]K;MRS�A�STdÉQRK�dbQRK�@�QRG%@BK�Q]K;MRC4S_UBKÕQ]xgK,Q]xgMRK�dbxBG O @�GD�¨Q]xBK,YBMRGL��KDj
ADUB@�[ O QRS_CZAVQ]K O h�Q]G,@BK�P;S_@BKÉST�\Q]xBKXADMRK�A���K�STUB^�YBMbGL��K�@�ò Q]K;MRC4K�@ AML"NPORQRORó¡S_d$� O GHGH@¼IDK�dbdRK O {�?"õBGw�8Pzx.ADM¢Q
��GLMÆQ]xBK�A O ^DGLMRSÀQ]xBC�S_dÉdRxBGJ��U�S_UZÿ�ST^L[BMRK,qg{�?S��[BK�[gKaGD�¡Y�GLS_UcQRd8STd8STUBSTQRS�A O S_��K;@kjDK�ADPzx�GD�k��xgS_Pzx���S O_O ��K
[BdbK�@ñ��GLM�A)YBMbGL�¨KV{ e�Y¨GLUñA)YgMRGL��K � d¼P�GLC4Y O K�Q]STGLUkj�ST�ÆQ]xBK¤YgS_K�P;K¤S_da@gK;Q]K;MRC4S_UBK;@�Q]G���K ILK;dRdRK O j¡Q]xgK�U

TVU<WPXVY
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}`X�W
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yesno

yesno

initialize queue

for next pixel P in queue;
let T = MFR(P)

let piece S be all pixels
connected to P with MFR  T>

all tests OK? let T = T - 1

T    S  T  ?MIN MAX<< label S vessel;
add endpoints
of S to queue

unlabel S

test piece S

ÿÌS_^L[BMbK¼q �Æÿ O Gw�8Pzx.ADM¢Q�GD��A O ^LGLMbSTQRxBC�{
Q]xgK¤K�UB@BY�GLSTU�QRd�GD�ÆQ]xBK¤YgS_K�P;K&ADMRK&AV@B@BK�@3QRG�QRxBK���[BK�[gKD{ �iU3Q]xgS_d��XA�hLj$@BS��¨K�MbK�UcQ¼YBMbGL�¨K;d4òÓADUg@ñQRx�[Bd
@BS��|K;MRK�UcQ�Q]xgMRK�dbxBG O @Bdzó�P�AVU���K¼ADYBY O S_K;@�QRxBMRGD[B^LxBGL[\QÕQ]xBK¼S_CZAD^LKV{
� xBK,��G O_O GJ��STUB^¼dbQ]K;YBdXSTUBSTQRS�A O S_�;KÕA���[BK;[BK�GD�kYBSÀü\K O dÉ��xgS_Pzx)AVMRK,QRG���K�[gdRK�@)ADd8d¢QzADM¢Q]STUB^%Y�GLS_UcQRdÆ��GDM

YBMbGL�BS_Ug^E�
� WXGLUcIDG O IDK�QRxBK�C�A�Q]PzxBK;@&í O Q]K;M
@BK�dbP�MbS_��K�@4S_Ufú qVûB��STQRx¤Q]xBKÕSTC�AD^DKDjLYBMbG\@g[BP�STUB^¼A�C�AVQRPzxBK�@¤í O Q]K;M
MbK�dRY�GLUBdbK)ò � ÿ��,óXS_CZAD^LKV{

� e�dRS_Ug^¼AaxBS_d¢Q]GL^LMRADC GD�éQ]xBK � ÿ��"STC�AV^LKDj�Q]xBMbK�dRxgG O @ QRxBKÕS_CZAD^LKÉdR[BPzx&Q]xBAVQ������ ���������þYgSÀü\K O d
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ÿ�ST^L[BMRKXv:��?�U K�ügADCZY O KÉMRK;QRS_U.A O STC�AD^DKÉdbxBGJ��S_UB^�UBGLMRCZA O ILK;dRdRK O d�ò O K;� Qzó�jVADUB@¤A,x.ADUB@\s O AD��K O K�@�^LMRGL[gUB@
Q]Mb[gQ]x�ILK;dRdbK O d�dRK;^LC4K�UcQzAVQRS_GLUþò�MRS_^Dx�Qzó�{

N ADPzxþGV�8QRxBK�dbK4Qi�8K�UcQihñS_CZAD^LK;d��XADd¼P�ADMbK;��[ OTO h O AD��K O K�@3�ch3x.ADUg@kj¡Q]G�YBMRGH@B[BP;K4A�^DMRGL[BUg@ñQRMR[gQRx
ILK;dRdbK O d�dRK�^DCZK;U�Q]AVQ]STGLUk{�?�U�K�ügADC4Y O K�S_d�dRxBGJ��U�STU�ÿ�ST^L[BMbK%vH{ � xgK%Q]GHG O [BdbK�@���GLM�x.ADUB@ O AD��K O S_UB^¤STd
AD@.AVYgQ]K;@ñ��MbGLC�QRxBK¤Q]GHG O @gK�dRP;MRST�¨K;@þSTUÝú¿uwmwûöjk��xBSTPzxù�XADd¼[BdbK�@ñQ]G�P�MbK�AVQRK&x.ADUB@\s O AD��K O K�@3STC�AD^DK�d,��GDM
K;IVA O [.AVQRS_UB^)MRADUB^LK¤STC�AV^LK%dbK�^LC4K�UcQzA�Q]S_GDUþA O ^LGLMbSTQRxBCZd%úµuJq�ûÓ{ � xBK¤Q]GHG O A O_O Gw��d,Q]xBK¤[BdbK�M�Q]G�CZAD^LUBSÀ� h
Q]xgK�S_CZAD^LK�Q]G&A O K;ILK O ADYBYgMRGLYBMbS�AVQRK,��GLM O AD��K O S_UB^�S_UB@gSTIHS_@B[BA O YgSÀü\K O d�jgGDUBK�AVQ�A%QRS_C4KDj\ADd���K�STUB^%ILK;dRdbK O
GLM&UBGDQ&IDK�dRdbK O { � xBK�QRG\G O A O dbG>A OTO GJ��d Q]xgK�[BdbK�M4Q]GþADYBY O h�IVADMRSTGL[Bd&xBS_d¢Q]GL^DM]ADC QRM]ADUgdb��GLMbC�AVQRS_GLUgd�j
Q]G���K;QbQ]K;MaI\STdR[.A O S_�;K�QRxBK¤GLMRST^LS_UBA O STC�AV^LK�@BAVQzAg{ � xBK&YBMbG\P;K�dRd�GV� O AD�¨K O STUB^�AVUùSTC�AV^LK�Q]AD�DK;d¼dRK;IDK�MRA O
xBGL[gMRd�j.@gK�Y�K�UB@BSTUB^4GLU�Q]xBK¼[BdbK�M,ADUB@fS_CZAD^LK�Í�{
ÿ�S_^D[BMRK
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� xBK�P O AVdRdRSÀí.P�A�Q]S_GDU¤GD�kA�CZA`�bGLMbSTQih�GD�¨QRxBK�YBSÀü\K O dÆS_d
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ÿ�ST^L[BMRK%p �,`aS_dbQRMRST�B[gQ]STGLU�GV�ÆC�AVQRPzxBK�@3í O Q]K;M�MRK;dRY�GLUBdbK�ò � ÿ��,ó���GLM,YBSÀü\K O d O AV�¨K O K�@�ILK�dbdRK O ADUB@3UBGLUHs
ILK;dRdbK O { � xBKZY O GDQ¼GLUñQ]xgK O K;� Q¼dbxBGJ��d�Q]xgK4@gS_dbQRMRST�B[gQ]STGLU3��GLMaQ]K;U>UBGDMRCZA O S_CZAD^LK;d�jkQRxBKZY O GDQ¼GLUñQ]xgK
MRST^LxcQ�dRxBGJ��d�Q]xBK¼@BSTdbQRMRS_�g[gQ]STGLU)��GLM�Q]K;U�AV�BUBGLMbC�A O S_CZAD^LK;d�{

dRGDCZKÆGD�\Q]xBKÆYBS¿ügK O d;jVdb[BPzx¤ADd¡Q]xgGLdRKÉGLU¼Q]xBKÉ�¨GD[BUB@.ADM¢h�GD�BA�IDK�dRdbK O jDQ]xBGDdRK
��GLM$dRCZA O_O ILK�dbdRK O d�jLADUB@¼Q]xBGLdbK
��GLM�ILK;dRdRK O d�UBK�ADMaY.A�Q]xBG O GL^DhDj¨AVMRK O K�dbd�K�AVdRS O h O AD��K O K�@k{ � G)K�d¢Q]S_CZAVQRK�QRxBS_d�IDAVMRS�AVUBP�K�S_U�GL�BdRK;MbIVAVQRS_GLUkj
A�dRK�P;GLUB@�Y�K�MbdRGLU Ò%YBMbG\@B[gP�K�@>ADUþAD@B@BSÀQ]S_GDU.A O dbK;Q�GD�XxBADUB@ O AD��K O STUB^Ld���GDM¼QRxBK¤Qi�XK;UcQihþQRK�dbQ�S_CZAD^LK;d�{
ÿ.GLM,QRxBK MbK�dR[ O Q]d�MRK�Y�GLM¢Q]K�@3STU�Q]xgK%��G O_O GJ��S_UB^&dRK;P;QRS_GLUkj¨Q]xBSTd�dRK;P�GLUg@ O AD��K O STUB^4S_d�[gdRK�@3QRG)K�d¢QzAD� O S_dbx3A
MRK���K�MbK�UBP;K���GLMÕY�K�M¢��GLMRCZADUBP;K�P�GLC4Y.ADMbS_dbGLUk{
�aUZA�IDK�M]AV^LKDjLQRxBK�í.MRd¢QÆY¨K;MRdbGLU O AD��K O K�@¤qcmDmDtLtaYBS¿ügK O d�STU K�AVPzxZSTC�AD^DKXADd�IDK�dbdRK O jc��xBS O KXQ]xBKÕdbK�P;GLUB@

Y�K�MRdbGLU O AD��K O K�@�rcpgu�tLtÕYBSÀü\K O d¡S_U¼K�AVPzx�STC�AD^DK
ADd¡ILK;dRdRK O {ÆlH[B�BdRKp��[BK�UcQ�MbK;IHS_K���STUB@BS_P�AVQ]K;@�Q]x.AVQ¡QRxBK
í.MRd¢Q
Y�K�MRdbGLU�QRG\GD��AZC4GLMRK�P;GLUBdbK�MbIVAVQRSTIDK�IHS_K�� GD��QRxBK��¨GL[gUB@.ADMbS_K�d�GD�ÌILK;dRdRK O d;jkADUB@�S_U�Q]xBK�S_@gK�UcQ]SÀí.P�AVQRS_GLU
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ÿ�ST^L[BMRK��:�
?�UfK�ügADC4Y O K�xBADUB@\s O AD��K O K�@)ILK;dRdbK O d,dRK;^LCZK;UcQzAVQRS_GLU���MRGDC�K�AVPzx�GD��Qi�XG4Y�K�MRdbGLUBd;{
YBS¿ügK O ��xBSTPzxù�XADd¼x.ADUB@ O AD�¨K O K;@3ADd¼UBGDQaIDK�dbdRK O j���xgGLdRK � ÿ���S_d�A O dRG�AD��GJILK¤Q]xgK4^DSTILK;U3Q]xBMbK�dRxgG O @kj
�XADd�P�GD[BUcQ]K�@�AVdXA��ÑA O dRK�Y�GLdRSÀQ]STIDKD{ � xgK,Q]Mb[BK�Y�GLdbSTQ]SÀILK,M]AVQRK,STd8K;dbQzAV� O STdRxBK;@)�ch�@BSÀIHS_@BSTUB^�Q]xBKaU�[BC%�¨K;M
GD�¨Q]MR[gK�Y�GLdRSÀQ]STIDK�dÆ�ch&Q]xBK�Q]GDQ]A O P�GL[gU�Q8GD�|YBSÀü\K O d8xBADUB@ O AD��K O K;@�AVdÉIDK�dRdbK O { � xBK,�ÑA O dRK�Y�GLdRSÀQ]STIDK,MRAVQ]K�STd
K�d¢QzAD� O S_dbxBK�@¤�ch%@BSTIHS_@gS_UB^�Q]xBK�U�[BC%�¨K;M�GD�é�ÑA O dbKXY�GLdRSÀQ]SÀILK�d���h�Q]xBK8Q]GDQ]A O P;GL[BUcQÆGD�éYBS¿ü\K O d�x.ADUB@ O AD�¨K O K;@
ADd,UBGDQ�IDK�dbdRK O {aÿ�ST^L[BMbKß�4dRxBGJ��d�QRxBK%Q]Mb[BK%Y�GLdbSTQ]SÀILK�ADUB@��ÑA O dRK�Y�GLdRSÀQ]STIDK�@gK;Q]K;P;QRS_GLU�MRAVQ]K;daADP;MRGLdbd�Q]xgK
M]AVUB^LK¼GD�ÌY¨GLdbdRST� O KaQRxBMRK;dRxBG O @Bd�{
�,GDQRK%Q]xBAVQaQ]xgK%�ÑA O dbK Y�GLdRSÀQ]STIDK%@BK�Q]K;P;Q]STGLU3M]A�Q]K STd�P�GDUBdRST@BK�MRAD� O hf�8GLMRdbK ��GLM,QRxBK&AD�BUBGDMRCZA O P�ADdRK;d

Q]xBADU���GLM�Q]xgK%UBGLMbC�A O P�ADdRK;d�{ ð hfP�GLC4Y.ADMbS_UB^&Q]xgK%dRK;P�GLUg@3x.ADUB@ O AD��K O K�@�STC�AV^LK�dÕQ]G4Q]xBK�í.MRd¢Qax.AVUB@
O AV�¨K O K�@%S_CZAD^LK�d�òÑ[BdbS_UB^,Q]xBKÕdRADCZKXCZK�Q]xBGH@¤ADd
GL[\Q O STUBK�@���GLM�QRxBMRK;dRxBG O @BS_Ug^BjcAD��GJILKJó�jL�XKÕP�ADU¤K�d¢QzAD� O S_dbx
A>QzAVMR^LK�Q�Y¨K;Mb��GLMbC�AVUBP�K O K;IDK O { � xgS_d O K;ILK O S_d�S_UB@BSTP�AVQRK�@ �ch"Q]xBMbK�K3S_dbG O A�Q]K�@ôC�ADMb��d)S_U:ÿÌS_^L[BMbKà�gj
dRxgGw��STUB^�Q]xgK�dRK;P�GLUB@ Y�K�MbdRGLU � dá�bY�K�M¢��GLMRCZADUBP;K���GDU Q]xBK�UgGLMRCZA O j�AD�BUBGLMbC�A O jÕADUg@:A�ILK�MRAD^LK3P�ADdRKV{
�,GVQ]K)Q]xBAVQ¤Q]xBK�^LMbGL[BYBSTUB^3GD��Q]xgK�dRK�Q]xgMRK�K�CZADMb�Hd¤dbxBGJ��d�A3dbC�A OTO @BSTdbQRMRS_�g[gQ]STGLU jÆS_UB@gS_P�A�Q]S_Ug^�Q]x.A�Q
Y�K�GLY O K�C�A�h�STU)�ÑADP;Q���K¼dRGLC4K;��x.A�Q�A��|K;P;QRK�@ýò ��GLM�Q]xgS_d�QzAVdR�\ó���h�QRxBK¼YBMRK;dRK;UBP�K�GD�ÌY.AVQ]xgG O GL^VhL{
� xBK&dRx.AVY¨K;d�GV�ÉQRxBK&P�[BM¢ILK;d�STUñÿ�S_^D[BMRK���ADMbK K�ü\Y O ADS_UgK�@ñ�ch3MRK;K�ügADC4S_UBSTUB^�Q]xgK¤@BS_d¢Q]MRST�B[gQRS_GLUBd,GD�

YBS¿ügK O d
dbxBGJ��U�S_U4ÿ�ST^L[BMbK�pg{ � xBK�AD�BUgGLMRCZA O d
UgGDQÆGLU O h x.A�ILK,A¼^LMRK�AVQ]K;MÉGJIDK�M O ADYkj��B[gQ8A O dRG¼A¼�BS_C4GH@.A O
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ÿ�ST^L[BMRK7� ��?,ILK;M]AD^DKÕY¨K;Mb��GLMbC�ADUgP�KX��GLMÌ�.ADdbS_PXQRxBMRK;dRxBG O @BS_Ug^�ADP�MbGLdRd�QRxBK�MRADUB^LK�GV�¨Y�GLdbdRS_� O K8QRxBMRK;dRxBG O @Bd;{
ÿ.GLM�MRK���K�MbK�UBP;KDj�QRxBKZP;GLC4Y.ADMRSTdRGLUñGD�ÉQ]xgKZdbK�P�GDUB@�x.ADUg@ O AD�¨K O K;@ùSTC�AV^LK�daQRGfQRxBK4íBMRdbQ�x.ADUg@ O AD�¨K O K;@
S_CZAD^LK;d�S_d�A O dRG&dbxBGJ��Uk{

Q]xgKC�b@gK�UcQã�fS_UñQ]xBK4AD�gUBGLMRCZA O d�P�[BM¢ILKD{)�,GDQRKZA O dRG�Q]xBAVQ¼Q]xBK4ADP�Q][.A O U�[BC ��K�M¼GD�XUBGLU\söILK;dRdRK O YgSÀü\K O d
GL[gQRU�[BC ��K�MRd�Q]xgK�U�[BC%�¨K;M�GV�ÌIDK�dRdbK O YBSÀü\K O d��ch�A&�ÑAVP;Q]GDMÕGD�ÌQRK�Uk{ � xBK�ADYBY�K�ADMRADUBP;K�GV��A&dR[B�gdbQzAVU�QRS�A O
U�[BC ��K�MZGD�a�ÑA O dRKfUBK�^cA�Q]STIDK�d)GHP�P;[BMRd�AVQ�A>C [BPzx xgS_^LxBK;M4QRxBMRK;dRxBG O @ô��GLM&Q]xgK�AD�BUgGLMRCZA O d¤QRx.ADU"��GDM
Q]xgK¤UBGLMRCZA O d¤òÑdbK�K4ÿ�ST^L[BMRK%pcó�j¡dbG)Q]x.A�Q�Q]xBK&A�ILK;M]AD^DK¤Y¨K;Mb��GLMbC�ADUgP�K P;[BMbIDKZAVP;Q][BA O_O h�@BSTYBda��K O Gw��Q]xgK
AD�BUgGLMRCZA O dXY¨K;Mb��GLMbC�ADUgP�K�P�[gMbILK¼��GLM�A&dRxBGDMbQ�M]ADUg^LKD{
� xBK�MbKñADMRKfíBILK3YBADM]ADC4K;QRK�MbdZ��GLMZGL[BM)A O ^LGLMbSTQRxBC?�ä�"� ���:�"����jM�t�$¶�·�j����$����j���µ��:¶4·�¸E��j,AVUB@

���E�����
{ ÷ K�MbK�Y�GLMbQ%MRK;dR[ O Q]d%YgMRGHP�K�dbdRSTUB^3A OTO Qi�XK;U�Qih>GD��GL[BM�S_CZAD^LK;d�[gdRS_Ug^�Q]K;U�dRK�Q]d GV��IVA O [BK;d���GDM
Q]xgK�dRK�Y.ADMRADC4K;Q]K;MRdp�

��� ���:�"��� å vDtDtLt�æôvDtLtDtoÄ�t�$¶4· å u|�DtÊÃÝmVtoÄ���$��� å uJtDtLt�æ6uJtLtDtoÄ��µ��:¶4·�¸E� å t çÀuFæ"t ç}tDr�Ä�"� ���"� å qLtDtÊÃÝmDv�Ä
è é Ä�å6t5ç�ç�ç]o ò¢uJó

��xBK;MRK4K�ADPzxñIVA O [BK&GD�FÄ�MRK;YBMRK;dRK�UcQRd%GLUBK¤QRK�dbQRK�@þdRK;Q�GD�ÉIVA O [gK�d�{&?,UþK�üBAVCZY O K¤MRK;dR[ O Q�j$YBMRGHP�K;dRdbK�@�A�Q
IVA O [gK�d�STU�QRxBK C4S_@B@ O K¼GD�
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