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F GHIJKLI
� MNONPQR MNOSTUV QOM WXXWU YTQZQ[NX W \]N^ XNT S_ PNWMNOTX ` a bQRb QX

QO ^NV NO^NOT S_ TbN WRTYWZ TWPMNT XWc VZN ` TS ^NTNPc QON WZZ VPNXNOT WZZNZNX �
�O N]Wc VZN QX TbN QOTNPPSMWTQSO S_ XNdNPWZ Wc VZQRSOX XVWOO QOM V SZUc SP8
Vb QR XQTNX YXQOM WO WZZ e8c NP WPPWU� 9YN TS TbN bQMb RSXT WXXSRQWTN^ a QTb
W MNOSTUV QOM N]V NPQc NOT ` QT QX ^NXQPWfZN TS ^NXQMO W XNT S_ N]V NPQc NOTX `
a bQRb c W]Qc Q[NX TbN OYcf NP S_ �� gX TbWT RWO f N MNOSTUV N^ QO VWPWZZNZ
V NP WXXWU� AO Tb QX XTY ^U aN QOdNXTQMWTN WZMSPQTbc QR WVVPSWRbNX _SP SVTQ8
c WZZU cYZTQV ZN] QOM �� g MNOSTUVQOM YXQOM MNONPQR WXXWUX � hN ^NdQXN W
MPWVb TbNSPNTQR _SPcYZWTQSO S_ TbN VPSfZNc WO ^ YXN QT TS ^NPQdN WO WV8
VPS] Qc WTQSO WZMSPQTbc _SP TbN VPSfZNc ` WO ^ XNdNPWZ VPWRTQRWZ bNYPQXTQRX �
hN WVVZU SYP c NTbS ^X TS XQc YZWTN^ WO^ PNWZ ^WTW ` _SP NdWZYWTQOM TbN
cYZTQV ZN] QOM PWTNX WiSP^N^ fU MNONPQR TNRbO QjYNX � kbN PNXY ZTX SO PNWZ
bYc WO ^WTW XbSa TbN VPWRTQRWZQTU S_ MNONPQR WVVPSWRbNX _SP MNOSTUV QOM `
WZZSa QOM ` N �M �` TbN MNOSTUV QOM S_ lmmm �� gX YXQOM _SYP WZZ n8c NP WPPWUX �

o pqIJr stLIur q

�QOMZN OYRZNSTQ^N V SZUc SPVbQXc X v�� gXw WPN ^QiNPNORNX WRPSXX TbN V SV8
YZWTQSO ` QO W XQOMZN fWXN ` a QTb QO WO STbNPa QXN RSOXNPdN^ MNOSc QR XN8
jYNORN x � kbN XNjYNORN dWPQWTQSO PNVPNXNOTN^ fU �� gX QX S_TNO ^QPNRTZU
PNZWTN^ TS VbNOSTUV QR TPWQTX � �YRb QX TbN RWXN a bNO TbN dWPQWTQSO SR8
RYPX QO RS ^QOM SP STbNP _YORTQSOWZ vN �M �` PNMY ZWTSPU w PNMQSOX y � �Sc WTQR
SP OWTQdN �� gX QO SORSMNONX SP QO PNZWTN^ PNMQSOX RWO ^NTNPc QON RWORNP
XYXRNVTQf QZQTU WO ^ WPN S_TNO PNZWTN^ TS VWTbSMNONXQX z {| {} {~ � �� gX QO WZZ
PNMQSOX S_ TbN MNOSc N WPN YXN_Y Z QO XTY ^QNX WQc N^ WT \O^QOM MNOSc QR PN8
MQSOX ZQO�N^ TS RZQO QRWZ SP STbNPa QXN XQMO Q\RWOT VPSV NPTQNX � �YRb XTY ^QNX
WPN V NP_SPc N^ fU XNN� QOM RSPPNZWTQSOX f NTaNNO TbN QObNPQTWORN VWTTNPO
S_ TbN TWPMNT VPSV NPTQNX WO ^ V SZUc SPVb QR MNONTQR dWPQWTQSOX � � QO�WMN `



WXXSRQWTQSO WO^ ZQO�WMN ^QXNjYQZQfPQYc XTY^QNX WPN N]Wc VZNX S_ XV NRQ\R
c NTbS ^SZSMQNX Nc VZSUN^ _SP MNONTQR XTY ^QNX � {� �

��� ��0# ��; QX W VPSRNXX TbWT ^NTNPc QONX TbN dWPQWOTX VPNXNOT QO W
MQdNO XWc VZN ` SdNP W XNT S_ �� gX� AO TbN RWXN S_ WXXSRQWTQSO XTY ^QNX `
W V SVY ZWTQSO S_ XWc VZNX QX � SQOTZU c NWXYPN^ WO^ TbN _PNjYNORQNX S_ TbN
^QiNPNOT dWPQWOTX ONN^ TS f N QO _NPPN^ � kbN ^NdNZSVc NOT S_ N� RQNOT �� g
^NTNRTQSO ` MNOSTUV QOM WO^ c NWXYPNc NOT TNRbOQjYNX QX WO WRTQdN PNXNWPRb
WPNW WX TbNU bWdN MPNWT RZQO QRWZ` XRQNOTQ\R WO^ RSc c NPRQWZ dWZYN �

� SXT RYPPNOT �� g MNOSTUVQOM TNRbO QjYNX � {x� WPN VPSfZNc XV NRQ\R QO
TbN XNOXN TbWT WT ZNWXT XSc N S_ TbN PNWMNOTX YXN^ QO TbN WXXWU bWdN TS
f N XV NRQ\RWZZU TWQZSPN^ TS TbN XNT S_ �� gX YO^NP QOTNPPSMWTQSO � ��� ���&
" ��D �3' WPN TNRbO QjYNX TbWT ^N_NP WZZ VPSf ZNc XV NRQ\R RSc V SONOTX TS TbN
WXXWU V ZWOO QOM XTWMN WO ^ TS TbN ^WTW WOWZUXQX WO^ PNXY ZT QOTNPVPNTWTQSO
XTWMN � �SP N]Wc VZN ` �Wc VXSO NT WZ� xx VPNXNOT W c NTbS ^ TbWT YXNX OWTYPWZ
WO ^ c WXX c S ^Q\N^ MNONPQR c Q]TYPNX S_ SZQMSOYRZNSTQ^NX ` WO ^ W TWPMNT
c N^QWTN^ NO[Uc WTQR PNWRTQSO ` TS VPS ^YRN W c Q]TYPN ` TbN c WXX8XV NRTPYc
S_ a b QRb QX QO^QRWTQdN S_ TbN MNOSTUV N S_ TbN XWc VZN SdNP W XNT S_ XQTNX �

�� g MNOSTUV QOM QX TQc N8RSOXYc QOM WO^ c WU f N WO N]V NOXQdN VPS8
RN^YPN � kb QX RSXT QX ^QPNRTZU PNZWTN^ TS TbN OYcf NP S_ WXXWUX WRTYWZZU
V NP_SPc N^ � kbYX ` aN WPN QOTNPNXTN^ QO c QOQc Q[QOM TbN OYc f NP S_ WXXWUX
TbWT ONN^ TS f N V NP_SPc N^ QO W MQdNO XTY ^U� 	O^NP RNPTWQO RQPRYc XTWORNX `
MNOSTUV QOM S_ c YZTQV ZN �� g XQTNX RWO f N V NP_SPc N^ XQc YZTWONSYXZU` QO W
XQOMZN MNOSTUV QOM WXXWU 
 W VPSRNXX RWZZN^ " $  ��#  �� �3 ; �� ��0# ��;� 7]Wc 8
VZNX QORZY ^N YTQZQ[QOM VPQc NP N]TNOXQSO WO ^ �� �9 A8k :� c WXX XV NRTPSc 8
NTPU` PNZU QOM SO TbN OWTYPWZ c WXXNX S_ TbN N]TNO ^N^ XV NRQ\RWZZU ^NXQMON^
VPQc NPX x� {xy � kUV QRWZZU` OST WZZ �� gX QO W XNT S_ QOTNPNXT RWO f N MNOS8
TUV N^ TSMNTbNP � �V NRQ\RWZZU` WOU MQdNO MNOSTUV QOM c NTbS ^ Qc V SXNX W
XNT S_ RSOXTPWQOTX PNMWP^QOM a bQRb �� gX RWO f N WXXWUN^ TSMNTbNP ` WO ^
a bQRb RWOOST � kbYX ` QO SP^NP TS WRb QNdN bQMb cYZTQV ZN] QOM PWTNX ` QT QX
ONRNXXWPU TS RWPN_Y ZZU V ZWO TbN MNOSTUV QOM WXXWUX ` QO SP^NP TS WZZSa XQ8
cY ZTWONSYX MNOSTUV QOM S_ WX c WOU �� gX WX V SXXQf ZN ` SO TbN SON bWO ^ `
a bQZN RSO_SPc QOM TS TbN RSOXTPWQOTX ` SO TbN STbNP �

AO Tb QX VWV NP aN VPNXNOT c NTbS ^X _SP WRb QNdQOM bQMb cYZTQV ZN] QOM
PWTNX _SP W _Wc QZU S_ MNONPQR �� g MNOSTUVQOM TNRbO QjYNX � hN c S ^NZ WZZ
TbN WVVZQRWTQSOX QO W YO Q\N^ _PWc NaSP� ` QO a b QRb NWRb �� g QX WXXQMON^
W XNT S_ _NWTYPNX WO ^ TbN c YZTQV ZN] QOM VPSfZNc TPWOXZWTNX TS VWPTQTQSO QOM
TbN �� gX QOTS XNTX ` XYRb TbWT QO NWRb XNT NdNPU �� g bWX W YO QjYN _NWTYPN
v�NRTQSO �w� hN MQdN W RSOXTWOT WVVPS]Qc WTQSO WZMSPQTbc _SP TbN VPSf ZNc
a bQRb QX fWXN^ SO MPWVb RSZSPQOM ` WO^ VPSdQ^N XNdNPWZ VPWRTQRWZ bNYPQXTQRX
v�NRTQSO w� � QOWZZU` aN WVV ZU SYP WZMSPQTbc X TS XQc YZWTN^ ^WTW WX aNZZ
WX TS PNWZ bYc WO �� g ^WTW v�NRTQSO � w�
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gSZUc NPWXN N]TNOXQSO QX W a Q^NZU YXN^ TNRbOQjYN _SP QOTNPPSMWTQOM 9 � �
XNjYNORNX � kUV QRWZZU` WZZ c NTbS ^X fWXN^ SO TbQX TNRbOQjYN YTQZQ[N N]TNO8
XQSO S_ XV NRQ\RWZZU ^NXQMON^ VPQc NPX ` WO ^ WPN OST MNONPQR � �SP N]Wc VZN `
QO WO �PPWU gSZUc NPWXN 7	 TNOXQSO WXXWU v� g7	 w xz {� TbN TWPMNT XWc VZN
QX WOONWZN^ TS WPPWU f SYO ^ VPSf NX ` TbWT WPN RSc VZNc NOTWPU TS XYfXN8
jYNORNX YVXTPNWc TbN V SZUc SPVbQR XQTN � �SYP ^QiNPNOTQWZZU 
YSPNXRNOTZU
ZWf NZN^ TNPc QOWTSP OYRZNSTQ^NX WPN YXN^ fU 9 � � V SZUc NPWXN QO VPQc NP
N]TNOXQSO PNWRTQSO ` N]TNO^QOM TbN WPPWU VPSf NX � � X W PNXY ZT NWRb VPSf N
PNVPNXNOTX W V SZUc SPVbQR XQTN WO ^ TbN 
YSPNXRNORN SfXNPdN^ TbNPNQO QO8
^QRWTNX TbN c NWXYPN^ MNOSTUV N TbNPN � � STN TbWT TbN WPPWU ONN^X TS f N
XV NRQ\RWZZU ^NXQMON^ TS W^^PNXX TbN QOVYT XNT S_ �� gX�

AO W MNONPQR gSZUc NPWXN 7]TNOXQSO � XXWU vg 7� w` TbN TWPMNT XWc VZN
PNWRTX a QTb W MNONPQR XNT S_ _NWTYPNX vN �M �` VPQc NPXw� kbNXN WPN N]TNO^N^ `
SP OST ` ^NV NO^QOM SO TbN TWPMNT � � ^NTNRTQSO XTNV _SZZSa X ` a bNPNQO TbN
N]TNO ^N^ VPQc NPX WPN ^NTNPc QON^ ` fWXN^ SO TbNQP WZTNPN^ VPSV NPTQNX � AO8
_SPc WTQSO SO TbN TWPMNT QX SfTWQON^ fU WO QOTNPVPNTWTQSO VPSRNXX � hN
VPSdQ^N XNdNPWZ N]Wc VZNX f NZSa � kbPSYMbSYT ` TaS WZZNZNX TbWT RSPPNXV SO ^
TS TbN XWc N �� g WPN RWZZN^ " ���'�
F �� e� �J F JJK�H ��� �� 6 NO89 SP NT WZ� x| XTY^U WXV NRTX S_ W XUXTNc
TbWT YXNX W MNONPQR WPPWU ^NXQMO fYT W XV NRQ\RWZZU ^NXQMON^ XNT S_ XSZYTQSO
VPQc NPX � � RSc VZNTNZU MNONPQR WVVPSWRb YXNX WO WPPWU S_ WZZ e8c NPX `
^NOSTN^ �� ` WO ^ OS XV NRQ\R PNWMNOTX ` TS V NP_SPc TbN c NWXYPNc NOT WX
_SZZSa X � � QPXT WXXYc N TbWT W XQOMZN XQTN QX TS f N MNOSTUV N^ �

�� kbN TWPMNT PNMQSO QX g�� Wc VZQ\N^ �
� � kbN XNjYNORN QX bUfPQ^Q[N^ TS TbN �� WPPWU WO ^ W V SZUc NPWXN PNWR8

TQSO QX XTWPTN^ ` QO TbN VPNXNORN S_ XQOMZN ZWf NZN^ ^Q^NS]UOYRZNSTQ^NX �
 � e8c NPX TbWT WPN RSc VZNc NOTWPU TS OSO8V SZUc SPVb QR VWPTX S_ TbN

Wc VZQRSO a QZZ bUfPQ^Q[N TS TbN TWPMNT ` MNT N]TNO^N^ WO ^ VPS ^YRN

YSPNXRNORN XQMOWZX �

� � kbN bUfPQ^Q[WTQSO XQMOWZX SfTWQON^ _SP e8c NPX TbWT XVWO TbN XQTN `
^NV NO ^ SO TbN WZZNZNX S_ Tb QX �� g QO TbN MNOSTUV N^ QO ^QdQ^YWZ �

kbN MNOSTUV N S_ TbN XWc VZN ` WT TbN QOTNPPSMWTN^ XQTN ` RWO TbNPN_SPN
f N ^NTNPc QON^ fU WOWZU[QOM TbN bUfPQ^Q[WTQSO XQMOWTYPN ` VPSdQ^N^ TbWT
TbNPN QX WT ZNWXT SON e8c NP _SP NWRb WZZNZN TbWT ^SNX OST WVV NWP QO TbN
XNjYNORN S_ QTX c WTN �

AO W cYZTQV ZN]N^ WXXWU XNdNPWZ TWPMNTX WPN � SQOTZU QOTNPPSMWTN^ � kbN
XNT RWO f N � SQOTZU QOTNPPSMWTN^ WX ZSOM WX NWRb WZZNZN bWX WT ZNWXT SON
YO QjYN e8c NP TbWT ^SNX OST SRRYP QO TbN XNjYNORN S_ WOU STbNP WZZNZN8
VWQP QO TbN XNT �



��F Kqs � KIu����K���s � KHH����LIJr�IJ�� kbQX VPSRNXX QO8
dSZdNX TbN _SZZSa QOM RSc V SONOTX xx �

�� � c Q]TYPN S_ VPQc NPX QX WVV ZQN^ TS TbN TWPMNT QO TbN VPNXNORN S_
V SZUc NPWXN WO ^ WZZ � ^Q^NS]UOYRZNSTQ^NX ` WZZSa QOM _SP XQOMZN fWXN
N]TNOXQSO TS SRRYP QO W XV NRQ\R ` TWPMNT c N^QWTN^ c WOONP �

� � gPS ^YRTX vN]TNO ^N^ VPQc NPXw WPN XNVWPWTN^ ` N �M fU � g �� �
 � kbN c Q]TYPN S_ N]TNO ^N^ VPQc NPX QX WOWZU[N^ fU c WXX8XV NRTPSc NTPU�
	O ^NP RSc VZNTN XTPQOMNORU WXXYc VTQSOX TbN SYTVYT c WXX XV NRTPYc

a QZZ SO ZU bWdN V NW�X WT c WXXNX TbWT RSPPNXV SO ^ TS N]TNO^N^ VPQc NPX TbWT
WPN hWTXSO8�PQR� RSc VZNc NOTX S_ XSc N TWPMNT XYfXNjYNORN � � XNT S_
�� gX RWO f N � SQOTZU QOTNPPSMWTN^ WX ZSOM WX NWRb S_ TbN PNXV NRTQdN WZZNZNX
bWX W RSPPNXV SO^QOM N]TNO ^N^ VPQc NP a QTb W YOQjYN c WXX ` ^QiNPNOT _PSc
TbWT V STNOTQWZZU WPQXQOM _PSc WOU STbNP WZZNZN8VWQP QO TbN XNT �

� XQc QZWP MNOSTUV QOM VPSRNXX YXNX RZNWdWf ZN c WXX8TWMX TbWT WPN WT8
TWRbN^ TS TbN SPQMQOWZ VPQc NPX WO ^ TbNO RZNWdN^ W_TNP TbN XNVWPWTQSO S_
N]TNO ^N^ VPS ^YRTX � v� NPN aN WXXYc N TbWT TbN OYcf NP S_ WdWQZWf ZN ^QX8
TQOMY QXbWf ZN TWMX N]RNN^X TbN OYc f NP S_ VPQc NPX �w kbN TWMX ` PWTbNP TbWO
TbN N]TNO ^N^ VPQc NPX WPN WOWZU[N^ fU c WXX8XV NRTPSc NTPU� kbN XV NRTPYc
a QZZ bWdN V NW�X WT c WXXNX S_ TWMX TbWT RSPPNXV SO ^ TS VPQc NPX TbWT WPN
hWTXSO8�PQR� RSc VZNc NOTX S_ XSc N TWPMNT XYfXNjYNORN � � MWQO ` W XNT S_
�� gX RWO f N � SQOTZU QOTNPPSMWTN^ WX ZSOM WX NWRb S_ TbN PNXV NRTQdN WZZNZNX
bWX W RSPPNXV SO^QOM N]TNO ^N^ VPQc NP a QTb W YO QjYN TWM ` ^QiNPNOT _PSc
TbWT V STNOTQWZZU WPQXQOM _PSc WOU STbNP WZZNZN8VWQP QO TbN XNT �

� -) � ��5 �" 	��" $  �����
AO WOU S_ TbN Ncf S ^Qc NOTX ` TbN TWPMNT QX TUV QRWZZU W RSZZNRTQSO S_ XbSPT
g�� Wc VZQRSOX ` XVWOOQOM f Q8WZZNZQR �� g XQTNX � � �� g WZZNZN QO W TWPMNT
RWO f N ^NTNPc QON^ Q_ WO^ SO ZU Q_ TbN N]TNOXQSO NdNOT ` _SP SON S_ TbN e8
c NPX XVWOOQOM Tb QX XQTN WO^ RSPPNXV SO ^QOM TS Tb QX WZZNZN ` RWO f N YO QjYNZU
^NTNRTN^ YO ^NP TbN WXXWU RSO ^QTQSOX � kbQX PNjY QPNc NOT RWO f N WfXTPWRTN^
WX _SZZSa X � � XXSRQWTN a QTb NWRb TWPMNT XNjYNORN W ZQXT S_ _NWTYPNX WT a bQRb
QT PNMQXTNPX ` N �M �` WZZ RSc VZNc NOTWPU e8c NPX ` TbN c WXXNX RSPPNXV SO^QOM TS
WZZ RSc VZNc NOTWPU N]TNO^N^ VPQc NPX QO TbN c Q]TYPN ` NTR � kb QX QX TbN XNT
S_ _NWTYPNX V STNOTQWZZU �&��
���3 fU TbN MQdNO TWPMNT XNjYNORN � �YPTbNP8
c SPN ` TbN XNT S_ WRTQdWTN^ _NWTYPNX RWO f N VWPTQTQSON^ QOTS ��� ��" ���
 �
SONX ` XVWOOQOM TbN V SZUc SPVbQR OYRZNSTQ^N ` WO ^ &�" " �� SONX ` f NQOM
WZZ _NWTYPNX WRTQdWTN^ fU TbN Wc VZQRSO RSPPNXV SO^QOM TS f STb WZZNZNX N]8
V NRTN^ WT Tb QX XQTN � � XNT S_ WZZNZN8VWQPX QX �''�;� �5 � Q_ NWRb WZZNZN QO TbN
XNT bWX WO QO _SPc WTQdN _NWTYPN TbWT QX OST V STNOTQWZZU WRTQdWTN^ fU WOU
STbNP WZZNZN QO TbN XNT �

�XXYc N aN WPN MQdNO W XNT S_ TWPMNT XNjYNORNX ` NWRb RSOTWQO QOM W
fQ8WZZNZQR V SZUc SPVb QR XQTN � kS MNOSTUV N Tb QX XNT S_ �� gX aN ONN^ TS



VWPTQTQSO TbNc QOTS WXXQMOWfZN XYfXNTX � kb QX VWPTQTQSO RSOXTQTYTNX W " $  =
��#  ����; '&D �" �� hN XNN� W c YZTQV ZN] QOM XRbNc N YO ^NP a bQRb TbN OYc 8
f NP S_ WXXQMOWf ZN XYfXNTX QO TbN VWPTQTQSO QX c QO Qc Yc � h �Z�S �M �` aN XbWZZ
WXXYc N TbWT _SP NdNPU MQdNO TWPMNT XNjYNORN ` NWRb S_ TbN TaS WZZNZNX S_
TbN RSPPNXV SO ^QOM �� g bWX WT ZNWXT SON QO_SPc WTQdN _NWTYPN TbWT QX OST
XbWPN^ fU QTX c WTN �

kbN Sf � NRTQdN S_ TbN cYZTQV ZN] QOM XRbNc N RWO f N c S ^NZN^ QO TaS aWUX �
6STb _SPc YZWTQSOX PN
NRT TbN _WRT TbWT a bNO W XV NRQ\R XQTN QX MNOSTUV N^ `
f STb QTX WZZNZNX c WU WRTQdWTN _NWTYPNX vQO^NN^ ` Tb QX a QZZ f N TbN RWXN Q_
TbN XWc VZN QX bNTNPS[UMSYXw WO ^ TbNPN QX OS NWXU aWU TS XNVWPWTN TbNXN
XNTX S_ _NWTYPNX SON _PSc TbN STbNP � AO TbN \PXT _SPc YZWTQSO aN XNN�
W VWPTQTQSO S_ TbN �� gX QOTS W c QOQcYc OYcf NP S_ WXXQMOWfZN XYfXNTX �
kbN fWXQR YO QTX bNPN WPN �  � �=# ���' vRSPPNXV SO ^QOM TS �� gXw� AO TbN
XNRSO^ dWPQWOT aN XNN� W VWPTQTQSO S_ TbN WZZNZNX QOTS W c QOQcYc OYc f NP
S_ WXXQMOWfZN XYfXNTX � kbN fWXQR YOQTX bNPN WPN '��;  � �  � �'` ^PSVVQOM
TbN RSOXTPWQOT TbWT TaS c WTNX XbSYZ^ f N VYT QO TbN XWc N XYfXNT QO W
VWPTQTQSO � �SZYTQSOX TS TbN \PXT dWPQWOT bWdN TbN W^dWOTWMN TbWT TbNU
PNjYQPN W Xc WZZNP OYcf NP S_ g�� PNWRTQSOX ` RSc VWPN^ TS TbN XNRSO ^
dWPQWOT � � SaNdNP ` a bNO XTY ^UQOM TbN c YZTQV ZN] QOM VPSf ZNc QO QXSZWTQSO `
TbN ZWTTNP _SPcYZWTQSO QX TbN c SPN MNONPWZ SON �

� F ��rJuI� uL F��JrKL��H

AO Tb QX XNRTQSO aN VPSdQ^N TbNSPNTQRWZ WOWZUXQX WO^ VPWRTQRWZ bNYPQXTQRX
_SP TbN c YZTQV ZN] QOM VPSf ZNc �

� -) 1� 1## ����" ����� %&D �" �

hN VPNXNOT WO WVVPS]Qc WTQSO WZMSPQTbc _SP TbN c YZTQV ZN] QOM VPSf ZNc
YO ^NP TbN XQOMZN8WZZNZN dWPQWOT � � QPXT ` aN ^NdQXN W MPWVb8TbNSPNTQR _SP8
cY ZWTQSO S_ TbN VPSf ZNc � hN dQNa TbN QOVYT WZZNZN XNjYNORNX WO ^ ZQXT S_
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WZZNZN a QTb W XNjYNORN S_ ZNOMTb � bWX e � vWT c SXT e w QO_SPc WTQdN N^MNX
QORQ^NOT TS QT ` RSPPNXV SO ^QOM TS TbN e8c NPX XVWOO QOM TbN V SZUc SPVb QR
XQTN 
 WO^ WT c SXT v� � e � �w OSO8QO _SPc WTQdN N^MNX QO � ` RSPPNXV SO^QOM
TS v� � e � � � e � w e8c NPX TbWT ^S OST QOdSZdN TbN V SZUc SPVbQR XQTN WO ^ e �
W^^QTQSOWZ e8c NPX TbWT RSOXTQTYTN TbN QO_SPc WTQdN _NWTYPNX S_ TbN WZZNZN �X
c WTN �



�SOXQ^NP W XNT S_ WZZNZNX � � � S_ RWP^QOWZQTU � � kbN XNT � QX RWZZN^
�''�;� �5 � Q_ TbNPN N] QXTX WO QO ^YRN^ c WTRbQOM SdNP � RSOXQXTQOM S_ SOZU
QO _SPc WTQdN N^MNX � kbWT QX ` TbNPN N] QXTX W XNT � � � S_ � QO _SPc WTQdN
N^MNX TbWT _SPc W c WTRbQOM f NTaNNO � WO ^ W XNT S_ � _NWTYPNX � AO W^^Q8
TQSO ` TbN c WTRbQOM � QX �� 3$ &�3` TbWT QX ` OS TaS N^MNX QO � bWdN W Tb QP^
N^MN W^� WRNOT TS f STb S_ TbNc � � ZNWPZU` Q_ W XNT S_ WZZNZNX QX WXXQMOWf ZN ` QT
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:fXNPdN TbWT _SP W MQdNO XNT S_ WZZNZNX � ` SON RWO TNXT QO ZQONWP TQc N
a bNTbNP � QX WXXQMOWf ZN ` fU RbNR�QOM Q_ NWRb WZZNZN QO � bWX WO QO _SPc W8
TQdN N^MN TS W YO QjYN _NWTYPN � 6U RSOXQ^NPQOM SO ZU TbN QO _SPc WTQdN N^MNX `
�	
 QX NjY QdWZNOT TS TbN c W]Qc Yc QO ^YRN^ c WTRbQOM VPSf ZNc SO WO WV8
VPSVPQWTN f QVWPTQTN MPWVb � �SP MNONPWZ f QVWPTQTN MPWVbX ` TbN c W] QcYc
QO ^YRN^ c WTRb QOM VPSfZNc QX �OSa O TS f N � g8bWP^ x} � � SaNdNP ` OST WZZ
f QVWPTQTN MPWVbX RWO f N PNWZQ[N^ WX �� MPWVbX � kbN RSc VZN] QTU S_ �	

SO �� MPWVbX QX RYPPNOTZU SV NO �

hN OSa XbSa W ZSaNP f SYO ^ _SP TbN �	� VPSf ZNc � � ; ��3 " ��&D��;
QO � QX W c WTRbQOM a b QRb RSOXQXTX S_ QO _SPc WTQdN N^MNX SO ZU� � ZNWPZU` WOU
WXXQMOWf ZN XYfXNT S_ WZZNZNX RSPPNXV SO ^X TS W MSS ^ QO ^YRN^ c WTRbQOM QO
� f NTaNNO TbN WZZNZNX WO ^ TbNQP YO QjYN _NWTYPNX � A_ aN PNXTPQRT WTTNOTQSO
TS QO _SPc WTQdN N^MNX SOZU` WO^ ^PSV TbN PNjY QPNc NOT TbWT TbN c WTRb QOM
XbSYZ^ f N WO QO ^YRN^ SON ` SYP VPSf ZNc dWPQWOT RWO f N XTWTN^ WX _SZZSa X �
� uq ut � KIL� uq� �r��J ���� �� � QdNO W f QVWPTQTN MPWVb
�� v�� � � � w` \O ^ W c QO QcYc OYc f NP S_ c WTRbQOMX TbWT RSdNP � �

� QdNO WO QOXTWORN � v�� � � � � � w S_ �	� ` TbN RWP^QOWZQTU S_ WO SVTQcYc
XSZYTQSO TS ��� SO �� v�� � � � w QX W ZSaNP f SYO ^ SO TbN RWP^QOWZQTU S_ WOU
XSZYTQSO TS �	� SO � WO^ ` QO VWPTQRY ZWP ` W ZSaNP f SYO ^ SO TbN SVTQcYc
�	� XSZYTQSO � hN RWO RSc VYTN Tb QX ZSaNP f SYO ^ QO V SZUOSc QWZ TQc N YXQOM
TbN WZMSPQTbc S_ �Yc WOO NT WZ� _SP ��� xy �

kbN _SZZSa QOM TbNSPNc XTWTNX SYP WVVPS]Qc WTQSO PNXY ZT _SP �	� �
���rJ� o <�� � v�� � � � � � w 5� �� ��'��� &� �� �	� � ��D �  � � '�$ �� &�'
��  ��; �D � - CD �� �D ��� �' � v�� � �w =�## ����" ����� � ; ����D" �� �	� ��
� -
� Jr r � � hN \O ^ TbN WVVPS] Qc WTN XSZYTQSO QO TaS XTWMNX � kbN PNW^NP
QX PN_NPPN^ TS TbN N]Wc VZN QO � QMYPN  �� _SP _YPTbNP N]VZWOWTQSO WO^ QO8
TY QTQSO Wf SYT TbN WZMSPQTbc � � QPXT ` aN RSOXTPYRT TbN MPWVb �� v�� � � � w
fU PNc SdQOM TbN OSO8QO_SPc WTQdN N^MNX _PSc � � hN \O ^ W c QO Qc Yc
c WTRb QOM RSdNP � x � � y � � � � � � � S_ �� YXQOM TbN WZMSPQTbc S_ �Yc WOO NT
WZ � xy � � N]T ` aN XbSa f NZSa TbWT _SP NWRb c WTRbQOM � � ` QTX XNT S_ WZZNZNX



RWO f N VWPTQTQSON^ QOTS WT c SXT v�� � �w WXXQMOWf ZN XYfXNTX � :dNPWZZ ` TbN
RWP^QOWZQTU S_ SYP XSZYTQSO QX f SYO ^N^ Wf SdN fU �� ��� � v�� w � v�� � �w �
�� �� �� v� w � v�� � �w�

Alleles

Features

A. The Alleles-Features graph
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B. The graph induced by the matching E
1 C. The auxiliary directed graph H
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AT PNc WQOX TS XbSa bSa TS VWPTQTQSO TbN WZZNZNX QORZY ^N^ QO W c WTRb QOM
� � QOTS WT c SXT v�� � �w WXXQMOWfZN XNTX � kS Tb QX NO ^ aN YXN TbN RSZSPQOM
WVVPSWRb S_ 6NO89 SP NT WZ � x| � hN fYQZ^ WO WY] QZQWPU ^QPNRTN^ MPWVb � `
a bSXN dNPTQRNX RSPPNXV SO ^ TS TbN N^MNX QO TbN c WTRb QOM � � � hN ^QPNRT
WO N^MN QO � _PSc v� � 	 w TS v� � � 	 � w Q_ v� � 	 � w 
 � � � � STN TbWT XQORN NWRb
WZZNZN bWX WT c SXT � � � QORQ^NOT N^MNX QO TbN SPQMQOWZ MPWVb � ` fU TbN
RSOXTPYRTQSO S_ � ` NWRb S_ QTX dNPTQRNX bWX SYT^NMPNN WT c SXT � � kbNPN_SPN `
� RWO f N RSZSPN^ YXQOM Xc WZZNXT8ZWXT SP^NPQOM v��: w RSZSPQOM x~ fU WT
c SXT �� � � RSZSPX � 7WRb RSZSP RZWXX PNVPNXNOT WO QO ^NV NO ^NOT XNT S_
dNPTQRNX ` a bQRb RSPPNXV SO ^ TS WO QO ^NV NO^NOT XNT S_ QO _SPc WTQdN N^MNX �
kbYX ` NWRb RSZSP RZWXX QO^YRNX WO WXXQMOWfZN XNT ` WO ^ TSMNTbNP TbNU RSdNP
TbN WZZNZNX S_ � � �

� -� � ��&��&� � �$��'��& 1## ���&D �'
AO Tb QX XNRTQSO aN VPSV SXN TaS MPNN^U bNYPQXTQR VPSRN^YPNX _SP TbN c YZ8
TQV ZN] QOM VPSf ZNc � 6 STb WVVPSWRbNX aSP� SO WZZNZN8VWQPX WX aNZZ WX SO
XQOMZN WZZNZNX � hN ^NXRPQf N TbNc SO ZU QO TbNQP WZZNZN8VWQP dNPXQSO ` fYT
WVVZU f STb dWPQWOTX QO TbN XNjYNZ�

kbN \PXT bNYPQXTQR QX RWZZN^ " ���" � # �������� ��� � hN WZZS RWTN SON
�� g WT W TQc N ` QO XNPTQOM QT QOTS TbN XYfXNT TbWT f NXT WRRSc c S ^WTNX QT �
kbQX QX W XYfXNT a bQRb W_TNP W^^QOM TbN WZZNZN8VWQP PNc WQOX WXXQMOWf ZN WO ^
bWX TbN Xc WZZNXT OYcf NP S_ WRTQdWTN^ _NWTYPNX � hN XTWPT W ONa XYfXNT
SO ZU a bNO TbN TWPMNT RWOOST f N WRRSc c S ^WTN^ QO WO N]QXTQOM XYfXNT �
AO TbN _SZZSa QOM aN ^NOSTN fU � v� w TbN OYcf NP S_ WRTQdWTN^ _NWTYPNX QO
W XNT S_ WZZNZN8VWQPX � � hN ZNT � x � � � � � �� f N TbN QOVYT WZZNZN8VWQPX � kbN
WZMSPQTbc QX MQdNO QO � QMYPN � �
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kbN XNRSO^ bNYPQXTQR QX RWZZN^ " ���" � '�� �� % � hN WTTNc VT TS RSO8
XTPYRT TbN ZWPMNXT WXXQMOWf ZN XYfXNT S_ �� gX� h bNO Tb QX XNT RWOOST f N
N]TNO ^N^ WOUc SPN ` aN QTNPWTQdNZU RWZZ TbN VPSRNXX SO TbN PNc WQO QOM �� gX�
kbN WZMSPQTbc QX MQdNO QO � QMYPN  �
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kbN RSc VZN] QTU S_ TbN �g WZMSPQTbc QX � v�� w _SP W XSZYTQSO S_ RWP^Q8
OWZQTU � � kbN RSc VZN] QTU S_ TbN � � WZMSPQTbc QX � v� y w` a b QRb QX b QMbNP
TbWO TbN _SPc NP XQORN ` TUVQRWZZU` � 	 � �


 ��Ht �IH

AO Tb QX XNRTQSO aN PNV SPT SO TbN V NP_SPc WORN S_ TbN TaS WZMSPQTbc QR
XRbNc NX ` �g WO^ � � ` SO XQcY ZWTN^ WO ^ PNWZ �� g ^WTW �

kbN XUOTbNTQR ^WTW aWX MNONPWTN^ WX _SZZSa X � hN MNONPWTN^ WT PWO8
^Sc � �8ZSOM XNjYNORNX _SP dWPU QOM OYc f NP S_ �� gX vf NTaNNO �mmm WO ^
lmmmw� �SP NWRb XNjYNORN aN RbSXN WT PWO ^Sc TaS ^QXTQORT OYRZNSTQ^NX `
PNVPNXNOTQOM TaS WZZNZNX ` TS SRRYVU TbN ��8XT fWXN S_ TbN XNjYNORN � hN
YXN^ WX _NWTYPNX WZZ e8c NPX S_ WO WPPWU` a bNPN e PWOMN^ _PSc � TS  � kbN
PNXY ZTX S_ WVVZU QOM f STb WZMSPQTbc X TS TbN ^WTW ` a bNO YXQOM TbN WZZNZN8
VWQP dNPXQSO ` WPN XYc c WPQ[N^ QO kWfZN �� kbN TSTWZ PYOOQOM TQc N S_ SON
XQcY ZWTQSO aWX ZNXX TbWO W c QOYTN SO W XQOMZN VPSRNXXSP � � STWfZU` TbN
c W]Qc WZ XNT WZMSPQTbc SYTV NP_SPc X TbN c QO Qc WZ VWPTQTQSO WZMSPQTbc QO
WZZ XQc YZWTQSOX �

� N]T ` aN WVV ZQN^ TbN WZMSPQTbc X QO TbNQP XQOMZN8WZZNZN dNPXQSO TS TbN
XUOTbNTQR ^WTW � kbN PNXY ZTX WPN XYc c WPQ[N^ QO kWf ZN � � � MWQO TbN � �
bNYPQXTQR SYTV NP_SPc X TbN �g bNYPQXTQR � :dNPWZZ ` TbN PNXY ZTX WPN RSc VW8
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PWf ZN TS TbSXN SfTWQON^ _SP WZZNZN8VWQPX � kbQX QX W PNXY ZT S_ TbN WXXQMOc NOT
RPQTNPQSO Nc VZSUN^ fU TbN WZMSPQTbc X` a b QRb QX XTPSOMZU fQWXN^ TSaWP^X
WXXQMO QOM c WTNX TS TbN XWc N XNT QO TbN XSZYTQSO �

hN RSc VZNc NOTN^ SYP WOWZUXNX fU ^NXQMO QOM cYZTQV ZN] QOM XRbNc NX
_SP lmmm �� gX TW�NO _PSc bYc WO RbPSc SXSc N ��� hN N]TPWRTN^ _PSc
TbN VYf ZQR �� g ^WTWfWXN x� � �8ZSOM XNjYNORNX 
WO�QOM TbN \PXT lmmm
PN_NPNORN �� gX S_ RbPSc SXSc N �� va QTb TbN V SZUc SPVb QR XQTN WT TbN
c Q^^ZN V SXQTQSO w� hN TbNO WVV ZQN^ SYP WZMSPQTbc X TS TbN ^WTW ` WMWQO
YXQOM WX _NWTYPNX WZZ e8c NPX S_ WO WPPWU` a bNPN e PWOMN^ _PSc � TS  � kbN
f NXT PNXY ZTX aNPN SfTWQON^ YXQOM TbN � � bNYPQXTQR a QTb VWQPX � n WXXWUX
_SP � � ` � WXXWUX _SP � � WO^ �� WXXWUX _SP � ~ �

h bNO RSc VWPQOM TS TbN Wf SdN XQcY ZWTQSO PNXY ZTX ` aN SfXNPdN^ TbWT
TbN XSZYTQSOX SO PNWZ ^WTW bW^ b QMbNP RWP^QOWZQTU TbWO TbN RSPPNXV SO^QOM
XSZYTQSOX SO XQcY ZWTN^ ^WTW � �SS�QOM c SPN RZSXNZU WT TbN PNXY ZTX ` aN
SfXNPdN^ TbWT TbN PNWZ ^WTW XSZYTQSOX RSOTWQON^ XNdNPWZ ZWPMN XNTX RSdNPQOM
c SXT S_ TbN �� gX WO ^ XSc N Xc WZZ XNTX RSOTWQO QOM SO ZU _Na �� gX NWRb �
�V NRQ\RWZZU` Q_ SON a QXbNX TS RSdNP WT ZNWXT �l� S_ TbN �� gX TbNO TbN
_SZZSa QOM OYcf NPX S_ WXXWUX WPN PNjY QPN^ � � WXXWUX _SP � � ` � WXXWUX _SP
� � WO ^ �� WXXWUX _SP � ~ � hN RSY Z^ _YPTbNP XNN TbWT c SXT S_ TbN �� gX
TbWT aNPN QORZY ^N^ QO Xc WZZ XNTX bW^ dNPU ^NMNONPWTN XNjYNORNX ` S_TNO
RSOXQXTQOM S_ PNV NWTX S_ W XQOMZN OYRZNSTQ^N WPSYO ^ TbN V SZUc SPVbQR XQTN �

� �rqL �tsuq� � � KJ�H

AO TbQX VWV NP aN XTY ^QN^ TbN VPSfZNc X WPQXQOM QO ^NXQMO QOM cYZTQV ZN] QOM
XRbNc NX _SP �� g MNOSTUVQOM YXQOM MNONPQR WXXWUX � hN ^NdQXN^ W MPWVb
TbNSPNTQR _SPcYZWTQSO _SP TbN cYZTQV ZN] QOM VPSf ZNc WO ^ YXN^ QT TS \O^ W
RSOXTWOT WVVPS] Qc WTQSO WZMSPQTbc _SP TbN VPSfZNc � hN WZXS XYMMNXTN^
TaS VPWRTQRWZ bNYPQXTQRX TS WVVPSWRb TbN VPSf ZNc � hN WVVZQN^ SYP WZMS8
PQTbc X TS XQcY ZWTN^ WO ^ PNWZ �� g ^WTW � kbN PNXY ZTX SO PNWZ ^WTW XbSa
TbN VPWRTQRWZQTU S_ MNONPQR WVVPSWRbNX _SP MNOSTUVQOM ` WZZSa QOM ` N �M �` TbN



MNOSTUV QOM S_ Wf SYT lmmm �� gX YXQOM _SYP � � WPPWUX �
AT QX Qc V SPTWOT TS OSTN TbWT TbN VPSRN^YPN ^NXRPQf N^ QO TbN VWV NP

WXXYc NX _Y ZZ XTPQOMNORU S_ TbN �� WPPWU c NWXYPNc NOTX ` WO ^ TbWT RYPPNOT
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