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$� &��0��&LGLQ����0��/��5��&��/RSHV�$VVDG���6��&UHVWDQD�

� 8QLYHUVLGDGH� GH� 6mR� 3DXOR�� $YHQLGD� 7UDEDOKDGRU� 6mR� &DUOHQVH�� ����� &(3� ����������� 6mR�
&DUORV��6mR�3DXOR
� 8QLYHUVLGDGH�)HGHUDO�GH�6mR�&DUORV��5RGRYLD�$QKDQJXHUD� NP����� &(3 ���������� $UDUDV�6mR�
3DXOR� OHRQRUUFOD#JPDLO�FRP�
� (PEUDSD�,QVWUXPHQWDomR��5XD����GH�1RYHPEUR��������&(3������������6mR�&DUORV��6mR�3DXOR��
VLOYLR�FUHVWDQD#HPEUDSD�EU
�$XWRU�FRUUHVSRQGHQWH��H�PDLO��FDUROFLGLQ#JPDLO�FRP

5HVXPR� 7HQGR� HP� YLVWD� D� QHFHVVLGDGH� GH� HVWLPDWLYDV GH� WHRUHV� GH�& PDLV� SUHFLVDV�� QXPHURVDV��
HFRQ{PLFD� H� DPELHQWDOPHQWH� YLiYHLV�� FRPR� HVWUDWpJLD� GH� PLWLJDomR� GDV� HPLVV}HV� GH GLy[LGR� GH�
FDUERQR� �&2��� QD� DWLYLGDGH� DJURSHFXiULD� DV� IXQo}HV� GH� SHGRWUDQVIHUrQFLDV� �37)�� SRGHP� VHU�
GHVHQYROYLGDV�SDUD�HVWLPDU�D�TXDQWLGDGH�GH�&��D�SDUWLU�GH�GDGRV�GH�DWULEXWRV�IDFLOPHQWH�REWLGRV�HP�
DQiOLVHV�GH�URWLQD��(VWH�WUDEDOKR��TXH�HVWi�HP�DQGDPHQWR�� WHYH�SRU�REMHWLYR�DSUHVHQWDU�D�DQiOLVH�GH�
GDGRV� GH� VRORV� EUDVLOHLURV� RUJDQL]DGRV�� $QWHULRUPHQWH�� XP� EDQFR� GH� GDGRV� IRL� RUJDQL]DGR� HP�
SODQLOKD��FRP�LQIRUPDo}HV�GH�VRORV�EUDVLOHLURV��H[WUDtGDV�GH GLYHUVDV�IRQWHV�H SXEOLFDGRV�DWp�������
$SyV� DWXDOL]DomR� H� YHULILFDomR� FUtWLFD� SDUD� DMXVWHV� H� SDGURQL]DomR� GH� XQLGDGHV�� R� EDQFR� ILFRX�
FRPSRVWR� SRU� ������ DPRVWUDV� GH� VROR� FRP� SURIXQGLGDGH� ����� FP�� )RUDP� UHDOL]DGDV� DQiOLVHV� GH�
HVWDWtVWLFD� GHVFULWLYD� H� FRQVWUXtGRV� ER[SORWV� SDUD� DSUHVHQWDU� DV� PHGLGDV� GH� WHQGrQFLD� FHQWUDO�� GH�
GLVSHUVmR�� GDGRV� GLVFUHSDQWHV� H� H[WUHPRV�� $V� DPRVWUDV� UHFREULUDP� WRGR� R� WHUULWyULR� EUDVLOHLUR� H�
FODVVHV�H�XVR�GR�VROR��2�DOWR�&9�GRV�DWULEXWRV�UHIOHWH�j�YDULDELOLGDGH�GH�FODVVHV�GH�VROR��$PRVWUDV�GH�
&�FRP�YDORUHV�DFLPD�GH����JNJ�� IRUDP�FRQVLGHUDGDV�RXWOLHUV��$SHVDU�GD�GLVWULEXLomR�DVVLPpWULFD�H�D�
SUHVHQoD�GH�RXWOLHUV��R�EDQFR�GH�GDGRV�WHP�SRWHQFLDO�SDUD�GHVHQYROYHU�D�37)�

3DODYUDV�FKDYH� EDQFR�GH�GDGRV��FDUERQR�RUJkQLFR��PRGHODJHP�
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$EVWUDFW� ,Q� YLHZ� RI� WKH� QHHG� IRU� PRUH� SUHFLVH�� QXPHURXV�� HFRQRPLFDOO\� DQG� HQYLURQPHQWDOO\�
IHDVLEOH� &� FRQWHQW� HVWLPDWHV�� DV� D� VWUDWHJ\� IRU� PLWLJDWLQJ� FDUERQ� GLR[LGH� �&2��� HPLVVLRQV� LQ�
DJULFXOWXUDO� DFWLYLW\�� SHGRWUDQVIHU� IXQFWLRQV� �37)�� FDQ� EH� GHYHORSHG� WR� HVWLPDWH� WKH� DPRXQW� RI�&��
IURP�DWWULEXWH�GDWD� HDVLO\� REWDLQHG� LQ� URXWLQH� DQDO\VHV��7KLV�ZRUN��ZKLFK� LV� LQ�SURJUHVV�� DLPHG� WR�
SUHVHQW�WKH�DQDO\VLV�RI�GDWD�IURP�RUJDQL]HG�%UD]LOLDQ�VRLOV��3UHYLRXVO\��D�GDWDEDVH�ZDV�RUJDQL]HG�LQ�D�
VSUHDGVKHHW��ZLWK�LQIRUPDWLRQ�RQ�%UD]LOLDQ�VRLOV��H[WUDFWHG�IURP�YDULRXV�VRXUFHV�DQG�SXEOLVKHG�XQWLO�
������ $IWHU� XSGDWLQJ� DQG� FULWLFDO� YHULILFDWLRQ� IRU� DGMXVWPHQWV� DQG� VWDQGDUGL]DWLRQ� RI� XQLWV�� WKH�
GDWDEDVH�ZDV�FRPSRVHG RI�������VRLO�VDPSOHV�ZLWK�GHSWK������FP��'HVFULSWLYH�VWDWLVWLFDO�DQDO\VHV�
ZHUH�SHUIRUPHG�DQG�ER[SORWV�ZHUH�FRQVWUXFWHG�WR�SUHVHQW�PHDVXUHV�RI�FHQWUDO�WHQGHQF\��GLVSHUVLRQ��
GLVFUHSDQW�DQG�H[WUHPH�GDWD��7KH�VDPSOHV�FRYHUHG�WKH�HQWLUH�%UD]LOLDQ�WHUULWRU\�DQG�FODVVHV�DQG�ODQG�
XVH�� 7KH� KLJK�&9� RI� WKH� DWWULEXWHV� UHIOHFWV� WKH� YDULDELOLW\� RI� VRLO� FODVVHV�� 6DPSOHV�ZLWK�&� YDOXHV�
DERYH� ��� JNJ�� ZHUH� FRQVLGHUHG� RXWOLHUV��'HVSLWH� WKH� DV\PPHWULF� GLVWULEXWLRQ� DQG� WKH� SUHVHQFH� RI�
RXWOLHUV��WKH�GDWDEDVH�KDV�WKH�SRWHQWLDO�WR�GHYHORS�37)�

.H\ZRUGV��GDWDEDVH��RUJDQLF�FDUERQ��PRGHOLQJ�
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���,QWURGXomR
2�PDQHMR�H�XVR�GR�VROR�VmR�FRQVLGHUDGRV�DV�SULQFLSDLV�IRQWHV�GH�HPLVV}HV�GH�JDVHV�GH�HIHLWR�

HVWXID��*((���SULQFLSDOPHQWH�R�GLy[LGR�GH�FDUERQR��&2����QR�SDtV��%5$6,/���������&RQWXGR��R�VROR�
WHP�D�FDSDFLGDGH�GH�DUPD]HQDU�PDLRU�TXDQWLGDGH�GH�FDUERQR��&���FRPSDUDGR�FRP�D�YHJHWDomR�H�D�
DWPRVIHUD��&(55,��&(55,��������

$�QHFHVVLGDGH�GH�PHGLU�D�TXDQWLGDGH�GH�&�QRV�VRORV� WHP�VLGR�GLVFXWLGD�PXQGLDOPHQWH�SRU�
HQWLGDGHV�UHODFLRQDGDV�jV�SHVTXLVDV�VREUH�PXGDQoDV�FOLPiWLFDV��FRP�R�LQWXLWR�GH�VH�REWHU�HVWLPDWLYDV�
PDLV�SUHFLVDV��5266(/��%586���������TXH�SRVVDP FRPSRU�XP�LQYHQWiULR�GH�&�QR�VROR�H�VXEVLGLDU�
SHVTXLVDV�H�SODQHMDPHQWRV�GH�Do}HV��YLVDQGR�R�PDQHMR�H�SURWHomR�GH�iUHDV�FRP�HOHYDGR�SRWHQFLDO�GH�
HVWRFDU�&�QR�VROR�H�DPSOLDU�D�DJULFXOWXUD�GH�EDL[R�&��%5$6,/���������DOpP�GH�VHU�SUp�UHTXLVLWR�SDUD�
LQLFLDWLYDV�SULYDGDV�GH�FUpGLWR�GH�&��2UJDQL]DU�LQIRUPDo}HV�VREUH�VRORV�HP�EDQFR�GH�GDGRV�p�XPD�
HVWUDWpJLD� LPSRUWDQWH� SDUD� HVWLPDU� SRWHQFLDLV� iUHDV� GH� VHTXHVWUR� GH� &� HP� HVFDOD� QDFLRQDO
�620$5$7+1$��0,1$61<��0$/21(��������

([LVWHP� YiULRV� PpWRGRV� SDUD� GHWHUPLQDU� RV� WHRUHV� GH� &� QR� VROR�� YLD� ~PLGD� �1(/621��
6200(56�� ������ 3,0(17(/� HW� DO��� ������ :$/./(<�� %/$&.�� ������� YLD� VHFD�� PXIOD�
DQDOLVDGRUHV�DXWRPDWL]DGRV��VLPXODomR�DWUDYpV�GRV�PRGHORV�&HQWXU\��3$5721�HW�DO���������H�5RWK�
&��&2/(0$1��-(1.,1621�������� &DGD�PpWRGR�WHP�YDQWDJHQV�H�OLPLWDo}HV��SRUpP��LGHDOL]D�VH
R� GHVHQYROYLPHQWR� GH� SURFHGLPHQWR� DOWHUQDWLYR� GH� EDL[R� FXVWR� HFRQ{PLFR� H� IDYRUiYHO�
DPELHQWDOPHQWH��FRPELQDGR�FRP�DGHTXDGD�SUHFLVmR�H�DFXUiFLD��FRPR�HVWUDWpJLD SDUD�D�HVWLPDWLYD�GH�
&� HP� VRORV� FXOWLYDGRV� FRP� GLIHUHQWHV� VLVWHPDV� GH� SURGXomR�� 1HVVH� VHQWLGR�� DV� IXQo}HV� GH�
SHGRWUDQVIHUrQFLD��37)��SRGHP�VHU�GHVHQYROYLGDV�SDUD�HVWLPDU�D�TXDQWLGDGH�GH�&��D�SDUWLU�GH�GDGRV�
GH� DWULEXWRV� IDFLOPHQWH� REWLGRV� HP� DQiOLVHV� GH� VROR� �%280$�� ������ /22<� HW� DO��� ������� 2�
GHVHQYROYLPHQWR� GH� WDLV� IXQo}HV� SHUPLWH� D� HVWLPDWLYD� GRV� WHRUHV� GH�&� D� SDUWLU� GH� LQIRUPDo}HV GH�
JUDQXORPHWULD�� &7&�� GHQVLGDGH� GR� VROR� �'6�� H� GDGRV� GH� FOLPDWRORJLD� �)(51È1'(=�8*$/'(��
7Ï7+������� 0:$1*2 HW�DO���������

(VWH�WUDEDOKR�WHYH�SRU�REMHWLYR�DSUHVHQWDU�D�DQiOLVH�GH�GDGRV�GH�VRORV�EUDVLOHLURV�RUJDQL]DGR�
SDUD GHVHQYROYHU�XPD�37)�SDUD�HVWLPDU�WHRUHV�GH�&�QR�VROR�

���0DWHULDLV�H�0pWRGRV
'DGRV� GH� VRORV� EUDVLOHLURV� IRUDP� H[WUDtGRV� GH� DUWLJRV� FLHQWtILFRV� SXEOLFDGRV� HP� UHYLVWDV�

QDFLRQDLV� H� LQWHUQDFLRQDLV�� GH� GLVVHUWDo}HV� H� WHVHV� GHIHQGLGDV� HP�SURJUDPDV� GH� SyV�JUDGXDomR�GR�
%UDVLO� H� GH� EROHWLQV� WpFQLFRV� GH� OHYDQWDPHQWRV� GH� VRORV SXEOLFDGRV� DWp� ����� H� RUJDQL]DGRV HP�
SODQLOKD�([FHO �&,',1���������

$SyV�DWXDOL]DomR�� IRUDP�OHYDQWDGRV�GDGRV�GH������ DPRVWUDV QD�SURIXQGLGDGH������FP� 2V�
DWULEXWRV� RUJDQL]DGRV� IRUDP�� ORFDO� GH� DPRVWUDJHP�� GDWD� GH� FROHWD�� FODVVLILFDomR� GR� VROR� H� XVR� GR�
VROR��FRPSRVLomR�JUDQXORPpWULFD��WHRUHV�GH�DUHLD��VLOWH�H�DUJLOD���VRPD�GH�EDVHV��6%���FDSDFLGDGH�GH�
WURFD�FDWL{QLFD�WRWDO��&7&���TXDQWLGDGH�GH�&���VDWXUDomR�SRU�EDVH��P���VDWXUDomR�SRU�DOXPtQLR��9��H�
UHIHUrQFLD�GH�RULJHP�GRV�GDGRV��1HVWH� WUDEDOKR� VHUmR�GLVFXWLGRV�RV�DWULEXWRV� WHRUHV�GH� DUHLD�� VLOWH��
DUJLOD��&7&��6%�H�&�

$SyV�D�YHULILFDomR�FUtWLFD�SDUD�DMXVWHV�H�SDGURQL]DomR�GH�XQLGDGHV��IRUDP�UHDOL]DGDV�DQiOLVHV�
GH� HVWDWtVWLFD� GHVFULWLYD� H� IRUDP� FRQVWUXtGRV�� QR� VRIWZDUH 5� �5�&RUH� 7HDP�� ������ ER[SORWV� SDUD�
DSUHVHQWDU�DV�PHGLGDV�GH� WHQGrQFLD�FHQWUDO��GH�GLVSHUVmR��GDGRV�GLVFUHSDQWHV�H�RXWOLHUV��TXH�IRUDP�
LGHQWLILFDGRV�D�SDUWLU�GR LQWHUTXDUWLO��,45��H�RV�SULPHLURV�H�WHUFHLURV�TXDUWLV H�RV�FiOFXORV�GRV�OLPLWHV��
VXSHULRU�H�LQIHULRU��52866((8:��+8%(57��������

���5HVXOWDGRV�H�'LVFXVVmR
$�PDLRU�FRQWULEXLomR�GRV�GDGRV�FRUUHVSRQGH�jV�DPRVWUDV�GRV HVWDGRV�GD�UHJLmR�1RUWH��FRP�

����� REVHUYDo}HV� ������� GRV� GDGRV��� VHJXLGRV� GD� UHJLmR� 1RUGHVWH� H� 6XGHVWH�� FRP� ������ H� ����
DPRVWUDV��UHVSHFWLYDPHQWH���)LJXUD�����$V�UHJL}HV�&HQWUR�2HVWH H 6XO FRQWULEXtUDP�FRP�����H�����
DPRVWUDV��UHVSHFWLYDPHQWH� (VWH�UHVXOWDGR�GLIHUH�GH�%HQHGHWWL�HW�DO���������TXH�YHULILFDUDP�FRP�XP�
EDQFR� GH� GDGRV� IRUPDGR� SRU� ������ SHUILV� GH� VRORV� EUDVLOHLURV� YLVDQGR� D� DWXDOL]DomR� GD� VXD�



���

FODVVLILFDomR��TXH�������GRV�GDGRV�HUDP�GD�UHJLmR�1RUWH��������GD�UHJLmR�&HQWUR�2HVWH��������GD�
UHJLmR�1RUGHVWH��FRP�DV�UHJL}HV�6XGHVWH�H�6XO�FRQWULEXLQGR�FRP������H�������UHVSHFWLYDPHQWH��1D�
GLVWULEXLomR�SRU�HVWDGRV��)LJXUD�����REVHUYRX�VH�TXH�0LQDV�*HUDLV�IRL�R�HVWDGR�FRP�PDLRU�Q~PHUR�GH�
REVHUYDo}HV��WRWDOL]DQGR���� DPRVWUDV��������HQTXDQWR�R�$PDSi�FRQWULEXLX�FRP�R�PHQRU�Q~PHUR�
��� DPRVWUDV RX��������

)LJXUD����'LVWULEXLomR�GDV�DPRVWUDV GH�VROR�QR�%UDVLO��

2�EDQFR�GH�GDGRV� UHSUHVHQWRX�TXDVH� DV� FODVVHV� GH� VROR�GHILQLGDV�QR�6LVWHPD�%UDVLOHLUR�GH�
&ODVVLILFDomR� GH�6RORV� �6$1726�HW� DO��� ������ �)LJXUD� �D���$VVLP� FRPR� HP�6DQWRV� HW� DO�� ��������
$UJLVVRORV�H�/DWRVVRORV�VRPDP�PDLV�GH�����GDV�DPRVWUDV��

(QWUH�DV�SULQFLSDLV�FODVVHV�GH�XVR�GR�VROR�LPSODQWDGDV�QR�%UDVLO�H�FRQWHPSODGDV�QR�EDQFR�GH�
GDGRV��)LJXUD��D����R�PDLRU�Q~PHUR�GH�GDGRV�FRUUHVSRQGH�D�DPRVWUDV�GH�SDVWDJHQV�������DPRVWUDV���
VHJXLGR�GH�FXOWXUD�DQXDO������DPRVWUDV��H�YHJHWDomR�QDWLYD������DPRVWUDV��

)LJXUD� ��� 'LVWULEXLomR� GDV� DPRVWUDV� SRU� �D�� FODVVHV� GH� VROR� H� �E�� FODVVHV� GH� XVR� GR� VROR�� �,/)�  �
,QWHJUDomR�ODYRXUD�IORUHVWD��,/3� �LQWHJUDomR�ODYRXUD�SHFXiULD��,/3)� �,QWHJUDomR�ODYRXUD�SHFXiULD�
IORUHVWD��QG �QmR�GHILQLGR�
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2� HOHYDGR� '3� SDUD� DWULEXWRV� JUDQXORPpWULFRV� H� R� HOHYDGR� &9� SDUD� DWULEXWRV� TXtPLFRV�
UHIOHWHP�D�YDULDELOLGDGH�GH�FODVVHV�GR�VROR�GR�EDQFR�GH�GDGRV��7DEHOD�����

7DEHOD����(VWDWtVWLFD�GHVFULWLYD�GRV�GDGRV
9DULiYHO 1 0tQLPR 0i[LPR 0pGLD 0HGLDQD '3 &9����

$UHLD��J�NJ���� ����� ��� ����� ����� ����� ����� ����
6LOWH��J�NJ���� ����� ��� ����� ����� ����� ����� ����
$UJLOD��J�NJ���� ����� ��� ����� ����� ����� ����� ����

&7&��FPROF�NJ���� ����� ��� ����� ���� ���� ���� �����
6%��FPROF�NJ���� ����� ��� ����� ��� ��� ���� �����

&��J�NJ�� ����� ��� ����� ���� ���� ���� ����
1� �Q~PHUR�GH�DPRVWUDV��'3� �GHVYLR�SDGUmR��&9� �FRHILFLHQWH�GH�YDULDomR

2V� WHRUHV� GH� DUHLD�� VLOWH� H� DUJLOD� DSUHVHQWDUDP� GLVWULEXLo}HV� DVVLPpWULFDV�� FRP� SUHVHQoD� GH�
RXWOLHUV� QRV� WHRUHV� GH� VLOWH� H� DUJLOD� �)LJXUD� �D��� 6RORV� FRP� WH[WXUD� VLOWRVD� IRUDP� REVHUYDGRV� HP�
$UJLVVRORV�� &DPELVVRORV�� *OHLVVRORV�1HRVVRORV� IO~YLFRV�� 3ODQRVVRORV� H� 3OLQWRVVRORV�� 2V� GDGRV� GH�
&7&�H�6%��IRUDP�KRPRJrQHRV��FRP�PXLWD�SUHVHQoD�GH�RXWOLHUV �)LJXUD��E���9DORUHV�GH�&�DFLPD�GH�
��� JNJ�� IRUDP� FRQVLGHUDGRV� RXWOLHUV �)LJXUD� �F��� FRP� UHSUHVHQWDo}HV� HP� DPRVWUDV� GH� SDVWDJHP��
YHJHWDomR�QDWLYD�H�FXOWXUD�DQXDO�HP� WRGDV�DV� UHJL}HV�GR�SDtV��2�PDLRU�YDORU�GH�&�UHIHUH�VH�D�XPD�
DPRVWUD�GH�/DWRVVROR�GD�UHJLmR�6XGHVWH�

)LJXUD����'LVWULEXLomR�GRV�WHRUHV�GH��D��DUHLD��VLOWH��DUJLOD���E��&7&��WRWDO���VRPD�GH�EDVHV��6%��H��F��
FDUERQR�UHSUHVHQWDGRV�HP�ER[SORWV��

���&RQFOXV}HV
2�JUDQGH�Q~PHUR�GH�GDGRV�RUJDQL]DGR�UHFREULX�WRGR�R�WHUULWyULR�EUDVLOHLUR��UHSUHVHQWDQGR�DV�

SULQFLSDLV� FODVVHV� GH� VROR� � H� XVR� GR� VROR� H[LVWHQWHV� QR� SDtV�� $SHVDU� GD� SUHVHQoD� GH� RXWOLHUV HP�
DOJXPDV� YDULiYHLV� H� GLVWULEXLo}HV� DVVLPpWULFDV� GRV� GDGRV�� R� EDQFR�GH� GDGRV� WHP� JUDQGH� SRWHQFLDO�
SDUD�GHVHQYROYHU�D�37)�SDUD�HVWLPDU�WHRUHV�GH�&�QR�VROR�H�FRQWULEXLU�FRP�D�PLWLJDomR�GDV�HPLVV}HV�
GH�&2��



���

$JUDGHFLPHQWRV
¬�&$3(6�SHOD�FRQFHVVmR�GH�EROVD�H�(PEUDSD�,QVWUXPHQWDomR�SHOR�DSRLR�

5HIHUrQFLDV
%5$6,/�� 0,1,67e5,2� '$� $*5,&8/785$�� 3(&8È5,$� (� $%$67(&,0(172� �0$3$���

3ODQR�VHWRULDO�GH�PLWLJDomR�H�GH�DGDSWDomR�jV�PXGDQoDV�FOLPiWLFDV�SDUD�D�FRQVROLGDomR�GH�XPD�
HFRQRPLD�GH�EDL[D�HPLVVmR�GH�FDUERQR�QD�DJULFXOWXUD��SODQR�$%&��$JULFXOWXUD�GH�%DL[D�(PLVVmR�
GH�&DUERQR���%UDVtOLD��0$3$�$&6������������S�

&(55,�� &�&��� &(55,�� &�(�3��$JULFXOWXUD� H� DTXHFLPHQWR� JOREDO�� %ROHWLP� ,QIRUPDWLYR�� 6RFLHGDGH�
%UDVLOHLUD�GH�&LrQFLD�GR�6ROR��Y�����S�������������

&,',1��$�&�0��(VWRTXH�GH�FDUERQR�HP�VRORV�EUDVLOHLURV�H�SRWHQFLDO�GH�FRQWULEXLomR�GH�PLWLJDomR�GH�
HPLVV}HV� GH� JDVHV� GH� HIHLWR� HVWXID�� ������ ��� I�� 'LVVHUWDomR� �0HVWUDGR� HP� $JULFXOWXUD� H�
$PELHQWH��� 8QLYHUVLGDGH�)HGHUDO�GH�6mR�&DUORV��$UDUDV�������

)(51$1'(=�8*$/'(�� 2��� 7Ï7+�� *�� 3HGRWUDQVIHU� IXQFWLRQ� IRU� SUHGLFWLQJ� RUJDQLF� FDUERQ� LQ�
VXEVXUIDFH� KRUL]RQV� RI� (XURSHDQ� VRLOV�� (XURSHDQ� -RXUQDO� RI� 6RLO� 6FHQFH�� ������ '2,��
�������HMVV�������

,17(5*29(510(17$/�3$1(/�21�&/,0$7(�&+$1*(��,3&&���&OLPDWH�FKDQJH�������7KH�
VFLHQWLILF�EDVLV��&DPEULGJH��&DPEULGJH�8QLYHUVLW\�����������S�

/22<�� .�9�� HW� DO�� 3HGRWUDQVIHU� IXQFWLRQV� LQ� (DUWK� V\VWHP� VFLHQFH�� FKDOOHQJHV� DQG� SHUVSHFWLYHV��
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