
2GGV�DQG�3HUVLVWHQFH�LQ�(XURSHDQ�&RXQWULHV�/LIH�&RQGLWLRQV���'LIIRUPLWj�H�3HUVLVWHQ]H�GHOOH�&RQGL]LRQL�GL�9LWD�QHL�3ULQFLSDOL�3DHVL�8(
$QWRQHOOD�'¶$JRVWLQR*LXOLR�*KHOOLQL'LSDUWLPHQWR�GL�0HWRGL�4XDQWLWDWLYL�8QLYHUVLWj�GL�6LHQD3LD]]D�6��)UDQFHVFR���������6LHQDGDJRVWLQR#XQLVL�LW � JKHOOLQL#XQLVL�LW

$QGUHD�5HJROL,VWLWXWR�GL�6WDWLVWLFD�H�0DWHPDWLFD��8QLYHUVLWj�GL�1DSROL�³3DUWKHQRSH´9LD�0HGLQD����������1DSROLDQGUHD�UHJROL#XQLQDY�LW
5LDVVXQWR��6XOOD�EDVH GHOOH� LQIRUPD]LRQL�GLVSRQLELOL�SHU� OH�SULPH�TXDWWUR�RFFDVLRQL�GL�LQGDJLQH� GHOO¶(XURSHDQ� &RPPXQLW\� +RXVHKROG� 3DQHO �(&+3��� LQ� TXHVWR� ODYRUR� VL�LQWHQGH� LQGLYLGXDUH� VH�� H� LQ� FKH� PLVXUD�� L� FDPELDPHQWL� QHOOD� FRPSRVL]LRQH� IDPLOLDUH��QDVFLWD�GL�XQ�ILJOLR��GLYRU]LR��IRUPD]LRQH�GL�XQD�IDPLJOLD��HFF���H�DOFXQH�FDUDWWHULVWLFKH�IDPLOLDUL� �OLYHOOR� GL� LVWUX]LRQH�� FRPSRVL]LRQH� GHO� UHGGLWR�� HFF��� SRVVRQR�PRGLILFDUH� OD�SUREDELOLWj�GL�HVVHUH�R�PHQR�LQ�XQD�FRQGL]LRQH�GL�EHQHVVHUH��$�WDO�ILQH�QHO�ODYRUR�YLHQH�SURSRVWD�XQD� ³OLQHD�GL� EHQHVVHUH´�� LQ� DQDORJLD� FRQ�TXDQWR�YLHQH� IDWWR� FRQ� OD�EHQ�QRWD�³OLQHD�GL�SRYHUWj´�H�YLHQH�VSHFLILFDWR�H�VWLPDWR�XQ�PRGHOOR�D�FRPSRQHQWL�GL�YDULDQ]D�SHU�GDWL� ORQJLWXGLQDOL�� 7DOH� PRGHOOR� KD� SHUPHVVR� GL� HYLGHQ]LDUH� DOFXQH� LQWHUHVVDQWL�SHFXOLDULWj�GHL�WUH�3DHVL�FRQVLGHUDWL��,WDOLD��)UDQFLD�H�6SDJQD��
.H\ZRUGV��ZHOO�EHLQJ�G\QDPLFV��FRXQWULHV�FRPSDULVRQV��UDQGRP�HIIHFW�PRGHOV�
���,QWURGXFWLRQ
7KH�DLP�RI�WKLV�SDSHU�LV�WKH�H[SORUDWLRQ�RI�WKH�(XURSHDQ�&RPPXQLW\�+RXVHKROG�3DQHO��(&+3��GDWD�LQ�RUGHU�WR�VWXG\�WKH�G\QDPLFV�RI�ZHOO�EHLQJ�FRQGLWLRQV�DFURVV�FRXQWULHV��$ZDUH� RI� WKH� SUREOHPV� FRQFHUQLQJ� WKH� FROOHFWLRQ� RI� LQFRPH� GDWD�� HVSHFLDOO\� ZLWK�UHIHUHQFH� WR� KLJK� YDOXHV� DQG� LQFRPH� FRPSRVLWLRQ� �ZRUN�� FDSLWDO�� WUDQVIHUV��� D� UHODWLYH�³ZHOO�EHLQJ�OLQH´�LV�SURSRVHG�RQ�WKH�DQDORJ\�RI�WKH�UHODWLYH�SRYHUW\�OLQH��7KH�ZHOO�EHLQJ�FRQGLWLRQ�LV�GHILQHG�RQ�WKH�EDVLV�RI�WKLV�OLQH�DQG�LW�LV�PRGHOHG�WKURXJK�D�UDQGRP�HIIHFW�ORJLW�PRGHO�IRU�ORQJLWXGLQDO�GDWD��,Q�VHFWLRQ���WKH�GDWD�VHW�DQG�ERWK�RULJLQDO�DQG�GHULYHG�YDULDEOHV��HVSHFLDOO\�WKRVH�UHODWHG�WR� KRXVHKROG� FKDQJHV�� DUH� SUHVHQWHG�� ,Q� VHFWLRQ� ��� DIWHU� WKH� VSHFLILFDWLRQ� DQG� WKH�HYDOXDWLRQ� RI� WKH� PRGHO�� VRPH� VSHFLILF� RGGV� UDWLRV� KDYH� EHHQ� FDOFXODWHG� LQ� RUGHU� WR�DVVHVV�VRPH�UHPDUNDEOH�HIIHFWV�RQ�ZHOO�EHLQJ�FRQGLWLRQ�LQGXFHG�E\�KRXVHKROG�FKDQJHV�DQG�FKDUDFWHULVWLFV��DQG�WKH�PRVW�VLJQLILFDQW�GLIIHUHQFHV�DFURVV�FRXQWULHV�
��� 7KLV�ZRUN�LV�ILQDQFLDOO\�VXSSRUWHG�E\������08567�IXQGV�IRU�WKH�SURMHFW�³'LQDPLFKH�H�SHUVLVWHQ]H�QHO�PHUFDWR�GHO�ODYRUR�LWDOLDQR�HG�HIIHWWL�GL�SROLWLFKH´�FRRUGLQDWHG�E\�3URI��8JR�7ULYHOODWR�
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���'DWD�DQG�YDULDEOHV
7KH�(&+3�VXUYH\�LV�D�ORQJLWXGLQDO�VXUYH\�FRQGXFWHG�HYHU\�\HDU�VLQFH������RQ�D�VDPSOH�RI� KRXVHKROGV� OLYLQJ� LQ� WKH� (8� FRXQWULHV�� 7KH� SXUSRVH� RI� WKH� VXUYH\� LV� WKH� VWXG\� RI�KRXVHKROGV� DQG� LQGLYLGXDOV� OLIH� FRQGLWLRQV� LQ� D� PXOWLGLPHQVLRQDO�� G\QDPLF� DQG�FRPSDUDWLYH� IUDPHZRUN�� 7KH� JXLGHOLQHV� RI� WKH� VXUYH\� DUH� HVWDEOLVKHG� E\� (XURVWDW� LQ�RUGHU�WR�DVVXUH�WKH�FRPSDUDELOLW\�RI�WKH�UHVXOWV�DFURVV�FRXQWULHV��'LUYHQ�HW�DO���������,Q�WKLV�ZRUN�ZH�XVH�WKH�LQIRUPDWLRQ�IRU�WKH�ILUVW�IRXU�ZDYHV�RI�,WDO\��)UDQFH�DQG�6SDLQ��VLQFH�WKHVH�DUH�WKH�ODUJHVW�(8�FRXQWULHV�IRU�ZKRP�WKH�FRPSOHWH�(&+3�GDWDVHW�UHIHUULQJ�WR�ZDYHV���WR���������WR�������KDV�EHHQ�GLVVHPLQDWHG�XS�WR WKLV�WLPH�7KH� UHVSRQVH� YDULDEOH� LV� WKH� KRXVHKROG� ³ZHOO�EHLQJ´�� PHDVXUHG� LQ� WHUPV� RI� DQQXDO�KRXVHKROG� LQFRPH���$W� HDFK�ZDYH�� WKH� DQQXDO� LQFRPH� UHIHUV� WR� WKH� SUHYLRXV� FDOHQGDU�\HDU��:LWK�UHIHUHQFH�WR�(XURVWDW�GHILQLWLRQ�RI�SRYHUW\�OLQH�� WKH�WKUHVKROG�OLQH LV�GHILQHG�DV����� WLPHV� WKH�PHGLDQ�� LQ� WKLV� FDVH� WKH� WKUHVKROG� LV� HVWDEOLVKHG� LQ� WKH�XSSHU� WDLO�RI�LQFRPH� GLVWULEXWLRQ�� DQG� KRXVHKROGV�ZKRVH� HTXLYDOHQW� LQFRPH� H[FHHGV� WKDW� WKUHVKROG�DUH�FRQVLGHUHG�WR�OLYH�LQ�D�³ZHOO�EHLQJ´�FRQGLWLRQ��7KH�WKUHVKROG�LV�SXW�HTXDO�WR�����WLPHV�WKH�PHGLDQ�HTXLYDOHQW�LQFRPH�IRU�HDFK�FRXQWU\��\HDU� E\� \HDU�� $V� HTXLYDOHQFH� VFDOH�� WKH� 2(&'�PRGLILHG� VFDOH� LV� XVHG�� (YHU\� \HDU��3XUFKDVLQJ�3RZHU�3DULWLHV��333V��DUH�XVHG��VR�WKDW�LQFRPHV�RI�WKH�GLIIHUHQW�FRXQWULHV�DUH�H[SUHVVHG�LQ�FRPSDUDEOH�XQLWV��7KH�ZHOO�EHLQJ� OLQHV�DUH�VWHDGLO\�KLJKHVW� LQ�)UDQFH� �7DEOH����� LQ������� WKH� OLQHV�UDQJH�IURP� ������� LQ� 6SDLQ� �JLYLQJ� ULVH� WR� ������ SHUFHQW� RI� KRXVHKROGV� LQ� D� ZHOO�EHLQJ�FRQGLWLRQ��WR��������LQ�,WDO\��������SHUFHQW��WR��������LQ�)UDQFH������� SHUFHQW���
7DEOH����+RXVHKROG�VDPSOH�VL]HV�DQG�ZHOO�EHLQJ�OLQHV�E\�FRXQWU\&RXQWU\ $YHUDJH�VDPSOH�VL]H�DFURVV�WLPH

:HOO�EHLQJ�OLQH��ZDYH�, :HOO�EHLQJ�OLQH��ZDYH�,, :HOO�EHLQJ�OLQH��ZDYH�,,, :HOO�EHLQJ�OLQH��ZDYH�,9
,WDO\ ����� ������ ������ ������ ������)UDQFH ����� ������ ������ ������ ������6SDLQ ����� ������ ������ ������ ������6RXUFH��(ODERUDWLRQV�IURP�(&+3��ZDYH�,�,9
2XU�DLP�LV�WR�VWXG\�KRZ�KRXVHKROG�FKDQJHV�DQG�RWKHU�FRYDULDWHV�FDQ�LQIOXHQFH�WKH�ZHOO�EHLQJ� FRQGLWLRQ� DFURVV� WLPH� DQG� DFURVV� FRXQWULHV��$OO� WKHVH� YDULDEOHV� DUH� SUHVHQWHG� LQ�7DEOH���%HFDXVH�VRPH�FRYDULDWHV�H[SUHVV�D�FKDQJH�IURP�WKH�SUHYLRXV�ZDYH��WKH�VWDUWLQJ�WLPH�RI�WKLV� VWXG\� LV�ZDYH� ��± ������$�QRQ�EDODQFHG�SDQHO� LV� FRQVLGHUHG��ZLWK�KRXVHKROGV� DV�XQLWV�RI�DQDO\VLV��LI�D�KRXVHKROG�LV�QRW�LQWHUYLHZHG�DW�ZDYH�W����FKDQJHV�LQ�WKH�FRYDULDWHV�DUH�HYDOXDWHG�ZLWK�UHIHUHQFH�WR�ZDYH�W����

� 2XU�XQLW�RI� ORQJLWXGLQDO�DQDO\VLV� LV� WKH�KRXVHKROG��GHILQHG�E\�D�IL[HG�KRXVHKROG�LGHQWLILFDWLRQ�QXPEHU�DFURVV�ZDYHV��FKDQJHV�LQ�KRXVHKROG�FRPSRVLWLRQ�DUH�FRQVLGHUHG�LQ�WKH�FRYDULDWHV�� )RU�H[DPSOH��LQ�,WDO\��LQ������WKH�333�LV�HTXDO�WR�������OLUH��VR�WKH�OLQH�FRUUHVSRQGV�WR������������OLUH�IRU�D�RQH�SHUVRQ�KRXVHKROG�
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7DEOH����&RYDULDWHV�DQG�WKHLU�WLPH�UHIHUHQFH&RYDULDWHV 7LPH�UHIHUHQFH+RXVHKROG�W\SRORJ\��+7<3�LQ�VL[�FDWHJRULHV�� W��&KDQJH�LQWR�VLQJOH�SDUHQW�KRXVHKROG��63$5+����� IURP�W���WR�W&KDQJH�LQWR�RQH�SHUVRQ�KRXVHKROG��21(3+����� IURP�W���WR�W%LUWK�RI�D�FKLOG��%,57+����� IURP�W���WR�W0DUULDJH�RU�QHZ�FRKDELWDWLRQ��0$55����� IURP�W���WR�W'LYRUFH��VHSDUDWLRQ�RU�GHDWK�RI�WKH�VSRXVH��',925����� IURP�W���WR�W2WKHU�FKDQJH�LQ�KRXVHKROG�W\SRORJ\��27+&+����� IURP�W���WR�W6LQJOH�IDPLO\�DFFRPRGDWLRQ��$&&20����� W+RXVHKROG�HGXFDWLRQDO�OHYHO��+('/(9��ORZ�PHGLXP�KLJK� W3HUFHQW�RI�LQFRPH�IURP�QRQ�ZRUN�VRXUFH��+1:25.�� W3HUFHQW�RI�LQFRPH�IURP�VHOI�HPSOR\PHQW��+6(/)�� W
���0RGHO�VSHFLILFDWLRQ�DQG�HVWLPDWLRQ
/HW� LW:% EH�WKH�ZHOO�EHLQJ�LQGLFDWRU�DW�WLPH�W � L7W ���� ��IRU�KRXVHKROG�L�� LW[ D�YHFWRU�RI�N WLPH�YDU\LQJ�DQG�WLPH�LQYDULDQW�H[RJHQRXV�YDULDEOHV REVHUYHG�RQ�KRXVHKROG�L DW�WLPH�WDQG� W3 D� YHFWRU� RI� WLPH� LQGLFDWRU� YDULDEOHV�� 7KH� ZHOO�EHLQJ� LQGLFDWRU� IXQFWLRQ� LV�DVVXPHG�WR�EH� � � �[.3 LWWLLLW 88:% 

�_�3UORJLW ���  E ���
ZKHUH� 8L UHSUHVHQWV� D� UDQGRP� KRXVHKROG� FRPSRQHQW� GLVWULEXWHG� DV� � ���� X1 V DQG�DVVXPHG� WR� EH� LQGHSHQGHQW� RI� W3 DQG� LW[ �� ���� . DQG� � DUH� WKH� XVXDO� XQNQRZQ�SDUDPHWHUV��7KH�VSHFLILHG�PRGHO� LQ����� LV�D�UDQGRP�LQWHUFHSW� ORJLVWLF�PRGHO�IRU�ELQDU\�GDWD� �'LJJOH� HW� DO�� ������ DQG� DOORZV� XV� WR� WDNH� LQWR� DFFRXQW� WKH� FRUUHODWLRQ� DFURVV�UHSHDWHG� PHDVXUHV� QHVWHG� LQ� HDFK� KRXVHKROG�� ,Q� IDFW� WKH� KRXVHKROG� FRPSRQHQW�8LUHSUHVHQWV�WKH�HIIHFW�RI�KRXVHKROG�XQREVHUYHG��RU�XQREVHUYDEOH��KHWHURJHQHLW\�DQG�WKLV�HIIHFW� LV�DVVXPHG�WR�SHUVLVW� WKURXJKRXW� WKH�SHULRG�RI�REVHUYDWLRQ�� ,Q�RUGHU�WR�FRPSXWH�PDUJLQDO� SUREDELOLWLHV�� QXPHULFDO� LQWHJUDWLRQ� RI� HTXDWLRQ� ���� LV� QHHGHG� �+HGHNHU� DQG�*LEERQV���������VLQFH�WKH�VXFFHVV�SUREDELOLW\�GHSHQGV�RQ�UDQGRP�HIIHFW� L8 ��7KH�RGGV�UDWLRV�GHULYH�IURP�WKHVH�SUREDELOLWLHV�7KH�PRGHO�VSHFLILHG�LQ�����KDV�EHHQ�HVWLPDWHG�IRU�WKH�WKUHH�FRXQWULHV�PHQWLRQHG�DERYH��UDQGRP�HIIHFWV� HVWLPDWHV� DQG� LQWUDFOXVWHU� FRUUHODWLRQV� DUH�SUHVHQWHG� LQ�7DEOH����8VLQJ�WKH� OLNHOLKRRG� UDWLR� WHVW�� UDQGRP�HIIHFWV� DUH� VLJQLILFDQWO\� GLIIHUHQW� IURP�]HUR�DQG� WKH\�VXJJHVW� D� VWURQJ� HIIHFW� RI� XQREVHUYHG� KHWHURJHQHLW\�� LQ� SDUWLFXODU� IRU� )UDQFH�� 7KH�LQWUDFOXVWHU�FRUUHODWLRQV�PHDVXUH�WKH�TXRWH�RI�WRWDO�YDULDQFH�H[SODLQHG�E\�WKH�SUHVHQFH�RI�UDQGRP�HIIHFWV��WKHLU�KLJK�YDOXHV�WKHUHIRUH�VHHP�WR�VKRZ�WKDW�ZHOO�EHLQJ�FRQGLWLRQ�WHQGV�WR� SHUVLVW� DFURVV� WLPH��5HJDUGLQJ� WKH� SDUDPHWHU� HVWLPDWLRQ�� WKH� FRHIILFLHQWV�. DUH� QRW�VLJQLILFDQWO\�GLIIHUHQW�IURP�]HUR�IRU�)UDQFH�DQG�6SDLQ��VR�LW�VHHPV�WKDW�WKHUH�LV�QR�WLPH�HIIHFW�IRU�WKHVH�FRXQWULHV��RQ�WKH�FRQWUDU\��LQ�,WDO\�D�VLJQLILFDQW�SRVLWLYH�WUHQG�LV�VKRZQ��
� 7KH�VL[�W\SRORJLHV�DUH��RQH�SHUVRQ�DJHG�PRUH�WKDQ�����RWKHU�RQH�SHUVRQ��VLQJOH�SDUHQW��FRXSOH�ZLWKRXW�FKLOGUHQ��FRXSOH�ZLWK�FKLOGUHQ��RWKHUV��
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7KH�WKUHH�HVWLPDWHG�PRGHOV�VKRZ�VLJQLILFDQW�SDUDPHWHUV�IRU�DOO�WKH�YDULDEOHV�FRQVLGHUHG��7R� EH� QRWHG� WKDW� LQ� ,WDO\�� DQG� WR� D� OHVVHU� H[WHQW� LQ� 6SDLQ�� WKH� PRVW� GLVDGYDQWDJHG�KRXVHKROG� W\SRORJ\� LV� WKH� ROGHU VLQJOH�� ZKLOH� LQ� )UDQFH� LW� LV� WKH� VLQJOH�SDUHQW� ZLWK�FKLOGUHQ��7KLV�UHVXOW�VHHPV�WR�LQGLFDWH�D�EHWWHU�IXQFWLRQLQJ�RI�VRFLDO�EHQHILWV�V\VWHP�IRU�UHWLUHG�DQG�ROGHU�SHRSOH�LQ�)UDQFH�
7DEOH��� 5DQGRP�HIIHFWV�HVWLPDWHV�DQG�LQWUDFOXVWHU�FRUUHODWLRQV�E\�FRXQWU\&RXQWU\ 5HSHDWHG�REVHUYDWLRQV 5DQGRP�HIIHFWV��S�YDOXH� ,QWUDFOXVWHU�FRUUHODWLRQV,WDO\ ������ ���������������� �����)UDQFH ������ ���������������� �����6SDLQ ������ ���������������� �����6RXUFH��(ODERUDWLRQV�IURP�(&+3��ZDYH�,�,9
,Q� 7DEOH� �� RGGV� UDWLRV� IRU� VRPH� VHOHFWHG� FRYDULDWHV� DUH� SUHVHQWHG�� WKHVH� RGGV� DUH�UHIHUHQFHG� WR� D� FRXSOH� ZLWKRXW� FKLOGUHQ�� ZLWK� D� ORZ� HGXFDWLRQDO� OHYHO�� OLYLQJ� LQ� D�GZHOOLQJ�� ZLWK� DOO� LQFRPH� IURP� ZDJHV�VDODULHV�VRFLDO� EHQHILWV�� ZLWK� QR� KRXVHKROG�FKDQJHV�DFURVV�WLPH��&RQVLGHULQJ�WKH�KRXVHKROG�FKDQJHV��LW�LV�LQWHUHVWLQJ�WR�VHH�WKDW�LQ�DOO� FRXQWULHV� DQG� LQ� DOO� WLPHV� FRQVLGHUHG�� ERWK� WKH� ELUWK� RI� D� FKLOG� DQG� WKH�GLYRUFH�VHSDUDWLRQ� UHGXFH� WKH� SUREDELOLW\� RI� WKH� KRXVHKROGV� WR� EH� LQ� D� ZHOO�EHLQJ�VLWXDWLRQ��RGGV�UDWLRV�OHVV�WKDQ���� $V�H[SHFWHG��KLJK�RU�PHGLXP�HGXFDWLRQDO�OHYHO�KDYH�WKH� JUHDWHVW� SRVLWLYH� LPSDFW� RQ� ZHOO�EHLQJ� VLWXDWLRQ�� 7KLV� HIIHFW� VHHPV� WR� EH� PRUH�SURQRXQFHG� IRU� KLJK� HGXFDWLRQDO� OHYHO� LQ� )UDQFH� DQG� 6SDLQ�� $W� ODVW�� KRXVHKROGV� WKDW�KDYH� DOO� LQFRPH� IURP� VHOI� HPSOR\PHQW�OLYH� LQ� D�EHWWHU� VLWXDWLRQ�� HVSHFLDOO\� LQ�)UDQFH��ZKHUH�WKH�RGGV�UDWLR�LV�XS�WR���
7DEOH��� 2GGV�5DWLRV�E\�FRXQWU\�E\�\HDU&RYDULDWHV ,WDO\ )UDQFH 6SDLQZ��,, Z��,,, Z��,9 Z��,, Z��,,, Z��,9 Z��,, Z��,,, Z��,9%,57+ � ����� ����� ����� ����� ����� ����� ����� ����� �����',925 � ����� ����� ����� ����� ����� ����� Q�V� Q�V� Q�V�+6(/) ���� ����� ����� ����� ����� ����� ����� ����� ����� �����+('/(9 PHGLXP ����� ����� ����� ����� ����� ����� ����� ����� �����+('/(9 KLJK ����� ����� ����� ����� ����� ����� ����� ����� �����$&&20 � ����� ����� ����� ����� ����� ����� ����� ����� �����6RXUFH��(ODERUDWLRQV�IURP�(&+3��ZDYH�,�,9Q�V���QRW�VLJQLILFDQW�DW�����
5HIHUHQFHV
'LJJOH� *�-��� /LDQJ� .��� =HJHU� 6�/�� �������� $QDO\VLV� RI� /RQJLWXGLQDO� 'DWD�� 2[IRUG�6FLHQFH�3XEOLFDWLRQV�+HGHNHU� '��� *LEERQV� 5�'�� �������� 0,;12�� D� FRPSXWHU� SURJUDP� IRU� PL[HG�HIIHFWV�QRPLQDO�ORJLVWLF�UHJUHVVLRQ��&RPSXWHU�0HWKRGV�DQG�3URJUDP�LQ�%LRPHGLFLQH������'LUYHQ�� +�-�� HW� DO� ������� ,QFRPH� 3RYHUW\� DQG� 6RFLDO� ([FOXVLRQ� LQ� WKH� (XURSHDQ�0HPEHU� 6WDWHV�� 3DSHU� WR� WKH� :RUNLQJ� *URXS� RQ� 6WDWLVWLFV� RQ� ,QFRPH�� 6RFLDO�([FOXVLRQ�DQG�3RYHUW\��(XURVWDW�
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