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.H\ ZRUGV� JODXFRPD�� JRQLRVFRS\�DVVLVWHG� WUDQVOXPLQDO� WUDEHFXORWRP\�� DE� LQWHUQR�� FDWDUDFW� VXUJHU\�
PLQLPDOO\�LQYDVLYH�JODXFRPD�VXUJHULHV

0LQLPDOO\�LQYDVLYH�JODXFRPD�VXUJHULHV��0,*6��DUH�FXUUHQWO\�EHFRPLQJ�SUHYDOHQW��7UDEHFXORWRP\,�FODVVLFDOO\�
SHUIRUPHG�ZLWK�WKH�µDE�H[WHUQR¶�DSSURDFK,�FDQ�DOVR�EH�SHUIRUPHG�ZLWK�FOHDQ�D�FRUQHDO�DSSURDFK�LQ�FRQVLGHUDWLRQ�RI�
UHFHQW�GHYHORSPHQWV��7KH�PRVW�VLJQL¿FDQW�DGYDQWDJH�RI�WKLV�PHWKRG,�WHUPHG�DV�³JRQLRVFRS\�DVVLVWHG�WUDQVOXPLQDO�
WUDEHFXORWRP\´��*$77�,�LV�WKH�DELOLW\�WR�SHUIRUP�WUDEHFXORWRP\�ZLWKRXW�DQ\�FRQMXQFWLYDO�RU�VFOHUDO�LQFLVLRQV��7KLV�
DSSURDFK�ERWK�GHFUHDVHV�WKH�LQFLGHQFH�RI�SRVWRSHUDWLYH�FRPSOLFDWLRQV�DQG�SURWHFWV�WKH�FRQMXQFWLYD�DQG�VFOHUD�IRU�
SRVVLEOH�VXEVHTXHQW�¿OWUDWLRQ�VXUJHULHV��*$77�LV�D�VXUJHU\�ZLWK�D�OHDUQLQJ�FXUYH,�DQG�LW�UHTXLUHV�H[SHUWLVH�LQ�DQJOH
VWUXFWXUHV� DQG�JRQLRVFRS\�� ,Q� H[SHULHQFHG�KDQGV� DQG� FRQYHQLHQW� FDVHV,� KLJK� VXFFHVV� UDWHV� KDYH�EHHQ� UHSRUWHG�
>1��@��,Q�WKLV�VWXG\,�WKH�VDIHW\,�VXFFHVV�DQG�FRPSOLFDWLRQ�UDWHV�RI�*$77�FRPELQHG�ZLWK�SKDFRHPXOVL¿FDWLRQ�DQG�
LQWUDRFXODU�OHQV��,2/��LPSODQWDWLRQ�VXUJHU\�ZHUH�HYDOXDWHG��

3XUSRVH –� WR� HYDOXDWH� WKH� VXFFHVV,� VDIHW\� DQG� FRPSOLFDWLRQ� UDWHV� RI� JRQLRVFRS\�DVVLVWHG� WUDQVOXPLQDO�
WUDEHFXORWRP\��*$77��FRPELQHG�ZLWK�FDWDUDFW�VXUJHU\�

0DWHULDO DQG PHWKRGV
6WXG\�'HVLJQ
7KH� ¿OHV� RI� ��� SDWLHQWV� ZKR� XQGHUZHQW� *$77� FRPELQHG� ZLWK� SKDFRHPXOVL¿FDWLRQ� DQG� ,2/� LPSODQWDWLRQ

VXUJHULHV�DW�WKH�'HSDUWPHQW�RI�2SKWKDOPRORJ\,�)DFXOW\�RI�0HGLFLQH,�8OXGDJ�8QLYHUVLW\��%XUVD,�7XUNH\�,�EHWZHHQ
1RYHPEHU���1��DQG�$XJXVW���1��ZHUH�UHYLHZHG�UHWURVSHFWLYHO\��7KH�GDWD�RQ�DJH��JODXFRPD�W\SH��SUHRSHUDWLYH�
DQG�¿QDO�YLVXDO�DFXLW\��LQWUDRFXODU�SUHVVXUH��,23��SUHRSHUDWLYHO\�DQG�1VW�ZHHN,�1VW�PRQWK,��UG�PRQWKV�DQG��WK
PRQWKV� SRVWRSHUDWLYHO\�� WKH� QXPEHU� RI� DQWLJODXFRPD� PHGLFDWLRQV� XVHG� SUHRSHUDWLYHO\� DQG� SRVWRSHUDWLYHO\��
DQG�SRVWRSHUDWLYH�FRPSOLFDWLRQV�ZHUH�FROOHFWHG��8VLQJ�WKHVH�GDWD,� WKH�GLIIHUHQFHV�LQ�,23�DQG�LQ�WKH�QXPEHU�RI�
PHGLFDWLRQV�XVHG�SRVWRSHUDWLYHO\�FRPSDUHG�WR�WKH�SUHRSHUDWLYH�SHULRG�ZHUH�HYDOXDWHG��$�QHHG�IRU�UHRSHUDWLRQ,�D�
ODFN�RI�D�GHFUHDVH�LQ�WKH�QXPEHU�RI�PHGLFDWLRQV�XVHG,�DQG�DQ�,23�JUHDWHU�WKDQ��1�PP+J�RU�GHHS�K\SRWRQ\��WK
PRQWKV�SRVWRSHUDWLYHO\�ZDV�FRQVLGHUHG�WR�LQGLFDWH�VXUJLFDO�IDLOXUH�

6XUJLFDO�3URFHGXUH��3RVWRSHUDWLYH�&DUH�DQG�)ROORZ�XS
$OO�SDWLHQWV�ZHUH�RSHUDWHG�XQGHU�JHQHUDO�RU�ORFDO�DQDHVWKHVLD�E\�WKH�VDPH�VXUJHRQ��0�%����&RUQHDO�LQFLVLRQV�

ZHUH�IRUPHG�LQ�WKH�LQIHURQDVDO�VXSHURQDVDO�DQG�WHPSRUDO�TXDGUDQWV�ZLWK�D����JDXJH�VWLOHWWR�NQLIH��$IWHU�WKH�RFXODU�
YLVFRHODVWLF�GHYLFH�ZDV�LQMHFWHG�LQWR�WKH�DQWHULRU�FKDPEHU,�DQ�LQFLVLRQ��JRQLRWRP\��RI�DSSUR[LPDWHO\�1�1���PP
ZDV� IRUPHG� LQ� WKH�DQJOH�XQGHU� LQGLUHFW�JRQLRVFRS\�XVLQJ�DQ� LQGLUHFW�JRQLRVFRS\� OHQV� �6ZDQ�-DFRE�� WKURXJK�D
WHPSRUDO�LQFLVLRQ��$�����SUROHQH�VXWXUH�LQVHUWHG�IURP�WKH�LQIHURQDVDO�VXSHURQDVDO�LQFLVLRQ�WR�WKH�DQWHULRU�FKDPEHU�
ZDV�JUDVSHG�DQG�LQVHUWHG�LQWR� WKH�JRQLRWRP\�ZLWK� WKH�PLFURIRUFHSV� LQWURGXFHG�LQWR� WKH�DQWHULRU�FKDPEHU�IURP
WKH� WHPSRUDO� LQFLVLRQ�� 7KH� ���� SUROHQH� VXWXUH� ZDV� SXVKHG� IRUZDUG� DORQJ� 6FKOHPP¶V� FDQDO� FLUFXPIHUHQWLDOO\
����GHJUHHV��1H[W,� WKH� GLVWDO� HGJH�RI� WKH� VXWXUH,� WKDW� SURWUXGHG� IURP� WKH� JRQLRWRP\,ZDV� KHOG� DQG�����GHJUHH�
WUDEHFXORWRP\�ZDV�SHUIRUPHG�E\�SXOOLQJ�WKH�SUR[LPDO�HGJH�RXW�RI�WKH�WHPSRUDO�LQFLVLRQ��WUDFWLRQ���,Q�1��FDVHV,
EHFDXVH�WKH�VXWXUH�FRXOG�QRW�EH�SXVKHG�IRUZDUG,�1����RU�����GHJUHH�WUDEHFXORWRP\�ZDV�SHUIRUPHG�LQVWHDG�RI������
GHJUHH�WUDEHFXORWRP\��,Q�DOO�SDWLHQWV,�SKDFRHPXOVL¿FDWLRQ�DQG�,2/�LPSODQWDWLRQ�ZHUH�SHUIRUPHG�DIWHU�*$77,�DQG�
DQ�,2/�ZDV�SODFHG�LQ�WKH�SRVWHULRU�FKDPEHU�LQ�WKH�EDJ�

3RVWRSHUDWLYHO\,�VWHURLG�GURSV�DQG�DQWLELRWLF�GURSV�ZHUH�SUHVFULEHG�WR�WKH�SDWLHQWV��6WHURLG�GURSV�DW�JUDGXDOO\
UHGXFLQJ�GRVHV�ZHUH�XVHG�IRU�DSSUR[LPDWHO\�4�ZHHNV,�DQG�DQWLELRWLF�XVH�ZDV�VWRSSHG�LQ�WKH�¿UVW�ZHHN�SRVWRSHUDWLYHO\��
3RVWRSHUDWLYH�IROORZ�XSV�ZHUH�SHUIRUPHG�DW�WKH�1VW�ZHHN,�1VW�PRQWK,��UG�PRQWK�DQG��WK�PRQWK�SRVW�VXUJHU\��$W�
HYHU\�YLVLW,�YLVXDO�DFXLW\,�,23�DQG�WKH�QXPEHU�RI�DQWLJODXFRPD�PHGLFDWLRQV�XVHG�ZHUH�UHFRUGHG�

6WDWLVWLFDO�$QDO\VLV
7KH�GDWD�RQ�DJH,�YLVXDO�DFXLW\,�,23�DQG�QXPEHU�RI�PHGLFDWLRQV�XVHG�DUH�H[SUHVVHG�DV�WKH�PHDQV�DQG�VWDQGDUG�

GHYLDWLRQV��7KH�W\SH�RI�JODXFRPD,�WKH�GHFUHDVHV�LQ�,23�DQG�LQ�WKH�QXPEHU�RI�PHGLFDWLRQV�XVHG�DQG�FRPSOLFDWLRQV�DUH�
H[SUHVVHG�DV�SHUFHQWDJHV��7KH�SRVWRSHUDWLYH�,23,�YLVXDO�DFXLW\�DQG�QXPEHU�RI�PHGLFDWLRQV�XVHG�ZHUH�FRPSDUHG�WR
WKH�SUHRSHUDWLYH�YDOXHV�ZLWK�WKH�SDLUHG�VDPSOH�W�WHVW��3�YDOXHV�EHORZ������ZHUH�FRQVLGHUHG�VWDWLVWLFDOO\�VLJQL¿FDQW�
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5HVXOWV DQG GLVFXVVLRQ
7KH� DYHUDJH� DJH� RI� WKH� ��� SDWLHQWV� ZKR� XQGHUZHQW� *$77� FRPELQHG� ZLWK� SKDFRHPXOVL¿FDWLRQ� DQG� ,2/�

LPSODQWDWLRQ� VXUJHU\� DW� WKH� 'HSDUWPHQW� RI� 2SKWKDOPRORJ\,� )DFXOW\� RI� 0HGLFLQH,� 8OXGDJ� 8QLYHUVLW\� �%XUVD,
7XUNH\�,�EHWZHHQ�1RYHPEHU���1��DQG�$XJXVW���1��ZDV������1��\HDUV��UDQJH���������\HDUV���7KH�W\SH�RI�JODXFRPD
ZDV�SULPDU\�RSHQ�DQJOH�JODXFRPD��32$*��LQ����RI�WKH����SDWLHQWV��94����,�SVHXGRH[IROLDWLYH�JODXFRPD�LQ�RQH�
SDWLHQW�DQG�LULGR�FRUQHDO�G\VJHQHVLV�LQ�RQH�SDWLHQW��7KH�SDWLHQW�FKDUDFWHULVWLFV�DUH�SUHVHQWHG�LQ�7DEOH�1�

7DEOH�1�
&KDUDFWHULVWLFV RI WKH VWXG\ SDWLHQWV

$JH (\UV)
0HDQ�6'
5DQJH

�����1�
�����

7\SH RI JODXFRPD� Q (�)
3ULPDU\�RSHQ�DQJOH
3VHXGRH[IROLDWLYH
,ULGR�FRUQHDO�G\VJHQHVLV

����94���
1����9�
1����9�

3UHRSHUDWLYH ,23 (PPHJ)
0HDQ�6'
5DQJH

���4�1���
19���

3UHRSHUDWLYH DQWLJODXFRPD PHGLFDWLRQV (Q)
0HDQ�6'
5DQJH

�������
���

3UHRSHUDWLYH YLVXDO DFXLW\ (ORJ0$5)
0HDQ�6'
5DQJH�

1��4�1��
��1����1

\UV ± \HDUV� Q ± QXPEHU� 6' ± VWDQGDUG GHYLDWLRQ� ,23 ± LQWUDRFXODU SUHVVXUH

7KH�DYHUDJH�SUHRSHUDWLYH�YLVXDO�DFXLW\�RI�WKH�SDWLHQWV�ZDV�ORJ0$5�1��4�1����7KH�DYHUDJH�SRVWRSHUDWLYH�YLVXDO�
DFXLW\�ZDV�ORJ0$5����9�������$�VLJQL¿FDQW�LQFUHDVH�LQ�YLVXDO�DFXLW\�ZDV�GHWHFWHG�SRVW�VXUJHU\��3��������

7KH� DYHUDJH� SUHRSHUDWLYH� ,23�ZDV� ���4�1����PP+J��7KH� GHFUHDVH� LQ� WKH� DYHUDJH� SRVWRSHUDWLYH� ,23�ZDV�
�����1��9�PP�+J�������1������RQ�WKH�1VW�GD\,��1���9���PP�+J���4���11�9���LQ�WKH�1VW�ZHHN,������1��1�PP�+J�
����1������LQ�WKH�1VW�PRQWK,��1�������PP�+J�����4�������LQ�WKH��UG�PRQWK�DQG������11���PP�+J��������1��9�
LQ�WKH��WK�PRQWK��&RPSDUHG�WR�WKH�SUHRSHUDWLYH�SHULRG,�,23�ZDV�VLJQL¿FDQWO\�ORZHU�DW�DOO�SRVWRSHUDWLYH�IROORZ�XS
WLPHV��3��������7DEOH����

7KH� QXPEHUV� RI� DQWLJODXFRPD� PHGLFDWLRQV� DQG� DFWLYH� LQJUHGLHQWV� XVHG� ZHUH� UHGXFHG� VLJQL¿FDQWO\� LQ� WKH
SRVWRSHUDWLYH�SHULRG�FRPSDUHG�WR�WKH�SUHRSHUDWLYH�SHULRG��ERWK�3��������7DEOH�����7KH�DYHUDJH�GHFUHDVH�LQ�WKH�QXPEHU�
RI�DQWLJODXFRPD�PHGLFDWLRQV�ZDV��������,�DQG�WKH�DYHUDJH�GHFUHDVH�LQ�WKH�QXPEHU�RI�DFWLYH�LQJUHGLHQWV�ZDV���4�1���

7DEOH���
3UHRSHUDWLYH DQG SRVWRSHUDWLYH ,23 OHYHOV

7LPH SRLQW 0HDQ ,23 (PPHJ)� 6' 3DWLHQWV (Q) 3 YDOXH

3UHRSHUDWLYH ���4�1��� �4
3RVWRSHUDWLYH 

1 GD\
1 ZHHN
1 PRQWK
3 PRQWKV
� PRQWKV

1������9
1������4
11������
1������1
11������

��
�9
�1
�4
19

�����
�����
�����
�����
�����


 &RPSDULVRQV RI ,23 EHWZHHQ WKH SUHRSHUDWLYH DQG SRVWRSHUDWLYH PHDVXUHPHQWV ZHUH SHUIRUPHG ZLWK
SDLUHG VDPSOHV W WHVWV ,23 ± LQWUDRFXODU SUHVVXUH� 6' ± VWDQGDUG GHYLDWLRQ� Q ± QXPEHU 

7DEOH���
3UHRSHUDWLYH DQG SRVWRSHUDWLYH DQWLJODXFRPD PHGLFDWLRQV

Q 3� 0HGLFDWLRQV (Q� PHDQ�6') $FWLYH LQJUHGLHQWV (Q� PHDQ�6') 3 YDOXH

3UHRSHUDWLYH ������� ������� �����
3RVWRSHUDWLYH ������4 ��4���� �����


 &RPSDULVRQV RI WKH QXPEHUV RI PHGLFDWLRQV DQG LQJUHGLHQWV EHWZHHQ WKH SUHRSHUDWLYH DQG SRVWRSHUDWLYH PHDVXUHPHQWV ZHUH
SHUIRUPHG ZLWK SDLUHG VDPSOHV W WHVWV Q ± QXPEHU� 6' ± VWDQGDUG GHYLDWLRQ
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7KH�PRVW�IUHTXHQW�FRPSOLFDWLRQ�ZDV�K\SKDHPD��,Q�1��RI�WKH����SDWLHQWV��������,�K\SKDHPD�ZDV�REVHUYHG,�EXW�
GXH�WR�WKH�OLPLWHG�VHYHULW\�RI�WKLV�FRPSOLFDWLRQ,�QR�OD\HU�RI�EORRG�IRUPHG�LQ�WKH�DQWHULRU�FKDPEHU��+\SKDHPD�ZDV
UHVROYHG�ZLWKLQ�D�PD[LPXP�RI�RQH�ZHHN��3URORQJHG�K\SKDHPD�GLG�QRW�GHYHORS�LQ�DQ\�RI�WKH�SDWLHQWV��7UDQVLHQW�
,23� VSLNHV� GLG� QRW� RFFXU� LQ� DQ\� SDWLHQWV��&RPSOLFDWLRQV� UHSRUWHG� SUHYLRXVO\,� VXFK� DV�'HVFHPHQW¶V�PHPEUDQH�
GHWDFKPHQW,� FRUQHDO� RHGHPD� DQG� LULGRGLDO\VLV�ZHUH�QRW� REVHUYHG��'XULQJ� WKH� IROORZ�XS� H[DPLQDWLRQV,� F\VWRLG�
PDFXODU�RHGHPD�HPHUJHG�LQ�RQH�SDWLHQW,�DQG�WKLV�FRQGLWLRQ�ZDV�FRQVLGHUHG�WR�EH�UHOHYDQW�WR�WKH�SUHVHQW�UHWLQDO
YHLQ�RFFOXVLRQ�LQ�WKH�SDWLHQW��'HHS�K\SRWRQ\�GHYHORSHG�LQ�RQO\�RQH�SDWLHQW����9����LQ�WKLV�FDVH,�WKH�VXUJHU\�ZDV�
FRQVLGHUHG�WR�KDYH�IDLOHG��1R�SDWLHQWV�UHTXLUHG�UHRSHUDWLRQ�

&XUUHQWO\,�ZLWK� WKH� QHZ� GH¿QLWLRQV,� JODXFRPD� VXUJHU\� DSSURDFKHV� DUH� FDWHJRUL]HG� LQWR� µDE� LQWHUQR¶� DQG� µDE
H[WHUQR¶��7KH�FRQMXQFWLYDO�DQG�VFOHUDO�GLVVHFWLRQV�SHUIRUPHG�LQ�WKH�µDE�H[WHUQR¶�DSSURDFKHV�PD\�OHDG�WR�FRQMXQFWLYDO
VFDUULQJ,�ZKLFK�UHGXFHV�WKH�VXFFHVV�RI�WKH�VXUJHU\��5HFHQWO\,�WKH�DSSOLFDWLRQV�RI�µDE�LQWHUQR¶�DSSURDFKHV�KDYH�EHFRPH
SUHYDOHQW��7KHVH�DUH�DOVR�UHIHUUHG�WR�DV�0,*6��µ$E�LQWHUQR¶�PHWKRGV�DUH�SHUIRUPHG�WKURXJK�WKH�FOHDU�FRUQHD�YLD�VPDOO
FRUQHDO�LQFLVLRQV��%HFDXVH�WKH\�GR�QRW�UHTXLUH�FRQMXQFWLYDO�GLVVHFWLRQ,�WKH\�DOORZ�IRU�SRVVLEOH�VXEVHTXHQW�¿OWUDWLRQ�
VXUJHULHV��µ$E�LQWHUQR¶�PHWKRGV�FDQ�EH�URXJKO\�FDWHJRUL]HG�LQWR�WKUHH�W\SHV��VXEFRQMXQFWLYDO,�VXSUDFKRURGLDO�DQG�
6FKOHPP¶V�FDQDO�DSSURDFKHV�� ,Q� WKH�µDE� LQWHUQR¶�PHWKRGV�ZLWK�6FKOHPP¶V�FDQDO�DSSURDFK,� WKH�DTXHRXV�KXPRXU�
LQ�WKH�DQWHULRU�FKDPEHU�LV�GUDLQHG�WKURXJK�6FKOHPP¶V�FDQDO�DQG�FROOHFWRU�FDQDOV��7UDEHFWRPH��1HRPHGL[,�7XVWLQ,�
&$�,�L6WHQW��*ODXNRV�&RUSRUDWLRQ,�/DJXQD�+LOOV,�&$�,�+\GUXV��,YDQWLV,�,UYLQH,�&$�,�H[FLPHU�ODVHU�WUDEHFXORVWRP\
DQG�*$77� DUH� WKH� µDE� LQWHUQR¶�PHWKRGV� WKDW� SURYLGH� GUDLQDJH� WR�6FKOHPP¶V� FDQDO� DQG� FROOHFWRU� FDQDOV��:KLOH�
WKH� WUDEHFXODU�PHVKZRUN� LV� E\SDVVHG� LQ� VRPH� RI� WKHVH�PHWKRGV,� LQ�*$77,� WKH� WUDEHFXODU�PHVKZRUN� LV� RSHQHG�
FLUFXPIHUHQWLDOO\��*$77�ZDV�GH¿QHG�E\�*URYHU�HW�DO�� LQ���14�>1@�� ,Q� WKLV�PHWKRG,�����GHJUHH�GLVUXSWLRQ�RI� WKH
WUDEHFXODU�PHVKZRUN�ZDV�QRW�SHUIRUPHG�µDE�H[WHUQR¶,�DV�LW�KDG�EHHQ�GH¿QHG�SUHYLRXVO\��LQVWHDG,�LW�ZDV�SHUIRUPHG�
µDE�LQWHUQR¶�XQGHU�JRQLRVFRS\�YLD�WHPSRUDO�DQG�VXSHURQDVDO�LQIHURQDVDO�SDUDFHQWHVLV�ZLWK�D�PLFURFDWKHWHU�RU�VXWXUH��
7KH�PDLQ�DGYDQWDJH�RI�WKLV�PHWKRG�LV�WKH�DELOLW\�WR�SHUIRUP�WUDEHFXORWRP\�ZLWKRXW�FRQMXQFWLYDO�DQG�VFOHUDO�LQFLVLRQV�
7KLV�WHFKQLTXH�SURYLGHV�SURWHFWLRQ�RI�WKH�FRQMXQFWLYD�DQG�VFOHUD�IRU�SRVVLEOH�¿OWUDWLRQ�VXUJHULHV�LI�QHFHVVDU\�

µ$E�H[WHUQR¶�PHWDO�WUDEHFXORWRP\��0F3KHUVRQ�RU�+DUPV��HQDEOHV�UHDFKLQJ�RQO\�1���GHJUHHV��WKHUHIRUH,�LW�GRHV
QRW�SURYLGH�VXI¿FLHQW�UHVXOWV�IRU�DGXOWV��µ$E�H[WHUQR¶�FLUFXPIHUHQWLDO�����GHJUHH�WUDEHFXORWRP\�SURYLGHV�PXFK
PRUH�HIIHFWLYH� UHVXOWV� >4@��&KLQ�HW�DO��PRGL¿HG� WKH�FRQYHQWLRQDO� µDE�H[WHUQR¶�����GHJUHH�VXWXUH� WUDEHFXORWRP\
DQG�UHSRUWHG�KLJKHU�VXFFHVV�UDWHV�LQ�ERWK�WKH�32$*�DQG�VHFRQGDU\�RSHQ�DQJOH�JODXFRPD��62$*��FRPSDUHG�WR�
PHWDO� WUDEHFXORWRP\��LQ�32$*,��4��YHUVXV��1��� LQ�62$*,��9��YHUVXV������>4@�� ,Q� WKHLU�VWXG\,� LQ� WKH�1�WK�
PRQWK�SRVWRSHUDWLYHO\,�WKH�DYHUDJH�,23�ZDV�1��1�PP+J,�DQG�WKH�DYHUDJH�QXPEHU�RI�PHGLFDWLRQV�XVHG�ZDV�����
,Q�WKH�32$*�SDWLHQWV�ZKR�XQGHUZHQW�*$77,�*URYHU�HW�DO��UHSRUWHG�D�GHFUHDVH�RI���������PP�+J������������LQ
,23�DQG�D�GHFUHDVH�RI���9�1���LQ�WKH�QXPEHU�RI�WKH�PHGLFDWLRQV�XVHG�LQ�WKH��WK�PRQWK�SRVWRSHUDWLYHO\�DV�ZHOO�DV,
D�GHFUHDVH�RI�11�1���1�PP�+J���9���1����LQ�,23�DQG�D�GHFUHDVH�RI�1�1�1���LQ�WKH�QXPEHU�RI�WKH�PHGLFDWLRQV
XVHG�LQ�WKH�1�WK�PRQWK�SRVWRSHUDWLYHO\��LQ�WKH�VHFRQGDU\�JODXFRPD�JURXS,�WKH\�UHSRUWHG�D�GHFUHDVH�RI�1����1���
PP�+J�������1������LQ�,23�DQG�D�GHFUHDVH�RI�����1���LQ�WKH�QXPEHU�RI�WKH�PHGLFDWLRQV�XVHG�LQ�WKH��WK�PRQWK�
DV�ZHOO�DV�D�GHFUHDVH�RI�19�9�1����PP�+J�������1��4���LQ�,23�DQG�D�GHFUHDVH�RI�1�9���1�LQ�WKH�QXPEHU�RI�WKH�
PHGLFDWLRQV�XVHG�LQ�WKH�1�WK�PRQWK�SRVWRSHUDWLYHO\�>1@��7KH�UDWH�RI�IDLOXUH�ZDV�9�����SDWLHQWV�RXW�RI�����>1@��,Q
WKH�FXUUHQW�VWXG\,�32$*�SDWLHQWV�UHSUHVHQWHG�WKH�PDMRULW\��DW�WKH�HQG�RI�WKH��WK�PRQWK�SRVW�VXUJHU\,�WKH�DYHUDJH
,23�ZDV�11�������PP�+J,�DQG�WKH�DYHUDJH�QXPEHU�RI�DQWLJODXFRPD�PHGLFDWLRQV�XVHG�ZDV�������4��$GGLWLRQDOO\,
LQ�WKH��WK�PRQWK�SRVWRSHUDWLYHO\,�GHFUHDVHV�RI������11���PP�+J�������1��9���LQ�WKH�DYHUDJH�,23�DQG���������LQ�
WKH�DYHUDJH�QXPEHU�RI�DQWLJODXFRPD�PHGLFDWLRQV�XVHG�ZHUH�REVHUYHG��7KH�IDLOXUH�UDWH�ZDV���9��

,W¶V�JHQHUDOO\�EHOLHYHG�WKDW�HYHQ�ZKHQ�����GHJUHH��µDE�H[WHUQR�RU�µDE�LQWHUQR¶��WUDEHFXORWRP\�LV�SHUIRUPHG,
VLPLODU� WR�RWKHU�QRQ¿OWUDWLQJ�VXUJHULHV,� WKH� ,23�GHFUHDVLQJ�HIIHFW�RI� WUDEHFXORWRP\� LV�QRW�DV� VLJQL¿FDQW�DV� WKDW�
RI�WUDEHFXOHFWRP\��7KHUHIRUH,�WUDEHFXORWRP\�LV�QRW�UHFRPPHQGHG�LQ�DGYDQFHG�JODXFRPD�FDVHV��+RZHYHU,�LQ�WKH
FXUUHQW�VWXG\,�LQ�SDWLHQWV�ZKR�XQGHUZHQW�*$77�FRPELQHG�ZLWK�FDWDUDFW�VXUJHU\,�DQ�,23�GHFUHDVH�RI����PP�+J�DQG�
����ZDV�REWDLQHG��,Q�WKH�FXUUHQW�VWXG\,�D�PRUH�VLJQL¿FDQW�,23�GHFUHDVH�ZDV�REWDLQHG�WKDQ�LQ�WKH�VWXG\�RI�*URYHU�HW�
DO��EHFDXVH�32$*�SDWLHQWV�ZLWK�KLJKHU�SUHRSHUDWLYH�,23�ZHUH�HQUROOHG��$FFRUGLQJ�WR�RXU�UHVXOWV,�UHFRQVLGHUDWLRQ
RI�WKLV�JHQHUDO�EHOLHI�LV�UHFRPPHQGHG��

,W� LV� NQRZQ� WKDW� SRVWRSHUDWLYH� FRPSOLFDWLRQV� VXFK� DV� EOHE� OHDNV,� K\SRWRQ\,� VKDOORZ� DQWHULRU� FKDPEHU,� DQG�
FKRURLGDO� GHWDFKPHQW� RFFXU� OHVV� RIWHQ� LQ� WUDEHFXORWRP\� WKDQ� LQ� WUDEHFXOHFWRP\,� VLPLODU� WR� RWKHU� QRQ¿OWUDWLQJ
VXUJHULHV��7KH� UHVXOWV�RI� WKH� FXUUHQW� VWXG\�DOVR� VXSSRUW� WKLV�SHUVSHFWLYH�� ,Q� WKH� FXUUHQW� VWXG\,�RQO\�RQH�SDWLHQW�
ZLWK�32$*�GHYHORSHG�GHHS�K\SRWRQ\��7KLV�FDVH�ZDV�FRQVLGHUHG�DV�D�VXUJLFDO�IDLOXUH��'XULQJ�WKH�IROORZ�XSV,�WR
UHFRYHU�WKDW�SDWLHQW¶V�,23�WR�WKH�QRUPDO�OHYHO,�WRSLFDO�DQG�RUDO�VWHURLG�DSSOLFDWLRQ,�VXEWHQRQ�VWHURLG�LQMHFWLRQ�DQG�
DGPLQLVWUDWLRQ�RI�DXWRORJRXV�VHUXP�LQWR�WKH�DQWHULRU�FKDPEHU�ZHUH�DWWHPSWHG��+RZHYHU,�GHHS�K\SRWRQ\�FRXOG�QRW�
EH�DYRLGHG�ZLWK�DQ\�RI�WKRVH�WUHDWPHQWV�
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&DWDUDFW� VXUJHU\� UHGXFHV� ,23� WKURXJK�VHYHUDO�PHFKDQLVPV��7KH�DQDWRPLF�FKDQJHV�RFFXUULQJ� LQ� WKH�DQWHULRU�
FKDPEHU,�WKH�FKDQJHV�LQ�WKH�WUDEHFXODU�PHVKZRUN�LQGXFHG�E\�LQÀDPPDWLRQ�DQG�XOWUDVRQLF�YLEUDWLRQV�DQG�LQFUHDVHG�
WUDFWLRQ�RQ�]RQXOHV�DUH�D�IHZ�RI�WKHVH�PHFKDQLVPV�UHVXOWLQJ�LQ�DQ�LQFUHDVH�LQ�RXWÀRZ�>�@��:KHWKHU�FDWDUDFW�VXUJHU\
FRPELQHG�ZLWK�*$77�KDV�DQ�DGGLWLRQDO�,23�GHFUHDVLQJ�HIIHFW�LV�FRQWUDYHUVLDO��*URYHU��µDE�LQWHUQR¶��DQG�6KLQPHL
�µDE�H[WHUQR¶��GLG�QRW�GHWHFW�DQ\�VLJQL¿FDQW�GLIIHUHQFH�LQ�WKH�,23�GHFUHDVH�EHWZHHQ�WKH�WUDEHFXORWRP\�DQG�FRPELQHG�
VXUJHU\�JURXSV�LQ�WKHLU�VWXGLHV�>1,��@��&KLDUD�HW�DO��QRWHG�WKDW�FRPELQHG�µDE�H[WHUQR¶�WUDEHFXORWRP\�DQG�FDWDUDFW�
VXUJHU\�SURYLGHG�D�IXUWKHU�GHFUHDVH�RI�1���PP�+J�LQ�,23�FRPSDUHG�WR�WUDEHFXORWRP\�DORQH�>�@��7DQLWR�HW�DO�,�LQ
WKHLU�VWXG\�HYDOXDWLQJ�SDWLHQWV�ZKR�XQGHUZHQW�FRPELQHG�VXUJHU\�GHWHUPLQHG�WKH�UDWHV�RI�FDVHV�ZLWK�DQ�,23�XQGHU�
�1�PP�+J,�1��PP�+J�DQG�1��PP+J�DW�WKH�HQG�RI�RQH�\HDU�SRVW�VXUJHU\�WR�EH�9����,�������DQG����,�UHVSHFWLYHO\
>�@�� ,Q� WKH�FXUUHQW� VWXG\,�RQO\�SDWLHQWV�ZKR�XQGHUZHQW�*$77�FRPELQHG�ZLWK�FDWDUDFW� VXUJHU\�ZHUH�HYDOXDWHG�
%HFDXVH�QR�FRPSDULVRQ�WR�WKH�SDWLHQWV�ZKR�XQGHUZHQW�*$77�DORQH�ZDV�PDGH,�QR�GDWD�RQ�ZKHWKHU�FDWDUDFW�VXUJHU\
KDG�DQ\�DGGLWLRQDO�SRVLWLYH�HIIHFW�RQ�WKH�,23�GHFUHDVH�ZHUH�FROOHFWHG��,Q�WKH�FXUUHQW�VWXG\,�WKH�,23�RI�DOO�SDWLHQWV
ZDV�XQGHU�1��PP+J�LQ�WKH��UG�DQG��WK�PRQWKV�SRVWRSHUDWLYHO\��

,QDELOLW\�WR�VWRS�DQWLFRDJXODWLRQ�PHGLFDWLRQ,�KDHPRUUKDJLF�GLDWKHVLV,�,2/�LQVWDELOLW\,�FORVHG�DQJOH�DQG�VHULRXV
HQGRWKHOLDO�FRPSURPLVH�ZHUH�GH¿QHG�DV�DEVROXWH�FRQWUDLQGLFDWLRQV�IRU�*$77,�DQG�SULRU�NHUDWRSODVW\�DQG�LQDELOLW\
WR�HOHYDWH�WKH�KHDG�SRVWRSHUDWLYHO\�ZHUH�GH¿QHG�DV�UHODWLYH�FRQWUDLQGLFDWLRQV�E\�*URYHU�HW�DO��>1@�

7UDEHFXORWRP\��*$77�DQG�µDE�H[WHUQR¶��FDQ�EH�VDIHO\�SHUIRUPHG�RQ�DOO�JODXFRPD�W\SHV�H[FHSW�IRU�FORVHG�DQJOH
JODXFRPD��+HSúHQ�HW�DO��VKRZHG�WKDW�LQ�SVHXGRH[IROLDWLYH�JODXFRPD,�PRGL¿HG�����GHJUHH�VXWXUH�WUDEHFXORWRP\�LV�
HI¿FLHQW�>9@��,W�KDV�EHHQ�UHSRUWHG�WKDW�LQ�XYHLWLF�JODXFRPD,�WUDEHFXORWRP\�FDQ�VDIHO\�EH�SHUIRUPHG�LI�WKH�XYHLWLV�LV�
XQGHU�FRQWURO�>1,��@��6KLQPHL�HW�DO��LQGLFDWHG�LQ�WKHLU�VWXGLHV�WKDW�DOWKRXJK�SUHRSHUDWLYH�,23�ZDV�KLJKHU�LQ�XYHLWLF�
JODXFRPD�FDVHV�WKDQ�32$*,�SRVWRSHUDWLYH�,23�DIWHU�WUDEHFXORWRP\�ZDV�DW�VLPLODU�OHYHOV�WR�WKDW�DIWHU�32$*�>�@�
,Q�WKH�FXUUHQW�VWXG\,�WKH�PDMRULW\�RI�WKH�SDWLHQWV�KDG�32$*,�DOWKRXJK�RQH�SDWLHQW�KDG�SVHXGRH[IROLDWLYH�JODXFRPD
DQG�RQH�SDWLHQW�KDG�LULGRFRUQHDO�G\VJHQHVLV��7KH�VXFFHVV�UDWH�ZDV�9��1��

+\SKDHPD� DQG� WUDQVLHQW� ,23� VSLNHV� DUH� WKH�PRVW� FRPPRQ� FRPSOLFDWLRQV� WKDW� GHYHORS� DIWHU� WUDEHFXORWRP\
>1,��@��+\SKDHPD�HPHUJHV�ZKHQ�6FKOHPP¶V�FDQDO� LV�¿OOHG�ZLWK�EORRG�GXH�WR�UHÀX[�IURP�HSLVFOHUDO�YHLQV�DIWHU�
WKH� FLUFXPIHUHQWLDO� UXSWXUH� RI� WKH� WUDEHFXODU� PHVKZRUN� >1�@�� 7UDQVLHQW� ,23� VSLNHV� DUH� UHODWHG� WR� SURORQJHG�
K\SKDHPD�DQG�FDQ�EH�HOLPLQDWHG�E\�ZDVKLQJ�RXW�WKH�DQWHULRU�FKDPEHU�>�,�1�@��'HVFHPHQW¶V�PHPEUDQH�GHWDFKPHQW,�
FRUQHDO�RHGHPD,�LULGRGLDO\VLV�DQG�F\VWRLG�PDFXODU�RHGHPD�DUH�DPRQJ�WKH�FRPSOLFDWLRQV�WKDW�PD\�HPHUJH�DIWHU�
WUDEHFXORWRP\��

&RPELQHG�VXUJHULHV�KDYH�VRPH�GLVDGYDQWDJHV,�VXFK�DV�ORQJHU�RSHUDWLRQ�GXUDWLRQ,�VORZHU�YLVXDO�UHFRYHU\�DQG�
PRUH� GLI¿FXOW� ,23� FRQWURO� GXH� WR� KLJKHU� LQÀDPPDWLRQ� OHYHOV� LQ� WKH� SRVWRSHUDWLYH� SHULRG�� ,Q� FDVHV� RI� FDWDUDFW�
VXUJHULHV�FRPELQHG�ZLWK�WUDEHFXOHFWRP\,�WKH�UDWHV�RI�SRVWRSHUDWLYH�FRPSOLFDWLRQV�VXFK�DV�K\SRWRQ\,�EOHE�OHDNDJH,
VKDOORZ�DQWHULRU�FKDPEHU,�FKRURLGDO�GHWDFKPHQW,�K\SKDHPD�DQG�VFOHURVWRP\�VLWH�EORFNDJH�ZHUH�GHPRQVWUDWHG�WR
EH�LQFUHDVHG�LQ�VHYHUDO�SUHYLRXV�VWXGLHV�>11@�

+RZHYHU,�WKLV�FDVH�LV�QRW�YDOLG�IRU�WUDEHFXORWRP\��3HUIRUPLQJ�FDWDUDFW�VXUJHU\�LQ�WKH�VDPH�VHVVLRQ�PD\�LQFUHDVH�
WKH�FRPSOLFDWLRQV�VSHFL¿F�WR�FDWDUDFW�VXUJHU\��SRVWHULRU�FDSVXOH�UXSWXUH,�]RQXODU�GLDO\VLV�,�EXW�EHFDXVH�LW�LV�D�VDIHU�
VXUJHU\,�WKH�UDWHV�RI�WKHVH�FRPSOLFDWLRQV�IUHTXHQWO\�REVHUYHG�LQ�¿OWUDWLQJ�VXUJHULHV�GR�QRW�LQFUHDVH�ZKHQ�FRPELQHG�
ZLWK�WUDEHFXORWRP\��,QDWDQL�HW�DO��H[SUHVVHG�WKDW�K\SKDHPD�DQG�WUDQVLHQW�,23�VSLNHV,�ZKLFK�ZHUH�REVHUYHG�IUHTXHQWO\�
ZLWK�WUDEHFXORWRP\�DORQH,�ZHUH�REVHUYHG�OHVV�RIWHQ�ZLWK�FRPELQHG�VXUJHULHV�>1�@��7KH�UHDVRQV�IRU�WKLV�¿QGLQJ�ZHUH
UHSRUWHG� WR�EH�ZDVKLQJ�RXW� WKH�EORRG�UHÀX[�GXULQJ� WKH�FDWDUDFW�VXUJHU\�DQG�DYRLGLQJ�UHÀX[�IURP�HSLVFOHUDO�YHLQV,�
GHSHQGLQJ�RQ�RFFXUUHQFH�RI�KLJK�SUHVVXUH�LQ�WKH�DQWHULRU�FKDPEHU�>1�@��,Q�WKHLU�VWXG\�FRPSDULQJ�FRPELQHG�VXUJHU\�WR
WUDEHFXORWRP\�DORQH,�6KLQPHL�HW�DO��UHSRUWHG�1��9��YHUVXV������RI�FDVHV�ZLWK�SURORQJHG�K\SKDHPD�DQG����4��YHUVXV
����RI�FDVHV�ZLWK�WUDQVLHQW�,23�VSLNHV�>�@��,Q�WZR�SDWLHQWV�ZKR�XQGHUZHQW�FRPELQHG�VXUJHU\,�FDSWXUHG�KDHPRUUKDJH
EHWZHHQ� WKH� FDSVXOH� DQG� WKH� ,2/�ZDV� REVHUYHG� >�@�� ,W�ZDV� VWDWHG� DV� D� UDUH� FRPSOLFDWLRQ,� DQG� WKH� LPSRUWDQFH� RI�
SHUIRUPLQJ�DQWHULRU�FDSVXORUKH[LV�RI�D�VXI¿FLHQW�VL]H�ZDV�HPSKDVL]HG�WR�SUHYHQW�WKLV�FRPSOLFDWLRQ�>�@��

7KH�DXWKRUV�XQGHUOLQHG�WKDW�WKHUH�ZDV�QR�VLJQL¿FDQW�GLIIHUHQFH�EHWZHHQ�WKH�WZR�JURXSV�LQ�WHUPV�RI�FRPSOLFDWLRQV,
DQG�WKDW�WKH�WZR�JURXSV�ZHUH�HTXDO�LQ�WHUPV�RI�VDIHW\��,Q�WKH�FXUUHQW�VWXG\,�K\SKDHPD���������ZDV�WKH�PRVW�IUHTXHQW�
FRPSOLFDWLRQ��KRZHYHU,�WKLV�FRPSOLFDWLRQ�GLG�QRW�FDXVH�DQ\�,23�LQFUHDVH�LQ�DQ\�RI�WKH�SDWLHQWV,�DQG�LW�GLG�QRW�UHTXLUH�
DQWHULRU�FKDPEHU�ODYDJH��+\SKDHPD�ZDV�UHVROYHG�YLD�WRSLFDO�WUHDWPHQW�ZLWKLQ�D�PD[LPXP�RI�RQH�ZHHN�

&RQFOXVLRQ
$V� D� UHVXOW,� LI� LW� LV� SHUIRUPHG� RQ� FRQYHQLHQW� SDWLHQWV,� *$77� HIIHFWLYHO\� SURYLGHV� DQ� ,23� GHFUHDVH��:KLOH�

SHUIRUPLQJ�*$77� LQ� WKH� VDPH� VHVVLRQ�ZLWK� FDWDUDFW� VXUJHU\� GRHV� QRW� UHGXFH� WKH� HIIHFWLYHQHVV� RI� *$77,� WKH�
FRPELQHG�VXUJHU\�GHFUHDVHV� WKH� LQFLGHQFH�RI�FRPSOLFDWLRQV,�HVSHFLDOO\�K\SKDHPD��7KHUHIRUH,�*$77�FRPELQHG�
ZLWK�FDWDUDFW�VXUJHU\�LV�D�VXUJLFDO�SURFHGXUH�WKDW�FDQ�VDIHO\�EH�SHUIRUPHG�RQ�FRQYHQLHQW�SDWLHQWV�
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5()(5(1&(6�

1� *URYHU�'�6�,�*RGIUH\�'�*�,�6PLWK�2��HW�DO��*RQLRVFRS\�DVVLVWHG�WUDQVOXPLQDO�WUDEHFXORWRP\,�DE�LQWHUQR
WUDEHFXORWRP\��WHFKQLTXH�UHSRUW�DQG�SUHOLPLQDU\�UHVXOWV����2SKWKDOPRORJ\,���14,�Y�1�1,�S�������1�\\

�� *URYHU�'�6�,�*RGIUH\�'�*�,�6PLWK�2��HW�DO��2XWFRPHV�RI�JRQLRVFRS\�DVVLVWHG�WUDQVOXPLQDO�WUDEHFXORWRP\
LQ�H\HV�ZLWK�SULRU�LQFLVLRQDO�JODXFRPD�VXUJHU\����-��*ODXFRPD,���1�,�Y����1�,�S�41�4��

�� *URYHU�'�6�,�6PLWK�2�,�)HOOPDQ�5�/��HW�DO��*RQLRVFRS\�DVVLVWHG�WUDQVOXPLQDO�WUDEHFXORWRP\��DE�LQWHUQR
FLUFXPIHUHQWLDO�WUDEHFXORWRP\�IRU�WKH�WUHDWPHQW�RI�SULPDU\�FRQJHQLWDO�JODXFRPD�DQG�MXYHQLOH�RSHQ�DQJOH
JODXFRPD����%U��-��2SKWKDOPRO�,���1�,Y��,�S�1���

4� &KLQ�6�,�1LWWD�7�,�6KLQPHL�<��HW�DO��5HGXFWLRQ�RI�LQWUDRFXODU�SUHVVXUH�XVLQJ�D�PRGL¿HG�����GHJUHH�VXWXUH�
WUDEHFXORWRP\�WHFKQLTXH�LQ�SULPDU\�DQG�VHFRQGDU\�RSHQ�DQJOH�JODXFRPD�$�SLORW�VWXG\����-��*ODXFRPD,�
��1�,�Y��1,�S�4�1�4���

�� .XQJ�-�6�,�&KRL�'�<�,�&KHHPD�$�6��HW�DO��&DWDUDFW�VXUJHU\�LQ�WKH�JODXFRPD�SDWLHQW����0LGGOH�(DVW�$IU��-�
2SKWKDOPRO�,���1�,�Y����1�,�S�1��1��

�� 6KLQPHL� <�,� .LMLPD� 5�,� 1LWWD� 7�� HW� DO�� 0RGL¿HG� ����GHJUHH� VXWXUH� WUDEHFXORWRP\� FRPELQHG� ZLWK�
SKDFRHPXOVL¿FDWLRQ�DQG�LQWUDRFXODU�OHQV�LPSODQWDWLRQ�IRU�JODXFRPD�DQG�FRH[LVWLQJ�FDWDUDFW����-��&DWDUDFW��
5HIUDFW��6XUJ�,���1�,�Y�4�,�S�1��4�1�41�

�� &KLDUD�(�,�1LVKLGD�$�,�.RGR�0��HW�DO��7UDEHFXORWRP\�DE�H[WHUQR��DQ�DOWHUQDWLYH�WUHDWPHQW�LQ�DGXOW�SDWLHQWV
ZLWK�SULPDU\�RSHQ�DQJOH�JODXFRPD����2SKWKDOPLF��6XUJ�,�199�,�Y��4,�S�������9�

�� 7DQLWR�0�,�2KLUD�$�,�&KLKDUD�(��6XUJLFDO�RXWFRPH�RI�FRPELQHG�WUDEHFXORWRP\�DQG�FDWDUDFW�VXUJHU\����-�
*ODXFRPD,����1,�Y�1�,�S���������

9� +HSúHQ� ø�)�,� *�OHU� (�,� .XPRYD� '�� HW� DO�� (I¿FDF\� RI� PRGL¿HG� ����GHJUHH� VXWXUH� WUDEHFXORWRP\� IRU�
SVHXGRH[IROLDWLRQ�JODXFRPD����-��*ODXFRPD,���1�,�Y���,�S�H�9�H�4�

1�� ,QDWDQL�0�,�7DQLKDUD�+�,�0XWR�7��HW�DO��7UDVLHQW�LQWUDRFXODU�SUHVVXUH�HOHYDWLRQ�DIWHU�WUDEHFXORWRP\�DQG�
LWV�RFFXUHQFH�ZLWK�SKDFRHPXOVL¿FDWLRQ�DQG�LQWUDRFXODU�OHQV�LPSODQWDWLRQ����-SQ��-��2SKWKDOPRO�,����1,�
S������9��

11� -RKQVRQ�6�0��&RPELQHG�FDWDUDFW�DQG�WUDEHFXOHFWRP\�VXUJHU\��,Q��-RKQVRQ�60,�&DWDUDFW�VXUJHU\�LQ�WKH�
JODXFRPD�SDWLHQW���-RKQVRQ�60��6SULQJHU,�//&,����9,�S���9��1�

%D\NDUD�0�,�3RUR\�&�,�(UVHYHQ�&�

.$7$5$.7$�&Ԥ55$+ø<<Ԥ6ø�ø/Ԥ�<$1$ù,�.20%ø1Ԥ('ø/0øù
421ø26.23ø.�75$16/h0ø1$/�75$%(.8/2720ø<$1,1�1Ԥ7ø&Ԥ/Ԥ5ø

8OXGD÷�8QLYHUVLWHWLQLQ�7ÕE�)DN�OWΩVL��2IWDOPRORJL\D�ú|EΩVL��%XUVD��7�UNL\Ω

$oDU V|]OԥU� TODXNRPD��TRQLRVNRSLN�WUDQVO�PLQDO�WUDEHNXORWRPL\D��DE�LQWHUQR��NDWDUDNWD�ΩPΩOL\\DWÕ��PLQLPDO�
LQYD]LY�TODXNRPD�FΩUUDKL\\ΩVL�

;h/$6Ԥ
0ԥTVԥG� –� NDWDUDNWD� FԥUUDKL\\ԥVL� LOԥ� ELUJԥ� TRQLRVNRSLN� WUDQVO�PLQDO� WUDEHNXORWRPL\DQÕQ� �477�� P�VEԥW�

QԥWLFԥOԥULQL,�WԥKO�NԥVL]OL\LQL�Yԥ�IԥVDGODUÕQÕ�TL\PԥWOԥQGLUPԥN�
0DWHULDO Yԥ PHWRGODU
5HWURVSHNWLY� WԥGTLTDW� 7�UNL\ԥ,� %XUVD� 8OXGD÷� 8QLYHUVLWHWLQLQ� 7ÕE� )DN�OWԥVLQLQ� 2IWDOPRORJL\D� ú|EԥVLQGԥ

DSDUÕOPÕúGÕU��7ԥGTLTDWD�DoÕTEXFDTOÕ�TODXNRPD,�SVHYGRHNVIROLDWLY�TODXNRPD�Yԥ�LULGRNRUQHDO�GLVJHQH]�LOԥ�SDVL\HQWOԥU�
GD[LO� HGLOPLúGLU�� 1ԥWLFԥOԥULQ� ԥVDV� PH\DUODUÕ� J|UPԥ� LWLOL,� J|]GD[LOL� Wԥ]\LT,� LVWLIDGԥ� HGLOԥQ� DQWLTODXNRPDWR]�
SUHSDUDWODUÕQ�VD\Õ�Yԥ�IԥVDGODU�ROPXúGXU�

1ԥWLFԥ
ԤPԥOL\\DWGDQ� ԥYYԥO� RUWD� J|UPԥ� LWLOL\L� ORJ0$5� �]Uԥ� 1,�4� �� 1,�,� ԥPԥOL\\DWGDQ� VRQUD� –� �,�9� �� �,��� WԥúNLO

HWPLúGLU��*|UPԥ�LWLOL\LQLQ�ԥKԥPL\\ԥWOL�GԥUԥFԥGԥ�\�NVԥOPԥVL�ԥPԥOL\\DWGDQ�VRQUD�P�úDKLGԥ�HGLOPLúGLU��Ɋ���,����
ԤPԥOL\\DWGDQ�ԥYYԥO�J|]GD[LOL� Wԥ]\LTLQ�RUWD�J|VWԥULFLVL���,4���1�,��PP�F�V�� WԥúNLO�HWPLúGLU��ԤPԥOL\\DWGDQ���D\
VRQUD� RUWD�*'7�1�,�����,1�PP�F�V�,� �� D\GDQ� VRQUD� –� 11,�����,�� WԥúNLO� HWPLúGLU��ԤPԥOL\\DWGDQ� ԥYYԥO� G|YU� LOԥ
P�TD\LVԥGԥ� ԥPԥOL\\DWGDQ� VRQUD� E�W�Q�P�úDKLGԥ� G|YU�� ԥU]LQGԥ�*'7� ԥKԥPL\\ԥWOL� GԥUԥFԥGԥ� DúD÷Õ� ROPXúGXU� �Ɋ
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��,�����ԤPԥOL\\DWGDQ�ԥYYԥO�Yԥ�VRQUDNÕ�G|YUOԥUGԥ�DQWLTODXNRPDWR]�P�DOLFԥGԥQ�VRQUD�QԥWLFԥOԥULQ�P�TD\LVԥOL�WԥKOLOL�
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