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������ SDWKRJHQ� JHQHWLF� DOWHUDWLRQV� KDYH� FRQWLQXHG� WR� RFFXU�� DQG� VRPH�QHZ�
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$,0�
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0(7+2'6�
7KH�UHVHDUFKHUV� LQYHVWLJDWHG�KRZ�DOWHUDWLRQV�LQ�WKH�ELQGLQJ�DUHD�RI�WKH�6$56�
UHFHSWRU�&R9��LQWHUDFWHG�HOHFWURVWDWLFDOO\�ZLWK�WKH�$&(��UHFHSWRU��,Q�WKLV�UHSRUW��
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.H\�:RUGV��2PLFURQ��&29,'�����6$56�&R9����$&(���(OHFWURVWDWLF

�7KH�$XWKRU�V��������3XEOLVKHG�E\�%DLVKLGHQJ�3XEOLVKLQJ�*URXS�,QF��$OO�ULJKWV�UHVHUYHG�

&RUH�7LS��&KDQJH�RI�HOHFWURVWDWLF�LQWHUDFWLRQV�EHWZHHQ�UHFHSWRU�ELQGLQJ�GRPDLQ�RI�VHYHUH�DFXWH�UHVSLUDWRU\�
V\QGURPH�FRURQDYLUXV���ZLWK�WKH�DQJLRWHQVLQ�FRQYHUWLQJ�HQ]\PH���UHFHSWRU�FDQ�VXSSRUW� WKH�FOLQLFDO�
REVHUYDWLRQ�WKDW�WKH�RPLFURQ�YDULDQW�KDV�LQFUHDVHG�WUDQVPLVVLELOLW\�FRPSDUHG�WR�WKH�ZLOG�W\SH�DQG�RWKHU�
YDULDQWV�

&LWDWLRQ��0XQJPXQSXQWLSDQWLS�5��:LZDQLWNLW�9��2PLFURQ�YDULDQW�DQG�FKDQJH�RI�HOHFWURVWDWLF�LQWHUDFWLRQV�EHWZHHQ�
UHFHSWRU�ELQGLQJ�GRPDLQ�RI�VHYHUH�DFXWH�UHVSLUDWRU\�V\QGURPH�FRURQDYLUXV���ZLWK�WKH�DQJLRWHQVLQ�FRQYHUWLQJ�
HQ]\PH���UHFHSWRU��:RUOG�-�9LURO���������������������
85/��KWWSV���ZZZ�ZMJQHW�FRP�����������IXOO�Y���L������KWP
'2,��KWWSV���G[�GRL�RUJ���������ZMY�Y���L�����

,1752'8&7,21
,Q�ODWH�������D�QRYHO�FRURQDYLUXV�HSLGHPLF�HPHUJHG�LQ�$VLD�DQG�TXLFNO\�VSUHDG�WKURXJKRXW�WKH�ZRUOG
>�@��$�SDQGHPLF�RFFXUUHG��UHVXOWLQJ�LQ�PLOOLRQV�RI�FDVHV�RI�FRURQDYLUXV�GLVHDVH�������&29,'�����DOO�
DFURVV�WKH�ZRUOG��7KH�GLVHDVH�KDV�DOUHDG\�LQIHFWHG�RYHU�����PLOOLRQ�LQGLYLGXDOV�ZRUOGZLGH��UHVXOWLQJ�LQ�
PLOOLRQV� RI� GHDWKV�� 6LQFH� WKH� LQLWLDO� DSSHDUDQFH� RI� FODVVLFDO� VHYHUH� DFXWH� UHVSLUDWRU\� V\QGURPH�
FRURQDYLUXV����6$56�&R9����LQ�ODWH�������VFLHQWLVWV�KDYH�EHHQ�NHHSLQJ�D�WLJKW�H\H�RQ�WKH�SDWKRJHQ
V�
JHQHWLF�PXWDWLRQV�DOO�DFURVV�WKH�ZRUOG>�@��6HYHUDO�SDWKRJHQLF�JHQHWLF�PXWDWLRQV�KDYH�EHHQ�LGHQWLILHG��
DQG�VHYHUDO�YDULDQWV�KDYH�DOUHDG\�SURYHQ�WR�EH�WURXEOHVRPH�QRYHO�YDULDQWV>���@�
7KH� GHOWD� YDULDQW� LV� RQH� RI� WKH� GDQJHURXV�PXWDWLRQV� WKDW� KDV� VSUHDG� JOREDOO\>���@��%HFDXVH�

WUDQVPLVVLRQ�RI�WKH�GHOWD�YDULDWLRQ�LV�KLJKHU�WKDQ�WKDW�RI�&29,'�����LW�FDQ�SURYLGH�D�FRQFHUQ�LQ�GLVHDVH�
FRQWURO��$�QHZHU�IRUP��WKH�GHOWD�SOXV�YDULDQW��KDV�DOVR�EHHQ�GLVFRYHUHG��DQG�LW�LV�QRZ�EHLQJ�FRQVLGHUHG�
LQ�FOLQLFDO�SUDFWLFH>���@��7KH�LPSDFW�RI�QRYHO�YDULDWLRQV�RQ�GLVHDVH�HSLGHPLRORJ\�DQG�FOLQLFDO�FKDUDFWHU�
LVWLFV�LV�LQWHUHVWLQJ��7KH�QHZHVW�WURXEOHVRPH�YDULDQW�RI�FRQFHUQ��WKH�RPLFURQ�YDULDQW��ZDV�GLVFRYHUHG�LQ�
$IULFD� LQ�1RYHPEHU�����>�@��7KHUH�DUH�YDULRXV�VWUXFWXUDO�DOWHUDWLRQV� LQ�WKLV�QHZ�YDULDQW�PROHFXOH��
2PLFURQ�LV�VSUHDGLQJ�LQ�D�UDSLG�PDQQHU��DQG�PDQ\�QDWLRQV�KDYH�DOUHDG\�UHSRUWHG�FDVHV>�@�
&OLQLFDOO\�� WKH�XQGHUO\LQJ�SDWKRSK\VLRORJLFDO�PHFKDQLVP�WKDW�FDQ�UHVXOW� LQ�D�FOLQLFDO�GLVHDVH� LV�

PROHFXODU�FKDQJH�FDXVHG�E\�JHQHWLF�PXWDWLRQ��7KH�LPSDFW�RI�PROHFXODU�FKDQJHV�LV�LQWHUHVWLQJ��EXW�LW�KDV�
UHFHLYHG�OLWWOH�UHVHDUFK��7KH�FOLQLFDO�LPSDFW�RI�WKH�RPLFURQ�PXWDWLRQ�LV�XQNQRZQ��3DWKRJHQHVLV�PD\�
FKDQJH�DV�D�UHVXOW�RI�PROHFXODU�FKDQJHV��$�FKDQJH�LQ�WKH�LQWHUDFWLRQ�EHWZHHQ�UHFHSWRU�ELQGLQJ�GRPDLQ�
RI�6$56�&R9���ZLWK�WKH�$&(��LV�DQ�LQWHUHVWLQJ�LVVXH��7KH�DXWKRUV�FRQGXFWHG�WKLV�VWXG\�WR�VHH�KRZ�
PXWDWLRQV�DUH�DVVRFLDWHG�ZLWK�HOHFWURVWDWLF�LQWHUDFWLRQV�EHWZHHQ�WKH�UHFHSWRU�ELQGLQJ�GRPDLQ�RI�6$56�
&R9���DQG�WKH�$&(��UHFHSWRU�� ,Q�WKLV�UHSRUW�� WKUHH�LPSRUWDQW�&29,'����YDULDQWV��EHWD��GHOWD��DQG�
RPLFURQ��DUH�LQYHVWLJDWHG�

0$7(5,$/6�$1'�0(7+2'6
7KH� FXUUHQW� UHVHDUFK� LV� LQ� WKH� ILHOG�RI�PHGLFDO�PROHFXODU�ELRLQIRUPDWLFV�� ,W� LV�SDUW� RI� D� VHULHV� RI�
H[SHULPHQWV�DLPHG�DW�GHWHUPLQLQJ�WKH�HIIHFWV�RI�PROHFXODU�FKDQJHV�LQ�PXWDQWV�RI�6$56�&R9����7KH�JRDO�
RI�WKLV�UHVHDUFK�LV�WR�VHH�KRZ�HOHFWURVWDWLF�LQWHUDFWLRQV�EHWZHHQ�6$56�&R9���DQG�$&(��UHFHSWRU�FKDQJH�
DFFRUGLQJ�WR�WKH�HPHUJLQJ�YDULDQWV��)RU�WKH�LQYHVWLJDWLRQ�RI�FKDQJH�RI�HOHFWURVWDWLF�LQWHUDFWLRQV�EHWZHHQ�
UHFHSWRU�ELQGLQJ�GRPDLQ�RI�6$56�&R9���ZLWK�WKH�$&(��UHFHSWRU��WKH�DXWKRUV�DSSOLHG�D�FRQYHQWLRQDO�
LQIRUPDWLFV�WHFKQLTXH��DV�GHVFULEHG�LQ�D�UHFHQW�SXEOLFDWLRQ>��@�
9DULRXV�SURWHLQ�SURWHLQ�LQWHUDFWLRQV�DUH�NQRZQ�WR�EH�GRPLQDWHG�E\�HOHFWURVWDWLF�LQWHUDFWLRQV>��@��

$QDO\VLV�ZDV�SHUIRUPHG�DFFRUGLQJ�WR�WKH�SXEOLVKHG�SURWRFRO>��@��%ULHIO\��ZH�H[DPLQHG�WKH�LPSDFW�RI�
HOHFWURVWDWLF�LQWHUDFWLRQV�RQ�ELQGLQJ�HQHUJHWLFV��$W�WKH�PROHFXODU�OHYHO��ERWK�PROHFXODU�PHFKDQLFV�DQG�
0RQWH�&DUOR�VLPXODWLRQV�ZHUH�XVHG�WR�DVVHVV�WKH�LQWHUDFWLRQ�EHWZHHQ�WKH�UHFHSWRU�ELQGLQJ�GRPDLQ�RI�
VSLNH�YLUDO�SURWHLQ�DQG�$&(���7KH�SURWHLQ�VWUXFWXUH�ZDV�REWDLQHG�IURP�WKH�SURWHLQ�GDWD�EDQN�DQG�XVHG�
LQ�DOO�FRPSXWDWLRQV��3'%�,'���P�����7R�EHJLQ��WKH�FU\VWDO�VWUXFWXUH�ZDV�RSWLPL]HG�XVLQJ�WKH�S\WKRQ�
EDVHG�RSHQ�WHFKQLTXH>��@��7KHQ��XVLQJ�PXOWLFRQIRUPDWLRQ�FRQWLQXXP�HOHFWURVWDWLFV>��@��URWDPHUV�ZHUH�
FUHDWHG��ZLWK�HDFK�URWDWDEOH�ERQG�URWDWHG�E\����GHJUHHV�WR�VDPSOH�SUHFLVHO\�WKH�VLGHFKDLQ�FRQIRUPDWLRQV��
)LQDOO\�� WKH�3RLVVRQ�%ROW]PDQQ�HTXDWLRQ�ZDV�XWLOL]HG� WR�FDOFXODWH�HOHFWURVWDWLF� LQWHUDFWLRQV�XVLQJ�
RSWLPL]HG�SURWHLQ�VWUXFWXUHV�ZLWK� WKH�PRVW�RFFXSLHG�FRQIRUPHUV>��@��:KHQ�'(/3+,�ZDV�XVHG� WR�
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FDOFXODWH�SDLUZLVH�HOHFWURVWDWLF�LQWHUDFWLRQV�EHWZHHQ�FRQIRUPHUV��LW�LV�UHIHUUHG�WR�DV�'(/3+,>��@��7KH�
%ROW]PDQQ�GLVWULEXWLRQ�IRU�DOO�FRQIRUPHUV�ZDV�WKHQ�HVWLPDWHG�XVLQJ�0RQWH�&DUOR�VDPSOLQJ�IRU�WKH�:7�
DQG�DOWHUHG�VWUXFWXUHV�DW�S+���XVLQJ�PXOWLFRQIRUPDWLRQ�FRQWLQXXP�HOHFWURVWDWLFV��)RU�VLQJOH�DQG�GRXEOH�
PXWDQW�VWUXFWXUHV��DV�ZHOO�DV�WKH�ZLOG�W\SH��WKH�HOHFWURVWDWLF�DQG�YDQ�GHU�:DDOV�FRQWULEXWLRQV�WR�WKH�
LQWHUDFWLRQ�HQHUJLHV�RI�6$56�&R9���$&(��ZHUH�HVWLPDWHG>��@�
7KH�UHVHDUFK�W\SH�RI�6$56�&R9���LQFOXGHG�ERWK�ZLOG�W\SH�DQG�PXWDWLRQ�IUHH�6$56�&R9����,Q�VLOLFR�

PXWDWLRQ�DVVLJQPHQW�ZDV�E\�3\0RO��3\0RO��YHUVLRQ�������7KH�YDULDQWV�VWXGLHG�DUH������%HWD��.���1��
(���.��DQG�1���<�DVVLJQHG�PXWDWLRQV�������'HOWD��7���.��3���5��DQG�/���5�DVVLJQHG�PXWDWLRQV���DQG�
����2PLFURQ��.���1��(���.��DQG�1���<�DVVLJQHG�PXWDWLRQV���$��9��7��,��*���'��/���,��*���'��6���/��
6���3��6���)��.���1��1���.��*���6��6���1��7���.��(���$��4���5��*���6��4���5��1���<��<���+��
7���.��'���*��+���<��1���.��3���+��1���.��'���<��1���.��4���+��1���.��DQG�/���)�DVVLJQHG�
PXWDWLRQV��
7KH�RYHUDOO�HOHFWURVWDWLF�LQWHUDFWLRQV�YDOXH�IRU�ZLOG�W\SH�ZDV�GHULYHG�IURP�WKH�SUHYLRXVO\�PHQWLRQHG�

ELRLQIRUPDWLF�SURFHGXUH��7KH�DOUHDG\�GHVFULEHG�PROHFXODU�FKDQJHV�ZHUH�XVHG�IRU�VLPXODWLRQ�WR�JHW�WKH�
RYHUDOO�HOHFWURVWDWLF�LQWHUDFWLRQV�YDOXH�IRU�HDFK�VSHFLILF�YDULDQW��:H�WKHQ�FDOFXODWHG�WKH�HIIHFWV�RI�WKH�
DIRUHPHQWLRQHG�PXWDWLRQV�DQG�FRPSDUHG�RXU�ILQGLQJV�WR�WKRVH�RI�WKH�ZLOG�W\SH��QDWLYH��SURWHLQ��,Q�
EULHI��WKH�HIIHFW�RI�YDULDQW�RQ�HOHFWURVWDWLF�LQWHUDFWLRQV�ZDV�FDOFXODWHG�EDVHG�RQ�D�GLUHFW�FRPSDULVRQ�WR�WKH�
EDVHOLQH�HOHFWURVWDWLF�LQWHUDFWLRQV�YDOXH�LQ�ZLOG�W\SH��)RU�FDOFXODWLRQ��WKH�GHULYHG�RYHUDOO�HOHFWURVWDWLF�
LQWHUDFWLRQV�IRU�ZLOG�W\SH�DQG�HDFK�6$56�&R9���YDULDQW�ZHUH�XVHG�DV�EDVLF�SDUDPHWHUV��)RU�HDFK�W\SH��
WKH�FKDQJH�RI�HOHFWURVWDWLF�LQWHUDFWLRQV�FRPSDUHG�WR�ZLOG�W\SH�ZDV�FDOFXODWHG�E\�WKH�IRUPXOD�´FKDQJH�RI�
HOHFWURVWDWLF�LQWHUDFWLRQV�FRPSDULQJ�WR�ZLOG�W\SH� �����[��HOHFWURVWDWLF�LQWHUDFWLRQV�LQ�WKDW�W\SH��HOHFWUR�
VWDWLF�LQWHUDFWLRQV�RI�ZLOG�W\SH�µ�DQG�SUHVHQWHG�LQ�SHUFHQWDJH�

5(68/76
7KH�HOHFWURVWDWLF�LQWHUDFWLRQV�EHWZHHQ�WKH�UHFHSWRU�ELQGLQJ�GRPDLQ�RI�6$56�&R9���ZLWK�WKH�$&(��
UHFHSWRU�IRU�ZLOG�W\SH��EHWD�YDULDQW��GHOWD�YDULDQW��DQG�RPLFURQ�YDULDQW�6$56�&R9���DUH�SUHVHQWHG�LQ�
)LJXUH����7KH�YDOXHV�DUH�HTXDO�WR��������������������������DQG���������NFDO�PRO��UHVSHFWLYHO\�
7KHUH�ZHUH�GLIIHUHQFHV�LQ�HOHFWURVWDWLF�LQWHUDFWLRQV�EHWZHHQ�WKH�UHFHSWRU�ELQGLQJ�GRPDLQ�RI�6$56�

&R9���ZLWK� WKH�$&(��UHFHSWRU�DPRQJ�WKH�YDULDQWV�VWXGLHG��7KH�PRVW�FKDQJH�ZDV�GHWHFWHG� LQ� WKH�
RPLFURQ�YDULDQW��IROORZHG�E\�GHOWD�YDULDQW�DQG�EHWD�YDULDQW��7DEOH����

',6&866,21
,Q�FOLQLFDO�JHQHWLFV��D�JHQHWLF�FKDQJH�PD\�RFFXU��ZKLFK�PD\�UHVXOW�LQ�D�QHZ�FOLQLFDO�FRQGLWLRQ��7KH�
FOLQLFDO�SUREOHP�FDXVHG�E\�WKH�SDWKRJHQ
V�JHQHWLF�YDULDWLRQ�KDV�DOUHDG\�EHHQ�QRWLFHG�LQ�&29,'���>���@��
,Q�FOLQLFDO�YLURORJ\��D�PXWDWLRQ�LQ�WKH�6$56�&R9���YLUXV�FRXOG�RFFXU��DQG�WKH�QHZ�YDULHW\�FRXOG�EH�
FOLQLFDOO\�VLJQLILFDQW��6$56�&R9���YDULDWLRQV�KDYH�EHHQ�UHSRUWHG�LQ�D�QXPEHU�RI�SODFHV��7KH�FKDQJHV�
RFFXU�DW�WKH�UHFHSWRU�ELQGLQJ�UHJLRQ�RI�WKH�VSLNH�JO\FRSURWHLQ��ZKLFK�LV�FULWLFDO�IRU�ELQGLQJ�WR�WKH�$&(��
UHFHSWRU��7KH�LQWHUDFWLRQ�EHWZHHQ�UHFHSWRU�DQG�6$56�&R9���LV�D�VLJQLILFDQW�IDFWRU�RI�VLFNQHVV��DFFRUGLQJ�
WR�SDWKRSK\VLRORJ\�
%DVLFDOO\��VHYHUDO�DOWHUDWLRQV�KDYH�EHHQ�GLVFRYHUHG�LQ�WKH�RPLFURQ�YDULDQW
V�PROHFXODU�VWUXFWXUH��7KH�

PXWDWLRQV�FRXOG�OHDG�WR�D�VKLIW�LQ�PROHFXODU�SDWKRJHQHVLV��$�NH\�IHDWXUH��HOHFWURVWDWLF�LQWHUDFWLRQ�ZLWK�
UHFHSWRU��ZDV�HYDOXDWHG�LQ�WKLV�VWXG\��7KH�DELOLW\�RI�6$56�&R9���WR�ELQG�WR�D�UHFHSWRU�LV�D�FULWLFDO�IDFWRU�
LQ�LWV�WUDQVPLVVLRQ��7KHUH�LV�QR�GRXEW�WKDW�WKH�QHZ�YDULDQW�VSUHDGV�TXLFNO\>�@��ZKLFK�FDQ�EH�H[SODLQHG�E\�
WKH�FKDQJH�LQ�HOHFWURVWDWLF�LQWHUDFWLRQV�EHWZHHQ�UHFHSWRU�DQG�6$56�&R9���
$V�D�UHVXOW��PHDVXULQJ�FKDQJHV�LQ�YLUXV�UHFHSWRU�HOHFWURVWDWLF�LQWHUDFWLRQV�FDQ�KHOS�UHVHDUFKHUV�EHWWHU�

XQGHUVWDQG�GLVHDVH�SDWKRJHQHVLV��$FFRUGLQJ�WR�WKLV�VWXG\��WKHUH�KDV�EHHQ�D�VLJQLILFDQW�FKDQJH�LQ�HOHFWUR�
VWDWLF�LQWHUDFWLRQV��7KH�FKDQJH�RI�HOHFWURVWDWLF�LQWHUDFWLRQ�KDV�EHHQ�ZHOO�GHVFULEHG�LQ�WKH�GHOWD�YDULDQW
>��@��DQG�D�FKDQJH�ZDV�DOVR�REVHUYHG�LQ�WKH�RPLFURQ�YDULDQW��,Q�GHOWD�YDULDQW��D�UHSODFHPHQW�GXH�WR�
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PROHFXODU�ELQGLQJ��PROHFXODU�PDVV�FKDQJH��DQG�LPPXQRORJLFDO�HSLWRSH�FKDQJH�ZLOO�DGG�WR�RXU�XQGHU�
VWDQGLQJ�RI�WKH�YLURORJLFDO�SURSHUWLHV�RI�WKH�YDULDQW�
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(DFK�VWXGLHG�YDULDQW�DIIHFWV�WKH�HOHFWURVWDWLF�LQWHUDFWLRQV�EHWZHHQ�WKH�6$56�&R9���UHFHSWRU�ELQGLQJ�
GRPDLQ�DQG�WKH�$&(��UHFHSWRU��DFFRUGLQJ�WR�WKLV�VWXG\��7KH�RPLFURQ�IRUP�GHPRQVWUDWHG�WKH�JUHDWHVW�
FKDQJH��IROORZHG�E\�WKH�GHOWD�DQG�EHWD�YDULDQWV��7KHVH�UHVXOWV�FRXOG�VXSSRUW�WKH�FOLQLFDO�ILQGLQJ�WKDW�WKH�
RPLFURQ�YDULDQW�LV�PRUH�FRQWDJLRXV�WKDQ�WKH�ZLOG�W\SH�DQG�RWKHU�6$56�&R9���YDULDQWV�
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PRVW�FKDQJH��7KLV�FRXOG�VXSSRUW�WKH�FOLQLFDO�ILQGLQJ�WKDW�WKH�RPLFURQ�YDULDQW�LV�PRUH�FRQWDJLRXV�WKDQ�
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WKH�ZLOG�W\SH�DQG�RWKHU�6$56�&R9���YDULDQWV�
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