
+2:�08&+�:,//�$�5(�%$6('�35(352&(6625�+(/3�$�
67$7,67,&$/�3$56(5"�

'DQLHO�=HPDQ�
&HQWUXP�NRPSXWDþQt�OLQJYLVWLN\�

8QLYHU]LWD�.DUORYD�
0DORVWUDQVNp�QiP�VWt�����&=��������3UDKD��&]HFKLD�

]HPDQ#XIDO�PV�PII�FXQL�F]�
$EVWUDFW�

7KH�SUHVHQW�SDSHU�GHVFULEHV�H[SHULPHQWV�RQ�FRPELQLQJ�D�VWDWLVWLFDO�SDUVHU�ZLWK�D�SUHSURFHVVRU�EXLOW�RI� UHJXODU�H[SUHV�
VLRQV��:KLOH�WKH�V\QWDFWLF�VWUXFWXUH�RI�D�VHQWHQFH�PD\�EH�YHU\�FRPSOH[�DQG�ZLOO�QHYHU�EH�IXOO\�FRYHUHG�E\�VXFK�VLPSOH�
PDFKLQH��WKHUH�DUH�SKHQRPHQD�VXFK�DV�QRXQ�SKUDVHV�DQG�VLPSOH�FRRUGLQDWLRQV�WKDW�GR�TXLWH�ZHOO��(YHQ�WKHVH�³FKXQNV´�
PD\�WKHRUHWLFDOO\�EH�XQOLPLWHGO\�FRPSOH[�EXW�ZH�VKRZ�WKDW�LQ�UHDOLW\�WKH\�UDUHO\�GR��6R�D�VKDOORZ�SDUVHU�EDVHG�RQ�UHJXODU�
H[SUHVVLRQV�FDQ�EH�EXLOW�WR�SUHSURFHVV�WKH�LQSXW�WH[W�DQG�VROYH�WKH�VLPSOH�FKXQNV�ZLWKRXW�LQWURGXFLQJ�WRR�PDQ\�HUURUV��
:H�GLVFXVV�RQH�LPSOHPHQWDWLRQ�RI�VXFK�SUHSURFHVVRU�WKDW�LV�YHU\�HDV\�WR�ZULWH�DQG�FRYHUV�URXJKO\�����RI�LQSXW�ZRUGV�
ZLWK�DQ�DFFXUDF\�RI�RYHU������7KHQ�ZH�GHVFULEH�WZR�ZD\V�RI�FRPELQLQJ�WKH�SUHSURFHVVRU�ZLWK�D�SDUVHU�DQG�VKRZ�WKDW�WKH�
SHUIRUPDQFH�RI�WKH�SDUVHU�LPSURYHV�ERWK�LQ�VSHHG�DQG�DFFXUDF\��

��� ,QWURGXFWLRQ�
7KH�JRDO�RI�WKH�ZRUN�UHSRUWHG�RQ�LQ�WKLV�SDSHU�ZDV�WR�LPSURYH�SHUIRUPDQFH�RI�D�VWDWLVWLFDO�SDUVHU��7KH�LGHD�
ZDV�WKDW�WKHUH�ZHUH�YHU\�VLPSOH�SKHQRPHQD�LQ�WKH�ODQJXDJH�WKDW�FRXOG�EH�FDSWXUHG�E\�D�VLPSOH�WRRO�²�ZKHUH�
WKH�VHFRQG�³VLPSOH´�FRQFHUQV�SURJUDPPLQJ�HIIRUW�DV�ZHOO�DV�FRPSXWDWLRQDO�FRPSOH[LW\��&RPELQLQJ�VXFK�D�
WRRO�ZLWK� WKH�SDUVHU�ZRXOG� HYHQWXDOO\� VSHHG�XS�WKH�SDUVLQJ�SURFHVV��0RUHRYHU�� WKH�KRSH�ZDV� WKDW� LW�ZRXOG�
LQFUHDVH�WKH�SDUVLQJ�SUHFLVLRQ�DV�ZHOO�EHFDXVH�WKH�SUHFLVLRQ�RI�WKH�SUHSURFHVVRU�ZDV�SUHWW\�KLJK��7KH�TXHVWLRQ�
ZDV�KRZ�PXFK�WKH�SUHSURFHVVRU�ZRXOG�LQFUHDVH�WKH�RYHUDOO�SUHFLVLRQ��GXH�WR�LWV�ORZ�UHFDOO�LW�ZDV�H[SHFWDEOH�
WKDW�PRVW�RI�VWUXFWXUHV�LW�ZRXOG�UHFRJQL]H�ZRXOG�DOVR�EH�IRXQG�E\�WKH�SDUVHU��

7KHUH�LV�D�ERG\�RI�UHODWHG�ZRUN�RQ�FKXQNLQJ�EXW�GXH�WR�WKH�OLPLWHG�VSDFH�LW�FDQQRW�EH�WKRURXJKO\�GLVFXVVHG�
KHUH��6R�ZH�RQO\�PHQWLRQ�1HQDGLü���������������VHHPLQJ�WR�XV�WR�EH�PRVW�FORVH�WR�RXU�DSSURDFK��VHH�ODWHU���

7KH�SDUVHU�ZRUNV�LQ�D�GHSHQGHQF\�IUDPHZRUN��,WV�WDVN�LV��IRU�HDFK�LQSXW�ZRUG�WR�ILQG�DQRWKHU�ZRUG�IURP�
WKH�VDPH�VHQWHQFH�WKDW�LV�LWV�JRYHUQRU��7KXV�WKH�GHSHQGHQF\�WUHHV�SURGXFHG�E\�WKH�SDUVHU�FRQWDLQ�QR�QRQWHU�
PLQDOV��UDWKHU�� HYHU\�QRGH� H[FHSW�RI� WKH�URRW� FRUUHVSRQGV� WR� D�ZRUG�RI� WKH� VHQWHQFH��7KHUH� LV�QR�JUDPPDU�
�FRQWH[W�IUHH�RU�RWKHU��JHQHUDWLQJ�GLUHFWO\�WKH�GHSHQGHQF\�WUHHV��:KLOH�SDUVHUV�HPSOR\LQJ�SUREDELOLVWLF�FRQ�
WH[W�IUHH�JUDPPDUV�FDQ�EH�XVHG�RQO\�LQGLUHFWO\�LQ�WKLV�IUDPHZRUN��VHH�&ROOLQV�HW�DO���������IRU�DQ�H[DPSOH���
WKHUH�LV�D�PRUH�VWUDLJKWIRUZDUG�ZD\�VLPLODU�WR�Q�JUDP�ODQJXDJH�PRGHOLQJ��,W�GLIIHUV�IURP�WKH�Q�JUDPV�LQ�WKDW�
LW�FROOHFWV�VWDWLVWLFV�DERXW�SDLUV�RI�GHSHQGHQW�QRGHV�UDWKHU�WKDQ�Q�WXSOHV�RI�QHLJKERULQJ�ZRUGV��7KH�SDUVHG�ODQ�
JXDJH�PDWHULDO�LV�&]HFK��RXU�GDWD�FRPH�IURP�WKH�3UDJXH�'HSHQGHQF\�7UHHEDQN��3'7��VHH�%|KPRYi�HW�DO����

7KH�SUHSURFHVVRU� LV� LPSOHPHQWHG� IXOO\� DV� D� VHW� RI� UHJXODU�H[SUHVVLRQV� LQ�3HUO���:KLOH� WKH�SDUVHU� FDQ�EH�
WUDLQHG�RQ�DQ\� ODQJXDJH� �DV� ORQJ�DV� WKHUH� LV�D�GHSHQGHQF\� WUHHEDQN��� WKH�SUHSURFHVVRU�EHQHILWV� IURP�VRPH�
SURSHUWLHV�RI�&]HFK��EXW�LW�FDQ�EH�DSSOLHG�WR�RWKHU�VLPLODU�±�H�J��6ODYLF�±�ODQJXDJHV���,W�H[SORLWV�WKH�IDFW�WKDW�
WKH�JRYHUQLQJ�DQG�WKH�GHSHQGHQW�QRGH�RIWHQ�QHLJKERU�LQ�WKH�VHQWHQFH�DQG�DJUHH�LQ�JHQGHU��QXPEHU��FDVH�HWF��
7KLV�SURSHUW\�VLPSOLILHV�UHFRJQL]LQJ�RI�EDVH�QRXQ�SKUDVHV�DQG�RWKHU�SDWWHUQV��

��� 7KH�3UHSURFHVVRU�
:H�XVHG�UHJXODU�H[SUHVVLRQV�WR�PRGHO�WKH�ORFDO�V\QWD[�RI�FRRUGLQDWLRQV��VLPSOH�QRXQ�SKUDVHV�DQG�RWKHU�VLP�
SOH�VPDOO�FKXQNV�RI�VHQWHQFHV��7KH�PHWKRG�LV�FORVHO\�UHODWHG�WR�ORFDO�JUDPPDUV�WKDW�KDYH�EHHQ�DSSOLHG�WR�D�
VLPLODU�WDVN�IRU�D�VLPLODU�ODQJXDJH��6HUER�&URDWLDQ��VHH�1HQDGLü�DQG�9LWDV�������1HQDGLü��������
��������������������������������������������������������
��1HYHUWKHOHVV��WKH�UHJXODU�H[SUHVVLRQV�DUH�DSSOLHG�LQ�D�ZD\�WKDW�WKH�UHVXOWLQJ�PDFKLQH�PD\�EH�FRQWH[W�IUHH�UDWKHU�WKDQ�
ILQLWH�VWDWH��



�

7KH�SUHSURFHVVRU�LV�ZULWWHQ�LQ�3HUO��VHH�:DOO�HW�DO����������7KHUH�LV�D�SURFHGXUH�WKDW�VFDQV�WKH�FRUSXV�DQG�
UHSHDWHGO\�DSSOLHV�D�VHW�RI�UHJXODU�H[SUHVVLRQV��5(¶V��WR�HDFK�VHQWHQFH��7KH�5(¶V�FDQ�EH�HDVLO\�PRGLILHG�DQG�
QHZ�5(¶V�FDQ�EH�DGGHG��(YHU\�5(�GHVFULEHV�D�ORFDO�FRQILJXUDWLRQ�WKDW�VLJQDOL]HV�D�GHSHQGHQF\�EHWZHHQ�WZR�
FKXQNV�RI�WKH�LQSXW��$�FKXQN�LV�D�ZRUG�RU�D�VHTXHQFH�RI�FKXQNV�WKDW�KDV�EHHQ�UHFRJQL]HG�E\�D�SUHYLRXV�DSSOL�
FDWLRQ�RI�DQ�5(��DQG�UHSODFHG�E\�D�UHSUHVHQWDWLYH�ZRUG���

)RU�LQVWDQFH��D�FRRUGLQDWLRQ�RI�DGMHFWLYHV�LV�GHILQHG�E\�WKH�IROORZLQJ�WKUHH�VXE�H[SUHVVLRQV��
��W!$��>A;@��>A;@��??G���
��O!�D_L_QHER_DQL����
��W!$�??�??�??���
7KH�3HUO�SURFHGXUH� FRPELQHV� WKHVH� VXE� H[SUHVVLRQV� LQWR�RQH�5(��7KH�UHVXOWLQJ�5(� ILQGV�D� VHTXHQFH�RI�

ZRUGV�VXFK�WKDW�WKH�GHVFULSWLRQ�RI�WKH�ILUVW�ZRUG�FRQWDLQV�D�PDWFK�RI�WKH�ILUVW�VXE�5(��WKH�VHFRQG�ZRUG�GH�
VFULSWLRQ�PDWFKHV�WKH�VHFRQG�VXE�5(�DQG�VR�RQ��6R�LQ�WKLV�FDVH�ZH�DUH�ORRNLQJ�IRU�D�VHTXHQFH�RI�WKUHH�ZRUGV�
ZKHUH� WKH� ILUVW� RQH�KDV� D�PRUSKRORJLFDO� WDJ�EHJLQQLQJ�ZLWK�$� �DGMHFWLYH���KDYLQJ�DQ\� FKDUDFWHU�DW� VHFRQG�
SRVLWLRQ��VXE�SDUW�RI�VSHHFK���KDYLQJ�NQRZQ�JHQGHU�DQG�QXPEHU��XQNQRZQ�LV�HQFRGHG�DV�;��ZKLFK�LV�SURKLE�
LWHG�E\�WKH�5(���DQG�KDYLQJ�NQRZQ�FDVH�HQFRGHG�DV�D�GLJLW��7KH�VHFRQG�ZRUG�PXVW�KDYH�WKH�OHPPD�D��³DQG´���
L��³DV�ZHOO�DV´���QHER��³RU´��RU�DQL��³QRU´���7KH�WKLUG�ZRUG�PXVW�DJDLQ�EH�DQ�DGMHFWLYH��WKH�WDJ�EHJLQQLQJ�ZLWK�
$��DQG�PXVW�DJUHH�ZLWK�WKH�ILUVW�RQH�LQ�JHQGHU��QXPEHU�DQG�FDVH��7KH�DJUHHPHQW�LV�HQIRUFHG�E\�WKH�VXE�5(¶V�
?��� ?���DQG� ?���7KH\�UHIHU� WR� WKH�ILUVW��WKH�VHFRQG�DQG�WKH� WKLUG�SDUHQWKHVL]HG�VXE�5(¶V��UHVSHFWLYHO\�� ,Q�RXU�
FDVH�DOO�UHIHUUHG�SDUHQWKHVHV�RFFXUUHG�LQ�WKH�ILUVW�ZRUG¶V�WDJ��PDUNLQJ�LWV�JHQGHU��QXPEHU�DQG�FDVH��

7KH�H[DPSOH�5(�ZRXOG�WKXV�PDWFK�IRU� LQVWDQFH�WKH�FRRUGLQDWLRQ�S�tPêP�L�QHS�tPêP� �³GLUHFW�DV�ZHOO�DV�
LQGLUHFW´��LQVWUXPHQWDO�FDVH��WKDW�KDV�WKH�IROORZLQJ��VLPSOLILHG��UHSUHVHQWDWLRQ�LQ�3'7��
�I!S�tPêP�O!S�tPê�W!$$06����$�������
�I!L�O!L�W!-A��������������
�I!QHS�tPêP�O!S�tPê�W!$$06����1�������
2Q�WKH�RWKHU�KDQG��WKH�5(�ZRXOG�QRW�PDWFK�WKH�VHTXHQFH�åOXWpKR�D�þHUQRX��³\HOORZ���0DVF��DQG�EODFN���

)HP�´��EHFDXVH�WKH�DGMHFWLYHV�GR�QRW�DJUHH�LQ�JHQGHU��
�I!åOXWpKR�O!åOXWê�W!$$06����$�������
�I!D�O!D�W!-A��������������
�I!þHUQRX�O!þHUQê�W!$$)6����$�������
7ZR�VSHFLDO�SDUDPHWHUV�DUH�SDVVHG�WR�WKH�SURFHGXUH��7KH\�DUH�LQWHUSUHWHG�DV�UHODWLYH�LQGLFHV�RI�WKH�SKUDVH�

KHDG�DQG�RI�WKH�SKUDVH�UHSUHVHQWDWLYH����DQG���LQ�RXU�FDVH��WKH�ILUVW�ZRUG�KDV�WKH�LQGH[�RI�]HUR���
(DFK�5(�LV�DSSOLHG�UHSHDWHGO\� WR�HDFK�VHQWHQFH�XQWLO�DOO�PDWFKHV�DUH�IRXQG��7KLV�FDQ�DOVR�DFFRPPRGDWH�

VRPH�UHFXUVLYH�FRQVWUXFWLRQV��6XSSRVH�ZH�KDYH�DQ�5(�IRU�DGMHFWLYH�QRXQ�13¶V��$QG�VXSSRVH�WKHUH�LV�D�QRXQ�
SUHFHGHG�E\�WZR�DGMHFWLYHV�WKDW�ERWK�PRGLI\�LW��H�J��YHONê�]HOHQê�VWURP��³ELJ�JUHHQ�WUHH´���)LUVW�WKH�VHTXHQFH�
]HOHQê� VWURP� LV� UHFRJQL]HG� DQG� UHSODFHG� E\� WKH� UHSUHVHQWDWLYH� QRXQ� VWURP��7KLV�ZD\� WKH�ZRUGV�YHONê� DQG�
VWURP�EHFRPH�QHLJKERUV�DQG�WKH�VHTXHQFH�]HOHQê�VWURP�FDQ�EH�UHFRJQL]HG�LQ�WKH�QH[W�UXQ��

7R�NHHS�WKH�SURFHVV�VLPSOH��WKH�RUGHU�LQ�ZKLFK�GLIIHUHQW�5(¶V�DUH�DSSOLHG�LV�IL[HG��1HYHUWKHOHVV�VRPH�5(¶V�
FDQ�EH� WULHG�DW� VHYHUDO�SRLQWV� WR� VHH�ZKHWKHU� WKH�UHSODFHPHQWV� FUHDWHG�QHZ�PDWHULDO� IRU� WKHP��7R�LOOXVWUDWH�
WKLV��OHW¶V�KDYH�WZR�5(¶V�FDOOHG�$1��DGMHFWLYH�QRXQ�13���DQG�1D1��FRRUGLQDWLRQ�RI�QRXQV���DQG�OHW¶V�DSSO\�
WKHP�LQ�WKH�RUGHU�1D1�$1�1D1��7KHQ�LI�WKH�LQSXW�FRQWDLQV�WKH�VHTXHQFH�þHãWt�VSRUWRYFL�D�VORYHQãWt�VSRUWRYFL�
D�XP�OFL��³&]HFK�VSRUWVPHQ�DQG�6ORYDN�VSRUWVPHQ�DQG�DUWLVWV´���WKH�ILUVW�1D1�UHGXFHV�LW�WR�þHãWt�VSRUWRYFL�D�
VORYHQãWt� XP�OFL�� WKLV� VHTXHQFH� LV� IXUWKHU� UHGXFHG� E\� WKH� $1� WR� VSRUWRYFL� D� XP�OFL�� ZKLFK� LV� ILQDOO\�
UHFRJQL]HG�E\� WKH�VHFRQG�1D1��7KLV�H[DPSOH�VKRZV�WKDW�WKH�FRYHUHG�FRQVWUXFWLRQV�FDQ�EH�ULFKHU�WKDQ�RQH�
PLJKW� WKLQN��2Q�WKH�RWKHU�KDQG�LW� DOVR�UHYHDOV� WKH�PDLQ�ZHDNQHVV�RI� WKH� DSSURDFK�� LQ�RWKHU� FRQILJXUDWLRQV�
VXFK�DV�þHãWt�KUiþL�L�1�PFL��³&]HFK�SOD\HUV�DV�ZHOO�DV�WKH�*HUPDQV´���WKH�5(�VHTXHQFH�$1�1D1�ZRXOG�EH�
DSSURSULDWH��6R�WKH�PHWKRG�FDQ�EH�UHODWLYHO\�VXFFHVVIXO�RQO\�LI�WKHUH�H[LVWV�DQ�RUGHULQJ�RI�5(¶V�WKDW�PDWFKHV�
WKH�GDWD�LQ�PXFK�PRUH�FDVHV�WKDQ�DQ\�RWKHU�RUGHULQJ��

7KH�SURJUDPPLQJ�VLPSOLFLW\�DQG�HIILFLHQF\�LV�D�VLJQLILFDQW�LVVXH��7KH�GULYLQJ�SURFHGXUH�ZDV�ILQLVKHG�LQ�D�
IHZ� GD\V�� D� UHJXODU� H[SUHVVLRQ� FDQ� EH� IRUPXODWHG� DQG� DGGHG� LQ� D�PLQXWH� RU� WZR� DQG� WKH� 3HUO� LQWHUSUHWHU�
DSSOLHV�LW�WR�D�FRUSXV�RI�������VHQWHQFHV�RIWHQ�LQ�OHVV�WKHQ�RQH�PLQXWH���2Q�WKH�RWKHU�KDQG�LW�LV�REYLRXV�WKDW�
RQH� FDQ� QHYHU� FRYHU� WKH� ODQJXDJH� WKLV� ZD\�� SDUWO\� EHFDXVH� D� KXPDQ� FDQQRW� WKLQN� RI� DOO� SRVVLEOH�
FRQILJXUDWLRQV�RI� WKH�GDWD�� DQG�SDUWO\�EHFDXVH�DGGLQJ�PRUH� FRPSOH[�SDWWHUQV�ZRXOG�PDNH� WKH� H[SUHVVLRQV�
XQLQWHOOLJLEOH�DQG�XQPDLQWDLQDEOH��7KDW¶V�ZK\�WKH�SUHSURFHVVRU�FDQ�RQO\�KHOS�WKH�SDUVHU��QRW�UHSODFH�LW��

��������������������������������������������������������
��2Q�D�����0+]�3&�UXQQLQJ�/LQX[��
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��� &RPELQLQJ�WKH�5HJXODU�([SUHVVLRQV�ZLWK�WKH�3DUVHU�
7KHUH�DUH�WZR�RU�WKUHH�ZD\V�KRZ�WR�FRPELQH�WKH�WZR�SDUVLQJ�WRROV��7KH�ILUVW�RQH�DVVXPHV�WKDW�WKH�SUHSURFHV�
VRU�ZRXOG�UHSODFH�HDFK�UHFRJQL]HG�SKUDVH�E\�D�UHSUHVHQWDWLYH�ZRUG��W\SLFDOO\�E\�LWV�KHDG�EXW�FRRUGLQDWLRQV�±�
ZKRVH� KHDG� LV� D� FRQMXQFWLRQ�±� VKRXOG� EH� UHSUHVHQWHG� E\� RQH� RI� WKHLU�PHPEHUV�� FRQYHUWHG� WR� SOXUDO��� 7KH�
SDUVHU� WKHQ�ZRXOG� VHH� WKH�SUHSURFHVVHG�SKUDVHV�QHLWKHU�GXULQJ� WKH� WUDLQLQJ�SKDVH��QRU�GXULQJ� WHVWLQJ��6XFK�
SKUDVHV�EHFRPH�DWRPLF�LWHPV�IRU�WKH�SDUVHU��

7KHUH�LV�D�SRVVLEOH�GUDZEDFN�RI�WKLV�PHWKRG��,I�WKH�SUHSURFHVVRU�IDLOV�WR�ILQG�DOO�PHPEHUV�RI�D�SKUDVH��WKH�
HUURU� FDQ�EH� FRUUHFWHG�E\� WKH�SDUVHU�RQO\� LI� WKH� IRUJRWWHQ�PHPEHU�GHSHQGV�RQ�WKH�KHDG�RI� WKH�SKUDVH�� ,I� LW�
RXJKW�WR�EH�QHVWHG�PRUH�GHHSO\�LQ�WKH�SKUDVH��LWV�UHDO�JRYHUQRU�LV�QRZ�LQYLVLEOH�EHFDXVH�WKH�SKUDVH�LV�DWRPLF��
7KLV� OHDGV� WR� WKH�VHFRQG�DSSURDFK�ZKHUH� WKH�SKUDVH�ZRXOG�HYHQ�IRU� WKH�SDUVHU�EH�D�VWUXFWXUH�UDWKHU�WKDQ�D�
PRQROLWK��7KH�SDUVHU�ZRXOG�JHW�VRPH�GHSHQGHQFLHV�IRU�IUHH�EXW�ZRXOG�EH�DOORZHG�WR�DGG�QHZ�GHSHQGHQFLHV�DW�
DQ\�SODFH� LQ�WKH�VWUXFWXUH��7KH�WKLUG�DSSURDFK�LV�D�VSHFLDO�FDVH�RI� WKH�VHFRQG�RQH��,W�DSSOLHV� WKH�ILQLWH�VWDWH�
WRRO� DV� D� SRVWSURFHVVRU� WR� WKH� VWDWLVWLFDO� SDUVHU� RXWSXW�� RYHUULGLQJ� DOO� SDUVHU� GHFLVLRQV� FRQFHUQLQJ� WKH�
UHFRJQL]HG�FKXQNV��

:H� UHIHU� WR� WKH� WKUHH� PHWKRGV� ODWHU� LQ� WKLV� SDSHU� DV� WR� WUDQVSDUHQW� SUHSURFHVVLQJ�� QRQ�WUDQVSDUHQW�
SUHSURFHVVLQJ��DQG�SRVWSURFHVVLQJ�UHVSHFWLYHO\��

��� 5HVXOWV�
:H�UDQ� VHYHUDO� H[SHULPHQWV� WR� HYDOXDWH� WKH� ILQLWH� VWDWH� WRRO� DQG�LWV� FRQWULEXWLRQ�WR� WKH�SHUIRUPDQFH�RI� WKH�
SDUVHU�� )RU� HDFK� UHJXODU� H[SUHVVLRQ�� ZH� ILJXUHG� RXW� LWV� SUHFLVLRQ� �PHDVXUHG� DV� WKH� QXPEHU� RI� FRUUHFWO\�
SURSRVHG�GHSHQGHQFLHV�GLYLGHG�E\�WKH�WRWDO�QXPEHU�RI�SURSRVHG�GHSHQGHQFLHV���7KH�WHVW�ZDV�GRQH�RQ�������
VHQWHQFHV� RI� WKH� 3UDJXH� 'HSHQGHQF\� 7UHHEDQN� �%|KPRYi� HW� DO���� WKLV� SRUWLRQ� FRQWDLQV� ������� ZRUGV�
�WRNHQV���7KH� IROORZLQJ� WDEOH� VKRZV� SUHFLVLRQ� RI� VHYHQ� GLIIHUHQW� UHJXODU� H[SUHVVLRQV�ZH� WHVWHG� �GHWDLOV� RQ�
WKHVH�5(¶V�FDQ�EH�IRXQG�LQ�=HPDQ����������

�
([SUHVVLRQ� $D$� 1D1� $1� '$� 1J1J� 11J� 51�
3UHFLVLRQ� ����� ����� ����� ����� ����� �����

�
:H�WHVWHG�DOO�GHVFULEHG�5(¶V�LQ�WKH�IROORZLQJ�RUGHU��QRWH�WKDW�1D1�ZDV�DSSOLHG�WZLFH���
'$�$D$�$1�1D1�1J1J�11J�1D1�51�
$OVR�WKLV�FRPELQHG�5(�WRRO�ZDV�WHVWHG�RQ�WKH�VDPH�FRUSXV��,W�SURSRVHG�������FRUUHFW�GHSHQGHQFLHV�DQG�

����� IDOVH� RQHV� ZKLOH� OHDYLQJ� ������� WRNHQV� XQUHVROYHG�� 6R� WKH� UHFDOO� LV� �������� ZKLFK�PHDQV� WKDW� WKH�
SUHSURFHVVRU�LV�DEOH�WR��FRUUHFWO\��KHOS�LQ�RQH�ILIWK�RI�FDVHV��7KH�SUHFLVLRQ�RI�WKH�SUHSURFHVVRU�LV���������RQO\�
������RI�DOO�GHSHQGHQFLHV�DUH�HUURUV�WKDW�WKH�SDUVHU�FDQQRW�UHSDLU��

7KH� DERYH� UHVXOWV� DUH� IRU� GDWD� ZKHUH� PRUSKRORJLFDO� WDJV� ZHUH� DVVLJQHG�PDQXDOO\�� 6XFK� HYDOXDWLRQ� LV�
LPSRUWDQW�EHFDXVH�LW�VKRZV�WKH�SRZHU�RI�WKH�5(¶V�ZLWKRXW�ELDVLQJ�LW�E\�HUURUV�RI�RWKHU�FRPSRQHQWV��+RZHYHU��
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