
63((&+�(1+$1&(0(17�86,1*�7+(�63$56(�&2'(�6+5,1.$*(�
7(&+1,48(�

�
,��3RWDPLWLV��1��)DNRWDNLV��*��.RNNLQDNLV�

:LUH�&RPPXQLFDWLRQV�/DERUDWRU\��(OHFWULFDO�DQG�&RPSXWHU�(QJLQHHULQJ�'HSW���
8QLYHUVLW\�RI�3DWUDV���������5LRQ��3DWUDV��*UHHFH��7HO����������������)D[���������������

�H�PDLO��SRWDPLWLV#ZFO�HH�XSDWUDV�JU�
�

$%675$&7�

2XU�ZRUN�LQWURGXFHV�WKH�VSDUVH�FRGH�VKULQNDJH��6&6��WHFKQLTXH�
DV� D� VSHHFK� HQKDQFHPHQW� DOJRULWKP� WKDW� DLPV�DW� LPSURYLQJ� WKH�
TXDOLW\� RI� VSHHFK� SHUFHSWLRQ�� 6&6� LV� D� IDLUO\� QHZ� VWDWLVWLFDO�
WHFKQLTXH� RULJLQDOO\� SUHVHQWHG� WR� WKH� DSSOLHG�PDWKHPDWLFV� DQG�
LPDJH�GHQRLVLQJ�FRPPXQLW\��EXW��WR�RXU�NQRZOHGJH��LWV�SRWHQWLDO�
IRU� VSHHFK� HQKDQFHPHQW� KDV� QRW� \HW� EHHQ� H[SORLWHG�� ,WV�
DSSOLFDWLRQ� RQ� VSHHFK� GHQRLVLQJ� JLYHV� ULVH� WR� D� FRQFHSWXDO�
IUDPHZRUN� ZKLFK� LV� TXLWH� GLIIHUHQW� IURP� WKH� WHFKQLTXHV�
GRPLQDWLQJ� VSHHFK� HQKDQFHPHQW� GRPDLQ�� 6&6� RULJLQDWHV� LQ�
DSSO\LQJ� ,QGHSHQGHQW� &RPSRQHQW� $QDO\VLV� �,&$�� WR� D� ODUJH�
HQVHPEOH� RI� FOHDQ� VSHHFK� IUDPHV�� UHYHDOLQJ� WKHLU� XQGHUO\LQJ�
EDVLV� RI� VWDWLVWLFDOO\� LQGHSHQGHQW� IXQFWLRQV�� 3URMHFWLQJ� WKH�
IUDPHV�FRPSRVLQJ�D�QRLV\�VSHHFK�VLJQDO�RQ�WKLV�EDVLV��IDFLOLWDWHV�
WKH� DSSOLFDWLRQ� RI� %D\HVLDQ� GHQRLVLQJ� WR� HDFK� RI� WKH� UHVXOWLQJ�
LQGHSHQGHQW� FRPSRQHQWV� LQGLYLGXDOO\�� 7KH� PD[LPXP� D�
SRVWHULRUL��0$3��IRUPXODWLRQ�OHDGV�WR�D�VRIW�WKUHVKROG�IXQFWLRQ�
RSWLPDOO\� DGDSWHG� WR� WKH� VWDWLVWLFV� RI� HDFK� LQGHSHQGHQW�
FRPSRQHQW� ZKLFK� HIIHFWLYHO\� UHGXFHV� ZKLWH� DQG� FRORXUHG�
*DXVVLDQ� QRLVH�� 6XEVHTXHQWO\�� DQ� LQYHUVH� WUDQVIRUPDWLRQ� IURP�
WKH� ,&$�WUDQVIRUPHG� GRPDLQ� EDFN� WR� WKH� WLPH� GRPDLQ�
UHFRQVWUXFWV�WKH�HQKDQFHG�VLJQDO���
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7KH� SULPDU\� REMHFWLYH� RI� QRLVH� FRPSHQVDWLRQ� PHWKRGV� DV�
DSSOLHG� LQ� WKH� FRQWH[W� RI� VSHHFK� SURFHVVLQJ� LV� WR� UHGXFH� WKH�
HIIHFW� RI� DQ\� VLJQDO� ZKLFK� LV� DOLHQ� WR� DQG� GLVUXSWLYH� RI� WKH�
PHVVDJH�FRQYH\HG�DPRQJ�SDUWLFLSDQWV�LQ�D�FRPPXQLFDWLYH�HYHQW�
�ZKHWKHU� KXPDQV� RU� $65� PDFKLQHV��� 'HSHQGLQJ� RQ� WKH�
DSSOLFDWLRQ��VSHHFK�HQKDQFHPHQW�PHWKRGV�DLP�DW�VSHHFK�TXDOLW\�
LPSURYHPHQW� DQG�RU� VSHHFK� RU� VSHDNHU� UHFRJQLWLRQ�� 7KH� NH\�
GLIIHUHQFH�LV� WKDW� LQ� WKH�ODWWHU�FDVH�� WKH�FRPSOH[LW\�RI�WKH�HIIRUW�
XQGHUWDNHQ� E\� WKH� UHFRJQL]HU� LV� UHOD[HG� E\� D� SUH�SURFHVVLQJ�
WUDQVIRUPDWLRQ� IURP� WKH� WLPH� GRPDLQ� WR� D� GRPDLQ� ZLWK� PRUH�
GHVLUDEOH� SURSHUWLHV� DV� UHJDUGV� WKH� UHFRJQLWLRQ� SURFHVV�� :KHQ�
VSHHFK�TXDOLW\�DQG� LQWHOOLJLELOLW\� LV� WKH� LVVXH�� LW� LV�HVVHQWLDO� WKDW�
ZH�UHVSHFW� WKH�VSHFLILF� LGLRV\QFUDVLHV�RI�KXPDQ�VSHHFK�KHDULQJ�
DQG�� WKHUHIRUH�� UHFRQVWUXFW� WKH� WLPH�GRPDLQ� VLJQDO�� 'XH� WR� WKH�
SRO\PRUSKLF� PDQLIHVWDWLRQV� DQG� GHWULPHQWDO� HIIHFW� RI� QRLVH��
VSHHFK�HQKDQFHPHQW�UHPDLQV�DQ�RSHQ�FKDOOHQJH��
&RPSUHKHQVLYH� DVVHVVPHQWV� RI� QRLVH� FRPSHQVDWLRQ� PHWKRGV�

WKDW�EHORQJ�WR�GLIIHUHQW�VSHHFK�SURFHVVLQJ�VWUDWHJLHV�FDQ�EH�IRXQG�
LQ�>�@��7KH�VXEWUDFWLYH�DQG�WKH�DWWHQXDWLQJ�W\SH�RI�ILOWHUV�DUH�ZHOO�
HVWDEOLVKHG�� RQH�FKDQQHO� QRLVH� FRPSHQVDWLRQ� PHWKRGV� WKDW�
SUHGRPLQDWH� LQ� VSHHFK� HQKDQFHPHQW� OLWHUDWXUH�� 1DPHO\�� D��
VSHFWUDO� VXEWUDFWLRQ� �66�� >�@�� E�� OHDVW� PHDQ� VTXDUH� �/06���
DGDSWLYH� ILOWHULQJ� >�@�� F�� ILOWHU�EDVHG� SDUDPHWULF� DSSURDFKHV� >�@��
G��PRGHO�EDVHG��VKRUW�WLPH�VSHFWUDO�PDJQLWXGH�HVWLPDWLRQ�>�@��H��

KLGGHQ� 0DUNRY� PRGHO� �+00��EDVHG� VSHHFK� HQKDQFHPHQW�
WHFKQLTXHV� >�@�� ,Q� ZKDW� IROORZV� ZH� IRUHJURXQG� WKH� PDLQ�
SUHVXSSRVLWLRQV� RI� WKHVH� WHFKQLTXHV� IURP� ZKLFK� RXU� DSSURDFK�
GHSDUWV��
D�� 0RVW� DIRUHPHQWLRQHG� DOJRULWKPV�� DUH� EDVHG� RQ� D�
WUDQVIRUPDWLRQ� VXFK� DV� 'LVFUHWH� )RXULHU� 7UDQVIRUP� >�@>�@��
'LVFUHWH�&RVLQH�7UDQVIRUP�>�@��.DUKXQHQ�/RHYH�7UDQVIRUP�>�@��
ZKLFK� IDFLOLWDWHV� WKH� HVWLPDWLRQ� RI� WKH� FOHDQ� VSHHFK� PRGHO�
SDUDPHWHUV��7KH�WUDQVIRUPDWLRQ�LWVHOI�LV�PRUH�RU�OHVV�GHWHUPLQHG�
RQ�DQ�DG�KRF�EDVLV��6&6�LV�EDVHG�RQ�D�GDWD�GULYHQ�WUDQVIRUPDWLRQ�
NHUQHO�DGDSWHG�WR�WKH�VWUXFWXUH�RI�FOHDQ�VSHHFK�GDWD��
E��0RVW�PHWKRGV� IRFXV�RQ� WKH�GLVWRUWHG�VKRUW�WLPH�DPSOLWXGH�RI�
WKH� VSHHFK� VLJQDO� OHDYLQJ� WKH� SKDVH� XQSURFHVVHG�� RQ� WKH�
DVVXPSWLRQ�WKDW�WKH�KXPDQ�HDU�GRHV�QRW�SHUFHLYH�SKDVH�GLVWRUWLRQ�
>�@�� 2Q� WKH� RWKHU� KDQG�� H[SHULPHQWV� FDUULHG� RXW� LQ� >�@�
H[SHULPHQWDOO\�GHPRQVWUDWHG�WKDW�DV�UHJDUGV�HQKDQFHPHQW�DLPLQJ�
DW�LPSURYLQJ�VSHHFK�TXDOLW\��SKDVH�KDV�LWV�VKDUH�RI�LPSRUWDQFH��,Q�
WKH� 6&6� WHFKQLTXH� WKH� VSHHFK� VLJQDO� LV� SURFHVVHG� XQLIRUPO\��
PHDQLQJ� WKDW� WKHUH� LV� QR� LQKHUHQW� QHHG� WKDW� FRPSHOV� XV� WR�
FRQFHQWUDWH�RQ�DPSOLWXGH�DQG�LJQRUH�SKDVH�SURFHVVLQJ��
F�� 7KH� QRLVH� UHGXFWLRQ� SURFHVV� LQ� WKH� VXEWUDFWLYH� W\SHV� RI�
DOJRULWKPV� LQWURGXFHV� D� WUDGH�RII� EHWZHHQ� GLVWRUWLRQ� RI� VSHFWUDO�
EDODQFH� RI� WKH� SURFHVVHG� VSHHFK� VLJQDO� DQG� QRLVH� VXSSUHVVLRQ�
IDFWRU��,Q�YHU\�QRLV\�VLWXDWLRQV�WKH�HQKDQFHG�VSHHFK�FDQ�EH�HYHQ�
PRUH� GLVWXUEHG� WKDQ� WKH� FRUUXSWHG� VSHHFK� VLJQDO� LQ� WHUPV� RI�
LQWHOOLJLELOLW\�� 6&6� LV� QRW� D� VXEWUDFWLYH� WHFKQLTXH� DQG� PXVLFDO�
QRLVH�LV�SHUFHLYDEOH�DW�YHU\�ORZ�615V��
G��(YHQ�LI�WKH�VWDWLVWLFV�RI�WKH�GHJUDGLQJ�QRLVH�DUH�NQRZQ��66�DQG�
VRPH� YHUVLRQV� RI� :LHQHU�.DOPDQ� DQG� +00�EDVHG� DOJRULWKPV�
UHTXLUH�DQ�DFFXUDWH�HVWLPDWH�RI�FRUUXSWLQJ�QRLVH�VWDWLVWLFV��7KLV�LV�
DFTXLUHG� GXULQJ� VSHHFK� SDXVHV� WKURXJK� WKH� XVH� RI� D� 9RLFH�
$FWLYLW\�'HWHFWRU� �9$'���7KH�FRQVWUXFWLRQ�RI�D� UREXVW�9$'�DW�
ORZ�615V�LV�D�WDVN�VWLOO�RSHQ�WR�UHVHDUFK��7KH�IUDPHZRUN�RI�6&6�
KDV�QR�QHHG�RI�D�9$'�WR�HVWLPDWH�VSHHFK�SUHVHQFH���
7KRXJK� EDFNJURXQG� QRLVH� FDQ� KDYH� VSHFWUDO� GHQVLW\� WKDW� LV�

FDVH�VSHFLILF� WR� WKH� RSHUDWLRQDO� HQYLURQPHQWDO� FRQGLWLRQV�� LQ�
PDQ\�FDVHV�LW�FDQ�EH�DGHTXDWHO\�VLPXODWHG�DV�DGGLWLYH�*DXVVLDQ��
6&6�LV�EDVHG�RQ�WKH�DVVXPSWLRQ�WKDW�EDFNJURXQG�QRLVH�LV�DGGLWLYH�
DQG�*DXVVLDQ��DOWKRXJK�LW�FDQ�EH�FRORXUHG���+RZHYHU��ZH�VXJJHVW�
LQ�WKHRU\�DQG�GHPRQVWUDWH�LQ�SUDFWLFH�WKDW�6&6�LV�TXLWH�UREXVW�LQ�
QRLVH�W\SHV�WKDW�VKRZ�PRGHVW�GHYLDWLRQ�IURP�QRUPDOLW\��
:H� DSSO\� ,QGHSHQGHQW� &RPSRQHQW� $QDO\VLV� WR� D� ODUJH�

HQVHPEOH� RI� IUDPHV� GHULYHG� IURP� FOHDQ�� SKRQHWLFDOO\� EDODQFHG�
UHFRUGLQJV�� UHYHDOLQJ� WKHLU� XQGHUO\LQJ� LQGHSHQGHQW� FRPSRQHQW�
VWUXFWXUH� EDVHG� RQ� %HOOV¶� VHPLQDO� ZRUN� RQ� WKH� KLJKHU� RUGHU�
VWUXFWXUH� RI� LPDJHV� DQG� VRXQGV� >��@� DORQJ� ZLWK� +\YlULQHQ¶V�
0$3�IRUPXODWLRQ�>��@�RQ�WKH�LQGHSHQGHQW�EDVHV�RI�LPDJHV��,&$�
LV� D� VWDWLVWLFDO� WHFKQLTXH� WKDW� GHWHUPLQHV� D� OLQHDU� FRRUGLQDWH�
V\VWHP�� ZKRVH� D[HV� DUH� GHILQHG� E\� DOO� KLJKHU� PRPHQWV� RI� WKH�



GDWD� WR� ZKLFK� LW� LV� DSSOLHG�� 3URMHFWLQJ� WKH� IUDPHV� RI� D� QRLV\�
UHFRUGLQJ�RQ�WKLV�EDVLV��WKH�WLPH�GRPDLQ�REVHUYDWLRQV�DUH�OLQHDUO\�
WUDQVIRUPHG� VR� WKDW� WKH� UHVXOWLQJ� GDWD� DUH� DV� VWDWLVWLFDOO\�
LQGHSHQGHQW�DV�SRVVLEOH��0$3�LQIHUHQFH�OHDGV�WR�D�VRIW�WKUHVKROG�
IXQFWLRQ� RSWLPDOO\� GHULYHG� IURP� WKH� VWDWLVWLFV� RI� HDFK�
LQGHSHQGHQW� FRPSRQHQW� WKDW� HIIHFWLYHO\� UHGXFHV� ZKLWH� DQG�
FRORXUHG� *DXVVLDQ� QRLVH�� 6XEVHTXHQWO\�� DQ� LQYHUVH�
WUDQVIRUPDWLRQ� IURP� WKH� ,&$� WUDQVIRUPHG� GRPDLQ� EDFN� WR� WLPH�
GRPDLQ�UHFRQVWUXFWV�WKH�HQKDQFHG�VLJQDO��
:H� VXSSRUW� WKHRUHWLFDO� GHULYDWLRQV� E\� H[WHQVLYH�

H[SHULPHQWDWLRQ� XVLQJ� UHFRUGHG� VSHHFK� VLJQDOV� DQG� UHDO� QRLVH�
VRXUFHV� IURP� WKH�12,6(;����GDWDEDVH��7KH�DVVHVVPHQW�FULWHULD�
DUH� EDVHG� RQ� WRWDO� DQG� VHJPHQWDO� VLJQDO� WR� QRLVH� UDWLR� �615��
PHDVXUHV�� DV� ZHOO� DV� ,WDNXUD�6DLWR� GLVWRUWLRQ� PHDVXUHPHQWV�
�DOOHJHGO\� FRUUHODWHG� ZLWK� VXEMHFWLYH� SHUFHSWLRQ� RI� VSHHFK�
TXDOLW\��� :H� DOVR� LQFOXGH� YLVXDO� FRPSDULVRQ� RI� VSHHFK�
VSHFWURJUDPV�DQG�LQIRUPDO�OLVWHQLQJ�WHVWV��
�
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&RQVLGHU�D�FOHDQ�� WLPH�GRPDLQ�VSHHFK�VLJQDO�[�P��VXEVHTXHQWO\�
FRUUXSWHG� E\� DGGLWLYH�*DXVVLDQ� QRLVH�Q�P�� SURGXFLQJ� WKH� QRLV\�
VLJQDO�\�P���ZKHUH�P�LV�WKH�VDPSOH�LQGH[��

� \�P� [�P��Q�P�� ����

:H� UHVKDSH� VLJQDOV� \�P��� [�P��� Q�P�� DV� PDWULFHV� IRUPHG� E\�
VHWWLQJ� DV� FROXPQV�� FRQVHFXWLYH� QRQ�RYHUODSSLQJ� VSHHFK�
ZLQGRZV� RI� ���PV� GXUDWLRQ�� 7KH� UHVXOWLQJ�PDWULFHV� DUH� RI� VL]H�
1[)��ZKHUH�)�GHQRWHV�WKH�QXPEHU�RI�IUDPHV�DQG�1 ���WKH����PV�
ZLQGRZ�VL]H�LQ�VDPSOHV�DW�D�VDPSOLQJ�UDWH�RI���N+]��1�LV�VHOHFWHG�
WR� JXDUDQWHH� VWDWLRQDULW\� DQG� PXVW� EH� VPDOO� HQRXJK� WR� FDSWXUH�
UDSLG�YDU\LQJ�SKHQRPHQD�DV�WUDQVLHQWV�DQG�VWRS�EXUVWV��$IWHU�VL]H�
QRUPDOL]DWLRQ� RI� WKH� ODVW� IUDPH� �]HUR� SDGGLQJ��� WKH� VLJQDOV� DUH�
UHSUHVHQWHG�DV��

� < ;�1�� ����
ZKHUH� < >\�����\)@�� ; >[�����[)@�� 1 >Q�����Q)@�� (DFK� [L�� \L�� ]L� ��
L �����)��LV�DQ�1�GLPHQVLRQDO�YHFWRU�FRUUHVSRQGLQJ�WR�D�IUDPH���
/HW� DVVXPH� WKH� H[LVWHQFH� RI� D� VXLWDEOH� RUWKRJRQDO� PDWUL[�:�

1[1¯» ZKLFK��ZKHQ�DSSOLHG�WR�HDFK�YHFWRU�[ 1¯» �UHQGHUV�
LWV� FRPSRQHQWV� LQGHSHQGHQW��:H� SRVWSRQH� WKH� GHULYDWLRQ� RI�:�
XQWLO�VHFWLRQ����%\�DSSO\LQJ�:�IURP�WKH�OHIW�VLGH�WR�(T����ZH�JHW��

� = :< :;�:1 8�1¶� ����

*DXVVVLDQ� GLVWULEXWLRQV� DUH� LQYDULDQW� WR� OLQHDU� WUDQVIRUPDWLRQV��
WKHUHIRUH�1¶ :1�LV�DOVR�*DXVVLDQ��$Q\� 8X» ��8 :;��ZKHUH�
8 >X�����X)@��FRUUHVSRQGV� WR�DQ�XQFRUUXSWHG�VSHHFK�IUDPH�LQ� WKH�
,&$� WUDQVIRUP�GRPDLQ��7KH� FRPSRQHQWV� FRPSRVLQJ� HDFK�X� DUH�
QRZ�LQGHSHQGHQW�DQG�LQ�WHUPV�RI�S�G�I��FDQ�EH�VHW�DV��
�
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6LQFH�WKH�VWDWLVWLFV�RI�QRLVH�DQG�VSHHFK�VKDUH�WKH�VDPH�VWDWLVWLFDO�
SURSHUWLHV�IURP�IUDPH�WR�IUDPH�ZH�GURS�VXEVFULSW�L�GHQRWLQJ�WKDW�
WKH� VXEVHTXHQW� DQDO\VLV� KROGV� IRU� HYHU\� YHFWRU� RI� WKH�
FRUUHVSRQGLQJ�PDWULFHV�=��8��1¶��

� ] X�Q¶� ����

7KH�YHFWRU�]�FRUUHVSRQGV� WR� WKH�QRLV\�REVHUYDWLRQ�\� LQ� WKH� ,&$�
WUDQVIRUPHG� GRPDLQ� DQG� Q¶� WKH� WUDQVIRUPHG� QRLV\� IUDPH�� 7KH�
SRVWHULRU�S�G�I��RI�X�FDQ�EH�H[SUHVVHG�DFFRUGLQJ�WR�WKH�%D\HV�UXOH�

� �

����

7KH�OLNHOLKRRG�IQ¶�]�X��LV�JLYHQ�E\��
IQ¶�]�X� �� ��1��_ Q¶Q¶_

��H[S������]�X�7� Q¶Q¶
���]�X�� ����

)URP� WKH�PLQLPL]DWLRQ� RI� WKH� XQLIRUP� FRVW� IXQFWLRQ�ZH� REWDLQ�
WKH�FODVVLFDO�0$3�HVWLPDWH�RI�X��7KDW�LV��
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$VVXPLQJ� WKDW� WKHUH� LV� QR� FRUUHODWLRQ� RI� QRLVH� EHWZHHQ�
FRPSRQHQWV�� DQG� EDVHG� RQ� WKH� IDFWRUL]DWLRQ� RI� IX�X���ZH� REWDLQ�
WKH�0$3�HVWLPDWH�RI�X��

�
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$V� X �LV�QRZ�IDFWRUL]HG��LW�FDQ�EH�GHFRPSRVHG�DQG�WKH�GHQRLVLQJ�
PHWKRG�FDQ�EH�DSSOLHG�WR�HDFK�LQGLYLGXDO�FRPSRQHQW�OHDGLQJ�WR���
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(YDOXDWLQJ� (T���� IRU 1�����L�� = DOORZV 7
L @X����X>

1�
=X � WR� EH�

FRQVWUXFWHG�DQG�VXEVHTXHQWO\� @����>
)

XX8
�

= ��%\�PDNLQJ�XVH�RI�

WKH� UHODWLRQ� :;8 = � DQG� WKH� RUWKRJRQDOLW\� RI�:�� ZH� UHWXUQ�
EDFN�WR�WLPH�GRPDLQ�XVLQJ�WKH�WUDQVIRUPDWLRQ��

� ; :78� �����

5HVKDSLQJ�PDWUL[�;�WR�YHFWRU�IRUP�E\�FRQFDWHQDWLQJ�DOO�FROXPQV�
UHFRQVWUXFWV� WKH�HQKDQFHG�ZDYHIRUP��:KDW� UHPDLQV� WR�REWDLQ� LV�
:�DQG�D�FORVHG�IRUP�RI�WKH�GHQVLWLHV�IXL�XL��UHTXLUHG�LQ�(T������

����,1'(3(1'(17�&20321(17�$1$/<6,6�

/HW�[�W� >[��W�����[1�W�@
7� EH� D� ]HUR�PHDQ� YHFWRU� RI� VFDODU�YDOXHG�

FRPSRQHQWV�� ZKHUH� W� LV� WKH� WLPH� LQGH[�� ,&$� VHHNV� WR� ILQG� D�
VXLWDEOH�WUDQVIRUPDWLRQ�PDWUL[�:����������ZKLFK��ZKHQ�DSSOLHG�WR�
[�W���SURGXFHV�D�YHFWRU�X�W� :[�W�� � � �� � � � �FRPSRVHG�RI�YDULDEOHV�
WKDW�DUH�DV�PXWXDOO\�LQGHSHQGHQW�DV�SRVVLEOH�RYHU�WLPH��7KDW�LV��

�
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0,�X�W��� GHQRWHV� WKH� FRQFHSW� RI� PXWXDO� LQIRUPDWLRQ� WKDW�
PHDVXUHV� WKH� OHYHO� RI� GHSHQGHQF\� EHWZHHQ� WKH� YDULDEOHV�
FRPSRVLQJ�X�W��DW�HDFK�REVHUYDWLRQ�LQVWDQFH�W��0,�LV�VWULFWO\�QRQ�
QHJDWLYH� DQG� ]HUR� RQO\� ZKHQ� WKH� FRPSRQHQWV� FRPSULVHG� LQ� D�
YHFWRU�DUH�LQGHSHQGHQW��WKDW�LV��ZKHQ�IX�X�W���LV�IDFWRUL]HG���
,Q�>��@��GLIIHUHQW�DOJRULWKPLF�YHUVLRQV�RI�,&$�FDQ�EH�SXW�XQGHU�

WKH�XQLI\LQJ� IUDPHZRUN�RI� LQIRUPDWLRQ�PD[LPL]DWLRQ� OHDGLQJ� WR�
WKH�VDPH�LWHUDWLYH�OHDUQLQJ�IRUPXOD���
,QIRUPDWLRQ� PD[LPL]DWLRQ�� /HW� \�W� J�:;�� ZKHUH� J���� KDV� WKH�
IRUP�RI� FXPXODWLYH� GHQVLW\� IXQFWLRQ�RI� WKH�SULRU� GLVWULEXWLRQ�RI�
WKH� GDWD� ZKLFK� LQ� WKH� FDVH� RI� VSHHFK� LV� VXSHU�*DXVVLDQ��
0LQLPL]DWLRQ� RI� PXWXDO� LQIRUPDWLRQ� EHWZHHQ� WKH� \L�W��
FRPSRQHQWV� RI� \�W�� LPSOLHV� PLQLPL]DWLRQ� EHWZHHQ� WKH� XL�W��
FRPSRQHQWV�RI�X�W���VLQFH�J�����LV�DQ�LQYHUWLEOH�PDSSLQJ�IURP�XL�W��
WR� \L�W�� DQG� WKH� 0,� PHDVXUH� LV� LQYDULDQW� WR� FRPSRQHQW�ZLVH�
PRQRWRQLF�WUDQVIRUPDWLRQV��:�LV�LWHUDWLYHO\�FDOFXODWHG�E\�WDNLQJ�
WKH�JUDGLHQW�RI�0,�\�W���ZLWK�UHVSHFW�WR�:��VHH�>��@�>��@���

�
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�
,Q�RUGHU�WR�GHULYH�WKH�WUDQVIRUPDWLRQ�PDWUL[�:�ZH�PDNH�XVH�RI�

�����FOHDQ��SKRQHWLFDOO\�EDODQFHG�UHFRUGLQJV�XWWHUHG�E\�DQ�HTXDO�
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QXPEHU� RI� VSHDNHUV� RI� ERWK� JHQGHUV�� (DFK� UHFRUGLQJ� ZDV�
VDPSOHG�DW���N+]�VDPSOLQJ�UDWH��6LQFH�:�PXVW�OHDUQ�DOO�LQWULQVLF�
LQIRUPDWLRQ�DERXW�TXLFNO\�YDU\LQJ�SKHQRPHQD�VXFK�DV�WUDQVLHQWV��
ZH�XVHG�VPDOO�ZLQGRZV����PV�ORQJ�����VDPSOHV�ZLWK����VDPSOHV�
RYHUODS�� WR� FDSWXUH� DOO� WKH�QHFHVVDU\�GHWDLO���$�EDWFK�YHUVLRQ�RI�
WKH� LQIRPD[� DOJRULWKP�KDV� EHHQ�GHULYHG�ZKHUH�:� LV� LWHUDWLYHO\�
FDOFXODWHG�WKURXJK�VXFFHVVLYH�SUHVHQWDWLRQV�RI�WKH�IUDPHV�RI�HDFK�
UHFRUGLQJ� VHSDUDWHO\� XQWLO� FRQYHUJHQFH� LQ� RUGHU� WR� DYRLG�
SURFHVVLQJ�DW�RQFH� WKH�KXJH�DPRXQW�RI� WRWDO�REVHUYDWLRQDO�GDWD��
7KH�WUDQVIRUPDWLRQ�NHUQHO�:� LV�GHULYHG�E\�DSSO\LQJ�,&$�WR�WKH�
HQVHPEOH� RI� REVHUYDWLRQDO� IUDPHV� IURP� DOO� UHFRUGLQJV�� GHQRWHG�
E\�;�W���������������ZKHUH�WKH�WLPH�LQGH[�FRUUHVSRQGV�WR�WKH�IUDPH�
LQGH[��1 ��� FRUUHVSRQGLQJ� WR� WKH� VDPSOHV� RI� D� ���PV�ZLQGRZ�
DQG�)W�LV�WKH�QXPEHU�RI�WRWDO�IUDPHV���
�

����(67,0$7,1*�7+(�63$56(�'(16,7,(6�

:H�HVWLPDWHG�WKH�NXUWRVLV�RI�HDFK�FRPSRQHQW�XL��GHILQHG�DV��
� � �

�����
�
IRU�HYHU\�WHVWLQJ�UHFRUGLQJ�DQG�ZH�IRXQG�ZLWK�QR�H[FHSWLRQ�WKDW�
DOO�FRPSRQHQWV�DUH�VXSHU�*DXVVLDQ��WKHUHIRUH�YHU\�VSDUVH���5HIHU�
WR� SDUW� �� IRU� WKH� WHVW� VHW�� 0HDQ� YDOXHV� RI� YDULDQFH�QRUPDOL]HG�
NXUWRVLV� RYHU� DOO� WHVW� UHFRUGLQJV� DUH�GHSLFWHG� LQ�)LJ�� �� DQG� LW� LV�
REYLRXV� WKDW� WKH\� GLYHUJH� VLJQLILFDQWO\� IURP� WKH� ]HUR� YDOXH� RI�
QRUPDOL]HG�NXUWRVLV�RI�D�*DXVVLDQ�S�G�I����
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)LJ�����$VVHVVLQJ�WKH�VSDUVLW\�RI�LQGHSHQGHQW�FRPSRQHQWV��

�
7KHUHIRUH��WKH�UHSUHVHQWDWLYH�RI�D�IDPLO\�RI�YHU\�VSDUVH�S�G�I�V�LV�
VHOHFWHG� LQ� DGYDQFH�� :H� DGRSWHG� D� GHQVLW\� VSDUVHU� WKDQ� WKH�
/DSODFLDQ�GHVFULEHG�LQ�>��@��

� � �
�����

�
G�GHQRWHV�VWDQGDUG�GHYLDWLRQ�DQG�D ��G��(�^_XL_`����FRQWUROV�WKH�
VSDUVLW\� RI� WKH� GLVWULEXWLRQ�� 6XEVWLWXWLQJ� (T�� ��� LQ� (T�� ��� DQG�
VHWWLQJ� WKH� GHULYDWLYH� RI� WKH� ORJ�OLNHOLKRRG� WR� ]HUR� UHVXOWV� WR� D�
QRQ�OLQHDULW\�DSSOLHG�WR�]L��VHH�>��@�IRU�GHWDLOV�LQ�GHULYDWLRQ���

@���D�EG�]�
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ZKHUH� , �����1�DQG� ����D�DE += ��$V�FDQ�EH�REVHUYHG� IURP�

WKH� FRHIILFLHQW� _]L_�EG� �� WKH� QRQ�OLQHDULW\� KDV� D� WKUHVKROGLQJ��
µVKULQNLQJ¶�HIIHFW�E\�VHWWLQJ�VPDOO�YDOXHV�WR�]HUR��

����(;3(5,0(17$/�5(68/76�

������1RLVH�7\SHV�
)URP� (T�� ��� LW� EHFRPHV� REYLRXV� WKDW� HYHU\� ]�W�� DFFXPXODWHV� D�
QXPEHU� RI� QRLVH� FRPSRQHQWV�� $FFRUGLQJ� WR� WKH� &HQWUDO� /LPLW�
7KHRUHP� IRU� HDFK� ]�W�� FRPSRQHQW� WKH� GHQVLW\� RI� QRLVH� ZLOO� EH�

FORVHU� WR� *DXVVLDQ� WKDQ� WKH� GLVWULEXWLRQ� RI� HDFK� RI� WKH� QRLVH�
FRPSRQHQWV�� 7KHUHIRUH�� ZH� H[SHFW� VPDOO� LPSDFW� RQ� WKH�
HIIHFWLYHQHVV� RI� 6&6� IRU� QRLVH� FDVHV� ZKLFK� H[KLELW� PRGHUDWH�
GLYHUJHQFH�IURP�WKH�QRUPDOLW\�DVVXPSWLRQ��$V� UHJDUGV� WKH�615�
RI� WKH� UHFRUGLQJV�� HDFK� QRLVH� W\SH� LV� DGGHG� WR� ��� FOHDQ� VSHHFK�
ILOHV� RI� �� VHF�� PHDQ� GXUDWLRQ� VR� WKDW� WKH� FRUUXSWHG� ZDYHIRUP�
UDQJHV�IURP�±���WR����615G%��7R�EH�PRUH�VSHFLILF��OHW�\���\���\�
EH� WKH� FOHDQ�QRLV\�FRUUXSWHG� VLJQDO� UHVSHFWLYHO\�� \ \��+
\���
VXFK� WKDW� ��ORJ�(^\�`�(^+
\�`� 615G%� ZKHUH� (^�`� GHQRWHV�
HQHUJ\��7KH�REMHFWLYH�FULWHULD�DUH�EDVHG�RQ�WKH�PHDQ�YDOXH�RYHU�
DOO�UHFRUGLQJV��

������2EMHFWLYH�FULWHULD�

*OREDO� 615� SURYLGHV� D� VLPSOH� HUURU� HVWLPDWLRQ� RYHU� WLPH� DQG�
IUHTXHQF\�DOWKRXJK�LW�KDV�EHHQ�TXHVWLRQHG�DV�WR�LWV�VXLWDELOLW\�IRU�
VSHHFK� TXDOLW\� DVVHVVPHQW� VLQFH� LW� ZHLJKWV� DOO� WLPH�GRPDLQ�
HUURUV� HTXDOO\�ZKLOH�QRLVH� LV�NQRZQ� WR�EH�HVSHFLDOO\�GLVUXSWLYH�
LQ�ORZ�HQHUJ\�SDUWV�RI�WKH�ZDYHIRUP��/HW�V�W��DQG� �W��GHQRWH�WKH�
RULJLQDO� XQGHJUDGHG� VSHHFK� DQG� HQKDQFHG� VSHHFK� VLJQDOV��
UHVSHFWLYHO\��7KH�WRWDO�RXWSXW�615�LV�GHILQHG��

�
�

� � � � � � �����
�
�
�
�
�
�
�
�
�
�
�
�

)LJ�����*OREDO�615�SHUIRUPDQFH�LQ�GLIIHUHQW�QRLVH�FRQWH[W��
�
615�LPSURYHPHQW�PD\�EH�PLVOHDGLQJ��,Q�KLJK�LQSXW�615V��WKH�

HQKDQFHPHQW� DOJRULWKP�SURGXFHV� VLJQDOV�KDYLQJ� UHWDLQHG�D�YHU\�
VPDOO�DPRXQW�RI�UHVLGXDO�QRLVH�ZKLFK�UHVXOWV�LQ�KLJK�615�RXWSXW�
YDOXHV�� ,Q� WKH� ���� G%� FDWHJRU\� WKH� LPSURYHPHQW� IRU� DOO� QRLVH�
W\SHV� LV� LPSUHVVLYH� EXW� WKH� UHPDLQLQJ� QRLVH� DQG� WKH� GLVWRUWLRQ�
LQGXFHG� WR� WKH� RULJLQDO� VLJQDO� PD\� UHQGHU� LW� FORVH� WR� EHLQJ�
LQDXGLEOH�� 2EMHFWLYH� PHDVXUHPHQWV� GHPRQVWUDWH� WKDW� WKH�
DOJRULWKP� VKRZV� LWV� EHVW� SHUIRUPDQFH� IRU� WKH� FDVH� RI� FDU� QRLVH�
ZKLFK� LV� DJDLQ� PLVOHDGLQJ� VLQFH� ZH� PDGH� XVH� RI� VSHHFK� ILOHV�
UHFRUGHG�RYHU� WHOHSKRQH� OLQHV��7HOHSKRQH� OLQH� LQIOLFWV�D� ILOWHU�RI�
���������+]�DQG�WKH�WUDQVIRUPDWLRQ�PDWUL[�:�ZKLFK�LV�DGDSWHG�
WR� WKH�VSHFWUDO�FKDUDFWHULVWLFV�RI� WKH� UHFRUGHG�VSHHFK�� OHDYHV� WKH�
SDUW�RI�WKH�VSHFWUXP�ORZHU�WKDQ�����+]�XQSURFHVVHG��7KHUHIRUH��
ZH�PDGH�XVH�RI�D�IRXUWK�RUGHU�KLJK�SDVV�%XWWHUZRUWK�ILOWHU�DIWHU�
HQKDQFHPHQW� WR� UHPRYH� WKH� SDUW� RI� WKH� VSHFWXP� WKDW� ZDV� QRW�
SURFHVVHG� E\� WKH� DOJRULWKP�� 6LQFH� FDU�QRLVH� LV� FRQFHQWUDWHG� LQ�
ORZ�IUHTXHQFLHV��WKH�KLJK�SDVV�ILOWHU�VXSSUHVVHV�SDUW�RI�WKH�QRLVH��
7KH� VHFRQG�EHVW� SHUIRUPDQFH� LV� IRU� WKH�ZKLWH�*DXVVLDQ� W\SH�RI�
QRLVH��:H�DWWULEXWH�WKH�H[WHQVLYH�GHQRLVLQJ�FDSDELOLW\�WR�WKH�IDFW�
WKDW�ZKLWH�*DXVVLDQ�QRLVH�FRPSOLHV�ZLWK� WKH�DVVXPSWLRQV�RI� WKH�
DOJRULWKP��PRUH�WKDQ�DQ\�RWKHU�W\SH�RI�QRLVH��
6HJPHQWDO� 615� LV� VXJJHVWHG� WR� EH� EHWWHU� FRUUHODWHG� ZLWK�

VSHHFK�TXDOLW\�HYDOXDWLRQV�WKDQ�JOREDO�615�DQG�LV�FDOFXODWHG�
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IRU�QRQ�RYHUODSSLQJ�IUDPHV�RI����PV�GXUDWLRQ�ZKLOH�WKH�UHVXOW�
LV�DYHUDJHG�RYHU�DOO�ZDYHIRUP�VHJPHQWV��6HJ�615�LV�GHILQHG��
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�
)LJ�����6HJPHQWDO�615�SHUIRUPDQFH�LQ�GLIIHUHQW�QRLVH�FRQWH[W��

�

7KH� VHJPHQWDO� 615� FRQILUPV� RXU� REVHUYDWLRQ� EDVHG� RQ� WRWDO�
615�PHDVXUH�DQG�IXUWKHU�� LW� LV�DEOH�WR�RUGHU�WKH�SHUIRUPDQFH�RI�
WKH� DOJRULWKP� FOHDUO\� IRU� WKH� GLIIHUHQW� QRLVH� W\SHV�� 9HU\� JRRG�
SHUIRUPDQFH� LV� REVHUYHG� IRU� FRORXUHG� W\SHV�RI�QRLVH�� WKRXJK�� LW�
VHHPV� WKDW� WKH\� IRUP� D� FDWHJRU\� RI� WKHLU� RZQ� FRPSDUHG� WR� WKH�
*DXVVLDQ�QRLVH��
,WDNXUD�6DLWR� GLVWRUWLRQ� PHDVXUH� LV� NQRZQ� WR� EH� FORVHO\�

DVVRFLDWHG� ZLWK� VSHHFK� TXDOLW\� DVVHVVPHQW� VLQFH� LW� LV� YHU\�
VHQVLWLYH�WR�VSHFWUXP�YDULDWLRQV�EXW�QRW�WR�SKDVH�GLVWRUWLRQ��,W� LV�
EDVHG�RQ�WKH�VSHFWUDO�GLVWDQFH�EHWZHHQ�$5�FRHIILFLHQW�VHWV�RI�WKH�
FOHDQ�DQG�HQKDQFHG�VSHHFK�ZDYHIRUPV�RYHU�V\QFKURQRXV�IUDPHV�
RI� ��PV� GXUDWLRQ�� :H� XVHG� WKH� PHGLDQ� YDOXH� RI� WKH� GLVWDQFHV�
EHWZHHQ�DOO�IUDPHV�LQ�RUGHU�WR�HOLPLQDWH�SRVVLEOH�RXWOLHUV��
�
�
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�
�
�
�
�
)LJ�����,WDNXUD�6DLWR�SHUIRUPDQFH�LQ�GLIIHUHQW�QRLVH�FRQWH[W��

�

,WDNXUD� PHDVXUH� LV� KHDYLO\� LQIOXHQFHG� GXH� WR� PLVPDWFK� LQ�
IRUPDQW� ORFDWLRQV�� )URP� )LJ�� �� ZH� LQIHU� WKDW� WKH� HQKDQFHPHQW�
SURFHGXUH�GLVWRUWV�IRUPDQWV�WKH�VDPH�ZD\�IRU�DOO�FRORXUHG�QRLVHV��
�
������6XEMHFWLYH�FULWHULD�
�

)LJ����VKRZV�WKH�VSHFWURJUDP�RI�FOHDQ�VSHHFK�ZDYHIRUPV�DQG�WKH�
FRUUHVSRQGLQJ�QRLV\�YHUVLRQV�FRUUXSWHG�E\�*DXVVLDQ��IDFWRU\�DQG�
VSHHFK�QRLVH�W\SHV�DQG�WKH�FRUUHVSRQGLQJ�HQKDQFHG�YHUVLRQV�DW���
G%� LQSXW� 615�� 7KH� ILJXUHV� GHPRQVWUDWH� H[WHQVLYH� QRLVH�
UHGXFWLRQ�� &ORVH� ORRNXS� GRHV� QRW� UHYHDO� YLVXDOO\� SHUFHSWLEOH�
GLVWRUWLRQ�RI�WKH�IRUPDQWV�GXH�WR�WKH�HQKDQFHPHQW�SURFHGXUH��,Q�
URZ� ��� �)DFWRU\� QRLVH��� LW� FDQ� EH� REVHUYHG� WKDW� LPSXOVLYHO\�
RFFXUULQJ� FRPSRQHQWV� FDQQRW� EH� VXSSUHVVHG�� D� IDFW� WKDW� ZH�
DWWULEXWH� WR� WKH�YLRODWLRQ�RI� WKH� VWDWLRQDULW\� DVVXPSWLRQ��3DUDOOHO�
OLVWHQLQJ� WHVWV� FRQILUP� WKDW� WKHVH� QRLVHV� KDYH� QRQ�VWDWLRQDU\�
FRPSRQHQWV� �H�J�� IDFWRU\� QRLVH�� RSHUDWLRQV� URRP�� )���� WKDW�
UHPDLQ�LQWDFW�LQ�WKH�HQKDQFHG�YHUVLRQ�RI�WKH�VLJQDO��

�

�

�
)LJ�����1RLV\�DQG�HQKDQFHG�VLJQDOV� IRU��5RZ�D��*DXVVLDQ��5RZ�
E��)DFWRU\��5RZ�F��6SHHFK�QRLVH�W\SHV��DW���G%�LQSXW�615��

����6800$5<�$1'�&21&/86,216�

$� QRYHO� YLHZ� IRU� WKH� HQKDQFHPHQW� RI� VLJQDOV� LV� DSSOLHG�
VXFFHVVIXOO\� WR� VSHHFK�� ,W� LV� EDVHG� RQ� WKH� LGHD� RI� GHFRPSRVLQJ�
VSHHFK� IUDPHV� FRUUHVSRQGLQJ� WR� ��� PV� SKRQHWLF� VHJPHQWV� LQWR�
WKHLU�LQGHSHQGHQW�EDVLV�IXQFWLRQV��7KLV�WUDQVIRUPDWLRQ�IDFLOLWDWHV�
WKH� DSSOLFDWLRQ� RI� %D\HVLDQ� LQIHUHQFH� WR� HDFK� RI� WKH� UHVXOWLQJ�
LQGHSHQGHQW�FRPSRQHQWV�VHSDUDWHO\��7KH�0$3�IRUPXODWLRQ�OHDGV�
WR� D� VKULQNDJH� IXQFWLRQ� RSWLPDOO\� GHULYHG� IURP� WKH� VWDWLVWLFV� RI�
HDFK�FRPSRQHQW��([WHQVLYH�H[SHULPHQWDWLRQ�ZLWK� WKLV� WHFKQLTXH�
JDYH� H[FHOOHQW� UHVXOWV� LQ� WKH� FDVH� RI� ZKLWH� *DXVVLDQ� QRLVH�� ,W�
SURYHG�YHU\�HIIHFWLYH�LQ�FRORXUHG�W\SHV�RI�*DXVVLDQ�QRLVH�WKDW�GR�
QRW�GLYHUJH�VLJQLILFDQWO\�IURP�WKH�VWDWLRQDULW\�DQG�WKH�QRUPDOLW\�
DVVXPSWLRQ�� :H� REVHUYHG� FRQVLGHUDEOH� LPSURYHPHQW� RI� WKH�
HQKDQFHG�VLJQDO�YHUVXV�WKH�QRLV\�RQH��LQ�DOO�REMHFWLYH�FULWHULD�DQG�
PRVW�LPSRUWDQW��WKH�SUHVHUYDWLRQ�RI�QDWXUDO�VRXQG��$V�UHJDUGV�WKH�
FRPSXWDWLRQ�ORDG��WKH�PRVW�WLPH�FRQVXPLQJ�WDVN�RI�WKH�DOJRULWKP�
LV� WKH� FRPSXWDWLRQ� RI� WKH� SURMHFWLRQ� PDWUL[� :�� ZKLFK� LV�
FRPSXWHG�RII�OLQH�DQG�RQO\�RQFH�IRU�DOO�VXEVHTXHQW�UHVWRUDWLRQV��

����5()(5(1&(6�
>�@� *RQJ� <��� �������� ³6SHHFK� UHFRJQLWLRQ� LQ� QRLV\�

HQYLURQPHQWV��$�VXUYH\�´�6SHHFK�&RPP������SS�����������
>�@� %ROO� 6�� �������� ³6XSSUHVVLRQ� RI� DFRXVWLF� QRLVH� XVLQJ�

VSHFWUDO�VXEWUDFWLRQ�´�,(((�7UDQV��$663�����SS�����������
>�@� 6DPEXU�0��� �������� ³$GDSWLYH� QRLVH� FDQFHOLQJ� IRU� VSHHFK�

VLJQDOV�´�,(((�7UDQV��$663�����1R����SS�����������
>�@� /LP� -��� 2SSHQKHLP� $��� �������� ³$OO�SROH� PRGHOLQJ� RI�

GHJUDGHG�VSHHFK�´�,(((�7UDQV��$663�����SS�����������
>�@� (SKUDLP� <��� �������� ³6WDWLVWLFDO� PRGHO�EDVHG� VSHHFK�

HQKDQFHPHQW�V\VWHPV�´�3URF��,(((��9RO������SS�������������
>�@� (SKUDLP� <��� �������� ³$� %D\HVLDQ� DSSURDFK� IRU� VSHHFK�

HQKDQFHPHQW�XVLQJ�+00�´�,(((�7UDQV��RQ�63��S�����������
>�@� 6RRQ� ,��� HW� DOO��� �������� ³1RLV\� VSHHFK� HQKDQFHPHQW� XVLQJ�

'&7�´�6SHHFK�&RPPXQLFDWLRQ��9RO�����1R�����SS�����������
>�@� :DQJ� '��� /LP� -��� �������� ³7KH� XQLPSRUWDQFH� RI� SKDVH� LQ�

VSHHFK�HQKDQFHPHQW�´�,(((�7UDQV��$663�����SS�����������
>�@� 9DU\�3��� ��������³1RLVH�VXSSUHVVLRQ�E\�VSHFWUDO�PDJQLWXGH�

HVWLPDWLRQ�´�6LJQDO�3URFHVVLQJ��9RO�����SS�����������
>��@�%HOO�$��� �������� ³7KH� ,QGHSHQGHQW�&RPSRQHQWV� RI�1DWXUDO�

6FHQHV�DUH�(GJH�)LOWHUV�´�9LVLRQ�5HVHDUFK��SS�������������
>��@�+\YlULQHQ� $��� �������� ³,PDJH� GHQRLVLQJ� E\� 6SDUVH� &RGH�

6KULQNDJH�´�,QWHOOLJHQW�6LJQDO�3URFHVVLQJ��,(((�3UHVV��
>��@�/HH�7�����������³,QGHSHQGHQW�&RPSRQHQW�$QDO\VLV��7KHRU\�

DQG�$SSOLFDWLRQV´��.OXZHU�$FDGHPLF�3XEOLVKHUV��
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