
,QFUHPHQWDO�&RQVWUXFWLRQ�RI�&RPSDFW�$F\FOLF�1)$V�

.\ULDNRV�1��6JDUEDV��1LNRV�'��)DNRWDNLV��*HRUJH�.��.RNNLQDNLV�

:LUH�&RPPXQLFDWLRQV�/DERUDWRU\�

(OHFWULFDO�DQG�&RPSXWHU�(QJLQHHULQJ�'HSDUWPHQW�

8QLYHUVLW\�RI�3DWUDV��*5�������5LR��*UHHFH�

^VJDUEDV�IDNRWDNL�JNRNNLQ`#ZFO�HH�XSDWUDV�JU�

�

�

$EVWUDFW�

7KLV� SDSHU� SUHVHQWV� DQG� DQDO\]HV� DQ�

LQFUHPHQWDO� DOJRULWKP� IRU� WKH�

FRQVWUXFWLRQ� RI� $F\FOLF� 1RQ�

GHWHUPLQLVWLF� )LQLWH�VWDWH� $XWRPDWD�

�1)$���$XWRPDWD�RI�WKLV�W\SH�DUH�TXLWH�

XVHIXO� LQ� FRPSXWDWLRQDO� OLQJXLVWLFV��

HVSHFLDOO\� IRU� VWRULQJ� OH[LFRQV�� 7KH�

SURSRVHG� DOJRULWKP� SURGXFHV� FRPSDFW�

1)$V�� L�H�� 1)$V� WKDW� GR� QRW� FRQWDLQ�

HTXLYDOHQW� VWDWHV��8QOLNH�'HWHUPLQLVWLF�

)LQLWH�VWDWH� $XWRPDWD� �')$��� WKLV�

SURSHUW\� LV� QRW� VXIILFLHQW� WR� HQVXUH�

PLQLPDOLW\��EXW�VWLOO�WKH�UHVXOWLQJ�1)$V�

DUH� FRQVLGHUDEO\� VPDOOHU� WKDQ� WKH�

PLQLPDO�')$V�IRU�WKH�VDPH�ODQJXDJHV��

�� ,QWURGXFWLRQ�

$F\FOLF�)LQLWH�6WDWH�$XWRPDWD��)6$���SURYLGH�D�

YHU\� HIILFLHQW� GDWD� VWUXFWXUH� IRU� OH[LFRQ�

UHSUHVHQWDWLRQ� DQG� IDVW� VWULQJ� PDWFKLQJ�� ZLWK� D�

JUHDW�YDULHW\�RI�DSSOLFDWLRQV� LQ� OH[LFRQ�EXLOGLQJ�

�'DFLXN�HW�DO����������PRUSKRORJLFDO�SURFHVVLQJ��

�6JDUEDV� HW� DO��� ����E�� DQG� VSHHFK� SURFHVVLQJ�

�/DFRXWXUH�DQG�'H�0RUL���������7KH\�FRQVWLWXWH�

YHU\� FRPSDFW� UHSUHVHQWDWLRQV� RI� OH[LFRQV�� VLQFH�

FRPPRQ� ZRUG� SUHIL[HV� DQG� VXIIL[HV� DUH�

UHSUHVHQWHG� E\� WKH� VDPH� WUDQVLWLRQV�� 7KLV�

UHSUHVHQWDWLRQ� DOVR� IDFLOLWDWHV� FRQWHQW�

DGGUHVVDEOH�SDWWHUQ�PDWFKLQJ��

�����������������������������������������������������������
� �6RPH� DXWKRUV� �H�J�� 3HUULQ�� ������ $RH� HW� DO�� ������

6JDUEDV� HW� DO��� ������ XVH� WKH� WHUP� '$:*� �'LUHFWHG�

$F\FOLF� :RUG� *UDSK�� ZKHQ� UHIHUULQJ� WR� DF\FOLF� )6$V��

+RZHYHU��RWKHUV��H�J��&URFKHPRUH�DQG�9HULQ��������XVH�WKH�

VDPH�WHUP�WR�GHQRWH�WKH�VXIIL[�DXWRPDWRQ�RI�D�VWULQJ��

([DPSOHV� RI� DF\FOLF� )6$V� VWRULQJ� OH[LFRQV�

DUH� VKRZQ� LQ�)LJ����7KH�)6$V�FRQVLVW� RI� VWDWHV�

DQG� WUDQVLWLRQV� EHWZHHQ� VWDWHV�� (DFK� WUDQVLWLRQ�

KDV� D� ODEHO�� 7KH� ZRUGV� DUH� VWRUHG� DV� GLUHFWHG�

SDWKV� RQ� WKH� JUDSK�� 7KH\� FDQ� EH� UHWULHYHG� E\�

WUDYHUVLQJ� WKH� JUDSK� IURP� DQ� LQLWLDO� VWDWH�

�VRXUFH��WR�D�WHUPLQDO�VWDWH��VLQN���FROOHFWLQJ�WKH�

ODEHOV� RI� WKH� WUDQVLWLRQV� HQFRXQWHUHG�� ,Q� WKLV�

ZD\�� WUDYHUVLQJ� WKH� JUDSKV� RI� )LJ��� IURP� WKH�

VRXUFH��±��WR�WKH�VLQN�����ZH�UHWULHYH�WKH�ZRUGV�

GDQFH��GDUWV��GDUW��VWDUW�DQG�VPDUW��

7KHUH� DUH� WZR� W\SHV� RI� )6$V�� 7KH� JUDSK� RI�

)LJ��D�LV�FDOOHG�GHWHUPLQLVWLF��')$��EHFDXVH�QR�

WUDQVLWLRQV� H[LVW� WKDW� KDYH� WKH� VDPH� ODEHOV� DQG�

OHDYH� WKH� VDPH� VWDWH�� 7KLV� SURSHUW\� UHVXOWV� WR� D�

YHU\� HIILFLHQW� VHDUFK� IXQFWLRQ�� *UDSKV� WKDW� GR�

QRW�KDYH�WKLV�SURSHUW\��OLNH�WKH�RQH�RI�)LJ��E��DUH�

FDOOHG�QRQ�GHWHUPLQLVWLF�DXWRPDWD��1)$���1)$V�

DUH� VPDOOHU� WKDQ� ')$V� EXW� WKH\� DUH� D� OLWWOH�

VORZHU�WR�VHDUFK��

')$V� DUH� PRUH� SRSXODU� IRU� OH[LFRQ�

UHSUHVHQWDWLRQ�� HVSHFLDOO\� WKH�PLQLPDO� RQHV�� L�H��

')$V� ZLWK� WKH� OHDVW� QXPEHU� RI� VWDWHV�� 6HYHUDO�

DOJRULWKPV�DUH�NQRZQ�IRU�WKH�FRQVWUXFWLRQ�RI�WKH�

PLQLPDO� ')$�� JLYHQ� D� VHW� RI� ZRUGV� �+RSFURIW�
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DQG� 8OOPDQ�� ������ 3HUULQ�� ������ 5HYX]�� ������

:DWVRQ�� ������� 5HFHQWO\�� VRPH� LQFUHPHQWDO�

DOJRULWKPV� KDYH� EHHQ� SURSRVHG� IRU� WKLV� WDVN�

�$RH� HW� DO��� ������3DUN� HW� DO��� ������6JDUEDV� HW�

DO��� ������ 'DFLXN� HW� DO��� ������ 0LKRY�� ������

&LXUD�DQG�'HRURZLF]��������'DFLXN�HW�DO���������

5HYX]��������6JDUEDV�HW�DO�������D���,QFUHPHQWDO�

DOJRULWKPV� DUH� XVHIXO� EHFDXVH� WKH\� FDQ� XSGDWH�

WKH� OH[LFRQ� ZLWKRXW� UHEXLOGLQJ� WKH� ZKROH�

VWUXFWXUH�IURP�VFUDWFK���

)RU�PLQLPDO�1)$V�WKHUH�DUH�DOVR�VRPH��QRQ�

LQFUHPHQWDO�� DOJRULWKPV� �.DPHGD� DQG� :HLQHU��

������.LP��������$UQROG�HW�DO���������0DW]�DQG�

3RWWKRII�� ������ EXW� XQOLNH� ')$V�� WKHUH� LV� QR�

VLQJOH�PLQLPDO�1)$�IRU�D�JLYHQ�ODQJXDJH��

,Q� WKLV� SDSHU� ZH� SUHVHQW� DQ� LQFUHPHQWDO�

DOJRULWKP� IRU� FRQVWUXFWLQJ� $F\FOLF� 1)$V�� :H�

FRQVLGHU� 1)$V� ZLWK� RQH� VRXUFH� DQG� RQH� VLQN�

VWDWH�� OLNH� WKH� RQH� LQ� )LJ��E�� EHFDXVH� WKLV�

IDFLOLWDWHV�EL�GLUHFWLRQDO�VHDUFK�LQ�WKH�JUDSK��:H�

LQWURGXFH� WKH� QRWLRQ� RI� D� FRPSDFW� DXWRPDWRQ��

�L�H��RQH�ZLWK�QR�HTXLYDOHQW�VWDWHV��DQG�ZH�SURYH�

WKDW� WKH� SUHVHQWHG� DOJRULWKP� SURGXFHV� FRPSDFW�

1)$V�� :H� DOVR� VKRZ� WKDW� �XQOLNH� ')$V�� D�

FRPSDFW� 1)$� LV� QRW� QHFHVVDULO\� PLQLPDO��

7KHUHIRUH� WKH� DOJRULWKP� GRHV� QRW� DOZD\V�

SURGXFH�PLQLPDO� DF\FOLF�1)$V�� WKH� VL]H� RI� WKH�

1)$� GHSHQGV� RQ� WKH� RUGHU� WKH� ZRUGV� DUH�

LQVHUWHG�� +RZHYHU�� WKH� 1)$V� SURGXFHG� E\� WKLV�

DOJRULWKP� DUH� W\SLFDOO\� FRQVLGHUDEO\� VPDOOHU�

WKDQ� WKH� FRUUHVSRQGLQJ� PLQLPDO� ')$V� DQG� WKH�

SURFHVV� RI� DGGLQJ� D� QHZ� ZRUG� WR� DQ� H[LVWLQJ�

DXWRPDWRQ�LV�IDVW�HQRXJK�WR�EH�XVHG�RQ�OLQH��

,Q� 6HFWLRQ� �� RI� WKLV� SDSHU� VRPH� EDVLF�

GHILQLWLRQV� DUH� JLYHQ� WKDW� ZLOO� EH� XVHG�

WKURXJKRXW� WKH� SDSHU�� :H� KDYH� WULHG� WR� GHILQH�

DSSURSULDWH�FRQFHSWV� WKDW�VLPSOLI\� WKH�SURRIV�RI�

WKH� OHPPDV�� 7KH� SUHVHQWDWLRQ� RI� WKH� DOJRULWKP�

IROORZV� LQ� 6HFWLRQ� �� ZLWK� D� VWHS�E\�VWHS�

H[DPSOH�� ,Q� 6HFWLRQ� ��� D� VHW� RI� LQWHUHVWLQJ�

OHPPDV�LV�SURYLGHG��UHVXOWLQJ�WR�D�SURRI�WKDW�WKH�

DOJRULWKP� DFWXDOO\� SURGXFHV� FRPSDFW� 1)$V��

([SHULPHQWDO�UHVXOWV�DUH�SUHVHQWHG�LQ�6HFWLRQ����

7KH�SDSHU�FRQFOXVLRQV�IROORZ�LQ�6HFWLRQ����

�����������������������������������������������������������
� �)RU� PRUH� LQIRUPDWLRQ�� VHH� KWWS���RGXU�OHW�UXJ�QO�DOID��

IVDBVWXII��

� �1RW� WR� EH� FRQIXVHG� ZLWK� WKH� QRWLRQ� RI� FRPSDFW�

'$:*V� DV� GHILQHG� E\� &URFKHPRUH� DQG� 9HULQ� ��������

%OXPHU� HW� DO�� ��������ZKHUH�ZKROH� VWULQJV� DUH� DOORZHG� DV�

ODEHOV�RQ�WUDQVLWLRQV��

�� 'HILQLWLRQV�

/HW�4�EH�D�VHW�RI�VWDWHV��YHUWLFHV��DQG� �EH�D�VHW�

RI� V\PEROV� �DOSKDEHW��� $� ODEHOHG� GLUHFWHG�

WUDQVLWLRQ� LV� WKHQ� GHILQHG� DV� D� WULSOH� �Q��Q��V��

IURP�VWDWH�Q�� WR�Q��ZLWK� ODEHO� V��ZKHUH�Q��Q�»4�

DQG�V» ��

/HW� /º4¤4¤ � EH� D� VHW� RI� ODEHOHG� GLUHFWHG�

WUDQVLWLRQV�� 7KHQ� DQ� RUGHUHG� VHULHV� >�Q��Q��V����

�Q��Q��V���� �Q��Q��V���� «���� �QN���QN���VN����� �QN����

QN�VN�@� RI� VXFFHVVLYH� WUDQVLWLRQV�RI�/� LV� FDOOHG� D�

VXFFHVVLRQ� IURP� VWDWH� Q�� WR� VWDWH� QN� DQG� LV�

GHQRWHG�E\�VXFF�Q��QN���:H�VD\�WKDW�VWDWH�QN�LV�D�

VXFFHVVRU� RI� VWDWH� Q�� DQG� WKDW� VWDWH� Q�� LV� D�

SUHGHFHVVRU�RI�VWDWH�QN��,Q�WKH�VSHFLDO�FDVH�ZKHUH�

_VXFF�Q��QN�_ ��� VWDWH� QN� LV� DQ� LPPHGLDWH�

VXFFHVVRU� RI� Q�� DQG� VWDWH� Q�� LV� DQ� LPPHGLDWH�

SUHGHFHVVRU�RI�QN��

7KHUH� PD\� EH� PRUH� WKDQ� RQH� VXFFHVVLRQV�

EHWZHHQ� WZR�VWDWHV��:H�GHILQH�DV�68&&�Q���QN��

WKH�VHW�RI�DOO�VXFFHVVLRQV�IURP�Q��WR�QN��

)RU� D� VXFFHVVLRQ� * VXFF�Q��� QN� >�Q��Q��V����

�Q��Q��V�����Q��Q��V����������QN���QN���VN������QN���QN�VN�@��

ZH�GHILQH� DV� ODEHO�*�� WKH�RUGHUHG� VHULHV� >V��� V���

V��� «�� VN���� VN@� RI� V\PEROV� DV� GHULYHG� E\� WKH�

ODEHOV�RI�WKH�WUDQVLWLRQV�LQ�*��

)RU�D�VHW�RI�VXFFHVVLRQV�+ 68&&�Q���VN���ZH�

GHILQH� DV� /$%(/�+�� WKH� VHW� RI� DOO� ODEHO�*���

"*»+��

%DVHG�RQ�WKH�DERYH��D�)LQLWH�6WDWH�$XWRPDWRQ�

ZLWK� RQH� VRXUFH� DQG� RQH� VLQN� LV� GHILQHG� DV� WKH�

TXLQWXSOH� �4�/� �VRXUFH�VLQN��� ZKHUH�

VRXUFH�VLQN»4� DQG� "Q»4�^VRXUFH`�� 68&&��

VRXUFH�Q�¨³� DQG� "Q»4�^VLQN`�� 68&&�Q�VLQN��

¨³�� ,Q� RWKHU�ZRUGV�� VRXUFH� LV� D� SUHGHFHVVRU� RI�

HYHU\�RWKHU�VWDWH�LQ�4�DQG�VLQN�LV�D�VXFFHVVRU�RI�

HYHU\�RWKHU�VWDWH�LQ�4��

7KH� JUDSK� LV� DF\FOLF� LII� "Q»4��

68&&�Q�Q� ³��

7KH� VHW� RI� VWULQJV� RU�ZRUGV� FRQWDLQHG� LQ� DQ�

DF\FOLF� )6$� LV� ILQLWH� DQG� HTXDOV� WR�

/$%(/�68&&�VRXUFH�VLQN���� $OO� ZRUGV� LQ� DQ�

DF\FOLF�)6$�DUH�ILQLWH�OHQJWKHG��

,I�WZR�VWDWHV�Q��Q�»4��ZLWK�Q�¨Q���VDWLVI\�WKH�

SURSHUW\� /$%(/�68&&�Q��VLQN���  � /$%(/��

68&&�Q��VLQN���� WKHQ�ZH� VD\� WKDW�Q�� DQG�Q�� DUH�

GRZQ�HTXLYDOHQW�� $FFRUGLQJO\�� LI� /$%(/��

68&&�VRXUFH�Q���� �/$%(/�68&&�VRXUFH�Q������

ZH�VD\�WKDW�Q��DQG�Q��DUH�XS�HTXLYDOHQW��6D\LQJ�

WKDW�Q��DQG�Q��DUH�HTXLYDOHQW�PHDQV�WKDW�WKH\�DUH�

HLWKHU� XS�HTXLYDOHQW� RU� GRZQ�HTXLYDOHQW�� 7ZR�

VWDWHV� WKDW�DUH�QRW�HTXLYDOHQW�DUH�FDOOHG�GLVWLQFW��



$� VLQJOH� VWDWH� LV� FDOOHG� GLVWLQFW� LI� LW� LV� QRW�

HTXLYDOHQW� ZLWK� DQ\� RWKHU� VWDWH� LQ� 4�� $Q�

DXWRPDWRQ� WKDW� FRQWDLQV� QR� HTXLYDOHQW� VWDWHV� LV�

FDOOHG�FRPSDFW��IRU�')$V�FRPSDFW�DOVR�LPSOLHV�

PLQLPDO���

)RU� HDFK� VWDWH� Q»4�� ZH� FRQVLGHU� WKH�

WUDQVLWLRQV�HQWHULQJ�Q�DQG�WKH�WUDQVLWLRQV�OHDYLQJ�

Q� DQG� ZH� GHILQH� WZR� VHWV�� WKH� IDQ�LQ� VHW� RI� Q��

),1�Q� ^�Q
�V����Q
�Q�V�»/`�DQG�WKH�IDQ�RXW�VHW�RI�

Q�� )287�Q� ^�Q
�V��� �Q�Q
�V�»/`�� $OWKRXJK� WKH�

WUDQVLWLRQV� FRQWDLQHG� LQ� WKHVH� WZR� VHWV� DUH� QRW�

IXOO� WUDQVLWLRQV� �VWDWH� Q� LV� PLVVLQJ� IURP� WKH�

WULSOHV�� WKH\�DUH�FRQVLGHUHG�DV� WUDQVLWLRQV�� VLQFH�

VWDWH�Q�LV�DOZD\V�NQRZQ�DQG�WKH\�FDQ�EH�UHVWRUHG�

LQWR� WULSOHV� DW� DQ\� WLPH�� +RZHYHU�� WKH� DERYH�

UHSUHVHQWDWLRQ�IDFLOLWDWHV� WKH�FRPSDULVRQ�RI�IDQ�

LQ�DQG�IDQ�RXW�VHWV�RI�GLIIHUHQW�VWDWHV��

$Q� DXWRPDWRQ� LV� GHWHUPLQLVWLF� �')$�� LII�

"Q»4� "V» � _^Q
�� �Q
�V�»)287�Q�`_ ���� 7KXV�� LQ�

')$V� "Q»4�� _)287�Q�_ �_ _�� $Q� DXWRPDWRQ� LV�

FDOOHG�QRQ�GHWHUPLQLVWLF��1)$��RWKHUZLVH��

,I�WZR�VWDWHV�Q��Q�»4��ZLWK�Q�¨Q���VDWLVI\�WKH�

SURSHUW\� )287�Q��=)287�Q���� WKHQ� ZH� VD\� WKDW� Q��

DQG� Q�� DUH� GRZQ�VLPLODU�� 5HVSHFWLYHO\�� LI� WKH\��

VDWLVI\� WKH�SURSHUW\�),1�Q��=),1�Q���� WKHQ�ZH� VD\�

WKDW� Q�� DQG� Q�� DUH� XS�VLPLODU�� 6D\LQJ� WKDW� WZR�

VWDWHV�DUH�VLPLODU�PHDQV�WKDW� WKH\�DUH�HLWKHU�XS�

VLPLODU� RU� GRZQ�VLPLODU�� ,Q� RWKHU� ZRUGV�� WZR�

VWDWHV�DUH�VLPLODU� LI� WKH� LQSXW�RXWSXW�� WUDQVLWLRQV�

RI�WKH�RQH�PDWFK�WKH�LQSXW�RXWSXW��WUDQVLWLRQV�RI�

WKH� RWKHU� LQ� ODEHOV� DQG� GHVWLQDWLRQV�� 6LPLODU�

VWDWHV� DUH� DOZD\V� HTXLYDOHQW�� EXW� HTXLYDOHQW�

VWDWHV�DUH�QRW�QHFHVVDULO\�VLPLODU��VHH�/HPPD����

EHORZ���

/HW� ' �4�/� �VRXUFH�VLQN�� EH� DQ� DF\FOLF�

1)$� DV� GHILQHG� DERYH�� :H� SUHVHQW� WKH�

IROORZLQJ�OHPPDV��

/HPPD� ��� � �D�� 7ZR� GRZQ�HTXLYDOHQW� VWDWHV�

RI�'�DUH�HLWKHU�GRZQ�VLPLODU�RU�WKHLU�LPPHGLDWH�

VXFFHVVRUV� DUH� DOVR� GRZQ�HTXLYDOHQW�� �E�� 7ZR�

XS�HTXLYDOHQW� VWDWHV� RI� '� DUH� HLWKHU� XS�VLPLODU�

RU� WKHLU� LPPHGLDWH� SUHGHFHVVRUV� DUH� DOVR� XS�

HTXLYDOHQW���

3URRI�� � �D�� /HW� S�T»4� DQG� S� T� DUH� GRZQ�

HTXLYDOHQW��&RQVLGHU� WZR�WUDQVLWLRQV��S�S
�V��DQG�

�T�T
�V�� VXFK� WKDW� S
¨T
�� ,I� IRU� QR� V» � WZR� VXFK�

WUDQVLWLRQV�H[LVW��WKDW�LPSOLHV�)287�S�=)287�T��DQG�

S�T� DUH� GRZQ�VLPLODU�� 2WKHUZLVH�� LI� WKH�

WUDQVLWLRQV� H[LVW�� FRQVLGHU� WKH� VWDWHV� S
� DQG� T
��

6XSSRVH�WKDW�WKH\�DUH�QRW�GRZQ�HTXLYDOHQW��7KXV�
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ZH�FDQ�ILQG�WZR�VXFFHVVLRQV�VS VXFF�S
�VLQN��DQG�

VT VXFF�T
�VLQN�� VXFK� WKDW� VS¨VT�� 7KHQ� WKH�

VXFFHVVLRQV� � >�S�S
�V�@µVS� DQG� >�T�T
�V�@µVT� ZLOO�

DOVR� EH� GLIIHUHQW�� %XW� WKLV� FRQWUDGLFWV� WR� WKH�

DVVXPSWLRQ� WKDW� S� DQG� T� DUH� GRZQ�HTXLYDOHQW��

7KHUHIRUH� S
� DQG� T
� DUH� GRZQ�HTXLYDOHQW�� �E��

6\PPHWULFDO�WR��D��� ��

/HPPD�����'�LV�QRW�FRPSDFW�LII�VLPLODU�VWDWHV�

H[LVW�LQ�4��

3URRI�� �)LUVW�ZH�VKRZ�WKDW� LI�S�T»4�DQG�S�T�

DUH�VLPLODU��WKHQ�'�LV�QRW�FRPSDFW��6LPLODU�VWDWHV�

DUH� DOZD\V� HTXLYDOHQW�� 7KHUHIRUH� S� DQG� T� DUH�

HTXLYDOHQW�DQG�'�LV�QRW�FRPSDFW��1H[W�ZH�VKRZ�

WKDW�LI�'�LV�QRW�FRPSDFW�WKHQ�4�FRQWDLQV�VLPLODU�

VWDWHV�� ,I� '� LV� QRW� PLQLPDO� WKHQ� ZH� FDQ� ILQG�

S�T»4�ZLWK�S�DQG�T�HTXLYDOHQW��%\�/HPPD����LW�

LV� HLWKHU� S� VLPLODU� WR� T�� RU� WKHLU� LPPHGLDWH�

VXFFHVVRUV� �SUHGHFHVVRUV�� S
� DQG� T
� DUH�

HTXLYDOHQW�� 6XSSRVLQJ� WKH� ODWWHU�� ZH� FDQ� DSSO\�

/HPPD� �� WR� S
� DQG� T
�� 6LQFH� WKHUH� LV� RQO\� RQH�

VLQN� DQG� RQH� VRXUFH� DQG� _VXFF�S�VLQN�_��

_VXFF�VRXUFH�S�_� DUH� ILQLWH�� ZH� HYHQWXDOO\� DUULYH�

LQ� WZR� HTXLYDOHQW� VWDWHV� ZKLFK� DUH� DOVR�

VLPLODU� ��

/HPPD� �� FRQVWLWXWHV� D� YHU\� XVHIXO� FULWHULRQ�

IRU� FKHFNLQJ�ZKHWKHU� DQ� DXWRPDWRQ� LV� FRPSDFW�

���67$*(����$WWDFK�ZRUG�WR�1)$�

�� Q��VRXUFH��L����� � � � ���DUUD\�Z>@�FRQWDLQV�WKH�QHZ�ZRUG�

�� ZKLOH��L�0����^� � � � � ���0 _Z>@_�

�� � FUHDWH�QHZ�VWDWH�Q��

�� � FUHDWH�QHZ�WUDQVLWLRQ��Q��Q�Z>L@���

�� � LI�L ��WKHQ�N��Q�Z>�@���

�� � Q��Q��L����

� `�

�� FUHDWH�QHZ�WUDQVLWLRQ��Q��VLQN�Z>L@����

�� M��Q��Z>L@���S�VLQN��T�VRXUFH��

�

���67$*(����6HDUFK�IRU�XS�VLPLODU�VWDWHV�

�� VHDUFKXSBIDLOHG������Q
�F� �M�� � � ���WKH�ODVW�PDUNHG�WUDQVLWLRQ�

��� ZKLOH�H[LVWV�DQRWKHU��Q�F�») � � �S��ZLWK�Q¨Q
�^� ���VHDUFK�RQO\�WUDQVLWLRQV�LQ�) � � �S��

��� � LI�) ����� �Q� ) ����� �Q
��WKHQ�^� � � ���VLPLODULW\�FKHFN�

��� � � ^M`��) � � �Q
��� � � ���_) � � �Q
�_ ���

��� � � ) � � �Q� �) � � �Q�µ^M`�� � ���UHGLUHFW�M�

��� � � GHOHWH�Q
��) � � �Q
���) ����� �Q
���

��� � � S�Q��JR�WR���� � � ���M�LV�WKH�QH[W�ODVW�PDUNHG�WUDQVLWLRQ�

� � `� � ��

� `�

��� VHDUFKXSBIDLOHG����

�

���67$*(����6HDUFK�IRU�GRZQ�VLPLODU�VWDWHV�

��� VHDUFKGRZQBIDLOHG�����Q
�F� �N�� � � ���WKH�ILUVW�PDUNHG�WUDQVLWLRQ�

��� ZKLOH�H[LVWV�DQRWKHU��Q�F�») ����� �T��ZLWK�Q¨Q
�^� ���VHDUFK�RQO\�WUDQVLWLRQV�LQ�) ����� �T��

��� � LI�) � � �Q� ) � � �Q
��WKHQ�^� � � ���VLPLODULW\�FKHFN�

��� � � ^N`��) ����� �Q
��� � � ���_) ����� �Q
�_ ���

��� � � ) ����� �Q� �) ����� �Q�µ^N`�� � ���UHGLUHFW�N�

��� � � GHOHWH�Q
��) ����� �Q
���) � � �Q
���

��� � � T�Q��JR�WR����� � � ���N�LV�WKH�QH[W�ODVW�PDUNHG�WUDQVLWLRQ�

� � `� � ��

� `�

��� VHDUFKGRZQBIDLOHG����

�

���67$*(����5HSHDW�XQWLO�ERWK�6WDJH���DQG�6WDJH���IDLO�

��� LI�VHDUFKXSBIDLOHG�VHDUFKGRZQBIDLOHG�����WKHQ�JR�WR���

��� HQG�

�

7DEOH����7KH�LQFUHPHQWDO�FRQVWUXFWLRQ�DOJRULWKP��



RU� QRW�� &KHFNLQJ� XVLQJ� WKLV� FULWHULRQ� LV� PRUH�

HIILFLHQW� WKDQ� VHDUFKLQJ� IRU� HTXLYDOHQW� VWDWHV��

VLQFH�JLYHQ�WZR�VWDWHV��LW�LV�PXFK�IDVWHU�WR�GHFLGH�

LI� WKH\� DUH� VLPLODU� WKDQ� LW� LV� WR� FKHFN� WKHLU�

HTXLYDOHQFH��

�� 3UHVHQWDWLRQ�RI�WKH�$OJRULWKP�

7KH�SURSRVHG�DOJRULWKP�DGGV�D�QHZ�ZRUG�WR�DQ�

H[LVWLQJ� DF\FOLF� 1)$�� )LJXUH� �� GLVSOD\V� DQ�

H[DPSOH�RI�ZRUG�LQVHUWLRQ��7KH�RULJLQDO�1)$�RI�

)LJ��D�FRQWDLQV�VL[�ZRUGV��FXW��FKDW��FKRS��FKLS��

IODW�DQG�IOLS��:H�ZLVK�WR�DGG�WKH�ZRUG�IORS��7KH�

LQVHUWLRQ�LV�SHUIRUPHG�DV�IROORZLQJ��

67$*(� ��� )LUVW� ZH� DWWDFK� WKH� QHZ� ZRUG� WR�

WKH� H[LVWLQJ� 1)$� E\� FUHDWLQJ� D� VHSDUDWH�

VXFFHVVLRQ�RI�WUDQVLWLRQV�EHWZHHQ�WKH�VRXUFH�DQG�

WKH�VLQN��:H�PDUN�DOO�WKHVH�WUDQVLWLRQV��,Q�)LJ��E�

WKH\�DSSHDU�GDVKHG��

67$*(����:H�FRQVLGHU�WKH�PDUNHG�WUDQVLWLRQ�

�Q
�S�F��FORVHU�WR�WKH�VLQN�DQG�ZH�VHDUFK�LQ�),1�S��

IRU� D� VWDWH� Q� GRZQ�VLPLODU� WR� Q
�� 6WDWH� Q
� LV�

GHOHWHG��DQG�VR�DOO�LWV�RXWJRLQJ�WUDQVLWLRQV��DIWHU�

UHGLUHFWLQJ� LWV� LQFRPLQJ� WUDQVLWLRQ� WR� Q��

),1�Q� ),1�Q�µ),1�Q
��� 7KH� SURFHVV� LV� UHSHDWHG��

DJDLQ� FRQVLGHULQJ� WKH�PDUNHG� WUDQVLWLRQ� FORVHVW�

WR� WKH� VLQN��XQWLO� QR�GRZQ�VLPLODU� VWDWHV� FDQ�EH�

IRXQG���VHH�)LJ��F���

67$*(����:H�FRQVLGHU�WKH�PDUNHG�WUDQVLWLRQ�

�F�S�Q
�� FORVHU� WR� WKH� VRXUFH� DQG� ZH� VHDUFK� LQ�

)287�S�� IRU� D� VWDWH� Q� XS�VLPLODU� WR� Q
��6WDWH�Q
� LV�

GHOHWHG��DQG�VR�DOO�LWV�LQFRPLQJ�WUDQVLWLRQV��DIWHU�

UHGLUHFWLQJ� LWV� RXWJRLQJ� WUDQVLWLRQ� WR� Q��

)287�Q� )287�Q�µ)287�Q
��� 7KH� SURFHVV� LV�

UHSHDWHG�� DJDLQ� FRQVLGHULQJ� WKH� PDUNHG�

WUDQVLWLRQ� FORVHVW� WR� WKH� VRXUFH�� XQWLO� QR� XS�

VLPLODU�VWDWHV�FDQ�EH�IRXQG��VHH�)LJ��G���

67$*(���� �6WDJHV���DQG���DUH�UHSHDWHG�XQWLO�

ERWK� RI� WKHP� IDLO� WR� ILQG� VLPLODU� VWDWHV� �VHH�

)LJ��H���

7KH� XSGDWHG�1)$� FRQWDLQV� DOO� WKH�ZRUGV� RI�

WKH� RULJLQDO� RQH�� SOXV� WKH� QHZ�ZRUG��1RWH� WKDW�

WKH� DOJRULWKP�GRHV� QRW� WUDYHUVH� HYHU\� VWDWH� DQG�

WUDQVLWLRQ� RI� WKH� RULJLQDO� 1)$� WR� DGG� WKH� QHZ�

ZRUG��+RZHYHU�� WKH� UHVXOWLQJ�1)$� LV� FRPSDFW��

$�SURRI�RI�WKLV�LV�JLYHQ�LQ�WKH�QH[W�VHFWLRQ��7KH�

DOJRULWKP�LV�VKRZQ�LQ�7DEOH����

�� 3URRI�RI�&RUUHFWQHVV�

)RU� WKH� DQDO\VLV� RI� WKLV� VHFWLRQ�� FRQVLGHU� DJDLQ�

WKH� H[DPSOH� RI� )LJ���� 7KH� RULJLQDO� 1)$� RI�

)LJ��D�LV�FRPSDFW��

7KH� DOJRULWKP� FUHDWHV� QHZ� VWDWHV� DQG�

WUDQVLWLRQV� LQ� WKH�ILUVW�VWDJH�DQG�LW�GHOHWHV�VWDWHV�

DQG�WUDQVLWLRQV�LQ�WKH�IROORZLQJ�VWDJHV��7KH�1)$�

DW� WKH� HQG� RI� 6WDJH� �� �)LJ��E�� FRQWDLQV� DOO� WKH�

ZRUGV� RI� WKH� RULJLQDO�1)$�SOXV� WKH� QHZ�ZRUG��

EXW�LW�LV�QRW�FRPSDFW��

7KH� FRPSDFWLRQ� LV� SHUIRUPHG� LQ�6WDJHV������

EDVHG�RQ�WKH�FULWHULRQ�RI�/HPPD����6LQFH�D�QRQ�

FRPSDFW� 1)$� DOZD\V� FRQWDLQV� VLPLODU� VWDWHV��

6WDJHV� ���� ILQG� VLPLODU� VWDWHV� DQG�PHUJH� WKHP��

XQWLO�QR�PRUH�VLPLODU�VWDWHV�FDQ�EH�IRXQG�LQ�WKH�

1)$�� 7KHQ� E\� /HPPD� �� WKH� 1)$� ZLOO� EH�

FRPSDFW�� 1RWH� WKDW� WKH� DOJRULWKP� GRHV� QRW�

VHDUFK�WKH�ZKROH�1)$�WR�ILQG�VLPLODU�VWDWHV��)RU�

HYHU\�WUDQVLWLRQ��Q
�S�F��LQ�WKH�SDWK�RI�WKH�QHZO\�

LQVHUWHG� ZRUG�� VWDUWLQJ� IURP� WKH� RQH� FORVHVW� WR�

WKH� VLQN� �VRXUFH�� DQG� FRQWLQXLQJ� XSZDUGV�

�GRZQZDUGV���LW�FRQVLGHUV�RQO\�WKH�VWDWHV�Q�VXFK�

WKDW��Q�F�»),1�287��S��DQG�Q¨Q
��DQG�LW�FKHFNV�RQO\�

WKHP�IRU�VLPLODULW\�ZLWK�Q
��

1RZ� FRQVLGHU� WKH� GDVKHG� �PDUNHG��

WUDQVLWLRQV�RI�)LJ��E��7KH�DOJRULWKP�NHHSV�WUDFN�

RI� WKHP�� 7KH\� IRUP� D� VXFFHVVLRQ� WKDW�

FRUUHVSRQGV�WR�WKH�QHZ�ZRUG��/HW�=�EH�WKH�VHW�RI�

VWDWHV� FRQWDLQHG� LQ� WKDW� VXFFHVVLRQ�� H[FOXGLQJ�

VRXUFH� DQG� VLQN�� 7KHQ� =� FRQWDLQV� DOO� WKH� QHZ�

VWDWHV�FUHDWHG�E\�WKH�SURFHVV��,I�DQ\�VWDWH�Q
�LQ�=�

LV� IRXQG� VLPLODU� WR� VRPH� RWKHU� VWDWH�� VWDWH� Q
� LV�

GHOHWHG�IURP�=��

)ROORZLQJ� DUH� VRPH� LQWHUHVWLQJ� OHPPDV�

FRQFHUQLQJ�SURSHUWLHV�RI�DF\FOLF�1)$V��7KH�ODVW�

RQH�SURYHV�WKH�FRUUHFWQHVV�RI�WKH�DOJRULWKP��

/HPPD� ��� � )RU� HYHU\� Q»=�� _),1�Q�_ �

_)287�Q�_ ���

3URRI���7KLV�SURSHUW\�LV�VHOI�HYLGHQW�DW�6WDJH�

��ZKHUH� DOO� VWDWHV� LQ�=� IRUP� D� VXFFHVVLRQ� IURP�

VRXUFH�WR�VLQN��'XULQJ�6WDJHV���DQG���VWDWHV�DQG�

WUDQVLWLRQV� DUH� GHOHWHG� IURP� WKH� HGJHV� RI� WKH�

VXFFHVVLRQ� RQO\�� 7KHUHIRUH� WKH� SURSHUW\� LV�

PDLQWDLQHG�WKURXJKRXW�WKH�ZKROH�SURFHVV����

/HPPD���� � �D��7KHUH� LV� RQO\�RQH� VWDWH�Q»=�

VXFK�WKDW�H[LVWV��S�Q�F��ZLWK�S»4�=���E��7KHUH�LV�

RQO\�RQH�VWDWH�Q»=�VXFK� WKDW�H[LVWV� �Q�T�F��ZLWK�

T»4�=��

3URRI�� � �D�� 6XSSRVH� WKHUH� DUH� Q�P»=� DQG�

S»4�=�VXFK� WKDW�ERWK��S�Q�F��DQG��S�P�G��H[LVW��

%XW� VLQFH� Q� DQG� P� EHORQJ� WR� WKH� VDPH�

VXFFHVVLRQ��RQH�PXVW�EH� VXFFHVVRU�RI� WKH�RWKHU��

/HW�P�WKH�VXFFHVVRU�DQG�Q�WKH�SUHGHFHVVRU��7KHQ�

WKHUH�VKRXOG�DOVR�H[LVW�D�WUDQVLWLRQ��N�P�H��ZKHUH�

N»=�� 7KDW� LPSOLHV� _),1�Q�_!��� FRQWUDGLFWLQJ� WR�

/HPPD�����E��6\PPHWULFDO�WR��D�����



/HPPD�����7KHUH�DUH�QR�HTXLYDOHQW�VWDWHV�LQ�

=��

3URRI�� � 6XSSRVH� WKHUH� DUH� WZR� HTXLYDOHQW�

VWDWHV� LQ� =�� 7KHQ� E\� /HPPD� �� WKHUH� DUH� WZR�

VLPLODU� VWDWHV� LQ� =�� /HW� S�T»=� EH� WKHVH� VWDWHV��

7KHQ� WKHUH� DUH� HLWKHU� WZR� WUDQVLWLRQV� �Q�S�F��

�Q�T�F��RU�WZR�WUDQVLWLRQV��S�Q�F���T�Q�F���,Q�HLWKHU�

FDVH� Q� FDQQRW� EHORQJ� WR� =� GXH� WR� /HPPD� ���

7KHUHIRUH� Q»4�=� DQG� E\� /HPPD� ��� S� DQG� T�

FDQQRW�ERWK�EHORQJ�WR�=����

/HPPD�����7KHUH�DUH�QR�HTXLYDOHQW�VWDWHV�LQ�

WKH�VHW�4�=��

3URRI�� � 6XSSRVH� WKHUH� DUH� WZR� HTXLYDOHQW�

VWDWHV� LQ� 4�=�� 7KHQ�� E\� /HPPD� ��ZH� FDQ� ILQG�

WZR� VLPLODU� VWDWHV� S�T»4�=�� 6LQFH� WKH\� DUH�

VLPLODU�WKH\�VKRXOG�EH�GLUHFWO\�OLQNHG�WR�DW�OHDVW�

RQH�VWDWH�Q��%\�/HPPD���Q�FDQQRW�EHORQJ�WR�=��

,W� VKRXOG� EHORQJ� WR� 4�=�� %XW� LQ� WKDW� FDVH� WKH�

RULJLQDO�1)$�DOVR�FRQWDLQV�S��T�DQG�Q�DQG�WKXV�LW�

FRXOG�QRW�EH�FRPSDFW� ��

/HPPD���� �(YHU\�VWDWH�LQ�=�KDV�DW�PRVW�RQH�

HTXLYDOHQW�VWDWH��

3URRI�� � /HW� Q»=�� S�T»4� VXFK� WKDW� Q� LV�

HTXLYDOHQW�WR�ERWK�S�DQG�T��%\�/HPPD����QHLWKHU�

S�QRU�T�FDQ�EHORQJ� WR�=�� VLQFH�Q»=��7KXV� WKH\�

PXVW�ERWK�EHORQJ�WR�4�=��%XW�VLQFH�S�DQG�T�DUH�

DOVR�HTXLYDOHQW��WKLV�FRQWUDGLFWV�/HPPD��� ��

/HPPD����,I�ZH�XVH�WKH�GHVFULEHG�DOJRULWKP�

WR� DGG� D� QHZ�ZRUG� WR� D� FRPSDFW� DF\FOLF�1)$��

WKHQ�WKH�XSGDWHG�1)$�LV�DOVR�FRPSDFW��

3URRI���6XSSRVH�WKDW�DIWHU�WKH�HQG�RI�6WDJH���

WKH� XSGDWHG� 1)$� LV� QRW� FRPSDFW�� 7KHQ� E\�

/HPPD� �� WKHUH� VKRXOG� EH� WZR� VLPLODU� VWDWHV� LQ�

4��/HW�XV�H[DPLQH�LQ�ZKDW�VHWV�WKHVH�WZR�VWDWHV�

FDQ� EHORQJ� WR�� %\� /HPPD� �� WKH\� FDQQRW� ERWK�

EHORQJ� WR� =�� %\� /HPPD� �� WKHQ� FDQQRW� ERWK�

EHORQJ�WR�4�=��7KHUHIRUH�RQH�PXVW�EHORQJ�WR�=�

DQG� WKH�RWKHU� WR�4�=��%XW�VLQFH�WKH�SURFHVV�KDV�

EHHQ� FRPSOHWHG�� 6WDJHV� �� DQG� �� KDYH� DOUHDG\�

FKHFNHG�=� IRU� VLPLODU� VWDWHV��7KHUHIRUH� LW� LV�QRW�

SRVVLEOH�WR�ILQG�WZR�VLPLODU��RU�HTXLYDOHQW��VWDWHV�

LQ�4��7KXV�WKH�XSGDWHG�1)$�LV�FRPSDFW� ��

�� ([SHULPHQWDO�5HVXOWV�

7KH�GHVFULEHG�DOJRULWKP�KDV�EHHQ�WHVWHG�XVLQJ�D�

OH[LFRQ� RI� �������� *UHHN� ZRUGV� LQ� UDQGRP�

RUGHU�� 7KH� DYHUDJH� ZRUG� OHQJWK� LQ� WKH� OH[LFRQ�

ZDV�����FKDUDFWHUV�� WKH�VL]H�RI�WKH�DOSKDEHW�ZDV�

���� 7KH� QXPEHU� RI� VWDWHV�� WUDQVLWLRQV� DQG� WKH�

FRQVWUXFWLRQ� WLPH� ZHUH� PHDVXUHG�� 7KH� UHVXOWV�

�
)LJXUH����7HVW�UHVXOWV�DQG�FRPSDULVRQ�ZLWK�PLQLPDO�')$��



DUH� VKRZQ� LQ�)LJ����7KH� WKLFN� OLQHV� UHIHU� WR� WKH�

1)$�� WKH� WKLQ� OLQHV� UHIHU� WR� WKH� FRUUHVSRQGLQJ�

PLQLPDO� ')$�� )RU� WKH� FRQVWUXFWLRQ� RI� WKH�

PLQLPDO� ')$� DQ� LQFUHPHQWDO� DOJRULWKP� ZDV�

XVHG� �6JDUEDV� HW� DO��� ����D�� ZLWK� 2�Q��� WLPH�

SHUIRUPDQFH��7KH� WHVW�ZDV� SHUIRUPHG� RQ� D� ����

0+]�3&��

)LJXUHV��D���E�DQG��F�GLVSOD\�UHVSHFWLYHO\�WKH�

QXPEHU�RI� VWDWHV�� WKH�QXPEHU�RI� WUDQVLWLRQV�DQG�

WKH� FRQVWUXFWLRQ� WLPH� RI� WKH� DXWRPDWRQ�� LQ�

UHVSHFW� WR� WKH� VL]H� RI� WKH� OH[LFRQ� �QXPEHU� RI�

ZRUGV��� ,W� LV� HYLGHQW� WKDW� WKH� FRPSDFW� 1)$�

FRQVWUXFWHG�E\�WKH�SURSRVHG�DOJRULWKP�KDG�PXFK�

IHZHU� VWDWHV� WKDQ� WKH� FRUUHVSRQGLQJ� PLQLPDO�

')$� DQG� LWV� FRQVWUXFWLRQ� WLPH� ZDV� QRWDEO\�

VKRUW�� +RZHYHU�� IRU� OH[LFRQ� VL]H� JUDWHU� WKDQ�

��������ZRUGV�� WKH�DOJRULWKP�ZDV� OHVV�HIILFLHQW�

FRQFHUQLQJ� WKH� QXPEHU� RI� WUDQVLWLRQV� �VHH�

)LJ��E���

7KH� VDPH� UHVXOWV� DUH� DOVR� VKRZQ� LQ�

ORJDULWKPLF� VFDOHV� LQ� )LJV��G�� �H� DQG� �I��

UHVSHFWLYHO\�� � 7KH� VORSHV� RI� WKH� OLQHV� LQGLFDWH�

OLQHDU� JURZWK� RI� WUDQVLWLRQV�� OHVV� WKDQ� OLQHDU�

JURZWK� RI� VWDWHV� DQG� WLPH� FRPSOH[LW\� EHWZHHQ�

2�Q��DQG�2�Q����

�� &RQFOXVLRQ�

:H� KDYH� SUHVHQWHG� DQ� DOJRULWKP� IRU� DGGLQJ�

ZRUGV� �VWULQJV�� LQ� DF\FOLF�1)$V� DQG�SURYHG� LWV�

FRPSDFW� EHKDYLRU�� L�H�� LI� WKLV� DOJRULWKP� LV�

DSSOLHG� WR� D� FRPSDFW� DF\FOLF� 1)$�� WKHQ� WKH�

UHVXOWLQJ� 1)$� ZLOO� DOVR� EH� FRPSDFW�� 7KLV�

DOJRULWKP�SURYLGHV�DQ�HIILFLHQW�DQG�HOHJDQW�ZD\�

WR�XSGDWH�DF\FOLF�1)$V�ZLWKRXW�KDYLQJ�WR�EXLOG�

WKHP� IURP� VFUDWFK�� ,Q� H[SHULPHQWV� ZLWK� *UHHN�

OH[LFRQV�� FRPSDFW� 1)$V� FRQVWUXFWHG� E\� WKH�

GHVFULEHG� DOJRULWKP� W\SLFDOO\� UHTXLUHG�

VLJQLILFDQWO\� OHVV� VWDWHV� WKDQ� WKH� FRUUHVSRQGLQJ�

PLQLPDO� ')$V� DQG� DERXW� WKH� VDPH� QXPEHU� RI�

WUDQVLWLRQV�� ZKLOH� WKHLU� FRQVWUXFWLRQ� WLPH� ZDV�

VKRUW� HQRXJK� WR� EH� XVHG� IRU� RQ�OLQH� XSGDWHV� RI�

OH[LFRQV�� +RZHYHU�� WKH� SURSRVHG� DOJRULWKP�

SURGXFHV� FRPSDFW�� EXW� QRW� QHFHVVDULO\�PLQLPDO�

1)$V�� EHFDXVH� WKH� RUGHU� RI� WKH� LQVHUWHG�ZRUGV�

DIIHFWV� WKH� VL]H� RI� WKH� DXWRPDWRQ�� 7R� LOOXVWUDWH�

WKLV�� FRQVLGHU� )LJ���� %RWK� 1)$V� RI� )LJ���

UHSUHVHQW� WKH� VDPH� OH[LFRQ� DQG� WKH\� KDYH� ERWK�

EHHQ� SURGXFHG� E\� WKH� GHVFULEHG� DOJRULWKP��

+RZHYHU�� LQ� WKH� FDVH�RI�)LJ��D� WKH�ZRUGV�ZHUH�

LQVHUWHG�LQ�WKH�RUGHU��>LQ��LW��DW��RQ@��ZKLOH�LQ�WKH�

FDVH� RI� )LJ��E� WKH� ZRUGV� ZHUH� LQVHUWHG� LQ� WKH�

RUGHU�� >LQ��RQ��DW�� LW@��(YLGHQWO\��ERWK�1)$V�DUH�

FRPSDFW��EXW�RQO\�WKH�RQH�RI�)LJ��E�LV�PLQLPDO��

$SDUW� IURP� LWV� WKHRUHWLF� LQWHUHVW�� WKLV�

DOJRULWKP�KDV�GLUHFW�SUDFWLFDO�XVHV��2Q�OLQH�ZRUG�

LQVHUWLRQ�LV�KLJKO\�GHVLUDEOH�LQ�HYHU\�DSSOLFDWLRQ�

ZKHUH�WKH�GDWD�QHHG�WR�EH�XSGDWHG�UHJXODUO\��H�J��

VSHOO�FKHFNHUV�� DQG� WKH� VL]H� RI� WKH� VWUXFWXUH� LV�
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