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(�PDLO��^SDVFKDOL�QLNRV�GJL]RS�SNRVW`#LLW�QUFSV�DULDGQH�W�JU

$EVWUDFW

,Q�WKLV�SDSHU��DQ�DV\QFKURQRXV�76&���RXW�RI���������FRGH

HUURU� LQGLFDWRU� LV� LQWURGXFHG� WKDW� PHPRULVHV� HUURQHRXV

���� FRGH� LQSXWV� ^����� ����� ����� ����� ���`� ZLWK� WLPH

GXUDWLRQ� JUHDWHU� WKDQ� D� GLVFULPLQDWLRQ� WLPH� 7�� 6XFK� DQ

HUURU� LQGLFDWRU� LV� XVHG� WR� GLVFULPLQDWH� WUDQVLHQW

HUURQHRXV�����FRGH�LQSXWV� IURP�UHDO�RQHV�DV�ZHOO�DV� � WR

GHWHFW�QRW�RQO\� IDXOWV� WKDW� FDXVH� ORJLFDO� HUURUV� EXW� DOVR

GHOD\� IDXOWV� �VKRUW� RU� ORQJ�� WKDW� DOWHU� WKH� FLUFXLW� GHOD\

RXWVLGH� LWV� VSHFLILHG� OLPLWV� �XSSHU� RU� ORZHU� ERXQGV�

ZLWKRXW� FDXVLQJ� ORJLFDO� HUURUV�� 7R� RXU� NQRZOHGJH�� RXU

HUURU� LQGLFDWRU� LV� WKH� ILUVW�76&�����FRGH�HUURU� LQGLFDWRU

SURSRVHG�LQ�WKH�RSHQ�OLWHUDWXUH�

,��,QWURGXFWLRQ

'XH�WR�WKH�KLJK�FRPSOH[LW\�DQG�GHQVLW\�RI�9/6,�FKLSV�WKH

YDVW� PDMRULW\� RI� HUURUV� DUH� WUDQVLHQW� RU� LQWHUPLWWHQW�

&RQFXUUHQW� HUURU� GHWHFWLRQ� LV� PDQGDWRU\� IRU� GHWHFWLQJ

VXFK� HUURUV��PDLQO\� LQ� FULWLFDO� DSSOLFDWLRQV� �H�J�� VSDWLDO�

DYLRQLFV�� QXFOHDU�� LQGXVWULDO�� PLOLWDU\�� VLQFH� LW� SURYLGHV

IDVW�GHWHFWLRQ�DQG�ORFDWLRQ�RI�WKH�IDXOW�SUHYHQWLQJ�IXUWKHU

FRUUXSWLRQ� RI� WKH� V\VWHP�� 7KXV�� LQ� GHVLJQLQJ� KLJKO\

UHOLDEOH�� DYDLODEOH� DQG�PDLQWDLQDEOH� V\VWHPV� WKH� 7RWDOO\

6HOI�&KHFNLQJ��76&��FKHFNHUV�SOD\�DQ� LPSRUWDQW� UROH� DV

WKH\�DUH�XVHG�IRU�FRQFXUUHQW�GHWHFWLRQ�RI�HUURUV�FDXVHG�E\

IDXOWV� HLWKHU� LQ� WKH� IXQFWLRQDO� FLUFXLW� WKH\�PRQLWRU� RU� LQ

WKHLU�FLUFXLWU\�

7KH� FRQFHSW� RI� WKH� 76&� FKHFNHUV� KDV� EHHQ� IRUPDOO\

GHILQHG� LQ� >�@� DQG� >�@� DV� WKH� FLUFXLWV� ZKLFK� VDWLVI\� WKH

VHOI�WHVWLQJ�� IDXOW�VHFXUH�DQG�FRGH�GLVMRLQW�SURSHUWLHV�DQG

XVXDOO\�JHQHUDWH�D�WZR�UDLO�RXWSXW�ZLWK�YDOXHV����RU����IRU

QRUPDO� LQGLFDWLRQ� DQG� ��� RU� ��� IRU� HUURU� LQGLFDWLRQ�

7KHUHIRUH�� GXULQJ� HUURU�IUHH� RSHUDWLRQ�� D� 76&� FKHFNHU

WKHRUHWLFDOO\� JHQHUDWHV� RQO\� QRUPDO� LQGLFDWLRQ� VWDWHV

HLWKHU� ��� RU� ���� 8QIRUWXQDWHO\�� LQ� SUDFWLFH�� WKH� WZR�UDLO

RXWSXW��[��[���RI� D�76&�FKHFNHU�PD\� WUDQVLHQWO\� EHFRPH

HLWKHU� ��� RU� ��� GXULQJ� RQH� QRUPDO� LQGLFDWLRQ� WUDQVLWLRQ

�HLWKHU� ��o��� RU� ��o���� GXH� WR� GLIIHUHQW� SURSDJDWLRQ

GHOD\V�RI�WKH�SDWKV�DVVRFLDWHG�ZLWK�WKH�RXWSXWV�[��DQG�[��

7KHUHIRUH�� LQ� WKH� GHVLJQ� RI� 76&� V\VWHPV�� WKHUH� LV� WKH

UHTXLUHPHQW� WR� GLVFULPLQDWH� WUDQVLHQW� HUURU� LQGLFDWLRQ

VWDWHV�IURP�UHDO�HUURU�LQGLFDWLRQ�VWDWHV�FDXVHG�E\�IDXOWV�

$SDUW�IURP�WKLV��LQ�WKH�GHVLJQ�RI�76&�V\VWHPV��WKHUH�LV

DOVR�WKH�UHTXLUHPHQW�WR�UHGXFH�WKH�KDUG�FRUH�LQ�WKH�DODUP

V\VWHP� WKDW� HODERUDWHV� HUURU� LQGLFDWLRQV�� DV� ZHOO� DV�� WR

PDLQWDLQ�WKH�EULHI�DSSHDUDQFH�RI�DQ�HUURU�LQGLFDWLRQ�RQFH

VXFK�DQ�LQGLFDWLRQ�LV�UHDFKHG�

7KH� PHQWLRQHG� DERYH� UHTXLUHPHQWV� IRU� 76&� V\VWHPV

DUH� VDWLVILHG� E\� SODFLQJ� D� 76&� WZR�UDLO� FRGH� HUURU

LQGLFDWRU�DSSHQGHG�WR�WKH�RXWSXWV�RI�D�76&�FKHFNHU��6XFK

D�76&�HUURU�LQGLFDWRU�PHPRULVHV�HUURU�LQGLFDWLRQV�����RU

����JHQHUDWHG�E\�76&�FKHFNHUV�ZLWK�WLPH�GXUDWLRQ�JUHDWHU

WKDQ�D�GLVFULPLQDWLRQ�WLPH�7�>�@�

$SDUW�IURP�WKLV��WKH�PRVW�FRPPRQ�IDLOXUH�PHFKDQLVPV

LQ�GLJLWDO�9/6,�FLUFXLWV�ILUVW�PDQLIHVW�WKHPVHOYHV�DV�VPDOO

GHOD\� IDXOWV� ZKLFK� EHFRPH� SURJUHVVLYHO\� ODUJHU� XQWLO� D

ORJLFDO� HUURU� DSSHDUV� >�@�� +HQFH�� GXULQJ� QRUPDO

RSHUDWLRQ��D�SURPSW�GHWHFWLRQ�RI�HYHQ�VPDOO�GHOD\�IDXOWV�

VRPHWLPHV� EHIRUH� FDXVLQJ� FULWLFDO� SDWKV� WR� IDLO�� JDLQ

LPSRUWDQFH� LQ� FULWLFDO� DSSOLFDWLRQV�� 7KLV� LV� DFKLHYHG� E\

XVLQJ� 76&� HUURU� LQGLFDWRUV� DSSHQGHG� WR� 76&� FKHFNHUV

>�@�� 7KHUHIRUH�� E\� XVLQJ� 76&� HUURU� LQGLFDWRUV� LQ� 76&

V\VWHPV� ZH� FDQ� GHWHFW� FRQFXUUHQWO\� HLWKHU� IDXOWV� WKDW

FDXVH� ORJLFDO� HUURUV� RU� GHOD\� IDXOWV� �VKRUW� RU� ORQJ�� WKDW

DOWHU�WKH�FLUFXLW�GHOD\�RXWVLGH�LWV�VSHFLILHG�OLPLWV��XSSHU�RU

ORZHU�ERXQGV��ZLWKRXW�FDXVLQJ�ORJLFDO�HUURUV�

7KH� SDSHU� GHDOV� ZLWK� WKH� GHVLJQ� RI� DQ� DV\QFKURQRXV

76&� ���� FRGH� HUURU� LQGLFDWRU� IRU� ILUVW� WLPH� LQ� WKH� RSHQ

OLWHUDWXUH��7KH�LQWURGXFHG�76&�HUURU�LQGLFDWRU�PHPRULVHV

HUURQHRXV�����FRGH�LQSXWV�^�����������������������`�ZLWK

WLPH� GXUDWLRQ� JUHDWHU� WKDQ� D� GLVFULPLQDWLRQ� WLPH�7� DQG

JHQHUDWHV� D� WZR�UDLO� RXWSXW� ZLWK� YDOXHV� ��� RU� ��� IRU

QRUPDO�LQGLFDWLRQ�DQG����RU����IRU�HUURU�LQGLFDWLRQ��6XFK

DQ� HUURU� LQGLFDWRU� FDQ� EH� XVHG� WR� VDWLVI\� WKH� PHQWLRQHG

DERYH�UHTXLUHPHQWV�IRU�76&�V\VWHPV��DV�ZHOO�DV��WR�GHWHFW

IDXOWV� WKDW� FDXVH� HLWKHU� ORJLFDO� HUURUV� RU� WUDQVLWLRQV� �IDVW

RU�ODWH��WKDW�YLRODWH�WKH�GLVFULPLQDWLRQ�WLPH�7�

&RQVLGHULQJ� WKDW� D� FRPELQDWLRQDO� 76&� ���� FRGH

FKHFNHU�GRHV�QRW�H[LVW�LQ�JDWH�OHYHO���VLQFH�WKH�RQO\�WKUHH

���� FRGH� ZRUGV� FDQ� QRW� GHWHFW� DOO� VLQJOH� VWXFN�DW� IDXOWV

>�@��� ZH� FRQFOXGH� WKDW� WKH� SUHVHQWHG� KHUH� FLUFXLW� LV� QRW

RQO\�D�76&�����FRGH�FKHFNHU�LQ�JDWH�OHYHO��IRU�ILUVW�WLPH�

EXW�DOVR�LW�LV�D�IDLO�VDIH�FLUFXLW�VLQFH�LW�PDLQWDLQV�DQ�HUURU

VWDWH� RQFH� VXFK� D� VWDWH� LV� UHDFKHG�� 6XFK� D� 76&� HUURU

LQGLFDWRU�FDQ�EH�GHVLJQHG�ZLWK�H[LVWLQJ�OLEUDU\�FHOOV�
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:H UHPDUN WKDW D 76& ��� FRGH FKHFNHU LV DOWHUQDWLYHO\

LPSOHPHQWHG LQ JDWH OHYHO ZLWK WZR ZD\V� WKDW LV� DV D

VHTXHQWLDO FLUFXLW >�@ RU DV D FRPELQDWLRQDO FLUFXLW WKDW

FRPELQHV WKH ��� FRGH ZLWK D WZR�UDLO RXWSXW EHORQJLQJ WR

DQ RWKHU 76& FKHFNHU H[LVWLQJ LQ WKH VDPH FLUFXLW >���@�

$SDUW IURP WKLV� WUDQVLVWRU OHYHO LPSOHPHQWDWLRQV ZLWK

VSHFLILF OD\RXW UHTXLUHPHQWV KDYH EHHQ SURSRVHG LQ Q�

026 >�����@ DQG &026 WHFKQRORJ\ >��������@� 6XFK

FKHFNHUV FDQ QRW EH GHVLJQHG ZLWK H[LVWLQJ OLEUDU\ FHOOV�

,,� 2Q DV\QFKURQRXV ��� FRGH HUURU LQGLFDWRUV

/HW XV FRQVLGHU D VHTXHQWLDO PDFKLQH 0 �,� 6� I!� ZKHUH

, LV WKH VHW RI WKH ��� FRGH LQSXWV� 6 LV WKH VHW RI LQWHUQDO

VWDWHV DQG I LV WKH QH[W VWDWH IXQFWLRQ �L�H� I� , [ 6 o 6��

7KH VHW RI WKH ��� FRGH LQSXWV , LV SDUWLWLRQHG LQ WKH VHW RI

QRUPDO ��� FRGH LQSXWV ,1  ^���� ���� ���` DQG WKH VHW

RI HUURQHRXV ��� FRGH LQSXWV ,(  ^���� ���� ���� ����

���`� 7KH VHW RI LQWHUQDO VWDWHV 6 LV SDUWLWLRQHG LQ WKH VHW

RI QRUPDO VWDWHV 61  ^��� ��` DQG WKH VHW RI HUURU VWDWHV

6(  ^��� ��`� $ QRUPDO QH[W VWDWH IXQFWLRQ I1 LV GHILQHG

IRU WKH HUURU�IUHH FLUFXLW ZKLOH HUURU QH[W VWDWH IXQFWLRQV

I( DUH GHILQHG IRU HYHU\ HUURU DSSHDULQJ DIWHU WKH

RFFXUUHQFH RI D IDXOW LQ WKH FLUFXLW�

'HILQLWLRQ �� 7KH VHTXHQWLDO PDFKLQH 0 �,� 6� I! LV D

��� FRGH HUURU LQGLFDWRU ZKHQ WKH IROORZLQJ WKUHH

FRQGLWLRQV DUH VDWLVILHG�

&�� )RU HYHU\ QRUPDO ��� FRGH LQSXW RI VHW ,1 DQG IRU

ERWK QRUPDO VWDWHV RI VHW 61� WKH QH[W VWDWH� GHULYHG IURP

WKH IXQFWLRQ I1� LV DOVR D VSHFLILF QRUPDO VWDWH ��� RU ���

VR WKDW WKH HUURU LQGLFDWRU SDVVHV WKURXJK ERWK QRUPDO

VWDWHV ^��� ��` GXULQJ HUURU�IUHH RSHUDWLRQ DIWHU D VSHFLILF

QXPEHU RI ��� FRGH LQSXW WUDQVLWLRQV�

&�� )RU HYHU\ HUURQHRXV ��� FRGH LQSXW RI VHW ,( DQG IRU

ERWK QRUPDO VWDWHV RI VHW 61� WKH QH[W VWDWH� GHULYHG IURP

WKH IXQFWLRQ I1� LV DQ HUURU VWDWH RI VHW 6(�

&�� )RU HYHU\ HLWKHU QRUPDO RU HUURQHRXV ��� FRGH LQSXW

DQG IRU ERWK HUURU VWDWHV RI VHW 6(� WKH QH[W VWDWH� GHULYHG

IURP WKH IXQFWLRQ I1� LV DOVR DQ HUURU VWDWH RI VHW 6(�

,Q ZKDW IROORZV ZH FRQFHQWUDWH RXU GLVFXVVLRQ LQ WKH

DV\QFKURQRXV ��� FRGH HUURU LQGLFDWRU VKRZQ LQ )LJ� ��

6XFK DQ HUURU LQGLFDWRU FRQVLVWV RI D FRPELQDWLRQDO FLUFXLW

& WKDW UHDOLVHV WKH QRUPDO QH[W VWDWH IXQFWLRQ I1 DQG D

5(6(7 FLUFXLW ZKLFK LV XVHG WR UHVHW WKH HUURU LQGLFDWRU

LQ D QRUPDO VWDWH� & UHFHLYHV WKH ��� FRGH LQSXW

�[��[��[�� DQG WKH FXUUHQW VWDWH WZR�UDLO LQSXW �\��\��

ZKLFK LV WKH IHHGEDFN RI WKH QH[W VWDWH WZR�UDLO RXWSXW

�\�
�\�
� WKURXJK WKH OLQHDU GHOD\ HOHPHQW /'� /' GHOD\V

WKH QH[W VWDWH RXWSXW �\�
�\�
� E\ 'G DQG GHWHUPLQHV WKH

GLVFULPLQDWLRQ WLPH 7�

$ IDXOW�IUHH DV\QFKURQRXV ��� FRGH HUURU LQGLFDWRU ZLWK

GLVFULPLQDWLRQ WLPH 7 RSHUDWHV DV IROORZV�

)LJ� �� 7KH JHQHUDO VWUXFWXUH RI WKH DV\QFKURQRXV ��� FRGH

HUURU LQGLFDWRU

x :KHQ HLWKHU D QRUPDO ��� FRGH LQSXW �RI VHW ,1� RU DQ

HUURQHRXV ��� FRGH LQSXW �RI VHW ,(� ZLWK PD[LPXP

WLPH GXUDWLRQ d7 �FODVVLILHG DV WUDQVLHQW� DSSHDUV DW

WKH LQSXWV �[��[��[�� RI WKH HUURU LQGLFDWRU EHLQJ LQ D

QRUPDO VWDWH �RI VHW 61�� LW LV VWDELOLVHG LQ D QRUPDO

VWDWH �VHW 61��

x :KHQ DQ HUURQHRXV ��� FRGH LQSXW �RI VHW ,(� ZLWK

PD[LPXP WLPH GXUDWLRQ !7 �FODVVLILHG DV UHDO�

DSSHDUV DW WKH LQSXWV RI WKH HUURU LQGLFDWRU EHLQJ LQ D

QRUPDO VWDWH �RI VHW 61�� LW LV VWDELOLVHG LQ DQ HUURU

VWDWH �VHW 6(��

x 2QFH WKH HUURU LQGLFDWRU LV VWDELOLVHG LQ DQ HUURU VWDWH

�RI VHW 6(�� LW PDLQWDLQV DQ HUURU VWDWH LQGHSHQGHQWO\

RI WKH YDOXHV DW WKH LQSXWV �[��[��[�� XQWLO D UHVHW

VLJQDO LV LVVXHG�

:H FDQ VHH HDVLO\ WKDW LQ FDVH WKDW 7 � FRQGLWLRQV &��

&� DQG &� DUH VDWLVILHG�

$Q DV\QFKURQRXV ��� FRGH HUURU LQGLFDWRU LV D 76&

VHTXHQWLDO FLUFXLW ZKHQ LW VDWLVILHV ERWK WKH VHOI�WHVWLQJ

DQG IDXOW�VHFXUH SURSHUWLHV GHILQHG DV IROORZV�

'HILQLWLRQ �� $Q DV\QFKURQRXV ��� FRGH HUURU LQGLFDWRU

LV VHOI�WHVWLQJ IRU D VHW RI IDXOWV ) LI� IRU HYHU\ IDXOW LQ )�

WKH FLUFXLW VWDUWLQJ IURP DQ\ QRUPDO VWDWH LQ 61 LV ILQDOO\

VWDELOLVHG LQ DQ HUURU VWDWH LQ 6( DIWHU DW PRVW N QRUPDO

��� FRGH LQSXW WUDQVLWLRQV�

'HILQLWLRQ �� $Q DV\QFKURQRXV ��� FRGH HUURU LQGLFDWRU

LV IDXOW�VHFXUH IRU D VHW RI IDXOWV ) LI� IRU HYHU\ IDXOW LQ )�

WKH FLUFXLW VWDUWLQJ IURP DQ\ QRUPDO VWDWH RI 61 LV

VWDELOLVHG HLWKHU LQ WKH FRUUHFW QRUPDO VWDWH RU LQ DQ HUURU

VWDWH RI 6(� IRU HYHU\ QRUPDO ��� FRGH LQSXW WUDQVLWLRQ�

:H UHPDUN WKDW WKH DV\QFKURQRXV 76& ��� FRGH HUURU

LQGLFDWRU LV D IDLO�VDIH VHTXHQWLDO FLUFXLW >�@ VLQFH LW

PDLQWDLQV DQ HUURU VWDWH RQFH VXFK D VWDWH LV UHDFKHG�

$Q DV\QFKURQRXV 76& ��� FRGH HUURU LQGLFDWRU LV

HYDOXDWHG IURP WKH IROORZLQJ FKDUDFWHULVWLFV�

6HQVLWLYLW\� ,W LV GHULYHG IURP WKH PLQLPXP

GLVFULPLQDWLRQ WLPH WKDW FDQ EH DFKLHYHG�



)OH[LELOLW\� ,W LV GHULYHG IURP WKH FDSDELOLW\ WR FKDQJH

HDVLO\ WKH YDOXH RI 7 E\ FKDQJLQJ WKH GHOD\ HOHPHQW�

7HVWDELOLW\� ,W LV GHULYHG IURP WKH PD[LPXP QXPEHU RI

QRUPDO ��� FRGH WUDQVLWLRQV ZKLFK GHWHFW HYHU\ IDXOW LQ )

VR WKDW WKH VHOI�WHVWLQJ SURSHUW\ LV VDWLVILHG�

6WDELOLW\� ,W LV GHULYHG IURP WKH VWDELOLVDWLRQ WLPH '

ZKLFK LV GHILQHG DV IROORZV�

'HILQLWLRQ �� ,Q DQ DV\QFKURQRXV ��� FRGH HUURU

LQGLFDWRU WKH VWDELOLVDWLRQ WLPH ' LV WKH WLPH QHHGHG IRU

DOO LQWHUQDO VLJQDOV WR EH VWDELOLVHG�

,Q RUGHU WR GHVLJQ DQ DV\QFKURQRXV ��� FRGH HUURU

LQGLFDWRU ZH KDYH WR GHVLJQ WKH FRPELQDWLRQDO FLUFXLW &

WKDW VDWLVILHV FRQGLWLRQV &�� &� DQG &� DQG FRXSOH LW

ZLWK WKH OLQHDU GHOD\ HOHPHQW /' WKDW VDWLVILHV WKH

UHTXLUHG GLVFULPLQDWLRQ WLPH 7� 7KH GHVLJQ RI & LV EDVHG

RQ 7DEOH � ZKLFK VKRZV D VWDWH WDEOH WKDW VDWLVILHV

FRQGLWLRQV &�� &� DQG &��

7DEOH �� 7KH VWDWH WDEOH RI WKH ��� FRGH HUURU LQGLFDWRU

[�[�[� ,1 ,(

\�\� ��� ��� ��� ��� ��� ��� ��� ���

61 �� �� �� �� �� �� �� �� ��

�� �� �� �� �� �� �� �� ��

6( �� �� �� �� �� �� �� �� ��

�� �� �� �� �� �� �� �� ��

)URP 7DEOH � WKH IROORZLQJ LUUHGXQGDQW QRUPDO QH[W

VWDWH IXQFWLRQ I1 LV GHULYHG�
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:H FDQ HDVLO\ VHH WKDW WKH FRPELQDWLRQDO FLUFXLW & WKDW

UHDOLVHV VWUDLJKWIRUZDUGO\ WKH LUUHGXQGDQW QRUPDO QH[W

VWDWH IXQFWLRQ LV QRW WHVWDEOH IRU DOO VLQJOH VWXFN�DW IDXOWV

GXULQJ QRUPDO RSHUDWLRQ� 7KXV� ZH FDQ QRW GHVLJQ D 76&

DV\QFKURQRXV ��� FRGH HUURU LQGLFDWRU ZLWK UHVSHFW WR

VLQJOH VWXFN�DW IDXOWV E\ XVLQJ VXFK D FLUFXLW &�

,,,� 'HVLJQ PHWKRG

,Q RUGHU WR GHVLJQ DQ DV\QFKURQRXV 76& ��� FRGH HUURU

LQGLFDWRU ZLWK UHVSHFW WR DOO VLQJOH VWXFN�DW IDXOWV ZH KDYH

WR ILQG D QHZ FRPELQDWLRQDO FLUFXLW &
 HTXLYDOHQW WR WKH

VWUDLJKWIRUZDUG FLUFXLW &� ZKLFK LV WHVWDEOH IRU VLQJOH

VWXFN�DW IDXOWV�

7KH LQWURGXFHG DV\QFKURQRXV 76& ��� FRGH HUURU

LQGLFDWRU LV VKRZQ LQ )LJ� �� 7KH FLUFXLW &
 RI )LJ� �

FRQVLVWV RI D WUDQVODWRU IURP WKH ��� FRGH LQWR DQ

LQFRPSOHWH WZR�YDULDEOH WZR�UDLO FRGH ^�D��D��� �E��E��`

>�@� DV LW LV VKRZQ LQ 7DEOH �� DQG WKUHH 76& WZR�UDLO

FRGH FKHFNHUV �WHUPHG 75&�� 75&� DQG 75&��

UHVSHFWLYHO\��

)LJ� �� 7KH DV\QFKURQRXV 76& ��� FRGH HUURU LQGLFDWRU

75&� PRQLWRUV WKH SDLU RI WZR�UDLO RXWSXWV �D��D�� DQG

�\�
�\�
� DQG JHQHUDWHV WKH WZR�UDLO RXWSXW �F��F��� 75&�

PRQLWRUV WKH SDLU RI WZR�UDLO RXWSXWV �E��E�� DQG �\�
�\�
�

DQG JHQHUDWHV WKH WZR�UDLO RXWSXW �G��G��� 75&� PRQLWRUV

WKH SDLU RI WZR�UDLO RXWSXWV �F��F�� DQG �G��G�� DQG

JHQHUDWHV WKH QH[W VWDWH RXWSXW �\�
�\�
�� 7KH WZR�UDLO

RXWSXWV IXQFWLRQV UHDOLVHG E\ FLUFXLW &
 RI )LJ� � DUH�

� 7UDQVO�� D [ [� � �= + D [� �= E [ [� � �= + E [� �=
� 75&�� F \ D \ D� � � � �= + F \ D \ D� � � � �= +
� 75&�� G \ E \ E� � � � �= + G \ E \ E� � � � �= +
� 75&�� \ F G F G

� � � � �


 = + \ F G F G
� � � � �


 = +
)LUVW� ZH SURYH LQ /HPPD � WKDW FLUFXLW &
 LV

HTXLYDOHQW WR FLUFXLW & DQG WKXV FLUFXLW &
 LV DQ

DV\QFKURQRXV ��� FRGH HUURU LQGLFDWRU�
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7KHQ ZH SURYH WKDW WKH SURSRVHG DV\QFKURQRXV ���

FRGH HUURU LQGLFDWRU LV D 76& FLUFXLW� /HW XV FRQVLGHU WKH

WUXWK WDEOH RI WKH SURSRVHG FLUFXLW IRU QRUPDO RSHUDWLRQ�

7DEOH �� 7KH WUXWK WDEOH RI WKH DV\QFKURQRXV 76& HUURU

LQGLFDWRU IRU QRUPDO RSHUDWLRQ �V VWDEOH� W WUDQVLHQW�

�[��[��[�� �D��D�� �\��\�� �E��E�� �\��\�� �F��F�� �G��G�� �\�
�\�
�

��� �� �� �� �� �� �� �� V

��� �� �� �� �� �� �� �� W

��� �� �� �� �� �� �� �� V

��� �� �� �� �� �� �� �� W

��� �� �� �� �� �� �� �� V

��� �� �� �� �� �� �� �� W

%DVHG RQ 7DEOH � WKH IROORZLQJ FRUROODULHV DUH GHULYHG�

&RUROODU\ �� &LUFXLW &
 KDV WKUHH VWDEOH DQG WKUHH

WUDQVLHQW LQSXW FRPELQDWLRQV RI �[��[��[�� DQG �\��\��� DV LW

LV GHQRWHG LQ 7DEOH �� /HW XV DVVXPH WKDW WKH HUURU

LQGLFDWRU DIWHU UHFHLYLQJ WKH QRUPDO ��� FRGH LQSXW ��� LV

VWDELOLVHG LQ WKH QRUPDO VWDWH ��� :KHQ WKH ��� FRGH LQSXW

WUDQVLWLRQ ���o��� DSSHDUV DW WKH LQSXWV� ILUVW WKH HUURU

LQGLFDWRU UHFHLYHV WKH WUDQVLHQW LQSXW FRPELQDWLRQ RI

�[��[��[�� ��� DQG �\��\�� �� DQG LW JHQHUDWHV WKH RWKHU

QRUPDO VWDWH ��� DQG WKHQ LW UHFHLYHV WKH VWDEOH LQSXW

FRPELQDWLRQ RI �[��[��[�� ��� DQG �\��\�� �� DQG LW LV

VWDELOLVHG LQ WKH RWKHU QRUPDO VWDWH ��� )ROORZLQJ WKLV

UHDVRQLQJ WKH PD[LPXP VWDELOLVDWLRQ WLPH ' LV DERXW '  

�'F � 'G� 7� ZKHUH 'F LV WKH SURSDJDWLRQ GHOD\ RI FLUFXLW

&
� 7KLV IRUPXOD LV DOVR YHULILHG E\ H[SHULPHQWDO UHVXOWV

�VHH 7DEOH ���

&RUROODU\ �� &LUFXLW &
 LV WHVWDEOH IRU DOO VLQJOH VWXFN�

DW IDXOWV ZKHQ LW UHFHLYHV DOO WKH VL[ FRPELQDWLRQV RI

�[��[��[�� DQG �\��\�� VKRZQ LQ 7DEOH �� :KHQ DOO WKH VL[

FRPELQDWLRQV DUH DSSOLHG GXULQJ QRUPDO RSHUDWLRQ� D� WKH

25 JDWHV RI WKH WUDQVODWRU UHFHLYH WKHLU WHVW VHW ����������

DQG E� DOO WKH WKUHH 76& WZR�UDLO FRGH FKHFNHUV UHFHLYH

DOO WKH IRXU FRGH LQSXWV�

&RUROODU\ �� &LUFXLW &
 LV VHOI�WHVWLQJ ZLWK UHVSHFW WR

VLQJOH VWXFN�DW IDXOWV DIWHU WKUHH QRUPDO ��� FRGH LQSXW

WUDQVLWLRQV �N ��� IRU H[DPSOH� ���o���o���o����

'XULQJ VXFK D VHTXHQFH RI WUDQVLWLRQV 75&� UHFHLYHV RQH

WUDQVLHQW FRGH LQSXW ������� DQG WKUHH VWDEOH FRGH LQSXWV

�������� ������� DQG �������� 75&� UHFHLYHV RQH WUDQVLHQW

FRGH LQSXW ������� DQG WKUHH VWDEOH FRGH LQSXWV ��������

������� DQG �������� 75&� UHFHLYHV RQH WUDQVLHQW FRGH

LQSXW ������� DQG WKUHH VWDEOH FRGH LQSXWV ��������

������� DQG �������� 1RWH WKDW WKH WLPH GXUDWLRQ RI WKH

WUDQVLHQW FRGH LQSXWV LQFUHDVHV ZKHQ WKH YDOXH RI WKH

GHOD\ HOHPHQW 'G LQFUHDVHV DQG LV HQRXJK IRU IDXOW

GHWHFWLRQ� HYHQ IRU VPDOO YDOXHV RI 'G�

$OVR� FLUFXLW &
 LV IDXOW�VHFXUH ZLWK UHVSHFW WR VLQJOH

VWXFN�DW IDXOWV VLQFH VXFK D IDXOW HLWKHU GRHV QRW DIIHFW WKH

FRUUHFW RSHUDWLRQ RI WKH FLUFXLW RU FDXVHV WKH FLUFXLW WR EH

VWDELOLVHG LQ DQ HUURU VWDWH ^��� ��`�

%DVHG RQ WKH DERYH GLVFXVVLRQ ZH FRQFOXGH WKDW WKH

FLUFXLW RI )LJ� � LV DQ DV\QFKURQRXV 76& ��� FRGH HUURU

LQGLFDWRU ZLWK UHVSHFW WR DOO VLQJOH VWXFN�DW IDXOWV�

$SDUW IURP WKLV� DFFRUGLQJ WR >�����@� DV\QFKURQRXV

76& ��� FRGH HUURU LQGLFDWRUV ZLWK UHVSHFW WR QRQ�

FODVVLFDO IDXOWV �EULGJLQJ� WUDQVLWLRQ DQG VWXFN�RSHQ IDXOWV

LQVLGH 75&V� PD\ EH LPSOHPHQWHG LQ &026 WHFKQRORJ\

IROORZLQJ VSHFLILF UXOHV LQ WKH GHVLJQ RI 75&V� 0RUHRYHU�

DOO SDWK GHOD\ IDXOWV WKDW FDXVH WZR�UDLO VNHZ WLPH JUHDWHU

WKDQ WKH GLVFULPLQDWLRQ WLPH 7 DW WKH QH[W VWDWH WZR�UDLO

RXWSXW �\�¶�\�¶� DUH GHWHFWHG�

,9� 9/6, LPSOHPHQWDWLRQ UHVXOWV

7KH HUURU LQGLFDWRU ZDV GHVLJQHG DQG VLPXODWHG XVLQJ WKH

&203$66 'HVLJQ $XWRPDWLRQ )UDPHZRUN DQG WKH �uP

&026 VWDQGDUG FHOOV OLEUDU\ >��@� 7KH VLPXODWLRQ UHVXOWV

IRU WKH SURSRVHG HUURU LQGLFDWRU DUH VXPPDULVHG LQ 7DEOH

�� ,Q WKLV WDEOH ZH FDQ VHH IRU D UDQJH RI GHOD\V 'G FDXVHG

E\ WKH GHOD\ HOHPHQW /'� WKH FRUUHVSRQGLQJ

GLVFULPLQDWLRQ WLPH 7 DQG VWDELOLVDWLRQ WLPH '� &LUFXLW

&
 KDV D SURSDJDWLRQ GHOD\ RI DERXW � QVHF�

7DEOH �� 6LPXODWLRQ 5HVXOWV

'HOD\ (OHPHQW

'G �QVHF�

'LVFULP� 7LPH

7 �QVHF�

6WDELO� 7LPH

' �QVHF�
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)URP 7DEOH � ZH FRQFOXGH WKH IROORZLQJ�

2XU 76& HUURU LQGLFDWRU FDQ EH GHVLJQHG ZLWK

GLVFULPLQDWLRQ WLPH 7 QHDU � QVHF� 7KXV� LW KDV WKH

JUHDWHVW SRVVLEOH VHQVLWLYLW\�

2XU 76& HUURU LQGLFDWRU LV IOH[LEOH E\ XVLQJ D GHOD\

HOHPHQW DW WKH IHHGEDFN SDWK ZLWK GHOD\ 'G t � QVHF�

/HW XV FRQVLGHU WKDW WKH DV\QFKURQRXV 76& ��� FRGH

HUURU LQGLFDWRU LV XVHG WR PRQLWRU WKH RXWSXWV RI D 76&

IXQFWLRQDO XQLW WKDW JHQHUDWHV D ��� FRGH RXWSXW LQ RUGHU

WR GHWHFW IDXOWV WKDW FDXVH ORJLFDO HUURUV DV ZHOO DV GHOD\

IDXOWV �VKRUW RU ORQJ�� /HW XV DVVXPH WKDW DOO SDWKV RI WKH

WLPH�RSWLPLVHG IXQFWLRQDO XQLW KDYH DERXW WKH VDPH

SURSDJDWLRQ GHOD\ 3� ZKLFK GHWHUPLQHV WKH 76& V\VWHP

FORFN SHULRG� 7KH JDWH GHOD\ YDULDWLRQV ZLWKLQ D FKLS DUH

EHWZHHQ �� DQG ��� >��@� 7DNLQJ LQWR DFFRXQW JDWH

GHOD\ YDULDWLRQV RI ��� GXH WR PDQXIDFWXULQJ SURFHVV

YDULDWLRQV� ZH FODVVLI\ DV WUDQVLHQW �QRW UHDO� HUURQHRXV

��� FRGH RXWSXWV WKH RXWSXWV ZLWK PD[LPXP WLPH

GXUDWLRQ DERXW 3���� 7KXV� IRU ERWK PDQXIDFWXULQJ WHVWLQJ

DQG FRQFXUUHQW GHOD\ WHVWLQJ RI WKLV IXQFWLRQDO XQLW ZH XVH

RXU 76& HUURU LQGLFDWRU ZLWK 7  3���� 7KXV� WKH

VWDELOLVDWLRQ WLPH ' RI RXU HUURU LQGLFDWRU LV VPDOO

HQRXJK VR WKDW LW GRHV QRW FRQIOLFW ZLWK WKH 76& V\VWHP

FORFN SHULRG� )RU H[DPSOH� LI 3 �� QVHF ZH XVH D 76&

HUURU LQGLFDWRU ZLWK 7 � QVHF DQG ' �� QVHF�

9� &RQFOXVLRQV

:H KDYH LQWURGXFHG WKH GHVLJQ RI DQ DV\QFKURQRXV 76&

��� FRGH HUURU LQGLFDWRU LQ JDWH OHYHO IRU ILUVW WLPH LQ WKH

OLWHUDWXUH� 7KLV HUURU LQGLFDWRU LV QRW RQO\ D 76& ��� FRGH

FKHFNHU WKDW FDQ EH HDVLO\ LPSOHPHQWHG E\ XVLQJ DQ\

H[LVWLQJ OLEUDU\ RI VWDQGDUG JDWH FHOOV� EXW DOVR D IDLO�VDIH

FLUFXLW WKDW PHPRULVHV HUURQHRXV ��� FRGH ZLWK WLPH

GXUDWLRQ JUHDWHU WKDQ D GLVFULPLQDWLRQ WLPH 7� 6XFK D

GHVLJQ FDQ EH XVHG DGGLWLRQDOO\ WR GLVFULPLQDWH WUDQVLHQW

HUURQHRXV ��� FRGH LQSXWV IURP UHDO RQHV DQG WR GHWHFW

IDXOWV WKDW FDXVH HLWKHU ORJLFDO HUURUV RU WUDQVLWLRQV �IDVW

RU ODWH� WKDW YLRODWH WKH GLVFULPLQDWLRQ WLPH 7�

7KH H[LVWHQFH RI VXFK D 76& HUURU LQGLFDWRU RSHQV QHZ

KRUL]RQV LQ WKH GHVLJQ RI IDVW 76& FKHFNHUV ZLWK RXWSXWV

HQFRGHG LQ WKH ��� FRGH LQVWHDG RI WKH WZR�UDLO FRGH�

1RWH WKDW ZH FDQ QRW GHVLJQ D 76& ��� FRGH HUURU

LQGLFDWRU LQ JDWH OHYHO XVLQJ WKH 76& ��� FRGH FKHFNHUV RI

>���@ FRXSOHG ZLWK WKH 76& WZR�UDLO FRGH HUURU LQGLFDWRU

RI >�@ VLQFH WKH ��� FRGH RXWSXW LV FRPELQHG ZLWK D WZR�

UDLO RXWSXW EHORQJLQJ WR DQ RWKHU FKHFNHU H[LVWLQJ LQ WKH

VDPH FLUFXLW� $GGLWLRQDOO\� HLWKHU WKH VHTXHQWLDO 76& ���

FRGH FKHFNHU RI >�@ RU WKH WUDQVLVWRU OHYHO LPSOHPHQWDWLRQ

GHSHQGHQW VROXWLRQV RI >�����@� FRXSOHG ZLWK WKH 76&

HUURU LQGLFDWRU RI >�@ UHTXLUH PRUH KDUGZDUH FRVW DQG

KDYH GRXEWIXO TXDOLW\ ZLWK UHJDUG WR WKH FKDUDFWHULVWLFV RI

WKH 76& ��� FRGH HUURU LQGLFDWRU QDPHO\ VHQVLWLYLW\�

VWDELOLW\� IOH[LELOLW\ DQG WHVWDELOLW\�

5HIHUHQFHV

>�@ '� $� $QGHUVRQ� �'HVLJQ RI VHOI�FKHFNLQJ GLJLWDO QHWZRUNV

XVLQJ FRGLQJ WHFKQLTXHV�� &RRUGLQDWHG 6FLHQFH /DE�� 5HS�

5����� 8QLY� RI ,OOLQRLV� 2FWREHU �����

>�@ )� :DNHUO\� �(UURU GHWHFWLQJ FRGHV� VHOI�FKHFNLQJ FLUFXLWV

DQG DSSOLFDWLRQV�� $PVWHUGDP� 7KH 1HWKHUODQGV� (OVHYLHU

1RUWK�+ROODQG� �����

>�@ 1� *DLWDQLV� '� *L]RSRXORV� $� 3DVFKDOLV DQG 3�

.RVWDUDNLV� �$Q $V\QFKURQRXV 7RWDOO\ 6HOI�&KHFNLQJ

7ZR�5DLO &RGH (UURU ,QGLFDWRU�� 3URF� ��WK ,((( 9/6,

7HVW 6\PSRVLXP� 0D\ ����� SS� ��������

>�@ 3� )UDQFR� (�-� 0F&OXVNH\� ³2Q�OLQH GHOD\ WHVWLQJ RI

GLJLWDO FLUFXLWV´� 3URF� RI WKH ��WK ,((( 9/6, 7HVW

6\PSRVLXP� $SULO ����� SS� ��������

>�@ $� 3DVFKDOLV� '� *L]RSRXORV� 1� *DLWDQLV� �&RQFXUUHQW

'HOD\ 'HWHFWLRQ LQ 'XSOLFDWLRQ 6\VWHPV�� 3URF� �QG ,(((

,QWHU� 2Q�/LQH 7HVWLQJ :RUNVKRS� -XO\ ����� SS� ��������

>�@ 6� 0� 5HGG\� �$ QRWH RQ VHOI�FKHFNLQJ FKHFNHUV�� ,(((

7UDQV� &RPSXW�� YRO� ��� 2FWREHU ����� SS� ����������

>�@ 5� 'DYLG� �$ WRWDOO\ VHOI�FKHFNLQJ ��� FKHFNHU�� ,(((

7UDQV� &RPSXW�� YRO� ��� -XQH ����� SS� ��������

>�@ 3� *RODQ� �'HVLJQ RI WRWDOO\ VHOI�FKHFNLQJ FKHFNHU IRU ���

FRGH�� ,((( 7UDQV� &RPSXW�� YRO� ��� 0DUFK ����� S� ����

>�@ $� 0� 3DVFKDOLV� &� (IVWDWKLRX� DQG &� +DODWVLV� �$Q

HIILFLHQW 76& ��� FRGH FKHFNHU�� ,((( 7UDQV� &RPSXW��

YRO� ��� 0DUFK ����� SS� ��������

>��@ '� /� 7DR� 3� .� /DOD� DQG &� 5� 3� +DUWPDQQ� �$ 026

LPSOHPHQWDWLRQ RI WRWDOO\ VHOI�FKHFNLQJ FKHFNHU IRU WKH

��� FRGH�� ,((( 7UDQV� &RPSXW�� YRO� ��� -XQH ����� SS�

��������

>��@ -� /R DQG 6� 7KDQDZDVWLHQ� �2Q WKH GHVLJQ RI

FRPELQDWLRQDO WRWDOO\ VHOI�FKHFNLQJ ��� FRGH FKHFNHUV��

,((( 7UDQV� &RPSXW�� YRO� ��� 0DUFK ����� SS� ��������

>��@ .� +LUDED\DVKL� �6HOI�FKHFNLQJ &026 FLUFXLWV XVLQJ

SDVV�WUDQVLVWRU ORJLF�� -� RI (OHFWURQLF 7HVWLQJ� 7KHRU\ DQG

$SSOLFDWLRQ� YRO� �� -XQH ����� SS� ��������

>��@ &� 0HWUD� 0� )DYDOOL� 3� 2OLYR� DQG %� 5LFFR� �$ KLJKO\

WHVWDEOH ��� &026 FKHFNHU�� 3URF� ,((( ,QW� :RUNVKRS

RQ 'HIHFW DQG )DXOW 7ROHUDQFH LQ 9/6, 6\VWHPV� �����

SS� ��������

>��@ &� 0HWUD� 0� )DYDOOL� DQG %� 5LFFR� �1RYHO ��RXW�RI�Q

&026 FKHFNHU�� (OHFWURQLFV /HWWHUV� ��WK $XJXVW �����

YRO� ��� QR� ��� SS� ����������

>��@ 6� '� 0LOOPDQ DQG (� -� 0F&OXVNH\� �%ULGJLQJ� WUDQVLWLRQ�

DQG VWXFN�RSHQ IDXOWV LQ VHOI�WHVWLQJ &026 FKHFNHUV��

3URF� ��WK )DXOW 7ROHUDQW &RPSXWLQJ 6\PSRVLXP� SS�

�������� �����

>��@ -� &� /R� �$ QRYHO DUHD�WLPH HIILFLHQW VWDWLF &026 WRWDOO\

VHOI�FKHFNLQJ FRPSDUDWRU�� ,((( -RXUQDO RI 6ROLG�6WDWH

&LUFXLWV� YRO� ��� QR� �� SS� �������� )HEUXDU\ �����

>��@ 9/6, 7HFKQRORJ\ ,1&�� ���� 0LFURQ &026 96&���

3RUWDEOH /LEUDU\�� 5HY� �� �����

>��@ :� .� &� /DP DQG 5� .� %UD\WRQ� �7LPHG %RROHDQ

)XQFWLRQV� $ 8QLILHG )RUPDOLVP IRU ([DFW 7LPLQJ

$QDO\VLV�� .OXZHU $FDGHPLF 3XEOLVKHUV� �����
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