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2Q�WKH�,PSOHPHQWDWLRQ�RI�)LQLWH�)LHOG
2SHUDWLRQV

6RPVDN�&KRRPFKXD\

)DFXOW\�RI�(QJLQHHULQJ��.LQJ�0RQJNXW¶V�,QVWLWXWH�RI�7HFKQRORJ\�/DGNUDEDQJ

$EVWUDFW

7KLV�SDSHU�GHVFULEHV�RSHUDWLRQV�SHUIRUPHG�LQ�ILQLWH�ILHOG��LQ�SDUWLFXODU�*DORLV�ILHOG�*)>�P@��7KH
PDLQ� FRQFHUQV� DUH� WKH� KDUGZDUH� LPSOHPHQWDWLRQV� RI� VXFK� RSHUDWLRQV� ZKLFK� DUH� UDQJLQJ� IURP� VLPSOH
DGGLWLRQ� WR� LQYHUVLRQ�� 6HYHUDO� WHFKQLTXHV� DUH� GHVFULEHG� LQ� WKH� DVSHFWV� RI� GLIIHUHQW� ILOHG� HOHPHQW
UHSUHVHQWDWLRQV�L�H���GLIIHUHQW�EDVLV��/LNHZLVH��ERWK�ELW�SDUDOOHO�DQG�ELW�VHULDO�DSSURDFKHV�DUH�H[SODLQHG�LQ
WKH�KDUGZDUH�UHDOLVDWLRQ�DVSHFWV��3URV�DQG�FRQV�DV�ZHOO�DV�WKH�FRPSXWDWLRQDO�ZRUNORDG�RI�HDFK�WHFKQLTXH
DUH�GLVFXVVHG�DQG�FRPSDUHG�

����)LQLWH�)LHOG�0DWKHPDWLFV

)LQLWH�ILHOG�DULWKPHWLF�LV�HQRUPRXVO\�XVHG
LQ�VHYHUDO�DUHQD�RI�GLJLWDO�VLJQDO�SURFHVVLQJ�� ,W� LV�
LQ� IDFW�� D� VSHFLDO� FDVH� RI� DEVWUDFW� DOJHEUD�� 'DWD
HQFU\SWLRQ�DQG�HUURU�FRQWURO�FRGLQJ�DUH�VRPH�JRRG
H[DPSOHV� RI� WKHLU� DSSOLFDWLRQV�� :H� DVVXPH� WKDW
UHDGHUV� DUH� IDPLOLDU� ZLWK� PDWKHPDWLFDO
EDFNJURXQGV� WKDW� FRQFHUQ� VLJQDO� SURFHVVLQJ
DSSOLFDWLRQV��+RZHYHU�� WR� HDVH� WKH� XQGHUVWDQGLQJ
RI� VXEVHTXHQW� VHFWLRQV�� HOHPHQW� UHSUHVHQWDWLRQV
L�H���VWDQGDUG�EDVLV��QRUPDO�EDVLV�DQG�GXDO�EDVLV�DUH
EURXJKW�LQWR�IRFXV�LQ�WKLV�VHFWLRQ�

/HW�D� EH� D� JHQHUDWRU� RI� WKH� ILHOG�*)>�P@
ZKLFK�KDV� WKH�RUGHU�RI�1�ZKHUH� 1 P � �� L�H��� DOO
WKH�ILHOG�HOHPHQWV��H[FHSW����FDQ�EH�UHSUHVHQWHG�E\
WKH� SRZHU� RI� D�� $Q\� HOHPHQW� FDQ� EH� H[SUHVVHG
HLWKHU� DV� E D L �� IRU� �� d� L� d� 1���� RU� D� OLQHDU
FRPELQDWLRQ�RI�D�EDVLV�VHW�^J
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/HW� =� EH� DQ� HOHPHQW� LQ� *)>�P@�� ,Q� WKH
VWDQGDUG�EDVLV� UHSUHVHQWDWLRQ� LW� FDQ�EH� H[SUHVVHG
DV��
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7KLV�UHSUHVHQWDWLRQ�LV�D�FRQYHQWLRQDO�ZD\
RI� UHSUHVHQWLQJ� D� ILHOG� HOHPHQW�� ,W� LV� HDV\� WR
XQGHUVWDQG� VLQFH� FRHIILFLHQWV� ]

L
� JLYHQ� LQ� HTQ� ���

DUH� FRLQFLGHQW� ZLWK� WKH� YDOXH� JLYHQ� E\� DQ�P�ELW
ELQDU\�V\PERO�

$OWHUQDWLYHO\�� DQ� HOHPHQW� =� FDQ� EH
XQLTXHO\�H[SUHVVHG�XVLQJ�WKH�QRUPDO�EDVLV�DV��
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7KH�PDLQ� DGYDQWDJH� RI� XVLQJ� WKH� QRUPDO
EDVLV� FDQ� EH� LOOXVWUDWHG� E\� WKH� VTXDULQJ� SURSHUW\
H[SORLWHG�LQ�WKH�0DVVH\�2PXUD�PXOWLSOLHU�>����@�
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QRUPDO� EDVLV� RI� *)>�P@�� :LWK� WKH� ILQLWH� ILHOG

SURSHUW\� WKDW� D D�
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 �� WKH� VTXDUH� RI� =� FDQ� EH
ZULWWHQ�DV��

= ] ] ] ]

] ] ] ]

P

P P

P

P

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�
�

 � � � � � � �

 � � � � � � �
�

� �

�

D D D D

D D D D

�

�
���

%\�FRPSDULQJ�HTQ�����DQG�HTQ������ LW�FDQ�EH�VHHQ
WKDW� ZLWK� QRUPDO� EDVLV� UHSUHVHQWDWLRQ�� = � � LV� D
F\FOLF� VKLIW� RI� =�� 7KLV� QRWLFH� OHDGV� WR� VLPSOHU
KDUGZDUH� LPSOHPHQWDWLRQ� RI� VTXDULQJ�� LQYHUVLRQ
DQG� PXOWLSOLFDWLRQ� GHWDLOHG� LQ� WKH� IROORZLQJ
VHFWLRQV�

$� ILHOG� HOHPHQW� =� FDQ� DOVR� EH� H[SUHVVHG
XVLQJ�WKH�GXDO�EDVLV�UHSUHVHQWDWLRQ�DV��
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:LWK� WKH� GXDO� EDVLV� ILHOG� HOHPHQW
UHSUHVHQWDWLRQ�� D� UHODWLYHO\� VLPSOH� DQG� HIILFLHQW
PXOWLSOLHU� FDQ� EH� LPSOHPHQWHG� >�@�� 6XFK� D
PXOWLSOLHU� LQYROYHV� RQO\� DGGLWLRQ� DQG� VKLIW
RSHUDWLRQV�

����2SHUDWLRQV�DQG�,PSOHPHQWDWLRQV

7KH� IROORZLQJ� VHFWLRQ� GHDOV� ZLWK� ILQLWH
ILOHG� RSHUDWLRQV�� LPSOHPHQWDWLRQV� DQG� WKHLU
ZRUNORDG�FRQWULEXWLRQV��1RWDWLRQ�7��6�DQG�W�ZLWK
VXEVFULSW�RSHUDWLRQ�UHIHU�WR�WLPH��LQ�FORFN�F\FOHV��
DUHD� �LQ� WHUP� RI� JDWH� FRXQW�� DQG� GHOD\� WLPH� �LQ
QDQRVHFRQG�� UHVSHFWLYHO\�� 'HWDLOV� RI� QXPEHU� RI
JDWHV�DQG�WKHLU�DVVRFLDWHG�SDUDPHWHUV�DUH�JLYHQ�LQ
$SSHQGL[� DW� WKH� HQG� RI� WKLV� SDSHU��2SHUDQGV� DQG
UHVXOW� KROGLQJ� UHJLVWHUV� DUH� QRW� FRXQWHG� LQ� WKH
UHTXLUHG�KDUGZDUH�FRPSOH[LW\�

����$GGLWLRQ

$GGLWLRQ� LQ� WKH� ILQLWH� ILHOG� RI� *)>�P@� LV
UHODWLYHO\� VLPSOH� VLQFH� WKHUH� LV� QHLWKHU� FDUU\� QRU
ERUURZ��7KLV� RSHUDWLRQ� FDQ� EH� UHDOLVHG� XVLQJ� ELW�
ZLVH� ;25�� L�H�� & $ % � �� +RZHYHU� IRU
VLPSOLFLW\� WKH� SOXV� VLJQ� ���� LQVWHDG� RI�� � LV� XVHG
WKURXJKRXW�WKLV�SDSHU��6KRZQ�LQ�)LJXUH����DGGLWLRQ
FDQ�EH� LPSOHPHQWHG�XVLQJ�ERWK�ELW�VHULDO� DQG�ELW�
SDUDOOHO�PHWKRGV��,Q�D�ELW�VHULDO�WHFKQLTXH��GDWD�DUH
VKLIWHG� LQ� ELW� E\� ELW� VHULDOO\� LQ� WR� DQ� DGGHU�
2EYLRXVO\�� RQO\� D� ��LQSXW� ;25� JDWH� LV� UHTXLUHG�
7KH�RSHUDWLRQ�LV�FRPSOHWHG�LQ�P�FORFN�F\FOHV��,Q�D
ELW�SDUDOOHO�WHFKQLTXH��P�ELW�GDWD�DUH�SDUDOOHOO\�IHG
LQWR� DGGHUV� DQG� WKH� UHVXOW� LV� REWDLQHG
VLPXOWDQHRXVO\�
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D���%LW�VHULDO�DGGHU E���%LW�SDUDOOHO�DGGHU

)LJXUH����$�ELW�VHULDO�DQG�D�ELW�SDUDOOHO�ILQLWH�ILHOG
DGGHUV

7KHUHIRUH�� D� ELW�SDUDOOHO� DGGHU� UHTXLUHG� RQO\� RQH
FORFN� F\FOH� EXW� DW� WKH� FRPSOH[LW\� RI� P� WLPHV
JUHDWHU�WKDQ�WKDW�UHTXLUHG�E\�D�ELW�VHULDO�FLUFXLW�

7KH�SURSHUW\� RI� ERWK� W\SHV� RI� ILQLWH� ILHOG
DGGHUV�DUH�VXPPDULVHG�DV�IROORZV��

7VHUBDGG  P ��D�

6VHUBDGG  6;25 ��E�

WVHUBDGG  PW;25 ��F�

DQG

7SDUDBDGG  � ��D�

6SDUDBDGG  P6;25 ��E�

WSDUDBDGG  W;25� ��F�

����0XOWLSOLFDWLRQV

$OWKRXJK�PXOWLSOLFDWLRQV�LQ�WKH�ILQLWH�ILHOG
LV�UDWKHU�VLPSOH�FRPSDUHG�WR�WKRVH�LQ�WKH�RUGLQDU\
ILHOG�� WKH\� DUH� VWLOO� FRPSOLFDWH� DQG� WDNH
FRQVLGHUDEOH�FKLS�DUHD��6HYHUDO�WHFKQLTXHV�XVHG�WR
LPSOHPHQW�ILQLWH� ILHOG�PXOWLSOLFDWLRQV�DUH�GHWDLOHG
LQ� WKH� IROORZLQJ� VXEVHFWLRQV�� ,Q� PDQ\� FDVHV�� LW
VKRXOG� EH� QRWHG� WKDW� D� ILHOG� HOHPHQW� LV� GHILQHG
XVLQJ�LWV�SRO\QRPLDO�QRWDWLRQ�

������6WDQGDUG�%DVLV�0XOWLSOLHUV

$� VWDQGDUG� EDVLV� PXOWLSOLHU� LV� JHQHUDOO\
PRUH� SUHIHUDEOH� IRU� PRVW� DSSOLFDWLRQV�� ,Q� PDQ\
FDVHV� QR� EDVLV� FRQYHUVLRQ� LV� QHFHVVDU\� ZKHQ� WKH
V\VWHP�KDV�WR�LQWHUIDFH�WR�RWKHU�VXE�V\VWHPV�VLQFH
WKH� VWDQGDUG� EDVLV� ILHOG� HOHPHQW� UHSUHVHQWDWLRQ� LV
FRQYHQWLRQDO�XVHG�

$���$�*HQHUDO�3XUSRVH�%LW�6HULDO�0XOWLSOLHU

,Q� WKH� VWDQGDUG� EDVLV�� OHW� WKH� SRO\QRPLDO
$ [� ��DQG�% [� � �EH�GHILQHG�DV��
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GHQRWHV� WKH� SURGXFW� $ [ % [ S [� � � �PRG � �� ZKHUH
S [� ��LV�WKH�SULPLWLYH�SRO\QRPLDO�LQ�WKDW�ILHOG��7KH
RSHUDWLRQ�LV�H[SODLQHG�LQ�PRUH�GHWDLOV�DV�EHORZ�
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7KH� PXOWLSOLFDWLRQ� LV� SHUIRUPHG
UHFXUVLYHO\�IRU�P�VWHSV�VLQFH�WKH�HOHPHQW�LV�DQ�P�
ELW� VLJQDO�� (DFK� VWHS� JLYHV� DQ� LQWHUPHGLDWH
SURGXFW�� 5HVXOWV� LQ� P� FRPSXWDWLRQ� EORFNV� DUH
FDVFDGHG�WR�HDFK�RWKHU�DV�VKRZQ�LQ�)LJXUH���
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)LJXUH����$�JHQHUDO�SXUSRVH�*)>��@�VWDQGDUG�EDVLV
ELW�VHULDO�PXOWLSOLHU

)RU�WKH�ILUVW�P�FORFN�F\FOHV��D
L
�DUH�VKLIWHG

LQ� VHULDOO\��7KHQ� WKH\� ORDGHG� LQWR� ODWFKHV� ORFDWHG
LQ� WKH� FRPSXWLQJ� FHOOV� DQG� UHPDLQ�XQFKDQJHG� IRU
WKH� IROORZLQJ�P� FORFN� F\FOHV�� ,Q� VHFRQG�P�FORFN
F\FOHV�FRHIILFLHQWV�E

L
�DUH�VKLIWHG�LQ��ZLWK�WKH�PRVW

VLJQLILFDQW� ELW� ILUVW�� $� SDUWLDO� PXOWLSOLFDWLRQ� LV
SHUIRUPHG�DIWHU�HDFK�VKLIW�DQG�WKH�UHVXOW� LV�VWRUHG
LQ� DQ� LQWHUQDO� IOLS� IORS��$IWHU�P� FORFN� F\FOHV� WKH
PXOWLSOLFDWLRQ� UHVXOW� LV� REWDLQHG�� 7KH� RXWSXW
UHJLVWHU��'� LV� SDUDOOHOO\� ORDG� ZLWK� WKH� FRQWHQW� RI
LQWHUQDO� IOLS� IORS� DQG� VWDUWHG� WR� VKLIW� RXW� LQ� WKH
VHULDO�PDQQHU�VXEVHTXHQWO\�

,W� VKRXOG� EH� QRWHG� WKDW� WR� REWDLQ� WKH
VPRRWK�LQSXW�DQG�RXWSXW�GDWD�IORZ�L�H����ELW�FORFN
F\FOH�� $ [� ��VKRXOG�OHDG�% [� � �E\�P�FORFN�F\FOHV�
$V�VKRZQ� LQ�)LJXUH���� S

L
�GHQRWH� WKH�FRHIILFLHQWV

RI� WKH� SULPLWLYH� SRO\QRPLDO�� )RU� H[DPSOH�� LQ�*)
>��@� ZKHUH� S [ [ [� �  �� ���� WKHQ� S S

� �
�  �

DQG� S S
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�  �� )RU� WKH� IL[� SRO\QRPLDO�S�[�� DQ
P�ELW�VWRUDJH�UHJLVWHU�FDQ�EH�HOLPLQDWHG�DQG�LQSXWV
RI�$1'�JDWHV� DUH� VROLGO\� WLH� WR� ³�´� RU� ³�´� ORJLF
OHYHO��7KH�ODVW�VWDWH�SDUWLDO�SURGXFW�LV�EURDGFDVW�WR
HYHU\� VWDWHV� LQFOXGH� LWVHOI� SURYLGLQJ� WKH� PRGXOR
RSHUDWLRQ�HIIHFW�

$� EDVLF� FRPSXWDWLRQ� FHOO� FRPSULVHV� RI� �
IOLS� IORSV����$1'�JDWHV�DQG�D���LQSXW�;25�JDWH�
7KHUH�DUH�P�FHOOV�ZKLFK�DOO�DUH� LGHQWLFDO��(DFK� LV
DOORFDWHG� IRU� HDFK� FRHIILFLHQW�� 7KH� GHOD\� WLPH� LQ
HDFK�FRPSXWLQJ�FHOO�FDQ�EH�DSSUR[LPDWHG�WR�EH�WKH
WLPH�WKDW�VLJQDO�SURSDJDWHV�WKURXJK�DQ�$1'�JDWH�
DQ�;25�JDWH�DQG�D�IOLS�IORS��+HQFH�

7VHUBVWGBPXO  P ���D�

6VHUBVWGBPXO  P��6'))��6$1'�6;25� ���E�

WVHUBVWGBPXO  P�W'))�W$1'�W;25� ���F�

%���$�)L[HG�&RHIILFLHQW�%LW�6HULDO�0XOWLSOLHU

$�IL[HG�FRHIILFLHQW�ELW�VHULDO�PXOWLSOLHU� LV
PXFK� VLPSOHU� WKDQ� D� JHQHUDO� SXUSRVH� RQH� VLQFH
XQQHFHVVDU\� WHUPV� FDQ� EH� UHPRYHG�� &RQVLGHU� DQ
H[DPSOH� JLYHQ� LQ� D� ILHOG� *)>� @� ZKHUH� S�[��  
[��[����/HW�$�[�� LV�D�FRQVWDQW��$�[�� �[��[�� DQG
OHW� %�[�� EH� DQ\� ILHOG� HOHPHQW� WKDW� H[SUHVVHG� DV
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FDQ� EH� LPSOHPHQWHG� XVLQJ� WKH� FLUFXLW� VKRZQ� LQ
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)LJXUH����$�IL[HG�FRHIILFLHQW�ELW�VHULDO�PXOWLSOLHU

$Q� P� ELW� UHJLVWHU� LV� XVHG� WR� VWRUH� WKH
LPPHGLDWH�SURGXFW��7KLV�UHJLVWHU�LV�ILUVW�LQLWLDOLVHG
ZLWK� ��� 7KH� FRPSRQHQW� EL� RI� %�[�� LV� VKLIWHG� LQ
VHULDOO\� ZLWK� WKH� PRVW� VLJQLILFDQW� ELW� ILUVW�� 7KLV
FRPSRQHQW� LV� DGGHG� WR� WKH� SUHYLRXV� UHVXOW� DW� WKH
ELW�SRVLWLRQV�GHILQHG�E\�$�[���7KH�PRVW�VLJQLILFDQW
SURGXFW�ELW�RI�WKH�UHJLVWHU�LV�IHG�EDFN�DQG�DGGHG�WR
WKH�ORZHU�VLJQLILFDQW�ELW�DFFRUGLQJ�WR�WKH�SULPLWLYH
SRO\QRPLDO�� +HQFH�� WKHUH� DUH� WZR� RSHUDWLRQV
LQYROYHG��)LUVW��$�[��LV�PXOWLSOLHG�E\�D�FRPSRQHQW
RI�%�[���6HFRQG��WKH�LQWHUPHGLDWH�SURGXFW�LV�WDNHQ
PRGXOR�S�[���$IWHU�P�FORFN�F\FOHV��WKH�ODVW�ELW�RI�%
�[��KDV�VKLIWHG�LQ��WKH�UHJLVWHU�FRQWDLQV�WKH�SURGXFW
$�[�%�[��PRG�S�[���7KLV�FDQ�EH�VKLIWHG�RXW�VHULDOO\
DV�WKH�IHHGEDFN�SDWK�LV�GLVDEOH�
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(TXDWLRQ� ����� FDQ� EH� LPSOHPHQWHG� XVLQJ

UHJXODU�DUUD\�DUFKLWHFWXUH�VKRZQ�LQ�)LJXUH����(DFK
FRPSXWLQJ�FHOO�FRPSULVHV�D���LQSXW�$1'�DQG�D���
LQSXW� ;25� JDWHV��$� DQG�%� UHJLVWHUV� DUH� SDUDOOHO
ORDGHG�ZLWK�$�[��DQG�%�[��UHVSHFWLYHO\��0RVW�EDVLF
FHOOV�DUH� LGHQWLFDO�ZKLFK�FDQ�EH�VOLJKWO\�GLIIHUHQW
IRU�WKH�WRS�PRVW�DQG� WKH�ERWWRP�PRVW�FHOO�DUUD\V�
7KH�P� RXWSXW� ELWV� DUH� GHOD\HG� DW�PRVW� ��WFHOO� ��W
;25���ZKHUH�WFHOO�GHQRWHV�WKH�GHOD\�RI�D�VLQJOH�FHOO
DQG�W;25�GHQRWHV�WKH�GHOD\�RI�D���LQSXW�;25�JDWH�
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LQGLFDWHV�WKH�ORQJHVW�GDWD�SDWK

)LJXUH����$�ELW�SDUDOOHO�VWDQGDUG�EDVLV�PXOWLSOLHU

$� JHQHUDO� SXUSRVH� ELW�SDUDOOHO� PXOWLSOLHU
FDQ�EH�PDGH�VOLJKWO\�IDVWHU�DW�WKH�FRVW�RI�WKH�EDVLF
FHOO� LUUHJXODULW\��&RQVLGHU� D�GLDJUDP� LQ�)LJXUH� ��

DOO� PXOWLSOLFDWLRQV� DUH� FRPSXWHG� LQ� SDUDOOHO� DQG
IROORZHG�E\� DGGLWLRQV�ZKLFK� DUH� DJDLQ� FRPSXWHG
LQ� SDUDOOHO�� 1RZ� WKH� GHOD\� RI� WKLV� FLUFXLW� FDQ� EH
FRPSXWHG�DV�W� �W$1'���W;25B���ZKHUH�W;25B��UHIHUV
WR�WKH�GHOD\�WLPH�RI�WKH���LQSXW�;25�DUUD\��6XFK
DQ� DUUD\� FDQ� EH� LPSOHPHQWHG� XVLQJ� VHYHQ� RI� ��
LQSXW� ;25� JDWHV�� FDVFDGHG� LQ� WKUHH� VWDJHV�� 7KH
DUUD\� JLYHV� WKH� GHOD\� RI� �W;25B��� 7KLV� LV� WZLFH
IDVWHU�WKDQ�WKH�FLUFXLW�VKRZQ�LQ�)LJXUH���

$� JHQHUDO� SXUSRVH� ELW�SDUDOOHO� PXOWLSOLHU
�)LJXUH����FRPSULVHV�RI�P����LQSXW�$1'�JDWHV�DQG
P��P����LQSXW�;25�JDWHV��7KH�ORQJHVW�GDWD�GHOD\
LV��W;25� �DSSUR[�� IRU�*)>��@��� 7KH�PXOWLSOLFDWLRQ
UHVXOW�FDQ�EH�REWDLQHG�LQ�RQH�FORFN�F\FOH�
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$1'�$55$< ;25�$55$<

)LJXUH����$Q�DOWHUQDWLYH�UHDOLVDWLRQ�RI�D�ELW�
SDUDOOHO�PXOWLSOLHU

7KH� PXOWLSOLHU� VKRZQ� LQ� )LJXUH� �� DOVR
FRPSULVHV� P�� ��LQSXW� $1'� JDWHV� DQG� ��� ;25
RSHUDWLRQV�ZKLFK� DUH� GLYLGHG� LQWR� �� JURXSV� HDFK
IRU� DQ� RXWSXW� FRHIILFLHQW�� (DFK� JURXS� FDQ� EH
LPSOHPHQWHG�ZLWK���LQSXW�;25�JDWHV��7KH�ELJJHVW
JURXS� LQYROYHV� �� ;25� RSHUDWLRQV� ZKLFK� FDQ� EH
LPSOHPHQWHG� XVLQJ� WKUHH� VWDJHV� ��LQSXW� ;25
JDWHV��)RU�P�ZKLFK� LV�QRW�YHU\� ODUJH� �L�H��P� ���
WKH�QXPEHU�RI�;25�VWDJHV�FDQ�EH�DSSUR[LPDWHG�WR
�P���� 7KH� ODWWHU� PXOWLSOLHU� FDQ� EH� WZLFH� IDVWHU
WKDQ�WKH�ILUVW�RQH�ZKLOH�ERWK�KDYH�DERXW�WKH�VDPH
QXPEHU�RI�JDWHV��,Q�ERWK�PXOWLSOLHUV��WKHUH�DSSHDUV
WR� EH� �� PRUH� P�ELW� UHJLVWHUV� WR� VWRUH� WKH� LQSXW
ZRUGV� DQG� RXWSXW� ZRUG�� +RZHYHU�� WKH� ILUVW
PXOWLSOLHU� KDV� WKH� DGYDQWDJH� RI� LWV� GHVLJQ
UHJXODULW\�� :H�� KHQFH�� H[SORLW� LWV� FRPSOH[LW\� DV
GHWDLOHG�EHORZ�

7SDUDBVWGBPXO  � ���D�

6SDUDBVWGBPXO  P��6$1'�6;25��P6;25 ���E�

WSDUDBVWGBPXO | P�W;25� ���F�

'���$�)L[HG�&RHIILFLHQW�%LW�3DUDOOHO�0XOWLSOLHU
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6LPLODU�WR�WKH�ELW�VHULDO�PXOWLSOLHU��D�IL[HG
FRHIILFLHQW� ELW�SDUDOOHO� PXOWLSOLHU� LV� DOVR� VLPSOHU
WKDQ�D�JHQHUDO�SXUSRVH�RQH��0RGXOR�RSHUDWLRQ�FDQ
EH� SUH�FRPSXWHG� DQG� KDUG�ZLUHG�� &RQVLGHU� DQ
H[DPSOH�JLYHQ� LQ�*)>��@�� OHW�%�[�� EH� DQ� DUELWUDU\
ILHOG�HOHPHQW�DQG�$�[��LV�D�FRQVWDQW��$�[�� �[��[��
7KHQ�$�[�%�[��PRG�S�[��FDQ�EH�GHULYHG�DV��
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ZKLFK�FDQ�EH�UH�ZULWWHQ�LQ�WKH�PDWUL[�IRUP�DV�>'@
 � >7@>%@�� ZKHUH� >7@� LV� WKH� WUDQVIRUPDWLRQ� PDWUL[
JLYHQ�E\�WKH�IROORZLQJ�HTXDWLRQ�
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7KH� FRPSXWDWLRQ� RI� DERYH� HTXDWLRQV� FDQ� EH
DUUDQJHG� DV� VKRZQ� LQ� )LJXUH� ��� ;25� JDWHV� DUH
FRPELQHG� WR� IRUP� WKH� WUDQVIRUPDWLRQ� PDWUL[� >7@
JLYHQ� LQ� HTQ� ������ 7KH� QXPEHU� RI� ��LQSXW� ;25
JDWHV� FDQ� EH� FRPSXWHG� DV� KDOI� RI� WKH� QXPEHU� RI
QRQ�]HUR�HQWULHV�RI�DERYH�PDWUL[�>7@�
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E�
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E�
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G�
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G�

)LJXUH����$�IL[HG�FRHIILFLHQW�ELW�SDUDOOHO
PXOWLSOLHU��' [ % [� � � � D � ��LQ�*)>��@�

������1RUPDO�%DVLV�0XOWLSOLFDWLRQV

1RUPDO� EDVLV� PXOWLSOLFDWLRQ� LV� EDVHG� RQ
0DVVH\�2PXUD¶V� WHFKQLTXH�� 7KH� LPSOHPHQWDWLRQ
LV� UHOLHV� XSRQ� WKH� QRUPDO� EDVLV� UHSUHVHQWDWLRQ� RI
WKH� ILHOG� HOHPHQWV�� 7KLV� VHFWLRQ� HODERUDWHV� PRUH
GHWDLOV� RI� WKH� FLUFXLW� FRPSOH[LW\� DQG� GHOD\� WLPH
LQWURGXFHG�E\�GLIIHUHQW�DSSURDFKHV��,Q�*)>�P@��OHW
$� �>D D D

P� � �
� � �� � �
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@�DQG�%� � >E E E
P� � �
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@�EH

WZR�ILHOG�HOHPHQWV��$OVR�OHW�'� �> G G G
P� � �
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EH� WKH� SURGXFW� RI� WKRVH� WZR� HOHPHQWV�� 7KHQ� WKH
ODVW� WHUP�RI�VXFK�D�SURGXFW�FDQ�EH�UHSUHVHQWHG�DV
VRPH�ELQDU\�IXQFWLRQ��I��7KDW�LV�

G I D D D E E E
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:LWK� WKH�QRUPDO�EDVLV� UHSUHVHQWDWLRQ�� WKH
VTXDUH� RI� WKH� SURGXFW� LV� WKH� F\FOLF� VKLIW� IRUP� DV
UHPDUNHG�LQ�WKH�SUHYLRXV�VHFWLRQ��L�H��
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6LPLODUO\�� WKH�FRPSRQHQW�GP���FDQ�EH�REWDLQHG�E\
WKH�VDPH�IXQFWLRQ�I�WKDW�DSSOLHG�WR�WKH�FRPSRQHQWV
RI�$��DQG�%���7KXV�
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.HHSLQJ�VTXDULQJ�$�DQG�%�UHSHDWHGO\��RQH�REWDLQV
GP���WKURXJK�G��

&RQVLGHU� DQ� H[DPSOH� JLYHQ� LQ� *)>��@
ZKHUH� S [ [ [� �  � �� ��� 7KH� SURGXFW�'� FDQ� EH
ZULWWHQ�DV��
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ZKLFK�LV�WKH�IXQFWLRQ�I��,W�LV�LPSRUWDQW�WR�QRWH�WKDW
WKH�QXPEHU�RI�SURGXFW� WHUPV� WKDW� IRUPXODWHV�GP��
GHSHQGV� FUXFLDOO\� RQ� WKH� VHOHFWLRQ� RI� SULPLWLYH
SRO\QRPLDO��)RU�WKH�*DORLV�ILHOG�*)>�P@�ZKHUH�Pt
��� WKHUH� DSSHDU� WR� EH� PRUH� WKDQ� RQH� JHQHUDWRU
SRO\QRPLDO� WKDW� FDQ� KDYH� WKH� QRUPDO� EDVLV
UHSUHVHQWDWLRQV� >�@��:LWK� D� FOHYHU� FKRLFH�RI�S�[��
WKH�KDUGZDUH�FRPSOH[LW\�FDQ�EH�UHGXFHG�VLQFH�WKH
QXPEHU�RI�WHUP�UHTXLUHG�LQ�GP���FDQ�EH�PDGH�VPDOO
>�@�� )RU� H[DPSOH�� LQ� *)>��@�� WKH� SULPLWLYH
SRO\QRPLDO� S [ [ [ [ [� �  � � �� � � ���JLYHV�WKH
PLQLPXP�QXPEHU�RI�WHUPV�

$� QRUPDO� EDVLV� PXOWLSOLHU� FDQ� EH
LPSOHPHQWHG�XVLQJ�ERWK�ELW�VHULDO�DQG�ELW�SDUDOOHO
WHFKQLTXHV�DV�GHSLFWHG�LQ�)LJXUH���DQG���
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)XQFWLRQ�I�
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GP��GP��
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)LJXUH����$�ELW�VHULDO�0HVVD\�2PXUD�PXOWLSOLHU

7KH� VDPH� IXQFWLRQ� I� ORJLF� EORFN� FDQ� EH
XVHG�WR� LPSOHPHQW�DOO�RXWSXW�SURGXFW�FRHIILFLHQWV
LQ� WKH� DERYH� LPSOHPHQWDWLRQ�� :KHQ� WKH� ILUVW
FRPSRQHQW� LV� REWDLQHG�� LQSXW� UHJLVWHUV� DUH
F\FOLFDOO\� VKLIWHG� E\� RQH� SRVLWLRQ� LQ� RUGHU� WR
SHUIRUP�VTXDULQJ�RSHUDWLRQ��+HQFH�� LW� UHTXLUHV�P
FORFN� F\FOHV� WR� SHUIRUP� HDFK� HOHPHQW
PXOWLSOLFDWLRQ�� 7KH� FLUFXLW� FRPSOH[LW\� LV
FRQVLGHUHG� WR� EH� PLQLPXP� VLQFH� RQO\� RQH� ORJLF
EORFN�LV�UHFXUVLYHO\�XVHG�IRU�P�WLPHV��7KH�QXPEHU
RI�WHUPV�LQ�WKH�IXQFWLRQ�I�ORJLF�EORFN�DUH�IRXQG�WR
EH� EHWZHHQ� �P��P�� ,Q� WKH� ZRUVW� FDVH�� �P� $1'
DQG� �P� ;25� JDWHG� DUH� UHTXLUHG�� 7KHVH� ;25
JDWHV�FDQ�EH�FDVFDGHG�LQWR��P���OHYHOV��+HQFH�

7VHUBQRUBPXO  P ���D�

6VHUBQRUBPXO  ��P���6'))��P�6$1'�6;25� ���E�

WVHUBQRUBPXO  W'))�W$1'�����PW;25 ���F�

$�ELW�SDUDOOHO�VFKHPH�FDQ�EH�LPSOHPHQWHG
LQ� D� VOLJKW� GLIIHUHQW� ZD\�� 7KHUH� DUH� QXPEHU� RI
IXQFWLRQ� I� ORJLF� EORFNV�� (DFK� FRPSULVHV� RI�$1'
DQG�;25�DUUD\V��7KH� LQWHUQDO� FRQQHFWLRQ� LV� YDU\
IURP� EORFN� WR� EORFN�� +RZHYHU�� RQO\� VOLJKW
FKDQJHV�� *DWH� DUUD\� LV� WKH� PRVW� VXLWDEOH
WHFKQRORJ\�IRU�LPSOHPHQWLQJ�WKLV�PXOWLSOLHU�
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)LJXUH���$�ELW�SDUDOOHO�0HVVD\�2PXUD�PXOWLSOLHU

&RPSDUHG� WR� D� ELW�VHULDO� LPSOHPHQWDWLRQ�
WKH� ELW�SDUDOOHO� PXOWLSOLHU� UHTXLUHV� P� WLPHV� DV
PXFK� DV� WKH� DUHD� UHTXLUHG� E\� D� ELW�VHULDO� W\SH�
+RZHYHU��WKH�RSHUDWLRQ�LV�DV�IDVW�DV�D�VLQJOH�FORFN
F\FOH� DQG� WKH� RSHUDWLRQ� GHOD\� WLPH� LV� WKH� GHOD\
WLPH�RI�D�IXQFWLRQ�I�ORJLF�EORFN�

������'XDO�EDVLV�PXOWLSOLHUV

$� GXDO� EDVLV� PXOWLSOLFDWLRQ� WHFKQLTXH
GHVFULEHG� LQ� WKH� IROORZLQJ� VHFWLRQ� RSHUDWHV� RQ
JHQHUDO� SRO\QRPLDO� FRHIILFLHQWV� UDWKHU� WKDQ� D
IL[HG�FRHIILFLHQW�DV�GHWDLOHG�LQ�>�@�

/HW� =� EH� HOHPHQW� H[SUHVVHG� LQ� WKH� GXDO
EDVLV�UHSUHVHQWDWLRQ�DV�VKRZQ�LQ�HTQ�����DQG�OHW�*
EH�DQ�HOHPHQW�UHSUHVHQWHG�LQ�VWDQGDUG�EDVLV�DV�
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IRU���d�L�d�P����ZKHUH�JL���^���`��7KH�SURGXFW�:
LV�H[SUHVVHG�LQ�WKH�GXDO�EDVLV�DV��
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/HW� 7 = 7U =*N N� � � � � � D ��WKHQ�WKH�%HUOHNDPS¶V

WHFKQLTXH� LV� XVHG� WR� SHUIRUPHG� 7 =N� � � �
UHFXUVLYHO\�RQ�N� IRU���d� N�d�P����7KH�SURFHGXUH�
KHQFH�� FRPSXWHV� WKH� FRHIILFLHQW� RI� O�� ILUVW�� DQG
WKHQ�WKDW�RI�O��DQG�VR�RQ�

&RQVLGHU� WKH� IROORZLQJ� H[DPSOH� JLYHQ� LQ
*)>��@�ZKHUH�^DN`�DQG�^ON`�DUH�FRPSOHPHQW�EDVLV
DQG� S [ [ [� �  � �� � � LV� WKH� SULPLWLYH
SRO\QRPLDO��,QLWLDOO\��IRU�N� ����RQH�REWDLQV

7 = 7U = *
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7R� FRPSXWH� 7 =N� � � � � IRU� N�!� ��� RQH�PD\� QRWLFH

WKDW� 7 = 7U = * 7 =N N N� � � �� � �� � � � �  � �D D � � �

7KHUHIRUH�7 =N� � � � �LV�REWDLQHG�IURP�7 =N� � � ��� �E\

UHSODFLQJ� =� E\� D=�� 7KLV� LV� DFFRPSOLVKHG� E\
VKLIWLQJ� XS� =� UHJLVWHU� DQG� ILOO� c]

�
� ZLWK� WKH� IHHG

EDFN�WHUP� c � c] ]
� �

��7KXV�� cZ
�
�FDQ�EH�FRPSXWHG�DV�

7 = 7U = *
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:LWK�VLPLODU�SURFHGXUHV�� cZ
�
� DQG� cZ

�
� FDQ�EH

REWDLQHG�� 7KH� FLUFXLW� XVHG� WR� LPSOHPHQWHG� WKH
DERYH�GLVFXVVHG�WHFKQLTXH�FDQ�EH�GUDZQ�DV�VKRZQ
LQ�)LJXUH���
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)LJXUH����$�GXDO�EDVLV�PXOWLSOLHU

0DQ\� FDVHV� RI� WKH� ILQLWH� ILHOG� RSHUDWLRQ�
IRU� H[DPSOH�� WKH� HQFRGLQJ� RI� PDQ\� FODVVHV� RI
FRGHV�>����@��UHTXLUH�SRO\QRPLDO�PXOWLSOLFDWLRQ��$
FRGH�ZRUG�LV�GHILQHG�VXFK�WKDW�LW�LV�GLYLVLEOH�E\�D
JHQHUDWRU�SRO\QRPLDO�*�[���L�H���&�[�� �0�[�*�[��
ZKHUH�&�[��LV�D�FRGH�ZRUG�SRO\QRPLDO�DQG�0�[��LV
D� PHVVDJH� ZRUG� ZKLFK� DOVR� GHILQHG� LQ� D
SRO\QRPLDO� IRUP�� 7KH� HQFRGHU� WKDW� GHVLJQHG� IRU
DQ\� JHQHUDWRU� SRO\QRPLDO� FDQ� EH� UDWKHU
FRPSOLFDWHG�VLQFH� WKH�SRO\QRPLDO�*�[�� FDQQRW�EH
PDGH�IL[HG��$�VLPSOHU�PXOWLSOLHU�FLUFXLW�LV�WKHQ�RI
QHFHVVDU\��7KH�IROORZLQJ�SDUDJUDSK�LOOXVWUDWHV�WKH
DSSOLFDWLRQ� RI� WUDFH� DQG� GXDO� EDVLV� WHFKQLTXHV� LQ
LPSOHPHQWLQJ�SRO\QRPLDO�PXOWLSOLFDWLRQ�

*LYHQ�*�[��DV�D�GHJUHH�W�SRO\QRPLDO�
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,Q�IDFW��WKH�FLUFXLW�XVHG�WR�LPSOHPHQW�HTQ
�����DV�VKRZQ�LQ�)LJXUH����LV�W�SDUDOOHO�VHWV�RI�WKH
FLUFXLW� VKRZQ� SUHYLRXVO\� LQ� )LJXUH� ��� (DFK� VHW
FRPSXWHV� RQH� FRHIILFLHQW� RI� WKH� SRO\QRPLDO� =*
�[��� )RU� DQ\� IL[HG�*L�� WKH� FLUFXLW� FDQ� EH� IXUWKHU
VLPSOLILHG�VLQFH�WKH�$1'�DUUD\�FDQ�EH�RPLWWHG��$
PXOWLSOLHU� WKHQ� UHTXLUHV� RQO\� DQ� ;25� DUUD\
EHFDXVH�HOHPHQW�JLM�LV���RU���
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)LJXUH����$�PXOWLSOLHU� WKDW�XVHV�GXDO�EDVLV� ILHOG
HOHPHQW�UHSUHVHQWDWLRQ�

,W� VKRXOG� EH� QRWHG� WKDW� D� GXDO� EDVLV
PXOWLSOLHU�RSHUDWHV�RQ�WZR�FRPSRQHQWV�GHILQHG�LQ
GLIIHUHQW�EDVLV�� L�H���=� LV�GHILQHG� LQ� WKH�GXDO�EDVLV
ZKLOVW� *� LV� GHILQHG� LQ� WKH� VWDQGDUG� EDVLV�� 7KH
REWDLQHG� UHVXOW� LV� GHILQHG� LQ� WKH� GXDO� EDVLV�
5HJDUGOHVV�RI�WKH�EDVLV�FRQYHUVLRQ��WKH�GXDO�EDVLV
PXOWLSOLHU� FRPSULVHV� RI� DQ� $1'� DUUD\�� DQ� ;25
DUUD\��DQ�P�ELW�UHJLVWHU�DQG�D�GHOD\�IOLS�IORS��$1'
DQG� ;25� DUUD\V� FRPSULVHV� RI� P� ��LQSXW� $1'
JDWHV�DQG�P���LQSXW�;25�JDWHV�UHVSHFWLYHO\��;25
JDWHV� FDQ� EH� DUUDQJHG� LQWR�P��� FDVFDGHG� VWDJHV�
6LJQDO�GHOD\�WLPH�RI�WKH�PXOWLSOLHU�FDQ�EH�WKRVH�RI
�� '))V�� $1'� JDWH� DQG� P��� VWDJHV� ;25� JDWHV�
+HQFH�

7GXDOBPX  P ���D�

6GXDOBPXO  �P���6'))�P�6$1'�6;25� ���E�

W'XDOBPXO  P��W'))�W$1'����PW;25� ���F�

����6TXDUHV�	�6TXDUH�URRWV
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,Q� WKH� ILQLWH� ILHOG�� VTXDULQJ� LV� WKH� VSHFLDO
FDVH�RI�PXOWLSOLFDWLRQ��WKDW�LV��WKH�ILHOG�HOHPHQW�LV
PXOWLSOLHG� P\� LWVHOI�� 6TXDUH� RSHUDWLRQ� LV� DOVR
OLQHDU� VLQFH� �$�%���  � $��%��� $� VTXDULQJ� FLUFXLW
FDQ�EH�LPSOHPHQWHG�VLPLODU� WR�D�IL[HG�FRHIILFLHQW
ELW�SDUDOOHO�PXOWLSOLHU��$V�DQ�H[DPSOH�� OHW�%�[��EH
WKH�SRO\QRPLDO�UHSUHVHQWDWLRQ�RI�DQ\�ILHOG�HOHPHQW
GHILQHG�LQ�*)>��@��7KH�WUDQVIRUPDWLRQ�PDWUL[�FDQ
EH�GHULYHG�DV�IROORZV��

' [ % [ S [� � ^ � �` PRG � � � � ���D�

> @ > @> @' 7 % � ���E�

ZKHUH��> @7  
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7KH� LQYHUVLRQ� RI� WUDQVIRUP� PDWUL[� JLYHQ� LQ� HTQ
���F��GHILQHV� WKH�VTXDUH�URRW� WUDQVIRUP�PDWUL[�RI
%�[���L�H��
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7KH� ORJLF� FLUFXLW� XVHG� WR� LPSOHPHQW
VTXDUH� DQG� VTXDUH� URRW� FRUUHVSRQGLQJ� WR� HTQV
���F��DQG����G��DUH�VKRZQ�LQ�)LJXUH���D�DQG���E
UHVSHFWLYHO\�

E�

E
�

E�

E
�

G�

G�

G
�

G�

G�

G
�

G�

G
�

E
�

E�

E
�

E�

D���6TXDULQJ E���6TXDUH�URRWLQJ

)LJXUH����6TXDUH�DQG�VTXDUH�URRW�FLUFXLWV

$OVR�EH�QRWHG�WKDW�WKH�VWDQGDUG�EDVLV�ILHOG
HOHPHQW� UHSUHVHQWDWLRQ� LV� DVVXPHG� LQ� WKH� DERYH
GLVFXVVLRQ�� ,Q� WKH� QRUPDO� EDVLV� UHSUHVHQWDWLRQ�
VTXDULQJ�LV�UHODWLYHO\�VLPSOH�DV�WKH�F\FOLF�VKLIWLQJ
RI�WKH�ILHOG�HOHPHQW�UHJLVWHU�

����,QYHUVLRQV

7KHUH� DUH� QXPEHU� RI� PHWKRGV� HPSOR\HG
LQ� FRPSXWLQJ� WKH� ILQLWH� ILOHG� HOHPHQW� LQYHUVLRQ�
(DFK�KDV�GLIIHUHQW� VSHHG�� FRPSOH[LW\�� DQG�KHQFH�
VXLWHV�HDFK�SDUWLFXODU�DSSOLFDWLRQ��$�FRQYHQWLRQDO
ELW�SDUDOOHO� VHTXHQWLDO� WHFKQLTXH� LV� RXWOLQHG� ILUVW�

$�QHZ�GHYHORSHG�ELW�VHULDO�WHFKQLTXH�LV�GLVFXVVHG
VXEVHTXHQWO\�

7KH� *DORLV� ILHOG� *)>�P@� FRPSULVHV� RI� D
F\FOLF� PXOWLSOLFDWLYH� JURXS� RI� �P��� HOHPHQWV�

H[FOXGH�]HUR��)RU�DQ\�ILHOG�HOHPHQW�E�� E � � �
P

�  

RU�E E� � � � �
P

��$Q�HIILFLHQW�ZD\�WR�FRPSXWH�E ��

LV� WR� IRUP� D� VHTXHQFH� E E E E E� � � � �� � � � �� � � �

XVLQJ�VXFFHVVLYH�PXOWLSO\LQJ�DQG�VTXDULQJ�DV��

E E E E E�  � � �� � � �>^� � ` @ � ����

$OWHUQDWLYHO\�� � �P � �FDQ�EH�IDFWRULVHG�DV��

� � � � � �� � �P P�  � � � � � � � � �

7KHQ�E �� �FDQ�EH�FRPSXWHG�IURP��

E E E E E�  � � � � �
�

� � � � �
� � � �� �P

� ����

(TXDWLRQV� ����� DQG� ����� JLYHQ� DERYH� FDQ� EH
LPSOHPHQWHG� XVLQJ� WKH� FLUFXLWV� VKRZQ� LQ� )LJXUH
��D�DQG���E�UHVSHFWLYHO\�

)�)
E

E� )�)

E�

E
��

E
��

D���6WDQGDUG�EDVLV�LQYHUVLRQ E���1RUPDO�EDVLV�LQYHUVLRQ

)LJXUH�����6HTXHQWLDO�FLUFXLW�IRU�FRPSXWLQJ�ILQLWH
ILHOG�LQYHUVLRQ��GDWD�SDWKV�DUH�P�ELW�ZLGH�

7KH� DERYH� FLUFXLWV� UHTXLUH� P��� FORFN
F\FOHV� WR� SHUIRUP� DQ\� LQYHUVLRQ� ZKLFK� LQFOXGH
PXOWLSO\LQJ� DQG� VTXDULQJ�� ,I� WKH� HOHPHQW� LV
UHSUHVHQWHG�LQ�WKH�QRUPDO�EDVLV�D�VTXDULQJ�FDQ�EH
VLPSOH� DV� GHVFULEHG� HDUOLHU�� (YHQ� VR�� WKH� PDMRU
FKLS� DUHD� FRQVXPSWLRQ� LQ� WKH� FLUFXLW� LV� VWLOO� D
PXOWLSOLHU�� 7KLV� FDQQRW� EH� DYRLG� HYHQ� LQ� WKH
VWDQGDUG�EDVLV�UHSUHVHQWDWLRQ�RI�ZKLFK�VTXDULQJ�LV
DOVR� UHODWLYHO\� VLPSOH�� $VVXPH� WKDW� WKH� VTXDULQJ
FLUFXLW� KDV� DSSUR[LPDWHO\� P��� DGGHUV�� 7KH
FRPSOH[LW\� RI� DQ� LQYHUVLRQ� FLUFXLW� FDQ� EH� WKHQ
FRQFOXGHG�DV��

7VHTBLQY  P�� ���D�

6VHTBLQY  P6'))�6PXOWLSOLHU����6;25 ���E�

WVHTBLQY  �P�����W'))�WPXOWLSOLHU� ���F�

$Q�LQYHUVLRQ�FDQ�DOVR�EH�FRPSXWHG�XVLQJ
(XFOLG¶V� DOJRULWKP� >�@�� 7KH� KDUGZDUH
LPSOHPHQWDWLRQ� UHTXLUHV� �� RI� �P����ELW� UHJLVWHUV
DQG� VRPH� FRPSDULQJ� ORJLFV�� 6XFK� D� FLUFXLW� WDNHV
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DERXW� �P� FORFN� F\FOHV� WR� FRPSOHWH� DQ� HOHPHQW
LQYHUVLRQ�

$� ELW�VHULDO� WHFKQLTXH� GHWDLOHG� LQ� WKH
IROORZLQJ�VHFWLRQ�FDQ�EH�YHU\�HIILFLHQW�LQ�WHUP�RI
KDUGZDUH�VLQFH�QR�PXOWLSOLHU�RU�HYHQ�D�FRPSOLFDWH
FRPSDULQJ�FLUFXLW�LV�UHTXLUHG��7KHUH�DUH�WZR�P�ELW
UHJLVWHUV�� ERWK� DUH� KDUGZLUHG� DFFRUGLQJ� WR� WKH
SULPLWLYH� SRO\QRPLDO� XVHG� WR� JHQHUDWH� ILHOG
HOHPHQWV��VHH�)LJXUH������7KH�UHJLVWHU�$�LV�ORDGHG
ZLWK� �� ZKLOH� WKH� UHJLVWHU� %� LV� ORDGHG� ZLWK� E�
.HHSLQJ�FORFNLQJ�ERWK� UHJLVWHUV� XQWLO� WKH� FRQWHQW
RI�UHJLVWHU�%�HTXDO����7KHQ�WKH�FRQWHQW�RI�UHJLVWHU
$� LV� E���� 7KH� RSHUDWLRQ� PD\� WDNH� DW� PRVW� �P��
FORFN�F\FOHV��VLQFH�WKH�RSHUDWLRQ�LV�F\FOLF�

E�E�E�E�

� � � �

���

5HJLVWHU�$

5HJLVWHU�%

)LJXUH�����$�ELW�VHULDO�VKLIW�UHJLVWHU�LQYHUVLRQ
FLUFXLW

7KLV�WHFKQLTXH� LV�DOVR�HDV\� WR�EH�DGDSWHG
WR� FRPSXWH� PXOWLSOLFDWLRQ�LQYHUVLRQ� DQG� LV� DOVR
VXSHULRU� IRU� WKH� DSSOLFDWLRQ� WKDW� UHTXLUHV� ORZ
VSDFH�� ORZ� SRZHU� DQG� DOORZV�1� FORFN� F\FOHV� IRU
RSHUDWLRQ��VXFK�DV�D�WLPH�GRPDLQ�GHFRGLQJ�V\VWHP
>�@���7KH�FRPSOH[LW\�RI�WKH�FLUFXLW� LV�VXPPDULVHG
DV��

7VHUBVIWBLQY  �P�� ���D�

6VHUBVIWBLQY  �^P6'))��P���6;25` ���E�

WVHUBVIWBLQY  ��P����W'))� ���F�

���6XPPDU\

6HYHUDO� WHFKQLTXHV� IRU� LPSOHPHQWLQJ
RSHUDWLRQV� LQ� WKH� ILQLWH� ILHOG� DUH� GHWDLOHG� LQ� WKLV
SDSHU�� $PRQJ� WKRVH�� PXOWLSOLFDWLRQV� VHHP� WR� EH
PRUH� FRPSOLFDWHG� WKDQ� RWKHUV�� 7KH\� DUH�� KHQFH�
UHDOLVHG� LQ� PDQ\� ZD\V�� 7ZR� PDLQ� WKHPHV� WKDW
FRQVLGHUDEO\� HIIHFW� WKH� KDUGZDUH� LPSOHPHQWDWLRQ
DUH� UHFRJQLVHG� DV� ILHOG� HOHPHQW� UHSUHVHQWDWLRQ�
DQG� ELW�VHULDO� DQG� ELW�SDUDOOHO� DSSURDFKHV�
6WDQGDUG� EDVLV� UHSUHVHQWDWLRQ� DUH� XVHG
FRQYHQWLRQDOO\� GXH� WR� LWV� HDVH� LQ� EHLQJ� ZHOO�
XQGHUVWRRG��+RZHYHU��QRUPDO�EDVLV�DQG�GXDO�EDVLV
UHSUHVHQWDWLRQ� DUH� DOVR� KDYH� SURYHG� WKHLU
VLPSOLFLW\�LQ�VRPH�KDUGZDUH�UHDOLVDWLRQV�ZKLFK�RI

FRXUVH� WKHLU� XWLOLVDWLRQ� DUH� YHU\�PXFK� GHSHQG� RQ
DSSOLFDWLRQV�DQG�DYDLODEOH�WHFKQRORJ\�

,QYHUVLRQ�� FDQ� DOVR� EH� FRPSOLFDWHG�
HVSHFLDOO\� ZKHQ� LW� LV� QRW� DEOH� WR� LPSOHPHQWHG
XVLQJ�520�EDVHG� ORRN�XS� WDEOH��$� VKLIW� UHJLVWHU
WHFKQLTXH�SURSRVHG�LQ�WKH�ODVW�VHFWLRQ�FDQ�EH�YHU\
HIILFLHQW�LQ�WHUP�RI�LWV�VPDOO�VL]H��EXW�LW�LV�VXLWDEOH
IRU� WKH� V\VWHP� WKDW� DOORZV�1� FORFNV� IRU� VXFK� DQ
RSHUDWLRQ�

&RPSDUHG� WR� WKH�ELW�SDUDOOHO� WHFKQLTXH�� D
ELW�VHULDO� LPSOHPHQWDWLRQ� DOZD\V� UHTXLUHV� OHVV
KDUGZDUH�� EXW� RQ� WKH� RWKHU� VLGHV� LW� WDNHV� PRUH
FORFN�F\FOHV�WR�FRPSOHWH�LWV�RSHUDWLRQ�ZKLFK�DOVR
LPSOLHV� LWV�KLJKHU� ODWHQF\��0RUH�KDUGZDUH�FDQ�EH
VDYHG� LQ�PDQ\�FDVHV� WKDW�RSHUDQGV� DUH�RI� IL[HG� �
FRHIILFLHQWV�� 7KLV� FDQ� EH� REYLRXVO\� VHHQ� LQ� WKH
FDVHV�RI�IL[HG�FRHIILFLHQW�PXOWLSOLFDWLRQ��VTXDULQJ
DQG�VTXDUH�URRWLQJ�

5HIHUHQFH

>�@ &��&��:DQJ��7��.��7UXRQJ��+��0��6KDR��/��-�
'HXWFK�� /�� -�� 2PXUD� DQG� ,�� 6�� 5HHG�� ³9/6,
$UFKLWHFWXUH� IRU� &RPSXWLQJ� 0XOWLSOLFDWLRQ´
DQG� ,QYHUVLRQ� LQ� *)>�P@�´� ,(((� 7UDQV��� YRO�
&�����SS�����������6HSWHPEHU������

>�@ <�� 5�� 6KD\DQ� DQG� 7�� /H�1JRF�� ³7KH� OHDVW
FRPSOH[� SDUDOOHO� 0DVVH\�2PXUD� PXOWLSOLHU
DQG� LWV� /&$� DQG� 9/6,� GHVLJQ�´� ,((� 3URF�
YRO�� ����� 3W�� *�� 1R�� ��� SS�� ��������
'HFHPEHU������

>�@ (�� 5�� %HUOHNDPS�� �%LW�VHULDO� 5HHG�6RORPRQ
(QFRGHU��� ,(((�7UDQV�� ,QIRUP�� 7KHRU\�� YRO�
,7�����SS�����������1RYHPEHU������

>�@ ,��6��+VX��,��6��5HHG��7��.��7UXRQJ��.��:DQJ�
&�� 6�� <HK� DQG� /�� -�� 'HXWFK�� ³7KH� 9/6,
,PSOHPHQWDWLRQ� RI� D� 5HHG�6RORPRQ� (QFRGHU
8VLQJ� %HUOHNDPS¶V� %LW�VHULDO� PXOWLSOLHU
$OJRULWKP�´� ,(((�7UDQV��� YRO��&�����1R�� ���
SS�����������2FWREHU������

>�@ :��:��3HWHUVRQ�DQG�(�� -��:HOGRQ� -U���(UURU
&RUUHFWLQJ� &RGHV�� 7KH� 0�,�7�� 3UHVV�
&DPEULGJH��0DVV�������

>�@ %�� $UDPEHSROD� DQG� 6�� &KRRPFKXD\�
�$OJRULWKP� DQG� $UFKLWHFWXUH� IRU� 5HHG�
6RORPRQ� &RGHV��� *(&� -RXUQDO� RI� 5HVHDUFK�
9RO�����1R�����������SS����������

>�@ 5�� (�� %ODKXW�� 7KHRU\� DQG� SUDFWLFH� RI� (UURU
&RQWURO� &RGHV�� $GGLVRQ�:HVOH\�� 5HDGLQJ�
0$�������
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>�@ (��5��%HUOHNDPS��$OJHEUDLF�&RGLQJ�7KHRU\�
0F�*UDZ�+LOO�������

>�@ 6�� &KRRPFKXD\� DQG� %�� $UDPEHSROD�
�$OJRULWKPV� DQG� $UFKLWHFWXUHV� IRU� 7LPH
'RPDLQ�5HHG�6RORPRQ�'HFRGLQJ���,((�3URF�
��,��YRO�������1R�����SS�����������-XQH������

>��@ /6,� /RJLF� &RUS��� ³���� 0LFURQ� $UUD\�EDVHG
3URGXFWV� 'DWD� %RRN�´� /6,� /RJLF
&RUSRUDWLRQ��&$��6HSWHPEHU������

$SSHQGL[

���&RPSOH[LW\�PHDVXUHPHQW

7KH� KDUGZDUH� FRPSOH[LW\� GLVFXVVHG
WKURXJK�RXW�WKLV�SDSHU�FDQ�EH�LOOXVWUDWHG�EDVHG�RQ
PDFURFHOOV�� ����PLFURQ�&026�SURFHVV� >��@�� 7KH
DUHD� FRPSOH[LW\� LV� JLYHQ� LQ� WHUP� RI� JDWH� FRXQW�
7KH�FRPSOH[LW\�RI�D�VLQJOH�JDWH�LV�HTXLYDOHQW�WR���
��026�WUDQVLVWRUV��7KH�GHOD\�WLPH�UHIHUUHG�WR�KHUH
FDQ� EH� HLWKHU� ORZ� WR� KLJK� �W3/+� �� RU� KLJK� WR� ORZ
�W3+/�� SURSDJDWLRQ� GHOD\� WLPH� GHSHQGV� RQ� ZKLFK
RQH�LV�JUHDWHU��6RPH�RI�WKH�JDWHV�DQG�UHJLVWHUV�DUH
JLYHQ�LQ�WKH�WDEOH�EHORZ��0RUH�GHWDLOV�RU�GLIIHUHQW
GHYLFHV� SDUDPHWHU� FDQ� EH� IRXQG� LQ� WKH� PDQXDO
>��@�

'HYLFHV $UHD 'HOD\�SURSDJDWLRQ�

)DQ�RXW� � )DQ�RXW �
,QYHUWHU � ���� ����
��LQSXW�$1' � ���� ����
��LQSXW�;25 � ���� ����
��LQSXW�;25 � ���� ����
��!��08; � ���� ����
'�IOLS�IORS � ���� ����
'�ODWFK � ���� ����
��9GG� ��9r�����$PELHQW�WHPS�� ����q&�

����)LQLWH�)LHOG�WDEOH�ORRN�XS�520

,Q� WKH� VWDQGDUG� EDVLV� HOHPHQW
UHSUHVHQWDWLRQ��HDFK�HOHPHQW�EHORQJV�WR�WKH�F\FOLF
PXOWLSOLFDWLYH� JURXS� JHQHUDWHG� E\� WKH� SULPLWLYH
URRW��+HQFH��WKHUH�DUH��P���HOHPHQWV�ZKLFK�FDQ�EH
UHIHUUHG� WR� E\� LWV� SRZHU�� L�H��� E�  � DN�� WKH� NWK

ORFDWLRQ� FRQWDLQV�DN��5HSUHVHQW� WKH� ILOHG� HOHPHQW
E\� LWV� SRZHU� WKLV� ZD\�� VRPH� RSHUDWLRQV� FDQ� EH
PDGH�VLPSOHU�DV�IROORZV�

OHW� $ L D �EH�VWRUHG�DW�WKH�ORFDWLRQ�L�DQG

OHW� % M D EH�VWRUHG�DW�WKH�ORFDWLRQ�M�

D���0XOWLSOLFDWLRQ��

' $ % M M �  �  �D D D � � �

7KH� ORFDWLRQ� �L�M�� PRG� ��P���� WKHQ� FRQWDLQV� WKH
UHVXOW�

E���,QYHUVLRQ��

' % M M
P

   � � � �� � �D D � � �

7KH�ORFDWLRQ���P�M����PRG���P����WKHQ�FRQWDLQV�WKH
LQYHUVLRQ�UHVXOW�

F���'LYLVLRQ��

' $% L M L M  �  � � �� D D D � � �

7KH� ORFDWLRQ� �L�M�� PRG� ��P���� WKHQ� FRQWDLQV� WKH
GLYLVLRQ�UHVXOW�

G���$GGLWLRQ��

7KH�DGGLWLRQ� LV� UDWKHU�PRUH� LQWULFDWH� WKDQ
WKH� RUGLQDU\�ZD\�RI� HOHPHQW� UHSUHVHQWDWLRQ��7KLV
FDQ�EH�VHHQ�IURP�DQ�HTXDWLRQ�JLYHQ�EHORZ�

' $ % L M L M L �  �  �� �D D D D� �� �

6LPLODU� SURFHGXUHV� FDQ� EH� DSSOLHG� WR
SRZHUV� DQG� URRWV�� 7KH� UHSUHVHQWDWLRQ� RI� D� ILHOG
HOHPHQW� E\� LWV� SRZHU� LV� NQRZQ� DV� ORJDULWKPLF
UHSUHVHQWDWLRQ�� 7KH� RSHUDWLRQ� LV� SHUIRUPHG� XVLQJ
LWV�SRZHU��RU�LQGH[���&RQYHUVLRQ�EDFN�DQG�IRUWK�RI
VXFK�D�UHSUHVHQWDWLRQ�FDQ�EH�DFFRPSOLVKHG�XVLQJ�D
ORRN� XS� WDEOH� ZKLFK� FDQ� EH� LPSOHPHQWHG� XVLQJ
520� 7KH� 520� VL]H� LV� P�ELW� [� �P� ORFDWLRQV�
%DVLFDOO\��D�520�FRQVLVWV�RI�D�GHFRGHU�DQG�D�GDWD
PDWUL[�� 7KH� GHFRGHU�ZKLFK� FRQVLVWV� RI� �P� $1'
JDWH� RI� P� LQSXWV� HDFK�� WUDQVIRUPV� P�ELW� LQSXWV
�DGGUHVVHV��LQWR��P�DGGUHVV�ORFDWLRQV��'DWD�ELWV�DUH
EXIIHUHG�EHIRUH�WKH\�DUH�DFWXDOO\�UHDG�RXW�

:LWK� WKH� XVH� RI� PHPRU\� �RU
WDEOH��PXOWLSOLFDWLRQV� DQG� LQYHUVLRQV� FRXOG� EH
UHGXFHG� WR� FRQYHQWLRQ� DQG� VXEWUDFWLRQ� RI� WKH
H[SRQHQWV� PRG� �P���� 2QH� ZRXOG� KDYH� WZR
PHPRULHV�� RQH� FRQWDLQV� ORJV�� DQG� WKH� RWKHU
FRQWDLQV� WKH� DQWLORJV�� $QRWKHU� YDULDWLRQ� RI� XVLQJ
WKH�WDEOH�WHFKQLTXH�LV�WKDW��UDWKHU�WKDQ�FRPSXWH�RQ
WKH� YDOXH�� RQH� FDQ� GLUHFWO\� FRPSXWH� RQ� WKH
DGGUHVV�� )RU� LQVWDQFH�� RQH� ZDQW� WR� FRPSXWH
D DL M� ��KH�FDQ�JR�WR�WKH�DGGUHVV�L�RI�WKH�ORJ�WDEOH
DQG�FRXQW�XS�E\� M� ��P���PRGXOR�FRXQWHU��� WKDW� LV�
KH�ZLOO�JHW�D � �L M� �


