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7KLV� SDSHU� HYDOXDWHV� DOWHUQDWLYH� PXOWLSOLFDWLRQ

DOJRULWKPV� DQG� SDUDOOHO� PXOWLSOLHU� VWUXFWXUHV� IRU� WKH

GHVLJQ� RI� H[SDQGDEOH� PXOWLSOLFDWLRQ� XQLWV� WR� EH

LQFRUSRUDWHG� LQWR� KDUGZDUH� FRPSRQHQWV� IRU

UHFRQILJXUDEOH� FRPSXWLQJ�� ,W� VKRZV� KRZ� WKH�ZHOO�NQRZQ

PHWKRGRORJLHV�XVHG� IRU� IL[HG�OHQJWK�SDUDOOHO� �PXOWLSOLHUV

FDQ� EH� H[WHQGHG� WR� GHDO�ZLWK� H[SDQGDEOH� XQLWV�� $� QRYHO

GHVLJQ�IRU�VXFK�XQLWV�LV�VKRZQ�WR�RIIHU�D�VLJQLILFDQW�VSHHG

DGYDQWDJH�RYHU�H[LVWLQJ�VFKHPHV�

���,QWURGXFWLRQ

7UDGLWLRQDOO\� DULWKPHWLF� XQLWV� RI� GLJLWDO� FRPSXWHUV
KDG� WR� GHDO� ZLWK� RQH� RU� DW� PRVW� WZR� GLIIHUHQW� GDWD
UHSUHVHQWDWLRQ� IRUPDWV�� DQG� WKH� VDPH� DSSOLHG� WR� PRVW
DSSOLFDWLRQ�VSHFLILF� SURFHVVRUV�� 7KH� LQFUHDVLQJ
LPSRUWDQFH� WKDW� QHZ� PHGLD� DSSOLFDWLRQV� ±� LPDJH� DQG
DXGLR� SURFHVVLQJ�� �'� JUDSKLFV�� 03(*� YLGHR� SOD\EDFN�
YLGHRFRQIHUHQFLQJ�� HWF�� �� KDYH� EHHQ� JDLQLQJ�� OHG� WR� WKH
H[WHQVLRQ� RI� PLFURSURFHVVRU� LQVWUXFWLRQ� VHWV� ZLWK
PXOWLPHGLD�RULHQWHG�LQVWUXFWLRQV��$W�SUHVHQW�WKH�GRPLQDQW
SURFHVVRU� DUFKLWHFWXUHV�� ,QWHO¶V� 3HQWLXP� >��@�� 6XQ¶V
8OWUDVSDUF�>��@��+3¶V�3$������>��@��DQG�ODWHO\�3RZHU3&�
DOO�IHDWXUH�PXOWLPHGLD�H[WHQVLRQV�

$OWKRXJK� WKH� PXOWLPHGLD� LQVWUXFWLRQ� VXEVHWV� GLIIHU
IURP�RQH�DUFKLWHFWXUH�WR�WKH�RWKHU���WKH\�KDYH�LQ�FRPPRQ
WKH� VXSSRUW� IRU� SDUDOOHO� VKRUW� OHQJWK� DULWKPHWLF�� WKH� VR�
FDOOHG� ³VXEZRUG� SDUDOOHOLVP´� >��@�� ZKHUH� ELQDU\
DULWKPHWLF�RSHUDWLRQV�DUH�SHUIRUPHG�VLPXOWDQHRXVO\�RYHU
PXOWLSOH� VKRUWOHQJWK� RSHUDQG� SDLUV�� +HQFH� WKH� QHHG� WR
LQFRUSRUDWH� RQ� VXFK� SURFHVVRUV� $/8V� FDSDEOH� RI
RSHUDWLQJ� ERWK� RQ� ZRUG�ORQJ� RSHUDQGV�� W\SLFDOO\� ��� RU
���ELW�ORQJ��DQG�RQ�VHYHUDO�VKRUW�RSHUDQGV�LQ�SDUDOOHO��7KH
OHQJWK� RI� WKH� VKRUW� RSHUDQGV� LV� W\SLFDOO\� WKH� ��ELW� GDWD
IRUPDWV�XVHG� LQ�JUDSKLFV�DQG�YLGHR�SURFHVVLQJ�����ELW� LQ
DXGLR� DSSOLFDWLRQV� DQG� WR� NHHS� IXOO� SUHFLVLRQ� ZKHQ
SURFHVVLQJ� ��ELW� GDWD�� DQG� ���ELWV� IRU� VRPH� �'� JUDSKLFV
DOJRULWKPV�

2Q� WKH� RWKHU� KDQG�� LQ� WKH� GRPDLQ� RI� ILHOG�
SURJUDPPDEOH�JDWH�DUUD\V�WKHLU�LQFUHDVH�LQ�FRPSOH[LW\�RI

WR� WHQV� DQG� HYHQ� KXQGUHGV� RI� WKRXVDQGV� RI� HTXLYDOHQW
JDWHV� RQ� D� VLQJOH� FKLS�� PDNHV� SRVVLEOH� WKHLU� XVH� DV� WKH
EDVLF�EXLOGLQJ�EORFN�RI� FRPSOHWH� V\VWHPV�RQ� D� FKLS��$Q
DUUD\� RI� JHQHUDO�SXUSRVH� ORJLF� FHOOV�� WKH� VWUXFWXUH� RI
FXUUHQW� )3*$V�� LV� KRZHYHU� TXLWH� LQHIILFLHQW� LQ� KDQGOLQJ
WKH� UHTXLUHPHQWV� RI�PRVW� V\VWHPV�� $V� WKH� UHDO� HVWDWH� RQ
WKH�FKLSV�FRQWLQXHV� WR�JURZ�� WKH� LQFOXVLRQ�RI� VSHFLDOL]HG
IXQFWLRQDO� EORFNV� EHFRPHV� YLDEOH� ZLWKRXW� DIIHFWLQJ� WKH
DSSOLFDWLRQ�JHQHULF�QDWXUH�RI�WKH�FRPSRQHQW�

)DVW� DULWKPHWLF� ILJXUHV� KLJK� RQ� WKH� OLVW� RI
UHTXLUHPHQWV��EHLQJ�D�FULWLFDO�SHUIRUPDQFH�SDUDPHWHU�LQ�D
QXPEHU�RI�DSSOLFDWLRQ�GRPDLQV�ZKHUH� WKH�XVH�RI�)3*$�
EDVHG� V\VWHPV� KDV� EHHQ� LQYHVWLJDWHG�� 6XSSOLHUV� KDYH
VRPHKRZ� VWDUWHG� WR� DGGUHVV� WKH� SUREOHP� E\� SURYLGLQJ
)3*$V� ZLWK� VRPH� UHVRXUFHV� GHGLFDWHG� WR� VSHHG� XS
DGGLWLRQ�� +RZHYHU�� FRQILJXULQJ� H[LVWLQJ� )3*$V� WR
SHUIRUP� PXOWLSOLFDWLRQ� UHVXOWV� LQ� VORZ� DQG� H[SHQVLYH
VROXWLRQV�� +HQFH� WKH� HPEHGGLQJ� RI� GHGLFDWHG� PXOWLSOLHU
EORFNV� LQWR� WKH� )3*$� VWUXFWXUH� DSSHDUV� DV� DQ� DWWUDFWLYH
SURSRVLWLRQ�� FDSDEOH� RI� RIIHULQJ� JRRG� SHUIRUPDQFH� ZLWK
DQ� HIILFLHQW� XVH� RI� VLOLFRQ� DUHD�� 7R� NHHS� KRZHYHU� WKH
)3*$� VWUXFWXUH� DSSOLFDWLRQ�JHQHULF�� WKHVH� QHZ� EORFNV
VKRXOG� EH� DEOH� WR� KDQGOH� ERWK� VLJQHG� DQG� XQVLJQHG
PXOWLSOLFDWLRQ�DQG�WR�DFFRPPRGDWH�WKH�GLIIHUHQW�RSHUDQG
ZRUGOHQJWKV�W\SLFDO�RI�WKH�YDULRXV�DSSOLFDWLRQ�GRPDLQV�

+HQFH�D��;��ELWV�PXOWLSOLHU� LV� D� VHQVLEOH�FKRLFH� IRU
WKH� EDVLF� EORFN�� ,W� KDV� KRZHYHU� WR� EH� H[SDQGDEOH�� VXFK
WKDW�ORQJHU�ZRUGOHQJWK�PXOWLSOLHUV�FDQ�EH�EXLOW�VLPSO\�E\
FRQQHFWLQJ�EDVLF�EORFNV��DQG�WR�EH�DEOH�WR�GHDO�ZLWK�ERWK
WZR¶V�FRPSOHPHQW�DQG�XQVLJQHG�RSHUDQGV��7KHVH�DUH�DOVR
WKH� UHTXLUHPHQWV� IRU� WKH� PXOWLSOLFDWLRQ� XQLWV� RI� WKH
FXUUHQW�PLFURSURFHVVRU�DUFKLWHFWXUHV�WKDW�IHDWXUH�PXOWLSO\
LQVWUXFWLRQV�LQ�WKHLU�PXOWLPHGLD�H[WHQVLRQV��DV�LV�WKH�FDVH
ZLWK�3HQWLXP�00;�DQG�8OWUDVSDUF�9,6��+HQFH�WKH�WRSLF
RI� WKLV� SDSHU� LV� RI� LQWHUHVW� WR� WKH� DSSDUHQWO\� GLVMRLQW
GRPDLQV� RI� UHFRQILJXUDEOH� V\VWHPV� KDUGZDUH� DQG
DULWKPHWLF�XQLWV�IRU�JHQHUDO�SXUSRVH�FRPSXWDWLRQ�

7KLV�SDSHU�SURFHHGV�ZLWK�D� UHYLHZ�RI�PXOWLSOLFDWLRQ
DOJRULWKPV�DQG�SDUDOOHO�PXOWLSOLHU�VWUXFWXUHV��IROORZHG�E\
D�QRYHO�DSSURDFK�WR�WKH�GHVLJQ�RI�H[SDQGDEOH�PXOWL�PRGH
PXOWLSOLHUV��)LQDOO\�VRPH�UHVXOWV��REWDLQHG� LQ� WKH�FRQWH[W
RI�WKH�GHVLJQ�RI�UHFRQILJXUDEOH�V\VWHPV��DUH�SUHVHQWHG�



���0XOWLSOLFDWLRQ�DOJRULWKPV�DQG�VWUXFWXUHV

�����0XOWLSOLFDWLRQ�$OJRULWKPV

6FKHPHV� WR� DFKLHYH� IDVW� PXOWLSOLFDWLRQ� WLPHV� KDYH
EHHQ� SXUVXHG� VLQFH� WKH� HDUO\� GD\V� RI� HOHFWURQLF
FRPSXWHUV�� 7KH\� KDYH� DGGUHVVHG� ERWK� WKH�PXOWLSOLFDWLRQ
RI�XQVLJQHG�ELQDU\�DQG�WZR¶V�FRPSOHPHQW�QXPEHUV�

7ZR� IXQGDPHQWDO� TXHVWLRQV� KDYH� EHHQ� DGGUHVVHG� ±
RQ� WKH� RQH� KDQG� KRZ� WR� LPSURYH� RQ� WKH� EDVLF� DGG�VKLIW
DOJRULWKP�� WKH�ELQDU\�DQDORJXH�RI�PDQXDO�PXOWLSOLFDWLRQ�
DQG�RQ�WKH�RWKHU�KDQG�KRZ�WR�GHDO�ZLWK�WKH�PXOWLSOLFDWLRQ
RI�WZR¶V�FRPSOHPHQW�QXPEHUV��7ZR�FODVVHV�RI�DOJRULWKPV
KDYH�HYROYHG��RQH�FODVV�JURXSLQJ�VROXWLRQV�GHULYHG� IURP
WKH� EDVLF� DGG�VKLIW� DOJRULWKP�� RSWLPL]HG� WR� GHDO� ZLWK
WZR¶V� FRPSOHPHQW� RSHUDQGV� >�@�� DORQJ� ZLWK� XQVLJQHG
PXOWLSOLFDWLRQ� IRU� ZKLFK� LW� KDV� EHHQ� RULJLQDOO\� GHVLJQHG
>��@�� WKH� RWKHU� FODVV� LQFOXGLQJ� VROXWLRQV� EDVHG� RQ
PXOWLSOLHU�UHFRGLQJ��RULJLQDOO\�SURSRVHG�E\�$��%RRWK�>�@
IRU� WZR¶V� FRPSOHPHQW� PXOWLSOLFDWLRQ� DQG� WKDW� KDV� VLQFH
EHHQ�H[WHQGHG� WR�GHDO�ZLWK� XQVLJQHG�RSHUDQGV� >��@�� >�@�
7KHVH� DUH� JHQHUDOO\� NQRZQ� DV� 0RGLILHG� %RRWK�
2YHUODSSHG� 0XOWLSOH�ELW� 6FDQQLQJ� RU� +LJKHU�5DGL[
PXOWLSOLFDWLRQ�DOJRULWKPV�

7DEOH� �� LQGLFDWHV� WKH� QXPEHU� RI� SDUWLDO� SURGXFWV
JHQHUDWHG� E\� WKH� UDGL[� U� DOJRULWKP�� WRJHWKHU� ZLWK� WKH
PLQLPXP�QXPEHU�RI�ELWV�QHFHVVDU\�IRU�WKH�UHSUHVHQWDWLRQ
RI� � WKH� SDUWLDO� SURGXFWV� WR� KDQGOH� XQVLJQHG�� WZR¶V
FRPSOHPHQW�DQG�PL[HG�PRGH�PXOWLSOLFDWLRQ�

1R��RI�SDUWLDO�SURGXFWV �Q�ORJ�U�����

/HQJWK�RI�SDUWLDO�SURGXFWV P���ORJ�U

0XOWLSOLFDQG�PXOWLSOHV �U����«��U��

7DEOH���±�5DGL[�U�PXOWLSOLFDWLRQ�SDUDPHWHUV

Q�±�PXOWLSOLHU�OHQJWK����P�±�PXOWLSOLFDQG�OHQJWK

2QO\�WKH�UDGL[����WKH�RULJLQDO�%RRWK¶V�DOJRULWKP��DQG
UDGL[���� NQRZQ� DV� ��ELWV�DW�D�WLPH� 0RGLILHG� %RRWK¶V
DOJRULWKP�� RU� MXVW� 0RGLILHG� %RRWK¶V� DOJRULWKP�� GR� QRW
UHTXLUH� PXOWLSOHV� RI� WKH� PXOWLSOLFDQG� QRW� REWDLQDEOH� E\
VLPSOH� VKLIWV��+HQFH� WKH� UDGL[��� DOJRULWKP� LV� E\� IDU� WKH
PRVW� ZLGHO\� XVHG�� VLQFH� LW� KDOYHV� WKH� QXPEHU� RI� SDUWLDO
SURGXFWV� JHQHUDWHG� IRU� RQO\� D� VPDOO� LQFUHDVH� LQ
FRPSOH[LW\�RI�WKH�SDUWLDO�SURGXFW�JHQHUDWLRQ�ORJLF�

�����3DUDOOHO�PXOWLSOLHU�VWUXFWXUHV

,Q� SDUDOOHO� PXOWLSOLHUV� WKH� SDUWLDO� SURGXFWV� DUH
JHQHUDWHG� VLPXOWDQHRXVO\� DQG� WKH� SURGXFW� LV� FDOFXODWHG
XVLQJ� D� FRPELQDWRULDO� VFKHPH�� KHQFH� WKH� GHVLJQDWLRQ
³QRQ�LWHUDWLYH� PXOWLSOLHUV´� WKDW� GLVWLQJXLVK� VXFK
DUFKLWHFWXUHV� IURP� VHTXHQWLDO� RQHV�� ZKHUH� UHJLVWHUV� DUH

XVHG�WR�VWRUH�SDUWLDO� UHVXOWV�DQG� WKH�FRPELQDWRULDO�SDUW� LV
XVHG�LWHUDWLYHO\�

7KH� DGGLWLRQ� RI� WKH� SDUWLDO� SURGXFWV� FRXOG� EH� GRQH
XVLQJ�PXOWLSOH� VWDQGDUG� DGGHUV�� 6LQFH� DGGHUV� UHGXFH� WKH
WZR�RSHUDQGV�DW� WKHLU� LQSXWV�WR�RQH�RXWSXW��D�PD[LPDOO\�
SDUDOOHO�WUHH�RI�DGGHUV�VFKHPH�FDQ�EH�XVHG��D�³3DU�0XOW´
VWUXFWXUH� >��@��� WR� DFKLHYH� PXOWLSOLFDWLRQ� WLPHV� RI
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� LV� WKH�GHOD\�RI�D�FDUU\�SURSDJDWH

DGGHU� ZLWK� WKH� VDPH� QXPEHU� RI� ELWV� DV� WKH� SDUWLDO
SURGXFWV��7KH�VSHHG�RI�VXFK�D�VWUXFWXUH� LV� OLPLWHG�E\� WKH
SURSDJDWLRQ� RI� WKH� FDUULHV�� WKH�PDMRU� IDFWRU� FRQWULEXWLQJ

WR� ∆
&3$

�� +HQFH� SDUDOOHO� PXOWLSOLHU� VWUXFWXUHV� DUH� EDVHG

XVXDOO\� EDVHG� RQ� D� GLIIHUHQW�� DQG� FKHDSHU�� DSSURDFK�
ZKHUH�WKH�VHW�RI�JHQHUDWHG�SDUWLDO�SURGXFWV�LV�ILUVW�UHGXFHG
WR� WZR� QXPEHUV� ZKRVH� VXP� SURGXFHV� WKH� ILQDO� UHVXOW�
OHDGLQJ�WR�WKH�VWUXFWXUH�GHSLFWHG�LQ�)LJ���

)LJ���±�3DUDOOHO�PXOWLSOLHU�EORFN�VWUXFWXUH

7KH� GHVLJQ� RI� WKH� UHGXFWLRQ� EORFN� GHSHQGV� RQ� WKH
FKRLFH� RI� WKH� UHGXFWLRQ� VWUDWHJ\� DQG� WKH� W\SH� RI
FRPSRQHQWV�WR�EH�XVHG�

7KH� VHW� RI� SDUWLDO� SURGXFWV� FDQ� EH� YLHZHG� DV� D� ELW�
PDWUL[��ZKHUH�DOO�ELWV� LQ�D�FROXPQ�KDYH� WKH� VDPH�ELQDU\
ZHLJKW��7KH�UHGXFWLRQ�SURFHVV�LV�WKHQ�D�ZD\�RI�SURGXFLQJ
WKH�ELQDU\�FRXQW�RI�WKH�QXPEHU�RI�ELWV�LQ�HDFK�FROXPQ��WKH
SURFHGXUH� EHLQJ� LWHUDWHG� XQWLO� D�PDWUL[� ZLWK� FROXPQV� RI
KHLJKW�WZR�LV�REWDLQHG��+HQFH�WKH�FRPSRQHQWV�WR�EH�XVHG
DUH� FDOOHG� FRXQWHUV� >�@�� VLQFH� WKH\� SURGXFH� WKH� ELQDU\
FRXQW� RI� WKH� QXPEHU� RI� RQHV� DW� WKHLU� LQSXWV�� ,I� WKH
FRXQWHUV� RSHUDWH� RQ� VLQJOH� FROXPQV�� L�H�� LI� WKHLU� LQSXWV
KDYH� LGHQWLFDO� ZHLJKW�� WKH\� DUH� FDOOHG� FROXPQ�

FRPSUHVVRUV�� XQDU\�WR�ELQDU\� FRQYHUWHUV� >�@� RU� �P�Q��
FRXQWHUV�� ZKHUH� P� LV� WKH� QXPEHU� RI� LQSXWV� DQG� Q� WKH
QXPEHU� RI� RXWSXWV�� ,I� WKH\� DUH� FDSDEOH� RI� SURGXFLQJ� D
ZHLJKWHG�FRXQW��L�H��LI�WKH\�DGPLW�DW�WKHLU�LQSXWV�ELWV�IURP
GLIIHUHQW� FROXPQV�� WKH\� DUH� NQRZQ� DV� JHQHUDOL]HG
FRXQWHUV� >��@�� )XOO�DGGHUV�� L�H�� ������FRXQWHUV�� DQG� KDOI�
DGGHUV��L�H��������FRXQWHUV��DUH�WKH�VLPSOHVW�FRXQWHUV��7KH

5HGXFWLRQ�%ORFN

*HQHUDWLRQ�RI�3DUWLDO�3URGXFWV

3

&DUU\�3URSDJDWH�$GGHU

$

%



XVH� RI� KLJK�RUGHU� FRXQWHUV� ORRNHG� DWWUDFWLYH� ZKHQ� WKH
VFDOH� RI� LQWHJUDWLRQ� GLG� QRW� DOORZ� IRU� VLQJOH�FKLS� IXOO\
SDUDOOHO�PXOWLSOLHUV��HDFK�FRXQWHU�EHLQJ�WKHQ�UHDOL]HG�DV�D
VLQJOH�FKLS��DQG�DOORZLQJ�IRU�D�UHGXFWLRQ�LQ�WKH�QXPEHU�RI
FRPSRQHQWV� LQ� WKH� GHVLJQ� DQG� KHQFH� IDVWHU� RSHUDWLRQ
WKURXJK� OHVV� RII�FKLS� GHOD\V�� +RZHYHU� VXFK� FRXQWHUV�
ZKHQ� LPSOHPHQWHG�ZLWK� JDWHV�� DUH� EDVLFDOO\� FDVFDGHV� RI
IXOO� DQG� KDOI�DGGHUV�� RIIHULQJ� QR� VLJQLILFDQW� UHGXFWLRQ� LQ
WKH�QXPEHU�RI�JDWHV�DQG�PDNLQJ�WKH�OD\RXW�PRUH�FRPSOH[
EHFDXVH� RI� WKH� KHWHURJHQHLW\� RI� WKH� VWUXFWXUH�� +HQFH� LQ
WKLV� SDSHU� )$V� DQG�+$V� DUH� WKH� RQO\� FRPSRQHQWV� WR� EH
FRQVLGHUHG�IRU�WKH�UHGXFWLRQ�EORFN�LQ�)LJ���

1R��RI�3�3�V��13� 1R��RI��UHGXFWLRQ�VWDJHV
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7DEOH���±�0LQLPXP�QXPEHU�RI�FDUU\�VDYH�DGGHU�VWDJHV�DV

D�IXQFWLRQ�RI�WKH�QXPEHU�RI�SDUWLDO�SURGXFWV

7ZR�PDLQ� UHGXFWLRQ� VWUDWHJLHV� DUH� DYDLODEOH�� SDUDOOHO
�RU� WUHH�� UHGXFWLRQ� DQG� LWHUDWLYH� �OLQHDU�� UHGXFWLRQ�
3DUDOOHO� UHGXFWLRQ� VWUDWHJLHV� KDYH� EHHQ� SURSRVHG� LQ� >��@
DQG� >�@�� )ROORZLQJ� WKH� QRPHQFODWXUH� SURSRVHG� LQ� >�@�
SDUDOOHO� UHGXFWLRQ� FDQ� EH� GRQH� HLWKHU� RQ� D� ZRUG�EDVLV
�³:DOODFH� PXOWLSOLHUV´�� RU� RQ� D� FROXPQ�EDVLV� �³'DGGD
PXOWLSOLHUV´����7KH�PLQLPXP�QXPEHU�RI�UHGXFWLRQ�VWDJHV
DV� D� IXQFWLRQ� RI� WKH� QXPEHU� RI� SDUWLDO� SURGXFWV� WR� EH
UHGXFHG��13��LV�LQGLFDWHG�LQ�7DEOH���ZKHQ�MXVW�������DQG
������FRXQWHUV�DUH�XVHG��7KLV�QXPEHU�LV�2�ORJ

���
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EHLQJ� WKH�QXPEHU�RI� SDUWLDO� SURGXFWV��%RWK�:DOODFH� DQG
'DGGD�PXOWLSOLHUV�DFKLHYH�WKH�UHGXFWLRQ�LQ� WKH�PLQLPXP
QXPEHU�RI�VWDJHV�DQG�DUH�LQ�WKDW�VHQVH�RSWLPDO�

,Q� D� :DOODFH� VWUXFWXUH� >��@� SDUWLDO� SURGXFWV� DUH
JURXSHG�LQWR�VHWV�RI�WKUHH��:LWKLQ�HDFK�VHW�)$V�DQG�+$V
DUH� HPSOR\HG� WR� UHGXFH� WKH� �� SDUWLDO� SURGXFWV� WR� WZR
ZRUGV��([WUD� URZV�� L�H�� WKRVH� WKDW� DUH�QRW� SDUW� RI� D� WKUHH
SDUWLDO� SURGXFW� VHW�� DUH� WUDQVIHUUHG� WR� WKH� QH[W� VWDJH
ZLWKRXW�PRGLILFDWLRQ��WR�EH�UHGXFHG� LQ�D� ODWHU�VWDJH��7KH
SURFHGXUH�LV�LWHUDWHG�XQWLO�D���URZ�ELW�PDWUL[�LV�REWDLQHG�
6LOLFRQ�LPSOHPHQWDWLRQV�RI�:DOODFH�PXOWLSOLHUV�KDYH�EHHQ
UHSRUWHG��RQH�QRWDEO\�XVLQJ�WKH�0RGLILHG�%RRWK�DOJRULWKP
>�@�

'DGGD¶V� VFKHPH� >�@� YLHZV� WKH� SDUWLDO� SURGXFWV
JHQHUDWHG�DV�D�ELW�PDWUL[��UDWKHU�WKDQ�DV�D�VHW�RI�PXOWLSOH�
ELW�HQWLWLHV��3DUWLDO�SURGXFW�ELWV�DUH�WDNHQ�LQGLYLGXDOO\�DQG
WKH� UHGXFWLRQ� LV� YLHZHG� DV� D� VHTXHQFH� RI� FROXPQ�

FRPSUHVVLRQ�RSHUDWLRQV�ZKRVH� DLP� LV� WR�REWDLQ� D�PDWUL[
ZLWK�FROXPQV�RI�KHLJKW����KHQFH�WKH�GHVLJQDWLRQ�³FROXPQ�
FRPSUHVVLRQ� PXOWLSOLHUV´� JLYHQ� WR� WKHVH� VWUXFWXUHV�
'LIIHUHQW� UHGXFWLRQ� SURFHGXUHV� KDYH� EHHQ� SURSRVHG� IRU
FROXPQ�FRPSUHVVLRQ�PXOWLSOLHUV��DOO�RI�WKHP�UHTXLULQJ�WKH
PLQLPXP� QXPEHU� RI� UHGXFWLRQ� VWDJHV� DQG� DQ� DOPRVW
LGHQWLFDO�QXPEHU�RI�JDWHV��'DGGD¶V�SURFHGXUH�>�@�LV�WR�XVH
DW� HDFK� VWDJH� LQ� WKH� UHGXFWLRQ� WKH� PLQLPXP� QXPEHU� RI
)$V�DQG�+$V�UHTXLUHG�WR�FRPSUHVV�WKH�PDWUL[�FROXPQV�WR
WKH�PD[LPXP�KHLJKW�WKDW�FDQ�EH�UHGXFHG�LQ�RQH�OHVV�VWDJH
�DV� JLYHQ� E\�7DEOH� ����+HQFH�� IRU� LQVWDQFH�� LI� WKH� LQLWLDO
FROXPQ� KHLJKW� LV� ��� UHTXLULQJ� �� UHGXFWLRQ� VWDJHV�� WKH
RXWSXW� RI� WKH� ILUVW� UHGXFWLRQ� VWDJH� LV� D� PDWUL[� ZLWK� D
PD[LPXP�FROXPQ�KHLJKW�RI����ZKLFK�FDQ�WKHQ�EH�UHGXFHG
LQ� �� IXUWKHU� VWDJHV�� 7KH� UHVXOWLQJ� VWUXFWXUH� LV� KLJKO\
LUUHJXODU� ±� SDUWLDO� SURGXFW� ELWV� KDYH� WR� EH� URXWHG� LQ� D
KLJKO\� LUUHJXODU� SDWWHUQ� DQG� VRPH� FRXQWHU
LQWHUFRQQHFWLRQV� KDYH� WR� FURVV� VHYHUDO� UHGXFWLRQ� VWDJHV�
+RZHYHU� VRPH� 9/6,� LPSOHPHQWDWLRQV� FODLPLQJ
UHDVRQDEOH�DUHD�HIILFLHQF\�KDYH�EHHQ�UHSRUWHG��H�J��>�@��

$Q�DOWHUQDWLYH�FROXPQ�UHGXFWLRQ�VWUDWHJ\�� OHDGLQJ� WR
WKH� VR�FDOOHG� 5HGXFHG� $UHD� �5$�� PXOWLSOLHU� >�@�� LV� WR
DSSO\� :DOODFH� SURFHGXUH� RQ� D� ELW�� UDWKHU� WKDQ� D� ZRUG�
EDVLV�� +HQFH� DW� HDFK� VWDJH� ������ FRXQWHUV� DUH� XVHG� WR
DFKLHYH�WKH�PD[LPXP�FRPSUHVVLRQ�SRVVLEOH��,I�DV�D�UHVXOW
FROXPQ�KHLJKW� VWLOO� H[FHHGV� WKH� PD[LPXP� WKDW� FDQ� EH
UHGXFHG� LQ� RQH� OHVV� VWDJH�� ������FRXQWHUV� DUH� XVHG�� $
������FRXQWHU� LV� DOVR� XVHG� DW� WKH� ULJKWPRVW� FROXPQ
FRQWDLQLQJ� �� ELWV�� LQ� RUGHU� WKDW� WKH� ILQDO� RXWSXW� RI� WKH
UHGXFWLRQ� SURFHVV� UHTXLUHV� D� PLQLPXP� OHQJWK� FDUU\�
SURSDJDWH� DGGHU�� 7KH� DGYDQWDJH� RI� VXFK� D� VFKHPH� LV� WR
PLQLPL]H�WKH�QXPEHU�RI�ELWV�SDVVLQJ�EHWZHHQ�VXFFHVVLYH
VWDJHV� LQ� WKH� UHGXFWLRQ�� KHQFH� UHGXFLQJ� WKH
LQWHUFRQQHFWLRQ� RYHUKHDG�� ZKLOH� XVLQJ� WKH� VDPH� QXPEHU
RI� FRXQWHUV� DV� 'DGGD¶V� VFKHPH�� 7KH� QXPEHU� RI� ODWFKHV
UHTXLUHG� LQ� KLJKO\� SLSHOLQHG� LPSOHPHQWDWLRQV� LV� DOVR
PLQLPL]HG�LQ�WKLV�VFKHPH�

2WKHU� VFKHPHV� DLPLQJ� DW� LPSURYLQJ� WKH� PDSSLQJ� WR
VLOLFRQ�KDYH�EHHQ�SURSRVHG�>��@�� LQ�ZKDW�EHFDPH�NQRZQ
DV�³:LQGVRU�PXOWLSOLHUV´�>�@��7KH�FULWHULD�XVHG�LQ�RUGHU�WR
PLQLPL]H�VLOLFRQ�DUHD�DUH�
��� 7R�GLVWULEXWH� WKH�DGGHUV�DV�HYHQO\�DV�SRVVLEOH�DPRQJ

WKH�UHGXFWLRQ�VWDJHV�LQ�RUGHU� WR�DFKLHYH�D� UHFWDQJXODU
IRUP�IDFWRU�

��� 7R� PLQLPL]H� WKH� QXPEHU� RI� FURVV�VWDJH
LQWHUFRQQHFWLRQV

��� 7R� UHGXFH� WKH� PD[LPXP� OHQJWK� RI� LQWHUFRQQHFWLRQV
�IDYRXU�QHDUHVW�QHLJKERXU�LQWHUFRQQHFWLRQV��

'LIIHUHQW�VWUXFWXUHV�UHVXOW�GHSHQGLQJ�RQ�ZKLFK�FULWHULD���
RU� ��� LV� JLYHQ� SULRULW\�� EXW� LQ� ERWK� FDVHV� WKH� QXPEHU� RI
FRXQWHUV� LV� WKH� VDPH� DV� IRU� WKH� SUHYLRXV� WZR� VFKHPHV�
7KDW� QXPEHU� KDV� EHHQ� VKRZQ� WR� EH� PLQLPXP� >��@�
ZKHUHDV�:DOODFH�PXOWLSOLHUV�D�ODUJHU�QXPEHU��2QH�RI�WKH
VFKHPHV� OHDGV� DOVR� WR� D� VKRUWHU� FDUU\�SURSDJDWH� DGGHU�
VLPLODUO\�WR�>�@�



$�TXHVWLRQ�WKDW�PXVW�EH�DGGUHVVHG�LV�WKH�XVH�RI�WKHVH
WUHH�UHGXFWLRQ�VFKHPHV�ZKHQ�WKH�VHW�RI�SDUWLDO�SURGXFWV�LV
JHQHUDWHG� E\� D� %RRWK� FODVV� DOJRULWKP�� 7KHQ� WKH� SDUWLDO
SURGXFWV� JHQHUDWHG� DUH� VLJQHG� WZR¶V� FRPSOHPHQW
QXPEHUV� DQG� KHQFH� WKHLU� VXPPDWLRQ� PXVW� EH� GRQH
PRG��P�Q��� *LYHQ� WKDW� WKH� UHGXFWLRQ� LV� EHLQJ� GRQH� LQ� D
PD[LPDOO\�SDUDOOHO�ZD\�� WKH� FRQYHQWLRQDO� VLJQ�H[WHQVLRQ
VFKHPH� XVHG� WR� SUHYHQW� WKH� QHHG� IRU� GRXEOH�OHQJWK
DGGLWLRQ�GRHV�QRW�ZRUN��DQG�WKH�VLJQ�H[WHQVLRQ�ELWV�PXVW
ILJXUH�H[SOLFLWO\� LQ� WKH�ELW�PDWUL[�� ,Q�RUGHU� WR�JHW�DURXQG
WKH�SUREOHP�D�VWUDWHJ\�VLPLODU�WR�WKH�RQH�XVHG�LQ�%DXJK�
:RROH\� WR�GHDO�ZLWK� WKH�SDUWLDO�SURGXFW� VLJQ�ELWV�FDQ�EH
XVHG�±�WKH�SDUWLDO�SURGXFWV�DUH�VWULSSHG�RI�WKHLU�VLJQ�ELWV�
DQG� WKHVH� DUH� FROOHFWHG� LQ� D� VLQJOH� ZRUG� ZKRVH� WZR¶V
FRPSOHPHQW� LV� WKHQ� FDOFXODWHG�� ,Q� RUGHU� WR� VLPSOLI\� WKH
ORJLF� WKLV� H[WUD� ZRUG� FDQ� EH� PDGH� WR� FRUUHVSRQG� WR� WKH
VLWXDWLRQ� ZKHUH� DOO� SDUWLDO� SURGXFWV� DUH� QHJDWLYH�� D� ��
EHLQJ� DGGHG� DW� WKH� PRVW� VLJQLILFDQW� HQG� RI� DOO� QRQ�
QHJDWLYH�SDUWLDO�SURGXFWV�>�@��7KLV�LV�LQ�IDFW�HTXLYDOHQW�WR
JHQHUDWH��13�������LQVWHDG�RI��13������SDUWLDO�SURGXFWV�

/LQHDU�UHGXFWLRQ�WUDQVODWHV�LQWR�DQ�DUUD\�OLNH�VWUXFWXUH
DV� ILUVW�SURSRVHG� LQ�>��@��DOEHLW� IRU�DQ� LWHUDWLYH� VFKHPH��
,Q�WKHVH�VWUXFWXUHV�GHOD\�LV�2�13���L�H��D�OLQHDU�IXQFWLRQ�RI
WKH� QXPEHU� RI� SDUWLDO� SURGXFWV�� �13���� UHGXFWLRQ� VWDJHV
EHLQJ� UHTXLUHG�� 7KH� UHJXODULW\� RI� WKH� VWUXFWXUH� OHDGV� WR
YHU\� FRPSDFW� FKLS� OD\RXWV��PDNLQJ� LW� E\� ODUJH� WKH�PRVW
XVHG�LQ�DFWXDO�GHVLJQV�

7KH�VLJQ�H[WHQVLRQ�SUREOHP�LV�DOVR�HDVLHU�WR�GHDO�ZLWK�
)RU� WKHVH� UHDVRQV�� DUUD\� VFKHPHV� KDYH� VR� IDU� EHHQ� WKH
DOPRVW� XQLYHUVDO� FKRLFH� LQ� DFWXDO� FKLS� GHVLJQV�� 7KH
UHVXOWLQJ�VWUXFWXUH�LV�FDOOHG�D�FDUU\�VDYH�DUUD\�

���([SDQGDEOH�0XOWLSOLHU�$UUD\�%ORFNV
7R�SHUIRUP�PXOWLSOH�OHQJWK�PXOWLSOLFDWLRQ�XVLQJ�Q;Q

PXOWLSOLHUV� D� QXPEHU� RI� H[WUD� DGGHUV� LV� UHTXLUHG�� DV
LOOXVWUDWHG� LQ�)LJ��� IRU��Q;�Q�PXOWLSOLFDWLRQ��7KH�XVH�RI
3URJUDPPDEOH� $GGLWLYH� 0XOWLSOLHU� 0RGXOHV� �3$0��
ZKHUH�HDFK�PRGXOH�SHUIRUPV�WKH�IXQFWLRQ

3� �$
%���&���'

KDV�EHHQ�SURSRVHG�LQ�>��@���7KH�PRGXOH�GHVLJQ�XVHG�LV�D
%DXJK�:RROH\� GHVLJQ� PRGLILHG� WR� SHUIRUP� QRW� RQO\
WZR¶V� FRPSOHPHQW� EXW� DOVR� XQVLJQHG� DQG� PL[HG� PRGH
PXOWLSOLFDWLRQ�� ZLWK� WKH� ILQDO� FDUU\�SURSDJDWH� DGGLWLRQ
SHUIRUPHG� E\� D� ULSSOH�FDUU\� DGGHU�� )RU� 0;1
PXOWLSOLFDWLRQ��ZKHUH�

�0� �S�;�Q������DQG�������1� �T�;�Q�

WKH�RYHUDOO�GHOD\�∆
7

�LV�

∆
7�

 �>�S���T���±��@ ∆
3$0

∆
3$0�

EHLQJ�WKH�GHOD\�RI�WKH�Q;Q�3$0�EORFN�

+RZHYHU��LI�WKH�PXOWLSOLHU�EORFNV�DUH�LQWHJUDWHG�RQ�D
VLQJOH�FKLS�� LW�EHFRPHV�SRVVLEOH� WR�PHUJH� WKH�RXWSXWV� RI
WKH�UHGXFWLRQ�VWDJHV�RI�HDFK�EORFN�� LQVWHDG�RI�DGGLQJ� WKH
VKRUW� OHQJWK� UHVXOWV�� ,Q� VXFK� D� VFKHPH� WKH� LQSXWV� WR� WKH
UHGXFWLRQ� VWDJH� RI� HDFK� EORFN� DUH� QRW� RQO\� WKH� VKRUW�

OHQJWK� SDUWLDO� SURGXFWV� EXW� DOVR� WKH� RXWSXWV� RI� WKH
UHGXFWLRQ�VWDJHV�RI�SUHFHGLQJ�EORFNV�
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)LJ����±�'RLQJ���;���PXOWLSOLFDWLRQ�ZLWK��;��PXOWLSOLHUV���

3$0�PRGXOHV��3��±�3��UHTXLUHG�

)LJ��� LOOXVWUDWHV� WKH�VFKHPH� IRU���;���PXOWLSOLFDWLRQ
EDVHG� RQ� �;�� PXOWLSOLHU� EORFNV�� 7KH� SDUWLDO� SURGXFWV
KDYH�EHHQ�SURGXFHG�E\�%DXJK�:RROH\¶V�DOJRULWKP��)LJ��
UHSUHVHQWV�WKH�UHVXOWLQJ�ELW�PDWUL[� WR�EH�UHGXFHG�E\�HDFK
EORFN��)LJXUHV���DQG���GR�WKH�VDPH�DV�ILJXUHV���DQG���EXW
IRU�WKH�FDVH�ZKHQ�WKH�UDGL[���PXOWLSOLFDWLRQ�DOJRULWKP�LV

XVHG�� 2YHUDOO� GHOD\� LV� QRZ�� ∆
7�

 � �S� ±� �� ∆
5

, ZKHUH� ∆
5

EHLQJ� WKH� GHOD\� RI� WKH� UHGXFWLRQ� EORFN� RI� D� Q;Q
PXOWLSOLHU�
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)LJ���±���;���PXOWLSOLHU�EXLOW�IURP��;��%DXJK�:RROH\�EORFNV�


���EORFN�R�SV�WKDW�DUH�IHG�WR�WKH�L�SV�RI�FRQQHFWHG�EORFNV

��±�VLJQ�H[WHQVLRQV�RI�WKH�R�SV�RI�LQWHUPHGLDWH�EORFNV
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)RU� WKH� UHDVRQV� DOUHDG\� H[SODLQHG� �;�� KDV� EHHQ
FKRVHQ� DV� WKH� GLPHQVLRQ� IRU� WKH� EDVLF� PXOWLSOLHU� EORFN�
+HQFH� WKH� SDUDOOHO� DQG� LWHUDWLYH� UHGXFWLRQ� RI� WKH� ELW
PDWULFHV�GHSLFWHG�LQ�ILJXUHV���DQG���PXVW�EH�FRPSDUHG�LQ
WHUPV�RI� SHUIRUPDQFH� DQG�QXPEHUV�RI� FRPSRQHQWV� �)$V
DQG�+$V��UHTXLUHG��7DEOHV���DQG���VXPPDUL]H�WKH�UHVXOWV�
6LQFH�D�PDLQ� IDFWRU� LQ�GHWHUPLQLQJ� WKH�DFKLHYDEOH� VSHHG
ZLWK� D� UHGXFWLRQ� VFKHPH� LV� WKH� QXPEHU� RI� UHGXFWLRQ
VWDJHV�� WKH� GDWD� VKRZV� WKDW� WKH� XVH� RI� SDUDOOHO� UHGXFWLRQ
RQ��;��H[SDQGDEOH�PXOWLSOLHU�EORFNV�FDQ�SURYLGH�DW�PRVW
D� ���� LQFUHDVH� RYHU� DQ� LWHUDWLYH� VFKHPH� ZKHQ� SDUWLDO
SURGXFWV� DUH� JHQHUDWHG� E\� WKH� UDGL[��� 0RGLILHG� %RRWK
DOJRULWKP�� 7KH� SRWHQWLDO� QRPLQDO� VSHHG� DGYDQWDJH� RI
SDUDOOHO�RYHU�LWHUDWLYH�UHGXFWLRQ�ZKHQ�%DXJK�:RROH\¶V�LV
XVHG� LV� DOPRVW� GRXEOH� WKDW� DW� ������� 6LQFH� DQ� LGHQWLFDO
QXPEHU�RI�UHGXFWLRQ�VWDJHV�����LV�UHTXLUHG�IRU�WKH�UDGL[��
0RGLILHG� %RRWK� DUUD\� VWUXFWXUH� DQG� WKH� %DXJK�:RROH\
WUHH�VWUXFWXUH��ZH�FDQ�FRQFOXGH�WKDW�WKH�QRPLQDO�VSHHG�RI
WKHVH�WZR�DOWHUQDWLYH�VROXWLRQV�LV�VLPLODU�

,W� PXVW� EH� VWUHVVHG� KRZHYHU� WKDW� WKHVH� FRPSDULVRQV
DUH� RQO\� EDVHG� RQ� ORJLF� GHOD\V�� LJQRULQJ� FRQQHFWLRQ
GHOD\V��ZKLFK�DUH�ORQJHU�LQ�WUHH�WKDQ�LQ�DUUD\�VWUXFWXUHV�
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)LJ���±��;��%DXJK�:RROH\�ELW�PDWUL[�IRU�H[SDQGDEOH

PXOWLSOLHUV
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)LJ���±���;���PXOWLSOLHU�EXLOW�IURP��;��0RGLILHG�%RRWK

EORFNV�XVLQJ�VLJQ�H[WHQVLRQ�FRUUHFWLRQ�ELWV

����³KRW��V´
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)LJ������;��UDGL[����0�%RRWK�SDUWLDO�SURGXFW�PDWUL[�IRU

H[SDQGDEOH�PXOWLSOLHUV

7UHH $UUD\

%DXJK�:RROH\ � �

5DGL[���0�%� � �
7DEOH���±�1R��RI�5HGXFWLRQ�VWDJHV�IRU��;��H[SDQGDEOH

PXOWLSOLHU�EORFNV

7UHH $UUD\

%DXJK�:RROH\ ���)$V�����+$V ���)$V

5DGL[���0�%� ���)$V�����+$V ���)$V
7DEOH���±�1R��RI���ELW�IXOO�DQG�KDOI�DGGHUV�LQ�WKH�UHGXFWLRQ

VWDJHV�RI���;��H[SDQGDEOH�PXOWLSOLHU�EORFNV

,Q�ZKDW�FRQFHUQV�WKH�QXPEHU�RI�FRPSRQHQWV�UHTXLUHG
LQ�WKH�UHGXFWLRQ�VWDJH��WKH�IDFW�WKDW�LQ�WKH�LWHUDWLYH��DUUD\�
VWUXFWXUH� LW� LV� SRVVLEOH� WR� VLJQ�H[WHQG� WKH� ZRUGV�
GLVSHQVLQJ� WKH� QHHG� WR� H[SOLFLWO\� LQFOXGH� WKH� VLJQ�
H[WHQVLRQ�ELWV�LQ�WKH�RULJLQDO�PDWUL[�WR�EH�UHGXFHG��L�H��WKH
��ELWV�LQ�WKH�ILJXUHV���FDXVHV�WKH�DUUD\�VFKHPHV�WR�UHTXLUH
OHVV� ORJLF�� 7KH� HFRQRP\� LV� ELJJHU� IRU� WKH� UDGL[���0�%�
DUUD\��URXJKO\������DVVXPLQJ�WKDW�D�)$�UHTXLUHV�DURXQG
WZLFH�WKH�DUHD�RI�D�+$��

7KH�GHVLJQ�RI�D�H[SDQGDEOH�PXOWLSOLHU�EORFN�EDVHG�RQ
%DXJK�:RROH\¶V�DOJRULWKP�KDV�EHHQ�UHSRUWHG�LQ�>��@�DQG
>��@��IRU�D�EORFN�RI�GLPHQVLRQV��;��

)LJ��� VKRZV� WKDW� FDVFDGLQJ� UDGL[��� 0RGLILHG�%RRWK
DUUD\�EORFNV�OHDGV�WR�D�TXLWH�VWUDLJKWIRUZDUG�GHVLJQ��7KH
ORJLF� EORFNV� WR� EH� E\SDVVHG� DUH� VKRZQ� VKDGHG�� 7KH
FRQQHFWLRQV� EHWZHHQ� EORFNV� DUH� DOVR� UHSUHVHQWHG�� 7KH
PXOWLSOLHU�GHFRGHUV�DUH�QRW�VKRZQ��2QO\� WKH�GHFRGHUV�RI
WKH� EORFNV� GHDOLQJ� ZLWK� WKH� PRVW� VLJQLILFDQW� SDUW� RI� WKH
SDUWLDO�SURGXFWV�DUH�DFWLYH��WKH�RWKHUV�VKRXOG�EH�GLVDEOHG�

)URP�DQ� L�R�SHUVSHFWLYH�RQO\� VRPH�H[WUD� FRQWURO� ELWV
LQGLFDWLQJ� WKH� UHODWLYH�SRVLWLRQ� IRU� HDFK�PXOWLSOLHU� EORFN
�PRVW�VLJQLILFDQW�HQG�RU�QRW��WRS��PLGGOH�RU�ERWWRP�RI��WKH
UHGXFWLRQ�DUUD\��DUH�UHTXLUHG�

*LYHQ�WKDW�WKH�WRS�FDUU\�VDYH�DGGHU�URZ�KDV�VRPH�RI
LWV� LQSXWV� IUHH�� LW� LV� SRVVLEOH� WR� XVH� WKH� EORFN� DV� D
PXOWLSOLHU�DFFXPXODWRU�SHUIRUPLQJ�WKH�IXQFWLRQ

3� �$
%���&� &���Q�ELW�RSHUDQG
:KHQ� FDOFXODWLQJ� DQ� LQQHU� SURGXFW�� LI� $� DQG� %� DUH
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