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)DVW� *ODVV� &RORXU� 0RQLWRULQJ� RU� )*&0� LV� QRW� RQO\� DQ� DXWRPDWLF� GHYLFH� DOORZLQJ� WR� REWDLQ�

GLUHFWO\� IURP� D� ERWWOH� WKH� WUDQVPLVVLRQ� VSHFWUXP� RI� JODVV� EXW� DOVR� D� FRPSOHWH� V\VWHP� DEOH� WR� JLYH�

UHOHYDQW�DQG�KLJK�IUHTXHQF\� LQGLFDWLRQ� LQGLVSHQVDEOH� WR�PDQDJH� WKH� WLQW��&RORULPHWULFV�FKDUDFWHULVWLFV�

DUH�WKH�ILUVW�GDWD�JHQHUDOO\�UHTXLUHG�E\�WKH�FXVWRPHUV�VSHFLILFDWLRQV�EXW�WKLV�LQIRUPDWLRQ�LV�QRW�HQRXJK�

WR� PDNH� WKH� FRUUHFW� DGMXVWHPHQWV� RI� UHGR[� RU� EDWFK� FRPSRVLWLRQ�� 6\VWHP� RIIHUV� WKH� SRVVLELOLWLHV� WR�

HVWLPDWH�WKH�FRQFHQWUDWLRQ�RI�SRO\YDOHQW�LRQV�XQGHU�WKHLU�YDOHQFH�VWDWHV�DQG�DOVR�WR�HYDOXDWH�UHGR[�VWDWH�

RI� JODVV��)XUWKHUPRUH�E\� LWV�PHDVXUHPHQW� SULQFLSOH� WKH� V\VWHP� VXSSO\�TXLFNO\� D� UHSUHVHQWDWLYH�PHDQ�

YDOXH�RI�FRORXULQJ�LRQV�LQ�JODVV��7KLV�LV�SDUWLFXODUO\�KHOSIXO�ZKHQ�FRORUDWLRQ�HYROYHV��FRORU�WUDQVLWLRQ��

RU� LV� VRPHZKDW� KHWHURJHQHRXV� �H�J�� LQ� UHGXFHG� JODVV� RU� LQ� IRUHKHDUWK� FRORULQJ��� 2Q� WKH� RWKHU� KDQG��

RWKHUV�H[WUD�LQIRUPDWLRQV�FDQ�EH�REWDLQHG�IURP�DFTXLVLWLRQ�UHVXOWV�VXFK�DV�WKH�DUWLFOH�WKLFNQHVV�SURILO�RU�

VWDWLVWLF�GDWD��7KH�SDSHU�H[SODLQV�ZKDW�ZH�FRQVLGHU�DV�LPSRUWDQW�WR�FRQWURO�RQ�JODVV�IRU�WKH�SODQW�DQG�WKH�

UHDVRQV�ZKLFK�ZH�KDYH�OHG�WR�GHYHORS�D�VXFK�DSSOLFDWLRQ�
�

,QWURGXFWLRQ�

,Q�WKH�FRQWDLQHU�JODVV�LQGXVWU\��ZLWK�WKH�LQFUHDVLQJ�IXUQDFHV�SXOO�UDWH�DQG�DOVR�WKH�XVH�
RI� PRUH� UHF\FOHG� JODVV�� WKH� ULVN� RI� GHYLDWLQJ� IURP� WKH� VSHFLILFDWLRQV� RU� HYHQ� ORVLQJ�
SURGXFWLRQ� EHFRPHV� PXFK� PRUH� LPSRUWDQW� ZLWK� KHDYLHU� ILQDQFLDO� FRQVHTXHQFHV�� 7R�
TXLFNO\�IDFH�XS�WR�WKLV�FKDQJLQJ�DQG�FKDOOHQJLQJ�HQYLURQPHQW�QHHGV�WR�EH�PRUH�UHDFWLYH�
EHFDXVH�WKH�WLPH�WR�WDNH�GHFLVLRQ�EHFRPHV�VKRUWHU��8QIRUWXQDWHO\��SODQWV�QHLWKHU�KDYH�WKH�
SRVVLELOLW\�WR�PHDVXUH�LQ�UHDO�WLPH�WKH�NH\�SDUDPHWHUV�QRU�WR�LQWHUSUHW�FRUUHFWO\�WKH�GDWD�
DYDLODEOH� KRZHYHU� WKH� FRUUHFWLYH� DFWLRQ� VKRXOG� EH� DSSURSULDWH� WR� RYHUFRPH� DQ\�
LQVWDELOLW\��

7KH� IOH[LELOLW\� RU� VFKHGXOLQJ� FRQVWUDLQWV� VRPHWLPHV� OHDGV� WR� D� FKDQJH� LQ� WKH� JODVV�
FRORUDWLRQ�HLWKHU�LQ�WKH�ZKROH�IXUQDFH�RU�LQ�WKH�IRUHKHDUWK��7R�LQVXUH�WKH�FRORU�WUDQVLWLRQ��
D�ORW�RI�UHOLDEOH�LQIRUPDWLRQ�FRQFHUQLQJ�FRORU�KDV�WR�EH�WDNHQ�UHJXODUO\�LQ�RUGHU�WR�FRQWURO�
WKH� FRORU� HYROXWLRQ� KRPRJHQHLW\��'XH� WR� KLJKHU� SXOO� UDWH� DQG� WKH� LQFUHDVLQJ� DQG� HYHU�
FKDQJLQJ�RULJLQ�RI�FXOOHW��WKH�JODVV�FKDUDFWHULVWLFV�PXVW�EH�FRQWUROOHG�ZLWK�PRUH�DFFXUDF\�
DQG� PRUH� RIWHQ�� 7KLV� PHDQV� KDYLQJ� TXLFN� DFFHVV� WR� XVHIXO� DQG� SHUWLQDQW� LQIRUPDWLRQ�
VXFK�DV�WKH�HYROXWLRQ�RI�JODVV�FKHPLFDO�DQDO\VLV�DQG�SK\VLFDO�SURSHUWLHV���

:KHQ�D�GULIW�RFFXUV�WKH�TXHVWLRQ�LV�RIWHQ�WR�NQRZ�ZKLFK�HOHPHQW�LV�DW�WKH�RULJLQ�RI�WKH�
SUREOHP� DQG� LQ� ZKDW� SURSRUWLRQ�� 7KH� LQWHUSUHWDWLRQ� RI� WKH� WUDQVPLVVLRQ� FXUYH� RU�
FRORULPHWULF�FKDUDFWHULVWLFV�LV�JHQHUDOO\�WKH�DIIDLU�RI�VSHFLDOLVWV��,W�LV�RIWHQ�YHU\�GLIILFXOW�WR�
KDYH� D� FRUUHFW� RSLQLRQ� DQG� WR� GHWHUPLQH� ZKLFK� HOHPHQW� LV� UHVSRQVDEOH�� 7KH�
XQGHUVWDQGLQJ�RI� WKH�SUREOHP�DVNV� WKHQ� UHTXLUHV� D� FKHPLFDO� DQDO\VLV�ZKLFK�FDQ�QRW�EH�
FDUULHG� RXW� RQ� WKH� VSRW� DQG� WKXV� OHDGV� WR� SURKLELWLYH� GHOD\V� WR� REWDLQ� WKH� UHOHYDQW�
LQIRUPDWLRQ���

'DLO\� GHQVLW\�PHDVXUHPHQW� LV� D� YHU\� XVHIXO�� UHOLDEOH�� ORZ� FRVW� DQG� VLPSOH� WHFKQLTXH� WR�
IROORZ�XS�WKH�JODVV�FRPSRVLWLRQ�VWDELOLW\��7RGD\��WKHUH�LV�DQ�DXWRPDWLF�WRROV�DOORZLQJ�XV�
WR�H[HFXWH�WKH�PHDVXUHPHQW�LQ�VLWX��7KH�FRQWURO�FDQ�EH�FDUULHG�RXW�GDLO\�ZLWKRXW�WKH�KHOS�
RI�H[SHQVLYH�;�UD\�IOXRUHVFHQFH�DQDO\VLV��;)$���,I�D�VLJQLILFDQW�VKLIW�RI�GHQVLW\�RFFXUV��DQ�
DOHUW�LV�LPPHGLDWHO\�JLYHQ�OHDGLQJ�WR��WKH�UHOHDVH�RI�D�FKHFNLQJ�SURFHGXUH��

�



+RZHYHU� VRPH� LPSRUWDQW� LQIRUPDWLRQ� VXFK� DV� WKH� FRQWHQW� RI� SRO\YDOHQW� LRQV� DQG� WKH�
UHGR[�VWDWH�RI�WKH�JODVV��FDQ
W�EH�REWDLQHG�LQ�WKLV�ZD\��1RZDGD\V�QR�WRROV�HTXLYDOHQW�WR�
WKH�GHQVLPHWHU�� UHOLDEOH�DQG�VLPSOH� WR�XVH��DOORZV�XV� WR�REWDLQ� WKLV� LQIRUPDWLRQ�GLUHFWO\�
DQG�VLPSO\��6HQVRUV� LQ�VLWX�ZHUH�GHYHORSHG�EXW�H[SHULHQFH�KDV�RIWHQ�VKRZQ�WKHLU� VKRUW�
OLIH� H[SHFWDQF\� XQGHU� LQGXVWULDO� FRQGLWLRQV�� 7KLV� GDWD� UHSUHVHQWV� HVVHQWLDO� LQIRUPDWLRQ�
EHFDXVH�LW�GHWHUPLQH�QRW�RQO\�WKH�FRORU�RI�JODVV�EXW�DOVR�WKH�WKHUPDO�FRQGXFWLYLW\��7KLV�
SDUDPHWHU� LV� DV� LPSRUWDQW� DV� YLVFRVLW\�� 7KH� YDULDWLRQV� RI� WUDQVPLVVLRQ� LQ� WKH� LQIUDUHG�
UDQJH�OHDG�WR�IOXFWXDWLRQV�LQ�WKH�KHDW�WUDQVIHU�E\�UDGLDWLRQ�DQG�VR�DUH�VXVFHSWLEOH�WR�FUHDWH�
VWURQJ�GLVWXUEDQFHV�GXULQJ�WKH�SURFHVV���(LWKHU�E\�PRGLILFDWLRQ�RI�FRQYHFWLRQ�VWUHDP�LQ�
WKH� IXUQDFH� RU� E\� DOWHULQJ� WKH� WKHUPDO� JODVV� KRPRJHQL]DWLRQ� LQ� WKH� IRUHKHDUWK� RU� KHDW�
H[FKDQJHV�GXULQJ�WKH�JODVV�IRUPLQJ�SURFHVV�LQ�WKH�PDFKLQH��
�
�

3URFHGXUH�RI�IROORZ�XS�RI�WKH�VWDELOLW\�RI�WKH�JODVV�SDUDPHWHU�

6WULFWO\�FRQFHUQLQJ�WKH�TXHVWLRQ�RI�WKH�TXDOLW\�RI�WKH�PROWHQ�JODVV��WKH�PLVVLRQ�RI�WKH�
JODVVPDNHU�EHFRPHV�PRUH�DQG�PRUH�GHOLFDWH�WDNLQJ�LQWR�DFFRXQW�WKH�KLJKW�VWDFNV���
+H�KDV�WR�EH�FDUHIXO�WR�UHVSHFW�WKH�FXVWRPHUV�VSHFLILFDWLRQV�QRW�RQO\�H[WHUQDO��LQ�WHUPV�RI�
FRORU� DQG� DEVHQFH� RI� KHWHURJHQHLW\�� EXW� DV� ZHOO� DV� LQWHUQDO� E\� JXDUDQWHHLQJ� WKH�
SUHVHUYDWLRQ� RI� WKH� VWDELOLW\� DQG� WKH� KRPRJHQHLW\� LQ� WKH� PDVV� RI� WZR� IXQGDPHQWDO�
SDUDPHWHUV�IRU�WKH�JODVV�SURFHVV��QDPHO\�YLVFRVLW\�DQG�WKHUPDO�FRQGXFWLYLW\��
+H�PXVW� EH� FDSDEOH� RI� LGHQWLI\LQJ� D� GULIW� HDUO\� HQRXJK� DQG� RI� EHLQJ� DEOH� WR� DFW� DV� D�
FRQVHTXHQFH��
+H�PXVW�DOVR�PDVWHU�WKH�SURJUHVV�RI�VSHFLILF�RSHUDWLRQV�VXFK�DV�WKH�FRORU�FKDQJH��

7UDGLWLRQDOO\� LQ� WKH� JODVV� LQGXVWU\�� WKH� PHDQV� RI� FKHFNLQJ� JODVV� FKHPLFDO� VWDELOLW\� DUH�
HLWKHU�RI�VHQVRUV�RQ�OLQH��E\�HOHFWURFKHPLFDO�FHOO�DQG�YLVFRVLPHWHU��RU�PRUH�FRPPRQO\�E\�
RII�OLQH�DQDO\VHV�RI�JODVV�VDPSOH�E\�WRROV�VXFK�DV�WKH�GHQVLPHWHU�DQG�VSHFWURSKRWRPHWHU��
7KH�ILUVW�RIIHUV�WKH�DGYDQWDJH�RI�VXSSO\LQJ�FRQWLQXRXVO\�DQG�LQ�UHDO�WLPH�LQIRUPDWLRQ�EXW�
RQO\� IURP�D� ORFDO� SRLQW�RI� WKH�SURFHVV��7KHVH� VHQVRUV� DUH�QRW� UHDOO\� UHOLDEOH�RYHU� WLPH��
7KH� VHFRQG�GRHV� QRW� DOORZ�XV� GLUHFWO\� WR� LGHQWLI\� WKH� H[DFW� QDWXUH� RI� WKH� SUREOHP�� ,Q�
ERWK�FDVHV��QR�V\VWHP�WR�RXU�NQRZOHGJH�DOORZV�XV�WR�PDQDJH�HIIHFWLYHO\�WKH�UHGR[�LVVXH�
LQ�SODQW���

'XH�WR�YHU\�KLJK�WHPSHUDWXUH�WKH�UHOHYDQW�SURSHUWLHV�RI�PROWHQ�JODVV�FDQQRW�EH�PHDVXUHG�
�WKXV�FRQWUROOHG��RQ�OLQH�GXULQJ� WKH�PHOWLQJ�SURFHVV� VR� VXLWDEOH� VHQVRUV� DUH�QRW� UHOLDEOH�
DQG�QRW�DYDLODEOH��,I�LW�LV�UHODWLYHO\�HDV\�WR�IROORZ�WKH�GHQVLW\�DV�ZH�KDYH�VHHQ�SUHYLRXVO\��
RQ� WKH� RWKHUV� KDQG� LW� LV� TXLWH� GLIILFXOW� WR� KDQGOH� WKH� YDULDWLRQ� RI� WKHUPDO� FRQGXFWLYLW\�
ZKLFK� FDQ� EH� GXH� WR� WKH� FRQWULEXWLRQ� RI� GLIIHUHQW� SDUDPHWHUV� VXFK� DV� IOXFWXDWLRQ� RI�
FRORULQJ�DJHQWV��UHGR[�RU�IXUQDFH���

�
3RVVLELOLWLHV�RI�WKH�GHYLFH�)&*0�

$�V\VWHP�KDV�EHHQ�GHYHORSHG�DOORZLQJ�XV�WR�PHDVXUH�DW�WKH�VDPH�WLPH�DQG�VWULFWO\�LQ�
WKH�VDPH�SODFH�RQ�WKH�DUWLFOH��WKH�WKLFNQHVV�DQG�WKH�RSWLFDO�WUDQVPLVVLRQ�RI�WKH�JODVV�ZDOO��
LQ� WKH� FRQFHUQLQJ� VSHFWUDO�89� �� YLVLEOH�²�1,5��7KH�QRQ�GHVWUXFWLYH�PHDVXUHPHQWV� DUH�
FDUULHG� RXW�ZLWKRXW� JODVV� FRQWDFW� DW� GLIIHUHQW� ORFDWLRQV� RQ� WKH� DUWLFOH�� 7KH� YHUWLFDO� DQG�
DQJXODU�ORFDWLRQ�DV�ZHOO�DV�WKH�QXPEHU�RI�SRLQWV�RI�PHDVXUH�DUH�FXVWRPL]DEOH�WR�RSWLPL]H�
RSHUDWLQJ� FRQGLWLRQV� DFFRUGLQJ� WR� WKH� SXUSRVH�� HLWKHU� WR� REWDLQ� D� PHDQ� YDOXH� RU� WR�
GHWHUPLQH�WKH�QDWXUH�RI�D�FRORU�KHWHURJHQHLW\��H�J��FRORUHG�VWUHDN���
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7KLFNQHVV�SURILO�

7KH� WKLFNQHVV� SURILOH� LV� DQ� HVVHQWLDO�
GDWD� LQ� WKH� ORFDWLRQ� RI� WKH� KHDOWK\�
]RQHV� RI� DUWLFOHV�� ZKLFK� RQO\� ZLOO� EH�
WDNHQ� LQWR� DFFRXQW� IRU� FRORULPHWULF�
FDOFXODWLRQV����
�
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�
�
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&RORULPHWULF�FKDUDFWHULVWLF�VSHFLILFDWLRQV�FRQWURO�

7KH�VSHFWUXP�DOORZV�XV� WR�GHWHUPLQH�89�ILOWUDWLRQ�DQG�FRORULPHWULF�FKDUDFWHULVWLFV�
FDOFXODWHG�IRU�GLIIHUHQW�FRORU�VSDFHV��H�J���;��<��=�RU�/DE�V\VWHP��RU�VRXUFHV�RI�OLJKW��$��
%�� &�� '���� DQG� H[SUHVVHG� XQGHU� GLIIHUHQW� WKLFNQHVVHV�� 7KH� SXUSRVH� LV� WR� JLYH� D�
TXDQWLWDWLYH�DQG�REMHFWLYH�DSSUHFLDWLRQ�RI�FRORU�EXW�DOVR�WR�EH�SRVLWLRQHG�ZLWK�UHJDUG�WR�
YHU\�SUHFLVH�FXVWRPHU�VSHFLILFDWLRQV�JHQHUDOO\�GHILQHG�LQ�WHUP�RI�':/�DQG�EULJKWQHVV�RU�
SXULW\���

�
&RQFHQWUDWLRQ�RI�FRORXULQJ�VSHFLHV�

7KH�FRORU�RI�WKH�ILQDO�JODVV�GHSHQGV�RQ�WKH�YDOHQFH�VWDWHV�RI�WKH�GLIIHUHQW�SRO\YDOHQW�
VSHFLHV��:LWK�LQIRUPDWLRQ�JLYHQ�E\�WKH�WUDQVPLVVLRQ�FXUYH�DQG�WKH�SUHFLVH�PHDVXUHPHQW�
RI�WKH�JODVV�WKLFNQHVV��WKH�V\VWHP�LV�FDSDEOH�RI�DSSUHFLDWLQJ�WKH�FRQFHQWUDWLRQ�DQG�UHGR[�
VWDWH�RI�SRO\YDOHQW�HOHPHQWV���
7KH�SULQFLSOH� LV� WKH� IROORZLQJ��7KH�UDWH�RI�FRORULQJ�DJHQWV� LV�REWDLQHG�E\�PDWKHPDWLFDO�
UHVROXWLRQ� IURP� WKH� FRPSXWHUL]HG� WUDQVPLVVLRQ� YDOXHV� KDQGOHG� DQG� E\� XVLQJ� WKH�
H[WLQFWLRQ�FRHIILFLHQWV�RI�SRO\YDOHQW�VSHFLHV��
�
.QRZLQJ�WKDW�LQ�FDVH�WKH�IDFWRU�RI�UHIOHFWLRQ�LV�HOLPLQDWHG��WUDQVPLVVLRQ�REH\V�/DPEHUW�
%HUU
V�ODZ��
�

7��λλλλ�� ����'�λ�� ����εεεε�λ����F���H�HLWKHU�'�λλλλ�� �εεεε�λλλλ����F���H�
�

:LWK�� '���RSWLFDO�GHQVLW\�
H���7KLFNQHVV�RI�WKH�VDPSOH�

ε�λ����H[WLQFWLRQ�FRHIILFLHQW�RI�WKH�FRORULQJ�DJHQW�LQ�WKH�ZDYHOHQJWK��
&��&RQFHQWUDWLRQ�E\�FRORULQJ�LQ���ZHLJKW�

�

$QG�WKDW�WKLV�ODZ�FDQ�LQ�FHUWDLQ�FRQGLWLRQV��PHDQV�QR�LQWHUDFWLRQ�EHWZHHQ�LRQV�DQG�ORZ�
FRQFHQWUDWLRQ�LQ�FRORULQJV�DJHQW��EH�VLPSOLILHG�LQ�WKH�IROORZLQJ�ZD\��
�

'�λλλλ�� �ΣΣΣΣL�εεεεL�λλλλ��FL���
�

:LWK�� FL���FRQFHQWUDWLRQ�E\�FRORULQJ�L�

εL�λ����H[WLQFWLRQ�FRHIILFLHQW�RI�WKH�FRORULQJ�DJHQW�LQ�WKH�ZDYHOHQJWK�

%RWWOH�WKLFNQHVV�SURILO��PP�
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�
,W�LV�WKHQ�SRVVLEOH�E\�PDWKHPDWLFDO�UHVROXWLRQ�WR�DSSUHFLDWH�WKH�QDWXUH�DQG�FRQFHQWUDWLRQ�
RI�WKH�YDULRXV�FRORULQJ�VSHFLHV�RI�WKH�JODVV��6RPH�VWDWLVWLFDO�WHVWV�DUH�DOVR�DGGHG�JLYLQJ�DQ�
LQGLFDWLRQ�RI�WKH�YDOLGLW\�RI� WKH�PRGHO��7KH�NQRZOHGJH�RI�WKH�H[WLQFWLRQ�FRHIILFLHQWV�RI�
FRORULQJ�DJHQWV�LV� LQGLVSHQVDEOH�DQG�UHPDLQV�WKH�NH\�HOHPHQW�RI�WKH�V\VWHP��7KH\�UHVXOW�
IURP� RZQ�ZRUN� DQG� DUH� HVWDEOLVKHG� IRU� WKH� IROORZLQJ� LRQV�� )H���� )H����&U����&U����
1L����&R����0Q����&X����6H��DQG� WKH� LURQ�SRO\VXOILGHV��$ERXW����� LQGXVWULDO�JODVVHV�
VHUYHG�DV�D�EDVH�WR�HVWDEOLVK�WKHVH�ILJXUHV�UHTXLULQJ�WR�NQRZ�WKH�ZHLJKW�FRQFHQWUDWLRQ�RI�
HDFK�FRORXULQJ�DJHQW�SUHVHQW� DQG� WKH�PHDVXUHPHQW�RI� WUDQVPLVVLRQ�YDOXH� UDQJLQJ� IURP�
����WR������QP�HYHU\���QP��
�
7KH�FKRLFH�WR�HVWDEOLVK�E\�RXUVHOYHV�WKHVH�GDWD�UDWKHU�WKDQ�WR�XVH�WKRVH�RI�WKH�OLWHUDWXUH���
ZDV�GLFWDWHG�E\�WKH�QHFHVVLW\�RI�UHVRXUFHV�RI�FRHIILFLHQWV�PRUH�FORVH�WR�RXU�JODVV�PDWUL[�
DQG�WR�REWDLQ�LQIRUPDWLRQ�DERXW�PLVVLQJ�GDWD�FRQFHUQLQJ�WKH�LURQ�SRO\VXOILGHV���
�
7KH�DPEHU�FKURPRSKRU� LV� WKH�PDLQ�FRORULQJ�HOHPHQW�RI�PRVW� LQGXVWULDO�JODVV��)RU� WKLV�
UHDVRQ��LW�PXVW�EH�DSSUHFLDWHG�TXDQWLWDWLYHO\�OLNH�RWKHU��QRUPDO��SRO\YDOHQW�LRQV�WR�DVVLVW�
LQ�FRORU�DGMXVWPHQW�DQG�FRQWURO��,Q�WKLV�ZD\��,W�LV�SRVVLEOH�WR�UHSUHVHQW�WKH�LQIOXHQFH�RI�
HYHU\�LRQ�ZLWK�UHJDUG�WR�WKH�FRORULPHWULF�GLDJUDP�GHILQHG�E\�WKH�'RPLQDQW�:DYH�/HQJKW�
DQG�%ULJKWQHVV��

�
�
�

5HGR[�FRQWURO�

7KH�DSSUHFLDWLRQ�RI��)H������)H����LURQ�SRO\VXOILGHV�DQG�VXOILGHV��E\�GHGXFWLRQ��
DOORZV�XV� WR�REWDLQ�SUHFLRXV� LQGLFDWLRQV�RQ� WKH�JODVV� UHGR[� VWDWH� LQ�RUGHU� WR�DFFHVV� WKH�
EDWFK�UHGR[�QXPEHU�DQG�WKXV�WR�DFKLHYH�WKH�SURSHU�UHGR[�FRUUHFWLRQ�WR�EH�DSSOLHG�WR�WKH�
EDWFK��E\�FRNH�RU�VXOIDWH�«����

5HGR[�LV�IXOO\�FRUUHODWHG�ZLWK�WKH�UDWLR�)H�����)H�2��EXW�LQ�FDVH�RI�UHGXFHG�JODVV�WKLV�
LQIRUPDWLRQ� KDV� SURYHQ� UDWKHU� LQDFFXUDWH� WR� PDNH� ILQH� WXQH� UHGR[� FRUUHFWLRQ�� 7KH�
DSSUHFLDWLRQ�RI� WKH� OHYHO�RI� LURQ�SRO\VXOILGH�PDNHV�SRVVLEOH� WR� LPSURYH� WKH�XVH�RI� WKLV�
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LQIRUPDWLRQ�� :LWKLQ� D� �QRUPDO�� UHGR[� UDQJH�� WKH� SHUFHQW� RI� LURQ� SRO\VXOILGH� FDQ� EH�
WUDQVODWHG�LQWR�TXDQWLWLHV�RI�R[LGL]LQJ�RU�UHGXFLQJ�FRPSRQHQWV�WR�DGMXVW�LQ�WKH�EDWFK��

%HFDXVH� WKH� UHGR[� RI� WKH� ILQDO� JODVV� LV� QRW� RQO\� GXH� WR� WKH� EDWFK� EXW� UHVXOWLQJ� IURP�
FRPELQHG� WKH� HIIHFW� RI� WKH� PHOWLQJ� SURFHVV�� WKH� UHGR[� PDQDJHPHQW� UHTXLUHV� KLJK�
IUHTXHQF\�FRQWURO�RQO\�SHUPLWWHG�E\�IDVW�FRORU�PRQLWRULQJ�WRRO��

�
��

2YHU�UHGXFWLRQ�ZDUQLQJ�

7KH�DPEHU�FRORXULQJ�LV�GXH�WR�WKH�FRPELQDWLRQ�RI�R[LGL]HG�VSHFLH��WKH�IHUULF�LURQ��)H����
ZLWK�UHGXFHG�VSHFLH��WKH�VXOILGH��6�����7KH�DPRXQW�RI�LURQ�SRO\VXOILGH�LQFUHDVHV�ZLWK�WKDW�
RI�UHGXFLQJ�VWDWH�RI�JODVV�XQWLO�D�FHUWDLQ�OLPLW��7RR�PXFK�UHGXFWLRQ�FDQ�OHDG�WR�D�FRPSOHWH�
VKLIW� RI� WKH� LURQ� HTXLOLEULXP� WRZDUG� IHUURXV� IRUP�PDNLQJ� D� VKDUS� GHFUHDVH� RI� UHVLGXDO�
IHUULF� LURQ�� :KHQ� WKH� JODVV� LV� UHGXFHG� WRR� PXFK�� WKHUH� LV� QRW� HQRXJK� IHUULF� LURQ� WR�
GHYHORS�WKH�DPEHU�FRPSOH[�DQG�WKH�SKHQRPHQRQ�LV�UHYHUVHG���

,Q� UHGXFHG� JODVV�� WKH� SKHQRPHQRQ� RI� RYHU� UHGXFWLRQ� LV� D� WUDS�� ZKLFK� LV� GLIILFXOW� WR�
DSSUHKHQG�DQG�FRXOG�OHDG�WR�D�ZURQJ�GHFLVLRQ��,Q�FDVH�RI�ORVVHV�RI�LURQ�SR\VXOILGHV��LW�LV�
LPSRUWDQW� WR�NQRZ� LI� WKH�SKHQRPHQRQ� LV�GXH� WR�D� ODFN�RU�DQ�H[FHVV�RI� UHGXFWLRQ��7KH�
FULWLFDO� SRLQW� GHSHQGV� RQ� UDWHV� RI� LURQ�� FKURPLXP� DQG� VXOIXU� GLVVROYHG� LQ� WKH� JODVV��
&DUHIXO�FRQWURO�RI�UHGR[�PHOW�LV�HVVHQWLDO�WR�UHYHDO�LI�WKH�JODVV�LV�RYHU�UHGXFHG��

:H�VKRZHG�WKDW�WKH�DSSUHFLDWLRQ�RI�WKH�JODVV�UHGR[�FRXOG�EH�DSSUHFLDWHG�RQ�WKH�EDVLV�RI�
WKH�NQRZOHGJH�RI�WZR�SDUDPHWHUV�FRPLQJ�IURP�WKH�UHVXOWV�RI�WKH�VSHFWUDO�GHFRQYROXWLRQ��
$FFRUGLQJ�WR�WKH�OHYHOV�RI�WKH�UDWLR�)H�����)H���DQG�RI�WKH�UDWH�RI�6 ��D�V\QWKHWLF�UHGR[�
LQGH[�KDV�EHHQ�GHYHORSHG��7KLV�JLYHV�D�FOHDU� LQGLFDWLRQ�RI�KRZ�WKH�JODVV�UHGR[�HYROYHG�
DQG� SURYLGHV� DQ� HDUO\� ZDUQLQJ� IRU� GHYLDWLRQV� RI� WKH� WDUJHW� LQ� RUGHU� WR�PDNH� WKH� ULJKW�
UHGR[�FRUUHFWLRQ��
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&RORU�FKDQJH�

6RPH�IXUQDFHV�DUH�SHULRGLFDOO\�GHGLFDWHG�WR�WKLV�RSHUDWLRQ�FRQVLVWLQJ�LQ�FKDQJLQJ�WKH�
FRORXU�LQ�WKH�PDVV��*HQHUDOO\�PHWKRG�HPSOR\HG�LV�UHIHUUHG�WR�DV�DQ�RQ�WKH�IO\�FRQYHUVLRQ�
UDWKHU� WKDQ� WKH� WHFKQLTXH� RI� GUDLQ� DQG� ILOO�� 7KLV� LQYROYHV� VFKHGXOLQJ� WKH� RSHUDWLRQ� WR�
FRQYHUW� FRPSRVLWLRQ� DQG� WR� PRQLWRU� WKH� FRORU� HYROXWLRQ� VR� DV� WR� EH� DEOH� WR� PDNH�
FRUUHFWLRQ�LI�QHFHVVDU\��



0DQ\� PHWKRGV� RI� HYDOXDWLRQ� IRU� WKH� FRORXULQJV� HYROXWLRQ� RQ� IXUQDFH� H[LVW� EDVHG� RQ�
NQRZOHGJH� RI� GZHOO�WLPH� EHKDYLRU� RI� WKH� IXUQDFH� ��� (YROXWLRQ� FDQ� EH� GHVFULEHG� E\�
FRPELQLQJ� WKH� GLIIHUHQW� PRGHOV� RI� EHKDYLRU� VXFK� SOXJ� IORZ� DQG� PL[HU� PRGHOV�� 7KH�
FDOFXODWLRQ�VXSSOLHV�LQIRUPDWLRQ�DERXW�KRZ�FRORXULQJV�DJHQWV�ZLOO�HYROYH�WKHPVHOYHV�DQG�
DOVR�VHUYHV�RI�JXLGHOLQH���
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7KH�RSHUDWLRQ�KDV�WR�EH�FRQGXFWHG�LQ�D�PLQLPXP�RI�WLPH�ZKLOH�SUHVHUYLQJ�JODVV�TXDOLW\��
7KH�FKDOOHQJH�LV�WR�VZLWFK�IURP�WKH�ROG�FRORU�UDQJH�LQ�VFKHGXOHG�WLPH�WR�WKH�QHZ�WDUJHW�
ZLWK� D� PLQLPXP� RI� WLPH�� 7KLV� LQYROYHV� DQ� DSSURSULDWH� ERRVWLQJ� RI� WKH� FRORUDWLRQ� RU�
GLVFRORUDWLRQ��7KH�RSHUDWLRQ�PXVW�EH�FDUULHG�RXW�FDUHIXOO\�DQG�PXVW�EH�QHLWKHU�WRR�VORZO\�
RU�WRR�IDVW�LQ�RUGHU�WR�DYRLG�VWRSSLQJ�EHIRUH�UHDFKLQJ�WKH�WDUJHW�RU�JRLQJ�WKURXJK�LW���

%\� FRPSDULQJ� WKH� FRORULQJ� WUHQG� JLYHQ� E\� WKH� FRORU�PHDVXUHPHQWV� ZLWK� WKH� H[SHFWHG�
HYROXWLRQ��SRVVLELOLW\�LV�JLYHQ�WR�NQRZ�LI�WUDQVLWLRQ�UXQV�ZHOO�DQG�WR�UHDFW�LQ�WLPH��

$QRWKHU� SUREOHP� LV� WKDW� WKH� FRORULQJ� LV� QRW� DOZD\V� KRPRJHQHRXV� LQ� WKH� PDVV� GXULQJ�
FHUWDLQ� WUDQVLWLRQV��7KLV�PDNLQJ� LW� GHOLFDWH� WR� DSSUHFLDWH� WKH� HYROXWLRQ� RI� WKH� VLWXDWLRQ��
7KH� LQKRPRJHQHLW\� LV�QRW�DOZD\V�SHUFHSWLEOH� WR�WKH�QDNHG�H\H�DQG�WKH�FRQWURO�RI�FRORU�
IURP�RQH�SLHFH�RI�JODVV�FDQQRW�EH�UHDOO\�UHSUHVHQWDWLYH��2QO\�UHVXOWV�EDVHG�RQ�WKH�DYHUDJH�
RI�VHYHUDO�SRLQWV�RI�PHDVXUHPHQW�WDNH�RQ�DOO�DURXQG�WKH�DUWLFOH�DOORZ�XV�WR�REWDLQ�D�PRUH�
REMHFWLYH�LGHD�RI�WKH�JODVV�FRORULQJ��7KLV�LV�SDUWLFXODUO\�WUXH�LQ�IRUHKHDUWK�FRORULQJ��

�
�

)RUHKHDUWK�FRORULQJ��

7KLV� WHFKQLF�RIIHUV�JUHDWHU� IOH[LELOLW\� WKDQ� LQ�D� IXUQDFH�DQG�SRVVLELOLWLHV�RI�FRORULQJ�
DUH�PRUH�QXPHURXV�DQG�PRUH�GLYHUVLILHG��7KH�LVVXH�LV�KRZ�WR�PDQDJH�D�ZLGH�YDULHW\�RI�
SRO\YDOHQW� LRQV� SUHVHQW� LQ� YDULRXV� FRPELQDWLRQV� DQG� FRQFHQWUDWLRQV�� 7KH� GLIIHUHQW�
VSHFLHV� UHGR[� FRXSOH� FDQ� LQWHUDFW� WKHPVHOI�� ,I� YDULRXV� PHWDO� R[LGHV� DUH� LQWURGXFHG�
WRJHWKHU�LQWR�D�JODVV�PHOW��PXWXDO�LQWHUDFWLRQ�RI�WKH�YDULRXV�LRQV�PD\�RFFXU��6RPH�UHGR[�
VSHFLHV�GRQ
W�JLYH�D�FRORULQJ�HIIHFW��&RORU�FDQ
W�EH�PDQDJHG�E\�WKH�TXDQWLWLHV�RI�PHWDOOLF�
R[LGHV�LQWURGXFHG�EXW�E\�WKH�NQRZOHGJH�RI�WKH�FRQFHQWUDWLRQ�RI�LRQV�SUHVHQW�XQGHU�WKHLU�
FRORULQJ�IRUP��
,Q�FDVH�RI�GULIW�RI�FRORU�RU�WR�PDWFK�D�QHZ�FRORU��WKH�RSHUDWRU�KDV�UHDOO\�QR�WLPH�DQG�WKH�
PHDQV� WR� REWDLQ� WKH� HOHPHQWV� RI� DQDO\VHV�� 7KH� UHVLGHQFH� WLPHV� RI� JODVV� LQ� FRORULQJ�
IRUHKHDUWK� DUH� YHU\� VKRUW� JHQHUDOO\� ORZHU� DW� RQH� R
FORFN��'LUHFWO\� WR� REWDLQ� XVHIXO� DQG�
SHUWLQDQW�GDWD�IURP�DQ�DUWLFOH�HYHQ�LI�WKH�FRORULQJ�LV�IDU�WR�EH�SHUIHFW�JLYHV�DQ�DGYDQWDJH�
WR�DQWLFLSDWH�WKH�UHTXLUHG�FRUUHFWLRQ��
�
�
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,GHQWLILFDWLRQ�RI�FRORUHG�VWUHDNV��

'DUN�RU�OLJKW�VWUHDN�LV�D�FRPPRQ�DVSHFW�GHIHFW�RFFXULQJ�VRPHWLPHV�DQG�VSRUDGLFDO\�
RQ� IHZ� OLQHV� RI� SURGXFWLRQ�� 6WUHDN�� D� VPDOO� JODVV� FRORU� LQKRPRJHQHLW\�� LV� D� IDPLOLDU�
SUREOHP�LQ�JODVV�FRQWDLQHU��7KLV�GHIHFW� LV�XVXDOO\� WKH�UHVXOW�RI�UHGR[�IOXFWXDWLRQV��PHWDO�
FRQWDPLQDWLRQ�RU�JODVV�FRPLQJ�IURP�VWDJQDQW�]RQH��&KHPLFDO�DQDO\VLV�RI�WKHVH�VWUHDNV�LV�
XVXDOO\�GLIILFXOW�EHFDXVH�WKH�VWUHDN�FDQQRW�EH�HDVHO\�EH�VHSDUDWHG�IURP�WKH�PDWUL[�DQG�LW�
RFFXUV�DW�D�ORZ�OHYHO��4XDOLWDWLYH�PHWKRG�LV�WKH�RQO\�ZD\�RI�LQYHVWLJDWLRQ�GXH�WR�WKH�VOLJKW�
YDULDWLRQ�LQ�FRPSRVLWLRQ��)*&0�LV�DQ�HIIHFWLYH�GHYLFH�WR�LQYHVWLJDWH�WKH�VWUHDN�E\�VHWWLQJ�
WKH� VFDQ� RYHU� WKH� LQKRPRJHQHLW\� DQG� WR� FRPSDUH� WKH� UHVXOW�ZLWK� WKH� KHDOWK\� JODVV��%\�
FRPSDULQJ� RU� VXEWUDFWLQJ� WZR� WUDQVPLVVLRQ� FXUYHV� LW� LV� WKHQ� SRVVLEOH� WR� LGHQWLI\� WKH�
QDWXUH�RI�WKH�HOHPHQW�LQ�FDXVH�DQG�WR�SLQSRLQW�WKH�PRVW�OLNHO\�RULJLQ�RI�WKH�SUREOHP��
�
�

&RQFOXVLRQV�

7KH�SURFHVV�RI�JODVV�RI� FRQWDLQHUV�ZLWK� WKH� LQFUHDVLQJ�RI�SHUIRUPDQFHV�RI� IXUQDFH�
DQG�PDFKLQH� DQG� UHTXLUHPHQWV� LQ� WHUPV� RI� TXDOLW\� DQG� VWDELOLW\� UHTXLUH�PRUH� DELOLW\� WR�
UHDFW�LQ�FDVH�RI�JODVV�FRORU�YDULDWLRQ�RU�JODVV�UHGR[�GHYLDWLRQ��7KLV�LPSOLHV�WR�KDYH�TXLFNO\�
DQG� YHU\� IUHTXHQWO\� DFFHVV� WR� UHOLDEOH� LQIRUPDWLRQ� DERXW� WKH� JODVV� FKHPLVWU\��
)XUWKHUPRUH�� WKH� V\VWHP�PXVW�EH� DEOH� WR� DVVLVW� WKH�RSHUDWRU� LQ�TXLFNO\� LGHQWLI\LQJ� DQG�
FRUUHFWLQJ� WKH� VRXUFH� RI� WKHVH� SUREOHPV��2XU� GHYLFH� KDV� EHHQ� GHYHORSHG� LQ� WKLV� VSLULW�
ZLWK�WKH�FKDOOHQJH�WR�EXLOG�D�V\VWHP�UHOLDEOH�DQG�HDV\�WR�XVH�IRU�PRQLWRULQJ�WKH�FRORU��
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��
�7��7RQWKDW��0��0RUDQJHV��$�IDVW�FRORXU�PRQLWRULQJ�WHFKQLTXH�IRU�JODVV�SURGXFWV��,&*�
�����$PVWHUGDP�±�*ODVV�LQ�WKH�QHZ�0LOOHQLXP�

�
�%DPIRUG��&RORXU�JHQHUDWLRQ�DQG�FRQWURO�LQ�JODVV��������(OVHYLHU�6FLHQWLILF�3XEOLVKHUV�
$PVWHUGDP�

�
�&��3KLOLSV�5RVV��&KDQJLQJ�FRORUV�LQ�FRQWDLQHUV�IXUQDFHV��*ODVV�,QGXVWU\���2FWREHU�������
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