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7KH� SDSHU� JLYHV� D� UHYLHZ� RI� WKH� DSSOLFDWLRQ� RI� LQWHJUDWHG� SKRWRHODVWLFLW\� IRU� UHVLGXDO� VWUHVV�

PHDVXUHPHQW� LQ� JODVV� DUWLFOHV� RI� FRPSOLFDWHG� VKDSH�� %DVLF� UHODWLRQVKLSV� RI� WKH� PHWKRG� DUH� SUHVHQWHG��

0HDVXUHPHQW� RI� WKH� VWUHVVHV� ERWK� LQ� D[LV\PPHWULF� DQG� QRQD[LV\PPHWULF� DUWLFOHV� LV� FRQVLGHUHG�� $Q�

DXWRPDWLF� SRODULVFRSH� IRU� SKRWRHODVWLF� PHDVXUHPHQWV� LV� GHVFULEHG�� 6HYHUDO� H[DPSOHV� LOOXVWUDWH� SUDFWLFDO�

DSSOLFDWLRQ�RI�WKH�PHDVXUHPHQW�WHFKQRORJ\��
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��� ,QWURGXFWLRQ�

5HVLGXDO� VWUHVV� LV� RQH� RI� WKH�PRVW� LPSRUWDQW� FKDUDFWHULVWLFV� RI� JODVV� DUWLFOHV� IURP� WKH�
SRLQW� RI� YLHZ�RI� WKHLU� VWUHQJWK� DQG� UHVLVWDQFH����� ,Q� WKH� FDVH� RI� RSWLFDO� JODVV�� ELUHIULQJHQFH�
FDXVHG�E\�WKH�UHVLGXDO�VWUHVVHV�FKDUDFWHUL]HV�WKH�RSWLFDO�TXDOLW\�RI�WKH�DUWLFOH��

'XULQJ� DERXW� D� FHQWXU\� SKRWRHODVWLFLW\�� KDV� EHHQ� WKH� PRVW� ZLGHO\� XVHG� PHWKRG� IRU�
TXDOLW\� FRQWURO� LQ� WKH� JODVV� LQGXVWU\�� 7ZR�GLPHQVLRQDO� SKRWRHODVWLFLW\� SHUPLWV� WKH�
GHWHUPLQDWLRQ�RI�WKH�VR�FDOOHG�IRUP�VWUHVVHV��ZKLFK�DUH�FRQVWDQW�WKURXJK�WKH�WKLFNQHVV�LQ�IODW�
JODVV���$V� IRU� WKH� WKLFNQHVV� VWUHVVHV� �ZKLFK� YDU\� SDUDEROLFDOO\� WKURXJK� WKH� WKLFNQHVV��� WKHLU�
GLVWULEXWLRQ�FDQ�EH�GHWHUPLQHG�XVLQJ�WKH�VFDWWHUHG�OLJKW�PHWKRG��6SHFLILF�PHWKRGV�KDYH�EHHQ�
GHYHORSHG�IRU�QRQGHVWUXFWLYH�GHWHUPLQDWLRQ�RI�WKH�VWUHVVHV�RQ�WKH�VXUIDFHV�RI�WKH�IODW�JODVV���

,W�LV�PXFK�PRUH�FRPSOLFDWHG�WR�HVWLPDWH�VWUHVVHV�LQ�JODVV�DUWLFOHV�RI�FRPSOLFDWHG�VKDSH��
LQ� ERWWOHV�� GULQNLQJ� JODVVHV�� WXEHV�� ILEUHV� DQG� ILEUH� SUHIRUPV�� HWF�� $W� WKH� VDPH� WLPH��
GHYHORSPHQW�RI�JODVV� WHFKQRORJ\�GHPDQGV�H[DFW� LQIRUPDWLRQ�DERXW� WKH� UHVLGXDO� VWUHVVHV� LQ�
JODVV�DUWLFOHV��/HW�XV�PHQWLRQ�WKDW�ZKLOH�QXPHULFDO�PHWKRGV�DUH�EHLQJ�VXFFHVVIXOO\�XVHG�IRU�
WKH� FDOFXODWLRQ� RI� VWUHVVHV� LQ� JODVV� FDXVHG� E\� H[WHUQDO� ORDGV� �H�J��� E\� LQWHUQDO� SUHVVXUH� LQ�
ERWWOHV������ WKHLU� DSSOLFDWLRQ� IRU� WKH� FDOFXODWLRQ� RI� WKH� UHVLGXDO� VWUHVVHV� JLYHV� OHVV� UHOLDEOH�
UHVXOWV� GXH� WR� WKH� ODFN� RI� H[DFW� GDWD� DERXW� WKH� WHPSHUDWXUH� GLVWULEXWLRQ� DQG� SK\VLFDO�
SDUDPHWHUV�RI�WKH�VSHFLPHQ�GXULQJ�YDULRXV�SKDVHV�RI�WKH�SURGXFWLRQ�SURFHVV���

7KXV�� GHYHORSPHQW� RI� H[SHULPHQWDO�� GHVLUDEO\� QRQGHVWUXFWLYH�� PHWKRGV� IRU� UHVLGXDO�
VWUHVV�PHDVXUHPHQW� LQ� JODVV� DUWLFOHV� RI� FRPSOLFDWHG� VKDSH� LV� RI� FXUUHQW� LQWHUHVW�� � )RU� WKLV�
SXUSRVH�GXULQJ�WKH�ODVW�WZR�GHFDGHV�FRQVLGHUDEOH�GHYHORSPHQW�RI�LQWHJUDWHG�SKRWRHODVWLFLW\�
KDV� WDNHQ� SODFH�� ,Q� WKLV� SDSHU�� PHDVXUHPHQW� WHFKQRORJ\� DQG� VHYHUDO� DSSOLFDWLRQV� RI�
LQWHJUDWHG�SKRWRHODVWLFLW\�LQ�JODVV�VWUHVV�PHDVXUHPHQW�DUH�GHVFULEHG��

��� ,QWHJUDWHG�SKRWRHODVWLFLW\�

,Q�LQWHJUDWHG�SKRWRHODVWLFLW\����WKH�WHVW�REMHFW�LV�SODFHG�LQ�DQ�LPPHUVLRQ�WDQN�DQG�D�EHDP�
RI�SRODULVHG�OLJKW�LV�SDVVHG�WKURXJK�LW��)LJ������7UDQVIRUPDWLRQ�RI�WKH�SRODULVDWLRQ�RI�OLJKW�LQ�
WKH� VSHFLPHQ� LV� PHDVXUHG� RQ�PDQ\� UD\V�� 6LQFH� WKH� YDOXHV� DQG� GLUHFWLRQV� RI� WKH� SULQFLSDO�
VWUHVVHV� YDU\� RQ� WKH� OLJKW� UD\V�� RSWLFDO� SKHQRPHQD� LQ� LQWHJUDWHG� SKRWRHODVWLFLW\� DUH�



FRPSOLFDWHG� DQG� WKH� UHODWLRQVKLSV� EHWZHHQ� WKH� PHDVXUHPHQW� GDWD� DQG� SDUDPHWHUV� RI� WKH�
VWUHVV�GLVWULEXWLRQ�DUH�QRQOLQHDU��
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)LJ�����([SHULPHQWDO�VHW�XS�LQ�LQWHJUDWHG�SKRWRHODVWLFLW\�

+RZHYHU��LW�KDV�EHHQ�VKRZQ��WKDW�LI�ELUHIULQJHQFH�LV�ZHDN�RU�URWDWLRQ�RI�WKH�SULQFLSDO�VWUHVV�
GLUHFWLRQV�RQ� WKH� OLJKW� UD\V� LV�ZHDN�� D� WKUHH�GLPHQVLRQDO� VSHFLPHQ�FDQ�EH� LQYHVWLJDWHG� LQ� D�
FRQYHQWLRQDO� WUDQVPLVVLRQ� SRODULVFRSH� VLPLODUO\� WR� WZR�GLPHQVLRQDO� VSHFLPHQV�� 2Q� HYHU\�
OLJKW� UD\� LW� LV� SRVVLEOH� WR� GHWHUPLQH� WKH� SDUDPHWHU� RI� WKH� LVRFOLQLF� ¶� DQG� WKH� RSWLFDO�
UHWDUGDWLRQ� ¤�� 7KH� ODWWHU� DUH� UHODWHG� WR� WKH� FRPSRQHQWV� RI� WKH� VWUHVV� WHQVRU� RQ� WKH� UD\� E\�
VLPSOH�LQWHJUDO�UHODWLRQVKLSV�
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ZKHUH�&�LV�WKH�SKRWRHODVWLF�FRQVWDQW�DQG��³[���³]��DQG�´][�DUH�FRPSRQHQWV�RI�WKH�VWUHVV�WHQVRU�
LQ�WKH�SODQH�SHUSHQGLFXODU�WR�WKH�OLJKW�UD\�\��)RUPXODV�����DQG�����H[SUHVV�WKH�LQWHJUDO�:HUWKHLP�
ODZ���

,W�KDV�EHHQ�VKRZQ�WKDW�LI�WKH�SDUDPHWHU�RI�WKH�LVRFOLQLF�¶�DQG�RSWLFDO�UHWDUGDWLRQ�¤�KDYH�EHHQ�
PHDVXUHG� RQ� PDQ\� OLJKW� UD\V� LQ� WZR� SDUDOOHO� VHFWLRQV�� SHUSHQGLFXODU� WR� WKH� D[LV� ]� RI� WKH�
D[LV\PPHWULF�VSHFLPHQ��WKHQ�UDGLDO�GLVWULEXWLRQ�RI�WKH�D[LDO�VWUHVV�³]�DQG�VKHDU�VWUHVV�´U]�FDQ�
EH�GHWHUPLQHG���

,I�VWUHVV�JUDGLHQW�LQ�WKH�GLUHFWLRQ�RI�WKH�]�D[LV�LV�VPRRWK��WKH�RWKHU�VWUHVV�FRPSRQHQWV��³U�DQG��
³¨��FDQ�EH�GHWHUPLQHG�XVLQJ�WKH�HTXLOLEULXP�HTXDWLRQ�
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DQG�WKH�FODVVLFDO�VXP�UXOH��
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,I� VWUHVV� JUDGLHQW� LQ� WKH�GLUHFWLRQ�RI� WKH�]�D[LV� FDQ�QRW�EH� LJQRUHG�� WKHQ� LQVWHDG�RI� ���� WKH�
JHQHUDOL]HG�VXP�UXOH�LV�WR�EH�XVHG���
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)LJ�����$XWRPDWLF�SRODULVFRSH�$3����60�

)RU� SKRWRHODVWLF� PHDVXUHPHQWV� D� FRPSXWHU�FRQWUROOHG� SRODULVFRSH� KDV� EHHQ� FRQVWUXFWHG�
�)LJ������$V�WKH�OLJKW�VRXUFH��OLJKW�GLRGHV�KDYH�EHHQ�XVHG��2QH�SRODULVHU�DQG�RQH�TXDUWHU�ZDYH�
SODWH� DUH� FRQWUROOHG� E\� VWHSSHU�PRWRUV�� 6SHFLPHQ� LQ� DQ� LPPHUVLRQ� WDQN� LV� SODFHG� RQ� WKH�
SODWIRUP�RI�D�FR�RUGLQDWH�GHYLFH�ZKLFK�HQDEOHV�RQH�WR�VHOHFW�WKH�SDUW�RI�WKH�VSHFLPHQ�WR�EH�
PHDVXUHG��

7KH�SRODULVFRSH�FDQ�EH�XVHG�DV�D�FLUFXODU�SRODULVFRSH�DV�ZHOO�DV�D�GHYLFH�WR�XVH� WKH�SKDVH�
VWHSSLQJ�PHWKRG��$� VSHFLILF� SKDVH�VWHSSLQJ�PHWKRG�KDV�EHHQ� HODERUDWHG� WKDW� SHUPLWV� DOVR�
GHWHUPLQDWLRQ�RI�WKH�GLUHFWLRQ�RI�WKH�ILUVW�SULQFLSDO�VWUHVV����$�ODSWRS�3&��ZKLFK�LV�VXSSOLHG�
ZLWK�VRSKLVWLFDWHG�VRIWZDUH��FRQWUROV�WKH�SKRWRHODVWLF�PHDVXUHPHQWV�DQG�FDOFXODWHV�VWUHVVHV��

��� ([DPSOHV�

,Q� VWURQJO\� WHPSHUHG�GULQNLQJ� JODVVHV�ELUHIULQJHQFH� LV� KLJK�DQG�RIWHQ�PDQ\� IULQJHV� FDQ�EH�
REVHUYHG�LQ�D�FLUFXODU�SRODULVFRSH��,Q�WKLV�FDVH�WKH�IULQJH�SDWWHUQ�LV�GLJLWL]HG�DQG�XVLQJ�WKLV�
LQIRUPDWLRQ�WKH�VWUHVVHV�DUH�FDOFXODWHG����)LJ������
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)LJ�����*HRPHWU\�RI�D�WHPSHUHG�WXPEOHU��D���SK\VLFDO�DQG�GLJLWL]HG�IULQJH�SDWWHUQV��E���DQG�

D[LDO�VWUHVV�GLVWULEXWLRQ��F���
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)LJXUH���VKRZV�UHVLGXDO�VWUHVV�GLVWULEXWLRQ�LQ�WKH�QHFN�WXEH�RI�D�&57�JODVV�EXOE��,Q�WKLV�FDVH�
SKRWRHODVWLF� PHDVXUHPHQWV� ZHUH� FDUULHG� RXW� ZLWK� WKH� SKDVH�VWHSSLQJ� PHWKRG����
&LUFXPIHUHQWLDO�VWUHVV�³¨�ZDV�FDOFXODWHG�XVLQJ�WKH�JHQHUDOL]HG�VXP�UXOH������
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)LJ�����*HRPHWU\�RI�D�&57�JODVV�EXOE��D���VWUHVV�GLVWULEXWLRQ�LQ�WZR�VHFWLRQV��E���DQG�D[LDO�

DQG�FLUFXPIHUHQWLDO�VWUHVV�GLVWULEXWLRQ�RQ�WKH�LQWHUQDO� �F��DQG�H[WHUQDO��G��VXUIDFH�RI� WKH�

QHFN�WXEH��

,Q� )LJ�� ��� JHRPHWU\� RI� WKH� FURVV�VHFWLRQ� RI� D� ERZ�WLH�W\SH� ILEUH� SUHIRUP� DQG� D[LDO� VWUHVV�
GLVWULEXWLRQ�DUH�VKRZQ��,Q�WKLV�FDVH�WRPRJUDSKLF�SKRWRHODVWLF�PHDVXUHPHQWV�ZHUH�FDUULHG�RXW�
IRU����D]LPXWKV�DQG�IRU�HYHU\�GLUHFWLRQ�RI�WKH�OLJKW�EHDP�WKH�ELUHIULQJHQFH�ZDV�UHFRUGHG�IRU�
����SRLQWV���
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)LJ�����*HRPHWU\�RI�WKH�FURVV�VHFWLRQ�RI�D�ERZ�WLH�W\SH�RSWLFDO�ILEUH�SHUIRUP�DQG�D[LDO�

VWUHVV�GLVWULEXWLRQ��

)LJXUH���VKRZV�VWUHVV�GLVWULEXWLRQ�LQ�D�VWHS�LQGH[�RSWLFDO�ILEUH�SHUIRUP����
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)LJ�����'LVWULEXWLRQ�RI�WKH�D[LDO��1]��DQG�UDGLDO��1U��VWUHVV�LQ�D�VWHS�LQGH[�RSWLFDO�ILEUH�

SUHIRUP��

$FNQRZOHGJHPHQW�

7KH�VXSSRUW�RI�WKH�(VWRQLDQ�6FLHQFH�)RXQGDWLRQ�XQGHU�JUDQW�1R�������LV�JUDWHIXOO\�
DFNQRZOHGJHG��
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��6FKRO]H��+���LQ�*ODVV��1DWXUH��6WUXFWXUH��DQG�3URSHUWLHV���6SULQJHU��1HZ�<RUN���������

��*ODVWHFKQLVFKH�)DEULNDWLRQVIHKOHU���HGLWHG�E\�-HEVHQ�0DUYHGHO��+���%U�FNQHU��5���6SULQJHU��%HUOLQ���������

��.XVNH��$���5REHUWVRQ��*���LQ�3KRWRHODVWLF�6WUHVV�$QDO\VLV���:LOH\��/RQGRQ���������

��$EHQ��+���*XLOOHPHW��&���LQ�3KRWRHODVWLFLW\�RI�*ODVV���6SULQJHU��%HUOLQ���������

��$XJXVWVVRQ��%�2���:DV\O\N��-�6���DQG�6RXWKZLFN��5�'���*ODVWHFKQLVFKH�%HULFKWH�����S����������
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��&URFKHW��0�-��DQG�'HQD\HU��$���-RXUQDO�$SSOLHG�0HFKDQLFV�����S�������������������

��$EHQ��+���LQ�,QWHJUDWHG�3KRWRHODVWLFLW\��0F*UDZ�+LOO��1HZ�<RUN���������

��$EHQ��+���$LQROD��/���$QWRQ��-��LQ�3URFHHGLQJV�RI�WKH�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$GYDQFHG�7HFKQRORJ\�
LQ�([SHULPHQWDO�0HFKDQLFV�$7(0
�����8EH���������S�����������

���$EHQ��+���$LQROD��/��DQG�$QWRQ��-��3URFHHGLQJV�RI�WKH�(VWRQLDQ�$FDGHP\�RI�6FLHQFHV��
(QJLQHHULQJ����S������������������

���$QWRQ��-��LQ�3URFHHGLQJV�RI�WKH���WK�,QWHUQDWLRQDO�&RQJUHVV�RQ�*ODVV���6DQ�)UDQFLVFR���������S��������

���$EHQ��+���$LQROD��/���$QWRQ��-���(UUDSDUW��$��LQ�&ROORTXH�3KRWRPpFDQLTXH��������3RLWLHUV���������
S���������
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