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6XPPDU\

(1*/,6+

7KLV�ZRUN� LV� LQWHQGHG� WR�JLYH� D� VROXWLRQ� WR� WKH� ORZ�XVDJH�RI� WKH�PDVV� FXVWRPL]DWLRQ�
V\VWHP�WKDW�ZDV�GHYHORSHG�VRPH�\HDUV�DJR�IRU�(QVWR�

$V� D� WUDLQHH�� DQ RQ�VLWH OHDUQLQJ� RI KRZ� WKH� PDFKLQH� ZRUNV KDV� EHHQ� GRQH�� 7KH�
GLIIHUHQW�LVVXHV�DQG�SUREOHPV��DQG�WKH�ZRUNHUV�FRQFHUQV�DERXW�LW ZHUH�XQGHUVWRRG��$�ORQJ�WLPH�
RI�WKH�SURMHFW�KDV�EHHQ�GHGLFDWHG�WR�XQGHUVWDQG WKH�V\VWHP�EHWWHU�DQG�WR�GHWHFW�WKH�FDXVH�RI�WKH�
IDLOXUHV��7R�XQGHUVWDQG�WKH�V\VWHP�DV�D�ZKROH�� LW KDV�EHHQ� WKRXJKWIXOO\ DQDO\]HG��$V�HDFK�RI�
WKH�FRPSRQHQWV��WKH�3/&�ORJLF�SURJUDP��WKH�FRGH�RI�WKH�SURJUDP��DQG�DOO�WKH�HOHFWULF�FLUFXLW�LV�
SDUW�RI�D�FRPSOH[�V\VWHP��LW�UHTXLUHV�WKDW�DOO�WKH�FRPSRQHQWV�DUH�FRUUHFWO\�ZRUNLQJ�

$IWHU�WKH�DQDO\VLV�RI�WKH�PDFKLQH��WKH�VLWXDWLRQ�RI�WKH�PDFKLQH�ZDV�VWXGLHG��WR�VHH�KRZ�
LW�ZDV�ZRUNLQJ�DQG�ZKDW�SUREOHPV�ZHUH WKH�PRVW�UHFXUUHQW��'XULQJ�WKLV�WLPH��GLIIHUHQW�VWXGLHV�
KHOSHG�WR�FRPSDUH�WKH�LGHDO�96�WKH�UHDO�VLWXDWLRQ�

7KHQ��ZLWK�WKH�NQRZOHGJH�RI� WKH�PDFKLQH�DQG� LWV�VLWXDWLRQ��VROXWLRQV�ZHUH� WKRXJKW� WR�
SXW� WKH� PDFKLQH� WR� ZRUN�� 7KH� FKDQJHV� KDYH� LQYROYHG� VRIWZDUH� FKDQJHV�� FRPSRQHQW
UHSODFHPHQW��QHZ�V\VWHPV�LQWURGXFWLRQ��QHZ�DSSURDFKHV�RI�PDQXIDFWXULQJ�HWF�

'XULQJ� DOO� WKH� WLPH� D� VWXG\� RI� WKH� GLIIHUHQW� PDWHULDOV� UHVHDUFK� DQG� WH[WV� UHODWLQJ� WR�
SURFHVV�LPSURYHPHQW�DQG�PDVV�FXVWRPL]DWLRQ�KDYH�EHHQ�XVHG�WR�JDLQ�NQRZOHGJH�LQ�WKH�WRSLF�
DQG�DSSO\�LW�WR�WKH�(QVWR�FDVH��WKDW�ZD\�JRRG�SUDFWLFHV�DQG�WKLQJV�WR�LPSURYH�ZHUH�PRUH�FOHDU�

$W� WKH� VDPH� WLPH�� WKH� XVHG� VRIWZDUH� KDV� EHHQ� DQDO\]HG�� DQG� RWKHU� SRVVLELOLWLHV� KDYH�
EHHQ VWXGLHG��7KDW�VWXG\�ZDV�XVHG�WR�XQGHUVWDQG�WKH�UHDVRQV�ZK\�WKH�FXVWRPHUV�ZHUH�QRW�XVLQJ�
WKH�VRIWZDUH�RZQHG�E\�(QVWR�DV�PXFK�DV�LW�ZDV�LQWHQGHG�LQ�D�EHJLQQLQJ�



,,

7R�ILQDOL]H��DQG�DIWHU�JLYLQJ�VRPH�JXLGHOLQHV��D�FRQFOXVLRQ��DQG�IXWXUH�SRVVLELOLWLHV�RI�
WKH�PDVV� FXVWRPL]DWLRQ� V\VWHP� KDYH EHHQ� DGGUHVVHG�� WR� KHOS� WKH� FRPSDQ\� LQ� WKH� ORQJ� WHUP�
YLVLRQ�

(6721,$1

6HOOH�W||�HHPlUN�RQ�DQGD�ODKHQGXV�PLNV�NDVXWDWDNVH�OLLJD�YlKH�NRKDQGDPLVH�V�VWHHPL��
PLV� DUHQGDWL� DDVWDLG� WDJDVL� (QVWR� SRROW�� 3UDNWLNDQGLQD� ROHQ� VHOJHNV� WHLQXG� PDVLQD�
W||S}KLP}WWHG�� HULQHYDG� SUREOHHPLG� MD� W||OLVWH� PXUHG� PDVLQD� NDVXWDPLVH� NRKWD� RQ�
DUXVDDGDYDG�� 3URMHNWL� NlLJXV� RQ� SDOMX� DHJD� NDVXWDWXG� PDVLQDVW� DUXVDDPLVHNV� MD� ULNHWH�
WXYDVWDPLVHNV�� (W� WlLHOLNXOW� V�VWHHPLVW� DUX� VDDGD� RQ� VHGD� WlKHOHSDQHOLNXOW� DQDO��VLWXG�� 3/&�
ORRJLNDSURJUDPP��SURJUDPPL�NRRG�MD�HOHNWULVNHHP�RQ�RVD�NHHUXNDVW�V�VWHHPLVW��PLV�Q}XDE��HW�
N}LN�NRPSRQHQGLG�W||WDNVLG�}LJHVWL��

3HDOH� PDVLQD� DQDO��VL� VDLPH� WHDGD� PDVLQD ROXNRUUD�� NXLGDV� VHH� W||WDE� MD� PLOOLVHG�
SUREOHHPLG� RQ� N}LJH� NRUGXYDPDG�� (ULQHYDG� XXULQJXG� �YLJDGH� HVLQHYXV�� PDVLQD� WlSVXV��
Y}UGOXV�WHLVWH�PDVLQDWHJD��MQH��DLWDVLG�Y}UUHOGD�LGHDDO�MD�UHDDOVHW�ROXNRUGD�

0}HOGL�ODKHQGXVHG�NXLGDV�PDVLQ�W||OH�VDDGD��
/DKHQGXVHG��PLV�W||VVH�SDQGL�RQ�MlUJPLVHG���

x 7DUNYDUD�PXXGDWXVHG��HW�PXXWD�WRRULNX�QXOOSXQNWH�
x 9DKHWDWL�YlOMD�YLJDVHG�NRPSRQHQGLG�
x (KLWDWL�V�VWHHP��PLV�WHDWDE�W||WDMDW�PLOODO�ODDGLGD�NRQYHLHULW�
x 5DNHQGXVHOH�Y}HWXG�HULQHYDG�XXHG�WRRWPLVPHHWRGLG�

.}LNLGH� QHQGH� PXXGDWXVWH� MDRNV� NDVXWDWL� WHDGPLVL� HOHNWURRQLNDVW�� PHKDDQLNDVW��
NYDOLWHHGLMXKWLPLVHVW�� WRRWPLVMXKWLPLVHVW� MD� /HDQ� WRRWPLVHVW�� 3HDOH� PXXWXVHLG� WHKWL� XXHG�
DQDO��VLG�� HW� YHHQGXGD� PXXGDWXVWH� WRLPLPLVHV�� .DVXWXVHVVH� Y}HWXG� 3'&$� WV�NNHO�� .}LN�
DQDO��VLG�MD�XXULQJXG�DQGVLG�WHDGPLVHG�URERWL�NRKWD�MD�WlQX�VHOOHOH�VDDE�QHHG�WHDGPLVHG�HGDVL�
NDQGD� W||OLVWHOH�� HW� QDG� VDDNVLG� PDVLQDW� NRUUHNWVHOW� NDVXWDGD�� 9DOPLV� NDVXWXVMXKHQG� (HVWL�
NHHOHV�MD�KRROGXVRVDNRQG�RQ�WHDGOLN�YLJDGHVW�MD�QHQGH�WHNNLPLVH�S}KMXVWHVW�



,,,

8XULPLVH� DMDO� VDL� OlEL� W||GHOGXG� HULQHYDLG� WHNVWLPDWHUMDOH��PLV� RQ� VHRWXG� SURWVHVVLGH�
SDUHQGDPLVH� MD� PDVV� NRKDQGDPLVHJD�� HW� VDDGD� WHDGPLVL� QHQGHO� WHHPDGHO� MD� NDVXWDGD� QHLG�
WHDGPLVL�(QVWR�WHHPDO�

$QDO��VLWL�ND�NDVXWXVHO�ROHYDW�WDUNYDUD��HW�DUX�VDDGD�PLNV�NOLHQGLG�HL�NDVXWD�(QVWR�HQGD�
WDUNYDUD�QLL�QDJX�ROL�DOJXO�SODDQLWXG��0}QHG�S}KMXVHG�VHOOHNV�RQ��HW�NDVXWDMDOLLGHV�RQ�YLJDQH��
OLPLWHHULWXG�GLVDLQL�Y�LPDOXVHG�MQH�

-lUJQHE�HHVPlUNLGH�Y}UGOXV�VDDYXWDWXG�WXOHPXVWHJD�
7XOHYLNXNV� MXKXO�NXL�XXH�JHQDUWVLRRQL�PDVVL�NRKDQGDPLVH� V�VWHHP��VLVDOGDGHV�URERWLW�

MD�WDUNYDUD��GLVDLQLWDNVH�RQ�YDOPLQXG�Q}XHWH�QLPHNLUL��HW�DLGDWD�HWWHY}WWHO�VDDYXWDGD�SLNHPDV�
SHUVSHNWLLYLV�PDVV�NRKDQGDPLVH�WHHQXVW�NOLHQWLGHOH��
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&RQWHQWV

6XPPDU\�������������������������������������������������������������������������������������������������������������������������� ,
(1*/,6+ �������������������������������������������������������������������������������������������������������������������� ,
(6721,$1 ���������������������������������������������������������������������������������������������������������������� ,,

&RQWHQWV ������������������������������������������������������������������������������������������������������������������������ ,9
$EEUHYLDWLRQ�OLVW ����������������������������������������������������������������������������������������������������������� 9,
,QWURGXFWLRQ�����������������������������������������������������������������������������������������������������������������������
&RPSDQ\�����������������������������������������������������������������������������������������������������������������������
%XVLQHVV�XQLWV ���������������������������������������������������������������������������������������������������������������
3UREOHP�GHILQLWLRQ ��������������������������������������������������������������������������������������������������������
2EMHFW�GHVFULSWLRQ��&XEROLQN���&XERIOH[� �������������������������������������������������������������������
3UREOHP�VROYLQJ�PHWKRGV ���������������������������������������������������������������������������������������������

:RUN�REMHFWLYHV�DQG�WDVNV �����������������������������������������������������������������������������������������������
([LVWLQJ�OLWHUDWXUH�DQG�WKHRU\�������������������������������������������������������������������������������������������
0DVV�FXVWRPL]DWLRQ �����������������������������������������������������������������������������������������������������
3URFHVV�LPSURYHPHQW���������������������������������������������������������������������������������������������������
6WDWLVWLFDO�TXDOLW\�FRQWURO �����������������������������������������������������������������������������������������
3URGXFWLRQ�WLPH�FDOFXODWLRQ�DQG�UHGXFWLRQ ��������������������������������������������������������������
/HDQ�WKLQNLQJ �����������������������������������������������������������������������������������������������������������

'HYHORSPHQW�DQG�UHVXOWV��������������������������������������������������������������������������������������������������
0DVV�FXVWRPL]DWLRQ�LQ�(QVWR ���������������������������������������������������������������������������������������
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(UURUV�LQ�WKH�)06 ��������������������������������������������������������������������������������������������������������
6WDWLVWLFDO�TXDOLW\�FRQWURO ���������������������������������������������������������������������������������������������
0DLQWHQDQFH�VFKHGXOH��������������������������������������������������������������������������������������������������
&RPSDULVRQ�&1&�YV�&XERIOH[ ������������������������������������������������������������������������������������
7LPH�PHDVXULQJ�LQ�&1&�PDFKLQHV ��������������������������������������������������������������������������
&DOFXODWLRQ�RI�3LGOH DQG�3PDQXDO����������������������������������������������������������������������������������
7LPH�PHDVXULQJ�LQ�WKH�5RERW�FHOO����������������������������������������������������������������������������

3URGXFWLRQ�SODQQLQJ�SURFHVV ����������������������������������������������������������������������������������������
6KDUHG�ZRUN�HQYLURQPHQW��������������������������������������������������������������������������������������������
$SSO\LQJ�OHDQ�SKLORVRSK\��������������������������������������������������������������������������������������������
$FRXVWLF�VLJQDO�V\VWHP ��������������������������������������������������������������������������������������������
3URFHVV�LPSURYHPHQW�����������������������������������������������������������������������������������������������

&RQILJXUDWRU�VRIWZDUH ��������������������������������������������������������������������������������������������������
&RQFOXVLRQV����������������������������������������������������������������������������������������������������������������������
8QVROYHG�RSSRUWXQLWLHV���)XWXUH�ZRUN �������������������������������������������������������������������������

5HIHUHQFHV������������������������������������������������������������������������������������������������������������������������
$QQH[�$��/RJLF�VFKHPH�IRU�3/& �������������������������������������������������������������������������������������
$QQH[�%��0DLQWHQDQFH�VFKHGXOH ��������������������������������������������������������������������������������������
$QQH[�&��6WDWLVWLFDO�TXDOLW\�FRQWURO����������������������������������������������������������������������������������
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$EEUHYLDWLRQ�OLVW
x %20��%LOO�RI�PDWHULDOV
x &$'��&RPSXWHU�DLGHG�GHVLJQ
x &1&��&RPSXWHU�QXPHULFDO�FRQWURO
x (53��(QWHUSULVH�UHVRXUFH�SODQQLQJ
x )06��)OH[LEOH�PDQXIDFWXULQJ�V\VWHP
x 07���� RU�&XERIOH[��&XVWRPL]DWLRQ�URERW�FHOO�LQ�(QVWR
x 330��'HIHFWLYH�SDUWV�SHU�PLOOLRQ
x 60('��6LQJOH�PLQXWH�H[FKDQJH�RI�GLH
x 6:(��6KDUHG�ZRUNHU�HQYLURQPHQW
x 7S��$YHUDJH�PDQXIDFWXULQJ�F\FOH�WLPH�SHU�ZRUN�XQLW



�

,QWURGXFWLRQ

&RPSDQ\

(QVWR�LV�D�IDPLO\�EXVLQHVV�ZKLFK�ZDV�HVWDEOLVKHG�E\�(QVLR�0LHWWLQHQ�LQ�WKH�\HDU ������
&RPSDQ\� LV� VSHFLDOL]HG� LQ� WKH� GHYHORSPHQW�� PDQXIDFWXULQJ� DQG� PDUNHWLQJ� RI� HOHFWULFDO�
V\VWHPV� DQG� VXSSOLHV� IRU� WKH� GLVWULEXWLRQ� RI� HOHFWULFDO� SRZHU� DQG� HOHFWULFDO� DSSOLFDWLRQV��
&RPSDQ\� LV� FRPPLWWHG� WR�VXVWDLQDEOH�GHYHORSPHQW�DQG� LWV�JRDO� LV� WR�EH� WKH ZRUOG¶V� OHDGLQJ�
FRPSDQ\� LQ� JUHHQ� HQHUJ\� HIILFLHQF\� DQG� GLVWULEXWLRQ�� (QVWR� SURGXFWV� DUH� HQYLURQPHQWDOO\�
IULHQGO\�E\� FRQWULEXWLQJ� WR�PLQLPXP�FDUERQ� IRRWSULQW� GXH� WR� FROOHFWLRQ�UHXVH� RI�ZDVWHV� DQG�
HIILFLHQW�XVH�RI�UHVRXUFHV�

&RPSDQ\�KDV�������HPSOR\HHV�ZRUNLQJ�LQ�VDOHV�SURGXFWLRQ�VLWHV�ORFDWHG�LQ����GLIIHUHQW�
FRXQWULHV� DORQJ� (XURSH� DQG� $VLD� �$SULO�� ������� 7KHUH� DUH� DOWRJHWKHU� �� SURGXFWLRQ� VLWHV� RI�
(QVWR�� ORFDWHG� LQ� )LQODQG�� 5XVVLD�� (VWRQLD�� ,WDO\�� )UDQFH�� 6SDLQ� DQG� ,QGLD�� +HDGTXDUWHU� LV�
ORFDWHG� LQ� 3RUYRR�� )LQODQG�� (QVWR
V� \HDUO\� WXUQRYHU� LV� DERXW� ���� PLOOLRQ� HXURV� ������� VHH�
*UDSK����DQG�LW�H[SRUWV�SURGXFWV�LQWR�PRUH�WKDQ����FRXQWULHV�DORQJ�WKH�JOREH�

)LJXUH���(QVWR�WXUQRYHU�GXULQJ����������



�

(QVWR�(QVHN�$6�LV�D�JURXS�RI�(QVWR�ZKLFK� LV�ORFDWHG�LQ�(VWRQLD��(QVWR�(QVHN�$6�KDV�
WKUHH�IDFWRULHV��LQMHFWLRQ�PRXOGLQJ�IDFWRU\�LQ�7DOOLQQ��DVVHPEOLQJ�IDFWRU\�DQG�PHWDO�IDFWRU\�LQ�
.HLOD�� ,Q�$SULO������$OOSLOX[�2\�ZDV�ERXJKW�E\�(QVWR�*URXS�2\�DQG�VLQFH� WKHQ $OOSLOX[¶V�
3DLGH�IDFWRU\�LV�DOVR�SDUW�RI�(QVWR�

7KHUH�DUH���PRVW�LPSRUWDQW�YDOXHV�IRU�(QVWR�
(QVWR�HPSOR\HHV�EHFDXVH�WKH\�DUH�UHODWHG�WR�HYHU\GD\�DFWLRQV��DUH�YLVLEOH�DW�HYHU\GD\�

RSHUDWLRQV�DQG�DUH�UHODWHG�WR�FXVWRPHU�UHODWLRQVKLSV��
7UXVW� FDSLWDO� ZKLFK�PHDQV� WKDW� (QVWR� KDV� HDUQHG� DQG� ZLOO� FRQWLQXH� WR� HDUQ� LWV� WUXVW�

DPRQJ� WKH�FXVWRPHUV��HPSOR\HHV�DQG�RWKHU�VWDNHKROGHUV� WKURXJK� WKH� OR\DOW\�RI� UHODWLRQVKLSV�
EHWZHHQ�GLIIHUHQW�SDUWLHV�

([FHOOHQFH� WRZDUGV�SHUIRUPDQFH�E\� DFFHSWLQJ� QHZ�FKDOOHQJHV�� OHDUQLQJ� FRQWLQXRXVO\�
DQG�LPSURYLQJ�WKH�SHUIRUPDQFH��

5HVSHFW� IRU� WKH� FXVWRPHUV�� FROOHDJXHV� DQG� RWKHU� VWDNHKROGHUV� E\� KRQHVW� UHODWLRQVKLSV�
DQG�FROODERUDWLRQ�

(QFRXUDJLQJ� FUHDWLYLW\� E\� WKH� FRQWULEXWLRQ� RI� WKLQNLQJ� DQG� DFWLQJ� LQQRYDWLYHO\� DQG�
EHLQJ�RSHQ�PLQGHG�WR�QHZ�LGHDV�

%XVLQHVV�XQLWV

7KHUH� DUH� WKUHH� NH\� EXVLQHVV� XQLWV� RI� (QVWR�� ,QGXVWULDO� 6ROXWLRQV� �(QVWR� ,6��� (QVWR�
%XLOGLQJ�7HFKQRORJ\��(QVWR�%7� DQG�(QVWR�8WLOLW\�1HWZRUNV��(QVWR�81��

,QGXVWULDO� VROXWLRQV� �ZKLFK� UHSUHVHQW WKH� ���� RI� WKH� FRPSDQ\� VKDUH�� SURYLGHV�
HQFORVLQJ�V\VWHPV�DQG�LQGXVWULDO�FRPSRQHQWV�IRU�GHPDQGLQJ�HQYLURQPHQWV >�@��(QVWR�EXLOGLQJ�
WHFKQRORJ\� �� ZLWK� ���� RI� WKH� VKDUH�� RIIHUV� VROXWLRQV� LQ� WKH� ILHOG� RI� LQWHJUDWHG� EXLOGLQJ�
WHFKQRORJ\ >�@ DQG� ILQDOO\� WKH� ELJJHVW� EXVLQHVV� XQLWV�� ZLWK� D� ���� RI� WKH� VKDUH�� 8WLOLW\�
QHWZRUNV��RIIHUV�D�UDQJH�RI�SRZHU�GLVWULEXWLRQ�VROXWLRQV�LQ�WKH�FRUH�RI�JUHHQ�WKLQNLQJ�>�@
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)LJXUH����(QVWR�NH\�EXVLQHVV�XQLWV�DQG�WKHLU�VKDUH�����RI�DOO�WKH�NH\�EXVLQHVV�DUHDV�
(QVWR� ,QGXVWULDO� 6ROXWLRQV� �,6�� DUH� FXVWRPHU�VSHFLILF� VROXWLRQV� IRU� GHPDQGLQJ�

HQYLURQPHQWV��$ORQJ�,6�WKHUH�DUH�PDLQO\�HQFORVLQJ�VROXWLRQV�PDGH�RI�SODVWLFV�DQG�PHWDOV��VHH�
9LVXDO� ���� 1DPHG� SURGXFWV� UHTXLUH� KLJK� GHJUHH� RI� SURWHFWLRQ� �IRU� H[DPSOH� H[SORVLRQ�
SURWHFWLRQ��� ORQJ� OLIHVSDQ�DQG�H[WUHPH�GXUDELOLW\�HQVXULQJ�FOLHQWV�VDIH�ZRUNLQJ� HQYLURQPHQWV�
DW�H[WUHPH�FRQGLWLRQV�

)LJXUH����7KHUPRSODVWLF�DQG�PHWDO�HQFORVXUHV >�@
(QVWR� %XLOGLQJ� 7HFKQRORJ\� �%7� LV� DQRWKHU� NH\� EXVLQHVV� DUHD� ZKLFK� LQFOXGHV�

LQQRYDWLYH�DQG�HQHUJ\�HIILFLHQW�HOHFWULILFDWLRQ�DQG�YHQWLODWLRQ�VROXWLRQV�IRU�UHVLGHQWLDO�DQG�QRQ�
UHVLGHQWLDO� EXLOGLQJV�� 7KLV� EXVLQHVV� DUHD� LQFOXGHV� IRU� H[DPSOH� HQHUJ\� HIILFLHQW� OLJKWQLQJ��
ZLULQJ�DFFHVVRULHV��HOHFWULFDO�KHDWLQJ�VROXWLRQV�HWF� �VHH�H[DPSOHV�RQ�9LVXDO����

(QVWR� 8WLOLW\� 1HWZRUNV� �81� SURYLGHV VROXWLRQV� IRU� UHOLDEOH� HOHFWULFLW\� GLVWULEXWLRQ�
QHWZRUNV��6ROXWLRQV�DUH� RIIHUHG� LQ���PDLQ�DUHDV�� RYHUKHDG� OLQH�QHWZRUNV��XQGHUJURXQG�FDEOH�
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QHWZRUNV��SRZHU�TXDOLW\�DQG�QHWZRUN�DXWRPDWLRQ��81�LQFOXGHV�ZLGH�YDULHW\�RI�SURGXFWV�� IRU�
H[DPSOH� ORDG� EUHDN� VZLWFKHV�� IDXOW� LQGLFDWRUV�� YROWDJH� ERRVWHUV� DQG� FLUFXLW� EUHDNHUV�� 7KHVH�
SURGXFWV�KDYH�WR�VWDQG�WKH�PRVW�GHPDQGLQJ�DQG�YDU\LQJ�FRQGLWLRQV��

3UREOHP�GHILQLWLRQ

'XULQJ�WKLV�PDVWHU�WKHVLV��WKH�LPSURYHPHQW�RI�WKH�XWLOL]DWLRQ�RI�WKH�PDVV�FXVWRPL]DWLRQ�
V\VWHP�LV�WKH�JRDO�

)RU�WKH�FXVWRPL]DWLRQ�SXUSRVHV��GLIIHUHQW�PDFKLQLQJ�FHOOV�DUH�XVHG��7KUHH�RI�WKHP�DUH�
&1&� FRPPHUFLDO� PDFKLQLQJ� FHOOV�� $V� SDUW� RI� DQ� DWWHPSW WR� DFKLHYH�PDVV� FXVWRPL]DWLRQ�� D�
VSHFLDO� URERW� FHOO� ZDV� RUGHUHG LQ� ���� WR� WKH )LQQLVK FRPSDQ\�0$* �0DVWHU� $XWRPDWLRQ�
*URXS���WKLV�FHOO�ZDV�LQWHQGHG�WR�VHUYH�IRU�WKH�6PDOO�PHGLXP�EDWFKHV�JLYLQJ�HQRXJK�IOH[LELOLW\�
LQ�PDQXIDFWXULQJ�

)LJXUH����5RERW�FHOO�E\ 0$*
%XW�VLQFH�WKH�SURMHFW�VWDUWHG�LQ�������WKH�XWLOL]DWLRQ�KDV�QRW�EHHQ�DV�KLJK�DV�H[SHFWHG��

7R�KDYH�DQ�LGHD�RI�WKH�QHFHVVLW\�RI�LPSURYLQJ�WKH�XWLOL]DWLRQ UDWH�RI�WKH�URERW�FHOO �IURP�QRZ�
RQ�LW�PLJKW�EH�UHIHUUHG WR DV�07�������'DWD�RI�WKH�PDFKLQLQJ�FHOOV�IURP WKH�ODVW�WZR�\HDU�KDV�
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EHHQ� WDNHQ� IURP� WKH DUURZ�VRIWZDUH�DVVHPEO\ GDWDEDVH��07����07�� DQG�07���DUH�)DQXF�
&1&�PDFKLQHV�

)LJXUH����8WLOL]DWLRQ�RI�FXVWRPL]DWLRQ�FHOOV�LQ�����
:LWK�DOPRVW�D�����RI�WKH�DYDLODEOH� WLPH�EHLQJ� LQ� IDLOXUH�PRGH�� WKH�XWLOL]DWLRQ�UDWH� LV�

ORZ�ZKHQ�FRPSDULQJ�ZLWK�WKH�RWKHU�FHOOV�

)LJXUH����8WLOL]DWLRQ�RI�FXVWRPL]DWLRQ�FHOOV�LQ�����
,Q������WKH� IDLOXUH�SHUFHQWDJH�GURSSHG��DV�ZHOO� DV�WKH�XWLOL]DWLRQ� $V�WKH�ZRUNHUV�DQG�

SURGXFWLRQ� SODQQHUV FDQQRW� UHO\� RQ� D� PDFKLQH� WKDW� LQ� ����� ZDV� DOPRVW� ���� RI� WKH� WLPH�
VWRSSHG�GXH�WR�IDLOXUHV�DV�VHHQ�LQ�*UDSK���



�

7KH�XWLOL]DWLRQ�UDWH�LV�DERXW���WLPHV�ORZHU�LQ�WKH�07�����URERW�FHOO��WKDQ�WKH�PRVW�XVHG�
&1&�PDFKLQH��7KHUH�DUH DOVR�WZR�PRUH�WKLQJV�WKDW�VKRXOG EH�QRWHG�DERXW�WKH�URERW�FHOO��

� 7KH�VHW�XS�WLPHV�DUH�YHU\�ORZ��LI�QRW�LQH[LVWHQW�ZKHQ�FRPSDULQJ�WR�WKH�RWKHU�
PDFKLQLQJ�FHQWHUV�

� 7KH� DYDLODELOLW\� LV� VOLJKWO\� ORZHU� ZKHQ� FRPSDULQJ� WR� WKH� RWKHU� PDFKLQLQJ�
FHQWHUV

7KLV�GDWD�VXVWDLQV WKH�QHHG�WR�LPSURYH�WKH�URERW�FHOO� DV�DQ�LQFUHPHQW�ZRXOG�PHDQ�WR�EH�
DEOH�WR�XVH�WKH�URERW�FHOO�WR FXVWRPL]H�VPDOO�PHGLXP�EDWFKHV��WKXV�UHGXFLQJ�WKH�OHDG�WLPH�IRU�
RUGHUV�

2EMHFW�GHVFULSWLRQ �&XEROLQN � &XERIOH[�

7KH�PDLQ�SDUWV RI� WKH�V\VWHP�DUH� WKH� URERW�FHOO�� WKH� WZR�FRQYH\RUV� IRU WKH LQSXW� DQG�
RXWSXW� RI� WKH� SLHFHV�� WKH� GXVW� ILOWUDWLRQ� V\VWHP� DQG� WKH� 7RXFK� VFUHHQ� FRPSXWHU�� ZKHUH� WKH�
QHHGHG�SURJUDP�FDQ�EH�ORDGHG�LQWR�WKH�URERW�

)LJXUH����&XERIOH[ URERW�FHOO�OD\RXW



�

,QVLGH�WKH�URERW�FHOO��D� MLJ�V\VWHP�FDQ�EH� IRXQG�WR�DFFRPPRGDWH WKH�GLIIHUHQW�VL]HV�RI�
HQFORVXUHV�WKDW�WKH�URERW�FHOO�FDQ�KDQGOH��RQFH�WKH�SDUWV�DUH�IL[HG�LQ�WKH�MLJV��WKH�URERW�WDNHV�WKH�
QHHGHG�WRRO�DQG�VWDUWV�GULOOLQJ�WKH�ER[��7KH�IHHG�LQ DQG�IHHG�RXW�FRQYH\RUV�DUH�XVHG�WR�SXW�WKH�
HQFORVXUH�LQ�WKH�MLJ�DQG�WR�WDNH LW�RXW�

)LJXUH����,QVLGH�WKH�URERW�FHOO
7KH� MLJ� V\VWHP� LV� FRPSRVHG�E\� D�PRYDEOH� DQG� D� IL[HG�SDUW�� WKH�PRYDEOH SDUW�PRYHV�

DORQJ�WKDQNV�WR�D�VHUYRPRWRU�DGMXVWLQJ�WR�WKH�ZLGWK�RI�WKH�HQFORVXUH��7KH�FODPSV��DFWLRQHG E\�
DLU�F\OLQGHUV IDVWHQ WKH�HQFORVXUH�LQ�WKH�; DQG�=�D[LV��VHH�)LJXUH����WKH�F\OLQGHUV DUH�VWRSSHG�
ZKHQ�D�FHUWDLQ�SUHVVXUH�LV�UHDFKHG�

,Q� WKH� RWKHU� KDQG� WKH� VWRSSHUV� JR� XS� LQ� RUGHU� WR� SRVLWLRQ WKH� HQFORVXUH� LQ� WKH� ULJKW�
SRVLWLRQ� �GHSHQGLQJ�RQ� WKH�VLGHV WKDW HQFORVXUH KDV� WR�EH�PDFKLQH ZLOO�EH� LQ�RQH�VLGH�RU� WKH�
RWKHU RI�WKH�MLJ�V\VWHP���)LQDOO\�WKH�EHOWV�KHOS�WKH�HQFORVXUH�PRYH�DORQJ�WKH�MLJ��ZLWK�KHOS�RI�
DQRWKHU�F\OLQGHU WKDW�JRHV�XS�WR�KHOS�WR�REWDLQ�WKH�PRYHPHQW�DORQJ�WKH�WUDFN��VHH�)LJXUH����
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)LJXUH����-LJ�V\VWHP

)LJXUH�����%HOW�V\VWHP�LQ�-LJ
,Q� WKH� WRRO� UDFN�� WKH�GLIIHUHQW� WRROV� QHHGHG� IRU� GLIIHUHQW RSHUDWLRQV� DUH� ORFDWHG��$IWHU�

FKDQJLQJ�WKH�WRRO��WKH�OHQJWK�RI�WKH�WRRO�LV�PHDVXUHG��WR�PDNH�VXUH�WKDW�LW�LV�WKH�ULJKW�WRRO��WKLV
ZD\�� LW� SUHYHQWV� SUREOHPV�ZKHQ� WRROV� DUH� QRW� LQ� WKH� ULJKW� SRVLWLRQ� �ZKLFK�PLJKW� UHVXOW� LQ� D�
GDQJHURXV�FROOLVLRQ��DQG LW�LV DOVR�XVHG�WR�GHWHFW�LI�WKH�WRRO�KDV�EHHQ�EURNHQ�



�

)LJXUH�����7RRO�UDFN

3UREOHP�VROYLQJ�PHWKRGV

7R� XQGHUVWDQG� WKLV� VLWXDWLRQ�� WKH� ILUVW� VWHS�ZDV� WR� WDON� ZLWK WKH�ZRUNHUV� DIWHU� WKDW� D�
VWXG\� RI� WKH� PDFKLQH� DQG� WKH� SHUIRUPDQFH� ZDV� FDUULHG�� $IWHU� WKLV� DQDO\VLV� VRPH� SRVVLEOH�
FDXVHV�IRU�WKLV�ORZ�XWLOL]DWLRQ�ZHUH�IRXQG�

$IWHU� XQGHUVWDQGLQJ� WKH� PDFKLQH� IDLOXUHV�� D� OLWHUDWXUH� UHVHDUFK� KDV� EHHQ� GRQH� WR�
XQGHUVWDQG�KRZ�D�SURSHU�FXVWRPL]DWLRQ�V\VWHP�VKRXOG�EH�EXLOW�DQG�KRZ�LW�FDQ�EH�LPSURYHG�

3UHYHQWLQJ� WKH� IDLOXUHV� E\� PDNLQJ� WKH� XVHUV� XQGHUVWDQG� WKH� NQRZ�KRZ� �$GYDQFHG�
VNLOOV���DQG RIIHULQJ�DQ�RYHUYLHZ RI�WKH�NQRZ�ZK\��V\VWHPV�XQGHUVWDQGLQJ� ZLOO�KHOS�WR�XVH�WKH�
WHFKQRORJ\� EHWWHU� )LQDOO\� DQG� FRPSOHWLQJ� WKH� FODVVLILFDWLRQ� RI� NQRZOHGJH�PDQDJHPHQW >�@��
FDUH�ZK\��6HOI�PRWLYDWHG�FUHDWLYLW\��ZLOO�EH�VHHN��E\�RIIHULQJ�D�KLQW�RI�WKH�IXWXUH�SRVVLELOLWLHV��
LQ�RUGHU�WR�KHOS�WKH�FRPSDQ\ LQ�IXWXUH�VWUDWHJLF�GHFLVLRQV�



��

:RUN�REMHFWLYHV�DQG�WDVNV
0DLQ� REMHFWLYH� LV� WR� LPSURYH� WKH� XWLOL]DWLRQ� RI� WKH� FXVWRPL]LQJ� URERW� FHOO�� KHQFH

IROORZLQJ�WDVNV�KDYH�EHHQ�GHVLJQHG�WR�FRPSOHWH�GXULQJ�WKH�PDVWHU�WKHVLV
x 5HYLHZ� H[LVWLQJ� OLWHUDWXUH� RQ� PDVV� FXVWRPL]DWLRQ� V\VWHPV� DQG� SURFHVV�

LPSURYHPHQW�
x ,PSURYH�SURFHVV�FDSDELOLW\
x ,PSURYH�SURGXFWLRQ�WLPH
x 3URSRVH�QHZ�SURFHVV�ZRUNIORZ
x *XLGHOLQHV�IRU�IXWXUH�URERW�FHOO�JHQHUDWLRQ



��

([LVWLQJ�OLWHUDWXUH�DQG�WKHRU\
0DQXIDFWXULQJ� WRGD\� LV� QRW� ZKDW� LW� XVHG� WR� EH�� WKH� JOREDOL]DWLRQ �EHLQJ� WKH� PDLQ�

HQDEOHUV�� WUDQVSRUWDWLRQ� DQG� FRPPXQLFDWLRQ� LPSURYHPHQWV�� FRQVXPHU� DZDUHQHVV� DQG�
LPSURYHG�SROLWLFDO� UHODWLRQVKLS�� KDV� UHVXOWHG�� LQ� DQ HYHU�LQFUHDVLQJ�H[SHFWDWLRQ� IURP�WKH�VLGH�
RI� WKH� FXVWRPHUV� LQ� WKH� JOREDO� FRPSHWLWLYH� PDUNHW� >�@�� 6ODFN� HW� DO�� 'HILQHV� �� RSHUDWLRQV�
SHUIRUPDQFH�REMHFWLYHV�LQ�RUGHU�WR�EH�FRPSHWLWLYH�LQ�KLV�2SHUDWLRQV�PDQDJHPHQW�ERRN�>�@�

x &RVW��$ELOLW\�RI�SURGXFLQJ�DW�ORZ�FRVWV
x 4XDOLW\��3URGXFLQJ�ZLWKLQ�VSHFLILFDWLRQV�ZLWKRXW�HUURUV
x 6SHHG��5DSLG�UHVSRQVH�WR�FXVWRPHU�GHPDQGV���VKRUW�OHDG�WLPH�
x 'HSHQGDELOLW\��$ELOLW\�WR�GHOLYHU�SURGXFW�LQ�DFFRUGDQFH�ZLWK�SURPLVHV
x )OH[LELOLW\��$ELOLW\�WR�FKDQJH�RSHUDWLRQV��FDQ�FRPSULVH�IRXU�DVSHFWV

R &KDQJH�LQ�SURGXFWLRQ�YROXPH
R &KDQJH�LQ�WLPH�WR�SURGXFH
R &KDQJH�RI�PL[�RI�SURGXFWV�RU�VHUYLFHV�SURYLGHG
R $ELOLW\�WR�LQQRYDWH�DQG�LQWURGXFH�QRYHO�SURGXFWV�DQG�VHUYLFHV

)LJXUH�����7KH��VDQGFRQH��PRGHO�RI�RSHUDWLRQV�H[FHOOHQFH��>�@
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7KRVH� DUH� VRPH� HVVHQWLDO� QHHGV� RI� WKH� PRGHUQ� FRPSDQLHV� LI� WKH\� ZDQW� WR� VWD\�
FRPSHWLWLYH�� )RU� WKDW� UHDVRQ�� QHZ� SKLORVRSKLHV DUH� WU\LQJ� WR� IXOILOO� WKRVH UHTXLUHPHQWV��
H[DPSOH� RI� WKLV� DUH� WKH� OHDQ� DSSURDFKHV�� LQFOXGLQJ� 7RWDO� 4XDOLW\� 0DQDJHPHQW� DQG� 0DVV�
FXVWRPL]DWLRQ��6RPH�RI�WKH� OHDQ�DSSURDFKHV�ZLOO�EH�DQDO\]HG�DQG�XVHG�GXULQJ� WKH�WKHVLV��EXW�
ILUVW�PDVV�FXVWRPL]DWLRQ�SURFHVV�ZLOO�EH�DQDO\]HG��

0DVV�FXVWRPL]DWLRQ

0DVV�PDQXIDFWXULQJ�LV�D�SRSXODU�WRSLF�QRZDGD\V��LQ�D�FRQWH[W�ZKHUH�LV�FRQVLGHUHG�DV�D�
PDLQ�EXVLQHVV�VWUDWHJ\�IRFXVLQJ�RQ�D�WDLORUHG�GHVLJQ�DQG�GHYHORSPHQW�RI� LQGLYLGXDO�SURGXFWV�
WKDW�IXOILOO�WKH�FXVWRPHU�QHHGV��>�@

7KH�NH\� IRU�PDVV�FXVWRPL]DWLRQ� LV� IOH[LELOLW\�� RU� KLJK�YDULHW\�ZKLOH�PDLQWDLQLQJ�KLJK�
VSHHG��TXDOLW\�DQG�DFFHSWDEOH�FRVW��$QRWKHU�NH\�DELOLW\� LV WR�EH�DEOH�WR�DOLJQ�WKH�RUJDQL]DWLRQ�
ZLWK� LWV� FXVWRPHU�QHHGV >�@� 7KLV� UHSUHVHQWV� D� FRPSOH[� FDVH��ZKLFK ZRXOG�EH� LPSRVVLEOH WR�
WKLQN�DERXW�VRPH�\HDUV�DJR ZLWKRXW�DFWXDO�WHFKQRORJLHV�

7KLV�UHSUHVHQWV�DQ RSSRUWXQLW\��DV�WKH�DGGHG�YDOXH�SURYLGHG�E\�WKH�PDVV�FXVWRPL]DWLRQ
FDQ�EH�TXDQWLILHG�DV�DQ�H[WUD�SULFH��HVSHFLDOO\ LQ�DGGLWLRQDO�PDUNHW�QLFKHV�WKDW�VWDQGDUG�SURGXFW�
ZRXOGQ
W WDUJHW�>�@� 7KLV�SKHQRPHQRQ�FDQ�EH�REVHUYHG�LQ�)LJXUH����

)LJXUH�����0DVV�FXVWRPL]DWLRQ��HFRQRPLF�LPSOLFDWLRQV�>�@



��

$V�ZHOO�DV� WKH�FRPSOH[LW\�RI� WKH� IOH[LELOLW\� RI PDVV�FXVWRPL]DWLRQ� LV�D�SUREOHP�� LW� LV�
GLIILFXOW�WR�XQGHUVWDQG�WKH�UHDO�QHHGV�RI�WKH�FRVWXPHUV��GHVLJQLQJ�FRUUHFWO\�WKH�VRIWZDUH�ZKHUH�
WKH\� FDQ� FDSWXUH� ZKDW� WKH\� ZDQW� LQ� DQ� HIIHFWLYH� DQG� IDVW� ZD\�� WKDW� ZLOO� DGG� YDOXH� WR� WKH�
FXVWRPHU���DQG�ILQDOO\�LW�KDV�WR�EH�XQGHUVWRRG�WKDW�QRW�DOO�SHRSOH�LV�ZLOOLQJ�WR�SD\�WR�KDYH�WKH�
SURGXFWV�WKH\�ZDQW�FXVWRPL]HG >�@�

7KHUH�DUH�GLIIHUHQW�ZD\V�WR�UHSUHVHQW�JUDSKLFDOO\ WKH�PDVV�FXVWRPL]DWLRQ� OHYHO��EXW� LQ�
WKLV�FDVH�WKUHH�UHTXLUHG�FDSDELOLWLHV�IRU�PDVV�FXVWRPL]DWLRQ�ZLOO�EH XVHG >�@�

6ROXWLRQ� VSDFH� 'HYHORSPHQW�� ,GHQWLI\LQJ� QHHGV� RI� FXVWRPHUV� DQG� RQFH� XQGHUVWRRG��
FRPSDQ\�FDQ�GHILQH�LWV�RZQ�VROXWLRQ�VSDFH��$�W\SLFDO�WRRO�IRU�WKDW�SXUSRVH�LV�D�&$'��ZLWK�DQ�
HDV\� WR�XVH� LQWHUIDFH�� OLEUDU\� DQG�EDVLF�PRGXOHV�� LV� D� XVHIXO�ZD\� WR�XQGHUVWDQG� WKH� QHHGV�RI�
GLIIHUHQW�W\SHV�RI�LQGLYLGXDO�FXVWRPHUV�DW�ORZ�FRVW��%LJ�GDWD�FRXOG�EH�XVHG�KHUH�WR�DQDO\]H�WKH�
GDWD�DQG� OHDUQ�DERXW�FXVWRPHU�SUHIHUHQFHV��WKXV�HOLPLQDWLQJ�QRW�XVHG�RSWLRQV�DQG�PDNLQJ�WKH�
PRVW�SRSXODU PRUH�YLVLEOH�LQ�RUGHU�WR�JDLQ�VDOHV�

5REXVW� SURFHVV� GHVLJQ��9DULDELOLW\� LQ� FXVWRPHUV
� UHTXLUHPHQWV� VKRXOG� QRW�ZRUVHQ� WKH�
FDSDELOLWLHV RI�RSHUDWLRQV�DQG�VXSSO\�FKDLQ��WKXV DQ�DSSURSULDWH�SURFHVV�GHVLJQ�LV�QHHGHG��RQH�
SRVVLELOLW\ LV�WR�XVH IOH[LEOH�DXWRPDWLRQ��DQG�WKLV LV�GRQH�E\�LQFUHDVLQJ�GLJLWDOL]DWLRQ�

&KRLFH�QDYLJDWLRQ��$IWHU�VRPH�H[SHULPHQWV�� SK\FRORJLVW %DUU\�6FKZDUW]��DUJXHG� WKDW�
KDYLQJ�WRR�PDQ\�FKRLFHV UHGXFHV�WKH�YDOXH�LQVWHDG�RI�LQFUHDVLQJ�LW >�@��EHFDXVH�RI�WKDW�UHDVRQ�
QDYLJDWLRQ� LQ� WKH�PDVV� FXVWRPL]DWLRQ� VKRXOG� EH� DV� VLPSOH� DV� SRVVLEOH��$� SRVVLEOH� DSSURDFK�
FRXOG� EH� �DVVRUWPHQW� PDWFKLQJ��� ZKHUH� VRIWZDUH� DXWRPDWLFDOO\� EXLOGV� FRQILJXUDWLRQV�
DFFRUGLQJ� WR� WKHLU� FKDUDFWHULVWLFV� RI� VHWV� RI� RSWLRQV�� $OVR�� VRIWZDUH� FDQ� KDYH� D� EXLOW�LQ�
GDWDEDVH�� VR� SDVW� GHVLJQV� DUH� VDYHG�� DQG� WKRVH� FDQ� EH� UHGHVLJQ DQG FKDQJHG� DJDLQ�� RU�
UHFRPPHQGDWLRQV��EDVHG�RQ�SUHYLRXV�VHDUFKHV��PLJKW DSSHDU�IRU�HDFK�VSHFLILF�XVHU�

)RU� DFKLHYLQJ� WKH� MXVW� GHVFULEHG� WKUHH� UHTXLUHG� FDSDELOLWLHV�� WKUHH� PDLQ� HOHPHQWV� RI�
PDVV�FXVWRPL]DWLRQ�DUH�QHHGHG >�@�

(OLFLWDWLRQ�� 0DVV� FXVWRPL]DWLRQ� UHTXLUHV� D� WRRO� ZKHUH� WKH� FXVWRPHU� FDQ� HPERG\� LWV�
QHHGV��XVXDOO\�FDOOHG�FRQILJXUDWRU��6WLOO�LQ�VRPH�VLWXDWLRQV�WKH�FXVWRPHU�IHHOV�RYHUZKHOPHG�E\�
WRR�PDQ\�VHOHFWLRQV�DQG�HQGV�XS�JLYLQJ�XS�DQG�H[LWV WKH�FRQILJXUDWRU�ZLWKRXW�EX\LQJ�DQ\WKLQJ��



��

DV�VWDWHG�EHIRUH��WKH�6ROXWLRQ�VSDFH�DQG�&KRLFH�QDYLJDWLRQ�DUH�LPSRUWDQW�FDSDELOLWLHV��LQ�RUGHU�
WR�PDNH�VXUH�WKDW�FXVWRPHU�QHHGV�DUH�XQGHUVWRRG��WKH�GHVLJQ�RI�WKH�FRQILJXUDWRU�VKRXOG�JLYH�DV�
PXFK�YDOXH�WR�WKH�FXVWRPHU�DV�SRVVLEOH��)RU�JLYLQJ�FXVWRPHUV�ZKDW�WKH\�ZDQW��ILUVW�\RX�KDYH�
WR�OHDUQ�VWXG\�ZKDW�LV�WKDW�WKH\�ZDQW��6ROXWLRQ�VSDFH�GHYHORSPHQW�

3URFHVV�IOH[LELOLW\���,Q�HYHU\�LQGXVWU\�RQO\�VRPH�VWDJHV�DUH�VXIILFLHQWO\�IOH[LEOH��SURFHVV�
LQIRUPDWLRQ�EHLQJ�WKH�PRVW�IOH[LEOH�RQH��6WDUWLQJ�IURP�VLPSOH�GLJLWDOL]HG�FXWWLQJ�RSHUDWLRQV����
D[LV� WR� FRPSOH[� PLOOLQJ� URERWV� ��� RU� PRUH� D[LV��� WHFKQRORJ\� QRZDGD\V� JUDQWV� D� KXJH�
IOH[LELOLW\�LQ�WKH�SURFHVV�ZLWK�DOPRVW�LQVWDQW�SDWWHUQ�VZLWFKLQJ�

/RJLVWLFV��,W�LV�D�PXVW�WKDW�WKH�LQIRUPDWLRQ�RI�FXVWRPHU�VSHFLILF�LQIRUPDWLRQ�DQG�VRPH�
DGGLWLRQDO� LQIRUPDWLRQ�PRYHV� DORQJ� DOO� WKH�VXSSO\� FKDLQ��$Q�H[DPSOH� FDVH�FRXOG�EH D� URERW�
WKDW�PDNHV�VRPH�FXVWRP�PDGH�KROHV��EXW�WKHQ�VRPH�KXPDQV�KDYH�WR�UHFHLYH�WKH�LQIRUPDWLRQ�RI�
ZKLFK� FRPSRQHQWV� WR� DVVHPEO\� DQG� ZKHUH�� DV� ZHOO� DV� WKH� SDFNDJLQJ OLQH� VKRXOG� UHFHLYH
LQIRUPDWLRQ�DQG�ILQDOO\�WKH�DGGUHVV LQIR�VKRXOG�EH�SURYLGHG�WR�GHOLYHU�WKH�JRRGV�SURSHUO\��7KLV�
LV�WKH�HOHPHQW�WKDW�ZLOO�PDNH�WKH�EDWFK�DUULYH�RQ�WLPH��ZLWK�FRUUHFW�FRPSRQHQWV�DQG�ZKHUH�LV�
VXSSRVHG�WR�DUULYH�

$V LW� FDQ� EH� VHHQ� WKH� PRVW� FULWLFDO� SRLQWV� LQ� PDVV� FXVWRPL]DWLRQ� LV� WR� NQRZ WKH�
FXVWRPHU�QHHGV��KDYLQJ�D�SURSHU�,7�V\VWHP�ZKHUH�FXVWRPHU�FDQ�VLPSO\�FXVWRPL]H�DQG�VKRZ�LWV�
QHHGV�DQG�ILQDOO\�VRPH�WHFKQRORJ\�FDSDEOH�RI�KDYLQJ�HQRXJK�IOH[LELOLW\�WR�KDQGOH�WKH�HQWLUHO\
GLIIHUHQW�UHTXHVWV�

%XW� DOO� WKH� DSSURDFKHV� WR�PDVV� FXVWRPL]DWLRQ� DUH� QRW� WKH� VDPH�� QHLWKHU� WKH� IRUPV� RI�
SURGXFWV�GHYHORSHG >�@����$SSURDFKHV�WR�PDVV�FXVWRPL]DWLRQ�DUH�GLIIHUHQWLDWHG�

&ROODERUDWLYH�FXVWRPL]DWLRQ��7KH�FXVWRPHU�LV�LQYROYHG LQ�WKH�GHVLJQ�RI�WKH�SURGXFW��E\�
GHFLGLQJ�WKH�IHDWXUHV�DQG�VSHFLILFDWLRQV�UHTXLUHG�

$GDSWLYH� FXVWRPL]DWLRQ�� ,Q� WKLV� FDVH� WKH� FXVWRPHU� GRHVQ�W� GHFLGH WKH� IHDWXUHV� RU� IXOO�
VSHFLILFDWLRQV��EXW�VWLOO�KDV�SRVVLELOLW\�WR�FXVWRPL]H�WKH�SURGXFW��$�JRRG�H[DPSOH�RI�WKLV�NLQG�
RI� FXVWRPL]DWLRQ� FDQ� EH� D� FKDLU�� ZKHUH� WKH� LQFOLQDWLRQ� RU� KHLJKW� FDQ� EH� UHJXODWHG�� WKXV�
IXOILOOLQJ GLIIHUHQW�FXVWRPHUV
 QHHGV�DFFRUGLQJO\�



��

&RVPHWLF� FXVWRPL]DWLRQ�� 7KH FXVWRPL]DWLRQ� LV� QRW� LQ� WKH� SURGXFW� LWVHOI�� EXW� LQ� WKH�
PDUNHWLQJ��RU�KRZ�WKH�SURGXFW�LV�GLIIHUHQWO\ SUHVHQWHG�WR�GLIIHUHQW�FXVWRPHUV�

7UDQVSDUHQW� FXVWRPL]DWLRQ�� &RQVLVWV� RQ� SURYLGLQJ LQGLYLGXDO� DQG� XQLTXH� FXVWRPL]HG�
SURGXFWV��EXW�ZLWKRXW�WKH�FXVWRPHUV�VWDWLQJ�WKHLU�DFWXDO�QHHGV��EHFDXVH�WKH\�FDQQRW�VWDWH�WKHLU�
UHDO�QHHGV�ZLWK�D�FRQILJXUDWRU��RU�EHFDXVH�WKH\�GRQ
W�HYHQ�NQRZ�WKDW�WKH�SURGXFW�LV�FXVWRPL]HG�
IRU�WKHP�

3RVWSRQHPHQW�LV�DOVR�DQ�LPSRUWDQW�WRSLF�LQ�PDVV�FXVWRPL]DWLRQ��EHFDXVH�LV�RQH�RI�XVHG�
WRROV WR� JLYH� D� FXVWRPL]HG� H[SHULHQFH�� ZKLOH� XVLQJ� VRPH� RI� WKH� DGYDQWDJHV� RI� WKH� PDVV�
SURGXFWLRQ�

,Q�WKH�QH[W�ILJXUH��LW�FDQ�EH�VHHQ�KRZ�SRVWSRQHPHQW LV�XVHG�IURP�PDNH�WR�IRUHFDVW�XS�WR�
HQJLQHHULQJ�WR�RUGHU�LQ�SURGXFWLRQ�SODQV >��@�

)LJXUH�����3RVWSRQHPHQW�OHYHOV�LQ�WKH�VXSSO\�FKDLQ >��@
$V� LW� FDQ� EH� VHHQ�� PDVV� FXVWRPL]DWLRQ OLHV� EHWZHHQ� WKH� VWDQGDUGL]DWLRQ DQG�

FXVWRPL]DWLRQ��PDVV�FXVWRPL]DWLRQ�FDQ�EH GHILQHG�DV��D�SURFHVV�WKURXJK�ZKLFK�FRPSDQLHV�FDQ�



��

SURYLGH� FXVWRPL]HG�SURGXFWV� RU� VHUYLFHV�� WKURXJK� IOH[LEOH� SURFHVVHV� LQ� KLJK� YROXPHV�DQG�DW�
UHDVRQDEO\�ORZ�FRVWV� >��@�

7R� RIIHU� D� FXVWRPL]HG� SURGXFW�� ZKLOH� EHLQJ� DEOH� WR� KDYH� UHGXFHG� LGOH� WLPHV� DQG�
FRPSHWLWLYH� SULFHV�� D� SDUW� RI� VWDQGDUGL]DWLRQ LV� QHHGHG�� )DPLO\� SURGXFWV�� ZLWK� VLPLODU�
VSHFLILFDWLRQV�� RU� VWDQGDUGL]HG SDUWV�DUH� YHU\�XVHG�PHWKRGV� WR�VWD\�FRPSHWLWLYH�DQG� LPSURYH�
FRVW�DQG�UHGXFH�WKH�WLPHV��ZKLOH�RIIHULQJ�D�FXVWRPL]HG�SURGXFW� WKDW�ZLOO� ILOO� WKH�QHHGV�RI�WKH�
FXVWRPHU�

:KHQ�PRUH SRVWSRQHPHQW�LQ�WKH�VXSSO\�FKDLQ�KDSSHQV�XQWLO�WKH�SURGXFW�LV�FXVWRPL]HG�
PRUH� VWDQGDUGL]DWLRQ DQG� OHDQ� VWUDWHJLHV� ZLOO� EH� LPSOLHG�� ,Q WKH� RWKHU� KDQG�� WKH� HDUOLHU� WKH�
SURGXFW�ZLOO�EH�FXVWRPL]HG�LQ�WKH�VXSSO\�FKDLQ�WKH�FORVHU WR SXUH�FXVWRPL]DWLRQ �(QJLQHHULQJ�
WR�RUGHU��LQ�WKRVH�FDVHV DJLOH�DSSURDFKHV�ZLOO�EH�XVHG

7KH� SRVWSRQHPHQW� �ZKLFK�PHDQV� WKDW� VRPH� RI� WKH� VWHSV� LQ� WKH� VXSSO\� FKDLQ�ZLOO� EH�
VWDQGDUG��LV�ZKDW�PDNHV�SRVVLEOH�WR�RIIHU�FXVWRPL]HG�VROXWLRQV�ZLWK�D�FRPSHWLWLYH�SULFH��7KH�
SRLQW�ZKHUH�WKLV�KDSSHQV LV�FDOOHG�WKH�2UGHU�GHFRXSOLQJ�SRLQW >��@��

)RU� DQ� DSSURSULDWH� PDVV� FXVWRPL]DWLRQ� OHYHO�� VRPH� NQRZQ� SULQFLSOHV� DUH� XVXDOO\�
DSSOLHG�>�@�

x 0RGXODUL]DWLRQ�RI�SURGXFWV��SURFHVV�DQG�WHDPV
x $SSO\LQJ�SRVWSRQHPHQW
x $SSO\LQJ�WKH�SULQFLSOHV�RI�IOH[LELOLW\�PDQXIDFWXULQJ�DQG�OHDG�WLPH�UHGXFWLRQ
x ([WHQG�FRVW�HIIHFWLYH�SULQFLSOHV�WKURXJKRXW�VXSSO\�FKDLQ
x $SSO\� ')0&� �'HVLJQ� )RU� 0DVV� &XVWRPL]DWLRQ�� SULQFLSOH� LQ� WKH� SURGXFW�

GHYHORSPHQW�SKDVH
x &XVWRPHU�LQWHJUDWLRQ��&50��DQG�PDUNHW�VWXG\
x (VWDEOLVKLQJ�VRSKLVWLFDWHG�LQIRUPDWLRQ�V\VWHPV

8VLQJ�')0&�PHDQV��GHVLJQLQJ�WKH�SURGXFW�WR�EH PDVV FXVWRPL]DWLRQ�UHDG\�� WR�GR�VR
IDPLO\ SURGXFWV�� DQG� VLPLODU� FRPSRQHQWV� VKRXOG� EH� XVHG�� DQRWKHU� NH\� SURFHVV� LV� WKH�
PRGXODULW\�� VKDUHG�PRGXOHV� IRU� GLIIHUHQW� SURGXFWV� WR� KHOS� KDYLQJ� VWDQGDUGL]HG� SDUWV�� LW�ZLOO�
KHOS� PHUJLQJ WKH� PDVV� SURGXFWLRQ� DQG� WKH� FXVWRPL]DWLRQ�� LQ� RUGHU� WR� REWDLQ FXVWRPL]HG�
SURGXFWV�DW�FRPSHWLWLYH SULFHV�



��

:KHQ� DGGLQJ� WKH�GHVLJQ� DV� DQ� HQDEOHU� IRU�0&� �PDVV� FXVWRPL]DWLRQ��� � GLIIHUHQW� NH\�
HQDEOHUV�IRU�WKH�GLIIHUHQW�FDWHJRULHV DUH�IRXQG >��@�

,Q� GHVLJQ� WKH� PRGXODUL]DWLRQ�� SURGXFWV IDPLO\�� VKDUHG� FRPSRQHQWV� DQG� SURFHVV�
FRPPRQDOLW\� KHOS� LQ� HQDEOLQJ� WKH� 0&�� 'HVLJQ� )RU� 0DVV� &XVWRPL]DWLRQ� �')0&�� DLPV� DW�
FRQVLGHULQJ�HFRQRPLHV�RI�VFRSH�DQG�VFDOH�DW�HDUO\�VWDJHV RI�WKH�SURGXFW�GHVLJQ��>�@�

,Q� PDQXIDFWXULQJ�� DGYDQFHG� PDQXIDFWXULQJ� WHFKQRORJLHV VXFK� DV� )06� �)OH[LEOH�
PDQXIDFWXULQJ�V\VWHPV��KHOS� LQ�REWDLQLQJ� WKH�QHHGHG� IOH[LELOLW\� )06�DUH� FRPSRVHG�E\� WZR�
SDUWV��7KH�SK\VLFDO��ZKHUH�WKH�QHHGHG�DXWRPDWLRQ�WHFKQRORJLHV�DUH�SUHVHQW�KHUHE\�DGDSWLQJ WR�
GLIIHUHQW�QHHGV��RIWHQ�URERWV�DUH�XVHG�GXH�WR�WKHLU IOH[LELOLW\��WKH�RWKHU�SDUW�LV�WKH�FRQWURO�SDUW��
ZKLFK GHWHUPLQHV� KRZ� WKH� SK\VLFDO� SDUW� VKRXOG� SHUIRUP� WKH� WDVNV� IRU� HDFK� RUGHU� LQ� DQ�
RUJDQL]HG�DQG�RSWLPDO�ZD\� $QRWKHU�HQDEOHU� LQ�PDQXIDFWXULQJ� LV� WKH�SRVWSRQHPHQW�DV�VWDWHG�
HDUOLHU��DQG�SURFHVV�LPSURYHPHQW�LQ�RUGHU�WR�REWDLQ�D�FRVW�HIIHFWLYH DQG�HUURU�SUREH�SURFHVV�

)LQDOO\� LQ�VDOHV DQG�SXUFKDVHV� WKH FRPPRQO\�XVHG HQDEOHUV�DUH� WKH� ,7� WRROV�� VXFK�DV�
FRQILJXUDWRUV�DQG�RUGHU�SURFHVVRUV��$FFRUGLQJ�WR�D�UHFHQW�0F.LQVH\�VXUYH\� GLJLWDO�RSHUDWLRQV�
DUH� D� FULWLFDO� GULYHU� RI� FRPSHWLWLYHQHVV�� DW� WKH� VDPH� WLPH��PDQXIDFWXUHUV� LGHQWLILHG� D� GUDVWLF�
QHHG� RI� LPSURYHPHQW� LQ� FHUWDLQ� DSSOLFDWLRQV� WR� KHOS WKHP ZLWK� WKH� LQWHJUDWLRQ� DQG�
FROODERUDWLRQ LQ� SURFHVVHV >��@� $QRWKHU� UHFHQW� WUHQG� LV� WKH� XVH� RI� 6RIWZDUH� DV� D 6HUYLFH�
�6$$6���RIIHULQJ�D�FRVW�HIIHFWLYH��HDVLO\�VFDODEOH�DQG�YHU\�IOH[LEOH�,7�WRROV��WKDW�WUDGLWLRQDOO\�
KDYH�EHHQ� LQVWDOOHG� LQ�KRXVH�� WKLV� UHSUHVHQWV�DQ�RSSRUWXQLW\� WR� DGDSW� WR� WKH� UDSLGO\�FKDQJLQJ�
EXVLQHVV�HQYLURQPHQW�ZLWK�HDVH��DQG�ZLWKRXW�ELJ�XSIURQW�LQYHVWPHQWV�



��

)LJXUH�����3URSRVHG�IUDPHZRUN�IRU�WKH�FDWHJRUL]DWLRQ�RI�0&�HQDEOHUV��>��@

3URFHVV�LPSURYHPHQW

$V� WKUHH� RI� WKH� WDVNV� IRU� WKLV� PDVWHU� WKHVLV� LQYROYH� LPSURYLQJ� WKH� PDFKLQH� RU� WKH�
SURFHVV� LQ�VRPH�ZD\��D� UHYLHZ�RI�ZLGHO\�XVHG�PHWKRGV�ZLOO�EH�GRQH� LQ�RUGHU� WR�SURYLGH� DQ�
XQGHUVWDQGLQJ�IRU�WKH�PHWKRGV�WKDW�ZLOO�EH�XVHG�LQ�WKH�GHYHORSPHQW�SDUW�

6WDWLVWLFDO�TXDOLW\�FRQWURO
$V� VWDWHG� EHIRUH� TXDOLW\� LV� RQH� RI� WKH� NH\� FKDUDFWHULVWLFV� IRU FRPSHWLWLYHQHVV� DQ�

H[DPSOH�WR�WKDW�HQG FRXOG�EH�WKH�ULVH�RI�740�DSSURDFK�LQ�WKH�RUJDQL]DWLRQV�
'LIIHUHQW� WRROV� DUH� XVHG� E\� TXDOLW\� SURIHVVLRQDOV� WKH� VHW� RI� WKHP� LV� GHVFULEHG� DV�

6WDWLVWLFDO�TXDOLW\�FRQWURO��64&���7KRVH�WRROV�FDQ�EH�GLYLGHG�LQWR WKUHH�FDWHJRULHV >��@�



��

x 'HVFULSWLYH� VWDWLVWLFV�� )RFXV� RQ� WKH� FROOHFWLRQ�� DQDO\VLV�� SUHVHQWDWLRQ� DQG�
GHVFULSWLRQ�RI�D�VHW�RI�GDWD�>��@�

x 6WDWLVWLFDO�SURFHVV�FRQWURO��,QYROYHV�UDQGRP�LQVSHFWLRQ�RI�D�VDPSOH�WR�GHFLGH�LI�
WKH�SURFHVV�LV�SURGXFLQJ�ZLWKLQ�SUHGHWHUPLQHG�UDQJH�

x $FFHSWDQFH�VDPSOLQJ��3URFHVV�RI�GHFLGLQJ�LI�D�EDWFK�LV�JRLQJ�WR�EH�DFFHSWHG�RU�
QRW�GHSHQGLQJ�RQ�D�UDQGRP�LQVSHFWLRQ�RI�D�VDPSOH�JRRG�

'HVFULSWLYH� VWDWLVWLFV� XVH D� VHW� RI� PHDVXUHV� LQ� RUGHU� WR� DQDO\]H� WKH� LQSXW� GDWD� DQG�
XQGHUVWDQG�ZKDW�WKH�GDWD�VKRZV��6RPH�RI�WKH�PRVW�XVHG�GHVFULSWLYH�VWDWLVWLFV�DUH�

x 7KH�PHDQ�RU�DYHUDJH� 0HDVXUHV�FHQWUDO�WHQGHQF\�RI�D�VHW�RI�GDWD LV�FDOFXODWHG�
E\�WKH�VXP�RI�DOO�WKH�VHW�RI�GDWD�DQG�GLYLGLQJ�LW�E\�WKH�QXPEHU�RI�LWHPV�WDNHQ�LQ�
WKH�VHW�RI�GDWD�

x 5DQJH��,V�WKH�GLIIHUHQFH�EHWZHHQ�WKH�VPDOOHVW�DQG�ODUJHVW�YDOXH�
x 6WDQGDUG�GHYLDWLRQ��0HDVXUHV�WKH�DPRXQW�RI�GDWD�GLVSHUVLRQ�DURXQG�WKH�PHDQ��LV�

FDOFXODWHG DV�IROORZLQJ >��@�

ߪ ൌ ඨσ ሺݔ െ ҧሻଶୀଵݔ
݊ െ ͳ ���

:KHUH�
ǔ �6WDQGDUG�GHYLDWLRQ�RI�D�VDPSOH
ҧݔ  �7KH�PHDQ
 �2EVHUYDWLRQ�L��L� ���«�Qݔ
Q �QXPEHU�RI�REVHUYDWLRQV�LQ�WKH�VDPSOH
63&�XVXDOO\�XVHV�FRQWURO�FKDUWV��ZKHUH�LW�FDQ�EH�VHHQ�LI�WKH�SURFHVV�LV�RXW�RI�FRQWURO��RU�

KRZ�VWDEOH�LW�LV��)RU�WKDW�SXUSRVH�GLIIHUHQW�W\SHV�RI�FRQWURO�FKDUWV�DUH�XVHG�
x 0HDQ� FKDUWV� �[�%DU��� 7KH� FKDQJHV� RQ� WKH�PHDQ� YDOXH� DUH� UHSUHVHQWHG� WR� VHH�

KRZ�WKH\�HYROYH�
x 5DQJH�FKDUWV��5���0RQLWRUV FKDQJHV�LQ�WKH�GLVSHUVLRQ�RI�WKH�SURFHVV



��

7KRVH�PHDVXUHV�VKRXOG�VKRZ�WKDW�WKH�SURGXFWLRQ�SURFHVV�LV�LQ�D�VWDWH�RI�FRQWURO�LGHDOO\��
$�YHU\�XVHG� DQG� LPSRUWDQW�PHDVXUH�ZKHQ� HYDOXDWLQJ� WKH� DELOLW\� RI� WKH�SURFHVV� LV� FDOOHG� WKH�
SURFHVV� FDSDELOLW\��ZKLFK� UHSUHVHQWV� WKH� DELOLW\� RI� D� SURGXFWLRQ�SURFHVV� WR� H[FHHG� WKH�SUHVHW�
VSHFLILFDWLRQV�

3URFHVV� FDSDELOLW\ LV� D� NH\� ILJXUH IRU� WKH� VL[� VLJPD� TXDOLW\�� ZLGHO\� XVHG� LQ� OHDQ�
WHFKQLTXHV��KDYLQJ�D�KLJK�SURFHVV�FDSDELOLW\�LV D UHTXLUHPHQW LQ�GLIIHUHQW�LQGXVWULHV�

� 7KH�SURFHVV�FDSDELOLW\� LQGH[��&S��LV�FDOFXODWHG�DV�IROORZLQJ�IRU�D� WRWDO�RI���VWDQGDUG�
GHYLDWLRQV�

ܥ ൌ ݊݅ݐ݂ܽܿ݅݅ܿ݁ݏ �ݐ݀݅ݓ
ݏݏ݁ܿݎ �ݐ݀݅ݓ ൌ ܮܷܵ െ ܮܵܮ

ߪ
���

86/�VWDQGV�IRU�8SSHU�VSHFLILFDWLRQ�OLPLW��DQG�/6/�VWDQGV�IRU�ORZHU�VSHFLILFDWLRQ�OLPLW��
8VLQJ�SURFHVV�FDSDELOLW\�LV�HQRXJK�LI�WKH SURFHVV�YDULDELOLW\�LV�FHQWHUHG��EXW�LI�QRW��&SN LV�XVHG�

ܥ ൌ ��� ቀୗିஜଷ ǡ ஜିୗଷ ቁ ���

%HLQJ���WKH�PHDQ�RI�WKH�SURFHVV�
'LIIHUHQW�SURFHVV�FDSDELOLW\ XVLQJ�GLIIHUHQW�VWDQGDUG�GHYLDWLRQ��UHODWHV�WR GLIIHUHQW�330�

�'HIHFWLYH SDUWV�SHU�PLOOLRQ��DV�LW�FDQ�EH�VHHQ�LQ�WKH�QH[W�SLFWXUH�

)LJXUH�����330�GHIHFWLYH IRU���RU���VLJPD�TXDOLWLHV�>��@



��

)LQDOO\�� WKH� SURGXFW� VSHFLILFDWLRQV�� DOVR� NQRZQ� DV� WROHUDQFHV�� H[SUHVV� WKH� DFFHSWDEOH�
TXDOLW\�PHDVXUDEOH�FKDUDFWHULVWLFV�

$V�QRW� DOO� WKH�SLHFHV� FDQ�EH�PHDVXUHG�� LW� LV� XVXDO� WR� XVH�SUREDELOLW\� SORWV�� WR� VHH� WKH�
FRUUHODWLRQ� EHWZHHQ�PHDVXUHV� LQ� GLIIHUHQW� SLHFHV�� 2QH� RI� WKH�PRVW� XVHG� GLVWULEXWLRQV� LV� WKH�
QRUPDO� GLVWULEXWLRQ��ZKLFK� LV� HDVLO\� UHFRJQL]HG� E\� WKH�EHOO� VKDSH� DV� VHHQ� LQ )LJXUH� ���� 7KH�
SURSHUWLHV�RI�WKH�QRUPDO�GLVWULEXWLRQ�DUH�WKH�IROORZLQJ >��@�

x 7KH�QRUPDO�GLVWULEXWLRQ�LV�EHOO�VKDSHG�DQG�V\PPHWULFDO�LQ�DSSHDUDQFH
x 7KH� QRUPDO� GLVWULEXWLRQ� PHDVXUHV� RI� FHQWUDO� WHQGHQF\� �PHDQ�� PHGLDQ� DQG�

PRGH�
x 7KH�QRUPDO�GLVWULEXWLRQ�SUREDELOLWLHV�DUH�GHWHUPLQHG�E\�WZR�FKDUDFWHULVWLFV��,WV�

PHDQ�����DQG�LWV�VWDQGDUG�GHYLDWLRQ�ı�
x 7KH�QRUPDO�GLVWULEXWLRQ�KDV�D�WKHRUHWLFDOO\�LQILQLWH�UDQJH�

7R� VHH� LI� D� VHW� RI� GDWD� LV� IROORZLQJ� D� QRUPDO� GLVWULEXWLRQ� QRUPDO� SUREDELOLW\� SORW� LV�
XVHG�� ZKHUH� WKH� SORW� VKRXOG� ORRN� OLNH� D� VWUDLJKW� OLQH� PHDQLQJ� WKDW� LV� IROORZLQJ� WKH� QRUPDO�
GLVWULEXWLRQ�� DOO� WKH� SUHYLRXVO\� H[SODLQHG� QXPEHUV� DQG� JUDSKV� DUH� HDVLO\� UHSUHVHQWHG� XVLQJ�
VSHFLDOL]HG VRIWZDUH�VXFK�DV�0LQLWDE�

3URGXFWLRQ�WLPH�FDOFXODWLRQ DQG�UHGXFWLRQ
7KH� PDQXIDFWXULQJ� F\FOH� WLPH� LV� FRPSULVHG� RI� RSHUDWLRQ� F\FOH� WLPH� DQG� GRZQWLPH

�ZKLFK LV�WKH�VXP�RI�ORDGLQJ�XQORDGLQJ��VHW�XS�DQG�PDFKLQH�LGOH�WLPH��
7KH�IRUPXODV IRU�PDQXIDFWXULQJ�WLPH �SHU�EDWFK�DQG�ZRUN�XQLW��DUH�WKH�IROORZLQJ >��@�

ܶ ൌ ௌܶ  ூܶ  ܳ ή ሺ ܶ  ைܶሻ ���
:KHUH��
7%��%DWFK�SURFHVVLQJ�WLPH
768��6HW�XS�WLPH
7,'��0DFKLQH� LGOH� WLPH�!�0DMRU� UHDVRQV� LQFOXGH� VWDUYDWLRQ� RU� EORFNLQJ� RI� SDUWV� DQG�

ZRUNHU�XQDYDLODELOLW\�



��

4L��4XDQWLW\�RI�L�WK�EDWFK
7/8�� /RDGLQJ�XQORDGLQJ� WLPH� SHU� ZRUN� XQLW� �!� 5HTXLUHG� IRU� WKH� LQLWLDOL]DWLRQ DQG�

UHOHDVH�RI�PDFKLQH�RSHUDWLRQ�
72��2SHUDWLRQ�WLPH�SHU�ZRUN�XQLW

ܶ ൌ ܶ
ܳൗ ൌ ሺ ௌܶ  ூܶሻ

ܳൗ  ܶ  ைܶ ���

:KHUH�
73��$YHUDJH�PDQXIDFWXULQJ�F\FOH�WLPH�SHU�ZRUN�XQLW
2&7��2SHUDWLRQ�F\FOH�WLPH�� ைܶ�

'&7��'RZQWLPH �WLPH�ZKHUH�PDFKLQH�LV�QRW�ZRUNLQJ�HTXDOV� �ሺ ௌܶ  ூܶሻ
ܳൗ  ܶ

&\FOH WLPH� SHU� ZRUN� XQLW� LV� WKH� VXP� RI� WKH� RSHUDWLRQ� F\FOH� WLPH �2&7� DQG� WKH�
GRZQWLPH �'&7���DV�LW�FDQ�EH�VHHQ�H[WUDFWHG�IURP�HTXDWLRQ�����

2&7�LV�XVXDOO\�GHILQHG�E\�WKH�PDFKLQH�DQG�LV�GLIILFXOW�WR�FKDQJH�XQOHVV�FRVWO\�FKDQJHV�
DUH�PDGH��$QRWKHU�ZD\�WR�UHGXFH�WKH�SURGXFWLRQ�WLPH�SHU�SLHFH�LV�WR�UHGXFH�WKH�'&7��WR�GR�VR
GLIIHUHQW�WLPHV FDQ�EH�DGMXVWHG��RU�EDWFK�VL]H�FRXOG�EH�FKDQJHG��EXW�WKLV�LV QRW�XVHIXO�DV�EDWFK�
VL]H�LV�GHWHUPLQHG�E\�GXH�GDWH�DQG�SULRULW\�>��@��6R RWKHU�ZD\V�WR�LPSURYH WKH�WRWDO�WLPH�SHU�
ZRUN�XQLW�DUH WR�UHGXFH WKH�ORDGLQJ�XQORDGLQJ�WLPH��WKH�VHW�XS�WLPH�RU�WKH�LGOH�WLPH��

7R�UHGXFH� WKH� ORDGLQJ�XQORDGLQJ� WLPH��SURFHVV�FRXOG�EH�DXWRPDWL]HG�� RU�VSHFLDO� WRROV�
GHVLJQHG�WR�KHOS�WKH�ZRUNHUV�LQ�WKH�SURFHVV�

)RU� UHGXFLQJ� WKH� VHW� XS� WLPH� GLIIHUHQW� PHWKRGV FDQ� EH� XVHG�� VXFK� DV� 6LQJOH�0LQXWH�
([FKDQJH�RI�'LH��60('���)LUVWO\�DOO�WKH�WDVN��FRPSRQHQWV�DQG�WRROV�LQYROYHG�LQ�WKH�VHW�XS�DUH�
LGHQWLILHG��6HFRQGO\� WKH� LQWHUQDO� DQG�H[WHUQDO� RSHUDWLRQV�DUH�GLVWLQJXLVKHG��7KHQ�� DOO� LQWHUQDO�
RSHUDWLRQV� WKDW�FRXOG�EH� WXUQHG� LQWR�H[WHUQDO� DUH�FRQYHUWHG�� WKXV�KHOSLQJ� WR�KDYH�DV�PXFK�DV�
SRVVLEOH�SUHSDUHG�IRU�ZKHQ�WKH�PDFKLQH�LV�VWRS��)LQDOO\�WKH�XQQHFHVVDU\ RSHUDWLRQV�VKRXOG�EH�
HOLPLQDWHG��DQG�RSWLPL]DWLRQ�VKRXOG�EH�GRQH��VWDUWLQJ�E\�LQWHUQDO�RSHUDWLRQV�DQG�IROORZLQJ�E\�
H[WHUQDO��
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3DUW�RI�WKH�LGOH�WLPH��LV�SURGXFHG�E\�KXPDQ�IDFWRUV�ZKLFK�PLJKW QRW�HDV\�WR�FRQWURO�E\�
WKH�PDQDJHPHQW�� EXW� RWKHU� SDUW� RI� WKH� LGOH� WLPH� LV� SURGXFHG� EHFDXVH� WKH� SURFHVVHV� DUH QRW�
FRUUHFWO\�EDODQFHG��LW� LV�QHFHVVDU\ WR�FRQVLGHU�ORJLFDO�RUGHU�RI�WDVNV�DQG�WKH�WLPH�UHTXLUHG�IRU�
HDFK�RQH� >�@� ,Q� WKH�FDVH�RI� IOH[LEOH�PDQXIDFWXULQJ� LV�PRUH�GLIILFXOW��DV�HDFK�QHZ�EDWFK�ZLOO�
UHTXLUH�GLIIHUHQW�RSHUDWLRQV�DQG�GLIIHUHQW� WLPHV�� WKXV� LQ�RQH�EDWFK�� WKH�ZRUNHUV�PLJKW� KDYH�D�
ORZ�ZRUNORDG��DQG�D� KLJKHU� RQH� LQ�RWKHU�FDVHV��%XW�DV� LQ� WKH�FDVHV�ZKHQ�&1&�PDFKLQLQJ� LV�
GRQH�� WKH� ZRUNHU� KDV� WR� EH� ZDLWLQJ� XQWLO� WKH�PDFKLQH� SURFHVVHV� WKH� SLHFH�� WKLV� WLPH� EHLQJ�
ELJJHU� WKDQ� WKH� ORDGLQJ�XQORDGLQJ� WLPH�� WKH� ZRUNHU� LV� QRW� DGGLQJ� YDOXH� IRU� D� FRQVLGHUDEOH�
DPRXQW RI�WLPH��%HFDXVH�RI�WKDW��6KDUHG�:RUNHU�(QYLURQPHQW��6:(��H[LVWV�

$V�HIILFLHQW� ODERU XVH� LV�DQ LPSRUWDQW� IDFWRU� RI� FRPSHWLWLYHQHVV�� VRPH�FRPSDQLHV�DUH�
XVLQJ�RQH�ZRUNHU�WR�RSHUDWH�GLIIHUHQW�PDFKLQHV�GXULQJ�WKH�LGOH�WLPH�RI�ZRUNHUV�>��@� 7KH�LGHD�
LV� WR� XVH� WKH� ZDLWLQJ� WLPH� ZKHQ� WKH� FHOO� LV� PDFKLQLQJ� WR� ORDG�XQORDG� WKH� SLHFHV� LQ� DQRWKHU�
PDFKLQH��%\�GRLQJ�WKLV��WKH�SURGXFWLRQ�UDWH�FDQ�EH�LQFUHDVHG�ZLWK�WKH�VDPH�DPRXQW�RI�ODERU�

/HDQ�WKLQNLQJ
7KHUH�DUH�ILYH�PDLQ�SULQFLSOHV�IRU�/HDQ�WKLQNLQJ >��@�
6SHFLI\� 9DOXH�� 9DOXH� LV� GHILQHG� E\� WKH� FXVWRPHU�� VR� LW LV� FULWLFDO� WR� KDYH� D� JRRG�

XQGHUVWDQGLQJ�RI�ZKDW�LV�ZKDW�FXVWRPHU�UHDOO\�QHHGV�
,GHQWLI\� WKH� YDOXH� VWUHDP�� &RQVLVWV� RQ� HOLPLQDWLQJ :DVWHV DQG� PLQLPL]LQJ� WKH�

QHFHVVDU\�DFWLYLWLHV� :DVWH�FRXOG�EH�GHILQHG�DV�DQ\�DFWLYLW\� WKDW�HYHQ�XVLQJ�UHVRXUFHV�GRHVQ
W�
FUHDWH�YDOXH��6WUDWHJ\ VKRXOG�EH�WR�HOLPLQDWH�QRQ�YDOXH�DGGLQJ�WDVNV�DQG�PLQLPL]LQJ�QHFHVVDU\�
EXW�QRQ�YDOXH�DGGLQJ�WDVNV��7KHUH�DUH���PDLQ�VRXUFHV�RI�ZDVWH�GHILQHG >��@�

x 2YHU�SURGXFWLRQ��0DNLQJ�PRUH�WKDQ�WKH�QHHGHG�DPRXQW UHTXLUHG�E\�FXVWRPHU��
WR�PDNH�LW�HDUOLHU�WKDQ�QHHGHG�RU�WR�PDNH�LW�MXVW�LQ�FDVH�

x :DLWLQJ�WLPH��$Q\�GHOD\�EHWZHHQ�VWHSV��ZKLFK�DIIHFW�QHJDWLYHO\ WR�WKH�IORZ�RI�
SURGXFWLRQ�

x 7UDQVSRUW��0RYHPHQW�RI�PDWHULDOV�RU�LQIRUPDWLRQ�ZKLFK�LV�QRW�UHTXLUHG�
x 2YHU�SURFHVVLQJ��$GGLQJ�PRUH�YDOXH�WKDQ�WKH�FXVWRPHU�LV�DVNLQJ�IRU�
x ,QYHQWRU\���([FHVV�LQYHQWRU\�EHWZHHQ�RSHUDWLRQV��:,3��RU�H[FHVV�ILQDO�VWRFN�



��

x 0RWLRQ��8QQHFHVVDU\ PRYHPHQW�RI�ZRUNHUV�RU�PDFKLQH�ZKLFK�LV�QRW�QHFHVVDU\�
IRU�SURGXFWLRQ�

x 'HIHFWLYHV�� 3URGXFW� GHIHFWV UHZRUN RU� VHUYLFH� GHIHFWV�� $� GHIHFW� PD\� LQYROYH�
WKURZLQJ�WKH�SLHFH�DQG�GRLQJ�D�QHZ�RQH��RU�ZDVWLQJ�UHVRXUFHV�WR�LPSURYH�LW�

)ORZ��$IWHU�VSHFLI\LQJ�WKH�YDOXH�DQG�LGHQWLI\LQJ�WKH�YDOXH�VWUHDP��LW�VKRXOG�EH�HQVXUHG�
WKDW�WKHUH�LV�D�FRQWLQXRXV�IORZ�GXULQJ�WKH�VXSSO\�FKDLQ�

3XOO���3XOO�PHWKRG�PHDQV�WR�SURGXFH�H[DFWO\�ZKDW�FXVWRPHUV
 QHHG�DQG�WR�KDYH HQRXJK�
IOH[LELOLW\�WR�FRSH�ZLWK�WKH�FKDQJHV�WKDW�FRXOG�KDSSHQ�

3HUIHFWLRQ��&RQWLQXRXV�LPSURYHPHQW�LV�D�NH\�WRSLF�LQ�ERWK�/HDQ�SKLORVRSK\�DQG�7RWDO�
TXDOLW\� PDQDJHPHQW�� &XVWRPHU� H[SHFWDWLRQV� VKRXOG� EH� PHW� ZLWKLQ� WLPH� DQG� TXDOLW\�
UHTXLUHPHQWV� $V�6KLJHR�6KLQJR� FRQVLGHUHG�WKH�PDLQ�H[SHUW�LQ�WKH�7R\RWD�SURGXFWLRQ�V\VWHP��
RQFH�VDLG��³7KH�PRVW�GDQJHURXV�NLQG�RI�ZDVWH� LV� WKH�ZDVWH�ZH�GR�QRW� UHFRJQL]H�´� >��@ ,W� LV�
UHDOO\�FULWLFDO�WR�NQRZ�ZKHUH�ZDVWH� LV�KDSSHQLQJ��EHFDXVH�RWKHUZLVH� LW� LV� LPSRVVLEOH�WR�NQRZ�
ZKHUH�WKH�SRVVLELOLWLHV�IRU�LPSURYHPHQW DQG�SHUIHFWLRQ FRXOG�KDSSHQ�
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'HYHORSPHQW�DQG�UHVXOWV
'XULQJ� WKLV� FKDSWHU�� WKH� DFWXDO� V\VWHP�ZLOO� EH�GHVFULEHG�� LQFOXGLQJ� WKH�SUREOHPV� WKDW�

KDYH�EHHQ�GHWHFWHG��7KH�ILUVW�VWHS�LQ�WKH�GHYHORSPHQW�KDV�EHHQ WR�XQGHUVWDQG�KRZ�WKH�PDFKLQH�
ZRUNV� DQG� ZKDW� DUH WKH� HUURUV�FDXVHV� WULJJHULQJ� WKH� HUURUV� DQG� ORZ� XWLOL]DWLRQ�� E\� GRLQJ�
GLIIHUHQW�DQDO\VLV�� VXFK�DV�6WDWLVWLFDO�TXDOLW\� FRQWURO��FRPSDULQJ� WKH� URERW�FHOO�ZLWK� WKH�&1&�
PDFKLQH�FHOOV�DQG�HYHQ�D�VHW�RI�LQVWUXFWLRQV�IRU�WKH�ZRUNHUV��

$IWHUZDUGV��RQFH�WKH�SUREOHPV�VWDUW�DULVLQJ��DQG�WKH�FDXVHV�RI�WKHP�FRXOG�EH�GHWHFWHG�
VRPH�FKDQJHV�ZHUH�GRQH� LQ� WKH� URERW� FHOO� WR� VROYH� WKH�SUREOHPV�� DQG� VHH� WKH� UHDO� VRXUFH�RI�
WKHP��7KHQ�UXQQLQJ�WKH�PDFKLQH�DJDLQ�WR�FKHFN�LI�WKH�SUREOHPV�KDYH�GLVDSSHDUHG RU�QRW�

0DVV�FXVWRPL]DWLRQ�LQ�(QVWR

7KH� 3URGXFW� SURFHVV� 0DWUL[�� GHYHORSHG� E\� +D\HV� DQG�:KHHOZULJKW >��@ VKRZV� WKH�
LQWHUDFWLRQ�EHWZHHQ�WKH�SURGXFW�DQG�WKH�SURFHVV�OLIH�F\FOHV��:LWK WKLV�PDWUL[ �)LJXUH���� LW�FDQ�
EH� VHHQ� WKDW� ERWK�8WLOLW\� QHWZRUN� �81�� DQG�EXLOGLQJ� WHFKQRORJ\� �%7��EXVLQHVV� XQLWV� XVH� DQ�
DVVHPEO\� OLQH� W\SH� RI� SURFHVV�� ZKLOH� WKH� ,QGXVWULDO� VROXWLRQV� �,6�� DUH� PDLQO\� XVLQJ� EDWFK�
SURGXFWLRQ�SURFHVV�� ,Q� WKH�RWKHU�KDQG��ZKLOH� LQ� ,6�VWDQGDUGL]DWLRQ LV�KLJK��81�DQG�%7�GRQ�W�
DOPRVW�RIIHU�DQ\�FXVWRPL]DWLRQ�
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)LJXUH�����3URGXFW�SURFHVV�PDWUL[ LQ�(QVWR
%HFDXVH�RI�WKLV� LQ�������D�SURMHFW�ZDV� ODXQFK�� LQ�RUGHU�WR�RIIHU�WKH�QHHGHG�IOH[LELOLW\�

IRU�WKH�,6�HQFORVXUHV�SURGXFWV�
,6�EXVLQHVV�LV�WKH�RQO\�RQH�RIIHULQJ�WUXO\�FXVWRPL]HG�SURGXFWV�WR�WKHLU�FXVWRPHUV��7KLV�

LV� WKH� FDVH� RI� WKH�SODVWLF� DQG�PHWDO� HQFORVXUHV��%XW� VWLOO�� WKH� HQFORVXUH FXVWRPHUV� FDQ�EX\� D�
VWDQGDUGL]HG� SURGXFW�� DQG� GR� WKH� FXVWRPL]DWLRQ� WKHPVHOYHV �GULOOLQJ� KROHV� DQG�RU� LQVHUWLQJ�
QHHGHG�SDUWV� LQVLGH� WKH�HQFORVXUH���%HFDXVH�RI� WKDW��DQG ORRNLQJ�DW� WKH�SRVWSRQHPHQW�PDWUL[��
)LJXUH�����WKH�GLIIHUHQW�SRVWSRQHPHQW�XVHG�LQ�(QVWR�HQFORVXUHV ZLOO EH�H[SODLQ��WKH�RIIHU�JRHV�
IURP�6KLSPHQW�WR�RUGHU�XS�WR�HQJLQHHULQJ�WR�RUGHU�

,Q�WKH�SODVWLF�HQFORVXUHV��FXVWRPHUV�FDQ�FKRRVH�DPRQJ�RQH�RI�WKH�PDQ\�SURGXFWV�LQ�WKH�
UDQJH��&XVWRPHU�FDQ�EX\�WKH�SURGXFW�LQ�GLIIHUHQW�ZD\V�

x %X\LQJ�WKH�VWDQGDUG�SURGXFW��6KLSPHQW�WR�RUGHU��/RJLVWLFV�SRVWSRQHPHQW���WKLV�
SURFHVV�LV�VWDQGDUG DQG� OHDQ�WHFKQLTXHV�DUH�XVHG� LQ�RUGHU�WR�RIIHU�D�UHDVRQDEOH�
SULFH�ZKLOH�PDLQWDLQLQJ�D�JRRG�TXDOLW\�

x %X\LQJ WKH� VWDQGDUG� SURGXFW� ZLWK� VSHFLDO� SDFNDFNLQJ� �/DEHOOLQJ� WR� RUGHU��
3DFNDFNLQJ�/DEHOOLQJ�SRVWSRQHPHQW�
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x %X\LQJ�WKH�VWDQGDUG�SURGXFW�ZLWK�DVVHPEOHG�SDUWV�LQVLGH��$VVHPEOLQJ WR�RUGHU��
$VVHPEO\�SRVWSRQHPHQW���QRW�WRR�RIWHQ�DV�WKH�HQFORVXUH�XVXDOO\�UHTXLUHV�KROHV�

x &XVWRPL]HG� HQFORVXUH� �0DNH� WR� RUGHU�� 0DQXIDFWXULQJ� SRVWSRQHPHQW��� ZLWK�
SODVWLF� HQFORVXUHV� WKH� HQFORVXUH� LV� GRQH� DV� D� VWDQGDUG� RQH�� EXW� WKHQ� GLIIHUHQW�
KROHV�RU�RSHQLQJV�DUH�GRQH�LQ�WKH�HQFORVXUH�WR�IXOILOO�WKH�QHHGV��&XVWRPHUV WKHQ�
FDQ�DOVR�FKRRVH�LI�WKH\�ZDQW VRPH�VSHFLDO�DVVHPEO\�

x (QJLQHHULQJ�WR�RUGHU��(QJLQHHULQJ�WR�RUGHU��3XUH�SRVWSRQHPHQW���DIWHU�FXVWRPHU�
FKRRVHV� KLV� RZQ�PHDVXUHV� IRU HQFORVXUH� �RQO\� DYDLODEOH� LQ�PHWDO� HQFORVXUHV���
WKH�HQFORVXUH�LV�IDEULFDWHG�LQGLYLGXDOO\�DQG�IRU�WKDW�VSHFLILF�FXVWRPHU��WKHQ�WKH�
FXVWRPHU� FDQ� DOVR� FKRRVH� WKH� DVVHPEO\� IHDWXUHV� 5HVXOWLQJ� LQ� ORQJ� OHDG� WLPHV�
DQG�KLJKHU�SULFHV�WKDQ�KDYLQJ�D�VWDQGDUG�SURGXFW�DQG�PDFKLQLQJ�LW�ODWHU�

7R�JLYH�DQ�RYHUYLHZ�D�IDVW�FDOFXODWLRQ�RI�SRVVLEOH�RIIHULQJ�SHUPXWDWLRQV�KDV EHHQ�GRQH�
XVLQJ� WKH� RQOLQH� FRQILJXUDWRU�� %\� WDNLQJ� WKH� GLIIHUHQW� RSWLRQV� WKDW� FDQ� EH� FKRVHQ�� DQG�
PXOWLSO\LQJ�WKHP

7DEOH����2SWLRQV�DYDLODEOH�LQ�&XEROLQN
7\SHV�RI�VHULHV �
'LIIHUHQW�HQFORVXUHV�VL]HV ��
'LIIHUHQW�GHSWK�VL]HV �
'LIIHUHQW�PDWHULDO �
'LIIHUHQW�FRYHU �
'LIIHUHQW�RSHQLQJ �
6LGHV�WR�EH�PDFKLQHG �
7\SHV�RI�KROHV ��
'LIIHUHQW�SODWHV�DQG�UDLOV ��
'LIIHUHQW�FRPSRQHQWV ��
727$/�237,216 �����������

$OPRVW� ������������ SRVVLELOLWLHV� IRU� SODVWLF� HQFORVXUHV� �ZLWKRXW� WDNLQJ� LQWR� DFFRXQW�
WKDW� HDFK� RSHQLQJ� RU� KROH� FDQ� KDYH�PXOWLSOH� PHDVXUHV� DQG� WKDW� FDQ� EH� ORFDWHG� LQ� GLIIHUHQW�
SODFHV�

7KLV�RIIHULQJ�UHTXLUHV�D�PDVV�FXVWRPL]DWLRQ�V\VWHP��VR�DV�SDUW�RI�WKH�FRPSDQ\�VWUDWHJ\�
RI�RIIHULQJ�D�PDVV�FXVWRPL]DWLRQ�VHUYLFH�&XERIOH[�SDUWQHUVKLS�FRQFHSW�ZDV�VWDUWHG�LQ������
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&XEROLQN� SDUWQHUVKLS FRQVLVWV RI� &XEROLQN� �VRIWZDUH� RIIHULQJ WKH� HOLFLWDWLRQ� DQG�
/RJLVWLFV��DQG &XERIOH[��URERW�FHOO�SURYLGLQJ�WKH�SURFHVV�IOH[LELOLW\�

&XEROLQN� LV� DQ� RQOLQH� FRQILJXUDWRU�� ZKHUH� WKH� FXVWRPHU� FDQ� FKRRVH� KLV� RZQ�
VSHFLILFDWLRQV�DQG�UHTXLUHPHQWV��DVN IRU�WKH�TXRWHV�DQG�PDQDJH�WKH�RUGHUV�DQG�ILQDOO\�H[SRUW�
WKH��'�GHVLJQ�WR�D�;0/�RU�&1&�ILOH�WR�EH�XVHG�LQ�WKH�PDFKLQLQJ�PDFKLQHV��7KH�VROXWLRQ�XVHV�
YDULRXV� QXPEHUV RI�(53�EDVHG�EDFNERQH� WRROV� WKDW�DUH� LQWHJUDWHG� WRJHWKHU� E\�XVLQJ�PDLQO\�
ZHE�VHUYLFHV�

)LJXUH�����&XEROLQN FRQFHSW�IRU�WKHUPRSODVWLF�HQFORVXUHV
:LWK� &XEROLQN WKH� FXVWRPHU� FDQ� FXVWRPL]H� WKH� HQFORVXUH� ZLWK� UHTXLUHPHQWV� RI�

GLIIHUHQW�KROHV�DQG�RSHQLQJV�DQG�RU�VSHFLDO�PHWDO�HQFORVXUH�PHDVXUHV��RU�GLIIHUHQW�FRPSRQHQWV�
LQ� WKH� ZHE�DSS� DQG� ZKHQ� ILQLVKHG�� RUGHU� ZLOO� EH� SURFHVVHG� E\� (QVWR� ZHE� VHUYHU�� DQG� WKH�
TXRWDWLRQ�DQG�DOO�QHHGHG�GRFXPHQWDWLRQ�ZLOO�EH�FUHDWHG�ZLWKLQ�PLQXWHV��

3URGXFWLRQ�DQG�SODQQLQJ�HQJLQHHUV�KDYH�WKH�SRVVLELOLW\�WR�SXW�WKH�PDFKLQLQJ�ILOH�LQ�WKH�
PDFKLQLQJ� FHOOV�� IURP� ZKHUH� WKH ILOH� FDQ� EH� ORDGHG�� WKXV� QRW� KDYLQJ� WR� PDQXDOO\� FUHDWH� D�
SURJUDP�ZKHQ�D�QHZ�RUGHU�DUULYHV��7KLV�UHGXFHV�GUDVWLFDOO\�HQJLQHHULQJ�UHVRXUFHV�DV�ZHOO�DV�
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VHW�XS� WLPHV� �HVSHFLDOO\ LQ� WKH�&XERIOH[� URERW� FHOO��ZKHUH� WKH� DGDSWLYH MLJ�GHVLJQ�� DGDSWV� WR�
GLIIHUHQW�PHDVXUHV�RI�HQFORVXUHV��QRW�KDYLQJ�WR�FKDQJH�WKH�FODPSLQJ�V\VWHP�HYHU\�WLPH�D�QHZ�
EDWFK�LV�XVHG�DV�LW�KDSSHQV�ZLWK�WKH�&1&�PDFKLQLQJ�FHOOV��

7KLV�IOH[LEOH�URERW�FHOO�ZDV�GHVLJQHG��DLPLQJ�WR�REWDLQ�D�FHOO ZKHUH�DIWHU�UHFHLYLQJ�WKH�
SURJUDP�� LV� ORDGHG� WR� WKH� URERW�� SLHFHV� DUH� ORFDWHG� LQ� WKH�EHOW� FRQYH\RU�� DQG�ZLWKRXW� VHW�XS�
URERW�ZLOO�PDNH�WKH�EDWFK�

7KLV� V\VWHP�SURYLGHV�ELJ� IOH[LELOLW\�� DQG�SRVVLELOLW\� WR�ZRUN�ZLWK� VPDOO� EDWFKHV�� WKDW�
ZRXOG�RWKHUZLVH�QRW�EH VR�SURILWDEOH��7KH�VHW�XS�WLPH�QHHGHG�E\ WUDGLWLRQDO�PLOOLQJ�PDFKLQHV
IRU�VXFK�VPDOO�EDWFKHV� PDNHV XQSURILWDEOH�WR�DGDSW�WR�ORW�RI�VPDOO�EDWFKHV�

(YHQ� LI� WKLV� PDVV� FXVWRPL]DWLRQ� V\VWHP� ZDV GRQH� \HDUV� DJR�� WKH� XWLOL]DWLRQ� RI� WKH�
PDFKLQH�LV�QRW�DV�KLJK�DV�LW�ZDV�H[SHFWHG��EHFDXVH�RI�DSSDUHQW�UHDVRQV�DV��PDFKLQH�FRPSOH[LW\�
DQG�ODFN�RI�NQRZOHGJH�DPRQJ�RWKHUV�

7KH�IOH[LEOH�PDFKLQH� LV�QRW�D�VWDQGDUG SURGXFW��ZKLFK� LPSOLHV� WKDW� LW� LV�FRPSOH[�DQG
WKDW�NQRZOHGJH�DERXW�LV�OLPLWHG��$OVR�DYDLODEOH�LQIRUPDWLRQ�LV�OLPLWHG DQG�LQ�)LQQLVK�ODQJXDJH��
VRPH� RI� HPSOR\HHV� RI� (QVWR� KDYH� RQO\� WKH� NQRZ�ZKDW�� DQG� YHU\� IHZ� ZLWK� NQRZ�KRZ�
�DGYDQFHG�VNLOOV���

$IIWHU� PRYLQJ� WKH� URERW� FHOO� IURP�)LQODQG� WR� 7DOOLQQ� SODQW�� WKH� NQRZ�ZK\� �V\VWHP�
XQGHUVWDQGLQJ��ZDV�QRW�SURSHUO\� WUDQVPLWWHG��VR�WKLV�ZRUN��ZLOO�EH�RULHQWHG�WR�XQGHUVWDQG�WKH�
NQRZ�ZK\�� WKHUHE\� XQGHUVWDQGLQJ� KRZ� WKH� XWLOL]DWLRQ� RI� WKH�PDFKLQH� FDQ� EH� LPSURYHG� �E\�
UHGXFLQJ�DFWXDO�SUREOHPV��LPSURYLQJ�SURGXFWLRQ�WLPH�DQG�SURSRVLQJ�D�QHZ�SURFHVV�ZRUNIORZ��
DW�WKH�VDPH�WLPH�VRPH�JXLGHOLQHV�IRU�WKH�IXWXUH�JHQHUDWLRQ�RI�0DVV�FXVWRPL]DWLRQ�V\VWHPV�RI�
(QVWR�IRU�EHLQJ�FRPSHWLWLYH��LQ�WKH�JOREDO�PDUNHWSODFH�ZLOO�EH�ZULWWHQ�

7KH� URDGPDS� IRU� WKLV� ZRUN� KDV� EHHQ�� *HWWLQJ� WR� NQRZ� WKH�PDFKLQH� �KRZ� LW� ZRUNV��
SUREOHPV�� DQG� OLPLWDWLRQV���8QGHUVWDQGLQJ� WKH URRW� RI� WKH�SUREOHPV�� SURSRVH� LPSURYHPHQWV��
DQDO\]H PDFKLQH�ZLWKRXW�SUREOHPV��DSSO\�OHDQ�PHWKRGRORJ\�DQG�)XWXUH�OLQHV�



��

(UURUV�LQ�WKH�)06

7KH�PDFKLQH�LWVHOI�KDV�D�ORJ�UHFRUG�RI�WKH�SUREOHPV�DQG�HUURUV�RFFXUUHG��WKH�ORJV�ILOHV�
ZHUH�WDNHQ�IURP�WKH�FRPSXWHU�RI�WKH�URERW�FHOO��7R�GR�VR WKH�ORJV�ZHUH�LPSRUWHG�WR�H[FHO�E\�
XVLQJ�WKH�JHW�H[WHUQDO�GDWD�IURP�WH[W�IXQFWLRQ�ZLWK�WKH�ORJ�ILOH�RI�HDFK�GD\�LQ�D�QHZ�VKHHW��$V�
ORWV RI� XQQHFHVVDU\� HYHQWV� DUH� DOVR� UHFRUGHG� LQ� WKH ORJ�� WKH� QHHGHG RQHV� ZHUH� ILOWHUHG�� E\�
DSSO\LQJ� D� ILOWHU� WR� VKRZ� RQO\� WKH� RQHV�ZLWK� WKH� �HUURU�� RU� FDXWLRQ�� WH[W��$IWHU� WKDW�� DOO� WKH�
GLIIHUHQW�HUURUV�ZHUH�UHFRUGHG�DQG�VKRZQ�LQ D�JUDSK�

,Q WKLV�JUDSK�HUURUV�RFFXUUHG IURP����RI�1RYHPEHU �����WR���RI�'HFHPEHU KDYH�EHHQ�
FROOHFWHG� DQG� DQDO\]HG�� LQ� RUGHU� WR� XQGHUVWDQG� ZKLFK� DUH� WKH� PRVW� UHFXUUHQW� SUREOHPV�
RFFXUULQJ LQ�WKH�PDFKLQH�DQG�WKHQ�WU\�WR�XQGHUVWDQG�ZK\�WKH\�KDSSHQHG�

)LJXUH�����(UURUV�WDNHQ�IURP�ORJ�ILOHV



��

7DEOH����(UURUV�E\�W\SH

727$/ ��� �������
)LEHU UHODWHG�HUURUV ��� ������
-DP�UHODWHG�HUURUV �� ������
2WKHU�HUURUV � �����

,W� FDQ� EH� VHHQ� WKDW� WKH�PDLQ� VRXUFHV� RI� SUREOHPV� LQ� WKH�PDFKLQH� DUH� WKH� ILEHU RSWLF�
�VHQVRUV�� DQG� WKH� MDPV� WKDW� RFFXU� EHIRUH�� DIWHU� RU� LQ� WKH� MLJ�� %HFDXVH� RI� WKDW� WKHVH WZR�
FRPSRQHQWV�KDYH�EHHQ PRUH�FDUHIXOO\�DQDO\]HG�

)LEHU�VHQVRUV�ZRUN�E\� WKH� WKURXJK�EHDP�SULQFLSOH��ZKHUH�D�VHQGHU�DQG�D� UHFHLYHU�DUH�
XVHG��WR�VHQG�DQG�UHFHLYH�WKH RSWLF�VLJQDO��7KH�VHQGHU�HPLWV�WKH� LQIUDUHG� OLJKW� LI�WKH�UHFHLYHU�
UHFHLYHV�WKH�OLJKW�WKHQ�WKH�OLJKW�LV�WUDQVPLWWHG E\�WKH�ILEHU�FDEOHV�XQWLO�WKH�VHQVRU��,I�DQ\�REMHFW�
LV�EORFNLQJ�WKH�OLJKW�DQG�UHFHLYHU�GRHVQ�W�UHFHLYH�DQ\�OLJKW��WKHQ�DQ RXWSXW�VLJQDO�LV�DFWLYDWHG�WR�
WHOO�WKH�PDFKLQH�WKDW�WKHUH�LV�VRPHWKLQJ�LQ�EHWZHHQ�

)LJXUH�����6LWXDWLRQ�RI�RSWLF�VHQVRU



��

7KH�WZR�RSWLF�ILEHUV�DUH�DWWDFKHG�WR�WKH�VHQVRU��ZKHUH�WKH�RSWLF�VLJQDOV�DUH�HYDOXDWHG��
,Q�WKH�VHQVRU�WKHUH�LV�D�SRVVLELOLW\�WR�FRQWURO�WKH�VHQVLELOLW\ DV�ZHOO��LQ�RUGHU�WR�PDNH�WKH�RXWSXW�
PRUH�RU�OHVV�VWULFW��GHSHQGLQJ�RQ�WKH�DSSOLFDWLRQ�QHHGHG�

7KH�PDLQ�K\SRWKHVHV�IRU�WKH�HUURUV�ZDV�WKDW�SODVWLF�FKLSV�DQG�GXVW�ZRXOG�LQWHUIHUH�ZLWK�
WKH�OLJKW�WKXV��JLYLQJ�D�ZURQJ�OHFWXUH�WR�WKH�3/&�DQG�UHVXOWLQJ�LQ�HUURU��

$IWHU� RQH�GD\� DIWHU� WU\LQJ� WR� DGMXVW� WKH� VHQGHU� WR� EH� DOLJQHG�ZLWK� WKH� UHFHLYHU� LW� JRW�
VWXFN�� DQG� WKH�RQO\�RSWLRQ� WR�FKDQJH� LW�ZDV� WR�SXW� QHZ�RQHV�� VR� DOO� WKH�VHQGHU�DQG�UHFHLYHUV�
ZHUH�FKDQJHG��DQG�ZKHQ�FKDQJLQJ�WKHP��WKH\�ZHUH QHYHU�FKDQJHG�EHIRUH���WKH�QH[W�SUREOHP�
ZDV�HQFRXQWHUHG�

)LJXUH�����)L[LQJ�GHWDLO�RI�WZR�ILEHU�FDEOHV
$V�WKH�FDEOH�RI�WKH�UHFHLYHU�LV�WRR�VKRUW����PHWHUV��WR�GLUHFWO\�DWWDFK�LW�WR�WKH�VHQVRU��D�

VLPSOH�IOH[LEOH�SODVWLF�WXEH�ZDV�XVHG�WR�SXW�WZR�SDUWV�RI�RSWLFDO�FDEOH�WRJHWKHU��$V�WKH�FDEOH�LV�
ORFDWHG� LQ�WKH�PRYDEOH� MLJ�SDUW��LW�PRYHV�WR�DGDSW�WR�GLIIHUHQW�HQFORVXUH�VL]HV���GHSHQGLQJ�RQ�
KRZ�WKH�FDEOH�PRYHV��WKH�DOLJQPHQW�RI�WKHP�LV�ORVW��DQG�WKDW�JHQHUDWHV�DQ�HUURU�LQ�WKH�V\VWHP��
DV LW�WKLQNV�WKDW�WKHUH�LV�D�SLHFH�LQ�WKH�MLJ��HYHQ�LI�WKHUH�LV�QR�

7KH�ORJLF�RSWLRQ�LV�WR�EX\�D�VHQGHU�UHFHLYHU�ZLWK�ODUJHU�FDEOH��WR�EX\�DQ�DGDSWRU�RU�WR�
ZHOG�WKH�WZR�SDUWV� )LQDOO\�DQ�DGDSWRU�KDV�EHHQ�RUGHUHG



��

$QRWKHU�VRXUFH�RI�HUURUV�LV�WKH�ORDGLQJ�XQORDGLQJ�V\VWHP�RI�WKH�-LJ��ZLWK�FORVH�WR������
RU�WKH�RULJLQDWHG�HUURUV�GXULQJ� WKH�DQDO\]HG�SHULRG�RI�WLPH�� MDP�UHODWHG�HUURUV�DUH� WKH�VHFRQG�
FDXVH�RI�HUURUV�

)LJXUH�����2XWSXW�WUDFN�IRU�HQFORVXUHV
7KH� LQSXW�DQG�RXWSXW�WUDFNV�DUH� WKH�SDUWV�XVHG�WR�SXW�WKH�SDUW� LQ�WKH� MLJ��DQG�WR� WDNH� LW�

RXW�ZKHQ�ILQLVKHG �VHH�)LJXUH������7KH\�ERWK�JR�GRZQ�DQG�XS�HYHU\�WLPH D�SLHFH�LV�FRPLQJ�LQ�
RU� JRLQJ� RXW�� WKH�PRYHPHQW� RI� WKHP� LV� REWDLQHG�E\� DQ� DLU� F\OLQGHU��7KLV� JHQHUDWHV� FRQVWDQW�
LPSDFWV��DQG�ZLWK�WKH�SXUSRVH�RI�UHGXFLQJ�WKH�LPSDFWV�DQG�QRW�PDNLQJ WKH�WUDFN�ERXQFH�ZKHQ�
LW� JRHV� GRZQ�� VKRFN DEVRUEHUV� DUH� SODFHG� LQ� WKH� LQWHULRU� SDUW�� 7KH� VKRFN� DEVRUEHUV� ZHUH�
VXSSRVHG�WR UHGXFH�WKH�LPSDFWV��EXW�DV�WKH�FRUUHFW�PDLQWHQDQFH�KDVQ
W EHHQ�GRQH� WKH�YLEUDWLRQV�
RI�WKH�WUDFN�ZKHQ�LW�JRHV�GRZQ�LW�FDXVHG�ORW�RI�HUURUV�LQ�WKH�FHOO�

)RU� WKLV UHDVRQ� QHZ� DEVRUEHUV� KDYH� EHHQ ORFDWHG� LQ� WKH� WUDFNV WKXV� PDNLQJ WKH�
YLEUDWLRQV�GLVDSSHDU�



��

)LJXUH�����6KRFN�DEVRUEHUV
$QRWKHU� FULWLFDO� DVSHFW� VSHFLILHG� E\� WKH� UHVSRQVLEOH� RI� WKH� SURMHFW� ZKHQ� LW� ZDV�

FRQVWUXFWHG� ZDV� WKH� FKLS� H[WUDFWLRQ� WKH� VPDOO� FKLSV� SURGXFHG� E\� WKH� PDFKLQLQJ� RI� WKH�
HQFORVXUHV� FDQ� EH� GDQJHURXV�� SURGXFLQJ� GLIIHUHQW� HUURUV�� HVSHFLDOO\ ZKHQ� WKH\� JR� LQVLGH� D�
PRYLQJ�SDUW��%HFDXVH�RI�WKDW�WKH�URERW�FHOO�LV�HTXLSSHG ZLWK�D�SRZHUIXO�GXVW�UHPRYDO�ILOWUDWLRQ�
V\VWHP��PDGH�E\�WKH�)LQQLVK�FRPSDQ\�([WRU��7KH�H[WUDFWHG FKLSV�DUH�UHPRYHG�IURP�WKH�URERW�
FHOO�DQG�ORFDWHG�LQ�D�FRQWDLQHU�

)LJXUH�����'XVW�UHPRYDO�V\VWHP



��

7KH� URERW� FHOO� VKRXOGQ
W� KDYH� GXVW� LQ� WKH� LQWHULRU� WR� SUHYHQW� SRVVLEOH� IDXOWV� RI� WKH�
V\VWHP��%XW�ZKHQ�DQDO\]LQJ� WKH�VLWXDWLRQ�� LW�FRXOG�EH�VHHQ� WKDW� WKHUH�ZDV�D� ORW� RI�FKLSV� WKDW�
WKH\�ZHUHQ
W�VXFWLRQHG�E\�WKH�H[WUDFWLRQ�V\VWHP��6R�LQ�RUGHU�WR�VHH�WKH�SUREOHP��WKH�VLWXDWLRQ�
LQVLGH�WKH�GXVW�UHPRYDO�ILOWUDWLRQ�V\VWHP�ZDV�FKHFNHG��

)LJXUH�����'XVW�UHPRYDO�V\VWHP�ILOWHUV�VLWXDWLRQ
7KH�V\VWHP�ZDV VWXFN� DQG�REVWUXFWHG��ERWK� LQ� WKH� ILOWHU�DQG� LQ� WKH�SLSHV�� �$Q LQWHQVH�

FOHDQLQJ�RI� WKH�V\VWHP�ZDV�GRQH��2QFH�DJDLQ�� LW�FDQ�EH�VHHQ�KRZ�WKH� ODFN�RI�D�PDLQWHQDQFH�
VFKHGXOH�DIIHFWV�LQ�WKH�XWLOL]DWLRQ��)RU�WKDW�UHDVRQ�D�PDLQWHQDQFH�VFKHGXOH�ZLOO�EH�GHILQHG�

$QRWKHU�RI�WKH�LVVXHV��WKDW�FRXOGQ�W�EH�VHHQ�LQ�WKH�ORJ�LV�WKH�SUHFLVLRQ�RI�WKH�PDFKLQH��
IRU�WKDW�D�VWXG\�ZDV�PDGH�E\�PDNLQJ�D����SLHFHV�EDWFK�ZLWK�VSHFLILF�KROHV�WR�VHH�WKH�TXDOLW\�RI�
WKH�SURGXFHG�HQFORVXUHV��PRUH�VSHFLILFDOO\�IRU�EHLQJ�DEOH�WR�VHH�WKH�URERW�UHSHDWDELOLW\��VKDSHV�
WROHUDQFHV�DQG�SRVLWLRQLQJ�WROHUDQFHV�

6WDWLVWLFDO�TXDOLW\�FRQWURO

$FFRUGLQJ� WR�ZKDW�ZDV� UHTXHVWHG�ZKHQ� EX\LQJ� WKH�PDFKLQH�� WKH�PDFKLQH� VKRXOG� EH�
FDSDEOH�RI�SURYLGLQJ�

x �����PP URERW�UHSHDWDELOLW\
x ������PP�VKDSHV�WROHUDQFH
x ������PP SRVLWLRQLQJ�WROHUDQFH
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$FFRUGLQJ�WR�WKH�GUDZLQJV�WKH�PDFKLQHG�HQFORVXUHV�WROHUDQFHV�IROORZV WKH�,62�����P�
VWDQGDUG��SDUW���GHILQHV GLPHQVLRQV�RI�SLHFHV�SURGXFHG�E\�PHWDO�UHPRYDO�RU�IRUPHG�IURP�VKHHW�
PHWDO >��@��DQG�SDUW���GHILQHV�GLPHQVLRQV�RI�IHDWXUHV�SURGXFHG�E\�UHPRYDO�RI�PDWHULDO�

7KH�WROHUDQFHV�VKRZQ�RQ�WKH�GUDZLQJV�DUH�WKH�IROORZLQJV�
7DEOH����7ROHUDQFHV�RI�HQFORVXUH�PDFKLQLQJ�GLPHQVLRQV

1RPLQDO� GLPHQVLRQ� $FFHSWHG�WROHUDQFH
!����WR���PP ����
!��WR���PP ����
!��WR����PP ����
!���WR�����PP ����
!����WR�����PP ����
!����WR������PP ����

(YHQ� LI�PRVW� GLPHQVLRQV� RI� IHDWXUHV� DUH EHWZHHQ� ��� DQG� ����PP�� WKH� WROHUDQFHV� RI�
�����DUH GLIILFXOW�WR�DFKLHYH��ZKHQ�VHHLQJ�ZKDW�WKH�PDFKLQH�LV�FDSDEOH�WR�RIIHU�

$V WLPH�KDV�SDVVHG�VLQFH� WKH�URERW�FHOO�ZDV�SXUFKDVHG��DQG WKHUH�LV�QR�LQVWUXFWLRQV�RQ�
FDOLEUDWLRQ LQ� RUGHU� WR� QRW� ORVH� DFFXUDF\�� URERW� VKRXOG� NHHS� ZRUNLQJ� ZLWKLQ� WKH� VDPH�
WROHUDQFHV� $�VWDWLVWLFDO�TXDOLW\�FRQWURO�KDV�EHHQ�XVHG�WR�VHH�ZKDW�WKH�PDFKLQH�LV�UHDOO\�FDSDEOH�
WR�RIIHU�

7KH�WHVW�EDWFK�FRQVLVWV�RI����HQFORVXUHV��:LWK���UHFWDQJOHV�LQ�WKH�VLGHV�%�DQG�(��DQG���
LQ�VLGH�&�DQG�'
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)LJXUH�����7HPSODWH�HQFORVXUH�IRU�WROHUDQFH�PHDVXULQJ
7KH�GLVWDQFHV�EHWZHHQ�UHFWDQJOHV �5[ PHDVXUHV��DQG�VWDQGDUG�GHYLDWLRQ�RI� RSHUDWLRQV

KDYH�EHHQ DQDO\]HG WR�XQGHUVWDQG�WKH�UHSHDWDELOLW\�RI�WKH�URERW��7KH�GLPHQVLRQV�RI�WKH�VTXDUHV
�:[ DQG�+[ PHDVXUHV� WR�VHH�WKH�WROHUDQFH�RI�VKDSHV��DQG�ILQDOO\�WKH�SRVLWLRQ�RI�WKH�UHFWDQJOHV�
KDYH�EHHQ PHDVXUHG�VWDUWLQJ�IURP�WKH�VDPH�SRLQW �VWDUWLQJ�DOZD\V�IURP�WKH�]HUR�SRLQW� WR�VHH�
WKH�WROHUDQFH�RI�SRVLWLRQLQJ �<[ DQG�=[ PHDVXUHV��

7R�WKDW�HQG D�VKHHW�KDV�EHHQ�JLYHQ�WR���GLIIHUHQW�ZRUNHUV WR�PHDVXUH�DOO�WKH�PHDVXUHV�LQ�
WKH����HQFORVXUHV�DQG�UHFRUG�WKHP��WKDW�ZD\� WKH�KXPDQ�PHDVXULQJ�HUURU� IDFWRU� LV�UHGXFHG�DV�
PXFK�DV�SRVVLEOH��(DFK�SLHFH�ZDV�PDUNHG�ZLWK�D�QXPEHU�IRU�UHIHUHQFH�DQG�WKH�PHDVXUHV�WKDW�
VKRXOG�EH�WDNHQ��DV�ZHOO�DV�WKH�QDPH�RI�WKDW�GLPHQVLRQ�



��

)LJXUH�����7HPSODWH�DQG�HQFORVXUH�ZLWK�GLPHQVLRQV�GUDZQ
2QFH� WKH� UHVXOWV� RI� PHDVXUHV� ZHUH UHFHLYHG IURP� WKH� �� ZRUNHUV� 6WDWLVWLFDO� 3URFHVV�

FRQWURO� PHWKRGV� KDV� EHHQ� XVHG� WR� VHH� WKH� VWDQGDUG� GHYLDWLRQ� RI� WKH� SURFHVV�� DQG� DOVR DQ
HVWLPDWH� WKH� SURSRUWLRQ RI� GHIHFWLYH� SDUWV� SHU� PLOOLRQ�� ILUVWO\ XVLQJ H[FHO� DQG� WKHQ�0LQLWDE�
VRIWZDUH�

7KH UXQ� FKDUWV� ZLOO� KHOS� WR XQGHUVWDQG� LI� WKH� SURFHVV� LV� VWDEOH� RU� QRW� DQG LI� DFWXDO
WROHUDQFHV�DUH�ZLWKLQ� WKH�VSHFLILFDWLRQ� $IWHU� WKH�ZRUNHUV�WRRN�DOO�WKH�PHDVXUHV��WKH�GDWD�ZDV�
LQSXWWHG LQ�D�H[FHO�ILOH��ZLWK�WKH�QH[W�UHVXOWV�



��

7DEOH����5HVXOWV�DIWHU���WHVW�EDWFK

:KHQ� ORRNLQJ� WR� WKH� VWDQGDUG� GHYLDWLRQ�� WKH� PD[LPXP� YDOXH� LV ��������� ZKLFK� LV�
VPDOOHU� WKDQ�����������PP�URERW� UHSHDWLELOLW\���VWDQGDUG�GHYLDWLRQV��� WKDW� UHSUHVHQWV� WKDW� WKH�
V\VWHP� UHSHDWDELOLW\� LV� JRRG�� DQG� WKDW� WKH� V\VWHP� LV� UHOLDEOH� ZLWKLQ� �� VWDQGDUG� GHYLDWLRQV�
TXDOLW\�

,Q�WKH�RWKHU�KDQG��ZKHQ�VHHLQJ�',) FROXPQ�LQ�7DEOH��� ZKLFK�UHSUHVHQWV�WKH�GLIIHUHQFH�
EHWZHHQ�WKH�QRPLQDO�PHDVXUH�DQG�WKH�PHDQ�PHDVXUH�RI�WKH�HQFORVXUHV��LW�FDQ�EH�VHHQ�WKDW�DOO�
WKH�<�DQG�=�PHDVXUHV�DUH�RXW�RI�WKH�VSHFLILFDWLRQV��IURP������WR����� PP���7KLV�UHSUHVHQWV�D�
SUREOHP��DV�WKH�URERW�FHOO�GRHVQ�W�SURYLGH�DFFHSWDEOH�SLHFHV�
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,Q�WKH�RWKHU�KDQG��WKH�VKDSHV�WROHUDQFH�LV�JRRG��DV�LW�FDQ�EH�VHHQ�LQ�WKH�PHDVXUHV�:�DQG�
+� �ZHLJKW� DQG� KHLJKW� RI� WKH� UHFWDQJOHV��� 6R� WKH� SUREOHP� LQ� WKLV� FDVH� LV� WKH� SRVLWLRQLQJ�
WROHUDQFH�

7KH�SURJUDP�JLYHV�WKH�RSSRUWXQLW\� WR�FKDQJH� WKH�PDLQ�]HUR�SRLQW�DQG�DV�WKH�VWDQGDUG�
GHYLDWLRQ� LV� JRRG�� DV� LW� FDQ� EH� VHHQ� IURP� WKH� GDWD�� 3UREOHP� LV� WKDW� WKH� MLJ� KDV�PRYHG�� WKXV�
FDXVLQJ�ZURQJ�PHDVXUHV��7R�VHH�KRZ�FKDQJLQJ�WKRVH�PHDVXUHV�ZRXOG�DIIHFW�LQ�WKH�SURGXFWLRQ��
QHZ�XSSHU�DQG�ORZHU�OLPLWV�ZHUH�VHW�LQ�PLQLWDE�DIWHU�FDOFXODWLQJ�WKH�EHVW�SRVVLEOH�FKDQJHV�WKDW�
FDQ�EH�GRQH�LQ�WKH�VRIWZDUH��LQ�RUGHU�WR�SXW�WKH�PHDVXUHV�DV�FORVH�WR�WKH�QRPLQDO�PHDVXUHV�DV�
SRVVLEOH��&KDQJHV�ZHUH�������PP�LQ�<�D[LV�DQG���PP�LQ�=�D[LV�

&��KROHV���DQG�����(��KROHV �����DQG����DQG�'��KROHV���DQG����FRUUHVSRQG�WR�WKH�GLIIHUHQW�
VLGHV�PDFKLQHG�DV�LW�FDQ�EH�VHHQ�LQ�WKH�ILJXUH�DERYH�

)LUVW�: DQG�+�JUDSKV KDYH�EHHQ�DQDO\]HG� WKRVH�PHDVXUHV�VKRXOG�QRW�EH�DIIHFWHG�E\�
WKH�ZURQJ�SRVLWLRQLQJ�RI� WKH�SLHFH�RI� WKH�GLVSODFHPHQW� RI� WKH� MLJ��EXW� MXVW�PHUHO\�VKRXOG�EH�
EDVHG�LQ�WKH�UHSHDWDELOLW\�RI�WKH�URERW�

)LJXUH�����+��+HLJKW��DQG�5��GLVWDQFH�EHWZHHQ�UHFWDQJOHV��PHDVXUHV
,W� FDQ� EH� VHHQ� WKDW� WKH� VDPSOH�PHDQ� �IURP� WKUHH� VLGHV�� LV� DURXQG� ���� ELJJHU� WKDQ� LW�

VKRXOG�EH��DQG�VWDQGDUG�GHYLDWLRQ�LV�RI�������DQG�������UHVSHFWLYHO\��3URFHVV�FDSDELOLW\�LQ�Z�LV�
�����DQG�WKLV�PHDVXUH�VKRXOG�EH�DW�OHDVW������WR�KDYH�D�FDSDEOH DQG�UHOLDEOH SURFHVV�

%XW�ZKHQ�VHHLQJ�WKH�UHVXOWV�RI�WKH�GLVWDQFH�EHWZHHQ�UHFWDQJOHV��5��WKH�QH[W�LV�IRXQG
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,Q�WKLV�FDVH�WKH�VDPSOH�PHDQ�LV�WKH�RSSRVLWH�WKDQ�LQ�WKH�FDVH�RI�:����������� WKH�PRVW�
ORJLFDO�UHDVRQ�IRU�WKDW�PLJKW��E\�EHFDXVH�RI��WKH�GLDPHWHU�RI�WKH�WRRO�LV�DFWXDOO\�����ELJJHU�WKDQ�
LW�VKRXOG�EH�RU�EHFDXVH�WKH�GLDPHWHU�RI�WKH�WRRO�KDV�EHHQ�FKDQJHG�LQ�WKH�VRIWZDUH��RU�WKDW�WKH�
PDFUR�IRU�WKH�UHFWDQJOH�RSHUDWLRQV�VKRXOG�EH�LPSURYHG��6WLOO� LI�WKH�WRRO�LV�FKDQJHG�DQG�YDOXHV�
LQ�VRIWZDUH�DUH�FRUUHFWO\�GHILQHG��WKH�SURFHVV�RI�PLOOLQJ�VKRXOG�VKRZ�D� VWDQGDUG GHYLDWLRQ�RI�
DERXW�������DQG� D�3SN�RI�DURXQG���� OHDYLQJ���330��SDUWV�SHU�PLOOLRQ�� LQ� WKH�GHIHFWLYH� DUHD��
7KXV�QR�LQWHQVLYH�TXDOLW\�FRQWURO�ZRXOG EH�QHHGHG�DV�PDFKLQH�ZLOO�EH�DFFXUDWH�HQRXJK��*RDO�
LV�WR�KDYH�D�3SN�KLJKHU�WKDQ������LQ�DOO�WKH�PHDVXUHV�RI�WKLV�H[SHULPHQW�

,Q� WKH�RWKHU�KDQG� ZKHQ�PHDVXULQJ�<�DQG�=�PHDVXUHV�GLIIHUHQFHV�FDQ�EH�VHHQ�HDVLO\��
EHFDXVH�LQ�WKRVH�FDVHV�WKH�MLJ�PLVDOLJQPHQW�FDXVHV�WKH�PHDVXUHV�WR�EH�QRW DV�DFFXUDWH�DV�WKH\�
VKRXOG�EH�HYHQ�DIWHU�FKDQJLQJ�WKH�QHZ�PHDQ�WR��� �VLPXODWLQJ�KRZ�LW�ZRXOG�FKDQJH�WKH�UHDOLW\�
ZKHQ�DGMXVWLQJ�WKH�VRIWZDUH�]HUR�SRLQW��

=�PHDVXUHV�VKRZ D�ELJJHU�VWDQGDUG�GHYLDWLRQ�WKDQ�DOO�WKH�RWKHU�PHDVXUHV�

)LJXUH�����'LIIHUHQW�]�VLGHV�PHDVXUHV
'�VLGH�VKRZV�D�������VWDQGDUG�GHYLDWLRQ�DQG�(�LV�WKH�VLGH�ZLWK�WKH�ELJJHVW�VW��GHY��:LWK�

�������,Q�WKLV�FDVH�WKH�SURFHVV�FDSDELOLW\�KDV�EHHQ�DQDO\]HG��WDNLQJ�LQWR�DFFRXQW�WKDW�QHZ�PHDQ�
VKRXOG�EH����PP�DQG�/6/�DQG�86/������DQG������UHVSHFWLYHO\��WKLV�DFWXDOO\�ZRXOG�EH�WKH�VDPH�
DV�FKDQJLQJ�WKH�RIIVHW�LQ���PP�RQ�FXWFRQWURO�WR�KDYH�WKH�RIIVHW�FRUUHFWHG�

7KH�VDPH�KDV�EHHQ�GRQH�LQ�<�PHDVXUHV�EXW�ZLWK�����PP�
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)LJXUH�����'LIIHUHQW�\�PHDVXUHV
,Q�\�PHDVXUHV�ELJJHVW�VWDQGDUG�GHYLDWLRQ� LV��������,W�FDQ�EH�VHHQ�WKDW�'�VLGH� LV�RXW�RI�

PHDVXUHV�LQ�DOO�RI�WKH�FDVHV��HYHQ�LI�WKH�����PP�FRUUHFWLRQ�LV�GRQH�
7KH�UHVXOWV�VKRZV�D�FOHDU�PLVDOLJQPHQW�LQ�DOO�RI�WKH�D[HV��HYHQ�LQ�HDFK VLGH�RI�WKH�ER[��

WKLV�PLJKW�EH�GXH�WR�DQ�LQFRUUHFW�GHVLJQ�RI�WKH�URERW�FHOO��ZKHUH�DGMXVWPHQWV�DUH�QRW�SRVVLEOH�WR�
GR�DQG�GHVLJQ�LV�QRW�UREXVW�HQRXJK�WR�QRW�EHQG�DIWHU�D�ORQJ�XVDJH WLPH�

$IWHU� WKLV� ILUVW� EDWFK�� DQG� VHHLQJ� WKDW� WKH� MLJ�ZDV�PRYHG� IURP� WKH� FRUUHFW� SODFH�� WKH�
URERW�ZDV�XVHG�ZLWK�D�GLDO�LQGLFDWRU�DWWDFKHG�WR�WKH�VSLQGOH��WR�XQGHUSLQ�WKH�UHVXOWV�RI�WKH�ILUVW�
WHVW�EDWFK��DQG�WR�VHH�WKH�UHDO SHUSHQGLFXODULW\�RI�WKH URERW FRQFHUQLQJ MLJ�VXUIDFHV�

)LJXUH�����'LDO�LQGLFDWRU�DWWDFKHG�WR�URERW
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(DFK� VXUIDFH� VKRZHG� D�GLIIHUHQW� RIIVHW�� WKXV�SRLQWLQJ� WKDW� DOPRVW� DOO� WKH� FRPSRQHQWV�
KDYH�PRYHG�GXULQJ�WKLV�\HDUV��SUREDEO\�GXH�WR�DQ�LQFRUUHFW�GHVLJQ�RI�WKH�MLJ�V\VWHP��7KH�ZRUVW�
SDUW�RI�DOO� LV�WKH�HQG�SDUW�RI� WKH� MLJ��ZKHUH�WKH�SLHFHV�JR�RXW��%HFDXVH�RI�WKH�HQFORVXUH�EHLQJ�
IL[HG� LQ� RQH� VLGH� RI� WKH� MLJ�� XQHTXDO� GLVWDQFHV� RQ� WKH� IRUFHV� FUHDWHV�PRPHQWXP� IRUFHV� WKDW�
EHQGHG� WKH� HQG� SDUW� RI� WKH� MLJ� (YHQ� LI VRPH� FKDQJHV� ZHUH� GRQH� WR� WU\� WR SUHYHQW LW� WKH�
VROXWLRQ�ZDV�QRW�JRRG�HQRXJK�

)LJXUH�����5HSUHVHQWDWLRQ�RI�IRUFHV
%HIRUH�GRLQJ�WKH�VHFRQG�WHVW��WKH� MLJ�ZDV�PDQXDOO\�DGMXVWHG�DIWHU�VHHLQJ�KRZ�LW�FRXOG�

EH�SURSHUO\� DGMXVWHG��+RZHYHU�� WKH�GHVLJQ� RI� WKH� MLJ� GRHVQ
W� DOORZ� WR�SURSHUO\� DGMXVWLQJ WKH�
RIIVHWV��DQG WKH�RQO\�EROWV�WKDW�JLYH WKH�SRVVLELOLW\�RI�PRYLQJ�WKH�MLJ�DUH�WKH�IROORZLQJV VKRZQ�
LQ� )LJXUH� ��� $QG� RQO\� WKH� HQWLUH� MLJ� V\VWHP� FDQ� EH� DGMXVWHG�� QRW� HDFK� VLGH� RI� WKH MLJ�
LQGLYLGXDOO\��6WLOO�WKH�ZKROH�URERW�FHOO�ZDV�OHYHOHG��DV�ZHOO�DV�WKH�MLJ��ZLWK�WKH�DYDLODEOH�WRROV��
ZLWKRXW�DQ\�PRQH\�LQYHVWPHQW��WR�VHH�KRZ�PXFK�WKH�UHVXOWV�FRXOG�EH�LPSURYHG��$V�ORW�RI�SDUWV�
KDG�WR�EH�UHPRYHG�� LW�ZDV�DOVR�WKH�PRPHQW�XVHG�WR�FKDQJH�RWKHU�SLHFHV�DV�WKH�DEVRUEHUV�DQG�
WKH�ILEHU�FDEOH��DOVR�WKH�FRPSRQHQW�ZHUH�FKHFNHG�WR�PDNH�VXUH�WKDW�DOO�ZHUH ZRUNLQJ�SURSHUO\�
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)LJXUH�����%ROWV�XVHG�IRU�OHYHOLQJ
7KH� KLJKOLJKWHG EROWV� ZHUH� DGMXVWHG� WR� OHYHO� WKH� MLJ�� ZKLOH� FKHFNLQJ� ZLWK� WKH� PRVW�

DFFXUDWH�VSLULW�OHYHO�DYDLODEOH�

)LJXUH�����6SLULW�OHYHO�LQ�WKH�MLJ
$QRWKHU� IDFWRU� FRQWULEXWLQJ� WR� WKH�EDG� UHVXOWV� RI� WKH� ILUVW� EDWFK� WHVW� DUH� WKH�6WRSSHUV�

�VHH�)LJXUH������WKRVH�DUH�XVHG�IRU�VWRSSLQJ�WKH�HQFORVXUH� LQ�WKH�ULJKW�SRVLWLRQ��)RU�FKHFNLQJ�
KRZ�WKH�SLHFH�LV�FODPSHG LQ�WKH�MLJ��WKH�PDFKLQH�ZDV�VWRSSHG�EHIRUH�VWDUWLQJ�WR�PDFKLQH�LW�WR�
VHH�DQ\�IXUWKHU�SUREOHP��DQG IROORZLQJ�ZDV�GLVFRYHUHG�
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)LJXUH�����6WRSSHUV�PLVDOLJQPHQW
$W� ILUVW� WKH� K\SRWKHVLV�ZDV� WKDW� WKH� QRQ�URWDWLQJ�JXLGH�ZDV�ZRUQ�� EXW� DIWHU� FKHFNLQJ�

KRZ�QHZ VWRSSHUV DOVR�URWDWH��LW�FDPH�HYLGHQW�WKDW�WKH�QRQ�URWDWLQJ�JXLGH KROH�ZDV ELJJHU�WKDQ�
WKH�FKDPIHUHG�URG�HQGLQJ��WKDW�PDNHV�WKH�VWRSSHU�JR�XS�LQ�GLIIHUHQW�DQJOHV�HYHU\�WLPH��DV�VHHQ�
LQ�)LJXUH�����

2QH�RI� WKH�SRVVLEOH�VROXWLRQV� LV� WXUQLQJ WKH�VWRSSHUV�DV� WKH� URXQGHG�VPDOO� URWDWLRQ� LQ�
WKDW�FDVH�LVQ
W�UHOHYDQW�WR�WKH�SUHFLVLRQ�RI�WKH�SRVLWLRQLQJ�RI�WKH�HQFORVXUH�

)LJXUH�����7XUQHG�VWRSSHUV
7KH�SUREOHP�RI� WXUQLQJ� WKH�VWRSSHUV�VR� WKH� URXQG�SDUW� RI� WKH� URG� LV� LQ� FRQWDFW� LV� WKDW�

RIIVHWV�VXIIHU�VRPH�FKDQJHV��DQG�WKDW�WKHUH�LV�QRW�SRVVLELOLW\�WR�DGMXVW�WKH�RIIVHWV�RI�HDFK�VLGH�
LQGLYLGXDOO\

$IWHU�PDNLQJ�WKH�MLJ�DV�OHYHOHG�DV�SRVVLEOH��D�VHFRQG�WHVW�EDWFK�ZDV�SHUIRUPHG��ZLWK�WKH�
IROORZLQJ�UHVXOWV��DSSURSULDWH�QHZ�]HUR�SRLQWV�ZHUH�VHW�LQ�WKH�VRIWZDUH�DOVR�
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7ROHUDQFH� UHVXOWV�DUH�EHWWHU�QRZ��EXW�VWLOO� WKH�'�VLGH�RI� WKH�HQFORVXUH� LV�RXW�RI� UDQJH��
'XH�WR�WKH�PRPHQWXP�FUHDWHG�WKDW�PDGH�WKH�MLJ�EHQGHG�LQ�WKH�HQG�SDUW�DV�H[SODLQHG EHIRUH��VHH�
LQ�)LJXUH����

7R�IL[�WKLV��GLIIHUHQW�VROXWLRQV�ZHUH�GLVFXVVHG�
x &KDQJH� MLJ GHVLJQ�� 7KLV� VROXWLRQ� LV� WKH�PRVW� LGHDO�� EXW� DV� D� GUDZEDFN� LW�ZLOO�

SRWHQWLDOO\�UHTXLUH�D�KLJK�LQYHVWPHQW��DQG�ORW�RI�WLPH�
x &KDQJH� URERW� SURJUDP�� 6KRUW�PLGGOH WHUP� VROXWLRQ�� SRVVLELOLW\� WR� FKDQJH� WKH�

]HUR� SRLQW� RI� HDFK� VLGH� WR� PDFKLQH� LQGLYLGXDOO\�� WKDW� ZD\ HYHU\� WLPH� WKH� MLJ�
PRYHV�� DQ� DQDO\VLV� FDQ EH� GRQH� WR� VHH� KRZ� LW� VKRXOG� EH� FKDQJHG� VRIWZDUH�
GHYHORSHU�VKRXOG�LPSURYH�WKH�SURJUDP�WR�LQFOXGH�WKLV�SRVVLELOLW\�

x &KDQJH� WROHUDQFH� UHTXLUHPHQWV�� $W� WKH� PRPHQW� HYHU\� SLHFH� GHVLJQHG� LQ�
&XEROLQN�� XVHV� WKH� ,62����P� VWDQGDUG�� ZKLFK� LV� FRPPRQO\� XVHG� IRU� PHWDO�
UHPRYDO��7KLV�PLJKW�EH�WRR�PXFK�IRU�WKH�FXVWRPHUV��DQG�LI�FXVWRPHU�UHDO�QHHGV�
RI� DFFHSWDEOH� VSHFLILFDWLRQ� QHHGV� FDQ� EH� XQGHUVWRRG� WKLV� SUREOHP� FDQ� EH�
SDUWLDOO\�VROYHG�

$IWHU�WDONLQJ�ZLWK�WKH�TXDOLW\�PDQDJHU�WKH�H[SHFWHG�WROHUDQFH�UHTXLUHPHQWV�KDYH�EHHQ�
DSSRLQWHG� $QG�ZKLOH� LW�ZDV� DFFHSWHG� WKDW� WKH� DFWXDO� SRVLWLRQLQJ� WROHUDQFHV� DUH� H[FHVVLYH�� ��
PP� RIIVHW� LV� WRR� PXFK�� $Q\ZD\� D� VWXG\� ZDV� WDNHQ WR� SODQ WR� FKDQJH WKH� WROHUDQFHV� RI�
SRVLWLRQLQJ�LQ�WKH�GUDZLQJV

7KDW�ZLOO�KHOS� WR�UHGXFH�WKH� OHDG� WLPHV�DQG�UHZRUNLQJ�FRVWV��ZKLOH VWLOO RIIHULQJ�ZKDW�
FXVWRPHU�QHHGV��RYHU�SURFHVVLQJ LV�D�W\SH�RI�ZDVWH�DV�H[SODLQHG�LQ�WKH���ZDVWHV��

,QVWHDG� RI� FKDQJLQJ� WKH� MLJ� GHVLJQ� WKDW ZRXOG� EH� FRVWO\� DQG� VORZ� WR� LPSOHPHQW�� WKH�
VRIWZDUH�FKDQJHV�KDYH�EHHQ RUGHUHG�WR�WKH�VRIWZDUH�GHYHORSLQJ�FRPSDQ\��,Q�WKH�PDLQWHQDQFH
VFKHGXOH� D� WDVN� ZLOO� EH� DVVLJQHG� WR� FKHFN� WKH� SURJUHVVLRQ� RI� WKH� MLJ� PRYHPHQWV� 7KLV� DOVR�
UHSUHVHQWHG�WKH�RSSRUWXQLW\�WR�WXUQ�WKH�VWRSSHUV�DV�VHHQ�LQ�)LJXUH����
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)LJXUH�����1HZ�]HUR�SRLQW�V\VWHP
$V�LW�FDQ�EH�VHHQ�D�GLIIHUHQW�]HUR�SRLQW�LV�GHILQHG�IRU�WKH�HDFK�VLGH�RSHUDWLRQV ZLWK�WKH�

QHZ�VRIWZDUH�LPSOHPHQWDWLRQ��LQ�WKLV�ZD\��WKHUH�LV�WRWDO�FRQWURO�RYHU�WKH�FKDQJHV�RI�HDFK�VLGH��
DQG�LI�DGMXVWPHQWV�DUH�FRUUHFWO\�GRQH��DQG�ZLWK�WKH�ORZ�VWDQGDUG�GHYLDWLRQ��D�TXDOLW\�YHU\�FORVH�
WR� �� 330� FDQ� EH� REWDLQHG�� &RQVLGHULQJ� WKH� URERW� FHOO� D� UHOLDEOH� PDFKLQH� WKDW� ZLOO� FUHDWH�
HQFORVXUHV�ZLWKLQ�VSHFLILFDWLRQV��WKDW�ZD\�WKH�TXDOLW\�FKHFNV�FDQ�EH�UHGXFHG��DQG�UHZRUN�ZLOO�
EH�DOPRVW�LQH[LVWHQW�

0DLQWHQDQFH�VFKHGXOH

,Q� WKH� URERW� FHOO� PDQXDO� �RQO\� DYDLODEOH� LQ� )LQQLVK��� D� IHZ� PDLQWHQDQFH� WDVNV� DUH�
DSSRLQWHG��&HOO�FOHDQLQJ��DGGLQJ�FRRODQW�WR�VSLQGOH�PRWRU�ZKHQ�QHHGHG��JUHDVLQJ�EDOO�VFUHZV�
RI�WKH�MLJ�HDFK�VL[�PRQWKV DQG�FOHDQLQJ�YDFXXP�V\VWHP�RQFH�D�PRQWK�

$IWHU� ORRNLQJ� DW� DOO� WKH�PDQXIDFWXUHU� UHFRPPHQGDWLRQV DQG� DGGLQJ� VRPH� QHZ� RQHV��
HVSHFLDOO\� UHJDUGLQJ� FOHDQLQJ�� D� QHZ� PDLQWHQDQFH� VFKHGXOH� KDV� EHHQ� GHILQHG�� WKH� WDEOH� RI�
PDLQWHQDQFH�VFKHGXOH�FDQ�EH�IRXQG�LQ�$QQH[�%�
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7KLV�PDLQWHQDQFH�VFKHGXOH�VKRXOG�KHOS� WR�JHW� ULG�RI� ORW� RI� WKH�H[LVWLQJ�DQG� IXWXUH SUREOHPV��
6WLOO�ZKHQ�D�SUREOHP�RFFXUV��LW�VKRXOG�EH�QRWLILHG�WR�WKH�HQJLQHHUV��VR�WKH\�FDQ�TXLFNO\�UHDFW
DQG�NHHS�WUDFN�RI�WKH�IDLOXUHV�KDSSHQLQJ�

&RPSDULVRQ�&1&�YV�&XERIOH[

'XULQJ�WKH�LQWURGXFWLRQ�LW�KDV�EHHQ VKRZQ�WKDW�WKH�XWLOL]DWLRQ�RI�WKH�&1&�PDFKLQHV�LV�
KLJKHU WKDQ�WKH�URERW�FHOO��&1&�PDFKLQHV�DUH�VWDQGDUG�DQG�NQRZQ�PDFKLQHV��VR�WKH�HUURUV� LQ�
WKRVH�GRQ
W� KDSSHQ�VR� RIWHQ��$IWHU� IL[LQJ� WKH� HUURUV� XQGHUVWDQGLQJ� WKH� IDLOXUH� UHDVRQV LQ� WKH�
07���� DQG� SURSRVLQJ� FKDQJHV� WR� KDYH� D� UHOLDEOH� PDFKLQH�� LW� LV� WLPH� WR� FRPSDUH� ERWK�
PDFKLQHV��DQG�TXDQWLI\ WKH�DGYDQWDJH�RI�XVLQJ�LW�IRU VPDOO�PHGLXP�EDWFKHV�

7KH�PDLQ� LGHD� LV� WR� FRPSDUH� WKH� WLPHV� UHTXLUHG� LQ� ERWK� WKH�&1&�ZRUN� FHOO� DQG� WKH
5RERW�)06�FHOO��ZLWK�WKH�FRPSDULVRQ� WKUHH PDLQ�YDULDEOHV�DUH�VHHN

3LGOH� ��RI�LGOH�WLPH�LQ�&1&�
3PDQXDO� ��RI�UHTXLUHG�PDQXDO�ZRUN�LQ�5RERW�FHOO�
4WXUQLQJ�SRLQW� 6L]H�RI�EDWFK�ZKHUH�VDPH�WLPH�LV�QHHGHG�LQ�ERWK�PDFKLQHV�
7KH�ILUVW�WZR�YDULDEOHV ZLOO�EH�XVHG�WR�VHH�LI�D�6:(��VKDUHG�ZRUNHU�HQYLURQPHQW��FRXOG�

EH� DSSOLHG�� LQ� FDVH 3LGOH !3PDQXDO KDSSHQV�� 7KDW� ZLOO� PHDQ�� WKDW� WKH� ZDLWLQJ� WLPHV� IRU� WKH�
ZRUNHUV�� DUH� KLJKHU� WKDQ� WKH� UHTXLUHG� WLPH� RI� PDQXDO� RSHUDWLRQV� QHHGHG� LQ� WKH� &XERIOH[�
PDFKLQH�

)LJXUH�����1RQ�6:(��D�ZRUNHU�LQ�HDFK�PDFKLQH��YV�6:(
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$W�WKH�VDPH�WLPH SURGXFWLRQ�WLPH�FRPSDULVRQ�ZLOO�EH�PDGH��WR�VHH�WKH�EDWFK�VL]H�ZKHUH�
WKH�WXUQLQJ�SRLQW�RFFXUV��DQG�LV�IDVWHU�WR�XVH�WKH�&1&�PDFKLQHV�LQVWHDG��)RU�WKDW�SXUSRVH��WKH�
IRUPXODV�RQ�SURGXFWLRQ�WLPH�H[SODLQHG�LQ�WKH�LQWURGXFWLRQ�KDV�EHHQ�XVHG�

7LPH�PHDVXULQJ�RI�WKH�SURFHVVHV�KHOSV�WR�XQGHUVWDQG��KRZ�DQG�ZKHUH�WKH�UHVRXUFHV�DUH
EHLQJ�XVHG��)RU�WKDW�SXUSRVH��GLIIHUHQW�WLPH�PDQDJHPHQW�SURJUDPV�DUH�H[LVWLQJ�LQ�WKH�PDUNHW��
LQ WKLV�FDVH��*ULQGVWRQH�KDV�EHHQ�XVHG��7DVN�FDQ�EH�FKDQJHG�LQ�UHDO� WLPH� DQG�JUDSKLFV�FDQ�EH�
JHQHUDWHG��DV�ZHOO�DV�H[SRUWLQJ WKH�WLPH�WR�H[FHO�VKHHWV�

7KH� GLIIHUHQW� SURFHVVHV� SHUIRUPHG� E\� ZRUNHUV� KDYH� EHHQ� PHDVXUHG� 2I� VSHFLDO�
LPSRUWDQFH� LV� WKH� ZRUNHU� LGOH WLPH�� EHFDXVH� GXULQJ� WKDW� WLPH ZRUNHU� LV� QRW� DGGLQJ� YDOXH��
$OWKRXJK WKHUH�VKRXOG�DOZD\V�EH�VRPH�LGOH�WLPH��LQ�RUGHU�WR�DYRLG�EXUQRXW�RI�ZRUNHUV

*LYHQ� WKH� WHFKQRORJLHV� DYDLODEOH� LQ� WKH� FRPSDQ\�� IRUPXODV ���� DQG� ���� IURP� WKH�
H[LVWLQJ�OLWHUDWXUH�DQG�WKHRU\ KDYH�EHHQ�VOLJKWO\�FKDQJHG�IRU�WKH�FDOFXODWLRQV�RI�QHHGHG GDWD�

&XERIOH[� LV�PHDQW�WR�ZRUN�ZLWK�VPDOO�PHGLXP�EDWFK�VL]HV��%HFDXVH�RI�WKLV��WKH� IRFXV�
ZDV�WR�REWDLQ�DQ DOPRVW�LQH[LVWHQW VHW�XS�WLPH��SURYLGLQJ D�ELJ�IOH[LELOLW\��EXW�DW�WKH�VDPH�WLPH�
WKH�RSWLPL]DWLRQ�RI�PRYHPHQWV�DQG�RSHUDWLRQV�ZDV�QRW�WRRN WRR�PXFK�LQWR�DFFRXQW��KHQFH��WKH�
PDFKLQH�QHHGV�PRUH� WLPH� WR�GR� WKH�VDPH�RSHUDWLRQV��7KH�&1&��QHHGV�D� FRQVLGHUDEOH VHW�XS�
WLPH� FRPSDULQJ�ZLWK� WKH�&XERIOH[� �DQG� WLPH� LV� DOVR� GHSHQGHQW� RQ�ZRUNHUV� DYDLODELOLW\� DQG�
DELOLW\���EXW�WKH�WLPH�IRU�HDFK�RSHUDWLRQ�LV� ORZHU��VR LI�D�JUDSK�LV�GUDZQ�ZLWK�WKH�WRWDO�WLPH�RI�
SURGXFWLRQ�RI�D�EDWFK��7%� D�JUDSKLF�ZLWK�WKLV�VKDSH�RI�)LJXUH��� FDQ�EH�H[SHFWHG��7KH�SRLQW�
ZKHUH� WZR�JUDSKV� LQWHUIHUH�� FDOOHG 4WXUQLQJ� SRLQW��ZLOO� JLYH� DQ� LGHD RI�ZKHQ� LV� EHWWHU WR�SODQ� D�
EDWFK IRU� RQH� RU� WKH� RWKHU� PDFKLQH�� WR� GR� VR GLIIHUHQW� EDWFKHV ZLOO� EH� FRPSDUHG� LQ� ERWK�
PDFKLQHV��WR�KDYH�DQ�XQGHUVWDQGLQJ�RI�KRZ�GLIIHUHQW�YDULDEOHV�DV�VLGHV�PDFKLQHG��QXPEHU�RI�
WRROV�FKDQJHV�HWF��PDNH�WKLV�QXPEHU�FKDQJH�



��

)LJXUH�����3URGXFWLRQ�WLPH�SHU�XQLW�GHSHQGLQJ�RQ�EDWFK�VL]H
7KH�FDOFXODWLRQ�RI� WKH�JUDSKV�KDV�EHHQ�GRQH�E\� XVLQJ DGDSWHG� IRUPXODV� IURP�����DQG�

�����EHFDXVH�WKH�WLPHV�KDYH�EHHQ�REWDLQHG E\�GLIIHUHQW�PHWKRGV�
7LPH�PHDVXULQJ�LQ�&1&�PDFKLQHV
$UURZ�VRIWZDUH�JLYHV�WKH�SRVVLELOLW\�WR�UHFRUG�WLPHV��HDFK�PDFKLQH�KDV�D�SK\VLFDO�ER[�

ZLWK�GLIIHUHQW� EXWWRQV� HDFK�QXPEHU� UHSUHVHQWV� D� VWDWH�� WKHUH� LV� D� FRGH� H[SODLQLQJ�ZKDW� HDFK�
QXPEHU�UHSUHVHQWV��2QFH�WKH�WLPHV�DUH�UHFRUGHG��WKH�VRIWZDUH�FUHDWHV�JUDSKV�DERXW�LQIRUPDWLRQ�
RI�WKHP��DV�LW�FDQ�EH�VHHQ�LQ�)LJXUH����



��

)LJXUH�����$UURZ�VRIWZDUH
)URP� WKHUH� LQIRUPDWLRQ� FDQ�EH� WDNHQ� DERXW� WKH� DXWRPDWLF� �LQFOXGHV WLPH�RI� ORDGLQJ�

XQORDGLQJ� 7OX DQG WLPH�RI�RSHUDWLRQ� 7R��DQG�RQ� WKH�RWKHU�KDQG� VHW�XS�WLPH�ZLOO�EH�768 DQG�
ZDLWLQJ�WLPH��ZLWK�UHDVRQ�RU�ZLWKRXW�UHDVRQ��ZLOO�EH�7,'�

6R�WKH�IRUPXOD�IRU SURGXFWLRQ�WLPH�SHU�SLHFH�LQ�WKH�&1& ZLOO�EH�WKH�IROORZLQJ�

ܶሺேሻ ൌ ሺ ௌܶሺேሻ  ூܶሻ
ܳ൘  ܶ௨௧௧

���

:KHUH�
ܶ௨௧௧ ൌ ܶ  ைܶ ���

&DOFXODWLRQ�RI�3LGOH DQG�3PDQXDO
7KLV�GDWD�LV�UHFROOHFWHG�PDQXDOO\�DQG�ZLWK�WKH�KHOS�RI�WKH�VRIWZDUH�JULQGVWRQH����ZKHUH�

WKH�DFWXDO�WDVN�FDQ�EH�FKRVHQ��DQG�JUDSKLFV��SHUFHQWDJHV�DQG�HYHQ�H[FHO�H[SRUW�FDQ�EH�GRQH�



��

)LJXUH�����*ULQGVWRQH�WLPH�PDQDJHPHQW�VRIWZDUH
,Q�RQH�KDQG��WKH�SURFHVV�RI�WKH�ZRUNHUV�LQ�WKH�&1&�PDFKLQHV�LV�UHFRUGHG��ZLWK�XVXDO���

VWHSV�WKDW�DUH�UHSHDWHG�GXULQJ�WKH�WLPH��)LUVWO\�XQORDGLQJ RI WKH�SLHFH�IURP�WKH�ZRUN�FHOO�ZKHQ�
WKH�SUHYLRXV�SLHFH�LV�GRQH��DQG�WKHQ�SXWWLQJ WKH�QHZ�RQH�LQ�WKH�PDFKLQH�DQG�SUHVV�VWDUW�EXWWRQ��
7KHQ�ZRUNHU�SROLVKHV�WKH�SLHFH��E\�HOLPLQDWLQJ DQ\�LPSHUIHFWLRQ�WKDW�PD\�DULVH��DQG�UDQGRP�
PHDVXUHV�DUH�DOVR� WDNHQ�� WR�VHH� LI QR�GHYLDWLRQ� LV� RFFXUULQJ��2QFH� WKLV� LV�GRQH�� DQG�XQWLO� WKH�
PDFKLQH�F\FOH�LV�ILQLVKHG��WKH�ZRUNHU�MXVW�ZDLWV��,GOH�WLPH��WKLV�LV�WKH�WLPH�WKDW�FRXOG�EH�XVHG�
WR� KDYH� D� 6:(�� DV� LW� FDQ� EH� VHHQ� LQ�

)LJXUH����
)RU�WKDW��DOVR�ZLWK�JULQGVWRQH��WKH�SHUFHQWDJH�RI�WKH�WLPH��ZKHUH�KXPDQ� LQWHUDFWLRQ� LV�

UHTXLUHG�LQ�WKH�URERW�FHOO LV�UHFRUGHG�DQG�WKH�WZR�SHUFHQWDJHV�DUH�ZULWWHQ LQ�D�H[FHO�GRFXPHQW��
ILQDOO\�WKH�SHUFHQWDJH�LV�PXOWLSOLHG�E\�WKH�SURGXFWLRQ�WLPH�SHU�SLHFH�WR�VHH�LI�WKH�LGOH�WLPH�RI�
ZRUNHUV�LQ�WKH�&1&�PDFKLQHV�LV�ELJJHU�WKDQ�WKH�UHTXLUHG�WLPH�IRU�WKH�URERW�FHOO�

7LPH�PHDVXULQJ�LQ�WKH�5RERW�FHOO
7KH�ZD\�RI�JHWWLQJ�GDWD� IRU� WKH� URERW�FHOO� LV GLIIHUHQW�� WKH�FHOO� KDV� LWV�RZQ�FRPSXWHU��

ZKHUH�WKH�ZDQWHG�PDFKLQLQJ�SURJUDP�FDQ�EH�LPSRUWHG��WKH�QXPEHU�RI�SLHFHV�ZDQWHG�DQG PRUH�
VHWWLQJV�FDQ�EH�FKDQJHG��,Q�WKLV�SURJUDP�WKHUH�LV�DOVR�D�ORJ��WKDW�VKRZV�WKH�HYHQWV�KDSSHQLQJ��

0DFKLQH
:RUNHU
6HW�XS
0DFKLQH
:RUNHU07����

&1&
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VXFK�DV�HUURUV��WLPHV�HWF��2QH�RI�WKHP�LV�WKH�SURGXFWLRQ�WLPH� ZKHUH�WKH�WLPH�LV�PHDVXUHG� IURP�
WKH�SLHFH�JRLQJ�XQWLO WKH�SLHFH�JRHV RXW�

)LJXUH�����&XWFRQWURO�ORJ�ILOH
7KH�ORDGLQJ�XQORDGLQJ�RI�SDUWV�LV�DOVR�GLIIHUHQW��DV�WKH�PDFKLQH�DXWRPDWLFDOO\�WDNHV�WKH�

SLHFHV� IURP� WKH� FRQYH\RU� EHOW�� DQG� SXWV� LW� LQ� WKH� FRUUHFW� SRVLWLRQ� LQ� WKH� MLJ�� WKH� WLPH� IRU�
XQORDGLQJ�LV ORZHU�WKDQ�LQ�WKH�&1&�PDFKLQHV��ZKHUH�WKLV�LV�QHHGHG�WR�EH�GRQH�HDFK�WLPH��7KLV�
PHDQV��WKDW�WKH�PDFKLQH�FDQ�EH�ZRUNLQJ�ZLWKRXW�KXPDQ�LQWHUDFWLRQ�XQWLO�QR�PRUH�SLHFHV�DUH�LQ�
WKH�FRQYH\RU�EHOW��7R�GR�VR D�IRUPXOD�KDV�EHHQ�GHYHORSHG��H[SODLQHG LQ IRUPXOD�����

$Q\ZD\�LI�VRPH�SROLVKLQJ�RSHUDWLRQV�DUH�QHHGHG��WKHQ�WKH�KXPDQ�LQWHUDFWLRQ�LV�QHHGHG�
IRU�HDFK�RI� WKH�SLHFHV�� DOWKRXJK DV WKH� ILQLVKHG�SLHFHV�VWD\� LQ� WKH�FRQYH\RU�EHOW�� LW�JLYHV� WKH�
RSSRUWXQLW\� WR� WKH�ZRUNHU� WR�PDNH� WKLV� RSHUDWLRQV�ZLWKLQ�D� UDQJH�RI� WLPH�� QRW� MXVW�ZKHQ� WKH�
SLHFH�LV�ILQLVKHG��WKHUHE\�LQFUHDVLQJ�WKH�SRVVLELOLW\�RI�EHLQJ�DEOH�WR�XVH D�6:(�
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6R�LQ�WKH�VHW�XS��WKH�WLPH�QHHGHG�IRU�ORDGLQJ�WKH�PDFKLQLQJ�SURJUDP�DV�ZHOO�DV�WKH�WLPH�
QHHGHG�WR�SXW�WKH�PD[LPXP�QXPEHU�RI�HQFORVXUHV�KDV�EHHQ�PHDVXUHG��DQG�LW�ZLOO�EH�PHDVXUHG�
ZLWK�D�VWRSZDWFK��768�&XER���

,Q� WKH� RWKHU� KDQG WKH� WLPH� IRU� ORDGLQJ�XQORDGLQJ� ZLOO� QRW� EH� WDNHQ� LQWR� DFFRXQW�
�7/8 ����DV�WKLV� WLPH�ZLOO�EH�GRQH�ZKLOH�WKH�PDFKLQH� LV�ZRUNLQJ�RQ�RWKHU�SLHFHV��VR� LW�ZRQ
W�
DGG�WLPH�WR�WKH�WRWDO�WLPH�IRU�WKH�EDWFK��,Q�WKH�QH[W�SLFWXUH�LW�FDQ�EH�VHHQ�WKH�FRQWLQXLW\�LQ�ERWK�
PDFKLQHV��DQG�ZKHQ�WKH PDFKLQHV�QHHGV�KXPDQ�LQWHUDFWLRQ�LQ�RUGHU�WR�NHHS�ZRUNLQJ�

)LJXUH�����:RUNHU�LQWHUDFWLRQ�ZLWK�PDFKLQH�LQ�&1&�DQG�URERW�FHOO IRU�D�VLQJOH�EDWFK
7KH�PDFKLQH� LGOH�WLPH�ZLOO�RQO\�EH�FRQVLGHUHG�� LQ�FDVH�WKH�PDFKLQH�VKRZV�D�SUREOHP�

DQG GHFLGHV� WR� VWRS�� EHFDXVH� HYHQ� LI� WKH� ZRUNHUV� DUH� RXW� RI� WKH� PDFKLQH�� LW� FDQ� FRQWLQXH�
ZRUNLQJ�IRU�VRPH WLPH ��VHH�HTXDWLRQ������IRU�FDOFXODWLRQ���6R�LQ�WKLV�FDVH��7,' �LGOH�WLPH� ZLOO�
EH�FDOOHG�7(UURUV��6R�WKH�IRUPXOD�XVHG�IRU�WKH�&XERIOH[ ZLOO�EH�WKH�IROORZLQJ�

ܶሺ௨ሻ ൌ ሺ ௌܶሺ௨ሻ  ாܶሻ
ܳ൘  ைܶ

���

,Q�D�JLYHQ�SRLQW�RI D�EDWFK� 4L� WKH WLPH�IRU�ERWK�ZLOO�EH�WKH�VDPH��DV�LW�ZDV�H[SODLQHG�
SUHYLRXVO\��)RU�WKDW�4WXUQLQJ�SRLQW ZLOO�EH�FDOFXODWHG��E\ HTXDOLQJ WKH�WLPH�IRUPXOD�SHU�SLHFH�ZLWK�
ERWK�HTXDWLRQ ��� DQG���� ZLWK�WKH VDPH�EDWFK�VL]H��4WXUQLQJ�SRLQW�

ܶሺேሻ ൌ ܶሺ௨ሻ ���
%\�H[SDQGLQJ�WKH�IRUPXODV�IROORZLQJ�IRUPXOD�LV�REWDLQHG�

ሺ ௌܶሺேሻ  ூܶሻ
௧ܳ௨ ௧൘  ܶ௨௧௧ ൌ ሺ ௌܶሺ௨ሻ  ாܶሻ

௧ܳ௨ ௧൘  ைܶ

	����ǡ ��������������� ������������������� �������������������������������������
ሺ ௌܶሺேሻ  ூܶሻ

௧ܳ௨ ௧൘ െ ሺ ௌܶሺ௨ሻ  ாܶሻ
௧ܳ௨ ௧൘ ൌ ைܶ െ ܶ௨௧௧
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0DFKLQH
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6HW�XS
0DFKLQH
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൫ ௌܶሺேሻ  ூܶ൯ െ ሺ ௌܶሺ௨ሻ  ாܶሻ
௧ܳ௨ ௧

ൌ ைܶ െ ܶ௨௧௧


�����������������������ǣ

௧ܳ௨ ௧ ൌ ൫ ௌܶሺேሻ  ூܶ൯ െ ሺ ௌܶሺ௨ሻ  ாܶሻ
ைܶ െ ܶ௨௧௧
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3URGXFWLRQ�SODQQLQJ�SURFHVV

$Q H[FHO� WHPSODWH� KDV� EHHQ� XVHG� WR� VHH� GLIIHUHQW� XVHIXO� SDUDPHWHUV�� )RU� D� SURSHU�
FRPSDULVRQ�� ���SLHFHV� RI� HDFK�EDWFK ZLOO� EH�GRQH� LQ� WKH�&1&�PDFKLQH� DQG� LQ� WKH�07������
DIWHUZDUGV UHFRUGHG GDWD� IRU� WKH� VDPH� SURFHVV� LQ� ERWK� &XERIOH[� DQG� &1&� ZLOO� EH� XVHG� WR
FRPSDUH�WKH�UHVXOWV��7KLV�GDWD�ZLOO�KHOS�WR�XQGHUVWDQG� LI�QR�H[WUD�ZRUNHUV�DUH�QHHGHG��LI RQH�
ZRUNHU�FDQ�ZRUN�VLPXOWDQHRXVO\�LQ�ERWK�PDFKLQHV��LI�WKH�SLHFHV�DUH�EHLQJ�PDGH�ZLWKRXW�HUURU��
DV�ZHOO�DV�D WLPH�FRPSDULVRQ�EHWZHHQ�GRLQJ�LW�ZLWK�&1&�DQG�&XERIOH[�URERW�FHOO�

7KH�IROORZLQJ�ZRUNIORZ�KDV�EHHQ�XVHG�WR�FRPSOHWH�WKH�ZRUN
x ,QSXW�SURGXFW�FRGH��EDWFK�VL]H��QXPEHU�RI�RSHUDWLRQV�DQG�WRRO�FKDQJHV
x 0HDVXUH� WKH� LGOH� WLPH� �� RI� WKH� &1&� PDFKLQH� ZRUNHUV� ZLWK� *ULQGVWRQH� ���

WLPHV��DQG�VHH�SHUFHQWDJH�
x 3XW�*ULQGVWRQH�WR�PHDVXUH�WKH��VHW�XS�WLPH��LQ�07����
x 3XW� WDVN� RSHUDWRU�ZRUN��ZKHQ� VRPHWKLQJ�GRQH� LQ� WKH� URERW� �RQO\��VW�PHDVXUH�

VKRXOG�EH�FRXQWHG�DV�ZRUN�
x &KHFN�&1&�SURGXFWLRQ�WLPHV�LQ�$UURZ
x &KHFN�LQ�WKH�&XWFRQWURO�ORJ��IRU�URERW�SURGXFWLRQ�WLPHV
x &RPSOHWH�WKH�H[FHO�WDEOH

:KHQ�DOO�WKH�QHHGHG�FHOOV�DUH�IXOILOOHG��WKH�IROORZLQJ�FKDUWV�ZLOO�EH�DYDLODEOH��



��

)LJXUH�����&RPSDULVRQ�FKDUW�H[DPSOH�IRU�&1&�DQG�URERW�FHOO
7KH�JUDSK�VKRZV�WKH�GLIIHUHQFH�EHWZHHQ�WKH�DYHUDJH�SURGXFWLRQ�WLPH�RI�ERWK�PDFKLQHV�

DQG� WKH� GLIIHUHQFH� RI� WKH� ZRUNHU� IUHH� WLPH� LQ� WKH� &1&� PDFKLQH� DQG� WKH� UHTXLUHG� PDQXDO�
RSHUDWRU�WLPH� LQ�WKH�07������ ,I WKH�JUHHQ�EDU�FKDUW�LV�ELJJHU�WKDQ�WKH�SXUSOH�RQH�PHDQV�WKDW
ERWK�ZRUNV�FRXOG�EH�GRQH�ZLWK�RQO\�RQH�ZRUNHU��

$QRWKHU�LQWHUHVWLQJ�FKDUW�LV�WKH�RQH�WKDW VKRZV�WKH�WLPH�SHU�SDUW�QHHGHG��LQ�IXQFWLRQ�RI�
WKH�VL]H�RI�WKH�EDWFK

7KLV� LV� UHDOO\� LPSRUWDQW�� DV� LW� ZLOO� KHOS� XV� WR� XQGHUVWDQG�� WKH� PDJQLWXGH� RI� WKH�
DGYDQWDJHV� WKDW�&XERIOH[ FDQ�RIIHU�DJDLQVW� WKH�&1&�PDFKLQHV�� )XUWKHU LPSURYHPHQWV�FRXOG�
KHOS�WKH�URERW�FHOO��WR�KDYH�PRUH�HIILFLHQW�PRYHPHQWV�DQG�RSHUDWLRQV�XQWLO�JHWWLQJ�FORVH�WR�WKH�
RSHUDWLRQ� WLPH�RI� WKH�&1& ZKLFK ZLOO�PDNH� WKH� UDQJH�RI�XVH� IRU� WKH�&XERIOH[ ZLGHU�� DV�DQ�
H[DPSOH�RQH�RI�WKH�EDWFKHV����VLGHV�RI�WKH�HQFORVXUH��DQG���VLGH�RI�WKH�OLG�PDFKLQLQJ��KDV�EHHQ�
WDNHQ��DQG�FKDQJH�RI�FXUYH�KDV�EHHQ�DQDO\]HG�ZLWK�GLIIHUHQW� ILFWLRQDO���RI�WLPH�LPSURYHPHQW�
LQ�&XERIOH[�PDFKLQH�



��

)LJXUH�����0DQXIDFWXULQJ�F\FOH�WLPHV
,W�FDQ�EH�VHHQ WKDW�LI�D�����RI�UHGXFWLRQ�LQ�WLPH�SHU�PDFKLQHG�SDUW�LV�GRQH�LQ�WKH�&XERIOH[��LI�ZLOO�EH�IDVWHU�WKDQ�WKH�&1&�IRU�

WKH�VSHFLILF�FDVH�RI�WKH�RUGHU�.27�������UHJDUGOHVV�RI�WKH�VL]H�RI�WKH�EDWFK�



��

7KLV� LV� IRU�D�FDVH��ZKHUH�PRUH� WKDQ�RQH�VLGH�PDFKLQLQJ� LV�GRQH��ZKLFK�PHDQV�WKDW� LQ�
WKH�&1&��WZR�GLIIHUHQW�RSHUDWLRQV�KDYH�WR�EH�GRQH��ZLWK� WZR�VHW�XSV��DQG�HDFK�SLHFH�ZLOO�EH�
ORDGHG�XQORDGHG�WZLFH�DV�ZHOO��VR�LQ�FDVHV�ZKHUH�PRUH�WKDQ�RQH�VLGH�PDFKLQLQJ� LV�GRQH��DQG�
ZLWK�DV�VPDOO�UHGXFWLRQ�DV�����RI�WKH�WLPH�LQ�&XERIOH[��WKLV�FDQ�PHDQ�WKDW�WKH�)06�URERW�FHOO�
ZLOO�DOZD\V�EH�IDVWHU��UHJDUGOHVV�RI�WKH�EDWFK�VL]H�

)LJXUH�����3URGXFWLRQ�SODQQHU�SURFHVV WR�VSHFLI\�ZKHUH�WR�PDFKLQH�WKH�EDWFK
$V�SURGXFWLRQ�SODQQHUV�GR�QRW�KDYH�WKH�NQRZOHGJH��RI�ZKHUH�LW�LV�EHWWHU�WR�XVH�07�����

D� GHFLVLRQ�ZRUNIORZ� KDV� EHHQ� GHVLJQHG�� ,Q� WKLV�ZRUNIORZ�� GLIIHUHQW� YDULDEOHV� IRU HQFORVXUH�



��

PDFKLQLQJ�SURJUDP�DUH� WDNHQ LQWR�DFFRXQW� DV� LI� WKHUH� LV� WRRO�FKDQJH�RU� QRW�� DQG�KRZ�PDQ\�
VLGHV�DUH�QHHGHG WR�PDFKLQH��

)RU�WKDW� GLIIHUHQW�H[SHULPHQWV��ZLWK�WKH�DOUHDG\�SUHVHQWHG�H[FHO�WHPSODWH�ZLOO�EH�GRQH��
WR� VHH� KRZ� WKLV� YDULDEOHV� FKDQJH� WKH� WXUQLQJ� SRLQW�� ZKHUH� LW� LV� IDVWHU� WR� GR� LW� LQ� WKH� &1&�
PDFKLQHV�� UDWKHU� WKDQ� LQ� WKH�07������ QH[W� H[SHULPHQWV� ZLOO� EH� GRQH�� ZKHUH� FDOFXODWLRQ� RI�
4WXUQLQJ�SRLQW DQG�WKH�HIIHFW�RI�SRWHQWLDO�LPSURYHPHQWV�FRXOG�EH�VHHQ�

7DEOH����5HVXOWV�RI�H[SHULPHQW����1R�WRRO�FKDQJH����VLGH�PDFKLQLQJ
7XUQLQJ�SRLQW ��������
4WXUQLQJ�SRLQW ZLWK�LPSURYHPHQWV

��RI�LPSURYHPHQW 4WXUQLQJ�SRLQW
� ��������
�� ��������
�� ��������
�� ��������
�� ,1),1,7(

7DEOH����5HVXOWV�RI�H[SHULPHQW����1R�WRRO�FKDQJH����VLGH�PDFKLQLJ
7XUQLQJ�SRLQW ����
4WXUQLQJ�SRLQW ZLWK�LPSURYHPHQWV

��RI�LPSURYHPHQW 4WXUQLQJ�SRLQW
� �������
�� ��������
�� ��������
�� ,1),1,7(

7DEOH����5HVXOWV�RI�H[SHULPHQW����1R�WRRO�FKDQJH����VLGH�PDFKLQLQJ
7XUQLQJ�SRLQW ,1),1,7(
4WXUQLQJ�SRLQW ZLWK�LPSURYHPHQWV

��RI LPSURYHPHQW 4WXUQLQJ�SRLQW
� ,1),1,7(

7DEOH����5HVXOWV�RI�H[SHULPHQW����7RRO�FKDQJH����VLGH�PDFKLQLQJ
7XUQLQJ�SRLQW ��������
4WXUQLQJ�SRLQW ZLWK�LPSURYHPHQWV

��RI�LPSURYHPHQW 4WXUQLQJ�SRLQW
� ��������
�� �������
�� ��������
�� ��������
�� �����
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7DEOH�����5HVXOWV�RI�H[SHULPHQW����7RRO�FKDQJH����VLGH�PDFKLQLQJ
7XUQLQJ�SRLQW ��������
4WXUQLQJ�SRLQW ZLWK�LPSURYHPHQWV

��RI�LPSURYHPHQW 4WXUQLQJ�SRLQW
� ��������
�� �����
�� ,1),1,7(

7DEOH�����5HVXOWV�RI�H[SHULPHQW����7RRO�FKDQJH����VLGH�PDFKLQLQJ�RU�PRUH
7XUQLQJ�SRLQW ��������
4WXUQLQJ�SRLQW ZLWK�LPSURYHPHQWV

��RI�LPSURYHPHQW 4WXUQLQJ�SRLQW
� ,1),1,7(

6KDUHG�ZRUN�HQYLURQPHQW

7KH�LGHD�LV�WR�VHH�WKH�LGOH�WLPH�IRU�RQH RSHUDWLRQ�DQG�WKH�UHTXLUHG�ZRUNHU�LQSXW�WLPH�IRU�
WKH�VDPH�RSHUDWLRQ�LQ &XERIOH[�

,Q� PDQ\� VPDOO� DQG� PHGLXP�VL]HG� EXVLQHVVHV�� RQH� ZRUNHU� VLPXOWDQHRXVO\� KDQGOHV�
PXOWLSOH� PDFKLQHV >��@� %\� FRPSDULQJ 3LGOH ZLWK� 3PDQXDO LW� FDQ EH� VHHQ LI� WKH� ZRUN� LQ� ERWK�
PDFKLQHV� FDQ� EH� GRQH� E\� WKH� VDPH� SHUVRQ�� 7KH� FRPSDULVRQ� KDV� EHHQ� PDGH� IRU� DOO� WKH�
H[SHULPHQWV��WDNHQ�WKH�GDWD�IURP�H[FHO��DV�VHHQ�LQ�)LJXUH�����,Q�DOO�WKH�FDVHV��WKH�LGOH�WLPH�RI�
WKH�ZRUNHU�LQ�WKH�&1&�FHOO�LV�ELJJHU�WKDQ�WKH�UHTXLUHG�WLPH�LQ�WKH�URERW�FHOO��PHDQLQJ�WKDW�WKH�
6:(�LV�IXOO\�DSSOLFDEOH�DQG�WKDW�QR�PRUH�ZRUNHUV�ZLOO�EH�QHHG�WR�KDQGOH�WKH�URERW�FHOO�

$SSO\LQJ�OHDQ�SKLORVRSK\

/HDQ�LV�D�PHWKRGRORJ\�WR�HOLPLQDWH�WKH�ZDVWH����GLIIHUHQW�RI�ZDVWHV�KDYH�EHHQ�DOUHDG\�
H[SODLQHG� LQ� WKH� LQWURGXFWLRQ�VHFWLRQ��'XULQJ� WKH�DQDO\VLV� RI� WKH�PDFKLQH��VRPH�ZDVWHV�KDYH�
EHHQ�HQFRXQWHUHG�

)LUVW�RQH�KDV�DOUHDG\�EHHQ�H[SODLQHG��2YHUSURFHVVLQJ��$IWHU�GLVFXVVLQJ�ZLWK�D�PDQDJHU��
LW�KDV�EHHQ�DJUHHG��WKDW�WKH�DFWXDO�WROHUDQFHV�IRU�WKH�DYHUDJH�FXVWRPHU�DUH�WRR�KLJK�WR�DFKLHYH��
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WKXV� UHSUHVHQWLQJ� D� ZDVWH� LQ� RUGHU� WR� DFKLHYH� D� TXDOLW\� WKDW� LV� QRW� UHDOO\� QHHGHG�� DQG� WKDW�
FXVWRPHUV�ZRQ
W�SD\�IRU�LW�

)RU� WKDW� UHDVRQ�� QHZ� WROHUDQFHV� ZLOO� EH DJUHHG�� DQG� LQ� FDVH� WKH� FXVWRPHU� QHHGV� D�
VSHFLILF�RU�PRUH�UHVWULFWLYH�WROHUDQFH��WKHQ�FXVWRPHU�VKRXOG�VSHFLI\�LW�DQG�SD\�IRU�LW��DFFRUGLQJ�
WR�WKH�YDOXH�LW�ZLOO�SURYLGH WR�WKHP�

'HIHFWV� DUH� DOVR� DQRWKHU� FULWLFDO� ZDVWH�� DQG� E\� GRLQJ� WKH� SURSHU� FKDQJHV� LQ� WKH�
PDLQWHQDQFH� VFKHGXOH�� DQG� VRIWZDUH� FKDQJHV� GHIHFWLYHV� SDUWV� SURGXFHG� E\� WKH�07��� DUH�
H[SHFWHG�WR�GLVDSSHDU�

$QRWKHU VSRWWHG�W\SH�RI�ZDVWH�DUH WKH�ZDLWLQJ�WLPHV�
7DEOH�����([DPSOH�RI�ZDLWLQJ�WLPHV�GXULQJ�D�EDWFK

6WDUW�WLPH )LQDO�WLPH :DLWLQJ� &DXVHV
(UURU�� ������� ������� ������� 0DFKLQH�VWRSSHG
(UURU�� ������� ������� ������� 1R�ER[�LQ�TXHXH
(UURU�� �������� �������� ������� 6WRSSHG�E\�RSHUDWRU
(UURU�� �������� �������� ������� 1R�ER[�LQ�TXHXH�
(UURU�� �������� �������� ������� 2XW�WUDFN�RSHQ�FORVH�HUURU�
(UURU�� �������� �������� ������� 6WRSSHG�E\�RSHUDWRU

7RWDO�ZDLWLQJ�WLPH �������

7DEOH� ���� VKRZV� WKH� ZDLWLQJ� WLPHV� GHULYHG� IURP� GLIIHUHQW� KXPDQ� RU� PDFKLQH� HUURUV�
GXULQJ�WKH�HDUO\�VWDJHV�RI�UHVHDUFK�LQ�WKLV�SURMHFW��,W�ZDV�IRXQG��WKDW�WKH�ZRUNHUV�ZHUH�VORZ�WR�
UHDFW�WR�WKH�GLIIHUHQW HUURUV�RI�WKH�PDFKLQH��RU�ZHUHQ
W�DEOH�WR�UHFRJQL]H ZKHQ�LW�ZDV�QHHGHG�WR�
SXW�PRUH�ER[HV�LQ�WKH�FRQYH\RU��%HFDXVH�RI�WKLV��WKH�URERW�FHOO�WKDW�LV� LQWHQGHG WR�ZRUN�VHPL�
DXWRPDWLFDOO\�� VKRXOG� ZRUN� ZLWKRXW� KXPDQ� LQWHUDFWLRQ� IRU� DV� ORQJ� DV� SRVVLEOH� �RQO\� WR� SXW�
PRUH�SLHFHV�� RU� WDNH� WKHP�RXW�ZKHQ� ILQLVKHG�DQG� WR�VWDUW� D� QHZ�EDWFK��� $� IRUPXOD�KDV�EHHQ�
GHILQHG�IRU�WKH�FDOFXODWLRQ�RI�WKH�PD[LPXP�WLPH�WKDW�ZRUNHU�FDQ�EH�ZLWKRXW� LQWHUDFWLQJ�ZLWK�
WKH�PDFKLQH��DIWHU�SXWWLQJ�DV�PXFK�HQFORVXUHV�DV�SRVVLEOH�LQ�WKH�LQSXW�FRQYH\RU

ݐ ൌ ݐ ή ሺܮ െ ܮ
݁ܮ െ ͳሻ ����
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:KHUH�
WD� 0D[LPXP�WLPH�PDFKLQH�ZLOO�EH�ZRUNLQJ�DXWRPDWLFDOO\
WSS��3URGXFWLRQ�WLPH�SHU�SLHFH
/L��&RQYH\RU�OHQJWK�������PP�
/E��'LVWDQFH�WKDW�FRQYH\RU�JRHV�EDFN������PP�
/H��/HQJWK�RI WKH�HQFORVXUH
:KHQ�D�QHZ�EDWFK� LV� ORDGHG�� WKH�PD[LPXP�QXPEHU�RI�SRVVLEOH�HQFORVXUHV�VKRXOG�EH�

ORDGHG�VR�WKH�PDFKLQH�FDQ�EH�ZRUNLQJ DXWRPDWLFDOO\ IRU�WKH�ORQJHVW�WLPH�SRVVLEOH��7R�KHOS WKH�
ZRUNHUV�LQ�WKLV�SURFHVV��VRPH�YLVXDO�JXLGHOLQHV�KDYH�EHHQ�LQFOXGHG LQ�WKH�FRQYH\RU��ZLWK�D�UHG�
WDSH�� ZKHUH� WKHUH� VKRXOG� QRW� EH� HQFORVXUHV� IRU� D� SURSHU� IXQFWLRQLQJ� RI� WKH� FRQYH\RU�
(QFORVXUHV�VKRXOG�EH�RQO\�ORFDWHG�LQ�WKH�ZKLWH�UHG�VWULSHV�DUHD�

)LJXUH�����/LPLWV�IRU�HQFORVXUH�GLVSRVLWLRQ �EHIRUH SLFWXUH�LQ�WKH�OHIW��DIWHU�SLFWXUH�LQ�WKH�ULJKW
(YHQ�LI�VRPH�EHDFRQ�H[LVWV WR�VKRZ�WKH�VWDWXV�RI�WKH�PDFKLQH�DW�WKH�PRPHQW��LW� LV�QRW�

LQWUXVLYH�HQRXJK��EHFDXVH�LW�LV�RXW�RI�WKH�YLVXDO�UHDFK�RI�WKH�ZRUNHUV��WKHUHE\� REVWUXFWLQJ�WKH�
LPPHGLDWH�UHFRJQLWLRQ�RI�SUREOHPV�RU�HUURUV��)RU�D�SURSHU�6:(��D�V\VWHP�VKRXOG�EH�EXLOG��WR�
PDNH� WKH� ZRUNHUV� NQRZ� WKH� PRPHQWV� ZKHQ� WKHLU� LQSXW� LQ� WKH� URERW� FHOO� LV� QHHGHG�� E\� DQ�
DFRXVWLF�VLJQDO��:LWK�WKLV�SXUSRVH�DQ DFRXVWLF�VLJQDO�V\VWHP�KDV�EHHQ�GHVLJQHG�
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$FRXVWLF�VLJQDO�V\VWHP
$�3/&��SURJUDPPDEOH� ORJLF�FRQWUROOHU��KDV�EHHQ�XVHG�DV�WR�XVH GLIIHUHQW�VHQVRUV�DQG�

EHDFRQ� OLJKWV��:LWK� WKH� KHOS� RI� D� VRIWZDUH� ZLWK� )%'� ORJLF� �)XQFWLRQ� EORFN� GLDJUDP� ZLWK
GLIIHUHQW�WLPHUV�DQG�ORJLF�JDWHV��KDV�EHHQ�GHILQHG�WKDW�GHWHFWV WKH�QH[W�VFHQDULRV�

x /DVW�SLHFH�RI� WKH�EDWFK� LV�JRLQJ� WR�EH�SURGXFHG�� WKHUHE\�ZRUNHUV�VKRXOG�VWDUW�
SUHSDULQJ� IRU� WKH� QH[W� EDWFK� RU PRUH� SLHFHV� DUH� QHHGHG� WR� EH� ORFDWHG� LQ� WKH�
FRQYH\RU�DV�EDWFK�LV�QRW�ILQLVKHG�

x 7RR�PXFK�SLHFHV� LQ� WKH�RXWSXW� FRQYH\RU�� VR� WKH\� VKRXOG�EH� WDNHQ� WR� SUHYHQW�
MDPV�

x 7KH� URERW� KDV� VXIIHUHG� DQ� HUURU�� VR�ZRUNHUV� VKRXOG� LPPHGLDWHO\�JR� WR� FKHFN�
ZKDW�KDSSHQHG�

(YHU\�WLPH�RQH�RI�WKRVH�VLWXDWLRQV KDSSHQV��WKH�3/&�ZLOO�WULJJHU�DQ�LQGXVWULDO�EX]]HU�WR�
PDNH�ZRUNHUV�DZDUH�RI WKH�KXPDQ� LQWHUDFWLRQ QHHG��7KH�VPDOO�VFUHHQ�RI�WKH�3/&�FRXOG�KHOS�
WKH�ZRUNHUV EH�DZDUH�RI ZKDW�VKRXOG�EH�GRQH��EXW�D�YLVXDO�LQVSHFWLRQ�DOVR�VKRXOG�EH�HQRXJK�WR�
VHH�LI�PRUH�SLHFHV�DUH�QHHGHG��LI�SLHFHV�KDYH�WR�EH�WDNHQ��RU�LI�VRPH�HUURU�KDV�KDSSHQ�

7KH�LQSXWV�ZLOO�EH�WKUHH�SUR[LPLW\�VHQVRUV����DUH�DOUHDG\�H[LVWLQJ�LQ�WKH�URERW�FHOO�DQG�D�
QHZ�RQH�VKRXOG�EH� LQVWDOOHG��DQG� WKH�RUDQJH�DQG�UHG�EHDFRQ�� WKDW�DUH� WXUQ�RQ�ZKHQ�DQ� HUURU�
RFFXUV�RQ�WKH�V\VWHP��7KH�RXWSXW�ZLOO�EH�WKH�LQGXVWULDO�EX]]HU�

%HIRUH�D�QHZ�SLHFH�JRHV�LQVLGH�WKH�MLJ��WKH�HQFORVXUH�LV�FODPSHG�FORVH�WR�WKH�FRQYH\RU�
�D� SUR[LPLW\� VHQVRU� LV� LQVWDOOHG� WKHUH�� DQG� WKH� FRQYH\RU� JRHV� EDFN� LQ� RUGHU� WR� OHDYH� D�
VHSDUDWLRQ��VR� WZR�SLHFHV�GRQ
W JR� LQVLGH� WKH� MLJ�DW� WKH�VDPH� WLPH��6R� E\�XVLQJ� WKDW�SURFHVV��
DQRWKHU� SUR[LPLW\� VHQVRU�ZLOO� EH� LQVWDOOHG� ��� FP� DZD\� IURP� WKDW� SRLQW�� ,Q� WKDW� FDVH� LI� RQH�
HQFORVXUH LV� UHDG\� WR�JR� LQ�� EXW� DIWHU� �� VHFRQGV� WKH� VHFRQG� VHQVRU� GRHVQ
W� UHFRJQL]H� D� QHZ�
HQFORVXUH��WKH�V\VWHP�ZLOO�NQRZ�WKDW�PRUH�SLHFHV�DUH�QHHGHG�RU�WKDW�EDWFK�LV�JRLQJ�WR�ILQLVK�

$W�WKH�VDPH�WLPH�LI�D�SLHFH�LV�IRU�PRUH�WKDQ����VHFRQGV�DFWLYDWLQJ�WKH�SUR[LPLW\�VHQVRU�
LQ�WKH�RXWSXW�FRQYH\RU��WKLV�ZLOO�PHDQ�WKDW�RXWSXW�FRQYH\RU�LV�IXOO�ZLWK�SLHFHV��VR�RQFH�DJDLQ�
WKH�EX]]HU�ZLOO�EH�DFWLYDWHG�WR�OHW�WKH�ZRUNHUV�NQRZ�WKDW�WKH\�KDYH�WR�WDNH�WKHP�RXW�VR�D�MDP�
GRHVQ
W�RFFXU�
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)LQDOO\� LI�WKH�RUDQJH�EHDFRQ��URERW� LQ�PDQXDO�PRGH��RU�UHG�EHDFRQV��HUURU��DUH DFWLYH�
IRU�PRUH�WKDQ���VHFRQGV�ZLOO�WULJJHU�WKH�EX]]HU�

7KH PDLQ�ORJLF VFKHPH IRU�WKH�V\VWHP FDQ�EH�IRXQG�RQ�WKH�$QQH[�$� PRUH�ORJLF�EORFNV�
KDYH�EHHQ�XVHG� WR� WDNH� WKH� FRXQWHUV� RII�� UHVHW� YDOXHV�� VKRZ�PHVVDJHV�� DQG� HYHQ� D� NH\� FRGH�
RQO\�NQRZQ�E\�DGPLQLVWUDWRU�DQG�PDLQWHQDQFH�FUHZ��WR�VLOHQFH�WKH�PDFKLQH�ZKHQ�PDLQWHQDQFH�
RU�WHVW�RSHUDWLRQV�DUH�GRQH� $OO�WKLV�KDV�EHHQ�GRQH�XVLQJ�6LHPHQV�/2*2��6RIWZDUH�

3URFHVV�LPSURYHPHQW
6RPH�VWHSV�IRU�SURFHVV�LPSURYHPHQW�KDYH�EHHQ�FRQVLGHUHG�DOUHDG\��VXFK�DV�D�V\VWHP�WR�

PDNH� WKH� URERW� DV� DXWRQRPRXV� DV� SRVVLEOH� DQG� VRPH� FKDQJHV� WR� PDNH� LW� PRUH� UHOLDEOH��
+RZHYHU�D�WLPH�DQDO\VLV�KDV�EHHQ�GRQH�WR�VHH�KRZ� WLPH�UHGXFWLRQ�FRXOG�EH�DFKLHYHG��:KLOH�
WKH�URERW�FHOO�ZDV�GHVLJQHG�WR�EH�ZRUNLQJ�RQ�ORZ�PHGLXP�VL]H�EDWFKHV� LW�KDV�EHHQ�VKRZQ��WKDW�
ZLWK�VRPH�UHGXFWLRQ�LQ�SURGXFWLRQ WLPH��LW�FRXOG�EH�VXLWDEOH�IRU�DOO�WKH�UDQJH�RI�EDWFKHV��7KLV�
VHFWLRQ�ZLOO�RXWOLQH� WKH�SRVVLELOLWLHV� LQ� UHGXFWLRQ RI� WKH�PDQXIDFWXULQJ�WLPH�� FRPSDQ\�VKRXOG�
GHFLGH� LI� LW� LV� ZRUWK� WR� LQYHVW� IRU� WKLV� FKDQJHV�� RU� PD\EH� FRQVLGHU� WR� XVH� WKLV� DQDO\VLV� WR�
FRQVLGHU�QHZ�JRDOV�LI�QHZ�)06�DUH�RUGHUHG�

7DEOH�����3HUFHQWDJHV�IRU�HDFK�VWHS�LQ�WKH�ZRUNIORZ
07����

%R[ ,1��QRW�FODPSLQJ�XQWLO�URERW�LQ�SRVLWLRQ� ����� ������
0RYH�VLGH�� ���� �����
'ULOOLQJ�VLGH�� ����� ������
0RYH�VLGH�� ���� �����
'ULOOLQJ�VLGH�� ���� �����
0RYH�VLGH�� ���� �����
'ULOOLQJ�VLGH�� ���� �����
7RRO�FKDQJH ����� �����
PRYH�VLGH�� ���� �����
GULOOLQJ�VLGH�� ����� ������
PRYH�VLGH�� ���� �����
GULOOLQJ�VLGH�� ���� �����
PRYH�VLGH�� ���� �����
GULOOLQJ VLGH�� ���� �����
RSHQ�FODPSV ���� �����
%R[�287 ���� �����
SLVWRQ�XS�GRZQ ���� �����
FOHDQLQJ�DLU�ZLWK�URERW ���� �����
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,Q�7DEOH���� D� W\SLFDO� LQWHUQDO�SURFHVV�GLVWULEXWLRQ� WKDW� KDYH�EHHQ�PHDVXUHG�GLIIHUHQW�
WLPHV�DQG�E\�XVLQJ�WKH�DYHUDJH�WLPH��WKH�SHUFHQWDJH�WKDW�UHSUHVHQWV�HDFK�RI�WKH�VWHSV�KDV EHHQ�
FDOFXODWHG�

7KH� ORQJHVW� WLPH� LV� VSHQW� LQ� GULOOLQJ� WKH� SLHFHV�� DQG� HYHQ� LI� RSWLPL]DWLRQ� RI� WKH�
PRYHPHQWV� RI� WKH� URERWV� FRXOG� EH� GRQH�� LW� ZLOO� EH� HDVLHU� DQG� PRUH� LQWHUHVWLQJ� WR� SURSRVH�
FKDQJHV�LQ�WKH�%R[�,Q�DQG�%R[�RXW�VWHSV� $V�WKH\�ZLOO�QRW�UHSUHVHQW�VXFK�ELJ�FKDQJHV�

6SHHG�RI�WKH�FRQYH\RU�FRXOG�EH�LQFUHDVHG��DW�WKH�VDPH�WLPH� LI�WKH�)06�FRXOG�VXSSRUW�
PXOWLWDVNLQJ� LQVWHDG�RI�GRLQJ�DOO� RQH�DIWHU�DQRWKHU�� WLPH�UHGXFWLRQV�FRXOG�EH�DFKLHYHG��0RVW�
LPSRUWDQW�WLPH�UHGXFWLRQ�FRXOG�FRPH�IURP�UHGXFLQJ� WKH�WZR� ODVW�VWHSV�WKDW DUH�XVHG�WR�PRYH�
WKH�SLVWRQ�XS�DQG�GRZQ�WR�FKHFN�WKDW�LV�FRUUHFWO\�ZRUNLQJ�DQG�FOHDQLQJ�MLJ�ZLWK�URERW��7KRVH�
WZR�VWHSV�FRXOG�EH�DYRLGHG� LI�D� QHZ�V\VWHP� IRU�FOHDQLQJ� LV�XVHG�� WKURZLQJ�DLU�DW� WKH�FULWLFDO�
SRLQWV�VXFK�DV�WKH�MLJ��LQVWHDG�RI�XVLQJ�WKH�URERW�PRYHPHQW�IRU�WKDW��DQG�WR�WKH�F\OLQGHUV �WKDW�
ZLWK�D�SURSHU�PDLQWHQDQFH�GRQ
W�QHHG�WR�JR�XS�DQG�GRZQ�WR�FKHFN�HYHU\�WLPH�D�SLHFH�LV�GRQH���
WKLV�FRXOG�EH�GRQH�ZKLOH�WKH�QHZ�ER[�LV�DOUHDG\�JRLQJ�

7KLV�ZRXOG�UHSUHVHQW�DOPRVW�D�����UHGXFWLRQ�RQ�WLPH��DQG�ZKLOH�D�QHZ�V\VWHP�VKRXOG�
EH�GHVLJQHG�DQG� IHZ�FKDQJHV�PDGH� LQ� WKH� 3/&�SURJUDP� LW�FRXOG� UHSUHVHQW� KDYLQJ�D�VXLWDEOH�
PDFKLQH�UXQQLQJ�DOPRVW�LQGHSHQGHQWO\�DOVR�IRU�KLJK�VL]H�EDWFKHV�LQ�VRPH�RI�WKH�HQFORVXUHV�

$QRWKHU�ZD\� WR� UHGXFH� WKH�XQQHFHVVDU\�PRYHPHQWV LV� WR� UHDUUDQJH� WKH�GLVSRVLWLRQ�RI�
WKH�WRROV��7KH�)06�VRIWZDUH�VKRZV�ZKLFK�WRRO� LV� ORFDWHG� LQ�HDFK�RI�WKH�WRRO�UDFN��DV�ZHOO�DV�
WKH�XWLOL]DWLRQ�RI�WKH�GLIIHUHQW�WRROV��$IWHU�D�QHZ�WRRO�LV�VHOHFWHG��LW�PHDVXUHV�WKH�OHQJWK�LQ�WKH�
GLVSODFHPHQW VHQVRU��WKDW�LV�ORFDWHG�LQ�WKH FHQWHU�DV�LW�FDQ�EH�VHHQ�LQ )LJXUH����

6R� DIWHU� VHHLQJ� WKH� XWLOL]DWLRQ� RI� WKH� GLIIHUHQW� WRROV�� �� PRVW� XVHG� WRROV KDYH� EHHQ�
UHRUJDQL]HG IURP�PRVW�XVHG��WR�OHVV�XVHG��IURP�FORVHU�WR�WKH�GLVSODFHPHQW�VHQVRU�WR�WKH�PRVW�
IDU�IURP�WKH�GLVSODFHPHQW�VHQVRU �QRWH�WKDW���DQG��� DUH�WKH�FORVHVW�RQHV��IROORZHG�E\�� DQG���
DV�VHHQ�LQ�)LJXUH�����
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7DEOH�����3RVLWLRQ�RI�WRROV�LQ�WKH�WRRO�UDFN
7RRO 8VHG�KRXUV��DV�RI���-DQXDU\� $FWXDO�SRVLWLRQ 1HZ�SRVLWLRQ
��PP�IUHHV �������� � �
0[��� ������� � ��
�PP�IUHHV ������ � �
3*�� ������� �� �
3*�� ������ �� ��

$QRWKHU� LQWHUHVWLQJ� IDFW� LV� WKDW� ��� RXW� RI� ��� WRROV� KDYH� EHHQ� XVHG� IRU� OHVV� WKDQ� ��
PLQXWHV ��� RI�ZKLFK� KDYH� QHYHU� EHHQ� XVHG���ZKDW� PHDQV WKDW� WKH�PDFURV IRU� VRPH� VSHFLILF�
RSHUDWLRQV DUH�ZULWWHQ�VR�WKH���PP�PLOOLQJ�WRRO LV�XVHG�� LQVWHDG�RI�XVLQJ�PRUH�VSHFLILF�WRROV�
WKDW� DUH� DYDLODEOH� IRU� WKDW� SXUSRVH�� 3URJUDP� DQG� PDFURV� VKRXOG� EH� FKHFN� E\� WKH� VRIWZDUH�
PDQXIDFWXUHU�WR�VHH�ZK\�WKLV�SKHQRPHQRQ�LV�KDSSHQLQJ�

,Q�WKH�RWKHU�KDQG��LW�KDV�EHHQ GLVFRYHUHG�WKDW�ZKHQ�D�SLHFH�ZLWK�DQ�RQO\�VLGH�RSHUDWLRQ�
LV�GRQH�DQG�GHSHQGLQJ�RQ�KRZ�WKH�FXVWRPHU�PDNHV�WKH�GUDZLQJ�WKH�URERW�PLJKW�EH�GRLQJ�WKH�
RSHUDWLRQ�LQ�WKH�VLGH�WKDW�LV�PRUH�IDU�DZD\��7KLV�KDSSHQV�EHFDXVH�WKHUH�LV�QR�RSWLPL]DWLRQ��DQG�
WKH�URERW�LWVHOI��VKRXOG�ZDUP�WKH�ZRUNHU�KRZ�WR�SXW�WKH�SLHFH�LQ�RUGHU�WR�XVH�WKH�FORVHVW�VLGH�
IRU�PDFKLQLQJ�

$V�DQ�DSSURDFK�WR�60('��WKH�WUDQVSRUWDWLRQ�RI�WKH�HQFORVXUHV�IRU�QHZ�EDWFKHV�QHDUE\�
WKH�PDFKLQHV�FRXOG�EH�GRQH�E\� WKH�ZRUNHUV�RQ� WKH�ZDUHKRXVH��$OVR��WKH�SURGXFWLRQ�SODQQHU��
FRXOG�ORDG�WKH�ILOHV�QHHGHG�LQ�D�IROGHU�ZLWK�HDFK�GD\��VR�WKH�ZRUNHUV�GRQ
W�KDYH�WR�EH�VHDUFKLQJ�
WKH�ILOHV�LQ�WKH�VRIWZDUH�RI�WKH�07������ZKLFK�LV�PRUH�FRPSOLFDWHG�EHFDXVH�LV�D�WRXFK�VFUHHQ�
DQG� WKH� LQWHUIDFH� LV� QRW� DGDSWHG�� 7KRVH� DUH� VRPH� RI WKH� H[DPSOHV� WKDW� VKRXOG� EH� XVHG� WR�
H[WHUQDOL]H�WKH�ZRUN��DQG�GHFUHDVH�HYHQ�PRUH�WKH�SURGXFWLRQ�WLPHV�

&RQILJXUDWRU�VRIWZDUH

)OH[LEOH� PDQXIDFWXULQJ� V\VWHP� KDV� EHHQ� UHYLHZHG� DQG� GLIIHUHQW� VWHSV� DQG� VROXWLRQV�
KDYH�EHHQ�H[SODLQHG�LQ�RUGHU�WR�KDYH�D�UHOLDEOH�DQG�SURSHUO\�ZRUNLQJ�FXVWRPL]LQJ�URERW�FHOO�

,Q�WKH�RWKHU�KDQG� DQG�DV�H[SODLQHG LQ�WKHRU\��D�WRRO�WR�DFKLHYH�WKH�HOLFLWDWLRQ�LV�QHHGHG��
ZKLFK�LQ�WKH�FDVH�RI�(QVWR�PDVV�FXVWRPL]DWLRQ�V\VWHP�LV�FDOOHG�&XEROLQN�
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7KLV�FRQILJXUDWRU�VRIWZDUH�LV�D�NH\�SDUW�IRU�UHFHLYLQJ�RUGHUV��$V LQ�WKH�FDVH�RI�WKH�URERW�
FHOO��&XEROLQN KDV�QRW�EHHQ�PXFK�XVHG�HLWKHU��ZLWK�OHVV�WKDQ����SHUFHQW�RI�WKH�RUGHUV�DUULYLQJ�
E\� WKLV� FKDQQHO �HYHQ� ORZHU� LQ� SODVWLF� HQFORVXUHV�� 7KH� VRIWZDUH� KDV� EHHQ� PDLQO\� XVHG� E\�
(QVWR�WR�FXVWRPL]H�DQG�SURFHVV�WKH�TXRWDWLRQV�DUULYLQJ�E\�RWKHU�FKDQQHOV�

6RPH�SUREOHPV�DQG LVVXHV�DIIHFWLQJ�XVDJH�KDYH�EHHQ�GHWHFWHG�ZKHQ�XVLQJ�&XEROLQN�
x 7KH�UHIHUHQFH�SRLQW�LQ VLGH�� �;����LV DIIHFWHG�E\�WKH�IOXFWXDWLRQ�RI�WKH�OHQJWK�RI�

WKH� HQFORVXUHV�� EHFDXVH� WKH� UHIHUHQFH� SRLQWV� KDYHQ�W� EHHQ� GHVLJQHG� SURSHUO\��
WKXV�DGGLQJ�GLIILFXOW\�WR�EH�ZLWKLQ�VSHFLILFDWLRQ�

)LJXUH�����5HIHUHQFH�SRLQW�LQ�VLGH �
x 1R�SRVVLELOLW\�WR�PDNH�IUHH�VKDSHV��2QO\�WKH�RQHV�GLVSOD\HG�LQ�WKH�VRIWZDUH�
x 8SGDWLQJ�WKH�HQFORVXUHV�DQG SLHFHV�GDWDEDVH�LV�VORZ�DQG�YHU\�FRVWO\��'XH�WR�WKH�

IDFW� WKDW� &XEROLQN� LV� FXVWRP� PDGH� VRIWZDUH�� DQG� WKDW� LW� KDV� QR� SURSHU�
LQWHJUDWLRQ�ZLWK��'�PRGHOOLQJ�WRROV�

x 1R�ILOH�PDQDJHPHQW�GDWDEDVH�
x 1R�FROODERUDWLRQ�RSSRUWXQLW\�
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6RPH�RI�WKH�DFWXDO�SUREOHPV�FRXOG�EH�VROYHG�E\�LPSOHPHQWLQJ�D�VROXWLRQ�E\�DQ�DOUHDG\
NQRZQ� VRIWZDUH PDNHU�� ZKR� PDNHV VSHFLILF VRIWZDUH IRU� WKDW� SXUSRVH�� $V� DQ� H[DPSOH�
$XWRGHVN�RIIHUV�D�VROXWLRQ��,QYHQWRU�(72�

7KLV�VRIWZDUH� FDQ�EH�DGMXVWHG� WR� OHW� WKH�FXVWRPHU�KDYH�PRUH�RU� OHVV� IOH[LELOLW\� LQ� WKH�
GHVLJQ�� IRU�H[DPSOH�VRPH�UXOHV�FDQ�EH� LPSRVHG�WR�QRW�RYHUFRPH�VRPH� OLPLWV��OLPLWHG�E\�WKH�
PDFKLQLQJ�HTXLSPHQW��RU� OLPLWLQJ� WKH�GHVLJQ�SRVVLELOLWLHV��$OVR�D� ILOH�PDQDJHPHQW�V\VWHP� LV�
LQFOXGHG�� 6R� WKH� FXVWRPHU� FDQ� VHH� WKH� GHVLJQV� WKDW� KH� KDV� DOUHDG\� GRQH�� DQG� PDGH� VPDOO�
FKDQJHV�WR�WKHP�DQG�VDYH�DV�D�QHZ�HQFORVXUH�GHVLJQ�IRU�H[DPSOH�

7KHUH�LV�PRUH VLPLODU�VRIWZDUH DOVR DYDLODEOH LQ�WKH�PDUNHW��%XW�DV�$XWRGHVN�LV�ZLGHO\�
XVHG�VRIWZDUH�LQ�LQGXVWU\��LW�ZRXOG�EH�DQ�DOUHDG\ NQRZQ�H[SHULHQFH�IRU�WKH�FXVWRPHU��

7KH�QHZ�FRQILJXUDWRU�VKRXOG�EH�DOVR�XVHG�WR�SHUVRQDOL]H�WKH�V\VWHP�WR�HDFK�FXVWRPHU��
DV�WKH�FXVWRPHU�ZLOO�EH�XVHG�E\�D�KHWHURJHQHRXV JURXS�RI�FXVWRPHU�>��@��'LIIHUHQW�GDWD�FDQ�EH�
FROOHFWHG� VXFK� DV�� &XVWRPHU� EDVLF� LQIR� �&RXQWU\�� LQGXVWU\�� VL]H�� WXUQRYHU��� XVDJH� RI�
FRQILJXUDWRU� �WLPH� VSHQG� LQ� WKH� FRQILJXUDWRU�� ORJLQV�ZLWKRXW� SXUFKDVLQJ��� GDWD� IURP� LQYRLFHV�
�RFFXUUHQFH RI�SXUFKDVHV��DYHUDJH VL]H�RI�SXUFKDVHV��DQG�PRUH�GDWD�FDQ�EH�FROOHFWHG��WR�RIIHU�
GLIIHUHQW�VWDUW�KRPH VFUHHQ WR�HDFK�RQH��RU� MXVW VSHFLILF�VL]HV�RI�HQFORVXUHV�GHSHQGLQJ�RQ�WKH�
LQGXVWU\�� GLIIHUHQW� SULFHV� GHSHQGLQJ� RQ� WKH� RFFXUUHQFH� RU� VL]H� RI� TXRWDWLRQV�� ,Q� VKRUW�� WKH�
LQIRUPDWLRQ� FDQ� EH� XVHG� WR� NQRZ� PRUH� DERXW� WKH� FXVWRPHU� EHKDYLRU� DQG� DGDSW� WKH�
FXVWRPL]DWLRQ� RSWLRQV� WR� HDFK� RQH�� VR� WKHLU IHHOLQJ�RI� D� GHVLJQ� ILWWLQJ� WKHLU� QHHGV� LQFUHDVHV��
OHDGLQJ�WR�KLJKHU�VDOHV�

,Q�WKH�RWKHU�KDQG��WKH�FROODERUDWLRQ�SRVVLELOLWLHV�KHOSV WR�UHGXFH�FRPPXQLFDWLRQ�VWHSV�
ZKHQ� D� VSHFLDO� RUGHU� ZLWK� VSHFLILF� UHTXLUHPHQWV� WKDW� FDQQRW� EH� DFKLHYHG� LQ� WKH� RQOLQH�
FRQILJXUDWRU�� ,Q� WKDW� FDVH� WKH� FROODERUDWLRQ� WRRO� ZLOO� KHOS� WKH� FXVWRPHU� DQG� WKH� WHFKQLFDO
HQJLQHHU� WR� VLPXOWDQHRXVO\� ZRUN� XQWLO� D� IHDVLEOH VROXWLRQ� LV� PHW�� WKHQ� WKH� VDOHVPDQ� ZLOO�
SURYLGH�WKH�SULFH�IRU�WKLV�VSHFLILF�VSHFLDO�GHVLJQ��,Q�WKDW�ZD\��HDFK�VWHS�ZLOO�EH�DGGLQJ�YDOXH�LQ�
WKH�VXSSO\�FKDLQ�

7KH� IDFW� WKDW� FHUWDLQ� VRIWZDUH LV� VFDODEOH� DQG� FRQVWDQWO\� XSJUDGLQJ ZLOO� SURYLGH� D�
VROXWLRQ��ZKLFK ZLOO� EH� HDVLO\� DGDSWHG� WR� IXWXUH� QHZ�PDFKLQHV�� VRIWZDUH�RU� GLIIHUHQW�PDUNHW�
FKDOOHQJHV��,Q�WKLV�UHJDUG��6$$6�LV�DFWXDOO\�D�WUHQG��DQG�OHWV�WKH�FXVWRPHU�HDVLO\�DGDSW�WR�QHZ�
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QHHGV�� UDSLGO\� DQG�FRVW� HIIHFWLYHO\��7KH� LQ�SURPLVHV�DSSURDFK� IRU� ,7� WHFKQRORJLHV UHSUHVHQWV
KLJK� XSIURQW� LQYHVWPHQWV DQG� ORZ� DGDSWLYHQHVV WR� PDUNHW� FKDQJHV�� 6$$6� RIIHUV� DQ� HDV\�
VROXWLRQ��WR�SD\�IRU�ZKDW�\RX�QHHG�ZLWK�DOPRVW�LQVWDQWDQHRXV VFDODELOLW\��$OVR�WKH�SURFHVVLQJ�
RI� WKH�GDWD� LV�GRQH� LQ� WKH�FORXG��VDYLQJ� WLPH� IURP�FRQYHQWLRQDO�DSSURDFK��$� W\SLFDO�FRQFHUQ�
DERXW�WKH�6$$6�LV�WKH�VHFXULW\ >��@��DQ\ZD\�6$$6�LV�VHFXUH�QRZDGD\V�DQG PRUH�DQG�PRUH�
FRPSDQLHV�DUH�XVLQJ�WKLV�DSSURDFK��K\EULG�DSSURDFKHV�DUH�DOVR�SRVVLEOH�ZLWK�WKLV�WHFKQRORJ\��
E\�PL[LQJ�LQ�VLWH�DQG�FORXG�WHFKQRORJLHV�

)LQDOO\��DQG�DV�D�UHFRPHQGDWLRQ�WR�WKH�FRPSDQ\��D PDUNHW�UHVHDUFK�VKRXOG�EH�GRQH�WR�
ILQG�QHZ�FRQILJXUDWRU�VRIWZDUH�WKDW�FDQ�SURYLGH�WKH�QH[W�

x .QRZQ�DQG�VLPSOH�GHVLJQ�HQYLURQPHQW
x )LOH�PDQDJHPHQW
x %20�DQG�LQYRLFH�FUHDWLRQ
x &ROODERUDWLRQ�RSSRUWXQLW\��WR�UHGXFH�FRPPXQLFDWLRQ�WLPH�
x ,QWHJUDWLRQ�ZLWK�GUDZLQJ�VWDQGDUGV��';)�IRU�H[DPSOH�
x ([SRUW�PDFKLQLQJ�ILOHV�WR�&1&�DQG�WR�URERW�FRRUGLQDWHV�
x 3RVVLELOLW\�WR�VKRZ�SULFH�IRU�GLIIHUHQW�FRQILJXUDWLRQV�
x ,QWHJUDWLRQ�ZLWK�(QVWR�(53��,)6�
x 8VHU� ORJLQ��ZLWK�SHUVRQDOL]HG�KRPH�VFUHHQ�DFFRUGLQJ� WR�KLV�GDWD�DQG�SUHYLRXV�

EHKDYLRU�
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&RQFOXVLRQV
7KH� OLWHUDWXUH� UHYLHZ�ZDV� DPRQJ� WKH� ILUVW� VWHSV� LQ�PDNLQJ� WKH� WKHVLV�� DOWKRXJK� LW KDV�

EHHQ�D�FRQVWDQW�SURFHVV��DQG�HDFK�DUWLFOH��ERRN�RU� MRXUQDO� JDYH�PRUH� LGHDV DQG K\SRWKHVLV WR�
DSSO\� WR� WKH� FDVH� RI� (QVWR�� 0DLQ� WRSLFV� ZHUH� VHDUFKHG� XVLQJ� WKH� NH\ZRUGV�� )06�� PDVV�
FXVWRPL]DWLRQ�� XWLOL]DWLRQ� LPSURYHPHQW� DQG� OHDQ� PDQXIDFWXULQJ�� 3OHQW\� RI� WKH� WKHRU\� RI�
FRQILJXUDWRUV�VRIWZDUH KDV�EHHQ H[WUDFWHG�E\� MRXUQDO�DUWLFOHV DV�ZHOO�DV�FRPPRQ�SUREOHPV� LQ�
WKH� VRIWZDUH� DQG� IDFWRUV� RI� VXFFHVV� DOO� RI� WKHP ZLWK� FDVH� VWXGLHV� $OO� RI� WKLV KDV�JLYHQ� WKH�
RSSRUWXQLW\�WR�JLYH�VRPH�JXLGHOLQHV��DQG�WR�GHWHFW�ZKDW�FRXOG�EH�LPSURYHG�

5HJDUGLQJ� WKH� SURFHVV� FDSDELOLW\� LPSURYHPHQW�� WKH VRIWZDUH� FKDQJHV� KDYH� PDGH�
SRVVLEOH�WR�DGMXVW�WKH�RIIVHW�RI�HDFK�RI�WKH�VLGHV�LQGLYLGXDOO\��WKLV�JLYHV�WKH�RSSRUWXQLW\�WR�KDYH�
DFFHVV�WR�HDFK�RI�WKH�VLGHV�LQGLYLGXDOO\�WR�LPSURYH�WKH�SUHFLVLRQ�RI�WKH�SRVLWLRQLQJ�

$W WKH�VDPH�WLPH�WXUQLQJ�WKH�VWRSSHUV�VR�WKH�URXQGHG�SDUW�LV� LQ�FRQWDFW�ZLWK�WKH�SLHFH�
UHVXOWV�LQ�D�PRUH�SUHFLVH�SRVLWLRQLQJ�RI�WKH�HQFORVXUH�LQ�WKH�MLJ��$IWHU�WKRVH�WZR�FKDQJHV�D�QHZ�
VWDWLVWLFDO�TXDOLW\�FRQWURO�ZDV�GRQH�� WR�VHW� WKH�QHZ�RIIVHW� DQG�VHH� WKH� UHVXOWV� RI� WKH�FKDQJHV��
7KH�UHVXOWV�UHVXOWV�DUH�DYDLODEOH�LQ�$QQH[�&��7KH�UHVXOWV�VKRZV DQ LPSURYHPHQW�LQ�WKH�SURFHVV�
FDSDELOLW\�IRU�HDFK�RI�WKH�VLGHV��EXW�VWLOO�PRUH�LPSURYHPHQWV VKRXOG�EH�GRQH�WR�KDYH�D�WRWDOO\�
UHOLDEOH�PDFKLQH��LQ�ZKLFK�FDVH�DGGLWLRQDO�TXDOLW\�FRQWURO�FRXOG�EH�VNLSSHG�

$W� WKH�VDPH� WLPH�WKH�QHZ�PDLQWHQDQFH�VFKHGXOH��ZKLFK� LQFOXGHV�DGMXVWLQJ�WKH�YDOXHV�
HDFK���PRQWKV��VHH�$QQH[�%��ZLOO�SUHYHQW�WKDW�QHZ�TXDOLW\�LVVXHV�ZLOO�DULVH� 7KH�GDWD�FRXOG�EH�
XVHG� WR� PRQLWRU� WKH� WHQGHQF\� RI� PRYHPHQW� RI� WKH� MLJ�� 'HSHQGLQJ� RQ� WKH� PRYHPHQW� WKH�
VWDWLVWLFDO�FRQWURO�TXDOLW\�VKRXOG�KDSSHQ�PRUH�RIWHQ�RU�OHVV RIWHQ�

$V�VWDWHG�EHIRUH��ZDVWH�LV�WKH�HQHP\�RI�OHDQ�PDQXIDFWXULQJ��WKH�GLIIHUHQW�ZDVWHV�DIIHFW�
LQ� WKLQJV� OLNH�SURGXFWLRQ� WLPH��FXVWRPHU�VDWLVIDFWLRQ��OHDG�WLPHV�DQG�D� ODUJH�HWF��6RPH�RI� WKH�
GHWHFWHG�ZDVWHV�KDYH�EHHQ�DQDO\]HG�DQG�UHPRYHG��DV�WKH�ZDLWLQJ� WLPHV�LQ� WKH�07�����E\�DQ�
DFRXVWLF�VLJQDO�V\VWHP��DW�WKH�VDPH�WLPH��XQQHFHVVDU\�PRYHPHQWV�KDYH�EHHQ�DOVR�UHPRYHG�E\�
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ORFDWLQJ� WKH�PRVW� XVHG� WRROV� FORVH� WR� WKH�GLVSODFHPHQW� VHQVRU��)LQDOO\� VRPH�JXLGHOLQHV� KDYH�
EHHQ JLYHQ WR�UHGXFH�WKH�SURGXFWLRQ�WLPH�HYHQ�IXUWKHU�LQ�WKH�IXWXUH��WKXV�SURYLGLQJ�D�PDFKLQH�
WKDW�ZLOO�QRW�JLYH�WKH�DGYDQWDJH�RI�IDVWHU�PDQXIDFWXULQJ�WKDQ�&1&�RQO\�LQ�VPDOO�PHGLXP�VL]HG�
EDWFKHV�

$� QHZ� ZRUNIORZ� KDV� EHHQ� DOVR� GHVLJQHG�� WKH� V\VWHP� LV� GHVLJQHG� WR� HDVH� DQ� 6:(��
ZKHUH�ZRUNHUV�ZLOO�EH�ZRUNLQJ� LQ�WKHLU�&1&�PDFKLQHV�FORVH�WR� WKH�URERW�FHOO��DQG�ZKHQ� WKH�
DFRXVWLF�VLJQDO�V\VWHP�WULJJHUV�WKH�DODUP��WKH�ZRUNHUV�ZLOO�QRWH�WKDW�WKHLU�LQWHUDFWLRQ�LV�QHHGHG�
DQG�DSSURSULDWH�DFWLRQV�ZLOO�EH�WDNHQ��DW�WKH�VDPH�WLPH�VRPH�LQVWUXFWLRQV�KDYH�EHHQ ZULWWHQ�IRU�
WKH�ZRUNHUV� LQ�(VWRQLDQ��VR�WKH\�FDQ�KDYH�WKH�UHTXLUHG�NQRZOHGJH�WR�ZRUN�ZLWK�WKH�PDFKLQH��
WKH�V\VWHP�KDV�EH�SURYHQ�LQ�WKHRU\�DQG�LQ�UHDOLW\�VXFFHVVIXOO\�

)RU� WURXEOHVKRRWLQJ�� D� PDQXDO� KDV� EHHQ� ZULWWHQ� WKDW� ZLOO� KHOS� WKH�
HQJLQHHUV�PDLQWHQDQFH� ZRUNHUV� WR� XQGHUVWDQG� ZKHUH� WKH� SUREOHP� LV DQG� JLYH� DQ� RSWLPDO�
VROXWLRQ� 7KXV�HQVXULQJ�WKDW�WKH�JDLQHG�NQRZOHGJH�ZLOO�EH�FRUUHFWO\�WUDQVPLWHG WR�WKH�FRPSDQ\�
VWDII�

$OWRXJKW�LW�LV�VWLOO�HDUO\�WR�SURYLGH�GDWD�DERXW�WKH�LPSURYHPHQW�LQ�WKH�XWLOL]DWLRQ�RI�WKH�
PDFKLQH�� RUGHUV� KDYH� VWDUWHG� WR� EH� SODQQHG� IRU� WKH� 07����� DJDLQ�� DQG� ZLOO� DOO� WKH�
LPSURYHPHQW�DQG�NQRZOHGJH�RIIHUHG��XWLOL]DWLRQ�LPSURYHPHQW�VKRXOG�KDSSHQ�VRRQ�

,Q�WKH�QH[W�VHFWLRQ��VRPH�LGHDV�DQG�JXLGHOLQHV�IRU�IXWXUH�JHQHUDWLRQV�RI�FXVWRPL]DWLRQ�
V\VWHPV� LQ� (QVWR�ZLOO� EH� H[SODLQHG�� DV�ZHOO� DV� VRPH�ZRUN� WKDW� VKRXOG�EH� FRQWLQXH�GRLQJ� WR�
IXUWKHU�LPSURYH�WKH�DFWXDO�V\VWHP�

8QVROYHG�RSSRUWXQLWLHV ��)XWXUH�ZRUN

$IWHU� D� UHQHZDO� DQG� IHZ� FKDQJHV� RI� WKH� )06� DQG� JLYLQJ� JXLGHOLQHV� IRU IXWXUH�
FXVWRPL]DWLRQ�VRIWZDUH LPSURYHQW�RQ�WKH�XWLOL]DWLRQ�VKRXOG�KDSSHQ��$Q\ZD\�IXUWKHU�UHVHDUFK�
DQG�ZRUN� LQ� WKH�PDVV� FXVWRPL]DWLRQ� V\VWHP� LQ�(QVWR�� FRXOG� LPSO\�PRUH� DGYDQWDJHV��$� IHZ�
H[DPSOHV�RI�WKRVH�ZLOO�EH�JLYHQ�
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)LUVWO\�GHYHORSLQJ�D�IRUPXOD�WR�HVWLPDWH WKH�SURGXFWLRQ�WLPH�ZLOO�EH�KHOSIXO�WR�KHOS�WR�
SODQ�WKH�ZRUNORDG�PRUH�HIILFLHQWO\� 7KH�IRUPXOD�ZRXOG�LPSO\�WR�WDNH�LQWR�DFFRXQW WKH QXPEHU�
RI�KROHV��W\SHV�RI�KROHV�DQG�RSHQLQJ�HWF��%HFDXVH�RI�WKDW� DOVR�D�DGG�LQ�FRXOG�EH�GHVLJQHG�IRU�
&XEROLQN� WKDW� DXWRPDWLFDOO\� WDNHV� WKH� LQIR� ZKHQ� WKH� SLHFH� LV� EHLQJ� GRQH DQG� VKRZV� WKH�
HVWLPDWHG�WLPH�LQ�WKH�VFUHHQ�

2Q� WKH� RWKHU� KDQG DQG� UHJDUGLQJ� WR� TXDOLW\�� D[LV� QXPEHU� �� VKRXOG� EH� ORFDWHG�
DFFRUGLQJO\��VR�WKH�GLIIHUHQFH�LQ�WKH�OHQJKW�RI�WKH�HQFORVXUHV�GRHVQ¶W�DIIHFW�RQ�TXDOLW\��$W�WKH�
VDPH� WLPH� WKH� UHDVRQ� IRU� WKH� GLIIHUHQFHV� RQ� SURFHVV� FDSDELOLW\� RI� GLIIHUHQW� D[LV� VKRXOG� EH�
VWXGLHG�SURSHUO\�

,QWHOOLJHQW�LQGXVWULDO�ZRUN�DVVLVWDQW RU�OLJKWZHLJKW�URERWV�FRXOG�SURYLGH�DQ�RSSRUWXQLW\�
WR� KDYH� D� V\VWHP� ZLWKRXW� ZRUNHUV�� ZKHUH� WKH� RQO\� WKLQJ� WKH\� KDYH� WR� GR� LV� WR� ORFDWH WKH�
HQFORVXUHV FORVH� WR� WKH� URERW� FHOO� DQG� WKH� ORDGLQJ�XQORDGLQJ� ZRXOG� EH�PDGH� DXWRPDWLFDOO\�
7KRVH�URERWV FDQ�EH WDXJKW�KRZ�WR�WDNH�WKH�SLHFHV�DQG�WKH\�FDQ�KDYH�LQWHOOLJHQW�YLVLRQ�V\VWHPV�
WR�NQRZ�ZKHUH�WKH�QH[W�SLHFH�LV�LQ�WKH�SDOOHW�

$V� VWDWHG�EHIRUH�ZLWK� D� UHGXFWLRQ� LQ� WLPH�RI� WKH�SURGXFWLRQ� WLPH�� D� V\VWHP�PLJKW� EH�
DFKLHYHG�ZKHUH�&1&�PDFKLQHV� FDQ�EH� UHSODFHG�� 7KH� URERW� FHOO�ZLOO� VHUYH� IRU� SURGXFLQJ� DOO�
VL]H� EDWFKHV�� SURYLGLQJ D� KLJK� IOH[LELOLW\�� 6XFK� D� IOH[LEOH� V\VWHP�� FRXOG� EH� SODFHG� LQ� DOO�
SURGXFWLRQ�IDFLOLWLHV��HYHQ�LQ�SDUWQHUV�SURGXFWLRQ�IDFLOLWLHV��WR�UHGXFH�OHDG�WLPHV�GUDVWLFDOO\�DQG�
SUHYHQW� WUDQVSRUWDWLRQ�FRVWV� �DFWXDOO\� FXVWRPL]DWLRQ� LV� RQO\�GRQH� LQ�7DOOLQQ� IRU�SODVWLF�SDUWV��
DQG�LQ�0LNNHOL�IRU�PHWDO�ER[HV��

,I� WKH� URERW� FHOO�ZDV�SODFHG� LQ�GLIIHUHQW� SURGXFWLRQ�SODQWV�� WKH� FRQILJXUDWRU� VRIWZDUH��
FRXOG� WHOO� WKH� FXVWRPHU� WKH� DYDLODEOH� HQFORVXUHV� LQ� WKH� QHDUHVW� SODQW�� VR� LQVWHDG� RI� FKRRVLQJ�
IURP�WKH�HQWLUH�FDWDORJXH��FXVWRPHU�FDQ�FKRRVH� IURP�WKH�FORVHVW� FORVHU� ORFDWLRQ LI VKRUW� OHDG�
WLPH� LV� QHHGHG�IRU� WKDW FHUWDLQ�SURMHFW��7KDW�ZD\�FXVWRPHU�FDQ�FKRRVH� LI�KH�ZDQWV�D�VSHFLILF�
HQFORVXUH� IURP�DOO� WKH� FDWDORJXH RU� LW�SUHIHUV� WR�FKRRVH� WKH�EHVW� VXLWDEOH�FORVH�HQFORVXUH�DQG�
KDYH�D�VKRUWHU�OHDG�WLPH�

)LQDOO\��D�VWXG\�WR�GHILQH�QHZ�WROHUDQFHV �LQ�RUGHU�WR�DYRLG�RYHU�TXDOLW\� DQG�D�PDUNHW�
VWXG\�WR�ILQG�D�QHZ�VXLWDEOH�FRQILJXUDWRU LV UHFRPPHQGHG�DV�VWDWHG�EHIRUH�
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5HIHUHQFHV
>�@ Ä(QFORVLQJ� VROXWLRQV�³� (QVWR�� >9}UJXPDWHUMDO@�� $YDLODEOH��

KWWS���SURGXFWV�HQVWR�FRP�FDWDORJ�������(QFORVLQJ���6ROXWLRQVB(1*��KWPO��
>.DVXWDWXG����������@�

>�@ &RJQLWLYH� 'HVLJQ� 6ROXWLRQV�� ,QF��� Ä.QRZOHGJH� 	� 8QGHUVWDQGLQJ�³�
>9}UJXPDWHUMDO@� $YDLODEOH�
KWWS���ZZZ�FRJQLWLYHGHVLJQVROXWLRQV�FRP�.0�8QGHUVWDQGLQJ�KWP�� >.DVXWDWXG� �� ��
����@�

>�@ $FFHQWXUH�� Ä0DQXIDFWXULQJ
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