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FRPSODLQWV�GXH�WR�WKH�VWUHQJWK�QHHGHG�WR�SHUIRUP�PDQXDO�WDVNV��DV�ZHOO�DV�WKHLU�UHSHWLWLYH�SDWWHUQ��OHG�WR�FDVHV�RI�VKRXOGHU�SDLQ�DQG
WHQGLQLWLV�

2EMHFWLYH�

7KH�VWXG\�DLPHG�WR�HYLGHQFH�WKH�EHQHILWV�RI�XVLQJ�DQ�LQWHJUDWHG�RSHUDWLRQV�PDQDJHPHQW�DSSURDFK��IROORZLQJ�OHDQ�DJLOH�HUJRQRPLF
FRQFHSWV��WR�LPSURYH�WKH�SHUIRUPDQFH�DQG�HUJRQRPLF�DVSHFWV�RI�D�SURGXFWLRQ�V\VWHP�

0HWKRGV�
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7KHVH �GD\V� �WKHUH �LV �H[WUHPH �SUHVVXUH �IRU �EXVLQHVVHV �WR �EH �FRPSHWLWLYH �LQ �WKHLU �PDUNHWV �RI �FKRLFH� �,Q �RUGHU �WR
FRPSHWH�LQ�WKH�PDUNHWSODFH��PDQXIDFWXULQJ�FRPSDQLHV�DUH�FKDOOHQJHG�E\�FXUUHQW�PDUNHW�FRQGLWLRQV�WR�QRW�RQO\�PDLQWDLQ
WKHLU�FDSDELOLWLHV�EXW�DOVR�LPSURYH�WKHP��)LUPV�KDYH�EHHQ�RSWLPL]LQJ�WKHLU�SURFHVVHV�DQG�VXSSO\�FKDLQV�VR�DV�WR�NHHS�XS
ZLWK�JOREDOL]DWLRQ�WUHQGV�DQG�IDVW�WHFKQRORJLFDO�HYROXWLRQ��DV�ZHOO�DV�GHOLYHU�YDOXH�WR�FXVWRPHUV�ZKR�DUH�EHWWHU�LQIRUPHG
DQG�PRUH�GHPDQGLQJ�WKDQ�HYHU�EHIRUH�>�@�

+LVWRULFDOO\��WKH�GHWHUPLQLQJ�IDFWRUV�LQ�PDQXIDFWXULQJ�FRPSDQLHV�ZHUH�WKH�HFRQRPLHV�RI�VFDOH��ZLWK�DQ�HPSKDVLV�RQ
PDVV�SURGXFWLRQ��ZKLFK�ZHQW�IRU�PD[LPXP�FDSDFLW\�DV�D�ZD\�RI�PD[LPL]LQJ�SURILWV��7KLV�OHG�WR�LQIOH[LEOH��KDUG�WR
UHFRQILJXUH�PDQXIDFWXULQJ�SODQWV�ZKLFK�SURGXFHG�JRRGV�EDVHG�RQ�ORQJ�WHUP�HVWLPDWHV�DQG�WKHQ�UHOHDVHG�WKHP�LQWR�WKH
PDUNHW�>�@�

)URP �WKH �PLG���V �RQZDUGV� �WKH �SDUDGLJP �FKDQJHG �DQG �WKH �IRFXV �EHFDPH �WKH �IDVW �SURGXFWLRQ �RI �QHZ �SURGXFWV�
3ULRULW\�ZDV�JLYHQ�WR�FXVWRPHU�UHTXLUHPHQWV��DQG�D�FRPSDQ\nV�SHUIRUPDQFH�VWDUWHG�EHLQJ�PHDVXUHG�WKURXJK�WKH�OHQV�RI
FXVWRPHU�VDWLVIDFWLRQ��7KLV�VKLIW�FDUULHG�ZLWK�LW�FRQFHSWV�VXFK�DV�DJLOLW\��IOH[LEOH�PDQXIDFWXULQJ�V\VWHPV��)06���HWF�
7KHVH�FRQFHSWV�EURXJKW�SXOO�V\VWHPV�IURQW�DQG�FHQWHU��VLGHOLQLQJ�WKH�FRQYHQWLRQDO��WUDGLWLRQDO�SXVK�V\VWHPV�>�@�

&RQFHSWV �RI �DJLOH �PDQXIDFWXULQJ� �WKXV� �EHFDPH �WKH �QRUP� �ZLWK �FRPSDQLHV �RSHUDWLQJ �LQ �DQ �HQYLURQPHQW �RI
FRQWLQXRXV �DQG �XQIRUHVHHQ �FKDQJH �>�@�

/HDQ�SURGXFWLRQ�RU�OHDQ�PDQXIDFWXULQJ�JUHZ��ZLWK�7R\RWD�PRWRUV��LQ�SRVW�6HFRQG�:RUOG�:DU�-DSDQ��7KLV�FRQFHSW�LV
EDVHG�RQ�WKH�LGHD�RI�FXWWLQJ�GRZQ�ZDVWH�>�@�E\�UXQQLQJ�SURGXFWLRQ�ZLWK�D�VPDOOHU�LQYHQWRU\�DV�ZHOO�DV�D�GHFUHDVH�LQ
KXPDQ�HIIRUW��HTXLSPHQW��WLPH�DQG�VSDFH��LQ�RUGHU�WR�PHHW�FXVWRPHU�GHPDQGV�LQ�D�KLJKO\�UHVSRQVLYH�PDQQHU��7KLV��LQ
WXUQ��PHDQV�WKDW�WKH�ZD\�FRPSDQLHV�DUH�UXQ�PXVW�EH�DGDSWHG�LQ�RUGHU�WR�PHHW�WKHVH�QHZ�FKDOOHQJHV�DQG�LV�JURXQGHG�RQ
WKH�FRPSDQLHVn�UHVSRQVLYHQHVV�DQG�IOH[LELOLW\�DV�ZHOO�DV�RQ�WKH�FRVW�DQG�TXDOLW\�RI�WKH�JRRGV�DQG�VHUYLFHV�WKDW�WKHLU
FXVWRPHUV�DUH�ZLOOLQJ�WR�DFFHSW�>�@��$Q�DJLOH�FRPSDQ\�PXVW�EH�FDSDEOH�RI�KDYLQJ�D�IOH[LEOH�SURGXFWLRQ�V\VWHP��VKRUWHU
VHWXS �WLPHV �DQG �:,3 ��:RUN �LQ �3URFHVV� �DQG �DOVR �WR �FLUFXPYHQW �DOO �NLQGV �RI �ZDVWH� �7KHVH �DUH �VRPH �RI �WKH �NH\
FRPSRQHQWV�RI�D�OHDQ�SURGXFWLRQ�V\VWHP��7KLV�PHDQV�WKDW��LI�D�FRPSDQ\�ZDQWV�WR�EH�DJLOH��LW�DOVR�KDV�WR�EH�OHDQ�>�@�

:KDW�QXPHURXV�FRPSDQLHV�IDLO�WR�UHDOL]H�LV�WKH�SRWHQWLDO�IRU�IXUWKHU�LQFUHDVLQJ�WKH�SURGXFWLYLW\�JDLQV�LI�HUJRQRPLF
SULQFLSOHV�ZHUH�LQWHJUDWHG�DQG�LPSOHPHQWHG�DW�WKH�VDPH�WLPH�DV�/HDQ�6\VWHPV�>�@��6LQFH�(UJRQRPLFV�LV�PRVW�FRPPRQO\
KRXVHG�ZLWKLQ�WKH�2FFXSDWLRQDO�6DIHW\�DQG�+HDOWK��26+��GHSDUWPHQW��HVVHQWLDOO\�WR�DQVZHU�OHJDO�UHTXLUHPHQWV�DQG�WR
SHUIRUP�ULVN�PDQDJHPHQW�� �PDQDJHUV�KDYH�D�WHQGHQF\�WR�LQDGYHUWHQWO\�QDUURZ�LWV �VFRSH�RI �LQWHUYHQWLRQ�WR�KD]DUGV�
LQVWHDG�RI�WDNLQJ�DGYDQWDJH�RI�LWV�KHOS�WR�DGYDQFH�RUJDQL]DWLRQDO�HIIHFWLYHQHVV��EXVLQHVV�SHUIRUPDQFH�DQG�FRVWV�>�@�
$FFRUGLQJ�WR �>�@ �LQWHJUDWLQJ�WKH �UHTXLUHPHQWV �IRU �HIIHFWLYH �SURGXFWLRQ�DQG�D �KHDOWK\�ZRUNIRUFH �LQ �WKH �DQDO\VLV �DQG
GHYLVLQJ �RI �SURGXFWLRQ �V\VWHPV �FRXOG �EH �D �VROXWLRQ �WR �WKH �DSSDUHQW �FRQIOLFW �RI �LQWHUHVW �EHWZHHQ �(UJRQRPLFV �DQG
UDWLRQDOL]DWLRQ�

/HDQ�(UJRQRPLFV �PD\�GHFUHDVH �OHDG�WLPH�E\�HOLPLQDWLQJ�WKH �ZDVWH �RI �QRQSURGXFWLYH �PDQXDO �PDWHULDO �KDQGOLQJ
PRYHPHQWV�DQG�DFWLYLWLHV�>�@�VXFK�DV�VWUHWFKLQJ��EHQGLQJ��DZNZDUG�SRVWXUHV�DQG�H[WHQVLYH�UHDFKLQJ��DV�ZHOO�DV�LQFUHDVH
WKH�HIILFLHQF\��VDIHW\�DQG�KHDOWK�RI�ZRUNHUV�>��@��0XVFXORVNHOHWDO�GLVRUGHUV�>06'V@�KDYH�EHHQ�SUHYLRXVO\�GHPRQVWUDWHG
WR�OHDG�WR�VLJQLILFDQW�GHFUHDVHV�LQ�SURGXFWLYLW\��ZKLFK�DUH�FDXVHG�E\�KLJKHU�DEVHQWHHLVP�DQG�LQMXU\�UDWHV�>��@��7KXV��WKH
/HDQ�WHDP�PXVW�WDNH�LQWR�DFFRXQW�(UJRQRPLFV�DQG�VDIHW\��DW�WKH�VDPH�WLPH�DV�ZDVWH�UHGXFWLRQ�DQG�YDOXH�FUHDWLRQ��FRUH
YDOXHV�RI�WKH�/HDQ�SURFHVV�>��@��)RU�LQVWDQFH��E\�LQFRUSRUDWLQJ�ULVN�DVVHVVPHQWV�LQWR�WKH�YDOXH�VWUHDP�PDSSLQJ�SURFHVV
>��@�%\ �FUHDWLQJ �HUJRQRPLF �ZRUNSODFHV �DQG �MREV� �LQMXU\ �DQG �DEVHQWHHLVP �UDWHV �DUH �UHGXFHG� �DW �WKH �VDPH �WLPH�
SURGXFWLYLW\� �TXDOLW\ �DQG �UHOLDELOLW\ �DUH �LPSURYHG �>�@ �DQG �>��@�

6HYHUDO �VWXGLHV �KDYH �ORRNHG �LQWR �WKH �SRWHQWLDO �OLQN �EHWZHHQ �VSHFLILF �OHDQ �FRQFHSWV ��H�J� �ZDVWH �UHGXFWLRQ �DQG
FRQWLQXRXV�IORZ��DQG�HUJRQRPLFV��RFFXSDWLRQDO�KHDOWK�DQG�DVVRFLDWHG�ULVN�IDFWRUV�>�������@��$GGLWLRQDOO\��KLJK�VWUDLQ
MREV�FDUU\�D�KLJK�ULVN�RI�PXVFXORVNHOHWDO�GLVRUGHUV�DQG�KHDY\�SV\FKRORJLFDO�ORDG��ZKLFK�LQ�WXUQ�UHSUHVHQW�DQ�LQFUHDVH�LQ
FRVWV�DQG�ORVVHV�RQ�WKH�SDUW�RI�WKH�FRPSDQ\�>��@�

,Q�WKH�SDVW����\HDUV��WKHUH�KDV�EHHQ�D�ZLGHVSUHDG�GLVVHPLQDWLRQ�RI�OHDQ�SURGXFWLRQ�PHWKRGV��ZKLFK�KDV�VKRZQ�WKH
EHQHILFLDO�HIIHFWV�RI�OHDQ�WKLQNLQJ�RQ�EXVLQHVV�SHUIRUPDQFH��7KH�JRDO�RI�OHDQ�PDQXIDFWXULQJ�FRPSDQLHV�LV�WR�VWUHQJWKHQ
WKHLU�SURGXFWLYLW\�DQG�XVH�WKHLU�UHVRXUFHV�HIILFLHQWO\�E\�UHPRYLQJ�ZDVWH�DQG�UHGXFLQJ�FRVWV��7KH�OHDQ�GHILQLWLRQ�RI�ZDVWH
FRPSULVHV�ZRUN�LQ�SURJUHVV��:,3���GHIHFWV�DQG�QRQ�YDOXH�DGGHG�WLPH��VXFK�DV�WKH�WLPH�WKH�ZRUNHU�VSHQGV�ZDLWLQJ�IRU
SURGXFWV�RU�SHUIRUPLQJ�VXSHUIOXRXV�PRYHPHQWV��6WUDWHJLHV�IRU�UHGXFLQJ�FRVWV�WDUJHW�VSHFLILF�HIIRUWV�ZKLFK�GLPLQLVK�WKH
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UHVRXUFHV�XVHG�RQ�ORZ�TXDOLW\�SURGXFWV��ORZHULQJ�WKH�:,3�YDOXH�DQG�FXWWLQJ�GRZQ�WUDQVSRUWDWLRQ�FRVWV�

$QRWKHU�OHDQ�WKLQNLQJ�FRPSRQHQW�LV�WKH�H[HFXWLRQ�RI�IOH[LEOH�SURFHVVHV�DV�ZHOO�DV�WKH�UHGXFWLRQ�RI�RYHUEXUGHQ�DQG
VWUHVV��ZKLFK�DUH�VHHQ�DV�ZDVWH�JHQHUDWRUV�>������@��$�ZLGH�UDQJH�RI�VWXGLHV�KDYH�LQYHVWLJDWHG�WKH�FKDQJHV�LQ�WKH�TXDOLW\
RI �ZRUN�OLIH �DV �D �UHVXOW �RI �WKH�LPSOHPHQWDWLRQ�RI �OHDQ�PDQXIDFWXULQJ�>��� ���@� �7KH�FRQFOXVLRQV�KDYH�DWWUDFWHG�ERWK
FULWLFLVP �DQG �HXORJLVWLF �SUDLVH �IRU �WKH �VWUDWHJLHV �LQYROYHG �LQ �OHDQ �PDQXIDFWXULQJ� �,PSURYHPHQWV �LQ �KHDOWK� �MRE
VDWLVIDFWLRQ �DQG �MRE �PRWLYDWLRQ �KDYH �EHHQ �UHSRUWHG �DV �WKH �HIIHFWV �RI �OHDQ �PDQXIDFWXULQJ �WKURXJK �LQWHUYLHZV �DQG
TXHVWLRQQDLUHV�GRQH�E\�ZRUNHUV�DQG�WKH�DQDO\VLV�RI�FDVH�VWXGLHV��$V�D�UHVXOW��ZRUNHUV�KDYH�QRWLFHG�DQ�LPSURYHPHQW�LQ
ZRUNLQJ�FRQGLWLRQV�DQG�EHHQ�DEOH�WR�DYRLG�H[FHVVLYH�IDWLJXH�DQG�DFFLGHQWDO�LQMXULHV�>������@�

7KH�VWDQGDUGL]DWLRQ�RI�ZRUN�SURFHVVHV�LQ�OHDQ�SURGXFWLRQ�PHWKRGV�FRXOG�KDYH�D�QHJDWLYH�LPSDFW�RQ�HPSRZHUPHQW
DQG �MRE �FRQWURO �>��@� �2Q �WKH �RWKHU �KDQG� �PDQ\ �VWXGLHV �KDYH �VKRZQ �D �OLQN �EHWZHHQ �WKH �LQFUHDVHG �ZRUN �SDFH �DQG
GLPLQLVKHG�UHFRYHU\�WLPH�LQ�OHDQ�FRPSDQLHV�DQG�-,7�SUDFWLFHV�DQG�ZRUN�VWDQGDUGL]DWLRQ�>��@��7KH�VWULFW�DSSOLFDWLRQ�RI
OHDQ�SURGXFWLRQ�PHWKRGV��SDUWLFXODUO\��KDV�EHHQ�DVVRFLDWHG�ZLWK�PXVFXORVNHOHWDO�ULVN�IDFWRUV�DQG�VWUHVV�RQ�WKH�SDUW�RI
PDQXDO�ZRUNHUV�>������@��7KLV�SKHQRPHQRQ�DULVHV�IURP�WKH�IDFW�WKDW�OHDQ�SURFHVVHV�WHQG�WR�UHVXOW�LQ�KLJKO\�UHSHWLWLYH
RSHUDWLRQV��VWUHVVIXO�SRVWXUHV�DQG�KLJK�OHYHO�RI�VWUHQJWK�UHTXLUHPHQWV��DQG�DW�WKH�VDPH�WLPH�UHPRYH�FULWLFDO�UHVW�WLPHV�IRU
HPSOR\HHV�>��@�

$FFRUGLQJ�WR�>��@�WKHUH�LV�D�QHHG�IRU�IXUWKHU�FDVH�VWXGLHV��LQ�ZKLFK�UHVHDUFKHUV�MRLQ�IRUFHV�ZLWK�SUDFWLWLRQHUV�LQ�WKH
ZRUNSODFH�WR�LQWURGXFH�/36�LQ�D�IRUP�WKDW�LV�H[SHFWHG�WR�EULQJ�DERXW�D�IDYRUDEOH�HPSOR\HH�RXWFRPH��)XWXUH�VWXGLHV�DUH
QHHGHG �WR �GRFXPHQW �WKH �EHVW �SUDFWLFHV �LQ �WKH �LQWHJUDWLRQ �RI �06' �SUHYHQWLRQ �LQWR �WKH �RUJDQL]DWLRQDO �IUDPHZRUN�
LQFOXGLQJ�WKH�PDQDJHPHQW�V\VWHP��)XUWKHUPRUH��LW�ZRXOG�EH�LQWHUHVWLQJ�WR�YHULI\�WKH�LQIOXHQFH�RI�WKH�HYROXWLRQ�RI�/36
DQG �VRFLR�WHFKQLFDO �DQG �HUJRQRPLFV �SUDFWLFHV �RQ �DQ �RUJDQL]DWLRQnV �SHUIRUPDQFH �LQGLFDWRUV �>��@� �$OWKRXJK �/HDQ
0DQXIDFWXULQJ��/0��KDV�EHHQ�GLVFXVVHG�LQ�SUHYLRXV�VWXGLHV��OHDQQHVV�LV�OHVV�LQYHVWLJDWHG�>��@�DV�ZHOO�DV�OHDQ�UHODWHG
DFWLYLWLHV�>������@�

7KH�DLP�RI�WKLV�SDSHU�LV�WR�DQVZHU�WKH�TXHVWLRQ��KRZ�WKH�LQWHJUDWLRQ�RI�ERWK�/36�DQG�(UJRQRPLFV�FDQ�EHQHILW�WKH
ZRUNHUVn�ZHOIDUH�ZKLOH�LQFUHDVLQJ�SURGXFWLYLW\"�7KLV�SDSHU�DOVR�LGHQWLILHV�WKH�EHQHILWV�RI�XVLQJ�DQ�LQWHJUDWHG�RSHUDWLRQV
PDQDJHPHQWn �DSSURDFK� �XVLQJ �/HDQ �DQG �$JLOH �FRQFHSWV� �WR �LPSURYH� �VLPXOWDQHRXVO\� �SURGXFWLYLW\ �DQG �HUJRQRPLF
FRQGLWLRQV

7KH�VWXG\�WRRN�SODFH�LQ�D�VDQGLQJ�DQG�SROLVKLQJ�SURGXFWLRQ�DUHD�RI�D�PHWDOOXUJLFDO�FRPSDQ\��ZKHUH�DEVHQWHHLVP�UDWH
DQG�ZRUNHUVn�FRPSODLQWV�ZHUH�FRQVLGHUDEOH��7KH�VWUHQJWK�QHHGHG�WR�SHUIRUP�PDQXDO�WDVNV�DV�ZHOO�DV�WKHLU�UHSHWLWLYH
SDWWHUQ�OHG�WR�FDVHV�RI�VKRXOGHU�SDLQ�DQG�WHQGLQLWLV�

)ROORZLQJ �WKH �OHDQ �LPSOHPHQWDWLRQ �DOUHDG\ �ODXQFKHG �LQ �RWKHU �SURGXFWLRQ �DUHDV �RI �WKH �IDFWRU\� �9DOXH �6WUHDP
0DSSLQJ��960��DQG�ZDVWH�UHGXFWLRQ�ZHUH�WKH�WRROV�XVHG�WR�LQFUHDVH�UHVSRQVLYHQHVV�DQG�IOH[LELOLW\��%\�FKDQJLQJ�WKH
OD\RXW�FRQILJXUDWLRQ�IURP�SURFHVV�WR�FHOOXODU��WKH�SK\VLFDO�GLVWDQFH�EHWZHHQ�SURFHVVHV�ZDV�HOLPLQDWHG��WKXV�FRQWULEXWLQJ
WR�D�UHGXFWLRQ�RI�OHDG�WLPH�DQG�:,3��7KLV�QHZ�FRQILJXUDWLRQ�DOVR�UHVXOWHG�LQ�D�UHGXFWLRQ�LQ�WDVN�UHSHWLWLYHQHVV�WKURXJK
WKH�HQODUJHPHQW�RI�WDVNV��7KH�WHDP�DOVR�VXJJHVWHG�VRPH�ZRUNVWDWLRQ�FKDQJHV��EDVHG�RQ�DQWKURSRPHWULF�VWXGLHV��LQ�RUGHU
WR�UHGXFH�:06'�ULVN�

6LPXODWLRQ�ZDV�XVHG�IRU�SHUIRUPDQFH�DVVHVVPHQW�DQG�GHFLVLRQ�PDNLQJ�>��@��,Q�WKLV�ZRUN��D�VLPXODWLRQ�VWXG\�ZDV
FRQGXFWHG�WR�DQDO\]H�WKH�LQLWLDO�VLWXDWLRQ�DQG�WR�KHOS�LQ�WKH�GHFLVLRQ�RI�OD\RXW�UHFRQILJXUDWLRQ��3URGXFWLYLW\��OHDG�WLPH�
:,3�DQG�WUDQVSRUWDWLRQ�WLPHV�ZHUH�WKH�NH\�SHUIRUPDQFH�LQGLFDWRUV�FKRVHQ�WR�HYDOXDWH�WKH�G\QDPLF�RSHUDWLRQ�RI�WKH
V\VWHP�DQG�SRWHQWLDO�LPSURYHPHQWV��VLQFH�D�FRPSDQ\�PXVW�EH�SURGXFWLYH��HIILFLHQW�DQG�IOH[LEOH�WR�VWD\�FRPSHWLWLYH�DQG
SURILWDEOH�LQ�WRGD\
V�PDUNHW�

6XPPDUL]LQJ� �WKLV �SDSHU �SURYLGHV �D �XQLTXH �DSSURDFK �FRPELQLQJ �/HDQ �PDQXIDFWXULQJ� �$JLOH �FRQFHSWV �DQG
(UJRQRPLFV �WR �LPSURYH �SURGXFWLYLW\ �ZKLOH �LPSURYLQJ �ZRUNLQJ �FRQGLWLRQV� �7KH �PHWKRG �FDQ �EH �UHSOLFDWHG �LQ �RWKHU
SURGXFWLRQ�DUHDV��DV�ZHOO�DV�RWKHU�PDQXIDFWXULQJ�VHFWRUV��EHLQJ�D�YDOXDEOH�WRRO�IRU�UHVHDUFKHUV�DQG�RSHUDWLRQV�PDQDJHUV�

���0(7+2'2/2*<

7KH �PHWKRG �XVHG �LQ �WKLV �ZRUN �ZDV �WKH �FDVH �VWXG\� �$FFRUGLQJ �WR �>��@ �D �FDVH �VWXG\ �LV �GHILQHG �ljDV �D �UHVHDUFK
VWUDWHJ\� �DQ �HPSLULFDO �LQTXLU\ �WKDW �LQYHVWLJDWHV �D �SKHQRPHQRQ �ZLWKLQ �LWV �UHDO�OLIH �FRQWH[W�m �6R� �WKH �FDVH �VWXG\ �LV �D
UHVHDUFK�PHWKRGRORJ\�WKDW�KHOSV�WR�XQGHUVWDQG��H[SORUH�RU�GHVFULEH�D�JLYHQ�V\VWHP�LQ�D�UHDO�FRQWH[W��LQ�ZKLFK�VHYHUDO
IDFWRUV�DUH�VLPXOWDQHRXVO\�LQYROYHG��7KH�LWHUDWLYH�SURFHVV�RI�D�FDVH�VWXG\�UHVHDUFK�LQYROYHV��OLNH�DQ\�HPSLULFDO�VWXG\�
WKH �FDVH �VWXG\ �GHVLJQ ��SODQQLQJ �WKH �VWXG\ �DQG �GHILQH �WKH �REMHFWLYHV�UHVHDUFK �TXHVWLRQV�� �WKH �SUHSDUDWLRQ �IRU �GDWD
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FROOHFWLRQ��WKH�GDWD�FROOHFWLRQ��WKH�DQDO\VLV�RI�GDWD��DQG�WKH�UHSRUWLQJ�RI�UHVXOWV�

)LJ� ���� �SURYLGHV �D �FRQFHSWXDO �IUDPHZRUN �IRU �WKLV �FDVH �VWXG\ �UHVHDUFK� �7KH �NH\ �UHVHDUFK �TXHVWLRQ �FRQFHUQV �WKH
LQWHJUDWLRQ�RI�ERWK�/36�DQG�(UJRQRPLFV�WR�EHQHILW�WKH�ZRUNHUVn�ZHOIDUH�ZKLOH�LQFUHDVLQJ�SURGXFWLYLW\��7KH�UHVHDUFK
LQWHQGV �WR �DSSO\ �WKLV �LQWHJUDWHG �DSSURDFK �DQG �HYDOXDWH �WKH �LPSURYHPHQWV �LQ �WKH �WZR �GLPHQVLRQV ��SURGXFWLYLW\ �DQG
HUJRQRPLFV�FRQGLWLRQV��SURYLQJ�WKDW�WKH�SRWHQWLDO�EHQHILWV�RI�XVLQJ�WKLV�FRPELQHG�DSSURDFK�DUH�UHDO�DQG�LPSURYH�WKH
RYHUDOO�V\VWHP�SHUIRUPDQFH�

)LJ�������&RQFHSWXDO�IUDPHZRUN�IRU�WKH�FDVH�VWXG\�UHVHDUFK�

7KLV�FDVH�VWXG\�ZDV�FRQGXFWHG�LQ�D�PHWDOOXUJLFDO�FRPSDQ\�ZKLFK�SURGXFHV�EDWK�DQG�NLWFKHQ�WDSV��GRRU�KDQGOHV�
ORFNV��DFFHVV�FRQWUROV�DQG�RWKHU�EDWK�DFFHVVRULHV� �7KH�IRFXV�RI�WKH�VWXG\�ZDV�WKH�VDQGLQJ�DQG�SROLVKLQJ�DUHD�RI�WKH
IDFWRU\�DQG�LWV�PRVW�UHSUHVHQWDWLYH�IDPLO\�RI�SURGXFWV��WKH�VSRXWV�IDPLO\��)LJ�����

)LJ�������0DLQ�UHIHUHQFH�ZLWKLQ�6SRXWV�IDPLO\�RI�SURGXFWV�

7KH�ILUVW�VWHS�ZDV�WKH�VHOHFWLRQ�RI�D�PXOWLIXQFWLRQDO�WHDP��LQFOXGLQJ�RSHUDWRUV��WR�DQDO\]H�WKH�SURFHVV�DQG�WR�HYDOXDWH
WKH�FXUUHQW�VLWXDWLRQ�LQ�WHUPV�RI�SURGXFWLRQ�SHUIRUPDQFH�DQG�HUJRQRPLF�FRQGLWLRQV��$IWHU�DQ�H[KDXVWLYH�DQDO\VLV��WKLV
WHDP�VXJJHVWHG �VRPH�PRGLILFDWLRQV �LQ �RUGHU �WR �LPSURYH�HUJRQRPLF �FRQGLWLRQV �DQG�UHGXFH �ZDVWH ��H�J�� �XQQHFHVVDU\
PRYHPHQWV�DQG�WUDQVSRUWDWLRQV���DQG�FRQVHTXHQWO\�WR�UHGXFH�OHDG�WLPH�DQG�:,3��OHDGLQJ�WR�D�PRUH�IOH[LEOH�SURGXFWLRQ
V\VWHP��/HDQ�PDQXIDFWXULQJ�WHFKQLTXHV��VXFK�DV�9DOXH�6WUHDP�0DSSLQJ��960��DQG�VHYHQ�ZDVWHV�LGHQWLILFDWLRQ�ZHUH
XVHG�WR�KHOS�LQ�WKH�DQDO\VLV�RI�WKH�V\VWHP�DQG�WR�DFFRPSOLVK�WKH�REMHFWLYHV��$�VLPXODWLRQ�VWXG\��XVLQJ�$UHQDg�VRIWZDUH�
ZDV�FRQGXFWHG�WR�SHUIRUP�D�G\QDPLF�DQDO\VLV�DQG�WR�HYDOXDWH�GLIIHUHQW�VFHQDULRV��WKHUHIRUH�DFWLQJ�DV�D�GHFLVLRQ�VXSSRUW
WRRO��7KH�58/$��5DSLG�8SSHU�/LPE�$VVHVVPHQW��PHWKRG�>��@�ZDV�XVHG�WR�HYDOXDWH�HUJRQRPLF�FRQGLWLRQV�VLQFH�LW�LV

involves lean experts 

 

, line, 

Productivity gains.

Improved  overall 
system performance

�The Lean Team 
involves lean experts 
and ergonomics 
experts.

Combined approach: 
Lean/Agile manufacturing 

& Ergonomics

�Apply Lean & 
Ergonomics tools to 
any manufacturing 
working station, line, 
cell, section...

Continuous 
improvement 
interventions

�Productivity gains.
�Workers�well-being 
improved.

Improved  overall 
system performance
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HVSHFLDOO\�XVHIXO�IRU�VFHQDULRV�LQ�ZKLFK�ZRUN�UHODWHG�XSSHU�OLPE�GLVRUGHUV�DUH�UHSRUWHG�

$IWHU �WKH �LPSOHPHQWDWLRQ �RI �WKH �VXJJHVWHG �LPSURYHPHQWV� �WKH �WHDP �PHDVXUHG �WKH �SURGXFWLRQ �NH\ �SHUIRUPDQFH
LQGLFDWRUV�DQG�HYDOXDWHG�WKH�HUJRQRPLF�FRQGLWLRQV��FRPSDULQJ�WKH�DWWDLQHG�UHVXOWV�ZLWK�WKH�EDVH�VFHQDULR�DQG�DVVHVVLQJ
WKH�GHVLUHG�JDLQV��,I�WKH�GHILQHG�REMHFWLYHV�ZHUH�DFKLHYHG��WKH�VWDQGDUGV�ZHUH�LPSOHPHQWHG��,I�QRW��QHZ�LPSURYHPHQW
SURSRVDOV�ZHUH�JLYHQ�XQWLO�WKH�GHILQHG�REMHFWLYHV�ZHUH�UHDFKHG��0RQLWRULQJ�WKH�QHZ�VWDQGDUGV�LV�NH\�WR�HQVXULQJ�WKDW
WKH\�DUH�SURSHUO\�VXVWDLQHG�DQG�IXOILOOHG�

7KH�IORZFKDUW�LQ�)LJ������GHSLFWV�WKHVH�VWHSV��7KLV�IORZFKDUW�FDQ�EH�UHJDUGHG�DV�D�JHQHUDO�PHWKRGRORJ\�WR�DSSO\�DV
DQ�LQWHJUDWHG�/HDQ�	�(UJRQRPLFV�DSSURDFK�WR�LPSURYH�WKH�SURGXFWLYLW\�DQG�WKH�ZRUNLQJ�FRQGLWLRQV�RI�ZRUNHUV�LQ�DQ\
LQGXVWULDO�FRQWH[W�

)LJ�������0HWKRGRORJ\�)ORZFKDUW�

�����/HDQ�0DQXIDFWXULQJ�DQG�$JLOH�&RQFHSWV

>��@�LGHQWLILHG�ZDVWH�lDV�DQ\�KXPDQ�DFWLYLW\�ZKLFK�DEVRUEV�UHVRXUFHV�EXW�FUHDWHV�QR�YDOXHm��9DOXH�FDQ�EH�GHILQHG�DV
lD�FDSDELOLW\�SURYLGHG�WR�D�FXVWRPHU�DW�WKH�ULJKW�WLPH�DW�DQ�DSSURSULDWH�SULFH��DV�GHILQHG�LQ�HDFK�FDVH�E\�WKH�FXVWRPHUm�
/HDQ�WKLQNLQJ�SURYLGHV�D�IRFXVHG�DSSURDFK�WRZDUG�FUHDWLQJ�FXVWRPHU�YDOXH�ZKLOH�lGRLQJ�PRUH�ZLWK�OHVVm��ZKLFK�PHDQV
XVLQJ �OHVV �HTXLSPHQW� �OHVV �KXPDQ �HIIRUW� �OHVV �VSDFH� �DQG �OHVV �WLPH� �7KH �OHDQ �GHILQLWLRQ �IRU �ZDVWH �LQFOXGHV �ZRUN �LQ
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SURJUHVV ��:,3�� �GHIHFWV� �DQG �QRQ�YDOXH�DGGHG �WLPH� �VXFK �DV �WLPH �VSHQW �ZDLWLQJ �IRU �SURGXFWV �DQG �XQQHFHVVDU\
PRYHPHQWV �RQ �WKH �SDUW �RI �WKH �ZRUNHU� �3URFHVV �LPSURYHPHQWV� �OD\RXW �DUUDQJHPHQW �DQG �ZRUN �RUJDQL]DWLRQ �ZHUH
FRQVLGHUHG �WKH �SULQFLSDO �GLPHQVLRQV �WR �HQFRXUDJH �WKH �LPSOHPHQWDWLRQ �RI �OHDQ �SURGXFWLRQ �SUDFWLFHV�

$JLOH�PDQXIDFWXULQJ�UHSUHVHQWV�WKH�FDSDFLW\�WR�UHVSRQG�HIILFLHQWO\�WR�WKH�FRQVWDQW�FKDQJHV�RI�XQSUHGLFWDEOH�GHPDQG
>��@� �$JLOLW\ �UHTXLUHV �LPSURYHPHQWV �LQ �VHYHUDO �DUHDV �VXFK �DV �UHVSRQVLYHQHVV� �SURGXFW �GHYHORSPHQW �WLPH� �SURGXFW
VWDQGDUGL]DWLRQ��VHWXS�WLPH��RSHUDWLRQV��HWF��>������@�

2UJDQL]DWLRQDO �DJLOLW\ �FRPELQHV �WZR�NH\�FRQFHSWV� �UHVSRQVLYHQHVV �DQG�IOH[LELOLW\ �>��@� �)OH[LELOLW\ �PHDVXUHV �WKH
DELOLW\�RI�D�ILUP�WR�DGMXVW�WR�D�JLYHQ�OHYHO�RI�SURGXFWLRQ�XVLQJ�WKH�VDPH�WHFKQRORJ\��5HVSRQVLYHQHVV�LV�WKH�VSHHG�ZLWK
ZKLFK�D�FRPSDQ\�FDQ�UHVSRQG�WR�FKDQJLQJ�FXVWRPHU�GHPDQGV��LQFOXGLQJ�XQDQWLFLSDWHG�RQHV�>��@�

�����(UJRQRPLFV�$QDO\VLV

58/$ �ZDV �WKH �WRRO �XVHG �WR �DVVHVV �WKH �HUJRQRPLF �FRQGLWLRQV �RI �WKH �ZRUNHU �ZKLOH �SHUIRUPLQJ �WKH �MRE� �DV �LW �LV
HVSHFLDOO\�XVHIXO�IRU�VFHQDULRV�LQ�ZKLFK�ZRUN�UHODWHG�XSSHU�OLPE�GLVRUGHUV�DUH�UHSRUWHG�

7KH �58/$�VFRUH �YDULHV �IURP �RQH �WR �VHYHQ� �6FRUHV �RQH �DQG �WZR ��DFWLRQ �OHYHO �RQH� �LQGLFDWH �WKDW �WKH �SRVWXUH �LQ
TXHVWLRQ�LV�DFFHSWDEOH�LI�LW�LV�QRW�PDLQWDLQHG�RU�UHSHDWHG�IRU�ORQJ�SHULRGV�RI�WLPH��6FRUHV�WKUHH�DQG�IRXU��DFWLRQ�OHYHO
WZR� �LQGLFDWH �WKDW �IXUWKHU �LQYHVWLJDWLRQ �LV �QHHGHG� �6FRUHV �ILYH �DQG�VL[ ��DFWLRQ �OHYHO �WKUHH� �LQGLFDWH �WKDW �FKDQJHV �DUH
UHTXLUHG�VRRQ��6FRUH�VHYHQ�LQGLFDWHV�WKDW�FKDQJHV�DUH�UHTXLUHG�LPPHGLDWHO\�

�����6LPXODWLRQ�$QDO\VLV

>��@�GHILQHV�VLPXODWLRQ�DV�lWKH�SURFHVV�RI�GHYHORSLQJ�D�G\QDPLF�PRGHO��IURP�D�UHDO�V\VWHP��LQ�RUGHU�WR�XQGHUVWDQG
WKH�EHKDYLRXU�RI�WKH�V\VWHP�RU�HYDOXDWH�GLIIHUHQW�VWUDWHJLHV�IRU�LWV�RSHUDWLRQm��$FFRUGLQJ�WR�>��@��WKH�PDLQ�UHDVRQ�IRU�WKH
SRSXODULW\�RI�VLPXODWLRQ�LV�LWV�DELOLW\�WR�GHDO�ZLWK�YHU\�FRPSOLFDWHG�PRGHOV�RI�FRUUHVSRQGLQJO\�FRPSOLFDWHG�V\VWHPV�
ZKLFK�PDNHV�LW�D�YHUVDWLOH�DQG�SRZHUIXO�WRRO�

6LPXODWLRQ�LV�XVHG�E\�RSHUDWLRQV�PDQDJHUV�IRU�VHYHUDO�WDVNV�VXFK�DV�OLQH�EDODQFLQJ��ERWWOHQHFN�LGHQWLILFDWLRQ��OD\RXW
GHVLJQ�UHGHVLJQ��VFKHGXOLQJ�SODQV�DQG�GLVSDWFKLQJ�UXOHV�WHVWLQJ��HWF��$FFRUGLQJ�WR�>��@��lLI�\RX�KDYH�FRQILGHQFH�LQ�\RXU
VLPXODWLRQ�\RX�FDQ�XVH�LW�WR�LQIHU�KRZ�WKH�UHDO�V\VWHP�ZLOO�RSHUDWH��<RX�FDQ�WKHQ�XVH�\RXU�LQIHUHQFH�WR�XQGHUVWDQG�DQG
LPSURYH�WKH�V\VWHPVn�SHUIRUPDQFHm��$�YHULILHG��YDOLGDWHG�DQG�DFFUHGLWHG�VLPXODWLRQ�PRGHO�ZLOO�FRQYLQFH�WKH�GHFLVLRQ
PDNHUV�DQG�SURSHO�WKHLU�FRQILGHQFH�LQ�WKH�UHVXOWV��WKXV�LQFLWLQJ�WKH�LPSOHPHQWDWLRQ�RI�VXJJHVWHG�VROXWLRQV�

'LVFUHWH�HYHQW�VLPXODWLRQ�LV�RQH�RI�WKH�PRVW�ZHOO�NQRZQ�RSHUDWLRQV�PDQDJHPHQW�WHFKQLTXHV��XVHG�DOO�RYHU�WKH�ZRUOG
WR�PRGHO�DQG�DQDO\VH�PDQXIDFWXULQJ�V\VWHPV��7KLV�WRRO�LV�DGHTXDWH�WR�G\QDPLFDOO\�PRGHO�ODUJH�DQG�FRPSOH[�V\VWHPV
ZLWK�VHYHUDO�LQWHUGHSHQGHQFLHV�DQG�VWRFKDVWLF�EHKDYLRXU��,W�LV�SRVVLEOH�WR�HYDOXDWH�GLIIHUHQW�VFHQDULRV�WKURXJK�D�ZLGH�VHW
RI�SHUIRUPDQFH�PHDVXUHV��H�J���WKURXJKSXW��EXIIHU�VL]HV��OHDG�WLPH��XWLOL]DWLRQ�RI�UHVRXUFHV��DQG�ILQG�RSSRUWXQLWLHV�IRU
LPSURYHPHQW�>��@��VWDWHG�WKDW�WKH�VFHQDULRV�RI�D�VLPXODWLRQ�DUH�XVHG�WR�DLG�LQ�WKH�GHFLVLRQ�PDNLQJ�SURFHVV�E\�KHOSLQJ
WKH�FRPSDQ\�DQDO\]H�SURFHVV�EHKDYLRU�RYHU�WLPH�DQG�HYDOXDWH�WKH�LPSDFW �RI �D �JLYHQ�FKDQJH�ZLWKRXW �GLVUXSWLQJ�WKH
V\VWHP�RU�LQYHVWLQJ�FDSLWDO�

,Q�WKLV�ZRUN��WKH�VLPXODWLRQ�VWXG\�ZDV�SHUIRUPHG�XVLQJ�WKH�$UHQD�VRIWZDUH��D�OHDGLQJ�FRPSXWHU�VLPXODWLRQ�SDFNDJH
ZLWK�LQWXLWLYH�JUDSKLFDO�XVHU�LQWHUIDFHV��PHQXV�DQG�GLDORJXHV��7KLV�VLPXODWRU�DOORZV�WKH�XVHU�WR�PRGHO�FRPSOH[�V\VWHPV
DV�ZHOO�DV�WR�GHYHORS��'�DQLPDWLRQ�PRGHOV�ZKLFK�DUH�FULWLFDO�IRU�FDSWXULQJ�WKH�GHFLVLRQ�PDNHUV
�DWWHQWLRQ�

7KH�VLPXODWLRQ�VWXG\�IROORZHG�WKH�ZHOO�NQRZQ�PDMRU�VWHSV�>��@��SUREOHP�IRUPXODWLRQ��FRQFHSWXDO�PRGHOOLQJ�DQG
GDWD �FROOHFWLRQ� �RSHUDWLRQDO �PRGHOOLQJ� �YHULILFDWLRQ �	�YDOLGDWLRQ� �H[SHULPHQWDWLRQ� �DQG �RXWSXW �DQDO\VLV� �,GHDOO\� �WKH
UHVXOWV�VKRXOG�EH�FUHGLEOH�HQRXJK�WR�FRQYLQFH�GHFLVLRQ�PDNHUV�WR�XVH�WKHP�LQ�WKH�UHDO�V\VWHP��:LWK�D�YDOLGDWHG�PRGHO�LW
LV�SRVVLEOH�WR�VWXG\�LPSURYHPHQW�VFHQDULRV��7KRVH�VROXWLRQV�PXVW�EH�DQDO\]HG�LQ�RUGHU�WR�XQGHUVWDQG�ZKLFK�VFHQDULR
EULQJV�WKH�lEHVW�UHVXOWVm�IRU�WKH�UHDO�V\VWHP�

���5(68/76

7KH �LQLWLDO �VLWXDWLRQ� �FRUUHVSRQGLQJ �WR �WKH �FXUUHQW �VKRS�IORRU �FRQGLWLRQV� �ZDV �DQDO\VHG �XVLQJ� �HVVHQWLDOO\� �WKH
IROORZLQJ �WRROV� �960� �58/$ �PHWKRG �DQG �VLPXODWLRQ �PRGHOOLQJ� �$IWHU �WKLV �DQDO\VLV� �VHYHUDO �LPSURYHPHQWV �ZHUH
LPSOHPHQWHG�LQ�RUGHU�WR�LPSURYH�SURGXFWLRQ�SHUIRUPDQFH�LQGLFDWRUV��VXFK�DV�OHDG�WLPH�DQG�:,3��DQG�DOVR�HUJRQRPLF
FRQGLWLRQV� �6LPXODWLRQ�PRGHOOLQJ�ZDV�DOVR�XVHG�DV�D�GHFLVLRQ�VXSSRUW �WRRO� �7KH�UHVXOWV �RI �WKHVH�VWHSV�DUH�GHVFULEHG
EHORZ�
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,Q �WKH �EDVH �VLWXDWLRQ� �WKH �VSRXWV �IDPLO\ �RI �SURGXFWV �ZHQW �WKURXJK �HLJKW �SURFHVVHV �LQ �WKH �VDQGLQJ �DQG �SROLVKLQJ
SURGXFWLRQ�DUHD��7KHVH�SURFHVVHV�ZHUH�SK\VLFDOO\�VHSDUDWHG��OHDGLQJ�WR�VHYHUDO�NLQGV�RI�ZDVWH�

$�960��UHSUHVHQWHG�LQ�)LJ�������ZDV�GHYHORSHG�WR�PDS�WKH�FXUUHQW�FRQGLWLRQ��7KLV�SURFHVV�PDSSLQJ�ZDV�EDVHG�RQ
REVHUYDWLRQV�LQ�WKH�JHPED�IORRU�DQG�LQYROYHG�DOO�WKH�WHDP��LQFOXGLQJ�RSHUDWRUV�

)LJ�������960�RI�WKH�LQLWLDO�VLWXDWLRQ�
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7KH�ILUVW�ZDVWH�LGHQWLILHG�E\�WKH�WHDP�ZDV�UHODWHG�WR�OD\RXW�FRQILJXUDWLRQ��LQ�WKLV�FDVH��D�SURFHVV�OD\RXW��7KLV�W\SH�RI
OD\RXW�UHTXLUHV�EDWFK�SURGXFWLRQ��OHDGLQJ�WR�KLJK�DPRXQWV�RI�:,3��2WKHU�NLQGV�RI�ZDVWH�FDXVHG�E\�WKLV�W\SH�RI�OD\RXW�
DQG �DOVR �LGHQWLILHG �E\ �WKH �WHDP� �ZHUH �KDQGOLQJ �PRYHPHQWV� �RSHUDWRU �PRWLRQV �DQG �WUDQVSRUWV �RI �PDWHULDOV �EHWZHHQ
SURFHVVHV��$V�D�UHVXOW��OHDG�WLPHV�ZHUH�FRQVLGHUDEO\�KLJK�

7KH�KLJK�SHUFHQWDJH��DURXQG������RI�UHMHFWLRQV�GHIHFWV�ZDV�DOVR�D�ELJ�FRQFHUQ�IRU�WKH�WHDP��7KH�UHMHFWLRQV�ZHUH
PDLQO\�GXH�WR�FRVPHWLF�SUREOHPV��VXFK�DV�VFUDWFKHV�RULJLQDWHG�GXULQJ�WUDQVSRUWDWLRQ�RU�KDQGOLQJ��RU�WHFKQLFDO�LVVXHV
RULJLQDWHG �LQ �SUHYLRXV �SURFHVVHV� �VXFK �DV �IRXQGU\� �3DUDOOHO �WR �WKLV �VWXG\� �D �TXDOLW\ �WHDP�ZDV �FUHDWHG �WR �KHOS �LQ �WKH
UHGXFWLRQ �RI �UHMHFWLRQV� �&RQVLGHUDEOH �ZDLWLQJ �WLPH �ZDV �REVHUYHG �GXULQJ �WKH �DXWRPDWLF �SROLVKLQJ �SURFHVV� �ZKHQ �WKH
RSHUDWRU�KDV�WR�ZDLW�IRU�WKH�PDFKLQH�WR�ILQLVK�WKH�F\FOH�

)LJ������GHSLFWV�WKH�LQLWLDO�OD\RXW�RI�WKH�VDQGLQJ�DQG�SROLVKLQJ�DUHD�DQG�WKH�LGHQWLILFDWLRQ�RI�WKH�VSRXWV�SURGXFWV
WUDQVSRUWDWLRQ�EHWZHHQ�SURFHVVHV�

)LJ�������6DQGLQJ�DQG�3ROLVKLQJ�DUHD�OD\RXW�DQG�VSRXWV�WUDQVSRUWDWLRQ�SDWK�

,Q �RUGHU �WR �UHGXFH �OHDG �WLPH �DQG �VHYHUDO �NLQGV �RI �ZDVWH �VXFK �DV �VWRFNV� �WUDQVSRUWDWLRQ� �DQG �PRWLRQ� �WKH �WHDP
SURSRVHG�FKDQJLQJ�WKH�OD\RXW�IURP�D�SURFHVV�WR�D�FHOOXODU�FRQILJXUDWLRQ��7KLV�FKDQJH�LV�DOLJQHG�ZLWK�OHDQ�SKLORVRSK\
SULQFLSOHV�DQG�SUHYLRXV�VWXGLHV�ZKLFK�VWDWH�WKDW�VHYHUDO�FRPSDQLHV�ZKLFK�KDYH�LPSOHPHQWHG�FHOOXODU�PDQXIDFWXULQJ
OD\RXWV�KDYH�REVHUYHG�LPSURYHPHQWV�LQ�KDQGOLQJ�WLPHV��VHWXSV��WKURXJKSXW�WLPHV�DQG�ZRUN�LQ�SURFHVV�LQYHQWRULHV�

'HVSLWH�WKH�DGYDQWDJHV�NQRZQ�LQ�WKHRU\��LQ�SUDFWLFH�WKHUH�LV�DOZD\V�JUHDW�UHVLVWDQFH�WR�FKDQJH��7KH�FRQYHUVLRQ�RI
OD\RXWV �UHTXLUHV �D �KXJH �WUDQVIRUPDWLRQ �LQ �ZRUNLQJ �PHWKRGV �DV �ZHOO �DV �D �JUHDW �ILQDQFLDO �LQYHVWPHQW �DQG �WKH �WLPH
DYDLODELOLW\�WR�PDNH�WKH�PDFKLQH�PRYHPHQWV� �'XH�WR�WKH�FRPSOH[LW\�RI�WKH�V\VWHP�DQG�DFFRUGLQJ�WR�>��@� �WKH�WHDP
GHFLGHG�WR�SHUIRUP�D�VLPXODWLRQ�VWXG\�WR�DQDO\]H�SRWHQWLDO�JDLQV�DQG�MXVWLI\��TXDQWLWDWLYHO\��WKH�H[HFXWLRQ�RI�WKH�SURMHFW�
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7KH�QH[W�VWHS�ZDV�WKH�FKRLFH�RI�WKH�UHSUHVHQWDWLYH�IDPLO\�RI�SURGXFWV�DQG�UHIHUHQFHV�WR�XVH�LQ�WKH�VLPXODWLRQ�VWXG\�
$IWHU�DQ�H[KDXVWLYH�$%&�DQDO\VLV��WKH�WHDP�VHOHFWHG�WKH�VSRXWV�IDPLO\��ZKLFK�PHW�ERWK�FRQGLWLRQV��SURGXFWLRQ�FRVW�DQG
SURGXFWLRQ �WLPH� �����DQG �����RI �WKH �WRWDO� �UHVSHFWLYHO\� �:LWKLQ �WKH �IDPLO\ �RI �SURGXFWV� �D �QHZ�$%&�DQDO\VLV �ZDV
SHUIRUPHG�ZLWK�WKH�REMHFWLYH�RI�VHOHFWLQJ�WKH�ILQDO�UHIHUHQFHV�WR�EH�VLPXODWHG��UHVXOWLQJ�LQ�IRXU�UHIHUHQFHV�FRUUHVSRQGLQJ
WR�����RI�WKH�WRWDO�SURGXFWLRQ�FRVW�ZLWKLQ�WKH�VSRXWV�IDPLO\�

,Q�GHYHORSLQJ�WKH�VLPXODWLRQ�PRGHO�SDUWLFXODU�FDUH�ZDV�WDNHQ�WR�PRGHO�WKH�V\VWHP�DV�FORVH�WR�UHDOLW\�DV�SRVVLEOH��7KH
DYDLODELOLW\�RI�GDWD�IRU�WKH�SURFHVVLQJ�WLPHV�RI�WKH�WDVNV�LQYROYHG�LQ�WKH�SURFHVV�DOORZHG�WKH�ILWWLQJ�RI�SURSHU�VWDWLVWLFDO
GLVWULEXWLRQV�WR�WKHVH�GDWD��7KH�WHDP�PHPEHUV�ZKR�DFFRPSDQLHG�WKH�UHVHDUFK�RQ�VLWH�ZHUH�GHFLVLYH�LQ�WKLV�SURFHVV��DV
WKH\�FRPELQHG�WKH�NQRZOHGJH�RI�WKH�VLPXODWLRQ�WRRO�EHLQJ�XVHG�ZLWK�WKH�SHUFHSWLRQ�JDLQHG�GXULQJ�WKH�VDQGLQJ�DQG
SROLVKLQJ�SURFHVV�

$IWHU�WKH�VLPXODWLRQ�DQDO\VLV�RI�WKH�FXUUHQW�VLWXDWLRQ��WKH�WHDP�GHVLJQHG�DQG�VLPXODWHG�D�SURSRVDO�IRU�D�QHZ�VSRXWV
IDPLO\�OD\RXW��)LJ������GHSLFWV�WKH�QHZ�FHOOXODU�OD\RXW�SURSRVDO�

)LJ�������&HOOXODU�OD\RXW�RI�WKH�6DQGLQJ�DQG�3ROLVKLQJ�DUHD�IRU�WKH�VSRXWV�IDPLO\�

7KH�YHULILFDWLRQ�DQG�YDOLGDWLRQ�SURFHVV�LV�YHU\�LPSRUWDQW�IRU�XVLQJ�WKH�VLPXODWLRQ�PRGHOV�DV�GHFLVLRQ�VXSSRUW�WRROV�
0RGHO�YHULILFDWLRQ�HQVXUHV�WKDW�WKH�SURJUDP�RI�WKH�FRPSXWHUL]HG�PRGHO�DQG�LWV�LPSOHPHQWDWLRQ�DUH�FRUUHFW�DQG�PRGHO
YDOLGDWLRQ�FRQILUPV�WKDW�WKH�VLPXODWLRQ�PRGHO�EHKDYHV�OLNH�WKH�UHDO�V\VWHP��FRQVLVWHQW�ZLWK�WKH�PRGHOLQJ�REMHFWLYHV��7KH
PRGHOV �ZHUH �YHULILHG �DQG �YDOLGDWHG �XVLQJ �GLIIHUHQW �ZHOO�NQRZQ�WHFKQLTXHV� �7KH �YHULILFDWLRQ �WHFKQLTXHV �XVHG �ZHUH�
PRGHO�WUDFHV��VWUXFWXUHG�ZDONWKURXJKV��RXWSXW�FRQVLVWHQF\�DQG�PRGHO�DQLPDWLRQ��7KH�YDOLGDWLRQ�WHFKQLTXHV�XVHG�ZHUH�
SUHGLFWLYH�YDOLGDWLRQ��KLVWRULFDO�GDWD�YDOLGDWLRQ�DQG�7XULQJ�WHVWV�

%RWK�VLPXODWLRQV�ZHUH�UXQ�IRU����ZRUNLQJ�GD\V����KRXUV�GDLO\��$OVR��LQ�RUGHU�WR�DFKLHYH�DFFHSWDEOH�����FRQILGHQFH
LQWHUYDOV�IRU�WKH�NH\�SHUIRUPDQFH�LQGLFDWRUV��D�QXPEHU�RI����UHSOLFDWLRQV�ZDV�VHWWOHG�XSRQ��$FFRUGLQJ�WR�WKH�VLPXODWLRQ
VWXG\� �WKH �SURSRVHG �FHOOXODU �OD\RXW �IRU �WKH �VSRXWV �IDPLO\ �ZRXOG �UHGXFH �DSSUR[LPDWHO\ ���� �RI �WKH �WLPH �VSHQW �RQ
WUDQVSRUWV������RI�WKH�OHDG�WLPH�DQG�����RI�WKH�:,3��7DEOH���GHSLFWV�WKHVH�UHVXOWV�

7DEOH����6LPXODWLRQ�UHVXOWV�IRU�NH\�SHUIRUPDQFH�LQGLFDWRUV�

,QGLFDWRU ,QLWLDO�6LWXDWLRQ $IWHU�5HOD\RXW 'LIIHUHQWLDO�&KDQJH
7UDQVSRUWDWLRQ�WLPH��PLQ� ������i����� ������i���� 5HGXFWLRQ�RI����

/HDG�7LPH��GD\V� ����i���� ����i���� 5HGXFWLRQ�RI����
:,3�XQLWV� �������i���� �������i����� 5HGXFWLRQ�RI����

$IWHU�WKH�PRGLILFDWLRQ�LQ�WKH�OD\RXW��LW�ZDV�SRVVLEOH�WR�MRLQ�GLIIHUHQW�WDVNV�ZKLFK�ZHUH�LQLWLDOO\�SK\VLFDOO\�VHSDUDWHG�
VXFK�DV�VHOHFWLQJ�DQG�DXWRPDWLF�SROLVKLQJ�RU�PDQXDO�DQG�DXWRPDWLF�VDQGLQJ��PHDQLQJ�WKDW�WKH�VHOHFWLQJ�SDUW�ZRXOG�EH
FRYHUHG �E\ �WKH �DXWRPDWLF �SROLVKLQJ �WDVN �GXH �WR �WKH �HOLPLQDWLRQ �RI �ZDLWLQJ �WLPH� �7KLV �LPSURYHPHQW �UHVXOWHG �LQ �D
SURGXFWLYLW\�LQFUHDVH�RI�����LQ�WKHVH�WZR�SURFHVVHV�
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5HJDUGLQJ�HUJRQRPLF�FRQGLWLRQV�DQG�JLYHQ�WKDW�WKLV�SURGXFWLRQ�VHFWLRQ�ZDV�VXFK�D�FULWLFDO�DUHD��WKH�58/$�VFRUHV
ZHUH�QRW�D�VXUSULVH��DV�FDQ�EH�VHHQ�LQ�)LJ�������7ZR�RI�WKH�WKUHH�RSHUDWLRQV�SUHVHQW�D�VFRUH�RI���ZKLFK�LQGLFDWHV�WKDW
LQYHVWLJDWLRQ�DQG�FKDQJHV�DUH�UHTXLUHG�VRRQ��&RQVLGHULQJ�WKH�ZRUNHUV
�FRPSODLQWV��WHQGLQLWLV�SUREOHPV�DQG�DEVHQWHHLVP
UDWHV�YHULILHG�LQ�WKLV�SURGXFWLRQ�DUHD��WKH�WHDP�LGHQWLILHG�HUJRQRPLFV�FRQGLWLRQV�DV�DQ�LVVXH�WR�LPSURYH�XUJHQWO\�

)LJ�������58/$�VFRUHV�IRU�WKH�LQLWLDO�VLWXDWLRQ�

7KH�PDLQ�HUJRQRPLF�SUREOHPV�ZHUH�UHODWHG�WR�DZNZDUG�SRVWXUHV��WDVN�UHSHWLWLYHQHVV��WDS�ZHLJKW��DURXQG��NJ��DQG
VWURQJ�KDQG�H[HUWLRQV�WR�SHUIRUP�PDQXDO�WDVNV��)LJ������GHSLFWV�WKH�DZNZDUG�SRVWXUH�QHHGHG�WR�SHUIRUP�WKH�PDQXDO
SROLVKLQJ�WDVN�

)LJ�������(UJRQRPLF�SRVLWLRQ�RI�PDQXDO�SROLVKLQJ�WDVN�

7KH�WHDP�XVHG�DQWKURSRPHWULF�VWXGLHV�WR�DGMXVW�WKH�ZRUNVWDWLRQ�WR�WKH�ERG\�FKDUDFWHULVWLFV�RI�WKH�RSHUDWRUV��H�J��
WKHLU �VWDWXUH� �7KHUHIRUH� �LQ �RUGHU �WR �DGMXVW �WKH �ZRUN �SODQH� �HOLPLQDWH �WKH �QHFHVVLW\ �IRU �WKH �QRQ�QHXWUDO �SRVLWLRQ �RI
ZRUNHUV
�DUPV�DQG�UHGXFH�WKH�QHHG�IRU�QHFN�IOH[LRQ��WKH�WHDP�SURSRVHG�DQ�DXWRPDWLVP�WR�DGMXVW�WKH�PDFKLQH�YHUWLFDOO\
DFFRUGLQJ�WR�WKH�RSHUDWRUnV�VWDWXUH� �7KH�YHUWLFDO �DPSOLWXGH�RI�WKH�PDFKLQH��XVLQJ�WKH�PHDVXUH�IURP�WKH�IORRU�WR�WKH
FHQWUH �RI �WKH �SROLVKLQJ�VDQGLQJ �ZKHHO� �ZDV �FDOFXODWHG �EDVHG �RQ �WKH �DQWKURSRPHWULF �GDWDEDVH �RI �WKH �3RUWXJXHVH
SRSXODWLRQ�>��@��LWV�PD[LPXP�OLPLW�ZDV�FDOFXODWHG�XVLQJ�WKH�IORRU�WR�HOERZ�PHDVXUH�RI�PHQ
V����SHUFHQWLOH�������PP�
DQG�LWV�PLQLPXP�OLPLW�ZDV�FDOFXODWHG�E\�XVLQJ�WKH�IORRU�WR�HOERZ�PHDVXUH�RI�ZRPHQnV���SHUFHQWLOH������PP��

$QRWKHU�VROXWLRQ�IRXQG�E\�WKH�WHDP�WR�UHGXFH�:06'�ULVN�ZDV�WKH�H[WHQVLRQ�RI�WDVNV��ZKLFK�ZDV�RQO\�SRVVLEOH�WR
PDWHULDOL]H�DIWHU�WKH�OD\RXW�FKDQJHV�WKURXJK�WKH�SK\VLFDO�SUR[LPLW\�RI�WKH�SURFHVVHV��:LWK�WKH�FRPELQDWLRQ�RI�SURFHVVHV�
E\�PHUJLQJ�WKH�SURFHVV�RI�VHOHFWLQJ�ZLWK�WKDW�RI�DXWRPDWLF�SROLVKLQJ��LW�ZDV�SRVVLEOH�WR�UHGXFH�WKH�UHSHWLWLYHQHVV�RI�WKH
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VHOHFWLQJ�WDVNV�DQG�FRQVHTXHQWO\�LPSURYH�WKH�HUJRQRPLF�FRQGLWLRQV�RI�WKH�ZRUNHU��WKHUHE\�ORZHULQJ�:06'�ULVN��7KH
VDPH�KDSSHQHG�ZLWK�WKH�PDQXDO�VDQGLQJ�ZRUNVWDWLRQ��ZKLFK�ZDV�PHUJHG�ZLWK�WKDW�RI�DXWRPDWLF�VDQGLQJ��)LJ������GHSLFWV
WKH�QHZ�58/$�VFRUHV�DIWHU�WKHVH�LPSURYHPHQWV�

)LJ�������58/$�VFRUHV�DIWHU�LPSURYHPHQWV�

$FFRUGLQJ�WR�WKH�58/$�PHWKRG��DOO�WDVNV�QRZ�KDYH�D�VFRUH�RI����ZKLFK�PHDQV�WKDW�lIXUWKHU�LQYHVWLJDWLRQ��FKDQJH
PD\�EH �QHHGHGm� �'HVSLWH �WKH �LQFUHDVH �LQ �WKH �58/$�VFRUH �LQ �RQH�ZRUNVWDWLRQ�IURP���WR ��� �WKH �ILQDO �EDODQFH� �LQ �WKH
LPSURYHPHQW�WHDP
V�RSLQLRQ��ZDV�YHU\�SRVLWLYH�GXH�WR�WKH�UHGXFWLRQ�RI�WKH�58/$�VFRUHV�RI�WKH�RWKHU�WZR�ZRUNVWDWLRQV
IURP �� ��lFKDQJH �VRRQm� �WR �� ��lFKDQJH �PD\ �EH �QHHGHGm�� �)XUWKHUPRUH� �LW �ZDV �SRVVLEOH �WR �LQFUHDVH �SURGXFWLYLW\ �E\
HOLPLQDWLQJ�WKH�ZDLWLQJ�WLPH�LQ�WKH�DXWRPDWLF�VDQGLQJ�SROLVKLQJ�ZRUNVWDWLRQV�DIWHU�DGGLQJ�WKH�VHOHFWLQJ�WDVN�

7KH�LPSOHPHQWDWLRQ�RI�WDVN�URWDWLRQ�ZRXOG�QRW�KHOS�LQ�WKLV�FDVH�VWXG\�DV�WKH�PXVFXODU�JURXSV�XVHG�WR�SHUIRUP�WKH
GLIIHUHQW�WDVNV�LQ�WKHVH�SURFHVVHV�DUH�WKH�VDPH�

&21&/86,21

'XH�WR�WKH�KDUG�FRPSHWLWLRQ�WKDW�FRPSDQLHV�IDFH�QRZDGD\V��LW�LV�FUXFLDO�WR�FRQVLGHU�SURGXFWLYLW\�DQG�SHUIRUPDQFH
ZKLOH�LPSOHPHQWLQJ�FRQWLQXRXV�LPSURYHPHQWV�LQ�WKH�JHPED��VKRS�IORRU���$W�WKH�VDPH�WLPH��MREV�DUH�PRUH�DQG�PRUH
UHSHWLWLYH��OHDGLQJ�WR�PXVFXORVNHOHWDO�GLVRUGHUV��LQFUHDVHG�DEVHQWHHLVP�DQG�UHGXFHG�SURGXFWLYLW\�

7KH�UHVXOWV�RI�WKLV�VWXG\�VKRZ�WKDW�FRPSDQLHV�VKRXOG�FRQVLGHU�ERWK�HUJRQRPLF�DVSHFWV�DQG�SURGXFWLRQ�SHUIRUPDQFH
GXULQJ�LPSURYHPHQW�LPSOHPHQWDWLRQ�

,W �LV �LPSRUWDQW �WR �KLJKOLJKW �WKDW �WKH �H[FHOOHQW �UHVXOWV �UHDFKHG �RQ �WKH �SHUIRUPDQFH �LQGLFDWRUV �DQG �HUJRQRPLF
FRQGLWLRQV�KDYH�PXFK�WR�GR�ZLWK�D�FRPELQHG�RSHUDWLRQV�PDQDJHPHQW�DSSURDFK�OLQNLQJ�OHDQ�PDQXIDFWXULQJ�DQG�DJLOH
FRQFHSWV��7KH�UHGXFWLRQ�LQ�OHDG�WLPH�E\�FKDQJLQJ�WKH�OD\RXW�FRQILJXUDWLRQ�OHG�WR�D�PRUH�IOH[LEOH�SURGXFWLRQ�V\VWHP�DQG
LQFUHDVHG�UHVSRQVLYHQHVV�WR�WKH�FOLHQW�

7KH�HOLPLQDWLRQ�RI�VHYHUDO�JHPED�ZDVWHV��WKH�QHZ�FHOOXODU�OD\RXW��WKH�DQWKURSRPHWULF�VWXGLHV�DQG�WKH�H[SDQVLRQ�RI
WDVNV�ZHUH�WKH�NH\�RSHUDWLRQDO�LPSURYHPHQWV�VLPXODWHG�DQG�LPSOHPHQWHG�LQ�WKH�VDQGLQJ�DQG�SROLVKLQJ�DUHD��5HJDUGLQJ
MRE�URWDWLRQ��WKH�WHDP�IRXQG�LW�YHU\�GLIILFXOW�WR�SXW�LW�LQ�SUDFWLFH��7KH�PDMRULW\�RI�WKH�RWKHU�MREV�WKDW�FRXOG�EH�GRQH�E\
RSHUDWRUV�LQ�WKLV�SURGXFWLRQ�DUHD�PDNH�XVH�RI�WKH�VDPH�JURXS�RI�PXVFOHV�

7KH�WHDP�IRXQG�VRPH�GLIILFXOWLHV�GXULQJ�WKLV�VWXG\��VXFK�DV�WKH�UHVLVWDQFH�WR�FKDQJH�IURP�RSHUDWRUV�DQG�HVSHFLDOO\
IURP�WKH�WRS�PDQDJHPHQW��ZKLFK�ZDV�WKH�PRVW�FRPSOLFDWHG�WR�RYHUFRPH��,Q�WKLV�FDVH��WKH�XVH�RI�VLPXODWLRQ�SOD\HG�D
YHU\�LPSRUWDQW�UROH�LQ�WKH�DQDO\VLV�DQG�GHPRQVWUDWLRQ�RI�WKH�JDLQV��+RZHYHU��LW�LV�D�WLPH�FRQVXPLQJ�WRRO�ZKLFK�UHTXLUHV
D�FRQVLGHUDEOH�VHW�RI�YDOLG�LQSXW�GDWD�DQG�D�ORW�RI�WLPH�DQG�HIIRUW�WR�GHYHORS�D�YDOLG�DQG�FUHGLEOH�PRGHO�

7KH �IXWXUH �ZRUNV �RI �WKLV �VWXG\ �LQFOXGH �WKH �PRQLWRULQJ �RI �DEVHQWHHLVP�UDWHV �DQG �IROORZ�XS �RQ �DOO �WKH �PHDVXUHG
LQGLFDWRUV �WR �VXVWDLQ �WKHVH �LPSURYHPHQWV �DQG �LPSOHPHQW �RWKHUV� �RQ �D �GDLO\ �EDVLV� �6LQFH �58/$ �VFRUHV �RI �� �RU ��
�DFFHSWDEOH�SRVWXUH��ZHUH�QRW�UHDFKHG��WKHUH�LV�VWLOO�D�ORW�RI�ZRUN�WR�GR��,W�LV�DOVR�LPSRUWDQW�WR�FKDQJH�WKH�FXUUHQW�SXVK
V\VWHP�WR�D�SXOO�V\VWHP��VR�DV�WR�PDNH�WKH�V\VWHP�PRUH�DJLOH�

$IWHU�WKLV�ZRUN��LW�LV�WKH�DXWKRUVn�RSLQLRQ�WKDW�UHVLVWDQFH�WR�FKDQJH�DQG�UHVXOW�VXVWDLQDELOLW\�DUH�WKH�PDLQ�GLIILFXOWLHV
LQ�LPSURYHPHQW�SURMHFWV�
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1RW�DSSOLFDEOH�
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7KH�DXWKRUV�FRQILUP�WKDW�WKLV�DUWLFOH�FRQWHQW�KDV�QR�FRQIOLFW�RI�LQWHUHVW�

$&.12:/(*(0(176

'HFODUHG�QRQH�

5()(5(1&(6

>�@ $� �.DULP� �DQG �$� �$ULI�8]�=DPDQ� ��$ �PHWKRGRORJ\ �IRU �HIIHFWLYH �LPSOHPHQWDWLRQ �RI �OHDQ �VWUDWHJLHV �DQG �LWV �SHUIRUPDQFH �HYDOXDWLRQ �LQ
PDQXIDFWXULQJ�RUJDQL]DWLRQV���%XVLQHVV�3URFHVV�0DQDJHPHQW��YRO������SS����������������
>KWWS���G[�GRL�RUJ��������������������������@

>�@ -� �5DR� �DQG �9� �.XPDUD� ��5HYLHZ �RI �6XSSO\ �&KDLQ �0DQDJHPHQW �LQ �0DQXIDFWXULQJ �6\VWHPV�� �,QWHUQDWLRQDO �&RQIHUHQFH �RQ �,QQRYDWLYH
0HFKDQLVPV�IRU�,QGXVWU\�$SSOLFDWLRQV��SS����������������
>KWWS���G[�GRL�RUJ���������,&,0,$�������������@

>�@ /�%��=KDQJ���$�6WXG\�RQ�3XVK�k3XOO�0RGH�RI�6XSSO\�&KDLQ�%DVHG�RQ�6\VWHP�'\QDPLFV���,(((�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�*UH\�6\VWHPV
DQG�,QWHOOLJHQW�6HUYLFHV��SS������������������

>�@ -��%KDPX��DQG�.��6DQJZDQ���/HDQ�PDQXIDFWXULQJ��OLWHUDWXUH�UHYLHZ�DQG�UHVHDUFK�LVVXHV���,QW��-��2SHU��3URG��0DQDJH���YRO������QR�����SS�
��������������
>KWWS���G[�GRL�RUJ���������,-230�������������@
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