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7KLV�ZRUNLQJ�SDSHU�LV�UHSUHVHQWV�D�ILUVW�VWHS�LQ�D�ODUJHU�HIIRUW�WR�DQDO\VH�LQQRYD�
WLRQ�DQG�VRXUFLQJ�RI�PHFKDQLFDO�WHFKQRORJ\�LQ�1RUZD\��,Q�SDUWLFXODU�LW�DGGUHVVHV
LQQRYDWLRQ�LQ�PDFKLQH�WRRO��07��V\VWHP�VXSSOLHUV·�RUJDQLVDWLRQV�DQG�KRZ�WKH
VRXUFLQJ�SURFHVVHV�HPHUJH�WKURXJK�LQWHUDFWLRQ�EHWZHHQ�XVHUV�DQG�VXSSOLHUV��7KH
1RUZHJLDQ�YHUVLRQ�RI�WKLV�NLQG�RI�WHFKQRORJ\�VRXUFLQJ�LV�LQIOXHQFHG�E\�WKH�IDFW
WKDW�WKHUH�DUH�QR�GRPHVWLF�PDQXIDFWXUHUV�RI�07�WHFKQRORJ\��6RXUFLQJ�RI�PDQX�
IDFWXULQJ�WHFKQRORJ\�LV�SHUIRUPHG�E\�D�JURXS�RI�UHODWLYHO\�VPDOO�ILUPV��LPSRUWLQJ
DQG�SURFXULQJ�07�DQG�07�V\VWHPV�DQG�XVHU�UHOHYDQW�NQRZOHGJH�LQWHQVLYH
VHUYLFHV�DURXQG�WKH�SURGXFWV��:H�FDOO�WKHP�07�V\VWHP�VXSSOLHUV��7KH�07�V\V�
WHP�VXSSOLHUV�RIIHU�DGYDQFHG�SRUWIROLRV�RI�07�DQG�07�V\VWHPV�DQG�D�KLJK�GH�
JUHH�RI�VHUYLFH�FRQFHUQLQJ�LQVWDOODWLRQ��RSHUDWLRQ��PDLQWHQDQFH�DQG�WUDLQLQJ�
2XU�IRFXV�LV�EDVHG�RQ�HPSLULFDO�HYLGHQFH�PDLQO\�IURP�VRXUFLQJ�VLWXDWLRQV�EH�
WZHHQ�ODUJHU�07�V\VWHP�VXSSOLHUV�DQG�FXVWRPHUV�ZLWKLQ�PDFKLQHU\�DQG�HTXLS�
PHQW�LQGXVWULHV��0RUHRYHU�ZH�KDYH�IRFXVHG�RQ�VRXUFLQJ�VLWXDWLRQV�RI�UHODWLYHO\
FRPSOH[�WHFKQLFDO�FKDUDFWHU��UHTXLULQJ�KLJK�GHJUHH�RI�FXVWRPLVDWLRQ�RI�WKH�SURG�
XFW�VHUYLFH�GHOLYHUHG��7KH�LVVXHV�RI�WKLV�SDSHU�FDQ�EH�VXPPDULVHG�DV�IROORZV�
+RZ�GR�07�V\VWHP�VXSSOLHUV�LQQRYDWH"�+RZ�FDQ�RQH�GHVFULEH�WKH�SURFHVVHV�WKDW
WDNH�SODFH�EHWZHHQ�VXSSOLHU�DQG�FXVWRPHU"�:KDW�DUH�WKH�PDLQ�IXQFWLRQV�RI�07
V\VWHP�VXSSOLHUV"

07�V\VWHP�VXSSOLHUV�LQQRYDWH�PDLQO\�WKURXJK�WKH�VSHFLILF�VRXUFLQJ�VLWXDWLRQV�
E\�OHDUQLQJ�WR�SURGXFH�VHUYLFHV�DW�KLJKHU�TXDOLW\��:H�GHVFULEH�KRZ�WKLV�LQIOX�
HQFHV�07�V\VWHP�VXSSOLHUV·�SURGXFW�SRUWIROLRV��VHUYLFH�VWUDWHJLHV�DQG�RUJDQLVD�
WLRQDO�FRQILJXUDWLRQ��0RQLWRULQJ�JOREDO�WHFKQRORJLFDO�LQQRYDWLRQ��NQRZOHGJH�DF�
FXPXODWLRQ�DQG�NQRZOHGJH�VWRUDJH�DUH�FRUH�DVSHFWV�IRU�WKHVH�ILUPV·�SHUIRUPDQFH
DQG�FRPSHWLWLYHQHVV�

7KH�VWXG\�LQGLFDWHV�WKDW�WKH�VRXUFLQJ�VLWXDWLRQV�DUH�FRPSOH[�VRFLDO�LQWHUDFWLYH
SURFHVVHV��,PSRUWDQW�LQWHUDFWLRQ�WDNHV�SODFH�LQ�LQWURGXFWRU\�SKDVHV�RI�WKH�LQ�
YHVWPHQW��OHDGLQJ�WR�VWUDWHJLF�GHFLVLRQV�FRQFHUQLQJ�WHFKQLFDO�DQG�RUJDQLVDWLRQDO
VROXWLRQV��%\�IDU�QRW�DOO�RI�WKH�VWUDWHJLF�GHFLVLRQV�DUH�DEVROXWH�DQG�LUUHYHUVLEOH�
2Q�WKH�FRQWUDU\�XQFHUWDLQW\�VHHPV�WR�FKDUDFWHULVH�WKHVH�LQWHUDFWLRQ�SURFHVVHV�
$OORFDWLRQV�PD\�LPSO\�XQLQWHQGHG�UHVXOWV�DQG�PDQ\�FKDQJHV�PLJKW�HYHQ�JHQHU�
DWH�QHZ�SUREOHPV�DQG�KDYH�XQLQWHQGHG�DQG�FRVWO\�FRQVHTXHQFHV��7HFKQRORJ\
VRXUFLQJ�VLWXDWLRQV�FKDUDFWHULVHG�E\�D�KLJK�GHJUHH�RI�FXVWRPLVDWLRQ�GHPRQVWUDWH
WKDW�QHZ�WHFKQLFDO�SUREOHPV��QHHGV�DQG�IXQFWLRQV�DUH�RIWHQ�GHILQHG�GXULQJ�WKH
SURFHVV�RI�FXVWRPLVDWLRQ�

1RUZHJLDQ�07�V\VWHP�VXSSOLHUV�DUH�LQ�JHQHUDO�FDSDEOH�RI�VXSSO\LQJ�XS�WR�GDWH
PDQXIDFWXULQJ�WHFKQRORJ\�WR�DOO�LQGXVWULDO�XVHUV�ZLWKLQ�DQ�DYHUDJH�WHFKQRORJLFDO
OHYHO��,W�LV�PRUH�GLIILFXOW�WR�VXSSO\�WKH�ODUJH�FRPSOH[�07�V\VWHPV�WKDW�DGYDQFHG
XVHUV�UHTXLUH��ZLWKRXW�WKH�DLG�IRUHLJQ�FRPSHWHQFH��$V�07�V\VWHPV�JHW�PRUH
FRPSOH[�WHFKQLFDOO\��PDWHULDO�KDQGOLQJ�V\VWHPV�WXUQ�RXW�FUXFLDO�IRU�XWLOLVDWLRQ
DQG�HIILFLHQF\��0DWHULDO�KDQGOLQJ�V\VWHPV�RU�URERWV�DUH�LQFUHDVLQJO\�UHSUHVHQW�
LQJ�DQ�LQWHJUDWHG�SDUW�RI�PDQXIDFWXULQJ�WHFKQRORJ\��7KHUH�VHHPV�WR�EH�D�FHUWDLQ
ODFN�RI�GRPHVWLF�V\VWHP�VXSSOLHU�FDSDELOLW\�RI�VXSSO\LQJ�PDWHULDO�KDQGOLQJ�V\V�
WHPV�
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,QWHUDFWLRQ�WDNHV�IRUP�DV�QHWZRUN�EXLOGLQJ�DURXQG�WKH�FXVWRPHU��DLPLQJ�DW
VROYLQJ�RUJDQLVDWLRQDO�DQG�WHFKQLFDO�SUREOHPV��1HWZRUN�DFWRUV�DUH�FXVWRPHUV�
VXSSOLHUV��VXEFRQWUDFWRUV��XVHUV�RI�VLPLODU�WHFKQRORJ\��PDQXIDFWXUHUV�RI�07
WHFKQRORJ\�HWF���LQ�JHQHUDO�LQVWLWXWLRQV�DQG�FRPSDQLHV�UHOHYDQW�IRU�WKH�VRXUFLQJ
SURMHFW��,QWHUDFWLRQ�LPSOLHV�FRQWLQXLQJ�QHJRWLDWLRQ�DQG�IORZ�RI�NQRZOHGJH�LQ�D
QXPEHU�RI�GLIIHUHQW�IRUXPV�

3XEOLF�SROLF\�VKRXOG�DGGUHVV�JOREDO�WHFKQRORJLFDO�PRQLWRULQJ�DQG�VWUHQJWKHQLQJ
WKH�WLHV�EHWZHHQ�HGXFDWLRQ��UHVHDUFK�DQG�WHFKQRORJLFDOO\�¶DYHUDJH�DQG�ORZ�OHYHO

XVHU�ILUPV��&RQWRXUV�RI�D�YLFLRXV�FLUFOH�VHHP�WR�EHFRPH�GLVFHUQLEOH��FRQFHUQLQJ
HGXFDWLRQDO�DVSHFWV�DQG�ORZ�IORZ�RI�SHUVRQQHO�WR�VXFK�ILUPV�

.H\ZRUGV��,QQRYDWLRQ��0DFKLQH�WRROV��1HWZRUNV��6HUYLFHV
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0DFKLQH�WRRO�VHUYLFHV�DQG�LQQRYDWLRQ

���,QWURGXFWLRQ

7KLV�UHSRUW�DGGUHVVHV�LQQRYDWLRQ�SURFHVVHV�LQ�VRXUFLQJ�RI�PHFKDQLFDO�WHFKQRORJ\
LQ�1RUZD\��LQ�SDUWLFXODU�KRZ�WKHVH�SURFHVVHV�HPHUJH�WKURXJK�LQWHUDFWLRQ�EH�
WZHHQ�XVHU�LQGXVWU\�DQG�VXSSOLHUV�RI�PDFKLQH�WRRO��07��V\VWHPV��7KH�1RUZHJLDQ
YHUVLRQ�RI�WKLV�NLQG�RI�WHFKQRORJ\�VRXUFLQJ�LV�LQIOXHQFHG�E\�WKH�IDFW�WKDW�WKHUH
DUH�QR�GRPHVWLF�PDQXIDFWXUHUV�RI�07�WHFKQRORJ\���6RXUFLQJ�RI�PDQXIDFWXULQJ
WHFKQRORJ\�LV�SHUIRUPHG�E\�D�JURXS�RI�UHODWLYHO\�VPDOO�ILUPV��LPSRUWLQJ�DQG�SUR�
FXULQJ�07�DQG�07�V\VWHPV�DQG�XVHU�UHOHYDQW�NQRZOHGJH�LQWHQVLYH�VHUYLFHV
DURXQG�WKH�SURGXFWV��:H�FDOO�WKHP�07�V\VWHP�VXSSOLHUV��7KH�07�V\VWHP�VXSSOL�
HUV�RIIHU�DGYDQFHG�SRUWIROLRV�RI�07�DQG�07�V\VWHPV�DQG�D�KLJK�GHJUHH�RI�VHUYLFH
FRQFHUQLQJ�LQVWDOODWLRQ��RSHUDWLRQ��PDLQWHQDQFH�DQG�WUDLQLQJ��2XU�IRFXV�LV�EDVHG
RQ�HPSLULFDO�HYLGHQFH�PDLQO\�IURP�VRXUFLQJ�VLWXDWLRQV�EHWZHHQ�ODUJHU�07�V\V�
WHP�VXSSOLHUV�DQG�FXVWRPHUV�ZLWKLQ�PDFKLQHU\�DQG�HTXLSPHQW�LQGXVWULHV�
0RUHRYHU�ZH�KDYH�IRFXVHG�RQ�VRXUFLQJ�VLWXDWLRQV�RI�UHODWLYHO\�FRPSOH[�WHFKQLFDO
FKDUDFWHU��UHTXLULQJ�KLJK�GHJUHH�RI�FXVWRPLVDWLRQ�RI�WKH�SURGXFW�VHUYLFH�GHOLY�
HUHG�

$OWKRXJK�07�WHFKQRORJ\�VRXUFLQJ�WR�FXVWRPHUV�PRVW�RIWHQ�LQFOXGHV�D�ZKROH�QHW�
ZRUN�RI�DFWRUV��07�V\VWHP�VXSSOLHUV��IRUHLJQ�PDQXIDFWXUHUV�RI�PDFKLQH�WRROV�
EXVLQHVV�DGPLQLVWUDWLYH��WHFKQLFDO�DQG�RUJDQLVDWLRQDO�FRQVXOWDWLYH�ILUPV��VXE�
FRQWUDFWRUV��FXVWRPHUV·�FXVWRPHUV�HWF���RXU�IRFXV�LV�PDLQO\�RQ�LQQRYDWLRQ�SURF�
HVVHV�LQ�DQG�EHWZHHQ�WKH�WZR�LQVWLWXWLRQV��WKH�07�V\VWHP�VXSSOLHU�DQG�LWV�FXV�
WRPHU��7KLV�IRFXV�LQGLFDWHV�WKDW�WKH�LQVWLWXWLRQDO�GLPHQVLRQ�LQ�WKH�VRXUFLQJ�RI
07�WHFKQRORJ\�LV�RQO\�SDUWO\�GLVFXVVHG��7KH�VWXG\�GRHV�QRW�SURYLGH�D�SLFWXUH�RI
LQVWLWXWLRQDO�G\QDPLFV�EHWZHHQ�WKH�ZKROH�V\VWHP�RI�WHFKQRORJ\�DJHQWV�IRU�XVHU
LQGXVWULHV�LQ�1RUZD\�

2XU�GHILQLWLRQ�RI�PDFKLQH�WRROV�RU�PDFKLQH�WRRO�V\VWHPV�LQFOXGHV�XQLWV�RI�SUR�
GXFWLRQ�PHDQV�IRU�WRROLQJ�DQG�SUHSDUDWLRQ��FXWWLQJ��PLOOLQJ��ERULQJ��FDVWLQJ�HWF��
RI�PDWHULDOV��PHWDOV��ZRRG��SODVWLFV�HWF����$�W\SLFDO�H[DPSOH�ZRXOG�EH�D�ILUP·V
SURGXFWLRQ�RI�YDOYHV�IRU�FXVWRPHUV�WKDW�XWLOLVH�WKHP�LQ�K\GUR�HQHUJ\�SURGXFWLRQ�
3URGXFWLRQ�LQYROYHV�HYHU\�RSHUDWLRQ�IURP�WKH�FDVWHG�YDOYH�DUULYHV�LQ�WKH�IDFWRU\�
,W�LV�WKHQ�PLOOHG��ERUHG�HWF��DQG�ILQDOO\�JLYHQ�VXUIDFH�WUHDWPHQW�DQG�ILQLVK��0D�
FKLQH�WRROV��ZKLFK�SHUIRUP�WKHVH�RSHUDWLRQV��FRPH�LQ�VWDQG�DORQH�YHUVLRQV�RU�LQ
V\VWHPV��H�J��WZR�RU�PRUH�PDFKLQH�WRROV�LQWHJUDWHG�WKURXJK�D�URERW�RU�DQRWKHU
PDWHULDO�KDQGOLQJ�V\VWHP��0RUHRYHU�PDFKLQH�WRROV�DQG�PDFKLQH�WRRO�V\VWHPV

�����������������������������������������������
��,QWHUQDWLRQDO�OLWHUDWXUH�GHILQHV�PDFKLQH�WRRO�LQGXVWU\�DV�SURGXFWLRQ�RI�ODUJHU�XQLWV�RI
SURGXFWLRQ�PHDQV�IRU�WRROLQJ�DQG�SUHSDUDWLRQ��FXWWLQJ��PLOOLQJ��ERULQJ�HWF���RI�PDWHULDOV
�PHWDOV��ZRRG��SODVWLFV�HWF���LQ�PDQXIDFWXULQJ�RI�JRRGV��,Q�IRU�H[DPSOH��&��(GTXLVW�	�6�
-DFREVVRQ��)OH[LEOH�$XWRPDWLRQ��7KH�*OREDO�'LIIXVLRQ�RI�1HZ�7HFKQRORJ\�LQ�WKH
(QJLQHHULQJ�,QGXVWU\���%DVLO�%ODFNZHOO���������RU

(��(KUQEHUJ��7HFKQRORJLFDO�'LVFRQWLQXLWLHV�DQG�,QGXVWULDO�'\QDPLFV���&KDOPHUV
8QLYHUVLW\�RI�7HFKQRORJ\��������S���
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KDYH�LQWDQJLEOH�DV�ZHOO�DV�WDQJLEOH�FRPSRQHQWV��7KLV�LV�EDVLFDOO\�WKH�UHDVRQ�ZK\
WKLV�VHFWRU�LV�LQWHUHVWLQJ�DV�D�¶VHUYLFH·�VHFWRU��0DLQ�VHUYLFHV�DURXQG�WKH�FRPSR�
QHQWV�LQFOXGH�DGYLVRU\�DQG�FRQVXOWLQJ�IXQFWLRQV�LQ�WKH�LPSRUWDQW�GHFLVLRQ�PDN�
LQJ�SURFHVVHV�OHDGLQJ�WR�LQYHVWPHQW��LQVWDOODWLRQ��WHVW�UXQQLQJ��PDLQWHQDQFH�
EDVLF�WUDLQLQJ�LQ�RSHUDWLRQ�RI�WKH�WRROV�DQG�VRIWZDUH�LQVWDOODWLRQ�DQG�PRUH�DG�
YDQFHG�WUDLQLQJ��+DUGO\�DQ\�PDFKLQH�WRRO�RU�PDFKLQH�WRRO�V\VWHP�FRPHV�ZLWKRXW
VRIWZDUH�FRPSRQHQWV��0RVWO\�GXH�WR�LQQRYDWLRQ�LQ�07�WHFKQRORJ\��LQWHUQDO�ORJLV�
WLFV�RU�PDWHULDOV�KDQGOLQJ�V\VWHPV�KDYH�EHFRPH�DQ�LQWHJUDWHG�SDUW�RI�WKHVH
WHFKQRORJ\�VRXUFLQJ�SURFHVVHV�

:H�VKDOO�DUJXH�WKDW�LQQRYDWLRQ�LQ�WKLV�VXSSOLHU�XVHU�FRQWH[W�RI�WHFKQRORJ\
VRXUFLQJ�W\SLFDOO\�WDNHV�IRUP�DV�PHGLXP�DQG�ORQJ�WHUP�SURFHVVHV�RI�LQWHU�DFWLYH
FR�RSHUDWLRQ�DQG�RUJDQLVDWLRQDO�OHDUQLQJ�LQ�GLUHFW�FRQQHFWLRQ�WR�WKH�SODQQLQJ�
GHOLYHU\�DQG�RSHUDWLRQ�RI�WKH�07�V\VWHP��)ORZ�RI�VHUYLFH�LV�XVXDOO\�IURP�VHUYLFH
SURYLGHU�WR�FXVWRPHU��EXW�IORZ�RI�NQRZOHGJH�DQG�OHDUQLQJ��LV�RIWHQ�PXWXDO��&XV�
WRPHU�SUHIHUHQFHV�DUH�FUXFLDO�GLPHQVLRQV��LQ�SDUWLFXODU�LQ�VRXUFLQJ�RI�PRUH�DG�
YDQFHG�PDFKLQH�WRRO�WHFKQRORJ\��%XW�WKH�SLFWXUH�LV�PL[HG�GXH�WR�D�JUHDW�KHWHUR�
JHQHLW\�LQ�WHFKQRORJLFDO�OHYHO�DPRQJ�ERWK�07�V\VWHP�VXSSOLHUV�DQG�FXVWRPHUV�
7KLV�REVHUYDWLRQ�KDV�LPSRUWDQW�LPSOLFDWLRQV�IRU�SROLF\�PDNLQJ�RQ�WKH�DUHD��3RO�
LF\�LQVWUXPHQWV�KDYH�¶WUDGLWLRQDOO\·�IRFXVHG�RQ�WHFKQRORJ\�SXVK�DFWLYLWLHV��PHDV�
XUHV�WKDW�LQ�WXUQ�KDYH�UHYHDOHG�H[WHQVLYH�XVHUV·�QHHGV�IRU�FRQVXOWDWLYH�PDQDJH�
PHQW�DQG�EXVLQHVV�DGPLQLVWUDWLRQ��3ROLF\�LQVWUXPHQWV�WKDW�IRFXV�RQ�XVHUV·�GLI�
IHUHQW�WHFKQRORJLFDO�OHYHO�VHHP�PRUH�DSSURSULDWH��)URP�DQRWKHU�SHUVSHFWLYH��07
V\VWHP�VXSSOLHUV�KDYH�OLPLWHG�SURGXFW�DQG�VHUYLFH�SRUWIROLRV�ZKHQ�LW�FRPHV�WR
DGYDQFHG�07�WHFKQRORJ\��7KLV�LV�LQ�SDUWLFXODU�WKH�FDVH�LQ�DQ�DGYDQFHG�VRXUFLQJ
FRQWH[W�ZKHUH�FXVWRPHUV�VHH�PDWHULDO�KDQGOLQJ�DQG�LQWHUQDO�ORJLVWLFV�DV�LQWH�
JUDWHG�SDUWV�RI�WKH�LQYHVWPHQW��,Q�VXFK�FDVHV��PRQLWRULQJ�RI�LQWHUQDWLRQDO�LQQR�
YDWLRQV�LQ�07�WHFKQRORJ\�DQG�D�QHWZRUN�RI�IRUHLJQ�FRPSHWHQFH�DQG�VXSSOLHUV�DUH
FRUH�HOHPHQWV�LI�07�V\VWHP�VXSSOLHUV�DUH�WR�SHUIRUP�VXFFHVVIXOO\�

'DWD�XVHG�LQ�WKH�VWXG\�VWHPV�IURP�D�YDULHW\�RI�VRXUFHV��:H�KDYH�QRW�EHHQ�DEOH�WR
ILQG�DQ\�PDWHULDO�FRYHULQJ�WKLV�VHUYLFH�VHFWRU�LQ�SDUWLFXODU��7KHUH�H[LVWV�OLWHUD�
WXUH�RQ�XVHU�SURGXFHU�LQWHUDFWLRQ�G\QDPLFV�LQ�WKH�PDFKLQH�WRRO�LQGXVWU\���%XW
ZH�KDYH�QRW�FRPH�RYHU�DQ\�ZRUN�SDUWLFXODUO\�IRFXVLQJ�RQ�WKLV�VHUYLFH�VHFWRU·V
VWUXFWXUH�DQG�SHUIRUPDQFH��5HVHDUFK�UHSRUWV�FRYHULQJ�UHODWHG�DUHDV�KDYH�WR
VRPH�H[WHQW�EHHQ�LQIRUPDWLYH��IRFXVLQJ�RQ�PDFKLQH�WRRO�SURGXFHU�DQG�XVHU�LQ�
GXVWULHV�HWF��+RZHYHU�PRUH�LPSRUWDQW�KDV�EHHQ�WKH�JHQHUDO�DQG�PRUH�VSHFLILF
LQIRUPDWLRQ�IURP�LQIRUPDO�GLVFXVVLRQV�ZLWK�DFWRUV�LQ�WKH�VHFWRU��RQ�IDLUV�DQG
WKURXJK�LQWHUYLHZV�ZLWK�V\VWHP�VXSSOLHU�DQG�FXVWRPHUV��$OO�WRJHWKHU�WKLV�JDWK�
HULQJ�RI�ELWV�DQG�SLHFHV�RI�LQIRUPDWLRQ�KDV�UHVXOWHG�LQ�WKH�SLFWXUH�RI�FRUH�DFWRUV
DQG�ZKDW�LV�JRLQJ�RQ�LQ�WKH�VHFWRU��7KH�PRUH�V\VWHPDWLFDOO\�JDWKHUHG�HPSLULFDO
GDWD�LQFOXGHV���FDVH�VWXGLHV���7KH�FDVH�VWXGLHV�FRYHU�RQO\�ZKDW�ZH�FRQVLGHU�WKH
PRUH�FRPSOH[�VRXUFLQJ�SURFHVVHV��LQ�RWKHU�ZRUGV�FXVWRPLVHG�UHODWLRQV�ZLWK�D

�����������������������������������������������
��)RU�H[DPSOH�7U\JJHVWDG�LQ�&DUOVVRQ������
��6RXUFHV�KDYH�EHHQ��RQ�WKH�VXSSO\�VLGH��WZR�RI�WKH�ODUJHVW�07�V\VWHP�VXSSOLHUV�LQ�1RU�
ZD\��DQG�RQ�WKH�GHPDQG�VLGH��WKUHH�LQ�D�1RUZHJLDQ�FRQWH[W�UHODWLYHO\�ODUJH�FXVWRPHUV
ZLWKLQ�PDQXIDFWXUH�RI�PDFKLQHU\�DQG�HTXLSPHQW��7KLV�OLPLWHG�HPSLULFDO�HYLGHQFH�KDV
QDUURZHG�WKH�VFRSH�RI�WKH�VWXG\��VSHFLILFDOO\�ZKHQ�LW�FRPHV�WR�GHVFULELQJ�VRXUFLQJ�VLWXD�
WLRQV�RI�WRWDOO\�GLIIHUHQW�VHUYLFH�LQWHQVLW\�
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KLJK�GHJUHH�RI�VXSSOLHU�FXVWRPHU�LQWHUDFWLRQ��,W�PHDQV�WKDW�ZH�KDYH�QHJOHFWHG
¶VLPSOHU·�VRXUFLQJ�SURFHVVHV�ZLWK�VWDQGDUGLVHG�VWDQG�DORQH�PDFKLQH�WRROV�DQG�D
ORZ�GHJUHH�RI�VXSSOLHU�FXVWRPHU�LQWHUDFWLRQ�

7KH�UHSRUW�LV�RUJDQLVHG�DV�IROORZV��6HFWLRQ�WZR�JLYHV�D�EULHI�WHFKQLFDO�DQG�KLV�
WRULFDO�RYHUYLHZ�RI�LQQRYDWLRQ�LQ�PDFKLQH�WRRO�WHFKQRORJ\��LQQRYDWLRQ�ZKLFK�VLJ�
QLILFDQWO\�KDV�VKDSHG�ERWK�WKH�KHWHURJHQHLW\�LQ�XVHU�LQGXVWULHV�DQG�WKH�IUDPH�
ZRUN�IRU�WKH�ZD\�07�V\VWHP�VXSSOLHUV�DQG�WKHLU�FXVWRPHUV�RSHUDWH��6HFWLRQ
WKUHH�WDNHV�D�FORVHU�ORRN�DW�WKH�07�V\VWHP�VXSSOLHUV�DV�D�VHFWRU�DQG�HODERUDWHV
RQ�WKHLU�SURGXFW�VHUYLFH�SRUWIROLRV��VHUYLFH�VWUDWHJLHV�DQG�RUJDQLVDWLRQ��6HFWLRQ
IRXU�DWWHPSWV�WR�GHVFULEH�DQG�GLVFXVV��RQ�EDVLV�RI�D�WKHRUHWLFDO�FRQFHSWXDO
IUDPHZRUN��LQWHUDFWLRQ�EHWZHHQ�07�VHUYLFH�VXSSOLHUV�DQG�FXVWRPHUV�DV�LW
HPHUJHV�LQ�RXU�HPSLULFDO�PDWHULDO��6HFWLRQ�ILYH�GUDZV�WKH�UHSRUW�WR�D�FORVH�E\
KLJKOLJKWLQJ�VRPH�SROLF\�LVVXHV�DQG�GLUHFWLRQV�RI�IXUWKHU�ZRUN�

���,QQRYDWLRQ�LQ�PDFKLQH�WRRO�WHFKQRORJ\

,QQRYDWLRQ�LQ�07�WHFKQRORJ\�KDV�GXULQJ�WKH�ODVW����\HDUV�FKDQJHG�WKH�HQYLURQ�
PHQW�WRWDOO\�LQ�ZKLFK�07�V\VWHP�VXSSOLHUV�DQG�PHFKDQLFDO�HQJLQHHULQJ�ILUPV
RSHUDWH��7DEOH���GLVSOD\V�WKH�JHQHUDO�OLQHV�RI�LQQRYDWLRQ�ZLWKLQ�07�WHFKQRORJ\�

7DEOH����7HFKQRORJLHV�LQ�WKH�PDFKLQH�WRRO�LQGXVWU\����������

Technologies in the machine tool industry 1975-1990

Solid Machine Machine Engineering Control Software System Computer
mechanics design design materials engineering engineering engineering communication

(gearing) (bearing) a a b b

Conv.lathe, 1975 X X X X

CNC lathe, 1975 X X X X X

FMS, 1990 X X X X X X X

a) Includes knowledge of drivers, sensors and electronics
b) Application specific knowledge is a prerequisite for good system engineering
Source: From Paper 1a in Ehrnberg 1996, Technological Discontinuities and Industrial Dynamics.
Based on an interview with Professor Nils Mårtensson, Chalmers Univ. of Technology (July 1991)

$FFRUGLQJ�WR�WKLV�WDEOH�WKHUH�DUH�WZR�JHQHUDO�FRPSOHPHQWLQJ�GHYHORSPHQWV��RQ
WKH�RQH�KDQG�IURP�VWDQG�DORQH�PDFKLQH�WRROV�WR�PDFKLQH�WRROV�LQ�V\VWHP��)06��
RQ�WKH�RWKHU�KDQG�IURP�PDQXDO�RSHUDWHG�WR�QXPHULFDOO\�DQG�FRPSXWHU�FRQWUROOHG
PDFKLQH�WRROV��7KH�GLIIHUHQW�HIIHFWV�RI�WKH�WHFKQRORJLFDO�LQQRYDWLRQV�LQ�07�WHFK�
QRORJ\�DQG�SURGXFWLRQ�WHFKQLTXHV�DUH�DQ\ZD\�QXPHURXV��DQG�KDYH�SDUWO\�WDNHQ
YHU\�FRPSOH[�IRUPV��IRU�H[DPSOH�LQWHJUDWLQJ�HOHFWURQLFV�DQG�PHFKDQLFV��PHFKD�
WURQLFV���6RIWZDUH�XQLWV�RI�WKH�PDFKLQH�WRRO�DUH�GHILQLWLYHO\�LPSRUWDQW��$V�D�SDU�
DOOHO�WR�GHYHORSPHQWV�LQ�07�WHFKQRORJ\��DGYDQFHG�VRIWZDUH�V\VWHPV�FRQFHUQLQJ
TXDOLW\�DQG�FRPSHWHQFH�PDQDJHPHQW�KDYH�HPHUJHG��$QRWKHU�FUXFLDO�DQG�RIWHQ
WRWDOO\�LQWHJUDWHG�IHDWXUH�RI�07�V\VWHPV�LV�WKH�PDWHULDO�KDQGOLQJ��RU�LQWHUQDO
ORJLVWLFV�V\VWHP��7KH�OLQHV�RI�GHYHORSPHQW�KDYH�WKXV�JLYHQ�SRWHQWLDO�WR�UDGLFDO
FKDQJHV�LQ�DOO�DVSHFWV�RI�LQGXVWULDO�SURGXFWLRQ��$GYDQFHG�FRPSXWHU�FRQWUROOHG
PDFKLQH�WRROV�DQG�PDFKLQH�WRRO�V\VWHPV�FDQ�EH�DSSOLHG�LQ�DOO�RSHUDWLRQV��IURP
UDZ�PDWHULDO�SUHSDUDWLRQ�WR�SURFHVVLQJ��TXDOLW\�FRQWURO��DQG�DOO�RI�LW�OLQNHG�ZLWK
D�FRPSXWHU�FRQWUROOHG�LQWHUQDO�ORJLVWLFV�V\VWHP����'�PRGHOOLQJ�VRIWZDUH�LV�DOVR
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LQFUHDVLQJO\�XWLOLVHG�LQ�DGYDQFHG�ILUPV�IRU�HIILFLHQW�FRPSRQHQW�FRQWURO�DQG�DG�
MXVWPHQW�PDQDJHPHQW��,QYHVWPHQW�DQG�XWLOLVDWLRQ�RI�07�LQ�LQGXVWULDO�SURGXF�
WLRQ�WKXV�LQFUHDVLQJO\�UHTXLUHV�VSHFLILF�NQRZOHGJH��QRW�RQO\�ZKHQ�LW�FRPHV�WR�WKH
RSHUDWLRQ�RI�07��EXW�NQRZOHGJH�DURXQG�PDWHULDO�KDQGOLQJ�DQG�WKH�ZKROH�SURFHVV
DQG�RUJDQLVDWLRQ�RI�SURGXFWLRQ�

,QQRYDWLRQ�LQ�07�WHFKQRORJ\�KDV�GHILQLWLYHO\�LPSOLHG�GHPDQG�IRU�VSHFLILF�VNLOOV
DQG�NQRZOHGJH�LQ�07�SURFXUHUV·�RUJDQLVDWLRQV�WRR��7KH�QHHG�IRU�D�VWDII�ZLWK�DG�
YDQFHG�WHFKQLFDO�FRPSHWHQFH�DQG�VNLOOV�LV�REYLRXV��LI�ZH�ORRN�DW�WKH�VWDII�GHYHO�
RSPHQW�LQ�PRVW�RI�WKH�07�V\VWHP�VXSSOLHUV·�RUJDQLVDWLRQ��$�ERWWOHQHFN�LQ�VWDII
PDQDJHPHQW�LV�FDXVHG�E\�WKH�GLIILFXOW\�WR�ILQG�VWDII�ZLWK�WKH�FRPELQDWLRQ�RI�DG�
YDQFHG�WHFKQLFDO�FRPSHWHQFH�DQG�FUDIW�VNLOOV��%RWK�V\VWHP�VXSSOLHUV�DQG�WKHLU
FXVWRPHUV�LQFLGHQWDOO\�UHIHU�WR�WKH�SUREOHPV�RI�IDFLQJ�D�¶YDFXXP�FOHDQHG·�ODERXU
PDUNHW��DQG�WKH�SUREOHP�RI�ILQGLQJ�SHUVRQQHO�ZLWK�UHODWLYHO\�KLJK�IRUPDO��LI�SRV�
VLEOH�FURVV�GLVFLSOLQDU\��WHFKQLFDO�FRPSHWHQFH�DQG�VWLOO�ZLOOLQJ�WR�JHW�WKHLU�KDQGV
GLUW\�

,QWHUQDO�ORJLVWLFV�DQG�PDWHULDO�KDQGOLQJ�KDYH�DOVR�LQFUHDVLQJO\�HPHUJHG�DV�VLJ�
QLILFDQW�LQWHJUDWHG�SDUWV�RI�PDFKLQH�WRRO�WHFKQRORJ\��0DQ\�1RUZHJLDQ�V\VWHP
VXSSOLHUV�GR�RIIHU�PDWHULDO�KDQGOLQJ�V\VWHPV�WR�WKHLU�07�V\VWHPV��+RZHYHU��WKH
SRUWIROLR�RI�PDWHULDO�KDQGOLQJ�V\VWHPV�LV�RIWHQ�UDGLFDOO\�VPDOOHU�WKDQ�WKH�SRUWIR�
OLR�RI�07�V\VWHPV��&XVWRPHUV�GR�QRW�DOZD\V�ILQG�WKH�ULJKW�PDWHULDO�KDQGOLQJ
V\VWHP�IURP�WKH�VDPH�V\VWHP�VXSSOLHU��7KLV�PLJKW�LPSO\�ERWWOHQHFNV�LQ�WKH�LQ�
YHVWPHQW�SURFHVVHV�RI�FXVWRPHUV�WKDW�DUH�HVSHFLDOO\�LQ�QHHG�RI�LQWHJUDWHG�DXWR�
PDWLRQ�

$V�PHQWLRQHG�07�V\VWHP�VXSSOLHUV�GR�QRW�WRXFK�RQ�DOO�DVSHFWV�RI�PDQXIDFWXULQJ
WHFKQRORJ\��07�V\VWHP�VXSSOLHUV�DUH�RQO\�RQH�JURXS�RI�WHFKQRORJ\�VRXUFLQJ�DF�
WRUV�IRU�DGYDQFHG�PDQXIDFWXULQJ�WHFKQRORJ\��7KH�ZKROH�V\VWHP�RI�WHFKQRORJ\
VRXUFLQJ�WR�PHFKDQLFDO�HQJLQHHULQJ�LQGXVWULHV�LQFOXGHV�GLYHUVH�DFWRUV�VXFK�DV
KDUGZDUH�VXSSOLHUV��VRIWZDUH�VXSSOLHUV��SULYDWH�FRQVXOWDQFLHV�ZLWKLQ�SURGXFWLRQ
WHFKQLTXH��ORJLVWLFV�DQG�TXDOLW\�PDQDJHPHQW��DQG�SXEOLF�DQG�VHPL�SXEOLF�LQVWL�
WXWLRQV��$OO�LQ�DOO�WKH\�RIIHU�VPDOO�DQG�ODUJH�KDUGZDUH�FRPSRQHQWV���VWDQG�DORQH
DQG�LQ�V\VWHPV���URERW�V\VWHPV��PDWHULDO�KDQGOLQJ�ORJLVWLFV�V\VWHPV��VRIWZDUH
FRPSRQHQWV�DQG�RUJDQLVDWLRQDO�DQG�EXVLQHVV�FRQVXOWDQF\�VHUYLFHV��7KH�SXEOLF
LQVWLWXWLRQV�DUH�RIWHQ�HQJDJHG�LQ�VNLOOV�IRUPDWLRQ�DQG�WUDLQLQJ�RI�SHUVRQQHO�

$V�LQ�RWKHU�DUHDV�RI�UDSLG�WHFKQRORJLFDO�FKDQJH��PDFKLQH�WRRO�WHFKQRORJ\�KDV�H[�
SHULHQFHG�D�JUHDW�H[SDQVLRQ�LQ�YDULHW\�DQG�FRPSOH[LW\��GXH�WR�LQWHJUDWLRQ�RI�DS�
SOLFDWLRQV�LQ�LQIRUPDWLRQ�DQG�FRPPXQLFDWLRQ�WHFKQRORJLHV��,&7���HOHFWURQLFV�DQG
PDWHULDO�WHFKQRORJLHV�LQWR�PHFKDQLFDO�WHFKQRORJLHV��)RU�WKH�ILUPV�WKLV�KDV�UH�
VXOWHG�LQ�H[WUHPHO\�H[SDQGHG�WHFKQRORJLFDO�RSSRUWXQLWLHV��&RQVHTXHQWO\��GLIIX�
VLRQ�SDWWHUQV�YDU\��DQG�WKLV�KDV�LPSOLHG�D�JUHDW�KHWHURJHQHLW\�LQ�WKH�FRQWH[W�RI
ERWK�VXSSO\�DQG�GHPDQG�RI�07�WHFKQRORJ\�DQG�UHODWHG�WHFKQRORJLHV�

���7KH�1RUZHJLDQ�07�V\VWHP�VXSSOLHU�VHFWRU

7KH�1RUZHJLDQ�VHFWRU�RI�V\VWHP�VXSSOLHUV�FRQVLVWV�RI�������FRPSDQLHV�RI�YDU\LQJ
VL]H��DYHUDJH�DURXQG����HPSOR\HHV���)LUP�WXUQRYHU�GLIIHUV�VLJQLILFDQWO\��IURP�D
IHZ�PLOOLRQ�12.�WR�EHWZHHQ�����DQG�����PLOOLRQ�12.��$OO�WRJHWKHU�WKH\�DF�
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FRXQW�IRU�DQ�HVWLPDWHG�WRWDO�WXUQRYHU�RI�DURXQG�12.���ELOOLRQ���������KDOI�RI
ZKLFK�FRPHV�IURP�ODUJHU�PDFKLQH�WRROV���7KH�QXPEHUV�RI�HPSOR\HHV�LQ�WKHVH
ILUPV�DPRXQWHG�WR�DSSUR[LPDWHO\�����SHUVRQV�LQ�������LQFOXGLQJ�SHUVRQV�WKDW
DUH�QRW�HPSOR\HG�GLUHFWO\�LQ�WKH�SURFXUHPHQW�RI�07�

3URGXFW�SRUWIROLRV�RI�V\VWHP�VXSSOLHUV�KDYH�WDQJLEOH�DV�ZHOO�DV�LQWDQJLEOH�FRP�
SRQHQWV��$OWKRXJK�WKH�PDLQ�SURGXFW�LV�PDFKLQH�WRRO�KDUGZDUH��KDUGO\�DQ\�PD�
FKLQH�WRRO�RU�PDFKLQH�WRRO�V\VWHP�FRPHV�ZLWKRXW�VRIWZDUH�FRPSRQHQWV��0DLQ
VHUYLFHV�DURXQG�WKH�KDUGZDUH�FRPSRQHQWV�LQFOXGH�LQVWDOODWLRQ��WHVW�UXQQLQJ�
PDLQWHQDQFH��DQG�EDVLF�WUDLQLQJ�LQ�RSHUDWLRQ�RI�WKH�WRROV��LQ�DGGLWLRQ�WR�VRIWZDUH
LQVWDOODWLRQ�DQG�WUDLQLQJ��7KLV�LV�WKH�EURDG�FRQWH[W�ZLWKLQ�ZKLFK�07�V\VWHP
VXSSOLHUV�RSHUDWH�DQG�LQQRYDWH��7KH�VRIWZDUH�SDUW�RI�WKH�SURGXFW�LV�GHILQLWLYHO\
YHU\�LPSRUWDQW��,QVWDOODWLRQ�RI�DGYDQFHG�PDQXIDFWXULQJ�WHFKQRORJ\�KDV�WR�DQ
LQFUHDVLQJ�H[WHQW�EHFRPH�GHSHQGHQW�RQ�FRPSXWHU�DQG�VRIWZDUH�FRQWURO��%XW�VWLOO
LV�D�VLJQLILFDQW�VKDUH�RI�WKH�PDUNHW�VWDQG�DORQH�PDFKLQH�WRROV��0RVW�RI�WKH�V\V�
WHP�VXSSOLHUV�RIIHU�DGYDQFHG�VHUYLFHV��HLWKHU�ZLWK�LQWHUQDO�FRPSHWHQFH�RU�YLD�FR�
RSHUDWLRQ�OLQNV�DQG�SDUWQHUV��6RPH�ILUPV�FRQVLGHU�LW�LPSRUWDQW�WR�EH�DEOH�WR�RIIHU
DOO�VHUYLFH�FRPSRQHQWV�LQ�KRXVH��ZKLOH�RWKHUV�FKRRVH�WR�VXE�FRQWUDFW�ZLGHO\�
7KXV�FRPSDQLHV�DUH�WRWDOO\�GLIIHUHQWO\�RUJDQLVHG�

• 7KH\�KDYH�GLIIHUHQW�SURGXFW�SRUWIROLRV�
• 7KH\�KDYH�GLIIHUHQW�VHUYLFH�VWUDWHJLHV�
• 7KH\�KDYH�GLIIHUHQW�RUJDQLVDWLRQDO�FRQILJXUDWLRQV�

,Q�WKH�IROORZLQJ�VHFWLRQ�SDWWHUQV�RI�LQQRYDWLRQ�ZLOO�EH�GHVFULEHG�DFFRUGLQJ�WR
WKHVH�WKUHH�NH\�DUHDV�

�����������������������������������������������
��(VWLPDWLRQV�DUH�GRQH�E\�D�UHSUHVHQWDWLYH�IRU�D�FHQWUDO�DFWRU�LQ�WKH�SURFXUHPHQW�RI�PD�
FKLQH�WRROV�LQ�1RUZD\�
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����07�V\VWHP�VXSSOLHUV·�SURGXFW�SRUWIROLRV

)LUPV�LQ�WKH�VHFWRU�KDYH�D�JUHDW�VSDQ�LQ�VWUDWHJ\�ZKHQ�LW�FRPHV�WR�SURGXFW�SRUW�
IROLR�DQG�VHUYLFH�LQWHQVLW\��:H�PD\�GLVWLQJXLVK�EHWZHHQ�ILUPV�ZLWK�D�SURGXFW
VWUDWHJ\�DQG�ILUPV�ZLWK�D�VHUYLFH�VWUDWHJ\�

)LUPV�ZLWK�D�SURGXFW�VWUDWHJ\�RIWHQ�KDYH�D�UHODWLYHO\�GLYHUVLILHG�SURGXFW�SRUWIR�
OLR��VSDQQLQJ�IURP�FORWKLQJ��KDQG�WRROV�DQG�KREE\�DUWLFOHV�WR�PDFKLQH�WRROV�
7KHVH�ILUPV�VHHP�SDUWO\�WR�LJQRUH�VHUYLFH�DVSHFWV�DURXQG�07��DQG�WKH�IRFXV
VHHPV�WR�EH�RQ�VHOOLQJ�SURGXFWV�DQG�QRW�VHUYLFHV��%DVLF�LQVWDOODWLRQ�DQG�RSHUD�
WLRQ�WUDLQLQJ�PD\�EH�RIIHUHG��EXW�PDLQWHQDQFH�VHUYLFH�DQG�PRUH�DGYDQFHG
WUDLQLQJ�DUH�RIWHQ�RXWVRXUFHG��LI�SURFXUHG�DW�DOO��)LUPV�ZLWK�WKLV�VWUDWHJ\�WHQG�WR
RQO\�SURFXUH�VLPSOHU�IHDWXUHG�07�DQG�LQ�DQ\�FDVH�QR�07�V\VWHPV��$Q\ZD\�WKH
SURGXFW�VWUDWHJ\�REYLRXVO\�GRHV�QRW�UHTXLUH�WKH�NLQG�RI�VSHFLILF�FRPSHWHQFH�DV
WKH�RWKHU�FRPPRQ�VWUDWHJ\�GRHV��WKH�VHUYLFH�VWUDWHJ\�

)LUPV�ZLWK�D�VHUYLFH�VWUDWHJ\�WHQG�WR�KDYH�PRUH�IRFXVHG�SURGXFW�SRUWIROLRV��H�J�
RQ�RQO\�ODUJHU��DGYDQFHG�07�DQG�07�V\VWHPV�RU�RQ�07�ZLWK�VSHFLILF�SURSHUWLHV�
7KH�VHUYLFH�VWUDWHJ\�LQWHJUDWHV�WKH�FRQFHSWV�RI�SURGXFW�DQG�VHUYLFH�WR�XQVHSDUD�
EOH�XQLWV�GHOLYHUHG�WR�WKH�FXVWRPHU��&ORVH�LQWHUDFWLRQ�EHWZHHQ�VXSSOLHU�DQG�FXV�
WRPHU�WHQGV�WR�VWDUW�DOUHDG\�ZLWK�WKH�ILUVW�LQTXLULQJ�WHOHSKRQH�FDOO��7KH�QRWLRQ
LQ�WKHVH�ILUPV�VHHPV�WR�EH�WR�VHOO�VHUYLFHV�WR�WKH�FXVWRPHU��7KHUH�LV�IXOO�IOH[LELOLW\
LQ�GHJUHH�RI�VHUYLFH�DQG�NQRZOHGJH�IORZ�FRQFHUQLQJ�DGYLVH��LQVWDOODWLRQ��RSHUD�
WLRQ��PDLQWHQDQFH��WUDLQLQJ�DQG�ZLGHU�DVSHFWV�RI�SURGXFWLRQ�HQJLQHHULQJ�

$VSHFWV�FRQQHFWHG�WR�WKHVH�GLYHUVH�SURGXFW�SRUWIROLRV�PD\�H[SODLQ�VWUDWHJLF�GLI�
IHUHQFHV�FRQFHUQLQJ�NQRZOHGJH�LQWHQVLYH�VHUYLFHV�WLHG�WR�GHOLYHULHV�RI�PDFKLQH
WRROV��)LUPV�ZLWK�D�VWUDWHJ\�FRQFHQWUDWHG�RQ�SURFXULQJ�RQO\�ODUJHU�PDFKLQH
WRROV��WHQG�WR�RIIHU�D�PRUH�FRPSOHWH�VHUYLFH��FRQVLGHUHG�WKH�FXVWRPHUV·�SRWHQWLDO
QHHG�IRU�NQRZOHGJH��+RZHYHU��WKHUH�H[LVW�GLIIHUHQFHV�DOVR�ZLWKLQ�ILUPV�ZLWK
VWUDWHJLHV�RI�GHOLYHULQJ�NQRZOHGJH�LQWHQVLYH�VHUYLFHV�LQWHJUDWHG�ZLWK�WKH�PD�
FKLQH�WRRO��VRPH�ILUPV�OLPLW�WKHLU�VHUYLFH�WR�RQO\�WKH�PRVW�QHFHVVDU\�DURXQG
SK\VLFDO�DVSHFWV�RI�WKH�PDFKLQH�WRRO��IRU�LQVWDQFH�LQVWDOODWLRQ�DQG�WHVW�UXQQLQJ�

'LIIHUHQW� SURGXFW� SRUWIROLRV� DUH� EDVLFDOO\� PDWWHUV� RI� SDUWQHUVKLS� DQG� QHWZRUN
EHWZHHQ�07�V\VWHP�VXSSOLHUV�DQG�LQWHUQDWLRQDO�07�PDQXIDFWXUHUV��'HSHQGLQJ
RQ�07�PDQXIDFWXUHUV·�VWUDWHJLHV��DJHQFLHV�IRU�SURFXUHPHQW�RI�D�VSHFLILF�ODEHO�DUH
XVXDOO\�GLVWULEXWHG�WR�RQH�RU�VHYHUDO�V\VWHP�VXSSOLHUV� LQ�D�FRXQWU\��2QH�RI� WKH
PRVW�LPSRUWDQW�IXQFWLRQV�WKDW�V\VWHP�VXSSOLHUV�QHHG�WR�KDQGOH�SURSHUO\�� LV�WKH
PRQLWRULQJ�RI�JOREDO�LQQRYDWLRQV�LQ�07�WHFKQRORJ\��$V�RQH�RI�WKH�NH\�SURFXUHUV
DQG� PHQWRUV� RI� WHFKQRORJLFDO� LQQRYDWLRQ� WR� XVHUV�� WKH� V\VWHP� VXSSOLHU� VWD\V
FRPSHWLWLYH� IRU� FXVWRPHUV� RQO\� E\� WKRURXJKO\� SHUIRUPLQJ� WKH�PRQLWRULQJ� IXQF�
WLRQ�� 7KH� DJHQF\� LV� D� IUDPHZRUN�� LQ�ZKLFK�PRQLWRULQJ� SURFHVVHV�PD\� EH� UHOD�
WLYHO\�VWUXFWXUHG��7KH�WZR�SDUWQHUV�� WKH�07�PDQXIDFWXUHU�DQG�WKH�07�V\VWHP
VXSSOLHU��KDYH�URXWLQHV�RI�XSGDWLQJ�HDFK�RWKHU�RQ�VXSSO\�DQG�GHPDQG�FKDQJHV�
%XW� WKH� PRQLWRULQJ� IXQFWLRQ� PXVW� JR� EH\RQG� WKH� HVWDEOLVKHG� IUDPHZRUN� RI
SOHGJHG�UHODWLRQV�WR�ZHOO�NQRZQ�07�PDQXIDFWXUHUV��6\VWHP�VXSSOLHUV�WKDW�KDYH
D� VWUDWHJ\� RI� EHLQJ� LQ� WKH� IRUHIURQW� RI� LQQRYDWLRQ� LQ�07� WHFKQRORJ\�PXVW� FRQ�
WLQXRXVO\� SDUWLFLSDWH� RQ� LQWHUQDWLRQDO� H[KLELWLRQV� DQG� IDLUV� DQG� WKURXJK� RWKHU
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UHOHYDQW� PHGLD� NHHS� XS� ZLWK� WKH� ODWHVW� GHYHORSPHQWV�� +DUG� FRPSHWLWLRQ� DQG
UDGLFDO�FKDQJHV� LQ�ZRUOG�PDUNHW�VKDUHV�GXULQJ�WKH� ODWHVW� WZR�GHFDGHV� LQGLFDWH
VKLIWV� LQ� OHDGHUVKLS�� ERWK� WHFKQRORJLFDOO\� DQG� RQ� FRVW�� 6RXUFHV�ZLWKLQ� WKH� ILHOG
DVVHVV�WKH�FKDOOHQJH�RI�SHUIRUPLQJ�WKH�PRQLWRULQJ�IXQFWLRQ�ZHOO�DV�DQ�RXWPRVW
LPSRUWDQW�PDQDJHPHQW� WRRO� IRU�07�V\VWHP�VXSSOLHUV��7KLV� LV� YLWDO� LQ� RUGHU� WR
VWD\�FRPSHWLWLYH�DQG�EH�DEOH�WR�VXSSO\�FXVWRPHUV�ZLWK�XS�WR�GDWH�WHFKQRORJ\��DW
OHDVW�RQ�D�PHGLXP�DQG�ORQJ�WHUP�EDVLV��&RQVHTXHQWO\��ZHOO�SHUIRUPHG�WHFKQRO�
RJ\� PRQLWRULQJ� FRVWV� PRQH\�� PRVWO\� GXH� WR� WKH� IDFW� WKDW� TXDOLILHG� SHUVRQQHO�
WUDYHO�H[SHQVHV�DQG�QHWZRUNLQJ�DUH�XQDYRLGDEOH�FRVWV�

3URGXFW�SRUWIROLRV�RI�1RUZHJLDQ�07�V\VWHP�VXSSOLHUV�DUH�VWURQJO\�LQIOXHQFHG�E\
WKH�VWUXFWXUH�DQG�WHFKQRORJLFDO�OHYHO�RI�WKH�XVHU�LQGXVWULHV��:H�ZLOO�QRW�VD\
PXFK�DERXW�WKH�XVHU�LQGXVWULHV�KHUH��:H�ZLOO�RQO\�VWDWH�WKDW�XVHUV�PDNH�XS�DQ
H[WUHPHO\�KHWHURJHQHRXV�JURXS�RI�ILUPV��QRW�RQO\�DFURVV�GLIIHUHQW�LQGXVWULHV�EXW
DOVR�ZLWKLQ�WKH�VDPH�LQGXVWU\��7KHUH�LV�QRWKLQJ�QHJDWLYH�LQ�WKH�IDFW�WKDW�ILUPV
DUH�RQ�GLIIHUHQW�WHFKQRORJLFDO�OHYHOV�RI�VRSKLVWLFDWLRQ��7KHUH�LV�VWLOO�GHILQLWLYHO\�D
PDUNHW�IRU�PDQXDO�RSHUDWHG�VWDQG�DORQH�PDFKLQH�WRROV��EXW�LQ�WKLV�VWXG\�WKH
HPSLULFDO�GDWD�LV�IURP�UHODWLYHO\�DGYDQFHG�PDFKLQH�WRROV�DQG�PDFKLQH�WRRO�V\V�
WHPV�

����07�V\VWHP�VXSSOLHUV�VHUYLFH�VWUDWHJLHV

6\VWHP�VXSSOLHUV·�SURYLVLRQ�RI�VHUYLFHV�FDQ�EH�WKRXJKW�RI�DV�UDQJLQJ�IURP�KLJKO\
VWDQGDUGLVHG�WR�KLJKO\�FXVWRPLVHG�UHODWLRQVKLSV�EHWZHHQ�FXVWRPHU�DQG�VXSSOLHU�
7KLV�LV�D�FRQYHQLHQW�FRQFHSWXDO�IUDPHZRUN�IRU�GHVFULSWLRQ�DQG�GLVFXVVLRQ�RI�GLI�
IHUHQW�DVSHFWV�FRQFHUQLQJ�VHUYLFH�SURYLVLRQ�DQG�RUJDQLVDWLRQ�RI�V\VWHP�VXSSOLHUV�
)LJXUH���EHORZ�SUHVHQWV�WZR�GLPHQVLRQV�RI�WHFKQRORJ\�VRXUFLQJ��RQH�DORQJ�WHFK�
QLFDO�FRPSOH[LW\�RI�FRPSRQHQWV�GHOLYHUHG��DQG�WKH�VHFRQG�DORQJ�WKH�FKDUDFWHULV�
WLFV�RI�VHUYLFH�GHOLYHUHG�

)LJXUH����7ZR�'LPHQVLRQV�RI�7HFKQRORJ\�6RXUFLQJ

Degree of 
technical
complexity

Degree of customisation

HIGH

LOW

LOW HIGH

3 4

1 2

Source: Tryggestad in Carlsson, 1995

System 
level

Machine 
level

Standard only Customised

'HJUHHV�RI�WHFKQLFDO�FRPSOH[LW\�UHSUHVHQW�WKH�GLVWLQFWLRQ�EHWZHHQ�PDFKLQH�OHYHO
VRXUFLQJ���WKH�GHOLYHU\�RI�RQH�QXPHULFDOO\�FRQWUROOHG�VWDQG�DORQH�PDFKLQH�WRRO
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�1&07����DQG�V\VWHP�OHYHO�VRXUFLQJ���WKH�GHOLYHU\�RI�D�IOH[LEOH�PDQXIDFWXULQJ
V\VWHP��)06����FRQVLVWLQJ�RI�VHYHUDO�1&07V�LQWHJUDWHG�WKURXJK�PDWHULDO�KDQ�
GOLQJ�GHYLFHV��$ORQJ�WKH�RWKHU�D[H�WKH�GHJUHH�RI�FXVWRPLVDWLRQ�LV�YLHZHG�DV�IURP
VWDQGDUGLVHG�WR�FXVWRPLVHG��7KH�GLIIHUHQFH�EHWZHHQ�D�VWDQGDUGLVHG�DQG�D�FXV�
WRPLVHG�SDWWHUQ�RI�WHFKQRORJLFDO�LQQRYDWLRQ�OLHV�LQ�WKH�VRFLDO�FRQWH[W�ZLWKLQ
ZKLFK�SURFHVVHV�RI�VHUYLFH�GHVLJQ�WDNH�SODFH��$�KLJK�GHJUHH�RI�FXVWRPLVDWLRQ�LV
WKXV�SUHVHQW�LI�WKH�GHOLYHU\�RI�D�07�RU�D�07�V\VWHP�LV�VXEMHFW�WR�FRPSUHKHQVLYH
VHUYLFHV�LQ�DGGLWLRQ�WR�ZKDW�FDQ�EH�FRQVLGHUHG�EDVLF�VHUYLFHV�

9LHZHG�LQ�OLJKW�RI�RXU�HPSLULFDO�GDWD�WKH�GLFKRWRP\�LV�QRW�VR�FOHDU��7KH�VSDQ�LQ
WHFKQLFDO�FRPSOH[LW\�RI�WKH�SURGXFWV�DQG�WKH�GHJUHH�RI�FXVWRPLVDWLRQ�RIIHUHG�E\
WKH�V\VWHP�VXSSOLHUV�FDQ�EH�DUJXHG�WR�EH�XQLTXH�LQ�HYHU\�QHZ�VRXUFLQJ�FRQWH[W�
GHSHQGLQJ�RQ�WHFKQLFDO�IHDWXUHV�RI�WKH�07�V\VWHP�GHOLYHUHG�DQG�GHSHQGLQJ�RQ
FXVWRPHUV·�YDU\LQJ�QHHGV��(YHU\�QHZ�VRXUFLQJ�FRQWH[W�LV�WKXV�FRQILJXUHG�E\�FXV�
WRPHU�QHHGV�DQG�V\VWHP�VXSSOLHU�FDSDELOLW\�RI�GHOLYHULQJ��,Q�RWKHU�ZRUGV�WKH�VR�
FLDO�FRQWH[W�LV�FKDQJLQJ��)RFXVLQJ�RQ�WKH�VXSSO\�VLGH�WKLV�LV�SDUWO\�UHODWHG�WR�WKH
VL]H�RI�WKH�V\VWHP�VXSSOLHU��)LUP�VL]H��QXPEHU�RI�HPSOR\HHV��WXUQRYHU�HWF���LV�GH�
ILQLWLYHO\�FRQQHFWHG�WR�FDSDFLW\�RI�GHOLYHU\��,W�DOVR�UHODWHV�WR�WKH�07�VHUYLFH�VXS�
SOLHU·V�VWUDWHJ\�ZKHQ�LW�FRPHV�WR�SURGXFW�SRUWIROLR��VHUYLFH�LQWHQVLW\��VXE�
FRQWUDFWLQJ�RI�VHUYLFH�HWF��2I�WKH�1RUZHJLDQ�������07�V\VWHP�VXSSOLHUV�WKHUH
DUH�RQO\�DURXQG����RU����¶ODUJHU·�DFWRUV�ZLWK�RQO\�PDFKLQH�WRROV�LQ�WKHLU�SURGXFW
SRUWIROLR��$V�PHQWLRQHG�HDUOLHU��VHYHUDO�FRPSDQLHV�KDYH�GLYHUVLILHG�SURGXFW�SRUW�
IROLRV�DQG�RWKHU�SURGXFWV�WKDQ�PDFKLQH�WRROV�DFFRXQW�IRU�D�VXEVWDQWLDO�VKDUH�RI
WXUQRYHU��$W�WKH�HQG�RI�WKH�GD\�WKH�1RUZHJLDQ�PDUNHW�RQO\�KDV�D�KDQGIXO�RI
ILUPV�ZLWK�WRWDO�GHGLFDWLRQ�WR�SURFXUHPHQW�RI�PDFKLQH�WRROV�DQG�LQ�KRXVH�VHUYLFH
FDSDELOLWLHV��$QG�WKHVH�07�V\VWHP�VXSSOLHUV�VHHP�WR�EH�WKH�RQHV�VXSSO\LQJ�DG�
YDQFHG�XVHU�LQGXVWULHV�

����07�V\VWHP�VXSSOLHUV·�RUJDQLVDWLRQV

07�V\VWHP�VXSSOLHUV·�RUJDQLVDWLRQDO�FRQILJXUDWLRQ�LV�DERYH�DOO�LQWHUHVWLQJ�ZKHQ
LW� FRPHV� WR� RUJDQLVDWLRQ� RI� SURGXFW� DQG� VHUYLFH� NQRZOHGJH�� LQ� SDUWLFXODU� KRZ
WKH\�SURGXFH��VWRUH�DQG�WUDQVIHU�NQRZOHGJH�UHOHYDQW�IRU�FXVWRPHUV��07�V\VWHP
VXSSOLHUV�WXUQ�RXW�WR�EH�GLIIHUHQWO\�RUJDQLVHG��SDUWLFXODUO\�ZKHQ�LW�FRPHV�WR�LQ�
KRXVH� NQRZOHGJH� DQG� VNLOO� DFFXPXODWLRQ�� *HQHUDOO\� VSHDNLQJ� ZH� FDQ� REVHUYH
WZR�GLIIHUHQW�VWUDWHJLHV��1RWLFH�WKDW�WKLV�JHQHUDOLVDWLRQ�RQO\�DSSOLHV�WR�WKH�ODUJ�
HVW�07�V\VWHP�VXSSOLHUV��DOO�WRJHWKHU�QRW�PRUH�WKDQ�DERXW�VL[�ILUPV��6RPH�ILUPV
KDYH�D�VWUDWHJ\�RI�GHYHORSLQJ�VSHFLDOLVHG�SHUVRQQHO��ZKLOH�RWKHU� ILUPV�RUJDQLVH
WKHLU�ZRUN�DURXQG�JHQHUDOLVWV��7KH�GLIIHUHQFH�EHWZHHQ�D� JHQHUDOLVW� DQG�D� VSH�
FLDOLVW�SRLQWV�EURDGO\�VSHDNLQJ�WR�WKH�LQVWDOODWLRQ�RI�WKH�KDUGZDUH�RI�WKH�WHFKQRO�
RJ\��2Q�WKH�RQH�KDQG� ILUPV�ZLWK� VSHFLDOLVWV� WHQG� WR�VHSDUDWH�SHUVRQQHO� WDNLQJ
FDUH�RI�WKH�PRUH�URXWLQH�GRPLQDWHG�SURFHGXUHV� �LQVWDOODWLRQ��PDLQWHQDQFH�HWF��
IURP�SHUVRQQHO�GHDOLQJ�ZLWK� WKH�PRUH� FXVWRPLVHG�SDUWV�RI� VHUYLFHV�DURXQG� WKH
PDFKLQH� WRRO� WHFKQRORJ\��DGYLVRU\�� IXQFWLRQV�� WUDLQLQJ�HWF����2Q� WKH�RWKHU�KDQG
ILUPV�ZLWKLQ�WKH�JHQHUDOLVW�VWUDWHJ\�VHHP�WR�ZDQW�WR�GHYHORS�HDFK�HPSOR\HH�WR�EH
DEOH�WR�SHUIRUP�DOO�NLQGV�RI� IXQFWLRQV�LQ�WKH�VRXUFLQJ�SURFHVV�� ,Q� WKH�UHODWLYHO\
VPDOO� RUJDQLVDWLRQV�RI�1RUZHJLDQ�07�V\VWHP�VXSSOLHUV��QR�SDUWLFXODU� VWUDWHJ\
FDQ�EH�DUJXHG�EHWWHU�RU�ZRUVH� IRU� WKH�FXVWRPHU��7KH�07�V\VWHP�VXSSOLHU�GRHV
PRVW�RIWHQ�LQ�DQ\�FDVH�KDYH�WR�GHOLYHU�WKH�WRWDO�SDFNDJH�RI�VHUYLFHV��HLWKHU�ZLWK
LQ�KRXVH�RU�VXE�FRQWUDFWHG�FRPSHWHQFH�
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,W�FDQ�KRZHYHU�EH�DUJXHG�WKDW�WKH�GLIIHUHQW�VWUDWHJLHV�DUH�HYHQ�PRUH�LPSRUWDQW
IRU�ORQJHU�WHUP�LQ�KRXVH�NQRZOHGJH�DQG�H[SHULHQFH�DFFXPXODWLRQ��,QIRUPDWLRQ
IURP�WKH�FDVH�VWXGLHV�UHYHDOV�WKDW�07�V\VWHP�VXSSOLHUV�LQ�JHQHUDO�GR�QRW�KDYH
V\VWHPV�WKDW�VWUXFWXUH�DQG�FRGLI\�H[SHULHQFH�DQG�NQRZOHGJH�FRPLQJ�RXW�RI�FXV�
WRPHU�UHODWLRQV��7KH�FORVHVW�RQH�JHWV�WR�VXFK�V\VWHPV�DUH�SURMHFW�ILOHV���PRVWO\
FRQWDLQLQJ�WHFKQLFDO�VSHFLILFDWLRQV�RI�WKH�GHOLYHUHG�V\VWHP���PDQXDOV�DQG�KDQG�
ERRNV�IRU�VSHFLILF�07�V\VWHPV��2WKHU�NLQGV�RI�XVHIXO�H[SHULHQFH�EDVHG�NQRZOHGJH
IURP�SURMHFWV�DUH�VWRUHG�DV�WDFLW�NQRZOHGJH�LQ�SHUVRQQHO��$�FRXSOH�RI�07�V\VWHP
VXSSOLHUV�FODLP�WR�EH�ZRUNLQJ�RQ�V\VWHPV�RI�VWRULQJ�H[SHULHQFH�DQG�NQRZOHGJH
IRU�UHXVH�SXUSRVHV��,Q�JHQHUDO�07�V\VWHP�VXSSOLHUV�KDYH�QRW�FRPH�IDU�LQ�SURF�
HVVHV�RI�V\VWHPLVLQJ�DQG�FRGLI\LQJ�LPSRUWDQW�WDFLW�GLPHQVLRQV�RI�H[SHULHQFH��$
ORW�RI�WKLV�NQRZOHGJH�DQG�H[SHULHQFH�LV�QRW�HDV\�RU�HYHQ�SRVVLEOH�WR�FRGLI\��*LYHQ
WKH�VPDOO�QXPEHU�RI�HPSOR\HHV�LQ�WRXFK�ZLWK�WKHVH�OHDUQLQJ�SURFHVVHV��07�V\V�
WHP�VXSSOLHUV�DUH�YXOQHUDEOH�WR�HYHQ�VPDOO�FKDQJHV�LQ�VWDII�

���&XVWRPHU�²�VXSSOLHU�LQWHUDFWLRQ�LQ�SUDFWLFH

,Q�WKH�IROORZLQJ�VHFWLRQ�ZH�UHWXUQ�WR�WKH�FRQFHSWXDO�IUDPHZRUN�IURP�SDUDJUDSK
����DERYH��:H�VKDOO�DGG�RQH�GLPHQVLRQ��LOOXVWUDWHG�LQ�ILJXUH�����QDPHO\�WKH�H[�
WHQW�WR�ZKLFK�IRUHLJQ�DFWRUV�GRPLQDWH�WKH�VRXUFLQJ�SURFHVV��0RUHRYHU�ZH�VKDOO
XWLOLVH�WKH�IUDPHZRUN�WR�GHVFULEH�DQG�GLVFXVV�HPSLULFDO�H[DPSOHV�RI�FXVWRPHU�
VXSSOLHU�LQWHUDFWLRQ�LQ�VRXUFLQJ�RI�07�WHFKQRORJ\��$V�PHQWLRQHG�DERYH��07�V\V�
WHP�VXSSOLHUV·�SURYLVLRQ�RI�VHUYLFHV�UDQJHV�IURP�KLJKO\�VWDQGDUGLVHG�WR�KLJKO\
FXVWRPLVHG�UHJDUGLQJ�UHODWLRQVKLSV�EHWZHHQ�FXVWRPHU�DQG�VXSSOLHU��)LJXUH��
SUHVHQWV�WKUHH�GLPHQVLRQV�RI�WHFKQRORJ\�VRXUFLQJ��WKH�ILUVW�DORQJ�WHFKQLFDO�FRP�
SOH[LW\�RI�FRPSRQHQWV�GHOLYHUHG�DQG�WKH�VHFRQG�DORQJ�WKH�FKDUDFWHULVWLFV�RI
VHUYLFH�GHOLYHUHG��7KH�WKLUG�GLPHQVLRQ�FRQFHUQV�ZKHWKHU�GRPHVWLF�RU�IRUHLJQ�DF�
WRUV�GRPLQDWH�LQ�WKH�VRXUFLQJ�SURFHVV��LQ�WKH�ILJXUH�'�DQG�)��

)LJXUH���7KUHH�'LPHQVLRQV�RI�7HFKQRORJ\�6RXUFLQJ

Degree of 
technical
complexity

Degree of customisation

HIGH

LOW

LOW HIGH

3 4

1 2

Source: Tryggestad in Carlsson, 1995

System 
level

Machine 
level

Standard only Customised

F F

FF

D D

DD

7KH�GLIIHUHQFH�EHWZHHQ�D�VWDQGDUGLVHG�DQG�D�FXVWRPLVHG�SDWWHUQ�RI�LQQRYDWLRQ
OLHV�LQ�WKH�VRFLDO�FRQWH[W�LQ�ZKLFK�SURFHVVHV�RI�VHUYLFH�GHVLJQ�WDNH�SODFH��$�ILUP
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ZLWK�D�ORZ�GHJUHH�RI�FXVWRPLVDWLRQ�VKRZV�QR�SDUWLFXODU�DWWHQWLRQ�WR�HYHQ�EDVLF
VHUYLFHV�GHOLYHUHG�ZLWK�D�PDFKLQH�WRRO��$�KLJK�GHJUHH�RI�FXVWRPLVDWLRQ�LV�SUHVHQW
LI�WKH�GHOLYHU\�RI�D�07�V\VWHP�LV�VXEMHFW�WR�FRPSUHKHQVLYH�VHUYLFHV�LQ�DGGLWLRQ�WR
ZKDW�FDQ�EH�FRQVLGHUHG�EDVLF�VHUYLFHV��:LWKLQ�WKLV�WKUHH�GLPHQVLRQDO�FRQWH[W
RQH�PD\�VSHDN�RI�IRXU�FDVHV�RI�VXSSOLHU�FXVWRPHU�LQWHUDFWLRQ�RI�WHFKQRORJ\
VRXUFLQJ��HDFK�RI�WKHP�GRPLQDWHG�E\�GRPHVWLF�RU�IRUHLJQ�DFWRUV��7RJHWKHU�WKHUH
DUH�HLJKW�

• 0DFKLQH�OHYHO�VRXUFLQJ�LQ�VWDQGDUGLVHG�UHODWLRQV��GRPHVWLF�RU�IRUHLJQ�GRPL�
QDQFH

• 0DFKLQH�OHYHO�VRXUFLQJ�LQ�FXVWRPLVHG�UHODWLRQV��GRPHVWLF�RU�IRUHLJQ�GRPL�
QDQFH

• 6\VWHP�OHYHO�VRXUFLQJ�LQ�VWDQGDUGLVHG�UHODWLRQV��GRPHVWLF�RU�IRUHLJQ�GRPL�
QDQFH

• 6\VWHP�OHYHO�VRXUFLQJ�LQ�FXVWRPLVHG�UHODWLRQV��GRPHVWLF�RU�IRUHLJQ�GRPL�
QDQFH

7KH�UDQJH�RI�RXU�HPSLULFDO�GDWD�OLPLWV�RXU�XWLOLVDWLRQ�RI�WKH�FRQFHSWXDO�IUDPH�
ZRUN�DERYH��7KH�V\VWHP�VXSSOLHUV�ZH�KDYH�XVHG�DV�UHVSRQGHQWV�EHORQJ�WR�WKH
VPDOO�JURXS�RI�ODUJH�VXSSOLHUV�WKDW�FRQFHQWUDWH�RQ�RIIHULQJ�DGYDQFHG�VHUYLFHV
DQG�V\VWHP�OHYHO�PDFKLQH�WRROV��7KH\�DUH�RI�FRXUVH�DEOH�WR�GHOLYHU�PDFKLQH�WRROV
RI�VLPSOHU�FRPSOH[LW\��EXW�RXU�FDVH�VWXGLHV�KDYH�IRFXVHG�RQ�UHODWLYHO\�ODUJH�SURM�
HFWV��DW�OHDVW�LQ�WKH�1RUZHJLDQ�FRQWH[W��7KHVH�ODUJH�LQYHVWPHQWV�DUH�GHOLYHUHG
IURP�07�V\VWHP�VXSSOLHUV�ZLWK�ZKDW�ZH�ZRXOG�FRQVLGHU�WKH�VHUYLFH�VWUDWHJ\�
/HVV�FRPSOH[�FXVWRPHU�VXSSOLHU�UHODWLRQV��OLNH�PDFKLQH�OHYHO�VRXUFLQJ�LQ�VWDQ�
GDUGLVHG�UHODWLRQV��PD\�EH�VHHQ�DV�V\VWHPDWLFDOO\�SUHVHQW�LQ�VRXUFLQJ�SURFHVVHV
RI�V\VWHP�VXSSOLHUV�ZLWK�D�VR�FDOOHG�SURGXFW�VWUDWHJ\��:H�KDYH�VWXGLHG�LQYHVW�
PHQW�SURFHVVHV�ZKLFK�GHILQLWLYHO\�DUH�FKDUDFWHULVHG�E\�FXVWRPLVHG�UHODWLRQV�
FRPSOH[�SURFHVVHV�RI�LQWHUDFWLRQ�LQYROYLQJ�QRW�RQO\�VXSSOLHU�DQG�FXVWRPHU��EXW
DOVR�LQYROYLQJ�WKH�FXVWRPHU·V�FXVWRPHUV�DQG�VXSSOLHUV�DQG�XVHUV�DW�GLIIHUHQW�OR�
FDWLRQV�RI�WKH�YDOXH�FKDLQ��7KH�FDVH�PDWHULDO�PD\�WKHUHIRUH�QRW�EH�FRQVLGHUHG
H[KDXVWLYH�LQ�WKH�VHQVH�RI�JLYLQJ�D�FRPSUHKHQVLYH�YLHZ�RI�G\QDPLFV�LQ�07�WHFK�
QRORJ\�VRXUFLQJ�

0RUHRYHU�WKH�FRQFHSWXDO�IUDPHZRUN�XVHG�E\�7U\JJHVWDG�LV�QRW�SHUIHFWO\�DGMXVWHG
WR�WKH�1RUZHJLDQ�FRQWH[W��,W�WDNHV�GHSDUWXUH�LQ�WKH�6ZHGLVK�FRQWH[W�RI�WHFKQRO�
RJ\�VRXUFLQJ��D�FRQWH[W�ZKLFK�LV�VLJQLILFDQWO\�ODUJHU�WKDQ�WKH�1RUZHJLDQ��6ZH�
GHQ�KDV�VHYHUDO�ODUJH�PDFKLQH�WRRO�PDQXIDFWXUHUV�DQG�D�ODUJH�JURXS�RI�DGYDQFHG
XVHUV��SDUWLFXODUO\�LQ�WKH�FDU�LQGXVWU\��7KH�1RUZHJLDQ�FRQWH[W�LV�VPDOO�DQG�VSH�
FLDO��1RUZD\�KDV�RQO\�D�YHU\�OLPLWHG�QXPEHU�RI�DGYDQFHG�07�V\VWHP�VXSSOLHUV�
WKHUH�DUH�QR�GRPHVWLF�07�PDQXIDFWXUHUV��DQG�WKH�XVHU�PDUNHW�LV�VPDOO�ZKHQ�LW
FRPHV�WR�GHPDQG�IRU�DGYDQFHG�PDQXIDFWXULQJ�WHFKQRORJ\��$FWRUV�RI�VXSSO\�DQG
GHPDQG�WKHUHIRUH�TXLWH�HDUO\�ORRN�WR�IRUHLJQ�FRPSHWHQFH�LQ�WKH�VRXUFLQJ�SURFHVV�
7KH�WKLUG�GLPHQVLRQ�LQ�WKH�IUDPHZRUN��GRPHVWLF�YV��IRUHLJQ�VXSSO\��LV�WKXV
SDUWO\�YHU\�UHOHYDQW�LQ�RXU�HPSLULFDO�PDWHULDO�
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����0DFKLQH�OHYHO�VRXUFLQJ�LQ�VWDQGDUGLVHG�YV��FXVWRPLVHG
UHODWLRQV

0DFKLQH�OHYHO�VRXUFLQJ�FDQ�EH�VHHQ�DV�WKH�VSHFLDOLW\�RI�V\VWHP�VXSSOLHUV�ZLWK�D
SURGXFW�VWUDWHJ\��7KH�GHOLYHU\�LV�FKDUDFWHULVHG�E\�ORZ�WHFKQLFDO�FRPSOH[LW\�LQ
WKH�IXQFWLRQ�VSHFLILHG��H�J��D�UHSODFHPHQW�SXUFKDVH�RI�D�VWDQG�DORQH�1&07��7KH
PRUH�VWDQGDUGLVHG�WKH�VRXUFLQJ�UHODWLRQ��WKH�PRUH�GRPLQDWLQJ�EHFRPHV�WKH�SULFH
DVSHFW�RI�WKH�UHODWLRQ��7U\JJHVWDG�DUJXHV��7U\JJHVWDG�LQ�&DUOVVRQ��������7KH
FXVWRPHU�VXSSOLHU�UHODWLRQVKLS�W\SLFDOO\�ODFNV�LQQRYDWLYH�DVSHFWV�IRU�WKDW�UHD�
VRQ��,W�LQYROYHV�DW�PRVW�LQFUHPHQWDO�LQQRYDWLRQV�DV�PLQRU�DGMXVWPHQWV�WR�FXV�
WRPHUV·�VSHFLILFDWLRQV��W\SLFDOO\�DV�UHSODFHPHQW�RI�RXWGDWHG�SURGXFWLRQ�PHDQV�
%RWK�DGYDQFHG�DQG�OHVV�DGYDQFHG�XVHUV�UHSODFH�VWDQG�DORQH�PDFKLQHU\�ZLWK�WKH
ODWHVW�ZLWKLQ�VWDQG�DORQH�WHFKQRORJ\��+RZHYHU��DGYDQFHG�XVHUV�GHPDQGLQJ�DG�
YDQFHG�PDQXIDFWXULQJ�WHFKQRORJ\�WHQG�WR�VWLFN�ZLWK�WKH�DOUHDG\�SOHGJHG�UHOD�
WLRQVKLS�ZLWK�07�V\VWHP�VXSSOLHUV�DW�WKHLU�WHFKQRORJLFDO�OHYHO��2Q�WKH�RWKHU�VLGH
ODUJH��DGYDQFHG�XVHUV�SDUWO\�DOVR�VHHP�WR�XWLOLVH�WKH�FRVW�HIILFLHQF\�RI�V\VWHP
VXSSOLHUV�ZLWK�SURGXFW�VWUDWHJLHV��ZKLFK�DUH�DEOH�WR�FRPSHWH�RQ�SULFH�EHFDXVH
WKH\�GR�QRW�VSHQG�UHVRXUFHV�PRQLWRULQJ�WHFKQRORJ\�WKDW�LQWHQVLYHO\��SOHGJLQJ
FORVH�UHODWLRQV�ZLWK�IRUHLJQ�PDQXIDFWXUHUV�

&XVWRPLVHG�UHODWLRQV�ZLWKLQ�PDFKLQH�OHYHO�VRXUFLQJ�GHVFULEH�VLWXDWLRQV�ZKHUH
FXVWRPHUV�GHPDQG�VSHFLDOO\�GHVLJQHG�PDFKLQHV�IRU�VSHFLILF�DSSOLFDWLRQV�WKDW�FDOO
IRU�FORVH�LQWHUDFWLRQ�ZLWK�VXSSOLHUV��)RU�DQ�LQH[SHULHQFHG�FXVWRPHU�PRVW�V\VWHP
VXSSOLHUV�ZRXOG�EH�RI�SRWHQWLDO�LQWHUHVW��$QG�V\VWHP�VXSSOLHUV�ZLWK�SURGXFW
VWUDWHJLHV�PD\�EH�DEOH�WR�GHOLYHU�FHUWDLQ�FXVWRPLVHG�IHDWXUHV�WR�FRPSHWLWLYH
SULFHV��DOWKRXJK�WKHQ�RIWHQ�RXWVRXUFHG��2XWVRXUFLQJ�RI�DGGLWLRQDO�VHUYLFH�IXQF�
WLRQV�LV�PRVW�RIWHQ�WKH�VWUDWHJ\�RI�WKHVH�07�V\VWHP�VXSSOLHUV��)RU�H[SHULHQFHG
FXVWRPHUV�DUH�XVXDOO\�RQO\�WKH�DGYDQFHG�V\VWHP�VXSSOLHUV�WKH�UHDO�RSWLRQ��7KH
DGYDQFHG��RIWHQ�ODUJHVW��V\VWHP�VXSSOLHUV�RIIHU�LQ�KRXVH�FRPSHWHQFH�WR�DOO�VHUY�
LFH�IXQFWLRQV��$QG�WKH\�DUH�GHILQLWLYHO\�WKH�RQHV�ZLWK�WKH�PRVW�H[WHQGHG�KRUL]RQV
ZKHQ�LW�FRPHV�WR�FRQVLGHULQJ�DQG�DGYLVLQJ�07�WHFKQRORJ\�DQG�SURGXFWLRQ�WHFK�
QLTXH�LQ�D�PRUH�FRPSUHKHQVLYH�SHUVSHFWLYH�

%UHDNLQJ�WKH�EDUULHU�WR�DQRWKHU�WHFKQRORJLFDO�OHYHO
$�FRXSOH�RI�\HDUV�DIWHU�DQ�LQYHVWPHQW�LQ�D�VWDQG�DORQH�QXPHULFDOO\�FRQWUROOHG
PDFKLQH�WRRO��1&07���FXVWRPHU�$�DVVHVVHG�LW�UHDVRQDEOH�DQG�ILQDQFLDO�SRVVLEOH
WR�JR�IRU�D�KLJKHU�GHJUHH�RI�DXWRPDWLRQ�ZLWKLQ�WKH�SURGXFWLRQ�FHOO�LQ�TXHVWLRQ�
7KH�SURGXFWLRQ�FHOO�PDFKLQHV�GLIIHUHQW�JURXSV�RI�UHODWLYHO\�VPDOO�YDOYH�FRPSR�
QHQWV�DQG�WKH�EHVW�PDWHULDO�KDQGOLQJ�VROXWLRQ�WXUQHG�RXW�WR�EH�D�RQH�DUPHG
PXOWL�WDVN�URERW��DIWHU�D�SURFHVV�RI�FRQVXOWDWLRQ�ZLWK�07�V\VWHP�VXSSOLHUV��7KH
URERW�ZDV�GHOLYHUHG�ZLWK�VWDQGDUG�IHDWXUHV��EXW�GXH�WR�WKH�FRPSOHWH�ODFN�RI�FXV�
WRPHU�NQRZOHGJH�LQ�WKLV�WHFKQRORJ\��WZR�DGGLWLRQDO�VHUYLFH�SDFNDJHV��LQ�DGGLWLRQ
WR�VWDQGDUG�LQVWDOODWLRQ��WHVW�UXQQLQJ�DQG�PDLQWHQDQFH��ZHUH�QHFHVVDU\�DQG
GHPDQGHG��7KHVH�LQFOXGHG�WUDLQLQJ�LQ�SURJUDPPLQJ�DQG�RSHUDWLRQ�RI�WKH�URERW
DQG�LQWHJUDWLRQ�ZLWK�WKH�1&07��2Q�EDVLV�RI�WKH�XSJUDGLQJ�WR�WKLV�WHFKQRORJLFDO
OHYHO�DQG�WKH�VSHFLILF�QHZ�VRIWZDUH�NQRZOHGJH�IRU�SURJUDPPLQJ�DQG�RSHUDWLRQ�
WKH�FXVWRPHU�HYLGHQWO\�EURNH�D�EDUULHU�RI�XQFHUWDLQW\�LQ�SURFHVVHV�RI�QHZ�WHFK�
QRORJ\�DFTXLVLWLRQ��1HZ�NQRZOHGJH�DQG�H[WHQGHG�WHFKQRORJLFDO�KRUL]RQV�OHG�LQ
WXUQ�WR�IXUWKHU�SURMHFWV�RI�LQYHVWPHQW�LQ�QHZ�WHFKQRORJ\�LQ�RWKHU�SURGXFWLRQ
FHOOV��([WHQGHG�WHFKQRORJLFDO�KRUL]RQV�GLG�KRZHYHU�QRW�PDNH�NQRZOHGJH�LQWHQ�
VLYH�VHUYLFHV�IURP�07�V\VWHP�VXSSOLHUV�LQ�IXUWKHU�SURMHFWV�REVROHWH��&XVWRPHU�$



�� 67(3�:RUNLQJ�3DSHU��$��������

GLG�DFWXDOO\�IROORZ�XS�WKH�JRRG�H[SHULHQFH�RI�WKH�ILUVW�FR�RSHUDWLRQ�ZLWK�WKH�07
V\VWHP�VXSSOLHU��$�FRPSOHWH�WUDLQLQJ�SDFNDJH�ZDV�QHFHVVDU\�DOVR�LQ�WKLV�SURMHFW�
GXH�WR�WKH�IDFW�WKDW�UHOHYDQW�HPSOR\HHV�KDG�WR�EH�EURXJKW�LQWR�WKH�OHDUQLQJ�SURF�
HVV��DQG�WKH\�KDG�QRW�EHHQ�LQ�WRXFK�ZLWK�WKH�ILUVW�SURMHFW�

2XU�HPSLULFDO�PDWHULDO�RQ�PDFKLQH�OHYHO�WHFKQRORJ\�VRXUFLQJ�VHHPV�WR�LQGLFDWH
SHUVLVWHQW�GRPLQDQFH�RI�GRPHVWLF�LQVWLWXWLRQV��,W�LV�UHDVRQDEOH�WR�DUJXH�WKDW�GR�
PHVWLF�FRPSHWHQFH�WR�D�ODUJH�H[WHQW�LV�DEOH�WR�GHDO�ZLWK�VRXUFLQJ�RI�VWDQG�DORQH
PDFKLQH�WRROV�

����6\VWHP�OHYHO�VRXUFLQJ�LQ�VWDQGDUGLVHG�YV��FXVWRPLVHG
UHODWLRQV

$FFRUGLQJ�WR�7U\JJHVWDG�V\VWHP�OHYHO�VRXUFLQJ�LQ�VWDQGDUGLVHG�UHODWLRQV�FDQ�EH
REVHUYHG�ZKHQ�FXVWRPHUV�SXUFKDVH�D�07�V\VWHP�¶RII�WKH�VKHOI·�DV�D�SDFNDJH�FRQ�
VLVWLQJ�RI�FRPSRQHQWV��H�J��D�PDFKLQLQJ�FHQWUH�DQG�D�URERW�IRU�PDWHULDO�KDQ�
GOLQJ���VHOHFWHG�WR�ILW�VSHFLILF�FXVWRPHU�UHTXLUHPHQWV��EXW�QR�IXUWKHU�GHVLJQ�RU
GHYHORSPHQW�RI�DYDLODEOH�HTXLSPHQW�LV�QHFHVVDU\��,Q�SDUWLFXODU�WKLV�PD\�EH�WKH
FDVH�ZKHQ�WKH�FXVWRPHU�KDV�NQRZOHGJH�RI�WKH�VLPLODU�07�V\VWHP�IURP�SUHYLRXV
LQYHVWPHQWV��$GYDQFHG�FXVWRPHUV�ZLWK�YHU\�JRRG�WHFKQLFDO�FRPSHWHQFH�DQG
NQRZOHGJH�RI�RZQ�SURGXFWLRQ�SURFHVVHV�PD\�DOVR�LQYHVW�RQ�WKLV�NLQG�RI�EDVLV�
'HVLJQ�DQG�DGMXVWPHQWV�DUH�WKHQ�GRQH�ZLWK�WKH�FXVWRPHUV·�LQWHUQDO�VWDII�

6\VWHP�OHYHO�VRXUFLQJ�LQ�FXVWRPLVHG�UHODWLRQV�UHSUHVHQWV�LQVWDOODWLRQ�RI�PDFKLQH
WRROV�RI�FRPSOH[�WHFKQLFDO�VSHFLILFDWLRQV��ZKLFK�UHTXLUHV�FORVH�LQWHUDFWLRQ�ZLWK
VXSSOLHUV��,Q�DGYDQFH�RI�WKH�LQYHVWPHQW�WKH�FXVWRPHU�RIWHQ�KDV�QR�RU�RQO\�YDJXH
LGHDV�DERXW�WHFKQLFDO�DQG�ILQDQFLDO�DVSHFWV�RI�WKH�SURFHVV��7KH\�PD\�KDYH�D�IL�
QDQFLDO�IUDPHZRUN�RU�ILQDQFLDO�OLPLWV��DQG�WKH\�GR�GHILQLWLYHO\�KDYH�FXUUHQW�SUR�
FHVV�DQG�SURGXFW�VSHFLILFDWLRQV�DQG�D�QRWLRQ�RI�ZDQWHG�SHUIRUPDQFH��%XW�V\VWHP
LQYHVWPHQWV�RI�WKLV�NLQG�RIWHQ�RSHQ�XS�IRU�PDQ\�WHFKQRORJLFDO�VROXWLRQV��DQG�WKH
ULJKW�GHFLVLRQV�DUH�RQO\�PDGH�RQ�EDVLV�RI�WKH�SRWHQWLDOO\�FRPSOH[�SURFHVV�RI�LQ�
IRUPDWLRQ�IORZ�DQG�FR�RSHUDWLRQ�EHWZHHQ�FXVWRPHU�DQG�VXSSOLHU��DQG�HYHQWXDOO\
RWKHU�LPSRUWDQW�DFWRUV��GXULQJ�WKH�ZKROH�VRXUFLQJ�SURFHVV��,W�LV�LQ�WKHVH�KLJKO\
FRPSOH[�DQG�FXVWRPLVHG�VLWXDWLRQV�WKDW�WKH�SURFHVV�RI�WHFKQRORJLFDO�LQQRYDWLRQ
LV�DVVXPHG�WR�EH�PRVW�GRPLQDQW��,W�LV�WKHUHIRUH�QRW�VXUSULVLQJ�WKDW�DQ�LPSRUWDQW
SDUW�RI�WKH�LQWHUDFWLRQ�WDNHV�SODFH�LQ�VWUDWHJLF�DQG�SUHSDUDWRU\�DFWLYLWLHV�RI�WKH
LQYHVWPHQW�

&XVWRPHU�DV�WHFKQRORJ\�PRQLWRU�DQG�LGHD�JHQHUDWRU�LQ�WUDQVQDWLRQDO�WHFKQRORJL�
FDO�V\VWHPV
&XVWRPHU�%�ZRUNHG�D�\HDU�RQ�SUHSDUDWRU\�PDQDJHPHQW�RI�DQ��E\�1RUZHJLDQ
PHDVXUHV�UHODWLYHO\�ODUJH��12.���PLOO���LQYHVWPHQW��FRQFHUQLQJ�LGHQWLILFDWLRQ�RI
FRUH�FRPSRQHQWV��SULRULWLVLQJ�WKH�FRPSRQHQWV��GHFLVLRQ�RQ�ZKDW�NLQG�RI�PDFKLQ�
LQJ�SURFHVV�WR�XVH�DQG�JHQHUDO�VSHFLILFDWLRQV�IRU�EHVW�SRVVLEOH�HIIHFW�RI�WKH�LQ�
YHVWPHQW��$SSURDFKLQJ�WKH�VXSSO\�PDUNHW�LW�WXUQHG�RXW�LPSRVVLEOH�IRU�1RUZH�
JLDQ�V\VWHP�VXSSOLHUV��WKH\�ZHUH�EDVLFDOO\�WZR�FRPSHWLQJ��WR�VXSSO\�WKH�ZDQWHG
PDWHULDO�KDQGOLQJ�V\VWHP�WR�WKH�07�V\VWHP��7KH�FXVWRPHU�KDG�IRXQG�LW�WHFKQL�
FDO�IHDVLEOH�DQG�HVVHQWLDO�WR�EH�DEOH�WR�SURFHVV�D�GDLO\�GHPDQG�RI�WKH����FRUH
FRPSRQHQWV�LQ�WKH�VDPH�07�V\VWHP��DQG�WKLV�GHFLVLRQ�PDGH�WKH�PDWHULDO�KDQ�
GOLQJ�V\VWHP�WR�D�FRUH�FRPSRQHQW�RI�WKH�LQYHVWPHQW��7KH�1RUZHJLDQ�V\VWHP
VXSSOLHUV�KDG�QR�LGHD�DERXW�ZKHUH�WR�ILQG�WKH�VROXWLRQ��7KURXJK�LWV·�QHWZRUN�RI
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VXEFRQWUDFWRUV�DQG�FXVWRPHUV��FXVWRPHU�%�DFFLGHQWDOO\�JRW�WKH�LGHD�RI�ORRNLQJ�WR
)LQODQG��ZKHUH�ERWK�D�PDQXIDFWXUHU�RI�PDWHULDO�KDQGOLQJ�V\VWHPV�DQG�VRPH�XV�
HUV�WXUQHG�RXW�WR�EH�ORFDWHG��$QRWKHU�WZR�PRQWKV�ZHUH�VSHQW�WR�VWXG\�WKHVH�FRQ�
FHSWV�RI�PDWHULDO�KDQGOLQJ��DQG�WKURXJK�PHHWLQJV�DQG�YLVLWV�ZLWK�WKH�)LQQLVK
PDQXIDFWXUHU�DQG�D�6ZHGLVK�XVHU��DQG�HYHQWXDOO\�WKH�1RUZHJLDQ�07�V\VWHP
VXSSOLHUV��D�GHFLVLRQ�ZDV�PDGH�DERXW�V\VWHP�VSHFLILFLWLHV��&XVWRPHU�%�GLG�QRW
ZDQW�D�GLUHFW�GHOLYHU\�IURP�WKH�IRUHLJQ�PDQXIDFWXUHU��DQG�WKH�SUHIHUUHG�1RUZH�
JLDQ�V\VWHP�VXSSOLHU�ZDV�WKHUHIRUH�EURXJKW�LQWR�WKH�SURFHVV�RQ�FRQGLWLRQV�DV�LQ
DQ\�RWKHU�LQYHVWPHQW�LQ�1RUZD\��7KH�V\VWHP�VXSSOLHU�MRLQHG�WKH�QHWZRUN�DQG
VSHQW�VRPH�WLPH�OHDUQLQJ�EHIRUH�WKH�SURMHFW�ZDV�VWDUWHG�DQG�GHOLYHUHG�DV�D�¶WXUQ�
NH\·�FRQFHSW��7KH�V\VWHP�VXSSOHU�KDG�H[SHUWV�IURP�WKH�)LQQLVK�PDQXIDFWXUHU
RYHU�GXULQJ�LQVWDOODWLRQ�IRU�DGYLFH�DQG�WUDLQLQJ�

&XVWRPHU�²�VXSSOLHU�FR�RSHUDWLRQ�LQ�WKH�GHFLVLRQ�RI�PDFKLQLQJ�FRQFHSW�VSHFLILFD�
WLRQV
,Q�WKH�VDPH�¶WXUQ�NH\·�LQYHVWPHQW��WKH�GHFLVLRQ�FRQFHUQLQJ�PDFKLQLQJ�FRQFHSW
�EDVLFDOO\�ZKHWKHU�WR�XWLOLVH�ODWKH�RU�PLOOLQJ�SULQFLSOHV��ZDV�PDGH�E\�FXVWRPHU�%
DV�DQ�LQ�KRXVH�SUHSDUDWRU\�SURFHVV��7KH\�FKRVH�D�PLOOLQJ�PDFKLQLQJ�FHQWUH��D
UHVXOW�RI�GHWDLOHG�DVVHVVPHQW�RI�WKH�FRPSRQHQWV�WKH\�ZHUH�WR�PDFKLQH��7KH�GHFL�
VLRQ�RQ�VSHFLILFDWLRQV�RI�WKH�PLOOLQJ�PDFKLQLQJ�FHQWUH�ZDV�KRZHYHU�PDGH�LQ�FORVH
FR�RSHUDWLRQ�ZLWK�WKH�V\VWHP�VXSSOLHUV��$W�WKDW�WLPH�LQ�WKH�SURFHVV�FXVWRPHU�%
KDG�FKRVHQ�WZR�V\VWHP�VXSSOLHUV�IURP�WKH�WHQ�LQLWLDOO\�ELGGLQJ�IRU�WKH�SURMHFW�
&XVWRPHU�%�QRZ�VSHQW�D�VLJQLILFDQW�DPRXQW�RI�WLPH��EURZVLQJ�DQG�VHDUFKLQJ�IRU
WKH�¶ULJKW·�PDFKLQH�WRRO�VROXWLRQ��ZLWK�VLJQLILFDQW�FRQWULEXWLRQ�IURP�WKH�WZR�UH�
PDLQLQJ�V\VWHP�VXSSOLHUV��-RLQW�YLVLWV�WR�LQWHUQDWLRQDO�IDLUV��PDFKLQH�WRRO�PDQX�
IDFWXUHUV��DQG�YLVLWV�WR�XVHUV�RI�VLPLODU�WHFKQRORJ\��ZHUH�DUUDQJHG��$V�WKH�VSH�
FLILF�07�V\VWHP�ZDV�SLFNHG�LQ�DJUHHPHQW�ZLWK�WKH�V\VWHP�VXSSOLHUV��FXVWRPHU�%
WULJJHUHG�WKH�ODVW�FRPSHWLWLYH�VWUXJJOH�EHWZHHQ�WKH�WZR�VXSSOLHUV��IRFXVLQJ�RQ
DQG�DVVHVVLQJ�VHUYLFH�TXDOLW\��FRQWHQWV�DQG�SULFH�DVSHFWV��7KH�FXVWRPHU�SLFNHG�D
V\VWHP�VXSSOLHU�WKDW�KDG�DOUHDG\�GRQH�VRPH�VPDOOHU�GHOLYHULHV��6HUYLFH�TXDOLW\
DQG�FRQWHQWV�HWF��ZHUH�WKH�FUXFLDO�LVVXHV��QRW�WKH�SULFH�

6\VWHP�VXSSOLHU�DGMXVWPHQW�RI�FXVWRPHU�GHPDQG�RQ�EDVLV�RI�FRVW�SURSRUWLRQV
,Q�DQRWKHU�LQYHVWPHQW�SURFHVV��FXVWRPHU�&�ZDQWHG�D�IXOO\�DXWRPDWHG�PDFKLQLQJ
FHQWUH�UXQQLQJ����KRXUV�LQ�WKH�WLPH�FRQVXPLQJ�PDFKLQLQJ�RI�WKH�KHDYLHVW�FRP�
SRQHQWV�LQ�WKHLU�SRUWIROLR��$IWHU�KDYLQJ�HVWDEOLVKHG�FRQWDFW�ZLWK�WKH�V\VWHP�VXS�
SOLHU��ZKLFK�ZDV�RQH�WKH�FXVWRPHU�KDG�ZRUNHG�ZLWK�HDUOLHU��WKH�GHOLYHU\�WXUQHG
RXW�UHODWLYHO\�HDV\�WR�LQVWDOO��+RZHYHU�LQWHUQDO�ORJLVWLFV�WXUQHG�RXW�DV�WKH�FUXFLDO
IDFWRU��7KH�LQYHVWPHQW�EXGJHW�RI�FXVWRPHU�&�EHFDPH�GHFLVLYH�IRU�WKH�OHYHO�RI
DXWRPDWLRQ��7KH�EXGJHW�WXUQHG�RXW�WRR�VPDOO��7RWDO�DXWRPDWLRQ�ZDV�WRR�FRVWO\�
PDLQO\�EHFDXVH�RI�WKH�ODUJH�DQG�KHDY\�FRPSRQHQWV�WR�PDFKLQH��$�WRR�ODUJH�PD�
WHULDO�KDQGOLQJ�V\VWHP�ZDV�UHTXLUHG��$�FRPSURPLVH�ZDV�FKRVHQ��KDYLQJ�RQH�RS�
HUDWRU�ZRUNLQJ�GXULQJ�WKH�GD\�VKLIW�DQG�WKH�PDFKLQLQJ�FHQWUH�ZRUNLQJ�XQDW�
WHQGHG�GXULQJ�WKH�QLJKW�VKLIW�

6\VWHP�OHYHO�VRXUFLQJ�LV�GHILQLWLYHO\�PRUH�GHSHQGHQW�RQ�IRUHLJQ�FRPSHWHQFH��7KH
EDVLF�UHDVRQ�IRU�WKDW�LV�WKH�IDFW�WKDW�WKH�VPDOO�1RUZHJLDQ�FRQWH[W�PDNHV�LW�DO�
PRVW�LPSRVVLEOH�WR�VWD\�WRWDOO\�XSGDWHG�RQ�WHFKQRORJLFDO�GHYHORSPHQW��07�V\V�
WHP�VXSSOLHUV�FDQ�QRW�EH�H[SHFWHG�WR�KDYH�H[SHULHQFH�EDVHG�FRPSHWHQFH�ZLWKLQ
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DOO�DUHDV�RI�DGYDQFHG�PDQXIDFWXULQJ�WHFKQRORJ\��8QIRUWXQDWHO\�WKH�UHVXOW�RI�WKLV
LV�WKDW�VROXWLRQV�IRU�FXVWRPHUV�VRPHWLPHV�VHHP�VROYHG�LQ�FDVHV�RI�FRLQFLGHQW�

����'LIIHUHQW�VRFLDO�VHWWLQJV�RI�LQWHUDFWLRQ

$V�ZH�KDYH�VHHQ�WKH�GLIIHUHQFH�EHWZHHQ�D�VWDQGDUGLVHG�DQG�FXVWRPLVHG�SDWWHUQ
RI�LQQRYDWLRQ�OLHV�LQ�WKH�VRFLDO�FRQWH[W�LQ�ZKLFK�SURFHVVHV�RI�VHUYLFH�GHVLJQ�WDNH
SODFH��'HOLYHULHV�RI�VWDQGDUGLVHG�FRPSRQHQWV�VHHP�WR�FRQWDLQ�OHVV�VRFLDO�LQWHUDF�
WLRQ��ZKLOH�FXVWRPLVDWLRQ�LQYROYHV�PRUH�LQWHUDFWLYH�DFWLYLWLHV��7KH�SURFHVVHV�WDNH
GLIIHUHQW�IRUPV��WHOHSKRQH�FRQIHUHQFLQJ��UHJXODU�PHHWLQJV��YLVLWV��FRQIHUHQFHV�
MRLQW�YLVLWV�WR�IDLUV��MRLQW�YLVLWV�WR�FXVWRPHUV�DQG�RWKHU�DFWRUV��IRUPDO�FRXUVHV
�WKHRUHWLFDO�DQG�RU�SUDFWLFDO���WUDLQLQJ�VHVVLRQV�HWF���DQG�RI�FRXUVH�FRQFUHWH�SXU�
FKDVHV�RI�UHOHYDQW�VHUYLFHV�LQ�WKLV�QHWZRUN��:H�KDYH�LQGLFDWHG�WKDW�LQWHUDFWLRQ
EHWZHHQ�VXSSOLHU�DQG�FXVWRPHU�PD\�EH�UHODWLYHO\�VWURQJ�LQ�LQWURGXFWRU\�SKDVHV
RI�WKH�LQYHVWPHQW��SUHSDUDWRU\�LQIRUPDWLRQ�IORZ�DV�D�EDVLV�IRU�PDMRU�GHFLVLRQV�
7KH�LQWHUDFWLYLW\�FRQVLVWV�RI�UHODWLYHO\�LQWHQVLYH��HQJDJLQJ�VRFLDO�SURFHVVHV
OHDGLQJ�WRZDUGV�FRQFUHWH�HYHQWV��,Q�RWKHU�ZRUGV�WKHUH�LV�FRQWLQXLQJ�QHJRWLDWLRQ
EHWZHHQ�WKH�UHOHYDQW�DFWRUV�JRLQJ�RQ��SURFHVVHV�RI�SUREOHP�VROYLQJ�OHDGLQJ�WR
PLOHVWRQHV�LQ�WKH�SURMHFW��$FWXDO�FRQWULEXWLRQ�IURP�WKH�GLIIHUHQW�DFWRUV�GRHV�GH�
ILQLWLYHO\�JR�EH\RQG�ZKDW�LV�IRUPDOO\�SXUFKDVHG��0RUHRYHU�LW�LV�QRW�HDV\�PHDV�
XUHG�DQG�JRHV�EH\RQG�WKH�IUDPHZRUN�RI�WKLV�UHSRUW��,W�GHSHQGV�RQ�DFWRUV·�NQRZO�
HGJH�DQG�FDSDELOLWLHV��DQG�LW�GHSHQGV�RQ�WKH�SHUVSHFWLYH�DQG�WKH�GHWDLOV�RI�WKH
FDVH�VWXG\�GDWD��7KH�VRFLDO�SURFHVVHV�KDYH�WKH�GHILQLWH�DLP�RI�OHDGLQJ�WR�WKH�ODVW
SKDVHV�RI�WKH�LQYHVWPHQW��QDPHO\�LQVWDOODWLRQ��WHVW�UXQQLQJ��WUDLQLQJ�DQG�ILQDOO\
PDLQWHQDQFH�URXWLQHV�DQG�VSDUH�SDUW�VXSSO\�

$V�ZH�JHW�FORVHU�WR�WKH�LPSOHPHQWDWLRQ�SKDVHV�RI�WKH�LQYHVWPHQW��WKH�SURFHVVHV
FRQVLVW�RI�GHOLYHU\�RI�WKH�PRUH�FRQFUHWH�VHUYLFH�FRPSRQHQWV��WKDW�LV�NQRZOHGJH
DERXW�KRZ�WR�SURJUDP��RSHUDWH�DQG�FRQWURO�WKH�07�V\VWHP��2IWHQ�WKHVH�OHDUQLQJ
SURFHVVHV�DUH�RUJDQLVHG�DV�VRRQ�DV�SRVVLEOH�DIWHU�WKH�FXVWRPHU�KDV�PDGH�WKH�GH�
FLVLRQ�RI�FR�RSHUDWLQJ�ZLWK�WKDW�V\VWHP�VXSSOLHU��EHIRUH�HYHQ�WKH�LQVWDOODWLRQ�RI
WKH�07�V\VWHP�KDV�VWDUWHG��7KHVH�SKDVHV�DUH�FKDUDFWHULVHG�E\�PRUH�GHILQHG�GL�
YLVLRQ�RI�ODERXU�EHWZHHQ�V\VWHP�VXSSOLHU�DQG�FXVWRPHU��DV�VWDQGDUGLVHG�FRXUVHV
RIWHQ�DUH��1HYHUWKHOHVV�PDQ\�RI�WKHVH�IXQFWLRQV�DUH�UHODWLYHO\�LQWHQVLYHO\�LQWHU�
DFWLYH��RIWHQ�ORFDOLVHG�DW�WKH�VKRS�IORRU�DQG�ZLWK�UHIHUHQFH�WR�VSHFLILF�IHDWXUHV�RI
WKH�07�V\VWHP��,QWHUDFWLYH�LQIRUPDWLRQ�IORZ�LV�OLQNHG�WR�VSHFLILF�FRQGLWLRQV�FRQ�
QHFWHG�WR�GHVLJQ��DGMXVWPHQW�DQG�DGDSWDWLRQ�WR�WKH�FXVWRPHUV·�LQGLYLGXDO�QHHGV�
7KH�QHHGV�GHSHQG�RQ�WKH�SK\VLFDO�DQG�RUJDQLVDWLRQDO�IUDPHZRUN��LQ�ZKLFK�WKH
LQVWDOODWLRQ�LV�GRQH�

$�YDULHW\�RI�WUDLQLQJ�DUHQDV
:KHQ�FXVWRPHU�%�KDG�PDGH�D�GHFLVLRQ�RQ�V\VWHP�VXSSOLHU�DQG�W\SH�RI�07�V\V�
WHP��D�UHODWLYHO\�ORQJ�OHDUQLQJ�DQG�WUDLQLQJ�SURFHVV�VWDUWHG��5HOHYDQW�SHUVRQQHO
ZDV�YHU\�HDUO\�EURXJKW�LQWR�WKH�SURFHVV��SDUWLFLSDWLQJ�LQ�FRPELQHG�VWXG\�DQG
WUDLQLQJ�WRXUV�WR�WKH�PDFKLQH�WRRO�PDQXIDFWXUHU��WR�D�FRXSOH�RI�XVHUV��LQ�DGGLWLRQ
WR�ERWK�WKHRUHWLFDO�DQG�SUDFWLFDO�WUDLQLQJ�DW�WKH�FXVWRPHU�SODQW��7KH�1RUZHJLDQ
07�V\VWHP�VXSSOLHU�PDGH�DOO�DUUDQJHPHQWV��7KH�WUDLQLQJ�SURFHVV�ZDV�UXQQLQJ
DV�WKH�LQVWDOODWLRQ�VWDUWHG��DQG�WKH�FXVWRPHU�VWDII�ZDV�DEOH�WR�IROORZ�WKH�SUR�
JUHVVLRQ�DQG�ILQDOO\�ZLWK�D�UHDVRQDEOH�JRRG�XQGHUVWDQGLQJ�RI�WKH�QHZ�07�V\V�
WHP�JR�LQWR�WKH�ODVW�SUDFWLFDO�WUDLQLQJ�VHVVLRQV�
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,QVWDOODWLRQ�LV�LQ�PRVW�FDVHV�D�VHUYLFH�IXQFWLRQ�WKDW�LV�SHUIRUPHG�H[FOXVLYHO\�E\
07�V\VWHP�VXSSOLHU�SHUVRQQHO��7KH�07�V\VWHP�VXSSOLHU�KDV�JRW�WKH�IXOO�UHVSRQ�
VLELOLW\�IRU�D�FRPSOHWH�LQVWDOODWLRQ��7KH�PDLQ�UHDVRQ�IRU�WKLV�LV�WKDW�PRVW
VRXUFLQJ�FRQWUDFWV�KDYH�FRQGLWLRQV�RI�UHJXODU�PDLQWHQDQFH�DFWLYLW\��LQ�DGGLWLRQ
WR�VSDUH�SDUW�VXSSO\�DQG�HPHUJHQF\�KHOS�LQ�FDVH�WKH�07�V\VWHP�VWRSV��&XVWRP�
HUV�GR�QRW�XVXDOO\�KDYH�WR�FDUH�DERXW�PDLQWHQDQFH�VHUYLFHV�DW�DOO�

����2UJDQLVDWLRQ��SURJUDPPLQJ�DQG�RSHUDWLRQDO�WUDLQLQJ

2UJDQLVDWLRQDO�UHVWUXFWXULQJ��ZKHWKHU�UHDOORFDWLRQ�RI�SURGXFWLRQ�FHOOV�RU�UHRU�
JDQLVDWLRQ�ZLWKLQ�WKH�FHOOV�LQ�JHQHUDO��SURYRNHV�V\VWHP�OHYHO�LQYHVWPHQW��2U�
JDQLVDWLRQDO�FKDQJH�RIWHQ�ZDONV�KDQG�LQ�KDQG�ZLWK�LVVXHV�RI�SURJUDPPLQJ�DQG
RSHUDWLRQDO�WUDLQLQJ�LQ�FRQQHFWLRQ�WR�DQ�LQYHVWPHQW�LQ�07�WHFKQRORJ\��2QH�FDQ
VSHDN�RI�WZR�JHQHUDO�IHDWXUHV�RI�RUJDQLVDWLRQDO�LQQRYDWLRQ�LQ�WKH�UHRUJDQLVDWLRQ
RI�SURGXFWLRQ�FHOOV��PDLQO\�GHSHQGLQJ�RQ�WKH�XVHUV·�WHFKQRORJLFDO�OHYHO��.QRZO�
HGJH�DQG�VNLOOV�FRQFHUQLQJ�VRIWZDUH�XQLWV�DQG�RSHUDWLRQ�RI�WKH�07�V\VWHP�DUH
RIWHQ�HLWKHU�LQWHJUDWHG�LQ�WKH�SURGXFWLRQ�FHOO�RU�VHJUHJDWHG�EHWZHHQ�WKH�FHOO�DQG
D�PDQDJHPHQW�OHYHO��,Q�SURGXFWLRQ�FHOOV�ZLWK�FRPSOHWH�LQWHUQDO�FRQWURO��ZKLFK�LV
SUREDEO\�WKH�PRVW�FRPPRQ�ZD\�RI�RUJDQLVLQJ�FRQWURO�LQ�1RUZHJLDQ�ILUPV��LW
VHHPV�FUXFLDO�WR�WUDLQ�SHUVRQQHO�ZLWK�D�FRPELQHG�FRPSHWHQFH�RI�PHFKDQLFDO�FUDIW
DQG�QHZ�VRIWZDUH�DQG�SURJUDPPLQJ�FDSDELOLWLHV��$�FRPPRQ�WUHQG�LV�WKDW�VRPH
RI�WKH�SHUVRQQHO�LQ�WKH�FHOO�LV�PDGH�REVROHWH�GXH�WR�WKH�DXWRPDWLRQ�RI�SURGXFWLRQ�
DQG�UHPDLQLQJ�SHUVRQQHO�LV�WKXV�RIWHQ�UHTXLUHG�WR�PDVWHU�ERWK�SURJUDPPLQJ�DV
ZHOO�DV�DXWRPDWLF�DQG�PDQXDO�RSHUDWLRQ�RI�WKH�WRROV��$OWKRXJK�VNLOOV�DQG�NQRZO�
HGJH�DERXW�WKH�DXWRPDWLF�SURGXFWLRQ�DUH�FUXFLDO��WUDGLWLRQDO�PHFKDQLFDO�XQGHU�
VWDQGLQJ��H[SHULHQFH�DQG�VNLOOV�DUH�UHTXLUHG�DV�ZHOO��,W�LV�LQ�SDUWLFXODU�WKLV�NLQG
RI�SHUVRQQHO�WKDW�LV�D�VFDUFH�UHVRXUFH�IRU�FRPSDQLHV�ZLWKLQ�PHFKDQLFDO�WHFKQROR�
JLHV��7KH\�PLJKW�ILQG�SHUVRQV�ZLWK�HLWKHU�DXWRPDWLRQ�VNLOOV�DQG��NQRZOHGJH�RU
WUDGLWLRQDO�PHFKDQLFDO�FUDIW��EXW�ILQGLQJ�SHUVRQV�ZLWK�WKH�FRPELQDWLRQ�RI�ERWK
WKHVH�VNLOOV��LV�QRW�HDV\�

,Q�PRUH�DGYDQFHG�PDQXIDFWXULQJ�V\VWHPV��FRQWURO�RYHU�WKH�SURGXFWLRQ�FHOO�PD\
EH�RUJDQLVHG�IURP�D�OHYHO�DERYH�WKH�FHOO��WKURXJK�D�FHQWUDOLVHG�PDQDJHPHQW
XQLW��7KLV�LPSOLHV�D�PRUH�GHILQHG�GLYLVLRQ�RI�ODERXU�DQG�PRUH�VSHFLDOLVHG�FRPSH�
WHQFH�

0DFKLQH�WRRO�V\VWHP�LQYHVWPHQW�WULJJHULQJ�SODQW�DQG�SHUVRQQHO�UHRUJDQLVDWLRQ
,Q�FRQQHFWLRQ�WR�LWV�LQYHVWPHQW�LQ�WKH�UHODWLYHO\�ODUJH�IOH[LEOH�PDQXIDFWXULQJ
V\VWHP��)06���FXVWRPHU�%�KDG�SUHSDUHG�IRU�RUJDQLVDWLRQDO�UHVWUXFWXULQJ��+RZ�
HYHU��DV�GHFLVLRQV�FRQFHUQLQJ�)06�VSHFLILFDWLRQV�ZHUH�PDGH��LW�EHFDPH�HYLGHQW
WKDW�WKH�ZKROH�SURGXFWLRQ�FHOO�ZRXOG�UHTXLUH�PRUH�SK\VLFDO�VSDFH�WKDQ�H[SHFWHG�
2Q�EDVLV�RI�FXVWRPHU�LQWHUQDO�UHVHDUFK�DQG�DGYLVH�IURP�WKH�V\VWHP�VXSSOLHU
�SURYLGHG�WKURXJK�WKH�HDUOLHU�PHQWLRQHG�)LQQLVK�PDQXIDFWXUHU���WKH�VROXWLRQ�WR
WKLV�VWUXFWXUDO�SUREOHP�ZDV�D�WRWDO�UHDOORFDWLRQ�DQG�UHRUJDQLVDWLRQ�RI�OLWHUDOO\
DOO�XQLWV�RI�SURGXFWLRQ�DQG�SURGXFWLRQ�FHOOV��7KH�LQYHVWPHQW�WKXV�WULJJHUHG�D
VWUDWHJLF�LPSRUWDQW�UHVWUXFWXULQJ�RI�WKH�ZKROH�IDFWRU\�
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���&RQFOXGLQJ�UHPDUNV�DQG�SROLF\�LVVXHV

:H�KDYH�GHVFULEHG�FHUWDLQ�IHDWXUHV�RI�LQQRYDWLRQ�LQ�07�V\VWHP�VXSSOLHUV
�RU�
JDQLVDWLRQV��DQG�ZH�KDYH�GHVFULEHG�LQWHUDFWLRQ�LQ�WKH�VRXUFLQJ�RI�PDFKLQH�WRRO
WHFKQRORJ\��LQ�WKH�HQG�OHDGLQJ�WR�LQQRYDWLRQ�LQ�FXVWRPHUV·�SURGXFWLRQ�DQG�RU�
JDQLVDWLRQ��3URFXUHPHQW�RI�PDFKLQH�WRRO�V\VWHPV�WDNHV�SODFH�DV�FRQWH[W�VSHFLILF
FR�RSHUDWLYH�DFWLYLW\�LQ�SUHSDUDWRU\�DQG�LPSOHPHQWLQJ�SKDVHV�RI�WKH�LQYHVWPHQW
SURFHVV�

)RFXV�KDV�EHHQ�UHODWLYHO\�VWULFWO\�RQ�PDFKLQH�WRRO�V\VWHP�VXSSOLHUV·�LQWHUDFWLRQ
ZLWK�WKHLU�FXVWRPHUV�� WKRXJK�RWKHU�DFWRUV��H�J��PDQXIDFWXUHUV�DQG�RWKHU�XVHUV�
KDYH� EHHQ� SRLQWHG� RXW� DV� LPSRUWDQW�� $� VWULNLQJ� IHDWXUH� LQ� WKH�PDUNHW� RI� 07
WHFKQRORJ\�LV�WKH�KHWHURJHQHLW\��(DFK�VRXUFLQJ�VLWXDWLRQ�LV�D�SURGXFW�RI�WKH�VSH�
FLILF�FRQWH[W�LQ�ZKLFK�WKH�VHUYLFHV�DUH�GHOLYHUHG��W\SLFDOO\�VKDSHG�E\�WKH�OHYHO�RI
VWUDWHJLF�DQG�WHFKQLFDO�FRPSHWHQFH�DQG�FDSDELOLWLHV��LQ�WKH�FXVWRPHUV·�RUJDQLVD�
WLRQ�DQG�LQ�VXSSOLHUV·�DQG�RWKHU�DFWRUV·�RUJDQLVDWLRQV��,Q�WKH�FRQFHSWXDO� IUDPH�
ZRUN�WKH�FRQWH[WXDO�VSDQ�DQG�QXPHURXV�SRWHQWLDO�VLWXDWLRQV�DUH�VKDSHG�E\�WKH
WKUHH�GLPHQVLRQV��GHJUHH�RI� FXVWRPLVDWLRQ��GHJUHH�RI� WHFKQLFDO� FRPSOH[LW\�� DQG
IRUHLJQ�YV��GRPHVWLF�VXSSO\��:H�KDYH�PDLQO\�GHVFULEHG�VRXUFLQJ�RI�PDFKLQH�WRRO
WHFKQRORJ\�DORQJ�FXVWRPLVHG�GLPHQVLRQV�DQG�D�UHODWLYHO\�KLJK�GHJUHH�RI�WHFKQL�
FDO�FRPSOH[LW\��DQG�ZH�KDYH�HPSLULFDOO\� LQGLFDWHG�KRZ�HYROYLQJ�VXFK�SURFHVVHV
FDQ�EH��,QGLUHFW�GHSHQGHQFH�RQ�IRUHLJQ�FRPSHWHQFH�LV�REYLRXV��0DQXIDFWXUHUV�RI
PDFKLQH�WRRO�V\VWHPV�DUH�IRUHLJQ�ILUPV��'LUHFW� ¶LQYHVWPHQW�VSHFLILF·�GHSHQGHQFH
RQ�IRUHLJQ�FRPSHWHQFH�LV�KRZHYHU�DOVR�UHODWLYHO\�REYLRXV��'RPHVWLF�LQVWLWXWLRQV
KDYH� QR� SRVVLELOLWLHV� RI� VWD\LQJ� XS�WR�GDWH� RQ� JOREDO� DGYDQFHG� PDQXIDFWXULQJ
WHFKQRORJ\�DQG�UHODWHG�FRPSHWHQFH��HVSHFLDOO\�QRW�H[SHULHQFH�EDVHG�FRPSHWHQFH�
$� ORW� RI� WKH� VRXUFLQJ� SURFHVVHV� RI� DGYDQFHG� PDFKLQH� WRRO� V\VWHPV� DUH� FRQVH�
TXHQWO\�XQLTXH�WR�WKH�GRPHVWLF�HQYLURQPHQW�

6RXUFLQJ�RI�¶RII�WKH�VKHOI·�PDFKLQH�WRROV�ZLWKLQ�VWDQGDUGLVHG�FXVWRPHU�UHODWLRQV�
H�J��UHSODFHPHQW�RI�DQ�H[LVWLQJ�PDFKLQH�WRRO�ZLWK�DQ�LPSURYHG�YHUVLRQ��OLPLWV
LPSURYHPHQW�SRWHQWLDOV�IRU�FXVWRPHU�WR�WKH�FRPSRQHQW�WKDW�LV�PDFKLQHG�
6RXUFLQJ�RI�07�V\VWHPV�RI�KLJK�WHFKQLFDO�FRPSOH[LW\�ZLWK�D�KLJK�GHJUHH�RI�FXV�
WRPLVDWLRQ�RSHQV�XS�IRU�PRUH�SHUYDVLYH�LQQRYDWLRQ��DGYRFDWHG�E\�LPSURYHPHQWV
LQ�PDQ\�FKDLQV�RI�SURGXFWLRQ�WKURXJK�LQWHUDFWLRQ�DQG�OHDUQLQJ�DW�WKH�PDQDJH�
PHQW��RUJDQLVDWLRQDO�DV�ZHOO�DV�WKH�WHFKQLFDO�OHYHO��,W�LV�DORQJ�WKHVH�FKDUDFWHULV�
WLFV�RI�07�WHFKQRORJ\�VRXUFLQJ�WKDW�WHFKQRORJLFDO�LQQRYDWLRQ�SURFHVVHV�DUH�PRVW
GRPLQDQW��ERWK�IRU�WKH�FXVWRPHU�DQG�IRU�WKH�V\VWHP�VXSSOLHU��%\�IDU�QRW�DOO�RI
WKHVH�LPSURYHPHQWV�DUH�LQWHQGHG��DQG�PDQ\�FKDQJHV�PLJKW�HYHQ�JHQHUDWH�QHZ
SUREOHPV�DQG�KDYH�XQLQWHQGHG�DQG�FRVWO\�FRQVHTXHQFHV��7HFKQRORJ\�VRXUFLQJ
VLWXDWLRQV�FKDUDFWHULVHG�E\�D�KLJK�GHJUHH�RI�FXVWRPLVDWLRQ�GHPRQVWUDWH�WKDW�QHZ
WHFKQLFDO�SUREOHPV��QHHGV�DQG�IXQFWLRQV�DUH�RIWHQ�GHILQHG�GXULQJ�WKH�SURFHVV�RI
FXVWRPLVDWLRQ�

:H�KDYH�H[SHULHQFHG�WKDW�LQWHUDFWLRQ�EHWZHHQ�FXVWRPHU�DQG�VXSSOLHU�DQG�HYL�
GHQWO\�RWKHU�DFWRUV��ILOOV�LPSRUWDQW�IXQFWLRQV�LQ�HDUO\�SKDVHV�RI�WKH�LQYHVWPHQW�
LQ�SDUWLFXODU�FRQFHUQLQJ�HVWDEOLVKPHQW�RI�QHWZRUNV�RI�FRPSHWHQFH��DQG�HDUO\
VWUDWHJLF�WHFKQLFDO�DQG�ILQDQFLDO�GHFLVLRQ�PDNLQJ��7KLV�LV�GHILQLWLYHO\�QRW�D�PDU�
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NHW�ZKHUH�WKH�FXVWRPHU�RQ�EDVLV�RI�LQWHUQDO�DVVHVVPHQW�DQG�QHHGV�DSSURDFKHV�D
FOHDU�FRQWH[W�RI�VXSSOLHUV��PDNHV�D�GHFLVLRQ�DQG�LQYHVWV�LQ�WKH�ULJKW�07�V\VWHP�
7KLV�LV�LQ�SDUWLFXODU�WKH�FDVH�LQ�VRXUFLQJ�VLWXDWLRQV�FKDUDFWHULVHG�E\�WHFKQLFDO
FRPSOH[LW\�DQG�FXVWRPLVDWLRQ��,Q�VWDQGDUGLVHG�DQG�UHODWLYHO\�VLPSOH�VRXUFLQJ
VLWXDWLRQV�WKH�UROH�RI�WKH�07�V\VWHP�VXSSOLHU�LQ�HDUO\�SKDVHV�VHHPV�WR�EH�OHVV
LPSRUWDQW��7KH�ILUVW�SKDVHV�RI�LQYHVWPHQW�DUH�GHFLVLYH�EHFDXVH�WKH\�FRQFHUQ�WKH
FXVWRPHUV·��DQG�VXSSOLHUV·��DFFHVV�WR�LQIRUPDWLRQ�DERXW�SRWHQWLDO�WHFKQRORJLFDO
VROXWLRQV�DQG�SRVVLELOLWLHV�

,Q�RWKHU�ZRUGV�WKLV�FRQFHUQV�WHFKQRORJLFDO�PRQLWRULQJ��$OWKRXJK�WR�D�YDU\LQJ
H[WHQW��FXVWRPHUV�DUH�LQ�JHQHUDO�H[SHUWV�RI�WKHLU�RZQ�SURGXFWLRQ�WHFKQLTXH��7KH\
KROG�VSHFLILFDWLRQV�RI�SURGXFWLRQ�SHUIRUPDQFH�DQG�SURGXFW�IHDWXUHV�DQG�WKH\
KROG�VLWXDWLRQ�VSHFLILF�H[SHULHQFH�DERXW�FRPSRQHQW�OHYHO�SURSHUWLHV�DQG�FXUUHQW
SHUIRUPDQFH�OLPLWV�RI�SURGXFWLRQ��'HPDQGLQJ�FXVWRPHUV�DUH�WKHUHIRUH�DEOH�WR
H[SUHVV�GHPDQGV�FRQFHUQLQJ�WHFKQLFDO�DQG�SHUIRUPDQFH�IHDWXUHV�RI�WKH�LQYHVW�
PHQW��,W�LV�KRZHYHU�KHUH�FXVWRPHU�FDSDELOLWLHV�VHHP�WR�IDFH�LWV·�ILUVW�OLPLW��HVSH�
FLDOO\�LI�1RUZHJLDQ�V\VWHP�VXSSOLHUV�GR�QRW�KDYH�DQ\�UHDG\PDGH�QRWLRQ�RI�VROX�
WLRQV��DV�ZH�KDYH�VKRZQ�LQ�WKH�HPSLULFDO�GHVFULSWLRQ�DERYH��:H�KDYH�SRLQWHG�RXW
KRZ�VLJQLILFDQW�DQG�LPSRUWDQW�WKH�SHUIRUPDQFH�RI�WHFKQRORJLFDO�PRQLWRULQJ�LV�IRU
1RUZHJLDQ�07�V\VWHPV�VXSSOLHUV�ZKR�ZDQW�WR�VWD\�LQ�WKH�WHFKQRORJLFDO�IRUH�
IURQW��7KLV�LV�QRW�HDV\��SRVVLEOH��IRU�D�VLQJOH�07�V\VWHP�VXSSOLHU��HYHQ�IRU�WKH
ODUJHVW�RQHV��7KH�1RUZHJLDQ�PDUNHW�LV�VPDOO�DQG�WKH�1RUZHJLDQ�07�V\VWHP
VXSSOLHUV�DUH�VPDOO��07�V\VWHP�VXSSOLHUV�DUH�SUREDEO\�IXOO\�DEOH�WR�VXSSO\�OHVV
DGYDQFHG�SDUWV�RI�1RUZHJLDQ�XVHU�VHFWRUV��%XW�DV�ZH�FRPSUHKHQG�WKH�VLWXDWLRQ
WRGD\��DGYDQFHG�FXVWRPHUV�WKHPVHOYHV�KDYH�WR�EXLOG�DG�KRF�QHWZRUNV�RI�WHFKQR�
ORJLFDO�FRPSHWHQFH�LQ�RUGHU�WR�EH�DEOH�WR�SODQ��LPSOHPHQW�DQG�VXFFHHG�LQ�DQ�LQ�
YHVWPHQW�SURMHFW�

7HFKQRORJLFDO�PRQLWRULQJ�SHUIRUPHG�E\�SULYDWH�DQG�SXEOLF�5	'�HQYLURQPHQWV
VKRXOG�WKHUHIRUH�EH�PRUH�OLQNHG�ZLWK�07�V\VWHP�VXSSOLHUV��ZKLFK�UHSUHVHQW�DF�
WLYLWLHV�FORVHU�WR�WKH�XVHU�HQYLURQPHQW��2XU�LPSUHVVLRQ�FRQFHUQLQJ�VXFK�FR�
RSHUDWLYH�OLQNV�LV�PL[HG��07�V\VWHP�VXSSOLHUV�RQ�WKHLU�VLGH�DUJXH�WKDW�WKH\�DUH
LQ�WKH�DEVROXWH�IRUHIURQW�RI�WKH�WHFKQRORJLFDO�GHYHORSPHQW��5	'�LQVWLWXWLRQV�DU�
JXH�WKH�VDPH��%RWK�SDUWLHV�DUH�WR�VRPH�H[WHQW�ULJKW��:H�KDYH�LQGLFDWHG�WKDW�DV
GHPDQG�IRU�FRPSOH[LW\�LQ�07�V\VWHPV�LQFUHDVHV��V\VWHP�VXSSOLHUV�DUH�QRW�DEOH
WR�IROORZ�WKH�GHYHORSPHQW��DQG�IRUHLJQ�DFWRUV�KDYH�WR�EH�EURXJKW�LQ�RIWHQ�ZLWK
FRQVLGHUDEOH�FRVW�D�WLPH�FRQVXPLQJ�DFWLYLW\��7KHUH�H[LVWV�FR�RSHUDWLYH�DFWLYLW\
EHWZHHQ�WKH�ODUJH�DGYDQFHG�LQGXVWULDO�DFWRUV�LQ�1RUZD\�DQG�FHUWDLQ�5	'�LQVWL�
WXWLRQV��%XW�FR�RSHUDWLRQ�EHWZHHQ�5	'�LQVWLWXWLRQV�DQG�WKH�DYHUDJH�VPDOO��PH�
GLXP�VL]HG��OHVV�DGYDQFHG�LQGXVWULDO�FXVWRPHU�LV�RI�YHU\�ORZ�LQWHQVLW\��3ULYDWH
5	'�GHSDUWPHQWV��PDLQO\�ORFDWHG�LQ�WKH�ODUJH�PXOWLQDWLRQDO�HQWHUSULVHV��VHHP
SHUIHFWO\�DEOH�WR�SHUIRUP�LQ�DFFRUGDQFH�WR�LQ�KRXVH�GHPDQG��%XW�SXEOLF�HGXFD�
WLRQDO�DQG�5	'�LQVWLWXWLRQV�GR�QRW�VHHP�WR�ILW�WKDW�QHDWO\�LQWR�ZKDW�ZH�FRQVLGHU
WKH�FRUH�RI�FXVWRPHU�GHPDQG�LQ�WKH�DUHD�RI�UHQHZDO�RI�07�WHFKQRORJ\��5	'�LQ�
VWLWXWLRQV�PLJKW�ZHOO�EH�LQ�WKH�IRUHIURQW�RI�WKH�GHYHORSPHQW��EXW�WKHQ�SUREDEO\
WRR�IDU�DKHDG�FRPSDUHG�WR�WKH�QHHGV�RI�WKH�DYHUDJH�LQGXVWULDO�FXVWRPHU��2QO\
YHU\�IHZ�FXVWRPHUV�VHH�IRU�H[DPSOH��'�PRGHOOLQJ�DV�D�DSSURSULDWH�WRRO�ZKHQ
WKH\�VWLOO�KDYH�VRPH�ZD\�WR�JR�XSGDWLQJ�WKHLU�PDQXDO�PDFKLQH�WRRO�V\VWHPV�

,Q�WKH�FDVHV�ZKHUH�GRPHVWLF�FRPSHWHQFH�DQG�FDSDELOLWLHV�ZLWKLQ�07�V\VWHPV
VXSSOLHUV�DUH�DEOH�WR�VXSSO\�PRVW�RI�WKH�1RUZHJLDQ�GHPDQG��RQH�ERWWOHQHFN
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VHHPV�LPSRUWDQW��WKH�PDWHULDO�KDQGOLQJ�V\VWHP�LQ�SDUWLFXODU�IRU�ODUJHU�FRPSOH[
07�V\VWHPV��+HUH�WKH�1RUZHJLDQ�LQGXVWULDO�V\VWHP�GRHV�QRW�KDYH�GRPHVWLF
PDQXIDFWXUHUV��$QG�H[FHSW�IURP�WKH�GRPHVWLF�07�V\VWHP�VXSSOLHUV��WKHUH�LV�QR
REYLRXV�DFWRU�SHUIRUPLQJ�WHFKQRORJLFDO�PRQLWRULQJ�DQG�PHQWRULQJ�IXQFWLRQV�ZLWK
FORVH�UHOHYDQFH�WR�XVHU�LQGXVWULHV��8VHUV�KDYH�WR�VHHN�IRUHLJQ�FR�RSHUDWLRQ�SDUW�
QHUV�WKHPVHOYHV��DQG�IRU�ODUJH�FRPSDQLHV�WKLV�LV�SUREDEO\�QR�ELJ�SUREOHP��)RU
VPDOOHU�FRPSDQLHV�KRZHYHU��WKLV�IXQFWLRQ�LV�FUXFLDO�

:H�KDYH�LQGLFDWHG�WKDW�WKH�WHFKQRORJLFDO�V\VWHP�IRU�07�WHFKQRORJ\�LV�QRW�UH�
VWULFWHG�WR�1RUZD\��1RUZHJLDQ�XVHUV�GR�QRW�DQG�FDQ�QRW�UHVWULFW�WKHLU�SXUFKDVHV
WR�1RUZHJLDQ�VXSSOLHUV��6WLOO�WHFKQRORJ\�VRXUFLQJ�E\�1RUZHJLDQ�XVHUV�RI�DG�
YDQFHG�PDQXIDFWXULQJ�WHFKQRORJ\�WDNHV�SODFH�PDLQO\�ZLWKLQ�D�QDWLRQDO�UDWKHU
WKDQ�DQ�LQWHUQDWLRQDO�WHFKQRORJLFDO�V\VWHP��DW�OHDVW�WKLV�LV�WKH�FRQFOXVLRQ�ZH
GUDZ�IURP�RXU�HPSLULFDO�GDWD��$OWKRXJK�IRUHLJQ�PDQXIDFWXUHUV�FRQWULEXWH��GR�
PHVWLF�07�V\VWHP�VXSSOLHUV�DUH�ZDQWHG�DV�PHQWRU��DQG�UHVSRQVLEOH�IRU�LPSOH�
PHQWDWLRQ�RI�WKH�VRXUFLQJ��7KH�SLFWXUH�LV�KRZHYHU�SUREDEO\�PRUH�PL[HG��'RPHV�
WLF�XVHUV�KDYH�WKH�DOWHUQDWLYH�RI�GLUHFW�FRQWDFW�ZLWK�IRUHLJQ�PDQXIDFWXUHUV�RU
VXSSOLHUV��:H�GR�QRW�NQRZ�WR�ZKDW�H[WHQW�WKLV�LV�WKH�FDVH��,W�LV�D�VXEMHFW�IRU�IXU�
WKHU�LQYHVWLJDWLRQ�

,W�LV�QRW�HDV\�WR�VKDSH�SXEOLF�SROLF\�LQVWUXPHQWV�DURXQG�WHFKQRORJ\�WKDW�VHHPV
GHSHQGHQW�RQ�XQLTXH�DQG�DG�KRF�VKDSHG�FRQWH[WV�RI�FRPSHWHQFH�LQWHQVLYH�QHW�
ZRUNV�RI�XVHUV�DQG�VXSSOLHUV��0RUHRYHU�DGGLWLRQDO�DVSHFWV�EH\RQG�WHFKQRORJLFDO
TXHVWLRQV�VHHP�DV�LPSRUWDQW��VWUDWHJLF�GHFLVLRQV��RUJDQLVDWLRQDO�DVSHFWV��ILQDQFH
HWF��7KH�PRVW�LPSRUWDQW�FRQFHUQ�IRU�SXEOLF�SROLF\�VHHPV�WR�EH�WKH�ODFN�RI�DQ�DFWRU
SHUIRUPLQJ�FRPSUHKHQVLYH�WHFKQRORJ\�PRQLWRULQJ�ZLWK�OLQNV�QRW�RQO\�WR�DG�
YDQFHG�ODUJH�XVHU�LQGXVWULHV��EXW�ZLWK�VWURQJ�WLHV�WR�VPDOO�DQG�PHGLXP�VL]HG�
OHVV�DGYDQFHG�ILUPV��07�V\VWHP�VXSSOLHUV�SHUIRUP�WKLV�IXQFWLRQ�WR�VRPH�H[WHQW�
EXW�WKH�WHFKQRORJ\�PRQLWRULQJ�WDVN�UHTXLUHV�IDU�WRR�PDQ\�UHVRXUFHV�WKDQ�WKH
SHUIRUPDQFH�RI�D�VLQJOH�V\VWHP�
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+DQV�&��&KULVWHQVHQ
0nOIRUPXOHULQJ�L�171)�L�0DMRUV�WLG

����
+DQV�&��&KULVWHQVHQ
%DVLVWHNQRORJLHQHV�UROOH�L�LQQRYDVMRQVSURVHVVHQ

����
(ULN�6��5HLQHUW
.RQNXUUDQVHG\NWLJH�EHGULIWHU�RJ�¡NRQRPLVN�WHRUL���PRW�HQ�Q\�IRUVWnHOVH

����
-RKDQ�+DXNQHV
)RUVNQLQJ�RP�WMHQHVWH\WLQJ����������

����
-RKDQ�+DXNQHV
)RUVNQLQJ�RP�WMHQHVWH\WLQJ��8WIRUGULQJHU�IRU�NXQQVNDSVJUXQQODJHW

����

����
-RKDQ�+DXNQHV
(Q�VDPPHQKROGW�WHNQRORJLSROLWLNN"

����
+DQV�&��&KULVWHQVHQ
)RUVNQLQJVSURVMHNWHU��L�LQGXVWULHOO�UHJL�L�.MHPLVN�NRPLWH�L�171)�L�����RJ����
nUHQH

����
$QGHUV�(NHODQG
%UXN�DY�(9(17�YHG�HYDOXHULQJ�DY�6.$3�WLOWDN

����
7HUMH�1RUG�7URQG�(LQDU�3HGHUVHQ
7HOHNRPPXQLNDVMRQ��2IIHQWOLJ�SROLWLNN�RJ�VRVLDOH�DVSHNWHU�IRU�GLVWULEXWLYH
IRUKROG

5/95
(ULF�,YHUVHQ
,PPDWULHOOH�UHWWLJKHWHU�RJ�QRUVN�Q ULQJVSROLWLNN��(W�NRPPHQWHUW�UHIHUDW�WLO
12(�VHPLQDUHW
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$UEHLGVUDSSRUWHQH������WLO�RJ�PHG�������EHVWnU�DY�HPSLULVNH�DQDO\VHU�DY�EODQW
DQQHW�LQQRYDVMRQVDNWLYLWHW�L�Q¡NNHOEUDQVMHU��L�1RUJH

����
,QQRYDWLRQ�SHUIRUPDQFH�DW�LQGXVWU\�OHYHO�LQ�1RUZD\��3XOS�DQG�SDSHU

����
,QQRYDWLRQ�SHUIRUPDQFH�DW�LQGXVWU\�OHYHO�LQ�1RUZD\��%DVLF�PHWDOV

����
,QQRYDWLRQ�SHUIRUPDQFH�DW�LQGXVWU\�OHYHO�LQ�1RUZD\��&KHPLFDOV

����
,QQRYDWLRQ�SHUIRUPDQFH�DW�LQGXVWU\�OHYHO�LQ�1RUZD\��%R[HV��FRQWDLQHUV�HWF

�����
,QQRYDWLRQ�SHUIRUPDQFH�DW�LQGXVWU\�OHYHO�LQ�1RUZD\��0HWDO�SURGXFWV

�����
,QQRYDWLRQ�SHUIRUPDQFH�DW�LQGXVWU\�OHYHO�LQ�1RUZD\��0DFKLQHU\

�����
,QQRYDWLRQ�SHUIRUPDQFH�DW�LQGXVWU\�OHYHO�LQ�1RUZD\��(OHFWULFDO�DSSDUDWXV

�����
,QQRYDWLRQ�SHUIRUPDQFH�DW�LQGXVWU\�OHYHO�LQ�1RUZD\��,7

�����
,QQRYDWLRQ�SHUIRUPDQFH�DW�LQGXVWU\�OHYHO�LQ�1RUZD\��7H[WLOH

�����
,QQRYDWLRQ�SHUIRUPDQFH�DW�LQGXVWU\�OHYHO�LQ�1RUZD\��)RRG��EHYHUDJHV�DQG�WR�
EDFFR

�����
.HLWK�6PLWK��(VSHQ�'LHWULFKV�DQG�6YHLQ�2ODY�1nV
7KH�1RUZHJLDQ�1DWLRQDO�,QQRYDWLRQ�6\VWHP��$�VWXG\�RI�NQRZOHGJH�FUHDWLRQ�
GLVWULEXWLRQ�DQG�XVH

�����
(ULF�,YHUVHQ�RJ�7URQG�(LQDU�3HGHUVHQ�PHG�KMHOS�DY�(UODQG�6NRJOL�RJ�.HLWK�6PLWK
3RVWHQV�VWLOOLQJ�L�GHW�JOREDOH�LQIRUPDVMRQVVDPIXQQHW�L�HW�HNVSORUDWLYW�VWXGLXP

����

����
7RUH�6DQGYHQ
$FTXLVLWLRQ�RI�WHFKQRORJ\�LQ�VPDOO�ILUPV

����
-RKDQ�+DXNQHV
5	'�LQ�1RUZD\������²�������$Q�RYHUYLHZ�RI�WKH�JUDQG�VHFWRUV
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����
-RKDQ�+DXNQHV��3LP�GHQ�+HUWRJ�DQG�,DQ�0LOHV
6HUYLFHV�LQ�WKH�OHDUQLQJ�HFRQRP\���LPSOLFDWLRQV�IRU�WHFKQRORJ\�SROLF\

����
-RKDQ�+DXNQHV�DQG�&ULVWLDQR�$QWRQHOOL
.QRZOHGJH�LQWHQVLYH�VHUYLFHV���ZKDW�LV�WKHLU�UROH"

����
+DQV�&��&KULVWHQVHQ
$QGUHZ�9DQ�GH�9HQV�LQQRYDVMRQVVWXGLHU�RJ�0LQQHVRWD�SURJUDPPHW

����

$��������
)LQQ��UVWDYLN�DQG�6YHLQ�2ODY�1nV
,QVWLWXWLRQDO�PDSSLQJ�RI�WKH�1RUZHJLDQ�QDWLRQDO�V\VWHP�RI�LQQRYDWLRQ

$��������
$UQH�,VDNVHQ�RJ�1LOV�+HQULN�6ROXP
,QQRYDVMRQVVWUDWHJLHU�IRU�$XVW�$JGHU��,QQVSLOO�WLO�6WUDWHJLVN�1 ULQJVSODQ

$��������
(UODQG�6NRJOL
.QRZOHGJH�,QWHQVLYH�%XVL�QHVV�6HUYLFHV��$�6HFRQG�1DWLRQDO�.QRZOHGJH�,QIUD�
VWUXFWXUH"

$��������
(UODQG�6NRJOL
2IIVKRUH�HQJLQHHULQJ�FRQVXOWLQJ�DQG�LQQRYDWLRQ

$��������
6YHLQ�2ODY�1nV��$QGHUV�(NHODQG�RJ�-RKDQ�+DXNQHV
)RUPHOO�NRPSHWDQVH�L�QRUVN�DUEHLGVOLY������������1RHQ�IRUHO¡SLJH�UHVXOWDWHU
IUD�DQDO\VHU�DY�GH�QRUVNH�V\VVHOVHWWLQJVILOHQH

$��������
7URQG�(LQDU�3HGHUVHQ
0DFKLQH�WRRO�VHUYLFHV�DQG�LQQRYDWLRQ
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67(3�JUXSSHQ�EOH�HWDEOHUW�L������IRU�n�IRUV\QH

EHVOXWQLQJVWDNHUH�PHG�IRUVNQLQJ�NQ\WWHW�WLO�DOOH
VLGHU�YHG�LQQRYDVMRQ�RJ�WHNQRORJLVN�HQGULQJ��PHG
V UOLJ�YHNW�Sn�IRUKROGHW�PHOORP�LQQRYDVMRQ�
¡NRQRPLVN�YHNVW�RJ�GH�VDPIXQQVPHVVLJH

RPJLYHOVHU��%DVLV�IRU�JUXSSHQV�DUEHLG�HU
HUNMHQQHOVHQ�DY�DW�XWYLNOLQJHQ�LQQHQ�YLWHQVNDS�RJ
WHNQRORJL�HU�IXQGDPHQWDO�IRU�¡NRQRPLVN�YHNVW��'HW
JMHQVWnU�OLNHYHO�PDQJH�XO¡VWH�SUREOHPHU�RPNULQJ

KYRUGDQ�SURVHVVHQ�PHG�YLWHQVNDSHOLJ�RJ
WHNQRORJLVN�HQGULQJ�IRUO¡SHU��RJ�KYRUGDQ�GHQQH
SURVHVVHQ�InU�VDPIXQQVPHVVLJH�RJ�¡NRQRPLVNH
NRQVHNYHQVHU��)RUVWnHOVH�DY�GHQQH�SURVHVVHQ�HU�DY

VWRU�EHW\GQLQJ�IRU�XWIRUPLQJHQ�RJ�LYHUNVHWWHOVHQ�DY
IRUVNQLQJV���WHNQRORJL��RJ�LQQRYDVMRQVSROLWLNNHQ�
)RUVNQLQJHQ�L�67(3�JUXSSHQ�HU�GHUIRU�VHQWUHUW
RPNULQJ�KLVWRULVNH��¡NRQRPLVNH��VRVLRORJLVNH�RJ

RUJDQLVDWRULVNH�VS¡UVPnO�VRP�HU�UHOHYDQWH�IRU�GH
EUHGH�IHOWHQH�LQQRYDVMRQVSROLWLNN�RJ�¡NRQRPLVN
YHNVW�

7KH�67(3�JURXS�ZDV�HVWDEOLVKHG�LQ������WR�VXSSRUW
SROLF\�PDNHUV�ZLWK�UHVHDUFK�RQ�DOO�DVSHFWV�RI
LQQRYDWLRQ�DQG�WHFKQRORJLFDO�FKDQJH��ZLWK�SDUWLFXODU
HPSKDVLV�RQ�WKH�UHODWLRQVKLSV�EHWZHHQ�LQQRYDWLRQ�

HFRQRPLF�JURZWK�DQG�WKH�VRFLDO�FRQWH[W��7KH�EDVLV
RI�WKH�JURXS·V�ZRUN�LV�WKH�UHFRJQLWLRQ�WKDW�VFLHQFH�
WHFKQRORJ\�DQG�LQQRYDWLRQ�DUH�IXQGDPHQWDO�WR
HFRQRPLF�JURZWK��\HW�WKHUH�UHPDLQ�PDQ\�XQUHVROYHG

SUREOHPV�DERXW�KRZ�WKH�SURFHVVHV�RI�VFLHQWLILF�DQG
WHFKQRORJLFDO�FKDQJH�DFWXDOO\�RFFXU��DQG�DERXW�KRZ
WKH\�KDYH�VRFLDO�DQG�HFRQRPLF�LPSDFWV��5HVROYLQJ
VXFK�SUREOHPV�LV�FHQWUDO�WR�WKH�IRUPDWLRQ�DQG

LPSOHPHQWDWLRQ�RI�VFLHQFH��WHFKQRORJ\�DQG
LQQRYDWLRQ�SROLF\��7KH�UHVHDUFK�RI�WKH�67(3�JURXS
FHQWUHV�RQ�KLVWRULFDO��HFRQRPLF��VRFLDO�DQG
RUJDQLVDWLRQDO�LVVXHV�UHOHYDQW�IRU�EURDG�ILHOGV�RI

LQQRYDWLRQ�SROLF\�DQG�HFRQRPLF�JURZWK�


