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7KH�FRQYHUJHQFH�RI�HPHUJHQW�GLJLWDOO\�FRQQHFWHG
WHFKQRORJLHV�DQG�SHHU�SURGXFWLRQ�SUDFWLFHV�KDV�OHG
WR�DVSLUDWLRQV�RI�SRVW�LQGXVWULDO�SURGXFWLRQ�SUDFWLFHV

ZKHUHE\�LQIRUPDWLRQ�RQ�KRZ�WKLQJV�DUH�PDGH
WUDYHOV�JOREDOO\��ZKLOVW�WKH�SK\VLFDO�SURGXFWLRQ�RI
WKLQJV�FDQ�RFFXU�ORFDOO\��RQ�GHPDQG�

$W�WKH�VDPH�WLPH��HYHU�LQFUHDVLQJ�ODERXU�FRVWV
DEURDG��KLJK�WUDQVSRUWDWLRQ�FRVWV��VHQVLWLYLW\�WR
JOREDO�SURGXFWLRQ�WUHQGV��PDWHULDO�VFDUFLW\��FRPSOH[
VXSSO\�FKDLQV�DQG�LQFUHDVHG�ULVN�KDYH�UHQHZHG�WKH
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IRFXV�RQ�WKH�VRFLDO�DQG�HQYLURQPHQWDO�LPSDFW�RI
PDQXIDFWXULQJ�DQG�LWV�H[WHUQDOLWLHV��3ROLF\�&RQQHFW�
�������7KH�DXJPHQWDWLRQ�DQG�LQWHUVHFWLRQ�RI�VXFK
HFRORJLFDO�LVVXHV��WHFKQRORJLFDO�FDSDFLWLHV�DQG
HFRQRPLF�FRQFHUQV�KDV�JLYHQ�ULVH�WR�WKH
FRQFHSWXDOLVDWLRQ�RI�5HGLVWULEXWHG�0DQXIDFWXULQJ
�5'0���7KLV�LV�DQ�LQWHQWLRQDO�UHFRQ�JXUDWLRQ�RI�WKH
GLVWULEXWLRQ�RI�PDQXIDFWXULQJ��ZKLFK�VHHNV�WR�XWLOLVH
HPHUJLQJ�GLJLWDO�VWDQGDUGV�DQG�SUDFWLFHV�WR
WUDQVLWLRQ�WRZDUGV�D�PRUH�VXVWDLQDEOH�DQG�UHVLOLHQW
LQGXVWULDO�ODQGVFDSH�

(PHUJHQW�5'0�GLVFRXUVH�DGYRFDWHV�D�WUDQVLWLRQ
WRZDUGV�D�PRUH�VXVWDLQDEOH�LQGXVWULDO�ODQGVFDSH
WKURXJK�D�UHFDOLEUDWLRQ�RI�H[LVWLQJ�LQIUDVWUXFWXUH�DQG
SUDFWLFHV��6WHZDUW�DQG�7RR]H���������)URP�FUHDWLYH
FRPPRQV�OLFHQVLQJ��WR�PDFKLQH�VKDULQJ��WR�RSHQ
$3,V��5'0�DJHQGDV�KDYH�ORRNHG�WR�GHYHORS�DQG
GLUHFW�WKH�WHFKQLFDO��PDWHULDO�DQG�FXOWXUDO�FDSDFLWLHV
RI�HPHUJHQW�GHFHQWUDOLVHG�SURGXFWLRQ�SUDFWLFHV�LQ
ZD\V�WKDW�TXHVWLRQ�DQG�UHVWUXFWXUH�KRZ�SURGXFWV
DUH�PDQXIDFWXUHG��KRZ�ZDVWH�LV�PDQDJHG��DQG�KRZ
FXOWXUHV�RI�FRQVXPSWLRQ�RSHUDWH��7RR]H�HW�DO��������
&RUELQ��������3ROLF\�&RQQHFW��������'HZEHUU\�HW�DO��
�������7KLV�VKLIW�DZD\�IURP�JOREDOO\�IUDJPHQWHG
VXSSO\�FKDLQV�WRZDUGV�PRUH�ORFDOO\�RULHQWHG�
UHVSRQVLYH�SURGXFWLRQ�HFRV\VWHPV�ZRXOG�D�HFW�QRW
MXVW�SURGXFWV�DQG�PDWHULDO��RZV��EXW�DOVR�WKH
GLVWULEXWLRQ�RI�ULVN�DQG�FRQVHTXHQFH��UHZDUG�DQG
YDOXH��6WHZDUW�DQG�7RR]H��������

,Q�UHFHQW�\HDUV��SURSRQHQWV�RI�5'0�ZLWKLQ
DFDGHPLD��LQGXVWU\�DQG�SROLF\�KDYH�VLJQ�SRVWHG
VKDUHG�PDFKLQH�VKRSV��DQG�WKH�FRPPXQLWLHV�ZKR
XVH�WKHP��DV�NH\�DFWRUV�IRU�WKH�SUDFWLFDO�HPEHGGLQJ
DQG�SURJUHVVLRQ�RI�WKH�5'0�DJHQGD��.RKWDOD�������
3UHQGHYLOOH�HW�DO����������)URP�WKH�QHWZRUNLQJ�RI
GLJLWDO�WRROLQJ�DQG�WKH�VKDULQJ�RI�SURGXFWLRQ�ZDVWH
VROXWLRQV��WR�WKH�QRUPDOLVLQJ�RI�FHUWDLQ�DUWHIDFWV�
SURMHFWV�DQG�SUDFWLFHV�x�VKDUHG�PDFKLQH�VKRSV�KDYH
EHHQ�SRVLWLRQHG�DV�GHPRQVWUDWLYH�VLWHV�IRU�5'0
SURRI�RI�FRQFHSWV��7RR]H�HW�DO���������'LVWULEXWHG
(YHU\WKLQJ���������,W�LV�RXU�REVHUYDWLRQ�DV
SDUWLFLSDQW�REVHUYHUV�ZLWKLQ�WKHVH�FRPPXQLWLHV�RI
SUDFWLFH�DQG�DFDGHPLF�LQWHUYHQWLRQV�WKDW�WKH
WDUJHWHG�HQGRUVHPHQW�RI�5'0�DW�VKDUHG�PDFKLQH

VKRSV�KDV�VSXUUHG�D�VLJQL�FDQW�OHYHO�RI�LQWHUHVW�
LQTXLU\�DQG�WHQVLRQ�DPRQJVW�WKH�FRPPXQLWLHV�ZKR
XVH�WKHP�

$V�WKH�5'0�DJHQGD�FRQWLQXHV�WR�VXUURXQG�VKDUHG
PDFKLQH�VKRSV��WKH�WHQVLRQ�WKDW�DULVHV�LV�EHWZHHQ
FRPPXQLW\�EDVHG�SURGXFWLRQ�SUDFWLFHV�WKDW�GR�DQG
GR�QRW�VXEVFULEH�WR�WKLV�5'0�DJHQGD��7KURXJK�D
VHFRQGDU\�DQDO\VLV�RI�D�QDWLRQDO�VXUYH\�GDWDVHW�DQG
D�FULWLFDO�UH�HFWLRQ�RI�LQLWLDO�DFDGHPLF�SURJUDPPLQJ�
WKLV�SDSHU�ZLOO�FRQVLGHU�KRZ��ZKHQ�DQG�WR�ZKDW
LPSDFW�HPHUJHQW�WHFKQR�P\WKV�DQG�FRUUHVSRQGLQJ
QDWLRQDO�DJHQGDV�JHW�WDNHQ�XS�ZLWKLQ�VKDUHG
PDFKLQH�VKRSV��,Q�WKLV�SDSHU�ZH�ZLOO�DUJXH�WKDW�RYHU
WLPH��D�SURFHVV�RI�FR�LQVWLWXWLRQDOLVDWLRQ�KDV
RFFXUUHG�EHWZHHQ�D�GLJLWDOO\�GRPLQDQW�QDUUDWLYH�RI
SHHU�SURGXFWLRQ�DQG�D�JURZLQJ�QDWLRQDO�5'0
GLVFRXUVH��:H�ZLOO�H[SORUH�KRZ��DV�LQGLYLGXDOV�DQG
FRPPXQLWLHV��QG�ZD\V�WR�HQJDJH�ZLWKLQ�WKLV�SURFHVV
RI�FR�LQVWLWXWLRQDOLVDWLRQ��SDUWLFXODU�KLHUDUFKLHV�RI
WHFKQLFDO��PDWHULDO��VRFLDO�DQG�NQRZOHGJH�UHODWLRQV
KDYH�EHJXQ�WR�HPHUJH�IURP�ZLWKLQ�8.�VKDUHG
PDFKLQH�VKRSV�
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,Q�WKLV�VHFWLRQ�ZH�ZLOO�H[SORUH�WR�ZKDW�H[WHQW�WKH
HPHUJHQFH�RI�VKDUHG�PDFKLQH�VKRSV�DFURVV�WKH�8.�
DQG�WKH�FHOHEUDWLRQ�RI�SDUWLFXODU�WHFKQRVRFLDO
SUDFWLFHV�ZLWKLQ�WKHP��LV�SULYLOHJLQJ�D�GLVWLQFW
DVVHPEODJH�RI�WHFKQLFDO��PDWHULDO�DQG�VRFLDO�DFWRUV
IURP�WKH�ZLGHU�DUHQD�RI�FRPPXQLW\�EDVHG
SURGXFWLRQ��7KURXJK�DQDO\VLQJ�WKH�RSHQ�GDWDVHW�RI
8.�0DNHUVSDFHV�FRPSOHWHG�E\�1HVWD�LQ�������ZH
DLP�WR�LOOXVWUDWH�WKH�WHFKQRORJLFDO�DQG�PDWHULDO
UHDOLWLHV�WKDW�VXFK�D�WHFKQRP\WK�KDV�EHJXQ�WR
HQJHQGHU�ZLWKLQ�8.�VKDUHG�PDFKLQH�VKRSV��:H�ZLOO
FRQFOXGH�WKLV�DQDO\VLV�E\�DVNLQJ�WR�ZKDW�H[WHQW�WKH
PDUU\LQJ�RI�VKDUHG�PDFKLQH�VKRSV��DQG�WKH�SHHU
SURGXFWLRQ�FRPPXQLWLHV�ZKR�XVH�WKHP��WR�QRWLRQV�RI
GLJLWDO�IDEULFDWLRQ�VR�FORVHO\�PD\�XOWLPDWHO\�SURPSW
WKH�KRPRJHQLVDWLRQ�RI�FXOWXUDOO\�FRPSOH[
VRFLRWHFKQLFDO�SUDFWLFHV�LQWR�WHFKQRORJLFDOO\
GHWHUPLQLVWLF�PRGHV�
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6KDUHG�PDFKLQH�VKRSV�KDYH�EHHQ�KHUDOGHG�DV
zRFFXSLHG�IDFWRULHV�RI�SHHU�SURGXFWLRQ�WKHRU\{�x�DV
VLWHV�IRU�WKH�UHDOLVDWLRQ�RI�D�IRXUWK�LQGXVWULDO
UHYROXWLRQ�ZKHUHLQ�HPHUJHQW�IRUPV�RI�SHHU
SURGXFWLRQ>�@�DQG�JUDVVURRWV�GLJLWDO�IDEULFDWLRQ>�@
FDQ�WDNH�KROG�RI�SUHYLRXVO\�LQDFFHVVLEOH�SURGXFWLRQ
SRZHU�WRZDUGV�PRUH�GHPRFUDWLF�HQGV��'RXJKHUW\�
������$QGHUVRQ��������-RXUQDO�RI�3HHU�3URGXFWLRQ�
�������'DOH�'RXJKHUW\��IRXQGHU�RI�0DNHU�0HGLD�DQG
WRNHQ�zIDWKHU�RI�WKH�0DNHU�0RYHPHQW{�UHLQIRUFHV�WKLV
HPHUJLQJ�DVVXPSWLRQ��H[SODLQLQJ�LW�LV�WKURXJK�WKH
GHPRFUDWLVDWLRQ�RI�GLJLWDO�WRROV��WKDW�zPDNLQJ{�KDV
EHFRPH�D�XQLYHUVDO�HOHPHQW�RI�KXPDQ�LGHQWLW\
�'RXJKHUW\���������7KLV�JURZLQJ�QDUUDWLYH�LV�DOVR
FRPPRQO\�SODFHG�ZLWKLQ�DFDGHPLF�ZULWLQJ�RQ�WKH
WRSLF��IRU�H[DPSOH��ZKHQ�7D\ORU�HW�DO��GHVFULEH
zPDNHUVSDFHV{�DV�WKH�PRVW�YLVLEOH�PDQLIHVWDWLRQV�RI
DQ�HPHUJHQW�PDNHU�FXOWXUH��DV�|WKH\�SURYLGH
FRPPXQDO�IDFLOLWLHV�LQ�DQ�RSHQO\�DFFHVVLEOH�VSDFH�
JLYLQJ�DFFHVV�WR�GLJLWDO�IDEULFDWLRQ�DQG�RSHQ
HOHFWURQLFV��ZKLFK�KDYH�EHHQ�FROOHFWLYHO\�KDLOHG�DV
HQDEOLQJ�D�UHYROXWLRQ�LQ�SHUVRQDO�PDQXIDFWXULQJ}
�7D\ORU�HW�DO����������7KH�ZHGGLQJ�RI�WKRVH�SHHU
SURGXFWLRQ�SUDFWLFHV�IRXQG�ZLWKLQ�VKDUHG�PDFKLQH
VKRSV�WR�GLJLWDO�IDEULFDWLRQ�WHFKQRORJLHV�FRQWLQXHV�WR
FLUFXODWH�DFURVV�WKH�:HVWHUQ�ZRUOG�x�IURP�DFDGHPLF
MRXUQDOV�DQG�FRQIHUHQFHV>�@�WR�SRSXODU�WHFKQRORJ\
SXEOLFDWLRQV�DQG�RXWOHWV>�@��,Q�HFKR�RI�%UD\EURRNH
DQG�-RUGDQ��ZH�DUJXH�WKDW�LQ�WKLV�ZD\�WKH�PDNHU
PRYHPHQW�DQG�LW{V�GLJLWDOO\�GRPLQDQW�QDUUDWLYH�KDV
EHFRPH�D�QHDWO\�SDFNDJHG�DQG�ZLGHO\�GLVVHPLQDWHG
ZD\�RI�XQGHUVWDQGLQJ�D�P\ULDG�RI�SHHU�SURGXFWLRQ
SUDFWLFHV�SUHVHQWO\�EXEEOLQJ�XS�IURP�ZLWKLQ�VKDUHG
PDFKLQH�VKRSV�WKURXJKRXW�WKH�:HVWHUQ�ZRUOG��,Q
NHHSLQJ�ZLWK�0F*UHJRU�HW�DO���%UD\EURRNH�DQG�-RUGDQ
UHIHU�WR�VXFK�D�SKHQRPHQRQ�DV�D�zWHFKQRP\WK{
ZKHUHE\�WHFKQRORJLHV�DUH�zQDUUDWHG{�LQ�ZD\V�WKDW
FUHDWH�D�ODUJHU�VWRU\�DERXW�VRFLHW\�ZKRVH�NH\
FRPSRQHQW�LV�D�GHWHUPLQLVP�RI�RXU�H[SHULHQFHV�RI
WKH�ZRUOG�WKURXJK�RXU�H[SHULHQFHV�RI�WHFKQRORJ\
��������$GYDQFLQJ�IURP�0F*UHJRU��'RXULVK�DQG�%HOO
DUJXH�D�WHFKQRP\WK�DFWV�DV�D�IRXQGDWLRQDO�VWRU\�E\
ZKLFK�D�P\WKLFDO�IXWXUH�LV�FRQVWUXFWHG�DQG�WKHQ
SUHGLFWHG�VLPSO\�E\�LQYHQWLQJ�LW���������'RXULVK�DQG
%HOO�HYLGHQFH�WKH�VHOI�IXO�OOLQJ�QDWXUH�RI�WKH

WHFKQRP\WK�WKURXJK�DQ�H[SORUDWLRQ�RI�WKH�QDUUDWLYH
WKDW�GURYH�FRQWHPSRUDU\�SUDFWLFHV�VXUURXQGLQJ
XELTXLWRXV�FRPSXWLQJ�LQ�WKH�HDUO\�����V��,Q�WKLV
DQDO\VHV�'RXULVK�DQG�%HOO�DUJXH�WKDW�WKH�WHFKQR�WDOH
RI�SURJUHVV�ZKLFK�VXUURXQGHG�XELTXLWRXV�FRPSXWLQJ
LQ�WKH�HDUO\�����V�EHFDPH�LWVHOI�IRXQGDWLRQDO�WR
VFKRODUV�LQ�FRPSXWHU�VFLHQFH�DQG�UHODWHG��HOGV�x
IUDPLQJ�RQH{V�XQGHUVWDQGLQJ�RI�XELTXLWRXV
FRPSXWLQJ�DV�D�WUDQVIRUPDWLRQDO�IRUFH�ZKLFK�ZRXOG
|FKDQJH�VRFLDO�UHODWLRQV��VRFLDO�RUGHU�DQG�GDLO\�OLIH}�x
WKXV��LQ�WXUQ��VKDSLQJ�IXWXUH�LQQRYDWLRQV�DNLQ�WR�WKLV
LPDJH��������S�����

:H�ZLVK�WR�DUJXH�KHUH�WKDW�WKH�LPSRUWDQFH�SODFHG
XSRQ�GLJLWDO�IDEULFDWLRQ�WHFKQRORJLHV�ZLWKLQ�VXFK
QDUUDWLYHV�RI�WKH�UHYROXWLRQDU\�QDWXUH�RI�SHHU
SURGXFWLRQ�KDV�EHJXQ�WR�IRUP�D�WHFKQRP\WK�DERXW
SHHU�SURGXFWLRQ�FRPPXQLWLHV�DQG�WKH�VRFLRWHFKQLFDO
SUDFWLFHV�WKDW�FRQVWLWXWH�WKHP��D�WHFKQRORJLFDOO\
GHWHUPLQLVWLF�QDUUDWLYH�ZKHUHLQ�FRPSXWHU�FRQWUROOHG
DQG�,QWHUQHW�FRPSDWLEOH�GLJLWDO�WHFKQRORJLHV�EHFRPH
D�GH�QLWLYH�IUDPH�
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7KH�RSHQ�GDWDVHW�RI�8.�PDNHUVSDFHV��FRPSOHWHG�E\
1HVWD�LQ�������SURYHV�D�XVHIXO�PHFKDQLVP�IRU
UHYHDOLQJ�WKH�W\SHV�RI�PDWHULDOV��WRROV��DQG�XVHUV
FKDUDFWHULVWLF�RI�VKDUHG�PDFKLQH�VKRSV�DFURVV�WKH
8.>�@��$Q�DQDO\VLV�RI�WKH�GDWDVHW�PDNHV�FOHDU�WKDW
VKDUHG�PDFKLQH�VKRSV�DFURVV�WKH�8.�YDU\�JUHDWO\
IURP�RQH�WR�WKH�QH[W��7KH\�DUH�IRUPHG�RI�GLYHUVH
FRPPXQLWLHV�WKDW�FRQVLVW�RI�D�EURDG�UDQJH�RI�VRFLDO
DFWRUV��IURP�PDFKLQH�PDQXIDFWXUHUV�DQG�PDWHULDO
GHYHORSHUV�WR�LQGLYLGXDO�SUDFWLWLRQHUV�DQG�VSHFLDO
LQWHUHVW�KREE\�JURXSV��7KH\�DUH�KRPH�WR�D�GLYHUVH
VHW�RI�WRROV�DQG�WHFKQRORJLHV��IURP��'�SULQWHUV�DQG
HQJLQHHULQJ�ODWKHV�WR�MDFTXDUG�ORRPV�DQG�SRWWHUV
ZKHHOV��7KH\�FDQ�DFFRPPRGDWH�D�ULFK�SDOHWWH�RI
PDWHULDOV��IURP�UHF\FOHG�SODVWLF��ODPHQW�WR�FOD\�
VWRQH�DQG�JODVV��<HW��ZKDW�DOVR�FOHDUO\�DULVHV�IURP
WKH�GDWDVHW�LV�D�GLVWLQFW�SDWWHUQ��D�VSHFL�F�VXEVHW�RI
PDWHULDO��WHFKQRORJLFDO�DQG�VRFLDO�DFWRUV�WKDW�KROG
WKH�IRUHJURXQG�DFURVV�WKH�QHWZRUN�RI�VSDFHV�x
SOD\LQJ�D�OHDG�UROH�LQ�VKDSLQJ�WKH�SUDFWLFHV�WKDW��RZ
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ZLWKLQ�DQG�EHWZHHQ�WKHVH�VSDFHV�

7KURXJK�UH�HFWLQJ�RQ�WKHVH�IRUHJURXQGHG�SUDFWLFHV�
ZH�KRSH�WR�PDNH�WDQJLEOH�WKH�ZD\�LQ�ZKLFK�WKH
SHUYDGLQJ�WHFKQRP\WK�RI�GLJLWDO�SHHU�SURGXFWLRQ�KDV
EHJXQ�WR�HQJHQGHU�ZLWKLQ�8.�VKDUHG�PDFKLQH�VKRSV�
7R�EHWWHU�LOOXVWUDWH�WKLV�DUJXPHQW��ZH�VKDUH�D
VXPPDWLRQ�RI�WKH�1HVWD�GDWDVHW�WKURXJK�WKUHH
LQWHUUHODWHG�DQDO\WLFDO�IUDPHV��WRROV��PDWHULDOV��DQG
XVHUV�

7RROV

7KHUH�DUH����XQLTXH�SURGXFWLRQ�WHFKQRORJ\
FDWHJRULHV�UHSUHVHQWHG�DFURVV�WKH����VKDUHG
PDFKLQH�VKRSV�VXUYH\HG�LQ�WKH�GDWDVHW��7KHVH
FDWHJRULHV�LQFOXGH��GLJLWDO�IDEULFDWLRQ��ZRRGZRUN�
HOHFWURQLFV��FRPSXWLQJ��IDEULFV��PHWDOZRUN��SODVWLFV�
SULQWPDNLQJ��SKRWRJUDSK\�DQG��OP��FHUDPLFV���QH
PHWDOZRUN�DQG�MHZHOU\��DXGLR�DQG�PXVLF��VFLHQFH
DQG�FKHPLVWU\��SDLQWLQJ�DQG�JUDSKLF�DUWV��VFXOSWXUH�
DQG�JODVV��:KHQ�PHDVXULQJ�WKH�UHODWLYH�SURPLQHQFH
RI�HDFK�FDWHJRU\��D�VLJQL�FDQW�GLVSDULW\�FDQ�EH
REVHUYHG�EHWZHHQ�WKH�QXPEHU�RI�VSDFHV�WKDW�FLWH
KDYLQJ�WKH�PRVW�SURPLQHQW�FDWHJRULHV�x�GLJLWDO
IDEULFDWLRQ�����VLWHV���ZRRGZRUN�����VLWHV��
HOHFWURQLFV�DQG�FRPSXWHU�����VLWHV��x�DQG�WKH
QXPEHU�RI�VSDFHV�WKDW�FLWH�KDYLQJ�WKH�OHDVW
SURPLQHQW�FDWHJRULHV�x�JODVV����VLWHV����QH
PHWDOZRUN�DQG�MHZHOU\����VLWHV���DQG�FHUDPLFV���
VLWHV���UHIHU�WR�WDEOH����VHFWLRQ�����)XUWKHUPRUH��DQ
DQDO\VLV�RI�WKH�WRROV�IRXQG�DFURVV�WKH����VKDUHG
PDFKLQH�VKRSV�VXUYH\HG�UHYHDOV�D�WRWDO�RI����
XQLTXHO\�GL�HUHQW�WRRO�W\SHV��:KHQ�PHDVXULQJ�WKH
UHODWLYH�SURPLQHQFH�RI�HDFK�WRRO��WKH�SURPLQHQFH�RI
GLJLWDO�IDEULFDWLRQ�WHFKQRORJLHV�EHFRPHV�FOHDU�DV���
VLWHV�KRXVH��'�SULQWHUV�����VLWHV�KRXVH�ODVHU�FXWWHUV�
DQG����VLWHV�KRXVH�&1&�PLOOLQJ���URXWLQJ�PDFKLQHV�
:KHUHDV�RQO\���VLWHV�KRXVH�ZHOGLQJ�HTXLSPHQW�DQG
RQO\���VLWHV�KRXVH�SRWWHUV�ZKHHOV��UHIHU�WR�WDEOH���
VHFWLRQ����

0DWHULDOV

7KHUH�DUH����XQLTXH�PDWHULDO�FDWHJRULHV
UHSUHVHQWHG�DFURVV�WKH����VKDUHG�PDFKLQH�VKRSV
VXUYH\HG�ZLWKLQ�WKH�GDWDVHW��7KLV�LQFOXGHV��ZRRG

DQG�GHULYDWLYHV��SDSHU�DQG�FDUG��SODVWLFV�
HOHFWURQLFV��IDEULFV��\DUQV��SDLQWV��LQNV��PHWDOV�
FHUDPLFV��FOD\��VWRQH��FKHPLFDOV��ELRORJLFDO�RU
RUJDQLF��JODVV��DQG�UHVLQV��:KHQ�PHDVXULQJ�WKH
UHODWLYH�SURPLQHQFH�RI�HDFK�FDWHJRU\��WKH�PRVW
FLWHG�PDWHULDO�FDWHJRULHV�DUH�ZRRG�DQG�GHULYDWLYHV
����VLWHV���SDSHU�DQG�FDUG�����VLWHV���SODVWLFV����
VLWHV���DQG�HOHFWURQLFV�����VLWHV���DQG�WKH�OHDVW
SURPLQHQW�DUH�ELRORJLFDO�RU�RUJDQLF����VLWHV���JODVV���
VLWH���DQG�UHVLQ����VLWH���UHIHU�WR�WDEOH����VHFWLRQ����
$JDLQ��QRWH�WKH�VLJQL�FDQW�GLVSDULW\�EHWZHHQ�WKHVH
WZR�SROHV�

8VHUV

2XW�RI�WKH����VXUYH\HG�VKDUHG�PDFKLQH�VKRSV�LQ�WKH
GDWDVHW�����VSDFHV�FRQWULEXWHG�JHQGHU�UHODWHG�GDWD�
)URP�WKHVH����VSDFHV�����UHJLVWHUHG�D�PHPEHUVKLS
WKDW�ZDV�HTXDO�WR�RU�JUHDWHU�WKDQ�����PDOH��2QO\
����RI�VSDFHV�WKDW�FRQWULEXWHG�GDWD�FLWHG�D
PHPEHUVKLS�WKDW�ZDV�HTXDO�WR�RU�JUHDWHU�WKDQ����
IHPDOH��UHIHU�WR�WDEOH����VHFWLRQ�����)XUWKHUPRUH��RXW
RI�WKH����VXUYH\HG�VKDUHG�PDFKLQH�VKRSV�LQ�WKH
GDWDVHW�����VSDFHV�FRQWULEXWHG�GDWD�UHODWLQJ�WR�WKH
UHSUHVHQWDWLRQ�RI�HWKQLF�JURXSV�DFURVV
PHPEHUVKLSV��)URP�WKHVH����VSDFHV�����UHJLVWHUHG
D�ZKLWH�PDMRULW\��ZLWK�����RI�VSDFHV�FLWLQJ�D
PHPEHUVKLS�WKDW�ZDV�HTXDO�WR�RU�JUHDWHU�WKDQ����
ZKLWH��)RU�DOO�RWKHU�HWKQLFLWLHV�x�PL[HG�RU�PXOWLSOH
HWKQLF�JURXSV��$VLDQ�RU�$VLDQ�%ULWLVK��DQG�%ODFN�
$IULFDQ��&DULEEHDQ�RU�%ODFN�%ULWLVK�x�DOO�EXW�RQH
VSDFH�FLWHG�D�PLQRULW\�UHSUHVHQWDWLRQ��ZLWK�PRVW
VSDFHV�FLWLQJ�OHVV�WKDQ�����UHSUHVHQWDWLRQ�DFURVV
DOO�JURXSV��UHIHU�WR�WDEOH����VHFWLRQ����

2XW�RI�WKH����VXUYH\HG�VKDUHG�PDFKLQH�VKRSV�LQ�WKH
GDWDVHW�����VSDFHV�FRQWULEXWHG�GDWD�RQ�XVHU�W\SHV�
8VHU�W\SHV�LQFOXGH��VWXGHQW��KREE\LVW��YLVLWRU�RU
REVHUYHU��VWDUW�XS��VROH�WUDGHU�RU�PLFUR�EXVLQHVV�
FRUSRUDWH�RU�ODUJH�RUJDQLVDWLRQ��WHDFKHU��DQG�60(�
:KHQ�PHDVXULQJ�WKH�UHODWLYH�SURPLQHQFH�RI�HDFK
XVHU�W\SH��WKH�PRVW�SURPLQHQW�XVHU�W\SH�LV�KREE\LVW
ZLWK����VLWHV�FLWLQJ�KREE\LVW�DV�WKH�PDMRULW\�RI�WKHLU
PHPEHUVKLS��DQG�WKH�OHDVW�SURPLQHQW�XVHU�W\SHV
LQFOXGH�60(V�DQG�6WDUW�XSV��ZLWK���VLWHV�FLWLQJ�6WDUW
XSV�DQG�]HUR�VLWHV�FLWLQJ�60(V�DV�WKH�PDMRULW\�RI
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WKHLU�PHPEHUVKLS��UHIHU�WR�WDEOH����VHFWLRQ�����2XW�RI
WKH����VXUYH\HG�VKDUHG�PDFKLQH�VKRSV�LQ�WKH
GDWDVHW�����VSDFHV�FRQWULEXWHG�GDWD�RQ�DFWLYLW\�
W\SHV��$FWLYLW\�W\SHV�LQFOXGH��WR�VRFLDOLVH��WR�UHFHLYH
WUDLQLQJ��WR�JHW�DQ�LQWURGXFWLRQ�WR�PDNLQJ��WR�PDNH
VRPHWKLQJ�VSHFL�F��WR�SURWRW\SH��WR�PDNH�RQH�R�
SLHFHV��WR�QHWZRUN�RU��QG�D�PDNHU�SDUWQHU�GHVLJQHU�
DQG�WR�GR�VPDOO�EDWFK�SURGXFWLRQ��:KHQ�PHDVXULQJ

WKH�UHODWLYH�SURPLQHQFH�RI�HDFK�DFWLYLW\�W\SH��WKH
PRVW�SURPLQHQW�DFWLYLW\�W\SHV�DUH�WR�VRFLDOLVH����
VLWHV�FLWLQJ�WKLV�DFWLYLW\�W\SH�DV�WKH�PDMRULW\�RI�WKHLU
PHPEHUVKLS��DQG�WR�UHFHLYH�WUDLQLQJ�����VLWHV�FLWLQJ
WKLV�DFWLYLW\�W\SH�DV�WKH�PDMRULW\�RI�WKHLU
PHPEHUVKLS���DQG�WKH�OHDVW�SURPLQHQW�DFWLYLW\�W\SH
LV�VPDOO�EDWFK�SURGXFWLRQ��ZLWK�RQH�VLWH�FLWLQJ�WKLV
DFWLYLW\�W\SH�DV�WKH�PDMRULW\�RI�WKHLU�PHPEHUVKLS
�UHIHU�WR�WDEOH����VHFWLRQ����

6HFWLRQ����5HODWLYH�SURPLQHQFH�RI�FLWHG�SURGXFWLRQ�WHFKQRORJ\�FDWHJRULHV
3URGXFWLRQ�WHFKQRORJ\�FDWHJRULHV 1XPEHU�RI�VSDFHV�FLWLQJ�WKLV�FDWHJRU\
'LJLWDO�)DEULFDWLRQ ��
:RRGZRUN ��
(OHFWURQLFV ��
&RPSXWLQJ ��
)LQH�0HWDOZRUN�DQG�MHZHOU\ �
&HUDPLFV �
*ODVVZRUN �

6HFWLRQ����5HODWLYH�SURPLQHQFH�RI�FLWHG�WRROV
7RRO�W\SHV 1XPEHU�RI�VSDFHV�FLWLQJ�WKLV�W\SH
�'�SULQWHUV ��
/DVHU�FXWWHUV ��
&1&�PLOOLQJ���URXWLQJ�PDFKLQHV ��
:HOGLQJ�HTXLSPHQW �
3RWWHUV�ZKHHOV �

6HFWLRQ����5HODWLYH�SURPLQHQFH�RI�FLWHG�PDWHULDOV
0DWHULDO�FDWHJRULHV 1XPEHU�RI�VSDFHV�FLWLQJ�WKLV�FDWHJRU\
:RRG�DQG�GHULYDWLYHV ��
3DSHU�DQG�FDUG ��
3ODVWLFV ��
(OHFWURQLFV ��
%LRORJLFDO�RU�RUJDQLF �
5HVLQ �
*ODVV �

6HFWLRQ����*HQGHU�UHSUHVHQWDWLRQ�DFURVV�PHPEHUVKLS
3HUFHQWDJH�RI�VSDFHV 3HUFHQWDJH�RI�PHPEHUVKLS
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����RI�VSDFHV ������PDOH
����RI�VSDFHV ������IHPDOH

6HFWLRQ����(WKQLF�JURXS�UHSUHVHQWDWLRQ�DFURVV�PHPEHUVKLS
3HUFHQWDJH�RI�VSDFHV 3HUFHQWDJH�RI�PHPEHUVKLS
����RI�VSDFHV !�����ZKLWH
����RI�VSDFHV ������ZKLWH
����RI�VSDFHV ������PL[HG�RU�PXOWLSOH�HWKQLF�JURXSV
����RI�VSDFHV ������$VLDQ�RU�$VLDQ�%ULWLVK
����RI�VSDFHV ������%ODFN��$IULFDQ��&DULEEHDQ�RU�%ODFN�%ULWLVK

6HFWLRQ����5HODWLYH�SURPLQHQFH�RI�FLWHG�XVHU�W\SHV
8VHU�W\SH 1XPEHU�RI�VSDFHV�FLWLQJ�WKH�XVHU�W\SH�DV�D�PDMRULW\�RI

PHPEHUVKLS
+REE\LVW ��
6WXGHQWV �
9LVLWRUV�DQG�REVHUYHUV �
6ROH�WUDGHUV�DQG�PLFUR�EXVLQHVVHV �
6WDUW�XSV �
60(V �
7HDFKHUV �
&RUSRUDWHV�DQG�ODUJH�RUJDQLVDWLRQV �

6HFWLRQ����5HODWLYH�SURPLQHQFH�RI�FLWHG�DFWLYLW\�W\SHV
$FWLYLW\�W\SH 1XPEHU�RI�VSDFHV�FLWLQJ�WKH�DFWLYLW\�W\SH�DV�D�PDMRULW\

RI�PHPEHUVKLS
7R�6RFLDOLVH ��
7R�UHFHLYH�WUDLQLQJ�RU�OHDUQ�D�VNLOO ��
7R�PDNH�VRPHWKLQJ�VSHFL�F ��
7R�JHW�DQ�LQWURGXFWLRQ�WR�PDNLQJ ��
7R�SURWRW\SH �
7R�PDNH�RQH�R��SLHFHV �
7R�QHWZRUN�RU��QG�D�PDNHU�SDUWQHU�GHVLJQHU �
7R�GR�VPDOO�EDWFK�SURGXFWLRQ �
7DEOH����$QDO\VHV�RI�WKH�RSHQ�GDWDVHW�RI�8.�PDNHUVSDFHV

7+(�0$1,)(67$7,21�2)�$
7(&+120<7+

$QDO\VHV�RI�WKH�8.�PDNHUVSDFH�GDWDVHW�VKRZV�KRZ

D�GRPLQDQW�DVVHPEODJH�RI�XVHU��WRRO��DQG�PDWHULDO
KDV�HPHUJHG�DFURVV�WKH�8.�VKDUHG�PDFKLQH�VKRS
QHWZRUN��7KH�GDWDVHW�SURYHV�D�XVHIXO�PHFKDQLVP
DQG�HYLGHQFH�EDVH�WR�GHPRQVWUDWH�WDQJLEO\�KRZ�D
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GLVWLQFW�DVVHPEODJH�RI�VRFLDO��WHFKQRORJLFDO��DQG
PDWHULDO�DFWRUV�KDV�EHJXQ�WR�IRUP�ZLWKLQ�DQG
EHWZHHQ�VKDUHG�PDFKLQH�VKRSV�LQ�WKH�8.��PLUURULQJ
WKH�GRPLQDQW�WHFKQRP\WK�RI�GLJLWDOO\�OHJLEOH�SHHU
SURGXFWLRQ��:H�DUJXH�WKDW�WKH�8.{V�HPHUJHQW
FXOWXUH�RI�GLJLWDOO\�GRPLQDQW�SHHU�SURGXFWLRQ�DQG
WKLV�LQFUHDVLQJO\�KRPRJHQRXV�VHW�RI�SUDFWLFHV�DUH
WKHUHIRUH�HQWDQJOHG�ZLWKLQ�D�F\FOLFDO�G\QDPLF�RI
SURGXFLQJ�DQG�EHLQJ�D�SURGXFW�RI�WKH�WHFKQRP\WK�RI
GLJLWDO�SHHU�SURGXFWLRQ�

$V�WKLV�WHFKQRP\WK�FRQWLQXHV�WR�HQFDSVXODWH�VKDUHG
PDFKLQH�VKRSV��VR�WRR�GRHV�D�YLVLRQ�RI�IXWXUH
FRPPXQLW\�SURGXFWLRQ�SUHGLFDWHG�XSRQ�FRPSXWHU�
FRQWUROOHG�DQG�,QWHUQHW�FRPSDWLEOH�LQIRUPDWLRQ
WHFKQRORJLHV��,Q�OLJKW�RI�WKLV��ZH�DUJXH�LW�LV�FUXFLDO�WR
FRQVLGHU�WR�ZKDW�H[WHQW�VLPLODU�\HW�GL�HUHQW�RSHQ
DFFHVV�FRPPXQLW\�EDVHG�ZRUNVKRSV�ULVN�EHFRPLQJ
H[FOXGHG�IURP�WKH�PL[�EHFDXVH�WKH�VRFLRWHFKQLFDO
SUDFWLFHV�DQG�FRPPXQLWLHV�WKH\�VHHN�WR�VXSSRUW�DUH
RXWVLGH�RI�WKRVH�ZKLFK�DUH�GLJLWDOO\�OHJLEOH�x
UH�HFWLQJ�RQ�WKH�LPSDFWV�WKLV�H[FOXVLRQ�PD\�KDYH
XSRQ�WKH�ZLGHU�8.�VKDUHG�PDFKLQH�VKRS�FRPPXQLW\�
&RQVLGHU��IRU�H[DPSOH��WR�ZKDW�H[WHQW�WKRVH�PDQ\
RSHQ�DFFHVV�SULQW�VWXGLRV�>�@�VKDUHG�ELNH�VKRSV�>�@
VFXOSWXUH�ZRUNVKRSV�>�@�DQG�RSHQ�ZRRG���PHWDO
ZRUNVKRSV>�@�WKDW�PLUURU�WKH�RUJDQLVDWLRQ�DQG
JRYHUQDQFH�PRGHOV�RI�VKDUHG�PDFKLQH�VKRSV�\HW
UHPDLQ�ODUJHO\�DEVHQW�IURP�WKH�JURZLQJ�WHFKQRP\WK
RI�GLJLWDO�SHHU�SURGXFWLRQ��0DQ\�VXFK�VLWHV�RSHUDWH
EDVHG�XSRQ�DQ�RSHQ�DFFHVV�PRGHO�x�HDFK�R�HULQJ
IXOO�DFFHVV�WR�ZRUNVKRS�IDFLOLWLHV�DQG�SHHU�WR�SHHU
FRPPXQLWLHV�DW�D�FRVW�FRPSDUDEOH�WR�WKRVH�RI
VKDUHG�PDFKLQH�VKRSV��0DQ\�RSHUDWH�EDVHG�XSRQ�D
PHPEHUV�OHG�JRYHUQDQFH�PRGHO�DQG�VKDUHG�XVH
SROLFLHV�ZKHUHE\�PHPEHUV�QRW�RQO\�VKDUH�DFFHVV�WR
WKH�ZRUNVKRS�DQG�LWV�IDFLOLWLHV��EXW�DOVR�VNLOOV�DQG
WHFKQLFDO�NQRZ�KRZ�IUHHO\�ZLWK�RQH�DQRWKHU��7KH
FRUH�GLVWLQFWLRQ�LV�WKH�FRPPXQLWLHV�RI�SUDFWLFH�WKHVH
VSDFHV�VHHN�WR�VXSSRUW��SULQWPDNLQJ��FDUSHQWU\�
EODFNVPLWKLQJ��FHUDPLFV��DQG�ERRN�DUWV��HWF���DQG
WKHUHIRUH�WKH�W\SHV�RI�SURGXFWLRQ�WHFKQRORJLHV�DQG
VRFLRWHFKQLFDO�SUDFWLFHV�WKH\�KRXVH��,Q�OLJKW�RI�WKLV�
WKHUH�LV�D�QHHG�WR�GHSOR\�D�FULWLFDO�OHQV�WR�WKH
IRUPDOLVDWLRQ�DQG�LQVWLWXWLRQDOLVLQJ�D�HFW�RI�WKH
GLJLWDO�SHHU�SURGXFWLRQ�WHFKQRP\WK��)RU�LQ�FRQWUDVW

WR�WKH�UHYROXWLRQDU\�SURFODPDWLRQV�RI�WKH�GLJLWDO
SHHU�SURGXFWLRQ��WKHUH�LV�JURZLQJ�FULWLFLVP�WKDW�VXFK
FDWHJRULVDWLRQV��LQ�SUDFWLFH��DUH�LQ�IDFW�OHQGLQJ�WR�WKH
V\VWHPDWLF�KRPRJHQLVDWLRQ�RI�D�KHWHURJHQHRXV�VHW
RI�FXOWXUDO�SUDFWLFHV��0D[LJDV��������1DVFLPHQWR�
������%UD\EURRNH�DQG�-RUGDQ��������

,Q�&KDOOHQJLQJ�WKH�'LJLWDO�,PSHUDWLYH��:\DWW�DUJXHV
zSHRSOH�ZKR�FKRRVH�QRW�WR�XVH�GLJLWDO�WHFKQRORJLHV
UHPLQG�XV�DOO�WKDW�WKLQJV�|PLJKW�KDYH�EHHQ
RWKHUZLVH}{��:\DWW��������S�������)RU�:\DWW��QRQ�
XVHUV�SOD\�D�FUXFLDO�UROH�ZLWKLQ�GLJLWDO�FXOWXUHV�DV
WKH\�zVNHWFK�RXW�DOWHUQDWLYH�GHYHORSPHQW�SDWKV�WKDW
WHFKQRORJLHV�FRXOG�KDYH�WDNHQ{��:\DWW���������:H
DUJXH�WKDW�WKH�SRVLQJ�RI�DOWHUQDWLYH�GHYHORSPHQW
SDWKV��DQG�WKH�UHVXOWDQW�FKDOOHQJH�WR�WHFKQRORJLFDOO\
GHWHUPLQLVWLF�DVVXPSWLRQV�ZKLFK�RFFXU�LQ�WDQGHP�
FDQ�HQJHQGHU�ZKDW�0D[LJDV�WHUPV�FULWLFDO�IDFXOWLHV
ZLWKLQ�D�FRPPXQLW\�x�SDUWLFXODUO\�ZKHQ�PDGH�E\
VRSKLVWLFDWHG�QRQ�XVHUV�RI�D�FRPPXQLW\��0D[LJDV�
�������$V�0D[LJDV�DUJXHV��HYHQ�LI�WKH�RYHUDOO
FULWLTXH�DQG�UHFXSHUDWLRQ�ORJLF�RI�FDSLWDOLVP>��@
FDQQRW�HDVLO\�EH�FKDOOHQJHG��HYHU\GD\�UHMHFWLRQ�RI
PLFUR�FKDQJHV�x�IRU�H[DPSOH��WKH�QRQ�DGRSWLRQ�RI
FRPPRGL�HG�WHFKQRORJLHV�E\�QRQ�XVHUV�x�FDQ
SRVVLEO\�KHOS�D�FRPPXQLW\�EULQJ�WR�OLJKW�DQG
QDYLJDWH�WKHVH�SUREOHPV�WKURXJK�WKH�DOO��LPSRUWDQW
OHQV�RI�FULWLFDO�UH�HFWLRQ��0D[LJDV���������,Q�NHHSLQJ
ZLWK�VXFK�DUJXPHQWV��ZH��QG�FRQFHUQ�LQ�WKH
JURZLQJ�GRPLQDQFH�RI�WKH�GLJLWDO�SHHU�SURGXFWLRQ
WHFKQRP\WK�DFURVV�8.�VKDUHG�PDFKLQH�VKRSV��$V
WKH�HYROXWLRQ�RI�VXFK�WHFKQRWDOHV�KDYH�RIWHQ�OHQW�WR
WKH�KRPRJHQLVDWLRQ�RI�KHWHURJHQHRXV�VHWV�RI
FXOWXUDO�SUDFWLFHV��0D[LJDV��������1DVFLPHQWR�
������%UD\EURRNH�DQG�-RUGDQ���������:H�WKHUHIRUH
DVN��WR�ZKDW�H[WHQW�PLJKW�D�ORVV�LQ�WKH�GLYHUVLW\�RI
XVHUV�RU�WKH�KHWHURJHQHLW\�RI�VRFLRWHFKQLFDO
SUDFWLFHV�WKDW�FRQVWLWXWH�8.�VKDUHG�PDFKLQH�VKRSV
OHDG�WR�D�ORVV�LQ�FRQQHFWLRQ�EHWZHHQ�DGRSWHUV�DQG
QRQ�DGRSWHUV"�$QG�ZKDW�LPSDFW�PLJKW�WKLV�ORVV�RI
FRQQHFWLRQ�KDYH�RQ�D�FRPPXQLW\{V�FULWLFDO�DJHQF\
DQG�FDSDFLW\�IRU�UH�H[LYLW\�DQG�UH�HFWLRQ"

7+(�(0(5*(1&(�2)�5(',675,%87('
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0$.(563$&(6

,Q�WKH�IROORZLQJ�VHFWLRQV�ZH�ZLOO�LOOXVWUDWH�KRZ�WKH
WHFKQRP\WK�RI�GLJLWDO�SHHU�SURGXFWLRQ�LV�DOLJQHG
ZLWK��PLUURUHG�E\�DQG�OHJLWLPDWHG�WKURXJK�WKH
GRPLQDQW�QDUUDWLYHV�DURXQG�WKH�IXWXUH�RI
PDQXIDFWXULQJ��%HUJ���������ZLWK�ERWK�UHGLVWULEXWHG
PDQXIDFWXULQJ�DQG�GLVWULEXWHG�SURGXFWLRQ
SURSRQHQWV�FKDPSLRQLQJ�DQG�GHSHQGLQJ�XSRQ�WKH
DVVXPSWLRQ�WKDW�GLJLWDO�WHFKQRORJ\�LV�HTXDO�WR
H�FLHQF\�DQG�DFFHVVLELOLW\�DV�ZHOO�DV�D�UHGLVWULEXWLYH
IRUFH�IRU�WKH�zGHPRFUDWLVDWLRQ�RI�PDQXIDFWXULQJ{
�/DZWRQ���������$GYRFDWHV�RI�GLJLWDO�SHHU�SURGXFWLRQ
ZLWKLQ�VKDUHG�PDFKLQH�VKRSV�JUDYLWDWH�WRZDUGV�
WDNH�XS�DQG�VXSSRUW�WKH�IRUPDOLVLQJ�RI�D�UHODWLRQVKLS
EHWZHHQ�VKDUHG�PDFKLQH�VKRSV�DQG�UHGLVWULEXWHG
PDQXIDFWXULQJ��:H�DUJXH�WKDW�DV�WKLV�FRXSOLQJ
VWUHQJWKHQV�D�FR�LQVWLWXWLRQDOLVDWLRQ�SURFHVV�RFFXUV
ZKHUHLQ�ERWK�WKH�WHFKQRP\WK�RI�GLJLWDO�SHHU
SURGXFWLRQ�DQG�WKH�UHDOLVDWLRQ�RI�UHGLVWULEXWHG
PDQXIDFWXULQJ�SUDFWLFHV�PDWXUH�DQG�DUH�IRUPDOLVHG�
:H�DUJXH�WKLV�SURFHVV�LV�EHQH�FLDO�LQ�WHUPV�RI�LWV
SRWHQWLDO�WR�DLG�LQ�WKH�OHJLWLPLVDWLRQ�DQG�H[SDQVLRQ
RI�SHHU�SURGXFWLRQ�SUDFWLFHV�VSHFL�FDOO\��DQG�VKDUHG
PDFKLQH�VKRSV�PRUH�EURDGO\��<HW��DOVR�DUJXH�WKDW
WKLV�EHQH�W�LV�QRW�ZLWKRXW�GDQJHU��)RU�VKRXOG�QRWLRQV
RI�5'0�DQG�SHHU�SURGXFWLRQ�FRQWLQXH�WR�PDWXUH
WKURXJK�WKH�WHFKQRORJLFDOO\�GHWHUPLQLVWLF�QDUUDWLYH
RI�GLJLWDO�WHFKQRORJLHV��VR�WRR�ZLOO�DQ�RWKHULQJ
SURFHVV�ZKHUHLQ�OHVV�,QWHUQHW�FRPSDWLEOH��GLJLWDOO\�
GULYHQ�DFWRUV�DQG�SUDFWLFHV�DUH�UHQGHUHG�LQYLVLEOH�

7KH�FRQFHSW�RI�5HGLVWULEXWHG�0DQXIDFWXULQJ�GRHV
QRW�KDYH�D�VWDQGDUG�DQG�ZLGHO\�DFFHSWHG�GH�QLWLRQ
�(VFDODQWH�DQG�5DKLPIDUG���������7KH�LQLWLDO
DSSHDUDQFH�RI�WKH�WHUP�LV�LQ�WKH������8.�(365&
�(QJLQHHULQJ�DQG�3K\VLFDO�6FLHQFHV�5HVHDUFK
&RXQFLO�>��@�5'0�ZRUNVKRS�UHSRUW�ZKHUH�LW�KDV�WKH
EURDG�ZRUNLQJ�GH�QLWLRQ�RI�|WHFKQRORJ\��V\VWHPV
DQG�VWUDWHJLHV�WKDW�FKDQJH�WKH�HFRQRPLFV�DQG
RUJDQLVDWLRQ�RI�PDQXIDFWXULQJ��SDUWLFXODUO\�ZLWK
UHJDUG�WR�ORFDWLRQ�DQG�VFDOH}��3HDUVRQ��1REOH�DQG
+DZNLQV���������6XEVHTXHQW�GH�QLWLRQV�HPSKDVLVH
zORFDOLVHG�SURGXFWLRQ{��6RURND��1DLP��:DQJ�DQG
3RWWHU���������zFXVWRPLVDEOH�SURGXFWLRQ�XQLWV{
�3UHQGHYLOOH��+DUWXQJ��3XUYLV��%UDVV�DQG�+DOO��������

GHFHQWUDOLVDWLRQ��+DUULVRQ��5XFN��0HGFDOI�DQG�5D�T�
������UHJLRQDOLVDWLRQ��0XQJXLD�HW�DO���������DQG
JHRJUDSKLF�GLVSHUVDO��6RURND��1DLP��:DQJ�DQG
3RWWHU��������

7KH�FKDUDFWHULVDWLRQ�RI�5'0��UHIHUV�WR�DQ
LQFUHDVLQJO\�GLVWULEXWHG�DQG�YDULHG�PDQXIDFWXULQJ
HFRV\VWHP�DQG�zRQ�GHPDQG�HFRQRP\�{�ZKHUH�WKH
IDFWRU\�RI�WKH�IXWXUH�PD\�EH�zDW�WKH�EHGVLGH��LQ�WKH
KRPH��LQ�WKH��HOG��LQ�WKH�R�FH��DQG�RQ�WKH
EDWWOH�HOG{��)RUHVLJKW���������7KHVH�ORFDO
PDQXIDFWRULHV�DQG�WKH�DVVRFLDWHG�GHFHQWUDOLVHG
EXVLQHVV�PRGHOV�FKDQJH�ERWK�PDUNHWV�DQG�VXSSO\
FKDLQV��ZLWK�ZLGH�UDQJLQJ�LPSOLFDWLRQV�DQG
FKDOOHQJHV��3HDUVRQ��1REOH�DQG�+DZNLQV���������LW�LV
LQ�HPSKDVL]LQJ�WKHVH�VRFLHWDO�LPSDFWV�WKDW�WKH�zUH{
EHFDPH�SDUW�RI�WKH�QDPLQJ�FRQYHQWLRQ��7KH
XQGHUVWDQGLQJ�RI�GLVWULEXWHG�PDQXIDFWXULQJ�LWVHOI
KDV�EHHQ�KLVWRULFDOO\��XLG��HYROYLQJ�IURP
0DF&RUPDFN{V�VPDOOHU�VFDOH�SODQWV�VHUYLQJ�UHJLRQDO
PDUNHWV��0DF&RUPDFN��5RVHQ�HOG�DQG�6ORDQ��������
WR�GHFHQWUDOLVHG�SURGXFWLRQ�DSSURDFKHV��.uKQOH�
�������PDQXIDFWXULQJ�DW�WKH�SRLQW�RI�XVH��'HYRU�HW
DO����������DQG�PDVV�FXVWRPLVDWLRQ�DQG�GLJLWDO
PDQXIDFWXULQJ��.RKWDOD��������QRZ�EHLQJ
V\QRQ\PRXV�ZLWK�RUFKHVWUDWLRQ�RI�PDQXIDFWXULQJ
WKRXJK�WKH�FORXG�DQG�GLJLWDO�QHWZRUNV��=DNL�
7KHRGRXOLGLV��6KDSLUD��1HHO\�DQG�7HSOH��������

1(*27,$7,1*�1$7,21$/���*/2%$/
$*(1'$6�$1'�,17(5(676

7KH�RSSRUWXQLWLHV�RI�WKH�FRQFHSWXDOLVDWLRQ�RI
UHGLVWULEXWHG�PDQXIDFWXULQJ��PRYLQJ�WRZDUG
VKLSSLQJ�GDWD�UDWKHU�WKDQ�PDWHULDOV�DQG�SURGXFLQJ
FORVHU�WR�WKH�SRLQW�RI�QHHG�LV�D�JOREDO�RQH�
UHVSRQGLQJ�WR�JOREDO�LPSHUDWLYHV�DQG�WKH
RSSRUWXQLW\�RI�FRPSXWDWLRQDO�QHWZRUNV��+RZHYHU�
WKH�UHVHDUFK�IXQGLQJ�LQIUDVWUXFWXUH�HQGHDYRULQJ�WR
IDFLOLWDWH�VXFK�D�VKLIW�LV�LWVHOI�VXEMHFW�WR�ERUGHUV�DQG
QDWLRQDO�DJHQGDV��HQDEOLQJ�D�VKLIW�WRZDUGV�PRUH
VXVWDLQDEOH�IXWXUH�GLVWULEXWLRQ�RI�PDQXIDFWXULQJ�LQ�D
WDUJHWHG�PDQQHU�WKDW�UH�HFWV�WKH�LQWHUHVWV�DQG
SHUVSHFWLYHV�RI�ERWK�WKH�IXQGHU�DQG�WKH�IXQGHG��7KH
(365&�IXQGHG�5HGLVWULEXWHG�0DQXIDFWXULQJ
1HWZRUNV�ZHUH�IXQGHG�LQ�RUGHU�WR�VWLPXODWH�DQ
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DFDGHPLF�DJHQGD�DURXQG�WKHVH�LGHDV��LQFOXGLQJ�ERWK
DFDGHPLF�DQG�XVHU�FRPPXQLWLHV�LQ�RUGHU�WR�EHWWHU
SRVLWLRQ�WKH�8.�WR�UHVSRQG�WR�WKH�FKDOOHQJHV�DQG
RSSRUWXQLWLHV�IDFLQJ�WKH�8.{V�PDQXIDFWXULQJ�LQGXVWU\
�(365&������D�>��@��7KH�EUHDGWK�RI�WKH�FKDOOHQJHV
DQG�SRWHQWLDO�LPSDFWV�RI�5'0��ZDV�UHFRJQLVHG�E\
5&8.�WR�JR�EH\RQG�WKH�WHFKQRORJLFDO��DQG�DQ
DGYLVRU\�JURXS�ZDV�DSSRLQWHG�WKDW�LQFOXGHG�ERWK�WKH
IXQGLQJ�ERG\�(365&�DQG�UHSUHVHQWDWLYHV�IURP�WKH
(65&�ZLWK�D�IRFXV�RQ�WKH�VRFLR�HFRQRPLF
LPSOLFDWLRQV�RI�FKDQJLQJ�KRZ�DQG�ZKHUH�ZH�PDNH
WKLQJV��(365&������E��
7KHUH�LV�OLWWOH�GRXEW�WKH�DFWLYLW\�DQG�RXWSXWV�RI�WKHVH
VL[�QHWZRUNV��(365&������D��D�HFWHG�WKH�GLVFRXUVH
RQ�GLVWULEXWHG�SURGXFWLRQ��ERWK�ZLWK�DQG�ZLWKRXW�WKH
SUH�[�RI�WKH�zUH{��&ROOHFWLYHO\�WKH�5'0�QHWZRUNV
FRPPLVVLRQHG�RYHU����IHDVLELOLW\�VWXGLHV��UDQ�LQ
H[FHVV�RI����HYHQWV�DQG�KDYH�SXEOLVKHG�LQ�D�UDQJH
RI�MRXUQDOV��FDSWXULQJ�WKH�LQWHUHVW�DQG�H�RUWV�RI�D
GLYHUVH�UDQJH�RI�8.�DFDGHPLFV�IURP�PXOWLSOH
GLVFLSOLQHV�LQFOXGLQJ�HQJLQHHULQJ��XUEDQ
GHYHORSPHQW��GHVLJQ��VRFLRORJ\��FRPSXWHU�VFLHQFH�
HWF���(365&������E���7KH�5'0�DJHQGD�DORQJVLGH
UHFHQW�WHFKQRORJ\�DQG�VRFLDO�LPSHUDWLYHV�KDV�JLYHQ
QHZ�UHOHYDQFH�WR�HDUOLHU�DFDGHPLF�ZRUNV�RQ�WKH
RUFKHVWUDWLRQ�RI�SURGXFWLRQ�DQG�ZRUN��ZLWK�WKH�MRLQW
SRVLWLRQ�SDSHU�RI�WKH�(365&�5'0�QHWZRUNV�FDOOLQJ
IRU�WKHVH�KLVWRULF�IUDPHZRUNV�DQG�DFDGHPLF�ZRUNV�WR
EH�DGDSWHG�DQG�UHLPDJLQHG�LQ�RUGHU�WR�EHWWHU�JUDVS
DQG�UHVSRQG�WR�WKH�SKHQRPHQD�RI�GLVWULEXWHG
SURGXFWLRQ��6UDL�HW�DO���������

,Q�IUDPLQJ��UHIUDPLQJ�DQG�LQWHUURJDWLQJ�WKH�SULRU
ZRUNV�RQ�GLVWULEXWHG�SURGXFWLRQ��VWLPXODWLQJ�QHZ
UHVHDUFK�ZLWK�DQ�HPSKDVLV�RQ�HQDEOLQJ�D�8.�EHQH�W
IURP�5'0�DQG�GHYHORSLQJ�DQG�GHOLYHULQJ�WDUJHWHG
LQWHUGLVFLSOLQDU\�HQG�XVHU�UHVHDUFK�LW�LV�FOHDU�WKDW
HPHUJHQW�5'0�GLVFRXUVH�ERWK�SURGXFHV�DQG�LV�D
SURGXFW�RI�DQ�DJHQGD�IRU�WKH�LQWHQWLRQDO
UHGLVWULEXWLRQ�RI�NQRZOHGJH�DQG�FDSLWDO��7KLV
LQWHQWLRQDO�UHGLVWULEXWLRQ�LV�LQ�WHQVLRQ�DQG
VRPHWLPHV�LQ�FRQ�LFW�ZLWK�RWKHU�LWHUDWLRQV�RU
SRVVLEOH�IXWXUHV�RI�GLVWULEXWHG�PDQXIDFWXULQJ�
$OWKRXJK�WKH�5'0�QHWZRUNV�PHW�IUHTXHQWO\�RYHU
WKHLU�WZR�\HDU�IXQGLQJ�SHULRG�WR�GLVFXVV�DQG�DOLJQ
FRQFHSWXDOLVDWLRQV�RI�5'0�DQG�WKH�DVVRFLDWHG

FKDOOHQJHV��RSSRUWXQLWLHV�DQG�HQDEOHUV�LW�ZRXOG�EH
UHPLVV�WR�SRUWUD\�WKHP�DV�LQ�DJUHHPHQW��DV�HDFK
QHWZRUN�KDV�D�GLVWLQFW�XQGHUVWDQGLQJ��GLVFLSOLQDU\
OHDQ��DQG�DJHQGD�

6+$5('�0$&+,1(�6+236�$1'
5(',675,%87('�0$18)$&785,1*�$6�$
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7KH�)XWXUH�0DNHUVSDFHV�LQ�5HGLVWULEXWHG
0DQXIDFWXULQJ�QHWZRUN��)06�5'0�>��@�VHW�RXW�ZLWK
WKH�H[SOLFLW�LQWHQWLRQ�WR�HVWDEOLVK�WKH�UROH�RI
PDNHUVSDFHV�LQ�HQDEOLQJ�D�WUDQVLWLRQ�WR�UHGLVWULEXWHG
PDQXIDFWXULQJ��VWDWLQJ�LQ�WKH�SURSRVDO�WKDW�WKH
FKDUDFWHULVWLFV�RI�5'0�ZHUH�DOUHDG\�HVWDEOLVKHG
ZLWKLQ�PDNHUVSDFHV�DQG�PDNHU�FXOWXUH��7KLV
SURSRVDO�DQG�SLWFK�IUDPHG�PDNHUVSDFHV��DQG�VKDUHG
PDFKLQH�VKRSV�PRUH�EURDGO\��DV�EHLQJ�DQ�HPHUJLQJ
SKHQRPHQD�DNLQ�WR�WKH�HDUO\�LQWHUQHW�x�D�QHWZRUNHG�
GLVWULEXWHG�DQG�DG�KRF�W\SH�RI�PDQXIDFWRU\�x
HPEHGGHG�ZLWKLQ�QHLJKERUKRRGV�DQG�FRPPXQLWLHV�
FKDQJLQJ�WKH�G\QDPLFV�RI�ZKR�KDG�DFFHVV�WR�PDNH
DQG�PDQXIDFWXUH��,Q�UHFHQW�\HDUV��SURSRQHQWV�RI
5'0�ZLWKLQ�DFDGHPLD��LQGXVWU\�DQG�SROLF\�KDYH�VLJQ�
SRVWHG�VKDUHG�PDFKLQH�VKRSV��DQG�WKH�FRPPXQLWLHV
ZKR�XVH�WKHP��DV�NH\�DFWRUV�IRU�WKH�SUDFWLFDO
HPEHGGLQJ�DQG�SURJUHVVLRQ�RI�WKH�GLVFRXUVH��DV�VLWH
ZLWKLQ�ZKLFK�WR�zKRWKRXVH{�VXVWDLQDEOH�DQG
LQQRYDWLYH�QHZ�DSSURDFKHV�WR�PDQXIDFWXULQJ�DQG
GLVWULEXWLRQ��3UHQGHYLOOH��+DUWXQJ��3XUYLV��%UDVV�DQG
+DOO���������)URP�WKH�QHWZRUNLQJ�RI�GLJLWDO�WRROLQJ
DQG�WKH�VKDULQJ�RI�SURGXFWLRQ�ZDVWH�VROXWLRQV��WR�WKH
QRUPDOLVLQJ�RI�FHUWDLQ�DUWHIDFWV��SURMHFWV�DQG
SUDFWLFHV�WKDW�SURPRWH�UHGLVWULEXWHG�SUDFWLFHV�x
VKDUHG�PDFKLQH�VKRSV�KDYH�EHHQ�SRVLWLRQHG�DV
GHPRQVWUDWLYH�VLWHV�IRU�5'0�SURRI�RI�FRQFHSWV��WKH
IXWXUH�RI�ZRUN�DQG�OLYHOLKRRGV��HFRQRPLF�VDYLRUV�DQG
UHJLRQDO�UHJHQHUDWRUV��7KHUHIRUH��WKH�)06�5'0�ELG
VWDWHG�LW�ZDV�|WLPHO\�WR�H[SORUH�DQG�GH�QH�WKH
SRWHQWLDO�RI�PDNHUVSDFHV�WR�EHFRPH�DQ�LQWHJUDO�SDUW
RI�8.�PDQXIDFWXULQJ�DQG�VHUYLFH�LQGXVWULHV��DQG�WR
HYROYH�DV�NH\�FRQWULEXWRUV�WR�UH�GLVWULEXWHG
PDQXIDFWXULQJ�LQ�LWV�ZLGHVW�VHQVH}��5R\DO�&ROOHJH�RI
$UW��6FKRRO�RI�'HVLJQ��������

,Q�WKH�FRQWH[W�RI�WKH�8.�LW�EHFRPHV�FOHDU�QRWLRQV�RI
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SHHU�SURGXFWLRQ�DUH�EHFRPLQJ�HQWDQJOHG�ZLWKLQ�DQG
FRQVWLWXWHG�E\�GLJLWDO�IDEULFDWLRQ�WHFKQRORJLHV�
6LIWLQJ�FRPPXQLW\�EDVHG�SURGXFWLRQ�FXOWXUHV
WKURXJK�D�GH�QLWLRQ�RI�SHHU�SURGXFWLRQ�WKDW�KROGV�D
GHSHQGHQF\�RQ�GLJLWDO�IDEULFDWLRQ�DQG�,QWHUQHW�
FRPSDWLELOLW\�DQG�WKXV�JHQHUDWLQJ�D�KLJKO\�FXUDWHG
YLHZSRLQW�RI�FRPPXQLW\�SURGXFWLRQ�WKDW�IRUPDOLVHV
GLVWLQFW�VRFLRWHFKQLFDO�QRUPV��)RU�DGYRFDWHV�RI�WKLV
WHFKQRP\WK��WKH�FRQFHSW�RI�UHGLVWULEXWHG
PDQXIDFWXULQJ�DORQJ�ZLWK�LWV�FRUUHVSRQGLQJ�DJHQGD
DQG�LQVWLWXWLRQDOLVHG�FRQVWLWXHQWV�EHFRPHV�D�XVHIXO
PHFKDQLVP�LQ�SXUVXLW�RI�WKH�WDOH�

7KLV�UHVRQDQFH�EHWZHHQ�WKH�WHFKQRP\WK�RI�GLJLWDO
SHHU�SURGXFWLRQ�VSDFHV�DQG�WKH�PDWXULQJ�GLDORJXH
RI�UHGLVWULEXWHG�PDQXIDFWXULQJ�FDQ�EH�VHHQ�LQ�DQ
DQDO\VLV�RI�WKH�WRROV��SUDFWLFHV�DQG�NQRZOHGJHV

KLJKOLJKWHG�E\�DXWKRUV�RI�5'0�GLVFRXUVH��UHIHU�WR
WDEOH�����7KH�GHVFULSWRUV�RI�5'0�SUDFWLFHV�DQG�WRROV
ODFN�VSHFL�FLW\��OHDQLQJ�LQVWHDG�WRZDUGV�WR�WKH
DEVWUDFW�DQG�FRQFHSWXDO��+DUULVRQ��5XFN��0HGFDOI
DQG�5D�T��������S������:KLOVW�WKH�WRROV�WKHPVHOYHV
UHPDLQ�ODUJHO\�DPELJXRXV��LW{V�LPSRUWDQW�WR
UHFRJQLVH�WKH�EHQH�WV�RI�UHGLVWULEXWHG
PDQXIDFWXULQJ�DUH�FKDUDFWHULVHG�E\�VXVWDLQDELOLW\�
VPDOOHU�VFDOH�SURGXFWLRQ�DQG�VKDUHG�SURVSHULW\�
ZKLFK�DUH�QRW�H[FOXVLYHO\�GLJLWDOO\�GHSHQGHQW
DVSLUDWLRQV��<HW��WKH�863�DQG�YDOXH�DGG�ZLWKLQ�WKH
5'0�QDUUDWLYH�FXUUHQWO\�FHQWHUV�DURXQG�WKH�PDVV
FXVWRPLVDWLRQ�RI�SURGXFWV�DQG�VXSSO\�FKDLQV�DQG
UHPDLQV�GHSHQGHQW�XSRQ�LQFUHDVLQJ�GDWD�FDSWXUH
DQG�DFFXPXODWLRQ�x�WKXV�IDYRULQJ�IXWXUH�VLWHV�RI
SURGXFWLRQ�WKDW�DUH�FRPSXWHU�FRQWUROOHG�DQG
,QWHUQHW�FRPSDWLEOH�

&LWDWLRQ 7RROV 3UDFWLFHV .QRZOHGJH�VHWV
+DUULVRQ��5DfT
DQG�0HGFDOI�
����

&\EHU�SK\VLFDO
V\VWHPV��7KHVH
LQFOXGH�QH[W�
JHQHUDWLRQ
PDQXIDFWXULQJ�
ORJLVWLFV�DQG�VXSSO\
FKDLQ�PDQDJHPHQW�
VPDUW�QHWZRUNV�
DXWRPDWLRQ�DQG�ELJ
GDWD�

1HWZRUNHG�PDFKLQHV�WR
OHYHUDJH�FROOHFWLYH�FRPSXWLQJ
SRZHU�DQG�LQWHUFRQQHFWLYLW\
ZLWK�WKH�HQG�JRDO�RI�LQWHOOLJHQW
DQG�UHVSRQVLYH�V\VWHPV
LQWHUFRQQHFWHG�LQGXVWULDO
HQYLURQPHQWV�

7KH�DQWLFLSDWHG�V\VWHPV�ZLOO
JRYHUQ�WKHPVHOYHV��WDNH
SUHYHQWDWLYH�RU�FRUUHFWLYH�DFWLRQV
ZLWKRXW�KXPDQ�LQWHUYHQWLRQ�DQG
FRRUGLQDWH�VXSSO\�FKDLQV
DXWRPDWLFDOO\�

)DFLOLWDWH�UHSOLFDELOLW\�RI
PDQXIDFWXULQJ�TXDOLW\�DFURVV�D
QHWZRUN�RI�PDQXIDFWXULQJ�VLWHV
E\�UHPRYLQJ�FRPPXQLFDWLRQ�DQG
GLVWDQFH�DV�DQ�REVWDFOH�
7HDPV�DUH�OLNHO\�WR�KDYH�IHZHU
RSHUDWRUV�ZLWK�KLJK�WHFKQLFDO
H[SHUWLVH�SHU�PHPEHU�

6RURND��/LX��+DQ
DQG�+DOHHP�
����

0DFKLQH�WRRO
PRQLWRULQJ�V\VWHPV�
QHWZRUN�EDVHG�FRQWURO
V\VWHPV�

0DQXIDFWXULQJ��LPSURYHG
GHPDQG�IRUHFDVWLQJ��VXSSO\
FKDLQ�SODQQLQJ��VDOHV�VXSSRUW�
GHYHORSHG�SURGXFWLRQ
RSHUDWLRQV��ZHE�VHDUFK�EDVHG
DSSOLFDWLRQV��GDWD�PLQLQJ�
PDFKLQH�OHDUQLQJ��QHXUDO
QHWZRUNV��VRFLDO�QHWZRUN
DQDO\VLV��VLJQDO�SURFHVVLQJ�
SDWWHUQ�UHFRJQLWLRQ�
RSWLPLVDWLRQ�PHWKRGV�DQG
YLVXDOLVDWLRQ�

:LGH�YDULHW\�RI�WRROV��WHFKQLTXHV
DQG�GLVFLSOLQHV�FRXOG�PDNH�LW
GL�FXOW�LI�QRW�LPSRVVLEOH�IRU�D
PDQXIDFWXULQJ��QRQ�,7��60(�WR
LPSOHPHQW�ZLWKRXW�H[SHUW
JXLGDQFH�
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0XQJXLD�HW�DO��
����

2�FH�IULHQGO\
�'3ULQWLQJ�XQLWV�

7ZR�GL�HUHQW�SRVVLEOH
VWUDWHJLHV��PDQXIDFWXULQJ
FORVH�WR�SDWLHQW��DQG
PDQXIDFWXULQJ�LQ�WKH�KRPH�

5HVLGHQW�H[SHUW�ZLWK�HQRXJK
EDVLF�NQRZOHGJH�RI�QRQ�
HOHFWURQLFV�PDQXIDFWXULQJ�DQG
DVVHPEO\�ZRXOG�EH�|RXWVRXUFHG}
WR�WKH�SDWLHQW{V�KRPH���'��OH
LQWHJULW\�FKHFNV���'�SULQWLQJ�WULDOV
DQG�PDWHULDOV�WHVWLQJ�EHIRUH�WKH
PHGLFDO�GHYLFH��OHV�DUH�UHOHDVHG
WR�WKH�SXEOLF�

$�VWURQJ�OLQN�EHWZHHQ�PDVV
FXVWRPLVDWLRQ�DQG�GLVWULEXWHG
PDQXIDFWXULQJ�ZDV�LGHQWL�HG�LQ
WKH�OLWHUDWXUH�DQG�VRPH�FDVHV�
0DVV�FXVWRPLVDWLRQ�ZRXOG
LPSOLFDWH�FKDQJHV�RQ�D�IDFLOLW\
OD\HU�ZKLFK�LV�VWLOO�GULYHQ�E\�WKH
LQFHQWLYH�WR�SURGXFH�KLJK
YROXPHV�DQG�FXW�FRVWV�

7KH�WHUP�zUHGLVWULEXWLRQ{�LQ�WKLV
FRQWH[W�PHDQV�D�KLJKHU
LQYROYHPHQW�RI�WKH�FRQVXPHU�LQ
WKH�SURFHVV�RI�GHVLJQ�RU
SURGXFWLRQ�

)RUG�DQG
0LQVKDOO������

2Q�GHPDQG��PDVV
SHUVRQDOLVDWLRQ��ORFDOLVHG�
�H[LEOH�DQG�PRUH�VXVWDLQDEOH
SURGXFWLRQ�

LPSDFW�RI��'3�RQ�5'0�DQG�YLFH
YHUVD�ZLOO�GHSHQG�RQ�D�YDULHW\�RI
LQWHUFRQQHFWHG�DVSHFWV�WKDW�JR
EH\RQG�WKH�WHFKQLFDO
SHUIRUPDQFH�LVVXHV�

)RU�D�GHFHQWUDOLVHG
PDQXIDFWXULQJ�V\VWHP�WR
VXFFHHG��WKH�WHFKQRORJ\�PXVW
EH�UREXVW�DQG�UHSURGXFLEOH�DQG
WKHUH�PXVW�EH�VLJQL�FDQW
SURFHVV�DQG�SURGXFW
XQGHUVWDQGLQJ�

7KH�UHODWLRQVKLS�EHWZHHQ�WKH
YDULDWLRQ�LQ�SURSHUWLHV�RI�WKH
VWDUWLQJ�PDWHULDO��WKH�FRQWURO
VWUDWHJ\�IRU�PDQXIDFWXUH�DQG�WKH
SURGXFW�IHDWXUHV�PXVW�EH�ZHOO
XQGHUVWRRG�

7DEOH����$�WD[RQRP\�RI�5'0�WHFKQRORJLHV��SUDFWLFHV�DQG�NQRZ�KRZ

7KH�5'0�HPSKDVLV�RQ�F\EHU�SK\VLFDO�V\VWHPV�WKDW
FDQ�zJRYHUQ�WKHPVHOYHV��WDNH�SUHYHQWDWLYH�RU
FRUUHFWLYH�DFWLRQV�ZLWKRXW�KXPDQ�LQWHUYHQWLRQ{
�+DUULVRQ�HW�DO���������KDV�IRXQG�D�KXPDQ�IULHQGO\
IURQW�ZLWKLQ�VKDUHG�PDFKLQHV�VKRSV�DQG�WKH
WHFKQRP\WK�RI�GLJLWDO�SHHU�SURGXFWLRQ��ZLWK�ERWK
QDUUDWLYHV�PXWXDOO\�OHJLWLPLVLQJ�WKH�RWKHU��0RUHRYHU�
QRWLRQV�RI�UHGLVWULEXWHG�PDQXIDFWXULQJ�FRPSOLPHQW�
IRUPDOLVH��OHJLWLPLVH�DQG�DXJPHQW�WKH
LQVWLWXWLRQDOLVDWLRQ�SURFHVV�WKDW�WKH�IDVFLQDWLRQ�RI
SHHU�SURGXFWLRQ�DPRQJVW�VKDUHG�PDFKLQH�VKRSV�KDV
DOUHDG\�EHJXQ�

7KLV�PDUU\LQJ�LV�D�WHFKQRORJLFDOO\�GHWHUPLQLVWLF
LQVWLWXWLRQDOLVDWLRQ�SURFHVV�WKDW��RQ�WKH�RQH�KDQG�

KDV�SURYHQ�D�XVHIXO�PHFKDQLVP�HQDEOLQJ
FRPPXQLWLHV�RI�XVHUV�WR�WDNH�XS�DQG�FR�RSW�5'0
DJHQGDV��LQIRUPLQJ�DQG�VKDSLQJ�WKH�XQGHUVWDQGLQJ
RI�5'0�SUDFWLFHV�KHOG�E\�WKH�IXQGLQJ�ERGLHV�WKURXJK
SDUWLFLSDWLRQ�LQ�LWV�HDUO\�GH�QLWLRQ��2Q�WKH�RWKHU
KDQG��5'0�DQG�LWV�NLQ�QDUUDWLYH�zLQGXVWU\����{
VDFUL�FHV�WKRVH�FXOWXUDO�DQG�VRFLDO�SUDFWLFHV�RI
FRPPXQLW\�SURGXFWLRQ�WKDW�GR�QRW��W�ZLWKLQ�WKH
LQWHUQHW�FRPSDWLEOH��GLJLWDOO\�GULYHQ�WHFKQR�
QRUPDWLYH�PRGHV�RI�GLJLWDOO\�SRZHUHG�SHHU
SURGXFWLRQ�

7KH�LQVWLWXWLRQDOLVDWLRQ�RI�FRPPXQLW\�SURGXFWLRQ�E\
DQG�WKURXJK�WKH�ZHGGLQJ�RI�VKDUHG�PDFKLQH�VKRSV
DQG�UHGLVWULEXWHG�PDQXIDFWXULQJ�FRXOG�EH
FRQVLGHUHG�DV�SUHGDWRU\��:H�SRVLWLRQ�WKH�)06�5'0
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QHWZRUN�DV�D�PHGLDWRU�RI�WKLV�G\QDPLF��GHOLYHULQJ�D
SURJUDP�RI�ZRUN�WKDW�VRXJKW�WR�IRUHJURXQG�5'0
SURFHVVHV�DQG�SUDFWLFHV�ZLWKLQ�VKDUHG�PDFKLQH
VKRSV�DQG�WR�H[SORUH��WHVW�DQG�YDOLGDWH�ZKDW
UHODWLRQVKLS�EHWZHHQ�5'0�DQG�VKDUHG�PDFKLQH
VKRSV�PLJKW�EH�XVHIXO��SRVVLEOH��DQG�SUHIHUDEOH�x
LQIRUPLQJ�ERWK�WKH�UROH�RI�WKH�VKDUHG�PDFKLQH�VKRS
DQG�WKH�GH�QLWLRQ�RI�5'0�

$OWKRXJK�WKH�UHVHDUFK�SURJUDP�ZDV�DURXQG
HVWDEOLVKLQJ�WKH�UROHV�RI�IXWXUH�PDNHUVSDFHV�LQ
UHGLVWULEXWLQJ�PDQXIDFWXULQJ�ZKDW�LW�GHOLYHUHG�LQ
SDUDOOHO�ZDV�D�SURJUDP�DURXQG�IXWXULQJ�LQ
PDNHUVSDFHV��TXHVWLRQLQJ�WKH�IXWXUHV�SUHVHQWHG�DQG
SURPLVHG�IRU�PDNHUVSDFHV�WR�GDWH��DQG�YDORULVLQJ
DQG�FKDPSLRQLQJ�D�IXWXUH�PDNHUVSDFH��RU�VKDUHG
PDFKLQH�VKRS��WKDW�ZDV�FRQQHFWHG��QHWZRUNHG�DQG
FDSDEOH��PRYLQJ�EH\RQG�PDNHUVSDFHV�DV
VHUHQGLSLW\�HQJLQHV�DQG�EXLOGLQJ�WKHP�D�IRUPDO�DQG
SRVW�V\PEROLF�UROH�ZLWKLQ�WKH�IXWXUH�UHGLVWULEXWHG
HFRQRP\��7KLV�QDUUDWLYH�RI�UHGLVWULEXWHG
PDQXIDFWXULQJ�DQG�IXWXUH�LQWHJUDWLRQ�LQWR�WKH
PDQXIDFWXULQJ�DQG�SROLF\�ODQGVFDSH��KDG�D
UHVRQDQFH�ZLWK�D�FRUH�VHW�RI�VKDUHG�PDFKLQH�VKRSV�
:KLOH�PDQ\�VSDFHV�ZRXOG�DWWHQG��GLVFXVV�DQG
SDUWLFLSDWH�ZLWKLQ�WKH�V\PSRVLXPV�DQG�HYHQWV��D
FRUH�IHZ�WRRN�WKHLU�LQYROYHPHQW�IXUWKHU�x�SURSRVLQJ
VWXGLHV��SDUWQHULQJ�ZLWK�DFDGHPLFV��DQG�UHRULHQWLQJ
RU�UHIUDPLQJ�WKH�DFWLYLW\�WKH\�DOUHDG\�XQGHUWRRN�LQ
DOLJQPHQW�WR�WKH�HPHUJLQJ�5'0�GLVFRXUVH��,Q�WKLV
ZD\�WKH�SURJUDPPH�HYROYHG�RYHU�WLPH��ERWK�LQ
QHWZRUN�PDNHXS�DQG�LQ�LWV�XQGHUVWDQGLQJ�RI�ZKDW
5'0�DQG�LWV�HQDEOHUV�ZLWKLQ�PDNHUVSDFHV�ZDV�DQG
DOVR�ZKDW�LW�FRXOG�DQG�VKRXOG�EH�

)06�5'0�DOORZHG�VKDUHG�PDFKLQH�VKRSV�WR�VHOI�
VHOHFW�DQG�VHOI�LGHQWLI\�DV�DVSLULQJ�WRZDUGV�EHLQJ
SDUW�RI�WKH�IXWXUH�GLVWULEXWLRQ�RI�PDQXIDFWXULQJ��7KLV
LV�QRW�WR�VD\�PDQ\�ZHUHQ{W�H[FOXGHG��WKH�QDUUDWLYH
RI�5'0�IDYRUHG�VSDFHV�ZKHUH�GHVLJQ�GHFLVLRQ�
PDNLQJ�ZDV�HYLGHQFHG�DV�KDSSHQLQJ��ZKHUH�WKH
DVSLUDWLRQV�RI�WKH�PDNHUV�ZLWKLQ�WKHP�H[WHQGHG
EH\RQG�WKH�GRRUV�RI�WKH�ODE��EH\RQG�KDFNLQJ�DQG
PDNLQJ�GRPHVWLFDOO\�WR�PDNLQJ��SURGXFLQJ�DQG
PDQXIDFWXULQJ�DW�VFDOH��7KH�W\SHV�RI�VRFLRWHFKQLFDO
SUDFWLFHV�YDORULVHG�E\�5'0�LQFOXGHV�WKRVH�WKDW�EXLOG

XSRQ�WKH�GLJLWDO�GLVWULEXWLRQ�RI�SURGXFW�DQG�SURFHVV
GDWD�LQ�D�ZD\�WKDW�LV�FRPSDWLEOH�ZLWK�WKH�FUHDWLRQ�RI
JRRGV�RU�VHUYLFHV�x�SUHGLFWDEO\�PRVW�RIWHQ�FHQWHUHG
DURXQG�GLJLWDO�IDEULFDWLRQ�WHFKQRORJLHV�VXFK�DV�&1&�
�'�SULQWLQJ��ODVHU�FXWWLQJ��DQG�GLVWULEXWDEOH
OLFHQVLQJ�

'XULQJ�WKH��QDO�VWDJHV�RI�WKH�)06�5'0�SURMHFW��D
�QDO�VWXG\��NQRZQ�WR�LWV�SDUWLFLSDQWV�DV�WKH��h��
ZDV�FRPPLVVLRQHG�WKDW�WRRN�WKH�UHSRUWV�DQG�LQVLJKWV
JHQHUDWHG�E\�WKH��YH�IHDVLELOLW\�VWXGLHV�DQG
H[SRVHG�WKHP�WR�WKH�FULWLTXH�DQG�IHHGEDFN�RI�D
SDQHO�RI�PDNHUVSDFHV�WR�HVWDEOLVK�LI�WKH�LQVLJKWV�DQG
H[SHULHQFH�ZHUH�IDPLOLDU�WR�WKHP��KRZ�WKH\�FRXOG
LQIRUP�WKH�SUDFWLFH�RI�5'0�ZLWKLQ�WKHLU�PDNHUVSDFH�
DQG�LI�WKH�VWDWH�RI�PDNHUVSDFH�PDNLQJ�DQG
PDQXIDFWXULQJ�SUDFWLFH�UDQJ�WUXH�WR�WKHLU�SULPDU\
H[SHULHQFH�DV�PDNHUVSDFH�IRXQGHUV��PDQDJHUV�DQG
XVHUV��7KLV�WDNLQJ�SODFH�WZR�\HDUV�DIWHU�WKH�LQLWLDO
1HVWD�GDWDVHW�DJDLQ�VHW�RXW�WR�HOLFLW�ZULWWHQ
UHVSRQVHV�IURP�VSDFHV�WKHPVHOYHV��DVNLQJ�WKHP�WR
VHOI�UHSRUW�WKH�RFFXUUHQFH�DQG�UHOHYDQFH�RI�WKH
SUDFWLFHV�LGHQWL�HG�ZLWKLQ�WKHLU�VKDUHG�PDFKLQH
VKRSV��DQG�DVNLQJ�WKHP�DERXW�WKHLU�DVSLUDWLRQV�DQG
FKDOOHQJHV�LQ�DGKHULQJ��RU�QRW��WR�5'0�DQG�WKH
DVVRFLDWHG�SHHU�SURGXFWLRQ�GLJLWLVHG�SURFHVVHV��7KH
SDUWLFLSDQWV�LQ�WKLV�VWXG\�ZHUH�VHOHFWHG�EDVHG�RQ
JHRJUDSKLF�VSUHDG�DQG�WKHLU�YDU\LQJ�OHYHOV�RI
SDUWLFLSDWLRQ�LQ�WKH�)06�5'0�QHWZRUN>��@�

:KHQ�DVNHG�H[SOLFLWO\�KRZ�WKH�5'0�DJHQGD�DSSOLHV
WR�WKHLU�VSDFH�DQG�LWV�XWLOLW\��UHVSRQVHV�YDULHG�IURP
KLJKOLJKWLQJ�WKDW�|WKH�MDUJRQ�LV�H[DFWO\�ZKDW
zPDNHUVSDFHV{�UXQ�DZD\�IURP�}�WR�|>ZH@�FDQ�EH�VDLG
WR�EH�QDWXUDOO\�DGRSWLQJ�WKH�FKDUDFWHULVWLFV�RI�D
UHGLVWULEXWHG�PDQXIDFWXULQJ�HWKRV�WKRXJK�VWLOO�LQ�D
QDVFHQW�VWDJH�}�WKURXJK�WR�|WKH�FRQFHSW�LV�DW�WKH
FRUH�RI�ZKDW�ZH�GR}��&RUELQ���������(YHQ�WKRVH
VSDFHV�WKDW�GLG�QRW��UPO\�LGHQWLI\�DV�HQDEOLQJ�5'0�
GLG�FRQVLGHU�WKHPVHOYHV�WR�EH�FRQWULEXWLQJ�WR�D
GLYHUVL�FDWLRQ�RI�WKH�PDQXIDFWXULQJ�ODQGVFDSH�
|ZH{UH�DOVR�DOUHDG\�VHHGLQJ�WKH�PHWURSROLWDQ
PDQXIDFWXULQJ�HFRV\VWHP�}�|WKLV�YLVLRQ��WV�ZHOO�ZLWK
RXU�IXWXUH�JRDOV�IRU�>RXU�VSDFH@�DQG�ZH�KRSH�WR
EHFRPH�D�zKRWKRXVH{�IRU�5'0�}�|>ZH@�FRXOG�FHUWDLQO\
EH�GHVFULEHG�DV�D�G\QDPLF�SURGXFWLRQ�HQYLURQPHQW
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FDSDEOH�RI�FUHDWLQJ�FXVWRPLVDEOH�RU�PXOWLYDULDQW
SURGXFWV}��&RUELQ���������&HUWDLQ�VSDFHV�DOLJQHG
IXOO\�WKHLU�VKRUW�WHUP�VWUDWHJLHV�WR�WKDW�RI�WKH�5'0
DJHQGD��|DV�ZH�KDYH�D�UHVHDUFK�LQWHUHVW�ZH�DUH
PDNLQJ�UHDO�WKLV�SUHGLFWLRQ��:H�DUH�H[FLWHG�E\�WKH
SRWHQWLDO�RI�WKHVH�WUHQGV�VR�DUH�VWHHULQJ�RXUVHOYHV
WRZDUGV�WKHP�DV�JRDOV�DQG�VHOHFW�PHPEHUV�ZKR
VKDUH�WKHVH�DLPV}��&RUELQ���������0DQ\�UHFRJQLVHG
WKHLU�RZQ�SRVLWLRQLQJ�DV�FKDPSLRQV�DQG�SXUYH\RUV�RI
5'0�GLVFRXUVH�DQG�GHPRQVWUDWLRQ��|>ZH�KDYH@�EHHQ
SRVLWLRQHG�RYHU�WKH�ODVW��YH�\HDUV�WR�EH�DW�WKH
IRUHIURQW�RI�WKLV�zQHZ{�ZDYH�RI�WKLQNLQJ��:H{YH�EHHQ
KLJKO\�DFWLYH�LQ�SURSDJDWLQJ�WKDW�FRQFHSW�DQG�DUH
QRZ�UHFRJQLVHG�DV�EHLQJ�NH\�VWDNHKROGHUV�~�LQ�KRZ
WKLV�ZLOO�GHYHORS�RYHU�WKH�FRPLQJ�\HDUV}��&RUELQ�
�������$W�PXOWLSOH�SRLQWV�5'0�ZDV�KLJKOLJKWHG�DV�D
VWDELOLVLQJ�IRUFH�IRU�VKDUHG�PDFKLQH�VKRSV��D�UDLVRQ
G{pWUH�WKDW�FRXOG�WDNH�D�VRPHZKDW�IUDJLOH�EXVLQHVV
PRGHO�DQG�SURYLGH�EUHDG�DQG�EXWWHU�LQFRPH��)RU
VRPH�VSDFHV�WKH�UHVHDUFK�LWVHOI�SURYLGHG�DQ�LQFRPH
JHQHUDWLRQ�VWUDWHJ\��IRU�RWKHUV�WKH�YDOLGDWLRQ�RI
H[LVWLQJ�SUDFWLFHV�DQG�D�QDPH�WR�KRRN�WKHPVHOYHV
RQWR�SURYHG�XVHIXO��7R�WKLV�HQG��VXUYH\�HYLGHQFHV
KRZ�ZKHUH�DQG�ZKHQ�5'0�LV�WDNHQ�XS�E\�D�VKDUHG
PDFKLQH�VKRS�LW{V�EHFDXVH�WKHUH�KDV�EHHQ�D
VLJQL�FDQW�DPRXQW�RI�DJHQF\�IURP�ZLWKLQ�WKH�VSDFH
WR�PDNH�WKLV�KDSSHQ��ZLWK�PHPEHUV�FKDPSLRQLQJ
WKH�5'0�FRQFHSW��5HVSRQGHQWV�QRWHG�WKH�FKDOOHQJHV
LQ�DOLJQLQJ�D�VSDFH{V�DFWLYLW\�LQ�WKLV�ZD\��DV�RQH�SXW
LW�zGL�FXOW\�FRPHV�IURP�WKH�SHULSDWHWLF�QDWXUH�RI
LQVWLWXWLRQDO�VXSSRUW��:H��QG�RXUVHOYHV�PRYLQJ�IURP
RQH�SDUWQHU{V�DJHQGD�WR�WKH�QH[W�DQG�ORVLQJ�HQHUJ\
ZKHQ�SURMHFWV�ORVH�IXQGLQJ{��&RUELQ��������
7KHUHIRUH��ZH�DUJXH�WKDW�WKH�DGRSWLRQ�RI�DQG
DOLJQPHQW�WR�WKH�5'0�FRQFHSW�LV�D�YROXQWDU\�DQG
DFWLYH�LQVWLWXWLRQDOLVDWLRQ�SURFHVV��D�FR�RSWLRQ�UDWKHU
WKDQ�H[WHUQDOO\�LPSRVHG�

,Q�UHJDUG�WR�WKH�LQVWLWXWLRQDOLVDWLRQ�RI�VKDUHG
PDFKLQH�VKRSV��ZH�ZRXOG�DUJXH�WKDW�WKH�VLWXDWLRQ
DQG�G\QDPLF�LV�QRW�DV�ELQDU\�DV�PDQ\�ZRXOG
DVVXPH��:KR�DQG�ZKDW�VHWV�WKH�FRXUVH�LV�D�PXOWL�
DFWRU�JDPH��+DELWXDO�SUDFWLFHV�DQG�WKH�HYROXWLRQ�RI
VXFK�LV�D�SURFHVV�RI�FR�RSWLRQ�GLUHFWHG�E\�PXOWLSOH
VWDNHKROGHUV�DQG�WKXV�D�FRPELQDWLRQ�RI�PXOWLIDULRXV
DJHQGDV��<HV��5'0�DV�D�FRQFHSW�ZDV�LQLWLDOO\

GHYHORSHG�E\�DFDGHPLFV��XQLYHUVLWLHV�DQG�UHVHDUFK
FRXQFLOV�DQG�LV�QRZ�RI�LQWHUHVW�WR�YDULRXV
JRYHUQPHQWDO�GHSDUWPHQWV��EXW�WKH�FRQFHSW�LWVHOI�LQ
WKLV�LQLWLDO�IRUP�LV�RQO\�WKDW�RI�D�NHUQHO�x�D�VHHG�RI�D
FRQFHSW��DQG�RQH�WKDW�LV�IDU�IURP�IXOO\�GHYHORSHG��,Q
PDQ\�ZD\V��WKH�FXUUHQW��XLGLW\�DQG�DPELJXLW\�LQ
KRZ�ERWK�VKDUHG�PDFKLQH�VKRSV�DQG�5'0�DUH
GH�QHG�KDV�DOORZHG�WKRVH�DFWRUV�LQYROYHG�VLJQL�FDQW
DJHQF\�LQ�WKH�VKDSLQJ��GH�QLQJ�DQG�FR�RSWLQJ�RI�WZR
FRQFHSWV��x�HYROYLQJ�WKH�VKDUHG�QDUUDWLYH�RYHU�WLPH
LQ�VWHS�ZLWK�WKH�PDWXUDWLRQ�RI�DJHQGDV�DQG�YLVLRQV�
5'0�LV�EURXJKW�WR�OLIH��UHDOLVHG��WZLVWHG��UHGLUHFWHG�
UHIXWHG�WKURXJK�UHDO�OLIH�SUDFWLFH�E\�LQGLYLGXDOV�
JURXSV�DQG�RUJDQLVDWLRQV�LQ�VLWX��JLYHQ�WKHLU�RZQ
LQWHUHVWV�DQG�DJHQGDV��:H�WKHUHIRUH�DUJXH�WKDW�LQ
SRVLWLRQLQJ�WKRVH�ZKR�UXQ�DQG�XVH�VKDUHG�PDFKLQH
VKRSV�DV�EHLQJ�XQDZDUH�RI�DQG�QDLYH�WR�H[WHUQDO
DJHQGDV��XQDEOH�WR�SXVK�EDFN��UHIUDPH��UH�
DSSURSULDWH��WDNH�DGYDQWDJH�RI��HWF���LV�XQGHUPLQLQJ
DQG�GLVFUHGLWLQJ�WKRVH�LQGLYLGXDOV�

,Q�LQWHUURJDWLQJ�WKH�UHVSRQGHQWV�RI�RXU�VWXG\�DV�WR
KRZ�HDFK�VKDUHG�PDFKLQH�VKRS�DUULYHG�WR�DQ
DOLJQPHQW�DQG�IRFL�ZLWK�5'0�LW�EHFDPH�DSSDUHQW
MXVW�KRZ�zVOLSSHU\{�VKDUHG�PDFKLQH�VKRSV�DUH�
5HVSRQGHQWV�UHSRUWHG�WKDW�WKH�|ELJJHVW�FKDOOHQJH�LV
DOZD\V�HPEHGGLQJ�VRPHWKLQJ�LQWR�WKH�FXOWXUH�RI�WKH
VSDFH}�EHFDXVH�WKHUH�H[LVWV�DQ�LQKHUHQW�WHQVLRQ
ZLWKLQ�VKDUHG�PDFKLQH�VKRSV�DV�WR�zZKR{�x�LI�DQ\RQH
LQ�SDUWLFXODU�DW�DOO�x�PDNHV�WKH�GHFLVLRQV�IRU�D�VSDFH
DQG�LWV�FRPPXQLW\��&RUELQ���������7KH�KLJKO\
GHFHQWUDOLVHG�JRYHUQDQFH�DQG�RUJDQLVDWLRQ�PRGHOV
RI�PRVW�VKDUHG�PDFKLQH�VKRSV�PHDQV�WKDW�WKH
SRZHU�DQG�LQ�XHQFH�RI�DQ\�DJHQGD�ZLOO�EH�OLPLWHG�x
ZLWK�5'0�FHUWDLQO\�EHLQJ�QR�H[FHSWLRQ�WR�WKLV�UXOH�
'HFLVLRQV�DV�WR�RULHQWDWLRQ�RI�WKH�VSDFH�DQG�LWV
SUDFWLFHV�DUH�GULYHQ�E\�|ERWK�LGHRORJLFDO�DQG
HFRQRPLF}�UHDVRQLQJ��|�����RI�WKH�GLUHFWLRQ�LV�VHW
E\�WKH�PHPEHUV{�LQWHUHVWV��DQG�LW{V�MXVW�WKDW�VRPH�RI
WKRVH�LQWHUHVWV�DUH�zSD\�WKH�UHQW{}��&RUELQ���������2I
WKRVH�VSDFHV�WKDW�FDQ�EH�HYLGHQFHG�WR�KDYH�WDNHQ
XS�WKH�5'0�DJHQGD��LQFRUSRUDWLQJ�LW�LQWR�WKHLU
RSHUDWLQJ�SUDFWLFHV�DQG�UKHWRULF�D�FOHDU�DOLJQPHQW�x
ERWK�LQ�WHUPV�RI�DPELWLRQ��VRFLRWHFKQLFDO�SUDFWLFHV�
DQG�HYHU\GD\��QDQFLDO�LQFHQWLYHV�x�FDQ�EH�REVHUYHG�
:H�WKHUHIRUH�DUJXH�WKDW�ZKHUH�5'0�LV�JHWWLQJ�WDNHQ
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XS�E\�VKDUHG�PDFKLQH�VKRS�FRPPXQLWLHV�LW�LV�QRW
RXW�RI�H[WHUQDOLVHG�SUHVVXUHV�WR�GR�VR��EXW�UDWKHU�LW
LV�EHFDXVH�WKHUH�KDV�EHHQ�D�VLJQL�FDQW�DPRXQW�RI
DJHQF\�IURP�ZLWKLQ�WKH�FRPPXQLW\�LWVHOI�x�LW�LV�D
YROXQWDU\��DFWLYH��DQG�FR�RSWLRQDO�SURFHVV�RI
LQVWLWXWLRQDOLVDWLRQ��7KHUHIRUH��ZH�ZRXOG�OLNH�WR
DUJXH�DJDLQVW�WKH�QDUUDWLYH�XQGHUFXUUHQW�ZH��QG
ZLWKLQ�HYHQ�FULWLFDO�PDNHU�GLVFRXUVH��WKH�QRWLRQ�RI
WKH�PDNHUVSDFH�DV�XQGHUGRJ��VXEMHFW�WR�WKH
GRPLQDQW�DJHQF\�DQG�DJHQGDV�RI�LQVWLWXWLRQV��:H
DUJXH�WKLV�GLVFUHGLWV�DQG�XQGHUPLQHV�WKH�DJHQF\
DQG�LQ�XHQFH�VXFK�VSDFHV�DQG�WKHLU�FRPPXQLWLHV
KDYH�ZLWKLQ�WKH�LQVWLWXWLRQDOLVDWLRQ�SURFHVV�LWVHOI�

&21&/86,21

,Q�PDQ\�ZD\V��QRWLRQV�RI�UHGLVWULEXWHG
PDQXIDFWXULQJ�FRPSOLPHQW��IRUPDOLVH��OHJLWLPLVH�DQG
DXJPHQW�WKH�JURZLQJ�WHFKQRP\WK�RI�GLJLWDO�PRGHV
RI�SHHU�SURGXFWLRQ�WKDW�VXUURXQGV�8.�VKDUHG
PDFKLQH�VKRSV��:H�DUJXH�WKDW�WKH
LQVWLWXWLRQDOLVDWLRQ�RI�FRPPXQLW\�SURGXFWLRQ�E\�DQG
WKURXJK�WKH�ZHGGLQJ�RI�VKDUHG�PDFKLQH�VKRSV�DQG
UHGLVWULEXWHG�PDQXIDFWXULQJ�VKRXOG�EH�FRQVLGHUHG�DV
D�SURFHVV�RI�FR�RSWLRQ�WKDW�LV�ERWK�EHQH�FLDO�DQG
SUREOHPDWLF��2Q�WKH�RQH�KDQG��LQVWLWXWLRQDOLVDWLRQ
FRXOG�PHDQ�WKDW�WKH�VHHGV�RI�FKDQJH�DUH�VWDUWLQJ�WR
WDNH�URRW�DQG�JURZ��&RQVLGHU�RQOLQH�VKDULQJ
SODWIRUPV�VXFK�DV�0\0LQL)DFWRU\�DQG�:LNL)DE��RU
SXEOLF�RSHQ�FRS\ULJKW�OLFHQVLQJ�PRGHOV�OLNH�&UHDWLYH
&RPPRQV�DQG�WKH�0R]LOOD�3XEOLF�/LFHQVH�UHDFKLQJ
WKH�FULWLFDO�PDVV�QHFHVVDU\�IRU�WKHP�WR�PDWXUH�LQWR
YLDEOH��HYHQ�PXQGDQHO\�QRUPDO��FRPSRQHQWV�RI�WKH
SURGXFWLRQ�FKDLQ��,PDJLQH�LQIRUPDO�FRPPXQDO
SURGXFWLRQ�SURYLVLRQV�OLNH�VKDUHG�PDFKLQH�VKRSV�
5HSDLU�&DIoV�DQG�WRRO�OLEUDULHV�WKDW�EHFRPH
HPEHGGHG�LQ��XQGHUVWRRG�DQG�VXSSRUWHG�E\
UHJXODWLRQV�DQG�SROLFLHV��6XFK�SURPLVLQJ�H[DPSOHV
FRXOG�EH�XQGHUVWRRG�DV�FDVHV�RI�HYROXWLRQDU\
zQLFKHV{>��@�WKDW�LQVWLJDWH�WKH�UHVWUXFWXULQJ�RI
zUHJLPH{>��@�FRQVWHOODWLRQV��*ULQ�HW�DO���������6PLWK
DQG�5DYHQ���������2Q�WKH�RWKHU�KDQG�KRZHYHU��HDUO\
VLJQV�RI�VXFK�LQVWLWXWLRQDOLVDWLRQ�SURFHVVHV�FRXOG
DOVR�EH�D�IRUHVKDGRZ�RI�SRWHQWLDOO\�WUDQVIRUPDWLYH
DJHQWV�EHLQJ�PHGLDWHG��HQIROGHG�DQG�XOWLPDWHO\
DVSK\[LDWHG�E\�WKH�YHU\�LQVWLWXWLRQDO�VWUXFWXUHV�WKH\

VRXJKW�WR�FKDQJH��6XFK�H[DPSOHV�FRXOG�EH�VHHQ�DV
\HW�DQRWKHU�GLVSOD\�RI�LQFXPEHQW�UHJLPHV�H[HUWLQJ
WKHLU�WHQGHQFLHV�WRZDUGV�QRW�V\VWHPV�FKDQJH��EXW
V\VWHP�VWDELOLVDWLRQ�DQG�UHSURGXFWLRQ��*HHOV�DQG
6FKRW��������

:H�WKHUHIRUH�DVN�ZKDW�DUH�WKH�SRWHQWLDO�LPSDFWV�RI
VXFK�D�FR�FRQVWLWXWLRQDU\�G\QDPLF�EHWZHHQ�VKDUHG
PDFKLQH�VKRSV��D�QDWLRQDO�5'0�DJHQGD��DQG�D
JURZLQJ�WHFKQRP\WK�RI�GLJLWDO�SHHU�SURGXFWLRQ"
:LWKLQ�KLV�DQDO\VHV�RI�VRFLDO�PRYHPHQWV��+HVV
DSSOLHV�WKUHH�K\SRWKHVHV�DV�D�IUDPHZRUN�IRU
DQDO\VLQJ�WHFKQRORJ\��DQG�SURGXFW��RULHQWHG
PRYHPHQWV��730V��x�WZR�RI�ZKLFK�ZH�IHHO�DUH
SHUWLQHQW�WR�WKLV�GLVFXVVLRQ��)LUVWO\��WKH�zSULYDWH�
VHFWRU�V\PELRVLV{�K\SRWKHVLV�SRVWXODWHV�WKDW�WKH
HPSKDVLV�RQ�WHFKQRORJ\�DQG�SURGXFW�LQQRYDWLRQ
OHDGV�WR�WKH�DUWLFXODWLRQ�RI�VRFLDO�PRYHPHQW�JRDOV
ZLWK�WKRVH�RI�LQYHQWRUV��HQWUHSUHQHXUV��DQG
LQGXVWULDO�UHIRUPHUV��$�FRRSHUDWLYH�UHODWLRQVKLS
HPHUJHV�EHWZHHQ�DGYRFDF\�RUJDQLVDWLRQV�WKDW
VXSSRUW�WKH�DOWHUQDWLYH�WHFKQRORJLHV�SURGXFWV�DQG
SULYDWH�VHFWRU��UPV�WKDW�GHYHORS�DQG�PDUNHW
DOWHUQDWLYH�WHFKQRORJLHV��+HVV���������7KLV�VSHDNV�WR
DQG�FRPSOLPHQWV�WKH�EHQH�WV�RI�zFROOHFWLRQ�DFWLRQ
IUDPLQJ{�DV�DUJXHG�E\�6tGHUEHUJ�ZKHQ�KH�VWDWHV�zLW
LV�QRW�REYLRXV�ZKLFK�VLGH�LQ�D�FRQ�LFW�FDQ�GUDZ
VXSSRUW�IURP�D�GHWHUPLQLVWLF�QDUUDWLYH{��6tGHUEHUJ�
������S���������$V�6tGHUEHUJ�H[SODLQV��zFROOHFWLYH
DFWLRQ�IUDPLQJ{�ZLWKLQ�VRFLDO�PRYHPHQW�WKHRU\
UHIHUV�WR�KRZ�VRFLDO�PRYHPHQWV�FRQVWUXFW�QDUUDWLYHV
LQWHUSUHWLQJ�WKH�ZRUOG�LQ�D�ZD\�WKDW�JLYHV�PHDQLQJ
WR�WKHLU�VWUXJJOHV��7KLV�G\QDPLF�UHFRJQLVHV�WKH
DFWLYH�UROH�RI�VRFLDO�PRYHPHQWV�WKHPVHOYHV�DV
SURGXFHUV�RI�PHDQLQJ��QRW�MXVW�UHFLSLDQWV�RI
SUHVFULEHG�QDUUDWLYHV�DQG�P\WKV��EXW�FR�FRQVWLWXWRUV
RI�WKDW�PHDQLQJ�PDNLQJ�DQG�QDUUDWLYH�IUDPLQJ�
)UDPLQJ�FDQ�EH�XQGHUVWRRG�DV�D�SURFHVV�WKURXJK
ZKLFK�VSDFHV�RI�VWUXJJOH�DUH�FRQWLQXDOO\�FUHDWHG�
FRQWHVWHG�DQG�WUDQVIRUPHG��6QRZ�DQG�%HQIRUG�
�������DQG�ERWK�5'0�DQG�WKH�GLJLWDO�SHHU�SURGXFWLRQ
WHFKQRP\WK�FDQ�EH�XQGHUVWRRG�DV�IRUPV�RI
zFROOHFWLYH�DFWLRQ�IUDPLQJ{��$V�6tGHUEHUJ�DUJXHV�
ZKDW�WHFKQRORJLFDO�GHWHUPLQLVP�LQ�XHQFHV�LV�WKH
IUHHGRP�RI�PDQHXYHU�RI�WKH�SROLWLFDO�DGYHUVDU\��,I�D
VRFLDO�PRYHPHQW�FDQ�FODLP�VXFK�D�SRVLWLRQ�LQ�WKHLU
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FROOHFWLYH�DFWLRQ�IUDPH��WKHQ�LW�PLJKW�FRQWULEXWH�WR
JUDVVURRWV�PRELOLVDWLRQ��7KH�FROOHFWLYH�DFWLRQ�ZH
HYLGHQFHG�WKURXJK�WKH�WZR�IRUPV�RI�VXUYH\�LQFOXGHG
DERYH�VKRZFDVHV�HOHPHQWV�RI�KRZ�V\PELRVLV�ZLWK
LQVWLWXWLRQV�DQG�IRUPDO�DJHQGDV�EULQJV�OHJLWLPDF\
DQG�YLVLELOLW\�WR�WKH�zJUDVVURRWV�FDXVHV{�DQG
PRWLYDWLRQV�RI�VKDUHG�PDFKLQH�VKRSV��DFWLQJ�DV�D
VWDELOLVLQJ�IRUFH�WR�HQDEOH�JUHDWHU�LPSDFW�DQG�D
FRPPRQ�DPELWLRQ�

:KLOH�PXFK�FRXOG�EH�JDLQHG��ZH�DOVR�QHHG�WR
FRQVLGHU�ZKDW�FDQ�EH�ORVW�WKURXJK�WKH�FRQWLQXHG
HQWDQJOHPHQW�RI�WKH�WHFKQRP\WK�RI�GLJLWDO�SHHU
SURGXFWLRQ�DQG�5'0�DJHQGDV�ZLWKLQ�8.�VKDUHG
PDFKLQH�VKRSV��$V�6tGHUEHUJ{V�SRLQWV�RXW��WKH
OLWHUDWXUH�RQ�FROOHFWLYH�DFWLRQ�IUDPLQJ�KDV�EHHQ
FULWLFLVHG�IRU�LWV�UHODWLYH�QHJOHFW�RI�KRZ�SUH�H[LVWLQJ
FXOWXUHV�LQ�XHQFH�IUDPLQJ�SURFHVVHV��6tGHUEHUJ�
������+DUW���������$V�3OHNKDQRY�QRWHV��LI�ZH
FRQVLGHU�KRZ�D�SHUVRQ�ZKR�GLVDJUHHV�ZLWK�WKH�JLYHQ
SKHQRPHQRQ�DQG�WHFKQRP\WK�PD\�EH�D�HFWHG�x�LW�LV
OLNHO\�WKDW�WKHLU�HQHUJ\�ZLOO�EH�OHVVHQHG�E\�NQRZLQJ
WKDW�WKHLU�UHVLVWDQFH�LV�IXWLOH��WKDW�WKH\�DQG�WKHLU
SUDFWLFH�LV�VRPHWKLQJ�ZKLFK�LV�OHVV�OHJLEOH�DQG�OHVV
YDORULVHG�LQ�WKH�FRQWH[W�RI�DQ�HPHUJLQJ�KRPRJHQRXV
DJHQGD��3OHNKDQRY��>����@��������:H�VHH�WKLV
HYLGHQFHG�LQ�WKH�GHFUHDVLQJ�YLVLELOLW\�RI�QRQ�
GLJLWLVHG�PDNLQJ�SUDFWLFHV�HYLGHQFHG�LQ�ERWK�VXUYH\
DQDO\VHV��$V�ZH�DUJXHG�DERYH��ZH�DJUHH�ZLWK�:\DWW
DQG�0D[LJDV��WKDW�WKH�LPSRUWDQFH�RI�UHWDLQLQJ�D
FRQQHFWLRQ�WR�QRQ�DGRSWHUV�VKRXOG�EH�VHHQ�DV
FUXFLDO�WR�D�FRPPXQLW\�SUHVHUYLQJ�LWV�DQDO\WLFDO
FDSDELOLWLHV�x�RU�FULWLFDO�IDFXOWLHV��:LWKRXW�WKDW�
VSDFHV�DQG�DFWRUV�ZLWKLQ�WKHP�PD\�TXLFNO\�ORVH�WKH
VHQVH�RI�DJHQF\�WKDW�%ROWDQVNL�DQG�&KLDSHOOR�������
GHHP�FUXFLDO�ZKHQ�FORVLQJ�WKHLU�ZRUN�ZLWK�D�FDOO�IRU
zVRFLRORJ\�DJDLQVW�IDWDOLVP{��%ROWDQNVL�DQG�&KLDSHOOR�
������S������>��@�

8VLQJ�WKH�zLQFRUSRUDWLRQ�DQG�WUDQVIRUPDWLRQ{
K\SRWKHVLV�ZLWKLQ�VRFLDO�PRYHPHQW�WKHRU\��+HVV
SRVWXODWHV�WKDW�WKHUH�LV�D�WHQGHQF\�RYHU�WLPH�IRU
HVWDEOLVKHG�LQGXVWULHV�WR�DEVRUE�WKH�LQQRYDWLRQV�RI
WKH�730V��EXW�LQ�WKH�SURFHVV�WKH\�DOVR�DOWHU�WKH
GHVLJQ�RI�WKH�WHFKQRORJLHV�DQG�SURGXFWV�WR�PDNH
WKHP�PRUH�FRQVLVWHQW�ZLWK�H[LVWLQJ�WHFKQRORJLHV�DQG

ZLWK�FRUSRUDWH�SUR�WDELOLW\�FRQFHUQV��+HVV��������
+HVV�FRQFOXGHV�WKDW�FRPPXQLW\�GHPDQGV�DQG
GHYHORSPHQW�RI�WHFKQRORJLHV�KDSSHQ�LQ�D�SULYDWH�
VHFWRU�V\PELRVLV��+HVV���������(YHQ�ZKHUH�WKHVH
PRYHPHQWV�VXFFHHG�LQ�SXVKLQJ�D�WHFKQRORJ\�WR�WKH
FRQVXPHU�PDUNHW��WKH\�DUH�UHFXSHUDWHG�LQ�WKH
SURFHVV��UHVXOWLQJ�LQ�zREMHFW�FRQ�LFWV{�DERXW�WKHLU
SURSHU�GHVLJQ�DQG�XVH��6tGHUEHUJ�DQG�'HOIDQWL�
�������7KH�DFDGHPLF�DQG�FRPPXQLW\�SRVLWLRQV�RQ
5'0�DQG�WKH�YDU\LQJ�DGRSWLRQV��FR�RSWLRQV�DQG
UHMHFWLRQV�RI�LW�DV�D�WHUP�WKURXJK�WKH�)06�5'0
SURMHFW�UH�HFWV�WKLV�SDWWHUQ�RI�REMHFW�FRQ�LFWV�x
JRLQJ�IURP�DQ�RXWVLGH�FULWLTXH�RI�WKH�FRQVHTXHQFHV
RI�PRGHUQ�PDQXIDFWXULQJ�DQG�JOREDO�VXSSO\�FKDLQV�
WR�D�UHFXSHUDWLRQ�DV�D�KRSHIXO�QDUUDWLYH�RI�IXWXUH
PDQXIDFWXULQJ�DQG�WKH�LPSOHPHQWDWLRQ�RI�VXFK
WKURXJK�DQ�HQWDQJOHPHQW�ZLWK�VKDUHG�PDFKLQH�VKRS
FRPPXQLWLHV�WKURXJK�WHVWV��WULDOV�DQG�VWXGLHV��DQG
XOWLPDWHO\�UHVXOWLQJ�LQ�LQFUHDVHG�GLJLWDO�OHJLELOLW\�DQG
FRPPRGL�FDWLRQ�RI�ERWK�WKH�FRPPXQLWLHV�RI�SUDFWLFH
LQYROYHG�DQG�5'0�DV�D�SUD[LV��0D[LJDV�DUJXHV�WKH
SURFHVV�RI�FULWLTXH��UHFXSHUDWLRQ�DQG
LPSOHPHQWDWLRQ�HQWDQJOHV�WHFKQRORJLHV�DQG�WKH
FRPPXQLWLHV�ZKR�XVH�WKHP�ZLWKLQ�DQ�HQGOHVV�F\FOH
RI�FRPPRGL�FDWLRQ�UHVXOWLQJ�LQ�WKH�ORVV�RI�WUXVW
EHWZHHQ�XVHUV�DQG�WHFKQRORJLHV��0D[LJDV��������
7KLV�F\FOH�RI�FR�SURGXFWLRQ�DQG�FR�RSWLRQ�SUHVHQWV�D
GLOHPPD�LQ�FRQVLGHULQJ�KRZ�XVHUV�FRXOG�SRVVLEO\
PRUH�FULWLFDOO\�QDYLJDWH��HYHQ�LQ�OWUDWH��VXFK�DQ
HQGOHVV�F\FOH��$V�0D[LJDV�DUJXHV��LQ�KLV�VWXG\�RI
WHFKQRORJ\�RULHQWHG�DQG�SURGXFW�RULHQWHG
PRYHPHQWV��XQGHUVWDQGLQJ�WKH�FULWLTXHV�RI�XVHUV
ZLWKLQ�VKDUHG�PDFKLQH�VKRSV�DQG�WKHLU�UHFXSHUDWLRQ
E\�FRPPRGL�HG�PHDQV�LV�LQVWUXPHQWDO�IRU�PDSSLQJ
WKH�G\QDPLFV�EHWZHHQ�SROLWLFDO�VWUXJJOHV�DQG�WKH
WHFKQRORJLFDO��FXOWXUDO�DQG�HWKLFDO�LQQRYDWLRQ�GULYLQJ
WKH�HYROXWLRQ�RI�FDSLWDO��:LWKRXW�FULWLFDOLW\�
PHGLDWLRQ�DQG�FRQ�LFW�EHWZHHQ�SHHU�SURGXFWLRQ
FRPPXQLWLHV�DQG��UPV�UHPDLQ�KLJKO\�YXOQHUDEOH�WR
UHFXSHUDWLYH�ORJLFV�

:H�WKHUHIRUH�DUJXH�WKHUH�LV�D�QHHG�WR�UHWDLQ�QRQ�
XVHUV�ZLWKLQ�SHHU�SURGXFWLRQ�FRPPXQLWLHV�DQG�D
GDQJHU�RI�H[FOXGLQJ�WKHP�WKURXJK�WKH�LQFUHDVLQJO\
IRUPDOLVDWLRQ�DQG�FR�LQVWLWXWLRQDOLVDWLRQ�RI�WKH�GLJLWDO
SHHU�SURGXFWLRQ�WHFKQRP\WK�DQG�5'0�DJHQGDV��$
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ORVV�LQ�GLYHUVLW\�ZLWKLQ�VKDUHG�PDFKLQH�VKRSV�FRXOG
OHDG�WR�WKH�ORVV�RI�FRQQHFWLRQ�EHWZHHQ�DGRSWHUV�DQG
QRQ�DGRSWHUV��:KLFK�FRXOG��LQ�WXUQ��UHVXOW�LQ�D�ORVV�RI
FULWLFDO�IDFXOWLHV��DJHQF\�DQG�DZDUHQHVV��:LWKRXW�D
GLYHUVLW\�RI�SUDFWLFH�DQG�RI�FRPPXQLW\��8.�VKDUHG
PDFKLQH�VKRSV��DQG�WKH�SHHU�SURGXFWLRQ
FRPPXQLWLHV�ZKR�XVH�WKHP��DUH�DW�ULVN�RI�ORVLQJ�WKH
DELOLW\�WR�UHPDLQ�FULWLFDOO\�HQJDJHG�DQG�LQYROYHG
ZLWKLQ�WKH�FR�LQVWLWXWLRQDOLVDWLRQ�SURFHVV��7KH�ULVN�RI
8.�VKDUHG�PDFKLQH�VKRSV�DOLJQLQJ�ZLWK�WKH�GLJLWDO
SURGXFWLRQ�WHFKQRP\WK�DQG�5'0�DJHQGDV�LV�WKDW�WKH
GHIDXOW�PRGHO�EHFRPHV�DQ�HFKR�FKDPEHU�RI
KRPRJHQRXV�DGRSWLRQ��:KLOVW�ZH�DUH�QRW�DUJXLQJ
WKDW�GLYHUVH�FRPPXQLWLHV�DUH�LPPXQH�WR
WHFKQRORJLFDO�GHWHUPLQLVP��D�GLYHUVH�FRPPXQLW\
FDQ�JHQHUDWH�D�EHWWHU�SRVLWLRQ�IRU�LQGLYLGXDOV�DQG
JURXSV�WR�EH�PRUH�FULWLFDO�DQG�UHFRJQLVH�WKH�EURDGHU
UHODWLRQVKLSV�LQ�WKH�ODQGVFDSH��7KHUH�LV�D�QHHG�IRU
FULWLFDO�IULFWLRQ��WR�KLJKOLJKW�WKH�HGJHV�DQG�WHQVLRQV
EHWZHHQ�WKLV�LQFUHDVLQJO\�GRPLQDQW�DVVHPEODJH�RI
SUDFWLFHV�DQG�WKRVH�SUDFWLFHV�ZKLFK�DUH�OHVV�YLVLEOH�
OHVV�GLJLWDOO\�OHJLEOH�RU�OHVV�YDORULVHG��&ULWLFDO�IULFWLRQ
LV�SURGXFWLYH��LW�SURYLGHV�WKH�RSSRUWXQLW\�IRU�VRFLDO
PRYHPHQWV�WR�VHOI�FKHFN��VHOI�UH�HFW��EH�FULWLFDO�DQG
TXHVWLRQ�WKH�ZLGHU�LPSDFWV�RI�WKHLU�SUDFWLFHV��:H
FRQFOXGH�E\�UHLWHUDWLQJ�WKH�QHHG�WR�GHSOR\�D�FULWLFDO
OHQV�WR�WKH�FR�LQVWLWXWLRQDOLVDWLRQ�RI�8.�VKDUHG
PDFKLQH�VKRSV�DQG�WKH�SHHU�SURGXFWLRQ�SUDFWLFHV
WKDW��RZ�ZLWKLQ�WKHP�WR�QDWLRQDO�5'0�DJHQGDV�
)XUWKHU�UHVHDUFK�LV�QHHGHG�LQ�RUGHU�WR�DVVHVV�ZKDW�LV
JDLQHG�DQG�ZKDW�LV�ORVW��DQG�KRZ�ZH�FDQ�EHWWHU
QDYLJDWH�WKH�SURFHVV�RI�FR�LQVWLWXWLRQDOLVDWLRQ�

$&.12:/('*(0(17

7KH�DXWKRUV�ZRXOG�OLNH�WR�WKDQN�WKH��h��SDUWLFLSDQWV
IRU�WDNLQJ�SDUW�LQ�WKH��QDO�VWXG\�RI�WKH�)XWXUH
0DNHVSDFHV�LQ�5HGLVWULEXWHG�0DQXIDFWXULQJ�1HWZRUN
x�IXQGHG�E\�WKH�(QJLQHHULQJ�DQG�3K\VLFDO�6FLHQFHV
5HVHDUFK�&RXQFLO��(3�0����������

�

�127(6

>�@�)ROORZLQJ�%HQNOHU��������DQG�%HQNOHU�HW�DO�

��������ZH�GH�QH�SHHU�SURGXFWLRQ�DV�D�IRUP�RI
,QWHUQHW�PHGLDWHG�RSHQ�FUHDWLRQ�DQG�VKDULQJ
SHUIRUPHG�E\�JURXSV�WKDW��VHW�DQG�H[HFXWH�JRDOV�LQ
D�GHFHQWUDOLVHG�PDQQHU��KDUQHVV�D�GLYHUVH�UDQJH�RI
SDUWLFLSDQW�PRWLYDWLRQV��DUH�SDUWLFXODUO\�QRQ�
PRQHWDU\�PRWLYDWLRQV��DQG�VHSDUDWH�JRYHUQDQFH
DQG�PDQDJHPHQW�UHODWLRQV�IURP�H[FOXVLYH�IRUPV�RI
SURSHUW\�DQG�UHODWLRQDO�FRQWUDFWV��L�H���SURMHFWV�DUH
JRYHUQHG�DV�RSHQ�FRPPRQV�RU�FRPPRQ�SURSHUW\
UHJLPHV�DQG�RUJDQLVDWLRQDO�JRYHUQDQFH�XWLOL]HV
FRPELQDWLRQV�RI�SDUWLFLSDWRU\��PHULWRFUDWLF�DQG
FKDULVPDWLF��UDWKHU�WKDQ�SURSULHWDU\�RU�FRQWUDFWXDO�
PRGHOV��

>�@�)ROORZLQJ�6PLWK�HW�DO���������ZH�IUDPH
JUDVVURRWV�GLJLWDO�IDEULFDWLRQ�DV�WKH�FRQ�XHQFH�RI
GLJLWDO�IDEULFDWLRQ�WHFKQRORJLHV��H�J���'�SULQWLQJ�
RSHQ�VRXUFH�DQG�ZHE�EDVHG�GHVLJQ�WRROV��HOHFWURQLF
NLWV��FRPSXWHU�FRQWUROOHG�PLOOLQJ�PDFKLQHV�DQG�ODVHU
FXWWHUV���QHZ�EXVLQHVV�PRGHOV��H�J��zSHUVRQDOLVHG
PDQXIDFWXULQJ{���DQG�JUDVVURRWV�PRYHPHQWV��H�J�
zPDNHUVSDFH{�FRPPXQLW\�ZRUNVKRSV��

>�@�6XFK�DV�*HUVKHQIHOG��������+LHOVFKHU�DQG�6PLWK�
������-RXUQDO�RI�3HHU�3URGXFWLRQ��������5LFKWHULFK
DQG�:HQ]��������8QLYHUVLW\�$UWV�/RQGRQ�������

>�@�6XFK�DV�$QGHUVRQ��������0RULQ��������+DJHO��-�
HW�DO���������+DWFK��������%DQHUMHH�������

>�@�7KH�GDWDVHW�ZDV�FRPPLVVLRQHG�E\�DQ�RSHQ
WHQGHULQJ�SURFHVV�LQ������E\�8.�WKLQN�WDQN�1HVWD
�1DWLRQDO�(QGRZPHQW�IRU�6FLHQFH��7HFKQRORJ\�DQG
WKH�$UWV���5HVHDUFKHUV�$QGUHZ�6OHLJK�DQG�+DQQDK
6WHZDUW��ERWK�UHVHDUFKHUV�ZLWK�D�SHUVRQDO
EDFNJURXQG�ZLWKLQ�WKH�8.�PDNHUVSDFH�VFHQH�
XQGHUWRRN�WKH�ZRUN�RYHU�D�SHULRG�RI�IRXU�PRQWKV�
7KLV�FRQVLVWHG�RI�GH�QLQJ�WKH��HOGV�RU�GDWD�GHVLUHG
LQWR�DSSURSULDWH�TXHVWLRQV��DJJUHJDWLQJ�NQRZQ
ORFDWLRQV�RI�VSDFHV�WKURXJK�GHVN�EDVHG�UHVHDUFK
DQG�zVQRZEDOOLQJ{�WKH�VXUYH\�WKURXJK�VRFLDO�PHGLD
DQG�WKHLU�RZQ�QHWZRUNV��7KH�PHWKRG�IRU�WKH
GDWDVHW{V�IUDPLQJ�DQG�WKH�UHVHDUFK�DSSURDFK�ZDV
GRFXPHQWHG�WKURXJK�D�VHULHV�RI�EORJ�SRVWV�RQ�WKH
1HVWD�ZHEVLWH��6OHLJK��6WHZDUW��DQG�6WRNHV��������
DQG�ERWK�WKH�OLVW�RI�TXHVWLRQV�DQG�DQ�LQLWLDO�GDWDVHW
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ZHUH�UHOHDVHG�DV�D�SXEOLF�EHWD��HYROYLQJ�LQ�UHVSRQVH
WR�FRPPXQLW\�VXJJHVWLRQV��7KH�UHVXOWLQJ�GDWDVHW
FRQWDLQV�YDOLGDWHG�GHWDLOV�RI����VSDFHV��ZLWK�VSDFHV
SULPDULO\�GLVFXUVLYHO\�UHSUHVHQWLQJ�WKHPVHOYHV��7KH
GH�QLWLRQ�RI�PDNHUVSDFH�HVWDEOLVKHG�E\�WKH
FRPPLVVLRQHU�DQG�UHVHDUFKHUV�VSHFL�FDOO\�H[FOXGHG
SULYDWH�ZRUNVKRSV�DQG�VWXGLRV��DQG�GH�QHG�LW�DV�DQ
|RSHQ�DFFHVV�VSDFH��IUHH�RU�SDLG���ZLWK�IDFLOLWLHV�IRU
GL�HUHQW�SUDFWLFHV��ZKHUH�DQ\RQH�FDQ�FRPH�DQG
PDNH�VRPHWKLQJ}�

>�@�)RU�H[DPSOH��(DVW�/RQGRQ�3ULQWPDNHUV��/RQGRQ
3ULQW�6WXGLR��DQG�6SLNH�3ULQW�6WXGLR�

>�@�)RU�H[DPSOH��/RQGRQ�%LNH�.LWFKHQ��%LNH�:RUNV�
DQG�$FFHVV�%LNH�

>�@�)RU�H[DPSOH��/RQGRQ�6FXOSWXUH�:RUNVKRS�
*ODVJRZ�6FXOSWXUH�6WXGLRV��DQG�&\DQ�&OD\ZRUNV�

>�@�)RU�H[DPSOH��%ODFNKRUVH�:RUNVKRS��%XLOGLQJ
%OR4V��DQG�0DNHUV�4XDUWHU�

>��@�)ROORZLQJ�%ROWDQVNL�DQG�&KLDSHOOR��������
0D[LJDV�GH�QHV�zFULWLTXH{�DV�WKH�XQPDVNLQJ�RI�WKH
KHUPHQHXWLF�FRQWUDGLFWLRQ�EHWZHHQ�WKH�PHDQLQJ�RI
LQVWLWXWLRQV�DQG�KRZ�WKH\�ZRUN�LQ�SUDFWLFH��PDNLQJ�LW
SRVVLEOH�WR�FKDOOHQJH�WKH�UHDOLW\�RI�UHDOLW\��0D[LJDV�
�������0D[LJDV�WKHQ�GH�QHV�zUHFXSHUDWLRQ{�DV�D
F\FOLFDO�ORJLF�LQ�FDSLWDOLVP��ZKHUHE\�RQ�WKH�RQH
KDQG��FULWLTXH�LV�DEVRUEHG�LQWR�FDSLWDOLVW�LGHRORJ\
DQG�SUDFWLFH��DQG�RQ�WKH�RWKHU��WKLQJV�WKDW�ZHUH
SUHYLRXVO\�QRW�SDUW�RI�WKH�FDSLWDO�DFFXPXODWLRQ
SURFHVV�VWDUW�WR�EH�YDORULVHG��,Q�WKLV�ZD\��FDSLWDOLVP
DQVZHUV�WR�FULWLTXH�WKURXJK�UHVWUXFWXULQJ�LQ�D�ZD\
WKDW�VLPXOWDQHRXVO\�LPSOHPHQWV��EXW�DOVR
QHXWUDOLVHV�DQG�HYHQWXDOO\�XQGHUPLQHV�WKDW�FULWLTXH
�0D[LJDV��������

>��@�(365&�LV�WKH�8.�JRYHUQPHQW�DJHQF\
UHVSRQVLEOH�IRU�IXQGLQJ�UHVHDUFK�DQG�WUDLQLQJ�LQ�WKH
DUHDV�RI�HQJLQHHULQJ�DQG�SK\VLFDO�VFLHQFHV��7KH
5'0�QHWZRUNV�DUH�SDUW�RI�WKH�(365&{V�IXQGLQJ
WKHPH�DUHD�RI�WKH�)XWXUH�RI�0DQXIDFWXULQJ�

>��@�7KH�UHPLW�RI�WKHVH�WZR�\HDU�IXQGHG�QHWZRUNV�
LQFOXGHG��DGYDQFLQJ�WKLQNLQJ�DURXQG�HQG�XVHU

LQYROYHPHQW�DQG�LQWHUHVW�LQ�5'0��VXSSRUWLQJ
IHDVLELOLW\�VWXGLHV�DQG�DFWLYHO\�VHHNLQJ�FRQWULEXWLRQV
IURP�D�UDQJH�RI�H[SHUWV�DQG�GLVFLSOLQHV�

>��@�)XWXUH�0DNHVSDFHV�LQ�5HGLVWULEXWHG
0DQXIDFWXULQJ�ZDV�DQ�(365&�IXQGHG�5'0�QHWZRUN
IDFLOLWDWHG�E\�'HVLJQ�3URGXFWV�DW�WKH�5R\DO�&ROOHJH
RI�$UW��7KLV�KXE�VSHFL�FDOO\�H[SORUHG�WKH�SRVVLEOH
UROHV�RI�PDNHVSDFHV��DQG�RWKHU�VLPLODU�LQIRUPDO�VLWHV
RI�PDQXIDFWXULQJ�FRXOG�SOD\�ZLWKLQ�D�IXWXUH
UHGLVWULEXWHG�PDQXIDFWXULQJ�ODQGVFDSH�

>��@�2XU�DQDO\VLV�RI�WKH�1HVWD�GDWDVHW�XVHG�WKH
SURPLQHQFH�RI�SUDFWLFHV�HYLGHQFHG�WKURXJK�WKH
GLVFXUVLYH�UHVSRQVH�WR�GHPRQVWUDWH�WKH�HPHUJLQJ
GRPLQDQFH�RI�D�VHW�RI�SHHU�SURGXFWLRQ�SUDFWLFHV
DOLJQHG�WR�WKH�WHFKQRP\WK��7KLV�ODWHU�VWXG\�ZLWK
FXUDWHG�SDUWLFLSDQWV�HYLGHQFHV�WKH�H[WHQW�WR�ZKLFK
VSDFHV�OHJLWLPLVH�WKHLU�SUDFWLFHV�LQ�D�PDQQHU�WKDW�LV
DGKHUHQW�RU�FRXQWHU�WR�ERWK�WKH�WHFKQRP\WK�DQG
5'0�DJHQGD��*LYHQ�WKH�ULFK�GDWD�SURYLGHG�E\�HDFK
SDUWLFLSDQWV��ZH�KDYH�FKRVHQ�WR�DJDLQ�XVH�D
GLVFRXUVH�WR�DQDO\VH�WKH�SURPLQHQFH�RI�D�YDULHW\�RI
SHUVSHFWLYHV�DQG�SUDFWLFHV�

>��@�1LFKHV�KDYH�EHHQ�FRQFHSWXDOL]HG�DV�SURWHFWHG
VSDFHV��L�H���VSHFL�F�PDUNHWV�RU�DSSOLFDWLRQ�GRPDLQV�
LQ�ZKLFK�UDGLFDO�LQQRYDWLRQV�FDQ�GHYHORS�ZLWKRXW
EHLQJ�VXEMHFW�WR�WKH�VHOHFWLRQ�SUHVVXUH�RI�WKH
SUHYDLOLQJ�UHJLPH��.HPS�HW�DO���������

>��@�,Q�NHHSLQJ�ZLWK�.HPS�HW�DO���ZH�GH�QH�UHJLPH
DV�|WKH�ZKROH�FRPSOH[�V\VWHP�RI�NQRZOHGJHV�
SUDFWLFHV��SURFHVVHV��WHFKQRORJLHV��FKDUDFWHULVWLFV�
VNLOOV�DQG�SURFHGXUHV��DQG�LQVWLWXWLRQV�DQG
LQIUDVWUXFWXUHV�WKDW�PDNH�XS�WKH�WRWDOLW\�RI�D
WHFKQRORJ\}��.HPS�HW�DO���������S�������

>��@�)RU�DV�%ROWDQVNL�DQG�&KLDSHOOR�KLJKOLJKW��|DV�D
FHQWXU\�DQG�D�KDOI�RI�WKH�FULWLTXH�RI�FDSLWDOLVP�KDV
GHPRQVWUDWHG��WKH�WZR�FULWLTXHV�x�WKH�VRFLDO�DQG�WKH
DUWLVWLF�x�DUH�DW�RQFH�FRQWUDGLFWRU\�RQ�PDQ\�SRLQWV
DQG�LQVHSDUDEOH��LQ�WKH�VHQVH�WKDW��VWUHVVLQJ
GL�HUHQW�DVSHFWV�RI�WKH�KXPDQ�FRQGLWLRQ��WKH\
PXWXDOO\�EDODQFH�DQG�OLPLW�RQH�DQRWKHU��,W�LV�E\
NHHSLQJ�ERWK�DOLYH�WKDW�ZH�FDQ�KRSH�WR�FRQIURQW�WKH
GHVWUXFWLRQ�FDXVHG�E\�FDSLWDOLVP��ZKLOH�DYRLGLQJ�WKH
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H[FHVVHV�WKDW�HDFK�RI�WKHP�ULVNV�LQGXFLQJ�ZKHQ�LW�LV
JLYHQ�H[FOXVLYH�H[SUHVVLRQ��DQG�QRW�WHPSHUHG�E\
WKH�SUHVHQFH�RI�WKH�RWKHU}��%ROWDQVNL�DQG�&KLDSHOOR�
������S�������

&,7$7,216

$QGHUVRQ��&����������0DNHUV��7KH�1HZ�,QGXVWULDO
5HYROXWLRQ��*UHDW�%ULWDLQ��5DQGRP�+RXVH�%XVLQHVV�

%DQHUMHH��6�����������'�3ULQWLQJ��$UH�\RX�UHDG\�IRU
WKH�QHZ�GHFHQWUDOL]HG�LQGXVWULDO�UHYROXWLRQ"�:LUHG�
>RQOLQH@�$YDLODEOH�DW�
KWWSV���ZZZ�ZLUHG�FRP�LQVLJKWV����������G�SULQWLQJ�
GHFHQWUDOL]HG�LQGXVWULDO�UHYROXWLRQ��>$FFHVVHG���
)HEUXDU\�����@�

%HQIRUG��5��DQG�6QRZ��'���������)UDPLQJ�3URFHVVHV
DQG�6RFLDO�0RYHPHQWV��$Q�2YHUYLHZ�DQG
$VVHVVPHQW��$QQXDO�5HYLHZ�RI�6RFLRORJ\�����������
SS����������

%HQNOHU��<����������3HHU�SURGXFWLRQ�DQG�FRRSHUDWLRQ�
,Q��-��%DXHU�DQG�0��/DW]HU��HG���+DQGERRN�RQ�WKH
(FRQRPLFV�RI�WKH�,QWHUQHW��(GZDUG�(OJDU�

%HQNOHU�HW�DO����������3HHU�3URGXFWLRQ��$�)RUP�RI
&ROOHFWLYH�,QWHOOLJHQFH��,Q��7��0DORQH�DQG�0��%HUVWHLQ�
HG���7KH�+DQGERRN�RI�&ROOHFWLYH�,QWHOOLJHQFH��0,7
3UHVV�

%HUJ��%�����������'�3ULQWLQJ��/HJDO��3KLORVRSKLFDO�DQG
(FRQRPLF�'LPHQVLRQV��7KH�+DJXH��7��0��&��$VVHU
3UHVV�

%ROWDQVNL��/��DQG�&KLDSHOOR��(����������7KH�1HZ�6SLULW
RI�&DSLWDOLVP��/RQGRQ��9HUVR�

%UD\EURRNH��.����������6KH�+DFNHUV��0LOOHQQLDOV�DQG
*HQGHU�LQ�(XURSHDQ�)�/266�6XEFXOWXUHV��,Q��/HFWXUH
DW�WKH��WK�&KDRV�&RPPXQLFDWLRQ�&DPS��>RQOLQH@
$YDLODEOH�DW�
KWWSV���HYHQWV�FFF�GH�FDPS������ZLNL�/HFWXUHV
>$FFHVVHG����)HEUXDU\�����@�

%UD\EURRNH��.��DQG�-RUGDQ��7����������*HQHDORJ\�
&XOWXUH�DQG�7HFKQRP\WK��'HFRORQL]LQJ�:HVWHUQ

,QIRUPDWLRQ�7HFKQRORJLHV��IURP�2SHQ�6RXUFH�WR�WKH
0DNHU�0RYHPHQW��'LJLWDO�&XOWXUH�	�6RFLHW\��������SS�
������

&RUELQ��(����������0DQXIDFWXULQJ�)XWXUHV��7KH�UROH�RI
zRSHQ�DFFHVV{�PDNLQJ��/RQGRQ��8.��8QLYHUVLW\
&ROOHJH�/RQGRQ�

&RUELQ��(���)RUWKFRPLQJ���������h��,QLWLDO�DQDO\VLV�RI
SDUWLFLSDQW�GDWD��/RQGRQ��8.��5R\DO�&ROOHJH�RI�$UW�

'H9RU��5���.DSRRU��6���&DR��-���DQG�(KPDQQ��.�
��������7UDQVIRUPLQJ�WKH�/DQGVFDSH�RI
0DQXIDFWXULQJ��'LVWULEXWHG�0DQXIDFWXULQJ�%DVHG�RQ
'HVNWRS�0DQXIDFWXULQJ��-RXUQDO�2I�0DQXIDFWXULQJ
6FLHQFH�$QG�(QJLQHHULQJ���������

'HZEHUU\��(���6DFD��/���0RQHUR��0���6KHOGULFN��/���DQG
6LQFODLU��0����������$�/DQGVFDSH�RI�5HSDLU��,Q�
6XVWDLQDEOH�,QQRYDWLRQ�������&LUFXODU�(FRQRP\
,QQRYDWLRQ�DQG�'HVLJQ��(SVRP�

'LVWULEXWHG�(YHU\WKLQJ����������$�1HZ�QRUPDO�
/RQGRQ��0DFKLQH�5RRPV�	�'LVWULEXWHG�(YHU\WKLQJ�

'RXJKHUW\��'����������7KH�0DNHU�0RYHPHQW�
,QQRYDWLRQV��������SS����x���

'RXULVK��3��DQG�%HOO��*����������'LYLQLQJ�D�'LJLWDO
)XWXUH��0HVV�DQG�0\WKRORJ\�LQ�8ELTXLWRXV
&RPSXWLQJ��&DPEULGJH��0,7�3UHVV�

(DVW�/RQGRQ�3ULQWPDNHUV��>RQOLQH@�$YDLODEOH�DW�
ZZZ�HDVWORQGRQSULQWPDNHUV�FR�XN�>$FFHVVHG���
)HEUXDU\�����@�

(VFDODQWH��3��DQG�5DKLPIDUG��6����������,QQRYDWLYH
IRRG�WHFKQRORJLHV�IRU�UHGLVWULEXWHG�PDQXIDFWXULQJ�
/RXJKERURXJK��/RXJKERURXJK�8QLYHUVLW\�&HQWUH�IRU
6XVWDLQDEOH�0DQXIDFWXULQJ�	�5HF\FOLQJ�7HFKQRORJLHV
�60$57��

)RUG��6��DQG�0LQVKDOO��7����������'H�QLQJ�WKH
5HVHDUFK�$JHQGD�IRU��'�3ULQWLQJ�(QDEOHG�5H�
GLVWULEXWHG�0DQXIDFWXULQJ��$GYDQFHV�,Q�3URGXFWLRQ
0DQDJHPHQW�6\VWHPV��,QQRYDWLYH�3URGXFWLRQ
0DQDJHPHQW�7RZDUGV�6XVWDLQDEOH�*URZWK��S�

https://www.wired.com/insights/2015/02/3d-printing-decentralized-industrial-revolution/
https://www.wired.com/insights/2015/02/3d-printing-decentralized-industrial-revolution/
https://events.ccc.de/camp/2011/wiki/Lectures
http://www.eastlondonprintmakers.co.uk/
https://creativecommons.org/licenses/by/4.0/


7KH�-RXUQDO�RI�3HHU�3URGXFWLRQ
1HZ�SHUVSHFWLYHV�RQ�WKH�LPSOLFDWLRQV�RI�SHHU�SURGXFWLRQ�IRU�VRFLDO�FKDQJH

-RXUQDO�RI�3HHU�3URGXFWLRQ�,VVXH�����0DNHUVSDFHV�DQG�,QVWLWXWLRQV
KWWS���SHHUSURGXFWLRQ�QHW�y�,661����������

9ROXPH���RI��
d������E\�WKH�DXWKRUV��DYDLODEOH�XQGHU�D�FF�E\�OLFHQVH��KWWSV���FUHDWLYHFRPPRQV�RUJ�OLFHQVHV�E\�������_���

��������

)RUHVLJKW����������)XWXUH�RI�PDQXIDFWXULQJ��$�QHZ
HUD�RI�RSSRUWXQLW\�DQG�FKDOOHQJH�IRU�WKH�8.��%,6�
>RQOLQH@�$YDLODEOH�DW�
KWWSV���ZZZ�JRY�XN�JRYHUQPHQW�SXEOLFDWLRQV�IXWXUH�
RI�PDQXIDFWXULQJ�IXWXUH�RI�PDQXIDFWXULQJ�D�QHZ�
HUD�RI�RSSRUWXQLW\�DQG�FKDOOHQJH�IRU�WKH�XN�
VXPPDU\�UHSRUW�>$FFHVVHG����)HEUXDU\�����@�

(365&�������D���)XQGHG�1HWZRUNV�LQ�5H�GLVWULEXWHG
0DQXIDFWXULQJ��>RQOLQH@�$YDLODEOH�DW�
KWWSV���ZZZ�HSVUF�DF�XN�UHVHDUFK�RXUSRUWIROLR�WKHPH
V�PDQXIDFWXULQJWKHIXWXUH�DFWLYLWLHV�UGPQHWZRUNV�
>$FFHVVHG����6HSWHPEHU�����@�

(365&�������E���5H�GLVWULEXWHG�PDQXIDFWXULQJ�FDOO
IRU�QHWZRUNV��>RQOLQH@�$YDLODEOH�DW�
KWWSV���ZZZ�HSVUF�DF�XN�IXQGLQJ�FDOOV�PDQXIDFWXULQJ
VFRSLQJZRUNVKRS������>$FFHVVHG����6HSWHPEHU
����@�

*HHOV��)�:��DQG�6FKRW��-����������7\SRORJ\�RI
VRFLRWHFKQLFDO�WUDQVLWLRQ�SDWKZD\V��5HVHDUFK�3ROLF\�
�������SS�����x����

*HUVKHQIHOG��1����������+RZ�WR�0DNH�$OPRVW
$Q\WKLQJ��7KH�'LJLWDO�)DEULFDWLRQ�5HYROXWLRQ��)RUHLJQ
$�DLUV���������SS��������

*ULQ��-���5RWPDQV��-��DQG�6FKRW��-����������7UDQVLWLRQV
WR�6XVWDLQDEOH�'HYHORSPHQW��1HZ�'LUHFWLRQV�LQ�WKH
6WXG\�RI�/RQJ�7HUP�7UDQVIRUPDWLYH�&KDQJH��1HZ
<RUN��5RXWOHGJH�

+DJHO��-���6HHO\�%URZQ��-��DQG�.XODVRRUL\D��'��������
$�0RYHPHQW�LQ�WKH�0DNLQJ��'HORLWWH�,QVLJKWV�
>RQOLQH@�$YDLODEOH�DW�
KWWSV���ZZZ��GHORLWWH�FRP�LQVLJKWV�XV�HQ�WRSLFV�HPH
UJLQJ�WHFKQRORJLHV�D�PRYHPHQW�LQ�WKH�PDNLQJ�KWPO
>$FFHVVHG����)HEUXDU\�����`�

+DUULVRQ��5���5D�T��4��DQG�0HGFDOI��1����������&HOO
DQG�JHQH�WKHUDS\�PDQXIDFWXULQJ��7KH�QHFHVVLW\�IRU
D�FRVW�EDVHG�GHYHORSPHQW�DSSURDFK��&HOO�$QG�*HQH
7KHUDS\�,QVLJKWV�������

+DUULVRQ��5���5XFN��6���0HGFDOI��1��DQG�5D�T��4�
��������'HFHQWUDOL]HG�PDQXIDFWXULQJ�RI�FHOO�DQG
JHQH�WKHUDSLHV��2YHUFRPLQJ�FKDOOHQJHV�DQG
LGHQWLI\LQJ�RSSRUWXQLWLHV��&\WRWKHUDS\����������SS�
����������
KWWS���G[�GRL�RUJ���������M�MF\W������������

+DUW��6���������7KH�FXOWXUDO�GLPHQVLRQ�RI�VRFLDO
PRYHPHQWV��$�WKHRUHWLFDO�UHDVVHVVPHQW�DQG
OLWHUDWXUH�UHYLHZ��6RFLRORJ\�RI�5HOLJLRQ���������SS�
��x����

+DWFK��0����������7KH�0DNHU�0RYHPHQW�0DQLIHVWR�
5XOH�IRU�LQQRYDWLRQ�LQ�WKH�QHZ�ZRUOG�RI�FUDIWHUV�
KDFNHUV�DQG�WLQNHUHUV��86$��0F*UDZ�+LOO�

+HVV��'���������7HFKQRORJ\�DQG�3URGXFW�2ULHQWHG
0RYHPHQWV��$SSUR[LPDWLQJ�6RFLDO�0RYHPHQW
6WXGLHV�DQG�676��6FLHQFH��7HFKQRORJ\��DQG�+XPDQ
9DOXHV���������SS����������

+LHOVFKHU��6��DQG�6PLWK��$����������&RPPXQLW\�
EDVHG�GLJLWDO�IDEULFDWLRQ�ZRUNVKRSV��$�UHYLHZ�RI�WKH
UHVHDUFK�OLWHUDWXUH��:RUNLQJ�3DSHU��%ULJKWRQ�
8QLYHUVLW\�RI�6XVVH[�

-RXUQDO�RI�3HHU�3URGXFWLRQ���������,VVXH�����6KDUHG
0DFKLQH�6KRSV��>RQOLQH@�$YDLODEOH�DW�
KWWS���SHHUSURGXFWLRQ�QHW�LVVXHV�LVVXH���VKDUHG�PDF
KLQH�VKRSV��>$FFHVVHG����)HEUXDU\�����@�

.HPS��5���6FKRW��-��DQG�+RRJPD��5����������5HJLPH
VKLIWV�WR�VXVWDLQDELOLW\�WKURXJK�SURFHVVHV�RI�QLFKH
IRUPDWLRQ��7KH�DSSURDFK�RI�VWUDWHJLF�QLFKH
PDQDJHPHQW��7HFKQRORJ\�$QDO\VLV�	�6WUDWHJLF
0DQDJHPHQW���������SS����������

.RKWDOD��&����������$GGUHVVLQJ�VXVWDLQDELOLW\�LQ
UHVHDUFK�RQ�GLVWULEXWHG�SURGXFWLRQ��$Q�LQWHJUDWHG
OLWHUDWXUH�UHYLHZ��-RXUQDO�2I�&OHDQHU�3URGXFWLRQ������
SS����������
KWWS���G[�GRL�RUJ���������M�MFOHSUR������������

.uKQOH��+����������'LVWULEXWHG�PDQXIDFWXULQJ�
/RQGRQ��6SULQJHU�

https://www.gov.uk/government/publications/future-of-manufacturing/future-of-manufacturing-a-new-era-of-opportunity-and-challenge-for-the-uk-summary-report
https://www.gov.uk/government/publications/future-of-manufacturing/future-of-manufacturing-a-new-era-of-opportunity-and-challenge-for-the-uk-summary-report
https://www.gov.uk/government/publications/future-of-manufacturing/future-of-manufacturing-a-new-era-of-opportunity-and-challenge-for-the-uk-summary-report
https://www.gov.uk/government/publications/future-of-manufacturing/future-of-manufacturing-a-new-era-of-opportunity-and-challenge-for-the-uk-summary-report
https://www.epsrc.ac.uk/research/ourportfolio/themes/manufacturingthefuture/activities/rdmnetworks/
https://www.epsrc.ac.uk/research/ourportfolio/themes/manufacturingthefuture/activities/rdmnetworks/
https://www.epsrc.ac.uk/funding/calls/manufacturingscopingworkshop2014/
https://www.epsrc.ac.uk/funding/calls/manufacturingscopingworkshop2014/
https://www2.deloitte.com/insights/us/en/topics/emerging-technologies/a-movement-in-the-making.html
https://www2.deloitte.com/insights/us/en/topics/emerging-technologies/a-movement-in-the-making.html
http://dx.doi.org/10.1016/j.jcyt.2017.07.005
http://peerproduction.net/issues/issue-5-shared-machine-shops/
http://peerproduction.net/issues/issue-5-shared-machine-shops/
http://dx.doi.org/10.1016/j.jclepro.2014.09.039
https://creativecommons.org/licenses/by/4.0/


7KH�-RXUQDO�RI�3HHU�3URGXFWLRQ
1HZ�SHUVSHFWLYHV�RQ�WKH�LPSOLFDWLRQV�RI�SHHU�SURGXFWLRQ�IRU�VRFLDO�FKDQJH

-RXUQDO�RI�3HHU�3URGXFWLRQ�,VVXH�����0DNHUVSDFHV�DQG�,QVWLWXWLRQV
KWWS���SHHUSURGXFWLRQ�QHW�y�,661����������

9ROXPH���RI��
d������E\�WKH�DXWKRUV��DYDLODEOH�XQGHU�D�FF�E\�OLFHQVH��KWWSV���FUHDWLYHFRPPRQV�RUJ�OLFHQVHV�E\�������_���

/DZWRQ��-����������'HPRFUDWL]LQJ�PDQXIDFWXULQJ�
>RQOLQH@�$YDLODEOH�DW�
KWWSV���ZZZ�IRUEHV�FRP�VLWHV�MLPODZWRQ������������
GHPRFUDWL]LQJ�PDQXIDFWXULQJ�VPDUW�FROODERUDWLYH�
URERWV�EULQJ�DXWRPDWLRQ�EHQH�WV�WR�
DOO���I�H�ID�I���>$FFHVVHG����-DQXDU\�����@�

/RQGRQ�&HQWUH�IRU�%RRN�$UWV��>RQOLQH@�$YDLODEOH�DW�
KWWS���ORQGRQERRNDUWV�RUJ��>$FFHVVHG����)HEUXDU\
����@�

/sSH]�$YLOoV��$���DQG�/HDFK��0����������/11�(QHUJ\
)HDVLELOLW\�6WXG\�)LQDO�5HSRUW��*XLOGIRUG��8QLYHUVLW\
RI�6XUUH\�&HQWUH�IRU�(QYLURQPHQWDO�6WUDWHJ\�

0DF&RUPDFN��$���5RVHQ�HOG��/���DQG�6ORDQ��'�
��������7KH�1HZ�'\QDPLFV�RI�*OREDO�0DQXIDFWXULQJ
6LWH�/RFDWLRQ��6ORDQ�0DQDJHPHQW�5HYLHZ���������S�
���

0DFKLQHV�5RRP�	�'LVWULEXWHG�(YHU\WKLQJ����������$
1HZ�1RUPDO��/RQGRQ��8.�

0DGH�%\�2UH��>RQOLQH@�$YDLODEOH�DW�
ZZZ�PDGHE\RUH�FRP�>$FFHVVHG����)HEUXDU\�����@�

0D[LJDV����������+DFNHUODEV�DQG�+DFNVSDFHV�
7UDFLQJ�7ZR�*HQHDORJLHV��-RXUQDO�RI�3HHU�3URGXFWLRQ�
��

0D[LJDV����������+DFNHUV�DJDLQVW�WHFKQRORJ\�
&ULWLTXH�DQG�UHFXSHUDWLRQ�LQ�WHFKQRORJLFDO�F\FOHV�
6RFLDO�6WXGLHV�RI�6FLHQFH���������SS����������

0F*UHJRU��*����������7KH�7HFKQRP\WK�LQ�7UDQVLWLRQ�
5HDGLQJ�$PHULFDQ�3RSXODU�&XOWXUH��-RXUQDO�RI
$PHULFDQ�6WXGLHV���������SS����������

0RULQ��%����������:KDW�LV�WKH�0DNHU�0RYHPHQW�DQG
:K\�6KRXOG�<RX�&DUH"�+X�QJWRQ�3RVW�>RQOLQH@
$YDLODEOH�DW�
KWWSV���ZZZ�KX�QJWRQSRVW�FRP�EULW�PRULQ�ZKDW�LV�W
KH�PDNHU�PRYHPHQBEB��������KWPO�>$FFHVVHG���
)HEUXDU\�����@�

0XQJXLD��-���+RQH\��7���=KDQJ��<���'ULQQDQ��0���'L
0DULD��&��DQG�:LWKDNHU��0�����������'�3ULQWLQJ

(QDEOHG�5HGLVWULEXWHG�0DQXIDFWXULQJ�RI�0HGLFDO
'HYLFHV��,Q��6ROLG�)UHHIRUP�)DEULFDWLRQ������
3URFHHGLQJV�RI�WKH���WK�$QQXDO�,QWHUQDWLRQDO�6ROLG
)UHHIRUP�)DEULFDWLRQ�6\PSRVLXP�x�$Q�$GGLWLYH
0DQXIDFWXULQJ�&RQIHUHQFH��$XVWLQ��7;��8QLYHUVLW\�RI
7H[DV�

1DVFLPHQWR��6����������&ULWLFDO�1RWLRQV�RI
7HFKQRORJ\�DQG�WKH�3URPLVHV�RI�(PSRZHUPHQW�LQ
6KDUHG�0DFKLQH�6KRSV��-RXUQDO�RI�3HHU�3URGXFWLRQ����

2VWURP��(����������*RYHUQLQJ�WKH�&RPPRQV��7KH
(YROXWLRQ�RI�,QVWLWXWLRQV�IRU�&ROOHFWLYH�$FWLRQ�
&DPEULGJH��0$��&DPEULGJH�8QLYHUVLW\�3UHVV�

3HDUVRQ��+���1REOH��'���DQG�+DZNLQV��-����������5H�
'LVWULEXWHG�0DQXIDFWXULQJ�:RUNVKRS�UHSRUW��/RQGRQ�
(365&��>RQOLQH@�$YDLODEOH�DW�
KWWS���ZZZ�HVUF�DF�XN��OHV�QHZV�HYHQWV�DQG�SXEOLFDW
LRQV�QHZV������UH�GLVWULEXWHG�PDQXIDFWXULQJ�
ZRUNVKRS�UHSRUW��>$FFHVVHG����)HEUXDU\�����@�

3HO��%��DQG�%DXOHU��7����������7KH�,QVWLWXWLRQDOL]DWLRQ
RI�6RFLDO�,QQRYDWLRQ��%HWZHHQ�7UDQVIRUPDWLRQ�DQG
&DSWXUH��75$16,7�'HOLYHUDEOH������75$16,7��(8
66+������������*UDQW�DJUHHPHQW�QR���������

3OHNKDQRY��*���>����@�������7KH�5ROH�RI�WKH
,QGLYLGXDO�LQ�+LVWRU\��/RQGRQ��/DZUHQFH�	�:LVKDUW�

3ROLF\�&RQQHFW����������,QGXVWULDO�(YROXWLRQ��0DNLQJ
%ULWLVK�0DQXIDFWXULQJ�6XVWDLQDEOH��/RQGRQ��8.

3UHQGHYLOOH��6���+DUWXQJ��*���3XUYLV��(���%UDVV��&��DQG
+DOO��$����������0DNHVSDFHV��)URP�5HGLVWULEXWHG
0DQXIDFWXULQJ�WR�D�&LUFXODU�(FRQRP\��6XVWDLQDEOH
'HVLJQ�$QG�0DQXIDFWXULQJ�������SS����������
KWWS���G[�GRL�RUJ��������������������������B��

5DWWR��0��DQG�%ROHU��0����������',<�&LWL]HQVKLS�
&ULWLFDO�0DNLQJ�DQG�6RFLDO�0HGLD��&DPEULGJH��0$�
7KH�0,7�3UHVV�

5LFKWHULFK��$��DQG�:HQ]��.����������,QWURGXFWLRQ�
0DNLQJ�DQG�+DFNLQJ��'LJLWDO�&XOWXUH�DQG�6RFLHW\�
������SS�������

https://www.forbes.com/sites/jimlawton/2017/03/29/democratizing-manufacturing-smart-collaborative-robots-bring-automation-benefits-to-all/%2522%20%255Cl%20%25227f4efffa1f74
https://www.forbes.com/sites/jimlawton/2017/03/29/democratizing-manufacturing-smart-collaborative-robots-bring-automation-benefits-to-all/%2522%20%255Cl%20%25227f4efffa1f74
https://www.forbes.com/sites/jimlawton/2017/03/29/democratizing-manufacturing-smart-collaborative-robots-bring-automation-benefits-to-all/%2522%20%255Cl%20%25227f4efffa1f74
https://www.forbes.com/sites/jimlawton/2017/03/29/democratizing-manufacturing-smart-collaborative-robots-bring-automation-benefits-to-all/%2522%20%255Cl%20%25227f4efffa1f74
http://londonbookarts.org/
http://www.madebyore.com/
https://www.huffingtonpost.com/brit-morin/what-is-the-maker-movemen_b_3201977.html
https://www.huffingtonpost.com/brit-morin/what-is-the-maker-movemen_b_3201977.html
http://www.esrc.ac.uk/files/news-events-and-publications/news/2014/re-distributed-manufacturing-workshop-report/
http://www.esrc.ac.uk/files/news-events-and-publications/news/2014/re-distributed-manufacturing-workshop-report/
http://www.esrc.ac.uk/files/news-events-and-publications/news/2014/re-distributed-manufacturing-workshop-report/
http://dx.doi.org/10.1007/978-3-319-32098-4_49
https://creativecommons.org/licenses/by/4.0/


7KH�-RXUQDO�RI�3HHU�3URGXFWLRQ
1HZ�SHUVSHFWLYHV�RQ�WKH�LPSOLFDWLRQV�RI�SHHU�SURGXFWLRQ�IRU�VRFLDO�FKDQJH

-RXUQDO�RI�3HHU�3URGXFWLRQ�,VVXH�����0DNHUVSDFHV�DQG�,QVWLWXWLRQV
KWWS���SHHUSURGXFWLRQ�QHW�y�,661����������

9ROXPH���RI��
d������E\�WKH�DXWKRUV��DYDLODEOH�XQGHU�D�FF�E\�OLFHQVH��KWWSV���FUHDWLYHFRPPRQV�RUJ�OLFHQVHV�E\�������_���

5L+1���������$ERXW�5HGLVWULEXWHG�0DQXIDFWXULQJ�
>RQOLQH@�$YDLODEOH�DW�
KWWS���ULKQ�RUJ�XN�DERXW�DERXW�UH�GLVWULEXWHG�PDQXID
FWXUH�UGP��>$FFHVVHG����)HEUXDU\�����@�

5R\DO�&ROOHJH�RI�$UW��6FKRRO�RI�'HVLJQ����������5(�
',675,%87('�0$18)$&785,1*�1(7:25.6�_�7+(
52/(�2)�0$.(63$&(6��*DWHZD\�WR�5HVHDUFK�
5HWULHYHG����-DQXDU\�������IURP
KWWS���JWU�UFXN�DF�XN�SURMHFWV"UHI (3��)0�������
�)�

6HWFKL��5���+RZOHWW��5�-���/LX��<��DQG�7KHREDOG��3�
��������6XVWDLQDEOH�'HVLJQ�DQG�0DQXIDFWXULQJ������
6ZLW]HUODQG��6SULQJHU�,QWHUQDWLRQDO�3XEOLVKLQJ�

6OHLJK��$���6WHZDUW��+��DQG�6WRNHV��.����������2SHQ
'DWDVHW�RI�8.�0DNHUVSDFHV��/RQGRQ��8.��1HVWD�
>RQOLQH@�$YDLODEOH�DW�
KWWSV���ZZZ�QHVWD�RUJ�XN�XN�PDNHUVSDFHV�GDWD
>$FFHVVHG����)HEUXDU\�����@�

6PLWK��$���+LHOVFKHU��6���'LFNHO��6���6RGHUEHUJ��-��DQG
9DQ�2RVW��(���������*UDVVURRWV�GLJLWDO�IDEULFDWLRQ
DQG�PDNHUVSDFHV��5HFRQ�JXULQJ��UHORFDWLQJ�DQG
UHFDOLEUDWLQJ�LQQRYDWLRQ"�:RUNLQJ�3DSHU��%ULJKWRQ�
8.��8QLYHUVLW\�RI�6XVVH[�

6PLWK��$��DQG�5DYHQ��5����������:KDW�LV�SURWHFWLYH
VSDFH"�5HFRQVLGHULQJ�QLFKHV�LQ�WUDQVLWLRQV�WR
VXVWDLQDELOLW\��5HVHDUFK�3ROLF\���������SS�
����������

6tGHUEHUJ��-����������'HWHUPLQLQJ�VRFLDO�FKDQJH�
7KH�UROH�RI�WHFKQRORJLFDO�GHWHUPLQLVP�LQ�WKH
FROOHFWLYH�DFWLRQ�IUDPLQJ�RI�KDFNHUV��1HZ�0HGLD�	
6RFLHW\���������SS������������

6tGHUEHUJ��-��DQG�'HOIDQWL��$���������+DFNLQJ
+DFNHG��7KH�/LIH�&\FOHV�RI�'LJLWDO�,QQRYDWLRQ�
6FLHQFH��7HFKQRORJ\��DQG�+XPDQ�9DOXHV���������SS�
��������

6RURND��$���/LX��<���+DQ��/��DQG�+DOHHP��0���������
%LJ�'DWD�'ULYHQ�&XVWRPHU�,QVLJKWV�IRU�60(V�LQ
5HGLVWULEXWHG�0DQXIDFWXULQJ��3URFHGLD�&,53������SS�

��������
KWWS���G[�GRL�RUJ���������M�SURFLU������������

6RURND��$���1DLP��0���:DQJ��<��DQG�3RWWHU��$���������
/RJLVWLFV�RSWLRQV�IRU�UH�GLVWULEXWHG�PDQXIDFWXULQJ�LQ
UHVLOLHQW�VXVWDLQDEOH�FLWLHV�x�$�SLORW�VWXG\��&DUGL��
&DUGL��%XVLQHVV�6FKRRO��&DUGL��8QLYHUVLW\��>RQOLQH@
$YDLODEOH�DW�
KWWS���RUFD�PZH�FI�DF�XN����������)XOO�3DSHU�7HPSO
DWH���Y��SGI�>$FFHVVHG����)HEUXDU\�����@�

6UDL��-���.XPDU��0���*UDKDP��*���3KLOOLSV��:���7RR]H��-�
DQG�)RUG��6����������'LVWULEXWHG�PDQXIDFWXULQJ�
6FRSH��FKDOOHQJHV�DQG�RSSRUWXQLWLHV��,QWHUQDWLRQDO
-RXUQDO�2I�3URGXFWLRQ�5HVHDUFK����������SS�
����������
KWWS���G[�GRL�RUJ������������������������������

6WHZDUW��+��DQG�7RR]H��-����������)XWXUH�0DNHVSDFHV
DQG�UHGLVWULEXWHG�PDQXIDFWXULQJ��0DNLQJ�)XWXUHV�
3O\PRXWK��8.��3O\PRXWK�&ROOHJH�RI�$UW�

6Z\QJHGRXZ��(����������*RYHUQDQFH�,QQRYDWLRQ�DQG
WKH�&LWL]HQ��7KH�-DQXV�)DFH�RI�*RYHUQDQFHEH\RQG�
WKH�6WDWH��8UEDQ�6WXGLHV����������SS������������

7D\ORU��1���+XUOH\��8��DQG�&RQQROO\��3���������0DNLQJ
&RPPXQLW\��7KH�ZLGHU�UROH�RI�PDNHUVSDFHV�LQ�SXEOLF
OLIH��0DQFKHVWHU��8QLYHUVLW\�RI�6DOIRUG�
KWWS���G[�GRL�RUJ������������������������

7XUQLQJ�(DUWK�8.��>RQOLQH@�$YDLODEOH�DW�
KWWS���H��WXUQLQJHDUWK�XN��>$FFHVVHG����)HEUXDU\
����@�

8QLYHUVLW\�$UWV�/RQGRQ����������'LJLWDO�0DNHU
&ROOHFWLYH��>RQOLQH@�$YDLODEOH�DW�
KWWS���GLJLWDOPDNHUFROOHFWLYH�RUJ��>$FFHVVHG���
)HEUXDU\�����@�

:RUOG�(FRQRPLF�)RUXP����������(PHUJLQJ�7HFK
������'LVWULEXWHG�PDQXIDFWXULQJ��>RQOLQH@�$YDLODEOH
DW�
KWWSV���ZZZ�ZHIRUXP�RUJ�DJHQGD���������HPHUJLQJ
�WHFK������GLVWULEXWHG�PDQXIDFWXULQJ��>$FFHVVHG���
-DQXDU\�����@�

http://rihn.org.uk/about/about-re-distributed-manufacture-rdm/
http://rihn.org.uk/about/about-re-distributed-manufacture-rdm/
https://www.nesta.org.uk/uk-makerspaces-data
http://dx.doi.org/10.1016/j.procir.2017.03.319
http://orca-mwe.cf.ac.uk/102508/1/Full-Paper-Template%20v4.pdf
http://orca-mwe.cf.ac.uk/102508/1/Full-Paper-Template%20v4.pdf
http://e2.turningearth.uk/
http://digitalmakercollective.org/
https://www.weforum.org/agenda/2015/03/emerging-tech-2015-distributed-manufacturing/
https://www.weforum.org/agenda/2015/03/emerging-tech-2015-distributed-manufacturing/
https://creativecommons.org/licenses/by/4.0/


7KH�-RXUQDO�RI�3HHU�3URGXFWLRQ
1HZ�SHUVSHFWLYHV�RQ�WKH�LPSOLFDWLRQV�RI�SHHU�SURGXFWLRQ�IRU�VRFLDO�FKDQJH

-RXUQDO�RI�3HHU�3URGXFWLRQ�,VVXH�����0DNHUVSDFHV�DQG�,QVWLWXWLRQV
KWWS���SHHUSURGXFWLRQ�QHW�y�,661����������

9ROXPH���RI��
d������E\�WKH�DXWKRUV��DYDLODEOH�XQGHU�D�FF�E\�OLFHQVH��KWWSV���FUHDWLYHFRPPRQV�RUJ�OLFHQVHV�E\�������_���

:\DWW��6���������&KDOOHQJLQJ�WKH�GLJLWDO�LPSHUDWLYH�
0DDVWULFKW��0DDVWULFKW�8QLYHUVLW\�

=DNL��0���7KHRGRXOLGLV��%���6KDSLUD��3���1HHO\��$��DQG
7HSOH��0����������%LJ�'DWD�(FRV\VWHP�LQ�5H�

GLVWULEXWHG�0DQXIDFWXULQJ�3DVW�	�)XWXUH�
%HGIRUGVKLUH��%LJ�'DWD�(FRV\VWHP�LQ�5H�GLVWULEXWHG
0DQXIDFWXULQJ�

�

https://creativecommons.org/licenses/by/4.0/

