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,Q� KLV� QRZ�ZHOO�NQRZQ�6WDQIRUG�8QLYHUVLW\� FRPPHQFHPHQW� DGGUHVV�� GHOLYHUHG� RQ� ��
-XQH� ������ 6WHYH� -REV�� WKHQ� &(2� RI�$SSOH� &RPSXWHU� DQG� 3L[DU�$QLPDWLRQ� 6WXGLRV�
HQFRXUDJHG� WKH� JUDGXDWLQJ� FODVV� WR� EH� LQQRYDWLYH� E\� µSXUVXLQJ� ZKDW� \RX� ORYH¶� DQG
µVWD\LQJ� IRROLVK¶��7KH� VSHHFK�KDV�EHHQ� FLWHG�ZRUOGZLGH� DV� LW� HSLWRPL]HV� WKH� FXOWXUH�RI
WKH�µNQRZOHGJH¶�HFRQRP\��ZKHUHE\�ZKDW�DUH�GHHPHG�LPSRUWDQW�IRU�LQQRYDWLRQ�DUH�QRW
MXVW� ODUJH�5	'�ODEV�EXW�DOVR�D�µFXOWXUH¶�RI� LQQRYDWLRQ�DQG�WKH�DELOLW\�RI�NH\�SOD\HUV� WR
FKDQJH� WKH� µUXOHV� RI� WKH� JDPH¶��%\� HPSKDVL]LQJ� WKH� µIRROLVK¶� SDUW� RI� LQQRYDWLRQ�� -REV
KLJKOLJKWV�WKH�IDFW�WKDW�XQGHUO\LQJ�WKH�VXFFHVV�RI�D�FRPSDQ\�OLNH�$SSOH�±�DW�WKH�KHDUW�RI
WKH�6LOLFRQ�9DOOH\�UHYROXWLRQ�±�LV�QRW��MXVW��WKH�H[SHULHQFH�DQG�WHFKQLFDO�H[SHUWLVH�RI�LWV
VWDII�� EXW� �DOVR�� WKHLU� DELOLW\� WR� EH� D� ELW� µFUD]\¶�� WDNH� ULVNV� DQG� JLYH� µGHVLJQ¶� DV�PXFK
LPSRUWDQFH� DV� KDUGFRUH� WHFKQRORJ\�� 7KH� IDFW� WKDW� -REV� GURSSHG� RXW� RI� VFKRRO�� WRRN
FDOOLJUDSK\�FODVVHV�DQG�FRQWLQXHG�WR�GUHVV�DOO�KLV�OLIH�OLNH�D�FROOHJH�VWXGHQW�LQ�VQHDNHUV�LV
DOO�V\PEROLF�RI�KLV�RZQ�VW\OH�RI�VWD\LQJ�\RXQJ�DQG�µIRROLVK¶�

:KLOH� WKH� VSHHFK� LV� LQVSLULQJ�� DQG� -REV� KDV� ULJKWO\� EHHQ� FDOOHG� D� µJHQLXV¶� IRU� WKH
YLVLRQDU\� SURGXFWV� KH� FRQFHLYHG� DQG� PDUNHWHG�� WKLV� VWRU\� FUHDWHV� D� P\WK� DERXW� WKH
RULJLQ� RI�$SSOH¶V� VXFFHVV�� ,QGLYLGXDO� JHQLXV�� DWWHQWLRQ� WR� GHVLJQ�� D� ORYH� IRU� SOD\�� DQG
IRROLVKQHVV�ZHUH�QR�GRXEW�LPSRUWDQW�FKDUDFWHULVWLFV��%XW�ZLWKRXW�WKH�PDVVLYH�DPRXQW�RI
SXEOLF� LQYHVWPHQW�EHKLQG� WKH�FRPSXWHU�DQG� ,QWHUQHW� UHYROXWLRQV�� VXFK�DWWULEXWHV�PLJKW
KDYH�OHG�RQO\�WR�WKH�LQYHQWLRQ�RI�D�QHZ�WR\�±�QRW�WR�FXWWLQJ�HGJH�UHYROXWLRQDU\�SURGXFWV
OLNH� WKH� L3DG� DQG� L3KRQH� ZKLFK� KDYH� FKDQJHG� WKH� ZD\� WKDW� SHRSOH� ZRUN� DQG
FRPPXQLFDWH�� /LNH� WKH� GLVFXVVLRQ� RI� YHQWXUH� FDSLWDO� LQ�&KDSWHU� ��� ZKHUHE\� YHQWXUH
FDSLWDO�KDV�HQWHUHG�LQGXVWULHV�OLNH�ELRWHFKQRORJ\�RQO\�DIWHU�WKH�6WDWH�KDG�GRQH�WKH�PHVV\
JURXQGZRUN�� WKH� JHQLXV� DQG� µIRROLVKQHVV¶� RI� 6WHYH� -REV� OHG� WR� PDVVLYH� SURILWV� DQG
VXFFHVV��ODUJHO\�EHFDXVH�$SSOH�ZDV�DEOH�WR�ULGH�WKH�ZDYH�RI�PDVVLYH�6WDWH�LQYHVWPHQWV
LQ� WKH�µUHYROXWLRQDU\¶� WHFKQRORJLHV� WKDW�XQGHUSLQQHG�WKH� L3KRQH�DQG�L3DG�� WKH�,QWHUQHW�
*36�� WRXFK�VFUHHQ� GLVSOD\V� DQG� FRPPXQLFDWLRQ� WHFKQRORJLHV�� :LWKRXW� WKHVH� SXEOLFO\
IXQGHG�WHFKQRORJLHV��WKHUH�ZRXOG�KDYH�EHHQ�QR�ZDYH�WR�IRROLVKO\�VXUI�

7KLV�FKDSWHU�LV�GHGLFDWHG�WR�WHOOLQJ�WKH�VWRU\�RI�$SSOH��DQG�LQ�GRLQJ�VR��DVNV�TXHVWLRQV
WKDW�SURYRFDWLYHO\�FKDOOHQJH�WKH�ZD\V�LQ�ZKLFK�WKH�UROH�RI�WKH�6WDWH�DQG�$SSOH¶V�VXFFHVV
LV� YLHZHG�� ,Q�&KDSWHU� �� ZH� DVN� ZKHWKHU� WKH� 86� SXEOLF� EHQHILWHG�� LQ� WHUPV� RI
HPSOR\PHQW�DQG�WD[�UHFHLSWV��IURP�WKHVH�PDMRU�ULVNV�WDNHQ�E\�VXFK�DQ�LQYHVWPHQW�RI�86
WD[� GROODUV"� 2U� ZHUH� WKH� SURILWV� VLSKRQHG� RII� DQG� WD[HV� DYRLGHG"� :K\� LV� WKH� 6WDWH
HDJHUO\� EODPHG� IRU� IDLOHG� LQYHVWPHQWV� LQ� YHQWXUHV� OLNH� WKH� $PHULFDQ� 6XSHUVRQLF
7UDQVSRUW� �667�� SURMHFW� �ZKHQ� LW� µSLFNV� ORVHUV¶��� DQG� QRW� SUDLVHG� IRU� VXFFHVVIXO� HDUO\
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VWDJH� LQYHVWPHQWV� LQ�FRPSDQLHV� OLNH�$SSOH� �ZKHQ� LW� µSLFNV�ZLQQHUV¶�"�$QG�ZK\� LV� WKH
6WDWH�QRW� UHZDUGHG�IRU� LWV�GLUHFW� LQYHVWPHQWV� LQ�EDVLF�DQG�DSSOLHG�UHVHDUFK� WKDW� OHDG� WR
VXFFHVVIXO� WHFKQRORJLHV� WKDW� XQGHUSLQ� UHYROXWLRQDU\� FRPPHUFLDO� SURGXFWV� VXFK� DV� WKH
L3RG��WKH�L3KRQH�DQG�WKH�L3DG"

7KH�µ6WDWH¶�RI�$SSOH�,QQRYDWLRQ
$SSOH� KDV� EHHQ� DW� WKH� IRUHIURQW� RI� LQWURGXFLQJ� WKH� ZRUOG¶V� PRVW� SRSXODU� HOHFWURQLF
SURGXFWV� DV� LW� FRQWLQXHV� WR� QDYLJDWH� WKH� VHHPLQJO\� LQILQLWH� IURQWLHUV� RI� WKH� GLJLWDO
UHYROXWLRQ�DQG�WKH�FRQVXPHU�HOHFWURQLFV�LQGXVWU\��7KH�SRSXODULW\�DQG�VXFFHVV�RI�$SSOH
SURGXFWV� OLNH� WKH� L3RG�� L3KRQH� DQG� L3DG� KDYH� DOWHUHG� WKH� FRPSHWLWLYH� ODQGVFDSH� LQ
PRELOH� FRPSXWLQJ� DQG� FRPPXQLFDWLRQ� WHFKQRORJLHV�� ,Q� OHVV� WKDQ� D� GHFDGH� WKH
FRPSDQ\¶V�FRQVXPHU�HOHFWURQLF�SURGXFWV�KDYH�KHOSHG�VHFXUH� LWV�SODFH�DPRQJ�WKH�PRVW
YDOXDEOH� FRPSDQLHV� LQ� WKH�ZRUOG��PDNLQJ� UHFRUG� SURILWV� RI� ����ELOOLRQ� LQ� ����� IRU� LWV
RZQHUV��$SSOH¶V�QHZ�L26�IDPLO\�RI�SURGXFWV�EURXJKW�JUHDW�VXFFHVV�WR�WKH�FRPSDQ\��EXW
ZKDW�UHPDLQV�UHODWLYHO\�XQNQRZQ�WR�WKH�DYHUDJH�FRQVXPHU�LV�WKDW�WKH�FRUH�WHFKQRORJLHV
HPEHGGHG� LQ�$SSOH¶V� LQQRYDWLYH�SURGXFWV� DUH� LQ� IDFW� WKH� UHVXOWV�RI�GHFDGHV�RI� IHGHUDO
VXSSRUW� IRU� LQQRYDWLRQ�� :KLOH� WKH� SURGXFWV� RZH� WKHLU� EHDXWLIXO� GHVLJQ� DQG� VOLFN
LQWHJUDWLRQ� WR� WKH� JHQLXV� RI� -REV� DQG� KLV� ODUJH� WHDP�� QHDUO\� HYHU\� VWDWH�RI�WKH�DUW
WHFKQRORJ\� IRXQG� LQ� WKH� L3RG�� L3KRQH� DQG� L3DG� LV� DQ� RIWHQ� RYHUORRNHG� DQG� LJQRUHG
DFKLHYHPHQW� RI� WKH� UHVHDUFK� HIIRUWV� DQG� IXQGLQJ� VXSSRUW� RI� WKH� JRYHUQPHQW� DQG
PLOLWDU\�

2QO\�DERXW�D�GHFDGH�DJR�$SSOH�ZDV�EHVW�NQRZQ�IRU�LWV�LQQRYDWLYH�SHUVRQDO�FRPSXWHU
GHVLJQ� DQG� SURGXFWLRQ��(VWDEOLVKHG� RQ� ��$SULO� �����LQ�&XSHUWLQR��&DOLIRUQLD�E\�6WHYH
-REV��6WHYH�:R]QLDN�DQG�5RQDOG�:D\QH��$SSOH�ZDV�LQFRUSRUDWHG�LQ������E\�-REV�DQG
:R]QLDN� WR� VHOO� WKH�$SSOH� ,� SHUVRQDO� FRPSXWHU� �� 7KH� FRPSDQ\�ZDV� RULJLQDOO\� QDPHG
$SSOH� &RPSXWHU�� ,QF�� DQG� IRU� ��� \HDUV� IRFXVHG� RQ� WKH� SURGXFWLRQ� RI� SHUVRQDO
FRPSXWHUV�� 2Q� �� -DQXDU\� ������ WKH� FRPSDQ\� DQQRXQFHG� LW� ZDV� UHPRYLQJ� WKH
µ&RPSXWHU¶� IURP� LWV� QDPH�� UHIOHFWLQJ� LWV� VKLIW� LQ� IRFXV� IURP� SHUVRQDO� FRPSXWHUV� WR
FRQVXPHU� HOHFWURQLFV�� 7KLV� VDPH� \HDU�� $SSOH� ODXQFKHG� WKH� L3KRQH� DQG� L3RG� 7RXFK
IHDWXULQJ� LWV� QHZ� PRELOH� RSHUDWLQJ� V\VWHP�� L26�� ZKLFK� LV� QRZ� XVHG� LQ� RWKHU� $SSOH
SURGXFWV� VXFK� DV� WKH� L3DG� DQG� $SSOH� 79�� 'UDZLQJ� RQ� PDQ\� RI� WKH� WHFKQRORJLFDO
FDSDELOLWLHV�RI�HDUOLHU�JHQHUDWLRQV�RI� WKH� L3RG�� WKH� L3KRQH��DQG� L3RG�7RXFK��IHDWXUHG�D
UHYROXWLRQDU\�PXOWL�WRXFK� VFUHHQ�ZLWK� D� YLUWXDO� NH\ERDUG� DV� SDUW� RI� LWV� QHZ� RSHUDWLQJ
V\VWHP�

7DEOH� �� �$SSOH¶V� QHW� VDOHV�� LQFRPH� DQG� 5	'� ILJXUHV� EHWZHHQ� ����� DQG� ����� �86��
PLOOLRQV�
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1RWH�� $SSOH¶V� DQQXDO� QHW� VDOHV�� LQFRPH� DQG� 5	'� ILJXUHV� ZHUH� REWDLQHG� IURP
FRPSDQ\¶V�DQQXDO�6(&����.�ILOLQJV�

)LJXUH�����$SSOH�QHW�VDOHV�E\�UHJLRQ�DQG�SURGXFW��86���ELOOLRQV�

:KLOH� $SSOH� DFKLHYHG� QRWDEOH� VXFFHVV� GXULQJ� LWV� ���\HDU� KLVWRU\� E\� IRFXVLQJ� RQ
SHUVRQDO� FRPSXWHUV�� WKH� VXFFHVV� DQG� SRSXODULW\� RI� LWV� QHZ� L26� SURGXFWV� KDV� IDU
H[FHHGHG�DQ\�RI� LWV� IRUPHU�DFKLHYHPHQWV� LQ�SHUVRQDO�FRPSXWLQJ��� ,Q� WKH���\HDU�SHULRG
IROORZLQJ� WKH� ODXQFK�RI� WKH� L3KRQH� DQG� L3RG�7RXFK� LQ� ������$SSOH¶V� JOREDO� QHW� VDOHV
LQFUHDVHG� QHDUO\� ���� SHU� FHQW�� $V�7DEOH� �� LOOXVWUDWHV�� WKH� QHZ� L26� SURGXFW� OLQH
UHSUHVHQWHG�QHDUO\����SHU�FHQW�RI�WKH�RYHUDOO�QHW�VDOHV�RI�$SSOH�LQ������

7KH� VXFFHVV� DQG� SRSXODULW\� RI�$SSOH¶V� QHZ� SURGXFWV� ZDV� TXLFNO\� UHIOHFWHG� LQ� WKH
FRPSDQ\¶V� UHYHQXHV�� ,Q� ������ $SSOH¶V� UHYHQXH� ������� ELOOLRQ�� ZDV� VR� ELJ� WKDW� LW
VXUSDVVHG�WKH�86�JRYHUQPHQW¶V�RSHUDWLQJ�FDVK�EDODQFH��������ELOOLRQ��DFFRUGLQJ�WR�WKH

83



ODWHVW�ILJXUHV�IURP�WKH�86�7UHDVXU\�'HSDUWPHQW�DYDLODEOH�DW�WKDW�WLPH��%%&��������7KLV
VXUJH� LQ� $SSOH¶V� UHYHQXHV� ZDV� TXLFNO\� WUDQVODWHG� LQWR� EHWWHU� PDUNHW� YDOXDWLRQV� DQG
LQFUHDVHG� SRSXODULW\� RI� VKDUHV� RI�$SSOH� VWRFN� OLVWHG� RQ� WKH� 1$6'$4��$V� VKRZQ� LQ
)LJXUH�����$SSOH¶V�VWRFN�SULFH�KDV�LQFUHDVHG�IURP�����VKDUH�WR������VKDUH�VLQFH�WKH�L3RG
ZDV�ILUVW�LQWURGXFHG�E\�6WHYH�-REV�RQ����2FWREHU�������7KH�ODXQFK�RI�L26�SURGXFWV�LQ
�����HQDEOHG�WKH�FRPSDQ\�WR�VHFXUH�D�SODFH�DPRQJ�WKH�PRVW�YDOXDEOH�FRPSDQLHV�LQ�WKH
86��

)LJXUH�����$SSOH�VWRFN�SULFHV�EHWZHHQ������DQG������

)LJXUH�����3URGXFWLYH�5	'�RU�IUHH�OXQFK"

6RXUFH��5HWULHYHG�IURP�6FKPLGW¶V�DUWLFOH��������µ<RX�&DQQRW�%X\�,QQRYDWLRQ¶��$V\PFR����WK�-DQXDU\��1RWH��7KH�DXWKRU¶V�FDOFXODWLRQV�DUH
EDVHG�RQ�WKH�OHDGLQJ�VPDUWSKRQH�GHYHORSHUV¶���\HDU�DYHUDJH�5	'�ILJXUHV�EHWZHHQ������DQG������

$V�LQGLFDWHG�E\�)LJXUH����DQG�GRFXPHQWHG�LQ�FRPSDQ\�ILQDQFLDO�UHSRUWV��WKH�UDPSDQW
JURZWK� LQ�SURGXFW�VDOHV� IROORZLQJ� WKH� ODXQFK�RI� WKH� L26�IDPLO\�RI�SURGXFWV�SDYHG� WKH
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ZD\� IRU�$SSOH¶V� VXFFHVVIXO� FRPHEDFN� IURP� LWV� ZREEO\� FRQGLWLRQV� LQ� WKH� ODWH� ����V�
,QWHUHVWLQJO\��DV�WKH�FRPSDQ\�FRQWLQXHG�WR�ODXQFK�RQH�QHZ�SURGXFW�DIWHU�WKH�QH[W�ZLWK
LQFUHDVLQJ�VXFFHVV��WKH�FRPSDQ\¶V�ILQDQFLDO�UHSRUWV�UHYHDO�D�VWHDG\�GHFOLQH�LQ�WKH�JOREDO
VDOHV�5	'� UDWLRV�� ZKLFK� LQGLFDWH� WKH� SRUWLRQ� RI� IXQGV� DOORFDWHG� WR� 5	'� DFWLYLWLHV� LQ
FRPSDULVRQ� WR� JOREDO� SURGXFW� VDOHV� ZDV� IDOOLQJ� RYHU� WLPH� �VHH�7DEOH� ���� ,W� FRXOG� EH
DUJXHG�WKDW�WKLV�LV�VLPSO\�D�WHVWDPHQW�WR�KRZ�XQSUHFHGHQWHG�DQG�H[SRQHQWLDO�JURZWK�LQ
SURGXFW�VDOHV�ZDV�UHODWLYH�WR�WKH�DQQXDO�JURZWK�RI�5	'�H[SHQGLWXUHV��,W�FRXOG�DOVR�EH
LQWHUSUHWHG� DV� WKH� H[SHFWHG� RXWFRPH� RI� VWHDG\� LQYHVWPHQW� LQ� 5	'� HIIRUWV�� +RZHYHU�
ZKHQ� YLHZHG� LQ� WKH� FRQWH[W� RI� MXVW� KRZ� FRPSHWLWLYH� WKH� SURGXFW� PDUNHWV� DUH� IRU
FRQVXPHU�HOHFWURQLF�SURGXFWV��WKHVH�UDWKHU�XQLPSUHVVLYH�5	'�ILJXUHV�VWDQG�RXW��/RQJ�
WLPH�$SSOH� DQDO\VW� +RUDFH� 6FKPLGW� DSSURDFKHV� WKLV� LVVXH� IURP� D� GLIIHUHQW� DQJOH� E\
FRPSDULQJ�$SSOH¶V�5	'�ILJXUHV�DJDLQVW�WKDW�RI�WKH�FRPSDQ\¶V�ULYDOV��$FFRUGLQJ�WR�WKH
GDWD�FRPSLOHG�E\�6FKPLGW��������DQG�SUHVHQWHG�LQ�)LJXUH�����$SSOH�UDQNV�LQ�WKH�ERWWRP
WKUHH�LQ�WHUPV�RI�WKH�SRUWLRQ�RI�VDOHV�DOORFDWHG�IRU�VXSSRUWLQJ�5	'�DFWLYLWLHV�DPRQJ���
RI�LWV�WRS�ULYDOV�

6FKPLGW�WKHUHIRUH�LQTXLUHV�KRZ�$SSOH�PDQDJHV�WR�JHW�DZD\�ZLWK�VXFK�D�UHODWLYHO\�ORZ
UDWH�RI�5	'��DV�D�SHUFHQWDJH�RI�VDOHV�UDWLRV��LQ�FRPSDULVRQ�WR�LWV�FRPSHWLWRUV�ZKLOH�VWLOO
RXWSDFLQJ� WKHP� LQ� SURGXFW� VDOHV�� 0DQ\� $SSOH� H[SHUWV� H[SODLQ� WKLV� PDUJLQDO� 5	'
SURGXFWLYLW\�DV�WKH�FRPSDQ\¶V�VXFFHVV�LQ�LPSOHPHQWLQJ�HIIHFWLYH�5	'�SURJUDPPHV�LQ�D
IDVKLRQ� WKDW� FDQ� RQO\� EH� VHHQ� LQ� VPDOO� WHFKQRORJ\� VWDUW�XSV�� 7KHUH� LV� QR� GRXEW� WKDW
$SSOH¶V� LQJHQXLW\� LQ� HQJLQHHULQJ� GHVLJQ�� FRPELQHG� ZLWK� 6WHYH� -RE¶V� FRPPLWPHQW� WR
VLPSOLFLW\��FHUWDLQO\�FRQWULEXWHG� WR� LWV�HIILFLHQF\��%XW�� WKH�PRVW�FUXFLDO� IDFWV�KDYH�EHHQ
RPLWWHG�ZKHQ�H[SODLQLQJ�WKLV�ILJXUH��ZKLFK�LV� WKDW�$SSOH�FRQFHQWUDWHV� LWV� LQJHQXLW\�QRW
R Q�GHYHORSLQJ� QHZ� WHFKQRORJLHV� DQG� FRPSRQHQWV�� EXW� RQ�LQWHJUDWLQJ� WKHP� LQWR� DQ
LQQRYDWLYH� DUFKLWHFWXUH�� LWV� JUHDW� LQ�KRXVH� LQQRYDWLYH� SURGXFW� GHVLJQV� DUH�� OLNH� WKDW� RI
PDQ\� µVPDUW� SKRQH¶� SURGXFHUV�� EDVHG� RQ� WHFKQRORJLHV� WKDW� DUH� PRVWO\� LQYHQWHG
VRPHZKHUH� HOVH�� RIWHQ� EDFNHG� E\� WD[� GROODUV�� 7KH� IROORZLQJ� VHFWLRQ� ZLOO� SURYLGH
KLVWRULFDO�EDFNJURXQG�RQ�WHFKQRORJLHV�WKDW�HQDEOHG�WKH�IXWXUH�JORU\�RI�WKH�FRPSDQ\�

6XUILQJ�WKURXJK�WKH�:DYHV�RI
7HFKQRORJLFDO�$GYDQFHPHQWV
)URP� LWV� KXPEOH� EHJLQQLQJV� VHOOLQJ� SHUVRQDO� FRPSXWHU� NLWV� WR� LWV� FXUUHQW� SODFH� DV� WKH
OHDGHU� LQ� WKH� JOREDO� LQIRUPDWLRQ� DQG� FRPPXQLFDWLRQV� LQGXVWU\�� $SSOH� KDV� PDVWHUHG
GHVLJQLQJ�DQG�HQJLQHHULQJ�WHFKQRORJLHV�WKDW�ZHUH�ILUVW�GHYHORSHG�DQG�IXQGHG�E\�WKH�86
JRYHUQPHQW� DQG�PLOLWDU\��$SSOH¶V� FDSDELOLWLHV� DUH�PDLQO\� UHODWHG� WR� WKHLU� DELOLW\� WR� �D�
UHFRJQL]H� HPHUJLQJ� WHFKQRORJLHV� ZLWK� JUHDW� SRWHQWLDO�� �E�� DSSO\� FRPSOH[� HQJLQHHULQJ
VNLOOV� WKDW� VXFFHVVIXOO\� LQWHJUDWH� UHFRJQL]HG� HPHUJLQJ� WHFKQRORJLHV�� DQG� �F��PDLQWDLQ� D
FOHDU� FRUSRUDWH� YLVLRQ� SULRULWL]LQJ� GHVLJQ�RULHQWHG� SURGXFW� GHYHORSPHQW� IRU� XOWLPDWH
XVHU� VDWLVIDFWLRQ�� ,W� LV� WKHVH� FDSDELOLWLHV� WKDW� KDYH� HQDEOHG�$SSOH� WR� EHFRPH� D� JOREDO
SRZHUKRXVH� LQ� WKH� FRPSXWHU� DQG� HOHFWURQLFV� LQGXVWU\�� 'XULQJ� WKLV� SHULRG� SULRU� WR
ODXQFKLQJ� LWV� SRSXODU� L26� SODWIRUP� SURGXFWV��$SSOH� UHFHLYHG� HQRUPRXV� GLUHFW� DQG�RU
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LQGLUHFW�JRYHUQPHQW�VXSSRUW�GHULYHG�IURP�WKUHH�PDMRU�DUHDV�

���'LUHFW�HTXLW\�LQYHVWPHQW�GXULQJ�WKH�HDUO\�VWDJHV�RI�YHQWXUH�FUHDWLRQ�DQG�JURZWK�

���$FFHVV� WR� WHFKQRORJLHV� WKDW� UHVXOWHG� IURP�PDMRU� JRYHUQPHQW� UHVHDUFK�SURJUDPPHV�
PLOLWDU\� LQLWLDWLYHV�� SXEOLF� SURFXUHPHQW� FRQWUDFWV�� RU� WKDW� ZHUH� GHYHORSHG� E\� SXEOLF
UHVHDUFK�LQVWLWXWLRQV��DOO�EDFNHG�E\�VWDWH�RU�IHGHUDO�GROODUV�

���&UHDWLRQ� RI� WD[�� WUDGH� RU� WHFKQRORJ\� SROLFLHV� WKDW� VXSSRUWHG�86� FRPSDQLHV� VXFK� DV
$SSOH�WKDW�DOORZHG�WKHP�WR�VXVWDLQ�WKHLU�LQQRYDWLRQ�HIIRUWV�GXULQJ�WLPHV�ZKHQ�QDWLRQDO
DQG�RU�JOREDO�FKDOOHQJHV�KLQGHUHG�86�FRPSDQLHV�IURP�VWD\LQJ�DKHDG��RU�FDXVHG�WKHP
WR�IDOO�EHKLQG�LQ�WKH�UDFH�IRU�FDSWXULQJ�ZRUOG�PDUNHWV�

(DFK�RI� WKHVH� SRLQWV� LV� HODERUDWHG� RQ� LQ� WKH� IROORZLQJ� VHFWLRQ�� DV� WKH� KLVWRULHV� RI� NH\
WHFKQRORJLFDO�FDSDELOLWLHV�XQGHUO\LQJ�$SSOH¶V�VXFFHVV�DUH�WUDFHG�

)URP�$SSOH�,�WR�WKH�L3DG��7KH�6WDWH¶V�YHU\�YLVLEOH�KDQG
)URP�WKH�YHU\�VWDUW��-REV�DQG�:R]QLDN�VRXJKW�WKH�VXSSRUW�RI�YDULRXV�SXEOLF�DQG�SULYDWH
IXQGLQJ�VRXUFHV�LQ�WKHLU�HIIRUW�WR�IRUP�DQG�GHYHORS�$SSOH��(DFK�EHOLHYHG�LQ�WKH�YLVLRQ
LQ� WKHLU� PLQG�� WKDW� HQRUPRXV� YDOXH� FRXOG� EH� FDSWXUHG� IURP� WKH� WHFKQRORJLHV� PDGH
DYDLODEOH�PRVWO\�DV�D�UHVXOW�RI�WKH�SULRU�HIIRUWV�RI�WKH�6WDWH��9HQWXUH�FDSLWDO�SLRQHHUV�DQG
6LOLFRQ� 9DOOH\� OHJHQGV� VXFK� DV� 'RQ� 9DOHQWLQH�� IRXQGHU� RI� 6HTXRLD�� $UWKXU� 5RFN�
IRXQGHU� RI� $UWKXU� 5RFN� 	� &RPSDQ\�� 9HQURFN�� WKH� YHQWXUH� FDSLWDO� DUP� RI� WKH
5RFNHIHOOHU�)DPLO\��DQG�)DLUFKLOG�DQG�,QWHO�YHWHUDQ�0LNH�0DUNNXOD�ZHUH�DPRQJ�WKH�ILUVW
DQJHO� DQG� HTXLW\� LQYHVWRUV� ZKR� ERXJKW� LQWR� WKHLU� YLVLRQ� �5DR� DQG� 6FDUXIIL� ������� ,Q
DGGLWLRQ� WR� WKH� WHFKQRORJLHV� WKDW�ZHUH�JRLQJ� WR�KHOS�$SSOH� UHYROXWLRQL]H� WKH�FRPSXWHU
LQGXVWU\��WKH�FRPSDQ\�DOVR�UHFHLYHG�FDVK�VXSSRUW�IURP�WKH�JRYHUQPHQW�WR�LPSOHPHQW�LWV
YLVLRQDU\� EXVLQHVV� LGHDV� LQ� WKH� FRPSXWHU� LQGXVWU\�� 3ULRU� WR� LWV� ,32� LQ� ������ $SSOH
DGGLWLRQDOO\� VHFXUHG� ��������� DV� DQ� HDUO\� VWDJH� HTXLW\� LQYHVWPHQW� IURP� &RQWLQHQWDO
,OOLQRLV�9HQWXUH�&RUS���&,9&���D�6PDOO�%XVLQHVV�,QYHVWPHQW�&RPSDQ\��6%,&��OLFHQVHG
E\� WKH� 6PDOO� %XVLQHVV�$GPLQLVWUDWLRQ� �D� IHGHUDO� DJHQF\� FUHDWHG� LQ� ������ WR� LQYHVW� LQ
VPDOO�ILUPV��6ODWHU�������$XGUHWVFK�������

$V� EULHIO\� GLVFXVVHG� LQ�&KDSWHU���� WKH� HPHUJHQFH� RI� SHUVRQDO� FRPSXWLQJ�ZDV�PDGH
SRVVLEOH� E\� WKH� WHFKQRORJLFDO� EUHDNWKURXJKV� DFKLHYHG� WKURXJK� YDULRXV� SXEOLF±SULYDWH
SDUWQHUVKLSV� HVWDEOLVKHG� ODUJHO\� E\�JRYHUQPHQW� DQG�PLOLWDU\� DJHQFLHV� �0DUNXVHQ� HW� DO�
������ /D]RQLFN� ������ %ORFN� ������ %UHDNWKURXJK� ,QVWLWXWH� ������� :KHQ� $SSOH� ZDV
IRUPHG�WR�VHOO�WKH�$SSOH�,�SHUVRQDO�FRPSXWHU�NLW�LQ�������WKH�SURGXFW¶V�NH\�WHFKQRORJLHV
ZHUH�EDVHG�RQ�SXEOLF� LQYHVWPHQWV�PDGH�LQ� WKH�FRPSXWHU� LQGXVWU\�GXULQJ�WKH������DQG
����V�� ,QWURGXFWLRQ� RI� VLOLFRQ� GXULQJ� WKLV� SHULRG� UHYROXWLRQL]HG� WKH� VHPLFRQGXFWRU
LQGXVWU\� DQG� KHUDOGHG� LQ� WKH� VWDUW� RI� D� QHZ� DJH� ZKHQ� DFFHVV� WR� DIIRUGDEOH� SHUVRQDO
FRPSXWHUV� IRU�ZLGHU�FRQVXPHU�PDUNHWV�ZDV�PDGH�SRVVLEOH��7KHVH�EUHDNWKURXJKV�ZHUH
WKH�UHVXOW�RI�UHVHDUFK�FDUULHG�RXW�LQ�YDULRXV�SXEOLF±SULYDWH�SDUWQHUVKLSV�DW�ODEV�LQFOXGLQJ
WKRVH� DW�'$53$��$7	7�%HOO� /DEV��;HUR[� 3$5&�� 6KRFNOH\� DQG� )DLUFKLOG�� WR� QDPH� D
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IHZ�� 6LOLFRQ� 9DOOH\� TXLFNO\� EHFDPH� WKH� QDWLRQ¶V� µFRPSXWHU� LQQRYDWLRQ� KXE¶� DQG� WKH
UHVXOWLQJ�FOLPDWH� VWLPXODWHG�DQG�QXUWXUHG�E\� WKH�JRYHUQPHQW¶V� OHDGLQJ� UROH� LQ� IXQGLQJ
DQG� UHVHDUFK� �ERWK�EDVLF�DQG�DSSOLHG��ZDV�KDUQHVVHG�E\� LQQRYDWLYH�HQWUHSUHQHXUV�DQG
SULYDWH�LQGXVWU\�LQ�ZKDW�PDQ\�REVHUYHUV�KDYH�FDOOHG�WKH�µ,QWHUQHW�&DOLIRUQLD�*ROG�5XVK¶
RU�WKH�µ6LOLFRQ�*ROG�5XVK¶��.HQQH\�������6RXWKZLFN�������

7KHUH� DUH� ��� PDMRU� WHFKQRORJLHV� LQWHJUDWHG� ZLWKLQ� WKH� L3RG�� L3KRQH� DQG� L3DG� WKDW
VWDQG�RXW�DV�IHDWXUHV�WKDW�DUH�HLWKHU�µHQDEOHUV¶��RU�WKDW�GLIIHUHQWLDWH�WKHVH�SURGXFWV�IURP
WKHLU� ULYDOV� LQ� WKH� PDUNHW�� 7KHVH� LQFOXGH� VHPLFRQGXFWRU� GHYLFHV� VXFK� DV� ���
PLFURSURFHVVRUV� RU�FHQWUDO� SURFHVVLQJ� XQLWV� �&38��� ����G\QDPLF� UDQGRP�DFFHVV
PHPRU\� �'5$0���DV�ZHOO�DV� ����PLFUR�KDUG�GULYH�VWRUDJH � RU�KDUG�GULYH�GLVNV� �+''��
����OLTXLG�FU\VWDO� GLVSOD\V� �/&'V��� ����OLWKLXP�SRO\PHU� �/L�SRO�� DQG�OLWKLXP�LRQ� �/L�
LRQ�� EDWWHULHV�� ����GLJLWDO� VLJQDO� SURFHVVLQJ� �'63��� EDVHG� RQ� WKH� DGYDQFHPHQW� LQ�IDVW
)RXULHU� WUDQVIRUP� �))7�� DOJRULWKPV�� ���� WKH�,QWHUQHW�� ���� WKH�+\SHUWH[W� 7UDQVIHU
3URWRFRO� �+773�� DQG�+\SHUWH[W� 0DUNXS� /DQJXDJH� �+70/��� ���� DQG�FHOOXODU
WHFKQRORJ\� DQG� QHWZRUNV� ±� DOO� RI� ZKLFK� FDQ� EH� FRQVLGHUHG� DV� WKH� FRUH� HQDEOHU
WHFKQRORJLHV� IRU�SURGXFWV� VXFK�DV� WKH� L3RG�� L3KRQH�DQG� L3DG��2Q� WKH�RWKHU�KDQG�� ����
JOREDO�SRVLWLRQLQJ�V\VWHPV��*36��������FOLFN�ZKHHO�QDYLJDWLRQ�DQG�PXOWL�WRXFK�VFUHHQV�
����� DQG�DUWLILFLDO� LQWHOOLJHQFH� ZLWK� D� YRLFH�XVHU� LQWHUIDFH� SURJUDP� �D�N�D�� $SSOH¶V
6,5,��DUH�LQQRYDWLYH�IHDWXUHV�WKDW�KDYH�GUDVWLFDOO\�LPSDFWHG�FRQVXPHU�H[SHFWDWLRQV�DQG
XVHU�H[SHULHQFHV�� IXUWKHU�HQKDQFLQJ� WKH�SRSXODULW\�DQG� VXFFHVV�RI� WKHVH�SURGXFWV��7KH
IROORZLQJ� VHFWLRQV� WDNH� D� FORVHU� ORRN� DW� WKH� FRUH� WHFKQRORJLHV� DQG� IHDWXUHV� WKDW�$SSOH
KDV�PDQDJHG� WR� LQJHQLRXVO\� LQWHJUDWH�� LQLWLDOO\� LQ� WKH� L3RG�DQG� ODWHU� LQ� WKH� L3KRQH�DQG
L3DG�

+RZ�6WDWH�IXQGHG�UHVHDUFK�PDGH�SRVVLEOH�$SSOH¶V�µLQYHQWLRQ¶�RI�WKH�L3RG
6KRUWO\�DIWHU�LQWURGXFLQJ�WKH�ILUVW�JHQHUDWLRQ�L3RG�LQ�������$SSOH�EHJDQ�WR�FUHDWH�ZDYHV
RI�QHZ�LQQRYDWLYH�SURGXFWV��H�J��WKH�L3KRQH��L3DG��WKDW�ZRXOG�HYHQWXDOO\�UHYROXWLRQL]H
WKH� HQWLUH� PRELOH� HQWHUWDLQPHQW� LQGXVWU\�� 7KH� L3RG�� D� QHZ� SRUWDEOH� KDQGKHOG� GHYLFH�
DOORZHG�FRQVXPHUV�WR�VWRUH�WKRXVDQGV�RI�VRQJV�ZLWKRXW�XVLQJ�DQ\�FDVVHWWHV�RU�&'V��,Q
WKH� HDUO\� ����V�� WKLV� QHZ�$SSOH� GHYLFH�ZDV� JDLQLQJ�SRSXODULW\� DPRQJ� FRQVXPHUV� DQG
UHSODFLQJ� SRUWDEOH� GHYLFHV� VXFK� DV� 6RQ\¶V�:DONPDQ� DQG�'LVFPDQ� LQ� WKH�PDUNHW�� 7KLV
QRYHO� DSSOLFDWLRQ� RI� H[LVWLQJ�PDJQHWLF� VWRUDJH� WHFKQRORJ\� WKHUHIRUH� HQDEOHG�$SSOH� WR
WDNH�RQ�DQ�LFRQLF�ULYDO�VXFK�DV�6RQ\��DQG�HYHQWXDOO\�WR�ULVH�WR�WKH�WRS�RI�WKH�PXVLF�DQG
HQWHUWDLQPHQW� PDUNHW� �$GQHU� ������� 7KH� VXFFHVV� RI� L3RG� LQ� JDLQLQJ� D� FRPSHWLWLYH
PDUNHW�SRVLWLRQ�ZDV�LPSRUWDQW�LQ�WZR�PDMRU�DVSHFWV������WKH�VXFFHVV�ZDV�JRLQJ�WR�VHW�WKH
VWDJH� IRU�$SSOH¶V� FRPHEDFN� IURP�\HDUV�RI� VWDJQDQW�� LI� QRW� GHFOLQLQJ�� JURZWK�� DQG�� ���
WKH� SRSXODULW\� RI� WKLV� QHZ� SURGXFW� ZRXOG� FRQVWLWXWH� SUHFHGHQFH� WR� D� IDPLO\� RI� QHZ
LQQRYDWLYH�$SSOH�L26�SURGXFWV��:KLOH�WKLV�PXFK�LV�RIWHQ�NQRZQ�DQG�QRWHG��WKH�IDFW�WKDW
PXFK�RI�$SSOH¶V�VXFFHVV�OLHV�LQ�WHFKQRORJLHV�WKDW�ZHUH�GHYHORSHG�WKURXJK�JRYHUQPHQW
VXSSRUW�DQG��IXQGHG�UHVHDUFK�LV�DQ�RIWHQ�RYHUORRNHG�VWRU\�WR�ZKLFK�,�QRZ�WXUQ�
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*LDQW�PDJQHWRUHVLVWDQFH��*05���63,17521,&6�SURJUDPPH�DQG�KDUG�GLVN�GULYHV
$�UDUH� LQVWDQFH�RI�SXEOLF� UHFRJQLWLRQ�RI� WKH� UROH�SOD\HG�E\�6WDWH�EDFNHG� WHFKQRORJLFDO
UHVHDUFK� LQ� SDYLQJ� WKH�ZD\� IRU�$SSOH� SURGXFWV� RFFXUUHG� GXULQJ� WKH� �����1REHO� 3UL]H
FHUHPRQ\��(XURSHDQ�VFLHQWLVWV�$OEHUW�)HUW�DQG�3HWHU�*U�QEHUJ�ZHUH�DZDUGHG� WKH�����
1REHO� 3UL]H� LQ� 3K\VLFV� IRU� WKHLU� ZRUN� LQ� GHYHORSLQJ� JLDQW�PDJQHWRUHVLVWDQFH� �*05��
7KH�*05�LV�D�TXDQWXP�PHFKDQLFDO�HIIHFW�REVHUYHG�LQ� WKLQ�ILOP�OD\HUHG�VWUXFWXUHV�� IRU
ZKLFK�WKH�PDLQ�DSSOLFDWLRQ�KDV�EHHQ�LQ�PDJQHWLF�ILHOG�VHQVRUV�XVHG�LQ�KDUG�GLVN�GULYHV
�+''��DQG�RWKHU�GHYLFHV��,Q�KLV�FHUHPRQ\�UHPDUNV��%|UMH�-RKDQQVRQ���������D�PHPEHU
RI� WKH� 5R\DO� 6ZHGLVK� $FDGHP\� RI� 6FLHQFHV�� H[SODLQHG� ZKDW� WKH� LQYHQWLRQ� RI� *05
PHDQW� IRU� VRFLHW\� E\� DWWULEXWLQJ� WKH� H[LVWHQFH� RI� WKH� L3RG� WR� WKLV� PDMRU� VFLHQWLILF
EUHDNWKURXJK�

,QYHQWLRQ� DQG� FRPPHUFLDOL]DWLRQ� RI� WKH� PLFUR� KDUG� GULYH� LV� HVSHFLDOO\� LQWHUHVWLQJ
VLQFH�WKH�WHFKQRORJ\�GHYHORSPHQW�SURFHVV�IURP�LWV�RULJLQ�WR�LWV�FXUUHQW�IRUP�LOOXVWUDWHV
WKH�UROH�RI�JRYHUQPHQW�QRW�RQO\�LQ�HVWDEOLVKLQJ�WKH�VFLHQFH�EDVH�IRU�LQQRYDWLRQ��EXW�DOVR
LQ� IDFLOLWDWLQJ� WKH� DGYDQFHPHQW� RI� DEVWUDFW� LGHDV� LQWR�PDQXIDFWXUHG� DQG� FRPPHUFLDOO\
YLDEOH� SURGXFWV� �0F&UD\� ������� :KDW� VWDUWHG� DV� WZR� VHSDUDWH� DQG� LQGHSHQGHQW
DFDGHPLF�� 6WDWH�IXQGHG� DQG� �VXSSRUWHG� UHVHDUFK� SURMHFWV� LQ� SK\VLFV� LQ� *HUPDQ\� DQG
)UDQFH�FXOPLQDWHG�LQWR�RQH�RI� WKH�PRVW�VXFFHVVIXO� WHFKQRORJ\�EUHDNWKURXJKV� LQ�UHFHQW
\HDUV��ZRUWK\�RI�WKH�1REHO�3UL]H��)ROORZLQJ�WKLV�VFLHQWLILF�EUHDNWKURXJK�WKDW�'U�)HUW�DQG
'U�*U�QEHUJ�DFKLHYHG��RWKHU�UHVHDUFKHUV�VXFFHVVIXOO\�H[SDQGHG�WKH�VL]H�RI�GDWD�VWRUDJH
LQ�FRQYHQWLRQDO�KDUG�GLVN�GULYHV�GXULQJ�WKH�����V�DQG�����V��EUHDNLQJ�QHZ�JURXQG�IRU
IXWXUH� UHVHDUFK� DQG� WHFKQRORJLFDO� DGYDQFHPHQW� �2YHUE\H� �������:KLOH� WKH� PDMRU
VFLHQWLILF� EUHDNWKURXJK� LQ� *05� ZDV� DFFRPSOLVKHG� LQ� (XURSH�� WKH� 86� JRYHUQPHQW
SOD\HG� D� FULWLFDO� UROH� LQ� WKH� EDVLF� UHVHDUFK� DV� ZHOO� DV� FRPPHUFLDOL]DWLRQ� RI� WKLV
WHFKQRORJ\�� 'U� 3HWHU� *U�QEHUJ¶V� ODERUDWRU\� ZDV� DIILOLDWHG� ZLWK� $UJRQQH� 1DWLRQDO
/DERUDWRU\� �WKH�86�'HSDUWPHQW� RI� (QHUJ\¶V� ODUJHVW� 5	'� ODE�� ORFDWHG� LQ� ,OOLQRLV�� DQG
UHFHLYHG� FULWLFDO� VXSSRUW� IURP� WKH�'HSDUWPHQW� RI�(QHUJ\� �'R(��SULRU� WR� KLV� GLVFRYHU\
�'R(��������%DVHG�RQ�WKHVH�GHYHORSPHQWV�LQ�KDUG�GLVN�WHFKQRORJ\��FRPSDQLHV�VXFK�DV
,%0� DQG� 6HDJDWH� PRYHG� TXLFNO\� WR� WUDQVODWH� WKH� QHZ� NQRZOHGJH� LQWR� VXFFHVVIXO
FRPPHUFLDO� SURGXFWV� �0F&UD\� ������� 'HVSLWH� WKH� DGYDQFHV� WDNLQJ� SODFH� LQ� WKH� KDUG
GULYH� LQGXVWU\�DW� WKH� WLPH�� WKH\�ZRXOG�H[SHULHQFH� VLPLODU� FRPSHWLWLYH�FKDOOHQJHV� IDFHG
E\�WKH�VHPLFRQGXFWRU�LQGXVWU\�LQ�WKH�ODWH�����V��ZKLFK�,�GLVFXVV�LQ�WKH�IROORZLQJ�VHFWLRQ
RQ�VHPLFRQGXFWRU�GHYLFHV�

,Q� KLV� ����� VWXG\�� 0F&UD\� GHWDLOV� KRZ� '$53$¶V� ZDUWLPH� PLVVLRQV� WR� FUHDWH� DQG
VXVWDLQ� DQ� LQQRYDWLRQ� HFRV\VWHP� IRU� SURGXFLQJ� VXSHULRU� GHIHQFH� WHFKQRORJLHV� ZDV
WUDQVIRUPHG� GXULQJ� SHDFH� WLPH� E\� WKH� QHZ� PLVVLRQ� RI� WUDQVIRUPLQJ� WKRVH� SULRU
LQYHVWPHQWV� LQWR� WHFKQRORJLHV� VXSSRUWLQJ� HFRQRPLF� FRPSHWLWLYHQHVV�� 0F&UD\� ������
GRFXPHQWV� WKDW� WKH� 'HSDUWPHQW� RI� 'HIHQVH� �'R'�� LQLWLDWHG� WKH� 7HFKQRORJ\
5HLQYHVWPHQW� 3URJUDP� �753�� DQG� DOORFDWHG� ����� PLOOLRQ� WR� XSJUDGH� WKH� QDWLRQ¶V
H[LVWLQJ� WHFKQRORJLFDO� FDSDELOLWLHV� IROORZLQJ� WKH� &ROG� :DU�� 7KURXJK� 753�� '$53$
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WDUJHWHG� GXDO�XVH� WHFKQRORJLHV� WKDW� ZRXOG� EHQHILW� WKH� PLOLWDU\� DV� ZHOO� DV� SURGXFH
FRPPHUFLDOO\� YLDEOH� WHFKQRORJLHV� VXFK� DV� 63,17521,&6���0F&UD\� ������� HVSHFLDOO\
GRFXPHQWV� WKH� LQFUHDVH� LQ� VFLHQWLILF� UHVHDUFK� HIIRUWV� DQG� SXEOLFDWLRQV� WDNLQJ� SODFH
GXULQJ� '$53$¶V� VXSSRUW� IRU� 63,17521,&� GXULQJ� ����V�� 0F&UD\� ������� ���� DOVR
DUJXHV� WKDW� WKH� UROH� '$53$� SOD\HG� LQ� WKH� DGYDQFHPHQW� RI� WKLV� WHFKQRORJ\� ZDV� QRW
µLQVLJQLILFDQW¶�� VLPSO\� EHFDXVH� WKH� SURJUDPPH� ZDV� LQLWLDWHG� GXULQJ� WKH� WLPH� ZKHQ
-DSDQHVH�FRPSHWLWLRQ�LQ�FRPSXWHU�HOHFWURQLFV�ZDV�SXVKLQJ�FRPSXWHU�JLDQWV�VXFK�DV�,%0
DQG�%HOO�/DEV�WR�GRZQVL]H�VSHQGLQJ�RQ�EDVLF�UHVHDUFK�

6ROLG�VWDWH�FKHPLVWU\�DQG�VLOLFRQ�EDVHG�VHPLFRQGXFWRU�GHYLFHV
6LQFH�WKH�ODXQFK�RI�WKH�ILUVW�L3RG��WKH�ILUVW�PDMRU�QHZ�$SSOH�SURGXFW�KDV�HYROYHG�PDQ\
WLPHV�DQG�DOVR�LQVSLUHG�WKH�GHVLJQ�RI�WKH�IXWXUH�L3DG�DQG�L3KRQH��$PRQJ�WKH�IDFWRUV�WKDW
KDYH� PDGH� WKH� L3RG�� L3KRQH� DQG� L3DG� SRVVLEOH� WRGD\� DUH� WKH� VPDOO� PLFURFKLSV� WKDW
HQDEOH� KDQGKHOG� VPDUW� GHYLFHV� WR� SURFHVV� ODUJH� DPRXQWV� RI� LQIRUPDWLRQ� DQG� SDVV� LW
WKURXJK�PHPRU\�LQ�D�YLUWXDO�LQVWDQW��7RGD\��FHQWUDO�SURFHVVLQJ�XQLWV��&38V��GHSHQG�RQ
LQWHJUDWHG� FLUFXLWV� �,&V�� WKDW� DUH� FRQVLGHUDEO\� VPDOOHU� LQ� VL]H� DQG� IHDWXUH�PXFK� ODUJHU
PHPRU\� FDSDFLW\� LQ� FRPSDULVRQ� WR� WKH� LQWHJUDWHG� FLUFXLWV� RQFH� XVHG� IRU� SURFHVVLQJ
QHHGV�DQG�ILUVW�GHVLJQHG�E\�-DFN�.LOE\�DQG�5REHUW�1R\FH�LQ�WKH�����V��7KH�LQYHQWLRQ�RI
QHZ�VLOLFRQ�EDVHG�,&V�OHG�WR�WHFKQRORJLFDO�GHYHORSPHQWV�LQ�YDULRXV�ILHOGV�LQ�HOHFWURQLFV�
7KH�ULVH�RI�3HUVRQDO�&RPSXWHUV��3&V���FHOOXODU�WHFKQRORJ\��WKH�,QWHUQHW�DQG�PRVW�RI�WKH
HOHFWURQLF� GHYLFHV� IRXQG� RQ� WKH� PDUNHW� WRGD\� XWLOL]H� WKHVH� VPDUW�� WLQ\� GHYLFHV�� 7KH
MRXUQH\�RI�,&V�IURP�%HOO�/DEV��)DLUFKLOG�6HPLFRQGXFWRU�DQG�,QWHO�LQWR�GHYLFHV�VXFK�DV
L3KRQH�RU�L3DG�ZDV�DLGHG�E\�SURFXUHPHQW�E\�WKH�86�$LU�)RUFH�DQG�1$6$��$V�WKH�VROH
FRQVXPHUV� RI� WKH� ILUVW� SURFHVVLQJ� XQLWV� EDVHG� RQ� WKLV� QHZ� FLUFXLW� GHVLJQ�� GHIHQFH
FRQWUDFWV�KHOSHG�IXQG�WKH�GHYHORSPHQW�RI�WKH�LQIDQW�PLFURSURFHVVRU�LQGXVWU\�DQG�WKRVH
LQWURGXFLQJ� FRPSOHPHQWDU\� HOHFWURQLF� HTXLSPHQW� DQG� GHYLFHV� WKDW� ZHUH� VLPSO\
XQDIIRUGDEOH� LQ� UHJXODU� FRPPHUFLDO�PDUNHWV��/DUJH�VFDOH� GHPDQG� IRU�PLFURSURFHVVRUV
E\� WKH� 86�$LU� )RUFH� ZDV� FUHDWHG� E\� WKH� 0LQXWHPDQ� ,,� PLVVLOH� SURJUDPPH�� 1$6$¶V
$SROOR�PLVVLRQ�SXVKHG�WKH�WHFKQRORJLFDO�HQYHORSH��UHTXLULQJ�VLJQLILFDQW�LPSURYHPHQWV
LQ�WKH�SURGXFWLRQ�SURFHVV�RI�PLFURSURFHVVRUV�DQG�DOVR�JUHDWHU�PHPRU\�FDSDFLW\��,Q�WXUQ�
HDFK�RI� WKH�JRYHUQPHQW�DJHQFLHV�KHOSHG� WR�GULYH�GRZQ� WKH�FRVWV�RI� LQWHJUDWHG�FLUFXLWV
VLJQLILFDQWO\�ZLWKLQ�D�PDWWHU�RI�\HDUV��

$OWKRXJK� WKH�86�ZDV� WKH�KRPH� IRU� HDUO\� LQQRYDWLRQ� LQ� VHPLFRQGXFWRUV�� WKURXJKRXW
WKH�����V�� -DSDQ�ZDV�GHYHORSLQJ�DGYDQFHG�PDQXIDFWXULQJ�FDSDELOLWLHV�DQG�FRPSHWLWLYH
PHPRU\� SURGXFWV� DW� D� IDVWHU� SDFH��� *LYHQ� WKH� VLJQLILFDQW� UROH� RI� VHPLFRQGXFWRUV� LQ
GHIHQFH� WHFKQRORJLHV�� WKH�'R'�FRQVLGHUHG� WKH� LQGXVWU\� YLWDO� WR� LWV�PLOLWDU\� FDSDELOLWLHV
DQG� QDWLRQDO� VHFXULW\�� *URZLQJ� IHDUV� WKDW� WKH� PDQXIDFWXULQJ� HTXLSPHQW� HVVHQWLDO� IRU
SURGXFWLRQ� RI� WKHVH� WHFKQRORJLHV�� QRZ� YLWDO� WR� QDWLRQDO� GHIHQFH�� ZRXOG� EH� LPSRUWHG
IURP� FRXQWULHV� OLNH� -DSDQ� VSXUUHG� WKH� 'R'� WR� DFW�� 7KH� UHVXOW� ZDV� WKH� 6WUDWHJLF
&RPSXWLQJ�,QLWLDWLYH��6&,��ZKLFK�DOORFDWHG�RYHU����ELOOLRQ�WR�VXSSRUW�UHVHDUFK�HIIRUWV�LQ
DGYDQFHG� FRPSXWHU� WHFKQRORJLHV� EHWZHHQ� ����� DQG� ����� �5RODQG� DQG� 6KLPDQ� ������
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$GGLWLRQDOO\�� WKH� PDQXIDFWXULQJ� RI� KLJKO\� DGYDQFHG� WHFKQRORJLHV� VXFK� DV
PLFURSURFHVVRUV� KDG� VLJQLILFDQW� HFRQRPLF� LPSOLFDWLRQV� WKDW� UHTXLUHG� FROODERUDWLYH
HIIRUWV�EHWZHHQ�WKH�JRYHUQPHQW�DQG�LQGXVWU\��5HFRJQL]LQJ�WKH�XQLTXH�RSSRUWXQLW\�WKDW
VHPLFRQGXFWRU� PDQXIDFWXULQJ� ZRXOG� SURYLGH�� DQG� IHDUIXO� RI� WKH� FRQVHTXHQFHV� RI
ODJJLQJ� EHKLQG� QHZO\� HPHUJLQJ� FRPSHWLWRUV� LQ� VHPLFRQGXFWRU� PDQXIDFWXULQJ� VXFK� DV
-DSDQ�� WKH� IHGHUDO� JRYHUQPHQW� JDWKHUHG� FRPSHWLWLYH� GRPHVWLF� PDQXIDFWXUHUV� DQG
XQLYHUVLWLHV� WRJHWKHU� WR� IRUP� D� QHZ� SDUWQHUVKLS�� WKH� 6HPLFRQGXFWRU� 0DQXIDFWXULQJ
7HFKQRORJ\��6(0$7(&+��FRQVRUWLXP�

7KLV� PRYH�� WR� DGYDQFH� 86�EDVHG� VHPLFRQGXFWRU� PDQXIDFWXULQJ� WHFKQRORJ\� DQG
FDSDELOLW\� DERYH� DQG� EH\RQG� WKDW� RI� WKH� QDWLRQ¶V� FRPSHWLWRUV�� ZDV� SDUW� RI� DQ� RYHUDOO
HIIRUW�WR�SURPRWH�86�HFRQRPLF�DQG�WHFKQRORJLFDO�FRPSHWLWLYHQHVV�JOREDOO\��7KH�SURFHVV
RI� RUJDQL]LQJ� FROODERUDWLYH� HIIRUW� EHWZHHQ� VHPLFRQGXFWRU� FRPSDQLHV� WKURXJK
6(0$7(&+� ZDV� D� FKDOOHQJH� IRU� WKH� JRYHUQPHQW�� ,Q� RUGHU� WR� PDNH� WKLV� SDUWQHUVKLS
PRUH� DSSHDOLQJ�� WKH� 86� JRYHUQPHQW� VXEVLGL]HG� 6(0$7(&+�5	'�ZLWK� �����PLOOLRQ
DQQXDOO\��2YHU�WLPH��WKH�PHPEHUV�RI�WKH�FRQVRUWLXP�FDPH�WR�UHFRJQL]H�WKH�EHQHILWV�RI
WKH�5	'�SDUWQHUVKLS�IRVWHUHG�E\�6(0$7(&+��7KH�H[WHQVLYH�NQRZOHGJH�VKDULQJ�HIIRUWV
WKDW�WRRN�SODFH�DPRQJ�PHPEHUV�RI�6(0$7(&+�KHOSHG�WKHP�DYRLG�GXSOLFDWLQJ�UHVHDUFK
HIIRUWV� DQG� WUDQVODWHG� LQWR� OHVV� 5	'� VSHQGLQJ�� 7KH� DGYDQFHG� SHUIRUPDQFH� DQG
DIIRUGDELOLW\�RI�PLFURSURFHVVRUV�DQG�PHPRU\�FKLSV�WRGD\�DUH�WR�D�JUHDW�H[WHQW�WKH�UHVXOW
RI�\HDUV�RI�JRYHUQPHQW�LQWHUYHQWLRQ�DQG�VXSHUYLVLRQ��,UZLQ�DQG�.OHQRZ�������

)URP�FDSDFLWLYH�VHQVLQJ�WR�FOLFN�ZKHHOV
$V� WKH� SLRQHHU� RI� SHUVRQDO� FRPSXWHUV�� 6WHYH� -REV�ZDV� RQ� KLV� VHFRQG�PLVVLRQ� IRU� UH�
UHYROXWLRQL]LQJ� WKHP��+LV� YLVLRQ� IRU�$SSOH�ZDV� WR� SUHSDUH� WKH� FRPSDQ\� IRU� WKH� SRVW�
FRPSXWHU� HUD�� LQ� ZKDW� KH� HQYLVLRQHG� DQG� RIWHQ� DFNQRZOHGJHG� LQ� KLV� LQWHUYLHZV� DQG
PHGLD� DSSHDUDQFHV� DV� WKH� QHZ� HUD� RI� WKH� FRQVXPHU±FRPSXWHU� UHODWLRQVKLS��'XULQJ� DQ
LQWHUYLHZ�DW� WKH������'��FRQIHUHQFH��6WHYH�-REV�H[SODLQHG�KLV�YLVLRQ�RI� WKH�IXWXUH�IRU
FRPSXWLQJ� E\� XVLQJ� WKH� DQDORJ\� RI� UDSLG� XUEDQL]DWLRQ� DQG� LWV� HIIHFWV� RQ� FKDQJLQJ
FRQVXPHU� YLHZV� DQG� WKH� QHHG� IRU� WUDQVSRUWDWLRQ� �-REV� ������� 'XULQJ� KLV� WDON�� -REV
UHGHILQHG�$SSOH¶V�RYHUDOO�VWUDWHJ\�DV�EXLOGLQJ�D�IDPLO\�RI�SURGXFWV�DURXQG�WKH�FRQFHSW
RI�IUDJPHQWHG�FRPSXWLQJ�QHHGV�E\�GLIIHUHQW�XVHV��-REV�RIWHQ�DFNQRZOHGJHG�KLV�WUXVW�LQ
WKH�GDWD�SURFHVVLQJ�����7KH�(QWUHSUHQHXULDO�6WDWH�WHFKQRORJLHV� WKDW�KDG�HQDEOHG�$SSOH
WR�FRPH�XS�ZLWK�FRPSDFW�SRUWDEOH�GHYLFHV��,W�ZDV�WKHVH�SURFHVVLQJ�WHFKQRORJLHV�OHDGLQJ
WR� WKH� SRUWDEOH� L26� SURGXFWV� WKDW� HYHQWXDOO\� UHSODFHG� GHVNWRS� FRPSXWHUV�� 7R� GR� WKLV�
$SSOH�KDG�EHJXQ�WR�ZRUN�RQ�EXLOGLQJ�D�SHULSKHU\�RI�SRUWDEOH�L26�GHYLFHV��ZLWK�WKH�0DF
EHFRPLQJ� WKH� µGLJLWDO� KXE¶� WKDW� ZRXOG� LQWHJUDWH� WKH� HQWLUH� SURGXFW� IDPLO\� WRJHWKHU
�:DONHU�������

'HVSLWH� KLV� VWURQJ�RSSRVLWLRQ� WR� WDEOHW� FRPSXWHUV� LQ� WKH� ����V� DQG�����V�� XSRQ�KLV
UHWXUQ�WR�$SSOH�LQ�WKH�ODWH�����V��-REV�KDG�GHFLGHG�WKDW�WKH�WLPH�ZDV�ULJKW�WR�IRFXV�RQFH
DJDLQ� RQ� WDEOHWV�� 8QGHUO\LQJ� WKLV� VKLIW� LQ� SHUVSHFWLYH� ZDV� WKH� IDFW� WKDW� WHFKQRORJ\� LQ
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VHPLFRQGXFWRU�GHYLFHV��EDWWHULHV�DQG�GLVSOD\V�KDG�SURJUHVVHG�VLJQLILFDQWO\��+RZHYHU��D
FKDOOHQJH� VWLOO� UHPDLQHG� JLYHQ� WKH� DEVHQFH� RI� VRSKLVWLFDWHG� WHFKQRORJ\� WR� VXFFHVVIXOO\
UHSODFH� WKH�VW\OXV� SHQ�� D� IHDWXUH� WKDW� -REV� KDG� ORQJ� GHVSLVHG� DQG� FRQVLGHUHG� DQ
LQFRQYHQLHQFH��,VDDFVRQ�������������7KH�HPHUJHQFH�RI�PRUH�VRSKLVWLFDWHG�DSSOLFDWLRQV
VXFK� DV� LQHUWLD� VFUROOLQJ�� ILQJHU� WUDFNLQJ� DQG� JHVWXUH�UHFRJQLWLRQ� V\VWHPV� IRU� WRXFK�
VFUHHQ�HQDEOHG� GLVSOD\V� SUHVHQWHG� -REV� DQG� KLV� WHDP� ZLWK� WKH� SRVVLELOLW\� RI� PRYLQJ
IRUZDUG� �DQG� IDU� EH\RQG� WKH� VW\OXV� SHQ��� -REV� DQG� KLV� WHDP� WKXV� JDWKHUHG� H[SHUWV
WRJHWKHU�WKDW�FRXOG�LQWHJUDWH�WKHVH�QHZ�WHFKQRORJLHV��7KH�HQG�UHVXOWV�LQFOXGHG�UHSODFLQJ
EXWWRQV�DQG�UROO�EDOOV�RQ�GHYLFHV��GHYHORSLQJ�D�QHZ�QDYLJDWLRQ�V\VWHP��DQG�HQKDQFLQJ
LQSXW�WHFKQLTXHV�RQ�WRXFK�VFUHHQV���

7KH� L3RG¶V� FOLFN�ZKHHO� FRPSRQHQW� WKDW� DOORZHG� XVHUV� WR� QDYLJDWH� TXLFNO\� WKURXJK
WKHLU� PXVLF� OLEUDU\� ZDV� SDUW� RI� $SSOH¶V� HDUOLHU� DWWHPSWV� WR� LPSOHPHQW� WRXFK�EDVHG
IHDWXUHV�ZLWK�ILQJHU�VFUROOLQJ��,Q�DGGLWLRQ�WR�WKH�PLFUR�KDUG�GLVN�GULYH�IRU�WKH�VWRUDJH�RI
PHPRU\� LQWHQVLYH� GLJLWDO� UHFRUGV�� WKH� ILQJHU� VFUROOLQJ� FOLFN�ZKHHO� IHDWXUH� DOVR
GLIIHUHQWLDWHG� WKH� L3RG� IURP� WKH� PDMRULW\� RI� RWKHU� DYDLODEOH� SRUWDEOH� PXVLF� SOD\HUV�
$OWKRXJK� WKH� DSSOLFDWLRQ� RI� ILQJHU� VFUROOLQJ� ZDV� VRPHWKLQJ� QRYHO� DW� WKH� WLPH�� WKH
WHFKQRORJ\� EHKLQG� WKLV� IHDWXUH� KDG� EHHQ� DURXQG� IRU� GHFDGHV�� 7KH� FOLFN�ZKHHO
VLJQLILFDQWO\� EHQHILWWHG� IURP� WKH�FDSDFLWLYH� VHQVLQJ� WHFKQRORJ\� ZLGHO\� DSSOLHG� LQ� WKH
GHVLJQ� RI� YDULRXV� RWKHU� SURGXFWV��� ,Q� IDFW�� WKH� FOLFN�ZKHHO� IHDWXUH� ZDV� QRW� WKH� RQO\
IHDWXUH� RI� $SSOH� SURGXFWV� WKDW� EHQHILWWHG� IURP�FDSDFLWLYH� VHQVLQJ�� 7KH� L3RG� 7RXFK�
L3KRQH� DQG� L3DG¶V�PXOWL�WRXFK�VFUHHQ� DOVR� HPERGLHV� WKH� VDPH�SULQFLSOHV� RI� ILQJHU�V��
RSHUDWHG�VFUROOLQJ�RQ�D�JODVV�VFUHHQ�

(��$�� -RKQVRQ�� FRQVLGHUHG� WKH� LQYHQWRU� RI� FDSDFLWLYH� WRXFK�VFUHHQV�� SXEOLVKHG� KLV
ILUVW�VWXGLHV�LQ�WKH�����V�ZKLOH�ZRUNLQJ�DW�5R\DO�5DGDU�(VWDEOLVKPHQW��55(���D�%ULWLVK
JRYHUQPHQW�DJHQF\�HVWDEOLVKHG�IRU�5	'�RI�GHIHQFH�UHODWHG�WHFKQRORJLHV��%X[WRQ�������
2QH� RI� WKH� ILUVW� QRWDEOH� GHYHORSPHQWV� RI� WKH� WRXFK�VFUHHQ� ZDV� DW� WKH� (XURSHDQ
2UJDQL]DWLRQ� IRU� 1XFOHDU� 5HVHDUFK� �&(51�� E\� %HQW� 6WXPSH� DQG� KLV� FROOHDJXH� )UDQN
%HFN� LQ� ����� �&(51� ������� 6DPXHO� +XUVW¶V� LQYHQWLRQ� RI� UHVLVWLYH� WRXFK�VFUHHQV� ZDV
DQRWKHU� QRWDEOH� EUHDNWKURXJK�� +XUVW¶V� LQYHQWLRQ� FDPH� ULJKW� DIWHU� OHDYLQJ� 2DN� 5LGJH
1DWLRQDO� /DERUDWRU\� �D� QDWLRQDO� UHVHDUFK� ODERUDWRU\� LQ� 7HQQHVVHH� HVWDEOLVKHG� LQ� ����
DQG�WKH�VLWH�RI�WKH�0DQKDWWDQ�3URMHFW�DQG�ILUVW�IXQFWLRQDO�QXFOHDU�UHDFWRU��IRU�WZR�\HDUV
WR� WHDFK� DW� WKH� 8QLYHUVLW\� RI� .HQWXFN\� �%URZQ� HW� DO��� Q�G���� :KLOH� DW� 8QLYHUVLW\� RI
.HQWXFN\��+XUVW�DQG�KLV�FROOHDJXHV�GHYHORSHG�WKH�ILUVW�UHVLVWLYH�WRXFK�VFUHHQV��8SRQ�KLV
UHWXUQ� WR� 2DN� 5LGJH�� WKH\� VWDUWHG� D� QHZ� FRPSDQ\� LQ� ����� WR� FRPPHUFLDOL]H� WKH� QHZ
WHFKQRORJ\� DQG� SURGXFHG� WKH� ILUVW� IXQFWLRQLQJ� YHUVLRQ� LQ� ����� �%URZQ� HW� DO��� Q�G���
(DUOLHU� ZRUN� RQ� WRXFK�VFUHHQV� LQ� WKH� ����V� DQG� ����V�� VXFK� DV� WKDW� FRQGXFWHG� E\
-RKQVRQ�� 6WXPSH�� +XUVW� DQG� RWKHUV� KDV� EHHQ� FDUULHG� IRUZDUG� LQ� GLIIHUHQW� SXEOLF� DQG
SULYDWH� UHVHDUFK� ODEV�� \HW� WKHLU� ZRUN� LV� FRQVLGHUHG� IRXQGDWLRQDO� WR� WRGD\¶V� LPSRUWDQW
PXOWL�WRXFK� DSSOLFDWLRQV� �%X[WRQ� ������� $PRQJ� YDULRXV� RWKHU� IDFWRUV�� PRYLQJ� IURP
WRXFKSDGV�ZLWK� OLPLWHG� IXQFWLRQDOLW\� WR�PXOWL�WRXFK� VFUHHQV�ZDV� D�PDMRU� OHDS� IRUZDUG
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IRU�$SSOH� LQ� WKH� VPDUWSKRQH� UDFH��$ORQJ� ZLWK� WKH� RWKHU� WHFKQRORJLFDO� DGYDQFHPHQWV
WKH\�H[SORLWHG��$SSOH�KDV�QRW�RQO\�KHOSHG�UHGHILQH�WKH�PDUNHWV�LW�FRPSHWHV�IURP�ZLWKLQ
EXW�KDV�DOVR�GHILQHG�D�GLIIHUHQW�SDWK�IRU�JURZWK�

7KH�%LUWK�RI�WKH�L3RG¶V�6LEOLQJV��7KH�L3KRQH�DQG�L3DG
$SSOH¶V� QHZ� YLVLRQ� LQFOXGHG� UDGLFDO� UHGHILQLWLRQV� RI� FRQYHQWLRQDO� FRQVXPHU� SURGXFWV
DQG� ZDV� D� JUHDW� VXFFHVV�� 7KH� LQWURGXFWLRQ� RI� WKH� L3RG� JHQHUDWHG� RYHU� ���� ELOOLRQ� LQ
UHYHQXHV� IRU� $SSOH�� ,W� ZDV� WKH� FRPSDQ\¶V� PRVW� LPSRUWDQW� JOREDO� SURGXFW� XQWLO� WKH
L3KRQH�ZDV� LQWURGXFHG� LQ� ������7KH� FRKHVLRQ� RI� DHVWKHWLF� GHVLJQ�� V\VWHP� HQJLQHHULQJ
DQG�XVHU�H[SHULHQFH�FRPELQHG�ZLWK�JUHDW�PDUNHWLQJ�KHOSHG�$SSOH�UDSLGO\�SHQHWUDWH�DQG
FDSWXUH�PDUNHW�VKDUH�LQ�GLIIHUHQW�FRQVXPHU�HOHFWURQLFV�PDUNHWV��$SSOH¶V�QHZ�JHQHUDWLRQ
RI� L3RGV�� L3KRQHV�DQG� L3DGV�KDYH�EHHQ�EXLOW�XQGHU� WKH�DVVXPSWLRQ� WKDW�QHZ�FRQVXPHU
QHHGV�DQG�SUHIHUHQFHV�FDQ�EH� LQYHQWHG�E\�K\EULGL]LQJ�H[LVWLQJ� WHFKQRORJLHV�GHYHORSHG
DIWHU� GHFDGHV� RI� JRYHUQPHQW� VXSSRUW�� $V� D� SLRQHHU� RI� WKH� µVPDUWSKRQH¶� UHYROXWLRQ�
$SSOH�OHG�WKH�ZD\�LQ�VXFFHVVIXOO\�LQWHJUDWLQJ�FHOOXODU�FRPPXQLFDWLRQ��PRELOH�FRPSXWLQJ
DQG� GLJLWDO� HQWHUWDLQPHQW� WHFKQRORJLHV� ZLWKLQ� D� VLQJOH� GHYLFH�� 7KH� LFRQLF� L3KRQH
GUDPDWLFDOO\� DOWHUHG� FRQVXPHU� H[SHFWDWLRQV� RI�ZKDW� D� FHOOXODU� SKRQH�ZDV� DQG� FDQ� GR�
:LWK� WKH� LQWURGXFWLRQ� RI� WKH� L3DG��$SSOH� WUDQVIRUPHG� WKH� SRUWDEOH� FRPSXWHU� LQGXVWU\
WKDW� KDG� EHHQ� GRPLQDWHG� IRU� GHFDGHV� E\� ODSWRSV�� QHWERRNV� DQG� RWKHU� GHYLFHV�� %\
RIIHULQJ� D� VOLPPHU� KDQGKHOG� GHYLFH� HTXLSSHG� ZLWK� D� ODUJH� WRXFK�VFUHHQ� DQG� YLUWXDO
NH\ERDUG��ZLWK� VROLG� ,QWHUQHW� EURZVLQJ� DQG�PXOWLPHGLD� FDSDELOLWLHV�� DORQJ�ZLWK� EURDG
FRPSDWLELOLW\�DFURVV�RWKHU�$SSOH�SURGXFWV�DQG�DSSOLFDWLRQV��WKH�L3DG�YLUWXDOO\�FUHDWHG�D
QHZ�QLFKH�DQG�FDSWXUHG�LW�DW�WKH�VDPH�WLPH��,Q�OHVV�WKDQ�D�GHFDGH��$SSOH�VLQJOHKDQGHGO\
FDPH�WR�GRPLQDWH�WKH�FRQVXPHU�HOHFWURQLFV�LQGXVWU\��D�WHVWDPHQW�WR�$SSOH¶V�LQJHQXLW\�LQ
FRQVXPHU�RULHQWHG�GHYLFH�SURGXFW�GHVLJQ�DQG�PDUNHWLQJ��DV�ZHOO�DV�WKHLU�RUJDQL]DWLRQDO
FDSDELOLWLHV�LQ�PDQDJLQJ�FRPSOH[�µV\VWHPV�LQWHJUDWLRQ¶��/D]RQLFN�������

)URP�FOLFN�ZKHHOV�WR�PXOWL�WRXFK�VFUHHQV
'HYHORSPHQW�RI�WRXFK�VFUHHQ�GLVSOD\V�UHFRJQL]LQJ�PXOWL�WRXFK�JHVWXUHV�ZDV�RQH�RI�WKH
PRVW� LPSRUWDQW� WHFKQRORJLHV� LQWHJUDWHG� LQWR�$SSOH¶V� GHYLFHV� DQG� IRU� WKHLU� VXFFHVVIXO
LQWURGXFWLRQ�RI�SRFNHW�VL]HG�SRUWDEOH�GHYLFHV�VXFK�DV�WKH�L3RG��7KH�WHFKQRORJ\�DOORZHG
KXPDQ±PDFKLQH�LQWHUDFWLRQ�WKURXJK�D�QHZ�LQWHUIDFH�WKDW�DOORZHG�ILQJHUV�WR�QDYLJDWH�WKH
JODVV�VXUIDFH�RI�/&'�GLVSOD\V�LQFOXGHG�ZLWK�KDQGKHOG�GHYLFHV��$V�ZLWK�WKH�FOLFN�ZKHHO
IHDWXUH�� WKH� WHFKQRORJ\� EHKLQG� WKLV� JURXQG�EUHDNLQJ� QHZ� ZD\� WR� LQWHUIDFH� ZLWK
HOHFWURQLF�GHYLFHV�UHOLHG�RQ�HDUOLHU�EDVLF�DQG�DSSOLHG�UHVHDUFK� WKDW�KDG�EHHQ�VXSSRUWHG
E\�WKH�6WDWH��'XULQJ�WKH�����V��WRXFK�VFUHHQ�WHFKQRORJ\�ZDV�LQFRUSRUDWHG�LQWR�D�YDULHW\
RI�SURGXFWV�E\�QXPHURXV�FRPSXWHU�GHYHORSHUV��LQFOXGLQJ�$SSOH��EXW�WKH�PDMRULW\�RI�WKH
WRXFK�VFUHHQ� WHFKQRORJLHV� DYDLODEOH� GXULQJ� WKHVH� HDUOLHU� GD\V� ZHUH� RQO\� FDSDEOH� RI
KDQGOLQJ� VLQJOH�WRXFK� PDQLSXODWLRQ���� 7KH� LQWURGXFWLRQ� RI� PXOWL�WRXFK� VFUROOLQJ� DQG
JHVWXUHV� ZDV� GHYHORSHG� E\� :D\QH� :HVWHUPDQ� DQG� -RKQ� (OLDV� DW� WKH� 8QLYHUVLW\� RI
'HODZDUH��:HVWHUPDQ�������
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:D\QH�:HVWHUPDQ�ZDV�D�GRFWRUDO�FDQGLGDWH�XQGHU�WKH�VXSHUYLVLRQ�RI�3URIHVVRU�-RKQ
(OLDV� VWXG\LQJ�QHXURPRUSKLF� V\VWHPV�DW� WKH� �SXEOLFO\� IXQGHG��8QLYHUVLW\�RI�'HODZDUH�
DV� SDUW� RI� WKH� 1DWLRQDO� 6FLHQFH� )RXQGDWLRQ� �16)�� DQG� &HQWUDO� ,QWHOOLJHQFH
$JHQF\�'LUHFWRU� RI� &HQWUDO� ,QWHOOLJHQFH� �&,$�'&,�� 3RVW�'RFWRUDO� )HOORZVKLS
SURJUDPPH��:HVWHUPDQ��������)ROORZLQJ�WKH�FRPSOHWLRQ�RI�:HVWHUPDQ¶V�3K'��KH�DQG
(OLDV� FRPPHUFLDOL]HG� WKLV� QHZ� WHFKQRORJ\� DIWHU� IRXQGLQJ� WKH� )LQJHU:RUNV� FRPSDQ\�
7KHLU� QHZ� SURGXFW�� FDOOHG� µL*HVWXUH�1XPSDG¶�� HQDEOHG�PDQ\� FRPSXWHU� XVHUV� WR� HQWHU
LQSXW� E\� DSSO\LQJ� µ]HUR�IRUFH¶� SUHVVXUH� RQ� DQ� HOHFWURQLF� VFUHHQ� ZLWK� QR� QHHG� RI
DGGLWLRQDO�GHYLFHV� VXFK�DV�D�NH\ERDUG�RU� D�PRXVH��7KH�XQGHUO\LQJ� VFLHQWLILF�EDVH�DQG
SDWHQW�DSSOLFDWLRQ�IRU�WKH�QHZ�ILQJHU�WUDFNLQJ�DQG�JHVWXUH�LGHQWLILFDWLRQ�V\VWHP�ZDV�EXLOW
RQ� WKH� HDUOLHU� VWXGLHV� RQ�FDSDFLWLYH� VHQVLQJ� DQG�WRXFK�VFUHHQ� WHFKQRORJLHV�
)LQJHU:RUNV¶� VXFFHVVIXO� DWWHPSW� WR� WUDQVODWH� SULRU� WRXFK�VFUHHQ� UHVHDUFK� LQWR� D
FRPPHUFLDO� SURGXFW� ZDV� TXLFNO\� UHFRJQL]HG� E\� $SSOH�� ZKLFK� ZDV� LQWHUHVWHG� LQ
GHYHORSLQJ�D�PXOWL�WRXFK�QDYLJDWLRQ�FDSDELOLW\�RQ�D�IXOO\�JODVV�/&'�GLVSOD\�IRU�WKH�QHZ
JHQHUDWLRQ� L26� SURGXFWV�� )LQJHU:RUNV� ZDV� DFTXLUHG� E\� $SSOH� LQ� ����� SULRU� WR� WKH
ODXQFK�RI�$SSOH¶V�ILUVW�JHQHUDWLRQ�L3KRQH�LQ�������DQG�WRGD\�WKLV�QHZ�WHFKQRORJ\�OLHV�DW
WKH� KHDUW� RI� WKH� FRYHWHG� PXOWL�WRXFK� VFUHHQ� IHDWXUHG� RQ�$SSOH¶V� L26� SURGXFWV��$V� D
UHVXOW�� :HVWHUPDQ� DQG� (OLDV�� ZLWK� IXQGLQJ� IURP� JRYHUQPHQW� DJHQFLHV�� SURGXFHG� D
WHFKQRORJ\� WKDW� KDV� UHYROXWLRQL]HG� WKH� PXOWL�ELOOLRQ� GROODU� PRELOH� HOHFWURQLF� GHYLFHV
LQGXVWU\��$SSOH¶V� KLJKO\� FRPSUHKHQVLYH� LQWHOOHFWXDO� SURSHUW\� SRUWIROLR� KDG� EHQHILWWHG�
RQFH�DJDLQ��IURP�WHFKQRORJ\�WKDW�ZDV�RULJLQDOO\�XQGHUZULWWHQ�E\�WKH�6WDWH�

,QWHUQHW�DQG�+773�+70/
$OWKRXJK� WKH� L3KRQH� DSSHDUV� WR� EH� D� µFRRO¶� JDGJHW� ZLWK� LWV� FXWWLQJ�HGJH� WHFKQRORJ\
IHDWXUHV�DQG�KDUGZDUH�FRPSRQHQWV��ZKDW�PDNHV�D�SKRQH�µVPDUW¶�LV�LWV�DELOLW\�WR�FRQQHFW
SKRQH� XVHUV� WR� WKH� YLUWXDO� ZRUOG� DW� DQ\� SRLQW� LQ� WLPH��:LWK� WKH� DUWLILFLDO� LQWHOOLJHQFH
DSSOLFDWLRQ�QDPHG�6,5,�RQ�ERDUG�� WKH� L3KRQH�DSSHDUV� WR�EH�DWWHPSWLQJ� WR�RXWVPDUW� LWV
XVHUV��$IWHU� UHSODFLQJ� WKH�KDQGVHW�LQGXVWU\�VWDQGDUG�NH\SDGV�ZLWK� WRXFK�VFUHHQV��6,5,
LV� $SSOH¶V� DWWHPSW� WR� WUDQVIRUP� LQSXW� HQWU\� DQG� QDYLJDWLRQ� LQWHUIDFHV�� $V� $SSOH¶V
µVPDUWSKRQH¶� FRQWLQXHV� WR� HYROYH� LQWR� DQ� HYHQ� VPDUWHU� GHYLFH�� LW� LV� LPSRUWDQW� WR
UHFRJQL]H� DQG� YDOXH� WKH� XQGHUO\LQJ� DQG� QHFHVVDU\� LQWHOOLJHQFH� DQG� WHFKQRORJLFDO
FDSDELOLWLHV�WKDW�KDYH�VPDUW�ZLUHG��LI�\RX�ZLOO��WKLV�VPDUW�GHYLFH��,I�KDUGZDUH��VRIWZDUH�
PHPRU\� DQG� WKH� SURFHVVRU�ZHUH� WR� EH� WKH� ERG\�� VRXO� DQG� EUDLQ� RI� D� FRPSXWHU��ZKDW
GRHV� WKH� ,QWHUQHW��+\SHUWH[W�7UDQVIHU�3URWRFRO� �+773��RU�+\SHUWH[W�0DUNXS�/DQJXDJH
�+70/��PHDQ�WR�DQ\�FRPSXWHU�RU�VPDUW�GHYLFH"�2U��ZKDW�ZRXOG�D�FRPSXWHU�RU�VPDUW
GHYLFH� EH� ZRUWK� LQ� WKH� DEVHQFH� RI� ,QWHUQHW� RU� ZLWKRXW� FHOOXODU� FRPPXQLFDWLRQ
FDSDELOLW\"� $QVZHUV� WR� WKHVH� TXHVWLRQV� FDQ� KHOS� XV� XQGHUVWDQG� WKH� YDOXH� RI� WKH
QHWZRUNLQJ� FDSDELOLWLHV� RI� VPDUW� GHYLFHV�� %XW� PRUH� LPSRUWDQWO\�� WKH\� FDQ� KHOS� XV
XQGHUVWDQG� WKH� YDOXH� RI� VXSSRUW� HIIRUWV� WKDW� WKH� JRYHUQPHQW� SOD\HG� LQ� WKH� SURFHVV� RI
LQYHQWLQJ�DQG�GHYHORSLQJ�FHOOXODU�WHFKQRORJ\��WKH�,QWHUQHW�DQG�VDWHOOLWHV�

'XULQJ� WKH� &ROG� :DU� HUD�� 86� DXWKRULWLHV� ZHUH� FRQFHUQHG� DERXW� SRVVLEOH� QXFOHDU
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DWWDFNV� DQG� WKH� VWDWH� RI� FRPPXQLFDWLRQ� QHWZRUNV� IROORZLQJ� WKH� DIWHUPDWK� RI� SRVVLEOH
DWWDFNV��3DXO�%DUDQ��D�UHVHDUFKHU�DW�5$1'�±�DQ�RUJDQL]DWLRQ�ZLWK�LWV�RULJLQV� LQ� WKH�86
$LU� )RUFH¶V� SURMHFW� IRU� µ5HVHDUFK� DQG� 'HYHORSPHQW¶�� RU� 5$1'� IRU� VKRUW� ±
UHFRPPHQGHG� D� VROXWLRQ� WKDW� HQYLVLRQHG� D� GLVWULEXWHG� QHWZRUN� RI� FRPPXQLFDWLRQ
VWDWLRQV� DV� RSSRVHG� WR� FHQWUDOL]HG� VZLWFKLQJ� IDFLOLWLHV�� :LWK� D� GHFHQWUDOL]HG
FRPPXQLFDWLRQ� V\VWHP� LQ� SODFH�� WKH� FRPPDQG� DQG� QHWZRUN� V\VWHP� ZRXOG� VXUYLYH
GXULQJ�DQG�DIWHU�QXFOHDU�DWWDFNV��5HVHDUFK�DQG�'HYHORSPHQW����������7KH�WHFKQRORJLFDO
FKDOOHQJHV� RI� GHYLVLQJ� VXFK� D� QHWZRUN� ZHUH� RYHUFRPH� WKDQNV� WR� WKH� YDULRXV� WHDPV
DVVHPEOHG� E\� '$53$� WR� ZRUN� RQ� QHWZRUNLQJ� VWDWLRQV� DQG� WKH� WUDQVPLVVLRQ� RI
LQIRUPDWLRQ��$OWKRXJK�'$53$�DSSURDFKHG�$7	7�DQG� ,%0� WR�EXLOG� VXFK� D�QHWZRUN�
ERWK�FRPSDQLHV�GHFOLQHG�WKH�UHTXHVW�EHOLHYLQJ�WKDW�VXFK�D�QHWZRUN�ZDV�D�WKUHDW�WR�WKHLU
EXVLQHVV�� ZLWK� WKH� KHOS� RI� WKH� 6WDWH�RZQHG� %ULWLVK� 3RVW� 2IILFH�� '$53$� VXFFHVVIXOO\
QHWZRUNHG�YDULRXV�VWDWLRQV�IURP�WKH�ZHVW� WR�HDVW�FRDVW��$EEDWH��������)URP�WKH�����V
WKURXJK� WKH� ����V�� '$53$� IXQGHG� WKH� QHFHVVDU\� FRPPXQLFDWLRQ� SURWRFRO� �7&3�,3��
RSHUDWLQJ� V\VWHP� �81,;�� DQG� HPDLO� SURJUDPV� QHHGHG� IRU� WKH� FRPPXQLFDWLRQ� V\VWHP�
ZKLOH� WKH� 1DWLRQDO� 6FLHQFH� )RXQGDWLRQ� �16)�� LQLWLDWHG� WKH� GHYHORSPHQW� RI� WKH� ILUVW
KLJK�VSHHG�GLJLWDO�QHWZRUNV�LQ�WKH�86��.HQQH\�������

0HDQZKLOH�� LQ� WKH� ODWH� ����V�� %ULWLVK� VFLHQWLVW� 7LP�%HUQHUV�/HH�ZDV� GHYHORSLQJ� WKH
+\SHUWH[W�0DUNXS� /DQJXDJH� �+70/��� XQLIRUP� UHVRXUFH� ORFDWRUV� �85/�� DQG� XQLIRUP
+\SHUWH[W� 7UDQVIHU� 3URWRFRO��+773�� �:ULJKW� ������� %HUQHUV�/HH�� ZLWK� WKH� KHOS� RI
DQRWKHU� FRPSXWHU� VFLHQWLVW� QDPHG� 5REHUW� &DLOOLDX�� LPSOHPHQWHG� WKH� ILUVW� VXFFHVVIXO
+773�IRU�WKH�FRPSXWHUV�LQVWDOOHG�DW�&(51��%HUQHUV�/HH�DQG�&DLOOLDX¶V������PDQLIHVWR
GHVFULELQJ�WKH�FRQVWUXFWLRQ�RI�WKH�:RUOG�:LGH�:HE�HYHQWXDOO\�EHFDPH�WKH�LQWHUQDWLRQDO
VWDQGDUG� IRU� FRPSXWHUV� DOO� RYHU� WKH� ZRUOG� WR� FRQQHFW�� 3XEOLF� IXQGLQJ� KDV� SOD\HG� D
VLJQLILFDQW� UROH� IRU� WKH� ,QWHUQHW� IURP� LWV� FRQFHSWLRQ� WR� LWV�ZRUOGZLGH� DSSOLFDWLRQ�� 7KH
,QWHUQHW�LV�QRZ�LQ�PDQ\�ZD\V�D�IRXQGDWLRQDO�WHFKQRORJ\�WKDW�KDV�DIIHFWHG�WKH�FRXUVH�RI
ZRUOG�KLVWRU\�E\�DOORZLQJ�XVHUV�DOO�RYHU�WKH�JOREH�WR�HQJDJH�LQ�NQRZOHGJH�VKDULQJ�DQG
FRPPHUFH�XVLQJ�FRPSXWHUV�DQG�SRSXODU�VPDUW�JDGJHWV�VXFK�DV�WKH�L3KRQH��L3RG�RU�L3DG�

*36�DQG�6,5,
$QRWKHU�JUHDW� IHDWXUH� WKDW� DQ� L3RG�� L3KRQH�RU� L3DG�RIIHUV� LV�JOREDO�SRVLWLRQLQJ� V\VWHP
�*36�� LQWHJUDWLRQ��*36�ZDV� DQ� DWWHPSW� E\� WKH�'R'� WR� GLJLWL]H�ZRUOGZLGH� JHRJUDSKLF
SRVLWLRQLQJ� WR� HQKDQFH� WKH� FRRUGLQDWLRQ� DQG� DFFXUDF\� RI� GHSOR\HG� PLOLWDU\� DVVHWV
�%UHDNWKURXJK� ,QVWLWXWH� �������:KDW� LQLWLDOO\� EHJDQ� LQ� WKH� ����V� DV� D� VWULFWO\�PLOLWDU\�
XVH�RQO\� WHFKQRORJ\� LV� QRZ� ZLGHO\� DYDLODEOH� WR� FLYLOLDQV� IRU� YDULRXV� XVHV�� ,Q� IDFW�
FLYLOLDQ� XVH� RI� *36� TXLFNO\� RXWQXPEHUHG�PLOLWDU\� XWLOL]DWLRQ� IROORZLQJ� WKH� UHOHDVH� RI
*36� IRU� SXEOLF� DSSOLFDWLRQV� LQ� WKH�PLG�����V��<HW�� HYHQ� WRGD\�� WKH�86�$LU� )RUFH� KDV
EHHQ� DW� WKH� IRUHIURQW� RI� GHYHORSLQJ� DQG� PDLQWDLQLQJ� WKH� V\VWHP�� ZKLFK� FRVWV� WKH
JRYHUQPHQW� DQ� DYHUDJH� RI� �����PLOOLRQ� DQQXDOO\����$Q� L3KRQH� XVHU� FDQ� VHDUFK� IRU� D
QHDUE\�UHVWDXUDQW�RU�DQ�DGGUHVV��EDVHG�RQ� WKH�1$967$5�*36�V\VWHP��ZKLFK�FRQVLVWV
RI�D����VDWHOOLWH�FRQVWHOODWLRQ�SURYLGLQJ�JOREDO�QDYLJDWLRQ�DQG�WLPLQJ�GDWD�IRU� LWV�XVHUV�
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7KLV� WHFKQRORJ\�� DV� ZHOO� DV� WKH� LQIUDVWUXFWXUH� RI� WKH� V\VWHP�� ZRXOG� KDYH� EHHQ
LPSRVVLEOH� ZLWKRXW� WKH� JRYHUQPHQW� WDNLQJ� WKH� LQLWLDWLYH� DQG� PDNLQJ� WKH� QHFHVVDU\
ILQDQFLDO�FRPPLWPHQW�IRU�VXFK�D�KLJKO\�FRPSOH[�V\VWHP�

$SSOH¶V�ODWHVW�L3KRQH�IHDWXUH�LV�D�YLUWXDO�SHUVRQDO�DVVLVWDQW�NQRZQ�DV�6,5,��$QG��OLNH
PRVW�RI�WKH�RWKHU�NH\�WHFKQRORJLFDO�IHDWXUHV�LQ�$SSOH¶V�L26�SURGXFWV��6,5,�KDV�LWV�URRWV
LQ�IHGHUDO�IXQGLQJ�DQG�UHVHDUFK��6,5,�LV�DQ�DUWLILFLDO� LQWHOOLJHQFH�SURJUDP�FRQVLVWLQJ�RI
PDFKLQH� OHDUQLQJ�� QDWXUDO� ODQJXDJH� SURFHVVLQJ� DQG� D� :HE� VHDUFK� DOJRULWKP� �5RXVK
�������,Q�������'$53$�DVNHG�WKH�6WDQIRUG�5HVHDUFK�,QVWLWXWH��65,��WR�WDNH� WKH�OHDG�RQ
D�SURMHFW� WR�GHYHORS�D�VRUW�RI� µYLUWXDO�RIILFH�DVVLVWDQW¶� WR�DVVLVW�PLOLWDU\�SHUVRQQHO��65,
ZDV�SXW� LQ�FKDUJH�RI� FRRUGLQDWLQJ� WKH� µ&RJQLWLYH�$VVLVWDQW� WKDW�/HDUQV�DQG�2UJDQL]HV¶
�&$/2��SURMHFW�ZKLFK�LQFOXGHG����XQLYHUVLWLHV�DOO�RYHU�WKH�86�FROODERUDWLQJ�WR�GHYHORS
WKH�QHFHVVDU\�WHFKQRORJ\�EDVH��:KHQ�WKH�L3KRQH�ZDV�ODXQFKHG�LQ�������65,�UHFRJQL]HG
WKH� RSSRUWXQLW\� IRU� &$/2� DV� D� VPDUWSKRQH� DSSOLFDWLRQ� DQG� WKHQ� FRPPHUFLDOL]HG� WKH
WHFKQRORJ\�E\� IRUPLQJ� µ6,5,¶� DV� D�YHQWXUH�EDFNHG� VWDUW�XS� LQ� WKH� VDPH�\HDU�� ,Q������
6,5,�ZDV�DFTXLUHG�E\�$SSOH�IRU�DQ�DPRXQW�WKDW�LV�XQGLVFORVHG�E\�ERWK�SDUWLHV�

&KDQJLQJ� LQGXVWU\� VWDQGDUGV� IURP� NH\SDG� WR� WRXFKSDG� LQSXW� DQG� DGGLQJ� *36
QDYLJDWLRQ� ZDV� D� VLJQLILFDQW� DFKLHYHPHQW� ZKHQ� L3RG� ZDV� ILUVW� LQWURGXFHG��$� VHFRQG
JDPH�FKDQJHU� IRU� FHOO� SKRQH�� PHGLD� SOD\HU� DQG� WDEOHW� FRPSXWHU� GHYHORSHUV� ZDV� WKH
LQWURGXFWLRQ� RI� PXOWL�WRXFK� VFUHHQV� DQG� JHVWXUH� UHFRJQLWLRQ�� :LWK� 6,5,�� $SSOH
LQWURGXFHG�DQRWKHU� UDGLFDO� LGHD� IRU�D�GHYLFH� LQSXW�PHFKDQLVP� WKDW�KDV�EHHQ� LQWHJUDWHG
ZLWKLQ�YDULRXV�L26�IHDWXUHV�DQG�DSSOLFDWLRQV��7KH�LQWURGXFWLRQ�RI�6,5,�KDV�ODXQFKHG�D
QHZ� URXQG� RI� UHGHILQLQJ� VWDQGDUGV� RI� KXPDQ±PDFKLQH� LQWHUDFWLRQ� DQG� FUHDWHV� D� QHZ
PHDQV�RI�LQWHUDFWLRQ�EHWZHHQ�WKH�XVHU�DQG�WKH�PDFKLQH��6WHYH�-REV�RIWHQ�DFNQRZOHGJHG
WKH� SRWHQWLDO� RI� DUWLILFLDO� LQWHOOLJHQFH� DQG� KLV� LQWHUHVW� LQ� WKH� IXWXUH� RI� WKH� WHFKQRORJ\�
'XULQJ� KLV� ����� LQWHUYLHZ� ZLWK� :DOW� 0RVVEHUJ� DQG� .DUD� 6ZLVKHU� ������� DW� WKH
&DOLIRUQLD�'��FRQIHUHQFH��-REV�KDG�VKDUHG�KLV�H[FLWHPHQW�DERXW�WKH�UHFHQW�DFTXLVLWLRQ�RI
6,5,�E\�$SSOH��DQG�WDONHG�DERXW�WKH�JUHDW�SRWHQWLDO�WKH�WHFKQRORJ\�RIIHUHG��2QFH�DJDLQ�
$SSOH� LV� RQ� WKH� YHUJH� RI� EXLOGLQJ� WKH� IXWXUH� IRU� LQIRUPDWLRQ� DQG� FRPPXQLFDWLRQ
LQGXVWU\�EDVHG�RQ�WKH�UDGLFDOO\�FRPSOH[�LGHDV�DQG�WHFKQRORJLHV�FRQFHLYHG�DQG�SDWLHQWO\
IRVWHUHG�E\�WKH�JRYHUQPHQW�

%DWWHU\��GLVSOD\�DQG�RWKHU�WHFKQRORJLHV
7KH�VWRU\�RI�WKH�OLTXLG�FU\VWDO�GLVSOD\��/&'��VKDUHV�JUHDW�VLPLODULWLHV�ZLWK�WKH�KDUG�GLVN
GULYH��PLFURSURFHVVRU�DQG�PHPRU\�FKLS��DPRQJ�RWKHU�PDMRU�WHFKQRORJLHV��WKDW�HPHUJHG
GXULQJ� WKH� &ROG� :DU� HUD�� LW� LV� URRWHG� LQ� WKH� 86� PLOLWDU\¶V� QHHG� WR� VWUHQJWKHQ� LWV
WHFKQRORJLFDO� FDSDELOLWLHV�DV�D�PDWWHU�RI�QDWLRQDO� VHFXULW\��5LVLQJ�FRPSHWLWLRQ� IURP� WKH
-DSDQHVH�IODW�SDQHO�GLVSOD\��)3'��LQGXVWU\�ZDV�D�FRQFHUQ�IRU�WKH�'R'�EHFDXVH�WKH�86
PLOLWDU\¶V� IXWXUH� GHPDQG� IRU� WKH� WHFKQRORJ\� FRXOG� QRW� EH�PHW� VROHO\� E\� WKH� -DSDQHVH
VXSSOLHUV�� *LYHQ� WKLV� GHWHUPLQDWLRQ�� WKH� 'R'� EHJDQ� LPSOHPHQWLQJ� D� YDULHW\� RI
SURJUDPPHV�JHDUHG�WRZDUGV�VWUHQJWKHQLQJ�WKH�LQGXVWU\¶V�FRPSHWLWLYHQHVV��LQFOXGLQJ�WKH
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IRUPDWLRQ� RI� DQ� LQGXVWU\�FRQVRUWLXP� DQG� GHSOR\PHQW� RI� QHZ� UHVRXUFHV� IRU� WKH
LPSURYHPHQW�RI�PDQXIDFWXULQJ�FDSDELOLWLHV�DQG�FRPPHUFLDO�SURGXFWV�

7KH�PDMRU�EUHDNWKURXJK�LQ�/&'�WHFKQRORJ\�FDPH�DERXW�GXULQJ�WKH�����V��ZKHQ�WKH
WKLQ�ILOP�WUDQVLVWRU��7)7��ZDV�EHLQJ�GHYHORSHG�DW�WKH�ODERUDWRU\�RI�:HVWLQJKRXVH�XQGHU
WKH� GLUHFWLRQ� RI� 3HWHU� %URG\�� 7KH� UHVHDUFK� FDUULHG� RXW� DW� :HVWLQJKRXVH� ZDV� DOPRVW
HQWLUHO\�IXQGHG�E\�WKH�86�$UP\��+DUW�DQG�%RUUXV��������+RZHYHU��ZKHQ�PDQDJHPHQW
DW�:HVWLQJKRXVH�GHFLGHG�WR�VKXW�GRZQ�WKH�UHVHDUFK��%URG\�VRXJKW�RXW�SRVVLEOH�IXQGLQJ
RSSRUWXQLWLHV�HOVHZKHUH�LQ�WKH�KRSHV�RI�FRPPHUFLDOL]LQJ�WKLV�WHFKQRORJ\�LQGHSHQGHQWO\�
,Q� WKH�SURFHVV�RI� DSSHDOLQJ� IRU� FRQWUDFWV� WR� UDPS�XS� WKH�SURGXFWLRQ�RI�7)7�GLVSOD\V�
%URG\�FRQWDFWHG�D�QXPEHU�RI� WRS�FRPSXWHU�DQG�HOHFWURQLF�FRPSDQLHV� LQFOXGLQJ�$SSOH
DQG� RWKHUV� VXFK� DV� ;HUR[�� �0�� ,%0�� '(&� DQG� &RPSDT�� $OO� WKHVH� PDMRU� SULYDWH
FRPSDQLHV� UHIXVHG� WR� VLJQ� RQ�ZLWK� %URG\� ODUJHO\� EHFDXVH� WKH\� GRXEWHG� KLV� DELOLW\� WR
EXLOG� WKH� PDQXIDFWXULQJ� FDSDELOLW\� QHFHVVDU\� WR� SURYLGH� WKH� SURGXFW� DW� D� FRPSHWLWLYH
SULFH�FRPSDUHG� WR�KLV� -DSDQHVH�FRXQWHUSDUWV� �)ORULGD�DQG�%URZG\������������ ,Q������
DIWHU�UHFHLYLQJ�D������PLOOLRQ�FRQWUDFW�IURP�'$53$��%URG\�HVWDEOLVKHG�0DJQDVFUHHQ�WR
GHYHORS�WKH�7)7�/&'��7KLV�DGYDQFHPHQW�LQ�WKH�/&'�WHFKQRORJ\�EHFDPH�WKH�EDVLV�IRU
WKH�QHZ�JHQHUDWLRQ�GLVSOD\V�IRU�WKH�SRUWDEOH�HOHFWURQLF�GHYLFHV�VXFK�DV�PLFURFRPSXWHUV�
SKRQHV��HWF�

)ORULGD�DQG�%URZG\�DUJXHG�WKDW�WKLV�SDWWHUQ�RI�WKH�LQDELOLW\�RI�SULYDWH�DFWRUV�WR�EXLOG
RU� VXVWDLQ� PDQXIDFWXULQJ� FDSDELOLWLHV� LQ� YDULRXV� KLJK�WHFKQRORJ\� ILHOGV� SUHVHQWHG� D
EURDGHU�SUREOHP�ZLWK�WKH�QDWLRQ¶V�LQQRYDWLRQ�V\VWHP�

7KH�ORVV�RI�WKLV�>7)7�/&'@�GLVSOD\�WHFKQRORJ\�UHYHDOV�IXQGDPHQWDO�ZHDNQHVVHV�RI
WKH� 8�6�� KLJK�WHFKQRORJ\� V\VWHP�� 1RW� RQO\� GLG� RXU� ODUJH� FRUSRUDWLRQV� ODFN� WKH
YLVLRQ�DQG�WKH�SHUVLVWHQFH�WR�WXUQ�WKLV�LQYHQWLRQ�LQWR�D�PDUNHWDEOH�SURGXFW��EXW�WKH
YHQWXUH� FDSLWDO� ILQDQFLHUV��ZKR�PDGH�SRVVLEOH� VXFK�KLJK�WHFKQRORJ\� LQGXVWULHV� DV
VHPLFRQGXFWRUV�DQG�SHUVRQDO�FRPSXWHUV�� IDLOHG� WRR��1HLWKHU� ODUJH�QRU� VPDOO� ILUPV
ZHUH� DEOH� WR�PDWFK� D� GD]]OLQJ� LQQRYDWLRQ�ZLWK� WKH�PDQXIDFWXULQJ�PXVFOH� QHHGHG
IRU�FRPPHUFLDO�SURGXFWLRQ������������

,Q� DQ� DWWHPSW� WR� UHWDLQ� WKH� PDQXIDFWXULQJ� RI� 7)7�/&'V� LQ� WKH� 86�� WKH� $GYDQFHG
'LVSOD\�0DQXIDFWXUHUV� RI�$PHULFD�5HVHDUFK�&RQVRUWLXP� �$'0$5&��ZDV� HVWDEOLVKHG
E\� WKH� PDMRU� GLVSOD\� PDQXIDFWXUHUV� ZLWK� LQLWLDO� IXQGLQJ� DSSHDULQJ� IURP� WKH� 1DWLRQDO
,QVWLWXWH�RI�6WDQGDUGV�DQG�7HFKQRORJ\¶V��1,67��$GYDQFHG�7HFKQRORJ\�3URJUDP��$73�
�)ORULGD� DQG�%URZG\��������7KH� LQGXVWU\� DOVR� UHFHLYHG� DGGLWLRQDO� DVVLVWDQFH� IURP� WKH
86�JRYHUQPHQW� LQ� WKH� IRUP�RI�DQWLGXPSLQJ� WDULIIV� �ZKLOH�DW� WKH�VDPH� WLPH� WRXWLQJ� WKH
µIUHH�FRPSHWLWLRQ¶�OLQH���DV�ZHOO�DV�IXQGV�DQG�FRQWUDFWV�SURYLGHG�E\�YDULRXV�PLOLWDU\�RU
FLYLOLDQ�DJHQFLHV�WKDW�VXSSRUWHG�PDQ\�VWDUW�XSV�LQ�WKH�86�DV�SDUW�RI�DQ�HIIRUW�WR�GHYHORS
PDQXIDFWXULQJ�FDSDELOLWLHV�RI�7)7�/&'V�LQ�WKH�����V��27$�������

7KH� OLWKLXP�LRQ�EDWWHU\� LV�DQRWKHU�H[DPSOH�RI�D�86�LQYHQWHG�EXW�-DSDQHVH�SHUIHFWHG
DQG�PDQXIDFWXUHG�LQ�YROXPH�WHFKQRORJ\��-RKQ�%��*RRGHQRXJK�ZKR�SLRQHHUHG�WKH�HDUO\
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UHVHDUFK�RQ�OLWKLXP�LRQ�EDWWHU\�WHFKQRORJ\�UHFHLYHG�KLV�PDLQ�IXQGLQJ�VXSSRUW�IURP�WKH
'HSDUWPHQW�RI�(QHUJ\��'R(��DQG�1DWLRQDO�6FLHQFH�)RXQGDWLRQ��16)��LQ�WKH�ODWH�����V
�+HQGHUVRQ� ������ 267,� ������� 0DMRU� VFLHQWLILF� EUHDNWKURXJKV� DFFRPSOLVKHG� DW� WKH
8QLYHUVLW\�RI�7H[DV�DW�$XVWLQ�ZHUH�TXLFNO\�FRPPHUFLDOL]HG�DQG�ODXQFKHG�LQ������E\�WKH
-DSDQHVH�HOHFWURQLFV�JLDQW�6RQ\�� ,Q�D������ZRUNLQJ�SDSHU� IRU� WKH�1DWLRQDO� ,QVWLWXWH�RI
6WDQGDUGV� DQG� 7HFKQRORJ\� �1,67��� 5DOSK� -�� %URGG� ������� LGHQWLILHG� LVVXHV� ZLWK� WKH
DGYDQFHG� EDWWHU\� LQGXVWU\� LQQRYDWLRQ�PRGHO� WKDW�ZHUH� VLPLODU� WR� WKH� LVVXHV�ZLWKLQ� WKH
7)7�/&'�LQGXVWU\��$QRWKHU�PDMRU�VFLHQWLILF�VXFFHVV�IDGHG�DZD\�ZLWKRXW�JUHDWHU�YDOXH
EHLQJ� FDSWXUHG� LQ� WKH� IRUP� RI� 86�EDVHG� KLJK�YROXPH� PDQXIDFWXUH�� %URGG¶V� VWXG\
LGHQWLILHV�WKH�IDFWRUV�KLQGHULQJ�WKH�YROXPH�SURGXFWLRQ�RI�OLWKLXP�LRQ�EDWWHULHV�LQ�WKH�86�
EXW�SDUWLFXODUO\�SODFHG�HPSKDVLV�RQ�WKH�VKRUW�WHUPLVW�DSSURDFK�RI�86�FRUSRUDWLRQV�DQG
YHQWXUH� FDSLWDOLVWV�� %URGG� ������� ���� DUJXHG� WKDW� WKHLU� VKRUW�WHUPLVP�ZDV� EDVHG� XSRQ
DFKLHYLQJ�UDSLG�ILQDQFLDO�UHWXUQV��LQ�FRPSDULVRQ�WR�WKHLU�-DSDQHVH�FRPSHWLWRUV¶�IRFXV�RQ
PD[LPL]LQJ� PDUNHW� VKDUH� LQ� WKH� ORQJ� UXQ��� ZKLFK� RIWHQ� GLVFRXUDJHG� WKHP� IURP� DQ\
LQWHUHVW� LQ� EXLOGLQJ� WKH� GRPHVWLF� PDQXIDFWXULQJ� FDSDELOLWLHV� ZKLOH� HQFRXUDJLQJ
RXWVRXUFLQJ�RI�PDQXIDFWXUH�DV�DQ�RSWLRQ�

$EVHQFH�RI� D� EDWWHU\� WHFKQRORJ\� WKDW�PHW� WKH� VWRUDJH� FDSDFLW\�QHHGV�RI� LQFUHDVLQJO\
SRZHUIXO� HOHFWURQLF� GHYLFHV� SRVHG� RQH� RI� WKH� JUHDWHVW� FKDOOHQJHV� WKDW� WKH� HOHFWURQLFV
LQGXVWU\� IDFHG� IROORZLQJ� WKH� UHYROXWLRQ� LQ� VHPLFRQGXFWRU� GHYLFHV�� 7KH� LQYHQWLRQ� RI
OLWKLXP�LRQ�WHFKQRORJ\�HQDEOHG�SRUWDEOH�GHYLFHV�WR�EHFRPH�PXFK�VOLPPHU�DQG�OLJKWHU�DV
EDWWHU\�FDSDFLW\�LQFUHDVHG�UHODWLYH�WR�VL]H��2QFH�DJDLQ��WKH�IHGHUDO�JRYHUQPHQW�VWHSSHG�LQ
WR�DVVLVW�VPDOOHU�EDWWHU\�FRPSDQLHV� WKURXJK�D�YDULHW\�RI�DJHQFLHV�DQG�SURJUDPPHV� WKDW
LQYHVWHG�LQ�WKH�LQGXVWU\�LQ�DQ�HIIRUW�WR�GHYHORS�WKH�QHFHVVDU\�PDQXIDFWXULQJ�FDSDELOLWLHV
�%URGG�������±�QRW�RQO\�IRU�HOHFWURQLF�GHYLFHV�EXW��HTXDOO\�RU�HYHQ�PRUH� LPSRUWDQWO\�
IRU� µ]HUR�HPLVVLRQ¶� HOHFWULF� YHKLFOHV�� 7KH� 86� JRYHUQPHQW� KDV� EHHQ� DFWLYHO\� LQYROYHG
ZLWK�WKH�HQHUJ\�LQGXVWU\�IRU�GHFDGHV�DV�SDUW�RI�D�EURDGHU�HIIRUW�WR�DGGUHVV�HFRQRPLF�DQG
VRFLDO�QHHGV��ZKLFK�LV�H[WHQVLYHO\�GLVFXVVHG�LQ�&KDSWHUV���DQG���

)LJXUH�����2ULJLQV�RI�SRSXODU�$SSOH�SURGXFWV

6RXUFH��$XWKRU¶V�RZQ�GUDZLQJ�EDVHG�RQ�WKH�2673�GLDJUDP�µ,PSDFW�RQ�%DVLF�5HVHDUFK�RQ�,QQRYDWLRQ¶�WKDW�LOOXVWUDWHV�WKH�EHQHILWV�RI�EDVLF
UHVHDUFK�RQ�LQQRYDWLRQ�����������

6WDWH�RI�WKH�DUW� L26� SURGXFWV� DUH� KLJKO\� FRPSOH[� HOHFWURQLF� GHYLFHV�� 'HVSLWH� WKH
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IXQGDPHQWDO�GLIIHUHQFHV� LQ�XVH�� HDFK�GHYLFH�HPERGLHV�QXPHURXV� WHFKQRORJLHV� WKDW� DUH
RIWHQ� SUHVHQW� LQ� DOO� WKH� GHYLFHV�� &HOOXODU� WHFKQRORJ\� LV� DYDLODEOH� IRU� PRVW� RI�$SSOH¶V
GHYLFHV� ZLWK� WKH� H[FHSWLRQ� RI� LWV� L3RG� PHGLD� SOD\HUV�� &HOOXODU� FRPPXQLFDWLRQ
WHFKQRORJ\�UHFHLYHG�HQRUPRXV�JRYHUQPHQW�VXSSRUW�LQ�LWV�HDUO\�GD\V��7KH�%UHDNWKURXJK
5HSRUW�����������H[DPLQHV� WKH�UROH�RI� WKH�86�PLOLWDU\� LQ�DGYDQFLQJ�WKH�UDGLRWHOHSKRQ\
WHFKQRORJ\� LQ� WKH� WZHQWLHWK� FHQWXU\�� 7KH� 2IILFH� RI� 6FLHQFH� DQG� 7HFKQRORJ\� 3ROLF\
������� ��� DOVR� GRFXPHQWHG� WKH� UROH� RI� 6WDWH� VXSSRUW� LQ� WKH� GLJLWDO� VLJQDO� SURFHVVLQJ
�'63��WHFKQRORJ\�WKDW�FDPH�DERXW�IROORZLQJ�VFLHQWLILF�DGYDQFHPHQWV�LQ�WKH�DSSOLFDWLRQ
RI� WKH� IDVW� )RXULHU� WUDQVIRUP� �)'7�� DOJRULWKP� GXULQJ� WKH� ����V�� 7KLV� QHZ� VLJQDO
SURFHVVLQJ�DSSURDFK�HQDEOHG�UHDO�WLPH�SURFHVVLQJ�RI�VRXQG��VXFK�DV�GXULQJ�D�WZR�ZD\
SKRQH�FDOO�� DV�ZHOO� DV� UHDO�WLPH�SURFHVVLQJ�RI� ODUJH�DXGLR�RU�PXOWLPHGLD� ILOHV� WKDW� FDQ
LPSURYH� WKH� TXDOLW\� RI� WKHLU� SOD\EDFN�� '63� LV� FRQVLGHUHG� EH� D� FRUH� IHDWXUH� RI� L26
SURGXFWV�ZLWK�D�PHGLD�SOD\HU�IXQFWLRQ��'HYOLQ�������

'LG�WKH�86�*RYHUQPHQW�µ3LFN¶�WKH�L3RG"
,Q� D� ����� SROLF\� GRFXPHQW�ZKHUH� IRUPHU�86� SUHVLGHQW�*HRUJH�:�� %XVK� ODLG� RXW� WKH
QDWLRQ¶V� LQQRYDWLRQ�VWUDWHJ\�� WKH�YDULRXV�FRPSRQHQW� WHFKQRORJLHV� WKDW�ZHUH�IHDWXUHG� LQ
WKH� ILUVW� JHQHUDWLRQ� L3RG�ZHUH� OLQNHG� WR� WKHLU� RULJLQV� DV� SDUW� RI� WKH� EDVLF� DQG� DSSOLHG
UHVHDUFK� IXQGHG�E\�86� WD[�GROODUV� �2673��������$OWKRXJK� ODFNLQJ� VXEVWDQWLDO� FRQWH[W
DQG�RU�OLWHUDO�ILJXUHV��WKH�UHSRUW�GRHV�LQFOXGH�D�GLDJUDP�LOOXVWUDWLQJ�WKH�RULJLQV�RI�L3RG¶V
FRPSRQHQW�WHFKQRORJLHV�VXFK�DV�LWV�KDUG�GLVN�GULYH��/L�LRQ�EDWWHU\��/&'��'5$0�FDFKH�
VLJQDO�SURFHVVLQJ��HWF��)LJXUH����H[SDQGV�RQ�WKH�2673�GLDJUDP�E\�IXUWKHU�PDSSLQJ�RXW
WKH�WHFK�FRPSRQHQWV�IHDWXUHG�LQ�ODWHU�$SSOH�SURGXFWV�OLNH�WKH�L3RG�7RXFK��L3KRQH�DQG
L3DG�

)RVWHULQJ�DQ�,QGLJHQRXV�6HFWRU
,Q�DGGLWLRQ�WR�JRYHUQPHQW�HIIRUWV�QXUWXULQJ�WKH�VFLHQFH�EDVH�DQG�IRVWHULQJ�LQQRYDWLRQ�LQ
WKH�86�� WKH�86�JRYHUQPHQW�KDV�DOVR�SOD\HG�D�FULWLFDO� UROH� LQ�SURWHFWLQJ� WKH� LQWHOOHFWXDO
µSURSHUW\¶�RI�FRPSDQLHV�OLNH�$SSOH��DQG�HQVXULQJ�WKDW�LW�LV�SURWHFWHG�DJDLQVW�RWKHU�WUDGH
ULJKW� YLRODWLRQV�� 7KH� IHGHUDO� JRYHUQPHQW� KDV� DFWLYHO\� IRXJKW� RQ� EHKDOI� RI� FRPSDQLHV
OLNH�$SSOH� WR� DOORZ� LW� VHFXUH� DFFHVV� WR� WKH�JOREDO� FRQVXPHU�PDUNHW�� DQG� LW� LV� D� FUXFLDO
SDUWQHU� LQ� HVWDEOLVKLQJ� DQG� PDLQWDLQLQJ� JOREDO� FRPSHWLWLYH� DGYDQWDJH� IRU� WKHVH
FRPSDQLHV� �3UHVWRZLW]� ������� $OWKRXJK� 86�EDVHG� FRUSRUDWLRQV� GHILQH� WKHPVHOYHV� DV
WUDQVQDWLRQDO�HQWLWLHV�ZKRVH�H[LVWHQFH�WUDQVFHQG�SROLWLFDO�ERUGHUV��:DVKLQJWRQ�LV�WKH�ILUVW
SODFH� WKH\�XVXDOO\� WXUQ� WR�ZKHQ�FRQIOLFWV� LQ� WKH�JOREDO�PDUNHW�DULVH��$FFHVVLQJ�IRUHLJQ
PDUNHWV�SURWHFWHG�E\�WUDGH�UHVWULFWLRQV�ZDV�RQO\�SRVVLEOH�ZLWK�86�JRYHUQPHQW�DFWLQJ�DV
D� EDFNHU� DQG� YDQJXDUG�� )RU� H[DPSOH�� LQ� WKH� ����V�$SSOH� KDG� GLIILFXOWLHV� HQWHULQJ� WKH
-DSDQHVH�PDUNHW��7KH�FRPSDQ\�FDOOHG�RQ�WKH�86�JRYHUQPHQW�IRU�DVVLVWDQFH�DUJXLQJ�WKDW
LW� ZDV� WKH� JRYHUQPHQW¶V� REOLJDWLRQ� WR� DVVLVW� WKH� FRPSDQ\� LQ� RSHQLQJ� WKH� -DSDQHVH
PDUNHW� WR�86�SURGXFWV�E\�DSSHDOLQJ� WR� WKH� -DSDQHVH�JRYHUQPHQW� �/\RQV��������:KHQ
XQIHWWHUHG�JOREDO�FRPSHWLWLRQ�KLW�KRPH��FRPSDQLHV�VXFK�DV�$SSOH�ZHUH�EDFNHG�E\� WKH
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JRYHUQPHQW�WR�HQVXUH�WKDW�LQWHOOHFWXDO�SURSHUW\�ODZV�ZHUH�FDUHIXOO\�HQIRUFHG�DOO�RYHU�WKH
ZRUOG��7KH�DGGHG�SURWHFWLRQ�FUHDWHG�IRU�$SSOH�E\�ORFDO�DQG�IHGHUDO�DXWKRULWLHV�FRQWLQXHV
WR�SURYLGH�WKLV�IRUP�RI�VXEVLG\��ZKLFK�DOORZV�WKH�FRPSDQ\�WR�FRQWLQXH�LQQRYDWLQJ�

$GGLWLRQDOO\�� WKH�86�JRYHUQPHQW�KDV�EHHQ�SURYLGLQJ�YDULRXV�RWKHU� W\SHV�RI� WD[�DQG
SURFXUHPHQW� VXSSRUW� WKDW� JUHDWO\� EHQHILWV� $PHULFDQ� FRPSDQLHV� VXFK� DV� $SSOH�
$FFRUGLQJ� WR� D� 7UHDVXU\�'HSDUWPHQW� GRFXPHQW�� FRPSDQLHV� �LQFOXGLQJ�$SSOH�� RYHUDOO
FODLPHG� ����� ELOOLRQ� LQ� UHVHDUFK� DQG� H[SHULPHQW� �5	(�� WD[� FUHGLWV� LQ� ����� �2IILFH� RI
7D[� 3ROLF\� �������$GGLWLRQDOO\�� &DOLIRUQLD� SURYLGHV� JHQHURXV� 5	'� WD[� SDFNDJHV� IRU
ZKLFK� FRPSXWHU� DQG� HOHFWURQLFV� FRPSDQLHV� DUH� WKH� ODUJHVW� DSSOLFDQWV� �,EHOH� ��������
6LQFH�������$SSOH�KDV�UHSRUWHGO\�FODLPHG������PLOOLRQ�LQ�5	'�WD[�FUHGLWV�RI�DOO�NLQGV
�'XKLJJ�DQG�.RFLHQLHZVNL�������

*RYHUQPHQW� SURFXUHPHQW� SROLFLHV� KDYH� VXSSRUWHG� $SSOH� WKURXJK� YDULRXV� FULWLFDO
VWDJHV�� ZKLFK�PDGH� LW� SRVVLEOH� IRU� WKH� FRPSDQ\� WR� VXUYLYH� LQ� WKH�PLGVW� RI� IHURFLRXV
FRPSHWLWLRQ� DJDLQVW� LWV� FRPSHWLWRUV�� 3XEOLF� VFKRROV� LQ� WKH� 86� KDYH� EHHQ� OR\DO�$SSOH
FXVWRPHUV�� SXUFKDVLQJ� WKHLU� FRPSXWHUV� DQG� VRIWZDUH� HDFK� \HDU� VLQFH� WKH� ����V���
.ORRVWHU��������DUJXHV�WKDW�SXEOLF�VFKRROV�ZHUH�D�FULWLFDO�PDUNHW�IRU�$SSOH�DV�LW�UHHOHG
IURP� LWV�$SSOH� ,,,� DQG� /LVD� SURGXFW� IORSV� LQ� WKH� ODWH� ����V�� 3URYLVLRQV� LQ� WKH� �SRVW±
ILQDQFLDO� FULVLV�� ����� $PHULFDQ� 5HFRYHU\� DQG� 5HLQYHVWPHQW� $FW� �$55$�� SURYLGHG
LQFHQWLYHV� WR� EHQHILW� FRPSXWHU� DQG� HOHFWURQLFV� FRPSDQLHV� LQ� WKH� 86�� )RU� LQVWDQFH�
DPRQJ�YDULRXV�RWKHU�LQFHQWLYHV��WKURXJK�D�VPDOO�FKDQJH�LQ�WKH�VFRSH�RI�,56�����SODQV�
µFRPSXWHU�WHFKQRORJ\�DQG�HTXLSPHQW¶�SXUFKDVHV�ZHUH�GHILQHG�DV�D�TXDOLILHG�HGXFDWLRQ
H[SHQVH��ZKLFK�LV�H[SHFWHG�WR�ERRVW�XS�$SSOH¶V�FRPSXWHU��WDEOHW�DQG�VRIWZDUH�VDOHV���

,Q�VXP��µILQGLQJ�ZKDW�\RX�ORYH¶�DQG�GRLQJ�LW�ZKLOH�DOVR�EHLQJ�µIRROLVK¶�LV�PXFK�HDVLHU
LQ� D� FRXQWU\� LQ� ZKLFK� WKH� 6WDWH� SOD\V� WKH� SLYRWDO� VHULRXV� UROH� RI� WDNLQJ� RQ� WKH
GHYHORSPHQW� RI� KLJK�ULVN� WHFKQRORJLHV�� PDNLQJ� WKH� HDUO\�� ODUJH� DQG� KLJK�ULVN
LQYHVWPHQWV��DQG�WKHQ�VXVWDLQLQJ�WKHP�XQWLO�VXFK�WLPH�WKDW�WKH�ODWHU�VWDJH�SULYDWH�DFWRUV
FDQ�DSSHDU�WR�µSOD\�DURXQG�DQG�KDYH�IXQ¶��7KXV��ZKLOH�µIUHH�PDUNHW¶�SXQGLWV�FRQWLQXH�WR
ZDUQ� RI� WKH� GDQJHU� RI� JRYHUQPHQW� µSLFNLQJ� ZLQQHUV¶�� LW� FDQ� EH� VDLG� WKDW� YDULRXV� 86
JRYHUQPHQW�SROLFLHV�ODLG�WKH�IRXQGDWLRQ�WKDW�SURYLGHG�$SSOH�ZLWK�WKH�WRROV�WR�EHFRPH�D
PDMRU� LQGXVWU\� SOD\HU� LQ� RQH� RI� WKH�PRVW� G\QDPLF� KLJK�WHFK� LQGXVWULHV� RI� WKH� WZHQW\�
ILUVW�FHQWXU\�VR�IDU��:LWKRXW�WKH�IUHTXHQW�WDUJHWHG�LQYHVWPHQW�DQG�LQWHUYHQWLRQ�RI�WKH�86
JRYHUQPHQW�LW�LV�OLNHO\�WKDW�PRVW�ZRXOG�EH�µ$SSOHV¶�ZRXOG�EH�ORVHUV�LQ�WKH�JOREDO�UDFH�WR
GRPLQDWH� WKH� FRPSXWLQJ� DQG� FRPPXQLFDWLRQV� DJH�� 7KH� FRPSDQ\¶V� RUJDQL]DWLRQDO
VXFFHVV� LQ� LQWHJUDWLQJ� FRPSOH[� WHFKQRORJLHV� LQWR� XVHU�IULHQGO\� DQG� DWWUDFWLYH� GHYLFHV
VXSSOHPHQWHG�ZLWK�SRZHUIXO�VRIWZDUH�PHGLXPV�VKRXOG�QRW�EH�PDUJLQDOL]HG��KRZHYHU�LW
LV� LQGLVSXWDEOH� WKDW� PRVW� RI� $SSOH¶V� EHVW� WHFKQRORJLHV� H[LVW� EHFDXVH� RI� WKH� SULRU
FROOHFWLYH�DQG�FXPXODWLYH�HIIRUWV�GULYHQ�E\� WKH�6WDWH��ZKLFK�ZHUH�PDGH� LQ� WKH� IDFH�RI
XQFHUWDLQW\� DQG� RIWHQ� LQ� WKH� QDPH� RI�� LI� QRW� QDWLRQDO� VHFXULW\�� WKHQ� HFRQRPLF
FRPSHWLWLYHQHVV�
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,Q�&KDSWHU����,�ZLOO�UHWXUQ�WR�$SSOH��WR�DVN�ZKDW�WKH�6WDWH�UHFHLYHG�EDFN�LQ�UHWXUQ�IRU
WKH�HQWUHSUHQHXULDO��ULVN\�LQYHVWPHQWV�LW�PDGH�LQ�ERWK�$SSOH�WKH�FRPSDQ\��DV�ZHOO�DV�LQ
DOO�WKH�µUHYROXWLRQDU\¶�WHFKQRORJLHV�WKDW�PDNH�WKH�L3KRQH�VR�µVPDUW¶��$V�ZH�ZLOO�VHH��WKLV
LV�SHUKDSV� WKH�PRVW�FUXFLDO�TXHVWLRQ�SROLF\PDNHUV�PXVW�DVN� WKHPVHOYHV� LQ� WKH� WZHQW\�
ILUVW�FHQWXU\��ZKHQ�RQ�WKH�RQH�KDQG�ZH�ZDQW�DQ�µDFWLYH¶�6WDWH�ZLWK�WKH�FRXUDJH�WR�OHDG
WKH�QH[W�WHFKQRORJLFDO�µJUHHQ�UHYROXWLRQ¶��ZKLOH�RQ�WKH�RWKHU�KDQG��WKH�6WDWH�KDV�WR�FUHDWH
D� UHYROXWLRQ� ZLWK� FRQVWUDLQHG� EXGJHWV� DQG� SUHVVXUH� WR� SXUVXH� DXVWHULW\� PHDVXUHV�
)LQGLQJ�D�VROXWLRQ�WR�WKLV�µULVN±UHZDUG�QH[XV¶�ZLOO�EH�NH\�WR�WKLV�GLOHPPD�

���,Q�������DW�WKH�WLPH�RI�LQFRUSRUDWLRQ��5RQDOG�:D\QH�VROG�KLV�VWDNH�LQ�WKH�FRPSDQ\�WR
-REV�DQG�:R]QLDN�IRU������

���:KHQ�$SSOH�ILUVW�ZHQW�SXEOLF�LQ�������LWV�,32�JHQHUDWHG�PRUH�FDSLWDO�WKDQ�DQ\�,32
VLQFH� )RUG�0RWRU�&RPSDQ\� LQ� ������7KLV� FUHDWHG�PRUH� LQVWDQW�PLOOLRQDLUHV� �DURXQG
�����WKDQ�DQ\�RWKHU�FRPSDQ\�LQ�KLVWRU\��0DORQH�������

�� �:KHQ�$SSOH� VWRFNV�ZHUH� WUDGHG� DW� SHDN� OHYHOV� RQ� ���$SULO� ������ WKH� VXUJH� LQ� WKH
VWRFN�SULFHV�SXVKHG� WKH�FRPSDQ\¶V�RYHUDOO�PDUNHW�YDOXH� WR������ELOOLRQ��2QO\�D� IHZ
FRPSDQLHV� LQ� WKH�86�VXFK�DV�*(�������ELOOLRQ� LQ�$XJXVW�������DQG�0LFURVRIW� �����
ELOOLRQ�� RQ� ��� 'HFHPEHU� ������ KDYH� HYHU� VHHQ� WKLV� LQFUHGLEOH� OHYHO� RI� YDOXDWLRQ
�6YHQVVRQ��������$W�WKH�WLPH�RI�WKLV�ZULWLQJ��$SSOH¶V�PDUNHW�YDOXH�VXUSDVVHG�LWV�ORQJ�
WLPH� ULYDO�0LFURVRIW¶V� �QRPLQDO�� UHFRUG� RI� D� �����ELOOLRQ� YDOXDWLRQ�� DV�$SSOH� VWRFNV
WUDGHG�DW�D�QHZ�SHDN�RI�DSSUR[LPDWHO\������VKDUH�EHWZHHQ����DQG����6HSWHPEHU������

�� � 6RXUFH�� <DKRR�� )LQDQFH�� DYDLODEOH� RQOLQH� DW� KWWS���ILQDQFH�\DKRR�FRP�FKDUWV"
V $$3/�V\PERO DDSO�UDQJH ������������������FRPSDUH �LQGLFDWRU VSOLW�YROXPH�FKDUWW\SH DUHD�FURVVKDLU RQ�RKOFYDOXHV ��ORJVFDOH RII�VRXUFH XQGHILQHG�&KDUWV�,QWHUDFWLYH
�IURP���-DQXDU\������WR����'HFHPEHU�������

��� 63,1� 75DQVSRUW� HOHFWU21,&6� �63,17521,&6��� LQLWLDOO\� FDOOHG� WKH� µ0DJQHWLF
0DWHULDOV� DQG� 'HYLFHV¶� SURMHFW�� ZDV� D� SXEOLF±SULYDWH� FRQVRUWLXP�� ,W� FRQVLVWHG� RI
'$53$�DQG�LQGXVWU\�OHDGHUV�EXW�ZDV�LQLWLDWHG��DQG�IXQGHG��E\�'$53$�LQ�������ZLWK
WKH�WRWDO�JRYHUQPHQW�LQYHVWPHQW�RI������PLOOLRQ�GXULQJ�LWV�H[LVWHQFH�

�� �/RZHU�FRVWV�EHFDPH�YLVLEOH�ZKHQ� WKH�SULFH�RI�D�PLFURFKLS� IRU� WKH�$SROOR�SURJUDP
IHOO� IURP� ������� SHU� XQLW� WR� DQ\ZKHUH� EHWZHHQ� ���� WR� ���� SHU� XQLW� ZLWKLQ� MXVW� IHZ
\HDUV��%UHDNWKURXJK�������

���5RODQG�DQG�6KLPDQ�������������GRFXPHQW�-DSDQ¶V�VLJQLILFDQW�SURJUHVV�LQ�WKH�JOREDO
FKLS�PDUNHW� DV�KDYLQJ���SHU� FHQW�PDUNHW� VKDUH� DV�RSSRVHG� WR� WKH�86¶V�����SHU� FHQW
VKDUH�LQ�����V��WR����SHU�FHQW�JOREDO�PDUNHW�VKDUH�LQ������

���'XULQJ�KLV�79�LQWHUYLHZ�RQ����$SULO�������7RQ\�)DGHOO��ZKR�ZDV�LQ�WKH�RULJLQDO�L3RG
GHVLJQ� WHDP�� UHYHDOHG� WKH� FKDOOHQJHV�$SSOH�ZDV� IDFLQJ�ZLWK� ILQGLQJ�ZD\V� WR� UHSODFH
EXWWRQV� RQ� WKH� QHZ� JDGJHW�� $YDLODEOH� IURP�� KWWS���ZZZ�WKHYHUJH�
FRP�������������������RQ�WKH�YHUJH�����WRQ\�IDGHOO�LQWHUYLHZ� �DFFHVVHG� ��� $SULO
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������

���&DSDFLWLYH�VHQVLQJ�LV�D�WHFKQRORJ\�WKDW�GUDZV�RQ�WKH�KXPDQ�ERG\¶V�DELOLW\�WR�DFW�DV�D
FDSDFLWRU�DQG�VWRUH�HOHFWULF�FKDUJH�

���$V� D�ZRUOG�UHQRZQHG� H[SHUW� RQ� WRXFK�VFUHHQ� WHFKQRORJ\��%LOO�%X[WRQ� SURYLGHV� DQ
H[WHQVLYH� DUFKLYH� RI� HOHFWURQLF� GHYLFHV� ZLWK� WRXFK�VFUHHQ� DSSOLFDWLRQV�� 7KH� OLVW� RI
$SSOH� SURGXFWV� ZLWK� WKH� WRXFKSDG� IHDWXUH� FDQ� EH� VHHQ� RQOLQH� DW
KWWS���UHVHDUFK�PLFURVRIW�FRP�HQ�XV�XP�SHRSOH�ELEX[WRQ�EX[WRQFROOHFWLRQ�� �DFFHVVHG
���$SULO�������

��� 2WKHU� JRDOV� RI� WKH� QHZ� QHWZRUN� SURMHFW� ZHUH� �D�� WR� VDYH� FRPSXWLQJ� FRVWV�� DV
JRYHUQPHQW�FRQWUDFWRUV�DFURVV�WKH�86�ZRXOG�EH�DEOH�WR�VKDUH�FRPSXWHU�UHVRXUFHV��DQG
�E�� WR� DGYDQFH� WKH� µVWDWH�RI�WKH�DUW¶� LQ� GDWD� FRPPXQLFDWLRQV� WR� HQDEOH� WUDQVIHU� RI
LQIRUPDWLRQ� EHWZHHQ� PDFKLQHV� RYHU� ORQJ� GLVWDQFHV�� $Q� DGGLWLRQDO� JRDO� �F�� ZDV� WR
IRVWHU�FROODERUDWLRQ�EHWZHHQ�FRQWUDFWHG�UHVHDUFKHUV�LQ�GLIIHUHQW�ORFDWLRQV�

��� 7KH� 'R'� HVWLPDWHV� WKDW�� LQ� ����� GROODUV�� WKH� GHYHORSPHQW� DQG� SURFHGXUH� RI� WKH
V\VWHP�FRVW�WKH�$LU�)RUFH������ELOOLRQ�EHWZHHQ������DQG�������'R'��������7KH�ILJXUH
GRHV�QRW�LQFOXGH�PLOLWDU\�XVHU�HTXLSPHQW�

���$FFRUGLQJ� WR� D� ����� VWDWH� RI� &DOLIRUQLD� OHJLVODWLYH� UHSRUW� DVVHVVLQJ� WKH� UHVXOWV� RI
&DOLIRUQLD¶V� UHVHDUFK� DQG� GHYHORSPHQW� WD[� FUHGLW� �5'&�� SURJUDPPH�� 60(V� DUH� WKH
ODUJHVW�DSSOLFDQWV� LQ� WHUPV�RI�QXPEHU�RI�FODLPV� �RYHU����SHU�FHQW�RI� WKH�DSSOLFDQWV��
ZKLOH�ODUJHU�FRPSDQLHV�KDYH�WKH�ODUJHVW�VKDUH�RI�FODLPV�LQ�WRWDO�YDOXH��RYHU����SHU�FHQW
RI�WKH�WRWDO�YDOXH�RI�5'&�FODLPV��

���$SSOH¶V�VKDUH�RI�WKH�WRWDO�HGXFDWLRQDO�FRPSXWHU�SXUFKDVHV�RI�86�HOHPHQWDU\�DQG�KLJK
VFKRROV� UHDFKHG� ��� SHU� FHQW� LQ� ����� �)O\QQ� ������� (GXFDWRUV� KDYH� DOVR� ZHOFRPHG
$SSOH¶V� QHZ� µWH[WERRN� LQLWLDWLYH¶�� ZKLFK� LV� H[SHFWHG� WR� UHGXFH� WH[WERRN� SULFHV
VLJQLILFDQWO\� E\� LQFUHDVLQJ� VFKRRO� XVH� RI� YLUWXDO� WH[WERRNV�� 7KHVH� YLUWXDO� WH[WERRNV
ZRXOG� UHTXLUH� L3DG�XVH�DQG�ZRXOG�EH�H[SHFWHG� WR� LQFUHDVH�$SSOH¶V� L3DG�VDOHV� LQ� WKH
FRPLQJ�\HDUV�

��� 6HFWLRQ� ���� RI� WKH� ,QWHUQDO� 5HYHQXH� &RGH� �86� WD[� FRGH�� LQFOXGHV� FHUWDLQ� WD[
DGYDQWDJHV�� DOVR�NQRZQ�DV� µTXDOLILHG� WXLWLRQ�SURJUDPV¶�RU� µFROOHJH� VDYLQJV�SODQV¶��$
OHJLVODWLYH�DPHQGPHQW� LQ������DOORZHG�SDUHQWV�DQG�VWXGHQWV� WR�XVH�WKH�IXQGV�LQ� WKHLU
FROOHJH� VDYLQJ� DFFRXQWV� IRU� SXUFKDVLQJ� FRPSXWHUV�� FRPSXWHU� HTXLSPHQW� DQG
DFFHVVRULHV� �LQFOXGLQJ� L3DGV��� 1RQH� RI� WKHVH� SXUFKDVHV� ZHUH� FRQVLGHUHG� HOLJLEOH
VFKRRO�H[SHQVHV�IRU�DFFRXQW�ZLWKGUDZDOV�EHIRUH��(EHOLQJ�������
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