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6LOYD�LV�DQ�LQWHUDFWLYH�DXGLRYLVXDO�LQVWDOODWLRQ�WKDW�H[SORUHV�WKH�FRPPXQDO�SURFHVV

RI�SHUIRUPLQJ�DQG�OLVWHQLQJ�WR�PXVLF��HVSHFLDOO\�IRU�WKRVH�ZKR�KDYH�QR�H[SHULHQFH�RI

PXVLF�SHUIRUPDQFH��3DUWLFLSDQWV�FRQQHFW�WR�D�ZHEVLWH�RQ�WKHLU�PRELOH�GHYLFH�WR�FRQWURO

YLUWXDO�LQVWUXPHQWV�RU�SDUWLFLSDWH�DV�SDUW�RI�WKH�³DXGLHQFH�´�DQG�WKH�FKDQJHV�PDGH�IURP

WKH�PRELOH�GHYLFH�DUH�UHIOHFWHG�LQ�WKH�PXVLFDO�DQG�WLPEUDO�FRQWHQW�RI�WKH�LQVWDOODWLRQ�DV

ZHOO�DV�WKH�DFFRPSDQ\LQJ�OLJKW�VKRZ��6LOYD�LV�VWUXFWXUHG�DV�D�ULQJ�RI�VSHDNHUV�DQG�YHUWLFDO

OLJKW�VWULSV��ZKLFK�DUH�DOO�FRQWUROOHG�IURP�D�FHQWUDO�FRPSXWHU��3DUWLFLSDQWV�RI�WKH

LQVWDOODWLRQ�FDQ�IUHHO\�PRYH�DURXQG�LQ�WKH�FHQWHU�RI�WKH�ULQJ�RI�VSHDNHUV�WR�H[SHULHQFH�WKH

DPELVRQLF�VRXQGVFDSH�DV�ZHOO�DV�LQWHUDFW�ZLWK�RWKHU�SDUWLFLSDQWV��7KH�PXVLFDO�FRQWHQW�RI

WKH�LQVWDOODWLRQ�LV�SUHVHQWHG�DV�WZR�VFHQHV��WKH�RFHDQ�DQG�WKH�IRUHVW��ZKHUH�HDFK�VFHQH

H[SORUHV�GLIIHUHQW�PXVLFDO�ODQGVFDSHV�VSDQQLQJ�IURP�DPELHQW�HOHFWURQLF�PXVLF�WR

WUDGLWLRQDO�/DWLQ�PXVLF��7KLV�SDSHU�H[SORUHV�WKH�SURGXFWLRQ�DQG�IXQFWLRQDOLW\�RI�6LOYD�

UHIOHFWLQJ�RQ�WKH�SURFHVV�RI�GHVLJQLQJ�DQG�EXLOGLQJ�DQ�LQVWDOODWLRQ�IURP�VWDUW�WR�ILQLVK��DQG

WKH�GLIIHUHQW�UHDFWLRQV�IURP�SDUWLFLSDQWV�
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6LOYD�LV�D�PXOWL�FKDQQHO�LQWHUDFWLYH�DXGLRYLVXDO�LQVWDOODWLRQ�GHVLJQHG�WR�DOORZ

SDUWLFLSDQWV�WR�H[SORUH�WKH�FRPPXQDO�SURFHVV�RI�SHUIRUPLQJ�PXVLF�DQG�H[SHULHQFLQJ

VRXQG�DURXQG�WKHP��,W�LV�PHDQW�WR�IRVWHU�FXULRVLW\�DQG�SOD\IXOQHVV��HVSHFLDOO\�IRU

SDUWLFLSDQWV�ZKR�GR�QRW�KDYH�DQ\�H[SHULHQFH�LQ�PXVLFDO�SHUIRUPDQFH��3DUWLFLSDQWV�LQWHUDFW

ZLWK�WKH�LQVWDOODWLRQ�E\�FRQQHFWLQJ�WR�D�ZHE�DSSOLFDWLRQ��ZKLFK�DOORZV�WKHP�WR�FRQWURO�WKH

UHVXOWDQW�DXGLR�DQG�OLJKW�VKRZ��3DUWLFLSDQWV�FDQ�FKRRVH�IURP�IRXU�PDLQ�LQVWUXPHQWV�WR

FRQWURO��GUXPV��EDVV��UK\WKP��DQG�OHDG��3DUWLFLSDQWV�FDQ�DOVR�FKRRVH�WR�EH�SDUW�RI�WKH

³DXGLHQFH´�ZKLFK�FRQWUROV�WKH�DPELHQW�VRXQGV�RI�WKH�LQVWDOODWLRQ�DV�PRUH�DXGLHQFH

PHPEHUV�MRLQ��7KH�FRQWHQW�RI�WKH�LQVWDOODWLRQ�LV�VSOLW�EHWZHHQ�WZR�VFHQHV��WKH�RFHDQ�DQG

WKH�IRUHVW��7KH�RFHDQ�VFHQH�LQFRUSRUDWHV�WLPEUHV�IURP�HOHFWURQLF�PXVLF�DQG�LQVSLUHG�E\

YLGHR�JDPH�VRXQGWUDFNV��ZKLOH�WKH�IRUHVW�VFHQH�LQFRUSRUDWHV�WLPEUHV�DQG�LQVWUXPHQWDWLRQ

IURP�WUDGLWLRQDO�PXVLF�IURP�WKH�'RPLQLFDQ�5HSXEOLF�

7KH�VSHDNHU�V\VWHP�FRQVLVWV�RI�ILIWHHQ�-%/����L�VSHDNHUV�SRZHUHG�E\�WZR�&URZQ

'&L��_���1�DPSOLILHUV��GULYHQ�E\�D�0278���$R�LQWHUIDFH��7KH�VSHDNHUV�DUH�DUUDQJHG�LQ

D�ULQJ��ZLWK�HLJKW�VSHDNHUV�SODFHG�KLJK�DQG�SRLQWHG�GRZQ��VHYHQ�VSHDNHUV�SODFHG�ORZ�DQG

SRLQWHG�XS��DOO�HTXLGLVWDQW�IURP�WKH�FHQWHU�RI�WKH�ULQJ��7KH�OLJKWLQJ�V\VWHP�FRQVLVWV�RI

WZHOYH�FXVWRP�EXLOW�YHUWLFDO�/('�OLJKW�VWULSV��GLVSHUVHG�RQ�OLJKW�VWDQGV�LQ�D�ULQJ�DPRQJ

WKH�VSHDNHUV��7KH�LQVWDOODWLRQ�LV�FRQWUROOHG�IURP�D�FHQWUDO�FRPSXWHU�UXQQLQJ�0D[�063

DQG�4/&���ZKLFK�UHFHLYHV�GDWD�FRPLQJ�IURP�WKH�ZHE�VHUYHU�WR�FRQWURO�WKH�DXGLR�DQG

OLJKWV�
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7KH�SURGXFWLRQ�SURFHVV�RI�WKH�LQVWDOODWLRQ�WRRN�DERXW�HLJKW�PRQWKV��ZKHUH�WKH

LQLWLDO�SODQQLQJ�DQG�UHVHDUFK�VWDUWHG�LQ�ODWH�$XJXVW�RI�������7KH�ILUVW�IHZ�PRQWKV�ZHUH

VSHQW�SODQQLQJ�WKH�LQVWDOODWLRQ�FRQWHQW��UHVHDUFKLQJ�YDULRXV�WHFKQRORJLHV��FUHDWLQJ�VPDOO

WHVW�SURMHFWV��DQG�ILQDOL]LQJ�D�EXGJHW�IRU�EXLOGLQJ�OLJKWV��7KH�PDLQ�SURGXFWLRQ�DQG

FRQVWUXFWLRQ�RI�WKH�LQVWDOODWLRQ�VWDUWHG�LQ�)HEUXDU\�RI������DQG�ZDV�FRPSOHWHG�LQ�LWV�ILUVW

IRUP�RQ�WKH��WK�RI�$SULO�IRU�DQ�$FFHSWHG�6WXGHQWV�:HHNHQG�HYHQW��$GGLWLRQDO�WZHDNV

ZHUH�PDGH�WR�WKH�LQVWDOODWLRQ�DQG�LW�ZDV�WKHQ�SUHVHQWHG�DJDLQ�DW�,QQRYDWLRQ�([SR�RQ�$SULO

��WK�

,QVSLUDWLRQ�DQG�3URGXFWLRQ�3URFHVV

7KLV�SURMHFW�ZDV�SULPDULO\�LQVSLUHG�E\�P\�SHUVRQDO H[SHULHQFHV�RI�DXGLRYLVXDO

LQVWDOODWLRQV��,�ZDV�DPD]HG�E\�WKH�HQYHORSLQJ�IHHOLQJ�RI�WKH�LQVWDOODWLRQV�,�KDYH�YLVLWHG�

DQG�LQVSLUHG�E\�KRZ�D�SHUIHFW�FRPELQDWLRQ�RI�DXGLR�DQG�YLVXDOV�FRXOG�SURPRWH�D�VHQVH�RI

DZH�DQG�ZRQGHU��7KH�SDUWLFXODU�LQVWDOODWLRQV�WKDW�LQVSLUHG�PH�DUH 'HHS�:HE E\�5REHUW

+HQNH�DQG�&KULVWRSKHU�%DXGHU� &HOHVWLDO E\�$57(&+286(� DQG *HRPHWULF�3URSHUWLHV

E\�-XOLXV�+RUVWKXLV� 'HHS�:HE LQWULJXHG�PH�ZLWK�LWV XVH�RI�ODVHUV�DQG�LOOXPLQDWHG�VSKHUHV

ZKLFK�FUHDWHG�QRGHV�DQG�OLQHV�RI�OLJKW��XQGHUVFRUHG�ZLWK�DQ�DPELHQW�VRXQGWUDFN

FRQVLVWLQJ�RI�HOHFWURQLF�EOHHSV�DQG�EORRSV�WR�PLPLF�GLJLWDO�FRPPXQLFDWLRQ� &HOHVWLDO DQG

*HRPHWULF�3URSHUWLHV ZHUH�ERWK�GLVSOD\HG�LQ�$57(&+286(¶V JDOOHU\�VSDFH�LQ�1HZ

<RUN�&LW\��ZKHUH�WKH�ZDOO�WR�ZDOO�SURMHFWLRQV�DQG�LPPHUVLYH�DXGLR�V\VWHP�WUDQVSRUWHG�PH

WR�WKH�ZRUOGV�WKDW�WKH�DUWLVWV�ZHUH�GHSLFWLQJ��VXFK�DV�VZLUOLQJ�JDODFWLFDO�VSDFHV�DQG

LQILQLWHO\�IROGLQJ�IUDFWDOV��$IWHU�H[SHULHQFLQJ�WKHVH�LQVWDOODWLRQV��,�ZDQWHG�WR�VHH�LI�,�FRXOG
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GHYHORS�VRPHWKLQJ�VLPLODU��HVSHFLDOO\�VLQFH�,�KDYH�DOZD\V�KDG�DQ�LQWHUHVW�LQ�WKH

LQWHUVHFWLRQ�RI�DXGLR�DQG�YLVXDO�WHFKQRORJ\�

,Q�GHFLGLQJ�WKH�FRQVWUXFWLRQ�DQG�FRQWHQW�RI�WKH�LQVWDOODWLRQ��,�ILUVW�FRQVLGHUHG�WKH

EDVLFV�RI�ZKDW�,�ZDQWHG�WKH�SDUWLFLSDQWV�WR�H[SHULHQFH�DQG�WKH�WHFKQRORJ\�,�KDG�DYDLODEOH

WR�PH��,�NQHZ�,�ZDQWHG�DQ�LPPHUVLYH�DXGLR�H[SHULHQFH�DQG�WKDW�WKH�0XVLF�DQG

7HFKQRORJ\�SURJUDP�KDV�D�PXOWL�FKDQQHO�VSHDNHU�V\VWHP�WKDW�,�FRXOG�DFFHVV��VR�,�EXLOW�P\

LQLWLDO�FRQFHSWLRQV�DURXQG�XVLQJ�WKRVH�VSHDNHUV�IRU�P\�DXGLR�RXWSXW��,�DOVR�NQHZ�,�ZDQWHG

WKH�H[SHULHQFH�WR�EH�LQWHUDFWLYH��EHFDXVH�,�ZDQWHG�WR�JLYH�SDUWLFLSDQWV�DJHQF\�ZKHQ

YLHZLQJ�DQG�SDUWLFLSDWLQJ�LQ�WKH�LQVWDOODWLRQ��,�ZDQWHG�SDUWLFLSDQWV�WR�KDYH�WKLV�DJHQF\�VR

WKH\�FRXOG�KDYH�D�GHHSHU�FRQQHFWLRQ�WR�WKH�H[SHULHQFH�DQG�VR�WKHUH�ZRXOG�EH�D�OD\HU�RI

SOD\IXOQHVV�WR�WKH�LQVWDOODWLRQ��0\�ILUVW�FRQVLGHUDWLRQ�IRU�LQWHUDFWLRQ�ZDV�KDYLQJ�WKH

SDUWLFLSDQWV�XVH�WKHLU�PRELOH�GHYLFHV��VLQFH�PRVW�SHRSOH�KDYH�FHOO�SKRQHV�DQG�LW�RIIHUV

PDQ\�DIIRUGDQFHV�ZLWK�D�WRXFK�VFUHHQ�DQG�GLVSOD\��,�EULHIO\�FRQVLGHUHG�RWKHU�LQSXW

PRGDOLWLHV�VXFK�DV�FDPHUDV�RU�JDPH�FRQWUROOHUV��EXW�,�ZDV�KHDYLO\�GUDZQ�WR�WKH�PRELOH

SKRQH�VLQFH�LW�LV�D�IDPLOLDU�LQSXW�GHYLFH�IRU�SDUWLFLSDQWV�DQG�,�ZDQWHG�WR�H[SORUH�WKH�XVH�RI

FHOO�SKRQHV�LQ�DXGLRYLVXDO�LQVWDOODWLRQV��,�GHFLGHG�WKDW�D�ZHE�LQWHUIDFH�ZRXOG�EH�WKH�EHVW

FKRLFH�VLQFH�LW�VLPSOLILHV�FRPSDWLELOLW\�EHWZHHQ�GLIIHUHQW�GHYLFHV�DQG�,�KDYH�H[SHULHQFH

LQ�SURJUDPPLQJ�ZHEVLWHV��)RU�OLJKWLQJ��,�ILUVW�VSHQW�WLPH�GHFLGLQJ�WKH�SK\VLFDO�VKDSH�,

ZDQWHG�IRU�WKH�OLJKWLQJ��HYHQWXDOO\�ODQGLQJ�RQ�YHUWLFDO�VWULSV�RI�OLJKW�WR�PLPLF�WUHHV�LQ�D

IRUHVW��,�WKHQ�UHVHDUFKHG�H[LVWLQJ�OLJKWLQJ�WHFKQRORJLHV�DQG�GHFLGHG�WKDW�LW�ZRXOG�EH�PRUH

HFRQRPLFDO�WR�EXLOG�OLJKWV�IURP�VFUDWFK�WKDQ�WR�XVH�RII�WKH�VKHOI�XQLWV�
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:KDW�WRRN�WKH�ORQJHVW�WLPH�WR�FRPSOHWHO\�GHYHORS�ZDV�WKH�FRQWHQW�RI�WKH

LQVWDOODWLRQ�DQG�WKH�LQWHUDFWLYH�H[SHULHQFH��,�VWDUWHG�RII�E\�ZULWLQJ�D�IHZ�ZRUG�PDSV�WR

EUDLQVWRUP�LGHDV�WKDW�FRPSHOOHG�PH�DQG�VRQRULWLHV�,�ZDQWHG�WR�H[SORUH��7KH�WKLQJV�WKDW

VWRRG�RXW�WR�PH�ZHUH�WKHPHV�RI�QDWXUH��FXULRVLW\��GLVFRYHU\��DPELHQFH��DQG�FRPPXQLW\�

7KHVH�VSHFLILF�LGHDV�LQVSLUHG�PH�WR�VWUXFWXUH�WKH�LQVWDOODWLRQ�DV�D�FRPPXQDO�SHUIRUPDQFH�

,�WKRXJKW�DERXW�P\�H[SHULHQFHV�RI�SHUIRUPLQJ�PXVLF�ZLWK�RWKHU�PXVLFLDQV�DQG�WKH�MR\RXV

IHHOLQJ�RI�GLVFRYHULQJ�KRZ�P\�LQVWUXPHQW�ILWV�LQ�WKH�WH[WXUH�RI�DQ�HQVHPEOH��DQG�,�WKRXJKW

WKDW�ZRXOG�EH�D�FRPSHOOLQJ�IRUP�RI�LQWHUDFWLRQ�ZLWKLQ�WKH�LQVWDOODWLRQ��&XULRVLW\�FRXOG

WKHQ�EH�FUHDWHG�E\�RIIHULQJ�D�PLQLPDO�\HW�LQWXLWLYH�LQWHUDFWLYH�H[SHULHQFH��VR�SDUWLFLSDQWV

ZRXOG�KDYH�WKH�RSSRUWXQLW\�WR�GLVFRYHU�ZKDW�WKH�FRQWUROV�FRXOG�GR��*RLQJ�IXUWKHU�ZLWK

WKH�DQDORJ\�RI�PXVLFDO�SHUIRUPDQFH��,�GUDIWHG�D�SODQ�ZKHUH�IRXU�SDUWLFLSDQWV�DFW�DV�PDLQ

LQVWUXPHQWDOLVWV�DQG�WKHQ�WKH�UHVW�RI�WKH�SDUWLFLSDQWV�DFW�DV�WKH�³DXGLHQFH�´�FKDQJLQJ�WKH

DPELHQFH�DQG�IHHOLQJ�RI�VSDFH�LQ�WKH�LQVWDOODWLRQ��8VLQJ�P\�ZRUG�PDSV�,�GHFLGHG�RQ

EDVLQJ�WKH�PXVLFDO�DQG�YLVXDO�FRQWHQW�RQ�WZR�GLVWLQFW�VFHQHV��DQ�RFHDQ�VFHQH�DQG�D�IRUHVW

VFHQH��:LWK�WKHVH�FRQFHSWV�LQ�PLQG��,�ZDV�WKHQ�DEOH�WR�VWDUW�SODQQLQJ�DQG�VWUXFWXULQJ�WKH

WHFKQRORJ\�QHHGHG�WR�GHYHORS�WKH�LQVWDOODWLRQ�

,�KDG�WR�GR�D�FRQVLGHUDEOH�DPRXQW�RI�UHVHDUFK�WR�ILJXUH�RXW�ZKLFK�WHFKQRORJLHV�,

ZDV�JRLQJ�WR�XVH�WR�FRQVWUXFW�WKH�LQVWDOODWLRQ�DQG�KRZ�WR�SURSHUO\�LPSOHPHQW�LW��,�NQHZ

WKDW�,�QHHGHG�WR�OHDUQ�WKH�EDVLFV�RI�G\QDPLF�ZHE�GHYHORSPHQW��VR�,�IROORZHG�D�EDVLF

FRXUVH�LQ�QRGH�MV�WR�OHDUQ�KRZ�WR�EXLOG�G\QDPLF�ZHE�DSSOLFDWLRQV��,�WKHQ�IRXQG�WKDW�WKH

VRFNHW�LR�OLEUDU\�ZDV�RQH�RI�WKH�WHFKQRORJLHV�,�FRXOG�XVH�WR�FUHDWH�UHDO�WLPH

FRPPXQLFDWLRQ�EHWZHHQ�WKH�FOLHQW�DQG�VHUYHU�LQ�WKH�ZD\�WKDW�,�QHHGHG�IRU�WKH�LQVWDOODWLRQ�
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,�SUDFWLFHG�XVLQJ�VRFNHW�LR�E\�FUHDWLQJ�D�VLPSOH�WLF�WDF�WRH�ZHE�DSS��ZKLFK�UHDOO\�KHOSHG

PH�XQGHUVWDQG�KRZ�WR�XVH�WKH�WHFKQRORJ\��ZRUN�RXW�DQ\�NLQNV�DQG�EXJV��DQG�JHW�LW

UXQQLQJ�RQ�P\�SHUVRQDO�ZHE�VHUYHU��,�WKHQ�OHDUQHG�KRZ�WR�LQFRUSRUDWH�VRFNHW�LR�LQWR

0D[�063��ZKLFK�LV�WKH�VRIWZDUH�,�GHFLGHG�WR�XVH�WR�KDQGOH�DOO�WKH�DXGLR�

,Q�WHUPV�RI�DXGLR��,�KDG�WR�WHVW�DQG�OHDUQ�DERXW�YDULRXV�REMHFWV�LQ�0D[�063�ZKLFK

,�ZRXOG�QHHG�WR�XVH�WR�SOD\�WKH�DXGLR�LQ�WKH�ZD\�,�ZDQWHG��,W�WRRN�D�IHZ�WULHV�DQG

WLQNHULQJ�WR�GHFLGH�ZKLFK�RQH�JDYH�WKH�EHVW�UHVXOWV��EXW�,�ZDV�WKHQ�DEOH�WR�UHILQH�DQG�VFDOH

WKH�SURFHVV�IRU�WKH�HQWLUHW\�RI�WKH�SURJUDP��,�DOVR�KDG�WR�UHVHDUFK�KRZ�DPELVRQLF

WHFKQRORJ\�ZRUNHG��DQG�KRZ�,�ZRXOG�WUDQVODWH�P\�DXGLR�FKDQQHOV�WR�D�PXOWL�FKDQQHO

VSHDNHU�V\VWHP��,�ZDV�JODG�WR�ILQG�D�FRPSUHKHQVLYH�VXLWH�RI�SOXJLQV�E\�WKH�,QVWLWXWH�RI

(OHFWURQLF�0XVLF�DQG�$FRXVWLFV�WKDW�UHDOO\�KHOSHG�PH�DSSO\�ZKDW�,�OHDUQHG�DERXW

DPELVRQLF�DXGLR�DQG�HDVLO\�LQFRUSRUDWH�LW�LQWR�WKH�LQVWDOODWLRQ�

%HIRUH�,�FRPSRVHG�DQ\�RI�WKH�PXVLF�,�ZDQWHG�WR�JDWKHU�LQVSLUDWLRQ�IURP�WKH�PXVLF

,�OLVWHQ�WR�DQG�UHVHDUFK�QHZ�JHQUHV�VR�,�FRXOG�KDYH�D�FOHDU�REMHFWLYH�LQ�KRZ�,�ZDQWHG

HYHU\WKLQJ�WR�VRXQG��,�ILUVW�GHFLGHG�WKH�EDVLF�LQVWUXPHQWDWLRQ�IRU�HDFK�VFHQH��VLQFH�WKH

LQVWUXPHQWDWLRQ�ZRXOG�EH�WKH�EDVLV�RI�WKH�XVHU�LQWHUDFWLRQ��,�ZDQWHG�WKHUH�WR�EH�GLVWLQFW

LQVWUXPHQWV�WKDW�FRXOG�PHOG�WRJHWKHU�DQG�FUHDWH�D�IXOO�VRXQG�H[SHULHQFH��VR�,�GHFLGHG�RQ

WKH�IDPLOLDU�HQVHPEOH�RI�GUXPV��EDVV��D�UK\WKP�LQVWUXPHQW�OLNH�NH\V�RU�JXLWDU��DQG�D�OHDG

LQVWUXPHQW�OLNH�D�OHDG�V\QWK��$IWHU�GHFLGLQJ�WKH�LQVWUXPHQWV��,�GHFLGHG�RQ�WKH�JHQUHV�DQG

VRQRULWLHV�,�ZDQWHG�WR�H[SORUH�ZLWK�HDFK�VFHQH��)RU�WKH�RFHDQ�VFHQH��,�GHFLGHG�RQ�D�GDUN

DQG�ZDVK\�HOHFWURQLF�VRXQG��DQG�,�ORRNHG�WR�VRPH�RI�P\�IDYRULWH�YLGHR�JDPHV�DQG�WKH

PXVLF�WKH\�XVH�LQ�WKHLU�RFHDQ�OHYHOV�WR�LQVSLUH�WKH�PXVLFDO�FRQWHQW��)RU�WKH�IRUHVW�VFHQH��,
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GHFLGHG�RQ�H[SORULQJ�WUDGLWLRQDO�PXVLF�IURP�WKH�'RPLQLFDQ�5HSXEOLF��WR�GLYH�GHHSHU�LQWR

P\�IDPLO\¶V�FXOWXUH�DQG�LQFRUSRUDWH�PRUH�DVSHFWV�RI�P\�LGHQWLW\�LQWR�WKH�LQVWDOODWLRQ��7KH

ZRRG\�DQG�GDQF\�WH[WXUHV�FRQWUDVW�WKH�FDOP�DQG�DPELHQW�DWPRVSKHUH�RI�WKH�RFHDQ�VFHQH�

VR�,�IHOW�LW�ZRXOG�EH�D�JUHDW�PXVLFDO�JHQUH�WR�H[SORUH��,�GLG�QRW�KDYH�PXFK�H[SHULHQFH�LQ

FUHDWLQJ�'RPLQLFDQ�PXVLF��VR�,�UHVHDUFKHG�WKH�SULPDU\�JHQUHV�RI�PHUHQJXH�DQG�EDFKDWD�

OHDUQLQJ�DERXW�WKH�LQVWUXPHQWV�WUDGLWLRQDOO\�XVHG�LQ�WKH�HQVHPEOHV�DQG�WKH�W\SHV�RI

UK\WKPV�DQG�PHORGLHV�SOD\HG��,�ERUURZHG�P\�XQFOH¶V WDPERUD DQG�P\�FRXVLQ¶V JXLUUD�

ZKLFK�DUH�WUDGLWLRQDO�'RPLQLFDQ�SHUFXVVLRQ�LQVWUXPHQWV��WR�UHFRUG�WKH�PXVLF�IRU�WKLV

LQVWDOODWLRQ��7KLV�PXVLFDO�UHVHDUFK�KHOSHG�WR�SURSHUO\�GHILQH�DQG�IRFXV�P\�FRPSRVLWLRQDO

SURFHVV�DQG�FUHDWH�DQ�HIIHFWLYH�PXVLFDO�ODQGVFDSH�

7KH�SURFHVV�RI�GHYHORSLQJ�WKH�OLJKWLQJ�V\VWHP�UHTXLUHG�D�VLJQLILFDQW�DPRXQW�RI

UHVHDUFK�DV�ZHOO��,�GHFLGHG�,�ZDQWHG�WR�XVH�/('�OLJKW�VWULSV�WR�FRQVWUXFW�WXEHV�RI�OLJKW�

DQG�,�ZDQWHG�WR�FRQWURO�WKH�OLJKWV�ZLWK�WUDGLWLRQDO�OLJKWLQJ�FRQWURO�WHFKQRORJ\�VXFK�DV

'0;��,�GLG�D�ORW�RI�VHDUFKLQJ�IRU�SDUWLFXODU�FRQWUROOHUV�DQG�OLJKW�VWULSV��EXW�ZKDW�UHDOO\

DGYDQFHG�PH�LQ�P\�UHVHDUFK�ZDV�VSHDNLQJ�WR�6WHSKHQ�&RZDQ��D�OLJKWLQJ�GLUHFWRU�,�PHW

ZKLOH�VHHLQJ�6ORZ�0DJLF�DW�(OVHZKHUH�LQ�%URRNO\Q��,�ZDV�LQWHUHVWHG�LQ�WKH�WXEH�OLJKWLQJ

V\VWHP�DW�WKH�YHQXH��ZKLFK�ZDV�YHU\�VLPLODU�WR�ZKDW�,�ZDV�WU\LQJ�WR�DFKLHYH�ZLWK�P\

OLJKWLQJ�VHWXS��DQG�KH�H[SODLQHG�WR�PH�KRZ�WKRVH�NLQGV�RI�OLJKWV�DUH�W\SLFDOO\�FRQVWUXFWHG�

+H�SRLQWHG�PH�WRZDUGV�XVLQJ�1HR3L[HO�/('V�IRU�LQGLYLGXDO�SL[HO�FRQWURO�DV�ZHOO�DV�WKH

$GYDWHN�OLJKWLQJ�FRQWUROOHU�ZKLFK�,�HQGHG�XS�XVLQJ�LQ�WKH�ILQDO�LQVWDOODWLRQ��,�WKHQ

UHVHDUFKHG�SRZHU�UHTXLUHPHQWV�IRU�DOO�WKH�/('V�,�ZRXOG�XVH��WKH�PDWHULDOV�,�ZRXOG�QHHG

WR�FRQVWUXFW�WKH�KRXVLQJV��DQG�WKH�EHVW�ZD\�WR�RUJDQL]H�DQG�ZLUH�HYHU\WKLQJ�WRJHWKHU��7KLV
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DOORZHG�PH�WR�FUDIW�D�EXGJHW�SURSRVDO�IRU�RUGHULQJ�DOO�WKH�SDUWV��DQG�HIIHFWLYHO\�FRQVWUXFW

WKH�OLJKWV�ZKHQ�WKH�WLPH�FDPH�

,WHUDWLRQ�ZDV�DQ�HVVHQWLDO�SDUW�RI�WKH�SURMHFW�SURFHVV��,�FRQVWDQWO\�FRQVXOWHG�P\

DGYLVRU�DERXW�KRZ�WKH�LQVWDOODWLRQ�H[SHULHQFH�VRXQGV�DQG�IHHOV��DQG�XVHG�WKRVH�QRWHV�WR

LPSURYH�XSRQ�WKH�H[SHULHQFH�DQG�ILQH�WXQH�P\�LGHDV��)RU�WKH�XVHU�LQWHUIDFH��,�FRQVXOWHG

P\�JUDSKLF�GHVLJQ�SURIHVVRU�1DQF\�1RZDFHN�IRU�QRWHV�RQ�LPSURYLQJ�WKH�LQWHUIDFH�DQG

JLYLQJ�WKH�XVHU�MXVW�WKH�ULJKW�DPRXQW�RI�LQIRUPDWLRQ�WR�IRVWHU�FXULRVLW\�DQG�GLVFRYHU\��$W

PDQ\�SRLQWV�GXULQJ�WKH�SURFHVV�,�VWRSSHG�DQG�UH�HYDOXDWHG�WKH�H[SHULHQFH��DVNLQJ�P\VHOI

TXHVWLRQV�DERXW�WKH�VLPSOLFLW\�RI�WKH�H[SHULHQFH��KRZ�DXGLEOH�WKH�FKDQJHV�ZHUH�IURP�WKH

XVHU�SHUVSHFWLYH��DQG�KRZ�SROLVKHG�WKH�H[SHULHQFH�IHHOV��0DQ\�OLWWOH�FKDQJHV�DGGHG�XS�WR

WKH�ILQDO�LQVWDOODWLRQ�DV�LW�VWDQGV��DQG�PDQ\�LQLWLDO�LGHDV�FKDQJHG�RYHU�WKH�FRXUVH�RI�WKH

SURGXFWLRQ�SURFHVV�WR�DGGUHVV�QHZ�SUREOHPV�DQG�QHZ�GHVLUHV�WKDW�DURVH��)RU�H[DPSOH��,

ZDQWHG�WR�FUHDWH�ILHOG�UHFRUGLQJV�WR�DFW�DV�SDUW�RI�WKH�DPELHQFH�LQ�WKH�LQVWDOODWLRQ��DQG

LQLWLDOO\�,�WULHG�UHFRUGLQJ�VRPH�DPELVRQLF�DXGLR�XVLQJ�DQ�DPELVRQLF�PLFURSKRQH��)RU�D

PXOWLWXGH�RI�UHDVRQV��,�ZDV�XQDEOH�WR�JHW�WKH�DPELVRQLF�UHFRUGLQJ�WR�SURSHUO\�WUDQVODWH

LQWR�WKH�LQVWDOODWLRQ�VSDFH��VR�LQVWHDG�,�FUHDWHG�ILHOG�UHFRUGLQJV�XVLQJ�D�KDQGKHOG�VWHUHR

UHFRUGHU�DQG�SODFHG�WKRVH�UHFRUGLQJV�LQ�WKH�DPELVRQLF�VSDFH�OLNH�WKH�UHVW�RI�WKH

LQVWUXPHQW�WUDFNV��7KLV�FRXOG�EH�VHHQ�DV�D�VHWEDFN��EXW�LW�DOORZHG�PH�WR�PRYH�WKH

DPELHQFH�DURXQG�WKH�VSDFH�DQG�JLYH�WKH�DXGLHQFH�PHPEHUV�D�WDQJLEOH�OD\HU�RI�FRQWURO�

7KH�SURGXFWLRQ�DQG�GHYHORSPHQW�SURFHVV�RI�WKLV�LQVWDOODWLRQ�ZDV�D�JUHDW�H[HUFLVH

LQ�FRQFHSW�GHYHORSPHQW��UHVHDUFK�DQG�SODQQLQJ��DQG�PRVW�LPSRUWDQWO\��SUREOHP�VROYLQJ�

%HLQJ�IOH[LEOH�ZLWK�DYDLODEOH�UHVRXUFHV�DQG�GLOLJHQW�ZLWK�WLPH�PDQDJHPHQW�ZDV�WKH�RQO\
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ZD\�,�ZDV�DEOH�WR�HIIHFWLYHO\�FUHDWH�WKH�LQVWDOODWLRQ�DQG�GHYHORS�LW�LQWR�WKH�VWDWH�ZKHUH�LW�LV

QRZ��7KH�VNLOOV�DQG�WKH�OHVVRQV�OHDUQHG�IURP�WKLV�SURGXFWLRQ�SURFHVV�ZLOO�WUDQVODWH

HIIHFWLYHO\�LQWR�DQ\�ORQJ�WHUP�DQG�KLJK�FRQFHSW�SURMHFW�

+RZ�WKH�,QVWDOODWLRQ�:RUNV

7KLV�LQVWDOODWLRQ�KDV�PDQ\�PRYLQJ�SDUWV�WKDW�FUHDWH�WKH�ILQDO�LPPHUVLYH

H[SHULHQFH��DOO�FRPPXQLFDWLQJ�DFWLYHO\�WR�DOORZ�IRU�VHDPOHVV�LQWHUDFWLRQ��7KH�PDLQ�SDUWV

RI�WKH�LQVWDOODWLRQ�DUH�WKH�FOLHQW�ZHEVLWH�ZKLFK�KDQGOHV�XVHU�LQWHUDFWLRQ��WKH�ZHE�VHUYHU

ZKLFK�KDQGOHV�GDWD�URXWLQJ��WKH�0D[�063�SDWFK�ZKLFK�KDQGOHV�DXGLR�SOD\EDFN�DQG

PL[LQJ��DQG�WKH�4/&��ZRUNVSDFH�ZKLFK�KDQGOHV�WKH�OLJKW�GLVSOD\��7KH�PDLQ�WHFKQRORJ\

WKDW�VHUYHV�DV�WKH�EDFNERQH�RI�WKH�H[SHULHQFH�LV�VRFNHW�LR��ZKLFK�DOORZV�IRU�QHDU�UHDO�WLPH

FRPPXQLFDWLRQ�EHWZHHQ�WKH�FOLHQW��VHUYHU��DQG�WKH�0D[�063�SDWFK��+HUH�LV�D�EULHI

RYHUYLHZ�RI�KRZ�WKH�LQVWDOODWLRQ�IXQFWLRQV�

7KH�FOLHQW�ZHEVLWH�LV�WKH�PDLQ�YHQXH�RI�SDUWLFLSDWLRQ�IRU�WKH�LQVWDOODWLRQ��DQG�WKHUH

DUH�D�IHZ�GLIIHUHQW�FRGLQJ�WHFKQRORJLHV�WR�PDNH�LW�IXQFWLRQ��7KH�PRVW�LPSRUWDQW�LV

VRFNHW�LR��ZKLFK�LV�KRZ�WKH�FOLHQW�FRQQHFWV�WR�WKH�PDLQ�VHUYHU�DQG�VHQGV�PHVVDJH�GDWD�WR

WKH�VHUYHU��:KHQ�WKH�XVHU�ILUVW�RSHQV�WKH�ZHEVLWH��WKH�VHUYHU�VHQGV�SUHOLPLQDU\�GDWD�DERXW

WKH�VWDWXV�RI�WKH�LQVWDOODWLRQ�WR�WKH�FOLHQW��VXFK�DV�ZKLFK�LQVWUXPHQWV�DUH�FXUUHQWO\�FKRVHQ�

ZKHWKHU�WKH�LQVWDOODWLRQ�LV�DFWLYH�RU�QRW��ZKLFK�VFHQH�LV�FXUUHQWO\�UXQQLQJ��DQG�WLPH�GDWD

IRU�UHQGHULQJ�WKH�ORRS�SURJUHVV�EDU��7KH�JUDSKLFDO�LQWHUIDFH�LV�WKHQ�UHQGHUHG�ZLWK�S��MV�

ZKLFK�DOVR�KDQGOHV�WKH�WRXFK�LQSXW��(DFK�XVHU�LQWHUIDFH�HOHPHQW�LV�FXVWRP�FRGHG�WR

UHQGHU�LQ�D�FHUWDLQ�ZD\�DQG�IRUPDW�WKH�GDWD�VR�ZKHQHYHU�D�EXWWRQ�LV�SUHVVHG��D�VOLGHU�LV

PRYHG��RU�D�VWDWH�LV�FKDQJHG��GDWD�LV�VHQW�IURP�WKH�FOLHQW�WR�WKH�ZHE�VHUYHU�XVLQJ�VRFNHW�LR
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PHVVDJHV��7KH�LQWHUIDFH�LV�PDLQO\�UHQGHUHG�DV�VLPSOH�VKDSHV�DQG�OLQHV��DOWKRXJK�VRPH

SDUWV�RI�WKH�LQWHUIDFH�OLNH�WKH�LQVWUXPHQW�LFRQV�DQG�VHTXHQFH�LFRQV�DUH�LPDJHV�WKDW�ZHUH

FUHDWHG�EHIRUHKDQG�LQ�$GREH�,OOXVWUDWRU�

7KH�ZHE�VHUYHU�SURJUDP�LV�OLNH�WKH�WUDIILF�FRS�RI�WKH�ZKROH�RSHUDWLRQ��KDQGOLQJ

LQFRPLQJ�UHTXHVWV��URXWLQJ�GDWD��DQG�NHHSLQJ�WUDFN�RI�JHQHUDO�LQIRUPDWLRQ��7KH�VHUYHU

VWRUHV�ZKLFK�LQVWUXPHQWV�DUH�FXUUHQWO\�VHOHFWHG��ZKLFK�VSHFLILF�VRFNHW�LR�FOLHQW�LV�WKH�RQH

WKDW�UHSUHVHQWV�WKH�0D[�063�SDWFK��ZKLFK�VFHQH�LV�FXUUHQWO\�SOD\LQJ��DQG�ZKLFK�FOLHQWV

DUH�FXUUHQWO\�DFWLQJ�DV�DXGLHQFH�PHPEHUV��:KHQHYHU�D�QHZ�FOLHQW�FRQQHFWV��WKH�VHUYHU

FKHFNV�WR�VHH�LI�WKH�FOLHQW�LV�WKH�0D[�063�FOLHQW��DQG�LI�LW�LV�WKH�0D[�063�FOLHQW�WKH

VHUYHU�VWRUHV�LWV�VSHFLILF�FOLHQW�,'�IRU�ODWHU�XVH��,I�WKH�QHZ�FOLHQW�LV�MXVW�D�QRUPDO�XVHU��WKH

VHUYHU�VHQGV�DOO�WKH�LPSRUWDQW�VWDWH�GDWD�WR�WKH�FOLHQW�VR�WKH�QHZ�FOLHQW�LV�XS�WR�GDWH��7KH

VHUYHU�DOVR�KDQGOHV�GLVFRQQHFWV��VR�ZKHQ�DQ\�FOLHQW�GLVFRQQHFWV�IURP�WKH�VHUYHU�WKH

DSSURSULDWH�LQIRUPDWLRQ�LV�UHVHW�RU�XSGDWHG��)RU�H[DPSOH��LI�VRPHRQH�FORVHV�WKHLU�ZHE

EURZVHU�WDE�DIWHU�WKH\�DUH�SOD\LQJ�DQ�LQVWUXPHQW��WKDW�LQVWUXPHQW�LV�IUHHG�XS�DQG�WKH

ZKROH�LQVWDOODWLRQ�LV�XSGDWHG��)LQDOO\��WKH�VHUYHU�UHFHLYHV�LQSXW�GDWD�IURP�WKH�LQVWUXPHQW

FOLHQWV�DQG�VHQGV�LW�WR�WKH�0D[�063�FOLHQW�VR�LW�FDQ�XSGDWH�WKH�DXGLR�H[SHULHQFH��6LQFH

WKH�VHUYHU�NHHSV�WUDFN�RI�ZKLFK�FOLHQW�LV�WKH�RQH�FRQWUROOHG�E\�0D[�063��WKH�LQIRUPDWLRQ

FDQ�EH�VHQW�WR�WKH�ULJKW�FOLHQW��2QFH�LQ�D�ZKLOH��WKH�0D[�063�FOLHQW�ZLOO�DOVR�VHQG�WR�WKH

VHUYHU�LPSRUWDQW�LQIRUPDWLRQ�VXFK�DV�VFHQH�FKDQJHV�DQG�GRZQEHDW�PHVVDJHV��VR�WKH

DSSURSULDWH�8,�HOHPHQWV�LQ�WKH�FOLHQW�FDQ�EH�XSGDWHG�

7KH�0D[�063�SDWFK�KDQGOHV�WKH�URXWLQJ�RI�PHVVDJHV�FRPLQJ�IURP�WKH�VHUYHU�WR

WKH�LQVWUXPHQWV��DXGLR�SOD\EDFN��DXGLR�PL[LQJ��DQG�WKH�RXWSXWWLQJ�RI�0,',�GDWD�WR�4/&�
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WR�FRQWURO�WKH�OLJKWV��7KH�URXWLQJ�VXESDWFK�WDNHV�WKH�LQFRPLQJ�PHVVDJH�GDWD�IURP�WKH�ZHE

VHUYHU�DQG�SDUVHV�LW�VR�WKH�SURSHU�LQVWUXPHQW�LQIRUPDWLRQ�FDQ�EH�XSGDWHG��)RU�H[DPSOH��D

PHVVDJH�IURP�WKH�VHUYHU�FDQ�ORRN�OLNH�³��VO�����´�DQG�WKH�SDWFK�WKHQ�XQSDFNV�WKH�PHVVDJH

VR�WKH�YDOXH�³���´�FDQ�EH�VHQW�WR�WKH�VOLGHU�LQSXW�RI�WKH�GUXP�LQVWUXPHQW��7KH�PHVVDJHV

FRPLQJ�IURP�WKH�VHUYHU�WKDW�JHW�URXWHG�DUH�LQSXW�PHVVDJHV��LQVWUXPHQW�FKRLFH�PHVVDJHV�

DQG�DXGLHQFH�PHVVDJHV�

$QRWKHU�HVVHQWLDO�SDUW�RI�WKH�0D[�063�SDWFK�LV�WKH�FORFNLQJ�VXESDWFK��,W�KDQGOHV

WKH�WUDQVSRUW�REMHFW��ZKLFK�FRQWUROV�WKH�WLPLQJ�RI�WKH�DXGLR�ILOHV�VR�WKH\�VWD\�LQ�V\QF��DQG

WKHQ�UHVHWV�WKH�WUDQVSRUW�WR�WKH�EHJLQQLQJ�DIWHU�HLJKW�EDUV�WR�FUHDWH�D�FRQWLQXRXV�ORRS�

$QRWKHU�SDUW�RI�WKH�WLPLQJ�VXESDWFK�LV�WKH�ORRS�FRXQWHU��ZKLFK�FRXQWV�KRZ�PDQ\�ORRSV

KDYH�SDVVHG�WR�VZLWFK�WKH�VFHQHV�DIWHU�ILIWHHQ�ORRSV��7KH�FORFNLQJ�VXESDWFK�DOVR�VHQGV

GRZQEHDW�GDWD�WR�WKH�ZHE�VHUYHU�VR�HYHU\�FOLHQW�FDQ�KDYH�D�SURJUHVV�EDU�WKDW�PDWFKHV�WKH

ORRS�SURJUHVV�

(DFK�LQVWUXPHQW�WKHQ�KDV�LWV�RZQ�VXESDWFK�IRU�HDFK�VFHQH��ZKLFK�HDFK�KDYH

GLIIHUHQW�IXQFWLRQV�VSHFLILF�WR�HDFK�LQVWUXPHQW��EXW�LQ�JHQHUDO�ZRUN�YHU\�VLPLODUO\��7KH

DPELHQFH��GUXPV��EDVV��UK\WKP��DQG�DXGLHQFH�LQVWUXPHQWV�DOO�DUH�EDVHG�DURXQG�DXGLR

ORRSV��(DFK�DXGLR�ORRS�LV�SOD\HG�WKURXJK�D�>JURRYHa@�REMHFW��ZKLFK�LV�V\QFHG�WR�WKH�PDLQ

WUDQVSRUW�WR�NHHS�DOO�WKH�ORRSV�LQ�WLPH��7R�SUHYHQW�FOLFNLQJ�DW�D�]HUR�FURVVLQJ�SRLQW�ZKHQ�D

ORRS�VWDUWV�DQG�VWRSV��D�>WUDSH]RLGa@�REMHFW�GXFNV�WKH�DXGLR�YROXPH�DW�WKH�ORRS�HQGSRLQWV�

VPRRWKLQJ�RXW�DQ\�URXJK�HGJHV��$�>PDWUL[a@�REMHFW�LV�XVHG�WR�VPRRWKO\�VZLWFK�EHWZHHQ�D

FKRLFH�RI�IRXU�GLIIHUHQW�ORRSV�FRPLQJ�IURP�WKHLU�RZQ�>JURRYHa@�REMHFWV��DQG�WKHQ�WKH

DXGLR�LV�SURFHVVHG�E\�ILOWHUV�DQG�HIIHFWV��)URP�WKRVH�HIIHFWV�WKH�DXGLR�IURP�HDFK
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LQVWUXPHQW�LV�URXWHG�WR�WKH�PDLQ�PL[HU�VXESDWFK��7KH�HIIHFW�SDUDPHWHUV�DQG�ORRS

VZLWFKLQJ�LV�KDQGOHG�E\�LQFRPLQJ�PHVVDJHV�IURP�WKH�URXWLQJ�VXESDWFK��7KH�RQO\

GLIIHUHQFH�IRU�WKH�OHDG�LQVWUXPHQWV�LV�WKDW�LQVWHDG�RI�ORRS�VZLWFKLQJ�PHVVDJHV�WKH\�UHFHLYH

QRWH�RQ�DQG�QRWH�RII�PHVVDJHV�WR�SOD\�VRIWZDUH�V\QWKHVL]HUV�

$IWHU�DOO�WKH�DXGLR�LV�SURFHVVHG��LW�LV�VHQW�WR�WKH�PDLQ�PL[LQJ�VXESDWFKHU��7KH

VLJQDO�IORZ�LQ�WKH�PL[HU�LV�TXLWH�FRPSOH[��VLQFH�LW�KDV�FRQWUROV�IRU�VPRRWKO\�VZLWFKLQJ

EHWZHHQ�WKH�WZR�VFHQHV��ZKLFK�PHDQV�WKH�DXGLR�IRU�ERWK�VFHQHV�DUH�WHFKQLFDOO\�UXQQLQJ

VLPXOWDQHRXVO\���WXUQLQJ�RQ�DQG�RII�LQVWUXPHQWV��DXWRPDWLF�SDQQLQJ��DQG�WKHQ�KDQGOLQJ

WKH�YDULRXV�DPELVRQLF�DVSHFWV�RI�WKH�H[SHULHQFH��7R�VLPSOLI\��WKHUH�DUH�WZR�KDOYHV�RI�WKH

PL[HU��WKH�LQVWUXPHQW�PL[LQJ�DQG�WKH�UHYHUE�GHOD\�PL[LQJ��)RU�WKH�LQVWUXPHQW�PL[LQJ�

HDFK�LQVWUXPHQW�DXGLR�WUDFN�LV�SDWFKHG�LQWR�D�0XOWL(QFRGHU�SOXJLQ��ZKLFK�DOORZV�HDFK

WUDFN�WR�EH�SODFHG�LQ�����GHJUHHV�LQ�WKH�DPELVRQLF�GRPDLQ��)RU�WKH�UHYHUE�GHOD\�PL[LQJ�

VRPH�LQVWUXPHQWV�DUH�UXQ�WKURXJK�VHSDUDWH�GHOD\V�DQG�UHYHUEV��ZKLFK�DUH�HLWKHU�SODFHG

DPELVRQLFDOO\�ZLWK�6WHUHR(QFRGHU��RU�LQ�WKH�FDVH�RI�WKH�GHOD\V��SURFHVVHG�GLUHFWO\�LQWR�WKH

DPELVRQLF�GRPDLQ��:KHQ�WKH�VLJQDOV�DUH�HQFRGHG�LQWR�WKH�DPELVRQLF�GRPDLQ��WKH\�DUH

RXWSXW�LQWR����FKDQQHOV��ZKLFK�LV�WKH�DPRXQW�RI�FKDQQHOV�QHHGHG�WR�HQFRGH�DQG�GHFRGH

�UG�RUGHU�DPELVRQLFV��:LWK�D�KLJKHU�RUGHU�RI�DPELVRQLFV��WKH�PRUH�VSHFLILF�DQG�DFXWH�WKH

GLUHFWLRQDOLW\�RI�WKH�H[SHULHQFH�EHFRPHV��DW�WKH�FRVW�RI�KLJKHU�FKDQQHO�FRXQW��,�IRXQG�WKDW

�UG�RUGHU�DPELVRQLFV�ZDV�D�JRRG�EDODQFH�RI�GLUHFWLRQDOLW\�DQG�FKDQQHO�FRXQW��2QFH�WKH

YDULHW\�RI����FKDQQHOV�VLJQDOV�IURP�WKH�LQVWUXPHQW�PL[HU�DQG�WKH�UHYHUE�GHOD\�PL[HUV�DUH

FRPELQHG��WKH\�DUH�VHQW�WR�WKH�GHFRGHUV��:KHQ�,�ZDV�GHYHORSLQJ�WKH�LQVWDOODWLRQ�IURP

KRPH��,�XVHG�WKH�%LQDXUDO'HFRGHU�SOXJLQ��ZKLFK�DOORZHG�PH�WR�H[SHULHQFH�WKH�DPELVRQLF
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DXGLR�ELQDXUDOO\�ZLWK�KHDGSKRQHV��)RU�WKH�ILQDO�LQVWDOODWLRQ��,�GHFRGHG�WKH�DPELVRQLF

VLJQDO�XVLQJ�WKH�$,,5$'HFRGHU��ZKLFK�DOORZHG�PH�WR�PDS�WKH�VSHFLILF�VSHDNHU�VHWXS�,

ZDV�XVLQJ�DQG�SOD\�DPELVRQLF�DXGLR�WKURXJK�WKH����VSHDNHUV��7KH�IOH[LELOLW\�RI�WKH

$,,5$'HFRGHU�PHDQV�,�FDQ�DGDSW�WKH�LQVWDOODWLRQ�WR�DQ\�VSHDNHU�VHWXS�,�FRXOG�HYHU�ZDQW�

)LQDOO\��DV�D�VXSSOHPHQW�WR�DOO�RI�WKH�FRPSOH[�VLJQDO�IORZ��GDWD�IURP�WKH

LQVWDOODWLRQ�LV�WUDQVODWHG�LQWR�0,',�LQIRUPDWLRQ�WR�VHQG�WR�4/&��IRU�OLJKWLQJ�FRQWURO��7R

NHHS�WKLQJV�VLPSOH��WKH�RQO\�GDWD�VHQW�WR�4/&��DUH�WKH�VFHQH�FKDQJHV��WKH�LQVWUXPHQW

VWDWHV��RQ�RII��DQG�VRPH�DXGLR�OHYHOV�IRU�HDFK�LQVWUXPHQW�VR�WKH�OLJKWV�FRXOG�SXOVH�DORQJ�

3DQQLQJ�GDWD�KDV�EHHQ�LJQRUHG�IRU�WKHVH�HDUO\�LWHUDWLRQV�RI�WKLV�LQVWDOODWLRQ��EXW�,�ZRXOG

ORYH�WR�H[SORUH�LW�LQ�IXWXUH�LWHUDWLRQV�IRU�DQ�HYHQ�PRUH�LPPHUVLYH�H[SHULHQFH�

7KH�FXVWRP�EXLOW�OLJKWLQJ�V\VWHP�LV�FRQWUROOHG�E\�4/&���ZKLFK�LV�DQ�RSHQ�VRXUFH

VRIWZDUH�OLJKWLQJ�FRQWUROOHU��7KH�OLJKWV�DUH�FRQVWUXFWHG�DV����WXEHV��HDFK�ZLWK�DQ�/('

OLJKW�VWULS�RI����SL[HOV�HDFK��IRU�D�WRWDO�RI�����LQGLYLGXDO�SL[HOV��7KH�/('�VWULSV�DUH

PRXQWHG�LQ�DQ�DOXPLQXP�FKDQQHO�DQG�VXUURXQGHG�E\�D�SODVWLF�WXEH��&XVWRP�GHVLJQHG

�'�SULQWHG�HQG�FDSV�KROG�RQWR�WKH�DOXPLQXP�FKDQQHO�DQG�SODVWLF�WXEH��ZKLOH�DOVR

DOORZLQJ�IRU�PRXQWLQJ�RQWR�OLJKW�VWDQGV��7KH�ZD\�WKH�4/&��FRPPXQLFDWHV�ZLWK�WKH�/('

OLJKW�VWULSV�LV�ZLWK�DQ�$GYDWHN�SL[HO�FRQWUROOHU��D�VSHFLDO�ERDUG�WKDW�WUHDWV�/('�OLJKW�VWULSV

DV�D�QHWZRUNHG�OLJKWLQJ�V\VWHP��FRPPXQLFDWLQJ�XVLQJ�WKH�V$&1�SURWRFRO��7KH�$GYDWHN

KDV�IRXU�RXWSXWV��ZKLFK�,�VHQW�LQWR�IRXU�FXVWRP�EXLOW�EUHDNRXW�ER[HV��7KH�EUHDNRXW�ER[HV

KDQGOH�WKUHH�OLJKWV�DW�D�WLPH��DQG�DUH�ZLUHG�VR�HDFK�OLJKW�LV�ZLUHG�VHTXHQWLDOO\��4/&��KDV

VSHFLDO�VRIWZDUH�IXQFWLRQV�WKDW�PDS�VLPSOH�SDWWHUQV�WR�WKH�SL[HO�DUUD\��ZKLFK�,

SURJUDPPHG�WR�FUHDWH�DQ�DPELHQFH�DQG�UHDFW�WR�WKH�LQFRPLQJ�0,',�GDWD�IURP�0D[�
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7KRXJK�VRPH�RI�WKH�EXLOW�LQ�SL[HO�IXQFWLRQV�ZHUH�VRPHZKDW�ODFNOXVWHU��,�ZDV�DEOH�WR�JHW�D

UHVXOW�,�ZDV�KDSS\�ZLWK�DIWHU�VRPH�WZHDNLQJ�

$OO�RI�WKH�FRGH�IRU�WKLV�SURMHFW�LV�DYDLODEOH�RQ�P\�*LW+XE��DW�WKLV�OLQN�

KWWSV���JLWKXE�FRP�$GY�QWXU�U]�6LOYD��

'LVSOD\LQJ�WKH�,QVWDOODWLRQ�DQG�5HIOHFWLRQV

$V�PXFK�DV�,�FRXOG�ZRUN�RQ�HDFK�LQGLYLGXDO�SDUW�RI�WKH�LQVWDOODWLRQ�LQ�LVRODWLRQ

DQG�HQMR\�HDFK�SDUW�RI�LW��WKHUH�LV�QRWKLQJ�OLNH�WKH�H[SHULHQFH�RI�SXWWLQJ�LW�DOO�WRJHWKHU�DQG

VKDULQJ�LW�ZLWK�SHRSOH�LQ�LWV�HQWLUHW\��7KH�VHWXS�SURFHVV�LV�TXLWH�VLPSOH��DUUDQJH�WKH

VSHDNHUV�RQ�VWDQGV��SOXJ�WKH�VSHDNHUV�LQWR�WKH�DPSOLILHUV�DQG�DXGLR�LQWHUIDFH��DUUDQJH�WKH

OLJKWV��SOXJ�WKHP�LQWR�WKH�EUHDNRXW�ER[HV�DQG�OLJKWLQJ�FRQWUROOHU��DQG�ILQDOO\�SOXJ�LQ�WKH

DXGLR�LQWHUIDFH�DQG�OLJKWLQJ�FRQWUROOHU�LQWR�P\�ODSWRS��7KH�ILUVW�WLPH�,�KDG�WKH�LQVWDOODWLRQ

GLVSOD\HG�ZDV�IRU�$FFHSWHG�6WXGHQWV�:HHNHQG�RQ�$SULO��WK�DQG���WK��LQ�%DEELR������,W

ZDV�DQ�H[KLODUDWLQJ�H[SHULHQFH�WR�VHH�P\�YLVLRQ�UHDOL]HG�LQ�LWV�IXOO�IRUP��+RZHYHU��WKH

ILUVW�IXOO�UXQ�WKURXJK�ZDV�QRW�ZLWKRXW�LWV�KLFFXSV��DQG�DQ�LVVXH�ZLWK�WKH�V\VWHP�UXQQLQJ

IRU�D�ORQJ�SHULRG�RI�WLPH�FDXVHV�VRPH�QDVW\�DXGLR�JOLWFKHV�WKDW�LQFDSDFLWHG�WKH�LQVWDOODWLRQ

IRU�DERXW�D�KDOI�KRXU��$IWHU�VRPH�FKDQJHV�WR�WKH�0$;�063�SDWFK�WR�PDNH�WKH�&38�ORDG

OLJKWHU��DQG�VRPH�DGMXVWPHQWV�WR�WKH�UDFN�VSDFLQJ�WR�DOORZ�IRU�DGHTXDWH�FRROLQJ�RI�WKH

DPSOLILHUV�DQG�DXGLR�LQWHUIDFH��WKH�LQVWDOODWLRQ�UDQ�VPRRWKO\�RQ�WKH�VHFRQG�GD\�RI�WKH

ZHHNHQG�

,W�ZDV�LQWHUHVWLQJ�WR�VHH�WKH�GLIIHUHQW�UHDFWLRQV�IURP�SHRSOH�LQWHUDFWLQJ�ZLWK�WKH

LQVWDOODWLRQ��,�LQWHQWLRQDOO\�JDYH�SHRSOH�DV�OLWWOH�LQIRUPDWLRQ�DERXW�WKH�H[SHULHQFH�DV

SRVVLEOH�VR�WKDW�WKH\�FRXOG�UHDOO\�H[SORUH�WKH�H[SHULHQFH�DQG�GLVFRYHU�ZKDW�WKH�FRQWUROV

https://github.com/Adv3ntur3rz/Silva/
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GR��,�KDG�D�SRVWHU�VHW�XS�H[SODLQLQJ�WKH�EDVLF�SUHPLVH�RI�WKH�LQVWDOODWLRQ�DQG�D�45�FRGH�VR

SHRSOH�FDQ�VFDQ�DQG�MRLQ�WKH�ZHEVLWH��6RPH�SHRSOH�ZHUH�LQLWLDOO\�FRQIXVHG�DERXW�ZKDW

ZDV�JRLQJ�RQ��EXW�DIWHU�,�JDYH�WKHP�D�VKRUW�GHPRQVWUDWLRQ�ZLWK�P\�SKRQH��WKH\�FDXJKW�RQ

TXLFNO\�DQG�HQMR\HG�WLQNHULQJ�ZLWK�WKH�H[SHULHQFH��6RPH�SHRSOH�ZHUH�UHDOO\�DPD]HG�E\

WKH�LQWHUDFWLYH�H[SHULHQFH�DQG�WKH�LPPHUVLYH�VRXQG��ZKLOH�RWKHUV�VLOHQWO\�WRRN�HYHU\WKLQJ

LQ��3HRSOH�ZHUH�DOVR�LQWHUHVWHG�LQ�XQGHUVWDQGLQJ�KRZ�WKH�ZKROH�LQVWDOODWLRQ�IXQFWLRQHG�

DQG�VLQFH�WKH�0D[�063�SDWFK�ZDV�RQ�P\�ODSWRS�QHDU�WKH�LQVWDOODWLRQ��,�EURXJKW�WKHP�RYHU

WR�VHH�WKH�EUDLQV�RI�WKH�RSHUDWLRQ��0XVLFLDQV�UHDOO\�VHHPHG�WR�HQMR\�WKH�H[SHULHQFH�

HVSHFLDOO\�ZLWK�SOD\LQJ�WKH�OHDG�LQVWUXPHQW��ZKHUH�WKH\�FRXOG�UHDOO\�H[SORUH�D�IDPLOLDU

PXVLFDO�LQWHUIDFH��1RQ�PXVLFLDQV�VHHPHG�WR�HQMR\�WKH�LQVWDOODWLRQ�DV�ZHOO��ZKLFK�ZDV

FRPIRUWLQJ�EHFDXVH�WKDW�LV�WKH�PDLQ�WDUJHW�DXGLHQFH�IRU�WKH�LQVWDOODWLRQ��,W�ZDV�JUHDW�WR�VHH

WKH�PDQ\�UHDFWLRQV�DQG�LQWHUDFWLRQV�WKDW�SHRSOH�KDG�ZLWK�WKH�LQVWDOODWLRQ��DV�ZHOO�DV�WKH

XQLTXH�SHUVSHFWLYHV�HYHU\RQH�EURXJKW�WR�WKH�H[SHULHQFH��7KH�JRDO�WR�IRVWHU�MR\�DQG

FXULRVLW\�ZDV�FHUWDLQO\�DFKLHYHG��DQG�,�KRSH�WR�EH�DEOH�WR�FRQWLQXH�WR�GLVSOD\�WKLV

LQVWDOODWLRQ�IRU�PRUH�SHRSOH�WR�H[SHULHQFH�

&RQFOXVLRQ

:RUNLQJ�RQ�6LOYD�ZDV�D�WUHPHQGRXV�OHDUQLQJ�H[SHULHQFH�DQG�DQ�RSSRUWXQLW\�RI

JURZWK�IRU�PH�DV�DQ�DUWLVW��7KH�SURGXFWLRQ�SURFHVV�ZDV�DPRQJ�WKH�ORQJHVW�,�KDYH�GRQH�

DQG�LW�UHDOO\�JDYH�PH�SHUVSHFWLYH�RQ�WKH�LQWULFDFLHV�RI�WDNLQJ�D�SURMHFW�IURP�LQLWLDO

LGHDWLRQ�DQG�GHYHORSLQJ�LW�WR�D�ILQDO�SURMHFW��,�JDLQHG�PDQ\�XVHIXO�VNLOOV�WKDW�,�PLJKW�QRW

KDYH�OHDUQHG�RWKHUZLVH��VXFK�DV�&$'�GHVLJQ�IRU�WKH��'�SULQWHG�SDUWV��VROGHULQJ�DQG

HOHFWULFDO�GHVLJQ��DGYDQFHG�ZHEVLWH�QHWZRUNLQJ�DQG�FUHDWLQJ�G\QDPLF�ZHE�DSSOLFDWLRQV�
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DQG�PRUH��7KHUH�DUH�GHILQLWHO\�PDQ\�WKLQJV�,�ZRXOG�KDYH�GRQH�GLIIHUHQWO\��HVSHFLDOO\�ZLWK

FRQVWUXFWLQJ�DQG�GHVLJQLQJ�WKH�OLJKWLQJ�V\VWHP���EXW�,�DP�VWLOO�KDSS\�ZLWK�WKH�HQG�UHVXOW��,

OHDUQHG�KRZ�FHUWDLQ�WKLQJV�WDNH�D�ORW�PRUH�WLPH�WKDQ�DQWLFLSDWHG��DQG�VR�SODQQLQJ�D�ORW�RI

H[WUD�WLPH�LV�HVVHQWLDO��,�DOVR�OHDUQHG�KRZ�WR�EH�IOH[LEOH�DQG�FRPSURPLVH�ZLWK�FHUWDLQ

DVSHFWV�RI�WKH�H[SHULHQFH��ZKLOH�VWLOO�VWLFNLQJ�WR�WKH�LQLWLDO�SXUSRVH�RI�WKH�SURMHFW�

,Q�WKH�IXWXUH�,�ZRXOG�OLNH�WR�SUHVHQW�WKLV�LQVWDOODWLRQ�LQ�D�YDULHW\�RI�YHQXHV��VR

PRUH�SHRSOH�FDQ�HQMR\�WKH�H[SHULHQFH��,�ZRXOG�DOVR�OLNH�WR�H[SDQG�RQ�WKLV�FRQFHSW�RI

VKDUHG�LQWHUDFWLRQ�DQG�SHUIRUPDQFH��HYROYLQJ�WKH�FXUUHQW�LQVWDOODWLRQ�WR�PRUH

KLJK�GHILQLWLRQ�DXGLR�V\VWHPV�RU�GHYHORSLQJ�WKH�OLJKWLQJ�V\VWHP�HYHQ�IXUWKHU�ZLWK�PRUH

SUHFLVH�FRQWURO��,Q�WKH�IXWXUH�,�ZRXOG�DOVR�OLNH�WR�GHVLJQ�HQWLUHO\�QHZ�LQVWDOODWLRQV�EDVHG

RQ�WKH�VDPH�FRQFHSW�EXW�H[SORULQJ�LW�IURP�GLIIHUHQW�DQJOHV��+RZ�ZRXOG�WKH�LQVWDOODWLRQ

IHHO�LI�HYHU\RQH�KDV�WKH�VDPH�LQVWUXPHQW"�+RZ�ZRXOG�WKH�H[SHULHQFH�FKDQJH�LI�,�XVHG

SURMHFWLRQV�LQVWHDG�RI�OLJKWV"�:KDW�LI�,�FUHDWHG�D�QHWZRUNHG�YLUWXDO�UHDOLW\�H[SHULHQFH

ZKHUH�SHRSOH�FRXOG�FRQQHFW�DOO�RYHU�WKH�ZRUOG"�7KH�VN\�LV�WUXO\�WKH�OLPLW�LQ�HYROYLQJ�WKLV

SURMHFW��DQG�,�FDQQRW�ZDLW�WR�VHH�ZKHUH�LW�JRHV�
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