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7KH�LQWHUHVW�LQ�JODVVHV�RI�WKH�FRSSHU�UXE\�W\SH�LV�UH�DFWXDOL]HG�GXH�WR�WKH�SUHVHQW�JHQHUDO�WHQGHQF\�WR�

DYRLG� WKH� IDEULFDWLRQ� DQG� WKH� XVH� RI� SURGXFWV� ZLWK� D� FRQWHQW� RI� WR[LF� RU� SRWHQWLDO� SROOXWDQW� VXEVWDQFHV��
$PRQJ�WKHP�RQH�ILQG�UHG�JODVVHV�ZLWK�&G�DQG�JODVVHV�ZLWK�3E��&RSSHU�JLYHV�D�UHG�FRORU�DV�D�UHVXOW�RI�VRPH�
VXEWOH� UHGR[� SURFHVVHV� GRXEOHG� E\� SUHFLVH� WKHUPDO� WUHDWPHQWV�$OWKRXJK� D� JUHDW� YROXPH� RI� SUDFWLFDO�

H[SHULHQFH� ZDV� DFFXPXODWHG� PDQ\� DVSHFWV� RI� UXE\� IRUPDWLRQ� PHFKDQLVP� UHPDLQHG� VWLOO� LQVXIILFLHQW�
HOXFLGDWHG�DQG�WKH�ULJRURXV�FRQWURO�RI�QXPHURXV�SDUDPHWHUV�LQIOXHQFLQJ�WKH�FRORU�TXDOLW\�LV�VWLOO�GLIILFXOW�RU�
HYHQ� LPSRVVLEOH�� ,Q� WKH� SUHVHQW� ZRUN� VRPH� UHVXOWV� DUH� FRPPXQLFDWHG�� REWDLQHG� LQ� WKH� IUDPH� RI� D� VWXG\�
IROORZLQJ� ERWK� WKH� PRUH� GHHSO\� DQG� FRUUHFW� XQGHUVWDQGLQJ� RI� FRSSHU� UXE\� IRUPDWLRQ� SURFHVVHV� DQG� WKH�

DFFXPXODWLRQ�RI�GDWD�DERXW�WKH�UROH�DQG�WKH�LQIOXHQFH�RI�WHFKQRORJLFDO�SDUDPHWHUV��

�

,QWURGXFWLRQ�

$OWKRXJK�LQ�JODVVHV�FDQ�EH�REWDLQHG�D�JUHDW�YDULHW\�RI�FRORUV�DQG�QXDQFHV�LQ�WKH�FDVH�RI�
UHG� FRORU� WKH� VLWXDWLRQ� LV� VSHFLDO�� WKH� SRVVLELOLWLHV� EHLQJ� PRUH� UHVWUDLQHG�� 7KH� HOHFWURQLF�
WUDQVLWLRQV�RI�WKH�XVXDO�FRORULQJ�LRQV�QHHG��DV�D�UXOH��HQHUJLHV�FRUUHVSRQGLQJ�WR�WKH�PLGGOH�RI�
WKH�YLVLEOH�VSHFWUXP�WRZDUGV�UHG�RU�WR�89��WKH�WUDQVPLWWHG�WKURXJK�JODVV�OLJKW�KDYLQJ�\HOORZ�
²�JUHHQ�²�EOXH�FRORUV��7KH�WUDQVPLVVLRQ�RI�\HOORZ�²�UHG�²�,5�UDGLDWLRQV�LV�SRVVLEOH�E\�PHDQV�
RI� GLIIHUHQW� PHFKDQLVPV�� SUHSRQGHUDQWO\� WKURXJK� OLJKW� GLIIXVLRQ� RQ� FROORLGDO� DJJUHJDWHV�
QDQR�RU�PLFUR�FU\VWDOOLQH�� ,Q� WKLV� DLP�PRVW� IUHTXHQWO\�DUH�XVHG�FDGPLXP�VXOILGH��FDGPLXP�
VHOHQLGH�DQG�VXOIR�VHOHQLGH��2Q�WKH�EDVLV�RI� D� VLPLODU�PHFKDQLVP�RQH�PD\�REWDLQ�EHDXWLIXO�
UHG�FRORUV�E\�PHDQV�RI�FROORLGDO�DJJUHJDWHV�RI�$X��$J�RU�&X�����

,Q�WKH�ODVW�\HDUV�WKH�JODVV�LQGXVWU\�ZDV�DIIHFWHG�E\�WKH�WHQGHQF\��PDQLIHVWHG�WKURXJKRXW�WKH�
ZRUOG��WR�DYRLG�WKH�XVH�RI�SRWHQWLDO�GDQJHURXV�RU�SROOXWDQW�VXEVWDQFHV��6XFK�D�QHZ�SUREOHP�
LV�FRQWRXUHG�UHODWHG� WR�JODVVHV�ZLWK�FDGPLXP�FRQWHQW�� WR[LF�IRU�KXPDQ�ERG\�DQG�SROOXWDQW�
IRU�WKH�HQYLURQPHQW��

7KH� FRSSHU� UXE\� VHHPV� WR� EH� D� SRVVLEOH� DOWHUQDWLYH�� %HFDXVH� WKH� LPSOLFDWHG� VXEWOH� UHGR[�
SURFHVVHV�DQG�WKHUPDO�WUHDWPHQWV�WKH�REWDLQPHQW�RI�UHSURGXFLEOH�FRORUV�DQG�QXDQFHV�DW�DQ�
LQGXVWULDO� VFDOH� LV� GLIILFXOW�� ,Q� WKLV� ZRUN� VRPH� UHVXOWV� FRQWULEXWLQJ� WR� D� PRUH� GHHSO\�
XQGHUVWDQGLQJ�RI�WKH� UHGR[�SURFHVVHV�PHFKDQLVPV�DQG�RI�WKH�SHFXOLDULWLHV�RI� WHFKQRORJLFDO�
SDUDPHWHUV�DUH�SUHVHQWHG���

�

&RSSHU�UXE\�

7KH� VWURQJ�GLVSHUVHG�GXULQJ�PHOWLQJ�PHWDO� DWRPV� GRHV� QRW� FRORU�JODVV�� ,W� LV� QHHGHG� D�
GHYHORSLQJ��VWULNLQJ��WKHUPDO�WUHDWPHQW�WR�REWDLQ�WKH�FROORLGDO�DJJUHJDWHV��7KH�UHG�UXE\�FRORU�
LV� REWDLQHG� ZKHQ� WKH� FROORLGDO� DJJUHJDWHV� UHDFK� GLPHQVLRQV� RI� WKH� RUGHU� RI� ��� QP�� 7KH�
FRORULQJ�PHFKDQLVP�LV�EDVHG�SUHSRQGHUDQWO\�RQ�WKH�GLIIXVLRQ�RI�OLJKW�RQ�FROORLGDO�SDUWLFOHV���

7KH�OLJKW�GLIIXVLRQ�LQWHQVLW\�,'�PD\�EH�HYDOXDWHG�E\�PHDQV�RI�WKH�5D\OHLJK
V�HTXDWLRQ���
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ZKHUH� 9� LV� WKH� SDUWLFOHV� YROXPH��λ� WKH� ZDYHOHQJWK� RI� WKH� LQFLGHQW� OLJKW�� εU� WKH� GLHOHFWULF�
UHODWLYH� SHUPLWWLYLW\�� U� WKH� GLVWDQFH� IURP� WKH� SDUWLFOH� WR� WKH� SRLQW� RI� OLJKW� LQWHQVLW\�

PHDVXUHPHQW�DQG�α�WKH�DQJOH�EHWZHHQ�WKH�GLIIXVHG�OLJKW�IDVFLFOH�DQG�WKH�LQFLGHQW�RQH��,W�PD\�
EH� UHPDUNHG� WKH� IDFW� WKDW��EHVLGH�RI� VRPH�SDUDPHWHUV� UHODWHG� WR� WKH�PHDVXULQJ�FRQGLWLRQV��
GLIIXVLRQ�LV�VWURQJ�LQIOXHQFHG�E\�WKH�ZDYHOHQJWK�RI�WKH�LQFLGHQW�OLJKW���

'LIIXVLRQ�LV�PRUH�LQWHQVH�ZKHQ�WKH�ZDYHOHQJWK�LV�VKRUWHU��L��H��LQ�89���EOXH���JUHHQ�GRPDLQ��
7KXV��WKURXJK�JODVV�SDVV�SUHSRQGHUDQWO\�WKH�ZDYHOHQJWKV�FRUUHVSRQGLQJ�WR�GRPDLQ�RI�\HOORZ�
�� UHG��7KH�SDUWLFOH� FRQFHQWUDWLRQ�KDV� D�VWURQJ� LQIOXHQFH� WRR�EXW� DW� WKHLU� LQFUHDVH��RU� DW� WKH�
LQFUHDVH�RI�SDUWLFOH�GLPHQVLRQV��JODVV�PD\�EHFRPH�RSDOHVFHQW�RU�HYHQ�RSDTXH�������

�

7KH�ZRUNLQJ�PDQQHU�

7KH�FRSSHU�UXE\�VWXG\�IROORZHG�SDUWLFXODUO\�WKH�UHGR[�SURFHVVHV�ERWK�RQ�VLPSOH�JODVVHV�
XVHG�DV�D�NLQG�RI�PRGHOV�DQG�RQ�WKH�LQGXVWULDO�W\SH�JODVVHV��7KH�PRGHO�JODVV�ZDV�FKRVHQ�LQ�
WKH�V\VWHP�1D�2�%�2�� ����ZW����1D�2���:DV�XVHG�DQ�RUJDQLF�UHGXFLQJ�DJHQW��VDFFKDURVH��
EXW�DOVR�PHWDOOLF�6Q��&RSSHU�ZDV�LQWURGXFHG�DV�&X2��&X�2�RU�HYHQ�&X��0HOWLQJ�ZDV�PDGH�LQ�
DQ�HOHFWULF�IXUQDFH��LQ�FHUDPLF�RU�SODWLQXP�FUXFLEOHV��DW������R&�IRU�ERUDWH�JODVVHV�RU������R&�
IRU�VLOLFDWH�RQHV��LQ�QRUPDO�DWPRVSKHUH��7KH�VDPSOHV�KDYLQJ�VKDSHV�RI�GLVFV�ZLWK�D�GLDPHWHU�
RI����PP�DQG�D�WKLFNQHVV�RI�������PP�ZHUH�REWDLQHG�E\�SUHVVLQJ�PROWHQ�JODVV�LQ�D�PHWDOOLF�
IRUP��7KH\�ZHUH� DQQHDOHG� DQG� WKHUPDO� WUHDWHG� LQ� GLIIHUHQW� FRQGLWLRQV��$EVRUSWLRQ� VSHFWUD�
ZHUH� UHFRUGHG� E\� PHDQV� RI� D� WZR�EHDP� VSHFWURSKRWRPHWHU� 6KLPDG]X� 89����$�� LQ� WKH�
GRPDLQ����������QP��VRPHWLPH�EHJLQQLQJ�IURP�����QP��LQ�FRPSDULVRQ�ZLWK�WKH�VDPH�JODVV�
EXW�ZLWKRXW�&X��

�

&RSSHU�UXE\�LQ�ERUDWH�JODVVHV�

,Q� D� ILUVW� VHULHV� RI� JODVVHV� FRSSHU�ZDV� LQWURGXFHG� DV�&X�2�ZLWK� WKH� DLP� WR� FKHFN� WKH�
RSLQLRQ�RI�VRPH�UHVHDUFK�ZRUNHUV�DFFRUGLQJ�WR�WKDW�WKH�FROORLGDO�DJJUHJDWHV�DUH�IRUPHG�E\�
FXSURXV�R[LGH�DQG�QRW�E\�HOHPHQWDU\�&X��(YHQ�LQ�WKH�DEVHQFH�RI�WKH�UHGXFLQJ�DJHQW�WKH�UHG�
FRORU�PXVW� DSSHDU� ���$IWHU�PHOWLQJ� JODVVHV�ZHUH� FRORUOHVV� DQG� UHPDLQHG� VR� HYHQ� DIWHU� ORQJ�
KHDWK�WUHDWPHQWV��7KH�&X��SUHVHQFH�ZDV�HYLGHQFHG�E\�WKH�FKDUJH�WUDQVIHU�DEVRUSWLRQ�LQ�IDU�
89�VSHFLILF�WR�WKLV�LRQ�DQG�E\�PHDQV�RI�FKHPLFDO�DQDO\VLV���

7KH�FRQFOXVLRQ�ZDV�WKDW��DW�OHDVW�LQ�WKLV�JODVV��FXSURXV�R[LGH�GLG�QRW�IRUP�FROORLGDO�FRORULQJ�
DJJUHJDWHV�� ,QWURGXFLQJ�DQ�RUJDQLF� UHGXFLQJ�DJHQW� LQ�JODVVHV�FRQWDLQLQJ�&X�2�RU�&X2��UHG�
FRORUHG� JODVVHV� ZHUH� REWDLQHG�� ,Q� )LJ�� �� DUH� SUHVHQWHG� WKH� HOHFWURQLF� VSHFWUD� RI� JODVVHV�
LQLWLDOO\�FRQWDLQLQJ�&X2��7KH�VSHFWUD�LQWHUSUHWDWLRQ�VHHPV�WR�EH�TXLWH�VLPSOH��$IWHU�D�TXDUW�
RI�KRXU�RI�PHOWLQJ�WKH�SHDN�DW�����QP�KDV�WKH�PD[LPXP�DPSOLWXGH�LQGLFDWLQJ�WKH�SUHVHQFH�
RI� D�JUHDW�TXDQWLW\�RI� FROORLGDO�DJJUHJDWHV�EXW� LW�FDQ�EH�REVHUYHG�DOVR�D�VPDOO�PD[LPXP�DW�
����QP�FRUUHVSRQGLQJ�WR�VRPH�QRW�\HW�UHGXFHG�&X2��



)LJ�� ��(OHFWURQLF� VSHFWUD� RI� ERUDWH� UXE\� JODVVHV��&RSSHU�ZDV� LQWURGXFHG� DV�&X2� DQG�ZDV�
XVHG�DQ�RUJDQLF�UHGXFHU��0HOWLQJ�GXUDWLRQ���������PLQ����������PLQ����������PLQ��

$IWHU� ��� PLQXWHV� WKH� SHDN� DW� ���� QP� LV� SUDFWLFDOO\� XQFKDQJHG� EXW� WKDW� RI� &X��� WRWDOO\�
GLVDSSHDUHG��$IWHU����PLQXWHV�WKH�SHDN�DW�����QP�LV�QRW�PRUH�YLVLEOH�EXW��LQ�H[FKDQJH��WKDW�
DW�����QP�LV�YHU\�SURQRXQFHG���

7KH�KLJK�DEVRUSWLRQ� OHYHO�VKRZHG�E\�UXE\�JODVVHV�VSHFWUD�RYHU�DOO�YLVLEOH�GRPDLQ� LV�GXH�WR�
WKH�SUHVHQFH�RI�FDUERQ�UHVXOWHG�E\�RUJDQLF�FRPSRXQG�GHFRPSRVLWLRQ��)ROORZLQJ�WKH�FDUERQ�
GLVDSSHDUDQFH� WKH�QHFHVVDU\�R[\JHQ�TXDQWLW\�ZDV�FDOFXODWHG� UHVXOWLQJ� WKDW� WKH�PDLQ�R[\JHQ�
VRXUFH�LV�WKH�VXUURXQGLQJ�DWPRVSKHUH��$Q�DSSDUHQW�GLIIXVLRQ�FRHIILFLHQW�RI�R[\JHQ�LQ�ERUDWH�
PHOW�DW������R&�RI�WKH�RUGHU�RI�������������FP��V���ZDV�HVWLPDWHG����7KH�YHU\�KLJK�YDOXH�IRU�WKLV�
NLQG� RI� JODVVHV� FDQ� EH� H[SODLQHG� E\� WKH� FRQYHFWLRQ� FRQWULEXWLRQ�� GHWHUPLQHG� E\� WKH� JDV�
EXEEOHV�HOLPLQDWLRQ�GXULQJ�WKH�RUJDQLF�UHGXFHU�EXUQLQJ��

)LJ����(OHFWURQLF�VSHFWUD�RI�ERUDWH�UXE\�JODVVHV�ZLWK�FRSSHU�IURP�D�&X�6Q�DOOR\��7KH�KHDWK�
WUHDWPHQW�GXUDWLRQ�ZDV����������PLQ�����������PLQ�����������PLQ��
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,QVSLUHG� IURP� WKH� 3URIHVVRU
V� &ULVWHD� DQG� KLV� FROODERUDWRUV� ZRUNV�� LQ� D� VHULHV� RI� ERUDWH�
JODVVHV�FRSSHU�ZDV�LQWURGXFHG�LQ�WKH�IRUP�RI�D�&X�6Q�DOOR\� ���7KH�WKHUPDO�WUHDWPHQWV�ZHUH�
SHUIRUPHG� DW� ���� R&��7KH�FRORU� DSSHDUHG�RQO\� DIWHU� DERXW����PLQXWHV�� ,Q� ILJXUH� �� VSHFWUD�
REWDLQHG�DIWHU�ORQJHU�WKHUPDO�WUHDWPHQWV�DUH�SUHVHQWHG��

$W� OHDVW� WKUHH� GLIIHUHQFHV� PD\� EH� UHPDUNHG� FRPSDULQJ� ZLWK� UXE\� JODVVHV� REWDLQHG� ZLWK�
RUJDQLF�UHGXFHU�����

����� WKH�DEVRUSWLRQ�GXH�WR�FDUERQ�UHVXOWHG�E\�UHGXFHU�EXUQLQJ�LV�PLVVLQJ�

��� D�ODUJH�ZLQGRZ�LV�SUHVHQW�IURP�DERXW�����QP�XS�WR�,5�

��� WKH�SHDN�DPSOLWXGH�LQFUHDVHV�DSSDUHQWO\�H[SRQHQWLDOO\�ZLWK�WLPH�

�

&RSSHU�UXE\�LQ�LQGXVWULDO�W\SH�JODVVHV�

$Q�XVXDO�VRGD�OLPH�VLOLFD�JODVV�ZDV�H[SHULPHQWHG�XVLQJ�DV�D�VRXUFH�RI�&X�DQG�6Q�WKH�VDPH�
DOOR\��7KH�PHOWLQJ�ZDV�PDGH�DW������2&�LQ�QRUPDO�DWPRVSKHUH��7KH�VWULNLQJ�WUHDWPHQW�ZDV�
PDGH� DW�PDQ\� WHPSHUDWXUHV� DQG�GXUDWLRQV�� 6RPH�RI� WKH� UHFRUGHG� VSHFWUD� DUH�SUHVHQWHG� LQ�
ILJXUH����

)LJ����7KH�HOHFWURQLF�VSHFWUD�RI�WKH�LQGXVWULDO�W\SH�UXE\�JODVVHV�ZLWK�DOOR\��PDLQWDLQHG�DW�
WKH�PHOWLQJ�WHPSHUDWXUH���������PLQ�����������PLQ�����������PLQ��

,W�PD\�REVHUYH�D� VWURQJ�DEVRUSWLRQ�DW� DERXW� ����QP�GXH� WR�FRSSHU� FROORLGDO� DJJUHJDWHV�� D�
VKDUS�DEVRUSWLRQ�OLPLW�DQG�D�XQLIRUP�WUDQVPLVVLRQ�WRZDUGV�,5��7KH�ORQJHVW�PHOWLQJ�GXUDWLRQ�
UHVXOWV�LQ�WKH�DSSDULWLRQ�RI�D�YHU\�VPDOO�SHDN�DW�DERXW�����QP�VSHFLILF�IRU�&X���VLJQDOLQJ�WKH�
WRWDO�R[LGDWLRQ�RI�6Q��,Q�WKLV�ZD\�D�VDWXUDWLRQ�SKHQRPHQRQ�LV�HYLGHQFHG�UHODWHG�WR�WKH�HQG�RI�
6Q�R[LGDWLRQ�SURFHVV�DQG�WKH�EHJLQQLQJ�RI�WKH�FRSSHU�R[LGDWLRQ�XS�WR�&X����7KH�SUHVHQFH�RI�
WKLV� FRSSHU� LRQ� DOWHUV� WKH� UXE\� TXDOLW\� DQG� UHSUHVHQWV� WKH� XSSHU� WLPH� OLPLW� IRU� WKH� JRRG�
TXDOLW\�UXE\�JODVV�HODERUDWLRQ�SURFHVV��
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7KH� VWULNLQJ� WHPSHUDWXUH� DQG� WLPH� KDYH� D� V\QHUJHWLF� DFWLRQ� WKH� ���� QP� SHDN� DPSOLWXGH�
GHSHQGLQJ� OLQHDUO\� RQ� WHPSHUDWXUH� EXW� ORJDULWKPLFDOO\� RQ� WLPH�� 7KHVH� DUH� WKH� PDLQ�
WHFKQRORJLF�SDUDPHWHUV�GHWHUPLQLQJ��WRJHWKHU�ZLWK�FRSSHU�FRQFHQWUDWLRQ��WKH�QXDQFH�DQG�WKH�
LQWHQVLW\�RI�FRSSHU�UXE\�JODVV�FRORU��

$QRWKHU� LPSRUWDQW� DFKLHYHPHQW� FRQVLVWV� LQ� WKH� IDFW� WKDW� WKH� JODVV� FRPSRVLWLRQ� KDV� D� ORZ�
LQIOXHQFH�RQ�WKH�FRSSHU�FROORLGDO�DJJUHJDWHV�DEVRUSWLRQ�SHDN�SRVLWLRQ��3DVVLQJ�IURP�VLOLFDWH�
JODVV�WR�ERUDWH�DQG�SKRVSKDWH�JODVVHV�WKH�SHDN�SRVLWLRQ�PRGLILFDWLRQ�LV�YHU\�VPDOO��LQVLGH�RI�
VRPH����QP����

�

&RQFOXVLRQV�

'XH� WR� WKH�DFWXDO� WHQGHQF\� WR� DYRLG� WKH�XVH�RI� FDGPLXP� LQ� UHG� JODVVHV�ZHUH�H[SORUHG� WKH�
UHGR[� PHFKDQLVP� DQG� WKH� WHFKQRORJ\� RI� FRSSHU� UXE\�� ZKLFK� VHHPV� WR� EH� D� UHDVRQDEOH�
DOWHUQDWLYH��

8VLQJ�D�VRGLXP�ERUDWH�PRGHO�JODVV�ZHUH�PHOWHG�DQG�VWXGLHG�JODVVHV�FRQWDLQLQJ�&X�2��&X2�
RU�&XR��XVLQJ�DQ�RUJDQLF� UHGXFHU�DQG�DOVR�6Q�IURP�D�&X�6Q�DOOR\��7KH�VRGLXP�ERUDWH�JODVV�
ZLWK�&X�2�FRQWHQW�GLG�QRW�H[KLELW�D�UHG�FRORU��7KH�DGYDQWDJH�RI�XVLQJ�&X�6Q�DOOR\�LQVWHDG�RI�
RWKHU�FRSSHU�VRXUFHV�DQG�RI�WKH�RUJDQLF�UHGXFHU�ZDV�HYLGHQFHG��

7KH� FRSSHU� UXE\� REWDLQPHQW� LQ� DQ� LQGXVWULDO� W\SH� JODVV� ZDV� VWXGLHG� DFKLHYLQJ� VRPH� QHZ�
LQIRUPDWLRQ� FRQFHUQLQJ� D� VDWXUDWLRQ� SKHQRPHQRQ� UHODWHG� WR� 6Q� TXDQWLW\�� WKH� V\QHUJHWLF�
LQIOXHQFH�RI�VWULNLQJ�WHPSHUDWXUH�DQG�WLPH�DQG�WKH�ORZ�LQIOXHQFH�RI�JODVV�FRPSRVLWLRQ�XSRQ�
WKH�FROORLGDO�DJJUHJDWHV�DEVRUSWLRQ�SHDN�SRVLWLRQ��

7KH� DFFXPXODWHG� UHVXOWV� FRQWULEXWH� WR� WKH�PRUH� GHHSO\� XQGHUVWDQGLQJ� RI� UHGR[� SURFHVVHV�
PHFKDQLVP�DW�FRSSHU�UXE\�REWDLQPHQW�DQG�WKH�LQIOXHQFH�RI�VRPH�WHFKQRORJLFDO�SDUDPHWHUV��
1RZ�LW� LV�SRVVLEOH� WR� LPDJLQH�H[SHULPHQWV�DW�DQ� LQGXVWULDO�VFDOH� WR�HVWDEOLVK� WKH�FRQGLWLRQV�
IRU�FRSSHU�UXE\�JODVV�REWDLQPHQW�LQ�ODUJH�TXDQWLWLHV��

������������������������������ �������������������

��3��%DOW���LQ�*ODVV�7HFKQRORJ\��'LGDFWLF�DQG�3HGDJRJLF�3UHVV�&R���%XFKDUHVW���������

��:��$��:H\O��LQ�&RORXUHG�*ODVVHV��6RFLHW\�RI�*ODVV�7HFKQRORJ\��6KHIILHOG���������

��$WPD�5DP��6��1��3UDVDG�DQG�.��3��6ULYDVWDYD��,QGLDQ�*ODVV�DQG�&HUDP��%XO������S���������������

��&��&�S� vQ��LQ�)LUVW�%DONDQ�&RQIHUHQFH�RQ�*ODVV�6FLHQFH�DQG�7HFKQRORJ\��������S�����������

��9��&ULVWHD��'��%HFKHUHVFX�DQG�3��6LPRQIL��0DW��GH�&RQVWU��9��S����������������LQ�5RPDQLDQ���

��3��%DOW���&DPHOLD�&�S� vQ���(XJHQLD�%DOW��LQ�;,,�,QWHUQDWLRQDO�&RQI��RQ�&KHPLVWU\�DQG�&KHPLFDO�
(QJLQHHULQJ��������S�����������

��&DPHOLD�&�S� vQ���8QLYHUVLW\��3ROLWHKQLFD��%XFKDUHVW��&RSSHU�UXE\�JODVV�D�SRVVLEOH�
HFRORJLFDO�DOWHUQDWLYH�WR�FDGPLXP�UHG�JODVVHV���������
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