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7KH� 6WUDWHJLF� +LJKZD\� 5HVHDUFK� 3URJUDP� �6+53�� ZDV� D� ��\HDU�� ����� PLOOLRQ

UHVHDUFK� HIIRUW� WKDW� PRELOL]HG� VWDWH�RI�WKH�DUW� HQJLQHHULQJ� DQG� VFLHQWLILF� H[SHUWLVH� WR� VROYH

SUREOHPV�IDFHG�E\�WKRVH�LQ�WKH�KLJKZD\�HQJLQHHULQJ�FRPPXQLW\���,W�ZDV�IXQGHG�E\�WKH�VWDWH

GHSDUWPHQWV� RI� WUDQVSRUWDWLRQ� �'27V�� DQG� DGPLQLVWHUHG� E\� WKH� 1DWLRQDO� $FDGHP\� RI

(QJLQHHULQJ�� �0RVW�RI� WKH�6+53�UHVHDUFK�ZDV�XQGHUWDNHQ�EHWZHHQ������DQG������� �2I� WKH

�����PLOOLRQ�WKDW�ZDV�H[SHQGHG������PLOOLRQ�ZDV�VSHQW� LQ� WKH�DUHD�RI�DVSKDOW�UHVHDUFK�� �$V

SDUW� RI� WKLV� HIIRUW�� WKH� 6+53� $VSKDOW� 5HVHDUFK� 3URJUDP� SURGXFHG� D� SURGXFW� FDOOHG

6XSHUSDYH��ZKLFK�VWDQGV�IRU�6XSHULRU�3HUIRUPLQJ�$VSKDOW�3DYHPHQWV�� �$OWKRXJK�6XSHUSDYH

LV�FDOOHG�D�SURGXFW��LW�LV�DFWXDOO\�D�QHZ�V\VWHP�IRU�VSHFLI\LQJ�DVSKDOW�PDWHULDOV�DQG�FRQVLVWV�RI

WZR�SULQFLSDO�IHDWXUHV������D�QHZ�DVSKDOW�ELQGHU�VSHFLILFDWLRQ�ZLWK�D�QHZ�VHW�RI�WHVWV�WR�PDWFK

DQG�����D�QHZ�PL[�GHVLJQ�DQG�DQDO\VLV�V\VWHP�

$W� DSSUR[LPDWHO\� WKH� PLGSRLQW� RI� 6+53¶V� WHUP�� WRS� PDQDJHUV� LQ� VWDWH� '27V�

LQGXVWU\�� DQG� WKH� )HGHUDO� +LJKZD\� $GPLQLVWUDWLRQ� �)+:$�� EHJDQ� WR� FRQWHPSODWH� WKH

LPSOHPHQWDWLRQ�SKDVH�RI�WKH�YDULRXV�6+53�UHVHDUFK�SURGXFWV���7KHUH�ZDV�D�FOHDU�EHOLHI�WKDW�LI

WKH�EHQHILWV�RI�6+53�ZHUH� WR�EH� UHDOL]HG�� WKHQ�D�FOHDU�� DJJUHVVLYH� LPSOHPHQWDWLRQ� VWUDWHJ\

QHHGHG�WR�EH�IROORZHG���&RQVHTXHQWO\��WKH�,QWHUPRGDO�6XUIDFH�7UDQVSRUWDWLRQ�DQG�(IILFLHQF\

$FW�RI������DOORFDWHG������PLOOLRQ�WR�IDFLOLWDWH�LPSOHPHQWDWLRQ�RI�6+53�UHVHDUFK�SURGXFWV�

ZLWK�WKH�)+:$�FKDUJHG�ZLWK�FRRUGLQDWLQJ�WKH�UHVHDUFK�HIIRUWV�

7KH�)+:$�GHYHORSHG�D�6XSHUSDYH�LPSOHPHQWDWLRQ�SODQ�WKDW�LQFOXGHG�PDQ\�IHDWXUHV�

RQH�RI�ZKLFK�ZDV� WKH�HVWDEOLVKPHQW�RI�6XSHUSDYH�FHQWHUV� WKDW�ZHUH� WR� IXQFWLRQ�DV� UHJLRQDO

FHQWHUV� RI� H[SHUWLVH� WR� H[SHGLWH� 6XSHUSDYH� LPSOHPHQWDWLRQ�� � :KLOH� WKH� 6+53� DVSKDOW

UHVHDUFKHUV�SURGXFHG�D�ILQLVKHG�SURGXFW�LQ�6XSHUSDYH��WKHUH�ZDV�JHQHUDO�FRQVHQVXV�WKDW�VRPH

RI�WKH�IHDWXUHV�RI�6XSHUSDYH�UHPDLQHG�LQ�WKH�UHVHDUFK�DUHQD���$V�D�UHVXOW��WKH�)+:$�EHOLHYHG

WKDW� WKH� 6XSHUSDYH� FHQWHUV� QHHGHG� WR� SRVVHVV� HQJLQHHULQJ� UHVHDUFK� FDSDELOLWLHV�� � 7KXV�� WKH

)+:$�DUUDQJHG� IRU� WKH� HVWDEOLVKPHQW�RI� WKH� FHQWHUV� DW� XQLYHUVLWLHV�� HDFK�ZLWK� D�KRVW� VWDWH

'27��WR�VHUYH�DV�D�OLDLVRQ�ZLWK�RWKHU�'27V�LQ�WKH�UHJLRQ���7DEOH���RXWOLQHV�WKH�FHQWHUV�WKDW

ZHUH�HVWDEOLVKHG�

3ODQV�IRU�WKH�6RXWK�&HQWUDO�6XSHUSDYH�&HQWHU��6&6&��EHJDQ�LQ�PLG�������7KH�&HQWHU

KLUHG�LWV�ILUVW�VWDII�LQ�HDUO\������DQG�ZDV�IXOO\�VWDIIHG�E\�-XQH�������DW�ZKLFK�SRLQW�LW�EHFDPH

IXOO\�RSHUDWLRQDO����7KLV�UHSRUW�GHVFULEHV�6&6&�DFWLYLWLHV�WKDW�WRRN�SODFH�EHWZHHQ�-XQH�����

�ZKHQ�LW�ILUVW�EHFDPH�RSHUDWLRQDO��DQG�WKH�HQG�RI�$XJXVW������
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7DEOH�����6XSHUSDYH�5HJLRQDO�&HQWHUV

5HJLRQDO�&HQWHU +RVW�8QLYHUVLW\ +RVW�6WDWH�'27

1RUWKHDVW�6XSHUSDYH�&HQWHU 3HQQ�6WDWH�8QLYHUVLW\ 3HQQV\OYDQLD�'27

6RXWKHDVW�6XSHUSDYH�&HQWHU $XEXUQ�8QLYHUVLW\ $ODEDPD�'27

1RUWK�&HQWUDO�6XSHUSDYH�&HQWHU 3XUGXH�8QLYHUVLW\ ,QGLDQD�'27

:HVWHUQ�5HJLRQ�6XSHUSDYH�&HQWHU 8QLYHUVLW\�RI�1HYDGD�DW�5HQR 1HYDGD�'27

6RXWK�&HQWUDO�6XSHUSDYH�&HQWHU 8QLYHUVLW\�RI�7H[DV�DW�$XVWLQ 7H[DV�'27

6287+�&(175$/�683(53$9(�&(17(5�6758&785(

$'0,1,675$7,9(�6758&785(

7KH�7H[DV�'HSDUWPHQW�RI�7UDQVSRUWDWLRQ��7['27��SURYLGHG�SULQFLSDO�IXQGLQJ�IRU�WKH

6RXWK� &HQWUDO� 6XSHUSDYH� &HQWHU� �6&6&�� LQ� WKH� DPRXQW� RI� ��������� SHU� \HDU�� ZLWK� DQ

DGGLWLRQDO� ��������� SURYLGHG� WR� 6&6&� E\� WKH� )HGHUDO� +LJKZD\� $GPLQLVWUDWLRQ� �)+:$��

)RU� IXQGLQJ� DQG� RWKHU� DGPLQLVWUDWLYH� SXUSRVHV�� 6&6&�ZDV� HVWDEOLVKHG� E\�7['27� WKURXJK

WKHLU� QRUPDO� FRRSHUDWLYH� UHVHDUFK� DUUDQJHPHQW� ZLWK� 7KH� 8QLYHUVLW\� RI� 7H[DV� DW� $XVWLQ�

&HQWHU�IRU�7UDQVSRUWDWLRQ�5HVHDUFK��&75����&HQWHU�SHUVRQQHO�ZHUH�KLUHG�DV�HPSOR\HHV�RI�WKH

8QLYHUVLW\�DQG�DOO�RWKHU�DGPLQLVWUDWLYH�IXQFWLRQV�ZHUH�FRQGXFWHG�XQGHU�WKH�QRUPDO�UXOHV�DQG

UHJXODWLRQV� HVWDEOLVKHG� E\� 7['27� WKDW� DUH� SDUW� RI� WKH� FRRSHUDWLYH� DJUHHPHQW�� � ,Q� RWKHU

ZRUGV�� WKH� 6&6&�ZDV� DGPLQLVWHUHG� WKH� ZD\� DQ\� RWKHU� 7['27�IXQGHG� UHVHDUFK� SURMHFW� LV

DGPLQLVWHUHG�DW�7KH�8QLYHUVLW\�RI�7H[DV�DW�$XVWLQ���7['27�DVVLJQHG�0DJKVRXG�7DKPRUHVVL�

KHDG� RI� %LWXPLQRXV� %UDQFK�� 0DWHULDOV� DQG� 7HVWV� 6HFWLRQ�� &RQVWUXFWLRQ� 'LYLVLRQ�� DV� LWV

GHVLJQDWHG� SURMHFW� GLUHFWRU�� � 7KXV�� KH� VHUYHG� DV� GLUHFWRU� RI� WKH� 6&6&�� � 'U�� 7KRPDV� :�

.HQQHG\�� (QJLQHHULQJ� )RXQGDWLRQ� 3URIHVVRU�� 'HSDUWPHQW� RI� &LYLO� (QJLQHHULQJ�� ZDV

GHVLJQDWHG�E\�WKH�8QLYHUVLW\�DV�SULQFLSDO�LQYHVWLJDWRU�

0$1$*(0(17�6758&785(

$V�WKH�KRVW�VWDWH�GHSDUWPHQW�RI�WUDQVSRUWDWLRQ��'27���7['27�GHFLGHG�WKDW�WKH�6&6&

QHHGHG� WR� EH� JRYHUQHG� E\� D� PDQDJHPHQW� FRPPLWWHH� FRQVLVWLQJ� RI� LQGLYLGXDOV� ZKR

UHSUHVHQWHG� RUJDQL]DWLRQV� WKDW� ZHUH� WR� EH� DVVLVWHG� RU� DIIHFWHG� E\� &HQWHU� DFWLYLWLHV�� � 7KLV

FRPPLWWHH� LQFOXGHG�PDWHULDOV�HQJLQHHUV� IURP�WKH�VWDWH�'27V�VHUYHG�E\� WKH�&HQWHU��)+:$

SHUVRQQHO��DQG�LQGXVWU\�UHSUHVHQWDWLYHV���7KXV��LQ�HDUO\�������7['27�H[WHQGHG�LQYLWDWLRQV�WR

WKH�VWDWH�PDWHULDOV�HQJLQHHUV� LQ�$UL]RQD��1HZ�0H[LFR��2NODKRPD��$UNDQVDV��DQG�/RXLVLDQD

WR�VHUYH�DV�PDQDJHUV�RI�WKH�DFWLYLWLHV�RI�WKH�&HQWHU���$OVR�LQYLWHG�ZHUH�UHSUHVHQWDWLYHV�RI�WKH

)+:$�7H[DV�'LYLVLRQ�DQG�)+:$�5HJLRQ����ZKLFK�LQFOXGHG�PRVW�RI�WKH�VWDWHV�WKDW�ZRXOG

EHQHILW� IURP�WKH�DFWLYLWLHV�RI� WKH�&HQWHU�� �$GGLWLRQDOO\��7['27� LQYLWHG�SDUWLFLSDWLRQ�RI� WKH
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7H[DV�+RW�0L[�$VSKDOW�3DYHPHQW�$VVRFLDWLRQ�LQ�DQ�DWWHPSW�WR�DWWUDFW�LQGXVWU\�SDUWLFLSDWLRQ�

7DEOH���VKRZV�WKH�&HQWHU¶V�RULJLQDO�PDQDJHPHQW�FRPPLWWHH�

7DEOH����6&6&�0DQDJHPHQW�&RPPLWWHH

0DQDJHPHQW�&RPPLWWHH�0HPEHU $IILOLDWLRQ

)UHG�&RRQH\ 1HZ�0H[LFR�'27

-DPHV�&UDYHQV )+:$�7H[DV�'LYLVLRQ

'RXJODV�)RUVWLH $UL]RQD�'27

-DPHV�*HH $UNDQVDV�+LJKZD\�DQG�7UDQVSRUWDWLRQ�'HSW�

.DWKHULQH�+ROW]�� 7['27

5RVV�0DUWLQH] )+:$�5HJLRQ��

-DUYLV�3RFKH /RXLVLDQD�'HSW��RI�7UDQVSRUWDWLRQ�DQG

'HYHORSPHQW

&KDUOHV�6PRRW 7H[DV�+RW�0L[�$VSKDOW�3DYHPHQW�$VVQ�

-DFN�7HOIRUG 2NODKRPD�'27
��&RPPLWWHH�&KDLU

$W�LWV�LQLWLDO�PHHWLQJ��WKH�PDQDJHPHQW�FRPPLWWHH�RXWOLQHG�WKH�IROORZLQJ�PLVVLRQ�DQG

YLVLRQ�RI�WKH�&HQWHU�

7KH� 6&6&� UHSUHVHQWV� D� XQLTXH� SDUWQHUVKLS� DPRQJ� 7['27�� � WKH� )+:$�� DQG� 7KH

8QLYHUVLW\� RI� 7H[DV� DW� $XVWLQ�� &HQWHU� IRU� 7UDQVSRUWDWLRQ� 5HVHDUFK�� � &RRSHUDWLQJ

SDUWQHUV�LQFOXGH�WKH�$UL]RQD�'HSDUWPHQW�RI�7UDQVSRUWDWLRQ��$UNDQVDV�6WDWH�+LJKZD\

DQG� 7UDQVSRUWDWLRQ� 'HSDUWPHQW�� /RXLVLDQD� 'HSDUWPHQW� RI� 7UDQVSRUWDWLRQ� DQG

'HYHORSPHQW��WKH�1HZ�0H[LFR�6WDWH�+LJKZD\�'HSDUWPHQW��WKH�2NODKRPD�'27��DQG

WKH�)+:$�

7KH�PLVVLRQ�RI�WKH�&HQWHU�LV�WR�

����(YDOXDWH�DQG�LPSURYH�6XSHUSDYH�SURGXFWV�WKURXJK�DSSOLHG�UHVHDUFK�

����$VVLVW�DQG�SURPRWH�XQLIRUP�6XSHUSDYH�WHFKQRORJ\�

����%H�DQ�LQIRUPDWLRQ�UHVRXUFH�IRU�PDQDJHPHQW�OHYHO�SHUVRQQHO�

����3URYLGH�WUDLQLQJ�LQ�6XSHUSDYH�WHFKQRORJ\�

����3URYLGH�WHVWLQJ�DQG�WHFKQLFDO�DVVLVWDQFH�WR�6XSHUSDYH�&HQWHU�SDUWQHUV�

7KH�6&6&�SURYLGHV�H[SHUW�DVVLVWDQFH�WR�DJHQFLHV��LQGXVWU\��DQG�DFDGHPLD�LQ�DOO�DUHDV

SHUWDLQLQJ�WR�WKH�LPSOHPHQWDWLRQ�RI�6XSHUSDYH�
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'XULQJ� LWV� ILUVW� �� \HDUV� RI� RSHUDWLRQ�� WKH� 6&6&� KDG� D� VWDII� WKDW� FRQVLVWHG� RI� ILYH

SULQFLSDO�LQGLYLGXDOV��5REHUW�%��0F*HQQLV�PDQDJHG�WKH�GD\�WR�GD\�DIIDLUV�RI�WKH�&HQWHU���'U�

0DQVRXU�6RODLPDQLDQ�VHUYHG�DV�SURMHFW�HQJLQHHU�IRU�WKH�&HQWHU��'DQLHO�/��4XLUH�IXQFWLRQHG

DV�WHFKQLFDO�VWDII�DQG�PDQDJHG�ELQGHU�DQG�SHUIRUPDQFH�WHVWLQJ��(XJHQH�(��%HWWV�DOVR�VHUYHG

DV�WHFKQLFDO�VWDII�DQG�PDQDJHG�WKH�DFWLYLWLHV�RI�WKH�&HQWHU�SHUWDLQLQJ�WR�DJJUHJDWH�SURFHVVLQJ

DQG�PL[� GHVLJQ�� -LDQ�1��:DQJ�ZDV� D� JUDGXDWH� VWXGHQW�ZKR� VHUYHG� DV� WHFKQLFDO� VWDII� DW� ��

SHUFHQW�WLPH�ZKLOH�KH�SXUVXHG�D�GRFWRUDO�GHJUHH�LQ�FLYLO�HQJLQHHULQJ��&ODLU�/D9D\H�ZRUNHG�DW

D����SHUFHQW�OHYHO�DQG�DGPLQLVWHUHG�WKH�&HQWHU¶V�SUHVHQFH�RQ�WKH�,QWHUQHW���2WKHU�&HQWHU�VWDII

FRQVLVWHG�RI�YDULRXV�JUDGXDWH�VWXGHQWV�DQG�7['27�ORDQ�VWDII�WKDW�DVVLVWHG�WKH�&HQWHU�LQ�VXFK

DFWLYLWLHV�DV�ODERUDWRU\�H[SHULPHQWV�DQG�WUDLQLQJ�

)81',1*

3ULQFLSDO�IXQGLQJ�RI�WKH�6&6&�ZDV�SURYLGHG�E\�7['27�DQG�WKH�)+:$�DW�D�OHYHO�RI

DSSUR[LPDWHO\����������SHU�\HDU���2I�WKLV�DPRXQW�����������ZDV�SURYLGHG�E\�7['27�ZKLOH

���������ZDV�SURYLGHG�E\�WKH�)+:$���%\�WKH�FRPSOHWLRQ�RI�WKH�6&6&�SURMHFW��7['27�ZLOO

KDYH�IXQGHG������������WRZDUG�&HQWHU�DFWLYLWLHV�DQG�WKH�)+:$�ZLOO�KDYH�IXQGHG����������

7KH� 6&6&� PDQDJHPHQW� FRPPLWWHH� GHFLGHG� WKDW� HDFK� SDUWLFLSDWLQJ� VWDWH� ZRXOG� FRQWULEXWH

�������� WR� WKH� &HQWHU�� DOWKRXJK� RQO\� �������� ZRXOG� EH� DYDLODEOH� IRU� &HQWHU� XVH�� � 7KH

UHPDLQLQJ���������ZDV� LQWHQGHG� WR�EH�XVHG�E\�VWDWH�'27�SHUVRQQHO� WR� IXQG� WKHLU� WUDYHO� WR

&HQWHU�PHHWLQJV�DQG�RWKHU�PHHWLQJV�SHUWDLQLQJ� WR�6XSHUSDYH� LPSOHPHQWDWLRQ�� �+RZHYHU��RI

WKH� ILYH� FRRSHUDWLQJ� VWDWHV�� RQO\� $UNDQVDV� DQG� 2NODKRPD� HOHFWHG� WR� SURYLGH� IXQGLQJ�

$UL]RQD�� /RXLVLDQD�� DQG� 1HZ�0H[LFR� GLG� QRW� SURYLGH� IXQGLQJ�� DOWKRXJK� &HQWHU� VWDII� GLG

SURYLGH�D�YDULHW\�RI�VHUYLFHV�WR�WKRVH�VWDWHV�

,Q�DGGLWLRQ�WR�GLUHFW�IXQGLQJ��WKH�)+:$�ORDQHG�6XSHUSDYH�HTXLSPHQW�WR�WKH�&HQWHU�

7KLV� HTXLSPHQW� LQFOXGHG� D� 3LQH� 6XSHUSDYH� J\UDWRU\� FRPSDFWRU� �6*&��� D� 6XSHUSDYH� VKHDU

WHVWHU�� D� 6XSHUSDYH� LQGLUHFW� WHQVLOH� WHVWHU�� DQG� D� 6XSHUSDYH� GLUHFW� WHQVLRQ� WHVWHU�� � 2WKHU

QHFHVVDU\�HTXLSPHQW�ZDV�SXUFKDVHG�E\�&HQWHU� VWDII� WKURXJK� WKH�&HQWHU¶V�QRUPDO�RSHUDWLQJ

EXGJHW�

)$&,/,7,(6

,Q�-XQH�������WKH�6&6&�EHJDQ�RSHUDWLRQV�LQ�WKH�SDYHPHQW�PDWHULDOV�ODERUDWRU\�WKDW�LV

MRLQWO\�RSHUDWHG�E\� WKH�'HSDUWPHQW�RI�&LYLO�(QJLQHHULQJ� DQG� WKH�&HQWHU� IRU�7UDQVSRUWDWLRQ

5HVHDUFK�DW�7KH�8QLYHUVLW\�RI�7H[DV�DW�$XVWLQ���7KDW�IDFLOLW\�LV�ORFDWHG�RQ�FDPSXV�LQ�(DUQHVW

&RFNUHOO��-U���+DOO�DQG�RFFXSLHV�DSSUR[LPDWHO\�������VTXDUH�IHHW�RI�VSDFH���,W�ZDV�LQLWLDOO\�WKH

GHVLUH�RI�WKH�SULQFLSDO�IXQGLQJ�DJHQF\��7['27��WKDW�WKH�&HQWHU�RSHUDWH�DQ�LQGHSHQGHQW��RII�
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FDPSXV� IDFLOLW\�� � 3UHOLPLQDU\� GHVLJQV� LQGLFDWHG� WKDW� D� ������ WR� ������ VTXDUH� IRRW� IDFLOLW\

ZRXOG�HIIHFWLYHO\�DFFRPPRGDWH�DOO�QHFHVVDU\�DFWLYLWLHV�

'XULQJ� WKH�VHDUFK� IRU�DQ�RII�FDPSXV�VLWH��7['27�H[SUHVVHG� WKH�GHVLUH� IRU�D� VKDUHG

IDFLOLW\�� ZLWK� &HQWHU� VSDFH� HDVLO\� DFFHVVLEOH� WR� WKH� %LWXPLQRXV� DQG� $VSKDOW� 6HFWLRQV� RI

7['27¶V�0DWHULDOV� DQG� 7HVWV� 'LYLVLRQ�� � 7KLV� SURSRVHG� DUUDQJHPHQW� KDG� WZR� DGYDQWDJHV�

)LUVW�� LW�DOOHYLDWHG�D�VSDFH�SUREOHP�WKHVH�WZR�VHFWLRQV�KDG�DW�7['27¶V�0DWHULDOV�DQG�7HVWV

'LYLVLRQ� EXLOGLQJ�� � 6HFRQG�� D� VKDUHG� VLWH�ZRXOG� H[SRVH�7['27� HQJLQHHULQJ� DQG� WHFKQLFDO

VWDII� WR� WKH� H[SHUWLVH� DQG� HTXLSPHQW� RSHUDWLQJ� DW� WKH� &HQWHU�� � &RQVHTXHQWO\�� &HQWHU� DQG

7['27�VWDII�EHJDQ�D�VHDUFK�IRU�FRPPHUFLDO�OHDVH�VSDFH�LQ�WKH�JUHDWHU�$XVWLQ�YLFLQLW\���7KLV

VHDUFK�HYHQWXDOO\�OHG�WR�D�OLJKW�LQGXVWU\�VLWH�LQ�QRUWK�$XVWLQ�WKDW�LV�FORVH�WR�WKH�8QLYHUVLW\¶V

3LFNOH�5HVHDUFK�&DPSXV�

7['27�DQG�&HQWHU�SHUVRQQHO�GHVLJQHG�D��������VTXDUH�IRRW�ODERUDWRU\��UHVHDUFK��DQG

WUDLQLQJ�IDFLOLW\���2I�WKLV�WRWDO��WKH�6&6&�RFFXSLHG�D�VHSDUDWH�������VTXDUH�IRRW�DUHD��ZLWK�DQ

DGGLWLRQDO� ������ VTXDUH� IHHW� RI� VKDUHG� VSDFH�� � 6KDUHG� VSDFH� LQFOXGHG� D� VWRUDJH� DUHD�

FODVVURRP�VSDFH�� DQG�NLWFKHQ�EUHDN� URRPV��7KLV� IDFLOLW\� LV� ORFDWHG� DW� �����:HVW�5XQGEHUJ

/DQH�LQ�$XVWLQ��)LJXUH���VKRZV�WKH�OD\RXW�RI�WKH�6&6&�EXLOGLQJ�

)LJXUH�����/D\RXW�RI�WKH�6&6&

6WRUDJH

$UHD

$JJUHJDWH

3UHSDUDWLRQ
0L[ /DE%LQGHU

/DE
+\GUDXOLFV

HQJLQHHULQJ

SURSHUW\ WHVWLQJ

PL[LQJ DQG

FRPSDFWLRQ

RIF

RIF

RIF

RIF

RIF

YROXPHWULF

WHVWLQJ
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&20081,&$7,216

1(:6/(77(5

7R�PHHW� WKH�JRDOV�DQG�REMHFWLYHV�RI� WKH�6&6&��WKH�PDQDJHPHQW�FRPPLWWHH�GLUHFWHG

&HQWHU� VWDII� WR� SUHSDUH� D� TXDUWHUO\� QHZVOHWWHU� WR� RXWOLQH� &HQWHU� DFWLYLWLHV� DQG� VHUYH� DV� D

YHKLFOH� WR� FRPPXQLFDWH�YDULRXV� LQIRUPDWLRQ� SHUWDLQLQJ� WR�6XSHUSDYH� LPSOHPHQWDWLRQ��7ZR

QHZVOHWWHUV� ZHUH� XOWLPDWHO\� SURGXFHG� LQ� ������ � &HQWHU� VWDII� SUHSDUHG� D� PDLOLQJ� OLVW� RI

DSSUR[LPDWHO\�������QDPHV�WR�ZKLFK�WKHVH�QHZVOHWWHUV�ZHUH�PDLOHG���2ZLQJ�WR�D�UHGXFWLRQ�LQ

WKH�&HQWHU�EXGJHW�RI���������GLUHFWHG�E\�WKH�7H[DV�'HSDUWPHQW�RI�7UDQVSRUWDWLRQ��7['27��

WKH�VWDII�GHFLGHG�WR�GLVFRQWLQXH�WKH�QHZVOHWWHU�LQ�IDYRU�RI�WKH�6&6&�,QWHUQHW�VLWH�

,17(51(7�6,7(

7KH�6&6&�:HE�VLWH�EHJDQ�LQ�$SULO��������,W�ZDV�GHYHORSHG�DQG�DGPLQLVWHUHG�E\�&ODLU

/D9D\H� RI� 7KH� 8QLYHUVLW\� RI� 7H[DV� DW� $XVWLQ�� &HQWHU� IRU� 7UDQVSRUWDWLRQ� 5HVHDUFK�� � ,W� LV

ORFDWHG�RQ� WKH�876�VHUYHU�DW�7KH�8QLYHUVLW\�RI�7H[DV�DW�$XVWLQ�&RPSXWDWLRQ�&HQWHU�� �7KH

VLWH� LV�PLUURUHG�DQG�DXWRPDWLFDOO\�EDFNHG�XS� WKURXJK� WKH�8QLYHUVLW\¶V�81,;�V\VWHP�� �7KLV

V\VWHP�SURYLGHV�D�ZHHNO\�VWDWLVWLFDO�UHSRUW�RQ�KLWV�DQG�YLVLWRUV�WR�WKH�VLWH�

7KH�VLWH�FRQVLVWV�RI�WH[W�ILOHV�LQ�+70/�ZLWK�OLWWOH�-DYD�6FULSW��QR�IUDPHV��DQG�FRPSDFW

JUDSKLFV���7KLV�HQYLURQPHQW�HQVXUHV�WKDW�WKH�VLWH�GLVSOD\V�TXLFNO\�DQG�UHOLDEO\�WR�DOO�EURZVHUV�

LQFOXGLQJ�1HWVFDSH��/\Q[��DQG�0LFURVRIW¶V�,QWHUQHW�([SORUHU���7KH�EXON�RI�WKH�:HE�VLWH��DQG

LWV�PDLQ�IHDWXUH��LV�DQ�H[WHQVLYH�VHW�RI�DUWLFOHV�RQ�6XSHUSDYH�WHFKQRORJ\�DQG�UHVHDUFK���7KHUH

LV�DOVR�DQ�)73�GLUHFWRU\�WKDW�KRXVHV�XVHIXO�VRIWZDUH�IRU�IUHH�GRZQORDG�WR�:HE�YLVLWRUV���$Q

LPSRUWDQW� IHDWXUH� RI� WKH� VLWH� LV� WKH� DQQRXQFHPHQW� RI� WUDLQLQJ� LQ� 6XSHUSDYH� DQG

DQQRXQFHPHQWV�RI�6XSHUSDYH�UHODWHG�HYHQWV�VFKHGXOHG�LQ�WKH�8�6�

7KH� FRQWHQW� RI� WKH� VLWH� FRQVLVWV� RI� SDJHV� WKDW� H[SODLQ� ZKDW� 6XSHUSDYH� LV�� RXWOLQHV

6XSHUSDYH�PL[�GHVLJQ��SURYLGHV�WKH�PLVVLRQ�RI�WKH�6&6&��OLVWV�VWDII�DQG�KRZ�WR�FRQWDFW�WKHP�

DQG� SRVWV� MRE� DQG� LQWHUQVKLS� RSSRUWXQLWLHV� LQ� WKH�6XSHUSDYH� DUHD�� � )LQDOO\�� WKHUH� LV� D� OLQNV

SDJH� WKDW� OLVWV� H[WHQVLYH� OLQNV� WR�PRUH� RQOLQH� LQIRUPDWLRQ� DERXW� 6XSHUSDYH� DQG� FRPSDQLHV

WKDW�VXSSRUW�WKLV�WHFKQRORJ\�

7KH� 6XSHUSDYH� 1HZVJURXS� EHJDQ� LQ� 'HFHPEHU� ����� DQG� KDV� JURZQ� WR� RYHU� ���

VXEVFULEHUV���7KLV�KDV�EHHQ�D�YHU\�SRSXODU�IHDWXUH�DVVRFLDWHG�ZLWK�WKH�6&6&�:HE�VLWH���7KH

8QLYHUVLW\�RI�7H[DV�PDLO�VHUYHU��0F)HHOH\��KDQGOHV�H�PDLO�IXQFWLRQV�DURXQG�WKH�FORFN��EDFNV

XS�WKH�PDLO��DUFKLYHV�LW��DQG�FUHDWHV�GDLO\�GLJHVWV���7KH�H�PDLO�LV�SHULRGLFDOO\�DUFKLYHG�LQWR�DQ

+70/�ILOH�DQG�SRVWHG�RQ�WKH�:HE�VLWH�
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:KHQ�WKH�:HE�VLWH�EHJDQ��LW�UHFHLYHG�EHWZHHQ�����DQG�������KLWV�SHU�ZHHN��D�ILJXUH

WKDW�KDV�QRZ�LQFUHDVHG� WR�DSSUR[LPDWHO\�������KLWV�SHU�ZHHN�� �0DQ\�RI� WKH�KLWV�DUH�RQ� WKH

VLWH¶V�DUWLFOHV¶� VHFWLRQ��ZKLFK� LV�ZKHUH� WKH�QHZHVW� LQIRUPDWLRQ� LV� NHSW�� �6RPH�DUWLFOHV�KDYH

EHHQ�KLW� DV�RIWHQ� DV����� WLPHV�SHU�ZHHN�� �7KH�KLWV� FRPH� IURP�H[WUHPHO\�GLYHUVH� ORFDWLRQV

ZRUOGZLGH���*RYHUQPHQWDO�DJHQFLHV�DUH�DPRQJ�WKH�PRVW�IUHTXHQW�XVHUV�RI�WKH�:HE�VLWH���,Q�D

��ZHHN� SHULRG� LQ� $XJXVW� ������ SHUVRQQHO� IURP� WKH� )HGHUDO� +LJKZD\� $GPLQLVWUDWLRQ

�)+:$��� WKH�)HGHUDO�$YLDWLRQ�$GPLQLVWUDWLRQ� �)$$��� WKH�1DWLRQDO�$HURQDXWLFV� DQG�6SDFH

$GPLQLVWUDWLRQ� �1$6$��� WKH� &LW\� RI� *OHQGDOH�� $UL]RQD�� DQG� VWDWH� GHSDUWPHQWV� RI

WUDQVSRUWDWLRQ��'27V�� LQ�&RORUDGR�� ,RZD��.DQVDV��0LQQHVRWD��0LVVRXUL��1HEUDVND��2UHJRQ�

7H[DV��DQG�:LVFRQVLQ�DFFHVVHG�WKH�VLWH���8VHUV�IURP�WKH�IROORZLQJ�FRXQWULHV�DFFHVVHG�WKH�VLWH

GXULQJ� WKH� VDPH� ZHHN�� $XVWULD�� $XVWUDOLD�� %UD]LO�� &DQDGD�� (FXDGRU�� )LQODQG�� *UHHFH�

,QGRQHVLD��,UHODQG��,WDO\��-DSDQ��6RXWK�.RUHD��0H[LFR��3HUX��6ZHGHQ��6LQJDSRUH��7XUNH\��DQG

WKH�8�6�

%HFDXVH� WKH� DUWLFOHV� SRUWLRQ� RI� WKH� 6&6&�:HE� VLWH� LV� LWV� PRVW� SRSXODU� IHDWXUH�� D� OLVW� RI

UHSUHVHQWDWLYH�DUWLFOHV�LV�VKRZQ�EHORZ�

x� 6XSHUSDYH� /HDG� 6WDWH� 5HFRPPHQGDWLRQV��� 7KLV� GRFXPHQW�� SURYLGHG� E\� 3DXO� 0DFN�

'HSXW\�&KLHI�(QJLQHHU�RI�WKH�1HZ�<RUN�6WDWH�'27��RXWOLQHV�WKH�ODWHVW�UHFRPPHQGDWLRQV

RI� WKH�6XSHUSDYH�/HDG�6WDWHV� WHDP�ZLWK� UHVSHFW� WR�6XSHUSDYH�PL[� GHVLJQ� DQG�PDWHULDO

UHTXLUHPHQWV�

x� 7KH�,PSRUWDQFH�RI�4XDOLW\�0DQDJHPHQW�RI�$VSKDOW�&RQFUHWH�3URGXFWLRQ���0DQLWRED¶V

H[SHULHQFH� DV� UHODWHG� E\� 'RXJ� )LVKHU�� 0DQDJHU�� (QJLQHHULQJ� $XGLW� DQG� 4XDOLW\

$VVXUDQFH�IRU�WKH�3URYLQFH�RI�0DQLWRED��+LJKZD\V�DQG�7UDQVSRUWDWLRQ�

x� )+:$�6XSHUSDYH�0L[WXUH�([SHUW�7DVN�*URXS���0LQXWHV�IURP�WKH�PHHWLQJ�KHOG�0DUFK

�������������LQ�2UODQGR��)ORULGD�

x� (YDOXDWLRQ� RI� 9DULRXV� 6XSHUSDYH� *\UDWRU\� &RPSDFWRUV� �� 7KLV� DUWLFOH� VXPPDUL]HV

6XSHUSDYH� J\UDWRU\� FRPSDFWRU� �6*&�� HYDOXDWLRQV� FRQGXFWHG� DW� WKH� 6&6&� XVLQJ� WKH

$PHULFDQ�$VVRFLDWLRQ�RI�6WDWH�+LJKZD\�DQG�7UDQVSRUWDWLRQ�2IILFLDOV��$$6+72��73���

7KH�QHZ�XQLWV�HYDOXDWHG� LQFOXGH� WKRVH�SURGXFHG�E\�3LQH��7UR[OHU��5DLQKDUW��7HVW�4XLS�

DQG�,QWHUODNHQ�

x� $+7'¶V�([SHULHQFH�ZLWK�6XSHUSDYH�3DYHPHQW�3HUPHDELOLW\���7KLV�DUWLFOH��E\�-HUU\�5�

:HVWHUPDQ�� $VVLVWDQW� 0DWHULDOV� (QJLQHHU� RI� WKH� $UNDQVDV� 6WDWH� +LJKZD\� DQG

7UDQVSRUWDWLRQ� 'HSDUWPHQW�� ZDV� SUHVHQWHG� IRU� WKH� $UNDQVDV� 6XSHUSDYH� 6\PSRVLXP�

-DQXDU\�����������LQ�/LWWOH�5RFN��$UNDQVDV�
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x� 6XPPDU\�RI�6XSHUSDYH�3URMHFWV�LQ�$UNDQVDV���7KLV�DUWLFOH��E\�-LP�*HH�RI�WKH�$UNDQVDV

+LJKZD\� DQG� 7UDQVSRUWDWLRQ� 'HSDUWPHQW�� SUHVHQWV� D� VXPPDU\� RI� H[SHULHQFH� RI

6XSHUSDYH�SURMHFWV�

x� 6XPPDU\� RI� 7['27� 6XSHUSDYH� 3URMHFWV� &RQVWUXFWHG� LQ� ����� �� 7KLV� DUWLFOH�� E\

0DJKVRXG� 7DKPRUHVVL� RI� 7['27�� SUHVHQWV� D� VXPPDU\� RI� H[SHULHQFH� RI� 6XSHUSDYH

SURMHFWV�FRQVWUXFWHG�LQ�7H[DV�LQ������

x� )+:$� 6XSHUSDYH�0L[WXUHV� ([SHUW� 7DVN�*URXS���0HHWLQJ�PLQXWHV� RI� WKH� 6HSWHPEHU

�����PHHWLQJ�RI�WKH�)+:$�6XSHUSDYH�0L[WXUHV�([SHUW�7DVN�*URXS�

x� 3URSHU�'HVLJQ� (6$/� 6HOHFWLRQ� ,V� &ULWLFDO� IRU� 6XSHUSDYH�0L[� 'HVLJQ� 6XFFHVV��� 7KLV

DUWLFOH��E\�3KLO�%ODQNHQVKLS�RI�.RFK�0DWHULDOV�&RPSDQ\��PDNHV�D�FDVH�IRU�XVLQJ�UDWH�RI

HTXLYDOHQW�VLQJOH�D[OH�ORDG��(6$/��DSSOLFDWLRQ�UDWKHU�WKDQ�WRWDO�(6$/V�IRU�WKH�SXUSRVH�RI

VHOHFWLQJ�6XSHUSDYH�PL[�GHVLJQV�

x� $� 7HVW� 0HWKRG� IRU� ,GHQWLI\LQJ� 0RLVWXUH� 6XVFHSWLEOH� $VSKDOW� &RQFUHWH� �� 7KLV� LV� D

GHVFULSWLRQ�RI�D�VWXG\�WKDW�ZDV�FRQGXFWHG�WR�EHWWHU�DQDO\]H�WKH�PRLVWXUH�VXVFHSWLELOLW\�RI

6XSHUSDYH�PL[HV�

x� &RPSDUDWLYH� $QDO\VLV� RI� 6XSHUSDYH� *\UDWRU\� &RPSDFWRUV� DQG� 7['27� *\UDWRU\

&RPSDFWRUV���7KLV�VWXG\�GHVFULEHV�D�FRPSDULVRQ�RI�WKH�6XSHUSDYH�DQG�7H[DV�J\UDWRU\

FRPSDFWRUV�IRU�ILHOG�FRQWURO�RI�KRW�PL[�DVSKDOW��+0$��SURGXFWLRQ�

x� 3URGXFWLRQ�DQG�3ODFHPHQW�RI�6XSHUSDYH�+RW�0L[�$VSKDOWLF�&RQFUHWH�3DYHPHQW���7KLV

DUWLFOH��E\�7LP�6WRQH��GHVFULEHV�D�FDVH�VWXG\�RI�D�VXFFHVVIXO�6XSHUSDYH�SURMHFW� LQ�QRUWK

7H[DV�

x� 5HVROXWLRQ�RI�6&2+����$0����$$6+72�5HVROXWLRQ���8QLIRUP�,PSOHPHQWDWLRQ�RI�6+53

6XSHUSDYH� �� 7KLV� UHVROXWLRQ�� UHFHQWO\� SDVVHG� E\� $$6+72�� RXWOLQHV� XQLIRUP

LPSOHPHQWDWLRQ�RI�6XSHUSDYH�

x� 8�6��+RW�0L[�$VSKDOW�&RQIHUHQFH�DQG�6XSHUSDYH�:RUNVKRS���7KLV�GRFXPHQWV�SUHVHQWV

D� VXPPDU\� RI� WKH� WHFKQLFDO� VHVVLRQV� KHOG� DW� WKH� ����� 8�6�� +0$� &RQIHUHQFH� DQG

6XSHUSDYH�:RUNVKRS�LQ�3KRHQL[��$UL]RQD��7KH�GRFXPHQW�ZDV�SUHSDUHG�E\�3KLOOLS�$UHQD

RI�WKH�/RXLVLDQD�'LYLVLRQ�RI�WKH�)+:$�

x� 7KH�6WDWXV�RI�6XSHUSDYH�%LQGHU�,PSOHPHQWDWLRQ���7KLV�LV�D�GLVFXVVLRQ�RI�WKH�DFFHSWDQFH

SURFHGXUHV�DQG�VSHFLILFDWLRQ�LPSDFWV�RQ�7['27�DQG�WKH�ELQGHU�LQGXVWU\�
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x� 5RXQGWDEOH� 'LVFXVVLRQ� RQ� 6XSHUSDYH� �� 7KLV� DUWLFOH� VXPPDUL]HV� WKH� URXQGWDEOH

GLVFXVVLRQ�WKDW�WRRN�SODFH�DW�WKH�$$6+72�6XEFRPPLWWHH�RQ�0DWHULDOV�0HHWLQJ�

x� 4&�4$�LQ�8WDK���7KLV�DEVWUDFW�LV�IURP�D�UHSRUW�E\�WKH�8WDK�'27��LW�GHVFULEHV�WKH�UHVXOWV

RI�D�4&�4$�FDVH�VWXG\�

x� $$6+72�7DVN�)RUFH�RQ�6+53�,PSOHPHQWDWLRQ������6XSHUSDYH�,PSOHPHQWDWLRQ���7KLV

DUWLFOH� GHVFULEHV� WKH� DFWLYLWLHV� RI� WKH� $$6+72� /HDG� 6WDWHV� RQ� 6XSHUSDYH

,PSOHPHQWDWLRQ��,W�LQFOXGHV�D�VXUYH\�RI�����������6XSHUSDYH�SURMHFWV�DQG�D�OLVWLQJ�RI�WKH

OHDG�VWDWHV¶�SRRO�RI�H[SHUWLVH�

x� ,QYHVWLJDWLRQ�RI�&RUUHFWLRQ�)DFWRUV� LQ�%DFNFDOFXODWLRQ�RI�'HQVLW\�8VLQJ� WKH�6XSHUSDYH

*\UDWRU\� &RPSDFWRU� �� 7KH� %LWXPLQRXV� 6HFWLRQ� RI� 7['27�� 0DWHULDOV� DQG� 7HVWV

'LYLVLRQ�� LQYHVWLJDWHG� VRPH� RI� WKH� HIIHFWV� RI� XVLQJ� FRUUHFWHG� EDFNFDOFXODWHG� ODERUDWRU\

PROGHG�GHQVLWLHV�DW�1�GHVLJQ��DV�XVHG�LQ�WKH�6XSHUSDYH�GHVLJQ�SURFHGXUH��7KLV�DUWLFOH�LV�D

EULHI�VXPPDU\�RI�VRPH�RI�WKH�LQWHULP�ILQGLQJV�RI�WKH�LQYHVWLJDWLRQ�

x� 6XSHUSDYH�3URMHFWV�5HYLHZ�RI�&RQVWUXFWLRQ�([SHULHQFH���7KLV�DUWLFOH��SUHSDUHG�E\� WKH

HQJLQHHULQJ�VWDII�RI�$VSKDOW� ,QVWLWXWH��GHVFULEHV�FRQVWUXFWLRQ�H[SHULHQFH�ZLWK�6XSHUSDYH

SURMHFWV�FRQVWUXFWHG�LQ������

x� (YDOXDWLRQ�RI�5HFRYHUHG�%LQGHUV�IURP�6ZLVV�/733�6HFWLRQV�ZLWK�6XSHUSDYH�%LQGHU�7HVWV

�� 7KLV� LV� DQ� DEVWUDFW� IURP� D� UHSRUW� E\� WKH� 6ZLVV� )HGHUDO� /DERUDWRULHV� IRU� 0DWHULDOV

7HVWLQJ�DQG�5HVHDUFK��,W�GHVFULEHV�D�VWXG\�FKDUDFWHUL]LQJ�ELQGHUV�UHFRYHUHG�IURP�D�6ZLVV

/733�VLWH�XVLQJ�WKH�6XSHUSDYH�ELQGHU�WHVWV�

x� :KDW�LV�+DSSHQLQJ�DW�:HV7UDFN���7KLV�DUWLFOH�UHSRUWV�WKH�ODWHVW�QHZV�IURP�WKH�)+:$¶V

SHUIRUPDQFH�UHODWHG�WHVW�H[SHULPHQW�DW�WKH�1HYDGD�$XWRPRWLYH�7HVW�)DFLOLW\�

x� 'HYHORSPHQW� RI� 5HODWLRQVKLSV� EHWZHHQ� 6+53� $VSKDOW� 7HVW� 3DUDPHWHUV� DQG� 6WUXFWXUDO

0L[WXUHV� IRU�0HFKDQLVWLF�$QDO\VLV�DQG�5HKDELOLWDWLRQ�'HVLJQ�RI�)OH[LEOH�3DYHPHQWV��

7KLV� DUWLFOH�� IURP� WKH� )ORULGD� '27�� GHVFULEHV� D� VWXG\� WR� LQYHVWLJDWH� WKH� UHODWLRQVKLS

EHWZHHQ�6XSHUSDYH�ELQGHU�SURSHUWLHV�DQG�FRQYHQWLRQDO�ELQGHU�SURSHUWLHV�

x� 6XSHUSDYH�3URWRFROV�IRU�0RGLILHG�$VSKDOW�%LQGHUV���7KLV�DUWLFOH��ZULWWHQ�E\�'U��+XVVDLQ

8�� %DKLD�� GHVFULEHV� WKH� UHVHDUFK� DSSURDFK� XVHG� IRU� 1DWLRQDO� &RRSHUDWLYH� +LJKZD\

5HVHDUFK�3URJUDP� �1&+53��3URMHFW� ������ ³6XSHUSDYH�3URWRFROV� IRU�0RGLILHG�$VSKDOW

%LQGHUV�´
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x� $$6+72� /HDG� 6WDWH� *XLGDQFH� RQ� 6XSHUSDYH� ,PSOHPHQWDWLRQ��� 7KLV� DUWLFOH�� E\� 3DXO

0DFN�RI� WKH�1HZ�<RUN�'27��RIIHUV� JXLGDQFH� IRU� LPSOHPHQWDWLRQ�RI�6XSHUSDYH�E\� WKH

$$6+72�OHDG�VWDWHV�

x� $JJUHJDWH� 3URGXFWLRQ� IRU� 6XSHUSDYH� +0$� �� 7KLV� DUWLFOH� GHVFULEHV� SURGXFWLRQ� RI

PLQHUDO�DJJUHJDWHV�IRU�XVH�LQ�6XSHUSDYH�+0$�

x� ([SHULHQFHV� ZLWK� 6XSHUSDYH� 9ROXPHWULF� 0L[� 'HVLJQV� �� 7KLV� DUWLFOH�� E\� 3KLOOLS

%ODQNHQVKLS�RI�.RFK�0DWHULDOV�&RPSDQ\��GLVFXVVHV� LVVXHV�SHUWDLQLQJ�WR�6XSHUSDYH�PL[

GHVLJQ�

x� 3URJUHVV�ZLWK�WKH�3HUIRUPDQFH�*UDGHG��3*��6SHFLILFDWLRQ�IRU�$VSKDOW���7KLV�DUWLFOH��E\

*D\OH� 1�� .LQJ� RI� .RFK� 0DWHULDOV� &RPSDQ\�� GHVFULEHV� SHUWLQHQW� LVVXHV� UHODWHG� WR

LPSOHPHQWDWLRQ�DQG�XVH�RI�6XSHUSDYH�ELQGHUV�

x� 3URWRFRO�IRU�(YDOXDWLRQ�RI�6XSHUSDYH�*\UDWRU\�&RPSDFWRUV���7KLV�DUWLFOH�GHVFULEHV�WKH

PHWKRG�E\�ZKLFK�QHZ�6XSHUSDYH�J\UDWRU\�FRPSDFWRUV�DUH�HYDOXDWHG�IRU�DFFXUDF\�

x� ,PSOHPHQWLQJ� 6WUDWHJLF� +LJKZD\� 5HVHDUFK� 3URJUDP� 6XSHUSDYH� 7HFKQRORJ\� �� 7KLV

DUWLFOH��E\�'RQDOG�6WHLQNH��&KLHI��)+:$�+LJKZD\�2SHUDWLRQV�'LYLVLRQ��RXWOLQHV�YDULRXV

LPSRUWDQW�LVVXHV�SHUWDLQLQJ�WR�6XSHUSDYH�LPSOHPHQWDWLRQ�

x� 6XSHUSDYH�DQG�$JJUHJDWH�3URSHUWLHV��:KHUH�'LG�7KH\�&RPH�)URP"���7KLV�DUWLFOH��E\

-RKQ� '¶$QJHOR�� SUHVHQWV� WKH� EDFNJURXQG� DQG� VRXUFHV� EHKLQG� VRPH� RI� WKH� 6XSHUSDYH

DJJUHJDWH�UHTXLUHPHQWV�

x� *XLGHOLQHV� IRU� WKH� 'HVLJQ� RI� 6XSHUSDYH� 0L[WXUHV� &RQWDLQLQJ� 5HFODLPHG� $VSKDOW

3DYHPHQW��5$3����7KLV�JXLGHOLQH��GHYHORSHG�E\�WKH�)+:$�6XSHUSDYH�0L[WXUHV�([SHUW

7DVN�*URXS��RXWOLQHV�WKH�SURSHU�PHWKRGV�IRU�LQFRUSRUDWLQJ�5$3�LQ�6XSHUSDYH�PL[WXUHV�

x� 6WXGHQW�:LQV�$$37�:DUG�.��3DUU�6FKRODUVKLS���7KLV�DUWLFOH�DQQRXQFHV�WKDW�:HQJ�2Q�

7DP�ZDV�DZDUGHG�WKH�$$37�:DUG�.��3DUU�6FKRODUVKLS�IURP�WKH�$VVRFLDWLRQ�RI�$VSKDOW

3DYHPHQW�7HFKQRORJLVWV�

x� 8VH� RI� 5ROOLQJ�:KHHO� 5XW� 7HVWHUV��� 7KLV� DUWLFOH� SURYLGHV� D� FDXWLRQDU\� QRWH� IURP� WKH

)+:$�6XSHUSDYH�0L[WXUHV�([SHUW�7DVN�*URXS�SHUWDLQLQJ�WR�WKH�XVH�RI�UROOLQJ�ZKHHO�UXW

WHVWHUV�

x� 7KH�8VH�RI�6XSHUSDYH�3*�*UDGLQJ�6\VWHP�IRU�6HOHFWLQJ�$VSKDOW�%LQGHUV�IRU�6HDO�&RDWV

��7KLV� UHSRUW�VXPPDUL]HV� WKH�DQDO\VLV�DQG�HYDOXDWLRQ�RI� WKH�XVH�RI�3*�JUDGHG�DVSKDOW



��

IRU� VHDO� FRDWV�� 7KLV� LV� DQ� DEVWUDFW� RI� D� UHVHDUFK� UHSRUW� VXJJHVWLQJ� D� PHDQV� IRU� XVLQJ

6XSHUSDYH�3*�ELQGHUV�IRU�VHDO�FRDW�DSSOLFDWLRQV�

x� 3HUIRUPDQFH�%DVHG�6HDO�&RDW�$VSKDOW�6SHFLILFDWLRQV���7['27�LV�PRYLQJ�WR�DGRSW�WKH

UHTXLUHPHQWV� DQG� QRPHQFODWXUH� RI� WKH� DVSKDOW� ELQGHUV� GHYHORSHG� IRU� WKH� 6WUDWHJLF

+LJKZD\�5HVHDUFK�3URJUDP¶V��6+53��6XSHUSDYH�GHVLJQ�V\VWHP�IRU�+0$�FRQFUHWH��7KLV

LV�DQ�DEVWUDFW�RI�D�UHVHDUFK�UHSRUW�GHVFULELQJ�WHVW�UHVXOWV�WKDW�FODVVLILHG�FRPPRQ�VHDO�FRDW

ELQGHUV�XVHG�LQ�7H[DV�LQ�WKH�6XSHUSDYH�3*�V\VWHP�

x� (YDOXDWLRQ�DQG�4XDOLW\�&RQWURO�RI�$VSKDOW�0L[WXUH�$GGLWLYHV���7KLV�LWHP�HVWDEOLVKHV�D

SURFHGXUH� IRU� KLJKZD\� DJHQFLHV� WR� XVH� LQ� WKH� HYDOXDWLRQ� RI� PL[WXUHV� FRQWDLQLQJ� VROLG

DGGLWLYHV�

x� 7KH�%RWWRP�/LQH��7KH�6XSHUSDYH�6\VWHP�:RUNV���7KLV�GRFXPHQW�LV�DQ�HGLWRULDO�ZULWWHQ

E\�7KRPDV�:��.HQQHG\��7HFKQLFDO�'LUHFWRU�RI�WKH�6&6&�

x� /DWLQ�$PHULFDQ�8�6��$VSKDOW�7HFKQLFDO�&RQIHUHQFH���7KLV� DUWLFOH�GHVFULEHV� WKH�XVH�RI

WKH� 6XSHUSDYH� V\VWHP� LQ� 6RXWK� &HQWUDO� $PHULFD� �UHSULQWHG� E\� SHUPLVVLRQ� IURP� WKH

-DQXDU\������)RFXV�PDJD]LQH��

x� 0HHWLQJ� DW� 6&6&� E\� 0HPEHUV� RI� WKH� 6XSHUSDYH� $GYLVRU\� &RPPLWWHH��� 7KLV� DUWLFOH

GRFXPHQWV�DQ�$XVWLQ�PHHWLQJ�WKDW�IRFXVHG�RQ�XSGDWHV�DQG�VWUDWHJLHV�

x� ,PSOHPHQWLQJ� 6XSHUSDYH� LQ� $UNDQVDV��� 7KLV� LV� DQ� XSGDWH� RQ� 6XSHUSDYH� DFWLYLWLHV� LQ

$UNDQVDV�E\�-LP�*HH�RI�WKH�$UNDQVDV�+LJKZD\�DQG�7UDQVSRUWDWLRQ�'HSDUWPHQW�

x� 3XEOLFDWLRQV� IRU� 5HIHUHQFH��� 7KLV� DUWLFOH� LGHQWLILHV� UHVRXUFH� DQG� UHIHUHQFH� PDWHULDO

DVVHPEOHG�E\�WKH�7UDQVSRUWDWLRQ�5HVHDUFK�%RDUG��75%��

x� 6XSHUSDYH� 0RGHOV� 8SGDWH� �� 7KH� )+:$� KDV� FRQWUDFWHG� ZLWK� WKH� 8QLYHUVLW\� RI

0DU\ODQG� DW� &ROOHJH� 3DUN� WR� XSGDWH� DQG� LPSURYH� WKH� DVSKDOW� SDYHPHQW� SHUIRUPDQFH

PRGHOV�LQ�6XSHUSDYH�

x� :KDW� LV� KDSSHQLQJ� DW� :HV7UDFN� DQG� ZKDW� GRHV� LW� PHDQ� IRU� WKH� IXWXUH"��� 7KLV� LV� DQ

DUWLFOH�RQ�:HV7UDFN��WKH�)+:$¶V�+0$�SHUIRUPDQFH�UHODWHG�VSHFLILFDWLRQ�WHVW�IDFLOLW\�LQ

1HYDGD�

x� 3URSRVHG�7['27�6XSHUSDYH�%LQGHU� ,PSOHPHQWDWLRQ�3ODQ��� 7KLV� DUWLFOH� GHVFULEHV� WKH

SURSRVHG�PHWKRG�WKDW�7['27�ZLOO�XVH�WR�LPSOHPHQW�6XSHUSDYH�ELQGHUV�
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x� 6XSHUSDYH�%LQGHU�7HVWLQJ��P�YDOXH����7KLV�PHPR�IURP�WKH�)+:$�GHILQHV�WKH�FXUUHQW

LVVXH�RI�P�YDOXH�IURP�GLIIHUHQW�EHQGLQJ�EHDP�UKHRPHWHUV�

x� 6XSHUSDYH� *\UDWRU\� &RPSDFWRU� 8SGDWH� �� 7KLV� XSGDWH� LV� EDVHG� RQ� LQIRUPDWLRQ

SUHVHQWHG�DW�WKH�UHFHQW�)+:$�6XSHUSDYH�0L[WXUHV�([SHUW�7DVN�*URXS�PHHWLQJ��DQG�RQ

FRQYHUVDWLRQV�ZLWK� )+:$��7UR[OHU�� 3LQH��+HULWDJH�5HVHDUFK�� DQG� WKH� RWKHU� 6XSHUSDYH

&HQWHUV�

x� $$6+72� 6XSHUSDYH� /HDG� 6WDWH� 7HDP��� $$6+72� 6XSHUSDYH� /HDG� 6WDWH� $$6+72

7DVN�)RUFH�RQ�6+53�,PSOHPHQWDWLRQ�KHDGHG�E\�%RE�7HPSOHWRQ�RI�7['27�KDV�LQLWLDWHG

D�FRQFHSW�WKDW�SURPLVHV�WR�EHFRPH�D�QHZ�ZDYH�LQ�WHFKQRORJ\�LPSOHPHQWDWLRQ�LQ�FRPLQJ

\HDUV�

x� 3�(�� .DWKHULQH� +ROW]� :HOFRPHV� 1HZ� 6XSHUSDYH� &HQWHU��� 7KLV� DUWLFOH� GHVFULEHV� WKH

HIIRUW�WR�PDNH�WKH�6&6&�D�WUXO\�UHJLRQDO��VWDWH�VKDUHG�FHQWHU�

x� 6XSHUSDYH� (YDOXDWLRQ� RI� *UDGDWLRQ��� 7KLV� DUWLFOH� GHVFULEHV� WKH� PHWKRGRORJ\� RI� WKH

6XSHUSDYH�JUDGDWLRQ�UHTXLUHPHQWV�

x� 6XJJHVWHG�&KDQJHV�WR�7HVWV� LQ�6XSHUSDYH�0L[�'HVLJQ���7KLV�DUWLFOH� OLVWV� WKH�SURSRVHG

FKDQJHV�WR�VWDQGDUG�DQG�SURYLVLRQDO�$$6+72�WHVW�SURFHGXUHV�

x� +RZ�WR�,QFUHDVH�9RLGV�LQ�0LQHUDO�$JJUHJDWH���*XLGHOLQHV�WR�,QFUHDVH�90$�RI�6XSHUSDYH

0L[WXUHV� �� 6XSHUSDYH� PL[� GHVLJQ� LQFRUSRUDWHV� PLQLPXP� 90$� UHTXLUHPHQWV�� 7KLV

GRFXPHQW�GHVFULEHV�ZD\V�WR�LQFUHDVH�90$�GXULQJ�6XSHUSDYH�PL[�GHVLJQ�

x� :KDW� LV� D�3HUIRUPDQFH�%DVHG�3URSHUW\"��� 7KLV� DUWLFOH� GLVFXVVHV� WKH� EDFNJURXQG� DQG

SXUSRVH�RI�6XSHUSDYH�PL[�DQDO\VLV�

x� 'HYHORSPHQW�RI�WKH�6XSHUSDYH�*\UDWRU\�&RPSDFWRU� �6*&����7KLV�GRFXPHQW�GLVFXVVHV

WKH�GHYHORSPHQW�RI�WKH�6*&�

x� 6XSHUSDYH�5HJLRQDO�&HQWHUV���7KLV�DUWLFOH�GHVFULEHV� WKH� ILYH�6XSHUSDYH�&HQWHUV�� WKHLU

SODQV�DQG�DFWLYLWLHV�IRU�������VWUDWHJLHV�IRU� ORQJ�WHUP�JRDOV��DQG�WKHLU�FRRUGLQDWLRQ�ZLWK

RWKHU�VWDWH�'27V�DQG�WKH�DVSKDOW�LQGXVWU\�

x� 6XSHUSDYH�%LQGHU�6HOHFWLRQ�IRU�/RZ�7HPSHUDWXUH�3HUIRUPDQFH���7KLV�DUWLFOH�GHVFULEHV

D�UDWLRQDO�DSSURDFK�WR�WKH�VHOHFWLRQ�RI�3*�ELQGHUV�IRU�ORZ�WHPSHUDWXUH�SHUIRUPDQFH�



��
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75$,1,1*�$&7,9,7,(6

7HFKQRORJ\� WUDQVIHU�ZDV�D�SULQFLSDO�DFWLYLW\�RI� WKH�6RXWK�&HQWUDO�6XSHUSDYH�&HQWHU

�6&6&����7KLV�VHFWLRQ�GHVFULEHV�WKH�YDULHW\�RI�WUDLQLQJ�RSSRUWXQLWLHV�RIIHUHG�E\�&HQWHU�VWDII�

,1752'8&7,21�72�683(53$9(

'XULQJ� WKH� LQLWLDO� SKDVH�RI� WKH�6&6&�� WKH� VWDII� GHYHORSHG� D� ��GD\�� ³,QWURGXFWLRQ� WR

6XSHUSDYH´��VHPLQDU��7KH�JRDO�RI�WKLV�VHPLQDU�ZDV�WR�TXLFNO\�DFTXDLQW�DJHQF\�DQG�LQGXVWU\

SHUVRQQHO� ZLWK� WKH� 6XSHUSDYH� V\VWHP� LQ� SUHSDUDWLRQ� IRU� WKH� OHWWLQJ� RI� HDUO\� 6XSHUSDYH

SURMHFWV�� 7KH� ILUVW� VHPLQDU� SURJUDP� GHDOW� ZLWK� ERWK� 6XSHUSDYH� ELQGHU� DQG� PL[WXUH

WHFKQRORJ\���7DEOH���VKRZV�WKH�VFKHGXOH�DQG�WRSLFV�IRU�WKLV�VHPLQDU�

7DEOH�����2XWOLQH�RI�,QWURGXFWLRQ�WR�6XSHUSDYH�6HPLQDU

7LPH 7RSLF

�����D�P� ,QWURGXFWLRQ�DQG�%DFNJURXQG�RI�6XSHUSDYH

���� 6XSHUSDYH�$VSKDOW�%LQGHU�7HVWV

����� %5($.

����� 6XSHUSDYH�%LQGHU�6SHFLILFDWLRQ�DQG�6HOHFWLRQ

����� /RFDO�$JHQF\�6HOHFWLRQ

����� /81&+

�����S�P� 6XSHUSDYH�0DWHULDO�5HTXLUHPHQWV

���� %5($.

���� 6XSHUSDYH�*\UDWRU\�&RPSDFWRU

���� 6XSHUSDYH�0L[�'HVLJQ

���� /RFDO�$JHQF\�&RQVLGHUDWLRQV

���� (QG�RI�:RUNVKRS

7KHVH�ZRUNVKRSV�ZHUH�XVXDOO\� FRRUGLQDWHG�E\� ORFDO� DJHQF\� DQG�RU� LQGXVWU\�JURXSV�

ZLWK�&HQWHU�VWDII�PHPEHUV�UHVSRQVLEOH�RQO\�IRU�DVVHPEOLQJ�DQG�GLVWULEXWLQJ�FRXUVH�PDWHULDOV

DQG�IRU�FRQGXFWLQJ� WKH�DFWXDO� WHDFKLQJ�� �7KH� ORFDO�DJHQF\�IHDWXUHV�RI� WKLV�SURJUDP�DOORZHG

WKH�VSRQVRULQJ�DJHQFLHV�WR�SURYLGH�DWWHQGHHV�ZLWK�XS�WR�GDWH�LQIRUPDWLRQ�VSHFLILF�WR�WKH�ORFDO

RU�UHJLRQDO�LPSOHPHQWDWLRQ�RI�6XSHUSDYH���)OH[LELOLW\�LQ�WKLV�SRUWLRQ�RI�WKH�SURJUDP�DOORZHG

WRSLFV� VXFK� DV� UHJLRQDO� ELQGHU� VHOHFWLRQ�� DJJUHJDWH� LVVXHV�� DQG� TXDOLW\� FRQWURO�TXDOLW\

DVVXUDQFH�WR�EH�DGGUHVVHG��7KH�SULQFLSDO�KDQGRXW�GLVWULEXWHG�DW�WKHVH�VHPLQDUV�ZDV�D�WUDLQLQJ

PDQXDO�GHYHORSHG�DQG�XVHG�DW�WKH�1DWLRQDO�$VSKDOW�7UDLQLQJ�&HQWHU��5HI������$SSUR[LPDWHO\

������LQGLYLGXDOV�ZHUH�WUDLQHG�DW� WKHVH�SURJUDPV��7DEOH���VKRZV� WKH�GDWHV�DQG� ORFDWLRQV�RI

WKHVH�ZRUNVKRSV�
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7DEOH�����6XPPDU\�RI�,QWURGXFWLRQ�WR�6XSHUSDYH�6HPLQDUV

'DWHV /RFDWLRQV 6SRQVRULQJ $JHQF\ 1R� RI

$WWHQGHHV

'HF �� 2NODKRPD &LW\� 2. 2NODKRPD '27 ��

0D\ ± -XQH

����

)W� :RUWK� /XEERFN�

&RUSXV &KULVWL� 7;

7['27 DQG 7H[DV +RW 0L[ $VSKDOW 3DYHPHQW

$VVRFLDWLRQ

���

-DQXDU\ �� $OEXTXHUTXH� 10 8QLYHUVLW\ RI 1HZ 0H[LFR ���

-DQXDU\ DQG

0DUFK ��

/LWWOH 5RFN� $5 $UNDQVDV +LJKZD\ DQG 7UDQVSRUWDWLRQ 'HSDUWPHQW ���

)HEUXDU\�

0DUFK� DQG

$SULO ��

$XVWLQ� &RUSXV &KULVWL�

$UOLQJWRQ� DQG 2GHVVD�

7;

7['27 ���

$SULO �� $XVWLQ� 7; 7['27 DQG )+:$ 7H[DV 'LYLVLRQ ��

0D\ �� $XVWLQ� 7; 8QLYHUVLW\ RI 7H[DV� &RQWLQXLQJ (QJLQHHULQJ

6WXGLHV 6XSHUSDYH 6\PSRVLXP

��

2FWREHU �� 3KRHQL[� $= $UL]RQD 5RFN 3URGXFWV $VVRFLDWLRQ DQG $UL]RQD

'HSDUWPHQW RI 7UDQVSRUWDWLRQ

��

727$/ $77(1'((6 )25 ,1752'8&7,21 72 683(53$9( ���

683(53$9(�%,1'(5�$1$/<6,6�:25.6+236

7R�SURSHUO\�LPSOHPHQW�6XSHUSDYH��WHFKQLFDO�VWDII�QHHGHG�WR�EH�WUDLQHG�LQ�WKH�SURSHU

PHWKRGV� IRU� FRQGXFWLQJ� WKH� QHZ�6XSHUSDYH� ELQGHU� WHVWV��ZKLFK� LQFOXGH� WKH� G\QDPLF� VKHDU

UKHRPHWHU�� URWDWLRQDO�YLVFRPHWHU�� UROOLQJ�WKLQ�ILOP�RYHQ��SUHVVXUH�DJLQJ�YHVVHO��DQG�EHQGLQJ

EHDP� UKHRPHWHU�� � 7KURXJK� 7KH� 8QLYHUVLW\� RI� 7H[DV� DW� $XVWLQ�� 'LYLVLRQ� RI� &RQWLQXLQJ

(QJLQHHULQJ�6WXGLHV��WKH�6&6&�RIIHUHG�D�KDQGV�RQ�6XSHUSDYH�%LQGHU�$QDO\VLV�:RUNVKRS�WR

IXOILOO�WKLV�QHHG���7KLV���GD\�SURJUDP�LQFOXGHG�WZR�FODVVURRP�GD\V�DQG�WZR�ODERUDWRU\�GD\V�

7DEOH���VKRZV�WKH�VFKHGXOH�IRU�WKHVH�ZRUNVKRSV�

7KH� QXPEHUV� LQ� 7DEOH� �� LQGLFDWH� WKH� ODERUDWRU\� ZRUN� JURXS�� � 0RQGD\� ZDV� D

FODVVURRP�VHVVLRQ�GHYRWHG� WR� LQWURGXFLQJ�DQG� H[SODLQLQJ� WKH�SULQFLSOHV�XQGHUO\LQJ� WKH�QHZ

6XSHUSDYH�ELQGHU� WHVWV�� � 7XHVGD\� DQG�:HGQHVGD\�ZHUH� ODERUDWRU\� VHVVLRQV�ZKHUH� VWXGHQWV

UHFHLYHG�KDQGV�RQ�WHVW�SURFHGXUH�WUDLQLQJ��7KXUVGD\�ZDV�D�FODVVURRP�VHVVLRQ�ZKHUH�VWXGHQWV

OHDUQHG� KRZ� WR� DSSO\� WKH� 6XSHUSDYH� ELQGHU� VSHFLILFDWLRQ� �WKHLU� WHVW� UHVXOWV� ZHUH� DOVR

LQWHUSUHWHG��� �%\�VKDULQJ�GDWD�JDWKHUHG�GXULQJ� WKH� ODERUDWRU\� VHVVLRQ�� VWXGHQWV�ZHUH�DEOH� WR

FODVVLI\�WKH�3*�������ELQGHU�XSRQ�ZKLFK�DOO�WHVWLQJ�ZDV�FRQGXFWHG���7KH�ZRUNVKRS�PDQXDO

XVHG�LQ�WKLV�WUDLQLQJ�ZDV�WKH�WH[W�GHYHORSHG�DQG�XVHG�DW�WKH�1DWLRQDO�$VSKDOW�7UDLQLQJ�&HQWHU
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�5HI������2QH�RI�WKH�NH\�IHDWXUHV�RI�WKLV�ZRUNVKRS�ZDV�WKH�ODERUDWRU\�LQVWUXFWLRQDO�DVVLVWDQFH

RI�-RKQ�&DVROD�RI�%RKOLQ�,QVWUXPHQWV��WKH�PDQXIDFWXUHU�RI�WKH�G\QDPLF�VKHDU�UKHRPHWHU�XVHG

E\�PRVW�DJHQF\�DQG�LQGXVWU\�SHUVRQQHO�� �$SSUR[LPDWHO\�����LQGLYLGXDOV�ZHUH�WUDLQHG�XVLQJ

WKLV�DSSURDFK���7DEOH���OLVWV�WKH�6XSHUSDYH�ELQGHU�DQDO\VLV�ZRUNVKRSV�WKDW�ZHUH�FRQGXFWHG�DW

WKH�6&6&�

7DEOH�����6FKHGXOH�IRU�6XSHUSDYH�%LQGHU�$QDO\VLV�:RUNVKRSV

7LPH 0RQGD\ 7XHVGD\ :HGQHVGD\ 7KXUVGD\

D�P� � � ,QWUR � � %%5� 579� DQG $JLQJ � � '65 � � 6SHF

�����±������ � � ,QWUR � � '65 � � %%5� 579� DQG $JLQJ � � 6SHF

� � ,QWUR � � '65 � � %%5� 579� DQG $JLQJ � � 6SHF

�����±���� /XQFK �SURYLGHG RQ VLWH�

S�P� � � ,QWUR � � %%5� 579� DQG $JLQJ � � '65 � � 'LVFXVVLRQ

�����±����� � � ,QWUR � � '65 � � %%5� 579� DQG $JLQJ � � 'LVFXVVLRQ

� � ,QWUR � � '65 � � %%5� 579� DQG $JLQJ � � 'LVFXVVLRQ

,QWUR � ,QWURGXFWLRQ WR 6+53 %LQGHU 7HVWLQJ (TXLSPHQW �FODVVURRP VHVVLRQ�

'65 � '\QDPLF 6KHDU 5KHRPHWHU

579 � 5RWDWLRQDO 9LVFRPHWHU

$JLQJ � 3UHVVXUH $JLQJ 9HVVHO DQG 5ROOLQJ 7KLQ )LOP 2YHQ

%%5 � %HQGLQJ %HDP 5KHRPHWHU

6SHF � 6SHFLILFDWLRQ 7HVWLQJ �FODVVURRP VHVVLRQ�
'LVF � &ODVV GLVFXVVLRQ RI ELQGHU WHVW UHVXOWV �FODVVURRP VHVVLRQ�

7DEOH�����6XSHUSDYH�%LQGHU�:RUNVKRSV

'DWH 1R��RI�$WWHQGHHV

������� ��

������ ��

������� ��

������� ��

�������� ��

������� ��

������ ��

7RWDO�$WWHQGHHV ���



��

683(53$9(�0,;�'(6,*1�:25.6+23

,W�ZDV�RXU�EHOLHI� WKDW� WKH�SURSHU� LPSOHPHQWDWLRQ�RI�6XSHUSDYH� UHTXLUHG� D�ZRUNVKRS

GHYRWHG� WR� KDQGV�RQ� PL[� GHVLJQ� WUDLQLQJ�� � 7KXV�� 6&6&� VWDII� GHYHORSHG� DQG� FRQGXFWHG� D

ZRUNVKRS�SHUWDLQLQJ�WR�6XSHUSDYH�PL[�GHVLJQ���/LNH�WKH�ELQGHU�DQDO\VLV�ZRUNVKRSV��WKH�PL[

GHVLJQ�ZRUNVKRSV�ZHUH�FRRUGLQDWHG�WKURXJK�7KH�8QLYHUVLW\�RI�7H[DV�DW�$XVWLQ��'LYLVLRQ�RI

&RQWLQXLQJ�(QJLQHHULQJ�6WXGLHV���7KH�SURJUDP�ZDV�WKUHH�DQG�D�KDOI�GD\V�LQ�OHQJWK���7DEOH��

VKRZV�WKH�VFKHGXOH�IRU�WKLV�ZRUNVKRS�

7DEOH�����6FKHGXOH�IRU�6XSHUSDYH�0L[�'HVLJQ�:RUNVKRSV

7LPH 0RQGD\ 7XHVGD\ :HGQHVGD\ 7KXUVGD\

D�P� � � ,QWUR � � 6*& � � 7(67 � � $1$/<6,6

�����±������ � � ,QWUR � � 'HPR � � 7(67 � � $1$/<6,6

� � ,QWUR � � 92/ � � 6*& � � $1$/<6,6

�����±���� /XQFK �SURYLGHG RQ VLWH�

S�P� � � ,QWUR � � 'HPR � � 92/

�����±����� � � ,QWUR � � 6*& � � 92/

� � ,QWUR � � 'HPR � � 7(67

,1752 � ,QWUR WR 6XSHUSDYH 0L[ 7HVW (TXLSPHQW DQG &RQVWUXFWLRQ �FODVVURRP VHVVLRQ�

6*& � 6XSHUSDYH *\UDWRU\ FRPSDFWRU �ODERUDWRU\ H[HUFLVH�

'(02 � 6XSHUSDYH DJJUHJDWH� ELQGHU� DQG SHUIRUPDQFH WHVWLQJ �ODERUDWRU\ GHPRQVWUDWLRQ�

92/ � 3ULQFLSOHV RI DVSKDOW PL[WXUH YROXPHWULFV �JURXS FODVVURRP VHVVLRQ�

7(67 � 9ROXPHWULF WHVWLQJ RI J\UDWRU\ VSHFLPHQV �ODERUDWRU\ H[HUFLVH�

$1$/<6,6 � $QDO\VLV�6HOHFWLRQ RI GHVLJQ DJJUHJDWH VWUXFWXUH DQG HYDOXDWLRQ RI VLPXODWHG ILHOG FRQWURO GDWD

�FODVVURRP VHVVLRQ�

7KH�QXPEHUV� LQ� WKH� WDEOH� LQGLFDWH� WKH� ODERUDWRU\�ZRUN� JURXS�QXPEHU��7KH� ILUVW� GD\

ZDV� D� FODVVURRP� GD\� DLPHG� DW� H[SODLQLQJ� 6XSHUSDYH� PL[� GHVLJQ� IHDWXUHV�� � 7KLV� LQFOXGHG

6XSHUSDYH� PDWHULDO� UHTXLUHPHQWV�� WKH� 6*&�� DQG� PL[� GHVLJQ� FDOFXODWLRQV�� � 'D\V� �� DQG� �

LQFOXGHG� KDQGV�RQ� XVH� RI� WKH� 6*&� DQG� PHDVXUHPHQW� RI� YROXPHWULF� SURSHUWLHV� RI� DVSKDOW

PL[HV���7KH�PDWHULDOV�XVHG�E\�VWXGHQWV�ZHUH�WKH�ODERUDWRU\�VWDQGDUG�PDWHULDOV�HPSOR\HG�E\

WKH� 6&6&�� � �$� GHVFULSWLRQ� RI� WKHVH�PDWHULDOV� LV� SURYLGHG� HOVHZKHUH� LQ� WKLV� UHSRUW��� � (DFK

ODERUDWRU\�JURXS�FRPSDFWHG�D�GLIIHUHQW�WULDO�EOHQG�RI�DJJUHJDWH�DQG�ELQGHU���$�GHPRQVWUDWLRQ

RI� DOO� WKH� 6XSHUSDYH� ELQGHU�� FRQVHQVXV� DJJUHJDWH�� DQG� SHUIRUPDQFH� WHVWV� ZDV� LQFOXGHG�

DOWKRXJK� SDUWLFLSDQWV� GLG� QRW� UHFHLYH� KDQGV�RQ� WUDLQLQJ� LQ� WKHVH� DFWLYLWLHV�� � 7KH� UHPDLQLQJ

KDOI�GD\�ZDV�VSHQW�DQDO\]LQJ�WKH�GDWD�JDWKHUHG�E\�SDUWLFLSDQWV�LQ�RUGHU�WR�FRPSOHWH�D�PDMRU



��

SRUWLRQ�RI�D�6XSHUSDYH�PL[�GHVLJQ���2YHU�����LQGLYLGXDOV�ZHUH�WUDLQHG�XVLQJ�WKLV�DSSURDFK�

7DEOH���OLVWV�WKH�6XSHUSDYH�PL[�GHVLJQ�ZRUNVKRSV�WKDW�ZHUH�FRQGXFWHG�DW�WKH�6&6&�

7DEOH�����6XSHUSDYH�0L[�'HVLJQ�:RUNVKRSV

'DWH 1R��RI�$WWHQGHHV

������� ��

������ ��

������� ��

������� ��

������� ��

������ ��

7RWDO�$WWHQGHHV ���

:25.6+236�)25�67$7(�'(3$570(176�2)�75$163257$7,21

0DQ\� DJHQFLHV� UHTXHVWHG� WKDW� KDQGV�RQ� WUDLQLQJ� EH� FRQGXFWHG� VSHFLILFDOO\� IRU� WKHLU

SHUVRQQHO�� � 0RVW� RI� WKHVH� ZRUNVKRSV� LQYROYHG� &HQWHU� SHUVRQQHO� WUDYHOLQJ� WR� WKH� VWDWH¶V

FHQWUDO�PDWHULDOV� ODERUDWRU\� DQG� FRQGXFWLQJ� UHPRWH� WUDLQLQJ�� �7KLV� VHUYLFH�ZDV� SURYLGHG� WR

VWDWH� GHSDUWPHQWV� RI� WUDQVSRUWDWLRQ� �'27V�� LQ� ,OOLQRLV��:\RPLQJ�� /RXLVLDQD�� DQG�$UL]RQD�

7KH� VWDWH�'27V� LQ�7H[DV� DQG�1HZ�0H[LFR� UHTXHVWHG� VLPLODU� VHUYLFHV�� WKH� RQO\� GLIIHUHQFH

EHLQJ� WKDW�'27�SHUVRQQHO� WUDYHOHG� WR� WKH�6&6&�WR� UHFHLYH� WUDLQLQJ�� �$�EULHI�GHVFULSWLRQ�RI

WKLV�DFWLYLW\�IROORZV�

,OOLQRLV�'HSDUWPHQW�RI�7UDQVSRUWDWLRQ

,Q� ������ WKH� ,OOLQRLV� '27� �,'27�� PRYHG� DJJUHVVLYHO\� WR� LPSOHPHQW� 6XSHUSDYH

WHFKQRORJ\�� � 7KLV� ZDV� PDQLIHVWHG� E\� ,'27� SXUFKDVLQJ� ILIWHHQ� 6*&V�� RQH� IRU� HDFK� RI� LWV

GLVWULFWV���&RQVHTXHQWO\��LQ�$XJXVW�������6&6&�VWDII�FRQGXFWHG�D���GD\�ZRUNVKRS�IRU�,'27

SHUVRQQHO�DW�WKH�$GYDQFHG�7UDQVSRUWDWLRQ�5HVHDUFK�DQG�(QJLQHHULQJ�/DERUDWRU\��$75(/���D

IDFLOLW\� RSHUDWHG� E\� WKH� FLYLO� HQJLQHHULQJ� GHSDUWPHQW� DW� WKH� 8QLYHUVLW\� RI� ,OOLQRLV�� � $Q

DEEUHYLDWHG����GD\�YHUVLRQ�RI�WKH�SURJUDP�RXWOLQHG�LQ�7DEOH���ZDV�HPSOR\HG�IRU�WKLV�WUDLQLQJ�

/DERUDWRU\�PDWHULDOV�ZHUH�SUHSDUHG�E\�$75(/�VWDII���6&6&�VWDII�UHFHLYHG�DVVLVWDQFH�LQ�WKLV

WUDLQLQJ� IURP� JUDGXDWH� VWXGHQWV� DQG� WHFKQLFDO� VWDII� DW� $75(/�� � $SSUR[LPDWHO\� WZHQW\

LQGLYLGXDOV�DWWHQGHG�WKLV�HYHQW�



��

:\RPLQJ�'HSDUWPHQW�RI�7UDQVSRUWDWLRQ

7KH� :\RPLQJ� '27� UHTXHVWHG� WUDLQLQJ� DVVLVWDQFH� IURP� WKH� 6&6&� LQ� WKH� DUHD� RI

6XSHUSDYH� ELQGHU� DQG� PL[WXUH� WHFKQRORJ\�� � 7KXV�� D� ��ZHHN� ZRUNVKRS� ZDV� FRQGXFWHG� LQ

0DUFK������DW�WKH�FHQWUDO�PDWHULDOV�ODERUDWRU\�LQ�&KH\HQQH���'U��-RQ�$��(SSV�RI�WKH�:HVWHUQ

5HJLRQ�6XSHUSDYH�&HQWHU�DVVLVWHG�GXULQJ�WKH�FODVVURRP�SRUWLRQ�RI�WKLV�WUDLQLQJ���7KLV�ZDV�D

K\EULG� SURJUDP� FRPELQLQJ� HOHPHQWV� RI� WKH� VFKHGXOHV� RXWOLQHG� LQ� 7DEOHV� �� DQG� ��

$SSUR[LPDWHO\�WZHQW\�LQGLYLGXDOV�DWWHQGHG�WKLV�HYHQW�

/RXLVLDQD�'HSDUWPHQW�RI�7UDQVSRUWDWLRQ�DQG�'HYHORSPHQW

,Q������� WKH�/RXLVLDQD�'HSDUWPHQW�RI�7UDQVSRUWDWLRQ�DQG�'HYHORSPHQW� �/$'27'�

GHVLUHG� WR� OHW�QLQH�6XSHUSDYH�SURMHFWV�� �$�FULWLFDO� LVVXH�ZDV� WKDW� QHLWKHU�'27�QRU� LQGXVWU\

SHUVRQQHO� LQ� /RXLVLDQD� KDG� UHFHLYHG� WUDLQLQJ� LQ� 6XSHUSDYH� WHFKQRORJ\�� �&RQVHTXHQWO\�� WKH

/RXLVLDQD�7UDQVSRUWDWLRQ�5HVHDUFK�&HQWHU��/75&��UHTXHVWHG�WKDW�6&6&�VWDII�WUDYHO�WR�%DWRQ

5RXJH�WR�FRQGXFW�IRXU�PL[�GHVLJQ�ZRUNVKRSV�DW�WKH�/75&�SDYHPHQW�PDWHULDOV�ODERUDWRU\�

7KH� ZRUNVKRSV� XWLOL]HG� WKH� SURJUDP� RXWOLQHG� LQ� 7DEOH� ��� � 6&6&� VWDII� SUHEOHQGHG

6&6&�ODE�VWDQGDUG�PDWHULDOV�DQG�VKLSSHG�WKHP�WR�/75&���'U��/RXD\�0RKDPPDG�RI�/75&

DQG� &KULV� $EDGLH� RI� /$'27'� DVVLVWHG� LQ� WKH� FODVVURRP� DQG� ODERUDWRU\� SRUWLRQV� RI� WKLV

WUDLQLQJ�� UHVSHFWLYHO\�� � (LJKW\� LQGLYLGXDOV�� LQFOXGLQJ� IRUW\� /$'27'� DQG� IRUW\� LQGXVWU\

SHUVRQQHO�� ZHUH� WUDLQHG� LQ� WKHVH� ZRUNVKRSV�� � 7DEOH� �� OLVWV� WKH� ZRUNVKRSV� FRQGXFWHG� IRU

/$'27'�DW�/75&�

,Q�DGGLWLRQ�WR�WKHVH�ZRUNVKRSV��WKH�6&6&�SURYLGHG�PL[�GHVLJQ�WUDLQLQJ�LQ�0D\�����

WR�IRXU�SHUVRQQHO�IURP�WKH�/$'27'���/$'27'�UHTXHVWHG�WKDW�6&6&�GHYHORS�D�PL[�GHVLJQ

�GHVFULEHG�LQ�DQRWKHU�SDUW�RI�WKLV�UHSRUW��IRU�D�VHFWLRQ�RI�,+����QHDU�%DWRQ�5RXJH���$V�SDUW�RI

WKLV�PL[�GHVLJQ��WKH�IRXU�/$'27'�HPSOR\HHV�WUDYHOHG�WR�$XVWLQ�WR�REVHUYH�DQG�FRQVXOW�ZLWK

6&6&�VWDII�RQ�WKLV�GHVLJQ�

7DEOH�����/RXLVLDQD�0L[�'HVLJQ�:RUNVKRSV

'DWH 1R��RI�$WWHQGHHV

������� ��

������� ��

�������� ��

�������� ��

7RWDO�$WWHQGHHV ��
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1HZ�0H[LFR�'HSDUWPHQW�RI�7UDQVSRUWDWLRQ

,Q� ������ WKH� 1HZ� 0H[LFR� '27� UHTXHVWHG� 6XSHUSDYH� PL[� GHVLJQ� WUDLQLQJ� LQ

DQWLFLSDWLRQ� RI� WKUHH� 6XSHUSDYH� SURMHFWV� WR� EH� OHW� GXULQJ� WKH� ����� FRQVWUXFWLRQ� VHDVRQ�

8QOLNH� WKH� RWKHU� VWDWH� '27V�� WKH� 1HZ�0H[LFR� '27� GHVLUHG� WR� VHQG� LWV� SHUVRQQHO� WR� WKH

6&6&� WR� UHFHLYH� WKLV� WUDLQLQJ�� � 7KXV�� D� 6XSHUSDYH� PL[� GHVLJQ� ZRUNVKRS� ZDV� FRQGXFWHG

EHJLQQLQJ�0DUFK�����������DW�6&6&�IDFLOLWLHV�� �$�SURJUDP�LGHQWLFDO� WR� WKDW� LQ�7DEOH���ZDV

XVHG�� �$� WRWDO�RI� WZHQW\�RQH� LQGLYLGXDOV� IURP�1HZ�0H[LFR�ZHUH� WUDLQHG�� �2I� WKLV� QXPEHU�

VHYHQWHHQ�ZHUH�IURP�WKH�1HZ�0H[LFR�'27�DQG�IRXU�UHSUHVHQWHG�LQGXVWU\�LQ�1HZ�0H[LFR�

7H[DV�'HSDUWPHQW�RI�7UDQVSRUWDWLRQ

3ULRU� WR� ������ WKH� 7H[DV� 'HSDUWPHQW� RI� 7UDQVSRUWDWLRQ� �7['27�� KDG� OHW� HLJKW

6XSHUSDYH�SURMHFWV�DQG�DQWLFLSDWHG�DV�PDQ\�DV� ILIW\�QHZ�SURMHFWV�GXULQJ������� � ,Q� IDFW�� E\

-XO\������DOO�7['27�SURMHFWV�UHTXLUHG�WKH�XVH�RI�3*�ELQGHUV��ZLWK�WKH�DJHQF\�DOVR�UHTXLULQJ

DVSKDOW� VXSSOLHUV� WR� VKRZ� WKDW� WKHLU� ODERUDWRU\�SHUVRQQHO�KDG�EHHQ� WUDLQHG�XVLQJ� D�SURJUDP

VXFK�DV�WKDW�RIIHUHG�DW�WKH�6&6&���7KXV��WKHUH�ZDV�D�QHHG�IRU�WUDLQLQJ�RI�7['27�SHUVRQQHO�LQ

6XSHUSDYH� SULQFLSOHV�� � )RXU� ZRUNVKRSV� ZHUH� FRQGXFWHG� IRU� 7['27�� WKUHH� LQ� ODWH� ����

GHYRWHG�WR�6XSHUSDYH�PL[�GHVLJQ�DQG�RQH�LQ������GHYRWHG�WR�6XSHUSDYH�ELQGHU�DQDO\VLV�

7KH�PL[�GHVLJQ�ZRUNVKRSV�ZHUH�FRQGXFWHG�GXULQJ�WKH�ZHHNV�RI�-XQH�����1RYHPEHU

���DQG�'HFHPEHU����������DQG�HPSOR\HG�WKH�VFKHGXOH�VKRZQ�LQ�7DEOH�����)LIW\�QLQH�7['27

SHUVRQQHO�ZHUH�WUDLQHG�DW�WKHVH�ZRUNVKRSV���2I�WKLV�WRWDO��ILIW\�VL[�ZHUH�GLVWULFW�SHUVRQQHO�DQG

WKUHH�ZHUH�IURP�WKH�0DWHULDOV�DQG�7HVWV�'LYLVLRQ�

7KH�6XSHUSDYH�ELQGHU�DQDO\VLV�ZRUNVKRS�ZDV�FRQGXFWHG�WKH�ZHHN�RI�0DUFK����������

7ZHQW\�LQGLYLGXDOV�ZHUH�WUDLQHG���1LQHWHHQ�RI�WKH�WZHQW\�SHUVRQQHO�ZHUH�IURP�GLVWULFWV�DQG

RQH� ZDV� IURP� WKH� 0DWHULDOV� DQG� 7HVWV� 'LYLVLRQ�� $Q� DEEUHYLDWHG� YHUVLRQ� RI� WKH� VFKHGXOH

VKRZQ�LQ�7DEOH���ZDV�XVHG��$W�WKH�WLPH�WKLV�ZRUNVKRS�ZDV�FRQGXFWHG��LW�KDG�EHHQ�SURSRVHG

WKDW�7['27�GLVWULFWV�FRQGXFW�TXDOLW\�DVVXUDQFH�WHVWLQJ�RI�ELQGHUV�VDPSOHG�IURP�WKH�KRW�PL[

SURGXFHU¶V� SODQW�� � 7KLV� DFWLYLW\� UHTXLUHG� XVLQJ� WKH� G\QDPLF� VKHDU� UKHRPHWHU� WR� PHDVXUH

ELQGHU� VWLIIQHVV� SURSHUWLHV� RQ� UROOLQJ� WKLQ� ILOP� RYHQ� UHVLGXH�� � &RQVHTXHQWO\�� WKHUH� ZDV� QR

QHHG�IRU�KDQGV�RQ�WUDLQLQJ�XVLQJ�RWKHU�6XSHUSDYH�ELQGHU�WHVW�PHWKRGV��WKH�ODERUDWRU\�SRUWLRQ

RI�WKH�ZRUNVKRS�WKXV�LQFOXGHG�WUDLQLQJ�RQ�RQO\�WKHVH�GHYLFHV�

9,6,7,1*�3(56211(/

2QH�RI�WKH�HDUO\�JRDOV�RI�WKH�6&6&�ZDV�WR�XWLOL]H�WKH�ORDQ�VWDII�FRQFHSW��ZKLFK�ZDV

LQWHQGHG�WR�DOORZ�H[SHULHQFHG�DVSKDOW�ODERUDWRU\�SHUVRQQHO�WR�EH�SODFHG�RQ�ORDQ�WR�WKH�6&6&�

7KXV�� WKH�6&6&�FRXOG�PDNH�XVH�RI�H[SHULHQFHG�SHUVRQQHO� WR�FRQGXFW� LWV�YDULRXV�DFWLYLWLHV�



��

DQG� WKH� ORDQLQJ�RUJDQL]DWLRQ�ZRXOG� UHFHLYH�DQ� HPSOR\HH�ZLWK�EDVLF�6XSHUSDYH� H[SHULHQFH�

8QIRUWXQDWHO\��WKH�ORDQ�VWDII�FRQFHSW�ZDV�QRW�IXOO\�UHDOL]HG�GXULQJ�&HQWHU�RSHUDWLRQV�EHFDXVH

YHU\�IHZ�DJHQFLHV�ZHUH�DEOH�WR�SURYLGH�WUDYHO�IXQGV�IRU�D�VHYHUDO�PRQWKV�ORQJ�DVVLJQPHQW�RI

WKHLU�SHUVRQQHO�

7['27�ZDV�WKH�SULQFLSDO�VXSSOLHU�RI�ORDQ�VWDII�WR�WKH�&HQWHU�� �$W�DQ\�SRLQW�LQ�WLPH�

6&6&� KDG� WKH� VHUYLFHV� RI� DQ� HPSOR\HH� IURP� WKH� %LWXPLQRXV� 6HFWLRQ� RI� 7['27�� � 7KHLU

QRPLQDO�WHUP�RI�GXW\�ZLWK�6&6&�ZDV���PRQWKV��7KURXJK�WKLV�SURJUDP��WKUHH�HQJLQHHUV�DQG

IRXU�WHFKQLFDO�VWDII�SHUVRQQHO�ZHUH�XWLOL]HG��7KLV�ZDV�D�YHU\�UHZDUGLQJ�DUUDQJHPHQW�IRU�ERWK

RUJDQL]DWLRQV�

$OWKRXJK� WKH� ORDQ� VWDII� FRQFHSW� ZDV� QRW� IXOO\� UHDOL]HG�� VHYHUDO� LQGLYLGXDOV

UHSUHVHQWLQJ� DJHQFLHV� DQG� LQGXVWU\� VHQW� WKHLU� VWDII� WR� 6&6&� IRU� VKRUW� WRXUV� RI� GXW\�� � 7KH

2NODKRPD�'27�VHQW�ILYH�LQGLYLGXDOV�WR�6&6&��HDFK�IRU���ZHHN�WRXUV���7KH�/RXLVLDQD�'27'

VHQW� IRXU�HPSOR\HHV� WR�6&6&�IRU���ZHHN� WR� DVVLVW� LQ� WKH�FRPSOHWLRQ�RI�DQ�6&6&�GHVLJQHG

PL[� IRU� D�/RXLVLDQD�6XSHUSDYH�SURMHFW�� �6KHOO�&DQDGD�/WG�� VHQW� DQ� HPSOR\HH� WR� WKH�6&6&

ZKR�DVVLVWHG�LQ�D�FRPSDFWRU�FRPSDULVRQ�H[SHULPHQW�

1$7,21$/�+,*+:$<�,167,787(�:25.6+236

&HQWHU�VWDII�ZHUH�VXEFRQWUDFWRUV�WR�WKH�$VSKDOW�,QVWLWXWH��$,��RQ�LWV�1DWLRQDO�$VSKDOW

7UDLQLQJ� &HQWHU� ,,� SURMHFW�� ZKLFK� ZDV� VSRQVRUHG� E\� WKH� )HGHUDO� +LJKZD\� $GPLQLVWUDWLRQ

�)+:$��� � $V� VXEFRQWUDFWRUV� WR� $,�� WKH� 6&6&� DVVLVWHG� LQ� WKH� GHYHORSPHQW� RI� 6XSHUSDYH

WUDLQLQJ� PDWHULDOV� IRU� WKH� 1DWLRQDO� +LJKZD\� ,QVWLWXWH� �1+,��� � 6XEVHTXHQWO\�� 6&6&� VWDII

VHUYHG�DV�LQVWUXFWRUV�DW�WKH�WZR�SLORW�ZRUNVKRSV��WKH�SXUSRVH�RI�ZKLFK�ZDV�WR�HYDOXDWH�WKHVH

WUDLQLQJ�PDWHULDOV�� � 7KHVH� SLORW� ZRUNVKRSV� ZHUH� FRQGXFWHG� RQ� $SULO� ��� DQG� 6HSWHPEHU� ��

������ DW� $,� KHDGTXDUWHUV� LQ� /H[LQJWRQ�� .HQWXFN\�� � 7KLUW\�HLJKW� LQGLYLGXDOV� DWWHQGHG�

LQFOXGLQJ�VWDII�RI�WKH�RWKHU�IRXU�6XSHUSDYH�&HQWHUV��VWDWH�'27�SHUVRQQHO��DQG�WKH�)+:$¶V

6XSHUSDYH�([WHQGHG�7HFKQRORJ\�'HOLYHU\�7HDP�� �%DVHG�RQ� WKH�FRPPHQWV�DQG�VXJJHVWLRQV

RI�WKRVH�DWWHQGLQJ�WKH�SLORW�ZRUNVKRSV��ILQDO�FRXUVH�PDWHULDOV�ZHUH�GHYHORSHG�IRU�WKUHH�1+,

6XSHUSDYH�ZRUNVKRSV�

x� 6XSHUSDYH�IRU�WKH�*HQHUDOLVW�(QJLQHHU�DQG�3URMHFW�6WDII����GD\�ZRUNVKRS�

x� 6XSHUSDYH�IRU�/RFDO�$JHQFLHV����GD\�ZRUNVKRS�

x� 6XSHUSDYH�IRU�0DQDJHUV��KDOI�GD\�ZRUNVKRS�

6WDII�PHPEHUV�IURP�WKH�RWKHU�6XSHUSDYH�FHQWHUV��DV�ZHOO�DV�IURP�WKH�6&6&��ZHUH�JLYHQ

WKH� WDVN�RI�GHOLYHULQJ� WKHVH�ZRUNVKRSV�RQ�DQ� DV�UHTXHVWHG�EDVLV�� �7DEOH���� VKRZV� WKH�1+,

:RUNVKRSV� FRQGXFWHG� E\� 6&6&� VWDII�� � ([FHSW� DV� QRWHG�� DOO� 1+,�ZRUNVKRSV� SUHVHQWHG� E\

6&6&�VWDII�ZHUH�6XSHUSDYH�IRU�WKH�JHQHUDOLVW�HQJLQHHU�DQG�SURMHFW�VWDII�



��

7DEOH������1+,�:RUNVKRSV�&RQGXFWHG�E\�6&6&�6WDII

'DWH 6SRQVRULQJ�$JHQF\ /HQJWK /RFDWLRQ 1R��RI�$WWHQGHHV

������ 1HZ�0H[LFR�'27 ��GD\ $OEXTXHUTXH��10 ��

������� $UL]RQD�'27 ��GD\ 3KRHQL[��$= ��

������� /$'27 ��GD\ %DWRQ�5RXJH��/$ ���

������� /$'27 ��GD\ $OH[DQGULD��/$ ��

������ 1HZ�0H[LFR�'27 ��GD\ /DV�&UXFHV��10 ��

������ 1HZ�0H[LFR�'27 ��GD\ 5RVZHOO��10 ��

������ 1HZ�0H[LFR�'27 ��GD\ /DV�9HJDV��10 ��

������ 1HZ�0H[LFR�'27 ��GD\ $OEXTXHUTXH��10 ��

�������� 1HZ�0H[LFR�'27 ��GD\ $ODPRJRUGR��10 ��

�������� 1HZ�0H[LFR�'27 ��GD\ 6DQWD�5RVD��10 ��

�������� 1HZ�0H[LFR�'27 ��GD\ 6DQWD�)H��10 ��

�������� 1HZ�0H[LFR�'27 ��GD\ $OEXTXHUTXH��10 ��

������� $UL]RQD�/7$3 ��GD\ 3KRHQL[��$= ��

7RWDO�$WWHQGHHV�DW�1+,�:RUNVKRSV ���

$867,1�683(53$9(�6+2:&$6(

$W�WKH�UHTXHVW�RI�WKH�)+:$�7H[DV�'LYLVLRQ��WKH�$XVWLQ�'LVWULFW�RI�7['27�ZDV�DVNHG

WR�KRVW�D�6XSHUSDYH�VKRZFDVH�WR�GHPRQVWUDWH�FRQVWUXFWLRQ�RI�D�6XSHUSDYH�PL[���7KH�$XVWLQ

'LVWULFW� VROLFLWHG� WKH� DVVLVWDQFH� RI� WKH� &HQWHU� LQ� WKLV� HQGHDYRU�� � :RUN� RQ� WKH� VKRZFDVH

LQYROYHG� WKH� HIIRUWV� RI� SHUVRQQHO� IURP� WKH� $XVWLQ� 'LVWULFW� RI� 7['27�� WKH� )+:$� 7H[DV

'LYLVLRQ�� WKH� $XVWLQ� %ULGJH� DQG� 5RDG� &RPSDQ\�� WKH� %LWXPLQRXV� 6HFWLRQ� RI� 7['27¶V

0DWHULDOV�DQG�7HVWV�'LYLVLRQ��%5(�)XJUR�,QF���DQG�WKH�6&6&��7DEOH����VKRZV�WKH�VFKHGXOH

DQG�D�VXPPDU\�RI�DFWLYLWLHV�RI�WKH�VKRZFDVH�



��

7DEOH������$XVWLQ�6XSHUSDYH�6KRZFDVH

7LPH ,WHP 6SHDNHU

���� 5HJLVWUDWLRQ DQG &RQWLQHQWDO %UHDNIDVW %UHDNIDVW VSRQVRUHG E\ WKH )+:$ 7H[DV 'LYLVLRQ

���� :HOFRPH :LOOLDP *DUEDGH� 7['27� $XVWLQ 'LVWULFW

'DQ 5HDJDQ� )+:$� 7H[DV 'LYLVLRQ

���� $QQRXQFHPHQWV 'DQQ\ 6WDEHQR� 7['27� $XVWLQ 'LVWULFW

���� 7RXU RI 6XSHUSDYH &RQVWUXFWLRQ 6LWH DQG

6&6&

����� /81&+ /XQFK SURYLGHG E\ $XVWLQ %ULGJH DQG 5RDG

&RPSDQ\

���� 6HVVLRQ � � 1DWLRQDO ([SHULHQFH 8VLQJ

6XSHUSDYH

0RGHUDWRU� -RKQ %XNRZVNL� )+:$ 3DYHPHQWV

'LYLVLRQ

6WDWH '27 ([SHULHQFH LQ 6XSHUSDYH
,PSOHPHQWDWLRQ

/DUU\ 0LFKDHO� 0DU\ODQG '27� +DQFRFN� 0'

8�6� ,QGXVWU\ ([SHULHQFH 8VLQJ

6XSHUSDYH

'DOH 'HFNHU� 1DWLRQDO $VSKDOW 3DYHPHQW $VVQ��

/DQKDP� 0'

���� %5($. %UHDN SURYLGHG E\ %5(�)8*52� ,QF�

���� 6HVVLRQ � � ([SHULHQFH 8VLQJ 6XSHUSDYH

LQ 7H[DV

0RGHUDWRU� %RE 0F*HQQLV� 6� &HQWUDO 6XSHUSDYH

&HQWHU� $XVWLQ� 7;

6XSHUSDYH LQ 7H[DV ± 7['27

([SHULHQFH

0DJKVRXG 7DKPRUHVVL� 7['27 %LWXPLQRXV

%UDQFK� $XVWLQ� 7;

6XSHUSDYH LQ 7H[DV ± ,QGXVWU\
([SHULHQFH

1HG )LQQH\� -REH &RQFUHWH� (O 3DVR� 7;

3DQHO 'LVFXVVLRQ � 'HVLJQ DQG

&RQVWUXFWLRQ RI 6XSHUSDYH

+0$

/HQQ\ %REURZVNL� 7['27� $XVWLQ 'LVWULFW

*DU\ $WZRRG� $XVWLQ %ULGJH DQG 5RDG &RPSDQ\

&KDUOHV 6PRRW� 7; +RW 0L[ $VSK� 3DYHPHQW

$VVQ�

/LVD /XNHIDKU� 7['27� %LWXPLQRXV %UDQFK�
$XVWLQ� 7;

5RVV 0DUWLQH]� )+:$� 5HJLRQ �� )W� :RUWK� 7;

���� &ORVLQJ &RPPHQWV

���� (QG RI 6\PSRVLXP

7KH�VKRZFDVH�ZDV�FRQGXFWHG�RQ�-XO\�����������,W�LQYROYHG�DQ�RYHUOD\�RI�)0������LQ

5RXQG�5RFN��7H[DV���'XULQJ�WKH�PRUQLQJ��SDUWLFLSDQWV�ZHUH�WUDQVSRUWHG�E\�EXV�WR�WKH�SURMHFW

VLWH� WR� REVHUYH� WKH� FRQVWUXFWLRQ� RI� D� 6XSHUSDYH� ����LQ�� ������PP��PL[�� �1H[W�� SDUWLFLSDQWV

ZHUH� WUDQVSRUWHG� WR� WKH�&HQWHU� IRU� D� WRXU� DQG� GHPRQVWUDWLRQ� RI� 6XSHUSDYH� WHVW� HTXLSPHQW�

(LJKW\�ILYH�LQGLYLGXDOV�DWWHQGHG�WKLV�HYHQW�

27+(5�6<0326,$

,Q� DGGLWLRQ� WR� WKH� WUDLQLQJ� DFWLYLWLHV� DOUHDG\� GHVFULEHG�� &HQWHU� VWDII� DSSHDUHG� RQ

QXPHURXV�SURJUDPV�� FRQIHUHQFHV�� DQG�ZRUNVKRSV�� �:KLOH� WKHVH� V\PSRVLD�GLG�QRW� UHSUHVHQW

FRRUGLQDWLQJ� HIIRUWV� RI� &HQWHU� VWDII�� WKH\� QHYHUWKHOHVV� SUHVHQWHG� WKH� RSSRUWXQLW\� IRU� WKH

&HQWHU�WR�IXOILOO�LWV�PLVVLRQ�RI�WUDQVIHUULQJ�6XSHUSDYH�WHFKQRORJ\���7DEOH����OLVWV�WKHVH�HYHQWV�
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7DEOH������2WKHU�6\PSRVLD�ZLWK�6&6&�3DUWLFLSDWLRQ

'DWH (YHQW /RFDWLRQ 1R� RI $WWHQGHHV

������� )+:$ 5HJLRQ � 6+53

&RRUGLQDWRU¶V 0HHWLQJ

$XVWLQ� 7; ��

������� �WK ,QWHUQDWLRQDO &RQIHUHQFH RQ

$VSKDOW 3DYHPHQWV

6HDWWOH� :$ ��

�������� $QQXDO 0HHWLQJ RI 0LQQHVRWD

$VVQ� RI $VSKDOW 3DYLQJ

7HFKQRORJLVWV

0LQQHDSROLV� 01 ���

������� $UNDQVDV 6XSHUSDYH 6\PSRVLXP /LWWOH 5RFN� $5 ���

������� ,RZD 3DYLQJ &RQIHUHQFH $PHV� ,$ ���

������ 1HEUDVND 4XDOLW\ &RQIHUHQFH .HDUQH\� 1( ��

������� $,�)+:$ 6XSHUSDYH 6\PSRVLXP 6W� /RXLV� 02 ���

������� $QQXDO 0HHWLQJ RI WKH 1DWLRQDO

$VVRFLDWLRQ RI &RXQW\ (QJLQHHUV

5DSLG &LW\� 6' ��

7RWDO $WWHQGHHV �����

6800$5<�2)�75$,1,1*�$&7,9,7,(6

&OHDUO\�� WUDLQLQJ�ZDV�D�PDMRU�HIIRUW�RI� WKH�6&6&�� �%\�1RYHPEHU�������&HQWHU�VWDII

KDG�SURYLGHG�6XSHUSDYH� WUDLQLQJ� WR� ������ LQGLYLGXDOV� UHSUHVHQWLQJ� DOO� IDFHWV� RI� WKH� DVSKDOW

PDWHULDOV� FRPPXQLW\�� � $SSUR[LPDWHO\� ������ PRUH� ZHUH� UHDFKHG� WKURXJK� PLVFHOODQHRXV

V\PSRVLD�



��



��

',5(&7('�5(6($5&+

2QH� RI� WKH� H[SHFWDWLRQV� RI� DOO� 6XSHUSDYH� FHQWHUV�� LQFOXGLQJ� WKH� 6RXWK� &HQWUDO

6XSHUSDYH� &HQWHU� �6&6&��� ZDV� WKDW� WKH\� ZRXOG� FRQGXFW� DSSOLHG� UHVHDUFK� WR� XSGDWH� RU

LPSURYH�6XSHUSDYH�WHFKQRORJ\���7KLV�DFWLYLW\�LQYROYHG�FRQGXFWLQJ�H[SHULPHQWV�XVLQJ�WKH�WHVW

HTXLSPHQW� WKDW� ZDV� IXUQLVKHG� WR� HDFK� 6XSHUSDYH� FHQWHU�� � 7KLV� VHFWLRQ� GHVFULEHV� WKHVH

H[SHULPHQWV�

58**('1(66�2)�7+(�$0(5,&$1�$662&,$7,21�2)�67$7(�+,*+:$<

75$163257$7,21�2)),&,$/6�73�

$V� WKH� $PHULFDQ� $VVRFLDWLRQ� RI� 6WDWH� +LJKZD\� DQG� 7UDQVSRUWDWLRQ� 2IILFLDOV

�$$6+72�� ZDV� DGRSWLQJ� WHVW� PHWKRGV� SURGXFHG� E\� WKH� 6WUDWHJLF� +LJKZD\� 5HVHDUFK

3URJUDP��6+53�� UHVHDUFKHUV�� WKHUH�ZDV� D�QHHG� WR� HYDOXDWH� WKH� UXJJHGQHVV�RI� WKH�PHWKRGV�

5XJJHGQHVV� H[SHULPHQWV� DUH� FRQGXFWHG� DFFRUGLQJ� WR� $670� &������ ³&RQGXFWLQJ� D

5XJJHGQHVV�RU�6FUHHQLQJ�3URJUDP�IRU�7HVW�0HWKRGV� IRU�&RQVWUXFWLRQ�0DWHULDOV�´�7KH\�DUH

LQWHQGHG� WR� GHWHUPLQH� ZKHWKHU� WROHUDEOH� YDULDWLRQV� LQ� WHVW� SDUDPHWHUV� SURGXFH� VLJQLILFDQW

FKDQJHV�LQ�WHVW�UHVXOWV���)RU�H[DPSOH��D�WHVW�PHWKRG�PD\�DOORZ�WKH�WHVW�WHPSHUDWXUH�WR�YDU\�E\

���q&�� �$�UXJJHGQHVV�H[SHULPHQW�ZRXOG�GHWHUPLQH�ZKHWKHU� WKLV� WROHUDQFH�ZDV� WRR� ODUJH�RU

XQQHFHVVDULO\� UHVWULFWLYH�� � ,I� WROHUDEOH� YDULDWLRQV� LQ� WHVW� SDUDPHWHUV� GR� QRW� SURGXFH

VLJQLILFDQWO\�GLIIHUHQW�WHVW�UHVXOWV��WKHQ�WKH�WHVW�PHWKRG�LV�FRQVLGHUHG�UXJJHG���&RQVHTXHQWO\�

RQH�RI� WKH� ILUVW� H[SHULPHQWV� FRQGXFWHG� DW� WKH�6&6&� LQYROYHG� HVWLPDWLQJ� WKH� UXJJHGQHVV�RI

$$6+72�73��� ³6WDQGDUG�0HWKRG� IRU� 3UHSDULQJ� DQG�'HWHUPLQLQJ� WKH�'HQVLW\� RI�+RW�0L[

$VSKDOW��+0$��6SHFLPHQV�E\�0HDQV�RI�WKH�6+53�*\UDWRU\�&RPSDFWRU�´

6&6&� VWDII� IXOILOOHG� WZR� UROHV� LQ� WKLV� H[SHULPHQW�� � )LUVW�� 6&6&� VWDII� GHVLJQHG� WKH

H[SHULPHQW�DQG�ZDV�SULPDULO\�UHVSRQVLEOH�IRU�DQDO\]LQJ�LWV�UHVXOWV���6HFRQG��WKH�6&6&�VHUYHG

DV�RQH�RI�WKH�SDUWLFLSDWLQJ�ODERUDWRULHV�RQ�EHKDOI�RI�WKH�7H[DV�'HSDUWPHQW�RI�7UDQVSRUWDWLRQ

�7['27��� � 7KH� H[SHULPHQW� DQDO\]HG� VHYHQ� PDLQ� IDFWRUV� XVLQJ� WKH� DSSURDFK� RXWOLQHG� LQ

$670� &������ � 7DEOH� ��� VKRZV� WKH� PDLQ� IDFWRUV� HYDOXDWHG� DQG� 7DEOH� ��� RXWOLQHV� WKH

SDUWLFLSDWLQJ�ODERUDWRULHV�

0F*HQQLV�HW�DO���5HI����SUHVHQW�D�GHWDLOHG�WUHDWPHQW�RI�WKLV�H[SHULPHQW�LQ�ZKLFK�WKH

IROORZLQJ�FRQFOXVLRQV�ZHUH�GUDZQ�

x� 7KH�WROHUDQFH�RQ�FRPSDFWLRQ�DQJOH�������q&��LV�UHDVRQDEOH�

x� $�WUDQVIHU�ERZO�LV�SUHIHUDEOH�EXW�QRW�QHFHVVDU\�IRU�PROG�ORDGLQJ�

x� 7KH�WROHUDQFH�RQ�FRPSDFWLRQ�SUHVVXUH������N3D��LV�WRR�KLJK�

x� 3UHFRPSDFWLRQ�XVLQJ�D�EOXQW�QRVHG�URG�LV�LQHIIHFWXDO�

x� 7KH�WROHUDQFH�RQ�HTXLYLVFRXV�FRPSDFWLRQ�WHPSHUDWXUH���������3DÂV��LV�UHDVRQDEOH�
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x� 7KH�WROHUDQFH�RQ�VSHFLPHQ�KHLJKW�����PP��LV�WRR�QDUURZ�

x� )RU�ELQGHUV�VLPLODU�WR�WKH�RQH�XVHG�LQ�WKLV�H[SHULPHQW��WKH����PLQXWH�FRPSDFWLRQ

WHPSHUDWXUH� HTXLOLEUDWLRQ� SHULRG� FDQ� EH� LQFOXGHG� LQ� WKH� ��KRXU� DJLQJ� SHULRG� DV

ORQJ�DV�PL[WXUH�YROXPHWULFV�DUH�WKH�PDLQ�UHVSRQVH�YDULDEOHV�

7DEOH������0DLQ�)DFWRUV�(YDOXDWHG�LQ�5XJJHGQHVV�RI�$$6+72�73�

0DLQ�)DFWRU /HYHOV

$QJOH RI *\UDWLRQ� GHJUHHV /RZ 5DQJH ����� WR ���� � DQG +LJK 5DQJH ����� WR ���� �

0ROG /RDGLQJ 3URFHGXUH 7UDQVIHU %RZO 0HWKRG DQG 'LUHFW /RDGLQJ 0HWKRG

&RPSDFWLRQ 3UHVVXUH� N3D ��� DQG ���

3UHFRPSDFWLRQ 1RQH DQG �� WKUXVWV ZLWK 6WDQGDUG 5RG

&RPSDFWLRQ 7HPSHUDWXUH� �& DW ����� 3DÂV YLVFRVLW\ DQG DW ����� 3DÂV YLVFRVLW\

6SHFLPHQ +HLJKW� PP /RZ �DURXQG � LQ� >��� PP@� DQG +LJK �DURXQG ��� LQ� >��� PP@�

$JLQJ 3HULRG DW ����&� KUV ��� DQG �

7DEOH������3DUWLFLSDWLQJ�/DERUDWRULHV

&RPSDFWRU 3DUWLFLSDWLQJ�/DERUDWRU\

,OOLQRLV�'27�

3LQH 7['27�

$VSKDOW�,QVWLWXWH�

7UR[OHU :DVKLQJWRQ�'27

+HULWDJH�5HVHDUFK
� 3HUIRUPHG E\ 8QLYHUVLW\ RI ,OOLQRLV� $GYDQFHG 7UDQVSRUWDWLRQ 5HVHDUFK DQG (QJLQHHULQJ /DERUDWRU\
� 3HUIRUPHG E\ WKH 6&6&� 7KH 8QLYHUVLW\ RI 7H[DV DW $XVWLQ
� 2ULJLQDWLQJ ODERUDWRU\

())(&7�2)�*5$'$7,21�21�92/80(75,&�$1'�0(&+$1,&$/�3523(57,(6

7KLV�H[SHULPHQW�ZDV�UHTXHVWHG�E\�DQG�FRQGXFWHG�RQ�EHKDOI�RI� WKH�)HGHUDO�+LJKZD\

$GPLQLVWUDWLRQ� �)+:$��� ,]]R� HW� DO�� �5HI� ��� SUHVHQW� D� GHWDLOHG� UHSRUW� RI� WKH� H[SHULPHQWDO

ILQGLQJV�� �7KH�SXUSRVH�RI� WKLV�H[SHULPHQW�ZDV�WR�HYDOXDWH� WKH�HIIHFW�RI�DJJUHJDWH�JUDGDWLRQ

DQG�DJJUHJDWH�PLQHUDORJ\�RQ�YRLGV�LQ� WKH�PLQHUDO�DJJUHJDWH� �90$��� �)RXU�DJJUHJDWH� W\SHV

ZHUH�HYDOXDWHG��OLPHVWRQH��JUDYHO��VDQGVWRQH��DQG�EDVDOW���)RU�HDFK�RI�WKHVH�DJJUHJDWH�W\SHV�

WKUHH� JUDGDWLRQV� ZHUH� HYDOXDWHG�� ILQH�� FRDUVH�� DQG� YHU\� FRDUVH�� � 7KH� ILQH� JUDGDWLRQV� ZHUH

GHVLJQHG�WR�SORW�DERYH� WKH�6XSHUSDYH�UHVWULFWHG�]RQH�� �&RDUVH�JUDGDWLRQV�SORWWHG�EHORZ�WKH

UHVWULFWHG� ]RQH��ZKLOH� YHU\� FRDUVH� JUDGDWLRQV� SORWWHG� EHORZ� WKH� ORZHU� FRQWURO� SRLQW� RQ� WKH
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�����LQ��������PP��VLHYH���7KH�YHU\�FRDUVH�JUDGDWLRQ�FRUUHVSRQGHG�WR�PL[WXUHV�GHYHORSHG�E\

7['27�FDOOHG�FRDUVH�PDWUL[�KLJK�ELQGHU��&0+%��PL[WXUHV���)LJXUH���VKRZV�WKH�JUDGDWLRQV

RI�WKH�PL[HV�HYDOXDWHG�LQ�WKH�VWXG\�
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6LHYH 6L]H �PP� 5DLVHG WR ���� 3RZHU
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FRDUVH

Y�FRDUVH
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)LJXUH�����*UDGDWLRQ�RI�0L[HV�(YDOXDWHG�LQ�90$�([SHULPHQW

2QH� RI� WKH� JRDOV� RI� WKLV� VWXG\� ZDV� WR� WHVW� ZKHWKHU� JUDGDWLRQ� �DQG� LWV� HIIHFW� RQ

DJJUHJDWH�VWUXFWXUH��LQIOXHQFHG�90$��� ,W�LV�D�ZHOO�NQRZQ��EXW�QRW�ZHOO�GRFXPHQWHG��D[LRP

WKDW� JUDGDWLRQV� SORWWLQJ� IDUWKHU� DZD\� IURP� WKH� PD[LPXP� GHQVLW\� OLQH� WHQG� WR� GHYHORS

DJJUHJDWH�VWUXFWXUHV�WKDW�UHVLVW�FRPSDFWLRQ��WKXV�LQFUHDVLQJ�90$��7DEOH����VKRZV�WKH�90$

RI�WKH�PL[WXUHV�HYDOXDWHG�

7KH� H[SHULPHQW� YDOLGDWHG� WKLV� D[LRP� LQ� WKDW� WKH� FRDUVH� DQG� YHU\� FRDUVH� PL[WXUHV�

ZKLFK�SORWWHG�IDUWKHVW�IURP�WKH�PD[LPXP�GHQVLW\�OLQH��SRVVHVVHG�KLJKHU�90$�YDOXHV���7KHUH

ZDV� QR� GLIIHUHQFH� LQ� WKH� 90$V� UHVXOWLQJ� IURP� FRDUVH� RU� YHU\� FRDUVH� PL[HV�� � 6DQGVWRQH�

JUDYHO��DQG�EDVDOW�PL[HV�H[KLELWHG�DERXW���SHUFHQW�KLJKHU�90$�WKDQ�WKH�OLPHVWRQH�PL[HV���$

VRPHZKDW� UHPDUNDEOH� IHDWXUH� RI� WKH� 90$� GDWD� ZDV� WKH� UHODWLYHO\� KLJK� YDOXHV� HYLGHQW�²

DSSUR[LPDWHO\����SHUFHQW�IRU�WKH�VDQGVWRQH��JUDYHO��DQG�EDVDOW�DJJUHJDWHV�

:KLOH�WKH�RULJLQDO�LQWHQW�RI�WKLV�H[SHULPHQW�ZDV�WR�HYDOXDWH�WKH�HIIHFW�RI�JUDGDWLRQ�RQ

90$�� LW� ZDV� GHFLGHG� WKDW� WKH� VDPH� PL[WXUHV� FRXOG� DOVR� EH� HYDOXDWHG� IRU� WKH� HIIHFW� RI

JUDGDWLRQ�RQ�PHFKDQLFDO�SURSHUWLHV�� �7KXV�� WKH�GHVLJQHG�PL[WXUHV�ZHUH�HYDOXDWHG�XVLQJ� WKH

+DPEXUJ� :KHHO� 7UDFNLQJ� 'HYLFH� �+:7'��� WKH� 6XSHUSDYH� 6KHDU� 7HVWHU� �667��� DQG� WKH

7['27�VWDWLF�FUHHS�WHVW���7KH�667�WHVWV�WKDW�ZHUH�XVHG�ZHUH�WKH�UHSHDWHG�VLPSOH�VKHDU�WHVW�DW

FRQVWDQW�KHLJKW��5667&+��DQG�IUHTXHQF\�VZHHS�WHVW��)6��

667� WHVWV� JHQHUDOO\� VKRZHG� WKDW� WKH� ILQH�PL[WXUHV�ZLWK� ORZ�90$� DQG� ORZ� DVSKDOW

FRQWHQW�KDG�WKH�KLJKHVW�VWLIIQHVV�DQG�ORZHVW�SHUPDQHQW�VWUDLQ���7KLV�ZDV�DQ�H[SHFWHG�ILQGLQJ

EHFDXVH�WKH�YROXPH�RI�DVSKDOW�ELQGHU�ZDV�VLJQLILFDQWO\�KLJKHU�IRU�WKH�FRDUVH�DQG�YHU\�FRDUVH



��

PL[WXUHV�� � %HFDXVH� WKHUH� LV� QR� VSHFLPHQ� FRQILQHPHQW� LQ� WKH� 5667&+� RU� )6� WHVW�� LW� ZDV

GLIILFXOW�IRU�WKH�DJJUHJDWH�VNHOHWRQ�WR�PRELOL]H�LWV�IXOO�VWLIIQHVV�SRWHQWLDO�

7DEOH������90$�RI�$VSKDOW�0L[WXUHV�(YDOXDWHG

$JJUHJDWH�7\SH *UDGDWLRQ 90$���� $VSKDOW�&RQWHQW���

)LQH ���� ���

/LPHVWRQH &RDUVH ���� ���

9HU\�&RDUVH ���� ���

)LQH ���� ���

6DQGVWRQH &RDUVH ���� ���

9HU\�&RDUVH ���� ���

)LQH ���� ���

*UDYHO &RDUVH ���� ���

9HU\�&RDUVH ���� ���

)LQH ���� ���

%DVDOW &RDUVH ���� ���

9HU\�&RDUVH ���� ���
��$LU�YRLG�FRQWHQW�ZDV���SHUFHQW�LQ�DOO�FDVHV�

6WDWLF�FUHHS�WHVWV�GLG�QRW�SURGXFH�VLJQLILFDQW�GLIIHUHQFHV� LQ� WKH�PHFKDQLFDO�EHKDYLRU

RI� WKH�PL[HV��DOWKRXJK�WKHUH�ZDV�D� WHQGHQF\�IRU� WKH� ILQH�PL[WXUHV�ZLWK� WKH� ORZHVW�90$�WR

H[KLELW� KLJKHU� FUHHS� VWLIIQHVV�� � 2QFH� DJDLQ�� ZLWKRXW� VSHFLPHQ� FRQILQHPHQW�� WKH� VWLIIHVW

PL[WXUHV�ZHUH�WKRVH�WKDW�KDG�WKH�ORZHVW�90$�DQG�ORZHVW�DVSKDOW�FRQWHQW�

7KH� +:7'� VKRZHG� VRPH� GLIIHUHQFHV� DPRQJ� WKH� PL[WXUHV� ZLWK� GLIIHUHQW� 90$�

:KLOH�WKHUH�ZHUH�QR�GHILQLWLYH�WUHQGV�LQ�FUHHS�VORSH�GDWD��WKH�VWULSSLQJ�VORSH�GDWD�VXJJHVWHG

WKDW�YHU\�FRDUVH�PL[WXUHV�ZLWK�WKH�KLJKHVW�90$�ZHUH�PRUH�IDYRUDEOH���7KLV�ZDV�DQ�H[SHFWHG

ILQGLQJ�EHFDXVH�WKH�JUHDWHU�YROXPH�RI�DVSKDOW�ZLWK�WKHVH�PL[WXUHV�ZRXOG�WHQG�WR�LQKLELW�WKH

VWULSSLQJ�PHFKDQLVP�
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58**('1(66�2)�7+(�$0(5,&$1�$662&,$7,21�2)�67$7(�+,*+:$<

75$163257$7,21�2)),&,$/6�73�

7KLV� H[SHULPHQW�� FRQGXFWHG� IRU� WKH� )+:$�� ZDV� RQH� RI� WKH� H[SHULPHQWV� LQ� ZKLFK

VRPH�6XSHUSDYH�&HQWHUV�ZHUH�H[SHFWHG� WR�SDUWLFLSDWH�� �$V�ZLWK� WKH� UXJJHGQHVV� DQDO\VLV� RI

$$6+72�73���6&6&�VWDII� GHYHORSHG� WKH� H[SHULPHQW� DQG� WKHQ�SDUWLFLSDWHG� LQ� LWV� FRQGXFW�

7KH�SXUSRVH�RI�WKLV�H[SHULPHQW�ZDV�WR�HYDOXDWH�WKH�UXJJHGQHVV�RI�$$6+72�73���³6WDQGDUG

7HVW� 0HWKRG� IRU� 'HWHUPLQLQJ� WKH� 3HUPDQHQW� 'HIRUPDWLRQ� DQG� )DWLJXH� &UDFNLQJ

&KDUDFWHULVWLFV�RI�+RW�0L[�$VSKDOW�8VLQJ�WKH�6LPSOH�6KHDU�7HVW�´��7KLV�WHVW�PHWKRG�RXWOLQHV

VL[�VHSDUDWH�WHVW�SURFHGXUHV�XVLQJ�WKH�667���7KH�WHVW�PHWKRG�HYDOXDWHG�XVLQJ�WKLV�H[SHULPHQW

ZDV�WKH�VLPSOH�VKHDU� WHVW�DW�FRQVWDQW�KHLJKW�� �7KLV� LV�D�FRQWUROOHG�VWUHVV� WHVW� LQ�ZKLFK�D� WHVW

VSHFLPHQ� LV� VXEMHFWHG� WR� D� VKHDU� ORDG� IRU� DSSUR[LPDWHO\���� VHFRQGV�� �'XULQJ� WKLV� VKHDULQJ

DFWLRQ�� WKH� VSHFLPHQ� DWWHPSWV� WR� GLODWH�� �$� YHUWLFDO� OLQHDU� YDULDEOH� GLVSODFHPHQW� WUDQVGXFHU

�/9'7�� LV� XVHG� WR� FRQWURO� WKH� DFWLRQV� RI� D� YHUWLFDO� DFWXDWRU�� ZKLFK� SODFHV� VXIILFLHQW� D[LDO

IRUFH� WR� PDLQWDLQ� D� FRQVWDQW� KHLJKW�� 7KH� VHYHQ� PDLQ� IDFWRUV� HYDOXDWHG� DV� SDUW� RI� WKLV

H[SHULPHQW�DUH�VKRZQ�LQ�7DEOH����

7DEOH�����0DLQ�)DFWRUV�(YDOXDWHG�LQ�5XJJHGQHVV�RI�$$6+72�73���6LPSOH�6KHDU�7HVW�DW

&RQVWDQW�+HLJKW

0DLQ�)DFWRU /HYHOV

6SHFLPHQ�$LU�9RLG�&RQWHQW ����DQG������

7HPSHUDWXUH�6WDELOL]DWLRQ�7LPH� ���DQG����PLQXWHV

7HVW�7HPSHUDWXUH� ����)�DQG�����)����q&�DQG���q&�

6WUHVV�/RDGLQJ�5DWH ���DQG����N3D�V

*OXH�7\SH ��PLQXWH�DQG���KRXU�HSR[\

6SHFLPHQ�2ULHQWDWLRQ WRS�DQG�ERWWRP

2UGHU�RI�7HVW EHIRUH�DQG�DIWHU�IUHTXHQF\�VZHHS�WHVW
��7HPSHUDWXUH�SUHFRQGLWLRQ�WLPH�KHOG�FRQVWDQW�DW���KRXUV�
� $VVXPHG�WHVW�WHPSHUDWXUH� ����q)����q&��

)LYH�ODERUDWRULHV�SDUWLFLSDWHG�LQ�WKLV�H[SHULPHQW�

x� 8QLYHUVLW\�RI�&DOLIRUQLD�DW�%HUNHOH\��RULJLQDWLQJ�ODERUDWRU\�

x� :HVWHUQ�5HJLRQ�6XSHUSDYH�&HQWHU

x� 6RXWKHDVW�6XSHUSDYH�&HQWHU

x� 6RXWK�&HQWUDO�6XSHUSDYH�&HQWHU

x� $VSKDOW�,QVWLWXWH
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2I� WKH� VHYHQ� PDLQ� IDFWRUV�� RQO\� WHPSHUDWXUH� VWDELOL]DWLRQ� WLPH�� ��� YHUVXV� ��� PLQXWHV�

LQGLFDWHG�D�VLJQLILFDQW�HIIHFW�RQ�WHVW�UHVXOWV�

83'$7(�2)�'(6,*1�180%(5�2)�*<5$7,216

,Q�LWV�UROH�DV�D�VXEFRQWUDFWRU�WR�WKH�$VSKDOW�,QVWLWXWH��$,���WKH�6&6&�SDUWLFLSDWHG�LQ�D

VWXG\� WR�HYDOXDWH�DQG�XSGDWH� WKH�GHVLJQ�J\UDWLRQ� WDEOH� IRU�XVH�ZLWK� WKH�6XSHUSDYH�J\UDWRU\

FRPSDFWRU� �6*&��� � 3HUVRQQHO� IURP� WKH� +HULWDJH� 5HVHDUFK� *URXS� DQG� $GYDQFHG� $VSKDOW

7HFKQRORJ\�ZHUH�DOVR�DFWLYH� LQ� WKLV�VWXG\�� �0RVW�RI� WKH�HIIRUW�ZDV�H[SHQGHG�EHWZHHQ�0D\

�����DQG�$XJXVW��������7KH�VWXG\�ZDV�LQLWLDWHG�DW�WKH�UHTXHVW�RI�WKH�)+:$�DQG�HPSOR\HG�D

ILYH�WDVN�DSSURDFK�

��� (YDOXDWH�LQ�SODFH�DLU�YRLG�FRQWHQW�RI�H[LVWLQJ�6XSHUSDYH�PL[WXUHV�

��� (YDOXDWH�DQG�VHOHFW�DQ�HQJLQHHULQJ�SURSHUW\�WKDW�LQGLFDWHV�PL[WXUH�SHUIRUPDQFH�

��� 0HDVXUH�WKH�VHQVLWLYLW\�RI�WKH�HQJLQHHULQJ�SURSHUW\�WR�QXPEHU�RI�J\UDWLRQV�

��� 0HDVXUH�WKH�VHQVLWLYLW\�RI�PL[WXUH�YROXPHWULF�SURSHUWLHV�WR�QXPEHU�RI�J\UDWLRQV�

��� 5HFRPPHQG�D�UHYLVHG�WDEOH�IRU�QXPEHU�RI�GHVLJQ�J\UDWLRQV�

7KH�SULQFLSDO� JRDO� RI� WKLV� VWXG\�ZDV� WR� YDOLGDWH�� XSGDWH�� DQG� VLPSOLI\� WKH�1�GHVLJQ

WDEOH�XVLQJ�D�UHVHDUFK�DSSURDFK�WKDW�GLIIHUHG�IURP�WKDW�XVHG�E\�WKH�6+53�UHVHDUFKHUV�� �7KH

FHQWUDO�SUHPLVH�RI�WKH�VWXG\�ZDV�WKDW�WKH�GHVLJQ�QXPEHU�RI�J\UDWLRQV�FRXOG�EH�HVWDEOLVKHG�RQ

WKH� EDVLV� RI� DQ� HQJLQHHULQJ� VWLIIQHVV� SURSHUW\�� LQ� DGGLWLRQ� WR� PL[� YROXPHWULFV�� 6&6&�ZDV

SULPDULO\�UHVSRQVLEOH�IRU�7DVNV���DQG���

7KH�SXUSRVH�RI�7DVN���ZDV�WR�GHYHORS�D�JURVV�HVWLPDWH�RI�WKH�YDOLGLW\�RI�WKH�1�GHVLJQ

WDEOH�DV�LW�ZDV�GHYHORSHG�E\�WKH�6+53�UHVHDUFKHUV���7KLV�WDVN�RSHUDWHG�XQGHU�WKH�K\SRWKHVLV

WKDW�WKH�H[LVWLQJ�WDEOH�ZDV�PRVWO\�FRUUHFW�LQ�WHUPV�RI�LWV�DELOLW\�WR�VSHFLI\�WKH�SURSHU�QXPEHU

RI�J\UDWLRQV���6XSHUSDYH�PL[HV�DUH�GHVLJQHG�XVLQJ���SHUFHQW�DLU�YRLGV���&RQVHTXHQWO\��LI�WKH

LQ�SODFH� DLU� YRLG� FRQWHQW� RI� DQ� H[LVWLQJ� 6XSHUSDYH� PL[�� DIWHU� WUDIILFNLQJ�� ZDV� DW

DSSUR[LPDWHO\� �� SHUFHQW� �H�J��� �� WR� �� SHUFHQW��� WKHQ� LW� FRXOG� EH� DVVXPHG� WKDW� WKH� GHVLJQ

QXPEHU�RI�J\UDWLRQV�VHOHFWHG�IURP�WKH�1�GHVLJQ�WDEOH�IRU�WKH�SURMHFW�ZDV�UHDVRQDEO\�YDOLG�

6&6&� VWDII� PDLOHG� D� TXHVWLRQQDLUH� WR� WKRVH� VWDWH� GHSDUWPHQWV� RI� WUDQVSRUWDWLRQ

�'27V�� WKDW� KDG� D� VLJQLILFDQW� QXPEHU� RI� 6XSHUSDYH� SURMHFWV�� � ,Q� DGGLWLRQ�� VWDII� LQWHUIDFHG

ZLWK�UHJLRQDO�ORQJ�WHUP�SDYHPHQW�SHUIRUPDQFH��/733��FRQWUDFWRUV�ZKR�ZHUH�UHVSRQVLEOH�IRU

FROOHFWLQJ� GDWD� IURP�636��� SURMHFWV�� �0HPEHUV� RI� WKH� )+:$�6XSHUSDYH�0L[WXUHV� ([SHUW

7DVN�*URXS�ZHUH�DOVR�FRQVXOWHG���$OO�WKRVH�VXUYH\HG�ZHUH�DVNHG�ZKHWKHU�WKH\�KDG�GDWD�IURP

FRULQJ� WKDW�ZRXOG� WUDFN� WKH� LQ�SODFH�DLU�YRLG� FRQWHQW� RI�6XSHUSDYH�PL[WXUHV�� �6XUSULVLQJO\�

QRW�D�JUHDW�DPRXQW�RI�GDWD�ZDV�IRUWKFRPLQJ���7KXV��6&6&�VWDII�FRQWDFWHG�YDULRXV�VWDWH�'27V

E\�SKRQH�ZLWK�D�SHUVRQDO�DSSHDO�IRU�GDWD���$V�D�UHVXOW��SURMHFW�LQ�SODFH�DLU�YRLG�FRQWHQW�ZDV
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VHFXUHG�IURP�$UL]RQD��$UNDQVDV��/RXLVLDQD��7H[DV��)ORULGD��DQG�1HZ�<RUN���7KH�1HZ�<RUN

'27�ZDV�SDUWLFXODUO\�IRUWKFRPLQJ�DQG�PDGH�D�VSHFLDO�HIIRUW�WR�FRUH�SURMHFWV�UHSUHVHQWLQJ�WKH

VL[�WUDIILF�OHYHOV�LQ�WKH�1�GHVLJQ�WDEOH�� �)LJXUH���VKRZV�WKH�1HZ�<RUN�GDWD�� �7KH�UHVXOWV�RI

WKLV� WDVN� JHQHUDOO\� VKRZHG� WKDW� WKH� LQ�SODFH� DLU� YRLG� FRQWHQW� RI� 6XSHUSDYH� PL[HV� ZDV� LQ

UHDVRQDEOH�SUR[LPLW\�WR���SHUFHQW��ZKLFK�VXJJHVWHG�WKDW�WKH�QXPEHU�RI�GHVLJQ�J\UDWLRQV�ZDV

DSSUR[LPDWHO\�FRUUHFW�
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7LPH� PRQWKV
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1HZ <RUN
1�GHVLJQ

)LJXUH�����,Q�3ODFH�$LU�9RLG�&RQWHQW�RI�1HZ�<RUN�0L[WXUHV

7DVN� ��ZDV� FRQGXFWHG� E\�+HULWDJH�5HVHDUFK�� ZKLFK� XQGHUWRRN� YDULRXV�PHFKDQLFDO

SURSHUW\� WHVWV� RQ� FRUHV� IURP�:HV7UDFN�� D� WHVW� IDFLOLW\� LQ�1HYDGD�� �&RUHV�ZHUH� WDNHQ� IURP

6XSHUSDYH�PL[WXUHV� H[KLELWLQJ�JRRG�DQG�EDG� UXWWLQJ�SHUIRUPDQFH�� �7KH� UHVXOWV� RI� WKLV� WDVN

VKRZHG� WKDW� WKH� FRPSOH[� VKHDU�PRGXOXV� �*
�� DULVLQJ� IURP� WKH� VKHDU� IUHTXHQF\� VZHHS� WHVW

DGHTXDWHO\�GLVFULPLQDWHG�EHWZHHQ�JRRG�DQG�EDG�UXWWLQJ�SHUIRUPDQFH�

7DVN� ��� RULJLQDOO\� GHVLJQHG� WR� EH� D� SDUW� RI� WKLV� VWXG\�� ZDV� DEDQGRQHG� EHFDXVH� D

VLPLODU�DQG�PRUH�H[WHQVLYH�HYDOXDWLRQ�ZDV�DW�WKH�WLPH�EHLQJ�FRQGXFWHG�DW�$XEXUQ�8QLYHUVLW\

DV� SDUW� RI� 1DWLRQDO� &RRSHUDWLYH� +LJKZD\� 5HVHDUFK� 3URJUDP� �1&+53�� 3URMHFW� ����� � 7KDW

VWXG\�LQGLFDWHG�WKDW�D�FKDQJH�RI�WKLUW\�J\UDWLRQV�UHVXOWHG�LQ�D�FKDQJH�LQ�90$�DQG�DLU�YRLGV�RI

DERXW���SHUFHQW�

7DVN� ��� FRQGXFWHG� DW� 6&6&�� ZDV� DLPHG� DW� PHDVXULQJ� WKH� VHQVLWLYLW\� RI� *
� WR� WKH

QXPEHU�RI�J\UDWLRQV���8OWLPDWHO\�� LW�ZDV�KRSHG�WKDW� WKLV�VWLIIQHVV�SURSHUW\�FRXOG�EH�XVHG�DV

WKH�EDVLV�RI�D�QHZ�1�GHVLJQ�WDEOH���7KH�ILUVW�VWHS�LQ�7DVN���ZDV�WR�GHVLJQ�VL[�EDVLF�PL[WXUHV

IRU�PHDVXUHPHQW� RI�*
�� � 7KUHH� RI� WKH�PL[WXUHV� �$��%�� DQG�&��ZHUH� FRPSRVHG� RI� FUXVKHG

OLPHVWRQH��ZKLOH�WKH�UHPDLQLQJ�WKUHH�ZHUH�FRPSRVHG�RI�FUXVKHG�JUDYHO��'��(��DQG�)����7KUHH
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OHYHOV� RI� GHVLJQ� J\UDWLRQV�ZHUH� XVHG�²� ���� ����� DQG� ����²� WR� EUDFNHW� WKH� YDOXHV� LQ� WKH

H[LVWLQJ� 1�GHVLJQ� WDEOH�� 7KH� DJJUHJDWH� VWUXFWXUH� ZDV� YDULHG� WR� DFKLHYH� DSSUR[LPDWHO\� WKH

VDPH�90$�DQG�DVSKDOW�FRQWHQW�� �7DEOH���� LQGLFDWHV� WKH�SURSHUWLHV�RI� WKH� VL[�PL[WXUHV� WKDW

ZHUH�GHVLJQHG�

7DEOH������6XPPDU\�RI�0L[WXUHV�'HVLJQHG�IRU�7DVN��

$JJUHJDWH

7\SH

0L[

'HVLJQDWLRQ

'HVLJQ

*\UDWLRQV

90$���

���

$VSKDOW

&RQWHQW���

$ ��� ���� ���

/LPHVWRQH % ��� ���� ���

& �� ���� ���

' ��� ���� ���

*UDYHO ( ��� ���� ���

) �� ���� ���
��$OO�PL[WXUHV�GHVLJQHG�DW���SHUFHQW�DLU�YRLGV�

2QFH�WKH�VL[�PL[WXUHV�ZHUH�GHVLJQHG��QLQH�VSHFLPHQV�ZHUH� IDEULFDWHG� IRU�HDFK�PL[�

7KUHH�RI�WKHVH�VSHFLPHQV�ZHUH�FRPSDFWHG�WR����������DQG�����J\UDWLRQV���7KHVH�VSHFLPHQV

ZHUH�WHVWHG�WR�PHDVXUH�90$��DLU�YRLG�FRQWHQW��DQG��LQ�WKH�667��*
���7DEOH����VKRZV�WKH�WHVW

PDWUL[�

7KH�YROXPHWULF�SURSHUWLHV�REVHUYHG� LQ� WKLV� H[SHULPHQW� DJUHHG�YHU\� FORVHO\�ZLWK� WKH

ILQGLQJV�RI�WKH�1&+53�����VWXG\�LQ�WKDW�D�FKDQJH�RI�WKLUW\�J\UDWLRQV�UHVXOWHG�LQ�D�FKDQJH�RI

DSSUR[LPDWHO\� �� SHUFHQW� LQ� DLU� YRLG� FRQWHQW� DQG�90$�� � 7KH� IUHTXHQF\� VZHHS� WHVW� UHVXOWV

VKRZHG�WKDW�D�FKDQJH�RI�WKLUW\�J\UDWLRQV�UHVXOWHG�LQ�D�FKDQJH�LQ�*
�RI�DERXW����SHUFHQW�IRU

ERWK�WKH�OLPHVWRQH�DQG�JUDYHO�PL[WXUHV���)LJXUH���VKRZV�D�W\SLFDO�DQDO\VLV�RI�WKH�*
�GDWD�IRU

WKH�OLPHVWRQH�PL[WXUHV�
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7DEOH������7HVWLQJ�0DWUL[�IRU�0L[WXUHV�(YDOXDWHG

5HVSRQVH�9DULDEOH

0L[

'HVLJQDWLRQ

6SHFLPHQ

1R�

1XPEHU�RI

*\UDWLRQV

$LU�9RLGV 90$ *
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)LJXUH�����6HQVLWLYLW\�RI�*
�WR�1XPEHU�RI�*\UDWLRQV��/LPHVWRQH�0L[WXUHV�
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%DVHG� RQ� WKH� UHVXOWV� RI� 7DVNV� ��� ��� DQG� ��� DQG� FRQVLGHULQJ� WKH� 1&+53� ���

H[SHULPHQWDO� UHVXOWV�� D� UHFRPPHQGHG�1�GHVLJQ� WDEOH�ZDV�GHYHORSHG�� �7KLV� WDEOH�� VKRZQ� LQ

7DEOH� ���� ZDV� SUHVHQWHG� WR� WKH� )+:$� 6XSHUSDYH� 0L[WXUHV� ([SHUW� 7DVN� *URXS� IRU� WKH

XOWLPDWH�SXUSRVH�RI�UHFRPPHQGLQJ�LW�WR�$$6+72�IRU�DGRSWLRQ���7KH�WDVN�JURXS�UHMHFWHG�LW�LQ

IDYRU�RI�D�UHYLVHG�1�GHVLJQ�WDEOH�WKDW�FRPELQHG�SULQFLSOHV�RI�WKLV�DQG�WKH�1&+53�����VWXG\�

7DEOH������5HYLVHG�1�'HVLJQ�7DEOH�%DVHG�RQ�DQ�(QJLQHHULQJ�6WLIIQHVV�3URSHUW\��*
�

7UDIILF�/HYHO�

0LOOLRQV�RI�(6$/V

'HVLJQ�1XPEHU�RI

*\UDWLRQV

/HVV�WKDQ�� ��

���� ��

����� ���

*UHDWHU�WKDQ��� ���
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*5$'8$7(�678'(17�5(6($5&+

7KH�8QLYHUVLW\� RI� 7H[DV� DW� $XVWLQ� XUJHV� WKDW� DOO� IXQGHG� UHVHDUFK� VXSSRUW� JUDGXDWH

VWXGHQW�UHVHDUFK���7KXV��ZKLOH�WKH�6RXWK�&HQWUDO�6XSHUSDYH�&HQWHU��6&6&��UHPDLQHG�D�FHQWHU

RI� DSSOLHG� UHVHDUFK�� LW� DOVR� VXSSRUWHG� QXPHURXV� JUDGXDWH� VWXGHQWV�ZKR� FRQGXFWHG� UHVHDUFK

WKDW� DGGUHVVHG� LVVXHV� SHUWDLQLQJ� WR� WKH� LPSOHPHQWDWLRQ� RI� 6XSHUSDYH� WHFKQRORJ\�� � 7KH

IROORZLQJ�VHFWLRQV�GHVFULEH�WKH�UHVHDUFK�DFWLYLWLHV�FRQGXFWHG�E\�JUDGXDWH�VWXGHQWV�

(9$/8$7,21�2)�63(&,$/�3$9(0(17�678',(6��636����352-(&7�)0�����

:KHQ� WKH� )HGHUDO�+LJKZD\� $GPLQLVWUDWLRQ� �)+:$�� GHYHORSHG� WKH� FRQFHSW� RI� WKH

6XSHUSDYH�&HQWHUV��RQH�RI�WKH�H[SHFWDWLRQV�ZDV�WKDW�WKHVH�&HQWHUV�ZRXOG�SURYLGH�VXSSRUW�IRU

6SHFLDO� 3DYHPHQW� 6WXGLHV� �636�� SURMHFWV�� � 636��� SURMHFWV� ZHUH� H[SHULPHQWDO� WHVW� VHFWLRQV

DLPHG�DW� HYDOXDWLQJ�6XSHUSDYH�� �6WDWH�GHSDUWPHQWV�RI� WUDQVSRUWDWLRQ� �'27V��ZHUH�DVNHG� WR

FRQVWUXFW�WKHVH�WHVW�VHFWLRQV�DQG�SURYLGH�6XSHUSDYH�WHVWLQJ�VHUYLFHV�GXULQJ�FRQVWUXFWLRQ�DQG

SHULRGLFDOO\�DIWHU�FRQVWUXFWLRQ���)RU�YDULRXV�UHDVRQV�WKH�&HQWHUV�QHYHU�SURYLGHG�D�VLJQLILFDQW

DPRXQW�RI�DVVLVWDQFH�WR�VWDWH�'27V�RQ�636���SURMHFWV���2QH�H[FHSWLRQ�ZDV�DQ�636���SURMHFW

RQ� )0� ����� QHDU� 6DQ� $QWRQLR�� 7H[DV�� � )RU� WKLV� SURMHFW� �FRQVWUXFWHG� LQ� ������ WKH� 7H[DV

'HSDUWPHQW� RI� 7UDQVSRUWDWLRQ� �7['27�� UHTXHVWHG� 6&6&� DVVLVWDQFH� LQ� WHVWLQJ� SURMHFW

PDWHULDOV�� � $� 8QLYHUVLW\� RI� 7H[DV� DW� $XVWLQ� FLYLO� HQJLQHHULQJ� JUDGXDWH� VWXGHQW�� 5HQDWR

&HFFRYLOOL�� ZDV� DVVLJQHG� WR� WKLV� SURMHFW�� � &HFFRYLOOL� SURGXFHG� D� PDVWHU¶V� WKHVLV� IURP� WKLV

SURMHFW�� ZKLFK� SDUWLDOO\� IXOILOOHG� WKH� UHTXLUHPHQWV� IRU� D� PDVWHU¶V� RI� VFLHQFH� LQ� FLYLO

HQJLQHHULQJ�IURP�7KH�8QLYHUVLW\�RI�7H[DV�DW�$XVWLQ�

7KH�)0������636���H[SHULPHQW�LQYROYHG�WHVWLQJ�UDZ�DVSKDOW�DQG�DJJUHJDWH�PDWHULDOV

DQG�WKH�6XSHUSDYH�PL[WXUHV�DV�SURGXFHG���,W�DOVR�LQYROYHG�WHVWLQJ�FRUHV�IURP�WZR�WHVW�VHFWLRQV

DW�YDULRXV�SHULRGV�RI� WLPH�IROORZLQJ�FRQVWUXFWLRQ�� �%RWK�VHFWLRQV�XWLOL]HG� WKH�VDPH�PL[�EXW

ZLWK�GLIIHUHQW�ELQGHUV��D�3*�������DQG�D�3*���������7KH�3*�������ELQGHU�ZDV�WKH�ELQGHU�WKDW

ZRXOG�KDYH�EHHQ�VHOHFWHG�EDVHG�RQ�WKH�FOLPDWH�RI�WKH�SURMHFW�VLWH���7KH�3*�������ELQGHU�ZDV

D�³EXPSHG´�JUDGH�

7KLV�H[SHULPHQW�LQYROYHG�D�FRQVLGHUDEOH�DPRXQW�RI�PDWHULDOV�FKDUDFWHUL]DWLRQ���7KLV

UDQJHG� IURP� FRPSRVLWLRQDO� DQDO\VHV� RQ� WKH� KRW� PL[� DV� SURGXFHG�� WR� PHFKDQLFDO� SURSHUW\

WHVWLQJ� RI� ODERUDWRU\� IDEULFDWHG� VSHFLPHQV� DQG� FRUHV� XVLQJ� WKH� 6XSHUSDYH� VKHDU� WHVWHU� DQG

LQGLUHFW� WHQVLOH� WHVWHU�� � $OO� WHVW� GDWD� ZHUH� VXEPLWWHG� WR� WKH� )+:$� /RQJ�7HUP� 3DYHPHQW

3HUIRUPDQFH� 'LYLVLRQ� WKURXJK� WKH� VRXWK� FHQWUDO� UHJLRQDO� FRQWUDFWRU�� %UHQW� 5DXKXW

(QJLQHHULQJ��,QF���LQ�$XVWLQ��7H[DV���3UHVXPDEO\��WKH�WHVW�GDWD�ZLOO�EH�FRPELQHG�ZLWK�VLPLODU

GDWD�VHWV�IURP�RWKHU�SURMHFWV�IRU�DQDO\VLV�
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3HUKDSV�WKH�PRVW�LQWHUHVWLQJ�DQG�XVHIXO�LQIRUPDWLRQ�JOHDQHG�IURP�WKLV�WHVWLQJ�ZDV�WKH

GHQVLILFDWLRQ� RI� WKH� 6XSHUSDYH� PL[� RYHU� WLPH�� � )LJXUH� �� VKRZV� WKLV� UHODWLRQVKLS�� � 7KLV

LQIRUPDWLRQ� ZDV� FRPELQHG� ZLWK� VLPLODU� LQIRUPDWLRQ� IURP� RWKHU� 6XSHUSDYH� SURMHFWV� WR

YDOLGDWH�DQG�XSGDWH�WKH�1�GHVLJQ�WDEOH�XVHG�ZLWK�WKH�6XSHUSDYH�J\UDWRU\�FRPSDFWRU��6*&��

)LJXUH�����'HQVLILFDWLRQ�RI�6XSHUSDYH�0L[�RQ�)0�����

&203$5$7,9(�$1$/<6,6�2)�683(53$9(�$1'�7(;$6�*<5$725<

&203$&7256

2QH� RI� WKH� FULWLFDO� LVVXHV� LQ� 7['27¶V� LPSOHPHQWDWLRQ� RI� 6XSHUSDYH� KDV� EHHQ� WKH

WUDQVLWLRQ�IURP�WKH�H[LVWLQJ�PHWKRG�RI�ODERUDWRU\�FRPSDFWLRQ��WKH�7H[DV�J\UDWRU\�FRPSDFWRU

�7*&��� WR� WKH� 6*&�� � 7['27� RZQV� DSSUR[LPDWHO\� ���� 6*&V�� � $Q� DSSUR[LPDWHO\� HTXDO

QXPEHU�LV�RZQHG�E\�LQGXVWU\�DQG�HQJLQHHULQJ�WHVWLQJ�ODERUDWRULHV�LQ�7H[DV���7KXV��WKHUH�ZDV

D�QHHG� WR�HYDOXDWH� WKH�HIILFDF\�RI� WKH�6*&�LQ�FRPSDULVRQ�ZLWK� WKH�7*&�LQ� WHUPV�RI�D�PL[

GHVLJQ�DQG�ILHOG�FRQWURO�GHYLFH�� �&RQVHTXHQWO\��DQ�H[SHULPHQW�ZDV�GHVLJQHG�DQG�FRQGXFWHG

E\�'DOH�5DQG�� D�7['27�HPSOR\HH�SXUVXLQJ� D�PDVWHU¶V�GHJUHH� LQ� FLYLO� HQJLQHHULQJ� DW�7KH

8QLYHUVLW\�RI�7H[DV�DW�$XVWLQ���,W�ZDV�SDUWLFXODUO\�DSSURSULDWH�WR�KDYH�5DQG�ZRUNLQJ�RQ�WKLV

H[SHULPHQW�EHFDXVH�KLV�ZRUN�DVVLJQPHQW�DW� WKH� WLPH�ZDV� LQ� WKH�%LWXPLQRXV�6HFWLRQ�RI� WKH

0DWHULDOV�DQG�7HVWV�'LYLVLRQ��DV�D�FRQVHTXHQFH��KH�KDG�H[WHQVLYH�H[SHULHQFH�LQ�URXWLQH�DQG

H[SHULPHQWDO�XVH�RI�WKH�7*&�

5DQG��5HI����GHYHORSHG�D� WZR�SKDVH�H[SHULPHQW�� �3KDVH� ,� IRFXVHG�RQ�SUHFLVLRQ�DQG

ELDV� RI� WKH� WZR� J\UDWRU\� FRPSDFWRUV�� � +H� XWLOL]HG� WKUHH� DVSKDOW�PL[WXUHV� FRPSDFWHG� XVLQJ

IRXUWHHQ� 6*&V� DQG� WZHOYH� 7*&V�� � 3KDVH� ,,� HYDOXDWHG� VWUHQJWK� SURSHUWLHV� GHYHORSHG� LQ

VSHFLPHQV� PROGHG� XVLQJ� WKH� WZR� GHYLFHV�� � ,Q� WKLV� SKDVH�� KH� FRPSDUHG� WKH� VORSH� RI� WKH

FRPSDFWLRQ�FXUYHV�RI� VSHFLPHQV�PROGHG� LQ� WKH�6*&�ZLWK�+YHHP�VWDELOLW\�DQG�VWDWLF� FUHHS
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WHVW�UHVXOWV�IURP�7*&�PROGHG�VSHFLPHQV���,Q�FRQWUDVW�WR�3KDVH�,��3KDVH�,,�LQYROYHG�WKH�XVH�RI

WZHQW\�VHYHQ� GLIIHUHQW� PL[WXUHV�� � 7KHVH� LQFOXGHG� ILQH�� FRDUVH�� DQG� YHU\� FRDUVH� PL[WXUHV

EDVHG� RQ� WKH� SHUFHQW� SDVVLQJ� WKH� �����LQ�� ������PP�� VLHYH� DQG� HDFK� RI� WKHVH� DW� PXOWLSOH

DVSKDOW�FRQWHQWV���5DQG¶V�FRQFOXVLRQV�ZHUH�DV�IROORZV�

x� )RU�6XSHUSDYH�PL[HV� WKH�6*&�SURGXFHG� VSHFLPHQV� WKDW�ZHUH���� WR����SHUFHQW� OHVV

YDULDEOH�LQ�WHUPV�RI�EXON�VSHFLILF�JUDYLW\�

x� )RU� YHU\� FRDUVH�PL[HV�� VXFK� DV�7['27�FRDUVH�PDWUL[� KLJK� ELQGHU� �&0+%��PL[HV�

6*&V�SURGXFHG� VSHFLPHQV� WKDW�ZHUH� VOLJKWO\�PRUH�YDULDEOH� LQ�EXON� VSHFLILF�JUDYLW\

WKDQ� WKRVH� SURGXFHG� ZLWK� WKH� 7*&�� DOWKRXJK� WKH� GLIIHUHQFHV� ZHUH� QRW� VWDWLVWLFDOO\

VLJQLILFDQW�

x� )RU� ODERUDWRU\�EDWFKHG� VSHFLPHQV� ZLWK� D� GHVLJQ� QXPEHU� RI� J\UDWLRQV� RI� QLQHW\�VL[

DQG�D�FRPSDFWLRQ� WHPSHUDWXUH�RI�����)�����q&��� WKH�6*&�SURGXFHG�VSHFLPHQV� WKDW

ZHUH�VLJQLILFDQWO\�ORZHU�LQ�GHQVLW\�WKDQ�WKRVH�FRPSDFWHG�LQ�WKH�7*&�

x� 7KH�VORSH�RI�WKH�FRPSDFWLRQ�FXUYH�GRHV�QRW�FRUUHODWH�ZHOO�ZLWK�HLWKHU�+YHHP�VWDELOLW\

RU�VWDWLF�FUHHS�VORSH�

x� 7KH�VORSH�RI� WKH�6*&�FRPSDFWLRQ�FXUYH� FRUUHODWHV�YHU\�ZHOO�ZLWK� FRDUVH� DJJUHJDWH

FRQWHQW� �SHUFHQW� UHWDLQHG� RQ� �����LQ�� >�����PP@� VLHYH��� +YHHP� VWDELOLW\� DQG� VWDWLF

FUHHS�VORSH�DOVR�FRUUHODWH�ZHOO�ZLWK�FRDUVH�DJJUHJDWH�FRQWHQW�

5DQG�UHFRPPHQGHG�WKDW�7['27�DOORZ�WKH�XVH�RI�WKH�6*&�IRU�ILHOG�FRQWURO�RI�KRW�PL[

DVSKDOW��+0$����+H�DOVR�VXJJHVWHG�WKDW�7['27�UHTXLUH�WKDW�WKH� ILHOG�FRQWURO�FRPSDFWRU�EH

FRUUHODWHG�ZLWK�WKH�PL[�GHVLJQ�FRPSDFWRU�UHJDUGOHVV�RI�WKH�W\SH�RI�ILHOG�FRQWURO�FRPSDFWLRQ

GHYLFH�� �5DQG�EHOLHYHG� WKDW� WKH�+YHHP�VWDELOLW\�PHDVXUHG�GXULQJ� ILHOG�SURGXFWLRQ�FRXOG�EH

HOLPLQDWHG�LQ�IDYRU�RI�WROHUDQFHV�RQ�JUDGDWLRQ��SDUWLFXODUO\�WKH�FRDUVH�DJJUHJDWH�FRQWHQW�ZKHQ

FRDUVH� PL[HV� ZHUH� EHLQJ� HYDOXDWHG�� � :LWK� UHVSHFW� WR� SD\� DGMXVWPHQWV� RQ� ILHOG�SURGXFHG

PL[WXUHV��5DQG�VXJJHVWHG�WKDW�7['27¶V�FXUUHQW�ERQXV�SHQDOW\� WROHUDQFHV�EH�DGMXVWHG�ZKHQ

DQ�6*&�LV�XVHG�IRU�ILHOG�FRQWURO�

&203$5$7,9(�$1$/<6,6�2)�683(53$9(�$1'�7(;$6�*<5$725<

&203$&7256�)25�),(/'�&21752/

:KLOH� 5DQG¶V� VWXG\� LQYROYLQJ� WKH� 6*&� DQG� 7*&� ZDV� YHU\� H[WHQVLYH�� LW� ZDV

FRQGXFWHG� HQWLUHO\� RQ� ODERUDWRU\�SUHSDUHG� VSHFLPHQV� DQG� LQFOXGHG� QR� SODQW�SURGXFHG

PDWHULDOV�� �7KXV�� WKHUH�ZDV�D�QHHG� WR�HYDOXDWH� WKH�XVHIXOQHVV�RI� WKH�6*&� LQ�D� ILHOG�FRQWURO

PRGH�� � 7KLV� ZDV� WKH� QDWXUH� RI� WKH� UHVHDUFK� FRQGXFWHG� E\� :HVOH\� 1DXPDQ�� � /LNH� 5DQG�



��

1DXPDQ�ZDV�D�7['27�HPSOR\HH�ZRUNLQJ�WRZDUG�D�PDVWHU¶V�GHJUHH� LQ�FLYLO�HQJLQHHULQJ�DW

7KH�8QLYHUVLW\�RI�7H[DV�DW�$XVWLQ���:LWK�WKH�DVVLVWDQFH�RI�6&6&�VWDII��1DXPDQ�WUDQVSRUWHG�D

6*&�WR�D�+0$�PL[LQJ�IDFLOLW\�IRU�WKH�SXUSRVH�RI�HYDOXDWLQJ�WKH�XVH�RI�WKH�6*&�LQ�D�ILHOG�

FRQWURO�PRGH���7KLV�IDFLOLW\�ZDV�RZQHG�DQG�RSHUDWHG�E\�WKH�&RORUDGR�0DWHULDOV�&RPSDQ\�LQ

+XQWHU��7H[DV���$�SULPDU\�REMHFWLYH�RI�1DXPDQ¶V�VWXG\�ZDV�WR�GHWHUPLQH�ZKHWKHU�WKH�7*&

FRXOG�EH�XVHG�IRU� ILHOG�FRQWURO�RI�+0$�ZKHQ� WKH�6*&�ZDV�XVHG�IRU�GHVLJQ�� �$�VHFRQGDU\

REMHFWLYH� ZDV� WR� DQDO\]H� PL[WXUH� YROXPHWULF� SURSHUWLHV� WR� GHWHUPLQH� ZKHWKHU� WKHUH� ZDV� D

WUHQG�EHWZHHQ�VSHFLPHQV�FRPSDFWHG�LQ� WKH�6*&�DQG�7*&�� �7KUHH�SODQW�SURGXFHG�7['27�

W\SH�PL[WXUHV�ZHUH�HYDOXDWHG��7\SH�%������LQ���RU����PP���7\SH�&������LQ���RU����PP���DQG

7\SH�'������LQ���RU������PP����1DXPDQ¶V�H[SHULPHQW�LQYROYHG�FRPSDFWLQJ�VSOLW�VDPSOHV� LQ

WKH�6*&�DQG�7*&�IRU�D�GLUHFW�FRPSDULVRQ�RI�UHVXOWV�

7KLV� H[SHULPHQW� VKRZHG� WKDW� WKHUH� ZDV� QR� FRQVWDQW� FRUUHODWLRQ� EHWZHHQ� WKH� EXON

VSHFLILF� JUDYLW\� RI� 7*&� DQG� 6*&� VSHFLPHQV�� � 1DXPDQ� IRXQG� WKDW� IRU� SODQW�SURGXFHG

VSHFLPHQV��WKH�6*&�UHVXOWHG�LQ�KLJKHU�EXON�VSHFLILF�JUDYLW\�WKDQ�WKH�7*&���,Q�DGGLWLRQ��WKH

6*&� SURGXFHG� OHVV� RU� HTXDO� YDULDELOLW\� LQ� VSHFLPHQV� LQ� WHUPV� RI� EXON� VSHFLILF� JUDYLW\�

1DXPDQ¶V�PRVW�VLJQLILFDQW�ILQGLQJ�ZDV�WKDW�LW�ZDV�SRVVLEOH�WR�XWLOL]H�D�7*&�IRU�ILHOG�FRQWURO

RI� 6*&�GHVLJQHG� PL[HV�� EXW� WKDW� LQGLYLGXDO� PL[HV� UHDFWHG� GLIIHUHQWO\�� ZKLFK� ZRXOG

QHFHVVLWDWH�D�GLIIHUHQW�FRUUHODWLRQ�IDFWRU�IRU�HDFK�PL[�W\SH���1DXPDQ¶V�UHSRUW��5HI����SURYLGHV

D�GHWDLOHG�GHVFULSWLRQ�RI�WHVW�UHVXOWV�DQG�DQDO\VHV�

'(7(50,1$7,21�2)�5(&/$,0('�$63+$/7�3$9(0(17�&217(17�,1

$63+$/7�0,;(6�86,1*�683(53$9(�%,1'(5�63(&,),&$7,216

:LWK�WKH�GHYHORSPHQW�RI�6XSHUSDYH�WKHUH�ZDV�D�QHHG�WR�GHYHORS�D�PHWKRGRORJ\�IRU

FRQVLGHULQJ�WKH�XVH�RI�UHFODLPHG�DVSKDOW�SDYHPHQW��5$3��LQ�6XSHUSDYH�PL[HV���7R�UHVSRQG

WR� WKLV� QHHG�� WKH� )+:$� 6XSHUSDYH� 0L[WXUHV� ([SHUW� 7DVN� *URXS� GHYHORSHG� D� VHW� RI

JXLGHOLQHV� IRU� WKH�XVH�RI�5$3��5HI����� �7R�VXSSRUW� WKDW�HIIRUW�� D�FLYLO� HQJLQHHULQJ�PDVWHU¶V

GHJUHH� VWXGHQW� DW� 7KH� 8QLYHUVLW\� RI� 7H[DV� DW� $XVWLQ�� :HQJ�2Q� 7DP�� GHYHORSHG� DQ

H[SHULPHQW� WR� VWXG\� WKH� UKHRORJLFDO�SURSHUWLHV�RI�GLIIHUHQW� FRPELQDWLRQV�RI� VLPXODWHG�5$3

ELQGHUV�DQG�YLUJLQ�ELQGHUV�

7DP� FKRVH� VL[� DVSKDOWV� IURP� WKH� 6WUDWHJLF� +LJKZD\� 5HVHDUFK� 3URJUDP� �6+53�

0DWHULDOV�5HIHUHQFH�/LEUDU\��05/��WR�XVH� LQ�KLV�H[SHULPHQW�� �)RXU�RI� WKH�DVSKDOWV�XVHG�DV

YLUJLQ� ELQGHUV�ZHUH� VHOHFWHG� WR� UHSUHVHQW� D�ZLGH� UDQJH� RI� WHPSHUDWXUH� VXVFHSWLELOLW\�� �7ZR

05/� DVSKDOWV� ZHUH� FKRVHQ� WR� UHSUHVHQW� D� UDQJH� RI� DJLQJ� VXVFHSWLELOLW\�� � 7KH\� ZHUH

VXEVHTXHQWO\�DJHG�WR�SURGXFH�VLPXODWHG�5$3�ELQGHUV���)LYH�OHYHOV�RI�5$3�ELQGHUV������������

���� DQG� ���� SHUFHQW�� ZHUH� SURGXFHG�� � 7KHVH� UHSUHVHQWHG� D� FRPELQDWLRQ� RI� WKH� IRXU� YLUJLQ

ELQGHUV�PL[HG�ZLWK�WKH�WZR�DJHG�5$3�ELQGHUV���$�G\QDPLF�VKHDU�UKHRPHWHU��'65��ZDV�XVHG



��

WR�FDSWXUH�WKH�KLJK�DQG� LQWHUPHGLDWH� WHPSHUDWXUH�VWLIIQHVV�FKDUDFWHULVWLFV�� �$�EHQGLQJ�EHDP

UKHRPHWHU��%%5��ZDV�XVHG�WR�PHDVXUH�ORZ�WHPSHUDWXUH�FUHHS�SURSHUWLHV�

7DP¶V� H[SHULPHQW� DQG� DQDO\VLV� YHULILHG� WKDW� KLJK� DQG� ORZ� WHPSHUDWXUH� VWLIIQHVV

FKDUDFWHULVWLFV� DUH� VLJQLILFDQWO\� DIIHFWHG� E\� WKH� DPRXQW� RI� 5$3� ELQGHU� XVHG�� � 7KH� UDWH� RI

FKDQJH�RI�VWLIIQHVV�ZDV�HLWKHU�FRQVWDQW�IURP���WR�����SHUFHQW�5$3�ELQGHU�RU�LQFUHDVHG�ZLWK

ORZHU�WHPSHUDWXUHV���+LV�SUDFWLFDO�PHWKRG�IRU�GHWHUPLQLQJ�WKH�PD[LPXP�SHUFHQWDJH�RI�5$3

WR�EH�XVHG� VKRZHG� WKDW�� UDWKHU� WKDQ� LW� EHLQJ� D� IXQFWLRQ�RI� WKH� UKHRORJLFDO� SURSHUWLHV�RI� WKH

5$3�ELQGHU�� WKH� DPRXQW�RI�5$3� WKDW� FDQ�EH�XVHG� LV�PRVW� RIWHQ�JRYHUQHG�E\�RWKHU� IDFWRUV

�5HI����

(9$/8$7,21�2)�+27�0,;�$63+$/7�3$9(0(17�3(5)250$1&(�)25

7$,:$1¶6�)5((:$<�1(7:25.�86,1*�7+(�683(53$9(�6<67(0

,QHYLWDEO\�6XSHUSDYH�ZLOO�EH�HYDOXDWHG�IRU�XVH�RXWVLGH�WKH�8�6���2QH�H[DPSOH�RI�VXFK

DQ�HYDOXDWLRQ�ZDV�FRQGXFWHG�E\�-LDQ�1HQJ�:DQJ��D�GRFWRUDO�FDQGLGDWH�LQ�FLYLO�HQJLQHHULQJ�DW

7KH�8QLYHUVLW\� RI�7H[DV� DW�$XVWLQ�� � ,Q� QRWLQJ� DVSKDOW� SDYHPHQW� SHUIRUPDQFH� SUREOHPV� RQ

7DLZDQ¶V� IUHHZD\�V\VWHP��:DQJ�SURSRVHG� WR�XWLOL]H� WKH�6XSHUSDYH� V\VWHP� WR� FRUUHFW� WKHVH

SUREOHPV���:DQJ¶V�SUHPLVH�ZDV�WKDW�6XSHUSDYH�UHSUHVHQWHG�D�VLJQLILFDQW�LPSURYHPHQW�RYHU

WKDW�DVSKDOW�WHFKQRORJ\�XVHG�LQ�7DLZDQ��ZKLFK�LQYROYHG�WKH�XVH�RI�SHQHWUDWLRQ�JUDGHG�DVSKDOW

DQG�DQ�ROGHU�YHUVLRQ�RI�WKH�0DUVKDOO�PL[�GHVLJQ�V\VWHP�

:DQJ�GHVLUHG�WR�LPSRUW�H[SHULPHQWDO�TXDQWLWLHV�RI�7DLZDQHVH�PDWHULDOV�IRU�DQDO\VLV�

8QIRUWXQDWHO\��WKLV�SODQ�SURYHG�LPSUDFWLFDO�EHFDXVH�RI�KLJK�VKLSSLQJ�FRVWV���&RQVHTXHQWO\��KH

LQWHUYLHZHG�KLJKZD\�PDWHULDOV�HQJLQHHUV�LQ�7DLZDQ�WR�DVVHVV�WKH�FKDUDFWHULVWLFV�RI�7DLZDQHVH

PDWHULDOV��+H�GHWHUPLQHG�WKDW�SULPDULO\�WZR�JUDGHV�RI�DVSKDOW�ELQGHU�ZHUH�XVHG���������DQG

������SHQ�JUDGHG�DVSKDOW���+H�DOVR�GHWHUPLQHG�WKDW�FUXVKHG�VDQGVWRQH�JUDYHO�DJJUHJDWH�ZDV

WKH�PRVW�FRPPRQ�DJJUHJDWH� W\SH�� �%DVHG�RQ� WKLV� LQIRUPDWLRQ��:DQJ�SURFXUHG�PDWHULDOV� LQ

7H[DV�WKDW�VLPXODWHG�WKHVH�7DLZDQHVH�PDWHULDOV�

:DQJ¶V� H[SHULPHQW� ZDV� H[WHQVLYH� DQG� XQLTXH�� � +H� HYDOXDWHG� � VL[WHHQ� DVSKDOW

PL[WXUHV� IRU� WKHLU� YROXPHWULF� SURSHUWLHV� XVLQJ� ERWK� WKH� 0DUVKDOO� DQG� 6XSHUSDYH� V\VWHPV�

%DVHG�RQ�WKLV�VWXG\��KH�VHOHFWHG�WKUHH�PL[WXUHV�IRU�IXUWKHU�DQDO\VLV���2QH�PL[WXUH�VLPXODWHG�D

W\SLFDO� 7DLZDQHVH� DVSKDOW� FRQFUHWH�� � 7KH� VHFRQG�PL[WXUH�PHW� ERWK� 6XSHUSDYH� DQG� FXUUHQW

7DLZDQ� UHTXLUHPHQWV�� DOWKRXJK� LW�ZRXOG�QRW� UHSUHVHQW� D� W\SLFDO�7DLZDQHVH�PL[�� �7KH� WKLUG

PL[WXUH�PHW�RQO\�6XSHUSDYH�UHTXLUHPHQWV�

7KH�ILQDO�SDUW�RI�WKH�H[SHULPHQW�LQYROYHG�XVLQJ�WKH�VLPSOH�DQG�UHSHDWHG�VKHDU�WHVW�DW

FRQVWDQW� KHLJKW�� WKH� IUHTXHQF\� VZHHS� WHVW�� DQG� WKH� +DPEXUJ� :KHHO� 7UDFNLQJ� 'HYLFH� WR

PHDVXUH�PHFKDQLFDO�SURSHUWLHV�UHODWHG�WR�UXWWLQJ�PL[WXUH�UHVLVWDQFH���+LV�WHVW�UHVXOWV�OHG�WR�WKH
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FRQFOXVLRQ�WKDW�WKH�W\SLFDO�7DLZDQHVH�PL[�ZDV�FRQVLGHUDEO\�PRUH�SURQH�WR�UXWWLQJ���%RWK�WKH

7DLZDQHVH�6XSHUSDYH�PL[WXUH�DQG�WKH�6XSHUSDYH�PL[WXUH�H[KLELWHG�YHU\�VLPLODU�PHFKDQLFDO

SURSHUWLHV�WKDW�LQGLFDWHG�VLJQLILFDQWO\�PRUH�UXWWLQJ�UHVLVWDQFH�ZKHQ�FRPSDUHG�ZLWK�WKH�W\SLFDO

7DLZDQHVH�PL[���:DQJ�ZDV�XOWLPDWHO\�DZDUGHG�D�GRFWRUDWH�RI�SKLORVRSK\�XSRQ�WKH�VXFFHVVIXO

GHIHQVH�RI�KLV�GLVVHUWDWLRQ��5HI�����



��

63(&,$/�352-(&76

1XPHURXV� VSHFLDO� H[SHULPHQWDO� SURMHFWV� ZHUH� FRQGXFWHG� DW� WKH� 6RXWK� &HQWUDO

6XSHUSDYH�&HQWHU� �6&6&��� �7KHVH�H[SHULPHQWV�ZHUH�QRUPDOO\�XQGHUWDNHQ� DW� WKH� UHTXHVW�RI

YDULRXV�RUJDQL]DWLRQV�SDUWLFLSDWLQJ�LQ�&HQWHU�DFWLYLWLHV�RU�DV�DFWLYLWLHV�SXUVXDQW�WR�WKH�QRUPDO

JRDOV�DQG�REMHFWLYHV�RI�DQ�DSSOLHG�UHVHDUFK�DQG�WUDLQLQJ�IDFLOLW\�

6287+�&(175$/�683(53$9(�&(17(5�/$%25$725<�67$1'$5'

(;3(5,0(17

$W�WKH�RXWVHW�RI�WKH�6&6&�SURMHFW��DQ�H[SHULPHQW�ZDV�FRQGXFWHG�WR�GHYHORS�D�VHW�RI

ODERUDWRU\�VWDQGDUG�PDWHULDOV�IRU�URXWLQH�&HQWHU�XVH���7KH�LQWHQWLRQ�ZDV�WKDW�WKHVH�PDWHULDOV

EH�XVHG�LQ�&HQWHU�WUDLQLQJ�DFWLYLWLHV�DV�ZHOO�DV�LQ�YDULRXV�&HQWHU�H[SHULPHQWV���/LNH�WKH�RWKHU

6XSHUSDYH� FHQWHUV�� WKH� 6&6&� ZDV� D� KLJKO\� YLVLEOH� RUJDQL]DWLRQ�� DQG� DV� VXFK�� LW� SUREDEO\

FRXOG�KDYH�REWDLQHG�KLJKO\�VXSHULRU�DJJUHJDWHV�IURP�DQ\�VRXUFH�LQ�WKH�8�6�� �+RZHYHU�� WKDW

VWUDWHJ\� ZDV� QRW� HPSOR\HG�� � &HQWHU� VWDII� EHOLHYHG� WKDW� D� VHW� RI� VWDQGDUG� PDWHULDOV�

UHSUHVHQWLQJ�WKRVH�WKDW�DQ�DYHUDJH�VWDWH�KLJKZD\�DJHQF\�ZRXOG�FRPPRQO\�XVH��ZRXOG�VHW�D

EHWWHU�VWDQGDUG�IRU�WUDLQLQJ�DQG�H[SHULPHQWDO�SXUSRVHV���&RQVHTXHQWO\��LW�ZDV�GHFLGHG�WKDW�D

W\SLFDO� FHQWUDO� 7H[DV� FUXVKHG� OLPHVWRQH� ZRXOG� IRUP� WKH� EDVLV� RI� WKH� 6&6&� ODERUDWRU\

VWDQGDUG� DJJUHJDWH�� � 7KLV� PDWHULDO� ZDV� JUDFLRXVO\� VXSSOLHG� LQ� ODUJH� TXDQWLWLHV� E\� WKH

&RORUDGR�0DWHULDOV�&RPSDQ\�IURP�LWV�TXDUU\�DQG�KRW�PL[�IDFLOLW\�LQ�+XQWHU��7H[DV�

&RORUDGR� 0DWHULDOV� SURYLGHG� ILYH� VWRFNSLOHV� RI� DSSUR[LPDWHO\� ���� FXELF� IHHW� ���

FXELF�PHWHUV��HDFK���7KHUH�ZHUH�WZR�FRDUVH�DJJUHJDWHV��RQH�LQWHUPHGLDWH�DJJUHJDWH��DQG�WZR

PDQXIDFWXUHG�VDQGV��ZDVKHG�DQG�XQZDVKHG���7KHVH�ILYH�VWRFNSLOHV�ZHUH�VWRUHG�LQ�DJJUHJDWH

ELQV� ORFDWHG�EHKLQG� WKH�6&6&�IDFLOLW\�� �7KLV� OLPHVWRQH� DJJUHJDWH�ZDV�RI�PHGLXP�KDUGQHVV

DQG�SULPDULO\�FDOFDUHRXV�LQ�QDWXUH��ZLWK�D�FRPELQHG�DJJUHJDWH�DEVRUSWLRQ�RI�DSSUR[LPDWHO\��

SHUFHQW���,WV�FRPELQHG�EXON�VSHFLILF�JUDYLW\�ZDV�DSSUR[LPDWHO\���������,W�KDG�D�SURYHQ�WUDFN

UHFRUG� RI� JRRG� SHUIRUPDQFH� RQ� D� ZLGH� YDULHW\� RI� SDYHPHQWV� LQ� 7H[DV�� � $� QDWXUDO� VDQG

DJJUHJDWH�ZDV�IXUQLVKHG�E\�7H[DV�,QGXVWULHV��7;,��IURP�LWV�SLW�QHDU�$XVWLQ��7H[DV���7KLV�ZDV

D�FOHDQ��FRDUVH��QDWXUDO�VDQG�ZLWK�D�EXON�VSHFLILF�JUDYLW\�RI�DERXW���������7UDGLWLRQDOO\��LW�KDG

QRW� EHHQ� XVHG� DV� DQ� DVSKDOW� FRQFUHWH� DJJUHJDWH� LQ� 7H[DV�� � ,URQLFDOO\�� LW� KDG� EHHQ� PRUH

FRPPRQO\�XVHG�LQ�SRUWODQG�FHPHQW�FRQFUHWH�LQ�7H[DV�EHFDXVH�LWV�KLJK�TXDOLW\�DQG�DWWHQGDQW

KLJKHU� FRVW� PDGH� LW� HFRQRPLFDOO\� XQDWWUDFWLYH� IRU� KRW� PL[� SURGXFHUV� IRU� XVH� LQ� DVSKDOW

FRQFUHWH���:KLOH�WKH�7;,�QDWXUDO�VDQG�ZDV�QRW�D�QRUPDO�ILQH�DJJUHJDWH�LQ�7H[DV�SURMHFWV��LW

UHSUHVHQWHG�QDWXUDO� VDQGV�XVHG� LQ�DVSKDOW� FRQFUHWH� LQ�RWKHU�SDUWV�RI� WKH�8�6�� DQG�SRVVHVVHG

SURSHUWLHV� WKDW�PDGH� LW� IDYRUDEOH� LQ� WHUPV�RI�6XSHUSDYH�DJJUHJDWH�VSHFLILFDWLRQV�� �7DEOH���

VKRZV�WKH�JUDGDWLRQ�DQG�RWKHU�SURSHUWLHV�RI�WKH�6&6&�ODERUDWRU\�VWDQGDUG�DJJUHJDWHV�
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7DEOH������3URSHUWLHV�RI�6&6&�/DERUDWRU\�6WDQGDUG�$JJUHJDWHV

&RDUVH $JJUHJDWH )LQH $JJUHJDWH

6L]H� PP &�5RFN '�5RFN )�5RFN :DVKHG

6FUHHQLQJV

8QZDVKHG

6FUHHQLQJV

1DWXUDO

6DQG

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

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

��� ��� ��� ��� ���� ���� ����

��� ��� ��� ��� ���� ���� ���

���� ��� ��� ��� ���� ���� ���

����� ��� ��� ��� ��� ���� ���

&RDUVH $JJU�

$QJXODULW\� �

��� ��� ��� Q�D Q�D Q�D

)LQH $JJUHJDWH

$QJXODULW\� � Q�D Q�D Q�D �� �� ��

)ODW DQG

(ORQJDWHG
3DUWLFOHV� �

� � � Q�D Q�D Q�D

6DQG (TXLYDOHQW
9DOXH Q�D Q�D Q�D �� �� ��

/DERUDWRU\� VWDQGDUG� ELQGHUV� ZHUH� IXUQLVKHG� E\� 1HVWH� 7ULILQHU\� RI� &RUSXV� &KULVWL�

7H[DV���%XON�TXDQWLWLHV�ZHUH�IXUQLVKHG�LQ���JDOORQ�����OLWHU��EXFNHWV���7ZR�JUDGHV�ZHUH�XVHG�

D�3*�������DQG�D�3*�������� �7DEOHV����DQG����VKRZ� WKH�SURSHUWLHV�RI� WKH� DVSKDOW�ELQGHUV

XVHG���%RWK�PDWHULDOV�SURYHG�WR�EH�RI�FRQVLVWHQWO\�KLJK�TXDOLW\�DQG�VXLWDEOH�IRU�D�ZLGH�YDULHW\

RI�XVHV�DW�WKH�&HQWHU�

7DEOH������3URSHUWLHV�RI�6&6&�/DERUDWRU\�6WDQGDUG�3*������

3URSHUW\ 3* ����� 6SHFLILFDWLRQ

8QDJHG %LQGHUV

9LVFRVLW\ DW ���q) ����q&� ����� 3D�V � 3D�V PLQ

)ODVK 3RLQW� &2& ���q) ����q&� ���q) ����q&� PLQ

*
�VLQ G DW ���q) ���q&� ���� SVL ����� N3D� ���� SVL ����� N3D� PLQ

5ROOLQJ 7KLQ )LOP 2YHQ 5HVLGXH

0DVV /RVV� � ����� ����� PD[

*
�VLQ G DW ���q) ���q &� ��� SVL ����� N3D� ���� SVL ����� N3D� PLQ

3UHVVXUH�$JLQJ 9HVVHO 5HVLGXH

*
VLQ G DW ��q) ���q&� ��� SVL ������ N3D� ��� SVL ������ N3D� PD[

&UHHS 6WLIIQHVV DW ���q) ����q&� �� NVL ���� 03D� ���� NVL ���� 03D� PD[

&UHHS 5DWH DW ���q) ����q&� ����� ����� PLQ



��

7DEOH������3URSHUWLHV�RI�6&6&�/DERUDWRU\�6WDQGDUG�3*������

3URSHUW\ 3* ����� 6SHFLILFDWLRQ

8QDJHG %LQGHUV

9LVFRVLW\ DW ���q) ����q&� ����� 3D�V � 3D�V PLQ

)ODVK 3RLQW� &2& ����) ����q&� ���q) ����q&� PLQ

*
�VLQ G DW ���q) ���q&� ���� SVL ����� N3D� ���� SVL ����� N3D� PLQ

5ROOLQJ 7KLQ )LOP 2YHQ 5HVLGXH

0DVV /RVV� � ����� ����� PD[

*
�VLQ G DW ���q) ���q&� ���� SVL ����� N3D� ���� SVL ����� N3D� PLQ

3UHVVXUH $JLQJ 9HVVHO 5HVLGXH

*
VLQ G DW ��q) ���q&� ��� SVL ������ N3D� ��� SVL ������� PD[

&UHHS 6WLIIQHVV DW ���q) ����q&� �� NVL ���� 03D� ���� NVL ���� 03D� PD[

&UHHS 5DWH DW ���q) ����q&� ����� ����� PLQ

7KH� 6&6&� VWDII� DQG� VWDII� RI� WKH� 7H[DV� 'HSDUWPHQW� RI� 7UDQVSRUWDWLRQ� �7['27�

%LWXPLQRXV�6HFWLRQ�PDGH�H[WHQVLYH�XVH�RI�WKLV�VHW�RI�PDWHULDOV���1XPHURXV�DVSKDOW�PL[WXUHV

ZHUH� GHYHORSHG� IRU� WUDLQLQJ� SXUSRVHV�� � )LJXUH� �� VKRZV� WKUHH� W\SLFDO� 6XSHUSDYH� JUDGDWLRQV

WKDW�XVHG�WKH�6&6&�ODERUDWRU\�VWDQGDUG�PDWHULDOV�
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6LHYH 6L]H �PP� 5DLVHG WR ���� 3RZHU
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%OHQG �
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)LJXUH�����*UDGDWLRQ�RI�7\SLFDO�6&6&�/DERUDWRU\�6WDQGDUG�0L[WXUHV

(9$/8$7,21�2)�0$7(5,$/6�,1�1257+($67�7(;$6

,Q� ������ WKH� 6&6&� DVVLVWHG� D� WDVN� IRUFH� RI� 7['27� DQG� LQGXVWU\� RIILFLDOV� IURP

QRUWKHDVW� 7H[DV�� � 7KH� WDVN� IRUFH� ZDV� FKDUJHG� ZLWK� GHWHUPLQLQJ� WKH� FDXVH� RI� SRRU� DVSKDOW

SDYHPHQW�SHUIRUPDQFH�LQ�WKH�$WODQWD�DQG�7\OHU�GLVWULFWV�RI�7['27���7KH�SRRU�SHUIRUPDQFH

ZDV�PDQLIHVWHG�LQ�D�YDULHW\�RI�ZD\V��EXW�WKHUH�ZDV�D�JHQHUDO�FRQVHQVXV�WKDW�WKH�SULPDU\�FDXVH

ZDV�PRLVWXUH�GDPDJH���7['27�RIILFLDOV�EHOLHYHG�WKDW�D�ORFDO�JUDYHO�VRXUFH��ZKLFK�EHJDQ�WR
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EH�XVHG�DW�DSSUR[LPDWHO\�WKH�VDPH�WLPH�WKDW�WKH�PRLVWXUH�GDPDJH�RFFXUUHG��ZDV�D�FDXVDWLYH

IDFWRU���$V�D�UHVXOW��7['27�SURKLELWHG�WKH�XVH�RI�WKH�ORFDO�JUDYHOV���6&6&�ZDV�DVNHG�WR�VHUYH

DV�D�PDWHULDOV�HYDOXDWLRQ�UHVRXUFH�IRU�WKH�WDVN�IRUFH�

%HFDXVH�6XSHUSDYH�XWLOL]HV�D�VWULSSLQJ�WHVW�WKDW�ZDV�DOUHDG\�LQ�FRPPRQ�XVH�LQ�7H[DV�

WKDW� IHDWXUH� RI� WKH� 6XSHUSDYH� V\VWHP� GLG� QRW� RIIHU� SURPLVH� LQ� WHUPV� RI� HYDOXDWLQJ� WKH

QRUWKHDVW� 7H[DV� PDWHULDOV�� � +RZHYHU�� RWKHU� 6XSHUSDYH� PL[WXUH� UHTXLUHPHQWV�� VXFK� DV� WKH

6XSHUSDYH� J\UDWRU\� FRPSDFWRU� �6*&�� GHQVLILFDWLRQ� UHTXLUHPHQWV� DQG� FRQVHQVXV� DJJUHJDWH

UHTXLUHPHQWV�� QHHGHG� WR� EH� LQYHVWLJDWHG� WR� GHWHUPLQH� ZKHWKHU� WKH� WURXEOHVRPH� PL[WXUHV

ZRXOG�KDYH�EHHQ�LGHQWLILHG�

7KH� 7['27�$WODQWD� 'LVWULFW� SURYLGHG� W\SLFDO� PDWHULDOV�� LQFOXGLQJ� WKH� ORFDO� FRDUVH

JUDYHO� DJJUHJDWHV� DQG� WKUHH� QDWXUDO� VDQGV�� � 7KH� 6&6&� UHSURGXFHG� VRPH� RI� WKH� SRRU

SHUIRUPLQJ� PL[WXUHV� DQG� HYDOXDWHG� WKH� PL[WXUHV� DQG� FRPSRQHQW� PDWHULDOV� XVLQJ� WKH

6XSHUSDYH� V\VWHP�� � 7KLV� H[SHULPHQW� VKRZHG� WKDW� WKH� JUDYHO�VDQG� PL[WXUHV� IDLOHG� WKH

6XSHUSDYH� GHQVLILFDWLRQ� FULWHULRQ� DW� DQ� LQLWLDO� QXPEHU� RI� J\UDWLRQV�� � 6HYHUDO� RI� WKH

JUDYHO�VDQG�PL[WXUHV�IDLOHG�WKH�6XSHUSDYH�VDQG�HTXLYDOHQW�UHTXLUHPHQW�IRU�PRGHUDWH�RU�KLJK

WUDIILFNHG� SDYHPHQWV�� � 7KH� 6&6&� H[SHULPHQW� LGHQWLILHG� WZR� RI� WKH� WKUHH� QDWXUDO� VDQGV� DV

EHLQJ�LQDSSURSULDWH�IRU�XVH�RQ�PRGHUDWH�RU�KLJKO\�WUDIILFNHG�SDYHPHQWV�

$Q�DGGLWLRQDO�H[SHULPHQW�ZDV�FRQGXFWHG� WR�GHWHUPLQH�ZKHWKHU�VXEVWLWXWLQJ�D�KLJKHU

TXDOLW\� ILQH� DJJUHJDWH�ZRXOG� SURYLGH� EHWWHU� 6XSHUSDYH�PL[� GHVLJQ� SURSHUWLHV�� � 7KH� 6&6&

ODERUDWRU\� VWDQGDUG� PDQXIDFWXUHG� VDQG� DQG� QDWXUDO� VDQG� ZHUH� HPSOR\HG� IRU� WKLV� SXUSRVH�

7KLV� VWXG\� LQGLFDWHG� WKDW�� E\� XVLQJ� D� OLPHVWRQH�PDQXIDFWXUHG� VDQG� VLPLODU� WR� WKH� 6&6&

VWDQGDUG��LW�ZDV�SRVVLEOH�WR�XVH�WKH�ORFDO�JUDYHO�DJJUHJDWHV�ZLWK�DQ�H[SHFWDWLRQ�RI�UHDVRQDEOH

SHUIRUPDQFH�� �:DQJ��5HI�����SUHVHQWV�D�PRUH� WKRURXJK�H[SODQDWLRQ�RI� WKH�QRUWKHDVW�7H[DV

PDWHULDOV�HYDOXDWLRQ�

683(53$9(�0,;�'(6,*16

)RU� WKH� ILUVW� �� \HDUV� RI� 6&6&� DFWLYLW\� WKHUH� ZDV� D� JHQHUDO� ODFN� RI� 6XSHUSDYH� PL[

GHVLJQ�H[SHUWLVH���6XFK�D� ODFN�RI�H[SHUWLVH� LV�FXVWRPDULO\� WKH�FDVH�ZKHQ�LPSOHPHQWLQJ�QHZ

WHFKQRORJ\����7KXV��RQH�RI�WKH�HDUO\�IXQFWLRQV�RI�WKH�&HQWHU�ZDV�WR�SURYLGH�PL[�GHVLJQV�IRU

UHTXHVWLQJ�DJHQFLHV���7KH�IROORZLQJ�SDUDJUDSKV�VXPPDUL]H�WKLV�DFWLYLW\�

7H[DV�86���

7KH�ILUVW�PL[�GHVLJQ�FRQGXFWHG�DW�WKH�6&6&�ZDV�LQ�6HSWHPEHU������DW�WKH�UHTXHVW�RI

7['27���7KH�SURMHFW�ZDV�DQ�RYHUOD\�RI�86����LQ�/LYLQJVWRQ��7H[DV���7KH�KRW�PL[�SURGXFHU

ZDV�5HGODQG�6WRQH��DQG�WKH�PL[�ZDV�SODFHG�E\�-RQHV�)LQNH��,QF��7KH�3*�������ELQGHU�ZDV
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IXUQLVKHG�E\�*XOI�6WDWHV�$VSKDOW���)LJXUH���VKRZV�WKH�MRE�PL[�JUDGDWLRQ�RI�WKH�����LQ��������

PP��VHOHFWHG�WULDO�EOHQG�ZKLOH�7DEOH����VKRZV�WKH�6XSHUSDYH�PL[�GHVLJQ�SURSHUWLHV�
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)LJXUH�����86����6XSHUSDYH�*UDGDWLRQ

7DEOH������86����0L[�'HVLJQ�3URSHUWLHV

'HVLJQ 3URSHUW\ 9DOXH &ULWHULD

'HVLJQ $VSKDOW &RQWHQW� � ��� Q�D

$LU 9RLG &RQWHQW� � ��� ��� ± ���

9RLGV LQ 0LQHUDO $JJU�� � ���� ���� PLQ

9RLGV )LOOHG ZLWK $VSKDOW� � ���� ���� ± ����

�*PP DW 1LQL ���� ���� PD[

�*PP DW 1PD[ ���� ���� PD[

$EVRUEHG $VSK� &RQWHQW� � ��� Q�D

'XVW 3URSRUWLRQ ��� ��� ± ���

7HQVLOH 6WUHQJWK 5DWLR ���� ! ����

&RDUVH $JJU� $QJXODULW\� � ������� �����

)LQH $JJU� $QJXODULW\� � �� �� PLQ

)ODW DQG (ORQJDWHG 3DUWLFOHV� � � �� PD[

6DQG (TXLYDOHQW 9DOXH �� �� PLQ



��

/RXLVLDQD�,QWHUVWDWH�+LJKZD\���

7KH� /RXLVLDQD� 'HSDUWPHQW� RI� 7UDQVSRUWDWLRQ� DQG� 'HYHORSPHQW� �/$'27'�

GHYHORSHG�D�VKRZFDVH�SURMHFW�LQ�0D\������RQ�,+����QHDU�%DWRQ�5RXJH���6HYHUDO�LQQRYDWLYH

WHFKQRORJLHV� ZHUH� GHPRQVWUDWHG�� LQFOXGLQJ� 6XSHUSDYH�� � 7KH� /$'27'� UHTXHVWHG� WKDW� WKH

6&6&�GHYHORS�D�6XSHUSDYH�PL[�GHVLJQ���0DWHULDOV�ZHUH�VKLSSHG�IURP�WKH�KRW�PL[�SURGXFHU�

*HRUJH� 6XOOLYDQ�� ,QF��� WR� WKH� &HQWHU�� � 9XOFDQ� 0DWHULDOV� SURYLGHG� WKH� DJJUHJDWHV� DQG

0DUDWKRQ�2LO�&RPSDQ\�SURYLGHG�WKH�3*�������DVSKDOW�ELQGHU���)LJXUH���VKRZV�WKH�MRE�PL[

JUDGDWLRQ�RI�WKH������LQ������PP��VHOHFWHG�EOHQG�ZKLOH�7DEOH����LQGLFDWHV�WKH�6XSHUSDYH�PL[

GHVLJQ�SURSHUWLHV�
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)LJXUH�����,+����6XSHUSDYH�*UDGDWLRQ

7DEOH������,+����0L[�'HVLJQ�3URSHUWLHV

'HVLJQ 3URSHUW\ 9DOXH &ULWHULD

'HVLJQ $VSKDOW &RQWHQW� � ��� Q�D

$LU 9RLG &RQWHQW� � ��� ��� ± ���

9RLGV LQ 0LQHUDO $JJU�� � ���� ���� PLQ

9RLGV )LOOHG ZLWK $VSKDOW� � ���� ���� ± ����

�*PP DW 1LQL ���� ���� PD[

�*PP DW 1PD[ ���� ���� PD[

$EVRUEHG $VSK� &RQWHQW� � ��� Q�D

'XVW 3URSRUWLRQ ��� ��� ± ���

7HQVLOH 6WUHQJWK 5DWLR ���� ! ����

&RDUVH $JJU� $QJXODULW\� � ������� �����

)LQH $JJU� $QJXODULW\� � �� �� PLQ

)ODW DQG (ORQJDWHG 3DUWLFOHV� � � �� PD[

6DQG (TXLYDOHQW 9DOXH �� �� PLQ
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7H[DV�86���

7KH�$XVWLQ�'LVWULFW�RI�7['27�UHTXHVWHG�WKDW�WKH�6&6&�FRQGXFW�D�PL[�GHVLJQ�IRU�86

���QHDU�7D\ORU��7H[DV��IRU�DQ�RYHUOD\�SURMHFW�LQ��������7KH�PL[WXUH�ZDV�SURGXFHG�DQG�SODFHG

E\�WKH�$XVWLQ�5RDG�DQG�%ULGJH�&RPSDQ\�RI�$XVWLQ���7KH�3*�������ELQGHU�ZDV�IXUQLVKHG�E\

&RDVWDO�5HILQLQJ�DQG�0DUNHWLQJ���)LJXUH���VKRZV�WKH�MRE�PL[�JUDGDWLRQ�RI�WKH������LQ������

PP��VHOHFWHG�EOHQG�ZKLOH�7DEOH����LQGLFDWHV�WKH�6XSHUSDYH�PL[�GHVLJQ�SURSHUWLHV�
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)LJXUH�����86����6XSHUSDYH�*UDGDWLRQ

7DEOH������86����0L[�'HVLJQ�3URSHUWLHV

'HVLJQ 3URSHUW\ 9DOXH &ULWHULD

'HVLJQ $VSKDOW &RQWHQW� � ��� Q�D

$LU 9RLG &RQWHQW� � ��� ��� ± ���

9RLGV LQ 0LQHUDO $JJU�� � ���� ���� PLQ

9RLGV )LOOHG ZLWK $VSKDOW� � ���� ���� ± ����

�*PP DW 1LQL ���� ���� PD[

�*PP DW 1PD[ ���� ���� PD[

$EVRUEHG $VSK� &RQWHQW� � ��� Q�D

'XVW 3URSRUWLRQ ��� ��� ± ���

7HQVLOH 6WUHQJWK 5DWLR ���� ! ����

&RDUVH $JJU� $QJXODULW\� � ������� �����

)LQH $JJU� $QJXODULW\� � �� �� PLQ

)ODW DQG (ORQJDWHG 3DUWLFOHV� � � �� PD[

6DQG (TXLYDOHQW 9DOXH �� �� PLQ
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(FNHUW�5RDG

,Q� 2FWREHU� ������ WKH� 6DQ� $QWRQLR� 'LVWULFW� RI� 7['27� UHTXHVWHG� WKDW� WKH� 6&6&

FRQGXFW� D� PL[� GHVLJQ� IRU� DQ� RYHUOD\� RI� (FNHUW� 5RDG� LQ� 6DQ� $QWRQLR�� 7KH� PL[WXUH� ZDV

SURGXFHG� LQ� HDUO\� ����� E\� 9XOFDQ� 0DWHULDOV�� DQG� WKH� 3*� ������ ELQGHU� ZDV� SURYLGHG� E\

&RDVWDO�5HILQLQJ�DQG�0DUNHWLQJ���)LJXUH����VKRZV�WKH�MRE�PL[�JUDGDWLRQ�RI�WKH�����LQ��������

PP��VHOHFWHG�EOHQG�ZKLOH�7DEOH����LQGLFDWHV�WKH�6XSHUSDYH�PL[�GHVLJQ�SURSHUWLHV�
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6LHYH 6L]H �PP� 5DLVHG WR ���� 3RZHU
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)LJXUH�����86����6XSHUSDYH�*UDGDWLRQ

7DEOH������86����0L[�'HVLJQ�3URSHUWLHV

'HVLJQ 3URSHUW\ 9DOXH &ULWHULD

'HVLJQ $VSKDOW &RQWHQW� � ��� Q�D

$LU 9RLG &RQWHQW� � ��� ��� ± ���

9RLGV LQ 0LQHUDO $JJU�� � ���� ���� PLQ

9RLGV )LOOHG ZLWK $VSKDOW� � ���� ���� ± ����

�*PP DW 1LQL ���� ���� PD[

�*PP DW 1PD[ ���� ���� PD[

$EVRUEHG $VSK� &RQWHQW� � ��� Q�D

'XVW 3URSRUWLRQ ��� ��� ± ���

7HQVLOH 6WUHQJWK 5DWLR ���� ! ����

&RDUVH $JJU� $QJXODULW\� � ������� �����

)LQH $JJU� $QJXODULW\� � �� �� PLQ

)ODW DQG (ORQJDWHG 3DUWLFOHV� � � �� PD[

6DQG (TXLYDOHQW 9DOXH �� �� PLQ
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7H[DV�%XVLQHVV�,QWHUVWDWH�+LJKZD\���

,Q�-XO\�������WKH�6DQ�$QWRQLR�'LVWULFW�RI�7['27�UHTXHVWHG�WKDW�WKH�6&6&�GHYHORS�D

6XSHUSDYH�PL[�GHVLJQ� IRU�%XVLQHVV� ,+���� LQ�1HZ�%UDXQIHOV��7H[DV�� �7KLV�ZDV� DQ� RYHUOD\

FRQVLVWLQJ� RI� D� 6XSHUSDYH� �����LQ�� ����PP�� PL[�� � 7KH� PL[� ZDV� SURGXFHG� DQG� SODFHG� E\

&RORUDGR�0DWHULDOV�&RPSDQ\�RI�+XQWHU��7H[DV���7KH�3*�������ELQGHU�ZDV�VXSSOLHG�E\�7H[DV

)XHO� DQG�$VSKDOW�&R�� �7KH� DJJUHJDWH�PDWHULDOV� XVHG� IRU� WKLV� SURMHFW� FRQVLVWHG� RI� WKH� VDPH

PDWHULDOV�VHOHFWHG�E\�WKH�6&6&�IRU�WKHLU�ODERUDWRU\�VWDQGDUG�PDWHULDOV���)LJXUH����VKRZV�WKH

JUDGDWLRQ�RI�WKH�6XSHUSDYH�PL[�ZKLOH�7DEOH����LQGLFDWHV�WKH�PL[�GHVLJQ�SURSHUWLHV�
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)LJXUH�����%XVLQHVV�,+����6XSHUSDYH�*UDGDWLRQ

7DEOH������%XVLQHVV�,+����0L[�'HVLJQ�3URSHUWLHV

'HVLJQ 3URSHUW\ 9DOXH &ULWHULD

'HVLJQ $VSKDOW &RQWHQW� � ��� Q�D

$LU 9RLG &RQWHQW� � ��� ��� ± ���

9RLGV LQ 0LQHUDO $JJU�� � ���� ���� PLQ

9RLGV )LOOHG ZLWK $VSKDOW� � ���� ���� ± ����

�*PP DW 1LQL ���� ���� PD[

�*PP DW 1PD[ ���� ���� PD[

$EVRUEHG $VSK� &RQWHQW� � ��� Q�D

'XVW 3URSRUWLRQ ��� ��� ± ���

7HQVLOH 6WUHQJWK 5DWLR ���� ! ����

&RDUVH $JJU� $QJXODULW\� � ������� �����

)LQH $JJU� $QJXODULW\� � �� �� PLQ

)ODW DQG (ORQJDWHG 3DUWLFOHV� � � �� PD[

6DQG (TXLYDOHQW 9DOXH �� �� PLQ
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&203$&725�&203$5,621�(;3(5,0(176

2QH�RI�WKH�PDMRU�PLVVLRQV�RI�WKH�6&6&��DV�GLUHFWHG�E\�WKH�PDQDJHPHQW�FRPPLWWHH�

ZDV�³WR�HYDOXDWH�DQG�LPSURYH�6XSHUSDYH�SURGXFWV�WKURXJK�DSSOLHG�UHVHDUFK�´��7KLV�PLVVLRQ

ZDV�PDQLIHVWHG�LQ�PDQ\�ZD\V�²�IRU�H[DPSOH��E\�WKH�UXJJHGQHVV�H[SHULPHQWV�LQYROYLQJ�WKH

6*&� DQG� 6XSHUSDYH� VKHDU� WHVWHU�� � $� VLPLODU� DQG� HTXDOO\� VLJQLILFDQW� DFWLYLW\� ZDV� WKH

HYDOXDWLRQ�RI�QHZ�6*&V�

7KH�)HGHUDO�+LJKZD\�$GPLQLVWUDWLRQ��)+:$��GHYHORSHG�D�VWDQGDUG�SURWRFRO�IRU�WKH

V\VWHPDWLF�HYDOXDWLRQ�RI�QHZ�6*&V���7KLV�SURWRFRO�ZDV�UHYLHZHG�E\�WKH�)+:$�6XSHUSDYH

0L[WXUHV�([SHUW�7DVN�*URXS�DQG�FKDQJHV�ZHUH�PDGH�EDVHG�RQ�WKLV� UHYLHZ�� � �7KLV�SURWRFRO

KDV� QRZ� EHHQ� VWDQGDUGL]HG� DV� WKH�$PHULFDQ� $VVRFLDWLRQ� RI� 6WDWH�+LJKZD\� 7UDQVSRUWDWLRQ

2IILFLDOV� �$$6+72�� 33������� 6WDQGDUG� 3UDFWLFH� IRU� (YDOXDWLRQ� RI� 6*&V�� � 7KH� 6&6&

XWLOL]HG�WKLV�SURWRFRO�WR�HYDOXDWH�WKH�IROORZLQJ�VL[�QHZ�6*&V�

x� ,QWHUODNHQ

x� 7HVW�4XLS��%URYROG�J\UDWRU\�FRPSDFWRU�

x� 3LQH�0RGHO�$)*�$

x� 7UR[OHU�0RGHO�����

x� 5DLQKDUW

x� 8SGDWHG�,QWHUODNHQ

7KH�$$6+72�SURWRFRO�ZDV�D�YHU\�KLJKO\� FRQWUROOHG� H[SHULPHQW� DQG� LQYROYHG� WHVWLQJ� IRXU

6XSHUSDYH�PL[HV������LQ��>�����PP@�������LQ��>���PP@�ILQH�������LQ��>���PP@�FRDUVH��DQG�����

LQ�� >��� PP@��� � 7ZR� RI� WKH� PL[HV� ����� LQ�� >����@� DQG� ����� LQ�� >��� PP@�� XWLOL]HG� 6&6&

ODERUDWRU\� VWDQGDUG� PDWHULDOV�� � 7KH� RWKHU� WZR� PL[HV� ������ LQ�� >��� PP@� FRDUVH� DQG� ILQH�

LQYROYHG�XVLQJ�PDWHULDOV� IURP�WKH�7H[DV�86����SURMHFW� IRU�ZKLFK� WKH�6&6&�FRQGXFWHG� WKH

PL[� GHVLJQ�� � 6L[� VSHFLPHQV� RI� HDFK�PL[�ZHUH� FRPSDFWHG� LQ� D� FDQGLGDWH� FRPSDFWRU� DQG� D

UHIHUHH� XQLW�� � 7KH� UHIHUHH� XQLWV� ZHUH� HLWKHU� WKH� 7UR[OHU� 0RGHO� ����� RU� 3LQH� 0RGHO

$)*&���;�� � 7KXV�� WKH� H[SHULPHQW� LQYROYHG� FRPSDFWLQJ� D� WRWDO� RI� IRUW\�HLJKW� VSHFLPHQV

�IRXU�PL[HV�u� WZR�FRPSDFWRUV�u� VL[� UHSOLFDWHV��� �6SHFLPHQV�ZHUH� LQGLYLGXDOO\�EDWFKHG�DQG

VWRUHG�LQ�SODVWLF�EDJV�SULRU�WR�XVH���$V�UHTXLUHG�E\�WKH�SURWRFRO��WKH�IRXU�PL[HV�ZHUH�GHVLJQHG

DFFRUGLQJ�WR�$$6+72�33���DQG�PHW�DOO�WKH�6XSHUSDYH�UHTXLUHPHQWV�

'DWD�ZHUH�DQDO\]HG�DV�UHTXLUHG�E\�$$6+72�33�����7KH�UHVSRQVH�YDULDEOH�XVHG�IRU

FRPSDULVRQ� ZDV� WKH� EXON� VSHFLILF� JUDYLW\� RI� WKH� WHVW� VSHFLPHQV� DW� DQ� LQLWLDO�� GHVLJQ�� DQG

PD[LPXP�QXPEHU�RI�J\UDWLRQV���7KXV��IRU�D�JLYHQ�FRPSDULVRQ�H[SHULPHQW��WKHUH�ZHUH�WZHOYH

FRPSDULVRQV� �IRXU� PL[HV� u� WKUHH� OHYHOV� RI� J\UDWLRQV��� � )RU� WKH� WZR� FRPSDFWRUV� WR� EH

FRQVLGHUHG� FRPSDUDEOH�� WKH�GLIIHUHQFH� LQ� WKHLU� DYHUDJH�EXON� VSHFLILF� JUDYLWLHV�QHHGHG� WR�EH



��

OHVV� WKDQ� ������� � 7DEOH� ��� VXPPDUL]HV� WKH� UHVXOWV� LQ� WHUPV� RI� FRPSDUDELOLW\� IRU� WKH� VL[

FRPSDFWRU�FRPSDULVRQ�H[SHULPHQWV�

7DEOH������6XPPDU\�RI�6*&�&RPSDUDELOLW\

&RPSDFWRU

&DQGLGDWH 5HIHUHH &RPSDUDELOLW\

,QWHUODNHQ 3LQH�0RGHO�$)*&���; ����

7HVW�4XLS 3LQH�0RGHO�$)*&���; �����

3LQH�0RGHO�$)*�$ 3LQH�0RGHO�$)*&���; �����

7UR[OHU�0RGHO����� 7UR[OHU�0RGHO����� �����

5DLQKDUW 3LQH�0RGHO�$)*&���; �����

8SGDWHG�,QWHUODNHQ 3LQH�0RGHO�$)*&���; �����



��
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6800$5<�$1'�&21&/86,216

/LNH� WKH� RWKHU� 6XSHUSDYH� &HQWHUV�� WKH� 6RXWK� &HQWUDO� 6XSHUSDYH� &HQWHU� �6&6&�

UHSUHVHQWHG�D�QHZ�DQG�LQQRYDWLYH�DSSURDFK�WR�LPSOHPHQWLQJ�QHZ�WHFKQRORJ\��� ,W�HIIHFWLYHO\

EHJDQ� LQ� -XQH� ����� DQG� RSHUDWHG� RXW� RI� WKH� WUDQVSRUWDWLRQ� PDWHULDOV� ODERUDWRU\� DW� 7KH

8QLYHUVLW\�RI�7H[DV�DW�$XVWLQ�� ,Q������� WKH�&HQWHU�GHYHORSHG�DQ�HQWLUHO\�QHZ�UHVHDUFK�DQG

WUDLQLQJ� IDFLOLW\� DW� DQ� RII�FDPSXV� ORFDWLRQ�� � ,WV� KRVW� DJHQF\� ZDV� WKH� 7H[DV� 'HSDUWPHQW� RI

7UDQVSRUWDWLRQ� �7['27��� DQG� D� XQLTXHO\� VWURQJ� SDUWQHUVKLS� GHYHORSHG� EHWZHHQ� WKH� 6&6&

DQG�WKH�%LWXPLQRXV�DQG�$VSKDOW�6HFWLRQV�RI�7['27���&RRSHUDWLQJ�SDUWQHUV�LQFOXGHG�WKH�VWDWH

KLJKZD\�DJHQFLHV�LQ�$UL]RQD��1HZ�0H[LFR��2NODKRPD��$UNDQVDV��DQG�/RXLVLDQD��WKH�)HGHUDO

+LJKZD\�$GPLQLVWUDWLRQ��)+:$���DQG�WKH�7H[DV�+RW�0L[�$VSKDOW�3DYHPHQW�$VVRFLDWLRQ���,W

ODUJHO\�UHDOL]HG�LWV�UROH�DV�D�FHQWHU�RI�H[SHUWLVH�WR�IDFLOLWDWH�WKH�LPSOHPHQWDWLRQ�RI�6XSHUSDYH�

6SHFLDOL]HG� 6XSHUSDYH� WUDLQLQJ� ZDV� D� PDMRU� DFWLYLW\� RI� WKH� &HQWHU�� %\� 1RYHPEHU

������&HQWHU�VWDII�KDG�RUJDQL]HG�DQG�SURYLGHG�VXFK�WUDLQLQJ�WR�������LQGLYLGXDOV�UHSUHVHQWLQJ

DOO�IDFHWV�RI�WKH�DVSKDOW�PDWHULDOV�FRPPXQLW\��� ,QFOXGHG�LQ�WKHVH�HIIRUWV�ZHUH�QXPHURXV�RQ�

VLWH�PL[�GHVLJQ�WUDLQLQJ�V\PSRVLD� IRU� WKH�VWDWH�KLJKZD\�DJHQFLHV�RI�$UL]RQD��1HZ�0H[LFR�

/RXLVLDQD�� 7H[DV�� :\RPLQJ�� DQG� ,OOLQRLV�� � $SSUR[LPDWHO\� ������ PRUH� LQGLYLGXDOV� ZHUH

UHDFKHG�WKURXJK�PLVFHOODQHRXV�V\PSRVLD�

,Q�DGGLWLRQ�WR�RUJDQL]HG�WUDLQLQJ��6&6&�WUDQVPLWWHG�6XSHUSDYH�WHFKQRORJ\�WKURXJK�LWV

SUHVHQFH�RQ�WKH�,QWHUQHW���7KH�6&6&�:HE�VLWH�LV�D�YHU\�VXFFHVVIXO�HQGHDYRU��ZLWK�RYHU������

KLWV�SHU�ZHHN���$�6XSHUSDYH�UHODWHG�H�PDLO�JURXS�ZDV�HVWDEOLVKHG�WKDW�QRZ�FRQWDLQV�RYHU����

VXEVFULEHUV�

7KH� IDFW� WKDW� 6&6&� ZDV� RUJDQL]HG� WKURXJK� 7KH� 8QLYHUVLW\� RI� 7H[DV� DW� $XVWLQ

QHFHVVLWDWHG� WKDW� WKH�&HQWHU�VXSSRUW�JUDGXDWH�VWXGHQWV�� �7KURXJK� WKLV�DFWLYLW\�� ILYH�PDVWHU¶V

GHJUHH� VWXGHQWV� DQG� RQH� GRFWRUDO� VWXGHQW� ZHUH� VXSSRUWHG�� � 7ZR� RI� WKH� VWXGHQWV� DZDUGHG

PDVWHU¶V� GHJUHHV� ZHUH� HPSOR\HHV� RI� 7['27� ZKR� FRQGXFWHG� WKHVLV� UHVHDUFK� RQ� WRSLFV

SHUWDLQLQJ�WR�6XSHUSDYH�

$SSOLHG�UHVHDUFK�ZDV�DOVR�D�IXQFWLRQ�RI�WKH�&HQWHU���7KLV�DFWLYLW\�ZDV�GRPLQDWHG�E\

HYDOXDWLRQ� RI� QHZ� WHVW� HTXLSPHQW� DQG� SURFHGXUHV� WKDW� DUH� SDUW� RI� WKH� 6XSHUSDYH� V\VWHP�

6&6&�HIIRUWV�OHDG�GLUHFWO\�WR�DQ�LQFUHDVH�LQ�WKH�DYDLODELOLW\�DQG�VXLWDELOLW\�RI�QHZ�PRGHOV�RI

6*&V�WKURXJK�VWDQGDUGL]HG�FRPSDFWRU�FRPSDULVRQ�H[SHULPHQWV���,Q�DGGLWLRQ��6&6&�HIIRUWV�LQ

FRRSHUDWLRQ�ZLWK�RWKHU�RUJDQL]DWLRQV�DOORZHG�WKH�J\UDWRU\�FRPSDFWLRQ�SURWRFRO�WR�EH�XSGDWHG

DQG�LPSURYHG���7KURXJK�UHVHDUFK�VSRQVRUHG�E\�WKH�)+:$��6&6&�ZDV�DEOH�WR�PDNH�XVH�RI

WKH�6XSHUSDYH�VKHDU�WHVWHU�WR�HYDOXDWH�WKH�VHQVLWLYLW\�RI�HQJLQHHULQJ�SURSHUWLHV�WR�D�QXPEHU�RI

J\UDWLRQV�� � ,Q� FRPELQDWLRQ� ZLWK� WKH� 1DWLRQDO� &RRSHUDWLYH� +LJKZD\� 5HVHDUFK� 3URJUDP



��

�1&+53������SURMHFW��WKLV�H[SHULPHQW�OHG�WR�D�YDVWO\�LPSURYHG�1�GHVLJQ�WDEOH��ZKLFK�LV�DQ

LPSRUWDQW�IHDWXUH�LQ�6XSHUSDYH�PL[�GHVLJQ�

:KLOH�WKH�&HQWHU�ODUJHO\�DFFRPSOLVKHG�LWV�LQWHQGHG�SXUSRVH��RQH�IDFWRU�WKDW�LPSHGHG

WKH�&HQWHU¶V�VXSSRUW�ZDV�WKH�IDFW� WKDW� LW�ZDV�QRW�DIILOLDWHG�ZLWK�RQH�RI� WKH�ILYH�DVSKDOW�XVHU

SURGXFHU�JURXSV��83*V����7KH�6&6&¶V�FRRSHUDWLQJ�VWDWH�KLJKZD\�DJHQFLHV�ZHUH�PHPEHUV�RI

WKH� 3DFLILF� &RDVW� 83*� �$UL]RQD��� WKH� 5RFN\�0RXQWDLQ� $VSKDOW� 83*� �1HZ�0H[LFR��� WKH

1RUWK�&HQWUDO�83*��2NODKRPD���DQG�WKH�6RXWKHDVW�83*��$UNDQVDV��/RXLVLDQD��DQG�7H[DV��

&RQVHTXHQWO\�� WKHUH�ZDV�QR�FHQWUDO� IRUXP�IRU� WKH�6&6&� WR�XVH� IRU�PDQDJHPHQW�FRPPLWWHH

PHHWLQJV��DFWLYLW\�XSGDWHV��DQG�RWKHU�LWHPV�RI�EXVLQHVV�� �7KURXJK�WKHLU�83*�DFWLYLW\��6&6&

FRRSHUDWLQJ� SDUWQHUV� ZHUH� RIWHQ� SODFHG� LQ� WKH� FRQIXVLQJ� UROH� RI� VXSSRUWLQJ� RWKHU� FHQWHUV

EHFDXVH�RI�WKHLU�83*�DIILOLDWLRQV�

,W� LV� OLNHO\� WKDW� WKH� 6&6&� ZDV� WKH� PRVW� ZHOO�ILQDQFHG� &HQWHU� RYHU� LWV� SHULRG� RI

RSHUDWLRQ���7KLV�FOHDUO\�HQDEOHG�WKH�6&6&�WR�DFKLHYH�LWV�LQWHQGHG�SXUSRVH�ZLWKRXW�D�QHHG�WR

SXUVXH�IXQGLQJ�IURP�RXWVLGH�FRQWUDFW�UHVHDUFK�HIIRUWV���<HW�PRVW�RI�WKH�6&6&¶V�IXQGLQJ�FDPH

QRW�IURP�D�ZLGH�UDQJH�RI�FRRSHUDWLQJ�SDUWQHUV��EXW�UDWKHU�IURP�7['27�DQG��WR�D�OHVVHU�H[WHQW�

IURP� WKH� )+:$�� � %\� WKH� HQG� RI� $XJXVW� ������ 7['27� ZLOO� KDYH� SURYLGHG� IXQGLQJ

DSSURDFKLQJ������PLOOLRQ��ZLWK�DQRWKHU����������SURYLGHG�E\�WKH�)+:$���7KH�VWDWH�KLJKZD\

DJHQFLHV�RI�$UNDQVDV�DQG�2NODKRPD�DOVR�SURYLGHG����������DOWKRXJK�RQO\���������RI�WKHVH

IXQGV�ZHUH�GLUHFWO\�DFFHVVLEOH�WR�WKH�&HQWHU��WKH�UHPDLQLQJ���������ZDV�KHOG�WR�IXQG�WUDYHO

FRVWV�RI�VWDWH�SHUVRQQHO����,Q�HIIHFW��7['27�DQG�WKH�)+:$�EXLOW�WKH�WHDP�WKDW�PDGH�XS�WKH

&HQWHU�DQG�D�ZLGH�DUUD\�RI�RUJDQL]DWLRQV�DQG�LQGLYLGXDOV�EHQHILWHG�IURP�WKH�UHVRXUFHV�RI�WKH
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