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*LXGLWWD�3DJOLDL��0RQLFD�'LQX��)UDQFHVFR�6RIL��8QLW�RI�&OLQLFDO�1XWULWLRQ��&DUHJJL�8QLYHUVLW\�
+RVSLWDO��)ORUHQFH��������,WDO\

0DUFR�3DOOHFFKL��*LDQOXFD�%DUWROXFFL��'HSDUWPHQW�RI�1HXURVFLHQFHV��3V\FKRORJ\��'UXJ�5HVHDUFK�
DQG�&KLOG�+HDOWK�� 6HFWLRQ� RI� 3KDUPDFHXWLFDO� DQG�1XWUDFHXWLFDO� 6FLHQFHV��8QLYHUVLW\� RI�
)ORUHQFH��6HVWR�)LRUHQWLQR��������,WDO\

*LRYDQQD�'DQ]D��0DWWHR�5DPD]]RWWL��'HSDUWPHQW�RI�%LRPHGLFDO��([SHULPHQWDO�DQG�&OLQLFDO�
6FLHQFHV�³0DULR�6HULR´��8QLYHUVLW\�RI�)ORUHQFH��)ORUHQFH��������,WDO\

6WHIDQR�%HQHGHWWHOOL��'HSDUWPHQW�RI�$JULFXOWXUH��)RRG��(QYLURQPHQW�DQG�)RUHVWU\��8QLYHUVLW\�RI�
)ORUHQFH��)ORUHQFH��������,WDO\

*LRYDQQD� %DOOHULQL��0XOWLGLVFLSOLQDU\� &HQWHU� IRU� 3DLQ� 7KHUDS\�� 5HIHUHQFH� &HQWHU� IRU�
)LEURP\DOJLD��3LHUR�3DODJL�+RVSLWDO��86/�7RVFDQD�&HQWUR��)ORUHQFH��������,WDO\

$PHGHR�$PHGHL��62'�RI�,QWHUGLVFLSOLQDU\�,QWHUQDO�0HGLFLQH��&DUHJJL�8QLYHUVLW\�+RVSLWDO��
)ORUHQFH��������,WDO\

&RUUHVSRQGLQJ�DXWKRU��$PHGHR�$PHGHL��%6F��5HDGHU��$VVRFLDWH�3URIHVVRU���'HSDUWPHQW�RI�
([SHULPHQWDO�DQG�&OLQLFDO�0HGLFLQH��8QLYHUVLW\�RI�)ORUHQFH��/DUJR�%UDPELOOD����)ORUHQFH�
�������,WDO\��DDPHGHL#XQLIL�LW

$EVWUDFW
%$&.*5281'�
)LEURP\DOJLD� �)0�� V\QGURPH� LV�PDLQO\� FKDUDFWHUL]HG� E\�ZLGHVSUHDG� SDLQ��
VOHHSLQJ� GLVRUGHUV�� IDWLJXH�� DQG� FRJQLWLYH� G\VIXQFWLRQ�� ,Q� PDQ\� FDVHV��
JDVWURLQWHVWLQDO�GLVWUHVV�LV�DOVR�UHSRUWHG��VXJJHVWLQJ�WKH�SRWHQWLDO�SDWKRJHQLF�UROH�
RI�WKH�JXW�PLFURELRWD��*0���7KH�*0�LV�GHHSO\�LQIOXHQFHG�E\�VHYHUDO�HQYLURQ�
PHQWDO�IDFWRUV��HVSHFLDOO\�WKH�GLHW��DQG�UHFHQW�ILQGLQJV�KLJKOLJKWHG�VLJQLILFDQW�
V\PSWRP�LPSURYHPHQW�LQ�)0�SDWLHQWV�IROORZLQJ�YDULRXV�QXWULWLRQDO�LQWHUYHQWLRQV�
VXFK� DV� YHJHWDULDQ� GLHW�� ORZ�IHUPHQWDEOH� ROLJRVDFFKDULGHV�� GLVDFFKDULGHV��
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PRQRVDFFKDULGHV��DQG�SRO\ROV�EDVHG�GLHWV��JOXWHQ�IUHH�GLHW��DQG�HVSHFLDOO\�DQ�DQFLHQW�JUDLQ�VXSSOH�
PHQWDWLRQ��,Q�SDUWLFXODU��D�UHFHQW�VWXG\�UHSRUWHG�WKDW�D�UHSODFHPHQW�GLHW�ZLWK�DQFLHQW�.KRUDVDQ�
ZKHDW�OHG�WR�DQ�RYHUDOO�LPSURYHPHQW�LQ�V\PSWRP�VHYHULW\�RI�)0�SDWLHQWV�

$,0�
7R�H[DPLQH�WKH�HIIHFWV�RI�DQFLHQW�.KRUDVDQ�ZKHDW�RQ�WKH�*0��LQIODPPDWLRQ��DQG�VKRUW�FKDLQ�IDWW\�
DFLG�SURGXFWLRQ�LQ�)0�SDWLHQWV�

0(7+2'6�
$IWHU�D���ZN�UXQ�LQ�SHULRG�����)0�SDWLHQWV�ZHUH�HQUROOHG� LQ� WKLV� UDQGRPL]HG��GRXEOH�EOLQG�
FURVVRYHU� WULDO�� ,Q�GHWDLO�� WKH\�ZHUH� DVVLJQHG� WR� FRQVXPH�HLWKHU�.KRUDVDQ�RU� FRQWURO�ZKHDW�
SURGXFWV� IRU� ��ZN� DQG� WKHQ�� IROORZLQJ� DQ� ��ZN�ZDVKRXW�SHULRG�� FURVVHG�� %HIRUH� DQG� DIWHU�
WUHDWPHQWV��*0� FKDUDFWHUL]DWLRQ�ZDV� SHUIRUPHG� E\� ��6� U51$� VHTXHQFLQJ�ZKLOH� WKH� IHFDO�
PROHFXODU� LQIODPPDWRU\�UHVSRQVH�DQG�WKH�VKRUW�FKDLQ� IDWW\�DFLGV� �6&)$V��ZHUH�UHVSHFWLYHO\�
GHWHUPLQHG�ZLWK� WKH�/XPLQH[�0$*3,;�GHWHFWLRQ�V\VWHP�DQG�D�PDVV�FKURPDWRJUDSK\�PDVV�
VSHFWURPHWU\�PHWKRG�

5(68/76�
7KH�.KRUDVDQ�ZKHDW�UHSODFHPHQW�GLHW�� LQ�FRPSDULVRQ�ZLWK�WKH�FRQWURO�ZKHDW�GLHW��KDG�PRUH�
SRVLWLYH�HIIHFWV�RQ�LQWHVWLQDO�PLFURELRWD�FRPSRVLWLRQ�DQG�RQ�ERWK�WKH�IHFDO�LPPXQH�DQG�6&)$V�
SURILOHV�VXFK�DV�WKH�VLJQLILFDQW�LQFUHDVH�RI�EXW\ULF�DFLG�OHYHOV��3� ���������FDQGLGDWXV�6DFFKDULEDFWHULD�
�3� �����H�����DQG�$FWLQREDFWHULD��DQG�WKH�UHGXFWLRQ�RI�(QWHURFRFFDFHDH��3� �����H������0RUHRYHU��WKH�
LPSURYHPHQW�RI�YDULRXV�)0�V\PSWRPV�DORQJ�ZLWK�WKH�YDULDWLRQ�RI�VRPH�JXW�EDFWHULD�DIWHU�WKH�
.KRUDVDQ�ZKHDW�GLHW�KDYH�EHHQ�GRFXPHQWHG��LQ�IDFW�ZH�UHSRUWHG�SRVLWLYH�FRUUHODWLRQV�EHWZHHQ�
$FWLQREDFWHULD�DQG�ERWK�7LUHGQHVV�6\PSWRPV�6FDOH��3����������DQG�)XQFWLRQDO�2XWFRPH�RI�6OHHS�
4XHVWLRQQDLUH��3���������VFRUHV��EHWZHHQ�9HUUXFRPLFURELDH�DQG�ERWK�:LGHVSUHDG�3DLQ�,QGH[��:3,��
�� 6\PSWRP� 6HYHULW\� VFDOH� �66�� �3��� ������ DQG�:3,� �3��� ������ VFRUHV�� EHWZHHQ� FDQGLGDWXV�
6DFFKDULEDFWHULD�DQG�66�VFRUH��3����������DQG�EHWZHHQ�%DFWHURLGDOHV�DQG�6OHHS�5HODWHG�DQG�6DIHW\�
%HKDYLRXU�4XHVWLRQQDLUH�VFRUH��3���������

&21&/86,21�
7KH�UHSODFHPHQW�GLHW�EDVHG�RQ�DQFLHQW�.KRUDVDQ�ZKHDW�UHVXOWV�LQ�EHQHILFLDO�*0�FRPSRVLWLRQDO�DQG�
IXQFWLRQDO�PRGLILFDWLRQV�WKDW�SRVLWLYHO\�FRUUHODWH�ZLWK�DQ�LPSURYHPHQW�RI�)0�V\PSWRPDWRORJ\�

.H\�:RUGV��)LEURPLDOJ\D��*XW�PLFURELRWD��.KRUDVDQ�ZKHDW��)LEURPLDOJ\D�V\PSWRPV��$QFLHQW�ZKHDW

�7KH�$XWKRU�V��������3XEOLVKHG�E\�%DLVKLGHQJ�3XEOLVKLQJ�*URXS�,QF��$OO�ULJKWV�UHVHUYHG�

&RUH�7LS��)LEURP\DOJLD��)0��V\QGURPH�LV�PDLQO\�FKDUDFWHUL]HG�E\�ZLGHVSUHDG�SDLQ�EXW�LQ�PDQ\�FDVHV��
JDVWURLQWHVWLQDO� GLVWUHVV� LV� DOVR� UHSRUWHG�� VXJJHVWLQJ� WKH�SRWHQWLDO� SDWKRJHQLF� UROH�RI� WKH� LQWHVWLQDO�
PLFURELRWD��6LQFH�JXW�PLFURELRWD�LV�GHHSO\�LQIOXHQFHG�E\�GLHW��VLJQLILFDQW�V\PSWRP�LPSURYHPHQW�KDV�EHHQ�
UHSRUWHG� LQ� )0�SDWLHQWV� IROORZLQJ� YDULRXV� QXWULWLRQDO� LQWHUYHQWLRQV� VXFK� DV� YHJHWDULDQ� GLHW�� ORZ�
IHUPHQWDEOH�ROLJRVDFFKDULGHV��GLVDFFKDULGHV��PRQRVDFFKDULGHV��DQG�SRO\ROV�EDVHG�GLHWV��JOXWHQ�IUHH�GLHW��
DQG�HVSHFLDOO\�DQ�DQFLHQW�JUDLQ�EDVHG�GLHW��:H�UHSRUWHG�WKDW�D�UHSODFHPHQW�GLHW�EDVHG�RQ�DQFLHQW�.KRUDVDQ�
ZKHDW�� FRPSDUHG� WR� D� FRQWURO�ZKHDW� GLHW�� UHVXOWHG� LQ� EHQHILFLDO� JXW�PLFURELRWD� FRPSRVLWLRQDO� DQG�
IXQFWLRQDO�PRGLILFDWLRQV�WKDW�SRVLWLYHO\�FRUUHODWHG�ZLWK�DQ�LPSURYHPHQW�RI�)0�V\PSWRPDWRORJ\�

&LWDWLRQ��%DOGL�6��3DJOLDL�*��'LQX�0��'L�*ORULD�/��1DQQLQL�*��&XULQL�/��3DOOHFFKL�0��5XVVR�(��1LFFRODL�(��'DQ]D�
*��%HQHGHWWHOOL�6��%DOOHULQL�*��&RORPELQL�%��%DUWROXFFL�*��5DPD]]RWWL�0��6RIL�)��$PHGHL�$��(IIHFW�RI�DQFLHQW�
.KRUDVDQ�ZKHDW� RQ� JXW�PLFURELRWD�� LQIODPPDWLRQ�� DQG� VKRUW�FKDLQ� IDWW\� DFLG� SURGXFWLRQ� LQ� SDWLHQWV�ZLWK�
ILEURP\DOJLD��:RUOG�-�*DVWURHQWHURO������������������������
85/��KWWSV���ZZZ�ZMJQHW�FRP�����������IXOO�Y���L��������KWP
'2,��KWWSV���G[�GRL�RUJ���������ZMJ�Y���L�������

,1752'8&7,21
)LEURP\DOJLD��)0��LV�D�V\VWHPLF�V\QGURPH�RI�XQFOHDU�HWLRORJ\��FKDUDFWHUL]HG�E\�ZLGHVSUHDG�SDLQ�DQG�
WHQGHUQHVV��VOHHSLQJ�GLVRUGHUV��IDWLJXH��DQG�FRJQLWLYH�G\VIXQFWLRQ>�@��,W�KDV�EHHQ�K\SRWKHVL]HG�WKDW�ORZ�
JUDGH�V\VWHPLF�LQIODPPDWLRQ��D�SUHSRQGHUDQFH�RI�SUR�R[LGDWLYH�VWDWH��DQG�DQ�LQVXIILFLHQW�DQWLR[LGDQW�
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FDSDELOLW\�²�DV�GHPRQVWUDWHG�E\�WKH�ORZ�OHYHOV�RI�VRPH�PLQHUDOV�DQG�YLWDPLQV�LQ�)0�SDWLHQWV�²�FRXOG�
FRQWULEXWH�WR�WKH�GLVHDVH�GHYHORSPHQW��E\�UHGXFLQJ�WKH�SDLQ�WKUHVKROG�DQG�LQGXFLQJ�IDWLJXH�DQG�PRRG�
GLVRUGHUV>�@��,Q�PDQ\�FDVHV��JDVWURLQWHVWLQDO�GLVWUHVV�LV�DOVR�UHSRUWHG��VXJJHVWLQJ�D�SRWHQWLDO�LQYROYHPHQW�
RI�WKH�JXW�PLFURELRWD��*0���DV�GHPRQVWUDWHG�E\�WKH�UDWKHU�IUHTXHQW�G\VELRVLV�IRXQG�LQ�)0�VXEMHFWV>���@�
7KH�*0�LV�D�FRPSOH[�HFRV\VWHP�FRPSRVHG�RI�KXQGUHGV�RI�WKRXVDQGV�RI�PLFURRUJDQLVPV�LQYROYHG�LQ�

YDULRXV�XVHIXO�IXQFWLRQV�WKDW�UDQJH�IURP�WKH�KRVW�RUJDQLVP·V�GHIHQVH�WR�KRPHRVWDVLV�PDLQWHQDQFH�DQG�
WKH�PHWDEROLWH�SURGXFWLRQ�� VXFK�DV� VKRUW�FKDLQ� IDWW\�DFLGV� �6&)$V�� WKDW� VKRZ�DQWL�LQIODPPDWRU\�
SURSHUWLHV>�@��7KH�*0�LV�GHHSO\�LQIOXHQFHG�E\�VHYHUDO�HQYLURQPHQWDO�IDFWRUV��HVSHFLDOO\�WKH�GLHW��ZKLFK�
VHHPV�WR�EH�LQYROYHG�DOVR�LQ�WKH�)0�V\QGURPH��5HFHQW�HYLGHQFH�GRFXPHQWHG�D�VLJQLILFDQW�V\PSWRP�
LPSURYHPHQW�LQ�)0�SDWLHQWV�IROORZLQJ�YDULRXV�QXWULWLRQDO�LQWHUYHQWLRQV�VXFK�DV�YHJHWDULDQ�GLHW��ORZ�
IHUPHQWDEOH�ROLJRVDFFKDULGHV��GLVDFFKDULGHV��PRQRVDFFKDULGHV��DQG�SRO\ROV�EDVHG�GLHWV�RU�JOXWHQ�IUHH�
GLHW>�@�
,Q�UHFHQW�\HDUV��WKH�SRWHQWLDO�KHDOWK�EHQHILWV�RI�DQFLHQW�JUDLQV�KDYH�HPHUJHG�DQG�ZH�KDYH�VKRZQ�WKDW�

WKH�FRQVXPSWLRQ�RI�SURGXFWV�PDGH�ZLWK�7ULWLFXP�WXUJLGXP�VVS��WXUDQLFXP��.KRUDVDQ��LPSURYHV�ERWK�WKH�
LQIODPPDWRU\�SURILOH�DQG�WKH�JDVWURLQWHVWLQDO�V\PSWRPV�LQ�GLIIHUHQW�SDWLHQW�JURXSV>�@��)XUWKHUPRUH��RXU�
UHFHQW�VWXG\�GHPRQVWUDWHG� WKDW�D�UHSODFHPHQW�GLHW�ZLWK�DQFLHQW�.KRUDVDQ�JUDLQ� OHG� WR�DQ�RYHUDOO�
LPSURYHPHQW�LQ�V\PSWRP�VHYHULW\�DQG�VOHHS�SDWWHUQ�RI�)0�SDWLHQWV>�@��+RZHYHU��DV�IDU�DV�ZH�NQRZ��QR�
VWXGLHV�DUH�DYDLODEOH�WR�HYDOXDWH�WKH�SRVVLEOH�EHQHILFLDO�HIIHFWV�RI�DQFLHQW�JUDLQ�FRQVXPSWLRQ�RQ�WKH�*0�
RI�)0�SDWLHQWV��7KHUHIRUH��WKH�DLP�RI�WKLV�SUHVHQW�VWXG\�ZDV�WR�H[DPLQH�ZKHWKHU�D�UHSODFHPHQW�GLHW�ZLWK�
DQFLHQW�.KRUDVDQ�ZKHDW�FRXOG�LQIOXHQFH�WKH�*0�FRPSRVLWLRQ��WKH�IHFDO�PROHFXODU�LPPXQH�SURILOH��DQG�
6&)$V�SURGXFWLRQ�LQ�SDWLHQWV�VXIIHULQJ�RI�ILEURP\DOJLD�V\QGURPH�

0$7(5,$/6�$1'�0(7+2'6
6WXG\�GHVLJQ�DQG�SDUWLFLSDQWV
3DUWLFLSDQWV�ZHUH�FRQVLGHUHG�HOLJLEOH�IRU�LQFOXVLRQ�LQ�WKLV�UDQGRPL]HG��GRXEOH�EOLQG�FURVVRYHU�WULDO�
�)LJXUH����LI�WKH\�ZHUH�DJHG�������\HDUV�DQG�KDG�D�GRFXPHQWHG�GLDJQRVLV�RI�)0��7KH�H[FOXVLRQ�FULWHULD�
ZHUH�DV�IROORZV��FHOLDF�GLVHDVH��JOXWHQ�VHQVLWLYLW\��DVVHVVHG�RQ�WKH�EDVLV�RI�PHGLFDO�HYDOXDWLRQ��WDNLQJ�
LQWR�DFFRXQW�ERWK� WKH�QHJDWLYH� UHVXOWV�RI�EORRG� WHVWV� IRU� FHOLDF�GLVHDVH�DQG� WKH�DEVHQFH�RI� FHOLDF�
V\PSWRPV�GXULQJ�D�GLHW�FRQWDLQLQJ�JOXWHQ��RU�ZKHDW�DOOHUJ\��DQ\�NQRZQ�RUJDQLF�GLVHDVH�RU�FOLQLFDO�
DODUP�VLJQV��SUHJQDQF\�RU�EUHDVW�IHHGLQJ��DQG�XVH�RI�SURELRWLFV�RU�DQWLELRWLFV�LQ�WKH�SDVW���PR�
7KH�H[SHULPHQWDO�ZKHDW�XVHG�LQ�WKLV�VWXG\�ZDV�RUJDQLF�.KRUDVDQ�ZKHDW��7ULWLFXP�WXUJLGXP�VXEVS��

7XUDQLFXP��� .$087� EUDQG�� VXSSOLHG� E\� .DPXW� (QWHUSULVHV� RI� (XURSH�� .$087���D� UHJLVWHUHG�
WUDGHPDUN�RI�.DPXW�,QWHUQDWLRQDO��/WG���DQG�.DPXW�(QWHUSULVHV�RI�(XURSH��EY��JXDUDQWHHV�WKDW�WKH�
ZKHDW� LV�SXUH�DQFLHQW�.KRUDVDQ�ZKHDW�DQG� LV�RUJDQLFDOO\�JURZQ�DQG�SURFHVVHG��7KH�RUJDQLFDOO\�
FXOWLYDWHG�PRGHUQ�YDULHW\�QDPHG��SDOHVLR��ZDV�XVHG�DV�FRQWURO�ZKHDW�
$IWHU�D���ZN�UXQ�LQ�SHULRG��HOLJLEOH�SDUWLFLSDQWV�ZHUH�UDQGRPO\�DVVLJQHG�WR�FRQVXPH�HLWKHU�.KRUDVDQ�

RU�FRQWURO�ZKHDW�SURGXFWV������J�ZN�RI�SDVWD������J�G�RI�EUHDG������J�PR�RI�FUDFNHUV��DQG���NJ�PR�RI�
ELVFXLWV��IRU���ZN�DQG�WKHQ��IROORZLQJ�DQ���ZN�ZDVKRXW�SHULRG��FURVVHG�
'XULQJ�ERWK�LQWHUYHQWLRQ�SHULRGV��DOO�SDUWLFLSDQWV�ZHUH�HQFRXUDJHG�WR�PDLQWDLQ�WKHLU�XVXDO�HDWLQJ�

KDELWV��EXW�WKH\�ZHUH�QRW�DOORZHG�WR�HDW�RWKHU�FHUHDO�EDVHG�SURGXFWV��,QVWHDG��GXULQJ�WKH�ZDVKRXW�SHULRG�
SDUWLFLSDQWV�ZHUH� DOORZHG� WR� HDW� DOO� IRRGV� DFFRUGLQJ� WR� WKHLU� XVXDO� HDWLQJ�KDELWV�� ,Q� WKH� VHFRQG�
LQWHUYHQWLRQ�SHULRG��WKH�JURXS�DVVLJQHG�WR�FRQVXPH�WKH�FRQWURO�JUDLQ�SURGXFWV�LQ�WKH�ILUVW�LQWHUYHQWLRQ�
SHULRG�ZDV�DVVLJQHG�WR�FRQVXPH�WKH�.KRUDVDQ�SURGXFWV��DQG�YLFH�YHUVD�
$W�WKH�EHJLQQLQJ�DQG�DW�WKH�HQG�RI�HDFK�LQWHUYHQWLRQ�SHULRG��ZH�FROOHFWHG�VWRRO�VDPSOHV��LQ�RUGHU�WR�

SHUIRUP�*0�FKDUDFWHUL]DWLRQ��6&)$V�HYDOXDWLRQ��DQG�LPPXQRORJLFDO�DQDO\VLV��7KH�IROORZLQJ�YDOLGDWHG�
VHOI�DGPLQLVWHUHG�TXHVWLRQQDLUHV�ZHUH�XVHG�IRU�HYDOXDWLRQ��:LGHVSUHDG�3DLQ�,QGH[��:3,���6\PSWRP�
6HYHULW\�VFDOH��66���)0�VHYHULW\�VFDOH��:3,���66���)0�,PSDFW�4XHVWLRQQDLUH��),4���)DWLJXH�6HYHULW\�6FDOH�
�)66���7LUHGQHVV�6\PSWRPV�6FDOH��766���6OHHS�5HODWHG�DQG�6DIHW\�%HKDYLRXU�4XHVWLRQQDLUH��656%4���
5HVWRUDWLYH�6OHHS�4XHVWLRQQDLUH�'DLO\��DQG�)XQFWLRQDO�2XWFRPH�RI�6OHHS�4XHVWLRQQDLUH��)264��
,Q�JHQHUDO��DV�SUHYLRXVO\�UHSRUWHG>�@��ERWK�LQWHUYHQWLRQV�UHVXOWHG�LQ�DQ�DPHOLRUDWLRQ�RI�DOO�TXHVWLRQ�

QDLUHV�VFRUHV��KRZHYHU��D�VWDWLVWLFDOO\�VLJQLILFDQW�GHFUHDVH�LQ�:3,���66��)264��DQG�),4�VFRUHV�ZDV�
REVHUYHG�RQO\�DIWHU�WKH�.KRUDVDQ�GLHW�
7KH� VWXG\� ZDV� DSSURYHG� E\� WKH� ORFDO� (WKLFV� &RPPLWWHH� ´&RPLWDWR� (WLFR� 5HJLRQDOH� SHU� OD�

6SHULPHQWD]LRQH�&OLQLFD�GHOOD�5HJLRQH�7RVFDQD��6H]LRQH�$5($�9$67$�&(1752µ��63(����������DQG�
DGKHUHG�WR�WKH�SULQFLSOHV�RI�WKH�'HFODUDWLRQ�RI�+HOVLQNL�DQG�WKH�'DWD�3URWHFWLRQ�$FW�

0LFURELRWD�FKDUDFWHUL]DWLRQ
7RWDO�'1$�ZDV�H[WUDFWHG�XVLQJ�WKH�'1HDV\�3RZHU/\]HU�3RZHU6RLO�.LW��4LDJHQ��+LOGHQ��*HUPDQ\��IURP�
IUR]HQ�������&��VWRRO�VDPSOHV��DFFRUGLQJ�WR�WKH�PDQXIDFWXUHU·V� LQVWUXFWLRQV��%ULHIO\�������J�RI�VWRRO�
VDPSOHV�ZHUH�DGGHG�WR�D�EHDG�EHDWLQJ�WXEH�DQG�KRPRJHQL]HG�ZLWK�7LVVXH/\VHU�,,�IRU���PLQ�DW����+]��
*HQRPLF�'1$�ZDV�FDSWXUHG�RQ�D�VLOLFD�PHPEUDQH�LQ�D�VSLQ�FROXPQ�IRUPDW��ZDVKHG��DQG�VXEVHTXHQWO\�
HOXWHG��7KH�TXDOLW\�DQG�TXDQWLW\�RI�H[WUDFWHG�'1$�ZHUH�DVVHVVHG�ZLWK�D�4XELW�)OXRURPHWHU��7KHUPR�
)LVKHU�6FLHQWLILF��:DOWKDP��8QLWHG�6WDWHV��DQG�WKHQ�IUR]HQ�DW������&�
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)LJXUH���:RUNIORZ�RI�WKH�FURVVRYHU�LQWHUYHQWLRQ�VWXG\�

6XEVHTXHQWO\��'1$�VDPSOHV�ZHUH�VHQW�WR�,*$�7HFKQRORJ\�6HUYLFHV��8GLQH��,WDO\��ZKHUH�DPSOLFRQV�RI�
WKH�YDULDEOH�9��9��UHJLRQ�RI�WKH�EDFWHULDO���6�U51$�JHQH�ZHUH�VHTXHQFHG�E\�SURGXFLQJ�SDLUHG�HQG�
UHDGV����ð�����F\FOHV��RQ�WKH�,OOXPLQD�0L6HT�SODWIRUP��DFFRUGLQJ�WR�WKH�,OOXPLQD���6�0HWDJHQRPLF�
6HTXHQFLQJ�/LEUDU\�3UHSDUDWLRQ�SURWRFRO�
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$IWHUZDUGV�� WKH� UDZ�GDWD�ZHUH�SURFHVVHG� IROORZLQJ� WKH� VRIWZDUH�SLSHOLQH�0,&&$� �0,&URELDO�
&RPPXQLW\�$QDO\VLV��DV�ZH�SUHYLRXVO\�GHVFULEHG>�@�
%ULHIO\��SDLUHG�HQG�UHDGV�ZHUH�DVVHPEOHG��PDLQWDLQLQJ�D�PLQLPXP�RYHUODS�RI����ES�DQG�DQ�HGLW�

GLVWDQFH�LQ�WKH�PD[LPXP�RYHUODS�RI���ES��1H[W��WKH�VHTXHQFHV�ZHUH�FXW�WR�UHPRYH�WKH�SULPHUV�DQG�DOO�
WKH�UHDGV�KDYLQJ�D�OHQJWK�ORZHU�WKDQ�����ES�DQG�ZLWK�DQ�HUURU�UDWH�KLJKHU�WKDQ�RU�HTXDO�WR�����ZHUH�
UHPRYHG��7KH�FOHDQHG�UHDGV�ZHUH�PHUJHG�LQWR�D�VLQJOH�ILOH�DQG�WUDQVIRUPHG�LQWR�D�)$67$�ILOH��7KH�
RSHUDWLRQDO�WD[RQRPLF�XQLWV��278V��ZHUH�JHQHUDWHG�E\�VHWWLQJ�D�����LGHQWLW\�WKUHVKROG�DQG�SHUIRUPLQJ�
DQ�DXWRPDWLF�UHPRYDO�RI�FKLPHUDV�DQG�VR�WKH�ORQJHVW�VHTXHQFH�RI�HDFK�278�ZDV�XVHG�IRU�WKH�WD[RQRPLF�
DVVLJQPHQW��L�H���XVLQJ�WKH�5LERVRPDO�'DWDEDVH�3URMHFW�FODVVLILHU�WKDW�LV�DEOH�WR�REWDLQ�FODVVLILFDWLRQ�DQG�
FRQILGHQFH�IRU�WD[RQRPLF�UDQNV�XS�WR�JHQXV�

6&)$�GHWHUPLQDWLRQ�E\�JDV�FKURPDWRJUDSK\�PDVV�VSHFWURPHWU\�DQDO\VLV
7KH�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�HYDOXDWLRQ�RI� IHFDO�6&)$V�ZDV�SHUIRUPHG�XVLQJ� WKH�$JLOHQW�JDV�
FKURPDWRJUDSK\�PDVV�VSHFWURPHWU\��*&�06��V\VWHP�FRPSRVHG�RI�D������VLQJOH�TXDGUXSROH�PDVV�
VSHFWURPHWHU��D������JDV�FKURPDWRJUDSK��DQG�D������DXWRVDPSOHU��WKURXJK�RXU�SUHYLRXVO\�GHVFULEHG�
*&�06�PHWKRG>��@�
-XVW�EHIRUH�WKH�DQDO\VLV��IHFDO�VDPSOHV�ZHUH�WKDZHG�DQG�FRPELQHG�ZLWK����P0�VRGLXP�ELFDUERQDWH�

VROXWLRQ������Z�Y��LQ�D�����P/�FHQWULIXJH�WXEH��7KHQ��WKH�REWDLQHG�VXVSHQVLRQ�ZDV�VRQLFDWHG�IRU���PLQ�
DQG�FHQWULIXJHG�DW������USP�IRU����PLQ��DQG�WKHQ�WKH�VXSHUQDWDQW�ZDV�FROOHFWHG��)LQDOO\��6&)$V�ZHUH�
H[WUDFWHG�DV�IROORZV��DQ�DOLTXRW�RI������/�RI�VDPSOH�VROXWLRQ��FRUUHVSRQGLQJ�WR�����PJ�RI�VWRRO�VDPSOH��
ZDV�DGGHG�WR����Ǎ/�RI�LQWHUQDO�VWDQGDUGV�PL[WXUH����P/�RI�WHUW�EXW\O�PHWK\O�HWKHU��DQG�����/�RI�����0�
+&O�VROXWLRQ�LQ�D�����P/�FHQWULIXJH�WXEH��6XEVHTXHQWO\��HDFK�WXEH�ZDV�VKDNHQ�LQ�D�YRUWH[�DSSDUDWXV�IRU�
��PLQ�DQG�FHQWULIXJHG�DW�������USP�IRU���PLQ��DQG�ILQDOO\�WKH�VROYHQW� OD\HU�ZDV�WUDQVIHUUHG�WR�DQ�
DXWRVDPSOHU�YLDO�DQG�DQDO\]HG�WKUHH�WLPHV�

(YDOXDWLRQ�RI�IHFDO�PROHFXODU�LQIODPPDWRU\�UHVSRQVH
)HFDO�VDPSOHV�ZHUH�FROOHFWHG�LQWR�����P/�FHQWULIXJH�WXEHV��DGGHG�ZLWK�SKRVSKDWH�EXIIHU�VDOLQH�Z�R�
FDOFLXP�Z�R�PDJQHVLXP������Z�Y���VWLUUHG�LQ�D�YRUWH[�DSSDUDWXV�IRU���PLQ��VRQLFDWHG�IRU���PLQ��DQG�
WKHQ�FHQWULIXJHG�DW�������USP�IRU���PLQ��7KH�VXSHUQDWDQWV�ZHUH�WKHQ�WUDQVIHUUHG�LQ�����P/�FHQWULIXJH�
WXEHV�DQG�VWRUHG�DW������&�
7KH�LQIODPPDWRU\�UHVSRQVH�ZDV�HYDOXDWHG�WKURXJK�0LOOLSOH[�FXVWRP�NLW�+XPDQ�&\WRNLQHV�SDQHO�$�

IRU�/XPLQH[�0$*3,;�GHWHFWLRQ� V\VWHP� �$II\PHWUL[�� H%LRVFLHQFH��� IROORZLQJ� WKH�PDQXIDFWXUHUV
�
LQVWUXFWLRQV�IRU�VXSHUQDWDQWV�
,Q�GHWDLO��WKH�OHYHOV�RI�LQWHUOHXNLQ��,/���Į��,/��ȕ��,/���$��,/����DQG�LQWHUIHURQ��,)1��Ǆ�ZHUH�DVVHVVHG��

&\WRNLQH�OHYHOV�ZHUH�HVWLPDWHG�XVLQJ�D���SDUDPHWHU�SRO\QRPLDO�FXUYH��3URFDUWD3OH[�$QDO\VW������DQG�
YDOXHV�XQGHU�WKH�ORZHU�OLPLW�RI�TXDQWLWDWLRQ�ZHUH�FRQVLGHUHG�DV���SJ�P/�

6WDWLVWLFDO�DQDO\VLV
3DUDPHWULF�YDULDEOHV�DUH�H[SUHVVHG�DV�WKH�PHDQ���6'�ZKHUHDV�QRQ�SDUDPHWULF�FRQWLQXRXV�YDULDEOHV�DUH�
SUHVHQWHG�DV�WKH�PHGLDQ�DQG�LQWHUTXDUWLOH�UDQJH��6WDWLVWLFDO�DQDO\VHV�RQ�WKH�EDFWHULDO�FRPPXQLWLHV�ZHUH�
SHUIRUPHG�LQ�5�XVLQJ�WKH�SDFNDJHV�SK\ORVHT���������'(6HT����������DQG�RWKHU�SDFNDJHV�VDWLVI\LQJ�WKHLU�
GHSHQGHQFLHV��LQ�SDUWLFXODU��YHJDQ��������)RU�WKH�FOXVWHU�DQDO\VLV�RI�WKH�HQWLUH�FRPPXQLW\��WKH�278�WDEOH�
ZDV�ILUVW�QRUPDOL]HG�XVLQJ�WKH�WRWDO�278�FRXQWV�RI�HDFK�VDPSOH�DQG�WKHQ�DGMXVWHG�XVLQJ�VTXDUH�URRW�
WUDQVIRUPDWLRQ�
7KH�GLIIHUHQWLDO�DQDO\VLV�RI�DEXQGDQFH�DW�WKH�278V�DV�ZHOO�DV�DW�GLIIHUHQW�WD[RQRPLF�UDQNV��FUHDWHG�

XVLQJ�WKH�WD[BJORP�IXQFWLRQ�LQ�SK\ORVHT��ZDV�SHUIRUPHG�ZLWK�'(6HT��XVLQJ�WKH�SDLUHG�:LOFR[RQ�
VLJQHG�UDQN�WHVW�WR�FRPSDUH�SUH��DQG�SRVW��LQWHUYHQWLRQ�GDWD��6SHDUPDQ�FRUUHODWLRQV�ZHUH�SHUIRUPHG�LQ�
5�ZLWK�WKH�SDFNDJH�+PLVF��������ZKLOH�KHDWPDSV�ZHUH�SUHSDUHG�XVLQJ�WKH�SDFNDJH�JJSORW��������
)XUWKHUPRUH��*UDSK3DG�3ULVP��Y����ZDV�XVHG�IRU�SDLUHG�VWDWLVWLFDO�DQDO\VLV�RI�ERWK�WKH�IHFDO�PROHFXODU�

LQIODPPDWRU\�SURILOH�DQG�WKH�6&)$�OHYHOV�EHIRUH�DQG�DIWHU�HDFK�GLHW�

5(68/76
&KDUDFWHULVWLFV�RI�WKH�VWXG\�SRSXODWLRQ
7ZHQW\�)0�SDWLHQWV����PDOH�DQG����IHPDOHV��ZLWK�D�PHDQ�DJH�RI�������������\HDUV�DQG�D�PHDQ�%0,�RI�
�������������NJ�P��SURYLGHG�ZULWWHQ�LQIRUPHG�FRQVHQW�DQG�ZHUH�HQUROOHG�LQ�WKLV�UDQGRPL]HG�GRXEOH�
EOLQG�FURVVRYHU�WULDO�
$V�VKRZHG�LQ�)LJXUH����DIWHU�UDQGRPL]DWLRQ��WHQ�SDWLHQWV���0��)��ZLWK�D�PHDQ�DJH�RI���������������

\HDUV�DQG�D�PHDQ�%0,�RI��������������NJ�P��ZHUH�DVVLJQHG�WR�FRQVXPH�FRQWURO�ZKHDW�SURGXFWV�ZKLOH�
WKH�RWKHU�WHQ�SDWLHQWV���0���)��ZLWK�D�PHDQ�DJH�RI���������������\HDUV�DQG�D�PHDQ�%0,�RI��������������
NJ�P��ZHUH�DVVLJQHG�WR�FRQVXPH�.KRUDVDQ�ZKHDW�SURGXFWV��6XEVHTXHQWO\��DIWHU�WKH�ZDVKRXW�SHULRG��
WKH�LQWHUYHQWLRQ�JURXSV�ZHUH�FURVVHG�DQG��EHFDXVH�RI�WKH�UHWLUHPHQW�RI�ILYH�VXEMHFWV��VHYHQ�SDWLHQWV�
��0��)��FRQVXPHG�FRQWURO�ZKHDW�SURGXFWV�DQG�HLJKW�SDWLHQWV� ��0��)��FRQVXPHG�.KRUDVDQ�ZKHDW�
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SURGXFWV�

(IIHFWV�RI�GLHWDU\�LQWHUYHQWLRQV�RQ�JXW�PLFURELRWD�FRPSRVLWLRQ
)LUVW�RI�DOO��DLPLQJ�WR�H[DPLQH�WKH�LPSDFW�RI�ERWK�D�FRQWURO�ZKHDW�GLHW��&'��>SUH���&'���DQG�SRVW���&'��@�
DQG�.KRUDVDQ�ZKHDW�GLHW��.'��>SUH���.'���DQG�SRVW���.'��@�RQ�WKH�*0�FRPSRVLWLRQ��ZH�SHUIRUPHG�WKH�
DQDO\VLV�RI�DOSKD�GLYHUVLW\��KRZHYHU��QR�VLJQLILFDQW�GLIIHUHQFHV�ZHUH�UHSRUWHG�IRU�6KDQQRQ�LQGH[��&KDR��
LQGH[��RU�(YHQQHVV��GDWD�QRW�VKRZQ��
7D[RQRPLF�DQDO\VLV��GHWDLOHG�LQ�7DEOH����UHYHDOHG�WKH�SUHVHQFH�RI����SK\OD��!�����UHDGV������FODVVHV��!�

����UHDGV������RUGHUV��!�����RI�UHDGV������IDPLOLHV��!�����UHDGV���DQG�����JHQHUD��!�����UHDGV��
)XUWKHUPRUH��WKH�FOXVWHU�DQDO\VLV�DQG�WKH�SULQFLSDO�FRRUGLQDWH�DQDO\VLV�FRPSXWHG�XVLQJ�WKH�%UD\�

&XUWLV�GLVVLPLODULW\�PHWULF�GLG�QRW�KLJKOLJKW�DQ\�FOHDU�VHSDUDWLRQ�EHWZHHQ�WKH�SUH��DQG�SRVW�&'�JURXSV�
RU�WKH�SUH��DQG�SRVW�.'�JURXSV�DW�WKH�SK\OXP�OHYHO��)LJXUH�����QHLWKHU�WR�RWKHU�WD[RQRPLF�UDQNV�
6XEVHTXHQWO\�� LQ� RUGHU� WR� HYDOXDWH� WKH� LPSDFW� RI� ERWK� WKH�GLHWDU\� LQWHUYHQWLRQV� RQ�PLFURELDO�

DEXQGDQFHV��ZH�SHUIRUPHG�GLIIHUHQWLDO�DQDO\VLV�DW�DOO�WD[RQRPLF�UDQNV�
,Q�GHWDLO��DPRQJ�WD[RQRPLF�OHYHOV��QR�VLJQLILFDQW�FKDQJHV�ZHUH�REVHUYHG�H[FHSW�IRU�JHQXV�OHYHO��LQ�

SDUWLFXODU��DV�VKRZQ�LQ�)LJXUH����&'�UHVXOWHG�LQ�D�VLJQLILFDQW�LQFUHDVH�LQ�WKH�DEXQGDQFH�RI�7XULFLEDFWHU�
VSS���VKULQNHG�)&� ��������3� ��������

(YDOXDWLRQ�RI�IHFDO�6&)$V�SURILOHV�EHIRUH�DQG�DIWHU�GLHWDU\�LQWHUYHQWLRQV
:H�DQDO\]HG�WKH�DEXQGDQFHV�RI�IHFDO�6&)$V��DFHWLF��SURSLRQLF��EXW\ULF��LVREXW\ULF��LVRYDOHULF���PHWK\O�
EXW\ULF��DQG�YDOHULF�DFLGV��EHIRUH�DQG�DIWHU�ERWK�GLHWV�DQG�QR�LQIOXHQFH�RQ�WKHLU�DPRXQWV�ZDV�IRXQG�DIWHU�
&'�RU�.'��7DEOH����
6LQFH�WKHVH�DQDO\VHV�FRXOG�EH�LQ�SDUW�LQIOXHQFHG�E\�WKH�WRWDO�DPRXQW�RI�HDFK�6&)$��ZH�UHSHDWHG�WKH�

VDPH�FRPSDULVRQV�RQ�WKH�6&)$�SHUFHQWDJH�FRPSRVLWLRQV�DQG�QR�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFHV�
ZHUH�IRXQG�

$QDO\VLV�RI�IHFDO�PROHFXODU�LQIODPPDWRU\�SURILOH�EHIRUH�DQG�DIWHU�GLHWDU\�LQWHUYHQWLRQV
:H�HYDOXDWHG�WKH�OHYHOV�RI�IHFDO�F\WRNLQHV��,)1�Ǆ��,/��Į��,/��ȕ��,/����DQG�,/���$��EHIRUH�DQG�DIWHU�ERWK�
GLHWDU\�LQWHUYHQWLRQV��7DEOH����DQG�ZH�IRXQG�WKDW�&'�RQO\�UHVXOWHG�LQ�D�VLJQLILFDQW�LQFUHDVH�LQ�,/����3� �
�������ZKLOH�QR�VWDWLVWLFDO�GLIIHUHQFHV�ZHUH�IRXQG�DIWHU�WKH�.'��)LJXUH����

(YDOXDWLRQ�RI�LPSDFW�RI�GLHWDU\�LQWHUYHQWLRQV�RQ�JXW�PLFURELRWD�H[FOXGLQJ�WKH�ZDVKRXW�SHULRG
)LQDOO\��LQ�RUGHU�WR�HYDOXDWH�WKH�LPSDFW�RI�ERWK�GLHWDU\�LQWHUYHQWLRQV�RQ�*0�FRPSRVLWLRQ�H[FOXGLQJ�
HYHQWXDO�´FDUU\�RYHU�HIIHFWVµ��ZH�IRFXVHG�RQ�HDFK�VLQJOH�DUP�RI�ERWK�.'�DQG�&'�
,Q�SDUWLFXODU��DW�WKH�HQG�RI�WKH�.'�ILUVW�DUP��.'7����ZH�IRXQG�D�VLJQLILFDQW�LQFUHDVH�LQ�PHPEHUV�RI�WKH�

SK\OD�FDQGLGDWXV�6DFFKDULEDFWHULD��ORJ�)&� ��������3� �����H�����DQG�$FWLQREDFWHULD��ORJ�)&� ��������3� �
����H������)LJXUH��$���ZKLOH�DW�WKH�HQG�RI�WKH�.'�VHFRQG�DUP��.'7����D�UHGXFWLRQ�RI�(QWHURFRFFDFHDH�
�ORJ�)&� ���������3� �����H�����ZDV�UHSRUWHG��)LJXUH��%��
2Q�WKH�RWKHU�KDQG��DW�WKH�HQG�RI�WKH�&'�ILUVW�DUP��&'7����ZH�UHSRUWHG�D�VLJQLILFDQW�UHGXFWLRQ�RI�

%DFWHURLGDOHV�PHPEHUV��ORJ�)&� ���������3� ���������)LJXUH��&��ZKLOH�WKH�&'�VHFRQG�DUP��&'7���UHVXOWHG�
LQ�VLJQLILFDQWO\�KLJKHU�OHYHOV�RI�WKH�RUGHU�(U\VLSHORWULFKDOHV��ORJ�)&� ��������3� �����H����DQG�WKH�FODVV�
9HUUXFRPLFURELDH��ORJ�)&� ��������3� ���������)LJXUH��'��

)HFDO�6&)$�DVVHVVPHQW�H[FOXGLQJ�WKH�ZDVKRXW�SHULRG
7KH�DQDO\VLV�RI�WKH�IHFDO�6&)$V�FRQFHQWUDWLRQV�GLVSOD\HG�DQ�DOPRVW�VLJQLILFDQW�LQFUHDVH�RI�EXW\ULF�DFLG�
OHYHOV��3� ���������)LJXUH����DW�WKH�HQG�RI�WKH�.'7���ZKLOH�QR�GLIIHUHQFHV�ZHUH�UHSRUWHG�DIWHU�WKH�.'7��
DQG�DIWHU�ERWK�WKH�&'7��DQG�&'7��

(YDOXDWLRQ�RI�IHFDO�PROHFXODU�LQIODPPDWRU\�SURILOH�H[FOXGLQJ�WKH�ZDVKRXW�SHULRG
7KH�DVVHVVPHQW�RI�WKH�IHFDO�F\WRNLQHV�FRQFHQWUDWLRQ�H[FOXGLQJ�HYHQWXDO�´FDUU\�RYHU�HIIHFWVµ�GLVSOD\HG�
WKDW� WKH�&'7��UHVXOWHG� LQ�D�VLJQLILFDQW� LQFUHDVH�RI� ,/��ȕ� OHYHOV� �3� ���������ZKHUHDV�QR�VLJQLILFDQW�
GLIIHUHQFHV�ZHUH�IRXQG�DW�WKH�HQG�RI�WKH�&'7��RU�DW�WKH�HQG�RI�ERWK�WKH�.'7��DQG�.'7���)LJXUH����

&RUUHODWLRQ�EHWZHHQ�JXW�PLFURELRWD�FRPSRVLWLRQ�DQG�TXHVWLRQQDLUH�VFRUHV
7R�H[DPLQH�WKH�DVVRFLDWLRQ�EHWZHHQ�VWDWLVWLFDOO\�GLIIHUHQW�WD[D��SRVW�SUH�LQWHUYHQWLRQ��DQG�WKH�UHVXOWV�RI�
WKH�TXHVWLRQQDLUH�VFRUHV��SRVW�SUH�LQWHUYHQWLRQ���ZH�FRQGXFWHG�6SHDUPDQ�FRUUHODWLRQ�IRU�HDFK�GLHW�
�)LJXUH����
,Q�GHWDLO��D�SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�WKH�SK\OXP�$FWLQREDFWHULD�DQG�ERWK�766��3����������DQG�)264�

�3���������VFRUHV�DQG�EHWZHHQ�WKH�FODVV�9HUUXFRPLFURELDH�DQG�ERWK�:3,���66��3���������DQG�:3,��3���������
VFRUHV�ZDV�UHSRUWHG�LQ�SDWLHQWV�IROORZLQJ�.'��0RUHRYHU��D�SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�WKH�SK\OXP�
FDQGLGDWXV�6DFFKDULEDFWHULD�DQG�66�VFRUH��3���������DQG�EHWZHHQ�WKH�RUGHU�%DFWHURLGDOHV�DQG�656%4�VFRUH��
3���������ZDV�UHSRUWHG�DIWHU�.'��2Q�WKH�RWKHU�KDQG��ZH�GRFXPHQWHG�D�QHJDWLYH�FRUUHODWLRQ�EHWZHHQ�
%DFWHURLGDOHV�DQG�)66�VFRUH��3���������DQG�EHWZHHQ�(QWHRFRFFDFHDH�DQG�:3,�VFRUH��3���������
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7DEOH���6XPPDU\�RI�WD[RQRPLF�DQDO\VLV�RI�REWDLQHG�RSHUDWLRQDO�WD[RQRPLF�XQLWV

5DQN &RXQW 5HDGV 5HDGV�� 278 278��

3K\OXP �� ������� �������� ��� ��������

&ODVV �� ������� �������� ��� ��������

2UGHU �� ������� �������� ��� ��������

)DPLO\ �� ������� �������� ��� ��������

*HQXV ��� ������� �������� ��� ��������

278��2SHUDWLRQDO�WD[RQRPLF�XQLW�

7DEOH���6KRUW�FKDLQ�IDWW\�DFLG�YDULDWLRQV�DFFRUGLQJ�WR�WKH�SURYLGHG�GLHW

6&)$V���PRO�J� &'� &'� 3�YDOXH .'� .'� 3�YDOXH

$FHWLF�DFLG� ������������� ������������� ����� ������������� ������������� �����

3URSLRQLF�DFLG� ����������� ����������� ����� ����������� ����������� �����

%XW\ULF�DFLG� ����������� ����������� ����� ����������� ����������� �����

,VREXW\ULF�DFLG� ����������� ����������� ���� ����������� ����������� �����

��0HWK\OEXW\ULF�DFLG ����������� ����������� ����� ����������� ����������� �����

,VRYDOHULF�DFLG� ����������� ����������� ����� ����������� ����������� �����

9DOHULF�DFLG� ����������� ����������� ���� ����������� ����������� �����

7RWDO� ������������� ������������� ����� ������������� ������������� �����

'DWD�DUH�SUHVHQWHG�DV�WKH�PHGLDQ��LQWHUTXDUWLOH�UDQJH���3�YDOXHV�ZHUH�FDOFXODWHG�XVLQJ�WKH�:LOFR[RQ�VLJQHG�UDQN�WHVW��&'���3UH�FRQWURO�ZKHDW�GLHW��&'���
3RVW�FRQWURO�ZKHDW�GLHW��.'���3UH�.KRUDVDQ�ZKHDW�GLHW��.'���3RVW�.KRUDVDQ�ZKHDW�GLHW�

7DEOH���,QWHUOHXNLQV�YDULDWLRQV�DFFRUGLQJ�WR�WKH�SURYLGHG�GLHW

,/V��SJ�P/� &'� &'� 3�YDOXH .'� .'� 3�YDOXH

,)1�Ǆ� ������������� �������������� ����� ������������� ������������� �����

,/��Į� ����������������� ����������������� ����� ���������������� ����������������� �����

,/��ȕ� ��������������� ��������������� ����� �������������� ��������������� �����

,/��� ����������� ������������ ����� ����������� ����������� �����

,/���$� ������������� ������������� ����� ������������� ������������� �����

'DWD�DUH�VKRZHG�DV�WKH�PHGLDQ��LQWHUTXDUWLOH�UDQJH���3�YDOXHV�ZHUH�FDOFXODWHG�XVLQJ�WKH�:LOFR[RQ�VLJQHG�UDQN�WHVW��,)1��,QWHUIHURQ��,/��,QWHUOHXNLQ��&'���
3UH�FRQWURO�ZKHDW�GLHW��&'���3RVW�FRQWURO�ZKHDW�GLHW��.'���3UH�.KRUDVDQ�ZKHDW�GLHW��.'���3RVW�.KRUDVDQ�ZKHDW�GLHW�

,Q�DGGLWLRQ��UHJDUGLQJ�WKH�SDWLHQWV�ZKR�XQGHUZHQW�&'�LQWHUYHQWLRQ��QHJDWLYH�FRUUHODWLRQV�ZHUH�
IRXQG�EHWZHHQ�$FWLQREDFWHULD�DQG�:3,���66�VFRUH��3���������DQG�EHWZHHQ�(U\VLSHORWKLFKDOHV�DQG�)66�VFRUH�
�3���������

',6&866,21
'LIIHUHQW�QXWULWLRQDO�LQWHUYHQWLRQV�SURYLGH�EHQHILWV�LQ�ILEURP\DOJLD�PDQDJHPHQW>��@��DQG�ZH�UHFHQWO\�
GHPRQVWUDWHG�WKDW�WKH�UHSODFHPHQW�GLHW�ZLWK�DQFLHQW�.KRUDVDQ�ZKHDW�OHG�WR�DQ�RYHUDOO�LPSURYHPHQW�LQ�
V\PSWRP�VHYHULW\�DQG�VOHHS�SDWWHUQ�RI�)0�SDWLHQWV>�@�
&XUUHQWO\��WKH�UHODWLRQVKLS�EHWZHHQ�)0�V\QGURPH�DQG�LUULWDEOH�ERZHO�GLVHDVH�KDV�EHHQ�FRQILUPHG�EXW�

WKH� OLQN� EHWZHHQ� JXW� G\VELRVLV� DQG� )0� LV� VWLOO� SRRUO\� XQGHUVWRRG>�@��)XUWKHUPRUH�� LW� KDV� EHHQ�
GRFXPHQWHG�WKDW�WKH�ZRUVHQLQJ�FDXVHV�IRU�WKH�GLVWLQFWLYH�PXVFXORVNHOHWDO�SDLQ�DVVRFLDWHG�ZLWK�)0�KDYH�



%DOGL�6�HW�DO��.KRUDVDQ�ZKHDW�GLHW�RQ�ILEURP\DOJLD�SDWLHQWV

:-* KWWSV���ZZZ�ZMJQHW�FRP ���� 0D\��������� 9ROXPH��� ,VVXH���

)LJXUH���&OXVWHU�DQDO\VLV�DQG�SULQFLSDO�FRRUGLQDWH�DQDO\VLV�RI�SUH��DQG�SRVW�FRQWURO�ZKHDW�GLHW�VDPSOHV�DQG�SUH��DQG�SRVW�.KRUDVDQ�
ZKHDW�GLHW�VDPSOHV��$��&OXVWHU�DQDO\VLV��%��3ULQFLSDO�FRRUGLQDWH�DQDO\VLV��&'���3UH�FRQWURO�ZKHDW�GLHW��&'���3RVW�FRQWURO�ZKHDW�GLHW��.'���3UH�.KRUDVDQ�ZKHDW�
GLHW��.'���3RVW�.KRUDVDQ�ZKHDW�GLHW�

EHHQ�UHODWHG�WR�REHVLW\�DQG�XQKHDOWK\�GLHW>�����@�
6LQFH�WKH�ZKROH�.KRUDVDQ�EDVHG�GLHW�VHHPV�WR�IDYRU�DQ�KHDOWK\�PLFURELRWD>��@��WKH�JRDO�RI�RXU�VWXG\�

ZDV�WR�H[DPLQH��IRU�WKH�ILUVW�WLPH��LWV�HIIHFWV�LQ�)0�SDWLHQWV�
,Q�GHWDLO��ZH�SHUIRUPHG�D�UDQGRPL]HG��GRXEOH�EOLQG�FURVVRYHU�WULDO�ZKHUH�HQUROOHG�)0�SDWLHQWV�

FRQVXPHG�FRQWURO�ZKHDW�SURGXFWV�RU�.KRUDVDQ�ZKHDW�SURGXFWV�IRU���ZN�DQG�WKHQ�FURVVHG�
7KHQ�ZH�DQDO\]HG�WKH�HIIHFWV�RI�WKH�GLHWV�RQ�*0�FRPSRVLWLRQ��WKH�IHFDO�6&)$V�OHYHOV��WKH�LQWHVWLQDO�

LQIODPPDWRU\�SURILOH��DQG�V\PSWRP�LPSURYHPHQW�LQ�)0�SDWLHQWV�
)LUVW��FRQFHUQLQJ�WKH�IHFDO�PLFURELRWD�DQDO\VLV�RI�)0�SDWLHQWV��ZH�IRXQG�WKDW�ERWK���ZN�LQWHUYHQWLRQV�

GLG�QRW� VLJQLILFDQWO\�PRGLI\�HLWKHU� WKH�PLFURELDO� FRPSRVLWLRQ�DQG�GLYHUVLW\�RU� WKH�6&)$V� OHYHOV��
:KHUHDV��ORRNLQJ�DW�WKH�FKDQJHV�LQ�PLFURELDO�DEXQGDQFHV�SURGXFHG�E\�HDFK�GLHWDU\�LQWHUYHQWLRQ��.'�



%DOGL�6�HW�DO��.KRUDVDQ�ZKHDW�GLHW�RQ�ILEURP\DOJLD�SDWLHQWV

:-* KWWSV���ZZZ�ZMJQHW�FRP ���� 0D\��������� 9ROXPH��� ,VVXH���

)LJXUH���6HJPHQW�SORW�VKRZLQJ�VLJQLILFDQWO\�GLIIHUHQW�WD[D�EHWZHHQ�SUH��DQG�SRVW�FRQWURO�GLHW��/LQHV�OLQN�SDLUHG�VDPSOHV�DQG�UHG�RU�EOXH�FRORUV�
UHVSHFWLYHO\�KLJKOLJKW�WKH�LQFUHDVH�RU�GHFUHDVH�RI�QRUPDOL]HG�DEXQGDQFH�IRU�WKH�LQGLFDWHG�UDQN��3ORW�WLWOH�UHSRUWV�VKULQNHG�IROG�FKDQJH��DFFRUGLQJ�WR�WKH�'(6HT��
IXQFWLRQ�OIF6KULQN��EHWZHHQ�SUH��DQG�SRVW�FRQWURO�ZKHDW�GLHW�VDPSOHV��&'���3UH�FRQWURO�ZKHDW�GLHW��&'���3RVW�FRQWURO�ZKHDW�GLHW�

GLG�QRW�UHVXOW�LQ�PRGLILFDWLRQV�DW�DQ\�WD[RQRPLF�OHYHO��LQVWHDG��&'�ZDV�DVVRFLDWHG�ZLWK�D�VLJQLILFDQW�
LQFUHDVH�RI�7XULFLEDFWHU�VSS�
3UHYLRXV�VWXGLHV�GRFXPHQWHG�WKDW�WKH�DEXQGDQFH�RI�WKH�JHQXV�7XULFLEDFWHU�ZDV�PDUNHGO\�UHGXFHG�LQ�

PLFH�ZLWK�KLJK�IDW�IHHGLQJ>�����@�DQG�UHFHQW�ILQGLQJV�UHSRUWHG�LWV�QHJDWLYH�FRUUHODWLRQ�ZLWK�ERG\�IDW>���
��@��,Q�DGGLWLRQ��=KRQJ�HW�DO>��@�IRXQG�D�SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�7XULFLEDFWHU�VSS��DQG�EXW\ULF�DFLG��
DQ�6&)$�IDPRXV�IRU�LWV�DQWL�LQIODPPDWRU\�SURSHUWLHV��KHQFH��&'�VHHPV�WR�H[HUW�D�VOLJKW�EHQHILFLDO�HIIHFW�
RQ�)0�SDWLHQWV�
,Q�DGGLWLRQ��WKH�HYDOXDWLRQ�RI�WKH�IHFDO�PROHFXODU�LQIODPPDWRU\�SURILOH�VKRZHG�WKDW�&'�UHVXOWHG�LQ�DQ�

LQFUHDVHG�OHYHO�RI�WKH�DQWL�LQIODPPDWRU\�,/����ZKLOH�QR�VLJQLILFDQW�GLIIHUHQFHV�ZHUH�UHSRUWHG�DIWHU�.'�
,Q�FRQWUDVW��FXUUHQW�HYLGHQFH�VXJJHVWV�WKDW��FRPSDUHG�WR�KHDOWK\�FRQWUROV��)0�SDWLHQWV�VKRZHG�ORZHU�

SODVPD�OHYHOV�RI�,/��>�����@��1HYHUWKHOHVV��JLYHQ�LWV�GHPRQVWUDWHG�UROH�LQ�WKH�WUDQVFULSWLRQ�HQKDQFHPHQW�
RI�RSLRLG�UHFHSWRUV��D�ORZHU�,/���DEXQGDQFH�FRXOG�EH�DVVRFLDWHG�ZLWK�DQ�LQFUHDVH�LQ�SDLQ�SHUFHSWLRQ>��@�
$Q\ZD\��LQ�JHQHUDO��ERWK���ZN�GLHWDU\�LQWHUYHQWLRQV�GLVSOD\HG�PRGHVW�HIIHFWV�RQ�*0�FRPSRVLWLRQ�

DQG�PHWDEROLF�IXQFWLRQ��6&)$V��DQG�RQ�WKH�IHFDO�F\WRNLQH�SURILOH�RI�)0�SDWLHQWV�
1RQHWKHOHVV��RXU�ILQGLQJV�DUH�FRQVLVWHQW�ZLWK�RWKHU�SUHYLRXV�VWXGLHV>�����@�ZKLFK�GHPRQVWUDWHG�WKH�

UHPDUNDEOH�VWDELOLW\��UHVLOLHQFH��DQG�LQWHU�LQGLYLGXDO�YDULDELOLW\�RI�WKH�*0�LQ�UHVSRQVH�WR�VKRUW�WHUP�
GLHWDU\�PRGLILFDWLRQV�
)LQDOO\��DOWKRXJK�RXU�FURVV�RYHU�VWXG\��DV�LW�XVXDOO\�LV��W\SLFDOO\�FRQWDLQV�D�ZDVKRXW�SHULRG�WR�H[FOXGH�

WKH�UHSHUFXVVLRQ�RI�WKH�PRGLILFDWLRQV��FDUU\�RYHU�HIIHFW��RI�RQH�LQWHUYHQWLRQ�SKDVH�RQ�VXEVHTXHQW>��@��
JLYHQ�WKDW�ZH�GLG�QRW�KDYH�WKH�SRVVLELOLW\�WR�VXSHUYLVH�)0�SDWLHQWV�LQ�WKH�PHDQWLPH��ZH�UHSHDWHG�DOO�RI�
WKH�DQDO\VLV�DW�WKH�HQG�RI�HDFK�LQWHUYHQWLRQ�DUP�
,QWHUHVWLQJO\��WKH�VXEMHFWV�LQFOXGHG�LQ�WKH�ILUVW�.'�DUP��EHIRUH�WKH�XQUHVWULFWHG�ZDVKRXW�SHULRG�GLHW��

UHSRUWHG�D�VLJQLILFDQW�LQFUHDVH�RI�WKH�SK\OD�FDQGLGDWXV�6DFFKDULEDFWHULD�DQG�$FWLQREDFWHULD�SK\OD�DQG�D�
VLJQLILFDQWO\�KLJKHU�DEXQGDQFH�RI�EXW\ULF�DFLG�
$V�SUHYLRXVO\�GHPRQVWUDWHG��WKH�6DFFKDULEDFWHULD�PHPEHUV�FRORQL]H�WKH�KXPDQ�RUDO�FDYLW\�DQG�DUH�

DVVRFLDWHG�ZLWK�RUDO�PXFRVDO�LQIHFWLRXV�GLVHDVHV>��@��+RZHYHU��PRVW�PHPEHUV�RI�WKH�6DFFKDULEDFWHULD�
SK\OXP�UHPDLQ�XQFXOWLYDEOH�DQG�QR�LQ�GHSWK�PHWDEROLF�DQDO\VLV�RI�WKHVH�EDFWHULD�LV�\HW�DYDLODEOH��KHQFH��
WKHLU�SRWHQWLDO�UROH�LQ�WKH�PLFURELDO�FRPPXQLW\�KDV�QRW�EHHQ�IXOO\�HOXFLGDWHG>��@�
2Q�WKH�RWKHU�KDQG��$FWLQREDFWHULD��ZKLFK�SOD\�D�NH\�UROH�LQ�WKH�PDLQWHQDQFH�RI�JXW�KRPHRVWDVLV�E\�

SURGXFLQJ�6&)$V�DQG�PRGXODWLQJ�WKH�LPPXQH�UHVSRQVH��ZHUH�UHGXFHG�LQ�D�FRKRUW�RI�)0�SDWLHQWV>���
��@�
&RQFHUQLQJ� WKH� LQFUHDVH�RI� IHFDO�EXW\ULF�DFLG�DEXQGDQFH�DIWHU� WKH� ILUVW�.'�DUP��D� UHFHQW�VWXG\�

UHSRUWHG�WKDW�)0�SDWLHQWV�VKRZHG�ORZHU�OHYHOV�RI�EXW\UDWH�SURGXFLQJ�EDFWHULD��VXFK�DV�PDQ\�PHPEHUV�
RI�WKH�/DFKQRVSLUDFHDH�IDPLO\��WKDQ�KHDOWK\�VXEMHFWV>��@��,Q�DGGLWLRQ��FRPSDULQJ�WKH�HIIHFW�RI�D�.DPXW�
EDVHG�GLHW�YV�D�PRGHUQ�ZKHDW�EDVHG�GLHW� LQ�KHDOWK\�VXEMHFWV��6DD�DQG�FROOHDJXHV�UHSRUWHG�WKDW�WKH�
FRQFHQWUDWLRQ�RI�EXW\UDWH�DQG�LWV�HVWHUV�LQ�VWRRO�DQG�XULQH�VDPSOHV�ZHUH�LQFUHDVHG�DIWHU�WKH�.DPXW�GLHW
>��@�



%DOGL�6�HW�DO��.KRUDVDQ�ZKHDW�GLHW�RQ�ILEURP\DOJLD�SDWLHQWV

:-* KWWSV���ZZZ�ZMJQHW�FRP ���� 0D\��������� 9ROXPH��� ,VVXH���

)LJXUH���6FDWWHU�SORWV�UHSUHVHQWLQJ�WKH�IHFDO�FRQFHQWUDWLRQV�RI�LQWHUIHURQ�ȗ��LQWHUOHXNLQ��į��LQWHUOHXNLQ��Ȗ��LQWHUOHXNLQ����DQG�LQWHUOHXNLQ�
��$�HYDOXDWHG�EHIRUH�DQG�DIWHU�FRQWURO�ZKHDW�GLHW�DQG�EHIRUH�DQG�DIWHU�.KRUDVDQ�ZKHDW�GLHW��$��%HIRUH�DQG�DIWHU�FRQWURO�ZKHDW�GLHW��%��%HIRUH�DQG�
DIWHU�.KRUDVDQ�ZKHDW�GLHW��$QDO\VHV�ZHUH�DVVHVVHG�XVLQJ�WKH�SDLUHG�:LOFR[RQ�VLJQHG�UDQN�WHVW�DQG�3�YDOXHV�OHVV�WKDQ������ZHUH�FRQVLGHUHG�VWDWLVWLFDOO\�VLJQLILFDQW��D
3���������E3���������F3����������&'���3UH�FRQWURO�ZKHDW�GLHW��&'���3RVW�FRQWURO�ZKHDW�GLHW��.'���3UH�.KRUDVDQ�ZKHDW�GLHW��.'���3RVW�.KRUDVDQ�ZKHDW�GLHW��,/��
,QWHUOHXNLQ�

%XW\ULF�DFLG��ZKLFK�LV�VHFUHWHG�E\�WKH�*0�DQG�DEVRUEHG�LQ�WKH�EORRG�VWUHDP��H[HUWV�DQWL�LQIODPPDWRU\�
HIIHFWV�DQG�LQGXFHV�QDLYH�7�FHOO�GLIIHUHQWLDWLRQ�LQWR�UHJXODWRU\�7�FHOOV��7UHJV�>��@��)XUWKHUPRUH��LW�DFWV�DV�
D�SRWHQW�KLVWRQH�GHDFHW\ODVH�LQKLELWRU�� WKXV�H[HUWLQJ�DQDOJHVLF�DQG�DQWLGHSUHVVDQW�HIIHFWV>�����@��,Q�
DGGLWLRQ��UHSRUWV�VXJJHVW�WKDW�EXW\ULF�DFLG�LPSURYHV�SDLQ�EHKDYLRUV�LQ�PRGHOV�RI�QHUYH�LQMXU\�LQGXFHG�
SDLQ�DQG�DPHOLRUDWHV�QHXURSDWKLF�SDLQ�E\�DFWLQJ�GLUHFWO\�RQ�WKH�SHULSKHUDO�QHUYH�V\VWHP>�����@�
7KH�.'7��RQO\�UHVXOWHG�LQ�D�VLJQLILFDQW�UHGXFWLRQ�RI�WKH�(QWHURFRFFDFHDH�IDPLO\��ZKRVH�PHPEHUV�ZHUH�

LQVWHDG�RYHU�UHSUHVHQWHG�LQ�SDWLHQWV�ZLWK�FKURQLF�IDWLJXH�V\QGURPH>��@�
*LYHQ�WKHVH�GLIIHUHQW�ILQGLQJV�EHWZHHQ�WKH�WZR�DUPV�RI�.'�LQWHUYHQWLRQV��WKH�SRVVLEOH�FDUU\�RYHU�

HIIHFWV�RI�WKH�ZDVKRXW�SHULRG�RU�RI�WKH�&'�LQWHUYHQWLRQ�FDQQRW�EH�H[FOXGHG�
,Q�FRQWUDVW��DW� WKH�HQG�RI� WKH�&'7���ZH� IRXQG�D�VLJQLILFDQW�GHFUHDVH�RI�%DFWHURLGDOHV�PHPEHUV��D�

UHGXFWLRQ�RI�WKLV�RUGHU�ZDV�VWURQJO\�DVVRFLDWHG�ZLWK�GLIIHUHQW�GLVRUGHUV��HVSHFLDOO\�LQ�&URKQ·V�GLVHDVH
>��@�
2Q�WKH�RWKHU�KDQG��WKH�&'7��ZDV�VXUSULVLQJO\�DVVRFLDWHG�ZLWK�D�VLJQLILFDQW�LQFUHDVH�RI�WKH�RUGHU�

(U\VLSHORWULFKDOHV�DQG�WKH�FODVV�9HUUXFRPLFURELDH��ZKLFK�KDYH�EHHQ�UHVSHFWLYHO\�DVVRFLDWHG�ZLWK�LUULWDEOH�
ERZHO�V\QGURPH�DQG�FKURQLF�SDLQ�VHYHULW\>�����@�
0RUHRYHU��WKH�&'7��VKRZHG�D�VLJQLILFDQW�LQFUHDVH�RI�,/��ȕ��D�SRWHQW�SUR�LQIODPPDWRU\�F\WRNLQH�WKDW�

DFWV�RQ�QRFLFHSWRUV�DQG�UHVXOWV�LQ�DQ�LPSURYHPHQW�LQ�WKH�WUDQVGXFWLRQ�RI�SDLQ�WKURXJK�YDULRXV�LRQ�
FKDQQHOV��%XW��WKH�,/��ȕ�RYHUH[SUHVVLRQ�LV�DOVR�LQYROYHG�LQ�PDQ\�DXWRLPPXQH�GLVRUGHUV�IHDWXULQJ�SDLQ�
VXFK�DV�LQIODPPDWRU\�ERZHO�GLVHDVH��PXOWLSOH�VFOHURVLV��DQG�UKHXPDWRLG�DUWKULWLV>�����@�



%DOGL�6�HW�DO��.KRUDVDQ�ZKHDW�GLHW�RQ�ILEURP\DOJLD�SDWLHQWV

:-* KWWSV���ZZZ�ZMJQHW�FRP ���� 0D\��������� 9ROXPH��� ,VVXH���

)LJXUH���6HJPHQW�SORWV�VKRZLQJ�VLJQLILFDQWO\�GLIIHUHQW�WD[D�GXULQJ�WKH�ILUVW�DUP�RU�WKH�VHFRQG�DUP�RI�WKH�.KRUDVDQ�ZKHDW�LQWHUYHQWLRQ�
DQG�RYHU�WKH�ILUVW�DUP�RU�WKH�VHFRQG�DUP�RI�WKH�FRQWURO�ZKHDW�LQWHUYHQWLRQ��$��7KH�ILUVW�DUP�RI�WKH�.KRUDVDQ�ZKHDW�LQWHUYHQWLRQ��%��7KH�VHFRQG�DUP�RI�
WKH�.KRUDVDQ�ZKHDW�LQWHUYHQWLRQ��&��7KH�ILUVW�DUP�RI�WKH�FRQWURO�ZKHDW�LQWHUYHQWLRQ��'��7KH�VHFRQG�DUP�RI�WKH�FRQWURO�ZKHDW�LQWHUYHQWLRQ��/LQHV�OLQN�SDLUHG�VDPSOHV�
DQG�\HOORZ�RU�EOXH�FRORUV�UHVSHFWLYHO\�KLJKOLJKW�WKH�LQFUHDVH�RU�GHFUHDVH�RI�QRUPDOL]HG�DEXQGDQFH�IRU�WKH�LQGLFDWHG�UDQN��3ORW�WLWOH�UHSRUWV�6KULQNHG�IROG�FKDQJH�
�DFFRUGLQJ�WR�WKH�'(6HT��IXQFWLRQ�OIF6KULQN��EHWZHHQ�SUH��DQG�SRVW�GLHW�JURXSV�LQFOXGHG�LQ�WKH�WZR�DUPV�RI�HLWKHU�.KRUDVDQ�ZKHDW�RU�FRQWURO�ZKHDW�LQWHUYHQWLRQV��
&'7���3UH�FRQWURO�ZKHDW�GLHW�ILUVW�DUP��&'7���3RVW�FRQWURO�ZKHDW�GLHW�ILUVW�DUP��&'7���3UH�FRQWURO�ZKHDW�GLHW�VHFRQG�DUP��&'7���3RVW�FRQWURO�ZKHDW�GLHW�VHFRQG�DUP��
.'7���3UH�.KRUDVDQ�ZKHDW�GLHW�ILUVW�DUP��.'7���3RVW�.KRUDVDQ�ZKHDW�GLHW�ILUVW�DUP��.'7���3UH�.KRUDVDQ�ZKHDW�GLHW�VHFRQG�DUP��.'7���3RVW�.KRUDVDQ�ZKHDW�GLHW�
VHFRQG�DUP�

,Q�DGGLWLRQ��VHYHUDO�VWXGLHV�KDYH�VKRZQ�LQFUHDVHG�OHYHOV�RI�,/��ȕ�LQ�)0�SDWLHQWV�FRPSDUHG�WR�KHDOWK\�
FRQWUROV�� VXJJHVWLQJ�DQ�DVVRFLDWLRQ�EHWZHHQ� ,/��ȕ�DQG�VRPH�)0�V\PSWRPV�VXFK�DV�K\SHUDOJHVLD��
IDWLJXH��VOHHS�GLVRUGHUV��FRJQLWLYH�G\VIXQFWLRQV��DQG�VWUHVV>�����@�
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)LJXUH���%R[�SORW�UHSRUWLQJ�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQW�EXW\ULF�DFLG�FRQWHQWV�DW�WKH�HQG�RI�WKH�.KRUDVDQ�ZKHDW�GLHW�ILUVW�DUP��$QDO\VHV�
ZHUH�DVVHVVHG�XVLQJ�WKH�SDLUHG�:LOFR[RQ�VLJQHG�UDQN�WHVW�DQG�3�YDOXHV�OHVV�WKDQ������ZHUH�FRQVLGHUHG�VWDWLVWLFDOO\�VLJQLILFDQW��D3���������E3���������F3����������.'7�

��3UH�.KRUDVDQ�ZKHDW�GLHW�ILUVW�DUP��.'7���3RVW�.KRUDVDQ�ZKHDW�GLHW�ILUVW�DUP�

)LJXUH���%R[�SORW�UHSUHVHQWLQJ�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQW�,/��Ȗ�OHYHOV�DW�WKH�HQG�RI�WKH�VHFRQG�FRQWURO�ZKHDW�GLHW�DUP��$QDO\VHV�ZHUH�
DVVHVVHG�XVLQJ�WKH�SDLUHG�:LOFR[RQ�VLJQHG�UDQN�WHVW�DQG�3�YDOXHV�OHVV�WKDQ������ZHUH�FRQVLGHUHG�VWDWLVWLFDOO\�VLJQLILFDQW��D3���������E3���������F3����������,/��
,QWHUOHXNLQ��&'7���3UH�FRQWURO�ZKHDW�GLHW�VHFRQG�DUP��&'7���3RVW�FRQWURO�ZKHDW�GLHW�VHFRQG�DUP�

)LQDOO\��WR�HYDOXDWH�WKH�DVVRFLDWLRQ�EHWZHHQ�*0�FRPSRVLWLRQ�DQG�)0�V\PSWRPV��ZH�SHUIRUPHG�
6SHDUPDQ�FRUUHODWLRQV�EHWZHHQ�WKH�VHOI�DGPLQLVWHUHG�TXHVWLRQQDLUHV�DQG�WKH�GLIIHUHQWLDOO\�DEXQGDQW�
WD[D�EHIRUH�DQG�DIWHU�ERWK�GLHWV�
,Q�GHWDLO��DIWHU�.'��)0�SDWLHQWV�UHSRUWHG�D�SRVLWLYH�DVVRFLDWLRQ�EHWZHHQ�DQ�LQFUHDVLQJ�DEXQGDQFH�RI�

$FWLQREDFWHULD�DQG�WKH�LPSURYHPHQW�RI�WKH�766�DQG�)264�VFRUHV��,Q�DGGLWLRQ��ZH�GRFXPHQWHG�D�SRVLWLYH�
FRUUHODWLRQ�EHWZHHQ�WKH�SK\OXP�FDQGLGDWXV�6DFFKDULEDFWHULD�DQG�66�VFRUHV�DQG�D�QHJDWLYH�DVVRFLDWLRQ�
EHWZHHQ�D�UHGXFHG�DEXQGDQFH�RI�(QWHURFRFFDFHDH�DQG�DQ�LPSURYHG�:3,�VFRUH�
2Q�WKH�FRQWUDU\��)0�SDWLHQWV�LQ�WKH�&'�LQWHUYHQWLRQ�UHSRUWHG�D�GHWULPHQWDO�QHJDWLYH�FRUUHODWLRQ�

EHWZHHQ�LQFUHDVLQJ�(U\VLSHORWKLFKDOHV�DQG�WKH�DPHOLRUDWLRQ�RI�)66�VFRUH�
$�VLJQLILFDQW� UHODWLRQVKLS�EHWZHHQ� WKH�GLIIHUHQWLDO�DEXQGDQFHV�RI� VHYHUDO�JXW�EDFWHULD�DQG�)0�

V\PSWRP�LQGLFHV�VXFK�DV�SDLQ�LQWHQVLW\��:3,�VFRUH��FRJQLWLYH�GHILFLWV��DQG�IDWLJXH�ZDV�UHSRUWHG�E\�
0LQHUEL�HW�DO>��@��0RUHRYHU��&ORV�*DUFLD�HW�DO>��@�VKRZHG�D�FRUUHODWLRQ�EHWZHHQ�VRPH�JHQHUD�DQG�)0�
SDLQ�LQGLFDWRUV��)LQDOO\��VHYHUDO�VWXGLHV�VXJJHVW�WKDW�LQFUHDVHG�UHDFWLYH�R[\JHQ�VSHFLHV�LQ�)0�SDWLHQWV��
UHVXOWLQJ�LQ�LPSDLUHG�PLWRFKRQGULDO�IXQFWLRQ�DQG�UHGXFHG�$73�LQ�PXVFOH�DQG�QHXUDO�FHOOV��PLJKW�OHDG�WR�
FKURQLF�ZLGHVSUHDG�SDLQ�LQ�WKHVH�SDWLHQWV>��@��7KHUHIRUH��WKH�LPSURYHPHQW�RI�YDULRXV�)0�V\PSWRPV�
DORQJ�ZLWK�WKH�YDULDWLRQ�RI�VRPH�JXW�EDFWHULD�DIWHU�WKH�.'�LQWHUYHQWLRQ�FRXOG�EH�UHODWHG�WR�WKH�UHSRUWHG�
DQWLR[LGDQW�HIIHFWV�RI�WKH�DQFLHQW�.KRUDVDQ�ZKHDW>��@�
'HVSLWH�RXU�SUHVHQW�VWXG\�KDYLQJ�VRPH�OLPLWDWLRQV�VXFK�DV�WKH�OLPLWHG�QXPEHU�RI�HQUROOHG�SDWLHQWV��

WKH�ORZ�WD[RQRPLFDO�UHVROXWLRQ�RI���6�U51$�VHTXHQFLQJ��WKH�VKRUW�SHULRG�RI�GLHWDU\�DGPLQLVWUDWLRQV��
DQG�WKH�ODFN�RI�SDWLHQWV·�VXSHUYLVLRQ�GXULQJ�WKH�ZDVKRXW�SHULRG��RXU�VWXG\�VXJJHVW�WKDW�D�UHSODFHPHQW�
GLHW�ZLWK�.KRUDVDQ�ZKHDW�SURGXFWV�LPSURYHV�WKH�V\PSWRPV�RI�SDWLHQWV�ZLWK�ILEURP\DOJLD�
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)LJXUH���+HDWPDS�RI�6SHDUPDQ�FRUUHODWLRQV�EHWZHHQ�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQW�WD[D��SRVW�SUH��DQG�FKDQJHV�LQ�TXHVWLRQQDLUH�
VFRUHV��SRVW�SUH���DFFRUGLQJ�WR�WKH�.KRUDVDQ�ZKHDW�GLHW�RU�FRQWURO�ZKHDW�GLHW��5HG�VKDGHV�LQGLFDWH�SRVLWLYH�FRUUHODWLRQV��ZKHUHDV�EOXH�VKDGHV�
LQGLFDWH�QHJDWLYH�FRUUHODWLRQV��WKH�LQWHQVLW\�RI�FRORUV�UHSUHVHQWV�WKH�GHJUHH�RI�DVVRFLDWLRQ��3�YDOXHV�OHVV�WKDQ������ZHUH�FRQVLGHUHG�VWDWLVWLFDOO\�VLJQLILFDQW��D3���������E
3���������F3����������.'��.KRUDVDQ�ZKHDW�GLHW��&'��&RQWURO�ZKHDW�GLHW�

&21&/86,21
,Q�FRQFOXVLRQ��DOWKRXJK�IXUWKHU�VWXGLHV�ZLWK�D�ORQJ�WHUP�DGPLQLVWUDWLRQ�RI�.KRUDVDQ�ZKHDW�SURGXFWV�LQ�
KLJK�QXPEHUV�RI�)0�SDWLHQWV�DUH�QHFHVVDU\��ZH�GHPRQVWUDWHG�IRU�WKH�ILUVW�WLPH�WKDW�DQ�DQFLHQW�.KRUDVDQ�
ZKHDW�GLHW�UHVXOWV�LQ�VRPH�EHQHILFLDO�*0�FRPSRVLWLRQDO�DQG�IXQFWLRQDO�PRGLILFDWLRQV�WKDW�SRVLWLYHO\�
FRUUHODWH�ZLWK�DQ�LPSURYHPHQW�RI�ILEURP\DOJLD�V\PSWRPDWRORJ\�

$57,&/(�+,*+/,*+76
5HVHDUFK�EDFNJURXQG
)LEURP\DOJLD��)0��LV�D�V\QGURPH�FKDUDFWHUL]HG�E\�ZLGHVSUHDG�SDLQ��VOHHSLQJ�GLVRUGHUV��IDWLJXH��DQG�
FRJQLWLYH�G\VIXQFWLRQ��)UHTXHQWO\��JDVWURLQWHVWLQDO�GLVWUHVV�LV�DOVR�UHSRUWHG��VXJJHVWLQJ�WKH�SRWHQWLDO�
SDWKRJHQLF�UROH�RI�WKH�JXW�PLFURELRWD��*0��

5HVHDUFK�PRWLYDWLRQ
7KH�*0�LV�GHHSO\� LQIOXHQFHG�E\�VHYHUDO� IDFWRUV�� LQFOXGLQJ�GLHW��DQG�UHFHQW�ILQGLQJV�KLJKOLJKWHG�D�
VLJQLILFDQW�V\PSWRP�LPSURYHPHQW�LQ�)0�SDWLHQWV�IROORZLQJ�YDULRXV�QXWULWLRQDO�LQWHUYHQWLRQV�VXFK�DV�
YHJHWDULDQ�GLHW��ORZ�IHUPHQWDEOH�ROLJRVDFFKDULGHV��GLVDFFKDULGHV��PRQRVDFFKDULGHV��DQG�SRO\ROV�EDVHG�
GLHWV��JOXWHQ�IUHH�GLHW��DQG�DQ�DQFLHQW�JUDLQ�VXSSOHPHQWDWLRQ��7KHUHIRUH��D�UHSODFHPHQW�GLHW�ZLWK�DQFLHQW�
.KRUDVDQ�JUDLQ�FRXOG�LPSURYH�)0�V\PSWRPDWRORJ\�



%DOGL�6�HW�DO��.KRUDVDQ�ZKHDW�GLHW�RQ�ILEURP\DOJLD�SDWLHQWV

:-* KWWSV���ZZZ�ZMJQHW�FRP ���� 0D\��������� 9ROXPH��� ,VVXH���

5HVHDUFK�REMHFWLYHV
7KH�PDLQ� REMHFWLYH� RI� RXU� VWXG\�ZDV� WR� H[DPLQH� WKH� HIIHFWV� RI� DQFLHQW�.KRUDVDQ�ZKHDW� RQ�*0�
FRPSRVLWLRQ��IHFDO�PROHFXODU�LPPXQH�SURILOH��DQG�VKRUW�FKDLQ�IDWW\�DFLGV��6&)$V��SURGXFWLRQ�LQ�)0�
SDWLHQWV�

5HVHDUFK�PHWKRGV
,Q�WKLV�UDQGRPL]HG��GRXEOH�EOLQG�FURVVRYHU�WULDO�����)0�SDWLHQWV�ZHUH�UDQGRPO\�DVVLJQHG�WR�FRQVXPH�
HLWKHU�.KRUDVDQ�RU�FRQWURO�ZKHDW�SURGXFWV�IRU���ZN�DQG�WKHQ��DIWHU�DQ���ZN�ZDVKRXW�SHULRG��FURVVHG��$W�
WKH�EHJLQQLQJ�DQG�DW�WKH�HQG�RI�HDFK�LQWHUYHQWLRQ�SHULRG��V\PSWRP�TXHVWLRQQDLUHV�DQG�VWRRO�VDPSOHV�
ZHUH�FROOHFWHG�DQG�*0�FKDUDFWHUL]DWLRQ�ZDV�SHUIRUPHG�E\���6�U51$�VHTXHQFLQJ��ZKLOH� WKH� IHFDO�
PROHFXODU� LQIODPPDWRU\� UHVSRQVH�DQG� WKH�6&)$V�ZHUH� UHVSHFWLYHO\�GHWHUPLQHG�ZLWK�D�/XPLQH[�
0$*3,;�GHWHFWLRQ�V\VWHP�DQG�D�PDVV�FKURPDWRJUDSK\�PDVV�VSHFWURPHWU\�PHWKRG�

5HVHDUFK�UHVXOWV
7KH�.KRUDVDQ�ZKHDW�UHSODFHPHQW�GLHW�H[KLELWHG�SRVLWLYH�HIIHFWV�RQ�*0�FRPSRVLWLRQ�DQG�RQ�ERWK�WKH�
IHFDO� LPPXQH� DQG� 6&)$V�SURILOHV��0RUHRYHU��ZH�GRFXPHQWHG� WKH� LPSURYHPHQW� RI� YDULRXV� )0�
V\PSWRPV�DORQJ�ZLWK�WKH�YDULDWLRQ�RI�VRPH�JXW�EDFWHULD�DIWHU�WKH�.KRUDVDQ�ZKHDW�GLHW�

5HVHDUFK�FRQFOXVLRQV
$Q�DQFLHQW�.KRUDVDQ�ZKHDW�GLHW�UHSUHVHQWV�D�JRRG�VWUDWHJ\�WR�UHVXOW�LQ�SRVLWLYH�*0�FRPSRVLWLRQDO�DQG�
IXQFWLRQDO�PRGLILFDWLRQV�WKDW�SRVLWLYHO\�FRUUHODWH�ZLWK�DQ�LPSURYHPHQW�RI�)0�V\PSWRPDWRORJ\�

5HVHDUFK�SHUVSHFWLYHV
:H�GHPRQVWUDWHG�WKDW�D�UHSODFHPHQW�GLHW�EDVHG�RQ�DQFLHQW�.KRUDVDQ�ZKHDW�VHHPV�WR�UHSUHVHQW�D�QRQ�
LQYDVLYH�VXFFHVVIXO�VWUDWHJ\�WR�DPHOLRUDWH�)0�SDWLHQW·V�V\PSWRPDWRORJ\��:H�EHOLHYH�WKDW�RXU�GDWD�ZLOO�
EH�D�VWDUWLQJ�SRLQW�IRU�IXWXUH�VWXGLHV�RQ�)0��HVSHFLDOO\�ZLWK�D�ORQJ�WHUP�DGPLQLVWUDWLRQ�RI�.KRUDVDQ�
ZKHDW�SURGXFWV�LQ�KLJK�QXPEHUV�RI�)0�SDWLHQWV�

)227127(6
$XWKRU�FRQWULEXWLRQV��%DOGL�6�DQG�3DJOLDL�*�FRQWULEXWHG�HTXDOO\�WR�ZULWLQJ�WKH�PDQXVFULSW��%DOGL�6��3DJOLDL�*��'LQX�0��
DQG�5XVVR�(�FRQWULEXWHG�WR�SDSHU�FRQFHSWXDOL]DWLRQ�DQG�GHVLJQ��%DOGL�6��3DJOLDL�*��'LQX�0��5DPD]]RWWL�0��%DUWROXFFL�
*��3DOOHFFKL�0��'L�*ORULD�/��&XULQL�/��1DQQLQL�*��1LFFRODL�(��DQG�5XVVR�(�SHUIRUPHG�WKH�UHVHDUFK�DQDO\VLV��$PHGHL�$��
6RIL�)��5DPD]]RWWL�0��%DUWROXFFL�*��'DQ]D�*��%DOOHULQL�*��&RORPELQL�%��DQG�%HQHGHWWHOOL�6�FULWLFDOO\�UHYLVHG�WKH�SDSHU��
$PHGHL�$�DQG�6RIL�)�HTXDOO\�FRRUGLQDWHG�DQG�VXSHUYLVHG�WKH�UHVHDUFK��$OO�DXWKRUV�UHDG�DQG�DSSURYHG�WKH�ILQDO�
YHUVLRQ�RI�WKH�PDQXVFULSW�

6XSSRUWHG�E\�D�JUDQW�IURP�.DPXW�(QWHUSULVHV�RI�(XURSH��2XGHQDDUGH��%HOJLXP�

,QVWLWXWLRQDO�UHYLHZ�ERDUG�VWDWHPHQW��7KH�VWXG\�ZDV�DSSURYHG�E\�WKH�ORFDO�HWKLFV�FRPPLWWHH�´&RPLWDWR�(WLFR�
5HJLRQDOH�SHU�OD�6SHULPHQWD]LRQH�&OLQLFD�GHOOD�5HJLRQH�7RVFDQD��6H]LRQH�$5($�9$67$�&(1752µ��63(����������DQG�
DGKHUHG�WR�WKH�SULQFLSOHV�RI�WKH�'HFODUDWLRQ�RI�+HOVLQNL�DQG�WKH�'DWD�3URWHFWLRQ�$FW�

,QIRUPHG�FRQVHQW�VWDWHPHQW��,QIRUPHG�ZULWWHQ�FRQVHQW�ZDV�REWDLQHG�IURP�WKH�SDWLHQWV�IRU�SXEOLFDWLRQ�RI�WKLV�UHSRUW�
DQG�DQ\�DFFRPSDQ\LQJ�LPDJHV�

&RQIOLFW�RI�LQWHUHVW�VWDWHPHQW��7KH�DXWKRUV�GHFODUH�QR�FRPSHWLQJ�LQWHUHVWV�IRU�WKLV�DUWLFOH�

'DWD�VKDULQJ�VWDWHPHQW��1R�DGGLWLRQDO�GDWD�DUH�DYDLODEOH�

2SHQ�$FFHVV��7KLV�DUWLFOH�LV�DQ�RSHQ�DFFHVV�DUWLFOH�WKDW�ZDV�VHOHFWHG�E\�DQ�LQ�KRXVH�HGLWRU�DQG�IXOO\�SHHU�UHYLHZHG�E\�
H[WHUQDO�UHYLHZHUV��,W�LV�GLVWULEXWHG�LQ�DFFRUGDQFH�ZLWK�WKH�&UHDWLYH�&RPPRQV�$WWULEXWLRQ�1RQ&RPPHUFLDO��&&�%<�
1&������OLFHQVH��ZKLFK�SHUPLWV�RWKHUV�WR�GLVWULEXWH��UHPL[��DGDSW��EXLOG�XSRQ�WKLV�ZRUN�QRQ�FRPPHUFLDOO\��DQG�OLFHQVH�
WKHLU�GHULYDWLYH�ZRUNV�RQ�GLIIHUHQW�WHUPV��SURYLGHG�WKH�RULJLQDO�ZRUN�LV�SURSHUO\�FLWHG�DQG�WKH�XVH�LV�QRQ�
FRPPHUFLDO��6HH��KWWSV���FUHDWLYHFRPPRQV�RUJ�/LFHQVHV�E\�QF�����

&RXQWU\�7HUULWRU\�RI�RULJLQ��,WDO\

25&,'�QXPEHU��6LPRQH�%DOGL����������������������*LXGLWWD�3DJOLDL����������������������0RQLFD�'LQX����������������
������/HDQGUR�'L�*ORULD����������������������*LXOLD�1DQQLQL����������������������/DYLQLD�&XULQL����������������������
0DUFR�3DOOHFFKL����������������������(GGD�5XVVR����������������������(OHQD�1LFFRODL����������������������*LRYDQQD�
'DQ]D����������������������6WHIDQR�%HQHGHWWHOOL����������������������*LRYDQQD�%DOOHULQL����������������������%DUEDUD�
&RORPELQL����������������������*LDQOXFD�%DUWROXFFL����������������������0DWWHR�5DPD]]RWWL����������������������
)UDQFHVFR�6RIL����������������������$PHGHR�$PHGHL���������������������
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6�(GLWRU��=KDQJ�+�
/�(GLWRU��:DQJ�74�
3�(GLWRU��&DL�<;

5()(5(1&(6
/LWWOHMRKQ�*��*X\PHU�(��.H\�PLOHVWRQHV�FRQWULEXWLQJ�WR�WKH�XQGHUVWDQGLQJ�RI�WKH�PHFKDQLVPV�XQGHUO\LQJ�ILEURP\DOJLD��
%LRPHGLFLQHV���������>30,'�����������'2,����������ELRPHGLFLQHV�������@

������

%DQIL�*��'LDQL�0��3LJDWWR�3'��5HDOL�(��7�FHOO�VXESRSXODWLRQV�LQ�WKH�SK\VLRSDWKRORJ\�RI�ILEURP\DOJLD��HYLGHQFH�DQG�
SHUVSHFWLYHV��,QW�-�0RO�6FL����������>30,'�����������'2,����������LMPV��������@

������

0DODWML�%*��0DVRQ�6��0LHQLH�/-��:HYHUV�5$��0H\HU�+��YDQ�5HHQHQ�0��5HLQHFNH�&-��7KH�*&�06�PHWDERORPLFV�
VLJQDWXUH�LQ�SDWLHQWV�ZLWK�ILEURP\DOJLD�V\QGURPH�GLUHFWV�WR�G\VELRVLV�DV�DQ�DVSHFW�FRQWULEXWLQJ�IDFWRU�RI�)06�
SDWKRSK\VLRORJ\��0HWDERORPLFV��������������>30,'�����������'2,����������V����������������@

������

(UGULFK�6��+DZUHODN�-$��0\HUV�63��+DUQHWW�-(��'HWHUPLQLQJ�WKH�DVVRFLDWLRQ�EHWZHHQ�ILEURP\DOJLD��WKH�JXW�PLFURELRPH�
DQG�LWV�ELRPDUNHUV��D�V\VWHPDWLF�UHYLHZ��%0&�0XVFXORVNHOHW�'LVRUG���������������>30,'�����������'2,��
��������V�����������������@

������

7KXUVE\�(��-XJH�1��,QWURGXFWLRQ�WR�WKH�KXPDQ�JXW�PLFURELRWD��%LRFKHP�-����������������������>30,'�����������'2,��
��������%&-��������@

������

6LOYD�$5��%HUQDUGR�$��&RVWD�-��&DUGRVR�$��6DQWRV�3��GH�0HVTXLWD�0)��9D]�3DWWR�-��0RUHLUD�3��6LOYD�0/��3DGUmR�3��
'LHWDU\�LQWHUYHQWLRQV�LQ�ILEURP\DOJLD��D�V\VWHPDWLF�UHYLHZ��$QQ�0HG����������������>30,'�����������'2,��
�����������������������������@

������

6RIL�)��:KLWWDNHU�$��*RUL�$0��&HVDUL�)��6XUUHQWL�(��$EEDWH�5��*HQVLQL�*)��%HQHGHWWHOOL�6��&DVLQL�$��(IIHFW�RI�7ULWLFXP�
WXUJLGXP�VXEVS��WXUDQLFXP�ZKHDW�RQ�LUULWDEOH�ERZHO�V\QGURPH��D�GRXEOH�EOLQGHG�UDQGRPLVHG�GLHWDU\�LQWHUYHQWLRQ�WULDO��%U�-�
1XWU����������������������>30,'�����������'2,����������6���������������;@

������

3DJOLDL�*��&RORPELQL�%��'LQX�0��:KLWWDNHU�$��0DVRQL�$��'DQ]D�*��$PHGHL�$��%DOOHULQL�*��%HQHGHWWHOOL�6��6RIL�)��
(IIHFWLYHQHVV�RI�D�.KRUDVDQ�ZKHDW�EDVHG�UHSODFHPHQW�RQ�SDLQ�V\PSWRPV�DQG�TXDOLW\�RI�OLIH�LQ�SDWLHQWV�ZLWK�ILEURP\DOJLD��
3DLQ�0HG���������������������>30,'�����������'2,����������SP�SQDD���@

������

1LFFRODL�(��5XVVR�(��%DOGL�6��5LFFL�)��1DQQLQL�*��3HGRQH�0��6WLQJR�)&��7DGGHL�$��5LQJUHVVL�01��%HFKL�3��0HQJRQL�$��
)DQL�5��%DFFL�*��)DJRU]L�&��&KLHOOLQL�&��3ULVFR�'��5DPD]]RWWL�0��$PHGHL�$��6LJQLILFDQW�DQG�FRQIOLFWLQJ�FRUUHODWLRQ�RI�,/���
ZLWK�3UHYRWHOOD�DQG�%DFWHURLGHV�LQ�KXPDQ�FRORUHFWDO�FDQFHU��)URQW�,PPXQRO������������������>30,'�����������'2,��
��������ILPPX������������@

������

1LFFRODL�(��%DOGL�6��5LFFL�)��5XVVR�(��1DQQLQL�*��0HQLFDWWL�0��3ROL�*��7DGGHL�$��%DUWROXFFL�*��&DODEUz�$6��6WLQJR�)&��
$PHGHL�$��(YDOXDWLRQ�DQG�FRPSDULVRQ�RI�VKRUW�FKDLQ�IDWW\�DFLGV�FRPSRVLWLRQ�LQ�JXW�GLVHDVHV��:RUOG�-�*DVWURHQWHURO�������
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