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���'$7$�6(7�$1'�$1$/<6,6
:H�DQDO\]H�6HQWLQHO���UDGDU�LPDJHV�VSDQQLQJ�IURP������WR�������)LJ�����
IURP�DVFHQGLQJ��$�����$�����DQG�GHVFHQGLQJ��'�����'�����WUDFNV��)LJ����
VHFWLRQ�����FRYHULQJ�PRVW�RI�WKH�*XDWHPDOD�UHJLRQ�

)LJXUH����7LPH�FRYHUDJH�RI�WKH�6HQWLQHO���GDWD�VHW�

�

3(56,67(17�6&$77(5(5��36����',675,%87('
6&$77(5(5��'6��,17(5)(520(75<�
:H�XVH�'LVWULEXWHG�6FDWWHUHUV��'6��,QWHUIHURPHWU\�WHFKQLTXHV�DGDSWHG�WR�ODUJH
6HQWLQHO���GDWD�VHWV�WR�EHWWHU�DVVHVV�DQG�PLWLJDWH�WKH�YDULRXV�VRXUFHV�RI�QRLVH��$QVDUL
HW�DO��������'H�=DQ�HW�DO���������

0DLQ�GLIILFXOWLHV�

&RQQHFWLQJ�FOXVWHUV�RI�SRLQWV�LV�FKDOOHQJLQJ�GXH�WR�VWURQJ�WURSRVSKHULF�SKDVH
GHOD\V�DQG�GLVWDQFH�EHWZHHQ�FOXVWHUV�

$SSURDFK�

:LGH�DUHD�SHUVLVWHQW�VFDWWHUHU�LQWHUIHURPHWU\�XVLQJ�WKH�'6/�,:$3�36,
SURFHVVRU��$GDP�HW�DO��������
'LVWULEXWHG�VFDWWHUHU��'6��LQWHUIHURPHWU\�ZLWK�HIILFLHQW�SKDVH�HVWLPDWLRQ�IRU
LQWHUIHURJUDP�VWDFNV�XVLQJ�WKH�(0,�DOJRULWKP�GHYHORSHG�E\�$QVDUL�HW�DO�



��������SKDVH�HVWLPDWHG�XVLQJ�WKH�IXOO�WHPSRUDO�FRYDULDQFH�PDWUL[��
/DUJH�VFDOH�WURSRVSKHULF�PLWLJDWLRQ�SHUIRUPHG�XVLQJ�WKH�(5$���(&0:)
UHDQDO\VLV�GDWD�VHW��;LDR\LQJ�HW�DO��������3DUL]]L�HW�DO��������
,RQRVSKHUH�FRUUHFWLRQV�SHUIRUPHG�ZLWK�*166�EDVHG�PRGHOV��&2'(���



���6(,6027(&721,&�6(77,1*

)LJXUH�����5HJLRQDO�VHLVPRWHFWRQLF�VHWWLQJ��6HLVPLFLW\�IURP�2FW������WR�'HF�������*OREDO�&07
FDWDORJ���%R[HV�VKRZ�WKH�ORFDWLRQ�WKH�DVFHQGLQJ��UHG��DQG�GHVFHQGLQJ��EOXH��6HQWLQHO���WUDFNV
DQDO\]HG�LQ�WKLV�VWXG\��,QVHW�VKRZV�WKH�*36�YHORFLW\�ILHOG��&DULEEHDQ�SODWH�UHIHUHQFH�IUDPH�

IURP�(OOLV�HW�DO���������

�

7KH�LQWHUDFWLRQ�EHWZHHQ�WKH�&RFRV��&2���&DULEEHDQ��&$���DQG�1RUWK
$PHULFD��1$��SODWHV�LQ�&HQWUDO�$PHULFD�UHVXOWV�LQ�FRPSOH[�GHIRUPDWLRQ
PRVWO\�DFFRPPRGDWHG�E\�WKH�VXE�SDUDOOHO�0RWDJXD��0)��DQG�3RORFKLF��3)�
OHIW�ODWHUDO�IDXOWV��QRUWK�VRXWK�WUHQGLQJ�H[WHQVLRQDO�JUDEHQV�VRXWK�RI�WKH�0)�
WKH�0LGGOH�$PHULFD�VXEGXFWLRQ�]RQH��DQG�ULJKW�ODWHUDO�IDXOWV�DORQJ�WKH
0LGGOH�$PHULFD�YROFDQLF�DUF��/DUJH�HDUWKTXDNHV�DVVRFLDWHG�ZLWK�WKHVH�IDXOWV
LQFOXGH�WKH�GHVWUXFWLYH������0Z�����HDUWKTXDNH�DORQJ�WKH�0)�DQG�WKH�����
0Z�����&KDPSHULFR�VXEGXFWLRQ�WKUXVW�HDUWKTXDNH��7KH�ODWHVW�SXEOLVKHG
*36�EDVHG�SUHVHQW�GD\�NLQHPDWLF�PRGHO�RI�WKH�UHJLRQ��(OOLV�HW�DO�������
VKRZV�WKDW�DERXW�����RI�WKH�VWUDLQ�DFFXPXODWLRQ�IURP�WKH�1RUWK
$PHULFD�&DULEEHDQ�SODWHV�UHODWLYH�PRWLRQ�FRQFHQWUDWHV�RQ�WKH�0RWDJXD�IDXOW
DQG�����DFURVV�WKH�3RORFKLF�IDXOW��ZLWK�VLJQLILFDQW�LQWHUQDO�VWUHWFKLQJ�RI�WKH
&DULEEHDQ�SODWH�EHWZHHQ�+RQGXUDV�DQG�ZHVWHUQ�*XDWHPDOD��D�GHFUHDVLQJ
VWULNH�VOLS�UDWH�IURP�HDVW�WR�ZHVW�DORQJ�WKH�YROFDQLF�DUF��DQG�ODWHUDO�YDULDWLRQV
RI�FRXSOLQJ�DORQJ�WKH�VXEGXFWLRQ�]RQH�

:H�SURSRVH�WR�XVH�LQWHUIHURPHWULF�V\QWKHWLF�DSHUWXUH�UDGDU��,Q6$5��GDWD�WR
PHDVXUH�VWUDLQ�UDWHV�DFURVV�IDXOWV�LQ�*XDWHPDOD�DQG�FRQVWUDLQ�VOLS
SDUWLWLRQLQJ�DPRQJ�WKH�GLIIHUHQW�IDXOWV�



���,16$5�9(/2&,7<�),(/'�&203$5('�72�*36�'$7$�$1'�02'(/
35(',&7,21
7KH�OLQH�RI�VLJKW��/26��YHORFLW\�ILHOGV�H[WUDFWHG�IURP�WKH�,Q6$5�WLPH�VHULHV
DUH�LQ�JRRG�DJUHHPHQW�ZLWK�WKH�*36�YHORFLWLHV�SURMHFWHG�LQWR�WKH�/26��)LJV�
��DQG����DQG�WKH�SUHGLFWLRQV�RI�D�*36�EDVHG�NLQHPDWLF�EORFN�PRGHO��)LJV���
DQG�����:H�RQO\�XVHG�WKH�KRUL]RQWDO�*36�YHORFLW\�FRPSRQHQWV��,75)��
UHIHUHQFH�IUDPH��

�

)LJXUH����,Q6$5�/26�YHORFLW\�PDS�REWDLQHG�36�'6��GHVFHQGLQJ�WUDFNV���6LJQ�RQYHQWLRQ�LV�QHJDWLYH�IRU
PRWLRQ�WRZDUGV�WKH�VDWHOOLWH��&RORUHG�GRWV�DUH�*36�YHORFLWLHV�SURMHFWHG�LQWR�/26��DVVXPLQJ�D�XQLTXH�

DYHUDJHG�LQFLGHQFH�DQJOH���6HH�ORFDWLRQ�RI�SURILOHV�3��WR�3��VKRZQ�LQ�VHFWLRQ���

�



)LJXUH����3UHGLFWHG�/26�YHORFLWLHV��GHVFHQGLQJ�WUDFNV��IRU�D�IRUZDUG�PRGHO��EDVHG�RQ�WKH�EHVW�
ILWWLQJ�HVWLPDWHV�RI�LQWHUVHLVPLF�ORFNLQJ�IRU�IDXOWV�DQG�UHODWLYH�EORFN�PRWLRQ�DORQJ�WKH�&HQWUDO
$PHULFD�YROFDQLF�DUF��WKH�0)�DQG�3)��WKH�PDLQ�JUDEHQV��DQG�WKH�0LGGOH�$PHULFD�WUHQFK�

IURP�*36��(OOLV�HW�DO����������7KLV�PRGHO�ZDV�JHQHUDWHG�ZLWK�7'()12'(��0F&DIIUH\��������
XVLQJ�FRQVWDQW�YDOXHV�IRU�WKH�LQFLGHQFH�DQG�KHDGLQJ�DQJOHV�DV�D�ILUVW��ODUJH�

VFDOH�DSSUR[LPDWLRQ�

�



)LJXUH����,Q6$5�/26�YHORFLW\�PDS�REWDLQHG�36�'6��DVFHQGLQJ�WUDFNV���6LJQ�RQYHQWLRQ�LV�QHJDWLYH�IRU
PRWLRQ�WRZDUGV�WKH�VDWHOOLWH��&RORUHG�GRWV�DUH�*36�YHORFLWLHV�SURMHFWHG�LQWR�/26��DVVXPLQJ�D�XQLTXH�

DYHUDJHG�LQFLGHQFH�DQJOH���6HH�ORFDWLRQ�RI�SURILOHV�3��WR�3��VKRZQ�LQ�VHFWLRQ���

�

)LJXUH����3UHGLFWHG�/26�YHORFLWLHV��DVFHQGLQJ�WUDFNV��IRU�D�IRUZDUG�PRGHO��EDVHG�RQ�WKH�EHVW�
ILWWLQJ�HVWLPDWHV�RI�LQWHUVHLVPLF�ORFNLQJ�IRU�IDXOWV�DQG�UHODWLYH�EORFN�PRWLRQ�DORQJ�WKH�&HQWUDO
$PHULFD�YROFDQLF�DUF��WKH�0)�DQG�3)��WKH�PDLQ�JUDEHQV��DQG�WKH�0LGGOH�$PHULFD�WUHQFK�

IURP�*36��(OOLV�HW�DO����������7KLV�PRGHO�ZDV�JHQHUDWHG�ZLWK�7'()12'(��0F&DIIUH\��������
XVLQJ�FRQVWDQW�YDOXHV�IRU�WKH�LQFLGHQFH�DQG�KHDGLQJ�DQJOHV�DV�D�ILUVW��ODUJH�

VFDOH�DSSUR[LPDWLRQ�

�

:H�DOVR�SURGXFHG�IRUZDUG�PRGHOV�IRU�HDFK�VHSDUDWH�WUDFN�DQG�XVLQJ�WKH
/26�YHFWRU�DW�HDFK�SRVLWLRQ��)LJV������VKRZ�D�FRPSDULVRQ�EHWZHHQ�WKH
,Q6$5�/26�YHORFLWLHV�DQG�WKH�PRGHOV�

�



)LJXUH����/HIW��,Q6$5�/26�YHORFLWLHV�IRU�WUDFN�'�����5LJKW��/26�YHORFLWLHV�SUHGLFWLRQV�IURP�WKH
IRUZDUG�PRGHO�IRU�WUDFN�'����

�

)LJXUH����/HIW��,Q6$5�/26�YHORFLWLHV�IRU�WUDFN�'�����IUDPH�����5LJKW��/26�YHORFLWLHV
SUHGLFWLRQV�IURP�WKH�IRUZDUG�PRGHO�IRU�WUDFN�'�����IUDPH����

�



)LJXUH����/HIW��,Q6$5�/26�YHORFLWLHV�IRU�WUDFN�'�����IUDPH�����5LJKW��/26�YHORFLWLHV
SUHGLFWLRQV�IURP�WKH�IRUZDUG�PRGHO�IRU�WUDFN������IUDPH����

�

)LJXUH�����/HIW��,Q6$5�/26�YHORFLWLHV�IRU�WUDFN�$�����5LJKW��/26�YHORFLWLHV�SUHGLFWLRQV�IURP�WKH
IRUZDUG�PRGHO�IRU�WUDFN�$����

�



)LJXUH�����/HIW��,Q6$5�/26�YHORFLWLHV�IRU�WUDFN�$�����5LJKW��/26�YHORFLWLHV�SUHGLFWLRQV�IURP�WKH
IRUZDUG�PRGHO�IRU�WUDFN�$����



���6((�7+(�9(/2&,7<�352),/(6�$&5266�)$8/76�
)LJV��������VKRZ�WKH�/26�YHORFLW\�VWDFNHG�SURILOHV��JUH\�GRWV�ZLWK�PHGLDQ�LQ
EOXH�RU�UHG��DFURVV�PDLQ�IDXOWV�DQG�PRGHO�EORFN�ERXQGDULHV��VHH�ORFDWLRQ�LQ
)LJV��������7KH�KDOI�ZLGWK�RI�WKH�SURILOHV�LV����NP��7KH�ILJXUHV�DOVR�VKRZ�WKH
SUHGLFWLRQ�RI�WKH�ODUJH�VFDOH�IRUZDUG�PRGHO��RUDQJH�OLQH��DQG�WKH�SURMHFWHG
*36�YHORFLWLHV��EODFN�FRQWRXUHG�FLUFOHV��IRU�VLWHV�ZLWKLQ�D�KDOI�ZLGWK�RI���
NP��1RWH�YHORFLW\�JUDGLHQWV�DFURVV�WKH�PDLQ�WHFWRQLF�VWUXFWXUHV�DQG�WKH
RYHUDOO�JRRG�FRQVLVWHQF\�EHWZHHQ�DGMDFHQW�WUDFNV�ZKHQ�RYHUODSSLQJ
�SURILOHV�����RQ�GHVFHQGLQJ�WUDFNV�LQ�)LJV�����DQG������DOWKRXJK�,Q6$5�ZLOO
KHOS�UHILQH�VWUDLQ�ORFDOL]DWLRQ�

�

6WULNH�VOLS�PRWLRQ�LQ�FHQWUDO�*XDWHPDOD
�

�

)LJXUH�����3URILOH���

�



)LJXUH�����3URILOH��

�

6WULNH�VOLS�PRWLRQ�LQ�HDVWHUQ�*XDWHPDOD
�



)LJXUH�����3URILOH��

�



)LJXUH�����3URILOH���

�

)LJXUH�����3URILOH���

6WULNH�VOLS�PRWLRQ�DQG�VXEGXFWLRQ�FRXSOLQJ�LQ�ZHVWHUQ
*XDWHPDOD
�



)LJXUH�����3URILOH���

�



)LJXUH�����3URILOH���

�



)LJXUH�����3URILOH���

�

,QWHUQDO�H[WHQVLRQ�DFURVV�&DULEEHDQ�SODWH
�



)LJXUH�����3URILOH���

�



���0$,1�5(68/76�$1'�)8785(�:25.
:H�SURYLGH�WKH�ILUVW�,Q6$5�GHULYHG�YHORFLW\�PDSV�DW�WKH�VFDOH�RI�*XDWHPDOD�
ZLWK�ILUVW�RUGHU�JRRG�FRQVLVWHQF\�ZLWK�*36�EDVHG�SUHGLFWLRQV��
�

'HIRUPDWLRQ�DFURVV�WKH�1$�&$�ERXQGDU\��0)�DQG�3)��3��
3��
/HIW�ODWHUDO�PRWLRQ�DFURVV�WKHVH�IDXOWV�LV�KLJKOLJKWHG��ZLWK�WKH�0)
DFFRPPRGDWLQJ�PRVW�RI�WKH�SODWH�PRWLRQ�
6OLS�UDWH�DFURVV�WKH�0)�LQFUHDVHV�WR�WKH�HDVW��ZLWK�D�GHJUHH�RI
ORFDOL]DWLRQ�RI�VWUDLQ�ZKLFK�VHHPV�WR�YDU\�DORQJ�WKH�IDXOW���3��3���
&RPSUHVVLRQ�PD\�EH�DVVRFLDWHG�ZLWK�WKH�ZHVWHUQ�WHUPLQDWLRQ�RI�WKH
0)��VDPH�VLJQ�IRU�$6&(�DQG�'(6&��QHDU���NP�LQ�3��"
7KH�3)�DFFRPPRGDWHV�DOPRVW�QR�GHIRUPDWLRQ�QHDU�LWV�ZHVWHUQPRVW
HQG��3���

�

'HIRUPDWLRQ�LQ�WKH�VRXWK��IRUHDUF�VOLYHU�DQG
VXEGXFWLRQ��3��3��
'HIRUPDWLRQ�LV�REVHUYHG�LQ�VRXWKHUQ�*XDWHPDOD��QHDU�WKH�FRDVW�
6RPH�RI�LW�FRUUHVSRQGV�WR�ULJKW�ODWHUDO�VOLS�DVVRFLDWHG�ZLWK�WKH�QRUWKHUQ
OLPLW�RI�WKH�IRUHDUF�VOLYHU�SDUDOOHO�WR�WKH�YROFDQLF�DUF��GHFUHDVLQJ�IURP
HDVW�WR�ZHVW��
1HJDWLYH�YHORFLW\�JUDGLHQW�LV�REVHUYHG�FORVHU�WR�WKH�FRDVW��ZKLFK�VHHPV
WR�GHFUHDVH�WRZDUG�HDVW��DQG�PD\�EH�UHODWHG�WR�ORFNLQJ�YDULDWLRQV�DORQJ
WKH�VXEGXFWLRQ�LQWHUIDFH�

�

'HIRUPDWLRQ�DFURVV�WKH�JUDEHQV��3��
7KH�VWHS�OLNH�YHORFLW\�JUDGLHQWV�DORQJ�WKH�SURILOH�KLJKOLJKWV�GHIRUPDWLRQ
SDUWLWLRQLQJ�RQ�VSHFLILF�WHFWRQLF�IHDWXUHV��PXOWLSOH�DFWLYH�QRUPDO�IDXOWV��
ZKLFK�KDYH�EHHQ�PRGHOHG�DV�RQO\�WZR�VKDUS�QRUWK�VRXWK�EORFN
ERXQGDULHV�LQ�SUHYLRXV�PRGHOV��
�

)XWXUH�ZRUN
)XWXUH�ZRUN�ZLOO�LQFOXGH�

5HILQHG�SRVW�SURFHVVLQJ�RI�,Q6$5�GDWD��WDNLQJ�LQWR�DFFRXQW�VHDVRQDO
VLJQDO�DQG�LGHQWLI\LQJ�RWKHU�QRQ�WHFWRQLF�SURFHVVHV��
%HWWHU�UHIHUHQFLQJ�RI�WKH�,Q6$5�GDWD�VHWV�WR�*36�GDWD�
'HWDLOHG�DQDO\VLV�RI�IDXOW�FRXSOLQJ�DQG�VOLS�UDWH�YDULDWLRQV�DORQJ�IDXOW
VWULNH��0)�DQG�VXEGXFWLRQ�]RQH�LQ�SDUWLFXODU�



+RUL]RQWDO�DQG�YHUWLFDO�GHIRUPDWLRQ�VHSDUDWLRQ�IURP�VXUIDFH�GDWD
DQDO\VLV
-RLQW�,Q6$5�*36�LQYHUVLRQ�DQG�PRGHOLQJ�
$QDO\VLV�RI�,Q6$5�WLPH�VHULHV�DW�WDUJHWHG�ORFDWLRQV�

�



',6&/2685(6
&�/���DFNQRZOHGJHV�ILQDQFLDO�VXSSRUW�E\�WKH�)UHQFK�&HQWUH�1DWLRQDO
G¶(WXGHV�6SDWLDOHV��&1(6��WKURXJK�WKH�726&$�SURJUDP�
3DUW�RI�WKLV�ZRUN�ZDV�VXSSRUWHG�E\�16)�JUDQW�($5���������
0RVW�ILJXUHV�ZHUH�SURGXFHG�XVLQJ�*HQHULF�0DSSLQJ�7RROV�VRIWZDUH
�:HVVHO�	�6PLWK�������



$%675$&7
7KH�LQWHUDFWLRQ�EHWZHHQ�WKH�&RFRV��&DULEEHDQ��DQG�1RUWK�$PHULFD�SODWHV�LQ
&HQWUDO�$PHULFD�UHVXOWV�LQ�FRPSOH[�GHIRUPDWLRQ�PRVWO\�DFFRPPRGDWHG�E\�WKH
VXE�SDUDOOHO�0RWDJXD�DQG�3RORFKLF�OHIW�ODWHUDO�IDXOWV��QRUWK�VRXWK�WUHQGLQJ
H[WHQVLRQDO�JUDEHQV�VRXWK�RI�WKH�0RWDJXD�)DXOW��WKH�0LGGOH�$PHULFD
VXEGXFWLRQ�]RQH��DQG�ULJKW�ODWHUDO�IDXOWV�DORQJ�WKH�0LGGOH�$PHULFD�YROFDQLF�DUF�
/DUJH�HDUWKTXDNHV�DVVRFLDWHG�ZLWK�WKHVH�IDXOWV�LQFOXGH�WKH�GHVWUXFWLYH�����
0Z�����HDUWKTXDNH�DORQJ�WKH�0RWDJXD�IDXOW�DQG�WKH������0Z�����&KDPSHULFR
VXEGXFWLRQ�WKUXVW�HDUWKTXDNH��7KH�PRVW�UHFHQW�*36�EDVHG�HODVWLF�NLQHPDWLF
PRGHOV�RI�WKH�UHJLRQ�VKRZ�WKDW�DERXW�����RI�WKH�VWUDLQ�DFFXPXODWLRQ�IURP�WKH
1RUWK�$PHULFD�&DULEEHDQ�SODWHV�UHODWLYH�PRWLRQ�FRQFHQWUDWHV�RQ�WKH�0RWDJXD
IDXOW�DQG�����DFURVV�WKH�3RORFKLF�IDXOW��ZLWK�VLJQLILFDQW�LQWHUQDO�VWUHWFKLQJ�RI�WKH
&DULEEHDQ�SODWH�EHWZHHQ�+RQGXUDV�DQG�ZHVWHUQ�*XDWHPDOD��D�GHFUHDVLQJ
VWULNH�VOLS�UDWH�IURP�HDVW�WR�ZHVW�DORQJ�WKH�YROFDQLF�DUF��DQG�ODWHUDO�YDULDWLRQV�RI
FRXSOLQJ�DORQJ�WKH�VXEGXFWLRQ�]RQH��:H�SURSRVH�WKH�XVH�RI�6\QWKHWLF�$SHUWXUH
5DGDU�,QWHUIHURPHWU\��,Q6$5��WR�PHDVXUH�VOLS�UDWHV�DORQJ�IDXOWV�LQ�*XDWHPDOD�
VWUDLQ�SDUWLWLRQLQJ�DPRQJ�WKHP�DQG�SRWHQWLDO�LQWHUQDO�GHIRUPDWLRQ�ZLWKLQ�EORFNV�
:H�DQDO\]H�6HQWLQHO���UDGDU�LPDJHV�VSDQQLQJ�IURP������WR�������IURP
DVFHQGLQJ�DQG�GHVFHQGLQJ�WUDFNV��FRYHULQJ�WKH�ZKROH�*XDWHPDOD�UHJLRQ��:H
XVH�'LVWULEXWHG�6FDWWHUHUV��'6��,QWHUIHURPHWU\�WHFKQLTXHV�DGDSWHG�WR�ODUJH
6HQWLQHO���GDWD�VHWV�WR�EHWWHU�DVVHVV�DQG�PLWLJDWH�WKH�YDULRXV�VRXUFHV�RI�QRLVH�
:H�SUHVHQW�WKH�ILUVW�,Q6$5�EDVHG�PDSV�RI�LQWHUVHLVPLF�YHORFLW\�IRU�WKLV�UHJLRQ�
DQDO\]H�WKHVH�,Q6$5�UHVXOWV�RYHU�WKH�ZKROH�VXUIDFH�FRYHUHG�E\�WKH�WUDFNV�DQG
DORQJ�NH\�SURILOHV�DFURVV�PDLQ�IDXOWV�IRU�D�ILUVW�FRPSDULVRQ�ZLWK�*36�GDWD�DQG
WKH�*36�EDVHG�EORFN�PRGHO��7KH�'6�UHVXOWV�VKRZ�DQ�RYHUDOO�JRRG�DJUHHPHQW
ZLWK�SUHGLFWLRQV�IURP�WKH�*36�EDVHG�EORFN�PRGHO��7KHVH�,Q6$5�UHVXOWV�DORQJ
ZLWK�*36�GDWD�ZLOO�EH�XVHG�WR�UHILQH�WKH�EORFN�PRGHO�DQG�HVWLPDWH�WKH�ODWHUDO
YDULDWLRQV�RI�LQWHUVHLVPLF�VOLS�GHILFLW�UDWHV�DORQJ�PDMRU�IDXOWV��DV�ZHOO�DV�LQWHUQDO
GHIRUPDWLRQ�ZLWKLQ�WKH�ZHVWHUQ�&DULEEHDQ�SODWH�



5()(5(1&(6
�

$GDP��1��HW�DO����������:LGH�DUHD�SHUVLVWHQW�VFDWWHUHU�LQWHUIHURPHWU\��&XUUHQW
GHYHORSPHQWV��DOJRULWKPV�DQG�H[DPSOHV��3URF��,((((�*HRVFL��5HPRWH�6HQV��6\PS��
-XO������������������
$QVDUL��+��HW�DO����������(IILFLHQW�3KDVH�(VWLPDWLRQ�IRU�,QWHUIHURJUDP�6WDFNV��,(((�
7UDQVDFWLRQV�RQ�*HRVFLHQFH�DQG�5HPRWH�6HQVLQJ���������9RO������1R���������������
'H�=DQ��)���=RQQR��0����DEG�/RSH]�'HNNHU�3����������3KDVH�LQFRQVLVWHQFLHV�DQG
PXOWLSOH�VFDWWHULQJ�LQ�6$5�LQWHUIHURPHWU\��,(((�7UDQVDFWLRQV�RQ�*HRVFLHQFH�DQG
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