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$%675$&7
'UXJ�GLVFRYHU\�DQG�GHYHORSPHQW�LQYROYH�WKH�XWLOL]DWLRQ�RI�LQ�YLWUR�DQG�LQ�YLYR�H[SHULPHQWDO�PRGHOV��'LIIHUHQW�PRGHOV��UDQJLQJ
IURP� WHVW� WXEH� H[SHULPHQWV� WR� FHOO� FXOWXUHV�� DQLPDOV��KHDOWK\�KXPDQ� VXEMHFWV�� DQG� HYHQ� VPDOO�QXPEHUV�RI� SDWLHQWV� WKDW�DUH�
LQYROYHG LQ�FOLQLFDO� WULDOV��DUH�XVHG�DW�GLIIHUHQW�VWDJHV�RI�GUXJ�GLVFRYHU\�DQG�GHYHORSPHQW�IRU�GHWHUPLQDWLRQ�RI�HIILFDF\�DQG�
VDIHW\�� 7KH� SURSHU� VHOHFWLRQ� DQG� DSSOLFDWLRQV� RI� FRUUHFW� PRGHOV�� DV� ZHOO� DV� DSSURSULDWH� GDWD� LQWHUSUHWDWLRQ�� DUH� FULWLFDOO\�
LPSRUWDQW� LQ�GHFLVLRQ�PDNLQJ� DQG� VXFFHVVIXO� DGYDQFHPHQW�RI� GUXJ� FDQGLGDWHV�� ,Q� WKLV� UHYLHZ��ZH� GLVFXVV� VWUDWHJLHV� LQ� WKH�
DSSOLFDWLRQV�RI�ERWK�LQ�YLWUR�DQG�LQ�YLYR�H[SHULPHQWDO�PRGHOV�RI�GUXJ�PHWDEROLVP�DQG�GLVSRVLWLRQ�
.(<:25'6� 3UHFOLQLFD, LQ� YLWUR PRGHO�� 'UXJ� PHWDEROLVP� DQG� GLVSRVLWLRQ�� $'0((�� (QJLQHHUHG� PRXVH� PRGHO��
+HSDWRF\WHV��0DVV�EDODQFH

ͳǤ ,1752'8&7,21
'UXJ� PHWDEROLVP� DQG� SKDUPDFRNLQHWLFV�

�'03.�� KDYH� LPSURYHG� VXFFHVV� UDWHV� RI� GUXJ�
GLVFRYHU\� DQG� GHYHORSPHQW� LQ� WKH� ODVW� WZR� GHFDGHV��
7KH�FRQWULEXWLRQV�DQG�LPSURYHPHQW�WR�WKH�VXFFHVV�UDWHV�
E\�'03.� FDQ� EH� DWWULEXWHG� WR� DW� OHDVW� WKUHH� UHDVRQV��
)LUVW��'03.� LV� QRZ� URXWLQHO\� LQFRUSRUDWHG� LQWR� HDUO\�
GUXJ� GLVFRYHU\�� D� WUHQG� EHJLQQLQJ� DERXW� �� ��� \HDUV�
DJR�� 6HFRQG�� '03.� VFLHQWLVWV� KDYH� D� EHWWHU�
XQGHUVWDQGLQJ�RI�GUXJ�PHWDEROLF�HQ]\PHV��WUDQVSRUWHUV��
DQG� GLIIHUHQFHV� DPRQJ� VSHFLHV� DQG� LQGLYLGXDOV��0DQ\�
UHVHDUFK� WRROV� DQG� DGYDQFHG� LQVWUXPHQWDWLRQ� DUH� QRZ�
DYDLODEOH� WR� PDNH� UHODWLYHO\� UHOLDEOH� SUHGLFWLRQV� IURP�
WKH� LQ� YLWUR� WR� WKH� LQ� YLYR� GDWD� DQG� IURP� DQLPDOV� WR�
KXPDQV�� 7KLUG�� VWUDWHJLHV� IRU� WKH� RSWLPL]DWLRQ� RI�
DSSURSULDWH� '03.� SURSHUWLHV� KDYH� EHHQ� IRUPHG��
LPSURYHG� DQG� DSSOLHG� WR� GUXJ� GLVFRYHU\� DQG�
GHYHORSPHQW�

$EVRUSWLRQ�� GLVWULEXWLRQ�� PHWDEROLVP� DQG�
H[FUHWLRQ� �$'0(�� VWXGLHV� DUH� LPSRUWDQW� IRU� GUXJ�
GLVFRYHU\� DQG� GHYHORSPHQW�� ,Q� IDFW�� WKH� $'0(�
SDUDPHWHUV�REWDLQHG�IURP�LQ�YLWUR�DQG�LQ�YLYR�PRGHOV��
ZKLFK� DLG� LQ� WKH� SUHGLFWLRQ� RI� GUXJ� EHKDYLRUV� LQ�
SDWLHQWV�� DUH� LPSRUWDQW� IRU� WKH� GHFLVLRQ� WR� DGYDQFH��
KROG� RU� WHUPLQDWH� D� GUXJ� FDQGLGDWH�� +RZHYHU��
LQFRPSOHWH� $'0(� VWXGLHV� RU� PLVLQWHUSUHWDWLRQ� RI�
$'0(�GDWD�PD\� FDXVH� IDLOXUHV� LQ� GUXJ� GHYHORSPHQW��
$'0(�VWXGLHV�DUH�FRQGXFWHG�ZLWK� LQ�YLWUR�� LQ�YLYR�RU�
LQ�VLOLFR�PRGHOV��,Q�YLWUR�PRGHOV�JHQHUDWH�PDQ\�$'0(�
SDUDPHWHUV��LQFOXGLQJ�DSSDUHQW�SHUPHDELOLW\��PHWDEROLF�
VWDELOLW\��UHDFWLRQ�SKHQRW\SLQJ��SURWHLQ�ELQGLQJ��EORRG�
WR�SODVPD�SDUWLWLRQLQJ��GUXJ GUXJ�LQWHUDFWLRQ�SRWHQWLDOV�
�H�J��� LQKLELWLRQ� DQG� LQGXFWLRQ� RI� F\WRFKURPH� 3����
�&<3�� DQG� WUDQVSRUWHUV��� FHOO� SUROLIHUDWLRQ� DQG�
F\WRWR[LFLW\�� DQG� K(5*� LQKLELWLRQ�� ,Q� YLYR� PRGHOV� RI�
DQLPDOV� DQG� KHDOWK\� KXPDQ� VXEMHFWV� SURYLGH�
LQIRUPDWLRQ� VXFK� DV� GUXJ� RUDO� ELRDYDLODELOLW\��
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H[SRVXUHV�� GLVWULEXWLRQ�� FOHDUDQFH�� DQG� GXUDWLRQ� RI�
H[SRVXUH� IRU� D� GUXJ� DQG� LWV� PHWDEROLWHV�� )LQDOO\�� LQ�
VLOLFR� PRGHOV� SUHGLFW� GUXJ� EHKDYLRUV� EDVHG� RQ�
SK\VLFRFKHPLFDO� SURSHUWLHV� RI� GUXJ� FDQGLGDWHV� LQ�
FRPELQDWLRQ� ZLWK� FU\VWDO� VWUXFWXUHV� RI� D� SURWHLQ� �DQ�
HQ]\PH� RU� D� WUDQVSRUWHU�� DQG� GDWDEDVH� RI� $'0(�
SURSHUWLHV�JHQHUDWHG�LQ�ODERUDWRULHV >�@�

$� IHZ� FRPPRQ� VWUDWHJLHV� IRU� $'0(� SURSHUW\�
RSWLPL]DWLRQ�� KLJKOLJKWHG� LQ� WKLV� SDUDJUDSK�� ZLOO� EH�
GHVFULEHG� LQ WKH� IROORZLQJ� VHFWLRQV�� ZKLFK� LQFOXGH�
VWHS�E\�VWHS�� LVVXH�GULYHQ�� 3. 3'� DQG� 3. 7.�
FRQVLGHUDWLRQV��'XULQJ� WKH� HDUO\� DQG�PLGGOH� VWDJHV� RI�
GUXJ� GLVFRYHU\� �DOVR� FDOOHG� OHDG� LGHQWLILFDWLRQ� DQG�
RSWLPL]DWLRQ���$'0(� VFUHHQLQJ� LV� FRQGXFWHG�� XVXDOO\�
LQ� D� KLJK� WKURXJKSXW�PRGH��$'0(� VFUHHQLQJ� XVXDOO\�
LQFOXGHV��EXW�LV�QRW�OLPLWHG�WR��GHWHUPLQDWLRQV�RI�KXPDQ�
DQG� DQLPDO� OLYHU� PLFURVRPDO� VWDELOLW\�� KXPDQ� &<3�
LQKLELWLRQ�� DSSDUHQW� SHUPHDELOLW\� �XVLQJ� SDUDOOHO�
DUWLILFLDO� PHPEUDQH� SHUPHDWLRQ� DVVD\V� �3$03$��
DQG�RU�&DFR���FHOOV���3.��PHWDEROLF�VRIW�VSRWV��UHDFWLYH�
PHWDEROLWHV� DQG� DFWLYDWLRQ� RI� SUHJQDQH� ;� UHFHSWRU�
�3;5���XVLQJ�UHSRUWHU�JHQH�DVVD\V���,Q�WKH�ODWH�VWDJH�RI�
GUXJ� GLVFRYHU\� �DOVR� FDOOHG� FOLQLFDO� FDQGLGDWH�
FKDUDFWHUL]DWLRQ��� PRUH� FRPSUHKHQVLYH� $'0(�
SURSHUWLHV� RI� GUXJ� FDQGLGDWHV� ZLOO� EH� GHWHUPLQHG��
'03.�VWXGLHV�DW�WKLV�VWDJH�LQFOXGH��EXW�DUH�QRW�OLPLWHG�
WR�� SURWHLQ� ELQGLQJ� �DV� ZHOO� DV� EORRG SODVPD�
SDUWLWLRQLQJ�DQG�SODVPD�VWDELOLW\���KHSDWRF\WH�VWDELOLW\��
PHWDEROLF� HQ]\PH� SKHQRW\SLQJ�� KXPDQ� &<3�
LQKLELWLRQ�� PHFKDQLVP�EDVHG� LQDFWLYDWLRQ�� $'0(�
VWXGLHV�LQ�DQLPDOV��LQFOXGLQJ�RUDO�DQG�L�Y��3.�VWXGLHV���
PDVV� EDODQFH�� GUXJ� GLVWULEXWLRQ� �XVLQJ� TXDQWLWDWLYH�
ZKROH� ERG\� DXWRUDGLRJUDSK\�� �4:%$��� GUXJ�
HOLPLQDWLRQ� SDWKZD\V� �XVLQJ� ELOH�GXFW� FDQQXODWHG�
DQLPDOV��� H[� YLYR� LQGXFWLRQ >���@ �LI� QHHGHG���
PHWDEROLWH� LGHQWLILFDWLRQ� �0HW� ,'��� WUDQVSRUWHU�
VXEVWUDWH� DQG�RU� LQKLELWRU� HYDOXDWLRQ�� KXPDQ� &<3�
LQGXFWLRQ� �XVLQJ� KXPDQ� KHSDWRF\WHV��� GUXJ GUXJ�
LQWHUDFWLRQ� HYDOXDWLRQ�� DQG� '03.� PRGHOLQJ� �ZKLFK�
LQFOXGHV�VFDOLQJ�XS� IURP� LQ�YLWUR� WR� LQ�YLYR��DQG� IURP
SUHFOLQLFDO� DQLPDOV� WR� KXPDQV�� DQG� KXPDQ� GRVLQJ�
SURMHFWLRQ��� 7KH� NH\� WUDQVSRUWHUV� WKDW� QHHG� WR� EH�
HYDOXDWHG� DUH� HIIOX[� WUDQVSRUWHUV�� LQFOXGLQJ� 3�
JO\FRSURWHLQ� �3�JS�� DQG� EUHDVW� FDQFHU� UHVLVWDQFH�
SURWHLQ� �%&53��� DV� ZHOO� DV� ELOH� VDOW� H[SRUW� SXPS�
�%6(3�� DQG� XSWDNH� WUDQVSRUWHUV�� LQFOXGLQJ� RUJDQLF�
DQLRQ� WUDQVSRUWHU� �2$7�� �� DQG� ��� RUJDQLF� FDWLRQ�
WUDQVSRUWHU� �2&7�� RUJDQLF� DQLRQ� WUDQVSRUWLQJ� SHSWLGH�
�2$73���%��DQG��%���
ʹǤ $'0(�(;3(5,0(17$/�02'(/6
ʹǤͳǤ ,Q�YLWUR�PHWDEROLF�PRGHOV

� RQO\�
UHIHU� WR� UHVSHFWDEOH� DEVRUSWLRQ�� DGHTXDWH� GLVWULEXWLRQ��

ORZ�PHWDEROLVP�� FRPSOHWH� HOLPLQDWLRQ� IURP�ERG\�DQG�
PLQLPDO�WR[LFRORJLFDO�ULVN��,Q�YLWUR�DVVD\V��ZKLFK�SOD\�
DQ� HVVHQWLDO� UROH� LQ� VFUHHQLQJ� FKHPLFDO� HQWLWLHV� LQ� WKH�
GLVFRYHU\� VWDJH�� KDYH� PDQ\� XQLTXH� DGYDQWDJHV�� )LUVW��
WKHVH�DVVD\V�SURYLGH�D�VLPSOH��FRQYHQLHQW�DQG�IDVW�ZD\�
WR�WHVW�WKH�SRWHQF\�DQG�GUXJ�OLNH�SURSHUWLHV�RI�FKHPLFDO�
HQWLWLHV�� 6HFRQG�� LQ� YLWUR� DVVD\V� UHTXLUH� OLPLWHG�
DPRXQWV� RI� WHVW� FRPSRXQG�� ZKLFK� LV� DSSHDOLQJ� VLQFH�
FRPSRXQG�VXSSO\�LV�OLPLWHG�DW�WKH�HDUO\�GUXJ�GLVFRYHU\�
VWDJH� DQG� LW� LV� QRW� DOZD\V� IHDVLEOH� WR� SHUIRUP�
SUHFOLQLFDO�DQLPDO�VWXGLHV >�@��7KLUG��LQ�YLWUR�DVVD\V�DUH�
RIWHQ� GHVLJQHG� WR� DQVZHU� VSHFLILF� TXHVWLRQV�� VXFK� DV�
VWUXFWXUH DFWLYLW\� UHODWLRQVKLS� �6$5�� IRU� PHWDEROLF�
VWDELOLW\� RU '',� SRWHQWLDO� RI� WKH� GUXJ� FDQGLGDWHV��
DQVZHUV�WR�WKHVH�TXHVWLRQV�PD\�EH�GLIILFXOW�WR�REWDLQ�LQ�
DQLPDO� VWXGLHV� GXH� WR� FRQIRXQGLQJ� IDFWRUV�� )RXUWK��
KXPDQ�EDVHG� LQ� YLWUR� DVVD\V� FRXOG� SURYLGH� D� PRUH�
DFFXUDWH� HVWLPDWLRQ� RI� KXPDQ� FOLQLFDO� RXWFRPHV� WKDQ�
FRXOG� DQLPDO� WHVWV� DW� WKH� SUHFOLQLFDO� VWDJH�� HVSHFLDOO\�
IRU� SURSHUWLHV� WKDW� DUH� NQRZQ� WR� KDYH� VSHFLHV�UHODWHG�
GLIIHUHQFHV� �EHWZHHQ� SUHFOLQLFDO� DQLPDOV� DQG� KXPDQV��
DQG� ZKHUH� VWURQJ� LQ� YLWUR LQ� YLYR� FRUUHODWLRQV� KDYH�
DOUHDG\� EHHQ� HVWDEOLVKHG� LQ� KXPDQV�� $Q� H[DPSOH� RI
VXFK�D�SURSHUW\�LV�&<3�HQ]\PH�LQGXFWLRQ��,W�KDV�EHHQ�
VKRZQ� WKDW� SUHFOLQLFDO� VSHFLHV� FDQQRW� DOZD\V� SUHGLFW�
KXPDQ�&<3� LQGXFWLRQ�SRWHQWLDO�GXH� WR� VSHFLHV� UHODWHG�
GLIIHUHQFHV�� +RZHYHU�� D� JRRG� LQ� YLWUR LQ� YLYR�
FRUUHODWLRQ�KDV�EHHQ�REVHUYHG�LQ�KXPDQV��)RU�LQVWDQFH��
D� QHJDWLYH� LQGXFWLRQ� LQ� KXPDQ� LQ� YLWUR� VWXGLHV� XVLQJ�
SULPDU\�KHSDWRF\WH�FXOWXUHV�VHHPHG�WR�DOZD\V�OLQN�WR�D�
QHJDWLYH� LQGXFWLRQ� REVHUYHG� LQ� KXPDQV� LQ� FOLQLFDO�
VWXGLHV��7KHUHIRUH��)'$�W\SLFDOO\�ZDLYHV�FOLQLFDO�'',�
VWXGLHV� LI� WKH� GUXJ� FDQGLGDWH� LV� WHVWHG QHJDWLYH� LQ� D�
KXPDQ�LQ�YLWUR�&<3�LQGXFWLRQ�VWXG\�

7KH� SUHGLFWLRQ� RI� KXPDQ� HIILFDF\� DQG�
'03.�WR[LFRORJ\� SURSHUWLHV� IURP� SUHFOLQLFDO� VWXGLHV�
LV� SHUKDSV� WKH� JRDO RI� GUXJ� GLVFRYHU\�� $� FRPPRQ�
SUDFWLFH� LQ� SKDUPDFHXWLFDO� LQGXVWU\� LV� WR� HVWDEOLVK� LQ�
YLWUR LQ� YLYR FRUUHODWLRQ� IRU� DQ� $'0(� SDUDPHWHU� LQ�
PXOWL�VSHFLHV� SUHFOLQLFDO� VWXGLHV�� DQG� WKHQ� ILQG� WKH�
VSHFLHV�WKDW�FRUUHODWHV�WR�KXPDQV >���@��,I�WKH�LQ�YLWUR
LQ�YLYR� FRUUHODWLRQ� LV� HVWDEOLVKHG� LQ� DQ� DQLPDO� VSHFLHV�
DQG�WKH�LQ�YLWUR�FRUUHODWLRQ�EHWZHHQ�WKH�DQLPDO�VSHFLHV�
DQG�KXPDQV�LV�DOVR�HVWDEOLVKHG��WKHQ�WKH�KXPDQ�LQ�YLWUR�
LQIRUPDWLRQ� FRXOG� EH� XVHG� WR� SUHGLFW� WKH� FOLQLFDO�
$'0(� RXWFRPH�� 2Q� WKH� RWKHU� KDQG�� LI� WKH� LQ� YLYR�
FRUUHODWLRQ�IRU�D�SDUDPHWHU�EHWZHHQ�DQLPDO�DQG�KXPDQ�
LV�ZHOO� XQGHUVWRRG�� WKHQ� DQLPDO� LQ� YLYR�GDWD� FRXOG�EH�
XVHG� WR� SUHGLFW� KXPDQ� RXWFRPHV�� ([DPSOHV� RI�
SDUDPHWHUV� RIWHQ� XVHG� IRU� VXFK� SUHGLFWLRQV� LQFOXGH�
KXPDQ� HIILFDF\�� 3.� SURSHUWLHV� �H�J��� WDUJHW� LQKLELWLRQ��
DEVRUSWLRQ� DQG� FOHDUDQFH�� DQG� WR[LFRORJLFDO� HQGSRLQWV�
�H�J��� 47� SURORQJDWLRQ��� 2QFH� WKH� LQ� YLWUR LQ� YLYR� RU�
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DQLPDO� WR� KXPDQ� FRUUHODWLRQV� DUH� HVWDEOLVKHG�� WKH�
HVWLPDWLRQV�� IRU� H[DPSOH�� RI� KXPDQ� FOHDUDQFH� IURP�
KXPDQ�LQ�YLWUR�FOHDUDQFH�GDWD��RI�KXPDQ�HIILFDF\�IURP�
[HQRJUDIW�PRXVH�PRGHO��RU�RI�KXPDQ�47�SURORQJDWLRQ�
ULVN�IURP�GRJ�VWXGLHV��DUH�SRVVLEOH��,Q JHQHUDO��'03.�
SDUDPHWHUV�DUH�H[WUDSRODWHG�IURP�����FRPSDULVRQV�RI�LQ�
YLWUR� GDWD� DFURVV� VSHFLHV� DQG�RU� ���� LQ� YLWUR LQ� YLYR�
FRUUHODWLRQ�LQ�DQLPDOV��1RWDEO\��LQ�YLYR�PRGHOV�SURYLGH�
FRPELQHG� HIIHFWV� RI� SHUPHDELOLW\�� GLVWULEXWLRQ��
PHWDEROLVP� DQG� HOLPLQDWLRQ�� 7KXV�� WKH\� KDYH�
OLPLWDWLRQV� IRU� VXFK� DSSOLFDWLRQV� DV� WR� SLQSRLQW� D�
VSHFLILF�IDFWRU�LQ�DQ�REVHUYDWLRQ��)RU�H[DPSOH��LW�ZRXOG�
EH� KDUG� WR� UHO\� RQO\� RQ� GLIIHUHQFHV� LQ� SHUPHDELOLW\��
ZLWKRXW� FRQVLGHULQJ� GLIIHUHQFHV� LQ� ILUVW�SDVV�
PHWDEROLVP��WR�HYDOXDWH�ELRDYDLODELOLW\�DPRQJ�D�VHULHV�
RI�GUXJ�FDQGLGDWHV�
ʹǤͳǤͳǤ ([SUHVVHG�HQ]\PHV

$�SULPDU\�DSSOLFDWLRQ�RI�H[SUHVVHG�HQ]\PHV� LV�
WR� FRQGXFW� UHDFWLRQ�SKHQRW\SLQJ� IRU� GUXJ� FDQGLGDWHV��
7KH� )'$� '',� JXLGDQFH� UHTXLUHV� FRQGXFWLQJ� FOLQLFDO�
'',� WULDO� LI� D� FRPSRXQG� KDV� JUHDWHU� WKDQ� ���� RI� LWV�
FOHDUDQFH�PHGLDWHG�E\�D�SDWKZD\��&<3�PHWDEROLVP�LV�
WKH� PRVW� FRPPRQ� FOHDUDQFH� SDWKZD\V� IRU� WKH�
HOLPLQDWLRQ� RI� GUXJV�� 7KXV�� LGHQWLI\LQJ� WKH� UHODWLYH�
FRQWULEXWLRQV�RI�HDFK�&<3�LVRIRUPV�WR�WKH�WRWDO�KHSDWLF�
FOHDUDQFH� LV� DQ� HVVHQWLDO� WDVN�� $GGLWLRQDOO\�� ZKHQ� WKH�
&<3�PHWDEROLVP�GDWD�DUH�FRPELQHG�ZLWK�GDWD�RQ�RWKHU�
QRQ�PHWDEROLF� FOHDUDQFH� SDWKZD\V�� VXFK� DV� UHQDO� RU�
ELOLDU\� FOHDUDQFH�� HVWLPDWLRQV� FDQ� EH� PDGH� RQ� WKH�
FRQWULEXWLRQV� RI� HDFK� &<3� LVRIRUP� WR� WKH� WRWDO� ERG\�
FOHDUDQFH�RI�D�GUXJ��$�VHFRQG�DSSOLFDWLRQ�RI�H[SUHVVHG�
HQ]\PHV�LV�WR�TXDOLWDWLYHO\�LGHQWLI\�WKH�LQYROYHPHQW�RI�
&<3V�LQ�PHWDEROLF�SDWKZD\V��RIWHQ�UHIHUUHG�WR�DV�&<3�
PDSSLQJ��� 7KLV� DVVD\� SURYLGHV� LPSRUWDQW� LQIRUPDWLRQ�
RQ� ZKHWKHU� WKH� GUXJ� FDQGLGDWH� LV� PHWDEROL]HG� E\� D�
VLQJOH� LVRIRUP� RU� E\� PXOWLSOH� LVRIRUPV�� DQG�
IXUWKHUPRUH�� ZKHWKHU� KLJKO\� SRO\PRUSKLF� HQ]\PHV��
VXFK� DV� &<3�'�� DQG� &<3�&�� DUH� WKH� PDMRU�
FRQWULEXWRUV� WR� LWV� PHWDEROLF� FOHDUDQFH�� ,W� VKRXOG� EH�
QRWHG� WKDW��ZKLOH� LQ�PRVW� FDVHV� KHSDWLF�PHWDEROLVP� LV�
SHUIRUPHG� E\� WKH� SULPDU\� GUXJ�PHWDEROL]LQJ� &<3V��
RWKHU�HQ]\PHV�FRXOG�DOVR�FRQWULEXWH�VLJQLILFDQWO\�WR�WKH�
RYHUDOO�PHWDEROLVP��([DPSOHV�RI�QRQ�&<3�PLFURVRPDO�
RU� F\WRVROLF� HQ]\PHV� RIWHQ� LQYROYHG� LQ� GUXJ�
PHWDEROLVP�LQFOXGH�IODYLQ�FRQWDLQLQJ�PRQRR[\JHQDVHV�
�)02��� 8'3�JOXFXURQRV\OWUDQVIHUDVHV� �8*7���
VXOIRWUDQVIHUDVHV� �68/7��DQG�DOGHK\GH�R[LGDVHV� �$2�
>�@�

([SUHVVHG� HQ]\PHV� DUH� DOVR� XVHG� IRU�
PHFKDQLVWLF�DSSOLFDWLRQV��7KH�H[DPSOH�GHVFULEHG�E\�/L�
DQG� FROOHDJXHV��� IHDWXUHG� WKH� XVH� RI� H[SUHVVHG�
HQ]\PHV�� HLWKHU� LQFXEDWHG� VHSDUDWHO\� RU� HOVH� LQ�
FRPELQDWLRQ�ZLWK�HDFK�RWKHU��WKH�UHVXOWV�HOXFLGDWHG�WKDW�

&<3�$�� ZDV� LQYROYHG� LQ� WKH� JHQHUDWLRQ� RI� D�
PHWDEROLWH� WKDW�� LQ� WXUQ�� ZDV� UHVSRQVLEOH� IRU� WLPH�
GHSHQGHQW� LQKLELWLRQ� �7',��RI�&<3�'���$GGLWLRQDOO\��
VLQFH� H[SUHVVHG� &<3� V\VWHPV� DUH� FRQFHQWUDWHG�
HQ]\PHV�ZLWK�KLJK�DFWLYLW\�WRZDUG�D�VSHFLILF�VXEVWUDWH��

PHWDEROLWHV� RI� LQWHUHVW� IRU� IXUWKHU� WHVWLQJ�� 8VLQJ� WKH�
JHQHUDWHG� PHWDEROLWHV� WKDW� DUH� FROOHFWHG� DV�
FKURPDWRJUDSKLF� IUDFWLRQV�� LW� LV� SRVVLEOH� WR� WHVW� IRU�
SKDUPDFRORJLFDO� DFWLYLW\� ZLWKRXW� WKH� QHHG� WR� LGHQWLI\�
WKH�PHWDEROLWH� VWUXFWXUHV�� ,Q� WKLV� DSSOLFDWLRQ�� WKH� KLJK�
DFWLYLW\�DQG�VHOHFWLYLW\�RI�H[SUHVVHG�HQ]\PHV�SURYLGH�D�
VXSHULRU� DOWHUQDWLYH� WR� WKH� XVH� RI� KXPDQ� OLYHU�
PLFURVRPHV��+/0V���DV�+/0V�WHQG�WR�JHQHUDWH�JUHDWHU�
QXPEHUV� RI� PHWDEROLWHV�� 7KH� SRWHQWLDO� SUHVHQFH� RI�
DGGLWLRQDO� PHWDEROLWHV� DGGV� GLIILFXOW\� WR� OLTXLG�
FKURPDWRJUDSKLF� VHSDUDWLRQ�� KRZHYHU�� WKH� DGGHG�
H[SHQVH� RI� XVLQJ� H[SUHVVHG� &<3V� SURYLGHV� LWV� RZQ�
FKDOOHQJHV�
ʹǤͳǤʹǤ 6XE�FHOOXODU�IUDFWLRQV

$ORQJ�ZLWK�WKH�H[SUHVVHG�HQ]\PH�V\VWHPV��VXE�
FHOOXODU� IUDFWLRQV� SUHSDUHG� IURP� GUXJ� PHWDEROL]LQJ�
WLVVXHV� �OLYHU� DQG� JXW��� LQFOXGLQJ� F\WRVRO�� 6�� DQG�
PLFURVRPDO� IUDFWLRQV�� DUH� XVHG� LQ� GUXJ� PHWDEROLVP�
VWXGLHV� WR� DGGUHVV� YDULRXV� TXHVWLRQV�� 7KH� F\WRVRO��
ZKLFK�LV�LVRODWHG�DV�D�VXSHUQDWDQW�IURP�WKH�6��IUDFWLRQ��
FRQWDLQV�D�JURXS�RI�VROXEOH�GUXJ�PHWDEROL]LQJ�HQ]\PHV�
UHVSRQVLEOH�IRU�VSHFLILF�URXWHV�RI�GUXJ�PHWDEROLVP��,W�LV�
WKH� VLPSOHVW� V\VWHP� RI� WKH� WKUHH�� 7KH� 6�� IUDFWLRQ�
FRQWDLQV�ERWK�F\WRVRO�DQG�PLFURVRPHV�DQG�UHSUHVHQWV�D�
QHDUO\� FRPSOHWH� FROOHFWLRQ� RI� DOO� GUXJ� PHWDEROL]LQJ�
HQ]\PHV��+RZHYHU�� WKH�SUHVHQFH�RI� VR�PDQ\�HQ]\PHV�
FDQ� VRPHWLPHV� GLOXWH� WKH� DFWLYLWLHV� RI� WKH� HQ]\PH� RI�
LQWHUHVW��7KH�PLFURVRPDO� IUDFWLRQ�FRQWDLQV�PHPEUDQH�
ERXQG�&<3V�DQG�SULPDU\�FRQMXJDWLRQ�HQ]\PHV�VXFK�DV�
8*7V�� 7KHVH� HQ]\PHV DUH� UHVSRQVLEOH� IRU� WKH�
PHWDEROLVP�RI�RYHU�����RI�PDUNHWHG�GUXJV��WKXV�WKLV�LV�
WKH�PRVW�IUHTXHQWO\�XWLOL]HG�HQ]\PH�V\VWHP�

7KH� F\WRVRO� LV� RIWHQ� XVHG� WR� FRQGXFW�
PHFKDQLVWLF�VWXGLHV�IRU�LGHQWLI\LQJ�WKH�VROXEOH�HQ]\PHV�
LQYROYHG�PHWDEROLF SDWKZD\V��VXFK�DV�68/7��1�DFHW\O�
WUDQVIHUDVH� �1$7��� FHUWDLQ� JOXWDWKLRQH� WUDQVIHUDVHV�
�*67���$2��DQG�[DQWKLQH�R[LGDVH��;2���)RU�H[DPSOH��
UHJLRVHOHFWLYH�VXOIDWLRQ�RI� WKH�SK\WRHVWURJHQV�GDLG]HLQ�
DQG� JHQLVWHLQ� ZDV� LQYHVWLJDWHG� XVLQJ� KXPDQ� OLYHU�
F\WRVRO� DQG� SXULILHG�� UHFRPELQDQW� KXPDQ� 68/7�
LVRIRUPV���� $GGLWLRQDOO\�� F\WRVRO� DVVD\V� DUH� XVHG� WR�
FRPSOHPHQW� PLFURVRPDO� VWXGLHV� IRU� DVVHVVLQJ� GUXJ�
PHWDEROLVP�SDWKZD\V�

6���ZKLFK�FRQWDLQV�ERWK�F\WRVRO�DQG�PLFURVRPDO�
HQ]\PHV�� LV� WKH� VXE�FHOOXODU� IUDFWLRQ� SUHSDUHG� E\�
FROOHFWLQJ�WKH�VXSHUQDWDQW DIWHU�FHQWULIXJDWLRQ�RI�WLVVXH�
KRPRJHQDWH� DW� ����òJ�� 2QH� DGYDQWDJH� RI� XVLQJ� 6��
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IUDFWLRQV� RYHU� PLFURVRPHV� LV� LWV� DELOLW\� WR� FDSWXUH�
DGGLWLRQDO�PHWDEROLVP�PHGLDWHG�E\�QRQ�&<3�HQ]\PHV��
VXFK� DV� VXOIDWLRQ� DQG� DFHW\ODWLRQ�� )XUWKHUPRUH�� 6��
DOORZV� FRVW� VDYLQJV� DQG� LV� HDVLHU� WR� KDQGOH� ZKHQ�
FRPSDUHG� WR� SULPDU\� KHSDWRF\WH� LQFXEDWLRQV�� ZKLFK�
DOVR� SURYLGHV� D� FRPSOHWH� FROOHFWLRQ� RI� HQ]\PHV�� 7R�
SUHGLFW�LQ�YLYR�FOHDUDQFH��WKH�VFDOH�XS�IDFWRU��PJ�RI�6��
SHU� JUDP� RI� OLYHU�� IURP� 6�� LQFXEDWLRQV� LV� VFDUFHO\�
DYDLODEOH� LQ� WKH� OLWHUDWXUH�� ,W�ZDV�GHWHUPLQHG� LQ�RQH�RI�
WKH� FR�DXWKRUV
� ODERUDWRU\� WKDW� WKHUH� LV� DSSUR[LPDWHO\�
����PJ�RI�6��SURWHLQV�SHU�JUDP�RI�UDW�OLYHU��7KLV�YDOXH�
FDQ� EH� XVHG� WR� FDOFXODWH� LQWULQVLF� FOHDUDQFH� DFURVV� DOO�
VSHFLHV��LQFOXGLQJ�KXPDQV���ZKLFK�LQ�WXUQ�FDQ�EH�XVHG�
WR�FDOFXODWH�ZKROH�ERG\�FOHDUDQFH�

:KHQ�ZRUNLQJ�ZLWK� VXE�FHOOXODU� IUDFWLRQV�� LW� LV�
LPSRUWDQW�WR�UHPHPEHU�WKDW�WKH�FR�IDFWRUV�WKDW�PHGLDWH�
HLWKHU� WKH�R[LGDWLYH�PHWDEROLVP��H�J���1$'3+��RU� WKH�
FRQMXJDWLRQ� UHDFWLRQV� �H�J��� XULGLQH� GLSKRVSKDWH�
JOXFXURQLF� DFLG� �8'3*$��� � �SKRVSKRDGHQRVLQH�� �
SKRVSKRVXOSKDWH� �3$36�� DQG� 6�DGHQRV\OPHWKLRQLQH�
�6$0��� DUH� ORVW� LQ� WKH� SURFHVV� RI� LVRODWLRQ� RI� WKRVH�
IUDFWLRQV��7KHUHIRUH�� LW� LV� QHFHVVDU\� WR� VXSSOHPHQW� WKH�
VXE�FHOOXODU� IUDFWLRQV� ZLWK� WKHVH� FR�IDFWRUV� WR� LQLWLDWH�
WKH� YDULRXV� HQ]\PDWLF� UHDFWLRQV�� %\� LQFOXGLQJ� RU�
H[FOXGLQJ� FHUWDLQ� FR�IDFWRUV�� RQH� FDQ� SLQSRLQW� WKH�
LQYROYHPHQW�RI�FHUWDLQ�PHWDEROLF�SDWKZD\V�IRU�D�JLYHQ�
FRPSRXQG��7KLV�DSSOLFDWLRQ�ZDV�ZHOO�GHPRQVWUDWHG� LQ�
WKH�VWXG\�RI��� �HWKLQ\OHVWUDGLRO�PHWDEROLVP�E\�/L�DQG�
FROOHDJXHV���� 2QH� LVVXH� UHJDUGLQJ� WKH� XVH� RI� 6��
IUDFWLRQV�LV�WKDW�WKH�HQ]\PHV�LQ�6��DUH�QRW�DV�HQULFKHG�
DV�WKRVH�LQ�PLFURVRPHV��$�ODUJHU�DPRXQW�RI�6��SURWHLQ�
�XVXDOO\� ��IROG�� LV� UHTXLUHG� WR� DFKLHYH� D� OHYHO� RI�
DFWLYLW\� VHHQ� LQ� D� FRPSDUDEOH�PLFURVRPDO� LQFXEDWLRQ��
7KLV�FRQGLWLRQ�FRXOG�UHVXOW�LQ�KLJKHU�SURWHLQ�ELQGLQJ�RI�
WKH�WHVW�FRPSRXQG >�@�

0LFURVRPHV� DUH� WKH� PRVW� ZLGHO\� XVHG� VXE�
FHOOXODU�IUDFWLRQV�IRU�GUXJ�PHWDEROLVP�VWXGLHV��ZLWK�WKH�
DGYDQWDJHV� RI� EHLQJ� LQH[SHQVLYH� DQG� HDV\� WR� KDQGOH�
ZKLOH�FRQWDLQLQJ�WKH�PDMRU�GUXJ�PHWDEROLVP�HQ]\PHV��
H�J��� &<3V� DQG� 8*7V�� 0LFURVRPDO� DVVD\V� DUH� WKH�
GHIDXOW� DVVD\V� IRU�PHWDEROLVP� DQG�'',� VWXGLHV� DW� WKH�
GUXJ� GLVFRYHU\� VWDJH�� 2QH� DSSOLFDWLRQ� RI� PLFURVRPDO�
DVVD\� LV� WR� GHWHUPLQH� LQWULQVLF� FOHDUDQFH�� D� XVHIXO�
SDUDPHWHU� IRU� IDFLOLWDWLQJ� WKH� VFUHHQLQJ� SURFHVV� IRU�
VWDEOH� FRPSRXQGV� DQG� IRU� HVWDEOLVKLQJ� DQ� LQ� YLWUR�
FRUUHODWLRQ� EHWZHHQ� DQLPDOV� DQG� KXPDQV�� 8VLQJ�
PLFURVRPHV�IURP�YDULRXV�WLVVXHV�RQH�FDQ�DVVHVV�H[WUD�
KHSDWLF�PHWDEROLVP�DQG� IXUWKHU� VWUHQJWKHQ� WKH� LQ�YLWUR�
SUHGLFWLRQ� RI� WRWDO� ERG\ FOHDUDQFH� E\� FRQVLGHULQJ�
PXOWL�RUJDQ� PHWDEROLVP�� 0LFURVRPDO� DVVD\V� DUH� DOVR�
SUHIHUUHG� IRU� GHWHUPLQLQJ� '',� SRWHQWLDO�� %RWK�
UHYHUVLEOH� LQKLELWLRQ� DQG� WLPH�GHSHQGHQW� LQKLELWLRQ�
VWXGLHV� SURYLGH� LQIRUPDWLRQ� RQ� WKH� SRVVLELOLW\� RI� WKH�

GUXJ� FDQGLGDWH� EHLQJ� D� SHUSHWUDWRU� RI� '',� IRU� D� FR�
DGPLQLVWHUHG� GUXJ�� 2Q� WKH� RWKHU� KDQG�� &<3� UHDFWLRQ�
SKHQRW\SLQJ� VWXGLHV� PD\� DQVZHU� ZKHWKHU� WKH� GUXJ�
FDQGLGDWH�PLJKW�EH�D�YLFWLP� LI�FR�DGPLQLVWHUHG�ZLWK�D�
&<3� LQKLELWRU� RU� LQGXFHU�� $Q� DGGLWLRQDO� IHDWXUH� RI�
PLFURVRPHV�� WKDW� WKH\� FRQWDLQ� UHODWLYHO\� FRQFHQWUDWHG�
&<3�HQ]\PHV��PDNHV� WKHP�XVHIXO� IRU� HQ]\PH�NLQHWLF�
VWXGLHV��ZKLFK�SURYLGH�LQIRUPDWLRQ�RQ�VXFK�SDUDPHWHUV�
DV�WKH�9PD[�DQG�.P�RI�D�PHWDEROLF�SDWKZD\��WKH�NL�RU�
,&��� IRU� UHYHUVLEOH� LQKLELWLRQ�� DQG� WKH� NLQDFW� DQG� .,�
IRU�PHFKDQLVP�EDVHG LQKLELWLRQ >�����@�
ʹǤͳǤ͵Ǥ :KROH�FHOO�V\VWHPV��KHSDWRF\WHV��
RWKHU�FHOOV�DQG�FHOO�OLQHV�

+HSDWRF\WHV� DUH� WKH� SULPDU\� OLYHU� FHOOV� ZKHUH�
GUXJ� PHWDEROLVP� RFFXUV�� +HSDWRF\WHV� FHOO� PHPEUDQH�
FRQWDLQV� YDULRXV� XSWDNH� RU� HIIOX[� WUDQVSRUWHUV�� 'UXJV�
FRXOG� SDVVLYHO\� GLIIXVH� WKURXJK� WKH� KHSDWRF\WH�
PHPEUDQH� RU� EH� WDNHQ� XS� E\� WUDQVSRUWHUV�� VXFK� DV�
2$73� DQG� VRGLXP� WDXURFKRODWH� FRWUDQVSRUWLQJ�
SRO\SHSWLGH� �17&3��� WR� HQKDQFH� WKH� LQWUDFHOOXODU�
FRQFHQWUDWLRQ���� 2QFH� D� GUXJ� HQWHUV� KHSDWRF\WHV�� WKH�
HIIOX[�WUDQVSRUWHUV��VXFK�DV�3�JS��%&53�DQG�PXOWL�GUXJ�
UHVLVWDQFH�DVVRFLDWHG� SURWHLQV� �053��� FRXOG� SXPS� WKH�
GUXJ�RXW��WR UHGXFH�WKH�LQWUDFHOOXODU�GUXJ�FRQFHQWUDWLRQ��
7KH�SULPDU\�FXOWXUHV�RI�KHSDWRF\WHV�FDUU\�HQ]\PHV�DQG�
FR�IDFWRUV�DW�SK\VLRORJLFDO�FRQFHQWUDWLRQV�DQG�SURYLGH�
D�GUXJ�PHWDEROLVP�HQYLURQPHQW�WKDW�FORVHO\�PLPLFV�WKH�
LQ�YLYR�FRQGLWLRQV��)UHVKO\�SUHSDUHG�KHSDWRF\WHV�DUH�D�
JRRG� PRGHO� IRU� GUXJ� PHWDEROLVP� DQG� WUDQVSRUWHU�
VWXGLHV�� KRZHYHU�� WKHLU� DSSOLFDWLRQV� KDYH� OLPLWDWLRQV��
LQFOXGLQJ� ���� WKH\� DUH� QRW� UHDGLO\� DYDLODEOH� IURP�
KXPDQV� DQG� RWKHU� KLJKHU� DQLPDOV�� ���� D� SUHSDUDWLRQ�
FRXOG� RQO\� EH� XVHG� RQFH�� VR� LW� LV� GLIILFXOW� WR� UHSHDW�
VWXGLHV�RU�FRPSDUH�VWXGLHV�EHWZHHQ�ODERUDWRULHV��7KHVH�
OLPLWDWLRQV�FDQ�EH�RYHUFRPH�ZLWK�FU\RSUHVHUYHG�KXPDQ�
KHSDWRF\WHV�� WKHLU� XWLOLW\� LQ� LQ� YLWUR� V\VWHPV� KDV�
SURYLGHG� ELJ� DGYDQWDJHV� LQ� GUXJ� GLVFRYHU\� 7KH� SUH�
FKDUDFWHUL]HG� FU\RSUHVHUYHG� KHSDWRF\WHV� VHUYH�

SHUIRUP� H[SHULPHQWV� DW� WKHLU� RZQ� VFKHGXOH� DQG� WHVW�
GUXJ�FDQGLGDWHV�RYHU�D�SHULRG XVLQJ�WKH�VDPH�ORW�V��RI�
KHSDWRF\WHV�� ,W� DOVR� DOORZV� VWXGLHV� WR� EH� GLUHFWO\�
FRPSDUHG� EHWZHHQ� GLIIHUHQW� ODERUDWRULHV�� ,Q� DGGLWLRQ��
WKH� XVH� RI� FU\RSUHVHUYHG� KXPDQ� KHSDWRF\WHV� SHUPLWV�
WKH�FKRLFH�RI�VSHFLILF�SUH�FKDUDFWHUL]HG�ORWV��GRQRUV��WR�
PHHW� RQH
V� UHVHDUFK� QHHGV�� VXFK� DV� VWXGLHV� LQ� VSHFLDO�
SRSXODWLRQV� RI� VPRNHUV�� DOFRKRO XVHUV�� RU� SHRSOH�ZLWK�
SRRU�PHWDEROLVP�YLD�&<3�'��RU��&�� >��@�

+HSDWRF\WHV�DUH�XVHG� LQ�GUXJ�GLVFRYHU\�VWXGLHV�
DV� VXVSHQVLRQ� RU� VDQGZLFK� FXOWXUHV�� 7KH� VXVSHQVLRQ�
FXOWXUHV�DUH�XVHG�IRU�WKH�VWXG\�RI�PHWDEROLF�VWDELOLW\�RU�
WUDQVSRUWHU�PHGLDWHG� XSWDNH� RI� GUXJ� FDQGLGDWHV��
6WXGLHV� XVLQJ� KHSDWRF\WHV� VXVSHQGHG� LQ� SODVPD� DVVLVW�
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LQ� WKH� LPSURYHPHQW�RI� LQ�YLWUR LQ�YLYR�FRUUHODWLRQV� LQ�
GUXJ� FOHDUDQFH� DQG� '',� SUHGLFWLRQV���� 7KH�
GLVDGYDQWDJH� RI� VXVSHQVLRQ� FXOWXUH� LV� WKDW� WKH�
KHSDWRF\WHV� KDYH� D� OLPLWHG� YLDELOLW\� DQG� W\SLFDOO\� FDQ�
EH�XVHG� IRU�DFXWH�GRVH�VWXGLHV�RQO\�� JHQHUDOO\�XS� WR���
K�� +HSDWRF\WHV� FXOWXUHG� RQ� D� FROODJHQ� FRDWHG� SODVWLF�
VXUIDFH�H[WHQG�WKH�YLDEOH�SHULRG�WR�� ���GD\V��'HVSLWH�
GHFUHDVHV�RI�&<3�DFWLYLWLHV�RYHU�WKH�FXOWXUH�SHULRG��WKH�
KHSDWRF\WH� FXOWXUHV� VWLOO� SURYLGH� LQVLJKW� WR� WKH� HIIHFWV�
RI�DQ�LQFUHDVHG�H[SRVXUH�SHULRG�RQ�WKH� WHVW�FRPSRXQG�
DQG�WR�VHFRQGDU\�PHWDEROLWH�IRUPDWLRQ��DV�PLJKW�RFFXU�
LQ�LQ�YLYR�VLWXDWLRQV��7KLV�DVVD\�IRUPDW�LV�DOVR�UHSRUWHG�
WR� EH� VXSHULRU� IRU� LGHQWLILFDWLRQ� RI� WLPH�GHSHQGHQW�
LQKLELWRUV�� ZKLFK� ZRXOG� EH� PLVVHG� LQ� PLFURVRPDO�
UHDFWLRQV� ZLWK� VKRUWHU� LQFXEDWLRQ� WLPH�� 2QH� PDMRU�
DSSOLFDWLRQ� RI� FXOWXUHG� KHSDWRF\WHV� LV� IRU� XVH� LQ�&<3�
LQGXFWLRQ� VWXGLHV�� EHFDXVH� HQ]\PH� LQGXFWLRQ� PD\�
LQYROYH� JHQH� WUDQVFULSWLRQ� DQG� WUDQVODWLRQ�� DQG�
WKHUHIRUH� PD\� UHTXLUH� WLPH� WR� WDNH� HIIHFW�� ,Q� IDFW��
SULPDU\�FXOWXUHG�KXPDQ�KHSDWRF\WHV�KDYH�EHFRPH� WKH�

&HOO�OLQHV��VXFK�DV�)D�1���DQG�+HSD5*��DUH�DOVR�XVHG�
IRU� &<3� LQGXFWLRQ� HYDOXDWLRQV�� KRZHYHU�� UHSRUWV�
VXJJHVW� WKDW� VRPH� RI� WKH� &<3� HQ]\PHV�� VXFK� DV�
&<3�%���PD\�EH�XQGHU�UHSUHVHQWHG�LQ�WKHVH�FHOO� OLQHV
>�����@�

+HSDWRF\WH� FXOWXULQJ� IRU� ORQJHU� WHUPV� KDV�
EHFRPH� DQ� HPHUJLQJ� DUHD� RI� UHVHDUFK� LQ� WKH� ODVW�
GHFDGH�� :KLOH� WKHUH� LV VRPH� SURJUHVV�� PRVW� RI� WKH�
VXFFHVVIXO� H[DPSOHV� DUH� OLPLWHG� DW� DFDGHPLF� VFDOH��
VXFK�DV�WKH�GHVLJQ�RI�VSHFLDO�IRUPDWV�RU�GHYLFHV�IRU���'�
RU� ��'� FXOWXULQJ� V\VWHPV�� ZLWK� ZKLFK� VSHFLDOW\� LV�
UHTXLUHG� WR� PDLQWDLQ� DQG� SHUIRUP� HYHQ� D� VPDOO�VFDOH
VWXG\��1RQH�RI�WKHVH�V\VWHPV�LV�UHDG\�WR�EH�SUDFWLFDOO\�
XVHG� IRU� FRPPHUFLDO� DSSOLFDWLRQV�� VXFK� DV� LQGXVWULDO�
UHVHDUFK�IRU�GUXJ�VFUHHQ�DQG�GUXJ�GHYHORSPHQW�

/LX� DQG� FROOHDJXHV KDYH� PRGLILHG� VDQGZLFK�
FXOWXUH� FRQGLWLRQV� E\� DGGLQJ� D� WKLFN� OD\HU� RI�
0DWULJHO70� RQ� WRS� RI� WKH� KHSDWRF\WHV�� LQ� RUGHU� WR�
VWXG\� ELOLDU\� H[FUHWLRQ� RI� FRPSRXQGV�� 8QGHU� WKHVH�
FRQGLWLRQV��KHDOWK\�ELOH�FDQDOLFXOL�EHWZHHQ�KHSDWRF\WHV�
ZHUH� GHYHORSHG�� :KHQ� WHVW� FRPSRXQG� LV� LQFXEDWHG�
ZLWK�KHSDWRF\WHV��SDUW�RI�WKH�WHVW�FRPSRXQG�LV�H[FUHWHG�
LQWR�ELOH�FDQDOLFXOL�DQG�WKH�UHVW�UHPDLQV�LQ�KHSDWRF\WHV�
RU� PHGLXP�� 7KH� WLJKW� MXQFWLRQV� EHWZHHQ� WKH�
KHSDWRF\WHV�� ZKLFK� SUHYHQW� WKH� FRPSRXQG� IURP�
HVFDSLQJ�WKH�ELOH�SRFNHWV��FDQ�EH�RSHQHG��UHOHDVLQJ�WKH�
FRPSRXQG� IURP� ELOH� SRFNHWV� LQWR� WKH� PHGLD�� E\�
WUHDWPHQW� RI� WKH� KHSDWRF\WHV� ZLWK� D� FDOFLXP�IUHH�
PHGLXP��RU�('7$�FRQWDLQLQJ�PHGLXP���7KH�SUHVHQFH�
RI� WKH� FDQDOLFXOL� DOORZV� WKH� TXDQWLILFDWLRQ� RI� ELOLDU\�
H[FUHWLRQ� DQG� VXEVHTXHQW� FDOFXODWLRQ� RI� WKH� ELOLDU\�
H[FUHWLRQ� LQGH[� DQG� GHWHUPLQDWLRQ� RI� FOHDUDQFH� YLD�

ELOLDU\� H[FUHWLRQ�� LQ� D� ZHOO�GHVLJQHG VWXG\�� 7KLV�
DSSOLFDWLRQ� SURYLGHV� D� PDMRU� DGYDQWDJH� LQ� WKDW� RQH�
FRXOG�LGHQWLI\�VSHFLHV�VLPLODULWLHV�DQG�ILQG�D�SUHFOLQLFDO�
VSHFLHV�WKDW�FDQ�EH�XVHG�WR�SUHGLFW�FOHDUDQFH�LQ�KXPDQV�
LQ�YLYR�
ʹǤʹǤ ,Q�YLWUR WUDQVSRUWHU�PRGHOV

7UDQVSRUWHUV� SOD\� LPSRUWDQW� UROHV� LQ� GUXJ�
GLVSRVLWLRQ�� GUXJ GUXJ� LQWHUDFWLRQV� DQG� GUXJ� WR[LFLW\��
$SSUR[LPDWH�����KXPDQ�WUDQVSRUWHUV�FDQ�EH�FODVVLILHG�
LQWR� $73�ELQGLQJ� FDVVHWWH� �$%&�� WUDQVSRUWHU� DQG�
VROXWH� FDUULHU� �6/&�� WUDQVSRUWHU� IDPLOLHV��� ,Q� JHQHUDO��
$%&� WUDQVSRUWHUV� SXPS� WKH� VXEVWUDWHV� RXW� RI� FHOOV��
ZKHUHDV� 6/&� WUDQVSRUWHUV� WDNH� VXEVWUDWHV� LQWR� FHOOV��
7UDQVSRUWHU� VXEVWUDWHV� FDQ� EH� HQGRJHQRXV� FRPSRXQGV�
RU�[HQRELRWLFV�� LQFOXGLQJ� VRPH�GUXJV��GUXJ�FDQGLGDWHV�
DQG� WKHLU� PHWDEROLWHV�� 7KH� NH\� HIIOX[� WUDQVSRUWHUV�
LQFOXGH�3�JS��%&53�DQG�%6(3��ZKHUHDV�WKH�LPSRUWDQW�
XSWDNH� WUDQVSRUWHUV�DUH�2$73�%�� 2$73�%���2$7���
2$7��� 2&7��� 'HWHUPLQDWLRQ� RI� D� GUXJ� FDQGLGDWH
V�
VWDWXV� DV� D� WUDQVSRUWHU� VXEVWUDWH� DQG�RU� LQKLELWRU�
UHTXLUHV�SHUIRUPDQFH�RI� D� WUDQVSRUWHU� DVVD\�XVLQJ�RQH�
RI�WKH�IROORZLQJ�LQ�YLWUR�H[SHULPHQWDO�PRGHOV��5HDGHUV�
DUH� UHIHUUHG� WR� SXEOLVKHG� UHYLHZV� IRU� GHWDLOHG�
LQIRUPDWLRQ�

ʹǤʹǤͳǤ ,PPRUWDOL]HG�FHOO OLQHV
+XPDQ�FRORQ�FDQFHU�GHULYHG�&DFR���FHOO�OLQH�LV�

ZLGHO\� XVHG� DV� D� PRGHO� RI� SHUPHDELOLW\� DQG� HIIOX[�
WUDQVSRUW��YLD�3�JS�DQG�%&53���7KLV�LV�EHFDXVH�&DFR���
FHOOV� XQGHUJR� HQWHURF\WLF� GLIIHUHQWLDWLRQ� DQG� EHFRPH�
SRODUL]HG� LQ� FXOWXUH� �XVXDOO\� IRU� ��� GD\V��� UHVHPEOLQJ�
KXPDQ� LQWHVWLQDO� HSLWKHOLXP� LQ� WUDQVSRUWHU� H[SUHVVLRQ�
DQG� WLJKW� MXQFWLRQ� IRUPDWLRQ�� 7KH� EL�GLUHFWLRQDO�
SHUPHDELOLW\� DVVD\� XVLQJ� &DFR��� LV� WKH� PRVW� SRSXODU�
PHWKRG� IRU� LGHQWLILFDWLRQ� RI� 3�JS� VXEVWUDWHV� DQG�
LQKLELWRUV�LQ�GUXJ�GLVFRYHU\�DPRQJ�WKH�YDULRXV�LQ�YLWUR�
PRGHOV�
ʹǤʹǤʹǤ 7UDQVIHFWHG�FHOO�OLQHV

&KLQHVH� KDPVWHU� RYDU\� �&+2�� FHOOV�� 0DUGLQ�
'DUE\�FDQLQH�NLGQH\��0'&.��FHOOV��KXPDQ�HPEU\RQLF�
NLGQH\� ���� FHOOV� �+(.����� DQG� SLJ� NLGQH\� HSLWKHOLDO�
FHOOV� �//&�3.��� DUH� FRPPRQO\� WUDQVIHFWHG� WR� RYHU�
H[SUHVV� D� VLQJOH� WUDQVSRUWHU�� )RU� FHUWDLQ� HIIOX[�
WUDQVSRUWHUV� WUDQVIHFWHG� LQ�0'&.�FHOOV��FR�H[SUHVVLRQ�
RI�D�FRUUHVSRQGLQJ�XSWDNH�WUDQVSRUWHU�LV�QHFHVVDU\��7KH�
WUDQVIHFWLRQ� FDQ� EH� WUDQVLHQW� RU� SHUPDQHQW�� $�
SHUPDQHQW�WUDQVIHFWLRQ�FHOO�OLQH�LV�XVXDOO\�IDYRUHG�RYHU�
WUDQVLHQW�WUDQVIHFWLRQ�EHFDXVH�WKH�IRUPHU�SURGXFH�PRUH�
UHSURGXFLEOH�GDWD >��@�
ʹǤʹǤ͵Ǥ+HSDWRF\WHV

7KH� OLYHU� SOD\V� D� FHQWUDO� UROH� LQ� GUXJ�
PHWDEROLVP� DQG� GLVSRVLWLRQ� WKURXJK� LWV� SULPDU\�
PHWDEROLF� HQ]\PHV� �ERWK� 3KDVH� ,� DQG� 3KDVH� ,,�� DQG�
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PDQ\� WUDQVSRUWHUV� �LQFOXGLQJ� ERWK� XSWDNH� WUDQVSRUWHUV�
H[SUHVVHG� RQ� WKH� VLQXVRLGDO� PHPEUDQH� DQG� HIIOX[�
WUDQVSRUWHUV� H[SUHVVHG� RQ� VLQXVRLGDO� DQG� FDQDOLFXODU�
PHPEUDQHV��� 7KHUHIRUH�� IUHVKO\� LVRODWHG� KHSDWRF\WHV�
DUH�UHJXODUO\�XVHG�WR�GHWHUPLQH�KHSDWLF�PHWDEROLVP�DQG�
FOHDUDQFH� PHGLDWHG� E\� OLYHU� HQ]\PHV�� DV� ZHOO� DV� WR�
DVVHVV�KHSDWLF�XSWDNH�PHGLDWHG�E\�XSWDNH�WUDQVSRUWHUV��
,Q� H[SHULPHQWV�� WKH� XSWDNH� LQWR� KHSDWRF\WHV� LV�
PHDVXUHG� LQ� VXVSHQVLRQ� E\� D� FHQWULIXJDWLRQ� PHWKRG��
XVLQJ� RLO�OD\HUHG� WXEHV� WR� VHSDUDWH� KHSDWRF\WHV� IURP�
LQFXEDWLRQ�PHGLXP��7KHUH�KDYH�DOVR�EHHQ� UHSRUWV� WKDW�
FU\RSUHVHUYHG� KHSDWRF\WHV� FDQ� EH� XVHG� IRU� VWXG\LQJ�
KHSDWLF�XSWDNH��,VRODWHG�KHSDWRF\WHV�FDQQRW�EH�GLUHFWO\�
XVHG� IRU� HIIOX[� DVVD\� EHFDXVH� WKH� HIIOX[� WUDQVSRUWHUV�
ORVH� WKHLU IXQFWLRQ� GXULQJ� WKH� LVRODWLRQ� SURFHVV��
KRZHYHU�� SULPDU\� FXOWXUHV� RI� KHSDWRF\WHV� FDQ� UHVWRUH�
WKH� IXQFWLRQ� RI� HIIOX[� WUDQVSRUWHUV� HYHQ� WKRXJK� WKH�
XSWDNH� WUDQVSRUWHUV� GHPRQVWUDWH� GHFUHDVHG�
IXQFWLRQDOLW\�LQ�SULPDU\�FXOWXUHV�
ʹǤʹǤͶǤ0HPEUDQH�YHVLFOHV

0HPEUDQH�YHVLFOHV�SUHSDUHG�IURP�RUJDQV��VXFK�
DV� OLYHU�� NLGQH\� DQG� LQWHVWLQH�� WKDW� QDWXUDOO\� H[SUHVV� D�
KLJK� FRQFHQWUDWLRQ� RI� WUDQVSRUWHUV� RU� IURP� WUDQVIHFWHG�
FHOO� OLQHV� �VXFK� DV� 0'&.�� +(.���� DQG� //&�3.��
FHOOV�� WKDW�RYHU�H[SUHVV�D� VLQJOH� WUDQVSRUWHU�KDYH�EHHQ�
XVHG� WR DVVHVV� WKH� WUDQVSRUWHU� PHFKDQLVPV� LQ� OLYHU��
NLGQH\� DQG� LQWHVWLQH�� $� WHFKQLFDO� EHQHILW� RI� XVLQJ�
PHPEUDQH� YHVLFOHV� LV� WKDW� LW� DOORZV� VHSDUDWH�
SUHSDUDWLRQV� RI� WKH� EORRG� VLGH� RI� FHOO� PHPEUDQHV�
�OLYHU�VLQXVRLGDO�� NLGQH\� DQG� LQWHVWLQH�EDVRODWHUDO�� DQG�
OXPHQDO�VLGH�RI�FHOO�PHPEUDQHV��OLYHU�ELOH�FDQDOLFXODU��
WKH� LQWHVWLQH� DQG� NLGQH\�EUXVK�ERUGHU�� WR� ILW� WKH�
UHVHDUFK�QHHGV�
ʹǤ͵��,Q�VLWX DQG�H[�YLYRPRGHOV
ʹǤ͵ǤͳǤ ,Q�VLWXPRGHOV��SHUIXVLRQ�

7KH�RUJDQ�SHUIXVLRQ�PRGHO�PRVW�FORVHO\�PLPLFV�
LQ� YLYR� GUXJ� DEVRUSWLRQ�� WUDQVSRUW�� PHWDEROLVP� DQG�
H[FUHWLRQ��$PRQJ�YDULRXV�RUJDQ�SHUIXVLRQ�PRGHOV��WKH�
OLYHU�SHUIXVLRQ�PRGHO� LV� WKH�PRVW� VWXGLHG��7KLV�PRGHO�
KDV� WKH� DGYDQWDJH� RYHU� KHSDWRF\WH� DQG� RWKHU� VXE�
FHOOXODU� V\VWHPV�DV� LW�PDLQWDLQV� WKH� OLYHU�VWUXFWXUH�DQG�
DUFKLWHFWXUH�� SUHVHUYHV� DOO� WKH� WUDQVSRUWHUV� DQG� FHOO�
SRSXODWLRQV� LQ� DGGLWLRQ� WR� KHSDWRF\WHV� �H�J��� WKH�
.XSIIHU� FHOOV�� ZKLFK� DUH� LPSRUWDQW� IRU� UHJXODWLRQ� RI�
SURLQIODPPDWRU\� F\WRNLQHV��� DQG� UHWDLQV� KHSDWRF\WH�
FHOO�WR�FHOO� LQWHUDFWLRQ�DQG�]RQDO�GLIIHUHQWLDWLRQ��$V�DQ�
HQGSRLQW�� WKH� SHUIXVDWH�� ELOH� DQG� OLYHU� WLVVXH� LWVHOI� FDQ�
DOO� EH� DQDO\]HG� IRU� WKH� SDUHQW� FRPSRXQG� DQG� LWV�
PHWDEROLWHV�� 7KLV� DSSOLFDWLRQ� SURYLGHV� LQIRUPDWLRQ� RQ�
WKH� H[WHQW� RI� WKH� KHSDWLF� ILUVW�SDVV� HIIHFW�� HIIHFW� RI�
SURWHLQ� ELQGLQJ�� SDUHQW� XSWDNH� IURP� WKH� SHUIXVDWH��
PHWDEROLVP�� SDUHQW� DQG� PHWDEROLWHV� HOLPLQDWLRQ� YLD�
FDQDOLFXODU� WUDQVSRUWHUV�� DV� ZHOO� DV� WKH� SRWHQWLDO� IRU�

WR[LFLW\� IURP�UHDFWLYH�PHWDEROLWHV��7KH� OLYHU�SHUIXVLRQ�
WHFKQLTXH� LV� DOVR� D� XVHIXO� WRRO� IRU� WR[LFRORJLFDO� DQG�
SKDUPDFRORJLFDO�VWXGLHV�� 7KH�OLYHU�SHUIXVLRQ�WHFKQLTXH�
KDV� EHHQ� VWDQGDUGL]HG� UHJDUGLQJ� WKH� H[SHULPHQWDO� VHW�
XS� DQG� WKH� FRQVWLWXHQWV� RI� WKH� SHUIXVDWHV� XVXDOO\� YDU\�
GHSHQGLQJ�RQ�WKH�SXUSRVH�RI�WKH�VWXG\��/LYHU�SHUIXVLRQ�
FDQ�EH�SHUIRUPHG�LQ�VLWX�RU�LQ�D�VHWWLQJ�ZKHUH�WKH�OLYHU�
LV� LVRODWHG�� 7KH� LQ�VLWX SHUIXVLRQ� PRGHO� UHTXLUHV�
PLQLPDO�RUJDQ�SUHSDUDWLRQ��DQG�WKHUHIRUH��WKH�SRWHQWLDO�
RI�RUJDQ�GDPDJH�LV�PLQLPL]HG��+RZHYHU��LVRODWHG�OLYHU�
SUHSDUDWLRQ� DQVZHUV� OLYHU�VSHFLILF� PHFKDQLVWLF�
TXHVWLRQV� ZLWK� QR� LQWHUIHUHQFH� IURP� RWKHU� RUJDQV��
JHQHUDOO\�PDNLQJ� WKLV� DSSOLFDWLRQ� D�PRUH�ZLGHO\�XVHG�
PRGHO�� ,VRODWHG� OLYHU� SHUIXVLRQ� V\VWHPV� DUH�
FRPPHUFLDOO\� DYDLODEOH� �H�J��� +DUYDUG� $SSDUDWXV��
+ROOLVWRQ�� 0$��� :KHQ� XVLQJ� WKH� OLYHU� SHUIXVLRQ�
WHFKQLTXH�� WKH� W\SH� RI� SHUIXVDWH� XVHG� QHHGV� WR� EH�
FRQVLGHUHG��&RPPRQO\�XVHG�SHUIXVDWHV FRQWDLQ�YDU\LQJ�
DPRXQWV�RI�PDWUL[��LQFOXGLQJ�DOEXPLQ�DQG�RU�UHG�EORRG�
FHOO� �5%&���� ZKLFK�PD\� DIIHFW� WKH� SURWHLQ� ELQGLQJ� RI�
WKH� WHVW� FRPSRXQGV� DQG� WKHLU� PHWDEROLVP� DQG�
GLVSRVLWLRQ�� +HSDULQL]HG� ZKROH� EORRG� IURP� WKH� VDPH�
VSHFLHV� LV� SHUKDSV� WKH� EHVW� SHUIXVDWH�� +RZHYHU��
KHSDULQL]HG�ZKROH�EORRG�LV�QRW�DOZD\V�UHDGLO\�DYDLODEOH�
DQG�SRWHQWLDO�LVVXHV�VXFK�DV�WKH�IRUPDWLRQ�RI�FORWV�PXVW�
EH� WDNHQ� LQWR� FRQVLGHUDWLRQ��$V� DQ� DOWHUQDWLYH�� ERYLQH�
EORRG�� ERYLQH� VHUXP� DOEXPLQ�� DQG� ERYLQH� RU� KXPDQ�
HU\WKURF\WHV� KDYH� EHHQ� XVHG� WR� PLPLF� LQ� YLYR�
FRQGLWLRQV�� EHFDXVH� WKH\� SURYLGH� KHPRJORELQ� DV� WKH�
R[\JHQ� FDUULHU� DQG� LGHDO� SURWHLQ� ELQGLQJ� FRQGLWLRQV
>�����@�
ʹǤ͵ǤʹǤ ([�YLYRPRGHOV�IRU�LQGXFWLRQ�DQG�
WR[LFLW\�VWXGLHV

([� YLYR� VWXGLHV� UHIHU� WR� RQHV� ZKHUH� D� GUXJ� LV�
GRVHG� WR� DQLPDOV� DQG� WKHQ� WKH� RUJDQ� WLVVXHV� DUH�
UHPRYHG� DQG� SURFHVVHG� �H�J��� PDNLQJ� OLYHU� LQWR�
PLFURVRPHV��� DQG� XVHG� IRU� LQYHVWLJDWLRQV� RI� WKH�
FKDQJHV�LQ�H[SUHVVLRQ�OHYHOV�RI�HQ]\PHV�RU�WUDQVSRUWHUV�
�RU� DQ\�ELR�PDUNHUV�� XSRQ�GUXJ� WUHDWPHQW�� ,Q� JHQHUDO��
P51$� OHYHOV� DQG�RU� DFWLYLWLHV� DUH� PHDVXUHG� WR�
UHSUHVHQW� WKH� FKDQJHV� LQ� H[SUHVVLRQ� OHYHOV�� 7KLV�
LQIRUPDWLRQ�FDQ� WKHQ�EH� OLQNHG�EDFN� WR� WKH� WR[LFRORJ\�
RU�SDWKRORJ\� ILQGLQJV� LQ� WKH� DQLPDO� LQ�OLIH� VWXG\��2QH�
RI� WKH�PRVW�XVHIXO�SUDFWLFHV� LV� WR�SHUIRUP� WKH�H[�YLYR�
VWXG\� LQ� SDUDOOHO� ZLWK� WR[LFRNLQHWLFV� �7.�� VWXGLHV�
ZKHUH� GUXJV� DUH� GRVHG� DW� KLJK� OHYHOV� �FORVH� WR� WKH�
PD[LPXP� WROHUDEOH� GRVH��� 3KDUPDFRNLQHWLF�
LQIRUPDWLRQ� LV� WKHQ� FROOHFWHG� DQG�XVHG� WR� OLQN�ZLWK�RU�
H[SODLQ� WKH�7.�� 3'�RU� WR[LFLW\� REVHUYDWLRQV��8VXDOO\��
DW� WKH�HQG�RI� WKH� VXE�FKURQLF�RU�FKURQLF�GRVLQJ�VWXG\��
RUJDQV� DUH� FROOHFWHG�� /LYHU�� WKH� RUJDQ� WKDW� LV� LQ� PRVW�
FDVHV� H[SRVHG� WR� KLJK� GUXJ� FRQFHQWUDWLRQV�� LV� RIWHQ�
VWXGLHG� IRU� WKH� HIIHFW� RI� GUXJ� RQ� HQ]\PH� OHYHOV�� 7KH�
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HQ]\PH� H[SUHVVLRQ� FKDQJHV� FRXOG� LQ� WXUQ� H[SODLQ�
FKDQJHV� LQ�3.�RU FRXOG�EH� OLQNHG� WR� WR[LFLW\� ILQGLQJV��
$PRQJ� YDULRXV� REVHUYDWLRQV�� LQFOXGLQJ� FKDQJHV� RI�
HQ]\PH� OHYHOV�� 3.�� DQG� WR[LFLW\�� VRPH� DUH� GLUHFWO\�
OLQNHG�WR�HDFK�RWKHU��ZKHUHDV�RWKHUV�PD\�VKRZ�GHOD\HG�
UHVSRQVHV�� 3.�3'� PRGHOLQJ� DOORZV� IXUWKHU� SUHGLFWLRQ�
WKURXJK� GLVVHFWLRQ� RI� WKH� UHVSRQVH� UHODWLRQVKLSV�� )RU�
H[DPSOH�� LQ�D�SRWHQWLDO�SHUVSHFWLYH�DQG�XQGHU�D� OLQHDU�
3.�VFHQDULR�� LI� D�GHFUHDVH� LQ�GUXJ�H[SRVXUH� �$8&��
�����GD\�[�$8&���
UHSHDW�GRVLQJ�VWXG\��LW�LV�RIWHQ�FRQVLGHUHG�WR�EH�GXH�WR�
DQ DXWRLQGXFWLRQ�E\�WKH�GUXJ�RI�WKH�HQ]\PH�V��WKDW�DUH�
UHVSRQVLEOH� IRU� LWV� RZQ� PHWDEROLVP�� %\� WHVWLQJ� ZLWK�
&<3� SUREH� VXEVWUDWHV� LQ� DQ� H[� YLYR� VWXG\�� WKH�
LQGXFWLRQ�RI�&<3V�E\�D�GUXJ�FDQ�EH�GHWHUPLQHG��2Q�WKH�
RWKHU�KDQG�� LI� WKHUH� LV� D� GUXJ� DFFXPXODWLRQ� �$8&� ��
����� GD\� [!$8&� ���
PHFKDQLVP�EDVHG� LQKLELWRU� WKDW� LQDFWLYDWHV� WKH�
HQ]\PH�V�� UHVSRQVLEOH� IRU� LWV� RZQ� PHWDEROLVP�� 2QH�
DGYDQWDJH�RI�WKH�H[�YLYR�DSSOLFDWLRQ�LV�WKH�UHPRYDO�RI�
WKH�SDUHQW�FRPSRXQG�GXULQJ�WKH�SUHSDUDWLRQ�RI�WKH�VXE�
FHOOXODU� IUDFWLRQV�� WKXV�UHPRYLQJ�SRWHQWLDO� LQWHUIHUHQFH�
IURP�UHYHUVLEOH�LQKLELWLRQ�E\�WKH�SDUHQW�FRPSRXQG�
ʹǤͶǤ ,Q�YLYRPRGHOV

7KH� LQ� YLWUR� PRGHOV� GLVFXVVHG� DERYH� KDYH�
OLPLWHG� YDOXHV�� DV� WKH\� UHIOHFW� RQO\� RQH� DVSHFW RI� WKH�
ZKROH� SLFWXUH�� :KHUHDV�� LQ� YLYR� UHVXOWV� DUH� PXOWL�
IDFWRULDO��SURYLGH� WKH�FRPELQHG�HIIHFW�RI�SHUPHDELOLW\��
GLVWULEXWLRQ��PHWDEROLVP�DQG�H[FUHWLRQ��DQG�FDQ�\LHOG�D�
PHDVXUDEOH� VHW� RI� SKDUPDFRNLQHWLF� SDUDPHWHUV� DQG�
WR[LFRORJ\�HQGSRLQWV��5HJDUGOHVV�WKH�WKRURXJKQHVV�DQG�
FRPSOHWHQHVV� RI� WKH� LQ� YLWUR�ZRUN�� DQLPDO� VWXGLHV� DUH�
UHTXLUHG� WR�PHDVXUH� GUXJ� H[SRVXUHV� DQG� WR� GHWHUPLQH�
SRWHQWLDO� WR[LFLWLHV��7KH� FXUUHQW� WUHQG� LV� WR�XVH� UDWV� DV�
WKH� ILUVW� DQLPDO� VSHFLHV� IRU� WHVWLQJ� GUXJ� H[SRVXUH�
EHFDXVH�WKH\�DUH�LQH[SHQVLYH�DQG�UHTXLUH�VPDOO�DPRXQW�
RI�WHVW�FRPSRXQG��,Q�YLYR�UDW�VWXGLHV�FDQ�KHOS�LGHQWLI\�
$'0(� SUREOHPV� RI� D� QHZ� FKHPLFDO� VHULHV�� VXFK� DV�
ZKHWKHU� ORZ� DEVRUSWLRQ� RU� KLJK� FOHDUDQFH� RFFXUV��
OHDGLQJ� WR� XQGHVLUDEOH� 3.�� 6XEVHTXHQWO\�� LQ� YLWUR�
PRGHOV�� VXFK� DV� &DFR��� FDQ� EH� XVHG� WR� RSWLPL]H�
DEVRUSWLRQ� RI� FRPSRXQGV� IURP� WKH� VDPH� FKHPLFDO�
VHULHV�DQG�PLFURVRPDO�VWDELOLW\�DVVD\�FDQ�EH�DSSOLHG�WR�
VHOHFW� VWDEOH� FRPSRXQGV�� ,W� VKRXOG� EH� UHLWHUDWHG� WKDW�
KXPDQ�EDVHG� LQ� YLWUR� DVVD\V�� UHODWLYH� WR� RWKHU� DVVD\V��
FRXOG� SURYLGH� FORVHU� HVWLPDWLRQV� RI� KXPDQ� FOLQLFDO�
RXWFRPHV�� HVSHFLDOO\� IRU� SURSHUWLHV� WKDW� DUH� NQRZQ� WR�
KDYH�VSHFLHV�GLIIHUHQFHV��VXFK�DV�&<3�LQGXFWLRQ���EXW�
KDYH�JRRG�LQ�YLWUR LQ�YLYR�FRUUHODWLRQV�LQ�KXPDQV >��@�
ʹǤͶǤͳǤ 3KDUPDFRNLQHWLF�VWXGLHV

8QGHUVWDQGLQJ� WKH� SKDUPDFRNLQHWLFV� RI� D�
FRPSRXQG� LQ� SUHFOLQLFDO� VSHFLHV� ZLWK� YDULRXV� GRVH�
URXWHV� �RUDO�� LQWUDYHQRXV�� VXEFXWDQHRXV�� WUDQVGHUPDO��

LQWUDSHULWRQHDO�� FRQWLQXRXV� LQIXVLRQ�� LQWUDWUDFKHDO�� DV�
ZHOO� DV� DFFHVV�SRUWV� RI� WKH�SRUWDO� YHLQ�� LV� DQ� HVVHQWLDO�
FRPSRQHQW� IRU� OHDG� VHOHFWLRQ DQG� RSWLPL]DWLRQ�� DQG�
FOLQLFDO� FDQGLGDWH� QRPLQDWLRQ� DQG� GHYHORSPHQW�� (DUO\�
LQ� WKH� GLVFRYHU\� SURFHVV�� 3.� VFUHHQLQJ� XVLQJ� YDULRXV�
GRVH� UHJLPHQV�DQG�DGPLQLVWUDWLRQ� URXWHV� LQ� URGHQWV�RU�
QRQ�URGHQWV� DOORZV� UDSLG� HOLPLQDWLRQV� RI� GUXJ�
FDQGLGDWHV�� ZKLFK� IDFLOLWDWH� OHDG� RSWLPL]DWLRQ� DQG�
SURGXFH� D� FDQGLGDWH� WKDW� LV�PRUH� OLNHO\� WR� VXFFHHG� LQ�
SUHFOLQLFDO� WHVWLQJ� DQG� LQ� WKH� FOLQLF�� ([WHQVLYH� 3.�
VWXGLHV� DUH� VWLOO� QHFHVVDU\� WR� HYDOXDWH� WKH� GRVH�
SURSRUWLRQDOLW\��ELRDYDLODELOLW\�RU�IRRG�HIIHFWV�LQ�VLQJOH�
RU� PXOWLSOH� GRVH� DGPLQLVWUDWLRQ�� 7KHVH� VWXGLHV� XVH�
FRPSDUWPHQWDO� DQG� QRQ�FRPSDUWPHQWDO� PHWKRGV� WR�
GHWHUPLQH� PXOWLSOH� SDUDPHWHUV�� LQFOXGLQJ� PD[LPXP�
FRQFHQWUDWLRQ��&PD[���WLPH�RI�PD[LPXP�FRQFHQWUDWLRQ�
�7PD[��� $8&�� YROXPH� GLVWULEXWLRQ� �9VV��� FOHDUDQFH�
�&/��� WHUPLQDO� HOLPLQDWLRQ� KDOI�OLIH �7������ DQG�
ELRDYDLODELOLW\��)��� WKHUHE\�GHILQH�WKH�3.�SURILOHV�RI�D�
FRPSRXQG��'LVSRVLWLRQDO� VWXGLHV� DOVR� SURYLGH� GDWD� RQ�
PDVV�EDODQFH��ELOLDU\�H[FUHWLRQ�DQG�WLVVXH�GLVWULEXWLRQ��
6XUJLFDO�DQLPDO�PRGHOV�IRU�GRVLQJ�DQG�VDPSOLQJ�FDQ�EH�
XVHG� WR�SURYLGH� LQVLJKW�RQ�ELOLDU\�H[FUHWLRQ� IURP�ELOH�
GXFW� FDQQXODWLRQ� DQG� WR� LQYHVWLJDWH� ILUVW�SDVV�
PHWDEROLVP�IURP�YDVFXODU�DQG�SRUWDO�YHLQ�FDQQXODWLRQ��
7KH� DSSOLFDWLRQV� RI� DQLPDO� PRGHOV� KDYH� EHHQ�
H[WHQVLYHO\�UHYLHZHG�E\�6DO\HUV >��@�
ʹǤͶǤʹ��3UHFOLQLFDO�$'0(�PRGHOV

'XULQJ�WKH�GLVFRYHU\�VWDJH��PDVV�EDODQFH�VWXG\�
DQG� $'0(� VWXGLHV� DUH� FRQGXFWHG� ZLWK� QRQ�
UDGLRODEHOHG� FRPSRXQGV�� SURGXFLQJ� OLPLWHG�
TXDQWLWDWLRQ� GDWD� IRU� SDUHQW� GUXJ� DQG� PHWDEROLWHV�� ,Q�
GUXJ�GHYHORSPHQW��$'0(�VWXGLHV�DUH�SHUIRUPHG�ZLWK�
HLWKHU���&�RU��+�ODEHOHG�PDWHULDO�ZKLFK�SURYLGHV�PRUH�
GHWDLOHG� TXDQWLWDWLYH� LQIRUPDWLRQ� RQ� WKH� FLUFXODWLQJ�
PHWDEROLWHV�� WKH� H[WHQW� RI� PHWDEROLVP�� DQG� URXWHV� RI�
H[FUHWLRQ� RI� WKH� GUXJ� DQG� LWV� PHWDEROLWHV�� =KDQJ� DQG�
&RPH]RJOX��� SURYLGHG� D� GHWDLOHG� UHYLHZ� RQ� $'0(�
VWXG\�GHVLJQ�DQG�GDWD�SUHVHQWDWLRQ��7LVVXH�GLVWULEXWLRQ�
VWXGLHV� LQ� SLJPHQWHG� /RQJ (YDQV� UDWV� DUH� XVXDOO\�
FRQGXFWHG�ILUVW�WR�SURYLGH�GRVLPHWU\�IRU�YDULRXV�WLVVXHV�
DQG�RUJDQV��ZKLFK�VXSSRUWV�KXPDQ�$'0(�VWXGLHV�ZLWK�
UDGLRODEHOHG� FRPSRXQGV�� 7\SLFDOO\�� WKHVH� VWXGLHV� DUH�
OLPLWHG WR� VLQJOH� GRVH� E\� WKH� LQWHQGHG� URXWH� RI�
DGPLQLVWUDWLRQ� �32�� ,9�� HWF���� 7KH� UDGLRDFWLYLW\� OHYHOV�
LQ�YDULRXV�WLVVXHV�DW�GLIIHUHQW�WLPH�SRLQWV�DUH�PHDVXUHG�
E\� 4:%$�� D� SURFHVV� ZKHUH� ZKROH� ERG\�
VHFWLRQV�DUH�H[SRVHG�WR�D�SKRVSKRULPDJLQJ�VFUHHQ�DQG�
WKHQ VFDQQHG�ZLWK�D�SKRVSKRU� LPDJHU��%DVHG�RQ�ERG\�
VXUIDFH� DUHD� DQG� ERG\� ZHLJKW�� WLVVXH� H[SRVXUH� WR� WKH�
UDGLRDFWLYLW\� LQ� WKH� UDW� LV� H[WUDSRODWHG� WR� KXPDQ�
WLVVXHV���� )RU� PRVW� FRPSRXQGV�� DGPLQLVWUDWLRQ� RI� D�
���� &L�UDGLRDFWLYH�GRVH�W\SLFDOO\�H[SRVHV�WKH�KXPDQ�
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VXEMHFWV� WR� DQ� HIIHFWLYH� GRVH� HTXLYDOHQW� RI� ��� P6LY��
ZHOO� EHORZ� WKH� UDGLDWLRQ� OLPLW� VHW� E\� WKH� 1XFOHDU�
5HJXODWRU\�&RPPLVVLRQ����7LVVXH� GLVWULEXWLRQ� VWXGLHV�
KDYH� DGGLWLRQDO� DSSOLFDWLRQV�� IRU� H[DPSOH�� WKH�
HYDOXDWLRQ� RI� PDWHUQDO IHWDO� WUDQVIHUV�� 7KHVH� VWXGLHV�
DUH� UHTXLUHG� IRU� WKH� ,1'� DQG� 1'$� ILOLQJV� DQG� DUH�
W\SLFDOO\� FRQGXFWHG� LQ� WKH� UDW� VWUDLQ� XVHG� LQ� WKH�
WR[LFRORJLFDO�HYDOXDWLRQ�

7KH�SUHFOLQLFDO�VSHFLHV�XVHG�LQ�WKH�PDVV�EDODQFH�
VWXGLHV��UHIHUUHG�DV�$'0(�VWXGLHV� LQ� WKLV� VHFWLRQ��DUH�
EDVHG� RQ� WKH� FKRLFH� RI� VSHFLHV� XVHG� LQ� WKH� ORQJ�WHUP
VDIHW\� HYDOXDWLRQ� RI� D� FRPSRXQG�� 7KHVH� VWXGLHV� DUH�
GHVLJQHG� WR� PLPLF� WKH� WR[LFRORJ\� VWXGLHV� DV� FORVH� DV�
SRVVLEOH� LQ� IDFWRUV� VXFK� DV� GRVH� DQG� WKH� URXWH� RI�
DGPLQLVWUDWLRQ��DQG�FRPSRXQG�YHKLFOH��7KH�DPRXQW�RI�
UDGLRDFWLYH�GRVH�LQ�DQLPDO�VSHFLHV�LV�GHWHUPLQHG�E\�WKH�
3.� SURSHUWLHV� RI� WKH� SDUHQW� FRPSRXQG�� 7KH� W\SLFDO�
DGPLQLVWHUHG� UDGLRDFWLYLW\� UDQJH� RI� ��� ���� &L�NJ�
VKRXOG� EH� HQRXJK WR� JHQHUDWH� PHWDEROLF� SURILOHV� LQ�
SODVPD� DW� PXOWLSOH� WLPH� SRLQWV� ZLWK� DGHTXDWH�
UDGLRDFWLYH� VHQVLWLYLW\�� 7KH GXUDWLRQ� RI� WKH� VWXG\� LV�
GHWHUPLQHG� E\� WKH� WHUPLQDO� KDOI�OLIH� RI� WKH� SDUHQW�

�SODVPD�KDOI�
OLYHV��)RU�FRPSRXQGV�ZLWK�ORQJ�KDOI�OLYHV��WKH�GXUDWLRQ�

WKH� WRWDO� GRVH� LV� H[FUHWHG� LQ� D� JLYHQ� ���K� LQWHUYDO� LQ�
ERWK�XULQH�DQG� IHFHV��3ODVPD��XULQH�DQG� IHFDO� VDPSOHV�
DUH� FROOHFWHG� GXULQJ� WKH� GXUDWLRQ� RI� WKH� VWXG\� WR�
DQDO\]H� IRU� UDGLRDFWLYLW\� DQG� IRU�PHWDEROLWH� SURILOLQJ��
,I� QHHGHG�� DGGLWLRQDO� WLVVXH� VDPSOHV� DUH� FROOHFWHG� WR�
GHWHUPLQH� WKH�FRQFHQWUDWLRQ�DQG�DFFXPXODWLRQ�RI�GUXJ�
DQG�GUXJ�UHODWHG�FRPSRQHQW�LQ�D�WLVVXH�

7KH� ILUVW� VHW�RI� LQIRUPDWLRQ�JHQHUDWHG� IURP� WKH�
$'0(�VWXGLHV�DUH� WKH�RYHUDOO�SODVPD�SURILOHV�RI� WRWDO�
UDGLRDFWLYLW\��75$��YHUVXV� WLPH�ZKLFK�LV�FRPSDUHG�WR�
SODVPD� SURILOH� RI� SDUHQW� YHUVXV� WLPH� PHDVXUHG� E\� D�
YDOLGDWHG�/&�06�06�DVVD\��)RU�WKRVH�GUXJV�ZKHUH�WKH�
SDUHQW� LV� WKH� PDMRU� FRPSRQHQW� DW� DOO� WLPH� SRLQWV� LQ�
SODVPD�� WKH� WRWDO� UDGLRDFWLYLW\�SURILOH� XVXDOO\�SDUDOOHOV�
WKH�SURILOH�RI� WKH�SDUHQW��0HWDEROLF�SURILOHV�RI�SODVPD�
FRQFHQWUDWLRQ� RYHU� WLPH� JHQHUDWHG� E\�+3/&� DQDO\VLV��
IROORZHG� E\� UDGLRDFWLYLW\� DQG� PDVV� VSHFWURPHWULF�
GHWHFWLRQ�� SURYLGHV� H[SRVXUH�UHODWHG� LQIRUPDWLRQ� IRU�
SDUHQW�DQG�PHWDEROLWHV� LQ�KXPDQV�DQG�DQLPDO� VSHFLHV��
0DVV�EDODQFH�DQG�PHWDEROLF�SURILOHV�RI�XULQH�DQG�IHFDO�
VDPSOHV� JHQHUDWHG� LQ� $'0(� VWXGLHV� SURYLGH�
LQIRUPDWLRQ� DERXW� H[WHQW� RI�PHWDEROLVP� DQG� URXWHV� RI�
H[FUHWLRQ� IRU� SDUHQW� DQG� PHWDEROLWHV�� $Q� H[DPSOH� RI�
DGPLQLVWUDWLRQ� RI� >��&@�DSL[DEDQ� WR� KHDOWK\� KXPDQ�
YROXQWHHUV�VKRZV�WKDW�WKH�FRPSRXQG�LV�H[FUHWHG�LQ�ERWK�
XULQH� DQG� IHFHV�� %DVHG� RQ� XULQDU\� H[FUHWLRQ� DQG�
PHWDEROLWHV�LQ�IHFHV��DSSUR[LPDWHO\�����RI�WKH�GRVH�LV�
DEVRUEHG� ZKHQ� DGPLQLVWHUHG� RUDOO\�� 7KHVH� W\SHV� RI�

LQIRUPDWLRQ� KHOS� WR� XQGHUVWDQG� WKH� TXDQWLWDWLYH� DQG�
TXDOLWDWLYH�GLIIHUHQFHV�LQ�PHWDEROLVP�DFURVV�VSHFLHV��,I�
DOO� WKH� PHWDEROLWHV� WKDW� ZHUH� JHQHUDWHG� LQ� KXPDQV� LQ�
YLWUR� DUH� DOVR� REVHUYHG� LQ� DQLPDOV�� LW� ZRXOG� VXJJHVW�
WKDW� WKH� SULPDU\� SDWKZD\V� RI� PHWDEROLVP� DUH� VLPLODU�
DFURVV� VSHFLHV�� 7KH� FRPELQHG� PHWDEROLF� SURILOHV� LQ�
SODVPD��XULQH�DQG�IHFHV�FRQWULEXWH�WR�RXU�NQRZOHGJH�RI�
WKH� FRPSOHWH� GLVWULEXWLRQ� DQG� GLVSRVLWLRQ� RI� WKH� GUXJ��
)RU�GUXJV�WKDW�WHQG�WR�EH�LQ�WKH���� ����'D�UDQJH�DQG�
DUH� KLJKO\� OLSRSKLOLF� LQ� QDWXUH�� PHWDEROLVP� DQG�
H[FUHWLRQ� WKURXJK� WKH� ELOH� SOD\V� D� PDMRU� UROH� LQ� WKHLU�
GLVSRVLWLRQ�� )RU� WKHVH� W\SHV� RI� PROHFXOHV�� $'0(�
VWXGLHV� FRQGXFWHG� LQ� ELOH�GXFW� FDQQXODWHG� �%'&��
DQLPDOV��ZKHUH�ELOH�LV�FROOHFWHG�GXULQJ�WKH�GXUDWLRQ�RI�
WKH� VWXG\�� DUH� H[FHSWLRQDOO\� YDOXDEOH�� SDUWLFXODUO\� LI�
FRQMXJDWLYH� SDWKZD\V� VXFK� DV� JOXFXURQLGDWLRQ� RU�
VXOIDWLRQ�DUH�LQYROYHG�LQ�WKH�PHWDEROLF�FOHDUDQFH�RI�WKH�
GUXJ��*OXFXURQLGHV�DQG�VXOIDWH�FRQMXJDWHV�FDQ�XQGHUJR�
K\GURO\VLV�LQ�WKH�ODUJH�LQWHVWLQH�ZKHQ�H[FUHWHG�WKURXJK�
WKH� ELOH� LQWR� WKH� JDVWURLQWHVWLQDO� �*,�� WUDFW���� ����
7KHUHIRUH�� LQ� WKH�DEVHQFH�RI� D�ELOH�SURILOH�� WKH� UROH�RI�
FRQMXJDWLRQ� LQ� WKH� RYHUDOO� PHWDEROLF� FOHDUDQFH� RI� WKH�
GUXJ�ZRXOG�EH�PLVVHG��%'&�VWXGLHV�DUH�XVXDOO\�UXQ�IRU�
D�VKRUWHU�GXUDWLRQ�WKDQ�3.�VWXGLHV��� ���K�LQ�UDW�DQG��
���K�LQ�GRJ�RU�PRQNH\��$�UHDVRQDEOH�PDVV�EDODQFH�FDQ�
EH�DFKLHYHG�LQ�%'&�DQLPDO�VWXGLHV�IRU�FRPSRXQGV�WKDW�
KDYH� VKRUW� KDOI�OLYHV�� :KHUH� QRQ�FOLQLFDO� GDWD� VKRZV�
WKDW�PRVW� RI� WKH�GUXJ� LV� H[FUHWHG� LQ� WKH� IHFHV� WKURXJK�
ELOH�DV�FRQMXJDWLYH�PHWDEROLWHV��LW�LV�XVHIXO�WR�LQFOXGH�D�
SDQHO�LQ�WKH�KXPDQ�$'0(�ZKHUH�ELOH�FDQ�EH�FROOHFWHG�
IRU�D�VKRUW�GXUDWLRQ��,Q�RQH H[DPSOH��ELOH�ZDV�FROOHFWHG�
IRU� D� VKRUW� GXUDWLRQ� �� �� K�� DIWHU� GRVLQJ� ZLWK� >��&@�
PXUDJOLWD]DU�� :KHQ� WKH� ELOH� DQG� IHFDO� SURILOHV� ZHUH�
FRPSDUHG��LW�EHFDPH�HYLGHQW�WKDW�WKH�FRPSRXQG�LQ�WKH�
ELOH� ZDV� H[FUHWHG� DV� FRQMXJDWHV� WKDW� ZHUH� K\GURO\]HG�
GXULQJ� WKHLU� SDVVDJH� WKURXJK� WKH� *,� WUDFW�� 'DWD� IURP�
WKH� KXPDQ� $'0(� VWXGLHV� SURYLGH� LQIRUPDWLRQ� DERXW�
WKH� SULPDU\� SDWKZD\V� RI� PHWDEROLVP� IRU� WKH�
FRPSRXQG�� 7KH� PHWDEROLF� SDWKZD\V� DUH� GHWHUPLQHG�
WKURXJK� WKH� LGHQWLILFDWLRQ� RI� PHWDEROLWHV� LQ� SODVPD��
XULQH� DQG� IHFHV�ELOH�� ZKLFK� LQ� WXUQ� OHDG� WR� GHWDLOHG�
UHDFWLRQ� SKHQRW\SLQJ� VWXGLHV� WR� LGHQWLI\� WKH� HQ]\PHV�
WKDW� JHQHUDWH� WKH� SULPDU\� PHWDEROLWHV�� 7KH� XVH� RI�
PHWDEROLVP�GDWD�REWDLQHG� IURP�KXPDQ�$'0(�VWXGLHV�
LQ� FRQMXQFWLRQ� ZLWK� UHDFWLRQ� SKHQRW\SLQJ� SURYLGHV�
FULWLFDO� LQIRUPDWLRQ�IRU�GHFLVLRQ�LQ�DLG�RI�FOLQLFDO�'',�
VWXGLHV�
ʹǤͷǤ (QJLQHHUHG�PRXVH�PRGHOV

(QJLQHHUHG�PRXVH�PRGHOV�DUH�LQFUHDVLQJO\�XVHG�
IRU� WKH�GHWHUPLQDWLRQ�RI� WKH� UROHV�RI�&<3�HQ]\PHV� LQ�
GUXJ�PHWDEROLVP�DQG�WR[LFLW\��0RXVH�&\S JHQH�V��KDYH�
EHHQ� UHSODFHG� E\� KXPDQ� &<3� JHQH�V�� LQ� WKH� PRXVH�
JHQRPH��WR�VWXG\�WKH�VSHFLILF�LQYROYHPHQW�RI�WKH�JLYHQ�
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PRXVH� DQG�RU� KXPDQ� &<3�V�� LQ� YDULRXV� DVSHFWV� RI�
$'0(�� 5HPRYLQJ� D� FOXVWHU� RI� &\S� JHQH� DOORZV� WKH�
GHWHUPLQDWLRQ�RI�FRPELQHG� IXQFWLRQV�RI�DQ�HQWLUH�&\S�
JHQH� VXEIDPLO\�� 7KH� FRPSRVLWH� IXQFWLRQV� RI� DOO�
PLFURVRPDO�&<3�HQ]\PHV� FDQ�EH� VWXGLHG�E\� UHPRYDO�
RU� PRGLILFDWLRQ� RI� WKH� 1$'3+�F\WRFKURPH� 3����
UHGXFWDVH� �&SU�� JHQH�� $OO WKHVH� SURJUDPPHG� JHQHWLF�
FKDQJHV� LQ� D� FHOO�W\SH�VSHFLILF� RU� WLVVXH�VHOHFWLYH�
IDVKLRQ�DOORZV�VSHFLILF�FRQWULEXWLRQV�RI�DQ�RUJDQ��H�J���
WKH� OLYHU� RU� WKH� LQWHVWLQH�� WR� WKH� PHWDEROLVP� DQG�RU�
WR[LFLW\� RI� D� GUXJ� WR� EH� GLUHFWO\� GHWHUPLQHG� LQ� YLYR��
7KH� SRWHQWLDO� RI� WKHVH� HQJLQHHUHG� PRXVH� PRGHOV� IRU�
$'0(� DSSOLFDWLRQV� LV� FRQVLGHUDEOH�� 6HYHUDO VHOHFWHG�
PRXVH�PRGHOV�DUH� LQWURGXFHG�EHORZ�ZLWK�H[DPSOHV�RI�
WKHLU� DSSOLFDWLRQV� LQ� GUXJ� PHWDEROLVP��
SKDUPDFRNLQHWLFV�� DQG� WR[LFRORJ\� VWXGLHV� EULHIO\�
GHVFULEHG�� HPSKDVL]LQJ� SUDFWLFDO� DGYLFH� RQ� KRZ� WR�
DYRLG�SRWHQWLDO�FRQIRXQGLQJ�IDFWRUV�
ʹǤͷǤͳǤ $YDLODEOH�PRXVH�PRGHOV

$�SDUWLDO� OLVW�RI�DYDLODEOH�&\S�NQRFNRXW�PRXVH�
PRGHOV�DQG�KXPDQ�&<3�WUDQVJHQLF�PRXVH�PRGHOV�DUH�
VKRZQ� LQ� 7DEOH� ��� 7KH� UHDGHUV� DUH� UHIHUUHG� WR� UHFHQW�
UHYLHZV� IRU� LQIRUPDWLRQ� RQ� DGGLWLRQDO� PRXVH� OLQHV����
1RWDEO\�� WZR�NQRFNRXW�PRXVH� OLQHV�� H�J���&\S�D��QXOO�
DQG� &\S�E��QXOO�� FDQ� EH� LQWHUFURVVHG� WR� SURGXFH� D�
GRXEOH� NQRFNRXW�PRXVH���� H[FHSW� LQ� FDVHV� ZKHUH� WKH�
WZR�WDUJHWHG�JHQHV�DUH�ORFDWHG�FORVH�WR�HDFK�RWKHU��H�J���
&\S�D�� DQG� &\S�D���� ,Q� WKRVH� WZR� FDVHV�� D� GRXEOH�
NQRFNRXW� PRGHO� FDQ� EH� JHQHUDWHG� WKURXJK� JHQHWLF�
HQJLQHHULQJ�LQ�WKH�HPEU\RQLF�VWHP�FHOOV��$Q�HYHQ�PRUH�
FKDOOHQJLQJ� FDVH� LV� ZKHQ� PXOWLSOH� PRXVH� &\S� JHQHV�
RFFXU�LQ�D�JHQH�FOXVWHU��VXFK�DV�WKH�PRXVH�&\S�D�JHQH�
FOXVWHU�� 2WKHU� PRXVH� &\S� JHQH� FOXVWHUV� LQFOXGH� WKH�
&\S�M� FOXVWHU�� WKH� &\S�G� FOXVWHU�� WKH� &\S�F� FOXVWHU��
DQG� WKH� &\S�D�E�I�J�V�W� FOXVWHU�� 7KH� SUHVHQFH� RI�
PXOWLSOH� FRSLHV� RI� VWUXFWXUDOO\� VLPLODU� &\S� JHQHV�
PDNHV�LW�GLIILFXOW��DQG�VRPHWLPHV�LUUHOHYDQW��WR�LGHQWLI\�
WKH�VSHFLILF�&<3�LVRIRUP�WKDW�LV�QRUPDOO\�DFWLYH�LQ�WKH�
PHWDEROLVP�RI�D�JLYHQ�GUXJ� LQ YLYR�� ,QVWHDG�� LW�PDNHV�
VHQVH�WR�NQRFNRXW�DOO�PHPEHUV�RI�WKH�VXEIDPLO\��DQG�WR�
GHWHUPLQH�WKH�FRPELQHG�IXQFWLRQV�RI�WKH�&<3�HQ]\PHV�
LPSDFWHG� E\� WKH� JHQHWLF� PDQLSXODWLRQ�� ,QGHHG�� WKLV�
VWUDWHJ\� KDV� EHHQ� VXFFHVVIXOO\� XVHG� LQ� VHYHUDO� FDVHV��
WKH� ILUVW� RI� ZKLFK� LV� WKH� GHOHWLRQ� RI� WKH� &\S�D� JHQH�
FOXVWHU�

7KH� KXPDQ� &<3�WUDQVJHQLF� PRXVH� PRGHOV� DUH�
PRVW� RIWHQ� SUHSDUHG� XVLQJ� D� ODUJH� JHQH� IUDJPHQW�
FRQWDLQHG� LQ� D� EDFWHULDO� DUWLILFLDO� FKURPRVRPH� �%$&��
FORQH��DOWKRXJK�F'1$�EDVHG�WUDQVJHQH�FRQVWUXFWV�KDYH�
DOVR�EHHQ�XVHG�VXFFHVVIXOO\��H�J���IRU�&<3�$������7KH�
WHQGHQF\� IRU� WZR� &<3� JHQHV� LQ� D� JLYHQ� &<3� JHQH�
VXEIDPLO\� WR� EH� LQ SUR[LPLW\ LQ� WKH� JHQRPH�� DQG�
SRWHQWLDOO\� VKDULQJ� FRPPRQ� UHJXODWRU\� VHTXHQFHV� IRU�

JHQH� H[SUHVVLRQ�� KDV� PDGH� LW� GLIILFXOW� WR� SURGXFH�
VLQJOH�JHQH�WUDQVJHQLF PRGHOV�IRU�VRPH�&<3V��VXFK�DV�
&<3�$������� &<3�&��������� DQG�
&<3�$����%���)����� $V� D� UHVXOW�� PRXVH� PRGHOV�
H[SUHVVLQJ� WZR�RU�PRUH�FORVHO\�DVVRFLDWHG�&<3�JHQHV�
ZHUH� SURGXFHG��2Q� WKH� RWKHU� KDQG�� VLQJOH�JHQH� &<3�
WUDQVJHQLF� PLFH� KDYH� EHHQ� LQWHUFURVVHG�� LQ� RUGHU WR�
SURGXFH� GRXEOH� WUDQVJHQLF� PRXVH� PRGHOV� �H�J���
&<3�'��&<3�$��WUDQVJHQLF��

$� &\S�NQRFNRXW� PRXVH� DQG� D� KXPDQ� &<3�
WUDQVJHQLF�PRXVH�FDQ�EH�FURVVEUHG��LQ�RUGHU�WR�SURGXFH�
VR� �
WKH� KXPDQ� &<3� LV� H[SUHVVHG�� EXW� WKH� RUWKRORJRXV�
PRXVH� &\S� JHQH� LV� LQDFWLYDWHG�� )RU� H[DPSOH�� KXPDQ�
&<3�(��WUDQVJHQLF� PRXVH� ZDV� LQWHUFURVVHG� ZLWK�
&\S�H��QXOO� PRXVH� WR� SURGXFH� &<3�(��KXPDQL]HG�
PRXVH���� 0RUH� UHFHQWO\�� &<3�$�� WUDQVJHQLF� PRXVH�
ZLWK� HLWKHU� KHSDWLF� RU� LQWHVWLQDO� &<3�$�� H[SUHVVLRQ�
ZDV� LQWHUFURVVHG� ZLWK� &\S�D�QXOO� PRXVH�� \LHOGLQJ�
&<3�$��KXPDQL]HG�PRXVH�PRGHOV�

$�XQLTXH�JURXS�RI�NQRFNRXW�PRXVH�PRGHOV�� LQ�
ZKLFK�WKH�&SU�JHQH�LV�WDUJHWHG��LV�ZRUWK�QRWLQJ��&35�LV�
WKH� REOLJDWH� UHGR[� SDUWQHU� IRU� PLFURVRPDO� 3����
HQ]\PHV��WKHUHIRUH��WKH�GHOHWLRQ�RI�WKH�&SU�JHQH�FDXVHV�
WKH� LQDFWLYDWLRQ� RI� DOO� PLFURVRPDO� 3���� HQ]\PHV� LQ�
WDUJHWHG�FHOOV��6HYHUDO�PRXVH�PRGHOV��LQ�ZKLFK�WKH�&SU�
JHQH�KDV�EHHQ�GHOHWHG� LQ�D� WLVVXH�VSHFLILF� IDVKLRQ��DUH�
DYDLODEOH�� VXFK� DV� OLYHU�VSHFLILF� &SU�QXOO� PLFH� RU�
LQWHVWLQDO� HSLWKHOLXP�VSHFLILF� &SU�QXOO� PLFH���� $�

�
ZKLFK�&SU�H[SUHVVLRQ�ZDV�JOREDOO\�GRZQ�UHJXODWHG����
DV� ZHOO� DV� DQ� H[WUD�KHSDWLF� &SU�ORZ�PRXVH� PRGHO�� LQ�
ZKLFK�&SU�H[SUHVVLRQ�LV�QRUPDO�LQ�KHSDWRF\WHV��EXW�ORZ�
HOVHZKHUH����DUH�DOVR�DYDLODEOH�
ʹǤͷǤʹǤ 8WLOLW\�RI�HQJLQHHUHG�PRXVH�PRGHOV

'UXJ�PHWDEROLVP� FDQ� SOD\� DQ� HVVHQWLDO� UROH� LQ�
WKH� H[WHQW� RI� WLVVXH� H[SRVXUH� WR� HLWKHU� WKH� SDUHQW�
FRPSRXQG� RU�� LQ� WKH� FDVH� RI� D� SURGUXJ�� WKH� DFWLYH�
PHWDEROLWH�V���1XPHURXV�PHFKDQLVWLF�TXHVWLRQV�UHODWHG
WR�GUXJ�PHWDEROLVP�RU�WR[LFLW\�FDQ�EH�DQVZHUHG�XVLQJ D�
SURSHU� HQJLQHHUHG� PRXVH� PRGHO�� WKXV� IDFLOLWDWLQJ�
SUHFOLQLFDO� GUXJ� VDIHW\� DQG� SKDUPDFRNLQHWLFV� VWXGLHV��
6RPH� H[DPSOHV� RI� WKH� W\SHV� RI� TXHVWLRQV� WKDW� FDQ� EH�
DGGUHVVHG�DUH�VKRZQ�EHORZ�
��� ,V�LQ�YLYR�PHWDEROLVP�PHGLDWHG�PDLQO\�E\�3����RU�
E\�RWKHU�GUXJ�PHWDEROLVP�HQ]\PHV"�([DPSOHV�RI� WKLV�
W\SH� RI� DSSOLFDWLRQ� LQFOXGH� WKH� XVH� RI� WKH� &SU�ORZ�
PRXVH�IRU�GHPRQVWUDWLRQ�RI� WKH�UROH�RI�3����HQ]\PHV�
LQ� WKH� FOHDUDQFH� RI� QLIHGLSLQH���� DQG� WKH� XVH� RI� WKH�
OLYHU�&SU�QXOO PRXVH�IRU�GHPRQVWUDWLRQ�RI�WKH�ODFN�RI�D�
VLJQLILFDQW� FRQWULEXWLRQ� E\�3���� HQ]\PHV� WR� V\VWHPLF�
DFHWDPLQRSKHQ�FOHDUDQFH���
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���� :KLFK� 3���� HQ]\PH�V�� DUH� FULWLFDO� IRU� LQ� YLYR�
PHWDEROLVP"�)RU�H[DPSOH��WKH�&\S�D��QXOO�PRXVH�ZDV�
XVHG�IRU�GHPRQVWUDWLRQ�RI�WKH�UROH�RI�&<3�$��LQ�WKH�LQ�
YLYR�FOHDUDQFH�RI�QLFRWLQH�� WKH�GHOHWLRQ�RI� WKH�&\S�D��
JHQH� OHG� WR� VXEVWDQWLDO� LQFUHDVHV� LQ� WKH� H[SRVXUH� RI�
QLFRWLQH�
����,V�D�JLYHQ�GUXJ�PHWDEROLVP�HQ]\PH�UHVSRQVLEOH�IRU�
ELRDFWLYDWLRQ� DQG� FRQVHTXHQW� WR[LFLW\"� )RU� H[DPSOH��
WKH�FULWLFDO�UROH�RI�&<3�(��LQ�DFHWDPLQRSKHQ�LQGXFHG�
KHSDWRWR[LFLW\�� DQG� WKH� ODFN� RI� DQ� HVVHQWLDO� UROH� E\�
&<3�$��LQ�DFHWDPLQRSKHQ�LQGXFHG�ROIDFWRU\�WR[LFLW\��
ZDV� GHPRQVWUDWHG� XVLQJ� WKH� UHVSHFWLYH� &\S�NQRFNRXW�
PRXVH�PRGHOV�
����'RHV� WKH�VPDOO� LQWHVWLQH�SOD\�D�PDMRU� UROH� LQ�ILUVW�
SDVV�FOHDUDQFH�RI�D�JLYHQ�RUDO�GUXJ"�)RU�H[DPSOH�� WKH�
,(�&SU�QXOO� PRXVH� ZDV� XVHG� WR� VKRZ� WKDW� LQWHVWLQDO�
3���� HQ]\PHV� SOD\� D� PDMRU� UROH� LQ� WKH� ILUVW�SDVV�
FOHDUDQFH� RI� RUDO� QLIHGLSLQH���� 7KH� VPDOO� LQWHVWLQDO�
&<3�$��KXPDQL]HG� PRXVH� PRGHO� �6,�VHOHFWLYH�
H[SUHVVLRQ� RI� &<3�$�� DQG� ZKROH�ERG\ NQRFNRXW� RI�
DOO� &\S�D� JHQHV�� ZDV� XVHG� WR� GHPRQVWUDWH� WKH�
FDSDELOLW\�RI�6,�&<3�$�� WR� UHGXFH� WKH�ELRDYDLODELOLW\�
RI�RUDO�GRFHWD[HO�
���� )RU� FRPSRXQGV� PHWDEROL]HG� WKURXJK� PXOWLSOH�
SDWKZD\V��ZKLFK�SDWKZD\� OHDGV� WR�DFWLYH� �RU� UHDFWLYH��
PHWDEROLWHV� LQ� YLYR"� )RU� H[DPSOH�� &35�3���� RI� WKH�
FDUGLRP\RF\WH� ZDV� IRXQG� QRW� WR� EH� HVVHQWLDO� IRU� WKH�
FDUGLRWR[LFLW\� RI� GR[RUXELFLQ�� DQ� DQWLFDQFHU� GUXJ��
ZKLFK� FDQ� EH� PHWDEROL]HG� E\� PXOWLSOH� HQ]\PHV��
LQFOXGLQJ�&35�DQG�FDUERQ\O� UHGXFWDVH�� LQ�D�VWXG\� WKDW�
XVHG� D� FDUGLRP\RF\WH�VSHFLILF� &SU�QXOO� PRXVH���� 2Q�
WKH�RWKHU�KDQG��KHSDWLF�&35�3����HQ]\PHV�ZHUH�IRXQG�
WR�EH�HVVHQWLDO�IRU�WKH�KHSDWRWR[LFLW\�DQG�UHQDO�WR[LFLW\�
RI� DFHWDPLQRSKHQ��ZKLFK� FDQ� EH�PHWDEROL]HG� E\� ERWK�
SKDVH�,�DQG�SKDVH�,,�HQ]\PHV�
����:KDW�LV�WKH�FDSDELOLW\�RI�D�KXPDQ�3����HQ]\PH�WR�
SURGXFH� D� JLYHQ� PHWDEROLWH� �LQFOXGLQJ� UHDFWLYH�
LQWHUPHGLDWHV�� LQ� YLYR"� )RU� H[DPSOHV�� WKH� LQ� YLYR�
FDSDELOLWLHV� RI� KXPDQ� &<3�$�� WR� JHQHUDWH� ��
K\GUR[\FRXPDULQ� IURP� FRXPDULQ���� RI� KXPDQ�
&<3�'�� WR� SURGXFH� ��K\GUR[\GHEULVRTXLQH� IURP�
GHEULVRTXLQH���� DQG� RI� KXPDQ� &<3�$�� WR� SURGXFH�
YDULRXV�PHWDEROLWHV�IURP�GRFHWD[HO����RU�WR�SURGXFH�� �
K\GUR[\PLGD]RODP� IURP� PLGD]RODP�� KDYH� EHHQ�
DVVHVVHG� XVLQJ� WKH� UHVSHFWLYH� &<3�WUDQVJHQLF� PRXVH�
PRGHOV�
���� :KDW� LV� WKH� LPSDFW� RI� JHQHWLF� SRO\PRUSKLVPV� LQ�
GUXJ�PHWDEROLVP� JHQHV� RQ� GUXJ� FOHDUDQFH"� )HZ�
WUDQVJHQLF� PRXVH� PRGHOV� WKDW� H[SUHVV� DOOHOLF� YDULDQWV�
RI� 3���� JHQHV� KDYH� EHHQ� UHSRUWHG�� KRZHYHU�� D� ZLOG�
W\SH� PRXVH� PRGHO�� DV� FRPSDUHG� WR� D� KXPDQ� &<3�
WUDQVJHQLF� PRXVH� PRGHO�� RU� D� &\S�NQRFNRXW� PRXVH�
PRGHO�� DV� FRPSDUHG� WR� D� &<3�KXPDQL]HG� PRXVH�

PRGHO��FDQ�UHSUHVHQW�D�PRXVH�PRGHO�FRQWDLQLQJ�D�QXOO�
DOOHOH� IRU� WKH� KXPDQ� 3���� JHQH�� )XUWKHUPRUH��
KHPL]\JRWHV�DQG�KRPR]\JRWHV�KXPDQ�&<3�WUDQVJHQLF�
PRXVH�PRGHOV�FDQ�EH�FRPSDUHG�IRU�VWXG\LQJ�HIIHFWV�RI�
ORVLQJ�RQH�&<3�DOOHOH�RQ�V\VWHPLF�GUXJ�FOHDUDQFH�
͵Ǥ &21&/86,21

'UXJ� GLVFRYHU\� DQG� GHYHORSPHQW� UHPDLQ� DV� D�
FRPSOLFDWHG� PRGHOV�EDVHG� H[SHULPHQWDO� VFLHQWLILF�
H[SORUDWLRQ�� 7KHVH� PRGHOV� SURYLGH� D� YDULHW\� RI� GDWD��
UHVXOWLQJ� IURP� VWXGLHV� RQ� LQ� YLWUR� V\VWHPV�� LQ� YLYR�
DQLPDO� VSHFLHV�� DQG� KHDOWK\� KXPDQ� VXEMHFWV�� IRU�
SUHGLFWLQJ� WKH� EHKDYLRU� RI� D� GUXJ� LQ� SDWLHQWV�� 7KHVH�
GDWD�HLWKHU�DGGUHVV�DQ DVSHFW RI�GUXJ�PHWDEROLVP��VXFK�
DV� SHUPHDELOLW\� DQG� WUDQVSRUWHU� SURSHUWLHV�� DV� GHULYHG�
IURP�&DFR���PRGHOV�RU�UHYHDO�HQWLUH�GLVWULEXWLRQDO�DQG�
GLVSRVLWLRQDO� SURSHUWLHV� RI� D� GUXJ�� DV� REWDLQHG� IURP� D�
KXPDQ� $'0(� VWXG\� XVLQJ� ��&�ODEHOHG� FRPSRXQGV��
7KH�VHOHFWLRQ�RI�DQ�DSSURSULDWH�PRGHO��IROORZHG�E\�WKH�
DSSOLFDWLRQ� RI� WKH� VSHFLILF� PRGHO�V�� ZLWK� D� VSHFLILF�
VWUDWHJ\�DQG�FRUUHFW�GDWD�LQWHUSUHWDWLRQ��LV�FULWLFDO��7KLV�
UHYLHZ� KDV� GHVFULEHG� VRPH� RI� WKH� PRUH� SUHYDOHQW�
H[SHULPHQWDO� PRGHOV� XVHG� LQ� GUXJ� PHWDEROLVP� DQG�
GLVSRVLWLRQ�� 0RVW� PRGHUQ� GUXJV� DUH� GLVFRYHUHG� DQG�
GHYHORSHG� ZLWK� WKH� WLPHO\� DSSOLFDWLRQV� RI� WKH�
DSSURSULDWH�H[SHULPHQWDO�PRGHOV��&HUWDLQO\�� WKHUH�ZLOO�
EH� DGGLWLRQDO�� QHZHU�� DQG� EHWWHU� PRGLILHG� PRGHOV�
GHYHORSHG� LQ� WKH� IXWXUH� WR� VXSSRUW� DQ� HIILFLHQW� GUXJ�
GLVFRYHU\�DQG�GHYHORSPHQW�SURFHVV�
7KH� H[WHQW� WR� ZKLFK� HDFK� RI� WKH� DYDLODEOH� PRXVH�
PRGHOV�KDV�EHHQ�FKDUDFWHUL]HG�YDULHV�FRQVLGHUDEO\��EXW
LW� LV� HVVHQWLDO� WKDW� WKH� XVHU� LV� DZDUH� RI� WKH� SURSHUWLHV�
DQG�OLPLWDWLRQV�RI�HDFK�PRGHO��,W�LV�EH\RQG�WKH�VFRSH�RI�
WKLV�UHYLHZ�WR�SURYLGH�GHWDLOHG�LQIRUPDWLRQ�DERXW�HDFK�
RI�WKH�DYDLODEOH�PRXVH�PRGHOV��,W�VKRXOG�DOVR�EH�QRWHG�
WKDW� HQJLQHHUHG� PRXVH� PRGHOV� DUH� DOVR� DYDLODEOH� IRU�
VHYHUDO GUXJ� WUDQVSRUWHUV� DQG� SKDVH� ,,�
ELRWUDQVIRUPDWLRQ�HQ]\PH��VXFK�DV�8*7��
5()(5(1&(6

�� '$ 6SDOGLQJ� 0.� %D\OLVV&RPELQLQJ� KLJK�WKURXJKSXW�
SKDUPDFRNLQHWLF�VFUHHQV�DW�WKH�KLWV�WR�OHDGV�VWDJH�RI�GUXJ�
GLVFRYHU\��'UXJ�'LVFRY 7RGD\� � ��������SS� �����

�� / 'L� (+� .HUQV3URILOLQJ�GUXJ�OLNH�SURSHUWLHV�LQ�GLVFRYHU\�
UHVHDUFK��&XUU�2SLQ�&KHP�%LRO� � ��������SS� �������

�� (+ .HUQV� /� 'L3KDUPDFHXWLFDO� SURILOLQJ� LQ� GUXJ�
GLVFRYHU\��'UXJ�'LVFRY�7RGD\� � ��������SS� �������

�� / 'L� (+� .HUQV$SSOLFDWLRQ� RI� SKDUPDFHXWLFDO� SURILOLQJ�
DVVD\V�IRU�RSWLPL]DWLRQ�RI�GUXJ�OLNH�SURSHUWLHV

�� &XUU�2SLQ�'UXJ�'LVFRY�'HYHO� � ��������SS� �������
�� 06 $ODYLMHK� $0� 3DOPHU7KH� SLYRWDO� UROH� RI� GUXJ�

PHWDEROLVP� DQG� SKDUPDFRNLQHWLFV� LQ� WKH� GLVFRYHU\� DQG�
GHYHORSPHQW� RI� QHZ� PHGLFLQHV�� ,'UXJV� � ��������
SS� �������
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�� ,QWHUQDWLRQDO� 7UDQVSRUWHU� &RQVRUWLXP�� *LDFRPLQL� .0��
+XDQJ� 60�� 7ZHHGLH�'-�� %HQHW� /=�� %URXZHU� ./�� HW� DO��
0HPEUDQH� WUDQVSRUWHUV� LQ� GUXJ� GHYHORSPHQW� 1DW� 5HY�
'UXJ�'LVFRY ����������� ����

�� 3DUNLQVRQ� $� 2JLOYLH� %:�� %LRWUDQVIRUPDWLRQ� RI�
[HQRELRWLFV��,Q��.ODDVVHQ�&'��HGLWRU� &DVDUHWW�DQG�'RXOO
V�
WR[LFRORJ\�� 1HZ� <RUN�� 0F*UDZ�+LOO�� ������ S�� ���
����

�� 7- 6WUHOHYLW]� && 2UR]FR� 56� 2EDFK+\GUDOD]LQH DV� D�
VHOHFWLYH� SUREH� LQDFWLYDWRU� RI� DOGHK\GH� R[LGDVH� LQ�KXPDQ�
KHSDWRF\WHV�� HVWLPDWLRQ� RI� WKH� FRQWULEXWLRQ� RI� DOGHK\GH�
R[LGDVH� WR� PHWDEROLF� FOHDUDQFH�� 'UXJ� 0HWDE�
'LVSRV� �� ��������SS� ���������

�� 3 /L� & /X� -6 'DQLHOV� * 0LZD� /6� *DQ&<3�$��
PHGLDWHG� WLPH�DQG� FRQFHQWUDWLRQ�GHSHQGHQW� &<3�'��
LQKLELWLRQ� E\� D� PHODQRFRUWLQ� UHFHSWRU� DQWDJRQLVW�� 'UXJ�
0HWDE�5HY� �� ��������S� ���

��� 1DNDQR� . 2JXUD� ( 7DNDKDVKL� 7 +DUDGD� 7 1LVKL\DP
D� . 0XUR� HW� DO�5HJLRVHOHFWLYH� PRQRVXOIDWLRQ� DQG�
GLVXOIDWLRQ� RI� WKH� SK\WRHVWURJHQV� GDLG]HLQ� DQG� JHQLVWHLQ�
E\� KXPDQ� OLYHU� VXOIRWUDQVIHUDVHV�� 'UXJ� 0HWDE�
3KDUPDFRNLQHW� �� ��������SS� �������

��� ' =KDQJ� 1 5DJKDYDQ� 6< &KHQ� + =KDQJ� 0 4XDQ� /
/HFXUHX[� HW� DO�5HGXFWLYH� LVR[D]ROH� ULQJ� RSHQLQJ� RI� WKH�
DQWLFRDJXODQW�UD]D[DEDQ�LV�WKH�PDMRU�PHWDEROLF�FOHDUDQFH�
SDWKZD\� LQ� UDWV� DQG� GRJV�� 'UXJ� 0HWDE�
'LVSRV� �� ��������SS� �������

��� /X� &�� 0HWDEROLF� VWDELOLW\� VFUHHQ� LQ� GUXJ� GLVFRYHU\�� ,Q��
*DQ� /�� HGLWRU� %DVLF� SULQFLSOHV�� DGYDQFHG� FRQFHSWV� DQG�
DSSOLFDWLRQV� RI� GUXJ�PHWDEROLVP��&KLFKHVWHU�� -RKQ�:LOH\�
	�6RQV��LQ�SUHVV�

��� $3 /L� 15 +DUWPDQ� & /X� -0 &ROOLQV� -0� 6WURQJ(IIHFWV�
RI� F\WRFKURPH� 3���� LQGXFHUV� RQ� �� �HWK\Q\OHVWUDGLRO�
�((��� FRQMXJDWLRQ� LQ� SULPDU\� KXPDQ� KHSDWRF\WHV�� %U� -�
&OLQ�3KDUPDFRO� �� ��������SS� �������

��� < 6KLWDUD� $3 /L� < .DWR� & /X� . ,WR� % ,WRK� HW�DO�(IIHFW�
RI� FU\RSUHVHUYDWLRQ� RQ� WKH� XSWDNH� RI� WDXURFKRODWH� DQG�
HVWUDGLDO� ��EHWD�G�JOXFXURQLGH� LQ� LVRODWHG� KXPDQ�
KHSDWRF\WHV��'UXJ�0HWDE�3KDUP� �� ��������SS� �����

��� &( 5XHJJ� 30 6LOEHU� 5$ 0XJKDO� - ,VPDLO� & /X� '& %R
GH� HW� DO�&\WRFKURPH�3���� LQGXFWLRQ� DQG� FRQMXJDWHG�
PHWDEROLVP� LQ� SULPDU\� KXPDQ� KHSDWRF\WHV� DIWHU�
FU\RSUHVHUYDWLRQ�� ,Q� 9LWUR� 7R[LFRO� �� �������� SS� ����
���

��� $3 /L� & /X� -$ %UHQW� & 3KDP� $ )DFNHWW� &( 5XHJJ� HW�
DO�&U\RSUHVHUYHG� KXPDQ� KHSDWRF\WHV�� FKDUDFWHUL]DWLRQ� RI�
GUXJ� PHWDEROL]LQJ� DFWLYLWLHV� DQG� DSSOLFDWLRQV� LQ� KLJKHU�
WKURXJKSXW�VFUHHQLQJ�DVVD\V� IRU�KHSDWRWR[LFLW\��PHWDEROLF�
VWDELOLW\��DQG�GUXJ�GUXJ�LQWHUDFWLRQ�SRWHQWLDO��&KHP�%LRO�
,QWHUDFW� ��� ��������SS� �����

��� < 6KLEDWD� + 7DNDKDVKL� 0 &KLED� <� ,VKLL3UHGLFWLRQ� RI�
KHSDWLF� FOHDUDQFH� DQG� DYDLODELOLW\� E\� FU\RSUHVHUYHG�

KXPDQ� KHSDWRF\WHV�� DQ� DSSOLFDWLRQ� RI� VHUXP� LQFXEDWLRQ�
PHWKRG��'UXJ�0HWDE�'LVSRV� �� ��������SS� �������

��� . %DFKPDQQ� - %\HUV� 5� *KRVK3UHGLFWLRQ� RI LQ�
YLWUR KHSDWLF� FOHDUDQFH� IURP LQ� YLWUR GDWD� XVLQJ�
FU\RSUHVHUYHG� KXPDQ� KHSDWRF\WHV��
;HQRELRWLFD� �� ��������SS� �������

��� 1 %ODQFKDUG� 1- +HZLWW� 3 6LOEHU� + -RQHV� 3 &RDVVROR�
7� /DYp3UHGLFWLRQ�RI�KHSDWLF�FOHDUDQFH�XVLQJ�FU\RSUHVHUYHG�
KXPDQ�KHSDWRF\WHV��D�FRPSDULVRQ�RI�VHUXP�DQG�VHUXP�IUHH�
LQFXEDWLRQV�� -� 3KDUP� 3KDUPDFRO� �� �������� SS� ����
���

��� $ 6NDJJV� 56 )RWL� 0%� )LVKHU$� VWUHDPOLQHG� PHWKRG� WR�
SUHGLFW�KHSDWLF�FOHDUDQFH�XVLQJ�KXPDQ�OLYHU�PLFURVRPHV�LQ�
WKH� SUHVHQFH� RI� KXPDQ� SODVPD�� -� 3KDUPDFRO� 7R[LFRO�
0HWKRGV� �� ��������SS� �������

��� & /X� *7 0LZD� 65 3UDNDVK� /6 *DQ� 6.� %DODQL$� QRYHO�
PRGHO� IRU� WKH� SUHGLFWLRQ� RI� GUXJ�GUXJ� LQWHUDFWLRQV� LQ�
KXPDQV� EDVHG� RQ LQ� YLWURF\WRFKURPH� S���� SKHQRW\SLF�
GDWD��'UXJ�0HWDE�'LVSRV� �� ��������SS� �����

��� 3 =KDR� ./ .XQ]H� &$� /HH(YDOXDWLRQ�RI� WLPH�GHSHQGHQW�
LQDFWLYDWLRQ� RI� &<3�$� LQ� FU\RSUHVHUYHG� KXPDQ�
KHSDWRF\WHV�� 'UXJ� 0HWDE� 'LVSRV� �� �������� SS� ����
���

��� ') 0FJLQQLW\� $- %HUU\� -5 .HQQ\� . *ULPH� 5-� 5LOH\(Y
DOXDWLRQ� RI� WLPH�GHSHQGHQW� F\WRFKURPH� 3���� LQKLELWLRQ�
XVLQJ� FXOWXUHG� KXPDQ� KHSDWRF\WHV�� 'UXJ� 0HWDE�
'LVSRV� �� ��������SS� ���������

��� & /X� $3� /L6SHFLHV�FRPSDULVRQ�LQ�3����LQGXFWLRQ��HIIHFWV�
RI� GH[DPHWKDVRQH�� RPHSUD]ROH�� DQG� ULIDPSLQ� RQ� 3����
LVRIRUPV��$�DQG��$�LQ�SULPDU\�FXOWXUHG�KHSDWRF\WHV�IURP�
PDQ�� 6SUDJXH�'DZOH\� UDW�� PLQLSLJ�� DQG� EHDJOH� GRJ��
&KHP�%LRO�,QWHUDFW� ��� ��������SS� �������

��� ' =KDQJ� 0 =KX �(GV��� 'UXJ�PHWDEROLVP�LQ�GUXJ�GHVLJQ�
DQG� GHYHORSPHQW� :LOH\� 	� 6RQV� 1HZ� <RUN� ��������
SS� �������

9LHZ�SXEOLFDWLRQ�VWDWV9LHZ�SXEOLFDWLRQ�VWDWV


