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7KLV�SXEOLFDWLRQ�DQG�RU�DUWLFOH�LV�IRU�LQGLYLGXDO�XVH�RQO\�DQG�PD\�QRW�EH�IXUWKHU
UHSURGXFHG�ZLWKRXW�ZULWWHQ�SHUPLVVLRQ�IURP�WKH�FRS\ULJKW�KROGHU�

8QDXWKRUL]HG�UHSURGXFWLRQ�PD\�UHVXOW�LQ�¿QDQFLDO�DQG�RWKHU�SHQDOWLHV
',6&/2685(��$//�$87+256�5(3257�12�&21)/,&76�2)�
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.H\�ZRUGV��HQGRGRQWLF�WUHDWPHQW��SULPDU\�WHHWK��PLQRF\FOLQH��WULSOH�DQWLELRWLF�SDVWH

0DLOLQJ�DGGUHVV��'U�9DOHULD�$OOL]RQG�
'HSDUWPHQW�RI�3XEOLF�+HDOWK�DQG�3DHGLDWULFV��
9LD�6DQWHQD����
������7XULQ��,WDO\
7HO��������������������
)D[������������������
H�PDLO��YDOHULD�DOOL]RQG#XQLWR�LW�

(OLPLQDWLRQ�RI�PLFURELDO�FRQWDPLQDWLRQ�IURP�WKH�URRW�FDQDO�V\VWHP�LV�D�SUHFRQGLWLRQ�IRU�VXFFHVVIXO�
URRW�FDQDO�WUHDWPHQW��7HHWK�ZLWK�LPPDWXUH�URRW�GHYHORSPHQW��QHFURWLF�SXOSV�DQG�DSLFDO�SHULRGRQWLWLV�
SUHVHQW�PXOWLSOH�FKDOOHQJHV�IRU�VXFFHVVIXO�WUHDWPHQW��'LVLQIHFWLRQ�LV�DFKLHYHG�E\�LUULJDWLRQ�IROORZHG�E\�
WKH�SODFHPHQW�RI�DQ�LQWUDFDQDO�PHGLFDPHQW��$�PL[WXUH�RI�FLSURÀR[DFLQ��PHWURQLGD]ROH�DQG�PLQRF\FOLQH�
���0,;�6�� KDV� EHHQ� VKRZQ� WR� EH� YHU\� HIIHFWLYH� LQ� HOLPLQDWLQJ� HQGRGRQWLF� SDWKRJHQV� LQ� YLWUR� DQG� LQ�
YLYR��$PRQJ�WKH�FRPSRQHQWV�RI�WKH�PL[WXUH��PLQRF\FOLQH�FDQ�LQGXFH�WRRWK�GLVFRORUDWLRQ�DIWHU�ORQJ�WHUP�
RUDO�XVH��7KHUHIRUH�� WKH�HOLPLQDWLRQ�RI�PLQRF\FOLQH� IURP�WKH�DERYH�PHQWLRQHG�FRPELQDWLRQ�KDV�EHHQ�
VXJJHVWHG�WR�SUHYHQW�WKH�RFFDVLRQ�RI�WKLV�XQGHVLUDEOH�HIIHFW��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�LQYHVWLJDWH�WKH�
SRWHQWLDO�DQWLPLFURELDO�HI¿FDF\�RI�DOWHUQDWLYH�DQWLELRWLF�FRPELQDWLRQV�>��0,;�&��FODULWKURP\FLQ�����0,;�
)��IRVIRP\FLQ�@�DJDLQVW�EDFWHULD�IURP�LQIHFWHG�URRW�FDQDOV��$Q�DGGLWLRQDO�REMHFWLYH�ZDV�WR�HYDOXDWH�WKHLU�
GLVFRORXUDWLRQ�SRWHQWLDO�DV�SRVVLEOH�DOWHUQDWLYHV�WR�PLQRF\FOLQH�EDVHG�LQWUDFDQDO�PHGLFDPHQWV��2XU�LQ�
YLWUR�UHVXOWV�FOHDUO\�GHPRQVWUDWHG�WKDW���0,;�&�DQG���0,;�)�KDG�D�JUHDWHU�DQWLPLFURELDO�DFWLYLW\�WKDQ�
��0,;�6��XQGHUO\LQJ�WKDW�FODULWKURP\FLQ�VWLOO�KDG�D�KLJKHU�FDSDFLW\�WR�NLOO�HQGRGRQWLF�SDWKRJHQV�LQ�YLWUR�
FRPSDUHG�WR�IRVIRP\FLQ��%RWK���0,;�&�DQG���0,;�)�ZHUH�DEOH�WR�DYRLG�WKH�SHUPDQHQW�VWDLQLQJ�HIIHFW�
RI�WKH�FURZQ�
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�'HSDUWPHQW�RI�3XEOLF�+HDOWK�6FLHQFHV�DQG�3DHGLDWULFV��8QLYHUVLW\�RI�7XULQ��7XULQ��,WDO\�
�'HSDUWPHQW�RI�6XUJLFDO�6FLHQFHV��'HQWDO�6FKRRO��(QGRGRQWLFV�8QLYHUVLW\�RI�7XULQ��7XULQ��,WDO\��

�'HSDUWPHQW�RI�3KDUPDF\��$2�&LWWj�GHOOD�6DOXWH�H�GHOOD�6FLHQ]D�RI�7XULQ��7XULQ��,WDO\

5HFHLYHG�-DQXDU\����������±�$FFHSWHG�$SULO����������

/(77(5�72�7+(�(',725

6XFFHVVIXO� HQGRGRQWLF� WUHDWPHQW� UHTXLUHV�
WKH� UHPRYDO� RI� DOO� YLWDO� DQG� QHFURWLF� SXOS� WLVVXH��
PLFURRUJDQLVPV�DQG�WKHLU�WR[LQV��%DFWHULD�SHQHWUDWH�
PRUH� GHHSO\� LQWR� WKH� WXEXOHV� RI� LQIHFWHG� WHHWK�
DQG� LQ� WKLV� ORFDWLRQ� WKH\� PD\� EH� SURWHFWHG� IURP�
WKHUDSHXWLF� DQWLPLFURELDOV� LQ� WKH� URRW� FDQDO� �����
7KH� \RXQJ� SHUPDQHQW� WRRWK� ZLWK� QHFURWLF� SXOS�
WLVVXH� UHTXLUHV� D� FRPSOH[� WUHDWPHQW� ���� ���� )RU�
\HDUV�� DSH[L¿FDWLRQ� ZDV� WKH� VWDQGDUG� WUHDWPHQW��
7KH� UHYDVFXODUL]DWLRQ�UHJHQHUDWLRQ� RI� QRQ�YLWDO�
LPPDWXUH� SHUPDQHQW� WHHWK� PLJKW� EH� DQRWKHU�

WUHDWPHQW�RSWLRQ�IRU�UHVWRULQJ�URRW�GHYHORSPHQW�DQG�
DSLFDO� FORVXUH� ����� 5HJHQHUDWLRQ� SURWRFROV� LQFOXGH�
WKH�WRSLFDO�XVH�RI�HIIHFWLYH�DQWLELRWLFV�ZLWK�D�EURDG�
GHSWK�RI�FRYHUDJH�DJDLQVW�HQGRGRQWLF�SDWKRJHQV������
3UHYLRXV�VWXGLHV�GHPRQVWUDWHG�WKH�HI¿FDF\�RI�D�WULSOH�
DQWLELRWLF� SDVWH� ZKLFK� FRQVLVWV� RI� FLSURÀR[DFLQ��
PHWURQLGD]ROH�DQG�PLQRF\FOLQH�IRU� WKH�VWHULOL]DWLRQ�
RI� LQIHFWHG�URRW�GHQWLQH� �����+RZHYHU��PLQRF\FOLQH�
FDQ� EH� UHVSRQVLEOH� IRU� WKH� GHYHORSPHQW� RI� DQ�
LUUHYHUVLEOH�GHQWLQH�GLVFRORXUDWLRQ�ZLWK�FRQVLGHUDEOH�
HVWKHWLF� FRQFHUQV� DIWHU� ORQJ�WHUP� RUDO� XVH�� FURZQ�



��� 1��0$1'5$6�(7�$/�

GLVFRORXUDWLRQ� PD\� DSSHDU� ZLWKLQ� ��� KRXUV� DIWHU�
DSSOLFDWLRQ� RI� PLQRF\FOLQH� ����� RU� HYHQ� RQO\� RQH�
KRXU�DIWHU�UHPRYDO�RI�WKH�VPHDU�OD\HU�DQG�DSSOLFDWLRQ�
RI� WULSOH� DQWLELRWLF� SDVWH� ZLWK� PLQRF\FOLQH� ����� 7R�
SUHYHQW� WKLV� XQGHVLUDEOH� VLGH� HIIHFW�� WKH� VHDOLQJ� RI�
GHQWLQDO� WXEXOHV� RI� WKH� SXOS� FKDPEHU� E\� D� GHQWLQH�
ERQGLQJ� DJHQW� KDV� EHHQ� SURSRVHG� ����� HYHQ� LI� WKLV�
SURFHGXUH�UHGXFHV�WKH�RYHUDOO�FRORU�FKDQJH�EXW�GRHV�
QRW�SUHYHQW�LW������7KHUHIRUH��VRPH�DXWKRUV�VXJJHVWHG�
WKH� HOLPLQDWLRQ� RI� PLQRF\FOLQH� IURP� WKH� RULJLQDO�
SURSRVHG� WULSOH� DQWLELRWLF� DVVRFLDWLRQ� �%LPL[�� LQ�
RUGHU�WR�HOLPLQDWH�WKLV�XQGHVLUDEOH�VLGH�HIIHFW������

7KXV��WKH�SULPDU\�REMHFWLYH�RI�WKLV�VWXG\�ZDV�WR�
LQYHVWLJDWH� WKH� DQWLPLFURELDO� HI¿FDF\�RI� DOWHUQDWLYH�
DQWLELRWLF� FRPELQDWLRQV� FRQWDLQLQJ� FODULWKURP\FLQ�
���0,;� &�� DQG� IRVIRP\FLQ� ���0,;� )�� DJDLQVW�
EDFWHULD� IURP� LQIHFWHG� URRW� FDQDOV�� &ODULWKURP\FLQ�
ZDV�XVHG�EHFDXVH�WKH�PDFUROLGH�KDV�EHHQ�VXJJHVWHG�
IRU�QRQ�VXUJLFDO�SHULRGRQWDO�WKHUDS\�LQ�WKH�WUHDWPHQW�
RI� FKURQLF� SHULRGRQWLWLV�� DQG� IRU� LWV� WKHUDSHXWLF�
EHQH¿WV� VXFK� DV� IDYRUDEOH� WLVVXH� GLVWULEXWLRQ��
HVSHFLDOO\�LQ�¿EUREODVWV�������)RVIRP\FLQ�ZDV�XVHG�
LQ� RUGHU� WR� FRPSDUH� LWV� DQWLPLFURELDO� DFWLYLW\�ZLWK�
WKH�OLWHUDWXUH�GDWD�������$Q�DGGLWLRQDO�REMHFWLYH�ZDV�
WR�HYDOXDWH�WKH�GLVFRORXUDWLRQ�SRWHQWLDO�RI���0,;�&�
DQG���0,;�)�DV�SRVVLEOH�DOWHUQDWLYHV�WR�PLQRF\FOLQH�
EDVHG�LQWUDFDQDO�PHGLFDPHQWV�
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3DWLHQWV
,Q�WKH�SUHVHQW�VWXG\����KHDOWK\�VXEMHFWV�����IHPDOHV�DQG�

���PDOHV��������\HDUV�RI�DJH��GLDJQRVHG�ZLWK�SXOS�QHFURVLV�
ZLWK�RU�ZLWKRXW�DSLFDO�SHULRGRQWLWLV��DFXWH�RU�FKURQLF��ZHUH�
UHFUXLWHG�DW�WKH�'HSDUWPHQW�RI�6XUJLFDO�6FLHQFHV��'HQWDO�
6FKRRO��8QLYHUVLW\�RI�7XULQ��$OO�VXEMHFWV�ZHUH� LQIRUPHG�
RQ�DQ�LQGLYLGXDO�EDVLV�DERXW�WKH�SXUSRVH�RI�WKH�VWXG\�DQG�
JDYH� WKHLU� ZULWWHQ� FRQVHQW�� 7KH� SDWLHQWV¶� PHGLFDO� DQG�
GHQWDO�VWDWXV�GDWD�ZHUH�FROOHFWHG��)RU�HDFK�SDWLHQW��SXOSDO�
DQG� SHULUDGLFXODU� VWDWXV� ZHUH� DVVHVVHG� WKURXJK� YLWDOLW\�
WKHUPDO�DQG�HOHFWULF�SXOS�WHVWV��'LDJQRVWLF�8QLW��6\EURQ��
2UDQJH��&$��86$���SDOSDWLRQ�DQG�SHUFXVVLRQ��3HULDSLFDO�
;�UD\� H[DPLQDWLRQ� ZDV� SHUIRUPHG� �3ODQPHFD� ,QWUD� ��
+HOVLQNL��)LQODQG��XVLQJ�5LQQ�;&3�GHYLFHV� �5LQQ�&RUS��
(OJLQ� ,OO���$IWHU� ORFDO� DQDHVWKHVLD�ZLWK� ���PHSLYDFDLQH�
ZLWK�DGUHQDOLQH�����������DQG�LVRODWLRQ�RI�WKH�WRRWK�ZLWK�
D�UXEEHU�GDP��WKH�DFFHVV�FDYLW\�ZDV�PDGH��

6DPSOHV�
%DFWHULDO� VDPSOHV� XVHG� LQ� WKLV� VWXG\� ZHUH� FROOHFWHG�

IURP�QHFURWLF� QRQ�FDULRXV� SHUPDQHQW� WHHWK� DQG� KDQGOHG�
XQGHU� VWULFW� DQDHURELF� FRQGLWLRQV� LQ� D� VSHFLDO� FKDPEHU�
ZLWK� FRQWUROOHG� DWPRVSKHUH� DQG� WHPSHUDWXUH�� WDNLQJ�
LQWR� DFFRXQW� WKRVH� SUHFDXWLRQV� QHFHVVDU\� IRU� DYRLGLQJ�
FRQWDPLQDWLRQ��7KH�VDPSOHV�ZHUH�WDNHQ�ZLWK�VWHULOH�SDSHU�
FRQHV��PDLQWDLQHG�IRU�DERXW����VHFRQGV�LQ�WKH�QHFURWLF�URRW�
FDQDO��EHIRUH�LUULJDWLRQ�ZLWK����1D2&O��7KH�SDSHU�FRQHV�
ZHUH�SODFHG�ZLWKRXW�LQWURGXFLQJ�DLU�LQ�DQ�DQDHURELF�VWHULOH�
WUDQVSRUW� WXEH�FRQWDLQLQJ���PO�RI�DQ�DQDHURELF�WUDQVSRUW�
PHGLD��3RUW�$�&XO70��%HFWRQ�'LFNLQVRQ��,WDO\��������7KH�
VDPSOHV� ZHUH� VHQW� WR� WKH� 'HSDUWPHQW� RI� 3XEOLF� +HDOWK�
6FLHQFHV� DQG� 3DHGLDWULFV� �0LFURELRORJ\� /DERUDWRU\���
8QLYHUVLW\�RI�7XULQ��DQG�DQDO\]HG�ZLWKLQ�RQH�KRXU�DIWHU�
WKH�VDPSOH�ZDV�WDNHQ��

$QWLELRWLFV
0HWURQLGD]ROH��9$*,/(1���$OID�:DVVHUPDQQ��,WDO\���

FLSURÀR[DFLQ� �,%$;,&,1��� ,%,�� ,VWLWXWR� %LRFKLPLFR�
,WDOLDQR� *LRYDQQL� /RUHQ]LQL�� ,WDO\��� PLQRF\FOLQH�
�0,12&,1���:\HWK� /HGHUOH�� ,WDO\�� DQG� FODULWKURP\FLQ�
�0$&/$',1���0HQDULQL�'LDJQRVWLFV�� ,WDO\��ZHUH�XVHG��
)RVIRP\FLQ� ZDV� HPSOR\HG� DV� IRVIRP\FLQ� VDOL¿HG� ZLWK�
WURPHWDPRO� �IRVIRP\FLQ� WURPHWKDPLQH�� 02185,/���
=DPERQ�*URXS��,WDO\��

3UHSDUDWLRQ�RI���0,;V�IRU�PLFURELRORJLFDO�DQDO\VLV
7KH� HQWHULF� FRDWLQJ� RI�PHWURQLGD]ROH�� FLSURÀR[DFLQ��

PLQRF\FOLQH�DQG�FODULWKURP\FLQ�ZDV�UHPRYHG��7KH�WDEOHWV�
ZHUH�SXOYHUL]HG�XVLQJ�D�PRUWDU�DQG�SHVWOH��7KH�SRZGHUHG�
DQWLELRWLFV��IRVIRP\FLQ�LQFOXGHG��ZHUH�VWRUHG�DQG�VHDOHG�
VHSDUDWHO\�LQ�DLUWLJKW�FRQWDLQHUV�QRW�H[SRVHG�WR�PRLVWXUH�
RU�OLJKW��

&ODULWKURP\FLQ�� IRVIRP\FLQ�� PLQRF\FOLQH� DQG�
FLSURÀR[DFLQ� FRQFHQWUDWLRQV� XVHG� LQ� ��0,;V� ZHUH�
REWDLQHG� IURP� PLQLPDO� LQKLELWLRQ� FRQFHQWUDWLRQ� �0,&��
YDOXH�RQ�(QWHURFRFFXV�IDHFDOLV�$7&&�������GHWHUPLQHG�
E\�EURWK�PLFURGLOXLWLRQ�PHWKRG��ZKLOH�WKH�PHWURQLGD]ROH�
FRQFHQWUDWLRQ�XVHG�UHVXOWHG�IURP�0,&�YDOXH�UHFRPPHQGHG�
E\�WKH�&/6,�LQ�GRFXPHQW�0����6��������IRU�(QWHURFRFFXV�
VSS��(QWHURFRFFXV�IDHFDOLV�ZDV�FKRVHQ�DV�WKH�WHVW�VSHFLHV�
EHFDXVH�LW�LV�SUHVHQW�LQ�WKH�LQIHFWHG�URRW�FDQDO�DQG�FDSDEOH�
RI�LQYDGLQJ�WKH�GHQWLQH�WXEXOHV�

3RZGHUHG� DQWLELRWLFV� ZHUH� DGGHG� WR� WK\RJO\FROODWH�
PHGLXP� HQULFKHG� ZLWK� YLWDPLQ� .�� DQG� KHPLQ� DJDU�
�7*$��%HFWRQ�'LFNLQVRQ��SODWHV� WR�REWDLQ��D�PL[WXUH�RI�
FLSURÀR[DFLQ� ��� �J�PO��� PHWURQLGD]ROH� ��� �J�PO�� DQG�
PLQRF\FOLQH�����J�PO�����0,;�6��D�PL[WXUH�RI�FLSURÀR[DFLQ�
����J�PO���PHWURQLGD]ROH� ����J�PO��DQG� IRVIRP\FLQ� ����
�J�PO��� ��0,;� )�� � D� PL[WXUH� RI� FLSURÀR[DFLQ� ��� �J�
PO���PHWURQLGD]ROH� ����J�PO��DQG�FODULWKURP\FLQ� ����J�
PO�����0,;�&��D�PL[WXUH�RI�FLSURÀR[DFLQ�����J�PO��DQG�
PHWURQLGD]ROH�����J�PO������0,;�

0LFURELRORJLFDO�DQDO\VLV��$OO�VDPSOHV�ZHUH�YRUWH[HG�
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$OO� SODWHV� ZHUH� LQFXEDWHG� DW� ���&� IRU� ���� GD\V� XQGHU�
DQDHURELF�FRQGLWLRQV�LQ�DQ�DQDHURELF�V\VWHP��$QDHURFXOW�
,6��0HUFN��%UDFFR�� ,WDO\���$OO� FXOWXUHV�ZHUH� NHSW� IRU� DW�
OHDVW���ZHHNV�EXW�H[DPLQHG�IRU�JURZWK�HYHU\���GD\V��7KH�
PLFURELDO�FRXQWV�ZHUH�UHSRUWHG�DV�&)8V�PO�������6XUYLYDO�
IUDFWLRQV�ZHUH� FDOFXODWHG� IURP� HDFK� VDPSOH� WDNLQJ� LQWR�

IRU����VHFRQGV��GLOXWHG������LQ�VWHULOH�GLVWLOOHG�ZDWHU�DQG�
VSUHDG�RQ�7*$�FRQWURO�SODWHV� IRU� LQLWLDO� FRORQ\� IRUPLQJ�
XQLW� �&)8�� GHWHUPLQDWLRQ� DQG� RQ� SODWHV� FRQWDLQLQJ� WKH�
PL[HG�GUXJV�WR�TXDQWLI\�WKH�QXPEHU�RI�DQDHURELF�EDFWHULDO�
VWUDLQV�JURZQ�LQ�SUHVHQFH�RU�DEVHQFH�RI�WKH�GLIIHUHQW�GUXJ�
FRPELQDWLRQV����0,;�6����0,;�)����0,;�&�DQG���0,;��

)LJ�� ��� Ŷ� ��0,;� 6� �FLSURÀR[DFLQ�� PHWURQLGD]ROH� DQG� PLQRF\FOLQH��� Ŷ� ��0,;� )� �FLSURÀR[DFLQ�� PHWURQLGD]ROH� DQG�
IRVIRP\FLQ��� ���0,;�&��FLSURÀR[DFLQ��PHWURQLGD]ROH�DQG�FODULWKURP\FLQ���

)LJ�����Ŷ���0,;�6��FLSURÀR[DFLQ��PHWURQLGD]ROH�DQG�PLQRF\FOLQH���Ŷ���0,;��FLSURÀR[DFLQ�DQG�PHWURQLGD]ROH���
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DFFRXQW�LWV�LQLWLDO�EDFWHULDO�ORDG�
3UHSDUDWLRQ� RI� ��0,;V� IRU� GLVFRORXUDWLRQ� WHVW�� 7KH�

VDPH�DPRXQW�RI�HDFK�SRZGHUHG�GUXJ���������ZDV�PL[HG�
WRJHWKHU�� 7KH� PL[HG� GUXJV� ZHUH� WKHQ� FRPELQHG� ZLWK�
PDFURJRO� DQG� SURS\OHQH� JO\FRO� �9LGK\DVRP� &R��� /WG��

%DQJNRN��7KDLODQG��WR�IRUP�DQ�RLQWPHQW��8QXVHG���0,;V�
ZHUH�GLVFDUGHG�

'LVFRORXUDWLRQ�WHVW��6L[W\�¿YH�URRW�FDQDOV�RI�H[WUDFWHG�
KXPDQ� VLQJOH�URRW� SHUPDQHQW� WHHWK�ZLWK� D� IXOO\� IRUPHG�
DSH[� WKDW�KDG�QRW�XQGHUJRQH�SULRU�HQGRGRQWLF� WUHDWPHQW�
ZHUH� XVHG�� 7HHWK� ZHUH� VHFWLRQHG� DW� WKH� FHPHQW�HQDPHO�
MXQFWLRQ� DQG� WKH� FURZQ�ZDV� HOLPLQDWHG��$IWHU� GHEULGLQJ�
WKH� URRW� VXUIDFH�� VSHFLPHQV� ZHUH� LPPHUVHG� LQ� D� ���
VROXWLRQ�RI�1D2&O��1LFORU����2*1$��0XJJLz��,WDO\��IRU�
�� K� DQG� WKHQ� VWRUHG� LQ� VDOLQH� VROXWLRQ�XQWLO� SUHSDUDWLRQ��
(DFK� URRW� FDQDO�ZDV� SUHÀDUHG� XVLQJ�3DWK)LOH� �'HQWVSO\�
0DLOOHIHU��%DOODLJXHV��6ZLW]HUODQG��DQG�WKHQ�VKDSHG�XVLQJ�
3UR7DSHU� 6��6��)��)��)��)��)�� �'HQWVSO\� 0DLOOHIHU��
DW� WKH� ZRUNLQJ� OHQJWK�� ,UULJDWLRQ� ZDV� SHUIRUPHG� ZLWK�
D� ���JDXJH� QHHGOH� V\ULQJH� XVLQJ� ��� PO� RI� ��� 1D2&O�
DW� ���&� DQG� DOWHUQDWLQJ� ZLWK� ��� PO� RI� ���� ('7$�
�7XEXOLFOHDQ�� 2*1$��� WKH� WRWDO� LUULJDWLRQ� WLPH� ZDV� ���
PLQ� SHU� VSHFLPHQ�� 7KH� HIIHFW� RI� VPHDU� OD\HU� RQ� URRW�
GLVFRORXUDWLRQ�ZDV�QRW�LQYHVWLJDWHG�WKURXJK�WKH�DGRSWLRQ�
RI� ('7$� QRQ�LUULJDWHG� FRQWURO� WHHWK��$IWHU� GU\LQJ� ZLWK�
SDSHU� SRLQWV�� URRW� FDQDOV� ZHUH� UDQGRPO\� GLYLGHG� LQWR�
�� DVVLJQHG� � JURXSV� DQG� EURXJKW� LQWR� FRQWDFW� ZLWK� WKH�
GLIIHUHQW�DQWLELRWLF�DVVRFLDWLRQV�IRU���ZHHNV�

6WDWLVWLFDO�DQDO\VLV�
$�VWDWLVWLFDO�DQDO\VLV�ZDV�SHUIRUPHG�RQ�WKH�FROOHFWHG�

GDWD��.ROPRJRURY�6PLUQRY� WHVW� IRU� QRUPDOLW\�ZDV� XVHG�
WR� DQDO\]H� GDWD�� ZKLFK� ZHUH� QRUPDOO\� GLVWULEXWHG�� 7R�
FRPSDUH�WKH�&)8�FRXQWV�LQ�DOO�JURXSV�D�RQH�ZD\�DQDO\VLV�
RI� YDULDQFH� PRGHO� �$129$�� ZDV� XVHG�� &RUUHFWLRQ� IRU�
PXOWLSOH�FRPSDULVRQV�ZLWK�%RQIHUURQL¶V�WHVW�ZDV�DSSOLHG�
WR�WKH�VLJQL¿FDQFH�OHYHOV�SUHVHQWHG��7KH�OHYHO�RI�VWDWLVWLFDO�
VLJQL¿FDQFH� ZDV� VHW� DW� 3������� $OO� VWDWLVWLFDO� DQDO\VHV�
ZHUH� SHUIRUPHG� XVLQJ� WKH� 6366� IRU� :LQGRZV� �����
VRIWZDUH�SDFNDJH��6366��,QF��&KLFDJR��,/��

)LJ�� ��� Ŷ� ��0,;� 6� �FLSURÀR[DFLQ�� PHWURQLGD]ROH� DQG� PLQRF\FOLQH��� Ŷ� ��0,;� &� �FLSURÀR[DFLQ�� PHWURQLGD]ROH� DQG�
FODULWKURP\FLQ��� ���0,;�)��FLSURÀR[DFLQ��PHWURQLGD]ROH�DQG�IRVIRP\FLQ�����Ŷ���0,;��FLSURÀR[DFLQ�DQG�PHWURQLGD]ROH���

)LJ�� ��� &�� FRQWURO� JURXS�� ��0,;� &� �FLSURÀR[DFLQ��
PHWURQLGD]ROH� DQG� FODULWKURP\FLQ��� ��0,;� )�
�FLSURÀR[DFLQ�� PHWURQLGD]ROH� DQG� IRVIRP\FLQ��� ��0,;�
�FLSURÀR[DFLQ�DQG�PHWURQLGD]ROH�����0,;�6��FLSURÀR[DFLQ��
PHWURQLGD]ROH�DQG�PLQRF\FOLQH���
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WR� WKH� GHYHORSPHQW� RI� D� QHDUO\� IXOO\� PDWXUHG�
URRW�� ZLWK� QRUPDO� WKLFNQHVV� DQG� OHQJWK� ����� �����
7UDGLWLRQDO� DSH[L¿FDWLRQ� SURFHGXUHV� ZLWK� FDOFLXP�
K\GUR[LGH� WR� SURPRWH� WKH� IRUPDWLRQ� RI� D� FDOFL¿HG�
EDUULHU�RU��DOWHUQDWLYHO\�� WKH�FUHDWLRQ�RI�DQ�DUWL¿FLDO�
DSLFDO� EDUULHU� ZLWK� PLQHUDO� WULR[LGH� DJJUHJDWH�� DUH�
SUHGLFWDEOH� DQG� VXFFHVVIXO� ������ +RZHYHU�� WKH\�
GR� QRW� DOORZ� FRPSOHWH� GHYHORSPHQW� RI� WKH� URRW�
����� DQG� WKH� ORQJ�WHUP� FDOFLXP� K\GUR[LGH� WKHUDS\�
PLJKW� QHJDWLYHO\� DIIHFW� WKH� PHFKDQLFDO� SURSHUWLHV�
RI� GHQWLQH� ������ 5HJHQHUDWLYH� SURFHGXUHV� UHTXLUH�
KLJK� OHYHO� GLVLQIHFWLRQ� RI� WKH� URRW� FDQDO� V\VWHP�
VSDFHV��$QWLPLFURELDO� HI¿FDF\� RI� LUULJDQW� VROXWLRQV�
PD\� EH� GHFUHDVHG� E\� WKH� SUHVHQFH� RQ� URRW� FDQDO�
ZDOOV�RI�WKH�VPHDU�OD\HU�SURGXFHG�GXULQJ�URRW�FDQDO�
LQVWUXPHQWDWLRQ��FRPSRVHG�RI�GHQWLQH��RGRQWREODVWLF�
SURFHVVHV�� QRQVSHFL¿F� LQRUJDQLF� FRQWDPLQDQWV�� DQG�
PLFURRUJDQLVPV������WKDW�PD\�LQKLELW�WKH�DGKHUHQFH�
RI� LPSODQWHG� GHQWDO� SXOS� VWHP� FHOOV�� SRWHQWLDOO\�
FDXVLQJ� WKH� IDLOXUH� RI� UHJHQHUDWLYH� HQGRGRQWLF�
WUHDWPHQW�������7KH�UHPRYDO�RI�WKH�VPHDU�OD\HU�DOVR�
DOORZV�WKH�GLUHFW�FRQWDFW�RI���0,;�WR�WKH�URRW�ZDOOV��
ZKLFK� VLJQL¿FDQWO\� LQÀXHQFHV� GLVLQIHFWLRQ� DQG�
ULVN� RI� GLVFRORXUDWLRQ� ����� +RZHYHU�� UHJHQHUDWLYH�
SURFHGXUHV� VWLOO� ODFN� VWDQGDUGL]DWLRQ� RI� WUHDWPHQW�
SURWRFROV��ZLWK�LQWUDFDQDO�PHGLFDPHQWV��DQG�LUULJDQWV�
���� ����� $W� WKH� PRPHQW� WR� UHPRYH� WKH� EDFWHULDO�
FRQVWLWXHQWV�KDUERUHG�LQ�WKH�URRW�FDQDOV�DQG�GHHSHVW�
GHQWLQH� OD\HUV�� D� ��PL[� SDVWH� RI� PHWURQLGD]ROH��
FLSURÀR[DFLQ�� DQG�PLQRF\FOLQH� LV� ODUJHO\� XVHG� DQG�
LWV� EDFWHULFLGDO� HI¿FDF\� DQG� SHQHWUDWLRQ� WKURXJK�
GHQWLQH�IURP�SUHSDUHG�URRW�FDQDOV�KDYH�EHHQ�FOHDUO\�
GHPRQVWUDWHG�LQ�YLWUR����������+RZHYHU��PLQRF\FOLQH�
KDV�EHHQ�UHSRUWHG�WR�FDXVH�WRRWK�GLVFRORXUDWLRQ�DIWHU�
ORQJ�WHUP� RUDO� XVH� E\� ELQGLQJ� WR� FDOFLXP� LRQV� YLD�
FKHODWLRQ� WR� IRUP� DQ� LQVROXEOH� FRPSOH[� ���� ����
7KH� OLWHUDWXUH� UHSRUWV� PDQ\� DWWHPSWV� WR� VROYH� WKLV�
SUREOHP� EXW� ZLWKRXW� VXFFHVV� ���� ���� ����� ,Q� RXU�
VWXG\�� WKH� EDFWHULFLGDO� HI¿FDF\� DQG� WKH� DELOLW\� WR�
SUHYHQW�FURZQ�GLVFRORUDWLRQ�E\���0,;�&�RU���0,;�
)� ZHUH� FRPSDUHG�� 7KH� DQWLPLFURELDO� DFWLYLW\� RI�
ERWK� ��0,;� )� DQG� ��0,;� &� ZDV� PRUH� HIIHFWLYH�
WKDQ�WKDW�RI���0,;�6�DQG���0,;����0,;�)�VKRZHG�
D�JRRG�HI¿FDF\�FRQ¿UPLQJ�ZKDW�KDV�EHHQ�UHSRUWHG�
E\�RWKHU�DXWKRUV���������0,;�&�LQGXFHG�D�EDFWHULDO�
ORDG�VLJQL¿FDQWO\�GHFUHDVHG�FRPSDUHG� WR���0,;�)��
)XUWKHUPRUH��WKH�EDFWHULFLGDO�DFWLYLW\�RI�HDFK�PL[�LV�
EHVW�GHVFULEHG�E\�DQDO\]LQJ�WKH�DFWLRQ�RQ�WKH�HQWLUH�

5(68/76

'DWD�UHODWLYH�WR�WKH�DGGLWLRQ�RI�GLIIHUHQW�DQWLELRWLF�
FRPELQDWLRQV� WR� ��� QHFURWLF� SXOS� VDPSOHV� VKRZHG�
WKDW� WKH� LQLWLDO� LQIHFWLRXV� EXUGHQ� YDULHG� ZLGHO\�
DPRQJ�VLQJOH�VDPSOHV�ZLWK�D�PHDQ�YDOXH�RI�����[����
&)8�PO��UDQJH����[����WR����PHGLDQ�����[������7KLV�
YDULDWLRQ�ZDV�SUREDEO\�FDXVHG�E\�GLIIHUHQFHV�LQ�WKH�
LQWHUQDO�DQDWRP\�DQG�JHRPHWU\�RI�WKH�LQGLYLGXDO�URRW�
FDQDO�V\VWHPV�DQG�WKH�GXUDWLRQ�RI�WKH�LQIHFWLRQV��7KH�
DGGLWLRQ�RI���0,;�6����0,;�)����0,;�&����0,;�WR�
7*$�DJDU�SODWHV�VLJQL¿FDQWO\�GHFUHDVHG�WKH�EDFWHULDO�
GHWHFWLRQ�� WKH�PHDQ�PLFURELDO� ORDG�ZDV� UHGXFHG� WR�
����[���� �UDQJH� ����[���� WR� ��� ���[����PHGLDQ�� LQ�
WKH�SUHVHQFH�RI���0,;�6��WR�����[�����UDQJH�����[����
WR� ��� ��PHGLDQ��ZLWK� ��0,;�)�� WR� ����[���� �UDQJH�
����[����WR������PHGLDQ��LQ�WKH�SUHVHQFH�RI���0,;�
&� DQG� WR� ����[���� �UDQJH� ����[���� WR� ��� ���[����
PHGLDQ��ZLWK���0,;��

7KH�SHUFHQWDJH�RI� EDFWHULDO� UHGXFWLRQ� LQ� ��0,;�
&� DQG� ��0,;� )� �������� DQG� ������� PHGLDQ��
UHVSHFWLYHO\�� ZDV� JUHDWHU� WKDQ� WKDW� DFKLHYHG� LQ�
��0,;�6�DQG���0,;���������DQG��������PHGLDQ��
UHVSHFWLYHO\�� DFFRUGLQJ� WR� WKH� EDFWHULDO� ORDG��
WKH� GLIIHUHQFH� DPRQJ� JURXSV� EHLQJ� VWDWLVWLFDOO\�
VLJQL¿FDQW��3��������

(YHQ� WKH� YDOXHV� IRU� LQGLYLGXDO� ORJ� UHGXFWLRQV�
UHYHDO�D�SURQRXQFHG�EDFWHULFLGDO�DFWLYLW\�RI���0,;�
&�DQG���0,;�)�FRPSDUHG� WR���0,;�6�DQG���0,;�
�)LJ�� ������7KH� EDFWHULFLGDO� DFWLYLW\� RI� HDFK�PL[� LV�
EHVW�GHVFULEHG�E\�DQDO\]LQJ�WKH�DFWLRQ�RQ�WKH�HQWLUH�
SRSXODWLRQ�RI�VXEMHFWV��)LJ������WKLV�ZDV�VLJQL¿FDQWO\�
JUHDWHU� LQ� ��0,;� &� ������ DQG� ��0,;� )� ������
FRPSDUHG�ZLWK�WKDW�REVHUYHG�LQ���0,;�6�������DQG�
��0,;� ������� VKRZLQJ� D� PLFURELFLGDO� DFWLYLW\� RI�
��0,;�&�DSSUR[LPDWHO\����� WLPHV�KLJKHU� WKDQ� WKDW�
REVHUYHG�LQ���0,;�6�DQG�LQ���0,;��UHVSHFWLYHO\�����

7KH� H[SHULPHQWDO� VHW�XS� IRU� WKH� GLVFRORXUDWLRQ�
WHVW�EHIRUH��D��DQG�DIWHU���ZHHNV�RI�LQFXEDWLRQ��E��LV�
UHSRUWHG��LQ�)LJ�����IURP�WKH�WLPH�RI�GUXJ�SODFHPHQW��
D�GDUN�JUHHQLVK�EURZQ�VKDGH�DSSHDUHG�LQ�RQO\���0,;�
6� VDPSOHV� FRQWDLQLQJ� PLQRF\FOLQH�� ,Q� WKH� RWKHU� ��
JURXSV� DQG� LQ� WKH� FRQWURO� JURXS�� WKH� FRORXU� RI� WKH�
URRWV�UHPDLQHG�XQFKDQJHG�

',6&866,21

5HJHQHUDWLYH� HQGRGRQWLF� SURFHGXUHV� FDQ� OHDG�
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WULDQWLELRWLF� LQWUDFDQDO� GUHVVLQJ� LQ� GRJV¶� WHHWK�ZLWK�
DSLFDO�SHULRGRQWLWLV��2UDO�6XUJ�2UDO�0HG�2UDO�3DWKRO�
2UDO�5DGLRO�(QGRG������������������

��� .LP�-+��.LP�<��6KLQ�6-��3DUN�-:��-XQJ� ,<��7RRWK�
GLVFRORXUDWLRQ� RI� LPPDWXUH� SHUPDQHQW� LQFLVRU�
DVVRFLDWHG� ZLWK� WULSOH� DQWLELRWLF� WKHUDS\�� D� FDVH�
UHSRUW��-�(QGRG������������������

��� )RXDG�$)��$UH� DQWLELRWLFV� HIIHFWLYH� IRU� HQGRGRQWLF�
SDLQ"�$Q�HYLGHQFH�EDVHG�UHYLHZ��(QGRGRQWLF�7RSLFV�
��������������

��� +RVKLQR� (��.XULKDUD�$QGR�1�� 6DWR� ,��8HPDWVX�+��
6DWR� 0�� .RWD� .�� ,ZDNX� 0�� ,Q�YLWUR� DQWLEDFWHULDO�
VXVFHSWLELOLW\� RI� EDFWHULD� WDNHQ� IURP� LQIHFWHG� URRW�
GHQWLQH�WR�D�PL[WXUH�RI�FLSURÀR[DFLQ��PHWURQLGD]ROH�
DQG�PLQRF\FOLQH��,QW�(QGRG�-�����������������

��� �$KPHG�+0$��$EERWW�39��'LVFRORXUDWLRQ�SRWHQWLDO�
RI�HQGRGRQWLF�SURFHGXUHV�DQG�PDWHULDOV��D�UHYLHZ��,QW�
(QGRG�-�����������������

��� 5H\QROGV� .�� -RKQVRQ� -'�� &RKHQFD� 1�� 3XOS�
UHYDVFXODUL]DWLRQ�RI�QHFURWLF�ELODWHUDO�ELFXVSLGV�XVLQJ�
D� PRGL¿HG� QRYHO� WHFKQLTXH� WR� HOLPLQDWH� SRWHQWLDO�
FRURQDO� GLVFRORXUDWLRQ�� D� FDVH� UHSRUW�� ,QW� (QGRG� -�
���������������

��� $NJXQ� 20�� $OWXQ� &�� *XYHQ� *�� 8VH� RI� WULSOH�
DQWLELRWLF� SDVWH� DV� D� GLVLQIHFWDQW� IRU� D� WUDXPDWL]HG�
LPPDWXUH� WRRWK� ZLWK� D� SHULDSLFDO� OHVLRQ�� D� FDVH�
UHSRUW��2UDO�6XUJ�2UDO�0HG�2UDO�3DWKRO�2UDO�5DGLRO�
(QGRG����������������

���� $JDUZDO� (�� 3UDGHHS� $5�� 3DYDQ� %�� 6DYLWKD� %1��
(I¿FDF\�RI�ORFDO�GUXJ�GHOLYHU\�RI������FODULWKURP\FLQ�
JHO�DV�DQ�DGMXQFW�WR�QRQ�VXUJLFDO�SHULRGRQWDO�WKHUDS\�
LQ� WKH� WUHDWPHQW� RI� FKURQLF� SHULRGRQWLWLV� VXEMHFWV�
DPRQJ� VPRNHUV� ±� D� UDQGRPL]HG� FRQWUROOHG� FOLQLFDO�
WULDO��-�3HULRGRQWRO�����������������

���� 6DWR� ,�� .XULKDUD� 1$�� .RWD� .�� ,ZDNX�0�� +RVKLQR�
(�� 6WHULOL]DWLRQ� RI� LQIHFWHG� URRW�FDQDO� GHQWLQH� E\�
WRSLFDO� DSSOLFDWLRQ� RI� D� PL[WXUH� RI� FLSURÀR[DFLQ��
PHWURQLGD]ROH�DQG�PLQRF\FOLQH�LQ�VLWX��,QW�(QGRG�-�
����������������

���� 3DVTXDOLQL� '�� &XI¿QL� $0�� 6FRWWL� 1�� 0DQGUDV� 1��
6FDODV�'��3HUD�)��%HUXWWL�(��&RPSDUDWLYH�HYDOXDWLRQ�
RI� WKH� DQWLPLFURELDO� HI¿FDF\� RI� D� ��� VRGLXP�
K\SRFKORULWH� VXEVRQLF�DFWLYDWHG� VROXWLRQ�� -� (QGRG�
������������������

���� &OLQLFDO� DQG� /DERUDWRU\� 6WDQGDUGV� ,QVWLWXWH��
3HUIRUPDQFH� VWDQGDUGV� IRU� DQWLPLFURELDO�

SRSXODWLRQ� RI� VXEMHFWV� ZKHUH� ��0,;� &� H[KLELWHG�
D� PLFURELFLGDO� DFWLYLW\� DSSUR[LPDWHO\� ���� WLPHV�
VXSHULRU�WR�WKDW�REVHUYHG�LQ���0,;�6�DQG�LQ���0,;�
DQG���WLPHV�WR�WKDW�GHWHFWHG�ZLWK���0,;�)��SUREDEO\�
UHODWHG� WR� FODULWKURP\FLQ¶V� EHWWHU� DQWLPLFURELDO�
SURSHUWLHV��7KH�PRVW�LQWHUHVWLQJ�UHVXOW�LV�WKDW�D�VHYHUH�
GLVFRORXUDWLRQ�RQO\�RFFXUUHG�LQ�WKH���0,;�6�VDPSOHV��
GLVFRORXUDWLRQ�E\�WKH�WHWUDF\FOLQH�IDPLO\�LV�WKRXJKW�WR�
EH�D�SKRWRLQLWLDWHG�UHDFWLRQ������LQ�RXU�H[SHULPHQWDO�
FRQGLWLRQV�� WKH� WRRWK� VDPSOHV� EHFDPH� GDUN� DIWHU�
PLQRF\FOLQH� WUHDWPHQW� GHVSLWH� D� ODFN� RI� VXQOLJKW��
1R� VLJQL¿FDQW� GLIIHUHQFHV� LQ� WHUPV� RI� WKH� VXUIDFH�
GDUNQHVV� RI� WKH� VDPSOHV� ZHUH� REVHUYHG� DPRQJ� DOO�
WKH� RWKHU� JURXSV�� ��0,;� LQFOXGHG�� FRQ¿UPLQJ� WKDW�
PLQRF\FOLQH� LV� WKH�FDXVH�RI�FRURQDO�GLVFRORXUDWLRQ��
7R�RYHUFRPH�WKH�LVVXH�RI�VWDLQLQJ��ERWK���0,;�)�RU�
��0,;�&�ZRXOG�EH�SUHIHUUHG�DV�DOWHUQDWLYH�

7KH� IROORZLQJ� FRQFOXVLRQV� FDQ� EH� GUDZQ�� WKH�
EDFWHULFLGDO� HIIHFW� RI� ��0,;� &� DQG� ��0,;� )� ZDV�
VLJQL¿FDQWO\� VXSHULRU� WR� WKDW� RI� ��0,;� 6� DQG�
��0,;�� DJDLQVW� DQDHURELF�PLFURRUJDQLVPV� LVRODWHG�
IURP� QHFURWLF� SHUPDQHQW� WHHWK�� ��0,;� &� VKRZV� D�
KLJKHU�FDSDFLW\�WR�NLOO�HQGRGRQWLF�SDWKRJHQV�LQ�YLWUR�
FRPSDUHG�WR���0,;�)��ERWK���0,;�&�DQG���0,;�)�
ZHUH�DEOH�WR�DYRLG�WKH�SHUPDQHQW�VWDLQLQJ�HIIHFW�RI�
WKH�FURZQ���

:LWKLQ� WKH� OLPLWDWLRQV� RI� WKLV� VWXG\�� WKH� UHVXOWV�
REWDLQHG� LQ� YLWUR� VKRZ� WKDW� ��0,;� &� LV� KLJKO\�
HQFRXUDJLQJ� DV� D� IHDVLEOH� DOWHUQDWLYH� LQ� WKH� SXOS�
WUHDWPHQW� RI� LUUHYHUVLEO\� LQIHFWHG� RU� QHFURWLF�
SHUPDQHQW� WHHWK�� &ODULWKURP\FLQ� DQWLPLFURELDO�
VXEVWDQWLYLW\��WKH�SURSHUW\�RI�D�VXEVWDQFH�WR�ELQG�WR�
WKH�VRIW�DQG�RU�KDUG�WLVVXH�ZDOOV�RI�WKH�SRFNHW��ZLOO�
EH�IXUWKHU�DVVHVVHG� WR�VXJJHVW� LWV�FOLQLFDO�XVH�DV�DQ�
HQGRGRQWLF�DQWLPLFURELDO�PHGLFDPHQW�

5()(5(1&(6

��� )RXDG� $)�� 7KH� PLFURELDO� FKDOOHQJH� WR� SXOS�
UHJHQHUDWLRQ��$GY�'HQW�5HV����������������

��� +DUJUHDYHV� .0�� *LHVOHU� 7�� +HQU\� 0�� :DQJ� <��
5HJHQHUDWLRQ�SRWHQWLDO�RI�WKH�\RXQJ�SHUPDQHQW�WRRWK��
ZKDW�GRHV�WKH�IXWXUH�KROG"�-�(QGRG���������������

��� GD� 6LOYD� /$�� 1HOVRQ�)LOKR� 3�� GD� 6LOYD� 5$��
)ORUHV� '6�� +HLOERUQ� &�� -RKQVRQ� -'�� &RKHQFD�
1�� 5HYDVFXODUL]DWLRQ� DQG� SHULDSLFDO� UHSDLU� DIWHU�
HQGRGRQWLF�WUHDWPHQW�XVLQJ�DSLFDO�QHJDWLYH�SUHVVXUH�
LUULJDWLRQ� YHUVXV� FRQYHQWLRQDO� LUULJDWLRQ� SOXV�
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���� $QGUHDVHQ�-2��)DULN�%��0XQNVJDDUG�(&��/RQJ�WHUP�
FDOFLXP� K\GUR[LGH� DV� D� URRW� FDQDO� GUHVVLQJ� PD\�
LQFUHDVH�ULVN�RI�URRW�IUDFWXUH��'HQW�7UDXPDWRO�������
���������

���� &]RQVWNRZVN\� 0�� :LOVRQ� (*�� +ROVWHLQ� )$�� 7KH�
VPHDU� OD\HU� LQ� HQGRGRQWLFV�� 'HQW� &OLQ� 1RUWK� $P�
���������������

���� 7UHYLQR�(*��3DWZDUGKDQ�$1��+HQU\�0$��3HUU\�*��
'\EGDO�+DUJUHDYHV� 1�� +DUJUHDYHV� .0�� 'LRJHQHV�
$��(IIHFW�RI�LUULJDQWV�RQ�WKH�VXUYLYDO�RI�KXPDQ�VWHP�
FHOOV� RI� WKH� DSLFDO� SDSLOOD� LQ� D� SODWHOHW�ULFK� SODVPD�
VFDIIROG�LQ�KXPDQ�URRW�WLSV��-�(QGRG���������������
���

���� .XPDU�$�� .XPDU� 9�� 6LQJK� -�� +RRGD�$�� 'XWWD� 6��
'UXJ�LQGXFHG� GLVFRORXUDWLRQ� RI� WHHWK�� DQ� XSGDWHG�
UHYLHZ��&OLQ��3HGLDWU����������������

���� 7URSH�0�� 7UHDWPHQW� RI� WKH� LPPDWXUH� WRRWK� ZLWK� D�
QRQ�YLWDO� SXOS� DQG� DSLFDO� SHULRGRQWLWLV�� 'HQW� &OLQ�
1RUWK�$P�����������������

VXVFHSWLELOLW\� WHVWLQJ�� WZHQW\�¿UVW� LQIRUPDWLRQDO�
VXSSOHPHQW��'RFXPHQW�0����6���������:D\QH��3$��
&/6,��

���� %DQFKH� *�� 5RDQD� -�� 0DQGUDV� 1�� HW� DO�� 0LFURELDO�
DGKHUHQFH� RQ� YDULRXV� LQWUDRUDO� VXWXUH� PDWHULDOV� LQ�
SDWLHQWV�XQGHUJRLQJ�GHQWDO�VXUJHU\��-�2UDO�0D[LOORIDF�
6XUJ�����������������

���� %RVH�5��1XPPLNRVNL�3��+DUJUHDYHV�.��$�UHWURVSHFWLYH�
HYDOXDWLRQ� RI� UDGLRJUDSKLF� RXWFRPHV� LQ� LPPDWXUH�
WHHWK�ZLWK� QHFURWLF� URRW� FDQDO� V\VWHPV� WUHDWHG�ZLWK�
UHJHQHUDWLYH� HQGRGRQWLF�SURFHGXUHV�� -�(QGRG�������
����������

���� 0XUUD\� 3(�� *DUFLD�*RGR\� )�� +DUJUHDYHV� .0��
5HJHQHUDWLYH�HQGRGRQWLFV��D�UHYLHZ�RI�FXUUHQW�VWDWXV�
DQG�D�FDOO�IRU�DFWLRQ��-�(QGRG������������������

���� :LWKHUVSRRQ� '(�� 6PDOO� -&�� 5HJDQ� -'�� 1XQQ� 0��
5HWURVSHFWLYH�DQDO\VLV�RI�RSHQ�DSH[�WHHWK�REWXUDWHG�
ZLWK� PLQHUDO� WULR[LGH� DJJUHJDWH�� -� (QGRG� ������
�����������




