
� �

,QGLDQ�$JULFXOWXUDO�6WDWLVWLFV�5HVHDUFK�,QVWLWXWH�
/LEUDU\�$YHQXH��3XVD��1HZ�'HOKL���������

�
,QWURGXFWLRQ�
3URSHU� EORFNLQJ�RI� H[SHULPHQWDO� XQLWV� LV� DQ� LPSRUWDQW�
SRLQW� WKDW� KDV� WR� EH� WDNHQ� FDUH� RI� GXULQJ� WKH�
H[SHULPHQWDWLRQ�� ,Q� ILHOG� H[SHULPHQWDWLRQ�� WKH�
H[SHULPHQWDO� XQLWV� DUH� WKH� SORWV� DQG� D� JURXS� RI� SORWV�
KDYLQJ� VLPLODU� IHUWLOLW\� OHYHO� IRUPV�D�EORFN��7R�HQVXUH�
WKDW� WKH� SORWV� ZLWKLQ� D� EORFN� DUH� KRPRJHQHRXV�� WKH�
WUDGLWLRQDO� ZD\� LV� WR� IRUP� WKH� EORFNV� DFURVV� WKH�
GLUHFWLRQ�RI� WKH�IHUWLOLW\�JUDGLHQW�ZLWK� WKH�SUHVXPSWLRQ�
WKDW� WKH� IHUWLOLW\� JUDGLHQW� LV� LQ� RQH� GLUHFWLRQ�� 7KLV� LV�
VHOGRP�WKH�FDVH��XQOHVV�WKH�ODQG�KDV�KLJK�VORSH�OLNH�LQ�
WKH� KLOOV�� ,Q� PRVW� VLWXDWLRQV� SDUWLFXODUO\� LQ� WKH� SODLQV��
WKH� IHUWLOLW\� FRQWRXU� PDSV� VKRZ� WKDW� WKH� YDULDWLRQV� LQ�
IHUWLOLW\�DUH�LQ�SDWFKHV�UDWKHU�WKDQ�LQ�D�VLQJOH�GLUHFWLRQ��
+HQFH�� WKH� YHU\� FRQFHSW� RI� IRUPLQJ� EORFNV� LQ�
UHFWDQJXODU�VKDSHV�ZLWK�RQH�RU�PRUH�WKDQ�RQH�VWULS�DV�LV�
EHLQJ� GRQH� DW� SUHVHQW�PD\� EH� IDXOW\� DQG�PD\� OHDG� WR�
HUURQHRXV�FRQFOXVLRQV���7KLV�PD\�EH�WKH�UHDVRQ�ZK\�LQ�
PRVW� VLWXDWLRQV� WKH� EORFN� PHDQ� VTXDUH� LV� VPDOO� DV�
FRPSDUHG� WR� HUURU� PHDQ� VTXDUH�� 7KHUHIRUH�� WKHUH� LV� D�
QHHG� WR�GHYHORS�D�PHWKRGRORJ\�RI�GHFLGLQJ�VKDSH�DQG�
VL]H� RI� SORWV� DQG� EORFNV�� VR� WKDW� LQ� WKH� QHZ� EORFNLQJ�
VWUXFWXUH�� WKH�EORFN�PHDQ�VTXDUH� LV� ODUJH�DV� FRPSDUHG�
WR�HUURU�PHDQ�VTXDUH���
�
7KH� DERYH� GLVFXVVLRQ� UHODWHV� WR� WKH� EORFNLQJ� RI�
H[SHULPHQWDO� XQLWV� LQ� ILHOG� H[SHULPHQWV� FRQGXFWHG� RQ�
UHVHDUFK� VWDWLRQV�� � 7KH� WHFKQRORJ\� JHQHUDWHG� DW� WKH�
UHVHDUFK� VWDWLRQV� KDV� WR� EH� DGRSWHG� E\� WKH� IDUPHUV� WR�
LQFUHDVH� WKH� SURGXFWLYLW\� DQG� PDLQWDLQLQJ� WKH� VRLO�
IHUWLOLW\��7KH�WHFKQRORJ\�KDV��WKHUHIRUH��WR�EH�WHVWHG�E\�
WDNLQJ� LQWR�DFFRXQW� WKH� UHDOLVWLF�HQYLURQPHQW�DQG�ZLWK�
IDUPHUV¶� SDUWLFLSDWLRQ� LQ� VSHFLILF� UHFRPPHQGDWLRQ�
GRPDLQ��$V�D�FRQVHTXHQFH��PRUH�DQG�PRUH�HPSKDVLV�LV�
EHLQJ� ODLG� E\� GLIIHUHQW� RUJDQL]DWLRQV� RQ� 
2Q�)DUP�
5HVHDUFK
�� 7KH� H[SHULPHQWV� FRQGXFWHG� RQ� )DUPHUV
�
ILHOGV�KDYH�EHHQ�FODVVLILHG�LQWR�WKUHH�FDWHJRULHV�YL]���D��
WULDOV� GHVLJQHG� DQG� PDQDJHG� E\� WKH� UHVHDUFKHU�� �E��
WULDOV� GHVLJQHG� E\� WKH� UHVHDUFKHU� DQG�PDQDJHG� E\� WKH�
IDUPHU� DQG� �F�� WULDOV� GHVLJQHG� DQG� PDQDJHG� E\� WKH�
IDUPHU�� 7KH� VWDWLVWLFDO� GHVLJQLQJ� RI� H[SHULPHQWV� IRU�
FDWHJRULHV� ,� DQG� ,,� VXIIHUV� SULPDULO\� IURP� ODFN� RI�
FRQWURO� RQ� YDULDELOLW\� GXH� WR� �D�� YDULDWLRQ� LQ� IDUPHUV
�
PDQDJHULDO� VNLOOV� DQG� UHVRXUFHV�� �E�� SORW� WR� SORW�
YDULDWLRQ� GXH� WR� GLIIHUHQW� IHUWLOLW\� OHYHOV�� ZHHG�
LQFLGHQFH� LQ� WKH� ODVW�VHDVRQ��XQGXODWHG� ODQG��HWF��6XFK�
SUREOHPV�ZHUH�KLJKOLJKWHG�GXULQJ�D�GLVFXVVLRQ�EHWZHHQ�

'U�� $�.�� 1LJDP�� 'LUHFWRU�� ,QVWLWXWH� RI� $SSOLHG�
6WDWLVWLFV�DQG�'HYHORSPHQW�6WXGLHV��/XFNQRZ�DQG�'U��
5�.�6LQJK��,QWHUQDWLRQDO�5LFH�5HVHDUFK�,QVWLWXWH��,55,��
UHSUHVHQWDWLYH��RQ� WKH�SUREOHPV�RI� YDULDELOLW\�EHWZHHQ�
WKH� SORWV� RI� WKH� VDPH� IDUPHU� HQFRXQWHUHG� XQGHU� WKH�
5LFH�(FR�6\VWHP�SURMHFW�RI�,55,�FRQGXFWHG�LQ�(DVWHUQ�
8WWDU� 3UDGHVK��'HYHORSPHQW�� LGHQWLILFDWLRQ� RI� GHVLJQV�
WKDW�FDQ�WDNH�FDUH�RI�WKH�YDULDWLRQV�DQG�SUREOHPV�RI�2Q�
)DUP� UHVHDUFK� ZLOO� EH� TXLWH� KHOSIXO� LQ� LPSURYLQJ� WKH�
SUHFLVLRQ�RI�WUHDWPHQW�FRPSDULVRQV��7KH�GDWD�JHQHUDWHG�
IURP� DQ� H[SHULPHQW� LV� DQDO\]HG� WR� GUDZ� VWDWLVWLFDOO\�
YDOLG� FRQFOXVLRQV�� ,Q� PRVW� RI� WKH� 2Q�IDUP� WULDOV�� WKH�
IDUPHUV� DUH� VHOHFWHG� XVLQJ� D� PXOWLVWDJH� UDQGRP�
VDPSOLQJ�GHVLJQ��$V�D�FRQVHTXHQFH��VRPH�RI�WKH�HIIHFWV�
FRQVLGHUHG� LQ� WKH� PRGHO� DUH� UDQGRP� ZKHUHDV� WKH�
DQDO\VLV� LV� JHQHUDOO\� FDUULHG� RXW� XVLQJ� D� IL[HG� HIIHFWV�
PRGHO�� 7KHUHIRUH�� DQ� DQDO\WLFDO� SURFHGXUH� EDVHG� RQ�
OLQHDU� PL[HG� HIIHFWV� PRGHO� ZLOO� EH� TXLWH� KHOSIXO� LQ�
GUDZLQJ�VWDWLVWLFDOO\�YDOLG�FRQFOXVLRQV��
�
,Q� YLHZ� RI� WKH� LPSRUWDQFH� RI� SURSHU� EORFNLQJ�
WHFKQLTXHV�IRU�RQ�VWDWLRQ�H[SHULPHQWV��HIILFLHQW�GHVLJQV�
IRU� RQ�IDUP� WULDOV� DQG� VRSKLVWLFDWHG� DQDO\WLFDO�
WHFKQLTXHV� IRU� DQDO\VLV� RI� VXFK� H[SHULPHQWDO� GDWD��
,QVWLWXWH�RI�$SSOLHG�6WDWLVWLFV�DQG�'HYHORSPHQW�6WXGLHV�
�,$6'6��� /XFNQRZ� DQG� ,QGLDQ� $JULFXOWXUDO� 6WDWLVWLFV�
5HVHDUFK� ,QVWLWXWH� �,$65,��� 1HZ� 'HOKL� WRRN� XS� D�
FROODERUDWLYH� SURMHFW� HQWLWOHG�'HVLJQ� DQG�$QDO\VLV� RI�
2Q�6WDWLRQ� DQG� 2Q�)DUP� $JULFXOWXUDO� 5HVHDUFK�
([SHULPHQWV��$�5HYLVLW� � ILQDQFHG�E\�$3�&(66� IXQG�
RI�,&$5�ZLWK�WKH�IROORZLQJ�REMHFWLYHV��
L�� 7R�GHYHORS�VXLWDEOH�PHWKRGRORJ\�E\�XVLQJ�GDWD�RI�

XQLIRUPLW\� WULDOV�DQG�SDVW�H[SHULPHQWV� LQ�GHFLGLQJ�
WKH�VKDSH�DQG�VL]H�RI�LUUHJXODU�SORWV�DQG�EORFNV�IRU�
IXWXUH�H[SHULPHQWDWLRQ��

LL�� 7R� GHYHORS� HIILFLHQW� GHVLJQV� DQG� DSSURSULDWH�
PHWKRGV� RI� DQDO\VLV� RI� GDWD� E\� H[SORLWLQJ� WKH�
SULQFLSOH� RI� UHVROYDELOLW\�� IUDFWLRQDO� IDFWRULDOV� DQG�
QHVWHG�PRGHOV�IRU�2Q�)DUP�5HVHDUFK�H[SHULPHQWV��

$LPV�DQG�2EMHFWLYH�RI�WKH�:RUNVKRS��
'LVVHPLQDWLRQ� RI� WKH� UHVHDUFK� ILQGLQJV� WR� WKH�
VWDNHKROGHUV� LV� WKH� PRVW� LPSRUWDQW� FRPSRQHQW� RI� DQ\�
UHVHDUFK� HQGHDYRXU�� 7R� DFKLHYH� WKLV� REMHFWLYH� D�
ZRUNVKRS�ZDV�RUJDQL]HG�ZLWK�WKH�IROORZLQJ�REMHFWLYHV���
��7R�IDPLOLDUL]H�WKH�SDUWLFLSDQWV�ZLWK�WKH�LPSRUWDQFH�RI�

SURSHU�EORFNLQJ�LQ�ILHOG�H[SHULPHQWV��

��:RUNVKRS�6HULHV�������������������������������������������������������������������������������������������
��� '(6,*1�$1'�$1$/<6,6�2)��
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��7R� IDPLOLDUL]H� WKH� SDUWLFLSDQWV� ZLWK� WKH� HIILFLHQW�
GHVLJQLQJ�RI�RQ�IDUP�WULDOV��

��7R� VHQVLWL]H� WKH� SDUWLFLSDQWV� DERXW� WKH� FROOHFWLRQ� RI�
DX[LOLDU\�LQIRUPDWLRQ�OLNH�VRLO�WHVW�YDOXHV�DW�GLIIHUHQW�
ORFDWLRQV� IRU�XVH� LQ�SURSHU�EORFNLQJ�RU�XVH� WKHP�DV�
FRYDULDWHV�IRU�UHGXFWLRQ�RI�PHDQ�VTXDUH�HUURU��

��7R�GLVVHPLQDWH�WKH�ILQGLQJV�RI�WKH�UHVHDUFK�SURMHFW�WR�
WKH�VWDNH�KROGHUV��

3URJUDPPH�RI�WKH�:RUNVKRS�
7KH� SDUWLFLSDQWV� RI� WKH� :RUNVKRS� LQFOXGHG� PDQ\�
HPLQHQW� UHVHDUFK� ZRUNHUV� DFWXDOO\� HQJDJHG� LQ� RQ�
VWDWLRQ� DQG� RQ�IDUP� DJULFXOWXUDO� UHVHDUFK� H[SHULPHQWV�
DQG� WKH� VWDWLVWLFLDQV� IURP� YDULRXV� UHSXWHG� LQVWLWXWLRQV��
'U��-��3��0LVKUD��$VVLVWDQW�'LUHFWRU�*HQHUDO��(60���'U��
$��.��6LQJK��3ULQFLSDO�6FLHQWLVW�DQG�,QFKDUJH��2Q�)DUP�
5HVHDUFK�� 3URMHFW� 'LUHFWRUDWH� RI� &URSSLQJ� 6\VWHPV�
5HVHDUFK�� 0RGLSXUDP� DORQJ� ZLWK� &KLHI� $JURQRPLVW�
IURP�/XFNQRZ�SDUWLFLSDWHG�LQ�WKH�ZRUNVKRS�DORQJ�ZLWK�
RWKHU� GHOHJDWHV�� 'U�� 0�� 1�� 'DV�� )RUPHU� 'LUHFWRU��
,$65,�1HZ�'HOKL�DQG�'U��$ORNH�'H\��+HDG��,6,�'HOKL�
&HQWUH�&KDLUHG�WKH�WHFKQLFDO�VHVVLRQV�RUJDQL]HG�GXULQJ�
WKH� ZRUNVKRS�� ,QLWLDWLQJ� WKH� GLVFXVVLRQ�� 'U�� $�.��
1LJDP��WKH�3ULQFLSDO�,QYHVWLJDWRU�RI�WKH�SURMHFW�JDYH�D�
EULHI� JHQHVLV� RI� WKH� SURMHFW�� � +H� DOVR� GHVFULEHG� WKH�
SRWHQWLDO� DSSOLFDWLRQV�RI� WKH� UHVHDUFK�RXWSXW� HPHUJLQJ�
IURP�WKH�SURMHFW��
�
7KLV� ZDV� IROORZHG� E\� UHPDUNV� IURP� 'U�� 0�1�� 'DV��
&KDLUPDQ� RI� WKH� VHVVLRQ�� ZKR� HPSKDVL]HG� WKH�
LPSRUWDQFH�RI�WKH�VXEMHFW�DQG�DOVR�KLJKOLJKWHG�WKH�QHHG�
DQG� LPSRUWDQFH� RI� VXFK� VWXGLHV� LQ� RWKHU� DUHDV� RI�
UHVHDUFK� OLNH� UHVSRQVH� VXUIDFH� PHWKRGRORJ\� DQG�
LQFRPSOHWH� EORFN� GHVLJQV�� WR� QDPH� D� IHZ�� � 'U�� 9�.��
*XSWD��&R�3ULQFLSDO�,QYHVWLJDWRU�GLVFXVVHG�DQG�EURXJKW�
RXW�DFKLHYHPHQWV�DQG�LPSRUWDQFH�RI�WKH�UROH�SOD\HG�E\�
,$65,����
$� YHU\� GHWDLOHG� SUHVHQWDWLRQ� RI� WKH� ILQGLQJV� RI� WKH�
SURMHFW� DFFRUGLQJ� WR� WKH� REMHFWLYHV� ZDV� PDGH� E\� 'U��
5DMHQGHU�3DUVDG��&R�3ULQFLSDO�,QYHVWLJDWRU����
,Q�EULHI��IROORZLQJ�VDOLHQW�ILQGLQJV�RI�WKH�SURMHFW�ZHUH�
SUHVHQWHG��
¾� %DVHG� RQ� WKH� DQDO\VLV� RI� VHYHUDO� XQLIRUPLW\� WULDO�

GDWD�REWDLQHG�IURP�&&6�+$8�+LVVDU�DQG�IURP�WKH�
SXEOLVKHG� OLWHUDWXUH�� LW� KDV� EHHQ� REVHUYHG� WKDW� WKH�
IHUWLOLW\� SDWFKHV� DUH� QRW� LQ� UHFWDQJXODU� VKDSHV��
7KHUHIRUH�� DQ� DWWHPSW� ZDV� PDGH� WR� DQVZHU� WKH�
TXHVWLRQ� ³KRZ� WR� IRUP� EORFNV� VR� WKDW� WKH�
H[SHULPHQWDO� XQLWV� ZLWKLQ� D� JURXS� DUH�
KRPRJHQHRXV"´���'LIIHUHQW�EORFNLQJ�VWUXFWXUHV�YL]���
E\� WDNLQJ� WKH�SORWV�ZLWK� URZ� �FROXPQ��QXPEHUV�RU�
WKH� IHUWLOLW\� FRQWRXU� QXPEHUV� DV� EORFNV�� 7KH�
FODVVLILFDWLRQ� DFFRUGLQJ� WR� URZ� �FROXPQ�� QXPEHUV��
LV� WKH� EORFNLQJ� DFURVV� WKH� GLUHFWLRQ� RI� IHUWLOLW\�
JUDGLHQW��5RZ��FROXPQ��RQH�DW�D�WLPH�UHSUHVHQWV�WKH�
EORFN� DV� D� ORQJ� VWULS� ZKHUHDV� URZ� �FROXPQ��

QXPEHUV� WZR� DW� D� WLPH� UHSUHVHQW� WKH� EORFNV� LQ�
UHFWDQJXODU� VWULSV� FRQWDLQLQJ� WZR� URZV� �FROXPQV���
7KH� FODVVLILFDWLRQ� DFFRUGLQJ� WR� IHUWLOLW\� FRQWRXU�
QXPEHUV� UHSUHVHQWV� WKH� EORFNLQJ� WHFKQLTXHV�
VXJJHVWHG� RQ� WKH� EDVV� RI� WDNLQJ� SORWV� RI� VLPLODU�
IHUWLOLW\� VWDWXV� LQ� RQH� EORFN�� 7KH� GDWD� ZHUH� WKHQ�
DQDO\]HG� XVLQJ� RQH� ZD\� FODVVLILHG� $QDO\VLV� RI�
9DULDQFH� �$129$��� ,W� ZDV� REVHUYHG� WKDW� WKH�
FRHIILFLHQW� RI� YDULDWLRQ� �&9��� DQG� 5RRW� PHDQ�
VTXDUH�HUURU��506(��DUH�OHDVW�ZKHQ�WKH�EORFNLQJ�LV�
GRQH� RQ� WKH� EDVLV� RI� VLPLODU� FRQWRXUV�� )URP�
LPSOHPHQWDWLRQ� SRLQW� RI� YLHZ�� LW� ZDV� IHOW� WKDW� WKH�
EORFN� IRUPDWLRQ� RQ� WKH� EDVLV� RI� VLPLODU� FRQWRXU�
QXPEHUV� PD\� JLYH� ULVH� WR� SUDFWLFDO� GLIILFXOWLHV��
7KHUHIRUH�� WKH� SRVVLELOLW\� RI� QHVWHG� EORFNLQJ�
VWUXFWXUH� ZDV� DOVR� H[SORUHG�� )RU� WKLV�� URZV�
�FROXPQV�� DUH� WDNHQ� DV� EORFNV� DQG� WKH� FRQWRXU�
QXPEHUV� ZLWKLQ� WKHP� DV� VXE�EORFNV�� ,W� ZDV�
REVHUYHG� WKDW� WKH� QHVWHG� EORFN� VWUXFWXUHV� ZLWK�
VPDOOHU�EORFN�VL]HV�DUH�EHQHILFLDO� LQ�FRPSDULVRQ�WR�
XVXDO� SURFHGXUH� RI� EORFNLQJ� LQ� WKH� VHQVH� WKDW� LW�
UHGXFHV� WKH� &9�� DQG� KHQFH�� WKH� SUHFLVLRQ� RI� WKH�
WUHDWPHQW�FRPSDULVRQV���

¾� ,Q� RQ�)DUP� 5HVHDUFK�� LW� KDV� EHHQ� VKRZQ� WKDW� WKH�
SUREOHP� RI� YDULDELOLW\� GXH� WR� WKH� �D�� SORW� WR� SORW�
YDULDWLRQ� DQG� �E�� YDULDWLRQ� LQ� IDUPHUV¶� PDQDJHULDO�
VNLOOV� DQG� UHVRXUFHV� LQ� WKH� IDUPHUV¶� ILHOGV� FDQ�
HIIHFWLYHO\� EH� DGGUHVVHG� XVLQJ� UHVROYDEOH� EORFN�
GHVLJQV��$�UHVROYDEOH�EORFN�GHVLJQ�LV�RQH�LQ�ZKLFK�
WKH� EORFNV� FDQ� EH� JURXSHG� LQ� VXFK� D� IDVKLRQ� WKDW�
HDFK�RI�WKH�WUHDWPHQWV�RFFXUV�LQ�HDFK�RI�WKH�JURXSV�
H[DFWO\� RQFH�� ,Q� WKHVH� GHVLJQV�� WKH� SDUWLWLRQLQJ� RI�
GHJUHHV� RI� IUHHGRP� DFFRUGLQJ� WR� UHVROYDEOH� EORFN�
GHVLJQV� ZLOO� EH� TXLWH� XVHIXO� LQ� VWXG\LQJ� WKH�
YDULDWLRQV�LQ�PDQDJHULDO�VNLOOV�DQG�UHVRXUFHV�RI�WKH�
IDUPHUV� RU� SORW� WR� SORW� YDULDWLRQV�� $� FDWDORJXH� RI�
UHVROYDEOH�EORFN�GHVLJQV�IRU� ��Y ≤ �KDV�DOVR�EHHQ�
SUHSDUHG�� 7KLV� FDWDORJXH� ZLOO� VHUYH� DV� D� UHDG\�
UHFNRQHU� IRU� SODQQLQJ� WKH� RQ�IDUP� UHVHDUFK�
H[SHULPHQWV��

¾� ,Q�
2Q�)DUP�5HVHDUFK�7ULDOV
��RQH�RI�WKH�WUHDWPHQWV�
LV� JHQHUDOO\� WDNHQ� DV� IDUPHUV
� SUDFWLFH� �PRVW�
FRPPRQ�SUDFWLFH�DGRSWHG�E\�WKH�IDUPHUV�LQ�D�JLYHQ�
IDUPLQJ� VLWXDWLRQ� XQGHUVWRRG� WKURXJK� D� GLDJQRVWLF�
VXUYH\��� 7KH� UDWLRQDOH� EHKLQG� WKH� LQFOXVLRQ� RI�
IDUPHUV
� SUDFWLFH� DV� RQH� RI� WKH� WUHDWPHQWV� LV� WR�
FRPSDUH� QHZ� WUHDWPHQWV� ZLWK� IDUPHU¶V� SUDFWLFH�
ZLWK�� DV� KLJK� D� SUHFLVLRQ� DV� SRVVLEOH� DQG�
FRPSDULVRQV� DPRQJ� QHZ� WUHDWPHQWV� PD\� EH� RI�
OHVVHU� LPSRUWDQFH�� 7KH� DSSOLFDWLRQ� RI� HIILFLHQW�
EORFN� GHVLJQV� IRU� FRPSDULQJ� QHZ� �WHVW�� WUHDWPHQWV�
ZLWK� D� FRQWURO� �IDUPHUV
� SUDFWLFH�� KDV� EHHQ�
LOOXVWUDWHG�� ,Q� PDQ\� H[SHULPHQWDO� VLWXDWLRQV�� WKH�
LGHQWLILFDWLRQ�RI�RQH�FRPPRQ�IDUPHUV
�SUDFWLFH�IRU�D�
JLYHQ�IDUPLQJ�VLWXDWLRQ�LV�D�SUREOHP��,Q�VXFK�FDVHV��
IRU�D�JLYHQ�IDUPLQJ�VLWXDWLRQ��LW�KDV�EHHQ�VKRZQ�WKDW�
LQVWHDG� RI� LGHQWLI\LQJ� RQH� FRPPRQ� IDUPHUV¶�
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SUDFWLFH� WR� EH� XVHG� DV� FRQWURO�� RQH� FDQ� JURXS� WKH�
IDUPHUV�RQ�WKH�EDVLV�RI�SUDFWLFHV�XVHG�DQG�DV�PDQ\�
FRQWUROV� VKRXOG� EH� XVHG� DV� WKH� QXPEHU� RI� JURXSV���
,Q� VXFK� VLWXDWLRQV�� UHLQIRUFHG� EORFNV�QHVWHG� EORFN�
GHVLJQV� FRXOG� EH� KHOSIXO�� �$� UHLQIRUFHG� UHVROYDEOH�
GHVLJQ�LV�D�UHVROYDEOH�GHVLJQ�LQ�WHVW� WUHDWPHQWV�DQG�
WKH� FRQWURO� WUHDWPHQWV� DUH� DGGHG� RQFH� WR� HYHU\�
EORFN� RI� WKH� UHVROYDEOH� JURXS� �RU� ELJJHU� EORFN����
(DFK�UHVROYDEOH�JURXS�ZRXOG�KDYH�GLIIHUHQW�VHWV�RI�
FRQWUROV��IDUPHUV¶�SUDFWLFH���

¾� ,Q�WKH�WULDOV�GHVLJQHG�DQG�PDQDJHG�E\�IDUPHUV��WKH�
IDUPHUV� DUH� HQFRXUDJHG� WR� UXQ� WKH� H[SHULPHQWV� RQ��
WKHLU�RZQ�DQG�VHOHFW� WKHLU�RZQ�WUHDWPHQWV��,Q� WKHVH�
WULDOV��LW�PD\�KDSSHQ�WKDW�WKH�WUHDWPHQWV�VHOHFWHG�DUH�
DOORFDWHG� WR� WKH�EORFNV� LQ� VXFK�D�ZD\� WKDW�RYHU�DOO�
GHVLJQ�EHFRPHV�GLVFRQQHFWHG�DQG�LW�LV�QRW�SRVVLEOH�
WR� HVWLPDWH� DOO� SRVVLEOH� SDLUZLVH� WUHDWPHQW�
FRPSDULVRQV�IURP�WKH�GHVLJQ��7R�WDNH�FDUH�RI�VXFK�
SUREOHPV�� DQ� DQDORJ\� KDV� EHHQ� GUDZQ� EHWZHHQ�
JHUPSODVP�HYDOXDWLRQ�WULDOV�DQG�WKH� WULDOV�GHVLJQHG�
DQG�PDQDJHG� E\� IDUPHUV�� � ,W� LV� VXJJHVWHG� WKDW� WKH�
WUHDWPHQWV�PD\�EH�GLYLGHG�LQWR�WZR�JURXSV��L��FRUH�
WUHDWPHQWV� DQG� �LL�� IDUPHU� GHFLGHG� WUHDWPHQWV�� 7KH�
FRUH� WUHDWPHQWV� VKRXOG� EH� XVHG� E\� HYHU\� IDUPHU��
$XJPHQWHG� GHVLJQV� KDYH� EHHQ� UHFRPPHQGHG� IRU�
VXFK�H[SHULPHQWDO�VLWXDWLRQV��

¾� ,Q� ³2Q� )DUP´� H[SHULPHQWV� ZKHUH� WKH� WUHDWPHQW�
VWUXFWXUH� LV� IDFWRULDO� LQ� QDWXUH� IUDFWLRQDO� IDFWRULDO�
SODQV� FDQ� XVHIXOO\� EH� HPSOR\HG�� � 7KHVH� GHVLJQV�
LQFOXGH� RQO\� D� VXEVHW� RI� WKH� FRPSOHWH� VHW� RI�
IDFWRULDO� WUHDWPHQW� FRPELQDWLRQV�� 7KHVH� GHVLJQV�
KDYH�WR�EH�VXLWDEO\�FKRVHQ�VR�DV� WR�HQVXUH� WKDW� WKH�
REMHFWLYHV�RI�WKH�H[SHULPHQW�DUH�PHW��7R�EH�FOHDUHU��
FRQVLGHU� DQ� H[SHULPHQWDO� VLWXDWLRQ� ZKHUH� WKH�
WUHDWPHQW� VWUXFWXUH� LV� IDFWRULDO� LQ� QDWXUH�� 7KH� WRWDO�
QXPEHU�RI�WUHDWPHQW�FRPELQDWLRQV�LQ�WKH�IDFWRULDO�LV�
Q�� 2XW� RI� WKHVH� Q� WUHDWPHQW� FRPELQDWLRQV� RQO\� Q��
WUHDWPHQWV� DUH� SUDFWLFDOO\� IHDVLEOH�� ,Q� RWKHU�ZRUGV��

�QQ − � WUHDWPHQWV� DUH� QRW� IHDVLEOH�� )RU� H[DPSOH��
DFFRUGLQJ� WR�DJURQRPLVWV�� WKH�GRVHV�RI�SKRVSKRUXV�
DQG� SRWDVVLXP� FDQQRW� EH� XVHG� LQ� WKH� DEVHQFH� RI�
QLWURJHQ� LQ� PDQ\� RI� DJURQRPLF� H[SHULPHQWV���
)XUWKHU��EDVHG�RQ�WKH�UHVRXUFH�DYDLODELOLW\�ZLWK�WKH�
H[SHULPHQWHU�� QRW� PRUH� WKDQ� �QP < � WUHDWPHQW�
FRPELQDWLRQV�EH�DFFRPPRGDWHG� LQ� WKH�H[SHULPHQW��
2XW� RI� WKHVH� P� WUHDWPHQW� FRPELQDWLRQV�� P���
WUHDWPHQW� FRPELQDWLRQV� KDYH� WR� EH� LQFOXGHG� WR�
DFKLHYH� VRPH� � REMHFWLYH� OLNH� UHVSRQVH� RI� DYHUDJH�
HIIHFW� RI� WKH� IDFWRUV� DW� RSWLPXP� OHYHOV��7KHUH� LV� D�
IOH[LELOLW\� RI� FKRRVLQJ� �PP − � WUHDWPHQW�
FRPELQDWLRQV� IURP� �� PQ − � WUHDWPHQW�
FRPELQDWLRQV�� 7KHVH� WUHDWPHQW� FRPELQDWLRQV� KDYH�
WR� EH� VHOHFWHG� WR� PD[LPL]H� WKH� HIILFLHQF\� RI� WKH�
GHVLJQ�� )RU� WKLV�� RQH� FDQ� PDNH� 
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SRVVLEOH� GLVWLQFW� FRPELQDWLRQV� RI� WKH� QXPEHU� RI�
WUHDWPHQWV� WR� EH� FKRVHQ�� 7HVW� HDFK� RI� WKHVH�
FRPELQDWLRQV� IRU� ZHOO� NQRZQ� RSWLPDOLW\� FULWHULD��
7KH�VHW�ZLWK�KLJKHVW�HIILFLHQF\�PD\�EH�LQFOXGHG�IRU�
H[SHULPHQWDWLRQ��

¾� ,Q� VRPH� H[SHULPHQWDO� VLWXDWLRQV�� WKH� IUDFWLRQDO�
IDFWRULDO�SODQ�FDQ�GLUHFWO\�EH�FKRVHQ�E\�GHOHWLQJ�WKH�
QRQ�IHDVLEOH� WUHDWPHQW� FRPELQDWLRQV� DQG� WKH�
WUHDWPHQW� FRPELQDWLRQV� WKDW� DUH� UHTXLUHG� WR� PHHW�
WKH� REMHFWLYHV� RI� WKH� H[SHULPHQW�� ,Q� WKHVH�
H[SHULPHQWV�� �QQ − � WUHDWPHQWV� LQYROYH� WKH� QRQ�
IHDVLEOH�DQG�XQGHVLUHG� WUHDWPHQW� FRPELQDWLRQV�DQG�

�QP = �� � 7KH� XVHIXOQHVV� RI� WKH� IUDFWLRQDO� IDFWRULDO�
SODQV�LQ�WKH�VHOHFWLRQ�RI�IDUPHUV�KDV�EHHQ�LOOXVWUDWHG�
ZLWK�WKH�KHOS�RI�83�6RGLF�5HFODPDWLRQ�3URMHFW��

¾� 7KH� DQDO\WLFDO� SURFHGXUH� EDVHG� RQ� D� OLQHDU� PL[HG�
HIIHFW�PRGHO�KDV�EHHQ�GHYHORSHG�IRU�WKH�DQDO\VLV�RI�
GDWD�IURP�2Q�)DUP�WULDOV�FRQGXFWHG�XQGHU�WKH�DHJLV�
RI� 3URMHFW� 'LUHFWRUDWH� RI� &URSSLQJ� 6\VWHPV�
5HVHDUFK�� 0RGLSXUDP�� 7KH� PHWKRG� LV� FDSDEOH� RI�
LGHQWLI\LQJ� WKH� VSHFLILF� EORFNV� WKDW� VHHPHG� WR�
IDYRXU�RQH�WUHDWPHQW�RYHU�WKH�RWKHU���7KLV�ZLOO�DOVR�
KHOS�LQ�LGHQWLILFDWLRQ�RI�WKH�UHFRPPHQGDWLRQ�]RQHV�
WKDW�LV�QRW�SRVVLEOH�WKURXJK�FRPSDULQJ�WKH�WUHDWPHQW�
HIIHFWV� DYHUDJHG� RYHU� DOO� WKH� GHYHORSPHQW� EORFNV�
DORQH�� 7KH� PHWKRG� KDV� EHHQ� LOOXVWUDWHG� ZLWK� WKH�
KHOS� RI� GDWD� REWDLQHG� IURP� WKH� RQ�IDUP� WULDOV�
FRQGXFWHG�XQGHU�WKH�DHJLV�RI�3URMHFW�'LUHFWRUDWH�RI�
&URSSLQJ�6\VWHPV�5HVHDUFK��0RGLSXUDP��

7KH� ILQGLQJV�RI� WKH� SURMHFW�ZHUH�ZHOO� UHFHLYHG� E\� WKH�
VWDWLVWLFLDQV� DV� ZHOO� DV� WKH� H[SHULPHQWHUV�� 'U�� $�.��
6LQJK�� 3ULQFLSDO� 6FLHQWLVW�� 3'&65�� 0RGLSXUDP� ZDV�
YHU\�DSSUHFLDWLYH�RI�WKH�ILQGLQJV�RI�WKH�SURMHFW�DQG�ZDV�
RI�WKH�RSLQLRQ�WKDW� WKH�GHVLJQV�UHFRPPHQGHG�FRXOG�EH�
XVHG� LQ� WKH� H[SHULPHQWV� ³2Q� IDUP´� DQG� ³2Q� VWDWLRQ´���
,Q� SDUWLFXODU� KH� DSSUHFLDWHG� WKH� DQDO\WLFDO� DSSURDFK�
EDVHG�RQ�QHVWHG�OLQHDU�PL[HG�HIIHFWV�PRGHO�ZKHUH�LW�LV�
SRVVLEOH� WR� LGHQWLI\� SURPLVLQJ� WUHDWPHQWV� DW�
GHYHORSPHQW�EORFN�OHYHO����
�
'XULQJ� WKH� GLVFXVVLRQV�� LW� ZDV� IHOW� WKDW� WKH� IHUWLOLW\�
SDWWHUQ�RI�WKH�ILHOG�PD\�FKDQJH�HYHU\�\HDU�DQG�LW�LV�QRW�
SUDFWLFDOO\� IHDVLEOH� WR� FRQGXFW� XQLIRUPLW\� WULDOV� HYHU\�
\HDU��7R�FLUFXPYHQW�VXFK�SUREOHPV��RQH�FDQ�LQLWLDWH�WKH�
H[SHULPHQW� EDVHG� RQ� WKH� IHUWLOLW\� FRQWRXU� PDS� DQG�
PRGLI\�WKH�FRQWRXU�PDS�WKURXJK�WKH�VWXG\�RI�UHVLGXDOV�
REWDLQHG� E\� ILWWLQJ� RQO\� WKH� WUHDWPHQW� HIIHFWV� LQ� WKH�
PRGHO� XVLQJ� WKH� GDWD� IURP� H[SHULPHQWV� FRQGXFWHG� LQ�
WKH� UHFHQW� SDVW�� 7KH� IHUWLOLW\� PDSV� PD\� IXUWKHU� EH�
PRGLILHG� E\� WDNLQJ� WKH� VRLO� WHVW� YDOXHV� DQG� RWKHU�
LPSRUWDQW�FKDUDFWHULVWLFV�HYHU\���WR���\HDUV��,I�LW�LV�QRW�
SRVVLEOH� WR�FRQGXFW� WKH�XQLIRUPLW\� WULDOV�� WKHQ�VRLO� WHVW�
YDOXHV�DW�GLIIHUHQW�SODFHV�DQG�GLIIHUHQW�ORFDWLRQV�RI�WKH�
H[SHULPHQWDO�VLWHV�VKRXOG�EH�REWDLQHG�UHJXODUO\��7KHVH�
VRLO� SDUDPHWHUV� PD\� WKHQ� EH� XVHG� IRU� EXLOGLQJ� VRLO�
IHUWLOLW\�FRQWRXU�PDSV�DQG� IRU� LPSURYLQJ� WKH�SUHFLVLRQ�
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RI� WKH� H[SHULPHQW� E\� XVLQJ� WKH� VRLO� FKDUDFWHULVWLFV� IRU�
EORFNLQJ� RI� WKH� H[SHULPHQWDO� XQLWV� RU� DV� FRYDULDWHV��
*HQHUDWLRQ�RI�IHUWLOLW\�FRQWRXU�PDSV�DQG�DSSOLFDWLRQ�RI�
LQSXWV�DFFRUGLQJ� WR� WKH� IHUWLOLW\� VWDWXV�RI� WKH� VRLO� LV�RI�
SDUDPRXQW�LPSRUWDQFH�LQ�WKLV�HUD�RI�SUHFLVLRQ�IDUPLQJ��
$IWHU�WKH�GLVFXVVLRQV�'U��$ORNH�'H\��JDYH�KLV�UHPDUNV�
DQG�ZDV�DSSUHFLDWLYH�RI�WKH�HIIRUWV�PDGH�LQ�WKLV�SURMHFW��
+H� DOVR� HPSKDVL]HG� WKH� QHHG� RI� UHSOLFDWLQJ� WKLV�
ZRUNVKRS�RYHU�WLPH�DQG�RYHU�ORFDWLRQV��'U��-�3�0LVKUD��
$'*� �(60�� H[SUHVVHG� KLV� KDSSLQHVV� DW� WKH� ZD\� WKH�
ZRUNVKRS�ZDV�RUJDQL]HG�DQG�WKH�VFLHQWLILF�GLVFXVVLRQV�
WKDW� WRRN� SODFH�� +H� IHOW� WKDW� WKHVH� ILQGLQJV� PXVW� EH�
GLVFXVVHG� LQ� WKH� 'LUHFWRU
V� &RQIHUHQFH� DQG� WKH�
UHFRPPHQGDWLRQV�PD\�EH�LPSOHPHQWHG�LQ�WKH�1DWLRQDO�
$JULFXOWXUDO� 5HVHDUFK� 6\VWHP�� +H� DOVR� HFKRHG� WKH�
IHHOLQJV� RI� UHSOLFDWLQJ� WKLV� DQG� VLPLODU� ZRUNVKRSV� DW�
GLIIHUHQW� SODFHV� DQG� SUHVHQWLQJ� WKH� UHVHDUFK� RXWSXW� RI�
WKLV� SURMHFW� LQ� GLIIHUHQW� IRUD� LQ� YLHZ� RI� WKH� SROLF\�
LPSOLFDWLRQV�HPHUJLQJ�IURP�WKH�SURMHFW��
)ROORZLQJ� UHFRPPHQGDWLRQV� HPHUJHG� IURP� WKH�
ZRUNVKRS��
5HFRPPHQGDWLRQV�RI�WKH�:RUNVKRS��
•�$� VWDWXV� SDSHU� PD\� EH� SUHSDUHG� DQG� VHQW� WR� -�3��
0LVKUD� �$'*�� IRU� SUHVHQWDWLRQ� LQ� 'LUHFWRU¶V�
FRQIHUHQFH�DQG�WKH�PHHWLQJV�RI�WKH�9LFH�&KDQFHOORUV�
RI�$JULFXOWXUDO�8QLYHUVLWLHV���

•� ,QVWHDG� RI� XVLQJ� WKH� XVXDO� EORFN� GHVLJQV� ZKHUH�
EORFNV� DUH� JHQHUDOO\� UHFWDQJXODU� RU� VTXDUH� VWULSV��
QHVWHG� EORFN� GHVLJQV� ZLWK� VPDOOHU� VXE�EORFN� VL]HV�
VKRXOG� EH� XVHG� DV� IDU� DV� SRVVLEOH�� � $� QHVWHG� EORFN�
GHVLJQ� LV� D� EORFN� GHVLJQ� ZKHUH� DQRWKHU� VRXUFH� RI�
YDULDWLRQ�LV�FRQWUROOHG�E\�IRUPLQJ�VXE�EORFNV�ZLWKLQ�
HDFK�EORFN�RI�GHVLJQ��

•�6RLO� WHVW� YDOXHV� DW� GLIIHUHQW� SODFHV� RI� GLIIHUHQW�
ORFDWLRQV� RI� WKH� H[SHULPHQWDO� VLWHV� VKRXOG� EH�
REWDLQHG�UHJXODUO\�DQG�WKH�VRLO�SDUDPHWHUV�VKRXOG�EH�
XVHG� IRU�EXLOGLQJ� VRLO� IHUWLOLW\�FRQWRXU�PDSV�DQG� IRU�
LPSURYLQJ� WKH�SUHFLVLRQ�RI� WKH� H[SHULPHQW� E\�XVLQJ�
WKH� VRLO� FKDUDFWHULVWLFV� IRU� EORFNLQJ� RI� WKH�
H[SHULPHQWDO�XQLWV�RU�DV�FRYDULDWHV��

•� ,Q� RQ�IDUP� WULDOV�� VHOHFWLRQ� RI� IDUPHUV� VKRXOG� EH�
PDGH� LQ� VXFK� D� ZD\� WKDW� VPDOO�� PHGLXP� DQG� ODUJH�
IDUPHUV�DUH�UHSUHVHQWHG�LQ�WKH�VWXG\����

•� ,Q� 
2Q�)DUP� 5HVHDUFK
�� UHVROYDEOH� EORFN� GHVLJQV�
VKRXOG� EH� XVHG� WR� WDNH� FDUH� RI� WKH� �D�� SORW� WR� SORW�
YDULDWLRQ� DQG� �E�� YDULDWLRQ� LQ� IDUPHUV¶� PDQDJHULDO�
VNLOOV���5HVROYDEOH�EORFN�GHVLJQV�DUH�WKRVH�GHVLJQV�LQ�
ZKLFK� WKHUH� DUH� WZR� W\SHV� RI� EORFNV�� RQH� QHVWHG�
ZLWKLQ� WKH� RWKHU�� � 7KH� ELJJHU� EORFNV� DUH� FRPSOHWH�
UHSOLFDWHV� DQG� HYHU\� WUHDWPHQW� DSSHDUV� H[DFWO\� RQFH�
LQ� WKH� ELJJHU� EORFNV�� � 7KH� VPDOO� RU� VXE�EORFNV� DUH�

IRUPHG�ZLWKLQ� WKH�ELJJHU� EORFNV�� �7KHVH� VXE�EORFNV�
DUH�LQFRPSOHWH�LQ�WKH�VHQVH�WKDW�DOO�WKH�WUHDWPHQWV�GR�
QRW�DSSHDU�LQ�WKHVH�EORFNV���7KHVH�GHVLJQV�DUH�VLPLODU�
WR�QHVWHG�EORFN�GHVLJQV�

•�)RU�WKH�WULDOV�GHVLJQHG�DQG�PDQDJHG�E\�IDUPHUV��ZLWK�
VRPH� LQWHUYHQWLRQ� RI� WKH� UHVHDUFKHU�� WKH� WUHDWPHQWV�
FDQ� EH� SDUWLWLRQHG� LQWR� WZR� JURXSV�� YL]��� WUHDWPHQWV�
GHFLGHG�E\�WKH�IDUPHUV�DQG�FRUH�WUHDWPHQWV��GHFLGHG�
E\�WKH�UHVHDUFKHU����&RUH�WUHDWPHQWV�ZLOO�DFW�DV�FKHFN�
WUHDWPHQWV� DQG� ZLOO� EH� DSSOLHG� RQ� HDFK� VHOHFWHG�
IDUPHU¶V� ILHOG�� �7KH� IDUPHUV�GHFLGHG� WUHDWPHQWV�ZLOO�
EH� VSHFLILF� WR� D� JLYHQ� IDUPHU� DQG� ZLOO� DFW� DV� WHVW�
WUHDWPHQWV� IRU� WKHVH� H[SHULPHQWDO� VLWXDWLRQV�
DXJPHQWHG�GHVLJQV�FDQ�EH�TXLWH�KHOSIXO����

•�7KH�DSSURSULDWH�PRGHOV� �OLQHDU�� QHVWHG�PL[HG�HIIHFW�
PRGHO�� VKRXOG� EH� XVHG� IRU� DQDO\VLV� RI� RQ�IDUP� WULDO�
GDWD� FXUUHQWO\� EHLQJ� JHQHUDWHG� E\� 3'&65��
0RGLSXUDP�� � 7KLV� ZLOO� EH� KHOSIXO� LQ� LGHQWLI\LQJ�
VSHFLILF� GHYHORSPHQWDO� EORFNV� WKDW� IDYRXU� RQH�
WUHDWPHQW� RYHU� WKH� RWKHU�� � 7KLV� ZLOO� DOVR� KHOS� LQ�
LGHQWLILFDWLRQ� RI� WKH� UHFRPPHQGDWLRQ� ]RQHV� WKDW� LV�
QRW�SRVVLEOH�WKURXJK�FRPSDULQJ�WKH�WUHDWPHQW�HIIHFWV�
DYHUDJHG�RYHU�DOO�WKH�GHYHORSPHQW�EORFNV�DORQH��

•�7KH� DQDO\WLFDO� SURFHGXUH� GHYHORSHG� KHUH� LV� DW�
IDUPLQJ� VLWXDWLRQ� OHYHO� RQO\�� 7KH� DQDO\WLFDO�
SURFHGXUH� IRU� WKH� FRPELQHG� DQDO\VLV� RI� GDWD� RYHU�
GLIIHUHQW� IDUPLQJ� VLWXDWLRQV� ZLWKLQ� D� 1$53� ]RQH�
VKRXOG� EH� GHYHORSHG� XVLQJ� WKH� FRQFHSW� RI� OLQHDU�
QHVWHG�PL[HG�HIIHFWV�PRGHOV��

•�)RU� JLYHQ� IDUPLQJ� VLWXDWLRQ�� LQVWHDG� RI� LGHQWLI\LQJ�
RQH�FRPPRQ�IDUPHU¶V�SUDFWLFH�WR�EH�XVHG�DV�FRQWURO��
RQH� FDQ�JURXS� WKH� IDUPHUV�RQ� WKH�EDVLV� RI� SUDFWLFHV�
XVHG� DQG� DV� PDQ\� FRQWUROV� VKRXOG� EH� XVHG� DV� WKH�
QXPEHU� RI� JURXSV�� � ,Q� VXFK� VLWXDWLRQV�� UHLQIRUFHG�
EORFNV�QHVWHG�EORFN�GHVLJQV�FRXOG�EH�KHOSIXO���+HUH�D�
UHLQIRUFHG�UHVROYDEOH�GHVLJQ�LV�D�UHVROYDEOH�GHVLJQ�LQ�
WHVW� WUHDWPHQWV� DQG� WKH� FRQWURO� WUHDWPHQWV� DUH� DGGHG�
RQFH� WR� HYHU\� EORFN� RI� WKH� UHVROYDEOH� JURXS� �RU�
ELJJHU� EORFN��� � (DFK� UHVROYDEOH� JURXS� ZRXOG� KDYH�
GLIIHUHQW�VHWV�RI�FRQWUROV��IDUPHUV¶�SUDFWLFH���

•� ,Q� ³2Q� )DUP´� H[SHULPHQWV� ZKHUH� WKH� WUHDWPHQW�
VWUXFWXUH� LV� IDFWRULDO� LQ� QDWXUH� IUDFWLRQDO� IDFWRULDO�
SODQV� FDQ� XVHIXOO\� EH� HPSOR\HG�� � 7KHVH� GHVLJQV�
LQFOXGH�RQO\�D�VXEVHW�RI�WKH�FRPSOHWH�VHW�RI�IDFWRULDO�
WUHDWPHQW� FRPELQDWLRQV�� 7KHVH� GHVLJQV� KDYH� WR� EH�
VXLWDEO\�FKRVHQ�VR�DV�WR�HQVXUH�WKDW�WKH�REMHFWLYHV�RI�
WKH�H[SHULPHQW�DUH�PHW����

$�.�1LJDP�
� � � �5DMHQGHU�3DUVDG�

9�.�*XSWD�

�
)RU�IXUWKHU�LQIRUPDWLRQ�FRQWDFW�
'U��6�'�6KDUPD��'LUHFWRU��,$65,��/LEUDU\$YHQXH��3XVD�1HZ�'HOKL����������
3KRQH������������������)D[������������������(�PDLO��GLUHFWRU#LDVUL�UHV�LQ�


