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$�FRPSDUDWLYH�DQDWRPLFDO�DQDO\VLV�RI�VRPDWLF�HPEU\RJHQHVLV�LQ�WZR�VR\EHDQ��*O\FLQH�PD[ �/���0HUULOO��JHQRW\SHV�ZDV�FDUULHG�RXW��7KH�VRPDWLF�HPEU\RV�ZHUH�RULJLQDWHG�IURP�FRW\OHGRQDU\�H[SODQWV�REWDLQHG�IURP�LPPDWXUH�]\JRWLF�HPEU\RV�� 7KH� PHGLXP� XVHG� IRU� VRPDWLF� HPEU\RJHQHVLV� LQGXFWLRQ� ZDV� 0XUDVKLJH� DQG� 6NRRJ�� ������ VDOWV� DQG�*DPERUJ�HW�DO���������YLWDPLQV��06%��VXSSOHPHQWHG�ZLWK�����PJ�/�� RI�����'�IRU�JHQRW\SH�3,��������DQG����PJ�/��RI�����'�IRU�µ:LOOLDPV���¶��*OREXODU�VWUXFWXUHV��FRQVWLWXWHG�E\�PHULVWHPDWLF�FHOOV��RULJLQDWHG�IURP�VXEHSLGHUPDO�FHOO�GLYLVLRQV�RI� WKH�FRW\OHGRQDU\�PHVRSK\OO�� ,Q�3,��������� WKH�JOREXODU�VWUXFWXUHV�SUHVHQWHG�WUDFKHDU\�GLIIHUHQWLDWLRQ�DPRQJ�PHULVWHPDWLF�FHOOV�DQG�WKH\�FRXOG�IROORZ�GLVWLQFW�PRUSKRJHQHWLF�SURFHVV�GHSHQGLQJ�RQ WKHLU�ORFDWLRQ�DORQJ�WKH� H[SODQW�� )RU� µ:LOOLDPV� ��¶� LW�ZDV� REVHUYHG�JOREXODU� VWUXFWXUHV� DORQJ� WKH� FRW\OHGRQDU\� H[SODQW� VXUIDFH��7KH\�JDYH�ULVH�WR�VRPDWLF�HPEU\RV��7KHVH�HPEU\RV�VKRZHG�GLIIHUHQW�PRUSKRORJLHV�DQG�WKH\�ZHUH�FODVVLILHG�EDVHG�RQ�WKHLU�VKDSH�DQG�QXPEHU�RI�FRW\OHGRQV��7KH�DELOLW\�RI�WKHVH�PRUSKRORJLFDO�W\SHV�WR�FRQYHUW�WR�SODQWOHWV�ZDV�GLVFXVVHG�
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6HYHUDO� SURWRFROV� IRU� VR\EHDQ� SODQW� UHJHQHUDWLRQ�YLD�VRPDWLF�HPEU\RJHQHVLV�KDYH�EHHQ�GRFXPHQWHG��%DLOH\� HW� DO��� ������� 7KH� HIILFLHQF\� RI� WKHVH�SURWRFROV� LV� RIWHQ� DVVRFLDWHG� WR� WKH� XVH� RI� ��� �'������GLFKORURSKHQR[\DFHWLF�DFLG��DV�DX[LQ�VRXUFH��EXW� FRQIOLFWLQJ� UHVXOWV� DUH� REWDLQHG� FRQFHUQLQJ�WKHLU�HIIHFWV�DW�GLIIHUHQW�FRQFHQWUDWLRQV��+DUWZHFN�HW�DO���������� �+LJK�FRQFHQWUDWLRQ�RI���� �'����� WR���� PJ�/���� LPSURYHG� WKH� IUHTXHQF\� RI� QRUPDO�VRPDWLF�HPEU\RV�FRPSDULQJ�WR���PJ�/ �� �5DQFK�HW�DO����������+RZHYHU��PRUSKRORJLFDO�DEQRUPDOLWLHV�

KDYH� EHHQ� DVVRFLDWHG� WR� WKH� XVH� RI� KLJK�FRQFHQWUDWLRQV�RI�WKLV�DX[LQ�&RQVLGHULQJ� WKDW� KLVWRORJLFDO� FKDUDFWHUL]DWLRQ� RI�VR\EHDQ� VRPDWLF� HPEU\RJHQHVLV� KDV� EHHQ� OLWWOH�UHSRUWHG� �+DUWZHFN� HW� DO��� ������/LX� HW� DO��� ������.DOWFKXFN�6DQWRV� HW� DO��� ������ DQG� WKH�DSSOLFDELOLW\� RI� UHJHQHUDWLRQ� SURWRFROV� WR� W KH�JHQHWLF�PDQLSXODWLRQV� GHSHQGV� RQ� WKH� DQDO\VLV�RI�WKH� RULJLQ� DQG� GHYHORSPHQW� RI� WKH� VRPDWLF�HPEU\RV� �+DUWZHFN� HW� DO��� ������� WKLV� VWXG\�SUHVHQWV�D�KLVWRORJLFDO�DQG�XOWUDVWUXFWXUDO�DQDO\VLVRI� WKH� HPEU\RJHQLF� SURFHVV� LQ� WZR� VR\EHDQ�JHQRW\SHV�
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D��,QGXFWLRQ�RI�VRPDWLF�HPEU\RJHQHVLV
3,��������DQG�µ:LOOLDPV���¶�LPPDWXUH�SRGV�ZHUH�KDUYHVWHG� DQG� GLVLQIHFWHG� E\� LPPHUVLQJ� LQ� ����DOFRKRO�IRU����VHFRQGV�IROORZHG�E\����PLQXWHV�LQ�D����1D2&O� �Y�Y�� VRGLXP�K\SRFKORULWH��VROXWLRQ��WKHQ� ULQVHG� LQ� VWHULOH� GLVWLOOHG�ZDWHU� DW� OHDVW� IRXU�WLPHV��,PPDWXUH�]\JRWLF�HPEU\RV�ZHUH�DVVHSWLFDO\�UHPRYHG�IURP�WKH�VHHGV��7KH�HPEU\RQDU\�D[LV�ZDV�H[FLVHG�DQG�WKH�FRW\OHGRQV��QRW�ORQJHU�WKDQ���PP��ZHUH�SODFHG�ZLWK�DED[LDO� VXUIDFH�RQ� WKH�PHGLXP��7KH� H[SODQWV� ZHUH� LQRFXODWHG� LQ� 06%� FXOWXUH�PHGLXP� FRQWDLQLQJ� 06� VDOWV� �0XUDVKLJH� DQG�6NRRJ�� ������ DQG� %�� YLWDPLQV� �*DPERUJ� HW� DO��������������Z�Y��VXFURVH�DQG�������Z�Y��3K\WDJHO��6LJPD���7KH�3,��������H[SODQWV�ZHUH�NHSW�IRU����GD\V� LQ� 06%� PHGLXP� VXSSOHPHQWHG� ZLWK� � ����PJ�/�� RI ����'��7KH�S+�ZDV�DGMXVWHG�WR������7KH�FXOWXUHV� ZHUH� PDLQWDLQHG� DW� DQ� LUUDGLDQFH� RI� ����PRO�P���V���� 7KH� µ:LOOLDPV� ��¶� H[SODQWV� ZHUH�NHSW� IRU� ��� GD\V� LQ�06%�PHGLXP� VXSSOHPHQWHG�ZLWK����PJ�/�� RI�����'��7KH�S+�ZDV�DGMXVWHG� WR������7KH�FXOWXUHV�ZHUH�PDLQWDLQHG�DW�DQ�LUUDGLDQFH�RI� �� WR� �� �PRO�P���V���� $IWHU� WKLV� SHULRG� WKH�FRW\OHGRQDU\� H[SODQWV� ZHUH� SODFHG� RQ� 06%�FRQWDLQLQJ� ��� PDOWRVH�� ����� DFWLYDWHG� FKDUFRDO�DQG� ����� �Z�Y�� 3K\WDJHO� �6LJPD��� 7KH� S+� ZDV�DGMXVWHG�WR������$OO�PHGLD�ZHUH�DXWRFODYHG�DW������&� IRU� ��� PLQXWHV� DQG� WKH� FXOWXUHV� ZHUH�PDLQWDLQHG�DW����r ���&�ZLWK�D���K�SKRWRSHULRG�
E��+LVWRORJLFDO�DQG�XOWUDVWUXFWXUDO�DQDO\VLV
3,� ������� DQG� µ:LOOLDPV� ��¶� FRW\OHGRQDU\�H[SODQWV� H[KLELWLQJ� VRPDWLF� HPEU\RV� DW� GLIIHUHQW�GHYHORSPHQW� VWDJHV� ZHUH� FROOHFWHG� GXUL QJ� WKH�LQGXFWLRQ� SURFHVV�� 7KHVH� VDPSOHV� ZHUH� IL[HG� LQ�.DUQRYVN\� VROXWLRQ� �.DUQRYVN\�� ������� $IWHU�IL[DWLRQ�� VDPSOHV� ZHUH� GHK\GUDWHG� WKURXJK� DQ�HWKDQRO� VHULHV�� DQG� LQILOWUDWHG� ZLWK� JO\FRO�PHWKDFU\ODWH� UHVLQ� �5HLFKHUW �-XQJ�� *HUPDQ\���6HFWLRQV�ZHUH�FXW�����P� DQG�VWDLQHG�ZLWK�������WROXLGLQH�EOXH�2� �6DNDL�� �������$OO� VDPSOHV�ZHUH�REVHUYHG� ZLWK� D� 1LNRQ� $);�';� �/DERSKRW��PLFURVFRSH�� )RU� VFDQQLQJ� HOHFWURQ� PLFURVFRS\��VRPDWLF� HPEU\RV� ZHUH� IL[HG� LQ� .DUQRYVN\�VROXWLRQ� �.DUQRYVN\�� ������� GHK\GUDWHG� LQ�HWKDQRO�� GULHG� WR� D� FULWLFDO� SRLQW� RI� &2� DQG�DWWDFKHG�WR�DOXPLQXP�VWXEV��6DPSOHV�ZHUH�FRDWHG�

ZLWK�JROG������ ���QP��DQG�H[DPLQHG�LQ�6FDQQLQJ�HOHFWURQ�PLFURVFRSH��=HLVV��'60����$����N9��
5(68/76�$1'�',6&866,21
3,��������H[SODQWV�JDYH�ULVH�WR�JOREXODU�VWUXFWXUHV�RQ� WKH FRW\OHGRQDU\� VXUIDFH� �)LJ�� �$���+LVWRORJLFDO� VWXGLHV� VKRZHG� WKDW� JOREXODU�VWUXFWXUHV�ZHUH�RULJLQDWHG�IURP�VXEHSLGHUPDO�FHOO�GLYLVLRQV� LQ� WKH� FRW\OHGRQDU\� PHVRSK\OO� DQG� WKH�SURWXEHUDQFH� ZDV� FRYHUHG� E\� WKH� HSLGHUPLV��*HQHUDOO\�� WUDFKHDU\� GLIIHUHQWLDWLRQ�ZDV REVHUYHG�DPRQJ�WKH�PHULVWHPDWLF�FHOOV�RI�WKH�SURWXEHUDQFHV��)LJ���%�DQG�'��DUURZ���7KHVH�JOREXODU�VWUXFWXUHV�HORQJDWHG� DQG� WKH\� JDYH� ULVH� WR� VRPDWLF� HPEU\RV��)LJ�� �&�� RU� URRWV� �)LJ�� �)��� 7KH� JOREXODU�VWUXFWXUHV�WKDW�IRUPHG�VRPDWLF�HPEU\RV��H[KLELWLQJ�FOHDU�ELSRODULW\��ZHUH�REVHUYHG�DW�WKH�VXEPDUJLQDO�UHJLRQ� RI� WKH� H[SODQW� �)LJ�� �$� DQG�%���+RZHYHU��WKH� VWUXFWXUHV� WKDW� IRUPHG� URRWV� ZHUH� REVHUYHG�DORQJ�WKH�H[SODQW�VXUIDFH��)LJ���(��+DUWZHFN�HW�DO���������GHVFULEHG�QRQ�HPEU\RJHQLF�PHULVWHPDWLF�]RQHV�DORQJ�WKH *�PD[ H[SODQWV�WKDW�RULJLQDWHG� URRWV� DQG� QHRPRUSKLF� SURWXEHUDQFHV��$FFRUGLQJ� WR� WKHP�� WKH� HPEU\RJHQLF� ]RQH� ZDV�RQO\� ORFDWHG�DW� WKH� VXEPDUJLQDO� UHJLRQ��+RZHYHU��LQ� WKH� SUHVHQW� VWXG\�� WKH� VDPH�PRUSKRDQDWRPLFDO�W\SH� RI� SURWUXVLRQ� PD\� GHYHORS� LQWR� VRPDWLF�HPEU\RV� �)LJ�� �$�(�� RU� URRWV� �)LJ�� �)�� DQG� RQO\�WKH� VXEPDUJLQDO� SURWUXVLRQV� RULJLQDWHG� VRPDWLF�HPEU\RV�� DV� UHSRUWHG� E\� +DUWZHFN� HW� DO��� ������3UREDEO\� WKH� YDULDWLRQ� RQ� PRUSKRJHQHWLF�VWUXFWXUHV� LV� UHODWHG� WR� SRODU� DFFXPXODWLRQ� RI� DQ�HQGRJHQRXV� KRUPRQH� ZKLFK� PD\� SURGXFH� WKH�VRPDWLF� HPEU\RV� RI� 3,� ������� RQ� WKH� SHULSKHU\�H[SODQWV�� 7KH� URRW� IRUPDWLRQ� DORQJ� WKH�FRW\OHGRQDU\� H[SODQW� VXUIDFH� LQ� 3DQD[� JLQVHQJ�RFFXUUHG� GXH� WR� D� ORZ� KRUPRQDO� OHYHO� LQ� WKLV�UHJLRQ��&KRL�DQG�6RK��������7KH� JOREXODU� VWUXFWXUHV� WKDW� IROORZHG� WKH�HPEU\RJHQLF� SURFHVV� KDYH� GHYHORSHG� LQWR�DEQRUPDO� VRPDWLF� HPEU\RV� ZLWK� PXOWLSOH�FRW\OHGRQV� �)LJ�� �$� DQG� (��� +RZHYHU�� LW� ZDV�SRVVLEOH�WR�YHULI\�URRW�PHULVWHP�DQG�PHULVWHPDWLF�DUHDV� DVVRFLDWHG� WR� HDFK� FRW\OHGRQDU\� VWUXFWXUH��)LJ�� �(�� DUURZKHDGV��� DV� REVHUYHG� LQ� 9LWLV VSS��VRPDWLF� HPEU\RV� �3DVVRV� HW� DO��� ������� 7KH�SUHFRFLRXV� WUDFKHDU\� GLIIHUHQWLDWLRQ� LQ� WKH�HPEU\RQDU\� D[LV� DQG� WKH� VWRUDJH� RI� VXEVWDQFHV��PDLQO\� VWDUFK�� FRPPRQ� IRU� 3,� ������� VRPDWLF�
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HPEU\RV�� KDYH� EHHQ� DVVRFLDWHG� WR� SUHFRFLRXV�JHUPLQDWLRQ��3DVVRV�HW�DO���������(PEU\RJHQHVLV� LQ� FXOWXUHG� FHOOV� ZDV� KLJKO\�UHSHWLWLYH�DQG�VRPDWLF�HPEU\RV�FRXOG�EHDU�VPDOOHU�HPEU\RV�DORQJ�WKHLU�D[HV�DQG�VRPHWLPHV�UHVWULFWHG�WR� FHUWDLQ� ORFL VXFK� DV� UDGLFOH�K\SRFRW\O� MXQFWLRQ��$PPLUDWR�� ������� DV� LW� ZDV� REVHUYHG� IRU� 3,�������� �)LJ�� �%�'�� DQG� IRU� 9LWLV VSS� �3DVVRV�������HW� DO��� ������� 7KH� XOWUDVWUXFWXUH� DQG� DQDWRPLFDO�DQDO\VLV�RI�WKHVH�VHFRQGDU\�HPEU\RV��)LJ���&�DQG�'�� VKRZHG� HPEU\RV� H[KLELWLQJ� VKRRW� DQG� URRW�DSLFHV� �)LJ�� �'�� DUURZ��� 7KH� VHFRQGDU\�HPEU\RJHQHVLV� LQ� 7ULIROLXP� UHSHQV ZDV���DVVRFLDWHG�ZLWK�UHSUHVVLRQ�RI�QRUPDO�GHYHORSPHQW�RI� SULPDU\� VRPDWLF� HPEU\RV� �0DKHVZDUDQ� DQG�:LOOLDPV��������µ:LOOLDPV���¶�VRPDWLF�HPEU\RV�ZHUH�QRWHG�DIWHU���GD\V� LQ�06%�PHGLXP� FRQWDLQLQJ� ����� DFWLYDWHG�FKDUFRDO�� 7KH� VRPDWLF� HPEU\RJHQHVL V� RFFXUUHG�GLUHFWO\� IURP� FRW\OHGRQDU\� H[SODQW�� ZLWKRXW� D�FDOOXV� SKDVH�� DV� LW� ZDV� UHODWHG� SUHYLRXVO\� IRU� 3,��������� 6LPLODUO\�� <XTLQJ� HW� DO��� ������ UHSRUWHG�HPEU\RJHQLF� VWUXFWXUHV� IRUPDWLRQ� RI� GLIIHUHQW� *��PD[ JHQRW\SHV� GLUHFWO\� IURP� WKH� FRW\OHGRQ�H[SODQW�7KH�JOREXODU�VWUXFWXUHV�DOVR�SUHVHQWHG�FRQWLQXRXV�HSLGHUPLV�ZLWK�WKH�H[SODQW�WLVVXH��)LJ���$ �&��DQG�WKH\�DULVHG�IURP�VXEHSLGHUPDO�FHOO�GLYLVLRQV�RI�WKH�FRW\OHGRQDU\� PHVRSK\OO�� FKDUDFWHUL]LQJ� D�PXOWLFHOOXODU� RULJLQ� RI� WKH� VRPDWLF� HPEU\RV������)LJ�� �&�� GHWDLO��� +RZHYHU�� WKHVH� SUH�JOREXODU�HPEU\RV� QRW� SUHVHQWHG� SUHFRFLRXV� WUDFKHDU\�GLIIHUHQWLDWLRQ�DV�GHVFULEHG�IRU�3,��������VRPDWLF�HPEU\RV�,Q� ERWK� VWXGLHG� VR\EHDQ� JHQRW\SHV� QRQH� RI� WKH�HPEU\RV� SUHVHQWHG� XQLFHOOXODU� RULJLQ� QRU�VXVSHQVRU�OLNH� RUJDQ� VWUXFWXUHV� �)LJXUHV� �)� DQG��$�&���6RPDWLF�HPEU\RV�ZLWK�PXOWLFHOOXODU�RULJLQ�DSSHDUV� WR� SURGXFH� WKH� HPEU\RQDU\� D[LV� EDVLV�ZLGHO\� OLQNHG� WR� WKH�H[SODQW�ZLWKRXW�D�VXVSHQVRU �OLNH� RUJDQ� RU� HTXLYDOHQW� VWUXFWXUH� IRUPDWLRQ��:LOOLDPV� DQG� 0DKHVZDUDP�� ������ 'RUQHODV� HW�DO��� ������� $FFRUGLQJ� WR� WKHVH� DXWKRUV�� VRPDWLF�HPEU\RV� VRPHWLPHV�PD\�EH� OLQNHG� WR� WKH� H[SODQW�E\� HPEU\RQDU\� D[LV� DV� LW� ZDV� YHULILHG� LQ� WKH�SUHVHQW�VWXG\��)LJ���%��+DUWZHFN� HW� DO�� ������� UHSRUWHG� WKDW� *�� PD[VRPDWLF� HPEU\RV� LQGXFHG� E\� ��� PJ�/ �� RI� 1$$�KDG� XQLFHOOXODU� RU� PXOWLFHOOXODU� RULJLQ�� KRZHYHU�HPEU\RV� LQGXFHG� LQ� PHGLXP� VXSSOHPHQWHG� ZLWK�KLJK� FRQFHQWUDWLRQ� RI� ����'� ���� PJ�/���� KDG�

DOZD\V� PXOWLFHOOXODU� RULJLQ�� FRQILUPLQJ� WKH�REVHUYDWLRQV�RI�WKLV�VWXG\�µ:LOOLDPV� ��¶� VRPDWLF� HPEU\RV� ZHUH� IRUPHG�DORQJ� WKH� LPPDWXUH FRW\OHGRQDU\� VXUIDFH� RI� WKH�H[SODQW�� ,W� VHHPV� WR� H[LVW� D� UHODWLRQ� EHWZHHQ�H[SODQW� RULHQWDWLRQ� DQG� WKH� DX[LQ� FRQFHQWUDWLRQ��$FFRUGLQJ� WR� +DUWZHFN� HW� DO��� ������ WKH� DED[LDO�VXUIDFH�RI�WKH�H[SODQWV�SODFHG�RQ�WKH�PHGLXP�ZLWK�KLJK� FRQFHQWUDWLRQ� RI� ����'� ZHUH� VWLPXODWHG� WR�IRUP�VRPDWLF�HPEU\RV�LQ�WKH�FHQWUDO�UHJLRQ�RI�WKH�FRW\OHGRQDU\� H[SODQW�� DV� LW� ZDV� REVHUYHG� LQ� WKLV�VWXG\� IRU� µ:LOOLDPV� ��¶�� +RZHYHU�� WKH� DXWKRUV�YHULILHG� WKDW� DGD[LDO� H[SODQWV� ZLWK� ��� �'� ORZ�FRQFHQWUDWLRQ� SUHVHQWHG� VRPDWLF� HPEU\RV� RQ�������WKH H[SODQW� SHULSKHU\�� DV� LW� ZDV� YHULILHG� IRU� 3,�������� LQ� WKH� PHGLXP� VXSSOHPHQWHG� ZLWK��������������PJ�/�� ����'�3UH�JOREXODU� VRPDWLF� HPEU\RV� RI� µ:LOOLDPV� ��¶�IRUPHG� LQGHSHQGHQWO\� �)LJ�� �$� DQG� %�� RU� YHU\�FORVH� �)LJ�� �&�� DUURZ��� 7KH� LVRODWHG� SUH �JOREXODU�VRPDWLF�HPEU\RV�GHYHORSHG�WR�HPEU\RORJLFDO�ODWHU�VWDJHV��DULVLQJ�JOREXODU��KHDUW��)LJ���'�DQG�(��DQG�WRUSHGR�VRPDWLF�HPEU\RV��)LJXUHV��)�DQG��$��QRW�GHSHQGLQJ� RQ� WKH� H[SODQW� WLVVXH� DQG� H[KLELWLQJ�FORVH�YDVFXODU�V\VWHP��2WKHUZLVH��WKH�SUH �JOREXODU�VRPDWLF�HPEU\RV�WKDW�ZHUH�IRUPHG�YHU\�FORVH��)LJ���&��DUURZ���LQ�D�ODWHU�GHYHORSPHQWDO�VWDJH��DSSHDU�WR�EH�OLQNHG�E\�WKHLU�EDVDO�UHJLRQ��)LJ���&��7KH� VRPDWLF� HPEU\RJHQHVLV�ZDV�QRW� V\QFKURQRXV��)LJ�� �&��� *OREXODU� VRPDWLF� HPEU\RV� FRXOG� EH�REVHUYHG�WRJHWKHU�ZLWK�HPEU\RORJLFDO�ODWHU�VWDJHV��DV� GHVFULEHG� LQ� 6W\ORVDQWKHV� VFDEUD �� &DU\D�LOOLQRLQHQVLV DQG� 9LWLV E\� 'RUQHODV� HW� DO��� ������5RGULJXH]�DQG�:HWV]WHLQ��������DQG�3DVVRV�HW�DO���������UHVSHFWLYHO\�,Q� WKLV� SDSHU�� WKH�PRVW� IUHTXHQW� DEQRUPDOLW\�ZDV�FRQH�VKDSHG� FRW\OHGRQDU\� �)LJ�� �$� H� %��� 7KHVH�HPEU\RV� SUHVHQWHG� URRW� PHULVWHP�� EXW� WKH� VKRRW�PHULVWHP� ZDV� DEVHQW� �)LJ�� �%��� +DUWZHFN� HW� DO��������� FKDUDFWHUL]HG� WKHVH� VRPDWLF� HPEU\RV� DV�WUXPSHW�� 7KLV�PRUSKRORJLFDO� W\SH� JHUPLQDWHG� EXW�IDLOHG�WR�FRQYHUW�LQWR�SODQWOHWV�6RPDWLF� HPEU\RV� SUHVHQWLQJ� D� VLQJOH� FRW\OHGRQ�ZHUH�FODVVLILHG�DV�PRQRFRW\OHGRQDU\��)LJ���&��� ,W�ZDV�REVHUYHG�DQLVRFRW\OHGRQDU\�VRPDWLF�HPEU\RV��)LJ�� �'�� ZKLFK� SUHVHQWHG� RQH� SURPLQHQW�FRW\OHGRQ� DQG� WKH� RWKHU�� VPDOO� DQG� UXGLPHQWDU\��7KHVH� WZR� PRUSKRORJLFDO� SDWWHUQV� ZHU H�RFFDVLRQDOO\�DEOH�WR�FRQYHUW�LQWR�SODQWOHWV�
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