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&DGPLXP� WHOOXULGH� KDV� EHHQ� UHFRJQL]HGDV� D� SURPLVLQJ� SKRWRYROWDLF� PDWHULDO� IRUWKLQ�ILOP� VRODU� FHOOV� �6&�� >�@�� 7R� LQWHQVLI\WKH�SKRWRHOHFWULFDO�SURFHVVHV��WKH�ZLGH�EDQG�ZLQGRZ�� HIIHFW� LV�XVHG� LQ�DOO�PRGHUQ� ILOP6&��7KLV�HIIHFW�PDNHV�LW�SRVVLEOH�WR�ORZHU�WKHVXUIDFH�UHFRPELQDWLRQ�UDWH�RI�QRQ�HTXLOLEULXPFKDUJH�FDUULHUV�GXH�WR�VKLIW�RI��WKHLU� JHQHUD�WLRQ� UHJLRQ� IURP� WKH� VXUIDFH� EHLQJ� LUUDGL �DWHG� >�@�� 7KLV� HIIHFW� LV� UHDOL]HG� E\� XVLQJGHJHQHUDWHG� ZLGH�EDQG� VHPLFRQGXFWLQJ� PD �WHULDOV� H[KLELWLQJ� D�KLJK� WUDQVPLVVLRQ� FRHI �ILFLHQW�IRU�VRODU�UDGLDWLRQ��DW�OHDVW�������LQWKH�6&�ILOP�VWUXFWXUH��,W�KDV�EHHQ�VKRZQ�>�@WKDW�� LI� WKH� VXUIDFH� HOHFWULF� UHVLVWLYLW\� RIWKH� ZLGH�EDQG� �ZLQGRZ�� GRHV� QRW� H[FHHG���Ω�∫ �� WKHQ� WKH� SUHVHQFH� RI� VXFK� D� OD\HUGRHV� QRW� FDXVH� D� GHFUHDVHG� 6&� HIILFLHQF\�)LOPV� RI� LQGLXP� DQG� WLQ� R[LGHV� �,72�� DUHXVHG�DV�WKH�ZLGH�EDQG�JDS��ZLQGRZV��LQ�WKH6&�ZLWK�&G7H EDVH�OD\HU�7R�GDWH�� WHFKQLTXHV�KDYH�EHHQ�GHYHORSHGWR� REWDLQ� WUDQVSDUHQW� DQG� FRQGXFWLYH� ,72ZLGH�EDQG� JDS� �ZLQGRZV�� RQ� JODVV� VXE�VWUDWHV�WKDW�DUH�XVHG�LQ�SURGXFWLRQ�RI� &G7HWKLQ�ILOP� 6&� >����@�� 7KH� QRQ�UHDFWLYH� KLJK�IUHTXHQF\� PDJQHWURQ� VSXWWHULQJ� LV� DPRQJRSWLPDO�PHWKRGV�WR�REWDLQ�VXFK�OD\HUV��1HY �HUWKHOHVV�� LQ� RXU� RSLQLRQ�� WKH� KLJK� RSWLFDODQG� HOHFWULF� FKDUDFWHULVWLFV� UHDOL]HG� IRU� WKH

,72� ILOPV� RQ� JODVV� VXEVWUDWHV� FDQQRW� VWLOOJXDUDQWHH� RSWLPDOLW\� RI� WKRVH� OD\HUV� LQ� DVSHFLILF� XVH� WKHUHRI� LQ� &G7H WKLQ�ILOP� 6&�7KLV�LV�GXH�WR�WKH�IDFW�WKDW� WKH�,72�IRUPD �WLRQ�LV�WKH�ILUVW�WHFKQRORJLFDO�VWHS�LQ�PDQX �IDFWXULQJ�6&�RQ�WKH�EDVLV�RI�FDGPLXP�WHOOX �ULGH�� WKHUHIRUH�� WKH� ,72� SURSHUWLHV� PD\FKDQJH� LQ� WKH� FRXUVH� RI� WKH� IXUWKHU� KLJK�WHPSHUDWXUH� WUHDWPHQWV� LQWHQGHG� WR� REWDLQWKH� VHPLFRQGXFWLQJ� VWUXFWXUH�� 7KH� SXUSRVHRI� WKLV� ZRUN� LV� WR� GHYHORS� D� QRQ�UHDFWLYHKLJK�IUHTXHQF\� PDJQHWURQ� VSXWWHULQJ� WHFK �QRORJ\�WR�SURYLGH�,72�OD\HUV�IRU�&G7H WKLQ�ILOP� 6&� WKDW� ZRXOG� WDNH� LQWR� DFFRXQW� WKHHIIHFW� RI� DERYH�PHQWLRQHG� KHDW� WUHDWPHQWVRQ�WKH�LQLWLDO�RSWLFDO�DQG�HOHFWULF�SURSHUWLHVRI�WKH�ZLGH�EDQG�JDS��ZLQGRZV��7KH� ,72� ILOPV�ZHUH�GHSRVLWHG�RQWR�JODVVVXEVWUDWHV� LQ� D� 05&����� KLJK�IUHTXHQF\PDJQHWURQ�XQLW��7KH�WDUJHW�EHLQJ�VSXWWHUHGFRQVLVWHG� RI� FRPSDFWHG�PHFKDQLFDO�PL[WXUHRI� ILQHO\� GLVSHUVHG� ,Q�2� ���� �� ZW��� DQG6Q2� ������ZW����ERWK�RI�VHPLFRQGXFWRU�SX�ULW\�JUDGHV��7KH�LQLWLDO�SDUWLDO�SUHVVXUH�ZDV���� 7RUU�� 7KH� PDJQHWURQ� VSHFLILF� SRZHU�3Z�� ZDV� YDULHG� IURP� ����� WR�����P:�FP��� WKXV� FRUUHVSRQGLQJ� WR� WKHUDQJH� XVHG� LQ� SURGXFWLRQ� RI� WUDQVSDUHQWFRQGXFWLYH� ,72� ILOPV� >�@�� 7KH� ILOPV� ZHUHGHSRVLWHG� LQ� DUJRQ�R[\JHQ� DWPRVSKHUH� DW
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�⋅���� 7RUU� SUHVVXUH�� 7KH� JDV� OHDN�LQ� V\V �WHP�GHVLJQ�PDGH�LW�SRVVLEOH�WR�YDU\�WKH�R[\ �JHQ�FRQFHQWUDWLRQ��&2��ZLWKLQ�OLPLWV�RI���WR���� �YRO���� 7KH� ,72� ILOP� WKLFNQHVV�� DV� GH �WHUPLQHG� E\� D� SURILORPHWHU�� ZDV� YDULHGZLWKLQ������WR������µP�UDQJH��7KH�,72�ILOPFU\VWDOOLQH�VWUXFWXUH�ZDV�H[DPLQHG�E\�;�UD\GLIIUDFWLRQ�XQGHU�FRSSHU�DQRGH�HPLVVLRQ��7RVWXG\� WKH� ILOP� VXUIDFH� UHVLVWDQFH� �5∫ ��� WKHIRXU�SUREH�WHFKQLTXH�ZDV�XVHG��7KH�FRQFHQ �WUDWLRQ� �Q�� DQG� PRELOLW\� �µ�� RI� WKH� PDMRUFKDUJH�FDUULHUV�LQ�WKH�,72�ILOPV�ZHUH�GHWHU �PLQHG� XVLQJ� WKH� +DOO� H�P�I�� PHWKRG�� 7KHVSHFWUDO� GHSHQGHQFHV� RI� WKH� ILOP� WUDQVPLV �VLYLW\� ZHUH� VWXGLHG� XVLQJ� WZR�FKDQQHOPHWKRG� LQ� WKH� ���� WR� ����� QP� VSHFWUDOUDQJH�� 7KH� DYHUDJH� WUDQVPLVVLYLW\� YDOXH�7��������� ZDV� FDOFXODWHG� IRU� WKH� ���� WR����QP�UDQJH�)LUVW��VWXGLHG�ZDV� WKH�HIIHFW�RI�WKH�R[\ �JHQ� SDUWLDO� SUHVVXUH� DQG� WKH� PDJQHWURQVSXWWHULQJ�VSHFLILF�SRZHU�RQ�WKH�FU\VWDOOLQHVWUXFWXUH�� RSWLFDO� DQG� HOHFWULFDO� SURSHUWLHVRI� ,72� ILOPV� GHSRVLWHG�RQWR�XQKHDWHG� JODVVVXEVWUDWHV�� 7KH� PDJQHWURQ� VSHFLILF� SRZHU3Z  ������P:�FP� EHLQJ� FRQVWDQW�� WKHR[\JHQ� FRQFHQWUDWLRQ� &2 LQFUHDVH� LQ� WKHDUJRQ�R[\JHQ�PL[WXUH�IURP���WR������YRO��UHVXOWV�LQ�WKH�VXUIDFH�UHVLVWLYLW\� 5∫ LQFUHDVHIURP� ���� WR� ����� Ω�∫ ZKLOH� WKH� DYHUDJHWUDQVPLVVLYLW\�7������� IURP�����WR��������)LJ����� FXUYHV� ��� ���� 7KH� 7������� YDOXHDWWDLQV� ����� DOUHDG\� DW� &2 DERXW� ���YRO�DQG� WKHQ� FKDQJHV� RQO\� VOLJKWO\�� 7KH� ORZWUDQVSDUHQF\� RI� WKH� ZLGH�EDQG� JDS� �ZLQ �GRZV��LV�GXH�WR�D�KLJK�FRQFHQWUDWLRQ�RI�R[\ �JHQ� YDFDQFLHV� LQ� WKH� JURZLQJ� OD\HU� >�@�7KXV��LQ�VSLWH�RI�WKH�LQFUHDVLQJ�R[\JHQ�FRQ �FHQWUDWLRQ� LQ� WKH� JDV� PL[WXUH�� LWV� DWRPVPD\�QR�KDYH�WLPH�WR�RFFXS\�WKH�FU\VWDO�ODW �WLFH�VLWHG�GXH�WR�WKH�KLJK�VSXWWHULQJ�SRZHU�$W� WKH� RWKHU� KDQG�� DFFRUGLQJ� WR� >�@�� DW� DKLJK� VSHFLILF� SRZHU� RI� PDJQHWURQ� VSXWWHU �LQJ�� LQWULQVLF� SRLQW� GHIHFWV� �R[\JHQ� YDFDQ �FLHV��FDQ�DULVH�LQ�WKH�JURZLQJ�R[LGH�ILOP�3URFHHGLQJ� IURP� WKH� DERYH� FRQVLGHUD �WLRQV�� WKH� PDJQHWURQ� VSXWWHULQJ� SRZHU� LQIXUWKHU� H[SHULPHQWV� ZDV� GHFUHDVHG� DW� WKHFRQVWDQW�R[\JHQ�FRQFHQWUDWLRQ�RI������YRO��LQ�RUGHU� WR� LQFUHDVH� WKH� ,72�ILOP�WUDQVPLV �VLYLW\�� 7KH� 3Z� GHFUHDVH� IURP� ����� WR�����P:�FP� UHVXOWV� LQ� WKH� WUDQVSDUHQF\LQFUHDVH� XS� WR� 7�������  ������ �� �)LJ����FXUYH� ���� ZKLOH� WKH� VXUIDFH� UHVLVWLYLW\� LQ �FUHDVHV� RQO\� VOLJKWO\� IURP� ����� WR� ��� Ω�∫�7KH� ;�UD\� SKDVH� DQDO\]H� RI� WKH� OD\HUV� RE �WDLQHG� LQ� YDULRXV� UHJLPHV� KDV� VKRZQ� WKDWWKH�,72�ILOPV�DUH�RI�FXELF�PRGLILFDWLRQ�DQGRULHQWHG� PDLQO\� DORQJ� WKH� ������ GLUHFWLRQ�

$FFRUGLQJ�WR�>�@��WKH�TXDOLWDWLYH�LQGH[�FKDU �DFWHUL]LQJ� WKH� SUHGRPLQDQW� RULHQWDWLRQ� RI,72�ILOPV�LV�WKH�UDWLR�RI�WZR�PRVW�LQWHQVH�GLI �IUDFWLRQ� PD[LPD�� ,������,������� )RU� WKH� ,Q�2�SKDVH�KDYLQJ�QR�SUHGRPLQDQW�RULHQWDWLRQ��WKLVUDWLR� DPRXQWV� ������ DFFRUGLQJ� WR� $670� GDWD>�@��$V�WR�WKH�,72�ILOPV�XQGHU�VWXG\�REWDLQHGRQ�XQKHDWHG�VXEVWUDWHV�DW�3Z  ������P:�FP��WKLV�UDWLR�LV������)LJ���D��7KH� IXUWKHU� GHFUHDVH� RI� WKH� PDJQHWURQSRZHU� IURP� ����� WR� �����P:�FP� UHVXOWVLQ�D�GUDPDWLF��5∫ LQFUHDVH�IURP����WR�����Ω�∫�7KH� WUDQVPLVVLYLW\� LQFUHDVHV� LQVLJQLILFDQWO\IURP� ����� WR� ������� �)LJ����� FXUYHV� ��� ���7KH5∫ LQFUHDVH�LV�GXH�WR�GURSSLQJ�FRQFHQWUD �WLRQ� RI� PDMRU� FKDUJH� FDUULHUV�� Q�� IURP���⋅���� GRZQ� WR� ���⋅���� FP�� ZKLOH� WKHLUPRELOLW\��µ��LQFUHDVHV�VOLJKWO\�IURP����XS�WR���FP���9⋅V���,Q�RXU�RSLQLRQ��WKH�GHFUHDVLQJFRQFHQWUDWLRQ� RI� PDMRU� FKDUJH� FDUULHUV� DWWKH� GHFUHDVLQJ� PDJQHWURQ� SRZHU� LV� GXH� WRGHFUHDVLQJ�JURZWK�UDWH� WKDW�PD\�EH� DFFRP�SDQLHG� E\� LQFUHDVLQJ� R[\JHQ� FRQFHQWUDWLRQLQ� WKH� JURZLQJ� ILOP�� 7KLV� LQFUHDVH� LQ� WKHR[\JHQ� FRQFHQWUDWLRQ� UHVXOWV�� DW� WKH� RQHKDQG��LQ�GHFUHDVLQJ�FRQFHQWUDWLRQ�RI�HOHFWUL �FDOO\� DFWLYH� LQWULQVLF� SRLQW� GHIHFWV� �R[\JHQYDFDQFLHV�� RI� WKH� Q FRQGXFWLYLW\� W\SH�� $WWKH� RWKHU� KDQG�� WKH� H[FHVV� R[\JHQ� DWRPVPD\�ELQG�WLQ�DWRPV�DQG�WKXV�WUDQVIRUP�WKLVLPSXULW\�RXW�RI�WKH�HOHFWULFDOO\�DFWLYH�VWDWH

)LJ����� (IIHFW� RI� PDJQHWURQ� VSXWWHULQJ� UH�JLPH�RQ�RSWLFDO�SURSHUWLHV�RI�,72�ILOPV�GHSRV�LWHG�RQWR�XQKHDWHG�VXEVWUDWHV�3Z  ������P:�FP���&2  ����7�������  �������5∫  �����Ω�∫ �����3Z  ������P:�FP���&2  ����YRO����7�������  ���������5∫  ������Ω�∫ ����3Z  ������P:�FP���&2  �����YRO����7������� ������ ��� � 5∫  ������Ω�∫ ����� 3Z  �����P:�FP��� &2  ��� �� �YRO���� 7�������  ��������5∫  �������Ω�∫ ����
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LQWR� HOHFWULFDOO\� LQDFWLYH� RQH� E\� IRUPDWLRQRI�R[LGH�SKDVHV�7KH� UHVXOWV� REWDLQHG� HYLGHQFH� WKDW� IRUWKH� ,72� ILOPV� JURZQ� RQ� XQKHDWHG� VXE �VWUDWHV��WKH�RSWLPXP�FRPELQDWLRQ�RI�RSWLFDODQG� HOHFWULFDO� SURSHUWLHV� LV� DWWDLQHG� DW� WKHPDJQHWURQ�SRZHU�3Z  ������P:�FP� LI�WKHR[\JHQ� FRQFHQWUDWLRQ� LQ� WKH� DUJRQ�R[\JHQDWPRVSKHUH�LV������YRO����7KH�VXUIDFH�UHVLV �WLYLW\� � 5∫  ����Ω�∫ UHTXLUHG� IRU� KLJK�HIIL�FLHQF\�6&��KRZHYHU��LV�LPSRVVLEOH�WR�EH�SUR �YLGHG�DW�WKH�DWWDLQHG�RSWLPXP�WUDQVPLVVLY �LW\� RI� 7�������  ������ ��� &RPSDUDWLYHDQDO\VLV� LI� OLWHUDWXUH� GDWD� >����@� LQGLFDWHGWKDW�WKH�GUDZEDFN�LV�GXH�WR�LQVXIILFLHQW�PR �ELOLW\� RI� HOHFWURQV� µ  ����FP���9⋅V�� LQ� ,72ILOPV� GHSRVLWHG� RQWR� XQKHDWHG� VXEVWUDWHV�6LQFH� WKH� PRELOLW\� GHSHQGV� KHDYLO\� RQ� WKHFU\VWDO� SHUIHFWLRQ� RI� WKH� OD\HU� DQG� WKH� HOH �YDWHG� GHSRVLWLRQ� WHPSHUDWXUH� LV� DPRQJ� WKHPRVW� FRPPRQ�PHWKRGV� WR� LPSURYH� WKH� ,72OD\HU� FU\VWDO� VWUXFWXUH� >�@�� WKH� IXUWKHU� H[ �SHULPHQWV�ZHUH�DLPHG�DW�H[DPLQDWLRQ�RI�WKHGHSRVLWLRQ� WHPSHUDWXUH� HIIHFW� RQ� WKH� FU\V �WDOOLQH� VWUXFWXUH�� RSWLFDO� DQG� HOHFWULFDOSURSHUWLHV� RI� ,72� ILOPV� JURZQ� LQ� RSWLPXPUHJLPH�RI�WKH�PDJQHWURQ�VSXWWHULQJ�7KH�VWUXFWXUH�VWXGLHV�KDYH�VKRZQ�WKDW�DVWKH�GHSRVLWLRQ�WHPSHUDWXUH�LV�HOHYDWHG�XS�WR����&��WKH�H[WHQW�RI�WKH�,72�ILOP�SUHGRPL�QDQW� RULHQWDWLRQ� DORQJ� WKH� ������ GLUHFWLRQLQFUHDVH� �,������,�����  ������ �)LJ���E��� 7KHVXEVWUDWH�WHPSHUDWXUH�LQFUHDVH�DERYH���� �&KDV�EHHQ�VKRZQ� WR�UHVXOW� LQ�WKH�VXUIDFH�UH �VLVWLYLW\�GHFUHDVH�GRZQ�WR�5∫  ����Ω�∫ �)LJ��D��FXUYH����WKDW�LV�FDXVHG�E\�WKH�LQFUHDVHGPRELOLW\��)LJ���E��FXUYH����DW�WKH�HVVHQWLDOO\FRQVWDQW�FRQFHQWUDWLRQ�RI�PDMRU�FKDUJH�FDU �ULHUV� �)LJ���D�� FXUYH�����7KH� ILOP�WUDQVPLV �VLYLW\�YDOXH�H[FHHGV������ZLWKLQ�WKH�ZKROHVWXGLHG�UDQJH�RJ�WKH�VXEVWUDWH�WHPSHUDWXUH�)LJ���E��FXUYH�����7KXV��IURP�WKH�VWDQGSRLQWRI� WKH� FRPELQDWLRQ� RI� RSWLFDO� DQG� HOHFWULFDOSURSHUWLHV� LQ� WKH� LQLWLDO� VWDWH�� WKH� ,72� ILOPVREWDLQHG�RQ�JODVV�VXEVWUDWHV�DW�GHSRVLWLRQ�WHP�SHUDWXUHV� UDQJLQJ� IURP� ���� WR� ����&� FDQ� EHXVHG�WR�GHVLJQ�KLJK�HIILFLHQF\�6&�:KHQ� VWXG\LQJ� WKH� HIIHFW� RI,72�&G6�&G7H 6&� PDQXIDFWXULQJ� SURFHVVRQ� WKH� LQLWLDO� SURSHUWLHV� RI� ,72� ILOPV�� WKH�FKORULGH��WUHDWPHQW�ZDV�IRXQG�WR�FDXVH�DQDSSUHFLDEOH� LQFUHDVH�RI�WKH�VXUIDFH�UHVLVWLY �LW\�RI�WKH�ZLGH�EDQG��ZLQGRZ���7KLV�VWDQG �DUG� KHDW� WUHDWPHQW� LV� XVHG� WR� GLPLQLVK� WKHJUDLQ� ERXQGDU\� VXUIDFH� DQG� WR� ORZHU� WKHEDVLF�OD\HU�UHVLVWLYLW\�DV�ZHOO�DV�WR�IRUP�DQHIILFLHQW�VHSDUDWLQJ�EDUULHU�>��@��7KH��FKOR �ULGH�� WUHDWPHQW� LV�SHUIRUPHG�E\�DSSO\LQJ�D&G&O� ILOP� RQWR� WKH� EDVLF� &G7H OD\HU� VXU�

IDFH� IROORZHG� E\� WKH� DLU� DQQHDOLQJ� WKH� V\V �WHP�DW� ����&� IRU� ���PLQ��$FFRUGLQJ� WR� OLW�HUDWXUH�GDWD��R[\JHQ�DWRPV�GLIIXVLQJ�DFURVVWKH�VHPLFRQGXFWRU�WRZDUGV�WKH�&G6�,72�LQ�WHUIDFH�SOD\�DQ�LPSRUWDQW�SDUW�LQ�WKH��FKOR �ULGH�� WUHDWPHQW� >��@�� 1R� GLIIXVLRQ� LQWHUDF �WLRQ� EHWZHHQ� &G6 DQG� ,72� OD\HUV� ZDV� RE�VHUYHG� >��@�� 7KXV�� LW� LV� REYLRXV� WKDW� WKH�FKORULGH��WUHDWPHQW�HIIHFW�RQ�WKH�,72�ILOPSURSHUWLHV� LV� DVVRFLDWHG� ZLWK� WKH� R[LGDWLRQSURFHVV� RFFXUULQJ� GXULQJ� WKH� WUHDWPHQW�7KHUHIRUH�� WKH� ,72� OD\HUV� REWDLQHG� DW� VXE �

)LJ�����&U\VWDOOLQH�VWUXFWXUH�RI�,72�ILOPV�RE�WDLQHG� DW� 3Z  ������P:�FP��� &2  �����YRO���DQG�VXEVWUDWH�WHPSHUDWXUH� ��&�������D�������E��������DIWHU�DLU�DQQHDOLQJ��F��
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VWUDWH� WHPSHUDWXUHV� RI� ���� WR� ��� �&� ZHUHDQQHDOHG� LQ� DLU� DW� ����&� IRU� ��� PLQ� LQRUGHU�WR�VLPXODWH�WKH�HYROXWLRQ�RI�WKH�ZLGH�EDQG� �ZLQGRZ�� VWUXFWXUH�� RSWLFDO� DQG� HOHF �WULFDO�SURSHUWLHV�DW�WKH��FKORULGH��WUHDWPHQWRI�,72�&G6�&G7H VRODU�FHOOV�$W� DOO� WKH� VWXGLHG� GHSRVLWLRQ� WHPSHUD �WXUHV�� WKH� KHDW� WUHDWPHQW� LQ� DLU� KDV� EHHQIRXQG� WR� FDXVH� DQ� LQVLJQLILFDQW� LQFUHDVH� RIWKH�ILOP�WUDQVPLVVLYLW\�DORQJ�ZLWK�D�FRQVLG �HUDEOH� LQFUHDVH� RI� WKH� VXUIDFH� UHVLVWLYLW\�)LJ���D�� E�� FXUYH� ���� 7KH� VWXG\� RI� +DOOH�P�I��KDV�VKRZQ�WKDW�WKH�5∫ LQFUHDVH�LV�GXHWR�GHFUHDVLQJ�FRQFHQWUDWLRQ�RI�PDMRU�FKDUJHFDUULHUV��)LJ���D��FXUYH����DFFRPSDQLHG�E\�DOHVV� FRQVLGHUDEOH� LQFUHDVH� LQ� WKHLU�PRELOLW\�)LJ���E�� FXUYH� ���� 7KXV�� WKH� DLU� DQQHDOLQJFDXVHV� R[LGDWLRQ� RI� WKH� GRSLQJ� LPSXULW\EHLQJ� LQLWLDOO\� LQ� WKH� HOHFWULFDOO\� DFWLYHVWDWH�� 2QO\� WKH� ,72� ILOPV� GHSRVLWHG� RQWRVXEVWUDWHV� KHDWHG� XS� WR� ����&� H[KLELW� WKHRSWLFDO�DQG�HOHFWULFDO�FKDUDFWHULVWLFV�PDNLQJLW� SRVVLEOH� WR� XVH� WKH� ILOPV� LQ� KLJK�HIIL �FLHQF\� 6&� RQ� WKH� FDGPLXP� WHOOXULGH� EDVLV�)RU�WKRVH�ILOPV��WKH�WUDQVPLVVLYLW\�7������� ������ �� DQG� VXUIDFH� UHVLVWLYLW\� 5∫  ���Ω�σ�� 7KH� VWUXFWXUH� VWXGLHV� RI� WKH� PHQ�
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