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���([SHULPHQWDO�GHWDLOV7KH� LQYHVWLJDWHG� DOOR\� ZDV� SUHSDUHG� E\PHOWLQJ� LQ� DQ� LQGXFWLRQ� IXUQDFH�� 7KH� DOOR\ZDV� KRPRJHQL]HG� DW� ����� �&� IRU� ��� K� LQDUJRQ� DWPRVSKHUH� DQG� WKHQ� ZDV� FUXVKHGLQWR�SDUWLFOHV�IURP����µP�WR�����µP�VL]H�7KH� VSHFLDO� H[SHULPHQWDO� HTXLSPHQW� ZDVPDGH� WR� LQYHVWLJDWH� LQ� WKH� NLQHWLFV� RI� WKHK\GURJHQ�LQGXFHG� SKDVH� WUDQVIRUPDWLRQ�7KLV� HTXLSPHQW� HQDEOHV� WR� WUHDW� WKH1G�)H��% W\SH� FRPSRXQG� XQGHU� K\GURJHQSUHVVXUH�XS� WR�3 ����03D�DQG�DW�WHPSHUD�WXUHV�XS�WR����� �&�7KH� LGHD� RI� WKLV�PHWKRG� LV� EDVHG� RQ� WKHIROORZLQJ� IDFW�� 7KH� 1G�)H��% W\SH� DOOR\� LVSDUDPDJQHWLF� LQ� WKH� UDQJH� RI� H[SHULPHQWDOWHPSHUDWXUHV� ��������� �&�� �&XULH� WHPSHUD�WXUH� 7F ���� �&�� EXW� SKDVHV� RI� GHFRPSRVL�WLRQ��α�)H DQG�)H�%��DUH�IHUURPDJQHWLF�7KLV�IDFW�JLYHV�D�SRVVLELOLW\�IRU�PDJQHWLFLQYHVWLJDWLRQ� RI� WKHVH� SKDVH� WUDQVLWLRQV�7KH�PHDVXULQJ� SDUW� RI� H[SHULPHQWDO� HTXLS �PHQW� EHIRUH� XVHG� WR� VWXG\� WUDQVIRUPDWLRQVLQ� VWHHOV� LQ� ��WK�� ZDV� FRQVWUXFWHG� XVLQJ6DGLNRY� PHWKRG� >�@�� 7KH� UHDFWLRQ� FKDPEHUZLWK�VDPSOH� RI�1G�)H�% ZDV� SODFHG� LQWR�DO�WHUQDWLQJ� PDJQHWLF� ILHOG� DERXW� ��� N$�P�7KH� ELILODU� PHDVXULQJ� FRLO� ZDV� VLWXDWHGDURXQG� WKH� UHDFWLRQ� FKDPEHU�� 7KHQ� VDPSOHZDV� XQGHUJRQH� WR� WKH� GLUHFW� DQG� UHYHUVHWUDQVIRUPDWLRQ� DQG� HOHFWURPRWLYH� IRUFHH�P�I�ZDV�LQGXFHG��,Q�WKHVH�FDVHV��YDOXHV�RIH�P�I�� ZHUH� SURSRUWLRQDOO\� RI� TXDQWLW\� RIWKH�IHUURPDJQHWLF�SKDVHV��α�)H DQG�)H�%��LQWKH�VDPSOH�$W�ILUVW��DW����� �&�WKH�IXOO�������GHFRP�SRVLWLRQ�RI�WKH�VDPSOH�ZDV�REWDLQHG��2Q�WKDWEDVH� WKH� PHDVXULQJ� SDUW� RI� HTXLSPHQW� ZDVJUDGXDWHG� IRU� WHPSHUDWXUHV� IURP� ���� �&� WR���� �&�� 7KDW� KDV�PDGH� LW� SRVVLELOH� WR� GHWHU�PLQH� WKH� WUDQVIRUPDWLRQ� GHJUHHV� ZLWKLQ� WKHZKROH�H[SHULPHQWDO�WHPSHUDWXUH�LQWHUYDO�)RU� GLUHFW� WUDQVIRUPDWLRQ� H[SHULPHQWDOSURFHGXUH� ZDV� DV� IROORZV�� 7KH� VDPSOHV�P ����� J�� ZHUH� SODFHG� LQWR� D� UHDFWLRQFKDPEHU� DW� URRP� WHPSHUDWXUH�� 7KHQ� WKH\ZHUH� KHDWHG� WR� D� WHPSHUDWXUH� LQ� WKH� LQWHU �YDO��������� �&�LQ�YDFXXP������ 7RUU���7KHWHPSHUDWXUH� ZDV� PHDVXUHG� E\� D� FKURPHO�DOXPHO� WKHUPRFRXSOH�� 7KHQ� WKH� UHDFWLRQFKDPEHU� ZDV� ILOOHG� ZLWK� K\GURJHQ� XQGHU����03D� SUHVVXUH�� )URP� WKLV� WLPH� WKH�PR �PHQW� RQ�� WKH� IRUPDWLRQ� DQG� JURZWK�RI� IHU �URPDJQHWLF� SKDVHV� �α�)H DQG� )H�%�� ZHUHPHDVXUHG�FRQWLQXRXVO\�([SHULPHQWDO� LQYHVWLJDWLRQ� RI� WKH� UH �YHUVH�WUDQVIRUPDWLRQ�ZDV�FDUULHG�RXW�DV�IRO �ORZV��$W� ILUVW�� HDFK� VDPSOH� �P �����JUDP�

ZDV�XQGHUJRQH�WR�WKH�GLUHFW�WUDQVIRUPDWLRQLQ� K\GURJHQ� DWPRVSKHUH� RI� �� EDU� DW� WKHWHPSHUDWXUH� ���� �&� XS� WR� IXOO� GHFRPSRVL�WLRQ��7KHQ�WKH�VDPSOH�ZDV�FRROHG�GRZQ�WR�DWHPSHUDWXUH� IURP� LQWHUYDO��������� �&��DQGDIWHU� WKLV�� K\GURJHQ� ZDV� HYDFXDWHG� IURPWKH� UHDFWLRQ� FKDPEHU�� )URP� WKLV� WLPH� PR �PHQW�RQ��WKH�GHFUHDVH�RI� WKH� IHUURPDJQHWLFSKDVHV� FRQWHQW� LQ� WKH� VDPSOH� �α�)H DQG)H�%��ZDV�PHDVXUHG�FRQWLQXRXVO\�$OO� H[SHULPHQWDO� UHVXOWV� ZHUH� REWDLQHGXQGHU�VWULFWO\�LVRWKHUPDO�FRQGLWLRQV����5HVXOWV�DQG�GLVFXVVLRQ)LJ��� VKRZV� WKH� LVRWKHUPDO� NLQHWLFFXUYHV� IRU� K\GURJHQ�LQGXFHG� GLUHFW� SKDVHWUDQVIRUPDWLRQ� LQ� WKH� 1G�)H��% W\SH� DOOR\�$W� 7 ���� �&� WKH� GLUHFW� SKDVH� WUDQVIRUPD�WLRQ� KDV� YHU\� KLJK� UDWH� DQG� LV� ILQLVKHG� LQ���PLQ��FXUYH�����'HFUHDVLQJ�RI�WKH�LVRWKHU �PDO� WHPSHUDWXUH� WR� ���� �&� LQGXFHV� D� VORZ�LQJ�GRZQ�RI�WKH�SKDVH�WUDQVIRUPDWLRQ�UDWH�$W�WKLV�WHPSHUDWXUH��WKH�IXOO�GHFRPSRVLWLRQKDV� FRPSOHWHG� LQ� ���� PLQ� �FXUYH� ���� $W���� �&� �FXUYH� ��� DQG� ���� �&� �FXUYH� ���� WKHGLUHFW� SKDVH� WUDQVLWLRQ� ZDV� FRPSOHWHG� LQ����DQG�����PLQ��UHVSHFWLYHO\�$� IXUWKHU� WHPSHUDWXUH� GHFUHDVLQJ� PDGHWUDQVIRUPDWLRQ� WR� EH� PRUH� DQG�PRUH� VORZ�VR�SKDVH�GHFRPSRVLWLRQ�ZDV�QRW� ILQLVKHG� LQ����H[SHULPHQWDO�PLQXWHV��$W����� �&�SKDVHWUDQVIRUPDWLRQ�UHDFKHG������RQO\� �FXUYH����$W����� �&��FXUYH����DQG����� �&��FXUYH����LWUHDFKHG������DQG�������UHVSHFWLYHO\�)LJ��� VKRZV� WKH� NLQHWLF� FXUYHV� IRU� UH �YHUVH� SKDVH� WUDQVIRUPDWLRQ� LQ� 1G�)H��%W\SH� DOOR\�� $W� WHPSHUDWXUH� ���� �&�� 1G+��
α�)H DQG� )H�% SKDVHV� WUDQVIRUP� WR1G�)H��% SKDVH� LQ� ��� PLQ� �FXUYH� � ′��� 7KH
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LVRWKHUPDO� WHPSHUDWXUH� GHFUHDVH� WR� ���� �&LQGXFHV� D� VORZLQJ�GRZQ� RI� WKH� UHYHUVHWUDQVIRUPDWLRQ� UDWH�� $W� WKLV� WHPSHUDWXUH�WKH� IXOO� WUDQVIRUPDWLRQ� ZDV� FRPSOHWHG� LQ����PLQ��FXUYH��′���$W�WKH�IXUWKHU�WHPSHUD�WXUH�GHFUHDVH�WR����� � �FXUYH��′��DQG����� �&�FXUYH� �′��� WKH� UHYHUVH� WUDQVLWLRQ� ZDV� FRP�SOHWHG� LQ� ���� DQG� ���� PLQ�� UHVSHFWLYHO\�7KH� UDWH� RI� UHYHUVH� WUDQVIRUPDWLRQ� GH �FUHDVHV� DV� WKH� LVRWKHUPDO� WHPSHUDWXUH� LVORZHUHG�� � ,Q� WHPSHUDWXUH� LQWHUYDO� IURP���� �&� WR� ���� �&� WUDQVIRUPDWLRQV�ZHUH� QRWILQLVKHG� LQ� ���� H[SHULPHQWDO� PLQXWHV�� 6R�DW������&��FXUYH��′��SKDVH�WUDQVLWLRQ�UHDFKHG����RQO\��$W� ���� �&� �FXUYH��′�� DQG����� �&�FXUYH��′��LW�UHDFKHG�����DQG������UHVSHF�WLYHO\�,W� LV� LPSRUWDQW� WKDW� DW� DOO� WHPSHUDWXUHVWKHUH� ZDV� D� VPDOO� EXW� GLVWLQFW� LQFXEDWLRQSHULRG�RI�WKH�SKDVH�WUDQVLWLRQ�IRU�GLUHFW�DQGUHYHUVH� WUDQVIRUPDWLRQ�� )RU� GLUHFW� WUDQVL �WLRQ�DW�WHPSHUDWXUHV�IURP����� �&�WR����� �&�WKLV�LQFXEDWLRQ�SHULRG�ZDV�DERXW�������VHF��EXW�DW����� �&��LW�DPRXQWHG�DERXW����VHFRQG�)RU� UHYHUVH� WUDQVIRUPDWLRQ� WKLV� SHULRG� GH �PDQGV�D�ORQJHU�WLPH��,Q�WKLV�FDVH��WKH�LQFX �EDWLRQ�SHULRG�ZDV�IURP���PLQ�XS�WR���PLQ�/HW�XV�GLVFXVV�WKH�REWDLQHG�H[SHULPHQWDOUHVXOWV�� 7KH� K\GURJHQ�LQGXFHG� GLUHFW� SKDVHWUDQVIRUPDWLRQ� LQ� 1G�)H��% DOOR\� FDQ� EHUHSUHVHQWHG�DV�>�@�1G�)H��%�+��→
→1G�)H��%+[→1G+��α�)H�)H�%7KH� UHYHUVH� WUDQVIRUPDWLRQ� LQGXFHVHYDFXDWLRQ� RI� K\GURJHQ� IURP� 1G+� RFFXUVE\�WKH�IROORZLQJ�VFKHPH�LQ�DFFRUGDQFH�ZLWK�>�@�1G+��α�)H�)H�%→ 1G�)H��%�+�↑,W� LV� REYLRXV� WKDW� IRU� WKHVH� SKDVH� WUDQV �IRUPDWLRQV� WKH� GLIIXVLYH� WUDQVIHU� RI� ODUJHDWRPV��1G��)H DQG�%��LV�QHFHVVDU\�,W� LV� NQRZQ� WKDW� WKHUH� DUH� GLIIXVLYHSKDVH�WUDQVLWLRQV�RI�WZR�W\SHV��VSLQRGDO�GH �FRPSRVLWLRQ� DQG� SKDVH� WUDQVIRUPDWLRQ� RIQXFOHDWLRQ�DQG�JURZWK�7KH�VSLQRGDO�GHFRPSRVLWLRQ�QHFHVVLWDWHV�WKHGLIIXVLYH� WUDQVIHU� RI� DOOR\� FRPSRQHQW� DWRPVWKURXJK�VPDOO�GLVWDQFHV��7KHUHIRUH��WKH�VSLQR �GDO�GHFRPSRVLWLRQ�RFFXUV�DW�UHODWLYHO\�ORZ�WHP�SHUDWXUHV�DQG�LWV�UDWH�LV�KLJK��7KH�SKDVH�WUDQ �VLWLRQ� RI� QXFOHDWLRQ� DQG� JURZWK� GHPDQGV� WKHGLIIXVLYH� WUDQVIHU� RI� DWRPV� WKURXJK� ORQJ� GLV �WDQFHV� �PXFK� ORQJHU� WKHQ� DWRPLF� GLVWDQFHV��6R��WKLV�SKDVH�WUDQVIRUPDWLRQ�RFFXUV�DW�KLJKHUWHPSHUDWXUHV�� DQG� D� ORQJHU� WLPH� LV� QHFHVVDU\IRU�LWV�FRPSOHWLRQ�

$V�FDQ�EH�VHHQ�IURP�)LJ���DQG�)LJ����WKLVW\SH� RI� NLQHWLF� FXUYHV� ZLWK� JUDGXDO� UHGXF �WLRQ�RI�WUDQVIRUPDWLRQ�UDWH�DW�7����� �&�LQ�GLFDWHV�WKDW�WKHVH� WUDQVLWLRQV�DUH�GHYHORSHGDFFRUGLQJ� WR� WKH� QXFOHDWLRQ� DQG� JURZWKPHFKDQLVP�,W� LV� NQRZQ� WKDW� SKDVH� WUDQVIRUPDWLRQVRFFXUULQJ� WKURXJK� QXFOHDWLRQ� DQG� JURZWKPHFKDQLVP�� ZKLFK� ZHUH� ZHOO� VWXGLHG� IRUVWHHOV� KDYH� WZR� W\SHV� RI� LVRWKHUPDO� NLQHWLFGLDJUDPV�>�@�:KHQ� ORZHULQJ� WKH� WHPSHUDWXUH� DQG� LQ �FUHDVLQJ� WKH� VXSHUFRROLQJ� IURP� WKH� FULWLFDOSRLQW��WKH�QHZ�SKDVHV�QXFOHDWLRQ�UDWH�GRPL �QDWHV�DW�ILUVW�DQG�WKHQ�WKH�GLIIXVLRQ�FRQWUROEHJLQV� WR� GRPLQDWH�� ,Q� WKLV� FDVH�� GLDJUDPVRI�WUDQVIRUPDWLRQ�KDYH�D�&�VKDSH�W\SH�7KH� RWKHU� W\SHV� RI� WUDQVIRUPDWLRQV� �IRUH[DPSOH�� WKH� IHUULWH→DXVWHQLWH� WUDQVIRUPD�WLRQ� LQ� VWHHOV� GXULQJ�KHDWLQJ��KDYH�DQRWKHUW\SH�RI�NLQHWLF�GLDJUDPV��,Q�WKLV�FDVH��ERWKIDFWRUV�DFW�DORQJ�DQG�WKH�SKDVH�WUDQVIRUPD �WLRQ� EHFRPHV� DFFHOHUDWHG� ZLWK� WHPSHUDWXUHHOHYDWLRQ�7KH�NLQHWLF�GLDJUDPV�RI�WKH�K\GURJHQ�LQ �GXFHG� SKDVH� WUDQVIRUPDWLRQV� LQ� 1G�)H��%W\SH�DOOR\�DUH�VKRZHG�LQ�)LJ����GLUHFW�WUDQV �IRUPDWLRQ��DQG�)LJ����UHYHUVH�RQH���,W�LV�RE �YLRXV� WKDW� LQYHVWLJDWHG� SKDVH� WUDQVIRUPD �WLRQV�KDYH�WKH�NLQHWLF�GLDJUDP�RI�WKH�VHFRQGW\SH��IURP�DERYH�PHQWLRQHG��7KH�GLIIXVLRQ� FRHIILFLHQWV� RI� 1G��)H DQG% DWRPV� LQFUHDVH� DV� WKH� WHPSHUDWXUH� EH �FRPHV� KLJKHU�� 7KLV� LV� DQ� LPSRUWDQW� IDFWRU�%XW�� VR� IDVW� ULVH� RI� WKH� SKDVH� WUDQVIRUPD �WLRQ�UDWH��DERXW�WZR�RUGHUV�RI�PDJQLWXGH��LQWKH� WHPSHUDWXUH� LQWHUYDO� RQO\����� �&� �IURP���� �&� DQG� WR� ���� �&�� FDQQRW� EH� DWWULEXWHGWR� LQFUHDVLQJ� RI� GLIIXVLRQ� FRHIILFLHQWV� RQO\
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