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,W�LV�FRPPRQO\�DGRSWHG�WKDW�WKH�KLJKHU�LVWKH�SKDVH�WUDQVIRUPDWLRQ�UDWH�RU�D�SK\VLFDOIDFWRU�YDULDWLRQ� UDWH��WKH�PRUH�QRQ�HTXLOLE �ULXP� VWUXFWXUH� LV� IRUPHG� DQG� WKH� PRUHSUREDEOH�DUH� WKH�VXEVHTXHQW�VSRQWDQHRXV�RUVWLPXODWHG� UHOD[DWLRQ� SURFHVVHV� LQ� WKH� UH �VSHFWLYH� PDWHULDOV�� 7KH� DSSOLFDWLRQ� UHVXOWVRI� �H[SUHVV��PHWKRGV� LQ�PDWHULDO� V\QWKHVLVDQG� WUHDWPHQW� EHLQJ� LQ� ZLGH� XVH� WRGD\�KRZHYHU��LQGLFDWH�WKDW�WKH�DERYH�VWDQGSRLQWLV�WR�EH�FRUUHFWHG��)LUVW�RI�DOO��LW�LV�MXVW�WKHWKLQ�ILOP�SUHSDUDWLRQ�WHFKQLTXHV�LQ�YDFXXPXVLQJ� WKH� HOHFWURQ� EHDP�� PDJQHWURQ�� DQGODVHU� VSXWWHULQJ� WKDW� DUH� WKH� PDWWHUV� LQTXHVWLRQ�� $� FKDUDFWHULVWLF� IHDWXUH� RI� VXFK�H[SUHVV�� WHFKQLTXHV� FRQVLVWV� LQ� WKDW� WKHVXEVWDQFH�IORZ�IURP�WKH�YDSRU�SODVPD�]RQHWR� WKH� FRQGHQVDWLRQ� RQH� RQ� WKH� VXEVWUDWHH[FHHGV� VXEVWDQWLDOO\� WKH� GLIIXVLRQ� IORZVZLWKLQ�WKH�FRQGHQVDWH�EXON�EHLQJ�IRUPHG�,Q�FRQWUDVW�WR�WKH�FRPPRQ�FRQFHSWV��WKLQILOPV� SUHSDUHG� E\� WKH� DERYH�PHQWLRQHG� H[ �SUHVV� WHFKQLTXHV� DQG� FRPSULVLQJ� VWUXFWXUHLPSHUIHFWLRQV� LQ� KLJK� FRQFHQWUDWLRQV� DUHRIWHQ� YHU\� VWDEOH�� WKDW� LV� ZK\� WKRVH� WHFK �QLTXHV� DUH�XVHG�ZLGHO\�� ,W� EHFRPHV� REYLRXVWKDW� WKH� H[SUHVV� WHFKQLTXHV� JLYH� ULVH� �IRU

UHDVRQV� VWLOO� XQNQRZQ�� VRPH� VSHFLILF� VWUXF �WXUH� VWDWH� WKDW� ZLOO� EH� UHIHUUHG� WR� DV� H[ �WUHPH� RQHV� LQ� ZKDW� IROORZV�� ,Q� WKLV� ZRUN�VRPH� NLQGV� DQG�SURSHUWLHV�RI� VXFK�H[WUHPHVWUXFWXUH�VWDWHV�DUH�FRQVLGHUHG�DQG�WKHUPR �G\QDPLF� DQG� NLQHWLF� IDFWRUV� FDXVLQJ� WKHPDUH�DQDO\]HG�3RO\FU\VWDOOLQH�ILOPV�RI�PHWDOV�DQG�PHWDOFRPSRXQGV� ZLWK� QDQRGLVSHUVHG� JUDLQV� DUHW\SLFDO�H[DPSOHV�RI�H[WUHPH�VWUXFWXUH�PDWH �ULDOV�� 7KH� WUHQG� WR� JUDLQ� VXEGLVSHUVLW\� LQWKLQ� ILOPV� FDQ� EH� VR� SURQRXQFHG� WKDW� LW� LVGLIILFXOW� WR� GLVWLQJXLVK� GHILQLWHO\� DPRU �SKRXV� ILOPV� DQG�SRO\FU\VWDOOLQH� RQHV� >�@��$FOHDUO\� PDQLIHVWHG� GHSHQGHQFH� RI� WKH� JUDLQGLVSHUVLW\� LQ� YDFXXP� FRQGHQVDWHV� RQ� WKHSUHVVXUH� DQG� FRPSRVLWLRQ� RI� WKH� UHVLGXDOJDVHV�LQ�YDFXXP�FKDPEHUV�>����@�$Q� LQFUHDVHG� LPSHUIHFWLRQ�RI� WKLQ�ILOPV�ILUVW� RI� DOO�� DQ� DQRPDORXV� KLJK� GHQVLW\� RILQWHUJUDLQ� ERXQGDULHV�� LV� LQWHUSUHWHG� XVX �DOO\�DV�DQ�LQHYLWDEOH�UHVXOW�RI�WKH�H[WUHPHO\QRQHTXLOLEULXP�FRQGLWLRQV�GXULQJ� WKHLU� IRU �PDWLRQ��7KLV�SUHGRPLQDWLQJ�SRLQW�RI�YLHZ�LVUHIOHFWHG� LQ� WKH� IDFW� WKDW� FRQFHSWV� RI� WKHYDFXXP� FRQGHQVDWH� QRQ�HTXLOLEULXP� H[WHQWDQG� WKH� JUDLQ� GLVSHUVLW\� OHYHO� WKHUHLQ� DUH
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XVHG�ZLGHO\�DV�V\QRQ\PV��/DUJH�DPRXQWV�RIWKH�UHVLGXDO�JDV�SDUWLFOHV�IURP�WKH�YDFXXPFKDPEHU�DWPRVSKHUH�LV�EHOLHYHG�WR�EH�DPRQJWKH� IRUPDWLRQ� UHDVRQV� RI� WKH� QRQ�HTXLOLE �ULXP� VWUXFWXUH� ILOPV�� $V� D� UHVXOW�� WKH� JDVFRQWHQW�LQ�WKH�FRQGHQVDWHV�PD\�H[FHHG�FRQ �VLGHUDEO\�LWV�VROXELOLW\�OLPLW��7KH�FRPPRQO\XVHG� WHUPV� �WKH� UHVLGXDO� JDV� SDUWLFOH� FDS �WXULQJ��RU�HYHQ��LPPXULQJ��UHIOHFW�WKH�FRQ �FHSW� RI� WKH� TXHQFKLQJ� QDWXUH� RI� WKH� ILOPVDWXUDWLRQ� ZLWK� JDV� >�@�� 7KH� H[SHULPHQWDOGDWD�DFFXPXODWHG� WRGD\��KRZHYHU��JLYH�ULVHWR� GRXEWV� DERXW� WKH� YDOLGLW\� RI� WKDW� LQWHU �SUHWDWLRQ�LQ�DOO�FDVHV�)LUVW�RI�DOO��DQRPDORXV�KLJK�VL]H�VWDELOLW\RI� VXEGLVSHUVHG� JUDLQV� LQ� WKLQ� ILOPV� GUDZVDQ�DWWHQWLRQ��,Q�EXON�PDWHULDOV�RI�PHWDOOXU �JLF�RULJLQ��WKH�FU\VWDOOLQH�JUDLQV�DUH�NQRZQWR�EH�RI�VHYHUDO�WHQV�RI�PLFURPHWHUV�LQ�VL]H�7KH�PDWHULDO� WUHQG� WR�WKH�JUDLQ�UHFU\VWDOOL �]DWLRQ� DQG� JURZWK� XQGHU� DQQHDOLQJ� LQ �FUHDVHV� DV� WKH� LQLWLDO� JUDLQ� VL]H� LV� UHGXFHG�7KH�JUDLQ� VL]H� UHGXFWLRQ�GRZQ� WR� WHQWKV� RIPLFURPHWHU�LV�SRVVLEOH�RQO\�XVLQJ�VRPH�VSH �FLDO�PHWKRGV�LQYROYLQJ�LQWHQVH�SODVWLF�GHIRU �PDWLRQ�>�@��,Q�FRQWUDVW��LQ�WKLQ�YDFXXP�FRQ �GHQVDWHV�� LW� LV� D� FRPSOLFDWHG� WHFKQRORJLFSUREOHP� WR� REWDLQ� JUDLQV� RI� PLFURPHWHUVL]H��0RUHRYHU�� LQ�PDQ\�FDVH��WKH�KLJKHU�LVWKH� LQLWLDO� GLVSHUVLW\� VWDWH�� WKH� OHVV� LQWHQVHLV� WKH� UHFU\VWDOOL]LQJ� JUDLQ� JURZWK� LQQDQRFU\VWDOOLQH�ILOPV�$V�DQ� H[DPSOH�� WKH�7DEOH���SUHVHQWV� WKHJUDLQ� VL]H� FKDQJHV� LQ� DOXPLQXP� ILOPV� FRQ �GHQVHG� LQ� YDFXXP� RI� ��Ü� 3D� RQWR� DQ� XQ�KHDWHG� VXEVWUDWH� �JODVV� ZLWK� 1D&O LQWHU�OD\HU��� 7KH� SXULW\� RI� WKH� PHWDO� HYDSRUDWHGLV�����������7KH�WH[WXUH�IUHH� ILOPV�RI�GLI �IHUHQW� WKLFNQHVV� ZHUH� REWDLQHG� VLPXOWDQH �RXVO\� XVLQJ� GLIIHUHQW� FRQGHQVDWLRQ� UDWHVIURP�����QP�V�WR�����QP�V�DW�WKH�WKLFNQHVVUDQJH�RI���� WR����QP��7KHUHIRUH�� WKH� UHOD �WLYH� DPRXQW� RI� UHVLGXDO� JDV� SDUWLFOHV� ZDVKLJKHU�LQ�WKLQQHU�ILOPV��7KH�ILOPV�VHSDUDWHGIURP� VXEVWUDWHV� ZHUH� DQQHDOHG� IRU� ��� PLQGLUHFWO\� LQ� DQ� HOHFWURQ� PLFURVFRSH� XVLQJ� DUHVLVWLYH�KHDWHU�4XDOLWDWLYHO\� VLPLODU� UHVXOWV� ZHUH� RE �WDLQHG�ZKHQ�DQQHDOLQJ�WLQ�ILOPV�LQ�YDFXXP�WKH� JUDLQ� JURZWK� ���� QP� LQ� WKH� LQLWLDOVWDWH�� LV�QRW�REVHUYHG�XS� WR�DQQHDOLQJ� WHP �SHUDWXUHV� RI� ���7P�� %HDULQJ� LQ� PLQG� WKDWWKH� HIIHFWLYH� GLIIXVLRQ� DQG� JUDLQ� UHFU\VWDO �OL]LQJ�JURZWK�RFFXU�XVXDOO\�DW�����WR����7P�WKHQ� LW� LV� VHHQ� FOHDUO\� WKDW� WKH� LQWHUJUDLQERXQGDULHV� LQ� VXFK� ILOPV� DUH� QRW� WKH� WKHU �PRG\QDPLF�QRQ�HTXLOLEULXP�IDFWRUV��,Q�FRQ �WUDVW��LW�LV�WR�EH�FRQFOXGHG�WKDW�WKHLU�IRUPD �WLRQ� LQ� WKH� FRXUVH� RI� QRQ�HTXLOLEULXP� FU\V �

WDOOL]DWLRQ�IDYRUV�WKH�IRUPDWLRQ�RI�OHVV�QRQ�HTXLOLEULXP� DQG� PRUH� VWDEOH� FRQGHQVDWHWKDQ�LW�ZRXOG�EH�LQ�WKHLU�DEVHQFH�,W�IROORZV�IURP�WKH�DERYH�WKDW�WKH�LQWHU �JUDLQ�ERXQGDULHV�IRUPHG�LQ�D�ILQLVKHG�PDWH �ULDO� �H�J�� E\� GHIRUPDWLRQ�� GLIIHU� VXEVWDQ �WLDOO\� IURP� WKRVH� IRUPHG� GXULQJ� WKH� ILOPSUHSDUDWLRQ�� L�H��� GXULQJ� LWV� �DWRP�E\�DWRPDVVHPEODJH��� 7KHUH� DUH� DOVR� RWKHU� VSHFLILFGHIHFWV� LQ� WKH� WKLQ� ILOP� FU\VWDOOLQH� VWUXF �WXUH� WKDW� DUH� IRUPHG� GXULQJ� LWV� �DVVHP �EODJH�� DQG� IDYRU� D� UHGXFHG� WKHUPRG\QDPLFQRQ�HTXLOLEULXP� RI� WKH� ILOP�� ,Q� WKLV� VHQVH�ZH� ZLOO� FKDUDFWHUL]H� WKH� H[WUHPH� VWUXFWXUHILOPV� DV� PDWHULDOV� ZLWK� �DVVHPEOHG� VWUXF �WXUHV��,Q�RXU�RSLQLRQ��WKH�QDQRFU\VWDOOLQH�ILOPVZLWK� LPSXULW\� SDUWLFOHV� RI� D� VSHFLILF� NLQGDUH� ORFDOL]HG� DW� WKH� LQWHUJUDLQ� ERXQGDULHVDUH�D�PRGHO�RI�VXFK��DVVHPEOHG�VWUXFWXUHV��'XULQJ� WKH� YDFXXP� FRQGHQVDWH� FU\VWDO �OL]DWLRQ�� VRPH� SDUWLFOHV� RI� UHVLGXDO� JDVHVFDQ� UHDOO\� EH� �LPPXUHG�� LQ� WKH� JURZLQJJUDLQ�EXON�� DV� LV� FRPPRQO\� EHOLHYHG��%XW�DVSHFLILF� NLQG� WKHUHRI� IRUPV� DW� WKH� JURZLQJJUDLQ� VXUIDFH� ELGLPHQVLRQDO� OD\HUV� WKDW� UH �GXFH� WKH� VSHFLILF� VXUIDFH� HQHUJ\� DV� WKLV� LVGRQH�E\�DGOD\HUV�DW�WKH�IUHH�VXUIDFH�RI�DQ\VROLG�� 7KLV� PD\� EH� GXH� WR� D� VLJQLILFDQWFKHPLFDO� DIILQLW\�EHWZHHQ� LQWULQVLF�DQG� LP �SXULW\�DWRPV�RI�D�VSHFLILF�NLQG�DV�ZHOO�DV�WRWKH� SRVVLEOH� ORFDO� UHOD[DWLRQ� RI� HODVWLF� DQG&RXORPELDQ� IRUFHV�GXH� WR� LQWHUDFWLRQ�RI� LQ �WULQVLF�DQG�H[WULQVLF�SRLQW�GHIHFWV�7KLV� VWDQGSRLQW� LV� FRQILUPHG� DOVR� E\FKDUDFWHULVWLF� FKDQJHV� RI� LQWHUJUDLQ� ERXQG �DU\�VKDSHV��)LJ���D�SUHVHQWV�WKH�PRUSKRORJ\RI� ��� QP� WKLFN� 1L ILOPV� FRQGHQVHG� LQ�⋅��Ü� 3D�YDFXXP�RQWR�JODVV� FHUDPLFV�ZLWK1D&O LQWHUOD\HU�DW�����.�DQG�WKHQ�DQQHDOHGDW� ���� .� DIWHU� VHSDUDWLRQ� IURP� WKH� VXE �VWUDWH��,Q�)LJ���E��SUHVHQWHG�LV�WKH�PRUSKRO �RJ\� RI� 1L ILOPV� GLIIHULQJ� IURP� WKH� DERYHRQO\�LQ�WKDW�D�IORZ�RI�VLPXOWDQHRXVO\�HYDSR �UDWHG� 6L2 �DERXW� �� �� YRO��� ZDV� PL[HG� WRWKDW�RI�HYDSRUDWHG�1L��,W�LV�VHHQ�FOHDUO\�WKDWWKH�UHFWLOLQHDU�SDWWHUQ�RI�LQWHUJUDLQ�ERXQGD �
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ULHV� LQ� SXUH� 1L FRQGHQVDWHV� LV� FKDQJHG� E\URXQGHG� DQG� EOXUUHG� JUDLQ� FRQWRXUV� LQ1L±6L2 ILOPV��7KXV��LQWURGXFWLRQ�RI�6L2 LQWR1L FRQGHQVDWH�ZHDNHQHG� LWV� WUHQG�WR�UHFWLI\WKH� LQWHUJUDLQ�ERXQGDULHV�DQG�WR�UHGXFH�UH �VSHFWLYHO\�WKHLU�WRWDO�VXUIDFH�DUHD�,I�FKHPLFDO�ERQGV�DUH�IRUPHG�EHWZHHQ�WKHFRQGHQVDWH�JUDLQ�VXUIDFH�DWRPV�DQG�UHVLGXDOJDV�SDUWLFOHV�VRUEHG�WKHUHRQ��WKH�JUDLQ�VXU �IDFH� HQHUJ\�EHFRPHV� ORZHUHG�DSSUR[LPDWHO\E\� WKH� FKHPLVRUSWLRQ� HQHUJ\� YDOXH�� 0RUH �RYHU��VXEPRQROD\HUV�RI�IRUHLJQ�DWRPV�DW�WKHIUHH� VROLG� VXUIDFHV� FDQ� IRUP� RUGHUHG� �'VWUXFWXUHV� DV� ZHOO� DV� SURYRNH� WKH� VXUIDFHUHEXLOGLQJ� RI� WKH� EDVH� PDWHULDO� LWVHOI� >�@�:H�EHOLHYH�WKDW�VLPLODU�UHOD[DWLRQ�SURFHVVHVPD\� RFFXU� DW� LQQHU� VXUIDFHV� RI� VROLGV�� WRR�7KH� LPSXULW\� SDUWLFOHV� LQ� VXFK� �'� DJJUH �JDWHV� DW� LQWHUJUDLQ� ERXQGDULHV� KDYH� DKLJKHU�ELQGLQJ�HQHUJ\�DV�FRPSDUHG� WR� LQGL �YLGXDO� LPSXULWLHV� FKHPLVRUEHG� DW� WKH� IUHHVROLG� VXUIDFH�� 7KHUHIRUH�� D� ILQH�JUDLQHGSRO\FU\VWDOOLQH� FRQGHQVDWH� ZKHUH� WKH� LPSX �ULWLHV�DUH�ORFDOL]HG�DW�LQWHUJUDLQ�ERXQGDULHVPD\�KDYH�D�ORZHU�IUHH�HQHUJ\�WKDQ�D�FRDUVH�JUDLQHG�PDWHULDO�WKDW�ZRXOG�EH�D�KRPRJHQH �RXV� VXSHUVDWXUDWHG� VROLG� VROXWLRQ� IRUPHG

GXH�WR�WKH��LPPXULQJ��RI�LPSXULW\�SDUWLFOHVLQ�WKH�JUDLQ�EXON�7KH� PRGHO� RI� QDQRFU\VWDOOLQH� VWUXFWXUHILOPV� ZLWK� LQWHUJUDLQ� ERXQGDULHV� UHOD[HGGXH� WR� LPSXULWLHV� H[SODLQV� WKH� WHPSHUDWXUHVWDELOLW\� RI� JUDLQ� VL]HV� LQ� VXFK� PDWHULDOV�/HW�D�SRO\FU\VWDOOLQH�PDWHULDO�KDV�WKH�*LEEVIUHH� HQHUJ\� LQFUHDVHG� DV� FRPSDUHG� WR� WKDWRI�D�VLQJOH�FU\VWDO�E\� ∆ΦE GXH�WR�WKH� LQWHU�JUDLQ�ERXQGDU\�HQHUJ\�
∆ΦE = ∆+E − ∆(76)RU � ���

+HUH�� ∆+E DQG� ∆�76�RU DUH� FKDQJHV� LQHQWKDOS\� DQG� ERXQG� HQHUJ\�� UHVSHFWLYHO\�GXH� WR� SUHVHQFH� RI� LQWHUJUDLQ� ERXQGDULHVDQG�JUDLQ�GLVRUGHULQJ�LQ�WKH�PDWHULDO�,Q� )LJ���D�� WKH� FXUYH� �� SUHVHQWV� WKH*LEEV� IUHH�HQHUJ\�Φ FKDQJH�ZKHQ�WKH� WKHU�PRG\QDPLF� V\VWHP� WUDQVLWV� IURP� WKH�YDSRUSKDVH� WR� WKH� VXSHUVDWXUDWHG� VROLG� VROXWLRQZLWK�FRDUVH�JUDLQV��7KH�FXUYH���DQVZHUV�WRWKH�WUDQVLWLRQ�WR�WKH�ILQH�FU\VWDOOLQH�FRQGHQ �VDWH� ZKHUH� WKH� LPSXULWLHV� DUH� ORFDOL]HG� DWLQWHUJUDLQ� ERXQGDULHV�� ,W� IROORZV� IURP� WKH)LJXUH� WKDW� LQ� WKH� VHFRQG� FDVH�� DQ� HQHUJ\JDLQ�LV�DWWDLQHG
∆ΦL = ∆+L − ∆(76)L� ���

+HUH��∆+L  �∆+E� Ü�∆+E� LV�WKH�HQWKDOS\ORZHULQJ� GXH� WR� WKH� �H[WULQVLF� UHOD[DWLRQ�RI� LQWHUJUDLQ� ERXQGDULHV� DQG� ∆�76�L  
∆�76�RU� Ü�∆�76�RU��� WKH� HQWURS\� WHUP� LQ�FUHDVH�GXH�WR�D�ZLGHU�RULHQWDWLRQ�YDULHW\�LQWKH� V\VWHP� FRQWDLQLQJ� JUDLQV� RI� D� KLJKHUGLVSHUVLW\�� 7KLV� ORZHUHG� WKHUPRG\QDPLFQRQHTXLOLEULXP� H[WHQW� �E\� ∆ΦL�� UHGXFHVWKHUPRG\QDPLF� VWLPXOXV� WR� WKH� VXEVHTXHQWUHOD[DWLRQ� RI� QDQRGLVSHUVHG� ILOPV� ZLWK� LP �SXULW\�ORDGHG� LQUHUJUDLQ� ERXQGDULHV� RI� WKHW\SH�PHQWLRQHG��$FFRUGLQJ�WR�>�@��WKH�TXDQ �WLW\�∆)  �)I Ü�)H �)LJ���E��LV�WKH��WKHUPRG\�QDPLF� IRUFH� RI� WUDQVIRUPDWLRQ��� 0RUHRYHU�WKH� UHFU\VWDOOL]DWLRQ� LQGXFHG� GLVSODFHPHQWRI�DQ�LQWHUJUDLQ�ERXQGDU\�ZLWK�FKHPLVRUEHGLPSXULWLHV� LV� LPSRVVLEOH� LQ� HVVHQFH�� ZKLOHGLVVROXWLRQ� RI� WKH� JUDLQ�ERXQGDU\� LPSXUL �WLHV� LQ� WKH� QDQRGLVSHUVHG� JUDLQ� EXON� �IRO �ORZHG�E\�WKH�VROLG�VROXWLRQ�UHFU\VWDOOL]DWLRQ�ZRXOG� UHVXOW� LQ� DQ� LQFUHDVHG� �E\� ∆ΦL�� VROLGIUHH� HQHUJ\�� 7KHUHIRUH�� WKH� UHFU\VWDOOL]LQJJUDLQ� JURZWK� LQ� VXFK� PDWHULDOV� LV� SRVVLEOHRQO\� DW� KLJK� DQQHDOLQJ� WHPSHUDWXUHV� ZKHQWKH� LPSXULW\� VROXELOLW\� LQ� WKH� JUDLQV� DS �SURDFKHV� WKHLU� SK\VLFDO� FRQWHQW� DYHUDJHGRYHU� WKH� ZKROH� ILOP� YROXPH�� 7KLV� H[SODLQVDOVR� WKH� UHGXFHG� UHFU\VWDOOL]DWLRQ� HIIHFW� LQILOPV� FRQVLVWLQJ� RI� KLJKHU� JUDLQ� GLVSHUVLW\
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ZKHUH�WKH�LQWHUJUDLQ�ERXQGDU\�GLVSODFHPHQWZRXOG�UHTXLUH�D�WUDQVLWLRQ�WR�D�PRUH�VXSHU �VDWXUDWHG� VWDWH� WKDW� LQ� WKH� FDVH� RI� FRDUVHUJUDLQV�)URP� WKH� VWDQGSRLQW� RI� WKH� LQWHUJUDLQERXQGDU\� PRGHO� XQGHU� FRQVLGHUDWLRQ�� GDWDRQ� UHODWLYH� HIILFLHQF\� RI� GLIIHUHQW� UHVLGXDOJDV� FRPSRQHQWV� DUH� RI� LPSRUWDQFH��:H� GH �WHUPLQHG� WKH� FRPSRVLWLRQ� RI� JDVHV� LQ� QLR �ELXP� ILOPV� XVLQJ� DQ� $XJHU� HOHFWURQ� VSHF �WURPHWHU� �5,%(5��� 7KH� ��� QP� WKLFN� 1EILOPV� ZLWK� �� WR� ��� P� JUDLQ� VL]H� ZHUH� RE �WDLQHG� LQ� ��Ü� 3D� YDFXXP� XQGHU� HOHFWURQEHDP� HYDSRUDWLRQ� RI� ����� �� SXUH� 1E EDUGHJDVVHG� SUHYLRXVO\� DW� ����� .� LQ� ��Ü� 3DYDFXXP�IRU����K��,W�LV�VHHQ�IURP�)LJ����WKDWLW� LV� R[\JHQ� WKDW� VKRZV� WKH�KLJKHU� FRQWHQWDPRQJ� WKH� JDVHV� IRXQG� LQ� WKH� ILOPV�� ZLWKQLWURJHQ�DQG�FDUERQ�RFFXS\LQJ�WKH�QH[W�SR �VLWLRQV�� )RU� RXU� FRQVLGHUDWLRQ�� LW� LV� RI� LP �SRUWDQFH� WKDW� WKHVH� JDVHV� DUH� DUUDQJHG� LQWKH�VDPH�VHTXHQFH�DFFRUGLQJ�WR�WKHLU�FKHPL �FDO� DFWLYLW\� DJDLQVW� PHWDOV� >�@�� 7KH� WRWDODPRXQW�RI�WKH�DERYH�JDVHV�LQ�1E ILOPV�YDU�LHV� IURP� VHYHUDO� DWRPV� SHU� FHQW� XS� WR� VHY �HUDO� WHQV� �PD[LPXP� DERXW� ���� DWRPV� SHUFHQW�� GHSHQGLQJ� RQ� WKH� FRQGHQVDWLRQ� FRQGL �WLRQV��7KLV� H[FHHGV�E\� WZR� RUGHUV� WKH� VROX �ELOLW\�RI�WKRVH�JDVHV�DW�URRP�WHPSHUDWXUH�7DNLQJ� VXFK� KLJK� LPSXULW\� FRQFHQWUD �WLRQV� LQWR� DFFRXQW�� WKH� GDWD� RQ� WKH� ILOPHOHFWURQ� GLIIUDFWLRQ� DUH� RI� FRQVLGHUDEOH� LQ �WHUHVW�� 7KH� LQWHUSODQH� GLVWDQFHV� FDOFXODWHGIURP� HOHFWURQ� GLIIUDFWLRQ� SDWWHUQV� FRUUH �VSRQG� WR� WKH� EFF� 1E ODWWLFH� DQG� RQO\� WKHILOPV� KHDWHG� XS� WR� ����.� VKRZ�GLIIUDFWLRQ

OLQHV�RI�1E2��� VXER[LGH��7KH�GDWD�HYLGHQFHFOHDUO\� WKDW� WKH� UHVLJXDO� JDV� LPSXULWLHV� LQWKH� 1E ILOPV� DUH� ORFDOL]HG� PDLQO\� LQ� WKHLQWHUJUDLQ� ERXQGDULHV� DQG� QRW� LQ� WKH� JUDLQODWWLFH�,I� QLWURJHQ� GRPLQDWHV� LQ� WKH� UHVLGXDOJDV�� WKH� LPSXULW\� HIIHFW� RQ� WKH� LQWHUJUDLQERXQGDU\� H[WHQW� LQ� WKH� 1E FRQGHQVDWH� LVREVHUYHG� WR� EH� SURQRXQFHG�� WRR�� 7KH� HOHF �WURQ� PLFURVFRSH� LPDJH� �)LJ���D�� SUHVHQWVWKH� VWUXFWXUH� RI� D� VDPSOH� REWDLQHG� LQ�⋅��Ü� 3D� YDFXXP� RQ� IOXRURSKORJRSLWH� DW���� .�� 7KH� VDPSOHV� SUHVHQWHG� LQ� )LJ���EZHUH� SUHSDUHG� E\� 1E FRQGHQVDWLRQ� DW� WKHVDPH� WHPSHUDWXUH�EXW�DIWHU�QLWURJHQ�EOHHG�LQ�XS�WR��⋅��Ü� 3D�WR�WKH�FKDPEHU�HYDFXDWHG

)LJ����� &RQFHQWUDWLRQ� SURILOHV� RI� R[\JHQ� ����QLWURJHQ� ����� DQG� FDUERQ� ���� DFURVV� WKH� 1EILOP�

)LJ�����&KDQJH�RI�WKH�*LEEV�IUHH�HQHUJ\�Φ DW�YDSRU�FRQGHQVDWLRQ�LQWR�YDULRXV�PHWDVWDEOH�VWUXFWXUHVWDWHV� �D�� DQG� DW� VXEVHTXHQW� FRQGHQVDWH� WUDQVIRUPDWLRQ� LQWR� HTXLOLEULXP� VWUXFWXUH� VWDWH� GXH WRDQQHDOLQJ� �E��� ∆7  �7Y Ü7V LV� WKH� VXSHUFRROLQJ�� 7Y�� 7V�� DQG� 7DQ� DUH� WKH� YDSRU�� VXEVWUDWH�� DQGSRVW�FRQGHQVDWLRQ�DQQHDO�WHPSHUDWXUHV��UHVSHFWLYHO\�
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SUHYLRXVO\� GRZQ� WR� � ⋅��Ü� 3D��$V� D� UHVXOW�WKH� FU\VWDO� VL]H� LQ� WKH� QLWURJHQ�FRQWDLQLQJ1E ILOPV�LV����WR����QP�ZKLOH�LQ�WKH�QLWUR �JHQ�IUHH� ILOPV�� WKH� FU\VWDO� JURZ� XS� WR� ���WR�����QP��WKH�HYDSRUDWLRQ�UHJLPH�DQG�FRQ �GHQVDWLRQ� WHPSHUDWXUH� EHLQJ� WKH� VDPH��:HEHOLHYH� WKDW� WKH�QLWURJHQ�SUHVHQFH�FDXVHG�DGHFUHDVH� LQ� WKH� LQWHUJUDLQ�ERXQGDU\� HQHUJ\UHVXOWLQJ�LQ�D�VXEVWDQWLDOO\�LQFUHDVHG�OHQJWKWKHUHRI��0RUHRYHU��WKHUH� LV�QR�SUHGRPLQDQWJUDLQ� RULHQWDWLRQ� LQ� WKH� 1E ILOPV� ZLWK� UH�VSHFW� WR� WKH� VXEVWUDWH� LQ� WKH� SUHVHQFH� RIQLWURJHQ��7KLV� HYLGHQFHV� DOVR�D� UHGXFHG� HQ �HUJ\� RI� WKH� FRQGHQVDWH�IOXRURSKORJRSLWH� LQ �WHUIDFH�HQHUJ\�1RZ� OHW� DQRWKHU� LPSHUIHFWLRQ� W\SH� EHFRQVLGHUHG� UHODWHG� WR� WKH� �DVVHPEOHG� VWUXF �WXUHV�� LQ� YDFXXP� FRQGHQVDWHV� DQG� VKRZLQJD� WHPSHUDWXUH� VWDELOLW\�� 7KH� PDWWHUV� RITXHVWLRQ� DUH� WZLQ� ERXQGDULHV� DQG� VWDFNLQJIDXOWV��$�KLJK� FRQFHQWUDWLRQ� RI� VXFK� VWUXF �WXUH�GHIHFWV�LQ�YDFXXP�FRQGHQVDWHV�LV�QRWHGE\� QXPHURXV� DXWKRUV�� LQ� SDUWLFXODU� FRQVLG �HULQJ� FKHPLFDO� FRPSRXQGV�� )RU� H[DPSOH�HYHQ�JUDLQV�RI�OHVV�WKDQ�RQH�PLFURPHWHU�VL]HLQ� VHPLFRQGXFWRU� ILOPV� VKRZ� XVXDOO\� D

�VWDFN�PRUSKRORJ\��� WKDW� LV�� WKRVH�DUH� VXE �GLYLGHG� E\� WZLQ� ERXQGDULHV� DQG� VWDFNLQJIDXOWV�LQWR�PDQ\�WHQV�RI�SDUDOOHO�SODWHV�KDY �LQJ� QDQRVFDOH� WKLFNQHVV� >�@�� ,Q� IFF� PHWDOILOPV��WKH�VWDFNLQJ�IDXOWV�DQG�WZLQV�DUH�RE �VHUYHG� XVXDOO\� LQ� QDQRVFDOH� JUDLQV� HYHQ� DWWKH� LVODQG� VWDJH� RI� WKH� FRQGHQVDWH� JURZWK>��@� ZKHQ� GLVWDQFHV� EHWZHHQ� LVODQGV�� DQGWKXV�WKH�DWRPLF�GLIIXVLRQ�SDWKV��DUH�FRPSD �UDEOH�ZLWK�WKH�LVODQG�VL]HV�:H�VWXGLHG�WKH�VWDFNLQJ�IDXOW�FRQFHQWUD �WLRQV� LQ� $O DQG� $J ILOPV� FRQGHQVHG� LQ�⋅��Ü� 3D� YDFXXP� RQ� XQKHDWHG� VXEVWUDWHV�JODVV� ZLWK� 1D&O LQWHUOD\HU��� 7KH� PHWDOHYDSRUDWHG� ZHUH� RI� ������� �� SXULW\�� 7KHILOPV� RI� WZR� WKLFNQHVV� YDOXHV� ���� DQG����QP�IRU�$O�����DQG�����QP�IRU�$J��ZHUHSUHSDUHG�VLPXOWDQHRXVO\�XVLQJ�D�VKLHOG��7KHILOPV� ZHUH� FXW� LQWR� ��[��� PP� VHFWLRQVZKLFK�ZHUH�DVVHPEOHG�LQWR�VHYHUDO�PLFURPH �WHUV�WKLFN�VWDFNV��7KH�VWDFNV�ZHUH�H[DPLQHGXVLQJ� D� '521��0� ;�UD\� GLIIUDFWRPHWHUZLWK� WKH� %UDJJ�%UHQWDQR� IRFXVLQJ�� 7KH� FR �KHUHQW� VFDWWHULQJ� UHJLRQ� GLPHQVLRQV� ZHUHGHWHUPLQHG� EDVLQJ� RQ� WKH� GLIIUDFWLRQ� OLQHEURDGHQLQJ�7KH� EURDGHQLQJ� IUDFWLRQ� GXH� WRJHRPHWU\� DQG� PLFURVWUDLQV� ZDV� WDNHQ� LQWRDFFRXQW� E\� DSSUR[LPDWLRQ� >��@�� 7KH� VWDFN �LQJ� GHIDXOW� FRQFHQWUDWLRQ� ZDV� GHWHUPLQHGXQGHU�DFFRXQW�IRU�ERWK�GLVSODFHPHQW�RI�VSH �FLILF� GLIIUDFWLRQ� OLQHV� DQG� WKHLU� EURDGHQLQJXVLQJ�WKH�SURFHGXUH�GHVFULEHG�LQ�>��@���7KH�DQDO\VLV�KDV�VKRZQ�WKDW�WKHUH�DUH�QRVWDFNLQJ� IDXOWV� LQ� $O ILOPV�� VLQFH� WKH� DQJX�ODU� GHSHQGHQFH� RI� WKH� %UDJJ� UHIOHFWLRQEURDGHQLQJ�β LV�OLQHDU�LQ�FRRUGLQDWHV�
βFRVθ = I(VLQθ ⋅ (��� ⁄ (KNO)� ���

+HUH��θ LV�WKH�%UDJJ�UHIOHFWLRQ�DQJOH��(��WKHQRUPDO� HODVWLF�PRGXOH� LQ� WKH� FRUUHVSRQGLQJFU\VWDOORJUDSKLF� GLUHFWLRQ�� ,Q� FRQWUDVW�� IRU$J ILOPV�� WZR� SDUDOOHO� VWUDLJKW� OLQHV� DUHVHHQ� FOHDUO\� LQ� WKH� SORWV�� QDPHO\�� RQH� IRU������DQG�������UHIOHFWLRQV�DQG�DQRWKHU��IRU������ DQG� ������ RQHV�� 7KLV� LV� GXH� WR� WKHH[WUD�EURDGHQLQJ�RI�WKH�������DQG�������GLI �IUDFWLRQ�OLQHV�FDXVHG�E\�WKH�VWDFNLQJ�IDXOWV�7KH�VWUXFWXUH�FKDUDFWHULVWLFV�RI� $J ILOPV�LQWKH�DV�SUHSDUHG�VWDWH� DQG�DIWHU�YDFXXP�DQ �QHDO�DUH�SUHVHQWHG�LQ�7DEOH���:H� EHOLHYH� WKDW� WKH� KLJK� VWDFNLQJ� IDXOWFRQFHQWUDWLRQ� LQ� WKH� ILOPV�PD\�EH�GXH� WR�DSXUHO\� GLPHQVLRQDO� HIIHFW�� 7KH� VSHFLILF*LEEV�IUHH�HQHUJ\�LQ�WKLQ�ILOPV�H[FHHGV�WKDWLQ�EXON�VROLGV�E\�∆ΦV a�KÜ� GXH�WR�D�VXEVWDQ�WLDO� VXUIDFH� HQHUJ\� FRQWULEXWLRQ� WR� WKH� HQ �WKDOS\�FKDQJH�∆+V��7KH�VSHFLILF�IUHH�HQHUJ\

)LJ����� *UDLQ� PRUSKRORJ\� LQ� 1E ILOPV� FRQ�GHQVHG�XQGHU�GLIIHUHQW�YDFXXP�FRQGLWLRQV��DWWKH� UHVLGXDO�SUHVVXUH��⋅��Ü� 3D��D��DQG�DIWHUQLWURJHQ�EOHHG�LQ�XS�WR��⋅��Ü� 3D��E��
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LQFUHPHQW� GXH� WR� WKLV� GLPHQVLRQDO� IDFWRU

FDQ� EH� FRPSHQVDWHG� E\� LQFUHDVHG� HQWURS\WHUP�∆�76�VXUI GXH�WR�IRUPDWLRQ�RI�VWDFNLQJIDXOWV�DQG�WZLQV�LQ�WKH�ILOP�
∆ΦV = ∆+V − ∆(76)VI � ���7KH�VWDFNLQJ�IDXOWV�LQ�IFF�ODWWLFH�DUH�WKHIFS�SKDVH�SODWHV�RI�QDQRVFDOH�WKLFNQHVV��7KHVSHFLILF�HQHUJ\�YDOXHV�IRU�IFF�DQG�IFS�PRGL �ILFDWLRQV�GLIIHU�RQO\�E\�WHQWKV�SHU�FHQW��%XWVXFK�GHIHFWV�LQFUHDVH�VLJQLILFDQWO\�WKH�FU\V �WDO� HQWURS\� EHFDXVH� LWV� WUDQVODWLRQ� V\PPH �WU\� EHFRPHV� GHWHULRUDWHG� ZKHQ� SDVVLQJ� DVWDFNLQJ� IDXOW� SODQH� RU� D� WZLQ� ERXQGDU\�7KHUHIRUH�� WKH� WRWDO� HQHUJ\� FKDQJH� ∆ΦV LQWKLQ� ILOPV� FDXVHG� E\� IRUPDWLRQ� RI� WKRVHVWUXFWXUH� GHIHFWV� FDQ� EH� LQVLJQLILFDQW� DVFRPSDUHG� WR� D� EXON� VROLG� IUHH� RI� VWDFNLQJIDXOWV��7KLV�H[SODLQV�QRW�RQO\�WKH�IRUPDWLRQRI� VWDFNLQJ� IDXOWV� LQ� WKH� ILOPV� LQ� ODUJHDPRXQWV� EXW� DOVR� WKHLU� WHPSHUDWXUH� VWDELO �LW\� �7DEOH����� 7KH� VWDFNLQJ� IDXOWV�� ZKLOHEHLQJ�D�WKHUPRG\QDPLFDOO\�QHFHVVDU\�IDFWRUIRU� WKH�*LEEV� IUHH� HQHUJ\�GHFUHDVH�DW� HDUO\ILOP�JURZWK�VWDJHV��ORVV�WKHLU�FRPSHQVDWLQJUROH� DV� WKH� ILOP� WKLFNQHVV� LQFUHDVHV�� WKHLUVXEVHTXHQW� UHPRYDO�� KRZHYHU�� LV� GLIILFXOW�&URVVLQJ� WKH� ZKROH� FU\VWDO� �)LJ������ WKRVHDUH�LQ�WKH�LQGLIIHUHQW�HTXLOLEULXP�VWDWH�ZLWKUHVSHFW� WR� DQ\� YLUWXDO� SODQH�SDUDOOHO� GLV �SODFHPHQW�� 0RUHRYHU�� VXFK� D� GLVSODFHPHQWZRXOG� UHTXLUH� FRRUGLQDWLRQ� UHEXLOGLQJ� LQ� DVXEVWDQWLDO� IUDFWLRQ� RII� WKH� ILOP� YROXPH�7KH� WUHQG� WR� UHFU\VWDOOL]LQJ� JUDLQ� JURZWKXQGHU� DQQHDOLQJ� LV� PRUH� SURQRXQFHG� LQ� $JILOPV� WKDQ� LQ� $O RQHV�� 3HUKDSV� WKLV� UHVXOWVIURP� D� ORZHU� FKHPLFDO� UHDFWLYLW\� RI� VLOYHUDJDLQVW� � WKH�PDLQ�UHVLGXDO�JDVHV�SUHVHQW� LQYDFXXP�FKDPEHU�7KXV�� QXPHURXV� H[SHULPHQWDO� GDWD� VKRZWKDW� WZR� FODVVHV� RI� VWUXFWXUH� LPSHUIHFWLRQVDUH� WR� EH� GLVWLQJXLVKHG� LQ� VROLGV� IURP� WKHVWDQGSRLQW� RI� WKHLU� RULJLQ� DQG� LQIOXHQFH�

7KH�ILUVW�FDQ�EH�IRUPHG�LQ�ILQLVKHG�PDWHUL �DOV� GXH� WR� VXEVHTXHQW� WUHDWPHQWV� VXFK� DVVWUDLQLQJ�� LUUDGLDWLRQ�� HWF�� )RUPDWLRQ� RIVXFK� VWUXFWXUH� GHIHFWV� UHVXOWV� LQ� DQ� LQ �FUHDVHG� IUHH� HQHUJ\� RI� D� VROLG� ERG\�� 7KHVHFRQG�GHIHFW�W\SH�LQFOXGHV�WKRVH�FDSDEOH�RIVSRQWDQHRXV�IRUPDWLRQ�LQ�WKH�FRXUVH�RI�FRQ �GHQVDWLRQ�� L�H��� �DWRP�E\�DWRP� DVVHPEODJH�RI� WKH�PDWHULDO�� 6XFK� GHIHFWV� SURYLGH� D� UH �GXFHG� IUHH� HQHUJ\� RI� WKH� VROLG� ERG\� XQGHUIRUPDWLRQ� DV� FRPSDUHG� WR� WKH� FDVH� ZKHQWKRVH� DUH� DEVHQW�� 7DNLQJ� LQWR� DFFRXQW� WKHSULQFLSDO�GLVWLQFWLRQ�LQ�WKH�GHIHFW�IRUPDWLRQFDXVHV� DQG� LWV� LQIOXHQFH� RQ� WKH� VWUXFWXUHDQG� WKH� VWUXFWXUH�VHQVLWLYH� SURSHUWLHV� RIPDWHULDOV�� ZH� XVH� WKH� WHUP� �DVVHPEOHGVWUXFWXUH��WR�GHQRWH�WKH�VHFRQG�GHIHFW�FODVV�6LQFH�PDQ\�RI�SK\VLFDO�SURSHUWLHV�FDXVHG�E\VXFK�VWUXFWXUHV�DUH�YHU\�XVHIXO�DQG�SURVSHF �WLYH� >�@�� LW�ZRXOG� EH� QRW� ORJLFDO� WR� XVH� WKHWHUPV��GHIHFWV��RU��LPSHUIHFWLRQV��,W�LV�REYLRXV�WKDW�LW�LV�MXVW�WKH�DVVHPEOHGVWUXFWXUH� ILOPV� WKDW� DUH� RI� SUDFWLFDO� LQWHU �HVW�� ,Q� SDUWLFXODU�� DQ� LQWHQWLRQDOO\� FUHDWHGJDV� DWPRVSKHUH� GXULQJ� YDFXXP� FRQGHQVD �WLRQ� RI� ILOPV� FDQ� EH� XVHG� DV� D� WHFKQRORJLFIDFWRU� WR� FRQWURO� WKH� ILOP� SURSHUWLHV�� VXFKDV� PHFKDQLFDO�� HOHFWULFDO�� VRUSWLRQ�� PDJ �QHWLF��VXSHUFRQGXFWLYH�RQHV��HWF��7KHUH�LV�DQDQDORJ\�ZLWK�SURYLGLQJ�RI�WKH�UHTXLUHG�FRQ �GXFWLRQ� W\SH� DQG� OHYHO� LQ� VHPLFRQGXFWRUVXVLQJ� WKH� LQWHQWLRQDOO\� DQG�FRQWUROODEO\� LQ �WURGXFHG�LPSXULWLHV��5HVXOW�RI�LPSRUWDQFH�FRQFHUQLQJ�JDV�FRQ �WHQW�LQ�YDFXXP�FRQGHQVDWHV�DUH�SUHVHQWHG�LQWKH�UHYLHZ�>�@��,Q�WKH�ZRUNV�FLWHG�KHUH��WKHJDVHV� �FDSWXUHG�� DQG� �LPPXUHG�� LQ� WKHILOPV�DUH�FRQVLGHUHG�DV�D�IDFWRU�RI�QRQ�HTXL �OLEULXP�EXW�QRW�DV�WKDW� IDYRULQJ�WKHUPRG\ �QDPLF� UHOD[DWLRQ� RI� WKH� JURZLQJ� ILOPV�� ,QRXU� RSLQLRQ�� WKRVH� IDFWRUV� DUH� ERWK� RI� VLJ �QLILFDQFH� DQG� VWXGLHG� DLPHG� DW� GLVFULPLQD �WLRQ��RI�WKHLU�HIIHFWV�DUH�DFWXDO��,W�LV�LPSRU �

7DEOH���� *UDLQ� VL]H� / DQG� VWDFNLQJ� IDXOWFRQFHQWUDWLRQ�α LQ�$J ILOPV)LOPWKLFNQHVV�QP 7DQQHDO��. /��QP α��SHU�FHQW
�� ��� �� ������ �� ������ ��� ������ ��� �� ������ ��� ��� )LJ�����6WDFNLQJ�IDXOWV�LQ�$J ILOPV�
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WDQW�DOVR� WR�HOXFLGDWH�KRZ�WKRVH� IDFWRUV� LQ �WHUDFW�ZLWK�RWKHU�RQHV�LQIOXHQFLQJ�WKH�JUDLQVL]H�� H�J��� WKH� QXFOHDWLRQ� FHQWHU� GHQVLW\� LQWKH� FRQGHQVDWH��7KH�JHQHUDO� VHOHFWLRQ� FULWH �ULD� IRU� VHOHFWLRQ� RI� FKHPLFDO� HOHPHQWV� WRFRQWURO� WKH� TXDOLW\� RI� ILOPV� KDYLQJ� WKHSURSHUWLHV�GHILQHG�E\�WKH�JUDLQ�KLJK�GLVSHU �VLW\� FRQVLVW� LQ� WKDW� WKH� LPSXULW\� SDUWLFOHVDUH� WR� EH� SRRUO\� VROXEOH� LQ� WKH�PDLQ�PDWH �ULDO�DQG�WR�KDYH�KLJK�FKHPLVRUSWLRQ�HQHUJ\�7KH� VWUXFWXUDO� YDULHW\� LV� YHU\� ZLGH�� ,QDGGLWLRQ� WR� WKH� DERYH�PHQWLRQHG� LQWHUJUDLQERXQGDULHV� ZKHUH� LPSXULWLHV� DQG� VWDFNLQJIDXOWV�DUH�ORFDOL]HG�FRPSHQVDWLQJ�WKH�H[FHVVVXUIDFH� HQHUJ\� RI� WKLQ� ILOPV�� WKHVH� VWUXF �WXUHV� LQFOXGH� LQWHUJUDLQ�ERXQGDULHV� LQ�PXO �WLSRVLWLRQ� HSLWD[LDO� ILOPV�� FU\VWDOORJUDSKLFSODQHV� FRQVLVWLQJ� RI� WKH� H[FHVV� FRPSRQHQWDWRPV� LQ� QRQ�VWRLFKLRPHWULF� ILOPV� �ODWHQWQRQ�VWRLFKLRPHWU\�IUHH�RI�SRLQW�GHIHFWV�>�@��LQWHUJUDLQ� ERXQGDULHV� LQ� ILOPV� RI� VLQJOH�EORFN� WKLFNQHVV�� DQG� SHUKDSV� PDQ\� RWKHUVWKDW� DUH� QRW� LGHQWLILHG� WR�GDWH��7KHLU� VWXG �LHV� FDQ�SURYLGH�QRYHO�RSSRUWXQLWLHV� IRU�PD �WHULDO�TXDOLW\�FRQWURO�
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