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,GHQWLILFDWLRQ� DQG� FKDUDFWHUL]DWLRQ� RI� SODQW� *�SURWHLQV� DUH� PDLQO\� EDVHG� RQ�VHTXHQFH� KRPRORJ\� ZLWK� WKHLU� PDPPDOLDQ� FRXQWHUSDUWV�� 6WXGLHV� ZLWK� PXWDQW� SODQWV�KDYH� FRQILUPHG� WKH� DVVLJQHG� IXQFWLRQDO� UROHV� RI� WKHVH� SURWHLQV� DQG� SRVVLEOH� VLJQDOLQJSDWKZD\V� LQYROYLQJ�*�SURWHLQV �)XMLVDZD�<� HW� DO��� ������� 7KH�ZRUN� SUHVHQWHG� LQ� WKLV�WKHVLV��UHSRUWV�GHWDLOHG�VHTXHQFH�DOLJQPHQW�DQDO\VHV�RI�$��WKDOLDQD *�SURWHLQ�. VXEXQLW��*3$��� ZLWK� LWV� PDPPDOLDQ FRXQWHUSDUW UDW� WUDQVGXFLQ� . VXEXQLW� �3'%� HQWU\� �JJ����$OLJQPHQW RI�*3$��ZLWK� WKH� RWKHU� NQRZQ�*. VHTXHQFHV�� IURP� SODQWV�� UHYHDO� D� KLJK�GHJUHH�RI�KRPRORJ\��6DPH�DQDO\VHV�DUH�H[WHQGHG�WR�$��WKDOLDQD � DQG�� VXEXQLWV�
5HVXOWV� RI� VHTXHQFH� DQDO\VHV� ZHUH� XVHG� DV� D� EDVLV� IRU� VHFRQGDU\� VWUXFWXUH�SUHGLFWLRQ�DQG�IRU�PRGHOLQJ��'�VWUXFWXUH�RI�*3$���6HFRQGDU\�VWUXFWXUH�SUHGLFWLRQ�ZDV�FDUULHG�RXW�IRU�� DQG�� VXEXQLWV�DV�ZHOO��
0RGHOLQJ�FDOFXODWLRQV�ZHUH�EDVHG�RQ�WKH�VHTXHQFH�DOLJQPHQW��VHFRQGDU\�VWUXFWXUH�SUHGLFWLRQ�� NQRZQ� VWUXFWXUH� RI� UDW� WUDQVGXFLQ� . VXEXQLW�� DQG� FDUULHG� RXW� XVLQJ� WKH�02'(//(5�PRGXOH�ZLWKLQ�LQVLJKW,,�SURJUDP��7KH�EHVW�PRGHO�SUHGLFWHG�����FRUUHFW�IROGLQJ�ZLWKLQ�FRQILGHQFH�OLPLWV�GHWHUPLQHG�XVLQJ�(55$7��7KH�DFFXUDF\�RI�WKLV�PRGHO�FDQ� EH� LPSURYHG� ZLWK� IXUWKHU� RSWLPL]DWLRQ� RI� WKH� ORRS� UHJLRQV�� )XUWKHU� ZRUN� LV� LQ�SURJUHVV� IRU� RYHU�H[SUHVVLRQ� RI� UHFRPELQDQW� *3$�� VR� WKDW� WKH� VWUXFWXUH� FDQ� DOVR� EH�GHWHUPLQHG�H[SHULPHQWDOO\��
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%LWNL� *�SURWHLQOHULQLQ� NHúIHGLOPHOHUL� YH� WDQÕPODQPDODUÕ� PHPHOL� VLVWHPOHUGHNL�SURWHLQOHUOH�RODQ�GL]L�EHQ]HUOLNOHULQH�GD\DQPDNWDGÕU��%LWNLOHU��]HULQGH�\DSÕODQ�PXWDV\RQ�oDOÕúPDODUÕ� EX� SURWHLQOHULQ� LúOHYOHUL� LOH� RODVÕ� VLQ\DO� LOHWLP� PHNDQL]PDODUÕQÕ� RUWD\D�oÕNDUPÕúWÕU� �)XMLVDZD�<�HW�DO���������� �%X� WH]GH��$�� WKDOLDQD *�SURWHLQ�. DOW�ELULPLQLQ�*3$�� GHWD\OÕ� GL]L� DQDOL]OHUL� LOH� IDUH� WUDQVGXVLQ� . DOW� ELULPL\OH� �3'%� NRG�� �JJ���NDUúÕODúWÕUPDODUÕ�YHULOPHNWHGLU��*3$��SURWHLQLQLQ�GL÷HU�ELWNL�*�SURWHLQ�. DOW�ELULPOHUL\OH�RODQ� HúOHúWLUPHOHUL� \�NVHN� RUDQGD� EHQ]HUOLNOHU� J|VWHUPHNWHGLU�� $\QÕ� DQDOL]OHU� $��WKDOLDQD � YH�� DOW�ELULPOHUL�LoLQGH�JHUoHNOHúWLULOPLúWLU�
'L]L� DQDOL]OHULQLQ� VRQXoODUÕ� LNLQFLO� \DSÕ� EHOLUOHPH� oDOÕúPDODUÕQGD� YH� *3$��SURWHLQLQ� �� ER\XWOX� PRGHOLQLQ� ROXúWXUXOPDVÕQGD� NXOODQÕOPÕúWÕU�� øNLQFLO� \DSÕ� EHOLUOHPH�oDOÕúPDODUÕ�� YH�� DOW ELULPOHUL�LoLQGH�JHUoHNOHúWLULOPLúWLU�
0RGHO�KHVDSODPDODUÕ�GL]L�HúOHúWLUPHOHULQH��LNLQFLO�\DSÕ�EHOLUOHPH�oDOÕúPDODUÕQD�YH�\DSÕVÕ� ELOLQHQ� IDUH� WUDQVGXVLQ� . DOW� ELULPLQH� GD\DQPDNWD� ROXS� ,QVÕJKW� ,,� SURJUDPÕQÕQ�LoLQGH� \HU� DODQ� 02'(//(5� PRG�O�� NXOODQÕODUDN� \DSÕOPÕúWÕU�� (55$7� NXOODQÕODUDN�\DSÕODUÕ�NRQWURO�HGLOHQ�PRGHOOHULQ�HQ�L\LVLQLQ�����RUDQÕQGD�GR÷UX�ROGX÷X�EHOLUOHQPLúWLU��%X� PRGHOLQ� GR÷UXOX÷X� \DSÕ� LoHULVLQGHNL� GH÷LúNHQ� E|OJHOHULQ� RSWLPL]H� HGLOPHVL� LOH�DUWWÕUÕODELOLU��*3$��SURWHLQLQ�\DSÕVÕQÕQ�GHQH\VHO�RODUDN�EHOLUOHQHELOPHVL�LoLQ�UHNRPELQDQSURWHLQ�HNVSUHV\RQ�oDOÕúPDODUÕ�V�UPHNWHGLU��
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,�ZRXOG�OLNH�WR�WKDQN�P\�VXSHUYLVRU��$VVRF��3URI��=HKUD�6D\HUV��IRU�KHU�JXLGDQFHDQG�DGYLFH WKURXJKRXW� WKLV� VWXG\��:LWKRXW�KHU� VXSSRUW�� ,�ZRXOG�QRW KDYH EHHQ DEOH� WR�ILQLVK�WKLV�ZRUN��,W�ZDV�D�JUHDW�UHOLHI�GXULQJ�RXU�KDUG�GD\V�DW�6DEDQFÕ�8QLYHUVLW\��WR�KDYH�D�VXSHUYLVRU�DQG�IULHQG�OLNH�KHU�
,� ZRXOG� OLNH� WR� WKDQN� $VVLVW�� 3URI�� 8JXU 6H]HUPDQ�� IRU� KLV� FRQWULEXWLRQV� DQG�JXLGDQFH�WR�WKLV�WKHVLV�LQ�WKH�ODVW�PRQWK��,W�ZRXOG KDYH EHHQ KDUGHU�WR�ILQLVK�WKLV�ZRUN��ZLWKRXW�KLV�NQRZOHGJH DQG�FULWLFLVP��
,�ZRXOG� OLNH� WR�H[SUHVV�P\�VSHFLDO� WKDQNV� WR�6XSKDQ %DNNDO�� IRU�KHU� IULHQGVKLS��SDWLHQFH DQG�KDUG�ZRUN LQ� WKH� ODVW� WZR�\HDUV�� ,W�ZRXOG KDYH EHHQ LPSRVVLEOH� WR� ILQLVK�WKLV�ZRUN�ZLWK�DQRWKHU�ODE�SDUWQHU� ,�DP�DOVR�JUDWHIXO�WR�P\�IULHQGV�8PLW�2]WXUN��.ÕYDQF�%LOHFHQ��2]JXU�.XWXN��0HOLV�7LU\DNLRJOX�IRU� WKHLU�VXSSRUW��KHOS DQG�JXLGDQFH WKURXJK�WKH�SDVW�\HDUV�
)LQDOO\� ,� ZRXOG� OLNH� WR� WKDQN� IDFXOW\� PHPEHUV� DQG� VWXGHQWV� DW� WKH� %LRORJLFDO�6FLHQFHV�DQG�%LRHQJLQHHULQJ 3URJUDP��IRU�PDNLQJ�WKLQJV�D�ORW�HDVLHU�
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$&��$GHQ\O\O�F\FODVH
&�WHUPLQXV��&DUER[\O�WHUPLQXV
(55$7���'�VWUXFWXUH�HYDOXDWLRQ�VHUYHU
*.��*�SURWHLQ�DOSKD�VXEXQLW
*$,3��*. LQWHUDFWLQJ�SURWHLQ
*���*�SURWHLQ�EHWD�VXEXQLW
*'3��*XDQRVLQH�GL�SKRVSKDWH
*���*�SURWHLQ�JDPPD�VXEXQLW
*3$���*. SURWHLQ�IURP�$��WKDOLDQD
*3$���*. JHQH�IURP�$��WKDOLDQD
*3&5��*�SURWHLQ�FRXSOHG�UHFHSWRU
*73��*XDQRVLQH�WUL�SKRVSKDWH
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*73DVH��HQ]\PH�FRQYHUWLQJ�*73�LQWR�*'3
*.�*'3��*. ERXQG�WR�*'3��LQ�LWV�LQDFWLYH�VWDWH
*.�*73��*. ERXQG�WR�*73��LQ�LWV�DFWLYH�VWDWH
0(7$��3URWHLQ�SUHGLFWLRQ�VHUYHU
1�WHUPLQXV��$PLQR�WHUPLQXV
36,SUHG��6HFRQGDU\�VWUXFWXUH�SUHGLFWLRQ�VHUYHU
3663��6HFRQGDU\�VWUXFWXUH�SUHGLFWLRQ�VHUYHU
5*6��5HJXODWRUV�RI�*�SURWHLQ�VLJQDOLQJ
6$0�7����6HFRQGDU\�VWUXFWXUH�SUHGLFWLRQ�VHUYHU�
:'���UHSHDW��7U\SWRSKDQH�$VSDUWDWH�UHSHDW�FRQVLVWLQJ�RI����UHVLGXHV
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*�SURWHLQV� FRQVWLWXWH� D� ODUJH� IDPLO\� RI� UHJXODWRU\� *73� K\GURO\]LQJ� SURWHLQV�LQFOXGLQJ�5DV�SURWHLQV��HORQJDWLRQ�IDFWRUV�DQG�KHWHURWULPHULF�*�SURWHLQV��$OO�SURWHLQV�RI�WKLV� IDPLO\� VKDUH D� FRUH VWUXFWXUDO� RUJDQL]DWLRQ�� 7KH� *73�K\GURO\VLV�PHFKDQLVP� LV� D�IHDWXUH�RI WKH�FRUH�VWUXFWXUH�
+HWHURWULPHULF� *�SURWHLQV� FRQVLVW� RI .� � DQG� � VXEXQLWV�� 7KHVH� VXEXQLWV� DUH�FRPSOH[HG�WR�HDFK�RWKHU�DW�WKH�LQWHULRU�SDUW�RI�WKH�FHOO�PHPEUDQH��XQWLO�EHLQJ DFWLYDWHG�E\�D�VLJQDO��7KH�VLJQDO�LV�WUDQVPLWWHG�IURP�WKH�RXWVLGH�E\�D�UHFHSWRU�NQRZQ�DV�*�SURWHLQFRXSOHG� UHFHSWRU� �*3&5��� 8SRQ� DFWLYDWLRQ�� . VXEXQLW� GLVVRFLDWHV� IURP� �� FRPSOH[��HQDEOLQJ�ERWK�*. DQG�*��*� WR�ELQG� WR� WKHLU�HIIHFWRU� V\VWHPV�DQG� WUDQVPLW� WKH� VLJQDO�IXUWKHU�
$W�WKH�FRUH�RI�HYHU\�*�SURWHLQ��LV�D�JXDQLQH�QXFOHRWLGH�ELQGLQJ�GRPDLQ��7KH�ILYH�SRO\SHSWLGH� ORRSV� �*���� *���� *���� *���� DQG� *���� WKDW� IRUP� WKH� JXDQLQH� QXFOHRWLGH�ELQGLQJ�VLWH� DUH� WKH�PRVW�KLJKO\�FRQVHUYHG�HOHPHQWV� LQ� WKH�GRPDLQ�DQG�GHILQH� WKH�*�SURWHLQ VXSHUIDPLO\� 7KH� *��� ER[� FRQWDFWV� WKH� .� DQG� ��SKRVSKDWHV� RI� WKH� JXDQLQH�QXFOHRWLGH� 7KH�*���ORRS OLQNV�WKH�VXEVLWHV�IRU�ELQGLQJ�RI�0J�� DQG�WKH���SKRVSKDWH�RI�*73��7KH�JXDQLQH�ULQJ�LV�UHFRJQL]HG��E\�WKH�*���DQG�*���ORRSV�
$IWHU� WKH� DGYDQFHV� LQ� SURWHLQ� DQG� QXFOHLF� DFLG� VHTXHQFLQJ� PHWKRGV�� VHTXHQFH�GDWDEDVHV�KDYH�JURZQ�UDSLGO\�� ,Q�FRQWUDVW��GHWHUPLQDWLRQ�RI�SURWHLQ VWUXFWXUH�E\�105�RU� ;�5D\� FU\VWDOORJUDSK\� KDV� SURFHHGHG� PXFK� PRUH� VORZO\�� +HQFH�� WKHUH� DUH� PDQ\�SURWHLQV�ZKHUH� WKH� WKUHH�GLPHQVLRQDO� VWUXFWXUH� LV� QRW� NQRZQ��ZKLOH� WKH� VHTXHQFHV� DUH�DYDLODEOH�WKURXJK�WKH�GDWDEDVHV�
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3UHGLFWLQJ�WKH�RYHUDOO�IROG�RI�D�SURWHLQ�VROHO\�IURP�LWV�VHTXHQFH�LV�D�PDMRU�SUREOHP�LQ� FXUUHQW� FRPSXWDWLRQDO� DQG� VWUXFWXUDO� ELRORJ\� ILHOGV�� 7R� RYHUFRPH� WKLV� SUREOHP��KRPRORJ\�PRGHOLQJ� PHWKRGV�� WKDW� DUH� DEOH� WR� SUHGLFW� WKH� �'� VWUXFWXUH� RI� D� SURWHLQ�VHTXHQFH��ZHUH�GHYHORSHG�
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��� 6PDOO�*73�%LQGLQJ�3URWHLQV
6PDOO� *73�ELQGLQJ� SURWHLQV� DUH�PRQRPHULF� *�SURWHLQV� WKDW� H[LVW� LQ� HXNDU\RWHV�IURP�\HDVW�WR�KXPDQ�DQG�FRQVWLWXWH�D�VXSHUIDPLO\�FRQVLVWLQJ�RI�PRUH�WKDQ�����PHPEHUV�%RXUQH�+5�HW�DO��������� 7KH�PHPEHUV�RI� WKLV� VXSHUIDPLO\ DUH� VWUXFWXUDOO\�FODVVLILHG�LQWR�DW�OHDVW�ILYH�IDPLOLHV��WKH�5DV��5KR��5DE��6DU��$UI��DQG�5DQ�IDPLOLHV��5DV�SURWHLQV�PDLQO\�UHJXODWH�JHQH�H[SUHVVLRQ��ZKLOH�WKH�5KR�5DF�&GF���SURWHLQV�RI�WKH�5KR�IDPLO\�UHJXODWH� ERWK� F\WRVNHOHWDO� UHRUJDQL]DWLRQ� DQG� JHQH� H[SUHVVLRQ�� 7KH�5DE� DQG� 6DU��$UI�IDPLO\�PHPEHUV�UHJXODWH�LQWUDFHOOXODU�YHVLFOH�WUDIILFNLQJ��DQG�WKH�5DQ�IDPLO\�PHPEHUV�UHJXODWH�QXFOHRF\WRSODVPLF�WUDQVSRUW�GXULQJ�WKH�*���6��DQG�*��SKDVHV�RI�WKH�FHOO�F\FOH�DQG�PLFURWXEXOH�RUJDQL]DWLRQ�GXULQJ�WKH�0�SKDVH��
/LNH� KHWHURWULPHULF�*�SURWHLQV�� VPDOO�*�SURWHLQV� DUH� IRXQG� LQ� WZR� IRUPV��*'3�ERXQG�LQDFWLYH�DQG�*73�ERXQG�DFWLYH��$FWLYDWLRQ�E\�DQ�XSVWUHDP�VLJQDO��FRPLQJ�IURP�ERWK�*. DQG�*�� VXEXQLWV��OHDGV�WR�GLVVRFLDWLRQ�RI�*'3�IURP�WKH�SURWHLQ��IROORZHG�E\�*73�ELQGLQJ �%RXUQH�+5�HW�DO�� ����� +XU�(0 HW�DO��������� 2QFH�DFWLYDWHG��WKH\�ELQG�WR�WKHLU�GRZQVWUHDP�HIIHFWRUV�DQG�IXQFWLRQ�DV�ELRORJLFDO�WLPHUV��XQOLNH�KHWHURWULPHULF�*�SURWHLQV�WKDW IXQFWLRQ�DV�PROHFXODU�VZLWFKHV �0DWR]DNL�7�HW�DO��������� 7KH�*73�ERXQG�IRUP� LV� FRQYHUWHG� E\� WKH� DFWLRQ� RI� LQWULQVLF�*73DVH� DFWLYLW\� WR� WKH�*'3�ERXQG� IRUP��ZKLFK�WKHQ�UHOHDVHV�WKH�ERXQG�GRZQVWUHDP�HIIHFWRUV��7KLV�VWHS��EHLQJ�WKH�UDWH�OLPLWLQJ�VWHS�� LV� H[WUHPHO\� VORZ� DQG� UHTXLUHV� D� UHJXODWRU�� QDPHO\� WKH� JXDQLQH� QXFOHRWLGH�H[FKDQJH� SURWHLQ� �*(3�� RU� JXDQLQH� QXFOHRWLGH� H[FKDQJH� IDFWRU� �*()�� RU� JXDQLQH�QXFOHRWLGH�UHOHDVLQJ�IDFWRU��*15)����
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��� +HWHURWULPHULF�*�3URWHLQV
*73�ELQGLQJ� SURWHLQV� KDYH� WKH� DELOLW\� WR� HIILFLHQWO\� ELQG� DQG� VXEVHTXHQWO\�K\GURO\]H�JXDQLQH�QXFOHRWLGHV��$PRQJ�WKHVH�SURWHLQV��WKH�KHWHURWULPHULF�*�SURWHLQV�DUH�WKH�RQO\�IDPLO\ WDNLQJ�UROH�LQ�VLJQDO�WUDQVGXFWLRQ�SDWKZD\V �%LVFKRII�HW�DO��������� 7KH�KHWHURWULPHU� LV� IRUPHG� E\� WKUHH� VXEXQLWV�� . �DOSKD��� � �EHWD��� DQG� � �JDPPD��� DQG� LV�ORFDWHG�RQ�WKH�F\WRSODVPLF�VLGH�RI�WKH�SODVPD�PHPEUDQH��*�SURWHLQ WULPHUV�UHVSRQG�WR�VLJQDOV� JHQHUDWHG� E\� WUDQVPHPEUDQH� UHFHSWRUV� FDOOHG� DV� *�SURWHLQ FRXSOHG� UHFHSWRUV��*3&5�� WKDW UHFRJQL]H� OLJDQGV� DV� GLYHUVH� DV� JO\FRSURWHLQ� KRUPRQHV�� FDWKDFRODPLQHV��DQG� OLJKW� E\�DFWLYDWLQJ�RU� LQKLELWLQJ� LQWUDFHOOXODU�HIIHFWRU�PROHFXOHV�� VXFK�DV�DGHQ\O\OF\FODVHV�� SKRVSKROLSDVH� &�V�� DQG� LRQ� FKDQQHOV �'RZQHV� *%� HW� DO��� ������ 8SRQ�DFWLYDWLRQ��. VXEXQLW�GLVVRFLDWHV�IURP�*��*J FRPSOH[��HQDEOLQJ�ERWK�*. DQG�*��*J WR�ELQG�WR�WKHLU�HIIHFWRU�V\VWHPV�DQG�WUDQVPLW�WKH�VLJQDO�IXUWKHU� +HWHURWULPHULF�*�SURWHLQ�VXEXQLWV� KDYH� DOVR� EHHQ� LGHQWLILHG� LQ� SODQWV�� 7KRXJK� SODQW� *� SURWHLQV� KDYH� PRVWO\�GLIIHUHQW�DFWLYDWRUV�� WKH\�SUREDEO\�XVH� WKH�VDPH�RU�VLPLODU�VHFRQG�PHVVHQJHU�FDVFDGHV�WKDW� KDYH� WR� EH� LGHQWLILHG�� 'HVSLWH� WKHLU� GLIIHUHQFHV�� SODQW� *� SURWHLQV� KDYH� WKH� VDPH�PHFKDQLVP�RI�DFWLYDWLRQ�DV�WKHLU�PDPPDOLDQ�FRXQWHUSDUWV �%LVFKRII�)�HW�DO���������

����� 6XEXQLW�IDPLOLHV
,Q� PDPPDOLDQV�� WKH� IDPLO\� RI� KHWHURWULPHULF� *�SURWHLQV� LQFOXGHV� �� LVRIRUPV�IURP���FODVVHV�RI�. �*L��*V��*T��DQG�*�������RI�� DQG����RI����NQRZQ�VR�IDU��,Q�UHFHQW�\HDUV���� *.�����*� DQG���*� VXEXQLWV�KDYH�EHHQ�LGHQWLILHG�DQG�FORQHG LQ�SODQWV �7DEOH������ :KHQ� VLJQDOLQJ�� WKH\� IXQFWLRQ� LQ� HVVHQFH� DV� GLPHUV� EHFDXVH� WKH� VLJQDO� LV�FRPPXQLFDWHG� HLWKHU� E\� WKH� *. VXEXQLW� RU� E\� WKH� *�� FRPSOH[�� 7KHVH� LQWHUDFW�VSHFLILFDOO\�ZLWK�RYHU�D�WKRXVDQG�RI�GLIIHUHQW�UHFHSWRUV�DQG�PRUH�WKDQ�D�GR]HQ�HIIHFWRUV�'RZQHV�*%�HW�DO���������
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7DEOH���� 3ODQW�*�SURWHLQ�GHVLJQDWLRQV �$VVPDQQ�60��������
*HQH 6SHFLHV &ODVVLILFDWLRQ 5HIHUHQFH
*3$� $UDELGRSVLV * 0D�HW�DO�������7*$� 7RPDWR * 0D�HW�DO�������/M*3$� /RWXV * 3RXOVHQ�HW�DO�������5*$��'� 5LFH * ,VKLNDZD HW�DO���������6HR�HW�DO�������6*$� 6R\EHDQ * .LP�HW�DO�������6*$� 6R\EHDQ * *RWRU�HW�DO�������1W*3 � 7REDFFR * 6DDOEDFK�HW�DO�������1W*$� 7REDFFR * $QGR�HW�DO�������/*3 � /XSLQ * .XVQHWVRY�DQG�2HOPXHOOHU������E$I* � :LOG�RDW * -RQHV�HW�DO�������3*$���3*$� 3HD * 0DUVK�DQG�.DXIPDQ������62*$� 6SLQDFK * 3HUURXG�HW�DO�������13*3$� 1LFRWLDQD�SOXPEDJLQLIROLD * .D\GDPRY�HW�DO�������$*%� $UDELGRSVLV * :HLVV�HW�DO�������=*%� 0DL]H * :HLVV�HW�DO�������7*%� 7REDFFR * .XVQHWVRY�DQG�2HOPXHOOHU������D5*%� 5LFH * ,VKLNDZD�HW�DO�������$I* � :LOG�RDW * -RQHV�HW�DO�������$I* � :LOG�RDW 3RVVLEOH�* -RQHV�HW�DO�������13*3%� 1LFRWLDQD�SOXPEDJLQLIROLD * .D\GDPRY�HW�DO�������$**� $UDELGRSVLV * 0DVRQ�DQG�%RWHOOD������$**� $UDELGRSVLV * 0DVRQ�DQG�%RWHOOD������
*&5� $UDELGRSVLV 3RWHQWLDO�KHWHURWULPHULF�*�SURWHLQ�UHFHSWRU -RVHIVVRQ�DQG�5DVN�������3ODNLGRX�'\PRFN�HW�DO�������0/2 %DUOH\ 3RWHQWLDO�KHWHURWULPHULF�*�SURWHLQ�UHFHSWRU 'HYRWR�HW�DO�������
$W;/*� $UDELGRSVLV ([WUD�ODUJH�*73�ELQGLQJ�SURWHLQ /HH�DQG�$VVPDQQ������
3V'5* 3HD 'HYHORSPHQWDOO\�UHJXODWHG�*�SURWHLQ 'HYLWW�HW�DO�������
$W'5* $UDELGRSVLV 'HYHORSPHQWDOO\�UHJXODWHG�*�SURWHLQ (WKHULGJH�HW�DO���������'HYLWW�HW�DO�������5'+� $UDELGRSVLV �SXWDWLYH�*73�ELQGLQJ�SURWHLQ� 6FKLHIHOEHLQ�DQG�6RPHUYLOOH������$7*%� $UDELGRSVLV *73�ELQGLQJ�SURWHLQ %LHUPDQQ�HW�DO�������IZ����25); 7RPDWR �SXWDWLYH� *73�ELQGLQJ�SURWHLQ� )UDU\�HW�DO�������
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������� 7KH�.�VXEXQLW
%HLQJ�WKH�PDMRU�VLJQDOLQJ FRPSRQHQW��WKH�*. VXEXQLWV�LQ�PDPPDOLDQV�KDYH�EHHQ�GLYLGHG� LQWR� IRXU� IDPLOLHV� EDVHG� RQ� VHTXHQFH� VLPLODULWLHV�� ZKLOH� *� DQG�*� VXEXQLWV�KDYH�QRW�EHHQ�FODVVLILHG �1HYHV�65�HW�DO��������� �7DEOH ����
7DEOH���� *�SURWHLQ�VXEIDPLOLHV�DQG�WKHLU�DFWLYLWLHV��1HYHV�65�HW�DO���������

7KH�*V�DQG�*T� IDPLOLHV�KDYH�YHU\�ZHOO�GHILQHG� HIIHFWRU�SDWKZD\V�� WKH�DGHQ\O\O�F\FODVH�DQG�SKRVSKROLSDVH�&�� SDWKZD\V��UHVSHFWLYHO\��7KH�*L�DQG�*R�IDPLOLHV�DUH�OHVV�VWUXFWXUHG��DQG�KHUH�WKH�VLJQDO�IORZV�WKURXJK�ERWK�WKH�*. DQG�*�� FRPSOH[HV��$OWKRXJK�VLJQDOLQJ ZLWK�WKH�*���DQG�*���SDWKZD\V�KDYH�EHHQ�H[WHQVLYHO\�VWXGLHG��ZLWK�VLPLODU�GRZQVWUHDP�FRPSRQHQWV�EHLQJ� LGHQWLILHG�� LW� LV� QRW� FOHDU�ZKHWKHU� WKH\� DOZD\V� UHJXODWH�VLPLODU�ELRORJLFDO�IXQFWLRQV���)LJXUH�����
*�SURWHLQ . VXEXQLWV� UDQJH� IURP� ���� WR� ���� DPLQR� DFLGV� LQ� OHQJWK�� 3ODQW� .VXEXQLWV�KDYH�DW�OHDVW�����KRPRORJ\��ZKLOH�PDPPDOLDQ�. VXEXQLWV�VKRZ�DW�OHDVW�����KRPRORJ\�DQG�WKH�OHYHOV�RI�KRPRORJ\�EHWZHHQ�SODQW�DQG�PDPPDOLDQ�*. VXEXQLWV�ZHUH�DV�KLJK�DV������� �/RFKULH�0$��������
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)LJXUH���� *�SURWHLQ SDWKZD\V �1HYHV�65�HW�DO���������

��� *�SURWHLQ &RXSOHG�5HFHSWRUV
3UHFLVH� FRQWURO� RI� SK\VLRORJLFDO� SKHQRPHQD� LV� SHUIRUPHG� E\� YDULRXV� NLQGV� RI�UHFHSWRU�PHGLDWHG�VLJQDOLQJ��7KH�YDVW�QXPEHU�RI�UHFHSWRUV�EHORQJV�WR�WKH�*3&5 IDPLO\��PDNLQJ�WKHP�RQH�RI�WKH�ODUJHVW�UHFHSWRU�IDPLOLHV�IRXQG�LQ�QDWXUH��5HFHQW�HVWLPDWHV�DUH�WKDW� DERXW� ��� RI� WKH� PDPPDOLDQ� JHQRPH� FRGH� IRU� WKHVH� W\SHV� RI� UHFHSWRUV�� DQG�WKRXVDQGV�RI�*3&5V�DUH�SUHGLFWHG� WR�H[LVW�� �+XU HW�DO�������� 3ODQW�*3&5V�KDYH�DOVR�EHHQ�LGHQWLILHG�DQG�FORQHG �-RVHIVVRQ�/*��������
*3&5V KDYH� D� FRPPRQ� VWUXFWXUH� IRUPHG RI� VHYHQ� WUDQVPHPEUDQH� KHOLFHV�FRQQHFWHG� E\� LQWUDFHOOXODU� ORRSV� WKDW� IRUP� WKH� *�SURWHLQ�ELQGLQJ� GRPDLQ�� /LJDQG�ELQGLQJ� WR� WKH� UHFHSWRU� FDXVHV� FRQIRUPDWLRQDO� FKDQJHV�� UHVXOWLQJ� LQ� WKH� DFWLYDWLRQ� RI�*3&5�LQWHUDFWLQJ�SURWHLQV��EXW� WKH�H[DFW�PHFKDQLVP�RI� WKLV�SURFHVV� LV�QRW�FRPSOHWHO\�XQGHUVWRRG�\HW �+XU�HW�DO�������� %UDG\�HW�DO��������� 0RGHOV�GHVFULELQJ�WKH�LQWHUDFWLRQ�RI�*3&5V�ZLWK� WKHLU� SURWHLQ� WDUJHWV�ZHUH� JHQHUDOO\� EDVHG� RQ� WKH� DVVXPSWLRQ� WKDW� WKH�UHFHSWRUV�H[LVW�DV�PRQRPHUV�DQG�FRXSOH� WR�*�SURWHLQV� LQ�D�����VWRLFKLRPHWULF�PDQQHU��+RZHYHU�� UHFHQW� VWXGLHV� KDYH� VKRZQ� ERWK� WKH� H[LVWHQFH� RI� PXOWL�GRPDLQ� VFDIIROGLQJ�
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SURWHLQV� DQG� FKDSHURQH� PROHFXOHV� LQWHUDFWLQJ� ZLWK� *3&5V�� DQG� KRPR� DQG� KHWHUR�ROLJRPHUL]DWLRQ�RI� WKH� UHFHSWRUV� WKHPVHOYHV� JHQHUDWLQJ�QXPHURXV�SRVVLELOLWLHV� IRU� WKH�UROH�DQG�IXQFWLRQ�RI�*3&5V�WKDQ�KDV�EHHQ�HVWLPDWHG �%UDG\�HW�DO���������

��� 5HJXODWRUV�RI�*�3URWHLQ 6LJQDOLQJ
5HJXODWRUV�RI�*�SURWHLQ VLJQDOLQJ �5*6��SURWHLQV�DFW�DV�QHJDWLYH�UHJXODWRUV�RI�*�SURWHLQ GHSHQGHQW�VLJQDOLQJ��DV�WKH\�HQKDQFH�*73�K\GURO\VLV�E\�*. VXEXQLWV�WR�WXUQ�RII�VLJQDOLQJ �'RKOPDQ�+*��������:LONLH�70�������� 7KHVH�SURWHLQV�IRUP�D�KLJKO\�GLYHUVH�IDPLO\��KDYLQJ�XQLTXH�WLVVXH�GLVWULEXWLRQV��DQG�VWURQJ�UHJXODWLRQ�E\�VLJQDO�WUDQVGXFWLRQ�HYHQWV���
,Q� DGGLWLRQ� WR� WKHLU� *73DVH�DFFHOHUDWLQJ� DFWLYLW\�� 5*6� SURWHLQV� DOVR�� GLUHFWO\�DQWDJRQL]H� *. HIIHFWRUV� �+HSOHU� HW� DO��� ������ HQKDQFH� UHFHSWRU�*�SURWHLQ FRXSOLQJ��=KRQJ� +�� ������� DUH� *��� HIIHFWRUV� �.LNXFKL� $�� ������� PD\� SDUWLFLSDWH� LQ�GHVHQVLWL]DWLRQ�RU�WROHUDQFH�WR�RSLRLGV �3RWHQ]D�01�HW�DO���������
$� PHPEHU� RI� 5*6� IDPLO\� WKDW� LV� ZHOO� GHILQHG LV� WKH� *.�LQWHUDFWLQJ� SURWHLQ��*$,3���7KHVH�SURWHLQV�DUH�DEOH�WR�UHJXODWH KHWHURWULPHULF�*�SURWHLQ DFWLYLW\�E\�VSHFLILF�ELQGLQJ�WR�*. VXEXQLWV �:\OLH�)�HW�DO���������

��� 0HFKDQLVP�RI�$FWLYDWLRQ DQG�$FWLRQ
,Q� WKH� LQDFWLYH� VWDWH�� *�SURWHLQV� IRUP�PHPEUDQH�ERXQG� .�� KHWHURWULPHUV�� ZLWK�*'3�WLJKWO\�ERXQG�WR�WKH�.�VXEXQLW��5HFHSWRU�DFWLYDWLRQ�E\�OLJDQG�ELQGLQJ�LV�WKRXJKW�WR�FDXVH� FKDQJHV� LQ� WKH� UHODWLYH� RULHQWDWLRQV� RI� WUDQVPHPEUDQH� KHOLFHV� �� DQG� ��� WKRXJK�KLJK�UHVROXWLRQ�VWUXFWXUH�GDWD�KDV�QRW�EHHQ�UHSRUWHG�IRU�*3&5V��\HW �+DPP�+(��������7KHVH�FKDQJHV�WKHQ�DIIHFW�WKH�FRQIRUPDWLRQ�RI�*�SURWHLQ LQWHUDFWLQJ LQWUDFHOOXODU�ORRSV�
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RI� WKH� UHFHSWRU� DQG� WKXV� PD\� XQFRYHU SUHYLRXVO\� EORFNHG� *�SURWHLQ�ELQGLQJ� VLWHV�)DUUHQV�'�HW�DO���������
:KHQ�DQ�DFWLYDWHG�UHFHSWRU�LQWHUDFWV�ZLWK�WKH�*.� WKH�H[FKDQJH�RI�*'3�IRU�*73�LV�FDWDO\]HG �3HUURXG�HW�DO��������� *73�ELQGLQJ�OHDGV�WR�UDSLG�GLVVRFLDWLRQ�RI�*.�*73�IURP� WKH� *�� FRPSOH[�� GXH� WR� WKH� XQVWDEOH� QDWXUH� RI� *73�ERXQG� IRUP� RI� WKH�KHWHURWULPHU�� $FWLYDWLRQ� RI� GRZQVWUHDP� HIIHFWRUV� RFFXU� ERWK� E\� *.�*73� DQG� *��VXEXQLWV��*�SURWHLQ GHDFWLYDWLRQ� LV� WKH� UDWH�OLPLWLQJ� VWHS� IRU� VZLWFKLQJ� RII� WKH� FHOOXODU�UHVSRQVH� DQG� RFFXUV� ZKHQ� WKH� .�VXEXQLW� K\GURO\]HV� *73� WR� *'3 �=LPPHUPDQQ� +�������� +DPP� +(�� ������ 7KLV� *73DVH� DFWLYLW\� LV� DFWLYDWHG� E\� WKH� ELQGLQJ� RI� WKH� .VXEXQLW�WR�LWV�HIIHFWRU�DQG�UHIRUPV�WKH�RULJLQDO�FRPSOH[�ZLWK�WKH��� VXEXQLWV��
&HUWDLQ�RQFRJHQHV�KDYH�EHHQ�VKRZQ�WR�FRGH�IRU�*�SURWHLQV�WKDW�FRQWDLQ�D�GHIHFW�LQ�WKHLU� LQWULQVLF� *73DVH� DFWLYLW\�� 7KH� RQFRJHQH� SURGXFW� 5DV� LV� D� JRRG� H[DPSOH�� 6XFK�SURWHLQV� RQFH�ERXQG�WR�*73� DUH�XQDEOH�WR�UHWXUQ�WR�WKH�LQDFWLYH�VWDWH��FDXVLQJ�WKH�FHOO�WR�FRQWLQXH�WR�UHFHLYH�WKH�
RQ
�VLJQDO��HYHQ�LQ�WKH�DEVHQFH�RI�UHFHSWRU�ELQGLQJ�WR�D�OLJDQG��2Q� WKH� RWKHU� KDQG�� WKH� WR[LQ� UHOHDVHG� IURP� WKH� EDFWHULXP�9LEULR� FKROHUDH�� NQRZQ� DV�FKROHUD�WR[LQ��LQDFWLYDWHV WKH . VXEXQLW�RI�*�SURWHLQV��%HLQJ�DQ�ROLJRPHULF�HQ]\PH��WKH�WR[LQ�FDWDO\]HV�WKH�WUDQVIHU�RI�$'3�ULERVH�WR�D�VSHFLILF�DUJLQLQH�UHVLGXH�RI�WKH�. VXEXQLW��GHVWUR\LQJ� LWV� *73DVH� DFWLYLW\�� %\� WKLV� ZD\�� WKH� *�SURWHLQ EHFRPHV� LUUHYHUVLEO\�DFWLYDWHG�DQG�WKH�HIIHFWRU�V\VWHPV�EHFRPH�HLWKHU�DFWLYDWHG�RU�GHDFWLYDWHG�SHUPDQHQWO\��
+HWHURWULPHULF� *�SURWHLQV� WUDQVGXFH� OLJDQG�LQGXFHG VLJQDOV� LQWR� LQWUDFHOOXODU�UHVSRQVHV�� ZKLFK� XQGHUOLH� SK\VLRORJLFDO� UHVSRQVHV� RI� WLVVXHV� DQG� RUJDQV�� *�SURWHLQV�SOD\� LPSRUWDQW� UROHV� LQ�GHWHUPLQLQJ� WKH� VSHFLILFLW\�RI� WKH� FHOOXODU� UHVSRQVHV� WR� VLJQDOV�+DPP� +(�� ������ +RZHYHU�� EHFDXVH� RI� WKH� GLYHUVLW\� RI� *�SURWHLQ VXEXQLWV� DQG�GRZQVWUHDP�HIIHFWRU�PROHFXOHV��WKH�SDWWHUQ�RI�UHVSRQVHV�RI�D�SDUWLFXODU�FHOO�RU�WLVVXH�WR�VWLPXODWLRQ� E\� D� OLJDQG� LV� TXLWH FRPSOH[� DQG� RQO\� D� JHQHUDO� VFKHPH� FDQ� EH� JLYHQ� WR�H[SODLQ�WKLV�SURFHVV�
2QFH� DFWLYDWHG�� ERWK� . DQG� ��� VXEXQLWV� LQWHUDFW� ZLWK� WKHLU� HIIHFWRU� V\VWHPV��'LIIHUHQW� W\SHV� RI� *.
V� LQWHUDFW� ZLWK� YDULRXV� HIIHFWRU� V\VWHPV�� LQFOXGLQJ� DGHQ\O\O�F\FODVH�� F*03� SKRVKRGLHVWHUDVH� DQG� SKRVSKROLSDVH� &����0RUHRYHU�� . VXEXQLWV� KDYH�



��

EHHQ� VKRZQ� WR� LQWHUDFW� ZLWK� RWKHU� SURWHLQV�� OLNH� 5*6� DQG� *$,3�� ,QWHUHVWLQJO\�� ��VXEXQLWV� XVH� VRPH�RI� WKH� HIIHFWRU�PROHFXOHV WKDW� WKH�. VXEXQLW� XVHV�� QDPHO\� DGHQ\O\OF\FODVHV�DQG�SKRVSKROLSDVHV���)LJXUH�����
+RZHYHU�� *�� VXEXQLWV� PHGLDWH� VLJQDO� WUDQVGXFWLRQ� E\� LQWHUDFWLRQ� ZLWK� PDQ\�RWKHU� SURWHLQV� LQFOXGLQJ� *3&5V�� *73DVHV�� .� FKDQQHOV�� YROWDJH�VHQVLWLYH� &D��FKDQQHOV��3,��.LQDVH��DQG�PROHFXOHV�ZLWKLQ�WKH�0$3.�SDWKZD\ �+XU�(0�HW�DO���������

)LJXUH ��� (IIHFWRU�PROHFXOHV�UHJXODWHG�E\�GLIIHUHQW�*. DQG�*�� VXEXQLWV�+XU�(0�HW�DO���������
����� $GHQ\O\O &\FODVH

,Q�PDPPDOV�� DGHQ\O\O� F\FODVH� LV� D� VLQJOH�SRO\SHSWLGH� WKDW� UHVLGHV� LQ� WKH�SODVPD�PHPEUDQH�RI�FHOOV�� ,WV� UROH� LV� WR�FDWDO\]H�SURGXFWLRQ�RI�F$03�IURP�$73��7KH��C�2+�ULERVH�JURXS�RI� WKH�$73�DWWDFNV�WKH�.�SKRVSKRU\O�JURXS�UHVXOWLQJ�LQ�F\FOLVDWLRQ�RI� WKH�PROHFXOH��7KH�HQHUJ\�UHOHDVHG�IURP�WKLV�UHDFWLRQ�KHOSV�WR GULYH�WKH�F\FOLVDWLRQ�UHDFWLRQ�7DQJ�:-��������



��

/LNH�PDQ\� RI� WKH� SURWHLQV� LQ� VLJQDO� WUDQVGXFWLRQ�� WKHUH� DUH� YDULRXV� LVRIRUPV� RI�DGHQ\O\O�F\FODVH��$OWKRXJK�WKH�PDPPDOLDQ�RQHV�DUH�LQWHJUDO�LQ�WKH�SODVPD�PHPEUDQH��RWKHU�IRUPV�KDYH�EHHQ�IRXQG�WR�EH�SHULSKHUDO�SODVPD�PHPEUDQH�SURWHLQV��IRU�H[DPSOH�LQ� WKH�\HDVW�6��FHUHYLVLDH�RU� LQ�(��FROL��$W� OHDVW� HLJKW� LVRIRUPV�KDYH�EHHQ� LGHQWLILHG� LQ�PDPPDOV� �W\SH� ,�9,,,��� EXW� DOO� VKDUH� VLPLODU� VWUXFWXUDO� WRSRORJ\�� 7KH\� FRQWDLQ� WZR�FOXVWHUV�RI�VL[�WUDQVPHPEUDQH�VSDQQLQJ�KLJKO\�K\GURSKRELF�GRPDLQV�WKDW�VHSDUDWH�WZR�FDWDO\WLF�GRPDLQV�RQ�WKH�F\WRSODVPLF�VLGH�RI�WKH�PHPEUDQH���
:KHQ�D�KRUPRQH�ELQGV�WR� WKH�UHOHYDQW�UHFHSWRU�RQ�WKH�FHOO�VXUIDFH��DFWLYDWLRQ�RI�DGHQ\O\O�F\FODVH�LV�DQ�LQGLUHFW�SURFHVV��UHTXLULQJ�WKH�XVH�RI�*�SURWHLQV��7KH�DFWLRQ�RI�D�*�SURWHLQ RQ� WKH� DFWLYLW\� RI� DGHQ\O\O� F\FODVH� LV� HLWKHU� VWLPXODWRU\� RU� LQKLELWRU\��GHSHQGLQJ� RQ� WKH� *�SURWHLQ LQYROYHG�� 6WLPXODWRU\� HIIHFW� UHVXOWV� LQ� LQFUHDVHG� F$03�OHYHOV��ZKLOH� WKH� LQKLELWRU\�HIIHFW�FDXVHV� WKH�RSSRVLWH �0DWWHUD�5�HW�DO�� ����� &RRSHU�'0)� HW� DO��� ������ +RZHYHU�� *�SURWHLQV� DUH� QRW� WKH� RQO\� PHDQV� RI� FRQWUROOLQJ� WKH�DFWLYLW\�RI�DGHQ\O\O�F\FODVHV��&D���&DOPRGXOLQ�FDQ�DOVR�DFWLYDWH�VRPH�RI�WKH�LVRIRUPV�RI�WKH�HQ]\PH �&RRSHU�'0)�HW�DO���������
$OWKRXJK� WKH� DFWLYH� SDUW� RI� WULPHULF� *�SURWHLQV� KDV� EHHQ� WKRXJKW� WR� EH� WKH� .VXEXQLW��WKH��� FRPSOH[�KDV�DOVR�EHHQ�VKRZQ�WR�EH�LPSRUWDQW �$KPHG�$+�HW�DO���������0RUHRYHU�� LW� ZDV� VKRZQ� WKDW� GLIIHUHQW� LVRIRUPV� RI� DGHQ\O\O� F\FODVH� ZHUH� FRQWUROOHG�GLIIHUHQWO\�E\�WKH�VXEXQLWV�RI�WKH�*�SURWHLQ KHWHURWULPHU��:KLOH�VRPH�DGHQ\O\O�F\FODVHV�ZHUH�VWLPXODWHG�E\�WKH��� FRPSOH[��RWKHUV�ZHUH�LQKLELWHG�RU�HYHQ�QRW�DIIHFWHG��,xLJX]�/OXKL�-�HW�DO���������

����� 3KRVSKROLSDVH�&��
2QH�RI�WKH�NH\�HYHQWV�LQ�VLJQDO�WUDQVGXFWLRQ�LQ�FHOOV�WDNHV�SODFH�RQ�WKH�PHPEUDQH�DQG�LQYROYHV�WKH�EUHDNGRZQ�RI�VRPH�RI�WKH�OLSLGV RI�WKH�PHPEUDQH��3KRVSKROLSDVH�&���3/&� HQ]\PHV� EHORQJ� WR� D� ODUJH� IDPLO\� RI� LQRVLWRO�OLSLG� VSHFLILF� SKRVSKROLSDVH� &¶V�ZLWK� ZHOO�GHILQHG� IXQFWLRQV�� 7KH\� K\GURO\]H� VHYHUDO� LQRVLWRO� OLSLGV� LQFOXGLQJ�SKRVSKDWLG\OLQRVLWRO���� ��ELSKRVSKDWH� �3,3���� SKRVSKDWLG\OLQRVLWRO� �3,��� DQG�SKRVSKDWLG\OLQRVLWRO� ��SKRVSKDWH� �3,��3��� +\GURO\VLV� RI� 3,� DQG� 3,��3� UHOHDVHV� WKH�



��

LQRVLWRO�SKRVSKDWHV�VXFK�DV�LQRVLWRO��������� WULSKRVSKDWH��,3���DQG�GLDF\OJO\FHURO��'$*��'LYHFKD�1�HW�DO���������
,3� LV�UHVSRQVLEOH�IRU�WKH�UHOHDVH�RI &D�� LRQV�IURP�LQWUDFHOOXODU�VWRUHV��ZKLFK�OHDGV�WR�WKH�DFWLYDWLRQ�RI�WKH�&D�� VLJQDOLQJ SDWKZD\V��LQFOXGLQJ�WKH�DFWLYDWLRQ�RI�FDOPRGXOLQ�DQG�LWV�DVVRFLDWHG�HIIHFWRUV��'$*��RQ�WKH�RWKHU�KDQG��OHDGV�WR�WKH�DFWLYDWLRQ�RI�SURWHLQ�NLQDVH� &� �3.&�� DQG� WKH� DVVRFLDWHG� SKRVSKRU\ODWLRQ� RI� D� KRVW� RI� SURWHLQV� DORQJ�ZLWK�PRGXODWLRQ�RI�WKHLU�DFWLYLW\��
$FWLYDWLRQ�RI�3/&�LV�EURXJKW�DERXW�LQ�GLIIHUHQW�ZD\V�GHSHQGLQJ�RQ�WKH�LVRIRUPV��EXW� RQH� RI� WKH� PHFKDQLVPV� IRU� WXUQLQJ� RQ� 3/&� LV� WKURXJK� WKH� LQWHUDFWLRQ� ZLWK�FRPSRQHQWV� RI� WKH� WULPHULF� *�SURWHLQV�� %RWK� . DQG� �� VXEXQLWV� RI� KHWHURWULPHULF� *�SURWHLQV� FDQ� ELQG� DQG� DIIHFW� 3/&�� DFWLYLW\�� )XUWKHUPRUH�� LW� KDV� EHHQ� VKRZQ� WKDW� WKH�ELQGLQJ� VLWHV� RQ� 3/&�� IRU� . DQG� �� VXEXQLWV� DUH� GLIIHUHQW�� LQGLFDWLQJ� WKDW� WKH\� FDQ�LQWHUDFW�VLPXOWDQHRXVO\ �6PUFND�$9�HW�DO���������
3/&¶V KDYH�DOVR�EHHQ�UHSRUWHG�WR�FRQWURO�WKH�VLJQDO�WUDQVGXFWLRQ�FDVFDGH�LQ�ZKLFK�WKH\�DUH�LQYROYHG��7KLV�LV�DFKLHYHG�WKURXJK�WKHLU�*73DVH�DFWLYDWLRQ�DFWLYLW\��H[HUWHG�RQ�. VXEXQLWV� RI� *�SURWHLQV�� 8SRQ� DFWLYDWLRQ� E\� *�SURWHLQV�� 3/&�� DFWLYDWHV� LWV�GRZQVWUHDP�HIIHFWRUV�DQG�ELQGV�WR�WKH�. VXEXQLW�WR�LPSURYH�*73�K\GURO\VLV �&RRN�%�HW�DO�������� 0RQWHOO�&���������

����� ,RQ FKDQQHOV
,RQ� FKDQQHOV� DUH� HQFRGHG� E\� VHYHUDO� KXQGUHG� JHQHV� LQ� PDPPDOLDQV�� GLIIHULQJ�ZLGHO\�LQ�PROHFXODU�VWUXFWXUH��VHOHFWLYLW\�WR�LRQV�DQG�PHFKDQLVPV�RI�RSHUDWLRQ��'HVSLWH�WKH�VWUXFWXUDO�GLYHUVLW\��WKHVH�SURWHLQV�VKDUH�D�JHQHUDO�VWUXFWXUDO�PRWLI��D�SRUH�IRUPHG�E\�DQG�HQFORVHG�ZLWKLQ�WKH�WUDQVPHPEUDQH�VHJPHQWV�RI�WKH�FKDQQHO�SURWHLQ��WKURXJK�ZKLFK�LRQV�WUDYHUVH�WKH�SODVPD�PHPEUDQH��



��

,RQ� FKDQQHOV� DUH� HQG� WDUJHWV� LQ� D� ODUJH� QXPEHU� RI� UHJXODWRU\� SDWKZD\V� WKDW� DUH�LQLWLDWHG� E\� *�SURWHLQ FRXSOHG� SDWKZD\V�� %RWK� . DQG� �� VXEXQLWV� FDQ� UHJXODWH� LRQ�FKDQQHOV�GLUHFWO\��YLD�SK\VLFDO�LQWHUDFWLRQV�EHWZHHQ�*�SURWHLQ VXEXQLWV�DQG�WKH�FKDQQHO�SURWHLQ�� RU� LQGLUHFWO\�� YLD� VHFRQG PHVVHQJHUV� DQG� SURWHLQ� NLQDVHV �:LFNPDQ�.� HW� DO���������
'LUHFW�PRGXODWLRQ�E\�*�SURWHLQV�KDV�EHHQ SURSRVHG�PDLQO\�IRU�WZR�IDPLOLHV�RI�LRQ�FKDQQHOV��YROWDJH�GHSHQGHQW�&D�� FKDQQHOV�DQG�*�SURWHLQ�DFWLYDWHG�LQZDUGO\�UHFWLI\LQJ�.� FKDQQHOV��*,5.V�RU�.LU����'DVFDO�1��������

��� *�SURWHLQ )XQFWLRQV�,Q�3ODQWV
+HWHURWULPHULF�*�SURWHLQV�KDYH�GLVWLQFW�DQG�LPSRUWDQW�UROHV�LQ�YDULRXV�RUJDQLVPV��LQFOXGLQJ� EDFWHULD�� IXQJL�� SODQWV� DQG� PDPPDOLDQV�� ,Q� PDPPDOLDQV�� KHWHURWULPHULF� *�SURWHLQV�KDYH�EHHQ� UHSRUWHG� WR�SOD\� D� UROH� LQ� WDVWH�SHUFHSWLRQ� �0F/DXJKOLQ�6.�HW� DO���������� YLVXDO� WUDQVGXFWLRQ� �$UVKDYVN\� 9<�� ������� VHYHUDO� SK\VLRORJLFDO� GLVRUGHUV�LQFOXGLQJ� $O]KHLPHU¶V� GLVHDVH� �&RZEXUQ� 5)� HW� DO��������� KRUPRQDO� VLJQDOLQJ DQG�LPPXQH�V\VWHP��.HKUO�-+��������/DQLD�$�HW�DO���������DQG�GHYHORSPHQW��0DOERQ�&&��������
3ODQW�*�SURWHLQV DUH�WKRXJKW�WR WDNH�UROH�LQ�YDULRXV�VLJQDOLQJ SURFHVVHV��LQFOXGLQJ�SODQW� KRUPRQH� VLJQDOLQJ�� OLJKW� VLJQDOLQJ�� SDWKRJHQ� VLJQDOLQJ�� GHYHORSPHQW�� VHHG�JHUPLQDWLRQ� DQG� JURZWK�� UHJXODWLRQ� RI� ELRV\QWKHWLF� SDWKZD\V DV�ZHOO� DV� UHJXODWLRQ RILRQ �.� DQG� &D��� FKDQQHOV� DQG� RSHQLQJ� RI� VWRPDWDO� JXDUG� FHOOV �)XMLVDZD� <� HW� DO���������0LOOQHU�3$��������
$OWKRXJK�VWXGLHV�XVLQJ�PXWDWLQJ�DJHQWV�DFWLYDWHG�RU�LQKLELWHG�*�SURWHLQ SDWKZD\V��WKH H[DFW�PHFKDQLVP RI�*�SURWHLQ LQYROYHPHQW ZLWKLQ� WKH� SODQW� KRUPRQH� VLJQDOLQJ LV�VWLOO� QRW� FOHDU� ,Q� SODQWV�� *�SURWHLQV� KDYH� EHHQ� UHSRUWHG� WR� WDNH� SDUW� LQ� VLJQDO�WUDQVGXFWLRQ� HYHQWV� RI� WKH� KRUPRQHV� DX[LQ�� JLEEHUHOOLQ� DQG� DEVFLVLF� DFLG �$%$��0LOOQHU�3$��������



��

$X[LQ LV� PDLQO\� SURGXFHG� LQ� DSLFDO� PHULVWHPV�� EXGV�� \RXQJ� OHDYHV�� DQG� RWKHU�DFWLYH�\RXQJ�SDUWV�RI�SODQWV��%HVLGHV�VWLPXODWLQJ WKH�HQODUJHPHQW�RI�FHOOV�E\�LQFUHDVLQJ�WKH� SODVWLFLW\� RI� FHOO� ZDOOV�� DX[LQV� KDYH� PDQ\� RWKHU� HIIHFWV�� LQFOXGLQJ� WULJJHULQJ� WKH�SURGXFWLRQ�RI�GLIIHUHQW�JURZWK�UHJXODWRUV��FDXVLQJ�WKH�*ROJL�ERGLHV�WR�LQFUHDVH�UDWHV�RI�VHFUHWLRQ�� SOD\LQJ� D� UROH� LQ� FRQWUROOLQJ� VRPH� SKDVHV� RI� UHVSLUDWLRQ�� DQG� LQIOXHQFLQJ�QXPHURXV�GHYHORSPHQWDO�DVSHFWV�RI�JURZWK �6WHUQ�.5��������
*LEEHUHOOLQ�� EHLQJ� D� SODQW� KRUPRQH� DQG� D� JURZWK� UHJXODWRU�� FRQWUROV� GLYHUVH�GHYHORSPHQWDO�SURFHVVHV�DV�VHHG�JHUPLQDWLRQ��VWHP�HORQJDWLRQ��OHDI�H[SDQVLRQ��WULFKRPH�GHYHORSPHQW��IORZHU�DQG�IUXLW�GHYHORSPHQW �'DYLHV�3-��������
$%$ LV�V\QWKHVL]HG�LQ�SODVWLGV��DSSDUHQWO\�IURP�FDURWHQRLG�SLJPHQWV��,W�LV�IRXQG�LQ�PDQ\�SODQW�PDWHULDOV�EXW� LV�SDUWLFXODUO\�FRPPRQ�LQ�IOHVK\�IUXLWV��ZKHUH�LW�HYLGHQWO\�SUHYHQWV� VHHGV� IURP� JHUPLQDWLQJ�ZKLOH� WKH\� DUH� VWLOO� RQ� WKH� SODQW��$V� WKH� VWLPXODWRU\�HIIHFWV�RI�RWKHU�KRUPRQHV�DUH�LQKLELWHG�E\�$%$��FHOO�JURZWK�LV�DOVR�LQKLELWHG��6WHUQ�.5��������
,Q� KLJKHU� SODQWV�� JXDUG� FHOO� LRQ�FKDQQHO� UHJXODWLRQ� FRQWUROV� VWRPDWDO� DSHUWXUHV��6WRPDWDO�RSHQLQJ�UHOLHV�RQ�LQFUHDVHV�LQ�.���&O���PDODWH����DQG�VXFURVH�LQ� WKH�JXDUG�FHOO�V\PSODVW�WR�GULYH�ZDWHU�LQIOX[�DQG�FHOO�VZHOOLQJ� 7KHVH�SURFHVVHV�UHVXOW�LQ�DQ�RXWERZLQJRI� WKH� JXDUG� FHOO� SDLU� DQG� DQ� LQFUHDVH� LQ� SRUH� DSHUWXUH��'XULQJ� VWRPDWDO� RSHQLQJ��.�XSWDNH� LV�PHGLDWHG� E\� LQZDUGO\ UHFWLI\LQJ�.� FKDQQHOV��'XULQJ� LQKLELWLRQ� RI� VWRPDWDO�RSHQLQJ� E\� $%$�� WKHVH� FKDQQHOV� DUH� LQKLELWHG�� ,Q� JXDUG� FHOOV�� $%$� DFWLYDWHV�SKRVSKROLSDVHV�&�DQG�'�DQG�FDQ�HOHYDWH�F\WRVROLF�FDOFLXP�OHYHOV� WKURXJK� ,3� RU�RWKHU�SDWKZD\V �0DF5REELH�($&��������/HFNLH�63�HW�DO��������� &\WRVROLF�&D�� HOHYDWLRQ��LQ�WXUQ�� LQKLELWV� LQZDUGO\� UHFWLI\LQJ�.� FKDQQHOV� DQG� DFWLYDWHV� VORZ� DQLRQ� FKDQQHOV� WKDW�PHGLDWH� &O� DQG� PDODWH�� HIIOX[ �:DQJ� ;�4� HW� DO��� ������ ,W� KDV� EHHQ� VKRZQ� WKDW�UHJXODWLRQ�RI�LRQ�FKDQQHOV�LQ�VWRPDWDO�JXDUG�FHOOV�DQG�$%$��DW�OHDVW�LQ�SDUW��LQYROYHV�*�SURWHLQV�LQ�SODQWV �:DQJ�;�4�HW�DO���������



��

��� 6WUXFWXUDO�)HDWXUHV RI�*�SURWHLQV��
$W�WKH�FRUH�RI�HYHU\�*�SURWHLQ� LV�D�JXDQLQH�QXFOHRWLGH�ELQGLQJ�GRPDLQ��7KH�ILYH�SRO\SHSWLGH ORRSV� �*���� *���� *���� *��� DQG� *���� WKDW� IRUP� WKH� JXDQLQH� QXFOHRWLGH�ELQGLQJ�VLWH DUH� WKH�PRVW�KLJKO\�FRQVHUYHG�HOHPHQWV� LQ� WKH�GRPDLQ� DQG�GHILQH� WKH�*�SURWHLQ VXSHUIDPLO\���7DEOH�����
7KH� GLSKRVSKDWH� ELQGLQJ ORRS� �3�ORRS� RU� *��� ER[��� KDYLQJ� WKH� FRQVHQVXVVHTXHQFH�*;;;;*.�6�7��FRQQHFWV� WKH����VWUDQG� WR� WKH�.��KHOL[�DQG�FRQWDFWV� WKH�.�DQG���SKRVSKDWHV�RI�WKH�JXDQLQH�QXFOHRWLGH� 7KH�*���ORRS��ZLWK�WKH�FRQVHQVXV�VHTXHQFH�';;*��DW�WKH�1�WHUPLQXV�RI�WKH�.��KHOL[�OLQNV�WKH�VXEVLWHV�IRU�ELQGLQJ�RI�0J�� DQG�WKH���SKRVSKDWH�RI�*73� 7KH�JXDQLQH�ULQJ�LV�UHFRJQL]HG��LQ�SDUW��E\�WKH�*���ORRS�WKDW�OLQNV�WKH����VWUDQG�DQG�WKH�.��KHOL[��7KH�FRQQHFWLRQ�EHWZHHQ�WKH�.��KHOL[�DQG�WKH����VWUDQG��*���� FRQWDLQV� D� FRQVHUYHG� WKUHRQLQH� UHVLGXH� LQYROYHG� LQ� 0J�� FRRUGLQDWLRQ�� *����ORFDWHG�EHWZHHQ����DQG�.���IRUPV�WKH�JXDQLQH�EDVH�UHFRJQLWLRQ�VLWH��6SUDQJ�65��������

����� +HWHURWULPHULF�*�SURWHLQ . VXEXQLWV
7KH�JHQHUDO�VWUXFWXUH�RI�*.��LQ�PDPPDOLDQ V\VWHPV� LV�IRUPHG�RI�WZR�GRPDLQV��D�*73DVH� GRPDLQ DQG� D� KHOLFDO� GRPDLQ�� 7KH� *73DVH� GRPDLQ FRQWDLQV� WKH� JXDQLQH�QXFOHRWLGH� ELQGLQJ� SRFNHW�� WKH�0J���ELQGLQJ� GRPDLQ�� WKH� JXDQLQH� ULQJ� ELQGLQJ�PRWLI��WKH� WKUHRQLQH� DQG� JO\FLQH UHVLGXHV� QHHGHG� IRU� *73� K\GURO\VLV�� DQ 1�WHUPLQDO� OLSLG�PRGLILFDWLRQ VLWH��DQG�VLWHV�IRU�ELQGLQJ�UHFHSWRUV��HIIHFWRU�PROHFXOHV��DQG�WKH��� VXEXQLW�7KH KHOLFDO� GRPDLQ� FRQWDLQV� WKH DUJLQLQH UHVLGXH� QHHGHG� IRU� *73� K\GURO\VLV�� DQG� LV�WKRXJKW� WR�VORZ�GRZQ�*73�K\GURO\VLV�EXW� LWV�H[DFW�IXQFWLRQ�LV�QRW�FOHDU�\HW��3ODQW�*.VXEXQLWV� DUH� WKRXJKW� WR�KDYH� DOPRVW� WKH� VDPH� VWUXFWXUH�� DV� WKHUH� DUH� VWLOO� QR� VWUXFWXUDO�VWXGLHV�FRQGXFWHG�LQ�SODQWV��
(IIHFWRU�LQWHUDFWLRQ�LQYROYHV�WKUHH�UHJLRQV�ZLWKLQ�WKH�*73DVH�GRPDLQ��7KH�ILUVW�RI�WKHVH� UHJLRQV��FDOOHG�6ZLWFK� ,�� LV� D� ORRS�FRQQHFWLQJ�KHOL[�.� WR�VWUDQG�����7KH�VHFRQG�UHJLRQ��QDPHO\�6ZLWFK�,,��FRUUHVSRQGV�WR�WKH�ORRS�SUHFHGLQJ�WKH .��KHOL[��DQG�WKH�KHOL[�



��

LWVHOI� 6ZLWFK�,,,��WKH�ODVW�UHJLRQ��FRUUHVSRQGV�WR�WKH�ORRS�WKDW�FRQQHFWV�KHOL[�.� WR�VWUDQG������)LJXUH�����
7KH�EDVH�RI�WKH�� SURSHOOHU�LV�SRVLWLRQHG�GLUHFWO\�RYHU�WKH�������.� FOXVWHU�RI�WKH�.VXEXQLW��$OO�EXW�WKUHH�RI�WKH�'$��� EODGHV���DQG����DQG�%&��EODGH����ORRSV�FRQWULEXWH�WR�WKH�. FRQWDFW�VXUIDFH��$OPRVW�WKH�HQWLUH�OHQJWK�RI�WKH�VZLWFK�,,�UHJLRQ�RI�WKH�. VXEXQLW��ZKLFK� FRUUHVSRQGV� WR� WKH����.� ORRS� DQG� WKH�.� KHOL[�� LV� EXULHG� LQ� WKH� FRQWDFW�ZLWK��VXEXQLW��7KH�K\GURSKRELF�FRUH�RI�WKH�FRQWDFW�LV�RUJDQL]HG�DURXQG�7US����RI�� DQG�7US�����RI�WKH�. VXEXQLW��7KLV�FRQWDFW�DOVR�LQFOXGHV�WKH�� VXEXQLW�UHVLGXHV�7\U�����0HW������/HX������7\U������DQG�0HW�����DQG�WKH�. VXEXQLW�UHVLGXHV�,OH������3KH������&\V������3KH������DQG�/\V������7US����RI�WKH�� VXEXQLW�SURWUXGHV�LQWR�D�K\GURSKRELF�SRFNHW�LQ�WKH� VXUIDFH�RI� WKH�. VXEXQLW �:DOO�0$�HW�DO��������� 0XWDWLRQDO� VWXGLHV� LQYROYLQJ� WKH�7US���� RI� WKH� � VXEXQLW� UHVXOWHG LQ� GLVUXSWLRQ� RI� WKH� LQWHUDFWLRQ� EHWZHHQ� . DQG� ��VXEXQLWV �:KLWHZD\�0�HW�DO�� ������

)LJXUH���� 2YHUDOO�VWUXFWXUH�RI�*�SURWHLQ�. VXEXQLW��5HQV�'RPLDQR�6�HW�DO��������



��

7KH� *73�K\GURO\VLV� PHFKDQLVP� LQYROYHV� D� FRQIRUPDWLRQDO� FKDQJH� RI� WKH� .VXEXQLW��WKHUHE\�HQDEOLQJ�WKH�IRUPDWLRQ�RI�WKH�KHWHURWULPHU��%RWK�WKH�VZLWFK�,,�DQG�WKH�DPLQR�WHUPLQDO�SDUWV�RI�WKH�. VXEXQLW�DUH�G\QDPLF�FRPSRQHQWV�RI�WKH�LQWHUDFWLRQ��8SRQ�*73�K\GURO\VLV�� WKH� VZLWFK� ,,� KHOL[� URWDWHV� a���R�� H[SRVLQJ� WKH� K\GURSKRELF� UHVLGXHV�3KH������7US������DQG�RWKHUV��WR�LQWHUDFW�ZLWK�FRPSOHPHQWDU\�QRQSRODU�SRFNHWV�LQ�WKH��VXEXQLW�� 7KH� VDPH� URWDWLRQ� DOVR� FUHDWHV� WZR� LRQLF� LQWHUDFWLRQV� EHWZHHQ� WKH� . DQG� �VXEXQLW��*OX�����RQ�. IRUPV�DQ�LRQ�SDLU�ZLWK�/\V����RQ�� DQG�/\V�����LV�LQVHUWHG�LQWR�D�QHJDWLYHO\�FKDUJHG�SRFNHW�IRUPHG�E\ $VS�����DQG�$VS�����RQ�DGMDFHQW�ORRSV�RI�WKH��VXEXQLW �6RQGHN�-�HW�DO�� ������
)RUPDWLRQ� RI� WKH�.�� LQWHUIDFH� OLNHZLVH� GHVWDELOL]HV� WKH� FRQIRUPDWLRQDO� VWDWH� RI�VZLWFK� ,,� WKDW� LV� UHTXLUHG IRU� *73� ELQGLQJ�� 7KH� DPLQR�WHUPLQXV� RI� WKH� KHOL[�� RI� WKH�VZLWFK� ,, UHJLRQ�� IRUPV� WKH�ELQGLQJ�VLWH� IRU� WKH�� SKRVSKDWH�RI�*73�DQG�SRVLWLRQV� WKH�FDWDO\WLF�UHVLGXH�*OQ�����IRU�D�UROH�LQ�WUDQVLWLRQ�VWDWH�VWDELOL]DWLRQ��7KH�FRQIRUPDWLRQDO�FKDQJHV� ZLWKLQ� VZLWFK� ,,� UHJLRQ� DUH� FRRUGLQDWHG� ZLWK� D� FRPSOHPHQWDU\� VKLIW� RI� WKH�VZLWFK ,�SHSWLGH�WKDW�XOWLPDWHO\�WUDSV�*'3�LQ�WKH�FDWDO\WLF�VLWH�RI�. VXEXQLW �6RQGHN�-�HW�DO���������
,Q� WKH�*73�ERXQG�VWDWH��7KU����RI� VZLWFK� ,� FRQWULEXWHV�DQ�R[\JHQ� OLJDQG� WR� WKH�0J���� 7KLV� VWUXFWXUDO� FRQVWUDLQW� LV� UHPRYHG� ZLWK� WKH� UHOHDVH� RI� 0J�� XSRQ� *73�K\GURO\VLV��6ZLWFK�,�UHJLRQ�LV�UHPRYHG�IURP�WKH�FDWDO\WLF�VLWH��WR�DYRLG�DQ\�LQWHUDFWLRQV�ZLWK�*O\�����FDXVHG�E\�URWDWLRQ�RI�WKH�VZLWFK�,,�KHOL[ �&ROHPDQ�'(�HW�DO��������� 7KLV�UHVXOWV� LQ� WKH� UHSRVLWLRQLQJ� RI�*OX����� DQG� ,OH����� IRU� RSWLPDO� LQWHUDFWLRQ�ZLWK� WKH��VXEXQLW��DQG�SURPRWHV�K\GURJHQ�ERQGLQJ�DV�ZHOO�DV�LRQ�SDLU�IRUPDWLRQ�EHWZHHQ�$UJ�����DQG�*OX�����)RUPDWLRQ�RI�WKH�LRQ�SDLU�SUHYHQWV�WKH�GLIIXVLRQ�RI�WKH�QXFOHRWLGH�IURP�WKH�FDWDO\WLF�VLWH��7KXV��$UJ�����LV�FUXFLDO�IRU�FDWDO\VLV��DQG�ELQGLQJ�RI��� DQG�*'3 WR�WKH�.VXEXQLW �+LJDVKLMLPD�7�HW�DO��������� ,Q�WKH�KHWHURWULPHU��WKH�FDUER[\O�WHUPLQXV�RI�WKH�.VXEXQLW� LV� H[SRVHG� IRU� SRVVLEOH� LQWHUDFWLRQV� ZLWK� WKH� F\WRSODVPLF� GRPDLQV� RI� WKHLU�UHFHSWRUV �&RQNOLQ�%5�HW�DO���������



��

����� +HWHURWULPHULF�*�SURWHLQ EE VXEXQLWV
7KH� FRUH� RI� WKH� � VXEXQLW� IROGV� LQWR� D� ��SURSHOOHU� GRPDLQ WKDW� LV� FRPSRVHG RI�VHYHQ� UHSHDWV�� WHUPHG� DV�:'�� UHSHDWV� FRPSULVLQJ� D� IRXU�VWUDQGHG� DQWLSDUDOOHO� VKHHW�WKDW�LV�FDOOHG�WKH � EODGH� :'���UHSHDWV�DUH�DSSUR[LPDWHO\����DPLQR�DFLGV�LQ�VL]H��ZLWK�VHYHUDO� DGGLWLRQDO� FRQVHUYHG� DPLQR� DFLGV�� LQFOXGLQJ� D� 7US�$VS� GLSHSWLGH�� 7KH�:'��UHSHDW�FRUUHVSRQGV�WR�WKH�RXWHU�VWUDQG�RI�RQH�� EODGH�DQG�WKH�ILUVW�WKUHH�LQQHU�VWUDQGV�RI�WKH�QH[W �:DOO�0$�HW�DO���������
(DFK�RI�WKH�VHYHQ�� EODGHV�LV�RUJDQL]HG�DURXQG�D�QDUURZ�FHQWUDO�FKDQQHO��ZLWK�WKH�� VWUDQGV� URXJKO\� SDUDOOHO� ZLWK� WKH� FKDQQHO� D[LV�� 7KH� . VXEXQLW� LV� SRVLWLRQHG� DW� WKH�QDUURZ�HQG�RI�WKH�FKDQQHO� IRUPLQJ WZR�FRQWDFW�VXUIDFHV�ZLWK�WKH�� VXEXQLW��7KH�ILUVW�RI�WKHVH� LQFOXGHV� WKH� FOXVWHU� FRQWDLQLQJ� WKH���� DQG���� VWUDQGV� DQG� WKH�.�� KHOL[� LQ� WKH�.VXEXQLW�� 7KLV� VHJPHQW� FRQWDLQV� WKH� VZLWFK� ,,� UHJLRQ� WKDW� XQGHUJRHV� FRQIRUPDWLRQDO�UHDUUDQJHPHQW� XSRQ� K\GURO\VLV� RI� *73�� 7KH� VHFRQG� FRQWDFW� UHJLRQ� LV� DQ� H[WHQGHG�LQWHUIDFH�EHWZHHQ�WKH�KHOLFDO�DPLQR�WHUPLQXV�RI�. VXEXQLW�DQG WKH�VLGH�RI�WKH�� SURSHOOHU�/DPEULJKW�HW�DO���������
7R�IRUP�WKH�� VXEXQLW��WKH�VHYHQ�IRXU�VWUDQGHG�VKHHWV��� EODGHV��DUH�QHVWHG�IDFH�WR�IDFH�DURXQG�WKH�EDUUHO�D[LV��7KH�ILUVW�VWUDQG��$��RI�WKH�� EODGH�OLQHV�WKH�LQQHU�FKDQQHO�RI�WKH�VWUXFWXUH��DQG�WKH�UHVW�DGYDQFHV�RXWZDUG�VR�WKDW�WKH�IRXUWK�VWUDQG��'��IRUPV�WKH�RXWHU�HGJH��7KH�$%� ORRSV� DQG� WKH�&'� ORRSV� DUH� ORFDWHG� DW� WKH� HQG��ZKHUH� WKH�� VXEXQLW� LV�ERXQG��ZKLOH�WKH�%&�DQG�ORQJ�'$�ORRSV�DUH�ORFDWHG�RQ�WKH�RSSRVLWH�HQG�WKDW�IDFHV�WKH�.VZLWFK� ,,� UHJLRQ��7KH� DPLQR� WHUPLQDO� RI� WKH�� VXEXQLW� IRUPV�DQ� H[WHQGHG�SRO\SHSWLGH�FKDLQ�WKDW�WLJKWHQV�WKH�WRS�RI�WKH�EDUUHO��7KLV�SDUW�RI�WKH�FKDLQ�IRUPV�D�VKDOORZ�JURRYH�RQ�WKH�VXUIDFH�RI�WKH�EDUUHO�WKDW�ELQGV�WKH�� VXEXQLW���)LJXUH������



��

)LJXUH���� 2YHUDOO�VWUXFWXUH�RI�*�SURWHLQ�� DQG�� VXEXQLWV� � VXEXQLW�LV�VKRZQ�LQ�\HOORZ��� VXEXQLW LQ�JUHHQ� �7RR]H�-�DQG�%UDQGHQ�&�������
����� +HWHURWULPHULF�*�SURWHLQ JJ VXEXQLWV

7KH�� VXEXQLW�RI�WKH�KHWHURWULPHULF�*�SURWHLQ LV�FRPSRVHG�RI�WZR�KHOLFDO�VHJPHQWV�MRLQHG�E\�D�ORRS�DQG�KDV�HVVHQWLDOO\�QR�WHUWLDU\�VWUXFWXUH��7KH�GLUHFWLRQ�RI�WKH�� FKDLQ�LV�SDUDOOHO�WR�WKDW�RI�WKH�DPLQR�WHUPLQXV�RI�WKH�� VXEXQLW��$�SDUW�RI�WKH�DPLQR�WHUPLQDO�RI�WKH�� FKDLQ�LV�.�KHOLFDO�DQG�FURVVHV�WKH�DPLQR�WHUPLQDO KHOL[�RI�WKH�� VXEXQLW�DW�DQ�DQJOH�RI���R��VXJJHVWLYH�RI�D�SDUDOOHO�FRLOHG�FRLO�LQWHUDFWLRQ �*DUULWVHQ�$�HW�DO���������
/LNH�WKH�� VXEXQLW��WKH�� VXEXQLW�SURMHFWV�LQWR�VROYHQW�WRZDUGV WKH�. VXEXQLW��ZKHUH�WKH�WHUPLQDO�UHVLGXHV�DUH�GLVRUGHUHG��7KH�VHFRQG KHOL[�LQ�WKH�� VXEXQLW�UXQV�VLGH�E\�VLGH�ZLWK� WKH� VHFRQG� KHOL[� RI� WKH� � VXEXQLW�� FRYHULQJ WKH� ILIWK� DQG� VL[WK� EODGHV� RI� WKH� �VXEXQLW��7KH�FDUER[\O�WHUPLQDO� ORRS�RI�� VXEXQLW� LV�EXULHG�LQ�D�K\GURSKRELF�SRFNHW�RQ�WKH�VXUIDFH�RI�WKH�� VXEXQLW �.DW]�,�HW�DO���������



��

7DEOH���� &RQVHUYHG�QXFOHRWLGH�ELQGLQJ PRWLIV�LQ�VHOHFWHG�*�SURWHLQV �PRGLILHG�IURP�6SUDQJ�65��������
2UJDQLVP 3URWHLQ 5HVLGXH *�� 5HVLGXH *�� 5HVLGXH *�� 5HVLGXH *�� 5HVLGXH *��+XPDQ 5DV �� *$**9*.6 �� <3'7,(' �� ,/'7$*4( ��� 9*1.&' ��� <,(76$.+XPDQ 5DS��$ �� *6**9*.6 �� <'37,(' �� ,/'7$*7( ��� 9*1.&' ��� )/*66$.+XPDQ $5)��$ �� */*$$*.7 �� 7,37,*) �� 9:'9**4' ��� )$1.4' ��� ,4$7&$7
(��FROL ()�7X �� *+9'+*.7 �� 5*,7,17 �� +9'*3*+$ ��� )/1.&' ��� ,95*6$/7��WKHUPRSKLOXV ()�* �� $+,'$*.7 �� 5*,7,7$ �� ,,'73*+9 ��� )$1.0' ��� 9)/*6$/
%RYLQH *VD �� *$*(6*.6 ��� 59/76*, ��� 0)'9**45 ��� )/1.4' ��� 3+)7&$9%RYLQH *LD �� *$*(6*.6 ��� 59.77*, ��� /)'9**45 ��� )/1..' ��� 7+)7&$7%RYLQH *WD �� *$*(6*.6 ��� 59.77*, ��� 0)'9**45 ��� )/1..' ��� 6+07&$7%RYLQH *RD �� *$*(6*.6 ��� 59.77*, ��� 0)'9**45 ��� )/1..' ��� &+07&$7+XPDQ *]D �� *7616*.6 ��� 5'077*, ��� 0)'9**45 ��� )/1..' ��� 6+)7&$70RXVH *TD �� *7*(6*.6 ��� 59377*, ��� 0)'9**45 ��� )/1..' ��� 6+)7&$7
7RPDWR 7JD� �� *$*'6*.67, ��� 5,577*9 ��� /)'9**45 ��� /)/1.)' ��� ,<577$/3RWDWR 6WJSD� �� *$*'6*.67, ��� 5,577*9 ��� /)'9**45 ��� /)/1.)' ��� ,<577$/1��SOXPEDJLQLIROLD 1SJD �� *$*'6*.67, ��� 5,577*9 ��� /)'9**45 ��� /)/1.)' ��� ,<577$/
6SLQDFK 62*$� �� *$*(6*.67, ��� 59577*9 ��� /)'9**45 ��� /)/1.)' ��� ,<4$7$)$UDELGRSVLV *3$� �� *$*(6*.67, ��� 59577*9 ��� /)'9**45 ��� /)/1.)' ��� ,<577$/
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��� +RPRORJ\�0RGHOLQJ
$IWHU� DGYDQFHV� LQ� SURWHLQ DQG� QXFOHLF� DFLG� VHTXHQFLQJ� PHWKRGV�� VHTXHQFH�GDWDEDVHV�VXFK�DV� WKH�SURWHLQ�LQIRUPDWLRQ�UHVRXUFH��KWWS���ZZZ�QEUI�JHRUJHWRZQ�HGX����6ZLVV3URW� DQG� 7U(0%/� �KWWS���ZZZ�H[SDV\�FK��� KDYH� JURZQ� UDSLGO\�� ,Q� FRQWUDVW��H[SHULPHQWDO GHWHUPLQDWLRQ�RI�SURWHLQ�VWUXFWXUH�E\�105�RU�;�5D\�FU\VWDOORJUDSK\�KDV�SURFHHGHG�PXFK�PRUH�VORZO\ DQG WKHUH�DUH�PDQ\�SURWHLQV�ZKHUH�WKH�WKUHH�GLPHQVLRQDO�VWUXFWXUH�LV�QRW�NQRZQ��EXW WKH�VHTXHQFHV�DUH�DYDLODEOH�WKURXJK�WKH�GDWDEDVHV��
2QH�RI�WKH�PDMRU�SUREOHPV�FXUUHQWO\�IDFHG�LQ�FRPSXWDWLRQDO�DQG�VWUXFWXUDO�ELRORJ\�LV�WR�EH�DEOH�WR�SUHGLFW�WKH�RYHUDOO�IROG�RI�D�SURWHLQ�FRUUHFWO\��SXUHO\�IURP�LWV�VHTXHQFH�7KLV LV� NQRZQ DV� WKH� SURWHLQ�IROGLQJ� SUREOHP �2VJXWKRUSH� '-�� ������ +RPRORJ\�PRGHOLQJ� PHWKRGV� PD\ SUHGLFW� WKH� �'� VWUXFWXUH� RI� D� SURWHLQ� VHTXHQFH� E\� XVLQJ�LQIRUPDWLRQ�GHULYHG�IURP�D�KRPRORJRXV�SURWHLQ�RI�NQRZQ�VWUXFWXUH �6DQFKH]�5��������
,Q�RUGHU� WR�FRQVWUXFW� D�KRPRORJ\�PRGHO� IRU�D�TXHU\�SURWHLQ� VHTXHQFH�� WKH�TXHU\�PXVW� ILUVW� EH� DOLJQHG� ZLWK� RQH� RU� PRUH� KRPRORJRXV� UHIHUHQFH� SURWHLQV� RI� NQRZQ�VWUXFWXUH��,I�WKH�VHTXHQFH�LGHQWLW\�EHWZHHQ�WKH�WZR�SURWHLQV�ZLWKLQ�WKH�DOLJQPHQW�IDOOV�WR�����RU�EHORZ��WKH�DOLJQPHQW�SURFHVV�EHFRPHV�LQFUHDVLQJO\�XQUHOLDEOH �9HQFORYDV�&�HW�DO���������DQG�UHVXOWV�LQ�LQFRUUHFWO\ IROGHG�UHJLRQV�LQ�WKH�SUHGLFWHG VWUXFWXUH�
7KHUH� DUH� WZR� PHWKRGV� RI� KRPRORJ\� PRGHOLQJ�� ZKLFK� FDQ� EH� XVHG�� IUDJPHQW�EDVHG� KRPRORJ\� PRGHOLQJ� DQG� UHVWUDLQW�EDVHG� KRPRORJ\� PRGHOLQJ�� )UDJPHQW�EDVHG�KRPRORJ\�PRGHOLQJ�SURFHGXUHV�XVH�WKH�DOLJQPHQW�EHWZHHQ�WKH�TXHU\�VHTXHQFH�DQG�WKH�NQRZQ�SURWHLQ�V�� WR� LGHQWLI\�D�QXPEHU�RI�VWUXFWXUDOO\�FRQVHUYHG� UHJLRQV� �6&5���7KHVH�UHJLRQV� KDYH� QR� LQVHUWLRQV� RU� GHOHWLRQV� DQG� WHQG� WR� KDYH� ZHOO� GHILQHG� VHFRQGDU\�VWUXFWXUHV�� OLNH� KHOLFHV� RU� VWUDQGV�� 7KH� OHYHO� RI� VHTXHQFH� FRQVHUYDWLRQV� LV� DOVR� WKH�KLJKHVW�DW�WKHVH�VHFWLRQV�RI�WKH�SURWHLQ��5HJLRQV�RI�WKH�SURWHLQ�VHTXHQFHV�LQ EHWZHHQ�WKH�VWUXFWXUDOO\� FRQVHUYHG� UHJLRQV� DUH� XVXDOO\� GHQRWHG� DV� YDULDEOH� UHJLRQV �)RUVWHU� 0-��������

http://www.expasy.ch/
http://www-nbrf.georgetown.edu/


��

$V� WKH�6&5V SURYLGH� D� FRQVLVWHQW� IUDPHZRUN�EHWZHHQ� WKH� NQRZQ�DQG�XQNQRZQ�VWUXFWXUHV�� WKH�FRRUGLQDWHV�RI� WKH�SURWHLQ�EDFNERQH� LQ� WKH�TXHU\�SURWHLQ� FDQ�EH�FRSLHG�IURP�WKRVH�LQ�RQH�RI�WKH�NQRZQ�SURWHLQV��9DULDEOH�UHJLRQV�LQ�DQ�DOLJQPHQW��RQ�WKH�RWKHU�KDQG��DUH�PRVW�RIWHQ�SURWHLQ�ORRS�UHJLRQV�ZKHUH�PXWDWLRQV��LQVHUWLRQV��DQG�GHOHWLRQV�DUH�FRPPRQ DQG WKHVH� PDNH� DFFXUDWH� PRGHOLQJ� KDUG�� *HQHUDOO\�� ORRSV� DUH� PRGHOHG� E\�VHDUFKLQJ� D� VWUXFWXUDO� GDWDEDVH� IRU� UHJLRQV� RI� D� VXLWDEOH� OHQJWK� DQG� JHRPHWU\� DW� WKH�LQWHUIDFH� ZLWK� WKH� 6&5V�� DORQJ� ZLWK� WKH� UHTXLUHPHQW� WKDW� WKH\� GR� QRW� KDYH� DQ\�LQWHUIHUHQFH�RQ�WKH�UHVW�RI�WKH�PRGHO�VWUXFWXUH �)RUVWHU�0-�������� 6HYHUDO�FRPPHUFLDOO\�DYDLODEOH� KRPRORJ\�PRGHOLQJ SURJUDPV� XWLOL]H� WKLV� DSSURDFK� IRU PRGHO� FRQVWUXFWLRQ��7KHVH�LQFOXGH�WKH�&20326(5�SURJUDP��%OXQGHOO�7/�HW�DO���������������7RSKDP�&0�HW� DO��� ������ ZKLFK� LV� LQFRUSRUDWHG� LQWR� WKH� 6<%</� SURJUDP� VXLWH� �7ULSRV� ,QF��� 6W��/RXLV�� KWWS���ZZZ�WULSRV�FRP�� DQG� +202/2*<�� ZKLFK LV� D� FRPSRQHQW� RI� ,QVLJKW,,��06,��6DQ�'LHJR��KWWS���ZZZ�DFFHOU\V�FRP��
8QOLNH�IUDJPHQW�EDVHG�PHWKRGV��WKH�UHVWUDLQW�EDVHG�KRPRORJ\�PRGHOLQJ�PHWKRGV�GR�QRW�EUHDN�WKH�PRGHO�EXLOGLQJ�SURFHVV�LQWR�WZR�GLVWLQFW�SKDVHV�L�H��EXLOGLQJ�FRQVHUYHG�UHJLRQV� WKHQ� ILQGLQJ� YDULDEOH� ORRS� UHJLRQV�� ,QVWHDG�� WKH� DOLJQPHQW� LV� XVHG� WR� GHULYH�JHRPHWULFDO�UHVWUDLQWV��VXFK�DV�OLPLWV�RQ�GLVWDQFHV�EHWZHHQ�SDLUV�RI�&. DWRPV��UDQJHV�RI�EDFNERQH�� DQG� VLGH� FKDLQ� GLKHGUDO� DQJOHV� HWF�� 7KHVH� UHVWUDLQWV� FDQ� WKHQ� EH� FRPELQHG�WRJHWKHU� WR� ILQG� DQ�RYHUDOO� VFRULQJ� IXQFWLRQ� WKDW� GHILQHV�KRZ�ZHOO� WKH�PRGHO� VWUXFWXUH�PDWFKHV� WKH� VHW� RI� JHRPHWULF� FULWHULD�� $� VWUXFWXUH� JHQHUDWLRQ� SURFHGXUH�� RI� ZKLFK�PXOWLSOH� W\SHV� KDYH� EHHQ� UHSRUWHG�� LV� WKHQ� XVHG� WR� FUHDWH� PRGHO� VWUXFWXUHV� WKDW� EHVW�VDWLVI\� WKH� UHVWUDLQWV� �)RUVWHU� 0-�� ������ 5HVWUDLQW�EDVHG� PROHFXODU� G\QDPLFV�SURFHGXUHV�IRU�VWUXFWXUH�JHQHUDWLRQ�KDYH�EHHQ�XVHG�LQ�WKH�02'(//(5�SURJUDP�WKDW�LV�DYDLODEOH� IRU� DFDGHPLF� DXWKRUV� WKURXJK� WKH� DXWKRU¶V� ZHE� VLWH��KWWS���JXLWDU�URFNHIHOOHU�HGX�PRGHOOHU�PRGHOOHU�KWPO�� RU� FRPPHUFLDOO\� DV� D� FRPSRQHQW�RI� ,QVLJKW,,��

http://guitar.rockefeller.edu/modeller/modeller.html
http://www.tripos.com/


��

� $,0�2)�7+(�678'<

,Q�WKLV�0�6F��ZRUN� GHWDLOHG�VHTXHQFH�DOLJQPHQW�DQDO\VHV�RI�$��WKDOLDQD *�SURWHLQ�. VXEXQLW��*3$���ZLWK�LWV�PDPPDOLDQ�FRXQWHUSDUW�UDW�WUDQVGXFLQ�. VXEXQLW��3'%�HQWU\��JJ��DQG��ITN� ZHUH�FDUULHG�RXW��$OLJQPHQW�RI�*3$��ZLWK�RWKHU�NQRZQ�*. VHTXHQFHV��IURP� SODQWV�� UHYHDO� D� KLJK� GHJUHH� RI� KRPRORJ\�� 6DPH� DQDO\VHV� ZHUH� H[WHQGHG� WR�$��WKDOLDQD � DQG�� VXEXQLWV�
5HVXOWV� RI� VHTXHQFH� DQDO\VHV� ZHUH� XVHG� DV� D� EDVLV� IRU� VHFRQGDU\� VWUXFWXUH�SUHGLFWLRQ�DQG�IRU�PRGHOLQJ��'�VWUXFWXUH�RI�*3$���6HFRQGDU\�VWUXFWXUH�SUHGLFWLRQ�ZDV�FDUULHG�RXW�IRU�� DQG�� VXEXQLWV�DV�ZHOO��
)XUWKHUPRUH�� D�PRGHO� VWUXFWXUH� IRU�*3$��ZDV�SURSRVHG� EDVHG�RQ� WKH� VHTXHQFH�DOLJQPHQW� VHFRQGDU\� VWUXFWXUH� SUHGLFWLRQ� DQG NQRZQ� VWUXFWXUH� RI� UDW� WUDQVGXFLQ� .VXEXQLW��



��

� 0$7(5,$/6

��� &KHPLFDOV
$OO�FKHPLFDOV�DQG�JURZWK�PHGLXPV�ZHUH�SXUFKDVHG�IURP�6,*0$ �86$���)OXND��6ZLW]HUODQG���0HUFN��*HUPDQ\�� DQG�5LHGHO�GH�+lHQ��*HUPDQ\��

��� 3ULPHUV DQG�9HFWRUV
3ULPHUV IRU�*3$�� ZLWKRXW�UHVWULFWLRQ�HQ]\PH�FXWWLQJ�VLWHV� GHVLJQHG�DFFRUGLQJ�WR�WKH� VHTXHQFH� UHSRUWHG� E\�0D�+� �0D +� HW� DO��� ������ZHUH� SXUFKDVHG� IURP ,QWHJUDWHG�'1$�7HFKQRORJLHV�,QF���86$�

*��SULPHU��IRUZDUG�� �¶�± $7*�**&�77$�&7&�7*&�$*7�± �¶�
*��SULPHU��UHYHUVH�� �¶�± 7&$�7$$�$$*�*&&�$*&�&7&�± �¶�

S*(0�7� (DV\� �3URPHJD�� LV� D� YHFWRU� IDFLOLWDWLQJ� FORQLQJ� RI WKH� QXFOHLF� DFLG�IUDJPHQW�ZLWK�LWV��¶�$GHQLQH�WDLO�



��

��� (Q]\PHV
7��'1$�OLJDVH��3URPHJD� ± �X��O
7DT�'1$�SRO\PHUDVH �3URPHJD� ± �X��O
(FR5,�5HVWULFWLRQ�HQ]\PH �3URPHJD� ± ��X��O

��� &RPPHUFLDO�.LWV
4,$*(1��4LDTXLFN� *HO�([WUDFWLRQ�.LW������
4,$*(1��4LDTXLFN� 3&5�3XULILFDWLRQ�.LW�����
4,$*(1��4LDTXLFN� 3&5�3XULILFDWLRQ�.LW�������
4,$*(1��4LDSUHS� 6SLQ�0LQLSUHS�.LW������
4,$*(1��4,$*(1� 3ODVPLG�0LGL�.LW������
3URPHJD��3&5�&RUH�6\VWHP�,,

��� %XIIHUV�DQG�6ROXWLRQV
/XULD�%HUWDQL�*URZWK�0HGLXP�
���Z�Y�WU\SWRQH



��

�����Z�Y�\HDVW H[WUDFW
���Z�Y�1D&O��S+�����

��� (TXLSPHQW
$�FRPSOHWH�OLVWLQJ�RI�HTXLSPHQW�XVHG�LQ�WKLV�VWXG\�FDQ�EH�IRXQG�LQ�$SSHQGL[�%�



��

� 0(7+2'6

��� &XOWXUH *URZWK
%DVLF�FXOWXUH�JURZWK��FRPSHWHQW�FHOO�SUHSDUDWLRQ��FORQLQJ��SODVPLG�LVRODWLRQ��DQG�UHVWULFWLRQ�HQ]\PH�DQDO\VLV�SURFHGXUHV�IORZHG�ZHUH�XVHG�DFFRUGLQJ�WR�6DPEURRN�HW�DO��6DPEURRN� -� DQG�5XVVHOO�':�������� WKURXJKRXW� WKLV� VWXG\��(�� FROL -0����FHOOV�ZHUH�NLQGO\�SURYLGHG�E\�3URI��%HNL�.DQ��'HSW��RI�%LRSK\VLFV��0DUPDUD�8QLYHUVLW\��,VWDQEXO��7h5.ø<(��� 7KH� FHOOV�ZHUH� JURZQ� RYHUQLJKW LQ� /XULD�%HUWDQL� �/%��PHGLXP�� SULRU� WR�DQ\�DSSOLFDWLRQ�

��� 3RO\PHUDVH�&KDLQ�5HDFWLRQ��3&5�
7KH�YHFWRU�S&,7��� FRQWDLQLQJ�*3$� VHTXHQFH�ZDV�GLJHVWHG�RYHUQLJKW�DW���R &�XVLQJ� WKH� UHVWULFWLRQ� HQ]\PH� (FR5,�� 7KUHH� XQLWV HQ]\PH��J� '1$� ZDV� XVHG� IRU� WKH�GLJHVWLRQ� PL[� 3&5 ZDV� FDUULHG� RXW� XVLQJ 3&5� &RUH� 6\VWHP� ,,�� *3$� EHLQJ WKHWHPSODWH�WRJHWKHU�ZLWK WKH�GHVLJQHG�SULPHUV��*��DQG�*����7KH�IROORZLQJ�SURJUDP�ZDV�XVHG�LQ�WKH�WKHUPRF\FOHU��(SSHQGRUI�WKHUPRF\FOHU��

7HPSODWH�����O �ILQDO��� �����J�����O�
3ULPHU��*��DQG�*����� �0�ILQDO�FRQF�

� ��R &����PLQ�



��

� ��R &����PLQ�
� ��R &����PLQ� ���F\FOHV
� ��R &����PLQ�
� ��R &����PLQ�
� ��R &��KROG�

��� 3UHSDUDWLRQ�RI�S*(0�7�(DV\���*3$� &RQVWUXFW
/LJDWLRQ� UHDFWLRQ�ZDV�SUHSDUHG�XVLQJ�SXULILHG�*3$� IUDJPHQW� DV� WKH� LQVHUW�� DQG�FXW� S*(0�7� (DV\� DV� WKH� YHFWRU� 7KH� UHDFWLRQ� PL[� ZDV� SUHSDUHG� DFFRUGLQJ� WR� WKH�PDQXIDFWXUHU¶V� LQVWUXFWLRQV�ZLWK� WKUHH �O� LQVHUW� %HVLGHV� WKH� GHVLUHG� OLJDWLRQ� UHDFWLRQ��FRQWUROV� ZLWK� QR� LQVHUW� '1$� �EDFNJURXQG� FRQWURO�� DQG� ZLWK� FRQWURO� LQVHUW� '1$��SRVLWLYH�FRQWURO��ZHUH�DOVR�SUHSDUHG� 7KH�OLJDWLRQ�PL[�ZDV�XVHG�WR�WUDQVIRUP�FRPSHWHQW�(��FROL -0����FHOOV�

��� 3ODVPLG�,VRODWLRQ�DQG�9HULILFDWLRQ�RI�*3$� 6HTXHQFH
*3$� ZDV� NLQGO\� SURYLGHG� E\� 'U�� +RQJ� 0D� �'HSW�� RI� %LRORJ\�� 3HQQV\OYDQLD�6WDWH� 8QLYHUVLW\�� 3HQQV\OYDQLD�� 86$�� LQ� D� S&,7���� YHFWRU�� S&,7���� YHFWRU� ZDV�LVRODWHG� IURP� (�� FROL FHOOV�� XVLQJ� 4LDJHQ� SODVPLG� LVRODWLRQ� SURWRFRO�� DQG� XVHG� DV� D�WHPSODWH�IRU�WKH�3RO\PHUDVH�&KDLQ�5HDFWLRQ��3&5���
)RU� YHULILFDWLRQ� RI� *3$� VHTXHQFH� S*(0�7� (DV\�*3$� FRQVWUXFW� ZDV� DOVR�LVRODWHG�IURP�(��FROL -0����FHOOV�XVLQJ� WKH�VDPH�V\VWHP��5HVWULFWLRQ�HQ]\PH�DQDO\VLV�



��

ZDV� FDUULHG�RXW�RQ� WKH� LVRODWHG� FRQVWUXFW� XVLQJ�(FR5,� UHVWULFWLRQ� HQ]\PH��6HTXHQFLQJ�ZDV�FDUULHG�RXW�DW�6HTODE�*P%+��*|WWLQJHQ��*(50$1<��

��� +RPRORJ\�0RGHOLQJ
7KURXJKRXW� WKLV� VWXG\�� IUDJPHQW�EDVHG� KRPRORJ\� PRGHOLQJ PHWKRG� ZDV� XVHG��*3$� VHTXHQFH �*HQ%DQN�HQWU\��0������� IURP�$UDELGRSVLV� WKDOLDQD� ZDV�SURFHVVHGDJDLQVW�D�GDWDEDVH�RI�3'%�ILOHV�ZLWK�NQRZQ�VWUXFWXUHV�XVLQJ�36,%/$67 �$OWVFKXO�6)�HW�DO��� ������ 7KH PRVW� VLPLODU� ��� VHTXHQFHV� ZHUH� GRZQORDGHG� RQWR� :25.%(1&+��KWWS���ZRUNEHQFK�VGVF�HGX� DQG� DQ� DOLJQPHQW� ZDV� JHQHUDWHG� ZLWK� &/867$/:�7KRPSVRQ�-' HW�DO��������� $IWHU�LQVSHFWLRQ�RI�WKH�UHVXOW� WKH�QXPEHU�RI�VHTXHQFHV�IRU�ILQDO� DOLJQPHQW�ZDV� UHGXFHG� WR� WZR� QDPHO\� WKH� VHTXHQFHV �IJN �&KLPHUD� RI� JXDQLQH�QXFOHRWLGH�ELQGLQJ�SURWHLQ�*W ���VXEXQLW�DQG�JXDQLQH�QXFOHRWLGH�ELQGLQJ�SURWHLQ�*L ���VXEXQLW� DQG��JJ� �*�SURWHLQ�KHWHURWULPHU�PXWDQW�*L ��������� ����ZLWK�*'3�ERXQG�LQ�3'%�WKDW�DUH�UDW�WUDQVGXFLQ�. VXEXQLWV��
)LQDO DOLJQPHQW�ZDV� ORDGHG� RQWR� WKH�02'(//(5�SURJUDP�ZLWKLQ� ,QVLJKW,,�� WR�FUHDWH� WZR PRGHOV� ZLWK ORZ ORRS� RSWLPL]DWLRQV�� 7KH� DFFXUDF\� RI� WKH� PRGHOV ZDVFKHFNHG� XVLQJ� (55$7 �&RORYRV� &� DQG� <HDWHV� 72�� ������ D� SURJUDP� IRU� YHULI\LQJ�SURWHLQ�VWUXFWXUHV�GHWHUPLQHG�E\�FU\VWDOORJUDSK\��+HUH�WKH�HUURU�YDOXHV�DUH�SORWWHG�DV�D�IXQFWLRQ�RI� WKH�SRVLWLRQ�RI�D�VOLGLQJ���UHVLGXH�ZLQGRZ��7KH�HUURU� IXQFWLRQ� LV�EDVHG�RQ�WKH�VWDWLVWLFV�RI�QRQ�ERQGHG�DWRP�DWRP�LQWHUDFWLRQV�LQ�WKH�UHSRUWHG�VWUXFWXUH��FRPSDUHG�WR� D� GDWDEDVH� RI� UHOLDEOH� KLJK�UHVROXWLRQ� VWUXFWXUHV��� $Q� DFFHSWDEOH� VWUXFWXUDO� PRGHO�VKRXOG�KDYH�����RI� LWV�RYHUDOO�HUURU� IXQFWLRQ�EHORZ�WKH�����OLPLW�� VKRZQ� LQ�(55$7�JUDSKV��
$� VHFRQG� DOLJQPHQW ZDV� GRQH�� XVLQJ�$OLJQ�'� IXQFWLRQ�ZLWKLQ�02'(//(5�� WR�JHQHUDWH�D�QHZ�VHW�RI�PRGHOV� 7KHVH�PRGHOV�ZHUH�DOVR�FKHFNHG�XVLQJ�(55$7��$�ILQDO�PRGHOLQJ MRE�ZDV� FDUULHG� RXW� XVLQJ� WKH� ILUVW� DOLJQPHQW�� EXW� WKLV� WLPH�ZLWK� KLJK� ORRS�RSWLPL]DWLRQV DQG VHQW�WR�(55$7�WR�YHULI\�WKHLU�DFFXUDF\�

http://workbench.sdsc.edu/
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� 5(68/76

��� $PSOLILFDWLRQ RI�*3$� DQG�6HTXHQFH�9HULILFDWLRQ
S&,7����SODVPLG� EHDULQJ�WKH�*3$� VHTXHQFH�ZDV�NLQGO\�SURYLGHG�E\�'U��+RQJ�0D� �3HQQ�� 6WDWH�8QLY��� 3HQQV\OYDQLD��86$��� LQ�(� FROL FHOOV� DQG� VHUYHG DV� D� VWDUWLQJ�SRLQW�IRU�WKLV�VWXG\��7KH�SODVPLG�ZDV LVRODWHG�IURP�WKH�FHOOV�DQG�GLJHVWHG�XVLQJ�(FR5,�UHVWULFWLRQ� HQ]\PH�� WR� REWDLQ� D ����� ES� IUDJPHQW� FRQWDLQLQJ� *3$��� 7KLV IUDJPHQW�)LJXUH����$��ZDV�XVHG�DV�D� WHPSODWH� LQ� WKH�3&5 IRU�DPSOLILFDWLRQ �)LJXUH����%� ZLWK�LQWHUQDO�SULPHUV�GHVLJQHG�DFFRUGLQJ� WR�*3$��VHTXHQFH��$V� VKRZQ� LQ� ILJXUH����%�� WKH�3&5�SURGXFW�LV�D�IUDJPHQW�RI�DERXW������ES�

)LJXUH���� $��5HVXOWV�RI�DJDURVH�JHO�HOHFWURSKRUHVLV�VKRZLQJ�S&,7����YHFWRU�FXW�ZLWK�(FR5,� UHVWULFWLRQ� HQ]\PH�� 7KH� ILUVW� ODQH LV� WKH� 0:� PDUNHU� -����%68 �3URPHJD���6HFRQG�� WKLUG� DQG� ILIWK� ODQHV� DUH� GLJHVWHG� S&,7���� VKRZLQJ�*3$��� 7KH� IRXUWK� ODQHVKRZV� XQFXW� S&,7����� %��$JDURVH� JHO� HOHFWURSKRUHVLV� UHVXOWV� VKRZLQJ� 3&5� SURGXFWVXVLQJ�*3$���FXW�IURP�S&,7�����DV�D�WHPSODWH� /DQH���LV�WKH�PDUNHU�DQG�ODQHV�����DUH�3&5�SURGXFWV�



��

7KH�DPSOLILHG IUDJPHQW�ZDV�OLJDWHG�LQWR�S*(0�7�(DV\�YHFWRU�DQG�(� FROL -0����FHOOV ZHUH� WUDQVIRUPHG� ZLWK� WKH� FRQVWUXFW�� 3ODVPLG� LVRODWLRQ� DQG� UHVWULFWLRQ� HQ]\PH�DQDO\VLV�� DV� ZHOO� DV� VHTXHQFLQJ� RI� WKH� S*(0�7� (DV\�*3$� FRQVWUXFW� YHULILHG� WKDW�*3$� ZDV�DPSOLILHG�ZLWKRXW�DQ\�PLVPDWFKHV �)LJXUH������ 7KH�JHQH�LV�EHLQJ�FXUUHQWO\�FORQHG�IRU�RYHU�H[SUHVVLRQ�

)LJXUH���� 6HTXHQFLQJ�UHVXOWV�IRU�S*(0�7�(DV\�*3$� FRQVWUXFW�LVRODWHG�IURP�(��FROL�-0���� FHOOV� ,GHQWLFDO� UHVLGXHV� DUH� VKRZQ� LQ� EOXH�� ZKLOH� S*(0�7� (DV\� VHTXHQFH� LV�VKRZQ�LQ�UHG�



��

��� 6WUXFWXUH�3UHGLFWLRQ�RI�*3$�

����� $OLJQPHQW�RI�*3$� ZLWK�0DPPDOLDQ�*.
7KH�DPLQR�DFLG�VHTXHQFH�IRU�*�SURWHLQ . VXEXQLW �$$$������ IURP�$UDELGRSVLV�WKDOLDQD �*3$�� ZDV� VHDUFKHG� DJDLQVW� SURWHLQV� RI�NQRZQ� VWUXFWXUH�� XVLQJ�36,%/$67�$OWVFKXO� 6)� HW� DO��� ������ 6FKDIIHU� $$� HW� DO��� ������ �$SSHQGL[� $� +LJKHVW� VFRUH�\LHOGLQJ SURWHLQV�ZHUH IRXQG�WR�EH�PHPEHUV�RI�WKH�WUDQVGXFLQ�IDPLO\��HVSHFLDOO\�RI�UDW��5DWWXV�QRUYHJLFXV�� RULJLQ��2XW�RI� WKHVH� VHTXHQFHV�� WKH� WHQ�PRVW� VLPLODU�ZHUH DOLJQHG�DPRQJVW�WKHPVHOYHV�XVLQJ�&/867$/: �7KRPSVRQ�-'�HW�DO����������$V�FDQ�EH�VHHQ�LQ)LJXUH������ WKHUH� LV�����LGHQWLW\�EHWZHHQ�PDPPDOLDQ�VHTXHQFHV��$OLJQPHQW�RI *3$�VHTXHQFH� ZLWK� WKH� UDW� VHTXHQFHV� XVLQJ� &/867$/:352)� LV� VKRZQ� LQ� )LJXUH� �����6LPLODU�SURWHLQ�VHTXHQFHV�ZHUH�UHPRYHG�IURP�WKH�UDW� WUDQVGXFLQ�DOLJQPHQW�DQG�D�ILQDODOLJQPHQW� ZLWK�RQO\ WZR�WUDQVGXFLQ�VHTXHQFHV�DQG�WKH�*3$��VHTXHQFH��ZDV�JHQHUDWHG��$V�GHPRQVWUDWHG�RQ�)LJXUH������WKH�LGHQWLW\�DPRQJ WKH�VHTXHQFHV�GHFUHDVHG�WR�����

����� 6HFRQGDU\�6WUXFWXUH�3UHGLFWLRQ RI�*3$�
6HFRQGDU\�VWUXFWXUH�SUHGLFWLRQ�ZDV�FDUULHG�RXW�E\�VHQGLQJ�WKH *3$��VHTXHQFH�WR�WKH� 0(7$� VHUYHU� �KWWS���ZZZ��HPEO�KHLGHOEHUJ�GH�SUHGLFWSURWHLQ�VXEPLWBPHWD�KWPO�WKDW�XVHV WKUHH�GLIIHUHQW�SUHGLFWLRQ�VHUYHUV��36,SUHG �-RQHV�'7���������3663 �5DJKDYD�*��XQSXEOLVKHG� DQG�6$0�7�� �.DUSOXV�.�HW�DO��������� 7KH�UHVXOWLQJ�SUHGLFWLRQV�ZHUH�FRPSDUHG XVLQJ D� SURJUDP ZULWWHQ� LQ 3(5/� �6H]HUPDQ� 8�� XQSXEOLVKHG�� DQG� WKH�FRQVHQVXV� VHFRQGDU\� VWUXFWXUH� VKRZQ� LQ� )LJXUH� ��� ZDV� REWDLQHG�� $OLJQPHQW� RI� WKH�SUHGLFWHG�VWUXFWXUH�ZLWK�*3$��DQG�UDW�WUDQVGXFLQ�LV�VKRZQ�LQ�)LJXUH������$V�FDQ�EH�VHHQ�IURP� WKHVH FRPSDULVRQV DQG� )LJXUH� ����� WKH� NH\� UHVLGXHV� DUH FRQVHUYHG� DFURVV�PDPPDOLDQ� DQG�SODQW� VSHFLHV�� DV�ZHOO� DV�EHWZHHQ�SODQW� VSHFLHV�ZLWK� WKH� H[FHSWLRQ�RI�$&�ELQGLQJ VLWH�� 7KH� RYHUDOO� SUHGLFWHG� VHFRQGDU\� VWUXFWXUH� DJUHHV� ���� ZLWK� WKH�REVHUYHG� VWUXFWXUH� RI� UDW� WUDQVGXFLQ� .�� H[FOXGLQJ� WKH� JDSSHG� UHJLRQV� IRXQG� LQ� WKH�

http://www1.embl-heidelberg.de/predictprotein/submit_meta.html
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DOLJQPHQW��7KH�*73�K\GURO\VLV�UHJLRQ��UHV� �������DV�ZHOO�DV�VZLWFK�,��UHV������������,,��UHV�����������DQG�,,,��UHV�����������DUH�DOPRVW�IXOO\ FRQVHUYHG�DFURVV�VSHFLHV�

����� 6HFRQGDU\�6WUXFWXUH�3UHGLFWLRQ�RI�� DQG�� VXEXQLWV
6DPH�SURFHGXUHV�IRU�VHFRQGDU\�VWUXFWXUH�SUHGLFWLRQ�ZHUH�FDUULHG�RXW�IRU�*�SURWHLQ�� DQG� � VXEXQLWV�� %RWK� VXEXQLWV� ZHUH� DOLJQHG� ZLWK� WKH� PRVW� VLPLODU� VHTXHQFHV� IURP�36,%/$67� UHVXOWV�� XVLQJ�&/867$/:� IROORZHG� E\�&/867$/:352)��(DFK� RI� WKH�VXEXQLWV�ZDV�VHQW�WR�WKH 0(7$�VHUYHU�IRU�VHFRQGDU\�VWUXFWXUH�SUHGLFWLRQ��7KH�DOLJQPHQW�UHVXOWV� DUH� VKRZQ� LQ� ILJXUHV� ���� DQG� ����� WRJHWKHU� ZLWK� WKRVH� RI� VHFRQGDU\� VWUXFWXUH�SUHGLFWLRQV��5HVXOWV� RQ� ILJXUH� ���� LQGLFDWH� WKDW�$�� WKDOLDQD � VXEXQLW� VHTXHQFH� DJUHHV���� ZLWK� WKDW� RI� KXPDQ� WUDQVGXFLQ� � VXEXQLW� ZKHUHDV� WKRVH� RQ� ILJXUH� ����� VKRZ� �VXEXQLW�ZLWK�WKH�ERYLQH�FRXQWHUSDUW��7KHVH�UHVXOWV�DUH�FRQVLVWHQW�ZLWK�WKRVH�REWDLQHG�IRU�WKH�. VXEXQLW�WKDW�WKH�EHVW�DJUHHPHQW�LV�ZLWKLQ�WKH�WUDQVGXFLQ�IDPLO\��$PRQJ�WKH�NQRZQ�SODQW�*�SURWHLQ�� VXEXQLW VHTXHQFHV�� NH\� UHVLGXHV� IRU� ELQGLQJ�. DQG� � VXEXQLWV�ZHUH�IRXQG�WR�EH�PRVWO\�FRQVHUYHG��)LJXUH��������ZKLOH�WKH�� VXEXQLW�ODFNHG�WKH�FRQVHUYDWLRQ�RI�NH\�UHVLGXHV�

����� 0RGHOLQJ�WKH�*3$��VWUXFWXUH
�'�VWUXFWXUDO�PRGHOV�ZHUH�JHQHUDWHG��XVLQJ�WKH�&/867$/:�DOLJQPHQW�RI�*3$��ZLWK� WZR UDW� WUDQVGXFLQ�. VXEXQLWV� �3'%� HQWULHV�� �**�� DQG� �)4.� DQG� WKH�$OLJQ�'�DOLJQPHQW�PRGXOH�ZLWKLQ�WKH�02'(//(5�SURJUDP��
7KH�ILUVW�PRGHOV�ZHUH�FUHDWHG�XVLQJ ORZ�ORRS�RSWLPL]DWLRQV ZLWKLQ� WKH�SURJUDP��7KHVH�PRGHOV�KDG�XS WR�����RI�WKHLU VWUXFWXUH�EHORZ�WKH�JLYHQ�HUURU�OLPLWV ZKHQ�VHQW�WR�(55$7� �&RORYRV�&� DQG�<HDWHV� 72�� ������� DQG \LHOGHG� HUURQHRXV� IROGLQJ DV� FDQ� EH�VHHQ�IURP�WKH�)LJXUHV ���� $�DQG�%�



��

$OLJQ�' IXQFWLRQ ZLWKLQ� WKH�02'(//(5�SURJUDP�ZDV�XVHG� WR�JHQHUDWH D�QHZ�DOLJQPHQW�ZLWK� WKH� VDPH� VHTXHQFHV��7KLV� WLPH� WKH� DPRXQW�RI� FRUUHFWO\ IROGHG� UHJLRQVGHFUHDVHG�GRZQ�WR�������)LJXUH�������
7ZR� QHZ� PRGHOV� ZLWK� KLJK� ORRS� RSWLPL]DWLRQV� XVLQJ� &/867$/:� DOLJQPHQW�ZHUH�FUHDWHG��7KHVH�\LHOGHG�����RI�WKH�VWUXFWXUH�ZLWKLQ�WKH�OLPLWV��7KH�PRGHO�VKRZQ�RQ�ILJXUH� �����%� ZDV� EHWWHU� IROGHG� DW� WKH� DPLQR�WHUPLQXV� �UHV�� ������ DQG� DW� GLIIHUHQW�SRVLWLRQV�FRUUHVSRQGLQJ�WR�VHYHUDO�IXQFWLRQDO�VLWHV��L�H��*73�K\GURO\VLV�UHJLRQ��UHV���������� VZLWFK� ,� �UHV�� ���������� VZLWFK� ,,,� �UHV�� ��������� $V� FDQ� EH VHHQ� E\� FRPSDULQJ�ILJXUH� �����%� ZLWK� ILJXUH� ��� WKH� WZR�GRPDLQ VWUXFWXUH� RI� WKH� . VXEXQLW� FDQ� EH�LGHQWLILHG��$SSHDUDQFH�RI� WKH�*73�ELQGLQJ�SRFNHW�DQG�SRVVLEOH�GLVWULEXWLRQ�RI�KHOLFHV�DQG� H[WHQGHG� VWUXFWXUHV� �EDVHG� RQ� ILJXUHV� ���� DQG� ����� LQGLFDWH� WKDW� WKH� ORRS� UHJLRQV�ZLWKLQ�WKH�FUHDWHG�PRGHOV�GR�QRW�LQWHUIHUH�ZLWK�DQ\�IXQFWLRQDO�VLWHV��EXW�DOWHU�WKH�RYHUDOO�VWUXFWXUH�RI�*3$��
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)LJXUH���� $OLJQPHQW�RI�UDW�WUDQVGXFLQ�. SURWHLQ�VHTXHQFHV�XVLQJ 36,%/$67��7KHVH�ZHUH�IRXQG�WR�EH�WKRVH�WKDW�DUH�PRVW�VLPLODU�WR�*3$���3'%�FRGHV DUH�LQGLFDWHG�RQ�WKH�OHIW��,GHQWLFDO�DPLQR DFLGV�DUH�VKRZQ�LQ�EOXH��ZLWK� CC��C��C�LQGLFDWHV�VWURQJ�VLPLODULW\�ZKLOH�C�C�LQGLFDWHV�ORZ�VLPLODULW\�EHWZHHQ�DPLQR�DFLGV�



��
)LJXUH���� &/867$/:�352)�DOLJQPHQW RI�*3$��ZLWK�WKH�PRVW�VLPLODU�UDW�WUDQVGXFLQ�. VHTXHQFHV�
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)LJXUH���� &/867$/:352)�DOLJQPHQW�JHQHUDWHG�XVLQJ�WKH�WZR�PRVW�VLPLODU�UDW�WUDQVGXFLQV�DQG�*3$��VHTXHQFHV�



��
)LJXUH���� 6HFRQGDU\�VWUXFWXUH�SUHGLFWLRQ�UHVXOWV�IRU�*3$���36,SUHG��66352�DQG�6$0�7���DUH�WKH�WKUHH�VWUXFWXUH�SUHGLFWLQJ�VHUYHU�QDPHV�DQG�WKH�FRORUHG�VHTXHQFH�LV�WKH�UHVXOWLQJ�SUHGLFWLRQ��& &RLO��+ +HOL[��( ([WHQGHG��



��
)LJXUH���� 6HTXHQFH�DQG�VHFRQGDU\�VWUXFWXUH�DOLJQPHQW�RI�UDW�WUDQVGXFLQ�DQG�*3$��XVLQJ�&/867$/:��ZKHUH�VHFRQGDU\�VWUXFWXUH�IHDWXUHV�DUH�VKRZQ�LQ�UHG� ,GHQWLFDO DPLQR�DFLGV�DUH�VKRZQ�LQ�EOXH�DQG VLPLODU�DPLQR�DFLGV�LQ�JUHHQ� %R[HV�LQGLFDWH�HUURQHRXV�SUHGLFWLRQV�



��
)LJXUH���� &/867$/:�$OLJQPHQW�RI�DOO NQRZQ�SODQW�*�SURWHLQ . VXEXQLWV�DQG�UDW�WUDQVGXFLQ�. SURWHLQ��**���5HVLGXHV�LQ�EOXH�DUH�LGHQWLFDO��KLJKO\�VLPLODU�RQHV�DUH�LQ�JUHHQ�DQG�NH\�UHVLGXHV�DUH�VKRZQ�LQ�UHG�



��
)LJXUH���� *�SURWHLQ � VXEXQLW��*%%���IURP�$��WKDOLDQD�DOLJQHG�ZLWK�KXPDQ�WUDQVGXFLQ�� VXEXQLW���**�B%��XVLQJ�&/867$/:��6HFRQGDU\�VWUXFWXUH�SUHGLFWLRQ�UHVXOWV�DUH�VKRZQ�LQ�UHG���+ +HOL[��& &RLO��( ([WHQGHG� %R[HV�LQGLFDWH�HUURQHRXV�SUHGLFWLRQV�



��

$
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)LJXUH����� *�SURWHLQ � VXEXQLWV��$**��DQG�$**���IURP�$��WKDOLDQD�DOLJQHG�ZLWK�ERYLQH�WUDQVGXFLQ�� ��**�B*��XVLQJ�&/867$/:��6HFRQGDU\�VWUXFWXUH�SUHGLFWLRQ�UHVXOWV�DUH�VKRZQ�LQ�UHG�



��
)LJXUH����� &/867$/:352)�$OLJQPHQW�RI�DOO�NQRZQ�SODQW�*�SURWHLQ � VXEXQLWV�ZLWK�WKH�PRVW�VLPLODU�PDPPDOLDQ�VHTXHQFH��ERYLQH�WUDQVGXFLQ���**�B%���,GHQWLFDO�UHVLGXHV�DUH�VKRZQ�LQ�EOXH��VLPLODU�VHTXHQFHV�DUH�VKRZQ�LQ�JUHHQ��.H\�UHVLGXHV�LQ�ELQGLQJ�. VXEXQLW�DUH�VKRZQ�LQ�UHG�
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)LJXUH� ���� *�SURWHLQ . VXEXQLW� PRGHOV� FUHDWHG� XVLQJ� 02'(//(5�� ZLWK� ORZ�RSWLPL]DWLRQ�SDUDPHWHUV� $��0RGHO���ZLWK�WKH (55$7�UHVXOW�JUDSKV��%��0RGHO���ZLWK�WKH (55$7�UHVXOW�JUDSKV�
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)LJXUH����� 0RGHOV�FUHDWHG�XVLQJ�$OLJQ�'�IXQFWLRQ�ZLWKLQ�02'(//(5��$��0RGHO ��FUHDWHG�ZLWK�LWV�(55$7�UHVXOW��%� 0RGHO�� ZLWK�LWV (55$7�UHVXOW�
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)LJXUH����� 0RGHOV�FUHDWHG�XVLQJ�&/867$/:�ZLWK�KLJK�ORRS�RSWLPL]DWLRQ��$��)LUVW�PRGHO�ZLWK�LWV�(55$7�UHVXOW��%��6HFRQG�PRGHO�ZLWK�LWV�(55$7�UHVXOW�
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� ',6&866,21

%LRORJLFDO� PDFURPROHFXOHV� VXFK� DV� SURWHLQV� DQG� QXFOHLF� DFLGV� SHUIRUP� FUXFLDO�WDVNV� WKDW� VXVWDLQ� OLIH�� 6SHFLILF� WDVNV�� VXFK� DV� FDWDO\VLV� RI� DQ� HQ]\PDWLF� UHDFWLRQ� RU� D�OLJDQG�ELQGLQJ�HYHQW��DUH LQWLPDWHO\�DVVRFLDWHG�ZLWK�WKH�VWUXFWXUH�DQG�WKH�VWUXFWXUH�RI�WKHPROHFXOH�PD\�XQGHUJR�FRQIRUPDWLRQDO�FKDQJHV�ZKLOH�SHUIRUPLQJ�LWV�IXQFWLRQ��'HILQLQJ�WKH� PROHFXODU� VWUXFWXUH� DQG� LWV� G\QDPLF� EHKDYLRU� LV� WKHUHIRUH�� HVVHQWLDO� IRU�XQGHUVWDQGLQJ�KRZ�D�ELRORJLFDO�PDFURPROHFXOH�IXQFWLRQV�
&XUUHQW� VWUXFWXUDO� VWXGLHV� XVH� WZR� GLIIHUHQW� DSSURDFKHV�� ([SHULPHQWDO� DQG�FRPSXWDWLRQDO�PHWKRGV��7KH�H[SHULPHQWDO�DSSURDFK�LQYROYHV�LVRODWLRQ�RI� WKH�PROHFXOH�GLUHFWO\� RU FORQLQJ�� H[SUHVVLRQ� DQG� SXULILFDWLRQ� RI� WKH� SURWHLQ� RI� LQWHUHVW IROORZHG� E\�105� �1XFOHDU� PDJQHWLF� 5HVRQDQFH�� RU� ;�5D\� FU\VWDOORJUDSK\� H[SHULPHQWV� WR�GHWHUPLQH�WKH��'�VWUXFWXUH��7KH�H[SHULPHQWDO�DSSURDFK�LV�QRW�RQO\�WLPH�FRQVXPLQJ�EXW�ERWK�;�5D\�DQG�105�PHWKRGV KDYH�OLPLWDWLRQV�DQG�QHHG�WR�EH�UHILQHG�IRU�\LHOGLQJ�WUXH�VWUXFWXUHV�
,Q� ;�5D\� FU\VWDOORJUDSK\�� WKH� LQWHUDFWLRQ� RI� ;�5D\V� ZLWK� HOHFWURQV� LV� XVHG� WR�REWDLQ�DQ�HOHFWURQ�GHQVLW\�PDS�RI�WKH�PROHFXOH��ZKLFK�FDQ�WKHQ�EH�LQWHUSUHWHG�LQ�WHUPV�RI�DQ�DWRPLF�PRGHO��&U\VWDOOL]DWLRQ�RI�SURWHLQV�FDQ�EH�GLIILFXOW� WR�DFKLHYH�DQG�XVXDOO\�UHTXLUHV� PDQ\� GLIIHUHQW� H[SHULPHQWV� YDU\LQJ� D� QXPEHU� RI� SDUDPHWHUV�� VXFK� DV� S+��WHPSHUDWXUH�� SURWHLQ� FRQFHQWUDWLRQ�� DQG� WKH� QDWXUH� RI� VROYHQW� DQG� SUHFLSLWDQW�� 3URWHLQ�FU\VWDOV� FRQWDLQ� ODUJH� FKDQQHOV� DQG� KROHV� ILOOHG� ZLWK� VROYHQWV�� ZKLFK� FDQ� EH� XVHG� IRU�GLIIXVLRQ�RI�KHDY\�PHWDOV�LQWR�WKH�FU\VWDOV��7KH�DGGLWLRQ�RI�KHDY\�PHWDOV�LV�QHFHVVDU\�IRU�WKH� SKDVH� GHWHUPLQDWLRQ� RI� WKH� GLIIUDFWHG� EHDPV�� ;�5D\� VWUXFWXUHV� DUH� GHWHUPLQHG� DW�GLIIHUHQW� OHYHOV� RI� UHVROXWLRQ�� $W� ORZ� UHVROXWLRQ�� RQO\� WKH� VKDSH� RI� WKH� PROHFXOH� LV�REWDLQHG��ZKHUHDV�DW�KLJK�UHVROXWLRQ�PRVW�DWRPLF�SRVLWLRQV�FDQ�EH�GHWHUPLQHG�WR�D�KLJK�GHJUHH�RI�DFFXUDF\��$W�PHGLXP�UHVROXWLRQ��WKH�IROG�RI�WKH�SRO\SHSWLGH�FKDLQ�LV�JHQHUDOO\



��

FRUUHFWO\�UHYHDOHG�WRJHWKHU�ZLWK WKH�DSSUR[LPDWH�SRVLWLRQV�RI�WKH�VLGH�FKDLQV��LQFOXGLQJ�WKRVH�DW�WKH�DFWLYH�VLWH �%UDQGHQ�&�DQG�7RR]H�-��������
,Q�105��WKH�PDJQHWLF�VSLQ�SURSHUWLHV�RI�DWRPLF�QXFOHL�ZLWKLQ�D�PROHFXOH�DUH�XVHG�WR�REWDLQ�D�OLVW�RI�GLVWDQFH�FRQVWUDLQWV�EHWZHHQ�WKRVH�DWRPV�LQ�WKH�PROHFXOH��IURP�ZKLFK�D� WKUHH�GLPHQVLRQDO� VWUXFWXUH� RI� WKH� SURWHLQ�PROHFXOH� FDQ� EH� REWDLQHG�� +RZHYHU�� QRW�UHTXLULQJ� DQ\� SURWHLQ� FU\VWDOV�� WKLV� PHWKRG� LV� UHVWULFWHG� LQ� LWV XVH� WR� VPDOO� SURWHLQ�PROHFXOHV �&DQWRU�&5�DQG�6FKLPPHO�35��������
&RPSXWDWLRQDO� PHWKRGV�� RQ� WKH� RWKHU� KDQG�� UHTXLUH� RQO\ WKH� VHTXHQFH� RI� WKH�SURWHLQ� LQ� TXHVWLRQ� DV� WKH� LQSXW�� EXW� GLIIHUHQW� WHFKQLTXHV� IRU FRPSDUDWLYH� PRGHOLQJ��LQFOXGLQJ� KRPRORJ\� PRGHOLQJ�� WKUHDGLQJ DV� PRGHOLQJ� SURWHLQ�OLJDQG� FRPSOH[HV� DQG�SURWHLQ�SURWHLQ�FRPSOH[HV QHHG�WR�EH�GHYHORSHG� &RPSXWDWLRQDO�DSSURDFKHV�GHSHQG�RQ�WKH�DOJRULWKPV�FUHDWHG�DQG�WKH�KDUGZDUH�XVHG�� WKH\�WU\ WR�FRUUHODWH�ELRORJLFDO�IXQFWLRQ�ZLWK� VWUXFWXUH� ZKLOH� FUHDWLQJ� D� PRGHO� RI� WKH� SURWHLQ� RI� LQWHUHVW�� $V� WKHUH� DUH� QR�FRQVLGHUDEOH� OLPLWDWLRQV� IRU� WKH� XVH� RI� WKHVH� WHFKQLTXHV�� WKH\� DUH� YHU\� IDVW� \HW� OHVV�UHOLDEOH�WKDQ�H[SHULPHQWDO�SURFHGXUHV��
,Q�WKLV�VWXG\��SUHOLPLQDU\�UHVXOWV�RI�YHULILFDWLRQ�RI�*3$� VHTXHQFH�DQG�KRPRORJ\�PRGHOLQJ UHVXOWV� IRU� SUHGLFWLQJ� WKH� �'� VWUXFWXUH� RI�$UDELGRSVLV� WKDOLDQD *�SURWHLQ .VXEXQLW DUH SUHVHQWHG��$V� WKHUH� DUH�QR� H[SHULPHQWDO�RU�FDOFXODWHG�PRGHOV� UHSRUWHG� IRU�*3$�� WKHVH� UHVXOWV� SURYLGH� LQVLJKW� IRU� IXQFWLRQDO� DQDO\VHV� DQG� D� EDVLV� IRU� IXUWKHU�VWUXFWXUDO�VWXGLHV�

��� 6XEFORQLQJ�DQG�*3$� 6HTXHQFH�9HULILFDWLRQ
3&5�DPSOLILFDWLRQ�RI�*3$� DQG�IXUWKHU�VXEFORQLQJ�VWXGLHV��XVLQJ S*(0�7�(DV\��VKRZHG�WKDW�WKH�DPSOLILHG�*3$� VHTXHQFH�DJUHHG�ZLWK�WKDW�SXEOLVKHG E\�0D��+��0D�+HW�DO��������� 7KLV�UHVXOW�SURYLGHG�D�EDVLV�IRU�IXUWKHU�FORQLQJ�ZRUN�IRU�RYHU�H[SUHVVLRQ�RI�*3$�� 2YHU�H[SUHVVHG� UHFRPELQDQW� *3$�� ZLOO� EH� SXULILHG� DQG� XVHG� LQ� ;�5D\�



��

FU\VWDOORJUDSK\� DQG� VROXWLRQ� VFDWWHULQJ� VWXGLHV� IRU� GHWHUPLQDWLRQ� RI� WKH� VWUXFWXUH�H[SHULPHQWDOO\��

��� 6WUXFWXUH�3UHGLFWLRQ�DQG�0RGHOLQJ
'HVSLWH�H[WHQVLYH�ZRUN�RQ�WKH�VWUXFWXUH�RI�PDPPDOLDQ�KHWHURWULPHULF�*�SURWHLQV�DQG� LQWHUSUHWDWLRQ� RI� WKHLU� IXQFWLRQDO� FKDUDFWHULVWLFV� LQ� WHUPV� RI� VWUXFWXUDO� IHDWXUHV�6SUDQJ 65�������� VLPLODU� VWXGLHV�RQ�SODQW�*�SURWHLQV� DUH� ODFNLQJ� �)XMLVDZD�<�HW� DO���������� ,W� LV� VWLOO� XQFHUWDLQ� LI� *�SURWHLQV� IXQFWLRQ� DV� KHWHURWULPHUV� LQ� SODQWV�� ZKLFK�VLJQDOOLQJ� SDWKZD\V� WKH\� DUH� LQYROYHG� LQ� DQG� LI� WKH�PHFKDQLVPV� RI� DFWLYDWLRQ� �ZKLFKLQYROYHV�LQWHUDFWLRQV�ZLWK�*3&5V��DQG�DFWLRQ��ZKLFK�LQYROYH�LQWHUDFWLRQV�ZLWK�HIIHFWRUV�DQG� UHJXODWRUV�� DUH� VLPLODU� WR� WKH� PDPPDOLDQ� V\VWHPV�� /DFN� RI� GLUHFW� H[SHULPHQWDO�VWUXFWXUDO� GDWD� UHQGHUV� VHTXHQFH� DQDO\VLV�� VWUXFWXUH� SUHGLFWLRQ� DQG� PRGHOOLQJ� VWXGLHVVXFK� DV� WKRVH� UHSRUWHG� LQ� WKLV� WKHVLV� XVHIXO� IRU� SURYLGLQJ� FOXHV� WR� DQVZHUV� WR� WKHVH�TXHVWLRQV�� 7KH� UHVXOWV� SUHVHQWHG� LQ� WKLV�ZRUN� FDQ� EH� LQWHUSUHWHG� LQ� WKH� IUDPHZRUN� RI�IXQFWLRQDO�VLWHV�DQG�GRPDLQV�DQG�WKHLU�UHODWLRQ�WR�PHFKDQLVP�RI�DFWLYDWLRQ�DQG�DFWLRQ�
$OLJQPHQW�RSHUDWLRQV�LQGLFDWHG�WKDW�IXQFWLRQDO�VLWHV�DQG�UHJLRQV�VXFK�DV����� DQG�*73 ELQGLQJ�� DUH� FRQVHUYHG EHWZHHQ� *3$�� DQG� UDW� WUDQVGXFLQ� �)LJXUH� ������ .H\�UHVLGXHV�LQ����ELQGLQJ�L�H��$UJ������,OH������*OX������3KH������7US������&\V������3KH�����DQG�*OX�����DUH�PRVWO\�FRQVHUYHG�ZLWK�WKH�H[FHSWLRQ�RI�,OH������3KH������DQG�&\V����� WKDW� DUH� PXWDWHG� WR� 9DO�� 7\U�� DQG� /HX LQ� *3$��� $V� PHQWLRQHG� HDUOLHU� *73�K\GURO\VLV� �.///*$*(6*.67�� UHJLRQ� LV� DOVR� IXOO\� FRQVHUYHG� DV�ZHOO� DV� WKH� DPLQR�DFLGV�*OQ�����DQG�WKH�7KU�����LQYROYHG�LQ�*73� DQG�0J�� ELQGLQJ�UHVSHFWLYHO\�
6ZLWFK�UHJLRQV� �,�� ,,�DQG� ,,,�� LPSRUWDQW� LQ�ELQGLQJ� WKH���� VXEXQLW�DQG�VWDELOL]LQJ�WKH�*73�ERXQG�VWDWH�DUH�IRXQG�WR�EH�KLJKO\�KRPRORJRXV��+HUH�GLIIHUHQFHV�DSSHDU�WR�EH�VXEVWLWXWLRQV�IURP�VLPLODU�JURXSV�RI�DPLQR�DFLGV�L�H��7KUÆ$OD��/\VÆ$UJ�
7KHVH�UHVXOWV� LQGLFDWH� WKDW� WKH�PHFKDQLVP�RI�*73�ELQGLQJ�DQG�K\GURO\VLV�E\�*�SURWHLQV�LQ�SODQWV�DSSHDU�VLPLODU�WR�WKDW�REVHUYHG�LQ�PDPPDOLDQ�VSHFLHV��7KHVH�VWXGLHV�



��

DUH� IXUWKHU� VXSSRUWHG� E\� ELRFKHPLFDO� ZRUN� RQ� *73� ELQGLQJ� DQG� *73DVH� DFWLYLW\��3HUURXG�3)�HW�DO���������
$ GUDVWLF� GLIIHUHQFH� LQ� SURWHLQ� VHTXHQFH� EHWZHHQ� UDW� WUDQVGXFLQ� DQG� *3$�� LV�REVHUYHG�LQ�WKH�UHJLRQ�FRUUHVSRQGLQJ�WR�DGHQ\O\O�F\FODVH�ELQGLQJ�VLWH�LQ�WUDQVGXFLQ��$V�FDQ�EH�VHHQ�RQ�ILJXUH����� WKLV�UHJLRQ�LV�IXOO\�FRQVHUYHG�DPRQJ�WKH�SODQW�VSHFLHV��7KLV�UHVXOW�LPSOLHV�WKDW�SODQW�*�SURWHLQV�DUH�QRW�LQYROYHG�LQ�WKH�$&�SDWKZD\�LQ�SODQWV�DW�OHDVW�QRW� DW� WKLV� VLWH��0RUHRYHU� DV� $&� LV� QRW� \HW� IRXQG� LQ� SODQWV� LW� PD\� SRLQW� WR� GLIIHUHQW�PHFKDQLVPV�IRU�F$03�PHFKDQLVPV�LQ�SODQWV��6LQFH�$&�LV�DQ�HIIHFWRU�RI�*�SURWHLQV�LQ�PDPPDOLDQ� V\VWHPV� WKH� UHVXOW� SUHVHQWHG� KHUH� PD\� DOVR� SRLQW� WR� GLIIHUHQW� HIIHFWRU�LQWHUDFWLRQV�
$OLJQPHQWV�RI�WKH�NQRZQ����SODQW�*�SURWHLQ�. VXEXQLW�VHTXHQFHV�GHPRQVWUDWH WKH�KLJK�OHYHO�RI�KRPRORJ\����������DPRQJ�SODQW�VSHFLHV��$V�H[SHFWHG�NH\�UHVLGXHV�LQ����ELQGLQJ�� *73�K\GURO\VLV� DQG� WKH� VZLWFK� UHJLRQV� DUH� KLJKO\� FRQVHUYHG� DQG� LQGLFDWH�VLPLODU�PRGH�RI� LQWHUDFWLRQ�ZLWK� WKH�� VXEXQLW�DQG�VLPLODU� IXQFWLRQDO� IHDWXUHV�� �)LJXUH������
$V�PHQWLRQHG�HDUOLHU��LQ�PDPPDOLDQ�V\VWHPV�KHWHURWULPHULF�*�SURWHLQ�VSHFLILFLW\�LV� HVWDEOLVKHG� PRVWO\� E\� WKH� . VXEXQLW� ZKLFK� DSSHDUV� WR� VKRZ� VHTXHQFH� YDULDWLRQV�DFFRUGLQJ�WR�WKH�WLVVXH�LQ GLIIHUHQW�SODQWV��%DVHG�RQ�VHTXHQFH�DQDO\VLV�RQO\�WZR�W\SHV�RI�*�. VXEXQLW� LV� UHSRUWHG� LQ� WKH�$UDELGRSVLV�JHQRPH��2QH� LV�*3$��DQG� WKH�RWKHU� LV�DQ�H[WUD�ODUJH�*�. WR�ZKLFK�QR�IXQFWLRQ�KDV�VR�IDU�EHHQ�DWWULEXWHG��/HH�<5�DQG�$VVPDQQ�60�� �������7KH� VPDOO� QXPEHU� DQG� WKH� KLJK� KRPRORJ\� DPRQJ� WKH� SODQW�* . VXEXQLWV�PD\�LQGLFDWH�WKDW�WKHUH�DUH�D�VPDOO�QXPEHU�RI�VLJQDOOLQJ�SDWKZD\V�ZKHUH�*�SURWHLQV�DUH�LQYROYHG�
6HFRQGDU\�VWUXFWXUH�SUHGLFWLRQV�\LHOGHG�D�KLJK�GHJUHH�RI� LGHQWLW\�������EHWZHHQ�WKH�VWUXFWXUHV�RI�UDW�WUDQVGXFLQ���JJ���DQG�*3$���7KH GLIIHUHQFHV�RFFXUUHG�GXH�WR�JDSV�ZLWKLQ�WKH�DOLJQPHQW�DQG�UHVXOWHG�LQ�ORQJHU�KHOLFHV�RU�FRLOV�LQ�*3$��VWUXFWXUH��,Q�RUGHU�WR� RYHUFRPH� WKLV� SUREOHP�� WKH� DOLJQPHQWV FDQ� EH� DOWHUHG� E\� FKDQJLQJ� WKH� SDUDPHWHUV��$SSHQGL[�$� RU�WKH�SRVLWLRQV�RI�WKH�DPLQR�DFLGV�ZLWKLQ�WKH�DOLJQPHQW��PDQXDOO\��



��

$OO� SODQW�*�SURWHLQ�. VXEXQLWV DUH�PHPEHUV� RI� WKH� LQKLELWRU\� W\SH� RI�*� SURWHLQ�IDPLO\��*L��7KH\�VKRZ�WKH�KLJKHVW�VHTXHQFH�VLPLODULW\�WR�WUDQVGXFLQ�SURWHLQV�ZLWKLQ�WKLV�IDPLO\��EXW�KDYH�WKH�FKDUDFWHULVWLF�IXQFWLRQDO�VLWHV�RI�*] SURWHLQV��%RWK�*] SURWHLQV�DQG�SODQW�*�SURWHLQ�. VXEXQLWV�ODFN�WKH FDUER[\O�WHUPLQDO�F\VWHLQH�UHTXLUHG�IRU�ULERV\ODWLRQ�E\ SHUWXVVLV� WR[LQ DQG� FRQWDLQ� D� P\ULVWROL]DWLRQ� PRWLI� VSHFLILF� WR� *] SURWHLQV� $VKRPRORJ\�PRGHOLQJ�PHWKRGV�UHTXLUH�WKH�XVDJH RI�VHTXHQFHV ZLWK�WKH�KLJKHVW�LGHQWLWLHV��WUDQVGXFLQ�. VXEXQLWV�ZHUH�XVHG LQ�RXU�VWXGLHV� ,Q�RUGHU�WR�SUHVHUYH�WKH�IXQFWLRQDO�VLWHV��*] SURWHLQV�FRXOG�EH�XVHG�LQVWHDG�RI�WUDQVGXFLQV�WR�JHQHUDWH�PRGHOV��
5HVXOWV� RI� DOLJQPHQW� DQG� VHFRQGDU\� VWUXFWXUH� SUHGLFWLRQ IRU� � VXEXQLWV� VXSSRUW�LQWHUDFWLRQ�RI�. DQG�� VXEXQLWV LQ�SODQWV��7KLV�SURYLGHV� HYLGHQFH� WKDW�*�SURWHLQV�PD\�IXQFWLRQ� DV� KHWHURWULPHUV� LQ� SODQWV�� 6LPLODULWLHV REVHUYHG� LQ� WKH� SODQW� � VXEXQLW�VHTXHQFHV� ZLWK� WKHLU�PDPPDOLDQ� FRXQWHUSDUWV� �ILJXUHV� ���� DQG� ������ FRPSOHPHQW� WKH�UHVXOWV�IRU�WKH�. VXEXQLW��DQG�SRLQW�WRZDUGV�D�VLPLODU�PHFKDQLVP�RI�DFWLYDWLRQ�DQG�DFWLRQ�LQ�SODQWV�
3ODQW�� VXEXQLWV��RQ�WKH�RWKHU�KDQG�� ODFN� WKH�NH\�UHVLGXHV� UHTXLUHG�IRU�� ELQGLQJ��DPLQR� DQG� FDUER[\O�WHUPLQL��� DQG� KDYH� YHU\� OLWWOH� VLPLODULW\� ZLWK� WKH� PDPPDOLDQ� �VXEXQLWV���)LJXUH�������7KHUH�DUH�FXUUHQWO\���NQRZQ�� VXEXQLWV�LQ�SODQWV��LGHQWLILHG�LQ�$��WKDOLDQD�� KDYLQJ� VLPLODULWLHV�XS� WR�����ZLWK� HDFK�RWKHU��8VLQJ� WKH�SRVLWLYHO\� FKDUJHG�DPLQR�DFLGV�DW�WKH�DPLQR�WHUPLQXV�RI�WKH�� VXEXQLW��LW�LV�SRVVLEOH�WR�ILQG�FDQGLGDWH�VLWHV�RQ�WKH�. VXEXQLW�IRU ELQGLQJ��
6WXGLHV� FRQGXFWHG� RQ� ��� ELQGLQJ� LQ� SODQWV�� UHYHDOHG� WZR� GLIIHUHQW� KHWHURWULPHU�IRUPDWLRQV��GHSHQGLQJ�RQ�WKH�� VXEXQLW�LQYROYHG��0DVRQ�0*�HW�DO����������,W�LV�SRVVLEOH�WKDW�WKH�VSHFLILFLW\�RI�WKH�*�SURWHLQV�LQ�SODQWV�LV�SURYLGHG�E\�WKH�� VXEXQLW�
,QWHUSUHWDWLRQ�RI�VHTXHQFH�DOLJQPHQW�UHVXOWV� LQ� WHUPV�RI�PHFKDQLVP�RI�DFWLYDWLRQ�DQG�DFWLRQ�RI�SODQW�*�SURWHLQV�LV�IXUWKHU�VXSSRUWHG�E\�WKH�UHVXOWV�RI�VHFRQGDU\�VWUXFWXUH�SUHGLFWLRQ� ZRUN�� 7KH� SUHGLFWHG� VWUXFWXUH� ZDV� IRXQG� WR� EH� YHU\� VLPLODU� WR� WKH� NQRZQ�VWUXFWXUH�RI�UDW�WUDQVGXFLQ��H[FHSW�LQ�VRPH�KHOL[�DQG�ORRS�UHJLRQV��/RQJ�KHOLFHV�LQ�*3$��VWUXFWXUH� DUH� IRXQG� DIWHU� WKH� *73�K\GURO\VLV� VLWH� DQG� DW� WKH� &�WHUPLQXV�� ERWK� QRW�DIIHFWLQJ� WKH� IXQFWLRQ� RI� WKH� VXEXQLW� GLUHFWO\�� $OWKRXJK� QRW� DIIHFWLQJ� WKH� IXQFWLRQ�
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GLUHFWO\��WKHVH�ORQJHU�KHOLFHV�FKDQJH�WKH�RYHUDOO�FRQIRUPDWLRQ�RI�WKH�SURWHLQ��UHVXOWLQJ�LQ�D�GLIIHUHQW�VWUXFWXUH�
)RU�PRGHOOLQJ�*3$���KRPRORJ\�PRGHOOLQJ�PHWKRGV�ZHUH�XVHG��$OWKRXJK�EHLQJ�WKH�EHVW�PHWKRG�DYDLODEOH��KRPRORJ\�PRGHOOLQJ�PHWKRGV�GHSHQG RQ� WKH�SDUDPHWHUV�RI�WKH�DOLJQPHQWV�WKDW�DUH�XVHG��,Q�WXUQ��DOWHULQJ�WKH�SDUDPHWHUV�WR�LPSURYH�WKH�DOLJQPHQWV�UHTXLUHV�H[SHUWLVH�DQG�LV� WKH�ZHDNHVW�SDUW�RI� WKLV�ZRUN��$V�WKH�DOLJQPHQWV�XVHG�LQ� WKLV�VWXG\� UHOLHG� RQ� VHTXHQFH� FRQVHUYDWLRQV�� PRUH� WKDQ� IXQFWLRQDO� FRQVHUYDWLRQV� IXUWKHU�ZRUN�RQ�WKH�DOLJQPHQWV LV�UHTXLUHG�
7KH�VWUXFWXUDO�PRGHO�GHYHORSHG�IRU� WKH�$UDELGRSVLV�*�. VXEXQLW�UHVXOWV�LQ�D� WZR�GRPDLQ�VWUXFWXUH�VLPLODU�WR�WKDW�RI�UDW�WUDQVGXFLQ�DV�FDQ�EH�VHHQ�RQ�ILJXUH������%� 7KH�*73�ELQGLQJ�DQG�K\GURO\VLV�SRFNHW�LV�LGHQWLILHG��7KLV�PRGHO�QHHGV�WR�EH�LPSURYHG�E\�IXUWKHU�ZRUN�RQ� WKH� ORRS�UHJLRQV��7KLV� LV�D� WDVN�ZKHUH FXUUHQWO\ WKHUH�DUH�QR�HIIHFWLYH�PHWKRGV��)LVHU�$�HW�DO��������� $OWKRXJK�WKH�GHYHORSHG�PRGHO�ZDV�VHQW�WR�(55$7 IRU�YHULILFDWLRQ�SXUSRVHV�� WKH�UHVXOWV�RI�(55$7�FDQ�QRW�EH�XVHG�VROHO\�DV�(55$7�FKHFNV�WKH�VWUXFWXUH�UHJDUGOHVV�RI�WKH SRVLWLRQ RI�WKH�DPLQR�DFLGV� 7KXV��RWKHU�SURJUDPV�QHHG�WR�EH�XVHG�WR�YHULI\�WKH�DFFXUDF\�RI�WKH�PRGHO�



��

� &21&/86,21

*�SURWHLQV�DUH�LPSRUWDQW�FRQVWLWXHQWV�RI�FHOOXODU�VLJQDOLQJ��KDYLQJ�UROHV�LQ�YDULRXV�SURFHVVHV� UDQJLQJ� IURP� GHYHORSPHQW� DQG� GLVHDVHV� LQ� PDPPDOLDQV� WR� SDWKRJHQ�UHVLVWDQFH�DQG�KRUPRQH�VLJQDOLQJ LQ�SODQWV��'HILQLQJ�WKHLU�VWUXFWXUH�ZLOO�SURYLGH�LQVLJKWV�LQWR� GLVWLQFW� SURFHVVHV� DPRQJ� GLIIHUHQW� VSHFLHV� DV� GHILQHG� DERYH�� 0DPPDOLDQ� *�SURWHLQV� KDYH� EHHQ� VWXGLHG� H[WHQVLYHO\�� WRJHWKHU� ZLWK� WKH� PHFKDQLVPV� RI� WKH� VLJQDOWUDQVGXFWLRQ�FDVFDGHV�WKH\�DUH�LQYROYHG�LQ��7KHUH�LV�OLWWOH�NQRZOHGJH�RQ�SODQW�*�SURWHLQV�DQG�WKHLU�VLJQDO�WUDQVGXFWLRQ�FDVFDGHV�DQG�QR�VWUXFWXUDO�ZRUN��ZKLFK�FDQ�EH�LQWHUSUHWHG�LQ�WKH�FRQWH[W�RI�IXQFWLRQDO�PHFKDQLVPV��
:LWK�WKLV�DLP��*�SURWHLQ�. VXEXQLW��*3$���IURP�$��WKDOLDQD KDV�EHHQ�FORQHG�IRU�IXUWKHU� VWXGLHV� LQYROYLQJ� H[SUHVVLRQ�� SXULILFDWLRQ� DQG� VWUXFWXUDO� DQDO\VLV� XVLQJ� VPDOO�DQJOH� ;�5D\� VROXWLRQ� VFDWWHULQJ� DQG� ;�UD\� FU\VWDOORJUDSK\�� 6HTXHQFH� DOLJQPHQW��VHFRQGDU\� VWUXFWXUH� SUHGLFWLRQ� DQG� �'� VWUXFWXUH� SUHGLFWLRQ� WRROV� KDYH� EHHQ� XVHG� WR�SUHGLFW�WKH�VWUXFWXUH�RI�*3$�DQG�WR�JDLQ�LQVLJKWV�RQ�PHFKDQLVPV�RI�VLJQDO�WUDQVGXFWLRQ�LQ�SODQWV�
*�SURWHLQ� . VXEXQLW�� EHLQJ� WKH� NH\� VXEXQLW� LQ� WKH� KHWHURWULPHU�� LV� LQYROYHG� LQ�DFWLYDWLRQ�RI� WKH�KHWHURWULPHU�DQG�VLJQDOLQJ RI�GRZQVWUHDP�HIIHFWRUV��%LQGLQJ�RI�*73�WULJJHUV� DFWLYDWLRQ� RI� WKH� VXEXQLW�� UHOHDVLQJ� LW� IURP� WKH� KHWHURWULPHU�� 8SRQ� *73�K\GURO\VLV��WKH�. VXEXQLW�ELQGV�WR�WKH����VXEXQLWV�WR�IRUP�WKH�KHWHURWULPHU�DQG�EHFRPHV�LQDFWLYH�� 7R� SHUIRUP� WKHVH� SURFHVVHV�� WKH� . VXEXQLW� KDV� VHYHUDO� IXQFWLRQDO� VLWHV��LQFOXGLQJ�*73�K\GURO\VLV�DQG�VZLWFK�UHJLRQV�



��

:KHQ�FRPSDUHG�ZLWK�WKH�PDPPDOLDQ�*�SURWHLQ�. VXEXQLWV��IXQFWLRQDO�VLWHV�ZHUH�IRXQG�WR�EH�KLJKO\�FRQVHUYHG�LQ�SODQW�*�SURWHLQ�. VXEXQLWV��ZLWK�WKH�H[FHSWLRQ�EHLQJ�WKH�DGHQ\O\O�F\FODVH�ELQGLQJ�VLWH��$V�QR�DGHQ\O\O�F\FODVHV�KDYH�VR�IDU�EHHQ�IRXQG�LQ�SODQW�VSHFLHV��LW�FDQ�EH�FRQFOXGHG�WKDW�WKHUH�DUH�HLWKHU�QR�DGHQ\O\O�F\FODVHV�LQ�SODQWV�RU�WKH\�DUH�VLJQLILFDQWO\�GLIIHUHQW�IURP�WKHLU�PDPPDOLDQ�FRXQWHUSDUWV��
7KHUH�DUH�FXUUHQWO\����SODQW�*�SURWHLQ�. VXEXQLWV�NQRZQ��ZLWK�RYHU�����LGHQWLW\�LQ� WKHLU� DPLQR� DFLG� VHTXHQFHV�� $OO� RI� WKH� NQRZQ� SODQW� *�SURWHLQ� . VXEXQLWV� KDYH�FRQVHUYHG�*73�K\GURO\VLV�DQG�VZLWFK�UHJLRQV��DQG�VKRZ�WKH�KLJKHVW�VLPLODULW\�ZLWK�UDW�WUDQVGXFLQ�. �*W��SURWHLQV��7KH�GHJUHH�RI�KRPRORJ\�LQ�WKH�*73�K\GURO\VLV�UHJLRQ��0J��DQG� *73� ELQGLQJ� VLWHV� VKRZ� WKDW� WKH� PHFKDQLVP� RI� *73DVH� DFWLYLW\� RI� SODQW� *.VXEXQLWV�LV�VLPLODU�WR�WKDW�RI�UDW�WUDQVGXFLQ���
'HVSLWH� WKH� VLPLODULW\�� KRZHYHU��*3$�� VKDUHV� LQWHUHVWLQJ� FRPPRQ� IHDWXUHV�ZLWK�*]�SURWHLQV�EHORQJLQJ� WR� WKH� LQKLELWRU\� W\SH�*�SURWHLQV� �*L���$FFRUGLQJ� WR� WKH GDWD�� LW�FDQ�EH�FRQFOXGHG�WKDW�SODQW�*�SURWHLQ�VXEXQLWV�IRUP�D�QHZ�FODVV�RI�*�SURWHLQV��VKRZLQJ�KLJK�VLPLODULW\�WR�WUDQVGXFLQ�SURWHLQV�ZKLOH�KDYLQJ�FRPPRQ�IXQFWLRQDO�IHDWXUHV�ZLWK�*]�SURWHLQV�
)XUWKHU�VWXGLHV�RQ�WKH��'�VWUXFWXUH�RI�*�SURWHLQ�. VXEXQLWV�UHTXLUH�WKH�H[SUHVVLRQ�DQG�SXULILFDWLRQ�RI�*3$��WRJHWKHU�ZLWK�WKH�� DQG�� VXEXQLWV��WR�IRUP�WKH�KHWHURWULPHU��5HOLDELOLW\�RI�WKH�JHQHUDWHG�PRGHOV�FDQ�EH�LPSURYHG�ZLWK�IXUWKHU�RSWLPL]DWLRQV�RQ�ORRS�UHJLRQV�RI�*3$���7KH�XOWLPDWH�JRDO�LV�WR�FRPSDUH�WKH�PRGHOV�ZLWK�WKH�H[SHULPHQWDOO\�GHWHUPLQHG�VWUXFWXUH�
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� 5()(5(1&(6

�� $KPHG� $+�� +HSSHO� /$�� ³(YLGHQFH� IRU� D� UROH� RI� * SURWHLQ EJ VXEXQLWV� LQ� WKH�HQKDQFHPHQW�RI�F$03�DFFXPXODWLRQ�DQG�'1$�V\QWKHVLV�E\�DGHQRVLQH�LQ�KXPDQ�FHOOV´�-��&HOO��3K\VLRO� ���������������������
�� $OWVFKXO�6)��0DGGHQ�7/��6FKDIIHU�$$��=KDQJ�-��=KDQJ�=��0LOOHU�:��/LSPDQ�'-��³*DSSHG�%/$67� DQG�36,�%/$67�� D� QHZ� JHQHUDWLRQ� RI� SURWHLQ� GDWDEDVH� VHDUFK�SURJUDPV´�1XFO� $FLGV�5HV� �����������������������
�� $QGR�6��7DNXPL�6��8HGD�<��8HGD�7��0RUL�1��1DNDPXUD�&��³1LFRWLDQD�WDEDFXP�F'1$V�HQFRGLQJ�DOSKD�DQG�EHWD�VXEXQLWV�RI�D�KHWHURWULPHULF�*73�ELQGLQJ�SURWHLQ�LVRODWHG�IURP�KDLU\�URRW�WLVVXHV´�*HQHV�*HQHW��6\VW� ������������������
�� $UVKDYVN\�9<��/DPE�7'��3XJK�(1�-U��³* SURWHLQV�DQG�SKRWRWUDQVGXFWLRQ´�$QQX��5HY��3K\VLRO� ������������������
�� %LVFKRII�)��0ROHQGLMN�$��5DMHQGUDNXPDU�&6� 3DOPH�.��³*73�ELQGLQJ SURWHLQV LQ�SODQWV´�&HOO�0RO��/LIH�6FL� ������������������
�� %OXQGHOO� 7/�� 6LEDQGD� %/�� 6WHUQEHUJ� 0-�� 7KRUQWRQ� -0�� ³.QRZOHGJH�EDVHG�SUHGLFWLRQ� RI� SURWHLQ� VWUXFWXUHV� DQG� WKH� GHVLJQ� RI� QRYHO�PROHFXOHV´�1DWXUH �������������������
�� %OXQGHOO�7/��&DUQH\�'��*DUGQHU�6��+D\HV�)��+RZOLQ�%��+XEEDUG�7��2YHULQJWRQ�-��6LQJK� '$�� 6LELQGD� %/�� 6XWFOLII� 0�� ³.QRZOHGJH� EDVHG� SURWHLQ� PRGHOLQJ DQG�GHVLJQ´�(XU��-��%LRFKHP� �������������������

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11126570&dopt=Abstract
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�� %RXUQH�+5��6DQGHUV�'$��0F&RUPLFN�)��³7KH�*73DVH�VXSHUIDPLO\��D�FRQVHUYHG�VZLWFK�IRU�GLYHUVH�FHOO�IXQFWLRQV´�1DWXUH ������������������������
�� %RXYLHU� 0�� ³2OLJRPHUL]DWLRQ� RI� *�SURWHLQ�FRXSOHG� WUDQVPLWWHU� UHFHSWRUV´� 1DW��5HY��1HXURVFLHQFH �������������������
��� %UDG\� $(�� /LPELUG� /(�� ³*� SURWHLQ�FRXSOHG� UHFHSWRU� LQWHUDFWLQJ� SURWHLQV��(PHUJLQJ� UROHV� LQ� ORFDOL]DWLRQ� DQG� VLJQDO� WUDQVGXFWLRQ´�&HOOXODU� 6LJQDOOLQJ ��������������������
��� %UDQGHQ�&�DQG�7RR]H� -�� ³,QWURGXFWLRQ� WR�3URWHLQ�6WUXFWXUH´�*DUODQG�3XEOLVKLQJ�,QF��1HZ�<RUN �QG HG�����������������
��� &DQWRU�&5�DQG�6FKLPPHO�35��³%LRSK\VLFDO�&KHPLVWU\��3DUW�,,��7HFKQLTXHV�IRU�WKH�VWXG\� RI� %LRORJLFDO� 6WUXFWXUH� DQG� )XQFWLRQ´�:�+�)UHHPDQ� DQG� &RPSDQ\�� 6DQ�)UDQFLVFR �VW HG�����������������
��� &ROHPDQ�'(� %HUJKXLV�$� /HH�(��/LQGHU�0(� *LOPDQ�$*��6SUDQJ�65��³6WUXFWXUHV�RI� DFWLYH� FRQIRUPDWLRQV� RI�*LD� DQG� WKH�PHFKDQLVP�RI�*73�K\GURO\VLV´�6FLHQFH���������������������
��� &RORYRV�&��<HDWHV�72��³9HULILFDWLRQ�RI�SURWHLQ�VWUXFWXUHV��SDWWHUQV�RI�QRQERQGHG�DWRPLF�LQWHUDFWLRQV´�3URWHLQ�6FL� ���������������������
��� &RQNOLQ�%5��%RXUQH�+5�� ³6WUXFWXUDO� HOHPHQWV� RI�*D VXEXQLWV� WKDW� LQWHUDFW�ZLWK�*EJ��UHFHSWRUV��DQG�HIIHFWRUV´�&HOO ������������������
��� &RRN�%��%DU�<DDFRY�0��&RKHQ�%HQ�$PL�+��*ROGVWHLQ�5(��3DURXVK�=��6HOLQJHU�=��0LQNH�%��³3KRVSKROLSDVH�&��DQG�WHUPLQDWLRQ�RI�*�SURWHLQ�PHGLDWHG�VLJQDOOLQJ� LQ�YLYR´�1DW��&HOO��%LRO� �������������������



��

��� &RRSHU� '0)�� 0RQV� 1�� .DUSHQ� -:�� ³$GHQ\O\O� F\FODVHV� DQG� WKH� LQWHUDFWLRQ�EHWZHHQ�FDOFLXP�DQG�F$03�VLJQDOOLQJ´�1DWXUH �������������������
��� &RZEXUQ�5)��2¶1HLOO�&��%RQNDOH�:/��2KP�7*��)DVWERP�-��³5HFHSWRU�*�SURWHLQ�VLJQDOOLQJ�LQ�$O]KHLPHU¶V�GLVHDVH´�%LRFKHP��6RF��6\PS� ������������������
��� 'DVFDO�1��³,RQ�FKDQQHO�UHJXODWLRQ�E\�*�SURWHLQV´�7UHQGV�(QGRFULQRO��0HWDE� ��������������������
��� 'DYLHV� 3-�� ³3ODQW� KRUPRQHV�� 3K\VLRORJ\�� ELRFKHPLVWU\� DQG� PROHFXODU� ELRORJ\´�.OXZHU�$FDGHPLF 3XEOLFDWLRQV HG���������'RUGUHFKW��7KH�1HWKHUODQGV�
��� 'LYHFKD�1��,UYLQH�5)��³3KRVSKROLSLG�VLJQDOOLQJ´�&HOO ������������������
��� 'RKOPDQ� +*�� 7KRUQHU� -�� ³5*6� SURWHLQV� DQG� VLJQDOLQJ� E\� KHWHURWULPHULF� *�SURWHLQV´�-��%LRO��&KHP� �����������������������
��� 'RZQHV� *%�� *DXWDP� 1�� ³7KH� *� SURWHLQ� VXEXQLW� JHQH� IDPLOLHV´� *HQRPLFV ������������������
��� )DUUHQV�'��$OWHQEDFK�&��<DQJ�.��+XEEHOO�:��.RKDUDQD�+��³5HTXLUHPHQW�RI�ULJLG�ERG\�PRWLRQ�RI�WUDQVPHPEUDQH�KHOLFHV�IRU�OLJKW�DFWLYDWLRQ�RI�UKRGRSVLQ´�6FLHQFH�������������������
��� )LVHU�$��'R�5.�� 6DOL� $�� ³0RGHOLQJ� RI� ORRSV� LQ� SURWHLQ� VWUXFWXUHV´�3URW�� 6FL� �������������������
��� )RUVWHU�0-�� ³0ROHFXODU�PRGHOLQJ LQ� VWUXFWXUDO� ELRORJ\´�0LFURQ ��� ������� ��������
��� )XMLVDZD� <�� .DWR� +�� ,ZDVDNL� <�� ³6WUXFWXUH� DQG� IXQFWLRQV� RI� KHWHURWULPHULF� *�SURWHLQV�LQ�SODQWV´�3ODQW�&HOO��3K\VLRO� ��������������������



��

��� *DUULWVHQ�$��YDQ�*DOHQ�3-��6LPRQGV�:)��³7KH�1�WHUPLQDO�FRLOHG�FRLO�GRPDLQ�RI�EHWD�LV�HVVHQWLDO�IRU�JDPPD�LQWHUDFWLRQ��D�PRGHO�IRU�*�SURWHLQ�EHWD�JDPPD�VXEXQLW�LQWHUDFWLRQ´�3URF��1DWO��$FDG��6FL� �����������������������
��� *RPHV ,��-RUGDQ�%$��*XSWD�$��5LRV�&��7UDSDG]LH�1��'HYL�/$��³*�SURWHLQ�FRXSOHG�UHFHSWRU�GLPHUL]DWLRQ��LPSOLFDWLRQV�LQ�PRGXODWLQJ�UHFHSWRU�IXQFWLRQ´�-��0RO��0HG�������������������
��� *RWRU�&��/DP�(��&HMXGR�)-��5RPHUR�/&��³,VRODWLRQ�DQG�DQDO\VLV�RI� WKH�VR\EHDQ�6*$�� JHQH� �F'1$��� HQFRGLQJ� D� QHZ�PHPEHU� RI� WKH� SODQW�*�SURWHLQ� IDPLO\� RI�VLJQDO�WUDQVGXFHUV´�3ODQW�0RO��%LRO� ��������������������
��� +DPP�+(��³7KH�PDQ\�IDFHV�RI�*�SURWHLQ�VLJQDOLQJ´�-�%LRO��&KHP� ���������������������
��� +HQLNRII�6��+HQLNRII�-*��³$PLQR�DFLG�VXEVWLWXWLRQ�PDWULFHV�IURP�SURWHLQ�EORFNV´�3URF��1DWO��$FDG��6FL��86$ �������������������������
��� +HSOHU�-5��%HUPDQ�'0��*LOPDQ�$*��.R]DVD�7��³5*6��DQG�*$,3�DUH�*73DVH�DFWLYDWLQJ� SURWHLQV� IRU� *TD DQG� EORFN� DFWLYDWLRQ� RI� SKRVSKROLSDVH� &E E\� J�WKLR�*73�*TD´�3URF��1DWO��$FDG��6FL� 86$ �� ������ ��������
��� +LJDVKLMLPD�7��)HUJXVRQ�.0��6WHUQZHLV�3&��6PLJHO�0'��*LOPDQ�$*��³(IIHFWV�RI�0J�� DQG�WKH�EJ�VXEXQLW�FRPSOH[�RQ�WKH�LQWHUDFWLRQV�RI�JXDQLQH�QXFOHRWLGHV�ZLWK�* SURWHLQV´�-��%LRO��&KHP� �������������������
��� +XU�(0��.LP�.7��³*�SURWHLQ�FRXSOHG�UHFHSWRU�VLJQDOLQJ�DQG�FURVV�WDON�$FKLHYLQJ�UDSLGLW\�DQG�VSHFLILFLW\´�&HOOXODU�6LJQDOOLQJ ��������������������
��� ,xLJX]�/OXKL�-��.OHXVV�&��*LOPDQ�$*��³7KH�LPSRUWDQFH�RI�*�SURWHLQ�E�J VXEXQLWV´�7UHQGV�LQ�&HOO�%LRORJ\ �����������������

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9002626&dopt=Abstract
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��� ,VKLNDZD� $�� 7VXERXFKL� +�� ,ZDVDNL� <�� $VDKL� 7�� ³0ROHFXODU� FORQLQJ� DQG�FKDUDFWHUL]DWLRQ�RI�D�F'1$�IRU�WKH�. VXEXQLW RI�D�*�SURWHLQ�IURP�ULFH´ 3ODQW�&HOO�3K\VLRO� ������������������
��� -RQHV� '7�� ³3URWHLQ� 6HFRQGDU\� 6WUXFWXUH� 3UHGLFWLRQ� %DVHG� RQ� 3RVLWLRQ�VSHFLILF�6FRULQJ�0DWULFHV´ -��0RO��%LRO� �������������������
��� -RQHV�+'��6PLWK�6-��'HVLNDQ�5�� 3ODNLGRX�'\PRFN�6�� /RYHJURYH�$��+RROH\�5�³+HWHURWULPHULF� *� SURWHLQV� DUH� LPSOLFDWHG� LQ� JLEEHUHOOLQ� LQGXFWLRQ� RI� D�DP\ODVH�JHQH�H[SUHVVLRQ�LQ�ZLOG�RDW�DOHXURQH´�3ODQW�&HOO ������������������
��� -RVHIVVRQ� /*�� 5DVN� /�� ³&ORQLQJ� RI� D� SXWDWLYH� *�SURWHLQ�FRXSOHG� UHFHSWRU� IURP�$UDELGRSVLV�WKDOLDQD´�(XU��-��%LRFKHP� ���������������������
��� .DUSOXV�.��%DUUHWW�&��+XJKH\�5��³+LGGHQ�0DUNRY�0RGHOV�IRU�'HWHFWLQJ�5HPRWH�3URWHLQ�+RPRORJLHV´�%LRLQIRUPDWLFV ������������������
��� .DW]�$��6LPRQ�0,��³$�VHJPHQW�RI�WKH�&�WHUPLQDO�KDOI�RI�WKH�*�SURWHLQ�E� VXEXQLW�VSHFLILHV� LWV� LQWHUDFWLRQ� ZLWK� WKH� J� VXEXQLW´� 3URF�� 1DWO�� $FDG�� 6FL� 86$� ����������������������
��� .D\GDPRY�&�� 7HZHV�$��$GOHU�.��0DQWHXIIHO�5�� ³0ROHFXODU� FKDUDFWHUL]DWLRQ� RI�F'1$V� HQFRGLQJ�*�SURWHLQ� DOSKD� DQG� EHWD� VXEXQLWV� DQG� VWXG\� RI� WKHLU� WHPSRUDO�DQG� VSDWLDO� H[SUHVVLRQ� SDWWHUQV� LQ� 1LFRWLDQD� SOXPEDJLQLIROLD� 9LY´� %LRFKLP��%LRSK\V��$FWD �������������������
��� .HKUO� -+�� ³+HWHURWULPHULF� *� SURWHLQ� VLJQDOOLQJ�� 5ROHV� LQ� LPPXQH� IXQFWLRQ� DQG�ILQH�WXQLQJ�E\�5*6�SURWHLQV´�,PPXQLW\ ����������������
��� .LNXFKL�$�� ³0RGXODWLRQ� RI�:QW� VLJQDOLQJ� E\�$[LQ� DQG�$[LO´�&\WRNLQH�*URZWK�)DFWRU�5HY� ������������������
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��� .LP�:<��&KHRQJ�1(��/HH�'&��-H�'<��%DKN�-'��&KR�0-��/HH�6<��³&ORQLQJ�DQG�VHTXHQFLQJ� DQDO\VLV� RI� D� IXOO�OHQJWK� F'1$� HQFRGLQJ� D�*� SURWHLQ� DOSKD� VXEXQLW��6*$���IURP�VR\EHDQ´�3ODQW�3K\VLRO� ���������������������
��� .XVQHWVRY� 99�� 2HOPXHOOHU� 5�� ³,VRODWLRQ� RI� F'1$V� HQFRGLQJ� WKH� VXEXQLW� . RI�KHWHURWULPHULF� *� SURWHLQV� IURP� /XSLQXV� OXWHXV �DFFHVVLRQ� QR�� ;������´� 3ODQW�3K\VLRO� ���������E�������
��� /DPEULJKW� '*�� 1RHO� -3�� +DPP� +(�� 6LHJOHU� 3%�� ³6WUXFWXUDO� GHWHUPLQDQWV� IRU�DFWLYDWLRQ�RI�WKH�. VXEXQLW�RI�D�KHWHURWULPHULF�*�SURWHLQ´�1DWXUH �������������������
��� /DQLD�$��0DQWRYDQL�*��6SDGD�$��³*�SURWHLQ�PXWDWLRQV�LQ�HQGRFULQH�GLVHDVHV´�(XU��-��(QGRF� �������������������
��� /HFNLH� &3�� 0F$LQVK� 05�� $OOHQ� *-�� 6DQGHUV� '�� +HWKHULQJWRQ� $0�� ³$EVFLVLF�DFLG�LQGXFHG�VWRPDWDO�FORVXUH�PHGLDWHG�E\�F\FOLF�$'3�ULERVH´�3URF��1DWO��$FDG��6FL� 86$�����������������������
��� /HH� 63�� 2¶'RZG� %)�� 1J� *<�� 9DUJKHVH� *�� $NLO� +�� 0DQVRXU� $�� 1JX\HQ� 7��*HRUJH� 65�� ³,QKLELWDWLRQ� RI� FHOO� VXUIDFH� H[SUHVVLRQ� E\� PXWDQW� UHFHSWRUV�GHPRQVWUDWHV� WKDW� '� GRSDPLQH� UHFHSWRUV� H[LVW� DV� ROLJRPHUV� LQ� WKH� FHOO´�0RO��3KDUPDFRO� ������������������
��� /HH� <5�� $VVPDQQ� 60�� ³$UDELGRSVLV� WKDOLDQD� 
H[WUD�ODUJH� *73�ELQGLQJ� SURWHLQ
��$W;/*����D�QHZ�FODVV�RI�*�SURWHLQ´ 3ODQW�0RO��%LRO� ������������������
��� /RFKULH�0$��6LPRQ�0,��³*�SURWHLQ�PXOWLSOLFLW\�LQ�HXNDU\RWLF�VLJQDO�WUDQVGXFWLRQ�V\VWHPV´�%LRFKHP� ��������������������
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��� 0D�+��<DQRIVN\�0)��0H\HURZLW]�(0��³0ROHFXODU�FORQLQJ�DQ�FKDUDFWHUL]DWLRQ�RI�*3$��� D� *� SURWHLQ� DOSKD� VXEXQLW� JHQH� IURP�$UDELGRSVLV� WKDOLDQD´�3URF�� 1DWO��$FDG��6FL��86$ �����������������������
��� 0D� +�� <DQRIVN\� 0)�� +XDQJ� +�� ³,VRODWLRQ� DQG� VHTXHQFH� DQDO\VLV� RI� 7*$��F'1$V�HQFRGLQJ�D�WRPDWR�*�SURWHLQ�. VXEXQLW´�*HQH ��� ���������������
��� 0DF5REELH� ($�� ³$%$� DFWLYDWHV� PXOWLSOH� &D�� IOX[HV� LQ� VWRPDWDO� JXDUG� FHOOV��WULJJHULQJ�YDFXRODU�.��5E���UHOHDVH��3URF��1DWO��$FDG��6FL� 86$�����������������������
��� 0DOERQ�&&�� ³+HWHURWULPHULF�*�SURWHLQV� DQG� GHYHORSPHQW´�%LRFKHP��3KDUPDFRO����������������
��� 0DUJHWD�0LWURYLF�0��-DQ�1-��-DQ�/<��³/LJDQG�LQGXFHG�VLJQDO�WUDQVGXFWLRQ�ZLWKLQ�KHWHURGLPHULF� *$%$% UHFHSWRU´� 3URF�� 1DWO�� $FDG�� 6FL�� 86$ ��� ������� ������������
��� 0DUVK�-)��UG��.DXIPDQ�/6��³&ORQLQJ� DQG�FKDUDFWHULVDWLRQ�RI�3*$��DQG�3*$���WZR� *� SURWHLQ� DOSKD�VXEXQLWV� IURP� SHD� WKDW� SURPRWH� JURZWK� LQ� WKH� \HDVW�6DFFKDURP\FHV�FHUHYLVLDH´�3ODQW�-� ������������������
��� 0DVRQ� 0*�� %RWHOOD� -5�� ³,VRODWLRQ� RI� D� QRYHO� *�SURWHLQ� ��VXEXQLW IURP�$UDELGRSVLV� WKDOLDQD DQG� LWV� LQWHUDFWLRQ�ZLWK�*�´�%LRFKLP��%LRSK\V��$FWD� ��������������������
��� 0DWR]DNL�7��1DNDQDVKL�+��7DNDL�<�� ³6PDOO�*�SURWHLQ� QHWZRUNV��7KHLU� FURVVWDON�DQG�VLJQDO�FDVFDGHV´�&HOO��6LJQDOOLQJ ������������������
��� 0DWWHUD� 5�� *UD]LDQR�03�� <DWDQL� $�� =KRX� =�� *UDI� 5�� &RGLQD� -�� %LUQEDXPHU� /��*LOPDQ�$*��%URZQ�$0��³6SOLFH�YDULDQWV�RI�WKH�DOSKD�VXEXQLW�RI�WKH�*�SURWHLQ�*V�
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DFWLYDWH� ERWK� DGHQ\O\O� F\FODVH� DQG� FDOFLXP� FKDQQHOV´� 6FLHQFH ��������� ���������������
��� 0F/DXJKOLQ�6.��0F.LQQRQ�3-��0DUJROVNHH�5)��³*XVWGXFLQ�LV�D�WDVWH�FHOO�VSHFLILF�*�SURWHLQ�FORVHO\�UHODWHG�WR�WKH�WUDQVGXFLQV´�1DWXUH ������������������������
��� 0HGNRYD�0��3UHLQLQJHU�$0��<X�1�-��+XEEHOO�:/��+DPP�+(��³&RQIRUPDWLRQDO�FKDQJHV� LQ� WKH� DPLQR�WHUPLQDO� KHOL[� RI� WKH� *� SURWHLQ� .L� IROORZLQJ� GLVVRFLDWLRQ�IURP�*�� VXEXQLW�DQG�DFWLYDWLRQ´�%LRFKHPLVWU\ ��������������������
��� 0LOOLJDQ�*��³2OLJRPHULVDWLRQ�RI�*�SURWHLQ�FRXSOHG�UHFHSWRUV´�-��&HOO�6FLHQFH ���������������������
��� 0LOOQHU�3$��³+HWHURWULPHULF�*�SURWHLQV�LQ�SODQW�FHOO�VLJQDOOLQJ´�1HZ�3K\WRO� �������������������
��� 0RQWHOO�&��³3/&�ILOOV�D�*$3�LQ�*�SURWHLQ�FRXSOHG�VLJQDOOLQJ´�1DW��&HOO�%LRO� �����������(���(���
��� 1HYHV�65��5DP�37�� ,\HQJDU�5��³*�SURWHLQ�SDWKZD\V´�6FLHQFH ���������������������
��� 2OV]HZVNL�1��6XQ�73��*XEOHU�)��³*LEEHUHOOLQ�VLJQDOLQJ��%LRV\QWKHVLV��FDWDEROLVP��DQG�UHVSRQVH�SDWKZD\V´�3ODQW�&HOO ����������6���6���
��� 2VJXWKRUSH�'-��³$E�LQLWLR SURWHLQ�IROGLQJ´�&XUU��2SLQ��6WUXF��%LRO� ������������������
��� 3DFLQL�%��3HWULJOLDQR�$��'LIIOH\�3��3DIIHWQ�$��%URZQ�(*��0DUWHOOL�3��7UDEDO]LQL�/��%RYDOLQL�/��/KXVLQL�3��1HZWRQ�53��³$GHQ\O\O�F\FODVH�DFWLYLW\�LQ�3LVXP�VDWLYXP´�3K\WRFKHPLVWU\ ��������������������



��

��� 3HUURXG�3)��&UHVSL�3��&UHYHFRHXU�0��)LQN�$��7DFFKLQL�3��*UHSSLQ�+��³'HWHFWLRQ�DQG�&KDUDFWHUL]DWLRQ�RI�*73�ELQGLQJ�SURWHLQV�RQ�WRQRSODVW�RI�6SLQDFLD�ROHUDFHD´�3ODQW�6FL� �����������������
��� 3HUURXG�3)��'LRJRQ�7��&UHYHFRHXU�0��*UHSSLQ�+��³0ROHFXODU�FORQLQJ��VSDWLDO�DQG�WHPSRUDO�FKDUDFWHUL]DWLRQ�RI�VSLQDFK�62*$��F'1$��HQFRGLQJ�DQ�D VXEXQLW�RI�*�SURWHLQ´��*HQH �������������������
��� 3RWHQ]D�01��*ROG�6-��5RE\�6KHPNRZLW]�$��/HUQHU�05��1HVWOHU�(-��³(IIHFWV�RI�UHJXODWRUV� RI�*�SURWHLQ�VLJQDOLQJ� SURWHLQV� RQ� WKH� IXQFWLRQDO� UHVSRQVH� RI� WKH�PX�RSLRLG� UHFHSWRU� LQ� D� PHODQRSKRUH�EDVHG� DVVD\´� -�� 3KDUPDFRO�� ([S�� 7KHU� �������������������
��� 3RXOVHQ�&��0DL�;0��%RUJ�6��³$�/RWXV�MDSRQLFXV F'1$�HQFRGLQJ�DQ�. VXEXQLW RI�D�KHWHURWULPHULF�*�SURWHLQ´ 3ODQW�3K\VLRO� ���������������������
��� 5HQV�'RPLDQR� 6�� +DPP� +(�� ³6WUXFWXUDO� DQG� IXQFWLRQDO� UHODWLRQVKLSV� RI�KHWHURWULPHULF�*�SURWHLQV´�)$6(%�-� �������������������
��� 6DDOEDFK�*��1DWXUD�%�� /HLQ�:��%XVFKPDQQ� 3��'DKVH� /��5RKUEHFN�0��1DJ\� )��³7KH�.�VXEXQLW�RI�D�KHWHURWULPHULF�*�SURWHLQ�IURP�WREDFFR��1W*3.���IXQFWLRQV�LQ�.� FKDQQHO�UHJXODWLRQ�LQ�PHVRSK\OO�FHOOV´�-��([S��%RW� ����������������
��� 6DPEURRN�-��5XVVHOO�':��³0ROHFXODU�&ORQLQJ��$�ODERUDWRU\�PDQXDO´�&ROG�6SULQJ�+DUERU�/DERUDWRU\�3UHVV 1< �UG HG���������
��� 6DQFKH]�5��6DOL�$��³$GYDQFHV� LQ�FRPSDUDWLYH�SURWHLQ�VWUXFWXUH�PRGHOLQJ´�&XUU��2SLQ��6WUXF��%LRO� �����������������
��� 6FKDIIHU�$$��$UDYLQG�/��0DGGHQ�7/��6KDYLULQ�6��6SRXJH� -/��:ROI�<,��.RRQLQ�(9�� $OWVFKXO� 6)�� ³,PSURYLQJ� WKH� DFFXUDF\� RI� 36,�%/$67� SURWHLQ� GDWDEDVH�



��

VHDUFKHV�ZLWK�FRPSRVLWLRQ�EDVHG�VWDWLVWLFV�DQG�RWKHU�UHILQHPHQWV´ 1XFO��$FLGV�5HV������������������������
��� 6FKXO]� $�� *URVVH� 5�� 6FKXOW]� *�� *XGHUPDQQ� 7�� 6FKRQHEHUJ� 7�� ³6WUXFWXUDO�LPSOLFDWLRQ�IRU�UHFHSWRU�ROLJRPHUL]DWLRQ IURP�IXQFWLRQDO�UHFRQVWLWXWLRQ�VWXGLHV�RI�PXWDQW�9� YDVRSUHVVLQ�UHFHSWRUV´�-��%LRO��&KHP� ���������������������
��� 6HR�+6��.LP�+<��-HRQJ�-<��/HH�6<��&KR�0-��%DKN�-'��³0ROHFXODU�FORQLQJ�DQG�FKDUDFWHUL]DWLRQ� RI� 5*$�� HQFRGLQJ� D�*� SURWHLQ� DOSKD� VXEXQLW� IURP� ULFH� �2U\]D�VDWLYD�/��,5����´�3ODQW�0RO��%LRO� ��������������������
��� 6PUFND� $9�� 6WHPZHLV� 3&�� ³5HJXODWLRQ� RI� SXULILHG� VXEW\SHV� RI�SKRVSKDWLG\OLQRVLWRO�VSHFLILF�SKRVSKROLSDVH�&�E E\�*�SURWHLQ�D DQG�EJ VXEXQLWV´�-��%LRO��&KHP� ������������������������
��� 6RQGHN�-��/DPEULJKW�'*��1RHO�-3��+DPP�+(��6LJOHU�3%��³*73DVH�PHFKDQLVP�RI�*� SURWHLQV� IURP� WKH� ����$� FU\VWDO� VWUXFWXUH� RI� WUDQVGXFLQ� DOSKD�*'3�$,)��´1DWXUH ������������������������
��� 6RQGHN�-��%RKP�$��/DPEULJKW�'*��+DPP�+(��6LJOHU�3%��³&U\VWDO�VWUXFWXUH�RI�D�*�SURWHLQ� EHWD� JDPPD�GLPHU� DW� ����$� UHVROXWLRQ´�1DWXUH ��������� ������� ��������
��� 6SUDQJ�65��³*�SURWHLQ�PHFKDQLVPV��,QVLJKWV�IURP�VWUXFWXUDO�DQDO\VLV´�$QQX��5HY��%LRFKHP� ������������������
��� 6WHUQ�.5�� ³,QWURGXFWRU\�SODQW� ELRORJ\´�:P��&��EURZQ�3XEOLVKHUV �WK HG�� ���������������
��� 7DQJ�:-��*LOPDQ�$*��³$GHQ\O\O�F\FODVHV´�&HOO ������������������
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��� 7KRPSVRQ�-'��+LJJLQV�'*��*LEVRQ�7*��³&/867$/�:��LPSURYLQJ�WKH�VHQVLWLYLW\�RI�SURJUHVVLYH�PXOWLSOH�VHTXHQFH�DOLJQPHQW�WKURXJK�VHTXHQFH�ZHLJKWLQJ��SRVLWLRQ�VSHFLILF� JDS� SHQDOWLHV� DQG�ZHLJKW�PDWUL[� FKRLFH´�1XFO�� $FLGV� 5HV� ������ �����������������
��� 7RSKDP�&0��7KRPDV�3��2YHULQJWRQ� -3�� -RKQVRQ�06��(LVHQPHQJHU� )��%OXQGHOO�7/��³$Q�DVVHVVPHQW�RI�&20326(5��D�UXOH�EDVHG�DSSURDFK�WR�PRGHOLQJ SURWHLQ�VWUXFWXUH´�-��0ROHF��%LRO� �������������������
��� 9HQFORYDV� &�� =HPOD� $�� )LGHOLV� .�� 0RXOW� -�� ³6RPH� PHDVXUHV� RI� FRPSDUDWLYH�SHUIRUPDQFH�LQ�WKH�WKUHH�&$63V´�3URWHLQV 6XSSO�������������������
��� :DOO�0$��&ROHPDQ�'(��/HH�(��,xLJX]�/OXKL�-$��3RVQHU�%$��*LOPDQ�$*��6SUDQJ�65��³7KH�VWUXFWXUH�RI� WKH�*�SURWHLQ�KHWHURWULPHU�*LD�E�J�´ &HOO ��� �����������������
��� :DQJ� ;�4�� :X� :�+�� $VVPDQQ� 60�� ³'LIIHUHQWLDO� UHVSRQVHV RI� DED[LDO� DQG�DGD[LDO�JXDUG�FHOOV�RI�EURDG�EHDQ�WR�DEVFLVLF�DFLG�DQG�FDOFLXP´�3ODQW�3K\VLRO� ���������������������
��� :DQJ� ;�4�� 8OODK� +�� -RQHV� $0�� $VVPDQQ� 60�� ³*� SURWHLQ� UHJXODWLRQ� RI� LRQ�FKDQQHOV� DQG� DEVFLVLF� DFLG� VLJQDOLQJ� LQ� $UDELGRSVLV JXDUG� FHOOV´� 6FLHQFH ���������������������
��� :KLWHZD\� 0�� &ODUN� ./�� /HEHUHU� (�� 'LJQDUG� '�� 7KRPDV� '<�� ³*HQHWLF�LGHQWLILFDWLRQ�RI� UHVLGXHV� LQYROYHG� LQ�DVVRFLDWLRQ�RI�D DQG�E *�SURWHLQ�VXEXQLWV´�0RO��&HOO��%LRO� ����������������������
��� :LFNPDQ�.��&ODSKDP�'(��³,RQ�FKDQQHO� UHJXODWLRQ�E\�*�SURWHLQV´�3K\VLRO��5HY���������������������



��

��� :LONLH�70��³*�SURWHLQ�VLJQDOLQJ��6DWLVI\LQJ�WKH�EDVLF�QHFHVVLWLHV�RI�OLIH´ &XUUHQW�%LRORJ\ ����������5����5����
��� :\OLH� )�� +HLPDQQ� .�� /H� 7/�� %URZQ�'�� 5DEQRWW� *�� 6WRZ� -/�� ³*$,3�� D� *DL���ELQGLQJ�SURWHLQ��LV�DVVRFLDWHG�ZLWK�*ROJL�GHULYHG�YHVLFOHV�DQG�SURWHLQ�WUDIILFNLQJ´�$P��-��3K\VLRO� �����������&����&����
��� =KRQJ� +�� 1HXELJ� 55�� ³5HJXODWRU� RI� *� SURWHLQ� VLJQDOLQJ� SURWHLQV�� 1RYHO�0XOWLIXQFWLRQDO�'UXJ�7DUJHWV´ -��3KDUPDFRO��([S��7KHU� ���������������������
���� =LPPHUPDQQ� +�� ³6\QDSWLF� WUDQVPLVVLRQ�� &HOOXODU� DQG� PROHFXODU� EDVLV´� �VW� HG��2[IRUG�8QLYHUVLW\�3UHVV -DQ������



��

$33(1',;�$

36,%/$67� LWHUDWLYHO\� VHDUFKHV� RQH� RU� PRUH� SURWHLQ� GDWDEDVHV� IRU� VHTXHQFHV�VLPLODU�WR�RQH�RU�PRUH�SURWHLQ�TXHU\�VHTXHQFHV��36,%/$67�LV�VLPLODU�WR�%/$67 H[FHSW�WKDW� LW� XVHV� SRVLWLRQ�VSHFLILF� VFRULQJ� PDWULFHV� GHULYHG� GXULQJ� WKH� VHDUFK�� 36,%/$67�XVHV� SRVLWLRQ�VSHFLILF� VFRULQJ�PDWULFHV� �3660V�� WR� VFRUH�PDWFKHV� EHWZHHQ� TXHU\� DQG�GDWDEDVH�VHTXHQFHV�� LQ�FRQWUDVW� WR�%/$67 WKDW XVHV�SUH�GHILQHG�VFRULQJ�PDWULFHV�VXFK�DV�%/2680����36,%/$67�PD\�EH�PRUH�VHQVLWLYH�WKDQ�%/$67��PHDQLQJ�WKDW�LW�PLJKW�EH�DEOH�WR�ILQG�GLVWDQWO\�UHODWHG�VHTXHQFHV�WKDW�DUH�PLVVHG�LQ�D�%/$67 VHDUFK���$OWVFKXO�6)�HW�DO��������
36,%/$67�FDQ�UHSHDWHGO\�VHDUFK�WKH�WDUJHW�GDWDEDVHV��XVLQJ�D�PXOWLSOH�DOLJQPHQW�RI�KLJK�VFRULQJ�VHTXHQFHV�IRXQG�LQ�HDFK�VHDUFK�URXQG�WR�JHQHUDWH�D�QHZ�3660�IRU�XVH�LQ� WKH� QH[W� URXQG� RI� VHDUFKLQJ�� 36,%/$67� ZLOO� LWHUDWH� XQWLO� QR� QHZ� VHTXHQFHV� DUH�IRXQG��RU�WKH�XVHU�VSHFLILHG�PD[LPXP�QXPEHU�RI�LWHUDWLRQV�LV�UHDFKHG��ZKLFKHYHU�FRPHV�ILUVW��1RUPDOO\�� WKH�ILUVW�URXQG�RI�VHDUFKLQJ�XVHV�D�VWDQGDUG�VFRULQJ�PDWUL[��HIIHFWLYHO\�SHUIRUPLQJ�D�EODVW�VHDUFK��
36,%/$67�LV�D�VWDWLVWLFDOO\�GULYHQ�VHDUFK�PHWKRG�WKDW�ILQGV�UHJLRQV�RI�VLPLODULW\�EHWZHHQ� D� JLYHQ� TXHU\� VHTXHQFH� DQG� GDWDEDVH� VHTXHQFHV� DQG� SURGXFHV� JDSSHG�DOLJQPHQWV�RI�WKRVH�UHJLRQV��:LWKLQ�WKHVH�DOLJQHG�UHJLRQV��WKH�FDOFXODWHG�VFRUH�LV�KLJKHU�WKDQ�VRPH� OHYHO� WKDW�RQH ZRXOG�H[SHFW� WR�RFFXU�E\�FKDQFH�DORQH� �6FKDIIHU�$$�HW�DO��������
$�W\SLFDO�36,%/$67�VHDUFK�VWDUWV�ZLWK�WKH�VHOHFWLRQ�RI� WKH�VHTXHQFH�RI� LQWHUHVW��DQG� WKH�GDWDEDVH�V�� LQ�ZKLFK� WKH� VHDUFK� LV� JRLQJ� WR�EH�SHUIRUPHG��7KHUH� DUH�GLIIHUHQW�GDWDEDVHV� DYDLODEOH� DQG� QHZ� RQHV� DUH� EHLQJ� DGGHG� FRQWLQXRXVO\�� 7KH� PRVW� FRPPRQ�GDWDEDVHV�DUH WKH�3'%�6HTXHQFHV��*HQ3HSW�)XOO�5HOHDVH��7U(0%/��*HQ%DQN�%DFWHULDO��
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9LUDO�� 2WKHU� 0DPPDOLDQ�� 5RGHQW�� 2WKHU� ,QYHUWHEUDWH� 6HTXHQFHV� DQG� *HQRPH�'DWDEDVHV�� 7KH� VHDUFK� LWVHOI� UHTXLUHV� VHYHUDO� SDUDPHWHUV� WR� EH� VHW�� RI�ZKLFK� WKH�PRVW�LPSRUWDQW�RQHV�DUH�
0D[LPXP� H[SHFWDWLRQ� OHYHO �7KLV� YDOXH� LV� VHW� IRU� HDFK� URXQG� DQG� GHILQHV� WKH�H[SHFWDWLRQ� RI� D� VHTXHQFH� DV� WKH� SUREDELOLW\� RI� WKH� FXUUHQW� VHDUFK� ILQGLQJ� D� VHTXHQFH�ZLWK�D�VFRUH�WKDW�LV�REWDLQHG�E\�FKDQFH�DORQH��6HWWLQJ�WKH�PD[LPXP�H[SHFWDWLRQ�OHYHO�WR�������WKH�GHIDXOW��OLPLWV�WKH�UHSRUWHG�VHTXHQFHV�WR�WKRVH�ZLWK�VFRUHV�KLJK�HQRXJK�WR�KDYH�EHHQ�IRXQG�E\�FKDQFH�RQO\�WHQ�RU�IHZHU�WLPHV�
7KUHVKROG�H[SHFWDWLRQ�YDOXH �$�YDOXH�WKDW�LV�XVHG�IRU�REWDLQLQJ�VHTXHQFHV�WR�VFRUH�DQG�VWLOO� EH� XVHG� WR� EXLOG� 3660V�� 7\SLFDOO\�� WKLV� WKUHVKROG� LV� D� VPDOOHU� YDOXH� WKDQ� WKH�PD[LPXP�H[SHFWDWLRQ�OHYHO�DQG�WKH�GHIDXOW�LV�������
0D[LPXP�QXPEHU�RI�URXQGV �6SHFLILHV�WKH�UHSHWLWLRQ�QXPEHU�RI�VHDUFKHV�ZLWKLQ�WKH�VHOHFWHG�GDWDEDVHV��'HIDXOW�YDOXH�LV���
0DWUL[�VHOHFWLRQ �$IWHU�HDFK�VHDUFK�URXQG��KLJK�VFRULQJ�VHTXHQFHV�DUH�XVHG�WR�FUHDWH�D�PXOWLSOH� DOLJQPHQW� WKDW� LV� WKHQ� XVHG� WR� FDOFXODWH� PDWFK� VFRUHV� IRU� WKH� 3660��:KHQ�EXLOGLQJ�WKH�3660V� SDUW�RI�HDFK�VFRUH�LV�EDVHG�XSRQ�REVHUYHG�DPLQR�DFLG�IUHTXHQFLHV�LQ� WKH� PXOWLSOH� DOLJQPHQWV�� DQG� SDUW� LV� EDVHG RQ� SULRU� NQRZOHGJH� RI� DPLQR� DFLG�VXEVWLWXWDELOLW\��7KH�SULRU�LQIRUPDWLRQ��UHSUHVHQWHG�DV��SVHXGR�FRXQWV���LV�GHULYHG�IURP�D�VWDQGDUG� VFRULQJ� PDWUL[�� VXFK� DV� %/2680��� �+HQLNRII� 6� DQG� +HQLNRII -*�� �����3VHXGR� FRXQWV� DUH� SDUWLFXODUO\� XVHIXO� ZKHQ� WKH� VHTXHQFHV� LQFOXGHG� LQ� WKH� PXOWLSOH�DOLJQPHQWV� GR� QRW� FRQVWLWXWH� DQ� DGHTXDWH� VDPSOH� RI� WKH� SURWHLQ� IDPLO\� WKDW� WKH\�UHSUHVHQW� 2WKHU�DYDLODEOH�PDWULFHV�DUH�%/2680�����%/2680�����3$0����DQG�3$0����
7KH� SDUDPHWHUV� DQG� WKH� GDWDEDVH� XVHG� LQ� WKLV� VWXG\� LV� JLYHQ� EHORZ�� WRJHWKHU�ZLWK� WKH�36,%/$67�RXWSXW�
'DWDEDVH��3'%�6HTXHQFHV



��

0D[��([SHFWDWLRQ�9DOXH������GHIDXOW�
7KUHVKROG�H[SHFWDWLRQ�YDOXH���������GHIDXOW�
1XPEHU�RI�URXQGV�����GHIDXOW�
0DWUL[��%/2680�����GHIDXOW�
,WHUDWLRQ 8VHG�LQ�PRGHODQG�IRXQG�DJDLQ +LWV�QRW�XVHGLQ�PRGHO� ��

� �� ��
� �� ��
� �� ��

'DWDEDVH ,' 1DPH 6FRUH (�YDOXH
3'%6(45(6 �**�B$ &203/(;��*73�%,1',1*�75$16'8&(5� ��� H����
3'%6(45(6 �)4.B$ 6,*1$/,1*�3527(,1 ��� H����
3'%6(45(6 �$*5B$ &203/(;��6,*1$/�75$16'8&7,21�5(*8/$725� ��� H����
3'%6(45(6 �&,3B$ +<'52/$6( ��� H����
3'%6(45(6 �*''BB 6,*1$/�75$16'8&7,21�3527(,1 ��� H����
3'%6(45(6 �*),BB 6,*1$/�75$16'8&7,21�3527(,1 ��� H����
3'%6(45(6 �*,$BB 6,*1$/�75$16'8&7,21�3527(,1 ��� H����
3'%6(45(6 �*3�B$ &203/(;��*73�%,1',1*�75$16'8&(5� ��� H����
3'%6(45(6 �*,/BB *73�%,1',1*�3527(,1 ��� H����
3'%6(45(6 �%2)BB 6,*1$/�75$16'8&7,21�3527(,1 ��� H����
3'%6(45(6 �*,7BB *73�%,1',1*�3527(,1 ��� H����
3'%6(45(6 �$6�BB 6,*1$/�75$16'8&7,21 ��� H����
3'%6(45(6 �$6�BB 6,*1$/�75$16'8&7,21 ��� H����
3'%6(45(6 �$6�BB 6,*1$/�75$16'8&7,21 ��� H����
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3'%6(45(6 �)4-B$ 6,*1$/,1*�3527(,1 ��� H����
3'%6(45(6 �)4-B' 6,*1$/,1*�3527(,1 ��� H����
3'%6(45(6 �$*5B' &203/(;��6,*1$/�75$16'8&7,21�5(*8/$725�� ��� H����
3'%6(45(6 �)4.B& 6,*1$/,1*�3527(,1 ��� H����
3'%6(45(6 �.-<B$ 6,*1$/,1*�3527(,1 ��� H����
3'%6(45(6 �.-<B& 6,*1$/,1*�3527(,1 ��� H����
3'%6(45(6 �*27B$ &203/(;��*73�%,1',1*�75$16'8&(5� ��� H����
3'%6(45(6 �7$'B$ *73�%,1',1*�3527(,1 ��� H����
3'%6(45(6 �7$'B% *73�%,1',1*�3527(,1 ��� H����
3'%6(45(6 �7$'B& *73�%,1',1*�3527(,1 ��� H����
3'%6(45(6 �7$*BB *73�%,1',1*�3527(,1 ��� H����
3'%6(45(6 �71'B$ %,1',1*�3527(,1�*73� ��� H����
3'%6(45(6 �71'B% %,1',1*�3527(,1�*73� ��� H����
3'%6(45(6 �71'B& %,1',1*�3527(,1�*73� ��� H����
3'%6(45(6 �%+�BB 6,*1$/�75$16'8&7,21�3527(,1 ��� H����
3'%6(45(6 �$=6B& &203/(;��/<$6(�+<'52/$6(� ��� H����
3'%6(45(6 �$=7B$ +<'52/$6( ��� H����
3'%6(45(6 �$=7B% +<'52/$6( ��� H����
3'%6(45(6 �&8/B& /<$6(�/<$6(�6,*1$/,1*�3527(,1 ��� H����
3'%6(45(6 �&-.B& /<$6(�/<$6(�6,*1$/,1*�3527(,1 ��� H����
3'%6(45(6 �&-7B& /<$6(�/<$6(�6,*1$/,1*�3527(,1 ��� H����
3'%6(45(6 �&-8B& /<$6(�/<$6(�6,*1$/,1*�3527(,1 ��� H����
3'%6(45(6 �&-9B& /<$6(�/<$6(�6,*1$/,1*�3527(,1 ��� H����
3'%6(45(6 �&6�B& /<$6(�/<$6(�6,*1$/,1*�3527(,1 ��� H����
3'%6(45(6 �+)9B$ *�3527(,1 ��� �H���
3'%6(45(6 �+)9B% *�3527(,1 ��� �H���
3'%6(45(6 �(�6B$ *�3527(,1 ��� �H���
3'%6(45(6 �55)BB 75$163257�3527(,1 ��� �H���

http://biowb.sdsc.edu/CGI/BW.cgi#PDBSEQRES:1TAG__#PDBSEQRES:1TAG__
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3'%6(45(6 �55*B$ 75$163257�3527(,1 ��� �H���
3'%6(45(6 �55*B% 75$163257�3527(,1 ��� �H���
3'%6(45(6 �+85B$ 3527(,1�75$163257 ��� �H���
3'%6(45(6 �+85B% 3527(,1�75$163257 ��� �H���
3'%6(45(6 �.6*B$ 6,*1$/,1*�3527(,1�+<'52/$6( ��� �H���
3'%6(45(6 �.6+B$ 6,*1$/,1*�3527(,1�+<'52/$6( ��� �H���
3'%6(45(6 �.6-B$ 6,*1$/,1*�3527(,1�+<'52/$6( ��� �H���
3'%6(45(6 �)�%B$ 3527(,1�75$163257 ��� �H���
3'%6(45(6 �)�%B% 3527(,1�75$163257 ��� �H���
3'%6(45(6 �)=4B$ 6,*1$/,1*�3527(,1 ��� �H���

(YDOXDWLRQ�RI�WKH�RXWSXW�
%LW�6FRUH��6FRUH�� (DFK�DOLJQHG�VHJPHQW�SDLU�KDV�D�QRUPDOL]HG�VFRUH�H[SUHVVHG�LQ�ELWV�ZKLFK OHWV RQH HVWLPDWH� WKH�PDJQLWXGH�RI� WKH�VHDUFK�VSDFH�EHIRUH�H[SHFWLQJ WR�ILQG�DQ�+63�VFRUH�DV�JRRG�DV�RU�EHWWHU�WKDQ�WKLV�RQH�E\�FKDQFH��7KXV��KLJKHU�ELW�VFRUH�UHVXOWV�LQ�EHWWHU�PDWFKHV�
(�YDOXH� 7KHUH�LV�D�SUREDELOLW\�DVVRFLDWHG�ZLWK�HDFK�SDLU�ZLVH FRPSDULVRQ�LQ�WKH�OLVW�DQG�ZLWK� HDFK� VHJPHQW�SDLU� DOLJQPHQW��7KH�QXPEHU� VKRZQ� LQ� WKH� OLVW� LV� WKH�SUREDELOLW\�RI�REVHUYLQJ D� VFRUH�SXUHO\�E\� FKDQFH�ZKHQ�D� VHDUFK� LV�SHUIRUPHG�DJDLQVW� D�GDWDEDVH�RI�WKLV�VL]H��+LJKHU�(�YDOXHV��DSSURDFKLQJ������LQGLFDWH�D�VFRUH�WKDW�ZRXOG�EH�REWDLQHG�E\�FKDQFH�DORQH�



��

&/867$/: SHUIRUPV�PXOWLSOH�VHTXHQFH�DOLJQPHQW�RQ�SURWHLQ�RU�QXFOHLF�VHTXHQFHV��
*HQHUDO�3DUDPHWHUV
2XWSXW�2UGHU
8VHG� WR� FRQWURO� WKH� RUGHU� RI� WKH� VHTXHQFHV� LQ� WKH� RXWSXW� DOLJQPHQWV�� %\� GHIDXOW�� WKH�RUGHU� FRUUHVSRQGV� WR� WKH� RUGHU� LQ� ZKLFK� WKH� VHTXHQFHV� ZHUH� DOLJQHG� �IURP� WKH� JXLGH�WUHH�GHQGURJUDP��� WKXV� DXWRPDWLFDOO\� JURXSLQJ� FORVHO\� UHODWHG� VHTXHQFHV�� 7KLV� VZLWFK�FDQ�EH�XVHG�WR�VHW�WKH�RUGHU�WR�WKH�VDPH�DV�WKH�LQSXW�ILOH��
3DLUZLVH�$OLJQPHQW�3DUDPHWHUV
$OLJQPHQW�0HWKRG
7KH�FKRLFHV�DUH�DQ�DFFXUDWH��G\QDPLF�SURJUDPPLQJ�PHWKRG��RU�WKH�IDVWHU��DSSUR[LPDWH�PHWKRG�RI�:LOEXU�DQG�/LSPDQ��7KH�G\QDPLF�PHWKRG�FDQ�EH�VORZ�IRU�D�ODUJH�QXPEHU�RI�ORQJ�VHTXHQFHV��H�J�����JHQHWLF�VHTXHQFHV�RI�RYHU������UHVLGXHV��
$FFXUDWH�3DUDPHWHUV
7KHVH�SDUDPHWHUV�GR�QRW�KDYH�DQ\�DIIHFW�RQ�WKH�VSHHG�RI�WKH�DOLJQPHQWV��7KH\�DUH�XVHG�WR�JLYH� LQLWLDO� DOLJQPHQWV� WKDW DUH� WKHQ� UHVFRUHG� WR�JLYH�SHUFHQW� LGHQWLW\� VFRUHV��7KHVH�SHUFHQWDJH VFRUHV� DUH� WKH� RQHV�� ZKLFK DUH� GLVSOD\HG� RQ� WKH� VFUHHQ�� 7KH� VFRUHV� DUH�FRQYHUWHG�WR�GLVWDQFHV�IRU�WKH�WUHHV��
*DS�2SHQ�3HQDOW\



��

7KH�SHQDOW\�IRU�RSHQLQJ�D�JDS�LQ�WKH�DOLJQPHQW��
*DS�([WHQVLRQ�3HQDOW\
7KH�SHQDOW\�IRU�H[WHQGLQJ�D�JDS�E\���UHVLGXH��
3URWHLQ�:HLJKW�0DWUL[
7KH�VFRULQJ�WDEOH�ZKLFK�GHVFULEHV�WKH�VLPLODULW\ RI�HDFK�DPLQR�DFLG�WR�HDFK�RWKHU��
'1$�:HLJKW�0DWUL[
7KH�VFRUHV�DVVLJQHG�WR�PDWFKHV�DQG�PLVPDWFKHV��LQFOXGLQJ�,8%�DPELJXLW\�FRGHV���
)DVW�SDUDPHWHUV
7KHVH�VLPLODULW\�VFRUHV�DUH�FDOFXODWHG�IURP�IDVW��DSSUR[LPDWH��JOREDO�DOLJQPHQWV��ZKLFK�DUH�FRQWUROOHG�E\ ��SDUDPHWHUV��7ZR WHFKQLTXHV�DUH�XVHG�WR�PDNH�WKHVH�DOLJQPHQWV�YHU\�IDVW�� ��� RQO\� H[DFWO\� PDWFKLQJ� IUDJPHQWV� �N�WXSOHV�� DUH� FRQVLGHUHG ��� RQO\� WKH� 
EHVW
�GLDJRQDOV��WKH�RQHV�ZLWK�PRVW�N�WXSOH�PDWFKHV��DUH�XVHG��
.�WXSOH�6L]H
7KLV�LV�WKH�VL]H�RI�H[DFWO\�PDWFKLQJ�IUDJPHQW�WKDW�LV�XVHG��,1&5($6(�IRU�VSHHG��PD[ ��� IRU� SURWHLQV�� �� IRU� '1$��� '(&5($6(� IRU� VHQVLWLYLW\�� )RU� ORQJHU� VHTXHQFHV� �H�J��!�����UHVLGXHV��\RX�PD\�QHHG�WR�LQFUHDVH�WKH�GHIDXOW��
*DS�3HQDOW\
7KLV�LV�D�SHQDOW\�IRU�HDFK�JDS�LQ�WKH�IDVW�DOLJQPHQWV��,W�KDV�OLWWOH�DIIHFW�RQ�WKH�VSHHG�RU�VHQVLWLYLW\�H[FHSW�IRU�H[WUHPH�YDOXHV��



��

7RS�'LDJRQDOV
7KH�QXPEHU�RI�N�WXSOH�PDWFKHV�RQ� HDFK�GLDJRQDO� �LQ�DQ� LPDJLQDU\�GRW�PDWUL[�SORW�� LV�FDOFXODWHG�� 2QO\� WKH� EHVW� RQHV� �ZLWK� PRVW� PDWFKHV�� DUH� XVHG� LQ� WKH� DOLJQPHQW�� 7KLV�SDUDPHWHU�VSHFLILHV�KRZ�PDQ\��'HFUHDVH�IRU�VSHHG��LQFUHDVH�IRU�VHQVLWLYLW\��
:LQGRZ�6L]H
7KLV� LV� WKH�QXPEHU�RI�GLDJRQDOV� DURXQG�HDFK�RI� WKH� 
EHVW
� GLDJRQDOV� WKDW�ZLOO� EH�XVHG��'HFUHDVH�IRU�VSHHG��LQFUHDVH�IRU�VHQVLWLYLW\��
0XOWLSOH�$OLJQPHQW�3DUDPHWHUV
7KHVH�SDUDPHWHUV�FRQWURO� WKH�ILQDO�PXOWLSOH�DOLJQPHQW��7KLV� LV� WKH�FRUH�RI� WKH�SURJUDP�DQG�WKH�GHWDLOV�DUH�FRPSOLFDWHG��7R�XQGHUVWDQG�WKH�XVH�RI�WKH�SDUDPHWHUV�DQG�WKH�VFRULQJ�V\VWHP��\RX�ZLOO�KDYH�WR�UHIHU�WR�WKH�DGGLWLRQDO�GRFXPHQWDWLRQ��
(DFK� VWHS LQ� WKH� ILQDO� PXOWLSOH� DOLJQPHQW� FRQVLVWV� RI� DOLJQLQJ� WZR� DOLJQPHQWV� RU�VHTXHQFHV�� 7KLV� LV� GRQH� SURJUHVVLYHO\�� IROORZLQJ� WKH� EUDQFKLQJ� RUGHU� LQ� WKH� *8,'(�75((�� 7KH� EDVLF� SDUDPHWHUV� WR� FRQWURO� WKLV� DUH� WZR� JDS� SHQDOWLHV� DQG� WKH� VFRUHV� IRU�YDULRXV�LGHQWLFDO���QRQ�LGHQWLFDO UHVLGXHV��
*DS�2SHQ�3HQDOW\
7KH�SHQDOW\�IRU�RSHQLQJ�D�JDS�LQ�WKH�DOLJQPHQW��,QFUHDVLQJ�WKH�JDS�RSHQLQJ SHQDOW\�ZLOO�PDNH�JDSV�OHVV�IUHTXHQW��
*DS�([WHQVLRQ�3HQDOW\



��

7KH�SHQDOW\�IRU�H[WHQGLQJ�D�JDS�E\���UHVLGXH��,QFUHDVLQJ�WKH�JDS�H[WHQVLRQ SHQDOW\�ZLOO�PDNH�JDSV�VKRUWHU��7HUPLQDO�JDSV�DUH�QRW�SHQDOL]HG��
'HOD\�'LYHUJHQW�6HTXHQFHV
'HOD\V�WKH�DOLJQPHQW�RI�WKH�PRVW�GLVWDQWO\�UHODWHG�VHTXHQFHV�XQWLO�DIWHU�WKH�PRVW�FORVHO\�UHODWHG� VHTXHQFHV� KDYH� EHHQ� DOLJQHG�� 7KH� VHWWLQJ� VKRZV� WKH� SHUFHQW� LGHQWLW\� OHYHO�UHTXLUHG�WR�GHOD\�WKH�DGGLWLRQ�RI�D�VHTXHQFH��VHTXHQFHV�WKDW�DUH�OHVV�LGHQWLFDO�WKDQ�WKLV�OHYHO�WR�DQ\�RWKHU�VHTXHQFHV�ZLOO�EH�DOLJQHG�ODWHU��
'1$�7UDQVLWLRQ�:HLJKW
*LYHV� WUDQVLWLRQV� �$� ���!�*� RU� &� ���!� 7� L�H�� SXULQH�SXULQH� RU� S\ULPLGLQH�S\ULPLGLQH�VXEVWLWXWLRQV��D�ZHLJKW�EHWZHHQ���DQG����D�ZHLJKW�RI�]HUR�PHDQV�WKDW�WKH�WUDQVLWLRQV�DUH�VFRUHG� DV�PLVPDWFKHV��ZKLOH� D�ZHLJKW� RI� �� JLYHV� WKH� WUDQVLWLRQV� WKH�PDWFK� VFRUH�� )RU�GLVWDQWO\�UHODWHG�'1$�VHTXHQFHV��WKH�ZHLJKW�VKRXOG�EH�QHDU�WR�]HUR��IRU�FORVHO\�UHODWHG�VHTXHQFHV� LW�FDQ�EH�XVHIXO�WR�DVVLJQ�D�KLJKHU�VFRUH��
3URWHLQ�*DS�3DUDPHWHUV
*DS�3HQDOW\�RSWLRQV�ZKLFK�DUH�RQO\�XVHG�LQ�SURWHLQ�DOLJQPHQWV��
5HVLGXH�6SHFLILF�3HQDOWLHV DUH�DPLQR�DFLG�VSHFLILF�JDS�SHQDOWLHV�WKDW�UHGXFH�RU�LQFUHDVH�WKH� JDS� RSHQLQJ SHQDOWLHV� DW� HDFK� SRVLWLRQ� LQ� WKH� DOLJQPHQW� RU� VHTXHQFH�� 6HH� WKH�DGGLWLRQDO�GRFXPHQWDWLRQ�IRU�GHWDLOV��$V�DQ�H[DPSOH��SRVLWLRQV�WKDW�DUH� ULFK� LQ�JO\FLQH�DUH�PRUH�OLNHO\�WR�KDYH�DQ�DGMDFHQW�JDS�WKDQ�SRVLWLRQV�WKDW�DUH�ULFK�LQ�YDOLQH��
+\GURSKLOLF�*DS�3HQDOWLHV DUH�XVHG�WR�LQFUHDVH�WKH�FKDQFHV�RI�D�JDS�ZLWKLQ�D�UXQ����RU�PRUH� UHVLGXHV��RI�K\GURSKLOLF�DPLQR�DFLGV�� WKHVH�DUH� OLNHO\� WR�EH� ORRS�RU� UDQGRP�FRLO�UHJLRQV� ZKHUH� JDSV� DUH� PRUH� FRPPRQ�� 7KH� UHVLGXHV� WKDW� DUH� �FRQVLGHUHG�� WR� EH�K\GURSKLOLF�DUH�VHW�E\�PHQX LWHP����



��

*DS�6HSDUDWLRQ�'LVWDQFH WULHV� WR�GHFUHDVH� WKH�FKDQFHV�RI�JDSV�EHLQJ� WRR�FORVH� WR�HDFK�RWKHU��*DSV� WKDW� DUH� OHVV� WKDQ� WKLV� GLVWDQFH� DSDUW� DUH� SHQDOLVHG�PRUH� WKDQ� RWKHU� JDSV��7KLV�GRHV�QRW�SUHYHQW�FORVH�JDSV�� LW�PDNHV� WKHP�OHVV� IUHTXHQW��SURPRWLQJ�D�EORFN�OLNH�DSSHDUDQFH�RI�WKH�DOLJQPHQW��
(QG�*DS�6HSDUDWLRQ WUHDWV�HQG�JDSV�MXVW�OLNH�LQWHUQDO�JDSV�IRU�WKH�SXUSRVHV�RI�DYRLGLQJ�JDSV�WKDW�DUH�WRR�FORVH��VHW�E\�*$3�6(3$5$7,21�',67$1&(�DERYH���,I�\RX�WXUQ�WKLV�RII�� HQG� JDSV�ZLOO� EH� LJQRUHG� IRU� WKLV�SXUSRVH��7KLV� LV� XVHIXO�ZKHQ� \RX�ZLVK� WR� DOLJQ�IUDJPHQWV�ZKHUH�WKH�HQG�JDSV�DUH�QRW�ELRORJLFDOO\�PHDQLQJIXO��
:HLJKW�0DWULFHV
)RU� SURWHLQ� DOLJQPHQWV�� D� ZHLJKW� PDWUL[� LV� XVHG� WR� GHWHUPLQH� WKH� VLPLODULW\� RI� QRQ�LGHQWLFDO�DPLQR�DFLGV��)RU�H[DPSOH��7\U�DOLJQHG�ZLWK 3KH�LV�XVXDOO\�MXGJHG�WR�EH�
EHWWHU
�WKDQ�7\U�DOLJQHG�ZLWK�3UR��
7KHUH� DUH� WKUHH� 
LQ�EXLOW
� VHULHV� RI� ZHLJKW� PDWULFHV� RIIHUHG�� (DFK� FRQVLVWV� RI� VHYHUDO�PDWULFHV��ZKLFK ZRUN� GLIIHUHQWO\� DW� GLIIHUHQW� HYROXWLRQDU\� GLVWDQFHV�� &UXGHO\�� VHYHUDO�PDWULFHV� DUH� VWRUHG� LQ�PHPRU\�� VSDQQLQJ� WKH� IXOO� UDQJH� RI� DPLQR� DFLG� GLVWDQFH� �IURP�DOPRVW� LGHQWLFDO� VHTXHQFHV� WR�KLJKO\�GLYHUJHQW�RQHV���)RU�YHU\� VLPLODU� VHTXHQFHV�� LW� LV�EHVW�WR�XVH�D�VWULFW�ZHLJKW�PDWUL[�WKDW RQO\�JLYHV�D�KLJK�VFRUH�WR�LGHQWLWLHV�DQG�WKH�PRVW�IDYRUHG FRQVHUYDWLYH� VXEVWLWXWLRQV�� )RU�PRUH� GLYHUJHQW� VHTXHQFHV�� LW� LV� DSSURSULDWH� WR�XVH��VRIWHU��PDWULFHV��ZKLFK JLYH�D�KLJK�VFRUH�WR�PDQ\�RWKHU�IUHTXHQW�VXEVWLWXWLRQV��
%ORVXP�
7KHVH� PDWULFHV� DSSHDU� WR� EH� WKH� EHVW� DYDLODEOH� IRU� FDUU\LQJ� RXW� GDWD� EDVH� VLPLODULW\�KRPRORJ\�VHDUFKHV���7KH�PDWULFHV�XVHG�DUH�WKH�%ORVXP�����������DQG����PDWULFHV��
3$0
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7KHVH�KDYH�EHHQ�H[WUHPHO\�ZLGHO\�XVHG�VLQFH� WKH� ODWH� 
��V��7KH�PDWULFHV�XVHG�DUH� WKH�3$0���������������DQG�����PDWULFHV��
*RQQHW
7KHVH�PDWULFHV�DSSHDU�WR�EH�PRUH�VHQVLWLYH�WKDQ�WKH�3$0�VHULHV��7KH�PDWULFHV�XVHG�DUH�WKH�*RQQHW�����������������������DQG�����PDWULFHV��
,GHQWLW\
7KLV� PDWUL[� JLYHV� D� VFRUH� RI� ���� WR� WZR� LGHQWLFDO� DPLQR� DFLGV� DQG� D� VFRUH� RI� ]HUR�RWKHUZLVH��7KLV�PDWUL[�LV�QRW�YHU\�XVHIXO��
)RU�'1$��D�VLQJOH�PDWUL[��QRW�D�VHULHV��LV�XVHG��7ZR�KDUG�FRGHG�PDWULFHV�DUH�DYDLODEOH��
,8%
7KLV�LV�WKH�GHIDXOW�VFRULQJ�PDWUL[�XVHG�E\�%(67),7�IRU�WKH�FRPSDULVRQ�RI�QXFOHLF�DFLG�VHTXHQFHV�� ;
V� DQG� 1
V� DUH� WUHDWHG� DV� PDWFKHV� WR� DQ\� ,8%� DPELJXLW\� V\PERO�� $OO�PDWFKHV�VFRUH����� DOO�PLVPDWFKHV�IRU�,8%�V\PEROV�VFRUH����
7KH�SDUDPHWHUV�XVHG�LQ�WKLV�VWXG\�DUH�
:HLJKW�PDWUL[��%ORVXP�VHULHV*DS�RSHQ�SHQDOW\�������*DS�H[WHQVLRQ�SHQDOW\������'HOD\�GLYHUJHQW�VHTXHQFHV����5HVLGXH�VSHFLILF�JDS�SHQDOWLHV��RQ+\GURSKLOLF�JDS�SHQDOWLHV��RQ(QG�JDS�VHSDUDWLRQ�SHQDOW\��RII
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$XWRFODYH� +LUD\DPD��+LFODYH�+9������-$3$1
&HUWRFODY��7DEOH�7RS�$XWRFODYH�&9�(/���/��$8675,$

%DODQFH� 6DUWRULXV��%3���'��*(50$1<
6DUWRULXV��%3���6��*(50$1<
6DUWRULXV��%3�����*(50$1<
6FKLPDG]X��/LEURU�(%������+8��-$3$1

&HQWULIXJH� (SSHQGRUI������&��*(50$1<
(SSHQGRUI������'��*(50$1<
(SSHQGRUI������5��*(50$1<
.HQGUR�/DE��3URG���+HUDHXV�0XOWLIXJH��/��*(50$1<
+LWDFKL��6RUYDOO�5&�&�3OXV��86$
+LWDFKL��6RUYDOO�'LVFRYHU\�����6(��86$

'HHSIUHH]H� ���R &��.HQGUR�/DE��3URG���+HUDHXV�+IX����%DVLF��*(50$1<
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���R &��%RVFK��7h5.ø<(
'LVWLOOHG�:DWHU� 0LOOLSRUH��(OL[�6��)5$1&(

0LOOLSRUH��0LOOL4�$FDGHPLF��)5$1&(
(OHFWURSKRUHVLV� %LRJHQ�,QF���86$

%LRUDG�,QF���86$
*HO�'RFXPHQWDWLRQ� 89,7(&��89,GRF�*HO�'RFXPHQWDWLRQ�6\VWHP��8.

%LRUDG��89�7UDQVLOOXPLQDWRU�������86$
,FH�0DFKLQH� 6FRWVPDQ�,QF���$)����86$
,QFXEDWRU� 0HPPHUW��0RGHOO������*(50$1<

0HPPHUW��0RGHOO������*(50$1<
/DPLQDU�)ORZ� .HQGUR�/DE��3URG���+HUDHXV��+HUD6DIH�+6����*(50$1<
0DJQHWLF�6WLUUHU� 9(/3�6FLHQWLILFD��$5(�+HDWLQJ�0DJQHWLF�6WLUUHU��,7$/<

9(/3�6FLHQWLILFD��0LFURVWLUUHU��,7$/<
0LFUROLWHU�3LSHWWH� *LOVRQ��3LSHWPDQ��)5$1&(

0HWWOHU�7ROHGR��9ROXPDWH��86$
0LFURZDYH�2YHQ� %RVFK��7h5.ø<(
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S+�PHWHU� :7:��S+����*/3�0XOWL&DO���*(50$1<
3RZHU�6XSSO\� %LRUDG��3RZHU3DF������86$

:HDOWHF��(OLWH������86$
5HIULJHUDWRU� ��R &��%RVFK��7h5.ø<(
6KDNHU� )RUPD�6FLHQWLILF��2UELWDO�6KDNHU�������86$

*)/��6KDNHU�������86$
1HZ�%UXQVZLFN�6FL���,QQRYD� ������86$

6SHFWURSKRWRPHWHU� 6FKLPDG]X��89�������-$3$1
6FKLPDG]X��89�������-$3$1
6HFRPDQ��$QWKHOLH�$GYDQFHG��,7$/<

6SHHG�9DFXXP� 6DYDQW��6SHHG�9DF� 3OXV�6F���$��86$
6DYDQW��5HIULJHUDWHG�9DSRU�7UDS�597������86$

7KHUPRF\FOHU� (SSHQGRUI��0DVWHUF\FOHU�*UDGLHQW��*(50$1<
9DFXXP� +HWR��0DVWHU-HW�6XH����4��'(10$5.
:DWHU�EDWK� +XEHU��3RO\VWDW�FF���*(50$1<
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