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'XULQJ� GHYHORSPHQW�DQG� LQ� SODVWLFLW\� DV�ZHOO� DV� UHJHQHUDWLRQ� LQ
WKH� DGXOW� FHQWUDO� QHUYRXV� V\VWHP� �&16��� QHXUDO� FHOO� UHFRJQLWLRQ
PROHFXOHV�DUH�H[SUHVVHG�LQ�RUGHU�WR�PHGLDWH�FHOO�FHOO�FRQWDFWV�RU
WKH�FRQWDFW�EHWZHHQ�FHOOV�DQG�WKH�H[WUDFHOOXODU�PDWUL[��(&0���7KH
WHQDVFLQV� DUH� D� VXEVWDQWLDO� IDPLO\� RI� SURWHLQV� EHORQJLQJ� WR� WKH
QHXUDO�UHFRJQLWLRQ�PROHFXOHV��2QH�PHPEHU�ZLWK�VSHFLDO�LPSDFW�LQ
WKH�&16�LV�WKH�WHQDVFLQ�5��71�5���,W�FRQWULEXWHV�WR�SURFHVVHV�RI
QHXULWH� RXWJURZWK� DQG� SDWKILQGLQJ�� 71�5� SURSHUWLHV� GHSHQG� RQ
WKH�FHOO�W\SH�DQG�WKH�ZD\�LW�LV�RIIHUHG�DV�D�VXEVWUDWH�WR�WKH�FHOOV��,W
FDQ� EH� SURPRWLQJ� RU� GHFUHDVLQJ� QHXULWH� RXWJURZWK� DQG� LQ� D
ERUGHU�OLNH� VLWXDWLRQ� VHUYH� DV� D� UHSHOOHQW� JXLGLQJ� FXH�
)XUWKHUPRUH�� WKH� LQWHUDFWLRQ� ZLWK� YROWDJH� GHSHQGHQW� VRGLXP
FKDQQHOV�DW�WKH�QRGH�RI�5DQYLHU��LWV�ORFDWLRQ�DURXQG�V\QDSVHV�DQG
LQ� SHULQHXURQDO� QHWV� LQGLFDWH� WKH� LPSRUWDQW� UROH� LQ� JHQHUDWLRQ�
IXQFWLRQ� DQG� PDLQWHQDQFH� RI� WKH� &16�� 7KH� XQH[SHFWHG� PLOG
SKHQRW\SH�RI�WKH�PRXVH�GHILFLHQW�IRU�71�5�OHG�WR�WKH�DVVXPSWLRQ
RI�FRPSHQVDWLQJ�HIIHFWV��7KHUHIRUH��WKLV�ZRUN�DQDO\]HV�WKH�DOWHUHG
JHQH� H[SUHVVLRQ� LQ� 71�5� NQRFN� RXW� DQLPDOV� ILUVW� WR� GHWHFW
PROHFXOHV� LQYROYHG� LQ� WKLV� EDODQFLQJ� SURFHVV�� '\VUHJXODWLRQ� LV
GHWHFWHG�IRU�VHYHUDO�PROHFXOHV�E\�WKH�PLFURDUUD\�WHFKQLTXH��7KH
LQWHJULQ�F\WRSODVPLF�DVVRFLDWHG�PROHFXOH��α��,&$3��α��ERGHQLQ�RU
,WJE�ES���ZDV� LQYHVWLJDWHG�PRUH� LQ� GHWDLO� WR� XQUDYHO� LWV� UROH� LQ
WKH� FRPSHQVDWLQJ� PHFKDQLVP�� ,WV� G\VUHJXODWLRQ� LV� YHULILHG� E\
WKUHH� IXUWKHU� PHWKRGV�� $� KRW� VSRW� RI� ,&$3� XSUHJXODWLRQ� LV� WKH
FHUHEHOOXP�DV�LGHQWLILHG�WKURXJK�1RUWKHUQ�EORW�DQDO\VLV�DQG�LQ�VLWX
K\EULGL]DWLRQ�� 7KH� FHUHEHOOXP� LV� D� FHQWHU� IRU� FRQWUROOLQJ�
FRUUHFWLQJ�� ILQH�WXQLQJ� DQG� OHDUQLQJ� RI� PRYHPHQWV�� ,WV� ³RXWSXW
QHXURQV´� DUH� WKH� 3XUNLQMH� FHOOV� ZLWK� GHQGULWHV� LQ� WKH�PROHFXODU
OD\HU� FRQWDLQLQJ� GHQVHO\� SDFNHG� SDUDOOHO� ILEHUV�� WKH� D[RQV� RI
JUDQXOH� FHOOV�� ,QWHUHVWLQJO\�� WKHVH� WZR� FHOO� W\SHV� DUH� VWURQJO\
SRVLWLYH� IRU� ,&$3� LQ� LQ� VLWX� H[SHULPHQWV�� )RU� 3XUNLQMH� FHOOV� WKH
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XSUHJXODWLRQ�LV�FOHDUO\�YLVLEOH��7KH�,&$3�G\VUHJXODWLRQ�LV�GHWHFWHG
DW�D�WLPH�SRLQW�RI�3XUNLQMH�FHOO�DUERUL]DWLRQ��D�SURFHVV�ZKHUH�WKH
FRUUHFW� RULHQWDWLRQ� RI� WKH� GHQGULWLF� WUHH� LV� D� PDWWHU� RI� FHOO�FHOO
LQWHUDFWLRQ� EHWZHHQ� SDUDOOHO� ILEHUV� DQG� WKH� GHQGULWH� DQG� DQ
LQWHUDFWLRQ�EHWZHHQ�FHOOV�DQG�WKH�DOWHUHG�(&0��7KH�FRPSHQVDWLRQ
IRU�WKH�PLVVLQJ�71�5�LV�GLVSOD\HG�E\�WKLV�,&$3�XSUHJXODWLRQ�DQG�LWV
PRGLILFDWLRQ�RI�QHXULWH�RXWJURZWK��VKRZQ�LQ�LQ�YLWUR�H[SHULPHQWV�
,Q� WKHVH�� ,&$3� GHILFLHQW� HPEU\RQLF� VWHP� �(6�� FHOOV� DUH
GLIIHUHQWLDWHG� LQWR� QHXURQV�� ,Q� QHXULWH� RXWJURZWK� H[SHULPHQWV
ZLWK�WKH�(6�GHULYHG�QHXURQV�LW�LV�VKRZQ�WKDW�71�5�LV�DQ�RXWJURZWK
GHFUHDVLQJ�PROHFXOH� IRU�ZLOGW\SH� FHOOV�� ,&$3� GHILFLHQF\� LQYHUVHV
WKLV� HIIHFW� WR� SURPRWHG� RXWJURZWK� RQ� 71�5�� β�� LQWHJULQ� LV� FR�
H[SUHVVHG� LQ� DUHDV� RI� ,&$3� SUHVHQFH� E\� 1RUWKHUQ� EORW� DQDO\VLV
DQG� LQ� VLWX� K\EULGL]DWLRQ�� 7DNHQ� WRJHWKHU�� WKH� ILQGLQJV� LQGLFDWH
WKDW�QHXULWH�RXWJURZWK�LV�LQWHJULQ�PHGLDWHG�DQG�WKDW�WKH�LQWHJULQ
ELQGLQJ�SURWHLQ�,&$3�SDUWLFLSDWHV�LQ�LW��7KH�GHWHFWHG�XSUHJXODWLRQ
RI�WKLV�PROHFXOH�LQ�UHDFWLRQ�WR�WKH�DOWHUHG�(&0�RI�71�5�GHILFLHQW
DQLPDOV� SRLQWV� WR� FRPSHQVDWLRQ� HIIHFWV� WKDW� SDUWLFLSDWH� LQ
PDLQWDLQLQJ�WKH�REVHUYHG�JURVVO\�QRUPDO�KLVWRDUFKLWHFWXUH�LQ�WKH
&16�RI�WKHVH�DQLPDOV�
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1HXUDOH�=HOOHUNHQQXQJVPROHN�OH� VSLHOHQ� LQ�GHU�(QWZLFNOXQJ��GHU
3ODVWL]LWlW� XQG� LQ� UHJHQHUDWLYHQ� 3UR]HVVHQ� GHV� ]HQWUDOHQ
1HUYHQV\VWHPV��=16��HLQH�ZLFKWLJH�5ROOH��,KUH�([SUHVVLRQ�LP�=16
GLHQW� GHU� 9HUPLWWOXQJ� YRQ� .RQWDNWHQ� ]ZLVFKHQ� =HOOHQ� XQG� YRQ
VROFKHQ�]ZLVFKHQ�=HOOHQ�XQG�GHU�H[WUD]HOOXOlUHQ�0DWUL[��(&0���'LH
)DPLOLH� GHU� 7HQDVFLQ� *O\FRSURWHLQH� LVW� HLQH� HOHPHQWDUH� *UXSSH
GLHVHU� 0ROHN�ONODVVH�� 'HP� 7HQDVFLQ�5� �71�5�� NRPPW� HLQH
EHVRQGHUH�5ROOH�LP�=16�]X��(V�LVW�GRUW�DQ�3UR]HVVHQ�EHWHLOLJW�GLH
GDV�1HXULWHQZDFKVWXP�XQG�GHUHQ�:HJILQGXQJ�EHHLQIOXVVHQ��'LH
$UW�GHU�%HHLQIOXVVXQJ�GXUFK�71�5�KlQJW�GDYRQ�DE�LQ�ZHOFKHU�)RUP
HV� YRQ� GHQ� 1HXULWHQ� DQJHWURIIHQ� ZLUG�� :HQQ� 71�5� DOV
6XEVWUDWJUHQ]H� DQJHWURIIHQ� ZLUG�� ZLUNW� HV� DEVWR�HQG� DXI� GHQ
1HXULWHQ� XQG� YHUKLQGHUW� VRPLW� GDV� (LQZDFKVHQ�� (LQH� VROFKH
*UHQ]H�YRQ�71�5�GLHQW�DXFK�DOV�/HLWVWUXNWXU��DQ�GHU�1HXULWHQ�DXI
LKUHP� :HJ� ]XP� 3URMHNWLRQV]LHO� HQWODQJ� ZDFKVHQ�� $OV� 6XEVWUDW
NDQQ�71�5�LQ�$EKlQJLJNHLW�YRP�=HOOW\SXV�HLQH�1HXULWHQZDFKVWXP
I|UGHUQGH� RGHU� LQKLELHUHQGH� :LUNXQJ� HQWIDOWHQ�� 'LHVH
%HREDFKWXQJHQ�XQG�GLH�EHNDQQWH�:HVFKVHOZLUNXQJ�YRQ�71�5�PLW
VSDQQXQJVDEKlQJLJHQ� 1DWULXPNDQlOHQ� DP� 5DQYLHU�VFKHQ
6FKQ�UULQJ�� VHLQH� ([SUHVVLRQ� LQ� SHULQHXUDOHQ� 1HW]HQ� XQG� XP
6\QDSVHQ�XQWHUVWUHLFKW�GLH�HOHPHQWDUH�5ROOH�GLHVHV�0ROHN�OV��(V
LVW�GDGXUFK�LQ�GLH�3UR]HVVH�GHU�(QWVWHKXQJ��GHU�)XQNWLRQDOLWlW�XQG
GHU�$XIUHFKWHUKDOWXQJ� GHV�=16� LQYROYLHUW��'LH�&KDUDNWHULVLHUXQJ
GHU� 71�5� GHIL]LHQWHQ� 0DXV� HUJDE� HLQHQ� XQHUZDUWHW� VFKZDFKHQ
3KlQRW\S��GHU�QXU�GXUFK�5HGXQGDQ]�XQG�.RPSHQVDWLRQVSUR]HVVH
]X� HUNOlUHQ� LVW�� =XU� $XINOlUXQJ� ZHOFKH� 0ROHN�OH� DQ� GLHVHP
3UR]HVV� EHWHLOLJW� VHLQ� N|QQWHQ�� ZLUG� LQ� GLHVHU� $UEHLW� GDV
([SUHVVLRQVPXVWHU� GHU� 71�5� GHIL]LHQWHQ� 0DXVPXWDQWH
XQWHUVXFKW�� 'LH� (UVWHOOXQJ� GHV� JHQHWLVFKHQ� 3URILOV� GLHVHU�0lXVH
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HUIROJW� GXUFK� HLQHQ� VRJHQDQQWHQ� ³PLFURDUUD\ �́� 'LH� EHREDFKWHW
'\VUHJXODWLRQ�PHKUHUHU� 7UDQVNULSWH�ZLUG�PLW� DQGHUHQ�0HWKRGHQ
UHSURGX]LHUW�XQG�FKDUDNWHULVLHUW��'DV�G\VUHJXOLHUWH�7UDQVNULSW�GHV
β�� ,QWHJULQ� F\WRSODVPDWLVFK� DVVR]LLHUWHQ� 3URWHLQV� �,&$3��α�
ERGHQLQ� RGHU� ,WJE�ES��� ZLUG� ]XU� $XINOlUXQJ� VHLQHU� 5ROOH� LP
.RPSHQVDWLRQVSUR]HVV�QlKHU�XQWHUVXFKW��'LH�HUK|KWH�([SUHVVLRQ
GHV�,&$3�7UDQVNULSWV�NDQQ�GXUFK�GUHL�ZHLWHUH�0HWKRGHQ�EHVWlWLJW
ZHUGHQ��'XUFK� GLHVH�ZHLWHUJHKHQGHQ�8QWHUVXFKXQJHQ� NDQQ�GDV
.OHLQKLUQ�DOV�HLQH�5HJLRQ�PLW�EHVRQGHUHU�$XIIlOOLJNHLW�LGHQWLIL]LHUW
ZHUGHQ��'DV�.OHLQKLUQ�LVW�HLQ�=HQWUXP�GHU�PRWRULVFKHQ�.RQWUROOH�
.RUUHNWXU�XQG�)HLQDEVWLPPXQJ��(V� LVW� DXFK� LQ�GDV�(UOHUQHQ�YRQ
%HZHJXQJHQ� LQYROYLHUW�� 'HU� $XVJDQJ� GHU� ,QIRUPDWLRQHQ� HUIROJW
�EHU� GLH� 3XUNLQMH]HOOHQ� GHV� .OHLQKLUQV�� 'LHVH� =HOOHQ� ELOGHQ� LKUH
'HQGULWHQ�LQ�GHU�0ROHNXODUVFKLFKW�DXV��,Q�GLHVHU�6FKLFKW�EHILQGHQ
VLFK�GLH�$[RQH�GHU�.|UQHU]HOOHQ��GLH�KLHU�GLH�3DUDOOHOIDVHUQ�ELOGHQ�
,P� UHFKWHQ� :LQNHO� ]X� GLHVHQ� $[RQE�QGHOQ� ULFKWHW� VLFK� GHU
GHQGULWVFKH� %DXP� GHU� 3XUNLQMH]HOOHQ� DXV�� 'LH� $XVELOGXQJ� GHV
'HQGULWHQ� HUIROJW� ]X� GHP� =HLWSXQNW� ZR� GLH� '\VUHJXODWLRQ� GHV
,&$3� 0ROHN�OV� JHIXQGHQ� ZLUG� �3����� 'LH� LQ� GHU� LQ� VLWX
+\EULGLVLHUXQJ� ]X� EHREDFKWHQGH� VWDUNH� $QIlUEXQJ� GHU
3XUNLQMH]HOOHQ� XQG� GHU� .|UQHU]HOOVFKLFKW� ZHLVW� GDUDXI� KLQ�� GD�
GLHVH� =HOOHQ� LQ� 5HDNWLRQ� DXI� GLH� 71�5� 'HIL]LHQ]� ,&$3� YHUVWlUNW
H[SUHPLHUHQ��'LHVH� ([SUHVVLRQ� YHUlQGHUW� GLH� (LJHQVFKDIWHQ� GHV
1HXULWHQZDFKVWXPV�]X�GLHVHP�NULWLVFKHQ�=HLWSXQNW��LQ�GHU�LQ�GHQ
LQ� YLWUR� ([SHULPHQWHQ� JH]HLJWHQ� $UW�� )�U� YRQ� HPEU\RQDOHQ
6WDPP]HOOHQ� �(6�� DEJHOHLWHWH�1HXURQH� GHV�:LOGW\SV�ZLUNW� 71�5
LQKLELHUHQG� DXI� GDV� $XVZDFKVHQ� GHU� 1HXULWHQ�� 'XUFK� GDV
8QWHUELQGHQ� GHU� ,&$3� ([SUHVVLRQ� �,&$3� NQRFN� RXW� =HOOHQ�� ZLUG
GLHVH� (LJHQVFKDIW� GHV� 71�5�V� LQ� GDV� *HJHQWHLO� XPJHNHKUW� �� HV
VWLPXOLHUW� GDV� 1HXULWHQZDFKVWXP�� 'LH� $UEHLW� ]HLJW�� GD�� HLQH
9HUELQGXQJ� ]ZLVFKHQ� 1HXULWHQZDFKVWXP� XQG� 71�5� EHVWHKW�
'HVZHLWHUHQ� LVW� DXFK� QDFKJHZLHVHQ�� GD�� GDV� ,QWHJULQ� ELQGHQGH
3URWHLQ� ,&$3� QLFKW� QXU� LQ� 5HDNWLRQ� DXI� GLH� 71�5� 'HIL]LHQ]
KRFKUHJXOLHUW� ZLUG� VRQGHUQ� DXFK� HLQHQ� (LQIOX�� DXI� GDV
1HXULWHQZDFKVWXP� KDW�� 'DU�EHU� KLQDXV� NDQQ� GLH� UlXPOLFKH
.RH[LVWHQ]�YRQ�,&$3�XQG�β��,QWHJULQ��ZLH�LQ�1RUWKHUQ�%ORW�XQG�LQ
VLWX�+\EULGLVLHUXQJHQ�JH]HLJW�� LQ�.RPELQDWLRQ�PLW�(UNHQQWQLVVHQ
DXV� GHQ� ]XYRU� JHQDQQWHQ� ([SHULPHQWHQ� GDUDXI� KLQZHLVHQ�� GD�
GDV� $XVZDFKVHQ� YRQ� 1HXULWHQ� HLQ� ,QWHJULQ� YHUPLWWHOWHU� 3UR]HVV
LVW�� 'LHVH� (UNHQQWQLVVH� JHEHQ� (LQVLFKWHQ� LQ� NRPSHQVDWRULVFKH
3UR]HVVH�� GLH� ]X� GHU� NDXP� YHUlQGHUWHQ� *HZHEV]XVDPPHQ�
VHW]XQJ�LQ�GHU�71�5�GHIL]LHQWHQ�0DXV�EHLWUDJHQ�


