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'HW�HU�WHPPHOLJ�YDQVNHOLJW�DW�PnOH�P QJGHQ�DI�QHGE¡U�Q¡MDJWLJW��IRUGL�GHU�HU�EHW\GHOLJH�IHMONLO�
GHU�IRUEXQGHW�KHUPHG��'HQ�Y VHQWOLJVWH�IHMONLOGH�HU�YLQGHQV�HIIHNW�Sn�QHGE¡UPnOLQJHQ��,�UDSSRU�
WHQ�HU�YLVW�GHW�S�W��EHGVWH�EXG�Sn��KYRU�PHJHW�GHQ�PnOWH�QHGE¡U�����������VNDO�MXVWHUHV�IRU�DW�WDJH
K¡MGH� IRU� VnGDQQH� IHMONLOGHU��5HVXOWDWHW� DI� EHUHJQLQJHUQH� HU� HW� VN¡Q� RYHU� GHW�� GHU� ³YLUNHOLJ´� HU
IDOGHW��)RU�IHMOHQH�Sn�QHGE¡UPnOLQJHU�NDQ�Y UH�JDQVNH�VWRUH��'HW�K QJHU� LV U�VDPPHQ�PHG��DW
YLQGHQ�GULYHU�HQ�GHO�DI�QHGE¡UHQ�XGHQRP�QHGE¡UPnOHUHQ��VRP�GHUIRU�PnOHU�IRU� OLGW��'HWWH�HU�HW
V UOLJ�VWRUW�SUREOHP�YHG�PnOLQJ�DI�VQH�

5HVXOWDWHUQH� L� UDSSRUWHQ� HU� XGDUEHMGHW� IRU�GHQ�PnOHU�� GHU�EOLYHU�EUXJW�PHVW� L�'DQPDUN�� QHPOLJ
³GHQ�GDQVNH�+HOOPDQQ�PnOHU�XGHQ�VN UP´��)RU�GHQQH�PnOHU�HU�GHW�IDNWLVN�VnGDQ��DW�KYLV�GHU�IDO�
GHU�VQH�YHG�I�HNV�������P�VHN��PnOW�L����PHWHUV�K¡MGH��RJ�HW�SDU�JUDGHUV�IURVW��Vn�KDYQHU�NXQ�RP�
NULQJ�����GHO�DI�VQHHQ�L�PnOHUHQ��PHQV�UHVWHQ�IDUHU�IRUEL��3n�nUVEDVLV�EOLYHU�GHQ�NRUULJHUHGH�QHG�
E¡UP QJGH��������VW¡UUH��HQG�KYDG�GHU�UHQW�IDNWLVN�EOLYHU�PnOW��8G�RYHU�UHVXOWDWHU�HU�GHU�L�UDS�
SRUWHQ� RJVn� HQ� JHQQHPJDQJ� DI�� KYRUGDQ� NRUUHNWLRQHUQH� HU� EOHYHW� EHUHJQHW� VDPW� XVLNNHUKHGHQ
KHUSn�
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����/ IRUKROGHQHV�EHW\GQLQJ�IRU�QHGE¡UPnOLQJ������������������������������������������������������ ��
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��� ,QGOHGQLQJ

���� %DJJUXQG�IRU�NRUUHNWLRQ�DI�QHGE¡U

1HGE¡U�HU�HQ�DI�GH�YDQVNHOLJVWH�PHWHRURORJLVNH�YDULDEOH�DW�PnOH��9HG�PnOLQJ�DI�SXQNWQHG�
E¡U�PHG� NRQYHQWLRQHOOH� QHGE¡UPnOHUH� HU� GHU� HQ� U NNH� V\VWHPDWLVNH� IHMONLOGHU�� KYRUDI� GHQ
VW¡UVWH� Vn�DIJMRUW�KLGU¡UHU� IUD�YLQGHQV�SnYLUNQLQJ� DI� QHGE¡USDUWLNOHUQH�� RJVn�NDOGHW� YLQGHI�
IHNWHQ��5RELQVRQ�RJ�5RGGD��������*UHHQ�RJ�+HOOLZHOO��������'DKOVWU|P��������$OOHUXS�RJ
0DGVHQ�� ������ ������ ������ RJ�$OOHUXS��0DGVHQ� RJ�9HMHQ�� ������� 6RP� I¡OJH� DI� WXUEXOHQV
RPNULQJ�PnOHUHQ�EOLYHU�HQ�GHO�DI�QHGE¡USDUWLNOHUQH�DI�YLQGHQ�EO VW�IRUEL�HOOHU�HQGRJ�RS�DI
QHGE¡UPnOHUHQ��'HW� IDNWXP�� DW� QHGE¡UHQ� IDOGHU� VNUnW� YHG� ¡JHW� YLQGKDVWLJKHG�� J¡U�PnOHUHQ
GnUOLJHUH�WLO�DW�RSIDQJH�QHGE¡UHQ��IRUGL�GHQV�UHHOOH�nEQLQJVDUHDO�EOLYHU�PLQGUH��)LJXU�����YL�
VHU� HQ� VNHPDWLVN� IUHPVWLOOLQJ� DI� YLQGHQV� HIIHNW� Sn� QHGE¡UPnOLQJHQ�� 5HVXOWDWHW� HU�� DW� GHQ
PnOWH�QHGE¡UP QJGH�NDQ�Y UH�HQGRJ�PHJHW�PLQGUH�HQG�GHW��GHU�YLUNHOLJ�HU�IDOGHW�

9LQGHIIHNWHQV� VW¡UUHOVH� DIK QJHU� DI� YLQGVW\UNHQ�� VDPW� DI� QHGE¡USDUWLNOHUQHV� RJ� �PnOHUHQV
DHURG\QDPLVNH�HJHQVNDEHU��9LQGHQV�LQGIO\GHOVH�Sn�PnOLQJHQ�HU�VW¡UVW�IRU�VQH�RJ�PLQGVW�IRU
UHJQ��9HG�YLQGKDVWLJKHGHU�Sn�EDUH���P�VHN�L�PnOHUK¡MGHQ����P��PnOHU�GHQ�GDQVNH�+HOOPDQQ
PnOHU�XGHQ�VN UP��ILJXU������VnOHGHV�NXQ�FD������DI�GHQ�VDQGH�VQHP QJGH�

(Q�DQGHQ�V\VWHPDWLVN�IHMONLOGH�HU�ZHWWLQJWDEHW��'HW�HU�GHQ�GHO�DI�QHGE¡UHQ��GHU�K QJHU�IDVW
LQGH�L�PnOHUHQ�IRU�GHUHIWHU�DW�IRUGDPSH��'HOV�HU�GHU�QHGE¡U��GHU�EOLYHU�K QJHQGH�L�PnOHUHQV
WUDJW�RJ�Sn�VQHNRUVHW�XGHQ�DW�O¡EH�QHG�L�VHOYH�PnOHUNDQGHQ��RJ�GHOV�HU�GHU�HQ�GHO��GHU�EOLYHU
WLOEDJH�LQGH�L�PnOHUNDQGHQ�HIWHU�W¡PQLQJ��)HMOHQ�HU�Sn�nUVEDVLV�FD������(QGHOLJ�JnU�HQ�XEHW\�
GHOLJ�P QJGH�QHGE¡U�WDEW�YHG�IRUGDPSQLQJ�IUD�GHQ�IUL�YDQGRYHUIODGH�L�VHOYH�PnOHUNDQGHQ�

+YRU�VWRU�IHMOHQ�Sn�HQ�QHGE¡UPnOLQJ�HU��DIK QJHU�DI�HW�NRPSOHNVW�VDPVSLO�DI�IDNWRUHUQH�YLVW�L
ILJXU� ����� 'H� I\VLVN�PHWHRURORJLVNH� EHWLQJHOVHU� L� PnOHSHULRGHQ� VDPW� QHGE¡UPnOHUHQV� XG�
IRUPQLQJ�EHVWHPPHU��KYRU�VW UNW�GH�I\VLVNH�SURFHVVHU�YLQGGULIW��IRUGDPSQLQJ�RJ�DGK VLRQ
�GHW�DW�QHGE¡UHQ�K QJHU�IDVW�Sn�PnOHUHQV�LQGUH�RYHUIODGH��YLO�SnYLUNH�QHGE¡UPnOLQJHQ��)RU
DW�In�HQ�LGp�RP�KYRU�PHJHW�QHGE¡U��GHU�YLUNHOLJ�HU�IDOGHW��HU�GHW�SnNU YHW�DW�NRUULJHUH�IRU�L
KYHU�IDOG�GH�VW¡UVWH�DI�IHMONLOGHUQH��VRP�HU�YLQGHQV�SnYLUNQLQJ�RJ�ZHWWLQJ��+HUXGRYHU�NDQ�GHW
HYHQWXHOW�Y UH�Q¡GYHQGLJW�DW�NRUULJHUH�IRU�IRUGDPSQLQJ�

)LJXU ���� 6NHPDWLVN IUHPVWLOOLQJ DI YLQGIHOW �SLOH� RJ QHGE¡USDUWLNOHUV EDQHU �VWLSOHGH OLQLHU� RP�
NULQJ HQ QHGE¡UPnOHU �HIWHU :02� ����� VDPW PnOHUHQV UHHOOH nEQLQJVDUHDO YHG ¡JHW YLQG�
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)LJXU ���� 6NHPDWLVN IUHPVWLOOLQJ DI UHOHYDQWH I\VLVNH SURFHVVHU RJ LQVWUXPHQW� RJ YHMUYDULDEOH� GHU
KDU LQGIO\GHOVH Sn V\VWHPDWLVNH IHMO Sn QHGE¡UPnOLQJHU� YLQGHIIHNWHQ� IRUGDPSQLQJ RJ ZHWWLQJWDE
�:02� ����� HIWHU 6HYUXN ������

5XQGW�RP�L�YHUGHQ�HU�GHU�L�PDQJH�nU�L�QDWLRQDOH�RJ�UHJLRQDOH�VWXGLHU�EOHYHW�DUEHMGHW�PHG�DW
ILQGH�XG�DI��KYRU�VWRU�PnOHIHMOHQ�HU�Sn�IDVW��EODQGHW�RJ�IO\GHQGH�QHGE¡U��I�HNV��+DPRQ�������
*RRGLVRQ�� ������7DPPHOLQ�� ������$XQH� RJ�)¡UODQG�� ������<DQJ� HW� DO��� ������$OOHUXS� RJ
0DGVHQ��������������������$OOHUXS��0DGVHQ�RJ�9HMHQ��������6HYUXN��������*ROXEHY�������
*RRGLVRQ�RJ�<DQJ���������$UEHMGHW�KDU�Y UHW�NRQFHQWUHUHW�RP�DW� ILQGH�V\VWHPDWLVNH�VDP�
PHQK QJH�PHOOHP� IHMOHQV� VW¡UUHOVH� RJ� HQ� U NNH�PHWHRURORJLVNH� SDUDPHWUH�� 'HW� KDU� WDJHW
PDQJH�nU�DW�LQGVDPOH�GDWD�QRN�WLO��DW�GHU�NXQQH�XGYLNOHV�UREXVWH�RJ�SnOLGHOLJH�PRGHOOHU��GHU
NDQ�NRUULJHUH�IRU�YLQGHIIHNWHQ�

)DNWLVN�EOHY�GH�I¡UVW�IRUV¡J�Sn�DW�NDVWH�O\V�RYHU�IHMOHQV�VW¡UUHOVH�IRUHWDJHW�DOOHUHGH�L�VOXWQLQ�
JHQ�DI������WDOOHW��PHQ�GHW�HU�LQGHQIRU�GH�VLGVWH����nU��DW�LQGVDWVHQ�IRU�DOYRU�HU�EOHYHW�VDW�L
V\VWHP��,������EOHY�HQ�XQGHUV¡JHOVH�DI�IHMO�Sn�IO\GHQGH�QHGE¡U�VDW�L�JDQJ�DI�:02��:RUOG
0HWHRURORJLFDO�2UJDQLVDWLRQ���RJ�DQDO\VHUQH�UHVXOWHUHGH�L�HQ�VWDWLVWLVN�PRGHO� WLO�NRUUHNWLRQ
DI�IO\GHQGH�QHGE¡U��$OOHUXS�RJ�0DGVHQ��������������:02���������(Q�WLOVYDUHQGH�XQGHUV¡�
JHOVH� IRU� IDVW�QHGE¡U�EOHY�VDW� L�JDQJ�DI�:02�L�������KYLONHW� I¡UWH� WLO�HQ� U NNH�IRUVODJ� WLO
VWDWLVWLVNH�PRGHOOHU�WLO�NRUUHNWLRQ�DI�IDVW�RJ�EODQGHW�QHGE¡U��:02��������
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,QGHQIRU� UDPPHUQH� DI� GLVVH�:02�SURMHNWHU� HU� GHU� YHG�'0,�EOHYHW� XGYLNOHW� HQ�PRGHO� WLO
NRUUHNWLRQ� DI� IO\GHQGH� �$OOHUXS� RJ� 0DGVHQ�� ������ VnYHO� VRP� IDVW� RJ� EODQGHW� QHGE¡U
�$OOHUXS��0DGVHQ�RJ�9HMHQ���������,�GHW�I¡OJHQGH�YLO�GHQ�EOLYH�NDOGW�³GHQ�JHQHUHOOH�NRUUHN�
WLRQVPRGHO´��%ODQGHW�QHGE¡U�EHWHJQHU��DW�QHGE¡UHQ�HU�IDOGHW�VRP�EnGH�VQH�RJ�UHJQ�L�PnOHSH�
ULRGHQ��)O\GHQGH�QHGE¡U�HU�VHOYI¡OJHOLJ�UHJQ��PHQV�IDVW�QHGE¡U�HU�VQH��+DJO�JLYHU�HW�JDQVNH
V UOLJW�SUREOHP��)DNWLVN�HU�IHMOHQV�VW¡UUHOVH�YHG�PnOLQJ�DI�KDJO�LNNH�IDVWODJW�HQW\GLJW��3n�GHQ
HQH�VLGH�W\GHU�PHJHW�Sn��DW�YLQGHQV�SnYLUNQLQJ�DI�KDJO�HU�OLOOH�RJ�OLJJHU�W WWHUH�Sn�UHJQ�HQG
Sn�VQH��PHQ�Sn�GHQ�DQGHQ�VLGH�NDQ�KDJO�VSULQJH�RS�DI�QHGE¡UPnOHUHQ�L�ODQJW�K¡MHUH�JUDG�HQG
DQGUH�IRUPHU�IRU�QHGE¡U��+HOGLJYLV�HU�KDJOV�DQGHO�DI�GHQ�WRWDOH�QHGE¡UP QJGH�KHU�WLO�ODQGV
OLOOH�RJ�KDU�NXQ�PDUJLQDO�HIIHNW�Sn�GHQ�NRUULJHUHGH�nUOLJH�QHGE¡UP QJGH�

)RU�DW�NXQQH�EHUHJQH�NRUUHNWLRQHQV�VW¡UUHOVH��HU�GHU�EHKRY�IRU�RSO\VQLQJHU�RP���L��YLQGKD�
VWLJKHG���LL��UHJQLQWHQVLWHW���LLL��OXIWWHPSHUDWXU��RJ��LY��KYRU�VWRU�HQ�DI�QHGE¡UHQ��GHU�HU�IDOGHW
VRP� VQH��9LQGKDVWLJKHG� RJ� OXIWWHPSHUDWXU� VNDO� Y UH�PLGGHOY UGL� XQGHU� QHGE¡U��+YLV� GHU
PDQJOHU� NRQWLQXHUOLJH� PnOLQJHU� DI� WHPSHUDWXUHQ�� NDQ� GHU� L� VWHGHW� EHQ\WWHV� PDNVLPXP� RJ
PLQLPXPWHPSHUDWXU��<DQJ�HW�DO���������

:02��������DQEHIDOHU��DW�GH�PHWHRURORJLVNH�SDUDPHWUH�EOLYHU�PnOW�YHG�QHGE¡UVWDWLRQHQ��RJ
DW�YLQGKDVWLJKHGHQ�WLOOLJH�EOLYHU�PnOW�L�QLYHDX�PHG�QHGE¡UPnOHUHQ��DOWVn�L�����PHWHUV�K¡MGH�
PRG�QRUPDOW����PHWHU��'HWWH�VNHU�NXQ�YHG�GH�I UUHVWH�DI�'DQPDUNV�FD������QHGE¡UVWDWLRQHU�
RJ�GHW�VDPPH�J¡U�VLJ�J OGHQGH�L�PDQJH�DQGUH�ODQGH��2SO\VQLQJHU�RP�YLQG��WHPSHUDWXU��UHJ�
QLQWHQVLWHW� RJ� VQHP QJGH�Pn�GHUIRU� IUHPVNDIIHV� Sn� DQGHQ� YLV�� I�HNV�� YHG� DW� WDJH� GDWD� IUD
Q UOLJJHQGH�VWDWLRQHU��HOOHU�YHG�DW�LQWHUSROHUH�PHOOHP�HW�DQWDO�QDERVWDWLRQHU�

���� )RUPnO�PHG�UDSSRUW

'HU�HU�HW�SUDNWLVN�EHKRY�IRU�DW�NRUULJHUH�QHGE¡UPnOLQJHU�L�'DQPDUN��EnGH�DNWXHOOH�RJ�KLVWR�
ULVNH�GDWD��VnYHO�Sn�GDJOLJ�VRP�Sn�PnQHGOLJ�EDVLV��'HU�HU�VWLJHQGH�LQWHUHVVH�L�NRUULJHUHW�QHG�
E¡U��RJ�GHU�KDU�IUD�IRUVNHOOLJ�VLGH�Y UHW�\WUHW�¡QVNH�RP�DW�NRUULJHUH�Vn� ODQJW� WLOEDJH�L� WLGHQ
VRP�PXOLJW��5DSSRUWHQ�LQGHKROGHU�PnQHGOLJH�NRUUHNWLRQVSURFHQWHU�RJ�DQGHO�DI�QHGE¡U�IDOGHW
VRP�VQH�RYHU�SHULRGHQ������������'DJOLJH�NRUUHNWLRQHU�HU�EOHYHW�EHUHJQHW�YHG�HW�DQWDO�VWDWL�
RQHU�RJ�GHUHIWHU�VW\NNHW�VDPPHQ�WLO�PnQHGVNRUUHNWLRQHU��.RUUHNWLRQHUQH�HU�EOHYHW�EHUHJQHW
IRU� HW� XGYDOJ� DI� VWDWLRQHU�� YHG� KYLONH� GDWDJUXQGODJHW� HIWHU� EHGVWH� RYHUEHYLVQLQJ� KDU� Y UHW
JRGW� QRN� WLO� SnOLGHOLJH� EHUHJQLQJHU��.RUUHNWLRQVSURFHQWHUQH� HU� EHUHJQHW� IRU� WUH� IRUVNHOOLJH
JUDGHU�DI�O ��YHOEHVN\WWHGH��PRGHUDW�EHVN\WWHGH�RJ�XEHVN\WWHGH�VWDWLRQHU��VnNDOGWH�$���%��RJ
&�VWDWLRQHU��� ,GHW� QHGE¡UPnOLQJHU� L�'DQPDUN� L� KRYHGVDJHQ� EOLYHU� XGI¡UW�PHG� ³GHQ� GDQVNH
+HOOPDQQ�PnOHU� XGHQ� VN UP´�� J OGHU� NRUUHNWLRQVSURFHQWHUQH� IRU� GHQQH� PnOHU�� )LJXU� ���
YLVHU��KYRUGDQ�GHQQH�QHGE¡UPnOHU�VHU�XG�

���� 'HQ�SUDNWLVNH�EHUHJQLQJ�DI�NRUUHNWLRQHQ

(W�JUXQGO JJHQGH�NUDY�YHG�YDOJ�DI�VWDWLRQHU�KDU�Y UHW��DW�GHU�VNXOOH�Y UH�K\SSLJH�REVHUYDWL�
RQHU�� KHOVW� KYHU� WLPH�� DI� YLQGKDVWLJKHG� �9��� OXIWWHPSHUDWXU� �7��� UHJQLQWHQVLWHW� �,�� RJ� QHG�
E¡UDUW��RJ�LNNH�PLQGVW�QHGE¡UP QJGH��)DNWLVN�KDU�GHWWH�NUDY�EHJU QVHW�XGYDOJHW�DI�VWDWLRQHU
EHW\GHOLJW��'H�HQHVWH�VWDWLRQHU��GHU�NDQ�JLYH�EnGH�9��7��,�RJ�QHGE¡UP QJGH��RYHQ�L�N¡EHW�HQ
JDQJ�L�WLPHQ��HU�DXWRPDWLVNH�NOLPDVWDWLRQHU��)DNWLVN�EOLYHU�,�LNNH�PnOW��PHQ�EOLYHU�HIWHUI¡O�
JHQGH�EHUHJQHW�XG�IUD�PnOLQJHU�DI�QHGE¡UHQV�P QJGH�RJ�YDULJKHG��9�EOLYHU�PnOW�L����PHWHUV
K¡MGH��RJ�EOLYHU�³ILUHW�QHG´�WLO�����PHWHU�YHG�EUXJ�DI�HQ�MXVWHULQJVPHWRGH�
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7KH +HOOPDQ JDXJH�

�� 7KH VQRZFURVV

�� 7KH SUHFLSLWDWLRQ JDXJH

�� 7KH FRQWDLQHU

�� 7KH FRQWDLQHU FRYHU
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)LJXU ���� 'HQ GDQVNH +HOO�
PDQQ PnOHU XGHQ VN UP� %H�
P UN VQHNRUV� GHU IRU¡JHU Pn�
OHUHQV LQGUH RYHUIODGHDUHDO�
KYLONHW KDU EHW\GQLQJ IRU� KYRU
VWRU ZHWWLQJIHMOHQ HU� 'HVLJQHW
DI PnOHUWUDJW RJ RSVDPOHUNDQ�
GH DQW\GHU RJVn� DW IRUGDPS�
QLQJVIHMOHQ �IUD IUL YDQGRYHU�
IODGH� HU OLOOH�

$I�GLVVH� JUXQGH� HU� EHUHJQLQJHU� DI� NRUUHNWLRQVSURFHQWHU� ���������� EOHYHW� IRUHWDJHW� IRU� ��
DXWRPDWLVNH�NOLPDVWDWLRQHU��GHU�HU�YDOJW�VnOHGHV��DW�ODQGHW�HU�RSGHOW�L�UHJLRQHU�PHG�KYHU�VLQ
NOLPDVWDWLRQ�L�FHQWUXP��ILJXU������YHG�RSGHOLQJ�L�7KLHVVHQ�3RO\JRQHU��7DEHO�����YLVHU�HQ�OLVWH
RYHU�NOLPDVWDWLRQHUQH��'D�QHGE¡UDUWHQ�LNNH�EOLYHU�REVHUYHUHW�YHG�NOLPDVWDWLRQHUQH��VXSSOH�
UHV�GHU�PHG�REVHUYDWLRQHU�KHUDI�IUD�Q UOLJJHQGH�V\QRSVWDWLRQHU�

*UXQGLGHHQ�HU��DW�DOOH�QHGE¡UVWDWLRQHU�L�KYHU�UHJLRQ�VNDO�NXQQH�NRUULJHUHV�YHG�EUXJ�DI�NRU�
UHNWLRQVSURFHQWHQ� L�FHQWUXP��YHO�YLGHQGH�DW�GHU�YLO�EOLYH�EHJnHW�HQ� IHMO� DI� HQ�YLV� VW¡UUHOVH�
'HW�HU�YDOJW�DW�EHUHJQH�NRUUHNWLRQHUQH�Sn�GHQQH�PnGH�LQGWLO�YLGHUH��2SGHOLQJHQ�DI�UHJLRQHU�
QH�HU�IRUHWDJHW�Sn�HQ�VnGDQ�PnGH��DW�KYHU�DI�GHP�HU�Vn�KRPRJHQH�VRP�PXOLJW�PHG�KHQV\Q�WLO
YLQGKDVWLJKHG��WHPSHUDWXU�RJ�QHGE¡UIRUKROG��'HW�IRUHNRPPHU�ULPHOLJW�DW�DQWDJH��DW�GHU�KHU�
VNHU�QRJHQOXQGH�LVRWURSLVNH�IRUKROG�L�UHJLRQHUQH�XQGHU�QHGE¡U��GHOV�SJD��VWUXNWXUHQ�IRU�W\SL�
VNH�DWPRVI ULVNH�WU\NV\VWHPHU��3HWHUVHQ�HW�DO����������RJ�GHOV�SJD��UHJLRQHUQHV�IRUKROGVYLV
EHJU QVHGH� VW¡UUHOVH� RJ� WRSRJUDIL�� 'H� UXPOLJH� �VSDWLDOH�� YDULDWLRQHU� DI� YLQGKDVWLJKHG� RJ
WHPSHUDWXU�LQGHQIRU�HQ�UHJLRQ�HU�QRUPDOW�IRUKROGVYLV�EHJU QVHGH�XQGHU�QHGE¡U�

'HW� HU� EOHYHW� XQGHUV¡JW�� RP� DQWDJHOVHQ� RP� LVRWURSL� HU� KROGEDU��8QGHUV¡JHOVHU� KDU� YLVW�� DW
HNVWUDSRODWLRQ�DI�YLQGKDVWLJKHG��WHPSHUDWXU��UHJQLQWHQVLWHW�RJ�QHGE¡UDUW�L�'DQPDUN�LQGHQIRU
���NP¶V�DIVWDQG�JLYHU�HW�ELGUDJ�WLO�GHQ�JUXQGO JJHQGH�VWDWLVWLVNH�PRGHOXVLNNHUKHG�IRU�GHQ
GDJOLJH�NRUUHNWLRQVIDNWRU�Sn�K¡MVW�r������RJ�GH����NP�HU�HQ�VODJV�PDJLVN�JU QVH�IRU��KYRU
ODQJW�XG�WLO�VLGHUQH��NRUUHNWLRQVIDNWRUHQ�E¡U�EHQ\WWHV��$OOHUXS��0DGVHQ�RJ�9HMHQ��������

������������������������������������������������
�
*U QVHQ r�� IRU GHQ VSDWLDOH XVLNNHUKHG HU KHUPHG DI VDPPH VW¡UUHOVHVRUGHQ VRP GHQ VWDWLVWLVNH PRGHOX�

VLNNHUKHG IRU HVWLPDWLRQ DI NRUUHNWLRQHQ �VH RJVn VLGH ����



�

)LJXU ���� ,QGGHOLQJ DI 'DQPDUN L 7KLHVVHQ SRO\JRQHU PHG DQJLYHOVH DI UHJLRQVQXPPHU� 3ODFHULQJ
DI PDQXHOOH QHGE¡UVWDWLRQHU� V\QRSVWDWLRQHU RJ GH �� DXWRPDWLVNH NOLPDVWDWLRQHU HU YLVW�

QU QDYQ K¡MGH O W\SH K ]RQH 1 (
����� 7\OVWUXS ,, �� & � ��9 �������� �������
����� +RUQXP ,, �� % � ��9 �������� �������
����� 6LOVWUXS ,, �� & � ��9 �������� �������
����� �GXP ,, �� & � ��9 �������� �������
����� %RUULV ,, �� % � ��8 �������� �������
����� $VNRY ,, �� & � ��8 �������� �������
����� 6WRUH -\QGHYDG ,, �� & � ��8 �������� �������
����� cUVOHY ,, �� & � ��8 �������� �������
����� )ODNNHEMHUJ ,, �� & � ��8 �������� �������
����� /HGUHERUJ $OOp ,, �� & � ��8 �������� �������
����� $EHG ,, � & � ��8 �������� �������
����� .OHPHQVNHU � ��� & � ��8 �������� �������

7DEHO ���� 8GYDOJWH VWDWLRQVSDUDPHWUH IRU DXWRPDWLVNH NOLPDVWDWLRQHU� K¡MGH RYHU KDYHW �P�� O W\SH
HU GHILQHUHW L WDEHO ���� Y JWHW PLGGHOK¡MGHYLQNHO K YHG QHGE¡UPnOHU �VH DIVQLW ���� RJ 870�
NRRUGLQDWHU� , SHULRGHQ ������� KDU K Y UHW Q VWHQ NRQVWDQW�

'HW�HU�VSHFLHOW�YLQGHQV�VSDWLDOH�YDULDWLRQ��GHU�V WWHU�JU QVHQ�Sn����NP��'HUIRU�YLO�GHW�QRU�
PDOW�JLYH�IRU�XVLNUH�NRUUHNWLRQVHVWLPDWHU��PHUH�HQG�r�����KYLV�YLQGKDVWLJKHGHQ�HU�PnOW�PH�
UH�HQG����NP�IUD�QHGE¡UVWDWLRQHQ��3n�NRUWHUH�DIVWDQG�HU�ELGUDJHW�WLO�GHQ�VDPOHGH�XVLNNHUKHG



�

PLQGUH��1 VWHQ�DOOH�QHGE¡UVWDWLRQHU�L�UHJLRQHUQH�HU�SODFHUHW�PLQGUH�HQG����NP�IUD�NOLPDVWD�
WLRQHQ�L�FHQWUXP��IDNWLVN�����

3HULRGHQ�����������HU�YDOJW�DI�WHNQLVNH�nUVDJHU��LGHW�HW�WLOVWU NNHOLJW�VWRUW�DQWDO�DXWRPDWLVNH
NOLPDVWDWLRQHU�PHG� IXOGW�PnOHSURJUDP� I¡UVW� NRP� L� GULIW� L� O¡EHW� DI� ������ )UD� VOXWQLQJHQ� DI
�����KDU�DOOH����NOLPDVWDWLRQHU�Y UHW�L�GULIW�PHG�PnOLQJ�DI�GH�SDUDPHWUH��GHU�VNDO�EHQ\WWHV
WLO�NRUUHNWLRQVEHUHJQLQJHUQH��9HG�NRUUHNWLRQ�DI�PnOHVHULHU�I¡U������DQEHIDOHV�GHW�L�VWHGHW�DW
EHQ\WWH� VWDQGDUGNRUUHNWLRQHU� DI� QHGE¡U� IRU� QRUPDOSHULRGHQ� ����������� HYW�� VDPPHQKROGW
PHG�KYRU�VWRU�HQ�GHO�DI�QHGE¡UHQ��GHU�HU�IDOGHW�VRP�VQH�



�

���0HWRGH�WLO�SURGXNWLRQ�DI�PnQHGVNRUUHNWLRQVIDNWRU

���� *HQHUHOW

2YHURUGQHW�HU�NRUUHNWLRQ�IRU�YLQGHIIHNW�Sn�QHGE¡UPnOLQJHU��)¡UODQG�HW�DO���������JLYHW�YHG

3 N3 N 3 3F J P LP= = + ∑� �∆ ���

KYRU�3F�HU�GHQ�NRUULJHUHGH�HOOHU�³VDQGH´�QHGE¡UP QJGH��3J�HU�GHQ�RSIDQJHGH�P QJGH��3P�HU
QHGE¡UHQ�PnOW�L�QHGE¡UPnOHUHQ��6'3LP�HU�VXPPHQ�DI�IHMONLOGHU��GHU�LNNH�VN\OGHV�YLQGSnYLUN�
QLQJ�� VnVRP�ZHWWLQJ� RJ� IRUGDPSQLQJ�� RJ�N� HU� HQ�NRUUHNWLRQVIDNWRU��PHG�KYLONHQ�GHU�EOLYHU
NRUULJHUHW�IRU�YLQGHIIHNWHQ��)RU�UHJQ�HU�N�HQ�IXQNWLRQ�DI�YLQGKDVWLJKHG�L�PnOHUQLYHDX�RJ�UHJ�
QLQWHQVLWHW��$OOHUXS�RJ�0DGVHQ���������������RJ�IRU�VQH�HQ�IXQNWLRQ�DI�YLQGKDVWLJKHG�RJ�WHP�
SHUDWXU��%ODQGHW�QHGE¡U�EOLYHU�EHKDQGOHW�GHOV�VRP�VQH�RJ�GHOV�VRP�UHJQ��RJ�N�HU�GHUIRU�EnGH�HQ
IXQNWLRQ�DI�YLQGKDVWLJKHG��UHJQLQWHQVLWHW�RJ�WHPSHUDWXU��$OOHUXS��0DGVHQ�RJ�9HMHQ��������

,�SUDNVLV�InU�PDQ�GHQ�³VDQGH´�QHGE¡UP QJGH��3F��VRP�HQ�RSIDQJHW�P QJGH�PnOW�DI�HQ�UHIH�
UHQFHPnOHU�3UHI 5P�6'5LP��KYRU�QHGE¡UHQ�PnOW�DI�UHIHUHQFHPnOHUHQ��5P��HU�EOHYHW�NRUULJH�
UHW�IRU�GH�¡YULJH�IHMONLOGHU�JLYHW�YHG�IHMOELGUDJHQH�6'5LP��1X�NDQ�����IRUPXOHUHV�VRP�

5 5 N 3 3P LP P LP+ ∑ = + ∑∆ ∆� � ���

)RU� DW� NXQQH� EHUHJQH� N�� VNDO� GHU� NRUULJHUHV� IRU� GLVVH� IHMONLOGHU�� KYLONHW� SULP UW� YLO� VLJH� IRU
ZHWWLQJ�RJ�IRUGDPSQLQJ��6nOHGHV�HU�N�PHG�JRG�WLOQ UPHOVH�IRUKROGHW�PHOOHP�QHGE¡UP QJGHQ
PnOW� PHG� HQ� UHIHUHQFHPnOHU�� 3UHI�� RJ� QHGE¡UP QJGHQ� RSIDQJHW� DI� HQ� QHGE¡UPnOHU�
3J 3P�6'3LP�

N 3 3 3 3F J UHI J= ≅� � ���

�YHOVHQ�EHVWnU�L�DW�SODFHUH�UHIHUHQFHPnOHUHQ�Vn�RPK\JJHOLJW�RJ�WLOOLJH�UHGXFHUH�YLQGKDVWLJKH�
GHQ��DW�YLQGHIIHNWHQ�YHG�PnOHUHQ�L�SUDNVLV�HU�IUDY UHQGH��'HWWH�EOLYHU� L�SUDNVLV�JMRUW�YHG�IRU
VQH�DW�RPJLYH�UHIHUHQFHPnOHUHQ�PHG�HQ�U NNH�HIIHNWLYH�O KHJQ��RJ�IRU�UHJQ�DW�SODFHUH�PnOHUHQ
L�WHUU QK¡MGH�L�FHQWUXP�DI�HQ�VWRU�RJ�G\E�ULVW��KYLONHW� WLOOLJH�IRUKLQGUHU�IHMO�SJD��VSODVK��0HG
VHOY�GHQ�VW¡UVWH�RPKX�YLO�GHU�GRJ�VWDGLJ�UHVWHUH�EHJU QVHW�VW¡M�Sn�UHIHUHQFHPnOLQJHUQH��PHQ�Sn
WURGV�KHUDI�EOLYHU�3UHI�EHWUDJWHW�VRP�HQ�JRG�WLOQ UPHOVH�WLO�GHQ�VDQGH�QHGE¡UP QJGH�3F�

:HWWLQJ��GHILQHUHW�L�DIVQLW������RJ�IRUGDPSQLQJVWDEHW�EOLYHU�L�SULQFLSSHW�RJVn�NRUULJHUHW�IRU�GHQ
DHURG\QDPLVNH�HIIHNW��GD�GH� LQGJnU� L�6'3LP��6W¡UUHOVHQ�DI�ZHWWLQJWDEHW� IRU�GHQ�GDQVNH�+HOO�
PDQQ�PnOHU� HU� WLGOLJHUH�EOHYHW� IXQGHW� YHG� XQGHUV¡JHOVHU� L�'DQPDUN� RJ�)LQODQG� �$OOHUXS� RJ
0DGVHQ�� ������ ������ (ORPDD�� )0,� �)LQQLVK�0HWHRURORJLFDO� ,QVWLWXWH��� SHUV�� NRPP���� RJ� HU
JLYHW�VRP�VWDQGDUGY UGLHU�L�PP�SU��QHGE¡UG¡JQ�IRU�KYHU�PnQHG�IRU�KKY��VQH��EODQGHW�QHGE¡U
RJ�UHJQ��WDEHO�������cUVDJHQ�WLO�GH�IRUKROGVYLV�VWRUH�ZHWWLQJWDE�RP�YLQWHUHQ�HU��DW�QHGE¡UPnOH�
UHQ�HU�IRUV\QHW�PHG�HW�VQHNRUV���QRYHPEHU�WLO����DSULO��KYLONHW�IRU¡JHU�PnOHUHQV�LQGUH�RYHUIODGH
JDQVNH�EHW\GHOLJW��)RUPnOHW�PHG�VQHNRUVHW�HU�DW�PLQGVNH�ULVLNRHQ�IRU��DW�VQHQHGE¡U�EO VHU�XG
DI�PnOHUHQ�



�

2JVn�IRUGDPSQLQJVWDEHW�HU�EOHYHW�XQGHUV¡JW��PHQ�GD�GHW�HU�XEHW\GHOLJW�IRU�GHQ�GDQVNH�+HOO�
PDQQ�PnOHU��NDQ�GHU�VHV�ERUW�IUD�GHW��WDEHO������

ZHWWLQJWDE - ) 0 $ 0 - - $ 6 2 1 '

IO\GHQGH QHGE¡U ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

EODQGHW QHGE¡U ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

IDVW QHGE¡U ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

7DEHO ���� :HWWLQJWDE L PP SU� QHGE¡UG¡JQ IRU HQ +HOOPDQQ PnOHU �$OOHUXS RJ 0DGVHQ� ����� �����
(ORPDD� )0, �)LQQLVK 0HWHRURORJLFDO ,QVWLWXWH�� SHUV� NRPP��� 0HG NXUVLY HU PDUNHUHW� L KYLONH PnQH�
GHU PnOHUHQ HU IRUV\QHW PHG HW VQHNRUV� 9 UGLHUQH IRU EODQGHW RJ IDVW QHGE¡U L VRPPHUKDOYnUHW HU
Q YQW� IRUGL GH EOLYHU EHQ\WWHW WLO NRUUHNWLRQ DI QHGE¡U L I�HNV� *U¡QODQG�

)RUGDPSQLQJVWDE - ) 0 $ 0 - - $ 6 2 1 '

SU� QHGE¡UG¡JQ ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

7DEHO ���� )RUGDPSQLQJVWDE L PP SU� QHGE¡UG¡JQ IRU HQ +HOOPDQQ PnOHU �$OOHUXS RJ 0DGVHQ� ������

2IWH�IDOGHU�GHU�EnGH�VQH��VOXG�RJ�UHJQ�KHQRYHU�HQ�PnOHSHULRGH��'D�YLQGHIIHNWHQ�Sn�VQH�VRP
UHJHO�HU�EHW\GHOLJW�VW¡UUH�HQG�IRU�UHJQ��JLYHU�GHW�HW�V UOLJW�SUREOHP��'HQ�VDPOHGH�NRUUHNWLRQ�IRU
YLQGHIIHNWHQ�Pn�GD�XGWU\NNHV�VRP�HQ�Y JWHW�VXP�DI�NRUUHNWLRQVIDNWRUHUQH�IRU�UHJQ��U���VOXG��E�
RJ�VQH��V��

N N 3 N 3 N 3 3U JU E JE V JV J= + +� � ���

KYRU�3JU��3EJ�RJ�3JV�HU�P QJGHQ�DI�KKY��UHJQ��VOXG�RJ�VQH��1nU�QHGE¡UHQV�IRUP�KDU�YDULHUHW
KHQRYHU�PnOHSHULRGHQ�HU�VS¡UJVPnOHW�PHG�DQGUH�RUG��KYRU�VWRU�HQ�GHO�DI�QHGE¡UHQ�HU�IDOGHW
VRP�UHJQ��VOXG�RJ�VQH"

6RP�UHJHO�EOLYHU�EODQGHW�QHGE¡U�EHWUDJWHW�VRP�QHGE¡U��GHU�IDOGHU�VRP�VOXG��DOWVn�VRP�VQHEODQ�
GHW�UHJQ�HOOHU�UHJQEODQGHW�VQH�DOW�HIWHU�KYRU�PHJHW�³KYLGW´�GHU�HU�L�QHGE¡UHQ��,�GHW�I¡OJHQGH�HU
EODQGHW� QHGE¡U�GHILQHUHW� VRP�QHGE¡U�� GHU�KHQRYHU� HQ�PnOHSHULRGH� �HW� G¡JQ�HOOHU�PLQGUH�� HU
IDOGHW�VRP�EnGH�UHJQ�RJ�VQH�RJ�HOOHU�VOXG��6OXG�Pn�GD�Q¡GYHQGLJYLV�EOLYH�EHWUDJWHW�VRP�OLJH
GHOH�DI�UHJQ�RJ�VQH��DOWVn�DW�GHQ�HQH�KDOYGHO�DI�VOXGP QJGHQ�EOLYHU�K OGW�RYHU�L�³UHJQNDVVHQ´�
GYV��3JU ≅3JU����3JE��RJ�GHQ�DQGHQ�KDOYGHO�RYHU�L�³VQHNDVVHQ´��GYV��3JV ≅3JV����3JE�

'HW�KDU�YLVW�VLJ�ULPHOLJW�YHG�EHUHJQLQJ�DI�HQ�NRUUHNWLRQVIDNWRU�DW�EHQ\WWH�GHQQH�GHILQLWLRQ�WLO
KnQGWHULQJ�DI�EODQGHW�QHGE¡U��KYLONHW�DQDO\VH�DI��ò�nUV�GDWD�IUD�-RNLRLQHQ�L�)LQODQG�KDU�YLVW
�9HMHQ��������$OOHUXS��0DGVHQ�RJ�9HMHQ��������9HMHQ��$OOHUXS�RJ�0DGVHQ���������,�GH�IOH�
VWH� WLOI OGH�� KYRU� QHGE¡UHQ� HU� EODQGHW� QHGE¡U� KHQRYHU� HQ� PnOHSHULRGH�� VNLIWHU� QHGE¡UHQ
PHOOHP�UHJQ�RJ�VQH��KYRULPRG�VOXG�IRUHNRPPHU�QRJHW�VM OGQHUH��5HVXOWDWHW�DI�GLVVH�RYHU�
YHMHOVHU�HU��DW�

N N 3 N 3 3 N
3

3
N

3

3
U JU V JV J U

JU

J
V

JV

J

= + = +� � ���



�

+YLV�VQHIUDNWLRQHQ�D�JLYHU��KYRU�VWRU�HQ�GHO�DI�3J�GHU�HU�IDOGHW�VRP�VQH��DOWVn�DW�D 3JV�3J�RJ
��D 3JU�3J��HU�GHW�OHW�DW�RPVNULYH�RYHQVWnHQGH�WLO�

N N NU V= − ⋅ + ⋅� �� α α ���

KYLONHW�HU�SU FLV�GHQ�PnGH��KYRUSn�GHQ�JHQHUHOOH�NRUUHNWLRQVPRGHO�HU�IRUPXOHUHW��$OOHUXS�
0DGVHQ�RJ�9HMHQ���������'HQQH�PRGHO�HU�EHVNUHYHW�L�DIVQLW�����Q VWH�VLGH�

0 QJGHQ�DI�VQH�RJ�UHJQ�EOLYHU�DI�JRGH�JUXQGH�LNNH�PnOW�RSHUDWLRQHOW��1¡MH�DQDO\VHU�DI�GDWD
LQGVDPOHW�L�)LQODQG�L�HW�LQWHUQDWLRQDOH�IRUVNQLQJVSURMHNW��:02��������KDU�YLVW��DW�YDULJKH�
GHQ� DI� VQHQHGE¡U� JLYHU� HQ�PHJHW� JRG� WLOQ UPHOVH� WLO� VQHP QJGHQ� �9HMHQ�� ������$OOHUXS�
0DGVHQ�RJ�9HMHQ���������9DULJKHGHQ�DI�VQHQHGE¡U�NDQ�L�SUDNVLV�InV�YHG�DW�DQDO\VHUH�REVHU�
YDWLRQHU�DI�QHGE¡UDUW�RJ�OXIWWHPSHUDWXU��9HMHQ��$OOHUXS�RJ�0DGVHQ��������

���� 'HQ�JHQHUHOOH�NRUUHNWLRQVPRGHO

'HU�EOLYHU�EHQ\WWHW�HQ�JHQHUHO�PRGHO�WLO�NRUUHNWLRQ�DI�QHGE¡UPnOLQJHU�IRU�GHQ�IHMO��GHU�VN\O�
GHV�YLQGHQV�SnYLUNQLQJ��0RGHOOHQ�EOLYHU�NDOGW�JHQHUHO��IRUGL�GHQ�NDQ�NRUULJHUH��KYDG�HQWHQ
QHGE¡UHQ�HU�IDOGHW�VRP�UHJQ��VOXG�HOOHU�VQH��'HQ�HU�VDPPHQVDW�DI�WR�GHOH��HW�OHG��GHU�WDJHU�VLJ
DI�UHJQ��RJ�HW�OHG�GHU�WDJHU�VLJ�DI�VQH�

'HOPRGHOOHQ�IRU�IO\GHQGH�QHGE¡U��$OOHUXS�RJ�0DGVHQ��������������HU�EOHYHW�WHVWHW�RJ�YHULIL�
FHUHW�PRG�XDIK QJLJH�GDWD� �$OOHUXS��0DGVHQ�RJ�9HMHQ�� �������PHQV�GHOPRGHOOHQ� IRU� IDVW
QHGE¡U� HU� EOHYHW� XGYLNOHW� L� IRUELQGHOVH� PHG� HW� LQWHUQDWLRQDOW� IRUVNQLQJVSURMHNW� �:02�
�������0RGHOOHQ�IRUXGVLJHU�NRUUHNWLRQVIDNWRUHQ�ND 3F�3P��VRP�HU�UDWHQ�DI�VDQG�QHGE¡U�3F�L
IRUKROG�WLO�PnOW�QHGE¡U�3P�RYHU�HW�YLONnUOLJW�UHODWLYW�NRUW� WLGVUXP��GHU� LNNH�E¡U�RYHUVWLJH�HW
G¡JQ��.RUUHNWLRQVIDNWRUHQ�N�D��HU�

N H H N 9 7 N 9 ,
9 7 97 9 , 9 ,

V Uα
β β β β γ γ γ γα α α α= ⋅ + − ⋅ = ⋅ + − ⋅+ ⋅ + ⋅ + ⋅ ⋅ + ⋅ + ⋅ + ⋅ ⋅� � � � � � � �� �� � � � � � � � � �ORJ ORJ ���

9  PLGGHOY UGL�XQGHU�QHGE¡U�DI�YLQGKDVWLJKHG��P�VHN��L�QHGE¡UPnOHUHQV�K¡MGH
7  PLGGHOY UGL�XQGHU�QHGE¡U�DI�WHPSHUDWXU��q&��L�QHGE¡UPnOHUHQV�K¡MGH
,  UHJQLQWHQVLWHW��PP�WLPH�
D  IUDNWLRQ�DI�QHGE¡UHQ�IDOGHW�VRP�VQH
NV  NRUUHNWLRQVIDNWRU�IRU�QHGE¡U�IDOGHW�VRP�VQH
NU  NRUUHNWLRQVIDNWRU�IRU�QHGE¡U�IDOGHW�VRP�UHJQ
E  HPSLULVNH�NRQVWDQWHU�IRU�VQHGHOHQ��VH�WDEHO�����
J�  HPSLULVNH�NRQVWDQWHU�IRU�UHJQGHOHQ��VH�WDEHO�����

7\SH LQWHUFHSW YLQG WHPS�LQWHQVLWHW SURGXNW
IDVW QHGE¡U E� E� E� E�

������� ������� �������� ���������
UHJQ J� J� J� J�

�������� �������� �������� ���������

7DEHO ���� .RHIILFLHQWHU L NRUUHNWLRQVPRGHOOHQ IRU IDVW �$OOHUXS� 0DGVHQ RJ 9HMHQ� ����� RJ IO\GHQ�
GH QHGE¡U �$OOHUXS RJ 0DGVHQ� ����� J OGHQGH IRU GHQ GDQVNH +HOOPDQQ�PnOHU XGHQ VN UP�



��

0RGHOOHQ�HU�NRQVWUXHUHW�WLO�DW�NRUULJHUH�QHGE¡UP QJGHU�PnOW�RYHU�SHULRGHU�Sn�RS�WLO�HW�G¡JQ�
PHQ�KYLV�QHGE¡UHQ�HU�RSVDPOHW�RYHU�O QJHUH�SHULRGHU��HU�GHW�IRU�XVLNNHUW�DW�EHQ\WWH�PRGHO�
OHQ��'HW� VN\OGHV�� DW� GH�PnOLQJHU� DI� YLQG�� UHJQLQWHQVLWHW� RJ� WHPSHUDWXU��PRGHOOHQ� EHQ\WWHU�
VNDO� OLJJH� Vn� µW W¶�Sn�QHGE¡UEHJLYHQKHGHQ� VRP�PXOLJW� IRU� DW� KLQGUH� IRU� VWRUH�YDULDWLRQHU� L
IRUKROGHQH�XQGHU�QHGE¡U��0nQHGOLJH�NRUULJHUHGH�QHGE¡UY UGLHU�VNDO�L�VWHGHW�EHUHJQHV�YHG�DW
RSVXPPHUH�GH�GDJOLJH�P QJGHU�

.RHIILFLHQWHUQH�L�WDEHO�����J OGHU�IRU�GHQ�GDQVNH�+HOOPDQQ�PnOHU��PHQ�GHW�HU�SnYLVW�DW�PR�
GHOOHQV�JHQHUHOOH�VWUXNWXU�YLO�SDVVH�PHG�GDWD�IUD�DQGUH�PnOHUW\SHU��)¡UODQG�HW�DO����������)RU
IO\GHQGH� QHGE¡U� HU� DGVNLOOLJH� PnOHUW\SHU� WLGOLJHUH� EOHYHW� DQDO\VHUHW� �$OOHUXS� RJ� 0DGVHQ�
������RJ�IRUVNHOOLJH�J�Y UGLHU�EOHY�HWDEOHUHW�IRU�GH�IRUVNHOOLJH�PnOHUW\SHU�YHG�EUXJ�DI�GHQ
VDPPH�EDVLVPRGHO��.6�9�7����GHOHQ�DI�NRUUHNWLRQVPRGHOOHQ�� )RU�QDWLRQDOH�1RUGLVNH�QHG�
E¡UPnOHUH�NDQ�HVWLPDWHU�DI�NRHIILFLHQWHUQH�ILQGHV�L�)¡UODQG�HW�DO���������

.RQVWDQWHUQH�L�PRGHOOHQ�HU�EOHYHW�XGOHGW�YHG�VWDWLVWLVNH�DQDO\VHU�DI�HPSLULVNH�GDWD��KYLONHW
J¡U��DW�PRGHOOHQ�HU�PHVW�VLNNHU�YHG�GH�K\SSLJVWH�9�7�Y UGLHU�L�GDWDPDWHULDOHW�RJ�PLQGVW�XGH
L�NDQWHUQH��VH�DIVQLWWHW�RP�XVLNNHUKHG���0HJHW�K¡MH�Y UGLHU�DI�9�RJ�,�VDPW�PHJHW�ODYH�Y U�
GLHU�DI�7�KDU�Y UHW�VW UNW�XQGHUUHSU VHQWHUHW�L�GDWD��RJ�GHW�HU�I¡OJHOLJ�NXQ�PXOLJW�DW�EHQ\WWH
PRGHOOHQ�LQGHQIRU�GLVVH�LQWHUYDOOHU�

x� 9LQGKDVWLJKHG�� �d9d��P�VHN�IRU�IDVW�QHGE¡U���d9d���P�VHN�IRU�IO\GHQGH�QHGE¡U�
x� 7HPSHUDWXU � 7t����q&�
x� 5HJQLQWHQVLWHW � �d,d���PP�WLPH�

D ���� D ���� D ���� D ���� D ����
, 7 9 � 9 � 9 � 9 � 9 � 9 � 9 � 9 � 9 � 9 �
� � ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
� � ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
� � ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
� �� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
� �� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
� �� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
� �� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
� �� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
� �� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
� �� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
� �� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
� �� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

7DEHO ���� .RUUHNWLRQVIDNWRUHU ND IRU XGYDOJWH Y UGLHU DI 9 PLGGHOYLQGKDVWLJKHG �P�VHN� XQGHU
QHGE¡U L PnOHUK¡MGH� 7 PLGGHOWHPSHUDWXU �q&� XQGHU QHGE¡U� , UHJQLQWHQVLWHW �PP�WLPH�� RJ
D IUDNWLRQ IDVW QHGE¡U� 7DOOHQH J OGHU IRU GHQ GDQVNH +HOOPDQQ PnOHU XGHQ VN UP� 'HW VHV I�HNV�
DW IRU HQ YLQGKDVWLJKHG Sn 9 � P�VHN� HQ WHPSHUDWXU Sn 7 ��q&� HQ VQHIUDNWLRQ Sn D ���� RJ HQ
UHJQLQWHQVLWHW Sn , � PP�WLPH HU NRUUHNWLRQVIDNWRUHQ N ����� HOOHU ����

(VWLPDWLRQVWHNQLNNHQ� EDJ� PRGHOOHQ� KDU� WLOOLJH� EHW\GHW�� DW� NRUUHNWLRQVIDNWRUHQ� N� YHG
³XKHOGLJH´�NRPELQDWLRQHU�DI�9�RJ�7�IRU�GHOPRGHOOHQ�IRU�VQH�EOLYHU�HVWLPHUHW�HQ�DQHOVH�PLQ�
GUH�HQG�������'HWWH�VNHU�YHG�ODYH�Y UGLHU�DI�9�RJ�7��GRJ�NXQ�KYLV�9�����P�VHN��'D�YLQGHI�
IHNWHQ� YHG� Vn� ODYH� YLQGKDVWLJKHGHU� VWRUW� VHW� HU� IUDY UHQGH�� V WWHV� NV ����� KYLV� NV� IDNWLVN



��

HVWLPHUHV�WLO����L�EHUHJQLQJHUQH��'HU�HU�VnOHGHV�NXQ�HQ�PDUJLQDO�HIIHNW�DI�GHWWH�SUREOHP��'HW
HU�XKHOGLJW��DW�9�JU QVHQ�IRU�VQH�OLJJHU�Vn�ODYW��PHQ�GHU�ILQGHV�LQJHQ�XQGHUV¡JHOVHU�DI�NRU�
UHNWLRQHQ�IRU�VQH�YHG�K¡MHUH�Y UGLHU�DI�9��LGHW�VQHQHGE¡U�V GYDQOLJYLV�IDOGHU�YHG�PRGHUDWH
YLQGKDVWLJKHGHU��:02��������

7DEHO�����RJ�ILJXU�����YLVHU��KYDG�VW¡UUHOVH�NRUUHNWLRQVIDNWRUHQ�KDU�YHG�IRUVNHOOLJH�Y UGLHU
DI�9��7�� ,� RJ�D� YHG�PnOLQJ� DI� QHGE¡U�PHG�GHQ�GDQVNH�+HOOPDQQPnOHU�XGHQ� VN UP��+YLV
PnOHUHQ�LNNH�HU�SODFHUHW�L�nEHQW�WHUU Q��PHQ�L�O ��NDQ�YLQGKDVWLJKHGHQ�RJ�GHUPHG�NRUUHNWLR�
QHQ�EOLYH�G PSHW�EHW\GHOLJW��+YLV�GHU�HU� IDOGHW� I�HNV�����PP�UHJQ�RJ�YLQGKDVWLJKHGHQ�RJ
UHJQLQWHQVLWHWHQ�KDU�Y UHW�KKY����P�VHN�RJ���PP�WLPH��EOLYHU�GHW�EHGVWH�EXG�Sn�VDQG�QHGE¡U
�����PP��GRJ�IUDUHJQHW�ZHWWLQJ���+YLV�QHGE¡UHQ�L�VWHGHW�YDU�IDOGHW�VRP�VQH��HU�YLQGHQV�HI�
IHNW�GUDPDWLVN��GD�EOLYHU�GHQ�³VDQGH´�QHGE¡U������PP�

���� / IRUKROGHQHV�EHW\GQLQJ�IRU�QHGE¡UPnOLQJ

0DQJHnULJ�SUDNVLV�KHU�L�ODQGHW�KDU�Y UHW�DW�PnOH�VQH�XGHQ�DW�IRUV\QH�QHGE¡UPnOHUHQ�PHG�HQ
VN UP��'HW�NDQ�EHW\GH��DW�GHU�IDOGHU�DOW�IRU�OLGW�VQH�QHG�L�PnOHUHQ��V UOLJ�YHG�K¡MHUH�YLQGKD�
VWLJKHGHU��1nU�PDQ�VDPPHQOLJQHU�QHGE¡UPnOLQJHU�IRU�DW�VH��RP�³QHGE¡UIODGHQ´�VHU�IRUQXIWLJ
XG��HU�GHW�LV U�IRU�VQH�XWUROLJ�YLJWLJW�DW�Y UH�NODU�RYHU��XQGHU�KYLONH�IRUKROG�PnOLQJHUQH�HU
EOHYHW� IRUHWDJHW�� +YRUGDQ� HU� O IRUKROGHQH"� +YDG� KDU� YLQGKDVWLJKHGHQ� Y UHW� L� K¡MGH�PHG
QHGE¡UPnOHUHQ"�,�KYLONHQ�IRUP�KDU�QHGE¡UHQ�Y UHW"

$W�QRJOH�QHGE¡UPnOHUH�VWnU�PHJHW�XGVDWWH�IRU�YLQGHQ��PHQV�DQGUH�HU�SODFHUHW�PHUH�HOOHU�PLQ�
GUH�L�O ��NDQ�JLYH�DQOHGQLQJ�WLO�EHW\GHOLJH�UHJLRQDOH�IRUVNHOOH�L�YLQGHIIHNWHQ��'HUIRU�VNDO�GHQ
PnOWH�YLQGKDVWLJKHG�NRUULJHUHV�IRU�HIIHNWHQ�DI�O ��LQGHQ�GHQ�EHQ\WWHV�L�NRUUHNWLRQVPRGHOOHQ
�)¡UODQG�HW�DO���������

9LQGKDVWLJKHG�9� UHGXFHUHV�PHG�HQ� O NRUUHNWLRQVIDNWRU�O��GHU�XGWU\NNHU��KYRU�JRGW�HQ�QHG�
E¡UPnOHU�VWnU�L�O �RJ�L�KYLONHQ�JUDG�YLQGKDVWLJKHGHQ�RPNULQJ�PnOHUHQ�EOLYHU�UHGXFHUHW��(PSL�
ULVNH�VWXGLHU�L�5XVODQG�RJ�6FKZHL]��6HYUXN��������KDU�YLVW��DW�O�NDQ�EHVNULYHV�YHG�

λ η= − ⋅� F ���

KYRU�K�HU�K¡MGHYLQNOHQ�IRU�O JLYHUHQ�PnOW�L�JUDGHU��RJ�F�HU�HQ�NRQVWDQW��GHU�GRJ�LNNH�HU�XQL�
YHUVHO��8QGHUV¡JHOVHU�IRU�GDQVNH�IRUKROG�KDU�JRGWJMRUW��DW�HQ�F�Y UGL�Sn�������JLYHU�WLOIUHGV�
VWLOOHQGH�UHVXOWDWHU��9HMHQ��$OOHUXS�RJ�0DGVHQ���������+¡MGHYLQNOHQ�HU�YLQNOHQ�PHOOHP�KRUL�
VRQWDOSODQHQ�RJ�VLJWHOLQLHQ�PHOOHP�QHGE¡UPnOHUHQV�¡YHUVWH�NDQW�L����P�K¡MGH�RJ�RYHUNDQWHQ�DI
O JLYHUHQ��GHU�NDQ�Y UH�WU HU��E\JQLQJHU�R�OLJQ��'D�K¡MGHYLQNOHQ�KDU�IRUVNHOOLJH�Y UGLHU�UXQGW
RP�QHGE¡UPnOHUHQ��InV�HW�PHUH�UHSU VHQWDWLYW�PnO�IRU�O IRUKROGHQH�YHG�DW�EHVWHPPH�HQ�Y J�
WHW�PLGGHOK¡MGHYLQNHO�K�

η η=
=
∑�

�

- L L

L

-

S ���

KYRU�KL�HU�K¡MGHYLQNOHUQH�L�- ��UHWQLQJHU��VRP�KYHU�HU�EOHYHW�Y JWHW�PHG�VWDQGDUGY UGLHU�DI
YLQGK\SSLJKHGHQ�XQGHU�QHGE¡U��SL��9 UGLHU�DI�Y JWQLQJVNRHIILFLHQWHQ�SL�IRU�QHGE¡U�L�IRUVNHOOL�
JH�YLQGUHWQLQJHU�HU�EDVHUHW�Sn����nUV�YLQG��RJ�QHGE¡UPnOLQJHU�RJ�IUHPJnU�DI�WDEHO�����
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(Q� O JLYHU� VWnU� IRU� W W� Sn� QHGE¡UPnOHUHQ�� QnU�PLGGHOK¡MGHYLQNOHQ� HU� RYHU� ��q�� 1RJHW� DI
QHGE¡UHQ�YLO�GD�EOLYH�IDQJHW�DI�O JLYHUHQ�YHG�LQWHUFHSWLRQ�L�VWHGHW�IRU�DW�Qn�IUHP�WLO�QHGE¡U�
PnOHUHQ��)¡UODQG�HW�DO����������,QWHUFHSWLRQHQ�EHJ\QGHU�GRJ�I¡UVW�IRU�DOYRU�DW�EHW\GH�QRJHW
YHG�YLQNOHU�KL�RYHU������q��'HU�ILQGHV�LNNH�PHWRGHU��GHU�NDQ�NRUULJHUH�IRU�LQWHUFHSWLRQ�
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)LJXU ���� .RUUHNWLRQVIDNWRUHQ IRU VQH RJ UHJQ IRU GHQ XVN UPHGH GDQVNH +HOOPDQQPnOHU�
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9LQGUHWQLQJ 1 1( ( 6( 6 6: : 1: YLQGVWLOOH
SL ����� ����� ����� ����� ����� ����� ����� ����� �����

7DEHO ���� 9 UGLHU DI Y JWQLQJVNRHIILFLHQW SL IXQGHW YHG DQDO\VHU DI YLQG� RJ QHGE¡UREVHUYDWLRQHU
��������� �$OOHUXS RJ 0DGVHQ� ������

/ NODVVH %HQ YQHOVH +¡MGHYLQNHO K O���� O IRU UHJQ O IRU VQH
$ 9HOEHVN\WWHW ��q � K d ��q ���� ���� ����
% 0RGHUDW EHVN\WWHW �q � K d ��q ���� ���� ����
& 8EHVN\WWHW �q d K d �q ���� ���� ����
' 2YHUEHVN\WWHW K ! ��q � � �

7DEHO ���� 'HILQLWLRQ DI O NODVVHU $� %� & RJ '� VDPW Y UGLHU DI GHQ MXVWHULQJVIDNWRU O� GHU VNDO

EHQ\WWHV WLO DW NRUULJHUH QHGE¡UNRUUHNWLRQVSURFHQWHQ IRU O IRUKROGHQH� 9LVW HU O���� IXQGHW YHG HP�

SLULVNH VWXGLHU �$OOHUXS RJ 0DGVHQ� ������ VDPW O� VRP HU HVWLPHUHW YHG DW EHQ\WWH 6HYUXNV PHWRGH
YLVW L IRUPHO ��� WLO MXVWHULQJ DI YLQGKDVWLJKHGHQ IRU O IRUKROGHQH �6HYUXN� ������ PHQ PHG F ������

O HU EHUHJQHW IRU VQH RJ UHJQ YHG W\SLVNH Y UGLHU DI 9� , RJ 7�

1HGE¡UVWDWLRQHUHU�NODVVLILFHUHW�L�O NODVVHUH�$��%��&�RJ�'��KYRUL�QHGE¡UPnOHUHQ�HU�KKY��YHO�
EHVN\WWHW��PRGHUDW� EHVN\WWHW�� XEHVN\WWHW� RJ� RYHUEHVN\WWHW� IRU� YLQGHQ� �$OOHUXS� RJ�0DGVHQ�
������ )ULFK� HW� DO��� �������'LVVH� NODVVHU� HU� NDUDNWHULVHUHW� YHG� EHVWHPWH� K¡MGHYLQNHOY UGLHU
�)ULFK�HW� DO���������RJ�HU�YLVW� L� WDEHO������9 UGLHQ�DI�F� L�XGWU\N� ���� HU� LNNH�XQLYHUVHO�� LGHW
F ������JLYHU�GH�EHGVWH�UHVXOWDWHU�IRU�GDQVNH�IRUKROG��'HWWH�IUHPJnU�DI� WDEHO������GHU�YLVHU
PHG�KYLONHQ�IDNWRU�O�YLQGKDVWLJKHGHQ�VNDO� MXVWHUHV� L�GH� IRUVNHOOLJH� O NODVVHU� IRU�VQH�VnYHO
VRP�UHJQ�YHG�W\SLVNH�Y UGLHU�DI�YLQGKDVWLJKHG�9��WHPSHUDWXU�7�RJ�UHJQLQWHQVLWHW�,��,�WDEHOOHQ
HU�YLVW�MXVWHULQJVIDNWRUHU�IRU�$��%�RJ�&�VWDWLRQHU�IXQGHW�YHG�HPSLULVNH�VWXGLHU�DI�NRUUHNWLR�
QHU��O������$OOHUXS�RJ�0DGVHQ���������WLO�VDPPHQOLJQLQJ�PHG�MXVWHULQJVIDNWRUHU�O�����EHUHJ�
QHW�YHG�EUXJ�DI�F �������'HU�HU�EHQ\WWHW�9 ��P�VHN�RJ�, ����PP�WLPH�IRU� UHJQ�KKY��9 �
P�VHN�RJ�7 ���q�IRU�VQH�

2PNULQJ�����DI�GH�PDQXHOOH�QHGE¡UVWDWLRQHU� VWnU� L� nEHQW� WHUU Q� �&�VWDWLRQHU��� ����VWnU� L
PRGHUDW�O ��%�VWDWLRQHU���PHQV�����VWnU�YHOEHVN\WWHGH�IRU�YLQGHQ��$�VWDWLRQHU���9HG�GH�UH�
VWHUHQGH����HU�YHJHWDWLRQHQ�OLJH�DNNXUDW�EOHYHW�IRU�K¡M��RJ�PnOHUQH�VWnU�IRU�DW�EOLYH�IO\WWHW
KHQ��KYRU�GHU�HU�PLQGUH�O ��)RU�PHJHW�O �NDQ�IDNWLVN�EHW\GH��DW�GHU�EOLYHU�PnOW�IRU�OLGW�QHG�
E¡U�IRUGL�YHJHWDWLRQHQ�RSIDQJHU�QRJHW�DI�QHGE¡UHQ��'HW�HU�LNNH�PXOLJW�DW�NRUULJHUH�IRU�GHQQH
IHMONLOGH��'HUIRU�EOLYHU�GHU�KROGW�¡MH�PHG�O IRUKROGHQH�L�IRUELQGHOVH�PHG�M YQOLJH�VWDWLRQV�
EHV¡J��'HW�NDQ�Y UH�YDQVNHOLJW�DW�ODYH�DQDO\VHU�DI�QHGE¡UIRUGHOLQJHQ��V UOLJ�IRU�VQH��PHG�
PLQGUH�GHU�EOLYHU�NRUULJHUHW�IRU�O ��RJ�YLQGIRUKROGHQH�

7DEHO� ���� YLVHU�� KYRU� VWRU� EHW\GQLQJ� YLQG�� RJ� O IRUKROGHQH� KDU� IRU� QHGE¡UPnOLQJHU� PHG
+HOOPDQQ�PnOHUHQ�� GHU� EOLYHU� RSIDQJHW� EHW\GHOLJW�PHUH� VQH� DOOHUHGH� YHG�PRGHUDW� O ��'HW
IUHPJnU��KYRU�PHJHW�PHUH�QHGE¡U�L�SURFHQW��GHU�YLOOH�EOLYH�PnOW��KYLV�O IRUKROGHQH�EOHY� Q�
GUHW�IUD� LQWHW� O �WLO�HQ�PLGGHOK¡MGHYLQNHO�K�Sn�KKY���������RJ�����+YLV�YLQGKDVWLJKHGHQ�9
I�HNV��HU���P�VHN�YHG�HQ�PnOHU��GHU�VWnU�L�nEHQW�WHUU Q�XGHQ�O ��O LQGHNV ����YLOOH�9�YHG�HQ
PnOHU��GHU�VWnU� L� ULPHOLJW�JRGW� O �� I�HNV�� O LQGHNV�����Y UH�UHGXFHUHW� WLO�FD������P�VHN��'HW
EHW\GHU�DI�JRGH�JUXQGH��DW�GHU�IDOGHU�PHUH�QHGE¡U�L�GHQQH�PnOHU�HQG�L�PnOHUHQ�L�nEHQW�WHUU Q�
+YLV�QHGE¡UHQ�HU�IDOGHW�VRP�UHJQ�YHG�I�HNV��, ����PP�WLPH��YLOOH�PnOHUHQ�L�O �In�FD������
PHUH�QHGE¡U�HQG�PnOHUHQ�L�nEHQW�WHUU Q��)RU�PnOLQJ�DI�VQH�HU�HIIHNWHQ�DI�O �EHW\GHOLJW�PHUH



��

³GUDPDWLVN´��+YLV�GHU�YHG�WLOSODQWQLQJ�EOHY�VNDEW�O �RPNULQJ�HQ�PnOHU�L�nEHQW�WHUU Q��Vn�GHQ
NRP�WLO�DW�VWn� L� I�HNV��QRJHW�GHU�VYDUHU� WLO� O LQGHNV�����YLOOH�GHU�EOLYH�PnOW�PHUH�VQH��ILJXU
������+YLV�GHU�L�nEHQW�WHUU Q�I�HNV��EOHY�PnOW�3� ���PP�VQH�YHG���P�VHN�RJ���q&��YLOOH�GHU�L
O � EOLYH�PnOW�� 3�� 3���N��N��� ��PP������������ ����PP� VQH�� LGHW� NRUUHNWLRQVIDNWRUHUQH
YHG�����RJ�����P�VHN�YHG�O LQGHNV���RJ����HU�KKY��N� ������RJ�N�� ������

.RUUHNWLRQ IRU O HIIHNW� )RU¡JHOVH DI UHJQP QJGH � )RU¡JHOVH DI VQHP QJGH �

O LQGH[ 9 9NRUU  QGU� , ��� , ��� , ���� 7 ��� 7 ���� 7 ����
� � ��� � ����� ����� ����� ����� ����� �����
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7DEHO ���� %HW\GQLQJ DI O IRUKROG YHG PnOLQJ DI QHGE¡U PHG +HOOPDQQ XGHQ VN UP YHG IRUVNHOOLJH
YLQG� RJ O IRUKROG IRU IDVWKROGWH Y UGLHU DI 9� , RJ 7� 7DOOHQH YLVHU� KYRU PHJHW PHUH QHGE¡U +HOO�
PDQQ YLOOH PnOH� KYLV O IRUKROGHQH EOHY  QGUHW IUD LQWHW O  WLO HW O LQGH[ Sn KKY� ��� �� RJ ���

$

,QJHQ O � K¡MGHYLQNHO  �

9  ��� P�VHN
7  �� �&

.  �����
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P
 ���� PP VQH

/ � K¡MGHYLQNHO  ��

9  ��� P�VHN
7  �� �&

.  �����

3
P
 ���� PP VQH
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WLOSODQWQLQJ

)LJXU ���� (NVHPSHO Sn� KYLO�
NHQ HIIHNW O IRUKROGHQH KDU Sn
GHQ PnOWH P QJGH VQH� 9 RJ 7
HU PLGGHO XQGHU QHGE¡U DI KKY�
YLQGKDVWLJKHG YHG QHGE¡UPn�
OHUHQ RJ WHPSHUDWXU� PHQV . HU
NRUUHNWLRQVIDNWRUHQ RJ 3P GHQ
PnOWH QHGE¡UP QJGH�



��

'HU�HU�HQ�YLV�XVLNNHUKHG�IRUEXQGHW�PHG�NRUUHNWLRQHQ�IRU�O YLUNQLQJ��'HW�HU�PHJHW�YDQVNH�
OLJW�DW�PnOH�O YLUNQLQJHQ��IRUGL�GHU�LNNH�ILQGHV�QRJHQ�HQW\GLJ�PnGH�DW�EHVNULYH�O IRUKROGHQH
Sn��'HQ�Y JWHGH�PLGGHOK¡MGHYLQNHO�JLYHU�NXQ�HW�JURIW�PnO�IRU�O IRUKROGHQH��/ YLUNQLQJHQ
DIK QJHU�LNNH�NXQ�DI�O K¡MGHQ��PHQ�RJVn�DI�O JLYHUHQV�W\SH��DOWVn�RP�GHU�HU�WDOH�RP�KXVH
HOOHU�NXQVWLJH� O KHJQ��HOOHU�RP�GHU�HU� WDOH�RP�VWHGVHJU¡Q�HOOHU� O¡YI OGHQGH�YHJHWDWLRQ��RJ
KYLV�GHW�HU�YHJHWDWLRQ��Vn�RJVn�DI�YHJHWDWLRQHQV�W WKHG��OLJHVRP�nUVWLGHQ�KDU�EHW\GQLQJ�IRU�
KYRU�HIIHNWLYW�HW�O �LV U�GHQ�O¡YI OGHQGH�YHJHWDWLRQ�NDQ�JLYH��'D�YHJHWDWLRQHQ� QGUHU�VLJ�
VNHU�GHU�HIWHUKnQGHQ� QGULQJHU� L� O IRUKROGHQH��2J�KYRUQnU� IDOGHU�EODGHQH�DI� WU HUQH"�7\�
SLVN�YDULHUHU�K¡MGHYLQNOHQ�NRPSDVVHW�UXQGW��PHQ�RJVn�YLQGUHWQLQJHQ�NDQ�YDULHUH�EHW\GHOLJW�L
O¡EHW�DI�HQ�QHGE¡USHULRGH�

6NXOOH�GHU�NRUULJHUHV�HIIHNWLYW�IRU�O YLUNQLQJHQ��YLOOH�GHW�NU YH�DGJDQJ�WLO�DOOH�GLVVH�RSO\V�
QLQJHU��'HU�IRUHOLJJHU�LQJHQ�XQGHUV¡JHOVHU�DI��KYRU�VWRU�EHW\GQLQJ�DOW�GHWWH�KDU�IRU�XVLNNHU�
KHGHQ�Sn�GH�NRUULJHUHGH�QHGE¡UP QJGHU��$OWVn�Pn�HQ�YLV�XVLNNHUKHG��DI�XNHQGW�VW¡UUHOVH�
Sn� O NRUUHNWLRQHQ� DFFHSWHUHV�� LQGWLO� EHGUH� PRGHOOHU� PnVNH� HU� EOHYHW� XGYLNOHW� HQ� JDQJ� L
IUHPWLGHQ�

���� .RUUHNWLRQ�IRU�ZHWWLQJ

0RGHOOHQ�IRU�IO\GHQGH�QHGE¡U�EOHY�XGOHGW�Sn�EDVLV�DI�QHGE¡UPnOLQJHU��VRP�YDU�LQIOXHUHW�DI
ZHWWLQJ�� )RU� IDVW� QHGE¡U� EOHY� PRGHOOHQ� LPLGOHUWLG� XGOHGW� XG� IUD� YHMHGH� QHGE¡UP QJGHU�
KYRUYHG�ZHWWLQJ�RPWUHQW�NXQQH�QHJOLJHUHV��'HW�EHW\GHU�L�SUDNVLV��DW�IRU�IO\GHQGH�QHGE¡U�VNDO
ZHWWLQJWDEHW�Z�LNNH�NRUULJHUHV��IRUGL�NRUUHNWLRQHQ�KHUIRU�DOOHUHGH�LQGJnU�L�GHW�HPSLULVNH�XG�
WU\N��'HQ�NRUULJHUHGH�QHGE¡UP QJGH�3F�IRU�D ����EOLYHU�GD�

3 N 3 ZF U P U= ⋅ + ����

KYRU�3P�HU�GHQ�PnOWH�QHGE¡UP QJGH�RJ�ZU�HU�ZHWWLQJP QJGHQ�IRU�UHJQ��)RU�IDVW�QHGE¡U�YHG
D ����LQGJnU�ZHWWLQJWDEHW�ZV�GHULPRG�LNNH�L�GHW�HPSLULVNH�XGWU\N��Vn�ZHWWLQJWDEHW�VNDO�RJVn
NRUULJHUHV�

3 N 3 ZF V P V= ⋅ +� � ����

)RU�EODQGHW�QHGE¡U�YHG���D���InV�GHQ�NRUULJHUHGH�QHGE¡U�DI�

3 N 3 Z N 3 ZF U P U V P V= − + + +� �� � � �� α α ����

6RP�UHJHO�EOLYHU�EODQGHW�QHGE¡U�EHWUDJWHW�VRP�QHGE¡U��GHU�IDOGHU�VRP�VOXG��DOWVn�VRP�VQHEODQ�
GHW�UHJQ�HOOHU�UHJQEODQGHW�VQH�DOW�HIWHU�KYRU�PHJHW�³KYLGW´�GHU�HU� L�QHGE¡UHQ��,�GHQ�JHQHUHOOH
NRUUHNWLRQVPRGHO�HU�EODQGHW�QHGE¡U�VRP�WLGOLJHUH�Q YQW��DIVQLW������GHILQHUHW�VRP�QHGE¡U��GHU
KHQRYHU�HQ�PnOHSHULRGH�HU�IDOGHW�VRP�EnGH�UHJQ�RJ�VQH�RJ�HOOHU�VOXG��6OXG�EOLYHU�L�GHQQH�VDP�
PHQK QJ�EHWUDJWHW�VRP�OLJH�GHOH�DI�UHJQ�RJ�VQH��RJ�VRP�I¡OJH�GHUDI�LQGJnU�ZHWWLQJ�IRU�EODQGHW
QHGE¡U�L�WDEHO�����LNNH�L�NRUUHNWLRQHQ��'HW�HU�ULPHOLJW��GD�QHGE¡UHQ�L�K QGHOVHU�PHG�EODQGHW
QHGE¡U�RIWHUH�IDOGHU�VRP�VQH�RJ�UHJQ�HQG�VRP�HJHQWOLJ�VOXG�



��

���� .RUUHNWLRQ�IRU�IRUGDPSQLQJ

)RUGDPSQLQJHQ�IUD�HQ�+HOOPDQQ�PnOHU�HU�XEHW\GHOLJ��WDEHO�������RJ�HU�QHJOLJHUHW�L�EHUHJQLQJHQ
DI�PnQHGOLJH�NRUUHNWLRQVIDNWRUHU�

���� .RUUHNWLRQ�KYLV�9��7�RJ�,�HU�XGHQIRU�J\OGLJKHGVRPUnGH�IRU�PRGHO

,� G¡JQ�� KYRU�9��7� HOOHU� ,� OLJJHU� XGHQIRU� GHW� VSHFLILFHUHGH� J\OGLJKHGVRPUnGH�� YLO� GHW� Y UH
IRUNHUW�EnGH�DW�XGHODGH�RJ�LQNOXGHUH�GDWD�L�EHUHJQLQJ�DI�HQ�NRUUHNWLRQVIDNWRU��'HW�HU�VSHFLHOW
KYLV�9�OLJJHU�RYHU�PRGHOJU QVHUQH��DW�UHVXOWDWHUQH�NDQ�EOLYH�V UGHOHV�XUHDOLVWLVNH��GD�GHU�HU
LNNH�HU�EHO J�IRU�DW�HNVWUDSROHUH�XG�RYHU�PRGHOJU QVHUQH��'HUPHG�HU�GHW�XPXOLJW�DW�ODYH�HQ
NRPSOHW�EHUHJQLQJ�NRUUHNWLRQVIDNWRUHQ��'HW�HU�GRJ�IRUKROGVYLV�VM OGHQW��DW�GHU�IDOGHU�QHGE¡U
YHG�K¡MH�YLQGKDVWLJKHGHU��VQH�YHG�ODYH�KKY��K¡MH�WHPSHUDWXUHU�RJ�UHJQ�YHG�NUDIWLJ�LQWHQVLWHW�
2YHU�SHULRGHQ�����������On�9��,�RJ�7�LQGHQIRU�PRGHOJU QVHUQH�L��������DI�VDPWOLJH�G¡JQ
PHG�QHGE¡U��)RU�VQH�HU�GHU�WLOOLJH�HW�SUREOHP�PHG�VQHI\JQLQJ��VRP�YHG�UHODWLYW�K¡MH�YLQGKD�
VWLJKHGHU�NDQ�JLYH�HW�VWRUW�ELGUDJ�WLO�GHQ�PnOWH�P QJGH��6W¡UUHOVHQ�DI�GHQQH�IHMO�HU�XNHQGW�

,�G¡JQ��KYRU�9��7�HOOHU� ,� OLJJHU�XGHQIRU�GH� VSHFLILFHUHGH�JU QVHU� �VH� VLGH����� YLO� GHW� Y UH
IRUNHUW�EnGH�DW�XGHODGH�RJ�LQNOXGHUH�GDWD�L�EHUHJQLQJHQ�DI�HQ�PnQHGVNRUUHNWLRQVIDNWRU��'HU�
IRU�HU�GHU�YDOJW�DW�J¡UH�GHW��GHU�HU�PLQGVW�IRUNHUW��+YLV�HQ�DI�GH�VW\UHQGH�YDULDEOH�OLJJHU�XGHQ�
IRU�PRGHOLQWHUYDOOHW�� HUVWDWWHV�Y UGLHQ�PHG�GHQ�Q UPHVWH�Y UGL� L� SnJ OGHQGH�J\OGLJKHGV�
RPUnGH��$OWVn��KYLV�I�HNV��9!��P�VHN�IRU�VQH��V WWHV�9 ��P�VHN��9HO�YLGHQGH�DW�GHU�KHU�EH�
JnV�HQ�IHMO��HU�GHQQH�IHMO�RIWHVW�Y VHQWOLJ�PLQGUH�HQG�KYLV�NRUUHNWLRQVIDNWRUHQ�V WWHV�WLO������

���� %HUHJQLQJ�DI�PnQHGVNRUUHNWLRQVIDNWRU

0nQHGVNRUUHNWLRQVIDNWRUHQ� NPGU� EHUHJQHV� YHG� DW� Y JWH� GHQ� GDJOLJH� NRUUHNWLRQVIDNWRU� ND�G�
PHG�QHGE¡UP QJGHQ�3P�G��IRU�KYHUW�G¡JQ�G�KHQRYHU�DOOH�G¡JQ�'�L�PnQHGHQ�

( )N N 3 Z N 3 Z 3PGU U G P G U G V G P G V G
G

'
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KYRU�ZV�G��RJ�ZU�G��HU�G¡JQHWV�ZHWWLQJP QJGH�IRU�KKY��VQH�RJ�UHJQ��9 UGLHQ�DI�ZHWWLQJ�DI�
K QJHU�DI� nUVWLGHQ�RJ� DI�� RP�QHGE¡UHQ� HU� IDOGHW� VRP�VQH� HOOHU� UHJQ� �WDEHO� ������8GWU\NNHW
EHVNULYHU�EORW��DW�ZHWWLQJP QJGHQ�EOLYHU�NRUULJHUHW��QnU�QHGE¡UHQ�KDU�Y UHW�VQH��PHQ� IRU�
EOLYHU�XNRUULJHUHW�IRU�UHJQ��'HU�VWnU�HJHQWOLJ�LNNH�DQGHW��HQG�DW�PnQHGVNRUUHNWLRQVIDNWRUHQ�HU
JLYHW�YHG�IRUKROGHW�PHOOHP�NRUULJHUHW�RJ�XNRUULJHUHW�PnQHGOLJ�QHGE¡UVXP��NPGU ¦3F�¦3P�

9HG�DW�Y JWH�PHG�GHQ�GDJOLJH�QHGE¡UP QJGH�RSQnV�HW�UHDOLVWLVN�ELOOHGH�DI�GHQ�NRUULJHUHGH
PnQHGVY UGL��RJ�GHW�XQGJnV��DW�VWRUH�NRUUHNWLRQVIDNWRUHU�YHG�PHJHW�VPn�QHGE¡UP QJGHU�InU
IRU� VWRU� LQGIO\GHOVH� Sn�PnQHGVUHVXOWDWHW��9HG� VPn�QHGE¡UP QJGHU� InU�ZHWWLQJ� IRUKROGVYLV
VWRU�EHW\GQLQJ�IRU�GHW�SnJ OGHQGH�G¡JQV�NRUUHNWLRQVIDNWRU��)RU�PHJHW�W¡UUH�PnQHGHU�EOLYHU
PnQHGVNRUUHNWLRQVIDNWRUHQ�DI�GHQ�JUXQG�IRUKROGVYLV�VWRU�

0nQHGVNRUUHNWLRQVIDNWRUHU������������DSSHQGLVN�&��'�RJ�(��HU�EOHYHW�EHUHJQHW�IRU�KYHU�DI
O NODVVHUQH�$��%�RJ�&��VRP�HU�GHILQHUHW�L�WDEHO������)RU�GLVVH�NODVVHU�HU�EHQ\WWHW�IDVWKROGWH
Y UGLHU�DI�O LQGHNV��QHPOLJ�����IRU�&�VWDWLRQHU�������IRU�%�VWDWLRQHU�RJ������IRU�$�VWDWLRQHU�
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���� 8VLNNHUKHG

(W�PnO�IRU�XVLNNHUKHGHQ�Sn�G¡JQEDVLV�HU�VDPPHQVDW�DI�WR�Y VHQWOLJH�ELGUDJ�VDPW�QRJOH�PHUH
SHULIHUH�

x� 8VLNNHUKHGHQ��GHQ�VWRNDVWLVNH��Sn�VHOYH�NRUUHNWLRQVPRGHOOHQ�
x� 8VLNNHUKHGHQ�GHU�KLGU¡UHU� IUD�GHW� VSDWLDOH� HOHPHQW� VRP� I¡OJH� DI�� DW� NRUUHNWLRQVIDNWRUHQ

HNVWUDSROHUHV�XG�RYHU�HW�DUHDO�
x� (Q� U NNH� EHUHJQLQJVWHNQLVNH� IRUKROG�� GHU� HU� UHODWHUHW� WLO� GHQ�PnGH�� GH�PHWHRURORJLVNH

SDUDPHWUH�HU�VNDIIHW�WLO�YHMH�

'HW�DQWDJHV��DW�GHWWH�VLGVWH�HU�DI�XQGHURUGQHW�EHW\GQLQJ��8VLNNHUKHGHQ�Sn�NRUUHNWLRQVIDNWRUHQ
HU�VnOHGHV�N GHW�VDPPHQ�PHG��Sn�GHQ�HQH�VLGH�KYRU�JRGW�PnOLQJHUQH�UHSU VHQWHUHU�IRUKROGHQH
XQGHU�QHGE¡U��RJ�Sn�GHQ�DQGHQ�KYRU�JRGW�HQ�NOLPDVWDWLRQ�UHSU VHQWHUHU�YDULDWLRQHUQH�L�WLG�RJ
UXP�L�RPHJQHQ�

������ 0RGHOXVLNNHUKHG

8VLNNHUKHGHQ��VSUHGQLQJHQ��Sn�NRUUHNWLRQVPRGHOOHQ�HU�YHG��uVWDQGDUGDIYLJHOVHQ�Sn�NRUUHNWL�
RQVIDNWRUHQ�DI�VW¡UUHOVHVRUGQHQ�r���YHG�PRGHOJU QVHUQH�RJ�r���YHG�LQWHUPHGL UH�Y UGLHU
�$OOHUXS��0DGVHQ�RJ�9HMHQ���������LGHW�UHVLGXDOYDULDQVHQ�V� �����IRU�VQHGHOHQ�RJ�V� �����IRU
UHJQGHOHQ��9HG�9�7�,�Q U�PRGHOJU QVHUQH�YLO�HNVHPSHOYLV�HQ�NRUUHNWLRQVIDNWRU�ND�G��EHUHJQHW
WLO������EHY JH�VLJ�LQGHQIRU������RJ�������KYRULPRG�KYLV�9�7�,�HU�ODQJW�IUD�PRGHOJU QVHUQH�
YLO�ND�G��XVLNNHUKHGVLQWHUYDOOHW�Y UH������WLO������

������ 6SDWLDOH�XVLNNHUKHG

6WDQGDUGEUXJHQ�DI�PRGHOOHQ�����HU�EDVHUHW�Sn�LQSXW�DI�ORNDOW�PnOWH�D��9��7�RJ�,��,GHW�HQ�NOL�
PDVWDWLRQ�L�KYHU�DI�GH����UHJLRQHU�L�ILJXU�����IRUV\QHU�QHGE¡UPnOHUQH�PHG�HW�NRUUHNWLRQVH�
VWLPDW�ND�G���IRUGL�LQIRUPDWLRQ�RP�GH�ILUH�XDIK QJLJH�YDULDEOH�PDQJOHU�YHG�QHGE¡UVWDWLRQHU�
QH��InU�GHQ�UHJLRQDOH�YDULDWLRQ�Sn�ND�G�� LQGIO\GHOVH�Sn�GHQ�VDPOHGH�XVLNNHUKHG��(IIHNWHQ�Sn
ND�G��DI�GHQ�UHJLRQDOH�YDULDWLRQ�D��9��7�RJ�,�HU�EOHYHW�XQGHUV¡JW��$OOHUXS��0DGVHQ�RJ�9HMHQ�
�������(W� JUXQGOLJJHQGH�NULWHULH� L� GHQQH� DQDO\VH� YDU�� DW� GHQ� DIVWDQGVUHODWHUHGH� XVLNNHUKHG
VNXOOH�KROGH�VLJ�LQGHQIRU�XVLNNHUKHGHQ�Sn�VHOYH�NRUUHNWLRQVPRGHOOHQ�

$QDO\VHUQH�I¡UWH�WLO�LVRWURSLVNH�DIVWDQGVUHODWLRQHU�PHG�VLPSOH�UHJOHU�IRU��KYRU�ODQJW�ERUWH�IUD
QHGE¡UVWDWLRQHUQH�GH�ILUH�YDULDEOH�9��7��,�RJ�D�NDQ�KHQWHV�XGHQ�WDE�DI�NRQILGHQV�L�GH�UHVXOWH�
UHQGH�EHUHJQLQJHU�DI�HQ�GDJOLJ�NRUUHNWLRQVIDNWRU��'HW�EOHY�NRQNOXGHUHW�DW�

x� +YLV�DOOH�ILUH�YDULDEOH�PDQJOHU�³ORNDOW´��E¡U�GHQ�PDQJOHQGH�LQIRUPDWLRQ�LNNH�KHQWHV�O Q�
JHUH�Y N�HQG����NP�

x� KYLV�GHU�PDQJOHU�LQIRUPDWLRQ�RP�YLQGKDVWLJKHGHQ�E¡U�DIVWDQGHQ�LNNH�RYHUVWLJH����NP�
x� L�WLOI OGH�DI�DW�UHJQLQWHQVLWHWHQ�PDQJOHU�E¡U�DIVWDQGHQ�LNNH�Y UH�VW¡UUH�HQG����NP�
x� L�WLOI OGH�DI�PDQJOHQGH�WHPSHUDWXULQIRUPDWLRQ��NDQ�GDWD�PHG�ULPHOLJW�UHVXOWDW�HUVWDWWHV�DI

HQKYHU�VDPWLGLJ�WHPSHUDWXUPnOLQJ�L�'DQPDUN�
x� L� WLOI OGH� DI� DW� GHU�PDQJOHU� LQIRUPDWLRQ� RP�P QJGHQ� DI� VQH� RJ� UHJQ� L� HW� QHGE¡UG¡JQ

�VQHIUDNWLRQ��E¡U�DIVWDQGHQ�LNNH�RYHUVWLJH�����NP�



��

'HW�HU�PnVNH� OLGW�RYHUUDVNHQGH��DW�XVLNNHUKHGHQ�Sn�NRUUHNWLRQVIDNWRUHQ�HU�XQGHU�r����QnU
GHQ�HNVWUDSROHUHV�LQGHQIRU����NP¶V�DIVWDQG��'HW�K QJHU�VDPPHQ�PHG��DW�PLGGHOY UGLHQ�DI
9�RJ�7��VRP�PRGHOOHQ�EHQ\WWHU��HU�EHUHJQHW�VRP�PLGGHOY UGL�XQGHU�QHGE¡U��(UIDULQJHQ�YL�
VHU��DW�PLGGHOY UGLHQ�DI�9�RJ�7�XQGHU�QHGE¡U�KDU�PHUH�EHJU QVHGH�VSDWLDOH�YDULDWLRQHU��HQG
QnU�GHU�HU�W¡UYHMU��(Q�PHUH�DPELWL¡V�NRUUHNWLRQVPRGHO��VRP�EHQ\WWHU�IODGHEHUHJQLQJHU�DI�9�
7�� ,�RJ�D��YLOOH�QDWXUOLJYLV�NXQQH� IUHPNRPPH�PHG�HW�PHUH� VLNNHUW� HVWLPDW�DI�NRUUHNWLRQV�
Y UGLHUQH��'HW�VNDO�EHP UNHV��DW�DQWDJHOVHQ�RP�LVRWURSL�QDWXUOLJYLV�NXQ�KROGHU�L�LQGODQGHW
RJ�LNNH�L�N\VWQ UH�UHJLRQHU�

8VLNNHUKHGHQ�Sn�NRUUHNWLRQVHVWLPDWHW�HU�VnOHGHV�DIK QJLJ�DI�DIVWDQGHQ�WLO�NOLPDVWDWLRQHQ��$I�
VWDQGHQ�PHOOHP�QHGE¡UVWDWLRQHU�RJ�EDVLVVWDWLRQHU�L�KYHU�UHJLRQ�RJ�IRU�KHOH�ODQGHW�HU�VDPPHQ�
IDWWHW�L�WDEHO������'HW�IUHPJnU��DW�����DI�QHGE¡UVWDWLRQHUQH�OLJJHU�LQGHQ����NP�IUD�NOLPDVWDWLR�
QHUQH������LQGHQIRU����NP��RJ�����LQGHQIRU����NP�

������ $QGUH�IHMONLOGHU

'HU�HU�XVLNNHUKHG�Sn�VHOYH�EHUHJQLQJHQ�DI�GH�PHWHRURORJLVNH�YDULDEOH��6QHIUDNWLRQHQ�D�EOLYHU
Vn� YLGW� GHW� HU� PXOLJW� EHVWHPW� XG� IUD� REVHUYDWLRQHU� DI� QHGE¡UHQV� DUW� YHG� V\QRSVWDWLRQHU�
$XWRPDWLVNH�NOLPDVWDWLRQHU�RJ�V\QRSVWDWLRQHU� OLJJHU�V GYDQOLJYLV�UHW� W W�Sn�KLQDQGHQ�RJ� L
RPWUHQW� VDPPH�K¡MGH�RYHU�KDYHW��+YLV�GHU�KDU�PDQJOHW� YHMUREVHUYDWLRQHU�� HU�D� EOHYHW� EH�
VWHPW�XG�IUD�7�YHG�DW�DQWDJH��DW�7d�q&�LQGLNHUHU�VQH��7!�q&�VYDUHU�WLO�UHJQ��RJ��q&�7d�q&
EHW\GHU�EODQGHW�QHGE¡U��VOXG���'HU�NDQ�GRJ�VDJWHQV�IDOGH�VQH�YHG�7!�q&�RJ�UHJQ�YHG�7��q&�
PHQ�GHW�HU�GHW�EHGVWH�EXG�Sn�HQ�D�Y UGL�YHG�PDQJHO�Sn�REVHUYDWLRQHU��'HW�V\QHV�ULPHOLJW�DW
DQWDJH��DW�QnU�VWDWLRQHUQH�OLJJHU�IRUKROGVYLV� W W�Sn�KLQDQGHQ��HU�QHGE¡UW\SHQ�GHW�HQH�VWHG� L
ODQJW�GH�IOHVWH�WLOI OGH�LGHQWLVN�PHG�QHGE¡UW\SHQ�GHW�DQGHW�VWHG�

$XWRPDWLVN NXPXOHUHW SURFHQWXHO IRUGHOLQJ DI DIVWDQG PHOOHP QHGE¡U� RJ NOLPDVWDWLRQ

NOLPDVWDWLRQ ��NP ��NP ��NP ��NP ��NP ��NP ��NP ��NP ��NP ���NP PDNV

� ����� 7</67583 ,, � �� �� �� �� �� �� ��� ��� ��� ��

� ����� +25180 ,, � �� �� �� �� ��� ��� ��� ��� ��� ��

� ����� 6,/67583 ,, � �� �� �� �� ��� ��� ��� ��� ��� ��

� ����� �'80 ,, � �� �� �� �� �� �� �� �� ��� ��

� ����� %255,6 ,, � �� �� �� �� �� �� ��� ��� ��� ��

� ����� $6.29 ,, � �� �� �� �� �� ��� ��� ��� ��� ��

� ����� 6725( -<1'(9$' ,, � �� �� �� �� ��� ��� ��� ��� ��� ��

� ����� c56/(9 ,, �� �� �� �� �� �� ��� ��� ��� ��� ��

� ����� )/$..(%-(5* ,, �� �� �� �� �� �� ��� ��� ��� ��� ��

�� ����� /('5(%25* $//( ,, � �� �� �� �� �� �� ��� ��� ��� ��

�� ����� $%(' ,, �� �� �� �� �� �� �� �� ��� ��� ��

�� ����� ./(0(16.(5 � �� �� ��� ��� ��� ��� ��� ��� ��� ��� ��

$OOH UHJLRQHU �� �� �� �� �� �� ��� ��� ��� ���

7DEHO ���� .XPXOHUHW SURFHQWXHO IRUGHOLQJ DI QHGE¡UVWDWLRQHU JUXSSHUHW HIWHU DIVWDQG IUD Q UPHVWH
NOLPDVWDWLRQ� L KYHU UHJLRQ RJ IRU DOOH UHJLRQHU� (QGYLGHUH HU YLVW PDNVLPDOH DIVWDQG L KYHU UHJLRQ�

9LQGKDVWLJKHGHQ�PnOW�L���P�EOLYHU�WUDQVIRUPHUHW�QHG�WLO�QHGE¡UPnOHUHQV�K¡MGH�Sn����P�YKD�
GHW�ORJDULWPLVNH�YLQGSURILO��+YLV�GHU�OLJJHU�VQH��HU�QHGE¡UPnOHUHQV�UHHOOH�K¡MGH�PLQGUH�HQG
���P��RJ�GHW�EHW\GHU��DW�HQ�XVLNNHU�DQJLYHOVH�DI�VQHG\EGHQ�NDQ�In�HIIHNW�Sn�GHQ�NRUULJHUHGH
YLQGKDVWLJKHG� RJ� GHUPHG�RJVn� Sn� NRUUHNWLRQVIDNWRUHQ��'HW� HU� XQGHUV¡JW�� KYRU� VWRU� HQ� IHMO



��

GHQQH�XVLNNHUKHG�JLYHU�DQOHGQLQJ�WLO��9HMHQ��$OOHUXS�RJ�0DGVHQ���������9HG�W\SLVNH�Y UGL�
HU�DI�9��7�RJ�,�RJ�GH�VQHG\EGHU��GHU�RIWHVW�IRUHNRPPHU�L�'DQPDUN��HU�IHMOHQ�Sn�NRUUHNWLRQV�
IDNWRUHQ�LQGHQIRU�QRJOH�In�SURFHQW��RJ�VSHFLHOW�IRU�UHJQ�HU�IRUVNHOOHQ�L�GH�IOHVWH�WLOI OGH�XQ�
GHU�����9HG� WUDQVIRUPDWLRQ� DI�9�KDU� RYHUIODGHQV� UXKHG� RJVn� EHW\GQLQJ� IRU� XVLNNHUKHGHQ�
RPHQG�GHQQH�L�JHQQHPVQLW�HU�PDUJLQDO�RJ�L�GH�IOHVWH�WLOI OGH�NXQ�JLYHU�XEHW\GHOLJ�IRUVNHO�L
NRUUHNWLRQVQLYHDX�

'HW� HU� DI� EHW\GQLQJ� IRU� HQ�YXUGHULQJ� DI� XVLNNHUKHGHQ� Sn� NRUUHNWLRQVEHUHJQLQJHUQH�� RP�RJ� L
JLYHW�IDOG�KYRU�RIWH�7��,�RJ�9�KDU�OLJJHW�XGHQIRU�NRUUHNWLRQVPRGHOOHQV�J\OGLJKHGVRPUnGH��2YHU
SHULRGHQ���������On�9�XGHQIRU�GHWWH�RPUnGH�L�������DI�G¡JQ�PHG�QHGE¡U�YHG�GH����NOLPDVWD�
WLRQHU��PHQV�7�JMRUGH�GHW�������RJ�,��������$QGHOHQ�DI�G¡JQ�PHG�HQ�HOOHU�IOHUH�DI�SDUDPH�
WUHQH�XGHQIRU�J\OGLJKHGVRPUnGHW�YDU�������GH����nU��+HU�HU�GHW�DI�VW¡UVW�EHW\GQLQJ��RP�9
RYHUVNULGHU�JU QVHUQH��LGHW�,�RJ�7�NXQ�KDU�VHNXQG U�EHW\GQLQJ�IRU�NRUUHNWLRQHQV�VW¡UUHOVH�
9 UGLHU�DI�,�RYHU�JU QVHQ�Sn����PP�WLPH�KDU�NXQ�PDUJLQDO�EHW\GQLQJ�

)RU�UHJQ�RYHUVWHJ�9�LNNH�JU QVHQ�Sn����P�VHN�HQ�HQHVWH�JDQJ�L�KHOH�SHULRGHQ��)RU�VQH�EOHY
JU QVHY UGLHQ�Sn���P�VHN�RYHUVNUHGHW����JDQJH�YHG�GH����NOLPDVWDWLRQHU����������)RU�VQH
EOHY�JU QVHY UGLHQ�IRU�9�RYHUVNUHGHW�PHG�����P�VHN�L�����DI�WLOI OGHQH��RJ�PHG�����P�VHN
L� �����0DNVLPDOW� EOHY� 9�JU QVHQ� RYHUVNUHGHW�PHG� ����P�VHN�� )RU� EODQGHW� QHGE¡U�� KYRU
JU QVHY UGLHQ�HU�VRP�IRU�VQH��EOHY�9�W UVNOHQ�RYHUVNUHGHW�����JDQJH��1HGE¡UHQ�YDU�L�JRGW
���� DI� GLVVH� WLOI OGH� L� KRYHGVDJHQ� UHJQ� YHG�D������ RJ� L� ������ DI� WLOI OGHQH� YDU�D�����
2YHUVNULGHOVHQ�DI�9�YDU�IRUKROGVYLV�EHVNHGHQ��L�����DI�WLOI OGHQH�YDU�GHQ�����P�VHN��L����
YDU�GHQ�����P�VHN�RJ�PDNVLPDOW�YDU�GHQ�����P�VHN�

'HW�HU�YDQVNHOLJW�DW�YXUGHUH�HIIHNWHQ�DI��DW�GHW�L�GH�������DI�VDPWOLJH�G¡JQ�LNNH�YDU�PXOLJW�DW
EHUHJQH�HQ�NRUUHNWLRQVIDNWRU�³IXOGW�XG´�� IRUGL�NRUUHNWLRQHU�YHG�9�RYHU�PRGHOJU QVHUQH�HU
PHJHW�XVLNUH��RJ�IRUGL�GHQQH�XVLNNHUKHG�YRNVHU�PHG�VWLJHQGH�Y UGL�DI�9��'HU�HU�GRJ�LQJHQ
WYLYO�RP��DW�GHW�HU�EHGUH�DW�NRUULJHUH�PHG�9 PRGHOJU QVHQ�IUHPIRU�DW�ODGH�Y UH�PHG�DW�NRU�
ULJHUH��+YLV�GHU�DOOLJHYHO�EOLYHU�NRUULJHUHW�YHG�EUXJ�DI�GHQ�IDNWLVN�PnOWH���RJ�IRU�K¡MH���Y UGL
DI� 9�� YLO� GHU� VSHFLHOW� IRU� VQH� IUHPNRPPH�PHJHW� XUHDOLVWLVNH� NRUUHNWLRQVY UGLHU� VHOY� YHG
PRGHUDWH�RYHUVNULGHOVHU�DI�9�W UVNOHQ��'HWWH�WXUGH�Y UH�DQW\GHW�L�ILJXU�����

(QGHOLJ�HU�XVLNNHUKHGHQ�Sn�PnQHGVNRUUHNWLRQVIDNWRUHQ�L�PLQGUH�JUDG�SnYLUNHW�DI��DW�GHU�RJVn
HU�HQ�PLQGUH�XQ¡MDJWLJKHG�IRUEXQGHW�PHG�DW�EHVWHPPH�GH�GDJOLJH�ZHWWLQJWDE��9 UGLHUQH�IRU
ZHWWLQJWDE� L� WDEHO� ���� HU� JHQQHPVQLWVY UGLHU�� RJ� GHW� UHHOOH� ZHWWLQJWDE� NDQ� VDJWHQV� DIYLJH
KHUIUD��:HWWLQJWDEHW�DIK QJHU�DI��KYRU�ODQJ�WLG�GHQ�GHO�DI�QHGE¡UHQ��GHU�K QJHU�IDVW�Sn�PnOH�
UHQV�LQGUH�RYHUIODGH��HU�RP�DW�IRUGDPSH��VDPW�DI�KYRU�K\SSLJW�KHQRYHU�PnOHSHULRGHQ�PnOH�
UHQ�HU�EOHYHW�³JMRUW�YnG´��)DNWLVN�KDU�RJVn�O IRUKROGHQH�EHW\GQLQJ�IRU��KYRU�VWRUW�ZHWWLQJWD�
EHW�HU��PHUH� O �JLYHU�PLQGUH�ZHWWLQJWDE��8VLNNHUKHGHQ�Sn�ZHWWLQJWDEHW� InU�GRJ�NXQ�EHW\G�
QLQJ��QnU�GHW�XGJ¡U�HQ�IRUKROGVYLV�VWRU�DQGHO�DI�GHQ�PnOWH�QHGE¡UP QJGH�

������ 8VLNNHUKHG�Sn�PnQHGVNRUUHNWLRQ

'HW�HW�YLJWLJW�DW�VNHOQH�PHOOHP�GHQ�VWRNDVWLVNH�PRGHOXVLNNHUKHG��L���GHU�RSVWnU�YHG�EHUHJ�
QLQJ� DI� NRUUHNWLRQVIDNWRUHU� N�D�,�9�7�� XG� IUD� ORNDOW� NHQGVNDE� WLO� D�,�9�7� RJ� GHQ� VSDWLDOH
XVLNNHUKHG��LL���VRP�O JJHV�³RYHQL´���GHU�RSVWnU�QnU�D�,�9�7�WDJHV�IUD�HQ�IMHUQ�VWDWLRQ��8G�
JDQJVSXQNWHW�IRU�EHUHJQLQJ�DI�XVLNNHUKHGHQ�Sn�PnQHGVNRUUHNWLRQVIDNWRUHQ�HU�EHWUDJWQLQJHU
RYHU�XVLNNHUKHGHQ�Sn�GH�GDJOLJH�Y UGLHU��)UD�XGWU\NNHW�IRU�GHQ�VWRNDVWLVNH�PRGHOXVLNNHUKHG
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KYRU�N NRUUHNWLRQVIDNWRUHQ�� �N  HVWLPDWHW�DI�N�XG�IUD�PRGHOOHQ��V� UHVLGXDOYDULDWLRQHQ�KYRU
V�|������$OOHUXS��0DGVHQ�RJ�9HMHQ���������W W������IUDNWLO��;

��� DNWXHOOH�Y UGLHU�DI�D�,�9�7
�HQ���GLP��YHNWRU��;��� �D����,����9����7�������RJ��;¶;��� GHQ�VnNDOGWH�µKDW¶�PDWUL[��InV�I¡OJHQ�
GH�XGWU\N�IRU�XVLNNHUKHGHQ�Sn�NRUUHNWLRQVIDNWRUHQ�N�
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KYRU� δ σ= ⋅ −
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� � � �� 1nU� NRUUHNWLRQVIDNWRUHQ� EHUHJQHV� Sn� GDJOLJ� EDVLV�

EOLYHU�XVLNNHUKHGHQ�YHG�r�uV��pQ�JDQJH�VSUHGQLQJHQ��I¡OJHQGH������NRQILGHQVQLYHDX��

N H H
N≅ ⋅

= ±
= ±





±� δ � NRUUHNWLRQ� ��� ����� ��PRGHUDWH�Y UGLHU�DI�,�9�7

� NRUUHNWLRQ� ��� ����� ��HNVWUHPH�Y UGLHU�DI�,�9�7
����

9HG�r�uV���WR�JDQJH�VSUHGQLQJHQ��EOLYHU�XVLNNHUKHGHQ������NRQILGHQVQLYHDX��

N H H
N≅ ⋅

= ±
= ±





±� σ � NRUUHNWLRQ� ��� ������� ��PRGHUDWH�Y UGLHU�DI�,�9�7

� NRUUHNWLRQ� ���� ����� ��HNVWUHPH�Y UGLHU�DI�,�9�7

'HWWH�HU�KYDG�XVLNNHUKHGHQ�EOLYHU��KYLV�N�EOLYHU�EHUHJQHW�IRU�HW�G¡JQ��DOWVn�SULQFLSLHOW�VYD�
UHQGH�WLO�pQ�QHGE¡UK QGHOVH��6S¡UJVPnOHW�HU�Vn��KYDG�GHU�VNHU�PHG�GHQ�VWRNDVWLVNH�XVLNNHU�
KHG��KYLV�N�EOLYHU�EHUHJQHW�KHQRYHU�HQ�PnQHG�EHVWnHQGH�DI�T�QHGE¡UG¡JQ��7LO�EHUHJQLQJ�DI
GHQQH�XVLNNHUKHG�EHQ\WWHV�I¡OJHQGH�XGWU\N��$OOHUXS�RJ�0DGVHQ��������
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KYRU�V� UHVLGXDOYDULDQVHQ�Sn�GDJOLJW� QLYHDX��5P�L� GHQ�PnOWH�QHGE¡UP QJGH� IRU� HW� � JLYHW
G¡JQ� L��RJ�T DQWDO�G¡JQ�PHG�QHGE¡U� L�PnQHGHQ��)RU� HQ� ³W\SLVN´�PnQHG�DQWDJHV�� DW� T|���
+YLV�5P�L� V WWHV� WLO� Y UGLHQ�P� IRU� DOOH�G¡JQ� �I�HNV��P≅ �PP��� Vn� InV� I¡OJHQGH�XGWU\N� IRU
UHVLGXDOYDULDQVHQ�
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KYRUYHG�InV�HW�XGWU\N�IRU�VSUHGQLQJHQ�Sn�PnQHGVNRUUHNWLRQVIDNWRUHQ�0.T�JLYHW�YHG�

{ }σ σ0.T ≅ �� ����

.RUUHNWLRQVIDNWRUHQ�IRU�HQ�PnQHG�PHG�5P�L� P�HU�JLYHW�YHG�I¡OJHQGH�XGWU\N�

{ }
0.
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KYLONHW�HU�JHQQHPVQLWVY UGLHQ�DI�GH�GDJOLJH�NRUUHNWLRQHU� �� � � � �N , 9 7α �IRU�T�DQWDO�GDJH�PHG

QHGE¡U�� 'HWWH� HU� QDWXUOLJYLV� HQ� WLOVQLJHOVH�� GD�PnQHGVNRUUHNWLRQVIDNWRUHQ�0.T� SULQFLSLHOW
LNNH� E¡U� EHUHJQHV� VRP� HW� VLPSHOW� JHQQHPVQLW�� 8VLNNHUKHGHQ� Sn� 0.T� NDQ� KHUHIWHU� PHG
T≅ ���EHUHJQHV�WLO�r�����YHG�r�uV�������JU QVHU�IRU�GH�PRGHUDWH�Y UGLHU�DI�D�,�9�7��RJ
r�����IRU�GH�HNVWUHPH�Y UGLHU�DI�D�,�9�7��PHQV�XVLNNHUKHGHQ�YHG�YHG�r�uV�������JU QVH
EOLYHU�KKY��r�����IRU�GH�Q UH�RJ�r�����IRU�GH�IMHUQH�Y UGLHU�DI�D�,�9�7�

6RP� WLGOLJHUH� Q YQW� EOHY� GHU� YHG� DQDO\VH� DI� GHQ� VSDWLDOH� XVLNNHUKHG� ODJW� GHW� NULWHULH�� DW
XVLNNHUKHGHQ� K¡MVW� PnWWH� VYDUH� WLO� GHQ� VWRNDVWLVNH� XVLNNHUKHG� Sn� NRUUHNWLRQVPRGHOOHQ
�$OOHUXS��0DGVHQ� RJ�9HMHQ�� ������� )LJXU� ���� YLVHU� HW� HNVHPSHO� Sn� GHQ� DIVWDQGVEHWLQJHGH
YDULDWLRQ�� ,� ILJXUHQ� HU�PDUNHUHW� GH� VWRNDVWLVNH� JU QVHU� IRU� NRUUHNWLRQVIDNWRUHQ� YHG� r�����
KYLONHW�VYDUHU�WLO�r�uV�������IRU�NRUUHNWLRQVPRGHOOHQ�

'H� WR�NLOGHU� WLO�XVLNNHUKHG��GHW� VWRNDVWLVNH�Sn�NRUUHNWLRQVPRGHOOHQ�RJ�GHW� VSDWLDOH�� HU�XDI�
K QJLJH��KYRUIRU�GH�SULQFLSLHOW�VNDO�DGGHUHV��'HW�VNDO�GH�RJVn�L�SUDNVLV��QnU�GHW�NRQVWDWHUHV�
DW� ���� �GYV�� SUDNWLVN� WDJHW� DOOH�� DI� GH� VSDWLDOW� EHWLQJHGH� IRUVNHOOH� Sn� NRUUHNWLRQVIDNWRUHQ
KROGHU� VLJ� LQGHQIRU�r�uV� VYDUHQGH� WLO�r����� JU QVHUQH� L� ILJXUHQ�� QnU� NRUUHNWLRQVIDNWRUHQ
PDNVLPDOW�EHQ\WWHV�XG�WLO�HQ�DIVWDQG�DI���NP��<GHUOLJHUH�J OGHU�GHU��DW�FD������DI�GH�VSD�
WLDOH�DIYLJHOVHU��ER[SORW��YLVW�L�ILJXUHQ�OLJJHU�LQGHQIRU�EHW\GHOLJW�VQ YUHUH�JU QVHU�Sn�r�����
'HW�YLO�GHUIRU�Y UH�HQ�ULPHOLJ�NRQVHNYHQV�DW�NRPELQHUH�GLVVH�WR�JU QVHU�YHG�I¡OJHQGH�EH�
WUDJWQLQJHU�IRU�XVLNNHUKHGHQ�Sn�NRUUHNWLRQVIDNWRUHQ�IRU�HW�G¡JQ�XGWU\NW�VRP�³r�uV�´�

)RU�HW�G¡JQ�

VDPOHW�XVLNNHUKHG��VWRNDVWLVN�VSDWLDO�
�NRUUHNWLRQ� �������GH�PRGHUDWH�Y UGLHU�DI� �,�9�7

�NRUUHNWLRQ� �������GH�HNVWUHPH�Y UGLHU�DI� �,�9�7
→

= ±
= ±
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α

'HWWH� HU� EDVHUHW� Sn� ³HQ� JDQJH� VSUHGQLQJ´� JU QVHU�r�uV� ������� %HJUXQGHOVHQ� OLJJHU� L�� DW
YDULDQVHQ�VRP�I¡OJH�DI�GHQ�VSDWLDOW�EHWLQJHGH�XVLNNHUKHG�YHG�NRUUHNWLRQ�IRU�HHQ�GDJ�HU�FD�
��������YHG�PHJHW�OLOOH�DIVWDQG�IUD�GHQ�VWDWLRQ��KYRUIUD��D�,�9�7�EHQ\WWHV��RJ�FD���������
Sn����NP¶V�DIVWDQG��9DULDQVHQ�VRP�I¡OJH�DI� VSDWLDO� IRUVNHO�YLO�Y UH�|������ LGHW�JU QVHUQH
r����L�ILJXU������VRP�RPIDWWHU�PHUH�HQG�����DI�DIYLJHOVHUQH��HU�EOHYHW�EHQ\WWHW�WLO�EHUHJQLQJ
KHUDI��'HW�JLYHU�HQ�VDPOHW�YDULDQV�Sn�FD���������YHG�OLOOH�DIVWDQG�RJ�FD���������Sn����NP¶V
DIVWDQG��)RU�PnQHGVNRUUHNWLRQHU�WLOI¡MHV�HIIHNWHQ�DI�VSDWLDO�YDULDWLRQ�WLO�XVLNNHUKHGHQ�YHG�DW
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JHQQHPUHJQH� GH� I¡U� EHVNUHYQH� XGWU\N� IRU� EHUHJQLQJ� DI�PnQHGVXVLNNHUKHGHQ� Sn�PRGHOOHQ�
5HVXOWDWHW�KHUDI�EOLYHU��DW� IRU�HQ�VWDQGDUGPnQHG�PHG����QHGE¡UG¡JQ�RJ���PP�SU��QHGE¡U�
G¡JQ�EOLYHU�GHQ�VDPOHGH�VWRNDVWLVNH�RJ�VSDWLDOH�XVLNNHUKHG�XGWU\NW�VRP�³r�uV´�������I¡O�
JHQGH�

)RU�HQ�PnQHG�

VDPOHW�XVLNNHUKHG��VWRNDVWLVN�VSDWLDO�
�NRUUHNWLRQ� � ���GH�PRGHUDWH�Y UGLHU�DI� �,�9�7

�NRUUHNWLRQ� ���GH�HNVWUHPH�Y UGLHU�DI� �,�9�7
→

= ±
= ±
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LGHW�YDULDQVHQ�IRU�HQ�PnQHG�WLOQ UPHW�HU�OLJ�PHG��σ �
T ��KYRU�V

��HU�GHQ�GDJOLJH�YDULDQV��RJ

GHW�DQWDJHV��DW�DQWDO�QHGE¡UG¡JQ�IRU�HQ�VWDQGDUGPnQHG�HU�T ���

)LJXU ���� *HQHUHOOH DIVWDQGVUHODWLRQHU� )RUVNHOOH �',)�\�DNVH� PHOOHP ³ORNDOH´ RJ ³IMHUQH´ NRU�
UHNWLRQVIDNWRUHU L WLOI OGH DI DW DOOH ILUH XDIK QJLJH YDULDEOH HU KHQWHW IUD ³IMHUQ´ VWDWLRQ� )RU HQ
JLYHQ DIVWDQG YLVHU HW ER[SORW ������ SHUFHQWLOHU XGYLGGHW PHG P UNHU� GHU DQJLYHU ������ SHU�
FHQWLOHU �$OOHUXS� 0DGVHQ RJ 9HMHQ� ������

6nOHGHV�HU�GHQ�VDPOHGH�PnQHGVXVLNNHUKHG�VW\NNHW�VDPPHQ�DI�GH�GDJOLJH�JHQQHPVQLW��'HW�HU
JLYHW�DI�EHWUDJWQLQJHUQH�RYHU�PnQHGVXVLNNHUKHG��DW�GHU�NDQ�EHUHJQHV�HQ�XVLNNHUKHG�WLO�KYHU
HQNHOW�PnQHGVNRUUHNWLRQVIDNWRU�IRU�KYHU�DI�GH����NOLPDVWDWLRQHU��)LJXU�����YLVHU�XVLNNHUKH�
GHQ�Sn�PnQHGVNRUUHNWLRQVIDNWRUHQ�VRP�IXQNWLRQ�DI�DQWDO�QHGE¡UG¡JQ�
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8VLNNHUKHG Sn PnQHGVNRUUHNWLRQVIDNWRU

VRP IXQNWLRQ DI DQWDO QHGE¡UG¡JQ
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� � � � � �� �� �� �� �� �� �� ��
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)LJXU ���� 8VLNNHUKHG Sn PnQHGV�
NRUUHNWLRQVIDNWRU VRP IXQNWLRQ DI
DQWDO QHGE¡UG¡JQ� ,GHDOLVHUHW LGHW
GHU HU DQWDJHW NRQVWDQW QHGE¡U�
P QJGH DOOH G¡JQ�

���� (NVHPSOHU�Sn�NRUUHNWLRQ�DI�QHGE¡U

)RU�KYHU�PnQHG�����������HU�GHU�EOHYHW�EHUHJQHW�NRUUHNWLRQVY UGLHU�IRU�$��%�RJ�&�VWDWLR�
QHU��(W�HNVHPSHO�HU�YLVW�L�WDEHO������(QGYLGHUH�HU�GHU�IRUHWDJHW�PHUH�GHWDOMHUHGH�DQDO\VHU�WLO
EUXJ�IRU�NYDOLWHWVNRQWURO�DI�UHVXOWDWHU��GHU�L�HNVHPSOHW�L�WDEHO������GRJ�LNNH�HU�YLVW�L�GHQ�IXOGH
GHWDOMH��7DEHO������YLVHU�HQ�U NNH�PHWHRURORJLVNH�SDUDPHWUH��I�HNV��VHV�GHW��DW�QRJHW�DI�QHG�
E¡UHQ�IDOGW�VRP�VQH�L�GHW�QRUGOLJH�-\OODQG��PHQ�NXQ�L�PHUH�EHJU QVHW�RPIDQJ�L�UHVWHQ�DI�ODQ�
GHW�� 'HW� InU� QDWXUOLJYLV� EHW\GQLQJ� IRU� NRUUHNWLRQVIDNWRUHQV� VW¡UUHOVH�� LGHW� YLQGHIIHNWHQ� IRU
VQHQHGE¡U�HU�IRUKROGVYLV�VW¡UUH�HQG�IRU�UHJQ��/ IRUKROGHQH�YHG�QHGE¡UVWDWLRQHUQH�HU�PHJHW
IRUVNHOOLJH��'HW�InU�EHW\GQLQJ�IRU��KYRU�Q¡MDJWLJ�GHQ�NRUULJHUHGH�QHGE¡UP QJGH�HU�EHVWHPW�
QnU�GLVVH�NRUUHNWLRQVSURFHQWHU�EOLYHU�EHQ\WWHW��/ IRUKROGHQH�L�VLJ�VHOY�KDU� LQJHQ�EHW\GQLQJ
IRU�XVLNNHUKHGHQ�Sn�GH�EHUHJQHGH�NRUUHNWLRQVSURFHQWHU�� IRUGL�GH�HU�EHUHJQHW� IRU� IDVWKROGWH
Y UGLHU�DI�O LQGHNV�L�O NODVVHUQH�$��%�RJ�&��VH�RJVn�DIVQLW������

5HJLRQ VWDWLRQ nU�PnQHG JULG $ % & K XVLN�
� ����� ���� �� ����� ����� ����� ����� � ���
� ����� ���� �� ����� ����� ����� ����� � ���
� ����� ���� �� ����� ����� ����� ����� � ���
� ����� ���� �� ����� ����� ����� ����� � ���
� ����� ���� �� ����� ����� ����� ����� � ���
� ����� ���� �� ����� ����� ����� ����� � ���
� ����� ���� �� ����� ����� ����� ����� � ���
� ����� ���� �� ����� ����� ����� ����� � ���
� ����� ���� �� ����� ����� ����� ����� � ���
�� ����� ���� �� ����� ����� ����� ����� � ���
�� ����� ���� �� ����� ����� ����� ����� � ���
�� ����� ���� �� ����� ����� ����� ����� � ���

7DEHO ���� 0nQHGVNRUUHNWLRQVIDNWRUHU IRU QRYHPEHU ����� *ULG NRUUHNWLRQVIDNWRUHQ IRU JULGQHGE¡U
VYDUHQGH WLO HQ %�VWDWLRQ� $�%�& NRUUHNWLRQVIDNWRU IRU $�� �% RJ &�VWDWLRQ� XVLN� XVLNNHUKHGHQ Sn
NRUUHNWLRQVIDNWRUHQ L SURFHQW� PHQV K VWDWXV Sn NRUUHNWLRQHQ� LGHW NRUUHNWLRQHQ HU EDVHUHW Sn DN�
WXHOOH GDWD� KYLV K �� RJ HOOHUV HU KnQGWDO KYLV K ��
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0nQHGVNRUUHNWLRQHQ�IUHPNRPPHU�VRP�GHQ�VDPOHGH�HIIHNW�DI�YLQG���WHPSHUDWXU��RJ�LQWHQVL�
WHWVIRUKROG�VDPW�QHGE¡UW\SHQ��,�WDEHO������HU�GHU�WR�IRUVNHOOLJH�NRUUHNWLRQVIDNWRUHU��L�NPGU�HU
PHGUHJQHW�IHMOHQ�VRP�I¡OJH�DI�ZHWWLQJ��PHQV�GHWWH�LNNH�HU�WLOI OGHW�IRU�NPGU¶��VRP�Q¡MHV�PHG
DW�YLVH�³GHQ�UHQH�HIIHNW´�DI�YLQGHQV�SnYLUNQLQJ�

VWDWLRQ nU�PnQHG SQ C, CD C7 C9 C¦Z CNPGU¶ CNPGU XVLN�

����� ���� �� �� ���� ���� ���� ��� ��� ����� ����� ���
����� ���� �� �� ���� ���� ���� ��� ��� ����� ����� ���
����� ���� �� �� ���� ���� ���� ��� ��� ����� ����� ���
����� ���� �� �� ���� ���� ���� ��� ��� ����� ����� ���
����� ���� �� �� ���� ���� ���� ��� ��� ����� ����� ���
����� ���� �� �� ���� ���� ���� ��� ��� ����� ����� ���
����� ���� �� �� ���� ���� ���� ��� ��� ����� ����� ���
����� ���� �� �� ���� ���� ���� ��� ��� ����� ����� ���
����� ���� �� �� ���� ���� ���� ��� ��� ����� ����� ���
����� ���� �� �� ���� ���� ���� ��� ��� ����� ����� ���
����� ���� �� �� ���� ���� ���� ��� ��� ����� ����� ���
����� ���� �� �� ���� ���� ���� ��� ��� ����� ����� ���

7DEHO ����� 5HVXOWDWHU IRU QRYHPEHU ����� KYRU SQ DQWDO QHGE¡UG¡JQ� ¦Z ZHWWLQJVXP
�PP��C, PLGGHOUHJQLQWHQVLWHW �PP�WLPH��CD PLGGHOVQHIUDNWLRQ�C7 PLGGHOWHPSHUDWXU XQGHU QHG�
E¡U �q&��C9 PLGGHO XQGHU QHGE¡U DI YLQGKDVWLJKHG �P�VHN��CNPGU¶ PLGGHONRUUHNWLRQVIDNWRU IRU O �
NDWHJRUL & XGHQ ZHWWLQJ�CNPGU PLGGHONRUUHNWLRQVIDNWRU IRU O NDWHJRUL & LQNO� ZHWWLQJ� RJ
XVLN� XVLNNHUKHG Sn PnQHGVNRUUHNWLRQVIDNWRU �SFW��

���� QRYHPEHU� UDZ ���� QRYHPEHU� NRU

)LJXU ���� 5HJLRQDO IRUGHOLQJ DI PnOW RJ NRUULJHUHW QHGE¡UP QJGH� QRYHPEHU ����� 'H NRUULJHUHGH
WDO HU XGRYHU YLQGHIIHNW RJ ZHWWLQJ EOHYHW NRUULJHUHW IRU O IRUKROGHQH YHG GH HQNHOWH QHGE¡UVWDWLR�
QHU� 9HG LQWHUSRODWLRQHQ �.ULJLQJ� HU GHU EOHYHW HVWLPHUHW Y UGLHU XGH RYHU KDY� RJ LVROLQLHUQH HU
NXQ PHGWDJHW DI UHQW NRVPHWLVNH JUXQGH� 9 UGLHUQH VNDO I¡OJHOLJ LJQRUHUHV�
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)LJXU�����YLVHU�GHQ�UHJLRQDOH� IRUGHOLQJ�DI�PnOW�RJ�NRUULJHUHW�QHGE¡UP QJGH�IRU�QRYHPEHU
�����IRU�PDQXHOOH�QHGE¡UVWDWLRQHU��'HQ�NRUULJHUHGH�QHGE¡UP QJGH�HU�IUHPNRPPHW�YHG�IRU
KYHU�HQNHOW�QHGE¡UVWDWLRQ�DW�EHQ\WWH�GH�ORNDOH�O IRUKROG�JLYHW�YHG�O LQGHNV�K��'HWWH�JLYHU�HW
PHUH� Q¡MDJWLJW� UHVXOWDW� ORNDOW�� IUHPIRU� DW� EHQ\WWH� GHQ� UHW� JURYH� LQGGHOLQJ� L� $��� %�� RJ� &�
VWDWLRQHU�

'HW� LQWHUHVVDQWH�YHG� ILJXU����� HU�� DW� GHQ� UHJLRQDOH� IRUGHOLQJ� DI�PnOW� RJ� NRUULJHUHW� QHGE¡U�
P QJGH�VWRUW�VHW�HU�HQV��KYRULPRG�QLYHDXHW�IRU�QHGE¡UP QJGHQ�HU�K YHW�IRUVNHOOLJW�UXQGW
RP�L�ODQGHW��(Q�DI�IRUNODULQJHUQH�HU��DW�GHU�KDU�Y UHW�UHJLRQDOH�IRUVNHOOH�L�GH�PHWHRURORJLVNH
IRUKROG�XQGHU�QHGE¡U�� VSHFLHOW�KDU�YLQGKDVWLJKHGHQ�RJ�QHGE¡UDUWHQ� VWRU�EHW\GQLQJ� IRU�NRU�
UHNWLRQHQV�VW¡UUHOVH��,�1RUGM\OODQG�RJ�9HQGV\VVHO� IDOGW�RS�PRG�����DI�QHGE¡UHQ�VRP�VQH�
PHQ�VQHP QJGHQ�YDU�EHW\GHOLJW�PLQGUH�L�GHQ�¡YULJH�GHO�DI�ODQGHW��WDEHO��������.RUUHNWLRQV�
IDNWRUHQ�L�WDEHO������J OGHU�IRU�&�VWDWLRQHU��GYV��XEHVN\WWHGH�VWDWLRQHU��PHQ�QHGE¡UVWDWLRQHU
L�'DQPDUN�HU�HQ�VN¡QVRP�EODQGLQJ�DI�$���%���&��RJ�'�VWDWLRQHU��IRUNODUHW�L�WDEHO������PHG
IRUVNHOOLJH�JUDGHU�DI�EHVN\WWHOVH�PRG�YLQGHQ��'HW�HU�YLJWLJW�DW�VOn�IDVW��DW�GHU� L� ILJXU�����HU
EOHYHW�WDJHW�K¡MGH�IRU�GH�ORNDOH�O IRUKROG��2YHUEHVN\WWHGH�VWDWLRQHU�LQGJnU�LNNH�L�ILJXUHQ�



��

���5HVXOWDWHU

���� 2YHUVLJW

)RU����nUV�SHULRGHQ�����������HU�GHU�Sn�EDVLV�DI�GDWD�IUD�GH����DXWRPDWLVNH�NOLPDVWDWLRQHU
EOHYHW�EHUHJQHW�I¡OJHQGH�WDEHOOHU��VRP�J OGHU�IRU�GHQ�GDQVNH�+HOOPDQQ�PnOHU�XGHQ�VN UP�
GHU�L�YLQWHUKDOYnUHW�QRYHPEHU�DSULO�HU�IRUV\QHW�PHG�VQHNRUV�

x� :HWWLQJWDE��PP��IRU�KHOH�SHULRGHQ�L�WDEHO������IRU�KYHU�PnQHG�L�DSSHQGLNV�$�
x� 6QHSURFHQW�IRU�KHOH�SHULRGHQ�L�WDEHO�����RJ������IRU�KYHU�PnQHG�L�DSSHQGLNV�%�
x� .RUUHNWLRQVSURFHQWHU�IRU�KHOH�SHULRGHQ�L�WDEHO������IRU�KYHU�PnQHG�L�DSSHQGLNV�&��'�RJ�(�
x� 8VLNNHUKHG�Sn�NRUUHNWLRQVIDNWRU�L�DSSHQGLNV�)�

���� :HWWLQJ

:HWWLQJWDE�HU�HQ�V\VWHPDWLVN�IHMO��VRP�HU�IRUnUVDJHW�DI�RYHUIODGHDGKHVLRQ�IUD�GHQ�LQGYHQGLJH
VLGH�DI�QHGE¡UPnOHUHQV�WUDJW��VQHNRUV�RJ�PnOHNDQGH��'HUYHG�EOLYHU�HQ�PLQGUH�GHO�DI�QHGE¡�
UHQ�WLOEDJHKROGW�RJ�IRUGDPSHU�KHOW�HOOHU�GHOYLV��)HMOHQ�PHGI¡UHU�HW�QHGE¡UGHILFLW�Sn�FD����
Sn�nUVEDVLV��'H�EHUHJQHGH�ZHWWLQJWDE��PP��HU�YLVW�L�WDEHO�����RJ�DSSHQGLNV�$��'D�ZHWWLQJ�HU
GHOYLV�XDIK QJLJ�DI�QHGE¡UP QJGHQ��YLO�PnQHGHU�PHG�ULQJH�P QJGH�QHGE¡U�EOLYH�EHK IWHW
PHG�UHODWLYW�VWRUH�ZHWWLQJIHMO��KYLONHW�JLYHU�VLJ�XGVODJ� L�K¡MH�NRUUHNWLRQVSURFHQWHU�� MIU�� MXQL
�����L�WDEHO�$��$��L�DSSHQGLNV�$��.RUUHNWLRQVSURFHQWHQ�IRU�GHQ�UHQH�YLQGHIIHNW��KYRU�ZHW�
WLQJ�HU�XGHODGW��YLO�Y UH�QRJHW�PLQGUH�

(W�HNVWUHPW�HNVHPSHO�Sn�GHQQH�ZHWWLQJ�SUREOHPDWLN�HU�IUD�MXQL�������GHU�YDU�PHJHW�W¡U�PHG
NXQ�In�QHGE¡UG¡JQ��9HG�)ODNNHEMHUJ��VWDWLRQ��������IDOGW�GHU�NXQ�����PP�IRUGHOW�Sn���G¡JQ�
'HU�PDQJOHGH� ���PP� VRP� I¡OJH� DI�ZHWWLQJWDE�� RJ� NRUUHNWLRQVSURFHQWHQ� N�� LQNO�� ZHWWLQJ
EOHY� Sn� KHOH� ������9LQGHIIHNWHQ� YDU� EHJU QVHW� L� IRUKROG� WLO� ZHWWLQJWDEHW� �������� RJ� GHQ
NRUULJHUHGH�QHGE¡UP QJGH�EOHY�VnOHGHV����PP��9 U� L¡YULJW�RSP UNVRP�Sn�DIUXQGLQJHU� L
GLVVH�EHUHJQLQJHU��.RUUHNWLRQVSURFHQWHQ�NDQ�JRGW� EHQ\WWHV� WLO� DW� NRUULJHUH� QHGE¡UPnOLQJHU
YHG�QDERVWDWLRQHU��QDWXUOLJYLV�IRUXGVDW�GHU�IDOGW�OLJH�Vn�OLGW�QHGE¡U�GHU�

VWDW MDQ IHE PDU DSU PDM MXQ MXO DXJ VHS RNW QRY GHF nUHW

����� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ����

����� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ����

����� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ����

����� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ����

����� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ����

����� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ����

����� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ����

����� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ����

����� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ����

����� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ����

L DOW ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ����

7DEHO ���� :HWWLQJWDE �PP� ��������� J OGHQGH IRU GHQ GDQVNH +HOOPDQQ PnOHU XGHQ VN UP RJ
EHUHJQHW Sn EDVLV DI GDWD IUD �� DXWRPDWLVNH NOLPDVWDWLRQHU �������������� %HP UN DW PnOHUHQ HU
IRUV\QHW PHG VQHNRUV QRYHPEHU�DSULO�
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+YLV� GHU� L� HNVHPSOHW� L� VWHGHW� YDU� IDOGHW� ���PP�Sn� GH� WR� G¡JQ�� YLOOH� NRUUHNWLRQVSURFHQWHQ
Y UH�EOHYHW� �����'HWWH� UHJQHWHNQLVNH� SUREOHP�YLO� L� ODQJW� GH� IOHVWH� WLOI OGH� VWRUW� VHW� Y UH
XGHQ�EHW\GQLQJ�� GD�ZHWWLQJP QJGHQ�QRUPDOW� XGJ¡U� HQ�Y VHQWOLJ�PLQGUH�GHO� DI� GHQ�PnOWH
QHGE¡UP QJGH��$UJXPHQWHW�IRU�DOOLJHYHO�DW�ODGH�ZHWWLQJ�LQGJn�L�N��HU��DW�GHW�HU�HQ�Y VHQW�
OLJ�IHMONLOGH��GHU�E¡U�NRUULJHUHV�IRU�Sn�OLQLH�PHG�YLQGHIIHNWHQ��%UXJ�DI�N��WLO�NRUUHNWLRQ�DI
PnOW�QHGE¡U�YHG�QDERVWDWLRQHU�YLO�VnOHGHV�JLYH�JRGH�UHVXOWDWHU��QnU�QHGE¡UHQ�HU�M YQW�IRUGHOW
L�RPUnGHW��KYLONHW�MR�HU�GHQ�QRUPDOH�VLWXDWLRQ��,�RPNULQJ�����DI�PnQHGHUQH�YHG�GH����VWDWL�
RQHU�L�SHULRGHQ�����������KDU�IRUVNHOOHQ�PHOOHP�NRUUHNWLRQVSURFHQWHQ�PHG�RJ�XGHQ�ZHWWLQJ
Y UHW�IXOGVW QGLJ�³XGUDPDWLVN´�

0LGGHOY UGLHUQH�DI�PnQHGV��RJ�nUVQHGE¡UHQ�����������IUD�KYHU�DI�GH����VWDWLRQHU�DGVNLOOHU
VLJ� LNNH� Y VHQWOLJW� IUD� GH� WLOVYDUHQGH� PLGGHOY UGLHU� IRU� VWDQGDUGSHULRGHQ� ���������
�$OOHUXS��0DGVHQ�RJ�9HMHQ���������6n�WDJHW�RYHU�HQ�ODQJ�SHULRGH�YLO�LVROHUHGH�HNVWUHPWLOI O�
GH�VRP�MXQL������Y UH�XGHQ�EHW\GQLQJ�IRU�GHW�VDPOHGH�UHVXOWDW��KYLONHW� IUHPJnU�DI� WDOOHQH
IRU�KHOH�SHULRGHQ��GHU�HU�IUHPNRPPHW�YHG�DW�Y JWH�PHG�QHGE¡UP QJGHQ�GH�HQNHOWH�PnQH�
GHU�

���� 6QHSURFHQW

6QH�XGJ¡U�QRUPDOW�RPNULQJ�����DI�GHQ�PnOWH�nUVQHGE¡U��$OOHUXS�RJ�0DGVHQ��������RJ�IDO�
GHU�L� WLGVUXPPHW�QRYHPEHU�DSULO�VDPW�XQGWDJHOVHVYLV� L�PDM�RJ�RNWREHU��9DULDWLRQHQ�HU�VWRU
IUD�nU�WLO�nU�RJ�VS QGHU�IUD�Q VWHQ�VQHIULH�YLQWUH�������������WLO�YLQWUH��KYRU�VQHHQ�XGJ¡U�GHQ
VW¡UVWH�GHO�DI�QHGE¡UHQ��������������KYLONHW�IUHPJnU�DI�WDEHO������WDEHO�����RJ�DSSHQGLNV�%�

cUOLJH� Y UGLHU� DI� VQHSURFHQW� VDPW� Y UGLHU� IRU� KHOH� SHULRGHQ� ���������� �WDEHO� ���� RJ� ���
VDPW�DSSHQGLNV�%��HU�IUHPNRPPHW�YHG�DW�Y JWH�VQHSURFHQWHQ�GH�HQNHOWH�PnQHGHU�PHG�GHQ
PnOWH�QHGE¡UP QJGH�� LGHW�EHUHJQLQJ�DI�HW�VLPSHOW�JHQQHPVQLW�YLOOH� UHVXOWHUH� L� IRUNHUWH� UH�
VXOWDWHU�

MDQ IHE PDU DSU PDM MXQ MXO DXJ VHS RNW QRY GHF nUHW
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7DEHO ���� 0LGGHOVQHSURFHQW ��������� EHUHJQHW Sn EDVLV DI QHGE¡UPnOLQJHU YHG �� DXWRPDWLVNH
NOLPDVWDWLRQHU �������������� 0HG IHG NXUVLY HU PDUNHUHW PLGGHOWDO� GHU HU EDVHUHW Sn XNRPSOHWWH
GDWD�
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���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� PLGGHO
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7DEHO ���� cUOLJH VQHSURFHQWHU EHUHJQHW XG IUD PnOW QHGE¡UP QJGH YHG �� DXWRPDWLVNH NOLPDVWDWL�
RQHU ���������� 0HG IHG NXUVLY HU PDUNHUHW PLGGHOWDO� GHU HU EDVHUHW Sn XNRPSOHWWH GDWD�

7DEHO�����VDPPHQIDWWHU��KYRU�VWRU�HQ�GHO�DI�QHGE¡UHQ�GHU�IDOGHU�VRP�VQH��QnU�VQHSURFHQWHQ�HU
EHUHJQHW�XG�IUD�PnOW�QHGE¡UP QJGH��-IU��VWDQGDUGQRUPDOHU�IRU�SHULRGHQ���������IDOGHU�FD�
����DI�GHQ�PnOWH�QHGE¡U�VRP�VQH� �$OOHUXS�RJ�0DGVHQ���������6QHSURFHQWHQ� IRU�SHULRGHQ
�������� HU� OLGW� PLQGUH� HQG� GHQQH� Y UGL�� RJ� OLJJHU� Sn� ����� DI� GHQ� PnOWH� nUOLJH� QHGE¡U�
P QJGH��'HW�IDOGHU�VDPPHQ�PHG�HQ�U NNH�JDQVNH�VQHIDWWLJH�RJ�PLOGH�YLQWUH�L�SHULRGHQ��'HW
LQWHUHVVDQWH�HU�QX��DW�VQHSURFHQWHQ�YLO�Y UH�VW¡UUH��KYLV�GHQ�EOLYHU�EHUHJQHW�XG�IUD�NRUULJHUHW
QHGE¡UP QJGH�� IRU�GH�SnJ OGHQGH�GDWD�RS�PRG������'HWWH� V\QHU� LNNH�DI�PHJHW��PHQ�HI�
IHNWHQ�HU�WHPPHOLJ�GUDPDWLVN��QnU�GHU�IRNXVHUHV�Sn�GH�In�VQHULJH�YLQWUH�L�SHULRGHQ��GHW�J O�
GHU�VSHFLHOW�L�nUHQH������RJ�������,������YDU�VQHSURFHQWHQ�XG�IUD�PnOW�QHGE¡U���������PHQ
KYLV�GHQ�EOLYHU�EHUHJQHW�XG�IUD�NRUULJHUHW�QHGE¡UP QJGH��EOLYHU�GHQ�UHHOOH�VQHP QJGH�VQD�
UHUH��������DI�GHQ�nUOLJH�QHGE¡UP QJGH��)RU������HU�GH�WLOVYDUHQGH�WDO�KKY��������I¡U�RJ
�������HIWHU�NRUUHNWLRQ�

'HW� NDQ� YLUNH� RYHUUDVNHQGH�� DW� VQHSURFHQWHQ� ����� YDU� VW¡UUH� HQG� L� ������ XDJWHW� YLQWHUHQ
����������YDU�SHULRGHQV�HQHVWH� LVYLQWHU�PHG�HW�SDU� UHJXO UH�VQHXYHMU��cUVDJHQ�HU�� DW� VSH�
FLHOW�MDQXDU������YDU�PHJHW�ULJ�Sn�QHGE¡U��DW�HQ�GHO�DI�GHQQH�QHGE¡U�IDOGW�VRP�VQH��RJ�DW�GHU
WLOOLJH� IDOGW� HQ� GHO� VQH� L� GH� IRUKROGVYLV� W¡UUH� QRYHPEHU� RJ� GHFHPEHU� ������*UXQGHQ� WLO� DW
Q YQH�GHWWH�OLOOH�HNVHPSHO�HU�DW�IUHPK YH�GHQ�VWRUH�EHW\GQLQJ�GHW�IRU�GHQ�VDPOHGH�NRUUHNWL�
RQVSURFHQW��Vn�VQDUW�HQ�GHO�DI�QHGE¡UHQ�IDOGHU�VRP�VQH��'HWWH�VHV�RJVn�DI��DW�NRUUHNWLRQVSUR�
FHQWHUQH�IRU������YHG�IOHUH�DI�VWDWLRQHUQH�YDU�K¡MHUH�HQG�L������

���� .RUUHNWLRQVSURFHQWHU

'H�nUOLJH�NRUUHNWLRQVSURFHQWHU�VDPW�Y UGLHUQH�IRU�KHOH�SHULRGHQ��WDEHO�����RJ�DSSHQGLNV�&�
'�RJ�(��HU�EHUHJQHW�YHG�DW�Y JWH�PHG�QHGE¡UP QJGHQ�

9LQGHQV� LQGIO\GHOVH�Sn�QHGE¡UPnOLQJHUQH��GHQ�VnNDOGWH�YLQGHIIHNW��GHU�HU�GHQ�EHW\GHOLJVWH
V\VWHPDWLVNH�IHMO��HU�PHJHW�VW¡UUH�IRU�VQH�HQG�IRU�UHJQ�MIU��$OOHUXS��0DGVHQ�RJ�9HMHQ�������
'HWWH�HU�KRYHGnUVDJHQ� WLO�� DW� NRUUHNWLRQVSURFHQWHUQH� L� WDEHO� ����RJ����� VDPW� WDEHO�%��%�� L
DSSHQGLNV�%�HU�Vn�K¡MH�L�YLQWHUPnQHGHUQH�



��

'HW�JLYHU�LQJHQ�PHQLQJ�DW�EHUHJQH�NRUUHNWLRQVIDNWRU�LQNO��ZHWWLQJ�IRU�SHULRGHQ�XG�IUD�PLG�
GHOY UGLHQ� DI� PnQHGVWDOOHQH�� GD� HQNHOWVWnHQGH� PnQHGHU� PHG� PHJHW� OLGW� QHGE¡U� RJ� VWRU
P QJGH�ZHWWLQJ�YLO�In�DOW�IRU�VWRU�LQGYLUNQLQJ�Sn�GHW�HQGHOLJH�UHVXOWDW��%HP UN�L�GHQ�IRUELQ�
GHOVH�DW�NRUUHNWLRQVSURFHQWHQ� IRU� MXQL������HU�PHJHW�K¡M��'HW� VN\OGHV�� DW� QHGE¡UP QJGHQ
YDU�PHJHW�ODY�RJ�DQGHOHQ�DI�ZHWWLQJ�L�GHQ�NRUULJHUHGH�QHGE¡UP QJGH�PHJHW�K¡M��$I�VDPPH
JUXQG�YDU�GHW�XPXOLJW�DW�EHUHJQH�HQ�NRUUHNWLRQVSURFHQW�YHG������� IRU� MXQL������� LGHW�GHQ
PnOWH�QHGE¡UP QJGH�YDU�����PP�

7DEHOOHUQH� L� DSSHQGLNV�&��'�RJ�(� LQGHKROGHU� VDPWOLJH�PnQHGV��RJ� nUVY UGLHU� DI� NRUUHNWL�
RQVSURFHQWHUQH�IRU�GH����VWDWLRQHU��RJ�KHU�HU�YDULDWLRQHQ�EHW\GHOLJ�IUD�nU� WLO�nU��KYLONHW�SUL�
P UW�VN\OGHV�YDULDWLRQ�L�VQHP QJGHQ��0HQ�RJVn�L�VRPPHUKDOYnUHW�HU�GHU�YDULDWLRQHU�L�NRU�
UHNWLRQVY UGLHUQH� LJHQQHP� SHULRGHQ�� GRJ� L� PLQGUH� JUDG� HQG� IRU� YLQWHUPnQHGHUQH�� 'HQQH
YDULDWLRQ�L�VRPPHUKDOYnUHW�VN\OGHV�LV U�ZHWWLQJWDEHW�L�IRUELQGHOVH�PHG�QHGE¡UIDWWLJH�PnQH�
GHU� VRP� WLGOLJHUH� Q YQW��9DULDWLRQHU� L� YLQGKDVWLJKHGHQ� XQGHU� QHGE¡U�PHGI¡UHU� QDWXUOLJYLV
RJVn� QGULQJHU� L� NRUUHNWLRQVY UGLHUQH�� VSHFLHOW� L� YLQWHUKDOYnUHW��'HU� HU� DQGUH� LQWHUHVVDQWH
GHWDOMHU�L�WDEHO�����VDPW�DSSHQGLNV�&��'�RJ�(��.RUUHNWLRQVSURFHQWHQ�IRU������YDU�IRU�PDQJH
DI� VWDWLRQHUQH� IRUKROGVYLV�K¡M��KYLONHW� VN\OGHV�� DW� GHU� L� QRYHPEHU�RJ� VSHFLHOW� L� MDQXDU�EOHY
PnOW�WHPPHOLJ�VWRUH�P QJGHU�VQH�YHG�YLVVH�VWDWLRQHU�

W\SH MDQ IHE PDU DSU PDM MXQ MXO DXJ VHS RNW QRY GHF nUHW
$ ���� ���� ���� ���� ���� ���� ���� ��� ���� ���� ���� ���� ����
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7DEHO ���� .RUUHNWLRQVSURFHQWHU LQNO� ZHWWLQJ IRU $�� %� RJ &�VWDWLRQHU EHUHJQHW XG IUD PnOLQJHU
��������� IRU VWDWLRQHUQH ����������� VDPW VWDQGDUGY UGLHU IRU SHULRGHQ ������� �$OOHUXS�
0DGVHQ RJ 9HMHQ� ������

7DEHO�����YLVHU�GHQ�VDPOHGH�NRUUHNWLRQVSURFHQW�Sn�PnQHGV��RJ�nUVEDVLV�IRU�GH�VWDWLRQHU��GHU�L
KHQRYHU����nUV�SHULRGHQ�KDYGH�GH�PHVW�NRPSOHWWH�GDWDVHULHU��'HQ�VDPOHGH�QHGE¡UNRUUHNWLRQ�
GHU�RPIDWWHU�YLQGHIIHNW�RJ�ZHWWLQJWDE��YLVHU��DW�GHQ�nUOLJH�NRUUHNWLRQVSURFHQW�IRU�&�VWDWLRQHU
IRU� KHOH� SHULRGHQ� ���������� KDU� VDPPH� VW¡UUHOVH� VRP� IRU� VWDQGDUGY UGLHUQH� ���������
�$OOHUXS��0DGVHQ� RJ�9HMHQ�� ������� QHPOLJ� FD�� ����� )RU�$�� RJ�%�VWDWLRQHU� VYDUHU� WDOOHQH
RJVn�QRJHQOXQGH�WLO�VWDQGDUGY UGLHUQH��RJ�HU�Sn�RPNULQJ�����RJ������)RU�GH�HQNHOWH�Pn�
QHGHU� HU� GHU� GRJ� QRJOH�PLQGUH� IRUVNHOOH�� VSHFLHOW� L� YLQWHUPnQHGHUQH� GHFHPEHU� RJ� MDQXDU�
PHQ�RJVn�L�DSULO��)RUVNHOOHQH�L�KDOYnUHW�PDM�RNWREHU�HU�GRJ�XEHW\GHOLJH�

$I�GHW�VDPOHGH�DQWDO�PDQXHOOH�QHGE¡UVWDWLRQHU�L�'DQPDUN�VWnU�RPNULQJ�����L�nEHQW�WHUU Q
�&�VWDWLRQHU���PHQV�����VWnU�L�PRGHUDW�O ��%�VWDWLRQHU��RJ�����HU�YHOEHVN\WWHGH�IRU�YLQGHQ
�$�VWDWLRQHU���5HVWHQ�DI�VWDWLRQHUQH�VWnU�RYHUEHVN\WWHW��'�VWDWLRQHU���'HW�EHW\GHU��DW�GHU�nUOLJW
IDOGHU�FD������PHUH�QHGE¡U��HQG�GHU�UHQW�IDNWLVN�EOLYHU�PnOW��RJ�GHWWH�PHG�VWRUH�XGVYLQJ�IUD
nU�WLO�nU�DIK QJLJ�DI��KYRU�VWRU�HQ�GHO�DI�QHGE¡UHQ��GHU�HU�IDOGHW�VRP�VQH�



��

���� .RQWURO�DI�NRUUHNWLRQVSURFHQWHU

'HU�HU�ODYHW�NYDOLWHWVNRQWURO�Sn�GH�PnQHGOLJH�NRUUHNWLRQVSURFHQWHU��VRP�JnU�XG�Sn�DW�YXUGHUH
GDWDJUXQGODJHW� IRU� EHUHJQLQJHUQH�� 'HW� HU� VSHFLHOW� YXUGHULQJHU� DI� GDWDXGIDOG�� GHU� OLJJHU� WLO
JUXQG�IRU�GHQQH�NRQWURO��+YLV�GHU�PDQJOHU�GDWD�IRU�HQ�SHULRGH��KYRU�GHU�HU�IDOGHW�Y VHQWOLJH
P QJGHU�QHGE¡U��HU�GHQ�EHUHJQHGH�NRUUHNWLRQVSURFHQW�HIWHU�DOW�DW�G¡PPH�LNNH�UHSU VHQWDWLY
IRU�GHQ�SnJ OGHQGH�VWDWLRQ��RJ�GHU�EHQ\WWHV� L� VWHGHW�HQ� VWDQGDUGY UGL� IRU�GHQ�SnJ OGHQGH
PnQHG�� 6WDQGDUGY UGLHU� HU� L� HQ� WLGOLJHUH� XQGHUV¡JHOVH� EOHYHW� EHUHJQHW� Sn� PnQHGVEDVLV
�$OOHUXS��0DGVHQ�RJ�9HMHQ��������

+YLV� GHU� KDU� Y UHW� GDWDXGIDOG� L� HQ� SHULRGH�PHG� W¡UYHMU�� DFFHSWHUHV� NRUUHNWLRQVSURFHQWHQ�
+YLV� GDWDXGIDOGHW� KDU� Y UHW� L� HQ� SHULRGH�PHG� EHJU QVHGH� QHGE¡UP QJGHU�� DQDO\VHUHV� GH
GDJOLJH�NRUUHNWLRQVY UGLHU�VDPW�YLQGKDVWLJKHG��WHPSHUDWXU��UHJQLQWHQVLWHW�RJ�VQHSURFHQW�IRU
DW�YXUGHUH��RP�GDWDXGIDOGHW�KDU�KDIW�Y VHQWOLJ�EHW\GQLQJ�IRU�PnQHGVHVWLPDWHW��'HW�YLO�I�HNV�
Y UH�WLOI OGHW��KYLV�GHU�KDU�Y UHW�NUDIWLJ�YLQG�L�QHGE¡USHULRGHQ��RJ�QHGE¡UHQ�HU�IDOGHW�VRP
VQH�

���� 8VLNNHUKHG

7DEHOOHUQH� L� DSSHQGLNV�)�YLVHU� XVLNNHUKHGHQ� Sn� GH�PnQHGOLJH� NRUUHNWLRQVIDNWRUHU� NPGU�� RJ
J OGHU� LQGHQIRU� ��� NP¶V� DIVWDQG� IUD� VWDWLRQHQ�� )DNWLVN� HU� XVLNNHUKHGHQ�PLQGUH� YHG� VHOYH
VWDWLRQHQ�� +YLV� NRUUHNWLRQVIDNWRUHQ� I�HNV�� KDU� Y UHW� ����� RJ� XVLNNHUKHGHQ� Y UHW� r��� Sn
����NRQILGHQVQLYHDX��Vn�OLJJHU�NPGU�PHG�����VLNNHUKHG�L�LQWHUYDOOHW������������'HW�VYDUHU
WLO��DW�NRUUHNWLRQVSURFHQWHQ�HU�����RJ�YDULHUHU�PHOOHP�����RJ������+YLV�GHU�YDU�EOHYHW�PnOW
I�HNV�����PP��YLOOH�GHQ�NRUULJHUHGH�P QJGH�Y UH�������PP�RJ�XVLNNHUKHGVLQWHUYDOOHW�Y UH
������������PP�

8VLNNHUKHG YV DQWDO QHGE¡UG¡JQ
6WDWLRQ ����������� SHULRGHQ ���������
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)LJXU ���� 8VLNNHUKHG L SFW� Sn
PnQHGVNRUUHNWLRQVIDNWRU SORWWHW
PRG DQWDO QHGE¡UG¡JQ YHG VWDWL�
RQHUQH ����������� IRU SHULRGHQ
����������



��

8VLNNHUKHGHQ�Sn�NRUUHNWLRQVIDNWRUHQ�YDULHUHU�PHG�DQWDO�QHGE¡UG¡JQ� MIU�� DIVQLWWHW�RP�XVLN�
NHUKHG�L�NDSLWHO����$I�EHW\GQLQJ�IRU�XVLNNHUKHGHQ�HU�RJVn�YDULDELOLWHWHQ� L�QHGE¡UP QJGHQ�
1nU�YDULDELOLWHWHQ�EOLYHU�VW¡UUH��YRNVHU�RJVn�XVLNNHUKHGHQ��VRP�GHW�IUHPJnU�DI�ILJXU������)L�
JXUHQ�OLJQHU�ILJXU�����Sn�GHW�SXQNW��DW�Y UGLHUQH�QHGDGWLO�OLJJHU�W W�Sn�GHQ�LGHDOLVHUHGH�NXUYH
L�ILJXU�����

'HW� HU� DI� EHW\GQLQJ� IRU� HQ�YXUGHULQJ� DI� XVLNNHUKHGHQ� Sn� NRUUHNWLRQVEHUHJQLQJHUQH�� RP�RJ� L
JLYHW� IDOG�KYRU�RIWH�7�� ,� RJ�9�KDU� OLJJHW� XGHQIRU� NRUUHNWLRQVPRGHOOHQV� J\OGLJKHGVRPUnGH�� ,
SHULRGHQ�����������On�9�XGHQIRU�GHWWH�RPUnGH�L�������DI�G¡JQ�PHG�QHGE¡U�YHG�GH����NOLPD�
VWDWLRQHU��PHQV� 7� RSI\OGWH� EHWLQJHOVHUQH� L� Q VWHQ� DOOH� WLOI OGH�� ������� 9 UGLHU� DI� ,� RYHU
JU QVHQ�Sn����PP�WLPH��KYLONHW�IRUHNRP�������DI�G¡JQ�PHG�QHGE¡U��KDU�NXQ�PDUJLQDO�EH�
W\GQLQJ�IRU�NRUUHNWLRQHQV�VW¡UUHOVH��'HW�KDU�VW¡UVW�EHW\GQLQJ��RP�9�RYHUVNULGHU�JU QVHUQH�
LGHW�,�RJ�7�NXQ�KDU�VHNXQG U�EHW\GQLQJ�IRU�NRUUHNWLRQHQV�VW¡UUHOVH�

'HW�HU�YDQVNHOLJW�DW�YXUGHUH�HIIHNWHQ�DI��DW�GHW�L�GLVVH�������DI�VDPWOLJH�G¡JQ�LNNH�YDU�PX�
OLJW�DW�EHUHJQH�HQ�NRUUHNWLRQVIDNWRU�³IXOGW�XG´��IRUGL�NRUUHNWLRQHU�YHG�9�RYHU�PRGHOJU QVHU�
QH�HU�PHJHW�XVLNUH��RJ�IRUGL�GHQQH�XVLNNHUKHG�YRNVHU�PHG�VWLJHQGH�Y UGL�DI�9��'HU�HU�GRJ
LQJHQ�WYLYO�RP��DW�GHW�HU�EHGUH�DW�NRUULJHUH�PHG�9 PRGHOJU QVHQ�IUHPIRU�DW�ODGH�Y UH�PHG
DW�NRUULJHUH�



��

���.RQNOXVLRQ

'HU� HU� EOHYHW� EHUHJQHW� NRUUHNWLRQVSURFHQWHU� IRU� SHULRGHQ� ����������PnQHG� IRU�PnQHG� Sn
EDVLV�DI�PnOLQJHU�YHG����DXWRPDWLVNH�NOLPDVWDWLRQHU��GHU�HU� M YQW� IRUGHOW� L�'DQPDUN��.RU�
UHNWLRQHUQH�MXVWHUHU�IRU�YLQGHQV�HIIHNW�Sn�GHQ�PnOWH�QHGE¡UP QJGH�RJ�IRU�ZHWWLQJWDEHW��RJ
J OGHU� IRU� ³GHQ� XVN UPHGH� GDQVNH� +HOOPDQQ� PnOHU´�� 5HVXOWDWHUQH� NDQ� NXQ� EHQ\WWHV� IRU
PnOHUH�DI�GHQQH�W\SH��.RUUHNWLRQVSURFHQWHUQH�HU�EHUHJQHW�IRU�EnGH�$�VWDWLRQHU��SODFHUHW�YHO�
EHVN\WWHGH�IRU�YLQGHQ���%�VWDWLRQHU��PRGHUDW�O ��RJ�&�VWDWLRQHU��SODFHUHW�L�nEHQW�WHUU Q��

3n� EDVLV� DI� GDWD� IRU� KHOH� SHULRGHQ� ���������� VNDO� GHQ� nUOLJH� QHGE¡UP QJGH�PnOW� YHG�&�
VWDWLRQHU�NRUULJHUHV�PHG��������HW�UHVXOWDW�GHU�HU�L�JRG�RYHUHQVVWHPPHOVH�PHG�GH�Q\OLJ�EH�
UHJQHGH�VWDQGDUGY UGLHU�DI�QHGE¡UNRUUHNWLRQHU��$OOHUXS��0DGVHQ�RJ�9HMHQ���������GHU�VDJGH
�����)RU�$��RJ�%�VWDWLRQHU�HU�WDOOHQH�������RJ��������2PNULQJ�����DI�GH�PDQXHOOH�QHG�
E¡UVWDWLRQHU� L�'DQPDUN� VWnU� L� nEHQW� WHUU Q� �&�VWDWLRQHU���PHQV� ���� VWnU� L�PRGHUDW� O � �%�
VWDWLRQHU��RJ�����HU�YHOEHVN\WWHGH�IRU�YLQGHQ��$�VWDWLRQHU���'H�UHVWHUHQGH����VWDWLRQHU�VWnU
RYHUEHVN\WWHW� �'�VWDWLRQHU���'HW�EHW\GHU��DW�GHW� HU�PXOLJW�DW�EHUHJQH��DW�GHU� IDOGHU�FD�����
PHUH�QHGE¡U�nUOLJW��HQG�GHU�UHQW�IDNWLVN�EOLYHU�PnOW��)UD�nU�WLO�nU�HU�GHU�VWRUH�XGVYLQJ�L�GHWWH
WDO�DIK QJLJ�DI��KYRU�VWRU�HQ�GHO�DI�QHGE¡UHQ��GHU�HU�IDOGHW�VRP�VQH�

7DJHW�RYHU�KHOH�SHULRGHQ�HU�NRUUHNWLRQVSURFHQWHQ�L�YLQWHUPnQHGHUQH�Sn�RPNULQJ�����RJ�RP
VRPPHUHQ�Sn���������6SHFLHOW�L�YLQWHUPnQHGHU�PHG�VQH�NDQ�NRUUHNWLRQHUQH�EOLYH�VWRUH��RS
WLO�IOHUH�KXQGUHGH�SURFHQW��LGHW�YLQGHIIHNWHQ�Sn�VQH�HU�EHW\GHOLJW�VW¡UUH�HQG�IRU�UHJQ��%ODQGW
DQGHW�GHUIRU�HU�GHW�RJVn�EHUHJQHW��KYRU� VWRU�HQ�GHO�DI�QHGE¡UHQ�GHU�HU� IDOGHW� VRP�VQH��)RU
KHOH�SHULRGHQ�HU�XGJ¡U�VQH�Sn�nUVEDVLV������DI�GHQ�PnOWH�QHGE¡U��PHQ�RS�LPRG�����DI�GHQ
NRUULJHUHGH�P QJGH��,�VQHULJH�nU�NDQ�VQHP QJGHQ�IDNWLVN�XGJ¡UH�KHOW�RS�WLO�RPNULQJ�ó�GHO
DI�GHQ�NRUULJHUHGH�QHGE¡UP QJGH�

:HWWLQJWDEHW� XGJ¡U�Sn� nUVEDVLV� RPNULQJ����PP�� DOWVn� �����DI� GHQ�PnOWH� QHGE¡UP QJGH�
KYRULPRG� IRUGDPSQLQJVWDEHW� HU� XEHW\GHOLJW�� 'HU� HU� EHUHJQHW� XVLNNHUKHG� Sn� GH� PnQHGOLJH
NRUUHNWLRQVIDNWRUHU��RJ�DIK QJLJ�DI�DQWDO�QHGE¡UG¡JQ�RJ�YDULDWLRQHQ�L�QHGE¡UP QJGH�OLJJHU
GHQ�PHOOHP���RJ�����

3n�HW�Vn�YDQVNHOLJW�IHOW�VRP�³NRUUHNWLRQ�DI�QHGE¡U�IRU�IHMONLOGHU´�HU�GHU�QRN�LQJHQ�WYLYO�RP�
DW�GHU�IUHPRYHU�YLO�NXQQH�VNH�IRUEHGULQJHU�DI�PHWRGHUQH��Sn�QRJOH�SXQNWHU�PnVNH�EHW\GHOLJH�
'HWWH�J OGHU�EnGH�PHG�KHQV\Q�WLO�VHOYH�EHUHJQLQJVPHWRGHUQH�RJ�WLO�GHQ�PnGH��EHUHJQLQJHUQH
HU�VDW�L�V\VWHP�

(W�RSODJW�PnO�IRU�HQ�YLGHUHXGE\JQLQJ�DI�V\VWHPHW�YLO�Y UH�DW�J¡UH�GHW�L�VWDQG�WLO�DW�EHUHJQH
NRUUHNWLRQHU�L�YLONnUOLJH�SXQNWHU�IUHPIRU�DW�Y UH�OnVW�IDVW�WLO�EHVWHPWH�VWDWLRQHU��'HW�YLO�J¡UH
EUXJHQ� DI� NRUUHNWLRQHUQH�PLQGUH� I¡OVRP�RYHUIRU� VWDWLRQVYDOJ�� QnU� GHU� VNDO� NRUULJHUHV� QHG�
E¡UGDWD�IUD�YLONnUOLJH�VWHGHU�L�ODQGHW��(Q�VnGDQ�XGE\JQLQJ�YLO�EODQGW�DQGHW�NU YH�PHUH�RP�
IDWWHQGH�IRUEHKDQGOLQJ�DI�GH�GDWD��GHU�LQGJnU�L�EHUHJQLQJHUQH��I�HNV��YHG�DW�EHUHJQH�YLQG��RJ
WHPSHUDWXUIHOWHU�YHG�LQWHUSRODWLRQ�RJ�LQWHQVLWHWVIHOWHU�XG�IUD�YHMUUDGDUGDWD�

0HG�KHQV\Q�WLO�EHUHJQLQJVPHWRGHUQH�YLO�GHW�Y UH�DI�VSHFLHOW�VWRU�EHW\GQLQJ�DI�O¡VH�SUREOH�
PHW�PHG�VQHI\JQLQJ�VDPW�XGYLGGH�NRUUHNWLRQVPRGHOOHQ� WLO� VSHFLHOW�DW�J OGH�IRU�Y VHQWOLJW
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K¡MHUH�YLQGKDVWLJKHGHU��(Q�PHUH�Q¡MDJWLJ�MXVWHULQJ�DI�YLQGKDVWLJKHGHQ�IRU�O ��RJ�WHUU QIRU�
KROG�YLO�RJVn�NXQQH�UHVXOWHUH�L�IRUEHGULQJHU�

$OWVn�Pn�UHVXOWDWHUQH�L�Q UY UHQGH�UDSSRUW�LNNH�EHWUDJWHV�VRP�HQGHOLJH�VDQGKHGHU��PHQ�VRP
GHW�S�W��EHGVWH�EXG�Sn�NRUUHNWLRQVSURFHQWHU��GHU�DQJLYHU��KYRU�PHJHW�GHU�VNDO�WLO�IRU�DW�MXVWHUH
GHQ�PnOWH�QHGE¡UP QJGH�IRU�IHMONLOGHU�
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���5HIHUHQFHOLVWH

$OOHUXS��3��� RJ�0DGVHQ��+��� ������$FFXUDF\� RI� 3RLQW� 3UHFLSLWDWLRQ�0HDVXUHPHQWV��'DQLVK
0HWHRURORJLFDO�,QVWLWXWH��&OLPDWRORJLFDO�3DSHUV��1R������.¡EHQKDYQ���������S�

$OOHUXS��3���RJ�0DGVHQ��+���������$FFXUDF\�RI�SRLQW�SUHFLSLWDWLRQ�PHDVXUHPHQWV��1RUGLF�+\�
GURORJ\������S��������

$OOHUXS��3���RJ�0DGVHQ��+���������2Q�WKH�FRUUHFWLRQ�RI�OLTXLG�SUHFLSLWDWLRQ��1RUGLF�+\GURORJ\�
����S����������

$OOHUXS��3���+��0DGVHQ�RJ�)��9HMHQ�� ������$�&RPSUHKHQVLYH�0RGHO� IRU�&RUUHFWLQJ�3RLQW
3UHFLSLWDWLRQ��1RUGLF�+\GURORJ\��9RO������S�������

$OOHUXS��3���+��0DGVHQ�RJ�)��9HMHQ��������6WDQGDUGY UGLHU� ����������DI�QHGE¡UNRUUHNWLR�
QHU��'DQLVK�0HWHRURORJLFDO�,QVWLWXWH��7HFK��5HS��1R���������&RSHQKDJHQ�

$OOHUXS��3���0DGVHQ��+��� DQG�9HMHQ��)��� ������&RUUHFWLRQ� RI� SUHFLSLWDWLRQ� EDVHG� RQ� RII�VLWH
ZHDWKHU�LQIRUPDWLRQ��$WP��5HV���9RO��������������

$XQH��%���DQG�)¡UODQG��(��-���������&RPSDULVRQ�RI�1RUGLF�PHWKRGV�IRU�SRLQW�SUHFLSLWDWLRQ
FRUUHFWLRQ�� (7+�,$+6�:02�:RUNVKRS� RQ� WKH� FRUUHFWLRQ� RI� SUHFLSLWDWLRQ�PHDVXUHPHQWV�
=XULFK� ���� $SULO� ������ ,Q�� %�� 6HYUXN� �HG��� &RUUHFWLRQ� RI� SUHFLSLWDWLRQ� PHDVXUHPHQWV�
=�ULFKHU� *HRJUDSKLVFKH� 6FKULIWHQ�� 6ZLVV� )HGHUDO� ,QVWLWXWH� RI� 7HFKQRORJ\�� (7+�� =�ULFK�
��������

)ULFK��3���5RVHQ¡UQ��6���0DGVHQ��+��� RJ� -HQVHQ�� -�� -��� ������2EVHUYHG�3UHFLSLWDWLRQ� LQ�'HQ�
PDUN�����������'DQLVK�0HWHRURORJLFDO�,QVWLWXWH��7HFKQ��5HS��1R��������&RSHQKDJHQ�

)¡UODQG��(��-���$OOHUXS��3���'DKOVWU|P��%���(ORPDD��(���-yQVVRQ��7���0DGVHQ��+���3HUlOl�� -��
5LVVDQHQ��3���9HGLQ��+���RJ�9HMHQ��)���������0DQXDO� IRU�2SHUDWLRQDO�&RUUHFWLRQ�RI�1RUGLF
3UHFLSLWDWLRQ� 'DWD�� 1RUGLF� :RUNLQJ� *URXS� RQ� 3UHFLSLWDWLRQ�� 'HW� 1RUVNH� 0HWHRURORJLVNH
,QVWLWXW��5HSRUW�1U��������

*ROXEHY��9��6���������2QH�WKH�SUREOHP�RI�VWDQGDUG�FRQGLWLRQ�IRU�SUHFLSLWDWLRQ�JDXJH�LQVWDO�
ODWLRQ�� 3URF�� ,QW��:RUNVKRS� RQ� WKH� &RUUHFWLRQ� RI� 3UHFLSLWDWLRQ�0HDVXUHPHQWV��:02�7'
�����=XULFK��6ZLW]HUODQG��:02��������

*RRGLVRQ��%��(���������$FFXUDF\�RI�&DQDGLDQ�VQRZ�PHDVXUHPHQWV��-��$SSO��0HWHRURO������
����������

*RRGLVRQ�� %�� (��� DQG�<DQJ�� '��� ������ ,Q�VLWX�PHDVXUHPHQW� RI� VROLG� SUHFLSLWDWLRQ� LQ� KLJK
ODWLWXGHV�� WKH� QHHG� IRU� FRUUHFWLRQ�� 3URF�� RI�:RUNVKRS� RQ� WKH� $&6<6� 6ROLG� 3UHFLSLWDWLRQ
&OLPDWRORJ\�3URMHFW��:&53�����:02�7'�1R������������

+DPRQ��:��5���������&RPSXWLQJ�DFWXDO�SUHFLSLWDWLRQ��:02�200�1R�������*HQHYD�
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3HWHUVHQ��(��/���)UDQGVHQ��6���+HGHJDDUG��.��DQG�7URHQ��,���������:LQG�DWODV�IRU�'HQPDUN�
5LV¡��'HQPDUN�

6HYUXN�� %��� ������ &RUUHFWLRQ� RI� SUHFLSLWDWLRQ� PHDVXUHPHQWV�� 6ZLVV� H[SHULHQFH�
(7+�,$+6�:02�:RUNVKRS�RQ� WKH�&RUUHFWLRQ�RI�3UHFLSLWDWLRQ�0HDVXUHPHQWV�� �����$SULO
������=�ULFK��(7+�=�ULFK��������HG��%��6HYUXN��

6HYUXN��%���������:LQG�6SHHG�(VWLPDWLRQ�DW�3UHFLSLWDWLRQ�*DXJH�2ULILFH�/HYHO��:02�7'�1R�
����

7DPPHOLQ��%��� ������7HVWLQJ� VRPH�PHWKRGV� RI� VQRZIDOO�PHDVXUHPHQW� DW�+HOVLQNL� DLUSRUW�
9DQQHW�L�1RUGHQ����������

9HMHQ��)���������8GYLNOLQJ�DI�PRGHO�WLO�NRUUHNWLRQ�DI�IDVW�QHGE¡U��,QGOHGHQGH�GDWDEHKDQGOLQJ�
'DQLVK�0HWHRURORJLFDO�,QVWLWXWH��7HFKQLFDO�5HSRUW��1R���������&RSHQKDJHQ����������VLGHU�

9HMHQ��)���3��$OOHUXS�RJ�+��0DGVHQ��������.RUUHNWLRQ�IRU�IHMONLOGHU�DI�GDJOLJH�QHGE¡UPnOLQ�
JHU�L�'DQPDUN��'DQLVK�0HWHRURORJLFDO�,QVWLWXWH��7HFK��5HS��1R��������&RSHQKDJHQ�

9HMHQ��)���3��$OOHUXS�RJ�+��0DGVHQ��������.RUUHNWLRQ�IRU�IHMONLOGHU�DI�GDJOLJH�QHGE¡UPnOLQ�
JHU�L�'DQPDUN��5HVXOWDWHU�������������'DQLVK�0HWHRURORJLFDO�,QVWLWXWH��7HFK��5HS��1R�����
���&RSHQKDJHQ�

<DQJ��'���*RRGLVRQ��%��(���0HWFDOIH��-��5���*ROXEHY��9��6���%DWHV��5���3DQJEXUQ��7���DQG�+DQ�
VRQ��&��/���������$FFXUDF\�RI�1:6��´�VWDQGDUG�QRQ�UHFRUGLQJ�SUHFLSLWDWLRQ�JDXJH��UHVXOW�RI
:02�,QWHUFRPSDULVRQ��1LQWK�&RQIHUHQFH�RQ�$SSOLHG�&OLPDWRORJ\��������-DQ�������'DOODV�
7H[DV��$P��0HW��6RF��%RVWRQ��0$��������

<DQJ��'���*RRGLVRQ��%��(���0HWFDOIH��-��5���/RXLH��3���/HDYHVOH\��*���(PHUVRQ��'���+DQVRQ�
&��/���*ROXEHY��9��6���(ORPDD��(���*XQWKHU��7���3DQJEXUQ��7���.DQJ��(��� DQG�0LONRYLF�� -��
������4XDQWLILFDWLRQ�RI�SUHFLSLWDWLRQ�PHDVXUHPHQW�GLVFRQWLQXLW\�LQGXFHG�E\�ZLQG�VKLHOGV�RQ
QDWLRQDO�JDXJHV��:DWHU�5HVRXU��5HV���������������

:02��������0HWKRGV�RI�FRUUHFWLRQ�IRU�V\VWHPDWLF�HUURU�LQ�SRLQW�SUHFLSLWDWLRQ�PHDVXUHPHQW
IRU�RSHUDWLRQDO�XVH��2SHUDWLRQDO�+\GURORJ\�5HSRUW�1R������:02���1R������

:02�� ������ :02� 6ROLG� 3UHFLSLWDWLRQ� 0HDVXUHPHQW� ,QWHUFRPSDULVRQ�� :02�7'� �� 1R�
������HG���*RRGLVRQ��%��(���/RXLH��3��<��7��DQG�<DQJ��'���
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$SSHQGLNV�$���ZHWWLQJWDE
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7DEHO $�� :HWWLQJ P QJGH �PP� ��������� YHG DXWRPDWLVNH NOLPDVWDWLRQHU ��������������
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