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,QGKROGVIRUWHJQHOVH

���,QGOHGQLQJ �������������������������������������������������������������������������������������������������������������� �
����)RUPnO������������������������������������������������������������������������������������������������������������������ �
���0HWRGH�WLO�SURGXNWLRQ�DI�PnQHGVNRUUHNWLRQVIDNWRU ����������������������������������������������� �
����.RUW�RYHUVLJW�RYHU�EHUHJQLQJVPHWRGH������������������������������������������������������������������ �
����/ IRUKROGHQHV�EHW\GQLQJ�IRU�QHGE¡UPnOLQJ�������������������������������������������������������� �
����.RUUHNWLRQ�KYLV�9��7�RJ�,�HU�XGHQIRU�J\OGLJKHGVRPUnGH�IRU�PRGHO �������������������� �
����%HUHJQLQJ�DI�PnQHGVNRUUHNWLRQVIDNWRU���������������������������������������������������������������� �
����'HQ�SUDNWLVNH�EHUHJQLQJ�DI�NRUUHNWLRQHQ������������������������������������������������������������� �
����8VLNNHUKHG����������������������������������������������������������������������������������������������������������� �
������8VLNNHUKHG�Sn�PnQHGVNRUUHNWLRQ ��������������������������������������������������������������������� �
���.RUUHNWLRQVSURFHQWHU�IRU����� ���������������������������������������������������������������������������� ��
����.RQWURO�DI�NRUUHNWLRQVSURFHQWHU ������������������������������������������������������������������������ ��
����8VLNNHUKHG��������������������������������������������������������������������������������������������������������� ��
���.RQNOXVLRQ ���������������������������������������������������������������������������������������������������������� ��
���5HIHUHQFHOLVWH ������������������������������������������������������������������������������������������������������ ��
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��� ,QGOHGQLQJ

���� )RUPnO

'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��5DSSRUWHQ�LQGHKROGHU�PnQHGOLJH�NRUUHN�
WLRQVSURFHQWHU� RJ� DQGHO� DI� QHGE¡U� IDOGHW� VRP� VQH� IRU� ������'LVVH� NRUUHNWLRQVSURFHQWHU� 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�EOL�
YHU�XGI¡UW�PHG�³GHQ�GDQVNH�+HOOPDQQ�PnOHU�XGHQ�VN UP´��J OGHU�NRUUHNWLRQVSURFHQWHUQH
IRU�GHQQH�PnOHU�

'HU�HU� WDOH�RP�IRUHO¡ELJH� WDO��PHQ�GHU�YLO� Sn� HW� VHQHUH� WLGVSXQNW�EOLYH�XGVHQGW� HQ� UDSSRUW
7HFKQLFDO�5HSRUW�1R���������VRP�LQGHKROGHU�GH�HQGHOLJH�WDO�IRU������VDPW�EHUHJQLQJHU�WLO�
EDJH�WLO�������,�GHQQH�UDSSRUW�YLO�GHU�RJVn�EOLYH�JMRUW�XGI¡UOLJW�UHGH�IRU�EHUHJQLQJVPHWRGHU�
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���0HWRGH�WLO�SURGXNWLRQ�DI�PnQHGVNRUUHNWLRQVIDNWRU

���� .RUW�RYHUVLJW�RYHU�EHUHJQLQJVPHWRGH

'HU�EOLYHU�EHQ\WWHW�HQ�JHQHUHO�PRGHO�WLO�NRUUHNWLRQ�DI�QHGE¡UPnOLQJHU�IRU�GHQ�IHMO��GHU�VN\O�
GHV�YLQGHQV�SnYLUNQLQJ��0RGHOOHQ� HU� VDPPHQVDW� DI� WR� GHOH�� HW� OHG� GHU� NRUULJHUHU� IO\GHQGH
QHGE¡U�RJ�HW�OHG��GHU�WDJHU�VLJ�DI�IDVW�QHGE¡U��.RUUHNWLRQVIDNWRUHQ��VRP�HU�UDWHQ�DI�VDQG�QHG�
E¡U�L�IRUKROG�WLO�PnOW�QHGE¡U��HU�JLYHW�YHG��$OOHUXS��0DGVHQ�RJ�9HMHQ��������

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�J OGHU�IRU�I¡OJHQGH�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�

9HG�ODYH�Y UGLHU�DI�9�RJ�7�IRU�GHOPRGHOOHQ�IRU�VQH�EOLYHU�NRUUHNWLRQVIDNWRUHQ�HVWLPHUHW�HQ
DQHOVH�PLQGUH�HQG�������'D�YLQGHIIHNWHQ�YHG�Vn�ODYH�YLQGKDVWLJKHGHU�VWRUW�VHW�HU�IUDY UHQGH�
V WWHV�NV�WLO�Y UGLHQ�������KYLV�GHQ�IDNWLVN�HU�HVWLPHUHW�WLO����L�EHUHJQLQJHUQH��7DEHO�����YL�
VHU�NRUUHNWLRQVIDNWRUHQV�VW¡UUHOVH�YHG�IRUVNHOOLJH�Y UGLHU�DI�9��7��,�RJ�D�

'HU� EOLYHU� RJVn� NRUULJHUHW� IRU�ZHWWLQJ�� 6W¡UUHOVHQ� DI� ZHWWLQJWDEHW� IRU� GHQ� GDQVNH� +HOOPDQQ
PnOHU�VHV� L� WDEHO������'HW� IRUKROGVYLV�VWRUH�ZHWWLQJWDE�QRYHPEHU� WLO�DSULO� VN\OGHV��DW�QHGE¡U�
PnOHUHQ� HU� IRUV\QHW�PHG� HW� VQHNRUV�� )RUGDPSQLQJVWDEHW� HU� XEHW\GHOLJW� MIU�� WDEHO� ����� RJ� GHU
EOLYHU�LNNH�NRUULJHUHW�IRU�GHWWH�WDE�

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�
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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 ���

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�

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���

)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� ������
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,�GHQ�JHQHUHOOH�NRUUHNWLRQVPRGHO�HU�EODQGHW�QHGE¡U�GHILQHUHW�VRP�QHGE¡U��GHU�KHQRYHU�HQ�Pn�
OHSHULRGH�HU�IDOGHW�VRP�EnGH�UHJQ�RJ�VQH�RJ�HOOHU�VOXG��6OXG�EOLYHU�L�GHQQH�VDPPHQK QJ�EH�
WUDJWHW�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�

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

'HQ�PnOWH�YLQGKDVWLJKHG�EOLYHU�NRUULJHUHW�IRU�HIIHNWHQ�DI�O ��LQGHQ�GHQ�EHQ\WWHV�L�NRUUHNWL�
RQVPRGHOOHQ��)¡UODQG�HW�DO����������9LQGKDVWLJKHG�9�EOLYHU�UHGXFHUHW�PHG�HQ�O NRUUHNWLRQV�
IDNWRU�O��6HYUXN��������

λ η= − ⋅� F ���

KYRU�K�HU�K¡MGHYLQNOHQ�IRU�O JLYHUHQ�PnOW�L�JUDGHU��RJ�F �������9HMHQ��$OOHUXS�RJ�0DGVHQ�
�������+¡MGHYLQNOHQ�HU�YLQNOHQ�PHOOHP�KRULVRQWDOSODQHQ�RJ�VLJWHOLQLHQ�PHOOHP�QHGE¡UPnOH�
UHQV� ¡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 JWHW�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�

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� ������

1HGE¡UVWDWLRQHU�HU�NODVVLILFHUHW�L�IRUVNHOOLJH�O NODVVHU��$��%��&�RJ�'��WDEHO�������KYRUL�QHG�
E¡UPnOHUHQ�HU�KKY��YHOEHVN\WWHW��PRGHUDW�EHVN\WWHW��XEHVN\WWHW�RJ�RYHUEHVN\WWHW� IRU�YLQGHQ
�$OOHUXS�RJ�0DGVHQ��������)ULFK�HW�DO����������2PNULQJ�����DI�GH�PDQXHOOH�QHGE¡UVWDWLRQHU
VWnU�L�nEHQW�WHUU Q��&�VWDWLRQHU�������VWnU�L�PRGHUDW�O ��%�VWDWLRQHU���PHQV�����VWnU�YHOEH�
VN\WWHGH�IRU�YLQGHQ��$�VWDWLRQHU���9HG�GH�UHVWHUHQGH����HU�YHJHWDWLRQHQ�OLJH�DNNXUDW�EOHYHW
IRU�K¡M��RJ�PnOHUQH�VWnU�IRU�DW�EOLYH�IO\WWHW�KHQ��KYRU�GHU�HU�PLQGUH�O �

/ NODVVH %HQ YQHOVH +¡MGHYLQNHO K
$ 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 '�
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���� .RUUHNWLRQ�KYLV�9��7�RJ�,�HU�XGHQIRU�J\OGLJKHGVRPUnGH�IRU�PRGHO

,�G¡JQ��KYRU�9��7�HOOHU�,�OLJJHU�XGHQIRU�GH�VSHFLILFHUHGH�JU QVHU��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��'HUIRU�HU�GHU�YDOJW�DW
J¡UH�GHW��GHU�HU�PLQGVW� IRUNHUW��+YLV�HQ�DI�GH� VW\UHQGH�YDULDEOH� OLJJHU�XGHQIRU�PRGHOLQWHU�
YDOOHW�� HUVWDWWHV� Y UGLHQ�PHG� GHQ� Q UPHVWH� Y UGL� L� SnJ OGHQGH� J\OGLJKHGVRPUnGH��$OWVn�
KYLV� I�HNV��9!��P�VHN�IRU�VQH�� V WWHV�9 ��P�VHN��9HO�YLGHQGH�DW�GHU�KHU�EHJnV�HQ� IHMO�� HU
GHQQH�IHMO�RIWHVW�Y VHQWOLJ�PLQGUH�HQG�KYLV�NRUUHNWLRQVIDNWRUHQ�V WWHV�WLO������

'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��,������On�9�Sn�HOOHU�XQGHU�PRGHOJU Q�
VHUQH�L�������DI�G¡JQ�PHG�QHGE¡U��PHQV�7�RSI\OGWH�EHWLQJHOVHUQH�L�DOOH�WLOI OGH�

���� %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

'

P G
G

'
= − ⋅ + + ⋅ +∑ ∑

= =
� � > @ > @� � � � � � � � � � � � � �� α α

� �

���

KYRU�ZV�G��RJ�ZU�G��HU�G¡JQHWV�ZHWWLQJP QJGH�IRU�KKY��VQH�RJ�UHJQ��8GWU\NNHW�EHVNULYHU�EORW�
DW�ZHWWLQJP QJGHQ�EOLYHU�NRUULJHUHW��QnU�QHGE¡UHQ�KDU�Y UHW�VQH��PHQ�IRUEOLYHU�XNRUULJHUHW
IRU�UHJQ��'HU�VWnU�HJHQWOLJ�LNNH�DQGHW��HQG�DW�PnQHGVNRUUHNWLRQVIDNWRUHQ�HU�JLYHW�YHG�IRUKRO�
GHW�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��RJ�IRU�PHJHW�W¡UUH�PnQHGHU�EOL�
YHU�PnQHGVNRUUHNWLRQVIDNWRUHQ�IRUKROGVYLV�VWRU�

���� '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���UHJQLQWHQVLWHQ��,���QHGE¡UDUW
RJ�QHGE¡UP QJGH��'H�HQHVWH�VWDWLRQHU��GHU�NDQ�JLYH�EnGH�9��7��,�RJ�QHGE¡UP QJGH�HQ�JDQJ
L�WLPHQ��HU�DXWRPDWLVNH�NOLPDVWDWLRQHU�

%HUHJQLQJHUQH�HU�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�REVHU�
YHUHW�YHG�NOLPDVWDWLRQHUQH��KHQWHV�GHU�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�IRUHNRPPHU�ULPHOLJW�DW�DQWDJH��DW�GHU�KHUVNHU�QRJHQOXQGH�LVRWURSLVNH�IRUKROG�L�UHJLRQHU�
QH�XQGHU�QHGE¡U��GHOV�SJD��VWUXNWXUHQ�IRU�W\SLVNH�DWPRVI ULVNH�WU\NV\VWHPHU��3HWHUVHQ�HW�DO��
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�������RJ�GHOV�SJD�� UHJLRQHUQHV� IRUKROGVYLV�EHJU QVHGH�VW¡UUHOVH�RJ� WRSRJUDIL��'H� UXPOLJH
�VSDWLDOH��YDULDWLRQHU�DI�YLQGKDVWLJKHG�RJ�WHPSHUDWXU�LQGHQIRU�HQ�UHJLRQ�HU�QRUPDOW�IRUKROGV�
YLV�EHJU QVHGH�XQGHU�QHGE¡U�

)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 RJ 870�NRRUGLQDWHU� , SHULR�

GHQ ������� KDU K Y UHW Q VWHQ NRQVWDQW�
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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� 8VLNNHUKHG�VRP�I¡OJH�DI�HNVWUDSRODWLRQ�DI�NRUUHNWLRQVIDNWRUHQ�XG�RYHU�HW�DUHDO�
x� 8VLNNHUKHG�Sn�EHUHJQLQJ�DI�GH�PHWHRURORJLVNH�SDUDPHWUH�

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������

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�
������

'HW�EOHY�NRQNOXGHUHW��DW�XVLNNHUKHGHQ�Sn�NRUUHNWLRQVIDNWRUHQ�HU�XQGHU�r����QnU�GHQ�HNVWUD�
SROHUHV�LQGHQIRU����NP¶V�DIVWDQG��'HWWH� OLGW�RYHUUDVNHQGH�IDNWXP�K QJHU�VDPPHQ�PHG��DW
PLGGHOY UGLHQ�DI�9�RJ�7��VRP�PRGHOOHQ�EHQ\WWHU��HU�EHUHJQHW�VRP�PLGGHOY UGL�XQGHU�QHG�
E¡U��RJ�DW�PLGGHOY UGLHQ�DI�9�RJ�7�XQGHU�QHGE¡U�KDU�PHUH�EHJU QVHGH�VSDWLDOH�YDULDWLRQHU�
HQG�QnU�GHU�HU�W¡UYHMU��$QWDJHOVHQ�RP�LVRWURSL�KROGHU�NXQ�L�LQGODQGHW�RJ�LNNH�L�N\VWQ UH�UH�
JLRQHU��,DOW�����DI�QHGE¡UVWDWLRQHUQH�OLJJHU�LQGHQ���¶V�DIVWDQG�NP�IUD�NOLPDVWDWLRQHUQH�����
LQGHQIRU����NP��RJ�����LQGHQIRU����NP�

'HU�HU�HQ�PLQGUH�XVLNNHUKHG�YHG�EHUHJQLQJ�DI�PHWHRURORJLVNH�YDULDEOH�

6QHIUDNWLRQHQ�D� EOLYHU� Vn� YLGW�PXOLJW� EHVWHPW� XG� IUD� REVHUYDWLRQHU� DI� QHGE¡UHQV� DUW��+YLV
VnGDQQH�GDWD�PDQJOHU��EOLYHU�GHW�DQWDJHW��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�

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�L�SULQFLSSHW��DW�HQ�XVLNNHU�DQJLYHOVH�DI�VQHG\EGHQ�NDQ�In�HIIHNW�Sn�GHQ
NRUULJHUHGH�YLQGKDVWLJKHG�RJ�GHUPHG�RJVn�Sn�NRUUHNWLRQVIDNWRUHQ��9HG� W\SLVNH�Y UGLHU� DI
9��7�RJ�,�RJ�GH�VQHG\EGHU��GHU�RIWHVW�IRUHNRPPHU�L�'DQPDUN��HU�IHMOHQ�Sn�NRUUHNWLRQVIDNWR�
UHQ�GRJ�NXQ�LQGHQIRU�QRJOH�In�SURFHQW��RJ�VSHFLHOW�IRU�UHJQ�HU�IRUVNHOOHQ�L�GH�IOHVWH�WLOI OGH
XQGHU������9HMHQ��$OOHUXS�RJ�0DGVHQ���������9HG�WUDQVIRUPDWLRQ�DI�9�KDU�RYHUIODGHQV�UX�
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KHG�RJVn�EHW\GQLQJ�IRU�XVLNNHUKHGHQ��RPHQG�GHQQH�L�JHQQHPVQLW�HU�PDUJLQDO�RJ�L�GH�IOHVWH
WLOI OGH�NXQ�JLYHU�XEHW\GHOLJ�IRUVNHO�L�NRUUHNWLRQVQLYHDX�

(QGHOLJ� HU� XVLNNHUKHGHQ� L�PLQGUH� JUDG� SnYLUNHW� DI� HQ�PLQGUH� XQ¡MDJWLJKHG� Sn� GH� GDJOLJH
ZHWWLQJWDE��9 UGLHUQH�IRU�ZHWWLQJWDE�L�WDEHO�����HU�JHQQHPVQLWVY UGLHU��RJ�GHW�UHHOOH�WDE�NDQ
VDJWHQV�DIYLJH�KHUIUD��:HWWLQJWDEHW�DIK QJHU�DI��KYRU�ODQJ�WLG�GHQ�GHO�DI�QHGE¡UHQ��GHU�K Q�
JHU�IDVW�Sn�PnOHUHQV�LQGUH�RYHUIODGH��HU�RP�DW�IRUGDPSH��VDPW�DI�KYRU�K\SSLJW�KHQRYHU�PnOH�
SHULRGHQ�PnOHUHQ�HU�EOHYHW�³JMRUW�YnG´��)DNWLVN�KDU�RJVn� O IRUKROGHQH�EHW\GQLQJ� IRU��KYRU
VWRUW�ZHWWLQJWDEHW�HU��PHUH�O �JLYHU�PLQGUH�ZHWWLQJWDE��8VLNNHUKHGHQ�Sn�ZHWWLQJWDEHW�InU�GRJ
NXQ�EHW\GQLQJ��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��7LO�EHUHJQLQJ�DI�XVLNNHUKHGHQ�Sn�N�IRU�HQ�PnQHG
EHVWnHQGH�DI�T�QHGE¡UG¡JQ�HU�EHQ\WWHW�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�

'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��QnU�NRUUHNWLRQVIDNWRUHQ�EHQ\WWHV�XG�WLO�HQ�DIVWDQG�DI���NP��<GHU�
OLJHUH� J OGHU� GHU�� DW� FD�� ����DI� GH� VSDWLDOH� DIYLJHOVHU� OLJJHU� LQGHQIRU� EHW\GHOLJW� VQ YUHUH
JU QVHU��8VLNNHUKHGHQ�Sn�NRUUHNWLRQVIDNWRUHQ�IRU�HW�G¡JQ�EOLYHU�

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

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

= ±
= ±





α
α

'HWWH�HU�EDVHUHW�Sn�³HQ�JDQJH�VSUHGQLQJ´�JU QVHU�r�uV��������)RU�HQ�VWDQGDUGPnQHG�PHG
���QHGE¡UG¡JQ�RJ���PP�SU��QHGE¡UG¡JQ�EOLYHU�GHQ�VDPOHGH�VWRNDVWLVNH�RJ�VSDWLDOH�XVLNNHU�
KHG�YHG�r�uV�������I¡OJHQGH�
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)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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�

���

����

α
α

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�����YLVHU�XVLNNHUKHGHQ
Sn�PnQHGVNRUUHNWLRQVIDNWRUHQ�VRP�IXQNWLRQ�DI�DQWDO�QHGE¡UG¡JQ�

'HU�HU�Y VHQWOLJH�IRUVNHOOH�L�O IRUKROGHQH�YHG�QHGE¡UVWDWLRQHUQH�L�KYHU�DI�O NODVVHUQH�$��%
RJ�&��'HW� InU�EHW\GQLQJ�IRU��KYRU�Q¡MDJWLJ�GHQ�NRUULJHUHGH�QHGE¡UP QJGH�HU�EHVWHPW��QnU
NRUUHNWLRQVSURFHQWHUQH� EOLYHU� EHQ\WWHW�� / IRUKROGHQH� L� VLJ� VHOY� KDU� LQJHQ� EHW\GQLQJ� IRU
XVLNNHUKHGHQ�Sn�GH�EHUHJQHGH�NRUUHNWLRQVSURFHQWHU��IRUGL�GH�HU�EHUHJQHW�IRU�IDVWKROGWH�Y U�
GLHU�DI�O LQGHNV�L�O NODVVHUQH�$��%�RJ�&�

8VLNNHUKHG Sn PnQHGVNRUUHNWLRQVIDNWRU

VRP IXQNWLRQ DI DQWDO QHGE¡UG¡JQ
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$QWDO QHGE¡UG¡JQ

8
V
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H
G
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F
W� )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�
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���.RUUHNWLRQVSURFHQWHU�IRU�����

)RU������HU�GHU�Sn�PnQHGVEDVLV�EHUHJQHW�IRUHO¡ELJH�WDO�DI�VQHSURFHQWHU��NRUUHNWLRQVSURFHQWHU
RJ�XVLNNHUKHG�Sn�NRUUHNWLRQVSURFHQW�IRU�GH����DXWRPDWLVNH�NOLPDVWDWLRQHU��.RUUHNWLRQVSUR�
FHQWHUQH�HU�EHUHJQHW�IRU�KYHU�DI�O NODVVHUQH�$��%�RJ�&��)RU�KYHU�NODVVH�HU�EHQ\WWHW�IDVWKROGWH
Y UGLHU�DI�O LQGHNV������IRU�&�VWDWLRQHU�������IRU�%�VWDWLRQHU�RJ������IRU�$�VWDWLRQHU�

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��cUOLJH� Y UGLHU� DI
VQHSURFHQW� L� WDEHO�����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
UHVXOWDWHU�

- ) 0 $ 0 - - $ 6 2 1 ' cUHW
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7DEHO ���� 3URFHQW DI PnOW QHGE¡U IDOGHW VRP VQH ���� YHG DXWRPDWLVNH NOLPDVWDWLRQHU� 0HG IHG

NXUVLY HU PDUNHUHW PLGGHOWDO� GHU HU EDVHUHW Sn XNRPSOHWWH GDWD�

.RUUHNWLRQVSURFHQWHU�IRU�$���%��RJ�&�VWDWLRQHU�HU�YLVW�L�WDEHO������'HW�JLYHU�LQJHQ�PHQLQJ�DW
EHUHJQH�NRUUHNWLRQVIDNWRU�LQNO��ZHWWLQJ�IRU�SHULRGHQ�XG�IUD�PLGGHOY UGLHQ�DI�PnQHGVWDOOHQH�
GD�HQNHOWVWnHQGH�PnQHGHU�PHG�PHJHW�OLGW�QHGE¡U�RJ�VWRU�P QJGH�ZHWWLQJ�YLO�In�DOW�IRU�VWRU
LQGYLUNQLQJ� Sn� GHW� HQGHOLJH� UHVXOWDW��'HUIRU� HU� nUV�� RJ�PnQHGVJHQQHPVQLW� EHUHJQHW� YHG� DW
Y JWH�PnQHGVY UGLHUQH�PHG� QHGE¡UP QJGHQ�� 9LQGHQV� LQGIO\GHOVH� Sn� QHGE¡UPnOLQJHUQH�
GHQ�VnNDOGWH�YLQGHIIHNW��GHU�HU�GHQ�EHW\GHOLJVWH�V\VWHPDWLVNH�IHMO��HU�PHJHW�VW¡UUH�IRU�VQH�HQG
IRU�UHJQ�MIU��$OOHUXS��0DGVHQ�RJ�9HMHQ���������'HWWH�HU�KRYHGnUVDJHQ�WLO��DW�NRUUHNWLRQVSUR�
FHQWHUQH�HU�Vn�K¡MH�L�YLQWHUPnQHGHUQH�

,������XGJMRUGH�VQH�Sn�nUVEDVLV�������DI�GHQ�PnOWH�QHGE¡U��6SHFLHOW�IRU�GH�HQNHOWH�PnQHGHU
KDU�GHU�Y UHW�UHW�VWRUH�UHJLRQDOH�IRUVNHOOH��)�HNV��YDU�VQHSURFHQWHQ�L�IHEUXDU�����YHG�VWDWLRQ
������ �/HGUHERUJ�$OOp���PHQ�NXQ����YHG� VWDWLRQ������� �7\OVWUXS���.RUUHNWLRQVSURFHQWHQ
DIVSHMOHU�GLVVH�IRUVNHOOH��GHQ�YDU�IRU�GH�Q YQWH�VWDWLRQHU�KKY������RJ������IRU�%�VWDWLRQHU��
6QHSURFHQWHQ� L�DSULO�YDU�RJVn�XM YQW� IRUGHOW��'HW�DIVSHMOHU�GHW� IRUKROG��DW�GHU� I�HNV��PLGW� L
PnQHGHQ�IDOGW�VOXG�RJ�VQH��VWHGYLV� L� IRUP�DI�NUDIWLJH�E\JHU��KYLONHW�VRP�NRQVHNYHQV�EHW¡G
IRUVNHOOLJ�P QJGH�VQH�L�IRUKROG�WLO�PnQHGHQV�WRWDOH�QHGE¡UP QJGH��2YHUUDVNHQGH�HU�GHW�Vn
PnVNH��DW�VWDWLRQ��������cUVOHY��KDYH�HQ�K¡M�NRUUHNWLRQVSURFHQW��PHQ�HQ�VQHSURFHQW�Sn����
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7DEHO ���� .RUUHNWLRQVSURFHQW LQNO� ZHWWLQJ IRU $�� %� RJ &�VWDWLRQHU ���� IRU DXWRPDWLVNH NOLPD�

VWDWLRQHU� .RUUHNWLRQVSURFHQWHQ J OGHU�IRU�GHQ�GDQVNH�+HOOPDQQ�PnOHU�XGHQ�VN UP� 0HG IHG
NXUVLY HU PDUNHUHW Y UGLHU� GHU HU EDVHUHW Sn GDWD PHG EHJU QVHGH PDQJOHU�



��

'HW�K QJHU�VDPPHQ�PHG��DW�GHU�IDOGW�PLQGUH�P QJGH�QHGE¡U�Sn�)\Q��RJ�L¡YULJW�RJVn�L�9HVW�
RJ�6\GVM OODQG�VDPW�/ROODQG�)DOVWHU��2J�GD�QHGE¡UHQ�IDOGW��EO VWH�GHW�RIWH�IRUKROGVYLV�PHUH
HQG� GHW� JMRUGH�� GD� QHGE¡UHQ� IDOGW� Sn� QRJOH� DQGUH� QHGE¡UG¡JQ� L� GHQ� ¡YULJH� GHO� DI� ODQGHW�
0LQGUH�P QJGH�QHGE¡U�EHW\GHU�RJVn�� DW�ZHWWLQJWDEHW� InU� UHODWLYW� VW¡UUH� LQGIO\GHOVH�Sn�GHQ
PnQHGOLJH�NRUUHNWLRQVSURFHQW��1HWRS�GH�Q YQWH�ODQGVGHOH�ILN�PLQGVWH�QHGE¡UP QJGH�L�DSULO
������RJ�ZHWWLQJWDEHW�HU�HQ�Y VHQWOLJ�nUVDJ�WLO��DW�NRUUHNWLRQVSURFHQWHUQH�YDU�K¡MHUH�KHU�HQG
YHG�GH�M\VNH�VWDWLRQHU�

: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�� '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��.RUUHNWLRQVSURFHQWHQ�IRU�GHQ�UHQH�YLQGHIIHNW��KYRU�ZHWWLQJ�HU�XGHODGW�
YLO�Y UH�QRJHW�PLQGUH�

W\SH MDQ IHE PDU DSU PDM MXQ MXO DXJ VHS RNW QRY GHF nUHW
$ ���� ���� ���� ���� ���� ��� ��� ��� ��� ���� ���� ���� ����

���� % ���� ���� ���� ���� ���� ��� ���� ���� ��� ���� ���� ���� ����

& ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

$ �� �� �� �� �� � � � � �� �� �� ��
VWDQGDUG % �� �� �� �� �� �� �� �� �� �� �� �� ��

& �� �� �� �� �� �� �� �� �� �� �� �� ��

7DEHO ���� .RUUHNWLRQVSURFHQWHU LQNO� ZHWWLQJ IRU $�� %� RJ &�VWDWLRQHU EHUHJQHW XG IUD PnOLQJHU

��������� IRU VWDWLRQHUQH ����������� VDPW VWDQGDUGY UGLHU IRU SHULRGHQ ������� �$OOHUXS�

0DGVHQ RJ 9HMHQ� ������ 9 UGLHUQH J OGHU IRU GHQ GDQVNH +HOOPDQQ PnOHU XGHQ VN UP� 0HG IHG

NXUVLY HU PDUNHUHW Y UGLHU� GHU HU EDVHUHW Sn GDWD PHG EHJU QVHGH PDQJOHU�

7DEHO�����YLVHU�GHQ�VDPOHGH�NRUUHNWLRQVSURFHQW�Sn�PnQHGV��RJ�nUVEDVLV�IRU�GH����VWDWLRQHU�
'HQ�VDPOHGH�QHGE¡UNRUUHNWLRQ��GHU�RPIDWWHU�YLQGHIIHNW�RJ�ZHWWLQJWDE��KDU�RPWUHQW� VDPPH
VW¡UUHOVH�VRP�IRU�VWDQGDUGY UGLHUQH������������$OOHUXS��0DGVHQ�RJ�9HMHQ���������)RU�GH
HQNHOWH�PnQHGHU�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���'HW�EHW\GHU��DW�GHU�nUOLJW�IDOGHU�FD������PHUH�QHGE¡U��HQG�GHU�UHQW�IDNWLVN�EOL�
YHU�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��'HW�KDU�VnOHGHV�LNNH�Y UHW�PXOLJW�DW�EHUHJQH�HQ�PnQHGVNRUUHN�



��

WLRQ�IRU�VWDWLRQ�������IRU�QRYHPEHU�RJ�GHFHPEHU��'H�PDQJOHQGH�Y UGLHU�NDQ�HUVWDWWHV�PHG
VWDQGDUGY UGLHU��$OOHUXS��0DGVHQ�RJ�9HMHQ��������HOOHU�Y UGLHU�IUD�GHQ�Q UPHVWH�UHJLRQ�

+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

'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�� ,
�����On�9�XGHQIRU�GHWWH�RPUnGH�L�������DI�G¡JQ�PHG�QHGE¡U�YHG�GH����NOLPDVWDWLRQHU��PHQV
7�RSI\OGWH�EHWLQJHOVHUQH�L�DOOH� WLOI OGH��9 UGLHU�DI�,�RYHU�JU QVHQ�Sn����PP�WLPH�KDU�NXQ
PDUJLQDO�EHW\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�
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7DEHO ���� 8VLNNHUKHG L SFW� Sn PnQHGVNRUUHNWLRQVIDNWRU IRU DXWRPDWLVNH NOLPDVWDWLRQHU�

7DEHO�����YLVHU�XVLNNHUKHGHQ�Sn�GH�PnQHGOLJH�NRUUHNWLRQVIDNWRUHU�NPGU��RJ�J OGHU� LQGHQIRU
���NP¶V�DIVWDQG�IUD�VWDWLRQHQ��)DNWLVN�HU�XVLNNHUKHGHQ�PLQGUH�YHG�VHOYH�VWDWLRQHQ��+YLV�NRU�
UHNWLRQVIDNWRUHQ�I�HNV��KDU�Y UHW������RJ�XVLNNHUKHGHQ�Y UHW�r���Sn�����NRQILGHQVQLYHDX�
Vn� OLJJHU�NPGU�PHG�����VLNNHUKHG� L� LQWHUYDOOHW������������'HW� VYDUHU� WLO�� DW�NRUUHNWLRQVSUR�
FHQWHQ�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�
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���.RQNOXVLRQ

'HU�HU�EOHYHW�EHUHJQHW�NRUUHNWLRQVSURFHQWHU�IRU������PnQHG�IRU�PnQHG�Sn�EDVLV�DI�PnOLQJHU
YHG����DXWRPDWLVNH�NOLPDVWDWLRQHU��GHU�HU�M YQW�IRUGHOW�L�'DQPDUN��.RUUHNWLRQHUQH�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� YHOEHVN\WWHGH� IRU
YLQGHQ���%�VWDWLRQHU��PRGHUDW�O ��RJ�&�VWDWLRQHU��SODFHUHW�L�nEHQW�WHUU Q��

.RUUHNWLRQVSURFHQWHQ� IRU� KHOH� ����� J OGHQGH� IRU�&�VWDWLRQHU� HU� EHUHJQHW� WLO� �������PHQV
SURFHQWHQ�IRU�$��RJ�%�VWDWLRQHU�HU�KKY��������RJ��������2PNULQJ�����DI�GH�PDQXHOOH�QHG�
E¡UVWDWLRQHU� L�'DQPDUN� VWnU� L� nEHQW� WHUU Q� �&�VWDWLRQHU���PHQV� ���� VWnU� L�PRGHUDW� O � �%�
VWDWLRQHU��RJ�����HU�YHOEHVN\WWHGH�IRU�YLQGHQ��$�VWDWLRQHU��

.RUUHNWLRQVSURFHQWHQ�L�YLQWHUPnQHGHUQH�KDU�Y UHW�Sn��������RJ�RP�VRPPHUHQ�Sn��������
6SHFLHOW�L�YLQWHUPnQHGHU�PHG�VQH�NDQ�NRUUHNWLRQHUQH�EOLYH�VWRUH��V UOLJ�KYLV�GHW�RJVn�EO VHU�
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��,������XGJMRUGH�VQH�Sn�nUVEDVLV
������DI�GHQ�PnOWH�QHGE¡U��PHQ� IRU�GH�HQNHOWH�PnQHGHU�KDU�GHU�Y UHW� UHW� VWRUH� UHJLRQDOH
IRUVNHOOH�

8VLNNHUKHG�Sn�GH�PnQHGOLJH�NRUUHNWLRQVIDNWRUHU�DIK QJLJ�DI�DQWDO�QHGE¡UG¡JQ�RJ�YDULDWLR�
QHQ�L�QHGE¡UP QJGH��RJ�KDU�L������OLJJHU�PHOOHP���RJ�����

'H�EHUHJQHGH�NRUUHNWLRQVSURFHQWHU�HU�IRUHO¡ELJH�WDO��LGHW�GHU�UHVWHUHU�HQ�I UGLJRSWLPHULQJ�DI
YLVVH�EHUHJQLQJVPHWRGHU��,�7HFKQLFDO�5HSRUW�1R��������YLO�GH�I UGLJH�WDO��GHU�S�W��EHWUDJWHV
VRP�GHW�EHGVWH�EXG�Sn�NRUUHNWLRQVSURFHQWHU��EOLYH�SU VHQWHUHW�

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�YHG�LQWHUSRODWLRQ�IUHPIRU�DW�Y UH�OnVW�IDVW�WLO
EHVWHPWH� VWDWLRQHU�� 'HW� YLO� J¡UH� EUXJHQ� DI� NRUUHNWLRQHUQH� PLQGUH� I¡OVRP� RYHUIRU� VWDWL�
RQVYDOJ��QnU�GHU�VNDO�NRUULJHUHV�QHGE¡UGDWD�IUD�YLONnUOLJH�VWHGHU�L�ODQGHW�



��

���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��������

$OOHUXS��3���+��0DGVHQ�RJ�)��9HMHQ�� ������$�&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��������������

)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��������

3HWHUVHQ��(��/���)UDQGVHQ��6���+HGHJDDUG��.��DQG�7URHQ��,���������:LQG�DWODV�IRU�'HQPDUN�
5LV¡��'HQPDUN�

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

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�


