
5REHUWR�&KLHULFL5REHUWR�&KLHULFL

�� ��

(OHFWUR�ZHDN�SUHFLVLRQ�PHDVXUHPHQWV�LQ
H�H� DQQLKLODWLRQ�LQWR�ERVRQV

¾¾ )RXU�IHUPLRQ�SURFHVVHV��)RXU�IHUPLRQ�SURFHVVHV��
FURVVFURVV��VHFWLRQV�DQG�ERVRQ�FRXSOLQJVVHFWLRQV�DQG�ERVRQ�FRXSOLQJV

¾¾ 7KH�:�PDVV�DQG�WKH��LQ�GLUHFW�KXQW�IRU�WKH�+LJJV7KH�:�PDVV�DQG�WKH��LQ�GLUHFW�KXQW�IRU�WKH�+LJJV

RQ�EHKDOI�RI�WKH�/(3�FROODERUDWLRQVRQ�EHKDOI�RI�WKH�/(3�FROODERUDWLRQV
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&ROOHFWHG�GDWD&ROOHFWHG�GDWD
&ROOHFWHG�VWDWLVWLFV�SHU�H[SHULPHQW�LQ�WKH�SHULRG�����&ROOHFWHG�VWDWLVWLFV�SHU�H[SHULPHQW�LQ�WKH�SHULRG�����������������

⇒⇒ ,QWHJUDWHG�OXPLQRVLW\�SHU�H[SHULPHQW�a����,QWHJUDWHG�OXPLQRVLW\�SHU�H[SHULPHQW�a����SESE �� 

(YHQW�\LHOG�H[SHULPHQW�(YHQW�\LHOG�H[SHULPHQW�
::�a���������::�a�����������σσ ���� a����a����SESE��
==��a�����������==��a�������������σσ ���� a���a���SESE��
γγγγ a����������a������������σσ ���� a����a����SESE��

7KH�SUHVHQWHG�UHVXOWV�DUH�SUHOLPLQDU\�DQG�REWDLQHG�ZLWK�IXOO�VWD7KH�SUHVHQWHG�UHVXOWV�DUH�SUHOLPLQDU\�DQG�REWDLQHG�ZLWK�IXOO�VWDWLVWLFVWLVWLFV
XQOHVV�GLIIHUHQWO\�LQGLFDWHGXQOHVV�GLIIHUHQWO\�LQGLFDWHG

PD[LPXP�HQHUJ\������*H9PD[LPXP�HQHUJ\������*H9
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&&���ILQDO�VWDWHV&&���ILQDO�VWDWHV

� � � � � � �� � � � � � � � � � � �� � � � � εε � � �� � � 		 � � �� � �

TTTT�TTTT� �������� a��a�� a��a��
TTOTTOνν �������� a��a�� a��a��
OOνν OOνν �������� a��a�� a��a��

8VH�2�8VH�2�αα��(:�FRUUHFWLRQV�LQ��(:�FRUUHFWLRQV�LQ
'3$�'3$���δδσσ 
 

 
 a�����a�����
��5DFRRQ::5DFRRQ::��<)6::���<)6::�

([FHOOHQW�DJUHHPHQW([FHOOHQW�DJUHHPHQW EHWZHHQEHWZHHQ
SUHGLFWLRQV�DQG�GDWDSUHGLFWLRQV�DQG�GDWD

⇒⇒ σσ � �� � PHDVXUHPHQW�DW�/(3�PHDVXUHPHQW�DW�/(3�
FDQ�WHVW�WKHRU\�DW�WKH�FDQ�WHVW�WKHRU\�DW�WKH�≤≤���OHYHO���OHYHO
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&RPSDULVRQ�ZLWK�WKHRU\��5::&RPSDULVRQ�ZLWK�WKHRU\��5::
&RUUHODWHG��HQHUJ\�H[SHULPHQW��DYHUDJH�RI�5&RUUHODWHG��HQHUJ\�H[SHULPHQW��DYHUDJH�RI�5 � �� �  σσ �� ���� �� ��σσ � ��� �� 	� ��� �� 	 JLYHV�LQGLFDWLRQJLYHV�LQGLFDWLRQ
RI�WKH�JOREDO�DFFXUDF\�IURP�GDWDRI�WKH�JOREDO�DFFXUDF\�IURP�GDWD


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

55 � �� � ������������ ������������� � � �� � � � ������������� 	� �� 	� ���������5DFRRQ::5DFRRQ::��

⇒⇒ PHDVXUHPHQW�LV�GRPLQDWHG�E\�WKHPHDVXUHPHQW�LV�GRPLQDWHG�E\�WKH
V\VWHPDWLF�HUURUVV\VWHPDWLF�HUURUV

⇒⇒ SDUWLFXODUO\�ZRUU\LQJ�DUH�WKH�FRUUHODWHGSDUWLFXODUO\�ZRUU\LQJ�DUH�WKH�FRUUHODWHG
HUURUVHUURUV �IUDJPHQWDWLRQ��GHWHFWRU��IUDJPHQWDWLRQ��GHWHFWRU�

⇒⇒ RQJRLQJ�ZRUN�WRZDUGV�WKH�ILQDO�UHVXOWVRQJRLQJ�ZRUN�WRZDUGV�WKH�ILQDO�UHVXOWV
�����LV�LQ�RXU�UHDFK������LV�LQ�RXU�UHDFK�««

⇒⇒ ILQDO�DFFXUDF\�DOORZV�VHQVLWLYLW\�WR�WKHILQDO�DFFXUDF\�DOORZV�VHQVLWLYLW\�WR�WKH
PRUH�FRUUHFW�LPSOHPHQWDWLRQ�RI�2�PRUH�FRUUHFW�LPSOHPHQWDWLRQ�RI�2�αα����

55 
 

 
 ��������������� ���������������.RUDO:�.RUDO:�DW�/(3DW�/(3
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:�DQJXODU�GLVWULEXWLRQV:�DQJXODU�GLVWULEXWLRQV
2�2�αα��FRUUHFWLRQV�LQWURGXFH�LPSRUWDQW�GLVWRUWLRQ�LQ�WKH�:�DQJXODU�GL��FRUUHFWLRQV�LQWURGXFH�LPSRUWDQW�GLVWRUWLRQ�LQ�WKH�:�DQJXODU�GLVWULEXWLRQVVWULEXWLRQV
����VWHHSHU�VORSH��������������VWHHSHU�VORSH����������⇒⇒ WRZDUGV�D�/(3�GWRZDUGV�D�/(3�Gσσ�G�Gϑϑ �� �� /(3�FRPELQDWLRQ/(3�FRPELQDWLRQ

2QO\2QO\ TTHTTHνν�� �� TTTTµνµνµµ FKDQQHOV�ZLWK�FKDQQHOV�ZLWK�
ϑϑ���� � µµ!��!�� �� DUH�XVHG�DUH�XVHG�

�� KLJK�SXULW\�ILQDO�VWDWHVKLJK�SXULW\�ILQDO�VWDWHV

�� FOHDQHU�:�FKDUJH�UHFRQVWUXFWLRQFOHDQHU�:�FKDUJH�UHFRQVWUXFWLRQ

�� XVH�RQO\�GHWHFWHG�SKDVH�VSDFHXVH�RQO\�GHWHFWHG�SKDVH�VSDFH

&$/2��SKRWRQ�UHFRPELQDWLRQ�VFKHPH&$/2��SKRWRQ�UHFRPELQDWLRQ�VFKHPH
XVHG�WR�µGHILQH¶�D�:XVHG�WR�µGHILQH¶�D�:
&RPELQH�LQ�HQHUJ\�LQWHUYDOV�WR�LQFUHDVH&RPELQH�LQ�HQHUJ\�LQWHUYDOV�WR�LQFUHDVH
VWDWLVWLFVVWDWLVWLFV

⇒⇒ ZLOO�EH�DEOH�WR�WHVW�VORSHV�DW�����OHYHO��GLUHFW�FRPSDULVRQ�ZLWZLOO�EH�DEOH�WR�WHVW�VORSHV�DW�����OHYHO��GLUHFW�FRPSDULVRQ�ZLWK�IXWXUH�FDOFXODWLRQVK�IXWXUH�FDOFXODWLRQV
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&KDUJHG�7ULSOH�*DXJH�&RXSOLQJV�&KDUJHG�7ULSOH�*DXJH�&RXSOLQJV�

::���:H::���:Hνν

PDLQ�V\VWHPDWLF��2�PDLQ�V\VWHPDWLF��2�αα��FRUUHFWLRQV��FRUUHFWLRQV
¾¾ IXOO�HIIHFW�VWLOO�XVHG�DV�FRQVHUYDWLYH�HVWLPDWLRQIXOO�HIIHFW�VWLOO�XVHG�DV�FRQVHUYDWLYH�HVWLPDWLRQ
��δδJJ ��

�� ������� �������δλδλγγ ������� �������δκδκγγ ������ ������
¾¾ RQJRLQJ�VWXGLHV�DWRQJRLQJ�VWXGLHV�DW SDUWRQSDUWRQ DQG�IXOODQG�IXOO��VLPVLP OHYHOOHYHO
VXJJHVW�PXFK�VPDOOHU�UHODWLYH�XQFHUWDLQWLHVVXJJHVW�PXFK�VPDOOHU�UHODWLYH�XQFHUWDLQWLHV

023.0
025.01 998.0 +

−=zg

024.0
024.0020.0 +

−−=γλ
055.0
055.0943.0 +

−=γκ

SM]0[

SM]1[

SM]1[

6LQJOH�SDUDPHWHU�ILW�UHVXOWV�6LQJOH�SDUDPHWHU�ILW�UHVXOWV�

7R�WHVW�WKH�QRQ7R�WHVW�WKH�QRQ��DEHOLDQ�DEHOLDQ�VWUXFWXUH�RI�WKH�60VWUXFWXUH�RI�WKH�60
DQG�ILQG�VLJQDOV�RI�QHZ�SK\VLFVDQG�ILQG�VLJQDOV�RI�QHZ�SK\VLFV
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1&���ILQDO�VWDWHV1&���ILQDO�VWDWHV

���WKHRU\�XQFHUWDLQW\�FRPSDUHV�WR�a���H[SHULPHQWDO�WRWDO�SUHFLVL���WKHRU\�XQFHUWDLQW\�FRPSDUHV�WR�a���H[SHULPHQWDO�WRWDO�SUHFLVLRQRQ

� �� � � �� ��� �� �� � � �� ��� � TTTT���TTTTTT���TTνννν TTOO���OOTTOO���OOνννν OO �� OO �� OO ��OO ��

� � � � �� � � � � ��������������������������������������������������
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2WKHU��I�SKDVH�VSDFH2WKHU��I�SKDVH�VSDFH
2WKHU�UHJLRQV�RI�WKH�SKDVH�VSDFH�DUH�VWXGLHG��VLJQDOV�DUH�GHILQH2WKHU�UHJLRQV�RI�WKH�SKDVH�VSDFH�DUH�VWXGLHG��VLJQDOV�DUH�GHILQHG�ZLWK�FXWVG�ZLWK�FXWV

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

/RZHU�FURVV/RZHU�FURVV��VHFWLRQ�60�SURFHVVHV�FDQ�EH�LQYHVWLJDWHG�WR�a�VHFWLRQ�60�SURFHVVHV�FDQ�EH�LQYHVWLJDWHG�WR�a�������DFFXUDF\����DFFXUDF\

55 ���� νν �������������� �������������� � �� �� �� �� �� �

55 ���� νν �������������� �������������� � �� � � �� �� �� � � � � �

55 �� ��� �  �������������� �������������� � �� �� �� �� �� �

55 �� ��� �  �������������� �������������� � � � � � �� �� � � � � �� �

� � � ��� � � �
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3URELQJ�WKH�4*&3URELQJ�WKH�4*&
6LJQDO�GHILQLWLRQ�
¾(γ!���*H9
¾_FRV�ϑγ�_�������
¾FRV�γ��FORVHVW�FKDUJHG�I��������
¾_P�I�I’��–P �_����Γ �

/��DQG�'(/3+,�RQO\/��DQG�'(/3+,�RQO\

((γγ����σσ � �� �

γγ XVHG�IRU�OLPLWV�RQ�4*&�::XVHG�IRU�OLPLWV�RQ�4*&�::γγγγ

D �
��/ �

� >�������������@�*H9 � � #���
D �

��/ �
� >�������������@�*H9 � � #���

D ��/ �

� >�����������@�*H9 � � #���

)URP�=)URP�=γγγγ OLPLWV�RQ�OLPLWV�RQ�
====γγγγ FRXSOLQJV�DUH�FRXSOLQJV�DUH�
DOVR�GHWHUPLQHG�DOVR�GHWHUPLQHG�

D �
��/ �

� >�������������@�*H9 � � #���
D �

��/ �

� >�������������@�*H9 � � #���
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7ZR�SKRWRQ�SURGXFWLRQ7ZR�SKRWRQ�SURGXFWLRQ
3XUH�4('��VPDOO�KLJKHU�RUGHU�FRUUHFWLRQV�3XUH�4('��VPDOO�KLJKHU�RUGHU�FRUUHFWLRQV�
$�JRRG�SODFH�WR�ORRN�IRU�QHZ�SK\VLFV�$�JRRG�SODFH�WR�ORRN�IRU�QHZ�SK\VLFV�

¾¾ ORZ�VFDOH�JUDYLW\ORZ�VFDOH�JUDYLW\
¾¾ H[FLWHG�HOHFWURQVH[FLWHG�HOHFWURQV

6WUDLJKWIRUZDUG�VHOHFWLRQ6WUDLJKWIRUZDUG�VHOHFWLRQ««
σσ � ��� �� ��σσ � �� � ����������� �����������
DOPRVW�ILQDO�UHVXOWV«DOPRVW�ILQDO�UHVXOWV«

*UDYLWRQ�PDVV�OLPLW�a���*UDYLWRQ�PDVV�OLPLW�a���7H97H9
4('�FXW4('�FXW��RII�RII�ΛΛ ������ ��!����*H9!����*H9

� �� ��� �� � � �  �� � ��   � � � �  "! �� �� #� �� ��� �� � � �  �� � ��   � � � �  ! �� �� #

� �  � �� ��  � � � $ $ �  � � � � � � �� �� �  � � ��� � �� �  � �� ��  � � � $ $ �  � � � � � � �� �� �  � � � � � �
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:�PDVV:�PDVV
7KH�:�PDVV�LV�H[WUDFWHG�WKURXJK�GLUHFW�7KH�:�PDVV�LV�H[WUDFWHG�WKURXJK�GLUHFW�
UHFRQVWUXFWLRQ�RI�WKH�UHVRQDQFH�YLD�UHFRQVWUXFWLRQ�RI�WKH�UHVRQDQFH�YLD�

���FRQVWUDLQHG�NLQHPDWLFDO�ILWV�����FRQVWUDLQHG�NLQHPDWLFDO�ILWV��TTTTTTTT�� TTOTTOνν��
���OHSWRQ�HQHUJ\�GLVWULEXWLRQV��O���OHSWRQ�HQHUJ\�GLVWULEXWLRQV��O ��νν �� OO ��νν ����

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

�� �  ��  ��� �  ��  �

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

�� �  ��  ��� �  ��  �

7KH�PHWKRGV�WR�GHWHUPLQH�P7KH�PHWKRGV�WR�GHWHUPLQH�P ������ΓΓ ����
���5HZHLJKHG�0&�ILW�WR�GDWD���5HZHLJKHG�0&�ILW�WR�GDWD
���0���0��/�ILW�ZLWK�%:/�ILW�ZLWK�%:⊗⊗,65,65⊗⊗UHVROXWLRQUHVROXWLRQ

� �� �		 �� �  � � � ��  � �� � � � �� # 
��� �  � � � ��  � �� � � � �� # 
�

ΓΓ		
� �� �		 ���  ΓΓ		
�� � ��� � ��� � $ � � �� $ � � �

(QHUJLHV��H[SHULPHQWV��FKDQQHOV�DUH�FRPELQHG(QHUJLHV��H[SHULPHQWV��FKDQQHOV�DUH�FRPELQHG
DFFRXQWLQJ�IRU�FRUUHODWLRQV�RIDFFRXQWLQJ�IRU�FRUUHODWLRQV�RI V\VWHPDWLFVV\VWHPDWLFV��

¾¾ ODUJHODUJH V\VWHPDWLFVV\VWHPDWLFV LQ�WKHLQ�WKH TTTTTTTT FKDQQHOFKDQQHO
¾¾ FRPELQDWLRQ�GRPLQDWHG�E\FRPELQDWLRQ�GRPLQDWHG�E\ TTOYTTOY

⇒⇒ %HWWHU�DFFXUDF\�RQ�P%HWWHU�DFFXUDF\�RQ�P �� UHOLHV�RQ�WKH�UHOLHV�RQ�WKH�
RQJRLQJ�ZRUN�RQ�WKH�V\VWHPDWLF�SDUWRQJRLQJ�ZRUN�RQ�WKH�V\VWHPDWLF�SDUW
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:�PDVV�HUURU�EUHDNGRZQ:�PDVV�HUURU�EUHDNGRZQ
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Systematic Statistical 7KH�PHDVXUHPHQW�LV�V\VWHPDWLF7KH�PHDVXUHPHQW�LV�V\VWHPDWLF��OLPLWHG���OLPLWHG���
7RWDO�V\VWHPDWLF�a�WRWDO�VWDWLVWLF� ����0H9
7KH�ZHLJKW�RI�WKH TTTT FKDQQHO�LV����RQO\�
,Q�DEVHQFH�RI�V\VWHPDWLF��δP � ZRXOG�EH����0H9�

0DLQ�VRXUFHV�RI0DLQ�VRXUFHV�RI V\VWHPDWLFVV\VWHPDWLFV��
¾¾ )6,��)6,��TTTTTTTT RQO\�RQO\�
¾¾ KDGURQLVDWLRQKDGURQLVDWLRQ
¾¾ /(3�EHDP�HQHUJ\/(3�EHDP�HQHUJ\

FRUUHODWLRQ�LQ�HQHUJ\�H[SHULPHQW�FRUUHODWLRQ�LQ�HQHUJ\�H[SHULPHQW�
FKDQQHOV�PDNHV�WKH�UHVW���FKDQQHOV�PDNHV�WKH�UHVW���
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0DLQ V\VWHPDWLFV WR�ILJKW�ZLWK0DLQ V\VWHPDWLFV WR�ILJKW�ZLWK

)6,��DW�/(3��WKH�GHFD\�GLVWDQFH�EHWZHHQ�WKH�WZR�:V��DW�/(3��WKH�GHFD\�GLVWDQFH�EHWZHHQ�WKH�WZR�:V
�a����IP��LV�VPDOOHU�WKDQ�WKH�W\SLFDO�a����IP��LV�VPDOOHU�WKDQ�WKH�W\SLFDO KDGURQLVDWLRQ�KDGURQLVDWLRQ�
VFDOH�RU�WKH�UDGLXV�LQ�ZKLFK�%(�HIIHFWV�VFDOH�RU�WKH�UDGLXV�LQ�ZKLFK�%(�HIIHFWV�
VWDUW�WR�WDNH�SODFH�VWDUW�WR�WDNH�SODFH�
⇒⇒ 7KH�WZR�:V�DUH�QRW�LQGHSHQGHQW�V\VWHPV��7KH�WZR�:V�DUH�QRW�LQGHSHQGHQW�V\VWHPV��
KRZ�ZHOO�GR�ZH�NQRZ�PRGHO�WKHVH�HIIHFWV"KRZ�ZHOO�GR�ZH�NQRZ�PRGHO�WKHVH�HIIHFWV"
FDQ�ZH�H[FOXGH�PHDVXUH�WKHP�IURP�RXU�GDWD"FDQ�ZH�H[FOXGH�PHDVXUH�WKHP�IURP�RXU�GDWD"

�0DLQO\�DIIHFW�ORZ�PRPHQWXP�SDUWLFOH�VSHFWUD��0DLQO\�DIIHFW�ORZ�PRPHQWXP�SDUWLFOH�VSHFWUD�

+DGURQLVDWLRQ�PRGHOOLQJ��FRPSDUH�GLIIHUHQW�PRGHOV���FRPSDUH�GLIIHUHQW�PRGHOV��+(5:,*��-(76(7��+(5:,*��-(76(7�
$5,$'1(�$5,$'1(� DQG�FRQVLGHU�WKH�ODUJHVW�HIIHFW�DV�LQGLFDWLRQ�RI�WKH�V\VWHPDWLFDQG�FRQVLGHU�WKH�ODUJHVW�HIIHFW�DV�LQGLFDWLRQ�RI�WKH�V\VWHPDWLF HUURUHUURU
⇒⇒ δδPP �� �� �� 0H90H9 FRPELQHG��FDQ�LW�EH�UHGXFHG"FRPELQHG��FDQ�LW�EH�UHGXFHG"
/(3�EHDP�HQHUJ\��LQGXFHV�D�V\VWHPDWLF�HUURU�EHFDXVH�RI�WKH�NLQHPDWLFDO���LQGXFHV�D�V\VWHPDWLF�HUURU�EHFDXVH�RI�WKH�NLQHPDWLFDO�
ILWV��ILWV��δδPP ���P�P �� � �δδ(( ����(( �� ⇒⇒ δδ(( ��a��a�� 0H90H9 ÆÆ δδPP �� a��a�� 0H9�0H9�
�7KH�HUURU�RQ�WKH�HQHUJ\�FRPHV�IURP�WKH�H[WUDSRODWLRQ�WR�KLJK�HQ�7KH�HUURU�RQ�WKH�HQHUJ\�FRPHV�IURP�WKH�H[WUDSRODWLRQ�WR�KLJK�HQHUJ\�RI�UHVRQDQWHUJ\�RI�UHVRQDQW
GHSRODUL]DWLRQ�EHDP�HQHUJ\�PHDVXUHPHQW�DW����*H9�GHSRODUL]DWLRQ�EHDP�HQHUJ\�PHDVXUHPHQW�DW����*H9�
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&RORXU�5HFRQQHFWLRQ&RORXU�5HFRQQHFWLRQ
6HYHUDO�PRGHOV��VWULQJ�EDVHG�6HYHUDO�PRGHOV��VWULQJ�EDVHG��6.,�,,��6.,�,,��� FRORXUFRORXU GLSROHV�GLSROHV��$5,$'1(��$5,$'1(� ��FOXVWHU�EDVHG��FOXVWHU�EDVHG
�+(5:,*��+(5:,*��� 6KLIWV�RQ�P6KLIWV�RQ�P ����TTTTTTTT��IURP�WKH�PRGHOV�UDQJH�IURP�����IURP�WKH�PRGHOV�UDQJH�IURP��� 0H90H9 �+(5:,*��+(5:,*�
WR����WR���� 0H90H9 �6.,�������UHFRQQHFWLRQ�SUREDELOLW\��6.,�������UHFRQQHFWLRQ�SUREDELOLW\�
6WXG\�SDUWLFOH�IORZ�EHWZHHQ�MHWV��5DWLR �$�%���&�'�6WXG\�SDUWLFOH�IORZ�EHWZHHQ�MHWV��5DWLR �$�%���&�'�

MMMM

MM MM
$$ %%

&&

''+LQWV�IRU�REVHUYDWLRQ�RI�&5��a�+LQWV�IRU�REVHUYDWLRQ�RI�&5��a�σσ��
⇒⇒ δδPP ����TTTTTTTT�������� 0H90H9 #����&/#����&/

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

⇒⇒ VWXG\�MHW�UHFRQVWUXFWLRQ�PHWKRGV�OHVV�VHQVLWLYH�WR�&5�HIIHFWVVWXG\�MHW�UHFRQVWUXFWLRQ�PHWKRGV�OHVV�VHQVLWLYH�WR�&5�HIIHFWV
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%RVH�(LQVWHLQ�HIIHFW%RVH�(LQVWHLQ�HIIHFW
%(&�DUH�ZHOO�HVWDEOLVKHG�DW�WKH�=%(&�DUH�ZHOO�HVWDEOLVKHG�DW�WKH�=
)RU�ERVRQ�SDLU�SURGXFWLRQ�RQO\�%(&�EHWZHHQ)RU�ERVRQ�SDLU�SURGXFWLRQ�RQO\�%(&�EHWZHHQ
:V�DIIHFW�WKH�PDVV�GHWHUPLQDWLRQ:V�DIIHFW�WKH�PDVV�GHWHUPLQDWLRQ
⇒⇒ 6WXG\�WZR�SDUWLFOH�FRUUHODWLRQ�IXQFWLRQV6WXG\�WZR�SDUWLFOH�FRUUHODWLRQ�IXQFWLRQV
&XUUHQW�HUURU�LV���&XUUHQW�HUURU�LV��� 0H90H9 EXW�QR�FOHDU�LQGLFDWLRQEXW�QR�FOHDU�LQGLFDWLRQ
RI�D�VLJQLILFDQW�HIIHFW�IURP�WKH�GDWDRI�D�VLJQLILFDQW�HIIHFW�IURP�WKH�GDWD

6WLOO�ZRUN�WR�EH�GRQH�WR�UHDFK�D�/(3�6WLOO�ZRUN�WR�EH�GRQH�WR�UHDFK�D�/(3�
FRPELQDWLRQ�RQ�WKH�HIIHFWFRPELQDWLRQ�RQ�WKH�HIIHFW
δδPP ����TTTTTTTT�������� 0H90H9""
2WKHU�%(&�PRGHOV�QHHG�WR�EH�VWXGLHG2WKHU�%(&�PRGHOV�QHHG�WR�EH�VWXGLHG
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P:��UHVXOWVP:��UHVXOWV

PP ����TTTTTTTT� ���������������*H9� ���������������*H9
PP ����TTOTTOνν� ���������������*H9� ���������������*H9 PP ����TTTTTTTT����PP ����TTOTTOνν� ������� ������ 0H90H9
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6WDQGDUG�0RGHO�+LJJV��GLUHFW�VHDUFK6WDQGDUG�0RGHO�+LJJV��GLUHFW�VHDUFK
6HDUFK�PDLQO\�LQ�=+6HDUFK�PDLQO\�LQ�=+ÆÆII�EEII�EE � �� � � � � � � �� �� � � � � � � � EETT���EETT���EEEEνννν EEOO����EEOO����ττττTT��TT��

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

,PSRUWDQW�LQJUHGLHQWV�RI�WKH�DQDO\VHV�,PSRUWDQW�LQJUHGLHQWV�RI�WKH�DQDO\VHV�
¾¾ +LJK�E+LJK�E��WDJJLQJ�HIILFLHQF\�SXULW\WDJJLQJ�HIILFLHQF\�SXULW\
¾¾ .LQHPDWLFDO�UHFRQVWUXFWLRQ��OLNH�:�PDVV��.LQHPDWLFDO�UHFRQVWUXFWLRQ��OLNH�:�PDVV��
⇒⇒ *RRG�XQGHUVWDQGLQJ�RI�WKH�GHWHFWRU�LV*RRG�XQGHUVWDQGLQJ�RI�WKH�GHWHFWRU�LV
HVVHQWLDO��WDLOV��HVVHQWLDO��WDLOV��

/(3�ILQDO�FRPELQDWLRQ�/(3�ILQDO�FRPELQDWLRQ�
¾¾&RPELQH��'�GLVWULEXWLRQV�&RPELQH��'�GLVWULEXWLRQV�

�P�P ���UHF����UHF���GLVFULPLQDQWGLVFULPLQDQW YDULDEOH�YDULDEOH�
¾¾8VH�OLNHOLKRRG�UDWLR�WHVW�K\SRWKHVLV�8VH�OLNHOLKRRG�UDWLR�WHVW�K\SRWKHVLV�
4�P4�P ��� � L�V�E��P �� /L�E��P ��
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6WDQGDUG�0RGHO�+LJJV��PDVV�GLVWULEXWLRQV6WDQGDUG�0RGHO�+LJJV��PDVV�GLVWULEXWLRQV

6�1�IRU�UHFRQVWUXFWHG�P �!����*H9�F �

Data   5
Bkg    3.9
Sig     3.8 Data   4

Bkg    1.2
Sig     2.2

Data  17
Bkg   15.8
Sig     7.1

!�
!���

!�
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/LPLWV�RQ�P+/LPLWV�RQ�P+
&RQILGHQFH�OHYHO�IRU�EDFNJURXQG�DQG�VLJQDO�&RQILGHQFH�OHYHO�IRU�EDFNJURXQG�DQG�VLJQDO�

������σσ H[FHVV�H[FHVV�����SUREDELOLW\�����SUREDELOLW\� RYHU�WKH�EDFNJURXQG��FRQFHQWUDWHG�LQ�RQH�FKDQQHORYHU�WKH�EDFNJURXQG��FRQFHQWUDWHG�LQ�RQH�FKDQQHO
��TTEETTEE�� DQG�RQH�H[SHULPHQW�DQG�RQH�H[SHULPHQW��$/(3+��a��$/(3+��a�σσ��

⇒⇒ )LQDO�/(3��OLPLW��P)LQDO�/(3��OLPLW��P ��!������*H9�#����&/!������*H9�#����&/
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&RQVWUDLQWV�RQ�WKH�6WDQGDUG�0RGHO&RQVWUDLQWV�RQ�WKH�6WDQGDUG�0RGHO

PP �������*H9�#����&/�����*H9�#����&/

����VKLIW�LQ�P����VKLIW�LQ�P �� IRU���*H9�VKLIW�LQ�PIRU���*H9�VKLIW�LQ�P �� ��
GLUHFW�DQG�LQGLUHFW�GDWD�LQ�DJUHHPHQWGLUHFW�DQG�LQGLUHFW�GDWD�LQ�DJUHHPHQW

ERWK�ERWK�IDYRXUIDYRXU D�OLJKW�+LJJVD�OLJKW�+LJJV

52
3381 +

−=Hm *H9*H9

+LJJV�LV�HVFDSLQJ��EXW�ZH�FDQ�FRQVWUDLQ�LW�ZLWK�RXU�SUHFLVH�PHDV+LJJV�LV�HVFDSLQJ��EXW�ZH�FDQ�FRQVWUDLQ�LW�ZLWK�RXU�SUHFLVH�PHDVXUHV�DW�/(3�XUHV�DW�/(3�
)XQGDPHQWDO�SDUDPHWHUV�RI�WKH�60�DUH�OLQNHG�WKURXJK�(:�FRUUHFWLR)XQGDPHQWDO�SDUDPHWHUV�RI�WKH�60�DUH�OLQNHG�WKURXJK�(:�FRUUHFWLRQVQV

P �≤ ����*H9 DW�����&/
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&RQFOXVLRQV&RQFOXVLRQV
7KH�/(3��HUD�RI��I�SK\VLFV�LV�DSSURDFKLQJ�LWV�HQG�7KH�/(3��HUD�RI��I�SK\VLFV�LV�DSSURDFKLQJ�LWV�HQG�

¾¾ WHVW�RI�WKH�QRQWHVW�RI�WKH�QRQ��DEHOLDQDEHOLDQ VWUXFWXUH�RI�WKH�WKHRU\VWUXFWXUH�RI�WKH�WKHRU\
¾¾ ORRS�VHQVLWLYLW\�IRU�GLIIHUHQWLDO�DQG�WRWDO�FURVVORRS�VHQVLWLYLW\�IRU�GLIIHUHQWLDO�DQG�WRWDO�FURVV��VHFWLRQVVHFWLRQV
¾¾ LPSURYHPHQW�RI�WKH�SUHFLVLRQ�RQ�PLPSURYHPHQW�RI�WKH�SUHFLVLRQ�RQ�P �� E\�a��E\�a��

6WLOO�WR�GR�EHIRUH�OHDYLQJ�ILQDO�QXPEHUV�6WLOO�WR�GR�EHIRUH�OHDYLQJ�ILQDO�QXPEHUV�
¾¾ V\VWHPDWLFV�V\VWHPDWLFV�RQ�PRQ�P �� �)6,�LQ�SDUWLFXODU����)6,�LQ�SDUWLFXODU���δδPP ���/(3������/(3�����0H9�0H9�""
¾¾ FRPSOHWH�IHZ�FRPELQDWLRQV���I�FURVVFRPSOHWH�IHZ�FRPELQDWLRQV���I�FURVV��VHFWLRQV��VHFWLRQV��GGσσ�G�Gϑϑ ���� ��7*&��4*&���7*&��4*&�
⇒⇒ &ROODERUDWLRQV�DUH�VWLOO�DFWLYH�&ROODERUDWLRQV�DUH�VWLOO�DFWLYH�

H�HH�H�� FRQILUPV�LWV�UROH�LQ�SUHFLVLRQ�SK\VLFV�EXW�QRW�LQ�GLVFRYHU\FRQILUPV�LWV�UROH�LQ�SUHFLVLRQ�SK\VLFV�EXW�QRW�LQ�GLVFRYHU\
¾¾ LI�WKH�+LJJV�LV�WKHUH��LW�FDQLI�WKH�+LJJV�LV�WKHUH��LW�FDQ¶¶W�KLGH�IRUHYHU�DQG�ZLOO�VRRQHU�RU�ODWHU�W�KLGH�IRUHYHU�DQG�ZLOO�VRRQHU�RU�ODWHU�

EHFRPH�D�SUHFLVLRQ�PHDVXUHPHQW�OLNH�DOO�RWKHU�WRSLFV�RI�WKLEHFRPH�D�SUHFLVLRQ�PHDVXUHPHQW�OLNH�DOO�RWKHU�WRSLFV�RI�WKLV�WDONV�WDON
¾¾ LI�+LJJV�LV�QRW�WKHUH��VLJQDOV�RI�QHZ�SK\VLFV�PXVW�DSSHDU�DW�/+&LI�+LJJV�LV�QRW�WKHUH��VLJQDOV�RI�QHZ�SK\VLFV�PXVW�DSSHDU�DW�/+&�/&�/&

/(3�KDV�DOORZHG�XQSUHFHGHQWHG�WHVWV�RI�WKH�60��ZKLFK�PLJKW�VWDUW/(3�KDV�DOORZHG�XQSUHFHGHQWHG�WHVWV�RI�WKH�60��ZKLFK�PLJKW�VWDUW WR�EH�XQGHUWR�EH�XQGHU
SUHVVXUH��/HW�XV�EH�SDWLHQW��EXW�UHDG\�IRU�VXUSULVHV���SUHVVXUH��/HW�XV�EH�SDWLHQW��EXW�UHDG\�IRU�VXUSULVHV���

,Q�WKH�PHDQZKLOH�P,Q�WKH�PHDQZKLOH�P �� LV�WKH�NH\�IRU�FRQWLQXLQJ�WKH�KXQW«LV�WKH�NH\�IRU�FRQWLQXLQJ�WKH�KXQW«


