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�� ,QWURGXFWLRQ
4XDQWLWDWLYH SUHGLFWLRQV RI ZDYH SURSDJDWLRQ LQ WKH QHDUVKRUH UHTXLUH DF�
FXUDWH PRGHOOLQJ RI ZDYH FHOHULW\� $OWKRXJK ZHOO�VWDWHG WKHRULHV KDYH EHHQ
GHYHORSHG WR GHVFULEH VKRDOLQJ ]RQH NLQHPDWLFV� PXFK UHPDLQV WR EH GRQH
IRU WKH VXUI ]RQH� ZKHUH EURNHQ�ZDYH FHOHULW\ F ` FRQVWLWXWHV D NH\ SDUDPHWHU
IRU ZDYH PRGHOV�
)RU WLPH�DYHUDJHG ZDYH PRGHOV� YROXPH oX[� HQHUJ\ oX[ DQG HQHUJ\ GLV�

VLSDWLRQ DUH IXQFWLRQV RI F ` � ,Q WKHVH PRGHOV� FHOHULW\ LV JHQHUDOO\ HVWLPDWHG
E\ XVLQJ HLWKHU WKH OLQHDU VKDOORZ ZDWHU WKHRU\� RU WKH FODVVLFDO QRQ�OLQHDU
ERUH PRGHO �6YHQGVHQ HW DO�� ����� ������
)RU WLPH�GHSHQGHQW %RXVVLQHVT�W\SH PRGHOV� ZKLFK DUH XVXDOO\ EDVHG RQ

WKH UROOHU FRQFHSW �6FK�DmHU HW DO�� ����� 6RUHQVHQ HW DO�� ������ DQ HVWLPDWH
RI F ` LV UHTXLUHG WR FRPSXWH UROOHU YHORFLW\� *HQHUDOO\� D URXJK HVWLPDWH�
F `  ����JG� a�b<c �G LV WKH VWLOO ZDWHU GHSWK�� LV XVHG�
7KHQ� LI ZH DUH WR LPSURYH ZDYH PRGHOOLQJ LW LV HVVHQWLDO WR HVWDEOLVK DQ

DFFXUDWH UHSUHVHQWDWLRQ RI EURNHQ�ZDYH FHOHULW\�
,QLWLDO QXPHULFDO�EDVHG VWXGLHV E\ .RED\DVKL HW DO� ������ DQG &R[ HW DO�

������� FRPSOHWHG E\ UHFHQW WKHRUHWLFDO VWXGLHV �%RQQHWRQ� ����� ����� KDYH
VKRZQ WKDW WKH 6DLQW 9HQDQW HTXDWLRQV� FRPELQHG ZLWK WKH VKRFN�ZDYH
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FRQFHSW� SURYLGH DQ DSSURSULDWH WKHRUHWLFDO IUDPHZRUN WR GHWHUPLQH ZDYH
WUDQVIRUPDWLRQ LQ WKH LQQHU VXUI ]RQH �,6=��
7KH SUHVHQW SDSHU IRFXVHV RQ WKH DELOLW\ RI WKLV VKRFN�ZDYH PRGHO WR

SUHGLFW ,6= EURNHQ�ZDYH FHOHULW\ F ` � $IWHU D UHYLHZ RI WKH FODVVLFDO ERUH
PRGHO LQ VHFWLRQ �� ZH LQWURGXFH WKH VKRFN�ZDYH PRGHO LQ VHFWLRQ �� $ QHZ
DQDO\WLFDO H[SUHVVLRQ IRU F ` � EDVHG RQ WKLV PRGHO� LV SUHVHQWHG LQ VHFWLRQ ��
DQG nQDO FRQFOXVLRQV DUH GUDZQ LQ VHFWLRQ ��

�� 7KH FODVVLFDO ERUH PRGHO
7KH VLPSOH OLQHDU VKDOORZ ZDWHU WKHRU\ IDLOV WR SUHGLFW WKH DFWXDO EURNHQ�
ZDYH FHOHULW\ EHFDXVH RI WKH QRQ�OLQHDU EHKDYLRXU RI EURNHQ�ZDYHV LQ WKH VXUI
]RQH� 6YHQGVHQ HW DO� ������ GHYHORSHG D QRQ�OLQHDU F ` �PRGHO EDVHG RQ WKH
FODVVLFDO DQDORJ\� LQWURGXFHG E\ /H 0uHKDXWuH �������� EHWZHHQ D EUHDNLQJ
ZDYH DQG DQ K\GUDXOLF MXPS �VHH nJXUH ��� $ UHFHQW UHYLHZ RI WKLV PRGHO
LV JLYHQ E\ 6YHQGVHQ HW DO� �������

� � !$N"���/
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-0$ "�A�J����#�:����31'� ����4 ?R�  "��� ��0�1��-�<0�4 N"��#\0$9"��0<�80� "�R����9��  "�V1'9��;HI0��$�
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7KLV PRGHO UHOLHV RQ WZR VHWV RI DSSUR[LPDWLRQV� 7KH nUVW RQH FRUUH�
VSRQGV WR WKH 6DLQW 9HQDQW K\SRWKHVHV�

q $�� ERWK YHUWLFDO QRQ�XQLIRUPLW\ RI WKH KRUL]RQWDO YHORFLW\ DQG
QRQ�K\GURVWDWLF HmHFWV DUH QHJOLJLEOH

7KH VHFRQG VHW RI DSSUR[LPDWLRQV VWHPV IURP WKH FODVVLFDO DQDORJ\ EH�
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WZHHQ EURNHQ ZDYHV DQG K\GUDXOLF MXPSV� LOOXVWUDWHG LQ nJXUH ��
q $�� WKH ERWWRP LV FRQVLGHUHG DV D ORFDOO\ KRUL]RQWDO ERWWRP
q $�� EUHDNLQJ ZDYHV DUH FRQVLGHUHG DV VDWXUDWHG EUHDNHUV
q $�� ERWK XSVWUHDP DQG GRZQVWUHDP oRZV DUH XQLIRUP
q $�� WKH ZDYH KDV D TXDVL�FRQVWDQW IRUP

)URP PDVV DQG PRPHQWXP FRQVHUYDWLRQ HTXDWLRQV DQG XVLQJ DOO WKH
SUHYLRXV DSSUR[LPDWLRQV LW LV VWUDLJKWIRUZDUG WR GHWHUPLQH ERWK 4 ` WKH
YROXPH oX[ DFURVV WKH MXPS LQ WKH UHIHUHQFH IUDPH PRYLQJ DW F ` �4 `  
K a �X a b F ` �  K c �X c b F ` �� ZKHUH X LV WKH oXLG YHORFLW\� K WKH ZDWHU GHSWK
DQG VXEVFULSWV � DQG � UHVSHFWLYHO\ LQGLFDWH YDOXHV DKHDG DQG EHKLQG WKH
MXPS�� DQG ' ` WKH ORFDO GLVVLSDWLRQ� 7KH YROXPH oX[ 4 ` LV JLYHQ E\

4 `  b
rJK a K c �K c � K a �

�
s �� ���

DQG WKH ORFDO GLVVLSDWLRQ ' ` ZULWHV
' `  b

|J
�
4 ` + �

K a K c  
|J
�
rJ�K c � K a �

�K a K c
s �� �K c b K a � � � ���

)RU D VWDWLRQDU\ ZDYH nHOG WKH WRWDO PHDQ YROXPH oX[� x4 � F ` xK �4  
K�X b F ` � LV WKH YROXPH oX[ LQ WKH UHIHUHQFH IUDPH PRYLQJ DW F ` �� LV HTXDO
WR ]HUR� 6LQFH ZH DVVXPH WKDW WKH ZDYH KDV D TXDVL�FRQVWDQW IRUP �$�
DSSUR[LPDWLRQ�� x4  4 ` DQG WKHQ

4 `  bF ` xK�
&RPELQLQJ WKLV H[SUHVVLRQ ZLWK (T� ��� ZH nQG WKH FODVVLFDO ERUH PRGHO
IRU WKH EURNHQ�ZDYH FHOHULW\

F `  
rJK a K c �K a � K c �

�xK c
s �� � ���

DQG IRU WKH PHDQ GLVVLSDWLRQ x' `  ' ` I F `
x' `  |J

�
IxK+ �

K a K c � ���
ZKHUH I LV WKH ZDYH IUHTXHQF\ DQG + LV WKH ZDYH KHLJKW �IRU VDWXUDWHG
EUHDNHUV +  K c b K a ��
0RVW RI WLPH�DYHUDJHG ZDYH PRGHOV DUH EDVHG RQ (T� ��� DQG ���� +RZ�

HYHU� ZH KDYH VHHQ WKDW WKHVH HTXDWLRQV DUH DVVRFLDWHG ZLWK nYH VWURQJ DS�
SUR[LPDWLRQV� :H ZLOO VKRZ LQ WKH QH[W VHFWLRQ WKDW DQ DOWHUQDWLYH DSSURDFK
WR GHWHUPLQH F ` DQG x' ` FDQ EH GHYHORSHG LQ D OHVV UHVWULFWLYH FRQWH[W�



���������	�
���	
���������������� 
������������������  "!$#�%&�'� �)(�� *����+���  -,/.$�  0��213� ��4 �$5 � �������������

�

�� 6DLQW 9HQDQW VKRFN�ZDYH PRGHO
:H FDQ GLVWLQJXLVK WZR UHJLRQV LQ ,6= EURNHQ�ZDYHV �VHH nJXUH ��� D WKLQ
ZDYH IURQW ZKHUH WKH oRZ YDULDEOHV FKDQJH UDSLGO\� DQG D UHJXODU ZDYH UH�
JLRQ� %RQQHWRQ ������ VKRZHG WKDW DSSUR[LPDWLRQ $� LV ZHOO VDWLVnHG LQ
WKH UHJXODU ZDYH UHJLRQ DQG WKDW ZDYH IURQWV FDQ EH DSSUR[LPDWHG E\ LQWUR�
GXFLQJ GLVFRQWLQXLWLHV �VHH nJXUH �� VDWLVI\LQJ DSSURSULDWH VKRFN FRQGLWLRQV�

� � !$N"���K��O��=�@��F$�� �G7HI0����;0� ��^#'9"���3F$GLHI0�����O �V� #M139"�\HI0<1����M����:"139^0� "�V#'N"��#����'� :�1�#K
;0� "�R�
����#�:�����1'� ����4 ?/�  "��� ��0�1��	��0�4 N���#�0$9"��0��J0$ "�/�
��9��  "�/1'9"�	HI0����	B ���$ �1�O

7R GHULYH WKHVH VKRFN FRQGLWLRQV� WKH ODZV RI FRQVHUYDWLRQ RI PDVV DQG
PRPHQWXP DUH DSSOLHG WR WKH oXLG GRPDLQ >[ � � [ ` @�

G
GW

�

= ����� �
	

����� �
	
|K G[
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G
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� � � �
	
|KX G[
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 ) �

ZKHUH ) � LV WKH [�FRPSRQHQW RI WKH VXP RI ERG\ DQG VXUIDFH IRUFHV DFWLQJ
RQ WKH oXLG GRPDLQ� %RQQHWRQ ������ H[WHQGV WKH FODVVLFDO GHPRQVWUDWLRQ
RI 6DLQW 9HQDQW VKRFN�ZDYH VROXWLRQV �6WRNHU� ����� E\ WDNLQJ LQWR DFFRXQW
QRQ�oDW ERWWRP DQG IULFWLRQ HmHFWV� :H FRQVLGHU WKH OLPLW FDVH LQ ZKLFK
WKH OHQJWK RI WKH GRPDLQ WHQGV WR ]HUR� ,Q FRQWLQXRXV SDUW RI WKH oRZ WKHVH
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FRQVHUYDWLRQ HTXDWLRQV UHGXFH WR WKH 6DLQW 9HQDQW HTXDWLRQV
#r
#W �

#KX
#[  � ���

|#KX#W � | #
#[

t

KX c � ��JK
c u  |JK#G#[ b ~ ` � ���

ZKHUH ~ ` LV WKH ERWWRP�VKHDU VWUHVV� $W WKH GLVFRQWLQXLW\� FRQVHUYDWLRQ
HTXDWLRQV UHGXFH WR WKH IROORZLQJ VKRFN FRQGLWLRQV

X a b F `  b
rJK c
�K a �K c � K a �

s �� ���

X c b F `  b
rJK a
�K c �K c � K a �

s �� � ���
7KHVH FRQGLWLRQV DUH HTXLYDOHQW WR (T� ��� IRU WKH FODVVLFDO ERUH PRGHO�
EXW KDYH EHHQ REWDLQHG ZLWKRXW WKH IRXU VWURQJ DSSUR[LPDWLRQV $���� ,Q
SDUWLFXODU� ZH GR QRW QHHG WR DVVXPH D ORFDOO\ oDW ERWWRP RU D TXDVL�
FRQVWDQW ZDYH IRUP� :H FDQ DOVR FRQVLGHU QRQ�VDWXUDWHG EUHDNHUV ZKLFK
FRUUHVSRQG WR VKRFN KHLJKW K c b K a VPDOOHU WKDQ WKH ZDYH KHLJKW +�
7KH PHDQ HQHUJ\ GLVVLSDWLRQ LV JLYHQ E\

x' `  |J
�

I
F `
rJ�K c � K a �

�K a K c
s �� �K c b K a � � � ���

ZKLFK LV D IXQFWLRQ RI F ` � ,W LV ZRUWKZKLOH WR QRWH WKDW WKLV H[SUHVVLRQ
LV PRUH JHQHUDO WKDQ (T� ���� DQG UHGXFHV WR WKLV HTXDWLRQ ZKHQ F ` LV
HVWLPDWHG ZLWK WKH FODVVLFDO ERUH FHOHULW\ JLYHQ E\ (T� ����
7KH WLPH�GHSHQGHQW VKRFN�ZDYH PRGHO� EDVHG RQ HTXDWLRQV ������� DQG

VKRFN FRQGLWLRQV ��� DQG ���� JLYHV YHU\ JRRG SUHGLFWLRQV RI WKH EURNHQ�ZDYH
FHOHULW\ IRU ERWK UHJXODU ZDYHV �&R[� ����� %RQQHWRQ� ����� DQG LUUHJXODU
ZDYHV �%RQQHWRQ DQG 'XSXLV� ����� %RQQHWRQ HW DO�� ������ 6KRFN FRQGL�
WLRQV FRXOG EH DOVR XVHIXO WR HVWLPDWH WKH UROOHU YHORFLW\ LQ WLPH�GHSHQGHQW
%RXVVLQHVT�W\SH PRGHOV�

�� $ RQH�ZD\ FHOHULW\ PRGHO
)RU WLPH�DYHUDJHG ZDYH PRGHO� DQ DQDO\WLFDO F ` �H[SUHVVLRQ� OLNH (T� ����
LV UHTXLUHG� 7R REWDLQ VXFK DQ H[SUHVVLRQ IURP WKH 6DLQW 9HQDQW VKRFN�
ZDYH PRGHO� ZH XVHG DQ DSSUR[LPDWLRQ OHVV UHVWULFWLYH WKDQ WKH FODVVLFDO
ERUH PRGHO DSSUR[LPDWLRQ $�� %RQQHWRQ ������ ����� KDV VKRZQ WKDW
IRU UHJXODU ZDYH SURSDJDWLQJ LQ WKH ,6= RQ D ORZ�VORSH EHDFK� UHoH[LRQ LV
QHJOLJLEOH DQG WKDW 5LHPDQQ LQYDULDQW X b ��JK� a�b<c FDQ EH HVWLPDWHG E\
WKH IROORZLQJ UHODWLRQ� X b ��JK� a�b<c 
 xX b ��JxK� a�b<c � 1HJOHFWLQJ WKH VPDOO
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xX�FRQWULEXWLRQ DQG FRPELQLQJ WKLV H[SUHVVLRQ ZLWK (T� ��� ZH REWDLQ D QHZ
RQH�ZD\ FHOHULW\ PRGHO

F `  b��JxK� a�b<c � ��JK a � a�b<c �
rJK c
�K a �K c � K a �

s �� � ����

� � !$N"��� �"O��=�$�\:�0���� #��$ "#[�
�312H=���� ����@G2�U�"����4 #�0� ��J4 0<�
����0<1�����?-�3,":������ �\�� �1'#[��? �=��,��@
���� ���'O
0"�&������F��� "GLHI0����U1'��0 �2����1����'� ��#	�&�T�
�	���
�	�)H�� 1'9�������� ����������	��O��M "�3G7HI0�?>����4 ����� 1@?D�\������4�����O
�2
���� � #��$4 � �>4 �  "�
������4 0<#�#'� ��0�4
�������	�\������4!����O"�2
�� � 4 �$ �!<GL��0<#'9"���>4 �  "�������@�$4 4 ���[����4 ����� 1@?;:�0���0��\�3G
1������ *�0<1'� �$ �����O"�2
$
�� � #'9"�$�21�GL��0�#�9����>4 �  "�������3,�:����'� �\�� $1'0�4T��0�1'0���#$�'O

,Q RUGHU WR WHVW WKLV F ` �ODZ ZH FRPSDUH LWV VROXWLRQV WR ODERUDWRU\ PHD�
VXUHPHQWV RI UHJXODU ZDYHV SURSDJDWLQJ RQ ORZ�VORSH SODQDU EHDFKHV� 7KHVH
GDWD VHWV LQFOXGH VSLOOLQJ EUHDNLQJ PHDVXUHPHQWV �&R[ ������� +DQVHQ DQG
6YHQGVHQ ������ DQG 6WLYH ������ �WHVW��� DQG SOXQJLQJ EUHDNLQJ PHDVXUH�
PHQWV �6WLYH ������ �WHVW���� ,Q DGGLWLRQ� (T� �����VROXWLRQV DUH FRPSDUHG
ZLWK WKH FODVVLFDO ERUH FHOHULW\ PRGHO (T� ��� DQG WKH UROOHU YHORFLW\ SD�
UDPHWHUL]DWLRQ XVHG LQ %RXVVLQHVT�W\SH PRGHOV�

F `  ����JG� a�b<c � ����
:H SUHVHQW LQ nJXUH � D FRPSDULVRQ EHWZHHQ H[SHULPHQWDO ZDYH IURQW

SRVLWLRQV �&R[� ����� DQG FRPSXWHG ZDYH IURQW WUDMHFWRULHV� 7KH ZKROH
ZDYH nHOG LV GHWHUPLQHG ZLWK WKH FRPSOHWH 6DLQW 9HQDQW VKRFN�ZDYH PRGHO
�%RQQHWRQ� ������ WKHQ WKH WUDMHFWRULHV DUH FRPSXWHG ZLWK WKH F ` �ODZV JLYHQ
E\ HTXDWLRQV ����� ��� DQG ����� )LJXUH �D VKRZV D YHU\ JRRG DJUHHPHQW
EHWZHHQ WKH H[SHULPHQWDO ZDYH IURQW SRVLWLRQV DQG WKH WUDMHFWRU\ FRPSXWHG
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���� � #��$4 � � 4 �  "�����[��4 0<#�#'� ��0�4I�������>�\������4
����O �@
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O �2
�

� � #'9"�$�21�GL��0�#'9"���-4 �  ������
�3,�:����'� �\�� $1'0�4T��0�1'0�� � �'O

ZLWK (T� ����� :H REVHUYH WKDW WUDMHFWRULHV FRPSXWHG IURP (T� ��� DQG
(T� ���� DUH FORVH WR WKH PHDVXUHG WUDMHFWRULHV� +RZHYHU� WKH H[SUHVVLRQ
���� VOLJKWO\ RYHUHVWLPDWHV WKH ZDYH IURQW FHOHULW\ DQG IDLOV LQ WKH VZDVK
]RQH� DQG (T� ��� VOLJKWO\ XQGHUHVWLPDWHV WKH ZDYH IURQW FHOHULW\ �VHH DOVR
nJXUH �E�� )LJXUH �E VKRZV WKDW LQ WKH ,6= F ` LV JUHDWHU WKDQ WKH OLQHDU
VKDOORZ ZDWHU FHOHULW\ �JxK� a�b<c DQG� DV DOUHDG\ QRWLFHG E\ 6YHQGVHQ HW DO�
������� WKH UDWLR F `  �JxK� a�b<c GHFUHDVHV VKRUHZDUG�
)LJXUH � SUHVHQWV GLUHFW EURNHQ�ZDYH FHOHULW\ PHDVXUHPHQWV SHUIRUPHG

E\ +DQVHQ DQG 6YHQGVHQ ������� ,Q VSLWH RI VLJQLnFDQW VFDWWHU LQ WKH PHD�
VXUHG UHVXOWV� ZH FDQ VHH WKDW WKH RQH�ZD\ FHOHULW\ PRGHO JLYHV D JRRG
SUHGLFWLRQ IRU WKH VSDWLDO YDULDWLRQ RI F ` �
&RPSDULVRQV ZLWK GLUHFW PHDVXUHPHQWV RI WKH EURNHQ�ZDYH FHOHULW\ SHU�

IRUPHG E\ 6WLYH ������ DUH SUHVHQWHG LQ nJXUHV � �VSLOOLQJ EUHDNLQJ� DQG �
�SOXQJLQJ EUHDNLQJ�� ,Q ERWK FDVHV� WKH RQH�ZD\ PRGHO JLYHV EHWWHU UHVXOWV
WKDQ ERWK WKH FODVVLFDO ERUH PRGHO DQG WKH UROOHU YHORFLW\ SDUDPHWHUL]DWLRQ�
)LJXUHV �E DQG �E VKRZ D VKRUHZDUG GHFUHDVH RI WKH UDWLR F `  �JxK� a�b<c � ZKLFK
LV ZHOO SUHGLFWHG E\ WKH RQH�ZD\ FHOHULW\ PRGHO�
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�� &RQFOXVLRQ
7KH DELOLW\ RI WKH 6DLQW 9HQDQW VKRFN�ZDYH WKHRU\ WR SUHGLFW EURNHQ�ZDYH
NLQHPDWLFV LQ WKH LQQHU VXUI ]RQH LV GLVFXVVHG� :H VKRZ WKDW WKLV DSSURDFK
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LV EDVHG RQ K\SRWKHVHV ZKLFK DUH OHVV UHVWULFWLYH WKDQ WKRVH RI WKH FODVVL�
FDO ERUH PRGHO� %DVHG RQ WKH VKRFN�ZDYH WKHRU\ D QHZ DQDO\WLFDO RQH�ZD\
PRGHO IRU SUHGLFWLQJ UHJXODU EURNHQ�ZDYH FHOHULW\ F ` LV SUHVHQWHG� &RPSDU�
LVRQV ZLWK WKH IHZ DYDLODEOH F ` �PHDVXUHPHQWV VKRZ WKDW WKLV PRGHO JLYHV
EHWWHU UHVXOWV WKDQ ERWK WKH FODVVLFDO ERUH PRGHO DQG WKH UROOHU YHORFLW\
SDUDPHWHUL]DWLRQ XVHG LQ %RXVVLQHVT�W\SH PHWKRGV� 7KHVH UHVXOWV LQGLFDWH
WKDW IRU WLPH�DYHUDJHG ZDYH PRGHOV WKLV QHZ FHOHULW\ IRUPXODWLRQ FDQ UHS�
UHVHQW DQ XVHIXO DOWHUQDWLYH WR WKH FODVVLFDO ERUH PRGHO�

$FNQRZOHGJPHQW
7KLV ZRUN ZDV nQDQFLDOO\ VXSSRUWHG E\ WKH 3$720 SURJUDP �3URJUDPPH
$7PRVSKtHUH 2FuHDQ 0XOWL�uHFKHOOH�� :H ZLVK WR WKDQN 'DQLHO &R[ DQG /XF
+DPP IRU SURYLGLQJ WKH H[SHULPHQWDO GDWD� , DP JUDWHIXO WR 5uHPL %XWHO
IRU KLV KHOSIXO FRPPHQWV�

5HIHUHQFHV
%RQQHWRQ� 3�� ����� $ QRWH RQ ZDYH SURSDJDWLRQ LQ WKH LQQHU VXUI ]RQH�
&�5� $FDG� 6FL� 3DULV ��� �,,�� ��^���

%RQQHWRQ� 3�� ����� $ VKRFN ZDYH PRGHO IRU ZDYH WUDQVIRUPDWLRQ DQG HQ�
HUJ\ GLVVLSDWLRQ LQ WKH LQQHU VXUI ]RQH� VXEPLWWHG WR &RDVWDO (QJ�

%RQQHWRQ� 3�� 'XSXLV� +�� ����� 7UDQVIRUPDWLRQ RI LUUHJXODU ZDYHV LQ WKH
LQQHU VXUI ]RQH� 3URF� ��WK &RDVW� (QJLQHHULQJ &RQI� �� ���^����

%RQQHWRQ� 3�� 0DULHX� 9�� 'XSXLV� +�� 6uHQuHFKDO� 1�� &DVWHOOH� %�� �����
:DYH WUDQVIRUPDWLRQ DQG HQHUJ\ GLVVLSDWLRQ LQ WKH VXUI ]RQH� FRPSDULVRQ
EHWZHHQ D QRQ�OLQHDU PRGHO DQG nHOG GDWD� LQ FRUUHFWLRQ WR -� RI &RDVW�
5HV�

&R[� '�� ����� ([SHULPHQWDO DQG QXPHULFDO PRGHOOLQJ RI VXUI ]RQH K\GUR�
G\QDPLFV� 3K�'� WKHVLV� 8QLY� RI 'HODZDUH� 1HZDUN�

&R[� '�� .RED\DVKL� 1�� .ULHEHO� '�� ����� 1XPHULFDO PRGHO YHULnFDWLRQ
XVLQJ VXSHUWDQN GDWD LQ VXUI DQG VZDVK ]RQHV� 3URF� RI &RDVWDO '\QDPLFV
��� ���^����

+DQVHQ� -�� 6YHQGVHQ� ,�� ����� 5HJXODU ZDYHV LQ VKRDOLQJ ZDWHU� H[SHUL�
PHQWDO GDWD� 7HFKQLFDO UHSRUW� ,69$ 6HULHV 3DSHU ���

.RED\DVKL� 1�� 'H6LOYD� *�� :DWVRQ� .�� ����� :DYH WUDQVIRUPDWLRQ DQG
VZDVK RVFLOODWLRQ RQ JHQWOH DQG VWHHS VORSHV� -� *HRSK\V� 5HV� ��� ���^
����

/H 0uHKDXWuH� %�� ����� 2Q WKH QRQ�VDWXUDWHG EUHDNHU WKHRU\ DQG WKH ZDYH
UXQ�XS� 3URF� �WK &RDVWDO (QJLQHHULQJ &RQI�� ��^���
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6FK�DmHU� +�� 0DGVHQ� 3�� 'HLJDDUG� 5�� ����� $ ERXVVLQHVT PRGHO IRU ZDYHV
EUHDNLQJ LQ VKDOORZ ZDWHU� &RDVWDO (QJ� ��� ���^����

6RUHQVHQ� 2�� 6FK�DmHU� +�� 0DGVHQ� 3�� ����� 6XUI ]RQH G\QDPLFV VLPX�
ODWHG E\ D ERXVVLQHVT W\SH PRGHO� ,,,� ZDYH�LQGXFHG KRUL]RQWDO QHDUVKRUH
FLUFXODWLRQV� &RDVWDO (QJ� ��� ���^����

6WLYH� 0�� ����� (QHUJ\ GLVVLSDWLRQ LQ ZDYHV EUHDNLQJ RQ JHQWOH VORSHV�
&RDVWDO (QJ� �� ��^����

6WRNHU� -�� ����� :DWHU :DYHV� ,QWHUVFLHQFH 3XEOLVKHUV� 1HZ <RUN�
6YHQGVHQ� ,�� 0DGVHQ� 3�� +DQVHQ� -�� ����� :DYH FKDUDFWHULVWLFV LQ WKH VXUI
]RQH� 3URF� ��WK &RDVWDO (QJLQHHULQJ &RQI�� ���^����

6YHQGVHQ� ,�� 4LQ� :�� (EHUVROH� %�� ����� 0RGHOOLQJ ZDYHV DQG FXUUHQWV DW
WKH /67) DQG RWKHU ODERUDWRU\ IDFLOLWLHV� &RDVWDO (QJ� ��� ��^���


