
&RPSDUDWLYH�6WXG\�EHWZHHQ�WKH�(IIHFWV�RI�
$QJLRWHQVLQ�&RQYHUWLQJ�(Q]\PH�,QKLELWRUV�DQG�%HWD�
%ORFNHUV�RQ�/HIW�9HQWULFXODU�)XQFWLRQ�DQG�*HRPHWU\�

LQ�0LOG�+\SHUWHQVLYH�3DWLHQWV�
�

7KHVLV�
�

6XEPLWWHG�IRU�3DUWLDO�)XOILOOPHQW�RI�
0DVWHU�'HJUHH�LQ�&DUGLRORJ\�

�

%\�
$VKUDI�0RXVVD�$EGDOODK��

0�%��%�&+�
�

6XSHUYLVRUV�
�

+XVVHLQ�+DVVDQ�5L]N��0'������������:DIDD�$QZDU�(O�$URXVV\��0'�
� 3URIHVVRU�RI�&DUGLRORJ\���������������3URIHVVRU�RI�&DUGLRORJ\�
�

0DJG\�0XVWDID�0RNKWDU��0'�
3URIHVVRU�RI�&DUGLRORJ\�

�
)DFXOW\�RI�0HGLFLQH��
&DLUR�8QLYHUVLW\�

�����
�



7KDQNV�WR�$OODK�ZKR�DOORZHG�PH�WR�DFFRPSOLVK�WKLV�ZRUN��
�

, ZLVK�WR�WKDQN�GHHSO\�DQG�VLQFHUHO\�DQG�WR�H[SUHVV�P\�JUDWLWXGH�
WR� P\� SURIHVVRU� DQG� VXSHUYLVRU�'U�� +XVVHLQ� 5L]N� 3URIHVVRU� RI�
&DUGLRORJ\�� )DFXOW\� RI�0HGLFLQH�� &DLUR�8QLYHUVLW\�� IRU� KLV� FORVH�
FRQWLQXRXV� JXLGDQFH�� IROORZLQJ� XS� DQG� SHUFHSWLYH� VXJJHVWLRQV�
WKURXJKRXW�WKH�FRXUVH�RI�WKLV�VWXG\�DQG�IRU�WKH�YDOXDEOH�FULWLFLVP�
DQG� NQRZOHGJH� JLYHQ� DQG� LQWHUHVW� VKRZQ� LQ� DOO� DVSHFWV� RI� WKLV�
ZRUN��
� ,
P�YHU\�JUDWHIXO�WR�P\�SURIHVVRU�DQG�VXSHUYLVRU�'U��:DIDD�(O�
$URXVV\� 3URIHVVRU� RI� &DUGLRORJ\�� )DFXOW\� RI� 0HGLFLQH�� &DLUR�
8QLYHUVLW\� IRU� KHU� NLQG� KHOS� DQG� IRU� WKH� H[SHUW� JXLGDQFH�
WKURXJKRXW�WKLV�ZRUN��
�

*UHDW�WKDQNV�WR�'U��0DJG\�0RNKWDU� 3URIHVVRU�RI�&DUGLRORJ\��
IDFXOW\� RI� 0HGLFLQH�� &DLUR� 8QLYHUVLW\� IRU� KLV� NLQG� KHOS� DQG�
FRQWLQXRXV�DGYLFH�LQ�IROORZLQJ�GHWDLOV�RI�WKLV�ZRUN��



$EVWUDFW�
%DFNJURXQG� +\SHUWHQVLRQ� LV� D� OHDGLQJ� QRQ�FRPPXQLFDEOH� GLVHDVH� DQG� WKH� PRVW�SUHYDOHQW� FDUGLRYDVFXODU� GLVHDVH�� $GDSWDWLRQ� RI� WKH� OHIW� YHQWULFOH� WR� V\VWHPLF�K\SHUWHQVLRQ�LV�FRPSOH[�DQG�LW�LV�FKDUDFWHUL]HG�E\�IXQFWLRQDO�DQG�VWUXFWXUDO�FKDQJHV��,QFUHDVHG� /9�PDVV� LV� D� UHFRJQL]HG� FRPSOLFDWLRQ� RI� V\VWHPLF� K\SHUWHQVLRQ� DQG� KDV�EHHQ�VKRZQ� WR�EH�DQ� LPSRUWDQW�SUHGLFWRU�RI�FDUGLRYDVFXODU�PRUELGLW\�DQG�PRUWDOLW\��7KH� FXUUHQW� VWXG\� ZDV� XQGHUWDNHQ� WR� GHWHUPLQH� ZKHWKHU� DQWLK\SHUWHQVLYH� WKHUDS\�UHGXFH� /90�� DQG� ZKHWKHU� WKHVH� FKDQJHV� DUH� DFFRPSDQLHG� E\� LPSURYHG� GLDVWROLF�IXQFWLRQ��0HWKRGV� ���SDWLHQWV� �SWV���ZLWK�PLOG� K\SHUWHQVLRQ�ZHUH�GLYLGHG� LQWR� WZR�JURXSV�� *URXS� �,�� LQFOXGHG� ��� SWV�� ZKR� UHFHLYHG� $&(� LQKLELWRUV�� ��� SWV�� UHFHLYHG�5DPLSULO� ����� PJ� RQFH� GDLO\�� DQG� FRQVWLWXWHG� VXEJURXS� ,D�� DQG� ��� SWV�� UHFHLYHG�)RVLQRSULO� ��� PJ� RQFH� GDLO\�� DQG� FRQVWLWXWHG� VXEJURXS� ,E�� *URXS� �,,�� LQFOXGHG� ���SWV�ZKR�UHFHLYHG�EHWD�EORFNHUV��%%������SWV�UHFHLYHG�$WHQRORO��������PJ�RQFH�GDLO\��DQG�FRQVWLWXWHG�VXEJURXS�,,D��DQG����SWV��UHFHLYHG�0HWRSURORO�����PJ�RQFH�GDLO\��DQG�FRQVWLWXWHG� VXEJURXS� ,,E��7ZHQW\�KHDOWK\�YROXQWHHUV� FRPSULVHG�D�FRQWURO�JURXS��7R�DVVHVV� WKH� HIIHFWV� RI� DQWLK\SHUWHQVLYH� WKHUDS\� RQ� WKH� KHDUW�� /90�� V\VWROLF� DQG�GLDVWROLF�IXQFWLRQ��E\�0�PRGH����'�DQG�SXOVHG�ZDYH�'RSSOHU�HFKRFDUGLRJUDSK\�ZHUH�HYDOXDWHG�� (FKRFDUGLRJUDSKLF� H[DPLQDWLRQV� ZHUH� SHUIRUPHG� EHIRUH� WKHUDS\�� DIWHU� ��ZHHNV� IURP� WKH� VWDUW� RI� WKHUDS\� DQG� DW� ��� �� DQG� �� PRQWKV� LQWHUYDOV�� 5HVXOWV� $W�EDVHOLQH��WKHUH�ZHUH����SWV��ZLWK�/9+�LQ�D�UDWLR�������RI�WRWDO�K\SHUWHQVLYH�SWV��ZKLOH�WKH�UHVW�RI� WKH�K\SHUWHQVLYH�SWV������SWV����������KDG�QRUPDO�JHRPHWULF�SDWWHUQ��7KH�FRQFHQWULF� /9+� ZDV� WKH� SUHGRPLQDQW� IRUP� �������� IROORZHG� E\� HFFHQWULF� /9+��������� DQG� ILQDOO\� FRQFHQWULF� UHPRGHOLQJ� ��������� ,QGHFHV� RI� V\VWROLF� IXQFWLRQ� LQ�VWXGLHG� SWV�� ZHUH� QRUPDO� ZKLOH� LQGHFHV� RI� /9� GLDVWROLF� ILOOLQJ� ZHUH� VLJQLILFDQWO\�DEQRUPDO� LQ� SWV�� ZLWK� K\SHUWHQVLYH� /9+� FRPSDUHG� WR� FRQWURO�� $IWHU� WKHUDS\��QRUPDOL]DWLRQ� RI� EORRG� SUHVVXUH� ZDV� DFKLHYHG� LQ� DOO� K\SHUWHQVLYH� SDWLHQWV�� $�VLJQLILFDQW� UHGXFWLRQ� RI� /90�� 5:7� DQG� LPSURYHPHQW� RI� /9� GLDVWROLF� ILOOLQJ�ZDV�REVHUYHG� HDUOLHU�ZLWK�$&(� LQKLELWRUV� WKDQ�ZLWK�EHWD�EORFNHUV��2I�SDUWLFXODU� LQWHUHVW�ZDV� WKH� IDFW� WKDW� LPSURYHPHQW� LQ� GLDVWROLF� SHUIRUPDQFH� DSSHDUHG� HDUOLHU�� DQG�ZDV�SUHFHGHG� UHJUHVVLRQ�RI�/90��&RQFOXVLRQ� ��7KHUDS\�ZLWK�$&(,�DQG�%%�UHVXOWV� LQ�SUHYHQWLRQ�� UHJUHVVLRQ� RI� GHYHORSPHQW� RI� /9+� LQ� K\SHUWHQVLYH� SDWLHQWV�� ��7KH�UHJUHVVLRQ� RI� /90�� /90,�� 5:7� DQG� WKH� LPSURYHPHQW� RI� /9� GLDVWROLF� IXQFWLRQ�DSSHDUV� PRUH� HYLGHQW� DQG� HDUOLHU� ZLWK� $&(,� WKHUDS\� WKDQ� ZLWK� %%� WKHUDS\�� ��,PSURYHPHQW� RI� /9� GLDVWROLF� IXQFWLRQ� DSSHDUV� HDUOLHU�� SUHFHGLQJ� WKH� UHJUHVVLRQ� RI�/9+���
.H\�ZRUGV��K\SHUWHQVLRQ���/9+���$&(�LQKLELWRUV��EHWD�EORFNHUV��



&RQWHQW
/LVW�RI�DEEUHYLDWLRQ««««««««««««««����«««««««��
/LVW�RI�7DEOHV«««««««««««���«««««��«««««��««��
/LVW�RI�)LJXUHV««««««««««««««««««««��««««�
,1752'8&7,21�«««««««««««««««««««��
$,0�2)�7+(�:25.«��«««««««««««�«««««��
5(9,(:�2)�/,7(5$785(«««««««««««««««�
&KDSWHU�,��'HILQLWLRQ��+HPRG\QDPLF�DQG�3DWKRSK\VLRORJ\�RI�

+\SHUWHQVLRQ«««««««««««««««����
&KDSWHU�,,��&DUGLDF�LQYROYHPHQW�LQ�K\SHUWHQVLRQ«««�«««����
&KDSWHU�,,,� *RDO�RI�WKHUDS\�LQ�K\SHUWHQVLRQ«««««�««�«�
&KDSWHU�,9��(FKRFDUGLRJUDSKLF�HYDOXDWLRQ�RI�FDUGLDF�

VWUXFWXUH�DQG�IXQFWLRQ�LQ�K\SHUWHQVLYH�SDWLHQWV««���
0(7+2'2/2*<««««�««««««««««««�««��
5(68/76««««««««�«««««««««««««�«�
',6&866,21«««««««««««««««««««««�
�&21&/86,21««««««««««««««««««��«���
5(&200(1'$7,21««««««««««««««««�«�
6800$5<««««««««««««««««««««�������
5()(5(1&(6««««««««««««««««««««���
$5$%,&�6800$5<«««««««««««««««««���
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/LVW�RI�DEEUHYLDWLRQ�

� )6�� 3HUFHQW�IUDFWLRQDO�VKRUWHQLQJ��
$%30� $PEXODWRU\�EORRG�SUHVVXUH�PRQLWRULQJ��
$&(�� $QJLRWHQVLQ�FRQYHUWLQJ�HQ]\PH��
$,,�� $QJLRWHQVLQ�,,��

�$5����������������������3XOPRQDU\�YHQRXV�SHDN�DWULDO�FRQWUDFWLRQ�
UHYHUVHG��YHORFLW\��

�$6(� $PHULFDQ�6RFLHW\�RI�HFKRFDUGLRJUDSK\��
$7�5%$V�� $QJLRWHQVLQ�,,�W\SH�,�UHFHSWRU�EORFNLQJ�

�DJHQWV��
$�YHORFLW\�� 3HDN�ILOOLQJ�YHORFLW\�LQ�DWULDO�V\VWROLF� SKDVH��
$93� $UJLQLQH�YDVRSUHVVLQ��
%%�� %HWD�%ORFNHUV���
%3�� %ORRG�SUHVVXUH��
&+'�� &RURQDU\�KHDUW�GLVHDVH��
&+)����������������&RQJHVWLYH�KHDUW�IDLOXUH��
&16� &HQWUDO�QHUYRXV�V\VWHP���
&2� &DUGLDF�RXWSXW��
&7� &RPSXWHG�D[LDO�WRPRJUDSK\��
&9������������������&DUGLRYDVFXODU��
'7������������������(DUO\�OHIW�YHQWULFXODU�ILOOLQJ�GHFHOHUDWLRQ�� WLPH��



(�$�����������������7KH�UDWLR�RI�HDUO\�WR�ODWH�SHDN�ILOOLQJ�� YHORFLW\��
(&*� (OHFWURFDUGLRJUDP��
(&;� ([WUDFHOOXODU�PDWUL[��
('5)����������� (QGRWKHOLXP�GHULYHG�UHOD[LQJ�IDFWRU��
('9�� (QG�GLDVWROLF�YROXPH��
()�� (MHFWLRQ�IUDFWLRQ��
(366�� (�3RLQW�VHSWDO�VHSDUDWLRQ��
(69��� (QG�V\VWROLF�YROXPH��
(�9HORFLW\������(DUO\�SHDN�ILOOLQJ�YHORFLW\��
�+5��� +HDUW�UDWH��
�,957� ,VRYROXPLF�UHOD[DWLRQ�WLPH��
,96G�� ,QWHUYHQWULFXODU�VHSWDO�WKLFNQHVV�DW�HQG�� GLDVWROH��
,96V�� ,QWHUYHQWULFXODU�VHSWDO�WKLFNQHVV�DW�HQG�� V\VWROH��
-1&� -RLQW�1DWLRQDO�&RPPLWWHH��
/9�������������������/HIW�YHQWULFOH��
/9+� /HIW�YHQWULFXODU�K\SHUWURSK\��
/9,'G��� /HIW�YHQWULFXODU�LQWHUQDO�GLPHQVLRQ�GLDVWROH��
/9,'V�� /HIW�YHQWULFXODU�LQWHUQDO�GLPHQVLRQ�DW�� V\VWROH��
/90�� /HIW�YHQWULFXODU�PDVV��



/90,� /HIW�YHQWULFXODU�PDVV�LQGH[��
0,������������������0\RFDUGLDO�LQIDUFWLRQ��
05,�� 0DJQHWLF�UHVRQDQFH�LPDJLQJ��
1+3�� (J\SWLDQ�1DWLRQDO�+\SHUWHQVLRQ�3URMHFW��
12�� 1LWULF�2[LGH��
1<+$�� 1HZ�<RUN�+HDUW�$VVRFLDWLRQ�������
316��� 3HULSKHUDO�QHUYRXV�V\VWHP��
395� 3HULSKHUDO�YDVFXODU�UHVLVWDQFH��
3:7G�� 3RVWHULRU�ZDOO�WKLFNQHVV�DW�GLDVWROH��
3:7V�� 3RVWHULRU�ZDOO�WKLFNQHVV�DW�V\VWROH��
5$$6�� 5HQLQ�DQJLRWHQVLQ�DOGRVWHURQH�V\VWHP���
5:7� 5HODWLYH�ZDOO�WKLFNQHVV��
6�'�� 6\VWROLF�WR�GLDVWROLF�SXOPRQDU\�YHQRXV�IORZ� UDWLR��
63(&7��� 6LQJOH�SKRWRQ�HPLVVLRQ�FRPSXWHG�� WRPRJUDSK\��
72'� 7DUJHW�RUJDQ�GDPDJH��
:+2�,6+� :RUOG�+HDOWK�2UJDQL]DWLRQ�,QWHUQDWLRQDO�� 6RFLHW\�RI�+\SHUWHQVLRQ���
�
�

�



/LVW�RI�7DEOHV�

6WDJHV� RI� %ORRG� 3UHVVXUH� (OHYDWLRQ� DQG�
+\SHUWHQVLRQ��

7DEOH����

&KDUDFWHULVWLFV� DQG� IXQFWLRQV� RI� $7�� DQG� $7��
UHFHSWRUV��

7DEOH����

'LIIHUHQFHV�EHWZHHQ�SDWKRORJLFDO�DQG�SK\VLRORJLFDO�
/9+��

7DEOH����

+HPRG\QDPLF�DQG�HFKRFDUGLRJUDSKLF�FKDUDFWHULVWLFV�
RI�GLIIHUHQW�SDWWHUQV�RI�/9+��

7DEOH����

6WDJHV�RI�GLDVWROLF�G\VIXQFWLRQ��7DEOH����
6KRZV�WKH�FKDUDFWHULVWLFV�RI�/9�JHRPHWU\�LQ�V\VWROLF�
DQG�GLDVWROLF�G\VIXQFWLRQ��

7DEOH����

6KRZV� WKH� QXPEHU�� DJH�� KHLJKW�� JHQGHU� DQG� WKH�
GXUDWLRQ� RI� K\SHUWHQVLRQ� RI� JURXS� ,�� JURXS� ,,� DQG�
JURXS�,,,�UHVSHFWLYHO\��

7DEOH����

&RPSDULVRQ�EHWZHHQ�FRQWURO�JURXS��JURXS�,,,��DQG�
$&(,�JURXS��JURXS�,��EHIRUH�WUHDWPHQW�UHJDUGLQJ�
HFKRFDUGLRJUDSKLF�ILQGLQJV��

7DEOH����

&RPSDULVRQ�EHWZHHQ�FRQWURO�JURXS��JURXS�,,,��DQG�
%%�JURXS��JURXS,,��EHIRUH�WUHDWPHQW�UHJDUGLQJ�
HFKRFDUGLRJUDSKLF�ILQGLQJV���

7DEOH����

&RPSDULVRQ�EHWZHHQ�$&(,�JURXS��JURXS�,��DQG�%%�
JURXS��JURXS�,,��EHIRUH�WUHDWPHQW�UHJDUGLQJ�
HFKRFDUGLRJUDSKLF�ILQGLQJV�����

7DEOH�����

&RPSDULVRQ�EHWZHHQ�FRQWURO�JURXS��JURXS�,,,��DQG�
$&(,�JURXS��JURXS�,��DIWHU�WUHDWPHQW�UHJDUGLQJ�

7DEOH�����



HFKRFDUGLRJUDSKLF�ILQGLQJV�����
&RPSDULVRQ�EHWZHHQ�FRQWURO�JURXS��JURXS�,,,��DQG�
%%�JURXS��JURXS�,,��DIWHU�WUHDWPHQW�UHJDUGLQJ�
HFKRFDUGLRJUDSKLF�ILQGLQJV�����

7DEOH�����

&RPSDULVRQ�EHWZHHQ�$&(,�JURXS��JURXS�,��DQG�%%�
JURXS��JURXS�,,��DIWHU�WUHDWPHQW�UHJDUGLQJ�
HFKRFDUGLRJUDSKLF�ILQGLQJV�����

7DEOH�����

&RPSDULVRQ�EHWZHHQ�5DPLSULO�VXEJURXS��,D��EHIRUH�
DQG�DIWHU�WUHDWPHQW�UHJDUGLQJ�HFKRFDUGLRJUDSKLF�
ILQGLQJV�����

7DEOH�����

&RPSDULVRQ�EHWZHHQ�)RVLQRSULO�VXEJURXS��,E������
EHIRUH�DQG��DIWHU�WUHDWPHQW�UHJDUGLQJ�
HFKRFDUGLRJUDSKLF�ILQGLQJV��

7DEOH�����

&RPSDULVRQ�EHWZHHQ�$WHQRORO�VXEJURXS��,,D��EHIRUH�
DQG�DIWHU�WUHDWPHQW�UHJDUGLQJ�HFKRFDUGLRJUDSKLF�
ILQGLQJV��

7DEOH�����

&RPSDULVRQ�EHWZHHQ�0HWRSURORO�VXEJURXS��,,E��
EHIRUH�DQG�DIWHU�WUHDWPHQW�UHJDUGLQJ�
HFKRFDUGLRJUDSKLF�ILQGLQJV��

7DEOH�����



/LVW�RI�)LJXUHV�
�

)LJXUH����
�

:DOO� VWUHVV� DQG� WHQVLRQ� LQ� D� WKLQ�ZDOOHG� WXEH� RU� FKDPEHU�
�/DSODFH¶V�ODZ���

)LJXUH���� 6KRZV� VFKHPH� RI� WKH� UHQLQ�DQJLRWHQVLQ� PHFKDQLVP�
LQGLFDWLQJ� WKH� VLWH� RI� DFWLRQ� RI� DQJLRWHQVLQ� ,,� W\SH� ,�
UHFHSWRU�DQWDJRQLVW��

)LJXUH���� 6KRZV�VFKHPDWLF�GHSLFWLQJ�KRZ�WKH�5$$6�ZRUNV��
+HUH��DFWLYDWLRQ�RI�WKH�5$$6�LV�LQLWLDWHG�E\�D�ORZ�
SHUIXVLRQ�SUHVVXUH�LQ�WKH�MX[WDJORPHUXODU�DSSDUDWXV��

)LJXUH���� 6KRZV�DQ�LPEDODQFH�EHWZHHQ�WKHVH�SUHVVRU�DQG�
GHSUHVVRU�DFWLRQV�RI�LQVXOLQ�PD\�UHVXOW�LQ�HOHYDWHG�
EORRG�SUHVVXUH��

)LJXUH���� 6KRZV�WKH�SUHYDOHQFH�RI�OHIW�YHQWULFXODU�K\SHUWURSK\�
E\�(FKRFDUGLRJUDSK\�E\�DJH�DQG�VH[�LQ�)UDPLQJKDP�
VWXG\��

)LJXUH���� 6KRZV�SDWKRJHQHVLV�RI�OHIW�YHQWULFXODU�K\SHUWURSK\�
)LJXUH���� 6KRZV�WKH�SDWKRJHQLF�IDFWRUV�DQG�FRQVHTXHQFHV�RI�OHIW�

YHQWULFXODU�K\SHUWURSK\�
)LJXUH���� 6KRZV�WKDW�REHVLW\�SURGXFHV�HFFHQWULF�/9+�ZKLOH�

K\SHUWHQVLRQ�SURGXFHV�FRQFHQWULF�/9+��
)LJXUH���� 6KRZV�WKDW�FRQFHQWULF�/9+�LV�VHHQ�LQ�K\SHUWHQVLRQ��

WKH�DGGLWLRQ�RI�VDUFRPHUHV�LQ�SDUDOOHO�UHVXOWV�LQ�ZDOO�
WKLFNHQLQJ�DW�WKH�H[SHQVH�RI�FKDPEHU�YROXPH��
HFFHQWULF�/9+�LV�GHILQHG�E\�FKDPEHU�GLODWDWLRQ�DQG�
ZDOO�WKLFNHQLQJ��6DUFRPHUHV�DUH�DGGHG�LQ�VHULHV�DV�ZHOO�
DV�LQ�SDUDOOHO��



)LJXUH����� 6KRZV�/9+�LV�DGDSWDWLRQ�RU�D�GLVHDVH"�
)LJXUH����� 6KRZV�0�PRGH�HFKRFDUGLRJUDP�UHFRUGHG�ZLWKLQ�WKH�

OHIW�YHQWULFOH��MXVW�EHORZ�WKH�OHYHO�RI�WKH�PLWUDO�YDOYH�
DQQXOXV��

)LJXUH����� 6KRZV�OHIW�YHQWULFXODU�JHRPHWULFDO�SDWWHUQV��
)LJXUH�����

�
6KRZV�FDUGLRYDVFXODU�HYHQWV�LQ�PHQ�DQG�ZRPHQ�LQ�WKH�
)UDPLQJKDP�6WXG\�DFFRUGLQJ�WR�OHIW�YHQWULFXODU�PDVV�
GHWHUPLQHG�E\�HFKRFDUGLRJUDSK\��

)LJXUH����� 6KRZV�WKH�GLDJUDP�RI�OHIW�YHQWULFXODU�SXPS�
SHUIRUPDQFH��7KH�LQSXW�LV�WKH�SXOPRQDU\�YHQRXV�
SUHVVXUH��DQG�WKH�RXWSXW�LV�WKH�FDUGLDF�RXWSXW��

)LJXUH����� 6KRZV�WKH�FRQVHTXHQFHV�RI�V\VWROLF�DQG�
GLDVWROLF�G\VIXQFWLRQ�UHODWHG�K\SHUWHQVLRQ�����)LJXUH����� 6KRZV�WKH�OHIW�YHQWULFXODU��/9��SUHVVXUH��3/9���OHIW�
DWULDO�SUHVVXUH��3/$���OHIW�YHQWULFXODU�YROXPH��/99���
DQG�WKH�UDWH�RI�FKDQJH�RI�/9�YROXPH��G9�GW���ZKLFK�
LQGLFDWHV�WKH�UDWH�RI�/9�ILOOLQJ��

)LJXUH����� 6KRZV�WKH�PHDVXUHPHQW�RI�'RSSOHU�WUDQVPLWUDO�
LQGH[HV�RI�GLDVWROLF�IXQFWLRQ�

)LJXUH����� 6KRZV�WKH�PHDVXUHPHQW�RI�SXOPRQDU\�YHLQV�IORZ��
)LJXUH����� 6KRZV�WKH�PHDVXUHPHQW�RI�7LVVXH�'RSSOHU�LQGH[HV��
)LJXUH����� 6KRZV�WKH�SDWWHUQV�RI�OHIW�YHQWULFXODU��/9��ILOOLQJ�DV�

UHFRUGHG�E\�GLDVWROLF�'RSSOHU�PLWUDO�IORZ�YHORFLWLHV��
)LJXUH����� 6KRZV�WKH�FKDQJHV�LQ�OHIW�YHQWULFXODU�PDVV�LQGH[�ZLWK�

DQWLK\SHUWHQVLYH�GUXJV��
)LJXUH�����

�
6KRZV�WKH�HIIHFW�RI�DQWLK\SHUWHQVLYH�WKHUDS\�RQ�EORRG�
SUHVVXUH�DQG�OHIW�YHQWULFXODU�PDVV��



)LJXUH�����
�

6KRZV�,96�DQG�3:7�DW�HQG�GLDVWROH�DQG�V\VWROH��RI�
JURXSV����,,,�DQG�,�EHIRUH�WUHDWPHQW�

)LJXUH�����
�

6KRZV�WKH�/90�DQG�/90,�RI�WKH�JURXSV�,,,�DQG�,�
EHIRUH�WUHDWPHQW��

)LJXUH����� 6KRZV�5:7�RI�WKH�JURXSV�,,,�DQG�,�EHIRUH�WUHDWPHQW��
)LJXUH�����

�
6KRZV�WKH�WUDQVPLWUDO�LQGLFHV�RI�WKH�JURXSV�,,,�DQG�,�
EHIRUH�WUHDWPHQW��

)LJXUH����� 6KRZV�,96�DQG�3:7�DW�HQG�GLDVWROH�DQG�V\VWROH�RI�
JURXSV�,,,�DQG�,,�EHIRUH�WUHDWPHQW��

)LJXUH����� VKRZV�WKH�/90�DQG�/90,��RI�WKH�JURXSV�,,,�DQG�,,�
EHIRUH�WUHDWPHQW�

)LJXUH����� 6KRZV�WKH�5:7�RI�WKH�JURXSV�,,,�DQG�,,�EHIRUH�
WUHDWPHQW�

)LJXUH����� 6KRZV�WKH�WUDQVPLWUDO�LQGLFHV�RI�WKH�JURXSV�,,,�DQG�,,�
EHIRUH�WUHDWPHQW�

)LJXUH����� VKRZV�,96�DQG�3:7�DW�HQG�GLDVWROH�DQG�V\VWROH�RI�
JURXSV�,��DQG�,,�EHIRUH�WUHDWPHQW�

)LJXUH����� 6KRZV�WKH�/90�DQG�/90,�RI�WKH�JURXSV�,�DQG�,,�
EHIRUH���WUHDWPHQW�

)LJXUH����� 6KRZV�WKH�5:7�RI�WKH�JURXSV�,�DQG�,,�EHIRUH�WUHDWPHQW
)LJXUH����� 6KRZV�WKH�WUDQVPLWUDO�LQGLFHV�RI�WKH�JURXSV�,�DQG�,,�

EHIRUH��WUHDWPHQW�
)LJXUH�����

�
6KRZV�,96�DQG�3:7�DW�HQG�GLDVWROH�DQG�V\VWROH�RI�
JURXSV�DQG�,�DIWHU�WUHDWPHQW��

)LJXUH����� 6KRZV�WKH�/90�DQG�/90,��RI�WKH�JURXSV�,,,�DQG�,�
DIWHU���WUHDWPHQW�

)LJXUH����� 6KRZV�WKH�5:7�RI�WKH�JURXSV�,,,�DQG�,�DIWHU�WUHDWPHQW�



)LJXUH����� 6KRZV�WKH�WUDQVPLWUDO�LQGLFHV�RI�WKH�JURXSV�,,,�DQG�,�
DIWHU�WUHDWPHQW��

)LJXUH�����
�

6KRZV�,96�DQG�3:7�DW�HQG�GLDVWROH�DQG�V\VWROH�RI�
JURXSV���,,,�DQG�,,�DIWHU�WUHDWPHQW��

)LJXUH�����
�

6KRZV�WKH�/90�DQG�/90,��RI�WKH�JURXSV�,,,�DQG�,,�
DIWHU��WUHDWPHQW�

)LJXUH����� 6KRZV�WKH�5:7�RI�WKH�JURXSV�,,,�DQG�,,�DIWHU�
WUHDWPHQW�

)LJXUH����� 6KRZV�WKH�WUDQVPLWUDO�LQGLFHV�RI�WKH�JURXSV�
,,,�DQG�,,�DIWHU�WUHDWPHQW�

)LJXUH ���� ��
�

6KRZV�,96�DQG�3:7�DW�HQG�GLDVWROH�DQG�
V\VWROH�RI�JURXSV�,���DQG�,,�DIWHU��WUHDWPHQW�

)LJXUH�����
�

6KRZV�WKH�/90�DQG�/90,�RI�WKH�JURXSV�,��
DQG�,,�DIWHU�WUHDWPHQW��

)LJXUH����� 6KRZV�WKH�5:7�RI�WKH�JURXSV�,�DQG�,,�DIWHU�WUHDWPHQW�
)LJXUH����� 6KRZV�WKH�WUDQVPLWUDO�LQGLFHV�RI�WKH�JURXSV�,��

DQG�,,�DIWHU��WUHDWPHQW�
)LJXUH�����

�
6KRZV� ,96� DQG� 3:7� DW� HQG� GLDVWROH� DQG� V\VWROH� RI�
VXEJURXS�,D�EHIRUH�DQG�DIWHU�WUHDWPHQW��

)LJXUH����
�

6KRZV�WKH�/90�DQG�/90,��RI�WKH�VXEJURXS�,D�EHIRUH�
DQG��DIWHU��WUHDWPHQW�

)LJXUH���� 6KRZV�WKH�5:7�RI�WKH�VXEJURXS�,D�EHIRUH�DQG�DIWHU�
WUHDWPHQW�

)LJXUH�����
�

6KRZV�WKH�WUDQVPLWUDO�LQGLFHV�RI�WKH�VXEJURXS�,D�EHIRUH�
DQG�DIWHU�WUHDWPHQW�

)LJXUH�����
�

6KRZV� ,96� DQG� 3:7� DW� HQG� GLDVWROH� DQG� V\VWROH� RI�
VXEJURXS�,E�EHIRUH�DQG�DIWHU�WUHDWPHQW��



)LJXUH�����
�

6KRZV�WKH�/90�DQG�/90,��RI�WKH�VXEJURXS�,E�EHIRUH�
DQG�DIWHU�WUHDWPHQW�

)LJXUH�����
�

6KRZV�WKH�5:7�RI�WKH�VXEJURXS�,E�EHIRUH�DQG�DIWHU�
WUHDWPHQW��

)LJXUH�����
�

6KRZV�WKH�WUDQVPLWUDO�LQGLFHV�RI�WKH�VXEJURXS�,E�
EHIRUH�DQG�DIWHU�WUHDWPHQW�

)LJXUH�����
�

6KRZV�,96�DQG�3:7�DW�HQG�GLDVWROH�DQG�V\VWROH�RI�
VXEJURXS�,,D�EHIRUH�DQG�DIWHU�WUHDWPHQW��

)LJXUH�����
�

6KRZV�WKH�/90�DQG�/90,�RI�WKH�VXEJURXS�,,D�EHIRUH�
DQG�WUHDWPHQW��

)LJXUH������� 6KRZV�WKH�5:7�RI�WKH�VXEJURXS�,,D�EHIRUH�DQG�DIWHU�
WUHDWPHQW��

)LJXUH����� 6KRZV�WKH�WUDQVPLWUDO�LQGLFHV�RI�WKH�VXEJURXS�,,D�
EHIRUH�DQG�DIWHU�WUHDWPHQW��

)LJXUH�����
�

6KRZV�,96�DQG�3:7�DW�HQG�GLDVWROH�DQG�V\VWROH�RI�
VXEJURXS�,,E�EHIRUH�DQG�DIWHU�WUHDWPHQW��

)LJXUH�����
�

6KRZV�WKH�/90�DQG�/90,�RI�WKH�VXEJURXS�,,E�EHIRUH�
DQG�DIWHU�WUHDWPHQW��

)LJXUH�����
�

6KRZV�WKH�5:7�RI�WKH�VXEJURXS�,,E�EHIRUH�DQG�DIWHU��
WUHDWPHQW�

)LJXUH�����
�

6KRZV�WKH�WUDQVPLWUDO�LQGLFHV�RI�WKH�VXEJURXS�,,E�
EHIRUH�DQG�DIWHU��WUHDWPHQW�
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+\SHUWHQVLRQ� LV�D� OHDGLQJ�QRQ�FRPPXQLFDEOH�GLVHDVH�� ,W�KDV�EHHQ�
UHFRJQL]HG� DV� WKH�PRVW� SUHYDOHQW� FDUGLRYDVFXODU� GLVHDVH��$GDSWDWLRQ� RI�
WKH� OHIW� YHQWULFOH� WR� V\VWHPLF� K\SHUWHQVLRQ� LV� FRPSOH[� DQG� LW� LV�
FKDUDFWHUL]HG� E\� IXQFWLRQDO� DQG� VWUXFWXUDO� FKDQJHV� LQ� WKH� OHIW� YHQWULFOH�
�&DVDOH� HW�DO��� ������/HY\�HW�DO����������+\SHUWHQVLRQ�PD\� UHVXOW� LQ� OHIW�
YHQWULFXODU�K\SHUWURSK\� �/9+��DQG� LPSDLUPHQW�RI�GLDVWROLF�DQG�V\VWROLF�
IXQFWLRQ� �&XRFROR�HW�DO����������$W�VRPH�SRLQW� LQ� WKH�QDWXUDO�KLVWRU\�RI�
K\SHUWHQVLRQ��WKH�FRPSHQVDWRU\�LQFUHDVH�LQ�/90�FHDVHV�WR�EH�EHQHILFLDO�
DQG� EHFRPHV� D� SUHFOLQLFDO� GLVHDVH� DQG� DQ� LQGHSHQGHQW� ULVN� IDFWRU� IRU�
FRQJHVWLYH� KHDUW� IDLOXUH�� LVFKHPLF� KHDUW� GLVHDVH�� DUUK\WKPLD�� VXGGHQ�
GHDWK��DQG�VWURNH��/HIW�YHQWULFXODU�K\SHUWURSK\�LV�DVVRFLDWHG�ZLWK�DGYHUVH�
KHDUW�FRQVHTXHQFHV��LQFOXGLQJ�UHGXFWLRQ�LQ�V\VWROLF�DQG�GLDVWROLF�IXQFWLRQ��
UHGXFHG� FRURQDU\� UHVHUYH�� DQ� LQFUHDVHG� LQFLGHQFH� RI� DUUK\WKPLDV�
�)URKOLFK�HW�DO���������$JDELWL�5RVHL�HW�DO����������

+\SHUWHQVLRQ� LV�NQRZQ� WR�EH� DVVRFLDWHG�ZLWK�D�ZLGH�VSHFWUXP�RI�
/9� JHRPHWULF� SDWWHUQV� �=DEDOJRLWLD� HW� DO��� ������� 7KH� KHPRG\QDPLF�
SUHGRPLQDQFH�EHWZHHQ�SUHVVXUH�DQG�YROXPH�RYHUORDG�SOD\V�DQ�LPSRUWDQW�
UROH� LQ� WKH� GHWHUPLQDWLRQ� DQG� GHYHORSPHQW� RI� YDULRXV� /9� JHRPHWULF�
SDWWHUQV��&RQFHQWULF�UHPRGHOLQJ�WHQGV�WR�RFFXU�HDUO\�LQ�K\SHUWHQVLRQ�GXH�
WR� SUHVVXUH� RYHUORDG� EXW� WKH� OHIW� YHQWULFXODU� PDVV� LV� QRUPDO� ZKLOH�
HFFHQWULF� K\SHUWURSK\� LV� GXH� WR� YROXPH� RYHUORDG� ZLWK� LQFUHDVHG� OHIW�
YHQWULFXODU� PDVV�� 9DULRXV� JHRPHWULF� SDWWHUQV� DUH� DOVR� LQIOXHQFHG�
VLJQLILFDQWO\� E\� /9� V\VWROLF� IXQFWLRQ� SDUDPHWHUV� �GH� 6LPRQH� HW� DO���
������� 3HUVLVWHQW� SUHVVXUH� RYHUORDG� LQ� FRQFHQWULF� /9� JHRPHWU\� ZLWK�


