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6DELQD�6DFFRPDQQR��
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�'HSDUWPHQW�RI�/LIH��+HDOWK�DQG�(QYLURQPHQW�6FLHQFH��8QLYHUVLW\�RI�/b$TXLOD��/b$TXLOD��,WDO\

$EVWUDFW�
,QWURGXFWLRQ�
6WDIQHdV�%RQH�&DYLW\�>6%&@�LV�D�UDUH��ZHOO�GHILQHG��PDQGLEXODU�ERQH�OHVLRQ��ZKLFK�ZDV�ILUVW�GLVFRYHUHG�E\�(GZDUG�&��6WDIQH�LQ������

2EMHFWLYH�
7KH�SXUSRVH�RI�WKLV�DUWLFOH�LV�WR�HYDOXDWH�D�GLJLWDO�GLDJQRVWLF�DSSURDFK�WR�6WDIQHdV�%RQH�&DYLW\��6%&��WKURXJK�D�UHYLHZ�DQG�GHVFULSWLRQ�RI�VRPH
FOLQLFDO�FDVHV�

0HWKRGV�
7KH�UHYLHZ�ZDV�FRQGXFWHG�WKURXJK�DQ�DQDO\VLV�RI�WKH�OLWHUDWXUH�RI�DOO�DUWLFOHV�SXEOLVKHG�RQ�6WDIQHdV�%RQH�&DYLW\�

:H�UHSRUW�WKH�FDVH�RI�D����\HDU�ROG�PDOH�SDWLHQW�ZKR�QHHGHG�WRRWK�LPSODQW�UHKDELOLWDWLRQ��DQG�WKHUHIRUH��D�SDQRUDPLF�UDGLRJUDSK�ZDV�WDNHQ�DV�SDUW
RI�WKH�URXWLQH�HYDOXDWLRQ�DQG�SODQ�RI�FDUH��$IWHU�WKH�GLDJQRVLV��WKH�IRFXV�ZDV�RQ�PRUH�SUHFLVH�LPDJLQJ�DQG�WKH�PHULWV�RI�FKRRVLQJ�&RPSXWHUL]HG
7RPRJUDSK\�RU�0DJQHWLF�5HVRQDQFH�,PDJLQJ�ZHUH�FRPSDUHG�

5HVXOWV�
$FFRUGLQJ�WR�RXU�UHYLHZ�RI�WKH�OLWHUDWXUH��WKH�SUHYDOHQFH�RI�WKHVH�FDYLWLHV�ZDV�IRXQG�WR�EH��������ZKLOH����RI�WKHP�ZHUH�IRXQG�LQ�PDOH�SDWLHQWV
DQG�����RI�WKHP�ZHUH�IRXQG�LQ�PDOH�SDWLHQWV�ROGHU�WKDQ����\HDUV�RI�DJH�

7KH�SDWLHQWdV�SDQRUDPLF�UDGLRJUDSK�UHYHDOHG�WKH�SUHVHQFH�RI�DQ�6%&�LQ�KLV�OHIW�SRVWHULRU�VLGH�RI�WKH�PDQGLEOH��,Q�RUGHU�WR�FRQILUP�DQG�LPSURYH�WKH
GLDJQRVLV��WKH�SDWLHQW�XQGHUZHQW�D�&RPSXWHU�7RPRJUDSK\�H[DP��FKRVHQ�IRU�LWV�EHQHILWV�RXWZHLJKLQJ�WKRVH�RI�DQ�05,�

&RQFOXVLRQ�
6WDIQHdV�ERQH�FDYLW\��6%&��LV�LQGHHG�DQ�XQFRPPRQ�ILQGLQJ�DV�LW�LV�DV\PSWRPDWLF�DQG�LV�LGHQWLILHG�RQO\�WKURXJK�SDQRUDPLF�LPDJLQJ��&7�VFDQV�RU
05,V��+RZHYHU��LW�FDQ�SRVH�VRPH�ORJLVWLFDO�SUREOHPV�LQ�WKH�DSSOLFDWLRQ�RI�GHQWDO�LPSODQWV��7KH�W\SRORJ\�RI�WKLV�FDVH�VWXG\�FRQILUPHG�WKH�ILQGLQJV
RI �WKH �V\VWHPDWLF �UHYLHZ� �WKH �SDWLHQW� �EHLQJ �D �PLGGOH �DJHG �PDOH� �SUHVHQWHG �D �PDQGLEXODU �6%&� �ZKLFK �ZDV �GLVFRYHUHG �RQO\ �GXULQJ �D �URXWLQH
SDQRUDPLF �[�UD\ �WR �SODQ �WKH �ILWWLQJ �RI �GHQWDO �LPSODQWV� �7KH �XVH �RI �WRPRJUDSK\ �FRQILUPHG�WKH �GLDJQRVLV �RI �6%&�DQG �GHWDLOHG �WKH �DQDWRPLFDO
VWUXFWXUH��WKXV�JXLGLQJ�WKH�UHVWRUDWLRQ�SURFHVV�

.H\ZRUGV��6WDIQHdV�ERQH�FDYLW\��'LJLWDO�LPDJLQJ��,PSODQW�SURVWKHWLF�SODQQLQJ��&7�VFDQV��$QDWRPLFDO�VWUXFWXUH��0DJQHWLF�5HVRQDQFH�,PDJLQJ�
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,Q ������ �(GZDUG �&� �6WDIQH �>�@ �IRXQG �WKLUW\�ILYH �ERQH
FDYLWLHV�LQ����SDWLHQWV�VLWXDWHG�QHDU�WKH�DQJOH�RI�WKH�PDQGLEOH�


 �$GGUHVV �FRUUHVSRQGHQFH �WR �WKLV �DXWKRU �DW �WKH �3RVW �*UDGXDWH �6FKRRO �RI
2UWKRGRQWLFV��'HSDUWPHQW�RI�/LIH��+HDOWK�DQG�(QYLURQPHQW�6FLHQFH��8QLYHUVLW\
RI�/d$TXLOD��/d$TXLOD��,WDO\��(�PDLO��VDELQDVDFFRPDQQR#KRWPDLO�LW

����RI�WKHP�ZHUH�ORFDWHG�LQ�PDOH�SDWLHQWV�DQG�WKH�DYHUDJH�DJH
RI �WKH �SDWLHQWV �ZDV �������\HDUV� �7KH�FDYLWLHV �KDG�D �GLDPHWHU
YDULDEOH �EHWZHHQ �� �DQG �� �FP� �D �URXQG �RU �RYDO �IRUP� �QR
SUHSRQGHUDQFH �RI �ILQGLQJV �LQ �RQH �RI �WKH �VLGHV� �QR �FKDQJH �RU
LQFUHDVH �LQ �VL]H� �DQG �LQ �RQO\ �RQH �FDVH� �WKH\ �ZHUH �SUHVHQW �RQ
ERWK�VLGHV�
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7DEOH����5HYLHZ�RI�OLWHUDWXUH�UHJDUGLQJ�WKH�SUHYDOHQFH�RI�6WDIQH
V�ERQH�FDYLW\��6%&��

$XWKRU>V@�>5HI@ <HDU &DVHV 1DWLRQDOLW\ &URVV�VHFWLRQ 1XPEHU�RI�6%&V 5DWH�RI�6%&V�>�@
/LOO\�HW�DO��>�@ ���� ����� 86$ 'HQWLVWV � ����
.DUPLRO�DQG�:DOVK�>�@ ���� ����� 86$ 9HWHUDQV �� ����
-RKRQVRQ�>�@ ���� ����� 86$ 9HWHUDQV �� ����
2LNDULQHQ�DQG�-XONX�>�@ ���� ������ )LQODQG 3DWLHQWV �� ����
8HPXUD�HW�DO��>�@ ���� ����� -DSDQ 3DWLHQWV �� ����
(KDUD�HW�DO��>�@ ���� ������ -DSDQ 3DWLHQWV �� ����
&KHQ�DQG�2KED�>�@ ���� ������ -DSDQ 3DWLHQWV �� ����
&RUUHOO�HW�DO��>�@ ���� ����� 86$ 9HWHUDQV �� ����
6LVPDQ�HW�DO��>��@ ���� ������ 7XUNH\ 3DWLHQWV �� ����
$VVHI�HW�DO��>��@ ���� ������ *HUPDQ\ 3DWLHQWV �� ����
$OO�86�VWXGLHV ������ 86$ $OO �� ����
$OO�-DSDQHVH�VWXGLHV ������ -DSDQ 3DWLHQWV �� ����
$OO�SDWLHQWV ������ $OO 3DWLHQWV ��� ����
7RWDO ������� $OO $OO ��� ����

7KHVH �UDUH� �DV\PSWRPDWLF� �UDGLROXFHQW� �ZHOO�GHPDUFDWHG�
PDLQO\ �XQLODWHUDO �DQG �DQWHULRU �OHVLRQV �DUH �FRPPRQO\ �FDOOHG
6WDIQHdV �%RQH �&DYLWLHV ��6%&� �IURP �WKH �VXUQDPH �RI �WKH �ILUVW
GLVFRYHUHU� �EXW �WKH\ �DUH �DOVR �NQRZQ �DV �ODWHQW� �LGLRSDWKLF �RU
GHYHORSPHQWDO �PDQGLEXODU �ERQH �FDYLWLHV� �F\VWV� �GHIHFWV �RU
GHSUHVVLRQV�

,Q�WKH�OLWHUDWXUH��WHQ�SXEOLVKHG�VWXGLHV�KDYH�EHHQ�IRXQG�RQ
WKH�SUHYDOHQFH�RI�WKH�6%&�LQ�WKH�SRSXODWLRQ�FRQGXFWHG�EHWZHHQ
�����DQG�������DQG�WKH�DYHUDJH�UDWH�RI�6%&V�ZDV�IRXQG�WR�EH
������ �DOO �WKH �VWXGLHV �FDUULHG �RXW �E\ �$PHULFDQ �UHVHDUFKHUV
VXIIHUHG�IURP�WKH�ELDV�RI�DQ�RQO\�PDOH��LQ�WKH�FDVHV�RI�PLOLWDU\
YHWHUDQV��RU�D�PRVWO\�PDOH��LQ�WKH�FDVH�RI�WKH�GHQWLVWV�LQ������
SRSXODWLRQ� �VR �H[FOXGLQJ �WKRVH �VWXGLHV� �WKH �DYHUDJH �UDWH
GHFUHDVHG �WR ������� �8QIRUWXQDWHO\� �WKHUH �DUH �QR �$PHULFDQ
VWXGLHV �ZLWKRXW �JHQGHU �ELDV� �VR �LQYHVWLJDWLQJ �WKH �HYHQWXDO
SUHVHQFH�RI�WKH�KLJKHVW�6%&V�UDWH�LQ�ERWK�VH[HV�LQ�WKH�86$�LV
QRW �SRVVLEOH� �KRZHYHU� �WKH�UDWH �UHSRUWHG�E\�/LOO\ �HW �DO� �>�@ �LV
YHU\�FORVH�WR�WKH�DYHUDJH�ZRUOG�UDWH��VR�LW�PD\�EH�UHDVRQDEOH�WR

WKLQN�WKDW�WKH�UHDO�$PHULFDQ�DYHUDJH�UDWH�RI�WKH�SUHYDOHQFH�RI
WKHVH�FDYLWLHV�LV�QR�GLIIHUHQW�IURP�WKH�RWKHU�FRXQWULHV��7DEOH����

6RPH�RI �WKHVH �VWXGLHV �DOORZHG�XV �WR �FRQVLGHU �WKH �JHQGHU
YDULDELOLW\��DQG�ZH�IRXQG�WKDW�����RI�WKH�FDVHV�RI�6%&V�ZHUH
GLDJQRVHG�LQ�PDOH�SDWLHQWV��,Q�WKH�VWXG\�RI�6LVPDQ�HW�DO��>��@��LW
ZDV�SRVVLEOH�WR�REWDLQ�DGGLWLRQDO�FRQILUPDWLRQ�RI�WKLV�DVSHFW��DV
WKH�SUHYDOHQFH�RI�6%&�LQ�PDOH�SDWLHQWV�ZDV�WHQ�WLPHV�KLJKHU
WKDQ�WKH�SUHYDOHQFH�LQ�IHPDOH�SDWLHQWV��7DEOH����

7KH �VDPH �VWXGLHV �UHSRUWHG �LQ �7DEOH �� �DQG �WKH �VWXG\ �E\
&RUUHOO�HW�DO��>�@�DOORZHG�XV�WR�HYDOXDWH�DJH�YDULDELOLW\�DV�ZHOO�
DQG�ZH�IRXQG�WKDW�����RI�WKH�FDVHV�RI�6%&V�ZHUH�GLDJQRVHG�LQ
SDWLHQWV�ZLWK�DQ�DJH�UDQJH�EHWZHHQ�IRUW\�ILYH�DQG�QLQHW\�ILYH
\HDUV��7KH�VWXG\�RI�6LVPDQ�HW�DO� �>��@�FRQILUPHG�WKLV�GDWD�DV
WKH�SUHYDOHQFH�RI�6%&�LQ�SDWLHQWV�EHWZHHQ�WKH�DJHV�IRUW\�RQH
DQG �QLQHW\�ILYH �UHVXOWHG �LQ �EHLQJ �WZHQW\�VHYHQ �WLPHV �KLJKHU
WKDQ �WKH �SUHYDOHQFH �LQ �SDWLHQWV �EHWZHHQ �WKH �DJH �RI �IRXU �DQG
IRUW\��7DEOH����

7DEOH����5HYLHZ�RI�OLWHUDWXUH�UHJDUGLQJ�WKH�DVVRFLDWLRQ�EHWZHHQ�PDOH�VH[�DQG�6WDIQH
V�ERQH�FDYLW\�

$XWKRU>V@�>5HI@ <HDU 0DOH
&DVHV 1DWLRQDOLW\

1XPEHU�RI
6%&V 5DWH�RI�6%&V�>�@

2LNDULQHQ�DQG�-XONX�>�@ ���� �� )LQODQG �� ���
8HPXUD�HW�DO��>�@ ���� � -DSDQ �� ��
&KHQ�DQG�2KED�>�@ ���� �� -DSDQ �� ��
6LVPDQ�HW�DO��>��@ ���� �� 7XUNH\ �� ��
$VVHI�HW�DO��>��@ ���� �� *HUPDQ\ �� ���
7RWDO �� $OO �� ��

7DEOH����5HYLHZ�RI�OLWHUDWXUH�UHJDUGLQJ�WKH�DVVRFLDWLRQ�EHWZHHQ�ROG�DJH�DQG�6WDIQH
V�ERQH�FDYLW\�

$XWKRU>V@�>5HI@ <HDU ����ROG 1DWLRQDOLW\
1XPEHU
RI�6%&V 5DWH�RI�6%&V�

2LNDULQHQ�DQG�-XONX�>�@ ���� � )LQODQG �� ��
8HPXUD�HW�DO��>�@ ���� � -DSDQ �� ��
&KHQ�DQG�2KED�>�@ ���� �� -DSDQ �� ��
&RUUHOO�HW�DO��>�@ ���� �� 86$ �� ��
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$XWKRU>V@�>5HI@ <HDU ����ROG 1DWLRQDOLW\
1XPEHU
RI�6%&V 5DWH�RI�6%&V�

6LVPDQ�HW�DO��>��@ ���� �� 7XUNH\ �� ��
$VVDI�HW�DO��>��@ ���� � *HUPDQ\ �� ��

7RWDO �� �� ��
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$ ��� �\HDU�ROG �PDOH �SDWLHQW �KDG �URXWLQH �SDQRUDPLF
UDGLRJUDSK\ �GRQH �LQ �SUHSDUDWLRQ �IRU �SURVWKHWLF �UHKDELOLWDWLRQ
�)LJ� ���� �7KH �SDQRUDPLF �LPDJLQJ �UHYHDOHG �DQ �RYDO �F\VW�OLNH
ZHOO�GHILQHG �OHVLRQ ��)LJ� ��� �LQ �WKH �OHIW �SRVWHULRU �PDQGLEOH�
DQWHULRU�WR�WKH�PDQGLEXODU�DQJOH�DQG�WKH�WKLUG�PRODU��EHORZ�D
ZLGH�HGHQWXORXV�DUHD��7KH�SDWLHQW�ZDV�DV\PSWRPDWLF��DQG�WKHUH
ZDV�QR�UHSRUW�RI�SDUHVWKHVLD�RU�DQHVWKHVLD�

)URP�WKH�REMHFWLYH�H[DP�DQG�WKH�SDQRUDPLF�UDGLRJUDSK\�
ZH�REVHUYHG�WKH�SUHVHQFH�RI�PXOWLSOH�HGHQWXORXV�DUHDV�ZKLFK
QHHGHG �WR �EH �UHKDELOLWDWHG� �$V �SDUW �RI �DQ �LPSODQW�SURVWKHWLF
SODQ�RI�FDUH��6SLUDO�&RPSXWHUL]HG�7RPRJUDSK\�ZDV�SUHVFULEHG
WR �KLP ��)LJ� ���� �REWDLQLQJ �EL�GLPHQVLRQDO �UHFRQVWUXFWLRQV �DV
SDQRUH[� �SDUDVDJLWWDO �VOLFHV �E\ �PXOWLSODQDU �UHIRUPDWLRQ �DQG

WULGLPHQVLRQDO�UHFRQVWUXFWLRQV�E\�YROXPH�UHQGHULQJ�>������@�

,Q �WKLV �UDGLRJUDSKLF �H[DP� �ZH �IRXQG �DQ �RYDO �QRWFK �ZLWK
UDGLROXFHQW� �FOHDU �DQG�UHJXODU �ERUGHUV� �ORFDWHG�LQ �WKH�LQIHULRU
SRUWLRQ�RI�WKH�KRUL]RQWDO�EUDQFK�RI�WKH�PDQGLEOH��RQ�WKH�OLQJXDO
VLGH��QHDU�WKH�DQJOH�RI�WKH�PDQGLEOH��DQG�EHORZ�WKH�PDQGLEXODU
FDQDO� �7KH �;�UD\ �DOORZHG �SUHFLVH �PHDVXUHPHQW �VKRZLQJ �D
KHLJKW �UDQJLQJ �EHWZHHQ ����� �PP �DQG ��� �PP �DQG �EUHDGWK
EHWZHHQ �� �DQG �� �PP ��)LJV� ������

7KH �EL�GLPHQVLRQDO �UHFRQVWUXFWLRQV �LQ �SDUDVDJLWWDO �VOLFHV
DOVR�SHUPLWWHG�EHWWHU�LGHQWLILFDWLRQ�RI�WKH�FORVHQHVV�RI�WKH�ERQH
FDYLW\ �WR �WKH �FDQDO �RI �WKH �DOYHRODU �LQIHULRU �RPRODWHUDO �QHUYH�
ZKHUHDV �WKH �FRPSXWHUL]HG �YROXPH �UHQGHULQJ �RIIHUHG �D �PRUH
DFFXUDWH �YLHZ �RI �WKH �VXUURXQGLQJ �DQDWRPLFDO �IHDWXUHV ��)LJV�
������

)LJ�������7KH�SDQRUDPLF�UDGLRJUDSK\�

)LJ�������$�GHWDLO�RI�WKH�SDQRUDPD�

!"#$%&'3 (' )*+,-.....
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)LJ�������7ULGLPHQVLRQDO�UHFRQVWUXFWLRQ�ZLWK�YROXPH�UHQGHULQJ�

)LJ�������3DUDVDJLWWDO�VOLFH�

)LJ�������3DUDVDJLWWDO�VOLFH�
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)LJ�������3DUDVDJLWWDO�VOLFH�

)LJ�������3DUDVDJLWWDO�VOLFH�

)LJ�������%LGLPHQVLRQDO�UHFRQVWUXFWLRQ�ZLWK�PXOWLSODQDU�UHIRUPDWLRQ�RI�WKH�OHIW�KHPLPDQGLEOH�
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)LJ�������%LGLPHQVLRQDO�UHFRQVWUXFWLRQ�ZLWK�PXOWLSODQDU�UHIRUPDWLRQ�RI�WKH�OHIW�KHPLPDQGLEOH�

)LJ��������%LGLPHQVLRQDO�UHFRQVWUXFWLRQ�ZLWK�PXOWLSODQDU�UHIRUPDWLRQ�RI�WKH�OHIW�KHPLPDQGLEOH�

)LJ��������%LGLPHQVLRQDO�UHFRQVWUXFWLRQ�ZLWK�PXOWLSODQDU�UHIRUPDWLRQ�RI�WKH�OHIW�KHPLPDQGLEOH�
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7KH�FDVH�WKDW �ZH�KDYH�GHVFULEHG�KHUH�FRUUHVSRQGV�WR�WKH
PRVW�FRPPRQ�PDQLIHVWDWLRQ�RI�6%&�DQG�FRQILUPV�WKH�ILQGLQJ
RI�WKH�VWXGLHV�UHYLHZHG��WKH�ERQH�FDYLW\�LV�SUHVHQW�LQ�D�PDOH�VH[
SDWLHQW� �D �PDWXUH �DGXOW ��DJH ����� �LQ �D �SRVLWLRQ �ORFDWHG
SRVWHULRUO\ �LQ �WKH �PDQGLEOH�

7DEOH����$GYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�&7�DQG�05,�LQ
GLDJQRVLQJ�6%&�

$GYDQWDJHV 'LVDGYDQWDJHV

&7

+LJK�OHYHO�RI�UHVROXWLRQ ([SRVXUH�WR�UDGLDWLRQ
(DVH�RI�XVH 6RIW�WLVVXHV�QRW�ZHOO�YLVXDOL]HG
/RZ�FRVW
&RPIRUWDEOH�IRU�WKH�SDWLHQW
0D\�EH�XVHG�LQ�GHQWDO�RIILFHV

05,

*RRG�YLVXDOL]DWLRQ�RI�VRIW
WLVVXHV

'LVWRUWLRQ�DUWLIDFW�FDXVHG�E\
PHWDO

1R�H[SRVXUH�WR�UDGLDWLRQ +LJKHU�FRVW
/HVV�FRPIRUWDEOH�IRU�WKH�SDWLHQW
/HVV�HDVH�RI�XVH

7KH�YHU\�ORZ�SUHYDOHQFH�RI�WKLV�OHVLRQ���������DFFRUGLQJ
WR �RXU �UHYLHZ� �LV �WKH �PDLQ �UHDVRQ �ZK\ �WKH �PDMRULW\ �RI �WKH
VWXGLHV �LQ �WKH �OLWHUDWXUH �DUH �FDVH �UHSRUWV� �ZLWK �YHU\ �IHZ
UHWURVSHFWLYH �DQDO\VHV �DQG �QR �V\VWHPDWLF �UHYLHZV�

*LYHQ�WKH�SDXFLW\�RI�FDVHV�UHSRUWHG��LW�ZRXOG�EH�LQWHUHVWLQJ
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