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+XPDQ �LPPXQRGHILFLHQF\ �YLUXV ��+,9� �LV �D �UHWURYLUXV

WKDW�LQIHFWV�WKH�LPPXQH�FHOOV��+,9�LV�D�PDMRU�UHDVRQ�RI�GHDWK
LQ �WKH �ZRUOG �WKDW �LV �QRW �GHWHFWHG �IRU �D �ORQJ �WLPH �>�@� �7KH
GLDJQRVLV �RI �+,9�LV �SHUIRUPHG�E\�GLIIHUHQW �PROHFXODU �DQG
LPPXQRORJLFDO�WHFKQLTXHV��$PRQJ�WKHP��WKH�HQ]\PH�OLQNHG
LPPXQRVRUEHQW �DVVD\ ��(/,6$� �LV �D �QRUPDO �DQG �HDV\
DSSURDFK�RI�+,9�VFUHHQLQJ�>�@� �7KH�+,9�JHQRPH�HQFRGHV
WKH �VWUXFWXUDO� �UHJXODWRU\ �DQG �DFFHVVRU\ �SURWHLQV� �7KH
DFFHVVRU\�SURWHLQV�LQFOXGH�1HI��9SU��9SX�DQG�9LI�SURWHLQV�
1HJDWLYH �UHJXODWRU\ �IDFWRU ��1HI� �UHGXFHV �WKH �DFWLYLW\ �RI �7
FHOOV�OHDGLQJ�WR�+,9�LQIHFWLRQ��9LUXV�SURWHLQ�5��9SU��SOD\V
DQ��LPSRUWDQW��UROH��LQ��WKH��FHOO��F\FOH��DUUHVW��DQG��7��FHOOVn


$GGUHVV�FRUUHVSRQGHQFH�WR�WKLV�DXWKRU�DW�WKH�'HSDUWPHQW�RI�+HSDWLWLV�DQG
$,'V��3DVWHXU�,QVWLWXWH�RI�,UDQ��7HKUDQ��,UDQ��7HO������������������([W�
������)D[������������������
(�PDLOV��D]DP�EROKDVVDQL#\DKRR�FRP��$BEROKDVDQL#SDVWHXU�DF�LU

DSRSWRVLV�>���@��9LUXV�SURWHLQ�8��9SX��GRZQ�UHJXODWHV�WKH
&'� �UHFHSWRUV �DQG �LQFUHDVHV �WKH �UHOHDVH �RI �QHZ �YLULRQV�
9LUDO�LQIHFWLYLW\�IDFWRU��9LI��LV�QHFHVVDU\�IRU�DVVHPEOLQJ�DQG
PDWXUDWLRQ�RI�WKH�YLULRQV�VLPLODU�WR�1HI�SURWHLQ�>������@�

7KH�+,9�LQIHFWLRQ�ZDV�XVXDOO\�GLDJQRVHG�E\�GHWHFWLRQ
RI �DQWLERGLHV �LQ �WKH �VHUD �DJDLQVW �+,9 �VWUXFWXUDO �SURWHLQV�
+RZHYHU��VRPH�GDWD�UHSUHVHQWHG�WKDW�WKH�VHUXP�DQWLERGLHV
ZHUH�GHWHFWHG�DJDLQVW�DFFHVVRU\�SURWHLQV�VXFK�DV�1HI�LQ�+,9
LQIHFWLRQ�EHIRUH�WKH�JHQHUDWLRQ�RI�DQWLERGLHV�DJDLQVW�+,9��
VWUXFWXUDO�SURWHLQV�>�@��7KXV��+,9���DFFHVVRU\�SURWHLQV�FDQ
EH�FRQVLGHUHG�IRU�GLDJQRVLV�RI�+,9�LQIHFWLRQ��2Q�WKH�RWKHU
KDQG� �KXPRUDO �DQG �FHOOXODU �LPPXQLW\ �DUH �LPSRUWDQW �IRU
FRQWURO �RI �+,9�LQIHFWLRQ�>�@� �7KH�HIIHFWV �RI �DQWL�UHWURYLUDO
GUXJV ��FRPELQDWLRQ �DQWLUHWURYLUDO �WKHUDS\� �F$57� �FRXOG
LQFUHDVH�WKH�QXPEHU�RI�FLUFXODWLQJ�&'��7�FHOOV��DQG�UHVWRUH
WKH �UHVSRQVH �WR �PHPRU\�DQWLJHQV� �EXW �KRZHYHU� �WKH �F$57
WUHDWPHQW�ZDV�QRW�DEOH�WR�HUDGLFDWH�WKH�LQIHFWLRQ�EHFDXVH�WKH
F\WRWR[LF�7�FHOOV��&7/��DFWLYLW\�ZDV�GHFUHDVHG�DQG�WKXV��WKH
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ODWHQW �+,9�� ��DV �LQWHJUDWHG �SURYLUDO �'1$� �ZDV �QRW
HOLPLQDWHG �>�@�

7KH�+,9�YDFFLQH�VWXGLHV�LQGLFDWHG�WKDW�&'���7�FHOOV�DUH
QHFHVVDU\ �WR �HOLFLW �DQWLERG\ �UHVSRQVHV �DQG �&7/ �DFWLYLW\
DJDLQVW�+,9���LQIHFWLRQ�>����@��+RZHYHU��VXEXQLW�YDFFLQHV
KDG �ORZ �LPPXQRJHQLFLW\ �LQ �SULPDWHV �DQG �KXPDQV� �7KLV
GLVDGYDQWDJH �FRXOG �EH �RYHUFRPH �XVLQJ �GHOLYHU\ �V\VWHPV
VXFK �DV �FHOO �SHQHWUDWLQJ �SHSWLGHV ��&33V� �>�����@� �)RU
H[DPSOH��03*�&33�ZDV�XVHG�WR�GHOLYHU�'1$��DQG�&\/R3��
DQG�/'3�1/6�&33V�ZHUH�DSSOLHG�WR�GHOLYHU�SURWHLQ�LQWR�WKH
FHOOV�>�����@��$QRWKHU�DSSURDFK�LV�WKH�XVH�RI�DGMXYDQWV�DQG
SULPH�ERRVW �YDFFLQDWLRQ �VWUDWHJ\ �IRU �LQGXFLQJ �SRWHQW
LPPXQLW\ �YHUVXV �YLUDO �LQIHFWLRQV �>��@�

5HJDUGLQJ �WKH �SXEOLVKHG �UHSRUWV� �WKHUH �DUH �IHZ �VWXGLHV
DERXW�FRPSDULVRQ�RI�+,9�DFFHVVRU\�SURWHLQV�DV�DQ�DQWLJHQ
FDQGLGDWH�LQ�YDFFLQH�GHVLJQ��$PRQJ�WKHP��1HI�ZDV�IXUWKHU
VWXGLHG�DQG�NQRZQ�DV�DQ�DQWLJHQ�FDQGLGDWH��,Q�DGGLWLRQ��IHZ
VWXGLHV �ZHUH �SHUIRUPHG�RQ �GHWHFWLRQ �RI �DQWLERGLHV �DJDLQVW
DFFHVVRU\�SURWHLQV�LQ�SDWLHQWV�LQIHFWHG�ZLWK�+,9����,QGHHG�
WKHUH�DUH�QR�UHSRUWV�RQ�GHWHFWLRQ�RI�DQWL�DFFHVVRU\�SURWHLQV
DQWLERGLHV �LQ �GLIIHUHQW �+,9 �JURXSV� �L�H�� �SDWLHQWV �LQIHFWHG
ZLWK�+,9��SDWLHQWV�WUHDWHG�ZLWK�GUXJV��DQG�SDWLHQWV�ZLWK�GUXJ
UHVLVWDQFH �DIWHU �WUHDWPHQW� �7KXV� �LW �LV �LPSRUWDQW �IRU
LPPXQRORJLFDO�DVVD\�RI�+,9���DFFHVVRU\�SURWHLQV�DV�DQWLJHQ
FDQGLGDWHV�LQ�WKHUDSHXWLF�YDFFLQH�GHVLJQ�LQ�YLYR��$�YDULHW\
RI�VWUDWHJLHV�ZHUH�XVHG�WR�REWDLQ�WKH�EHVW�DQG�PRVW�HIIHFWLYH
LPPXQH �UHVSRQVHV �LQ �PLFH ��L�H�� �'1$ �SULPH�'1$ �ERRVW�
3URWHLQ �SULPH�3URWHLQ �ERRVW �	�'1$�SULPH�3URWHLQ �ERRVW��
0RUHRYHU� �WKH �DQWL�+,9 �,J* �DQWLERGLHV �DJDLQVW �WKHVH
SURWHLQV�ZHUH�GHWHFWHG�WR�ILQG�D�SRVVLEOH�GLDJQRVWLF�PDUNHU
IRU �+,9 �LQIHFWLRQV �LQ �KXPDQ� �%ULHIO\� �LQ �WKLV �VWXG\� �ZH
FDUULHG �RXW �PRUH �GHWDLOHG �DQDO\VHV �WR �EHWWHU �XQGHUVWDQG
LPPXQRJHQLF�SURSHUWLHV�RI�1HI��9LI��9SU�DQG�9SX�DFFHVVRU\
SURWHLQV�LQ�PLFH�DQG�WKHLU�GLDJQRVWLF�LPSRUWDQFH�LQ�KXPDQ�
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�����3RSXODWLRQ�6WXG\
,Q �D �FURVV�VHFWLRQDO �VWXG\� �XQWUHDWHG �DQG �WUHDWHG

SDUWLFLSDQWV �ZHUH �FROOHFWHG �IURP �,QIHFWLRXV �'LVHDVH
'HSDUWPHQW�RI�,PDP�.KRPHLQL�+RVSLWDO��7HKUDQ��,UDQ���DQG
PDLQWDLQHG �LQ �%LREDQN �DW �3DVWHXU �,QVWLWXWH �RI �,UDQ� �7KH\
ZHUH �ROGHU �WKDQ ��� �\HDUV �RI �DJH �DQG �LQFOXGH �XQWUHDWHG
�QDdYH� �DQG�WUHDWHG�E\�DQWLUHWURYLUDO �GUXJV��RQH�1157,�RU
RQH�3,�FRPELQHG�ZLWK�WZR�QXFOHRVLGH�UHYHUVH�WUDQVFULSWDVH
LQKLELWRUV��157,��IRU�DW�OHDVW�RQH�\HDU���7KH�VSHFLPHQV�IRU
DQWLUHWURYLUDO �GUXJ �UHVLVWDQFH �PXWDWLRQV �ZHUH �SUHYLRXVO\
VFUHHQHG �E\ �1HVWHG �3&5 �EDVHG �RQ �WKH �SXEOLVKHG
PDQXVFULSWV�>������@������SDUWLFLSDQWV�ZHUH�HQUROOHG�LQ�WKLV
VWXG\� �:H �FRQVLGHUHG �DERXW ��� �WUHDWHG� ��� �QDdYH
+,9�LQIHFWHG���XQWUHDWHG�+,9�LQIHFWHG������GUXJ�UHVLVWDQFH�
�� �+,9 �XQLQIHFWHG ���+,9�QHJDWLYH� �LQGLYLGXDOV �LQ �HDFK
JURXS��+XPDQ�VHUD�ZHUH�SURYLGHG�DQG�VWRUHG�DW����u&�IRU�WKH
QH[W�SURFHVV��6XSSOHPHQWDU\�7DEOH��

�����([SUHVVLRQ�DQG�3XULILFDWLRQ�RI�+,9���1HI��9SU��9SX
DQG�9LI�3URWHLQV�LQ�(��FROL

7KH�UHFRPELQDQW��U��1HI�SURWHLQ�ZDV�JHQHUDWHG�EDVHG�RQ
RXU �SUHYLRXV �VWXG\ �>��@� �%ULHIO\� �(VFKHULFKLD �FROL �5RVHWWD
VWUDLQV�KDUERULQJ�S(7���D�QHI�ZHUH�JURZQ�LQ�7\�[�PHGLXP
WR�DQ�RSWLFDO�GHQVLW\�RI���������DW�D�ZDYHOHQJWK�RI�����QP�
7KHQ� �WKH �1HI �SURWHLQ �ZDV �H[SUHVVHG �E\ �� �P0 �,VRSURS\O
v�'���WKLRJDODFWRS\UDQRVLGH��,37*��6LJPD��DW���h&�DQG���
KRXUV�DIWHU�LQGXFWLRQ��)LQDOO\��1HI�SURWHLQ�ZDV�SXULILHG�E\
DIILQLW\�FKURPDWRJUDSK\�XQGHU�QDWLYH�FRQGLWLRQV�>��@�

,Q �RUGHU �WR �SUHSDUH �WKH �UHFRPELQDQW �9SU� �9SX�DQG�9LI
SURWHLQV� �WKH �YSX� �YLI �DQG �YSU �JHQHV �ZHUH �FORQHG �LQ �S(7
H[SUHVVLRQ �YHFWRUV� �$W �ILUVW� �WKH �'1$ �FRQVWUXFWV �ZHUH
DPSOLILHG �IURP �S1/��� ��$)��������� �E\ �3&5 �XVLQJ �WKH
GHVLJQHG�SULPHUV�DV�VKRZQ�LQ�7DEOH����7KH�DPSOLILHG�JHQHV
ZHUH�GLJHVWHG�E\�WKH�UHVWULFWLRQ�HQ]\PHV��DQG�OLJDWHG�WR�WKH
OLQHDUL]HG �S(7���D �������D �������D ���� �YHFWRUV �XVLQJ �7�
'1$ �OLJDVH� �)ROORZLQJ �WKH �(� �FROL �'+�t �WUDQVIRUPDWLRQ
ZLWK �WKH �UHFRPELQDQW �SODVPLGV� �S(7��D�YLI� �S(7��D�YSX
DQG�S(7��D�YSU�ZHUH�SXULILHG�XVLQJ�SODVPLG�H[WUDFWLRQ�PLQL
NLW��)DYRU*HQ��7DLZDQ��DQG�FRQILUPHG�E\�3&5��GLJHVWLRQ�
DQG�VHTXHQFLQJ�

)RU�H[SUHVVLRQ�RI�WKH�UHFRPELQDQW��U��9LI��9SX�DQG�9SU
SURWHLQV� �WZR �(� �FROL �VWUDLQV �LQFOXGLQJ �%/�� ��'(�� �DQG
5RVHWWD�ZHUH�WUDQVIRUPHG�ZLWK�WKH�UHFRPELQDQW�S(7��D�YLI�
S(7��D�YSX�DQG�S(7��D�YSU�XVLQJ�KHDW�VKRFN��7KHQ��VLQJOH
FORQH�RQ�/%�DJDU�ZDV�FXOWXUHG�LQ�/%�%URWK�IRU����KRXUV�DW
��o&� �3UHFXOWXUHG �FHOOV �ZHUH �DGGHG �WR �7\�[ �PHGLXP �DW �D
FRQFHQWUDWLRQ �RI ��� ��Y�Y�� �DQG �LQGXFHG �E\ �,37*� �ZKHQ
2'��� �UHDFKHG ��������� �7KH �H[SUHVVLRQ �RI �WKH �UHFRPELQDQW
SURWHLQV�ZDV�RSWLPL]HG�DW�GLIIHUHQW�LQFXEDWLRQ�WLPHV��L�H�����
�����DQG����KRXUV��DIWHU�LQGXFWLRQ�DW���o&�DQG�DQDO\]HG�E\
������6'6�3$*(��7KH�UHFRPELQDQW�SURWHLQV�ZHUH�SXULILHG
E\�DIILQLW\�FKURPDWRJUDSK\�XVLQJ�1L�17$�DJDURVH�FROXPQ
XQGHU�ERWK�GHQDWXULQJ��L�H�����0�8UHD�EXIIHU�DQG�S+� �����
DQG�QDWLYH��L�H�������P0�LPLGD]ROH�EXIIHU��S+ ���FRQGLWLRQV
�0DFKHU\�1DJHO��*HUPDQ\��DQG�GLDO\]HG�DJDLQVW�SKRVSKDWH
EXIIHU�VDOLQH��;��3%6�;���7KH�FRQFHQWUDWLRQV�RI�DOO�SURWHLQV
ZHUH�GHWHUPLQHG�E\�1DQR'URS�VSHFWURSKRWRPHWHU��)LQDOO\�
WKH�H[SUHVVLRQ�RI�WKH�UHFRPELQDQW�SURWHLQV�ZDV�DQDO\]HG�E\
ZHVWHUQ �EORWWLQJ �XVLQJ �DQWL�+LV �DQWLERG\ �FRQMXJDWHG �WR
SHUR[LGDVH ��$EFDP� �8.�� �0RUHRYHU� �WKH �HQGRWR[LQ
FRQWDPLQDWLRQ�ZLWK�/36�PHDVXUHG�E\�/LPXOXV�$PHERF\WH
/\VDWH ��4&/������ �ZDV �OHVV �WKDQ ���� �(8�PJ �IRU �HDFK
SURWHLQ�

���� �'HWHFWLRQ �RI �6HURDQWLERGLHV �$JDLQVW �WKH
5HFRPELQDQW�1HI��9SU��9LI�DQG�9SX�3URWHLQV�LQ�+XPDQ

7KH �GHWHFWLRQ �RI �DQWL�9SU �,J*� �DQWL�9SX �,J*� �DQWL�9LI
,J*��DQG�DQWL�1HI�,J*�ZDV�SHUIRUPHG�E\�DQ�LQGLUHFW�(/,6$
SURWRFRO �>��@� �7KH �FRQFHQWUDWLRQV �RI �WKH �UHFRPELQDQW
SURWHLQV �DV �FRDWHG �DQWLJHQV �ZHUH �DSSUR[LPDWHO\ �� �xJ�PO�
LQGLYLGXDOO\��7KH�DQWL�9SU�,J*��DQWL�9SX�,J*��DQWL�9LI�,J*�
DQG �DQWL�1HI �,J* �DQWLERGLHV �ZHUH �GHWHFWHG �E\ �JRDW
DQWL�KXPDQ�,J*�FRQMXJDWHG�WR�KRUVHUDGLVK�SHUR[LGDVH��+53�
6LJPD� ��������� �DQG �7HWUDPHWK\OEHQ]LGLQH ��70%�
VXEVWUDWH��7R�VKRZ�D�SRVLWLYH�DQWL�SURWHLQ�UHVSRQVH�EHWZHHQ
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JURXSV� �FXWRII �YDOXHV �ZHUH �FDOFXODWHG �DQG �WKH �6'V �VHW
PHDQ�� �DV �WKH �FXWRII �YDOXH� �DERYH �ZKLFK �D �UHVSRQVH �ZDV
FRQVLGHUHG�SRVLWLYH�

���� �&ORQLQJ �QHI� �YSU� �YSX� �YLI �*HQHV �LQ �(XNDU\RWLF
9HFWRUV

7KH �SF'1$�1HI �ZDV �SUHSDUHG �LQ �RXU �SUHYLRXV �VWXGLHV
>������@��7KH�FORQLQJ�YLI��YSX�DQG�YSU�JHQHV�DPSOLILHG�IURP
S1/����ZHUH�SHUIRUPHG�LQ�SF'1$��������YHFWRU�XVLQJ�1KH,�
;KR, �UHVWULFWLRQ �HQ]\PHV� �1H[W� �SF'1$����YLI�
SF'1$����YSX�DQG�SF'1$����YSU�FRQVWUXFWV�ZHUH�SXULILHG
E\�(QGR�IUHH�SODVPLG�0HJD�NLW��01��*HUPDQ\���DQG�WKHLU
FRQFHQWUDWLRQ �ZHUH �DVVHVVHG �E\ �1DQR'URS
VSHFWURSKRWRPHWHU�

�����3K\VLFRFKHPLFDO�3URSHUWLHV�RI�WKH�1HI��9SU��9SX��9LI
'1$��03*�&RPSOH[HV

7KH �03* �DPSKLSDWKLF �SHSWLGH �ZDV �V\QWKHVL]HG �E\
%LRPDWLN�&RUSRUDWLRQ��&DQDGD��>��@��7KH�IRUPDWLRQ�RI�WKH
QRQ�FRYDOHQW �'1$�03*�FRPSOH[HV �DW �DQ �1�3 �UDWLR �RI ���
ZDV�FRQILUPHG�E\�JHO �UHWDUGDWLRQ�DVVD\� �VFDQQLQJ�HOHFWURQ
PLFURVFRSH ��(6(0� �DQG �=HWDVL]HU �DV �RXU �SUHYLRXV �UHSRUW
>��@�

�����3K\VLFRFKHPLFDO�3URSHUWLHV�RI�WKH�9SU��9SX�DQG�9LI
3URWHLQV�&RPSOH[HG�ZLWK�&\/R3���RU�/'3�1/6�&33V

7KH �/'3�1/6 �DPSKLSDWKLF �SHSWLGH �DQG �&\/R3��
FDWLRQLF�SHSWLGH�ZHUH�V\QWKHVL]HG�E\�%LRPDWLN�&RUSRUDWLRQ
�&DQDGD� �>��� ���@� �7KH �IRUPDWLRQ �RI �WKH �QRQ�FRYDOHQW
UHFRPELQDQW�SURWHLQV��U1HI��U9SU��U9LI�DQG�U9SX���&\/R3��
�RU�/'3�1/6��FRPSOH[HV�ZLWK�PRODU�UDWLR�RI�������SURWHLQ�
&33��ZDV�FRQILUPHG�E\�VFDQQLQJ�HOHFWURQ�PLFURVFRSH�DQG
=HWDVL]HU�DV�RXU�SUHYLRXV�UHSRUWV�>������@�

�����0LFH�,PPXQL]DWLRQ
)LYH�WR�VHYHQ�ZHHN�ROG�IHPDOH�%$/%�F�PLFH��Q ���SHU

JURXS� �ZHUH�PDLQWDLQHG�XQGHU �SDWKRJHQ�IUHH�FRQGLWLRQV�DW
3DVWHXU �,QVWLWXWH �RI �,UDQ� �:KROH �SURFHVV �ZDV �SHUIRUPHG
DFFRUGLQJ�WR�FDUH�SURWRFROV�RI�ODERUDWRU\�DQLPDOV�DSSURYHG
DW �3DVWHXU �,QVWLWXWH �RI �,UDQ� �,PPXQL]DWLRQ �SURJUDP �ZDV
VKRZQ �LQ �7DEOH ��� �0LFH �ZHUH �VXEFXWDQHRXVO\ �LPPXQL]HG
WKUHH �WLPHV� �7KH �XVHG �GRVHV �IRU �'1$�DQG �SURWHLQ �ZHUH ��
PLFURJUDP� �7KH �1� �3 �UDWLRV �RI �'1$� �&33 �DQG �WKH �PRODU
UDWLRV�RI�SURWHLQ��&33�ZHUH�������7KH�UDWLR�RI�UHFRPELQDQW
SURWHLQV�WR�0RQWDQLGH�,6$����ZDV��������Y�Y��

�����$VVHVVPHQW�RI�7RWDO�,J*�DQG�LWV�,VRW\SHV�LQ�0LFH
)RXU �ZHHNV �DIWHU �WKLUG �LPPXQL]DWLRQ� �WKH �VHUD �RI �PLFH

ZHUH�FROOHFWHG�DQG�SRROHG�IRU�HDFK�JURXS��Q �����7KH�OHYHOV
RI �WRWDO �,J*� �,J*�� �,J*�D �DQG �,J*�E �FRQMXJDWHG �WR
SHUR[LGDVH����������Y�Y��ZHUH�DVVHVVHG�E\�LQGLUHFW�(/,6$
DJDLQVW�WKH�UHFRPELQDQW�1HI��9LI��9SX�DQG�9SU�SURWHLQV���
jJ�PO��XVLQJ�70%�VXEVWUDWH�>��@�

���� �$VVHVVPHQW �RI �,)1�*DPPD�DQG �,/�� �&\WRNLQHV �LQ
0LFH

)RXU �PLFH �IURP �HDFK �JURXS ��Q �� �SHU �JURXS� �ZHUH
VDFULILFHG �IRXU �ZHHNV �DIWHU �WKLUG �LQMHFWLRQ� �7KH �UHG �EORRG
FHOO�GHSOHWHG �VSOHQRF\WHV �SRROHG �IRU �HDFK �JURXS ��� �r ����
FHOOV�PO� �ZHUH �VHHGHG �LQ ����ZHOO �SODWHV �DORQJ �ZLWK �WKH
UHFRPELQDQW �1HI� �9SU� �9LI �RU �9SX �SURWHLQV ��� �jJ�PO��
FRQFDQDYDOLQ �$��� �jJ�PO� �SRVLWLYH �FRQWURO� �DQG �530,���
�QHJDWLYH �FRQWURO�� �DQG �LQFXEDWHG �IRU ��� �K �DW ���h&� �7KH
VXSHUQDWDQWV �ZHUH�DSSOLHG�WR �DVVHVV �WKH �OHYHOV �RI �,/���DQG
,)1�w �F\WRNLQHV �XVLQJ �VDQGZLFK�EDVHG �(/,6$��0DEWHFK��
7KH �O\PSKRF\WH �SUROLIHUDWLRQ �ZDV �DVVHVVHG �E\ �077 �DQG
VKRZQ�DV�VWLPXODWLRQ�LQGH[��6,��>��@�

7DEOH����7KH�GHVLJQHG�SULPHUV�IRU�JHQH�DPSOLILFDWLRQ�

*HQH 3ULPHUV 6HTXHQFH (Q]\PH�LQ�%ROG 7�DQQHDOLQJ /HQJWK
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7DEOH����,PPXQL]DWLRQ�SURJUDP�LQ�PLFH�IRU�+,9���1HI��9SU��9SX��9LI�


*URXS 9DFFLQH�PRGDOLW\ 3ULPLQJ
%RRVWHU��

�7ZR�ZHHNV�DIWHU�SULPLQJ�
%RRVWHU��

�7ZR�ZHHNV�DIWHU�ERRVWHU���

$QWLERG\��F\�
WRNLQH�DQG

*UDQ]\PH�%�DV�
VD\V

�RQH�PRQWK�DIWHU
ERRVWHU���

*� '1$�'1$�'1$ SF'1$�1HI��9SU��9SX��9LI�D SF'1$�1HI��9SU��9SX��9LI SF'1$�1HI��9SU��9SX��9LI 'RQH

*� '1$�'1$�'1$
SF'1$�1HI��9SU��9SX��9LI��

03*E

SF'1$�1HI��9SU��9SX��9LI��
03*

SF'1$�1HI��9SU��9SX��9LI��
03*

'RQH

*� 3URWHLQ�SURWHLQ�SURWHLQ U1HI��9SU��9SX��9LI���0RQWDQLGHF U1HI��9SU��9SX��9LI���0RQWDQLGH U1HI��9SU��9SX��9LI���0RQWDQLGH 'RQH

*� 3URWHLQ�SURWHLQ�SURWHLQ U1HI��9SU��9SX��9LI���&\/RS��G U1HI��9SU��9SX��9LI���&\/RS�� U1HI��9SU��9SX��9LI���&\/RS�� 'RQH

*� 3URWHLQ�SURWHLQ�SURWHLQ U1HI��9SU��9SX��9LI���/'3�1/6H U1HI��9SU��9SX��9LI���/'3�1/6 U1HI��9SU��9SX��9LI���/'3�1/6 'RQH

*� '1$�SURWHLQ�SURWHLQ
SF'1$�1HI��9SU��9SX��9LI��

03*
U1HI��9SU��9SX��9LI���0RQWDQLGH U1HI��9SU��9SX��9LI���0RQWDQLGH 'RQH

*� '1$�SURWHLQ�SURWHLQ
SF'1$�1HI��9SU��9SX��9LI��

03*
U1HI��9SU��9SX��9LI���&\/RS�� U1HI��9SU��9SX��9LI���&\/RS�� 'RQH

*� '1$�SURWHLQ�SURWHLQ
SF'1$�1HI��9SU��9SX��9LI��

03*
U1HI��9SU��9SX��9LI���/'3�1/6 U1HI��9SU��9SX��9LI���/'3�1/6 'RQH

*� FRQWURO SF'1$��� SF'1$��� SF'1$��� 'RQH

*�� FRQWURO 03* 03* 03* 'RQH

*�� FRQWURO &\/RS�� &\/RS�� &\/RS�� 'RQH

*�� FRQWURO /'3�1/6 /'3�1/6 /'3�1/6 'RQH

*�� FRQWURO 0RQWDQLGH 0RQWDQLGH 0RQWDQLGH 'RQH

*�� FRQWURO 3%6 3%6 3%6 'RQH
D��'RVH�XVHG�����jJ
E��'RVH�XVHG��1�3 �������&33��'1$���'1$���jJ
F��'RVH�XVHG����������Y�Y��0RQWDQLGH��SURWHLQ���SURWHLQ���jJ
G��'RVH�XVHG��PRODU�UDWLR� �������&33��SURWHLQ���SURWHLQ���jJ
H��'RVH�XVHG��PRODU�UDWLR� �������&33��SURWHLQ���SURWHLQ���jJ

�+,9���1HI��9SU��9SX��9LI����PHDQV�RU���7KLV�SURJUDP�ZDV�LQGLYLGXDOO\�SHUIRUPHG�IRU�DOO�SURWHLQV�

������*UDQ]\PH�%�$VVD\�LQ�0LFH
63����WDUJHW�FHOOV��7��ZHUH�FXOWXUHG�LQ����ZHOO�SODWHV���

r�����FHOOV��ZHOO��DORQJ�ZLWK�1HI��9SU��9SX�DQG�9LI�DQWLJHQV
�a���jJ��PO��IRU�D�GD\��7KH�VSOHQRF\WHV��(��(IIHFWRU�FHOOV�
ZHUH �DGGHG �WR �WKH �WDUJHW �FHOOV �DW �(� �7 �UDWLR �RI ������ �DQG
LQFXEDWHG�IRU���K��7KH�VXSHUQDWDQWV�ZHUH�FROOHFWHG�WR�DVVHVV
*UDQ]\PH�%�XVLQJ�(/,6$�NLW��H%LRVFLHQFH��>��@�

������6WDWLVWLFDO�$QDO\VLV
6WDWLVWLFDO �DQDO\VLV �ZDV �GRQH �E\ �3ULVP ���� �VRIWZDUH

�*UDSK3DG� �6DQ �'LHJR� �&$� �XVLQJ �2QH�ZD\ �$129$�DQG
6WXGHQWnV �W�WHVW� �7KH �S�YDOXH �� ����� �ZDV �FRQVLGHUHG
VWDWLVWLFDOO\ �VLJQLILFDQW� �'DWD �ZHUH �UHSUHVHQWHG �DV �PHDQ �i
VWDQGDUG�GHYLDWLRQ��6'��

���5(68/76

�����6WXG\�3RSXODWLRQ
,UDQLDQ�VXEMHFWV�ZHUH�GLYLGHG�LQWR�IRXU�JURXSV�����QDdYH

+,9�LQIHFWHG �LQGLYLGXDOV ��RU �XQWUHDWHG �+,9�LQIHFWHG
VXEMHFWV��JURXS��������WUHDWHG�LQGLYLGXDOV�ZLWK�$57��JURXS

��� ����GUXJ�UHVLVWDQW �LQGLYLGXDOV ��JURXS���� �DQG����FRQWURO
LQGLYLGXDOV ��RU �+,9�XQLQIHFWHG� �+,9�QHJDWLYH �VXEMHFWV�
JURXS ����

�����*HQHUDWLRQ�RI�WKH�5HFRPELQDQW�1HI��9SU��9SX�DQG
9LI�3URWHLQV

7KH �UHFRPELQDQW �1HI ��S(7��D�5RVHWWD �V\VWHP� �2'����
�������� ��� �K �DIWHU �LQGXFWLRQ� ���k&�� �9SU ��S(7��D�5RVHWWD
V\VWHP� �2'���� ��������� �� �K �DIWHU �LQGXFWLRQ� ���k&�� �9SX
�S(7��D�%/���V\VWHP��2'�����������������K�DIWHU�LQGXFWLRQ�
��k&��DQG�9LI��S(7��D�%/���V\VWHP��2'�������������K�DIWHU
LQGXFWLRQ����k&��SURWHLQV�ZHUH�VXFFHVVIXOO\�H[SUHVVHG�LQ�(�
FROL �VWUDLQV� �DQG �PLJUDWHG �DV �WKH �FOHDU �EDQGV �RI �a��� �a���
a�� �DQG �a�� �N'D �LQ �6'6�3$*(� �UHVSHFWLYHO\ ��GDWD �QRW
VKRZQ�� �7KHLU �SXULILFDWLRQ �ZDV �SHUIRUPHG �XVLQJ �DIILQLW\
FKURPDWRJUDSK\ �XQGHU �QDWLYH �FRQGLWLRQV �IRU �1HI �DQG �9SU
SURWHLQV� �DQG �GHQDWXULQJ �FRQGLWLRQV �IRU �9SX �DQG �9LI
SURWHLQV� �7KH �SXULILHG �SURWHLQV �ZHUH �LGHQWLILHG �E\ �ZHVWHUQ
EORWWLQJ�DQG�VKRZHG�D�FRQFHQWUDWLRQ�UDQJH����������PJ�PO�
E\�WKH�1DQR'URS�VSHFWURSKRWRPHWHU�



����3URWHLQ�	�3HSWLGH�/HWWHUV��������9RO������1R��� 0LODQL�HW�DO�

�����*HQHUDWLRQ�RI�'1$�&RQVWUXFWV
7KH �UHFRPELQDQW �HQGRWR[LQ�IUHH �SF'1$�YLI�

SF'1$�YSX��SF'1$�YSU��DQG�SF'1$�QHI�ZHUH�SURYLGHG�LQ
ODUJH�VFDOH��(DFK�IRXU�JHQH�PLJUDWHG�DV�a�����a�����a����
DQG �a��� �ES �RQ �DJDURVH �JHO� �UHVSHFWLYHO\ �DIWHU �HQ]\PH
GLJHVWLRQ� �7KH�'1$�03*�FRPSOH[HV �ZHUH �IRUPHG�DW �1�3
UDWLR�RI������DV�GHWHUPLQHG�LQ�RXU�SUHYLRXV�VWXG\�>��@��7KH
UHVXOWV �RI�QDQRSDUWLFOHV�IRUPDWLRQ�ZHUH�VKRZQ�XVLQJ�6(0
DQG�=HWDVL]HU�LQ�7DEOH����$�SRVLWLYH�FKDUJH�ZDV�REWDLQHG�IRU
QDQRSDUWLFOHV�FRPSDUHG�WR�SODVPLGV�DQG�SURWHLQV��DORQH�
7DEOH����6L]H�DQG�FKDUJH�RI�WKH�QDQRSDUWLFOHV�

&RQVWUXFW 6L]H��QP��6(0� &KDUJH��P9��=HWD�
VL]HU�

SF'1$�9SU ������� �����
SF'1$�9SU���03* ������� ����

9SU�SURWHLQ ������� �����
9SU�SURWHLQ�&\/RS ������� ����

9SU�SURWHLQ�/'3�1/6 ������� ���
SF'1$�1HI ������� �����

SF'1$�1HI�03* ������� ����
1HI�SURWHLQ ������� �����
1HI�/'3 ������� ���
1HI�&\/RS ������� ����
SF'1$�9LI ������� �����

SF'1$�9LI�03* ������� ����
9LI�SURWHLQ ������� �����
9LI���/'3 ������� ����
9LI���&\ORSH ������ ����
SF'1$�9SX ������� �����

SF'1$�9SX���03* ������ ����
9SX�SURWHLQ ������� ���
9SX���/'3 ������� ����
9SX���&\ORSH ������ ����

���� �'HWHFWLRQ �RI �1HI� �9SU� �9LI �DQG �9SX�6SHFLILF
$QWLERGLHV�LQ�+XPDQ�6XEMHFWV

7KH�IUHTXHQF\�RI �DQWLERGLHV�WR�1HI� �9SU� �9SX�DQG�9LI
SURWHLQV �ZDV �HYDODXWHG �LQ �VHUD �RI �XQWUHDWHG�1DdYH ��*���
WUHDWHG��*��� �GUXJ�UHVLVWDQW ��*�� �DQG�FRQWURO ��*�� �JURXSV�
7KH �PHDQ �DEVRUEDQFH �YDOXHV �IRU �1HI �ZHUH ������ �i ������
�*����������i��������*����������i��������*���DQG�������i
�������*��� �UHVSHFWLYHO\� �7KH�PHDQ�DEVRUEDQFH�YDOXHV �IRU
9LI�ZHUH�������i��������*����������i��������*����������i
�������*���DQG�������i��������*����UHVSHFWLYHO\��7KH�PHDQ
DEVRUEDQFH�YDOXHV�IRU�9SX�ZHUH�������i��������*���������
i��������*����������i��������*���DQG�������i��������*���
UHVSHFWLYHO\� �7KH �PHDQ �DEVRUEDQFH �YDOXHV �IRU �9SU �ZHUH
������i��������*����������i��������*����������i��������*��
DQG ������ �i ������ ��*��� �UHVSHFWLYHO\� �$OO �JURXSV �VKRZHG
KLJKHU �OHYHOV �RI �DQWLERGLHV �WKDQ �FRQWURO �JURXS �DJDLQVW �DOO
UHFRPELQDQW�SURWHLQV��S�����������7KH�GDWD�LQGLFDWHG�WKDW�WKH
OHYHOV �RI �DQWLERGLHV �DJDLQVW �U1HI� �U9SU �DQG �U9LI �SURWHLQV
VKRZHG �QR �VWDWLVWLFDOO\ �GLIIHUHQFHV �LQ �1DdYH ��*��� �WUHDWHG

�*���DQG�GUXJ�UHVLVWDQFH��*���JURXSV��S�!��������,Q�FRQWUDVW�
WKH�OHYHOV�RI�DQWLERG\�DJDLQVW�WKH�U9SX�LQ�QDdYH�JURXS��*��
ZDV�KLJKHU�WKDQ�WUHDWHG�JURXS��*���S����������EXW�QRW�DJDLQVW
GUXJ �UHVLVWDQFH �JURXS ��*�� �S �! ������� �7KH �UHVXOWV
GHPRQVWUDWHG�WKDW�WKH�9SX�SURWHLQ�FDQ�EH�XVHG�DV�D�SRVVLEOH
ELRPDUNHU �IRU �GLDJQRVLV �RI �1DdYH�IURP�WUHDWHG�JURXS� �7KH
GLIIHUHQFHV�EHWZHHQ�WKH�VHURUHDFWLYLWLHV�LQ�DOO�JURXSV�DJDLQVW
WKH�UHFRPELQDQW�1HI��9LI��9SX�DQG�9SU�SURWHLQV�ZHUH�VKRZQ
LQ�)LJXUH����8VLQJ�FDOFXODWLRQ�RI�D�FXW�RII�YDOXH�����������
���DQG�����RI �WKH �QDLYH �VHUD �UHFRJQL]HG�WKH �UHFRPELQDQW
1HI��9LI��9SX�DQG�9SU�SURWHLQV��UHVSHFWLYHO\��0RUHRYHU�����
��� ��� �DQG ���� �RI �WKH �WUHDWHG �VHUD �UHFRJQL]HG �WKH
UHFRPELQDQW�1HI��9LI��9SX�DQG�9SU�SURWHLQV��UHVSHFWLYHO\�
2Q�WKH�RWKHU�KDQG�������������DQG�����RI�WKH�GUXJ�UHVLVWDQW
VHUD �UHFRJQL]HG �WKH �UHFRPELQDQW �1HI� �9LI� �9SX �DQG �9SU
SURWHLQV�

�����$QWLERG\�$VVD\�LQ�0LFH
7KH�OHYHOV�RI�1HI��9SU��9SX�DQG�9LI�VSHFLILF�WRWDO�,J*

DQG�WKHLU�LVRW\SHV�ZHUH�HYDOXDWHG�LQ�PLFH�VHUD��,Q�JHQHUDO�
WKH �OHYHOV �RI �WRWDO �,J* �LQ �PLFH �LPPXQL]HG �ZLWK �WKH
KRPRORJRXV �SURWHLQ �UHJLPHQV �LQ �DOO �LQMHFWLRQV �ZLWK �U1HI�
U9SU��U9SX�DQG�U9LI��*��*���ZHUH�VLJQLILFDQWO\�KLJKHU�WKDQ
RWKHU�JURXSV��S ���������)LJXUH��$�� �,W �ZDV�LQWHUHVWLQJ�WKDW
WKH�OHYHOV�RI�,J*��LQ�JURXSV�LQMHFWHG�E\�U9SX��*��*���ZHUH
VLJQLILFDQWO\ �OHVV �WKDQ �JURXSV �LPPXQL]HG �ZLWK �RWKHU
UHFRPELQDQW�SURWHLQV��)LJXUHV��%��S����������,Q�FRQWUDVW��WKH
OHYHO �RI �,J*� �ZDV �KLJKHU �LQ �JURXSV �LPPXQL]HG �ZLWK �U9SU
�*��*�� �WKDQ �RWKHU �JURXSV ��)LJXUH ��%�� �7KH �UDWLRV �RI
,J*�D�,J*� �ZHUH �KLJKHU �LQ �WKH �KHWHURORJRXV �DQG �WKHQ
KRPRORJRXV �U1HI� �U9SX �DQG �U9LI �UHJLPHQV ��*��*��
LQGLFDWLQJ�7K��GLUHFWHG�UHVSRQVHV��7KH�UDWLR�RI�,J*�D�,J*�
ZDV �ORZHU �LQ �WKH �KRPRORJRXV �DQG �KHWHURORJRXV �U9SU
UHJLPHQV ��*��*�� �LQGLFDWLQJ �7K��GLUHFWHG �UHVSRQVHV� �7KH
UHVXOWV �RI �KXPRUDO �LPPXQH �UHVSRQVHV �LQGLFDWHG �WKDW �WKHUH
ZHUH�QR�VLJQLILFDQW�GLIIHUHQFHV�LQ�WKH�OHYHOV�RI�WRWDO�,J*��DQG
WKHLU �LVRW\SHV�EHWZHHQ�PLFH�LPPXQL]HG�ZLWK�WKH�&\/RS��
DQG �/'3�1/6 �IRUPXODWLRQV ��S �! ������ �)LJXUH ���� �,W �ZDV
LQWHUHVWLQJ�WKDW�WKH�LPPXQRORJLFDO�HIIHFWV�RI�&\/RS���DQG
/'3�1/6 �ZHUH �DOPRVW �VLPLODU �WR �0RQWDQLGH� �,Q �DGGLWLRQ�
03* �SHSWLGH �FRXOG �VLJQLILFDQWO\ �LQFUHDVH �DQWLERG\
UHVSRQVHV�LQ�JURXSV�LPPXQL]HG�ZLWK�1HI��9SX��9LI�DQG�9SU
'1$ ��*�� �FRPSDUHG �WR �WKH �QDNHG �'1$ ��*�� �S �� ������
)LJXUH����

�����&\WRNLQH�$VVD\�LQ�0LFH
7KH�OHYHOV�RI�,)1�w�DQG�,/���F\WRNLQHV�ZHUH�HYDOXDWHG

E\�(/,6$�WR�GHWHUPLQH�WKH�7K��DQG�7K��LPPXQH�UHVSRQVHV
LQ�PLFH�VSOHQRF\WHV� �UHVSHFWLYHO\� �2XU�UHVXOWV �VKRZHG�WKDW
DOO �JURXSV �LPPXQL]HG �ZLWK �GLIIHUHQW �PRGDOLWLHV �FRXOG
VLJQLILFDQWO\�LQFUHDVH�WKH�OHYHOV�RI�,)1�w�DQG�,/���VHFUHWLRQ
LQ�FRPSDULVRQ�ZLWK�FRQWURO�JURXSV�IRU�DOO�LPPXQL]DWLRQV��S
� ������ �)LJXUH ���� �0RUHRYHU� �JURXSV �LPPXQL]HG �ZLWK �WKH
KHWHURORJRXV�'1$�SULPH��SURWHLQ�ERRVW�UHJLPHQV��*��*��
FRXOG �VHFUHWH �1HI� �9SU� �9LI �DQG �9SX�VSHFLILF �,)1�w
VLJQLILFDQWO\ �KLJKHU �WKDQ �RWKHU �JURXSV� �2XU �GDWD �LQGLFDWHG
WKDW�WKH�OHYHOV�RI�,)1�w�LQ�JURXSV�LQMHFWHG�ZLWK�YDULRXV�9SU
UHJLPHQV�ZHUH�VLJQLILFDQWO\�ORZHU�WKDQ�JURXSV�LQMHFWHG�ZLWK



+,9���$FFHVVRU\�3URWHLQV��:KLFK�RQH�LV�3RWHQWLDOO\�(IIHFWLYH 3URWHLQ�	�3HSWLGH�/HWWHUV��������9RO������1R�������

)LJXUH����$QDO\VLV�RI�,J*�DQWLERG\�OHYHOV�ZLWK�UHVSHFW�WR�1HI��$���9LI��%���9SX��&���DQG�9SU��'��FRDWLQJ�DQWLJHQV�LQ�XQWUHDWHG�1DdYH��*���
WUHDWHG��*����DQG�GUXJ�UHVLVWDQW��*���JURXSV�FRPSDUHG�WR�FRQWURO�JURXS��*���XVLQJ�(/,6$��$OO�DQDO\VHV�ZHUH�SHUIRUPHG�LQ�GXSOLFDWH�IRU�HDFK
VDPSOH��7KH�KRUL]RQWDO�OLQH�UHSUHVHQWV�WKH�PHDQ�YDOXH�RI�RSWLFDO�GHQVLW\�LQ�UHVSHFW�WR�HDFK�DQWLJHQ��QV��QRQ�VLJQLILFDQW��
��S���������


��S��
�������7KH�GDWD�VKRZHG�WKDW�9SX�LV�D�SRWHQW�DQWLJHQ�LQ�GLDJQRVLV�RI�WUHDWHG�IURP�XQWUHDWHG��1DdYH��LQGLYLGXDOV�

1HI� �9LI �DQG �9SX�UHJLPHQV ��S �� ������ �)LJXUH ��$�'�� �7KH
OHYHO�RI�,/���ZDV�VLJQLILFDQWO\�KLJKHU�LQ�JURXSV�LPPXQL]HG
ZLWK �9SU �UHJLPHQV �WKDQ �JURXSV �LPPXQL]HG �ZLWK �9SX� �9LI
DQG�1HI�UHJLPHQV��S ���������)LJXUH��(�+�� �0RUHRYHU��WKH
UDWLRV�RI�,)1�JDPPD��,/���ZHUH�LPSRUWDQWO\�KLJKHU�LQ�WKH
KHWHURORJRXV �DQG �WKHQ �KRPRORJRXV �1HI� �9SX �DQG �9LI
UHJLPHQV ��*��*�� �LQGLFDWLQJ �7K��GLUHFWHG �UHVSRQVHV� �,Q
FRQWUDVW� �WKH �UDWLR �RI �,)1�JDPPD� �,/�� �ZDV �ORZHU �LQ �WKH
KRPRORJRXV �DQG �KHWHURORJRXV �9SU �UHJLPHQV ��*��*��
LQGLFDWLQJ�7K��GLUHFWHG�UHVSRQVHV��)LJXUH�����)XUWKHUPRUH�
&\/RS���DQG�/'3�1/6�FRXOG�LQGXFH�,)1�JDPPD�VHFUHWLRQ
PRUH �WKDQ �0RQWDQLGH �LQ �DOO �LPPXQL]DWLRQV �ZLWK �GLIIHUHQW
DQWLJHQV ��S �� ������ �)LJXUH ��$�'�� �03* �VLJQLILFDQWO\
VWLPXODWHG�,)1�w�UHVSRQVH�LQ�'1$�LPPXQL]DWLRQ��S��������
)LJXUH ��$�'�� �2Q �WKH �RWKHU �KDQG� �WKH �KLJKHVW
O\PKRSUROLIHUDWLYH �UHVSRQVHV �ZHUH �GHWHUPLQHG �LQ �JURXSV
UHFHLYLQJ �WKH �KHWHURORJRXV �'1$ �SULPH� �SURWHLQ �ERRVW
UHJLPHQV�IRU�DOO�DQWLJHQV�DV�VKRZQ�LQ�)LJXUH����,Q�DGGLWLRQ�
WKH �VWLPXODWLRQ�LQGH[�DJDLQVW �WKH �9SU �UHFRPELQDQW �SURWHLQ
ZDV�VLJQLILFDQWO\�OHVV�WKDQ�U1HI��U9SX�DQG�U9LI�SURWHLQV��S��

�������*HQHUDOO\��LPPXQL]DWLRQ�ZLWK�WKH�KHWHURORJRXV�'1$
SULPH� �SURWHLQ �ERRVW �UHJLPHQV �LQGXFHG �DQWLJHQ�VSHFLILF
7K�FHOO �SUROLIHUDWLYH �UHVSRQVHV�

�����6HFUHWLRQ�RI�*UDQ]\PH�%��*U%��LQ�0LFH
2XU �GDWD �VKRZHG �WKDW �WKHUH �ZHUH �QR �VLJQLILFDQW

GLIIHUHQFHV �LQ �*UDQ]\PH �% �VHFUHWLRQ �EHWZHHQ �JURXSV
UHFHLYLQJ �WKH �KRPRORJRXV �SURWHLQ �UHJLPHQV ��S �! ������ �DV
ZHOO �DV �WKH �KHWHURORJRXV �'1$�SURWHLQ �UHJLPHQV �LQ �DOO
LPPXQL]DWLRQV ��S �! ������ �)LJXUH ��$�' �+RZHYHU� �KLJKHU
OHYHOV �RI �*UDQ]\PH �% �ZHUH �REVHUYHG �LQ �WKH �KHWHURORJRXV
'1$�SULPH��SURWHLQ�ERRVW��*��*���WKDQ�RWKHU�JURXSV��S��
�������)LJXUH�����0RUHRYHU��WKH�OHYHOV�RI�*UDQ]\PH�%�LQ�DOO
UHJLPHQV�RI�9SU�DQWLJHQ�ZHUH�OHVV�WKDQ�DOO�UHJLPHQV�RI�1HI�
9SX�DQG�9LI�DQWLJHQV��S����������,Q�DGGLWLRQ��WKH�03*�'1$
QDQRSDUWLFOHV �LQGXFHG �KLJKHU �OHYHOV �RI �*UDQ]\PH �% �WKDQ
'1$�DORQH��S ����������7KH�&\/RS���DQG�/'3�1/6�&33V
ZHUH �VLPLODU �WR �0RQWDQLGH �IRU �LQFUHDVLQJ �WKH �VHFUHWLRQ �RI
*UDQ]\PH�%��S�!�������
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)LJXUH����$QWLERG\�UHVSRQVHV��$��WRWDO�,J*��%��,J*���&��,J*�D�DQG�'��,J*�E��DJDLQVW�WKH�UHFRPELQDQW�9SU��9SX��9LI�DQG�1HI�SURWHLQV�LQ
GLIIHUHQW�UHJLPHQV��$OO�DQDO\VHV�ZHUH�SHUIRUPHG�LQ�GXSOLFDWH�IRU�HDFK�VDPSOH��7KH�UHVXOWV�ZHUH�VKRZQ�DV�PHDQ�DEVRUEDQFH�DW�����QP�i�6'�

�S���������

�S���������


�S����������QV��QRQ�VLJQLILFDQW��S�!��������7KH�GDWD�LQGLFDWHG�WKDW�WKH�UDWLRV�RI�,J*�D�,J*��ZHUH�KLJKHU�LQ�WKH
KHWHURORJRXV�DQG�WKHQ�KRPRORJRXV�U1HI��U9SX�DQG�U9LI�UHJLPHQV��*��*���LQGLFDWLQJ�7K��GLUHFWHG�UHVSRQVHV�LQ�PLFH���$�KLJKHU�UHVROXWLRQ��
FRORXU�YHUVLRQ�RI�WKLV�ILJXUH�LV�DYDLODEOH�LQ�WKH�HOHFWURQLF�FRS\�RI�WKH�DUWLFOH��

)LJXUH����7KH�VHFUHWLRQ�RI�,)1�w��$�'��DQG�,/����(�+��F\WRNLQHV�LQ�LPPXQL]HG�JURXSV�ZLWK�WKH�9SU��$�	�(���9SX��%�	�)���9LI��&�	�*��
1HI��'�	�+��DQWLJHQV�LQ�YDULRXV�IRUPXODWLRQV��7KH�OHYHOV�RI�F\WRNLQHV�ZHUH�GHWHUPLQHG�E\�(/,6$�DV�PHDQ�DEVRUEDQFH�DW�����QP�i�6'�IRU
HDFK�VHW�RI�VDPSOHV��$OO�DQDO\VHV�ZHUH�SHUIRUPHG�LQ�GXSOLFDWH�IRU�HDFK�VDPSOH��QV��QRQ�VLJQLILFDQW��
�S���������

�S���������


�S���������
7KH�GDWD�VKRZHG�WKDW�WKH�UDWLRV�RI�,)1�JDPPD��,/���ZHUH�LPSRUWDQWO\�KLJKHU�LQ�WKH�KHWHURORJRXV�DQG�WKHQ�KRPRORJRXV�1HI��9SX�DQG�9LI
UHJLPHQV��*��*���LQGLFDWLQJ�7K��GLUHFWHG�UHVSRQVHV�LQ�PLFH���$�KLJKHU�UHVROXWLRQ���FRORXU�YHUVLRQ�RI�WKLV�ILJXUH�LV�DYDLODEOH�LQ�WKH�HOHFWURQLF
FRS\�RI�WKH�DUWLFOH��
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)LJXUH ��� �7KH �O\PSKRF\WH �SUROLIHUDWLRQ �DVVD\ �LQ �LPPXQL]HG �JURXSV �ZLWK �WKH �9SU ��$�� �9SX ��%�� �9LI ��&�� �1HI ��'� �DQWLJHQV �LQ �YDULRXV
IRUPXODWLRQV��7KH�O\PSKRF\WH�SUROLIHUDWLRQ�ZDV�SHUIRUPHG�E\�077�DVVD\��$OO�DQDO\VHV�ZHUH�SHUIRUPHG�LQ�GXSOLFDWH�IRU�HDFK�VDPSOH��QV�
QRQ�VLJQLILFDQW��
�S���������7KH�GDWD�VKRZHG�WKDW�WKH�VWLPXODWLRQ�LQGH[�DJDLQVW�WKH�9SU�UHFRPELQDQW�SURWHLQ�ZDV�VLJQLILFDQWO\�OHVV�WKDQ�U1HI�
U9SX�DQG�U9LI�SURWHLQV���$�KLJKHU�UHVROXWLRQ���FRORXU�YHUVLRQ�RI�WKLV�ILJXUH�LV�DYDLODEOH�LQ�WKH�HOHFWURQLF�FRS\�RI�WKH�DUWLFOH��

)LJXUH����7KH�OHYHOV�RI�*UDQ]\PH�%��$�'��GHWHUPLQHG�E\�(/,6$�DV�PHDQ�DEVRUEDQFH�DW�����QP�i�6'�IRU�HDFK�VHW�RI�VDPSOHV��$OO�DQDO\VHV
ZHUH�SHUIRUPHG�LQ�GXSOLFDWH�IRU�HDFK�VDPSOH��QV��QRQ�VLJQLILFDQW��
�S���������

�S���������


�S����������7KH�GDWD�VKRZHG�WKDW�WKH�OHYHOV�RI
*UDQ]\PH�%�LQ�DOO�UHJLPHQV�RI�9SU�DQWLJHQ�ZHUH�OHVV�WKDQ�DOO�UHJLPHQV�RI�1HI��9SX�DQG�9LI�DQWLJHQV���$�KLJKHU�UHVROXWLRQ���FRORXU�YHUVLRQ�RI
WKLV�ILJXUH�LV�DYDLODEOH�LQ�WKH�HOHFWURQLF�FRS\�RI�WKH�DUWLFOH��

���',6&866,21
,Q�WKH�FXUUHQW�VWXG\��ZH�VKRZHG�WKDW�1HI��9SX�DQG�9LI

DFFHVVRU\ �SURWHLQV �DUH �PRUH �HIIHFWLYH �WKDQ �9SU �DFFHVVRU\
SURWHLQ�IRU�LQGXFLQJ�LPPXQH�UHVSRQVHV�LQ�PLFH��,Q�DGGLWLRQ�
1HI�DQG�9SX�VWLPXODWHG�KLJKHU�FHOOXODU�LPPXQH�UHVSRQVHV
WKDQ�9LI�LQ�PLFH��2XU�VWXG\�GHPRQVWUDWHG�WKDW�DPRQJ�IRXU
DFFHVVRU\�SURWHLQV��9SX�SURWHLQ�FDQ�EH�HIIHFWLYH�LQ�GLDJQRVLV
RI�XQWUHDWHG�SDWLHQWV�IURP�WUHDWHG�SDWLHQWV�

7KH �VWXGLHV �LQGLFDWHG �WKDW �+,9 �YLURORJLFDO �WHVWV �ZHUH
XVHG �WR �GLDJQRVH �+,9 �LQIHFWLRQ �LQ �+,9�H[SRVHG �VXEMHFWV

>��@� �(/,6$�ZDV �WKH �PRVW �FRPPRQ�LPPXQRDVVD\�XVHG �WR
GHWHFW �+,9 �LQIHFWLRQ� �)RU �LQVWDQFH� �WKH �UHSRUWV �VKRZHG
GHWHFWLRQ �RI �1HI�FRQWDLQLQJ �H[RVRPHV �LQ �VXSSUHVVHG
+,9�LQIHFWHG �LQGLYLGXDOV �>�����@� �0RUHRYHU� �DQWLERGLHV
VHFUHWHG �DJDLQVW �WKH �IXOO�OHQJWK �1HI �SURWHLQ �DQG �DOVR
V\QWKHWLF �SHSWLGHV �RI �WKH �1HI �SURWHLQ ������ �PHUV� �ZHUH
GHWHFWHG �LQ �+,9���LQIHFWHG �LQGLYLGXDOV �XVLQJ �(/,6$�>��@�
$FFRUGLQJO\��LW�VHHPV�WKDW�D�VLPSOH�DQG�H[DFW�DVVD\�RI�YLUDO
SURWHLQV�LQ�KXPDQ�VHUD�LV�UHTXLUHG�WR�GLDJQRVH�+,9�LQIHFWLRQ
LQ �XQWUHDWHG� �WUHDWHG �DQG �GUXJ�UHVLVWDQW �LQGLYLGXDOV� �,Q �RXU
VWXG\� �WKH �VHUXP �OHYHOV �RI �+,9 �DFFHVVRU\ �SURWHLQV �ZHUH
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GHWHFWHG �LQ �XQWUHDWHG�1DdYH� �WUHDWHG �DQG �GUXJ�UHVLVWDQW
VXEMHFWV �FRPSDUHG �WR �+,9�XQLQIHFWHG �VXEMHFWV ��FRQWURO
JURXS� �XVLQJ�(/,6$� �2XU �GDWD �LQGLFDWHG �WKDW �WKH �OHYHOV �RI
DQWLERGLHV �DJDLQVW �DOO �UHFRPELQDQW �SURWHLQV �ZHUH
VLJQLILFDQWO\�KLJKHU�LQ�DOO�JURXSV�WKDQ�WKRVH�LQ�FRQWURO�JURXS�
7KH�OHYHOV�RI�DQWLERGLHV�DJDLQVW�U1HI��U9SU�DQG�U9LI�SURWHLQV
VKRZHG�QR�VLJQLILFDQW�GLIIHUHQFHV�LQ�1DdYH��WUHDWHG�DQG�GUXJ
UHVLVWDQW �JURXSV� �,Q �FRQWUDVW� �WKH �OHYHO �RI �DQWLERG\ �DJDLQVW
U9SX�LQ�1DdYH�ZDV�KLJKHU�WKDQ�WKDW�LQ�WUHDWHG�JURXS��EXW�QRW
LQ�GUXJ�UHVLVWDQW�JURXS��7KXV��9SX�FDQ�EH�XVHG�DV�D�SRVVLEOH
ELRPDUNHU�IRU�GLDJQRVLV�RI�1DdYH�IURP�WUHDWHG�JURXS�

:LHODQG�HW�DO��VKRZHG�WKDW�WKH�SUHYDOHQFH�RI�DQWLERGLHV
DJDLQVW �+,9�� �9LI �DQG �1HI �H[SUHVVHG �DV �06�� �IXVLRQ
SURWHLQV �LQ �EDFWHULDO �V\VWHP �KDG �KLJK �OHYHOV �RI �DQWL�1HI
DQWLERG\ �LQ �DOO �VWDJHV �RI �GLVHDVH �LQ �+,9 �LQIHFWLRQ� �,Q
FRQWUDVW� �DQWL�9LI �DQWLERGLHV �ZHUH �GHWHFWHG �RQO\ �LQ
SURJUHVVLRQ�RI �GLVHDVH�WR�$,'6�>��@� �,Q�WKH�SUHVHQW �VWXG\�
ZH�SURGXFHG�IRXU�DFFHVVRU\�SURWHLQV�ZLWKRXW�WDJ�IXVLRQ�LQ�(�
FROL�IRU�WKH�SUHVHQFH�RI�DQWLERGLHV�LQ�XQWUHDWHG��WUHDWHG�DQG
GUXJ �UHVLVWDQW �VXEMHFWV� �5HLVV �HW �DO� �HYDOXDWHG �DQWLERG\
UHVSRQVHV �DJDLQVW �WKH �+,9�� �1HI �SURWHLQ �LQ �DV\PSWRPDWLF
+,9���VHURSRVLWLYH �LQGLYLGXDOV� �1HI�VSHFLILF �DQWLERGLHV
ZHUH �VWDEO\ �GHWHFWHG �LQ �WKH �PDMRULW\ �RI �PHQ ��a ������� �DW
HDUO\ �VWDJHV �RI �LQIHFWLRQ �>��@� �0RUHRYHU�
DQWLERG\�GHSHQGHQW �FHOOXODU �F\WRWR[LFLW\ ��$'&&� �DJDLQVW
+,9�� �9SX �SHSWLGH �����PHU� �ZDV �REVHUYHG �LQ �(OLWH
FRQWUROOHUV�>��@��$QRWKHU�VWXG\�VKRZHG�WKDW�+,9���9SU�ZDV
GHWHFWHG �LQ �WKH �SODVPD �RI �+,9���SRVLWLYH �SDWLHQWV �>��@�
)XUWKHUPRUH��DQWLERGLHV�WR�WKH�UHFRPELQDQW�+,9���9SU�DQG
9SX�SURWHLQV�JHQHUDWHG�E\�(��FROL�ZHUH�GHWHFWHG�E\�(/,6$
LQ �PHQ �VHUD �ZLWKLQ ��� �PRQWKV �RI �VHURFRQYHUVLRQ �IRU
DQWLERGLHV�WR�VWUXFWXUDO�SURWHLQV�>��@��2XU�VWXG\�VKRZHG�WKDW
D�VLJQLILFDQW�9SX�VSHFLILF�DQWLERG\�UHVSRQVH�ZDV�REVHUYHG
EHWZHHQ�XQWUHDWHG�DQG�WUHDWHG�VXEMHFWV�

,Q�WKH�QH[W�SURFHVV��ZH�HYDOXDWHG�LPPXQRJHQLFLW\�RI�WKH
UHFRPELQDQW�9SU��9LI��9SX�DQG�1HI�SURWHLQV�LQ�PLFH��,W�ZDV
LQWHUHVWLQJ�WKDW�DPRQJ�IRXU�DFFHVVRU\�SURWHLQV��9SU�VKRZHG
ORZHU �LPPXQRJHQLFLW\ �WKDQ �RWKHU �SURWHLQV� �0RUHRYHU� �LW
VHHPV �WKDW �+,9�� �9SU �OHG �WR �WKH �GLUHFWLRQ �RI �UHVSRQVHV
WRZDUG �7K� �UHVSRQVH �GXH �WR �KLJKHU �,J*� �DQG �,/��� �DQG
ORZHU�,J*�D�DQG�,)1�JDPPD�WKDQ�RWKHU�SURWHLQV��7KH�OHYHO
RI�*UDQ]\PH�%�ZDV�ORZHU�LQ�JURXSV�LPPXQL]HG�ZLWK�U9SU
WKDQ�WKDW �LQ�JURXSV�LPPXQL]HG�ZLWK�RWKHU�SURWHLQV� �,Q�WKLV
OLQH� �D �VWXG\ �LQGLFDWHG �WKDW �9SU �UHGXFHG �DQWLJHQ�VSHFLILF
F\WRWR[LF �7 �O\PSKRF\WH �DFWLYLW\� �LQGXFHG �ORZHU �OHYHOV �RI
,)1�JDPPD� �DQG �LQKLELWHG �7K� �LPPXQH �UHVSRQVHV� �,Q �WKH
SUHVHQFH �RI �9SU� �WKHUH �ZDV �D �VWURQJ �VKLIW �WRZDUGV �D �7K�
UHVSRQVH�>��@��2XU�GDWD�DERXW�LPPXQRJHQLFLW\�RI�9SU�ZDV
VLPLODU�WR�WKLV�VWXG\��$QRWKHU�VWXG\�VKRZHG�WKDW�'1$�YHFWRU
FRQWDLQLQJ�+,9���QHI�JHQH��S%1�1HI��ZDV�LPPXQRJHQLF�LQ
PLFH�>��@��'X�HW�DO��GHPRQVWUDWHG�WKDW�SF'1$�YLI�LQGXFHG
VLJQLILFDQWO\�DQWLERG\�VHFUHWLRQ�DQG�7�FHOO�DFWLYLW\�LQ�PLFH
HVSHFLDOO\ �LQ �FRPELQDWLRQ �ZLWK �SF'1$�/,*+7 �DV �DQ
DGMXYDQW �>��@� �2XU �VWXG\ �LQGLFDWHG �WKDW �SF'1$�1HI�
SF'1$�9SU� �SF'1$�9SX �DQG �SF'1$�9LI �GHOLYHUHG �E\
03* �LQGXFHG �KLJKHU �OHYHOV �RI �,)1�JDPPD� �,J*�D �DQG
*UDQ]\PH�%�WKDQ�WKH�QDNHG�'1$�SODVPLGV��7KH�HIILFLHQF\
RI �WKH �FDWLRQLF �&33V �ZDV �SURYHG �WR �GHOLYHU �ELRPROHFXOHV�

)RU�H[DPSOH��WKH�03*�'1$�QDQRSDUWLFOHV�LQGXFHG�D�VWURQJ
7K��LPPXQH�UHVSRQVH�LQ�WXPRU�PRXVH�PRGHO�>������@��7KH
&33V�FRXOG�UHGXFH�WKH�HIIHFWLYH�GRVH�RI�YDFFLQH�>��@��,Q�RXU
VWXG\� �� �jJ �RI �WKH �03*�'1$ �QDQRSDUWLFOHV �ZDV �XVHG
FRPSDUHG �WR ��� �jJ �RI �WKH �QDNHG �'1$� �)XUWKHUPRUH� �WKH
&\/R3�� �RU �/'3�1/6� �SURWHLQ �QDQRSDUWLFOHV �DW �D �FHUWDLQ
PRODU�UDWLR�RI������ZHUH�XVHG�WR�LQFUHDVH�LPPXQH�UHVSRQVHV
DJDLQVW �D �YDULHW\ �RI �DQWLJHQV� �7KHVH �&33V �FRXOG �SRWHQWO\
GHOLYHU�SURWHLQV�LQ�PDPPDOLDQ�FHOOV�>������@��$OVR��WKH�VL]H
DQG�FKDUJH�RI�QDQRSDUWLFOHV�ZHUH�LPSRUWDQW�LVVXHV�IRU�HQWU\
WKH�FHOOV����FHOOXODU�XSWDNH��>������@��,Q�WKH�FXUUHQW�VWXG\��WKH
VPDOO�VL]H�RI�QDQRSDUWLFOHV�DQG�WKHLU�SRVLWLYH�FKDUJHV�KDG�D
PDLQ�UROH�IRU�WKHLU�FHOOXODU�XSWDNH�ZLWK�UHVSHFW�WR�HIIHFWLYH
LPPXQH�UHVSRQVHV�LQGXFHG�LQ�YLYR��2QH�VWXG\�LQ�$UJHQWLQD
GHVFULEHG �ZKHWKHU �WKUHH �GRVHV �RI �SULPLQJ �ZLWK �D �SODVPLG
KDUERULQJ�1HI�DQG�'1$V�H[SUHVVLQJ�,/����DQG�RU�*0�&6)
F\WRNLQHV �IROORZHG �E\ �ERRVWLQJ �ZLWK �D �GRVH �RI �PRGLILHG
YDFFLQLD �YLUXV �$QNDUD ��09$��1HI �FRXOG �LPSURYH �FHOOXODU
LPPXQLW\ �LQ �PLFH� �7KH �GDWD �LQGLFDWHG �WKDW �,/���
VLJQLILFDQWO\�LQGXFHG�D�KLJKHU�7�FHOO�DFWLYLW\�DV�FRPSDUHG�WR
RWKHU �F\WRNLQH� �0RUHRYHU� �VLPXOWDQHRXV �DGPLQLVWUDWLRQ �RI
ERWK�F\WRNLQHV�OHG�WR�WKH�GHOHWLRQ�RI�DQWL�1HI�UHVSRQVHV�LQ
PLFH �>��@� �,QGHHG� �W\SH �RI �DGMXYDQW �LQIOXHQFHV �WKH
VWLPXODWLRQ �RI �FHOOXODU �LPPXQLW\� �,Q �WKH �UHFHQW �VWXG\� �ZH
XVHG �DQ �DGMXYDQW �DSSURYHG �LQ �KXPDQ �VWXG\ �QDPHG �DV
0RQWDQLGH�����WKDW�FRXOG�LQGXFH�FHOOXODU�LPPXQLW\�LQ�PLFH�
2XU�VWXG\�VKRZHG�WKDW�WKH�RUGHU�RI�DQWLJHQV�IRU�LQGXFWLRQ�RI
FHOOXODU �LPPXQLW\ �DQG �KLJK �LPPXQRJHQLFLW\ �ZDV� �1HI!
9SX!�9LI!�9SU��&DVHOOD�HW�DO��SUHYLRXVO\�VKRZHG�WKDW�9SX
LQFUHDVHG�VHQVLWLYLW\�WR�)DV�LQGXFHG�GHDWK�LQ�+,9�LQIHFWHG
FHOOV �>��@� �7KXV� �9SX �PD\ �EH �FRQVLGHUHG �DV �D �YDFFLQH
FDQGLGDWH� �DV �ZHOO�

7KH �KHWHURORJRXV �LPPXQL]DWLRQ �VWUDWHJ\ �OHG �WR �KLJKHU
LPPXQRJHQLFLW\ �RI �+,9�� �YDFFLQH �FDQGLGDWHV �WKDQ
KRPRORJRXV�LPPXQL]DWLRQ�LQ�SULPDWHV� �7KH�LPSRUWDQFH�RI
SULPLQJ�DJHQWV�ZDV�GHWHUPLQHG�LQ�KHWHURORJRXV�SULPH�ERRVW
YDFFLQDWLRQ� �)RU �H[DPSOH� �WKH �SULPLQJ �ZLWK �'1$�YDFFLQH
KDUERULQJ �*DJ�3RO�1HI �IROORZHG �E\ �WKH �ERRVWLQJ �ZLWK
YDFFLQLD �YLUXV �VWUDLQ �1<9$& �DQG�RU �SURWHLQ �LQFUHDVHG
HIIHFWLYH �LPPXQH�UHVSRQVHV �>��@� �2XU �UHVXOWV �DOVR �VKRZHG
WKDW �KHWHURORJRXV �'1$ �SULPH� �SURWHLQ �ERRVW �VWUDWHJ\ �ZDV
PRUH�SRWHQW�WKDQ�KRPRORJRXV�SURWHLQ�SULPH��SURWHLQ�ERRVW
VWUDWHJ\�LQ�,)1�JDPPD��,J*�D�DQG�,J*�E�VHFUHWLRQ�GLUHFWHG
WRZDUG �7K� �UHVSRQVH �DV �ZHOO �DV �*UDQ]\PH �% �VHFUHWLRQ �DV
&7/ �DFWLYLW\� �,Q �DGGLWLRQ� �KRPRORJRXV �SURWHLQ �SULPH�
SURWHLQ �ERRVW �VKRZHG �KLJKHU �LPPXQRJHQLFLW\ �WKDQ
KRPRORJRXV�'1$�SULPH��'1$�ERRVW�VWUDWHJ\��,Q�������WKH
ILUVW�UHSRUW�RI�LQGXFLQJ�+,9���1HI�VSHFLILF�&7/V�E\�'1$
YDFFLQH�ZDV�SXEOLVKHG�>��@��+RZHYHU��RXU�GDWD�VKRZHG�WKDW
1HI�SURWHLQ�SULPH��1HI�SURWHLQ�ERRVW��DQG�1HI�'1$�SULPH�
1HI �SURWHLQ �ERRVW �UHJLPHQV �ZHUH �PRUH �HIIHFWLYH �WKDQ �1HI
'1$ �SULPH� �1HI �'1$ �ERRVW �UHJLPHQ �IRU �LQGXFWLRQ �RI
*UDQ]\PH �% �VHFUHWLRQ �DV �ZHOO �DV �7K� �UHVSRQVH�

&21&/86,21
*HQHUDOO\��LQ�PLFH�LPPXQL]DWLRQ��WKH�1HI��9SX�DQG�9LI

SURWHLQV�FRXOG�VLJQLILFDQWO\�LQFUHDVH�7K��LPPXQH�UHVSRQVH�
,Q �FRQWUDVW� �WKH �9SU �SURWHLQ �FRXOG �LPSRUWDQWO\ �LQGXFH �7K�
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LPPXQH �UHVSRQVH� �,QGHHG� �9SU �VKRZHG �ORZHU
LPPXQRJHQLFLW\ �WKDQ �RWKHU �DFFHVVRU\ �SURWHLQV� �0RUHRYHU�
WKH�1HI�DQG�9SX�SURWHLQV�VWLPXODWHG�PRUH�HIIHFWLYH�FHOOXODU
LPPXQLW\ �WKDQ �WKH �9LI �SURWHLQ� �$PRQJ �GLIIHUHQW
LPPXQL]DWLRQ �VWUDWHJLHV� �WKH �KHWHURORJRXV �'1$� �SURWHLQ
PRGDOLW\�ZDV�WKH�EHVW�UHJLPHQ�IRU�LQFUHDVLQJ�WKH�OHYHOV�RI
,J*�D��,J*�E��,)1�w�DQG�*UDQ]\PH�%�LQ�PLFH��7KH�&33V
FRXOG�VLJQLILFDQWO\�HQKDQFH�FHOOXODU�LPPXQLW\�LQ�'1$�DQG
SURWHLQ�LPPXQL]DWLRQV��DV�ZHOO��2Q�WKH�RWKHU�KDQG��DPRQJ
IRXU �DFFHVVRU\ �SURWHLQV� �DQWL�9SX �DQWLERGLHV �ZHUH
VLJQLILFDQWO\ �GHWHFWHG �WR �GLDJQRVH �WUHDWHG �VXEMHFWV �IURP
XQWUHDWHG ��1DdYH� �SDWLHQWV� �+RZHYHU� �WKH �VXFFHVV �RI �WKHVH
SURWHLQV �IRU �HUDGLFDWLRQ �RI �YLUXV �LQ �PRXVH �PRGHO �DQG �DOVR
+,9 �GLDJQRVLV �LQ �ODUJHU �KXPDQ �SRSXODWLRQV �UHPDLQ �WR �EH
IXUWKHU�HYDOXDWHG�LQ�QHDU�)XWXUH�

$87+25cV�&2175,%87,21
$�%��DQG�$�0��GHVLJQHG�WKH�H[SHULPHQWV�DQG�ZURWH�WKH

PDQXVFULSW� �([SHULPHQWV�ZHUH�SHUIRUPHG�DQG�DQDO\]HG�E\
$�0���.�%���(�$���*�0��DQG�0�$��$OO�DXWKRUV�UHYLHZHG�WKH
PDQXVFULSW�

(7+,&6 �$33529$/ �$1' �&216(17 �72
3$57,&,3$7(

7KH�VWXG\�SURWRFRO�ZDV�DSSURYHG�E\�1DWLRQDO�,QVWLWXWH
IRU �0HGLFDO �5HVHDUFK �'HYHORSPHQW� �,UDQ ��HWKLFDO �FRGH�
,5�1,0$'�5(&����������� �7KH �H[SHULPHQWV �ZHUH �GRQH
EDVHG�RQ�DSSURYHG�SURWRFROV�IRU�FDUH�RI�ODERUDWRU\�DQLPDOV
DW �3DVWHXU �,QVWLWXWH �RI �,UDQ ��HWKLFDO �FRGH�
,5�3,,�5(&�����������

+80$1�$1'�$1,0$/�5,*+76
1R �+XPDQV �ZHUH �XVHG �LQ �WKLV �UHVHDUFK� �7KH �UHSRUWHG

H[SHULPHQWV�RQ�DQLPDOV�ZHUH�SHUIRUPHG�LQ�DFFRUGDQFH�ZLWK
WKH�LQVWLWXWLRQDO�JXLGHOLQHV�RI�WKH�3DVWXUH�,QVWLWXWH�RI�,UDQ�

&216(17�)25�38%/,&$7,21
7KH�FRQVHQW�ZDV�WDNHQ�IURP�DOO�SDUWLFLSDQWV�EHIRUH�EORRG

FROOHFWLRQ�

$9$,/$%,/,7<�2)�'$7$�$1'�0$7(5,$/6
1RW�DSSOLFDEOH�

)81',1*
7KH �VWXG\ �LV �ILQDQFLDOO\ �VXSSRUWHG �E\ �WKH �1,0$'

l1DWLRQDO�,QVWLWXWH�IRU�0HGLFDO�5HVHDUFK�'HYHORSPHQWn��,UDQ
�*UDQW�1R����������

&21)/,&7�2)�,17(5(67
7KH�DXWKRUV�GHFODUH�QR�FRQIOLFW�RI�LQWHUHVW��ILQDQFLDO�RU

RWKHUZLVH�

$&.12:/('*(0(176
$XWKRUV�DFNQRZOHGJH�WKH�ILQDQFLDO�VXSSRUW�E\�1,0$'

l1DWLRQDO�,QVWLWXWH�IRU�0HGLFDO�5HVHDUFK�'HYHORSPHQWm�IRU
H[SHULPHQWDO�ZRUNV�

5()(5(1&(6

$U\D� �6�� �/DO� �3�� �6LQJK� �3�� �.XPDU� �$� �5HFHQW �DGYDQFHV �LQ>�@
GLDJQRVLV �RI �+,9 �DQG �IXWXUH �SURVSHFWV� �,QGLDQ �-� �%LRWHFKQRO��
���������������
GH �*RHGH� �$�/�� �9XOWR� �$�*�� �2VWHUKDXV� �$�'�� �*UXWHUV� �5�$�>�@
8QGHUVWDQGLQJ �+,9 �LQIHFWLRQ �IRU �WKH �GHVLJQ �RI �D �WKHUDSHXWLF
YDFFLQH��3DUW�,��(SLGHPLRORJ\�DQG�SDWKRJHQHVLV�RI�+,9�LQIHFWLRQ�
$QQ��3KDUP��)U����������������������
KWWS���G[�GRL�RUJ���������M�SKDUPD�������������30,'����������
/HKPDQQ� �0�+�� �/HKPDQQ� �-�0�� �(UIOH� �9� �1HI�LQGXFHG �&&/�>�@
H[SUHVVLRQ�FRQWULEXWHV �WR �+,9�6,9�EUDLQ �LQYDVLRQ�DQG�QHXURQDO
G\VIXQFWLRQ��)URQW��,PPXQRO������������������
KWWS���G[�GRL�RUJ���������ILPPX������������30,'����������
*RQFDOYHV� �-�� �6LOYD� �)�� �)UHLWDV�9LHLUD� �$�� �6DQWD�0DUWD� �0��>�@
0DOKe� �5�� �<DQJ� �;�� �*DEX]GD� �'�� �%DUEDV� �&�� �,,, �)XQFWLRQDO
QHXWUDOL]DWLRQ�RI�+,9���9LI�SURWHLQ�E\�LQWUDFHOOXODU�LPPXQL]DWLRQ
LQKLELWV�UHYHUVH�WUDQVFULSWLRQ�DQG�YLUDO�UHSOLFDWLRQ��-��%LRO��&KHP��
���������������������������
KWWS���G[�GRL�RUJ���������MEF�0����������30,'����������
4XDUDQWD� �0�*�� �0DWWLROL� �%�� �*LRUGDQL� �/�� �9LRUD� �0�>�@
,PPXQRUHJXODWRU\�HIIHFWV�RI�+,9���1HI�SURWHLQ��%LRIDFWRUV�������
���������������
KWWS���G[�GRL�RUJ���������ELRI����30,'����������
.LNXFKL��7���,ZDEX��<���7DGD��7���.DZDQD�7DFKLNDZD��$���.RJD�>�@
0���+RVR\D��1���1RPXUD��6���%UXPPH��=�/���-HVVHQ��+���3HUH\UD�
)���7URFKD��$���:DONHU��%�'���,ZDPRWR��$���7RNXQDJD��.���0LXUD�
7��$QWL�$32%(&�*�DFWLYLW\�RI�+,9���9LI�SURWHLQ�LV�DWWHQXDWHG�LQ
HOLWH�FRQWUROOHUV��-��9LURO��������������������������
KWWS���G[�GRL�RUJ���������-9,����������30,'����������
%DKUDRXL��(���%HQMRXDG��$���6DEDWLHU��-�0���$OODLQ��-�3���/DXULDQ�>�@
<�� �0RQWDJQLHU� �/�� �*OXFNPDQ� �-�&� �5HOHYDQFH �RI �DQWL�QHI
DQWLERG\ �GHWHFWLRQ �DV �DQ �HDUO\ �VHURORJLF �PDUNHU �RI �KXPDQ
LPPXQRGHILFLHQF\�YLUXV�LQIHFWLRQ��%ORRG�����������������������
KWWS���G[�GRL�RUJ���������EORRG�9�������������30,'���������
*DUFcD� �)�� �/HeQ� �$�� �*DWHOO� �-�0�� �3ODQD� �0�� �*DOODUW� �7�>�@
7KHUDSHXWLF �YDFFLQHV �DJDLQVW �+,9 �LQIHFWLRQ� �+XP� �9DFFLQ�
,PPXQRWKHU�� ������ ������ ���������
KWWS���G[�GRL�RUJ���������KY�������30,'����������
'H9LFR��$�/���*DOOR��5�&��&RQWURO�RI�+,9���LQIHFWLRQ�E\�VROXEOH>�@
IDFWRUV�RI�WKH�LPPXQH�UHVSRQVH��1DW��5HY��0LFURELRO��������������
��������
KWWS���G[�GRL�RUJ���������QUPLFUR����30,'����������
5DQDVLQJKH��6�� �6RJKRLDQ��'�=���/LQGTYLVW� �0���*KHEUHPLFKDHO�>��@
0�� �'RQDJKH\� �)�� �&DUULQJWRQ� �0�� �6HDPDQ� �0�6�� �.DXIPDQQ�
'�(�� �:DONHU� �%�'�� �3RULFKLV� �)� �+,9�� �DQWLERG\ �QHXWUDOL]DWLRQ
EUHDGWK �LV �DVVRFLDWHG �ZLWK �HQKDQFHG �+,9�VSHFLILF �&'�� �7 �FHOO
UHVSRQVHV��-��9LURO��������������������������
KWWS���G[�GRL�RUJ���������-9,����������30,'����������
5RVD��'�6���5LEHLUR��6�3���$OPHLGD��5�5���0DLUHQD��(�&���3RVWeO�>��@
(���.DOLO��-���&XQKD�1HWR��(��$�'1$�YDFFLQH�HQFRGLQJ�PXOWLSOH
+,9 �&'� �HSLWRSHV �HOLFLWV �YLJRURXV �SRO\IXQFWLRQDO� �ORQJ�OLYHG
&'���DQG�&'���7�FHOO�UHVSRQVHV��3/R6�2QH������������H�����
KWWS���G[�GRL�RUJ���������MRXUQDO�SRQH���������30,'����������
9LUJLQ��+�:���:DONHU� �%�'��,PPXQRORJ\�DQG�WKH�HOXVLYH�$,'6>��@
YDFFLQH��1DWXUH���������������������������
KWWS���G[�GRL�RUJ���������QDWXUH������30,'����������
%ROKDVVDQL��$��3RWHQWLDO�HIILFDF\�RI�FHOO�SHQHWUDWLQJ�SHSWLGHV�IRU>��@
QXFOHLF�DFLG�DQG�GUXJ�GHOLYHU\�LQ�FDQFHU��%LRFKLP��%LRSK\V��$FWD�
�����������������������
30,'����������
/HH��6���1JX\HQ��0�7��5HFHQW�DGYDQFHV�RI�YDFFLQH�DGMXYDQWV�IRU>��@
LQIHFWLRXV�GLVHDVHV��,PPXQH�1HWZ����������������������
KWWS���G[�GRL�RUJ���������LQ��������������30,'����������
5RVD��'�6���$SRVWROLFR��-���%RVFDUGLQ��6�%��'1$�YDFFLQHV��KRZ>��@
PXFK �KDYH �ZH �DFFRPSOLVKHG �LQ �WKH �ODVW ��� �\HDUV� �-� �9DFFLQHV
9DFFLQ��������������
:HGU\FKRZLF]� �+� �$QWLSDUDVLWLF �'1$�YDFFLQHV �LQ ���VW �FHQWXU\�>��@
$FWD�3DUDVLWRO������������������������
KWWS���G[�GRL�RUJ���������DS�����������30,'����������
.DUGDQL� �.�� �0LODQL� �$�� �+ �6KDEDQL� �6�� �%ROKDVVDQL� �$� �&HOO>��@
SHQHWUDWLQJ�SHSWLGHV��WKH�SRWHQW�PXOWL�FDUJR�LQWUDFHOOXODU�FDUULHUV�
([SHUW�2SLQ��'UXJ�'HOLY���������������������������
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KWWS���G[�GRL�RUJ������������������������������ �30,'�
��������
5RVWDPL� �%�� �,UDQL� �6�� �%ROKDVVDQL� �$�� �&RKDQ� �5�$� �*HQH �DQG>��@
SURWHLQ �GHOLYHU\ �XVLQJ �IRXU �FHOO �SHQHWUDWLQJ �SHSWLGHV �IRU �+,9��
YDFFLQH�GHYHORSPHQW��,8%0%�/LIH��������������������������
KWWS���G[�GRL�RUJ���������LXE������30,'����������
3RQQDSSDQ� �1�� �%XGDJDYL� �'�3�� �&KXJK� �$� �&\/R3���>��@
0HPEUDQH�DFWLYH�SHSWLGH�ZLWK�FHOO�SHQHWUDWLQJ�DQG�DQWLPLFURELDO
SURSHUWLHV� �%LRFKLP� �%LRSK\V� �$FWD �%LRPHPEU�� ������ ���������
��������
KWWS���G[�GRL�RUJ���������M�EEDPHP������������ �30,'�
��������
3RQQDSSDQ� �1�� �&KXJK� �$� �&HOO�SHQHWUDWLQJ �DQG �FDUJR�GHOLYHU\>��@
DELOLW\�RI�D�VSLGHU�WR[LQ�GHULYHG�SHSWLGH�LQ�PDPPDOLDQ�FHOOV��(XU�
-��3KDUP��%LRSKDUP����������������������
KWWS���G[�GRL�RUJ���������M�HMSE�������������30,'����������
.DUGDQL� �.�� �%ROKDVVDQL� �$�� �6KDKED]L� �6� �3ULPH�ERRVW �YDFFLQH>��@
VWUDWHJ\ �DJDLQVW �YLUDO �LQIHFWLRQV� �0HFKDQLVPV �DQG �EHQHILWV�
9DFFLQH� ������ ������� ���������
KWWS���G[�GRL�RUJ���������M�YDFFLQH�������������30,'����������
%DHVL��.���0RDOOHPL��6���5DYDQVKDG��0��3K\ORJHQHWLF�DQDO\VLV�RI>��@
+,9���SRO�JHQH��ILUVW�VXEJHQRPLF�HYLGHQFH�RI�&5)���%)�DPRQJ
,UDQLDQ �+,9�� �SDWLHQWV� �$VLDQ �3DF� �-� �7URS� �'LV�� ������ ���
6����6����
KWWS���G[�GRL�RUJ���������6��������������������
%DHVL� �.�� �5DYDQVKDG� �0�� �*KDQEDULVDIDUL� �0�� �6DEHUIDU� �(��>��@
6H\HGDOLQDJKL��6���9RON��-�(��$QWLUHWURYLUDO�GUXJ�UHVLVWDQFH�DPRQJ
DQWLUHWURYLUDO�QDdYH �DQG �WUHDWPHQW �H[SHULHQFHG �SDWLHQWV �LQIHFWHG
ZLWK�+,9�LQ�,UDQ��-��0HG��9LURO��������������������������
KWWS���G[�GRL�RUJ���������MPY�������30,'����������
'DYRRGL� �6�� �%ROKDVVDQL� �$�� �6DGDW� �6�0�� �,UDQL� �6� �(QKDQFLQJ>��@
+,9�� �1HI �SHQHWUDWLRQ �LQWR �PDPPDOLDQ �FHOOV �DV �DQ �DQWLJHQ
FDQGLGDWH� �-200,'� ������ ��� �������
KWWS���G[�GRL�RUJ����������-R00,'���������
5DPH]DQL� �$�� �$JKDNKDQL� �$�� �6ROH\PDQL� �6�� �%DYDQG� �$��>��@
%ROKDVVDQL��$��6LJQLILFDQFH�RI�VHUXP�DQWLERGLHV�DJDLQVW�+39�(��
+VS����+VS���DQG�+S���LQ�,UDQLDQ�+39�H[SRVHG�ZRPHQ��%0&
,QIHFW��'LV��������������������
KWWS���G[�GRL�RUJ���������V�����������������30,'����������
1DPD]L��)���%ROKDVVDQL��$���6DGDW��6�0���,UDQL��6��+LVWLGLQH�ULFK>��@
QRQD�DUJLQLQH�DQG�/DWDUFLQ���SHSWLGH�VXFFHVVIXOO\�GHOLYHU�+,9��
1HI�DQWLJHQ�LQ�YLWUR��-200,'�������������������
KWWS���G[�GRL�RUJ����������-R00,'��������
%ROKDVVDQL� �$�� �=DKHGLIDUG� �)�� �7DJKLNKDQL� �0�� �5DIDWL� �6�>��@
(QKDQFHG�LPPXQRJHQLFLW\�RI�+39��(��DFFRPSDQLHG�E\�*S���DV
DQ�DGMXYDQW�LQ�WZR�YDFFLQDWLRQ�VWUDWHJLHV��9DFFLQH���������������
����������
KWWS���G[�GRL�RUJ���������M�YDFFLQH�������������30,'����������
.DUGDQL��.���+DVKHPL��$���%ROKDVVDQL��$��&RPSDUDWLYH�DQDO\VLV�RI>��@
WZR�+,9���PXOWLHSLWRSH�SRO\SHSWLGHV�IRU�VWLPXODWLRQ�RI�LPPXQH
UHVSRQVHV�LQ�%$/%�F�PLFH��0RO��,PPXQRO����������������������
KWWS���G[�GRL�RUJ���������M�PROLPP������������ �30,'�
��������
.DUGDQL��.���+DVKHPL��$���%ROKDVVDQL��$��&RPSDULVRQ�RI�+,9��>��@
9LI �DQG �9SX �DFFHVVRU\ �SURWHLQV �IRU �GHOLYHU\ �RI �SRO\HSLWRSH
FRQVWUXFWV �KDUERULQJ �1HI� �*S��� �DQG �3�� �XVLQJ �YDULRXV �FHOO
SHQHWUDWLQJ �SHSWLGHV� �3/R6 �2QH� ������ �������H�������
KWWS���G[�GRL�RUJ���������MRXUQDO�SRQH���������30,'����������
$EGROODKL��$���6DIIDU��+��7KH�GLDJQRVLV�RI�+,9�LQIHFWLRQ�LQ�LQIDQWV>��@
DQG�FKLOGUHQ��,UDQ��-��3DWKRO����������������������
30,'����������
)HUGLQ��-���*RULsDU��.���'ROqDQ��9���3OHPHQLWDp��$���0DUWLQ��-�1��>��@
3HWHUOLQ� �%�0�� �'HHNV� �6�*�� �/HQDVVL� �0� �9LUDO �SURWHLQ �1HI �LV
GHWHFWHG �LQ �SODVPD �RI �KDOI �RI �+,9�LQIHFWHG �DGXOWV �ZLWK
XQGHWHFWDEOH�SODVPD�+,9�51$��3/R6�2QH�������������H�������
KWWS���G[�GRL�RUJ���������MRXUQDO�SRQH���������30,'����������
/HH��-�+���6FKLHUHU��6���%OXPH��.���'LQGRUI��-���:LWWNL��6���;LDQJ�>��@
:���2VWDOHFNL��&���.ROLKD��1���:LOG��6���6FKXOHU��*���)DFNOHU��2�7��
6DNVHOD� �.�� �+DUUHU� �7�� �%DXU� �$�6� �+,9�1HI �DQG
$'$0���FRQWDLQLQJ �SODVPD �H[WUDFHOOXODU �YHVLFOHV �LQGXFH �DQG
FRUUHODWH �ZLWK �LPPXQH �SDWKRJHQHVLV �LQ �FKURQLF �+,9 �LQIHFWLRQ�
(%LR0HGLFLQH�������������������
KWWS���G[�GRL�RUJ���������M�HELRP�������������30,'����������

5D\PRQG� �$�'�� �&DPSEHOO�6LPV� �7�&�� �.KDQ� �0�� �/DQJ� �0��>��@
+XDQJ� �0�%�� �%RQG� �9�&�� �3RZHOO� �0�'� �+,9 �7\SH �� �1HI �LV
UHOHDVHG �IURP �LQIHFWHG �FHOOV �LQ �&'����� �PLFURYHVLFOHV �DQG �LV
SUHVHQW �LQ �WKH �SODVPD �RI �+,9�LQIHFWHG �LQGLYLGXDOV� �$,'6 �5HV�
+XP��5HWURYLUXVHV�����������������������
KWWS���G[�GRL�RUJ���������DLG�����������30,'����������
*UHHQZD\� �$�/�� �0LOOV� �-�� �5KRGHV� �'�� �'HDFRQ� �1�-�� �0F3KHH�>��@
'�$��6HURORJLFDO�GHWHFWLRQ�RI�DWWHQXDWHG�+,9���YDULDQWV�ZLWK�QHI
JHQH�GHOHWLRQV��$,'6�����������������������
KWWS���G[�GRL�RUJ��������������������������������� �30,'�
�������
:LHODQG� �8�� �.gKQ� �-�(�� �-DVVR\� �&�� �5gEVDPHQ�:DLJPDQQ� �+��>��@
:ROEHU��9���%UDXQ��5�:��$QWLERGLHV�WR�UHFRPELQDQW�+,9���YLI�
WDW� �DQG �QHI �SURWHLQV �LQ �KXPDQ �VHUD� �0HG� �0LFURELRO� �,PPXQRO�
�%HUO�����������������������
KWWS���G[�GRL�RUJ���������%)���������30,'���������
5HLVV� �3�� �GH �5RQGH� �$�� �/DQJH� �-�0�� �GH �:ROI� �)�� �'HNNHU� �-��>��@
'HERXFN��&���*RXGVPLW��-��$QWLERG\�UHVSRQVH�WR�WKH�YLUDO�QHJDWLYH
IDFWRU ��QHI� �LQ �+,9�� �LQIHFWLRQ� �D �FRUUHODWH �RI �OHYHOV �RI �+,9��
H[SUHVVLRQ��$,'6����������������������
KWWS���G[�GRL�RUJ��������������������������������� �30,'�
�������
0DGKDYL� �9�� �:LQHV� �%�'�� �$PLQ� �-�� �(PHU\� �6�� �/RSH]� �(��>��@
.HOOHKHU� �$�� �&HQWHU� �5�-�� �+RJDUWK� �3�0�� �&KXQJ� �$�:�� �.HQW�
6�-�� �6WUDWRY� �,� �(1&25(� �6WXG\ �*URXS� �6\GQH\ �/713 �6WXG\
*URXS��+,9���(QY��DQG�9SX�VSHFLILF�DQWLERG\�GHSHQGHQW�FHOOXODU
F\WRWR[LFLW\ �UHVSRQVHV �DVVRFLDWHG �ZLWK �HOLWH �FRQWURO �RI �+,9� �-�
9LURO�����������������H������H������
KWWS���G[�GRL�RUJ���������-9,����������30,'����������
+RVKLQR� �6�� �6XQ� �%�� �.RQLVKL� �0�� �6KLPXUD� �0�� �6HJDZD� �7��>��@
+DJLZDUD��<���.R\DQDJL��<���,ZDPRWR��$���0LPD\D��-���7HUXQXPD�
+���.DQR��6���,VKL]DND��<��9SU�LQ�SODVPD�RI�+,9�W\SH���SRVLWLYH
SDWLHQWV�LV�FRUUHODWHG�ZLWK�WKH�+,9�W\SH���51$�WLWHUV��$,'6�5HV�
+XP��5HWURYLUXVHV�����������������������
KWWS���G[�GRL�RUJ���������DLG�����������30,'����������
5HLVV� �3�� �/DQJH� �-�0�� �GH �5RQGH� �$�� �GH �:ROI� �)�� �'HNNHU� �-��>��@
'DQQHU� �6�$�� �'HERXFN� �&�� �*RXGVPLW� �-� �$QWLERG\�UHVSRQVH �WR
YLUDO�SURWHLQV�8��YSX��DQG�5��YSU��LQ�+,9���LQIHFWHG�LQGLYLGXDOV��-
$FTXLU�,PPXQH�'HILF�6\QGU�����������������������������
30,'���������
$\\DYRR� �9�� �0XWKXPDQL� �.�� �.XGFKRGNDU� �6�� �=KDQJ� �'��>��@
5DPDQDWKDQ��3���'D\HV��1�6���.LP��-�-���6LQ��-�,���0RQWDQHU��/�-��
:HLQHU��'�%��+,9���YLUDO�SURWHLQ�5�FRPSURPLVHV�FHOOXODU�LPPXQH
IXQFWLRQ�LQ�YLYR��,QW��,PPXQRO����������������������
KWWS���G[�GRL�RUJ���������LQWLPP���������30,'����������
7bKWLQHQ��0���6WUHQJHOO��0���&ROOLQJV��$���3LWNbQHQ��-���.MHUUVWUfP�>��@
$�� �+DNNDUDLQHQ� �.�� �3HWHUVRQ� �3�� �.RKOHLVHQ� �%�� �:DKUHQ� �%��
5DQNL��$���8VWDY��0���.URKQ��.��'1$�YDFFLQDWLRQ�LQ�PLFH�XVLQJ
+,9�� �QHI� �UHY �DQG �WDW �JHQHV �LQ �VHOI�UHSOLFDWLQJ �S%1�YHFWRU�
9DFFLQH� ������ ����������� �����������
KWWS���G[�GRL�RUJ���������6��������;����������� �30,'�
��������
'X��-���:X��;���/RQJ��)���:HQ��-���+DR��:���&KHQ��5���.RQJ��;��>��@
4LDQ� �0�� �-LDQJ� �:� �,PSURYHPHQW �LQ �HIILFDF\ �RI �'1$ �YDFFLQH
HQFRGLQJ�+,9���9LI �E\�/,*+7�JHQH�DGMXYDQW� �9LUDO �,PPXQRO��
�������������������
KWWS���G[�GRL�RUJ���������YLP�����������30,'����������
3XMDOV� �6�� �6DELGe� �(�� �7DUUDJe� �7�� �*LUDOW� �(� �DOO�'�SUROLQH�ULFK>��@
FHOO�SHQHWUDWLQJ �SHSWLGHV� �D �SUHOLPLQDU\ �LQ �YLYR �LQWHUQDOL]DWLRQ
VWXG\��%LRFKHP��6RF��7UDQV������������3W�������������
KWWS���G[�GRL�RUJ���������%67��������30,'����������
6DOHK��7���%ROKDVVDQL��$���6KRMDRVDGDWL��6�$���$JKDVDGHJKL��0�5�>��@
03*�EDVHG �QDQRSDUWLFOH� �$Q �HIILFLHQW �GHOLYHU\ �V\VWHP �IRU
HQKDQFLQJ �WKH �SRWHQF\ �RI �'1$ �YDFFLQH �H[SUHVVLQJ �+39��(��
9DFFLQH��������������������������
KWWS���G[�GRL�RUJ���������M�YDFFLQH�������������30,'����������
.DUSHQNR��/�,���1HNUDVRYD��1�$���,O\LFKHY��$�$���/HEHGHY��/�5��>��@
,JQDW\HY� �*�0�� �$JDIRQRY� �$�3�� �=DLWVHY� �%�1�� �%HODYLQ� �3�$��
6HUHJLQ� �6�9�� �'DQLO\XN� �1�.�� �%DENLQD� �,�1�� �%D]KDQ� �6�,�
&RPSDUDWLYH �DQDO\VLV �XVLQJ �D �PRXVH �PRGHO �RI �WKH
LPPXQRJHQLFLW\�RI�DUWLILFLDO�9/3�DQG�DWWHQXDWHG�6DOPRQHOOD�VWUDLQ
FDUU\LQJ �D �'1$�YDFFLQH �HQFRGLQJ �+,9�� �SRO\HSLWRSH
&7/�LPPXQRJHQ� �9DFFLQH� ������ ����������� �����������
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KWWS���G[�GRL�RUJ���������M�YDFFLQH�������������30,'����������
<RR� �-�:�� �'RVKL� �1�� �0LWUDJRWUL� �6� �$GDSWLYH �PLFUR �DQG>��@
QDQRSDUWLFOHV��WHPSRUDO�FRQWURO�RYHU�FDUULHU�SURSHUWLHV�WR�IDFLOLWDWH
GUXJ �GHOLYHU\� �$GY� �'UXJ �'HOLY� �5HY�� ������ �����������
����������
KWWS���G[�GRL�RUJ���������M�DGGU�������������30,'����������
/HPER� �'�� �&DYDOOL� �5� �1DQRSDUWLFXODWH �GHOLYHU\ �V\VWHPV �IRU>��@
DQWLYLUDO�GUXJV��$QWLYLU��&KHP��&KHPRWKHU����������������������
KWWS���G[�GRL�RUJ���������,03�����30,'����������
5RGUcJXH]� �$�0�� �3DVFXWWL� �0�)�� �0DHWR� �&�� �)DOLYHQH� �-��>��@
+ROJDGR��0�3���7XUN��*���*KHUDUGL��0�0��,/����DQG�*0�&6)�LQ
'1$�09$ �LPPXQL]DWLRQV �DJDLQVW �+,9�� �&5)��B%) �1HI
LQGXFHG �7�FHOO �UHVSRQVHV �ZLWK �DQ �HQKDQFHG �PDJQLWXGH� �EUHDGWK
DQG�TXDOLW\��3/R6�2QH������������H�����
KWWS���G[�GRL�RUJ���������MRXUQDO�SRQH���������30,'����������
&DVHOOD� �&�5�� �5DSDSRUW� �(�/�� �)LQNHO� �7�+� �9SX �LQFUHDVHV>��@
VXVFHSWLELOLW\�RI�KXPDQ�LPPXQRGHILFLHQF\�YLUXV�W\SH���LQIHFWHG

FHOOV�WR�IDV�NLOOLQJ��-��9LURO�����������������������
KWWS���G[�GRL�RUJ���������-9,������������������30,'���������
$VEDFK��%���.LEOHU��.�9���.fVWOHU��-���3HUGLJXHUR��%���<DWHV��1�/��>��@
6WDQILHOG�2DNOH\� �6�� �7RPDUDV� �*�'�� �.DR� �6�)�� �)RXOGV� �.�(��
5RHGHUHU��0���6HDPDQ��0�6���0RQWHILRUL��'�&���3DUNV��5���)HUUDUL�
*�� �)RUWKDO� �'�1�� �3KRJDW� �6�� �7DUWDJOLD� �-�� �%DUQHWW� �6�:�� �6HOI�
6�*���*RWWDUGR��5���&ULVWLOOR��$�'���:HLVV��'�(���*DOPLQ��/���'LQJ�
6���+HHQH\��-�/���(VWHEDQ��0���-DFREV��%�/���3DQWDOHR��*���:DJQHU�
5��3ULPLQJ�ZLWK�D�SRWHQW�+,9���'1$�YDFFLQH�IUDPHV�WKH�TXDOLW\
RI �LPPXQH �UHVSRQVHV �SULRU �WR �D �SR[YLUXV �DQG �SURWHLQ �ERRVW� �-�
9LURO����������������H������H���
30,'����������
$VDNXUD��<���+DPDMLPD��.���)XNXVKLPD��-���0RKUL��+���2NXER��7��>��@
2NXGD� �.� �,QGXFWLRQ �RI �+,9�� �1HI�VSHFLILF �F\WRWR[LF �7
O\PSKRF\WHV�E\�1HI�H[SUHVVLQJ�'1$�YDFFLQH��$P��-��+HPDWRO��
���������������������
KWWS���G[�GRL�RUJ����������6,&,����������������������������$,
'�$-+�!����&2�����30,'���������


