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���,QWURGXFWLRQ
6XEVWLWXWHG�IHUULWH�JDUQHW�PDWHULDOV�FRP�

ELQLQJ�KLJK�)DUDGD\�URWDWLRQ�DQJOH�DQG�ORZ
DEVRUSWLRQ� LQ� YLVLEOH� DQG� LQIUDUHG� VSHFWUDO
UHJLRQV�DUH�XVHG�DV�PDJQHWLF�OD\HUV�IRU�RQH�
GLPHQVLRQDO� PDJQHWRSKRWRQLF� FU\VWDOV� ��'�
03&���7KHVH�UHTXLUHPHQWV�DUH�REOLJDWRU\�DW
WKH� �'�03&� V\QWKHVLV�� EHFDXVH� LWV� PDJQH�
WRRSWLFDO� DQG� RSWLFDO� SDUDPHWHUV� GHSHQG
VXEVWDQWLDOO\� RQ� WKH� SURSHUWLHV� RI� WKH� FRQ�

VWLWXWLQJ� OD\HUV� >�Ü�@�� 0DJQHWRRSWLFDO� OD\�
HUV� RI� VXEVWLWXWHG� IHUULWH�JDUQHWV� RI� FRP�
SHQVDWLRQDO�FRPSRVLWLRQV�RIIHU�DQ�DGGLWLRQDO
RSSRUWXQLW\�WR�FRQWURO�WKH�SDUDPHWHUV�RI�WKH
�'�03&�EDVHG�GHYLFHV��7KLV�ZRUN�LV�DLPHG�DW
V\QWKHVLV� DQG� LQYHVWLJDWLRQ�RI�PDJQHWLF�SURS�
HUWLHV� RI� VXEVWLWXWHG� IHUULWH�JDUQHW� ILOPV�ZLWK
FRPSRVLWLRQV� GHVFULEHG� E\� JHQHUDO� IRUPXOD
<�±[±\%L[5\)H�±]0]2����5�Ü�*G��/X��0�Ü�*D��$O��LQFOXGLQJ� FRPSRVLWLRQV� ZLWK� FRPSHQVDWLRQ
WHPSHUDWXUH�7FRPS�DERYH�URRP�WHPSHUDWXUH�

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�67&��,QVWLWXWH�IRU�6LQJOH�&U\VWDOV�
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���([SHULPHQWDO�HTXLSPHQW�DQG
SURFHGXUHV

7KH� VXEVWLWXWHG� IHUULWH�JDUQHWV� PDJQH�
WRRSWLFDO� OD\HUV�ZHUH� V\QWKHVL]HG� XVLQJ� WKH
UHDFWLYH� LRQ� EHDP� VSXWWHULQJ� �5,%6�� DQG
GLRGH� UDGLR� IUHTXHQF\� VSXWWHULQJ� �'5)6��
7KH� WDUJHWV� RI� WKH� IROORZLQJ� FRPSRVLWLRQV
ZHUH� XVHG� IRU� PDJQHWRRSWLFDO� OD\HUV� VSXW�
WHULQJ�

1R���Û�%L���<���)H�2���1R���Û�%L���*G���)H���$O���2���1R���Û�%L���*G���)H���*D���2���1R���Û�%L���*G���/X���)H���$O���2���1R���Û�%L���*G���)H���$O���2���7KH�VHOHFWLRQ�RI�WDUJHW�FKHPLFDO�FRPSRVL�
WLRQV�ZDV� GHWHUPLQHG� E\� WKH� QHHG� IRU� RSWL�
PL]DWLRQ�RI�ILOPV�FKDUDFWHULVWLFV�VXFK�DV�WKH
)DUDGD\�URWDWLRQ�DQJOH�YDOXH�T)��VDWXUDWLRQPDJQHWL]DWLRQ��FRHUFLYH�IRUFH�+F��FRPSHQVD�WLRQ� WHPSHUDWXUH�7FRPS� DQG� &XULH� WHPSHUD�WXUH�7&��WUDQVPLWWDQFH�.W��VTXDUHQHVV�UDWLRRI� PDJQHWRRSWLFDO� )DUDGD\� K\VWHUHVLV� ORRSV
�)+/V�� .6�� 7KH� WDUJHWV� ZHUH� SUHSDUHG� E\FRQYHQWLRQDO� FHUDPLF� WHFKQLTXH� >�@� LQ� VHY�
HUDO�VWDJHV���L��FROG�SUHVVLQJ�RI�KRPRJHQL]HG
PL[WXUHV�DW�WKH�SUHVVXUH�RI�����NJ�FP����LL�
ILUVW� VROLG�SKDVH� V\QWKHVLV� LQ� DLU� DW� DWPRV�
SKHUH� SUHVVXUH� DQG� WHPSHUDWXUH� ����&� IRU
�� KRXUV�� �LLL�� JULQGLQJ�� UHSHDWHG� KRPRJHQL�
]DWLRQ� DQG� FROG� SUHVVLQJ� RI� PL[WXUHV�� DQG
�LY��VHFRQG�VROLG�SKDVH�V\QWKHVLV�DW�WKH�VDPH
FRQGLWLRQV��$FFRUGLQJ�WR�;�UD\�SKDVH�DQDO\�
VLV�� WZR�SKDVHV�RI�%L�)H�2�� DQG�%L)H2�� DUHWKH� PDLQ� FRQVWLWXHQWV� RI� WDUJHW� 1R��� DIWHU
VHFRQG�VROLG�SKDVH�V\QWKHVLV��PDVV�IUDFWLRQV
RI�WKH�SKDVHV�ZHUH������DQG�������UHVSHF�
WLYHO\��,Q�RWKHUV�WDUJHWV��OLWWOH�VKLIW�RI�WKRVH
SKDVH�SHDNV�DV�FRPSDUHG�WR�WKH�WDUJHW�1R��
HYLGHQFHG� WKH� SUHVHQFH� SKDVHV� FRPSULVLQJ
*G��/X��$O��

6LQJOH� FU\VWDO� SODWHV� RI�JDGROLQLXP�JDO�
OLXP� �***�� DQG� FDOFLXP�QLRELXP�JDOOLXP
�&1**�� JDUQHWV� ZLWK� ODWWLFH� SDUDPHWHUV
D***� ��������QP�DQG�D&1**� ��������QPZHUH� XVHG� DV� VXEVWUDWHV�� 7KH� ILOPV� ZHUH
FU\VWDOOL]HG�XVLQJ�WKUHH�GLIIHUHQW�PHWKRGV�
GXULQJ� GHSRVLWLRQ� RQ� KRW� VXEVWUDWH� �LQ
VLWX��� DQQHDOLQJ� LQ� D� YDFXXP� FKDPEHU� LQ
SUHVHQFH� RI� R[\JHQ� DQG� DLU� DQQHDOLQJ� DW
DWPRVSKHUH� SUHVVXUH�� 7KH� V\QWKHVLV� E\
5,%6�PHWKRG�ZDV� FDUULHG� RXW� DW� LRQ� DFFHO�
HUDWLRQ�YROWDJH�8� ���N9�DQG�LRQ�EHDP�FXU�
UHQW�,� �����P$��7KH� ILOPV�ZHUH�GHSRVLWHG
ERWK� LQ� SXUH� DUJRQ� DWPRVSKHUH� DQG� LQ
DUJRQ�R[\JHQ� PL[WXUH� DW� GLIIHUHQW� SDUWLDO
SUHVVXUHV�� 7KH� ILOP� GHSRVLWLRQ� UDWH� RQ� FROG
VXEVWUDWH� ZDV� �Ü��� QP�PLQ�� RQ� KRW� VXE�
VWUDWH� �LQ� VLWX��� ���Ü���� QP�PLQ�� 7KH� DQ�

QHDOLQJ� GXUDWLRQ� ZDV� YDULHG� IURP� �� WR
��� PLQXWHV� LQ� YDFXXP� FKDPEHU� DQG� IURP
���� WR� ��� KRXUV� LQ� DLU�� 7KH� V\QWKHVLV� E\
'5)6� PHWKRG� ZDV� FDUULHG� RXW� RQWR� D� KRW
VXEVWUDWH� DW� VXEVWUDWH� WHPSHUDWXUH� 7V� ���Ü����&� LQ� DUJRQ� RU� LQ� DUJRQ� ZLWK� R[\�
JHQ�DGGLWLRQ��7KH�GLVFKDUJH�SRZHU�ZDV�YDU�
LHG�IURP���WR���N:��7KH�GHSRVLWLRQ�UDWH�RI
ILOPV�V\QWKHVL]HG�E\�WKLV�PHWKRG�ZDV�DERXW
��� QP�PLQ�� 2SWLPXP� UHJLPHV� RI� ILOP� V\Q�
WKHVLV�XVLQJ�ERWK�WKH�PHWKRGV�DUH�SUHVHQWHG
LQ�7DEOH���

7KH� ODWWLFH� SDUDPHWHUV� RI� V\QWKHVL]HG
ILOPV�ZHUH�GHWHUPLQHG�XVLQJ�D�'521���GLI�
IUDFWRPHWHU��7KH� VXUIDFH� VWDWH� RI� VSXWWHUHG
ILOPV�DV�ZHOO�DV�FKHPLFDO�FRPSRVLWLRQ�RI�WDU�
JHWV� DQG� ILOPV� ZHUH� GHWHUPLQHG� XVLQJ� D
5(0����� UDVWHU� HOHFWURQLF� PLFURVFRSH� ZLWK
HQHUJ\� GLVSHUVLRQ� VSHFWURPHWHU� ('6���
7KLFNQHVV� K� DQG� UHIUDFWLYH� LQGH[� Q� RI� WKH
ILOPV�ZHUH�PHDVXUHG�XVLQJ�D� �%LRODU�3,�SR�
ODUL]DWLRQ�LQWHUIHUHQFH�PLFURVFRSH�E\�GRXEOH
LPPHUVLRQ�PHWKRG��7KH�ILOP�PDJQHWRRSWLFDO
FKDUDFWHULVWLFV� �T)��+F��.V��7&��7FRPS��ZHUHGHWHUPLQHG� IURP� )+/V� PHDVXUHG� E\� )DUD�
GD\� PDJQHWRSRODULPHWHU� DW� ���� � QP� ZDYH�
OHQJWK� LQ� WHPSHUDWXUH� UDQJH� IURP� ��� WR
����&��.W�ZDV�PHDVXUHG� E\� DQ� 63���� VSHF�WURSKRWRPHWHU� LQ� ZDYHOHQJWK� UDQJH� IURP
����WR�����QP�

���5HVXOWV�DQG�GLVFXVVLRQ
7KH� ILOPV� GHSRVLWHG� E\�5,%6�PHWKRG� RQ

KROG� VXEVWUDWHV� IURP� DOO� W\SHV� RI� WDUJHWV
DQG�DQQHDOHG�LQ�DLU�GXULQJ����Ü���KRXUV�DW
WHPSHUDWXUHV� 7D�������&� KDG� DPRUSKRXVVWUXFWXUHV�DQG�GLG�QRW�GLVSOD\�PDJQHWLF�SURS�
HUWLHV�DW�URRP�WHPSHUDWXUH��7KH� ORZHVW�FU\V�
WDOOL]DWLRQ�WHPSHUDWXUH�GHWHUPLQHG�E\�DSSHDU�
DQFH� RI� )+/� ZDV� ����&�� 7KH� 6(0�SKRWR�
JUDSKV�RI�ILOP�VXUIDFHV�GHSRVLWHG�IURP�WDUJHW
1R��� DQG� DQQHDOHG� DW� GLIIHUHQW� 7D� DUH� SUH�VHQWHG�LQ�)LJ�����7KH�FU\VWDOOL]DWLRQ�H[WHQW�RI
ILOPV� LV� VHHQ� WR�GHSHQG�RQ�7D��7KH�PRUSKRO�RJ\� RI� WKH� ILOP� DQQHDOHG� DW� 7D� ������&VKRZV� D� PD[LPXP� KRPRJHQHLW\� �)LJ����� F��
)RU� WKDW� ILOP�� PD[LPXP� T)� DQG�.W� YDOXHVDUH� REVHUYHG�� $FFRUGLQJ� WR� WKH� PLFURDQD�
O\WLFDO� GDWD�� ILOPV� ZLWK� D� KLJKHU� %L��� LRQ
FRQFHQWUDWLRQ�ZHUH�REWDLQHG�DW�ORZHU�7V�DQG7D��7KLV�LV�FRQQHFWHG�ZLWK�DQ�HVVHQWLDO�FRQ�GHQVDWLRQ�WHPSHUDWXUH�GLVWLQFWLRQ�RI�%L�FRQ�
WDLQLQJ�YDSRUV�LQ�FRPSDULVRQ�ZLWK�RWKHU�JDU�
QHW� FRQVWLWXWLYH� HOHPHQWV� DV� ZHOO� DV� ZLWK� %L
HYDSRUDWLRQ�GXULQJ�DQQHDOLQJ��7KH�DPRXQW�RI
UHJLRQV�GHSOHWHG�RI�%L��GDUN�GRWV��DQG�WKH�VL]H
RI�FU\VWDOOLWHV�LQFUHDVHV�ZLWK�LQFUHDVLQJ�7D��WR��PP�DW�7D� �����&���'HFD\� RI� JDUQHW� SKDVHLV� REVHUYHG� DW� 7D�!�����&� �)LJ����� H�� I��
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7KHVH�SURFHVVHV�DUH�UHIOHFWHG�LQ�FRUUHVSRQG�
LQJ�)+/V�WKDW�ZLOO�EH�VKRZHG�EHORZ�

$Q� LQWHUHVWLQJ� SHFXOLDULW\� RI� FU\VWDO�
OL]DWLRQ� SURFHVVHV� LQ� ILOPV� GHSRVLWHG� IURP
WDUJHWV�1RV��Ü��LV�WKH�LQYHUVLRQ�RI�)+/V�DW
7D�H[FHHGLQJ�D�FHUWDLQ�YDOXH��)LJ�����D���)RUH[DPSOH�� VDPSOHV� RI� ILOPV� GHSRVLWHG� IURP
WDUJHW�1R���DQG�DQQHDOHG�DW�7Dt����&�KDYHWKH� LQYHUVH� VLJQ� RI� T)� DQG� �OHIW�� )+/V� DVFRPSDUHG� WR� VDPSOHV� DQQHDOHG� DW� ORZHU� 7DDQG� KDYLQJ� �ULJKW�� )+/V�� )RU� WKHVH� VDP�
SOHV��WKH�7D�LQFUHDVLQJ�IURP�����WR�����&�LVDFFRPSDQLHG� E\� T)� LQFUHDVLQJ� IURP� PLQL�PXP�WR�PD[LPXP�YDOXH��7KLV�FDQ�HYLGHQFH
ERWK�WKH�LQFUHDVLQJ�FU\VWDO�SKDVH�YROXPH�LQ
WKH�ILOPV�DQG�RI�WKHUPRDFWLYDWHG�UHGLVWULEX�
WLRQ� RI� JDUQHW� FRQVWLWXWLYH� HOHPHQWV� ZLWK
JDUQHW� IRUPDWLRQ� RI� RWKHU� FRPSRVLWLRQ�� ,Q
RXU� RSLQLRQ�� WKH� VHFRQG� SURFHVV� LV� WKH� NH\

RQH�LQ�FRQQHFWLRQ�ZLWK�GHFUHDVH�RI�T)�YDOXHDQG� LWV� VXEVHTXHQW� LQYHUVLRQ� DW� 7Dt����&�7KH� PD[LPXP� UHYHUVH� YDOXH� RI� T)� LV� RE�VHUYHG�DW�7D� �����&��7KH�T)�GHFUHDVH�DW�7D�����&�LV�GXH� WR�WKH�JDUQHW�SKDVH�GHFD\�� ,W
LV� WR� QRWH� WKDW� ZLWK� LQFUHDVLQJ� 7D��.W� GH�FUHDVHV� IURP���� WR� ����� DW� ����QP�ZDYH�
OHQJWK�

7KH� ILOP� VDPSOHV� ZLWK� �OHIW�� )+/V� DUH
FKDUDFWHUL]HG� E\� SUHVHQFH� RI� FRPSHQVDWLRQ
WHPSHUDWXUH�7FRPS�H[FHHGLQJ�URRP�WHPSHUD�WXUH� DQG� GHSHQGLQJ� RQ� 7D�7FRPS� LQFUHDVHVIURP� ��� WR� ����&�ZLWK�7D� LQFUHDVLQJ� IURP����WR�����&�

)LJ����� E� VKRZV� WKH� T)� WHPSHUDWXUH� GH�SHQGHQFHV�IRU�VDPSOHV�RI�WKH�VDPH�ILOP�ZLWK
�ULJKW�� DQG� �OHIW�� )+/V�� ,Q� ILOP� DQQHDOHG
DW� 7D� �����&�� T)� UHPDLQV� FRQVWDQW� XS� WR���&� DQG� WKHQ� GHFUHDVHV�ZKHQ� WHPSHUDWXUH

7DEOH����2SWLPDO�UHJLPHV�RI�ILOP�V\QWKHVLV�
5HDFWLYH�LRQ�EHDP�VSXWWHULQJ��8� ���N:��,� �����P$��
���2Q�KRW�***�VXEVWUDWH�ZLWK�FU\VWDOOL]DWLRQ�LQ�VLWX

6\QWKHVLV
FRQGLWLRQ

&KHPLFDO�FRPSRVLWLRQ�RI�WDUJHWV
%L���<���)H�2�� %L���*G���)H���$O���2�� %L���*G���)H���*D���2�� %L���*G���/X���)H���$O���2��

3E��7RUU ����Ü�
3$U��7RUU ����Ü�
32���7RUU ������Ü� ������Ü� ������Ü� ������Ü�
7V���& ��� ��� ��� ���

���2Q�°ROG�VXEVWUDWH�***�ZLWK�FU\VWDOOL]DWLRQ�LQ�DLU
3E��7RUU ����Ü�
3$U��7RUU ����Ü�
7D���&��WD� ���Ü�������K��

���2Q�FROG�VXEVWUDWH�***�ZLWK�FU\VWDOOL]DWLRQ�LQ�YDFXXP�FKDPEHU
6\QWKHVLV
FRQGLWLRQ

&KHPLFDO�FRPSRVLWLRQ�RI�WDUJHWV
%L���*G���)H���$O���2�� %L���<���)H�2��

32���7RUU ���
7D���&��WD� ��������PLQ� ��������PLQ�

5DGLRIUHTXHQF\�GLRGH�VSXWWHULQJ�RQ�KRW�VXEVWUDWH�ZLWK�FU\VWDOOL]DWLRQ�LQ�VLWX
6\QWKHVLV
FRQGLWLRQ

&KHPLFDO�FRPSRVLWLRQ�RI�WDUJHWV��VXEVWUDWH�
%L���*G���)H���$O���2����&1**� %L���*G���)H���$O���2����***�

7V���& ��� ���
3$U��7RUU ����Ü�
:��N: �
32���7RUU ����Ü�

1RWDWLRQ��3E�Û�EDFNJURXQG�SUHVVXUH��3$U�Û�DUJRQ�SUHVVXUH��32��Û�R[\JHQ�SUHVVXUH��7V�Û�VXEVWUDWH
WHPSHUDWXUH��8�Û� DFFHOHUDWHG� YROWDJH�� ,�Û� LRQ� EHDP� FXUUHQW��7D�Û� DQQHDOLQJ� WHPSHUDWXUH�� WD�ÛDQQHDOLQJ�WLPH��:�Û�GLVFKDUJH�SRZHU�
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DSSURDFKHV� 7&�� ,Q� ILOP� DQQHDOHG� DW� 7D� 
����&�� T)� GHFUHDVHV� ZLWK� LQFUHDVLQJ� WHP�
SHUDWXUH�� ZKHQ� 7FRPS� DWWDLQV� ���&�� T)FKDQJHV� LWV� VLJQ�� DWWDLQV� D� PD[LPXP� DW
����&� DQG� GHFUHDVHV� WHQGLQJ� WR� 7&� DV� LQVDPSOHV�ZLWK��ULJKW��)+/V�

,Q� >�@�� WKH� T)� VLJQ� FKDQJH� DW� LQFUHDVLQJ7D� LQ� ILOPV� RI� FRPSHQVDWLRQDO� FRPSRVLWLRQVLV� H[SODLQHG� E\� R[LGDWLRQ� RI� )H��� WR� )H���
+RZHYHU�� RXU� ILOP� FKHPLFDO� FRPSRVLWLRQ
GDWD� FRQILUP� WKH� K\SRWKHVLV� RI� WKHUPRDFWL�
YDWHG� UHGLVWULEXWLRQ� RI� JDUQHW� FRQVWLWXWLYH
HOHPHQWV� LQ� ILOP�GXULQJ� WKH� DQQHDOLQJ��$Q�

QHDOLQJ� RI� ILOPV� DW�7D�!�����&� UHVXOWV� LQ� DVXEVWDQWLDO� UHGXFWLRQ� RI� ELVPXWK� FRQWHQW
DQG�LQ�UHVSHFWLYHO\�LQFUHDVLQJ�DEXQGDQFH�RI
RWKHU� HOHPHQWV�� LQFOXGLQJ� JDGROLQLXP�� ,Q�
FUHDVLQJ�RI�UDUH�HDUWK�LRQV�*G���IUDFWLRQ�LQ
GRGHFDKHGUDO�VLWHV�RI�JDUQHW�ZLWK�LQFUHDVLQJ
7D� UHVXOWV� LQ� 7FRPS� HOHYDWLRQ� XS� WR� URRP
YDOXH�� FKDQJH�RI�T)� VLJQ�DQG�DSSHDUDQFH�RI�OHIW��)+/V��1RWH� WKDW�GHSHQGHQFHV�VLPLODU
WR� WKRVH� LQ� )LJ���� ZHUH� REVHUYHG� IRU� ILOPV
GHSRVLWHG� IURP� WDUJHWV�1R��� DQG�1R��� RQO\
WKH�7D�YDOXHV�DW�ZKLFK�T)�VLJQ�LQYHUVHV�ZHUHFKDQJHG�

)LJ�����6(0�VXUIDFH�LPDJHV�RI�ILOP�VDPSOHV�GHSRVLWHG�IURP�WDUJHW�1R���DQG�DQQHDOHG�DW�GLIIHUHQW�WHPSHUD�
WXUHV��D��QR�DQQHDOLQJ��E��7D� �����&��F��7D� �����&��G��7D� �����&��H��7D� �����&��I��7D� �����&�
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$V� ZH� GHWHUPLQHG�� WKH� EHVW� FKDUDF�
WHULVWLFV��VHWV�RI�SDUDPHWHUV��KDYH�WKH�ILOPV
V\QWKHVL]HG�E\�5,%6�IURP�WDUJHWV�1R���DQG
1R��� ZLWK� FU\VWDOOL]DWLRQ� LQ� VLWX� DQG� ZLWK
FU\VWDOOL]DWLRQ� LQ� YDFXXP� �7DEOH����� 7KH
)+/V�IRU�ILOPV�FU\VWDOOL]HG�E\�DQQHDOLQJ�LQ
FKDPEHU� DUH� SUHVHQWHG� LQ�)LJ�����0D[LPXP
YDOXHV�RI�T)�DQG�.W�DUH�����DQG�����GHJ�PP���� DQG� ��� ��� UHVSHFWLYHO\� �VHH� 7DEOH����
7KH�+F�IRU�WKRVH�ILOPV�DUH�KLJK�HQRXJK�WKDWDOVR� HYLGHQFH� WKHLU� SRO\FU\VWDOOLQLW\� DQG
KLJK� VWUHVVHV� WKHUHLQ�� 7KH� VORSH� RI� )+/V

HYLGHQFHV� WKH� SUHVHQFH� RI� PDJQHWL]DWLRQ
YHFWRU�SODQH�FRPSRQHQW��7KH�)+/V�VPRRWK�
QHVV� DQG� OLQHDULW\� HYLGHQFH� D� UDWKHU� KLJK
KRPRJHQHLW\�RI�WKH�ILOPV�

)LOPV� RI� %L���*G���)H���$O���2��� FRPSRVL�WLRQ� �WDUJHW�1R�����ZHUH�REWDLQHG�E\�'5)6�
7KH� FU\VWDOOL]DWLRQ� ZDV� FDUULHG� RXW� LQ� VLWX
GXULQJ� WKH� GHSRVLWLRQ� RQWR� KRW� ***� DQG
&1**� VXEVWUDWHV�� 7KH�)+/V�RI� WKRVH� ILOPV
DUH� VKRZQ� LQ� )LJ����� 7KH� ILOP� RQ� &1**� LV
FKDUDFWHUL]HG� E\� �OHIW��)+/�� WKDW� RQ�***�
E\� �ULJKW�� )+/�� 7KDW� WHVWLILHV� IRU� WKH� IRU�
PDWLRQ� RI� JDUQHWV� ZLWK� GLIIHUHQW� FRPSRVL�

7DEOH����7HFKQLFDO�FKDUDFWHULVWLFV�RI�V\QWKHVL]HG�ILOPV
&KHPLFDO�FRPSRVLWLRQ�
RI�WDUJHW��VXEVWUDWH� T)��GHJ�PP +F��2H ���.W���O� �����QP

7&���& K��PP

5HDFWLYH�LRQ�EHDP�VSXWWHULQJ�
RQ�KRW�***�VXEVWUDWH��LQ�VLWX��

%L���<���)H�2�� Ü��� ��� �� !��� ����
%L���*G���)H���$O���2�� Ü��� ��� �� !��� ����
%L���*G���)H���*D���2�� Ü��� ��� �� ��� ����

%L���*G���/X���)H���$O���2�� Ü��� ��� �� ��� ����
RQ�FROG�***�VXEVWUDWH�ZLWK�DQQHDOLQJ�RQ�DLU

%L���<���)H�2�� Ü��� ��� �� !��� ����
%L���*G���)H���$O���2�� Ü��� ��� �� !��� ���
%L���*G���)H���*D���2�� Ü��� ��� �� ��� ���

%L���*G���/X���)H���$O���2�� Ü��� ��� �� ��� ���
RQ�FROG�***�VXEVWUDWH�ZLWK�DQQHDOLQJ�LQ�FKDPEHU

%L���*G���)H���$O���2�� ��� ��� �� Ü ����
%L���<���)H�2�� ��� ��� �� Ü ���

'LRGH�UDGLRIUHTXHQF\�VSXWWHULQJ
RQ�KRW�VXEVWUDWH��LQ�VLWX��

%L���*G���)H���$O���2����&1**� ��� ��� �� Ü ���
%L���*G���)H���$O���2����***� ���� ��� �� Ü ���

)LJ�����T)��7D��GHSHQGHQFH�IRU�ILOP�VDPSOHV�REWDLQHG�E\�5,%6�IURP�WDUJHW�1R����D��DQG�WHPSHUDWXUH
GHSHQGHQFHV�RI�T)�IRU�WKDW�ILOP�VDPSOHV�DQQHDOHG�DW�7D� �����&�����DQG�7D� �����&������E��
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WLRQ�RQ�WKHVH�VXEVWUDWHV��7KH�ILOPV�DUH�FKDU�
DFWHUL]HG� E\� KLJK� YDOXH� RI� )+/� VTXDUHQHVV

UDWLR�.V�DPRXQWLQJ������DQG������IRU�ILOPVRQ�***�DQG�&1**��UHVSHFWLYHO\��6XFK�KLJK
.V�YDOXHV�ZHUH�QRW�REWDLQHG�IRU�ILOPV�GHSRV�LWHG� E\� RWKHU� PHWKRGV�� 3HUKDSV� WKLV� LV� D
FRQVHTXHQFH� RI� KLJK� XQLD[LDO� DQLVRWURS\
WKDW� LV� FKDUDFWHULVWLF� IRU� ILOPV� REWDLQHG� E\
WKDW� PHWKRG� >����@�� 7KH� WUDQVPLWWDQFH� IRU
WKHVH� ILOPV� DW�O� �����QP�LV����DQG������
UHVSHFWLYHO\�

���&RQFOXVLRQV
8VLQJ�UHDFWLYH� LRQ�EHDP�DQG�GLRGH�UDGLR

IUHTXHQF\� VSXWWHULQJ� DQG� GLIIHUHQW� FU\VWDO�
OL]DWLRQ�WHFKQLTXHV��WKH�ILOPV�RI�VXEVWLWXWHG
IHUULWH�JDUQHWV� RI� JHQHUDO� IRUPXOD
<�±[±\%L[5\)H�±]0]2��� �ZKHUH�5� Û�*G�� /X�
0� Û� *D�� $O��� � KDYH� EHHQ� V\QWKHVL]HG�� LQ�
FOXGLQJ� WKH� ILOPV� ZLWK� FRPSHQVDWLRQ� WHP�
SHUDWXUH� DERYH� URRP� WHPSHUDWXUH�� 'HSHQG�
HQFH� RI� FRPSHQVDWLRQ� WHPSHUDWXUH� RQ� WKH
DQQHDOLQJ� WHPSHUDWXUH� KDV� EHHQ� HVWDEOLVKHG
IRU� ILOPV� RI� FRPSHQVDWLRQDO� FRPSRVLWLRQV�
7KLV� LV� FRQQHFWHG� ZLWK� WKHUPRDFWLYDWHG� UH�
GLVWULEXWLRQ�RI�JDUQHW�FRQVWLWXWLYH�HOHPHQWV
DQG�IRUPDWLRQ�RI�JDUQHW�ZLWK�GLIIHUHQW�FRP�
SRVLWLRQ�� 7KH� EHVW� PDJQHWRRSWLFDO� FKDUDF�
WHULVWLFV� �T)PD[� ������ GHJ�PP��.W� ������
VKRZ� WKH� ILOPV� V\QWKHVL]HG� E\� 5,%6� ZLWK
FU\VWDOOL]DWLRQ� E\� DQQHDOLQJ� LQ� YDFXXP
FKDPEHU�LQ�WKH�SUHVHQFH�RI�R[\JHQ�ZKLFK�FDQ
EH� XVHG� LQ��'�03&�EDVHG�GHYLFHV��7KH� ILOPV
ZLWK� KLJK� )+/� VTXDUHQHVV� UDWLR� KDYH� EHHQ
REWDLQHG�E\�UDGLR�IUHTXHQF\�GLRGH�VSXWWHULQJ
PHWKRG��6XFK�ILOPV�FDQ�EH�XVHG�LQ�GHYLFHV�IRU
WKHUPRPDJQHWLF�GDWD�UHFRUGLQJ�

5HIHUHQFHV
� ���3�-RKDQVVRQ��6�,�.KDUWVHY��$�0�*ULVKLQ��7KLQ

6ROLG�)LOPV������������������
� ���6�.DKO�� 'U��6FL��7KHVLV�� &RQGHQVHG� 0DWWHU

3K\VLFV��5R\DO�,QVWLWXWH�RI�7HFKQRORJ\��������
S�����

� ���,�/�/\XEFKDQVNLL�� 1� 1�'DGRHQNRYD�� 0�,�/\XE�
FKDQVNLL�HW�DO���-��3K\V��'������5�����������

� ���0�,QRXH��+�8FKLGD��.�1LVKLPXUD��3�%�/LP��-�
0DWHU��&KHP�������������������

� ���7�2NXGD� HW� DO��� ,(((� 7UDQV�� -��0DJQ�� -DS��
����������������

� ���0�*RPL�� .�8WVXJL�� 0�$EH�� ,(((� 7UDQV�
0DJQ�������������������

� ���0�*RPL��7�7DQLGD��0�$EH��-��$SSO��3K\V��� ���
������������

)LJ�����)+/V�RI�ILOPV�GHSRVLWHG�IURP�WDUJHWV�1R�
�� ���� DQG� 1R���� ���� E\� 5,%6� RQ� FROG� VXEVWUDWH
ZLWK�FU\VWDOOL]DWLRQ�E\�DQQHDOLQJ�LQ�FKDPEHU�

)LJ����� )+/V� RI� ILOPV� REWDLQHG� RQ� ***� ���
DQG�&1**� ���� VXEVWUDWHV� E\�'5)6� RI� WDUJHW
1R����

)LJ�����'HSHQGHQFHV�HOHPHQW�FRQWHQW�RQ�7D�LQILOP�REWDLQHG�E\�5,%6�IURP�WDUJHW�1R����
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