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���$EVWUDFW
(YDOXDWLRQ� RI� QDWXUDO� ODQJXDJH� SURFHVVLQJ
WRROV�DQG�V\VWHPV�PXVW� IRFXV�RQ� WZR�FRPSOH�
PHQWDU\�DVSHFWV�� ILUVW��HYDOXDWLRQ�RI� WKH�DFFX�
UDF\� RI� WKH� RXWSXW�� DQG� VHFRQG�� HYDOXDWLRQ� RI
WKH�IXQFWLRQDOLW\�RI�WKH�RXWSXW�DV�HPEHGGHG�LQ
DQ� DSSOLFDWLRQ�� � 7KLV� SDSHU� SUHVHQWV� HYDOXD�
WLRQV�RI�WZR�DVSHFWV�RI�/LQN,7��D�WRRO�IRU�QRXQ
SKUDVH� LGHQWLILFDWLRQ� OLQNLQJ�� VRUWLQJ� DQG� ILO�
WHULQJ��/LQN,7�>(YDQV�����@�XVHV�D�KHDG�VRUW�
LQJ�PHWKRG�>:DFKROGHU�����@�WR�RUJDQL]H�DQG
UDQN�VLPSOH[�QRXQ�SKUDVHV��613V����/LQN,7�LV
WR� LGHQWLI\� VLJQLILFDQW� WRSLFV� LQ� GRPDLQ�
LQGHSHQGHQW� GRFXPHQWV�� 7KH� ILUVW� HYDOXDWLRQ�
UHSRUWHG� LQ�'�.�(YDQV� HW� DO�� ����� FRPSDUHV
WKH�RXWSXW�RI�WKH�1RXQ�3KUDVH�ILQGHU�LQ�/LQN,7
WR�WZR�RWKHU�V\VWHPV���,VVXHV�RI�HVWDEOLVKLQJ�D
JROG� VWDQGDUG� DQG� FULWHULD� IRU� PDWFKLQJ� DUH
GLVFXVVHG�� � 7KH� VHFRQG� HYDOXDWLRQ� GLUHFWO\
FRQFHUQV�WKH�FRQVWUXFWLRQ�RI�WKH�EURZVLQJ�DS�
SOLFDWLRQ���:H�SUHVHQW�UHVXOWV�IURP�:DFKROGHU
HW� DO�� ����� RQ� D� TXDOLWDWLYH� HYDOXDWLRQ�ZKLFK
FRPSDUHV� WKUHH� VKDOORZ� SURFHVVLQJ� PHWKRGV
IRU�H[WUDFWLQJ�LQGH[�WHUPV��L�H��� WHUPV�WKDW�FDQ
EH� XVHG� WR� PRGHO� WKH� FRQWHQW� RI� GRFXPHQWV�
:H� DQDO\]H� ERWK� TXDOLW\� DQG� FRYHUDJH�� � �:H
GLVFXVV�KRZ�H[SHULPHQWDO�UHVXOWV�VXFK�DV�WKHVH
JXLGH� WKH� EXLOGLQJ� RI� DQ� HIIHFWLYH� EURZVLQJ
DSSOLFDWLRQV�
���*RDOV�DQG�0HWKRGRORJ\
7KH�JRDO�RI�WKLV�SURMHFW�LV�WR�HYDOXDWH�GLIIHUHQW
DSSURDFKHV�WR�WKH�WDVN�RI��DXWRPDWLFDOO\�LGHQWL�
I\LQJ� LQGH[� WHUPV� WKDW� KDYH� EHHQ� GHULYHG
ZLWKRXW�UHFRXUVH�WR�OH[LFRQV�RU�WR�RWKHU�NLQGV
RI� GRPDLQ�VSHFLILF� LQIRUPDWLRQ�� � $Q� LQGH[
WHUP� LV� GHILQHG� DV� D� ZRUG� RU� SKUDVH� WKDW� UH�
IOHFWV� D�PHDQLQJIXO� UHSUHVHQWDWLRQ� RI� D� GRFX�
PHQW�IRU�XVH�E\�SHRSOH���6XFK�LQGH[�WHUPV�DUH

IRXQG� LQ� DEVWUDFWV�� LQ� OLEUDU\� VXEMHFW� FRGHV�
DQG�LQ�EDFN�RI�WKH�ERRN�LQGLFHV�� �$�OLVW�RI�LQ�
GH[� WHUPV� IRU� D� SDUWLFXODU� GRFXPHQW� VKRXOG
UHSUHVHQW� WKH� FRQWHQW� DFFXUDWHO\� DQG� VKRXOG
WKRURXJKO\�FDSWXUH�WKH�PDMRU�WRSLFV�
7KLV� SDSHU� SUHVHQWV� WKH� HYDOXDWLRQ� RI� WZR
SKDVHV� RI� WKH� 13� LGHQWLILFDWLRQ� DQG� OLQNLQJ
V\VWHP�� FDOOHG� /LQN,7�� � 7KH� ILUVW� HYDOXDWLRQ
IRFXVHV� RQ� 13� LGHQWLILFDWLRQ�� WKH� VHFRQG� RQ
WKH� TXDOLW\� RI� RXWSXW� IURP� /LQN,7� DQG� IURP
WZR�RWKHU�DSSURDFKHV�WR�H[WUDFWLQJ�WHUPV�IURP
GRFXPHQWV����:H�WKHQ�GLVFXVV�WKH�LPSOLFDWLRQV
RI� RXU� H[SHULPHQWDO� UHVXOWV� IRU� WKH� GHVLJQ� RI
EURZVLQJ� DSSOLFDWLRQV� VXFK� DV� DXWRPDWLF
JLVWLQJ�DQG�DQ�LQGH[HU¶V�DLG�
����3KDVH�2QH����13�(YDOXDWLRQ
,Q� '�.�� (YDQV� HW� DO�� ������ ZH� UHSRUW� RQ� RXU
HYDOXDWLRQ� UHVXOWV� IRU� WKH� 13� LGHQWLILFDWLRQ
WDVN����)RU�WKLV�HYDOXDWLRQ��ZH�GHVLJQHG�DQ�H[�
SHULPHQW� WR� WHVW� /LQN,7¶V� SHUIRUPDQFH� DW� 13
LGHQWLILFDWLRQ�DV�FRPSDUHG�WR�RWKHU�13�LGHQWL�
ILHUV��7KH�WDVN�FRQVLVWV�RI�LGHQWLI\LQJ�WKH�13V
LQ� D� WHVW� FROOHFWLRQ� RI� ��� GRFXPHQWV�� ,Q� WKLV
H[SHULPHQW��/LQN,7¶V�DGGLWLRQDO�FDSDELOLWLHV�RI
OH[LFDO� FKDLQ� LGHQWLILFDWLRQ� DQG� QRXQ� JURXS
UDQNLQJ�ZHUH�QRW�HYDOXDWHG�
6LPSOH[�13V� �613V�� DUH� LGHQWLILHG� E\� D� V\V�
WHP� � ZKLFK� VHTXHQWLDOO\� SDUVHV� WH[W� WKDW� KDV
EHHQ�WDJJHG�ZLWK�SDUW�RI�VSHHFK�XVLQJ�D�ILQLWH
VWDWH�PDFKLQH��1H[W��WKH�FRPSOHWH�OLVW�RI�613V
LGHQWLILHG�LQ�D�GRFXPHQW�LV�VRUWHG�E\�WKH�KHDG
RI� WKH� SKUDVH�� ZKLFK�� DW� OHDVW� IRU� (QJOLVK�
ODQJXDJH�FRPPRQ�613V��LV�DOPRVW�DOZD\V�WKH
ODVW�ZRUG�� 7KH� LQWXLWLYH� MXVWLILFDWLRQ� IRU� VRUW�
LQJ�613V�E\�KHDG�LV�EDVHG�RQ�WKH�IXQGDPHQWDO
OLQJXLVWLF�GLVWLQFWLRQ�EHWZHHQ�KHDG�DQG�PRGL�
ILHU��LQ�JHQHUDO��D�KHDG�PDNHV�D�JUHDWHU�FRQWUL�



EXWLRQ�WR�WKH�V\QWD[�DQG�VHPDQWLFV�RI�D�SKUDVH
WKDQ�GRHV�D�PRGLILHU��,I��DV�D�SUDFWLFDO�PDWWHU�
LW� LV� QHFHVVDU\� WR� UDQN� WKH� FRQWULEXWLRQ� WR� D
ZKROH� GRFXPHQW� PDGH� E\� WKH� VHTXHQFH� RI
ZRUGV�FRQVWLWXWLQJ�DQ��13��WKH�KHDG�VKRXOG�EH
UDQNHG� PRUH� KLJKO\� WKDQ� RWKHU� ZRUGV� LQ� WKH
SKUDVH�� � 7KLV� GLVWLQFWLRQ� LV� LPSRUWDQW� LQ� OLQ�
JXLVWLF�WKHRU\��IRU�H[DPSOH��>-DFNHQGRII�����@
GLVFXVVHV� WKH� UHODWLRQVKLS�RI�KHDGV� DQG�PRGL�
ILHUV�LQ�SKUDVH�VWUXFWXUH���,W�LV�DOVR�LPSRUWDQW�LQ
1/3��ZKHUH��IRU�H[DPSOH��>6WU]DONRZVNL�����@
DQG�>(YDQV�DQG�=KDL�����@�KDYH�XVHG�WKH�GLV�
WLQFWLRQ� EHWZHHQ� KHDGV� DQG� PRGLILHUV� WR� DGG
TXHU\�WHUPV�WR�LQIRUPDWLRQ�UHWULHYDO�V\VWHPV�
7KH�GDWD�VHW�FRQVLVWHG�RI�13V�IURP�GRFXPHQWV
ZVMB�������ZVMB�����RI�WKH�3HQQ�:DOO�6WUHHW
-RXUQDO�7UHHEDQN�>0DUFXV��6DQWRULQL��	�0DU�
FLQNLHZLF]� ����@�� � 7KH� QRXQ� SKUDVHV� ZHUH
H[WUDFWHG� IURP� WKH� SDUVHG� GDWD� ILOHV� RI� WKH
7UHHEDQN�� �$Q�DXWRPDWLF�SURFHVV�ZDV�XVHG� WR
H[WUDFW� WKH� VPDOOHVW� XQLW�PDUNHG� DV� DQ�13� LQ
WKH�7UHHEDQN�� DQG�HDFK� UHVXOWLQJ� ILOH�ZDV� H[�
DPLQHG� WR� YHULI\� WKH� FRUUHFWQHVV� RI� WKH� 13V
H[WUDFWHG�� � ,Q� FHUWDLQ� FDVHV�� FRPSOH[� QRXQ
SKUDVHV�ZHUH�PDQXDOO\�VSOLW�LQWR�VPDOOHU�XQLWV�
IRU�H[DPSOH��13V�WKDW�FRQWDLQHG�D�FRQMXQFWLRQ
ZHUH�VSOLW�LI�ZH�MXGJHG�WKDW�WKHUH�ZDV�DPELJX�
LW\� UHJDUGLQJ� WKH� DSSOLFDELOLW\� RI� WKH� KHDG� RI
WKH�13�WR�HDFK�FRQVWLWXHQW�RI�WKH�SKUDVH��(DFK
V\VWHP�ZDV�WHVWHG�RYHU�WKH�SODLQ�WH[W�ILOHV�FRU�
UHVSRQGLQJ�WR�WKH�SDUVHG�GDWD�ILOHV�IRU�WKH�WHVW
QRXQ� SKUDVHV�� � )RU� WKH� LQLWLDO� HYDOXDWLRQ�� ZH
FRPSDUHG�RXWSXW�RI�WKH�/LQN,7�V\VWHP�WR�RXW�
SXW� IURP�WKH� WH[W�FKXQNLQJ� WRRO�RI� >5DPVKDZ
	�0DUFXV�� ����@�� 7KH� 3HQQ� FKXQNHU� DSSOLHV
WKH� WUDQVIRUPDWLRQ�EDVHG� OHDUQLQJ� WHFKQLTXH
>%ULOO�����@�WR�WKH�FKXQNLQJ�WDVN�
$�KXPDQ�MXGJH�UDWHG�WKH�DFFHSWDELOLW\�RI�HDFK
13� LQ� WKH� V\VWHP¶V� RXWSXW� E\� DVVLJQLQJ� LW� WR
RQH�RI�VL[�FDWHJRULHV�UHSUHVHQWLQJ�WKH�UHODWLRQ�
VKLS�EHWZHHQ� WKH�13� LQ� WKH� JROG� VWDQGDUG� VHW
DQG� WKH�13�LQ� WKH�V\VWHP�RXWSXW��7KH�HYDOXD�
WLRQ� RI� 13� LGHQWLILFDWLRQ� LV� D� GLIILFXOW� WDVN
VLQFH�GHILQLWLRQV�RI�13V�YDU\���,Q�WKLV�SDUWLFX�
ODU�HYDOXDWLRQ�ZH�GHILQHG�VL[�GLIIHUHQW�FODVVHV
IRU�FKDUDFWHUL]LQJ�WKH�UHODWLRQVKLS�EHWZHHQ�DQ
13�LQ�WKH�WHVW�VHW�DQG�DQ�13�LQ�WKH�HYDOXDWLRQ
VHW� EXW� EHFDXVH�ZH� DUH� IRUFHG� WR� DVVLJQ� UHOD�
WLRQVKLSV� EHWZHHQ� 13V� WR� RQH� RI� WKHVH� VL[

FDWHJRULHV�� ZH� ORVH� LQIRUPDWLRQ�� 7KH� FDWHJR�
ULHV�IRU�HYDOXDWLRQ�ZHUH�
x� &RUUHFW� �� $� SHUIHFW� PDWFK� RI� � WKH� WZR

13V�
x� 0LVVLQJ� �� $� 13� LQ� WKH� JROG� VWDQGDUG� LV

FRPSOHWHO\�PLVVLQJ�IURP�WKH�WHVW�VHW�
x� 8QGHU�JHQHUDWHG� �� $�13� � LQ� WKH� V\VWHP

RXWSXW�SDUWLDOO\�PDWFKHV�D�13� LQ� WKH�JROG
VWDQGDUG� VHW�� EXW� WKH� ZRUGV� LQ� WKH� 13� LQ
WKH� WHVW� VHW� DUH� D� SURSHU� VXEVHW� RI� WKH
ZRUGV�LQ�WKH�JROG�VWDQGDUG�13�

x� 2YHU�JHQHUDWHG� �� 7KH�ZRUGV� LQ� WKH� JROG
VWDQGDUG� 13� DUH� D� SURSHU� VXEVHW� RI� WKH
ZRUGV�LQ�WKH�13�LQ�WKH�WHVW�VHW�

x� 0LVPDWFK� �� 7KHUH� LV� VRPH� RYHUODS� EH�
WZHHQ�WKH�WZR�13V�EXW�QHLWKHU�LV�D�SURSHU
VXEVHW�RI�WKH�RWKHU���,Q�WKLV�FDVH�WKH�WHVW�VHW
13�FRQWDLQV�VRPH�ZRUG�V��QRW�LQ�WKH�JROG
VWDQGDUG� 13� DQG� WKH� JROG� VWDQGDUG� 13
FRQWDLQV� VRPH�ZRUG�V�� QRW� LQ� WKH� WHVW� VHW
13�

x� )DOVH� SRVLWLYH� �� $�13� LV� QRW� LQ� WKH� JROG
VWDQGDUG�VHW�DW�DOO���LW�LV�D�IDOVH�SRVLWLYH�

7KH�83HQQ�&KXQNHU�GLG�QRW�DSSHDU�WR�SHUIRUP
DV�ZHOO� DV� /LQN,7� LQ� WKH� WHVW� UHSRUWHG� LQ� WKLV
SDSHU�� � /LQN,7¶V� SUHFLVLRQ� ZDV� ���� DQG� WKH
UHFDOO� ����� LQ� FRPSDULVRQ� WR� ���� UHFDOO� DQG
����SUHFLVLRQ�IRU�WKH�83HQQ�&KXQNHU�� � ,Q�DQ
LQGHSHQGHQW� VWXG\�� 5DPVKDZ� DQG�0DUFXV� UH�
SRUW�D�UHFDOO�DQG�SUHFLVLRQ�RI�����IRU�EDVH�13
FKXQNV�WUDLQHG�RQ�D�PXFK�ODUJHU�WHVW�VHW�����.
ZRUGV��� �:H� FDQ� RQO\� FRQFOXGH� WKDW� WKH� GLV�
FUHSDQF\� LV� GXH� WR� WKH� GLIIHUHQFH� LQ� ZKDW
FRXQWV� DV� DQ� 13�� ZH� SODQ� WR� LQYHVWLJDWH� WKLV
SUREOHP�IXUWKHU�
:H��DOVR�SHUIRUPHG�DQ�HYDOXDWLRQ�RQ�WKH�$UL�
]RQD�1RXQ�3KUDVHU�>7ROOH�	�&KHQ�������7ROOH
����@�� � ,W� PXVW� EH� VWUHVVHG� WKDW� WKH� $UL]RQD
1RXQ�3KUDVHU�LV�WDUJHWHG�IRU�DQ�,5�WDVN��DQG�DV
VXFK�HPSOR\V�D�GHILQLWLRQ�RI�13V�WKDW�LV�PRUH
VXLWHG� WR� WKDW�GRPDLQ�� �+RZHYHU��EHDULQJ� WKLV
DQG� WKH� VWULQJHQW� QDWXUH� RI� RXU� HYDOXDWLRQ� LQ
PLQG��WKH�$UL]RQD�1RXQ�3KUDVHU�ZDV�DFKLHYHG
UHFDOO� RI� ���� DQG� SUHFLVLRQ� RI� ����� ,Q� WKH
FDVH�RI� WKH�$UL]RQD�1RXQ�3KUDVHU��PDQ\�13V
WHVWHG� IHOO� LQWR� WKH� PLVPDWFKHG� 13� FDWHJRU\�
ZKHQ� D� PRUH� H[SUHVVLYH� VHW� RI� UHODWLRQVKLSV
PLJKW�QRW�KDYH�SHQDOL]HG�LW���)RU�H[DPSOH��IRU
WKH�WZR�VHTXHQWLDO�13V�³D�PDQ´�DQG�³H[WUDRU�



GLQDU\� TXDOLWLHV´�� WKH� $UL]RQD� 1RXQ� 3KUDVHU
JHQHUDWHG� WKH� 13� ³PDQ� ZLWK� H[WUDRUGLQDU\
TXDOLWLHV´�� � +DG� LW� JHQHUDWHG� WKH� 13� ³D� PDQ
ZLWK� H[WUDRUGLQDU\� TXDOLWLHV´� LW� FRXOG� EH� DV�
VLJQHG� WR� WKH� RYHU�JHQHUDWLRQ� FDWHJRU\� WZLFH�
6LQFH� WKH� $UL]RQD� 1RXQ� 3KUDVHU� GLG� QRW� LQ�
FOXGH�WKH�³D´��ZH�ZHUH�IRUFHG�WR�DVVLJQ�WKH�13
³PDQ´� WR� WKH�PLVPDWFK�FDWHJRU\�VLQFH� LW� FRQ�
WDLQHG� WKH� ³D´� IURP� WKH�13� ³D�PDQ´� DQG� WKH
³H[WUDRUGLQDU\�TXDOLWLHV´�13�IURP�WKH�IROORZ�
LQJ�QRXQ�SKUDVH�
:H� FRQFOXGHG� WKDW� WKH� 13� LGHQWLILFDWLRQ� LQ
/LQN,7�ZDV�FRPSDUDEOH��DQG�DW�WLPHV�VXSHULRU�
WR�RWKHU�13�LGHQWLILHUV��EXW�WKDW�ILQDO�FRPSDUL�
VRQV� ZRXOG� QHHG� WR� EH� UHGRQH� EDVHG� RQ� DQ
DJUHHG� XSRQ� FULWHULRQ� IRU� WKH� JROG� VWDQGDUG�
(DFK� V\VWHP� KDV� D� GLIIHUHQW� LQWHUSUHWDWLRQ� RI
WKH� QRWLRQ�13�� WKXV��ZH� LQIRUPDOO\� HVWLPDWHG
WKDW� VXFK� GLUHFW� FRPSDULVRQV� PD\� LQFOXGH� DQ
HUURU�PDUJLQ�RI�XS�WR�����

���3KDVH�7ZR�±�&RPSDULVRQ�RI�7KUHH
7HUP�,GHQWLILFDWLRQ�6\VWHPV
,Q� ODWHU� UHVHDUFK� >:DFKROGHU� HW� DO�� ����@��ZH
FRPSDUHG� WKUHH� VKDOORZ� SURFHVVLQJ� PHWKRGV
IRU�LGHQWLI\LQJ�LQGH[�WHUPV�
x� .H\ZRUGV� �.:�� DUH� WHUPV� LGHQWLILHG� E\

FRXQWLQJ�IUHTXHQF\�RI�VWHPPHG�ZRUGV�LQ�D
GRFXPHQW�

x� 7HFKQLFDO� WHUPV� �77�� DUH� QRXQ� SKUDVHV
�13V�� � RU� VXESDUWV� RI�13V� UHSHDWHG�PRUH
WKDQ� WZLFH� LQ� D� GRFXPHQW� >-XVWHVRQ� DQG
.DW]�����@�

x� +HDG�VRUWHG�WHUPV��+6��DUH�LGHQWLILHG�E\
D�PHWKRG� LQ�ZKLFK� VLPSOH[� QRXQ� SKUDVHV
�DV�GHILQHG�EHORZ��DUH�VRUWHG�E\�KHDG�DQG
WKHQ� UDQNHG� LQ� GHFUHDVLQJ� RUGHU� RI� IUH�
TXHQF\�>:DFKROGHU�����@�

(DFK� RI� WKHVH� PHWKRGV�� XVH� VWDWLVWLFDO� DQG�RU
OLQJXLVWLF� SURSHUWLHV� WKDW� DSSO\� WR� DQ\� QDWXUDO
ODQJXDJH�GRFXPHQW� LQ� DQ\� ILHOG�� DQG� WKXV� DUH
GRPDLQ�LQGHSHQGHQW�� � � 7KH\� DUH� DOVR� FRUSXV�
LQGHSHQGHQW��LQ�WKDW�WKH�WHUPV�DUH�UDQNHG�ZLWK
UHVSHFW� WR� HDFK� GRFXPHQW�� ZLWKRXW� UHJDUG� WR
SURSHUWLHV�RI�WKH�FRUSXV�
7KH� VWDQGDUG� ,5� WHFKQLTXH� NQRZQ� DV� WI
LGI
>6DOWRQ� ����@� VHHNV� WR� LGHQWLI\� GRFXPHQWV

UHOHYDQW� WR� D� SDUWLFXODU� TXHU\� E\� UHODWLYL]LQJ
NH\ZRUG� IUHTXHQF\� LQ� D� GRFXPHQW� DV� FRP�
SDUHG� WR� IUHTXHQF\� LQ�D� �FRUSXV��7KLV�PHWKRG
FDQ�EH�XVHG� WR� ORFDWH�DW� OHDVW� VRPH� LPSRUWDQW
FRQFHSWV� LQ� IXOO� WH[W�� � $OWKRXJK� LW� KDV� EHHQ
HIIHFWLYH� IRU� LQIRUPDWLRQ� UHWULHYDO�� IRU� RWKHU
DSSOLFDWLRQV�� VXFK� DV� KXPDQ�RULHQWHG� LQGH[�
LQJ�� WKLV� WHFKQLTXH� LV� LPSUDFWLFDO�� �$PELJXLW\
RI� VWHPV� �WUDG�PLJKW� UHIHU� WR� WUDGHU� RU� WUDGL�
WLRQ�� DQG� RI� LVRODWHG�ZRUGV� �VWDWH�PLJKW� EH� D
SROLWLFDO�HQWLW\�RU�D�PRGH�RI�EHLQJ��PHDQV�WKDW
OLVWV� RI� NH\ZRUGV� KDYH� QRW� XVXDOO\� EHHQ� XVHG
WR�UHSUHVHQW� WKH�FRQWHQW�RI�D�GRFXPHQW� WR�KX�
PDQ�EHLQJV��)XUWKHUPRUH��KXPDQV�KDYH�D�GLI�
ILFXOW� WLPH� SURFHVVLQJ� VWHPV� DQG� SDUWV� RI
ZRUGV�RXW�RI�SKUDVDO�FRQWH[W�
)RU� WKLV� VWXG\�� ZH� XVHG� WKH� 60$57� V\VWHP
>6DOWRQ� ����@� WR� LGHQWLI\� VWHPPHG� NH\ZRUGV�
:H�XVHG�WKH�WHFKQLFDO�WHUP�ILQGHU�RI�-XVWHVRQ
DQG�.DW]�������:DFKROGHU������SURSRVHG�WKH
PHWKRG� RI�+HDG� 6RUWLQJ� �+6�� IRU� LGHQWLI\LQJ
VLJQLILFDQW�WRSLFV�WKDW�FDQ�EH�XVHG�WR�UHSUHVHQW
D�VRXUFH�GRFXPHQW��+6�DOVR�XVHV�D� IUHTXHQF\
PHDVXUH�WR�SURYLGH�DQ�DSSUR[LPDWLRQ�RI�WRSLF
VLJQLILFDQFH�� +RZHYHU�� LQVWHDG� RI� FRXQWLQJ
IUHTXHQF\� RI� VWHPV� RU� UHSHWLWLRQ� RI� ZRUG� VH�
TXHQFHV�� WKLV� PHWKRG� FRXQWV� IUHTXHQF\� RI� D
UHODWLYHO\� HDVLO\� LGHQWLILHG� JUDPPDWLFDO� HOH�
PHQW��KHDGV�RI� VLPSOH[�QRXQ�SKUDVHV� �613V��
)RU�FRPPRQ�13V��13V�ZKRVH�KHDG�LV�D�FRP�
PRQ�QRXQ���DQ�613� LV�D�PD[LPDO�13� WKDW� LQ�
FOXGHV� SUHPRGLILHUV� VXFK� DV� GHWHUPLQHUV� DQG
SRVVHVVLYHV� EXW� QRW� SRVW�QRPLQDO� FRQVWLWXHQWV
VXFK�DV�SUHSRVLWLRQV�RU�UHODWLYL]HUV��)RU�H[DP�
SOH�� WKH� ZHOO�NQRZQ� ERRN� LV� DQ� 613� EXW� WKH
ZHOO�NQRZQ� ERRN� RQ� DVWHURLGV� LQFOXGHV� WZR
613V�� ZHOO�NQRZQ� ERRN� DQG� DVWHURLGV�� )RU
SURSHU�QDPHV��DQ�613�LV�D�QDPH�WKDW�UHIHUV�WR
D� VLQJOH� HQWLW\�� � )RU� H[DPSOH��0XVHXP�RI� WKH
&LW\�RI�1HZ�<RUN��WKH�QDPH�RI�DQ�RUJDQL]DWLRQ�
LV� DQ� 613� HYHQ� WKRXJK� WKH� RUJDQL]DWLRQDO
QDPH�LQFRUSRUDWHV�D�FLW\�QDPH��2WKHUV��VXFK�DV
>&KXUFK� ������ 6WU]DONRZVNL� ����@�� KDYH� GLV�
FXVVHG� D� VLPLODU� FRQFHSW�� VRPHWLPHV� FDOOHG
VLPSOH� RU� EDVH� 13V�� � :H� FKRVH� WR� HYDOXDWH
PHWKRGV� WKDW� GHSHQG� RQO\� RQ� GRFXPHQW�
LQWHUQDO� GDWD�� LQGHSHQGHQW� RI� FRUSXV�� GRPDLQ
RU�JHQUH���:H�WKHUHIRUH�GLG�QRW�XVH��IRU�H[DP�
SOH��WI
LGI��WKH�SXUHO\�VWDWLVWLFDO�WHFKQLTXH�WKDW
LV� WKH�XVHG�E\�PRVW� LQIRUPDWLRQ� UHWULHYDO� V\V�
WHPV�� RU� D� K\EULG� VWDWLVWLFDO� DQG� V\PEROLF



WHFKQLTXH�IRU�LGHQWLI\LQJ�FROORFDWLRQV�>6PDGMD
����@�
7R� FRPSDUH� SHUIRUPDQFH�� WZR� JURXSV� HYDOX�
DWHG� WKH� RXWSXW� RI� WKH� WKUHH� DSSURDFKHV�� SUR�
IHVVLRQDOV�DQG�VWXGHQWV��3URIHVVLRQDOV�LQFOXGHG
OLEUDULDQV� DQG� SXEOLVKLQJ� SURIHVVLRQDOV� IDPLO�
LDU� ZLWK� ERWK� PDQXDO� DQG� DXWRPDWLF� WH[W� LQ�
GH[LQJ�� 6WXGHQWV� LQFOXGHG� XQGHUJUDGXDWH� DQG
JUDGXDWH� VWXGHQWV� ZLWK� D� YDULHW\� RI� DFDGHPLF
LQWHUHVWV��6XEMHFWV�ZHUH�SUHVHQWHG�ZLWK� DQ� DU�
WLFOH�DQG�D�OLVW�RI�WHUPV�LGHQWLILHG�E\�RQH�RI�WKH
WKUHH�PHWKRGV��7KH\�ZHUH�DVNHG�WR�DQVZHU�WKH
TXHVWLRQ�� ³:RXOG� WKLV� WHUP� EH� XVHIXO� LQ� DQ
HOHFWURQLF� LQGH[� IRU� WKLV� DUWLFOH"´� � � $� �� WR� �
UDWLQJ�VFDOH�ZDV�XVHG��ZKHUH���LQGLFDWHV�D�KLJK
TXDOLW\�WHUP�VKRXOG�WR�EH�LQFOXGHG�LQ�WKH�LQGH[
DQG���LQGLFDWHV�D�MXQN�WHUP�WR�QRW�EH�LQFOXGHG�
)RU� H[DPSOH�� WKH� SKUDVH� FRXUW�DSSURYHG� DI�
ILUPDWLYH� DFWLRQ� SODQV� UHFHLYHG� DQ� DYHUDJH
UDWLQJ� RI� �� IURP� WKH� SURIHVVLRQDOV�� PHDQLQJ
WKDW�LW�ZDV�UDQNHG�DV�XVHIXO�IRU�WKH�DUWLFOH��WKH
.:�DIILUPDWLYH� UHFHLYHG�DQ�DYHUDJH� UDWLQJ�RI
������PHDQLQJ� WKDW� LW�ZDV� OHVV�XVHIXO��DQG� WKH
.:�DFWLRQ�UHFHLYHG�DQ�DYHUDJH�UDQNLQJ�RI�����
PHDQLQJ�WKDW�LW�ZDV�QRW�XVHIXO�

5HVXOWV�ZHUH�PHDVXUHG� LQ� WHUPV� RI� WZR� FULWH�
ULD�� TXDOLW\� DQG� FRYHUDJH�� 4XDOLW\� UHIHUV� WR
UDQNLQJ� WHUPV� KLJK� RQ� WKH� �� WR� �� VFDOH� IURP
KLJKHVW�WR�ORZHVW��&RYHUDJH�UHIHUV�WR�WKH�WKRU�
RXJKQHVV�ZLWK�ZKLFK� WKH� WHUPV�FRYHU� WKH�VLJ�
QLILFDQW� WRSLFV� LQ� WKH� GRFXPHQW�� 5HVXOWV
VKRZHG� WKDW�77V� DUH� VXSHULRU�ZLWK� UHVSHFW� WR
TXDOLW\��KRZHYHU�� WKHUH�DUH�RQO\�D�VPDOO�QXP�
EHU�RI�77V�SHU�GRFXPHQW��VR�WKH\�GR�QRW�SUR�
YLGH� DGHTXDWH� FRYHUDJH� LQ� WKDW� � WKH\� DUH� QRW
IXOO\� UHSUHVHQWDWLYH� RI� WKH� GRFXPHQW� DV� D
ZKROH���,Q�FRQWUDVW���.:V�SURYLGH�JRRG�FRYHU�
DJH�EXW�UHODWLYHO\�SRRU�TXDOLW\�LQ�WKDW�.:V�DUH
YDJXH��DQG�QRW�ZHOO�ILOWHUHG��613V��ZKLFK�KDYH
EHHQ� VRUWHG� XVLQJ� +6� DQG� ILOWHUHG�� SURYLGH� D
EHWWHU�EDODQFH�RI�TXDOLW\�DQG�FRYHUDJH�
7R�VXP��RXU�VHFRQG�HYDOXDWLRQ�VKRZHG�WKDW�
x� 7KH�.:�DSSURDFK� LGHQWLILHV� VRPH�XVHIXO

LQGH[�WHUPV��EXW� WKH\�DUH�PL[HG� LQ�ZLWK�D
ODUJH�QXPEHU�RI�ORZ�UDQNHG�WHUPV�

x� 7KH�77�DSSURDFK� � LGHQWLILHV� KLJK� TXDOLW\
WHUPV�� EXW� ZLWK� ORZ� FRYHUDJH�� L�H��� UHOD�
WLYHO\�IHZ�LQGH[LQJ�WHUPV�

x� 7KH�+6� DSSURDFK� DFKLHYHV� D� EDODQFH� EH�
WZHHQ�TXDOLW\�DQG�FRYHUDJH�

([DPSOHV� RI� RXWSXW� RI� WKHVH� WKUHH� GLIIHUHQW
WHFKQLTXHV�FDQ�EH�IRXQG�LQ�WKH�$SSHQGL[��2XU
UHVXOWV� IRU� WKH� WKUHH� W\SHV� RI� WHUPV�� E\� GRFX�
PHQW��DUH�VKRZQ�LQ�)LJXUH����$OO� UHVXOWV�ZHUH
LQFOXGHG��HYHQ�SDUWLDO�UDWLQJV�

'RF

$YJ
.:
UDWLQJ

$YJ
77
UDWLQJ

$YJ
+6
UDWLQJ
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��)LJXUH�����$YHUDJH�UDWLQJV�RI���W\SHV�RI
��LQGH[�WHUPV
77V� UHFHLYHG� WKH� KLJKHVW� UDWLQJV� IRU� DOO� WKUHH
GRFXPHQWV²DQ�DYHUDJH�RI������RQ�WKH�VFDOH�RI
��WR����ZLWK���EHLQJ�WKH�EHVW�UDWLQJ���+6�FDPH
LQ� VHFRQG��ZLWK� DQ� DYHUDJH� RI� ������ DQG�.:
FDPH�LQ�ODVW�ZLWK�DQ�DYHUDJH�RI�������1RWH�WKDW
DYHUDJLQJ�FRQFHDOV�WKH�IDFW�WKDW�WKH�QXPEHU�RI
77V�LV�PXFK�ORZHU�WKDQ�WKH�RWKHU�WZR�W\SHV�RI
WHUPV�� DV� VKRZQ� LQ� )LJXUH� ��� )LJXUH� �� VKRZV
WKH� WRWDO� QXPEHU� RI� WHUPV� UDWHG� DW� RU� EHORZ
VSHFLILHG�UDQNLQJV��DOORZV�XV�WR�PHDVXUH�TXDO�
LW\�DQG�FRYHUDJH������LV�WKH�KLJKHVW�UDWLQJ����LV
WKH� ORZHVW��� � 7KLV� ILJXUH� VKRZV� WKDW� WKH� +6
PHWKRG�LGHQWLILHV�PRUH�KLJK�TXDOLW\�WHUPV�WKDQ
WKH�77�PHWKRG�GRHV�

1XPEHU� RI� WHUPV
UDQNHG�DW�RU�EHWWHU�WKDQ

0HWKRG � � � �
.: �� �� ��� ���
+6 �� �� ��� ���
77 �� �� �� ��



)LJXUH����5XQQLQJ�WRWDO�RI� WHUPV�LGHQWLILHG
DW�RU�EHORZ�D�VSHFLILHG�UDQN
77�FOHDUO\�LGHQWLILHV�WKH�KLJKHVW�TXDOLW\�WHUPV�
����� RI� 77V� UHFHLYH� D� UDWLQJ� RI� �� RU� EHWWHU�
+RZHYHU��RQO\���77V�UHFHLYHG�D�UDWLQJ�RI���RU
EHWWHU� ����� RI� WKH� WRWDO��� ZKLOH� ��� +6V� UH�
FHLYHG�D� UDWLQJ�RI���RU�EHWWHU� �����RI� WKH� WR�
WDO���7KLV�LQGLFDWHV�WKDW�WKH�77�PHWKRG�PLVVHV
PDQ\� KLJK� TXDOLW\� WHUPV�� .:�� WKH� OHDVW� GLV�
FULPLQDWLQJ� PHWKRG� LQ� WHUPV� RI� TXDOLW\�� DOVR
SURYLGHV�EHWWHU�FRYHUDJH�WKDQ�GRHV�77�
7KLV� UHVXOW� LV� FRQVLVWHQW�ZLWK� RXU� REVHUYDWLRQ
WKDW� 77� LGHQWLILHV� WKH� KLJKHVW� TXDOLW\� WHUPV�
EXW�WKHUH�DUH�YHU\�IHZ�RI�WKHP��DQ�DYHUDJH�RI��
SHU� ���� ZRUGV� FRPSDUHG� WR� RYHU� ��� IRU� +6
DQG�.:�� �7KHUHIRUH� WKHUH� LV�D�QHHG� IRU� DGGL�
WLRQDO� KLJK� TXDOLW\� WHUPV�� 7KH� OLVW� RI�+6V� UH�
FHLYHG�D�KLJKHU�DYHUDJH�UDWLQJ�WKDQ�GLG�WKH�OLVW
RI�.:V��DV�VKRZQ�LQ�)LJXUH����7KLV�LV�FRQVLV�
WHQW� ZLWK� RXU� H[SHFWDWLRQ� WKDW� SKUDVHV� FRQ�
WDLQLQJ�PRUH�FRQWHQW�EHDULQJ�PRGLILHUV�ZRXOG
EH�SHUFHLYHG�DV�PRUH�XVHIXO� LQGH[� WHUPV� WKDQ
ZRXOG�VLQJOH�ZRUG�SKUDVHV� FRQVLVWLQJ�RQO\�RI
KHDGV�

����1H[W�6WHSV�±�,QFRUSRUDWLQJ�5HVXOWV
LQWR�$SSOLFDWLRQV

2XU�UHVXOWV�VKRZ�WKDW�VLQJOH�ZRUGV�LQ�LVRODWLRQ
DUH� MXGJHG� GLIIHUHQWO\� WKDQ� WKH� VDPH� ZRUG
ZKHQ� SUHVHQWHG� LQ� WKH� FRQWH[W� RI� D� ODUJHU
SKUDVH���7KLV�ILQGLQJ�DORQH�KDV�LPSOLFDWLRQV�LQ
WKH�GHVLJQ�RI�LQGH[LQJ�WRROV�VLQFH�WKH�ZD\�WKDW
LQGH[� WHUPV� DUH� SUHVHQWHG� WR� WKH� KXPDQ� LQ�
GH[HU�LQ�D�EURZVLQJ�WRRO�ZLOO�DIIHFW�LWV�XVHIXO�
QHVV� DV�PXFK�DV� WKH� WHUP� LWVHOI�� �:H�SODQ� RQ
EXLOGLQJ� VHYHUDO� WRROV�� LQFOXGLQJ� DQ� LQGH[HU¶V
DLG�IRU�VFKRODUO\�SXEOLVKLQJ�DQG�D�JLVWLQJ�WRRO
IRU�EURZVLQJ�ZKLFK�LQFRUSRUDWH�RXU�UHVXOWV�
:H�KDYH�SHUIRUPHG�D�TXDOLWDWLYH�HYDOXDWLRQ�RI
WKUHH� WHFKQLTXHV� IRU� LGHQWLI\LQJ� VLJQLILFDQW
WHUPV� LQ� D� GRFXPHQW�� GULYHQ� E\� DQ� LQGH[LQJ
WDVN�� 2XU� UHVXOWV� VKRZ� WKDW� WKH� KHDG� VRUWLQJ
WHFKQLTXH� RXWSHUIRUPV� WZR� RWKHU� LQGH[LQJ
PHWKRGV�� WHFKQLFDO� WHUPV� DQG� NH\ZRUGV�� DV
PHDVXUHG�E\�EDODQFH�RI�TXDOLW\�DQG�FRYHUDJH�
:H� KDYH� XVHG� KXPDQ� MXGJHV� WR� HYDOXDWH� WKH

HIIHFWLYHQHVV�RI�HDFK�PHWKRG��7KLV�UHVHDUFK�LV
D� FRQWULEXWLRQ� WR� WKH� RYHUDOO� HYDOXDWLRQ� RI
FRPSXWDWLRQDO�OLQJXLVWLF�WRROV�LQ�WHUPV�RI�WKHLU
XVHIXOQHVV� IRU� KXPDQ�RULHQWHG� FRPSXWDWLRQDO
DSSOLFDWLRQV�� VXFK�DV� WKH� FUHDWLRQ�RI� D� SURILOH
RU� WKXPEQDLO� RI� D� GRFXPHQW�� � ,Q� IXWXUH� UH�
VHDUFK��ZH�ZLOO�XWLOL]H�WKHVH�UHVXOWV�WR�FRPELQH
WHFKQLTXHV� IRU� EXLOGLQJ� HIIHFWLYH� EURZVLQJ
WRROV�
��� $FNQRZOHGJHPHQWV
7KLV�ZRUN�ZDV�VXSSRUWHG�E\�16)�*UDQW�,5,�
����������DV�SDUW�RI�WKH�,QIRUPDWLRQ�DQG�'DWD
0DQDJHPHQW�3URMHFW
�KWWS���ZZZ�FROXPELD�HGX�FX�FULD�6LJ7RSV��
DQG�DOVR�E\�16)�*UDQW�&'$����������

���5HIHUHQFHV
%RJXUDHY��%UDQLPLU�DQG�.HQQHG\��&KULVWRSKHU

�������³$SSOLFDWLRQV�RI�WHUP�LGHQWLILFD�
WLRQ�WHUPLQRORJ\��GRPDLQ�GHVFULSWLRQ�DQG
FRQWHQW�FKDUDFWHULVDWLRQ´��1DWXUDO�/DQ�
JXDJH�(QJLQHHULQJ�����������

%ULOO��(ULF����������$XWRPDWLF�JUDPPDU�LQGXF
WLRQ�DQG�SDUVLQJ�IUHH�WH[W��$�WUDQVIRUPD�
WLRQ�EDVHG�DSSURDFK���,Q�3URFHHGLQJV�RI
WKH�'$53$�6SHHFK�DQG�1DWXUDO�/DQ�
JXDJH�:RUNVKRS��SS����������

&KXUFK��.HQQHWK�:DUG��������³$�VWRFKDVWLF
SDUWV�SURJUDP�DQG�QRXQ�SKUDVH�SDUVHU�IRU
XQUHVWULFWHG�WH[W´��LQ�3URFHHGLQJV�RI�WKH
6HFRQG�&RQIHUHQFH�RQ�$SSOLHG�1DWXUDO
/DQJXDJH�3URFHVVLQJ��SS����������

(YDQV��'DYLG�$��DQG�&KHQJ[LDQJ�=KDL�������
³1RXQ�SKUDVH�DQDO\VLV�LQ�XQUHVWULFWHG
WH[W�IRU�LQIRUPDWLRQ�UHWULHYDO´��3URFHHG�
LQJV�RI�WKH���WK�$QQXDO�0HHWLQJ�RI�WKH�$V�
VRFLDWLRQ�IRU�&RPSXWDWLRQDO�/LQJXLVWLFV�
SS��������������

(YDQV��'DYLG�.LUN��������/LQN,7�'RFXPHQ�
WDWLRQ��&ROXPELD�8QLYHUVLW\�'HSDUWPHQW
RI�&RPSXWHU�6FLHQFH�5HSRUW�

(YDQV��'DYLG�.LUN��-XGLWK�.ODYDQV��DQG�1LQD
:DFKROGHU��������³'RFXPHQW�SURFHVVLQJ
ZLWK�/LQN,7´��3URFHHGLQJV�RI�5,$2��5H�
FKHUFKHV�G¶,QIRUPDWLRQV�$VVLVWHH�3DU
2UGLQDWHXU� �&RPSXWHU�$VVLVWHG�,QIRU�
PDWLRQ�5HWULHYDO��&RQIHUHQFH��3DULV�
)UDQFH�

-DFNHQGRII��5D\��������;�EDU�6\QWD[��$
6WXG\�RI�3KUDVH�6WUXFWXUH��0,7�3UHVV�
&DPEULGJH��0$�



-XVWHVRQ��-RKQ�6��DQG�6ODYD�0��.DW]�������
³7HFKQLFDO�WHUPLQRORJ\��VRPH�OLQJXLVWLF
SURSHUWLHV�DQG�DQ�DOJRULWKP�IRU�LGHQWLIL�
FDWLRQ�LQ�WH[W´��1DWXUDO�/DQJXDJH�(QJL�
QHHULQJ������������

0DUFXV�0��3���%��6DQWRULQL��DQG�0��$�
0DUFLQNLHZLF]�����������%XLOGLQJ�D�/DUJH
$QQRWDWHG�&RUSXV�RI�(QJOLVK��7KH�3HQQ
7UHHEDQN���&RPSXWDWLRQDO�/LQJXLVWLFV
�����

5DPVKDZ��/DQFH�$��DQG�0LWFKHOO�3��0DUFXV
���������7H[W�&KXQNLQJ�8VLQJ�7UDQVIRU�
PDWLRQ�%DVHG�/HDUQLQJ��3URFHHGLQJV�RI
WKH�7KLUG�$VVRFLDWLRQ�IRU�&RPSXWDWLRQDO
/LQJXLVWLFV�:RUNVKRS�RQ�9HU\�/DUJH
&RUSRUD�

6DOWRQ��*HUDOG��������$XWRPDWLF�7H[W�3URF�
HVVLQJ��7KH�7UDQVIRUPDWLRQ��$QDO\VLV�DQG
5HWULHYDO�RI�,QIRUPDWLRQ�E\�&RPSXWHU�
$GGLVRQ�:HVOH\��5HDGLQJ��0$�

6PDGMD��)UDQN��������³5HWULHYLQJ�FROORFDWLRQV
IURP�WH[W´��&RPSXWDWLRQDO�/LQJXLVWLFV
���������������

6WU]DONRZVNL��7RPHN��������³%XLOGLQJ�HIIHF�
WLYH�TXHULHV�LQ�QDWXUDO�ODQJXDJH�LQIRUPD�
WLRQ�UHWULHYDO´��3URFHHGLQJV�RI�WKH
$SSOLHG�1DWXUDO�/DQJXDJH�3URFHVVLQJ
&RQIHUHQFH�RI�WKH�$VVRFLDWLRQ�IRU�&RP�
SXWDWLRQDO�/LQJXLVWLFV��:DVKLQJWRQ��'&�
SS���������

7ROOH��.ULVWLQ�0��DQG�+VLQFKXQ�&KHQ��������
&RPSDULQJ�1RXQ�3KUDVLQJ�7HFKQLTXHV
IRU�8VH�ZLWK�0HGLFDO�'LJLWDO�/LEUDU\
7RROV���-RXUQDO�RI�WKH�$PHULFDQ�6RFLHW\
IRU�,QIRUPDWLRQ�6FLHQFH�$VVRFLDWLRQ
���������������

7ROOH��.ULVWLQ�0����������,PSURYLQJ�&RQFHSW
� ([WUDFWLRQ�IURP�7H[W�8VLQJ�1RXQ�3KUDV�

LQJ�7RROV��$Q�([SHULPHQW�LQ�0HGLFDO�,Q�
IRUPDWLRQ�5HWULHYDO��0DVWHU�7KHVLV�
8QLYHUVLW\�RI�$UL]RQD��'HSDUWPHQW�RI
0DQDJHPHQW�,QIRUPDWLRQ�6\VWHPV�

:DFKROGHU��1LQD��������³6LPSOH[�136�VRUWHG
E\�KHDG��D�PHWKRG�IRU�LGHQWLI\LQJ�VLJQLIL�
FDQW�WRSLFV�ZLWKLQ�D�GRFXPHQW´��3UR�
FHHGLQJV�RI�WKH�:RUNVKRS�RQ�WKH
&RPSXWDWLRQDO�7UHDWPHQW�RI�1RPLQDOV�
&2/,1*�$&/�µ����0RQWUHDO��&DQDGD�
SS��������

:DFKROGHU��1LQD��'DYLG�.LUN�(YDQV��-XGLWK�/�
.ODYDQV��������³(YDOXDWLRQ�RI�$XWRPDWL�
FDOO\�,GHQWILHG�,QGH[�7HUPV�IRU�%URZVLQJ
(OHFWURQLF�'RFXPHQWV´��3URFHHGLQJV�RI
WKH�$SSOLHG�1DWXUDO�/DQJXDJH�3URFHVV�
LQJ�DQG�1RUWK�$PHULFDQ�&KDSWHU�RI�WKH
$VVRFLDWLRQ�IRU�&RPSXWDWLRQDO�/LQJXLV�
WLFV��$1/3�1$$&/��������6HDWWOH�
:DVKLQJWRQ�

��� $SSHQGL[�$��7HUPV�LGHQWLILHG�LQ�:6-�������
����

���� +HDG�6RUWHG

ZRUNHUV
PDLQWHQDQFH�ZRUNHUV
IORXU�PLOO�ZRUNHUV
RWKHU�IORXU�PLOO�ZRUNHUV
PDQ\�IORXU�PLOO�ZRUNHUV
HOHYDWRU�ZRUNHUV
PLOOV
IORXU�PLOO�V�
FDQFHU�V�
PHPEHUV
XQLRQ�PHPEHUV
IRUPHU�PHPEHUV
UHVHDUFKHUV
1&,�UHVHDUFKHUV
FKHPLFDO�V�
GHSDUWPHQW
PDLQWHQDQFH�GHSDUWPHQW�V�
VWXG\
)HGHUDO�6WXG\
SUHOLPLQDU\�VWXG\
UHFHQW�VWXG\

\HDUV
HLJKW�IROG�KLJKHU�ULVN
DOPRVW�WKUHH�IROG�KLJKHU�ULVN
IXPLJDQWV
FKHPLFDO�IXPLJDQWV
MRXUQDO
:DOO�6WUHHW�-RXUQDO
VHPL�PRQWKO\�-RXUQDO
GHDWKV
IHZHU�GHDWKV
���O\PSKRPD�GHDWKV
O\PSKRPD�GHDWKV
+HDOWK
FHOOV
ZKLWH�EORRG�FHOOV
ELQV
JUDLQ�ELQV
XQLRQ
$PHULFDQ�)HGHUDWLRQ�RI�*UDLQ�0LOOHUV�XQLRQ
V\VWHP
O\PSK�V\VWHP�V�



O\PSKRPD
QRQ�+RGJNLQV�O\PSKRPD
SHVWLFLGHV
KDQGOHUV
JUDLQ�KDQGOHUV
QHZ�ILQGLQJ
QRW�XQH[SHFWHG�ILQGLQJ
VXVSLFLRQ�V�
JUDLQ
HOHYDWRUV
JUDLQ�VWRUDJH�HOHYDWRUV
JUDLQ�HOHYDWRUV

���� .H\ZRUGV

PLOO�PLOOV
ZRUNHG�ZRUNLQJ
IORXU
JUDLQ
FDQFHU�FDQFHUV�&DQFHU
FKHPLFDO�FKHPLFDOV
O\PSKRPD
ULVN
UHVHDUFKHUV
PHPEHUV
IXPLJDWH�IXPLJDQWV
\HDUV
VWXG\
LQFUHDVHG
KLJK
IRXQG
GHSDUWPHQW�GHSDUWPHQWV
GHDWK�GHDWKV
ZKLWH
XQLRQ
SHVWLFLGH�SHVWLFLGHV
PDLQWHQDQFH
O\PSK
-RXUQDO
KDQGOHG�KDQGOHUV
HOHYDWRU�HOHYDWRUV

G\LQJ
EORRG
:DOO
XQH[SHFWHG�XQH[SHFWHGO\
V\VWHP�V\VWHPV
VXVSLFLRQV
6WUHHW
VWRUDJH�VWRUHG
UHVSRQVLEOH
UHSRUWHU�UHSRUWHG
SKRVSKLQH
RFFXSDWLRQDO
QRWHG
1&,
QDWLRQ�1DWLRQDO
+RGJNLQV
KHDOWK�+HDOWK
IROG
ILQGLQJ
)HGHUDWLRQ�)HGHUDO�IHGHUDWLRQ
H[SRVXUH�H[SRVXUHV�H[SRVHG
FHOOV
ELQV
DSSOLHG
$PHULFDQ

���� 7HFKQLFDO�7HUPV

IORXU�PLOO
FKHPLFDO�IXPLJDQWV
JUDLQ�ELQ
JUDLQ�KDQGOHU
ZKLWH�EORRG�FHOO
O\PSKRPD�GHDWK
O\PSK�V\VWHP
PDLQWHQDQFH�GHSDUWPHQW
KLJKHU�ULVN


