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,Q� LQIRUPDWLRQ� UHWULHYDO�� WKH� QXPEHU� RI� UHWULHYHG

GRFXPHQWV� LV� RIWHQ� WRR� ODUJH� IRU� D� XVHU� WR� JUDVS� WKH

FRQWHQWV�RI�WKH�GRFXPHQWV��,W�LV�WKHUHIRUH�KHOSIXO�WR�KDYH

DQ� RYHUYLHZ� RI� WKH� UHSUHVHQWDWLYH� ZRUGV� LQ� WKH

GRFXPHQWV� IRU� UHILQLQJ� RU� H[SDQGLQJ� WKH� TXHU\�� 7R

DFKLHYH� WKLV��RQH�RI� WKH�DXWKRUV�KDV�EHHQ�GHYHORSLQJ� DQ

LQIRUPDWLRQ� UHWULHYDO� �,5�� V\VWHP� FDOOHG� 'XDO1$9,�

ZKLFK� KDV� D� QDYLJDWLRQ� ZLQGRZ� IRU� GLVSOD\LQJ� D

YLHZJUDSK� RI� UHSUHVHQWDWLYH� ZRUGV� LQ� WKH� UHWULHYHG

GRFXPHQWV� �1LZD� ������� $OWKRXJK� WKH� YLHZJUDSK� KDV

WXUQHG� RXW� WR� EH� TXLWH� KHOSIXO�� LW� VWLOO� KDV� URRP� IRU

LPSURYHPHQW�

)LJXUH���VKRZV�DQ�H[DPSOH�YLHZJUDSK�IRU�WKH�TXHU\��

�6Q@o�HOHFWULF� PRQH\��� �ZLWK� D� ILQDQFLDO� SDSHU

1LNNHL� 6KLQEXQ� ����� DV� WKH� FRUSXV��� 7KH� ZRUGV� WR� EH

GLVSOD\HG� DUH� EDVLFDOO\� VHOHFWHG� E\� WI�LGI� �6DOWRQ� HW� DO�

������� DQG� WKH\� DUH� DUUDQJHG� LQ� RUGHU� RI� IUHTXHQF\

�ZRUGV�ZLWK�KLJKHU� IUHTXHQFLHV�DSSHDU� LQ� WKH�XSSHU�SDUW

RI�WKH�YLHZJUDSK���

2QH� SUREOHP� ZLWK� 'XDO1$9,� LV� WKDW� XQLQIRUPDWLYH

ZRUGV�RIWHQ�DSSHDU�LQ�WKH�ZLQGRZ��:H�XVHG�D�VWRS�ZRUG

OLVW� WR� VXSSUHVV�XQLQIRUPDWLYH�ZRUGV� �VXFK�DV�H[WUHPHO\

FRPPRQ�YHUEV�RU�QXPHUDOV���ZKLFK�JUHDWO\�LPSURYHG�WKH

DSSHDUDQFH�RI�WKH�YLHZJUDSK��EXW���IRU�LQVWDQFH�����RQ��

VWLOO�DSSHDUV�LQ�WKH�JUDSK�WKRXJK�LW� LV�QRW�YHU\� LPSRUWDQW

DV� D� NH\ZRUG���+RZHYHU�� FRQVWUXFWLRQ� RI� WKH� VWRS�ZRUG

OLVW�KDV�EHHQ�TXLWH�DG�KRF�DQG�XQV\VWHPDWLF��:H�GHILQHG

WKH� PRVW� IUHTXHQWO\� DSSHDULQJ� ZRUGV� �IRU� H[DPSOH�� WKH

WRS������ZRUGV��DV� WKH�VWRS�ZRUGV�DQG�DGGHG�WKH�ZRUGV

WKDW� KDG� FHUWDLQ� SDUWV� RI� VSHHFK� �VXFK� DV� SDUWLFOHV� RU

DX[LOLDU\� YHUEV�� WR� WKHP�� $QRWKHU� SUREOHP� LV� WKDW� WKH

UHSUHVHQWDWLYHQHVV� �LQIRUPDWLYHQHVV� RU� GRPDLQ�

VSHFLILFLW\�� RI� D� ZRUG� LV� QRW� KLJKOLJKWHG� HQRXJK�� )RU

LQVWDQFH�� �g {��HQFU\SWLRQ�� VKRXOG� EH� KLJKOLJKWHG

PRUH� WKDQ� OHVV� UHSUHVHQWDWLYH�ZRUGV� VXFK� DV� ��úã�

��UHDG���7R�UHVROYH�WKHVH�SUREOHPV��ZH�GHYHORSHG�D�QHZ

ZD\� RI� PHDVXULQJ� WKH� UHSUHVHQWDWLYHQHVV� RI� D� WHUP� �D

ZRUG�RU�D�ZRUG�VHTXHQFH�� WKDW� FDQ�EH�XVHG� WR�FRQVWUXFW

WKH�VWRS�ZRUG�OLVW�
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6HFWLRQ� �� UHYLHZV� H[LVWLQJ� PHWKRGV� IRU� PHDVXULQJ

UHSUHVHQWDWLYHQHVV� DQG� SRLQWV� RXW� WKHLU� VKRUWFRPLQJV�

6HFWLRQ��� LQWURGXFHV� RXU�PHDVXUH� IRU�UHSUHVHQWDWLYHQHVV

RI� WHUPV�� 6HFWLRQ��� GHVFULEHV� D� WHUP� H[WUDFWLRQ�PHWKRG

ZKLFK� FRPELQHV� JUDPPDWLFDO� ILOWHUV� ZLWK� WKH

UHSUHVHQWDWLYH�PHDVXUH�� 6HFWLRQ��� VKRZV� WKH� TXDOLWDWLYH

DQG� TXDQWLWDWLYH� UHVXOWV� RI� WKH� WHUP� H[WUDFWLRQ� PHWKRG�

DQG�6HFWLRQ��� � FRQFOXGHV�WKLV�SDSHU�
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9DULRXV�PHWKRGV�KDYH�EHHQ�SURSRVHG� IRU�PHDVXULQJ� WKH

�LQIRUPDWLYHQHVV�� RU� �GRPDLQ�VSHFLILFLW\�� RI� D� ZRUG� LQ

WKH� GRPDLQV� RI� ,5� DQG� WHUP� H[WUDFWLRQ�� 7KLV� VHFWLRQ

UHYLHZV� WKH� PHDVXUHV� GHVFULEHG� LQ� D� VXUYH\� SDSHU� RQ

DXWRPDWLF� WHUP� H[WUDFWLRQ� �.DJHXUD� ������� .DJHXUD

LQWURGXFHG�WKH�QRWLRQV�RI�XQLWKRRG�DQG�WHUPKRRG��ZKLFK

WRJHWKHU�FKDUDFWHUL]H�D� WHUP��8QLWKRRG� LV��WKH�GHJUHH�RI

VWUHQJWK� RU� VWDELOLW\� RI� V\QWDJPDWLF� FRPELQDWLRQV� RU

FROORFDWLRQV��� DQG� WHUPKRRG� LV� �WKH� GHJUHH� WKDW� D

OLQJXLVWLF� XQLW� LV� UHODWHG� WR� �RU� PRUH� VWUDLJKWIRUZDUGO\�

UHSUHVHQWV�� GRPDLQ�VSHFLILF� FRQFHSWV��� .DJHXUD
V

WHUPKRRG� LV� WKHUHIRUH� YHU\� FORVHO\� UHODWHG� WR

UHSUHVHQWDWLYHQHVV�LQ�WKLV�SDSHU�

7I�LGI�� WKH� PRVW� FRPPRQO\� XVHG� PHDVXUH� IRU

WHUPKRRG�� LV� GHILQHG� E\� FRPELQLQJ� ZRUG� IUHTXHQF\

ZLWKLQ� D� GRFXPHQW� DQG� ZRUG� RFFXUUHQFH� RYHU� D� ZKROH

FRUSXV�DV�IROORZV�

ZKHUH�1�Z��DQG�1WRWDO�VWDQG�IRU�WKH�QXPEHU�RI�GRFXPHQWV

FRQWDLQLQJ� ZRUG�Z� DQG� WKH� WRWDO� QXPEHU� RI� GRFXPHQWV�

UHVSHFWLYHO\�� $OWKRXJK� WKH� GHILQLWLRQ� RI� WI�LGI� KDV� D

QXPEHU� RI� YDULDWLRQV�� LWV� EDVLF� IHDWXUH� LV� WKDW� D� ZRUG

DSSHDULQJ� PRUH� IUHTXHQWO\� LQ� IHZHU� GRFXPHQWV� LV

DVVLJQHG�D�ODUJHU�YDOXH�

,I�WKH�FDWHJRULHV�RI�WKH�GRFXPHQWV�DUH�NQRZQ��ZH�FDQ

DSSO\�D�PRUH�VRSKLVWLFDWHG�PHDVXUH�IRU�WHUPKRRG�WKDW� LV

EDVHG� RQ� WKHÿ ��WHVW� DJDLQVW� WKH� K\SRWKHVLV� WKDW� DQ

RFFXUUHQFH� RI� WKH� WDUJHW� ZRUG� LV� LQGHSHQGHQW� IURP� WKH

FDWHJRULHV�

5HVHDUFK�RQ�DXWRPDWLF�WHUP�H[WUDFWLRQ�KDV�EHHQ�GRQH

LQ�WKH�GRPDLQ�RI�QDWXUDO�ODQJXDJH�SURFHVVLQJ��1/3���DQG

VHYHUDO�PHDVXUHV�KDYH�EHHQ�SURSRVHG�IRU�WHUP�ZHLJKWLQJ

LQ� WHUP� H[WUDFWLRQ�� )RU� H[DPSOH�� PXWXDO� LQIRUPDWLRQ

�&KXUFK� HW� DO�� ������ DQG� ORJ� OLNHOLKRRG� �&RKHQ� �����

KDYH� EHHQ� XVHG� WR� VHOHFW� ZRUG� ELJUDPV�� DQG� RWKHU
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WKHVH�SUREOHPV�
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7R� EHJLQ� ZLWK�� OHW� XV� UHVWDWH� WKH� GHILQLWLRQ� RI

UHSUHVHQWDWLYHQHVV� IURP� RXU� VWDQGSRLQW�� 6LQFH� RXU

SXUSRVH� LV� WR� VHOHFW� WHUPV� IRU� D� QDYLJDWLRQ� ZLQGRZ�

�UHSUHVHQWDWLYH��WHUPV�DUH�LQIRUPDWLYH�WHUPV�WKDW�SURYLGH

DQ� RYHUYLHZ� RI� WRSLFV� LQ� WKH� UHWULHYHG� GRFXPHQWV�

)UHTXHQW� EXW� XQLQIRUPDWLYH� ZRUGV� DQG� GRPDLQ�VSHFLILF

EXW�UDUH�ZRUGV�DUH�QRW�RXU�WDUJHW�
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2XU� EDVLF� LGHD� FDQ� EH� VXPPDUL]HG� E\� WKH� IROORZLQJ
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� � � �<RX�VKDOO�NQRZ�D�ZRUG�E\�WKH�FRPSDQ\�LW�NHHSV��

/HW�XV�JLYH�D�VWUDLJKWIRUZDUG�PDWKHPDWLFDO�LQWHUSUHWDWLRQ

RI�WKLV�SKUDVH�

7R�EHJLQ�ZLWK��OHW�XV�LQWURGXFH�VRPH�EDVLF�QRWDWLRQV�

:��D�WHUP��L�H���D�ZRUG�RU�D�ZRUG�VHTXHQFH�

'�:���WKH�VHW�RI�DOO�GRFXPHQWV�FRQWDLQLQJ�:�

'���WKH�VHW�RI�DOO�GRFXPHQWV�

3'�:���ZRUG�GLVWULEXWLRQ�LQ�'�:��

3����ZRUG�GLVWULEXWLRQ�LQ�'��

:H� GHILQH�5HS�:�� �WKH� UHSUHVHQWDWLYHQHVV� RI�:�� WKDW� LV

EDVHG�RQ�'LVW^3'�:���3�`��WKH�GLVWDQFH�RI�WZR�GLVWULEXWLRQV

^3'�:��� 3�`�� 1RUPDOL]DWLRQ� RI� WKH� GLVWDQFH� ZLOO� EH

GLVFXVVHG�LQ�WKH�QH[W�VXEVHFWLRQ�

7KHUH�DUH�VHYHUDO�PHWKRGV�IRU�PHDVXULQJ�WKH�GLVWDQFH

EHWZHHQ� WZR� GLVWULEXWLRQV�� 7KH\� LQFOXGH� ORJ�OLNHOLKRRG

UDWLR� �//5��� .XOOEDFN�/HLEOHU� GLYHUJHQFH�� WUDQVLWLRQ

SUREDELOLW\�� DQG� WKH� YHFWRU�VSDFH� RU� FRVLJQ�PHWKRG��:H

WULHG�DOO� IRXU�PHDVXUHV��EXW�ZLOO�GLVFXVV�KHUH�RQO\�//5�

ZKLFK� JDYH� WKH� PRVW� VWDEOH� UHVXOWV�� 'LVW^3'�:��� 3�`� LV

GHILQHG�E\�XVLQJ�//5�DV�IROORZV�

ZKHUH�^:������:Q`�LV�WKH�VHW�RI�DOO�ZRUGV��DQG�NL�DQG�.L�DUH

WKH� IUHTXHQFLHV� RI� D� ZRUG� ZL� LQ� '�:�� DQG� '��

UHVSHFWLYHO\�

7KH�VDPSOH�ZRUGV�GLVSOD\HG�LQ�)LJXUH����ZKLFK�ZHUH

UDQGRPO\� FKRVHQ� IURP� WKH� 1LNNHL�6KLQEXQ� �����

FRUUHVSRQG� WR� FRRUGLQDWHV� ��'�:��� 'LVW^3'�:��� 3�`��

ZKHUH�:�GHQRWHV�D�ZRUG��DQG��'�:��GHQRWHV�WKH�QXPEHU

RI� ZRUGV� FRQWDLQHG� LQ� '�:��� 7KH� ILJXUH� VKRZV� WKDW
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3�`�� ZKLFK� UHIOHFWV� RXU� OLQJXLVWLF� LQWXLWLRQ�� 6LPLODUO\�

'LVW^3'��¿î�Ì��ELQG�����3�`� LV� VPDOOHU� WKDQ�'LVW^3'����S

�$XP�����3�`�DV�H[SHFWHG

�

+RZHYHU�� DV� FDQ� EH� VHHQ� IURP� WKH�JUDSK��'LVW^3'�:��

3�`� LQFUHDVHV� DV� �'�:�� LQFUHDVHV�� ZKLFK� PHDQV� WKDW

GLUHFW� FRPSDULVRQ� RI� 'LVW^3'�:���� 3�`� DQG� 'LVW^3'�:���

3�`� LV� LQDSSURSULDWH� ZKHQ� �'�:��� DQG� �'�:��� DUH

FRQVLGHUDEO\� GLIIHUHQW�� &RQVHTXHQWO\�� 'LVW^3'��Ô� �GR����

3�`�LV�URXJKO\�HTXDO�WR�'LVW^3'����S�$XP�����3�`��ZKLFK�LV

TXLWH� XQQDWXUDO�� :H� WKHUHIRUH� QHHG� D� NLQG� RI

QRUPDOL]DWLRQ�

����1RUPDOL]DWLRQ�RI�WKH�GLVWDQFH

$V� VWDWHG� DERYH�� GLUHFW� FRPSDULVRQ� RI�'LVW^3'�:���� 3�`

DQG�'LVW^3'�:����3�`� LV� SUREOHPDWLF� ZKHQ� WZR� WHUPV�:�

DQG�:�� KDYH� YHU\� GLIIHUHQW� IUHTXHQFLHV�� 7KHUHIRUH�� ZH

VWXGLHG� WKH� EDVLF� EHKDYLRU� RI�'LVW^3
/

�� 3�`�� WKDW� LV�� WKH

EHKDYLRU�RI�'LVW^3'��3�`�ZKHQ�'�LV�D�UDQGRPO\�VHOHFWHG

GRFXPHQW�VHW��7KH�SRLQWV�PDUNHG�E\�FURVVHV�LQ�)LJXUH��

DUH� ��'�� 'LVW^3'�� 3�`�V� ZKHUH� '� YDULHV� RYHU� VHWV� RI

UDQGRPO\� VHOHFWHG� GRFXPHQW� VHWV� RI� YDULRXV� VL]HV�� 7KLV

ILJXUH� LQGLFDWHV� WKH� H[LVWHQFH� RI� DQ� XQGHUO\LQJ� VPRRWK

FXUYH�� ZKLFK� ZH� FDOO� D� EDVHOLQH� FXUYH�� ,WV� IXQFWLRQ� LV

GHQRWHG�DV�%'��/��

)LJXUH��

%DVHOLQH�DQG�VDPSOH�ZRUG�GLVWULEXWLRQ

��������������������������������������������������



�¦$XP§�LV�WKH�QDPH�RI�D�UHNLJHRXV�FXOW�

)URP� WKH� GHILQLWLRQ� RI� WKH� GLVWDQFH�� ,W� LV� WULYLDO

WKDW�%'����� �%'���'��� ����1RWH�WKDW�������� LV�VKDUHG�E\

HYHU\� %'��/��� ZKLOH� ��'��� ��� GHSHQGV� RQ� DQ� DUELWUDULO\

JLYHQ�'��� ,Q� RXU� H[SHULPHQWV�� WKH� EHKDYLRU� RI�%'��/�� LV

YHU\� VWDEOH� DQG� GRHV� QRW� FKDQJH� YHU\�PXFK� DURXQG� WKH

RULJLQ�ZKHQ� WKH� VL]H�RI�'�� LV� YDULHG��%'��/�� FDQ�EH�ZHOO

DSSUR[LPDWHG� E\� D� VLPSOH� SRZHU� IXQFWLRQ� %
'��/��� ,Q

SDUWLFXODU��LQ�WKH�LQWHUYDO� � ,� �^[�_�������� [���������`�

%
'��[�� FDQ� EH� YHU\� FORVHO\� DSSUR[LPDWHG� E\� D� SRZHU

IXQFWLRQ� IRU� YDULRXV� VL]HV� RI�'�� �IURP�������GRFXPHQWV

WR���������GRFXPHQWV��

7KHUHIRUH��ZKHQ��'�:��EHORQJV�WR�,��LW�LV�QDWXUDO�WKDW

5HS�:�� EH� GHILQHG� DV� WKH� QRUPDOL]DWLRQ� RI�'LVW^3'�:��

3�`�E\�%
'��/��DV

5HS�:�� �'LVW^3'�:���3�`�%
'���'�:���

,Q�HDFK�RI�WKH�H[SHULPHQWV�ZH�FRQGXFWHG��WKH�DYHUDJH�RI

'LVW^3'��3�`�%
'���'���$YU��ZDV�ZLWKLQ������r������DQG

WKH� VWDQGDUG� GHYLDWLRQ�� û �� ZDV� DERXW� ������ (YHU\

REVHUYHG� YDOXH� IHOO� ZLWKLQ� $YU� r� �û�� ZKLFK� PHDQV

WKDW�%
'���'�� DSSUR[LPDWHG�'LVW^3'��3�`� YHU\� ZHOO� IRU

UDQGRPO\� FKRVHQ� GRFXPHQWV��:KDW� LV� LPSRUWDQW� KHUH� LV

WKDW�ZH�FDQ�QDWXUDOO\�GHILQH�WKH�WKUHVKROG�RI�D�WHUP�EHLQJ

UHSUHVHQWDWLYH�DV��VD\��$YU����û�s� �����

����7UHDWPHQW�RI�YHU\�IUHTXHQW�WHUPV�DQG

� � � YHU\�UDUH�WHUPV

6R�IDU�ZH�KDYH�EHHQ�XQDEOH�WR�WUHDW�H[WUHPHO\�IUHTXHQW

WHUPV�VXFK�DV��Ô���GR���7R�UHVROYH�WKLV�SUREOHP��ZH

XVHG� UDQGRP� VDPSOLQJ� WR� FDOFXODWH� WKH�5HS�:�� RI� D

YHU\�IUHTXHQW� WHUP�:�� ,I�WKH�QXPEHU�RI�GRFXPHQWV� LQ

'�:�� LV� ODUJHU� WKDQ� D� WKUHVKROG� YDOXH� 1�� ZKLFK� LV

FDOFXODWHG� IURP� WKH� DYHUDJH� QXPEHU� RI� ZRUGV� WKDW� D

GRFXPHQW�FRQWDLQ��1�GRFXPHQWV�DUH�UDQGRPO\�FKRVHQ

IURP� '�:��� 7KLV� VXEVHW� LV� GHQRWHG� E\� '�:�� DQG

5HS�:�� LV� GHILQHG� E\�'LVW^3'�:��� 3�`�%
'���'�:���

7KLV�PHWKRG�LV�DGYDQWDJHRXV�QRW�RQO\�EHFDXVH�LW�XVHV

WKH� LQWHUYDO� ,�� EXW� DOVR� EHFDXVH� LW� VSHHGV� XS� WKH

FDOFXODWLRQ�RI�5HS�:��

7KH� OHIW�PRVW� YDOXH� RI� WKH� LQWHUYDO� ,� URXJKO\

FRUUHVSRQGV� WR� WKH� QXPEHU� RI�ZRUGV� LQ� WKUHH� RU� IRXU

GRFXPHQWV��DQG�LQ�WKH�SHULRG�3� �^[�_����� [�������`�

%
'��/��KDV�D�WHQGHQF\�WR�RYHUHVWLPDWH�%'��/���+RZHYHU�

ZH�VLPSO\�XVHG�WKH�%
'��/��IRU�D�WHUP�:�ZLWK��'�:���

������ EHFDXVH� XQGHUHVWLPDWLQJ� WKH� ZHLJKW� RI� UDUH

WHUPV�ZDV�KDUPOHVV�WR�RXU�SXUSRVH�

����)HDWXUHV�RI�5HS�/�
5HS�:��KDV�WKH�IROORZLQJ�IDYRUDEOH�IHDWXUHV�

����,WV� GHILQLWLRQ� LV� PDWKHPDWLFDOO\� VLPSOH� DQG

FOHDU�

����,W�FDQ�FRPSDUH�KLJK�IUHTXHQF\�WHUPV�ZLWK�ORZ�
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����,W�FDQ�EH�DSSOLHG�WR�Q�JUDP�WHUPV�IRU�DQ\�Q�

7KH�HVVHQWLDO�GLIIHUHQFH�EHWZHHQ�WKH�QHZ�PHDVXUH�DQG

H[LVWLQJ� RQHV� LV� WKDW� LW� WUHDWV� WKH� FRQWH[W� RI� D� WDUJHW

WHUP�LQ�D�VHQVH�DV�ZHOO�DV�WKH�GLVWULEXWLRQ�RI�WKH�WDUJHW

WHUP�LWVHOI�

5HVXOWV� RI� WKH� H[SHULPHQWV� RQ� GLVFULPLQDWLRQ� RI

LQIRUPDWLYH�XQ�LQIRUPDWLYH�WHUPV�XVLQJ�5HS�/��ZLOO�EH

UHSRUWHG�HOVHZKHUH��+LVDPLWVX�HW�DO��������

���'HVFULSWLRQ�RI�WHUP�H[WUDFWLRQ

� � PHWKRG
7KLV�VHFWLRQ�GHVFULEHV� WKH�PHWKRG�IRU� WHUP�H[WUDFWLRQ

ZKLFK� FRPELQHV� RXU� PHDVXUH� RI� UHSUHVHQWDWLYHQHVV

DQG�D�VHW�RI�JUDPPDWLFDO�ILOWHUV�
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GHYHORSHG� WR� SLFN� RXW� UHSUHVHQWDWLYH� �LQIRUPDWLYH� RU

GRPDLQ�VSHFLILF�� WHUPV� IURP� D� ODUJH� QXPEHU� RI

UHWULHYHG� GRFXPHQWV� VR� WKDW� D� XVHU� FDQ� KDYH� DQ

RYHUYLHZ� RI� WKH� FRQWHQWV� RI� WKH� UHWULHYHG� UHVXOWV�� 7R

VROYH� WKH� WZR� SUREOHPV� VWDWHG� LQ� 6HFWLRQ� ��� WKH

PHDVXUH�PDLQO\�DLPV�DW�HOLPLQDWLQJ�YHU\�IUHTXHQW�EXW

XQ�LQIRUPDWLYH�ZRUGV��DQG�ILQGLQJ�PHGLXP�IUHTXHQF\

FRUH� ZRUGV�� ZKLFK� UHSUHVHQW� D� VL]DEOH� EXW� WUDFWDEOH

QXPEHU�RI�GRFXPHQWV�

5DUH� ZRUGV� �ZKLFK� DSSHDU� LQ� RQO\� D� IHZ
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��RU�XQGHU��ZRUGV�LQ�RUGHU�WKDW�UDUH�EXW�FKDUDFWHULVWLF

ZRUGV� DUH� QRW� HOLPLQDWHG�� 7KRVH� ZRUGV� FDQ� EH

GLVSOD\HG�LQ� WKH�QDYLJDWLRQ�ZLQGRZ��ZKHUH�ZRUGV�DUH

FODVVLILHG�LQWR�ILYH�FODVVHV�DFFRUGLQJ�WR�IUHTXHQF\��DQG

D� SDUW� RI� ZRUGV� LQ� HDFK� FODVV� DUH� SLFNHG� RXW� WR� EH

GLVSOD\HG��1LZD�������
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SURJUDP�FDOOHG�$1,0$�WR�VHJPHQW�XQWDJJHG�FRUSRUD

������ $,� DEVWUDFWV� DQG� 1$&6,6� -�FROOHFWLRQ��� 7KH

SURJUDP� KDV� EHHQ� GHVFULEHG� LQ� GHWDLO� �6DNXUDL� HW� DO�
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VLPSOLFLW\�� $IWHU� WKH� -0$� SURJUDP� DQDO\]HG� WKH

DUWLFOHV�LQ�WKH�$,�DEVWUDFWV��D�VHW�RI�JUDPPDWLFDO�ILOWHUV

VFDQQHG� HYHU\�ZRUG� DQG� HYHU\� DGMDFHQW�ZRUG�SDLU� LQ

WKH� -0$�RXWSXW� WR� HOLPLQDWH� REYLRXVO\� LQDSSURSULDWH

RQHV��)RU� LQVWDQFH�� WKH� ILOWHU�HOLPLQDWHG� WKH� IROORZLQJ
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ZKLFK� DUWLFOH� FRQWDLQHG�ZKLFK� WHUP� KRZ�PDQ\� WLPHV

IRU� DOO� RQH�ZRUG� DQG� WZR�ZRUG� WHUP� FDQGLGDWHV�� 7KH

PDWULFHV� ZHUH� XVHG� WR� FDOFXODWH� WKH

UHSUHVHQWDWLYHQHVV� RI� HDFK� WHUP�� 7KH� WHUPV� ZKRVH

UHSUHVHQWDWLYHQHVV� YDOXH� ZHUH� ODUJHU� WKDQ� ���� ZHUH

VHOHFWHG�
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(YHU\� VXUYLYLQJ� WZR�ZRUG� WHUP� FDQGLGDWH� ZDV

H[DPLQHG� DV� WR� ZKHWKHU� LW� DFWXDOO\� LQGHSHQGHQWO\

DSSHDUHG� LQ� DQ� DUWLFOH� RU� RQO\� DV� D� SDUW� RI� D� ORQJHU

ZRUG� VHTXHQFH�� ,Q� WKH� ODWWHU� FDVH�� ZH� GLVFDUGHG� WKH

WZR�ZRUG� WHUP� DQG� H[WUDFWHG� WKUHH�ZRUG� WHUP

FDQGLGDWHV� ZKLFK� LQGHSHQGHQWO\� DSSHDUHG� DQG

FRQWDLQHG�WKH�WZR�ZRUG�WHUP�FDQGLGDWH��DQG�FDOFXODWHG

WKHLU� UHSUHVHQWDWLYHQHVV� YDOXHV�� 7KH� FULWHULD� VWDWHG� LQ

���� ZDV� DSSOLHG� WR� SLFN� RXW� WKUHH�ZRUG� WHUP

FDQGLGDWHV�

���5HVXOWV
����4XDQWLWDWLYH�HYDOXDWLRQ
:H� RPLW� GHWDLOHG� GLVFXVVLRQ� RI� WKH� TXDQWLWDWLYH

HYDOXDWLRQ� RI� WKH� PHWKRG� GHVFULEHG� LQ� 6HFWLRQ� �

EHFDXVH� LW� LV� DOUHDG\� GHVFULEHG� LQ� WKH� �&DQGLGDWH�

HYDOXDWLRQ��DQG� �1�FRPPRQ�HYDOXDWLRQ��SURYLGHG�E\

1$&6,6�:RUNVKRS�705(&�*URXS��:H� RQO\� EULHIO\

PHQWLRQ�WKH�UHVXOWV�

:H� FRXOG� FKRRVH� ERWK� WKH� $,� DEVWUDFWV� DQG� WKH

ZKROH� -�FROOHFWLRQ� DV� WKH� ZKROH� FRUSXV� '��� ,W� KDV

WXUQHG� RXW� WKDW� XVLQJ� D� ODUJHU� FRUSXV� �-�FROOHFWLRQ�

UHVXOWHG� LQ� EHWWHU� SHUIRUPDQFH� LQ� WHUPV�RI� UHFDOO� �VHH

WKH�UHVXOWV�RI�WKH�PHWKRG��E��LQ�)LJ����RI�WKH�705(&

HYDOXDWLRQ��� DQG� XVLQJ� VPDOOHU� RQH� UHVXOWHG� LQ� ORZHU

UHFDOO� DQG� KLJKHU� SUHFLVLRQ� �VHH� WKH� UHVXOWV� RI� WKH

PHWKRG��D��LQ�)LJ����RI�WKH�705(&�HYDOXDWLRQ���7KH

HIIHFW� RI� XVLQJ� D� WDJJHG� FRUSXV� ZDV� VOLJKW� �VHH� WKH

UHVXOWV� RI� WKH� PHWKRG� �I�� LQ� )LJ�� �� RI� WKH� 705(&

HYDOXDWLRQ��

:KDW� LPSRUWDQW� LV� WKDW� WKH� PHWKRG� VHHPV� WR

SHUIRUP� ZHOO� LQ� SLFNLQJ� RXW� FRUH� WHUPV� ZLWK� KLJK

SUHFLVLRQ�� ZKLOH� LW� HOLPLQDWHV� KLJKO\� IUHTXHQW� XQ�

LQIRUPDWLYH�WHUPV�DQG�KDV�D�WHQGHQF\�WR�QHJOHFW�ORZHU

IUHTXHQW�WHUPV�
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RI� VHYHUDO� VWDWLVWLFDO� PHDVXUHV�� :H� RQO\� FRPSDUHG

WZR�ZRUG� WHUPV� EHFDXVH� WKH� PDMRU� SRUWLRQ� RI

H[WUDFWHG�WHUPV�ZHUH�WZR�ZRUG�WHUPV��DQG�ZH�ZDQWHG

WR� REVHUYH� WKH� HIIHFW� RI� ORJ� OLNHOLKRRG� UDWLR� �//5�

�'XQQLQJ� ������ DQG� PXWXDO� LQIRUPDWLRQ� �0,�

�&KXUFK� HW� DO�� ������� ZKLFK� DUH� IUHTXHQWO\� XVHG

PHDVXUHV� IRU� ZRUG� ELJUDPV��:H� DOVR� XVHG� WI�LGI� DQG

IUHTXHQF\�IRU�FRPSDULVRQ��1RWH�WKDW�5HS�/���WI�LGI��DQG

IUHTXHQF\� FDQ� EH� DSSOLHG� WR� ZRUG� Q�JUDP� WHUPV� IRU

DQ\�Q�

7DEOH� ��� ��� ��� ��� ��� DQG� �� VKRZ� WKH� WRS����� WZR�

ZRUG� WHUPV� H[WUDFWHG� E\� XVLQJ� IUHTXHQF\�� WI�LGI�� 0,�

//5��5HS�/��� DQG� D� FRPELQDWLRQ�RI� //5�DQG�5HS�/�

�ILUVW� VRUW�E\�//5��DQG� WKHQ�HOLPLQDWH�XQ�LQIRUPDWLYH

WHUPV�E\�5HS�/���UHVSHFWLYHO\��+HUH�WI�LGI�LV�GHILQHG�DV

IROORZV�VR�WKDW�LW�FDQ�EH�XVHG�WR�FDOFXODWH�D�VSHFLILFLW\

YDOXH�RI�D�WHUP�DJDLQVW�D�ZKROH�FRUSXV�

ZKHUH�7�:��LV�WKH�WRWDO�IUHTXHQF\�RI�WKH�WHUP�:�LQ�WKH

ZKROH�FRUSXV�

$V� H[SHFWHG�� PXWXDO� LQIRUPDWLRQ� ZRUNHG� YHU\

SRRUO\�EHFDXVH� LW�RYHUHVWLPDWHG�ORZ�IUHTXHQF\� WHUPV�

)UHTXHQF\�DQG�WI�LGI�ZRUNHG�TXLWH�ZHOO��SDUWO\�EHFDXVH

LW� LV�QDWXUDO� WR� H[SHFW� WKDW� LPSRUWDQW�ZRUGV�ZRXOG�EH

XVHG�UHODWLYHO\�RIWHQ��'LVFDUGLQJ�IUHTXHQWO\�RFFXUULQJ

XQLPSRUWDQW�ZRUGV�LV�WKHUHIRUH�LPSRUWDQW�

,Q� RXU� H[SHULPHQWV�� ���� ���� ���� DQG� �� IUHTXHQWO\

RFFXUULQJ�XQLPSRUWDQW�ZRUGV


� � DSSHDUHG� LQ� WKH� WRS

����ZRUGV�� ZKHQ� IUHTXHQF\�� WI�LGI�� //5�� DQG�5HS�/�

ZHUH�XVHG� IRU� WKH� H[WUDFWLRQ� UHVSHFWLYHO\�� ,Q� WKH� FDVH

RI� PXWXDO� LQIRUPDWLRQ�� WKHUH� ZHUH� QR� IUHTXHQWO\

RFFXUULQJ�XQLPSRUWDQW�ZRUGV�� LQVWHDG� DOO�ZRUGV�ZHUH

WRR�UDUH�RU�WRR�VSHFLILF�WR�EH�UHSUHVHQWDWLYH�WHUPV�

7DEOH���FRQWDLQV�VHYHUDO�HFRQRPLFDO�WHUPV�EHFDXVH

WKH�$,�DEVWUDFWV�FRQWDLQHG�DQ�H[FHSWLRQDO�DEVWUDFW�DQG

5HS�/��VHQVLWLYHO\�SLFNHG�RXW�WHUPV�IURP�LW��+RZHYHU�

WKH\�PD\�VHHP�WR�EH� LUUHOHYDQW� LQ� WKH�$,�GRPDLQ��7R

PDNH�WKH�RUGHU�PRUH�LQWXLWLYHO\�QDWXUDO��ZH�FRPELQHG

5HS�/��ZLWK�//5��ILUVW�VRUWHG�WHUPV�E\�//5�DQG�WKHQ

HOLPLQDWHG� LQDSSURSULDWH� WHUPV� ZLWK�5HS�/��� 7DEOH� �

VKRZV� WKH� UHVXOW��ZKLFK� VHHPV� WR� EH�EHWWHU� WKDQ�ERWK

//5�DQG�5HS�/��

,Q�JHQHUDO��5HS�/�� LV�DEOH� WR�H[WUDFW� UHSUHVHQWDWLYH

WHUPV�HIIHFWLYHO\�ZKHQ�WKH�FRUSXV�FRQVLVWV�RI�VLPLODU�

VL]HG�DQG�VLPLODU�VW\OHG�GRFXPHQWV��,W�LV�YHU\�HIIHFWLYH

IRU� GLVFDUGLQJ� KLJKO\� IUHTXHQW� XQLPSRUWDQW� WHUPV�

7KXV� 5HS�/�� LV� VXLWDEOH� IRU� FRQVWUXFWLQJ� VWRS�ZRUG

OLVWV�
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