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� ,QWURGXFWLRQ

7KH DELOLW\ RI D FRPSXWHU WR VWXG\ DQG DQDO\]H ODQJXDJH VHHPV SHUSOH[LQJ� ZKHQ SUHVHQWHG

ZLWK WH[W WKH V\VWHP PXVW EH DEOH WR ILQG WKUHH NH\ SLHFHV RI LQIRUPDWLRQ� WKH PHDQLQJV RI

ZRUGV� WKH ZD\ LQ ZKLFK ZRUGV DUH DUUDQJHG LQ D VHQWHQFH� DQG WKH FRQWH[W RI WKH ZRUGV�

:KLOH WKLV PD\ VHHP IDPLOLDU WR D KXPDQ� IRU D FRPSXWHU WKLV SRVHV D FKDOOHQJH� 7KH

WKUHH DIRUHPHQWLRQHG W\SHV RI LQIRUPDWLRQ DUH NQRZQ DV VHPDQWLF� V\QWD[� DQG FRQWH[W

LQIRUPDWLRQ UHVSHFWLYHO\� DQG FRPELQHG WKH\ IRUP WKH EDVLV RI QDWXUDO ODQJXDJH SURFHVVLQJ

�%DUED��

1DWXUDO ODQJXDJH SURFHVVLQJ �1/3� LV HVVHQWLDOO\ WKH DSSOLFDWLRQ RI YDULRXV DOJRULWKPV

DQG VWDWLVWLFDO PRGHOV ZLWK WKH DLP RI DQDO\]LQJ ODQJXDJH DQG PDNLQJ FRQFOXVLRQV� 7ZR

NH\ GRPDLQV RI 1/3 DUH LQIRUPDWLRQ UHWULHYDO DQG WH[W FODVVLILFDWLRQ� WKH IRUPHU LV WKH

DELOLW\ WR H[WUDFW LQIRUPDWLRQ IURP WH[W� ZKLOH WKH ODWWHU LV WKH DELOLW\ WR FODVVLI\ WH[W LQWR

GLVWLQFW FDWHJRULHV� 6WDWLVWLFDO PRGHOV IRU 1/3 KDYH EHHQ DSSOLHG IRU VHYHUDO GHFDGHV�

EXW WKH DGYHQW RI QHZ WHFKQRORJ\ KDV DOORZHG WKHVH PRGHOV WR EH DSSOLHG RQ D ODUJH

VFDOH� :LWK WKH ULVH RI WKH ,QWHUQHW FDPH DQ H[SRQHQWLDO JURZWK LQ RQOLQH SXEOLFDWLRQV� EXW

VXFK SXEOLFDWLRQV ZRXOG EH UHQGHUHG SRLQWOHVV LI WKH\ FRXOG QRW EH UHWULHYHG LQ DQ HIILFLHQW

PDQQHU� $OWKRXJK PRVW RI WKH DOJRULWKPV XVHG QRZDGD\V DUH UHODWLYHO\ VLPSOH LQ QDWXUH�

VXFK VLPSOLFLW\ LV ZKDW PDNHV WKHP SRZHUIXO� 7KHVH DOJRULWKPV DUH LQ IDFW XVHG E\ VRPH

RI WKH PRVW ZHOO�NQRZQ VHDUFK HQJLQHV VXFK DV *RRJOH WR PDWFK :HE SDJHV WR D VHDUFK

TXHU\ EDVHG RQ WKHLU UHOHYDQFH �0DQQLQJ HW DO� [[[L�[[[LL��

%HIRUH DQ\ VWULQJ VLPLODULW\ DOJRULWKPV FDQ EH DSSOLHG WR WH[W� WKH WH[W PXVW EH FRQYHUWHG

LQWR D QXPHULFDO IRUPDW WKDW D FRPSXWHU FDQ HDVLO\ PDQLSXODWH� 2QH ZD\ RI DFFRPSOLVKLQJ

WKLV LV WR FRXQW WKH QXPEHU RI WLPHV D ZRUG RFFXUV LQ D SLHFH RI WH[W �D GRFXPHQW�� WKLV LV

NQRZQ DV WKH UDZ WHUP IUHTXHQF\ RI WKH ZRUG� 7KH SUREOHP ZLWK UDZ WHUP IUHTXHQF\ LV

WKDW LW RQO\ DSSOLHV RQ WKH OHYHO RI RQH GRFXPHQW� DQG LW GRHV QRW DFFRXQW IRU WKH UHOHYDQFH

RI D ZRUG FRPSDUHG WR RWKHU GRFXPHQWV LQ WKH FROOHFWLRQ� 6XFK D FROOHFWLRQ LV UHIHUUHG WR

�



DV WKH FRUSXV� DQG WKH VHW RI DOO ZRUGV WKDW DSSHDU LQ WKH FRUSXV DW OHDVW RQFH LV NQRZQ

DV WKH GLFWLRQDU\� 7KH LVVXHV IDFHG ZLWK UDZ WHUP IUHTXHQF\ FDQ EH UHFWLILHG E\ LQVWHDG

TXDQWLI\LQJ ZRUGV XVLQJ D QXPHULFDO VWDWLVWLF NQRZQ DV WKH 7)�,') �7HUP )UHTXHQF\�

,QYHUVH 'RFXPHQW )UHTXHQF\� VFRUH� ZKLFK IDYRUV ZRUGV WKDW DUH QRW RQO\ FRPPRQ LQ

GRFXPHQWV EXW FDQ DOVR EH XVHG WR XQLTXHO\ LGHQWLI\ VSHFLILF GRFXPHQWV �0DQQLQJ HW DO�

���������

7KLV SDSHU LV D FRPSDUDWLYH VWXG\ WKDW DQVZHUV WKH UHVHDUFK TXHVWLRQ RI� ³7R ZKDW H[WHQW

LV WKH 7)�,') VFRUH D UHOLDEOH PHDQV RI FODVVLI\LQJ WH[W DQG SUHGLFWLQJ MRE WLWOHV"´ 7R

LQYHVWLJDWH WKLV� WZR GLIIHUHQW VWULQJ VLPLODULW\ DOJRULWKPV ZHUH DSSOLHG WR D XVH FDVH RI

PDWFKLQJ MRE GHVFULSWLRQV WR D XQLYHUVDO VHW RI MRE WLWOHV� (DFK DOJRULWKP ZDV UXQ WZLFH �

RQFH XVLQJ UDZ WHUP IUHTXHQFLHV DQG RQFH XVLQJ 7)�,') VFRUHV� 7KH JRDO RI WKLV VWXG\

LV WR LGHQWLI\ KRZ PXFK VWURQJHU RI DQ LQGLFDWRU WKH 7)�,') VFRUH LV DV D ZD\ WR TXDQWLI\

ZRUGV LQ D FRUSXV� FRPSDUHG WR UDZ WHUP IUHTXHQF\�
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� %DFNJURXQG

��� 7KH 6LWXDWLRQ

7KH GDWD IRU WKLV VWXG\ ZDV FROOHFWHG IURP DQ HPSOR\PHQW VHDUFK FRPSDQ\ ZKLFK IDFHV

WKH LVVXH RI DPELJXLW\ DQG�RU YDJXHQHVV ZLWK UHVSHFW WR MRE WLWOHV� 7KLV LV EHFDXVH RI

D ODFN RI LQWHUQDWLRQDO VWDQGDUGV IRU MRE WLWOHV FRXSOHG ZLWK WKH IDFW WKDW HPSOR\HUV PD\

SURYLGH D JHQHULF WLWOH� )RU H[DPSOH� WLWOHV VXFK DV ³HQJLQHHU´ DQG ³PDQDJHU´ GR QRW SURYLGH

HQRXJK GHWDLO IRU D MRE VHHNHU� 7KHUHIRUH� D PDFKLQH OHDUQLQJ DQG 1/3�EDVHG VROXWLRQ ZDV

LPSOHPHQWHG WR DQDO\]H MRE GHVFULSWLRQV DQG SUHGLFW WKH EHVW�PDWFKLQJ MRE WLWOH� 7KHUH LV

D ZLGH UDQJH RI DOJRULWKPV WKDW FDQ EH XVHG WR VROYH WKLV SUREOHP� WZR RI ZKLFK ZLOO EH

H[SORUHG LQ WKLV SDSHU� WKH ZHLJKWHG VXP RI VFRUHV� DQG WKH FRVLQH VLPLODULW\ DOJRULWKP�

��� &DOFXODWLQJ 5DZ 7HUP )UHTXHQF\

7KH UDZ WHUP IUHTXHQF\ RI D ZRUG LV VLPSO\ WKH QXPEHU RI RFFXUUHQFHV RI D ZRUG LQ WKH

GRFXPHQW RI LQWHUHVW� ,W GRHV QRW DFFRXQW IRU GRFXPHQW OHQJWK� PHDQLQJ WKDW D ZRUG

RFFXUULQJ �� WLPHV LQ D ����ZRUG GRFXPHQW ZLOO KDYH WKH VDPH UDZ WHUP IUHTXHQF\ VFRUH

DV D ZRUG RFFXUULQJ �� WLPHV LQ D �������ZRUG GRFXPHQW� 7KLV LV RQH RI WKH PDLQ IODZV

ZLWK UDZ WHUP IUHTXHQF\� 1RQHWKHOHVV� VLQFH PRUH UHOHYDQW ZRUGV DUH OLNHO\ WR EH PRUH

FRPPRQ� UDZ WHUP IUHTXHQF\ LV VWLOO D UHOLDEOH ZD\ WR ZHLJK ZRUGV EDVHG RQ WKHLU UHOHYDQFH

�-DLQ��

5DZ WHUP IUHTXHQF\ XVHV ZKDW LV NQRZQ DV WKH EDJ RI ZRUGV DSSURDFK RI LQIRUPDWLRQ

UHWULHYDO� :LWK WKLV DSSURDFK� WKH RUGHU RI WKH ZRUGV LQ D GRFXPHQW LV LJQRUHG �%URZQOHH��

)RU H[DPSOH� DOWKRXJK WKH VHQWHQFHV ³$OLFH LV WDOOHU WKDQ %RE´ DQG ³%RE LV WDOOHU WKDQ $OLFH´

KDYH RSSRVLWH PHDQLQJV� WKH\ ZLOO EH FRQVLGHUHG LGHQWLFDO ZLWK WKH EDJ RI ZRUGV DSSURDFK�

7KH UDZ WHUP IUHTXHQF\ RI D ZRUG x LQ D GRFXPHQW d LV XVXDOO\ GHQRWHG DV fxd�

�



��� &DOFXODWLQJ 7)�,')

7)�,') LV D QXPHULFDO VWDWLVWLF WKDW DSSOLHV VRPH RI WKH VKRUWFRPLQJV RI UDZ WHUP IUHTXHQF\

WR GHYHORS D PRUH UHILQHG DQG PHDQLQJIXO LQGLFDWRU� 7)�,') LV PD[LPL]HG IRU ZRUGV WKDW

RFFXU IUHTXHQWO\ LQ DQ\ RQH GRFXPHQW EXW FDQ RQO\ EH IRXQG LQ WKDW GRFXPHQW DQG QRW

DQ\ RWKHUV� 7KHUHIRUH� ZRUGV ZLWK KLJKHU 7)�,') VFRUHV IRU D FHUWDLQ GRFXPHQW FDQ EH

XVHG WR XQLTXHO\ LGHQWLI\ WKDW GRFXPHQW� 7KLV VFRULQJ V\VWHP DOVR XVHV WKH EDJ RI ZRUGV

DSSURDFK� VLQFH LW WUHDWV HDFK ZRUG LQGLYLGXDOO\ DQG QRW DV SDUW RI D VHQWHQFH� 7KH 7)�,')

VFRUH RI D ZRUG LV GHWHUPLQHG E\ WZR SDUDPHWHUV� WKH WHUP IUHTXHQF\ �tf � DQG WKH LQYHUVH

GRFXPHQW IUHTXHQF\ �idf �� ZKLFK DUH PXOWLSOLHG WRJHWKHU WR UHVXOW LQ D 7)�,') YDOXH �-DLQ��

6LPLODUO\ WR UDZ WHUP IUHTXHQF\� WKH tf SDUDPHWHU LV D PHDVXUH RI KRZ FRPPRQ D ZRUG

LV LQ DQ\ JLYHQ GRFXPHQW� (DFK ZRUG LQ WKH GLFWLRQDU\ KDV D GLIIHUHQW tf YDOXH IRU HDFK

GRFXPHQW� 7KH H[SHULPHQWV LQ WKLV VWXG\ XWLOL]HG WKH VXEOLQHDU tf � ZKLFK UHVFDOHV WKH UDZ

WHUP IUHTXHQF\ YDOXHV RQ D ORJDULWKPLF VFDOH� 7KLV LV LQ RUGHU WR PLWLJDWH WKH HIIHFWV RI

KLJKO\ UHFXUULQJ ZRUGV WKDW DUH QRW QHFHVVDULO\ UHOHYDQW� 7KH VXEOLQHDU tf RI D ZRUG x LQ

GRFXPHQW d LV JLYHQ E\ WKH IROORZLQJ�

tfxd = 1 + ln(fxd)

ZKHUH fxd LV WKH UDZ WHUP IUHTXHQF\ DV GHVFULEHG SUHYLRXVO\�

&HUWDLQ ZRUGV PD\ DSSHDU YHU\ IUHTXHQWO\ ZLWKLQ RQH GRFXPHQW� EXW WKDW DORQH GRHV

QRW SURYLGH HQRXJK FRQWH[W DV WR KRZ UHOHYDQW WKH ZRUGV DUH ZLWK UHVSHFW WR WKH HQWLUH

FRUSXV� 7KHUHIRUH� DQRWKHU SDUDPHWHU PXVW EH FRQVLGHUHG� ZKLFK LV WKH LQYHUVH GRFXPHQW

IUHTXHQF\� 7KLV SDUDPHWHU LV EXLOW RQ WKH SUHPLVH WKDW D ZRUG WKDW LV XQLTXH WR RQH

GRFXPHQW VWURQJO\ VLJQLILHV WKDW GRFXPHQW� EXW ZRUGV WKDW RFFXU LQ PDQ\ GRFXPHQWV

FDQQRW EH XVHG WR GLIIHUHQWLDWH WKH GRFXPHQWV �0DQQLQJ HW DO� ��������� (DFK ZRUG LQ WKH

GLFWLRQDU\ RQO\ KDV RQH idf YDOXH� ZKLFK DFFRXQWV IRU DOO RI WKH GRFXPHQWV LQ WKH FRUSXV�

�



7KH idf RI D ZRUG x LV JLYHQ E\ WKH IROORZLQJ�

idfx = 1 + ln
1 +N

1 + n

ZKHUHN LV WKH WRWDO QXPEHU RI GRFXPHQWV LQ WKH FRUSXV� DQG n LV WKH QXPEHU RI GRFXPHQWV

LQ ZKLFK WKH ZRUG x FDQ EH IRXQG DW OHDVW RQFH� 7KHUH DUH PDQ\ YDULDWLRQV RI WKLV IRUPXOD�

WKH IRUPXOD JLYHQ KHUH LV ZKDW WKH 6FL.LW�/HDUQ OLEUDU\ XVHV LQ LWV 7)�,') FDOFXODWLRQV DQG

ZKDW LV XVHG IRU WKH UHVW RI WKLV SDSHU�

:LWK WKLV LQIRUPDWLRQ� WKH 7)�,') VFRUH IRU D ZRUG LQ D GRFXPHQW FDQ EH REWDLQHG� ,W LV WKH

SURGXFW RI WKH tf DQG idf YDOXHV IRU WKDW ZRUG DQG GRFXPHQW SDLULQJ�

��� *HQHUDWLQJ D 'RFXPHQW�7HUP 0DWUL[

2QFH WKH UDZ WHUP IUHTXHQFLHV RU 7)�,') VFRUHV DUH FDOFXODWHG� WKH\ FDQ EH LQSXWWHG LQWR

ZKDW LV NQRZQ DV D GRFXPHQW�WHUPPDWUL[� 1RW RQO\ GRHV WKLV DOORZ IRU HDV\ YLVXDOL]DWLRQ RI

WKH VFRUHV� EXW LW LV DOVR QHFHVVDU\ IRU WKH FODVVLILFDWLRQ DOJRULWKPV WR ZRUN �%LVKRS�� )LJXUH

��� EHORZ LV DQ H[DPSOH RI D GRFXPHQW�WHUPPDWUL[� LQ ZKLFK WKH URZV �$�(� LQGLFDWH ZRUGV

DQG WKH FROXPQV �;� <� DQG =� LQGLFDWH GRFXPHQWV�

)LJXUH ���� $ GRFXPHQW�WHUP PDWUL[ ZLWK K\SRWKHWLFDO VFRUHV �7KH FDQGLGDWH��
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��� 7KH :HLJKWHG 6XP

7KH ZHLJKWHG VXP DOJRULWKP DGGV XS WKH VFRUHV RI WKH GHVLUHG ZRUGV IRU HDFK RI WKH

GRFXPHQWV� DQG FKRRVHV WKH GRFXPHQW ZLWK WKH KLJKHVW VXP DV WKH QHDUHVW PDWFK� 7KLV

LV DQ HIILFLHQW PHWKRG WR VROYH WKH SUREOHP EHFDXVH MRE GHVFULSWLRQV FRQWDLQ WHFKQLFDO

WHUPLQRORJ\ UHOHYDQW WR WKH MRE WLWOH DQG ILQGLQJ WKRVH ZRUGV LV QHFHVVDU\� 7KH ZHLJKWHG

VXP DOJRULWKP ZLOO IDYRU WKRVH ZRUGV LI WKH\ RFFXU LQ WKH TXHU\� HVSHFLDOO\ LI WKH\ RFFXU

PRUH RIWHQ�

8VLQJ )LJXUH ��� DV DQ H[DPSOH� VXSSRVH D TXHU\ FRQWDLQV ZRUG $ WZLFH� & RQFH� DQG

' RQFH� 7KH PDWFKLQJ VFRUHV IRU WKRVH ZRUGV FDQ EH DGGHG WR JLYH D ZHLJKWHG VXP�

ZKLOH DOVR PXOWLSO\LQJ ZRUGV WKDW RFFXU PRUH IUHTXHQWO\ LQ WKH TXHU\� ,Q WKLV H[DPSOH� WKH

ZHLJKWHG VXP IRU GRFXPHQW ; ZRXOG EH�

(5× 2) + 1 + 1 = 12

WKH ZHLJKWHG VXP IRU GRFXPHQW <�

(4× 2) + 8 + 9 = 25

DQG IRU GRFXPHQW =�

(3× 2) + 7 + 6 = 19

:KHQ FRPSDULQJ WKH WKUHH VXPV� LW FDQ EH VHHQ WKDW GRFXPHQW < KDV WKH JUHDWHVW VXP�

WKHUHIRUH WKH DOJRULWKP ZRXOG SUHGLFW GRFXPHQW < DV WKH QHDUHVW PDWFK WR WKH TXHU\�

��� &RVLQH 6LPLODULW\

$QRWKHU PHWKRG WR FDOFXODWH VWULQJ VLPLODULW\ LV ZLWK D YHFWRU�EDVHG DSSURDFK� ZKHUHLQ

GRFXPHQWV DUH UHSUHVHQWHG LQ D YHFWRU VSDFH� (DFK FROXPQ IURP WKH GRFXPHQW�WHUP

�



PDWUL[ LV FRQYHUWHG WR D YHFWRU� ZLWK WKH QXPEHU RI GLPHQVLRQV HTXDO WR WKH QXPEHU RI

ZRUGV LQ WKH GLFWLRQDU\� 7KHVH YHFWRUV DUH NQRZQ DV WKH GRFXPHQW YHFWRUV �0DQQLQJ HW

DO� ��������� $V DQ H[DPSOH� WKH GRFXPHQW YHFWRU IRU GRFXPHQW ; LQ )LJXUH ��� LV�


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6LQFH WKHUH DUH � ZRUGV LQ WKH GLFWLRQDU\� WKH YHFWRU LV ��GLPHQVLRQDO� ZLWK HDFK GLPHQVLRQ

FRUUHVSRQGLQJ WR WKH VFRUH RI D ZRUG IRU WKDW GRFXPHQW�

:KHQ D TXHU\ LV SURFHVVHG E\ WKH DOJRULWKP� WKDW TXHU\¶V YHFWRU LV SORWWHG LQ WKH YHFWRU

VSDFH LQ WKH VDPH ZD\ WKDW WKH GRFXPHQW YHFWRUV DUH SORWWHG� 7KH VLPLODULW\ EHWZHHQ WKH

TXHU\ YHFWRU DQG DQ\ RI WKH GRFXPHQW YHFWRUV FDQ EH GHWHUPLQHG E\ FRQVLGHULQJ WKH DQJOH

WKDW LV PDGH EHWZHHQ WKH TXHU\ YHFWRU DQG WKH GRFXPHQW YHFWRU LQ TXHVWLRQ� 7KH FRVLQH

RI WKLV DQJOH ZLOO UDQJH IURP � WR �� ZLWK � FRUUHVSRQGLQJ WR H[DFWO\ WKH VDPH YHFWRU DQG

� FRUUHVSRQGLQJ WR DQ H[DFWO\ RUWKRJRQDO �SHUSHQGLFXODU� YHFWRU� 7KH VPDOOHU WKH DQJOH�

WKH KLJKHU WKH FRVLQH YDOXH DQG WKH PRUH VLPLODU WKH YHFWRUV DUH� 7KH FRVLQH RI DQ DQJOH

θ EHWZHHQ WZR YHFWRUV "u DQG "v LV JLYHQ E\ WKH IROORZLQJ�

cosθ =
"u · "v

‖"u‖ × ‖"v‖

7KH QXPHUDWRU RI WKH IUDFWLRQ GHQRWHV WKH GRW SURGXFW RI WKH YHFWRUV� ZKLOH WKH GHQRPLQDWRU

GHQRWHV WKH SURGXFW RI WKH PDJQLWXGHV �OHQJWKV� RI WKH WZR YHFWRUV� 7KH GRW SURGXFW LV

IRXQG E\ PXOWLSO\LQJ WKH PDWFKLQJ FRPSRQHQWV RI ERWK YHFWRUV DQG DGGLQJ XS WKH UHVXOWV�

7KH PDJQLWXGH RI D YHFWRU LV IRXQG E\ DGGLQJ XS WKH VTXDUHV RI DOO RI WKH FRPSRQHQWV RI

WKH YHFWRU DQG WDNLQJ WKH VTXDUH URRW RI WKH UHVXOW �*XSWD��

�



$Q H[DPSOH RI FRVLQH VLPLODULW\ XVLQJ VLPSOH ��GLPHQVLRQDO YHFWRUV LV DV IROORZV�

"u =




1

3



 ,"v =




4

2





"u · "v = (1× 4) + (3× 2) = 10

‖"u‖ =
√
12 + 32 =

√
10

‖"v‖ =
√
42 + 22 =

√
20

∴ cosθ =
10√
10
√
20

≈ 0.707

7KHUHIRUH� WKH WZR YHFWRUV KDYH D FRVLQH VLPLODULW\ RI DERXW ������ 2QFH WKH FRVLQH

VLPLODULW\ EHWZHHQ WKH TXHU\ YHFWRU DQG HDFK RI WKH GRFXPHQW YHFWRUV LV FDOFXODWHG� WKH

GRFXPHQW YHFWRU WKDW KDV WKH KLJKHVW FRVLQH VLPLODULW\ ZLWK WKH TXHU\ YHFWRU LV ZKDW WKH

DOJRULWKP SUHGLFWV DV WKH QHDUHVW PDWFK�

7KH FRVLQH VLPLODULW\ PHWKRG ZDV XVHG EHFDXVH D YHFWRU LV DQ HIILFLHQW ZD\ WR UHSUHVHQW

DOO RI WKH VFRUHV LQ RQH PDWKHPDWLFDO VWUXFWXUH� $OVR� WKH DQJOH EHWZHHQ WZR YHFWRUV LV

FRQVWDQW LUUHVSHFWLYH RI WKHLU OHQJWK� 7KLV FDQ EH SURYHQ PDWKHPDWLFDOO\ DV IROORZV� LQ

RUGHU WR GRXEOH WKH OHQJWK RI RQH RI WKH YHFWRUV� DOO RI LWV FRPSRQHQWV PXVW EH GRXEOHG�

ZKLFK LQ WXUQ ZRXOG UHVXOW LQ WKH GRW SURGXFW EHLQJ GRXEOHG� 6LQFH WKH GRW SURGXFW DQG

WKH SURGXFW RI WKH OHQJWKV KDYH ERWK LQFUHDVHG E\ WKH VDPH VFDOH IDFWRU� WKH DQJOH LV

XQFKDQJHG �(PPHU\��

�



� 0HWKRGRORJ\

��� 'DWD ,QLWLDOL]DWLRQ

7KH GDWD VHW XVHG IRU DOO RI WKH H[SHULPHQWV ZDV D OLVW RI ����� UHFRUGV� 7KH MRE GHVFULSWLRQV

DFWHG DV WKH LQGHSHQGHQW YDULDEOH DQG WKH FRUUHVSRQGLQJ MRE WLWOH DFWHG DV WKH GHSHQGHQW

YDULDEOH� 7KHUH ZHUH �� GLIIHUHQW SRVVLELOLWLHV RI MRE WLWOHV� KRZHYHU� WKHUH ZDV QRW D

SHUIHFWO\ HYHQ GLVWULEXWLRQ RI UHFRUGV DFURVV WKH �� WLWOHV� 7KLV LV QRW D PDMRU SUREOHP�

SURYLGHG WKDW WKH GDWD LV UDQGRPO\ FKRVHQ�

7KH GDWD ZDV UHSUHVHQWHG XVLQJ WKH 'DWD)UDPH GDWD VWUXFWXUH IURP WKH 3DQGDV OLEUDU\�

7KLV LV D GDWD VWUXFWXUH WKDW GLVSOD\V GDWD LQ D WDEOH IRUPDW DQG FDQ WUDQVIRUP GDWD IURP

D FRPPD�VHSDUDWHG YDOXHV �&69� ILOH� 0RUHRYHU� UHSUHVHQWLQJ WKH GDWD LQ D 'DWD)UDPH

DOORZV IRU HDVH RI PDQLSXODWLRQ DQG YLVXDOL]DWLRQ �:LOOHPV�� )LJXUH ��� VKRZV DQ H[DPSOH

RI D 'DWD)UDPH�

)LJXUH ���� 7KH 'DWD)UDPH IRU WKLV GDWD VHW� VKRZLQJ WKH ILUVW � URZV �7KH FDQGLGDWH��

2QFH WKH GDWD VHW ZDV LQLWLDOL]HG� LW ZDV VSOLW LQWR WUDLQLQJ DQG WHVW GDWD� 7UDLQLQJ GDWD

LV GDWD WKDW WKH PRGHO XVHV WR OHDUQ� DQG WHVW GDWD LV GDWD WKDW WKH PRGHO KDV QRW VHHQ

EHIRUH DQG LV XVHG WR WHVW WKH DFFXUDF\ RI WKH PRGHO �9HQNDWHVK�� ,W ZDV GHFLGHG WKDW WKH

WHVW GDWD FRQVWLWXWHG ��� RI WKH RULJLQDO GDWD VHW� DQG DOO IRXU H[SHULPHQWV XVHG WKH VDPH

WUDLQLQJ DQG WHVW GDWD VSOLW IRU FRQVLVWHQF\ SXUSRVHV� 7KLV VSOLW UHVXOWHG LQ ����� UHFRUGV

IRU WUDLQLQJ GDWD DQG ����� UHFRUGV IRU WHVW GDWD�

�



7KH WUDLQLQJ FRUSXV ZDVPRGLILHG WR FRQVLVW RI �� ODUJH GRFXPHQWV DV RSSRVHG WR WKH �����

LQGLYLGXDO UHFRUGV LQ WKH WUDLQLQJ VHW� (DFK RI WKRVH QHZ GRFXPHQWV ZDV DQ DJJUHJDWH RI

DOO RI WKH UHFRUGV LQ WKH WUDLQLQJ VHW WKDW PDWFKHG D FHUWDLQ MRE WLWOH� 7KLV ZDV GRQH EHFDXVH

WKH XOWLPDWH JRDO RI WKH VWXG\ ZDV WR FODVVLI\ QHZ GRFXPHQWV DFFRUGLQJ WR WKHLU QHDUHVW

PDWFK WR D MRE WLWOH� UDWKHU WKDQ WKHLU QHDUHVW PDWFK WR DQ LQGLYLGXDO MRE GHVFULSWLRQ�

��� 3UHSURFHVVLQJ

%HIRUH WKH GRFXPHQWV FRXOG EH PDQLSXODWHG� WKH\ KDG WR EH FOHDQHG XS� WKLV LV NQRZQ DV

SUHSURFHVVLQJ� )LUVW� DOO RI WKH WH[W ZDV FRQYHUWHG WR ORZHUFDVH� 7KHQ� DOO SXQFWXDWLRQ�

QXPEHUV� QHZ OLQHV� DQG H[WUDQHRXV ZKLWHVSDFH ZHUH UHPRYHG XVLQJ 5HJ([ �5HJXODU

([SUHVVLRQ� SDWWHUQV� 7KHVH SDWWHUQV ILOWHU RXW FKDUDFWHUV WKDW VKRXOG EH UHPRYHG IURP

WKH GRFXPHQWV� $ VSHFLDO IXQFWLRQ FDOOHG ³WH[WBFOHDQHU´ ZDV FUHDWHG WR DSSO\ DOO RI WKH

5HJ([ SDWWHUQV� 1H[W� DOO ZRUGV IURP D OLVW RI VWRSZRUGV ZHUH UHPRYHG� 6WRSZRUGV DUH

FRPPRQ ZRUGV WKDW SURYLGH OLWWOH WR QR PHDQLQJ DQG DUH RQO\ SUHVHQW IRU JUDPPDWLFDO

SXUSRVHV� VXFK DV ³WKH�´ ³D�´ DQG ³LV�´ )LQDOO\� WKH GRFXPHQW ZDV FRQYHUWHG WR D OLVW ZLWK

HDFK HOHPHQW EHLQJ D ZRUG� DV RSSRVHG WR D VLQJOH VWULQJ� 7KLV LV IRU HDVH RI FRXQWLQJ

ZRUGV �-DLQ�� $IWHU WKHVH SUHSURFHVVLQJ VWHSV ZHUH FRPSOHWH� WKH GDWD SURFHVVLQJ FRXOG

EHJLQ� )LJXUH ��� VKRZV DQ H[DPSOH RI KRZ D GRFXPHQW FDQ EH SUHSURFHVVHG�

)LJXUH ���� $ VDPSOH GRFXPHQW EHIRUH DQG DIWHU SUHSURFHVVLQJ �7KH FDQGLGDWH��

��



��� 7KH ([SHULPHQWV

(DFK DOJRULWKP �ZHLJKWHG VXP RI VFRUHV� DQG FRVLQH VLPLODULW\� ZDV UXQ RQFH XVLQJ UDZ

WHUP IUHTXHQFLHV DQG RQFH XVLQJ 7)�,') VFRUHV� UHVXOWLQJ LQ D WRWDO RI IRXU H[SHULPHQWV�

7KH 7)�,') VFRUHV ZHUH FDOFXODWHG XVLQJ WKH 7ILGI9HFWRUL]HU IURP WKH 6FL.LW�/HDUQ OLEUDU\�

)RU WKH H[SHULPHQWV LQYROYLQJ UDZ WHUP IUHTXHQF\� D &RXQW9HFWRUL]HU ZDV XVHG LQVWHDG�

7KH &RXQW9HFWRUL]HU ZRUNV LQ D VLPLODU ZD\ WR WKH 7ILGI9HFWRUL]HU� H[FHSW WKDW LW SURGXFHV

WKH UDZ WHUP IUHTXHQFLHV RI ZRUGV UDWKHU WKDQ WKH 7)�,') VFRUHV� 7KHVH WZR 9HFWRUL]HU

REMHFWV FRQWDLQ IXQFWLRQV WKDW ZHUH DSSOLHG WR FUHDWH GRFXPHQW�WHUP PDWULFHV� ZKLFK DOVR

LQFRUSRUDWHG WKH 'DWD)UDPH GDWD VWUXFWXUH �0DNOLQ�� $V DQ H[DPSOH� )LJXUH ��� VKRZV

WKH ILUVW � URZV RI WKH UDZ WHUP IUHTXHQF\ GRFXPHQW�WHUP PDWUL[� VRUWHG LQ GHVFHQGLQJ

RUGHU IRU WKH MRE WLWOH RI DFFRXQWDQW�

)LJXUH ���� 3DUW RI WKH UDZ WHUP IUHTXHQF\ GRFXPHQW�WHUP PDWUL[ �7KH FDQGLGDWH��

$IWHU WKH GRFXPHQW�WHUP PDWULFHV ZHUH JHQHUDWHG� WKH DSSOLFDWLRQ RI WKH DOJRULWKPV FRXOG

EHJLQ� (DFK MRE GHVFULSWLRQ LQ WKH WHVW GDWD ZDV SURFHVVHG E\ WKH DOJRULWKPV WR REWDLQ

D SUHGLFWLRQ RI WKH QHDUHVW PDWFKLQJ MRE WLWOH� 7KLV SUHGLFWLRQ ZDV WKHQ FRPSDUHG ZLWK

WKH DFWXDO MRE WLWOH IRU WKH MRE GHVFULSWLRQ WR FKHFN ZKHWKHU RU QRW WKH PRGHO SUHGLFWHG

FRUUHFWO\� $W WKH HQG RI HDFK H[SHULPHQW� WKH SURJUDP RXWSXWWHG D SHUFHQWDJH DFFXUDF\

VFRUH� LQGLFDWLQJ WKH SHUFHQWDJH RI MRE GHVFULSWLRQV WKDW ZHUH FRUUHFWO\ SUHGLFWHG� 7KLV

SHUFHQWDJH ZDV FRPSDUHG WR D WKUHVKROG YDOXH RI ���� WKLV LV JHQHUDOO\ VHHQ DV WKH

WKUHVKROG DERYH ZKLFK DQ DOJRULWKP FDQ EH FRQVLGHUHG UHOLDEOH IRU D SDUWLFXODU XVH FDVH�

��



:KHQ HDFK H[SHULPHQW ZDV FRPSOHWHG� WKH SURJUDP JHQHUDWHG D &69 ILOH FRQVLVWLQJ RI

WKH DFWXDO MRE WLWOH IRU HDFK UHFRUG LQ WKH WHVWLQJ GDWD VHW FRXSOHG ZLWK ZKDW WKH PRGHO

SUHGLFWHG� &69 ILOHV FDQ EH RSHQHG ZLWK 0LFURVRIW ([FHO� DV VHHQ LQ )LJXUH ����

)LJXUH ���� $ VDPSOH &69 RXWSXW� VKRZLQJ WKH ILUVW �� URZV �7KH FDQGLGDWH��

0RUHRYHU� D FRQIXVLRQ PDWUL[ ZDV JHQHUDWHG IRU HDFK RI WKH IRXU H[SHULPHQWV� $ FRQIXVLRQ

PDWUL[ LV D FKDUW WKDW VKRZV KRZ ZHOO WKH PRGHO SUHGLFWHG WKH GHSHQGHQW YDULDEOH �LQ WKLV

FDVH� MRE WLWOH� FRPSDUHG WR ZKDW WKH DFWXDO YDOXHV DUH �0DQQLQJ HW DO� ��������� $V WKH

QDPH VXJJHVWV� WKHVH PDWULFHV SURYLGH LQVLJKW LQWR WKH PRVW IUHTXHQWO\ FRQIXVHG MRE WLWOHV�

$OO FRGH ZDV ZULWWHQ LQ WKH 3\WKRQ ODQJXDJH DQG FDQ EH IRXQG LQ WKH DSSHQGL[�

��



� 5HVXOWV

7DEOH ��� VKRZV WKH RYHUDOO DFFXUDF\ VFRUH IRU HDFK RI WKH IRXU H[SHULPHQWV�

7DEOH ���� $FFXUDF\ VFRUHV IRU HDFK H[SHULPHQW �7KH FDQGLGDWH��

7DEOH ��� VKRZV WKH DFFXUDF\ VFRUHV IRU HDFK MRE WLWOH IRU HDFK RI WKH IRXU H[SHULPHQWV�

DQG DQ DYHUDJH� ,W SURYLGHV LQVLJKW LQWR ZKLFK MRE WLWOHV ZHUH SUHGLFWHG PRUH DFFXUDWHO\

DFURVV WKH H[SHULPHQWV�

7DEOH ���� $FFXUDF\ VFRUHV IRU HDFK H[SHULPHQW� E\ MRE WLWOH �7KH FDQGLGDWH��

��



7DEOH ��� VKRZV KRZ PDQ\ XQLTXH MRE GHVFULSWLRQV WKH GDWD VHW KDG IRU HDFK MRE WLWOH�

7DEOH ���� 7RWDO QXPEHU RI UHFRUGV LQ WKH GDWD VHW SHU MRE WLWOH �7KH FDQGLGDWH��

7KH IROORZLQJ DUH WKH FRQIXVLRQ PDWULFHV WKDW ZHUH JHQHUDWHG IRU HDFK H[SHULPHQW�

)LJXUH ���� &RQIXVLRQ PDWUL[ IRU VXP RI UDZ WHUP IUHTXHQFLHV �7KH FDQGLGDWH��

��



)LJXUH ���� &RQIXVLRQ PDWUL[ IRU VXP RI 7)�,') VFRUHV �7KH FDQGLGDWH��

)LJXUH ���� &RQIXVLRQ PDWUL[ IRU FRVLQH VLPLODULW\ ZLWK UDZ WHUP IUHTXHQF\ �7KH FDQGLGDWH��

��



)LJXUH ���� &RQIXVLRQ PDWUL[ IRU FRVLQH VLPLODULW\ ZLWK 7)�,') �7KH FDQGLGDWH��

��



� $QDO\VLV

2YHUDOO� LW FDQ FOHDUO\ EH VHHQ IURP7DEOH ��� WKDW XVLQJ WKH 7)�,') VFRUH KDG D SURQRXQFHG

HIIHFW RQ WKH DFFXUDF\ RI WKH DOJRULWKPV� WKHUHIRUH PDNLQJ XVLQJ WKH 7)�,') VFRUHV D

PRUH YLDEOH RSWLRQ WKDQ VLPSO\ XVLQJ UDZ WHUP IUHTXHQF\� %RWK RI WKH H[SHULPHQWV WKDW

XWLOL]HG 7)�,') VFRUHV KDG DQ DFFXUDF\ VFRUH DERYH ���� ZKLFK H[FHHGV WKH WKUHVKROG

WKDW ZDV VHW SULRU WR FRQGXFWLQJ WKH H[SHULPHQW� 7KH DFFXUDF\ VFRUHV JHQHUDWHG IURP WKH

H[SHULPHQWV WKDW XWLOL]HG UDZ WHUP IUHTXHQF\ ZHUH QRWDEO\ ORZHU� QRW RQO\ IDLOLQJ WR UHDFK

WKH WKUHVKROG RI ��� EXW DOVR IDOOLQJ VHYHUHO\ EHORZ WKDW�

7KHZRUVW SHUIRUPHU RXW RI WKH IRXU H[SHULPHQWV ZDV WKH VXP RI UDZ WHUP IUHTXHQF\ VFRUHV�

ZLWK 7DEOH ��� LQGLFDWLQJ WKDW LW KDG DQ RYHUDOO DFFXUDF\ RI RQO\ ������� 7KLV LV PRVW OLNHO\

GXH WR WKH IDFW WKDW WKLV PRGHO FDQ EH KHDYLO\ VNHZHG E\ ODUJH QXPEHUV DQG WKDW WKH UDZ

WHUP IUHTXHQF\ YDOXHV GR QRW DFFRXQW IRU WKH OHQJWKV RI WKH GRFXPHQWV� 7KLV LV HVSHFLDOO\ D

SUREOHPZKHQ FRQVLGHULQJ WKDW VRPH MRE WLWOHV KDGPRUH UHFRUGV WKDQ RWKHUV� DQG WKHUHIRUH

WKH MRE WLWOHV ZLWK WKH PRVW UHFRUGV WHQGHG WR FRQWDLQ KLJKHU UDZ WHUP IUHTXHQF\ YDOXHV�

WKHUHIRUH VNHZLQJ WKH DOJRULWKP LQ WKHLU IDYRU� 7KLV VNHZLQJ LV UHIOHFWHG LQ 7DEOH ���� ZLWK

WKH IRXU PRVW IUHTXHQWO\ RFFXUULQJ MRE WLWOHV DFFRUGLQJ WR 7DEOH ��� �DFFRXQWDQW� VRIWZDUH

HQJLQHHU� VDOHV PDQDJHU� DQG DVVLVWDQW VWRUH PDQDJHU� DOO KDYLQJ DFFXUDF\ VFRUHV RI DW

OHDVW ��� IRU WKLV H[SHULPHQW� 7KLV FDQ DOVR EH VHHQ DW WKH RWKHU HQG RI WKH VSHFWUXP� ZLWK

PRVW RI WKH OHDVW IUHTXHQWO\ RFFXUULQJ WLWOHV KDYLQJ DODUPLQJO\ ORZ DFFXUDF\ VFRUHV� 7KH

WLWOHV RI RSHUDWLRQV PDQDJHU DQG FRQWUDFWV PDQDJHU � WKH OHDVW DQG WKLUG�OHDVW IUHTXHQWO\

RFFXUULQJ WLWOHV UHVSHFWLYHO\ � KDG QR FRUUHFW SUHGLFWLRQV IRU WKLV H[SHULPHQW� 7KH KLJK

YDULDELOLW\ LQ DFFXUDF\ IRU WKLV H[SHULPHQW LV PRUH HYLGHQW ZKHQ FRQVLGHULQJ LWV FRQIXVLRQ

PDWUL[ �)LJXUH ����� ,GHDOO\� D FRQIXVLRQ PDWUL[ VKRXOG KDYH D FRORUHG GLDJRQDO OLQH IURP

WKH WRS�OHIW FRUQHU WR WKH ERWWRP�ULJKW FRUQHU� UHIOHFWLQJ D PDMRULW\ RI FRUUHFW SUHGLFWLRQV�

+RZHYHU� WKH FRQIXVLRQ PDWUL[ IRU WKLV H[SHULPHQW IDLOV WR SURGXFH D FRPSOHWH GLDJRQDO�

DQG LWV XQHYHQO\ VFDWWHUHG FRORUHG FHOOV LQGLFDWH PDQ\ LQFRUUHFW SUHGLFWLRQV�

��



2XW RI WKH �� MRE WLWOHV� WKH PRVW DQRPDORXV WLWOHV ZHUH WKRVH LQYROYLQJ HQJLQHHULQJ �

VRIWZDUH HQJLQHHU� HOHFWULFDO HQJLQHHU� DQG WKH JHQHULF ³HQJLQHHUV´ WLWOH� 7KH ODWWHU ZDV WKH

PRVW SUREOHPDWLF GXH WR WKH IDFW WKDW PRVW RI WKH UHFRUGV XQGHU WKH JHQHULF ³HQJLQHHUV´ WLWOH

FRXOG SRWHQWLDOO\ EH DSSOLHG WR D VRIWZDUH RU HOHFWULFDO HQJLQHHU GHSHQGLQJ RQ ZKDW ZRUGV

WKH\ FRQWDLQ� )RU H[DPSOH� LQ )LJXUH ���� LW FDQ EH VHHQ WKDW �� UHFRUGV IURP WKH JHQHULF

³HQJLQHHUV´ WLWOH ZHUH SUHGLFWHG DV DQ HOHFWULFDO HQJLQHHU� ZKLFK LV OLNHO\ GXH WR WKH IDFW

WKDW WKRVH �� UHFRUGV FRQWDLQHG ZRUGV WKDW SHUWDLQ WR DQ HOHFWULFDO HQJLQHHU� 7KH LVVXH

LV H[HPSOLILHG E\ WKH IDFW WKDW LQ 7DEOH ���� WKH WLWOHV RI HOHFWULFDO HQJLQHHU DQG JHQHULF

HQJLQHHUV KDG ORZ DYHUDJH DFFXUDF\ VFRUHV RI ������ DQG ������ UHVSHFWLYHO\� 7KH

SUHVHQFH RI WKH JHQHULF ³HQJLQHHUV´ WLWOH VHHPV WR EH D IODZ ZLWK WKH GDWD VHW� DQG LW LV

SODXVLEOH WKDW UHSHDWLQJ WKH H[SHULPHQWV ZLWKRXW WKH UHFRUGV ZLWK WKH JHQHULF ³HQJLQHHUV´

WLWOH ZRXOG \LHOG EHWWHU DFFXUDF\ VFRUHV IRU WKH DOJRULWKPV�

+RZHYHU� LW LV ZRUWK QRWLQJ WKDW WKHUH ZHUH PDQ\ ZRUGV IRU VRIWZDUH HQJLQHHUV WKDW ZHUH

QRW FRPPRQ IRU WKH JHQHULF ³HQJLQHHUV´ WLWOH� VXFK DV QDPHV RI SURJUDPPLQJ ODQJXDJHV�

$OVR� DV VHHQ LQ 7DEOH ���� WKHUH ZHUH PRUH UHFRUGV IRU WKH WLWOH RI VRIWZDUH HQJLQHHU

����� WKDQ WKHUH ZHUH IRU WKH RWKHU WZR WLWOHV LQYROYLQJ HQJLQHHULQJ ���� DQG ����� :LWK D

JUHDWHU VDPSOH VL]H� WKH DOJRULWKPV ZHUH DEOH WR OHDUQ PRUH DERXW ZRUGV WKDW DUH XQLTXH

WR VRIWZDUH HQJLQHHUV� 7KHVH ZHUH NH\ UHDVRQV ZK\ WKH WLWOH RI VRIWZDUH HQJLQHHU KDG D

VXEVWDQWLDOO\ KLJKHU DFFXUDF\ VFRUH WKDQ WKH WLWOH RI HOHFWULFDO HQJLQHHU� DW �������

$QRWKHU FRPPRQ DUHD RI FRQIXVLRQ IRU DOO IRXU H[SHULPHQWV ZDV GLIIHUHQWLDWLQJ EHWZHHQ D

KXPDQ UHVRXUFHV H[HFXWLYH DQG D KXPDQ UHVRXUFHV PDQDJHU� )RU H[DPSOH� LQ )LJXUH ���

LW FDQ EH VHHQ WKDW �� PDQDJHUV ZHUH SUHGLFWHG DV H[HFXWLYHV� DQG LQ )LJXUH ��� LW FDQ

EH VHHQ WKDW �� H[HFXWLYHV ZHUH SUHGLFWHG DV PDQDJHUV� 7KLV LV XQGHUVWDQGDEOH DV ERWK

MREV DUH VLPLODU LQ QDWXUH DQG DUH WKHUHIRUH OLNHO\ WR KDYH VLPLODU MRE GHVFULSWLRQV� KRZHYHU

D PDQDJHU WHQGV WR KDYH JUHDWHU UHVSRQVLELOLW\ WKDQ DQ H[HFXWLYH� 7KLV LV QRW VRPHWKLQJ

WKDW DQ DOJRULWKP ZLWK WKH EDJ RI ZRUGV DSSURDFK ZRXOG KDYH EHHQ DEOH WR QRWLFH�

��



� &RQFOXVLRQ

7KLV VWXG\ VHW RXW WR DQVZHU WKH UHVHDUFK TXHVWLRQ RI� ³7R ZKDW H[WHQW LV WKH 7)�,')

VFRUH D UHOLDEOH PHDQV RI FODVVLI\LQJ WH[W DQG SUHGLFWLQJ MRE WLWOHV"´ :KHQ FRQVLGHULQJ WKLV

TXHVWLRQ� LW EHFRPHV PRUH HYLGHQW WKDW XVLQJ D EDJ RI ZRUGV DSSURDFK VXFK DV 7)�,')

VFRUHV ZDV QHFHVVDU\� 7KH RYHUDOO JRDO RI GHVFULELQJ D ZRUG XVLQJ VXFK D VFRUH LV WR

TXDQWLI\ WKH ZRUG DFFRUGLQJ WR LWV UHOHYDQFH DPRQJ D VHW RI GRFXPHQWV� DQG WKH ZRUGV

ZLWK WKH KLJKHVW VFRUHV WHQG WR EH ZRUGV WKDW FDQ XQLTXHO\ GHILQH D GRFXPHQW�FDWHJRU\

�0DQQLQJ HW DO� ����� :KHQ D KXPDQ DQDO\]HV D MRE GHVFULSWLRQ DQG WULHV WR PDWFK LW WR

D MRE WLWOH� LW LV RI WKHLU EHVW LQWHUHVW WR LGHQWLI\ VXFK NH\ZRUGV WKDW FDQ EH XVHG WR FOHDUO\

GHVFULEH D MRE WLWOH� DQG E\ XVLQJ 7)�,') VFRUHV WR TXDQWLI\ ZRUGV� WKH DOJRULWKPV H[SORUHG

LQ WKLV SDSHU GLG HVVHQWLDOO\ WKDW�

$OWKRXJK DQ DOJRULWKP WKDW SURGXFHV DQ DFFXUDF\ VFRUH RI DW OHDVW ��� LV OLNHO\ WR EH

UHOLDEOH IRU WKH VSHFLILF XVH FDVH� LW LV QRW WR VD\ WKDW WKLV VWXG\ ZDV SHUIHFWO\ H[HFXWHG�

2QH DUHD WKDW WKLV VWXG\ FRXOG KDYH EHHQ LPSURYHG ZDV LQ WKH VHQVH WKDW RQO\ XQLJUDPV

�VLQJOH ZRUGV� ZHUH FRQVLGHUHG DV SDUW RI WKH GLFWLRQDU\� 7KLV LV DQ LVVXH EHFDXVH WKHUH

ZHUH PDQ\ WHUPV LQ WKH GDWD VHW WKDW FRQVWLWXWHG PXOWLSOH ZRUGV� VXFK DV ³UHDO HVWDWH´ DQG

³KXPDQ UHVRXUFHV�´ 6XFK ELJUDPV �WZR�ZRUG SKUDVHV� VKRXOG KDYH DOVR EHHQ LQFOXGHG

DPRQJ WKH GLFWLRQDU\ DQG WKHLU UHVSHFWLYH 7)�,') VFRUHV FDOFXODWHG� ,Q WKLV VLWXDWLRQ�

DOO XQLJUDPV ZRXOG KDYH EHHQ WUHDWHG DV QRUPDO� EXW WKHQ HYHU\ LQVWDQFH RI WZR ZRUGV

DGMDFHQW WR HDFK RWKHU ZRXOG KDYH DOVR EHHQ FRQVLGHUHG DV D WHUP �.LP��

)XUWKHUPRUH� WKH SUHSURFHVVLQJ RI WH[W FRXOG KDYH EHHQ LPSURYHG E\ DSSO\LQJ D IXQFWLRQ

WR WKH WH[W NQRZQ DV OHPPDWL]DWLRQ� 7KLV IXQFWLRQ FRQYHUWV HYHU\ ZRUG WR LWV URRW IRUP� IRU

H[DPSOH� WKH ZRUGV ³PDQDJHU´ DQG ³PDQDJHPHQW´ ZRXOG EH FRQYHUWHG WR ³PDQDJH�´ 7KLV

LV GRQH EHFDXVH GLIIHUHQW IRUPV RI ZRUGV DUH RQO\ XVHG IRU JUDPPDWLFDO SXUSRVHV DQG WKXV

GR QRW SURYLGH DQ\ H[WUD LQIRUPDWLRQ WR VFRULQJ V\VWHPV XVLQJ WKH EDJ RI ZRUGV DSSURDFK�

,W DOVR UHGXFHV WKH VL]H RI WKH GLFWLRQDU\� VSHHGLQJ XS WKH SURFHVV DV D ZKROH �-DLQ��

��



,W FDQ EH VHHQ WKDW WKH EDJ RI ZRUGV DSSURDFK LV OLPLWHG LQ WKH VHQVH WKDW LW RQO\ FRQVLGHUV

WKH UHOHYDQFH RI ZRUGV UHODWLYH WR HDFK RWKHU� +RZHYHU� WKHUH H[LVW VRPH DOJRULWKPV WKDW

TXDQWLI\ ZRUGV RQ DQ LQGLYLGXDO OHYHO EDVHG RQ WKH PHDQLQJ RI WKH ZRUG� ,Q HVVHQFH� WKHVH

DOJRULWKPV TXDQWLI\ ZRUGV EDVHG RQ WKHLU LQQDWH IHDWXUHV� DQG WKH JUDPPDWLFDO RUGHU RI

ZRUGV EHFRPHV PRUH LPSRUWDQW �1LFKROVRQ�� 6RPH IHDWXUHV WKDW FDQ EH XVHG WR GLVFHUQ

MRE WLWOHV LQFOXGH WKH ILHOG RI ZRUN� DQQXDO VDODU\� DQG OHYHO RI HGXFDWLRQ UHTXLUHG� 7KHUHIRUH�

ZRUGV ZRXOG EH UHSUHVHQWHG DV YHFWRUV FRQVLVWLQJ RI VFRUHV IRU DOO RI WKRVH IHDWXUHV� 7KLV

PHWKRG ZRXOG OLNHO\ VROYH WKH LVVXH WKDW ZDV IDFHG ZLWK GLVWLQJXLVKLQJ EHWZHHQ D KXPDQ

UHVRXUFHV PDQDJHU ZLWK D KXPDQ UHVRXUFHV H[HFXWLYH� +RZHYHU� LPSOHPHQWLQJ WKLV LV D

FRQYROXWHG SURFHVV DQG ZDV FRQVLGHUHG EH\RQG WKH VFRSH RI WKLV VWXG\�

��
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