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:H XVHG 4XLQODQ©V &��� PDFKLQH OHDUQLQJ DOJRULWKP WR
DQDO\]H WXWRULDO GLDORJXHV DV SDUW RI WKH GHULYDWLRQ RI SODQQLQJ
UXOHV IRU &,5&6,0�7XWRU Y� �� D QDWXUDO�ODQJXDJH EDVHG
LQWHOOLJHQW WXWRULQJ V\VWHP� :H DQQRWDWHG D FRUSXV RI WXWRULQJ
GLDORJXHV ZLWK DQ 6*0/�EDVHG UHSUHVHQWDWLRQ RI WXWRULDO
JRDOV LQ RUGHU WR PDNH PHFKDQLFDO SURFHVVLQJ SRVVLEOH� :H
ORRNHG IRU UXOHV RI WKH IRUP ¦XQGHU ZKDW FRQGLWLRQV LV JRDO [
LPSOHPHQWHG ZLWK SODQ \"§� :H GLVFRYHUHG UXOHV IRU KLJK�
OHYHO SODQQLQJ RI WKH WXWRULQJ VHVVLRQ DQG G\QDPLF
PRGLILFDWLRQ RI WKH WXWRULDO DJHQGD� $W D ORZHU OHYHO RI
SODQQLQJ� ZH ORRNHG DW UXOHV IRU JHQHUDWLQJ VHFWLRQV RI WKH
WXWRU©V XWWHUDQFH� 7KH XVH RI WKH UXOH LQGXFWLRQ DOJRULWKP KDV
KHOSHG XV GLVFRYHU ZKLFK NQRZOHGJH DYDLODEOH WR WKH SODQQHU
LV VLJQLILFDQW LQ PDNLQJ WKHVH GHFLVLRQV� DV ZHOO DV SURGXFLQJ
VRPH GHFLVLRQ WUHHV ZH FDQ DFWXDOO\ XVH LQ &,5&6,0�7XWRU�

,QWURGXFWLRQ

&,5&6,0�7XWRU �Y� �� LV D FRQYHUVDWLRQDO LQWHOOLJHQW WXWRULQJ
V\VWHP �,76� ZKLFK XVHV QDWXUDO ODQJXDJH IRU ERWK LQSXW DQG
RXWSXW� 7KH FRUH RI &,5&6,0�7XWRU LV DQ LQWHJUDWHG SODQQLQJ
DQG H[HFXWLRQ PRGXOH WKDW XVHV 675,36�VW\OH SODQQLQJ
RSHUDWRUV� +HUH LV DQ H[DPSOH RI DQ RSHUDWRU�

�GHI�RSHUDWRU QHXUDO�'/5

�DFWLRQ ��

�JRDO �GLG�QHXUDO�'/5 "YEO�

�SUHFRQG ��LV�QHXUDO "YEO� ����

�UHFLSH ��GLG�WXWRU PHFKDQLVP "YEO�

�GLG�WXWRU '5�LQIR "YEO�

�GLG�WXWRU YEO�YDOXH "YEO��

�ILOWHU ���

�DGG ���

�GHO ����

7KH JRDO RI WKH SODQQHU LV WR JHQHUDWH D FRQYHUVDWLRQ
UHVXOWLQJ LQ WKH VWXGHQW NQRZLQJ VRPH GHVLUHG FRQFHSWV�

�7KLV ZRUN ZDV SHUIRUPHG ZKLOH 5HYD )UHHGPDQ ZDV DW WKH

,OOLQRLV ,QVWLWXWH RI 7HFKQRORJ\�

(DFK JRDO LV VDWLVILHG E\ UHSODFLQJ LW RQ WKH SODQQHU©V DJHQGD
E\ WKH SUHUHTXLVLWHV DQG UHFLSH VWHSV RI DQ RSHUDWRU ZKLFK
DFKLHYHV LW� :KHQ D SULPLWLYH RSHUDWRU� L�H� DQ LQGLYLGXDO
VSHHFK DFW UHTXHVW VXFK DV HOLFLW RU LQIRUP� LV UHDFKHG� LW LV
DGGHG WR D EXIIHU ZKRVH FRQWHQWV ZLOO HYHQWXDOO\ IRUP WKH
WXWRU©V QH[W WXUQ�
:KHQ D UHSO\ LV UHTXLUHG IURP WKH VWXGHQW� WKH SODQQHU LV

WHPSRUDULO\ VXVSHQGHG DQG WH[W LV JHQHUDWHG IURP WKH
RSHUDWRUV LQ WKH EXIIHU� $IWHU WKH VWXGHQW UHSOLHV� WKH SODQQHU
UHVXPHV RSHUDWLRQ� 7KH VWXGHQW©V UHSO\ LV RQH RI WKH IDFWRUV
ZKLFK LV WKHQ WDNHQ LQWR DFFRXQW LQ RUGHU WR JHQHUDWH WKH
IROORZLQJ WXUQ�
7KH TXHVWLRQ WKHQ EHFRPHV� ZKHUH GRHV WKH RSHUDWRU

OLEUDU\ FRPH IURP" ,Q HDUO\ WH[W JHQHUDWLRQ V\VWHPV� WKH
RSHUDWRUV ZHUH REWDLQHG IURP LQWXLWLRQ DQG LQWURVSHFWLRQ�
0RUH UHFHQWO\� UHVHDUFKHUV KDYH XVHG D YDULHW\ RI LQIRUPDO
PHDQV WR DEVWUDFW SODQ RSHUDWRUV IURP QDWXUDOLVWLF FRUSRUD
�5HLWHU 	 'DOH� ������ :H KDYH SURILWDEO\ XVHG DOO RI WKHVH
PHWKRGV� 5HFHQWO\ ZH KDYH EHFRPH LQWHUHVWHG LQ PRUH
IRUPDO PHWKRGV RI LGHQWLI\LQJ RSHUDWRUV ZKLFK ZRXOG
SURYLGH D JRRG PRGHO RI RXU FRUSXV� ,Q WKLV SDSHU ZH UHSRUW
RQ VRPH H[SHULPHQWV ZH KDYH GRQH XVLQJ WKH GHFLVLRQ WUHH
LQGXFWLRQ SURJUDP &��� �4XLQODQ� ����� WR LGHQWLI\ SRWHQWLDO
RSHUDWRUV LQ RXU FRUSXV RI KXPDQ WXWRULDO WUDQVFULSWV�
5DWKHU WKDQ REWDLQ UXOHV ZKLFK FRXOG EH WUDQVIHUUHG

DXWRPDWLFDOO\ WR DQ DXWRPDWHG V\VWHP� RXU JRDO ZDV WR
REWDLQ LGHDV IRU EHWWHU PRGHOLQJ RXU KXPDQ H[SHUWV� ,Q
DGGLWLRQ� ZH ZDQWHG WR ILQG RXW ZKLFK RI WKH DYDLODEOH
IHDWXUHV ZHUH WUXO\ XVHIXO LQ H[SODLQLQJ WXWRU EHKDYLRU�
2XU ZRUN DWWHPSWV WR GLVFRYHU UXOHV FRQQHFWLQJ GLIIHUHQW

W\SHV RI JRDOV LQ RXU DQQRWDWLRQV� UDWKHU WKDQ GLVFRYHULQJ
UHODWLRQVKLSV EHWZHHQ GLUHFWO\ REVHUYDEOH SKHQRPHQD VXFK
DV VHQWHQFH OHQJWK� $OWKRXJK LW LV WKHUHIRUH GHSHQGHQW RQ
VROLG GHILQLWLRQV RI WKH DQQRWDWLRQ FDWHJRULHV� WKLV VWUDWHJ\
LQFUHDVHV WKH FKDQFH WKDW WKH UXOHV REWDLQHG ZLOO EH
PHDQLQJIXO WR KXPDQV� EHFDXVH ZH KDYH FKRVHQ IHDWXUHV
ZKLFK DUH PHDQLQJIXO WR KXPDQV�
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%DFNJURXQG

5RXJKO\ VSHDNLQJ� WKH SXUSRVH RI WKH &��� SURJUDP LV WR
SURYLGH WKH EHVW SRVVLEOH GHFLVLRQ WUHH WR H[SODLQ D JLYHQ VHW
RI GDWD� $ GHFLVLRQ WUHH LV D VHW RI UXOHV IRU JXHVVLQJ WKH
YDOXH RI D GHSHQGHQW YDULDEOH� WKH UHVXOW YDULDEOH� JLYHQ WKH
YDOXHV RI D VHW RI IHDWXUHV�
(DFK RI RXU H[SHULPHQWV DWWHPSWV WR GHWHUPLQH D VHW RI

UXOHV IRU PDNLQJ RQH GHFLVLRQ DERXW WKH WH[W WR EH JHQHUDWHG�
$V WKH FULWHULD IRU PDNLQJ VXFK GHFLVLRQV DUH HQFRGHG DV
SUHUHTXLVLWHV IRU RQH RU PRUH SODQ RSHUDWRUV� DSSURSULDWH
IHDWXUHV IRU H[SHULPHQWDWLRQ LQFOXGH DQ\ SUHGLFDWHV ZKRVH
YDOXHV ZRXOG EH DYDLODEOH GXULQJ WKH RSHUDWLRQ RI WKH
SODQQHU� 7KHVH SUHGLFDWHV GHDO ZLWK VHYHUDO NLQGV RI
NQRZOHGJH�

� 7XWRULDO DJHQGD� DOO JRDOV ZKLFK KDYH EHHQ FKRVHQ EXW QRW
UHDOL]HG DV WH[W \HW� 2I WKHVH� WKH FXUUHQW JRDO DQG LWV
DQFHVWRUV DUH PRVW UHOHYDQW�

� 7XWRULDO KLVWRU\� D UHFRUG RI SDVW WXWRULQJ JRDOV HQDEOLQJ
XV WR DQVZHU TXHVWLRQV VXFK DV ¦LV WKLV WKH ILUVW WLPH ZH KDYH
WULHG WR H[SODLQ WKLV FRQFHSW WR WKH VWXGHQW"§� :H DOVR
PDLQWDLQ D GLDORJXH KLVWRU\� ZKLFK FRQWDLQV WKH VWXGHQW©V
UHVSRQVHV

� 6WXGHQW LQSXW� 2QH RI WKH PRVW LPSRUWDQW GHWHUPLQDQWV RI
WKH WXWRU©V UHVSRQVH LV ZKDW WKH WXWRU LV UHVSRQGLQJ WR� L�H� WKH
VWXGHQW©V ODWHVW WXUQ� :KDW LV JHQHUDOO\ LPSRUWDQW LV QRW WKH
FRQWHQW RI WKH VWXGHQW©V UHVSRQVH EXW UDWKHU LWV UHODWLRQ WR WKH
WXWRU©V TXHVWLRQ WKDW HOLFLWHG LW� 2XU FDWHJRUL]DWLRQ RI VWXGHQW
UHVSRQVHV LV GHVFULEHG LQ PRUH GHWDLO EHORZ�

� 6WXGHQW PRGHO� $Q LPSRUWDQW DVSHFW RI WKH VWXGHQW PRGHO
LV WKH WXWRU©V RYHUDOO HYDOXDWLRQ RI WKH VWXGHQW� ,Q WKLV SDSHU�
ZH XVH WKH QXPEHU RI HUURUV LQ WKH VWXGHQW©V LQLWLDO VROXWLRQ
RI WKH SUREOHP DV D PHDVXUH RI WKLV YDOXH� 1RWH WKDW D
GLDORJXH KLVWRU\ IHDWXUH� QDPHO\ WKH QXPEHU RI WLPHV D
TXHVWLRQ ZDV DVNHG EHIRUH WKH VWXGHQW JDYH WKH FRUUHFW
DQVZHU� FRXOG DOVR EH XVHG DV D PHDVXUH RI VWXGHQW
NQRZOHGJH�

� 'RPDLQ NQRZOHGJH EDVH� 7KLV FDWHJRU\ LQFOXGHV
LQIRUPDWLRQ DERXW WKH SUREOHP GRPDLQ DV ZHOO DV
LQIRUPDWLRQ DERXW WKH WDVN EHLQJ WXWRUHG�

2XU KXPDQ WXWRUV WU\ WR PDLQWDLQ D JOREDO WXWRULQJ SODQ
EXW DW WKH VDPH WLPH UHSO\ WR LVVXHV UDLVHG E\ VWXGHQWV� $V D
UHVXOW� WXUQV JHQHUDWHG E\ KXPDQ WXWRUV WHQG WR KDYH WKH
IROORZLQJ VWUXFWXUH �)UHHGPDQ 	 (YHQV� ������ ZKLFK ZH
KDYH DGRSWHG IRU &,5&6,0�7XWRU�

5HVSRQVH WR VWXGHQW©V SUHYLRXV VWDWHPHQW
$FNQRZOHGJPHQW RI VWXGHQW©V UHVSRQVH ���
&RQWHQW�EDVHG UHSO\ WR VWXGHQW ���

1H[W VWHS RI WXWRULDO SODQ ���

7KH IROORZLQJ H[DPSOH LOOXVWUDWHV WKH WULSDUWLWH VWUXFWXUH�

7� <HV� ���
WKDW©V WKH HIIHFW RI LQFUHDVHG V\PSDWKHWLF
VWLPXODWLRQ RQ WKH P\RFDUGLXP� ���
%XW ZKDW KDSSHQV WR && LQ WKH '5 SHULRG" ���

(DFK RI WKH WKUHH VHJPHQWV LV RSWLRQDO� )RU H[DPSOH� LI WKH
FRQWHQW�EDVHG UHSO\ VHJPHQW LV RPLWWHG� WKH WXWRU PLJKW VD\�

7� <HV� EXW ZKDW KDSSHQV WR && LQ WKH '5 SHULRG"

&,5&6,0�7XWRU EXLOGV HDFK VHJPHQW VHSDUDWHO\� WKHQ
FRPELQHV WKHP� ,Q WKLV SDSHU ZH UHSRUW RQ IRXU H[SHULPHQWV
WKDW DWWHPSW WR GHWHUPLQH DVSHFWV RI WKH WXWRU©V GLDORJXH� ,Q
H[SHULPHQW �� ZH ORRN DW WKH KLJK�OHYHO VWUXFWXUH RI WKH
FRQYHUVDWLRQ� DWWHPSWLQJ WR ILQG IHDWXUHV WKDW GHWHUPLQH
ZKLFK WXWRULDO VWUDWHJ\ WKH WXWRU ZLOO FKRRVH� ,Q WKH QH[W WZR
H[SHULPHQWV� ZH ORRN DW UXOHV IRU EXLOGLQJ WKH VHJPHQWV RI D
WXUQ� ,Q H[SHULPHQW �� ZH DWWHPSW WR GHWHUPLQH KRZ WKH WXWRU
GHFLGHV ZKDW WR GR DIWHU UHFHLYLQJ WKH VWXGHQW©V UHVSRQVH�
H�J� FRQWLQXH ZLWK WKH QH[W VWHS RI WKH FXUUHQW SODQ� DGG D
FRQWHQW�EDVHG UHSO\ EHIRUH FRQWLQXLQJ� RU FKDQJH SODQV
DOWRJHWKHU� ,Q H[SHULPHQW �� ZH ORRN DW IHDWXUHV ZKLFK PD\
GHWHUPLQH WKH H[LVWHQFH DQG W\SH RI WKH DFNQRZOHGJPHQW�
)LQDOO\� LQ H[SHULPHQW �� ZH PRYH FORVHU WR VXUIDFH WH[W�
FKRRVLQJ RQH WRSLF ZKLFK WXWRUV IUHTXHQWO\ WHDFK DQG
DWWHPSWLQJ WR GHWHUPLQH ZKHQ LW ZLOO EH UHDOL]HG ZLWK WKH WH[W
JHQHUDWLRQ SULPLWLYH W�LQIRUPV DQG ZKHQ ZLWK W�HOLFLWV�
7KHVH H[SHULPHQWV FRYHU D VSHFWUXP RI WKH W\SHV RI UXOHV
QHHGHG IRU &,5&6,0�7XWRU�

7KH�&RUSXV

2YHU WKH ODVW VHYHQ \HDUV� ZH KDYH DFFXPXODWHG RYHU ����
WXUQV RI WUDQVFULSWV RI KXPDQ WXWRULQJ VHVVLRQV FRQGXFWHG E\
W\SLQJ RYHU D PRGHP� ,Q WKH WXWRULQJ VHVVLRQV� WKH VWXGHQWV
DUH SUHVHQWHG ZLWK D K\SRWKHWLFDO PHGLFDO SUREOHP ZKLFK
DIIHFWV EORRG SUHVVXUH� VXFK DV D KHPRUUKDJH RU DQ RYHUO\
IDVW SDFHPDNHU� 7KH IRFXV RI WKH OHVVRQ LV RQ WKH EDUR�
UHFHSWRU UHIOH[� WKH QHJDWLYH IHHGEDFN ORRS E\ ZKLFK WKH
DXWRQRPLF QHUYRXV V\VWHP DGMXVWV EORRG SUHVVXUH EDFN
WRZDUG QRUPDO� 6WXGHQWV DUH UHTXLUHG WR SUHGLFW WKH
TXDOLWDWLYH FKDQJH �LQFUHDVH� GHFUHDVH RU QR FKDQJH� LQ
VHYHQ FRUH YDULDEOHV� VXFK DV FDUGLDF RXWSXW DQG FHQWUDO
YHQRXV SUHVVXUH� LQ HDFK RI WKH WKUHH SK\VLRORJLFDO VWDJHV
ZKLFK IRUP WKH QHJDWLYH IHHGEDFN ORRS�
,Q RXU FXUUHQW SURWRFRO� VWXGHQWV ZRUN WKH SUREOHP RQH

VWDJH DW D WLPH� IROORZHG E\ WXWRULQJ RQ WKHLU HUURUV� 7KH '5
RU GLUHFW UHVSRQVH VWDJH� UHIHUUHG WR EHORZ� LQFOXGHV WKH
FKDQJHV WKDW RFFXU DIWHU WKH SUHFLSLWDWLQJ HYHQW EXW EHIRUH
WKH DFWLYDWLRQ RI WKH QHUYRXV V\VWHP� 6LQFH WKUHH RI WKH
VHYHQ FRUH YDULDEOHV DUH ODUJHO\ FRQWUROOHG E\ WKH QHUYRXV
V\VWHP� WKH\ DUH NQRZQ DV QHXUDO YDULDEOHV� ,Q WKH H[DPSOHV
EHORZ� WKH UHDGHU ZLOO VHH WKDW ZKHWKHU RU QRW D YDULDEOH LV
QHXUDO LV RQH RI WKH PRVW LPSRUWDQW GRPDLQ�OHYHO
GHWHUPLQDQWV RI YDULRXV FKRLFHV�
7UDFLQJ WKH RSHUDWLRQ RI RXU SODQQHU FUHDWHV D KLHUDUFK\ RI

JRDOV� $OWKRXJK QRWKLQJ LQ WKH SODQQHU LWVHOI UHTXLUHV LW� ZH
KDYH DWWHPSWHG ZKHUH SRVVLEOH WR PDLQWDLQ FRQVLVWHQF\ LQ
WKH W\SH RI JRDO ZKLFK DSSHDUV DW HDFK OHYHO RI WKH KLHUDUFK\�

� 3K\VLRORJLFDO VWDJH
� 3K\VLRORJLFDO YDULDEOH WR EH WDXJKW
� 7XWRULQJ VWUDWHJ\
� 7RSLFV ZKLFK LPSOHPHQW WKH VWUDWHJ\
� 7H[W JHQHUDWLRQ SULPLWLYH �LQIRUP RU HOLFLW� IRU HDFK WRSLF

,Q WKH H[DPSOH DW WKH EHJLQQLQJ RI WKLV SDSHU� QHXUDO�'/5 LV
D WXWRULQJ VWUDWHJ\ ZKLFK FRQVLVWV RI WKH WKUHH WRSLFV QDPHG
LQ WKH UHFLSH LQ WKH RUGHU OLVWHG�
:H DQQRWDWHG RQH VHFWLRQ RI RXU FRUSXV� QDPHO\ WKH '5

VHFWLRQ RI HYHU\ WUDQVFULSW GHDOLQJ ZLWK D EURNHQ SDFHPDNHU�
ZLWK WKH VDPH KLHUDUFKLFDO JRDO VWUXFWXUH RXU SODQQHU XVHV�



�

7KHQ ZH DGGHG DQQRWDWLRQV IRU IHDWXUHV DYDLODEOH LQ WKH
SODQQLQJ HQYLURQPHQW DW WKH WLPH WKH WXUQ ZDV JHQHUDWHG�
XVLQJ HDFK RI WKH VRXUFHV DERYH� )LQDOO\� ZH XVHG 4XLQODQ©V
������ &��� OHDUQLQJ DOJRULWKP WR GHWHUPLQH WXWRULQJ JRDOV
EDVHG RQ VXEVHWV RI WKH DYDLODEOH IHDWXUHV�
7KH IROORZLQJ LV DQ H[DPSOH IURP WKH DQQRWDWHG FRUSXV�

:H XVHG 6*0/ IRUPDW EHFDXVH D QXPEHU RI XWLOLWLHV DUH
DYDLODEOH IRU SURFHVVLQJ 6*0/ PHFKDQLFDOO\� ,Q 6*0/� DV
LQ +70/� WKH RSHQLQJ GHOLPLWHU RI D SLHFH RI WH[W LV DQ
LGHQWLILHU LQ DQJOH EUDFNHWV� DQG WKH FORVLQJ GHOLPLWHU LV
LGHQWLFDO H[FHSW IRU DQ LQLWLDO VODVK� 7KH LGHQWLILHUV
FRUUHVSRQG WR WKH QDPHV RI RXU SODQ RSHUDWRUV�
7KH QXPEHUV LQ SDUHQWKHVHV DUH WKH WXUQ QXPEHU DQG

VHQWHQFH QXPEHU IURP WKH RULJLQDO FRUSXV� 7KH W�DFN DQG
V�DQVZHU IRUPV PRGHO D FRRSHUDWLQJ SURFHVV ZKLFK
UHVSRQGV WR VWXGHQW XWWHUDQFHV� WKH\ GR QRW EHORQJ WR WKH
JRDO KLHUDUFK\�

�7�GRHV�QHXUDO�'/5!

�7�WXWRUV�PHFKDQLVP!

�7�HOLFLWV�PHFKDQLVP!

������ &DQ \RX WHOO PH KRZ 735 LV FRQWUROOHG"

�6�DQVZHU FDWJ FRUUHFW!

������ $XWRQRPLF QHUYRXV V\VWHP�

��6�DQVZHU!

�7�DFN W\SH SRVLWLYH!

������ <HV�

��7�DFN!

��7�HOLFLWV�PHFKDQLVP!

��7�WXWRUV�PHFKDQLVP!

�7�WXWRUV�'5�LQIR!

�7�LQIRUPV�'5�LQIR!

������ $QG WKH SUHGLFWLRQV WKDW \RX DUH

PDNLQJ DUH IRU WKH SHULRG EHIRUH DQ\ QHXUDO

FKDQJHV WDNH SODFH�

��7�LQIRUPV�'5�LQIR!

��7�WXWRUV�'5�LQIR!

�7�WXWRUV�YDOXH!

�7�HOLFLWV�YDOXH!

������ 6R ZKDW DERXW 735"
���

�6�DQV FDWJ FRUUHFW!

������ , ZRXOG OLNH WR FKDQJH P\ UHVSRQVH UH

735 WR ]HUR FKDQJH�

��6�DQV!

�7�DFN W\SH SRVLWLYH!

������ *RRG�

��7�DFN!

��7�HOLFLWV�YDOXH!

��7�WXWRUV�YDOXH!

��7�GRHV�QHXUDO�'/5!

7KH H[DPSOH DERYH VKRZV D VXFFHVVIXO DWWHPSW WR UHPHGLDWH
WKH QHXUDO YDULDEOH 735 LQ WKH '5 VWDJH� ,W VKRZV D WXWRULQJ
VWUDWHJ\ �QHXUDO�'/5�� WKH WKUHH WRSLFV ZKLFK PDNH XS WKH
VWUDWHJ\� DQG WKH SULPLWLYHV �LQIRUP RU HOLFLW� XVHG WR UHDOL]H
WKH WRSLFV� $ '/5� RU GLUHFWHG OLQH RI UHDVRQLQJ� LV D SUH�
SODQQHG VHULHV RI TXHVWLRQV GHVLJQHG WR PDNH D SDUWLFXODU
SRLQW� ,Q WKLV H[DPSOH� W�GRHV�QHXUDO�GOU LV UHDOL]HG DV D
VHTXHQFH RI WKUHH WRSLFV� W�WXWRUV�PHFKDQLVP �WR WHDFK WKH
IDFW WKDW 735 LV QHXUDO�� W�WXWRUV�GU�LQIR �WR WHDFK EDVLF

LQIRUPDWLRQ DERXW WKH '5 VWDJH�� DQG W�WXWRUV�YDOXH �WR
GLVFXVV WKH FRUUHFWHG YDOXH RI 735�� (DFK RI WKHVH WKUHH
WRSLFV FDQ EH UHDOL]HG DV DQ LQVWDQFH RI WKH WXWRULDO SULPLWLYH
W�LQIRUP �FRQYH\LQJ WKH LQIRUPDWLRQ WR WKH VWXGHQW� RU
W�HOLFLW �HOLFLWLQJ WKH LQIRUPDWLRQ��
6LQFH WKH SXUSRVH RI WKHVH H[SHULPHQWV ZDV WR VXJJHVW

UXOHV IRU &,5&6,0�7XWRU� ZH FRQVLGHUHG RQO\ GLDORJXH WKDW
ZLOO EH HPXODWHG E\ GLDORJXH LQ &,5&6,0�7XWRU� HOLPLQDWLQJ
GLDORJXH XVHG IRU JLYLQJ LQVWUXFWLRQV� FROOHFWLQJ GDWD� DQG
RWKHU RSHUDWLRQV WKDW WKH JUDSKLFDO XVHU LQWHUIDFH ZLOO KDQGOH�

&KRRVLQJ�D�7XWRULDO�6WUDWHJ\

7KH ILUVW H[SHULPHQW H[SORUHG KRZ WXWRULQJ RSHUDWRUV DUH
FKRVHQ DW WKH WXWRULQJ VWUDWHJ\ OHYHO� (DFK FDVH UHSUHVHQWHG
RQH DWWHPSW WR WXWRU RQH YDULDEOH� 7KH IHDWXUHV ZH
FRQVLGHUHG ZHUH�

� 7KH WRWDO QXPEHU RI YDULDEOHV SUHGLFWHG LQFRUUHFWO\
� 7KH QXPEHU RI QHXUDO YDULDEOHV SUHGLFWHG LQFRUUHFWO\
� :KHWKHU WKH YDULDEOH LV QHXUDO RU QRQ�QHXUDO
� 6HTXHQFH RI WKH YDULDEOH ZLWKLQ WKH QHXUDO RU QRQ�QHXUDO
JURXS� 7KH WXWRUV XVXDOO\ WXWRU DOO WKH QHXUDO YDULDEOHV
ILUVW� IROORZHG E\ WKH RWKHUV� :LWKLQ HDFK JURXS� WKH WXWRUV
KDYH D VWDQGDUG RUGHU EXW GR QRW LQFOXGH DOO WKH YDULDEOHV�

� +RZ PDQ\ SUHYLRXV DWWHPSWV KDG EHHQ PDGH WR WXWRU WKLV
YDULDEOH

2XU VDPSOH LQFOXGHG ILYH GLIIHUHQW WXWRULQJ PHWKRGV�

� W�GRHV�QHXUDO�GOU� WXWRULQJ XVLQJ D JXLGHG VHULHV RI
TXHVWLRQV H[SORULQJ WKH EHKDYLRU RI D QHXUDO YDULDEOH

� W�VKRZV�FRQWUDGLFWLRQ� WXWRULQJ XVLQJ DQ LQFRQVLVWHQF\ LQ
WKH SUHGLFWHG YDOXHV RI WKH YDULDEOHV

� W�WXWRUV�YLD�GHWHUPLQDQWV� WXWRULQJ XVLQJ WKH VHW RI
YDULDEOHV ZKLFK KDYH DQ HIIHFW RQ WKH YDULDEOH ZKLFK ZDV
LQFRUUHFW

� W�PRYHV�IRUZDUG� WXWRULQJ XVLQJ FDXVDO UHDVRQLQJ IURP D
NQRZQ�FRUUHFW YDULDEOH WR WKH LQFRUUHFW RQH

� W�WXWRUV�YLD�GHHSHU�FRQFHSWV� WXWRULQJ XVLQJ RWKHU
FRQFHSWV DQG PRUH SDUWLFXODU SK\VLRORJLFDO SDUDPHWHUV

,Q WKLV H[SHULPHQW ZH KDG �� FDVHV� HDFK ZLWK � IHDWXUHV�
7KHUH ZHUH � SRVVLEOH RXWFRPHV� 7KH RULJLQDO WUHH SURGXFHG
E\ &��� LV WRR VSHFLILF WR EH XVHIXO� &��� SURGXFHG WKH
IROORZLQJ VLPSOLILHG WUHH�

,I YDULDEOH LV QHXUDO
LI ILUVW QHXUDO YDULDEOH� XVH W�GRHV�QHXUDO�GOU
LI VHFRQG� XVH W�VKRZV�FRQWUDGLFWLRQ

HOVH ^YDULDEOH LV QRW QHXUDO`
LI ILUVW QRQ�QHXUDO YEO� XVH W�WXWRUV�YLD�GHWHUPLQDQWV
LI VHFRQG� XVH W�PRYHV�IRUZDUG

7KLV WUHH PLVFODVVLILHV � RI WKH �� FDVHV� IRU DQ HUURU UDWH RI
���� 2I WKH WKUHH ZKLFK DUH PLVFODVVLILHG� WZR LQYROYH
VHFRQG DQG VXEVHTXHQW DWWHPSWV WR WXWRU WKH VDPH YDULDEOH�
7KHVH DWWHPSWV WHQG WR HPSOR\ WKH OHVV FRPPRQ WXWRULQJ
PHWKRGV� $OWKRXJK ZH KDYH FRGHG DERXW KDOI RI WKH
WUDQVFULSWV LQYROYLQJ WKHVH WXWRULQJ PHWKRGV� ZH KDYH FRGHG
RQO\ DERXW ��� RI WKH WRWDO FRUSXV� :H KRSH WKDW
FRPSOHWLQJ WKH DQQRWDWLRQ RI WKH FRUSXV ZLOO SURYLGH FULWHULD
IRU LQYRNLQJ WKH OHVVHU�XVHG WXWRULQJ PHWKRGV�
:KDW WKLV WUHH KDV XQFRYHUHG LV D KLJK�OHYHO SODQ IRU WKH

HQWLUH WXWRULQJ VHVVLRQ� 3UHYLRXV UHVHDUFK KDV IRXQG DQ
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DOJRULWKP IRU VHTXHQFLQJ WKH YDULDEOHV WR EH WXWRUHG� DQG WKH
UXOH GHVFULEHG KHUH WHOOV XV ZKLFK WXWRULQJ VWUDWHJ\ WR XVH IRU
HDFK YDULDEOH�
:LWKLQ HDFK JURXS RI YDULDEOHV� QHXUDO DQG QRQ�QHXUDO�

&��� IRXQG DQ LQWHUHVWLQJ UKHWRULFDO SDWWHUQ� 7KH VHFRQG
YDULDEOH WR EH WXWRUHG LQ HDFK JURXS XVHV D PHWKRG ZKLFK
EXLOGV RQ NQRZOHGJH WDXJKW LQ WKH ILUVW YDULDEOH� )RU
H[DPSOH� D FRPPRQ UKHWRULFDO SDWWHUQ IRU WXWRULQJ WZR QRQ�
QHXUDO YDULDEOHV Y� DQG Y� LV WR WXWRU Y� YLD GHWHUPLQDQWV�
WKHQ PRYH IRUZDUG WR Y� DV IROORZV�

�W�FRUUHFWV�YDULDEOH YDULDEOH Y�!
�W�WXWRUV�YLD�GHWHUPLQDQWV!
:KDW YDULDEOHV LQ WKH SUHGLFWLRQ WDEOH GHWHUPLQH Y�"
�Y� LV WXWRUHG� EDVHG RQ LWV GHWHUPLQDQWV�

��W�FRUUHFWV�YDULDEOH!
�W�FRUUHFWV�YDULDEOH YDULDEOH Y�!
�W�PRYHV IRUZDUG!
$QG ZKDW HIIHFW ZRXOG Y� KDYH RQ Y�"
�Y� LV WXWRUHG E\ PRYLQJ IRUZDUG IURP Y��

��W�FRUUHFWV�YDULDEOH!

7KH SDWWHUQ IRU QHXUDO YDULDEOHV LV VLPLODU�

&KRRVLQJ�D�5HVSRQVH�6WUDWHJ\

,Q WKH VHFRQG H[SHULPHQW� ZH ZHUH LQWHUHVWHG LQ FDWHJRUL]LQJ
WKH FKDQJH �RU QRW� LQ WXWRULQJ JRDOV GLUHFWO\ DIWHU D VWXGHQW
UHSOLHV WR D WXWRU TXHU\� 7KH IROORZLQJ DUH WKH PRVW IUHTXHQW
FDWHJRULHV RI VWXGHQW UHVSRQVHV LQ RXU FXUUHQW PDUNXS�

� &RUUHFW� 7KH VWXGHQW©V DQVZHU FRQWDLQHG WKH LQIRUPDWLRQ
WKH WXWRU ZDV DWWHPSWLQJ WR HOLFLW�

� &RUUHFW EXW KHGJHG� 7KH VWXGHQW©V DQVZHU ZDV FRUUHFW EXW
FRQWDLQHG VRPH LQGLFDWLRQ WKDW WKH VWXGHQW ZDV XQVXUH RI
WKH DQVZHU� H�J� VD\LQJ ¦PD\EH KHDUW UDWH"§

� 3DUWLDOO\ FRUUHFW� 2QH FRUUHFW DQVZHU� ZKHQ WZR RU PRUH
LWHPV ZHUH UHTXHVWHG�

� 1HDU PLVV� 7KH VWXGHQW©V DQVZHU ZDV WHFKQLFDOO\ FRUUHFW
EXW ZDV QRW ZKDW WKH WXWRU ZDV DWWHPSWLQJ WR HOLFLW� H�J� LW
ZDV DW WKH ZURQJ OHYHO RI GHWDLO�

� 'RQ©W NQRZ� 7KH VWXGHQW©V UHVSRQVH ZDV HTXLYDOHQW WR ¦,
GRQ©W NQRZ�§

� ,QFRUUHFW�

:H WULHG D QXPEHU RI IHDWXUHV� RI ZKLFK WKH PRVW
H[SODQDWRU\ WXUQHG RXW WR EH�

� 7KH FDWHJRU\ RI VWXGHQW UHVSRQVH
� :KHWKHU WKH YDULDEOH LV QHXUDO RU QRQ�QHXUDO
� 6HTXHQFH RI WKH YDULDEOH ZLWKLQ LWV FDWHJRU\
� +RZ PDQ\ SUHYLRXV DWWHPSWV KDG EHHQ PDGH WR WXWRU WKLV
YDULDEOH

3RVVLEOH WXWRU EHKDYLRUV ZHUH�

� 3URFHHG� 7KH WXWRU SURFHHGHG ZLWK WKH QH[W WXWRULDO JRDO�
7KLV LV WKH QRUPDO DFWLRQ ZKHQ WKH VWXGHQW JDYH WKH
GHVLUHG DQVZHU�

� *LYH LQIR DQG SURFHHG� 7KH WXWRU UHVSRQGHG ZLWK VRPH
WXWRULDO LQIRUPDWLRQ EHIRUH SURFHHGLQJ ZLWK WKH QH[W
WXWRULDO JRDO�

� *LYH LQIR DQG UH�HOLFLW� 7KH WXWRU UHVSRQGHG ZLWK VRPH
WXWRULDO LQIRUPDWLRQ EHIRUH DVNLQJ VXEVWDQWLDOO\ WKH VDPH
TXHVWLRQ DJDLQ�

� *LYH DQVZHU DQG SURFHHG� 7KH WXWRU JDYH WKH VWXGHQW WKH

DQVZHU� WKHQ SURFHHGHG ZLWK WKH QH[W WXWRULDO JRDO�
� 1HVWHG PHWKRG� 7KH WXWRU LQWURGXFHG D QHZ WXWRULQJ
PHWKRG WR DGGUHVV WKH FXUUHQW WXWRULDO JRDO� :KHQ WKH QHZ
PHWKRG WHUPLQDWHV� WKH WXWRU ZLOO UHWXUQ WR WKH QH[W JRDO RI
WKH RULJLQDO PHWKRG� L�H� WKH \RXQJHU VLEOLQJ RI WKH FXUUHQW
JRDO�

� 1HZ PHWKRG� 7KH WXWRU DEDQGRQHG WKH FXUUHQW PHWKRG�
OHYHO WXWRULQJ JRDO DQG DOO LWV GHVFHQGDQWV� DQG WULHG
DQRWKHU PHWKRG WR WXWRU WKH VDPH YDULDEOH�

)RU WKLV H[SHULPHQW ZH KDG �� FDVHV RI WXWRU EHKDYLRU
IROORZLQJ D VWXGHQW UHVSRQVH� &��� SURGXFHG WKH IROORZLQJ
GHFLVLRQ WUHH� ZKLFK UHTXLUHG QR VLPSOLILFDWLRQ�

,I VWXGHQW DQVZHU ZDV FRUUHFW�
SURFHHG

,I VWXGHQW DQVZHU ZDV FRUUHFW EXW KHGJHG
JLYH LQIR DQG SURFHHG

,I VWXGHQW DQVZHU ZDV SDUWLDOO\ FRUUHFW
JLYH LQIR DQG SURFHHG

,I VWXGHQW DQVZHU ZDV D QHDU PLVV
LQWURGXFH D QHVWHG PHWKRG

,I VWXGHQW DQVZHU ZDV LQFRUUHFW
LI YDULDEOH LV QHXUDO WKHQ
LI WKLV LV WKH ILUVW DWWHPSW IRU WKLV YDULDEOH
WU\ D QHZ PHWKRG

HOVH ^VXEVHTXHQW DWWHPSWV`
JLYH LQIR DQG UH�HOLFLW

HOVH ^QRQ�QHXUDO YDULDEOH`
LI ILUVW QRQ�QHXUDO YDULDEOH LQ GLDORJXH
JLYH DQVZHU DQG SURFHHG

HOVH ^VXEVHTXHQW YDULDEOHV`
JLYH LQIR DQG UH�HOLFLW

7KLV WUHH SURYLGHV DQ DOJRULWKP IRU XSGDWLQJ WKH WXWRULQJ
SODQ EDVHG RQ WKH VWXGHQW©V UHVSRQVH� ,W FRUUHFWO\ FODVVLILHV
�� RI RXU �� FDVHV� \LHOGLQJ DQ HUURU UDWH RI ����
7KH ELJJHVW VRXUFH RI HUURU LV WKDW WKH WUHH XQGHUSUHGLFWV

WKH XVH RI D QHZ PHWKRG� SUHGLFWLQJ RQO\ WKUHH QHZ PHWKRGV
ZKHUH VHYHQ DFWXDOO\ RFFXUUHG� 7U\LQJ D QHZ PHWKRG PHDQV�
IRU H[DPSOH� DEDQGRQLQJ W�WXWRUV�YLD�GHWHUPLQDQWV DQG
VZLWFKLQJ WR W�VKRZV�FRQWUDGLFWLRQ� :H KRSH WKDW DGGLQJ
PRUH WUDQVFULSWV WR RXU H[SHULPHQW ZLOO VKHG OLJKW RQ WKLV
LVVXH�
0DQ\ RI WKH IHDWXUHV WKDW ZH FRGHG ZHUH QRW XVHG E\ &���

LQ EXLOGLQJ WKH ILQDO GHFLVLRQ WUHH� PRVW QRWDEO\ WKH FRXQWV RI
KRZ PDQ\ SUHGLFWLRQV ZHUH LQFRUUHFW� 7KLV LQGLFDWHV WKDW WKH
WXWRU©V UHVSRQVH WR D VWXGHQW XWWHUDQFH DSSHDUV WR GHSHQG
PRUH RQ WKH FDWHJRU\ RI WKH VWXGHQW XWWHUDQFH WKDQ RQ D
JOREDO DVVHVVPHQW RI WKH VWXGHQW©V SHUIRUPDQFH�

&KRRVLQJ�DQ�([SOLFLW�$FNQRZOHGJPHQW

,Q WKH QH[W H[SHULPHQW� ZH H[SORUHG WKH VW\OH RI DFNQRZ�
OHGJPHQW LVVXHG E\ WKH WXWRU� LQ UHVSRQVH WR D VWXGHQW
DQVZHU� ,Q �� FDVHV RI WXWRU DFNQRZOHGJPHQWV� ZH
FDWHJRUL]HG WKH REVHUYHG DFNQRZOHGJPHQWV DV IROORZV�

� 3RVLWLYH� H�J� ¦&RUUHFW�§
� 3DUWLDO� H�J� ¦:HOO WKDW©V SDUWO\ FRUUHFW� ���§
� 1HJDWLYH� H�J� ¦1R�§
� 1LO� QR H[SOLFLW DFNQRZOHGJPHQW�

7KH SRVVLEOH IHDWXUHV ZHUH WKH VDPH DV LQ WKH SUHYLRXV
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H[SHULPHQW� ,Q WKLV H[SHULPHQW &��� IRXQG VLJQLILFDQFH LQ
WKH QXPEHU RI WLPHV WKH WXWRU UHWULHG WKH W�HOLFLW WR ZKLFK WKH
VWXGHQW ZDV UHVSRQGLQJ� 7KH UHVXOWLQJ GHFLVLRQ WUHH LV TXLWH
PHVV\� ZLWK �� QRGHV EHIRUH VLPSOLILFDWLRQ DQG �� QRGHV
DIWHU� DQG WKH VLPSOLILHG WUHH PLVFODVVLILHV PRUH WKDQ ��� RI
WKH FDVHV� +RZHYHU ZH GLG REWDLQ D IHZ IDLUO\ VROLG UXOHV�

,I DQVZHU ZDV SDUWLDOO\ FRUUHFW
WKHQ LVVXH SDUWLDO DFN

,I DQVZHU ZDV FRUUHFW
WKHQ LVVXH SRVLWLYH RU QLO DFN

,I WKH DQVZHU ZDV LQFRUUHFW
LI ZH DUH RQ WKH ILUVW QHXUDO RU ILUVW QRQ�QHXUDO YEO
LI ZH DUH RQ WKH ILUVW DWWHPSW WR WXWRU WKDW YDULDEOH
WKHQ QLO DFN
HOVH ^D VXEVHTXHQW DWWHPSW`
QHJDWLYH DFN

7KH GLVWLQFWLRQ EHWZHHQ WKH ILUVW DWWHPSW �QR DFNQRZ�
OHGJPHQW� DQG VXEVHTXHQW DWWHPSWV �QHJDWLYH DFNQRZ�
OHGJPHQWV� DSSHDUV LQWHUHVWLQJ DW ILUVW JODQFH� +RZHYHU�
IXUWKHU DQDO\VLV VKRZV WKDW WKLV UHVXOW LV FRQIRXQGHG E\ WKH
UHVXOWV RI WKH ILUVW H[SHULPHQW� L�H�� ILUVW DWWHPSWV DQG
VXEVHTXHQW DWWHPSWV JHQHUDOO\ XVH FRQVLVWHQWO\ GLIIHUHQW
PHWKRGV� 7KXV LW LV SRVVLEOH WKDW D IHDWXUH RI WKH VHFRQG
PHWKRG LV WKH XQGHUO\LQJ FDXVH RI WKH UXOH DERYH�
7KHUH LV IXUWKHU HYLGHQFH WKDW WXWRULDO SODQQLQJ IHDWXUHV

DUH QRW VXIILFLHQW WR H[SODLQ WKH XVH RI DFNQRZOHGJPHQWV�
)RU H[DPSOH� RXU GHFLVLRQ WUHHV RIIHU QR H[SODQDWLRQ DV WR
ZK\ FRUUHFW DQVZHUV UHFHLYH D SRVLWLYH DFNQRZOHGJPHQW
DERXW WKUHH WLPHV RXW RI IRXU DQG QR DFNQRZOHGJPHQW WKH
UHVW RI WKH WLPH� :H VXVSHFW WKDW RWKHU IHDWXUHV DIIHFWLQJ
GLDORJXH FRKHUHQFH� VXFK DV WKH SUHVHQFH RU DEVHQFH RI DQ
LQLWLDO GLVFRXUVH PDUNHU� DUH UHODWHG WR WKH GHFLVLRQ WR XVH DQ
H[SOLFLW DFNQRZOHGJPHQW� 6FKLIIULQ©V ������ VWXG\ RI
GLVFRXUVH PDUNHUV OHQGV FUHGHQFH WR WKLV WKHRU\� )RU
H[DPSOH� DFFRUGLQJ WR 6FKLIIULQ©V DQDO\VLV� WKH XVH RI ZHOO LQ
WKH IROORZLQJ H[FHUSW LQGLFDWHV WKDW WKH WXWRU LV FRQWUDGLFWLQJ
WKH VWXGHQW©V ZURQJ DQVZHU� 7KLV LV VLPLODU WR WKH SXUSRVH D
QHJDWLYH DFNQRZOHGJPHQW ZRXOG VHUYH�

7� :KDW WR \RX WKLQN ZLOO KDSSHQ WR 69"
6� 1R FKDQJH�
7� :HOO� \RX SUHGLFWHG WKDW 5$3 ZRXOG JR GRZQ DQG ���

$OVR� VLQFH '/5V DOUHDG\ KDYH LQWHUQDO FRKHUHQFH� LW LV QRW
VXUSULVLQJ WR VHH IHZHU DFNQRZOHGJPHQWV RQ VWXGHQW
UHVSRQVHV WR TXHVWLRQV LQVLGH D '/5�

&KRRVLQJ�D�5HDOL]DWLRQ

7KH ILQDO H[SHULPHQW H[DPLQHG WKH UHDOL]DWLRQ RI WKH WRSLF
W�WXWRUV�GU�LQIR� 7KLV WRSLF LV DOZD\V UHDOL]HG E\ DQ LQVWDQFH
RI WKH SULPLWLYH W�LQIRUPV RU W�HOLFLW� 2XU TXHVWLRQ ZDV WR
GHWHUPLQH XQGHU ZKDW FRQGLWLRQV HDFK RI WKHVH SULPLWLYHV LV
FKRVHQ E\ WKH KXPDQ WXWRU�
$OWKRXJK W�LQIRUPV LV XVXDOO\ UHDOL]HG DV D GHFODUDWLYH

VHQWHQFH DQG W�HOLFLWV ZLWK DQ LQWHUURJDWLYH� RWKHU DOWHUQDWLYHV
DUH SRVVLEOH� )RU H[DPSOH� W�HOLFLWV FRXOG EH UHDOL]HG DV DQ
LPSHUDWLYH� ¦3OHDVH WHOO PH ���§ �6LQFODLU 	 &RXOWKDUG� ������
7KXV WKHVH UXOHV GR QRW GLUHFWO\ GHWHUPLQH VXUIDFH VWUXFWXUH�
DOWKRXJK WKH\ GR PRYH RQH OHYHO FORVHU WR VXUIDFH VWUXFWXUH�
)RU WKLV H[SHULPHQW ZH KDG &��� EXLOG D GHFLVLRQ WUHH WR

FODVVLI\ �� FDVHV ZKHUH W�WXWRUV�GU�LQIR LV UHDOL]HG DV
W�LQIRUPV �� FDVHV� RU W�HOLFLW �� FDVHV�� 6LQFH WKLV WRSLF
RFFXUV ZKHQ DQ LQFRUUHFW SUHGLFWLRQ IRU D QHXUDO YDULDEOH LV
WXWRUHG� ZH FKRVH WKH IROORZLQJ DV SRVVLEOH H[SODQDWRU\
IHDWXUHV�

� 1XPEHU RI YDULDEOHV SUHGLFWHG LQFRUUHFWO\ IRU WKH VWDJH
� 1XPEHU RI QHXUDO YDULDEOHV SUHGLFWHG LQFRUUHFWO\
� :KHWKHU RU QRW WKH WXWRU KDV DOUHDG\ WXWRUHG WKH WRSLF

W�WXWRUV�PHFKDQLVP LQ WKH FRXUVH RI UHPHGLDWLQJ WKH
LQFRUUHFW SUHGLFWLRQ� 7KLV WRSLF LV XVHG WR WHDFK WKH VWXGHQW
WKDW D YDULDEOH LV QHXUDO�

7KH ILUVW WZR IHDWXUHV ZHUH FKRVHQ EHFDXVH WKH\ FRXOG EH
XVHG DV SDUW RI DQ DVVHVVPHQW RI WKH VWXGHQW©V SHUIRUPDQFH�
3UHYLRXV ZRUN �H�J�� +XPH HW DO�� ����� VXJJHVWV WKDW RXU
WXWRUV FKDQJH WKHLU WXWRULQJ VW\OH� HVSHFLDOO\ WKHLU XVH RI
KLQWV� EDVHG RQ WKHLU DVVHVVPHQW RI WKH VWXGHQW�
7KH IROORZLQJ GHFLVLRQ WUHH ZDV REWDLQHG IURP &����

,I D W�WXWRUV�PHFKDQLVP WRSLF KDV RFFXUUHG
WKHQ D VXEVHTXHQW W�WXWRUV�GU�LQIR WRSLF ZLOO EH
UHDOL]HG DV W�LQIRUP

RWKHUZLVH LW ZLOO EH UHDOL]HG DV W�HOLFLW�

7KLV UXOH� ZKLFK XVHV RQO\ WKH IHDWXUH W�WXWRUV�PHFKDQLVP�
FRUUHFWO\ FODVVLILHV �� RI WKH �� FDVHV� JLYLQJ DQ HUURU UDWH RI
���� 7KH RWKHU WZR IHDWXUHV ZHUH LJQRUHG�
,W LV ZRUWK QRWLQJ WKDW QRQH RI WKH UHDGHUV RI WKH

WUDQVFULSWV KDG SUHYLRXVO\ QRWLFHG WKLV UHODWLRQVKLS�
+DYLQJ GLVFRYHUHG WKLV UHODWLRQVKLS� ZH EXLOW D ��E\��

FRQWLQJHQF\ WDEOH VKRZLQJ WKH UHDOL]DWLRQ RI W�WXWRUV�GU�LQIR
YV� WKH XVH RI W�WXWRUV�PHFKDQLVP �7DEOH ��� :H FRPSXWHG
F
�  ���� LQFOXGLQJ WKH <DWHV FRUUHFWLRQ IRU VPDOO 1� ZKLFK
VKRZV WKDW WKH UHODWLRQVKLS LV XQOLNHO\ WR EH UDQGRP �S  
������

7DEOH �� &RQWLQJHQF\ 7DEOH IRU 5HDOL]LQJ W�WXWRUV�GU�LQIR

+DV SUHFHGLQJ
W�WXWRUV�PHFK"
<HV 1R 7RWDO

W�LQIRUP � � �
W�HOLFLW � � �

7RWDO �� � ��

,QWULJXHG E\ WKH IDFW WKDW ERWK FRPSRQHQWV RI WKH VWXGHQW
DVVHVVPHQW ZHUH LJQRUHG� ZH GHFLGHG WR VHH ZKDW KDSSHQHG
LI ZH HOLPLQDWHG WKH W�WXWRUV�PHFKDQLVP IDFWRU LQVWHDG� $Q
HYHQ VLPSOHU GHFLVLRQ WUHH ZDV REWDLQHG�

,I DOO WKUHH QHXUDO YDULDEOHV ZHUH LQFRUUHFWO\ SUHGLFWHG
WKHQ XVH W�HOLFLW
HOVH XVH W�LQIRUP

7KLV WUHH PLVFODVVLILHV � RXW RI WKH �� FDVHV� DQ HUURU UDWH RI
���� 2XU WHQWDWLYH XQGHUVWDQGLQJ RI WKLV UXOH LV WKDW ZKHQ
WKH VWXGHQW PDNHV WKH VDPH HUURU UHSHDWHGO\� WKH WXWRU
VZLWFKHV WR D VFKHPD ZKHUH WKH LQIRUPDWLRQ LQYROYHG LV
VSHFLILFDOO\ SUREHG IRU�

5HODWHG�:RUN

9DQGHU /LQGHQ DQG 'L (XJHQLR �����D� ����E� VWXGLHG UXOHV
IRU GLVWLQJXLVKLQJ WKH RFFXUUHQFHV RI ZDUQLQJV LQ ZULWWHQ
LQVWUXFWLRQV� LQ SDUWLFXODU KRZ WR FKRRVH DPRQJ SKUDVHV VXFK
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DV QHYHU GR ;� GRQ©W GR ;� DQG EH VXUH QRW WR GR ;� 7KH\
FRGHG LQVWDQFHV RI VXFK H[SUHVVLRQV LQ UHFLSHV� LQVWUXFWLRQV
IRU RSHUDWLQJ HTXLSPHQW� DQG VLPLODU W\SHV RI ZULWWHQ
PDWHULDO� 7KH XVHG WKUHH VHPDQWLF IHDWXUHV� VXFK DV ¦ZULWHU
EHOLHYHV WKDW UHDGHU NQRZV WKDW GRLQJ ; LV GDQJHURXV�§ 7KH\
WKHQ XVHG D PDFKLQH OHDUQLQJ DOJRULWKP WR GHULYH GHFLVLRQ
UXOHV ZKLFK FRXOG EH LQWHJUDWHG LQWR D WH[W JHQHUDWLRQ
DSSOLFDWLRQ�
0RVHU DQG 0RRUH ������ DQG 'L (XJHQLR� 0RRUH DQG

3DROXFFL ������ VWXGLHG WKH XVH RI FXH ZRUGV VXFK DV
EHFDXVH DQG DOVR LQ WXWRULDO WH[W� 7KH\ DQQRWDWHG WH[W
VHJPHQWV ZLWK IHDWXUHV GHVFULELQJ VWUXFWXUDO �FRUH�
FRQWULEXWRU�� LQWHQWLRQDO� LQIRUPDWLRQDO DQG V\QWDFWLF
UHODWLRQV EHWZHHQ WH[W VHJPHQWV� 7KH\ XVHG D GHFLVLRQ�WUHH
JHQHUDWLQJ DOJRULWKP WR WHVW K\SRWKHVHV DERXW WKH RFFXUUHQFH
DQG SODFHPHQW RI WKH FXH ZRUGV� 8QOLNH WKH ZRUN RI 9DQGHU
/LQGHQ DQG 'L (XJHQLR� WKH WH[W VHJPHQWV DUH FRGHG IRU D
YHU\ ODUJH QXPEHU RI IHDWXUHV� DQG SDUW RI WKH H[SHULPHQW LV
WR GHWHUPLQH ZKLFK IHDWXUHV DUH VLJQLILFDQW�
(DFK RI WKHVH SDSHUV VWXGLHV UHODWLRQVKLSV EHWZHHQ ZRUGV

RU V\QWDFWLF VWUXFWXUHV LQ D VXUIDFH WH[W DQG VHPDQWLF RU
WH[WXDO IHDWXUHV ZKLFK KDYH EHHQ FRGHG� $OWKRXJK RXU
PHWKRGRORJ\ LV VLPLODU� RXU ZRUN LV GLIIHUHQW EHFDXVH ZH DUH
UHODWLQJ OHYHOV RI JRDO VWUXFWXUH WR ORZHU�OHYHO JRDOV UDWKHU
WKDQ GLUHFWO\ WR VXUIDFH WH[W� 7KXV RXU ZRUN FDQ EH XVHG WR
EXLOG UXOHV DW VHYHUDO OHYHOV RI D KLHUDUFKLFDO SODQQLQJ
SURFHVV�

&RQFOXVLRQV

:H DUH FXUUHQWO\ EXLOGLQJ D GLDORJXH�EDVHG LQWHOOLJHQW
WXWRULQJ V\VWHP ZKLFK XVHV D UXOH�EDVHG JOREDO SODQQHU� 7R
EHWWHU XQGHUVWDQG WKH WXWRULQJ VWUDWHJLHV XVHG E\ KXPDQ
WXWRUV� ZH VWXGLHG WUDQVFULSWV RI H[SHUW WXWRUV GRLQJ WKH VDPH
WDVN� :H DQQRWDWHG WKLV FRUSXV WR VKRZ WKH WXWRULDO JRDOV
IURP ZKLFK XWWHUDQFHV FRXOG EH GHULYHG� :H XVHG WKH &���
UXOH LQGXFWLRQ DOJRULWKP WR GHULYH UXOHV UHODWLQJ VRPH RI RXU
SODQ RSHUDWRUV WR WKH ORZHU�OHYHO RSHUDWRUV XVHG WR
LQVWDQWLDWH WKHP� 8VLQJ D VPDOO EXW VLJQLILFDQW SRUWLRQ RI RXU
FRUSXV� ZH REWDLQHG VRPH LQWXLWLYHO\ VDWLVI\LQJ UXOHV DW
VHYHUDO OHYHOV RI GLVFRXUVH� 6RPH RI WKHVH UXOHV DUH
VWDWLVWLFDOO\ VLJQLILFDQW� DQG VRPH SRLQW WR LGHDV IRU IXWXUH
ZRUN� ,Q RQH FDVH &��� FDXJKW D JHQHUDOL]DWLRQ ZKLFK RXU
KXPDQ UHDGHUV KDG PLVVHG�
:H FRQGXFWHG IRXU H[SHULPHQWV� 7KH ILUVW H[SHULPHQW

UHYHDOHG D KLJK�OHYHO SODQ IRU D ZKROH VWDJH RI WKH WXWRULQJ
VHVVLRQ� $ VHFRQG UHODWHG WKH FDWHJRU\ RI WKH VWXGHQW DQVZHU
WR D VXEVHTXHQW FKDQJH LQ WXWRULDO JRDOV� SURYLGLQJ UXOHV IRU
G\QDPLF PRGLILFDWLRQ RI WKH WXWRULQJ DJHQGD� $ WKLUG
H[SHULPHQW VKRZHG WKDW H[SOLFLW DFNQRZOHGJPHQWV RI WKH
VWXGHQW©V XWWHUDQFHV PD\ QRW EH IXOO\ H[SODLQDEOH E\ WKH
WXWRULDO JRDO VWUXFWXUH� $ ILQDO H[SHULPHQW ZDV MXVW DERYH WKH
OHYHO RI WH[W UHDOL]DWLRQ� ILQGLQJ UHODWLRQVKLSV EHWZHHQ
VWXGHQW HUURUV DQG WKH GHFLVLRQ WR H[SUHVV FHUWDLQ WXWRULQJ
JRDOV DV W�LQIRUPV RU W�HOLFLWV�
7KLV ZRUN KDV VKRZQ WKDW UXOH LQGXFWLRQ RQ D QDWXUDO�

ODQJXDJH FRUSXV FDQ SURGXFH SODQQLQJ UXOHV ZKLFK DUH ERWK
XVHIXO DQG LQWHUHVWLQJ� ,W LV D VWHS RQ WKH SDWK WRZDUG PRUH
REMHFWLYH PHWKRGV RI FRUSXV DQDO\VLV IRU WH[W JHQHUDWLRQ� :H
SODQ WR H[SDQG RXU DQDO\VLV WR FRYHU PRUH SODQ RSHUDWRUV

DQG PRUH H[DPSOHV RI HDFK LQ RUGHU WR SURGXFH WKH PRVW
UHDOLVWLF WH[W SRVVLEOH LQ &,5&6,0�7XWRU�

5HIHUHQFHV

'L (XJHQLR� %�� 0RRUH� -� '� DQG 3DROXFFL� 0� �������
/HDUQLQJ )HDWXUHV WKDW 3UHGLFW &XH 8VDJH� 3URFHHGLQJV RI
WKH ��WK $QQXDO 0HHWLQJ RI WKH $VVRFLDWLRQ IRU
&RPSXWDWLRQDO /LQJXLVWLFV� 0DGULG� &PS�OJ���������

6LQFODLU� -� 0� DQG &RXOWKDUG� 5� 0� ������� 7RZDUGV DQ
$QDO\VLV RI 'LVFRXUVH� 7KH (QJOLVK 8VHG E\ 7HDFKHUV DQG
3XSLOV� /RQGRQ� 2[IRUG 8QLYHUVLW\ 3UHVV�

)UHHGPDQ� 5� DQG (YHQV� 0� :� ������� *HQHUDWLQJ DQG
5HYLVLQJ +LHUDUFKLFDO 0XOWL�WXUQ 7H[W 3ODQV LQ DQ ,76�
,QWHOOLJHQW 7XWRULQJ 6\VWHPV� 7KLUG ,QWHUQDWLRQDO
&RQIHUHQFH �,76 ©���� 0RQWUHDO �6SULQJHU�9HUODJ /HFWXUH
1RWHV LQ &RPSXWHU 6FLHQFH� ������ %HUOLQ� 6SULQJHU�

+XPH� *�� 0LFKDHO� -�� 5RYLFN� $�� DQG (YHQV� 0� :�
������� 6WXGHQW 5HVSRQVHV DQG )ROORZ 8S 7XWRULDO
7DFWLFV LQ DQ ,76� 3URFHHGLQJV RI WKH 1LQWK )ORULGD
$UWLILFLDO ,QWHOOLJHQFH 5HVHDUFK 6\PSRVLXP �)ODLUV ©����
.H\ :HVW� )/ �SS� ���¤�����

0RVHU� 0� *� DQG 0RRUH� -� '� ������� ,QYHVWLJDWLQJ &XH
6HOHFWLRQ DQG 3ODFHPHQW LQ 7XWRULDO 'LVFRXUVH�
3URFHHGLQJV RI WKH ��UG $QQXDO 0HHWLQJ RI WKH
$VVRFLDWLRQ IRU &RPSXWDWLRQDO /LQJXLVWLFV �SS� ���¤�����

4XLQODQ� -� 5� ������� &���� 3URJUDPV IRU 0DFKLQH
/HDUQLQJ� /RV $OWRV� &$� 0RUJDQ .DXIPDQQ�

5HLWHU� (� DQG 'DOH� 5� ������� %XLOGLQJ $SSOLHG 1DWXUDO
/DQJXDJH *HQHUDWLRQ 6\VWHPV� -RXUQDO RI 1DWXUDO
/DQJXDJH (QJLQHHULQJ� �� ��¤���

6FKLIIULQ� '� ������� 'LVFRXUVH 0DUNHUV� &DPEULGJH�
&DPEULGJH 8QLYHUVLW\ 3UHVV�

9DQGHU /LQGHQ� .� DQG 'L (XJHQLR� %� �����D�� $ FRUSXV
VWXG\ RI QHJDWLYH LPSHUDWLYHV LQ 1DWXUDO /DQJXDJH
LQVWUXFWLRQV� 3URFHHGLQJV RI WKH ��WK ,QWHUQDWLRQDO
&RQIHUHQFH RQ &RPSXWDWLRQDO /LQJXLVWLFV �&2/,1* ©����
&RSHQKDJHQ� &PS�OJ���������

9DQGHU /LQGHQ� .� DQG 'L (XJHQLR� %� �����E�� /HDUQLQJ
0LFUR�3ODQQLQJ 5XOHV IRU 3UHYHQWDWLYH ([SUHVVLRQV�
(LJKWK ,QWHUQDWLRQDO :RUNVKRS RQ 1DWXUDO /DQJXDJH
*HQHUDWLRQ �,1/* ©���� 6XVVH[� 8.� &PS�OJ�

��������

$FNQRZOHGJPHQWV

7KLV ZRUN ZDV VXSSRUWHG E\ WKH &RJQLWLYH 6FLHQFH 3URJUDP�
2IILFH RI 1DYDO 5HVHDUFK XQGHU *UDQW 1R� 1�����¤��¤�¤
����� WR ,OOLQRLV ,QVWLWXWH RI 7HFKQRORJ\� 7KH FRQWHQW GRHV
QRW UHIOHFW WKH SRVLWLRQ RU SROLF\ RI WKH JRYHUQPHQW DQG QR
RIILFLDO HQGRUVHPHQW VKRXOG EH LQIHUUHG�
,Q DGGLWLRQ WR JHQHURXVO\ VKDULQJ ZLWK XV WKHLU NQRZOHGJH

DERXW ERWK SHGDJRJLFDO DQG GRPDLQ LVVXHV� 3URIHVVRUV -RHO
$� 0LFKDHO DQG $OOHQ $� 5RYLFN RI 5XVK 0HGLFDO &ROOHJH
GHYLVHG WKH H[SHULPHQWDO VHWXS IRU WKH WUDQVFULSW FROOHFWLRQ
DQG VHUYHG DV H[SHUW WXWRUV LQ WKH WXWRULQJ VHVVLRQV�


