
0RGHOLQJ +LS +RS &KDOOHQJH�5HVSRQVH /\ULFV DV 0DFKLQH 7UDQVODWLRQ

'HNDL :8 DQG .DUWHHN $''$1., DQG 0DUNXV 6$(56
+XPDQ /DQJXDJH 7HFKQRORJ\ &HQWHU
'HSDUWPHQW RI &RPSXWHU 6FLHQFH

+.867� &OHDU :DWHU %D\� +RQJ .RQJ
^GHNDL�YVNDGGDQNL�PDVDHUV`#FV�XVW�KN

$EVWUDFW

:H FDVW WKH SUREOHP RI KLS KRS O\ULF JHQ�
HUDWLRQ DV D WUDQVODWLRQ SUREOHP� DXWRPDW�
LFDOO\ OHDUQ D PDFKLQH WUDQVODWLRQ V\VWHP
WKDW DFFHSWV KLS KRS O\ULF FKDOOHQJHV DQG
LPSURYLVHV UK\PLQJ UHVSRQVHV� DQG VKRZ
WKDW LPSURYLQJ WKH WUDLQLQJ GDWD E\ OHDUQLQJ
DQ XQVXSHUYLVHG UK\PH GHWHFWLRQ VFKHPH
IXUWKHU LPSURYHV SHUIRUPDQFH� 2XU DS�
SURDFK XVLQJ XQVXSHUYLVHG LQGXFWLRQ RI
VWRFKDVWLF WUDQVGXFWLRQ JUDPPDUV LV WKH
ILUVW WR DSSO\ WKH OHDUQLQJ DOJRULWKPV RI
607 WR WKH ZRHIXOO\ XQGHU�H[SORUHG JHQUH
RI O\ULFV LQ PXVLF� $ QRYHO IHDWXUH RI RXU
PRGHO LV WKDW LW LV FRPSOHWHO\ XQVXSHUYLVHG
DQG GRHV QRW PDNH XVH RI DQ\ D SULRUL OLQ�
JXLVWLF RU SKRQHWLF LQIRUPDWLRQ� 8QOLNH WKH
KDQGIXO RI SUHYLRXV DSSURDFKHV WR PRGHO�
LQJ O\ULFV� ZH FKRRVH WKH GRPDLQ RI KLS
KRS O\ULFV ZKLFK LV SDUWLFXODUO\ QRLV\ DQG
XQVWUXFWXUHG� ,Q RUGHU WR FRSH ZLWK WKH
QRLV\ QDWXUH RI WKH GDWD LQ WKLV GRPDLQ� ZH
FRPSDUH WKH HIIHFW RI WZR GDWD VHOHFWLRQ
VFKHPHV RQ WKH TXDOLW\ RI WKH UHVSRQVHV
JHQHUDWHG� DQG VKRZ WKH VXSHULRULW\ RI VH�
OHFWLRQ YLD D GHGLFDWHG UK\PH VFKHPH GH�
WHFWRU WKDW LV DOVR DFTXLUHG WKURXJK XQVX�
SHUYLVHG OHDUQLQJ� :H DOVR SURSRVH WZR
VWUDWHJLHV WR PLWLJDWH WKH HIIHFW RI GLVIOX�
HQFLHV LQ WKH GDWD ZKLFK DUH FRPPRQ LQ
WKH GRPDLQ RI KLS KRS O\ULFV� RQ WKH SHU�
IRUPDQFH RI RXU PRGHO� 'HVSLWH WKH SDU�
WLFXODUO\ QRLV\ DQG XQVWUXFWXUHG QDWXUH RI
WKH GRPDLQ� RXU PRGHO SURGXFHV IOXHQW DQG
UK\PLQJ UHVSRQVHV FRPSDUHG WR D VWDQGDUG
SKUDVH EDVHG 607 EDVHOLQH LQ KXPDQ HYDO�
XDWLRQV�

� ,QWURGXFWLRQ

'HVSLWH EHLQJ D IRUP RI ODQJXDJH WKDW KDV KDG
WKH PRVW LPSDFW DFURVV DOPRVW DOO KXPDQ FXOWXUHV�
WKHUH KDYH EHHQ YHU\ IHZ DWWHPSWV WR DSSO\ FRPSX�
WDWLRQDO OLQJXLVWLFV WR WKH JHQUH RI O\ULFV LQ PXVLF�
$V DQ DWWHPSW WR PRWLYDWH IXUWKHU UHVHDUFK LQ WKLV
GLUHFWLRQ� ZH DSSO\ WKH OHDUQLQJ DOJRULWKPV RI VWD�
WLVWLFDO PDFKLQH WUDQVODWLRQ �607� WR DGGUHVV VRPH
RI WKH PRGHOLQJ LVVXHV LQ VRQJ O\ULFV� :H FKRRVH
KLS KRS� D JHQUH RI PXVLF WKDW HPSKDVL]HV UDSSLQJ�
VSRNHQ RU FKDQWHG UK\PLQJ O\ULFV DJDLQVW VWURQJ
EHDWV RU VLPSOH PHORGLHV DV D VWDUWLQJ SRLQW IRU WKLV
LQYHVWLJDWLRQ� 8QOLNH SRHWU\ DQG VRPH RWKHU JHQ�
UHV RI PXVLF� KLS KRS O\ULFV SUHVHQW D VLJQLILFDQW
QXPEHU RI FKDOOHQJHV IRU OHDUQLQJ DV LW ODFNV ZHOO�
GHILQHG VWUXFWXUH LQ WHUPV RI UK\PH VFKHPH� PHWHU�
RU RYHUDOO PHDQLQJ�
:H DUJXH WKDW WKH ULFK WRROV RIIHUHG E\ 607

IRU XQVXSHUYLVHG OHDUQLQJ RI VWRFKDVWLF WUDQVGXF�
WLRQ JUDPPDUV DUH LGHDO IRU UHSUHVHQWLQJ VWUXFWXUDO
UHODWLRQVKLSV EHWZHHQ OLQHV RI O\ULFV� :HPRGHO WKH
SUREOHP RI LPSURYLVLQJ D UK\PLQJ UHVSRQVH JLYHQ
DQ\ KLS KRS O\ULF FKDOOHQJH DV ³WUDQVODWLQJ´ IURP
D FKDOOHQJH OLQH WR D UK\PLQJ UHVSRQVH� :H GH�
VFULEH D QHZ IXOO\�DXWRPDWLFDOO\ OHDUQHG FKDOOHQJH�
UHVSRQVH V\VWHP ZKLFK XVHV D VWRFKDVWLF WUDQVGXF�
WLRQ JUDPPDU DV WKH WUDQVODWLRQ PRGHO IRU WKLV WDVN�
'HVSLWH WKH KLJKO\ XQVWUXFWXUHG DQG QRLV\ GRPDLQ�
RXU PRGHO LV FRPSOHWHO\ XQVXSHUYLVHG DQG XVHV QR
SULRU SKRQHWLF RU OLQJXLVWLF NQRZOHGJH ZKDWVRHYHU�
7KH YHU\ KLJK GHJUHH RI YDULDWLRQ WKDW LV SHUPLW�

WHG LQ WKH PHWHU RI WKH O\ULFV� DQG ODUJH DPRXQWV RI
FROORTXLDO YRFDEXODU\ DQG VODQJ IURP WKH VXEFXO�
WXUH HPSOR\HG PDNH WKH GRPDLQ RI KLS KRS O\ULFV
KLJKO\ XQVWUXFWXUHG FRPSDUHG WR PRUH VWUXFWXUHG
GRPDLQV VXFK DV FODVVLFDO SRHWU\ RQ ZKLFK VWDWLV�
WLFDO PHWKRGV KDYH EHHQ DSSOLHG LQ WKH SDVW� 7KH
YDULDQFH LQ WKH SHUPLWWHG PHWHU FRXSOHG ZLWK WKH
EURDG UDQJH RI XQRUWKRGR[ YRFDEXODU\ XVHG LQ KLS
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KRSPDNHV LW GLIILFXOW WR XVH RII�WKH�VKHOI 1/3 WRROV
IRU GRLQJ SKRQRORJLFDO DQG�RU PRUSKRORJLFDO DQDO�
\VLV� 'LIIHUHQFHV LQ LQWRQDWLRQ DQG ODFN RI UREXVW
WUDQVFULSWLRQ �/LEHUPDQ� ����� IXUWKHU FRPSRXQG
WKH FKDOOHQJHV LQYROYHG LQ DSSO\ VWDWLVWLFDO OHDUQ�
LQJ DOJRULWKPV WR WKH GRPDLQ RI KLS KRS�

*LYHQ WKH QRLV\ QDWXUH RI WKH GRPDLQ RI KLS
KRS O\ULFV� ZH HPSOR\ D UK\PH VFKHPH GHWHFWRU
DFTXLUHG WKURXJK XQVXSHUYLVHG OHDUQLQJ WR VHOHFW
RXU WUDLQLQJ GDWD� 7KH UK\PH VFKHPH GHWHFWRU VHJ�
PHQWV HDFK YHUVH RI D KLS KRS VRQJ LQWR VWDQ]DV DQG
LGHQWLILHV WKH OLQHV LQ HDFK VWDQ]D WKDW UK\PH ZLWK
HDFK RWKHU� 7KH UK\PLQJ OLQHV DUH VXEVHTXHQWO\
XVHG WR LQGXFH WKH VWRFKDVWLF WUDQVGXFWLRQ JUDP�
PDU� :H GHPRQVWUDWH WKH VXSHULRULW\ RI RXU WUDLQ�
LQJ GDWD VHOHFWLRQ PHWKRG E\ FRPSDULQJ WKH TXDOLW\
RI WKH UHVSRQVHV JHQHUDWHG E\ WKH PRGHOV WUDLQHG
RQ GDWD VHOHFWHG ZLWK DQG ZLWKRXW XVLQJ WKH UK\PH
VFKHPH GHWHFWRU�

'LVIOXHQFLHV DQG EDFNLQJ YRFDOV� RFFXU YHU\ IUH�
TXHQWO\ LQ WKH GRPDLQ RI KLS KRS O\ULFV� XQOLNH
FRQYHQWLRQDO VSRNHQ DQG ZULWWHQ ODQJXDJH� ZKLFK
DIIHFW WKH SHUIRUPDQFH RI 607 PRGHOV GHVLJQHG
IRU WUDQVODWLQJ ZHOO�IRUPHG VHQWHQFHV� :H SURSRVH
WZR VWUDWHJLHV IRU DOOHYLDWLQJ WKH HIIHFW RI GLVIOXHQ�
FLHV RQ WKH SHUIRUPDQFH RI RXU PRGHOV DQG FRP�
SDUH WKH SHUIRUPDQFH RI HDFK VWUDWHJ\ LQ KXPDQ
HYDOXDWLRQV� )LQDOO\� LQ RUGHU WR LOOXVWUDWH WKH FKDO�
OHQJHV IDFHG E\ WUDGLWLRQDO 607 WRROV� ZH FRQWUDVW
WKH SHUIRUPDQFH RI RXU PRGHO DJDLQVW D FRQYHQ�
WLRQDO� ZLGHO\ XVHG SKUDVH�EDVHG 607 PRGHO�

$ EULHI WHUPLQRORJLFDO QRWH� ³VWDQ]D´ DQG
³YHUVH´ DUH IUHTXHQWO\ FRQIXVHG DQG VRPHWLPHV
FRQIODWHG� :RUVH \HW� WKHLU XVDJH IRU VRQJ O\ULFV
LV RIWHQ FRQWUDGLFWRU\ WR WKDW IRU SRHWU\� 7R DYRLG
DPELJXLW\ ZH FRQVLVWHQWO\ IROORZ WKHVH WHFKQLFDO
GHILQLWLRQV IRU VHJPHQWV LQ GHFUHDVLQJ VL]H RI JUDQ�
XODULW\�

YHUVH D ODUJH XQLW RI D VRQJ¶V O\ULFV� $ VRQJ
W\SLFDOO\ FRQWDLQV VHYHUDO YHUVHV LQWHUVSHUVHG
ZLWK FKRUXVHV� ,Q WKH SUHVHQW ZRUN� ZH GR QRW
GLIIHUHQWLDWH FKRUXVHV IURP YHUVHV� ,Q VRQJ
O\ULFV� D YHUVH LV PRVW FRPPRQO\ UHSUHVHQWHG
DV D VHSDUDWH SDUDJUDSK�

VWDQ]D D VHJPHQW ZLWKLQ D YHUVH ZKLFK KDV D PH�
WHU DQG UK\PH VFKHPH� 6WDQ]DV RIWHQ FRQVLVW
RI �� �� RU � OLQHV� EXW VWDQ]DV RI PRUH OLQHV

�3DUWLFXODUO\ WKH UHSHWLWLYH FKDQWV� H[FODPDWLRQV� DQG LQWHUMHF�
WLRQV LQ KLS KRS ³K\SH PDQ´ VW\OH EDFNLQJ YRFDOV�

DUH DOVR FRPPRQ� 3DUWLFXODUO\ LQ KLS KRS� D
VLQJOH YHUVH RIWHQ FRQWDLQV PDQ\ VWDQ]DV ZLWK
GLIIHUHQW UK\PH VFKHPHV DQG PHWHUV�

OLQH D VHJPHQW ZLWKLQ D VWDQ]D FRQVLVWLQJ RI D
VLQJOH OLQH� ,Q SRHWU\� VWULFWO\ VSHDNLQJ WKLV
ZRXOG EH FDOOHG D ³YHUVH´� ZKLFK KRZHYHU
FRQIOLFWV ZLWK WKH FRQYHQWLRQDO XVH RI ³YHUVH´
LQ VRQJ O\ULFV�

6RPH RI WKH SUHYLRXV ZRUN WKDW DSSOLHV 607
PRGHOV DQG RWKHU VWDWLVWLFDO PHWKRGV WR VLPLODU XQ�
FRQYHQWLRQDO SUREOHPV DUH GLVFXVVHG LQ 6HFWLRQ ��
6HFWLRQV � DQG � FRQWDLQ RXU V\VWHP GHVFULSWLRQ DQG
H[SHULPHQWDO VHWXS UHVSHFWLYHO\� 5HVXOWV DQG FRQ�
FOXVLRQV DUH SUHVHQWHG LQ 6HFWLRQV � DQG ��

� 5HODWHG ZRUN

$OWKRXJK D KDQGIXO RI SUHYLRXV DSSURDFKHV DSSOLHG
607 PRGHOV DQG RWKHU VWDWLVWLFDO OHDUQLQJ PHWK�
RGV KDYH EHHQ WR XQFRQYHQWLRQDO GRPDLQV LQ WKH
SDVW� RXUV LV WKH ILUVW NQRZQ ZRUN RQ WKH GRPDLQ
RI KLS KRS O\ULFV� 0RVW RI WKH SDVW ZRUN LQ WKLV
YHLQ FDQ EH FODVVLILHG LQWR WZR FDWHJRULHV� ,Q WKH
ILUVW FDWHJRU\ VRPH IRUP RI SULRU OLQJXLVWLF NQRZO�
HGJH DERXW WKH GRPDLQ� VXFK DV SURQXQFLDWLRQ GLF�
WLRQDULHV *HQ]HO HW DO� ������ RU SKRQRORJLFDO RU
PRUSKRORJLFDO LQIRUPDWLRQ LV XVHG WR ERRWVWUDS WKH
OHDUQLQJ� :KLOH WKH VHFRQG FDWHJRU\ XVHV XQVXSHU�
YLVHG OHDUQLQJ PHWKRGV WR LGHQWLI\ ZRUG DVVRFLD�
WLRQ SUREDELOLWLHV� DSSURSULDWH ELDV LV SURYLGHG E\
WKH LQKHUHQW FRQVWUDLQWV LQ WKH GRPDLQ VXFK DV D VHW
QXPEHU RI ZRUGV LQ D OLQH �LQ &KLQHVH FRXSOHWV�� RU
D VHW PHWHU �LQ FODVVLFDO SRHWU\��

,Q WKLV ZRUN� ZH SUHVHQW D FRPSOHWHO\ XQVXSHU�
YLVHG PRGHO RQ D GRPDLQ WKDW LQKHUHQWO\ KDV YHU\
IHZ VXFK FRQVWUDLQWV� $V SUHYLRXVO\ PHQWLRQHG�
KLS KRS O\ULFV XQOLNH SRHPV �HVSHFLDOO\ LQ FODVVLFDO
SRHWU\ ZKHUH� IRU H[DPSOH� DQ RFWDYH KDV H[DFWO\
�� V\OODEOHV SHU OLQH DQG � OLQHV SHU VWDQ]D� GR QRW
UHTXLUH D VHW QXPEHU RI V\OODEOHV LQ D OLQH� $OVR� QRW
DOO ZRUGV LQ WKH O\ULFV DUH UHTXLUHG WR EH D SDUW RI WKH
OH[LFRQ� )LQDOO\� UK\PLQJ LV IUHTXHQWO\ DFKLHYHG
YLD LQWRQDWLRQ DQG DVVRQDQFH PDNLQJ LW KDUG WR DS�
SO\ SULRU SKRQRORJLFDO FRQVWUDLQWV� $ EULHI VXP�
PDU\ RI WKH UHODWHG ZRUN LV SUHVHQWHG EHORZ�

-LDQJ DQG =KRX ������ WUDLQHG D SKUDVH�EDVHG
607 V\VWHP WR WUDQVODWH WKH ILUVW OLQH RI RI D &KL�
QHVH FRXSOHW RU GXLOLDQ LQWR WKH VHFRQG� /LQJXLVWLF
FRQVWUDLQWV ZHUH DSSOLHG WR WKH n EHVW RXWSXW RI WKH
607 V\VWHP WR VHOHFW WKH PRVW VXLWDEOH QH[W OLQH�
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+RZHYHU LQ FRQWUDVW WR &KLQHVH FRXSOHWV� ZKLFK DG�
KHUH WR VWULFW UXOHV UHTXLULQJ� IRU H[DPSOH� DQ LGHQ�
WLFDO QXPEHU RI FKDUDFWHUV LQ HDFK OLQH DQG RQH�WR�
RQH FRUUHVSRQGHQFH LQ WKHLU PHWULFDO OHQJWK� WKH GR�
PDLQ RI KLS KRS O\ULFV LV IDU PRUH XQVWUXFWXUHG DQG
WKHUH H[LVWV QR FOHDU FRQVWUDLQW WKDW ZRXOG HQVXUH
IOXHQW DQG UK\PLQJ UHVSRQVHV WR KLS KRS FKDOOHQJH
O\ULFV�
$Q 607 V\VWHP ZDV XVHG LQ FRQMXQFWLRQ ZLWK

VWUHVV SDWWHUQV DQG UK\PHV IRXQG LQ D SURQXQFLD�
WLRQ GLFWLRQDU\ WR SURGXFH WUDQVODWLRQV RI SRHPV E\
*HQ]HO HW DO� ������� +RZHYHU� LW ZDV FKDOOHQJ�
LQJ WR SURGXFH WUDQVODWLRQV RI IXOO YHUVHV WKDW VDW�
LVILHG DOO WKH FRQVWUDLQWV HQIRUFHG E\ FODVVLFDO SR�
HWU\� )RU H[DPSOH� WKH WUDQVODWLRQV FRXOG QRW FRP�
SO\ ZLWK WKH GHVLUHG PHWHU RI WKH OLQH DOWKRXJK WKH
UK\PLQJ FRQVWUDLQWV ZHUH VDWLVILHG� 7KHVH UHVXOWV
LQGLFDWH WKH GLIILFXOW\ RI SURGXFLQJ TXDOLW\ RXWSXW
YLD DXWRPDWLF PHWKRGV HYHQ IRU YHU\ VWUXFWXUHG GR�
PDLQV�
$ HW DO� ������ SURSRVHG D PRGHO IRU DXWRPDWL�

FDOO\ JHQHUDWLQJ 7DPLO O\ULFV JLYHQ D PHORG\� 7KH
O\ULFV ZHUH UHSUHVHQWHG DV D VHTXHQFH RI ODEHOV XV�
LQJ WKH .10 V\VWHP ZKHUH .� 1 DQG 0 UHSUH�
VHQWHG WKH ORQJ YRZHOV� VKRUW YRZHOV DQG FRQVR�
QDQWV UHVSHFWLYHO\� 7KH\ VROYHG WKH VHTXHQFH OD�
EHOLQJ SUREOHP RI JHQHUDWLQJ WKH O\ULFV JLYHQ D
PHORG\ XVLQJ FRQGLWLRQDO UDQGRP ILHOGV�
2WKHUV KDYH DWWHPSWHG WR LGHQWLI\ ZRUG�WR�ZRUG

UHODWLRQVKLSV� VWUHVV SDWWHUQV �*UHHQH HW DO�� �����
DQG UK\PLQJ ZRUGV �5HGG\ DQG .QLJKW� ������
PRVWO\ LQ WKH GRPDLQ RI SRHWU\� *UHHQH HW DO�
������ XVHG DQ )67 WR DVVLJQ VWUHVV SDWWHUQV WR
ZRUGV JLYHQ WKH PHWHU RI D OLQH LQ 6KDNHVSHDUH¶V
VRQQHWV� 7KH VWUHVV SDWWHUQV ZHUH FRPELQHG ZLWK
D ODQJXDJH PRGHO WR JHQHUDWH SRHPV� 6RQGHUHJ�
JHU ������ DSSOLHG JUDSK WKHRU\ WR LGHQWLI\ WKH
UK\PLQJ SDWWHUQV DQG WKHUHIRUH LQIHUUHG WKH SUR�
QXQFLDWLRQ RI ZRUGV LQ ROG (QJOLVK SRHWU\� +RZ�
HYHU� WKHLU KHXULVWLF RI FOXVWHULQJ ZRUGV ZLWK VLP�
LODU ,3$ HQGLQJV UHVXOWHG LQ ODUJH FOXVWHUV RI IDOVH
SRVLWLYHV VXFK DV EORRP DQG QXPE� 5HGG\ DQG.QLJKW
������ SURSRVHG D ODQJXDJH�LQGHSHQGHQW JHQHUD�
WLYH PRGHO IRU VWDQ]DV LQ SRHWU\ IRU GLVFRYHULQJ
UK\PH VFKHPHV LQ )UHQFK DQG (QJOLVK SRHWU\�

� &KDOOHQJH�UHVSRQVH V\VWHP

:H GHVFULEH RXU PDFKLQH WUDQVODWLRQ V\VWHP WKDW
DFFHSWV KLS KRS O\ULF FKDOOHQJHV �L�H�� D OLQH RI D
KLS KRS YHUVH� DQG ³WUDQODWHV´ WKH FKDOOHQJH LQWR D

IOXHQW UHVSRQVH ZKLFK UK\PHV ZLWK WKH FKDOOHQJH�
:H GHVFULEH WKH UK\PH VFKHPH GHWHFWRU LQ 6HFWLRQ
��� WKDW LV XVHG WR LGHQWLI\ WKH UK\PLQJ OLQHV LQ WKH
YHUVHV ZKLFK LV XVHG WR VHOHFW WKH WUDLQLQJ GDWD IRU
RXU V\VWHP� 6HFWLRQV ��� DQG ��� GLVFXVV WKH GHWDLOV
RI RXU WUDQVGXFWLRQ JUDPPDU LQGXFWLRQ DQG GHFRG�
LQJ DOJRULWKP UHVSHFWLYHO\�

��� 'DWD VHOHFWLRQ� 5K\PH VFKHPH GHWHFWLRQ

$OWKRXJK RXU DSSURDFK DGDSWV DQ 607 V\VWHP WR�
ZDUG WKH SUREOHP RI JHQHUDWLQJ IOXHQW DQG UK\PLQJ
KLS KRS UHVSRQVHV� LW ZRXOG EH XQGHVLUDEOH WR WUDLQ
DQ 607 V\VWHP RQ DOO WKH VXFFHVVLYH OLQHV RI WKH
YHUVHV DV GHVFULEHG LQ -LDQJ DQG =KRX ������ GXH
WR YDULDQFH LQ KLS KRS UK\PLQJ SDWWHUQV� )RU H[�
DPSOH� LW LV YHU\ FRPPRQ IRU D VWDQ]D WR IROORZ
WKH$%$% UK\PH VFKHPH� $GGLQJ VXFFHVVLYH OLQHV
DV WKH WUDLQLQJ LQVWDQFHV WR WKH 607 V\VWHP ZRXOG
GULYH WKH WUDQVGXFWLRQ JUDPPDU WRZDUGV OHDUQLQJ
LQFRUUHFW UK\PH FRUUHVSRQGHQFHV� 7KLV SUREOHP LV
H[DFHUEDWHG E\ WKH IDFW WKDW D YHUVH �ZKLFK LV XVX�
DOO\ UHSUHVHQWHG DV D VHSDUDWH SDUDJUDSK� PD\ FRQ�
WDLQ PXOWLSOH VWDQ]DV RI YDU\LQJ OHQJWK DQG UK\PH
VFKHPHV� 7KH ODUJH VL]H RI WKH YHUVH PDNHV LW LP�
SRVVLEOH WR DGG DOO SRVVLEOH SDLUV RI OLQHV DV WUDLQLQJ
H[DPSOH DV LW ZRXOG H[SORGH WKH VL]H RI WKH WUDLQ�
LQJ GDWD QRW FRXQWLQJ WKH GHJUHH RI QRLVH VXFK DQ
DSSURDFK ZRXOG LQWURGXFH�
,Q RUGHU WR VHOHFW WUDLQLQJ LQVWDQFHV WKDW DUH OLNHO\

WR UK\PH� ZH HPSOR\ D UK\PH VFKHPH GHWHFWLRQ
PRGHO DV PHQWLRQHG LQ �$GGDQNL DQG :X� ������
/LQHV EHORQJLQJ WR WKH VDPH VWDQ]D DQG PDUNHG
DV UK\PLQJ DFFRUGLQJ WR WKH UK\PH VFKHPH GH�
WHFWLRQ PRGHO DUH DGGHG WR WKH WUDLQLQJ FRUSXV RI
WKH 607 V\VWHP� :H EHOLHYH WKDW WKLV GDWD VHOHF�
WLRQ VFKHPH ZLOO LPSURYH WKH UK\PLQJ DVVRFLDWLRQV
OHDUQHG GXULQJ WKH WUDQVGXFWLRQ JUDPPDU LQGXFWLRQ
WKHUHE\ ELDVLQJ WKH PRGHO WRZDUGV SURGXFLQJ IOX�
HQW DQG UK\PLQJ RXWSXW� :H EULHIO\ GHVFULEH WKH
UK\PH VFKHPH GHWHFWLRQ PRGHO KHUH�
:H WUDLQ D KLGGHQ 0DUNRY PRGHO �+00� ZKLFK

JHQHUDWHV D YHUVH RI KLS KRS O\ULFV WR VHUYH DV RXU
UK\PH VFKHPH GHWHFWLRQ PRGXOH� ,QVWHDG RI SDUWL�
WLRQLQJ WKH YHUVHV LQWR VWDQ]DV DFFRUGLQJ WR VRPH
SUH�VSHFLILHG UXOHV� D QXPEHU RI KLGGHQ VWDWHV FRU�
UHVSRQGLQJ WR VWDQ]DV RI YDU\LQJ OHQJWK DUH XVHG
WR DXWRPDWLFDOO\ REWDLQ D VRIW�VHJPHQWDWLRQ RI WKH
YHUVH� (DFK VWDWH LQ WKH +00 FRUUHVSRQGV WR D
VWDQ]D ZLWK D SDUWLFXODU UK\PH VFKHPH VXFK DV$$�
$%$%� $$$$ ZKLOH WKH HPLVVLRQV FRUUHVSRQG WR
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WKH ILQDO ZRUGV LQ WKH VWDQ]D�
:H UHVWULFW WKH PD[LPXP OHQJWK RI D VWDQ]D WR EH

IRXU DV WKH WRWDO QXPEHU RI UK\PH VFKHPHV JLYHQ
D VWDQ]D RI OHQJWK n �DQG KHQFH WKH FRUUHVSRQGLQJ
VWDWHV LQ RXU +00 PRGHO� LV WKH nWK %HOO QXPEHU
�2(,6� ����� DQG H[KDXVWLYHO\ FRQVLGHULQJ WKH H[�
SRQHQWLDO QXPEHU RI SDUWLWLRQV LV SURKLELWLYHO\ H[�
SHQVLYH DQG QRW YHU\ XVHIXO� )XUWKHU� ZH RQO\ XVHG
VWDWHV WR UHSUHVHQW VWDQ]DV ZKRVH UK\PH VFKHPHV
FRXOG QRW EH SDUWLWLRQHG LQWR VPDOOHU VFKHPHV ZLWK�
RXW ORVLQJ D UK\PH FRUUHVSRQGHQFH� )RU H[DPSOH� D
UK\PH VFKHPH RI OHQJWK � $$% FDQ EH SDUWLWLRQHG
LQWR D VHTXHQFH RI WZR VPDOOHU UK\PH VFKHPHV
$$ DQG % ZLWKRXW ORVLQJ DQ\ UK\PH FRUUHVSRQ�
GHQFHV� +HQFH� $$% LV QRW UHSUHVHQWHG DV D VWDWH
LQ RXU +00� $IWHU DSSO\LQJ WKHVH FRQVWUDLQWV RXU
+00 PRGHO LV IXOO\ FRQQHFWHG ZLWK WKH IROORZ�
LQJ � VWDWHV� $� $$� $%$� $$$� $%$%� $$%$�
$%$$� %$$$� $$$$�
:H WUDLQ WKH +00 XVLQJ WKH (0 DOJRULWKP �'H�

YLMYHU� ����� RQ RXU FRUSXV JHQHUDWHG E\ WDNLQJ WKH
ILQDO ZRUG RI HDFK OLQH LQ WKH KLS KRS O\ULFV� :H
WKHQ VHJPHQW HDFK YHUVH LQWR VWDQ]DV ZLWK WKHLU UH�
VSHFWLYH UK\PH VFKHPHV DFFRUGLQJ WR WKH 9LWHUEL
SDUVH RI WKH PRGHO� :H WKHQ VHOHFW WKH OLQHV IURP
HDFK VWDQ]D WKDW UK\PH ZLWK HDFK RWKHU DFFRUGLQJ
WR LWV UK\PH VFKHPH DQG DGG WKHP DV WUDLQLQJ LQ�
VWDQFHV IRU RXU WUDQVGXFWLRQ JUDPPDU EDVHG 607
PRGHO� (DFK VHOHFWHG SDLU JHQHUDWHV WZR WUDLQLQJ
LQVWDQFHV� D FKDOOHQJH�UHVSRQVH DQG D UHVSRQVH�
FKDOOHQJH SDLU DV WKH VRXUFH DQG WDUJHW ODQJXDJHV
DUH LGHQWLFDO�

��� 8QVXSHUYLVHG OHDUQLQJ� 6WRFKDVWLF
WUDQVGXFWLRQ JUDPPDU LQGXFWLRQ

:H FKRRVH WR LQGXFH D WRNHQ EDVHG LQYHUVLRQ
WUDQVGXFWLRQ JUDPPDU �,7*� PRGHO �:X� �����
����D�E� EHFDXVH RI LWV H[SUHVVLYHQHVV DQG WKH HP�
SLULFDO HYLGHQFH IRU LWV UHSUHVHQWDWLRQDO FDSDFLW\
DFURVV D ZLGH VSHFWUXP RI QDWXUDO ODQJXDJH WDVNV
LQFOXGLQJ WH[WXDO HQWDLOPHQW �:X� ������ PLQLQJ
SDUDOOHO VHQWHQFHV �:X DQG )XQJ� ����� DQG PD�
FKLQH WUDQVODWLRQ �=HQV DQG 1H\� ����� +DJKLJKL
HW DO�� ������ :H UHVWULFW WKH ,7* WR D EUDFNHW�
LQJ ,7* �%,7*� DQG XVH LW DV WKH WUDQVODWLRQ PRGHO
IRU RXU 607 V\VWHP DV WKH IRFXV RI RXU PRGHO
LV WR OHDUQ WKH WRNHQ OHYHO FRUUHVSRQGHQFHV LQ RU�
GHU WR LGHQWLI\ SRWHQWLDO UK\PLQJ FDQGLGDWHV� :H
FKRVH DQ ,7* DV RSSRVHG WR D PRQRWRQLF ILQLWH�
VWDWH WUDQVGXFWLRQ JUDPPDU PRGHO LQ RUGHU WR EH

DEOH WR OHDUQ WRNHQ OHYHO FRUUHVSRQGHQFHV LQYROYLQJ
DOLJQPHQWV ZKLFK DUH QRW SXUHO\ PRQRWRQLF� :H
WUDGH�RII VRPH RI WKH LQLWLDO IOXHQF\ WKDW VHJPHQ�
WDO SKUDVH�EDVHG PRGHOV RIIHU IRU WKH IOH[LELOLW\ RI�
IHUHG E\ WKH WRNHQ EDVHG PRGHOV�
:H LQGXFH WKH EUDFNHWLQJ ,7* RQ WKH FRUSXV JHQ�

HUDWHG IURP WKH SUHYLRXV VWDJH WR LGHQWLI\ WKH ZRUG
DVVRFLDWLRQV EHWZHHQ UK\PLQJ OLQHV� ([SHFWDWLRQ
PD[LPL]DWLRQ �'HPSVWHU HW DO�� ����� LV XVHG WR
HVWLPDWH WKH PRGHO SDUDPHWHUV IRU WKH EUDFNHWLQJ
JUDPPDU� $V WKH FRUSRUD DUH IDLUO\ ODUJH� EHDP
SUXQLQJ LV XVHG WR PDNH WKH WUDLQLQJ IDVWHU� )XU�
WKHU GHWDLOV RI WKH WUDQVGXFWLRQ JUDPPDU LQGXFWLRQ
FDQ EH IRXQG LQ �6DHUV HW DO�� ����� 6DHUV DQG :X�
������

��� 'HFRGLQJ� &KDOOHQJH�UHVSRQVH DOJRULWKP
:H WUDQVODWH WKH FKDOOHQJH LQWR UHVSRQVHV XVLQJ RXU
LQ�KRXVH ,7* GHFRGHU :X ������� :X DQG :RQJ
������ IRU WKH WDVN RI GHFRGLQJ� 7KH GHFRGHU EXLOGV
WKH SDUVH IRUHVW XVLQJ D &.<�VW\OH SDUVLQJ DOJR�
ULWKP ZKLFK LV UHSUHVHQWHG LQ DQ HIILFLHQW K\SHU�
JUDSK VWUXFWXUH� 7KH WUDQVODWLRQ K\SRWKHVHV DUH
VFRUHG XVLQJ WKH WUDQVGXFWLRQ JUDPPDU DQG WKH ODQ�
JXDJH PRGHO HIILFLHQWO\ XVLQJ FXEH SUXQLQJ �&KL�
DQJ� �����
,Q RXU GHFRGLQJ DOJRULWKP� ZH DOORZ RQO\

VWUDLJKW UXOHV DV ZH ZDQW WR SURGXFH UHVSRQVHV ZLWK
WKH VDPH UK\PLQJ RUGHU DV WKH FKDOOHQJH� ,QWHU�
OHDYHG UK\PLQJ RUGHU LV KDUGHU WR HYDOXDWH ZLWKRXW
WKH ODUJHU FRQWH[W RI WKH VRQJ DQGZH GR QRW DGGUHVV
WKDW SUREOHP LQ RXU FXUUHQW PRGHO� 6LQJOHWRQ UXOHV
DUH SHQDOL]HG� DV VXFFHVVLYH OLQHV LQ D VWDQ]D DUH
W\SLFDOO\ RI VLPLODU OHQJWK� /DVWO\� ZH DGG D SHQDOW\
WR UHIOH[LYH WUDQVODWLRQ UXOHV WKDW PDS WKH VDPH VXU�
IDFH IRUP WR LWVHOI VXFK DV A ! ´\R´/´\R´� :H
REVHUYHG WKDW VXFK UXOHV KDYH D KLJK SUREDELOLW\ LQ
RXU OHDUQHG JUDPPDU GXH WR SUHVHQFH RI VHQWHQFH
SDLUV LQ RXU WUDLQLQJ GDWD ZKHUH ERWK WKH LQSXW DQG
RXWSXW DUH LGHQWLFDO VWULQJV DV PDQ\ VWDQ]DV LQ RXU
GDWD FRQWDLQ UHSHDWHG FKRUXV OLQHV�

� ([SHULPHQWV

:H GHVFULEH RXU GDWD VHW� EDVHOLQH SKUDVH EDVHG
607 PRGHO DQG WKH FRPSDUDWLYH PRGHO XVHG IRU
JDXJLQJ WKH HIILFDF\ RI RXU GDWD VHOHFWLRQ VFKHPH�
DQG SURSRVH WZR VWUDWHJLHV WR KDQGOH GLVIOXHQFLHV LQ
WKH WUDLQLQJ GDWD� :H DOVR GHVFULEH WKH HYDOXDWLRQ
VFKHPHV XVHG IRU GHWHUPLQLQJ WKH SHUIRUPDQFH RI
RXU UK\PH VFKHPH GHWHFWRU DQG FRPSDULQJ WKH SHU�
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IRUPDQFH RI GLIIHUHQW PRGHOV RQ WKH WDVN RI LPSUR�
YLVLQJ UHVSRQVHV WR KLS KRS O\ULF FKDOOHQJHV�

��� 'DWDVHW
:H GRZQORDGHG WKH O\ULFV RI DSSUR[LPDWHO\ ������
KLS KRS VRQJV �DERXW ���0E RI UDZ +70/ FRQ�
WHQW�� 7KH GDWD ZDV FOHDQHG E\ VWULSSLQJ +70/
WDJV� PHWDGDWD DQG QRUPDOL]LQJ IRU VSHFLDO FKDUDF�
WHUV DQG FDVH GLIIHUHQFHV� 7KH HQWLUH FRUSXV FRQ�
WDLQHG �� PLOOLRQ WRNHQV ZLWK ������� YHUVHV DQG
��� PLOOLRQ OLQHV RI KLS KRS O\ULFV� $ VXEVHW RI
�� OLQHV ZDV UDQGRPO\ FKRVHQ DV D WHVW VHW WR SUR�
YLGH WKH KLS KRS FKDOOHQJH O\ULFV WR WKH V\VWHPV� ,Q
RUGHU WR WUDLQ WKH UK\PH VFKHPH GHWHFWRU� ZH H[�
WUDFWHG WKH HQG�RI�OLQH ZRUGV DQG ZRUGV EHIRUH DOO
WKH FRPPDV� IURP HDFK YHUVH� :H REWDLQHG D FRU�
SXV FRQWDLQLQJ ��� PLOOLRQ WRNHQV FRUUHVSRQGLQJ WR
SRWHQWLDO UK\PLQJ FDQGLGDWHV �ZLWK DURXQG �������
XQLTXH WRNHQ W\SHV��

��� 3KUDVH�EDVHG 607 EDVHOLQH
,Q RUGHU WR HYDOXDWH WKH SHUIRUPDQFH RI VWDQ�
GDUG 607 DOLJQPHQW DQG VHDUFK VWUDWHJLHV RQ WKLV
QRYHO ³WUDQVODWLRQ´ WDVN� ZH DOVR WUDLQHG D VWDQ�
GDUG 0RVHV EDVHOLQH �.RHKQ HW DO�� ����� DQG FRP�
SDUHG LWV SHUIRUPDQFH WR RXU WUDQVGXFWLRQ JUDP�
PDU EDVHG 607 V\VWHP� $ ��JUDP ODQJXDJH PRGHO
ZKLFK ZDV WUDLQHG RQ WKH HQWLUH WUDLQLQJ FRUSXV XV�
LQJ 65,/0 �6WROFNH� ����� ZDV XVHG LQ GHFRGLQJ
ERWK WKH EDVHOLQH DQG RXU PRGHO� %RWK WKH EDVHOLQH
DQG RXU EUDFNHWLQJ ,7*PRGHO ZHUH XVHG WR GHFRGH
D KHOG RXW WHVW VHW ZLWK D VOLJKWO\ KLJKHU ODQJXDJH
PRGHO ZHLJKW ZKLFK ZDV HPSLULFDOO\ FKRVHQ XVLQJ
D VPDOO GHYHORSPHQW VHW WR SURGXFH IOXHQW RXWSXWV�
7KH EHVW WUDQVODWLRQ SURGXFHG E\ ERWK WKHVH 607
V\VWHPV ZDV XVHG WR HYDOXDWH WKHLU SHUIRUPDQFH
DW WKH WDVN RI LPSURYLVLQJ IOXHQW DQG UK\PLQJ UH�
VSRQVHV JLYHQ D FKDOOHQJH�

��� 5K\PH VFKHPH GHWHFWLRQ YV� DGMDFHQW
OLQHV

7R JDXJH WKH HIILFDF\ RI RXU WUDLQLQJ GDWD VHOHF�
WLRQ VFKHPH� ZH WUDLQ ERWK WKH EDVHOLQH 607 V\V�
WHP DQG RXU WUDQVGXFWLRQ JUDPPDU EDVHG PRGHO RQ
WKH GDWD VHOHFWHG XVLQJ WKH UK\PH VFKHPH GHWHFWRU
DV ZHOO DV DOO WKH DGMDFHQW OLQHV LQ D YHUVH�

5K\PH VFKHPH GHWHFWLRQ 8SRQ H[WUDFWLQJ D
WUDLQLQJ FRUSXV DV GHVFULEHG LQ 6HFWLRQ ���� ZH RE�
�6KRUWHU OLQHV LQ KLS KRS VWDQ]DV DUH W\SLFDOO\ MRLQHG ZLWK D
FRPPD DQG UHSUHVHQWHG DV D VLQJOH OLQH RI WH[W�

WDLQHG DURXQG ������� WUDLQLQJ LQVWDQFHV� 'XH WR
KLJK WLPH DQG PHPRU\ FRVW RI LQGXFLQJ VWRFKDVWLF
WUDQVGXFWLRQ JUDPPDUV� ZH RQO\ DGGHG WKRVH OLQHV
WKDW ZHUH DGMDFHQW DQG ODEHOHG DV UK\PLQJ E\ WKH
UK\PH VFKHPH GHWHFWRU DV WUDLQLQJ LQVWDQFHV UHVXOW�
LQJ LQ D WUDLQLQJ FRUSXV RI VL]H ��������

$GMDFHQW OLQHV &RQVLGHULQJ DOO DGMDFHQW OLQHV LQ
D YHUVH UHVXOWHG LQ D FRUSXV RI RYHU � PLOOLRQ WUDLQ�
LQJ LQVWDQFHV� ,Q RUGHU WR HQVXUH IDLU FRPSDUL�
VRQ RI PRGHOV WUDLQHG RQ ERWK YHUVLRQV RI WUDLQ�
LQJ GDWD� ZH UDQGRPO\ FKRVH ������� WUDLQLQJ LQ�
VWDQFHV IURP WKH JHQHUDWHG FRUSXV� 7KH WUDLQLQJ
FRUSXV WKXV JHQHUDWHG VKDUHG DURXQG ��� RI WUDLQ�
LQJ LQVWDQFHV ZLWK WKH FRUSXV JHQHUDWHG WKURXJK RXU
SURSRVHG GDWD VHOHFWLRQ VFKHPH�

��� 'LVIOXHQF\ KDQGOLQJ

:HQRWLFHG D GLVWXUELQJO\ KLJK SURSRUWLRQ RI JHQHU�
DWHG UHVSRQVHV FRQWDLQHG GLVIOXHQFLHV ZLWK VXFFHV�
VLYH UHSHWLWLRQV RI ZRUGV VXFK DV WKH DQG , LQ RXU HU�
URU DQDO\VLV RI LQLWLDO UXQV� 8SRQ LQVSHFWLRQ ZH QR�
WLFHG WKDW ��� RI RXU WUDLQLQJ GDWD FRQWDLQHG VLPL�
ODU GLVIOXHQFLHV DQG EDFNLQJ YRFDO OLQHV� 7R WDFNOH
WKLV SUREOHP �ZH SURSRVH DQG FRPSDUH WZR DOWHUQD�
WLYH VWUDWHJLHV� ��� GLVI OXHQF\ ILOWHULQJ ZKLFK LV WR
ILOWHU RXW DOO OLQHV IURP RXU WUDLQLQJ FRUSXV ZKLFK
FRQWDLQHG GLVIOXHQFLHV DQG ��� GLVIOXHQF\ FRUUHF�
WLRQ ZKLFK FRUUHFWV WKH GLVIOXHQFLHV LQ WKH WUDLQLQJ
FRUSXV �IRU H[DPSOH� WKH WKH WKH� LQ WKH WUDLQLQJ FRU�
SXV LV FRUUHFWHG WR VLPSO\ WKH�� 7KH EDVHOLQH DQG
WUDQVGXFWLRQ JUDPPDU EDVHG 607 V\VWHPV ZHUH
WUDLQHG RQ ERWK WKH ILOWHUHG DQG FRUUHFWHG YHUVLRQV
RI WKH WUDLQLQJ FRUSXV�

��� (YDOXDWLRQ

7KH SHUIRUPDQFH RI WKH 607 V\VWHPV ZDV HYDO�
XDWHG RQ WKH WDVN RI JHQHUDWLQJ D LPSURYLVHG IOX�
HQW DQG UK\PLQJ UHVSRQVH JLYHQ D VLQJOH OLQH RI D
KLS KRS YHUVH DV D FKDOOHQJH� 7KH RXWSXW RI DOO WKH
V\VWHPV RQ WKH WHVW VHW ZDV HYDOXDWHG E\ WKUHH LQ�
GHSHQGHQW IUHTXHQW KLS KRS OLVWHQHUV DFFRUGLQJ RQ
WKH FULWHULRQ RI IOXHQF\ DQG WKH GHJUHH RI UK\PLQJ�
7KH\ ZHUH DOORZHG WR FKRRVH WKH WXQH WR HYDOX�
DWH UK\PLQJ DV WKH EHDWV RI WKH VRQJ ZHUH QRW XVHG
GXULQJ WUDLQLQJ� (DFK HYDOXDWRU ZDV VFRUHG WKH UH�
VSRQVH RI HDFK V\VWHP RQ WKH FULWHULRQ RI IOXHQF\
DQG UK\PLQJ DV EHLQJ JRRG� DFFHSWDEOH RU EDG� 7KH
SHUIRUPDQFH RI RXU UK\PH VFKHPH GHWHFWRU ZDV
DOVR HYDOXDWHG RQ D UDQGRP VDPSOH RI �� YHUVHV
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IURP RXU WUDLQLQJ GDWD DV WKH UK\PH VFKHPH GH�
WHFWLRQ PRGHO LV FRPSOHWHO\ XQVXSHUYLVHG� $ JROG
VWDQGDUG UK\PH VFKHPH ZDV DVVLJQHG WR HDFK YHUVH
E\ KXPDQ HYDOXDWRUV DQG SUHFLVLRQ� UHFDOO DQG I�
VFRUH ZHUH FRPSXWHG�

� 5HVXOWV

,Q WKLV VHFWLRQ� ZH SUHVHQW WKH UHVXOWV RI KX�
PDQ HYDOXDWLRQ RQ WKH LPSURYLVHG UHVSRQVHV RI
RXU 607 V\VWHPV DQG GHPRQVWUDWH WKDW XVLQJ
UK\PH VFKHPH GHWHFWLRQ SURGXFHV EHWWHU TXDOLW\ UH�
VSRQVHV� :H DOVR GHVFULEH WKH DFFXUDF\ RI RXU
UK\PH VFKHPH GHWHFWRU DQG SURYLGH VRPH H[DP�
SOHV RI WKH UHVSRQVHV JHQHUDWHG E\ RXU PRGHO
WUDLQHG XVLQJ ERWK WKH GDWD VHOHFWLRQ VFKHPHV YHU�
VXV WKH SKUDVH�EDVHG 607 EDVHOLQH� :H DOVR FRP�
SDUH WKH HIIHFW RI SURSRVHG GLVIOXHQF\ KDQGOLQJ
VWUDWHJLHV RQ RXU WDVN�

��� 5K\PH VFKHPH GHWHFWRU DFFXUDF\
)RU WKH UK\PH VFKHPH GHWHFWRU XVHG LQ WKH GDWD VH�
OHFWLRQ SKDVH� D SUHFLVLRQ RI ������ DQG D UHFDOO RI
������� JLYLQJ DQ I�VFRUH RI ������� (UURU DQDO�
\VLV LQGLFDWHG PRVWO\ IDOVH SRVLWLYH HUURUV ZKLFK
ZHUH D UHVXOW RI WKH PRGHO ELDV RI +00V WRZDUG
PLQLPL]LQJ WKH QXPEHU RI VWDWH WUDQVLWLRQV UHVXOW�
LQJ LQ LPSURSHU VHJPHQWDWLRQ RI VWDQ]DV� HVSHFLDOO\
ZKHQ WKHUHZDV D VLQJOH OLQH WKDW GLG QRW UK\PHZLWK
DQ\ RWKHU OLQH�

��� 3KUDVH�EDVHG 607 EDVHOLQH SHUIRUPV
SRRUO\

7DEOH � VKRZV WKH DYHUDJH IUDFWLRQ RI VHQWHQFHV
UDWHG JRRG DQG DFFHSWDEOH IRU HDFK PRGHO DQG
WKH GLVIOXHQF\ FRUUHFWLRQ VWUDWHJ\ XVHG WR WUDLQ WKH
PRGHO� 7KH WUDQVGXFWLRQ JUDPPDU EDVHG PRGHOV
�%,7*� SURGXFH D VLJQLILFDQWO\ KLJKHU SHUFHQWDJH
RI JRRG DQG DFFHSWDEOH UK\PLQJ UHVSRQVHV FRP�
SDUHG WR WKH SKUDVH�EDVHG 607 �3%607� EDVHOLQH
IRU ERWK GLVIOXHQF\ ILOWHULQJ DQG GLVIOXHQF\ FRUUHF�
WLRQ VWUDWHJLHV DQG RQ ERWK FRUSXV VHOHFWLRQ PHWK�
RGV� %,7*�56 DQG %,7* FRUUHVSRQG WR PRGHOV
WUDLQHG XVLQJ UK\PH VFKHPH DQG DGMDFHQW OLQH FRU�
SXV VHOHFWLRQ PHWKRGV UHVSHFWLYHO\� $OVR� %,7*
RXWSHUIRUPV 3%607 RQ WKH WDVN RI IOXHQF\ ZKHQ
WUDLQHG RQ WKH GLVIOXHQF\ FRUUHFWHG YHUVLRQ RI WKH
FRUSXV� $OWKRXJK %,7* IDOOV EHKLQG 3%607 LQ
JHQHUDWLQJ VHQWHQFHV ZLWK D JRRG IOXHQF\ XQGHU WKH
GLVIOXHQF\ ILOWHULQJ VWUDWHJ\� WKH FXPXODWLYH IUDF�
WLRQ RI VHQWHQFHV WKDW ZHUH ODEHOHG JRRG RU DFFHSW�

DEOH LV ODUJHU FRPSDUHG WR 3%607�:KHQ WKH WUDLQ�
LQJ FRUSXV ZDV JHQHUDWHG XVLQJ DGMDFHQW OLQHV� WKH
SHUIRUPDQFH RI 3%607 LV PXFK SRRUHU FRPSDUHG
WR XVLQJ UK\PH VFKHPH GHWHFWLRQ� 7KHVH UHVXOWV
LQGLFDWH WKDW FRQYHQWLRQDO 3%607 DSSURDFKHV DUH
QRW YHU\ HIIHFWLYH RQ WKLV QRYHO WDVN�

��� 5K\PH VFKHPH GHWHFWLRQ KHOSV IOXHQF\

5HVXOWV LQ 7DEOH � LQGLFDWH WKDW XVLQJ WKH UK\PH
VFKHPH GHWHFWRU IRU FRUSXV JHQHUDWLRQ KHOSV SUR�
GXFH VLJQLILFDQWO\ PRUH IOXHQW UHVSRQVHV FRPSDUHG
WR XVLQJ DGMDFHQW OLQHV� $ SRVVLEOH H[SODQDWLRQ
IRU WKLV FRXOG EH WKDW DGGLQJ DOO DGMDFHQW OLQHV DV
WUDLQLQJ LQVWDQFHV LQWURGXFHV D ORW RI QRLVH LQWR WKH
PRGHO ZKLFK KXUWV WKH IOXHQF\ RI WKH UHVSRQVHV
JHQHUDWHG� $OVR� WKH FXPXODWLYH IUDFWLRQ RI VHQ�
WHQFHV WKDW ZHUH ODEHOHG JRRG RU DFFHSWDEOH LV
ODUJHU ZKHQ UK\PH VFKHPH GHWHFWLRQ ZDV XVHG WR
JHQHUDWH WKH WUDLQLQJ GDWD �$OWKRXJK� WKH %,7*
PRGHO WUDLQHG RQ WKH FRUSXV JHQHUDWHG XVLQJ DGMD�
FHQW OLQHV SURGXFHV D KLJKHU SHUFHQWDJH RI UK\PLQJ
UHVSRQVHV WKDW ZHUH UDWHG JRRG�� *LYHQ WKH VLJQLI�
LFDQWO\ KLJKHU UDWH RI UHVSRQVH IOXHQF\ ZKHQ XV�
LQJ UK\PH VFKHPH GHWHFWLRQ� ZH DUJXH WKDW XVLQJ
UK\PH VFKHPH GHWHFWRU IRU FRUSXV JHQHUDWLRQ LV
EHQHILFLDO� :H EHOLHYH WKDW LQFRUSRUDWLQJ PRUH DF�
FXUDWH UK\PH VFKHPH GHWHFWLRQ DOJRULWKPV IRU FRU�
SXV VHOHFWLRQ ZRXOG JUHDWO\ LPSURYH WKH TXDOLW\ RI
WKH UHVSRQVHV SURGXFHG E\ WKH 607 V\VWHPV�

��� 'LVIOXHQF\ FRUUHFWLRQ KHOSV

7KH UHVXOWV LQ 7DEOH � LQGLFDWH WKDW WKH GLVIOXHQF\
FRUUHFWLRQ VWUDWHJ\ RXWSHUIRUPV WKH ILOWHULQJ VWUDW�
HJ\� RQ ERWK IOXHQF\ DQG UK\PLQJ FULWHULD LUUHVSHF�
WLYH RI WKH FRUSXV VHOHFWLRQ PHWKRG� :LWK GLVIOX�
HQF\ FRUUHFWLRQ� ������RI WKH JHQHUDWHG UHVSRQVHV
ZHUH UDWHG JRRG RQ IOXHQF\� ZKLOH WKH GLVIOXHQF\
ILOWHULQJ VWUDWHJ\ SURGXFHG RQO\ JRRG UHVSRQVHV
������ RI WKH WLPH XVLQJ UK\PH VFKHPH GHWHFWLRQ
IRU FRUSXV VHOHFWLRQ� 6LPLODUO\� GLVIOXHQF\ FRUUHF�
WLRQ SURGXFHG D IOXHQF\ RI ������ ZKLOH ILOWHULQJ
SURGXFHG ������ZKHQ XVLQJ WKH FRUSXV JHQHUDWHG
E\ XVLQJ DOO WKH DGMDFHQW OLQHV� 7KHVH REVHUYDWLRQV
FDQ EH H[SODLQHG E\ WKH ORVV RI XVHIXO ZRUG DVVRFL�
DWLRQ LQIRUPDWLRQ QHFHVVDU\ IRU UK\PLQJ GXH WR WKH
PXFK KDUVKHU SUXQLQJ RI WUDLQLQJ FRUSXV HQIRUFHG
E\ GLVIOXHQF\ ILOWHULQJ VWUDWHJ\� )XWXUH UHVHDUFK LV
QHFHVVDU\ WR IXOO\ LQYHVWLJDWH WKH HIIHFW RI DOWHUQD�
WLYH GLVIOXHQF\ FRUUHFWLRQ VWUDWHJLHV RQ WKH SHUIRU�
PDQFH RI WKH FKDOOHQJH�UHVSRQVH V\VWHPV�
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7DEOH �� 3HUFHQWDJH RI JRRG DQG �DFFHSWDEOH �L�H�� HLWKHU JRRG RU DFFHSWDEOH� UHVSRQVHV RQ IOXHQF\ DQG
UK\PLQJ FULWHULD� 3%607 DQG %,7* FRUUHVSRQG WR WKH SKUDVH EDVHG DQG WUDQVGXFWLRQ JUDPPDU EDVHG
PRGHOV WUDLQHG XVLQJ FRUSXV JHQHUDWHG IURP DOO DGMDFHQW OLQHV LQ D YHUVH� 3%607�56 DQG %,7*�56 DUH
PRGHOV WUDLQHG RQ UK\PH VFKHPH EDVHG FRUSXV VHOHFWLRQ VWUDWHJ\�
PRGHO GLVIOXHQF\

VWUDWHJ\
IOXHQF\
�JRRG�

IOXHQF\ ��DFFHSW�
DEOH�

UK\PLQJ
�JRRG�

UK\PLQJ ��DF�
FHSWDEOH�

3%607 ILOWHULQJ ���� ������ ����� �����
3%607�56 ILOWHULQJ ������ ������ ������ ������
%,7* ILOWHULQJ ������ ������ ������ ������
%,7*�56 ILOWHULQJ ������ ������ ������ ������
3%607 FRUUHFWLRQ ����� ����� ����� �����
3%607�56 FRUUHFWLRQ ������ ������ ����� �����
%,7* FRUUHFWLRQ ������ ������ ������ ������
%,7*�56 FRUUHFWLRQ ������ ������ ������ ������

7DEOH �� ([DPSOHV RI FKDOOHQJHV DQG UHVSRQVHV�
FKDOOHQJH PDQ L GLH WR VHH HP DOO WKXQ L MXVW GRQ
W FDUH
%,7*�56 LQ WKH VN\ DQG PH WKH LQ SROOD DQG WKH \RX WKHUH
%,7* DQG WKH ULGH WKH PH WKH DQG ZKLWH WKH L WKH DLU
3%607�56 PDQ L OLYH WR VHH HP DOO L MXVW GRQ
W FDUH
FKDOOHQJH GLG D WZHOYH \HDU ELG LQ WKH VWUHHWV DQG KHOG LW GRZQ
%,7*�56 WR WKH JLUOV KHUH NLG WKH DQG WR WKH WKRXJKW WKH QRZ
%,7* WR WKH S
V KHUH GLG WKH D WKH L ZDV WKH WKH
3%607�56 GLG D \HDU LQ WKH VWUHHWV DQG LW GRZQ
FKDOOHQJH RK L EHOLHYH LQ \HVWHUGD\
%,7*�56 FDQ \RX VHH WKH GD\
%,7* QRZ \RX VHH WKH ZD\
3%607�56 RK L EHOLHYH LQ WRPRUURZ
FKDOOHQJH ZKDW ZRXOG L GR
%,7*�56 MXVW PH DQG \RX
%,7* DQG \RX DQG \RX
3%607�56 ZKDW ZRXOG \RX GR
FKDOOHQJH FDXVH \RX DLQ
W JRLQJ KRPH WLOO WKH HDUO\ PRUQ
%,7*�56 DQG WKH \RX WKLV DORQH L L JRWWD RQ
%,7* DQG L \RX P\ RQ WKH D KRPH ZH
3%607�56 FDXVH \RX DQG \RXU IULHQGV DLQW QRWKLQJ EXW

��� &KDOOHQJH�UHVSRQVH H[DPSOHV

7DEOH � VKRZV VRPH RI WKH FKDOOHQJHV DQG WKH FRU�
UHVSRQGLQJ UHVSRQVHV RI 3%607�56� %,7*�56
DQG %,7* PRGHO� :KLOH 3%607�56 DQG
%,7*�56 PRGHOV JHQHUDWH UHVSRQVHV UHIOHFWLQJ D
KLJK GHJUHH RI IOXHQF\� WKH RXWSXW RI WKH %,7*
FRQWDLQV D ORW RI DUWLFOHV� ,W LV LQWHUHVWLQJ WR QRWH
WKDW %,7*�56 SURGXFHV UHVSRQVHV FRPSDUDEOH LQ
IOXHQF\ WR 3%607�56 GHVSLWH EHLQJ D WRNHQ EDVHG
WUDQVGXFWLRQ JUDPPDU� +RZHYHU� 3%607 PRG�
HOV WHQG WR SURGXFH UHVSRQVHV WKDW DUH WRR VLPL�
ODU WR WKH FKDOOHQJH FRPSDUHG WR WKH %,7* PRG�
HOV ZKLFK LPSURYLVH UHVSRQVHV WKDW UK\PH EHWWHU
�VKRZQ LQ EROGIDFH�� ,Q IDFW %,7* PRGHOV IUH�
TXHQWO\ SURGXFH UHVSRQVHV WKDW UK\PH ZRUGV QRW
RQO\ DW WKH HQG EXW DOVR LQ WKH PLGGOH RI FKDOOHQJHV
DV RXU WUDQVGXFWLRQ JUDPPDU PRGHO FDSWXUHV VWUXF�

WXUDO DVVRFLDWLRQV PRUH HIIHFWLYHO\ WKDQ WKH SKUDVH�
EDVHG PRGHO�

� &RQFOXVLRQV

:H GHPRQVWUDWHG WKDW WKH SUREOHP RI KLS KRS O\ULF
JHQHUDWLRQ FDQ EH FDVW LQWR D WUDQVODWLRQ SUREOHP
DQG H[LVWLQJ 607 OHDUQLQJ DOJRULWKPV FDQ EH DS�
SOLHG WR DXWRPDWLFDOO\ OHDUQ D PDFKLQH WUDQVODWLRQ
V\VWHP WKDW DFFHSWV KLS KRS O\ULF FKDOOHQJHV DQG
LPSURYLVHV UK\PLQJ UHVSRQVHV� :H FRPSDUHG WKH
SHUIRUPDQFH RI RXU 607PRGHO WKDW XVHV D VWRFKDV�
WLF WUDQVGXFWLRQ JUDPPDU DJDLQVW WKH ZLGHO\ XVHG
SKUDVH�EDVHG 607 PRGHO DQG GHPRQVWUDWHG WKDW
FRQYHQWLRQDO 3%607 DOJRULWKPV IDOO VKRUW LQ WDFN�
OLQJ WKH QRLV\ DQG KLJKO\ XQVWUXFWXUHG GRPDLQ RI
KLS KRS O\ULFV� :H VKRZHG WKDW WKH SHUIRUPDQFH RI
RXU 607 PRGHO LPSURYHV ZKHQ WKH WUDLQLQJ GDWD
ZDV JHQHUDWHG XVLQJ D UK\PH VFKHPH GHWHFWRU DV
RSSRVHG WR DGGLQJ DOO DGMDFHQW OLQHV RI D YHUVH WR
WKH WUDLQLQJ FRUSXV� 6RPH WDVN�VSHFLILF SUREOHPV
UHVXOWLQJ IURP GLVIOXHQFLHV DQG EDFNLQJ YRFDOV�
ZKLFK DUH FKDUDFWHULVWLF WR WKH GRPDLQ RI KLS KRS
O\ULFV ZHUH LGHQWLILHG� ,Q RXU IXWXUH ZRUN ZH SODQ
WR IXUWKHU LQYHVWLJDWH QRYHO WUDQVGXFWLRQ JUDPPDU
PRGHOV WKDW VLPXOWDQHRXVO\ OHDUQ UK\PLQJ ZRUGV
DQG DOLJQPHQWV WKHUHE\ HOLPLQDWLQJ WKH QHHG IRU D
GHGLFDWHG UK\PH VFKHPH GHWHFWRU�

$FNQRZOHGJHPHQWV
7KLV PDWHULDO LV EDVHG XSRQ ZRUN VXSSRUWHG LQ SDUW E\

WKH +RQJ .RQJ 5HVHDUFK *UDQWV &RXQFLO �5*&� UHVHDUFK
JUDQWV *5)������� *5)������� *5)������� E\ WKH 'H�
IHQVH $GYDQFHG 5HVHDUFK 3URMHFWV $JHQF\ �'$53$� XQGHU
%2/7 FRQWUDFW QR� +5��������&������ DQG *$/( FRQWUDFW
QRV� +5��������&����� DQG +5��������&������ DQG E\ WKH
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(XURSHDQ 8QLRQ XQGHU WKH )3� JUDQW DJUHHPHQW QR� �������
$Q\ RSLQLRQV� ILQGLQJV DQG FRQFOXVLRQV RU UHFRPPHQGDWLRQV
H[SUHVVHG LQ WKLV PDWHULDO DUH WKRVH RI WKH DXWKRUV DQG GR QRW
QHFHVVDULO\ UHIOHFW WKH YLHZV RI WKH 5*&� (8� RU '$53$�

5HIHUHQFHV
$QDQWK 5DPDNULVKQDQ $� 6DQNDU.ǠǛǛǌǙ� DQG 6REKD /DOLWKD
'ǐǡǔ� ³$XWRPDWLF JHQHUDWLRQ RI 7DPLO O\ULFV IRU
PHORGLHV�´ :RUNVKRS RQ &RPSXWDWLRQDO $SSURDFKHV WR
/LQJXLVWLF &UHDWLYLW\ �&$/&����� ��±��� �����

.DUWHHN $ǏǏǌǙǖǔ DQG 'HNDL :Ǡ� ³8QVXSHUYLVHG UK\PH
VFKHPH LGHQWLILFDWLRQ LQ KLS KRS O\ULFV XVLQJ KLGGHQ
0DUNRY PRGHOV�´ �VW ,QWHUQDWLRQDO &RQIHUHQFH RQ 6WDWLV�
WLFDO /DQJXDJH DQG 6SHHFK 3URFHVVLQJ �6/63 ������ 7DU�
UDJRQD� 6SDLQ� �����

'DYLG &ǓǔǌǙǒ� ³+LHUDUFKLFDO SKUDVH�EDVHG WUDQVODWLRQ�´
&RPSXWDWLRQDO /LQJXLVWLFV� ���������±���� �����

$UWKXU 3HQWODQG 'ǐǘǛǞǟǐǝ� 1DQ 0� /ǌǔǝǏ� DQG 'RQ�
DOG %UXFH 5ǠǍǔǙ� ³0D[LPXP OLNHOLKRRG IURP LQFRPSOHWH
GDWD YLD WKH (0 DOJRULWKP�´ -RXUQDO RI WKH 5R\DO 6WDWLVWLFDO
6RFLHW\� 6HULHV % �0HWKRGRORJLFDO�� �������±��� �����

3LHUUH $'ǐǡǔǕǡǐǝ� ³%DXP¶V IRUZDUG�EDFNZDUG DOJRULWKP UH�
YLVLWHG�´ 3DWWHUQ 5HFRJQLWLRQ /HWWHUV� ��������±���� �����

'PLWUL\*ǐǙǥǐǗ� -DNRE8Ǟǥǖǚǝǐǔǟ� DQG )UDQ]2ǎǓ� ³3RHWLF
VWDWLVWLFDO PDFKLQH WUDQVODWLRQ� 5K\PH DQGPHWHU�´ &RQIHU�
HQFH RQ (PSLULFDO 0HWKRGV LQ 1DWXUDO /DQJXDJH 3URFHVV�
LQJ �(01/3 ������ ���±���� $VVRFLDWLRQ IRU &RPSXWD�
WLRQDO /LQJXLVWLFV� �����

(ULFD *ǝǐǐǙǐ� 7XJED %ǚǏǝǠǘǗǠ� DQG .HYLQ .ǙǔǒǓǟ�
³$XWRPDWLF DQDO\VLV RI UK\WKPLF SRHWU\ ZLWK DSSOLFDWLRQV
WR JHQHUDWLRQ DQG WUDQVODWLRQ�´ &RQIHUHQFH RQ (PSLUL�
FDO 0HWKRGV LQ 1DWXUDO /DQJXDJH 3URFHVVLQJ �(01/3
������ ���±���� $VVRFLDWLRQ IRU &RPSXWDWLRQDO /LQJXLV�
WLFV� �����

$ULD +ǌǒǓǔǒǓǔ� -RKQ %Ǘǔǟǥǐǝ� -RKQ 'ǐ1ǐǝǚ� DQG 'DQ
.ǗǐǔǙ� ³%HWWHU ZRUG DOLJQPHQWV ZLWK VXSHUYLVHG LWJ PRG�
HOV�´ -RLQW &RQIHUHQFH RI WKH ��WK $QQXDO 0HHWLQJ RI WKH
$VVRFLDWLRQ IRU &RPSXWDWLRQDO /LQJXLVWLFV DQG WKH �WK ,Q�
WHUQDWLRQDO -RLQW &RQIHUHQFH RQ 1DWXUDO /DQJXDJH 3UR�
FHVVLQJ RI WKH $VLDQ )HGHUDWLRQ RI 1DWXUDO /DQJXDJH 3UR�
FHVVLQJ �$&/�,-&1/3 ������ ���±���� 6XQWHF� 6LQJDSRUH�
$XJXVW �����

/RQJ -ǔǌǙǒ DQG 0LQJ =ǓǚǠ� ³*HQHUDWLQJ &KLQHVH FRXSOHWV
XVLQJ D VWDWLVWLFDO 07 DSSURDFK�´ ��WK ,QWHUQDWLRQDO &RQ�
IHUHQFH RQ &RPSXWDWLRQDO /LQJXLVWLFV �&2/,1* ������
�����

3KLOLSS .ǚǐǓǙ� +LHX +ǚǌǙǒ� $OH[DQGUD %ǔǝǎǓ� &KULV
&ǌǗǗǔǞǚǙĥ%ǠǝǎǓ� 0DUFHOOR )ǐǏǐǝǔǎǚ� 1LFROD
%ǐǝǟǚǗǏǔ� %URRNH &ǚǢǌǙ� :DGH 6ǓǐǙ� &KULVWLQH
0ǚǝǌǙ� 5LFKDUG =ǐǙǞ� &KULV 'Ǥǐǝ� 2QGUHM %ǚǕǌǝ�
$OH[DQGUD &ǚǙǞǟǌǙǟǔǙ� DQG (YDQ +ǐǝǍǞǟ� ³0RVHV�
2SHQ VRXUFH WRRONLW IRU VWDWLVWLFDO PDFKLQH WUDQVODWLRQ�´
��WK $QQXDO 0HHWLQJ RI WKH $VVRFLDWLRQ IRU &RPSXWDWLRQDO
/LQJXLVWLFV �$&/ ����� 'HPR DQG 3RVWHU 6HVVLRQV�
���±���� 3UDJXH� &]HFK 5HSXEOLF� -XQH �����

0DUN /ǔǍǐǝǘǌǙ� ³5DS VFKRODUVKLS� UDS PHWHU� DQG WKH DQWKRO�
RJ\ RI PRQGHJUHHQV�´ KWWS���ODQJXDJHORJ�OGF�XSHQQ�
HGX�QOO�"S ����� 'HFHPEHU ����� $FFHVVHG� ��������
���

2(,6� ³%HOO RU H[SRQHQWLDO QXPEHUV� ZD\V RI SODFLQJ Q
ODEHOHG EDOOV LQWR Q LQGLVWLQJXLVKDEOH ER[HV�´ 7KH 2Q�
/LQH (QF\FORSHGLD RI ,QWHJHU 6HTXHQFHV� KWWS���RHLV�
RUJ�$������� ����� $FFHVVHG� �����������

6UDYDQD 5ǐǏǏǤ DQG .HYLQ .ǙǔǒǓǟ� ³8QVXSHUYLVHG GLVFRY�
HU\ RI UK\PH VFKHPHV�´ ��WK $QQXDO 0HHWLQJ RI WKH $VVR�
FLDWLRQ IRU &RPSXWDWLRQDO /LQJXLVWLFV� +XPDQ /DQJXDJH
7HFKQRORJLHV �$&/�+/7 ������ YRO� �� ��±��� $VVRFLDWLRQ
IRU &RPSXWDWLRQDO /LQJXLVWLFV� �����

0DUNXV 6ǌǐǝǞ� .DUWHHN $ǏǏǌǙǖǔ� DQG 'HNDL :Ǡ� ³)URP
ILQLWH�VWDWH WR LQYHUVLRQ WUDQVGXFWLRQV� 7RZDUG XQVX�
SHUYLVHG ELOLQJXDO JUDPPDU LQGXFWLRQ�´ ��WK ,QWHUQD�
WLRQDO &RQIHUHQFH RQ &RPSXWDWLRQDO /LQJXLVWLFV �&2/,1*
������ ����±����� 0XPEDL� ,QGLD� 'HFHPEHU �����

0DUNXV 6ǌǐǝǞ DQG 'HNDL:Ǡ� ³5HHVWLPDWLRQ RI UHLILHG UXOHV
LQ VHPLULQJ SDUVLQJ DQG ELSDUVLQJ�´ )LIWK :RUNVKRS RQ
6\QWD[� 6HPDQWLFV DQG 6WUXFWXUH LQ 6WDWLVWLFDO 7UDQVODWLRQ
�6667���� ��±��� 3RUWODQG� 2UHJRQ� $VVRFLDWLRQ IRU &RP�
SXWDWLRQDO /LQJXLVWLFV� -XQH �����

0RUJDQ 6ǚǙǏǐǝǐǒǒǐǝ� ³$SSOLFDWLRQV RI JUDSK WKHRU\ WR DQ
(QJOLVK UK\PLQJ FRUSXV�´ &RPSXWHU 6SHHFK 	 /DQJXDJH�
���������±���� �����

$QGUHDV 6ǟǚǗǎǖǐ� ³65,/0 ± DQ H[WHQVLEOH ODQJXDJH PRG�
HOLQJ WRRONLW�´ ,QWHUQDWLRQDO &RQIHUHQFH RQ 6SRNHQ /DQ�
JXDJH 3URFHVVLQJ �,17(563((&+ ������ ���±���� 'HQ�
YHU� &RORUDGR� 6HSWHPEHU �����

'HNDL:Ǡ� ³$Q DOJRULWKP IRU VLPXOWDQHRXVO\ EUDFNHWLQJ SDU�
DOOHO WH[WV E\ DOLJQLQJ ZRUGV�´ ��UG $QQXDO 0HHWLQJ RI
WKH $VVRFLDWLRQ IRU &RPSXWDWLRQDO /LQJXLVWLFV �$&/�����
���±���� &DPEULGJH� 0DVVDFKXVHWWV� -XQH ����D�

'HNDL :Ǡ� ³6WRFKDVWLF LQYHUVLRQ WUDQVGXFWLRQ JUDPPDUV�
ZLWK DSSOLFDWLRQ WR VHJPHQWDWLRQ� EUDFNHWLQJ� DQG DOLJQ�
PHQW RI SDUDOOHO FRUSRUD�´ ��WK ,QWHUQDWLRQDO -RLQW &RQ�
IHUHQFH RQ $UWLILFLDO ,QWHOOLJHQFH �,-&$,����� YRO� ���
����±����� ����E�

'HNDL:Ǡ� ³$ 3RO\QRPLDO�WLPH $OJRULWKP IRU 6WDWLVWLFDO 0D�
FKLQH 7UDQVODWLRQ�´ ��WK DQQXDO PHHWLQJ RQ $VVRFLDWLRQ
IRU &RPSXWDWLRQDO /LQJXLVWLFV �$&/����� ���±���� 0RU�
ULVWRZQ� 1-� 86$� �����

'HNDL :Ǡ� ³6WRFKDVWLF ,QYHUVLRQ 7UDQVGXFWLRQ *UDPPDUV
DQG %LOLQJXDO 3DUVLQJ RI 3DUDOOHO &RUSRUD�´ &RPSXWDWLRQDO
/LQJXLVWLFV� ���������±���� �����

'HNDL :Ǡ� ³7H[WXDO HQWDLOPHQW UHFRJQLWLRQ XVLQJ LQYHUVLRQ
WUDQVGXFWLRQ JUDPPDUV�´ -RDTXLQ4ǠǔȘǚǙǐǝǚĥ&ǌǙǏǐǗǌ�
,GR'ǌǒǌǙ� %HUQDUGR0ǌǒǙǔǙǔ� DQG )ORUHQFH Ǐᮯ$ǗǎǓǿ
%Ǡǎ �HGV��� 0DFKLQH /HDUQLQJ &KDOOHQJHV� (YDOXDWLQJ
3UHGLFWLYH 8QFHUWDLQW\� 9LVXDO 2EMHFW &ODVVLILFDWLRQ� DQG
5HFRJQLVLQJ 7H[WXDO (QWDLOPHQW� YRO� ���� RI /HFWXUH
1RWHV LQ &RPSXWHU 6FLHQFH� ���±���� %HUOLQ� 6SULQJHU�
�����

'HNDL:Ǡ DQG 3DVFDOH )ǠǙǒ� ³,QYHUVLRQ WUDQVGXFWLRQ JUDP�
PDU FRQVWUDLQWV IRU PLQLQJ SDUDOOHO VHQWHQFHV IURP TXDVL�
FRPSDUDEOH FRUSRUD�´ 6HFRQG ,QWHUQDWLRQDO -RLQW &RQ�
IHUHQFH RQ 1DWXUDO /DQJXDJH 3URFHVVLQJ �,-&1/3�����
���±���� 6SULQJHU� �����

'HNDL:Ǡ DQG +RQJVLQJ:ǚǙǒ� ³0DFKLQH WUDQVODWLRQ ZLWK
D VWRFKDVWLF JUDPPDWLFDO FKDQQHO�´ ��WK $QQXDO 0HHW�
LQJ RI WKH $VVRFLDWLRQ IRU &RPSXWDWLRQDO /LQJXLVWLFV DQG
��WK ,QWHUQDWLRQDO &RQIHUHQFH RQ &RPSXWDWLRQDO /LQJXLV�
WLFV �&2/,1*�$&/ ¶���� ����±����� �����

5LFKDUG =ǐǙǞ DQG +HUPDQQ 1ǐǤ� ³$ FRPSDUDWLYH VWXG\ RQ
UHRUGHULQJ FRQVWUDLQWV LQ VWDWLVWLFDO PDFKLQH WUDQVODWLRQ�´
��VW $QQXDO 0HHWLQJ RQ $VVRFLDWLRQ IRU &RPSXWDWLRQDO
/LQJXLVWLFV �$&/����� ���±���� 6WURXGVEXUJ� 3$� 86$�
$VVRFLDWLRQ IRU &RPSXWDWLRQDO /LQJXLVWLFV� �����
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