
$�3ULRULWL]HG�3DFNHW�6FKHGXOLQJ�$UFKLWHFWXUH�IRU�3URYLVLRQ�RI

4XDOLW\�RI�6HUYLFH�LQ�7ELW�VHF�:'0�1HWZRUNV

,��(OKDQDQ\��'��6DGRW
(OHFWULFDO DQG &RPSXWHUV (QJLQHHULQJ 'HSDUWPHQW

%HQ�*XULRQ 8QLYHUVLW\

%HHU�6KHYD ������ ,65$(/

LWDPDU#LHHH�RUJ

$EVWUDFW�7KH SURYLVLRQ RI 4XDOLW\�RI�6HUYLFH �4R6� LV D

SUHGRPLQDQW UHTXLUHPHQW IURP PRGHUQ KLJK�SHUIRUPDQFH

VZLWFKHV DQG URXWHUV� 3RUW GHQVLWLHV RI WHQV DQG HYHQ KXQGUHGV

RI SRUWV FKDUDFWHUL]H $70 DQG ,3Y� VZLWFKHV ZKHUH HDFK SRUW

FDUULHV KLJK�VSHHG WUDIILF ZLWK GLYHUVH VWDWLVWLFDO FKDUDFWHULVWLFV�

,Q WKLV SDSHU D VFKHGXOLQJ VFKHPH IRU 7ELW�VHF� LQSXW�TXHXHG�

:'0 SDFNHW�VZLWFK QHWZRUNV LV SUHVHQWHG� 7KH SURSRVHG

DUFKLWHFWXUH LV FRQWHQWLRQ�IUHH� VFDODEOH� HDV\ WR LPSOHPHQW DQG

UHTXLUHV QR LQWHUQDO ³VSHHGXS´� 0RUHRYHU� WKH VFKHPH

LQKHUHQWO\ VXSSRUWV SHU�FODVV 4R6� 1RQ�XQLIRUP GHVWLQDWLRQ

GLVWULEXWLRQ DQG EXUVW\ FHOO DUULYDOV DUH VWXGLHG IRU D VZLWFK

ZLWK DQ DJJUHJDWHG FDSDFLW\ RI � 7ELW�VHF� 6LPXODWLRQ UHVXOWV

VKRZ WKDW FODVV�GLIIHUHQWLDWHG ORZ ODWHQF\ LV DFKLHYHG� \LHOGLQJ D

SRZHUIXO VROXWLRQ IRU KLJK�SHUIRUPDQFH SDFNHW�VZLWFK

QHWZRUNV�

,� ,1752'8&7,21

+LJK�VSHHG FHOO�VZLWFKLQJ GHYLFHV DUH HPSOR\HG DV

EXLOGLQJ EORFNV IRU DV\QFKURQRXV WUDQVIHU PRGH �$70� DQG

,QWHUQHW 3URWRFRO �,3� URXWHUV DQG VZLWFKHV� $V ,QWHUQHW WUDIILF

YROXPH LQFUHDVHV DW DQ H[SRQHQWLDO UDWH� WKH VHDUFK IRU

KLJK�SHUIRUPDQFH DQG VFDODEOH SDFNHW�VZLWFKLQJ WHFKQRORJLHV

LV EURDGHQLQJ� 7UDIILF WUDYHUVLQJ WKH ,QWHUQHW LV QRW RQO\

LQFUHDVLQJ LQ YROXPH EXW DOVR EHFRPLQJ PRUH GHPDQGLQJ LQ

WHUPV RI GHOD\ DQG SDFNHW ORVV UHTXLUHPHQWV� 0XOWLPHGLD

DSSOLFDWLRQV� VXFK DV YRLFH DQG YLGHR� ZKLFK DUH JURZLQJ

PRUH SUHYDOHQW� GHPDQG VWULFW GHOD\ ERXQGDULHV� $FFRUGLQJO\�

VZLWFKHV DQG URXWHUV VXSSRUW WKH SURYLVLRQ RI 4XDOLW\ RI

6HUYLFH �4R6� DV PHDQV RI RIIHULQJ VXFK GLIIHUHQWLDWHG

VHUYLFHV�

%URDGEDQG QHWZRUN LQIUDVWUXFWXUHV DUH FRDUVHO\ FRPSRVHG

RI WZR EDVLF EXLOGLQJ EORFNV� ��� KLJK�VSHHG SRLQW�WR�SRLQW

OLQNV DQG ��� KLJK�SHUIRUPDQFH VZLWFKLQJ GHYLFHV IRU WKH

QHWZRUN¶V QRGHV� :DYHOHQJWK GLYLVLRQ PXOWLSOH[LQJ �:'0�

LV ZLGHO\ DFFHSWHG DV WKH SK\VLFDO�OD\HU VROXWLRQV IRU IXWXUH

EURDGEDQG QHWZRUNV� :KLOH UHOLDEOH :'0�EDVHG 7ELW�VHF

SRLQW�WR�SRLQW FRPPXQLFDWLRQ KDV EHHQ GHPRQVWUDWHG�

VZLWFKHV DQG URXWHUV WKDW FDQ PDQDJH WKH H[WHQVLYH DPRXQWV

RI GLYHUVHO\ FKDUDFWHUL]HG WUDIILF ORDGV DUH QRW \HW DYDLODEOH�

+HQFH� WKH ERWWOHQHFN RI WKH QHWZRUN KDV VKLIWHG WRZDUGV

GHVLJQLQJ VXFK KLJK�SHUIRUPDQFH VZLWFKHV DQG URXWHUV�

,W LV JHQHUDOO\ DFNQRZOHGJHG WKDW WKH WZR PDLQ JRDOV RI

QHWZRUN VZLWFKHV DUH �� WR RSWLPDOO\ XWLOL]H WKH DYDLODEOH

LQWHUQDO EDQGZLGWK ZKLOH �� VXSSRUW TXDOLW\ RI VHUYLFH �4R6�

UHTXLUHPHQWV� &RQVWUDLQWV GHULYHG IURP WKHVH JRDOV W\SLFDOO\

FRQWUDGLFW LQ WKH VHQVH WKDW PD[LPDO EDQGZLGWK DOORFDWLRQ

PD\ QRW QHFHVVDULO\ PXWXDOO\ UHODWH WR JLYLQJ SUHIHUHQFH WR

WKH PRVW XUJHQW WUDIILF IORZV� 7KLV FRQFHSW KDV VSDZQ D YDVW

UDQJH RI DGDSWDWLRQV� HDFK VHHNLQJ WR VXSSRUW KLJK FDSDFLW\�

ODUJH QXPEHU RI SRUWV DQG ORZ ODWHQF\ UHTXLUHPHQWV

>�@�>�@�>�@�>�@�

0DQ\ RI WKHVH VFKHPHV HPSOR\ RXWSXW�TXHXHLQJ

PHFKDQLVPV� ZKLFK PHDQV WKDW FHOOV DUULYLQJ DW WKH LQSXW

QRGH DUH WUDQVPLWWHG WKURXJK WKH FURVV�FRQQHFW IDEULF WR D

GHVLJQDWHG RXWSXW TXHXH� ,Q RUGHU WR RYHUFRPH FROOLVLRQ LQ DQ

1[1 VZLWFK� HLWKHU 1
�
LQGHSHQGHQW FKDQQHOV RU 1 WLPHV IDVWHU

FLUFXLWU\ PD\ EH LPSOHPHQWHG� &RQVLGHULQJ WRGD\¶V KLJK OLQH

UDWHV� 1 WLPHV IDVWHU FLUFXLWU\ LV LQIHDVLEOH� 7\SLFDO GHVLJQV

DSSO\ HLWKHU FHQWUDOL]HG RU RXWSXW TXHXHLQJ PHFKDQLVPV LQ

RUGHU WR PD[LPL]H VZLWFK EDQGZLGWK� +RZHYHU� DV WKH OLQH

UDWHV DQG QXPEHU RI SRUWV LQFUHDVH� RXWSXW TXHXHLQJ LV IRXQG

LPSUDFWLFDO IRU KLJK�SHUIRUPDQFH VZLWFKHV�

$Q DOWHUQDWLYH WR RXWSXW�TXHXHLQJ LV LQSXW�TXHXHLQJ

ZKHUHE\ FHOO EXIIHULQJ LV ORFDWHG DW WKH LQSXW QRGHV� ,W KDV

EHHQ VKRZQ WKDW DQ LQSXW�TXHXHG VZLWFK ZLWK D VLQJOH ),)2

DW HDFK LQSXW PD\ DFKLHYH D PD[LPXP RI ����� WKURXJKSXW

GXH WR WKH KHDG�RI�OLQH �+2/� EORFNLQJ SKHQRPHQRQ >�@� $

ZHOO�SUDFWLFHG WHFKQLTXH� ZKLFK HQWLUHO\ HOLPLQDWHV WKH +2/

EORFNLQJ� LV YLUWXDO RXWSXW TXHXHLQJ �924�� ,Q 924 HDFK

LQSXW QRGH PDLQWDLQV D VHSDUDWH TXHXH IRU HDFK RXWSXW DV

LOOXVWUDWHG LQ ILJXUH ��

)LJ� �� 9LUWXDO RXWSXW TXHXHLQJ� FHOOV DUH FODVVLILHG WR TXHXHV

DFFRUGLQJ WR WKHLU GHVWLQDWLRQ�

$UULYLQJ FHOOV� $L�M�W�� DUH FODVVLILHG DW D SULPDO VWDJH WR D

TXHXH WKDW FRUUHVSRQGV WR WKHLU GHVLJQDWHG GHVWLQDWLRQ� 7KH

VFKHGXOHU GHWHUPLQHV ZKLFK TXHXH LV VHUYHG IRU WUDQVPLVVLRQ

�6L�M�W��� 6HYHUDO VFKHGXOLQJ DOJRULWKPV KDYH EHHQ SURSRVHG

IRU 924 VZLWFKHV >�@� $V LQGLFDWHG E\ &KXDQJ HW DO� >�@�

PRVW DOJRULWKPV NQRZQ WR�GDWH DUH WRR FRPSOH[ WR EH

LWK ,QSXW 3RUW
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LPSOHPHQWHG LQ KDUGZDUH DQG DUH IRXQG XQVXLWDEOH IRU

VZLWFKHV ZLWK ODUJH QXPEHU RI QRGHV DW KLJK OLQH UDWHV�

0RUHRYHU� WKH DOJRULWKPV SURSRVHG DUH IUHTXHQWO\ H[DPLQHG

XQGHU XQLIRUP WUDIILF FRQGLWLRQV� ZKLFK FOHDUO\ GRHV QRW

UHSUHVHQW UHDO OLIH WUDIILF� 2QH PHWKRG RI HQKDQFLQJ 924

EDVHG VZLWFKLQJ LV WR LQFUHDVH WKH LQWHUQDO ³VSHHGXS´ RI WKH

VZLWFK� $ VZLWFK ZLWK D VSHHGXS RI / FDQ WUDQVPLW / FHOOV LQ D

VLQJOH FHOO�WLPH� +RZHYHU� WKH VZLWFKLQJ�FRUH VSHHG LV D

SDUDPRXQW UHVRXUFH PDNLQJ VSHHGXS D GUDZEDFN RI DQ\

VFKHGXOLQJ DSSURDFK� ,Q RUGHU WR VXSSRUW 4R6� 924 PD\ EH

H[SDQGHG E\ DVVLJQLQJ U GLIIHUHQW TXHXHV IRU HDFK

GHVWLQDWLRQ� ZKHUHE\ D GLVWLQFW TXHXH LV DVVLJQHG WR HDFK 4R6

FODVV� &RQWHQWLRQ IRU WUDQVPLVVLRQ LV QRZ FDUULHG RXW QRW RQO\

EHWZHHQ TXHXHV DVVRFLDWHG ZLWK WKH VDPH GHVWLQDWLRQ� EXW

DOVR EHWZHHQ 4R6 FODVV�TXHXHV GHVLJQDWHG IRU WKH VDPH

GHVWLQDWLRQ�

$OWKRXJK WKLV ZRUN IRFXVHV RQ SDFNHWV RI IL[HG OHQJWK�

PDQ\ QHWZRUN SURWRFROV� VXFK DV ,3� KDYH YDULDEOH OHQJWK

SDFNHWV� 0RVW VZLWFKLQJ HQJLQHV WRGD\ VHJPHQW WKHVH SDFNHWV

LQWR IL[HG�OHQJWK SDFNHW �RU ³FHOOV´� SULRU WR HQWHULQJ WKH

VZLWFK IDEULF� 7KH RULJLQDO SDFNHWV DUH UHFRQVWUXFWHG DW WKH

RXWSXW VWDJH� 7KLV PHWKRGRORJ\ LV FRPPRQO\ SUDFWLFHG LQ

RUGHU WR DFKLHYH KLJK SHUIRUPDQFH� $FFRUGLQJO\� WKH PHWKRGV

GHVFULEHG KHUH PD\ DSSO\ WR ERWK IL[HG DQG YDULDEOH OHQJWK

SDFNHWV� ,Q WKLV SDSHU� D SDFNHW�VZLWFKLQJ DUFKLWHFWXUH DORQJ

ZLWK D VFKHGXOLQJ DOJRULWKP IRU KLJK�SHUIRUPDQFH :'0

QHWZRUNV LV SUHVHQWHG� :H VKRZ WKDW WKH DUFKLWHFWXUH LV

FRQWHQWLRQ�IUHH� UHTXLUHV QR VSHHGXS DQG KDV WKH DGYDQWDJHV

RI KLJK�WKURXJKSXW� ORZ LPSOHPHQWDWLRQ FRPSOH[LW\ DQG

VFDODELOLW\� 6FKHGXOLQJ LV EDVHG RQ D VHTXHQWLDO�UHVHUYDWLRQ

VFKHPH ZLWK SULRULWL]HG�PDWFKLQJ WKDW ZDV LQLWLDOO\

LQWURGXFHG LQ >��@� DQG EURDGHQHG WR FRPSO\ ZLWK GLYHUVH

4R6 UHTXLUHPHQWV�

,Q VHFWLRQ � WKH SURSRVHG VZLWFK DUFKLWHFWXUH LV GHVFULEHG�

6HFWLRQ � IRFXVHV RQ WKH ZDYHOHQJWK DOORFDWLRQ GLVFLSOLQH DQG

LWV LPSOHPHQWDWLRQ FRQVLGHUDWLRQV� 7KH LQYHVWLJDWHG WUDIILF

PRGHOV DUH GHVFULEHG LQ 6HFWLRQ �� 6LPXODWLRQ UHVXOWV DUH

SUHVHQWHG DQG GLVFXVVHG LQ 6HFWLRQV �� 6HFWLRQ � GUDZV WKH

PDLQ FRQFOXVLRQV�

,,� 6&+('8/,1* ',6&,3/,1(

$� 7KH :'0 3HUVSHFWLYH

,Q WKH SURSRVHG VZLWFK ZH IRFXV RQ D WXQDEOH�WUDQVPLWWHU

IL[HG�UHFHLYHU �77�)5� FRQILJXUDWLRQ ZKHUHE\ D QRGH WXQHV

LWV WUDQVPLWWHU WR D SUHGHILQHG ZDYHOHQJWK DFFRUGLQJ WR WKH

GHVLUHG GHVWLQDWLRQ� %\ WKH VDPH WRNHQ� D IL[HG�WUDQVPLWWHU

WXQDEOH�UHFHLYHU �)7�75� FRQILJXUDWLRQ PD\ EH DSSOLHG ZLWK

OLWWOH FKDQJHV LQ WKH SURSRVHG VZLWFKLQJ DUFKLWHFWXUH�

(PSOR\HG VFKHGXOLQJ VFKHPHV IRU 7ELW�VHF :'0�EDVHG

VZLWFKHV DUH UHTXLUHG WR SRVVHVV WKH IROORZLQJ SURSHUWLHV�

x 0D[LPDO EDQGZLGWK XWLOL]DWLRQ� WKH DOJRULWKP VKRXOG

PD[LPL]H WKH XVH RI WKH VZLWFK LQWHUQDO EDQGZLGWK LQ

RUGHU WR SURYLGH PD[LPDO VZLWFKLQJ WKURXJKSXW�

x &RQWHQWLRQ�UHVROXWLRQ� 6LQFH WKH ZDYHOHQJWKV DUH D PRVW

H[SHQVLYH UHVRXUFH� QR PRUH WKDQ 1 LQWHUQDO FKDQQHOV

VKRXOG EH DVVXPHG� 7ZR RU PRUH VLPXOWDQHRXV

WUDQVPLVVLRQV RYHU WKH VDPH ZDYHOHQJWK UHVXOW LQ

FROOLVLRQ� +HQFH� SDFNHW ORVVHV GXH WR RSWLFDO FROOLVLRQ

VKRXOG EH DYRLGHG�

x 4R6 VXSSRUW� 'LIIHUHQWLDWLQJ EHWZHHQ WUDIILF IORZV LV D

VXEVWDQWLDO UHTXLUHPHQW LQ RUGHU WR SURYLGH WLPH�FULWLFDO

VHUYLFHV LQ PRGHUQ QHWZRUNV� )DLUQHVV LV GLUHFWO\ GHULYHG

IURP WKLV FULWHULRQ DQG H[LVWV WR DVVXUH WKDW TXHXH

VWDUYDWLRQ LV DYRLGHG� $Q HYROYHG PHFKDQLVP IRU

VXSSRUWLQJ VXFK GLIIHUHQWLDWLRQ DQG IDLUQHVV VKRXOG EH

SUDFWLFHG�

x 1R VSHHGXS� ,Q WKH RSWLFDO FRQWH[W� VSHHGLQJ XS LQWHUQDO

WUDQVPLVVLRQ UDWHV LV D ZDVWHIXO DFW� 6FKHPHV WKDW UHTXLUH

QR VSHHGXS �VSHHGXS IDFWRU RI �� DUH PRUH SUDJPDWLF IRU

IXWXUH QHWZRUNV�

x 1RQ�EORFNLQJ� 6LQJOH�VWDJH� :'0 FURVV�FRQQHFW

WHFKQRORJ\ LV FRPPRQO\ GHSOR\HG LQ D VLQJOH�VWDJH�

QRQ�EORFNLQJ FRQVWHOODWLRQ ZKHUHE\ RSWLFDO VLJQDOV DUH

QRW UH�URXWHG RU UH�WUDQVPLWWHG ZLWKLQ WKH VZLWFKLQJ FRUH�

7KH XOWUD�IDVW GHFLVLRQ SURFHVVHV UHTXLUH WKDW PLQLPDO

ODWHQF\ LV FRQWULEXWHG E\ WKH FURVV�FRQQHFWLQJ HOHPHQW�

x /DUJH QXPEHU RI SRUWV� 7KH GLYHUVLW\ RI FRPPXQLFDWLRQ

SURWRFROV� VXFK DV $V\QFKURQRXV 7UDQVIHU 0RGH �$70�

DQG ,QWHUQHW 3URWRFRO �,3�� DQG RI OLQH VSHHGV� UHTXLUH WKDW

D JRRG VZLWFK DUFKLWHFWXUH ZLOO VXSSRUW DV\PPHWULF SRUWV

FDUU\LQJ GLIIHUHQW GDWD IORZV�

x )OH[LEOH KLJK�OHYHO PDQDJHDELOLW\ ± 'HFLVLRQV UHJDUGLQJ

GLVWULEXWLQJ DYDLODEOH EDQGZLGWK VKRXOG EH OHIW WR WKH

VHUYLFH SURYLGHU DV D EXVLQHVV GHFLVLRQ� UHTXLULQJ KLJKO\

HYROYHG WRROV IRU G\QDPLFDOO\ PDQDJLQJ WKH QRGHV�

x 6LPSOH WR LPSOHPHQW� 7KH VZLWFKLQJ DUFKLWHFWXUH DQG

UHVSHFWLYH DOJRULWKP VKRXOG EH SODLQO\ LPSOHPHQWHG LQ

GHVLJQDWHG FXVWRP KDUGZDUH� 3HUIRUPDQFH LQ WHUPV RI

VSHHG LV GLUHFWO\ DIIHFWHG E\ WKH VLPSOLFLW\ RI WKH

KDUGZDUH GHVLJQ�

$� 6ZLWFK $UFKLWHFWXUH

7KH VWUXFWXUH RI WKH SURSRVHG VZLWFK LV VKRZQ LQ ILJXUH ��

7KH QRGHV� FRUUHVSRQGLQJ WR WKH VZLWFK SRUWV� KDYH

EL�GLUHFWLRQDO RSWLFDO GDWD OLQNV LQWHUFRQQHFWHG YLD DQ RSWLFDO

SDVVLYH VWDU FRXSOHU� 7KH SDVVLYH VWDU WRSRORJ\ DFWV DV D

VLQJOH�VWDJH QRQ�EORFNLQJ FURVV�FRQQHFW IDEULF� 7KH RSWLFDO

WUDQVPLVVLRQ LV EDVHG RQ D 77�)5 VHWXS� ZKHUHE\ HDFK

WUDQVPLWWHU FDQ EH WXQHG WR DQ\ RI WKH 1 ZDYHOHQJWKV� ZKLOH

HDFK UHFHLYHU LV DVVLJQHG D GLVWLQFW DQG IL[HG ZDYHOHQJWK�

8WLOL]LQJ YLUWXDO RXWSXW TXHXHLQJ ZLWK GLIIHUHQWLDWHG FODVVHV�

GDWD SDFNHWV UHFHLYHG DW HDFK SRUW DUH GLVWULEXWHG WR

GHVLJQDWHG TXHXHV ZLWKLQ WKH LQSXW QRGH RQ D FHOO�E\�FHOO

EDVLV� ZKHUH HDFK TXHXH FRUUHVSRQGV WR D ZDYHOHQJWK DQG D

4R6 FODVV� LQ DFFRUGDQFH ZLWK WKH FHOO KHDGHU LQIRUPDWLRQ�

7ZR HOHFWURQLF EXV V\VWHPV DUH HPSOR\HG LQ WKH SURSRVHG

DUFKLWHFWXUH� $OO QRGHV KDYH UHDG DFFHVV WR D QRGH VLJQDOLQJ



)LJ� �� :'0 EDVHG ,QSXW�4XHXHG 6ZLWFK $UFKLWHFWXUH

EXV �16%� DQG UHDG�ZULWH DFFHVV WR D FRPPRQ ZDYHOHQJWK

UHVHUYDWLRQ EXV �:5%�� 7KH :5% FRQWDLQV 1 OLQHV WKDW

LQGLFDWH WKH UHVHUYDWLRQ VWDWXV RI HDFK RI WKH 1 DYDLODEOH

ZDYHOHQJWKV� $ ORJLFDO µ�¶ RQ D EXV OLQH GHQRWHV DQ DYDLODEOH

ZDYHOHQJWK� ZKLOH ORJLFDO µ�¶ GHQRWHV D UHVHUYHG RQH� 7KH

16% FRQVLVWV RI D ELQDU\ ZRUG RI OHQJWK ORJ �1� UHSUHVHQWLQJ

WKH LQGH[ RI WKH DGGUHVVHG QRGH� :KHQ D QRGH LV DGGUHVVHG LW

H[HFXWHV D ZDYHOHQJWK UHVHUYDWLRQ SURFHGXUH LQWHQGHG WR

DOORFDWH DQ DYDLODEOH ZDYHOHQJWK�

,,,� :$9(/(1*7+ 5(6(59$7,21

,Q RUGHU WR SURSHUO\ GLIIHUHQWLDWH EHWZHHQ WKH VWDWH RI

YDULRXV TXHXHV DQG 4R6 FODVVHV D SULRULWL]DWLRQ V\VWHP PXVW

EH SUDFWLFHG� 0DQ\ VFKHGXOLQJ VFKHPHV� ZKLFK DSSO\ ELQDU\

UHTXHVW PDWULFHV DQG QRW SULRULWL]HG TXHXHLQJ� DUH OLPLWHG E\

WKHLU DELOLW\ WR SURYLGH JOREDO FKDQQHO DOORFDWLRQ IDLUQHVV� ,W

KDV SUHYLRXVO\ EHHQ VKRZQ WKDW WKH LPSRUWDQFH RI

SULRULWL]DWLRQ LV SDUDPRXQW LQ WKH 4R6 FRQWH[W >�@� ,Q ILJXUH ��

D EORFN GLDJUDP RI WKH ZDYHOHQJWK UHVHUYDWLRQ ORJLF

SHUIRUPHG E\ HDFK QRGH LQ D �u� VZLWFK ZLWK � 4R6 FODVVHV

LV GHSLFWHG� 3L�M GHQRWHV TXHXH SULRULW\ UHODWHG WR WKH M
WK
4R6

FODVV RI WKH L
WK
GHVLUHG ZDYHOHQJWK �GHVWLQDWLRQ�� DQG 6L LV WKH

:5% OLQH IRU WKH L
WK
ZDYHOHQJWK� 8SRQ UHFHLYLQJ D VLJQDO YLD

WKH 16% IURP WKH ZDYHOHQJWK UHVHUYDWLRQ VFKHGXOHU� HDFK

QRGH SHUIRUPV ZDYHOHQJWK UHVHUYDWLRQ DFFRUGLQJ WR WZR

SULPDU\ JXLGHOLQHV� �D� JOREDO VZLWFK UHVRXUFHV VWDWXV� L�H��

DYDLODEOH ZDYHOHQJWKV DW WKH UHVHUYDWLRQ LQVWDQFH� DQG �E�

ORFDO FRQVLGHUDWLRQV� L�H�� WKH VWDWXV DQG SULRULWLHV RI WKH

QRGH
V LQWHUQDO TXHXHV�

$W WKH KLJKHVW OHYHO� WKH :5% OLQHV HLWKHU JUDQW RU GLVFDUG

TXHXH SULRULWLHV XVLQJ GHVLJQDWHG $1' ORJLF� &RQVHTXHQWO\�

RQO\ TXHXH LQGLFHV DQG SULRULWLHV UHODWLQJ WR DYDLODEOH

ZDYHOHQJWKV DGYDQFH WR WKH ORZHU OHYHOV� (DFK OHYHO FRQVLVWV

RI D URZ RI FRPSDUDWRUV WKDW FRQFXUUHQWO\ UHFHLYH DV LQSXW D

SDLU RI SULRULWLHV� DORQJ ZLWK WKHLU UHVSHFWLYH LQGLFHV� DQG

RXWSXW WKH KLJKHU SULRULW\ DQG FRUUHVSRQGLQJ LQGH[� 7KH

RXWSXW RI WKH ERWWRPPRVW FRPSDUDWRU GHWHUPLQHV WKH

³SUHYDLOLQJ´ TXHXH� L�H� WKH TXHXH WKDW KHOG WKH KLJKHVW

SULRULW\ RXW RI WKH VXEVHW RI TXHXHV UHODWLQJ WR XQUHVHUYHG

ZDYHOHQJWKV� 1RGH ZDYHOHQJWK VHOHFWLRQ LV LQVWDQWO\ IROORZHG

E\ DVVHUWLRQ RI WKH UHOHYDQW :5% OLQH� $Q\ QXPEHU RI

SDUDPHWHUV� VXFK DV TXHXH ORDG� DFFXPXODWHG GHOD\ DQG

UHTXLUHG 4R6 FDQ DIIHFW WKH TXHXHLQJ SULRULW\ PHWULFV�

0RUHRYHU� FRQWHQWLRQ IRU ZDYHOHQJWKV LV FDUULHG RXW QRW RQO\

EHWZHHQ TXHXHV UHODWLQJ WR GLIIHUHQW GHVWLQDWLRQV EXW DOVR

EHWZHHQ TXHXHV RI GLIIHUHQW 4R6 FODVVHV GHVLJQDWHG IRU WKH

VDPH GHVWLQDWLRQ� ,Q WKLV ZD\� ERWK IDLU FRQWHQWLRQ DV ZHOO DV

4R6 FODVV GLIIHUHQWLDWLRQ DUH JXDUDQWHHG� $W WKDW SRLQW�

XWLOL]LQJ D ZHLJKWHG 5RXQG 5RELQ SURFHGXUH� WKH FHQWUDO

VFKHGXOHU VLJQDOV WKH QH[W QRGH WR FRPPHQFH ZDYHOHQJWK

UHVHUYDWLRQ� ,W VKRXOG EH QRWHG WKDW WKH 5RXQG 5RELQ

VLJQDOLQJ LV HPSOR\HG QRW DV D FRUH VFKHGXOLQJ GLVFLSOLQH EXW

UDWKHU WR JXDUDQWHH IDLUQHVV DQG TXDOLW\ GLIIHUHQWLDWLRQ

EHWZHHQ QRGHV�

,Q WKH SURSRVHG VFKHPH FRQWHQWLRQ LV LQKHUHQWO\ DYRLGHG�

VLQFH DW DQ\ JLYHQ WLPH RQO\ RQH QRGH DWWHPSWV WR UHVHUYH D

ZDYHOHQJWK� $IWHU DOO 1 QRGHV FRPSOHWH ZDYHOHQJWK

UHVHUYDWLRQ� KLJK�VSHHG GDWD LV RSWLFDOO\ WUDQVPLWWHG YLD WKH

VWDU FRXSOHU� 7KH ZDYHOHQJWK UHVHUYDWLRQ DQG GDWD

WUDQVPLVVLRQ DUH FRQGXFWHG LQ D WLPH VORW GLVFLSOLQH� :KLOH

QRGHV WUDQVPLW WKHLU GDWD� ZDYHOHQJWK UHVHUYDWLRQ LV FDUULHG

RXW IRU WKH VXFFHHGLQJ WLPHVORW� WKHUHIRUH QR WUDQVPLVVLRQ

GHDG WLPH LV LQWURGXFHG�

$VVXPLQJ 1 GHVWLQDWLRQV DQG U 4R6 FODVVHV� WKH WLPH VORW

GXUDWLRQ FDQ EH H[SUHVVHG DV�

ZKHUH WF LV WKH SURSDJDWLRQ GHOD\ RI D VLQJOH�OHYHO FRPSDUDWRU

ORJLF� $FFRUGLQJO\� WWV GLFWDWHV WKH PLQLPDO QXPEHU RI FHOOV

UHTXLUHG WR EH WUDQVPLWWHG GXULQJ HDFK WLPH VORW DQG KHQFH WKH

TXHXHLQJ WLPH GHOD\V� )RU D �� SULRULW\�OHYHOV FRGLQJ� WF � QV

LV DWWDLQDEOH XVLQJ FXUUHQW &026 WHFKQRORJ\� &RQVHTXHQWO\�

DQ H[WUHPHO\ VKRUW SURFHVVLQJ WLPH IRU UHVRXUFH DOORFDWLRQ LV

DWWDLQHG� \LHOGLQJ KLJK VZLWFKLQJ SHUIRUPDQFH� )LJXUH �

VKRZV WKH PLQLPDO QXPEHU RI FHOOV UHTXLUHG WR EH WUDQVPLWWHG

GXULQJ HDFK WLPH VORW IRU YDULRXV QXPEHU RI 4R6 FODVVHV�

YHUVXV VZLWFK DJJUHJDWHG WKURXJKSXW� 7KH OLQH VSHHG LV

DVVXPHG WR EH �� *ESV �RF������ %\ GHWHUPLQLQJ WKH QRGHV

WKDW DUH SDUWLFLSDWLQJ LQ D JLYHQ WLPH VORW� DORQJ ZLWK WKHLU

SUHIHUHQFH� IOH[LEOH QHWZRUN�OHYHO PDQDJHDELOLW\ LV DWWDLQHG�

,9� 75$)),& 02'(/

1H[W JHQHUDWLRQ QHWZRUNV ZLOO FDUU\ GLYHUVH WUDIILF

HPERG\LQJ D ZLGH UDQJH RI VWDWLVWLFDO SURSHUWLHV� 7ZR

SULQFLSDO�FULWHULD�WKDW VWURQJO\ DIIHFW VZLWFKLQJ SHUIRUPDQFH
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)LJ� �� %ORFN GLDJUDP RI QRGH ZDYHOHQJWK UHVHUYDWLRQ

ORJLF IRU D �u� VZLWFK ZLWK � 4R6 &ODVVHV

DUH WKH SDFNHW DUULYDO VWDWLVWLFV DQG GHVWLQDWLRQV GLVWULEXWLRQ�

7\SLFDOO\� LW LV DVVXPHG WKDW DUULYLQJ SDFNHWV REH\ D ELQRPLDO

SURFHVV DQG DUH XQLIRUPO\ GLVWULEXWHG WR DOO GHVWLQDWLRQV�

6LQFH FXUUHQW KLJK�VSHHG URXWHUV DQG VZLWFKHV DUH OLPLWHG WR

DQ DJJUHJDWHG FDSDFLW\ RI WZR KXQGUHG *ELW�VHF� LW LV GLIILFXOW

WR SUHGLFW KRZ YDOLG ZLOO WKHVH DVVXPSWLRQV EH LQ IXWXUH

PXOWL�7ELW�VHF LQWHUFRQQHFWLRQV� 7KH VLPSOHVW WUDIILF ORDG

PRGHO FRQVLVWV RI D %HUQRXOOL L�L�G� DUULYDO SDWWHUQ ZKHUHE\

FHOO GHVWLQDWLRQV DUH XQLIRUPO\ GLVWULEXWHG� $FFRUGLQJ WR WKH

%LQRPLDO GLVWULEXWLRQ PRGHO� WKH SUREDELOLW\ RI N SDFNHWV

DUULYLQJ GXULQJ Q FHOO VORWV LV JLYHQ E\�
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Q
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)LJ� �� 7UDQVPLVVLRQ WLPH VORW GXUDWLRQ �LQ RF���� FHOOV� IRU

YDULRXV QXPEHUV RI 4R6 FODVVHV DV D IXQFWLRQ RI WKH VZLWFK

DJJUHJDWHG WKURXJKSXW

,W LV ZHOO NQRZQ WKDW UHDO�OLIH WUDIILF WHQGV WR EXUVWLQHVV

GXH WR WKH SUHYDOHQFH RI PRGHUQ PXOWL�PHGLD DSSOLFDWLRQV

VXFK DV FRPSUHVVHG YLGHR DQG VRXQG� $FFRUGLQJO\� SDFNHW

GHVWLQDWLRQV YDU\ G\QDPLFDOO\ DQG DUH QRQ�XQLIRUPO\

GLVWULEXWHG� 0DQ\ PRGHOV IRU PRGHOLQJ EXUVW\ WUDIILF KDYH

EHHQ SURSRVHG� :H HPSOR\ DQ RQ�RII DUULYDO SURFHVV

PRGXODWHG E\ D WZR�VWDWH 0DUNRY FKDLQ� 7KH UHVXOW LV D WUDLQ

RI EXUVW\ FHOO DUULYDOV� HDFK FRQWDLQLQJ FHOOV ZLWK LGHQWLFDO

GHVWLQDWLRQ� IROORZHG E\ SHULRGV RI HPSW\ FHOO VORWV� 7KH

H[SUHVVLRQ IRU WKH PHDQ RIIHUHG ORDG XQGHU VXFK EXUVW\ WUDIILF

LV�

TS

T
/RDGIIHUG

�

 2

ZKHUH S DQG T DUH WKH WUDQVLWLRQ SUREDELOLWLHV ZLWK UHJDUG WR

WKH DFWLYH DQG LGOH SHULRGV� UHVSHFWLYHO\� 'XH WR WKH JHRPHWULF

GLVWULEXWLRQ RI WKH GXUDWLRQ RI DFWLYH DQG LGOH SHULRGV� WKH

PHDQ EXUVW OHQJWK LV ��S�

,Q DGGLWLRQ WR WKH EXUVW\ DUULYDO FKDUDFWHULVWLFV� UHDO�OLIH

WUDIILF GHVWLQDWLRQV DUH QRW XQLIRUPO\ GLVWULEXWHG� WUDIILF WHQGV

WR EH IRFXVHG RQ ³SUHIHUUHG´ RU ³SRSXODU´ GHVWLQDWLRQV�

8QIRUWXQDWHO\� WKH SHUIRUPDQFH RI PDQ\ VFKHGXOLQJ

DOJRULWKPV GHJUDGHV XQGHU QRQ�XQLIRUP WUDIILF FRQGLWLRQV�

ZKHUH QRW DOO TXHXHV DUH HYHQO\ DQG KHDYLO\ ORDGHG�

0D[LPXP PDWFKLQJ DOJRULWKPV DUH NQRZQ WR SHUIRUP SRRUO\

DQG FDXVH TXHXH VWDUYDWLRQ XQGHU WKHVH FRQGLWLRQV� :H

LQWURGXFH KHUH D GHVWLQDWLRQ GLVWULEXWLRQ PRGHO QDPHG =LSI
V

ODZ� 7KH =LSI ODZ ZDV SURSRVHG E\ *� .� =LSI >�@�>�@� 7KH

=LSI ODZ VWDWHV WKDW IUHTXHQF\ RI RFFXUUHQFH RI VRPH HYHQWV

�3�� DV D IXQFWLRQ RI WKH UDQN �L�� ZKHUH WKH UDQN LV GHWHUPLQHG

E\ WKH DERYH IUHTXHQF\ RI RFFXUUHQFH� LV D SRZHU�ODZ

IXQFWLRQ� 3, a ��L
N
� ZLWK WKH H[SRQHQW N FORVH WR XQLW\�

7KH PRVW IDPRXV H[DPSOH RI =LSI
V ODZ LV WKH IUHTXHQF\

RI (QJOLVK ZRUGV LQ D JLYHQ WH[W� 0RVW FRPPRQ LV WKH ZRUG

�WKH�� WKHQ �RI�� �WR� HWF� :KHQ WKH QXPEHU RI RFFXUUHQFH LV

SORWWHG DV WKH IXQFWLRQ RI WKH UDQN �L � PRVW FRPPRQ� L �

VHFRQG PRVW FRPPRQ� HWF��� WKH IXQFWLRQDO IRUP LV D

SRZHU�ODZ IXQFWLRQ ZLWK H[SRQHQW FORVH WR �� ,W ZDV VKRZQ

WKDW PDQ\ QDWXUDO DQG KXPDQ SKHQRPHQD VXFK DV :HE DFFHVV

VWDWLVWLFV� FRPSDQ\ VL]H DQG ELRPROHFXODU VHTXHQFHV DOO REH\

WKH =LSI ODZ ZLWK N FORVH WR �� :H XVH WKH =LSI GLVWULEXWLRQ WR

PRGHO SDFNHW GHVWLQDWLRQ GLVWULEXWLRQ� 7KH SUREDELOLW\ WKDW DQ

DUULYLQJ SDFNHW LV KHDGLQJ GHVWLQDWLRQ L LV JLYHQ E\�
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ZKHUH L LV WKH SDFNHW GHVWLQDWLRQ� N LV WKH =LSI RUGHU DQG 1 LV

WKH V\VWHP RUGHU� L�H�� WKH QXPEHU RI VZLWFK SRUWV�

:KLOH N  � UHSUHVHQWV XQLIRUP GLVWULEXWLRQ� DV N LQFUHDVHV

WKH GLVWULEXWLRQ EHFRPHV PRUH ELDVHG WRZDUGV SUHIHUUHG

GHVWLQDWLRQV� ,Q RUGHU WR JHQHUDWH D VWDEOH DQG UHDOLVWLF WUDIILF

&RPSDUDWRU &RPSDUDWRU

$1' $1' $1' $1'

3
���

6
�

3
���

6
�

3
���

6
�

3
���

6
�

S �

&RPSDUDWRU &RPSDUDWRU

$1' $1' $1' $1'

3
���

6
�

3
���

6
�

3
���

6
�

3
���

6
�

&RPSDUDWRU &RPSDUDWRU

&RPSDUDWRU

3UHYDLOLQJ ,QGH[

���

���

���

�

��
�

��
�

�

�

��

��

��

��

$JJUHJDWHG 6ZLWFK &DSDFLW\ �*ESV�

&
H
OO
V
S
H
U
WL
P
H
V
OR
W

� 4R6 &ODVVHV

� 4R6 &ODVVHV

� 4R6 &ODVVHV

�� 4R6 &ODVVHV



PRGHO� WKH DYHUDJH VWHDG\�VWDWH ORDG DW HDFK LQSXW SRUW PXVW

QRW H[FHHG ����� 6LPLODUO\� WKH DYHUDJH VWHDG\�VWDWH

DJJUHJDWHG WUDIILF IORZV DUULYLQJ IURP DOO LQSXW SRUWV WR DQ\

GHVWLQDWLRQ SRUW PXVW QRW H[FHHG �����

9� 6,08/$7,21 5(68/76

6LPXODWLRQV ZHUH FDUULHG RXW IRU D ���u��� VZLWFK ZLWK

VHYHUDO 4R6 FODVVHV� ZKHUH HDFK SRUW UHFHLYHV GDWD� LQ $70

FHOOV� DW D OLQH UDWH RI �� *ESV �RF������ 7KH :'0�EDVHG

VZLWFK IDEULF LV DVVXPHG WR EH VLQJOH�VWDJHG� QRQ�EORFNLQJ

ZLWK 1 DYDLODEOH ZDYHOHQJWKV� ,W LV LPSRUWDQW WR QRWH WKDW LQ

WKLV FDVH WKH IDEULF VSHHGXS LV �� L�H� WKH LQWHUQDO WUDQVPLVVLRQ

VSHHGV DUH DOVR �� *ESV SHU SRUW� 'HVWLQDWLRQ GLVWULEXWLRQV RI

ERWK XQLIRUP DQG =LSI ZHUH H[DPLQHG XQGHU %HUQRXOOL DQG

EXUVW\ FHOO DUULYDO FRQGLWLRQV� )RU WKH =LSI GLVWULEXWLRQ� N �

ZDV IRXQG WR UHSUHVHQW EHVW UHDO WUDIILF EHKDYLRU� 7KH SULRULW\

IXQFWLRQ LV GHILQHG DV�

ZKHUH 42�L�M� GHQRWHV WKH FHOO RFFXSDQF\ RI WKH M
WK
4R6�FODVV

TXHXH UHODWLQJ WR WKH L
WK
GHVWLQDWLRQ�

)LJXUH � VKRZV WKH PHDQ TXHXH RFFXSDQF\ XQGHU

%HUQRXOOL L�L�G� FHOO DUULYDO ZLWK XQLIRUP GHVWLQDWLRQ

GLVWULEXWLRQ IRU SRUW GHQVLWLHV RI ���u���� ��u�� DQG ��u��

ZLWK D VLQJOH FODVV �L�H� QR 4R6 GLIIHUHQWLDWLRQ� DV D IXQFWLRQ

RI WKH RIIHUHG ORDG� 7KH FXUYHV H[KLELW D ORJDULWKPLF SDWWHUQ�

L�H� WKH LQFUHDVH LQ WKH TXHXH OHQJWK EHWZHHQ �� DQG �� SRUWV

LV ORJDULWKPLFDOO\ SURSRUWLRQDO WR WKH GLIIHUHQFH EHWZHHQ ��

DQG ��� SRUWV�

)LJXUHV � �D� DQG �E� GHSLFW� UHVSHFWLYHO\� WKH PHDQ TXHXH

RFFXSDQF\ �042� IRU XQLIRUPO\ DQG =LSI GLVWULEXWHG FHOOV

ZLWK %HUQRXOOL L�L�G� DUULYDO IRU ZLWK 4R6 FODVVHV DV D IXQFWLRQ

RI WKH RIIHUHG WUDIILF ORDG� 7KH VZLWFK VL]H LV ���u���� $

FOHDU GLIIHUHQFH LQ WKH PHDQ GHOD\ LV REVHUYHG EHWZHHQ WKH

IRXU FODVVHV ZLWK ORZHU GHOD\V DWWULEXWHG WR TXHXHV ZLWK

KLJKHU SULRULWLHV�

,W FDQ EH VHHQ WKDW D VOLJKW GLIIHUHQFH H[LVWV EHWZHHQ WKH

WZR GHVWLQDWLRQ GLVWULEXWLRQV� 6LQFH WKH SULRULW\ LV GHILQHG DV

WKH TXHXH OHQJWK� WKH =LSI GLVWULEXWLRQ� ZKLFK IDYRUV H[SOLFLW

TXHXHV� RIIHUV PRUH FRUUHODWLYH TXHXH VHUYLFLQJ DQG KHQFH

VOLJKWO\ ORZHU PHDQ TXHXH RFFXSDQFLHV�

)LJXUHV � �D� DQG �E� GHSLFW� UHVSHFWLYHO\� WKH 042 IRU

EXUVW\ WUDIILF DUULYDO �PHDQ EXUVW OHQJWK LV �� FHOOV�� XQGHU

XQLIRUPO\ DQG =LSI GLVWULEXWHG FHOOV LQ D ���u��� VZLWFK� DV D

IXQFWLRQ RI WKH RIIHUHG WUDIILF ORDG� 7KH UHVXOWV VKRZ WKDW

XQGHU EXUVW\ WUDIILF FRQGLWLRQV� WKH 042 LQFUHDVHV E\

������� ZLWK UHVSHFW WR XQLIRUPO\ GLVWULEXWHG WUDIILF� ,Q

DGGLWLRQ� LW LV QRWHG WKDW WKH KLJKHU SULRULW\ FODVVHV XQGHUJR

OHVV GHJUDGDWLRQ GXH WR WKH QRQ�XQLIRUPLW\ RI WKH WUDIILF

GLVWULEXWLRQ ZKLOH WKH ORZHU FODVVHV DUH PRUH DIIHFWHG� 7KH

ODWWHU LV DQ LPSHUDWLYH SURSHUW\ LQ WKH FRQWH[W RI VXSSRUWLQJ

GHOD\ VHQVLWLYH WUDIILF�

7KH 042 GLUHFWO\ UHODWHV� DQG KHQFH PD\ EH WUDQVODWHG�

WR WKH PHDQ FHOO GHOD\ �0&'�� 8QGHU QRQ�XQLIRUP

GLVWULEXWHG WUDIILF� WUDQVODWLRQ WR WKH 0&' VKRXOG UHIHU WR D

VSHFLILF TXHXH�WUDIILF FKDQQHO� 2XU VLPXODWLRQV DUH HDVLO\

FRPSDUHG ZLWK RWKHU KLJK�VSHHG EXIIHU PDQDJHPHQW

)LJ� �� 0HDQ TXHXH RFFXSDQF\ ZLWK QR 4R6 GLIIHUHQWLDWLRQ

IRU ���� �� DQG �� SRUWV VZLWFKHV DV D IXQFWLRQ RI ORDG�
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)LJ� �� 0HDQ TXHXH RFFXSDQF\ IRU D ���u��� VZLWFK ZLWK %HUQRXOOL DUULYDOV DQG � 4R6 FODVVHV

� IRU �D� 8QLIRUP GLVWULEXWLRQ DQG �E� =LSI GLVWULEXWLRQ DV D IXQFWLRQ RI WKH RIIHUHG ORDG

�D� �E�



DSSURDFKHV VXFK DV LQ >�@ DQG >�@� ,Q VXFK DUFKLWHFWXUHV�

YDULRXV W\SHV RI UHDO�WLPH 5RXQG 5RELQ DOJRULWKPV DUH

HPSOR\HG� 7KHVH DOJRULWKPV DUH OLPLWHG LQ SHUIRUPDQFH XQGHU

QRQ�XQLIRUP DQG EXUVW\ WUDIILF GXH WR D SRLQWHU

V\QFKURQL]DWLRQ SKHQRPHQRQ�

)XUWKHUPRUH� FRQWHQWLRQ LV W\SLFDOO\ DYRLGHG XVLQJ

EDFNSUHVVXUH PHFKDQLVPV RU E\ ORFDOO\ XSGDWLQJ LQSXW DQG

RXWSXW TXHXH�VFKHGXOLQJ SRLQWHUV OHDGLQJ WR VXE�RSWLPDO

SHUIRUPDQFH DQG VFDODELOLW\�$OWKRXJK LQ WKLV ZRUN ZH GLVFXVV

:'0 DV WKH SK\VLFDO OD\HU VZLWFKLQJ IDEULF� WKH SURSRVHG

PHWKRG FDQ EH H[WHQGHG WR RWKHU PXOWLSOH[LQJ WHFKQRORJ\�

H�J�� RSWLFDO VSDFH GLYLVLRQ PXOWLSOH[LQJ �6'0��

,� &21&/86,216

$ FRQWHQWLRQ�IUHH 7ELW�VHF VZLWFK DUFKLWHFWXUH DQG

VFKHGXOLQJ DOJRULWKP IRU JXDUDQWHHG 4R6 LQ :'0

SDFNHW�VZLWFKHG QHWZRUNV KDV EHHQ SURSRVHG� %\ DSSO\LQJ DQ

XOWUD�KLJK VSHHG VFKHGXOLQJ GLVFLSOLQH� WRJHWKHU ZLWK WKH

GHSOR\PHQW RI 9LUWXDO 2XWSXW 4XHXHLQJ� H[WUHPHO\ KLJK

WKURXJKSXW DQG ORZ ODWHQF\ VZLWFKLQJ LV DFKLHYHG IRU IDEULFV

RI XS WR ���u��� �� 7ELW�VHF�� 6LPXODWLRQ UHVXOWV GHPRQVWUDWH

WKDW ERXQGHG TXHXH OHQJWKV DQG ORZ ODWHQF\ DUH DWWDLQHG

XWLOL]LQJ WKH SURSRVHG VFKHPH� HYHQ ZKHQ DSSO\LQJ FRPSOH[

WUDIILF PRGHOV ZLWK QRQ�XQLIRUP GHVWLQDWLRQ GLVWULEXWLRQV DQG

EXUVW\ FHOO DUULYDOV� 4R6 FODVV GLIIHUHQWLDWLRQ KDV EHHQ

GHPRQVWUDWHG ZLWK OLWWOH DIIHFW GXH WR WUDIILF FKDUDFWHULVWLFV�

7KH GHVLJQ LV VLPSOH WR LPSOHPHQW� VFDODEOH DQG FDQ HDVLO\ EH

DGDSWHG WR YDULRXV PXOWLSOH[LQJ WHFKQRORJLHV�

$&.12:/('*0(17

7KLV ZRUN ZDV VXSSRUWHG E\ WKH ,VUDHOL 0LQLVWU\ RI

6FLHQFH XQGHU FRQWUDFW QR� ���������� WKH :ROIVRQ

IRXQGDWLRQ DQG WKH 5HFWRU¶V RIILFH DW WKH %HQ�*XULRQ

8QLYHUVLW\ RI WKH 1HJHY� ,VUDHO�

5()(5(1&(6

>�@ )� 0� &KLXVVL� -� *� .QHXHU� DQG 9� 3� .XPDU� ³/RZ�&RVW

6FDODEOH 6ZLWFKLQJ 6ROXWLRQV IRU %URDGEDQG 1HWZRUNLQJ�

7KH $7/$17$ $UFKLWHFWXUH DQG &KLSVHW�´ ,(((

&RPPXQLFDWLRQV 0DJD]LQH� YRO� ��� QR� ��� SS� ������

'HF� �����

>�@ 1� 0F.HRZQ� 0� ,]]DUG� $� 0HNNLWWLNXO� %� (OOHUVLFN�

DQG 0� +RURZLW]� �7KH 7LQ\ 7HUD� $ SDFNHW VZLWFK FRUH��

,((( 0LFUR� YRO� ��� SS� ������ )HE� �����

>�@ &KXDQJ� $� *RHO� 1� 0F.HRZQ DQG %� 3UDEKDNDU�

³0DWFKLQJ 2XWSXW 4XHXHLQJ ZLWK D &RPELQHG ,QSXW

2XWSXW 4XHXHG 6ZLWFK�´ 3URF� ,((( ,1)2&20 ¶���

0DUFK �����

>�@ 0� .DURO� 0� +OXFK\M DQG 6� 0RUJDQ� ³,QSXW 9HUVXV

2XWSXW 4XHXHLQJ RQ D 6SDFH 'LYLVLRQ 6ZLWFK�´ ,(((

7UDQV� &RPPXQLFDWLRQV� 1R� ��� 9RO� ��� SS� ����������

�����

>�@$� 0HNNLWWLNXO DQG 1� 0F.HRZQ� ³$ 3UDFWLFDO 6FKHGXOLQJ

$OJRULWKP WR $FKLHYH ���� 7KURXJKSXW LQ ,QSXW�4XHXHG

6ZLWFKHV�´ 3URF� ,((( ,1)2&20 ¶���

>�@ 5� 6FKRHQHQ� *� 3RVW� *� 6DQGHU� �3ULRULWL]HG $UELWUDWLRQ

IRU ,QSXW�4XHXHG 6ZLWFKHV ZLWK ���� WKURXJKSXW�� 3URF�

,((( $70 :RUNVKRS ����� SS� ��������

>�@ *� .� =LSI� 3V\FKR�%LRORJ\ RI /DQJXDJHV�

+RXJKWRQ�0LIILQ� 0,7 SUHVV� �����

>�@ 5� (� :\OOLV� �0HDVXULQJ 6FLHQWLILF 3URVH ZLWK

5DQN�)UHTXHQF\ �
=LSI
� &XUYHV� $ 1HZ 8VH IRU

DQ 2OG 3KHQRPHQRQ�� 3URFHHGLQJV RI WKH $PHULFDQ

6RFLHW\ IRU ,QIRUPDWLRQ 6FLHQFH ��� SS�

������ :DVKLQJWRQ� '&� �����

>�@ %� 0� +LOO� �$ 6LPSOH *HQHUDO $SSURDFK WR ,QIHUHQFH

$ERXW WKH 7DLO RI D 'LVWULEXWLRQ�� $QDOV� RI

6WDWLVWLFV� �� SS� ���������� �����

>��@ -� 1LU� ,� (OKDQDQ\ DQG '� 6DGRW� ³7ELW�V 6ZLWFKLQJ

6FKHPH IRU $70�:'0 1HWZRUNV�´ (OHFWURQLFV /HWWHUV�

9RO� ��� 1R� �� �
WK
-DQ� �����
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