
6WHIDQ 0DQJROG

&RP1HWV 5:7+ $DFKHQ 8QLY� RI 7HFKQRORJ\ ¤ '������ $DFKHQ ¤ *HUPDQ\

(�PDLO� VWHIDQ�PDQJROG#FRPQHWV�UZWK�DDFKHQ�GH

$EVWUDFW ¥ $ NQRZQ SUREOHP LQ UDGLR UHVRXUFH PDQDJHPHQW LQ

ZLUHOHVV ORFDO DUHD QHWZRUNV XVLQJ WKH ,((( ������ SURWRFRO LV

WKH QHLJKERUKRRG FDSWXUH HIIHFW� 7KLV HIIHFW VHYHUHO\ UHGXFHV

WKH SURWRFRO HIILFLHQF\ ZKHQ PXOWLSOH VHWV RI VWDWLRQV DUH FR�

ORFDWHG� ,W LV RQH RI WKH PRVW FULWLFDO DVSHFWV RI RYHUODSSLQJ DQG

FRH[LVWLQJ EDVLF VHUYLFH VHWV� +HUH� ZH GLVFXVV WKH SUREOHP ZLWK

IRFXV RQ TXDOLW\ RI VHUYLFH� %\ XVLQJ WHFKQLTXHV EDVHG RQ WKH

QHZ XSFRPLQJ ,((( ������H� ZKLFK LV DQ H[WHQVLRQ RI WKH

,((( ������ IRU WKH SURYLVLRQLQJ RI TXDOLW\ RI VHUYLFH� WKH

QHLJKERUKRRG FDSWXUH HIIHFW FDQ EH UHGXFHG� DQG GDWD

WKURXJKSXW DQG GHOLYHU\ GHOD\V FDQ EH LPSURYHG� :H VKRZ

VLPXODWLRQ UHVXOWV LQGLFDWLQJ WKDW LQ FHUWDLQ VFHQDULRV� ZLWK D

VLPSOH V\QFKURQL]DWLRQ DQG VORWWLQJ VFKHPH� WKH SUREOHP LV

VLJQLILFDQWO\ UHGXFHG�

,� ,1752'8&7,21

7KH HIILFLHQW UDGLR UHVRXUFH PDQDJHPHQW LQ XQFRRUGLQDWHG

:LUHOHVV /RFDO $UHD 1HWZRUNV �:/$1V� LV D FRPSOH[

SUREOHP� :/$1V LQFOXGH PRELOH DG�KRF UDGLR QHWZRUNV WKDW

UHO\ RQ WKH FDSDELOLW\ RI GHOLYHULQJ GDWD WKURXJK PXOWLSOH

KRSV EHWZHHQ UDGLR VWDWLRQV� &R�ORFDWHG VWDWLRQV WKDW RSHUDWH

LQ WKH VDPH VSHFWUXP UHTXLUH WHFKQLTXHV IRU WKH VXSSRUW RI

FRH[LVWHQFH� ,Q DGGLWLRQ� WKH UHOLDEOH RSHUDWLRQ RI :/$1V LV

FULWLFDO GXH WR WKH XQOLFHQVHG QDWXUH RI WKH VSHFWUXP DQG WKH

4XDOLW\�RI�6HUYLFH �4R6� GHPDQGV RI IXWXUH DSSOLFDWLRQV�

7RGD\� WKH PRVW ZLGHO\ XVHG SURWRFRO LQ :/$1V LV WKH

,((( ������ �������� >�@�>�@� ,Q DQ LVRODWHG VFHQDULR RI RQH

%DVLF 6HUYLFH 6HW �%66� RI WKH ������ :/$1� ZKHUH HDFK

VWDWLRQ FDQ GHWHFW DQG UHFHLYH HYHU\ WUDQVPLVVLRQ IURP RWKHU

VWDWLRQV� WKLV SURWRFRO RSHUDWHV VXIILFLHQWO\ LQ PRVW FDVHV� DV

ORQJ DV WKH RIIHUHG WUDIILF LV QRW WR KLJK� DQG 4R6 LV QRW

UHTXLUHG� $ %66 PD\ EH DQ ,QGHSHQGHQW %66 �,%66�� RU PD\

EH DQ LQIUDVWUXFWXUH %66� FRPSRVHG RI DQ $FFHVV 3RLQW �$3�

DQG D QXPEHU RI VWDWLRQV DVVRFLDWHG ZLWK WKH $3�

+RZHYHU� LQ DQ RYHUODSSLQJ VFHQDULR RI PXOWLSOH

FRH[LVWLQJ %66V� ZLWK VWDWLRQV EHLQJ KLGGHQ WR HDFK RWKHU�

WKHUH DUH VHYHUDO GUDZEDFNV� 2QH LV WKH VR�FDOOHG

QHLJKERUKRRG FDSWXUH HIIHFW� ,Q DQ RYHUODSSLQJ VFHQDULR ZLWK

KLGGHQ VWDWLRQV� VWDWLRQV WKDW GR QRW GHWHFW HDFK RWKHU PD\

WUDQVPLW LQ SDUDOOHO� ZLWKRXW QRWLFLQJ DQ\ DFWLYLW\ RI WKH RWKHU

VWDWLRQV� 7KLV KDV D GUDPDWLF HIIHFW RQ VWDWLRQV WKDW DUH LQ

GHWHFWLRQ UDQJH RI DOO WKHVH DFWLYH VWDWLRQV� L�H� WKDW DUH

ORFDWHG LQ WKH QHLJKERUKRRG� %HFDXVH VWDWLRQV WKDW RSHUDWH

DFFRUGLQJ WR ������ SHUIRUP D OLVWHQ�EHIRUH WDON ZLWK

UDQGRP EDFNRII EHIRUH LQLWLDWLQJ DQ\ WUDQVPLVVLRQ� WKHVH

VWDWLRQV PD\ QRW ILQG DQ\ VXIILFLHQW LGOH WLPH IRU YHU\ ORQJ

GXUDWLRQV� EHFDXVH RI WKH XQFRRUGLQDWHG DFWLYLW\ RI WKH RWKHU

VWDWLRQV WKDW FDSWXUHG WKH FKDQQHO� 7KLV OHDGV WR LQFUHDVHG

GHOLYHU\ GHOD\V DQG UHGXFHG WKURXJKSXWV�

+HUH� ZH GLVFXVV WKH SUREOHP ZLWK IRFXV RQ 4R6 LQ WKH

FRQWH[W RI WKH QHZ XSFRPLQJ ,((( ������H �������H��

ZKLFK LV DQ H[WHQVLRQ RI ������ IRU 4R6 VXSSRUW� :H

GLVFXVV PRGLILFDWLRQV RI ������H WKDW KHOS WR VXSSRUW

PLQLPL]LQJ WKH FDSWXUH RI UDGLR FKDQQHO UHVRXUFHV E\

DSSO\LQJ WHFKQLTXHV EDVHG RQ WKH VROXWLRQ FRQFHSW RI >��@�

,Q WKH IROORZLQJ� DOO SURWRFRO SDUDPHWHUV DUH GHILQHG

FRQVLGHULQJ WKH ,((( ������D �������D� � *+] SK\VLFDO

OD\HU �3+<��

7KH SDSHU LV RXWOLQHG DV IROORZV� ,Q WKH QH[W VHFWLRQ� WKH

������ 0HGLXP $FFHVV &RQWURO �0$&� SURWRFRO DQG LWV

H[WHQVLRQ WR VXSSRUW 4R6 DUH VXPPDUL]HG� 6SHFLILFDOO\� WKH

7LPHU 6\QFKURQL]DWLRQ )XQFWLRQ �76)�� ZKLFK DOORZV

GLVWULEXWHG V\QFKURQL]DWLRQ RI WLPHUV DPRQJ VWDWLRQV� LV

VXPPDUL]HG� :H WKHQ GHVFULEH LQ 6HFW� ,,, WKH QHLJKERUKRRG

FDSWXUH HIIHFW DQG VROXWLRQ FRQFHSWV� $Q HYDOXDWLRQ RI WKH

FRQFHSWV E\ PHDQV RI VWRFKDVWLF VLPXODWLRQV LV SUHVHQWHG LQ

6HFW� ,9� 7KH SDSHU HQGV XS ZLWK FRQFOXVLRQV�

,,� 7+( ,((( �������(� 0$& >�@�>�@

7KLV VHFWLRQ LV D EULHI VXPPDU\ RI WKH 0$& SURWRFRO

GHVFULSWLRQ LQ >�@� >�@� )XUWKHU GHWDLOV FDQ EH IRXQG

LQ >�@� >�@�

$� /HJDF\ ������ >�@

7KH OHJDF\ ������ 0$& SURWRFRO LV WKH 'LVWULEXWHG

&RRUGLQDWLRQ )XQFWLRQ �'&)� EDVHG RQ &DUULHU 6HQVH

0XOWLSOH $FFHVV �&60$�� 6WDWLRQV GHOLYHU 0$& 6HUYLFH

'DWD 8QLWV �06'8V� RI DUELWUDU\ OHQJWKV RI XS WR

���� E\WHV� DIWHU GHWHFWLQJ WKDW WKHUH LV QR RWKHU WUDQVPLVVLRQ

LQ SURJUHVV RQ WKH UDGLR FKDQQHO� ,I WZR RUH PRUH VWDWLRQV

GHWHFW WKH UDGLR FKDQQHO DV EHLQJ LGOH DW WKH VDPH WLPH�

WUDQVPLVVLRQV RFFXU VLPXOWDQHRXVO\� WKH IUDPHV FROOLGH� 7R

UHGXFH WKH SUREDELOLW\ RI VXFK FROOLVLRQV� ������ GHILQHV D

&ROOLVLRQ $YRLGDQFH �&$� PHFKDQLVP� $IWHU GHWHFWLQJ WKH

UDGLR FKDQQHO DV EHLQJ LGOH IRU D PLQLPXP GXUDWLRQ FDOOHG

'&) ,QWHUIUDPH 6SDFH �',)6�� ZKLFK LV �� XV IRU WKH

������D 3+<� D VWDWLRQ NHHSV VHQVLQJ WKH UDGLR FKDQQHO IRU

DQ DGGLWLRQDO UDQGRP WLPH� ,I WKH UDGLR FKDQQHO UHPDLQV LGOH

IRU WKLV DGGLWLRQDO UDQGRP WLPH SHULRG� WKH VWDWLRQ ZLOO EH

DOORZHG WR LQLWLDWH LWV WUDQVPLVVLRQ�

)RU HDFK VXFFHVVIXO UHFHSWLRQ RI D IUDPH� WKH UHFHLYLQJ

VWDWLRQ LPPHGLDWHO\ DFNQRZOHGJHV WKH IUDPH UHFHSWLRQ E\

VHQGLQJ DQ $FNQRZOHGJHPHQW �$&.� IUDPH� 7R UHGXFH WKH

KLGGHQ VWDWLRQ SUREOHP LQKHUHQW LQ &60$ QHWZRUNV� WKH

������ DOVR GHILQHV D 5HTXHVW�WR�6HQG�&OHDU�WR�6HQG

�576�&76� PHFKDQLVP� ZKLFK FDQ EH XVHG RSWLRQDOO\�

%HWZHHQ WZR FRQVHFXWLYH IUDPHV LQ WKH VHTXHQFH RI 576�

&76� GDWD� DQG $&. IUDPHV� D 6KRUW ,QWHUIUDPH 6SDFH

�6,)6�� ZKLFK LV �� XV IRU ������D� JLYHV WUDQVFHLYHUV WKH

WLPH WR WXUQ DURXQG� 6,)6 LV VKRUWHU WKDQ ',)6� ZKLFK JLYHV
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&76 DQG $&. IUDPHV DOZD\V WKH KLJKHVW SULRULW\ IRU WKH

UDGLR FKDQQHO DFFHVV� $ W\SLFDO IUDPH H[FKDQJH VHTXHQFH LQ

������ LV LOOXVWUDWHG LQ )LJ� �� +HUH� VWDWLRQ � GHIHUV IURP

UDGLR FKDQQHO DFFHVV EHFDXVH RI WKH HDUOLHU DFFHVV RI

VWDWLRQ �� ,W ZDLWV GXULQJ WKH FKDQQHO EXV\ SHULRG XQWLO WKH

IUDPH H[FKDQJH VHTXHQFH EHWZHHQ VWDWLRQ � DQG VWDWLRQ � KDV

EHHQ ILQLVKHG� $IWHU VHQVLQJ D FKDQQHO DV EHLQJ LGOH DJDLQ�

VWDWLRQ � FRQWLQXHV WR FRXQW GRZQ LWV EDFNRII WLPHU� UDWKHU

WKDQ VHOHFWLQJ D QHZ UDQGRP EDFNRII WLPH� ,Q WKLV PDQQHU�

VWDWLRQV� WKDW GHIHUUHG IURP FKDQQHO DFFHVV EHFDXVH WKHLU

UDQGRP EDFNRII WLPH ZDV ODUJHU WKDQ WKH EDFNRII WLPH RI

RWKHU VWDWLRQV� DUH JLYHQ D KLJKHU SULRULW\ ZKHQ WKH\ UHVXPH

WKH WUDQVPLVVLRQ DWWHPSW�

&76
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WLPH

UDQGRP

EDFNRII

�� VORWV�

UDQGRP

EDFN�RII

�� VORWV�

VWDWLRQ GHIHUV� EXW NHHSV EDFNRII FRXQWHU � ��

$&.

'$7$

VWDWLRQ VHWV 1$9 XSRQ UHFHLYLQJ 576

VWDWLRQ VHWV 1$9 XSRQ UHFHLYLQJ 576

VWDWLRQ VHWV 1$9 XSRQ UHFHLYLQJ &76�

WKLV VWDWLRQ LV KLGGHQ WR VWDWLRQ �
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)LJ� �� 7LPLQJ RI WKH ������ '&)� ,Q WKLV H[DPSOH� VWDWLRQ � FDQQRW GHWHFW

WKH 576 IUDPH RI WKH WUDQVPLWWLQJ VWDWLRQ �� EXW WKH &76 IUDPH RI VWDWLRQ ��

,QGLFDWHG LV WKH YLUWXDO FDUULHU VHQVLQJ E\ PHDQV RI WKH 1HWZRUN $OORFDWLRQ

9HFWRU �1$9�� D WLPHU WKDW IRUFHV D VWDWLRQ WR UHPDLQ VLOHQW XSRQ UHFHLYLQJ D

IUDPH IURP DQRWKHU VWDWLRQ LQGLFDWLRQ D IROORZLQJ IUDPH H[FKDQJH IRU D

SDUWLFXODU GXUDWLRQ�

%� ������H IRU 4R6 VXSSRUW >�@

7KH ������H LV DQ H[WHQVLRQ RI WKH ,((( ������ :/$1

VWDQGDUG IRU 4R6 SURYLVLRQLQJ >�@� >�@� ,W SURYLGHV WKH PHDQV

RI SULRULWL]LQJ WKH UDGLR FKDQQHO DFFHVV ZLWKLQ D %66 ������

:/$1� $ %66 WKDW VXSSRUWV WKH QHZ SULRULW\ VFKHPHV RI WKH

������H LV UHIHUUHG WR DV 4R6 VXSSRUWLQJ %66 �4%66�� 7KHUH

DUH HQKDQFHPHQWV WR WKH ������ 0$& FXUUHQWO\ XQGHU

GLVFXVVLRQ� FDOOHG WKH ������H� ZKLFK LQWURGXFH (QKDQFHG

'&) �('&)� DQG +\EULG &RRUGLQDWLRQ )XQFWLRQ �+&)��

7KH ('&) LV WKH FRQWHQWLRQ�EDVHG FKDQQHO DFFHVV

PHFKDQLVP RI WKH +&)� L�H�� LW LV D SDUW RI WKH +&)� 6WDWLRQV�

ZKLFK RSHUDWH XQGHU WKH ������H� DUH FDOOHG 4R6 VWDWLRQV�

DQG D 4R6 VWDWLRQ� ZKLFK ZRUNV DV WKH FHQWUDOL]HG FRQWUROOHU

IRU DOO RWKHU VWDWLRQV ZLWKLQ WKH VDPH 4%66� LV FDOOHG WKH

+\EULG &RRUGLQDWRU �+&�� $ 4%66 LV D %66� ZKLFK

LQFOXGHV DQ ������H�FRPSOLDQW +& DQG 4R6 VWDWLRQV� 7KH

+& ZLOO W\SLFDOO\ UHVLGH ZLWKLQ DQ ������H $3� 6HH >�@ IRU

IXUWKHU GHWDLOV� DQG >�@ IRU DQ HYDOXDWLRQ RI WKH SULRULW\

VFKHPHV�

:LWK WKH ('&)� 4R6 VXSSRUW LV UHDOL]HG WKURXJK WKH

LQWURGXFWLRQ RI 7UDIILF &DWHJRULHV �7&V�� 06'8V DUH

GHOLYHUHG WKURXJK PXOWLSOH EDFNRII LQVWDQFHV ZLWKLQ RQH

VWDWLRQ� HDFK EDFNRII LQVWDQFH LV SDUDPHWHUL]HG ZLWK 7&�

VSHFLILF SDUDPHWHUV� (DFK EDFNRII LQVWDQFH ZLWKLQ WKH

VWDWLRQV LQGHSHQGHQWO\ VWDUWV D EDFNRII DIWHU GHWHFWLQJ WKH

UDGLR FKDQQHO EHLQJ LGOH IRU DQ $UELWUDWLRQ ,QWHUIUDPH 6SDFH

�$,)6�� ZKLFK LV GHSHQGHQW RQ HDFK 7&� $IWHU ZDLWLQJ IRU

$,)6>7&@� HDFK EDFNRII LQVWDQFH VHWV LWV EDFNRII FRXQWHU WR

D UDQGRP QXPEHU� ZKLFK LV GHSHQGHQW RI WKH 7&� ,Q ('&)�

WKH PLQLPXP VL]H RI WKH &RQWHQWLRQ :LQGRZ �&:�� L�H�� WKH

&:PLQ>7&@� LV D SDUDPHWHU WKDW LV GHSHQGLQJ RQ WKH 7&�

(DFK EDFNRII LQVWDQFH ZLWKLQ D VWDWLRQ FRQWHQGV IRU DQ

LQWHUYDO RI WLPH WKDW LV FDOOHG D 7UDQVPLVVLRQ 2SSRUWXQLW\

�7;23�� $ 7;23 LV DQ LQWHUYDO RI WLPH GXULQJ ZKLFK D

VWDWLRQ KDV WKH ULJKW WR LQLWLDWH WUDQVPLVVLRQV� GHILQHG E\ D

VWDUWLQJ WLPH DQG D PD[LPXP GXUDWLRQ� 7;23V DUH DFTXLUHG

YLD FRQWHQWLRQ �('&)�7;23� RU JUDQWHG E\ WKH +& YLD

SROOLQJ �SROOHG�7;23�� 7KH GXUDWLRQ RI DQ ('&)�7;23 LV

OLPLWHG E\ D 4%66�ZLGH 7;23OLPLW GLVWULEXWHG LQ WKH

EHDFRQ� D IUDPH WKDW LV DOVR XVHG IRU WLPHU V\QFKURQL]DWLRQ�

VHH QH[W VHFWLRQ� 7KH SROOHG 7;23V DUH DOORFDWHG ZLWK

KLJKHVW SULRULW\� ZLWKRXW DQ\ &$� L�H� ZLWKRXW DQ\ EDFNRII

EHIRUH WKH SROO� 7KH SROOLQJ VFKHPH UHTXLUHV WKDW WKHUH LV RQH

+& FRRUGLQDWLQJ WKH UDGLR FKDQQHO� ZLWKRXW DQ\ RWKHU +& LQ

WKH UDQJH RI WKLV +&�

&� 7LPHU 6\QFKURQL]DWLRQ )XQFWLRQ �76)�

7KH 76) RI ������ LV LPSRUWDQW IRU WKH GLVFXVVLRQ RI WKH

FDSWXUH HIIHFW EHORZ� 7KHUHIRUH� LQ WKLV VHFWLRQ ZH RXWOLQH

WKH FRQFHSW RI XSGDWLQJ WKH ORFDO WLPHUV� 7KH 76)©V RULJLQDO

IXQFWLRQ LV WR VXSSRUW YDULRXV 3+<V WKDW UHTXLUH

V\QFKURQL]DWLRQ� DQG PDQDJHPHQW IXQFWLRQV VXFK DV D VWDWLRQ

MRLQLQJ D %66� DQG VDYLQJ SRZHU WKURXJK VOHHS PRGHV� $OO

VWDWLRQV ZLWKLQ D %66 DUH V\QFKURQL]HG WR D FRPPRQ FORFN

E\ PDLQWDLQLQJ D ORFDO WLPHU� 7KLV ORFDO WLPHU LV PXWXDOO\

XSGDWHG E\ LQIRUPDWLRQ UHFHLYHG IURP RWKHU VWDWLRQV DV SDUW

RI D EHDFRQ�

$V EHDFRQV DUH WUDQVPLWWHG SHULRGLFDOO\� HYHU\ VWDWLRQ

WKDW UHFHLYHG DQ HDUOLHU EHDFRQ NQRZV ZKHQ WKH QH[W EHDFRQ

ZLOO DUULYH� WKLV WLPH LV FDOOHG 7DUJHW %HDFRQ 7UDQVPLVVLRQ

7LPH �7%77�� 7KH 7%77 RI HDFK EHDFRQ LV DQQRXQFHG LQ LWV

SUHYLRXV EHDFRQ� ,Q RUGHU WR JLYH EHDFRQ WUDQVPLVVLRQV

KLJKHVW SULRULW\ RI UDGLR FKDQQHO DFFHVV� VWDWLRQV VWRS

LQLWLDWLQJ IUDPH H[FKDQJHV XSRQ UHDFKLQJ D 7%77� ������H�

FRPSOLDQW 4R6 VWDWLRQV DUH QRW DOORZHG WR WUDQVPLW DFURVV

WKH 7%77� L�H� WKRVH VWDWLRQV GR QRW LQLWLDWH IUDPH H[FKDQJHV

LI WKH\ FDQQRW ILQLVK LW EHIRUH WKH 7%77�

,Q 4%66 DQG ,%66� WKH V\QFKURQL]DWLRQ LV PDLQWDLQHG E\

EURDGFDVWLQJ WKH 76) WLPHU LQ WKH EHDFRQ� 7KH GHFLVLRQ

DERXW LI WKH ORFDO WLPHU LQ D VWDWLRQ KDV WR EH XSGDWHG RU QRW

XSRQ UHFHSWLRQ RI WKH EHDFRQ� LV GLIIHUHQW IRU 4%66 DQG

,%66�

)LJ� � LOOXVWUDWHV WKH 76) LQ DQ ,%66� ,Q DQ ,%66� WKH

76) LV GLVWULEXWHG RYHU DOO VWDWLRQV� $OO VWDWLRQV WDNH SDUW LQ

WKH JHQHUDWLRQ RI EHDFRQV� 7KH EHDFRQ JHQHUDWLRQ LV

GLVWULEXWHG XVLQJ D PHFKDQLVP VLPLODU WR WKH EDFNRII� $W WKH

7%77V� VWDWLRQV WKDW DUH SDUW RI DQ ,%66 DWWHPSW WR WUDQVPLW

D EHDFRQ LQ FRQWHQWLRQ� ZLWK VPDOO &:PLQ DQG LQWHUIUDPH

VSDFH WKDW LV VPDOOHU WKDQ ',)6� EXW ODUJHU WKDQ 6,)6 �3RLQW

&RRUGLQDWLRQ ,QWHUIUDPH 6SDFH� 3,)6� ZKLFK LV �� XV LQ

������D�� 6WDWLRQV ZLOO GLVFDUG WKHLU RZQ DWWHPSW RI EHDFRQ

WUDQVPLVVLRQ ZKHQ WKH\ UHFHLYH D EHDFRQ IURP DQRWKHU

VWDWLRQ� $V LQ WKH �(�'&)� EHDFRQV PD\ FROOLGH� ZKLFK LV

DOORZHG DV SDUW RI WKH VWDQGDUG� 8SRQ UHFHLYLQJ D EHDFRQ� D

VWDWLRQ XSGDWHV LWV ORFDO WLPHU ZLWK WKH LQIRUPDWLRQ IURP WKH

EHDFRQ RQO\ LI WKH UHFHLYHG YDOXH LV JUHDWHU WKDQ WKH YDOXH

FXUUHQWO\ PDLQWDLQHG LQ WKH ORFDO WLPHU� 7KLV GLVWULEXWHG

V\QFKURQL]DWLRQ UHVXOWV LQ WKH VKDUHG LQIRUPDWLRQ DERXW WKH

IDVWHVW UXQQLQJ FORFN� ZLWK ZKLFK WKH FRPSOHWH ,%66 ZLOO

V\QFKURQL]H�

)LJ� � LOOXVWUDWHV WKH 76) LQ DQ LQIUDVWUXFWXUH %66 RI

OHJDF\ ������ RU� HTXLYDOHQWO\� LQ D 4%66 RI ������H� ,Q D

4%66� RQO\ WKH +& JHQHUDWHV EHDFRQV� $W HDFK 7%77 WKH



+& VFKHGXOHV D EHDFRQ DV WKH QH[W IUDPH WR EH WUDQVPLWWHG�

,I WKH PHGLXP KDV EHHQ LGOH IRU DW OHDVW 3,)6 EHIRUH 7%77�

WKH +& WUDQVPLWV WKH EHDFRQ ULJKW DW 7%77� RWKHUZLVH WKH

EHDFRQ LV WUDQVPLWWHG 3,)6 DIWHU WKH FXUUHQW WUDQVPLVVLRQ�

ZLWKRXW FRQWHQWLRQ� $OO VWDWLRQV DVVRFLDWHG WR WKLV +& DUH

UHTXLUHG WR XSGDWH WKHLU ORFDO WLPHUV ZLWK WKH LQIRUPDWLRQ

IURP WKH EHDFRQ� UHJDUGOHVV RI WKH YDOXHV WKDW DUH FXUUHQWO\

PDLQWDLQHG LQ WKH ORFDO WLPHUV�

$PRQJ WKH WLPLQJ LQIRUPDWLRQ QHHGHG WR V\QFKURQL]H

VWDWLRQV� WKH EHDFRQ GHOLYHUV RWKHU SDUDPHWHUV UHODWHG WR WKH

SURWRFRO DQG WR UDGLR UHJXODWLRQV� 'HSHQGLQJ RQ WKH W\SH RI

WKH %66 QRW DOO LQIRUPDWLRQ HOHPHQWV PD\ EH LQFOXGHG LQ WKH

EHDFRQ�
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WLPH7%77

EHDFRQ

WR EH

XSGDWHG

V\QFK�

EHDFRQ

KROGHU

QR
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)LJ� �� 7LPHU 6\QFKURQL]DWLRQ )XQFWLRQ LQ DQ ,%66� 2QO\ UHFHLYHG WLPHU

YDOXHV WKDW JUHDWHU WKDQ WKH ORFDO YDOXHV DUH XVHG IRU XSGDWLQJ ORFDO WLPHUV�
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DVVRF�

VWDWLRQ

DVVRF�

VWDWLRQ

DVVRF�

VWDWLRQ

$FFHVV

3RLQW

V\QF�

EHDFRQ WUDQV�

PLWWHG E\ +&

XSGDWH

XSGDWH

)LJ� �� 7LPHU 6\QFKURQL]DWLRQ )XQFWLRQ LQ D 4%66� $OO VWDWLRQV DVVRFLDWHG

WR WKLV +& DUH UHTXLUHG WR XSGDWH WKHLU ORFDO WLPHUV ZLWK WKH LQIRUPDWLRQ

IURP WKH EHDFRQ�

,,,� 7+(1(,*+%25+22' &$3785( ())(&7 $1' 62/87,21

&21&(376

$� 7KH 3UREOHP� &KDQQHO &DSWXUH E\ +LGGHQ 6WDWLRQV

6WDWLRQV WKDW DUH KLGGHQ WR HDFK RWKHU RSHUDWH

VLPXOWDQHRXVO\� ZLWKRXW PXWXDOO\ FRRUGLQDWHG WUDQVPLVVLRQV

DQG EDFNRII SURFHGXUHV� 7KH '&) FDQ RQO\ ZRUN LI DOO

VWDWLRQV DUH LQ GHWHFWLRQ UDQJH RI HDFK RWKHU� +RZHYHU� WKLV LV

DOVR D VWULFW UHTXLUHPHQW IRU WKH SULRULW\ VXSSRUW RI WKH

('&)� ,I WKH FKDQQHO JHWV LGOH DW D SDUWLFXODU WLPH� VWDWLRQV

ZLOO VWDUW WKHLU EDFNRII SURFHGXUHV V\QFKURQRXVO\� DQG WKH

VWDWLRQ WKDW ILUVW FRXQWV GRZQ LWV EDFNRII FRXQWHU ZLOO LQLWLDWH

LWV WUDQVPLVVLRQ� WKH RWKHU VWDWLRQV ZLOO GHIHU IURP FKDQQHO

DFFHVV� $ VWDWLRQ WKDW LV ORFDWHG LQ WKH GHWHFWLRQ UDQJH RI

RWKHU VWDWLRQV WKDW DUH KLGGHQ WR HDFK RWKHU FDQ RQO\ LQLWLDWH D

WUDQVPLVVLRQ� LI DOO RI WKH XQFRRUGLQDWHG VWDWLRQV WKDW DUH

KLGGHQ WR HDFK RWKHU DUH LGOH DW WKH VDPH WLPH� +RZHYHU� WKLV

LV D YHU\ UDUH HYHQW� HVSHFLDOO\ LQ KRW VSRW VFHQDULRV DW WLPHV

RI KLJK RIIHUHG WUDIILF� 7KH VWDWLRQ FDQQRW WUDQVPLW IRU ORQJ

GXUDWLRQV� WKH FKDQQHO LV FDSWXUHG E\ VWDWLRQV LQ WKH

QHLJKERUKRRG� 7KLV OHDGV WR LQFUHDVHG GHOLYHU\ GHOD\V DQG

UHGXFHG WKURXJKSXWV�

7R UHGXFH WKH XQZDQWHG HIIHFWV RI WKH QHLJKERUKRRG

FDSWXUH� >��@ SURSRVHV DQ HIILFLHQW DQG VLPSOH VROXWLRQ EDVHG

RQ V\QFKURQRXV WLPH GLYLVLRQ� L�H� VORWWLQJ� ,Q WKH QH[W

VHFWLRQ ZH SUHVHQW D ZD\ WR LQWURGXFH VXFK D VORWWLQJ LQ

�������H�� DQG FRPELQH LW ZLWK D WHFKQLTXH FDOOHG ('&)�

7;23 EXUVWLQJ DV PHDQV WR LPSURYH WKURXJKSXW

SHUIRUPDQFH LQ WKH VORWWHG SURWRFRO�

%� 0XWXDO 6\QFKURQL]DWLRQ DFURVV 4%66V DQG 6ORWWLQJ LQ

2YHUODSSLQJ VFHQDULRV

7ZR PRGLILFDWLRQV RI WKH ������H SURWRFROV DUH UHTXLUHG LQ

RUGHU WR HQDEOH FRH[LVWLQJ 4%66V DV ZHOO DV FRH[LVWLQJ

,%66V WR V\QFKURQL]H� )LJ� � LOOXVWUDWHV WKH WZR FKDQJHV� 2QH

PRGLILFDWLRQ LV WKDW EHDFRQV DUH WUDQVPLWWHG LQ FRQWHQWLRQ E\

DOO VWDWLRQV RI D 4%66� DV LW LV WKH FDVH LQ DQ ,%66� 6WDWLRQV

WKDW DUH DVVRFLDWHG WR DQ +& DUH DOORZHG WR WUDQVPLW D

EHDFRQ� ,W LV QRW QHFHVVDU\ IRU VXFK VWDWLRQV WR GHOLYHU DOO

LQIRUPDWLRQ D +& XVXDOO\ WUDQVPLWV ZLWK LWV EHDFRQ� )RU WKH

SXUSRVH RI V\QFKURQL]DWLRQ RQO\ WKH 76) LQIRUPDWLRQ LV

UHTXLUHG�

7KH VHFRQG PRGLILFDWLRQ LQ WKH VWDQGDUG LV WKH

UHTXLUHPHQW WKDW DOO VWDWLRQV� UHJDUGOHVV LI $3 RU SDUW RI D

4%66 RU ,%66� PXVW XSGDWH LWV WLPHU YDOXH DFFRUGLQJ WR WKH

UXOHV RI WKH ,%66� %\ DSSO\LQJ WKHVH WZR VLPSOH

PRGLILFDWLRQV LQ ������� LW LV SRVVLEOH WR PXWXDOO\

V\QFKURQL]H RYHUODSSLQJ 4%66V ZLWKRXW ORRVLQJ DQ\

IXQFWLRQDOLW\ RI WKH SURWRFRO�

1RZ� VORWWLQJ LV SRVVLEOH E\ GHILQLQJ D VORW GZHOO WLPH�

:LWK VXFK D VORW GZHOO WLPH� IUDPH H[FKDQJHV DUH LQLWLDWHG

RQO\ LI WKH\ FDQ EH ILQLVKHG EHIRUH WKH HQG RI WKH UHVSHFWLYH

VORW� L�H�� ZLWKRXW H[FHHGLQJ WKH VORW GZHOO WLPH� $IWHU WKDW

SHULRGLF WLPH� VWDWLRQV FRQWHQW IRU WKH QH[W IUDPH H[FKDQJH�

,Q WKH VLPXODWLRQV ZH GLVFXVV EHORZ� D VORW GXUDWLRQ RI

� 7LPH 8QLWV �78V�� L�H�� ����� PV� ZDV XVHG�

$Q LPPHGLDWH GUDZEDFN RI WKH VORWWLQJ LV WKH REYLRXV

WKURXJKSXW GHJUDGDWLRQ� 7R PLWLJDWH WKLV� ZH DSSO\ D FRQFHSW

FDOOHG ('&)�7;23 GXUDWLRQ� DV H[SODLQHG LQ WKH QH[W

VHFWLRQ�
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WLPH7%77

WLPH
7%77

WLPH
7%77

WLPH7%77

EHDFRQ

WR EH

XSGDWHG

V\QFK�

EHDFRQ

KROGHU

QR

XSGDWH

$FFHVV

3RLQW

DVVRF�

VWDWLRQ

DVVRF�

VWDWLRQ

DVVRF�

VWDWLRQ

$FFHVV

3RLQW

1(:� FR�ORFDWHG

4%66V DFFHSW WLPHU

LQIRUPDWLRQ IURP RWKHU %66

1(:� 4%66V DSSO\ GLVWULEXWHG 76)

DV RULJLQDOO\ GHILQHG IRU ,%66 RQO\

)LJ� �� 7ZR PRGLILFDWLRQV LQ ������H WR DOORZ PXWXDO V\QFKURQL]DWLRQ IRU

WKH UHGXFWLRQ RI WKH QHLJKERUKRRG FDSWXUH HIIHFW DQG WR VXSSRUW PXOWL�KRS

WUDIILF�



&� ('&) 7;23 %XUVWLQJ

7KH FRQFHSW RI WUDQVPLWWLQJ PRUH WKDQ RQH 06'8 DIWHU

ZLQQLQJ WKH ('&) FRQWHQWLRQ LV FDOOHG ('&)�7;23

EXUVWLQJ >��@� :LWK ('&)�7;23 EXUVWLQJ� DIWHU ZLQQLQJ WKH

FRQWHQWLRQ� D VWDWLRQ PD\ WUDQVPLW PRUH WKDQ RQH SHQGLQJ

06'8V IRU D GXUDWLRQ RI QRW H[FHHGLQJ WKH PD[LPXP

DOORZHG GXUDWLRQ FDOOHG 7;23OLPLW� $FFRUGLQJ WR WKH FXUUHQW

������H GUDIW� D VWDWLRQ FDQ WUDQVPLW D VLQJOH 06'8 GXULQJ

DQ ('&)�7;23� 7KH DGYDQWDJH RI ('&)�7;23 EXUVWLQJ LV

WKH LQFUHDVHG PD[LPXP DFKLHYDEOH WKURXJKSXW DW WKH FRVW RI

SRWHQWLDOO\ LQFUHDVHG 06'8 'HOLYHU\ GHOD\V RI RWKHU

VWUHDPV� ZKLFK GR QRW XWLOL]H WKH ('&)�7;23 EXUVWLQJ GXH

WR WKHLU WUDIILF FKDUDFWHULVWLFV� +RZHYHU� WKH SDUDPHWHU

7;23OLPLW DQG WKH VORW GZHOO WLPH OLPLW WKH WLPH D VLQJOH

VWDWLRQ RFFXSLHV WKH UDGLR FKDQQHO�

,9� (9$/8$7,21

:H XVH HYHQW�GULYHQ VWRFKDVWLF VLPXODWLRQV WR HYDOXDWH WKH

SHUIRUPDQFH RI ������H ('&) IRU WKH ������D SK\VLFDO

OD\HU DW �*+] WKDW DOORZV XS WR �� 0ELW�V� ,Q DOO VLPXODWLRQV�

D UDGLR FKDQQHO HUURU PRGHO DV GHVFULEHG LQ >�@�>�@ LV XVHG�

)RU WKH GHOD\ UHVXOWV� ZH JLYH HPSLULFDO &RPSOHPHQWDU\

&XPXODWLYH 'LVWULEXWLRQ )XQFWLRQV �&')V� RI WKH UHVXOWLQJ

VWRFKDVWLF GDWD� XVLQJ WKH GLVFUHWH /LPLWHG�5HODWLYH�(UURU

�/5(� >��@�

$� 6FHQDULR

$ V\PPHWULF VFHQDULR KDV EHHQ VHOHFWHG WR LQYHVWLJDWH WKH

HIIHFWV RI VORWWLQJ DQG ('&)�7;23 EXUVWLQJ LQ ������H� $

FLUFOH RI �� VWDWLRQV IRUPV D 4%66 ZKHUH DOO VWDWLRQV RSHUDWH

DFFRUGLQJ WR ('&)� VHH )LJ� �� $OO IUDPHV DUH WUDQVPLWWHG

ZLWK �� 0ELW�V 3+< PRGH� (DFK VWDWLRQ JHQHUDWHV WKH VDPH

PL[ RI RIIHUHG WUDIILF RI WKUHH VLQJOH�KRS GDWD VWUHDPV� ZKLFK

ZH ODEHO ZLWK KLJK� PHGLXP DQG ORZ� DFFRUGLQJ WR WKHLU

SULRULWLHV� :LWKLQ WKHVH VWUHDPV� VWDWLRQV GHOLYHU 06'8V WR

RQH QHLJKERU VWDWLRQ� DQG LQ SDUDOOHO� UHFHLYH WKUHH RWKHU

VWUHDPV IURP WKH RWKHU QHLJKERU VWDWLRQ� ,Q WRWDO�

�� � ��⋅ = GDWD VWUHDPV DUH VLPXODWHG� $OO 06'8V DUULYH

ZLWK 3RLVVRQ LQWHU�DUULYDO WLPHV�

7KH WKUHH SULRULWLHV DUH DOZD\V RIIHUHG WKH VDPH WUDIILF�

$W WKH GLIIHUHQW EDFNRII LQVWDQFHV� 06'8V ZLWK D VL]H RI

��� E\WHV RU ��� E\WHV DUULYH VXFK WKDW WKH TXHXHV DUH DOZD\V

IXOO� :H IXUWKHU VLPXODWHG XVLQJ DQ (WKHUQHW WUDFH ILOH WKDW

RIIHUV � 0ELW�V ZLWK W\SLFDO (WKHUQHW IUDPH VL]HV RI XS WR

���� E\WHV DV WUDIILF VRXUFH IRU HDFK LQGLYLGXDO EDFNRII

LQVWDQFH�

7KH IROORZLQJ 7DEOH � VKRZV WKH ('&)�SDUDPHWHUV

VHOHFWHG IRU WKH WKUHH SULRULWLHV� VXPPDUL]LQJ WKH ('&)

SDUDPHWHUV ZH PDLQO\ XVH�

7DEOH �� 8VHG ('&) SDUDPHWHUV IRU WKH WKUHH 7&V�

KLJK� 7&� PHGLXP� 7&� ORZ� 7&�

$,)6>XV@ ��XV ��XV ��XV

&:PLQ>XV�VORWV@ � �� ��

&:PD[>XV�VORWV@ ��� ��� ���

3) � � �

576�&76 LV XVHG IRU 06'8V ODUJHU WKDQ ��� E\WHV� 06'8V

DUH GHOLYHUHG LQ VLQJOH 0$& 3URWRFRO 'DWD 8QLWV �03'8V��

L�H� 06'8V DUH QRW IUDJPHQWHG� 7KH 7;23OLPLW LV ODUJHU

WKDQ WKH VORW GZHOO WLPH�
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3+< PRGHO�
y SDWK ORVV γ ���
y W[ SRZHU ���P:
y RPQLGLUHFW� DQWHQQDV

VWDWLRQ � UHFHLYHV
GDWD IURP VWDWLRQ ��
VWDWLRQ � FDQQRW
GHWHFW VWDWLRQ �

ZKLOH EHLQJ
LGOH� VWDWLRQ �
GHWHFWV WUDQV�
PLVVLRQV IURP

VWDWLRQ �

)LJ� �� 6\PPHWULF KLGGHQ VWDWLRQ VFHQDULR� (DFK VWDWLRQ GHWHFWV RQO\ LWV WZR

GLUHFW QHLJKERUV� (DFK VWDWLRQ FDUULHV WKUHH SDUDOOHO VWUHDPV RI GDWD ZLWK

KLJK� PHGLXP� ORZ SULRULW\� UHVSHFWLYHO\�

%� (YDOXDWLRQ

7KH WKUHH FRQILJXUDWLRQV WKDW ZHUH VLPXODWHG DUH WKH

VWDQGDUG FRQILJXUDWLRQ ODEHOHG DV ¦ZLWK FDSWXUH§� WKH VORWWHG

FRQILJXUDWLRQ ODEHOHG DV ¦VORWWHG§� DQG WKH VORWWHG

FRQILJXUDWLRQ ZLWK ('&)�7;23 EXUVWLQJ� ODEHOHG DV

¦EXUVWHG§� 7DEOH � LOOXVWUDWHV WKH PD[LPXP DFKLHYDEOH

WKURXJKSXW LQ D VFHQDULR� ZKHUH RQH VWDWLRQ WUDQVPLWV WR LWV

QHLJKERU DQG DOO RWKHU VWDWLRQV UHPDLQ LGOH� 7KXV� QR

FROOLVLRQV RFFXU DW WKH UDGLR FKDQQHO� 7KH UHVXOWV DUH JLYHQ

IRU WKH WKUHH FRQILJXUDWLRQV DQG WKUHH GLIIHUHQW W\SHV RI

WUDIILF ORDG� ,W FDQ EH VHHQ WKDW WKH VORWWLQJ UHGXFHV WKH

WKURXJKSXW FRPSDUHG WR WKH VWDQGDUG FRQILJXUDWLRQ� ZKHUHDV

WKH ('&)�7;23 EXUVWLQJ LQFUHDVHV WKH WKURXJKSXW DJDLQ�

ZKLFK LV YHU\ VLJQLILFDQW ZLWK VKRUW 06'8 VL]HV�

7DEOH �� 0D[� DFKLHYDEOH WKUS� �DOO 7&V� ZLWK WZR LVRODWHG VWDWLRQV >NELW�V@�

06'8 VL]H ��� E\WHV ��� E\WHV (WKHUQHW WUDFH

ZLWK FDSWXUH
 ������ ������  RIIHU��0ELW�V�

VORWWHG ������ ������  RIIHU��0ELW�V�

EXUVWHG ������ ������  RIIHU��0ELW�V�


� DOWKRXJK ODEHOHG DV ¦ZLWK FDSWXUH§� FDSWXUHV GR QRW RFFXU KHUH� DV WKLV LV

DQ LVRODWHG VFHQDULR ZKHUH QR KLGGHQ VWDWLRQV H[LVW�

7DEOH � VKRZV WKH PD[LPXP DFKLHYDEOH WKURXJKSXW LQ WKH

KLGGHQ VWDWLRQ VFHQDULR RI )LJ� �� ,W FDQ EH VHHQ KRZ VHYHUH

WKH WKURXJKSXW LV GHJUDGHG LQ ������ E\ FRQWHQWLRQ DQG

KLGGHQ VWDWLRQV�

7DEOH �� 0D[� DFKLHYDEOH WKUS� VDWXUDWLRQ WKURXJKSXW �DOO 7&V� >NELW�V@�

06'8 VL]H ��� E\WHV ��� E\WHV (WKHUQHW WUDFH

ZLWK FDSWXUH ����� ����� �����

VORWWHG ����� ����� �����

EXUVWHG ����� ����� �����

)LJ� � DQG )LJ� � VKRZ WKH UHVXOWLQJ EDFNRII GHOD\V IRU WKH

WKUHH 7&V DV &')� +HUH WKH 06'8 VL]H LV ��� E\WHV� $OO

VWDWLRQV WRJHWKHU DUH HYDOXDWHG� DV WKH VFHQDULR LV V\PPHWULF�

7KH DGYDQWDJH RI WKH VORWWLQJ LV FOHDUO\ YLVLEOH� )RU DOO 7&V�

WKH EDFNRII WLPHV DUH UHGXFHG� $V H[SHFWHG� WKH EXUVWLQJ

LQFUHDVHV WKH GHOD\V FRPSDUHG WR WKH VORWWLQJ� E\ DW WKH VDPH

WLPH LQFUHDVLQJ WKH WKURXJKSXW� 7KH VKDSHV RI WKH FXUYHV LQ

ERWK ILJXUHV IXUWKHU LQGLFDWH WKH VORWWLQJ ZLWK D GXUDWLRQ

�����PV�



)LJ� � DQG )LJ� � VKRZ UHVXOWLQJ EDFNRII GHOD\V IRU WKH

(WKHUQHW WUDFH ILOHV� +HUH� WKH SRVLWLYH HIIHFW RI WKH VORWWLQJ LV

DJDLQ YLVLEOH� DOWKRXJK WKH DGYDQWDJH LV QRW DV KLJK DV

EHIRUH� ,Q JHQHUDO� WKH ORQJHU WKH 03'8V� WKH PRUH OLNHO\ LV

D FKDQQHO FDSWXUH� DQG WKXV� WKH PRUH HIILFLHQW LV WKH VORWWLQJ�

9� &21&/86,216

:H KDYH SUHVHQWHG VLPXODWLRQ UHVXOWV WKDW LQGLFDWH WKH

HIILFLHQF\ RI WKH ('&)�7;23 EXUVWLQJ WRJHWKHU ZLWK D

VORWWLQJ VFKHPH� $ ZD\ WR DFKLHYH WKH V\QFKURQL]DWLRQ

DPRQJ RYHUODSSLQJ %66V ZDV GLVFXVVHG� 7KH UHVXOWV LQGLFDWH

WKDW WKH RFFXUUHQFH RI WKH QHLJKERUKRRG FKDQQHO FDSWXUHV E\

FRH[LVWLQJ %66V LV HIILFLHQWO\ UHGXFHG ZKHQ DSSO\LQJ WKH

VORWWLQJ VFKHPH WRJHWKHU ZLWK ('&)�7;23 EXUVWLQJ� 7KLV

KDV JUHDW SRWHQWLDO IRU PXOWL�KRS VFHQDULRV DQG WKH HIILFLHQW

IRUZDUGLQJ RI 06'8V DFURVV PXOWLSOH �4�%66V XQGHU 4R6

FRQVWUDLQWV�

$OO SUHVHQWHG GHOD\ UHVXOWV DUH ZLWKLQ D PD[LPXP OLPLWHG

UHODWLYH HUURU RI � ��

5()(5(1&(6

>�@ 0DQJROG� 6� DQG &KRL� 6� DQG 0D\� 3� DQG .OHLQ� 2� DQG +LHUW]� *�

DQG 6WLERU� /� ¦,((( ������H :LUHOHVV /$1 IRU 4XDOLW\ RI 6HUYLFH�§

LQ 3URF� (XURSHDQ :LUHOHVV ©��� )ORUHQFH� ,WDO\� )HEUXDU\ �����

>�@ 0DQJROG� 6� DQG %HUOHPDQQ� /� DQG +LHUW]� *�� ¦4R6 6XSSRUW DV

8WLOLW\ IRU &RH[LVWLQJ :LUHOHVV /$1V�§ LQ 3URF� RI WKH ,QWHUQDWLRQDO

:RUNVKRS RQ ,3 %DVHG &HOOXODU 1HWZRUNV� ,3&1� 3DULV� )UDQFH� $SULO

�����

>�@ 0DQJROG� 6� DQG +DEHWKD� -� DQG &KRL� 6� DQG 1JR� &�� ¦&R�H[LVWHQFH

DQG ,QWHUZRUNLQJ RI ,((( ������D DQG (76, %5$1 +LSHU/$1�� LQ

0XOWL+RS 6FHQDULRV�§ LQ 3URF� ,((( :RUNVKRS RQ :LUHOHVV /RFDO

$UHD 1HWZRUNV� %RVWRQ� 86$� 6HSW� �����

>�@ 0DQJROG� 6� DQG +PDLPRX� 0� DQG :LMD\D� +�� ¦&RH[LVWHQFH RI

,((( ������D DQG (76, %5$1 +LSHU/$1��� 7KH 3UREOHP RI )DLU

5HVRXUFH 6KDULQJ LQ WKH /LFHQVH ([HPSW %DQG DW �*+]�§ LQ 3URF�

,((( ,QW� &RQI� RQ 7KLUG *HQHUDWLRQ :LUHOHVV &RPPXQLFDWLRQV� SS�

�������� 6DQ )UDQFLVFR� 86$� -XQH �����

>�@ 0DQJROG� 6� DQG &KRL� 6� DQG (VVHOLQJ� 1�� ¦$Q (UURU 0RGHO IRU

5DGLR 7UDQVPLVVLRQV RI :LUHOHVV /$1V DW �*+]�§ LQ 3URF� $DFKHQ

6\PSRVLXP©����� $DFKHQ� *HUPDQ\� SS� �������� 6HSW� �����

>�@ 4LDR� '� DQG &KRL� 6�� ¦*RRGSXW HQKDQFHPHQW RI ,((( ������D

ZLUHOHVV /$1 YLD OLQN DGDSWDWLRQ�§ LQ 3URF� ,((( ,&&©�����

+HOVLQNL� )LQODQG� -XQH �����

>�@ :DONH� %�� 0RELOH 5DGLR 1HWZRUNV� &KLFKHVWHU� 6XVVH[� 8�.�� :LOH\

	 6RQV /WG�� �QG (G�� �����

>�@ ,((( ������ :*� ¦5HIHUHQFH QXPEHU ,62�,(& �������������(�

,((( 6WG ������� ���� HGLWLRQ� ,QWHUQDWLRQDO 6WDQGDUG >IRU@

,QIRUPDWLRQ 7HFKQRORJ\�7HOHFRPPXQLFDWLRQV DQG LQIRUPDWLRQ

H[FKDQJH EHWZHHQ V\VWHPV�/RFDO DQG PHWURSROLWDQ DUHD QHWZRUNV�

6SHFLILF 5HTXLUHPHQWV� 3DUW ��� :LUHOHVV /$1 0HGLXP $FFHVV

&RQWURO �0$&� DQG 3K\VLFDO /D\HU �3+<� VSHFLILFDWLRQV�§ �����

>�@ ,((( ������ :*� 'UDIW 6XSSOHPHQW WR 67$1'$5' )25

7HOHFRPPXQLFDWLRQV DQG ,QIRUPDWLRQ ([FKDQJH %HWZHHQ 6\VWHPV �

/$1�0$1 6SHFLILF 5HTXLUHPHQWV � 3DUW ��� :LUHOHVV 0HGLXP

$FFHVV &RQWURO �0$&� DQG SK\VLFDO OD\HU �3+<� VSHFLILFDWLRQV�

0HGLXP $FFHVV &RQWURO �0$&� (QKDQFHPHQWV IRU 4XDOLW\ RI 6HUYLFH

�4R6�� ,((( ������H�'���D� 1RY� �����

>��@ %HQYHQLVWH� 0�� ¦1HLJKERUKRRG &DSWXUH LQ :LUHOHVV /$1V�§

,((( �������������U�� 1RY� �����

>��@ &KRL� 6� DQG GHO 3UDGR� -� DQG *DUJ� $� DQG +RHEHQ� 0� DQG

0DQJROG� 6� DQG 6KDQNDU� 6� DQG :HQWLQN� 0�� ¦0XOWLSOH )UDPH

([FKDQJHV GXULQJ ('&) 7;23�§ ,((( �������������U�� -DQ� �����

>��@ 6FKUHLEHU� )�� ¦(IIHFWLYH &RQWURO RI 6LPXODWLRQ 5XQV E\ D 1HZ
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