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'DYLG %� -RKQVRQ %HUQDUG -� %HQQLQJWRQ

&RPSXWHU 6FLHQFH 'HSDUWPHQW ,QIRUPDWLRQ 1HWZRUNLQJ ,QVWLWXWH
&DUQHJLH 0HOORQ 8QLYHUVLW\ &DUQHJLH 0HOORQ 8QLYHUVLW\
3LWWVEXUJK 3$ ���������� 3LWWVEXUJK 3$ ����������

GEM#FV�FPX�HGX LQL�GLUHFWRU#DQGUHZ�FPX�HGX

�� 352-(&7 %$&.*5281'

,Q ����� &DWHUSLOODU DQG &DUQHJLH 0HOORQ 8QLYHUVLW\ VWDUWHG D WKUHH�\HDU UHVHDUFK SURJUDP WR GHYHORS D JOREDO
PRELOH ZLUHOHVV FRPPXQLFDWLRQ V\VWHP� RQH WKDW ZLOO VXSSRUW DOO FRUSRUDWH� RSHUDWLRQV� GHDOHUVKLSV� DQG HQG
FXVWRPHUV© PRELOH FRPPXQLFDWLRQV UHOLDEO\� 7KH V\VWHP LV H[SHFWHG WR FRQVROLGDWH QHHGV IRU DOO &DWHUSLOODU
EXVLQHVV XQLWV� IURP ODUJH PLQLQJ HTXLSPHQW WR VPDOO FRQVWUXFWLRQ HTXLSPHQW� IURP DJULFXOWXUDO V\VWHPV WR ILHOG
VXSSRUW V\VWHPV� %HFDXVH RI WKH UHPRWH ORFDWLRQ RI PDQ\ RI &DWHUSLOODU©V FXVWRPHUV� IRU H[DPSOH ODUJH PLQHV RU
TXDUULHV� WKH DSSURDFK ZDV WR DVVXPH QR FRPPRQ DYDLODELOLW\ RI SXEOLF QHWZRUNV� &DWHUSLOODU DOVR ZDQWHG WKH
HQG DUFKLWHFWXUH WR EH FDSDEOH RI LQFRUSRUDWLQJ PDQ\ FRPSHWLWLYH ,7 DQG UDGLR PDQXIDFWXUHU©V SURGXFWV� DQG WR
KDYH RSHQ LQWHUIDFHV IRU HDV\ XVDJH�

7KH PLQLQJ DQG FRQVWUXFWLRQ HTXLSPHQW LQGXVWU\� OLNH PDQ\ RWKHU LQGXVWULHV� LV VHHNLQJ WR GLIIHUHQWLDWH WKHLU
KDUG SURGXFWV IURP WKRVH RI WKHLU FRPSHWLWLRQ E\ DGGLQJ YDOXH ZLWK VHUYLFHV DQG DSSOLFDWLRQV� 7KH ZLUHOHVV
FRPPXQLFDWLRQ V\VWHP ZDV VHHQ DV SDUW RI WKLV VWUDWHJ\� 7KH V\VWHP ZLOO VXSSRUW PDQ\ RI WKHVH LQLWLDWLYHV� IRU
H[DPSOH� LW LV QHFHVVDU\ WR LPSOHPHQW LPSURYHG VHUYLFH IRU PDFKLQHV LQ WKH ILHOG� E\ SURYLGLQJ UHPRWH DFFHVV WR
PDFKLQHV DQG SHRSOH IURP DQ\ZKHUH WR DQ\ZKHUH� 2WKHU LPPHGLDWH XVHV LQFOXGH� SURYLGLQJ GLUHFW DFFHVV IRU
ILHOG VHUYLFH WHFKQLFLDQV WR DQ XS�WR�GDWH GDWDEDVH RI VHUYLFH LQIRUPDWLRQ� KHQFH UHGXFLQJ WKH SUREOHPV RI XVLQJ
FXUUHQW &'520 WHFKQRORJ\ IRU IUHTXHQWO\ FKDQJLQJ VHUYLFH LQIRUPDWLRQ� ,W LV DOVR H[SHFWHG WR DOORZ GHDOHUV
DQG WHFKQLFLDQV WR GR UHPRWH GLDJQRVLV RI D PDFKLQH©V FRQGLWLRQ XVLQJ H[LVWLQJ DQG IXWXUH RQERDUG VHQVRUV DQG
GDWD UHGXFWLRQ V\VWHPV� )LQDOO\� &DWHUSLOODU ZDQWV WR EH DEOH WR ILHOG LQWHOOLJHQW UHDO�WLPH DSSOLFDWLRQV VXFK DV
LQIRUPDWLRQ VXSSRUW IRU HDUWK�PRYLQJ RSHUDWLRQV� LQFRUSRUDWLQJ UHDO WLPH DFFHVV WR DQG XSGDWLQJ RI WRSRJUDSKLFDO
PDSV� DQG DOVR ZDQWV WR EH DEOH WR ILHOG LQWHOOLJHQW FRRSHUDWLQJ URERWLF PDFKLQHV�

,Q HDUO\ YLVLWV E\ WKH &DUQHJLH 0HOORQ WHDP WR &DWHUSLOODU©V FXVWRPHUV DW PDMRU PLQHV DQG TXDUULHV� DQG LQ
VSHQGLQJ WLPH ZLWK ERWK XUEDQ DQG UHPRWH VHUYLFH WHFKQLFLDQV� DGGLWLRQDO UHTXLUHPHQWV ZHUH VHHQ� 7KH PLQH DQG
TXDUU\ RZQHUV QHHG D VLQJOH VLWH V\VWHP VHUYLQJ DOO QHHGV� QRW RQH IRU HDFK DSSOLFDWLRQ �LQFOXGLQJ DSSOLFDWLRQV
DOUHDG\ SRUWHG WR VLWHV� VXFK DV YRLFH UDGLR FRPPXQLFDWLRQ V\VWHPV DQG GLVSDWFK V\VWHPV�� (QG FXVWRPHUV DOVR
VWUHVVHG WKDW WKH V\VWHP KDV WR EH HDV\ WR LQVWDOO� RSHUDWH� DQG PDLQWDLQ� DV PDQ\ VLWHV DUH UHPRWH DQG WKH\ KDYH
GLIILFXOW\ JHWWLQJ TXDOLILHG ,7 DQG ZLUHOHVV V\VWHP VWDII� &DWHUSLOODU©V GHDOHUVKLSV KDG RWKHU UHTXLUHPHQWV� 7KH\
LQGLFDWHG WKH HVVHQWLDO QHHG IRU D VLPSOH WHFKQLFLDQ LQWHUIDFH DQG D UXJJHG ODSWRS WKH\ FRXOG VLPSO\ WXUQ RQ� QRW
RQH ZKHUH WKH QHWZRUN DQG WKH PRGHP W\SH KDV WR EH VHOHFWHG� ZKHUH WKH WHFKQLFLDQ KDV WR ZRUU\ DERXW ZKHUH
WKH\ DUH� 'HDOHUVKLS VWDII DOVR LQGLFDWHG DGGLWLRQDO UHTXLUHPHQWV LQ WKDW WKH\ ZDQW DFFHVV WR WKHLU RZQ VHUYLFH
GDWDEDVH� LQFOXGLQJ PDQXDOV� ZRUN RUGHUV� KLVWRU\� DQG RWKHU WHFKQLFLDQ©V H[SHULHQFH� DQG ZKHQ SHUIRUPLQJ
VHUYLFH RQ D IDXOW\ PDFKLQH� WKH\ ZDQW WKLV DFFHVV GLUHFWO\ DW WKDW PDFKLQH�

7KLV LV D GHPDQGLQJ VHW RI UHTXLUHPHQWV� DQG LW UDLVHV VRPH GLIILFXOW LVVXHV� 7KH V\VWHP KDV WR KDQGOH D ZLGH
YDULHW\ RI FRPPXQLFDWLRQV� IURP GDWD DQG ILOH WUDQVIHUV� WR UHDO�WLPH GDWD LQFOXGLQJ YRLFH WHOHSKRQ\� YLGHR� UDGDU�
DQG ODVHU LPDJHV� ,Q DGGLWLRQ� WKH V\VWHP QHHGV WR KDQGOH SULRULWLHV IRU GLIIHUHQW PHVVDJHV� VXFK DV IRU
HPHUJHQF\ VWRS PHVVDJHV IRU D URERWLF YHKLFOH� 7KH V\VWHP DOVR KDV WR EH DEOH WR GR WKLV DQ\ZKHUH ZLWKLQ D
FRXQWU\� DFFRPPRGDWLQJ WKH GLIIHUHQFH� IRU H[DPSOH� EHWZHHQ GRZQWRZQ &KLFDJR DQG WKH UHPRWHVW DUHDV RI WKH
1HYDGD GHVHUW� DQG KDV WR EH DEOH WR GR LW DQ\ZKHUH LQ WKH ZRUOG� EHDULQJ LQ PLQG WKDW VSHFWUXP PDQDJHPHQW LV
GLIIHUHQW LQ GLIIHUHQW FRXQWULHV� UHVXOWLQJ LQ GLIIHUHQW WHFKQRORJLHV EHLQJ DYDLODEOH LQ GLIIHUHQW ORFDWLRQV� 7KHUH LV
DOVR D VSHFLILF VLJQLILFDQW SUREOHP RI EHLQJ DEOH WR FRPPXQLFDWH ZLWK KLJKO\ PRELOH PDFKLQHV WKDW PRYH
IUHTXHQWO\ IURP VLWH WR VLWH VXFK DV LQ UHQWDO IOHHWV�

7KHUH DUH DOVR D QXPEHU RI PLVFHOODQHRXV LVVXHV WR EH FRQVLGHUHG� IRU H[DPSOH� +RZ GR \RX LQWHJUDWH WKH
SLHFHV LQWR D VLQJOH V\VWHP DV ZH GR ZLWK ZLUHG FRPSXWHUV" +RZ GR ZH GHDO ZLWK UREXVWQHVV LQ FKDOOHQJLQJ
HQYLURQPHQWV" +RZ GR ZH GHDO ZLWK VHFXULW\" )LQDOO\� DOWKRXJK WKH PLQLQJ DQG FRQVWUXFWLRQ LQGXVWU\ LV ODUJH LW
LV QRW ODUJH HQRXJK IRU D VROXWLRQ WR LWV XQLTXH UHTXLUHPHQWV WR HPHUJH VSRQWDQHRXVO\� 7KH QHDUHVW VLPLODU
LQGXVWU\ LV WKDW VHUYLQJ WKH EDWWOHILHOG�



7KH DSSURDFK WDNHQ LQ WKH SURMHFW FRQVLGHUHG WKUHH DVSHFWV� ZLUHOHVV WHFKQRORJLHV� SURWRFRO WHFKQRORJLHV�
DQG DUFKLWHFWXUDO VFHQDULRV�

7KH DSSURDFK WR ZLUHOHVV WHFKQRORJLHV EHJDQ ZLWK WKH TXHVWLRQV� :KDW LV DYDLODEOH" :KDW LV FRPLQJ"
:KHUH GR WKH\ FRYHU" :KDW EDQGZLGWKV DUH VHUYHG" +RZ GR \RX LQWHJUDWH WKHP" 7KHUH LV D ZLGH YDULHW\ RI
ZLUHOHVV WHFKQRORJLHV� DQG HDFK UHSUHVHQWV D GHVLJQ FRPSURPLVH RI EDQGZLGWK� PRELOLW\� DQG FRYHUDJH� $OO KDYH
GLIIHUHQW FRVWV WR EXLOG DQG FRVWV WR RSHUDWH� 6RPH DUH UHDO DQG SURYHQ WHFKQRORJLHV� DQG VRPH DUH VSHFXODWLYH
DQG WKHLU DGRSWLRQ ZLOO GHSHQG XSRQ PDUNHWV¥PDUNHWV WKDW WKH FRQVWUXFWLRQ DQG PLQLQJ LQGXVWU\ ZLOO QRW JUHDWO\
LQIOXHQFH� 7KHVH ZLUHOHVV WHFKQRORJLHV LQFOXGH�

x +LJK VSHHG� ORZ FRYHUDJH� VSUHDG VSHFWUXP ZLUHOHVV /$1V�

x /RZ VSHHG� KLJK FRYHUDJH� OLFHQVHG UDGLR�

x 3DFNHW GDWD VHUYLFHV WKDW ULGH WKH SXEOLF YRLFH QHWZRUNV� VXFK DV &'3' RU *356� VSHFLDO SDFNHW
QHWZRUNV OLNH 5$0� $5',6� RU 0HWULFRP� DQG IXWXUH WKLUG JHQHUDWLRQ RIIHULQJV� DQG

x $ YDULHW\ RI VDWHOOLWH VHUYLFHV� IURP *(2V WR /(2V� ZLWK YDULRXV FRVWV DQG EDQGZLGWKV�

$OO RI WKHVH WHFKQRORJLHV FDQ SOD\ D UROH� GHSHQGLQJ RQ ZKHUH WKH HTXLSPHQW RU WHFKQLFLDQ LV� ZKDW WKH
DSSOLFDWLRQ LV� DQG ZKDW HFRQRPLFV GLFWDWHV LV UHDVRQDEOH WR SD\� EXW QRQH RI WKHVH WHFKQRORJLHV FDQ PHHW DOO WKH
UHTXLUHPHQWV� $Q\ PDMRU DSSOLFDWLRQ ZLOO XVH VHYHUDO RYHUODLG QHWZRUNV� &RQVHTXHQWO\� WKH &DUQHJLH 0HOORQ
DUFKLWHFWXUH LV D K\EULG RI IL[HG DQG PRELOH QRGHV� OLFHQVHG DQG XQOLFHQVHG VSHFWUXP� DFFRPPRGDWLQJ D YDULHW\
RI ZLUHOHVV WHFKQRORJLHV� LQWHJUDWHG� MXVW OLNH ZLUHG V\VWHPV� ZLWK FRPPRQ LQWHUIDFHV�

([DPLQDWLRQ RI SURWRFRO WHFKQRORJLHV DOVR UDLVHG TXHVWLRQV� +RZ GR \RX WLH XQOLNH SURGXFWV DQG VHUYLFHV
WRJHWKHU" +RZ GR \RX VXSSRUW PLJUDWLRQ IURP RQH WR WKH RWKHU" +RZ GR \RX FUHDWH VLPSOH� HDVLO\ FRQILJXUHG
DQG PDLQWDLQHG QHWZRUNV" +RZ GR \RX FUHDWH UHOLDELOLW\ LQ KLJK GHPDQG DUHDV" 7R PDNH WKLV ZRUN� ZH XVH DQ
,3�EDVHG DUFKLWHFWXUH� ZLWK WKH VWDQGDUG 7&3 DQG 8'3 SURWRFROV ULGLQJ RQ WRS RI EDVLF ,3� %HFDXVH WKH QRGHV
DUH PRYLQJ� ZH XVH WKH VWDQGDUG 0RELOH ,3 SURWRFRO >�����@ IRU PLJUDWLRQ DFURVV WHFKQRORJLHV DQG QHWZRUNV�
7ZR RWKHU LPSRUWDQW WKLQJV KDYH EHHQ GHYHORSHG LQ WKH SURMHFW� )LUVW� WR VROYH WKH QHHG IRU VLPSOLFLW\ LQ FUHDWLQJ
KLJK�VSHHG QHWZRUNV LQ PLQHV DQG TXDUULHV� ZH XVH QHZ PXOWL�KRS ZLUHOHVV DG KRF QHWZRUNLQJ SURWRFROV >���@ IRU
D VLPSOH DSSURDFK WR KLJK GHPDQG DUHDV� :H DOVR XVH LQWHOOLJHQW SURWRFROV WKDW FDQ XVH NQRZOHGJH RI WKH WHUUDLQ
DQG YHKLFOH SRVLWLRQ WR HQKDQFH UHOLDELOLW\ DQG SHUIRUPDQFH�

7R IRFXV WKH UHVHDUFK DQG WKH GHYHORSPHQW RI LGHDV� VHYHUDO UHDVRQDEOH VFHQDULRV ZHUH GUDZQ IRU SLHFHV RI
WKH RYHUDOO DUFKLWHFWXUH� 7KHVH LQ HVVHQFH DVNHG� :KDW WHFKQRORJLHV DUH SUREDEOH IRU XVH DQG ZKHUH FDQ WKH\ EH
XVHG" +RZ ZLOO WKHVH XQIROG RYHU WLPH" +RZ GR WKH\ UHODWH WR SRSXODWHG DUHDV YV� XQSRSXODWHG DUHDV" )LYH
DUFKLWHFWXUDO VQDSVKRWV ZHUH VHWWOHG RQ DV EHLQJ UHSUHVHQWDWLYH� 7KHVH ZHUH� SRSXODWHG DQG XQSRSXODWHG DUHDV
WRGD\� DW D IXWXUH ¦VWHS RQH§ DQG DW D ODWHU IXWXUH ¦VWHS WZR§� ZKHUH ¦WRGD\§� ¦VWHS RQH§� DQG ¦VWHS WZR§ ZHUH
GHILQHG E\ H[LVWLQJ RU SURSRVHG WHFKQRORJLHV� WKH VWUHQJWK RI WKHLU PDUNHWV� DQG KRZ WKH\ KDYH EHHQ GHSOR\HG
DQG XVHG� DQG E\ VSHFXODWHG SUREDELOLW\ RI FRPLQJ WHFKQRORJ\ GHSOR\PHQW DQG FDSDELOLW\� ,Q HVVHQFH ¦WRGD\§ LV
ZKDW LV DYDLODEOH WRGD\ HYHQ LI RQO\ LQ VHOHFWHG ORFDWLRQV� ¦VWHS RQH§ LV GHILQHG E\ H[SHFWHG LQFUHDVHG EDQGZLGWK
RI SXEOLF QHWZRUN VHUYLFHV DQG LQFUHDVHG VSHHG RI VSUHDG VSHFWUXP GHYLFHV� ¦6WHS WZR§ ZDV GHILQHG E\
LQFUHDVHG XVH RI EURDGEDQG VDWHOOLWH WHFKQRORJLHV �VXFK DV 7HOHGHVLF� DQG WKHLU DSSOLFDELOLW\ WR IL[HG DQG PRELOH
HOHPHQWV� 3RVVLEOH XVH VFHQDULRV ZHUH VHHQ DV EHLQJ FRPSRVHG RI�

x 0LQHV RU TXDUULHV� FKDUDFWHUL]HG E\ KDYLQJ DQ LQWHQVH SRSXODWLRQ RI PDFKLQHV� SDUWLFXODUO\ KLJK�HQG
PDFKLQHV� DQG KHQFH DQ LQWHQVLW\ RI KLJK VSHHG� GHPDQGLQJ DSSOLFDWLRQV DQG VHUYLFHV� 6XFK VLWHV E\ WKHLU
QDWXUH KDYH MXVWLILFDWLRQ IRU FXVWRP�EXLOW� GHGLFDWHG QHWZRUNV� 6LWHV W\SLFDOO\ KDYH ZRUN DUHDV ZLWK
FOXVWHUV RI FRRSHUDWLQJ PDFKLQHV DQG WKHVH DUH FRQQHFWHG WRJHWKHU E\ VLWH URDGV� $ VLWH DOVR KDV VWDWLF
VWUXFWXUHV VXFK DV VLWH RIILFHV RU D FUXVKLQJ SODQW�

x 'HDOHUVKLSV� )L[HG ORFDWLRQV VHUYLQJ PXOWLSOH FXVWRPHUV ZKLFK FDQ EH XUEDQ RU UHPRWHO\ ORFDWHG� 7KH
GHDOHUVKLS LV WKH VRXUFH RI URDPLQJ HOHPHQWV� QDPHO\ WHFKQLFLDQV LQ VHUYLFH WUXFNV� ZKR PD\ FRQVWDQWO\
PRYH IURP SRSXODWHG WR XQSRSXODWHG DUHDV�

x 8UEDQ DUHDV� FKDUDFWHUL]HG E\ KDYLQJ IHZHU �RIWHQ VLQJOH� PDFKLQHV DW ORFDWLRQV DQG WKHVH PDFKLQHV
W\SLFDOO\ DUH VPDOOHU� ORZHU�HQG PDFKLQHV ZKHUH XQLW FRVW LV FULWLFDO DQG DSSOLFDWLRQV DQG VHUYLFHV DUH
KHQFH SULPLWLYH� 7KHUH LV QR MXVWLILFDWLRQ IRU D FXVWRP�EXLOW QHWZRUN DQG� KHQFH� DSSOLFDWLRQV KDYH WR XVH
ZKDW LV DYDLODEOH�

0LQHV� TXDUULHV� GHDOHUVKLSV� DQG XUEDQ DUHDV DUH XVXDOO\ LQWHUFRQQHFWHG E\ SXEOLF URDGV ZKHUH� RQFH DJDLQ� WKHUH
LV QR MXVWLILFDWLRQ IRU D FXVWRP EXLOW QHWZRUN DQG DSSOLFDWLRQV KDYH WR XVH ZKDW LV DYDLODEOH�

)URP WKLV� ZH GHWHUPLQHG WKDW VDWHOOLWH FRPPXQLFDWLRQ FRXOG IRUP WZR LPSRUWDQW SLHFHV RI WKH RYHUDOO
DUFKLWHFWXUH� QDPHO\� DV D IL[HG OLQN ZLWKLQ VXEFRPSRHQWV RI WKH RYHUDOO V\VWHP� SURYLGLQJ FRQQHFWLRQ EHWZHHQ
VXEQHWZRUNV IURP IL[HG QRGHV VXFK DV VLWH RIILFHV� DQG DOVR SRWHQWLDOO\ DV PRELOH QRGHV SURYLGLQJ



LQWHUFRQQHFWLRQ EHWZHHQ VXEQHWZRUNV� ,Q HDFK FDVH� WKLV UDLVHV WKH FRPPRQ SUREOHP RI HIIHFWLYHQHVV RI WKH
IXQGDPHQWDO ,3 EDVHG SURWRFROV XVHG LQ WKH RYHUDOO DUFKLWHFWXUH� 7KLV LV SDUWLFXODWUO\ WUXH RI WKH XVH RI 0RELOH ,3�
ZKLFK ZDV DGRSWHG DV WKH EDVLF PHWKRG RI PDQDJHPHQW RI PRELOLW\ DFURVV VXEQHWZRUNV�

:H VDZ WKH .D�EDQG WHFKQRORJ\ XVHG E\ 1$6$©V $GYDQFHG &RPPXQLFDWLRQ 7HFKQRORJ\ 6DWHOOLWH �$&76�
DV KDYLQJ WKH SRWHQWLDO IRU ERWK UROHV� VWDWLF DQG PRELOH FRPPXQLFDWLRQV� EHFDXVH RI LWV DYDLODEOH EDQGZLGWK DQG
LWV XVH ZLWK VLJQLILFDQWO\ VPDOOHU JURXQG DQWHQQDV� $ FRPELQDWLRQ RI DQ $&76 OLQN DQG DQ DG KRF ZLUHOHVV /$1
QHWZRUN >���@ HPEHGGHG LQ YHKLFOHV ZLWKLQ D PLQH RU TXDUU\ FRXOG EH XVHG� VR WKDW VXFK PRELOH YHKLFOHV FRXOG
WDNH DGYDQWDJH RI $&76©V ODUJH FRYHUDJH DUHD DQG D ZLUHOHVV /$1©V VPDOO SURSDJDWLRQ WLPH DQG KLJK
EDQGZLGWK� :LWK WKH 0RELOH ,3 SURWRFRO� WKH PRELOH YHKLFOH FRXOG VHDPOHVVO\ PRYH IURP RQH QHWZRUN WR
DQRWKHU�

,I WKH ,QWHUQHW 3URWRFRO �,3� LV XVHG DV WKH QHWZRUN SURWRFRO� WKH $&76 QHWZRUN FRXOG EH FRQILJXUHG DV RQH
,3 QHWZRUN DQG HDFK DG KRF QHWZRUN DV DQRWKHU� $ PRELOH QRGH FRXOG WKHQ PRYH IURP DQ DG KRF QHWZRUN WR WKH
$&76 OLQN� DV PRYHG DZD\ IURP D VLWH� VR WKDW LW FRXOG PDLQWDLQ D QHWZRUN FRQQHFWLRQ DOO WKH WLPH� 6WDQGDUG ,3
PDNHV LW YHU\ GLIILFXOW IRU ,QWHUQHW KRVWV WR PRYH IURP RQH QHWZRUN WR DQRWKHU� VLQFH SDUDPHWHUV VXFK DV WKH
QRGH©V ,3 DGGUHVV� VXEQHW PDVN� DQG GHIDXOW URXWHU JHQHUDOO\ QHHG WR EH FKDQJHG� PDNLQJ PRYHPHQW ERWK WLPH
FRQVXPLQJ DQG HUURU SURQH� )XUWKHUPRUH� D PRELOH QRGHV PXVW DOVR LQIRUP LWV QHZ DGGUHVV WR DOO QRGHV WKDW ZDQW
WR FRPPXQLFDWH ZLWK LW� 7KH 0RELOH ,3 SURWRFRO KDV EHHQ GHYHORSHG WR VROYH WKLV SUREOHP LQ WKH ,QWHUQHW�

:H FRQGXFWHG H[SHULPHQWV XVLQJ $&76 WR REVHUYH WKH SHUIRUPDQFH RI 0RELOH ,3� :H DQDO\]HG WKH FURVV�
WUDIILF HIIHFWV RI 0RELOH ,3 DQG 7&3 RYHU $&76 DQG LPSOHPHQWHG WHFKQLTXHV WR LPSURYH WKH SHUIRUPDQFH RI
0RELOH ,3 RYHU WKH $&76 OLQN�
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0RELOH ,3 >�����@ LV D VWDQGDUG GHYHORSHG E\ WKH ,QWHUQHW (QJLQHHULQJ 7DVN )RUFH �,(7)� WR SURYLGH WUDQVSDUHQW
PRELOLW\ IRU ,QWHUQHW QRGHV� 0RELOH ,3 FDQ H[WHQG WKH $&76 IXQFWLRQDOLW\ E\ HQDEOLQJ PRELOH QRGHV WR XVH WKH
$&76 OLQN VHDPOHVVO\ ZLWKRXW WKH QHHG WR UHFRQILJXUH WKHLU ,3 DGGUHVV� +RZHYHU� 0RELOH ,3 LV JHQHUDOO\ WXQHG
WR SHUIRUP ZHOO LQ WHUUHVWULDO ZLUHOHVV QHWZRUNV VXFK DV ZLUHOHVV /$1V� ZKLFK KDYH D OLPLWHG UDQJH DQG D
QHJOLJLEOH SURSDJDWLRQ GHOD\� $&76 DQG RWKHU *(2 VDWHOOLWH V\VWHPV SRVH D FKDOOHQJH WR 0RELOH ,3 GXH WR WKHLU
KLJK SURSDJDWLRQ GHOD\� :H KDYH FRQGXFWHG H[SHULPHQWV XVLQJ $&76 DQG GLIIHUHQW PRELOH QRGH PRYHPHQW
VFHQDULRV WR REVHUYH KRZ 0RELOH ,3 SHUIRUPDQFH LV DIIHFWHG�

:H KDYH DOVR DQDO\]HG WKH FURVV�HIIHFWV EHWZHHQ 7&3 YHUVLRQV RSWLPL]HG IRU VDWHOOLWH OLQNV DQG 0RELOH ,3
RYHU WKH $&76 OLQN >�@� 7&3� WKH 7UDQVPLVVLRQ &RQWURO 3URWRFRO� LV WKH PRVW FRPPRQO\ XVHG WUDQVSRUW SURWRFRO
LQ WKH ,QWHUQHW� ,W SURYLGHV UHOLDEOH GHOLYHU\ RI DOO E\WHV VHQW� E\ UHWUDQVPLWWLQJ GDWD XQWLO DQ DFNQRZOHGJHPHQW LV
UHFHLYHG IURP WKH GHVWLQDWLRQ QRGH� $&76©V KLJK SURSDJDWLRQ GHOD\ DQG HUURU UDWH HIIHFW 7&3 SHUIRUPDQFH
EHFDXVH GDWD DQG DFNQRZOHGJHPHQW SDFNHWV WDNH ORQJHU WR UHDFK LWV GHVWLQDWLRQ� DQG WKHVH SDFNHWV PLJKW JHW ORVW�
:LWK 0RELOH ,3� KRZHYHU� 7&3 DOVR KDV WR PDQDJH WKH ORVV RI SDFNHWV FDXVHG E\ WKH KDQGRII� :H KDYH
LPSOHPHQWHG DQG HYDOXDWHG WHFKQLTXHV WR LPSURYH WKH SHUIRUPDQFH RI 0RELOH ,3 RYHU WKH $&76 OLQN� HVSHFLDOO\
WKH SHUIRUPDQFH RI 7&3 XVLQJ 0RELOH ,3 GXULQJ KDQGRII� ,Q SDUWLFXODU� ZH KDYH VKRZQ WKDW VPRRWK KDQGRII ZLWK
D VLQJOH SDFNHW EXIIHU FRQVLGHUDEO\ LPSURYHV 7&3 SHUIRUPDQFH GXULQJ KDQGRII ZLWKRXW PRGLI\LQJ 7&3�

,Q WUDGLWLRQDO ,3 URXWLQJ� LI D QRGH KDV PRYHG WR DQRWKHU QHWZRUN� SDFNHWV GHVWLQHG IRU LW ZLOO QR ORQJHU EH
GHOLYHUDEOH� )RU D QRGH WR EH DEOH WR FRPPXQLFDWH RQ D QHZ QHWZRUN� LW PXVW FKDQJH LWV ,3 DGGUHVV� EXW WKLV
PDNHV LW LPSRVVLEOH WR PDLQWDLQ WUDQVSRUW DQG KLJKHU�OHYHO FRQQHFWLRQV ZKHQ WKH QRGH FKDQJHV ORFDWLRQV�
0RELOH ,3 LV GHILQHG DV D VFDODEOH VROXWLRQ WR WKLV URXWLQJ SUREOHP WKDW GRHV QRW UHTXLUH D PRELOH QRGH WR FKDQJH
LWV ,3 DGGUHVV ZKHQ LW PRYHV� 0RELOH ,3 HQDEOHV D KRVW WR EH LGHQWLILHG E\ D VLQJOH ,3 DGGUHVV HYHQ ZKHQ WKH
GHYLFH SK\VLFDOO\ PRYHV LWV SRLQW RI DWWDFKPHQW IURP RQH QHWZRUN WR DQRWKHU� DOORZLQJ IRU WKH WUDQVSDUHQW
IRUZDUGLQJ RI GDWD SDFNHWV WR D VLQJOH DGGUHVV�

���� %DVLF 0RELOH ,3

7KH RSHUDWLRQ RI WKH EDVLF 0RELOH ,3 SURWRFRO LV LOOXVWUDWHG LQ )LJXUH �� (DFK QRGH LV DVVLJQHG D SHUPDQHQW ,3
DGGUHVV LQ WKH VDPH ZD\ DV DQ\ RWKHU QRGH� DQG WKLV ,3 DGGUHVV LV NQRZQ DV WKH PRELOH QRGH©V KRPH DGGUHVV�
7KH ,3 VXEQHW LQGLFDWHG E\ WKLV KRPH DGGUHVV LV WKH PRELOH QRGH©V KRPH VXEQHW� :KHQ D PRELOH QRGH LV DWWDFKHG
WR LWV KRPH QHWZRUN� WUDGLWLRQDO ,3 URXWLQJ ZLOO GHOLYHU SDFNHWV WR WKH PRELOH QRGH XVLQJ LWV KRPH DGGUHVV� :KHQ
WKH PRELOH QRGH LV DZD\ IURP KRPH� D 0RELOH ,3 DJHQW RQ LWV KRPH QHWZRUN NQRZQ DV WKH KRPH DJHQW NHHSV
WUDFN RI WKH FXUUHQW ORFDWLRQ RI WKH PRELOH QRGH DQG IRUZDUGV SDFNHWV WR LW IURP LWV KRPH QHWZRUN� $Q\ QHWZRUN
WKDW WKH PRELOH QRGH YLVLWV LV UHIHUUHG WR DV D IRUHLJQ QHWZRUN� $ 0RELOH ,3 DJHQW ORFDWHG RQ WKH IRUHLJQ QHWZRUN
NQRZQ DV D IRUHLJQ DJHQW PD\ KHOS WKH PRELOH QRGH UHJLVWHU ZLWK LWV KRPH DJHQW DQG PD\ DOVR KHOS GHOLYHU
IRUZDUGHG SDFNHWV WR D PRELOH QRGH� $Q\ QRGH ZLWK ZKLFK D PRELOH QRGH LV FRPPXQLFDWLQJ LV NQRZQ DV D
FRUUHVSRQGHQW QRGH� DQG PD\ EH PRELOH RU VWDWLRQDU\�



7KH PRELOH QRGH©V FXUUHQW ORFDWLRQ ZKLOH DZD\
IURP KRPH LV NQRZQ DV LWV FDUH�RI DGGUHVV� 7KH FDUH�
RI DGGUHVV ZLOO RIWHQ EH WKH ,3 DGGUHVV RI WKH IRUHLJQ
DJHQW� DQG WKLV W\SH RI FDUH�RI DGGUHVV LV NQRZQ DV D
IRUHLJQ DJHQW FDUH�RI DGGUHVV� $OWHUQDWLYHO\� WKH FDUH�
RI DGGUHVV PD\ EH D FR�ORFDWHG FDUH�RI DGGUHVV� ZKLFK
LV D ORFDO DGGUHVV REWDLQHG E\ WKH PRELOH QRGH IRU LWV
RZQ XVH LQ WKDW IRUHLJQ QHWZRUN� LQ WKLV FDVH� WKH
PRELOH QRGH RSHUDWHV ZLWKRXW D IRUHLJQ DJHQW� ,Q WKLV
SDSHU� ZH FRQVLGHU RQO\ WKH FDVH RI D IRUHLJQ DJHQW
FDUH�RI DGGUHVV�

0RELOH ,3 GHILQHV DQ $JHQW 'LVFRYHU\
PHFKDQLVP WR DOORZ D PRELOH QRGH WR GLVFRYHU
ZKHWKHU LW LV DW KRPH RU DZD\ IURP KRPH� DQG WR
GLVFRYHU D IRUHLJQ DJHQW LQ LWV FXUUHQW QHWZRUN ZLWK
ZKLFK LW FRXOG UHJLVWHU� $JHQW 'LVFRYHU\ LV EDVHG RQ DQ H[WHQVLRQ WR WKH ,&03 5RXWHU 'LVFRYHU\ 3URWRFRO >�@�
ZLWK HDFK KRPH DJHQW RU IRUHLJQ DJHQW WUDQVPLWWLQJ SHULRGLF $JHQW $GYHUWLVHPHQW PHVVDJHV� JLYLQJ WKH DJHQW©V
,3 DGGUHVV� ,I WKH PRELOH QRGH QRWLFHV LWV RZQ KRPH DJHQW©V $GYHUWLVHPHQW� LW NQRZV LW LV DW KRPH� LW WKHQ
GHUHJLVWHUV ZLWK LWV KRPH DJHQW DQG QR ORQJHU XVHV D FDUH�RI DGGUHVV RU DQ\ VXSSRUW IURP 0RELOH ,3�

,I WKH PRELOH QRGH LV DZD\ IURP KRPH� LW LQIRUPV LWV KRPH DJHQW RI LWV FXUUHQW FDUH�RI DGGUHVV XVLQJ D
PHFKDQLVP FDOOHG UHJLVWUDWLRQ� ,I WKH PRELOH QRGH LV QRW XVLQJ D IRUHLJQ DJHQW� LW VHQGV D 5HJLVWUDWLRQ 5HTXHVW
PHVVDJH GLUHFWO\ WR LWV KRPH DJHQW� ZKLFK DQVZHUV ZLWK D 5HJLVWUDWLRQ 5HSO\ PHVVDJH� RWKHUZLVH� LW ZLOO VHQG LWV
5HJLVWUDWLRQ 5HTXHVW WR LWV FXUUHQW IRUHLJQ DJHQW� ZKLFK IRUZDUGV WKH 5HTXHVW WR WKH PRELOH QRGH©V KRPH DJHQW�
5HJLVWUDWLRQV H[SLUH DIWHU D VSHFLILHG SHULRG FDOOHG WKH UHJLVWUDWLRQ OLIHWLPH� 7KH DVVRFLDWLRQ RI D KRPH DGGUHVV
ZLWK D FDUH�RI DGGUHVV DQG WKH UHPDLQLQJ OLIHWLPH LV FDOOHG D PRELOLW\ ELQGLQJ� :KHQ D FRUUHVSRQGHQW QRGH VHQGV
SDFNHWV WR D PRELOH QRGH� WKH SDFNHWV DUH URXWHG QRUPDOO\� WR WKH PRELOH QRGH©V KRPH QHWZRUN� 7KH KRPH DJHQW
LQWHUFHSWV WKRVH SDFNHWV DQG IRUZDUGV WKH SDFNHWV WR WKH PRELOH QRGH E\ WXQQHOLQJ WKHP WR WKH PRELOH QRGH©V
FDUH�RI DGGUHVV� 7R WXQQHO HDFK SDFNHW� WKH KRPH DJHQW HQFDSVXODWHV LW LQ D QHZ ,3 KHDGHU� ZLWK WKH GHVWLQDWLRQ
DGGUHVV LQ WKLV RXWHU ,3 KHDGHU VHW WR WKH PRELOH QRGH©V FDUH�RI DGGUHVV� ,I D IRUHLJQ DJHQW FDUH�RI DGGUHVV LV
EHLQJ XVHG� WKH IRUHLJQ DJHQW ZLOO UHFHLYH WKH SDFNHW� GHFDSVXODWH LW� DQG GHOLYHU LW ORFDOO\ WR WKH PRELOH QRGH� ,I
D FR�ORFDWHG FDUH�RI DGGUHVV LV EHLQJ XVHG� WKH PRELOH QRGH ZLOO UHFHLYH WKH SDFNHW DQG GHFDSVXODWH LW LWVHOI�

���� 5RXWH 2SWLPL]DWLRQ

:LWK WKH EDVLF 0RELOH ,3 SURWRFRO� DOO SDFNHWV IRU D PRELOH QRGH WKDW LV DZD\ IURP KRPH PXVW EH URXWHG WKURXJK
LWV KRPH QHWZRUN DQG KRPH DJHQW� SRVVLEO\ VHYHUHO\ OLPLWLQJ WKH SHUIRUPDQFH DQG UHOLDELOLW\ RI SDFNHW GHOLYHU\�
$Q H[WHQVLRQ WR 0RELOH ,3� NQRZQ DV 5RXWH 2SWLPL]DWLRQ� HQDEOHV D FRUUHVSRQGHQW QRGH WR OHDUQ WKH FDUH�RI
DGGUHVV IRU D PRELOH QRGH DQG WR WXQQHO LWV RZQ SDFNHWV GLUHFWO\ WKHUH� E\SDVVLQJ WKH KRPH DJHQW >���@�

:LWK 5RXWH 2SWLPL]DWLRQ� D FRUUHVSRQGHQW QRGH PDLQWDLQV D ELQGLQJ FDFKH� LQ ZKLFK LW FDFKHV WKH ELQGLQJ RI
RQH RU PRUH PRELOH QRGHV� :KHQ VHQGLQJ D SDFNHW� LI WKH VHQGHU GRHV QRW KDYH D ELQGLQJ FDFKH HQWU\ IRU WKH
GHVWLQDWLRQ PRELOH QRGH� WKH SDFNHW ZLOO EH GHOLYHUHG WR WKH PRELOH QRGH©V KRPH QHWZRUN� LQWHUFHSWHG LWV KRPH
DJHQW� DQG WXQQHOHG WR WKH PRELOH QRGH©V FDUH�RI DGGUHVV� ,I WKH KRPH DJHQW VXSSRUWV 5RXWH 2SWLPL]DWLRQ� LW FDQ
WKHQ LQIRUP WKH RULJLQDO VHQGHU RI WKH SDFNHW DERXW WKH PRELOH QRGH©V FXUUHQW ELQGLQJ E\ VHQGLQJ LW D %LQGLQJ

8SGDWH� JLYLQJ WKH VHQGHU DQ RSSRUWXQLW\ WR FDFKH WKH ELQGLQJ� :KHQ WKH PRELOH QRGH ODWHU PRYHV WR D QHZ
FDUH�RI DGGUHVV� SDFNHWV FDQ EH IRUZDUGHG WR WKH QHZ FDUH�RI DGGUHVV E\ WKH PRELOH QRGH©V ROG IRUHLJQ DJHQW� DV
GHVFULEHG LQ WKH QH[W VHFWLRQ� :KHQ LW IRUZDUGV D SDFNHW� LW VHQGV D %LQGLQJ :DUQLQJ PHVVDJH WR WKH PRELOH
QRGH©V KRPH DJHQW� DVNLQJ LW WR VHQG D QHZ %LQGLQJ 8SGDWH WR WKLV FRUUHVSRQGHQW QRGH WR XSGDWH LWV FDFKH�

���� 6PRRWK +DQGRII

$QRWKHU SDUW RI 5RXWH 2SWLPL]DWLRQ LV FDOOHG VPRRWK KDQGRII >���@� 7KLV IHDWXUH DWWHPSWV WR LPSURYH SDFNHW
GHOLYHU\ GXULQJ KDQGRII E\ DOORZLQJ WKH IRUHLJQ DJHQW LQ D PRELOH QRGH©V SUHYLRXV ORFDWLRQ WR IRUZDUG SDFNHWV WR
LW LQ LWV QHZ ORFDWLRQ DIWHU LW PRYHV� 7KH PRELOH QRGH VHQGV D %LQGLQJ 8SGDWH WR WKLV SUHYLRXV IRUHLJQ DJHQW�
LQIRUPLQJ LW LI LWV QHZ FDUH�RI DGGUHVV� DQG WKH SUHYLRXV IRUHLJQ DJHQW WKHQ WXQQHOV DQ\ VXEVHTXHQW SDFNHWV
DUULYLQJ IRU WKH PRELOH QRGH WR WKLV QHZ ORFDWLRQ� 7KLV IRUZDUGLQJ DOORZV DQ\ SDFNHWV WKDW ZHUH LQ IOLJKW WR WKH
PRELOH QRGH ZKHQ LW PRYHG� DQG DQ\ SDFNHWV VHQW E\ FRUUHVSRQGHQW QRGHV WKDW KDYH QRW \HW OHDUQHG WKH PRELOH
QRGH©V QHZ FDUH�RI DGGUHVV� WR EH IRUZDUGHG UDWKHU WKDQ EHLQJ GLVFDUGHG E\ WKH IRUHLJQ DJHQW� 7KLV LV
SDUWLFXODUO\ GHVLUDEOH ZLWK 7&3� ZKHUH GURSSHG SDFNHWV DUH RWKHUZLVH LQWHUSUHWHG DV D VLJQ RI FRQJHVWLRQ LQ WKH
QHWZRUN� FDXVLQJ 7&3 WR UHGXFH LWV HIIHFWLYH WUDQVPLVVLRQ UDWH >�@�
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$V QRWHG LQ 6HFWLRQ �� 0RELOH ,3 LV JHQHUDOO\ WXQHG WR SHUIRUP ZHOO LQ WHUUHVWULDO QHWZRUNV� ZLWK OLPLWHG GLVWDQFHV
DQG SURSDJDWLRQ GHOD\V� +LJK ODWHQF\ *(2 VDWHOOLWH OLQNV OLNH $&76 FRXOG VHYHUHO\ LPSDFW WKH SHUIRUPDQFH RI
0RELOH ,3� $ ORQJ SURSDJDWLRQ GHOD\ PLJKW FDXVH 0RELOH ,3 WR UHWUDQVPLW VRPH FRQWURO PHVVDJHV GXULQJ
UHJLVWUDWLRQ� WKHUHE\ GHOD\LQJ WKH UHJLVWUDWLRQ SURFHVV DQG LQFUHDVLQJ KDQGRII WLPH� 7KLV FRXOG FDXVH KLJKHU�OD\HU
SURWRFROV RQ WKH PRELOH QRGH WR UHDFW EDGO\� SRVVLEO\ HYHQ WLPLQJ RXW DQG GURSSLQJ WKH FRQQHFWLRQ DOWRJHWKHU�

7KH 5HJLVWUDWLRQ 5HTXHVW PHVVDJH VHQW E\ D PRELOH QRGH IRU UHJLVWUDWLRQ PXVW EH SURWHFWHG E\ UHSOD\
SURWHFWLRQ� ZKLFK JHQHUDOO\ XVHV D WLPHVWDPS LQ 0RELOH ,3� :KHQ WKH KRPH DJHQW UHFHLYHV D 5HJLVWUDWLRQ
5HTXHVW� LW GHWHUPLQHV LI WKH WLPHVWDPS LV ZLWKLQ DQ DFFHSWDEOH UDQJH� $ ORQJ SURSDJDWLRQ GHOD\ ZLOO LQFUHDVH WKH
SUREDELOLW\ WKDW WKLV UHJLVWUDWLRQ LV GURSSHG EHFDXVH WKH PHVVDJH LV UHFHLYHG WRR ODWH� ,Q DGGLWLRQ� D ORQJ
SURSDJDWLRQ GHOD\ ZLOO UHTXLUH WKH PRELOH QRGH WR ZDLW D ORQJ WLPH IRU WKH UHWXUQ 5HJLVWUDWLRQ 5HSO\ PHVVDJH�
GHOD\LQJ WKH PRELOH QRGH©V DELOLW\ WR UHFRYHU DQG UHWUDQVPLW WKH 5HJLVWUDWLRQ 5HTXHVW LQ WKH FDVH WKDW HLWKHU LW RU
WKH 5HSO\ PHVVDJH DUH ORVW E\ WKH QHWZRUN�

)URP WKH WUDQVSRUW SURWRFRO©V SRLQW RI YLHZ� 0RELOH ,3 KDQGRII WLPH ZLOO EH UHFRJQL]HG DV D SHULRG GXULQJ
ZKLFK DOO WKH WUDQVPLWWHG SDFNHWV DUH GURSSHG� 6LQFH 7&3 KDV EHHQ GHVLJQHG JHQHUDOO\ IRU WUDGLWLRQDO ZLUHG
QHWZRUNV� SDFNHW GURSV DUH DVVXPHG WR EH FDXVHG E\ FRQJHVWLRQ >�@� 7KHUHIRUH� 7&3 ZLOO UHGXFH LWV WUDQVPLVVLRQ
UDWH DQG LQFUHDVH LWV WLPHRXW YDOXH� UHVXOWLQJ LQ YHU\ SRRU OLQN XWLOL]DWLRQ�

7KH ORQJHU UHJLVWUDWLRQ WLPH FRXOG DOVR PDNH WKH 0RELOH ,3 URXWHV REVROHWH RU VWDOH� )RU D ODUJH EDQGZLGWK�
GHOD\ QHWZRUN VXFK DV $&76� D QXPEHU RI 7&3 SDFNHWV PD\ EH LQ IOLJKW DV WKH URXWHV DUH FKDQJLQJ� GHJUDGLQJ
7&3 SHUIRUPDQFH� 3DFNHWV PD\ EH ORVW RU DGGLWLRQDOO\ GHOD\HG GXH WR IRUZDUGLQJ IURP D PRELOH QRGH©V SUHYLRXV
IRUHLJQ DJHQW� &URVV�WUDIILF HIIHFWV EHWZHHQ 7&3 DQG URXWLQJ SURWRFROV OLNH 0RELOH ,3 RYHU VDWHOOLWH OLQNV DUH
DUHDV WKDW QHHG IXUWKHU LQYHVWLJDWLRQ�

:H FRQGXFWHG H[SHULPHQWV WR REVHUYH 7&3 SHUIRUPDQFH GXULQJ 0RELOH ,3 UHJLVWUDWLRQ� ZKHQ D PRELOH QRGH
PRYHV IURP LWV KRPH QHWZRUN WR D IRUHLJQ QHWZRUN� IURP RQH IRUHLJQ QHWZRUN WR DQRWKHU� DQG IURP D IRUHLJQ
QHWZRUN EDFN WR LWV KRPH QHWZRUN� &RUUHVSRQGHQW QRGH EHKDYLRU ZKHQ UHFHLYLQJ ODWH %LQGLQJ 8SGDWHV GXH WR
WKH ORQJHU SURSDJDWLRQ GHOD\ ZDV DOVR REVHUYHG� 7KH H[SHULPHQWV DOVR PHDVXUHG WKH SHUIRUPDQFH RI VPRRWK
KDQGRII� ZLWK WKH JRDO RI LPSURYLQJ SHUIRUPDQFH GXULQJ KDQGRII�

�� 02%,/( ,3 $1' 7&3 3(5)250$1&( 29(5 $&76

)LJXUH � VKRZV WKH QHWZRUN FRQILJXUDWLRQ ZH XVHG LQ RXU H[SHULPHQWV >�@� :H XVHG ZLUHG (WKHUQHW UDWKHU WKDQ
ZLUHOHVV /$1 VXEQHWV IRU ORFDO DUHD QHWZRUN FRQQHFWLRQV� LQ RUGHU WR DOORZ JUHDWHU FRQWURO RYHU WKH ORFDO
QHWZRUN OLQNV� 6LQFH WKH H[SHULPHQWV SODFHG HPSKDVLV RQ WKH SHUIRUPDQFH GLIIHUHQFH EHWZHHQ WKH ORZ ODWHQF\
ORFDO DUHD DQG WKH KLJK ODWHQF\ $&76 OLQNV� WKH UHVXOWV VKRXOG DOVR EH UHSUHVHQWDWLYH RI WKH SHUIRUPDQFH
REWDLQDEOH XVLQJ ZLUHOHVV /$1 OLQNV WRJHWKHU ZLWK $&76� ,Q SDUWLFXODU� (WKHUQHW KDV D PD[LPXP URXQGWULS

SURSDJDWLRQ GHOD\ RI ���� PV� ZKLOH D W\SLFDO ZLUHOHVV /$1 ZLWK � PLOHV WUDQVPLVVLRQ UDQJH KDV D PD[LPXP

URXQGWULS SURSDJDWLRQ GHOD\ RI DERXW �� PV� 7KLV VPDOO GLIIHUHQFH LQ SURSDJDWLRQ GHOD\ LV QHJOLJLEOH FRPSDUHG WR
WKH $&76 SURSDJDWLRQ GHOD\ RI DERXW

��� PV �������� PV�� %DQGZLGWK
GLIIHUHQFHV EHWZHHQ (WKHUQHW DQG
ZLUHOHVV /$1 VKRXOG QRW FKDQJH WKH
EHKDYLRU RI 0RELOH ,3 GXULQJ KDQGRII�
EHFDXVH 0RELOH ,3 XVHV RQO\ D VPDOO
DPRXQW RI EDQGZLGWK IRU LWV SDFNHWV�

:H FRQGXFWHG WZR W\SHV RI
PRELOH QRGH PRYHPHQW WHVWV WR
DQDO\]H WKH SHUIRUPDQFH RI 0RELOH ,3
DQG 7&3 GXULQJ KDQGRII� 2QH VHW RI
PRYHPHQWV ZDV IURP D VXEQHW RQ RQH
VLGH RI WKH $&76 OLQN WR RQH RQ WKH
RWKHU VLGH �H�J�� IURP D VXEQHW RI
1HWZRUN $ WR D VXEQHW RI 1HWZRUN %�
VKRZQ LQ WKH ORZHU�ULJKW FRUQHU RI
)LJXUH ��� 7KH RWKHU VHW RI PRYHPHQWV
ZDV EHWZHHQ VXEQHWV RQ WKH VDPH VLGH
RI WKH $&76 OLQN �H�J�� EHWZHHQ
GLIIHUHQW VXEQHWV RI 1HWZRUN %��
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���� 5HJLVWUDWLRQ 3HUIRUPDQFH

7KH ILUVW VHW RI H[SHULPHQWV ZH FRQGXFWHG
DWWHPSWHG WR PHDVXUH WKH HIIHFW RI WKH $&76 OLQN
RQ 7&3 GXULQJ 0RELOH ,3 UHJLVWUDWLRQ� :H IRXQG
WKDW WKH KLJK SURSDJDWLRQ GHOD\ RI WKH $&76 OLQN
VLJQLILFDQWO\ UHGXFHG 7&3 WKURXJKSXW GXH WR WKH
DGGLWLRQDO WLPH UHTXLUHG IRU WKH UHJLVWUDWLRQ WR
FRPSOHWH DIWHU WKH PRELOH QRGH KDV PRYHG WR D
QHZ VXEQHW� )RU H[DPSOH� )LJXUH � VKRZV WKH
VHTXHQFH QXPEHUV RI D 7&3 FRQQHFWLRQ� SORWWHG
YHUVXV WLPH GXULQJ 0RELOH ,3 UHJLVWUDWLRQ� ,Q WKLV
FDVH� WKH PRELOH QRGH KDV PRYHG IURP D VXEQHW RI
1HWZRUN $ WR D VXEQHW RI 1HWZRUN % �)LJXUH ���
DQG FRUUHVSRQGHQW QRGH LV RQ 1HWZRUN %� DQG
0RELOH ,3 UHJLVWUDWLRQ LV GRQH RYHU WKH $&76
OLQN� (DFK 7&3 VHJPHQW WUDQVPLVVLRQ E\ WKH
FRUUHVSRQGHQW QRGH LV UHSUHVHQWHG E\ D EODFN
GLDPRQG DW WKH FRUUHFW VHTXHQFH QXPEHU DQG WLPH
LQ WKH JUDSK� DQG HDFK DFNQRZOHGJHPHQW IURP WKH PRELOH QRGH LV OLNHZLVH UHSUHVHQWHG E\ D JUD\ VTXDUH�

7KHUH DUH WKUHH YHUWLFDO OLQHV LQ WKH JUDSK WKDW VKRZ WKH WLPH DW ZKLFK VSHFLILF 0RELOH ,3 HYHQWV RFFXU DW WKH
PRELOH QRGH� 7KH ¦'XPS 5HJ§ OLQH UHSUHVHQWV WKH WLPH DW ZKLFK WKH PRELOH QRGH GLVFDUGV LWV FXUUHQW IRUHLJQ
DJHQW EHFDXVH LW GRHV QRW UHFHLYH LWV $JHQW $GYHUWLVHPHQW PHVVDJHV� 7KH ¦6WDUW 5HJ§ OLQH UHSUHVHQWV WKH WLPH DW
ZKLFK WKH PRELOH QRGH VWDUWV WKH UHJLVWUDWLRQ SURFHVV ZLWK D QHZ IRUHLJQ DJHQW� )LQDOO\� WKH ¦)LQLVK 5HJ§ OLQH
UHSUHVHQWV WKH WLPH DW ZKLFK WKH PRELOH QRGH UHFHLYHV WKH 5HJLVWUDWLRQ 5HSO\ IURP LWV KRPH DJHQW� LQGLFDWLQJ WKDW
WKH UHJLVWUDWLRQ SURFHVV LV FRPSOHWH� ,Q WKLV FDVH� WKH FRPSOHWH UHJLVWUDWLRQ SURFHVV WRRN ����� PV� IURP WKH WLPH
WKH PRELOH QRGH LQLWLDWHG WKH UHJLVWUDWLRQ WR WKH WLPH LW UHFHLYHG WKH 5HJLVWUDWLRQ 5HSO\ PHVVDJH� 7KLV GHOD\ LV
GXH ODUJHO\ WR WKH SURSDJDWLRQ GHOD\ RI WKH VDWHOOLWH OLQN RYHU ZKLFK WKH 5HJLVWUDWLRQ 5HTXHVW DQG 5HJLVWUDWLRQ
5HSO\ KDG WR EH WUDQVPLWWHG� 7KH ILUVW FRXSOH RI SDFNHWV IURP WKH FRUUHVSRQGHQW QRGH DIWHU WKH KDQGRII ZHUH VWLOO
GHOLYHUHG WR WKH ROG IRUHLJQ DJHQW RQ WKH RWKHU VLGH RI WKH VDWHOOLWH OLQN� UHVXOWLQJ LQ D GHOD\ RI ��� PV EHWZHHQ WKH
WLPH RI SDFNHW WUDQVPLVVLRQ DQG WKH WLPH DW ZKLFK WKH PRELOH QRGH DFNQRZOHGJHG HDFK� 7KH DFNQRZOHGJHPHQW
IURP WKH PRELOH QRGH� KRZHYHU� WRRN RQO\ �� PV� VLQFH LW ZDV VHQW GLUHFWO\ WR WKH FRUUHVSRQGHQW QRGH� /DWHU� WKH
FRUUHVSRQGHQW QRGH UHFHLYHV D %LQGLQJ 8SGDWH PHVVDJH DQG VWDUWV VHQGLQJ HDFK SDFNHW WR WKH QHZ IRUHLJQ DJHQW�
ZKLFK LV DQ DGGUHVV LQ WKH VDPH QHWZRUN DV WKH FRUUHVSRQGHQW QRGH� $OWKRXJK 0RELOH ,3 DQG 7&3 SHUIRUPHG
FRUUHFWO\ RYHU WKH $&76 OLQN� WKH SHUIRUPDQFH ZDV VLJQLILFDQWO\ KXUW E\ WKH ORQJ VDWHOOLWH SURSDJDWLRQ GHOD\�

���� 6PRRWK +DQGRII 3HUIRUPDQFH

:H FRQGXFWHG D VHFRQG VHW RI H[SHULPHQWV� WR REVHUYH KRZ VPRRWK KDQGRII ZRXOG LPSURYH WKH SHUIRUPDQFH RI
0RELOH ,3 DQG 7&3 GXULQJ KDQGRII IURP RQH IRUHLJQ QHWZRUN WR DQRWKHU� 6PRRWK KDQGRII LV GHVLJQHG WR
LPSURYH SHUIRUPDQFH E\ UHGXFLQJ WKH QXPEHU RI SDFNHWV WKDW DUH GURSSHG GXULQJ KDQGRII� DOWKRXJK VRPH SDFNHWV
PD\ VWLOO EH GURSSHG LI WKH\ DUULYH DIWHU WKH PRELOH QRGH KDV OHIW WKH IRUHLJQ QHWZRUN EXW EHIRUH WKH IRUHLJQ DJHQW
KDV UHFHLYHG WKH %LQGLQJ 8SGDWH JLYLQJ WKH QHZ
FDUH�RI DGGUHVV�

)URP RXU H[SHULPHQWV� KRZHYHU� ZH IRXQG
WKDW VPRRWK KDQGRII GLG QRW DFFRPSOLVK LWV
LQWHQGHG JRDO ZKHQ XVLQJ WKH $&76 OLQN� %\
H[DPLQLQJ WKH VHTXHQFH QXPEHUV GXULQJ KDQGRII�
ZH IRXQG WKDW PRVW RI WKH SDFNHWV ZHUH GURSSHG
HYHQ EHIRUH WKH PRELOH QRGH UHDOL]HG WKDW LW KDG
OHIW WKH SUHYLRXV IRUHLJQ QHWZRUN� )LJXUH � LV RQH
H[DPSOH WKDW VKRZV WKLV EHKDYLRU�

:LWK 0RELOH ,3� LW LV FRPPRQ IRU D PRELOH
QRGH WR UHFRJQL]H WKDW LW KDV PRYHG WR D QHZ
VXEQHW� ZHOO DIWHU WKH ILUVW UHWUDQVPLVVLRQ E\ 7&3
DW WKH FRUUHVSRQGHQW QRGH� VLQFH $JHQW
$GYHUWLVHPHQW PHVVDJHV DUH VHQW DW PRVW RQFH SHU
VHFRQG� (YHQ WKH YHU\ ODUJH URXQGWULS WLPH �DERXW
��� PV� RYHU $&76 FDQQRW SUHYHQW 7&3 IURP
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6HQGHU 6HT 5HFHLYHU $FN 'XPS 5HJ 6WDUW 5HJ )LQLVK 5HJ

6DWHOOLWH

5HJLVWUDWLRQ

ODWHQF\ RI ����� PV

&RUUHVSRQGHQW QRGH VWLOO VHQGV

WKH SDFNHW WR ROG IRUHLJQ DJHQW�

�� PV GHOD\ IRU PRELOH QRGH
V

DFNQRZOHGJHPHQW WR UHDFK

FRUUHVSRQGHQW QRGH

)LJXUH �� 0RELOH ,3 DQG 7&3 3HUIRUPDQFH

GXULQJ +DQGRII
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)LUVW UHWUDQVPLVVLRQ

6HFRQG UHWUDQVPLVVLRQ

7KLUG UHWUDQVPLVVLRQ

)LJXUH �� 0RELOH ,3 DQG 7&3 3HUIRUPDQFH

ZLWK 6PRRWK +DQGRII



JRLQJ LQWR VORZ VWDUW� VLQFH LW LV DOPRVW DOZD\V WKH FDVH WKDW 7&3 ZLOO WLPH RXW DW OHDVW RQFH EHIRUH WKH KDQGRII
FRPSOHWHV� :KHQ WKLV KDSSHQV� 7&3 LQWHUSUHWV WKLV DV D VLJQ RI QHWZRUN FRQJHVWHG� DQG ZLOO UHWUDQVPLW RQO\ WKH
ODVW XQDFNQRZOHGJHG VHJPHQW� GRXEOLQJ WKH WLPH EHWZHHQ VXFFHVVLYH UHWUDQVPLVVLRQ DWWHPSWV XVLQJ H[SRQHQWLDO
EDFNRII �)LJXUH ��� (YHQ DIWHU WKH UHJLVWUDWLRQ SURFHVV LQ WKH KDQGRII KDV ILQLVKHG� WKH 7&3 GDWD IORZ ZLOO QRW
UHVXPH XQWLO DQ DFNQRZOHGJHPHQW IRU WKLV VHJPHQW LV UHFHLYHG� $V LOOXVWUDWHG LQ )LJXUH �� � VHFRQGV RU PRUH
PD\ HODSVH EHWZHHQ WKH WLPH DW ZKLFK WKH UHJLVWUDWLRQ LV FRPSOHWH DQG ZKHQ 7&3 DFWXDOO\ EHJLQV WR UHVXPH
FRPPXQLFDWLRQ� 5HVXPSWLRQ RI GDWD IORZ LQ WKLV FDVH GHSHQGV RQ 7&3 UHWUDQVPLVVLRQ� DOWKRXJK LW ZRXOG EH
EHWWHU LI 7&3 WUDQVPLVVLRQ FRXOG EH UHVXPHG DW WKH PRPHQW ZKHQ WKH UHJLVWUDWLRQ DFWXDOO\ FRPSOHWHV�

�� ,03529,1* 02%,/( ,3 $1' 7&3 3(5)250$1&( 29(5 $&76

7KH SHUIRUPDQFH RI 0RELOH ,3 DQG 7&3 GXULQJ KDQGRII FDQ EH LPSURYHG E\ H[WHQGLQJ VPRRWK KDQGRII ZLWK WKH
FDSDELOLW\ RI EXIIHULQJ WKH SDFNHWV GXULQJ KDQGRII� 8VLQJ EXIIHULQJ� SDFNHW GURSV GXULQJ KDQGRII FDQ EH
HOLPLQDWHG� DQG WKHUHIRUH XQQHFHVVDU\ 7&3 UHWUDQVPLVVLRQV FDQ EH SUHYHQWHG� 7KHUH DUH VHYHUDO LVVXHV UHODWHG WR
WKH LPSOHPHQWDWLRQ RI VXFK EXIIHULQJ�

7KH ILUVW LVVXH LV ZKHQ WR VWDUW EXIIHULQJ� ,Q RUGHU WR EH HIILFLHQW ZLWK ERWK &38 XWLOL]DWLRQ DQG PHPRU\
FRQVXPSWLRQ� EXIIHULQJ VKRXOG VWDUW WKH PRPHQW WKH PRELOH QRGH LV XQUHDFKDEOH RU LV DERXW WR PRYH IURP WKH
FXUUHQW IRUHLJQ QHWZRUN� 'HWHUPLQLQJ ZKHQ WKLV KDSSHQV LV YHU\ GLIILFXOW� KRZHYHU� VLQFH DOWKRXJK VRPH
SK\VLFDO DQG OLQN OD\HUV PD\ SURYLGH VRPH LQGLFDWLRQV VXFK DV VLJQDO VWUHQJWK PHDVXUHPHQWV� LW LV QRW VWDQGDUG�
$ PHWKRG LV QHHGHG WR VROYH WKLV SUREOHP� LQGHSHQGHQW RI WKH SDUWLFXODU ORZHU OD\HUV XVHG �SRVVLEO\ DXJPHQWHG
E\ LQGLFDWLRQV IURP WKH ORZHU OD\HUV��

7KH VHFRQG LVVXH LV WKH QXPEHU RI SDFNHWV WR EXIIHU� :H ZRXOG LQ JHQHUDO OLNH WR EXIIHU DOO SDFNHWV WKDW PD\
EH GURSSHG GXULQJ WKH KDQGRII� EXW LW LV GLIILFXOW WR FDOFXODWH WKH VL]H RI EXIIHU WKLV ZRXOG UHTXLUH� $ VPDOO EXIIHU
PLJKW QRW EH HQRXJK WR SUHYHQW SDFNHW GURSV GXULQJ ORQJ KDQGRIIV� ZKHUHDV D ODUJHU EXIIHU PLJKW XQQHFHVVDULO\
ZDVWH UHVRXUFHV DQG SUHYHQW WKH IRUHLJQ DJHQW IURP VHUYLQJ PRUH PRELOH QRGHV�

7KH ILQDO LVVXH UHODWHG WR WKH LPSOHPHQWDWLRQ RI EXIIHULQJ LV KRZ WR UHVHQG WKH EXIIHUHG SDFNHWV EDFN LQWR WKH
QHWZRUN� ,I WKH HQWLUH EXIIHU LV SXW LQWR WKH QHWZRUN DW RQFH� WKHQ WKHVH SDFNHWV PLJKW FUHDWH FRQJHVWLRQ� ZKLFK
PLJKW IRUFH VRPH RI WKH SDFNHWV RU RWKHUV WR EH GURSSHG� SRVVLEO\ GHIHDWLQJ WKH SXUSRVH RI EXIIHULQJ�

2XU UHVXOWV IRU VPRRWK KDQGRII SHUIRUPDQFH� GLVFXVVHG LQ 6HFWLRQ ���� GHPRQVWUDWHG WKH QHHG WR QRWLI\ WKH
VHQGLQJ 7&3 OD\HU WKDW WKH KDQGRII LV FRPSOHWH� VR WKDW WUDQVPLVVLRQ WR WKH PRELOH QRGH FDQ EH UHVXPHG
LPPHGLDWHO\� ,Q WKLV FDVH� EXIIHULQJ FDQ EH LPSOHPHQWHG WR VROYH WKH SUREOHP� ,QVWHDG RI SUHYHQWLQJ SDFNHW
GURSV GXULQJ KDQGRII� ZH LPSOHPHQWHG EXIIHULQJ RI RQO\ D VLQJOH SDFNHW� WR WULJJHU DQ DFNQRZOHGJHPHQW IURP
WKH PRELOH QRGH WR WKH FRUUHVSRQGHQW QRGH� $V D UHVXOW� WKH 7&3 OD\HU RQ WKH FRUUHVSRQGHQW QRGH ZLOO UHFHLYH
WKLV DFNQRZOHGJHPHQW DQG EHJLQ UHWUDQVPLWWLQJ D VHJPHQW LPPHGLDWHO\ UDWKHU WKDQ ZDLWLQJ IRU WKH QH[W
UHWUDQVPLVVLRQ DWWHPSW VFKHGXOHG E\ WKH H[SRQHQWLDO EDFNRII�

:H LPSOHPHQWHG WKLV E\ PRGLI\LQJ WKH IRUHLJQ DJHQW WR EXIIHU WKH ODVW SDFNHW WKDW LV WUDQVPLWWHG WR WKH
PRELOH QRGH� 8SRQ UHFHLYLQJ D %LQGLQJ 8SGDWH PHVVDJH IURP WKH PRELOH QRGH©V QHZ IRUHLJQ DJHQW DV SDUW RI
VPRRWK KDQGRII� WKH EXIIHUHG SDFNHW ZLOO EH VHQW WR WKH QHZ IRUHLJQ DJHQW� 7KLV SDFNHW ZLOO DUULYH DW WKH PRELOH
QRGH� DQG WKH PRELOH QRGH©V 7&3 VWDFN ZLOO DFNQRZOHGJH WKH SDFNHW� 7KLV DFNQRZOHGJHPHQW ZLOO EH VHQW WR WKH
FRUUHVSRQGHQW QRGH� ZKLFK ZLOO WKHQ UHVXPH LWV 7&3 WUDQVPLVVLRQ E\ �UH�WUDQVPLWWLQJ WKH QH[W VHJPHQW� 2QO\ D
VLQJOH SDFNHW LV QHHGHG WR LQLWLDWH WKLV SURFHGXUH�
DQG KHQFH D EXIIHU VL]H RI RQH SDFNHW LV
VXIILFLHQW� 7KLV UHGXFHV WKH FRPSOH[LW\ RI WKH
EXIIHU KDQGOLQJ DQG DOVR HOLPLQDWHV WKH SUREOHP
RQ KRZ WR UHWUDQVPLW WKH EXIIHU EDFN WR WKH
QHWZRUN� $OWKRXJK WKH H[DFW PRPHQW WR VWDUW
EXIIHULQJ LV VWLOO QRW NQRZQ� WKH IRUHLJQ DJHQW
FDQ VLPSO\ DOZD\V EXIIHU WKH ODVW SDFNHW VHQW WR
WKH PRELOH QRGH�

)LJXUH � VKRZV WKH 7&3 VHTXHQFH QXPEHU
EHKDYLRU RYHU $&76 GXULQJ VPRRWK KDQGRII ZLWK
WKLV VLQJOH�EXIIHULQJ H[WHQVLRQ� ,Q WKLV FDVH�
7&3 UHWUDQVPLVVLRQ EHJLQV DOPRVW LPPHGLDWHO\
DIWHU WKH PRELOH QRGH VWDUWV WKH UHJLVWUDWLRQ
SURFHVV� VLQFH WKH %LQGLQJ 8SGDWH PHVVDJH WR WKH
ROG IRUHLJQ DJHQW LV VHQW DW WKH VDPH WLPH DV WKH
5HJLVWUDWLRQ 5HTXHVW PHVVDJH� 7KLV %LQGLQJ
8SGDWH ZLOO DUULYH DW WKH ROG IRUHLJQ DJHQW DW
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6HQGHU 6HT 5HFHLYHU $FN )LQLVK 5HJ'XPS 5HJ 6WDUW 5HJ

7&3 UHVXPHV ZKHQ ROG IRUHLJQ DJHQW

UHFHLYHV ELQGLQJ XSGDWH IURP QHZ IRUHLJQ DJHQW
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([WHQVLRQ LQ 6PRRWK +DQGRII



DSSUR[LPDWHO\ WKH VDPH WLPH DV WKH 5HJLVWUDWLRQ 5HTXHVW PHVVDJH DUULYHV DW WKH KRPH DJHQW� 7KH ROG IRUHLJQ
DJHQW ZLOO VHQG WKH EXIIHUHG SDFNHW WR WKH QHZ IRUHLJQ DJHQW� ZKLFK ZLOO GHOLYHU LW WR WKH PRELOH QRGH� WKH PRELOH
QRGH©V 7&3 OD\HU ZLOO WKHQ DFNQRZOHGJH WKH SDFNHW WR WKH FRUUHVSRQGHQW QRGH� FDXVLQJ LW WR WKHQ �UH�WUDQVPLW WKH
QH[W VHJPHQW� (DFK VHJPHQW VHQW E\ WKH FRUUHVSRQGHQW QRGH ZLOO WKHQ EH IRUZDUGHG E\ WKH ROG IRUHLJQ DJHQW WR
WKH QHZ IRUHLJQ DJHQW� XQWLO WKH UHJLVWUDWLRQ SURFHVV FRPSOHWHV�

$Q LPSRUWDQW DVSHFW RI WKLV HQKDQFHPHQW LV WKDW LW GRHV QRW PRGLI\ DQ\ SDUW RI 0RELOH ,3 RU WKH 7&3
SURWRFRO� ,W XVHV PHVVDJHV WKDW H[LVW LQ WKH 0RELOH ,3 VPRRWK KDQGRII H[WHQVLRQ DQG DOVR XVHV VWDQGDUG 7&3
SURWRFRO PHFKDQLVPV� $OO VHFXULW\ DVSHFWV RI 0RELOH ,3 DQG DOO 7&3 HQG�WR�HQG VHPDQWLFV DUH SUHVHUYHG�

7KH SHUIRUPDQFH LPSURYHPHQW DFKLHYHG E\ LPSOHPHQWLQJ WKLV VLQJOH�EXIIHULQJ H[WHQVLRQ FRXOG EH YHU\
VLJQLILFDQW� HYHQ IRU QHWZRUNV RWKHU WKDQ $&76� )RU H[DPSOH� IRU D � 0ESV :DYH/$1 ZLUHOHVV /$1 QHWZRUN�
� VHFRQG RI LQDFWLYLW\ FRXOG EH XVHG WR VHQG RYHU ��� NLORELWV RI GDWD� 7KH LPSURYHPHQW ZRXOG EH PXFK PRUH
VLJQLILFDQW ZKHQ WKH PRELOH QRGH LV IUHTXHQWO\ PRYLQJ EHWZHHQ VXEQHWV�

�� &21&/86,216

:H KDYH H[DPLQHG WKH SHUIRUPDQFH RI 0RELOH ,3 DQG 7&3 RYHU QHWZRUN FRQQHFWLRQV XVLQJ $&76 DQG KDYH
DQDO\]HG WKH FURVV�WUDIILF HIIHFWV EHWZHHQ 7&3 DQG 0RELOH ,3 LQ VXFK FRQQHFWLRQV� 2XU PHDVXUHPHQWV VKRZ D
VXEVWDQWLDO SHUIRUPDQFH ORVV GXH WR WKH ODUJH SURSDJDWLRQ GHOD\ RI $&76 DQG WKH GHOD\V LQKHUHQW LQ 0RELOH ,3©V
PRYHPHQW GHWHFWLRQ PHFKDQLVP XVLQJ $JHQW $GYHUWLVHPHQWV� 7KH VPRRWK KDQGRII PHFKDQLVP RI 0RELOH ,3
5RXWH 2SWLPL]DWLRQ UHGXFHV EXW GRHV QRW HOLPLQDWH WKLV HIIHFW� :H KDYH LPSOHPHQWHG D VLPSOH WHFKQLTXH WKDW
VLJQLILFDQWO\ LPSURYHV WKLV SHUIRUPDQFH \HW UHTXLUHV RQO\ EXIIHULQJ VSDFH DW WKH ROG IRUHLJQ DJHQW IRU D VLQJOH
SDFNHW� 2XU PRWLYDWLRQ LQ WKLV ZRUN ZDV WR H[DPLQH $&76 DQG RWKHU *(2 VDWHOOLWH QHWZRUNV DV D SDUW RI WKH
JOREDO PRELOH FRPPXQLFDWLRQ V\VWHP ZH DUH GHYHORSLQJ DW &DUQHJLH 0HOORQ WRJHWKHU ZLWK &DWHUSLOODU� 7KLV
ZRUN LV DSSOLFDEOH WR DQ\ QHWZRUN FRQQHFWLRQV XVLQJ ODUJH EDQGZLGWK�GHOD\ QHWZRUNV VXFK DV WKHVH� DQG VKRXOG
DOVR EH RI XVH LQ RWKHU W\SHV RI QHWZRUNV VXFK DV ZLUHOHVV /$1V�

$&.12:/('*(0(176

7KH $&76 PHDVXUHPHQWV DQG DQDO\VHV SUHVHQWHG LQ WKLV SDSHU DUH MRLQW ZRUN ZLWK JUDGXDWH VWXGHQWV 6DWLVK
6KHWW\� 5R\ /DXUHQV� 3DUDJ 0DQLKDU DQG ,RDQQLV 3DYOLGLV RI WKH ,QIRUPDWLRQ 1HWZRUNLQJ ,QVWLWXWH DW &DUQHJLH
0HOORQ 8QLYHUVLW\� 7KLV SDSHU GUDZV XSRQ WKHLU 0�6� WKHVLV ZRUN DQG XSRQ WKH SDSHU RI 6KHWW\ DQG /DXUHQV
SXEOLVKHG DW WKH ���� ,QWHUQDWLRQDO 0RELOH 6DWHOOLWH &RPPXQLFDWLRQ &RQIHUHQFH >��@� :H DUH DOVR YHU\ JUDWHIXO
WR 0LNH =HUQLF DQG $GHVK 6LQJKDO DW WKH 1$6$ *OHQQ 5HVHDUFK &HQWHU IRU KHOSLQJ XV ZLWK WKH H[SHULPHQW
ORJLVWLFV DQG IRU FROODERUDWLQJ RQ WKH H[SHULPHQWV� DQG WR WKH $&76 &RQWURO 5RRP 7HDP� HVSHFLDOO\ 5LFK
5HLQKDUW DQG -HIIHU\ *ODVV� IRU SXWWLQJ XS ZLWK WKH HTXLSPHQW FRQILJXUDWLRQ LVVXHV LQYROYHG�

5()(5(1&(6

>�@ 0� $OOPDQ� 9� 3D[VRQ� DQG :�5� 6WHYHQV� 7&3 &RQJHVWLRQ &RQWURO� 5)& ����� $SULO �����
>�@ 6� 'HHULQJ� HG�� ,&03 5RXWHU 'LVFRYHU\ 0HVVDJHV� 5)& ����� 6HSWHPEHU �����
>�@ '�%� -RKQVRQ� 6FDODEOH 6XSSRUW IRU 7UDQVSDUHQW 0RELOH +RVW ,QWHUQHWZRUNLQJ� LQ 0RELOH &RPSXWLQJ� HGLWHG

E\ 7� ,PLHOLQVNL DQG +� .RUWK� &KDSWHU �� SS� ���¤���� .OXZHU $FDGHPLF 3XEOLVKHUV� �����
>�@ '�%� -RKQVRQ DQG '�$� 0DOW]� '\QDPLF 6RXUFH 5RXWLQJ LQ $G +RF :LUHOHVV 1HWZRUNV� LQ 0RELOH

&RPSXWLQJ� HGLWHG E\ 7� ,PLHOLQVNL DQG +� .RUWK� &KDSWHU �� SS� ���¤���� .OXZHU $FDGHPLF 3XEOLVKHUV�
�����

>�@ '�%� -RKQVRQ DQG '�$� 0DOW]� 3URWRFROV IRU $GDSWLYH :LUHOHVV DQG 0RELOH 1HWZRUNLQJ� ,((( 3HUVRQDO

&RPPXQLFDWLRQV� SS� ������ )HEUXDU\ �����
>�@ 5� /DXUHQV� 3� 0DQLKDU� ,� 3DYOLGLV� DQG 6� 6KHWW\� 6LPXODWLRQ DQG (QKDQFHPHQWV RI ,QWHUQHW 3URWRFROV RYHU

$&76� 0�6� 7KHVLV� ,QIRUPDWLRQ 1HWZRUNLQJ ,QVWLWXWH� &DUQHJLH 0HOORQ 8QLYHUVLW\� 0D\ �����
>�@ &� 3HUNLQV� HG�� ,3 0RELOLW\ 6XSSRUW� 5)& ����� 2FWREHU �����
>�@ &�(� 3HUNLQV DQG '�%� -RKQVRQ� 5RXWH 2SWLPL]DWLRQ IRU 0RELOH ,3� LQ &OXVWHU &RPSXWLQJ� 6SHFLDO ,VVXH RQ

0RELOH &RPSXWLQJ� ��������¤���� �����
>�@ &� 3HUNLQV� DQG '�%� -RKQVRQ� 5RXWH 2SWLPL]DWLRQ LQ 0RELOH ,3� ,QWHUQHW�'UDIW� GUDIW�LHWI�PRELOHLS�RSWLP�

���W[W� )HEUXDU\ �����
>��@ 6� 6KHWW\ DQG 5� /DXUHQV� ¦$QDO\VLV DQG ,PSURYHPHQW RI 0RELOH ,3 3HUIRUPDQFH RQ $&76�§ ,QWHUQDWLRQDO

0RELOH 6DWHOOLWH &RPPXQLFDWLRQ &RQIHUHQFH� -XQH ����� 2WWDZD� &DQDGD�


