
*602('*(#5DGLR#$FFHVV#1HWZRUN#+*(5$1,#0#
(YROXWLRQ#RI#*602('*(#WRZDUGV#6*#0RELOH#6HUYLFHV##

6KNXPELQ#+DPLWL/#(HUR#1LNXOD/#-DQQH#3DUDQWDLQHQ/#7LPR#5DQWDODLQHQ/##
%HQRLVW#6pELUH/#*XLOODXPH#6pELUH1

1RNLD#5HVHDUFK#&HQWHU#
3121%R[#73:#

),1033378#12.,$#*5283/#)LQODQG1#

H0PDLO=#EHQRLVW1VHELUH#QRNLD1FRP##
#

$%675$&7#
#
7KH# *602('*(# VWDQGDUG# LV# WDNLQJ# VWHSV# WR# GHILQH# D#
IXOO\#FDSDEOH#6*#PRELOH#UDGLR#DFFHVV#QHWZRUN1#7KH#6*33#
5HOHDVH# 8#ZLOO# VSHFLI\# D#*602('*(# UDGLR# DFFHVV# QHW0
ZRUN# +*(5$1,#ZKLFK# FDQ# FRQQHFW# WR# 6*#PRELOH# FRUH#
QHWZRUN# WKURXJK# ,X# LQWHUIDFH# DQG# LV# FDSDEOH#RI#RIIHULQJ#
WKH#VDPH#VHW#RI#VHUYLFHV#±#FRQYHUVDWLRQDO/#VWUHDPLQJ/# LQ0
WHUDFWLYH#DQG#EDFNJURXQG#0#DV#WKH#8076#WHUUHVWULDO#UDGLR#
DFFHVV#QHWZRUN#+875$1,1#$W#WKH#VDPH#WLPH/#WKH#6*#FRUH#
QHWZRUN#GHYHORSV# WRZDUGV# %$OO# ,3#QHWZRUN%#ZKLFK#SUR0
YLGHV#EHQHILWV#IRU# WKH#PRELOH#QHWZRUN#RSHUDWRUV#LQ#WHUPV#
RI#,3#WUDQVSRUW#DQG#HIILFLHQW#VXSSRUW#RI#,3#EDVHG#VHUYLFHV1#

,1# ,1752'8&7,21##

7KH#*60# VWDQGDUG#KDV#HYROYHG# IURP#D#EDVLF#YRLFH#VHU0
YLFH#WR#D#ZLGH#YDULHW\#RI#VSHHFK#DQG#GDWD#VHUYLFHV#RYHU#D#
GHFDGH1#2QH# RI# WKH# ODWHVW# FRPSOHWHG# VWHSV/# WKH#5HOHDVH#
4<<</# LQWURGXFHG# WKH# ;36.# PRGXODWLRQ# SURYLGLQJ# D#
WKUHHIROG#LQFUHDVH#RI#WKH#SHDN#GDWD#UDWHV1#7KH#DGGLWLRQ#RI#
WKH#;36.#PRGXODWLRQ#ZDV#PDGH#ZLWKRXW#PRGLILFDWLRQV#WR#
WKH# HVWDEOLVKHG#*602*356# DUFKLWHFWXUH1#7ZR#QHZ#GDWD#
IHDWXUHV/#(QKDQFHG#*356#+(*356,#>4@>5@>6@>7@#DQG#(Q0
KDQFHG# &LUFXLW# 6ZLWFKHG# 'DWD# +(&6',# >8@# ZHUH# LQWUR0
GXFHG#DV#ZHOO#DV# WKH#&RPSDFW#PRGH#IRU# WKH#QDUURZEDQG#
GHSOR\PHQW# +4#0+]#EDQGZLGWK#DW# WKH#PLQLPXP,#>4@>5@1#
(*356#LV#DQ#HQKDQFHPHQW#WR#WKH#*356#DQG#XVHV#*E#LQ0
WHUIDFH# LQ# FRPPXQLFDWLRQ# WR# WKH# SDFNHW# VZLWFKHG# FRUH#
QHWZRUN/# DQG# (&6'# LV# DQ# HQKDQFHPHQW# WR# WKH#+6&6'#
++LJK#6SHHG#&LUFXLW#6ZLWFKHG#'DWD,#DQG#XVHV#$#LQWHUIDFH#
WRZDUGV#WKH#FLUFXLW#VZLWFKHG#FRUH#QHWZRUN1#
$IWHU# WKH# 5HOHDVH# 4<<<# WKH# QH[W# PDMRU# VWHS# LQ# WKH#
*602('*(# HYROXWLRQ# SDWK# LV# WKH# 5HOHDVH# 8# RI# WKH#
6*331# ,Q# WKLV# VWHS# WKH# IXQFWLRQDO# VSOLW# EHWZHHQ# WKH#
*602('*(#5DGLR#$FFHVV#1HWZRUN# +*(5$1,# DQG# WKH#
FRUH# QHWZRUN# +&1,# ZLOO# EH# KDUPRQL]HG# ZLWK# 875$1/#
HQDEOLQJ#*(5$1# WR# FRQQHFW# WR# WKH# VDPH# 6*# FRUH# QHW0
ZRUN# DQG#SURYLGH# WKH# VDPH# VHW#RI# VHUYLFHV# DV#875$11#
7KH#QHZ#DUFKLWHFWXUH#LPSOLHV#VLJQLILFDQW#PRGLILFDWLRQV#WR#
WKH#*(5$1#UDGLR#SURWRFROV1#$OVR#WKH#HIILFLHQW#VXSSRUW#RI#
,3#EDVHG# VHUYLFHV# UHTXLUHV#QHZ# IXQFWLRQDOLWLHV# LQ# WKH# UD0
GLR#SURWRFROV1##
:KLOH# RQO\# WKH# GDWD# VHUYLFHV# ZHUH# HQKDQFHG# ZLWK# WKH#
;36.#PRGXODWLRQ# LQ# WKH# UHOHDVH# 4<<<# RI#*602('*(/#

WKH#5HOHDVH# 8#RI#*(5$1#DSSOLHV# WKH# ;36.#PRGXODWLRQ#
WR#VSHHFK#VHUYLFHV#DV#ZHOO1#7KH#DGGLWLRQ#RI#;36.#PRGX0
ODWHG# VSHHFK# FKDQQHOV# QRW# RQO\# LQFUHDVHV# WKH# GDWD# UDWH#
DYDLODEOH# WR# VSHHFK# VHUYLFHV/# EXW# FDQ# DOVR# HQKDQFH# WKH#
VSHFWUDO# HIILFLHQF\# RI# WKH# VDPH# VHUYLFHV1# ,Q# WKH#5HOHDVH#
4<<;#RI#*60/# WKH# DGGLWLRQ#RI# WKH#$GDSWLYH#0XOWL#5DWH#
+$05,# EURXJKW# D# VLJQLILFDQW# VSHHFK# TXDOLW\# LPSURYH0
PHQW1#:LWK#$05#:LGH#%DQG# +$050:%,/# WKH# VSHHFK#
TXDOLW\# LQ#*(5$1# LV# LPSURYHG# HYHQ# IXUWKHU# WR# UHDFK# D#
OHYHO#WKDW#H[FHHGV#ZLUHOLQH#TXDOLW\1##
7KH#SDSHU#LV#RUJDQL]HG#DV#IROORZV=#7KH#6*#WUDIILF#FODVVHV#
DUH#GHVFULEHG#LQ#&KDSWHU#,,#+6*#0RELOH#6HUYLFHV,#DQG#WKH#
QHZ#*(5$1#DUFKLWHFWXUH#LQ#&KDSWHU#,,,#+*(5$1#$UFKL0
WHFWXUH,1#&KDSWHU# ,9#GHVFULEHV# WKH#*(5$1# UDGLR#SURWR0
FROV1#7KH#*(5$1#SK\VLFDO#OD\HU#LV#GHVFULEHG#LQ#GHWDLO#LQ#
&KDSWHU# 9# +3K\VLFDO# /D\HU,1# &KDSWHU# 9,# SUHVHQWV# WKH#
FRQFOXVLRQV1##

,,1#6*#02%,/(#6(59,&(6#

$V#D#SDUW#RI#WKH#UDGLR#DFFHVV#QHWZRUN#KDUPRQL]DWLRQ/#VHU0
YLFHV#SURYLGHG#E\#*(5$1# DUH# DOLJQHG#ZLWK# WKH#8076#
WUDIILF#FODVVHV1#7KHUH#DUH#IRXU#GLIIHUHQW#FODVVHV#RI#WUDIILF=##
• FRQYHUVDWLRQDO/##
• VWUHDPLQJ/##
• LQWHUDFWLYH/#DQG##
• EDFNJURXQG1##
,Q# FRQYHUVDWLRQDO# FODVV# VSHHFK# RU# YLGHR# LV# FDUULHG# EH0
WZHHQ# HQG0XVHUV1# 7KH#4R6# UHTXLUHPHQWV# DUH#PDLQO\# VHW#
E\#KXPDQ#SHUFHSWLRQ1#)DLOXUH#LQ#PHHWLQJ#WKH#UHTXLUHPHQW#
FDXVHV#GHJUDGDWLRQ#RI# WKH#XVHU0SHUFHLYHG#TXDOLW\#RI# VHU0
YLFH#+4R6,/#RIWHQ#WR#D#OHYHO#WKDW#LV#XQDFFHSWDEOH1##
6WUHDPLQJ# WUDIILF# LV# RQH0ZD\# XVHU#GDWD# WUDQVIHU# +FRQWURO#
GDWD# LV# WUDQVIHUUHG# DOVR# LQ# WKH# RWKHU# GLUHFWLRQ/# W\SLFDOO\#
XSOLQN,#KDYLQJ#QR#DEVROXWH#GHOD\#UHTXLUHPHQW1#+RZHYHU/#
WKHUH#LV#D#VWULFW#UHTXLUHPHQW#WR#SUHVHUYH#WLPH#UHODWLRQ#EH0
WZHHQ# LQIRUPDWLRQ# HQWLWLHV1# 7KH# VWUHDP# FDQ# EH# WLPH#
DOLJQHG#LQ#WKH#UHFHLYLQJ#HQG#E\#EXIIHULQJ#GDWD1#'XULQJ#WKH#
WUDQVPLVVLRQ# SKDVH# UHODWLYHO\# ODUJH# GHOD\# YDULDWLRQV# FDQ#
EH#DFFHSWHG1##
,QWHUDFWLYH# WUDIILF# FRQVLVWV# RI# VHVVLRQV#ZKHUH# KXPDQ# RU#
PDFKLQH# LV# UHTXHVWLQJ#GDWD# IURP# D# UHPRWH# FRPSXWHU1# ,Q#
WKLV# WUDIILF# W\SH# LW# LV#FKDUDFWHULVWLF# WKDW# WKHUH#H[LVWV#D#UH0



TXHVW0UHVSRQVH#SDWWHUQ#RI#GDWD# WUDQVIHU1#$QRWKHU#FKDUDF0
WHULVWLF#IHDWXUH#LV#WKDW#LW#LV#XVXDOO\#LPSRUWDQW#WR#JXDUDQWHH#
FRUUHFW#GHOLYHU\#RI# UHTXHVWHG#GDWD1#$V#DQ#H[DPSOH=#ZHE#
EURZVLQJ/# GDWD# EDVH# HQTXLU\/# SROOLQJ# RI# PHDVXUHPHQW#
GDWD#FDQ#EH#PHQWLRQHG1##
%DFNJURXQG# WUDIILF# KDV# WKH#PRVW# UHOD[HG# GHOD\# UHTXLUH0
PHQW#RI#WKH#IRXU#WUDIILF#FODVVHV1#,W#LV#DVVXPHG#WKDW#WKH#HQG#
XVHU#GRHV#QRW#H[SHFW# WKH#GDWD# IRU#VRPH# WLPH1#7KHUHIRUH/#
WKH#GDWD#WUDQVIHU#FDQ#EH#PDGH#RQ#EDFNJURXQG#ZKHQ#WKHUH#
LV#QR#GHOD\#FULWLFDO#GDWD#WR#EH#WUDQVIHUUHG1#7\SLFDO#WUDIILF#
EHORQJLQJ# WR# WKLV# FDWHJRU\# LV# 606# +VKRUW#PHVVDJH# VHU0
YLFH,/#H0PDLO#DQG#ILOH#WUDQVIHU1##
,30EDVHG#PXOWLPHGLD#LV#D#QHZ#VHUYLFH#FDWHJRU\#LQ#WKH#5H0
OHDVH# 8# RI# *(5$11# 7KLV# PHDQV# ERWK# FRQYHUVDWLRQDO#
VSHHFK#DQG#YLGHR1#2Q#FLUFXLW#VZLWFKHG#GRPDLQ#WKHVH#VHU0
YLFHV# H[LVW# DOUHDG\# LQ# WKH# 5HOHDVH# 4<<<1# +RZHYHU/#
*(5$1#5HOHDVH#8#PDNHV# LW#SRVVLEOH# WR#SURYLGH#DOO#VHU0
YLFHV# +ERWK# UHDO# WLPH# DQG# QRQ0UHDO# WLPH,# LQ# SDFNHW# GR0
PDLQ/# ZKLFK# LV# DWWUDFWLYH# IRU# RSHUDWRUV/# DV# RQO\# RQH#
+SDFNHW,#FRUH#QHWZRUN#QHHGV#WR#EH#RSHUDWHG#>9@1#$#PDMRU#
VWHS# WRZDUGV# DQ# %$OO0,3# QHWZRUN%# LV#PDGH# DW# WKH# VDPH#
WLPH#E\#DGRSWLQJ#6,3# +VHVVLRQ# LQLWLDWLRQ#SURWRFRO,#EDVHG#
FDOO#FRQWURO1#:LWK#6,3#LW#LV#SRVVLEOH#WR#SURYLGH#EDVLF#FDOO#
FRQWURO#IXQFWLRQV#WKDW#H[LVW#WRGD\1#:KDW#LV#HTXDOO\#LPSRU0
WDQW# LV# WKDW# 6,3# SURYLGHV# D# IOH[LEOH# DQG# IXWXUH# SURRI#
PHFKDQLVP# IRU#DSSOLFDWLRQV#FRPELQLQJ#YRLFH/#YLGHR#DQG#
PXOWLPHGLD1# &RQVHTXHQWO\/#*(5$1#ZLOO# RIIHU# WKH# XVHU#
WKH#IUHHGRP#WR#KDYH#PXOWLSOH#WUDIILF#IORZV#LQ#SDUDOOHO/#H1J1#
VSHHFK# FDOO/# H0PDLO# WUDQVIHU# DQG# ZHE# EURZVLQJ# DW# WKH#
VDPH#WLPH1#
#
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&RUH#1HWZRUN
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%76
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*(5$1
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%76

*(5$1

,XU0*

#
)LJXUH#41#7KH#SURSRVHG#QHZ#*602('*(#UDGLR#DFFHVV#
QHWZRUN#DUFKLWHFWXUH1#

,,,1# *(5$1#$5&+,7(&785(#

7KH# EDVLF# SULQFLSOHV# WKDW# DUH# XVHG# IRU# WKH# GHVLJQ# RI#
*(5$1#DUFKLWHFWXUH#DUH=#
• 6HSDUDWLRQ#RI#WKH#UDGLR#UHODWHG#DQG#QRW#UDGLR#UHODWHG#

IXQFWLRQDOLWLHV#EHWZHHQ#WKH#FRUH#QHWZRUN#DQG#WKH#UD0
GLR#DFFHVV#QHWZRUN1#7KLV#ZRXOG#HQDEOH#GHYHORSPHQW#
RI#WKH#SODWIRUP#WKDW#ZRXOG#DOORZ#IRU#SURYLVLRQLQJ#RI#
VHUYLFHV#LQGHSHQGHQW#RI#WKH#DFFHVV#W\SH1##

• 6XSSRUW#RI#VHUYLFHV#IRU#SUH05HOHDVH#8#WHUPLQDOV#PXVW#
EH#HQVXUHG1##

• 0D[LPL]H# FRPPRQDOWLHV# EHWZHHQ# *(5$1# DQG#
875$1# EXW# PDLQWDLQ# WKH# EDFNZDUG# FRPSDWLELOLW\#
IRU#*(5$11#7KH# NH\# DOLJQPHQW#SRLQW#EHWZHHQ# WKH#
*(5$1# DQG#875$1# LV# WKH# FRPPRQ# LQWHUIDFH# WR0
ZDUGV# WKH# 6*# FRUH# QHWZRUN# +,X# LQWHUIDFH,1# &RQVH0
TXHQWO\/# *(5$1# VKRXOG# SURYLGH# WKH# VDPH# VHW# RI#

VHUYLFHV#DV#875$1/#H1J1#VXSSRUW#WKH#VDPH#UDGLR#DF0
FHVV#EHDUHUV#DQG#4R6#PHFKDQLVPV#DV#LQ#875$11##

• 6WDQGDUGL]DWLRQ#RI#WKH#*(5$1#VKRXOG#VXSSRUW#D#WUXH#
PXOWLYHQGRU#HQYLURQPHQW1#

7KH#*(5$1#DUFKLWHFWXUH#LV#VKRZQ#LQ#)LJXUH#41#
#

,,,14#/HJDF\#LQWHUIDFHV#

7KH#SURWRFRO#PRGHO#IRU#OHJDF\#LQWHUIDFHV#LV#EDVHG#RQ#WKH#
5HOHDVH#4<<<#RI#*602('*(#DQG#FRQVHTXHQWO\#WKH#IXQF0
WLRQDOLW\#VSOLW#EHWZHHQ#WKH#UDGLR#DFFHVV#DQG#WKH#FRUH#QHW0
ZRUN#LV#XQFKDQJHG1#
*E#LQWHUIDFH1#7KH#*E#LQWHUIDFH#LV#XVHG#LQ#*602*356#WR#
FRQQHFW#6HUYLQJ#*356#6XSSRUW#1RGH#+6*61,#DQG#%DVH#
6WDWLRQ# 6XEV\VWHP# +%66,1# 7KLV# LQWHUIDFH# LV# QHHGHG# LQ#
*(5$1#IRU#VXSSRUWLQJ#SUH05HOHDVH#8#WHUPLQDOV1###
$#LQWHUIDFH1#7UDGLWLRQDO#LQWHUIDFH#LQ#*60#WKDW#LV#XVHG#WR#
FRQQHFW#%66#DQG#06&#+PRELOH#VZLWFKLQJ#FHQWHU,#ZLOO#EH#
VXSSRUWHG#E\#*(5$11#7KLV# LQWHUIDFH# LV#QHHGHG# WR# VXS0
SRUW#SUH05HOHDVH# 8# WHUPLQDOV/#DV#ZHOO#DV# WR#SURYLGH#QHZ#
HQKDQFHG# VHUYLFHV# OLNH# H1J1# ZLGHEDQG# WHOHSKRQ\# +ZLWK#
:LGH%DQG# $GDSWLYH#0XOWL# 5DWH# ±#$050:%# 0# VSHHFK#
FRGHF,# DQG# VXSSRUW# IRU# ;036.#PRGXODWHG# VSHHFK# FKDQ0
QHOV1#

,,,15#1HZ#LQWHUIDFHV#

7KH#JHQHUDO#SURWRFRO#PRGHO# IRU#QHZ# LQWHUIDFHV# LV#EDVHG#
RQ# WKH# SURWRFRO#PRGHO# XVHG# LQ#8076# DQG# LV# VKRZQ# LQ#
)LJXUH#51#7KH#OD\HUV#DQG#SODQHV#DUH#ORJLFDOO\#LQGHSHQGHQW#
RI#HDFK#RWKHU/#ZKLFK#RIIHUV#DGGLWLRQDO#IOH[LELOLW\1#)RU#H[0
DPSOH/#LI#QHHGHG/#WUDQVSRUW#QHWZRUN#SURWRFRO#OD\HUV/#PD\#
EH#FKDQJHG# LQ# WKH#IXWXUH#ZLWK#YLUWXDOO\#QR# LPSDFW#RQ#WKH#
UDGLR#QHWZRUN#OD\HU1#
,X#LQWHUIDFH1#7KLV#LQWHUIDFH#LV#FRPPRQ#EHWZHHQ#875$1#
DQG#*(5$11#7KH#,X#LQWHUIDFH#LV#VSHFLILHG#DW#WKH#ERXQG0
DU\#EHWZHHQ#WKH#FRUH#QHWZRUN#+&1,#DQG#WKH#UDGLR#DFFHVV#
QHWZRUN#+5$1,1#7KH#,X#LQWHUIDFH#WRZDUGV#WKH#36#GRPDLQ#
RI# WKH#FRUH#QHWZRUN# LV#FDOOHG# ,X0SV/#DQG# WKH# ,X# LQWHUIDFH#
WRZDUGV#WKH#&6#GRPDLQ#LV#FDOOHG#,X0FV1#7KH#5HOHDVH#8#RI#
*(5$1# ZLOO# VXSSRUW# ERWK# LQWHUIDFHV1# 7KH# SURWRFRO#
PRGHO#IRU#,X0SV#LQWHUIDFH#LV#VKRZQ#LQ#)LJXUH#61#1RWH#WKDW#
WKH# WUDQVSRUW#QHWZRUN# OD\HU#PD\#FKDQJH# LQ#5HOHDVH#7/# LQ#
SDUWLFXODU#GXH# WR#DOORZLQJ#RWKHU# WKDQ#$$/82$70# WUDQV0
SRUW#WHFKQRORJLHV1#
#

$SSOLFDWLRQ
3URWRFRO

'DWD
6WUHDP+V,

$/&$3+V,

7UDQVSRUW
1HWZRUN
/D\HU

3K\VLFDO#/D\HU

6LJQDOOLQJ
%HDUHU+V,

7UDQVSRUW
8VHU

1HWZRUN
3ODQH

&RQWURO#3ODQH 8VHU#3ODQH

7UDQVSRUW
8VHU

1HWZRUN
3ODQH

7UDQVSRUW#1HWZRUN
&RQWURO#3ODQH

5DGLR
1HWZRUN
/D\HU

6LJQDOOLQJ
%HDUHU+V,

'DWD
%HDUHU+V,

#
)LJXUH#51#*HQHUDO#8076#SURWRFRO#PRGHO1#



66&)011,

66&23

07360%

$$/8

,3

6&73

6&&3

068$

5$1$3
,X#8VHU#3ODQH
3URWRFRO

7UDQVSRUW
1HWZRUN
/D\HU

3K\VLFDO#/D\HU

7UDQVSRUW
8VHU

1HWZRUN
3ODQH

&RQWURO#3ODQH 8VHU#3ODQH

7UDQVSRUW
8VHU

1HWZRUN
3ODQH

7UDQVSRUW#1HWZRUN
&RQWURO#3ODQH

5DGLR
1HWZRUN
/D\HU

$70

$$/8

,3

8'3

*7308

3K\VLFDO#/D\HU

$70

#
)LJXUH#61#3URWRFRO#PRGHO#IRU#,X0SV#LQWHUIDFH1##
#
,XU0J#LQWHUIDFH1#7KLV#LV#DQ#LQWHUIDFH#WKDW#SURYLGHV#D#ORJL0
FDO#FRQQHFWLRQ#EHWZHHQ#DQ\# WZR#*(5$1V#DQG#VXSSRUWV#
WKH# H[FKDQJH# RI# VLJQDOLQJ# LQIRUPDWLRQ# EHWZHHQ# WZR#
*(5$1V1#7KH# ,XU0J# LQWHUIDFH# LV# EDVHG# RQ#875$1# ,XU#
LQWHUIDFH# >:@1#+RZHYHU/#RQO\# D# VXEVHW#RI# WKH# IXQFWLRQDO0
LWLHV#LV#QHHGHG#IRU#WKH#*(5$1/#PDLQO\#UHODWHG#WR#WKH#FHOO0
OHYHO#PRELOLW\#PDQDJHPHQW1#7KHUHIRUH#LW#LV#SURSRVHG#WKDW#
RQO\# 5DGLR# 1HWZRUN# 6XEV\VWHP# $SSOLFDWLRQ# 3DUW#
+516$3,#%DVLF#0RELOLW\#3URFHGXUHV#DQG#516$3#*OREDO#
3URFHGXUHV# EH# DGRSWHG# IURP#875$1# DQG#PRGLILHG# DV#
QHFHVVDU\1# 7KHVH# SURFHGXUHV# GR# QRW# UHTXLUH# WKH# XVHU#
SODQH/# DV# LOOXVWUDWHG# LQ# WKH# SURWRFRO#PRGHO# LQ# )LJXUH# 7#
+DJDLQ# WKH#7UDQVSRUW#1HWZRUN#/D\HU#PD\# FKDQJH# LQ# WKH#
5HOHDVH#8#RI#*(5$1,1#
7KH# IXQFWLRQDOLW\# VSOLW#DFURVV# WKHVH# LQWHUIDFHV# LV#DOLJQHG#
ZLWK#875$10&1#VSOLW1#)RU#*(5$1#WKLV#PHDQV#WKDW#WKH#
IXQFWLRQDOLWLHV# OLNH# FLSKHULQJ# DQG# KHDGHU# DGDSWDWLRQ# DUH#
PRYHG#IURP#WKH#&1#DQG#DUH#SDUW#RI#WKH#UDGLR#DFFHVV#QHW0#
ZRUN1# ,Q# DGGLWLRQ# WKH# FHOO# OHYHO# PRELOLW\# PDQDJHPHQW#
WDVNV#DUH#VROHO\#SDUW#RI#WKH#UDGLR#DFFHVV#QHWZRUN1#
#

66&)011,

66&23

07360%

$$/8

,3

6&73

6&&3

068$

516$3

&RQWURO#3ODQH5DGLR
1HWZRUN
/D\HU

7UDQVSRUW
1HWZRUN
/D\HU

7UDQVSRUW
8VHU

1HWZRUN
3ODQH

$70

3K\VLFDO

#
)LJXUH#71#3URWRFRO#PRGHO#IRU#,XU0J#LQWHUIDFH#+VXEVHW#RI#
875$1#,XU,1##

7KH#PDLQ#EHQHILW#RI#WKH#KDUPRQL]DWLRQ#LV#WKDW#DQ#RSHUDWRU#
GHSOR\LQJ#ERWK# UDGLR# DFFHVV# WHFKQRORJLHV# +*(5$1# DQG#
875$1,#PD\#RSHUDWH#RQH#VLQJOH#FRUH#QHWZRUN/#DQG#ERWK#
DFFHVV#WHFKQRORJLHV#FDQ#SURYLGH#WKH#VDPH#VHW#RI#VHUYLFHV1#
7KLV# LQFOXGHV#SURYLVLRQ#RI# DOO# WKH#8076# WUDIILF# FODVVHV#
DOVR# WKURXJK# *(5$11# )RU# WKH# QHWZRUN# DQG# WHUPLQDO#
PDQXIDFWXUHUV/# WKH# KDUPRQL]DWLRQ# JLYHV# EHQHILW# LQ# IRUP#
RI#V\QHUJLHV#LQ#SURWRFRO#DQG#LQWHUIDFH#LPSOHPHQWDWLRQ1##
7KH#KDUPRQL]DWLRQ#RI#WKH#*(5$1#DQG#875$1#DUFKLWHF0
WXUHV#VLPSOLILHV#WKH#IXWXUH#GHYHORSPHQW#RI#WKHVH#UDGLR#DF0
FHVV#WHFKQRORJLHV/#H1J1/#WRZDUGV#DQ#$OO0,3#V\VWHP1#7KH#,3#
WUDQVSRUW#LV#H[SHFWHG#WR#JLYH#EHQHILW#IRU#WKH#RSHUDWRUV#E\#
EULQJLQJ#GRZQ#WKH#WUDQVPLVVLRQ#FRVWV1##
#

,91*(5$1#5$',2#35272&2/6=#########################################
3'&3/#55&/#5/&#$1'#0$&#

)LJXUHV#8#DQG#9#VKRZ#WKH#XVHU#SODQH#DQG#WKH#FRQWURO#SODQH#
SURWRFRO#VWDFNV#LQ#SDFNHW0VZLWFKHG#GRPDLQ#+XS0WR#OD\HU#5#
RQO\,/#ZKHQ#FRQQHFWHG#WKURXJK#,X0SV#WR#WKH#6*#&11#3UR0
WRFRO#VWDFNV#ZKHQ#FRQQHFWLQJ#WR#WKH#FLUFXLW#VZLWFKHG#FRUH#
QHWZRUN#+&1,#GRPDLQ#ZLWK#,X0FV#DUH#QRW#VKRZQ1#1HLWKHU#
DUH#VKRZQ#WKH#SURWRFRO#VWDFNV#ZKHQ#FRQQHFWHG#WR#WKH#&1#
WKURXJK#OHJDF\#LQWHUIDFHV/#$#DQG#*E1#
#

#
#
#
#
#
#
#
#
#
#
)LJXUH#81#8VHU#SODQH#SURWRFRO#VWDFN#WRZDUGV#36#&1#GR0
PDLQ#WKURXJK#,X0SV1#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
)LJXUH#91#&RQWURO#SODQH#SURWRFRO#VWDFN#WRZDUGV#36#&1#
GRPDLQ#WKURXJK#,X0SV1#
#
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,914#3DFNHW#'DWD#&RQYHUJHQFH#3URWRFRO#±#3'&3#

7KH#3'&34#DOORZV#IRU#WKH#WUDQVIHU#RI#XVHU#GDWD#XVLQJ#VHU0
YLFHV#SURYLGHG#E\#WKH#5/&/#DQG#KHDGHU#DGDSWDWLRQ#RI#WKH#
UHGXQGDQW#QHWZRUN#3'8#FRQWURO#LQIRUPDWLRQ#+,3#KHDGHUV,#
LQ# RUGHU# WR#PDNH# WKH# WUDQVSRUW# RYHU# WKH# UDGLR# LQWHUIDFH#
VSHFWUXP# HIILFLHQW1# 7ZR# GLIIHUHQW# KHDGHU# DGDSWDWLRQ#
PHFKDQLVPV# ZLOO# EH# XVHG# E\# WKH# 3'&3/# IRU# *(5$1/#
KHDGHU#FRPSUHVVLRQ#DQG#KHDGHU#UHPRYDO1#
+HDGHU#&RPSUHVVLRQ# FRQVLVWV# RI# FRPSUHVVLQJ# WUDQVSRUW#
DQG#QHWZRUN#OHYHO#KHDGHUV#+H1J1#57328'32,3,#VR#WKDW#GH0
FRPSUHVVHG# KHDGHUV# DUH# VHPDQWLFDOO\# LGHQWLFDO# WR# WKH#
RULJLQDO# XQFRPSUHVVHG# KHDGHUV1#+HDGHU# FRPSUHVVLRQ# LV#
VXLWHG#IRU#JHQHULF#,QWHUQHW#DSSOLFDWLRQV#+L1H1/#QRW#VSHFLILF#
WR#*(5$1,/#HVSHFLDOO\#PXOWLPHGLD#DSSOLFDWLRQV1#
+HDGHU#5HPRYDO#FRQVLVWV# LQ#UHPRYLQJ#FRPSOHWHO\# WUDQV0
SRUW#DQG#QHWZRUN# OHYHO#KHDGHUV# +H1J1#57328'32,3,1#7KH#
UHFHLYLQJ# HQWLW\# FDQ/# KRZHYHU/# UHJHQHUDWH# WKH# KHDGHUV#
EDVHG# RQ# LQIRUPDWLRQ# VXEPLWWHG# DW# WKH# FDOO# VHW0XS# DQG#
IURP# WKH# OLQN#DQG#SK\VLFDO# OD\HUV1#6HPDQWLFDOO\/#RULJLQDO#
DQG# UHJHQHUDWHG# KHDGHUV# PD\# EH# GLIIHUHQW1# +HDGHU# UH0
PRYDO# WDUJHWV# RSWLPL]HG# VSHHFK# EHDUHU# IRU# ZKLFK# WKH#
WUDQVPLVVLRQ#RYHU# WKH# UDGLR# LQWHUIDFH# LV# FLUFXLW0VZLWFKHG#
OLNH1#

,915#5DGLR#5HVRXUFH#&RQWURO#±#55&#

7KH#55&# SURWRFRO# LV# EDVHG# RQ# ERWK#*60#55# >;@# DQG#
875$1#55&#><@#VSHFLILFDWLRQV1#0DQ\#QHZ#55#FRQFHSWV#
LQWURGXFHG# WR#875$1# +FRPSDUHG# WR#*60#5HOHDVH#<<,/#
KDYH#EHHQ#DGRSWHG#IURP#875$1#55&#WR#*(5$1#55&/#
H1J1#WKH#5DGLR#%HDUHU#+5%,/#WKH#55&#FRQQHFWLRQ#DQG#WKH#
55&# FRQQHFWLRQ#PRELOLW\#PDQDJHPHQW# FRQFHSWV1#2WKHU#
55&#IXQFWLRQV#DUH#H1J1/#EURDGFDVW#RI#LQIRUPDWLRQ#UHODWHG#
WR# WKH#QRQ0DFFHVV#VWUDWXP# +FRUH#QHWZRUN,#DQG# WKH#DFFHVV#
VWUDWXP/# SDJLQJ2QRWLILFDWLRQ/# URXWLQJ# RI# KLJKHU# OD\HU#
3'8V/#FRQWURO#RI#UHTXHVWHG#4R6/#LQLWLDO#FHOO#VHOHFWLRQ#DQG#
UH0VHOHFWLRQ# LQ# LGOH#PRGH/# VXSSRUW# IRU# ORFDWLRQ# VHUYLFHV/#
FRQWURO# RI# VHFXULW\# IXQFWLRQV# DQG#06#PHDVXUHPHQW# UH0
SRUWLQJ#DQG#FRQWURO#RI#WKH#UHSRUWLQJ1#
55&#UHDOL]HV#WKH#4R6#UHTXLUHPHQWV#RI#WKH#5$%#E\#HVWDE0
OLVKLQJ# D# 5%# EHWZHHQ#06# DQG#*(5$11# )RU# HDFK#5%#
55&#DOORFDWHV#HLWKHU#D#GHGLFDWHG#RU#D#VKDUHG#FKDQQHO1#,Q#
FDVH#RI#GHGLFDWHG#FKDQQHOV/#55&#DOVR#WDNHV#FDUH#RI#UDGLR#
UHVRXUFHV# DOORFDWLRQV1# ,Q# FDVH#RI# VKDUHG#FKDQQHOV/#0$&#
WDNHV# FDUH#RI# UDGLR# UHVRXUFH#DOORFDWLRQV1#7KH#55&# VWDWH#
PRGHO#LV#VKRZQ#LQ#ILJXUH#:1##
55&#FRQQHFWLRQ#PRELOLW\#PHDQV# WKDW# LQ#55&#FRQQHFWHG#
PRGH/#WKH#*(5$1#WUDFNV#WKH#ORFDWLRQ#RI#06#ZLWKRXW#&1#
LQYROYHPHQW1#:KHQ# WKHUH# LV#QR#55&# FRQQHFWLRQ/# L1H1# LQ#
LGOH#PRGH/# WKH#06# LV# LGHQWLILHG# E\# QRQ0DFFHVV# VWUDWXP#
LGHQWLWLHV# +H1J1# ,06,/# 706,# DQG# 30706,,# DQG# WKH#
*(5$1# KDV# QR# RZQ# LQIRUPDWLRQ# DERXW# WKH# LQGLYLGXDO#
061#7KH#55&#FRQQHFWHG#PRGH#KDV# WZR# OHYHOV#RI#DFFX0
UDF\# IRU# 55&# FRQQHFWLRQ# PRELOLW\=# &HOO# DQG# *(5$1#
5HJLVWUDWLRQ#$UHD# +*5$,1# ,Q# WKH# FHOO# OHYHO#RI# DFFXUDF\/#
WKH#06#PDNHV#FHOO#XSGDWHV#DIWHU#HDFK#*(5$1#FHOO#UHVH0#

###########################################################
4#3'&3#UHSODFHV#//&#DQG#61'&3#RI#WKH#*356#5HOHDVH#
4<<:2<;2<<1#

55&#&RQQHFWHG#0RGH

*5$B3&+

55&#,GOH#0RGH

&HOOB6KDUHG&HOOB'HGLFDWHG

#
#

)LJXUH#:1#55&#VWDWHV#DQG#VWDWH#WUDQVLWLRQV1#
#
OHFWLRQ#DQG#UHVSHFWLYHO\#WKH#QHWZRUN#WUDFNV#WKH#06V#ORFD0
WLRQ# RQ# FHOO# OHYHO1# )RU# LQDFWLYH# XVHUV# WKH#06#PD\# IDOO#
EDFN# WR# WKH#*5$# OHYHO#RI#DFFXUDF\1#,Q# WKLV#VWDWH# WKH#06#
ORFDWLRQ#LV#NQRZQ#RQO\#ZLWK#WKH#*5$#DFFXUDF\1##

,916#5DGLR#/LQN#&RQWURO#±#5/&#

7KH#5/&#SURWRFRO#DOORZV# IRU# WKH#GDWD# WUDQVIHU# LQ# WUDQV0
SDUHQW/#DFNQRZOHGJHG#RU#XQDFNQRZOHGJHG#PRGHV/#DQG#LQ#
DGGLWLRQ#QRWLILHV#XQUHFRYHUDEOH#HUURUV#WR#XSSHU#OD\HU1#
:KHQ# LQ# WUDQVSDUHQW# PRGH/# 5/&# KDV# QR# IXQFWLRQDOLW\#
DQG#GRHV#QRW#DOWHU#WKH#GDWD#XQLWV#RI#WKH#XSSHU#OD\HU1##
,Q#QRQ0WUDQVSDUHQW#PRGH/# WKH#5/&#LV#UHVSRQVLEOH#IRU#FL0
SKHULQJ#5/&#3'8V#LQ#RUGHU#WR#SUHYHQW#DQ\#XQDXWKRUL]HG#
DFTXLVLWLRQ# RI# GDWD1#5/&# QRQ0WUDQVSDUHQW#PRGH# LV# EXLOW#
EDVHG#RQ#WKH#+(,*356#LI#WKH#5DGLR#$FFHVV#%HDUHU#+5$%,#
LV#PDSSHG#RQWR#D#3DFNHW#'DWD#7UDIILF#&KDQQHO#+3'7&+,1#
$OWHUQDWLYHO\/#WKH#5$%#PD\#EH#PDSSHG#RQWR#D#GDWD#7&+#
IRU#ZKLFK#QHZ#GDWD#EORFNV#DUH#GHILQHG1#6LJQDOLQJ#LV#SHU0
IRUPHG# RQ# D# 3DFNHW# $VVRFLDWHG# &RQWURO# &KDQQHO#
+3$&&+,#ZKHQ#3'7&+#LV#XVHG/#DQG#RQ#)DVW#$VVRFLDWHG#
&RQWURO#&+DQQHO#+)$&&+,#DQG#6ORZ#$VVRFLDWHG#&RQWURO#
&KDQQHO#+6$&&+,#ZKHQ#GDWD#7&+#LV#XVHG1#7KH#PDSSLQJ#
RI#D#5$%#RQWR#WKH#SURSHU#WUDIILF#FKDQQHO#LV#GHSHQGHQW#RQ#
WKH#0$&#PRGH# LQ#XVH# DQG# WKH# WDUJHWHG# WUDIILF# FODVV/# DV#
GHVFULEHG# LQ# WKH# QH[W# FKDSWHU1# ,Q# DFNQRZOHGJHG#PRGH/#
%DFNZDUG# (UURU#&RUUHFWLRQ# +%(&,# SURFHGXUHV# DUH# SUR0
YLGHG# WKDW# DOORZ# HUURU0IUHH# WUDQVPLVVLRQ# RI#5/&# 3'8V#
WKURXJK# WZR#SRVVLEOH# VHOHFWLYH#$54# +$XWRPDWLF#5HSHDW#
UH4XHVW,#PHFKDQLVPV=#7\SH# ,#$54#DQG#+\EULG#7\SH# ,,#
$54# +,QFUHPHQWDO# 5HGXQGDQF\,1# ,Q# XQDFNQRZOHGJHG#
PRGH/#QR#%(&#SURFHGXUH#LV#DYDLODEOH1#

,917#0HGLXP#$FFHVV#&RQWURO#±#0$&#

7KH# 0$&# VXEOD\HU# DOORZV# WKH# WUDQVPLVVLRQ# RYHU# WKH#
SK\VLFDO# OD\HU# RI# XSSHU# OD\HU# 3'8V# LQ# GHGLFDWHG# RU#
VKDUHG#PRGH1#$#0$&#PRGH#LV#DVVRFLDWHG#ZLWK#D#SK\VLFDO#
VXEFKDQQHO#IRU#XVH#E\#RQH#RU#PRUH#PRELOH#VWDWLRQV#+GHGL0
FDWHG#RU#VKDUHG#PRGH#UHVSHFWLYHO\,1#7KH#0$&#OD\HU#KDQ0
GOHV# WKH# DFFHVV# WR# DQG# PXOWLSOH[LQJ# RQWR# WKH# SK\VLFDO#
VXEFKDQQHOV#RI#PRELOH#VWDWLRQV#DQG#WUDIILF#IORZV1#



91#*(5$1#3+<6,&$/#/$<(5#

7KH#SK\VLFDO# OD\HU#RI#*(5$1# LQWHUIDFHV# WKH#0$&# DQG#
WKH#55&#SURWRFROV1#,W#RIIHUV#ORJLFDO#FKDQQHOV#DQG#WKH#DV0
VRFLDWHG# WUDQVPLVVLRQ# VHUYLFHV1#/RJLFDO# FKDQQHOV# DUH#GL0
YLGHG#LQ#WZR#FDWHJRULHV=##
• WUDIILF#FKDQQHOV/#DQG##
• FRQWURO#FKDQQHOV1##
7UDIILF# FKDQQHOV# DUH# LQWHQGHG# WR# FDUU\# HLWKHU# HQFRGHG#
VSHHFK#RU#XVHU#GDWD#ZKLOH#FRQWURO#FKDQQHOV#FDUU\#VLJQDO0
LQJ#RU#V\QFKURQL]DWLRQ#GDWD1#/RJLFDO#FKDQQHOV#DUH#PXOWL0
SOH[HG# HLWKHU# LQ# D# IL[HG#SUHGHILQHG#PDQQHU/#RU#G\QDPL0
FDOO\# E\# WKH# 0$&# RQ# SK\VLFDO# VXEFKDQQHOV1# 3K\VLFDO#
6XE&+DQQHOV#+36&+,#DUH#WKH#XQLWV#RI#WKH#UDGLR#PHGLXP1#
6RPH#DUH#UHVHUYHG#E\#WKH#QHWZRUN#IRU#FRPPRQ#XVH/#RWK0
HUV# DUH# DVVLJQHG# WR# GHGLFDWHG# FRQQHFWLRQV# ZLWK# 06V#
+'HGLFDWHG#3K\VLFDO#6XE&+DQQHO# 0#'36&+,/#RU# DUH# DV0
VLJQHG# WR# D# VKDUHG# XVDJH#EHWZHHQ# VHYHUDO#06V# +6KDUHG#
3K\VLFDO# 6XE&+DQQHO# 0# 636&+,1# 7KH# W\SHV# RI# ORJLFDO#
FKDQQHOV# WKDW# DUH# DOORZHG# RQ# D# 36&+# GHSHQG# RQ# WKH#
PRGH#RI#WKH#36&+1#,Q#WKH#IROORZLQJ#HPSKDVLV#LV#ODLG#RQ#
WKH#WUDIILF#FKDQQHOV1#
7UDIILF#FKDQQHOV#RI#W\SH#7&+#DUH#LQWHQGHG#WR#FDUU\#HLWKHU#
HQFRGHG# VSHHFK# RU# XVHU#GDWD#RQ#SK\VLFDO# VXEFKDQQHO# LQ#
WKH#GHGLFDWHG#0$&#PRGH#RQO\#L1H1#IRU#RQH#06#RQO\1#7KH#
7&+# XVHV# FLUFXLW0OLNH# FRQQHFWLRQ# RYHU# WKH# UDGLR# LQWHU0
IDFH1#7KH#7&+#FDQ#HLWKHU#EH#*06.#RU#;36.#PRGXODWHG1#
2QH#PDLQ# FKDUDFWHULVWLF# RI# WKH# FKDQQHO# FRGLQJ# IRU# WKH#
7&+# LV# WKH#XVH#RI#GLDJRQDO# LQWHUOHDYLQJ1#7KHUH# DUH# WZR#
FDWHJRULHV#RI#7&+V#WKDW#DUH#6SHHFK#7&+#DQG#'DWD#7&+1##
7KH#FKDQQHO#FRGLQJ#RI# WKH#6SHHFK#7&+# LV#RSWLPL]HG# WR#
PD[LPL]H#WKH#SHUFHLYHG#VSHHFK#TXDOLW\1#2XWSXW#ELWV#IURP#
WKH#VSHHFK#FRGHF#DUH#GLYLGHG#LQWR#GLIIHUHQW#FODVVHV#EDVHG#
RQ# WKHLU#VXEMHFWLYH#LPSRUWDQFH#DQG#WKH#ELWV#RI#WKH#GLIIHU0
HQW# FODVVHV# DUH# SURWHFWHG# XQHTXDOO\# LQ# FKDQQHO# FRGLQJ1#
(DUOLHU#UHOHDVHV#RI#WKH#*60#VWDQGDUG#DOUHDG\#LQWURGXFHG#
D#)XOO#5DWH# +)5,#DQG#+DOI#5DWH# ++5,#VSHHFK#RQ#*06.#
FKDQQHOV/# DQ# (QKDQFHG# )XOO# 5DWH# +()5,# VSHHFK# RQ#
*06.#FKDQQHOV/#DQG#ILQDOO\#WKH#$05#FRGHF#RQ#ERWK#IXOO#
UDWH#DQG#KDOI#UDWH#*06.#FKDQQHOV1#
7KH#*(5$1#UHOHDVH#8#ZLOO#LQWURGXFH#WKH#ZLGHEDQG#$05#
FRGHF# +$050:%,# IRU#KLJK#TXDOLW\#VSHHFK#VHUYLFHV/#DQG#
ZLOO# LQWURGXFH# WKH#QDUURZEDQG#$05#RQ#KDOI# UDWH# ;36.#
FKDQQHOV# WR# LQFUHDVH# WKH# VSHHFK# FDSDFLW\1# 1RWH# WKDW# D#
TXDUWHU#UDWH#;36.#FKDQQHO#LV#XQGHU#FRQVLGHUDWLRQ#DV#ZHOO#
>43@1#
7DEOH# 4# OLVWV# WKH# DYHUDJH# FRGH# UDWHV# IRU# WKH# GLIIHUHQW##
$05# FRGHF#PRGHV# DQG# FRGHF# UDWHV1#$# GLDJRQDO# LQWHU0
OHDYLQJ#RYHU#HLJKW#EXUVWV#LV#XVHG#RQ#WKH#IXOO#UDWH#FKDQQHO/#
RYHU#IRXU#EXUVWV#RQ# WKH#KDOI#UDWH#DQG#RYHU# WZR#EXUVWV#RQ#
WKH# TXDUWHU# UDWH# FKDQQHO1# )LJXUH# ;# VKRZV# WKH# OLQN# OHYHO#
SHUIRUPDQFH#RI#WKH#:17#NESV#$05#FRGHF#LQ#IXOO/#KDOI#DQG#
TXDUWHU#UDWH#FKDQQHOV1#7KH#GHFUHDVH#LQ#WKH#OLQN#OHYHO#SHU0
IRUPDQFH# LQ# WKH# TXDUWHU# UDWH#PRGH# LV# GXH# WR# WKH#KLJKHU#
FRGH#UDWH#DQG#VPDOOHU#LQWHUOHDYLQJ#GHSWK1#
#
#
#

7DEOH#41#6SHHFK#IUDPH#VL]HV#DQG#FRGH#UDWHV#IRU#GLIIHUHQW#
$05#FRGHF#UDWHV#+ERWK#LQ#*06.#DQG#;036.#FKDQQHOV,1#
[#PHDQV#WKDW#WKH#FRGHF#PRGH#GRHV#QRW#ILW#WKH#FKDQQHO1#

$YHUDJH#&RGH#5DWH#
*06.# ;36.#&RGHF#

0RGH#

%LWV#SHU#
6SHHFK#
)UDPH# )5# +5# +5# 45#

4515# 577# 3187# [# 3169# 31:5#
4315# 537# 3178# [# 3163# 3193#
:1<8# 48<# 3168# 31:3# 3157# 317:#
:17# 47;# 3166# 3198# 3155# 3177#
91:# 467# 3163# 318<# 3153# 3173#
81<# 44;# 3159# 3185# 314;# 3168#
8148# 436# 3156# 3179# 3148# 3164#
71:8# <8# 3154# 3175# 3147# 315;#

#
8QOLNH# 6SHHFK# 7&+/# WKH# FKDQQHO# FRGLQJ# RI#'DWD#7&+#
LQFOXGHV#HTXDO#HUURU#SURWHFWLRQ#RI# WKH#SD\ORDG#ELWV1#)XU0
WKHUPRUH/# GXH# WR# WKH#PRUH# UHOD[HG# GHOD\# UHTXLUHPHQWV/#
WKH#FKDQQHO#FRGLQJ#LV#HQKDQFHG#ZLWK#ORQJHU#LQWHUOHDYLQJ1#
$#ZLGH#UDQJH#RI#GDWD#7&+V#DOUHDG\#H[LVW#LQ#*602('*(#
VWDQGDUG/#XVLQJ#ERWK#*06.#DQG#;036.#PRGXODWLRQ/#DQG#
RIIHULQJ#GDWD#UDWHV#IURP#<19#NESV#WR#7615#NESV#LQ#D#VLQJOH#
VORW# FRQILJXUDWLRQ# +VHH#7DEOH# 5,1# ,Q#PXOWLVORW# FRQILJXUD0
WLRQ#++6&6'2(&6',/#WKH#PD[LPXP#ELW#UDWH#LQFUHDVHV#WR#
67819#NESV1#7KH#*(5$1#SK\VLFDO#OD\HU#ZLOO#UHXVH#WKHVH#
'DWD#7&+V1#7\SLFDOO\#*(5$1#ZLOO#XVH#'DWD#7&+V# IRU#
VHUYLFHV#ZLWK#UHOD[HG#GHOD\#UHTXLUHPHQWV#+H1J1#VWUHDPLQJ#
VHUYLFHV,#LQ#D#GHGLFDWHG#0$&#PRGH1#

7DEOH#51#'DWD#7&+#PRGXODWLRQ#DQG#FRGLQJ#VFKHPHV1#

7&+# 0RGXODWLRQ# &RGH#UDWH# 'DWD#UDWH#
+NESV,#

7&+2)<19# 3186# <19#
7&+2)4717#

*06.#
# 3197# 4717#

(07&+2)5;1;# 3175# 5;1;#
(07&+2)6513# 317:# 6513#
(07&+2)7615#

;36.#
3197# 7615#

#
#
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#
)LJXUH#;1#/LQN#OHYHO#SHUIRUPDQFH#RI#)5/#+5#DQG#45#
FKDQQHOV#ZLWK#$05#:17#NESV#LQ#W\SLFDO#XUEDQ#FKDQQHO#
ZLWK#6#NP2K#+786,#DQG#LGHDO#IUHTXHQF\#KRSSLQJ1#



7DEOH#61#(*356#PRGXODWLRQ#DQG#FRGLQJ#VFKHPHV#

0&6# 0RGXODWLRQ# &RGH#UDWH# 'DWD#UDWH#
+NESV,#

0&6<# 413# 8<15#
0&6;# 31<5# 8717#
0&6:# 31:9# 771;#
0&69# 317<# 5<19#
0&68#

;36.#
#

316:# 5517#
0&67# 413# 4:19#
0&66# 31;3# 471;#
0&65# 3199# 4415#
0&64#

*06.#

3186# ;1;#
#
3DFNHW#'DWD#7UDIILF#&+DQQHOV#+3'7&+,#DUH#LQWHQGHG#WR#
FDUU\# XVHU# GDWD# RQ# SK\VLFDO# VXEFKDQQHOV# LQ# HLWKHU# GHGL0
FDWHG# RU# VKDUHG# 0$&# PRGH1# 3'7&+# LV# WHPSRUDULO\#
GHGLFDWHG# WR# RQH# 06# EXW# RQH# 06# PD\# XVH# PXOWLSOH#
3'7&+V# LQ#SDUDOOHO# IRU# LQGLYLGXDO#SDFNHW# WUDQVIHU# +PXO0
WLVORW# FRQILJXUDWLRQ,1#3'7&+# DOORZV# VHYHUDO#06V# WR#EH#
PXOWLSOH[HG# RQ# WKH# VDPH# 636&+1# 3'7&+# DOVR# DOORZV#
VHYHUDO# WUDIILF# FODVVHV# IURP# WKH# VDPH#06# WR# EH#PXOWL0
SOH[HG#RQ#WKH#VDPH#36&+#+VKDUHG#RU#GHGLFDWHG,1##
7KH#FKDQQHO#FRGLQJ#RI#3'7&+#XVHV#VKRUW#UHFWDQJXODU#LQ0
WHUOHDYLQJ# LQ# RUGHU# WR# HQVXUH# HIILFLHQW#PXOWLSOH[LQJ1# ,Q#
*356/# IRXU# GLIIHUHQW# FRGLQJ# VFKHPHV# EDVHG# RQ#*06.#
PRGXODWLRQ#ZHUH# VWDQGDUGL]HG1# ,Q#(*356# DQ# DGGLWLRQDO#
VHW# RI# <# FRGLQJ# VFKHPHV/# XVLQJ#ERWK#*06.# DQG# ;36.#
PRGXODWLRQ#ZHUH#LQWURGXFHG#+VHH#7DEOH#6#IRU#WKH#PRGXOD0
WLRQ#DQG#FRGLQJ#VFKHPHV#DQG#)LJXUH#<#IRU#WKH#WKURXJKSXW#
SHUIRUPDQFH,1#7KH#DYDLODEOH#GDWD#UDWHV#UXQ#IURP#;1;#NESV#
WR# 8<15#NESV# LQ# D# VLQJOH# VORW# FRQILJXUDWLRQ1# ,Q#PXOWLVORW#
FRQILJXUDWLRQ# WKH#PD[LPXP#GDWD# UDWH# FDQ#EH#EURXJKW# WR#
7:619NESV1#3'7&+#FDQ#EH#XVHG#E\#*(5$1#IRU#DQ\#WUDI0
ILF#FODVV1##
3RZHU# FRQWURO# IRU# VSHHFK# LV# DYDLODEOH# LQ# *602('*(#
WKURXJK# WKH#6$&&+/#ZKLFK#HQDEOHV#D#SRZHU#FRQWURO# LQ0
WHUYDO#RI#7;3PV1#7KH#UHOHDVH#4<<<#RI#*602('*(#LQWUR0
GXFHG#WKH#)DVW#3RZHU#&RQWURO#+)3&,#IRU#(&6'1#7KH#)3&#
VLJQDOLQJ# LV#PDGH# LQ0EDQG/#DOORZLQJ#D#FRQWURO#LQWHUYDO#RI#
53PV#+57#WLPHV#IDVWHU#WKDQ#WKURXJK#WKH#6$&&+,1##
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#
)LJXUH# <1#(*356# WKURXJKSXW#RQ# W\SLFDO#XUEDQ#FKDQQHO#
ZLWK#6#NP2K#+786,#DQG#LGHDO#IUHTXHQF\#KRSSLQJ#+ZLWKRXW#
LQFUHPHQWDO#UHGXQGDQF\,1#

7KH#UHOHDVH#8#RI#*(5$1#ZLOO#LQWURGXFH#)DVW#3RZHU#&RQ0
WURO#+)3&,#IRU#VSHHFK#VHUYLFHV#RQ#GHGLFDWHG#SK\VLFDO#VXE0
FKDQQHOV1# 7KH# )3&# VLJQDOLQJ# LV# PDSSHG# RQWR# HYHU\#
6$&&+#EXUVW/#DOORZLQJ#D#FRQWURO#LQWHUYDO#RI#453PV#+IRXU#
WLPHV# IDVWHU# WKDQ# WKURXJK# WKH# 6$&&+,1#8QOLNH# LQ0EDQG#
VLJQDOLQJ/# LW# FDQ# EH# XVHG# RQ# DQ\# VSHHFK# WUDIILF# FKDQQHO#
+ERWK# ;36.# DQG#*06.#PRGXODWHG,# DV#ZHOO# DV# RQ# DQ\#
RWKHU# FKDQQHO#ZKHUH# WKH#6$&&+# LV# DOORFDWHG/# DQG#GRHV#
QRW#LPSDFW#WKH#VSHHFK#FKDQQHO#FRGLQJ1#7KH#DGYDQWDJHV#RI#
)3&#DUH#WZRIROG1#1RW#RQO\#WKH#VLJQDO#TXDOLW\#LV#HQKDQFHG/#
EXW# WKH# OHYHO# RI# LQWHUIHUHQFH# WR# RWKHU# XVHUV# LV# DOVR# UH0
GXFHG1#)3&#HQKDQFHV#WKH#RYHUDOO#VSHFWUDO#HIILFLHQF\#>8@1#
#

9,1&21&/86,21#

7KH#DOLJQPHQW#RI# WKH#*602('*(#UDGLR#DFFHVV#QHWZRUN#
+*(5$1,#DUFKLWHFWXUH#ZLWK#WKH#875$1#DUFKLWHFWXUH#
• DOORZV#*(5$1# WR# FRQQHFW# WR# WKH# 6*# FRUH#QHWZRUN#

WKURXJK#,X#LQWHUIDFH/#DQG#
• DOORZV#*(5$1# WR#SURYLGH# WKH# VDPH# VHW#RI# 6*# VHU0

YLFHV#DV#875$11#
)XUWKHU/# WKH#DOLJQPHQW#PDNHV# WKH# IXWXUH#GHYHORSPHQW#RI#
ERWK# UDGLR# DFFHVV# WHFKQRORJLHV# +*602('*(# DQG#
:&'0$,#WRZDUGV#$OO#,3#QHWZRUN#VPRRWKHU1#
2WKHU# VLJQLILFDQW# GHYHORSPHQWV# LQ# WKH# 5HOHDVH# 8# RI#
*(5$1# LQFOXGH# WKH# HIILFLHQW# VXSSRUW# IRU# ,30EDVHG# VHU0
YLFHV/# WKH#SURYLVLRQ#RI#KLJK#TXDOLW\#VSHHFK#VHUYLFHV#ZLWK#
$050:%/# DQG# VSHFWUDO# HIILFLHQF\# HQKDQFHPHQWV# RI#
VSHHFK# VHUYLFHV# ZLWK# ;36.# VSHHFK# FKDQQHOV# DQG# IDVW#
SRZHU#FRQWURO1#
#

#
5()(5(1&(6#

#
>4@# 51#3LUKRQHQ/#71#5DXWDYD/# -1#3HQWWLQHQ/#7'0$#&RQYHUJHQFH# IRU#

3DFNHW#'DWD#6HUYLFHV/#,(((#3HUVRQDO#&RPPXQLFDWLRQV/#4<<<1#
>5@# $1# )XUXVNlU# HW# DO/#('*(=#(QKDQFHG#'DWD#5DWHV# IRU#*60# DQG#

7'0$2469#(YROXWLRQ/#,(((#3HUV1#&RPPXQ1/#9RO1#9/#1R1#6/#-XQH#
4<<</#SS1#890991#

>6@# <1# =KDR/# *1# 6pELUH/# (1# 1LNXOD/# $GYDQFHG# 0HDVXUHPHQWV# IRU#
(*356#/LQN#4XDOLW\#&RQWURO/# WR# DSSHDU# LQ# WKH# SURFHHGLQJV# RI#
$3&&#5333/#1RYHPEHU#53331#

>7@# .1#%DODFKDQGUDQ#HW#DO/#$#3URSRVDO#IRU#(*356#/LQN#&RQWURO#8V0
LQJ# /LQN# $GDSWDWLRQ# DQG# ,QFUHPHQWDO# 5HGXQGDQF\/# %HOO# /DEV#
7HFKQLFDO#-RXUQDO/#-XO\06HSWHPEHU#4<<<1##

>8@# 61#+DPLWL/#01#+DNDVWH/#01#0RLVLR/#11#1HIHGRY/#(1#1LNXOD/#+1#
9LOSSRQHQ/#(QKDQFHG#&LUFXLW#6ZLWFKHG#'DWD#IRU#5HDO#7LPH#6HU0
YLFHV#RYHU#*60/#97&*<<#IDOO/#6HS1#4<<</#SS1#8:;08;51#

>9@# ;1#4LX/#.1#&KDZOD/#/1)1#&KDQJ/# -1#&KXDQJ/#11#6ROOHQEHUJHU/# -#
:KLWHKHDG/#5/&20$&#'HVLJQ#$OWHUQDWLYHV#IRU#6XSSRUWLQJ#,QWH0
JUDWHG#6HUYLFHV#RYHU#(*356/#,(((#3HUV1#&RPPXQ1/#9RO1#:/#1R1#
5/#$SULO#5333/#SS1#530661#

>:@# 6*33# 76# 581753/# 875$1# ,XU# ,QWHUIDFH# *HQHUDO# $VSHFWV# DQG#
3ULQFLSOHV/#5HOHDVH#4<<<1#

>;@# (76,# *60# 3714;/# 5DGLR# 5HVRXUFH# &RQWURO# 3URWRFRO/# 5HOHDVH#
4<<<1#

><@# 6*33#76#581664/#55&#3URWRFRO#6SHFLILFDWLRQ/#5HOHDVH#4<<<1#
>43@# 71#%HOOLHU/#01#0RLVLR/#(1#1LNXOD/#51#3LUKRQHQ/#+1#5DQWDOD/#4XDU0

WHU# 5DWH# $05# &KDQQHOV# ±# $# 6SHHFK# &DSDFLW\# %RRVWHU# LQ#
*602('*(/#3URFHHGLQJV#RI#:30&*33/#1RYHPEHU#53331#


