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$Q ([WHQGHG 'DWD )ORZ 'LDJUDP 1RWDWLRQ
IRU 6SHFLILFDWLRQ RI 5HDO 7LPH 6\VWHPV

% <

ORKDPPDG 1HMDG 6DWWDU\

'"HSDUWPHQW RI &RPSXWHU 6FLHQFH
&LW\ 8QLYHUVLW\

ODUFK

7KLV WKHVLV LV VXEPLWWHG DV SDUW RI WKH
UHTXLUHPHQWY IRU WKH GHJUHH RI 'RFWRU
Rl 3KLORVRSK\
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7R P\ SDUHQWV ZKRVH ORYH VXSSRUW DQG JXLGD
KDYH EHHQ P\ JUHDWHVW HQFRXUDJHPHQW WKURXJ
P\ HGXFDWLRQ
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/ILVW Rl )LIXUHV
$FNQRZOHGJHPHQWYV
'"HFODUDWLRQ
$EVWUDFW

,QWURGXFWLRQ
2YHUYLHZ
6FRSH RI 7KLV 7KHVLV
'KDW ,V 6SHFLILFDWLRQ"
:KDW ,V D 5HDO 7LPH 6\VWHP"
7KH 6SHFLILFDWLRQ $SSURDFK
30DQ RI 7KH 7KHVLV
*ORVVDU\

%DFNJURXQG
2YHUYLHZ
'DWD )ORZ 'LDJUDPV
((WHQGHG 'DWD )ORZ 'LDJUDPYV
7KH 7TUDQVIRUPDWLRQ 6FKHPD
IRWDWLRQ
'"HULYLQJ D 6SHFLILFDWLRQ
+DWOH\ DQG 3LUEKDL:V 1RWDWLRQ
IRWDWLRQ
'"HULYLQJ D 6SHFLILFDWLRQ
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K\ ,QWURGXFH $QRWKHU 1RWDWLRQ"

7KH 1HZ 1RWDWLRQ
L QWURGXFWLRQ
6\PEROV 21 7KH 1RWDWLRQ
'DWD )ORZ 'LDJUDPV
(YHQW )ORZ 'LDJUDPV
6XEV\VWHP &RQWURO 'LDJUDPV
$ :RUNHG ([DPSOH
7KH 3HWURO 6WDWLRQ 6\WWHP5HTXLUHPHQWYV
7KH 3HWURO 6WDWLRQ 6SHFLILFDWLRQ
'LDJUDP 5XOHYV
6XPPDU\

1IRWDWLRQDO ,VVXHV
2YHUYLHZ
$WRPLF 3URFHVVHYV
7LPLQJ 5HTXLUHPHQWYV
$ *UDSKLFDO /DQJXDJH
/IDQJXDJH 6\QWD]
/IDQIJXDJH 6HPDQWLFV
$QLPDWLRQ DQG 3URWRW\SLQJ
6SHFLILFDWLRQ 4XDOLW\
%DFNJURXQG
'HOO )RUPHG 'LDJUDPV
&RQFOXGLQJ 5HPDUNYV
'"HVLJQ $QG ,PSOHPHQWDWLRQ
6\WWHP ,QWHUDFWLRQYV
BURFHVV *URXSLQJV
(UURU +DQGOLQJ
+RVW 6HUYLFHV

BURFHVV )LULQJ DQG (QDEOHPHQW 'LVDEOHPHQW F
VA\VWHPYV

$ *HQHUDO 'HVLJQ +XHULVWLF
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&RQFOXGLQJ 5HPDUN
OHWKRGRORJ\
&RQFOXVLRQV

5HODWHG :RUN
L QWURGXFWLRQ
3HWUL 1 HWV
%DVLF & RQFHSWV
$QDO\WLQJ D 3HWUL 1HW
ORGHOOLQJ ZLWK 3HWUL 1 HWYV
0$6&27
%DVLF & RQFHSWYV
'"HULYLQJ D 0$6&27 'HVLJIQ
&RQFOXGLQJ 5HPDUNV
-DFNVRQ 6\VWHP'HYHORSPHQW
%DVLF & RQFHSWV DQG 'HVLJQ 'HULYDWLRQ
&RQFOXGLQJ 5HPDUNV
&RPPXQLFDWLQJB6HTXHQWLDO 3URFHVVHYV
%DVLF & RQFHSWV
&RQFOXGLQJ 5HPDUNV
&RQFOXVLRQV
6\WWHP $VSHFWYV
2YHUDOO &DSDELOLWLHYV
&RQFOXGLQJ 5HPDUN

&RQFOXVLRQV

2YHUYLHZ

JHDWXUHV 21 7KH 1RWDWLRQ
&ODULW\
$PELJXLW\ $QG ,QFRPSOHWHQHVYV
(DVH 21 6SHFLI\LQJ &RQFXUUHQF\
2WKHU YHDWXUHV

)XWXUH '"LUHFWLRQV
6SHFLILFDWLRQ®'HVLJQ®%PSOHPHQWDWLRQ
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4XDOLW\ 21 6SHFLILFDWLRQV
$XWRPDWHG 7RROV
&RQFOXGLQJ 5HPDUN

SHIHUHQFHYV

$ ([DPSOH 6SHFLILFDWLRQV
$ O 2YHUYLHZ
$ 7TKH %RWWOLQJ 6\VWHP

$ 6SHFLILFDWLRQ 'LDJUDPYV
$ 7KH &UXLVH &RQWURO 6\VWHP

$ 6SHFLILFDWLRQ 'LDJUDPV
$ 7KH +RPH +HDWLQJ 6\VWHP

$ 6SHFLILFDWLRQ 'LDJUDPV

$ 7KH 3DWLHQW ORQLWRULQJ 6\VWHP
$ 6SHFLILFDWLRQ 'LDJUDPV
$ 7KH $XWRWHOOHU B6\VWHP

$ 6SHFLILFDWLRQ 'LDJUDPV
$ 7KH 'HIHFW ,QVSHFWLRQ 6\VWHP
$ 6SHFLILFDWLRQ 'LDJUDPV
$ 7KH 9HQGLQJ ODFKLQH
$ 6SHFLILFDWLRQ 'LDJUDPV

% 'HVLIJQ $QG ,PSOHPHQWDWLRQ
% O 2YHUYLHZ
% 6SHFLILFDWLRQ RI 7KH SHWURO 6WDWLRQ

% 7KH 'DWD '"LFWLRQDU\

% 7KH (YHQW 'LFWLRQDU\

% OLQLVSHFLILFDWLRQV RI $WRPLF B3URFHVVHYV
% ,PSOHPHQWDWLRQ &RGH

& 'LDJUDP 6\QWD[ 5XOHYV
& O 2YHUYLHZ
& $Q $EVWUDFW 6\QWD]
& 5XOHV )RU 7KH &RQWH[W 'LDJUDP
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& 5XOHV )RU +LHUDUFK\ /HYHOV
& $GSOWHUQDWLYH 6\QWD |



/LVW RIl )LIXUHYV

7KH 6\PEROV RI 'DWD )ORZ 'LDJUDPV

'DWD )ORZV RI 7KH 7UDQVIRUPDWLRQ 6FKHPD
7KH &RQWURO B6\PEROV RI 7KH 7UDQVIRUPDWLRQ ¢
$Q ([DPSOH &RQWH[W 6FKHPD

$Q ([DPSOH 6FKHPD

(IDPSOH 6WDWH 7UDQVLWLRQ 'LDJUDP

'DWD )ORZV RI +DWOH\ DQG 3LUEKDL:-V 1IRWDWLRC
7KH &RQWURO B6\PEROV RI +DWOH\ DQG 3LUEKDL:-V
$Q ([DPSOH 'DWD &RQWH[W 'LDJUDP

7KH &RQWURO &RQWH[W 'LDJUDP IRU 7KH '&' RI IL
$Q ([DPSOH ')

7KH &)' IRU WKH ')' RI ILIXUH

&63(& RI ILIXUH

7KH $FWLYDWLRQ 7DEOH IRU WKH 67' RI ILIXUH

'DWD )ORZV

2WKHU ')’ 6\PEROV

(YHQW )ORZ 'LDJUDP 6\PEROV

6XEV\VWHP &RQWURO 'LDJUDP 6\PEROV
3HWURO 6WDWLRQ 6\WWHP &RQWH[W 'LJUDP
3HWURO 6WDWLRQ 6\WWHP ')' ()
'XSOLFDWLRQ RI ,GHQWLFDO 6WRUH ,QVWDQFHV
OHUJHG (YHQWYV

$ &KRLFH RI 2XWSXW (YHQWV

3HWURO 6WDWLRQ 6\WVWHP 68&

$ 6WDUW 6XEV\VWHP

YL L
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ORQLWRU 3XPS 2SHUDWLRQ ')' ()"
ORQLWRU 3XPS 2SHUDWLRQ 6&'
ODLQWDLQ 6WRFN $ERYH DQG &KDQJH 3ULFHV %H

O0DSSLQJ 7KH (YHQW )ORZV RI ()'-V WR 3HWUL 6XE QHW
&RQIOLFW % HW'DIDKEQWN L

$Q ([DPSOH 3HWUL 1HW O0DSSLQJ IRU 7ZR 3URFHVVHYV
3HWUL 6XEQHW IRU 6XEV\VWHP (QDEOHPHQW 'LVDEOHP!
' VWUXFWXUH GHILQLWLRQ

%DVLF 6WUXFWXUHG ()' FRQVWUXFWYV

$Q H[DPSOH SHWUL QHW

$ PDUNHG SHWUL QHW

7KH PDUNLQJ UHVXOWLQJ IURP ILULQJ WL
0$6&27 $&3 'LDJUDP 6\PEROV

(IDPSOH RI D 0$6&27 VXEV\VWHP $ & 3
$&3 'LDJUDP RI D &RPSOH[ $FWLYLW\
$&3 'LDJUDP RI D &RPSRVLWH ,'$
(IDPSOH 3URFHVV BWUXFWXUH 'LDJUDP
(IDPSOH 6\WWHP 6SHFLILFDWLRQ 'LDJUDP
7KH 3LFWRULDO 5HSUHVHQWDWLRQ RI 90&7
$ &RQQHFWLRQ 'LDJUDP

7KH &RQQHFWLRQ 'LDJUDP IRU 3 _ 4
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$FNQRZOHGJHPHQWYV

7KHUH DUH D QXPEHU RI SHRSOH , ZRXOG OLNH WR WK
P\ UHVHDUFK 7TKDQNV DUH GXH WR 0U 3KLOLS :LQWH
XVHIXO VXJIJHVWLRQV GXULQJ WKH LPSOHPHQWDWLRQ H
WKDQN 'U /HH OF&OXVNH\ IRU KLV KHOS GXULQJ WKH G
VIQWD[ DQG VHPDQWLFY 7KDQNV DUH DOVR GXH WR 0U
NLQG UHYLHZ RI WKH ILUVW GUDIW DQG WR 0U 3DXO $¢«
VXJIHVWLRQV IRU WASHVHWWLQJ WKLV WKHVLV , DP J
'DYLG %ROWRQ DQG 'DYLG 7LOO IRU WKHLU QXPHURXV
UHPDUNV GXULQJ WKH FRXUVH RI P\ UHVHDUFK 0\ I1LQDC
WR P\ VXSHUYLVRU 3URIHVVRU 3HWHU 2VPRQ ZLWKRX
DQG FRQWLQXRXV VXSSRUW WKLV UHVHDUFK ZRXOG QR

'"HFODUDWLRQ

, JUDQW SRZHUV RI GLVFUHWLRQ WR WKH 8QLYHUVLW\ /
WR EH FRSLHG LQ ZKROH RU LQ SDUW ZLWKRXW IXUW
SHUPLVVLRQ FRYHUV RQO\ VLQJOH FRSLHV PDGH IRU V
QRUPDO FRQGLWLRQV RI DFNQRZOHGJHPHQW
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7KH UDSLG GHPDQG IRU LQGXVWULDO DXWRPDWLRQ KDV UHYV
PHQW RI YHU\ ODUJH V\VWHPVY 7KH GHYHORSPHQW FRVWYV IR
KLIKOLJIKWHG WKH LPSRUWDQFH RI D VWDJHG PHWKRGLFDO I
YHORSPHQW 2QH RI WKH VWDUWLQJ VWDJHV LV WKH GHULYI
VA\VWHP VSHFLWHEPMNWAWD LW WDNHYV SODFH YHU\ HDUO\ LQ WK
F\FOH WKH WHFKQLTXHV XVHG WR DLG LQ GHULYLQJ D VSHFL
KHOS V\VWHP GHYHORSHUV LQ UHFRJQLVLQJ DQG UHVROYLQ.
HUURUV WKH\ VKRXOG DOVR KHOS LQ SUHVHQWLQJ WKRVH UL

7KLV WKHVLV LV FRQFHUQHG ZLWK WKH VSHFLILFDWLRQ RI D
UHDO WLPH WWWHPMODERUDWLQJ RQ ZKDW WKH WHUPV “VSH
"UHDO WLPH V\VWHPp PHDQ LQ WKH FRQWH[W RI WKH WKHVLV
FRPPXQLFDWLRQ SRZHU RI WKH QRWDWLRQ XVHG IRU VSHFLI
UROH *HQHUDO GLDJUDPPDWLF UHSUHVHQWDWLRQ RI HQJLC
LGHQWLILHG DV RQH RI WKH PRVW GHVLUDEOH DQG FRPPXQ
SODQV $ SRSXODU QRWDWLRQ XVHG LQ WKH VSHFLILFDWL
VIVWHPV LV WKHQ EULHIO\ GLVFXVVHG LQ RUGHU WR LGHQ
UHDO WLPH V\VWHP VSHFLILFDWLRQ 'HVSLWH WKRVH OLPLWD
VWURQJ LQFHQWLYH IRU H[WHQGLQJ WKH QRWDWLRQ LQVWHL
7ZR Rl WKH FXUUHQWO\ XVHG H[WHQVLRQV WR WKLV QRWDW
DQG WKHLU PDLQ VKRUWFRPLQJV DUH KLJKOLJKWHG

$Q DOWHUQDWLYH H[WHQVLRQ LV WKHQ SURSRVHG ZKLFK I
WKHVH VKRUWFRPLQJY ,W GRHV VR E\ VHSDUDWLQJ WKH GI
IDFHV RI D VA\VWHP LQWR FRPSOHPHQWDU\ GLDJUDPV %HFDX
EHKDYLRXU LV FRQWURO GRPLQDWHG WKH QRWDWLRQ FRQF
XODU V\WWHP IHDWXUH E\ EUHDNLQJ LW GRZQ LQWR WZR FD!
JURXSV Rl VIVWHP FRPSRQHQWY L H WKH FRQGLWLRQV XQG!
HQDEOHG DQG GLVDEOHG WR SHUIRUP LWV RYHUDOO WDVN |
XDO V\VWHP FRPSRQHQWVYV L H WKH FRQGLWLRQ XQGHU ZKL
DFWLYDWHG WR FDUU\ RXW LWV VXE WDVN 7KH QRWDWLRQ
W\SHV Rl FRQWURO WR EH VSHFLILHG ZLWKRXW KLQGHULQJ
IDVKLRQ ZKLFK KLJKOLJKWV ERWK ORZ OHYHO FRQFXUUHQF\
SRQHQWV DQG KLJK OHYHO FRQFXUUHQF\ DPRQJ FRPSRQHC
DWWHQWLRQ LV DOVR SDLG WR WKH LPSRUWDQFH RI V\QFKU
HYHQWYV E\ SURYLGLQJ QRWDWLRQDO PHDQV IRU VSHFLI\LQJ F
DUH LOOXVWUDWHG WKURXJK D VSHFLILFDWLRQ H[HUFLVH EF
ODWHG WR WKH QRWDWLRQ 6RPH FRPSDULVRQV DUH WKHQ
DSSURDFKHV WR V\WWHP VSHFLILFDWLRQ EHIRUH KLJKOLJKW
WXUHV Rl WKH QRWDWLRQ DQG RXWOLQLQJ SRVVLEOH IXWXU
SUHVHQWHG KHUH



&KDSWHU

QWURGXFWLRQ

2YHUYLHZ

7KH V\VWHP OLIH F\FOH IURP WKH FRQFHSWLRQ RI WKH
HYHQWXDO LPSOHPHQWDWLRQ DQG PDLQWHQDQFH KDV
UHVHDUFK 7KLV LV D GLUHFW UHVXOW RI WKH LQFUHDV|
ELOLWLHV E\ XVHUV DQG WKH FRQVHTXHQW JURZWK LQ \
7KLV UDSLG H[SDQVLRQ KDV PHDQW WKDW WKH WUDGLW
EHWZHHQ XVHUV DQDO\WWV DQG LPSOHPHQWRUV DUH QR
XVHU VDWLVIDFWLRQ ZLWK WKH V\VWHP RQ LWV GHOLYH
PDLQWHQDQFH DQG GHYHORSPHQW FRVWV >// @ DQG WKk
IDFWLRQ IRU PDQ\ VI\VWHPV FXUUHQWO\ RSHUDWLQJ LQ
HYLGHQFH IRU WKH FDVH DJDLQVW VXFK LQIRUPDO DSSU
VIVWHP GHYHORSHUV WR UHWKLQN WKHLU DSSURDFK WR

7KH VIVWHP GHYHORSPHQW FRPPXQLW\ KDV WKHUHIRUH
WDEOLVKHG HQJLQHHULQJ GLVFLSOLQHV WR ILQG EHWWH
KDYH ORQJ VWDQGLQJ SODQQLQJ PHFKDQLVPV IRU GHULY
FXVWRPHU UHTXLUHPHQWY 7KLV XVXDOO\ LQYROYHV HJ[S
PHQWYV LQ VRPH IRUP ZKLFK LV FRPPXQLFDEOH EHWZH
FXVWRPHUV DQG ZKLFK FDQ EH YDOLGDWHG E\ WKH HQ.
SK\WVLFDO LPSOHPHQWDWLRQ 7KH REYLRXV DGYDQWDJH
HQJLQHHUV:- FRQILGHQFH LQ WKHLU GHVLJQ SULRU WR DI
LQ WKRVH IRRWVWHSY V\WWHP GHYHORSHUV KDYH GHYF
PHQW PHWKRGV ZKLFK DWWHPSW WR DOOHYLDWH PDQ\ |
ZLWK WKHLU H[LVWLQJ GHYHORSPHQW DSSURDFKHV E\
IRU GUDZLQJ SODQV RI SURSRVHG V\WWHPV LQ PXFK WKH
HQJLQHHUV GR

ORUHRYHU WKH VWHSV WDNHQ IURP WKH GHFLVLRQ WR
DFWXDO LPSOHPHQWDWLRQ KDYH EHHQ GLYLGHG LQWR LC
DLPHG DW IXUWKHU DLGLQJ WKH GHYHORSPHQW SURFHVV
FHUQV LQWR WKHVH VWDAHN F$DKMHWXCAWHQJIJVOLIKWO\ D
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GHYHORSHUV EXW WKH\ DSSUR[LPDWHO\ ILW LQWR WKH IROC
RIWHQ UHIHUUHBDW R UPRGMBKH

f UHTXLUHPHQW VWOV HRNOWJIJHG VA\WVWHP:-V UHTXLUHPHQW
SORUHG DQG VWDWHG

f VSHFLILFDWLRQ RI| DHOIXHEIHWH QWNFLILFDWLRQ RI VA\VWHP
PHQWY LV VWDWHG

¥t GHVLMKH PHFKDQLVPV WKURXJK ZKLFK WKH VSHFLILHG V\
LV WR EH DFKLHYHG LQ D VSHFLILF RSHUDWLRQDO HQYL!

F LPSOHPHQWRDKHREHYVLIQ LV UHDOLVHG
f WHVWWEH LPSOHPHQWHG V\VWHP LV WHVWHG WR HQVXUH

+t PDLQWHQMJIHH VA\VWHP LV PRGLILHG DV D UHVXOW RI WK}
HUURUV RPLVVLRQV DQG FRQVHTXHQWO\ PRGLILHG UHTX

2QFH D GHFLVLRQ KDV EHHQ PDGH WR EXLOG D QHZ V\VWHP
JLQV E\ D VWDWHPHQW RI XVHU UHTXLUHPHQWY DQG H[SHFWD
LQ QDWXUDO ODQJXDJH DQG LQFOXGHV PDQ\ XVHU FRQFHUQ
WLRQDO LVVXHV SHUIRUPDQFH FRQVWUDLQWY EXGJHW OLP
WDLO DQG SRVVLEOH UHVWULFWLRQV RQ WKH LPSOHPHQWDW
LILFDWLRQ VWDJH LV FRQFHUQHG ZLWK VWDWLQJ WKHVH UHT
E\ GLVFRYHULQJ DQG HOLPLQDWLQJ WKH HUURUV LQ WKH U]
DQG DUULYLQJ DW DQ LPSOHPHQWDWLRQ LQGHSHQGHQW VW
TXLUHPHQWY WR ZKLFK LPSOHPHQWDWLRQ GHSHQGHQW FRQ
7KH UHVXOWLQJ VSHFLILFDWLRQ LV SDVVHG RQWR WKH GHYV|
WLRQV LPSRVHG E\ D SDUWLFXODU LPSOHPHQWDWLRQ HQYLL
DFFRXQW 7KH GHVLJQ LV WKHQ SDVVHG WR WKH LPSOHPHQ
LV LQWHQGHG WR GLVFRYHU DQG UHPRYH DQ\ HUURUV SUHVI
VIVWHP 'XULQJ WKH UHPDLQGHU RI D VIVWHP-V XVHIXO OLIH
HUURUV DQG PRGLILHG XVHU UHTXLUHPHQWY PD\ SURPSW D
LW 7KHVH DUH LQFOXGHG LQ WKH PDLQWHQDQFH VWDJH

7KH RXWFRPH IURP WKH DFWLYLWLHY RI HDFK VWDJH LV GRF.
WKH QH[W ZKLFK LQ WXUQ SURFHVVHV LW DQG SDVVHV WKH
LWV QH[W VWDJH 7ZR DGGLWLRQDO DFWLYLWLHYVY ZKLFK WD
OLIH F\FO/rHWIUHFDIWHR@KHFNLQJ WKDW WKH RXWFRPH RI HD
FRPSDWLEOH ZLWK LYWW ILDWWR PRBFNLQJ WKDW WKH FRQWH
WKH GRFXPHQW DUH FRPSDWLEOH ZLWK XVHU UHTXLUHPHQW)

7KH RYHUDOO DLP LV WR DUULYH DW D VA\VWHP LPSOHPHQWD\
LPXP QXPEHU RI VSHFLILFDWLRQ GHVLJQ DQG RSHUDWLRQD
DV H[SHFWHG E\ LWV XVHUV WKHUHE\ UHVXOWLQJ LQ ORZ P
SDWK WDNHQ IURP WKH UHTXLUHPHQWY VSHFLILFDWLRQ WR \
VKRXOG LWVHOI EH UHVLOLHQW DJDLQVW HUURUV ZKLOH SUR
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SHVHDUFK OLWHUDWXUH VXJIJHVWV WKDW HUURUV GHWHI
OLIH F\FOH ZLOO UHVXOW LQ VXEVWDQWLDO VDYLQJV LQ
VRFLDWHG FRVW WR WKH GHOLYHUHG VA\WVWHP >5- @ W
LPSRUWDQFH WR GHWHFW HUURUV DV HDUO\ DV SRVVLEC(
SURSDJDWLQJ WR WKH ODWHU VWDJHV RI GHYHORSPHQ
PRUH VLQFH HYROXWLRQDU\ FKDQJHV LQ WKH XVHU UF
ZLWK DOO EXW WKH PRVW WULYLDO RI VI\VWHPVY WKH R
DOVRPRIBLILDEIOM VWUXFWXULQJ RI VSHFLILFDWLRQV GH\
WDWLRQV LV D PDMRU WRRO LQ PLQLPLVLQJ WKLV DVSH

,Q RUGHU WR SURYLGH TXDOLW\ SURGXFWY ZKLFK DUH
VAVWHP UHTXLUHPHQWY DQG WR PLQLPLVH GHVLJQ IOD2Z\
DQG PRUH VA\VWHP GHVLJQHUV DUH WXUQLQJ DZD\ IURP D
DQG DUH DGRSWLQJ VSHFLILF SURYHQ PHWKRGV VXLWI
VAVWHP OLIH F\FOH 2QH VXFK VHW RI PHWKRGV LV DLPHC
%\ DSSO\LQJ D FKRVHQ PHWKRG WR WKH VSHFLILFDWL
QRW RQO\ UHGXFH WKH SRVVLELOLW\ RI KXPDQ LQWURG
WKH\ DOVR EHQHILW IURP RWKHU DGYDQWDJHV VXFK |
KLHUDUFKLFDO GHVLJQ SURYLGHG IRU WKHP E\ WKH PH\
SUHVHQFH RI HUURUV LQ D VA\VWHP VSHFLILFDWLRQ LV
DQG FKHDSHU PDLQWHQDQFH RI WKH UHVXOWLQJ V\VWHF

7KLV UHDOLVDWLRQ KDV OHDG WKH LQGXVWULDO DQG DF
YDULRXV DSSURDFKHV IRU H[SUHVVLQJ V\VWHP UHTXLUHTF
QRWDWLRQV KDYH HPHUJHG (DFK RQH KDV LWV URRWYV
UDQJLQJ IURP PDWKHPDWLFDOO\ EDVHG ULJRURXV QRWD
+RD @ DQG &&6 >0LO @ WKURXJK REMHFW ROWMHIHQWHG D
60 3&: %DW @ ILQLWH VWDWH PDFKLQH EDVHG DS
=DY D $0l @ ORJLF EDVHG DS®DRDEKHV >B)$ %@

DQG IXQFWLRQDO GHFRPSRVLWLRQ DSSURDFKH® >'HO
WR FRQWURO PRGHOOLQJ >3HW @ (DFK RI WKHVH DSS
WLFXODU VHW RI VWDJHV ZLWKLQ WKH V\VWHP OLIH F\F
WKH WKH ZKROH OLIH F\FOH E\ FRPELQLQJ D PHWKRGRO
ZKLOH RWKHUV SURYLGH D QRWDWLRQ DQG OHDYH LWV »
GHYHORSHUV

6FRSH RI 7KLV 7KHVLYV

7KLV WKHVLVY LQWURGXFHYV D Q8HFQRWDWLRQ WR B HWK\H/

WHPVKH WHUPV "VSHFLILFDWLRQp DQG "UHDO WLPH V\V
XVHG LQ PDQ\ ILHOGV RI FRPSXWHU VFLHQFH 8VDJHV K
WLRQV DFFRUGLQJ WR WKH FRQWH[W %HIRUH HODERUL
WKLV WKHVLVY WKH LPSOLHG PHDQLQJV RI WKHVH WHUP\
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KDW ,V 6SHFLILFDWLRQ"

7KH VSHFLILFDWLRQ VWDJH RI WKH VA\VWHP OLIH F\FOH LV FRC
RSHUDWLRQDO FKDUDFWHULVWLFV RI D VIVWHP IURP D UHTXL
LV D QRQ WULYLDO WDVN EHFDXVH RI WKH SRWHQWLDO FRPS
HUDWLRQVY ,Q DGGLWLRQ WKH VWDWHG UHTXLUHPHQWY DUH
WKH\ DUH VWDWHG LQ QDWXUDO ODQJXDJH PDQ\ DPELJXLWL
DUH KLGGHQ ZLWKLQ WKH GRFXPHQW ,Q VRPH FDVHV XVHUYV
Rl HIDFWO\ ZKDW WKH\ UHTXLUH ZKLFK UHVXOWY LQ WKH DG
FRPSOHWHQHVY LQ WKH UHTXLUHPHQWY GRFXPHQW 6\VWHP
FROQFHUQHG ZLWK GLVFRYHULQJ WKH SUREOHP DV ZHOO DV V

7KH DQDO\VWV- DLP GXULQJ WKH VSHFLILFDWLRQ VWDJH RI
WR GHWDLO WKH V\VWHP EHKDYURPO FEBEASHQGWQWEK RI
DV SDUWLFXODU LPSOHPHQWDWLRQ IDFWRUV 7KDW LV WR \
FRQFHUQHG@KDMWIWKH V\VWHP LV WR KRRLWMW GXQRWLRQV DUH
DFKLHYHG ORUHRYHU WKH DQDO\WWV KDYH WR GLVFRYHU H|
WKH UHTXLUHPHQWY GRFXPHQW DQG UHVROYH WKHP ZKLOH
LILFDWLRQ 7KLV GHVFULSWLRQ RI VIVWHP EHKDYLRXU KDV |
DXWKRUV DV RQH RI WKH PRVW YLWDO DFWLYLWLHV LQ V\V\
EHHQ UHIHUUWE WHP DASHF IWKFD WRRIFDO V\V¥WHHP @ RGHO
DQ®\VWHP HVWHBQBHLQ WKH OLWHUDWXUH

7R KHOS DQDO\WWV LQ DFKLSINUQHRSMKIDWIRDOHQYLURQPHQW
ZRUOG LV DVVXPHG ,Q VXFK DQ LPDJLQDU\ HQYLURQPHQ
WLRQ WHFKQRORJ\ HQIRUFHV QR ERXQGV RU UHVWULFWLRQ
7KLV DOORZV WKH DQDO\VWYV W RN R R QFHRRADWRWE X W FRIO\ R Q
FHUQ DERXW WKH OLPLWDWLRRO X WILRKMX 3\ US\LEKOBR P D\

KDYH WR FDWHU IRU 7KHVH PDWWHUV DUH GHOHJDWHG WR
WHP GHVLJQ DQG LPSOHPHQWDWLRQ 1RQ IXQFWLRQDO V\VW
DV UHOLDELOLW\ DQG SHUIRUPDQFH DUH WKHUHIRUH VWDW]
VSHFLILFDWLRQ VR WKDW WKH GHVLJQHUV DQG LPSOHPHQMW
DFFRXQW LQ WKH ODWWHU VWDJHV RI WKH VIVWHP GHYHORS

KDW ,V D 5HDO 7LPH 6\VWHP"

7KH WHUP "UHDO WLPH VA\VWHPp KDV EHHQ GHILQHG E\ D (
LQ WKH OLWHUDWXUH >%$ :0 $= 2153 6W@ 6\VWHPV

ZKLFK VDWLVI\ WKHVH GHILQLWLRQV IDOO LQWR D QXPEHU
KDYH D QXPEHU GLVWLQFWLYH IHDWXUHYV LQ FRPPRQ 5DWKHF
GHILQLWLRQ IRU UHDO WLPH V\WWHPV WKH GLVWLQJXLVKLC
FODVV RI VA\VWHPV ZKLFK EHKDYH LQ D UHDO WLPH PDQQHU F

$V LPSOLHG E\ W K/H{ D\OH WRWVWHP LV H[SHFWHG WR LQWHUDFW
HQYLURQPHQW ZLWKLQ FHUWDLQ WLPLQJ FRQVWUDLQWV 7KHI
WLPH FRQVWUDLQWY L H JLYHQ D VHW RI LQSXWV WKH V\V
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RI RXWSXwWV ZLWKLQ D WLPH VORW DV ZHOO DV WLPH V
UHJXODUO\ HIHFXWHG WDVNV DQG DFWLYLWLHV FDUULH(
WR D FRQFHSWXDO FORFN

ORUHRYHU UHDO WLPH V\WVWHPV KDYH WKH SURSHUW\ Wk
ERWK H[WHUQDO DQG LQWHUQDO FKDQJH WKHAKHEHKDY
FKDQJHV DUH PRUH IXQGDPHQWDO WKDQ SURGXFLQJ D G
D VHW RI LQSXW YDOXHV 7KH\ RIWHQ UHTXLUH D FKDQJ
ZKLFK PD\ LQFOXGH VWRSSLQJ DQG RU VWDUWLQJ D VX
HUDWLRQV ,Q RWKHU ZRUGV D UHDO WLPH V\VWHP UHI
HQYLURQPHQW LQ ZKLFK LW LV RSHUDWLQJ ,Q RUGHU W
EH UHVSRQVLYH WR FKDQJHV LQ LWV HQYLURQPHQW

7KHUHIRUH D UHDO WLPH V\WWHP LV RQH ZKRVH EHKDY|
FRQGLWLRQ RI LWV LQWHUQDO DQG H[WHUQDO VWDWHV
FRQGLWLRQV PXVW RFFXU ZLWKLQ SUHGHWHUPLQHG WL
HPEUDFHV D ODUJH QXPEHU RI V\VWHPV ZLWK GLIIHULQ
PD\ EH FRPSRVHG Rl ERWK KDUGZDUH DQG VRIWZDUH FI
LQFOR®HOMIMWHPY ZKLFK DUH DOVR UHIHUUHG WR DV |
VRPH RI WKH FXUUHQW OLWHUDWXUH 7KHVH DUH LQWHU
WKDW UHTXLUH IDVW UHVSRQVH WLPHV 2XU GHILQLWLR
WDUJHWHG DW V\WVWHPV VXFK DV SURFHVV FRQWURO V\\
Rl ODUJH RSHUDWLRQDO HQYLURQPHQWY DQG ZKRVH W]
LV RIWHQ D FULWLFDO IDFWRU LQ WKH RYHUDOO EHKDY
VIVWHP 6XFK V\VWHPV DUH RIWHQ UHIHUUHG WR DV H
VIVWHP GHYHORSPHQW OLWHUDWXUH >=DY @

7KH 6SHFLILFDWLRQ $SSURDEFK

+DYLQJ HVWDEOLVKHG WKH W\SH RI VA\VWHP WDUJHWHG
SURDFK WDNHQ LQ GHULYLQJ VXFK VSHFLILFDWLRQV LV (
QDWXUH RI D VA\VWHP LV D PDMRU IDFWRU LQ GHWHUPL
EHKDYLRXU LV GHVFULEHG >&RO @ D QXPEHU RI FRPP
ZKHQ MXGJLQJ WKH VXLWDELOLW\ RI D SDUWLFXODU PH
KLFOH QRWDWLRQ XVHG E\ WKH PHWKRG WR FRQYH\ W
RQH RI WKH PRVW LPSRUWDQW IDFWRUV ZKHQ FKRRVLQ.

7KH ILUVW DQG PRVW REYLRXV FULWHULRQ LV WKDW WK
WR GHVFULEH DOO DVSHFWV RI WKH VXEMHFW PDWWHU
QRWDWLRQ PD\ EH YHU\ ZHOO VXLWHG IRU VSHFLILFDW
EXW OHVV XVDEOH IRU VSHFLILFDWLRQ RI RWKHUV

7Q FRPSXWHU VFLH QMWD MWHKRIWHQPXVHG WR UHIHU WR WKH YDOX
D SURJUDP DW DQ\ PRPHQW LQ WLPH ,W LV DOVR XVHG LQ WKH
RSHUDWLRQDO VWDWXV RI DQ H[HFXWLQJ V\VWHP DW DQ\ SRLQW
WHUQDO VWRUHG YDOXHV DQG WKH FXUUHQW FRQWURO FRQGLWLF
WKURXJKRXW WKLV WH[W
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6HFRQG DQG SHUKDSV WKH PRVW LPSRUWDQW FULWHULRQ
FDWLRQ SRZHU RI WKH QRWDWLRQ XVHG >.RR :DV @ 6S
RQH VWDJH LQ WKH V\VWHP OLIH F\FOH 7KH PDMRULW\ RI
PRVW WULYLDO XVXDOO\ HQJDJH GLIITHUHQW JURXSV RI SHR
7KHVH JURXSV LQFOXGH VA\WWHP XVHUV DQDO\WWV GHVLJQF
$OWKRXJIJK WKHVH JURXSV PD\ QRW EH GLVMRLQW L H VRPH
PRUH WKDQ RQH JURXS LW LV QHFHVVDU\ IRU WKH SURGXF
OLIH F\FOH WR EH DQ HIIHFWLYH FRPPXQLFDWLRQ PHGLXP IF
$ QRWDWLRQ: -V XVHIXOQHVV LQ WKLV VHQVH LV ZKDW ZH PH
SRZHU

$ QXPEHU Rl DSSURDFKHV KDYH EHHQ DSSOLHG WR V\VWHP
LQJ IURP XQVWUXFWXUHG QDWXUDO ODQJXDJH WR ULJRURXYV
VXFK DV &63 1DWXUDO ODQJXDJH LV D KLJKO\ FRPPXQLFDEOH
FRQWDLQ RU LQWURGXFH XQGHWHFWHG HUURUV ODWKHPDWI
WKH RWKHU KDQG UHVXOW LQ VSHFLILFDWLRQV ZKLFK KDYH
DV FRQVLVWHQF\ EXW WKH\ FDQQRW EH XVHG DV HIIHFWLY
EHWZHHQ WHFKQLFDO DQG QRQ WHFKQLFDO SHRSOH VLQFH
LQJ WR DFFHSW D QRWDWLRQ ZKLFK UHTXLUHV BDWKHPDWLF
$ VSHFLILFDWLRQ QRWDWLRQ LV QHHGHG ZKLFK LV ERWK SU|
YLGLQJ DQ HIIHFWLYH FRPPXQLFDWLRQ PHGLXP EHWZHHQ Wtk
VIVWHP GHYHORSPHQW

'LDJUDPPDWLF SUHVHQWDWLRQ RI LQIRUPDWLRQ LV RQH RI
DQG HIIHFWLYH IRUPV RI FRPPXQLFDWLRQ EHWZHHQ SHRSOF
EHWZHHQ SHRSOH DQG PDFKLQHV >&KD @ 30DQV DQG PDSV
WKH FRQYHQWLRQDO HQJLQHHULQJ ILHOGV VXFK DV FLYLO I
LQJ IRU D ORQJ WLPH 7KH ZHOO HVWDEOLVKHG FRQYHQWLR
DQG WKHLU XQLYHUVDO XVH E\ WKH HQJLQHHULQJ FRPPXQLW
ILQHG GLDJUDPV FDQ SURYLGH WKH EHVW WRROV IRU FRQYH\
JURXSV RI SHRSOH

$ IXUWKHU GHVLUDEOH SURSHUW\ RI D GHYHORSPHQW VWUDW
WR JXLGH DQDO\WWV LQ GHULYLQJ FRPSOHWH DQG XQDPELJ}
DOVR WR KHOS LQ GHULYLQJ LW ,W KDV EHHQ VXJJHVWHG
LV RQO\ FDSDEOH Rl FRQFHQWUDWLQJ RQ D VPDOO DPRXQW
RQH WLPH >0LO @ ODQ\ DGYRFDWHV RI VIVWHP GHYHORSP
WKHUHIRUH UHFRPPHQGHG D KLHUDUFKLFDO DSSURDFK >'HO
%DW @ 7KLV FDQ KHOS QRW RQO\ ZKHQ GHULYLQJ WKH VSt
SURYLGHV DQDO\WWYV ZLWK D PHFKDQLVP WR SUHVHQW LW LQ
WR RWKHU SHRSOH LQYROYHG LQ WKH GHYHORSPHQW

'‘DWD )ORZ 'LDJUDPV '")'-V KDYH EHHQ LQ XVH LQ WKH GDWI
GXVWU\ IRU D ORQJ WLPH 7KH\ PDNH XS D VXEVWDQWLDO S
RORJLHV LQFOXGLQJ WKRVH XVHG LQ LQIRUPDWLRQ V\VWHP
VLIQ >'HO 3-36. %27 @ NQRZOHGJH EDVHG GHVLJQ >/-
SDUDOOHO SURFHVVLQJ >,20 @ WKH GHVLJQ RI D
SUHWHU >6 @ GLUHFW FRGH JHQHUDWLRQ >2:: @ REMHF
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GHVLJQ >%DL ‘DU @ DQG WKH GHYHORSPHQW RI UHD
+3 <R X YUD *RP 0-$6 @ 7KH VLPSOLFLW\ DQG
"Y'V KDV PDGH WKHP SRSXODU IRU VKRZLQJ V\VWHP G
PDQ\ DQDO\WWV DUH DOUHDG\ IDPLOLDU ZLWK WKHP >%
WKHUH LV DOUHDG\ D VXEVWDQWLDO LQYHVWPHQW LQ X
GLDJUDPV E\ GLIIHUHQW JURXSV RI WHFKQLFDO DQG QF
FRPPXQLFDWLRQ SRZHU RI GLDJUDPV LQ JHQHUDO DQG
JORZ 'LDJUDPV LQ SDUWLFXODU LPSO\ WKDW UDWKHU \
WDWLRQ IRU VSHFLILFDWLRQ RI UHDO WLPH V\VWHPV V
DXJPHQWHG WR FDWHU IRU VXFK VSHFLILFDWLRQV

30DQ RI 7KH 7KHVLYV

7KH QH[W FKDSWHU EULHIO\ GHVFULEHV 'DWD )ORZ 'LD
GHVFULELQJ D V\VWHP:-V GDWD LQWHUIDFHV ,W JRHV R(
"Y'V DUH XQVXLWDEOH IRU UHDO WLPH V\VWHP VSHFLILF
PXVW EH HIWHQGHG WR SURYLGH D QRWDWLRQ VXLWDEO
7ZR Rl WKH H[WHQVLRQV FXUUHQWO\ SRSXODU LQ LQ¢
EHIRUH GHVFULELQJ WKHLU VKRUWFRPLQJV 7KH FKDS\
WKH QHHG IRU D QHZ DQG EHWWHU QRWDWLRQ

&KDSWHU FRQFHQWUDWHY RQ WKH QHZ H[WHQGHG ')' Q
WKH QHZ QRWDWLRQ DUH SUHVHQWHG ILUVW DQG WKHL!
D ZRUNHG H[DPSOH 7KH UXOHV IRU IRUPLQJ WKHVH GLD.
RXWOLQHG

&KDSWHU GLVFXVVHV WKH LVVXHV UHOHYDQW WR WKH
E\ RXWOLQLQJ D VHW RI REMHFWLYH FULWHULD IRU VHO
7KH QH[W VHFWLRQ GLVFXVVHV KRZ V\WVWHP WLPLQJ UH
D VSHFLILFDWLRQ 7KH QHZ QRWDWLRQ LV WKHQ FODL
SURJUDPPLQJ LQ WKH ODUJH 7KH V\QWD[ DQG VHPDQW
WKHQ GLVFXVVHG 7KH XVHIXOQHVV RI DQLPDWLQJ VSH
DQG KRZ LW FDQ EH DFKLHYHG IRU VSHFLILFDWLRQV LQ
7KH QH[W VHFWLRQ GLVFXVVHV KRZ VSHFLILFDWLRQ TX
SURFHVV Rl WUDQVIRUPLQJ D VSHFLILFDWLRQ WR D GH\
D SDUWLFXODU HQYLURQPHQW LV WKHQ LOOXVWUDWHG
IURP LPSOHPHQWLQJ DQ H[DPSOH VSHFLILFDWLRQ 6RPH
DUH WKHQ JLYHQ 7KH FKDSWHU HQGV E\ JLYLQJ DQ RY}

&KDSWHU FRPSDUHV WKH QRWDWLRQ ZLWK IRXU FXUL
HDFK RI ZKLFK KDV D GLIIHUHQW DSSURDFK WR V\VWHP \
VHFWLRQ VWDUWYV E\ EULHIO\ GHVFULELQJ WKH SDUWLF
VIVWHP VSHFLILFDWLRQ EHIRUH GUDZLQJ VRPH FRQFOX
WKH QHZ QRWDWLRQ 7KH FKDSWHU HQGV E\ GUDZLQJ
DERXW IHDWXUHV RI WKH IRXU QRWDWLRQV GLVFXVVHG
QRWDWLRQ
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7KH FRQFOXGLQJ FKDSWHU RXWOLQHV WKH LPSRUWDQFH RI
WHP OLIH F\FOH ,W JRHV RQ WR GHVFULEH VRPH RI WKH P
WKH QHZ QRWDWLRQ ([WHQVLRQV WR WKH ZRUN SUHVHQWHC
GLVFXVVHG EHIRUH GUDZLQJ DQ RYHUDOO FRQFOXVLRQ IURP

7KH GHYHORSPHQW RI WKH QRWDWLRQ ZDV JXLGHG E\ D QXPE
FDWLRQV 7KRVH RWKHU WKDQ WKH RQH JLYHQ LQ &KDSWHU
$SSHQGL[ (DFK H[HUFLVH VWDUWYVY E\ JLYLQJ WKH UHTXLUHP|
V\VWHP EHIRUH SUHVHQWLQJ WKH KLHUDUFK\ RI GLDJUDPV L

$SSHQGL[ % JLYHV WKH FRPSOHWH VSHFLILFDWLRQ DQG LPS
DQ H[DPSOH V\VWHP

7KH ILQDO $SSHQGL[ JLYHV DQ DEVWUDFW V\QWD[ IRU WKH
SUHVHQWY DQ DOWHUQDWLYH WH[WXDO HTXLYDOHQW IRU WK

*ORVVDU\

7KH LPSOLHG PHDQLQJV LQ WKLV WKHVLV RI WKH WHUPV "L
"VSHFLILFDWLRQM ZHUH JLYHQ DERYH 7KHUH DUH D QXPEHU I
WKLYV WKHVLYVY ZKLFK KDYH EHHQ XVHG LQ WKH OLWHUDWXUH
7KH VKRUW JORVVDU\ EHORZ JLYHV WKH LPSOLHG PHDQLQJ IR
ZKHQ XVHG LQ WKH IROORZLQJ WH[W

¥ 6\VWHP "HYHORSPKIWWHUP UHIHUV WR DOO WKH VWDJHV
GHYHORSLQJ DQ RSHUDWLRQDO V\VWHP VWDUWLQJ IURP
WKURXJK WR LPSOHPHQWDWLRQ DQG WHVWLQJ

+ 8VHU $ SHUVRQ ZKR KDV DQ LQWHUHVW LQ WKH ILQDO
VIVWHP GHYHORSPHQW SURFHVV 7KLV LQFOXGHV SHRSC
WKH V\VWHP GHYHORSPHQW DV ZHOO DV WKRVH ZKR ZL
RQFH LW KDV EHHQ LPSOHPHQWHG

f SHTXLUHPHQWY GRFXRHQWHTXLUHPHQWY GRFXPHQW LV
SURGXFW RI WKH GHYHORSPHQW VWDJH LPPHGLDWHO\ ¢
WLRQ W LV D VWDWHPHQW RI ZKDW WKH XVHUV UHTXLUF

f $ODO\WVW 'HVLI®HWYH WHUPV DUH XVHG WR UHIHU WR W
ZKR FDUU\ VA\VWHP VSHFLILFDWLRQ DQG GHVLJQ UHVSHF\

+ +RVW HQYLURQPKEWRVW HQYLURQPHQW IRU D V\VWHP
ILHV WKH SK\VLFDO HQWLWLHY WKDW IRUP SDUW RI WKH V
7KLV LQFOXGHV KDUGZDUH VRIWZDUH PHFKDQLFDO GHYL
DQLVPV VXFK DV PDQXDO WDVNV SHUIRUPHG E\ SHRSOH



&KDSWHU

%DFNJURXQG

2YHUYLHZ

,Q WKLV FKDSWHU WKH EDFNJURXQG WR WKH RULJLQDO 2
SUHVHQWHG DQG GLVFXVVHG 'HODUFR 'DWD )ORZ 'LDJUI
SUHVHQWHG ILUVW 7KH IROORZLQJ VHFWLRQ RXWOLQH"
I\LQJ UHDO WLPH V\VWHPV 7ZR QRWDWLRQV FXUUHQW
DUH WKH GLUHFW SUHGHFHVVRUV RI WKH QRWDWLRQ R>
SUHVHQWHG 7KHVH QRWDWLRQV ZHUH SXW IRUZUG E\
DQG +DWOH\ DQG 3L@EKRQDGB\ WKHLU VKRUWFRPLQJV
WR LQGLFDWH WKH QHHG IRU DQ LPSURYHG QRWDWLRQ
VA\VWHPV

‘DWD )ORZ 'LDJUDPV

'DWD )ORZ 'LDJUDPV >'HO *6 @ DUH XVHG DV SDUW
VSHFLILFDWLRQ DSSURDFKHV WR VKRZ WKH GDWD LQW
EHWZHHQ D V\VWHP DQG WKH HQYLURQPHQW ZLWKLQ Z
WDNH D IXQFWLRQDO YLHZSRLQW RI V\VWHPV E\ GHFR
QHWZRUNURFHVWXNVK RI WKH VXFFHVVIXO XVH RI ')'-V LV
HDVH RI XQGHUVWDQGLQJ DQG XVH LQ GHVFULELQJ V\VV
VKRZQ LQ D KLHUDUFK\ RI VIVWHP SURFHVVHV VWDUWLQ
D VIVWHP ZKHUH LW LV YLHZHG DV D VLQJOH SURFHVV Z
HQYLURQPHQW

3LFWRULDOO\ D SURFHVV LV UHSUHVHQWHG E\ D FLUF)
VIPERO DQG V\VWHP HQYLURQPHQWDO HQWLWLHV DUH V
7KH ODWWHU DUH VR XHURMHZGRWWRH DR LQDWRKWRQQHFWLRC
WR WKH HQYLURQPH®MWWVDVI BRDPOK GVDUHSUHVHQWHG RQ

D QDPHG GLUHFWHG DUF FRQQHFWLQJ WKH V\VWHP SUI
HQWLW\ 7KH GLUHFWLRQ RI GDWD H[FKDQJH LV VKRZQ
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UHFHLYLQJ HQG RI WKH GDWD IORZ

7KH GLDJUDP VKRZLQJ D VI\VWHP-V GDWD LQWHUIDFHV WR LW
D&RQWH[W 'LBMLDR DQ LQFUHPHQWDO VSHFLILFDWLRQ VWUD\
SURFHVV RQ WKLV GLDJUDP LV H[SDQGHG LQWR D QHWZRUN |
E\ GDWD IORZV 7KHVH SURFHVVHV FDQ DOVR FRPPXQLFDWH
GDWD WKDW LV RFFDVLRQDOO\ XSGDWHG EXW XVHG PDQ\ WLF
'DWD VWRUHV DUH DQ DEVWUDFWLRQ RI WKH GDWD D V\VWHP |
IORZV DUH DEVWUDFWLRQV RI GLUHFW DV\QFKURQRXV FRF
VIVWHP SURFHVVHV ,Q RWKHU ZRUGV GDWD IORZV UHSUHVF
IRU GDWD ZKLOH GDWD LQ VWRUHV UHSUHVHQWY WKH SDU\
OLQJHU XQWLO RYHUZULWWHQ RU GHOHWHG B6WRUHG GDWD L
OLQHV RQ D ')' 7KH QDPH RI WKH GDWD VWRUH LV SODFHG
7KH V\PEROV RI 'HODUFR 'DWD )ORZ 'LDJUDPV DUH VKRZQ
7KH FRQVWUXFWLRQ RI ORZHU OHYEDOD DQALQVZERBKYQHG E\
UHTXLUH WKH D ')'-V LQKHULWHG GDWD IORZV DQG GDWD VW
FRQQHFWHG WR LWV SDUHQW SURFHVV DQG YLFH YHUVD

J)LIXUH 7KH 6\PEROV RI 'DWD )ORZ 'LDJUDPV

7KH QXPEHU RI LWHPVY SURFHVVHV DQG VWRUHV RQ HDFK (
JXLGHOLQH RI VHYHQ SOXV RU PLQXV WZR LQ RUGHU WR F
RI HDFK GLDJUDP 7KLV ZLOO UHVXOW LQ FOHDUHU GLDJUDP
GHUVWDQG >0LO @ 7KH VXEGLYLVLRQ RI FRPSOH[ SURFHV
DOO VWKIHWD$SURFHVVHY DUH VPDOO HQRXJK WR EH GHVFULEHG
RI WH[W W\SLFDOO\ QR PRUH WKDQ D SDJH (DFK VXFK VSH
PLQLVSHFLIREDRMLDRYSIRF VKRUW 7KH GLDJUDP KLHUDUFK\ LV
SDQLHG G6bWD GLFWZIRIAKUKROGY WKH GHILQLWLRQV RI WKH
DQG VWRUHV RI WKH VA\VWHP (DFK GDWD IORZ HQWU\ VKRZV
WKH GDWD FDUULHG E\ WKH GDWD IORZ (DFK GDWD VWRUH |
GHFRPSRVLWLRQ RI D VLQJOH UHFRUG WR EH VWRUHG LQ W
NH\ LGHQWLILHUV

7KH GLDJUDP KLHUDUFK\ WRIJHWKHU ZLWK WKH PLQLVSHFV RI
WKH GDWD GLFWLRQDU\ VSHFLI\ WKH FRPSOHWH IORZ RI GDV
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(IWHQGHG 'DWD )ORZ 'LDJUDPYV

'‘DWD )ORZ 'LDJUDPV DUH TXLWH DGHTXDWH IRU VSHFLI\L
FODVV RI VA\WVWHPV ZKHUH WKH IORZ RI FRQWURO WKUR
GHWHUPLQHG E\ WKH DUULYDO RI GDWD L H ZKHUH V\\
TXHQFHV DUH JRYHUQHG E\ WKH DYDLODELOLW\ RI GDW
W\SLFDO RI GDWD SURFHVVLQJ V\VWHPV IRU H[DPSOH

DURXQG 'DWD )ORZ 'LDJUDPV ODFN WKH PHDQV WR PRGH
FRQWURO YLD HYHQWYV RWKHU WKDQ WKRVH LPSOLFLWO
Gbwb ,Q UHDO WLPH V\VWHPV IRU H[DPSOH PDQ\ RI W
DUH VLIJQDOV WKDW LQGLFDWH WKH RFFXUUHQFH RI VRP
WLRQ KDV RFFXUUHG 7KHVH LQSXWV GR QRW SDVV DOQ\
SURFHVVHG JUHTXHQWO\ WKH\ LQGLFDWH D FKDQJH LQ
LV WR vD\ UHDO WLPH VA\VWHPVY DUH HYHQW GULYHQ >:/
UHTXLUHV D FOHDU GHILQLWLRQ RI VI\IVWHP VWLPXOL >%

'LVWLQJXLVKLQJ EHWZHHQ GDWD DQG HYHQW LQSXWV W
GHUVWDQGLQJ DQG GHVFULELQJ WKH RSHUDWLRQDO EHK
WR DFKLHYH WKLV GLVWLQFWLRQ LV E\ XVLQJ VSHFLILF
IORZV >75+ @ 7KLV UHVWULFWV WKH IUHHGRP RI DQD
IORZV DQG JLYHV D GXDO SXUSRVH WR WKH GDWD IOR
LGHQWLILHV ZKDW WKH GDWD IORZ FDUULHV WKH W\SH
IORZ LV PDGH H[SOLFLW E\ LWV QDPH 7KLV LV FOHDUO\

)XUWKHUPRUH PDQ\ VIVWHPV DUH PDGH XS RI VXEV\VW]
LO\ EH LGHQWLILHG DV JURXSV Rl FORVHO\ UHODWHG Q
FRPPRQ FRQWURO VWUXFWXUH LQ WKH ')' SURFHVV KLH
VXEV\VWHP LV DQ DEVWUDFWLRQ RI D JURXS RI SURFHV\
DWLRQV RI D VWUHDP RI GDWD RU HYHQW WRNHQV $Q\ \
EH DFWLYH RU LQDFWLYH DW D SDUWLFXODU WLPH GXU
7KLV LV W\SLFDO Rl UHDO WLPH V\VWHPV 7KH DELOLW\
RI D VIVWHP ZKHQ FHUWDLQ HYHQWVY KDYH RFFXUUHG |
DWLRQDO UHTXLUHPHQWYV IRU WKDW V\VWHP (DUO\ QRW
'LDJUDPV DUH XQVXLWDEOH IRU PRGHOOLQJ VXEV\VWHP
WURO VWUXFWXUH DW VXEV\WWHP OHYHO LV DW WKH YF
YHU\ ZRUVW QHDUO\ LPSRVVLEOH ZLWK HDUO\ GDWD IO
DQG QRWDWLRQV

WLV WKHUHIRUH FOHDU WKDW WUDGLWLRQDO 'DWD )C
XVHG IRU ZULWLQJ GRZQ HOHJDQW VSHFLILFDWLRQV IRLU
FRQWURO VWUXFWXUH LV QRW VLPSO\ JRYHUQHG E\ Wk
ZKRVH LQSXW HYHQWYV PD\ FDXVH VRPH SDUWV VXEV\VW
GHDFWLYDWHG
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/KH 7UDQVIRUPDWLRQ 6FKHPD

,Q RUGHU WR PDNH 'DWD )ORZ 'LDJUDPV PRUH VXLWDEOH IRU \
GHVLJQ RI UHDO WLPH VA\VWHPV :DUGDD @G L QMOURREIX BPHG

D QXPEHU RI QRWDWLRQDO H[WHQVLRQV 7KHWRKBOOHG WKH
WUDQVIRUPDWLRQ VFKHPD

1RWDWLRQ

7KH EDVLF ')' VIPEROV DUH UHWDLQHG LQ WKH WUDQVIRUPD
FHVVHV UHXDPDAWPHGVYUD QV | RNUHPHDSV WK@IVU FLUFXODU VAPEROV DQ
IORZV DUH UHSUHVHQWHG E\ DUFV MRLQLQJ SURFHVVHV DQG
VKRZQ ZLWK SDUDOOHO OLQHYV 7KH GDWD IORZ QRWDWLRQ
WKH UHSUHVHQWDWLRQ RI MRLQLQJ PHUJLQJ VSOLWWLQJ D

ILIXUH 7KH LQWHUSUHWDWLRQ RI D GDWD IORZ LV GHWHL
YLIXUH D VKRZV KRZ WZR SLHFHV RI GDWD FDQ EH MRLQI

< ZKHUH - - LV XVHG WR LQGLFDWH FRPELQDWLRQ RI G
VXP Rl ; DQG < WKLV IROORZV WKH FRQYHQWLRQ XVHG LQ

GLFWLRQDULHYV 3buw E VKRZV WKH PHUJLQJ RI WZR GDV
SURYLGHG E\ HLWKHU RI WKH LQFRPLQJ GDWD LWHPV ,Q SD
VSOLW LQWR D QXPEHU RI SDUWV = ; < 3DUW G VKRZV k&
RI WKH VDPH GDWD LWHP FDQ EH VHQW WR D QXPEHU RI GDV

J)LIXUH 'DWD )ORZV RI 7KH 7TUDQVIRUPDWLRQ 6FKHF

7KH WUDQVIRUPDWLRQ VFKHPD DOVR GLVWLQJXLVKHV EHWZFL
IORZV WLPH FRQWLQXRXV DQG WLPH GLVFUHWH GDWD IORZV
IORZV UHSUHVHQW LQSXWV WR V\VWHPV WKDW FRQWLQXDOO\
H[DPSOHV DUH UHDGLQJV IURP WKH V\VWHP HQYLURQPHQW \
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DQG SUHVVXUH 6XFK GDWD DUH DYDLODEOH WR WKH V\\
YDOXHV DUH RQO\ RI LQWHUHVW DW FHUWDLQ SRLQWV G
WLPH FRQWLQXRXV GDWD IORZV WLPH GLVFUHWH GDWD
DYDLODEOH WR D VIVWHP DW FHUWDLQ SRLQWV LQ WLPF
WR WKH QRWLRQ RI D WUDQVDFWLRQ LQ WKH G®WD SUR
7LPH FRQWLQXRXV GDWD IORZV DUH VKRZQ ZLWK D GR>
WUDQVIRUPDWLRQ VFKHPD ILJXUH

$V ZHOO DV VOLJKWO\ DOWHULQJ WKH GDWD IORZ QRWDW
LQWURGXFHV D QHZ VHW RI VIPEROV WR UHSUHVHQW WK
VIVWHP :DUG DQG OH@O@RWHOWKDW PRVW UHDO WLPH
WDLQ VRPH IORZV WKDW KDYH QR FRQWHQW WKH\ DUH \
VRPHWKLQJ KDV KDSSHQHG 7KHVH DUH WKH HYHQWV WK
VIVWHP SURFHVVHV WUDQVIRUPDWLRQV DQG EHWZHHQ
URQPHQW (YHQWV DUH VKRZQ LQ WKH WUDQVIRUPDWLR
'DUG DQG OHOORU LGHQWLI\ WKORE ®/01 5 H ¥ \RUHM WEFW M
DVVRFLDWHG ZLWK WKH DUULYDO RIORZWD GBYHBMWMW HG
DUH JHQHUDWHG E\ WKH V\VWHP WUDQVIRUPDWLRQV ZKH
EHHQ VDWLVIWHI® SRHIBOQWY VLIQDO WKH SDVVDJH RI WL
QR QRWDWLRQDO GLVWLQFWLRQ EHWZHHQ WKH ODWWHU
GRWWHG OLQH V\PERO )ORZ GLUHFW HYHQWV DUH QR
WUDQVIRUPDWLRQ VFKHPD

$ WUDQVIRUPDWLRQ WKDW DFFHSWV RQO\ HYHQW IORZV
IORZV DV LQSXWV DQG SURGXFHV RQO\ HYHFRQWRRD DV
WUDQVIRUPDUGLRY UHSUHVHQWHG LQ WKH WUDQVIRUPDWL
FLUFOH 7KHUH LV DOVR DQ DQDORJXHHRH@®WGDWRUWWR |
LV XVHG WR UHPHPEHU WKH RFFXUUHQFH RI HYHQW IOR
SDUDOOHO GRWWHG OLQHV 7KH FRQWURO V\PEROV RI W
VKRZQ LQ ILJXUH

?
&RQWURO ? (YHQW

M
L 7UDQVIRUPDWLRQ S6WRUH
(YHQW )ORZ ?

JLIXUH 7KH &RQWURO 6\PEROV RI 7KH 7UDQVIRUP
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'"HULYLQJ D 6SHFLILFDWLRQ

'DUG DQG OHOORU:V VIVWHP PRGHO KDV WZR SDUWV WKH I
VIVWHP LQWHUDFWYRQRQMHKHWDQ P MGHFRQG SDUW ZKLFK Gl
VFULEHV WKH UHTXLUHG EHKD Y IERDKWD RU RX K DXV (F/R&@HPO W K H

7KH HQYLURQPHQWDO PRGHO FDQ EH GLYLGHG LQWR WZR SDL
ERXQGDU\ EHWZHHQ WKH V\WVWHP DQG LWV HQYLURQPHQW V
EHWZHHQ WKH WZR SDUWV DQG D GHVFULSWLRQ RI WKH HYH
YLURQPHQW WR ZKLFK WKH V\VWHP PXVW UHVSRQG 7KH EHEk
FRQVLVWYV RI WZR SDUWV WKH WUDQVIRUPDWLRQ VFKHPD DQ
WUDQVIRUPDWLRQ VFKHPD GHQRWHYV JUDSKLFDOO\ WKH WUD
DWH RQ IORZV WKDW FURVV WKH V\VWHP ERXQGDU\ DQG LV W
VIVWHP WKDW UHVSRQGV WR HQYLURQPHQWDO HYHQWV 7KI
JUDSKLFDOO\ WKH LQIRUPDWLRQ WKDW PXVW EH UHPHPEHUH

6SHFLILFDWLRQ RI WKH VI\VWHP VWDUWYV E\ GHULYLQJ WKH HC
HQYLURQPHQWDO WHUPLQDWRUV RI GDWD DQG HYHQWV L H
DQG VLQNV DUH ILUVW LGHQWLILHG 7KHVH DUH WKH HQWL)
ZLWK 7KH GDWD DQG HYHQWV H[FKDQJHG EHWZHHQ WKH \
WKHVH HQWLWLHYV DUH WKHQ GHWHUPLQHG 7KH QDWXUH RI |
EHWZHHQ WKH VI\VWHP DQG LWV HQYLURQPHQW LV H[DPLQHG \
LV D WLPH FRQWLQXRXV RU D WLPH GLVFUHWH GDWD IORZ $
LQWHUIDFH LV V¥RRZHLW PRXWPBLPLODU ZD\ WR D ')’ FRQWH]
GLDJUDP D FRQWH[W VFKHPD UHSUHVHQWY HQYLURQPHQWDO
ER[HV DQG D EODFN ER[ YLHZ RI WKH V\VWHP VKRZV LW DV |
GDWD DQG HYHQW FRQQHFWLRQV WR LWV @QYLURQPHQW IL.

2QFH WKH V\VWHP LQWHUIDFH WR LWV HQYLURQPHQW LV Gl
KDYLRXU LV GHULYHG 7KH EHKDYLRXUDO PRGHO VSHFLILH)
EHKDYLRXU LQ D KLHWFKHPIKLY VMWGIRULYHG E\ XVLQJ DQ LQ
PHQWDO VWUDWHJ\ WR H[SDQG GDWD WUDQVIRUPDWLRQV LQ
DQRG FRQWURO WUDQVIRUPDWLRQV VWDUWLQJ ZLWK WKH GEC
ZKROH V\VWHP RQ WKH FRQWH[W VFKHPD $Q H[DPSOH VFKH
XUH > @ $V ZLWK 'HODUFR ')'-V WKLV H[SDQVLRQ FRQW
WKH GDWD WUDQVIRUPDWLRQV DUH VPDOO HQRXJK WR EH VS

7KH WZR W\SHV RI FRQWURO LQ D V\VWHP DUH VSHFLILHG
FRQWURO FDUULHG E\ GLVFUHWH GDWD IORZV LV QRW H[SOLF
IRUPDWLRQ VFKHPD ,QVWHDG HYHU\ GDWD WUDQVIRUPDWLF
WUDQVIRUPDWLRQ KLHUDUFK\ WUHH LV UHVWULFWHG WR RQ}
, I D GDWD WUDQVIRUPDWLRQ UHTXLUHV WKH GDWD FDUULHG I
GDwWD IORZ WKH GDWD PXVW ILUVW EH MRLQHG WRJHWKHU L
LQSXW WR WKH GDWD WUDQVIRUPDWLRQ

&RQWURO RYHU JURXSV RI WUDQVIRUPDWLRQV LV VSHFLILHG
IRUPDWLRQV $ FRQWURO WUDQVIRUPDWLRQ FDQ HQDEOH G|
WUDQVIRUPDWLRQ :KLOH D GDWD WUDQVIRUPDWLRQ LV HQDE
VSRQG WR DQG WUDQVIRUP GDWD LQSXW WR LW :KHQ GLVDE
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JLIXUH $Q ([DPSOH &RQWH[W B6FKHPD

XQWLO WKH GDWD WUDQVIRUPDWLRQ LV UH HQDEOHG

$ GDWD WUDQVIRUPDWLRQ WKDW GRHV QRW KDYH DQ C
RQO\ GDWD VWRUH DQG RU FRQWLQXRXYVY GDWD IORZ FRC
WULJIJHUHG 6XFK D WULJJHU LV JHQHUDWHG E\ WKH FR
WKH VDPH OHYHO DV WKH GDWD WUDQVIRUPDWLRQ 7KD
WKH FRQWURO WUDQVIRUPDWLRQV ZLWKLQ D VFKHPD
H[HUFLVH FRQWURO H[WHUQDO WR WKH VFKHPD E\ SUR
EXW RQO\ FRQWURO WUDQVIRUPDWLRQV PD\ SURPSW W
WKH VFKHPD

&RQWURO WUDQVIRUPDWLRQV XQOLNH GDWD WUDQVIRU
LQWR D IXUWKHU VXE QHWZRUN EXW OLNH OHDI GDWD
DWLRQ PXVW EH VSHFLILHG 7KH RSHUDWLRQ RI HDFK
GHVFULEHG E\ XVLQJ D ILQLWH DXWRPDWRQ PRGHO (D
VWDWH PDFKLQH UHSUHVHQWYVY SDUW RI WKH V\VWHP VW
HYHQW IORZV RI D FRQWURO WIU@SHXWRHP D QMR SXDW B FW K |
WLRRW LWV ILQLWH VWDWH PDFKLQH PRGHO 7KH RFFX!
FDXVH HLWKHU D FKDQJH RI VWDWH RU WKH SURGXFW]
FKDQJH RI VWDWH UHIOHFWV WKH EHKDYLRXU FKDQJH E
SO\ HQDEOLQJ GLVDEOLQJ RU WULJJHULQJ V\VWHP SUR
FRUUHVSRQGLQJ RXWSXW HYHQW IORZV IURP WKH FRQW

SLFWRULDOO\ D )60 FDQ EH VWWDWHYVMQWIKPE LBMELRQ GLDJ
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DYRLG FRQIXVLRQ EHWZHHQ 67'-V DQG VFKHPD VWDWH WUDC
UHFWDQJOHV DQG VWUDLJKW OLQHV LQVWHDG RI WKH WUDC
UHVSHFWLYHO\ IRU VWDWHYVY DQG WUDQVLWLRQV 7TUDQVLWL
HYHQW WKDW FDXVHV WKH VWDWH FKDQJH DQG WKH WUDQVI
DUH SODFHG DERYH DQG EHORZ D KRUL]JRQWDO OLQH LQ WKt
XUH >:@ VKRZV WKH VWDWH WUDQVLWLRQ GLDJUDP IRU WK
PDWLRQ RI ILIXUH

2SHUDWLRQ RI D FRQWURO WUDQVIRUPDWLRQ FDQ HTXLYDOHC
DVWDWH WUDQWLRVVK® 2ZW\B E 8 HV W D W HD F N @ DHVIRDEEE B @

WKH RXWSXW RI WKH WUDQVIRUPDWLRQ IRU HDFK VWDWH F¥
UHSUHVHQWDWLRQ LV SDUWLFXODUO\ XVHIXO IRU FRQWURO \
VWDWH WUDQVLWLRQ GLDJUDPYV

&RRUGLQDWLRQ RI GDWD WUDQVIRUPDWLRQV LV WKH UHVSR
WUDQVIRUPDWLRQ RI D VFKHPD 7KLV LV DFKLHYHG E\ WKH
EHWZHHQ GDWD DQG FRQWURO WUDQVIRUPDWLRQV &RQWUF
H[FKDQJH HYHQWYV IRU VIQFKURQLVDWLRQ DV ZHOO DV HQDEO|
%\ XVLQJ D OHYHOOHG VHW RI VFKHPDV ZLWK FRQWURO WUDZC
RI FRQWURO FDQ EH VSHFLILHG IRU D V\VWHP

7KH QRWDWLRQ SXW IRUZDUG E\ :DW@G KDQGVBINEORBRO BXGL
WLRQDO IHDWXUHYV 7KH GDWD VFKHPD PHQWLRQHG DERYH
WLRQVKLS PRGHO WR VSHFLI\ WKH OD\RXW RI WKH VWRUHG L
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7ULJJHU &OHDU 7ULJJHU :RUG
(QDEOH 'LVSOD\ 7ULJJHU :RUG
(QDEOH 5HFRUG 7ULJJHU :RUG

(QDEOH 'LVSOD\ /RJLF 6WDWHYV
/RIJLF $TXLVLWLRQ

&RPSOHWH RU 6WRS

I (
‘LVDEOH &RQWURO $TXLV
(QDEOH 'LVSOD\ /RJLF GWIB\%QFS@%O 6WRS $XWR

5HFRUG 7ULJJHWR PEOG &RQWURO $TXLV, (QDEOH
'LVSOD\ 7ULJJHWVRBGH 'LVSOD\ /RJLF o &RQWURO
VEHFRUG 7ULJJHU RIOAVLWLRQ $TXLVLWLRQ
"LVSOD\ 7ULJJHU (F{;HﬁEOH "LVDEOH
LVSOD\ /RJLELVSOD\ /RJILF
$48,5,1* 0$18%/ 6 WDWH WDWHVT

5HFRUG 7ULJ%H%RUG 7TULJJHU
‘RUG ‘RU

'LVSOD\ 7ULJHY§OD\ 7ULJJIHU
3:RUG

$48,5,1* $872

/RILF $TXLVLWLRQ
&RPSOHWH 7LPHU 8S

(QDEOH &RQWURO $TXL\K|9\,PLEF9$‘ &RQWURO STXLVLWLRQ
"LVDEOH 'LVSOD\ /RILF 6V LVSOD\ /RILF 6WDWHYV

5HFRUG 7ULJJHU :RUuGg SHFRUG 7ULJJHU :RUG
'LVSOD\ 7ULJJHU :RUG 'LVSOD\ 7ULJJHU :RUG

:$,7,1* $872
6WRS

J)LIXUH ([DPSOH 6WDWH 7UDQVLWLRQ 'LDJUL

'DWD IORZV DQG VWRUHV FDQ EH GHILQHG LQ D PDQQH!
ODUFR ')'-V LQ D GDWD GLFWLRQDU\ 2QFH D FRPSOHWH
GHULYHG WKH VFKHPD FDQ EH H[HFXWHG XVLQJ D WHFK
WLRQ RI SHWUL QHWV WRNHQV DUH SODFHG RQ GDWD
WKH DUULYDO RI GDWD DQG HYHQWY DQG WKH SURJUHVV
FRQWLQXRXV H[UHRRBWPQWRUPDWLRQV 7KH PHWKRGROF
D FRPSUHKHQVLYH VHW Rl JXLGHOLQHV WR DVVLVW LQ JR
GLDJUDPV WR D SK\VLFDO GHVLJQ

+DWOH\ DQG 3LUEKDL-V 1RWDWL

/LNH :DUG DQG OHOORU +DWOH\@ QG FRIAKMG >WEH GHI
FLHV RI '"HODUFR 'DWD )ORZ 'LDJUDPV ZKHQ VSHFLI\LQJ
BWDUWLQJ ZLWK 'DWD )ORZ 'LDJUDPV WKH\ LQWURGXFF
WR FUHDWH D ')’ VW\OH QRWDWLRQ ZKLFK LV PRUH VXLV

1RWDWLRQ

+DWOH\ DQG 3LUEKDL DOVR UHWDLQ WKH ')' VIPEROV IR
DQG GDWD VWRUHV 7TKHLU GDWD IORZ QRWDWLRQ KDV
:DUG DQG OHOORU:V [ILJXUH EXW WKHUH DUH QR VH
LOWHUSUHWDWLRQ RI HDFK GDWD IORZ LV DJDLQ GHWHUF

8QOLNH :DUG DQG OHOORU +DWOH\ DQG 3LUEKDL:-V QRYV
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= VSOLWV LQWR RU PHUJSO/OIBRP ; IORZV DORQJ WKH EUDQFK\ ysoLFDWHG ROQ
WV FRPSRQHQWYV : DQG <LRZV DOQF WKH ORZHU EUDOQF
QeHQ 0G LV UHSOLFDWHG RO WKH xngEFEﬂ’ﬁQEFl&DQFKHV

IORZV IURP OHIW WR UDRA@Y ERWK ZDAV < DQG ‘= IORZ ; TORZV ULJKW WR OHIW
RQ WKH DUF VHSDUDWHO\ RQ WKH DUF "< IORZV IURP OHIW WR
JLIXUH ‘'DWD )ORZV RI +DWOH\ DQG 3LUEKDL:-V 1RWI

FRQWURO IORZ YLHZ WR WKH 'DWD )ORZ 'LDJUDPV ,QVWHDG
SDQ\LQJ WKH ')' VKRZV WKH IORZ RI FRQWURO 7KHVH GLD.
&RQWURO )ORZ 'LDJUDRBV&)&)ZIMOO FRQMWDGEZD HY H U\
SURFHVV RQ LWV ')' FRRQWURGUIKRRZZWKH IORZ RI FRQWURO V
QDOV GRZQ WKURXJK WKH VIVWHP SURFHVV KLHUDUFK\ 7KHVI
DUFV &RQWURO IORZV XQOLNH HYHQW IORZV RI WKH WUDQ
FDUU\ FRPSRVLWH YDOXHV ZKLFK DOORZ FRPSRVLWH FRQ\
RI WKH GDWD IORZ W\SHV VKRZQ LQ ILJXUH $V D UHVXOW
UHQDPHGUWEKHLUHPHQWYV B\LFIWRGDWQG 3LUEKDL DOVR FRQ!
FRQWURO IORZ GHILQLWLRQYV

+DWOH\ DQG 3LUEKDL OLNH :DUG DQG OHOORU XVH D ILQLW}
UHSUHVHQW FRQWURO DW DQ\ OHYHO RI JUDQXODULW\ B6XFK
E\ D VKRUW EDU RQ &)' DO SKMHHEMSIWW RI DQ DXWRPDWRQ D
WKH FRQWURO IORZV HQWHULQJ WKH EDUDVWIERMDMHG6RPH RI L\
VKRZQ DV HPHUJLQJ FRQWURO IORZV DQG RWKHUV DUH VKRZ
7KH FRQWURO IORZ V\PEROV RI +DWOH\ DQG 3LUEKDL-V QR
ILIXUH

&RQWURO )ORZ

JLIXUH 7KH &RQWURO 6\PEROV RI +DWOH\ DQG 3LUEKD

6WRUHY PD\ DOVR EH SODFHG RQ &)'-V 7KHVH UHSUHVHQW
FRQWURO IORZ $ VWRUH PD\ FRQWDLQ HLWKHU GDWD RU FF
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LV QR VSHFLDO V\PERO IRU D FRQWURO VWRUH ,W LV V
OLQHV B6WRUH GHILQLWLRQV LQ WKH UHTXLUHPHQWYV GL!
Rl ZKDW HDFK VWRUH KROGV 8QOLNH 'HODUFR ')'-V D V
D VLQJOH ')' &)' RQ 'HODUFR ')'-V DQG LQ WKH WUDQVIF
D VWRUH LV VKRZQ ZKHUHYHU LW LV UHIHUHQFHG )ORZ"
OHYHO SURFHVVHV DUH ODEHOOHG LQVWHDG ZLWK WKH

'HULYLQJ D 6SHFLILFDWLRQ

+DWOH\ DQG 3LUEKDL GLYLGH WKH GHVLJQ USURHAHWHY LQ
PHQW PRGHOOILZXLNKVBHWLYHYV IURP XVHU UHTXLUHPHQW)\
WLRQ LQGHSHQGHQW VSHFLILFDWLRQF R LWHKHVX\WHV PR G B (
VWDJHKLFK PDSV WKH VSHFLILFDWLRQ RQWR D GHVLJQ |
FRQVWUDLQWY DQG LPSOHPHQWHG RQ VSHFLILF KDUGZD

7KH V\VWHP UHTXLUHPHQWYV DUH FDSWXUHG WKURXJK D
YLHZV D V\VWHP IURP WZR DVSHFWV WKH LQIRUPDWLR
EHKDYLRXU DQG LWV FRQWURO @WDWHYV HE DKBIYERRO HG
SURFBQBRQWRRXHOV DQG DUH VKRZQ RQ ')'-V DQG &)'-V

YJLIXUH $Q ([DPSOH 'DWD &RQWH[W 'LDJUDP

+DWOH\ DQG 3LUEKDL VWDUW E\ GHULYLQJ WKH V\VWHP L
7KLV LV VKRZQ RQ D SDLU RDVGDR DIROQWWH[W KKRIZWDW® K H
GDWD H[FKDQJHG EHWZHHQ WKH V\VWHP DQG WKH HQW
ILIXUH DQRRQMKHRO &RQWHWKRZWIWRA FRQWURO LQ\
ILIXUH @ 3

1RWH WKDW LQ RUGHU WR UHGXFH FOXWWHULQJ RI GL
DOORZ PXOWLSOH V\PEROV WR EH GUDZQ IRU VRPH HQ\
VDPH QDPH UHSUHVHQW WKH VDPH HQWLW\ HJ ~&XVW
&&' RI ILIXUHV DQG 2WKHU UHSHDWHG V\PEROV [
DQG IORZV

7KH UHTXLUHPHQW VSHFLILFDWLRQ FRQWLQXHV E\ LQFU
SURFHVV LQWR VXE QHWZRUNV RI SURFHVVHVY XQWLO HDF
SULPLWURHFHVY L H RQH ZKRVH RSHUDWLRQ FDQ EH GH
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J)LIXUH 7KH &RQWURO &RQWH[W 'LDJUDP IRU 7KH "&" R

RI WH[W 7KLV WH[V& URFH/OYOWHSHWIKHFDVBMRABYRBBB @HYHO
WKH SURFHVVY PRGHO LV ILUVW GHULYHG DQG VIGRZQ RQ D ")'

7KH QDPLQJ QXPEHULQJ DQG EDODQFLQJ UXOHV RI '"HODUFR
JUDPV DUH IROORZHG DQG DLG WKH HDV\ FRPSUHKHQVLRQ R
"Y'V  2QFH WKH SURFHVV PRGHO KDV EHHQ VSHFLILHG WKI
GHULYHG DQG VKRZQ RQ D &)' $ &)' UNDIRRPHWHE\ ILUVW
SURFHVV DQG VWRUH 7KHVH UHWDLQ WKH VDPH V\PEROV D
ILIXUH @ 3

$ SURFHVV RQ WKIQRWHSRHWHQW SURFHVVLQJ RI FRQWURO 10
LW QRU LV LW DFWLYDWHG RU GHDFWLYDWHG E\ WKRVH FR
GLDJUDPV DUH RQO\ XVHG WR VKRZ WKH URXWLQJ RI FRQWUT
WKH\ VKDUH WKH QDPLQJ DQG QXPEHULQJ RI WKRVH RQ WKH
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JLIXUH 7KH &)' IRU WKH ")" RI ILJXUH

/LNH :DUG DQG OHOORU +DWOH\ DQG 3LUEKDL GR QRW
FDUULHG E\ GDWD EXW XQOLNH WKHP WKH\ GR QRW 1
GLVFUHWH DFWLYH GDWD IORZ LQSXW WR D SURFHVV

RQ D SURFHVY PD\ EH GHGXFHG IURP LWV 363(&

&RQWURO ORFDO WR D OHYHO LV GHVFULEHG XVLQJ D |
WKLV LV VKRZQ E\ D VKRUW EDU RQ D &)' $OWKRXIK WK
KDV VHYHUDO RI WKHVH WKH\ DOO UHSUHVHQW WKH VD
RSHUDWLRQ RI VXFK D ILQLWH VWDWH PDFKARHVUWR QLY |
VSHFLILFDWLRQ &63(&

+DWOH\ DQG 3LUEKDL GLYLGH ILQLWH VWDWHFRPFKLQHYV
ELQDWLRQDO PZKRAKUM)WWKH PDFKLQH RXWSXW LV GHSHQ
LQSXWV VBDGHQWLDO RKFHWIHMMH PDFKLQH RXWSXW GH
RQO\ RQ WKH FXUUHQW LQSXWV WR WKH PDFKLQH EXW
LQSXWV 7KH RSHUDWLRQV RI WKHVH DUH VSHFLILHG E
WUDQVLWLRQV GLDJUDPV UHVSHFWLYHO\ 'HFLVLRQ WD
IRU HDFK RI LWV LQSXWV 67'-V DUH VLPLODU WR WKRVH
VFKHPD :KHQ D )60 LV WRR FRPSOH[ WR EH HDVLO\ VS
PD\ EH VSHFLINVM® \EH DW UD Q RIVWMRIDVW D OB QVLWHRQ PDW
DXWRPDWRQ LQ ILIJXUH LV D VHTXHQWLDO PDFKLQH
ILIXUH

7KH ILQLWH VWDWH VHTXHQWLDO PDFKLQHV LQ +DWOH)
IHU LQ WZR ZD\V IURP WKRVH LQ WKH WUDQVIRUPDWLRQ
HYHQWYVY IURP WKH DXWRPDWRQ WR SURFHVVHV DUH Q
IORZV LQ WKH WUDQVIRUPDWLRQ VFKHPD HQDEOLQJ V
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J)LIXUH &63(& RI ILIJXUH

QHFWLQJ DQ HYHQW DUF IURP D FRQWURO WUDQVIRUPDWLRC
VKRZQ HLWKHU RQ WKH 67' LQ D VLPLODU IDVKLRQ WR WKR
PDWLRQ VFKHPD 6 DFWLRDWOR®FWDEDMNLRQ WDEOHV DUH XVF
UHGXFH 67' FOXWWHULQJ HJ ILJXUH VKRZV WKH DFWL"
67' RI ILIXUH $Q DFWLYDWLRQ WDEOH LV SDUW RI WKH

3URFHVV'LVSHQVHVSHQVH*HW
$FWLYDWHKGBGQJIH3URGXFWDOLG
&RQWURO BHOHFWLRQ
$FWLRQ
$FFHSW &XVWRPHU
SHTXHVW
SHWXUQ
3D\PHQW
$FFHSW
1HZ &RLQ
'LVSHQVH
3URGXFW

JLXUH 7KH $FWLYDWLRQ 7DEOH IRU WKH 67" RI ILJX

BHFRQG DQG PRUH LPSRUWDQW LQ WKH WUDQVIRUPDWLRQ
WLRQ VWD\V DFWLYH XQWLO HLWKHU D IXUWKHU RXWSXW

WUDQVIRUPDWLRQ GHDFWLYDWHY LW RU LWV SDUHQW LV GHLE
SURFHVVHV LQ +DWOH\ DQG 3LUEKDL-V GLDJUDPV VWD\ DFWI
WUDQVLWLRQ 7KDW LV LI D SURFHVV LV WR EH DFWLYH RY
LW PXVW EH DFWLYDWHG SULRU WR HQWHULQJ ERWK VWDWF
QRW QHHG H[SOLFLW GHDFWLYDWLRQV 2QFH DFWLYDWHG D
FKLOGUHQ FDQ UHVSRQG WR GDWD LWHPV XQWLO WKH SURTF
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QH[W WUDQVLWLRQ

+DWOH\ DQG 3LUEKDL HQFRXUDJH WKH XVH RI FRPELQDYV
VSHFLILFDWLRQ FRPSOH[LW\ 7KH\ DOVR SRLQW RXW \
TXHQWLDO PDFKLQH PXVW EH XVHG WR VSHFLI\ D FRQW
FRPELQDWLRQDO PDFKLQHVY WR JHQHUDWH LQSXW IRU W
WKH LQSXW FRQWURO IORZV DQG WR JHQHUDWH RXWSX
URQPHQW IURP WKH VHTXHQWLDO PDFKLQH:V RXWSXW

FRPSOH[LW\ RI VHTXHQWLDO PDFKLQHYV

+DWOH\ DQG 3LUEKDL-V QRWDWLRQ DOVR LQFOXGHV D (
&ULWLFDO V\VWHP WLPLQJ LV GHILQHG E\ WKHP WR EH \
RXWVLGH WKH V\VWHP L H WKH WLPLQJ EHWZHHQ DQ
FRUUHVSRQGLQJ RXWSXWV LQWHUQDO WLPLQJ LV FRQVI
VSHFLILWGPL@J VSHFLILFDWPRQ BARDEOHM ODWLYH DQG DE
DOVR DYDLODEOH WR 363(&-V DQG &63(&-V 7KH DUFKLYV
D JXLGH IRU JRLQJ IURP WKH VSHFLILFDWLRQ WR D SDU

'K\ ,QWURGXFH $QRWKHU 1RWDW

7KH SXUSRVH LQ GHULYLQJ D VSHFLILFDWLRQ IRU D V\V
GRZQ WKH FRPSOHWH DQG XQDPELJXRXV RSHUDWLRQDO
WHP 7KH GHULYHG SURGXFW PXVW EH XVHIXO IRU FRP
JURXSV RI SHRSOH LQYROYHG LQ WKH GHYHORSPHQW R
DQDO\WWV GHVLJQHUV DQG LPSOHPHQWRUV ,Q RUGHU
WLRQ QRWDWLRQ PXVW QRW RQO\ FRQYH\ WKH V\VWHP -
PXVW DOVR UHVXOW LQ GLDJUDPV WKDW FDQ EH HDVLO\
EHKDYLRXU RI WKH V\VWHP FDQ EH XQGHUVWRRG ,Q R
QRWDWLRQ PXVW SUHVHQW FOHDUO\ WKH GDWD DQG FR
SURFHVVHV ZLWK HDFK RWKHU DQG ZLWK WKH V\VWHP |

7KH GDWD LQWHUIDFHV RI WKH VA\VWHP KDYH DOUHDG\ E|
VHDUFK DQG WKH VXFFHVVIXO XVH RI 'DWD )ORZ 'LDJUDP
LQGXVWU\N LV HYLGHQFH IRU WKH IDFW WKDW WR SUHVH
VIVWHP WKH QRWDWLRQ PXVW VKRZ WKH GDWD H[FKDQJ
DQG WKH GDWD VWRUHG E\ WKH VA\VWHP 7KHVH DUH DE
GDWD VWRUHV LQ 'DWD )ORZ 'LDJUDPV %RWK RI WKH DI
HVWDEOLVKHG FRQYHQWLRQV RI GDWD LQWHUIDFHV LQ

7KH PRWLYDWLRQ IRU FUHDWLQJ D QHZ QRWDWLRQ VWF
IORZ GLDJUDPV DUH XQVXLWDEOH IRU PRGHOOLQJ WKH
VA\VWHP 7R SUHVHQW D FRQFLVH DQG HDV\ WR IROORZ
WURO VWUXFWXUH RI D VA\VWHP LW LV QHFHVVDU\ WR E
FROQWURO FRQWURO RI JURXSV RI SURFHVIYVHIDS DRRG FRQ
FHYVVHV 7KH QRWDWLRQ PXVW WKHUHIRUH EH DEOH WHR
RI D VIVWHP LQWR SURFHVV JURXSV VXEV\VWHPV KRZ
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HQDEOHG DQG GLVDEOHG DQG KRZ HDK. 1LIHBRWBYERGXDO SURF
HUDWLRQ

7ZR QRWDWLRQV EDVHG RQ ")'-V KDYH EHHQ RXWOLQHG DER
UHDFKHVY WKH JRDOV RXWOLQHG KHUH $OWKRXJK WKHUH D
EHWZHHQ WKHP >:. %-.: @ WKH\ KDYH D FRPPRQ DSSURI
LINLQJ FRQWURO RYHU JURXSV RI SURFHVVHV WKH\ ERWK
PRGHO IRU WKLV SXUSRVH $ ILQLWH DXWRPDWRQ FDQ RQO\
WLPH LH LW LV LQKHUHQWO\ D VHTXHQWLDO PDFKLQH WKF
LV XVHG KHUH WR UHIHU WR VHTXHQWLDO PDFKLQHV VXFK DV
DQG ORRUH PRGHOV >7% *LO +8 @

7KHUH DUH VHYHUDO GLVDGYDQWDJHV WR WKLV NLQG RI QRYV
PRGHO RI FRQWURO PD\ IRUFH VRPH XQQHFHVVDU\ VHTXHQ\
VA\VWHP VSHFLILFDWLRQ &RQFXUUHQW FRPSXWDWLRQV DUH
E\ DQ )60 >&'. +DU +/1 @ 7KH VHTXHQWLDOLW\ LQKH!L
DXWRPDWRQ PRGHO PHDQV WKDW HYHQWY FDQ RQO\ EH WU
QXPEHU RI FRQFXUUHQW HYHQWYV PD\ DV D UHVXOW KDYH W
WR PRGHO WKHP LQ DQ )60 6XFK D VHULDOLVHG UHVSRQVH
RI WKH UHTXLUHG VA\WVWHP EHKDYLRXU DQG PD\ RQO\ EH LCcC
VSHFLILFDWLRQ WHFKQLTXH LV LQFDSDEOH RI PRGHOOLQJ W

6HFRQG ILQLWH DXWRPDWD QRWDWLRQV DUH VXVFHSWLEOH
LQ WKH QXPEHU RI VWDWHYV >+DU OLU @ )RU H[DPSOH WK
VXE VA\VWHPYV PD\ UHTXLUH D FKDQJH RI WKH VA\VWHP VWDWF
RI D QXPEHU RI HYHQWV || WKHVH HYHQWYV FDQ RFFXU LQ L
QXPEHU RI VWDWHY EHWZHHQ WKH LQLWLDO DQG ILQDO V\
VWDWH PDFKLQH UHSUHVHQWDWLRQ ZLOO TXLFNO\ LQFUHDV
DQ XQUHDGDEOH DQG DW ZRUVW DQ XQPDQDJHDEOH GLDJU

7KLUG WKH RQO\ ZD\ WR VSHFLI\ FRQFXUUHQW EHKDYLRXL
VIVWHP LV WR KDYH PXOWLSOH SURFHVVHV HQDEOHG LQ V
VSHFLILHG RQ WUDQVLWLRQ DFWLRQ ODEHOV RI 67'-V DQG
LQ WKH DERYH QRWDWLRQV 1HLWKHU WKH QXPEHU RI SURF
EHKDYLRXU FKDQJH FDXVHG E\ DQ HYHQW DW D KLHUDUFK\

UHFWO\ IURP :DUG DQG OHOORU 6FKHPD RU +DWOH\ DQG 3L!
'LDJUDPV ,Q WKH WUDQVIRUPDWLRQ VFKHPD WKLV LQIRUPEL
VWDWH WUDQVLWLRQ GLDJUDP RU WDEOH EXW WKH QXPEH!
D VWDWH FDQQRW EH UHDOLVHG MXVW E\ ORRNLQJ DW WKF
WHP ,W LV QHFHVVDU\ WR ORRN DW SUHYLRXV VWDWHV WR
DOUHDG\ HQDEOHG SULRU WR HQWHULQJ WKH QHZ VWDWH

SLFWXUH LV HYHQ KD]JLHU LQ +DWOH\ DQG 3LUEKDL-V QRWDW
GLYLGHG EHWZHHQ WKH &)' ZKLFK VHSDUDWHV WKH GDWD ¢
WKH RWKHUV DQG WKH &63(& ZKLFK JLYHV WKH HQDEOLQJ
ODWWHU $ SURFHVV DFWLYDWLRQ WDEOH JLYHV WKH OLVW
VWDWH SURFHVVHV QRW FRQWUROOHG E\ WKH &63(& DUH

7KHUHIRUH LW LV QRW HDV\ WR GHGXFH KRZ HDFK JURXS R
DQG GLVDEOHG LQ HLWKHU QRWDWLRQ
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$OWKRXJK D YDULHW\ RI H[WHQVLRQV WR ILQLWH VWD
DWH VRPH RI WKH DERYH SUREOHPVY KDYH EHHQ SURSR

WHOHSKRQH VZLWFKLQJ V\VWHPV >&'. =DY D &&, 5
GHVLJQ Rl UHDFWLYH V\VWHPV >+DU +/1 +DU +36
Rl ZHDSRQ V\WWHPV >$0I $0l @ JHQHUDO VRIWZDUH
VLIQ >:LO '"HQ +RO 6DO 7D\ @ DQG VSHFLILFDW

WLRQ SURWRFROV >%= @ WKHVH H[WHQVLRQV FDQQRW
ZLWK 'DWD )ORZ 'LDJUDPV

JXUWKHUPRUH LW LV QRW LPPHGLDWHO\ DSSDUHQW IUR
XVLQJ HLWKHU RI WKH QRWDWLRQV DERYH ZKHQ D OHD
LV DFWLYDWHG WR SHUIRUP LWV WDVN 7KLV FDQ RQO
DW D QXPEHU RI GLDJUDPV DQG WH[W GHVFULSWLRQV
IRXQG PRUH HDVLO\ LQ WKH WUDQVIRUPDWLRQ VFKHPD
GDWD GULYHQ SURFHVV WR D VLQJOH DFWLYH GDWD L
SURFHVV LV GULYHQ E\ LWV VLQJOH DFWLYH LQSXW 3UF
DUH WULJJHUHG E\ FRQWURO WUDQVIRUPDWLRQV 7KH W
SURFHVV KDV WR EH H[WUDFWHG IURP LWV 363(& RU IL
+DWOH\ DQG 3LUEKDL:-V VSHFLILFDWLRQV $ GLDJUDP V>
ZKLFK LV LQWHQGHG WR VKRZ WKH IORZ RI FRQWURO W
VKRZ FOHDUO\ ZKHQ DQG E\ ZKDW DJHQW HDFK OHDI S|
QHHG WR FRQVXOW RWKHU GLDJUDPV RU WH[W

7KHUH DUH RWKHU OHVV LPSRUWDQW GUDZEDFNV WR W}
FRQWURO DW DQ\ SDUWLFXODU VFKHPD PXVW JR WKURX
WLRQV RI WKDW VFKHPD WKH UHVXOWLQJ GLDJUDPV FI
HYHQW H[FKDQJHV EHWZHHQ FRQWURO DQG GDWD WUDC
WR UHPRYH UHGXQGDQF\ LQ GLDJUDPV KDV OHDG +DWO
GRQ WKH FRQYHQWLRQ RI VKRZLQJ D GDWD VWRUH DW
$ GDWD IORZ LQKHULWHG IURP D VWRUH LV LQVWHDG O
QDPH 6LQFH GDWD IORZV IURP VWRUHV FDQQRW SURYL
FDQQRW WULJJHU WKH UHFHLYLQJ SURFHVV WKLV FRQY
XQLQWHQWLRQDO DPELJXLW\ LQWR WKH GLDJUDPV $C
ORRN OLNH DQ DFWLYH IORZ HVSHFLDOO\ VHYHUDO OH
SODFHG VLQFH LW LV OLNHO\ WKH GLDJUDP UHDGHU KI
LV IURP 7KLV SUREOHP PD\ EH ZRUVHQHG VLQFH WULJJ
LQFOXGHG RQ DQ\ Rl WKH GLDJUDPV SURGXFHG DFFRUGL
QRWDWLRQ

7KHUHIRUH LW LV FOHDU WKDW D VSHFLILFDWLRQ QRWD
VSHFLILFDWLRQV IRU WKH FODVV RI VIVWHPV ZKLFK LQF(
FRQWURO VWUXFWXUH LV GHSHQGHQW RQ HYHQWV DV
EDVHG RQ ILQLWH DXWRPDWD $ QRWDWLRQ VKRXOG |
JUDVS WKH V\VWHP FRQWURO VWUXFWXUH E\ PHDQV RI
GLDJUDP KLHUDUFK\ 7KH UHDGHU QHHGV WR EH DEOH W
LV HQDEOHG GLVDEOHG DQG KRZ HDFK OHDI SURFHVV |
DFKLHYH WKLV D QRWDWLRQ PXVW VKRZ ERWK WKH GDW
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VI\VWHP FRQFLVHO\ DQG LQ D ZzD\ WKDW LV HDV\ WR IROORZ
VDWLVILHY WKHVH UHTXLUHPHQWY DQG DWWHPSWV WR RYHU
WKH WZR QRWDWLRQV RXWOLQHG LQ WKLV FKDSWHU LV LQWI



&KDSWHU

/KH 1HZ 1RWDWLRAQ

 QWURGXFWLRQ

7KH SUHYLRXV FKDSWHU RXWOLQHG WKH QHHG IRU DQ H.
EDVHG QRWDWLRQ ZKLFK RYHUFRPHV WKH GHILFLHQFLH
QRWDWLRQV FXUUHQWO\ XVHG LQ LQGXVWU\ 7KH LQWH
KHUH LV WR SURYLGH D QRWDWLRQ ZKLFK FOHDUO\ VKR

t bOO VWRUHG GDWD
+t bOO GbWD LQWHUIDFHV WR SURFHVVHYV

¥ WKH GLYLVLRQ LQWR VXEV\WVWHPV ZKLFK PD\ EH HQI
DUDWHO\

+ WKH FRQGLWLRQV IRU HQDEOHPHQW DQG GLVDEOHP
+ DOO SURFHVVHV GRZQ WR DWKRPGRRHFEG VRIHOH DIQ R U

¥ WKH RUGHU LQ ZKLFK SURFHVVHV DUH UHTXLUHG WHE

7R WKHVH HQGV WKH IORZV RI GDWD DQG HYHQWV WKUR:
LQWR WZR GLDJUDPV $W HDFK KLHUDUFK\ OHYHO D 'D
WKH GDWD LQWHUIDFHV Rl WKH SURFHVVHV DIWH@WDW O
YJORZ 'LDJUPP VKRZV QRW RQO\ WKH HYHQW LQWHUIDFH
VSHFLDOO\ WKH ILULQJ DJHQW IRU HDFK OHDI SURFHVV
QDPHBXEV\VWHP &RQWUR®&'LDIVDRVHG WR VKRZ HQDEO
GLVDEOLQJ RI SURFHVVHV VXEV\VWHPV DW OHYHOV ZK
LV SDUW RI WKH RSHUDWLRQDO UHTXLUHPHQWV RI WKH
GHVFULEH WKH RSHUDWLRQV RI SURFHVVHV DW WKH OHEL
DQG DQ HYHQW GLFWLRQDU\ LV LQFOXGHG WR KROG L
WKH VSHFLILFDWLRQ DORQJ ZLWK WKH GDWD GLFWLRQL
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,Q WKH IROORZLQJ VHFWLRQV HDFK RI WKHVH GLDJUDPV LV FI
7KH ILUVW VHFWLRQV JLYH D EULHI GHVFULSWLRQ RI WKH V\
WKUHH GLDJUDPV 7KH VHFWLRQV WKDW IROORZ JLYH D ZRUD
GHPRQVWUDWH WKH XVH RI WKHVH VI\PEROV 7KH ILQDO VHFW
VHW RI UXOHV IRU GUDZLQJ WKH GLDJUDPV LQ WKH QHZ QRW

6\PEROV 21 7KH 1RWDWLRQ

7KH VAPEROV IRU ")'-V ()'-V DQG 6&'-V DUH GHVFULEHG LQ
VHFWLRQV

‘'DWD )ORZ 'LDJUDPYV

7KH ')'-V LQ WKH SURSRVHG QRWDWLRQ IROORZ WKH FRQYH
'DWD )ORZ 'LDJUDPV ZLWK VRPH PLQRU H[WHQVLRQV 7KH IL
HIWHQVLRQ WR GDWD IORZV VLPLODU WR WKH GDWD IORZ
OHOORU >:0 @ 7KH QHZ GDWD IORZ FRQVWUXFWYV VKRZ GDW
DQRG FRSLHVY 7KHVH DUH VKRZQ LQ ILJXUH

IORZV IURP OHIW WR ULJKW

= VSOLWV LQWR RU PHUJHVS.UR®RZV ERWK ZD\V : LV FRSLHVY WR RU PHUJHG
LWV FRPSRQHQWY ; DQG < RQ WKH DUF IURP WKH EUDQFKHV
JLIXUH 'DWD )ORZV

7KH LQWHUSUHWDWLRQ RI HDFK GDWD IORZ LV GHWHUPLQHG
FDWHG E\ WKH DQQRWDWLRQV RQ WKH GLDJUDP

$ PRUH VLJQLILFDQW H[WHQVLRQ LV DMKRIPIBE® VKILQRWWRQ EHYV
OHYHO SURFHVV V\PEROV ([SHULHQFH KDV VKRZQ WKDW LW
LGHQWLI\ DWRPLF SURFHVVHV LI WKH\ KDYH WKH VDPH SLFW
RWKHU SURFHVVHV 7KLV LV SDUWLFXODUO\ WKH FDVH IRU V
FDWLRQV ,Q VXFK VSHFLILFDWLRQV LW LV GLIILFXOW WR LG
WKRVH ZKRVH RSHUDWLRQV DUH QRW GHVFULEHG E\ D ORZH
FHVVHV DQG VWRUHV ZLWKRXW ORRNLQJ IXUWKHU GRZQ WK

,Q RUGHU WR PDNH WKH GLDJUDP KLHUDUFK\ LQVWDQWO\ FF
SURFHVVHYV DUH VKRZQ ZLWK D GRXEOH FLUFOH V\PERO 7K
WKDW KDYH DQ DVVRFLDWHG PLQLVSHF 7KH VA\PEROV IRU
DORQJ ZLWK WKH UHPDLQLQJ VI\PEROV RI RXU '")'-V LQ ILJXUH
') VIPEROV IRU HQYLURQPHQWDO HQWLWLHYV WKH VA\VWHP L
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VRXUFHV DQG VLQNV DQG V\PEROV IRU GDWD UHSRVLWF
UHWDLQHG

&1 QJIH YUY \ V4 I (=2 NS &XUUHQW
3ULFHN ?9 5HSRUW 6WRFN
: Sz VRXUFH VLQN GDWD
$SWRPLF VWRUH
SURFHVV SUREHVY
YLIXUH 2WKHU ") 6\PEROV

'‘DWD )ORZ 'LDJUDPV LQ WKLV QRWDWLRQ VKRZ WKH GBD
SURFHVVHV 7KHVH LQFOXGH WKH GDWD H[FKDQJHG EH
HIFKDQJHG EHWZHHQ SURFHVVHVY DQG WKHLU HQYLURQP|
IDFHV

(YHQW )ORZ 'LDJUDPV

7KHUH DUH WZR UHDVRQV IRU VKRZLQJ GDWD DQG HYHQW
7KH ILUVW LV FODULW\ ,QFOXGLQJ HYHQW IORZ LQIRUP
LQ FOXWWHUHG GLDJUDPV ZKLFK DUH GLIILFXOW WR UF
WKH PDMRU LQFHQWLYHV IRU XVLQJ GLDJUDPPDWLF VSH
HITHFWLYH FRPPXQLFDWLRQ RI WKH VSHFLILFDWLRQV W
LQIRUPDWLRQ WR ")'-V GHJUDGHV WKHLU FODULW\ DQG
RULJLQDO SXUSRVHYV

6HFRQG WKH DELOLW\ WR ORRN DW WKH WZR GDWD I
LQWHUIDFH LV DQ LQYDOXDEOH DQDO\WLV WRRO %\ VHS
VWXGLHG LQ LVRODWLRQ RU VLGH E\ VLGH

JRU WKHVH UHDVRQV SURFHVV HYHQW LQWHUIDFHYVY DUFL
JUDPV 7KH V\PEROV XVHG RQ ()''V DUH VKRZQ LQ ILJXU

'DVKHG DUFV DUH XVHG WR UHSUHVHQW WKH IORZ RI HYF
7KHVH DUH DEVWUDFWLRQV RI LQSXWV WR SURFHVVHV V
GDWD IORZV KDYH QR FRQWHQW $Q HYHQW XVXDOO\
Rl VRPH KDSSHQLQJ ZLWKLQ RU RXWVLGH WKH V\VWHP
UHVXOWLQJ IURP H[WHUQDO DQG LQWHUQDO GDWD FRQG

3URFHVVHV RQ ()''V DUH UHSUHVHQWHG E\ GDVKHG F
HYHQW LQWHUIDFHV RI VIVWHP SURFHVVHV (YHQW VWRU
7KHVH FRQWDLQ FRQWURO VWDWH LQIRUPDWLRQ 5HVH
FXUUHQFH RI VRPH HYHQWVY PD\ QHHG WR EH UHFRUGH
SURFHVVHV WR EH DEOH WR UHDFW WR WKHP DW D ODYV
7KHVH DUH UHFRUGHG LQ HYHQW VWRUHV LQ WKH IRUP
FRXQWV
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&KDQJH L 3XPS

BULFHV
VRXUFH VLQN

SURFHVYV

3XPS
,GOH

5HSRUW (YHQW
?1 6WRUH
$WRPLF
(YHQW )ORZV SURFHVV
JLIXUH (YHQW )YORZ 'LDJUDP 6\PEROYV

/LNH GDWD IORZV HYHQW IORZV FDQ DOVR EH PHUJHG RU F
SUHWDWLRQ RI VXFK IORZV LV GLIIHUHQW 6LQFH DQ HYHQW
FDQQRW EH VSOLW LQWR SDUWV WKIQEHNVWY Q®RHE TIXQ YVIDIOH Q W
HYHQW IORZ QRWDWLRQ $ PHUJRGRHWKMWHYGIQ@MWADWHVJIBG
DQG WKH EUDQFKHV RI D FRSLHG HYHQW IORZ FDQ EH UHQDPF
WKH SXUSRVH RI WKH HYHQW

7KH UHPDLQLQJ HYHQW IORZ FRQVWUXFW RI1 ILIJXUH WKH
WR UHSUHVHQW V\QFKURQLVDWLRQ RI D QXPEHU RI HYHQW
LQGHSHQGHQW DFWLYLWLHYV LV DQ LPSRUWDQW SDUW R UHI
ZKLFK LV ZK\ VIAQFKURQLVDWLRQ LV JLYHQ D GLVWLQFW V\PE
VWUDLJKW VROLG OLQH

(YHQW )ORZ 'LDJUDPV VKRZ WKH HYHQW LQWHUIDFHV RI V\V\
LQFOXGHV VWRUHG HYHQWYV WKH HYHQWYV H[FKDQJHG EHWZ}
DQG EHWZHHQ WKRVH SURFHVVHV DQG WKH VI\VWHP HQYLUR
WKH\ VKRZ WKH ILULQJ HYHQW IRU HDFK DWRPLF SURFHVV R

6 XEV\VWHP &RQWURO 'LDJUDPV

7ZR W\SHV Rl FRQWURO ZHUH LGHQWLILHG LQ WKH SUHYLRX
JURXSV RI SURFHVVHV DQG FRQWURO RYHU LQGLYLGXDO DWI
VKRZV RQO\ WKH FRQWURO RU VHTXHQFLQJ RI DWRPLF SURF
RI FRQWURO ZKLFK LV FRQFHUQHG ZLWK VWUHDPV RI GDW
HQDEOLQJ GLVDEOLQJ RI SURFHVV JURXSWXEWEWMRHPV L\
&RQWURO 'LDE&DPY ')' ()' SURFHVV LV VKRZQ E\ D URXQGDC
D UHFWDQJOH ZLWK URXQGHG FRUQHUV RQ WKH FRUUHVSR
DIJDLQ VKRZQ ZLWK GDVKHG V\PEROV EXW WR GLVWLQJXLVK
6&' RQO\ VWUDLJKW OLQHV DWHDQMGQWANEWKG®JIVXEV\V

WHP V\PERO IURP WKH OHIW DQG WKRVH GLVDEOLQJ LW HPH
VLGH 7KHUH DUH WKUHH W\SHV Rl HQDEOHPHQW GLVDEOHP
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DEOH )LQLVK DQG 5HVXPH 6XVSHQG 7KHVH DUH GLVFX
ORZ 7KH HQG RI HDFK WUDQVLWLRQ FRQQHFWHG WR D
QRWDWHG E\ D OHWWHU LQ D FLUFOH WR LQGLFDWH WKH
LPSRVHG RQ WKH VXEV\VWHP 6&' VI\PEROV DUH VKRZQ F

~

< S
(QDEOH +DOW

< <

| | (QDEOH )LQLVK

ODLQWDLQ
6 WRFN < ¢

5HVXPH VXVSHQG

6XEVAVWHP  7UDQVLWLRQV (QDEOHPHQW 'LVDEOHPHW 7\S

J)LIXUH 6 XEV\VWHP &RQWURO 'LDJUDP 6\PER

6 XEV\VWHP &RQWURO 'LDJUDPV DUH XVHG WR VKRZ FRQMW
SURFHVVHYVY 7KH\ VKRZ KRZ HDFK SURFHVV JURXS LV HQ

$ :RUNHG ([DPSOH

,Q RUGHU WR VKRZ KRZ WKH DERYH V\PEROV DUH XVHG
JUDPV DQG ZKDW UROH WKH GLDJUDPV SOD\ LQ D KLHULI
VA\VWHP D ZRUNHG H[DPSOH LV JLYHQ LQ WKH VHFWLROQ\
DPSOH LV VPDOO LQ VL]H LW LQFOXGHV PRVW IHDWXUHV
LW zZzDV FKRVHQ IURP WKH VHW RI HI[DPSOH VSHFLILFDWIL

7KH 3HWURO 6WDWLRQ 6\WWHP 5HTXLL

7KH IROORZLQJ GHVFULEHV WKH GD\ WR GD\ RSHUDWLR
SHWURO VWDWLRQ LV HTXLSSHG ZLWK D QXPEHU RI S
HQDEOHG LV DEOH WR GHOLYHU SHWURO DW VHYHUDO
VWRUHG LQ D VHSDUDWH WDQN RQ VLWH $Q DWWHQGD
DIWHU WKH VPRRWK RSHUDWLRQ RI WKH VWDWLRQ +H |
ZKLFK GLVSOD\V LQIRUPDWLRQ DERXW WKH SXPSV DQG )
HTXLSSHG ZLWK D GLVSOD\ ZKLFK GXULQJ GHOLYHU\ V
WKH SULFH RI WKDW JUDGH SHU OLWUH WKH DPRXQW R
WKH FRVW RI WKH GHOLYHUHG SHWURDO

7R JHW SHWURO D FXVWRPHU GULYHV XS WR D SXPS DQ
EXWWRQ $ EHOO VRXQGV RQ WKH DWWHQGDQW:-V FRQV
WR WKH SXPS LV OLW 7KH DWWHQGDQW HQDEOHV WKH

IRU WKH SXPS 'HOLYHU\ RI SHWURO LV WKHQ GHOHJD'
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FRPPHQFH ZKHQ WKH FXVWRPHU SUHVVHV WKH GHOLYHU\ OH)
LV FRQVWDQWO\ XSGDWHG GXULQJ GHOLYHU\

"KHQ WKH FXVWRPHU KDV DFTXLUHG VXIILFLHQW IXHO V KH
QR]]JOH 7KH SXPS ZLOO DJDLQ ZDUQ WKH DWWHQGDQW ZLWK
DOVR VHQGVY WKH GHWDLOV RI WKH WUDQVDFWLRQ WR WKH \
KDV SDLG IRU WKH SHWURO WKH DWWHQGDQW SUHVVHV WK
D VHFRQG FXVWRPHU LV ZDLWLQJ IRU VHUYLFH WKH SXPS L
EXWWRQ SUHVV ,Q RUGHU WR NHHS SDSHU FRVWV WR D Pl
SROLF\ WR LVVXH UHFHLSWV WR FXVWRPHUV RQO\ RQ UHTXH

7KH FRQVROH GLVSOD\V WKH FRPSOHWHG WUDQVDFWLRQV |
VWRFN OHYHO IRU DQ\ JUDGH IDOOV EHORZ D WKUHVKROG
ZDUQHG E\ D OLJKW RQ KLV FRQVROH

'"HOLYHULHY DUH PDGH ERWK RQ D UHJXODU EDVLVY DQG RQ GH
WDQNHU DUULYHV WKH DWWHQGDQW SUHVVHV D GHOLYHU\ E
RQJRLQJ GHOLYHULHY DUH FRPSOHWHG EXW QR IXUWKHU SXF
XQWLO WKH GHOLYHU\ LV FRPSOHWH 2QFH FRPSOHWH WKFE
DUH HQWHUHG YLD WKH FRQVROH

'KHQ WKH SULFH RI bQ\ SHWURO JUDGH FKDQJHYV D VXSHUYLV]
WR DOWHU WKDW JUDGH:-V SULFH JRU VHFXULW\ UHDVRQV
HQWHU D SUHVHW FRGH EHIRUH V KH LV DOORZHG WR PDNH
FRGH LV YDOLGDWHG WKH VXSHUYLVRU LV LQVWUXFWHG W
SULFH FKDQJHYV 7KH GHWDLOV RI SULFH FKDQJHV DUH IRU.
ZKLFK FKDQJH JUDGH SULFHV DFFRUGLQJO\

)LQDOO\ VDOHV DQG VWRFN UHSRUWY DUH SURGXFHG RQ Gl
WHQGDQW RU D FRPSDQ\ VXSHUYLVRU $ FRPSXWHU V\VWHP
WKH SHWURO VWDWLRQ WR KHOS ZLWK LWV GD\ WR GD\ RSH

7KH 3HWURO 6WDWLRQ 6SHFLILFDWLRQ
7KH 6\WWHP (QYLURQPHQW

7KH SUHVHQWDWLRQ RI D GHULYHG VSHFLILFDWLRQ LQ WKH ¢
WKHVLV IROORZV LQ WKH IRRWVWHSV RI LWV SUHGHFHVVRU"
DSSURDFK ZKLFK HPSOR\V D KLHUDUFKLFDO VHW RI GLDJUDP
OHYHOV RI SURFHVVLQJ GHWDLO IRU D V\VWHP W VWDUWV
LQWHUIDFH ZLWK LWV HQYLURQPHQW /LNH RWKHU OHYHOV F
WKLV LV GLYLGHG LQWR WZR YLHZV WKH GDWD LQWHUIDFH
7KHVH DUH VKR ZRR ®W HWW HG LIDIXUOHP

7KH FRQWH[W GLDJUDP LV WKH RQO\ SODFH ZKHUH V\VWHP
FKDQJHV ZLWK WKH HQYLURQPHQW DUH VKRZQ GLUHFWO\ )
DQJXODU V\PEROV UHSUHVHQWLQJ HQYLURQPHQWDO HQWLW
GLDJUDP 7KH GDWD DQG HYHQWV H[FKDQJHG EHWZHHQ WK
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JLIXUH SBHWURO 6WDWLRQ 6\WWHP &RQWH[W
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HOQOWLWLHY DUH DEVWUDFWHG E\ GDWD DQG HYHQW IORZV RQ

7R DYRLG FOXWWHULQJ WKH GLDJUDP LQVWDQFHV RI LGHQV
WLHV DUH RYHUODLG RQ WRS RI HDFK RWKHU HJ WKHUH
VSHFLILFDWLRQ 7KH GDWD DQG HYHQW IORZV FRQQHFWLQJ "
UHFWDQJOHV UHSUHVHQWLQJ VXFK HQYLURQPHQWDO HQWLW
GXSOLFDWHG :KHUH VXFK GXSOLFDWLRQ FDQQRW EH LQIHU
D QXPEHU PD\ EH SODFHG RQ WKH IORZ WR LQGLFDWH LWV
IXUWKHU KHOS LQ NHHSLQJ WKH GLDJUDP OHVV FOXWWHUHG
YRU H[DPSOH WKH GDWD IORZ "7UDQVDFWLRQ 'LVSOD\p DQG
KDYH WKUHH LQVWDQFHV HDFK

2Q0\ RQH RWKHU IHDWXUH RI1 ILIJXUH UHPDLQV WR EH H[SO
ODEHOOHG ZLWK SDUHQWKHVLVHG QDPHVY :DUG DQG OHOORU
WASHV RI GDWD LQSXWWIWHRH F VRQOWII @ B/RRY GLVEFEWWH

7KH IRUPHU DUH LQSXW GDWD ZKRVH YDOXH YDULHV RYHU V
WHPSHUDWXUH RU SUHVVXUH WUDQVGXFHUV WKH ODWWHU I
DW GLVFUHWH SRLQWV LQ WLPH 7KH WZR W\SHV RI GDWD
KHUH 7KHVH DOBWHE®E®HG L H LQSXW GDWD ZKRVH YDOXH L
IURP WLPH WR WLPH DQG FDQ EH LQVSHFWHG ZKHQ UHTXLUF
SUHVVXUHDFW@&EHNVD ZKLFK LV DFFRPSDQLHG E\ DQ LPSOLHG
SURFHVVHG RQ DUULYDO 7KLV GLVWLQFWLRQ LV TXLWH LPS
WKH ILULQJ DJHQW H[SODLQHG EHORZ IRU DQ DWRPLF SURI

2XWSXW GDWD IORZV PD\ DOVR EH DFWLYH L H FDUU\ LPSO
WKDW WKH RXWSXW GDWD VKRXOG EH SURFHVVHG E\ WKH |
RFFXUV 2XWSXW GDWD IORZV ZKLFK GR QRW FDUU\ LPSOLFL
WKH UHFLSLHQW 6LQFH WKH PHFKDQLVPV WKURXJK ZKLFK W
GHSHQG RQ WKH FDSDELOLWLHV RI WKH GHYLFHV XVHG LQ V
WKH\ DUH OHIW WR WKH V\VWHP GHVLJQ VWDJH ,Q ILIXUH
SURFHVVHG E\ WKH "5HFHLSW 3ULQWHUp DV VRRQ DV LW LV
DFWLRQ 'LVSOD\p LV WR EH ODWFKHG E\ WKH FRQVROH GLV!

7KH LPSOLFLW HYHQW FDUULHG E\ D SLHFH RI DFWLYH GDWD
IORZ ODEHOOHG ZLWK WKH SDUHQWKHVLVHG QDPH RI WKH FI

7KH J)LUVW 'LYLVLRQ

2Q WKH QH[W GLDJUDP OHYHO WKH ILUVW GLYLVLRQ RI WKH
VKRZQ 7KHVH DUH WKH PDMRU VXEV\VWHPV WKDW PDNH XS
Rl WKH ZKROH V\VWHP )RU WKH H[DPSOH V\VWHP FRQVLGHUF
VI\VWHPV IRU PRQLWRULQJ WKH RSHUDWLRQ RI HDFK SXPS H
PDLQWDLQLQJ VWDWLRQ VWRFN DQG SULQWLQJ UHSRUWV T

1RWH WKDW WKH RYHUOD\LQJ WHFKQLTXH IRU LQVWDQFHV RI
XVHG KHUH WR DYRLG GLDJUDP FOXWWHULQJ WKHUH DUH W
FHVV "ORQLWRU 3XPS 2SHUDWLRQp RQH IRU HDFK SXPS 7K
LV IROORZHG IRU UHSHWLWLRQ RI VWRUHV )LJXUH ZKLFK
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5HEHLSW 2 LW 3ULFH
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2 200 2
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?; 11z 9 gypo o HULILHG
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2 2SHUDWLRQ
5 HFHLSW
SHTXHVW ,00LowDLQ
7UDQVDFWLRQ 6WRFN 7
"HWDLOV  7pNH "HOLYHU\
6WRFEN ? &RPSOHWH
BWRFN
"HOLYHU\
\ 5HSRUW
A 3ULQW @
5HSRWW B5HSRUW
BB BHTXHVW
JLIXUH SHWURO 6WDWLRQ 6\VWHP ()
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6\WWHP H[HUFLVH LQ $SSHQGL[ $ LOOXVWUDWHV WKLV $JD
DQG HPHUJLQJ IURP UHSHDWHG HQWLWLHV DUH E\ LQIHUHC
WKDW ZKHQ SURFHVVLQJ HOHPHQWY ERWK WKRVH LQVLGH
DUH FRQQHFWHG WRJHWKHU LQ WKLV ZD\ WKHUH PXVW EH I
GHQFH EHWZHHQ WKH FRQQHFWHG QRGHV L H WKHUH PXV\
FRQQHFWHG WR HLWKHU HQG V RI WKH IORZ V ,Q WKH S
IRU H[DPSOH WKHUH DUH WKUHH SXPSV DQG WKUHH "ORQLW
SURFHVVHV ,Q FRQWUDVW WKLV RQH WR RQH UHODWLRQVI
SHDWHG VWRUHV $ QXPEHU RI SURFHVVHV PD\ ZULWH WR W|
SXPS PRQLWRULQJ SURFHVVHV DOO ZULWH WR “7UDQVDFWLR
SURFHVV PD\ UHDG IURP DQ\ QXPEHU RI UHSHDWHG RU RW
WKH %RWWOLQJ 6\WWHP IRU H[DPSOH ‘ORQLWRU $UHDp UHEL
VKRZQ RQ ILJXUH VHH $SSHQGL[ $

JLIXUH 'XSOLFDWLRQ RI ,GHQWLFDO 6WRUH ,QVWI

7KH GDWD LQWHUIDFHVY RI WKH SURFHVVHV DUH VKRZQ E\ \
GLDJUDP RI1 ILIJXUH ,W VKRZV WKH GDWD H[FKDQJHG EHWZ
WKH GDWD VWRUHG E\ WKH VA\VWHP ZKLFK LV VKDUHG E\ WK
DV WKH GDWD H[FKDQJHG E\ WKRVH SURFHVVHV DQG WKHLU I
IROORZV WKH 'HODUFR EDODQFLQJ UXOHV L H DOO WKH G
DQG JRLQJ RXW RI WKH GLDJUDP PXVW DOVR DSSHDU RQ LW
GLDJUDP LQ WKLV FDVH $ VLPLODU VW\OH RI QXPEHULQJ SU
PDNH LW HDVLHU IRU VSHFLILFDWLRQ UHDGHUV WR IROORZ O
HQDEOH WKH DQDO\WW WR LGHQWLI\ D SURFHVV E\ D XQLTXH
FDQ EH XVHG ZKHQ ODEHOLQJ WKH GLDJUDPPDWLF H[SDQVLEF
LQ LWV PLQLVSHF H J VHH ILIJXUH

7KH ()" SDUW RI WKH GLDJUDP VKRZV WKH HYHQW LQWHUIDF
ZKLFK DSSHDU RQ WKH ')' 7KHUH DUH VHYHUDO SRLQWV WHEF
SURFHVV RQ WKWKD)GRMMHEG WKH FRUUHVSRQGLQJ ()" 7KHVH (
SURFHVVHV GR QRW UHSUHVHQW QHZ SURFHVVHV WKH\ VKR
WKH VDPH SURFHVVHYVY DV WKRVH RQ WKH ") 7KH\ VKDUH WKH
RI WKH VKDGRZHG ') SURFHVVHV 7KH GDVKHG FLUFXODU V\I
WKH SXUSRVH RI ()''V WR VKRZ WKH HYHQW LQWHUIDFHV RI



$ :25.(" (;%03/(

6HFRQG DQ\ DWRPLF SURFHVV RQ WKH GLDJUDP PXVW
INLQJ WKH DOJRULWKP IRU WUDQVIRUPLQJ LWV LQSXWYV
LQFOXGH ERWK GDWD DQG HYHQW RXWSXWYV )RU H[DPS(
"5HSRUWp LQ UHVSRQVH WR "5HSRUW 5HTXHVWyu

7KLUG QRWH WKDW DQ DWRPLF SURFHVYV PD\ RXWSXW HI
(IDPSOHV DSSHDU LQ WKH GLDJUDPV EHORZ 7KLV LPSO
EH XVHG IRU JHQHUDWLQJ HYHQWYVY ZKLFK UHVXOW IURP
VXFK DV WKRVH FDXVHG E\ GDWD FRPSDULVRQV ,Q QRW
FRQWURO VSHFLILFDWLRQ >:0 +3 @ WKLV UROH LV GH
EHWZHHQ ILQLWH VWDWH PDFKLQHV DQG SURFHVVHV | Q
VLIQDOV WKH )60 RI WKH RFFXUUHQFH RI DQ HYHQW 7
FRUUHVSRQGLQJ HYHQW XSRQ FKDQJLQJ VWDWH DV D U
WKH QRWDWLRQ SUHVHQWHG KHUH DQ DWRPLF SURFHV
WR DQRWKHU LQVWHDG Rl JRLQJ WKURXJK D WKLUG SDL

JRXUWK DV SRLQWHG RXW DERYH LPSOLFLW HYHQWV FC
VKRZQ ZLWK DQ HYHQW IORZ ODEHOOHG ZLWK WKH SDUH
IORZ "'5HSRUW 5HTXHVWp DQG "6WRFN 'HOLYHU\p DUH
1RWH WKDW WKH ORZHU DUP RI WKH ODWWHU HYHQW KD
HYHQW IORZV FDQ EH XVHIXO LQ SRUWUD\LQJ WKH SXUS
WKH HYHQW IORZ ,Q WKLV H[DPSOH VLQFH HQWHULQJ W
LQGLFDWHV WKH HQG RI VWRFN GHOLYHU\ WKH FRUUHV
UHODEHOOHG WR UHIOHFW WKLV IDFW

JLIWK QRWH WKDW WKH RQO\ DWRPLF SURFHVV RQ ILJX
D VLQJOH HYHQW IORZ HQWHULQJ LW 7KLV LV D V\QW
SURFHVVHV 7KH GLVFXVVLRQ LQ WKH SUHYLRXV FKDSW
Rl ZKHQ DQ DWRPLF SURFHVV LV DFWLYDWHG DV D XVHI;
QRWDWLRQ 7KLV LV ZK\ WKH QRWDWLRQ SUHVHQWHG |
UXOH 2QFH D SURFHVV KDV EHHQ LGHQWLILHG DV DQ
DVVRFLDWHG PLQLVSHF WKH SRLQW DW ZKLFK LW VWDU
DEVWUDFWHG E\ WKH VLQJOH HYHQW IORZ LQSXW WR Wi
H[HFXWLRQ ZKHQ WKH HYHQW RFFXUV

, D SURFHVV UHTXLUHV D QXPEHU RI HYHQWV WR RFF.
SLHFHV RI GDWD EHIRUH LW FDQ VWDUW WKHQ WKHVH H
IRUP WKH ILULQJ HYHQW IRU WKH SURFHVV H J WKH VX
WLRQ 'LVSOD\p RI WKH SURFHVYV "ORQLWRU 3XPS 2SHUL
WZR HYHQWY "7UDQVDFWLRQ &RPSOHWHp DQG ""HOLYH

RFFXUUHG VHH ILIJXUH KHQ DQ\ RQH RI D QXPEHU
YLGXDOO\ ILUH DQ DWRPLF SURFHVV WKH\ DUH PHUJHG
ILIXUH ZKLFK LV SDUW RI WKH $XWRWHOOHU 6\VWHPF

"5HTXHVW 6HUYLFH 6HOHFWLRQuUu FDQ EH ILUHG E\ DQ\ F
ZKLFK PDNH XS LWV HYHQW IORZ LQSXW

6L[IWK DQ DWRPLF SURFHVYVY PD\ RXWSXW DQ HYHQW RQ |
PD\ EH XVHG VXEVHTXHQWO\ WR ILUH RWKHU V\VWHP SUR
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'"HSRVLW
y SFFHSWHG

JLIXUH OHUJHG (YHQWYV

FHVVHVY DQG RU VLJQDO WR HQYLURQPHQWDO HQWLWLHV ,V
GHVWLQDWLRQV :KHQ PRUH WKDQ RQH HYHQW IORZ HPHUJH\
FHVV D FKRLFH LV LPSOLHG EHWZHHQ WKRVH RXWSXW HYHQ
RXW SKOWR I WKHVH HYHQWY XSRQ FRPSOHWLRQ RI LWV WDVN
FDVHV DSSHDU LQ WKH H[DPSOH VSHFLILFDWLRQV JLYHQ LQ
SURFHVV "ORQLWRU 3K /LPLWp LQ WKH %RWWOLQJ 6\WWHP
ILIXUH RQ WHUPLQDWLRQ LW PD\ RXWSXW HLWKHU 3K
"SHVWDUW

1A:' ]?9? 5HVWDUW
ORQLWRU ?U

| 3K L
2 J/LP LW
9 \ 3K 2XW
21 5DQJH
YLXUH $ &KRLFH RI 2XWSXW (YHQWYV
7KH EDODQFLQJ UXOHV DUH VOLJKWO\ PRGLILHG IRU ()'-V !

HQWHULQJ DQG HPHUJLQJ IURP WKH SDUHQW EXEEOH PXVW
QHWZRUN H[SDQVLRQ ()" RU 6&" VRPH HYHQWYV RXWSXW I
WKLV QHWZRUN PD\ QRW DSSHDU RQ WKH SDUHQW GLDJUDP
XVHG RQ WKH 6XEV\WVWHP &RQWURO 'LDJUDP WR HQDEOH DQ
JURXSY HJ WKH WZR HYHQWYV "5HVWDUWWN DQG "3K 2XW 2]
WOLQJ 6\VWHP H[HUFLVH DUH XVHG WR HQDEOH DQG GLVDEOI
6 XEV\VWHP &RQWURO 'LDJUDP IRU WKH V\VWHP VHH $SSHQG
SDVVHG RQWR WKH SDUHQW GLDJUDP 1RWH WKDW DQ HYHQ
WKH SURFHVVHV RQ WKH ()' WKH VXEVA\VWHPV RQ WKH 6&’
HIDPSOH JLYHQ KHUH ERWK "6WRFN 'HOLYHU\ &RPSOHWHM D



$ :25.(" (;$03/(

2Q 211
ORQLWRU
3XPS
2SHUDWARRQ
&KDQJ 1y
£ SR

(O ODLQWDLQ
BWRFN YBWRFN \DHVWRFN
? 'HOLYHU\ &RPSOHWH

( 3ﬁLQW A
2 C; 5HSRUW ; +!

J)LIXUH SHWURO 6WDWLRQ 6\WWHP 6&'

FRQQHFWHG WR ERWK WKH ()" DQG 6&' GLVFEXVVHG QHJ'
FRQQHFWHG WR ()" SURFHVVHYV

$ 6XEVI\VWHP &RQWURO 'LDJUDP LV XVHG WR VSHFLI\ F
SURFHVVHYVY DW DQ\ OHYHO RI JUDQXODULW\ LQ WKH SUF
SOLHV D UXOH RI DJJUHJDWLRQ ZLWK QHVWLQJ RI VXEV
VA\VWHP FRQWURO VWUXFWXUHYV 7KH H[DPSOH KHUH LQF
ILIXUHV DQG 7KH 6&' IRU WKLY OHYHO RI WKH HJL
RQ ILIJXUH

$UFV HQWHULQJ DQG HPHUJLQJ IURP QRGHV RQ ')'-V DQGC
WR DQG RXWSXW IURP WKRVH QRGHV 7KH HYHQWV HQ!
6&' VXEV\VWHRRWYSIXWY WR RU RXWSXWV IURP WKRVH ¢
HYHQWV DUH OLNH WKH WUDQVLWLRQV RQ VWDWH WUDQ
GLIIHUHQFH LV WKDW LQ D 6&' D QXPEHU RI FPRIRFHVVH
FXUUHQAMBWUHDYV LQ D 67' RQO\ RQH VWDWH PD\ EH RFF
7UDQVLWLRQV HQWHULQJ D VXEV\VWHP IURP WKH OHIW
IURP LWV ULJKW KDQG VLGH GLVDEOH LW :KLOH HQDE
WKH VXEV\VWHP UHVSRQG WR HYHQWV :KHQ GLVDEOHG
,Q RWKHU ZRUGV QHVWHG VXEV\VWHPV RI D VXEV\VWHP
SDUHQW LV GLVDEOHG DQG DWRPLF SURFHVV EHORZ D
ILULQJ HYHQWYV

7KH DQQRWDWHG FLUFOHV DW WKH HQG RI WUDQVLWLRQ
HQDEOHPHQW GLVDEOHPHQW LPSRVHG RQ LWV VXEV\VWF
EHHQ LGHQWLILHG 7KHVH DUH JURXSHG LQWR WKUHH
HYHQWYV

7KH ILUVW W\SH LV LGHQWLILHG E\ WKH OHWWHUV ( D¢
FLUFOHV 7KH OHWWHU ( LQGLFDWHYV WKDW WKH VXEV\V
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LH DOO LWV DWRPLF SURFHVVHV DUH HQDEOHG WR UHDF\
QHVWHG VXEV\VWHPV FDQ UHDFW WR HQDEOLQJ GLVDEOLQ
HYHQW PDUNHG ZLWK WKH OHWWHU + LQGLFDWHV WKDW W
XSRQ WKH RFFXUUHQFH RI WKH HYHQW DQG DQ\ RQJRLQJ
KDOWHR H[DPSOH DOO WKH ILUVW OHYHO VXEV\VWHPV RI W
HQDEOHG ZKHQ WKH V\\RQHPX LY LW WQKHR VLW BPUHVXOW

LQ KDOWLQJ DOO V\WWHP DFWLYLW\

7KH OHWWHUV ( DQG ) LGHQWLI\ WKH VHFRQG HQDEOHPHQW
OHWWHU ( KDV WKH VDPH LQWHUSUHWDWLRQ DV LQ D ( + SI
WZHHQ WKLV DQG WKH ILUVW W\SH LV LQ WKH ZD\ WKH VXE\
OHWWHU ) LQGLFDWHY WKDWL Q/IKBIQV XREQIR WHP ZIRUN REHIR U H

VWRSSLQJ ,Q RWKHU ZRUGV DOO XQSURFHVVHG GDWD DQ
VXEV\VWHP DUH GHDOW ZLWK EHIRUH WKH VXEV\VWHP KDOW
DEOHPHQW ,I D VWRFN GHOLYHU\ FRPPHQFHV LQ WKH PLGC
SHWURO VWDWLRQ V\WVWHP IRU H[DPSOH WKH UHSRUW UHT
ILHG EHIRUH WKH UHSRUW SULQWHU LV KDOWHG 1HZ HYHQW
D VXEV\WVWHP:-V SURFHVVHV ZKLOH LW LV FRPSOHWLQJ XQILC
WUDQVLWLRQ SHULRG )XUWKHU UHSRUW UHTXHVWV DUH IR
WKH FXUUHQW UHSRUW LV FRPSOHWHG E\ WKH UHSRUW SUL

7KH WKLUG W\SH RI HQDEOHPHQW GLVDEOHPHQW LV LQGLFD
5 DQRG 6 7KHVH DUH XVHG ZKHQUM WXERHNR N WMWSIHQWRG
VWDWH 7KH OHWWHU 5 DQQRWDWHYV WKH HQDEOLQJ HYHQW
VA\VWHP LV WR UHVWDUW IURP LWV VXVSHQGHG VWDWH DQ!
WKH GLVDEOLQJ HYHQW WR LQGLFDWH WKH UHTXLUHPHQW W
VR WKDW LW FDQ UHWXUQ WR WKDW VWDWH ZKHQ UH HQDE(
UHVXPSWLRQ HYHQW DFWV LQ WKH VDPH zZD\ DV DQ ( W\SH HC
RWKHU WZR W\SHV RI HQDEOHPHQW ZKHUH DQ HQDEOLQJ GL
EH FRQQHFWHG WR D VXEV\VWHP ZLWKRXW LWV FRUUHVSRQ
WUDQVLWLRQ H J VHH $SSHQGL[ $ H[DPSOHV D VXEV\VW
VXPH DIWHU D SDUWLFXODU HYHQW PXVW KDYH D FRUUHVSF
GLWLRQ LQGLFDWHG E\ D 6 W\SH GLVDEOHPHQW 7TKH %RW
Rl $SSHQGL[ % LQFOXGHYVY H[DPSOHV RI WKLV W\SH RI HQDE
ILIXUH

$ 6XEV\VWHP &RQWURO 'LDJUDP LV RQO\ VKRZQ DW WKRVH
WHP.-V SURFHVV KLHUDUFK\ ZKHUH VWUHDP FRQWURO RFFXU
VXEV\VWHP SURFHVVHV D VXFFHVVLRQ RI GDWD DQG HYHQW
SURGXFH D VHULHV RI GDWD DQG HYHQW RXWSXWYV $W Ol
VKRZQ SURFHVVHV FDQ EH WKRXJKW RI DV EHLQJ SHUPDQ
WKHLU SDUHQWYV DUH W LV SODXVLEOH WR KDYH D 6XEV\
DW HYHU\ OHYHO RI WKH V\VWHP SURFHVV KLHUDUFK\ EXW
XQQHFHVVDU\ DV WKH\ ZLOO RQO\ VKRZ HYHU\ SURFHVV RQ
WLPH 6\WWHPV VSHFLILFDWLRQV ZLWKRXW DQ\ 6&'-V LQGLFI
VA\VWHP-V DWRPLF DFWLRQV DUH FRQWUROOHG HQWLUHO\ I
WKDW WKHUH LV QR HQDEOHPHQW GLVDEOHPHQW FRQWURO
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SURFHVV JURXSV VXEV\VWHPYV

,Q DGGLWLRQ WKH SURFHVVHV RQ D 6&' PD\ QRW EH R
WKH "Y' ()' 2QO\ SURFHVVHV WKDW KDYH HQDEOHPHQW
PHQWV DUH VKRZQ RQ WKH 6&' 3URFHVVHV QRW VKRZ(
KLHUDUFK\ OHYHO FDQ DJDLQ EH DVVXPHG WR EH SHUP
WKH "ORQLWRU 3XPS 2SHUDWLRQu 6&' RQ ILIJXUH )R
WKLV SHUPDQHQW HQDEOHPHQW DSSOLHV RQO\ ZKHQ
DOVR HQDEOHG :KLOH D VXEV\WWHP LV GLVDEOHG VR
LQJ DQ\ VXEV\VWHPV :KHQ D VXEV\VWHP LV UH HQDEOF
FDQ UHDFW WR HQDEOLQJ DQG GLVDEOLQJ HYHQWV 7K
FRQWURO LPSRVHG RQ WKHP DUH HQDEOHG DQG GLVDE

YXUWKHUPRUH D VXEV\WVWHP PD\ EH LQLWLDOO\ HQDEOH
DEOHG E\ VXEVHTXHQW HYHQWV ZKLOH LWV SDUHQW LV
DUH LQGLFDWHG E\ IROORZLQJ D FRQYHQWLRQ VLPLODU
VLWLRQ GLDJUDPV WR VKRZ WKH VWDUWLQJ VWDWH DQ
HQWHUV WKH WRS RI WKH VXEV\WWHP V\PERO 1RWH V
RQO\ D VLQJOH VWDWH PD\ EH LQGLFDWHG DV WKH VWI
VXEV\VWHPV PD\ EH VWDUW VXEV\WWHPV L H HQDEOHC
LQVWDQFH RQH RI WKH %RWWOLQJ 6\WWHP:-V 6&'-V LQG
WKH "ODLQWDLQ 9DWp VXEV\VWHP ILIJXUH

? S5HVWDUW 3K 2XW 21
| 5DQJH
U RD
a5 O0ODLQWDLQ A6
: obpw U
YLIXUH $ 6WDUW B6XEV\VWHP
7KH H[DPSOH 6&' RI ILIJXUH LQGLFDWHYV WKDW WKH Z

E\ WKH “2Qp HYHQW DQG GLVDEOHG E\ WKH “21lp HYHQV
SULQWHU LV GLVDEOHG GXULQJ VWRFN GHOLYHULHV 71
BWRFNp HYHQW DQG HQGV ZLWK WKH “6WRFN 'HOLYHU\

1RWH WKDW D SURFHVV JURXS PD\ EH FRPSRVHG RI D
DPSOH "3ULQW 5HSRUWp PDNHV XS D GHIJHQHUDWH VX
D VLQJOH SURFHVV 7KLV FRQYHQWLRQ DOORZV IRU HQI
SURFHVVHV DV ZHOO DV JURXSV RI DWRPLF SURFHVVHV

7KH 5HPDLQGHU 21 7KH 'LDJUDP +LHUDUFK\

7KH OHYHOV EHORZ WKH ILUVW VKRZ WKH IXUWKHU VX
SURFHVVHV LQWR QHWZRUNV RI SURFHVVHVY DQG VWRUH
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SURFHVVHV LQ WKH H[DPSOH V\VWHP DUH WKH SXPS PRQLW
LOWULFDWH RSHUDWLRQ RI HDFK SXPS PRQLWRU LV GHWDLC

7KH PRVW QRWDEOH IHDWXUH RI WKLV GLDJUDP LV WKH FOHD
LQWHQVLYH QDWXUH RI WKLV SDUW RI WKH V\WWHP 7KUHH
') KDYH QR GDWD LQSXW RU RXWSXW 7KLV LQGLFDWHV WK
SURFHVVRUV L H WKRVH WKDW JHQHUDWH HYHQWYV IURP H
+DWOH\ DQG 3LUEKDL >+3 @ EXW OLNH 'HODUFR VW\OH ')'-V
VKRZV GDWD VWRUHV DW HYHU\ OHYHO WKH\ DUH XVHG +H
VKRZQ XVLQJ D VLQJOH OLQH UDWKHU WKDQ WKH SDUDOOHO
UHFRJQLVH WKHP

7KH ()' VKRZV VRPH QHZ IHDWXUHV RI WKH QRWDWLRQ (YHQ
UHPHPEHU WKH RFFXUUHQFH RI HYHQWYV IRU ODWHU XVH E\
"3HQGLQJ 5HTXHVWpHp VWRUHV RXWVWDQGLQJ VHUYLFH UHTX
EH VHUYLFHG ZKHQ WKH SXPS EXWWRQ LV SUHVVHG 6\QFK
JHQHUDWH WKH DSSURSULDWH ILULQJ HYHQWV IRU "8SGDWH
"3ULQW S5HFHLSWp DQG RXWSXW HYHQWY DUH FRSLHG DQG
SXUSRVH

7KH RXWSXW HYHQWV RI "&KHFN 3XPS 6WDWXVu SHUKDSV C
7KH PXOWLSOLFLW\ RI RXWSXW HYHQWY LQGLFDWHY WKDW W
I[URP D FKRLFH RI WKUHH 7TKHVH LQGLFDWH WKDW WKH SX
"6WDUW 3XPSp WKH FXVWRPHU KDV SDLG "7TUDQVDFWLRQ
"(QG 7TUDQVDFW p $FFRUGLQJ WR WKH UHTXLUHPHQWY VSHF
VKRXOG RFFXU ZKHQ D VXEVHTXHQW FXVWRPHU UHTXHVWYV
RXV FXVWRPHU KDV SDLG IRU KLV KHU WUDQVDFWLRQ 6LC
LV UHVWULFWHG WR D VLQJOH RXWSXW HYHQW DW WKH FI
EUDQFKHVY RI WKH PLGGOH HYHQW IORZ DUH PHUJHG ZLWK W
RWKHU WZR HYHQW IORZV WR LQGLFDWH WKDW ERWK HYHQ
SURFHVVY UHVXOWLQJ LQ WKH SHFXOLDU RXWSXW HYHQW [
3XPS 6WDWXVypu

$QRWKHU IHDWXUH RI WKLV SDUW RI WKH SHWURO VWDWLR
EH LPPHGLDWHO\ DSSDUHQW IURP LWV ()' LV WKH OLQN EH
RI HYHQWV WKDW DUH JHQHUDWHG E\ WKH V\VWHP DQG LWV
LV ZHOO VXLWHG IRU VKRZLQJ D VHTXHQWLDO VWULQJ RI HJ
DWRPLF SURFHVVHV LQ WKH FDVHV ZKHQ WKH ILULQJ HYHC
VWDUWLQJ DQG HQGLQJ HYHQWY DUH JHQHUDWHG ZLWKLQ
QRWHG WKDW DQ HYHQW LV JHQHUDWHG DV D UHVXOW RI DQ
LQSXW DQG WKH VHFRQG LV WKH RXWSXW HYHQW RI DQ DWR
HYHQW LV XVHG WR VXEVHTXHQWO\ ILUH DQRWKHU SURFHVYV
SURFHVV FDQ EH OLQNHG WR WKH RULJLQDO LQSXW HYHQW

KHQ SDUW RI D VHTXHQFH RI DFWLRQV OLHV RXWVLGH WKH \
UHVSRQGHQFH EHWZHHQ WKH HYHQWY LQYROYHG LV QRW LF
WKH ()' ,Q ILIJXUH IRU HI[DPSOH “"6HUYLFH 5HTXHVWp FIL
EHOO DQG OLJKW ZKLFK ZLOO HYHQWXDOO\ UHVXOW LQ D E
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WLRQ DWWHQGDQW 7KDW PD\ LQ WXUQ UHVXOW LQ D SXPS
SURPSW WKH SXPS LQWR DFWLRQ 7KH SXPS ZLOO VXEVHTXH
DFWLRQ 'HWDLOVH ZKLFK ZLOO FDXVH D IXUWKHU EHOO DQG
OLJKW LV HYHQWXDOO\ WXUQHG RIl ZKHQ WKH DWWHQGDQW <
VHFRQG WLPH DQG WKH VHTXHQFH UHVWDWADORKLN VHTXHC
EHWZHHQ WKH V\VWHP DQG LWV HQYLURQPHQW

7KH LGHQWLILFDWLRQ RI GLDORJXHV LV DQ HVVHQWLDO SDU\
GXULQJ VA\VWHP VSHFLILFDWLRQ 7KH\ FDQ SURYLGH XVHIXO
SURFHVVHV XQGHU VXEVA\VWHPV DQG IRU GHVLJQ DQG LPSOt
VHH WKH QRWHY XQGHU OHWKRGRORJ\ DQG RQ GHVLJQ DQG
QH[W FKDSWHU 7KLY LPSOLHV WKDW D XVHIXO H[WHQVLRQ
DOORZ GLDORJXHV WR EH LGHQWLILDEOH RQ ()'-V ()'-V DO
GLVWLQFW V\PEROV DQG FRQYH\ D ODUJH DPRXQW RI LQIRU!
VIPEROV RU DQQRWDWLRQV WR LQGLFDWH GLDORJXHV PD\ |
FRPIRUWDEO\ XQGHUVWDQGDEOH IRUP 7KH HYHQW GLFWLRC
SODFH WR LQGLFDWH HYHQW GHSHQGHQFLHVY RI DOO W\SHV
VHTXHQFHYV 'H VXJIJHVW WKH (YHQW 'LFWLRQDU\ IRU WKH S
DSSHDUV DV SDUW RI LWV VSHFLILFDWLRQ LQ $SSHQGL[ %

$O00 WKH SURFHVVHV RI ILIXUH DUH DWRPLF DQG VR UHT;
VLRQ LQWR DQRWKHU GLDJUDP 7KH RQO\ SURFHVV RQ WKLYV
VXEVI\VWHP FRQWURO LV WKH SXPS HQDEOLQJ SURFHVV “"6W
WKH UHSRUW SULQWHU LW PXVW EH GLVDEOHG GXULQJ VWF
WKH VDPH HQDEOHPHQW GLVDEOHPHQW W\SH DV WKH UHSRL
7KH 3XPSp KDV EHHQ ILUHG LW ZLOO QRW KDOW XQWLO LW
HYHQ LI LW VKRXOG EHFRPH GLVDEOHG 7KLV LV VKRZQ RQ
3XPS 2SHUDWLRQu ILIJXUH

HOLYHU
? &RPSOHWH KA
6 W\l U
7KH
3XPS
)LIXUH ORQLWRU 3XPS 2SHUDWLRQ 6&’

1RWH WKDW VLQFH "6WDUW 7KH 3XPSp LV WKH RQO\ SURFHV
FRQWURO LW LV WKH RQO\ SURFHVV WKDW DSSHDUV RQ WKI

7KH GHWDLOHG VSHFLILFDWLRQV RI WKH RWKHU WZR SURFHV
RQ ILIJXUH

1RWH WKH XVH RI WKH WLPLQJ SURFHVYV “"&ORFNp XVHG E\
SRLOQWHG RXW DERYH HYHU\ DWRPLF SURFHVV PXVW KDYH
6LOQFH "ORQLWRU 6WRFNp GRHV QRW KDYH DQ\ DFWLYH GDW
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LOQSXWV FRPH IURP VWRUHV D ILULQJ HYHQW PXVW EH SU
SURFHVV:V HQYLURQPHQW RU D VA\VWHP SURFHVYV ,Q WKLV
RQ D UHJXODU EDVLV WR FKHFN VWRFN OHYHOV $ WLPLQ.
SURYLGHG WR ILUH WKH SURFHVYV 1RWH WKDW WKLV DSSU
WDNHQ E\ PDQ\ RWKHU QRWDWLRQV ZKHUH WLPH LV HLWKHL
SURFHVVHV RU LW LV DQ HQYLURQPHQW GHULYHG TXDQWLW
KHUH PDNHV PRUH H[SOLFLW WKH WHPSRUDO HYHQWV WR ZK
KDV WR UHVSRQG E\ FRQVLGHULQJ WLPH D VA\WVWHP GHULYHC
FOHDUHU VSHFLILFDWLRQV ZKLFK DUH HDV\ WR IROORZ VHH
UHTXLUHPHQWYV LQ WKH QH[W FKDSWHU

2WKHU H[DPSOH VSHFLILFDWLRQV DUH JLYHQ LQ $SSHQGL[ $

'‘'LDJUDP 5XOHYV

7KH H[DPSOH VSHFLILFDWLRQ DERYH LOOXVWUDWHY KRZ WKF
DUH XVHG WR IRUP ")'-V ()''V DQG 6&'-V 0DQ\ RI WKH UXOF
HDFK GLDJUDP ZHUH JLYHQ PL[HG LQ WKH GLVFXVVLRQ 7KLV
VHW RI UXOHV IRU GUDZLQJ WKHVH GLDJUDPV $ PRUH IRUPI
UXOHV LV JLYHQ LQ WKH IROORZLQJ FKDSWHU

$ VSHFLILFDWLRQ FRQVLVWYV RI D &RQWH[W 'LDJUDP DQG |
GLDJUDP OHYHOV $ &RQWH[W 'LDJUDP FRQVLVWV RI WKH
'LDJUDP DQG WKH &RQWH[W (YHQW )J)ORZ 'LDJUDP ,W LV ODEHL
‘'LDJUDPp DQG WKH VA\VWHP SURFHVV QDPH

$ &RQWH[W ')’ FRQVLVWVY RI D QRQ HPSW\ VHW RI V\VWHP
VLQNV WHUPLQDWRUV ZKLFK DUH FRQQHFWHG WR WKH V
IORZV $ FRQWH[W GDWD IORZ FDQQRW FRQQHFW HLWKHU W
WR LWVHOI &RQYHUVHO\ HYHU\ FRQWH[W GDWD IORZ FRQQ
WR D GDWD WHUPLQDWRU DQG HYHU\ GDWD WHUPLQDWRU L
SURFHVV $00 WKH GDWD IORZV RI WKH &RQWH[W ')’ DSSHDU
(YHU\ VIPERO RQ WKH &RQWH[W ')' LV QDPHG DQG DOO QDP}

$ &RQWH[W ()' FRQVLVWY RI D QRQ HPSW\ VHW RI V\VWHP
VLQNV WHUPLQDWRUV ZKLFK DUH FRQQHFWHG WR WKH V\
IORZV $ FRQWH[W HYHQW IORZ FDQQRW FRQQHFW HLWKHLU
QRGH WR LWVHOI &RQYHUVHO\ HYHU\ FRQWH[W HYHQW 10
SURFHVV WR DQ HYHQW WHUPLQDWRU DQG HYHU\ HYHQW \
WR WKH V\VWHP SURFHVV $00 WKH HYHQW IORZV RI WKH &
LWV FKLOG (YHU\ VIPERO RQ WKH &RQWH[W ()' LV QDPHG I
XQLTXH

(DFK GLDJUDP OHYHO FRQVLVWY RI D 'DWD )ORZ 'LDJUDP D
JUDP DQG DQ RSWLRQDO 6XEV\VWHP &RQWURO 'LDJUDP , W
SURFHVV QDPH RI LWV SDUHQW 7KHUH LV RQH DQG RQO\ RQ
GLDJUDP OHYHOV ODEHOOHG ZLWK WKH V\VWHP SURFHVV QD
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$ ')’ FRQVLVWYV RI D QRQ HPSW\ VHW RI SURFHVVHV D
FRQQHFWHG WRJHWKHU E\ D VHW RI GDWD IORZV $ G
FRQQHFW WZR GDWD VWRUHV 1RU FDQ LW FRQQHFW D Q
GDWD VWRUH DQG LWV FRQQHFWLRQV WR WKH SURFHVV
WKH ')'-V SDUHQW SURFHVV B6LPLODUO\ HYHU\ LQKHULW
FRQQHFWHG WR LWV SDUHQW SURFHVV ZKLFK FDQ EH
WKH ')' VIPEROV DUH XQLTXHO\ QDPHG

$Q ()' FRQVLVWY RI D QRQ HPSW\ VHW RI SURFHVVHV D
FRQQHFWHG WRJHWKHU E\ D VHW RI HYHQW IORZV $Q

FRQQHFW WZR HYHQW VWRUHV 1RU FDQ LW FRQQHFW

LW FDQ FRQQHFW DQ DWRPLF SURFHVV WR LWVHOI IRU
FHVVHV (YHU\ DWRPLF SURFRQW D@ ® ® QO \WRYH LQSXW
HYHQW IORZ (YHU\ LQKHULWHG HYHQW VWRUH DQG LWV
RI D ()' DUH FRQQHFWHG WR WKH ()'-V SDUHQW SURFHV"
SXW HYHQW IORZ RQ DQ ()' LV FRQQHFWHG HLWKHU WR
FDQ EH WKH &RQWH[W 'LDJUDP RU WR D VXEV\VWHP RQ
(YHU\ LQKHULWHG LQSXW HYHQW IORZ RQ DQ ()' LV FRQC
FHVV ZKLFK FDQ EH WKH &RQWH[W 'LDJUDP (YHU\ V\QF
DQ ()' PXVW KDYH RQO\ RQH RXWSXW HYHQW DQG PRUH
$00 WKH ()' VIPEROV DUH XQLTXHO\ QDPHG

7KH SURFHVV VHWV RI WKH ')’ DQG ()' IRU D OHYHO DUHI
SURFHVV PXVW KDYH DW OHDVW RQH GDWD RU HYHQW
HYHQW RXWSXW IORZ (YHU\ H[SDQGDEOH SURFHVV KD\
Rl GLDJUDP OHYHOV DQG HYHU\ VWRUH DQG IORZ WKDW
DSSHDUV RQ LWV H[SDQVLRQ

$ 6&' FRQVLVWV RI D VHW RI VXEV\VWHPV ZKLFK DUH D
RQ WKH FRUUHVSRQGLQJ ")' ()' (DFK VXEV\VWHP KDV
DQG GLVDEOLQJ WUDQVLWLRQV FRQQHFWHG WR LW (DF
DQ HYHQW DQG DQ HQDEOHPHQW GLVDEOHPHQW W\SH

HQDEOHG DQG GLVDEOHG E\ WKH VDPH HYHQW (YHU\

HLWKHU FRQQHFWHG WR WKH 6&'-V SDUHQW SURFHVV R
SURFHVVHV RQ WKH FRUUHVSRQGLQJ ()’

6 XPPDU\

7KLV FKDSWHU LQWURGXFHG WKH VI\PEROV RI WKH QHZ (
LV XVHG WR IRUP WKH WKUHH GLDJUDPV RI WKH QRWD
WKH IRUPDWLRQ RI WKHVH GLDJUDPV ZHUH DOVR JLYHC
GLVFXVVHV D QXPEHU RI LVVXHVY UHODWHG WR WKH QRW



&KDSWHU

1RWDWLRQDO ,VVXHYV

2YHUYLHZ

7KH SUHYLRXV FKDSWHU LQWURGXFHG WKH V\PEROV RI
WKH\ DUH XVHG WR IRUP WKH GLDJUDPV RI WKH QHZ C
GHDOV ZLWK WKH PDQ\ LVVXHV UHODWHG WR WKH QHZ Q
GLVFXVVHV RQH RI WKHVH LVVXHV $Q RYHUDOO FRQFOX

$WRPLF 3URFHVVHYV

7KH WHUWPRPHFY EHHQ XVHG IUHTXHQWO\ LQ WKLV WH[W
ZKLFK LV D OHDI Rl WKH V\VWHP SURFHVV KLHUDUFK\ W
RSHUDWLRQ LV QRW VR FRPSOLFDWHG DV WRQWHRTXLUH
VXEQHWZRUN RI SURFHVVHV DQG VWRUHV EXW LV GHVF
QR JXLGHOLQHV KDYH EHHQ JLYHQ ZKLFK DLG WKH DQD
SURFHVV 7KLV VHFWLRQ HODERUDWHYV IXUWKHRPRE RXU

IHLWKHU WUDGLWLRQDO 'HODUFR VW\OH ")'-V QRU WKH (
QRWDWLRQ GHVFULEH®RBMHUFWILNHODQMNY WR KHOS LQ (
ZKHQ WR VWRS H[SDQGLQJ SURFHVVHV NHAE MRNFWL ZYHG
JXLGH JLYHQ E\ WKH GHVLJQHUV RI WKHVH QRWDWLRQ"
PHWKRGRORJLHV LV WKDW WKH VSHFLILFDWLRQ RI D OF
KDOI D SDJH RI & SDSHU >// 'HO @

7KLY VLPSOH VXEMHFWLYH JXLGHOLQH PD\ UHVXOW LQ W
KHQFH LQ ORZ TXDOLW\ VSHFLILFDWLRQV 7KHUHIRUH L
PXVW EH SURYLGHG WR KHOS \UWHR HRWRE WMWYV WV G AR MY U L\U
RI WKHVH LV ZH HQYLVDJH WKDW H DIFKHD WLRWPWL FH YSHIRW H
LOQSXW ZLOO UXQ WR FRPSOHWH LWV WDVN $ IXUWKHL
WKH SURFHVV IRU D VXEVHTXHQW H[HFXWLRQ 7KLV LPS(
PXVW UHFHLYH DOO LWV DFWLYH GDWD DW WKH VWDUW
UHFHLYH GDWD RWKHU WKDQ ZKDW LW UHDGV IURP VYV
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7KLV UHVWULFWLRQ ZLOO KHOS LQ FOHDUO\ LGHQWLI\LQJ ZK|
D SURFHVV FDQ VWDUW ZKLFK LQ WXUQ LQGLFDWHY ZKHQ D
ORUHRYHU DOO RXWSXWV H[FHSW WKRVH WR VWRUHV I|URP
DW WKH HQG RI LWV H[HFXWLRQ ,Q RWKHU ZRUGV WKH L
SURFHVV DUH QRW DYDLODEOH XQWLO WKH FRQFOXVLRQ RI |
WKH VHTXHQFLQJ WKDW LV LPSOLHG E\ WKH H[FKDQJH RI GDW
SURFHVVHV $ VLPLODU DSSURDFK LV WDNHQ LQ >'7 @ ZKHL
DUH H[HFXWHG

)XUWKHUPRUH DQ DWRPLF SURFHVV PD\ RXWSXW DQ HYHQW
LWV WDVN 7KH FRUUHVSRQGLQJ HYHQW IORZ PD\ EH FRSLH
WLRQV DQG UHODEHOOHG WR LQGLFDWH LWV SXUSRVHV $0Q
KRZHYHU RXWSXW PXOWLSOH GLVWLQFW HYHQWV GXULQJ F
RSHUDWLRQ 7KH UHTXLUHPHQW WR GR VR LV D GLUHFW LQC
LV WRR FRPSOH[ WR EH DWRPLF DQG PXVW EH IXUWKHU GLY|
Rl SURFHVVHV DQG VWRUHV ,Q RWKHU ZRUGV D VLPSOH G
SURFHVV PD\ EH JLYHQ DV RQH ZKRVH RSHUDWLRQ VWDUWV X
VLQJOH HYHQW DQG FRQFOXGHV E\ RXWSXWWLQJ D VLQJOH H
HYHQW VWDUWHG LW DQG ZKDW ZLOO EH ILUHG RU HQDEOHG
GHILQLWLRQ LV VLPLODWRMPRFWBBPWHRQPQVKH IDXOW WROHUD
OLWHUDWXUH >$/ @ ZKHUH WKH DEVHQFH RI LQWHUDFWLRQ
IRU DWRPLFLW\

6HFRQG DWRPLF SURFHWVR®WWHKHU ZRUGV HDFK H[HFXWLR
DQ DWRPLF SURFHVV FDUULHY QR LQWHUQDO GDWD IURP SDV
SURFHVVHV DUH VWDWHOHVV ,] DQ DWRPLF SURFHVV UHTX
FDUULHG IURP RQH H[HFXWLRQ WR WKH QH[W LW PXVW VWIF
VWRUH RXWVLGH LWVHOI 7KLV ZLOO UHVXOW LQ FOHDUHU
RSHUDWLRQ RI HDFK DWRPLF SURFHVV FDQ EH VWXGLHG LQ
KDYLQJ WR GLVFRYHU LWV LQWHUQDO VWDWH

7KH DERYH FULWHULD FDQ EH XVHG DV XVHIXO JXLGHOLQHV E
WR GLVWLQJXLVK EHWZHHQ DWRPLF DQG FRPSRVLWH SURFH
WLRQV ZLOO UHVXOW EHFDXVH WKH DQDO\VW LV QRZ DEOH W
XVLQJ REMHFWLYH UDWKHU WKDQ VXEMHFWLYH RU UXOH RI
H[SHULHQFH

/LPLQJ SHTXLUHPHQWYV

$Q\ QRWDWLRQ DLPHG DW VSHFLI\LQJ UHDFWLYH V\VWHPV PX
FDWLRQ RI WKH VA\VWHP WLPLQJ UHTXLUHPHQWY 7KH ODWWH
7KH ILUVW HQFRPSDVVHV WLPLQJV WKDW DUH WDNHQ UHODW
LQFOXGH V\VWHP DFWLYLWLHV WKDW PXV®WWDNM@EE&SODFH DW
WKRVH WKDW PXVW EH SHUIBBE QDWW FS-D U YWKLHF XMOHIFIR Q G WS H
RI WLPLQJ UHTXLUHPHQW LQFOXGHV VA\VWHP UHVSRQVH WLPI
E\ WKH VA\VWHP WR SURGXFH DQ RXWSXW VHW IURP D JLYHQ
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7KH ILUVW W\SH RI WLPLQJ RFFXUV LQ D YDULHW\ RI V\
ZLWK LQ D YDULHW\ RI IDVKLRQV E\ VSHFLILFDWLRQ QR
D FRQFHSWXDO FORFN DQG WKH DYDLODELOLW\ RI LWV
SURFHVVHV KDV IRU H[DPSOH EHHQ XVHG E\ +DWOH\ DQ
WKH DLPV LQ SURGXFLQJ D QHZ VSHFLILFDWLRQ QRWDWL
UHVXOWYV LQ FOHDU VSHFLILFDWLRQV ,Q DFKLHYLQJ W]
RI WKLV NLQG FDQ EHVW EH VSHFLILHG E\ XVLQJ VSHFL
SURFHVVHV VXFK DV WKH "&ORFNu SURFHVV LQ VWRFN
WKH 3HWURO 6WDWLRQ 6\WWHP 7KHVH SURFHVVHV SUR
DWRPLF SURFHVVHV ZKLFK PXVW H[HFXWH DW UHJXODU
‘KHQ D QXPEHU RI SURFHVVHV UXQ ZLWK WKH VDPH UHJ)>
SURFHVV FDQ GULYH WKHP HJ VHH WKH %RWWOH )LOC
,Q FRQWUDVW LI WLPLQJ UHTXLUHPHQWYV RI D JURXS R
WLPLQJ SURFHVVHV FDQ EH XVHG HJ VHH WKH 3DWL}
$SSHQGL[ $

7KH VHFRQG W\SH RI WLPLQJ LV FRQFHUQHG ZLWK V\\
FRQVWUDLQWYV RI WKLV NLQG YDU\ IURP WKRVH GHVLUDE
PDQFH WR WKRVH FULWLFDO IRU FRUUHFW V\VWHP RSH
FRQFHUQHG ZLWK GHWDLOLQJ ZKDW D VI\VWHP PXVW GR
SHUIRUPDQFH FRQVWUDLQWY FDQ RQO\ EH VWDWHG DOF
PHDQV RI DFKLHYLQJ WKHP GHSHQG HQWLUHO\ RQ WKH
HQYLURQPHQW DQG DUH WKH UHVSRQVLELOLW\ RI V\VW
GHVLJQ DQG LPSOHPHQWDWLRQ 7R DFKLHYH WKHP V\
DZDUH RI VXFK UHTXLUHPHQWY 7KH\ FDQ EH VWDWHG L«
WR WKDW XVHG E\ +DWOH\ DQG 3LUEKDL >+3 @ DQG O
KLHUDUFK\ ZLWK RWKHU QRQ IXQFWLRQDO UHTXLUHPHOQ\

$ *UDSKLFDO /DQJXDJH

'"HULYDWLRQ RI D VIVWHP VSHFLILFDWLRQ LQ WKH QHZ Q
SURJUDPPLQJ DFWLYLW\ 7KH FRQWURO FRQVWUXFWV R
WKRVH XVHG LQ LPSHUDWLYH SURJUDPPLQJ ODQJXDJHYV
DQG LWHUDWLRQ 7KH JUDLQV RI WKH SURJUDP DUH KRz
VWDWHPHQWY RI KLJK OHYHO SURJUDPPLQJ ODQJXDJHV
VPDOOHVW JUDLQ RI WKH SURJUDP LQ WKH QRWDWLRQ

L\SURJUDPPLQJ LQ WKH DIDWB[ DQG VHPDQWLFV Rl WKH (
ZKLFK LV WKH ODQJXDJH RI WKLV DFWLYLW\ PXVW WK
GHVFULEHG

IDQJXDJH 6\QWD]

7KH UXOHV IRU IRUPLQJ VIQWDFWLFDOO\ FRUUHFW GLD.
DW WKH HQG RI WKH SUHYLRXV FKDSWHU 7KLV VHFWL
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DSSURDFK WR GHVFULELQJ WKH ODQJXDJH V\QWD]

7KH VIQWDFWLF UXOHV IRU WKH JUDSKLFDO ODQJXDJH FDQ EI
RI WXSOHYV 7KLV LV D FRPPRQ DSSURDFK IRU GHVFULELQJ
SHWUL QHWYVY DUH IRU H[DPSOH RIWHQ GHVFULEHG LQ WKLYV
DQ DEVWUDFW VIQWD[ IRU WKH ODQJXDJH ZKLFK FDQ IRUP V
WKH VIQWDFWLF YDOLGLW\ RI D VHW RI GLDJUDPV

7KH VHWV DORQH DUH QRW VXIILFLHQW WR GHVFULEH WKH OI
SHWUL QHWYVY GHVFULEHG ODWHU JLYLQJ WKH VHW RI FRP
GLDJUDP LV QRW VXIILFLHQW 7KHUH DUH DGGLWLRQDO UXO
JuUbPV FDQ EH IRUPHG 7KHVH UHODWH WR QDPLQJ QXPEHUL
GLDJUDPV )RU H[DPSOH QRGHV RQ HDFK GLDJUDP PXVW EF
SURFHVVHV PXVW EH XQLTXHO\ QXPEHUHG DQG DOO LQKHU
'Y PXVW EH FRQQHFWHG WR WKHLU SDUHQW SURFHVV 7KHV]
EH IRUPDOO\ VWDWHG E\ D VHW RI ORJLF SUHGLFDWHYV

7KH VHW GHVFULSWLRQ DQG WKH DGGLWLRQDO UXOHV DUH J
DSSHQGL[ DOVR GHVFULEHV DQ DOWHUQDWLYH WH[WXDO ODC
Rl GLDJUDPV LQ WKH QHZ QRWDWLRQ 7KLV ODQJXDJH FDQ EF
WH[WXDO LQWHUIDFH IRU VWRULQJ DQG DQDO\VLQJ D VSHF
UXOHV IRU IRUPLQJ WKH VHQWHQFHV RI WKLV ODQJXDJH DQG
DUH DOVR JLYHQ LQ $SSHQGL[ &

/IDQJXDJH 6HPDQWLFV

6LQFH UHDO WLPH VA\VWHPV DUH HYHQW GULYHQ WKH LQWH!
SDUWV RI D VSHFLILFDWLRQ DUH RI WKH PRVW LQWHUHVW W
RSHUDWLRQDO VHPDQWLFV RI D JLYHQ VSHFLILFDWLRQ VKRX
GHVFULEHG

7KH G\QDPLF EHKDYLRXU RI D VI\VWHP LV GHVFULEHG E\ LW
PRPHQW LQ WLPH 7KLV LV WKH FROOHFWLYH VWDWH RI DOO
SURFHVVHVY DW WKDW PRPHQW 2QH ZD\ RI GHVFULELQJ WKI
ILQLWH VWDWH PDFKLQH EDVHG PRGHO ZKHUH HDFK VWDWH
SRXQG VWDWH FRPSRVHG RI WKH FROOHFWLYH VWDWH RI Wl
SRLQWHG RXW LQ WKH &KDSWHU EHFDXVH RI WKHLU LQKHU
UHQW EHKDYLRXU LV QRW QDWXUDOO\ H[SUHVVHG E\ )60 PR
PRGHO LV UHTXLUHG WKDW OHQGV LWVHOI PRUH QDWXUDOO
VAVWHP EHKDYLRXU

SHWUL 1HWV ()'-V DQG 6&'-V

SHWUL QHWYV KDYH EHHQ XVHG H[WHQVLYHO\ IRU GHVFULEL
KDYLRXU RI D YDULHW\ RI VA\VWHPVY 7KH\ DUH GHVFULEHG LQ
FKDSWHU 7KLV VHFWLRQ GHVFULEHV WKH LQYHVWLJDWLRQ
HYDOXDWH WKH PDSSLQJ RI (YHQW )ORZ 'LDJUDPV RQWR SH
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HYVWDEOLVKHG ERG\ RI SHWUL QHW IRUPDO WKHRU\ FDQ
WKH FRQWURO SDUWYV RI VSHFLILFDWLRQV

$Q DWRPLF SURFHVV FDQ E H WUHSQHMHWI@EE IBWE\L DQ HW
LQSXW DQG RXWSXW HYHQWYV DUH UHSUHVHS@WRABIVE\ WK
WKLY WUDQVLWLRQ $ VI\VWHP HYHQW VRXUFH LV UHSUH
WKH RXWSXW SODFH IRU DQ\ RI WKH QHW-V WUDQVLWLR
LV UHSUHVHQWHG E\ D SODFH WKDW LV QRW DQ LQSXMW
WUDQVLWLRQV 7KH RFFXUUHQFH RI DQ HYHQW LV LQC
LQ WKH SODFH WKDW UHSUHVHQWY LW OXOWLSOH FRQ
WUDQVLWLRQV FDQ EH XVHG ZKHQ PRGHOOLQJ WKH YDLU
YLIXUH LOOXVWUDWHY WKHVH PDSSLQJV

$ WUDQVLWLRQGLQSMWUL QHW ILUHV ZKHQ WKHUH DUH \
LQ LWV LQSXW SODFHV 8SRQ ILULQJ LW UHPRYHV WKH F
D WRNHQ SHU FRQOGIDFWLR®W RWRSXW SODFHV 7KH R
UHSUHVHQW D FKRLFH LQ VXFK D QFWQ@RMENWYHMR MXWM U
UHFHLYLQJ WUDQVLWLRQV ILJXUH 7KLV GRHV QRW
WKH H[HFXWLRQ SDWK IROORZHG GHSHQGV RQ ZKLFK RI
FKRVHQ IRU ILULQJ ([WHQGHG QRWDWLRQV H[LVW ZKLF
Rl FKRLFH RQ SHWUL QHW JUDSKV >3HW %DH @ ,Q I
E\' D § VIPERO 2XWSXW GLVMXQFWV UHSUHVHQWLQJ W
D VXEVHW RI D WUDQVLWLRQ:-V RXWSXW SODFHV LV DO\

7KH WUDQVLWLRQ UHSUHVHQWDWLRQ RI D SURFHVV ILUI
WRNHQ LQ LW L H ZKHQ WKH ILULQJ HYHQW IRU WKH S
FDQ RQO\ UHVSRQG WR ILULQJ HYHQWV LI LW LV HQDEOH
SLFWXUH FRQWDLQHG LQ 6XEV\WWHP &RQWURO 'LDJUDF
LQWR WKH SHWUL QHW PRGHO 'XPP\ WUDQVLWLRQV DQC
ILULQJ WRNHQV VR WKDW D WUDQVLWLRQ FDQQRW ILUH 2z
LV GLVDEOHG )RU H[DPSOH WKH SHWUL QHW IRU WZR S
DUH ILUHG E\ XQLTXH HYHQWV (O DQG ( EXW HQDEOHG
HYHQWV ( DQG ( LV VKRZQ LQ ILJXUH 7RNHQV UH
HYHQWYV IRU D GLVDEOHG DWREVR SBHREH\DV LRVWX YW UWEHH HQL

6XEV\VWHPV FDQ DOVR KDYH KLJKHU OHYHO FRQWURO L
DEOLQJ WRNHQV IRU WKH SURFHVVHV LQ VXFK VXEV\VWH
IURP ILULQJ WKH HQDEOLQJ WUDQVLWLRQ XQWLO WKH
7KH KLHUDUFKLFDO FRQWURO VWUXFWXUH VSHFLILHG E
EH GHULYHG E\ LQWURGXFLQJ GXPP\ WUDQVLWLRQV DQ
WKH KLHUDUFK\ )RU H[DPSOH LI WKH KLJKHU OHYHO S

FHVVHV 3, DQG 3 RI [ILIXUH LV HQDEOHG DQG GLVD
DQG ( WKH VXEQHW RI1 ILIJXUH LV DGGHG WR WKH |
ILIXUH

7KH LQLWLDO PDUNLQJ RI SODFHV LQ D GHULYHG QHW G|
QHW DUH LQLWLDOO\ HQDEOHG WR UHVSRQG WR H[WHU
EH GHULYHG IURP 6XEV\VWHP &RQWURO 'LDJUDPV LQLW
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R3 2R

6HTXHQFH

JLIXUH 0DSSLQJ 7KH (YHQW )ORZV RI ()'-V WR 3HWUL 6XE



$ *5$3+,&%8/ /$1*8%*(

YLIXUH &RQIOLFW %HOWZHWHQ WL W

LOQFOXGH WKRVH HQDEOHG ZLWK WKHLU SDUHQW L H W
"Y' () SDLU EXW QRW RQ WKH 6&' DQG WKRVH RQ WKF
YHUWLFDO XQODEHOOHG GLUHFWHG OLQHV HQWHULQJ W

8VLQJ WKH DERYH PDSSLQJV LQ DQ H[WHQGHG SHWUL (
LQSXW DQG RXWSXW GLVMXQFWV IRU WUDQVLWLRQV D
GHULYHG IRU D VHW RI VSHFLILFDWLRQ GLDJUDPV ()'-\
SHWUL QHW EXW WKLV IODW SHWUL QHW HTXLYDOHQW |

W FDQ EH REVHUYHG IURP WKH DERYH WZR VLPSOH PD!
SHWUL QHW IRU DQ\WKLQJ EXW WKH PRVW WULYLDO RI
W PD\ EH SRVVLEOH WR DUULYH DW D PRUH FRPSDFW Q
SHWUL QHW YDULDQW ZKLFK DWWHPSWV WR UHGXFH WKHI
SHWUL QHWV >-HQ @ ,Q DGGLWLRQ WR OHVVHQ WKH
LQ FDVHV ZKHUH QHVWHG FRQWURO LV SURPLQHQW DC
EH WDNHQ 5DWKHU WKDQ XVLQJ GXPP\ WUDQVLWLRQV |
QHW HTXLYDOHQW IRU D OHYHOHG VHW RI ()' 6&'-V D V
DWRPLF SURFHVVHV FDQ EH FRQVWUXFWHG 7KLV QHW F
DQG VKULQN DV VXEV\VWHPV DUH HQDEOHG DQG GLVDEO
IRU YHU\ ODUJH V\VWHPV PD\ VWLOO UHVXOW LQ D QHW
WUDQVLWLRQV DQG DUFV %HFDXVH RI WRSRORJLFDO

FLUFOHV DQG EDUV IRU VXFK D QHW FDQQRW EH XQGHU
QHWZRUN FDQ KHQFH RQO\ EH XVHIXO LQ LWV PDWKHPD'

7KH ZRUVW GUDZEDFN RI D SHWUL QHW PRGHO LV WKH

SHWUL QHWVY FDQ RQO\ UHIOHFW WKH FRQWURO YLHZ

GDWD SURFHVVLQJ SDUW RI D VA\VWHP FDQ QRW HDVLO\
QHW PRGHO $OWKRXJK D SURFHVV FDQ EH UHSUHVHQW
ILULQJ LV PRGHOOHG E\ WKH ILULQJ RI WKDW WUDQVLW
WKH LQSXW ZKLFK UHVXOW LQ WKH RXWSXW IURP WKDW
PRGHOOHG E\ D SHWUL QHW ©6LQFH WKH GDWD YDOXHV P
LWV RSHUDWLRQDO EHKDYLRXU WKH\ PXVW SOD\ D SDU\
WKDW V\VWHP 7KLV LV UHIOHFWHG LQ WKH GHFLVLRQ
FDUULHG E\ GDWD IORZV RQ ()'-V 7KH LQDELOLW\ WR
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J)LIXUH $Q ([DPSOH 3HWUL 1HW ODSSLQJ IRU 7ZR 3UH

DVSHFWV RI VAVWHPV UHVXOWY LQ D ORVV RI LQIRUPDWLRQ
PRGHO IRU WKH FRQWURO IORZ WKURXJK WKDW VA\VWHP 6LJ
DV WR ZKLFK H[HFXWLRQ VWUDQG WR IROORZ WKURXJK D \
RQ WKH YDOXH RI VRPH SLHFH RI GDWD 6LQFH WKLV W\SH
EH UHSUHVHQWHG LQ WKH SHWUL QHW PRGHO WKH PHFKDQ|
LV PDGH DUH ORVW ZKHQ JRLQJ IURP D ")' ()" 6&' YLHZ WR
PRGHO

+HQFH WKH SHWUL QHW PRGHO LWVHOI LV QRW DV XVDEOH
IRUWLQJ WR EH DEOH WR UHO\ RQ SHWUL QHW VHPDQWLFYV

$QLPDWLRQ DQG 3URWRW\SLQJ

8VHU SDUWLFLSDWLRQ WKURXJKRXW V\VWHP GHYHORSPHQV
PRXVO\ WR WKH VXFFHVVIXO FRPSOHWLRQ RI WKDW SURMH
YDOLGDWLQJ D VSHFLILFDWLRQ LV QRW RQO\ GHVLUDEOH L
MHFWLYHYV LW LV DOVR RI JUHDW YDOXH WR SURMHFW PDQD
VWRQHYVY UHDFKHG GXULQJ VSHFLILFDWLRQ DV ZHOO DV GHV
REOLJDWLRQV IXOILOOHG E\ UHDFKLQJ WKRVH PLOHVWRQHYV

7KH DELOLW\ WR DQDO\VH YDULRXVY DVSHFWV RI D SDUWLDO
LILFDWLRQ LV WKHUHIRUH D JUHDW DVVHW WR DQDO\VWYV
ILFDWLRQ 2QH ZD\ WR FDUU\ RXWL?XPIKWOQ@MIOPOW LV E\

LQWKH EHKDYLRXU RI D SDUWLFXODU SDUW RI WKH V\VWH
SOHPHQWDWLRQ 7KLY KDV EHHQ UHIHUUHG WR E\ PDQ\ D>



$1,0$7,21 $1' 352727<3,1*

J)LIXUH SHWUL 6XEQHW IRU 6XEV\VWHP (QDEOHPH

WRW\ISLQJ >%0 )//1 @ 6XFK DQLPDWLRQV FDQ EH XVHC
WKH GHPRQVWUDWLRQ WR VIA\WWVWHP XVHUV LQ RUGHU WR
VSHFLILFDWLRQ FRQIRUPV WR WKHLU UHTXLUHPHQWYV 7
WKLV VWDJH DUH RI FRXUVH PXFK FKHDSHU WR RUJDQ|!
LPSOHPHQWHG V\VWHP

6LQFH D VIVWHP-V FRQWURO IORZ LV FRPSOHWHO\ FDSW
6XEV\VWHP &RQWURO 'LDJUDPV LQ LWV VSHFLILFDWLRQ
Rl DQ\ VIVWHP SDUW LV RQO\ D PDWWHU RI LVRODWLQJ
WKURXJK DQLPDWLRQ $V VKRZQ DERYH D VHW RI ()' 6.
RQWR D SHWUL QHW HTXLYDOHQW 7KLV QHW FDQ WKHQ
WLRQ RI DQ\ SDUW RI WKH VSHFLILFDWLRQ 7KLV FDQ [
WKH LQLWLDO PDUNLQJ RI WKH QHW IURP 6XEV\VWHP &R
REVHUYLQJ V\VWHP EHKDYLRXU ZKLOH LW UHVSRQGV W]
EDWFKHG LQSXW HYHQWYV

7KH GUDZEDFN RI XVLQJ D SHWUL QHW PRGHO LV WKH C(
SHWUL QHWY FDQ RQO\ UHIOHFW WKH FRQWURO YLHZ |
DFWXDO SURFHVVLQJ ZLWKLQ HDFK DWRPLF SURFHVV FD
E\ D SHWUL QHW PRGHO IHYHUWKHOHVYVY WKLV HTXLYD
VWXG\ WKH G\QDPLF EHKDYLRXU RI WKH V\VWHP E\ SUR
SURFHVVHY DQG VHOHFWLQJ H[HFXWLRQ VWUDQGV E\ HL
D FKRLFH LQWHUDFWLYHO\ RU SLFNLQJ RQH IURP D S
PRGH

'XULQJ VXFK DQLPDWLRQV WUDQVLWLRQ ILULQJV DUH RGQ
ODWHG EDFN WR VXEV\VWHP HQDEOHPHQW GLVDEOHPH:C
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SUHVHQWDWLRQ WR WKH XVHU 7KLV FDQ LGHDOO\ EH GRQH
&%$6( WRRO VHH DOVR WKH VHFWLRQ RQ &%$6( WRRO VXSSRU

6SHFLILFDWLRQ 4XDOLW\

W LV GHVLUDEOH WR KDYH VRPH FULWHULD IRU MXGJLQJ Wi
GLDJUDPV LQ WKH QHZ QRWDWLRQ 6LQFH WKH UHSUHVHQWD!
SHFWV LV WKH PDMRU H[WHQVLRQ WR WKH ')’ QRWDWLRQ ()
WR VXFK FULWHULD 6LPLODU FULWHULD DOUHDG\ H[LVW IRU
LW ZDV GHFLGHG WR DWWHPSW WR GHULYH VLPLODU RQHV |
VHFWLRQV GHVFULEH WKH UHVXOW RI WKH LQYHVWLJDWLRQ

%DFNJURXQG

7KLV VHFWLRQ JLYHV D EULHI KLVWRU\ RI WKH WKHRUHP ZKLl
SURJUDP

"VWUXFWXUHYV

$' VWUXFWWXWHRQH LQ RQH RXW VWUXFWXUH WKDW FDQ EH |
DV IROORZV D ' VWUXFWXUH LV HLWKHU D EDVLF DFWLRQ R
VLPSOHU ' VWUXFWXUHV HDFK Rl ZKLFK PD\ EH D VHTXHQFH
DOWHUQDWLRQ VWUXFWXUH RU DQ LWHUDWLRQ VWUXFWXUH
KDV RQH HQWU\ SRLQW DQG RQH H[LW SRLQW ZKHUH WKH V
DQG H[LW SRLQWV FDQQRW FDXVH D WUDQVIHU RI FRQWURO
WXUH FRQWURO LV WUDQVIHUUHG E\ WDNLQJ RQH RI D QXPEH
WKH HQWU\ SRLQW WR WKH H[LW SRLQW 7KH URXWH WDNHQ
FRQGLWLRQ DQG HDFK URXWH LV D ' VWUXFWXUH ,Q DQ LWF
URXWH LV UHSHDWHGO\ IROORZHG XQWLO D FHUWDLQ FRQGL
URXWH LV D ' VWUXFWXUH

" VWUXFWXUHY FDQ EH UHSUHVHQWHG GLDJUDPPDWLFDOO\ D

%YRHKP DQG -DFRSLQL:-V 7TKHRUHP

7KH WKHRUHP DWWULEXWHG WR %RHKP DQG -DFRSLQL VWD
DQ\ SURJUDPPLQJ SUREOHP FDQ EH FRQVWUXFWHG E\ XVLQJ
&RR % 6 /0 oOLO +bU @ ,Q RWKHU ZRUGV IRU HYHU\
SUREOHP WKHUH H[LVWYV D VROXWLRQ ZKLFK LV HQWLUHO\ |
JXUWKHUPRUH IRU HYHU\ SURJUDP ZKRVH FRQWURO VWUXF
" VWUXFWXUHYV >7VH D 7VH E :LO @ WKHUH H[LVWV DQ H
PDGH XS RI ' VWUXFWXUHYV 6XFK HTXLYDOHQW SURJUDPV
DSSO\LQJ PHFKDQLFDO UHVWUXFWXULQJ WHFKQLTXHV >/0 @



63(&,),&$7,21 48%/,7<

%DVLF $FWLRQV

J)LIXUH " VWUXFWXUH GHILQLWLRQ

DQRG IRUPDO SURRIV IRU WKLV WKHRUHP KDYH EHHQ GHL
OLWHUDWXUH >/0 @

HOO )RUPHG 'LDJUDPV

$FFRUGLQJ WR WKH DERYH WKHRUHP VWUXFWXUHG SUF
IURP IRXU FRQVWUXFWYV EDVLF DFWLRQV VHTXHQFHV R
WXUHV DQG LWHUDWLYH VWUXFWXUHV $ VLPLODU VHW F
IRU ()'-V 7KH EDVLF DFWLRQ LQ ()'-V LV WKH "DWRPLF S
DWRPLF SURFHVVHV LV HTXLYDOHQW WR D VHTXHQFH RI |
$OWHUQDWLRQ DQG LWHUDWLRQ VWUXFWXUHV FDQ DOV
SURFHVVHV LQ ()'-V

"VWUXFWXUHY ZHUH GHYHORSHG WRTEHYRUBDEBDFWUXF'
7TKHUH LV QR SURYLVLRQ IRU FRQFXUUHQF\ 7KH EDVLEF
WKHUHIRUH EH DXJPHQWHG LQ RUGHU WR PDNH LW DSSH
D FRQFXUUHQF\ FRQVWUXFW WR WKH EDVLF VHW 1RWH
GRHVY QRW FKDQJH WKH VHTXHQFH RI FRQWURO E\ PHDQV
HYHQW HDFK DWRPLF SURFHVV FDQ EH FRQVLGHUHG D |
D VLPLODU zZzD\ WR EDVLF DFWLRQV LQ ' VWUXFWXUHV

J)LIXUH VKRZVY WKH GLDJUDPPDWLF UHSUHVHQWDWLRC
IRU VWUXFWXUHG ()'-V
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BHTXHQFH

$WRPLF 3URFHVYV

a?
,WHUDWLRQ 2
$OWHUQDWLRQ IX
"2
<Z v
|
9 |
JLXUH %DVLF 6WUXFWXUHG ()' FRQVWUXFWYV
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,Q D VLPLODU ZD\ WR WKH GHILQLWLRQ RI VWUXFWXUHC
VWUXFWXUHVY WKH QHZ VHW RI FRQVWUXFWV FDQ EH

IRUPHG GLDJUDPV 3URFHVVHV RQ VXFK GLDJUDPV ZLOO
D VLQJOH LQSXW HYHQW IORZ DQG D VLQJOH RXWSXW H
IORZV LQGLFDWH D FKRLFH RI H[HFXWLRQ WKUHDGV 7t}
-DFRSLQL-V WKHRUHP UHVXOWV IURP LW VLPSOLFLW\ 7k
UHFXUVLYH QDWXUH RI WKH GHILQLWLRQ IRU D VWUXFW
VLPLODU UHFXUVLYH GHILQLWLRQ RQ ()'-V SURGXFHV VH

J)LUVW DOWKRXJK DWRPLF SURFHVVHVY QRUPDOO\ RXWSX
VLPSOH SURFHVVHV VXFK DV WKRVH WKDW FOHDU D GI
SURFHVVLQJ F\FOH WKDW GR QRW RXWSXW DQ HYHQW
WDVN 7KH ILULQJ HYHQW IRU WKHVH SURFHVVHV LV VLP.
DQG SOD\WV QR IXUWKHU SDUW LQ WKH RSHUDWLRQ RI \
SURJUDPV HYHU\ VWUDQG RI HIHFXWLRQ HYHQWXDOO\ HP
DUH MRLQHG IURP WKH WHUPLQDWLRQ SRLQWY RI DOWHL
()''V WR IROORZ D VLPLODU FRQYHQWLRQ WKH ()' QRWD
WR LQFOXBGWMKHG HEFMHWQM QI IURP VXFK DWRPLF SURFHVVH

BHFRQG DQG PRVW LPSRUWDQW ' VWUXFWXUHV DUH G
LPSOLHV WKDW ZKHQ FKHFNLQJ D SURJUDP WR VHH LI L
YHUWLQJ RQH WR EH D ' VWUXFWXUH D WRS GRZQ VWHS
7KH GHILQLWLRQ RI ZHOO IRUPHG GLDJUDPV FDQQRW LQ
HDVLO\ 7KLV LV EHFDXVH QRQ DWRPLF SURFHVVHV XVXD
DQG RXWSXW HYHQW IORZV 7R SODFH D RQH LQ RQH RX\
()' SURFHVVHV ZLOO PHDQ WKDW RQO\ SURFHVVHV ZKRVF
VLQJOH HYHQW DQG HQGV ZLWK WKH JHQHUDWLRQ RI D \
WRJHWKHU $V D UHVXOW RI WKLV PDQ\ SURFHVVHV ZKLI
RWKHU UHDVRQV HJ EHFDXVH WKH\ VKDUH FRPPRQ GD
XQLTXH JURXSV 7KLV ZLOO UHVXOW LQ SURFHVVHV EHLC
OHYHOV FORVHU WR WKH &RQWH[W 'LDJUDP

2Q WKH RWKHU KDQG D FRPPRQ IHDWXUH RI UHDO WLPH
RI FRQWURO ,Q VXFK V\VWHPV WKH RSHUDWLRQV RYHU |
VLQJOH HYHQW DQG HQGV ZLWK WKH UHVXOWLQJ RXWSXYV
WKLV W\SH Rl FRQWURO GRPLQDWLRQ LW PD\ EH UHDV
DFFRUGLQJ WR FRQWURO VHH DOVR WKH GLVFXVVLRQ X

7KLUG PDQ\ WKUHDGV RI VIVWHP H[HFXWLRQ ZLOO LQYF
WKH V\WVWHP DQG LWV HQYLURQPHQW 7KLV LPSOLHV W
WKH V\VWHP IURP LWV RSHUDWLQJ HQYLURQPHQW PD\ E
RU GDWD SUHYLRXVO\ RXWSXW WR WKH HQYLURQPHQW

RQO\ GHWDLOV WKH LQWHUDFWLRQV EHWZHHQ V\VWHP S|
VKLSVY FDQQRW EH GHULYHG IURP WKH GLDJUDPV $Q DQ
DUFK\ WR HQVXUH LW FRQIRUPV WR VWUXFWXULQJ UXOF
VXFK LQWHUDFWLRQV DUH QRW LQFOXGHG LQ WKH DQDO\
\WH DQG GHFRPSRVH WKH HQYLURQPHQW WR WKH VDPH
7KLV IRUPV WKH EDVLV RI WKH &25( YLHZSRLQW DQDO\
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+RZHYHU H[SDQGLQJ WKH V\WWHP ERXQGDU\ WR HQFRPSDV\
HQYLURQPHQWDO LQWHUDFWLRQV PD\ UHVXOW LQ ODUJH VSt
DUH QRW SDUW RI WKH LQWHUQDO ZRUNLQJV RI WKH V\VWHP

JRXUWK ZKHUHDV DQ\ JLYHQ SURJUDP FDQ HLWKHU VDWLVI\
WKDW SURYH LW LV D ' VWUXFWXUH D GLDJUDP WKDW IDLOV
PDWLRQ UXOHV PD\ VWLOO EH D YDOLG GLDJUDP )RU H[DPS
UHTXLUH VI\QFKURQLVDWLRQ RULJLQDWH IURP GLVWLQFW VR
YLURQPHQW WKH UHVXOWLQJ ()' ZLOO IDLO WR VDWLVI\ WKH
D ZHOO IRUPHG GLDJUDP LW IDLOV WKH FRQFXUUHQF\ VWU X
QLVDWLRQ PD\ KRZHYHU EH SDUW RI WKH V\WWHP-V RSHUI
)XUWKHU H[DPLQDWLRQ RI WKH HYHQW VRXUFHV PD\ UHYHDO
QDWH IURP WKH VDPH XOWLPDWH VRXUFH 7KH VSHFLILFDWI
KDYH WR EH H[WHQGHG WR LQFOXGH HQYLURQPHQWDO SURF
VSHFLILFDWLRQ GLDJUDPV FRQIRUP WR VWUXFWXULQJ UXOH

&RQFOXGLQJ 5HPDUNV

7KH DERYH GLVFXVVLRQ LQGLFDWHV WKDW WKHUH DUH GLIIL
RI VWUXFWXULQJ WKHRUHPV WR HYHQW IORZ GLDJUDPV 7
GHULYHG VSHFLILFDWLRQ DQG SURYLGH VRPH PHDVXUH RI 1
DQ LQYDOXDEOH DQDO\VLV DQG PDQDJHPHQW DVVHW

7KH VLPSOLFLW\ RI %YRHKP DQG -DFRSLQL:-V WKHRUHP LV D
UHFXUVLYH GHILQLWLRQ 7KLV UHFXUVLYH GHILQLWLRQ LV S
VWUXFWYVY GR QRW LQFOXGH D SURJUDP:-V LOWHUDFWLRQV Z
GDWD H[FKDQJH ZLWK WKH SURJUDPV HQYLURQPHQW LV QR
WKH FRQWURO IORZ PRGHO 6XFK H[FKDQJHVY DUH H[SOLFLW
E\ VKRZLQJ WKH LPSOLFLW HYHQWYV FDUULHG E\ WKH GDYV
VA\VWHP SURFHVVHVY DQG EHWZHHQ WKRVH SURFHVVHV DQG W
$V SRLQWHG RXW DERYH D VLPLODU UHFXUVLYH GHILQLWLR
GLIILFXOWLHY ZKHQ GHULYLQJ DQG SUHVHQWLQJ VA\VWHP VS|

JXUWKHUPRUH D VA\VWHP H[HFXWLRQ WKUHDG PD\ LQFOXGH
WKH HQYLURQPHQW 7KLY PHDQV WKDW D SDLU RI HYHQW
VA\VWHP DQG LWV HQYLURQPHQW PD\GEBORDXM VWHTWHEOFMDPI
,Q RUGHU WR HVWDEOLVK VXFK UHODWLRQVKLSVY EHWZHHQ
VKRXOG LQFOXGH D PRUH GHWDLOHG GHVFULSWLRQ RI WKF
ZRUGY TXDOLW\ DQDO\VLVFORVWGHPRRABGIAH I WKH VI\VWHP

ZKHUH D VHULHV RI FRUUHODWHG HYHQWY PXVW EH HDVLO\

7TKHUHIRUH LW LV SRVVLEOH WR DSSO\ D VWUXFWXULQJ WK
LW PXVW GHDO ZLWK FRQVWUXFWV WKDW SRUWUD\ PXFK PR
VWUXFWXUHYVY WKH UXOHV VKRXOG EH UHOD[HG $Q DXWRPD
SRUDWH WKHVH UXOHVY DQG FKHFN GHULYHG VSHFLILFDWLR
JLYH VRPH PHDVXUH RI TXDOLW\



(6,1 $1' ,03/(0(17$7,21

'"HVLJQ $QG ,PSOHPHQWDWLRQ

$V SRLQWHG RXW E\ PDQ\ SUDFWLWLRQHUV RI V\VWHP\
VA\VWHP VSHFLILFDWLRQ VKRXOG EH GHYRLG RI DQ\ LPS
,Q DGGLWLRQ WKH DQDO\WW VKRXOG QRW KDYH WR EH F
VXFK DV HUURUV GXH WR D VA\VWHP:-V RSHUDWLQJ HQYLU
D SHUIHFW RSHUDWLRQDO HQYLURQPHQW LV DVVXPHG |
LWV VSHFLILFDWLRQ 7KLY ZLOO HQVXUH WKDW WKH UH
KDYH WR GHDO ZLWK WKH FRPSOH[LWLHV RI WKH V\VWE}
JLYH D SXUH GHVFULSWLRQ RI WKDW VA\VWHP:-V RSHUDWI

2QFH WKH VSHFLILFDWLRQ KDV EHHQ GHWHHEQYDWHP XVW
ZKLFK ZLOO LPSRVH PRVW Rl WKH UHVWULFWLRQV GXH W
,Q DGGLWLRQ LW PXVW GHDO ZLWK PDQ\ RWKHU LVVXHV
DFWLRQV ZLWK WKH DJHQWV LQ LWV HQYLURQPHQW H J
LVDWLRQ IRU WKH WDUJHW KDUGZDWHQKIDE8EHMEKGHGYQBFLIL
WKH SURFHVVLQJ UHTXLUHG WR GHDO ZLWK LPSOHPHQW
RXWFRPH RI WKH GHVLJQ VWDJH ZLOO SDYH WKH ZD\ IF
WKH SURSRVHG V\WVWHP ,Q RWKHU ZRAK®WW KHS NFYWHD W L
RSHUDWLRQV DUH DQ®RZWWHAQFBQ@WDEMHHWFKLHYHG LQ D S
KRVW HQYLURQPHQW

$OWKRXIK WKH QDWXUH RI PDQ\ RI WKH WDVNV WKDW I
GHSHQG ODUJHO\ RQ WKH SDUWLFXODU VA\VWHP XQGHU C
LWV RSHUDWLQJ HQYLURQPHQW DQG WKH VSHFLILFV RI
WKHUH DUH VRPH JHQHUDO SRLQWV WKDW FDQ EH DSSOL
VSHFLILFDWLRQ WR LWV GHVLJQ 7TKHVH UHVXOW LQ Hf
VSHFLILFDWLRQ ZKLFK FDWHU IRU WKH UHDO ZRUOG L\
ZLWK

7R LQYHVWLJDWH WKH DSSOLFDELOLW)\ RI WKHVH JXLGHO
RI WKH VSHFLILFDWLRQ H[HUFLVHV ZDV XQGHUWDNHQ 7
QRW RQO\ FRYHUV PDQ\ RI WKH QHZ QRWDWLRQ:-V IHDW
HUDWLRQDO FRQFHUQV VXFK DV HQGDQJHULQJ GDWD LQ
DFFHVV WR VWRUHG GDWD +HQFH WKLV H[DPSOH ZDV V}
WLRQ H[HUFLVH 7KH KRVW HQYLURQPHQW FKRVHQ ZDV V
DQG WKH H[WHUQDO HQWLWLHV VXFK DV SULQWHUV DQ
81,; SURFHVVHV

%YHIRUH FRPPHQFLQJ ZLWK WKH GHVLJQ DQG LPSOHPHQ)
ZDV FRPSOHWHG E\ DGGLQJ WKH PLQLVSHFV DQG WKH
FRPSOHWH VSHFLILFDWLRQ LV JLYHQ LQ $SSHQGL[ % 7K
WKH ILQDO LPSOHPHQWDWLRQ FRGH 7TKH LPSOHPHQWD
QXPEHU RI XVHIXO JHQHUDO JXLGHOLQHV IRU GHULYLQ.
WKH V\VWHP VSHFLILFDWLRQ DQG WKH HQYLURQPHQW ZL
7TKHVH DUH RXWOLQHG EHORZ
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6\VWHP ,QWHUDFWLRQV

7KH LQWURGXFWLRQ LGHQWLILHG WKH LQWHUDFWLRQV RI V
URQPHQW DV RQH RI WKH LVVXHV WKDW WKH GHVLJQ VWDJ|
VSHFLILFDWLRQ VWDJH GRHV QRW GLVWLQJXLVK EHWZHHQ W
PXQLFDWHV ZLWK EXW VLQFH WKH V\WVWHP PXVW LQWHUIDF}!
LQ D UDGLFDOO\ GLIIHUHQW ZD\ IURP WKH ZD\ LW LQWHUDF\
LWV RSHUDWLQJ HQYLURQPHQW WKH XVHU LQWHUIDFH LV XV
GXULQJ GHVLJQ 7KH LQWHUDFWLRQV RI WKH V\VWHP ZLWK
WKHUHIRUH UHTXLUH VSHFLILF VRIWZDUH WR EH GHVLJQHG
ZDUH DOUHDG\ VSHFLILHG ,Q WKH 3HWURO 6WDWLRQ H[HUFL
PRGXOH LV GHGLFDWHG WR WKH XVHU LQWHUIDFH 7KH XVHU
LQ DQ LPSOHPHQWDWLRQ IUHH PDQQHU VR WKDW LW FDQ E
VSHFLILFDWLRQ IRU LPSOHPHQWDWLRQ RQ D SDUWLFXODU W

OHFKDQLVPV IRU VA\VWHP LQWHUDFWLRQV ZLWK HQWLWLHV LQ
RWKHU WKDQ LWV XVHUV DUH RI FRXUVH HQWLUHO\ GHSHQ
DQG WKH H[DFW VSHFLILFV RI WKH RSHUDWLRQ RI WKRVH F
SUHVHQWHG KHUH IRU HI[DPSOH WKH RSHUDWLQJ V\VWHP ID
XVHG WR HIIHFW FRPPXQLFDWLRQ EHWZHHQ SXPS DQG PRQ

SURFHVYVY *URXSLQJV

7KH GLYLVLRQ RI WKH VRIWZDUH LQWR PRGXOHV PD\ EH EC
FULWHULD 7KH VXEV\VWHP GLYLVLRQV LQ WKH VSHFLILFD\
SURYLGHG D QDWXUDO JURXSLQJ RI DWRPLF SURFHVVHV LQW
DWRPLF SURFHVVHV JURXSHG XQGHU D FRPPRQ VXEV\VWHP
FROOHFWHG WRJHWKHU LQ D VRIWZDUH PRGXOH 7KLV LV W
H[DPSOH

,Q DQ HQYLURQPHQW ZKLFK DOORZV KLJKO\ FRQFXUUHQW LF
PXP LQWHUIDFHVY EHWZHHQ PRGXOHV DOORZV WKH LQKHUHQ\
WHP WR EH XVHIXOO\ H[SORLWHG UHVXOWLQJ LQ HIILFLHQW
DFURVV FRQFXUUHQW WDVNV LV VPDOO WKH WDVNV FDQ SU
DW WKHLU RZQ VSHHG ZLWK PLQLPXP LQWHUDFWLRQ ZLWK
LPSOHPHQWDWLRQ RI WKH 3HWURO 6WDWLRQ IRU H[DPSOH

Rl 81,; SURFHVVHV LV XVHG WR FDUU\ WKH FRQFXUUHQF\

WKURXJK WR WKH LPSOHPHQWDWLRQ 7KH LQWHUIDFHV DPRC
PHQWHG WKURXJK SLSHV ZKRVH DV\QFKURQRXV QDWXUH DO
WKDQ ZRXOG EH SRVVLEOH LI VIQFKURQRXV FRPPXQLFDWLRC

$V ZHOO DV JURXSLQJ SURFHVVHV WRJHWKHU SURFHVV JUR
WR JLYH D EHWWHU LPSOHPHQWDWLRQ 'LITHUHQW UHDVRQV
PDNH VXFK D GHFLVLRQ OD[LPLVLQJ WKH FRQFXUUHQF\ LQ W
DJDLQ DQ LPSRUWDQW IDFWRU KHUH $V ZHOO DV WKH KLJK O
DPRQJVW VXEVA\VWHPV WKHUH LV RIWHQ ORFDO FRQFXUUHQ
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FHVVHV ZLWKLQ D JURXS ,Q VRPH FDVHV LW PD\ EH GH
SURFHVVHV LQ WKH LPSOHPHQWDWLRQ 7TKH VWREFEN PD
HIDPSOH KDV EHHQ GLYLGHG LQWR WZR SDUWYV 7TKH |
LQWR RQH WKH PDLQ V\VWHP 81,; SURFHVV PRGXOHV
SDUW LV SODFHG LQ D SURFHVV RI LWV RZQ

(UURU +DQGOLQJ

(UURU FKHFENLQJ DQG KDQGOLQJ DUH SDUW RI WKH DGGL
WKH GHVLJQ VWDJH ,Q DQ LPSHUIHFW ZRUOG V\VWHP

HUURUV PXVW EH WUDSSHG DQG WKH VA\VWHP PXVW EH I
7KLV LV D PDMRU SDUW RI WKH VA\VWHP HQKDQFHPHQWYV

(UURUV PD\ UHVXOW IURP D QXPEHU RI VRXUFHV &RPP;
VIVWHP DQG WKH DJHQWV LQ WKH HQYLURQPHQW FDQ V
HUURU IUHH ,W LV QHFHVVDU\ WR HQVXUH WKH YDOLGL)
VIVWHP RSHUDWLRQ ,I VXFK YDOLGDWLRQV DUH RI FUL
PD\ PDNH XS D VXEVWDQWLDO SDUW RI WKH ILQDO GHVL

/ILNH RWKHU VWUDWHJLHY HUURU GHWHFWLRQ DQG UHFR
RQ WKH VA\VWHP HQYLURQPHQW 7KLV LV SDUWLFXODUO\
SHULSKHUDO GHYLFHV FRQQHFWHG WR WKH VA\VWHP EX
IURP LWV XVHUV PD\ EH SUHGLFWHG LQ PDQ\ LQVWDQF
SHQGL[ % LQFOXGHYV HUURU WUDSVY DQG UHFRYHULHV IR

+RVW 6HUYLFHV

7KH DVVXPSWLRQ RI D SHUIHFW VA\VWHP RSHUDWLQJ HQY
LQWHJULW\ LV JXDUDQWHHG E\ VAVWHP SURFHVVHYV ,Q
PXVW EH DEOH WR SURYLGH VXFK D JXDUDQWHH WKURXJ
WDWLRQ 7KH VHUYLFHV RITHUHG E\ WKH KRVW HQYLURC
VROXWLRQ WR PDQ\ RI WKH SUREOHPVY GXH WR WKH LPS
JLOH ORFNLQJ PHFKDQLVPV KDYH IRU H[DPSOH EHHQ X
WR HQVXUH H[FOXVLYH VWRUH DFFHVV WR SURFHVVHV
RI WKH GDWD LQ WKRVH VWRUHYV

'HVLIJQHUV PD\ EH DEOH WR VDWLVI\ PDQ\ RWKHU V\VWH
VHUYLFHV RITHUHG E\ WKH KRVW HQYLURQPHQW 7KH X\
WLRQ DPRQJVW SURFHVVHV |[IRU H[DPSOH SURYLGHV W
HIFKDQJHVY EHWZHHQ WKH V\VWHP SURFHVVHV LQ WKH S
WLRQ $QRWKHU H[DPSOH RI D KRVW VHUYLFH XVHG LQ
SHWURO 6WDWLRQ LV WKH XVH RI WKH RSHUDWLQJ V\V
7KH FDOO WR WKLV URXWLQH SHUIRUPV WKH WDVN RI W
LQJ WKH QHHG WR ZULWH D VSHFLDO SXUSRVH WLPLQJ
PD\ DOOHYLDWH WKH WDVN RI GHVLJQLQJ DQG LPSOHPHC
UHTXLUHG E\ WKH V\VWHP



&+$37(5 127$7,21$/ ,668(6

3URFHVV )LULQJ DQG (QDEOHPHQW 'LVDEC
Rl 6XEV\VWHPV

7KH HI[HFXWLRQ VHTXHQFH RI DWRPLF SURFHVVHV ZKLFK PD
WDUJHW ODQJXDJH URXWLQHV LV FOHDUO\ LQGLFDWHG E\ W
SURFHVVHV %\ QRWLQJ WKH ILULQJ HYHQW IRU DQ DWRPLF
SODFHG WR WKH FRUUHVSRQGLQJ URXWLQH ZKHQ WKH FRQGL
DUH PHW

7KH HQDEOLQJ DQG GLVDEOLQJ FRQGLWLRQV IRU HDFK VXEV
LILHG RQ LWV 6XEV\VWHP &RQWURO 'LDJUDP 7KH PHFKDQL"
WKHVH DUH LPSOHPHQWHG GHSHQG RQ WKH FRPSOH[LW\ R
FRQWURO VWUXFWXUH ,W ZDV IRXQG IRU WKH H[DPSOH V\VV
DEOHPHQWY DQG GLVDEOHPHQWY FDQ EH HIIHFWHG WKURXJ
OLNH 10ODJV ZKLFK DFW DV VZLWFKHV WR DOORZ GLVDOORZ F

$ *HQHUDO 'HVLJQ +XHULVWLF

7KH G\QDPLF EHKDYLRXU RI D VIVWHP VSHFLILFDWLRQ FDQ
EHU RI ZD\V 7KH ILUVW FRQVLGHUV HDFK SDUW RI WKH V\'
RQH VHW RI LQSXWV RQFH D VHW RI LQSXWV HQWHUV WKD
RWKHU LQSXWV DUH DGPLWWHG XQWLO WKH FRUUHVSRQGLQ.
SURGXFHG $ VHFRQG YLHZ PD\ FRQYILSHQLRYGNW HP \SDVU WV DV
Rl LQSXWV KDV SDVVHG WKURXJK RQH SURFHVVLQJ VWDJH D
DGPLWWHG LQWR WKH SLSHOLQH L H SURFHVVLQJ RI LQSX
7KH 3HWURO 6WDWLRQ 6\WWHP H[KLELWV ERWK W\SHV EHKD
SULFHV DUH FKDQJHG DW D WLPH ZKHUHDV D SXPS PRQLWF
LQJ WZR FXVWRPHUV D QHZ FXVWRPHU FDQ UHFHLYH SHWU
WUDQVDFWLRQ LV SDLG IRU

<HW DQRWKHU YLHZ PD\ FRQVLGHU LQSXWV WR FDXVH LQVWI
EH PDGH DYDLODEOH D VHFRQG VHW RI LQSXWV XVHV D VH
HDFK VHW RI LQSXWV LQLWLDWHYV D SURFHVV LQ WKH VDPH .
FUHDWLQJ FRSLHV Rl SURJUDPV WR RSHUDWH RQ HDFK VHW
ZKLFK YLHZ LV WDNHQ LV GHWHUPLQHG E\ WKH GHVLJQ PHWI

&RQFOXGLQJ 5HPDUN

7KHUH DUH PDQ\ IDFWRUV WKDW PD\ LQIOXHQFH WKH GHVLJC
RI D VIVWHP $V SRLQWHG RXW LQ WKH LQWURGXFWLRQ W
PLQHG E\ WKH FRQVWUDLQWY RI WKH HQYLURQPHQW ZLWKLQ
RSHUDWH 7KH JXLGHOLQHV DERYH DUH WKH UHVXOW RI D
PHQWDWLRQ H[HUFLVH 7R IRUPXODWH D JHQHUDO VHW RI J
SUHKHQVLYH VWXG\ RI WKH DSSOLFDEOH WHFKQLTXHV PXVW
&KDSWHU$SDUW IURP WKH IDFWRUV SRLQWHG RXW DERYH V
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SOHPHQWDWLRQ GHFLVLRQV IRU D VIVWHP PD\ EH DIIHFV
7KHVH LQFOXGH UHOLDELOLW\ VDIHW\ PDLQWDLQDELOL
WHFKQRORJ\ SHUIRUPDQFH JURZWK DQG H[SDQVLRQ F
LPSRUWDQFH RI WKHVH IDFWRUV YDULHV GHSHQGLQJ R(
XQGHU GHVLJIQ

OHWKRGRORJ\

O0DQ\ DGYRFDWHV RI VI\VWHP VSHFLILFDWLRQ DQG GHVL
QLVHG WKH LPSRUWDQFH RI DFFRPSDQ\LQJ D QRWDWLRQ
ODWWHU ZRXOG QRW RQO\ SURYLGH WHFKQLTXHV IRU GH
DOVR GHILQH WHFKQLTXHV IRU YDOLGDWLQJ WKDW VSHF
SURYLGH WKH WRROV IRU VSHFLI\LQJ D VIVWHP-V RSHUD
PXVW EH SURYLGHG IRU GHULYLQJ WKDW VSHFLILFDWLR
D VSHFLILFDWLRQ QRWDWLRQ FDQ EH PLVXVHG RU LQFR
TXDOLW\ RU HYHQ LQFRUUHFW VSHFLILFDWLRQV LQ WK
ODQJXDJHV FDQ EH XVHG WR ZULWH EDG SURJUDPV LI
WHFKQLTXHV VXFK DV VWHSZLVH UHILQHPHQW DUH QRW

+RZHYHU WKH QDWXUH RI HYHU\ VIVWHP LV XQLTXH DQ
WKHPVHOYHV WR GLITHUHQW VSHFLILFDWLRQ GHULYDWL
SRLQWHG RXW E\ @ Y{ZKIHOYH WKH JHQHUDO SULQFLSOHYV
Rl D VRIWZDUH GHYHORSPHQW PHWKRG PD\ EH WKH VDP
HPERG\PHQW RI WKH PHWKRG ZLOO SUREDEO\ YDU\ ZLWK
VSHFLILF SURGXFW EHLQJ GHYHORSHGHE 7KLV LPSOLHYV
ZLOO EH D KLQGUDQFH UDWKHU WKDQ DQ DLG WR WKH DQ
EH IOH[LEOH HQRXJK WR DOORZ WKH DQDO\WW WR VHOH
VWUDWHJI\ IRU WKH SDUWLFXODU V\WWHP EHLQJ VSHFLIL

$OWKRXJIK D VSHFLILFDWLRQ GHULYHG XVLQJ VWUXFWXL
WRS GRZQ PDQQHU LW LV UDUHO\ GHULYHG LQ WKDW ZzZD\
SUHVHQWDWLRQ RI GHWDLO ZLOO JUHDWO\ HDVH WKH WD
LW LV QRW QHFHVVDULO\ WKH EHVW ZD\ WR DSSURDFK \
VWUDWHILHY FDQ RQ WKH RWKHU KDQG RYHUZKHOP W
ODUJH VA\VWHPV $ PLGGOH RXW VWUDWHI\ FDQ WKHUHIF
7KH SRLQW DW ZKLFK DQDO\WLVY FRPPHQFHV LV ODUJHO\
WR EH VSHFLILHG EXW VRPH JXLGHOLQHV PD\ EH SURYL

(YHQ ZKHQ D WRS GRZQ VWUDWHJ\ LV QRW HPSOR\HG LQ
WKH PRVW XVHIXO SRLQW WR VWDUW DQDO\VLV LV WKH \
WLRQV ZLWK LWV HQYLURQPHQW 0DQ\ PHWKRGRORJLHV
Rl WKH VA\VWHP OLIH F\FOH LGHQWLI\ WKLV DFWLYLW\ DV
YLHZSRLQW DQDO\VLV RI &25( >0XO BRP @ DQG WKH |
-6' >6XW -DF @ DUH IRU H[DPSOH VSHFLILFDOO\ DLPHG
IRU WKH V\WVWHP HQYLURQPHQW ,QWHUDFWLRQV ZLWK
ERWK GDWD DQG HYHQWV H[FKDQJHG EHWZHHQ WKH V\V
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HQYLURQPHQW 2QFH WKH GDWD KDYH EHHQ LGHQWLILHG W
GLYLGHG LQWR WZR JURXSV DFWLYH DQG ODWFKHG (YHU\ ¢
EHWZHHQ WKH V\VWHP DQG LWV HQYLURQPHQW IDOOV LQWR
,GHQWLI\LQJ WKH W\SH RI DOO V\VWHP GDWD H[FKDQJHV ZL
ODWHU VWDJHV RI WKH DQDO\VLV HVSHFLDOO\ ZKHQ GHWHL
IRU DWRPLF SURFHVVHV DV RQO\ DFWLYH GDWD FDQ SURY|
VXFK SURFHVVHV

2QFH DOO HYHQWV LQFOXGLQJ LPSOLFLW HYHQWYV FDUULHG
LGHQWLILHG WKH V\VWHP UHVSRQVHV WR HDFK HYHQW PD\ E
SOH LQ WKH 3HWURO 6WDWLRQ H[HUFLVH ZKHQ WKH HYHQW
VIVWHP PXVW UHVSRQG E\ GLVDEOLQJ WKH SULQWLQJ RI DQ
WKH FRPPHQFHPHQW RI DQ\ IXUWKHU WUDQVDFWALRQV :DUG
SODFH JUHDW HPSKDVLV RQ LGHQWLI\LQJ HYHQWY DQG WKH \
HYHQW ,GHQWLILFDWLRQ RI WKHVH UHVSRQVHV ZLOO DJDLQ
WKH DQDO\VLV ZKHQ GHWHUPLQLQJ VXEV\VWHP DQG DWRPLF

(YHQW UHVSRQVH DQDO\VLV SOD\V D PRUH GRPLQDQW SDUW
LILFDWLRQ RI UHDO WLPH V\WWHPV ZKHQ FRPSDUHG ZLWK V!
IRU RWKHU W\SHV RI VI\VWHPV 7KLV LV GLUHFWO\ GXH WR
QDWXUH RI UHDO WLPH V\VWHPV &RQVLGHUDWLRQ RI UHVSF
JXLGH WKH DQDO\WW LQ LGHQWLI\LQJ VXEV\VWHPV $ VXEV\V
D SURFHVVLQJ XQLW WKDW ZKLOH HQDEOHG FRQWLQXRXVC
HYHQWYV 7KH ODWWHU LQFOXGHV LQWHUQDO DQG H[WHUQDO
EH LPSOLFLW LQ WKH DUULYDO RI GDWD

2QFH WKH DQDO\WLY PRYHV ZLWKLQ WKH VA\VWHP LQWHUQDOV
Rl ZHOO HVWDEOLVKHG JXLGHOLDHWV3>'"@WOWR: BURYLGH KHOS

LQ GHFLGLQJ KRZ WR GLYLGH D SURFHVV:-V WDVN LQWR D VX
SRUWDQW RI WKHVH DUH NHHSLQJ SURFHVYVY LQWHUIDFHV WR
FORVHO\ UHODWHG GDWD LQ GDWD VWRUHV 7KH IRUPHU ZL(
DUH QRW RQO\ FOHDU DQG HDV\ WR IROORZ EXW ZLOO DOV
RI GHVLJQ DQG LPSOHPHQWDWLRQ 7KH OHVV WKH FRPPXQL
SURFHVVHVY WKH PRUH WKH FRQFXUUHQF\ LQ WKH V\VWHP F
WKH GDWD XVHG DQG VWRUHG E\ PDQ\ UHDO WLPH VA\VWHPV
WKH VHFRQG JXLGHOLQH LV SHUKDSVY OHVV DSSOLFDEOH WR

SURFHVVLQJ VA\VWHPV

2WKHU IDFWRUV FDQ EH XVHG WR JXLGH WKH GHULYDWLRQ
$Q RYHUDOO H[DPLQDWLRQ RI VI\VWHP UHTXLUHPHQWV RIWH
WLILFDWLRQ RI PDQ\ VIVWHP VXEWDVNV 7KHVH DUH SDUWYV
RSHUDWLRQ VKRXOG FOHDUO\ EH VHSDUDWHO\ GHVFULEHG

LV LQVWDQFHV RI LGHQWLFDO VXEV\WVWHPV )RU H[DPSOH

HI[DPSOH WKH SDUWV RI WKH V\VWHP GHDOLQJ ZLWK HDFK
GHOHJDWHG WR D VXEV\VWHP )XUWKHU H[DPSOHV RI V\VWH]
VIVWHPV FDQ EH VHHQ LQ WKH 3DWLHQW ORQLWRULQJ 6\VV
6\WWHP Rl $SSHQGL[ $ $QRWKHU FDVH RI VHSDUDWLRQ RI V
GLVWLQFW VXEV\VWHPV RFFXUV ZKHQ RQH VXEV\VWHP FRQW
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VIVWHP E\ UHDFWLQJ WR WKH VI\VWHP HQYLURQPHQW )R
6\WWHP RI $SSHQGL[ $ WKH S+ PRQLWRU VXVSHQGV DQ
Rl WKH V\VWHP DFFRUGLQJ WR WKH FXUUHQW S+ RI D O

,Q PDQ\ VA\VWHPV WKH ILUVW VXEGLYLVLRQ RI WKH V\VV
FOHDU LGHQWLILFDWLRQ RI VXEV\VWHPV LQ WKH UHTXL
FDVHV DV WKH $XWRWHOOHU 6\VWHP H[DPSOH RI $SSH
VXEWDVNV IRU WKH V\VWHP LQ DFKLHYLQJ LWV RYHUDO
LGHQWLILHG PRUH HDVLO\ IRU VA\IVWHPV ZKRVH RYHUDO(
WKRXJK PDQ\ VLPSOH WDVNV PD\ EH SHUIRUPHG LQ SDU
$XWRWHOOHU VI\VWHP "YDOLGDWHYV WKH FXVWRPHU-V FD
WLRQu DQG "SHUIRUPV WKH VHOHFWHG VHUYLFHp LQ VYV
D IHDWXUH PD\ QRW EH LPPHGLDWHO\ LGHQWLILDEOH IRL
FRQFXUUHQW EHKDYLRXU VXEV\VWHPV FDQ VWLOO EH L
VLRQ RI WKH VA\VWHP DFWLYLWLHYVY LQWR VXEWDVNV 8V
SURFHVVHV ZKLFK WDNH SDUW LQ D GLDORJXH VHTXHQF
LWV HQYLURQPHQW WKH V\VWHP VXEWDVNYV FDQ EH LGF

)XUWKHUPRUH JXLGHOLQHV JLYHQ KHUH IRU DWRPLF S
KHOS WKH DQDO\WW LQ GHFLGLQJ ZKHQ WR VWRS H[SD
SRLQW WKH ILULQJ DJHQW IRU WKDW SURFHVV PXVW E
IRXQG LQ WKH HYHQWV LQKHULWHG E\ WKH SURFHVV:V
DQ HYHQW JHQHUDWHG E\ RQH LWV QHLJKERXULQJ SURF

7KH DERYH JXLGHOLQHV FRXSOHG ZLWK WKH H[SHULHQF
DSSOLFDWLRQ Rl WKH QRWDWLRQ FDQ SURYLGH DQ LQYLE
LQJ V\VWHP VSHFLILFDWLRQ ODQ\ Rl WKH WHFKQLTXHV |
D IXQFWLRQDO GHFRPSRVLWLRQ VWUDWHJI\ 7KHUH LV F
LQ WKH VI\VWHP GHYHORSPHQW LQGXVWU\ WRZDUGV WKI
QRWDWLRQV EDVHG RQ 'DWD )ORZ 'LDJUDPV KDYH DOPR
DUULYH DW IXQFWLRQDOO\ EDVHG V\VWHP VSHFLILFDWLF
WLRQ TXDOLW\ DERYH GHPRQVWUDWHY WKDW WKLV PD\ (
VWUDWHJI\ WR IROORZ IRU WKH FODVV RI VI\VWHPV ZH D
WURO GHFRPSRVLWLRQ PHWKRG PD\ EH PRUH DSSURSUL
KDYH EHHQ EHHQ LGHQWLILHG WKH\ FDQ EH IROORZHG L
WKH LQWHUQDO V\VWHP DFWLRQV WKH\ PD\ FDXVH

7KH DERYH VWUDWHJILHVY DUH WKH UHVXOW RI WKH H[St
SO\LQJ WKH QHZ QRWDWLRQ WR D QXPEHU RI FDVH VWX
H[HUFLVH LV JLYHQ LQ WKH VDPSOH VSHFLILFDWLRQV RI
VWXG\ RI WKH WHFKQLTXHV DSSURSULDWH IRU WKH GH!
VSHFLILFDWLRQ LV UHTXLUHG WR DUULYH DW D VROLG
VSHFLILFDWLRQV ZKRVH TXDOLW\ FDQ EH MXGJHG
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&RQFOXVLRQV

$ QHZ H[WHQVLRQ WR 'DWD )ORZ 'LDJUDPV ZDV SUHVHQWHG
PRYH WKH OLPLWDWLRQV DQG GLVDGYDQWDJHV RI FXUUHQW
UHDO WLPH V\VWHP VSHFLILFDWLRQ 7KH QHZ QRWDWLRQ GH
VHPDQWLFV RI SURFHVVHV XVHG RQ WKH GLDJUDPV 'HODUFI
QRW KDYH D SUHFLVH GHILQVRRPRARAWDEKIBURY¥YHMVYV LQSXWYV
WR LWV RXWSXWV +RZHYHU SURFHVVHV DW WKH OHDYHV R
HUDUFK\ LQ WKLV QRWDWLRQ DUH LGHQWLILHG E\ XVLQJ RE
FRQGLWLRQ IRU VWDUWLQJ HDFK RQH LV FOHDUO\ VKRZQ E\
WHULQJ WKH SURFHVV (DFK DWRPLF SURFHVV VWDUWYV ZKHC
DQRG SURGXFHV LWV RXWSXWV DW WKH FRQFOXVLRQ RI LWV

ORUHRYHU KLJK OHYHO FRQFXUUHQF\ FDQ EH GHVFULEHG E\
WURO 'LDJUDP LQ D IDVKLRQ WKDW LV QRW UHVWULFWLYH $
ZLWKLQ WKH VIVWHP RSHUDWLRQDO EHKDYLRXU FDQ EH VSHF
PHQW GLVDEOHPHQW FRQGLWLRQV IRU HDFK VXEV\VWHP DUH
6&' 7KLV FDSDELOLW\ SOXV WKH SUHFLVH GHILQLWLRQ RI W
WHULVWLFV Rl HDFK DWRPLF SURFHVV DO ®@RAWDWHNBWHP VSt
LQ D WRNHQ VW\OH H[HFXWLRQ PRGHO 6XFK DQ DQLPDWLRQ
DLG WR DQDO\WWYV LQ GHWHUPLQLQJ ZKHWKHU WKH GHULYH:(
WR XVHU H[SHFWDWLRQV

JXUWKHUPRUH WKH VHSDUDWLRQ RI WKH GDWD DQG FRQWUR
DOORZ VHSDUDWH DQDO\VLV RI WKHVH V\VWHP DVSHFWV $ V
OHYHO FDQ EH FRPSRVHG E\ VXSHULPSRVLQJ LWV ()" RQ LW\

+HQFH WKH QHZ QRWDWLRQ EXLOGV RQ WKH ZHOO HVWDEOLVk
GHYHORSPHQW LQGXVWU\ E\ XVLQJ H[SHULHQFH RI DQG IDPL
QRWDWLRQDO FRQYHQWLRQV WR DOORZ HDVLHU GHULYDWLR
ZKLFK FDQ EH FRPIRUWDEO\ XQGHUVWRRG E\ WKH SDUWLHYV
RSPHQW SURFHVV DQG ZKRVH RSHUDWLRQDO FKDUDFWHULVV
SURFHHGLQJ WR V\VWHP GHVLJQ DQG LPSOHPHQWDWLRQ

7KH IROORZLQJ FKDSWHU SUHVHQWY IRXU RWKHU DSSURDFK
WLRQ GHVLIJQ DQG FRPSDUHV WKHP WR WKH QHZ QRWDWLRQ



&KDSWHU

SHODWHG :RUN

 QWURGXFWLRQ

,Q WKLV FKDSWHU VRPH RI WKH UHOHYDQW VRIWZDUH VS
DUH GLVFXVVHG 7KHUH DUH D ZLGH YDULHW\ RI QRWDW
7TKHVH LQFOXGH DPRQJVW RWKHUV REMHFWHWULHQWHG

60 3&: 3@ IRUPDO PDWKHPDWLFDOO\ EDVHG DSS
% MR +RD O0LO @ VSHFLILFDWLRQ ODQJ@DJHAS >=DY
(67 >&)* .0 )3 %() ODL 3)$% @ 6%$5% >:(

(VW  ()59@ 67$7(&+$576 >+DU +4#DU +366 @ DQG
65(0 >$0I $01 @ 6LQFH LW LV QRW SUDFWLFDO WR |

FDXVH PDQ\ VKDUH WKH VDPH XQGHUO\LQJ SULQFLSOHYV

KDV EHHQ FKRVHQ 7KHVH DUH FXUUHQWO\ SRSXODU LQ
VLIJQ RI FRQFXUUHQW DQG UHDO WLPH V\VWHPV ERWK L«
LQVWLWXWLRQV 7KH VHOHFWLRQ LQFOXGHV D FRQWUR
QHWV D IXQFWLRQDO KLHUDUFKLFDO QRWDWLRQ ZKLFK
LQJ 0$6&27 DQ REMHFW RULHQWHG HQWLW\ DFWLRQ
6\WVWHP 'HYHORSPHQW DQG D IRUPDO DOJHEUDLF ODQ
BHTXHQWLDO 3URFHVVHV 7KH ILUVW IRXU VHFWLRQV E
HDFK RI WKHVH QRWDWLRQV 7KH ILQDO VHFWLRQ GLVF
QRWDWLRQ IRU UHDO WLPH V\VWHP VSHFLILFDWLRQ E\
VHW RI FULWHULD

SHWUL 1HWYV

%DVLF &RQFHSWYV

$ SHWULLQHW ELSDUWLWH GLUHFWHG PXOWLJUDSK FRQ\
QRGHV SODFHV DQG WUDQVLWLRQV $OJHEUDLFDOO\ T
E\ D IRXU WXSOH & 3 7 , 3 LV D VHW RI SODFHV 7 L
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LV WKH LQSXW IXQFWLRQ DQG LV WKH RXWSXW IXQFWLRQ

SODFHV DUH UHSUHVHQWHG E\ FLUFOHVY DQG WUDQVLWLRQV

EDUV 'LUHFWHG DUFV FRQQHFW SODFHV DQG WUDQVLWLRQ\
D WUDQVLWLRQ GHILQHV WKH SODFH WR EH DQ LQSXW RI W
SODFH LV LQGLFDWHG E\ DQ DUF IURP WKH WUDQVLWLRQ \
DUFV PD\ FRQQHFW D SODFH DQG D WUDQVLWLRQ $Q H[DPS
IURP >3HW @ LV VKRZQ LQ ILJXUH

3 A30 3 3 3 3V°
7 3 AWLWWW

IFO As LY ' "S 3 3V
W A3 3 3V° w nS
A A3 W nS
W ng ' n3 V3
JLXUH $Q H[DPSOH SHWUL QHW

$QDO\WVLQJ D 3HWUL 1HW

3HWUL QHWV DUH SULPDULO\ XVHG WR VWXG\ WKH G\QDPLF E
VIVWHP ,Q RUGHU WR GR WKLV SHWUL QHW PDUNLQJV DU
PRGHO 7R PDUN DNRWMWMW @HAWLIQHG WR SODFHV LQ WKH QH
FDQ EH WKRXJKW RI DV UHVLGLQJ LQ SODFHV )LJXUH VKI
SHWUL QHW LQ ILJXUH

$ WUDQVLWLRBKFARQLW LV HQDEOHG $ WUDQVLWLRQ LV HQDE
LQSXW SODFHV KDV DW OHDVW DV PDQ\ WRNHQV DV WKHUH D
WKH WUDQVLWLRQ PXOWLSOH DUFV PD\ FRQQHFW D WUDQVL
ILUHG D WUDQVLWLRQ UHPRYHV LWV HQDEOLQJ WRNHQV DQG
LWV RXWSXW SODFHV ,Q ILJXUH ' LV WKH RQO\ HQDEOHG
VKRZV WKH QHZ PDUNLQJ DIWHU LW KDV ILUHG



3(75, 1(76

JLIXUH 7KH PDUNLQJ UHVXOWLQJ IURP ILULQ

7KH VWDWH RI D SHWUL QHW DQG WKDW RI WKH V\VWH
LWV PDUNLQJ )LULQJ D WUDQVLWLRQ FKDQJHV WKH PDL
RI WKH SHWUL QHW 7KH G\QDPLF EHKDYLRXU RI D V\V\
E\ DVVLJQLQJ DQ LQLWLDO PDUNLQJ WR LWV SHWUL QH
VWDWH FKDQJHV E\ FRQWLQXRXV WUDQVLWLRQ ILULQJV
FRQWLQXHV DV ORQJ DV WKHUH LV DW OHDVW RQH HQD]
DUH QR HQDEOHG WUDQVLWLRQV WKH H[HFXWLRQ KDOW
EH VWDWLFDOO\ DQDO\WHG WR GLVFRYHU V\VWHP IDXOW:
H[DPSOH >3HW 3HW 5HL $JH -HQ “+ @

ORGHOOLQJ ZLWK 3HWUL 1HWYV

7R GHULYH D PRGHO WKH SHWUL QHW YLHZ RI D V\VWHP
LWLYH FRQFHSWV HYHQWY DQG FRQGLWLRQV (YHQWYV
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LQ WKH V\WWHP 7KH RFFXUUHQFH RI DQ HYHQW LV FRQW
VWDWH ZKLFK FDQ EH GHVFULEHG DV D VHW RI FRQGLWLRQ"
D QXPEHU RI SUH FRQGLWLRQV PXVW KROG ,WV RFFXUUH
SRVW FRQGLWLRQV WR KROG 2Q SHWUL QHW JUDSKV SUH
VKRZQ DV PDUNLQJV DQG WKH RFFXUUHQFH RI DQ HYHQW L
LQJ WKH DSSURSULDWH WUDQVLWLRQ $ V\WWHP PRGHO LV
WKH HYHQWYV L H V\WWHP DFWLRQV DQG WKH SUH DQG SI
HYHQW >% @

3HWUL QHWYV ZHUH GHVLJQHG VSHFLILFDOO\ IRU PRGHOOLQJ
LQWHUDFWLQJ SDUWV %HFDXVH RI WKHLU JHQHUDO IRUP SH
PRGHO D YDULHW\ RI VIVWHPV >3HW @ LQFOXGLQJ FRPSXW
ZDUH LQWHUDFWLRQV Rl VXEDWRPLF SDUWLFOHV TXHXLQJ
DQG PDQ\ RWKHUV

7KH RULJLQDO IRUP RI WKH SHWUL QHW PRGHO KDV SURYH(
OLPLWHG WR PRGHO UHDO V\WVWHPV >3HW @ 7KH ILUVW RI
IURP WKH IODW QDWXUH RI SHWUL QHWV %HFDXVH RI WKH
RI HYHQWV LQ ODUJH V\WWHPV WKHUH LV DQ HQRUPRXV D
FRQVLGHUHG DW RQFH 7KH SURYHQ SULQFLSOH RI LQFUHTI
FDQQRW EH DSSOLHG HDVLO\ ZKHQ XVLQJ VXFK D PRGHO

JXUWKHUPRUH WKH IODWQHVY RI SHWUL QHWYV ZLOO UHVXC
QHWYV ZKRVH JUDSKV DUH D VSDJKHWWL RI DUFV EHWZHHQ

6WXG\LQJ VXFK D PRGHO VR DV WR XQGHUVWDQG WKH EHKDY
WHP LV D GLIILFXOW WDVN DQG FDQ EH QHDUO\ LPSRVVLEOH
$ PRGHOOLQJ WHFKQLTXH WKDW OHQGYV LWVHOI WR D KLHUD
WDWLRQ VWUDWHJI\ ZLOO PDNH LW HDVLHU IRU D UHDGHU WR
E\ JLYLQJ KLP KHU DGHTXDWH GHWDLO DW GHFUHDVLQJ OHY

,Q DGGLWLRQ WKH ILULQJ UXOHV IRU D WUDQVLWLRQ GLF
SUHFRQGLWLRQV DOO LWV SUHFRQGLWLRQV PXVW KROG E}
WKH\ DWQHHBRIHWKHU 7KHUH DUH PDQ\ V\VWHPV ZKRVH RS
TXLUHPHQWY PD\ UHTXLUH DQ DFWLRQ WR WDNH SODFH ZK
FRQGLWLRQV KR®ER| WHKH ®QHFRQGLWLRQV 6LPLODUO\ ZK
VLWLRQ KDV FRPSOHWHG LWV WDVN LWV UHTXLUHPHQWYV P
WRNHQV LQ D VXEVHW RI LWV RXWSXW SODFHV 7KHVH FDC
ZLWK SHWUL QHWV >%DH @

(IWHQVLRQV KDYH EHHQ SURSRVHG IRU SHWUL QHWYV WR DOO
OHPV >3HW %0 @ )RU H[DPSOH D WUDQVLWLRQ FDQ EH H
SHWUL QHW ZKLFK GHVFULEHV LQ PRUH GHWDLO WKH VWHSV
DFWLRQ %XW WKH VXEQHW PXVW EH VWDUWHG E\ WKH SUF
WUDQVLWLRQ DQG PXVW HQG E\ JHQHUDWLQJ LWV SDUHQW
GLUHFW FRQVHTXHQFH WKH SODFH WUDQVLWLRQ JURXSLQJV
UHVXOW LQ UHVWULFWLRQV GXULQJ D WRSGRZQ KLHUDUFKL
RWKHU H[WHQVLRQV VXFK DV LQKLELWRU DUFV >3HW @ G
WUDQVLWLRQV ZLWK VZLWFKHV DQG WRNHQ DEVRUEHUV >%l



0$6&27

ZLWK DUFV FRQQHFWLQJ SODFHV DQG WUDQVLWLRQV >
WLRQ WLPH WDEOH WR HDFK QRGH LQ WKH QHWZRUN L
VIVWHP >&5 @ DQG SODFLQJ SUHGLFDWHV RQ WUDQVL)
SURSRVHG

$QRWKHU OLPLWDWLRQ RI SHWUL QHWV LV WKDW WKH\
HOOLQJ WKH IORZ RI FRQWURO WKURXJK D VI\VWHP 3URI
WKURXJK WKH V\VWHP DQG EHWZHHQ WKH V\VWHP DQG L
GHULYHG HDVLO\ IURP D SHWUL QHW PRGHO $ SHWUL ¢
DX[LOLDU\ WRRO ZKLFK VKRXOG EH XVHG ZLWKLQ D PRU
WR FRPSOHWHO\ VSHFLI\ D VIVWHP -V RSHUDWLRQDO FKL

7VH DQG 3RQJ KDYH SURSRVHG )RUPDO 'DWD )ORZ 'LD.
FUHDWH D QRWDWLRQ WKDW LV ERWK IDPLOLDU DQG FD
LILFDWLRQ DQDO\VLV >73 @ 7KLV QRWDWLRQ LV EDV#H
W\SH 'DWD )ORZ 'LDJUDPV ,Q RUGHU WR DSSO\ IRUPDO
)')'-V WKH UHODWLRQVKLS DPRQJ LQSXW RXWSXW GDWD
PXVW EH H[SOLFLWO\ GHILQHG 7KLY®LYBGRRHUEW BODF I
EHWZHHQ GDWD IORZV RQ GLDJUDPV $Q )')' FDQ EH PD
DQ H[WHQGHG SHWUL QHW PDNLQJ LW SRVVLEOH WR D
IRUPDO DQDO\VLV WHFKQLTXHV WR )')'-V )RU WKH VDPH
W\SH 'DWD )ORZ 'LDJUDPV DUH LQDGHTXDWH IRU VSHFLI\
ZH DUH FRQVLGHULQJ L H WKH LQDELOLW\ WR PRGHO |
FRQWURO )')'-V DUH DOVR QRW DGHTXDWH

0$6&27

%DVLF &RQFHSWYV

0$6&27 >6LP %D W -DF 'LE ,UY @ LV DQ DFURQ\F
$SSURDFK WR 6RIWZDUH &RQVWUXFWLRQ 2SHUDWLRQ I
DQG ODQJXDJH LQGHSHQGHQW DSSURDFK WR VRIWZDUH
WLRQ ZKLFK KDV DW LWV KHDUW D SDUWLFXODU IRUP F
RQ LQGHSHQGHQW SDUDOOHO $5WRFVH VAKHRW H N\DRRZI) FDH/D Q \
RI FRPPXQLFDWLRQ,QW MUK RPPIKQLFDWLRQ,'DWD $WHDYV
DLPV WR UHSUHVHQW GLUHFWO\ WKH V\WWHP -V FRQFXL
IORZV EHWZHHQ WKHP ,WV RULJLQV OLH LQ ZRUN DW W]
(VWDEOLVKPHQW GXULQJ WKH ODWH -V DQG HDUO\ -V
SULPDULO\ DLPHG DW UHDO WLPH HPEHGGHG DUHDV ZKH
DQG KLJKO\ LQWHUDFWLYH >%DW @

2Q 0%$6&27 $&3 SFWLYLWN &KDQQHO 3RRO GLDJUDTF
UHSUHVHQWHG E\ FLUFOHYV 7ZR VSHFLDO W\SHV RI ,'$
0$6&27 HKDQQ@AWOXVHG WR UHSUHVHQWYV SURGXFHU FRC
PXQLFDWLRQ LQ D VLPLODU IDVKLRQ WR GDWD IORZV RQ
LV ZULWWHQ WR WKH FKDQQHO E\ WKH SURGXFHU 7KH
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IURP WKH FKDQQHO E\ UHDGLQJ IURP LW L H UHDGV IURP [
WLYH 7KH SURGXFHU DQG FRQVXPHU DUH FRQQHFWHG WR
VIPERO WR HPSKDVLVH WKH QDWXUH R B RRHISW HFRPEW Q LF D W
D UHSRVLWRU\ IRU GDWD ,WV UROH LV VLPLODU WR GDWD
DJUDPV 6B6WDWLF GDWD ZKLFK PD\ EH XSGDWHG RFFDVLRC
SRRO $FWLYLWLHVY FRQQHFWHG WR D SRRO FDQ UHDG GD)
LH LQ SRROV ZULWHV DUH GHVWUXFWLYH ,'$:-V WKDW GR
VSHFLDOO\ LGHQWLILHG FODVVHV RI ,'$ FKDQQHOV DQG SRI
GLDJUDPV ZLWK D UHFWDQJXODU V\PERO $FWLYLWLHV DUH
DQG SRROV E\ GLUHFWSDGN RAKA K FDIORZH @ KH GLUHFWLRQ R
IORZ $Q HQYLURQPHQWDO HEHWLARMHN QRWQ $B\& D7 LV
UHSUHVHQWHG RQ DQ $&3 E\ D KDWFKHG UHFWDQJOH )LJXU
FRPSRQHQWY XVHG LQ D 0$6&27 $&3 GLDJUDP

JLIXUH 0$6&27 $&3 'LDJUDP 6\PEROV

7KH FOHDU VHSDUDWLRQ RI DFWLYH DQG QRQ DFWLYH FRPS
D GLUHFW UHVXOW RI WKH 0$6&27 GHVLJQHUV:- LQWHQWLR
PHWKRG ZKLFK FDWHUV IRU ODUJH VFDOHOBR®@EXUUHQF\ $F
VXEV\VWHPSYODLQHG EHORZ RQ DQ $&3 GLDJUDP FDQ EH V
UXQQLQJ LQ SDUDOOHO ,Q RUGHU WKDW WKHVH DV\QFKURZC
UHQW SURFHVVHV H[FKDQJH LQIRUPDWLRQ LQ D VHFXUH PDQ
PHFKDQLVPV WR HIIHFW PXWXDO H[FOXVLRQ DQG FURVV VWL
SRLQWV ZKHUH GDWD LV WUDQVIHUUHG WR RU IURP FRPPRC
PHFKDQLVP DUH LPSOHPHQWHBF MKW RBXRF HEXU I6\D W D

VWRUHG LQ DQ ,'$ LV SULYDWH WR LW $Q DFWLYLW\ FDQ
WKURXJK FDOOV WR WKH ,'$-V DFFHVV SURFHGXUHV ,Q 0$6¢
D VXEVHW RI LWV DFFHVV SURFHGXUB&REMYU DFIKLHUDWK RI L)
PXVW FRQQHFW WR DQ ,'$ ZISRERZ WKKMWRAIKGRZ DQG WKH SR
PXVW EH RI WKH VDPH W\SH VHH EHORZ 2Q $&3 GLDJUD]
SRUWV DUH VKRZQ ZLWK D VPDOO ILOOHG LQ UHFWDQJOHV D
UHVSHFWLYHO\ %\ XVLQJ WKLV ZLQGRZ SRUW FRQQHFWLR
FDQ EH SXW RQ WKH W\SH RI DFFHVV SHUPLWWHG WR HDFK



0$6&27

'HULYLQJ D 0$6&27 'HVLJIQ

7KH XQLW RI FRQVWUXFWLRQ GXULQJ UREVSGWMRGHVLIQ
LV PHUHO\ D FROOHFWLRQ RI DFWLYLWLHV ZKLFK KDYH E
DW WKH VDPH WLPH >%DW @ ,Q 0$6&27 D GHVLJQ ZD!
GDWD IORZ QHWZRUN ZLWK WKH VXEV\WVWHP DV WKH EDV
FDXVH Rl WKH SRWHQWLDOO\ ODUJH QHWZRUNV WKDW PLC
DQG WR LQFRUSRUDWH WKH DGYDQWDJHV RI LQFUHPHQ'
GHVFULEHG LQ D KLHUDUFKLFDO PDQQHU LQ 0$6&27 >%
VIVWHP LV VWLOO WKH EDVLF XQLW RI FRQVWUXFWLRQ
ORZHU OHYHO VXEV\VWHPV $ VXEV\VWHP LV UHSUHVHQW
$&3 GLDJUDP

YLIXUH (IDPSOH RI D 0$6&27 VXEV\VWHP $&3

BRIWZDUH GHVLJQ XVLQJ 0$6&27 FDQ EH GLYLGHG LQWR
GHVLJQ FRPSRQHQW GHVLJQ DQG LQWHJUDWLRQ WHVW
FRQVLVWYV RI GHULYLQJ D KLHUDUFK\ Rl $&3 GLDJUDPV
WLYLWLHV DQG ,'$-V DUH LGHQWLILHG DQG FRQQHFWHG
YLIXUH VKRZV DQ H[DPSOH $&3 IRU D VXEV\VWHP $
GLDJUDP FRQWDLQV PRUH GHWDLO WKDQ MXVW WKH FR
SUHVHQW RQ LW 7KH QDPH RI WKH FRPSRQHQW EHLQJ
WKH URXQGDQJOH “VXEV\VB p LQ ILJXUH 3RUWV DQ
HJ °“SSp DQG “JZp 7KH W\SH DVVRFLDWHG ZLWK D SF
WDWHV WKH SDWK FRQQHFWLQJ WKHP HJ “'SXWp DQG
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DFWLYLW\ DQG SRRO LV QRW RQO\ ODEHOOHG ZLWK D XQLT
QDPH Rl WKH WHPSODWH H[SODLQHG EHORZ GHVFULELQJ L\
VLGH LW )RU H[DPSOH WKH RSHUDWLRQ RI DFWLYLW\ ‘DO
"DBWHPSBO

$ VSHFLDO FDVH RI D VXEV\VWHPKREZVOWKB B[WHUQDO GHYLF
FRQQHFWHG WR WKH V\WVWHP DV ZHOO WKH LQLWLDO GLYLVL
VIVWHPV DFWLYLWLHV DQG ,'$:V 7KLV VXEV\VWHP GRHV QI
ZLQGRZ FRQQHFWLRQV LH LW LV FORVHG &RQQHFWLRQV
UHSUHVHQWHG E\ GHYLFH VHUYHUV GHVFULEHG EHORZ 7t
VIVWHP DQG QHVWHG VXEV\VWHPV V\PEROV 7KH VXEV\VW
DUH WKHQ H[SDQGHG LQWR WKHLU RZQ $&3 QHWZRUNV  $I\
VRIWZDUH V\VWHP LQWR LWV FRQVWLWXHQW DFWLYLWLHV DC
ZKRVH LPSOHPHQWDWLRQ PD\ EH WRR FRPSOH[ FDQ EH IXU\
FRPSOH[ DFWLYLW\ PD\ EH EURNHQ GRZQ LQWR VPDOOHU FF
GLDJUDP VKRZV WKH H[HFXWLRQ RI LWV FRPSRQHQWYV ZKLF}
SURFHGXUDO LQWHUIDFH ,Q ILJXUH WKH DFWLYLW\ ‘DO
LQWR IRXU SURFHGXUHV “PDLQu ‘VXEOp °'VXE p DQG ’“VXI
VKLSV DUH UHSUHVHQWHG E\ OLQHV EHDULQJOKRO®UYRZ DUURZ
JLQNV UHSUHVHQW SURFHGXUH FDOOV HJ °“PDLQu FDOOV
GXUHV

$Q ,'$ PD\ DOVR EH FRPSRVLWH L H DQ ,'$ FDQ EH EURNF
FRQQHFWHG QHWZRUN RI ,'$-V ,Q ILIJXUH "FLGDP KDV E
LQWR WKUHH FRPSRQHQW ,'$-V 7KH\ DUH FRQQHFWHG WRJH
SDLUV 8VLQJ FRPSRVLWH ,'$-V GDWD FDQ EH FRPSOHWHO\
RXWVLGH WKH ,'$ RQO\ LQWHUQDO ,'$ DFFHVV LV DOORZHG
H[DPSOH WKH GDWD LQ WKH ,'$ "H[p LV SULYDWH WR "FLGD
DQG ,'$-V DUH VKRZQ ZLWK WKLFN ERUGHUV RQ $&3 GLDJUDI

'XULQJ FRPSRQHQW GHVLJQ HDFK FRPSRQHQW RQ HYHU\ $¢
VLIQHG LQ PRUH VGHIRSMIDOWXEHG WR G HAVRE®X EGRIU WHKOH K
FRPSRQHQW VXEV\VWHP DFWLYLW\ DQG ,'$ 2WKHU WH[WXE
GDWD W\SH GHILQLWLRQV LV SURYLGHG WR HQDEOH WKH F
0$86&27 GHVLJQ LQ WH[W 7KH GHVLJQ RI HDFK FRPSRQHQW
PLQXWH GHWDLO )RU H[DPSOH D VXEV\VWHP WHPSODWH ZL¢
DOO WKH ZLQGRZV DQG SRUWV LW RIIHUV WR LWV HQYLURQ
IRU WKH FKDQQHOV SRROV DQG DFWLYLWLHV WKDW DUH FR
FRQQHFWLRQV DPRQJVW WKHP DQG WKH W\SHV RI DOO SDWK
PLQH WKH W\SH RI DFFHVV DOORZHG WKURXJK D SRUW ZLQGI
GDWD IR¥6&27 PDFKILYHPDLQWDLQHG LQ D GDWDEDVH VR Wk
FDO VRIWZDUH FRPSRQHQWYVY FDQ XVH WKH VDPH WHPSODWH
LQIRUPDWLRQ PDQ\ FKHFNV VXFK DV FKHFNLQJ FRPSDWLELO
SDLU FDQ EH SHUIRUPHG RQ WKH GHVLJQHG VRIWZDUH

7KH ILQDO VWDJH LQWHJUDWLRQ DQG WHVWLQJ FRQVLVWV |
ZDUH IRU D VSHFLILF KDUGZDUH FRQILJXUDWLRQ IURP WKH G
WKH GDWDEDVH 7KH GHILQLWLRQV RI WKH VRIWZDUH FRPSH



0$6&27

4P

)LIXUH $&3 'LDJUDP RI D &RPSOH[ $FWLYLW

DUH PDSSHG RQWR WKH LPSOHPHQWDWLRQ ODQJXDJH F|
ZLWK VXSSRUWLQJ VRIWZDUH WR UXQ RQ WKH LPSOHP]
VXSSRUW LV SURY BRRQ® HE[\WWEKRAMZAKIISURYLGHY D UXQ

HQYLURQPHQW IRU WKH DSSOLFDWLRQ WR UXQ LQ 7K
VIQFKURQLVDWLRQ RI DFWLYLWLHY GHYLFH KDQGOLQJ

FDWLQJ DFWLYLWLHV WR SURFHVVRUV LQ D PXOWL SURF
VRIWZDUH SUHIRUPDQFH DQG HUURU KDQGOLQJ &RQWH]
EH DSSOLHG WR DFWLYLWLHV DQG VXEV\VWHPV WR VWLI
WKHP 7KH VRIWZDUH FDQ WKHQ EH WHVWHG WR HQVX
UHTXLUHPHQWYVY %\ XVLQJ IDFLOLWLHV SURYLGHG E\ Wk
PDQFH FDQ DOVR EH PHDVXUHG

&RQFOXGLQJ 5HPDUNV

0$46&27 LV DLPHG DW GHULYLQJ D GHVLJQ IRU D VRIWZ
D VSHFLILF KDUGZDUH FRQILIJXUDWLRQ $OWKRXJK WKH
EH ODQJXDJH LQGHSHQGHQW WKH FRPSRQHQW GHVLJQ
DVHG WRZDUGV D VSHFLILF WDUJHWDODPDXKQON X&BE$ /IR
0$86&27 GHVLJQV >)RX @ EXW EHFDXVH RI LWV SDUDO
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J)LIXUH $&3 'LDJUDP RI D &RPSRVLWH ,'$

ELOLWLHV $'$ LV WKH UHFRPPHQGHG LPSOHPHQWDWLRQ OD

$OWKRXJK PDQ\ ODQJXDJHV KDYH EHHQ WULHG LQ 0$6&:
FRQFHQWUDWLRQ RQ WKH PDLQ WZR ODQJXDJHV &25$/ DQC
GXFH D ELDV LQ WKH ZD\ WDVNV DUH GLYLGHG EHWZHHQ DF\
DUH FKRVHQ WR VWRUH GDWD +RZHYHU LW VKRXOG EH Q
DLP LV WR GHULYH D GHVLJQ DQG DV VXFK LWV RXWFRPH L
LPSOHPHQWDWLRQ ELDVHG WKDQ D VSHFLILFDWLRQ DSSURDF

7KH IORZ RI FRQWURO WKURXJK D 0$6&27 PDFKLQH LV GLVWI
HUDO SDUWV RI WKH VRIWZDUH ([SOLFLW VI\QFKURQLVDWLRC
E\ SULPLWLYHVY WKDW RSHUDWH RG@GRWWHERDOBREBKHNM- WYV FDC
VIQFKURQLVDWLRQ WDNHV SODFH RQO\ LQ UHVSHFW RI DFFH
GHVFULEHG EHORZ HDFK FRQWURO TXHXH LV FRQFHSWXDO(
Rl DQ ,'$ RU D VHUYHU >%DW @ 8¥YUQI(WWKHE6TS®&27

:$,7 DQ&,7)25 SULPLWLYHV DFWLYLWLHV FDQ MRLQ FRQWUF
IRU VHUYLFH DQG OHDYH WKHP WR EH VHUYHG >6- @ )RU HJ[
LW\ UHTXLUHV DFFHVV WR WKH GDWD LQ DQ ,'$ LW MRLQV \
$Q DFWLYLW\ DW WKH KHDG RI WKH TXHXH LV VDLG WR RZQ
WKH /($9( SULPLWLYH WR OHDYH WKH TXHXH IRU VHUYLFH
HITHFWHG E\ XVLQJ WKH 67,0 :$,7 DQG :$,7)25 SULPLWLYHYV

2WKHU SDUWV RI WKH FRQWURO IORZ LQ D 0$6&27 GHVLJQ
FRQWH[W VRIWZDUH ,QLWLDOLVLQJ VXVSHQGLQJ UHVXPLQJ
WLYLWLHV LV GHOHJDWHG WR WKH UXQ WLPH VXSSRUW HQ
‘'KHQ D 0$6&27 V\VWHP KDV EHHQ EXLOW HDFK RI LWV FRPS
EHXQHVWDEO%WKRIGH DQ\ FRQVWLWXHQW DFWLYLW\ FDQ EH H
ILUVWHEWDEOLVKHGDOO UHOHYDQW LQLWLDOLVDWLRQ FRGH
ILUVW 2QFH DQ DFWLYLW\ KDV EHHQ HVWDEOLVKHG LW FDQ
UHVXPHG DQG WHUPLQDWHG 7KHVH RSHUDWLRQV DUH SDUW
WKDW GHDO ZLWK VFKHGXOLQJ DQG H[HFXWLRQ FRQWURO

0$6&27 LV EDVHG RQ GDWD IORZ $Q DFWLYLW\ LV GHVLJQH
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GDWD LV UHDG\ DW LWV LQSXW FKDQQHO ,Q RUGHU WR
DQ DFWLYLW\ PD\ UHFHLYH DQ HYHQW (YHQWV DUH D
QHOV 0$6&27 WKHUHIRUH GRHV QRW GLVWLQJXLVK EI
H[FKDQJH 7KH RUGHULQJ RI DFWLYLW\ H[HFXWLRQV LV
H[FKDQJH RI GDWD DQG HYHQWV YLD FKDQQHOV B6XFK
ULYHG IURP DQ\ SDUW RI WKH 0$6&27 QHWZRUN GLDJUD
SDUWLFXODUO\ WKRVH ZLWK D UHDO WLPH QDWXUH WK
DQG WKH FRQGLWLRQV XQGHU ZKLFK VXEV\VWHPV DUH F
D YLWDO SDUW RI WKH UHTXLUHPHQWY GRFXPHQW ,W L
DEOH WR GHULYH WKHVH HDVLO\ IURP WKH VSHFLILFDWL

0$6&27 WKHUHIRUH GLIIHUV PDLQO\ IURP RXU DSSURD
FLILF FKDUDFWHULVWLFV :KHUHDW RXRLIDERWFRWR GHU
WHP 0$6&27 LV DLPHG DW GHULYLQJ WKH ILQDO GHVLJ
RI VSHFLDO SURFHRMVHWHWARD BORGOH WKH HQYLURQPHQV
WLRQV RI 0$6&27 GHVLJQV LV D FOHDU LQGLFDWLRQ RI
KDUGZDUH VSHFLILF GHVLJQ SHTXLUHPHQWY VSHFLILF
&25( >0XO .13: .1 @ KDYH EHHQ UHFRPPHQGHG IRU

HDUO\ VWDJHV RI D 0$6&27 GHVIQQYRXWNIKDW W-KH 0$6&?2
XVHU FDQ GHULYH WKH VA\VWHP UHTXLUHPHQWY EHIRUH

7KH UROH Rl GLDJUDP KLHUDUFK\ LQ RXU QRWDWLRQ LV
IRUWDEO\ GHULYH WKH IORZ RI GDWD DQG FRQWURO W]
6XFK LQIRUPDWLRQ FDQQRW EH GHULYHG HDVLO\ IURP D
GLDJUDPV 0$6&27 XVHV WKH SULQFLSOH RI LQIRUPDW
DOO GDWD DFFHVVHV E\ DFWLYLWLHV WR JR WKURXJK
WKRXJK WKLV ZLOO HQVXUH GDWD LQWHJULW)\ DV ZHOO I
FRQFXUUHQW DFWLYLWLHY FRPSHWLQJ IRU DFFHVV WR
UHDGDELOLW\ LV VRPHZKDW LPSDUHG 6RPH SURFHVVLQ
FRPSRVLWH ,'$-V IRU H[DPSOH DQ DFFHVV SURFHGXUH
WR WKH ,'$ WR EH XSGDWHG WKURXJK D FDOO WR WKH
RI WKDW ,'$ HJ WKH GDWD LQ "H[p LQ ILIXUH PD\
LSy RU "RSuy

$OWKRXJIK 0$6&27 SURYLGHV D ULJRURXV WHFKQLTXH IR
VRIWZDUH V\VWHP ZKLFK ZLOO DLG GHVLJQHUV LQ GHUL
FRQFXUUHQW VA\VWHPV LW GRHV QRW PHHW WKH REMHEF)
FOHDUO\ WKH IORZ RI GDWD DQG FRQWURO WKURXJK D

-DFNVRQ 6\VWHP "HYHORSPHQW

%»DVLF &RQFHSWV DQG 'HVLJQ 'HULYDW

-DENVRQ 6\VWHP 'HYHORSPHQW -6' >@DEV D6DYQYWHEPXWH
VLIJQ DSSURDFK ZKLFK KDV LWV URRWY LQ D SURJUDP G
VRQ 6WUXFWXUHG 3URJUDPPLQJ -63 >-DF &DP &DP



&+$37(5 5(/$7(" :25.

PHWKRGRORJLHV -6' LV QRW EDVHG RQ D KLHUDUFKLFDO IXQ
VWUDWHJI\ ,QVWHDG HPSKDVLV LV SODFHG RQ ILUVW PRGHC
URQPHQW DQG RQO\ WKHQ JRLQJ RQ WR FRQVLGHU WKH IX
ZKLFK WKH V\WVWHP LV WR SHUIRUP

7KH -6' GHVLJQ PHWKRG LV VXEGLY L GHRG K QWIRQ W KWHH HV W D J
QHWZRUN DIAM@PEDHPHQWDW L-BQ VWWDDLLOWY WR GHILQH WKH VXE
PDWWHU E\ GHVFULELQJ WKH UHDO ZR UOHQ R/IL WEBYVV\VWHP L
WKBFWLREW\ SHUIRUP RU VXIIHU ,Q RWKHU ZRUGV D FRQFF
LV GUDZQ DURXQG WKH DVSHFWV Rl WKH UHDO ZRUOG ZKLFK
WKH RSHUDWLRQ RI WVHKHNY WG REMMHFW RI LQWHUHVW LQ WK
ZKLFK ZLOO XQGHUJR RU FDXVH FKDQJH GXULQ@ WKH V\VWH
$QDFWLRQDQ HYHQW ZKLFK KDSSHQV WR DQ HQWLW\ -DFNVR
WKDW HQWLWLHYV DQG DFWLRQV FDQ EH GHULYHG E\ OLVWLQ
UHVSHFWLYHO\ RI WKH UHTXLUHPHQW GRFXPHQW IRU D V\VW
LQWURGXFHG WR VKRUWHQ WKHVH OLVWV HJ DOLDVHV IRU

2QFH DOO HQWLWLHV DQG WKH DFWLRQV IRU HYHU\ HQWLW\
HQWLW\ LV FRQVLGHUHG LQ WXUQ DQG LWV DFWLRQV DUH DU
3URFHVV BWUXFWXUH 'LYD XMHG %R VKRZ WKH UHODWLRQVKLS
HDFK HQWLW\ DQG WKH WLPH RUGHULQJ Rl WKH DFWLRQV LW
DOORZ WKH H[SUHVVLRQ Rl WKH WKUHH FODVVLFDO FRQVWU X
PLQJ VHTXHQFH VHOHFWLRQ DQG LWHUDWLRQ )LJXUH |
VKRZV DQ H[DPSOH RI D 36"

J)LIXUH ([DPSOH 3URFHVV 6WUXFWXUH 'LDJUDP

3URFHVV VWUXFWXUH GLDJUDPV DUH WUHH VKDSHG (DFK QF
JXODU ER[ ZKLFK PD\ EH DQ HQWLW\ DQ DFWLRQ RU D QDFP
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DFWLRQV B6HTXHQFH LV LQGLFDWHG E\ OHIW WR ULJKW
,19(67VEHIRUH (BB,1$7(6 KLV DFFRXQW DFFRUGLQJ WR ILJ
OHFWLRQ DQG LWHUDWLRQ DUH VKRZQ E\ D FLUFOH DQ
SODFHG LQ WKH WRS ULJKW FRUQHU RI D UHFWDQJOH

%2'<p LV FRPSRVHG RI JHUR RU PRUH "029(0(176u HDFI
HLWKHU D "3%$< ,1p RU D ":,7+'5%$:4 7KH URRW RI HDFK
WKH DFWLRQV WKDW KDSSHQ WR LW DUH DW WKH OHDY
FRQYHUWHBUWRWXZKLBK[ZLOO LQ DGGLWLRQ LQFOXGH
DV H[HEFXWDEOH RSHUDWLRQV DQG FRQGLWLRQDO WHVW
36' )RU H[DPSOH WKH VWUXFWXUH WH[W IRU WKH VWUX
LV

&86720(5 VHT
U H D&
,19(67 UHDS&
,19 7(50 %2'< LWU ZKLOHR38,¥+15%:
029(0(17 DOW 3$< ,1
3%$< ,1 UHD&
029(0(17 DOW :,7+'5%:
., 7+'5%: U H D&
029(0(17 HQG
.19 7(50 %2'< HQG
7(50,187¢(
&86720(5 HQG

7KH FDSLWDO OHWWHU ZRUGYV DUH WKH HQWLW\ GHVFUL]|
WASHIDFH LV XVHG WR VKRZ WKH FRQVWUXFWYV HJ VH
WXUH GLDJUDP 2WKHU HOHPHQWYV VKRZQ LQ WKH VWUX
FRQGLWLRQV IRU WKH ORRS DQG WKH 3SRIDGWRPDMWVY KLF
GDWD VWUHDP & VHH EHORZ

,Q WRHWZRUN WWBJBHVFULSWLRQ RI UHDOLW\ LQ WHUP
WLRQV LV UHDOLVHG LQ D SURFHVV PRGHO DQG FRQQHF
WKH UHDO ZRUOG $ VHW RI SURFHVVHV LV VSHFLILHG

HQWLWLHYV DQG WKHLU EHKDYLRXU 7KH VNHOHWRQ IRU
KDV DOUHDG\ EHHQ GHULYHG LQ WKH SUHYLRXV VWHS LQ
WXUH GLDJUDP RU VWUXFWXUH WH[W 7KH RQO\ UHPDL
IRU HDFK HQWLW\ LV WKH ZD\ LW FRPPXQLFDWHV ZLWK

WKH VI\WVWHP HQYLURQPHQW

3URFHVVHV FDQ FRQQHFW WRJBWW B UV WIRRIFR FADLR Q ,(RQ
SURFHVV ZULWHV D VHTXHQWLDO GDWD VWUHDP WKH RW
,QVWDWH ¥FROWRBWLRQ RQH SURFHVV GLUHFWO\ LQVSH
LH WKH LQWHUQDO ORFDO YDULDBOWHWH MR 16 B/HFL IR WBW U
'LDJUDP®&6'-V DUH XVHG WR VKRZ SURFHVV FRQ@HFWLRC

'DWD VWUHDP FRQQHFWLRQ LV VKRZQ E\ D FLUFXODU \
SURGXFHU DQG FRQVXPHU E\ OLQHV ZLWK DQ DUURZ
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JLIXUH ([DPSOH 6\WVWHP 6SHFLILFDWLRQ 'LDJUDP

HQG (YHQWV DQ HYHQW LQ -6' LV WKH SRLQW LQ WLPH ZK
SHQV >6XWDUH SDVVHG IURP WKH SURGXFHU WR WKH FRQVXF
VWUHDP $FWLRQV UHVSRQG WR HYHQWVY 7KHVH HYHQWV DU
VIVWHP DV GDWD PHVVDJHV DQG DUHDUWWNHUBKGHMR LQ -6

DFWLRQ (QWLWLHV DOVR KDYH DWWULEXWHVY 7KHVH DUH L¢
ZKDW VWDJH WKH HQWLW\ LV DW LQVW\DURVFHONKH HKIQMRVA L H
5HDG DQG ZULWH VWDWHPHQWY DUH DGGHG WR WKH VWUXFV
WR LQGLFDWH SODFHV DW ZKLFK GDWD VWUHDP FRPPXQLF]

6WDWH YHFWRU FRQQHFWLRQV DUH VKRZQ E\ D GLDPRQG V\F
GDWD WUDQVIHU LV DJDLQ VKRZQ ZLWK DQ DUURZ KHDG DW
'DWD VWUHDP FRQQHFWLRQV UHSUHVHQW SURGXFHU FRQVX
ZKHUHDV D VWDWH YHFWRU FRQQHFWLRQ LV XVHG ZKHQ GD
$ VSHFLDO RSHIDWEARQXVHG LQ VWUXFWXUH WH[W WR LQGLE
UHDGHU LQVSHFWY D VWDWH YHFWRU

&RPPXQLFDWLRQ ZLWK WKH V\WWHP HQYLURQPHQW LV PRGF
W\SHV Rl FRQQHFWLRQ LQ -6' 'DWD VWUHDP FRQQHFWLRQ
GLVFUHWH GDWD IORZ DQG VWDWH YHFWRU FRQQHFWLRQ L
WHUQDOO\ VWRUHG GDWD RU FRQWLQXRXV GDWD IORZV

2QFH DOO WKH UHDO ZRUOG HQWLWLHY KDYH EHHQ PRGHOOF
DUH UHTXLUHG WR FRPSOHWH WKH RSHUDWLRQDO UHTXLUH!]
DGGHG WR WKH PRGHO -DFNVRQ IX-®FW @R WWHR/HWHK HS WRH U P

FHVVHV WR VHSDUDWH WKHP IURP WKRVH WKDW PRGHO UHI
WLHVY UHSUHVHQW JURXSV RI WLPH RUGHUHG DFWLRQV ZKLF|I
ORQJ OLIH KLVWRU\ RI VRPHWKLQJ ZLWKLQ WKH VA\VWHP 2ZK
VHW RI DFWLRQV ZKLFK WDNH SODFH LQ D VKRUW VSDFH R
WDVN >@XW7KHVH IXQFWLRQV IDOO LIQRER GNEHEGPDWHIRULHYV
SRVHEQFWLRQW > 0OWPHQWDU\ RSHUDWLRQV PD\ EH DGGHG
PRGHO SURFHVVHVY 7KHVH DUH WKH HPEHGGHG IXQFWLRQV
DV IXQFWLRQV WR SURGXFH V\VWHP RXWSXWV LPSRVH QHZ ¢
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$ FKDQJH LQ WKH V\VWHP-V RSHUDWLRQDO UHTXLUHPHQV
GLWLRQ RI QHZ SURFHVVHV LQWR WKH PRGHO )RU H[DPS
IXQFWLRQ LQ ILIJXUH LV DQ RXWSXW IXQFWLRQ ZKLFK
SRUW ZKHQ WKH DFFRXQW JRHV RYHUGUDZQ 2WKHU IXQ]
UHVSRQVLEOH IRU LQSXW YDOLGDWLRQ DQG XVHU LQWH!

7KH ILQDO VWDJH LQ -6' LV FRQFHUQHG ZLWK FRQYHUWLC
LQWR DQ H[HFXWDEOH SURJUDP 'XULQJ WKLV VWDJH
ZKDW KDUGZDUH DQG VRIWZDUH VKRXOG EH SURYLGHG IF
WKH WHFKQLTXHV RI WUDQVIRUPDWLRQ DQG VFKHGXOLQ
GDWDEDVH GHILQLWLRQ WR DOORZ WKH V\WVWHP WR EH
UXQ

&RQFOXGLQJ 5HPDUNV

-6' YLHZV D VI\VWHP DV D VHW Rl FRQFXUUHQWO\ UXQQLC
PXQLFDWH ZLWK HDFK RWKHU@E\ $F0H/ WDKIH WP R 6XW® SURFHYV
LQ HIIHFW EH FRQVLGHUHG WR UXQ LQ SDUDOOHO 6LQ
PRGHOOLQJ RQH SURFHVV WKLV FRQFXUUHQF\ LV QRW
VLQJOH 36' ,W LV WKH FROOHFWLRQ RI 36'-V WKDW UHS
WKH V\VWHP

$ SURFHVVY FDQ H[HFXWH DV ORQJ DV LW KDV GDWD DYDL
QR GDWD LV DYDLODEMEORBNHBRIFHYWFXWLRQ RI UHDG\
FHVVHV L H WKRVH ZLWK DYDLODEOH LQSXW GDWD L\
LQJ PHFKDQLVPV EXLOW LQWR WKH VA\WVWHP WKURXJK V)
GHGLFDWHG VFKHGXOHU -6' DLPV WKHUHIRUH WR PRG
UHQF\ DPRQJVW PRGHO SURFHVVHV &RQFXUUHQF\ RI JU
PRGHOOHG H[SOLFLWO\

+HQFH WKHUH LV QR QRWLRQ RI D "VXEV\WWHPp LQ -6
Rl SURFHVVHV FDQ RQO\ EH HIIHFWHG WKURXJK PHFKDQ!
PRGHO SURFHVVHV DQG WKH VFKHGXOHU 1R VLQJOH GLD
FDQ EH FRQVXOWHG IRU D GHVFULSWLRQ RI VXEV\VWHP |
XODULW\ ,I SDUW RI D VIVWHP LV WR EH GLVDEOHG EHF
IRU HIDPSOH WKH GLVDEOHPHQW PXVW EH UHIOHFWHG L
LQ WKH JURXS Rl SURFHVVHV EHORQJLQJ WR WKDW SDU\
SULPDU\ DLPV Rl WKH QRWDWLRQ ZH KDYH LQWURGXFHG
VSHFLI\ KLJK OHYHO VXEV\VWHP FRQFXUUHQF\ DPRQJ .
XVLQJ 6XEV\VWHP &RQWURO 'LDJUDPV 7KH VSHFLILFDWI
LV HQFRXUDJHG E\ RXU QRWDWLRQ ZKHUHDV LW PD\ EH
-6' -6' KRZHYHU SODFHV HDUO\ LPSRUWDQFH RQ WKE
WLRQV 7KLV LQIRUPDWLRQ LV SRUWUD\HG LQ SURFHVV \
PRGHO SURFHVYV

7KH LQDELOLW\ RI -6 WR PRGHO KLJK OHYHO FRQFXUU
GXH WR LWV GHVLIJQHUV:- GHFLVLRQ WR DEDQGRQ D WRE
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VWUDWHI\ -6' DGYRFDWHY GHVLJQ E\ FRPSRVLWLRQ >&DP @
E\ GHFRPSRVLWLRQ ,Q WKH ODWWHWH[KIOKG/EREYHIHDWRFHV VI
IXUWKHU GHWDLO L H D VSHFLILFDWLRQ LV JUDGXDOO\ Gl
ER[ YLHZ RI WKH V\VWHP WR LWV DWRPLF IXQFWLRQV ,Q -
DUH SUHFLVHO\ GHILQHG EHIRUH EHLQJ FRPELQHG WRJHWKH
VAVWHP

,Q DGGLWLRQ VLQFH -6" PRGHOOLQJ VWDUWY DW D YHU\ ORZ
DPRXQW RI GHWDLO KDYH WR EH GHULYHG LQ WKH HQWLW\
TXLUHPHQWY GRFXPHQW IRU D ODUJH VA\VWHP 6XWFOLIIH >6.
WKH GRPLQDQW GLIILFXOWLHY LQ LQWURGXFLQJ -6" LV WKH !
ZKHUH WR VWDUW ORRNLQJ IRU HQWLWLHV 6RPPHUYLOOH
WKLV GLIILFXOW\ )RU D ODUJH VMV\WVWHP WKH QXPEHU RI SRV
DFWLRQV SHUIRUPHG E\ HDFK RQH FDQ HDVLO\ RYHUZKHOP
WDLO (YHQ H[SHULHQFHG -6' XVHUV ZKR PD\ EH DEOH WR
DQG DFWLRQV IRU VXFK V\VWHPVY PD\ EH IDFHG ZLWK ODUJ}
FRPPXQLFDWLRQ PRGHOV IRU WKHVH VA\VWHPYVY 6XFK PRGHO\
FOXWWHUHG 66'-V LI PDQ\ VA\IVWHP SURFHVVHV H[FKDQJH LQI
RWKHU *RGZLQ HW DO >**6 @ QRWH WKDW -6' LV SUREOHP
WKDW IRU D ODUJH DSSOLFDWLRQ WKH QHWZRUN GLDJUDPV F
ILFXOW WR KDQGOH ,Q SUDFWLFH LW PD\ EH QHFHVVDU\ WR
LQWR D QXPEHU RI SDUWV EHIRUH DSSO\LQJ -6" WR HDFK SD

6WDWLF VWRUHG GDWD LV QRW H[SOLFLWO\ PRGHOOHG LQ
WKH VWDWH YHFWRUV RI SURFHVVHV W LV RQO\ GXULQJ W
Rl -6' WKDW VWRUDJH FRQVLGHUDWLRQV IRU VWDWH YHFWRL
BWRULQJ GDWD LQ SURFHVV VWDWH YHFWRUV PD\ DOVR PHDQ
LWHPV ZKLFK ORJLFDOO\ EHORQJ WRJHWKHU OLNH WKRVH U
LQ ')'-V PD\ EH VSUHDG DPRQJ VHYHUDO SURFHVVHV $V D U}
UHTXLUHV DFFHVV WR D QXPEHU RI GDWD LWHPV ZLOO UHTX
FRQQHFWLRQV ,Q DGGLWLRQ LI D GDWD LWHP LV LQ GHPDC
WKH SURFHVV VWRULQJ WKDW LWHP ZLOO KDYH PDQ\ VWDWH
RI WKHVH PD\ UHVXOW LQ FOXWWHUHG 66'-V )XUWKHUPRUH
FRQQHFWLRQ LV UHDG RQO\ WKH RQO\ SURFHVV FDSDEOH R
GDWD LWHP LV WKH RQH VWRULQJ LW 2WKHU SURFHVVHV |
WKURXJK PHVVDJHV SDVVHG WR WKH SURFHVV KROGLQJ WKH

-6' SURYLGHY D PHWKRGRORJ\ ZKLFK FDQ OHDG D GHYHORSH
7KH ODVW VWHS RIl -6'" SURYLGHV JRRG JXLGHOLQHV IRU WKl
D -6' VSHFLILFDWLRQ GHULYHG LQ WKH HDUOLHU VWDJHV WF
DSSURDFK WDNHQ E\ -6' GRHV QRW KRZHYHU UHDFK WKH .
VHW IRU RXU QRWDWLRQ 7KLV LV EHFDXVH LW LV QRW LPPI
GLDJUDPV ZKDW LQIRUPDWLRQ IORZV EHWZHHQ SURFHVVHYV

DUH WR VWRUHG GDWD LWHPV 1RU LV LW SRVVLEOH WR VHH
PDQ\ SDUWV WKH VA\WVWHP 7KH IORZ RI FRQWURO DW OHYHO
FHVV OHYHO LV D NH\ IHDWXUH RI PDQ\ VI\IVWHPYVY DQG LWV
YLWDO IRU WKH FRUUHFW VSHFLILFDWLRQ DQG LPSOHPHQWD
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LQIRUPDWLRQ LV VSUHDG DPRQJVW VHYHUDO SURFHVVHV
-6' GHVLJQV )XUWKHUPRUH KLHUDUFKLFDO SUHVHQWDYV
FRPSXWHU VFLHQWLVW:-V PDLQ ZHDSRQ IRU GHDOLQJ ZL
FRPSOH[LW\ DQG GHWDLO -6' GRHV QRW IROORZ D KLH
PDNHV LW D FXPEHUVRPH PHWKRGRORJ\ ZKHQ VSHFLI\LC
VI\VWHPYV +RZHYHU W VKRXOG EH QRWHG WKDW -6' IRC
DSSURDFK 6XFK DQ DSSURDFK FDQQRW EH H[SHFWHG W
VHW IRU D IXQFWLRQDO GHFRPSRVLWLRQ VWUDWHJ\

&RPPXQLFDWLQJ 6HTXHQWLDO 3L

%DVLF &RQFHSWYV

&RPPXQLFDWLQJ 6HTXHQWLDO 3URFHVVHV LV DQ DOJHE!
XVHG WR VSHFLI\ GHVLJQ DQG LPSOHPHQW FRPSXWHU V
+RD @ &63 UHFRJQLVHV WKDW LQSXW DQG RXWSXW DL
PLQJ DQG SDUDOOHO FRPSRVLWLRQ RI FRPPXQLFDWLQJ
IXQGDPHQWDO SURJUDP VWUXFWXULQJ PHWKRG >+RD
DQ REMHFW ZKRVH EHKDYLRXU FDQ EH GHVFULEHG LQ \
HYHQWV LW FDQ HQJDJH LQ 7KLOSKBREHDV SURAFHE VW KOHD (
LV GHQRWHG E\ WK XJISHNIOHYRMDWLRQ FDQ EH XVHG
WKH EHKDYLRXU RI D SURFHVV )RU H[DPSOH [2!3 SL
GHILQHV D SURFHVV ZKLFK DFFHSWV WKH HYHQW [ DQG \
VFULEHG E\ 3 $ YHQGLQJ PDFKLQH >+RD @ WKDW DFFH
FKRFRODWHV FDQ EH GHVFULEHG DV IROORZV

D906 "FRLQ FKRF"
906 FRLQ® ! FKRF3 2,906

7KLV SURFHVV KDV WZR HYHQWYV LQ LWV DOSKDEHW DQ
IRUPXOD ZKLFK LQGLFDWHYV WKDW WKH SURFHVV FRQWLC
OLYHUV FKRFRODWHYVY +RZHYHU WKH RSHUDWLRQ RI PD!
DOWHUQDWLYH URXWHYV RI EHKDYLRXU BURFHVVHV ZKF
HQFHG E\ WKHLU HQYLURQPHQW DUH GHVFULEHG E\ XVL
JRU H[DPSOH WKH SURFHVV [313 _\314 FDQ LQLWLDOO\
WKH GLVWLQFW HYHQWYV [ RU \ $IWHU WKH ILUVW HYHC(
EHKDYHV OLNH 3 RU 4 GHSHQGLQJ RQ ZKHWKHU WKH HYH
$ SURFHVV ZKLFK DFFHSWV D FRLQ DQG GHOLYHUV HLW
FDQ EH GHILQHG DV IROORZYV

D90&7 "FRLQ FKRF WRIIHH"
90&7 FRLQ3?2 FKRF23290&7 _ WRIIHH? 190&7
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J)LIXUH 7KH 3LFWRULDO 5HSUHVHQWDWLRQ RI 90«

7KH EHKDYLRXU RI D SURFHVV FDQ EH UHSUHVHQWHG SLFWF
XUH

7KHVH GLDJUDPV IROORZ WKH WUDGLWLRQDO QRWDWLRQ RI
UHSUHVHQW SURFHVV VWDWHV DQG WKH DUURZV OLQNLQJ V
WUDQVLWLRQYV (DFK WUDQVLWLRQ LV ODEHOOHG ZLWK WKFHE
WKH VWDWH FKDQJH 7KH URRW RI WKH WUHH XVXDOO\ GL
GLDJUDP LV WKH VWDUWLQJ VWDWH 7HUPLQDWLQJ VWDWHYV
RQ ERWWRP RI WKH GLDJUDP

7KH EHKDYLRXU RI D SURFHVV RYHU D SHULRG RI WLPH FDQ
DWUDRHWKDW SURFHVYVY 7KLV LV D ILQLWH VHTXHQFH RI1 V\F
HYHQWYV LQ ZKLFK WKH SURFHVV KDV HQJDJHG XS WR VRPH PI
DUH VKRZQ XVLQJ DQJHOHG EUDFNHWY LQ &63 )RU H[DPSOH
DUH WUDFHV RI1 906

FRLQ FKRF! FRLQ FKRF FRLQ FKRF!

&RPSOH[ SURFHVVHVY FDQ EH FRQVWUXFWHG E\ FRPELQLQJ
SDUDOOHO :KHQ SURFHVVHV DUH FRPELQHG LQ WKLV ZD\ W
LOQWHUDFW 6XFK LQWHUDFWLRQV DUH UHJDUGHG DV HYHQW)
SDWLRQ RI bDOO FRPELQHG SURFHVVHYV I WKH DOSKDEHWYV R
DUH WKH VDPH HDFK HYHQW WKDW DFWXDOO\ RFFXUV PXVW
WKH LQGHSHQGHQW EHKDYLRXU RI HDFK SURFHVV VHSDUDW|
RFFXU DOO SURFHVVHVY DUH UHTXLUHG WR SDUWLFLSDWH ,
PDFKLQH D FKRFRODWH FDQ RQO\ EH H[WUDFWHG LI WKH F
RQO\ ZKHQ WKH YHQGLQJ PDFKLQH LV SUHSDUHG WR JLYH LW
WKH FROQFXUUHQW FRPELQDWLRQ RI VPDOOHU SURFHVVHV D
SDUDOOHO RSHUDWRU _ H J

&867 _ 906
D&867 A~FRLQ FKRF®
&867 FRLQ3 2f FKRF3 1&867

, ] WKH DOSKDEHWY RI WKH FRPELQHG SURFHVVHV DUH GLIIH
Rl DOO SURFHVVHV LV RQO\ UHTXLUHG IRU FRPPRQ HYHQWYV
JHWKHU E\ WKH SDUDOOHO RSHUDWRU FDQFEg QHFRSVWIHR/GH QWHG
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GLDJUOPFK SURFHVV LV SLFWXUHG E\ D QDPHG UHFWDAQ.
HPHUJH D QXPEHU RI OLQHV HDFK ODEHOOHG ZLWK DQ

ILIXUH >+RD @ 7KH OLQHV IRU FRPPRQ HYHQWYV DUI
D3 "D E F° D4 "E F G~
J)LIXUH $ &RQQHFWLRQ 'LDJUDP

3URFHVVHV FDQ EH FRPELQHG LQ RWKHU ZD\V E\ XVLQ.
7KH JHQHUDO FKRLFH RSHUDWRU L LV XVHG WR GHILQF
LV GHWHUPLQHG E\ WKH ILUVW HYHQW WKDW RFFXUV 7K
ZLOO EHKDYH OLNH SURFHVV 3 LI WKH ILUVW HYHQW F
WKH EHKDYLRXU RI WKH FRPELQHG SURFHVV LV OLNH W
.1 3 DQG 4 VKDUH D FRPPRQ ILUVW DFWLRQ +RDUH >+R
FKRLFH EHWZHHQ ZKLFK RQH LV WDNHQ LV QRQGHWUPLQ
LQWHUOE\DXWEJ WKH LQWHUOHDWHIQIL QFHUDWRYLQJ RSH
LV XVHG ZKHQ SURFHVVHV DUH MRLQHG WRJHWKHU WR |
QRW UHTXLUHG WR V\QFKURQLVH RQ FRPPRQ HYHQWV
WKH FRPELQHG SURFHVV LV WKH DFWLRQ RI H[DFWO\ R
PRQ HYHQW RFFXUV WKH FKRLFH EHWZHHQ ZKLFK SURF
LV QRQGHWHUPLQLVWLF )RU H[DPSOH D YHQGLQJ PDF
WR WZR FRLQV EHIRUH GLVSHQVLQJ XS WR WZR FKRFROC
906 3URFHVVHV FDQ DOVR EH FRPELQHG LQ VHTXHQFF
XVLQJ WKH VHTXHQFH RSHUDWRU 7KH SURFHVV 3 4
ILUVW EHKDYHV OLNH 3 DQG XSRQ VXFFHVVIXO WHUPLQ!
OLNH WKDW RI1 4

,Q DGGLWLRQ WR XVLQJ WKH DERYH LQWHUDFWLRQV \
LQIRUPDWLRQ E\ XVLQJ WKH &63 FRPPXQLFDWLRQ SULPL
LV DQ HYHQW WKDW LV GHVFULEHG E\ WKH SDLU F Y
ZKLFK WKH FRPPXQLFDWLRQ WDNHV SODFH DQG Y LV W
ZKLFK SDVVHV 7KH SURFHVV F Y3 3 RXWSXW WKH YDC
WKHQ EHKDYHV OLNH 3 6LPLODUO3 WXSXWVRBBVWDBXH
FRPXQLFDEOH RQ FKDQQHO F DQG WKHQ EHKDYHV OLNH
ZKLFK UHDGV D YDOXH IURP FKDQQHO "'LQu DQG RXWSX
"RXWp LV GHILQHG E\

&23< LQ"[* ! RXW [3 21&23<

7KH SRVVLEOH YDOXHV FRPPXQLFDWHG DORQJ D FKDQQ
ZKHUH F LV WKH FKDQQHO QDPH DQG 3 LV WKH SURFHVV
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QLFDWLRQ HYHQW FY 2Q D FRQQHFWLRQ GLDJUDP IRU D SU
GUDZQ DV DUURZV LQ WKH DSSURSULDWH GLUHFWLRQ DQG
Rl WKH FKDQQHO :KHQ WKH SURFHVVHV 3 DQG 4 LQ ILJXUH
WRJHWKHU 3 _ 4 WKH YDOXH UHDG RQ FKDQQHO OHIW LV
LQFUHPHQWHG E\ RQH EHIRUH EHLQJ RXWSXW WR ULJKW

3 OHIW"[* tPLG [[ 3!3
4 PLG"\® ULJKW \ O 214
YJLIXUH 7KH &RQQHFWLRQ 'LDJUDP IRU 3 4

7ZR SURFHVVHV FRQQHFWHG LQSWHHQ/ &3\ MWHE ADWHO MIGREZ Q
ZLWK D VSHFLDO V\PERO 3 4 21 FRXUVH D SURFHVV PD\
RQH LQSXW DQG RQH RXWSXW FKDQQHO EXW D FKDQQHO F
SURFHVVHV DQG WKH FRPPXQLFDWLRQ LV XQLGLUHFWLRQDC
VXFK FKDQQHOV LV VI\QFKURQRXV 7KDW LV WKHUH LV QR I
WZR SURFHVVHV WKH FRPPXQLFDWLRQ HYHQW UHTXLUHV WE
SURFHVVHYV

)LQDOO\ LQ D VLPLODU ZD\ DV FRQYHQWLRQDO SURJUDPPLQ]J
YLGHV DV SDUW RI LWV QRWDWLRQDO V\QWD[ VWDWHPHQWYV
WR WKRVH YDULDEOHV DQG FRQGLWLRQDO VWDWHPHQWV E
YDULDEOHV &63 DOVR SURYLGHV D ZLGH UDQJH RI RSHUDW
WKDQ WKRVH GHVFULEHG DERYH DUH SURYLGHG LQ &63 IRU
ELQDWLRQV RI SURFHVVHV HJ ZKHQ D SURFHVV 3 LV GHC
QHHG:-V Rl DQRWKHU SURFHVV 4 WKH FRPELQDWLRQ RI WK
E\ XVLQJ WKH VXERUGLQDWLRQ RSHUDWRU 3 4 2WKHU
LQFOXGH WKRVH WKDW RSHUDWH RQ SURFHVV WUDFHV DQG
DOVR SURYLGHV GHILQLWLRQV IRU XVHIXO VHWV UHODWLRQ)\
XVHG ZKHQ VWXG\LQJ WKH EHKDYLRXU RI SURFHVVHV 7KHV
ZLWK RSHUDWRUVSWRLIRERWRWRH EHKDYLRXU RI D SURFHVV

&RQFOXGLQJ 5HPDUNV

&63 SURYLGHV DQ H[WHQVLYH QRWDWLRQ LQ D IRUPDO SU
ZKLFK FDQ EH XVHG WR VSHFLI\ DQG GHVLJQ D ZLGH YDULF
PRVW REYLRXV DSSOLFDWLRQ RI &63 LV WR WKH VSHFLILFD'
PHQWDWLRQ RI FRPSXWHU V\VWHPV ZKLFK FRQWLQXRXVO\ C
WKHLU HQYLURQPHQW >+RD @ 6LQFH &63 LV D SURJUDPPLQ
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SURYLGHV WKH PHDQV RI VSHFLI\LQJ V\VWHPV ZLWKRXW
IRU GRLQJ VR 6\VWHP VSHFLILFDWLRQ DQG GHVLJQ PF
LQFOLQHG WRZDUGV D SDUWLFXODU VWUDWHJ\ VXFK DV
GHVLJQ 7KH IOH[LELOLW\ RI &63 RQ WKH RWKHU KDQG
D PHWKRG RI KLV KHU FKRLFH &63 LV YHU\ ZHOO VXLW
VPDOO SURFHVVHV FDQ HDVLO\ EH GHILQHG E\ LGHQWLI\
DFWLRQV DOSKDEHWV DQG WKHQ FRPELQHG E\ XVLQ.
RSHUDWRUV WR GHILQH PRUH FRPSOH[ SURFHVVHV W
D WRS GRZQ KLHUDUFKLFDO GHVLJQ VWUDWHJ\ XVLQJ &¢
EH GHFRPSRVHG LQWR D QHWZRUN RI VLPSOHU SURFHYV
FRPELQDWLRQ RSHUDWRUYV

1RQGHWHUPLQLVP LV RQH WKH XQGHUO\LQJ SULQFLSOHV
VFULSWLRQ PD\ LQFOXGH SURFHVVHV ZKRVH EHKDYLRXU
SDUWLFXODU VHW RI HYHQWV 7KH JHQHUDO FKRLFH RS}
WKH EHKDYLRXU RI D SURFHVV DV D FKRLFH GHWHUPLQF
FRQVWLWXHQW SDUWV RI WKH FRPSOH[ SURFHVV VKDUH
FKRLFH LV QRQGHWHUPLQLVWLF 1RQGHUWHUPLQLVP DC
&63 VSHFLILFDWLRQV +RDUH >+RD @ LQGLFDWHV WKDW
WLRQ EUDQFK LV WDNHQ LV OHIW WR WKH LPSOHPHQWRL
LPSOHPHQWDWLRQ FDQ EH FKRVHQ 7KLV LPSOLHV WKDW
SUHFLVH ZD\ D VIVWHP UHDFWV WR DQ HYHQW PD\ EH Gl
WKH GHVLJQ ZKLFK LQ WXUQ PD\ FDXVH LQFRQVLVWHQF
ILOWHU WKURXJK WR WKH ILQDO VWDJHV RI VI\VWHP LPS(

8vLQJ &63 WKH DFWLYDWLQJ ILULQJ DJHQW IRU D SUR
ILQHG (YHU\ DWRPLF SURFHVV LQ RXU QRWDWLRQ KDV
6XFK DQ HYHQW FDQ SOD\ D VLPLODU UROH LQ D &63 SUR
LW WKH LQLWLDO HYHQW RI WKDW SURFHVV 7KH SRUW
WHP FRQWURO LV D OLWWOH PRUH FRPSOH[ $ VXEV\VW
JURXSLQJ WKH SURFHVVHV ZLWKLQ LW 7KH VWDUWLQJ
SURFHVV DQG LWV FRQVWLWXHQW SURFHVVHV PXVW WKH
FRQWURO UHTXLUHPHQWY IRU WKDW VXEV\VWHP ,Q DGG|
LQFOXGH H[WUD DFWLRQV LQ WKH GHILQLWLRQ RI WKH F
GHDFWLYDWLRQV RI WKRVH SURFHVVHYVY ZKHQ D SDUWLFX
EH QHFHVVDU\ WR SODFH UHVWULFWLRQV RQ WKH EHKEL
XVLQJ &63 EHKMOBHIRXUFDWLRQV

6WDWLF GDWD FDQ EH UHSUHVHQWHG LQ WZR ZD\V LQ &
VHQWHG DV VKDUHG GDWD RU DV D SURFHVV +RDUH >+
Rl VKDUHG YDULDEOHV EHFDXVH RI WKH SRVVLEOH YLR
FRQFXUUHQWO\ LQWHUDFWLQJ SURFHVVHV B6WRUHG GD\
D SURFHVV ZKHUH WKH GDWD LV SULYDWH WR D JXDUG
FHVVHV UHDG DQG ZULWH WR WKH GDWD E\ XVLQJ FKDQQ
SURFHVV 7KLV UHSUHVHQWDWLRQ PRGHO IROORZV LQ \
VHQWDWLRQ LQ REMHFW RULHQWHG ODQJXDJHV DQG PH
GDWD LWHP LQ GHPDQG WKH UHVXOWLQJ SURFHVV WKD
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VHYHUDO FKDQQHO FRQQHFWLRQV WR RWKHU SURFHVVHV $
WLRQ FDQ EH UHSUHVHQWHG LQ &63 E\ XVLQJ D VLQJOH LWH
HQJDJHV LQ VI\QFKURQRXV FRPPXQLFDWLRQ ZLWK WKH SURG X
WXUQ

7KH IRUPDO QDWXUH RI &63 DOORZV WKH SUHFLVH VSHFLILFI
PDWKHPDWLFDO ULJRU 7KH UHVXOWLQJ VSHFLILFDWLRQ FDC
WR LQYHVWLJDWH PDQ\ SURSHUWLHV VXFK DV WKH DEVHQF
ORFN RI WKH VSHFLILHG V\VWHP $OWKRXJK &63 FDQ SURY}
QRWDWLRQ LQ WKLV UHVSHFW LW SURYLGHV D SRRU FRPPXGC
WHFKQLFDO DQG QRQ WHFKQLFDO SHRSOH 7KH SURRIV GHUL
HDVLO\ XVHG LQ WKHLU PDWKHPDWLFDO IRUP WR VKRZ XVHL
PDWKHPDWLFDO EDFNJURXQG WKDW D VSHFLILFDWLRQ VDWL
'LDJUDPPDWLF QRWDWLRQV KDYH SURYHG WR EH PRUH XVHIX
IRU WKLV SXUSRVH &63 GRHV SURYLGH OLPLWHG SLFWRULD
FHVVHV DQG WKHLU EHKDYLRXU LQ VWDWH WUDQVLWLRQ DQG
WKHVH UHSUHVHQWDWLRQV DUH RQO\ XVHG DV DQ DLG WR
QRW LQWHQGHG WR EH XVHG IRU SUDFWLFDO WUDQVIRUPDW
ODUJH VFDOH SURFHVVHV >+RD @

7KH DERYH GLVFXVVLRQ VKRZV WKDW D VSHFLILFDWLRQ LQ R
YHUWHG WR RQH LQ &63 EXW WKLV PD\ LQYROYH VRPH ILQH

VSHFLILFDWLRQ WR HQVXUH WKDW LW FRQIRUPV WR XVHU L
WZR PDMRU SRLQWV WR QRWH ZKHQ GRLQJ VR JLUVW FR
LV VIQFKURQRXYV L H ERWK SDUWQHUV WDNH SDUW LQ WK
FRPPXQLFDWLRQ PRGHO LQ RXU GLDJUDPV LV DVIQFKURQRX
DUH GHOLYHUHG ZKHQ UHDG\ 7KLV LPSOLHV WKDW D &63 H
IORZ LV D VLQJOH EXIIHU SURFHVYVY ZKLFK VI\QFKURQRXVO\ U
IURP WKH SURGXFHU DQG VHQGYV LW WR WKH FRQVXPHU ©6HF
SHUPLWWHG WR FRPPXQLFDWH GXULQJ WKHLU RSHUDWLRQ

DWRPLF SURFHVVHV 7KH HTXLYDOHQW &63 SURFHVVHV PXV)
WR WKRVH ZKLFK GR QRW H[FKDQJH GDWD LQ WKH PLGGOH F

7KHUHIRUH LW PD\ EH SRVVLEOH WR FDUU\ RXW FKHFNV RQ
E\ FRQYHUWLQJ LW WR &63 DQG WKHQ XVLQJ &63 SURRI W
WKH VDWLVIDFWLRQ RI V\VWHP UHTXLUHPHQWY 6LQFH &63
IRU FRPPXQLFDWLQJ WKH VSHFLILFDWLRQ WR D XVHU WKH G
XVHG $Q\ UHVXOWLQJ PRGLILFDWLRQV WR WKH VSHFLILFDWL
LQ WKH &63 VSHFLILFDWLRQ LQ RUGHU WR UHFKHFN WKH V\V

&RQFOXVLRQV

$ QXPEHU RI FULWHULD FDQ EH LGHQWLILHG IRU FRPSDULQ
WKHLU VXLWDELOLW\ DQG H[SUHVVLYH SRZHU IRU VSHFLILFD)
$ EURDG VHOHFWLRQ RI WKHVH FULWHULD DUH JLYHQ LQ Wt
WKH DELOLW\ RI HDFK QRWDWLRQ WR VDWLVI\ HDFK FULWHU
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LV QRW FODLPHG KHUH WKDW WKH OLVW JLYHQ EHORZ L
EDVH IRU EURDG FRPSDULVRQ RI WKH QRWDWLRQV RXWC

7KH FRPSDULVRQ FULWHULD FDQ EH VXEGLYLGHG LQWR
VHVVHVY WKH FDSDELOLW\ RI D QRWDWLRQ IRU GHVFULEL
DQG WKH VHFRQG H[DPLQHV WKH RYHUDOO VXLWDELOLW
V\VWHPY 7KHUH DUH DUHDV ZKHUH WKHVH FDWHJRULHV

6\VWHP $VSHFWYV

7KHUH DUH D QXPEHU RI VA\VWHP DVSHFWV WKDW DUH RI
WKH RSHUDWLRQDO EHKDYLRXU RI D VA\VWHP (DFK RI W
EHORZ

$FWLYLWKHI\RYHUDOO RSHUDWLRQ RI D VIVWHP LV DFFRP
RUDWLRQ RI D QXPEHU RI VLPSOH DFWLYLWLHV 7KHVH C
IRUP WKH EDVH HOHPHQWY WKDW PXVW EH FRQVLGHUHG
GLVFXVVHG LQ WKLV FKDSWHU KDYH D UHSUHVHQWDWLRQ
QHWV DQ DFWLYLW\ LV UHSUHVHQWHG E\ D WUDQVLWLRQC
UHSUHVHQWY WKH H[HFXWLRQ RI WKH DFWLYLW\ ,Q 0$6
UHSUHVHQWHG E\ D 0$6&27 DFWLYLW\ DQG WKH VFKHG X
UHVHQWYV WKH H[HFXWLRQ RI WKH WDVN LW UHSUHVHQW
SURFHVVHV DQG IXQFWLRQV LQ -6' ,Q &63 D SURFHVV FI
D VLPSOH WDVN ,Q WKH QHZ QRWDWLRQ DWRPLF SURFF
ZLWKLQ D VSHFLILFDWLRQ EXW WKH VXEMHFWLYH FUL)
DWRPLF SURFHVV JLYHV DQDO\WWV DGGLWLRQDO KHOS Z

'DWD ,QWHUIKHWHY DUH WZR W\SHV Rl GDWD LQWHUIDFH EF
LWLHY WUDQVLHQW GDWD DQG VWDWLF VWRUHG GDW
E\ VIVWHP DFWLYLWLHV GXULQJ V\VWHP RSHUDWLRQ $0Q
WDWLRQ PXVW EH DEOH WR UHSUHVHQW VXFK H[FKDQJHV
WZHHQ V\VWHP DFWLYLWLHV FDQ EH UHSUHVHQWHG E\ PI
RI WUDQVLWLRQV LQ SHWUL QHWV EXW WKLV UHSUHVHQ
GDWD LV H[FKDQJHG 0$6&27 SURYLGHV HODERUDWH GTC
WLRQ WKURXJK WKH XVH RI ,'$-V ZKHUH HDFK ,'$ WUHDW
DV DQ REMHFW DQG SURYLGHV DFFHVV WR LW YLD SURFH
IRU WKLV SXUSRVH ,Q &63 VXFK H[FKDQJHV DUH UHSUHV
YLD QDPHG FKDQQHOV 'DWD IORZV UHSUHVHQW WUDQVL
QHZ QRWDWLRQ 7KH QDPH RI D GDWD IORZ LGHQWLILH\
FKDQJH ZKLOH WKH FRPSRVLWLRQ RI HDFK H[FKDQJH LV
HQWU\

8QOLNH WUDQVLHQW GDWD VWDWLF GDWD LV QRW UHSI
6LQFH SHWUL QHWYV DUH HVVHQWLDOO\ D QRWDWLRQ IRU
LQ D VIVWHP VWDWLF GDWD FDQQRW HDVLO\ EH UHSUH'
0$6&27 ,'$:-V DUH XVHG WR PRGHO VWRUHG GDWD $JD
REMHFW DQG DFFHVV LV SURYLGHG YLD D SURFHGXUDO
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ZD\ Rl UHSUHVHQWLQJ VWRUHG GDWD LV E\ XVLQJ LQWHUQD!
LH LQ VWDWH YHFWRUV 7KH GHFLVLRQV DERXW ZKDW SDU
VWRUHG LV OHIW WR WKH ODWHU VWDJHV RI -6' $V GLVFXVV
VWDWLF GDWD FDQ EH UHSUHVHQWHG E\ D SURFHVV 7KLV
WKH SULQFLSOHV RI REMHFW RULHQWHG SURJUDPPLQJ E\ Sl
RQO\ WKURXJK WKH SURFHVV WKDW RZQV WKH GDWD B6WRLU
H[SOLFLWO\ E\ GDWD VWRUH V\PEROV RQ WKH 'DWD )ORZ 'l
QRWDWLRQ

&RQWURO ,QWHUIFRMWURO LQWHUIDFHV RI D V\VWHP IDOO
JRULHY FRQWURO RI LQGLYLGXDO DFWLYLWLHV DQG FRQWU
7KH ILULQJ RI D WUDQVLWLRQ LQ SHWUL QHWV UHSUHVHQWYV
LW\ &RQWURO RI DFWLYLWLHV LV KHQFH HIIHFWHG E\ SOD!
SODFHV RI WUDQVLWLRQV ,Q 0$6&27 FRQWURO VHTXHQFHV L
FKURQLVDWLRQ YLD ,'$:-V ,Q -6' FRQWURO VHTXHQFHV RI L
DUH FRYHUHG E\ WKH ODWHU VFKHGXOLQJ VWDJHV RI D Gt
DFWLYLW\ LV PRGHOOHG LQ &63 E\ KDYLQJ LWV DFWLYDWLQJ
LW FDQ HQJDJH LQ 7KH IODW QDWXUH RI SHWUL QHWV PDN}
GLIILFXOW WR XVH LQ PRGHOOLQJ FRQWURO RYHU D JURXS

HQW IODWQHVV PHDQV WKDW RQO\ RQH OHYHO RI FRQFXUUH
DFWLYLWLHVY FDQ EH PRGHOOHG LQ D SHWUL QHW $OWKRXJ
VXEV\VWHPV LQ LWV GHVLJQ KLHUDUFK\ LW GRHV QRW SUR
IRU VKRZLQJ FRQWURO RYHU D VXEV\WVWHP H[SOLFLWO\ 6XFK
XVLQJ WKH SULPLWLYHV WKDW RSHUDWH RQ FRQWURO TXHX
IROORZ D KLHUDUFKLFDO GHVLJQ VWUDWHJ\ WKHUH LV QR (
DQG WKH FRQWURO RI VXEV\VWHPV LV QRW HDVLO\ UHSUHVHC
FRQWURO FDQ EH UHSUHVHQWHG LQ &63 E\ XVLQJ SURFHVV

WKH FRQWURO LQWHQVLYH QDWXUH Rl UHDO WLPH V\VWHPV

FDWHJRULHV RI VIVWHP FRQWURO LQWHUIDFH LV DQ LQYDO
ILULQJ HYHQW IRU HDFK DWRPLF SURFHVV RQ WKH (YHQW )C
HQDEOLQJ GLVDEOLQJ WUDQVLWLRQV RQ WKH 6XEV\VWHP &F
QHZ QRWDWLRQ FDWHU IRU VSHFLI\LQJ ERWK WKH FRQWURO
DQG WKH FRQWURO RYHU DFWLYLW\ JURXSV

6\WWHP 6WQWH D VIVWHP KDV EHHQ VSHFLILHG LWV G\QDPLF
EH DQDO\WHG E\ H[DPLQLQJ LWV VWDWH DW YDULRXV SRLQV
LV WKHUHIRUH LPSRUWDQW WR EH DEOH WR GHULYH WKLV
3HWUL QHWV DUH H[HFXWHG E\ SODFLQJ WRNHQV LQ SODFH)
DQG ILULQJ HQDEOHG WUDQVLWLRQV 7KH VWDWH RI WKH V\
LQ WLPH LV GHVFULEHG E\ WKH PDUNLQJ RI LWV SHWUL QHW
WKH 0$6&27 FRQWURO IORZ LV DFKLHYHG E\ GDWD HYHQW |
DQG RSHUDWLRQV RQ FRQWURO TXHXHV WKHUH LV QR H[SOI
DFWLYLWLHV DQG VXEV\WVWHPV WKDW FDQ EH H[DPLQHG WR G
7KH VDPH LV DOPRVW WUXH RI -6' EXW WKH VWDWH RI DQ HQ
ORRNLQJ DW WKH YDOXHV RI LWV LQWHUQDO YDULDEOHV L H
RI WKH ZKROH V\WVWHP LV WKH FROOHFWLRQ RI LWV HQWLWL
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VWDWH LV SRUWUD\HG E\ WKH WUDFH RI D V\VWHP DW
7KH DSSURDFK WDNHQ IRU VSHFLI\LQJ VXEV\VWHP FRQW
PHDQV WKDW OLNH SHWUL QHWV DQG XQOLNH ILQLWH \
WKH G\QDPLF VWDWH RI D VIVWHP LV QRW ORFDOLVHG

GLVWULEXWHG DPRQJVW LWV SURFHVVHV +HQFH V\VWHI
E\ FROOHFWLQJ VXEV\VWHP DQG DWRPLF SURFHVV VWDW

2YHUDOO &DSDELOLWLHYV

*RGZLQ HW DO >**6 @ LGHQWLI\ D QXPEHU RI VLJQLILF
EH FRQVLGHUHG ZKHQ DVVHVVLQJ WKH RYHUDOO FDSDEL
SURDFK $PRQJ WKHVH DUH DQDO\VLV SRZHU FRPPXQL
VHQVLWLYLW\

$QDO\VLV 3RKZHQ XVLQJ D VSHFLILFDWLRQ QRWDWLRQ R
PD\ EH WR SURGXFH DQ XQGHUVWDQGLQJ RI WKH V\VW
RWKHU ZRUGV WKH QRWDWLRQ PXVW EH FDSDEOH RI SR
HUURUV LQ XVHU UHTXLUHPHQWYV DQG SURYLGH WHFKQI
VIVWHP FRQIRUPV WR WKRVH UHTXLUHPHQWYV $00 WKH
FKDSWHU FODLP WR JXLGH WKH DQDO\WW LQ GLVFRYHUL
PDWLFDO EDVH RI SHWUL QHWV DQG &63 PDNHV WKHP P
DQDO\VLV RI VSHFLILFDWLRQV DV WKH H[LVWLQJ OLWHUI
VSHFLILFDWLRQV LQ WKH QHZ QRWDWLRQ DQG LWV IHDW.
UHTXLUHPHQWY HUURUV VISR LDQOW RVRKWREWHDSDELOLWLH
QRWDWLRQ IRU SURYLGLQJ KHOS GXULQJ DQDO\VLV

&RPPXQLFDWLRQ7RRZGBMWVFULSWLRQ RI D VIVWHP SUHVHC
WDWLRQ FDQ EH XVHG IRU FRPPXQLFDWLRQ EHWZHHQ W
DO\WWWV LPSOHPHQWRUV DQG XVHUV LQYROYHG ZLWK W!|
DJUDPPDWLF QRWDWLRQV KDYH SURYHG WR EH WKH PR\
%HFDXVH RI LWV VWURQJ PDWKHPDWLFDO EDVH &63 LV
QRWDWLRQV IRU FRPPXQLFDWLRQ EHWZHHQ WHFKQLFDO
7KH IODW QDWXUHV RI SHWUL QHW JUDSKV DQG -6' 66'-V
WKDW DUH GLIILFXOW WR GLJHVW DW RQFH 7KLV PD\
SUHVHQWLQJ LQIRUPDWLRQ DERXW ODUJH V\VWHPV ZKHQ
XVHG 0$6&27 XVHV ERWK D KLHUDUFKLFDO DQG D GLDJ!
LW LV HDVLHU WR XVH LW DV D FRPPXQLFDWLRQ YHKLFC
WKDQ WKH RWKHU QRWDWLRQV EXW WKH ODFN RI GLDJ
VHQWDWLRQ UHGXFHV WKH H[WHQW RI WKH GHWDLO 0$6
SRUWUD\ 7KH FOHDU UHSUHVHQWDWLRQ RI DOO V\VWHP
WKH QHZ QRWDWLRQ JUHDWO\ HQKDQFH LWV FRPPXQLFD

6LIH 6HQVLWIQRWDWLRQ VKRXOG EH DEOH WR FRSH ZLWI
VA\VWHPV RI YDU\LQJ VL]H 7KH VL]H RI WKH V\VWHP EHF
IDFWRU ZKHQ GHVLJQLQJ ODUJH V\VWHPYV , D QRWDWL
DSSURDFK WR WKH GLYLVLRQ RI WKH SUREOHP LW KDV
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D VDWLVIDFWRU\ UHVXOW ZKHQ GHULYLQJ D V\VWHP VSHFLIL
FDQQRW EH WDFNOHG DW RQFH ZKLFK LPSOLHV WKDW DQ L
UHTXLUHG IRU VXFK VI\VWHPV +LHUDUFKLFDO GHVLJQ KDV S
EUHDNLQJ D SUREOHP GRZQ 7KH RQO\ QRWDWLRQ WKDW DC
GHVLJQ DPRQJ WKH DERYH QRWDWLRQV LV 0$6&27 &63 GR
DQ\ VWUDWHJI\ IRU GHULYLQJ D VSHFLILFDWLRQ HYHQ WKRX.
FKLFDOO\ B6SHFLILFDWLRQV LQ SHWUL QHWV DQG -6' DUH I
LQ WKH HDUOLHU VHFWLRQV DERYH PD\ FDXVH GLIILFXOWLI
VSHFLILFDWLRQ 7KH QHZ QRWDWLRQ IROORZV LQ WKH IRRW
E\ DGRSWLQJ D KLHUDUFKLFDO SUHVHQWDWLRQ VWUDWHJ\
VHQVLWLYH WR WKH V\WVWHP VL]H DV WKRVH ZLWK D IODW DS

&RQFOXGLQJ 5HPDUN

,Q RUGHU WR VSHFLI\ D UHDO WLPH V\VWHP WKH IORZ RI C
ERWK EH FRPSOHWHO\ GHVFULEHG LQ WKH VSHFLILFDWLRQ
ZH KDYH LQWURGXFHG LV WR VKRZ FOHDUO\ DOO VWRUHG G
SURFHVVHV WKH GLYLVLRQ LQWR VXEV\WVWHPV ZKLFK PD\ EH
VHSDUDWHO\ WKH FRQGLWLRQV IRU HQDEOHPHQW DQG GLV
WHP DOO SURFHVVHV GRZQ WR WKH OHYHO RI DWRPLF SUR
ZKLFK SURFHVVHV DUH UHTXLUHG WR ILUH ,W FDQ EH GHGX
FXVVLRQ WKDW HDFK RI WKH DERYH QRWDWLRQV FRYHUV VF
QRQH RI WKHP FRYHUV WKHP DOO



&KDSWHU

&RQFOXVLRQV

2YHUYLHZ

6SHFLILFDWLRQ KDV EHHQ LGHQWLILHG DV RQH RI WKH |
VIVWHP OLIH F\FOH ,W LV WKH VWHSSLQJ VWRQH LQWR
DQG LPSOHPHQWDWLRQ +HQFH DQ\ HUURUV SURSDJDW
WKH ODWHU VWDJHV RI D VIVWHP-V OLIH F\FOH ZLOO KD
IURP PLQRU DOWHUDWLRQV WR PRGXOHV DQG VXEV\VWH
PDMRU SDUWV RI WKDW V\VWHP ,W LV WKHUHIRUH HV
D WRRONLW RI QRWDWLRQDO DLGV ZKLFK HQDEOHV WK
XQDPELJXRXV VSHFLILFDWLRQV ZKLFK LGHDOO\ KDYH QR

7KLV WKHVLV KDV DWWHPSWHG WR SURYLGH D QRWDWLF
WLPH VA\WVWHPV ZKLFK DLPV WR DFKLHYH WKHVH JRDOV
LGHQWLILHG WKH FKDUDFWHULVWLFV RI VXFK VA\VWHPV |
VSHFLILFDWLRQ VKRXOG EH , W DOVR RXWOLQHG WKH
HDV\ WR XVH ZKHQ GHULYLQJ VXFK VSHFLILFDWLRQV F
D FRPPXQLFDWLRQ PHGLXP EHWZHHQ WKH YDULRXV JUF
LQ VIVWHP GHYHORSPHQW DQG FDQ JXLGH LWV XVHUV
XQDPELJXRXV VSHFLILFDWLRQV

'‘DWD )ORZ 'LDJUDPV DUH LGHQWLILHG DV DQ HIIHFWLYH
GDWD SURFHVVLQJ VA\VWHPV LQ WKH EDFNJURXQG FKDSW
WKH\ DUH XQVXLWDEOH IRU WKH VSHFLILFDWLRQ RI UHD
'Y QRWDWLRQV GHVLJQHG IRU XVH LQ UHDO WLPH V\V
WKHQ SUHVHQWHG LQ RUGHU WR HVWDEOLVK VRPH RI W
FKDSWHU LQWURGXFHV WKH XVH RI D QHZ QRWDWLRQ
RXWOLQLQJ WKH YDULRXV VI\PEROV RI WKH QRWDWLRQ I
WKH GLDJUDPV WKDW GHVFULEH WKH RSHUDWLRQDO E|
IROORZLQJ FKDSWHU GLVFEXVVHV PDQ\ RI WKH LVVXHV UF
)LQDOO\ WKH FKDSWHU RQ UHODWHG ZRUN GUHZ VRPF
VSHFLILFDWLRQ WHFKQLTXHV WKURXJK GLVFXVVLQJ IRXI
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7KLV FKDSWHU EHJLQV E\ GLVFXVVLQJ VRPH RI WKH PRUH
QHZ QRWDWLRQ 3RVVLEOH H[WHQVLRQV WR WKH QRWDWLRC
UHVHDUFK DUH WKHQ GLVFXVVHG 7KH FKDSWHU FRQFOXGH)
FRQFOXVLRQ IURP WKH UHVHDUFK ZRUN GHVFULEHG LQ WKL\

JHDWXUHV 21 7KH 1RWDWLRAQ

'DWD )ORZ 'LDJUDP EDVHG QRWDWLRQV DLPHG DW WKH VSHF
VIVWHPV LQ XVH LQ LQGXVWU\ DW SUHVHQW DUH GHILFLHQV
FOXPV\ LQ YDULRXV UHVSHFWV 7DNLQJ WZR RI WKH EHVW N
DV D VWDUWLQJ SRLQW D QHZ QRWDWLRQ KDV EHHQ GHYL'
SUHFLVH DQG PRUH FRPIRUWDEOH WR XVH :H EHOLHYH Wl
KHUH KDV D QXPEHU RI DGYDQWDJHV RYHU LWV SUHGHFHVVR!
Rl WKHVH DUH GLVFXVVHG EHORZ

&ODULW\

7KH QHZ QRWDWLRQ UHVXOWV LQ FOHDUHU VSHFLILFDWLRQ\
7KH ILUVW RI WKHVH LV WKH ZD\ FRQWURO RYHU SURFHVV
VSHFLILHG 7KH DSSURDFK WDNHQ KHUH WR GHVFULEH WKH
LVWLFV Rl VXEV\VWHPV LV UDGLFDOO\ GLIIHUHQW IURP WKD
WLRQV 7KH PRVW SRSXODU QRWDWLRQV FXUUHQWO\ XVHC
VWDWH PRGHOOLQJ IRU VSHFLI\LQJ V\VWHP EHKDYLRXU LQ U
LQKHUHQWO\ VHTXHQWLDO PRGHO LQKLELWY FOHDUO\ VKRZL
SDUWV VXEV\WVWHPV RI D VI\VWHP 7KANWQUWW D®GMUEFW UHV)
VXE VIVWHP VWDWH LQ D VLQJOH VWDWH RI WKH ILQLWH V
VWDWH PDQ\ VIVWHP SDUWV PD\ EH UHVSRQGLQJ WR V\VWHI
WKHVH SDUWV XVXDOO\ LQYROYHV QRW RQO\ VWXG\LQJ WKH
DOVR LQFOXGH ORRNLQJ DW DGGLWLRQDO GRFXPHQWDWLRQ
,Q VKRUW ZKHQ HDFK SDUW RI WKH V\VWHP LV DFWLYH DQ
RSHUDWLQJ FRQFXUUHQWO\ FDQQRW HDVLO\ EH GHGXFHG I!
EDVHG QRWDWLRQV

6XEV\VWHP &RQWURO 'LDJUDPV RQ WKH RWKHU KDQG VKR:
WXUFOHDUKEDQGRQLQJ WKH FHQWUDOLVHG VWDWH IHDWXUH
PRGHO DQ 6&' VSHFLILHV WKH HQDEOLQJ DQG GLVDEOLQJ
LQGLYLGXDO VXEV\WVWHP 6XEV\VWHPV DUH QR ORQJHU OXPS
WLFXODU JURXSLQJV HDFK RI ZKLFK LV HQDEOHG GLVDEOHG
DQ HYHQW )XUWKHUPRUH WKLV VHSDUDWLRQ SURPRWHV D
ZKLFK VXEV\VWHPV PD\ EH DFWLQJ FRQFXUUHQWO\ 7KLV LV
HQW IURP DQ 6&' E\ ORRNLQJ DW WKH RYHUDOO HIIHFW RI
RQ WKH GLDJUDP 1HVWHG VXEV\WWHPV SURYLGH WKH PHDQ
HODERUDWH FRQWURO UHTXLUHPHQWYV
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7KH FRQFHSW RI DQ DWRPLF SURFHVV D OHDI SURFHWV
KDV EHHQ GHILQHG FOHDUO\ ENJLYLQJ D QXPEHU RI REM
WLIN\LQJ VXFK D SURFHVY 7KHVH JXLGHOLQHV LGHQWLI'
IXQFWLRQ ZKRVH RSHUDWLRQ VWDUWY ZLWK D VLQJOH F
QRW SURGXFHG XQWLO WKH WHUPLQDWLRQ RI LWV WDV
DWRPLF SURFHVVHV VKRXOG KHOS DQDO\WWWYV LQ GHULYL

ORUHRYHU WKH DFWLYDWLQJ DJHQW IRU HYHU\ DWRPLF
LQ D VSHFLILFDWLRQ SUHVHQWHG LQ WKLV QRWDWLRQ

HYHQW IORZ HQWHULQJ HDFK DWRPLF SURFHVV 3UHGHI
QRW KDYH D VSHFLILF LQGLFDWLRQ RI KRZ HDFK RI WKH
VIVWHP SURFHVV KLHUDUFK\ LV DFWLYDWHG WR FDUU\ R.
PD\ EH KLGGHQ DZD\ LQ HLWKHU ILQLWH VWDWH PRGHO\
ZKHUHDV HDFK DWRPLF SURFHVV RQ DQ (YHQW )ORZ 'LD
RQH LQSXW HYHQW IORZ ZKLFK LGH@MWDIUDMY LWV ILULQJ

7KH FOHDU SUHVHQWDWLRQ RI KLJK OHYHO FRQFXUUHQF
VLVHG DV RQH RI WKH IHDWXUHV Rl WKH QHZ QRWDWLF
DPRQJ DWRPLF OHYHO SURFHVV LV DOVR VKRZQ FOHDU
Rl VKRZLQJ WKH ILULQJ DJHQWV IRU DOO DWRPLF SURFH
()' /RFDO FRQFXUUHQF\ VXFK DV WKDW DPRQJ D QXPEH
VWDUWHG E\ WKH VDPH HYHQW FDQ EH LGHQWLILHG UF
SURSULDWH ()

$PELIJXLW\ $QG ,QFRPSOHWHQHVV

7KH SURFHVV RI GHULYLQJ D VSHFLILFDWLRQ IURP WKH
VIVWHP LV QRW D PHFKDQLFDO RQH 7KH UHTXLUHPHQWYV
SOHWH DQG PD\ LQFOXGH DPELJXLWLHV >7, @ ,W PD\ EI
WKDW WKH V\WVWHP-V UHTXLUHG EHKDYLRXU XQGHU VRP
EHHQ RPLWWHG IURP WKH UHTXLUHPHQWY GRFXPHQW ZI
VXOW RI DQ RSSRVLWH HUURU PRUH WKDQ RQH EHKDYLI
XQGHU WKH VDPH FRQGLWLRQV RU WKH UHTXLUHG EHKD
GHVFULEHG 7KH GHULYDWLRQ RI D VIVWHP-V VSHFLILFD
PDQ\ LQWHUDFWLRQV EHWZHHQ LWV XVHUV DQG LWV DQI

%HIRUH VXFK LQWHUDFWLRQV FDQ WDNH SODFH WKH |
WKH DPELJXLWLHY DQG LQFRPSOHWHQHVV SUREOHPV FR
GRFXPHQW $ VSHFLILFDWLRQ QRWDWLRQ VKRXOG QR
LQ GHULYLQJ FRPSOHWH DQG XQDPELJXRXV VSHFLILFDV
WKHP LQ GLVFRYHULQJ DPELJXLW\ DQG LQFRPSOHWHQH
UHTXLUHPHQWY GRFXPHQWYV

7KH FRPELQDWLRQ RI WKH (YHQW )ORZ 'LDJUDP DQG W
'LDJUDP VSHFLILHY FRPSOHWHO\ DQG XQDPELJXRXVO\ W
VA\VWHP 6XFK FRQWURO IDOOV LQWR WZR FDWHJRULHV
+LJK OHYHO FRQWURO RYHU JURXSV RI SURFHVVHV LV \
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SRLQWHG RXW LQ WKH GLVFXVVLRQ DERYH WKH ODWWHU LG}
DQG KRZ HDFK RQH LV HQDEOHG DQG GLVDEOHG E\ LQWHUQ
/RZ OHYHO FRQWURO L H FRQWURO RYHU LQGLYLGXDO DWR
RQ WKH ()' E\ WKH VLQJOH LQSXW HYHQW IORZ UHVWULFWLRQ
$JDLQ WKH FRQWUROOLQJ FRQGLWLRQV DUH VKRZQ FOHDUO

,Q DGGLWLRQ DSSOLFDWLRQ RI WKH ILULQJ UXOH PD\ SURP
FRYHU DPELJXLWLHV DQG LQFRPSOHWHQHVV SUREOHPV LQ
2QFH D SURFHVV KDV EHHQ LGHQWLILHG DV D OHDI SURFHVV
KLHUDUFK\ WKH DQDO\WWV PXVW LGHQWLI\ LWV ILULQJ HYHQ
E\ RQH Rl VHYHUDO VRXUFHV DQ LPSOLFLW HYHQW FDUULH
QDO GDWD DQ HQYLURQPHQWDO HYHQW DQ HYHQW JHQHUD
RU DQ HYHQW UHVXOWLQJ IURP WKH VIQFKURQLVDWLRQ RI D
HIWHUQDO HYHQWYV

, ] QRQH RI WKH GDWD IORZV LQSXW WR DQ DWRPLF SURFHVV
SURFHVVY L H WKH\ DUH DOO ODWFKHG RU VWRUHG GDWD LQ
E\ DQ\ RI WKH HYHQWY SUHVHQW LQ WKH SURFHVV:-V HQYLUR
KDYH WR FRQVXOW WKH XVHUV RI WKH V\VWHP WR GHWHUPL!
VA\VWHP RSHUDWHY )RU H[DPSOH WKH DQDO\WWV PD\ GLVFR
PD\ QHHG D WHPSRUDO L H WLPH JHQHUDWHG HYHQW ,Q W
FDQ EH GLVFRYHUHG DQG UHVROYHG E\ WKH DQDO\VWYV

$PELIJXLW\ FDQ DOVR EH GLVFRYHUHG DV D UHVXOW RI DSS
, ] DQ DWRPLF SURFHVV FDQ EH ILUHG E\ D QXPEHU RI HYH
UHODWLRQVKLS EHWZHHQ WKHVH HYHQWY PXVW EH LQGLFDW!
PD\ EH VXIILFLHQW WR ILUH WKH SURFHVV LQ ZKLFK FDVH I
XVHG WR IRUP WKH LQSXW HYHQW RI WKH SURFHVV &RQYH
Rl DOO WKRVH HYHQWYV PD\ EH UHTXLUHG EHIRUH WKH SUR
QXPEHU RI GDWD SLHFHV PXVW DUULYH IRU WKH SURFHVV W
VXFK FDVHV WKH HYHQWV DUH VV\QFKURQLVHG WR IRUP WKH
2ZWKHU FRPELQDWLRQV DUH SRVVLEOH DQG FDQ EH VSHFLIL
FRQVWUXFWYV (I[bDPSOHV RI WKHVH DUH VKRZQ LQ WKH VSHF
$SSHQGL[ $ $Q DPELJXLW\ TXHU\ PD\ UHVXOW LI WKH UHOI
WKH HYHQWYV WKDW IRUP DQ DWRPLF SURFHVV:V ILULQJ HYH
UHTXLUHPHQWY GREFEXPHQW 7KH XVHUV RI WKH V\VWHP ZLOO
DJDLQ WR UHVROYH VXFK DQ DPELJXLW\

7KH 6&' FDQ SURYLGH KHOS LQ GLVFRYHULQJ DPELJXLW\ DQ¢
D VLPLODU IDVKLRQ :KHQ KLJK OHYHO FRQWURO LV DVVRFI
OHYHO L H WKDW OHYHO KDV DQ 6&' DV ZHOO DV WKH ')' ()
GLVDEOLQJ HYHQWV PXVW EH LGHQWLILHG IRU HDFK VXEV\V\
EH HQDEOHG GLVDEOHG E\ RQH RU PRUH HYHQWV RU LW PD\
LQGLFDWLQJ WKDW LW LV HQDEOHG DQG GLVDEOHG ZLWK LW
WKH HQDEOLQJ DQG GLVDEOLQJ FRQGLWLRQV IRU HDFK VXE
PD\ VKRZ XS DV XQVSHFLILHG VXEV\VWHP EHKDYLRXU XQGHU
DPELJXLW\ PD\ EH WKH UHVXOW RI XQFOHDU LQGLFDWLRQ R
XQGHU FHUWDLQ FLUFXPVWDQFHYV
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7KH DERYH GLVFXVVLRQ LQGLFDWHY WKDW WKH (YHQW
VIVWHP &RQWURO 'LDJUDP FDQ HIIHFWLYHO\ KHOS DQDO
SOHWHQHVYV DQG DPELJXLW\ LQ XVHU UHTXLUHPHQWYV ER
VI\VWHP OHYHO DQG WKH ILQHU JUDLQ DWRPLF SURFHVV

(DVH 21 6SHFLI\LQJ &RQFXUUHQF\

7KH GLVFXVVLRQ DERYH SRLQWV RXW WKDW ERWK KLJK
FDQ EH VKRZQ FOHDUO\ RQ 6XEV\VWHP &RQWURO DQG (
IXUWKHU IHDWXUH RI WKH QRWDWHR@®IZRIMAL IQIRQNL BR W
W\SHV RI FRQFXUUHQF\

'XH WR WKH UHVWULFWLRQ RI KDYLQJ RQO\ RQH VWDWFE
QLWH VWDWH PRGHO LV LQKHUHQWO\ VHTXHQWLDO $Q\
VXEV\VWHPV FDQ RQO\ EH UHSUHVHQWHG E\ PXOWLSOH
DQ\ VWDWH &RQVLGHU D VLWXDWLRQ LQ ZKLFK D QXPE
DEOHG GLVDEOHG E\ D QXPEHU RI XQLTXH HYHQWV I\
DQ DUELWUDU\ RUGHU WKH QXPEHU RI VWDWHV LQ D IL¢
DQ DODUPLQJ UDWH 7KLV SUROLIHUDWLRQ RI VWDWHV |
E\ WKH DQDO\VWV ZKHQ ZULWLQJ GRZQ WKH VSHFLILFDW
WKH FRUUHFW QXPEHU RI VXEV\VWHPV DUH HQDEOHG Gl
FDVH ZKHUH WKH QXPEHU RI VXEV\VWHPV DQG HYHQWYV
WKH FRQWURO VSHFLILFDWLRQ FDQ EHFRPH XQPDQDJHD
DW ZRUVW

JXUWKHUPRUH LQ D ILQLWH VWDWH PRGHO WKH RSHUD!
FDQ EHFRPH PRUH FRPSOH[ DV LW PD\ DOVR EH UHVSRQV
SURFHVVHV 7KLV IXUWKHU FRPSOLFDWHYV WKH FRQWUR
LQFUHDVLQJ WKH GLIILFXOWLHY LQ GHULYLQJ WKH VSHF
WKH SRVVLELOLW\ RI HUURQHRXV VSHFLILFDWLRQ 7KH \
DWRPLF SURFHVVHV LV QRW LQFOXGHG LQ WKH FRDUVH
RQ WKH 6&' LW LV FRQVLGHUHG VHSDUDWHO\ DQG SU
SRLQWHG RXW DERYH ORFDO FRQFXUUHQF\ LV UHSUHYV
WKH ILULQJ VHTXHQFHYV RI DWRPLF SURFHVVHV

'LVFDUGLQJ WKH ILQLWH VWDWH PRGHO IRU VSHFLI\LQ
HOLPLQDWHV WKH VHTXHQWLDOLW\ VXFK PRGHOV FDQ |
GHULYLQJ DQ 6&' HDFK VXEV\VWHP LV FRQVLGHUHG LQ
PHQW GLVDEOHPHQW UHTXLUHPHQWYVY LQ UHVSRQVH WR
VHSDUDWLRQ JUHDWO\ DLGV WKH DQDO\WWV LQ ZULWLQ.
VIVWHP OHYHOV ORUHRYHU WKH ILQHU JUDLQ FRQWUF
LV QRW PL[HG LQ ZLWK WKH PRUH FRDUVH JUDLQ FRQ\
SURYLGHV IXUWKHU KHOS LQ GHULYLQJ FRQFXUUHQW V\
HDVH RI VSHFLI\LQJ VXFK FRQFXUUHQF\ PD\ HQFRXUDJH
DQG LQFOXGH FRQFXUUHQF\ LQ WKH V\VWHP VSHFLILFD\
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2WKHU )HDWXUHYV

&RPELQDWRULDO H[SORVLRQ RI VWDWHV LQ D ILQLWH VWDWF
RWKHU VLWXDWLRQV &RQVLGHU IRU H[DPSOH D VLWXDWLF
HYHQWYV PXVW EH VIQFKURQLVHG WR IRUP WKH ILULQJ HYHQ\
. WKRVH HYHQWV FDQ RFFXU LQ DQ\ RUGHU D SUROLIHUDW
WKDW RXWOLQHG DERYH FDQ WDNH SODFH 7KLV SUROLIHL
WR D FHUWDLQ H[WHQW LI WKH DQDO\VWYV VHULDOLVH WKH
RQO\ D VXEVHW RI WKH RUGHULQJV LQ ZKLFK WKH HYHQWV F
FDQ UHVXOW LQ \HW DQRWKHU FDVH RI DQ XQPDQDJHDEOH
VHFRQG HQIRUFHV UHTXLUHPHQWY RQ V\WWHP EHKDYLRXU Z
WKRVH RXWOLQHG E\ VIVWHP XVHUV

7KH VIQFKURQLVDWLRQ V\PERO RI WKH ()' HQIRUFHV QR SDU
WKH HYHQWYV V\QFKURQLVHG ,W V\QFKURQLVHV WKRVH HYH
SRXQG HYHQW ,Q RWKHU ZRUGV QR DVVXPSWLRQV DUH PD
WKH HYHQWV PD\ RFFXU LQ DQG KRZ WKHLU VI\QFKURQLVDW
PHFKDQLFV RI VIQFKURQLVDWLRQ GHSHQG ODUJHO\ RQ WKH
VIVWHP 7KLV LPSOLHV WKDW WKH\ DUH GHVLJQ LVVXHV DQ
ODWHU VWDJHV RI VIVWHP GHYHORSPHQW

$ IXUWKHU IHDWXUH RI WKH QHZ QRWDWLRQ LV LWV REMHF!
DWRPLF SURFHVVHV &KDSWHU GLVFXVVHV WKHVH FULWHUL
DSSO\LQJ WKHP ZKHQ GHULYLQJ D VSHFLILFDWLRQ 7KH FUL
LQ GHULYLQJ DQG SUHVHQWLQJ FOHDU DQG XQDPELJXRXV VS

)XWXUH "LUHFWLRQV

7KH UHVHDUFK ZRUN GHVFULEHG LQ WKLV WKHVLV PD\ EH
UHVHDUFK WR H[WHQG WKDW ZRUN 6RPH RI WKH PDMRU HQ
IXWXUH UHVHDUFK DUH RXWOLQHG LQ WKH VHFWLRQV EHORZ

6SHFLILFDWLRQ®'HVLIQ® PSOHPHQWDWLRQ

2QFH D VSHFLILFDWLRQ KDV EHHQ GHULYHG IRU D V\VWHP
QH[W VWDJHV RI WKH V\&/NWH.B QEPISIOFFBOWDKWHLRQY VW R
WKHVH WLJKWHQV XS VRPH RI WKH UHOD[DWLRQV DERXW D <
HQYLURQPHQW DQG DGGV HQKDQFHPHQWV VXFK DV WKH SU
WKH VI\VWHP WR FRPPXQLFDWH ZLWK LWV HQYLURQPHQW 8
VWDJH WKH IXO0O LPSOLFDWLRQV RI WKH KRVW HQYLURQPHC
DQG WKH YDULHW\ RI HUURUV WKDW PD\ RFFXU GXULQJ RSH
DUH WDNHQ LQWR DFFRXQW GXULQJ GHVLJQ 7KH RXWFRPH
ZD\ IRU D IXOO LPSOHPHQWDWLRQ RI WKH V\VWHP LQ D VSHF

&KDSWHU EULHIO\ WRXFKHG RQ WKH VXEMHFW RI GHULYLQ.
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PHQWDWLRQ RI D VAIVWHP IURP LWV VSHFLILFDWLRQ E\
JDLQHG WKURXJK LPSOHPHQWLQJ RQH RI WKH H[DPSOH
UHVHDUFK LV UHTXLUHG LQ WKLV DUHD WR GHULYH VRI
FRQFUHWH WKDQ WKRVH JLYHQ LQ &KDSWHU ZKLFK FD
GHVLIJQ DQG LPSOHPHQWDWLRQ IURP D VSHFLILFDWLRQ

7KH WZR GLUHFW SUHGHFHVVRUV Rl WKH QRWDWLRQ EF
WDWLRQV WR FDUU\ D VSHFLILFDWLRQ LQWR WKH ODWI
HJ +DWOH\ DQG 3LUEKDL: -V $UFK L@ HBFWHK BHY LOWRHH OR Y +
SXUSRVH 7KHVH XVH PDQ\ RI WKH V\PEROV XVHG LQ W
WLRQ QRWDWLRQ 7KH GHVLJQ RI D VIVWHP FDQ KRZH
E\ WKH FKRLFH RI LWV KRVW HQYLURQPHQW $V SRLQ)\
5HDG\ >.5 @ D V\WWHP VSHFLILFDWLRQ PD\ UHTXLUH P
VIVWHP IXQFWLRQV DV D UHVXOW RI WKH KRVW HQYLURQ
UHVXOW RI WKH GLITHUHQW FRQFHUQV GXULQJ VSHFLILFE
WKH DQDO\WWV:- WDVN LV WR SURGXFH D FRPSOHWH DQC
WKH V\VWHP-V RSHUDWLRQDO EHKDYLRXU WKH GHVLJQH
WKRVH UHTXLUHPHQWYV LQWR WKH ULJLG DQG UHVWULFYV
IRU WKH V\WVWHP 7KHUHIRUH WKH SURFHVV RI GHULYL
LILFDWLRQ LV QRW MXVW SDGGLQJ WKH ODWWHU ZLWK
UHDO ZRUOG FRQVWUDLQWY LW FDQ LQYROYH UHRUJDQ
VRPH V\WVWHP SDUWV +HQFH D VSHFLILFDWLRQ QRWDW
RU HYHQ DSSURSULDWH IRU WKLV WDVN $OWKRXJK WKEF
GHULYHG LQ WKH VSHFLILFDWLRQ FDQ EH OHIW XQDOW
IXUWKHU UHVHDUFK LV UHTXLUHG WR LQYHVWLJDWH WK
KDQFHPHQWY WR D VSHFLILFDWLRQ ZKHQ GHULYLQJ D Gt
D VSHFLILF KRVW HQYLURQPHQW

4XDOLW\ 21 6SHFLILFDWLRQV

$SSO\LQJ D SURJUDPPLQJ ODQJXDJH WR D SUREOHP FDQ
$00 VXFK VROXWLRQV PD\ VDWLVI\ WKH SUREOHP:-V VSH
JUDPV PD\ SHUIRUP LQ D VLPLODU PDQQHU ZKHQ WKH\ D
WR MXGJH RQH VROXWLRQ DJDLQVW DQRWKHU VRPH FUI
PHWKRG RI FRPSDULQJ VLPLODU VROXWLRQV WR D SUF
TXDOLW\ RI HDFK VROXWLRQ 6XFK TXDOLWDWLYH FUL)
JUDPV $ SURJUDP FDQ EWWUHFMNXEHN GRWHW VWUXFWXUL
WKHRUHPV %96- &RR @ 8VLQJ WKHVH FULWHULD SURJI
LWDWLYHO\ FDWHJRULVHG

$ VSHFLILFDWLRQ QRWDWLRQ FDQ LQ D IDVKLRQ VLPL(
JXDJH UHVXOW LQ GLIITHUHQW VSHFLILFDWLRQV IRU WKF
Rl UHDVRQV H J XVHU FRQFHUQ DQDO\WW SHUIRUPDQF
Rl SURMHFW PDQDJHPHQW LW LV GHVLUDEOH WR EH DE
VSHFLILFDWLRQ VR WKDW LW FDQ EH DVVHVVHG 4XDOL
UHTXLUHG IRU VSHFLILFDWLRQV SUHVHQWHG LQ WKH QH.
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GHVFULEHG RQH DWWHPSW WR DWWDFK VWUXFWXULQJ FULW
IRU SURJUDPV WR WKH FRQWURO SDUWV RI D VSHFLILFDWI
VXFK DQ DSSURDFK ZHUH DOVR RXWOLQHG

W LV QRW SRVVLEOH WR HYDOXDWH WKH HIITHFWLYHQHVV RI
DQ\ PHDVXUHPHQW IRU WKH TXDOLW\ RI GHULYHG VSHFLILFD)
HQKDQFHPHQWY WR WKH DSSURDFK WDNHQ KHUH IRU UHDO W
TXDOLW\ FULWHULD VKRXOG EH GHULYHG VR WKDW VSHFLIL

$XWRPDWHG 7RROV

7KH DFWLYLWLHV GXULQJ WKH VSHFLILFDWLRQ VWDJH RI D
SURPSW QXPHURXV DOWHUDWLRQV WR LWV VSHFLILFDWLRQ G
Rl D JUDSKLFDO QRWDWLRQ FDQ SURYH PRUH FXPEHUVRPH W
D WH[WXDO GHVFULSWLRQ 3HUKDSV WKLV KDV EHHQ RQH R
SHUVXDGLQJ V\VWHPV DQDO\WWV WR XVH VXFK QRWDWLRQV
FRPSXWHU KDUGZDUH VSHFLDOO\ IRU JUDSKLF ZRUNVWDWLR
SURFHVVRU SRZHU KDV OHDG WR D ODUJH QXPEHU RI &RPS
(QJLQHHULQJ &$6( WRROV ZKLFK VXSSRUW WKH YDULRXV T
GHVLJQ >:DV @ $V ZHOO DV SURYLGLQJ HGLWLQJ IDFLOLWI
D QRWDWLRQ D &$6( WRRO FDQ SURYLGH PDQ\ LQYDOXDEOH
FKHFNV WR DQDO\WWV >7&/ @

$ &$6( WRRO EDVHG RQ WKH QHZ QRWDWLRQ FDQ QRW RQ
WKH PHFKDQLFDO WDVNV VXFK DV LQWHUDFWLYH V\QWD[ FK
GHULYLQJ HYHQW IORZV IRU LPSOLFLW HYHQWY FDUULHG E\
IDFLOLWLHV IRU DQDO\VLQJ WKRVH GLDJUDPV )URP DQ DQTC
LV XVHIXO WR EH DEOH WR H[DPLQH VHSDUDWHO\ GLIIHUHQ)\
VIVWHP $ &$6( WRRO FDQ SURYLGH WKH LGHDO PHDQV RI
()'-V DQG 6&'-V FDQ EH YLHZHG VHSDUDWHO\ DV ZHOO DV V
FDQ EH VXSHULPSRVHG RQ LWV FRUUHVSRQGLQJ ')’ WR VKR
SURFHVVHV RQ WKH VDPH GLDJUDP UHJURXSLQJ RI SURFHV
DXWRPDWLFDOO\ WR VWXG\ GLIIHUHQW V\VWHP FRQILJXUDW
FDSDELOLWLHV FDQ EH JLYHQ WR D VXFK D &$6( WRRO 3FH
IXO RI WKHVH LV WKH DELOLW\ WR REVHUYH D WRNHQ OLNH
Rl WKH WUDQVIRUPDWLRQ: ¥FKGHPDQSDEDVHG RQ WKH SHWUL
HTXLYDOHQW GHVFULEHG LQ WKH &KDSWHU RI D VSHFLI
RU EDWFK W\SH PRGHV %\ SURYLGLQJ VWXEV IRU DWRPLF
SOH DQ DQLPDWARRI B.M\VWHP-V FRQWURO VWUXFWXUH PD\
6XFK DQ DQLPDWLRQ ZLOO RQO\ EH FRQFHUQHG ZLWK VRPH |
WKH VI\VWHP SURYLGLQJ PXFK PRUH UDSLG SURWRW\SLQJ W
H[HFXWDEOH VSHFLILFDWLRQV >=DY @

'"HVSLWH WKHLU UHODWLYHO\ UHFHQW LQYHQWLRQ &$6( WR
WKHLU XVHIXOQHVV DV DQ DQDO\VLV GHVLJQ WRRO LQ DQ
7KH FXUUHQWO\ H[SDQGLQJ PDUNHW LQ &%$6( SURGXFWV EHLI
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IDFW +HQFH D &$6( WRRO EDVHG RQ WKH QHZ QRWDW,
DQ LQYDOXDEOH DLG WR IXWXUH XVHUV RI WKH QRWDWL

&RQFOXGLQJ 5HPDUN

7KH LPSRUWDQFH RI D FRPSUHKHQVLYH VWXG\ RI V\VWH
SUHVHQWDWLRQ LQ D IRUP XQGHUVWDQGDEOH E\ WKH SI
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+ 5 B6LPSVRQ . -DFNVRQ DQG 5 )RXONHV ,(( &ROC
5HDO 7LPH &RPSXWLQJ 7KH )XWXUH ZLWK 0$6&27 2

6 6KODHU DQG 6 -2E0MHOFORUULHQWHG 6\WWHPV $QDC
ORGHOOLQJ 7KH :RUGR XUGROQWBUH VYV

3 BWHYHQV * ) O0\HUV DQG / & &RQVWDQWLQH ¢
'"HVLJQ%O0 6\WWHPV -RXUQDO

, BRPPHUYBBOMZDUH (QJLQHHULQJ $GGLYBRWLRQ
‘HVOH\

- $ 6WDQNRYLF OLVFRQFHSWLRQV $ERXW 5HDO 7L
$ 6HULRXV 3UREOHP IRU 1H[W *HQRPBWWRIEQ 6\VWHP'
3 2FW

$ 6XWFODHANVRQ 6\WVWHP 'HYHOR®WHRM +DOO ,QWHU
QDWLRQDO /RQGRQ

% 7D\ORU $ OHWKRG IRU ([SUHVVLQJ 7KH )XQFWLR
PHQWY RI|I 5HDO 7LPH 3URWHIPELQQOPV RI 5HDO 7LPH 33U
JUDPPLGDJIHYV ILHEQLW] $XVWULD )8 &

% $ 7UDNKWHQEURW DQG)kQLWHUPXGIRPDWD % H
KDYLRXU DQG 6\QWKHVLV 1RUWK +ROODQG

3 7DQ 7 6 &KXD DQG 37 /HH $872 ') $Q ,QWH
'DWD )ORZ 3URFKMVERPSXWHU -RXUQDO
-XQH

7HLFKURHZ DQG ($ +HUVKH\ ,,, 36/ 36% $ &RP
$LGHG 7THFKQLTXH IRU 6WUXFWXUHG 'RFXPHQWDWLRC
,QIRUPDWLRQ 3URFHVVI(QJ70A\V@WPFWLRQV RQ 6RIW
ZDUH (QJLQHEHULQJ -DQ
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>73 @ 7+ 7VH DQG / 3RQJ 7RZDUGV D )RUPDL )RXQG
ODUFR 'DWD )ORZ '"LMKHJERPSXWHU -RXUQDO
JHE

>75+ @ : 5 7HUU\ + 5DR DQG '. +DQGDO &RPSXV
OHWKRGRORJ\ IRU '"HYHORSPHQW RI 5HDO 7LPH
IRU 6\QFKURQLVHG 0DQXITURFXHIGLDJIV,QRI 7KH
$QQXDO &RQIHUHQFH RQ &RPSXWHUV DQG ,QGX
SDJHV $WODQWD *$

>7VH D@ + 7VH 7KH ,GHQWLILFDWLRQV RI 3URJUDP 8Q
JRUPDO $SSUKBIFKRPSXWHU -RXUQBO

>7VH E@ + 7VH 7RZDUGV D 6LQJOH &ULWHULRQ IRU ,G
BQVWUXFWXUKGEQ&ERFSXWHU -RXUQDO

>DU@ 3 7 :DUG 7KH 7UDQVDFWLRQ B6FKHPD $Q ([WF
'DWD )ORZ 'LDJUDP WR 5HSUHVHQW &RQWURO D
7UDQVDFWLRQV RQ 6RIWZBUH (QJLQHHUHEJ

>:DU @ 3 7 :DUG +RZ WR ,QWHJUDWH 2EMHFW 2ULHQMW
WXUHG $QDO\VLV DQG6'RNLIQRIHIHYV ODUFK

>:DV @ $ , :DVVHUPDQ ,QIRUPDWLRQ 6\WWHP 'HVLJQ
-RXUQDO RI 7KH $PHULFDQ 6RFLHW\ IRWDQQIRUPCL

>DV @ $, :DVVHUPDQ &%$6( (QYLURQPHQWY 7KH 1H[W
,Q3URFHHGLQJV RI &B®PEULGIH 0% 0D\

> (@ -: :LQFKHVWHU DQG * (VWULQ S5HTXLUHPHQW)\
LWV ,QWHUIDFH WR 7KH 6%$5% 'HVLJQ OHWKRGRO|
%DVHG 6\WWHBWURFHHGLQJV RI 7KH 1DWLRQDO ¢
&RQIHUHRFIHV $UOLQJWRQ 9D $),36

>:)3 @ $, :DVVHUPDQ 3 )UHHPDQ DQG 0 3RUFHOOD
Rl 6RIWZDUH 'HYHORSPHQW OHWKRGRORJLHV
BRO - 7X0O0O\ 3HBEWRGLQJV Rl &5,6 ,, &RQIHUHQTF
PDWLRQ 6\WWHPV 'HVLJQ OHWKRGRORSDHMV )HDW
<RUN 8. 1RUWK +ROODQG

>:4) @ $ 7 :RRG +DUSHU DQG * )LW]JHUDOG $ 7D[RQ
UHQW $SSURDFKHV WR 6\VWHHPRARBORWHALV-RXUQD

3

>:KL@ 6 :KLWH 3DQHO B3UREOHP 6RIWZDUH &RQWURO
:DWHU +RPH +HDWLQJ 6\VWHP
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\

:LO @ (- LONHQV )LQLWH 6WDWH 7HFKQLTXHV LQ 6RIWZD
,Q3URFHHGLQJV RI &208Sb3$RKV 1RY

>:LO @ 0 + :LOOLDPYV JORZFKDUW 6FKHPDWD DQG 7KH 3l
IRPHQFODWKHURR RPSXWHU -RXUQDO

>, @ 3 7 :DUG DQG ' $ .HVNDU $ &RPSDULVRQ RI

:DUG OHOORU $QG %RHLQJ +DWOH\ 5BBDM® 7LPH OHWK

FHHGLQJV RI 7KH 7ZHOIWK 6WUXFWXGBBIHNWKRGYV &F
&KLFDJR $XJIXVW

>/ @ 6 0 :KLWH DQG - = [/DYL (PEHGGHG &RPSXWHU 6\V
TXLUHPHQWYV :RYRIFEKRWS HU 3 $SULO

>0 @ 37 :DUG DQG 6 - OWOORWXUHG '"HYHORSPHQW IRU
7LPH 6\WVWMR®XPH <RXUGRQ 3UHVV 1HZ -HU

\Y

:36. @$, :DVVHUPDQ 3 $ 3LUFKHU '7 6KHZPDNH DQG O
VWHQ '"HYHORSLQJ ,QWHUDFWLYH ,QIRUPDWLRQ 6\V

BRIWZDUH (QJLQHHULQJ O0KHWKREDRDMIAWLRQV RQ
BRIWZDUH (QJLOHHULQJ YHE

><RX @( <RXUGBRGHUQ 6WUXFWXURGHOWORML¥DOO ,QWHU
QDWLRQDO 1-

>=DY @3 =DYH $Q 2SHUDWLRQDO $SSURDFK WR 5HTXLUHPI
WLRQ IRU (PEHGGHG((@\VWBRYDFWLRQV RQ 6RIWZDU]I

(QJLQHHUWLQJ

>=DY D@ =DYH $ 'LVWULEXWHG $OWHUQDWLYH WR )LQLW
6SHFLILFDSWL.RQWDQVDFWLRQV RQ 3URJUDPPLQJ /DQJ
DQG 6\VWHPV 3

>=DY E@ =DYH 7KH 2SHUDWLRQDO 9HUVXV 7KH &RQYHQWL
WR 6RIWZDUH 'HYH@RBPXQMFDWLRQV RI 7KH $&0
3 )HE

>=6@ 3 =DYH DQG : B6FKHOO 6DOLHQW )HDWXUHV RI DQ (]
LILFDWLRQ /DQJXDJH DQG LWV TONQVRBWHRQYV RQ
BRIWZDUH (QJLOHHULQJ YHE



$SSHQGL[ $

([DPSOH 6SHFLILFDWLRQV

$ O 2YHUYLHZ

7KH SHWURO VWDWLRQ H[HUFLVH KDV EHHQ XVHG IRU L
WKH QRWDWLRQ SUHVHQWHG LQ WKLV WKHVLV 7KH QRYV
RWKHU WULDO VSHFLILFDWLRQV 7KLY $SSHQGL[ SUHV]
H[HUFLVHVY O0ODQ\ RI WKH H[HUFLVHVY KDYH EHHQ XVHG LQ
WR VWXG\ WKH FDSDELOLWLHYV RI D YDULHW\ RI VSHFLI
WKHVH VWXGLHYVY KDYH EHHQ XVHG DV D FRPSDULVRQ ED
+3 @

(DFK Rl WKH VHFWLRQV EHORZ VWDUWV E\ JLYLQJ D W
H[DPSOH V\WWHP -V UHTXLUHPHQWY O0DQ\ IHDWXUHV R
W\SLFDO RI WKRVH XVXDOO\ SURGXFHG E\ VI\VWHP XVHL
GHVFULSWLRQV ZKLFK FRQWDLQ GXSOLFDWLRQV DQG L

7KH GLDJUDPV Rl WKH VSHFLILFDWLRQ IRU HDFK V\VWHP
PHQWYV

$ 7TKH % RWWOLQJ 6\VWHP

7KLV VI\VWHP FRQVLVWYV RI D QXPEHU RI ERWWOH ILOOLC
FRQWDLQLQJ D OLTXLG WR EH ERWWOHG %HFDXVH RI W
Rl WKH OLTXLG EHLQJ SODFHG LQ WKH ERWWOHV LV LG
WLPH +RZHYHU WKH ERWWOH VL]H PD\ GLIIHU IURP OLC

RQH ERWWOLQJ OLQH PLJKW EH ILOOLQJ RQH OLWUF
EH ILOOLQJ ILYH OLWUH ERWWOHVY EXW ERWK OLQHV ZF
DW WKH FRQVWDQW S+ VD\

7KH WDVNV RI WKH FRQWURO V\VWHP DUH WR FRQWURO
OLTXLG LQ WKH YDW WR PDQDJH WKH PRYHPHQW DQG

OUUKLY H[HUFLVH ZDV DGDSWHG IURP WKH ERWWOH ILOOLQJ HJ[
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RXV OLQHV DQG WR H[FKDQJH LQIRUPDWLRQ ZLWK KXPDQ R
LQGLYLGXDO OLQHV DQG ZLWK DQ DUHD VXSHUYLVRU PRQLW

7KH YDW OHYHO FRQWURO LV DFFRPSOLVKHG E\ PRQLWRULQ
DQG DGMXVWLQJ D OLTXLG LQSXW YDOYH DFFRUGLQJO\ 7KH
OLQJ S+ DUULVHV EHFDXVH WKH OLTXLG WR EH ERWWOHG UH
FDXVLQJ WKH S+ WR "FUHHSH RYHU WLPH $ FRQVWDQW S+ L
GXFLQJ WKURXJK D FRQWURO YDOYH VPDOO TXDQWLWLHV R
WKH S+ "FUHHSp 7KH DGGLWLRQ UDWH RI WKH S+ FKDQJLC
ERWK RQ WKH FXUUHQW S+ LQ WKH YDW PHDVXUHG E\ D S+
UDWH RI IORZ RI OLTXLG WKURXJK WKH WDQN PHDVXUHG E\
FRQWURO

%YRWWOHY WR EH ILOOHG RQ D SDUWLFXODU OLQH DUH GUDZ
RI ERWWOHYVY DV IROORZYV

t+t $ ERWWOH LV UHOHDVHG IURP D JDWH DQG GURSV GRZQ
DW WKH VDPH WLPH GHSUHVVLQJ D ERWWOH FRQWDFW V

tf 7TKH ERWWOH ILOOLQJ YDOYH LV RSHQHG DQG D PHDVX
LV OHW LQWR WKH ERWWOH 7KH VFDOH SODWIRUP PHD
ERWWOH SOXV LW FRQWHQWY DQG LV XVHG WR GHWHU
IXOO DQG WR VKXW RIlI WKH YDOYH

f 7KH ILOOHG ERWWOH LV ODEHOHG WR VKRZ WKH DFWXD(
QRPLQDO S+ 7KH OLQH RSHUDWRU FDSV DQG UHPRYHV W
VLIQDOV WKH V\VWHP WKDW WKH ERWWOH KDV EHHQ UH
ERWWOH UHOHDVHV WKH ERWWOH FRQWDFW VHQVRU Ul
VFDOH DQG DOORZV WKH QH[W ERWWOH WR EH UHOHDVH

7KH OLQH RSHUDWRUV FDQ VLJQDO WKH V\VWHP WR VWDUW
DQG WKH VXSHUYLVRU FDQ VLJQDO WKH V\VWHP WR HQDEOH
DWLRQ RI WKH VHW RI OLQHV )RU D OLQH WR VWDUW RSHU
ERWK WKH DUHD HQDEOH DQG WKH ILQH VWDUW VLJQDO DU
WKH ERWWOH FRQWDFW PXVW EH RIl DQG WKH VFDOH SODW
WKDQ JUDP 7KH OLQH RSHUDWRUV DUH JLYHQ GLVSOD\V
DUH DEOH WR FKDQJH ERWWOH VL]H IRU WKH OLQH 7KH DL
GLVSOD\ RI WKH FXUUHQW VWDWXV Rl WKH V\VWHP S+ DQG
RI LQGLYLGXDO OLQHV DQG LV DEOH WR FKDQJH WKH S+ R
HQWHULQJ D QHZ S+ WR EH PDLQWDLQHG

I GXULQJ RSHUDWLRQ RI WKH VA\VWHP WKH S+ JRHV RXW
WKH VHWSRLQW DOO FRQWURO DFWLRQV DUH VXVSHQGHG
ELOLVHG PDQXDOO\ :KHQ WKH S+ LV EDFN ZLWKLQ OLPLWYV
DXWRPDWLFDOO\
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6SHFLILFDWLRQ 'LDJUDPYV
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$ 7TKH &UXLVH &RQWURO 6\WWHP

$ FUXLVH FRQWURO V\VWHP UHOLHYHV WKH FDU GULY}
PDLQWDLQLQJ VSHHG E\ WDNLQJ RYHU WKH FORVHG ORR
ZKHQ WKH HQJLQH LV UXQQLQJ DQG DXWRPDWLFDOO\ VF
WKH HQJLQH LV VWDUWHG :KHQ WKH GULYHU WXUQV
DW ZKLFK WKH FDU LV WUDYHOOLQJ DW WKDW LQVWDQ)\
PRQLWRUV WKH FDU:V VSHHG E\ VHQVLQJ WKH UDWH DW
DQG PDLQWDLQV GHVLUHG VSHHG E\ PDLQWDLQLQJ DQG
SRVLWLRQ 7KH PRQLWRULQJ LV DFFRPSOLVKHG E\ D VH(
SURSRUWLRQDO WR WKH WKURWWOH-V SRVLWLRQ 7KH I
WKH GHJUHH RI RSHQQHVV RI D YDOYH ZKLFK LQ WXUQ R
WKDW GUDZV RQ D FKDLQ WR RSHQ WKH WKURWWOH 7K
QRW EHLQJ DFWLYHO\ FRQWUROOHG $IWHU WKH V\VW}
GULYHU PD\ WHOO LW WR 'VWDUW LQFUHDVLQJ VSHHGUH
VWDUW LQFUHDVLQJ VSHHG DW D IL[HG UDWH :KHQ WKF
"VWRS LQFUHDVLQJ VSHHGu LW ZLOO PDLQWDLQ WKH V!

21 FRXUVH WKH GULYHU PD\ WXUQ WKH V\VWHP RIl DW [
GULYHU FDQ RYHUULGH WKH V\VWHP VR DV WR LQFUHDVI
WKH DFFHOHUDWRU SHGDO 7KLV FDXVHV WKH FKDLQ FF
VODFN 'XULQJ WKH SHULRG RI JUHDWHU VSHHG WKH V\
WR PDLQWDLQ WKH VSHHG SUHYLRXVO\ VHW DQG WKH V
WKH SUHYLRXV VSHHG ZKHQ WKH GULYHU UHOHDVHV WK
DQG VHQVHV WKDW WKH EUDNH SHGDO KDV EHHQ SUHVVI
VSHHG EXW ZLOO QRW WXUQ RIl 7KH GULYHU PD\ VXEVF
UHVXPH VSHHG SURYLGHG LW KDVQ-W EHHQ WXUQHG RII
LW ZLOO UHWXUQ DW D IL[HG UDWH WR WKH VSHHG LW Z
DQG UHVXPH PDLQWDLQLQJ WKDW VSHHG

7KH VSHHGRPHWHUV LQ PDQ\ FDUV DUH LQDFFXUDWH DC
UDWHV LWV RZQ VSHHGRPHWHU +RZHYHU WKH VSHHGR
ZKHQ LQVWDOOHG RQ D SDUWLFXODU FDU 6LQFH FDUV K
PLOHDJH HTXLYDOHQW RI RQH ZKHHO URWDWLRQ FDQ YD
"VWDUW PHDVXUHG PLOHpu DQG "VWRS PHDVXUH PLOHp L
FRQYHUVLRQ IDFWRUV WR FRUUHVSRQG WR WKH QXPEH
ZLWKLQ WKH WLPH SHULRG RI WKH PHDVXUHG PLOH 7K|
WKH FUXLVH FRQWURO LV "Rllp

7KLV H[DPSOH ZDV XVHG LQ WKH -XO\ 67$56 OHWKRGRORJ\ &l
Dv D EDVLV IRU FRPSDULQJ VHYHUDO GLIITHUHQW GHYHORSPHQW PF
KHUH zZzDV DGDSWHG IURP WKDW JLYHQ LQ >:0 @
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6SHFLILFDWLRQ 'LDJUDPYV

&UXLVH &RQWURO 6\VWHP &RQWH[W 'LDJUDP
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$ 7TKH +RPH +HDWLQJ 6\VWHP

$ FRPSXWHU V\VWHP LV WR LQWHUDFW ZLWK D KRPH K
HTXLSSHG ZLWK D WHPSHUDWXUH VHQVLQJ GHYLFH DQG
WHPSHUDWXUH RI D KRXVH

+HDWLQJ 6\WVWHP 2YHUYLHZ

$ WHPSHUDWXUH VHQVLQJ GHYLFH FRPSDUHV WKH GLIIHI
DWXWKHVWQVHG LQ WKH KRXVH DQG WKH UHIHUHQFH WH
WKH GHVLUHG WHPSHUDWXUH 7KH GLIIHUHQFH EHWZHH!
SHUDWXUH LV PHDVXUHG DQG VHQW WR WKH FRQWUROOC
IXUQDFH WKH IXUQDFH SURGXFHV KHDW ZKLFK LV LQWU
4W WKH KRXVH ORVHV KHDW DW WKH UDWH 4 , I LQVXI
WKH KRXVH WKH WHPSHUDWXUH IDOOV I WKH DPRXQW
H[FHHGV WKDW IORZLQJ RXW E\ QDWXUDO PHDQV WKH
ULVHV 7KH SXUSRVH RI WKH IHHGEDFN PHFKDQLVP LV W
EHWZHHQ WKH UHIHUHQFH WHPSHUDWXUH DQG WKH WHPS
WKH GHVLUHG OLPLWYV LI SRVVLEOH $ KLIK RXWGRRU \
WDQW KHDW IORZ LQWR WKH KRXVH LV SRVVLEOH EXW
LQ WKH FXUUHQW V\VWHP

THPSHUDWXUH &RQWURO 'HYLFH

7KH FRPSXWHU V\VWHP LQWHUDFWYV ZLWK D WHPSHUDW.
WURO WKH GHVLUHG WHPSHUDWXUH RI WKH KRXVH $ P
“+($74 RU "2))p :LWK D “+($7p VHWWLQJ WKH IXUQDFH
WKH GHVFULSWLRQ :LWK DQ "2))p VHWWLQJ WKH IXUQI
KRPHRZQHU LV DOVR DOORZHG WR VHOHFW D GHVLUHG \

JRU SXUSRVHV RI FRPIRUW DQG IXUQDFH HIILFLHQF\ WK

DWXUH DOORZHG ZLOO EH GHJUHHV , D URRP WHPS

GHVLUHG WKH IXUQDFH PXVW RSHUDWH VR WKDW WKH VW
GHJUHHV RU ULVHV DERYH GHJUHHV XQOHVV WKH RX
GHJUHHYV

I1RWH WKDW LI WKH FRPIRUW LQWHUYDO EDQGZLGWK
ZLWK ZKLFK WKH IXUQDFH RVFLOODWHY EHWZHHQ 21 DQC(
EH HIILFLHQW I WKH EDQGZLGWK LV WRR JUHDW WKH
FROG DQG VRPHWLPHV WRR ZDUP

7KH WHPSHUDWXUH VHQVLQJ GHYLFH GRHV QRW KDYH JU
W ZLOO GHWHFW WHPSHUDWXUH YDULDWLRQV RI WKH R
, W DOVR KDV D WLPH ODJ RI PLQXWH

7KH IXUQDFH 6XEV\VWHP

7KLV H[DPSOH ZDV XVHG WR FRPSDUH VHYHUDO GLIIHUHQW UHD
DW WKH &2036%$& &RQIHUHQFH >+3 @ 7KH YHUVLRQ JLYHQ KHI
JLYHQ LQ >:KL@
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7KH RLO IXUQDFH ZKLFK LV XVHG WR KHDW WKH KRXVH KD
D IDQ WR VXSSO\ FRPEXVWLRQ DLU DQG DOVR GULYHV D IX|

KHQ WKH KRXVH JHWV WRR FROG WKH PRWRU LV DFWLYD
UHDFKHV QRUPDO RSHUDWLQJ VSHHG WKH LJQLWLRQ LV DF
LV RSHQHG 7KH IXHO LV LIJQLWHG DW WKLV WLPH DQG WKH&E
WKH ZDWHU ZKLFK FLUFXODWHV WKURXJK WKH KRXVH $ IX}
RSWLFDO FRPEXVWLRQ VHQVRU VLIQDO WKH FRQWUROOHU L

7KH IXUQDFH LV DOWHUQDWHO\ DFWLYDWHG DQG GHDFWLY|
PDLOQWDLQ WKH WHPSHUDWXUH ZLWKLQ WKH UHTXLUHG OLPL
GHDFWLYDWHG ILUVW WKH RLO YDOYH LV FORVHG DQG VH
YDOYH ODJ WLPH WKH PRWRU DQG LIJQLWLRQ DUH GHDFWI
VHFRQG ODJ WLPH EHIRUH WKH PRWRU VWRSYV

&RQWUROOHU
7KH LQSXWV WR WKH FRQWUROOHU DUH

tf +HDWLQJ VA\VWHP PDVWHU VZLWFK VHWWLQJ ZKLFK FDQ E
(UVURU EHWZHHQ WKH KRXVH WHPSHUDWXUH DQG WHPSH!
ORWRU 530

s
s
¥ SRPEXVWLRQ VWDWXV
s

JXHO IORZ VWDWXV

7KH RXWSXWV I[URP WKH FRQWUROOHU DUH

¥f 9DOYH VLIQDO ZKLFK LV D GLVFUHWH VLIJQDOLQJ WKH Y
f ORWRU VLIJQDO ZKLFK LV D GLVFUHWH VLIJQDOLQJ WKH F

f 6LIQDOV WR LQGLFDWH DEQRUPDO VWDWXV IRU FRPEXV

KHQ WKH PDVWHU VZLWFK LV RQ DQG WKH RXWVLGH WHPES
KRXVH WHPSHUDWXUH PXVW EH PDLQWDLQHG ZLWKLQ GHJU
SHUDWXUH )XUQDFH LQSXW FRQWUROV VKDOO EH JHQHUDW
ZLWK IXUQDFH RSHUDWLRQV GHVFULEHG DERYH 7TKH PLQLF
UHVWDUW DIWHU SULRU 21 LQWHUYDO LV PLOXWHYV )XUQDI
DWHG ZLWKLQ VHFRQGY DIWHU HLWKHU WKH PDVWHU VZLW
UDWH IDOOV EHORZ DGHTXDWH OHYHOV RU WKH RSWLFDO G
RI FRPEXVWLRQ

7R PLQLPLVH WKH H[WHQW RI KRXVH WHPSHUDWXUH RYHU VI
EH\RQG WKH GHVLUHG OLPLWV WKH WLPLQJ RI IXUQDFH VI
PLQDWLQJ FDOOV IRU KHDW VKDOO EH EDVHG RQ WKH UDW
GXULQJ WKH FRUUHVSRQGLQJ LQWHUYDO 7KH FRQWUROOH
VWDWXV LQGLFDWRU GHYLFH ZKHQ DEQRUPDO FRQGLWLRQV
IORZ RU ODFN RI FRPEXVWLRQ
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$ 7KH 3DWLHQW ORQLWRULQJ B6\WWHF

$ KRVSLWDO KDV D FDUGLDF VXUJHU\ XQLW ZKHUH RSHQ KHEL
IRUPHG RQ SDWLHQWYV XVLQJ WKH WHFKQLTXHV RI SURIRXQ(
VXFK D SURFHGXUH WKHUH LV FRQVLGHUDEOH GDQJHU WR WEK
UHDGMXVWYVY WR QRUPDO WHPSHUDWXUH FRQWURO ,Q SDUW
WLHQWYV KDYH D ODUJH H[FHVV RI ERG\ IOXLG 'XULQJ WKH
LW LV HVVHQWLDO WKDW WKH SDWLHQW:-V ERG\ IXQFWLRQV
PRQLWRUHG DQG ZKHUH SRVVLEOH DGMXVWPHQWY EH PDG
OLIH

7KH KRVSLWDO LV WR LQVWDOO LQ LWV SRVW RSHUDWLYH L
FRPSXWHU VA\WVWHP ZKLFK LV XVHG WR PRQLWRU SDWLHQWYV.
EORRG SUHVVXUH DQG KHDUW UDWH UHFRUG GDWD FRQFHL
GDWDEDVH DQG UDLVH DQ DODUP ZKHQ DQ\ RI WKH PRQLW
RXWVLGH DFFHSWDEOH FULWLFDO OLPLWYV

7KH LQWHQVLYH FDUH XQLW KDV D QXPEHU RI EHGV (DFK E
D YLVXDO GLVSOD\ FRPSXWHU WHUPLQDO 9'8 DQG D VHW R
WKDW FDQ EH DWWDFKHG WR WKH SDWLHQW 7TKHUH LV DC
VWDWLRQ ZKHUH D 9'8 LV SURYLGHG IRU XVH E\ KRVSLWDO
FRQWUROOHG E\ D VLQJOH SURFHVVRU ZLWK GLVF VWRUDJH

$00 LQWHUDFWLRQV ZLWK WKH VA\VWHP DUH E\ KRVSLWDO
WKHUH DUH QR VSHFLDO SXUSRVH FRPSXWHU VWDII HPSOR)
PDLOQWHQDQFH HQJLQHHUYV 7KH VAWVWHP LV WKXV HPEHGGHC
IXQFWLRQLQJ RI WKH FDUGLDF XQLW DQG KDV WKH UHDO WL
LOQWHUDFWLQJ ZLWK DXWRPDWLF PRQLWRUYV

KHQ D QHZ SDWLHQW LV DGPLWWHG WR WKH XQLW D PHPEH
LV UHVSRQVLEOH IRU DFWLYDWLQJ WKH PRQLWRULQJ V\VWH!
WLHQW.-V GDWD 7KH ILUVW VWHS LV WR SURPSW D EHVLGH
VAIVWHP WR UHVSRQG ZLWK LQVWUXFWLRQV ZKLFK DUH IROOR
, QLWLDOO\ WKH V\VWHP SURPSWV RQ WKH 9'8 IRU LQSXW (
WLHQW:V LGHQWLW\ WKH LQLWLDO YDOXHV RI SDUDPHWHUYV
DQRG WKH DFFHSWDEOH XSSHU DQG ORZHU OLPLWYV WKDW DUF
SDUDPHWHU $IWHU WKLV SKDVH WKH VHQVRUV DUH FRQQH
WRU WKH VI\IVWHP UHVSRQGLQJ DIWHU HDFK FRQQHFWLRQ W
IXQFWLRQ LV FRUUHFW RU WKDW WKH VHQVRU VKRXOG EH D

2QFH D SDWLHQW KDV EHHQ VXFFHVVIXOO\ FRQQHFWHG WR V
LWRULQJ RI SDWLHQW:V YLWDO VLJQV EHJLQV DQG GDWD L¢
WKH SDWLHQW DUH DFFHSWHG E\ WKH VI\VWHP 2Q OLQH PRQ
WKH SDWLHQW LV GLVFRQQHFWHG

7KH PRQLWRULQJ GDWD RQ SDWLHQWY LV FROOHFWHG LQ WZ|

7KLV H[DPSOH KDV EHHQ XVHG WR LOOXVWUDWH PDQ\ SURJUDPPLQJ
SHDUHG LQ >60& @ 7KH YHUVLRQ JLYHQ KHUH LV DGDSWHG IURP WKH
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DWWDFKHG WR HDFK SDWLHQW GHWHFW YDOXHV VXFK D)\
DWXUH 7KHVH DUH SROOHG DW UHJXODU LQWHUYDOV L
6HFRQGO\ WKH 9'8 E\ HDFK SDWLHQW:V EHG LV XVHG IR
E\ KRVSLWDO VWDII 7KLY GDWD UHODWHY PDLQO\ WR 10>
WKH PHDVXUHV JLYHQ WKH VI\VWHP FDOFXODWHYV WKH IC
ODQXDO LQSXW FDQ DOVR EH XVHG WR UHSODFH H[SHFW
VRU DQ HVVHQWLDO VDIHW\ UHTXLUHPHQW 7KH XSSHU

LV XVHG WR GLVSOD\ WKH ODWHVW PRQLWRUHG UHDGLQJ
HLWKHU ZKHQ QR UHDGLQJ LV REWDLQHG GXH WR IDXOW
UHDGLQJYV VKRZ WKDW WKH SDWLHQW:-V YLWDO VLJQV KD
OLPLWYV

.1 WKH YDOXHV GHWHFWHG E\ WKH V\VWHP IDOO RXWVLGH
SDWLHQW WKHQ WKH VI\VWHP ZLOO DFWLYDWH D OLJKW
EX]]JHU DQG OLJKW LQ D FHQWUDO PRQLWRULQJ ERRWK

Rl WKH SDUWLFXODU HPHUJHQF\ ZLOO EH GLVSOD\HG RC
DODUPV ZLOO FRQWLQXH WR IXQFWLRQ XQWLO D PHPEHU
FRGH DW WKH SDWLHQW: -V 9'8 'XULQJ WKH DODUP WKH
WR UHFRUG WKH SDWLHQW:-V GDWD IRU VXEVHTXHQW DQ

,Q DGGLWLRQ WR WKH RQ OLQH PRQLWRULQJ WKH V\VW]I
+RVSLWDO VWDII FDQ XVH D EHGVLGH 9'8 WR UHTXHVW
DQDO\VLV Rl WKH KLVWRULFDO GDWD KHOG RQ D SDWLHC
JUDSKLFDO IRUP HLWKHU RQ D 9'8 RU XVLQJ D KDUG FRS
QRWH WKH GUXJV WKDW D SDWLHQW LV WR UHFHLYH DQ
WR SURPSW WKH QXUVLQJ VWDII ZKR DGPLQLVWHU WKH G
WKH DFFHSWDEOH OLPLWV IRU WKH IDFWRUV DVVRFLDWF
FHQWUDO 9'8 WKDW LV ORFDWHG DW WKH QXUVH-V PRQL
XVHG WR REWDLQ LQIRUPDWLRQ RQ DQ\ SDWLHQW 7KH \
GDWD RQ HDFK SDWLHQW ZKLFK LV XVHG WR SURGXFH U

"KHQ D SDWLHQW HQGV KLV VWD\ LQ WKH XQLW HLWKHL
WR WKH ZDUG RU E\ G\LQJ D PHPEHU RI KRVSLWDO V\
VHQVRUV DQG W\SH DQ\ ILQDO GDWD LQWR WKH V\VWHF
7KH SDWLHQW:-V GDWD ZLOO UHPDLQ RQ OLQH IRU D IXL
WLPH LW LV DUFKLYHG RQWR WDSH DQG UHVSRQVLELOLW
FHQWUDO GDWD SURFHVVLQJ XQLW
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$ 7KH $XWRWHOOHU 6\VWHP

$ EDQN LV WR HTXLS LWV EUDQFKHYV ZLWK D QHWZRUN R
LV WR SURYLGH WKH IROORZLQJ VHUYLFHV

¥f 'LVSHQVH FDVK
¥ B3URYLGH EDODQFH HQTXLU\
¥ SHFHLYH GHSRVLWYV DQG

tf $SFFHSW VWDWHPHQW DQG FKHTXH ERRN UHTXHVW

(DFK DXWRWHOOHU LV HTXLSSHG ZLWK D FDUG UHDGHU
SULQWHU D GHSRVLW GUDZHU DQG D UHFRUGLQJ V\VW
KHQ D FXVWRPHU LQVHUWY D FDUG WKH FDUG UHDGH
LGHQWLW\ I[IURP WKH PDJQHWLF WDSH VWULS RQ WKH FD
LV LQVHUWHG RU WKH FDUG LV LQVHUWHG WKH ZURQJ Z
RI UHFRJQLVLQJ WKLV PLVWDNH W HMHFWV WKH FDUG
LQVHUWHG FRUUHFWO\ WKH FDUG UHDGHU H[WUDFWV V
GHFU\SWHG GDWD 7KH FDUG LV WKHQ YDOLGDWHG E\ F
ZKLFK LV FRQQHFWHG WR WKH DXWRWHOOHU E\ WHOHS|
E\ WKDW GDWDEDVH PD\ LQGLFDWH WKDW WKH FDUG L\
UHSRUWHG PLVVLQJ RU VWROHQ B8QUHFRJQLVHG FDUG\
VWROHQ FDUGY DUH WUDQVIHUUHG E\ WKH DXWRWHOOH
FDUG VWDWXV LV 2. WKH FXVWRPHU LV SURPSWHG IRU

7KH SHUVRQDO ,' LV DOVR FKHFNHG ZLWK WKH DUHD GD\
FXVWRPHU LV DOORZHG D QXPEHU RI UHWULHV IRU HQWF
.l DQ LQYDOLG SHUVRQDO ,' LV HQWHUHG RQ DOO UHWU
WKH DXWRWHOOHU DQG WUDQVIHUUHG WR LWV LQWHUC¢
Rl WKH SHUVRQDO ," QXPEHU WKH FXVWRPHU LV SUHV
VHUYLFHV RIIHUHG E\ WKH DXWRWHOOHU

, I FDVK ZLWKGUDZDO LV UHTXHVWHG WKHQ WKH FXVWR
DPRXQW (DFK FXVWRPHU LV DOORFDWHG D ZHHNO\ OLP
LV FKHFENHG E\ HQTXLULQJ WKH FXVWRPHU:V OLPLW IUR
FXVWRPHU KDV DOUHDG\ HI[FHHGHG KLV KHU OLPLW QR
LV DOORZHG IXUWKHU ZLWKGUDZDOV ZKLFK DUH VPDOOH
DPRXQW UH HOQWU\ LV UHTXHVWHG :KHQ WKH UHTXHVWE
WKH FXVWRPHU:-V OLPLW FDVK LV GLVSHQVHG DORQJ ZI

7R GHSRVLW PRQH\ WKH FXVWRPHU WDNHV D QXPEHUHG
DQG DIWHU VHDOLQJ DQG UHSODFLQJ LW LQ WKH GUDZHI
DV ZHOO DV WKH GHSRVLW GHWDLOV YLD WKH NH\SDG

7KLY VSHFLILFDWLRQ H[HUFLVH LV DGDSWHG IURP D 0$6&27 H[
6FLHQFH 'HSDUWPHQW RI 6WLUOLQJ 8QLYHUVLW\ >PDV @
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DXWRWHOOHU WR IRUZDUG D UHTXHVW WR WKH DUHD GDWDE
RQ D VOLS

$00 FDVK ZLWKGUDZDOV DUH UHFRUGHG ORFDOO\ IRU VHFXUL
IRUZDUGHG WR WKH DUHD GDWDEDVH WR DOORZ FDOFXODWL
ORFDO GDWDEDVH DOVR VWRUHV GHSRVLW GHWDLOV IRU ODV
VWDIl B6WDWHPHQWY DQG FKHTXH ERRN UHTXHVWV DUH DO\
PDQXDOO\ SURFHVVHG

7KH FXVWRPHU LV JXLGHG IRU LQSXW E\ YDULRXV VFUHHQ
EH DOORZHG PXOWLSOH FKRLFHV IURP WKH VHUYLFHV PHQX
YLFH VHOHFWLRQ E\ SUHVVLQJ DQ HQG NH\ RQ WKH NH\SDG
UHWXUQHG WR KLP KHU



$ 7+( $8727(//1(5 6<67(0

$ 6SHFLILFDWLRQ 'LDJUDPYV
HSRVLW
UDZHU
ILPLW
2SHQ ?  &ORVH ,
. > 9DOLGDWLRQ
UDZHU ? "UDZHU SV
&DUG 6WDWXV
SHTXHVW

3HUVRQDO B

%DODQFH S5HTXHVW
.H\SDG

&XVWRPHU %DO
[ O 'HSRVLW 'HWDL®VR WH H U9 ﬂ#ﬁy%VH

? B $ 6\VWHP &DUG 6WDWXV
? 6HUYLFH 6HOHF7LHS5 AA

SHTXHVWHG $PRXQW v U &XVWRPHU /LPLW
&XVWRPHU ,G

'"LVSHQVHG &DVK

G LW R G ummgwwwsﬁQVHU
/'"HSRVLW '"HWDOE :

M 5HFRUG ? ? %DODQFH

dAXHVWL '
WDLOV 2 ?9 ?7 HWDLOV

"DWD%DVH 3ULQWHU

(MHFe 8 U

&DUG
?

$XWWHOOHU 6\WWHP &RQWH[W 'LDJUDP



(;903/( 63(&,),&%$7,216

$

$33(1',;

Lo
D

—

&DUG 6WDWXV

S5HTXHVW A

,G

3HUVRQDO

,G

&XVWRPHU

&DUG
9DOLGDWHG

&DUG 6WDWXV

SHTXHVW
'"HWDLOV

?

&XVWRPHU;
SHTXHVWV? ?

?

%DODQFH
'"HWDLOV

\

% DODQFH
S5HTXHVW

bl o

LGA¢

SHQV
QLVKH
3!

LV
)L

\

?

GUDZDO ¥
LOVBBBB'LVSHQVH
&DN

LWKGU
'"HWDLO

WG
>2
WF
= Iz
LV -
>0
[ o
np
HWY
T
M e
o
+
>
=
>
>
T
)
I
o
o
0]
T
>z
Co
T
Ny
>
-

/LPLW

6\VWHP

$XWRWHOOHU



$ 7+( $8727(//(5 6<67(0

&DUG
9DOLGDWHG

S3HUVRQDO ,G

A 6 WXV 2N

&XVWRPHU |G

&DUG
6WDWXV
SHTXHVW

9DOLGDWH &DUG

5HWDLQ
&DUG

&DUG

$

6WDWXV



$33(1',; $ (;$03/( 63(&,),&$7,216

3HUVRQDO ,G

6WDWXV 2. D UG
9DOLGDWHG

ol ?
SEHVHW < BY S5HTXHVW 9y
L e W e O 3HUVRQDO !£3ff¢£N%%w”mBBBB
??2&RXQW 9DOLGDWH 2 .+ G T e Q By 5HWDLQ
G ? ? &DUG
? S5HWU\
&XVWRPHU ,G ? 306G

9DOLGDWH 3HUVRQDO ,G



7+( $ 8727(//(5 6<67(0

$

&DUG
9DOLGDWHG

>
> oz
> I
o >
an a0
=5 .
>
X
% 0
(e}
o~
&y
I
18
25
o]
uwT
I
»©
©
I

»
?

6HOHFW 6HUYLFH



$33(1',; $

&XVWRPHU
/ILPLW

H
W &
?2?
/LPLW
9DOLGDWLRQ
SHTXHVW

W ~x—++

"LVSHQVH

(;$403/( 63(&,),&%$7,216

? B5HWU\ &DVK
S5HTXHVW

KHEN
VWRIRHU
LP LW Y

—

R
~ X
=T

=
c=

$PRXQW 7R
'LVSHQVH

272 [ &DV
L'LVSHQWH LVSHQVHG

LW &DVK , :LWKGUDZDO
?? SHFHLSW '"HWDLOV

'"LVSHQVHG ?
$PRXQW ?

&DVK



7+( $ 8727(//(5 6<67(0

$

'"HSRVLW
Y1 5HFRUG
?Y

BLOV

SW
LW

V o))
HRW

FF
S
H

6
L&
I0'H
27

'"HSRVLW
'"HWDLOV

"HSRVLWYV

SHFHLYH



&XVWRPHU

&EXVWRPHU
S5HTXHVWYV

%DODQFH
(QTXLU\

%DODQFH
S5HTXHVW

$33(1',: $

SHTXHVW
'HWDLOV

$ SHFHLYH

(;$03/( 63(&,),&%7,216

%DODQFH
'HWDLOV

\%

3ULow \I
O &XVWRPHU __
&XVWRPHU$ 9% DODMFH

%DODQFH

S5HTXHVWYV



$ 7+( '()(&7 ,163(&7,21 6<67(0

$ 7KH "HIHFW ,QVSHFWLRQ 6\VWHF

7KH SXUSRVH RI WKH GHIHFW LQVSHFWLRQ V\VWHP LV
LQWR VKHHWV DQG VRUW WKH VKHHWV LQWR WZR ELQ
SURGXFW VWDQGDUG 7KRVH WKDW PHHW WKH VWDQGEL
WKDW GR QRW JR LQWR DQRWKHU

7KH VAVWHP LV UXQ E\ D VXSHUYLVRU DQG D QXPEHU RI
VRU LV UHVSRQVLEOH IRU WKH RYHUDOO UXQQLQJ RI Wt
SURGXFW VWDQGDUGYV FRQILIJXULQJ HDFK RI WKH SURG
LQJ VKHHW VL]HYV

7KH SURGXFWLRQ VXUIDFHV DUH PRQLWRUHG E\ RSHUD
VWRS SURGXFWLRQ VXUIDFHV 7KH\ DUH DOVR UHVSRQ
ELQV DQG UHSODFLQJ WKHP ZLWK HPSW\ RQHYV

(DFK FRQILIJXUDWLRQ VXUIDFH LV HTXLSSHG ZLWK D VFCLC
DLU MHWV $Q\ FRQILIJXUDWLRQ RI WKLV HTXLSPHQW LV .
MHWYVY IROORZ WKH FKRSSHU 7KH VXSHUYLVRU WHOOV W
KDV EHHQ VHW RQ HDFK VXUIDFH

7KH VFDQQHU RSHUDWHV E\ UHDGLQJ WKH DPRXQW RI
IRLO $ ODUJH SHUFHQWDJH RI WKH UHIOHFWHG OLJKW
WKH VFDQQHU PXVW EH EHWZHHQ FHUWDLQ YDOXHV D
VWDQGDUG IRU WKH IRLO WR EH GHHPHG “JRRGH RWI
UHMHFWHG DV "EDGp ,UUHJXODULWLHV LQ WKH IRLO
RXWVLGH WKH VSHFLILHG UDQJH 7KH VFDQQHU UHWXUQ"
E\ RUJDQLVLQJ ZKDW LW “VHHVp LQWR ODQHV WKDW UX
WUDYHOOLQJ GLUHFWLRQ 'DWD LV SURGXFHG IRU HDFK
E\ WKH ODQH QXPEHUYV

$ FKRSSHU IRU HDFK VXUIDFH FDQ EH FRPPDQGHG WR G
LOWR VKHHWY 7KH FKRSSHU UDLVHV LWVHOI DXWRPDWL
IRLO 7KH FKRSSHU PXVW EH FRQWUROOHG WR FKRS WK
VL]IH IRU D SDUWLFXODU UXQ 7KH IRLO PD\ EH FKRSSHC

7KHUH DUH WZR DLU MHWV RQH SXVKHV WKH IRLO WR W
%\ FXVWRP JRRG IRLO LV WKURZQ WR WKH ULJKW

7KH IRLO LV PRYHG DORQJ WKH SURGXFWLRQ VXUIDFH

WKDW FDQ EH VWDUWHG DQG VWRSSHG E\ WKH RSHUDW
IDFH LV LQ IDFW WR VWDUW RU VWRS WKH FRQYH\RU
FRQQHFWHG WR WKH GULYH UROO LQ WKH EHOW V\VWHP
WKH GULYH UROO ZLOO SURGXFH D SXOVH IURP WKH VK
RI WKH VA\VWHP LV VXIILFLHQW WR EH DEOH WR FXW VK
XQLWV RI VKDIW HQFRGHU SXOVHV

7KLV H[HUFLVH ZDV DGDSWHG IURP WKH 'HIHFW ,QVSHFWLRQ 6!



$33(1',; $ (;$03/( 63(&,),&$7,216

6SHFLILFDWLRQ 'LDJUDPV

'"HIHFW ,QVSHFWLRQ 6\VWHP &RQWH[W 'LDIJUDP
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'"HIHFW ,QVSHFWLRQ 6\WVWHP

5RWDWLROQ $SFWLYDWH
*RRG -HW
'URS 3XOVH
&KRS
YRLO $ &RQWRRO
Py o EEEW 6FDQQHG | 6 KHHMOO
5 % KHU WY 9DOXHV 4XDOLW\
$FWLYDWH
%DG -HW
6 WD UW
&RQYH\RU
]
5HVHW
3XOVH
A &RXQW
L 122
6,,HW? "o £ 6HW
6KHHW £ 6HW 8QH £ L 3URGXFW
6L1H - 2? &RQILIJXUDWLRQ ?u? 6WDQGDUG
1HZ 6KHHW BURGXFW
6L]H &RILIXUDWLRQ 6WDQGDUG

DO
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'"HIHFW ,QVSHFWLRQ 6\VWHP 6&'

6FDQQHG
9DOXHYV
&RQILIXUDWLROQV
6FDQQHG $FWLYDWH
5RWDWLR
9DOXHV 3X0VH Q *RRG -HW

$FWLYDWH
%DG -HW

&RQWURO 6KHHW 4XDOLW\
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$ 7KH 9HQGLQJ ODFKLQH

$ YHQGLQJ PDFKLQH RIIHUV WZR NLQGV RI SURGXFW FK
WKH FXVWRPHU LQVHUWY FRLQV HDFK FRLQ LV ILUVW Y
PDNHVY D FKRLFH DQG SURYLGHG V KH KDV LQVHUWHG
FKRLFH LV GLVSHQVHG 7KH PDFKLQH ZLOO UHWXUQ FKD

B8QUHFRJQLVHG FRLQV DUH UHMHFWHG :KHQ WKH FKDOQ
FKDQJH WKH FXVWRPHU LV QRWLILHG 6LPLODUO\ WKH
VWRFN /LJKWV RQ WKH GLVSOD\ SDQHO LQGLFDWH OD
/DUJH FRLQV DUH UHMHFWHG ZKHQ QR FKDQJH LV DYDLC
ZKHQ D SURGXFW LV QRW DYDLODEOH )LQDOO\ D FXVW
PRQH\ EDFN ZLWKRXW PDNLQJ D FKRLFH $ PDLQWHQDC
YLVLWV WKH PDFKLQH WR UHILOO LW ZLWK SURGXFWV D
SUHYLRXV SD\PHQWYV

7KLV H[HUFLVH LV DGDSWHG IURP RQH RI WKH H[DPSOHV LQ >+
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6SHFLILFDWLRQ 'LDJUDPV

9HQG 6ZHHWYVY &RQWH[W 'LDJUDP



$
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$FFHSW
3ULFH
? &KDQJHG

1HZ
6WRFN
5HWDLQ
&KRLFH FRLQV
\ " 3URGXFW
1HZ 2 ’Ozf%ngSP@KDQJH
&KDQJH
S5HWDLQ
FRLQ &RLQV
( (MHFW
0 &RLQvV

9HQG B6ZHHWYV
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ODLQWDLQ B6WRFN



$SSHOGL[ %

'HVLJQ $QG ,PSOHPHQWD)

% O 2YHUYLHZ

&KDSWHU LQFOXGHG D GLVFXVVLRQ RI WKH WUDQVLWLF
VLIJQ DQG LPSOHPHQWDWLRQ EDVHG RQ WKH H[SHULHQF]
WKH 3HWURO 6WDWLRQ H[DPSOH 7KH IXOO VSHFLILFDW
FRGH IRU WKDW V\VWHP DUH JLYHQ LQ WKLV $SSHQGL]
DUH UHSHDWHG KHUH IRU HDV\ UHIHUHQFH
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% 6SHFLILFDWLRQ RI 7KH SHWURO 6W

SHWURO 6WDWLRQ 6\WWHP &RQWH[W 'LDJUDP
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?
5HFHLSW ° ILIKW &RGH &fgéﬁﬂv
% HOO
21w 9 ° 6
&RGH
1HZ & KDQJH 9HULILHG
6HUYLEH 3UuLFHv! 3ULFHV
EHTXHYW ORQLWRU ?WM 9
3XPS ¢
2 2SHUDWLRQ
5HFHLSW LoDLQWDLQ
BHTXHVW O 6WRFN
7UDQVDEWLRQ .?%Tiﬁu\
‘HWDLOV 7DNH &RPSOHWH
6WRFN ? 6 W

5HSRUW

L 3ULQWwW \a2
? YV S5HMSRUWHSRUW
BBB SHTXHVW

SHWRO 6WDWLRQ 6\WWHP ")' ()
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2Q RWW

ORQLWRU
AJ 3XPS IH
A2SHUDWLRQ

&KDQJH ?IL B
A BULFHV )

6WRFN 7DNH 6WRFN
'"HOLYHU\ &RPSOHWH

2 58 R-UW

SHWURO 6WDWLRQ 6\VWHP 6&'

BWRFEN |
HOLYHU 7DNH
2 &RPSOHWH EWREN
6WDUW 5
D 7KH « BBBBB
"7 3XPS

ORQLWRU 3XPS 2SHUDWLRQ 6&'
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7 UDQVDFWLRQ
"HWDLOV 7 UDQVDFWLRQ
7 UDQVDEWLR /DVW
JEIWRUVER? 7 UbQVDFWLRQ
7 UDQVDFWLRQ
"HWDLOV
%HOO
6HUYLFH -
5HTXHVM§J§X3VW ’%FW £ S5HFRUG
. 7 UDQVDFWLR
g?eHlJYLF++%%$%UW Q Q
(QDEOH
3HQGLQJ (QG 3XPS
SHTXHVW 7UDQVDFW 7UDQVDFWLRQ "HOLYHU\
\ 1 &RPSOpWRRPSOHWH /| JKW
&KHFN V20
3XPS
3XPS 6WDWXV 7 %HOO
% XWWR Q _
3UHVVHG S5HFHLSW
3XPS JLIKW
,GOH 211 La v
L 8SGDWH £ 2
£ 7UDQVDMBEBRQ T 3ULQW 9
€ GHFRALSW

?? +LV RUM 7UDQVDFWLRQ

6

ORQLWRU 3XPS 2SHUDWLRQ

5HFRUGHG
HFHLSW
HTX

5
5 HVW

D0
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L

R<
&ORFN @M
7LFN
| ?
L S5HFRUWG

I LO 6 WRRN

fORQLWRU O =_§?Ho £ Y U\

v 6WREN

6WRFN
"HOLYHU\
ODLQWDLQ 6WRFN
1HZ
&RGH
1HZ
B3ULFHV
&RGH .
&RGH
9HULILHG $FFHSW 9 BULFH
, 3ULFH_ &KDQJHV
EU A&KDQJHYV
> &RG Ho

&KDQJH 3ULFHYV
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% 7KH 'DWD 'LFWLRQDU\

7KLY VHFWLRQ LQFOXGHV WKH GDWD GLFWLRQDU\ IRU WKH 3HWI
HQWULHV IROORZ WKH FRQYHQWLRQV RI '"'HODUFR VW\OH GDWD GLI|

'DWD )ORZV

$PRXQW 'HOLYHUHG 1XPEHU

&RGH 6WULQJ

'"HFLPDO 1XPEHU

)XOO 5HSRUW 7UDQVDFWLRQ 5HSRUW 6WRFN 5HSRUW
)XOO 5HSRUW 5HTXHVW '"HFLPDO 1XPEHU

*UDGH 3ULFH 1XPEHU

*UDGH 6WRFN 1XPEHU

/LWUHV 'HOLYHUHG 1XPEHU

1HZ 3ULFHV "3HWURO *UDGH 1HZ 3ULFH"

1XPEHU

SHWURO *UDGH 6WULQJ

3ULFH &KDQJHV A"BHWURO *UDGH 1HZ 3ULFH"

BULFH 3DLG 1XPEHU

3ULFH 7R 3D\ 1XPEHU

3XPS .G '"HFLPDO 1XPEHU

SHFHLSW S3HWURO *UDGH | *UDGH 3ULFH /LWUHV 'HOLYHUHG

5HSRUW S5HTXHVW >7TUDQVDFWLRQ 5HSRUW S5HTXHVW _ 6WRFN &
5HSRUW 5HTXHVW®@

5HSRUW  >7UDQVDFWLRQ 5HSRUW _ 6WRFN 5HSRUW _ )XOO 5HSRL
BHUYLFH 5HTXHVW 'LVSOD\ 3XPS ,G  %HOO

6LJQDO

BWRFN 'HOLYHU\ A3HWURO *UDGH $PRXQW 'HOLYHUHG"

6WRFN 'LVSOD\ A3HWURO *UDGH *UDGH 3ULFH *UDGH B6WRFN
6WRFN 5HSRUW  ~3HWURO *UDGH *UDGH 3ULFH *UDGH 6WRFN
BWRFN 5HSRUW 5HTXHVW  'HFLPDO 1XPEHU

BWULQJ

7RWDO 3DLG 1XPEHU

7UDQVDFWLRQ 'HWDLOV  3XPS ,G 3HWURO *UDGH /LWUHV 'HO

7TUDQVDFWLRQ 'LVSOD\ 3XPS ,G SHWURO *UDGH /[LWUHV 'HOL
3D\

7TUDQVDFWLRQ 5HSRUW N~ 3XPS .G 3HWURO *UDGH /[LWUHV
3DLG"
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7TUDQVDFWLRQ 5HSRUW S5HTXHVW '"HFLPDO 1XPEHU

:DUQLQJ 6LIJIQDO

'DWD 6WRUHYV

&XUUHQW 6WRFN SHWURO *UDGH *UDGH 3ULFH *UDGH 6WHF

&XUUHQW 7UDQVDFWLRQ 3XPS ,G SHWURO *UDGH OLWUHV
3D\

/IDVW 7UDQVDFWLRQ 3XPS ,G SHWURO *UDGH | OLWUHV 'HO
6XSHUYLVRU:-V &RGH 6WULQJ VXSHUYLVRU:-V VHFEXULW\ FRG]I
7TKUHVKROG 1XPEHU 7TKUHVKROG IRU VWRFN ZDUQLQ
7TUDQVDFWLRQ +LVWRU\ 3XPS ,G SHWURO *UDGH ILWUHV 't
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% 7KH (YHQW 'LFWLRQDU\

7KLV VHFWLRQ JLYHV WKH HYHQW GLFWLRQDU\ IRU WKH 3HWURO
GLDORJXH VHTXHQFH LQ WKH H[DPSOH V\VWHP KDV EHHQ LQGLFI
VIPERO IROORZHG E\ D QXPEHU L H LV WKH ILUVW HYHQW LQ
DQG LV WKH VHFRQG

(YHQW )ORZV

%HOO 6RXQG WKH FRQVROH EHOO
&RGH 9HULILHG &RGH YDOLGDWLRQ QRWLILFDW
'"HOLYHU\ &RPSOHWH 3XPS SHWURO GHOLYHU\ FRPSOHWLR!
(QDEOH 3XPS (QDEOH D SXPS

(QG 7UDQVDFW (QG GHOLYHU\ DQG HQDEOH SXPS
JLIKW 211 7XUQ RIlI D SXPS-V OLJKWYV
ILIKW 2Q 7XUQ RQ D SXPS:-V OLJKWV
211 6\WWHP VKXWGRZQ HYHQW
2Q 6\WWHP SRZHUXS HYHQW
3XPS %XWWRQ 3UHVVHG $ SXPS EXWWRQ LV SUHVVHG DQG
SHFHLSW S5HTXHVW 5HFHLSW LV UHTXHVWHG IRU D SX
BHUYLFH 5HTXHVW BHUYLFH LV UHTXHVWHG E\ D SXP
6WDUW 3XPS 6WDUW D D SHWURO GHOLYHU\

6WRFN 'HOLYHU\ &RPSOHWH $OLDV IRU DUULYDO RI --6WRFN 'HOL

7DNH 6WRFN $SWWHQGDQW VLIQDOV DUULYDO RI GHOLY
7TLEN &ORFN 7LFN
7TUDQVDFWLRQ &RPSOHWH (QG D SHWURO GHOLYHU\
7TUDQVDFWLRQ 'HWDLOV 3XPS VHQGY WUDQVDFWLRQ GHWDLC
7TUDQVDFWLRQ 5HFRUGHG 7TUDQVDFWLRQ GDWDEDVH XSGDWH(
(YHQW 6WRUHV

BHQGLQJ 5HTXHVW )ODJ WR LQGLFDWH SHQGLQJ VHUYLFH L

3XPS ,GOH 3XPS VWDWXV I0DJ
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% OLQLVSHFLILFDWLRQV RI $WRPLF 3URFHVYV

7KH IROORZLQJ VHFWLRQ JLYHV WKH PLQLVSHFV IRU WKH DWR
6WDWLRQ 6\VWHP 7KH GHVFULSWLRQ RI HDFK DWRPLF SURFHV
VW\OH DQG LV PHDQW WR EH VHOI H[SODQDWRU\ 7KH GHVFUL
Rl WKH SURFHVV WV GLJLW VWULQJ LGHQWLILHU WRJHWKHU
& VW\OH FRPPHQW HOBGRVHG7K® ERG\ RI WKH PLQLVSHF LV F
LQ D SDLU RI EUDFHVY VR DUH FROOHFWLRQV RI VWDWHPHQWYV
Rl GDWD IORZV HYHQW IORZV DQG ILHOGV RI GDWD VWRUHYV
LQ VSHHFK PDUNV /RFDO VWRUDJH YDULDEOHY DUH JLYHQ QDF
RXWSXW WR GDWD IORZV LV LQGLFDWHG E\ WKH 'nm VAPERO

XVHG WR LQGLFDWH ERWK WKH DGGLWLRQ RI WZR QXPEHUV D(
D UHFRUG 7KH FRQWH[W VKRXOG PDNH WKH LQWHUSUHWDWLR

$FFHSW 3ULFH &KDQJHV
VWDUWYVY ZKHQ 1HZ 3ULFHV KDV DUULYHG DQG FRGH 9HULILH(

)RU HYHU\ UHFRUG LQ 1HZ 3ULFHV

AN
*HW FRUUHVSRQGLQJ UHFRUG IURP &XUUHQW 6WRFN
*UDGH 3ULFH 1HZ 3ULFH
3XW UHFRUG WR &XUUHQW BWRFN

|

1HZ 3ULFHV ' B3ULFH &KDQJHYV

&KHFN 3XPS 6WDWXYV
ILUHG E\ 3XPS %XWWRQ 3UHVVHG

| 3XPS ,GOH WKHQ

6WDUW 3XPS
5HVHW 3XPS ,GOH

(OVH
| 3HQGLQJ 5HTXHVW WKHQ

(QG 7TUDQVDFW
5HVHW 3HQGLQJ S5HTXHVW
!
(OVH
AN
7UDQVDFWLRQ &RPSOHWH
6HW 3XPS ,GOH
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&ORFN
VHOI SHUSHWXDWLQJ SURFHVYV

(YHU\ WHQ VHFRQGV 7LFN

6WDUW 7KH 3XPS
ILUHG E\ 6WDUW 3XPS

(QDEOH 3XPS DQG /LJKW 211

ORQLWRU 6WRFN
ILUHG E\ FORFN 7LFN

JRU HYHU\ UHFRUG LQ &XUUHQW 6WRFN
N
12 *UDGH 6WRFN 7KUHVKROG
6' UHFRUG ‘DUQLQJ
(OVH
6' UHFRUG
6' ! 6WRFN 'LVSOD\

B3ULQW 5HFHLSW

ILUHG E\ 7UDQVDFWLRQ 5HFRUGHG DQG 5HFHLSW 5HTXH

*HW /DVW 7UDQVDFWLRQ UHFRUG
UHFRUG ! S5HFHLSW

3ULQW 5HSRUW
VWDUWYVY ZKHQ 5HSRUW 5HTXHVW DUULYHV

&DVH B5HSRUW 5HTXHVW RI

7TUDQVDFWLRQ 5HSRUW 5HTXHVW 7UB5HSRUW
6WRFN 5HSRUW 5HTXHVW 6WB5HSRUW
)XOO 5HSRUW 7U 5HSRUW 6W 5HSRUW

7U 5GHSRUW
6XE SURFHGXUH RI

JRU HYHU\ UHFRUG LQ 7UDQVDFWLRQ +LVWRU\
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UHFRUG ! 5HSRUW
!
BWB5HSRUW
6XE SURFHGXUH RI
F
JRU (YHU\ UHFRUG LQ &XUUHQW 6WRFEN
UHFRUG ! 5HSRUW

5HFRUG 6WRFN "HOLYHU\
VWDUWYVY ZKHQ 6WRFN '"HOLYHU\ DUULYHV

)RU HYHU\ UHFRUG LQ 6WRFN "HOLYHU\

A
*HW FRUUHVSRQGLQJ UHFRUG IURP &XUUHQW 6WRFN
*UDGH 6WRFN *UDGH 6WRFN $PRXQW 'HOLYHUHG
3XW UHFRUG WR &XUUHQW B6WRFN

5HFRUG 7UDQVDFWLRQ
VWDUWY ZKHQ 7UDQVDFWLRQ 'HWDLOV DUULYHV

*HW JUDGH UHFRUG IURP &XUUHQW 6WRFN

*UDGH 6WRFN *UDGH 6WRFN /ILWUHV '"HOLYHUHG
3XW UHFRUG WR &XUUHQW 6WRFN

33 *UDGH 3ULFH /[LWUHV "HOLYHUHG

7' 7TUDQVDFWLRQ 'HWDLOV 33

71 7TUDQVDFWLRQ 'LVSOD\

3IXW 7" WR &XUUHQW 7UDQVDFWLRQ

'HOLYHU\ &RPSOHWH DQG %HOO DQG /LJKW 21l

SHTXHVW 6HUYLFH
ILUHG E\ 6HUYLFH 5HTXHVW

/LJKW 2Q DQG %HOO
6HW 3HQGLQJ S5HTXHVW

8SGDWH 7UDQVDFWLRQ +LVWRU\
ILUHG E\ 7UDQVDFWLRQ &RPSOHWH DQG 'HOLYHU\ &RPSOHW

*HW UHFRUG IURP &XUUHQW 7UDQVDFWLRQ
$GG UHFRUG WR 7UDQVDFWLRQ +LVWRU\
3XW UHFRUG LQ /DVW 7UDQVDFWLRQ
7TUDQVDFWLRQ &RPSOHWH DQG /LJKW 21l
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9HULI\ &RGH
VWDUWY ZKHQ &RGH DUULYHV

*HW 6XSHUYLVRUTV &RGH
,I &RGH 6XSHUYLVRUYV &RGH
&RGH 9HULILHG
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% , PSOHPHQWDWLRQ &RGH

7KLV VHFWLRQ JLYHV WKH IXO0O LPSOHPHQWDWLRQ FRGH IR
WHP :KHUH DSSURSULDWH UHIHUHQFHV WR WKH GLDJUDPV I
EHHQ JLYHQ

ODNHILOH
&)/$*6

&),/(6 SXPS F ?
PRQBSXPS F ?
PRQBVWN F ?
PDLQ F?
GLVSOD\ F ?
UHSRUW F ?
SFHBFKJH F ?
UHFBVWNBGHO F ?
PLVH F

,/(6 SXPSR ?
PRQBSXPS R ?
PRQBVWN R ?
PDLQ R?
GLVSOD\ R ?
UHSRUW R ?
SFHBFKJH R ?
UHFBVWNBGHO R ?
PLVH R

),/(6 SVVLP?
SXPS ?
PRQBSXPS

+),/(6 SXPSK ?
ILOHV K ?
GLVSOD\ K

DOO SVVLP SXPS PRQBSXPS PRQBVWN

SVVLP PDLQ R GLVSOD\ R UHSRUW R SFHBFKJH R UHFBVWNBGHO R ?
PLVF R +),/(6
FF R SVVLP PDLQ R GLVSOD\ R UHSRUW R SFHBFKJH R ?
UHFBVWNBGHO R PLVF R OHXUVHV OWHUPFDS

SXPS SXPS F SXPS K
FF R SXPS SXPSF

PRQBSXPS PRQBSXPS F +),/(6
FF R PRQBSXPS PRQBSXPS F

PRQBVWN PRQBVWN F +),/(6
FF R PRQBVWN PRQBVWN F



% ,03/(0(17%$7,21 &2'(

SFHBFKJH R +),1(6
UHFBVWNBGHO R +),/(6
PDLQ R +),/(6

GLVSOD\ R SXPS K GLVSOD\ K
UHSRUW R SXPS K ILOHV K

FOHDQ
UP I ),/(6 :),I(6
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SXPS K KHDGHU ILOH IRU SXPS FRQVWDQW GHILQLWLRQV

a8GHILQH <(6
aGHILQH 12

a8GHILQH 370B3,3( 0 WPS PQV SWPS WR PRQ SLSH

a8GHILQH 373B3,3( WPS PQV SWEFH FKDQJH WR SXPS
aGHILQH 0%$;B3,3B1%0 PD[ OHQJWK RI SLSH QDPH
aGHILQH ,'/(1 OHQJWK RI SXPS LG QXPEHU

aGHILQH *'/(1 OHQJWK RI JUDGH LG

AGHILQH +%;35,&(/(1 PD[ OHQJWK RI JUDGH SULFH
aGHILQH 0$;672&./(1 PD[ OHQJWK RI RQ JUDGH VWRFN
aGHILQH /7/(1 PD[ OHQJWK RI OLWUHV GHOLYHUHG

PD[ PHVVDJH OHQJIJW&XRRWR PRQLWRU
aGHILQH 370 /(1 /(1 */(1 /7/(1
aGHILQH 0$;B3/(1 PD[ OHQJWK RI SULFH WR SD\
aGHILQH 0%;*' (675 PD[ OHQJWK RI JUDGH QDPH

PD[LPXP OHQJWK RI D SULFH FKDQJH PHVVDJH
AaGHILQH 3&(&+*/(1 1*5$'(6 *'/(1 0$;35,&(/(1

PD[ OHQJWK RI FXUUHQW VWREN

AaGHILQH 0$; &67. 1*5$'(6 *'/(1 0$;35,&(/(1 0$;67 &./(1
PD[ OHQJWK RI WUDQVDFWLRQ KLVWRU\ UHFRUG

AGHILQH 0$; 7+5/(1  ,'/(1 *'/(1 /7/(1 0$;B3/(1

AGHILQH*5$'(6 QXPEHU RI DYDLODEOH JUDGHYV

AaGHILQH38036 GHIDXOW QXPEHU RI SXPSV

AaGHILQ®I$; 38036 PD[LPXP QXPEHU Rl SXPSV

aGHILQG$; 3,'/(1 PD[LPXP SXPS LG QR OHQJWK
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GLVSOD\ K KHDGHU ILOH IRU GLVSOD\ GHILQLWLRQV

GHILQH 07'B3,3( WPS PQV PWG

GHILQH
GHILQR))

GHIQH%((3
GHIQH(5%$6(

GHIQH75%$16 WUDQVDFWLRQ GHWDLOV

GHILQE(&37 UHFHLSW

GHILQH*+7 SXPS OLJKW

GHILQH51 VWRFN ZDUQLQJ

GHILQBb(// FRQVROH EHOO

GHILQRBI/575 FOHDU ODVW WUDQVDFWLRQ GLVSOD\
GHILQ®H&79( SXPS VWDWXV

WSHGHI VWUXFW z »
LQW GLVSBW\SH
FKDU EXIIHU> @
Il GLVSBSURW
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ILOHV K KHDGHU ILOH IRU VWRUH QDPHV

GHILQH &855(17B672&. WPS PQV FXUUBXWRFNW VWRFEN
GHILQH 75%$16B+,67 WPS PQV WUDQWBKIOMY KLVW
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PDLQ F PDLQ PRGXOH )RUNV DOO SURFHVVHV VHWYVY XS FRPPX(
WKH NH\ERDUG DQG GLVSOD\ SLSH

LQFOXGW\V WLPH K!
LQFOXGW\YV W\SHV K!
LQFOXGWYV VWDW K!
LQFOXGWYV ILOH K!
ALQFOXGIH QWO K!
ALQFOXGHQLVWG K
ALQFOXGHXUVHYV K!
ALQFOXGWH. JQDO K!
ALQFOXGWHWULQJ K!
ALQFOXGHXPS K
ALQFOXGELVSOD\ K
ALQFOXGIHOHYV K

8GHILQH IRUHYHU IRU

aGHILQH VHWBELW ELW QXPEGNWPEHU _ © ELW
AGHILQH LVVHWBELW ELW QXPEXREHU W © ELW

VWDWLF YRLG JHWBFKRLFH
WHUPLQDWH
FUWBSXPSBSURF

VWDWLF LQW FUHDWHBSURFV

YRLG JHWBJQDPH
GLVSOD\2
LQLWBGLVSOD\
YHULI\BFRGH
UHFRUGBVWNBGHO

YRLG PDLQ DUJF DUJY LQW DUJF
FKDU DUJY"
AN
LQW GSIG SXPSV QIGV UIGV L VPSLG
PRQLWRUV>0$; 38036@
SXPSVWDWV>0$;B38036@
HUURU 12
FKDU FRPPDQG> @

LI DUJF VHW WKH QR RI VWDWLRQ SXPSV
SXPSV 138036

HOVH
LI SXPSV DWRL DUJY>0@ . SXPSV !

AN

SULQWI ,00HJDO QXPEHU RI SXPSV?Q DUJY> @
SULQWI 5HYHUWLQJ WR GHIDXOW?Q
SXPSV 138036
|
FDWFK 6,*7(50 DQG FOHDQ XS
LI VLIJQDO 6,*7(50 WHUPLQDWH
SHUURU WHUPLQDWLRQ VLIJQDO
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YRLG VSULQWL FRPPEDQE V' V' 07' 3,3(
370 3,3( 373 3,3(
VI\VWHP FRPPDQG

LI DFFHVV &855(17 672&. )B .
N
HUURU  <(6
SULQWI FXUUHQW VWRFN LLOH LV PLVVLQJ F?Q DUJY> @ %((3

LL DFFHVV 75$16 +,67 )B .
AN
HUURU  <(6
SULQWL WUDQVDFWLRQ KLVWRU\ ILOH LV PLVVLQJu F?Q DUJY> @
% ((3

LI HUURU  <(6
H[LW O

FUHDWH GLVSOD\ SLSH DQG RSHQ LW
LI PNQRG 07'B3,3( , 6B,).)
SHUURU GLVSOD\ SLSH PNQRG
LI GSIG RSHQ 07'B3,3( B5':5_ B1'(/$<
SHUURU GLVSOD\ SLSH RSHQ

LI VHWSJUS JHWSLG?2 VHW SURFHVV JURXS
SHUURU VHWJUS

IRU L L 0$;B38036 L LQLWLDOLVH SXPS VWDWXVHV
SXPSVWDWV>L@

FUHDWH SURFHVVHV
VPSLG FUHDWHBSURFV SXPSV PRQLWRUV

LQLWBGLVSOD\ SXPSV LQLWLDOLVH GLVSOD\

IRUHYHU
AN
VHW DSSURSULDWH IG ELWV
ULGV
VHWBELW  UIGV LQFOXGH VWDQGDUG LQSXW
VHWBELW GSIG UIGV LQFOXGH GLVSOD\ SLSH

QIGV VHOHFW IWUIGY LQW LQW
VWUXFW WLPHYDO

VZLWFK QIGV VHOHFW UHDG\ LQSXW
<
FDVH LI LVVHWBELW GSIG UIGV
GLVSOD\ GSIG SXPSV
HOVH
JHWBFKRLFH SXPSV PRQLWRUV SXPSVWDWYV VPSLG
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EUHDN

FDVH JHWBFKRLFH SXPSV PRQLWRUV SXPSVWDWV VPSLG
GLVSOD\ GSIG SXPSV
EUHDN

GHIDXOWHUURU VHOHFW
EUHDN

VWDWLF YRLG JHWBFKRLFH SXPSV PRQSLGV SLQRE\BWPBAW VPSLG
PRQSLGV>@
SXPSVWDWV>@
VPSLG

FKDU FK

VWDWLF LQW ODVWBSXPSODMW FRPSOHWHG WUDQV
GHOLYHU\ 12

LQW LQGH[ L

FK JHWEFK

PYDGGFK SXPSV OO FK SULQW FK

PRYH FOHDU SUHFLRXV ZDUQLQJV
FOUWRHROA4

UHIUHVK?2

LI FK' ! 1 1 -W FK SXPSV {2

AN

LQGH[ FK 7270 ZRUN RXW SXPSYV WDEOH LQGH]
SXPSVWDWV >LQGH[@ FKDQJH SXPS VWDWXYV
LI SXPSVWDWV>LQGH[@ XSGDWH ODVWBSXPS

ODVWBSXPS LQGH]

NLOO PRQSLGV>LQGH[@ 6,*865 VHQG EXWWRQ WR PRQLWRU
|

HOVH

VZLWFK FK

AN

FDVH qU v
FDVH 59 LI ODVWBSXPS FDWFK HUURUV
NLOO PRQSLGV>ODVWBSXPS@ 6,*)3(
EUHDN
FDVH S ¥

FDVH 131 LI GHOLYHU\ 12
N
SUBUHSRUW
WRXFKZLQ VWGVFU
!
HOVH
PYDGGVWU 1R UHSRUWV GXULQJ GHOLYHU\
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EUHDN

FDVH G
FDVH T LI GHOLYHU\12
AN
IRUL L SXPSV L
LI NLOO PRQSLGV>L@ 6,*7(50
SHUURU GLVDEOHPHQW NLOO
GHOLYHUX(6
PYDGGVWU 3XPSV GLVDEOHG
EUHDN

FDVH 1V
FDVH 16 LI GHOLYHU\<(6
AN
UHFRUGBVWNBGHO
LQIRUP VWRFN PRQLWRU DQG SXPSV
LI NLOO VPSLG 6,*865
SHUURU VWRFN PRQLWRU NLOO
IRUL L SXPSV L
LI NLOO PRQSLGV>L@ 6,*7(50
SHUURU HQDEOHPHQW NLOO
WRXFKZLQ VWGVFU
FOHDU VWRFN ZDUQLQJV
PYDGGVWU SXPSV
PRYH
FOUWRHRO
GHOLYHU12
|
HOVH
A
PYDGGVWU ,QYDOLG FKRLFH
DGGVWU  3XPSV QRW GLVDEOHG \HW
|

EUHDN

FDVH TF T

FDVH f& IYHULI\BFRGH SXPSV
WRXFKZLQ VWGVFU
EUHDN

FDVH (T1
FDVH 14 fWHUPLQDWH2

GHIDXOWPYDGGVWU ,QYDOLG FKRLFH
EUHDN
!
UHIUHVK?2 UHIUHVK FKDQJHV WR WKH VFUHHQ

VWDWLF LQW FUHDWHBSURFV SXPSV PRQSLGV LQW SXPSV

PRQSLGV>@
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LQW L SLG
FKDU SLSBQDPH>0$;B3,3B1%$0 0%$;B3,'/(1 @

LI

SLG IRUNA4
SHUURU VWRFN PRQLWRU IRUN

LI SLG

N

H[HFO PRQBVWN PRQBVWN
SHUURU VWRFN PRQLWRU H[HF

HOVH

N

IRULO L SXPSV L FUHDWH SXPS SURFHVVHV

PDNH XS SXPS SLSH QDPH DQG FUHDWH LW
YRLG VSULQWI SLSBWEDPH37+B3,3( L
LI PNQRG SLSBQDPH , 6B,),)

SHUURU& SXPS SLSH PNQRG

PDNH XS SULFH FKDQJH SLSH QDPH DQG FUHDWH LW
YRLG VSULQWI SLSR/GDPH373B3,3( L
LI PNQRG SLSBQDPH _6B,),)

SHUURU SXPS SLSH PNQRG

FUWBSXPSBSURF L PRQSLGV FUHDWH SXPS SURFV

UHWXUQ SLG UHWXUQ VWRFN PRQLWRUTV SLG

VWDWLF YRLG FUWBSXPSBSURF SLG PRQSLGV LQW SLG PRQSLGV'

AN

FKDU SSLG> @ SXPSBLG>0%$;B3,'/(1 @
LOQW SXPSBSLG PRQBSLG

YRLG VSULQWL SXP&GBLGSLG PDNH XS SXPS LG QR

LI

PRQBSLG IRUN IRUN PRQLWRULQJ SURF
SHUURU SXPS PRQLWRU IRUN

LI PRQBSLG

N

LI SXPSBSLG IRUN IRUN SXPS SURFHVYV
SHUURU SXPS IRUN

LI SXPSBSLG

AN
YRLG VSULQWI §SLG JHWSSLG?2 JHW SXPS SLG
H[HFO& SXPS SXPS SXPSBLG SSLG
SHUURU SXPS H[HFO

HOVH
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YRLG VSULQW J&LG SXPSBSLG JHW SXPS SLG

H[HFO PRQBSXPS PRQBSXPS0O SXPSBLG SSLG
SHUURU SXPS PRQLWRU H[HFO

|
HOVH

PRQSLGV>SLG @ PRQBSLG ¥ SLGV LGH[LQJ IURP

VWDWLF YRLG WHUPLQDWHA4

FOHDQ XS DQG HQG LO LQWHUUXSWHG
HQGZLQ2 UHVHW WHUPLQDO DWWULEXWHV

NLOO FKLOGUHQ SURFHVVHYV
LI VHWSJUS

SHUURU VHWJUS
LI NLOOSJ JHWSLG 6,*.,11/
SHUURU NLOOSJ

UHVHW SURFHVV JURXS

VIVWHP2 FOHDU
HILW
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GLVSOD\ F GLVSOD\ PRGXOH

LQFOXGH FXUVHYV K!
ALQFOXGH SXPS K
©OLQFOXGH GLVSOD\ K

©GHILQH /,1¢(

VWBLF YRLG GLVSBWUDQV
GLVSBOLJKW
GLVSBUHFSW
GLVSBZDUQ
GLVSBVWDWXV
FOUBWUDQV

YRLG LQLWBGLVSOD\ SXPSV LQW SXPSV
AN
LQW L SRV
FKDU WHUP> @ EXWWRQV> @ FSWU JHWHQY

FSWU JHWHQY 7(50 JHW WHUPLQDO W\SH
YRLG VWUFS\ WHUP FSWU

VHWWHUP WHUP VHW WHUPLQDO W\SH
LQLWVFU2 LQLWLDOLVH FXUHVHV

QRQO VHW LQWHUDWLYH PRGH
FEUHDNA4

QRHFKR2

FOHDU FOHDU VWGVFU

GUDZ SXPS GLVSOD\ VFUHHQ

DGGVWU 3XPS 1R SHWURO *UDGH /ILWUHV 7TRWDYHUHG

JLIKW  $FWLYH
IRUL O L SXPSV L
AN
PYDGGFK L O L
PYDGGFK L O 11
|

PYDGGVWU L /,1(

SULQW UHFLHSW DWQG ZDUQLQJ VFUHHQV
PYDGGVWU L BWRFN :DUQLQJ /LIKWV
PYDGGVWU L

PYDGGVWU LGLHVHO VWDU XQOHDGHG
LL EOFLQN OLQHV
PYDGGVWU L S5HFHLSW

PYDGGVWU L

PYDGGVWU L016 3HWUROHXP /WG

PYDGGVWU L *UDGH
PYDGGVWU L 3ULFH
PYDGGVWU L I[LWUHV

PYDGGVWU L 7TRWDO
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SULQW PHQX
SRV SXPSV

YRLG VSULQWL EXWWRQV 3XPSSBXBMWRQV
PYDGGVWU SRV EXWWRQV

PYDGGVWU SRV & 3ULFH &KDQJHV

PYDGGVWU SRV " 'LVDEOH 3XPSV LRU '"HOLYHU\

S5HTXHVW 5HSRUW
PYDGGVWU SRV 7XUQ 6\VWHP 211
PYDGGVWU SRV S5HTXHVW 5HFHLSW
PYDGGVWU SRV 6 6WRFN 'HOLYHU\ '"HWDLOV
PYDGGVWU SRV6HOHFWLRQ

PYDGGVWU SRV

g b~ Ww

UHIUHVK4 SXW VWGVFU RQ VWGRXW

YRLG GLVSOD\ GSIG SXPSV LQW GSIG SXPSV

AN

GLVSBSURW ZV

LI UHDG GSIG [IWzZV VL]HRI GLVSBSURW VL]HRI GLVSBSURW
SHUURU& GLVSOD\ SLSH UHDG

VZLWFK ZV GLVSBW\SH

AN

FDVH5$16 GLVSBWUDQV ZV EXIIHU

EUHDN
FDVH (&37 GLVSBUHFSW ZV EXIIHU SXPSV
EUHDN
FDVH,*+7 GLVSBOLJKW ZV EXIIHU
EUHDN
FDVH$51 GLVSBZDUQ ZV EXIIHU> @ SXPSV
EUHDN
FDVHM6(// PYDGGFK % ((3
EUHDN
FDVH/575 FOUBWUDQV ZV EXIIHU
EUHDN
FDVI$&79( GLVSBVWDWXV ZV EXIIHU
EUHDN
GHIDXOW SULQWI 'LVSOD\ SURWRFRO HUP\RGLBGSBW\SH
EUHDN
UHIUHVK?2 VKRZ WKH FKDQJHV RQ WKH VFUHHQ {

VWDWLF YRLG GLVSBWUDQV WUDQVDFWLRQ FKDU fWUDQVDFWLRQ
N
LQW SLG JUDGH
FKDU OLWUHV>/7/(1 @
FRVW >0$;B3/(1 @
JUDGHVWU>+$:*' (675 @

VSOLW WUDQVDFWLRQ LQWR LWV SDUWV f
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YRLG VVFDQI WUDQV GEW VR Q SLG IWJUDGH OLWUHV FRVW

JHWBJQDPH JUDGH JUDGHVWU

PYDGGVWU SLG JUDGHVWU

PYDGGVWU SLG O OLWUHYV GLVSOD\ OLWUHV GHOLYHUHG
PYDGGFK SLG O 1

PYDGGVWU SLG FRVW GLVSOD\ WRWDO WR SD\

VWDWLF YRLG GLVSBOLJKW VWULQJ FKDU 3VWULQJ
AN

LQW SLG VWDWXV

FKDU FK

YRLG VVFDQI VW31 IWSLG AVWDWXV
LI VWDWXV 21

FK
HOVH
FK 1
PYDGGFK SLG FK

VWDWLF YRLG GLVSBZDUQ JUB&RBU SXPDIBH
LQW SXPSV

AN

LQW SRV

VZLWFK JUDGH
N
129 SRV
EUHDN
1 SRV
EUHDN
I . SRV
EUHDN
|

PYDGGFK SXPSV SRV 1S 1

VWDWLF YRLG GLVSBUHFSW UHFHLSW SXPSV FKDU 2UHFHLSW
LQW SXPSV

LQW SRV KSRV JUDGH

IORDW JGHBSULFH DWRI

FKDU SULFH>0%$;35,&(/(1 @
OLWUHV>0%$;B3/(1 @
FRVW>0$;B3/(1 @
JUDGHVWU>0$;35,&(/(1 @

YRLG VVFDQI UHFBWSW IWJUDGH JGHBSULFH OLWUHV

SRV SXPSV 2 ILQG FRUUHFW OLQH 2
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JHWBJQDPH JUDGH JUDGHVWU SULQW JUDGH
KSRV VWUOHQ JUDGHVWU
PYDGGVWU SRV KSRV JUDGHVWU

VSULQWI SULFH I'S JGHBSULFH SULQW SULFH
KSRV 0%$;35,&(/(1 VWUOHQ SULFH

PYDGGVWU SRV KSRV SULFH

KSRV /7/(1 VWUOHQ OLWUHV SULQW OLWUHYV
PYDGGVWU SRV KSRV OLWUHYV

SULQW WRWDO FRVW

YRLG VSULQWI FRVW JGHBSULFH DWRI OLWUHV
KSRV 0%;B3/(1 VWUOHQ FRVW
PRYH SRV KSRV

SULQWZ\WV FRVW

VWDWLF YRLG GLVSBVWDWXV VWULQJ FKDU AVWULQJ
L

LQW SLG VWDWXV

FKD[ FK

YRLG VVFDQL VWGLQLUG IWSLG IWVWDWXV

LI VWDWXV <(6

FK 1< 9
HOVH
FK 11
PYDGGFK SLG O FK

VWDWLF YRLG FOUBWUDQV VWULQJ FKDU 2VWULQJ

AN

LQW SLG

YRLG VVFDQI VWG QJIWSLG JHW SXPS LG
PYDGGVWU SLG FOHDU JUDGH QDPH
PYDGGVWU SLG FOHDU OLWUHV

PYDGGVWU SLG FOHDU WRWDO WR SD\
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SFH FKJH F SULFH FKDQJH PRGXOH

LQFOXGH V\V LLOH K!
ALQFOXGH IFQWO KI!
LQFOXGH FXUVHYV K!
©OLQFOXGH SXPS K
AaLQFOXGH ILOHV K
©OLQFOXGH GLVSOD\ K

AaGHILQH 683(5 &2'( PRKDPPDG
aGHILQH & '(B/(1

YRLG JHWBJQDPH
VWDWLF YRLG DFFBSFHBFKDJH

YRLG YHULI\BFRGH SXPSV LQW SXPSV
'LDJUDP UHI 9HULI\ &RGH

LQW L
FKDU FK FRGH>& '(B/(1@
:,1'2: ISFHVFU

FUHDWH SULFH FKDQJH VFUHHQ DQG LQLWLDOLVH LW
SFHVFU QHZZLQ

ZFOHDU SFHVFU

WRXFKZLQ SFHVFU

ZPRYH SFHVFU

ZDGGVWU SFHVFU 3ULFH &KDQJH

ZUHIUHVK SFHVFU

JHW FRGH
ZPRYH SFHVFU
ZDGGVWU SFHVFU 30OHDVH HQWHU FRGH
ZUHIUHVK SFHVFU
IRU L FK  JHWFK2 1?7U9
FRGH>L @ FK
FRGH>L@ 17?

LI VWUFPS FRGH 683(5B& '( YHULI\ FRGH
ZPRYH SFHVFU
ZDGGVWU SFHVFU ,QYDOLG FRGH 7\SH DQ\ NH\ WR FRQWLQXH
ZUHIUHVK SFHVFU
YRLG JHWFK
!
HOVH
AN
ZPRYH SFHVFU
ZDGGVWU SFHVFU &RGH YDOLGDWHG
ZUHIUHVK SFHVFU
DFFBSFHBFKDJH SFHVFU SXPSV



$33(1',; % '(6,*1 $1' ,03/(0(17%7,21

VWDWLF YRLG DFFBSFHBFKDJH SFHVFU SXPSV :,1'2: SFHVFU
LQW SXPSV
‘'LDIJUDP UHI $FFHSW 3ULFH &KDQJHV

LQW FVIG SSIG L M JUDGH SRV OLQH
IORDW ROGSULFH QHZSULFH ROGVWRFN DWRI
FKDU FXUUBVWN>0$;B&67. @
QHZBFVWN>0$;B&67. @
JUDGH UHFRUGV>1*5$'(6@>*'/(1 0$:35,&(/(1 0$;672&./(1 @
JUDGHVWU>0$;*' (675 @
SULFH>+%$:35,&(/(1 @
SHU>*'/(1 0%$;35,&(/(1 @
SLSBQDPH>0$;B3,3B130 @
SFHFKJH>3&(&+*/(1 @
FK FSWU VWUQVS

IRU L L 3&(&+*/(1 L
SFHFKJH>L@ 29

LI FVIG RSHQ &855(17B672&. Bb5'":5
SHUURU FXUUHQW VWRFN RSHQ

LI IORFN FVIG [ &.B(; ORFN FXUUHQW VWREFEN
SHUURU FXUUHQW VWRFN IORFN

LI UHDG FVIG FXUUBVWN 0$;B&67. JHW UHFRUGV
SHUURU FXUUHQW VWRFN UHDG

IRU FSWU FXUUBVWN L L 1*5%'(6 L JHW JUDGH UHFRUGYV
A
IRU M FSWU ?Q FSWU ? M
JUDGHBUHFRUGV>L@>M@ FSWU
JUDGHBUHFRUGV>L@>M @ FSwU
JUDGHBUHFRUGV>L@>M@ ? 9

ZPRYH SFHVFU OLQH
ZDGGVWU SFHVFU 3OHDVH VHOHFW JUDGH
IRU L L 1*5%'(6 L
A
JHWBJQDPH L JUDGHVWU
FSWU VWUQVS JUDGHVWU
ZPRYH SFHVFU OLQH
ZSULQWZ SFHERMU L FSWU
|
ZPRYH SFHVFU OLQH
ZDGGVWU SFHVFU 4 TXLW
ZPRYH SFHVFU OLQH
ZDGGVWU SFHVFU G6HOHFWLRQ
ZUHIUHVK SFHVFU

GR

AN
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FK JHWFK4

ZPRYH SFHVFU OLQH GLVSOD\ FK
ZDGGFK SFHVFU FK

ZUHIUHVK SFHVFU

LI FK ! FK 1*5%$'(6 7121

AN

JUDGH FK 21 O

JHW QHZ SULFH
ZPRYH SFHVFU OLQH
ZDGGVWU SFHVFU 30OHDVH HQWHU QHZ SULFH
ZUHIUHVK SFHVFU
IRU SRV L FK JHWFK2 1?7Uf9

AN

LI FK! FK 1T .. FK 1

AN

» FK (58$6(

LI FK  (5$6(
AN
ZDGGFK SFHVFU FK
ZUHIUHVK SFHVFU
SULFH>L @ FK
SRV
HOVH
LI Lt
AN
ZDGGFK SFHVFU FK
ZUHIUHVK SFHVFU

L

2 SRV

!
SULFH&L@ 1? 1

LI QHZSULFH DWRI SULFH . QHZSULFH !
AN
ZPRYH SFHVFU OLQH SRV
ZDGGVWU SFHVFU ,QYDOLG SULFH
ZDGGVWU SFHVFU 7\SH DQ\ NH\ WR FRQWLQXH
ZUHIUHVK SFHVFU
YRLG JHWFK2
|
HOVH
VAN
FKDQJH ROG SULFH
YRLG VVFDQL JUDGHBUHFRUGV PJUDGH®@

IWROGSULFH IHROGVWREFEN

YRLG VSULQWI JUDGHBUHFRUGV >JUDIGH@&Q

JUDGH QHZSULFH ROGVWRFN

DGG QHZ SULFH UHFRUG WR SXPS PHVVDJH
YRLG VSULQWI &HIU JUDGH QHZSULFH
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YRLG VWUFDW SFHFKJH SHU

ZPRYH SFHVFU OLQH
ZFOUWRHRO SFHVFU
ZUHIUHVK SFHVFU
!
HOVH
LI FK 9T FK 4
AN
ZPRYH SFHVFU OLQH
ZDGGVWU SFHVFU ,QYDOLG FKRLFH
ZUHIUHVK SFHVFU
|

" ZKLOH FK 1T FK 14

GHOZLQ SFHVFU GHOHWH SULFH FKDQJH ZLQGRZ

IRU L L 0$;B&67. L FOHDU QHZBFVWN
QHZBFVWN>L@ 17 9

IRU L L 1*5%'(6 L FRS\ QHZ UHFRUGYV

VWUFDW QHZBFVWN JUDGHBUHFRUGV>L®@

LI L VWUOHQ QHZBFVWN 0$;B&67.
ZKLOH L 0%;B&67. SDG QHZBFVWN
QHZBFVWN>L @ 11
QHZBFVWN>L@ 17 1

LI OVHHN FVIG ORQJ
SHUURU FXUUHQW VWRFN OVHHN

LI ZULWH FVIG QHZBFVWN 0%$;B&67ZULWH QHZ UHFRUGYV
SHUURU FXUUHQW VWRFN ZULWH

LI IORFN FVIG [/ &.B81 XQORFN VWRUH
SHUURU FXUUHQW VWRFN IORFN

LI FORVH FVIG
SHUURU FXUUHQW VWRFN FORVH

LI L VWUOHQ SFHFKJH 3&(&+*/(1
ZKLOH L 3&(&+*/(1 SDG SFHFKJH
SFHFKJH>L @ 179
SFHFKJH>L@ 17 9

IRU L L SXPSV L VHQG SULFH FKDQJHV WR SXPS SLSHV
A
YRLG VSULQWI| SLSBW@GDPH373B3,3( L
LI SSIG RSHQ SLSBQDPH B5':5, B1'(/$<
SHUURU SXPS SULFH FKDQJH SLSH RSHQ
LI ZULWH SSIG SFHFKJH 3&(&+*/(1
SHUURU SXPS SULFH FKDQJH SLSH ZULWH
LI FORVH SSIG
SHUURU SXPS SULFH FKDQJH SLSH FORVH
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UHSRUW F UHSRUW SULQWLQJ PRGXOH

aLQFOXGH V\V ILOH K!
AaLQFOXGH IFQWO Kl!
ALQFOXGH XQLVWG K!

AaLQFOXGH FXUV

HV KI!

A8LQFOXGH ILOHV K

AaLQFOXGH SXPS

K

VWDWLF YRLG WUDQVBUHS
VWRFNBUHS

YRLG JHWBJQDP

H

YRLG SUBUHSRUW

‘'LDIJUDP UHI

:,1'2: UHS
FKDU FK

UHS QHZZLQ
ZFOHDU UHS
WRXFKZLQ UH

S

ZUHIUHVK UHS

ZDGGVWU UHS
aPRYH UHS
ZDGGVWU UHS
ZPRYH UHS
ZDGGVWU UHS
ZPRYH UHS
ZDGGVWU UHS
ZPRYH UHS
ZDGGVWU UHS

3ULQW S5HSRUW

,03/(0(17$7,21

30HDVH VHOHFW UHSRUW W\SH 7 7UDQVDFWLRQ 5HSRL

6 6WRFN 5HSRUW

) )XOO 5HSRUW

4 AXLW

6HOHFWLRQ

ZUHIUHVK UHS

GR

A
FK JHWEFK
ZPRYH UHS

4

ZDGGFK UHS FK
ZUHIUHVK UHS

VZLWFK FK

AN

FDVH W

FDVH 97

FDVH V
FDVH 96

FDVH

EUHDN

VWRFNBUHS UHS

EUHDN

WUDQVDFWLRQ UHSRUW
WUDQVBUHS UHS

VWRFN UHSRUW

I X OO

UHSRUW
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FDVH 1) f\WUDQVBUHS UHS
ZPRYH UHS
ZDGGVWU UHS 7\SH
ZUHIUHVK UHS
YRLG JHWFK?2 ZDLW IRU FKDU
VWRFNBUHS UHS
EUHDN

FDVH 1T1
FDVH 4 EUHDN

GHIDXOWZPRYH UHS
ZDGGVWU UHS ,QYDL
ZUHIUHVK UHS
EUHDN

LFK WY FK 177 WW FK V
FK 1l FK 1) FK 141

T FK 14 1 ZDLW
ZPRYH UHS
ZDGGVWU UHS 7\SH DQ\ NH\ WR FRQWLQXH

ZUHIUHVK UHS
YRLG JHWFK

GHOZLQ UHS

VWDWLF YRLG WUDQVBUHS UHS :,1'2: UHS

OLQLVSHFV UHI 6XE SURFHGXUH RI

LOQW WKIG SLG JUDGH U OLQH
IORDW OLWUHVY FRVW WRWBOLWUHV WRWBFDVK
FKDU WUDQVBUHFRUG>0%$;B7+5/(1 @ JUDGHVWU>0$;*'(675 @

ORFN WUDQVDFWLRQ KLVWRU\
LI WKIG RSHQ 75%$16B+,67 B5':5
SHUURU WUDQVDFWLRQ KLVWRU\ RSHQ
LI IORFN WKIG [/ &.B¢(;
SHUURU WUDQVDFWLRQ KLVWRU\ IORFN

FOHDU ZLQGRZ DQG SULQW KHDGHUV
ZFOHDU UHS
ZPRYH UHS
ZDGGVWU UHS 75%$16%$&7,21 5(3257
ZPRYH UHS
ZDGGVWU UHS 3XPS 1R /ILWUHV '"HOLYHUHG SHWURO *UDGH

ZUHIUHVK UHS

ZKLOH U UHDG WKIG WUDQVBUHFRUG 0$;B7+5/(1
A

LI U

71
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SHUURU2 WUDQVDFWLRQ KLVWRU\ UHDG

WRWBOLWUHYV OLWUHYV DFFXPXODWH OLWUHV
WRWBFDVK FRVW DFFXPXODWH FDVK

SULQW UHSRUW UHFRUG
ZPRYH UHS OLQH
ZSULQWZ UBSI V I SLG OLWUHYV
JUDGHVWU FRVW

ZUHIUHVK UHS

LL OLQH VFUHHQ I1XOO

ZPRYH UHS
ZDGGVWU UHS 7\SH DQ\ FKDUDFWHU WR FRQWLQXH
ZUHIUHVK UHS

YRLG JHWFK ZDLW IRU FKDU

OLQH

ZPRYH UHS

ZFOUWRHRO UHS

ZUHIUHVK UHS

IORFN WKIG /2&. 81

SHUURU& WUDQVDFWLRQ KLVWUR\ IORFN
FORVH WKIG

SHUURU WUDQVDFWLRQ KLVWRU\ FORVH

L

L

SULQW WRWDOV
ZPRYH UHS OLQH
ZSULQWZ UHS=V \Y

ZPRH UHS OLQH
ZSULQWZ UHS | WRWBOLWUHYV
WRWBFDVK

IRU £OLQH OLQH GHOHWH OHIW RYHU OLQHV
AN

ZPRYH UHS OLQH

ZFOUWRHRO UHS

ZUHIUHVK UHS

VWDWLF YRLG VWRFNBUHS UHS :,1'2: UHS
OLQLVSHFV UHI 6XE SURFHGXUH RI
N
LQW FVIG JUDGH L M OLQH
IORDW SULFH VWRFN
FKDU JUDGHBUHFRUGV>1*5$'(6@>*'/(1 0$;35,&(/(1 0$;672&./(1
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FXUUBVWN>0$;B&67. @
JUDGHVWU>0%$;*'(675 @
FFSWU

ORFN FXUUHQW VWRFN DQG UHDG LWV UHFRUGV
LI FVLG RSHQ &855(17B672&. B5':5
SHUURU FXUUHQW VWRFN RSHQ
LI IORFN FVIG /2&. (;

SHUURU FXUUHQW VWRFN IORFN
LI UHDG FVIG FXUU VWN 0$; &67.

SHUURU FXUUHQW VWRFN UHDG
LI IORFN FVIG /2&. 81

SHUURU FXUUHQW VWRFN IORFN
LI FORVH FVIG

SHUURU FXUUHQW VWRFN FORVH

FOHDU ZLQGRZ DQG SULQW KHDGHUV
ZFOHDU UHS
ZPRYH UHS
ZDGGVWU UHS 672&. 5(3257
ZPRYH UHS
ZDGGVWU UHS SHWURO *UDGH /ILWUHV LQ VWREN BULFH /
ZUHIUHVK UHS

IRU FSWU FXUUBVWN L L 1*5$'(6 L JHW JUDGH UHFRUGYV
AN
IRU M FSWU ?2Qf -WN FSWU 290 M
JUDGHBUHFRUGV>L@>M@ FSWU
JUDGHBUHFRUGV>L@>M @ FSWU
JUDGHBUHFRUGV>L@>M@  1°?

YRLG VVFDQI JUDGH UHFR®IGV>L@ NJUDGH G6WSULFH
6WVWRFN

JHWBJQDPH JUDGH JUDGHVWU

ZPRYH UHS OLQH

ZSULQWZ Ufgv AO | I'S JUDGHVWU
VWRFN SULFH

ZUHIUHVK UHS
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UHFBVWNBGHO F VWRFN GHOLYHU\ PRGXOH

AaLQFOXGH V\V LLOH K!
ALQFOXGH IFQWO Kl!
ALQFOXGH FXUVHYV K!
AaLQFOXGH SXPS K
ALQFOXGH ILOHV K
AaLQFOXGH GLVSOD\ K

YRLG JHWBJQDPH

YRLG UHFRUGBVWNBGHO
‘'LDIJUDP UHI 5HFRUG 6WRFN '"HOLYHU\

LQW FVIG L M JUDGH SRV OLQH
IORDW ROGSULFH QHZVWRFN ROGVWRFN DWRI
FKDU FXUUBVWN>0$:B&67. @
QHZBFVWN>0$;B&67. @
JUDGHBUHFRUGV>1*5%$'(6@>*'/(1 0$;35,&(/(1 0$:672&./(1
JUDGHVWU>0$;*' (675 @
VWRFN>0$;672&./(1 @
FK FSWU VWUQVS
:,1'2: VWNVFU

FUHDWH VWRFN GHOLYHU\ VFUHHQ DQG LQLWLDOLVH LW
VWNVFU QHZZLQ
ZFOHDU VWNVFU
WRXFKZLQ VWNVFU
ZPRYH VWNVFU
ZDGGVWU VWNVFU BWRFN "HOLYHU\
ZUHIUHVK VWNVFU

LI FVIG RSHQ &855(17B67 &. B5':5
SHUURU FXUUHQW VWRFN RSHQ

LI IORFN FVIG [ &.B(; ORFN FXUUHQW VWRFN
SHUURU FXUUHQW VWRFN IORFN

LI UHDG FVIG FXUUBVWN +$%$;B&67. JHW UHFRUGYV
SHUURU FXUUHQW VWRFN UHDG

IRU FSWU FXUUBVWN L L 1*5%$'(6 JHW JUDGH UHFRUGV

AN

IRU M

FSWU 17Q1 FSWU ? M

JUDGHBUHFRUGV>L@>M@ FSWU
JUDGHBUHFRUGV>L@>M @ FSWU
JUDGHBUHFRUGV>L@>M@ 17

ZPRYH VWNVFU OLQH
ZDGGVWU VWNVFU 30HDVH VHOHFW JUDGH

IRU L

AN

.1*5%'(6 L

JHWBJQDPH L JUDGHVWU
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FSWU VWUQVS JUDGHVWU
ZPRYH VWNVFU OLQH
ZSULQWZ VWNVIVU L FSWU
|
ZPRYH VWNVFU OLQH
ZDGGVWU VWNVFU 4 TXLW
ZPRYH VWNVFU OLQH
ZDGGVWU VWNVFU 6HOHFWLRQ
ZUHLUHVK VWNVFU

GR

A
FK JHWFK2
ZPRYH VWNVFU OLQH
ZDGGFK VWNVFU FK
ZUHLUHVK VWNVFU

LLFK ! 17T FK 1*5%'(6 29

AN

JUDGH FK 270

JHW QHZ VWREFEN
ZPRYH VWNVFU OLQH

GLVSOD\ FK

ZDGGVWU VWNVFU B30OHDVH HQWHU OLWUHY GHOLYHUHG

ZUHIUHVK VWNVFU

IRU SRV L FK  JHWFK2

AN

LI FK! FK » FK

AN

LI FK  (5$6(

AN
ZDGGFK VWNVFU FK
ZUHIUHVK VWNVFU
VWRFN>L @ FK

SRV

!

HOVH
LI Lt

AN

2Uf9

T .. FK (5%$6(

ZDGGFK VWNVFU FK

ZUHIUHVK VWNVFU

2L
2 SRV

!
!
VWRFN>L@ 721

YRLG VVFDQI JUDGHBUHFRUQ®PIJUDGH@

LI QHZVWREN DWRI VWRFN

IWROGSULFH

IWROGVWRFN

., QHZVWRFN ROGVWRFN !
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ZPRYH VWNVFU OLQH SRV
ZDGGVWU VWNVFU ,QYDOLG GHOLYHU\
ZDGGVWU VWNVFU 7\SH DQ\ NH\ WR FRQWLQXH
ZUHIUHVK VWNVFU
YRLG JHWFK4
|
HOVH FKDQJH VWRFN
YRLG VSULQW JUDGHBUHFRUGVY >PQDGH@
JUDGH ROGSULFH
ROGVWRFN QHZVWRFN
ZPRYH VWNVFU OLQH
ZFOUWRHRO VWNVFU
ZUHIUHVK VWNVFU
|
HOVH
LIFK T FK 979
AN
©PRYH VWNVFU OLQH
ZDGGVWU VWNVFU ,QYDOLG FKRLFH
ZUHIUHVK VWNVFU

' ZKLOH FK ITY FK 1T1

GHOZLQ VWNVFU GHOHWH VWRFN FKDQJH ZLQGRZ

IRU L L 0$;B&67. L FOHDU QHZBFVWN
QHZBFVWN>L@ 12 1

RU L L 1*5%'(6 L FRS\ QHZ UHFRUGYV

VWUFDW QHZBFVWN JUDGHBUHFRUGV>L@

L L VWUOHQ QHZBFVWN 0$;B&67.
ZKLOH L 0$:B&67. SDG QHZBFVWN
QHZBFVWN>L @ 1

QHZBFVWN>L@ 17 9

LI OVHHN FV G ORQJ
SHUURU FXUUHQW VWRFN OVHHN

LI ZULWH FVIG QHZBFVWN 0$;B&67. ZULWH QHZ UHFRUGYV
SHUURU FXUUHQW VWRFN ZULWH

LI IORFN FVIG [/ &.B81 XQORFN VWRUH
SHUURU FXUUHQW VWRFN IORFN

LI FORVH FVIG
SHUURU FXUUHQW VWRFN FORVH
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PRPVWN F SURFHVV WR PRQLWRU VWRFN OHYHOV DQG ZDUQ \
JUDGHYV IDOOV EHORZ D WKUHVKROG YDOXH

AaLQFOXGH V\V ILOH K!
AaLQFOXGH VLJQDO K!
ALQFOXGH IFQWO K!
ALQFOXGH XQLVWG K!
ALQFOXGH ILOHV K
AaLQFOXGH SXPS K
AaLQFOXGH GLVSOD\ K

AGHILQH 7+5(6+2/"
AGHILQH IRUHYHU IRU

VWDWLF YRLG FDWFKBGHO
VWDWLF LQW ZDUQHG>1*5%"'(6@

PDLQ
'LDJUDP UHI ORQLWRU 6WRFN
N
LQW FVIG GSIG L M
IORDW VWRFN
FKDU JUDGH UHFRUGV>1*5$'(6@>*'/(1 0$;35,&(/(1 0$;672&./(1 @
FXUUBVWN>0$;B&67. @
FSWU
GLVSBSURW GV

LI VLIQDO 6,*8650 FDWFKBGHO FDWFK GHOLYHU\ VLJQDO
SHUURU2 GHOLYHU\ FDWFKLQJ VLJQDO

LI GSIG RSHQ 07'B3,3( B5':5 RSHQ GLVSOD\ SLSH
SHUURU GLVSOD\ SLSH RSHQ

IRU L L 1*5%$'(6 L LQLWLDOLVH ZDUQLQJV
ZDUQHG>L@ 12

IRUHYHU

ORFN FXUUHQW VWRFN DQG UHDG LWV UHFRUGYV
LI FVIG RSHQ &855(17B67 &. B5':5
SHUURU FXUUHQW VWRFN RSHQ
LI IORFN FVIG [/2&. (;

SHUURU FXUUHQW VWRFN IORFN
LI UHDG FVIG FXUUBVWN 0$;B&67.

SHUURU FXUUHQW VWRFN UHDG
LI IORFN FVIG [/ &. 81

SHUURU FXUUHQW VWRFN IORFN
LI FORVH FVIG

SHUURU FXUUHQW VWRFN FORVH

JHW JUDGH UHFRUGV
IRU FSWU FXUUBVWN L .1*58%'(6 L
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IRU M FSWU 17Q MWW FSWU 17? M
JUDGHBUHFRUGV>L@>M@ FSWU

JUDGHBUHFRUGV>L@>M @ FSwWU

JUDGHBUHFRUGV>L@>M@ 17 9

YRLG VVFDQI JUDGHBUHFRUGY 3L@ IWVWRFN
LI VWREN 7+5(6+2/"
N
ZDUQ RQFH RQO\
LI ZDUQHG>L@ +2
GV GLVSBW\SH :$51
YRLG VSULQWI GV EGIIHW
LI ZULWH GSIG IWGV VL]JHRI GLVSBSURW
VL]JHRI GLVSBSURW
SHUURU& GLVSOD\ SLSH ZULWH

ZDUQHG>L@ <(6

'LDJUDP UHI &ORFN
VOHHS 02 HYHU\ VHFRQGV

VWDWLF YRLG FDWFKBGHO

N
LQW L
VLIJQDO 6,*8650 FDWFKBGHO

IRU L L 1*5%'(6 L UHVHW ZDUQLQJV
ZDUQHG>L@ 12
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PRQ SXPS F SURFHVV IRU PRQLWRULQJ SXPS RSHUDWLRQ

SLG IRU WKH SXPS VLPXODWRU SURFHVYV

©LQFOXGH V\V LLOH KI!
©OLQFOXGH VLJQDO K!
©OLQFOXGH LFQWO K!
OLQFOXGH XQLVWG K!
©OLQFOXGH HUUQR K!
©OLQFOXGH VWULQJ K!
©OLQFOXGH FXUVHYV K!
©OLQFOXGH SXPS K
©OLQFOXGH ILOHV K
©LQFOXGH GLVSOD\ K

©GHILQH IRUHYHU IRU

VWDWLF LQW SHQGBUHT HHQW VWRUH IRU SHQGLQJ UHTXHVW
SXPSBLGOH <(6 HYHQW VWRUH IRU SXPS VWDWXYV
GHOBFRPS 12 VIQF 10DJ IRU GHOLYHU\ FRPSOHWH
WDQVBUHF 12 V\QF 10DJ IRU KLVWRU\ XSGDWHG

GHOLYHU\ 12 IODJ IRU GHOLYHU\ GLVEDOHPHQW
VWDWLF LQW SSIG ILOH GHVFULSWRU

&SIG ILOH GHVFULSWRU

VLIBQXP VLIQDO LGHQWLILHU

PDVN VLQJDO PDVN

SXPSLGQR SXPS LGHQWLW\ QXPEHU

SXPSSLG SLG IRU SXPS SURFHVYV

WDWLF IORDW JGHBSULFHJUDGH SULFH IRU UHFHLSW SULQWHU

FXUUHQW WUDQVDFWLRQ DQG ODVW WUDQVDFWLRQ VWRUHV

VWDWLF FKDU FXUUBWUDQV>0%$;B7+5/(1 @
ODVWBWUDQV>0%;B7+5/(1 @

VWDWLF YRLG FDWFKBUHT
UHTBVHUY
FDWFKBEXWWRQ
JHWBEXWWRQ
FDWFKBUHFHLSW
SUBUHFHLSW
FDWFKBGHOLYHU\
JHWBGHOLYHU\
FKHFENBSXPSBVWDWXYV
UHFBWUDQV
XSGDWHBWUFLQVBKLVW

YRLG PDLQ DUJF DUJY LQW DUJF
FKDU DUJY'

FKDU SLQ>0%$;B3,3B1$0 0$; 3,'/(1 @

LI DUJH

AN

IRU SXPS SLSH
IRU GLVSOD\ SLSH

5HF
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SULQWI V 7RR IHZ DUJXPHQWV?Q DUJY> @
H[LW O

LI VLIQDO 6,*8650 FDWFKBUHT FDWFK UHTXHVWYV
SHUURU UHTXHVW FDWFKLQJ VLIQDO

LI VLIQDO 6,*865 FDWFKBEXWWR@EDWFK EXWWRQ SUHVVHYV
SHUURU EXWWRQ FDWFKLQJ VLIQDO

LI VLIJQDO 6,*)3( FDWFKBUHFHLSWFDWFK UHFHLSW UHTXHVW
SHUURU UHFHLSW FDWFKLQJ VLJQDO

LI VLIQDO 6,*7(50 FDWFKBGHOLYHU\ FDWFK GHOLYHULHV
SHUURU GHOLYHU\ FDWFKLQJ VLJQDO

VHW XS VLJQDO PDVN
PDVN
PDVN VLIJPDVN 6,*8650
PDVN VLIPDVN 6,*865
PDVN VLIPDVN 6,*)3(
PDVN _ VLJPDVN 6,*7(50

SXPSLGQR DWRL DUJY>0@ JHW SXPS LG QR
SXPSSLG DWRL DUJY> @ JHW SXPS VLPXODWRU SLG

VSULQWI SHWV 370B3,3( DUJY>O@RSHQ SLSH WR SXPS
LI SSIG RSHQ SLQ B5':5
SHUURU SXPS LQSXW SLSH RSHQ

LI GSIG RSHQ 07'B3,3( B5':5 RSHQ GLVS SLSH
SHUURU GLVSOD\ SLSH RSHQ

IRUHYHU
AN
VLISDXVH 2 ZDLW IRU VHUYLFH UHTXHVW
VZLWFK VLIBQXP
AN
FDVH 6,865 UHTBVHUY
EUHDN
FDVH 6,865 JHWBEXWWRQ
EUHDN
FDVH 6,*)3( SUBUHFHLSW
EUHDN
FDVH 6,*7(50JHWBGHOLYHU\
EUHDN

VWDWLF YRLG FKHFENBSXPSBVWDWXV

'LDJUDP UHI &KHFN 3XPS 6WDWXV
GLVSBSURW GV

YRLG VLIEORFN PDVN PDVN VLJQDOV
LI SXPSBLGOH <(6
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‘'LDJUDP UHI 6WDUW 7KH SXPS
LI NLOO SXPSSLG 6,*865 VWDUW SXPS
SHUURU2 HQDEOH SXPS NLOO

a WXUQ SXPS OLJKW RII

GV GLVSBW\SH /,*+7

YRLG VSULQW GV EX3IHG SXPSLGQR 2))

LI ZULWH GSIG $GV VL]HRI GLVS SURW VLIHRI GLVSBSURW
SHUURU GLVSOD\ SLSH ZULWH

AaFKDQJH SXPS VWDWXV

GV GLVSBW\SH $&79(

YRLG VSULQWI GV EXIIHGB SXPSLGQR <(6

LI ZULWH GSIG $GV VL]HRI GLVSBSURW VLIHRI GLVSBSURW
SHUURU GLVSOD\ SLSH ZULWH

SXPSBLGOH 12
SHQGBUHT 12
UHFBWUDQV

[

HOVH

AN

XSGDWHBWUDQVBKLVW

LI SHQGBUHT  <(6 $$ GHOLYHU\ 12
AN
'LDJUDP UHI 6WDUW 7KH SXPS a
LI NLOO SXPSSLG 6,865 a VWDUW SXPS
SHUURU& HQDEOH SXPS NLOO

awXxXuQ SXPS OLJKW RII

GV GLVSBW\SH [/,*+7

YRLG VSULQWI GV EXGIIHWB SXPSLGQR 2))

LI ZULWH GSIG $GV VL]HRI GLVSBSURW VL]HRI GLVSBSURW
SHUURU GLVSOD\ SLSH ZULWH

AaFKDQJH SXPS VWDWXYV 2

GV GLVSBW\SH $&79(

YRLG VSULQWI GV EX3@f@u SXPSLGQR <(6

LI ZULWH GSIG $GV VL]HRI GLVSBSURW VLIHRI GLVSBSURW
SHUURU GLVSOD\ SLSH ZULWH

SHQGBUHT 12
UHFBWUDQV
!
HOVH
AN
AaFKDQJH SXPS VWDWXYV
GV GLVSBW\SH $&79(
YRLG VSULQW GV EXAfBU SXPSLGQR 12
LI ZULWH GSIG $GV VL]JHRI GLVSBSURW  VL]JHRI GLVSBSURW
SHUURU GLVSOD\ SLSH ZULWH
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SXPSBLGOH <(6

NHHS OLJKW RQ LI SHQGLQJ UHTXHVW
LI SHQGBUHT <(6
A
FWXUQ SXPS OLJKW RQ
GV GLVSBW\SH [,*+7
YRLG VSULQWI GV EXGIIHGB SXPSLGQR 21
LI ZULWH GSIG IWGV VL]HRI GLVSBSURW VL]HRI GLVSBSURW
SHUURU GLVSOD\ SLSH ZULWH

VWDWLF YRLG UHFBWUDQV
‘LDIJUDP UHI 5HFRUG 7TUDQVDFWLRQ

FKDU JUDGHBUHFRUGV>1*5%$'(6@>*'/(1 0$;35,&(/(1 0$;672&./(1 @
FXUUBVWN>0$:B&67. @
QHZBFVWN>+$:B&67. @
WRWDO>0$; 3/(1 @
SXPSLG
$FSWU
LQW FVIG SHWBJGH L M
IORDW OLWBGHO ROGVWRFN
GLVSBSURW GV

YRLG VLIJEORFN PDVN PDVN VLIJQDOV
FOHDU FXUUBWUDQV

IRU L L 370B/(1 0$;B3/(1 O L
FXUUBWUDQV>L@ 1?7 9

ZKLOH UHDG SSIG FXUUBWUDQV 370B/(1 UHFHLYH 7' t
AN
LI HUPR  (,175 FRQWLQXH DIWHU LQWHUXSW
FRQWLQXH
HOVH

SHUURU& SXPS SLSH UHDG
|
VV &FPI FXUUBWUDQYV IWBXPSLG IWSHWBJGH NOLWBGHO

LI FVIG RSHQ &855(17B67 &. B5":5
SHUURU FXUUHQW VWRFN RSHQ

LI IORFN FVIG [ &.B(; ¥ ORFN FXUUHQW VWRFN
SHUURU FXUUHQW VWRFN IORFN

ZKLOH UHDG FVIG FXUUBVWN O0$;B&67. JHW VWRUH UHFRUGYV
LI HUPR (,175 FRQWLQXH DIWHU LQWHUXSW
FRQWLQXH
HOVH
SHUURU FXUUHQW VWRFN UHDG
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IRU FSWU FXUUBVWN L .1*5%'(6 L JHW JUDGH UHFRUGV
A
IRU M FSWU 17019 FSWU 172 M
JUDGHBUHFRUGV>L@>M@ FSWU
JUDGHBUHFRUGV>L@>M @ FSwWU
JUDGHBUHFRUGV>L@ >M@ 21

YRLG VVFDQI JUDGHBUHFRUGWG*PHWBIGW@GHBSULFH
IWROGVWRFN
YRLG VSULQWI JUDGHBUHFRUCGCPSHWBIGH)@ SHWBJGH
JGHBSULFH ROGVWRFN OLWBGHO

LRU L L 0$;B&67. L FOHDU QHZBFVWN
QHZBFVWN>L@ 29
IRU L .1*5%'(6 L FRS\ QHZ UHFRUGV

VWUFDW QHZBFVWN JUDGHBUHFRUGV>L@

LI L VWUOHQ QHZBFVWN 0$;B&67.
ZKLOH L 0%$:B&67. SDG QHZBFVWN
QHZBFVWN>L @ 1
QHZBFVWN>L@ 17 1

LL OVHHN FVIG ORQJ 2
SHUURU FXUUHQW VWRFN OVHHN

LI ZULWH FVIG QHZBFVWN 0%;B&67. ZULWH QHZ UHFRUGYV
SHUURU FXUUHQW VWRFN ZULWH

LI IORFN FVIG [/ &.B81 XQORFN FXUUHQW VWRFEN
SHUURU FXUUHQW VWRFN IORFN

LI FORVH FVIG
SHUURU FXUUHQW VWRFN FORVH

FRQFDW WRWDO WR SD\ LQ SRXQGV
YRLG VSULQWI WRWDO I JGHBSULFH OLWBGHO
YRLG VWUFDW FXUUBWUDQV WRWDO

GLVSOD\ FXUUHQW WUDQVDFWLRQ

GV GLVSBW\SH 75%$16

YRLG VWUFS\ GV EXIIHU FXUUBWUDQV

LI ZULWH GSIG IWGV VL]HRI GLVSBSURW VL]HRI GLVSBSURW
SHUURU GLVSOD\ SLSH ZULWH

WXUQ SXPS OLJKW RQ

GV GLVSBW\SH [,*+7

YRLG VSULQWI GV EXBMEU SXPSLGQR 21

LI ZULWH GSIG GV VL]HRI GLVSBSURW VL]I]HRI GLVSBSURW
SHUURU GLVSOD\ SLSH ZULWH

VRXQG FRQVROH EHOO
GV GLVSBW\SH % (/1
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VWDWLF YRLG FDWFKBUHT
AN
LO VLIJQDO 6,*8650 FDWFKBUHT
SHUURU UHTXHVW FDWFKLQJ VLJQDO

VLIBQXP 6,*865

VWDWLF YRLG UHTBVHUY
‘'LDJUDP UHI S5HTXHVW 6HUYLFH

GLVSBSURW GV

SHQGBUHT <(6
LI SXPSBLGOH  <(6
VAN
WXUQ SXPS OLJKW RQ
GV GLVSBW\SH /,*+7
YRLG VSULQWI GV EX3IHU$ SXPSLGQR 25
LI ZULWH GSIG IWGV VL]HRI GLVSBSURW VLIHRI GLVSBSURW
SHUURU GLVSOD\ SLSH ZULWH

VRXQG FRQVROH EHOO
GV GLVSBW\SH % (//

LI ZULWH GSIG IWGV VL]HRI GLVSBSURW VLIHRI GLVSBSURW
SHUURU GLVSOD\ SLSH ZULWH

VWDWLF YRLG FDWFKBEXWWRQ

AN

LI VLIQDO 6,*865 FDWFKBEXWWRQ
SHUURU EXWWRQ FDWFKLQJ VLJQDO

VLIBQXP 6,*865

VWDWLF YRLG JHWBEXWWRQ

N

FDWFK HUURQRXV EXWWRQ SUHVVHYV
LI SXPSBLGOH <(6 WIW SHQGBUHT <(6 WIW GHOLYHU\ 12
w SXPSBLGOH 12 WiwW GHOBFRPS <(6

FKHFENBSXPSBVWDWXV
VWDWLF YRLG FDWFKBUHFHLSW

LI VLIQDO 6,*)3( FDWFKBUHFHLSW
SHUURU UHTXHVW FDWFKLQJ VLJQDO

VLIBQXP 6,*)3(
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VWDWLF YRLG SUBUHFHLSW
‘'LDJUDP UHL

GLVSBSURW GV
FKDU JUDGH
OLWUHV>/7/(1 @

LL WUDQVBUHF <(6 VIQFKURQLVH DQG FDWFK HUURUYV
A
WUDQVBUHF 12 UHVHW VAQFKURQLVDWLRQ I0ODJ
YRLG VVFDQI ODVWBWRNOQV IWJUDGH OLWUHYV

SULQW UHFHLSW

GV GLVSBW\SH 5(&37

YRLG VSULQWI GV EXIIMU JUDGH JGHBSULFH OLWUHYV

LI ZULWH GSIG LGV VL]HRI GLVSBSURW VL]IHRI GLVSBSURW
SHUURU GLVSOD\ SLSH ZULWH

VWDWLF YRLG FDWFKBGHOLYHU\
A
LI VLIQDO 6,*7(50 FDWFKBGHOLYHU\
SHUURU GHOLYHU\ FDWFKLQJ VLJQDO

VLIBQXP 6,*7(50

VWDWLF YRLG JHWBGHOLYHU\
A
LI GHOLYHU\ 12 VHW GHOLYHU\ IODJ RQ VW LQWHUUXSW
GHOLYHU\ <(6
HOVH XQVHW LW RQ WKH VHFRQG
GHOLYHU\ 12



%
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SXPS F SURFHVV WR VLPXODWH D SXPS RSHUDWLRQ 5HFHLYHV W

WKH SXPS PRQLWRULQJ SURFHVV

ALQFOXGH IFQWO K!

AaLQFOXGH VWULQJ K!
AaLQFOXGH VLJQDO K!
ALQFOXGH HUUQR K!

ALQFOXGH SXPS K

8GHILQH IRUHYHU IRU

YRLG FDWFKBHQE

YRLG PDLQIDUJF DUJY LQW DUJF

N

FKDU DUJY'

LQW L VHQG SFJH OLWUHV PSRBSLG
XQVLJQHG VKRUW UDQGO> @ UDQG > @
ORQJ QUDQG
GRXEOH HUDQG
FKDU SLSBQDPH>0$;B3,3B1$0 0$; 3,'/(1 @
SFHFKJH>3&(&+*/(. @
RXW EXI1>370B/(1 @

LI DUJF

N
SULQWI 7RR IHZ DUJXPHQWV?Q DUJY> @
HLW

LI VLIQDO 6,*865 FDWFKBHQE FDWFK HQDEOLQJ VLJQDO
SHUURU& HQDEOHPHQW FDWFKLQJ VLJQDO

PDNH XS SLSH WR PRQLWRU QDPH DQG RSHQ LW
YRLG VSULQWI SLSBAYDPH370B3,3( DUJY>0@
LI VHQG RSHQ SLSBQDPH B5':5

SHUURU SXPS RXWSXW SLSH RSHQ

PDNH XS SLSH IURP SULFH FKDQJH DQG RSHQ LW
YRLG VSULQWI SLSBNDPH373B3,3( DUJY>0@
LI SFJH RSHQ SLSBQDPH B5':5_ B.'(/$<

SHUURU SULFH FKDQJH SLSH RSHQ

IRU L L L LQLWLDOLVH VHHG IRU QUDQG
UDQGO>L@ UDQG >L@ DWRL DNHHGQA®@® IRU SXPS

PSRBSLG DWRL DUJY> @ JHW PRQLWRU SURFHVVYIV SLG
VOHHS XQVLJQHG ZDLW IRU DOO SURFV WR FRPH WR OLIH
IRUHYHU

AN

ZDLW IRU FXVWRPHU
VOHHS XQVLJQHG QUDQG UFLQGO
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LL NLOO PSRBSLG 6,*865 UHTXHVW VHUYLFH
SHUURU SXPS WR PRQLWRU NLOO

SDXVH ZDLW XQWLO VHUYLFH LV JUDQWHG

OLWUHV LQW QUDQG UDQG PD[ GHO

LL OLWUHV PLQ GHOLYHU\ oLW
OLWUHV

VOHHS 02 ZDLW IRU GHOLYHU\

PDNH XS WUDQVDFWLRQ GHWDLOV DQG VHQG LW
YRLG VSULQWI RXWBEGXII DUJY>O0O@ OLWUHV 1*58%'(6
IORDW OLWUHYV HUDQG UDQG

IRU L VWUOHQ RXWBEXII L 370B/(1 L
RXWBEXII>L@ 71

RXWBEXII>L@ 1 1

LI ZULWH VHQG RXWBEXIlI 370B/(1 VHQG 7'
SHUURU SXPS SLSH ZULWH

UHDG SULFH FKDQJHV LI DQ\
LI UHDG SFJH SFHFKJH 3&(&+*/(1
LI HUUQR (: 8/'"%/ &.
SHUURU SXPS SULFH FKDQJH SLSH UHDG

VWDWLF YRLG FDWFKBHQE

AN

VLIQDO 6,*8650 FDWFKBHQE
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PLVF F PRGXOH KROGLQJ PLVFHOODQHRXV IXQFWLRQV
LQFOXGH VWULQJ K!

YRLG JHWBJQDPH JUDGH VWULQJ LQW JUDGH
FKDU aVWULQJ

N

VZLWFK JUDGH

AN

FDVH YRLG VWUFS\ VWULQJ GLHVHO
EUHDN

FDVH YRLG VWUFS\ VWULQJ VWDU
EUHDN

FDVH YRLG VWUFS\ VWULQJ XQOHDGHG
EUHDN

GHIDXOW SULQW *UDGH VWULQJ HUURU?Q
EUHDN

FKDU VWUQVS VWULQJ FKDU avVWULQJ

N

ZKLOH VWULQJ 79 _ avwuLQJ, 2YWULQJ - ?Q-
aaywuLQJ

UHWXUQ VWULQJ



$SSHQGL[ &

'LDJUDP 6\QWD[ 5X0OHYV

& O 2YHUYLHZ

&KDSWHU EULHIO\ GLVFXVVHG WKH VIQWD[ IRU WKH GLD
QRWDWLRQ 7KH ILUVW VHFWLRQ EHORZ JLYHV DQ DEVW
WKLV QRWDWLRQ 7KH IROORZLQJ VHFWLRQ JLYHV D FR(
D WH[WXDO ODQJXDJH IRU GHVFULELQJ WKH GLDJUDPYV

GHVFULSWLRQ LV DOVR LQFOXGHG

& $Q $EVWUDFW 6YQWD]

7KH DEVWUDFW V\QWD[ RI D VHW RI| VSHFLILFDWLRQ GLD/J
VHWY 7KH VHW UHSUHVHQWDWLRQ GRHV QRW KRZHYHU
RQ OHJDO VSHFLILFDWLRQV $ VHW RI ORJLF SUHGLFD\
GHILQH D VHW RI OHJDO VSHFLILFDWLRQ GLDJUDPV

7KH GLDJUDP VHW RI D &3SH&LLVFDWIDR@ FRQVLVWLQJ
&RQWH[W 'LRIUDRG D VHW RI GLDJUDP QHWZRUNYV

'63(& &'1

$ &RQWH[W 'LDJUDP FRQVLVWYV RI WKH &RQWH[W 'DWD
&RQWH[W (YHQW )ORZ 'LDJUDP

&' &"')" & ()
ZKHUH

DQG
& ()" 6S (7 &()
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ZKHUHS 7KH VA\VWHP SURFHVV QDPH
"7 7KH VHW Rl GDWD WHUPLQDWRU QDPHYV

&') "&' &' A&'IV &'IG &'1O

ZKHU&' IV ¥KH QDPH RI WKH FRQWH[W GDWD IORZ-V VRX
&'1G 7KH QDPH Rl WKH FRQWH[W GDWD IORZ-V GHV
&'10 7KH FRQWH[W GDWD IORZ-V ODEHO

(7 *7KH VHW Rl HYHQW WHUPLQDWRU QDPHV DQG

&() "~&)&) & (IV&(I1G& (1O

ZKHU&(1IV 7KH QDPH RI WKH FRQWH[W HYHQW IORZ-V VR]
& (1G 7KH QDPH Rl WKH FRQWH[W HYHQW IORZ-V GHYV
& (10 7KH FRQWH[W HYHQW IORZ-V ODEHO

$ GLDJUDP 'OHYHOV D WXSOH
1 At AIQ O U)C) B &

ZKHUHR 7KH GLDJUDP OHYHO:-V QDPH

vy '3 "6 ')

()’ (3 (66& ()DQG

68&" "6 66 6Q 21 2))
ZKHUB  7KH VHW RI ')’ SURFHVV QDPHYV

'6 7KH VHW RI GDWD VWRUH QDPHYV

) A Y IGO0

ZKHUHYV 7KH QDPH RI WKH GDWD IORZ:-V VRXUFH
"1 G 7KH QDPH RI WKH GDWD IORZ:-V GHVWLQDWLRQ
'"I0O ¥KH GDWD IORZ-V ODEHO

(3 37KH VHW RI ()" SURFHVV QDPHV

(6 7KH VHW RI HYHQW VWRUH QDPHYV

6 & 7KH VHW RI VIQFKURQLVDWLRQ V\PERO QDPHYV

() ~C v o(re (1o

ZKHUHYVY 7KH QDPH RI WKH HYHQW IORZ:-V VRXUFH
(I 7KH QDPH RI WKH HYHQW IORZ:-V GHVWLQDWLR(

1 (10 ¥KH HYHQW IORZ-V ODEHO

6Q SKH VXEVA\VWHP QDPH
21 37KH VHW RI VXEV\VWHP HQDEOHPHQW HYHQW QDPH\

2)) 7KH VHW RI VXEV\VWHP GLVDEOHPHQW HYHQW QDP

& 5XOHV )RU 7KH &RQWH[W 'LDJUDP

IROORZLQJ SUHGLFDWHV D VXJDUHG V\QWD[ LV XVHG
9G.')" VWDQGVGRW.' P ! DQG
Q.1" VWDQGVQRQ.l $

,Q WKH
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7KHUH LV RQH DQG RQO\ RQH GLDJUDP LQ WKH VHW RI
ZLWK WKH V\VWHP SURFHVV QDPH

%LQ1l*Q /Q6S
ZKHUH WKH Q /Q LV XVHG WR GHQRWH WKH /Q PHPEHU

LQGLFDWHY RAKHUMQIGV RQO\ RQH
7KHUH DUH VRPH WHUPLQDWRUV ZKLFK FRPPXQLFDWH

17 FMI$ (7

ZKHUHGHQRWHVY WKH HPSW\ VHW DQG LQGLFDWHV QHJI
$ FRQWH[W GDWD IORZ FDQQRW FRQQHFW D QRGH WR

9G ®%') G &'IV A G &'IG

$ FRQWH[W GDWD IORZ FDQQRW GLUHFWO\ FRQQHFW

9G & ') G & *I'VT $ G &'IG'7

(YHU\ FRQWH[W GDWD IORZ FRQQHFWYV WKH V\VWHP SU|

9G & ') G & *I'VV $ G& 'IG 6S
9 G& 'IV $6 &'IG'7

(YHU\ GDWD WHUPLQDWRU LV FRQQHFWHG WR WKH V\\

9L *7 G & ') G & 'IV9 GW'IGW

$00 &')' QDPHV DUH XQLTXH
9L *7 9G ®')9G* &') "W 6ESS W “ G &'IO
$G &'I0 “$®S&'1I0 “ G- &'10

7KHUH LV RQO\ RQH GLDJUDP ODEHOOHG ZLWK WKH V\!
WKH GDWD IORZV RI WKH &RQWH[W 'LDJUDP DSSHDU RQ

%LQ1*Q /Q $8SG &)
G &'Inv'7 @
%LGQ*')' ') O3Q ')' '3
G ,QKHULWH&' S

$ G &'I*G'7 I,
%MGQ *')' ') O3Q ') '3
G DDKHULWHG G &'10
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ZKHUM ')' ') DQG GIG GHQRWH WKH GDWD IORZV DQG WKH S
UHVSHFWLYHO\ RI WKH GDWD IORZ GLDJUDR RHQHWHRUN Q
LV XVHG WR GHQRWH WKH XQFRQQHFWHG HQG RI DQ LQKHUL

$ FRQWH[W HYHQW IORZ FDQQRW FRQQHFW D QRGH WR L

9H & () H & (IV “ H &(1G

$ FRQWH[W HYHQW IORZ FDQQRW GLUHFWO\ FRQQHFW W2

9H* & ()A H &*((¥$ H & (IG(7

(YHU\ FRQWH[W HYHQW IORZ FRQQHFWV WKH V\VWHP SUR
QDWRU
OH* & () H & (W $ H & (1G6S
9 H &(IV $ @S & (IFG(7

(YHU\ HYHQW WHUPLQDWRU LV FRQQHFWHG WR WKH V\VW

OW '7 H &() H &(IW H & (IG W

$00 &()' QDPHV DUH XQLTXH
9LH (7 H H &(*)&H) W A$6vB “ H & (1O
$H &(10O BHER (1O “ H &(1O

7KHUH LV RQO\ RQH GLDJUDP ODEHOOHG ZLWK WKH V\VW|
DOO WKH HYHQW IORZV RI WKH &RQWH[W 'LDJUDP DSSHDU

GLDJUDP
P *1 Q /Q6S$9H* & ()
H &(bV(7 @
LH Q@ ()" () O ()" (3
H , QKHULWHG S H & (1O

$AH &(IG ((7 A

LH Q@ )" ") 03 Q@ ()" (3
H S ,QKHULWHG H &(10

& 5XOHV )RU +LHUDUFK\ /HYHOV

7KH QDPH RI D GQDUYDWKH QDPH RI D KLJKHU OHYHO &
ZKLFK FDQ EH WKH V\VWHP SURFHVV

9Q* 1 Q* 1 /Q*Q ')' '39 N 6S

























































