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SUREOHPRQR¥HQWLRQDO SRZHU VXEVWDWLRQV
JHDWXUHV Rl DQ LQWHOOLJHQW VXEVWDWLRQ
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&/3 SREMWWUDQVPLVVLRQ V\VWHP
ODLQWAFH SKLORVRSK)\
ORQLWRUIN®IJVXEVWDWLRQV
&RQFHSW Rl GLVWULEXWHG PRQLWRULQJ
'HWDV RI WKH PRQLWRULQJ V\VWHP
6\WWHP KDUGZDUH
6RIWZDUH
6\WVWHP SHUIRUPDQFH
$GYDQWDJHV Rl WKH V\VWHP
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6\WVWHP LPSOHPHQWDWLRQ
7KHUHPRWH YLVLRQ V\VWHP
,OOXPLQDWLRQ OHYHO GHWHFWLRQ
,QWUXGHU GHWHFWLRQ
)LUH DODUP JRQH GHWHEWLRQ

Q



&KDSWHU

9
) XTI
) X1\
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VHWY DQG SURSHUWLHYV

H[SHUW V\VWHPYV

$SSOLFDWLRQ LQ FDSDFLWRU VZLWFKLQJ

&KRLFH RI FRQWURO YDULDEOH
'LVFUHWH DQG FRQWLQXRXV DFWXDWLRQ
)X]]\ FRQWURO

)X]]JLILFDWLRQ

7KH UXOH EDVH

7KH LQIHUHQFH HQJLQH DQG GHIX]]JLILFDWLF
+DUGZDUH GHVLJQ

3HUIRUPDQFH RI FRQWUROOHU

$SSOLFDWLRQ LQ KDUPRQLF ORDG UHFRJQLWLRC

+DUPRQLFV SDWWHUQV RI VIVWHP ORDG YV
&RQFHSW RI IX]]\ QXPEHUYV

7KH KDUPRQLFV WHPSODWHV

)X]]\ QXPEHU UHSUHVHQWDWLRQ RI KDUPRQL
BHWWLQJ XS WKH IX]]\ OLQHDU HTXDWLRQV
BROYLQJ WKH IX]]\ HTXDWLRQV E\ RSWLPLVD
OHDVXUHPHQWY RQ VLWH DQG UHFRJQLWLR
+DUPRQLFV SROOXWLRQ LQGLFDWRU

SHODWLRQVKLS ZLWK LQWHOOLJHQW VXE VWDWL
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SHDO WLPH IUHTXHQF\ DQG KDUPRQLF HYDOXDW |

1RQ OLQHDU OHDVW VTXDUHYV
IHXUDO QHWZRUN IRUPXODWLRAQ
ORGHO YDOLGDWLRQ E\ VLPXODWLRQ
SHDO DSSOLFDWLRQ RI WKH V\VWHP

&RPSOH[ DUWLILFLDO QHXUDO QHWZRUNYV

&RQYHQWLRQDO $11 IRU UHDO QXPEHUYV
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(YROXWLRQDU\ FRPSXWDWLRQ
ORWRU LQFLSLHQW IDXOW GHWHFWLRQ
7KH PDFKLQH PRGHO
7KH SDUDPHWHU HVWLPDWLRQ
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1XPEHU 3DJH
7DEOH N9 &% 2SHUDWLRQ DW &DVWOH 3HDN
7DEOH N9 &% RSHUDWLRQ DW 7V] :DQ 6KDQ

7DEOH $ 'DWD 6HW ZLWK 1LQH 7UDLQLQJ ([DPSOHYV
7DEOH 1HWZRUN 3DUDPHWHUV RI WKH %XV 1HWZRUN
7DEOH /RDG LQIRUPDWLRQ RI WKH /RDG )ORZ 6WXG\
7DEOH 7UDLQLQJ ([DPSOHV IRU WKH /RDG )ORZ BWXG\
7DEOH 7HVW &DVHV IRU WKH /RDG )ORZ 6WXG\

7DEOH 5HVXOWV RI WKH /RDG )ORZ 6WXG\

7DEOH (YDOXDWHG 3DUDPHWHUV IRU 'LIIHUHQW ,QLWLDO
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7KH DXWKRU ZRXOG OLNH WR WKDQN 'U [/ / /DL IRU KLV F
WKH SURMHFW VLQFH LWV FRPPHQFHPHQW LQ 3DUWL
IRU KLV FRQWLQXRXV VXSSRUW DQG FUHDWLYH LGHD RYHL
JLYHQ WR OU 7 0 &KDQ DQG OU 6/ 3DQJ RI &/3 3RZHU IF
LOQVWDOODWLRQ RI WKH V\VWHPV RQ WULDO 7KH DXWKRI
6/ +R DQG 'U & 7 7VH IRU WKHLU LQYDOXDEOH DGYLFH
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7KH DXWKRU KHUHE\ JUDQW SRZHUV RI GLVFUHWLRQ WR '
WKHVLV WR EH FRSLHG LQ ZKROH RU LQ SDUW ZLWKRX)
SHUPLVVLRQ FRYHUV RQO\ VLQJOH FRSLHV PDGH IRU VWX
RI DENQRZOHGJPHQW



& W\ 8QLYHUVLW\ /RQGRQ
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3RZHU VXEVWDWLRQV FDQ EH FRQVLGHUHG WKH PDMRU FF
VA\VWHP LQIOXHQFLQJ WKH UHOLDELOLW\ VHFEXULW\ DQG
LGHD RI LQWHOOLJHQW VXE VWDWLRQV LV WKH PDLQ WK

J)LUVW RI DOO D GLVWULEXWHG PRQLWRULQJ V\VWHP ZDV
DXWRPDWLRQ FRXOG EH UHDOLVHG 7KH PRQLWRULQJ V\V
FRPSRQHQWYV LQVLGH D VXE VWDWLRQ XVLQJ VLPSOH KDU(
7KLV VA\VWHP IRUPHG WKH IRXQGDWLRQ RI DOO VXEVHTXH
W ZDV IXUWKHU GHYHORSHG WR SRVVHVV WZR RXWVWDQ
,(QWHUQHW DFFHVYV 8VLQJ FRPSXWHU YLVLRQ WKH KXPD
ZHUH DEOH WR JHW WKH IXO0O SLFWXUH RI ZKDW KDSSHQ
XQGHU D UHDO WLPH PRGH :LWK ,QWHUQHW DFFHVV UHC
WR DOO SHUVRQQHO FRQFHUQHG ZLWK WKH QRUPDO RSHU
IDXOW DWWHQGDQFH DV ZHOO

'LWK WKLV EDVLF KDUGZDUH DQG VRIWZDUH EHLQJ VXFFH
LQ +RQJ .RQJ DGYDQFHG IHDWXUHV LQYROYLQJ WHFKQ
HPSOR\HG IRU HQKDQFLQJ WKH H[LVWLQJ IXQFWLRQV RI W
ORJLF ZDV H[WHQVLYHO\ DSSOLHG IRU UHDFWLYH SRZHU
UHFRJQLWLRQ 7KH UHVSRQVH DQG DFFXUDF\ RI UHDFWL)
LQ PDLQWDLQLQJ D FRQVWDQW YROWDJH OHYHO RI WKH S|
KDUPRQLFV VLJQDWXUH UHFRJQLWLRQ WKH FRQFHSW RI
WKLV SUREOHP ZDV JHWWLQJ PRUH DQG PRUH VHULRXYV
HIWHQVLYHO\ XWLOLVHG $UWLILFLDO QHXUDO QHWZRUN
VSHFWUD RI WKH SRZHU OLQH ZKLFK FRXOG EH D XVHI:
IXQGDPHQWDO IUHTXHQF\ FRXOG EH HYDOXDWHG RQ D L
QHWZRUNV ZHUH H[WHQGHG IURP WKH FRQYHQWLRQDO UH
JUHDW DSSOLFDWLRQ LQ SRZHU V\VWHP DQDO\VLV )LQDO

00



HWDbWH WKH SDUDPHWHUV RI URWDWLQJ PDFKLQHV GXULC
WKH PRGHP ILHOG RULHQWHG FRQWURO VWUDWHJ\ DFFXU
GHPDQGLQJ ) XUWKHU WR WKDW SDUDPHWHU HVWLPDWL
FRQGLWLRQ EDVHG PDLQWHQDQFH ZKLFK ZDV ZLGHO\ XVH

$V IXWXUH UHVHDUFK ZRUN SUHOLPLQDU\ VWXGLHV RQ V
VXE VWDWLRQV DQG YLUWXDO UHDOLW\ ZHUH FDUULHG R’
LQ WKH FRQFOXGLQJ FKDSWHU $VvV D ILQDO UHPDUN WKH
EH XVHIXO WR DLG WKH VXFFHVVIXO LPSOHPHQWDWLRQ RI

LQ WKH IXWXUH

;000
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7KLV WKHVLV UHSRUWYV UHVHDUFK ZRUNV FDUULHG RXW I
LQWHOOLJHQW SRZHU VXEVWDWLRQV 7KLV FKDSWHU KL
SRZHU VXE VWDWLRQV DQG WKHQ GHVFULEHV WKH HYROX
IHDWXUHV Rl SRZHU VXEVWDWLRQV ZLWK WKH LQWURGXF\
,Q PRGHP SRZHU V\VWHPV WKH PDLQ IXQFWLRQ RI WKH W
WR GHOLYHU EXON SRZHU IURP JHQHUDWLRQ VRXUFHV WR
IDFLOLWLHYV JHQHUDOO\ LQFOXGH VWHS XS WUDQVIRUPHU\
VWDWLRQV DQG VWHS GRZQ WUDQVIRUPHUV 7KH GLVWULE
OLQHV VHUYLFH WUDQVIRUPHU EDQNV DQG VHFRQGDU\
WUDQVPLVVLRQ VIVWHP WKH SRZHU VXEVWDWLRQ RU VZLV
VZLWFKLQJ SRLQW IRU WUDQVPLVVLRQ OLQHV VXE WUDQYV
XS VWHS GRZQ WUDQVIRUPHUV > @ 3ULPDULO\ WKH VX
PD[LPXP UHOLDELOLW\ IOH[LELOLW\ DQG FRQWLQXLW\ RI
HOHFWULFDO HTXLSPHQW LQ D W\SLFDO VXEVWDWLRQ Lt
LVRODWRUYV DQG JURXQG VZLWFKHVY FXUUHQW DQG YROW
UHDFWRUV DQG FDSDFLWRUV EXVHV DQG FDEOHV DQG RW
DUH FORVHO\ UHODWHG WR WKH UHOLDELOLW\ RI D VXEV\
LPSRUWDQW UROH LQ WKH VHFXULW\ DQG TXDOLW\ RI VXS
WR SD\ SDUWLFXODU DWWHQWLRQ WR PDLQWDLQ D JRRG \
WKH HTXLSPHQW 0DQ\ WHFKQRORJLFDO DGYDQFHV KDYH L
DXWRPDWLRQ > @ LQFOXGLQJ WKH LOQOWURGXFWLRQ RI IX
DQG HYROXWLRQDU\ FRPSXWDWLRQ 7KXV WKHUH LV DQ
WR FRQVLGHU WKH DSSOLFDWLRQ RI LQWHOOLJHQW V\VWH
RI LQWHOOLJHQW VXEVWDWLRQV > @ ,Q HVVHQFH DQ L
ZKLFK H[KLELWV LQWHOOLJHQFH ZKHUH LQWHOOLJHQFH L



&KDSWHU |,
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$Q LOQWHOOLJHQW VA\VWHP LV RQH ZKLFK HPSOR\V $, WHFK
UHTXLUHPHQWYV ORUHRYHU LQWHOOLJHQW V\VWHPV DO\
FRPSXWHUV ZLWK WKH DGDSWDELOLW\ DQG DEVWUDFW WK
RI' LQOWHOOLJHQW V\VWHPV WKDW FDQ PRGHO KXPDQ EHKD
IRU \HDUV 6R IDU WKH DSSOLFDWLRQ RI LQWHOOLJHQ\
LPSDFW RQ WKH GLVFLSOLQH RI SRZHU HQJLQHHULQJ > (
RIWHQ UHTXLUH ORJLFDO UHDVRQLQJ KHXULVWLF VHDU
XQFHUWDLQWLHYV 6RPH RI WKH PDLQ DGYDQWDJHV RIIHU

DUH

L DFFXUDWH PDWKHPDWLFDO PRGHO RI WKH WDUJHW

LL VIVWHP SHUIRUPDQFH LV HQKDQFHG VXEVWDQWI

LLL GHVLJQ LV H[FOXVLYHO\ EDVHG RQ WKH OLQJXLVWL

LY OHVV WXQLQJ HIIRUW LV UHTXLUHG

Y GHVLJQ FDQ EH EDVHG RQ WKH UHVSRQVH GDWD LC
NQRZOHGJH

YL JHQHUDOLVDWLRQ LV H[WUHPHO\ JRRG DQG WKXV '

SDUWLFXODU FKDUDFWHULVWLFV RI WKH V\VWHP
YLL DGDSWLYH WR QHZ GDWD RU LQIRUPDWLRQ
YLLL VROXWLRQV WR SUREOHPV ZKLFK DUH LQWUDFWDE
L LQH[SHQVLYH WR LPSOHPHQW
[ HDV\ WR H[WHQG DQG PRGLI\

352%/(06 2) &219(17,21%$/ 32:(5 68%67$7,216

,W VHHPV WKDW HOHFWULF SRZHU VXEVWDWLRQV RSHUDYV
RSHUDWLQJ HYHU\ZKHUH LQ WKH ZRUOG IRU GHFDGHYV +
WKH FXUUHQW RSHUDWLRQ RI PRVW SRZHU VXEVWDWLRQV
VXEVWDWLRQV WRIJHWKHU ZLWK WKH FXUUHQW IHDWXUHYV



&KDSWHU ,

7KH ILUVW PDMRU SUREOHP ZLWK FRQYHQWLRQDO SRZHU
LOQWHUYHQWLRQ 7KH FXUUHQW SUDFWLFH RI SRZHU XWL(
VWDII WR YLVLW VXEVWDWLRQV RQ D UHJXODU DQG DG KR
LV QRW V\WVWHPDWLF HQRXJK WR GLVFRYHU DEQRUPDO \
+RZHYHU VXFK VXUYHLOODQFH LV VWLOO HVVHQWLDO IL
HQVXUH WKH FRPSOHWH LQWHJULW\ RI WKH V\VWHP ,Q I
DQ LQFLGHQW RFFXUULQJ LQ EHWZHHQ WKH WZR YLVLWYV
RI VXE VWDWLRQV LQ WKH FLW\ WKH IUHTXHQF\ RI YLVLW\
ZD\ LW LV FRPPRQ IRU WKH SRZHU FRPSDQLHV WR XVH Wt
DOO WKH QRQ FULWLFDO V\WWHPV VXFK DV YHQWLODWLR!
VXEVWDWLRQV )RU FULWLFDO V\WVWHPV VXFK DV SURWHF
SODQQHG SUHYHQWLYH PDLQWHQDQFH SROLF\ LV FDUULH¢
DGYDQFH LQ WHFKQRORJ\ FRQGLWLRQ EDVHG PDLQWHQD
FDQQRW EH DGRSWHG LQ FRQYHQWLRQDO VXEVWDWLRQV
LQVWDOOHG LQ FHUWDLQ FULWLFDO V\VWHPV ZKHUH WKH
XVLQJ VD\ D FKDUW UHFRUGHU 1HYHUWKHOHVV WKLV L
SURIHVVLRQDOV IURP WKH FRQWURO FHQWUHV 'XW\ VW
VXEVWDWLRQ DQG EULQJ WKH LQIRUPDWLRQ EDFN IRU I
DEQRUPDO VLWXDWLRQ RFFXUV LQ D UHPRWH VXEVWDWLR
FHQWUH DQG RQO\ WKHQ D GXW\ VWDII LV VXPPRQHG WR |
D ORQJ WLPH IURP PLQXWHV WR KRXUV LI D WUDIILF RFFX

BHFRQGO\ WKH LPSRUWDQFH Rl UHPRWH FRQWURO DQG
LPSRUWDQW LQ HQVXULQJ IDVW UHVSRQVH WR ORDG FKDQ
DQG 3RZHU QRZ UHQDPHG DV &/3 3RZHU V\VWHPV DOO W
EH FRQWUROOHG UHPRWHO\ ORVW N9 VZLWFKJHDU KDV
PDQXDO RSHUDWLRQ RI N9 VZLWFKJHDU LV QHFHVVDU\
VLIJQDOV VXFK DV WKDW RI WKH ILUH DQG LQWUXGHU DOTL
FHQWUH 1HYHUWKHOHVV WKH GXW\ VWDII LQ WKH FRQW.L
IURP D IDOVH DODUP WKDW RFFXUV YHU\ IUHTXHQWO\ LQ
ZDVWHG LQ DWWHQGLQJ WKH VLWH DQG FDUU\LQJ RXW WK



&KDSWHU |,

DVXEVWDWLRQ LV XQNQRZQ WR WKH FRQWURO FHQWUH

VKRUW FLUFXLWHG WKDW WKH FRQWURO FHQWUH LV DZDI
RU WKH WULSSLQJ Rl SURWHFWLYH GHYLFHV 5HDO WLPH
GHFLVLRQ PDNLQJ PD\ WKXV EH D VROXWLRQ WR WKHVH ¢

9ROWDJH DQG UHDFWLYH SRZHU FRQWURO DUH MXVW W?Z
VXEVWDWLRQ $W SUHVHQW YROWDJH FRQWURO LV GRQH
S5HDFWLYH SRZHU FRQWURO LV WURXEOHVRPH LQ WKDW L
FRQWURO HQJLQHHU LQ WKH FRQWURO FHQWUH WKURXJK
6\WWHP 6&%'$ RQ D GDLO\ EDVLV 7HFKQLFDO VWDII DI
UHDFWRUV DQG VZLWFK LQ WKH ORFDO FDSDFLWRU EDQN\
SHDN KRXUV ,PSURYHPHQW LQ WKLV DVSHFW LV KLJKO\

$W SUHVHQW DOO UHOHYDQW LQIRUPDWLRQ UHODWHG WE
DUH IHG EDFN WR WKH FHQWUDO FRQWURO FHQWUH WKDW
WR FRQFHUQHG SHUVRQQHO WKXV UHQGHULQJ WKH ERPP
WR WKH DGYDQFHPHQW RI LQIRUPDWLRQ WHFKQRORJ\ QRZ
XVLQJ DQ LQIRUPDWLRQ VXSHUKLJKZD\ LQFOXGLQJ ERWK
DLG RI WKHVH PRGHP V\VWHPV LQIRUPDWLRQ FDQ EH PD¢
ZLWKLQ WKH SRZHU FRPSDQ\ WKHUHE\ VSHHGLQJ XS HQRL
ILQGLQJ DQG IDXOW UHFWLILFDWLRQ

)LQDOO\ WKH LGHD RI RSWLPDO VZLWFKLQJ EDVHG RQ Ul
PRUH DQG PRUH SRSXODU $QRWKHU LVVXH LV WKH JUR
VXEVWDWLRQV RXWJRLQJ IHHGHUV 7KH SUREOHP PD\ FRF
GHIHFWV Rl WKH SRZHU V\VWHP 5HPHGLDO SUHSDUDWL
FRQWURO FHQWUH LI GDWD UHJDUGLQJ WKH SRZHU TXDOI
WKH FRQWURO FHQWUH +RZHYHU VXFK FRQFHSWV LQYR(
EH LPSOHPHQWHG LQ FRQYHQWLRQDO VXEVWDWLRQV



&KDSWHU |,

)($785(6 2) $1 ,17(//,*(17 68%67%$7,21

7R LPSURYH WKH QXPHURXV VKRUW FRPLQJV RI FRQYHQW
GHYHORSPHQW RI D VHULHV RI QHZ V\VWHPV XVLQJ DUWLI
IHDWXUHV Rl WKHVH VXEVWDWLRQV ERWK UHOLDEO\ DQG
VXEVWDWLRQ VKRXOG DW OHDVW SRVVHVV WKH IROORZLQ

L SRZHU V\VWHP SURWHFWLRQ

LL VXSHUYLVRU\ FRQWURO DQG GDWD DFTXLVLWLRQ
LLL VWDWLVWLFDO UHYHQXH PHWHULQJ

LY ORFDO FRQWURO

Y YROWDJH UHJXODWLRQ

YL VWDWLRQ EDWWHU\ PRQLWRULQJ

YLL GLIJLWDO IDXOW UHFRUGLQJ
YLLL VHTXHQFH RI HYHQWYV UHFRUGLQJ
L[ SRZHU TXDOLW\ DQDO\VLYV

6RPH RI WKH UHVHDUFK ZRUN UHODWHG WR LQWHOOLJHQV
$ K\NEULG LQWHOOLJHQW WRRO IRU GLVWULEXWLRQ V\VWHF
QHWZRUNV ZHUH XVHG IRU IDXOW ORFDWLRQ LQ VXEVWDW
ZHUH DOVR XVHG WR GHWHFW DQG FODVVLI\ IDXOWV LQ SF
VI\VWHP IRU SRZHU V\VWHP IDXOW GLDJQRVLV ZDV DOVR G
ZHUH FRQVWUXFWHG WR LPSURYH WKH SURWHFWLRQ DEL
FRQWURO RI WKH FRROLQJ SXPSV RI ODUJH WUDQVIRUPFE
QHWZRUN EDVHG SDUWLDO GLVFKDUJH PRQLWRULQJ V\VWt
Rl D JDV LQVXODWHG VZLWFKJHDU > @ 7HFKQLTXHV XVLC
PRGHOOLQJ DQG IRUHFDVWLQJ KDV EHHQ UHSRUWHG DV Z

,Q VXPPDU\ VXFFHVVIXO DSSOLFDWLRQV RI LQWHOOLJHQV
RSHQ WKH GRRU WR D QHZ FKDOOHQJLQJ ILHOG 7KLV WK
RI DUWLILFLDO LQWHOOLJHQFH FDQ EH EHQHILFLDO WR WK



&KDSWHU |

6&23( 2) 7+( 7+(6,6

J)LUVW RI DOO D PLFURFRQWUROOHU EDVHG GLVWULEXWI
DQG VXFFHVVIXOO\ LPSOHPHQWHG DV WKH ILUVW FRQWUL
WHVWHG LQ WKH &DVWOH 3HDN N9 VXEVWDWLRQ 7]H
N9 VXEVWDWLRQ RI WKH &/3 SRZHU FRPSDQ\ IRU WZR \}
WR WKH SUHVHQW PRPHQW 7KH V\VWHP ZDV ODWHU XSJ
VXFK DV FRPSXWHU YLVLRQ DLGHG DODUP DQDO\VLV DQG
WKH HQKDQFHG YHUVLRQ RI WKH V\VWHP 7TKH DSSOLFL
WHFKQRORJLHVY LQ VXEVWDWLRQ PRQLWRULQJ LV WKH Vi
V\VWHP zDV DOVR VDWLVIDFWRULO\ LPSOHPHQWHG LQ WK
7KLV GLVWULEXWHG PRQLWRULQJ V\VWHP ZDV FRQVLGHU
FRQFHSW RI LQWHOOLJHQW VXEVWDWLRQ TKURXJKRXW V
VXSSRUWHG WKH SURMHFW LQ WHUPV RI WKH SURYLVLRQ
RI WKH ZKROH V\VWHP DQG WKH UHSRUWLQJ RI SHUIRUPD

$, EDVHG IHDWXUHV ZHUH VWXGLHG GHVLJQHG DQG YHUL
EH LPSOHPHQWHG RQWR WKH SODWIRUP LQ WKH QHDU IX
GHYHORSPHQW RI DQ DXWRPDWLF UHDFWLYH SRZHU FRQV
WKH WKLUG FRQWULEXWLRQ RI WKLV WKHVLV )X]]\ QXPE
FRQVWLWXWLRQ RI YDULRXV KDUPRQLFV ORDGV FRQQHFW
FXUUHQW PHDVXUHPHQW DV WKH IRXUWK FRQWULEXWLRC
SRZHU TXDOLW\ FRQWURO LQ WKH IXWXUH B6HFRQGO\ DL
WR FRQVWUXFW D UHDO WLPH SRZHU KDUPRQLFV DQDO\]
IXQGDPHQWDO IUHTXHQF\ Rl WKH V\VWHP DV ZHOO DV W
$11V RQ UHDO QXPEHU GRPDLQ ZDV IXUWKHU H[WHQGHG
SURYLGH DQ HIIHEFWLYH PHDQV RI HVWLPDWLQJ SRZHU C
FRQWULEXWLRQ )LQDOO\ WHFKQLTXHV LQ HYROXWLRQD!
SDUDPHWHU HVWLPDWLRQ DV WKH VHYHQWK FRQWULEXWL
WLPH FRQWURO RI PDFKLQHV DQG IRU WKH SRVVLEOH LPS
SROLF\ RI URWDWLQJ PDFKLQHV LQVLGH D SRZHU VXEVWD)



&KDSWHU |,

VRKFHVVIXOO\ WHVWHG LQ WKH ODERUDWRU\ DQG WKH\ Z
GLVWULEXWHG PRQLWRULQJ V\VWHPV LQVLGH WKH VXEVW

25*$1,6$7,21 2) 7+( 7+(6,6

&KDSWHU , JLYHVY DQ RYHUYLHZ RI WKH LQWHOOLJHQW VX
RI WKH WKHVLYVY LV WR SURYLGH WKH IRXQGDWLRQ ZRUN
SRZHU VXEVWDWLRQV

&KDSWHU ,, ZLOO JLYH WKH EDVLF KDUGZDUH DQG VRIWZ
GLVWULEXWHG PRQLWRULQJ V\VWHP > @ 5HOHYDQW ZDY
DUH LQFOXGHG WR GHPRQVWUDWH WKH XVHIXOQHVV RI W

&KDSWHU ,,, SURYLGHV GHWDLOV RI WKH LPSOHPHQWDWI
GHVFULEHG LQ &KDSWHU ,, 7TKH ITHDWXUHV DUH FRPSXW
GHOLYHU\ > @ 7KH DSSOLFDWLRQ RI FRPSXWHU YLVLRQ
SRZHU VXEVWDWLRQ PRQLWRULQJ

&KDSWHU ,9 GLVFXVVHV DSSOLFDWLRQV RI1 IX]]\ HISHUW V)
WKH VROXWLRQ RI IX]]\ HTXDWLRQV IRU KDUPRQLF VLJQD!

&KDSWHU 9 GLVEXVVHV WKH DSSOLFDWLRQV RI DUWLILFLI
$ +RSILHOG W\SH $11 RQ UHDO VSDFH LV XVHG WR HYDOX
OLQH DQG WKH IXQGDPHQWDO IUHTXHQF\ > @ $ QHZ GHY
FRPSOH[ VSDFH KDV DOVR EHHQ VXFFHVVIXO LQ D PRUH D
D JXDUDQWHHG KLJK VSHHG RI FRQYHUJHQFH > @

&KDSWHU 9, LOWURGXFHV WKH DSSOLFDWLRQ RI HYROXW
SDUDPHWHU HVWLPDWRU KDV EHHQ GHYHORSHG IRU ILH
PDLQWHQDQFH > @



&KDSWHU |,

&KDSWHU 9,, JLYHV D FRQFOXVLRQ RI DOO WKH DFKLHYHP
QHZ LGHDV IRU IXWXUH UHVHDUFK ZRUNV DUH JLYHQ 7ZR
ORRNHG LQWR DQG WKH\ DUH DXWRPDWLF GLDJQRVLV RI
DQG WKH GHYHORSPHQW RI D YLUWXDO UHDOLW\ EDVHG \
YLVXDOLVH WKH FRQGLWLRQ RI DQ\ SLHFH RI SRZHU HTXL

VSHFWUD > @

67$7(0(17 2) 25,%,1$/,7<

7KHUH DUH DOWRJHWKHU HLJKW RULJLQDO FRQWULEXWLF
HQJLQHHULQJ DQG WKH\ DUH DV IROORZV 7KH KDUGZI
PRQLWRULQJ V\VWHP ZDV RULJLQDO ZKHQ LW ZDV ILUVW C
FRPSXWHU YLVLRQ DQG ,QWHUQHW WHFKQRORJLHV LQ
VLIQLILFDQW FRQWULEXWLRQV WR WKH DUHD RI SRZHL
FRPSHQVDWLRQ DQG DSSOLFDWLRQ RI IX]]\ QXPEHUV IRU
DQRWKHU WZR RULJLQDO FRQWULEXWLRQV RI WKH WKHVL\
QHWZRUNV DQG WKH GHYHORSPHQW RI $11 LQ FRPSOH[ GR
PRUH FRQWULEXWLRQV WR WKH DUHD RI SRZHU HQJLQH
SURJUDPPLQJ LQ PDFKLQH SDUDPHWHU HVWLPDWLRQ ZDV

/1,67 2) 38%/,&%$7,216

JRXU SDSHUV KDYH EHHQ SXEOLVKHG GXULQJ WKLV SHULI
LQ(( 7TUDQVDFWLRQV DQG RQH LQ )X]]\ 6HWV DQG 6\VWHPV
UHYLHZ E\ ,((( 7TUDQVDFWLRQV RQ 3RZHU B6\WWHPV )RXI
LQWHUQDWLRQDO FRQIHUHQFHV DQG SXEOLVKHG LQ WKH

SHIHUHHG -RXUQDO 3DSHUV

'/ &KDQ 7 0 &KDQ 6/ 3DQJ DQG $ 7 3 6R $ C
WUDQVPLVVLRQ FRQGLWLRQ PRQLWRWDQYVDFWRR QD VRIOF



&KDSWHU |,

'"HOLYHWRO 1R SS

/] &KDQ $ 7 3 6R DQG // /DL ,QWHUQHW EDVH
PRQLWRYLKLQJIJ7UDQVDFWLRQV RQ 9FRZHU 6WMWRNHPV
Ss

/I &KDQ DQG $ 7 3 6R 3RZHU KDUPRQLFV SDWWHU
HTXDWLRIQWW6HWY DQGRAOVWHPI\R SS

// /DL :/ &KDQ & 7 7VH DQG $ 7 3 6R 5HDO WLP
HYDOXDWLRQ XVLQJ DUW,UKLFTLDDQYERKWD R QWHRZ BRI WM |
9RO 1R SS

/I &KDQ $ 7 3 6R DQG // /DL &RPSOH[ DUWLILFL
LQLWLDO DSSOLFDWLRQV WR OROG7 UDRYZ/ DRW ORQIWV R QV
6\VWHRM FRQVLGHUDWLRQ

/] &KDQ $ 7 3 6R DQG // /DL (YROXWLRQDU\ SUI
SDUDPHWHUV HVWLPDWLRQ IRU ILHOQG RWDAQWHGELRRY
3RZHU 6\VRMHFRQVLGHUDWLRQ

&RQIHUHQFH 3DSHUV

$73 6R :/ &KDQ DQG & 7 7VH )X]]\ ORJLF EDV
VZLWFKLQJ FRQWUROOHU IRU UHIUFRNFEIHHG LISRIZH R | FRIP
,QWHUQDWLRQDO )RUXP RQ $SSOLFDWLRQV Rl 1HXU
<RNRKDPD $SULO SS

./ &KDQ DQG $7 3 6R 'HYHORSPHQW RI D QHZ D!
FRPSOH[ BIUMFHHGLQJV Rl QG %LHQQLDO $XVWUDOLL
&RQIHUBQ@FQH\ -XO\ SS



&KDSWHU |,

$ WZR DQQ DSSL

/DL / /| &KDQ :/ DQG 6R $ 7 3
SUWLILFI

KDUPRQLF HBDBRKBEBWEGRQJIJV RI WK ,QW &RQI
&DPEULGJH -XO\ SS

/] &KDQ $ 7 3 6R DQG // /DL (YROXWLRQDU\ SU
SDUDPHWHUV HVWLPDWLRQ 3BRFHH®LE) RW IRHQ YW KH GQMRH
(OHFWULF ODFKLQHV DQGHDUWWHYH&E&RQIHUHQSH



&KDSWHU ,,

&KDSWHU ,,

',675,%87(' 68%67%$7,21 021,725,1* 6<67(0

+DYLQJ HVWDEOLVKHG WKH REMHFWLYHV RI WKH WKHVLV
VXEVWDWLRQV LV GHVFULEHG VHTXHQWLDOO\ ULJKW IURF
PLFURFRQWUROOHU LV GLVFXVVHG ILUVW 7KH PRVW VLJ(
WHFKQRORJ\ LV WKDW LW PDNHV VA\VWHP LQWHJUDWLRQ
IXQFWLRQ SRVVLEOH %\ HIILFLHQWO\ FRPELQLQJ IXQFWLF
FDQ DFKLHYH V\QHUJLVWLF SHUIRUPDQFH UHVXOWY DQG F
QRW DFKLHYDEOH ,Q SDUWLFXODU WKH FRQFHSW RI LQ
VROXWLRQ SURYLGHV D YHU\ FRVW HIIHFWLYH GHVLJQ ZK
PLFURSURFHVVRU EDVHG WHFKQRORJ\ ,Q JHQHUDO WKH
LQ FRPPRQ KDUGZDUH XVLQJ WKH VDPH RU VLPLODU GDWI
7TKHUHIRUH D VLJQLILFDQW DGYDQWDJH RI LQWHJUDWHG
SRWHQWLDO IRU FRVW HIIHFWLYHQHVV 7TKH WHUP LQWL
IXQFWLRQV DUH LQFOXGHG LQ RQH FRPSXWHU V\VWHP
PLFURFRQWUROOHUY 7KH PDLQ GHVLJQ IHDWXUH RI WKH
SRZHU WR D QXPEHU RI PLFURSURFHVVRUV WKDW DUH LQ\
WKUHH GLITHUHQW SURFHVVLQJ OHYHOV FDQ EH UHFRJQL
OHYHO ZKLFK FRPSULVHV WKH GDWD DFTXLVLWLRQ XQLW
DSSDUDWXV WKH RWKHU OHYHO EHLQJ WKH SURFHVVLQJ
WKH WKLUG OHYHO LV WKH RYHUDOO VXEVWDWLRQ OHYH
YDULRXV FRPPXQLFDWLRQ OLQNV 7KLV FRPPXQLFDWLRQ
WR DSSHDU DV RQH V\VWHP IRU WKH HQWLUH VXEVWDW
DGYDQWDJH LV WKH SRVVLELOLW\ WR PRQLWRU WKH HQW
WKH SRZHU DSSDUDWXV LQ D VXEVWDWLRQ WKURXJK D FR
WKH WKLUG SURFHVVLQJ OHYHO LQ WKH LQWHJUDWHG V\
GDWDEDVH IRU WKH SXUSRVH RI XVLQJ VXFK GDWD IRU GL
GHWDLOV RI D QHZO\ GHYHORSHG RQH OLQH GLVWULEXWH(



&KDSWHU ,,

VHFWLRQV

&/3 32:(5 75$160,66,21 6<67(0

,Q WKH &/3 &DVWOH 3HDN SRZHU SODQW N9 $ VWDWLRQ
DUH JHQHUDWHG E\ 0: DQG 0: JHQHUDWRUV UHVSHFW
XS E\ JHQHUDWRU WUDQVIRUPHUV WR N9 IRU WUDQVPL"
WUDQVPLVVLRQ V\VWHP LV VKRZQ LQ )LJXUH 7TKH L
WUDQVIRUPHUY DQG WKH PDMRU N9 RYHUKHDG WUDQVE
DQG D KDOI %UHDNHU &RQILIXUDWLRQ VZLWFK VXEVWDYV
WZHQW\ IRXU JURXSV RI VLQJOH SKDVH HQFDSVXODWH
FRQWUROOHG E\ WKH PDLQ FRQWURO FHQWUH DW 7DL 3R
IORZ EHWZHHQ WKH JHQHUDWRUV DQG WKH WUDQVPLVVLR
RSHUDWLRQ ZLOO VLJQLILFDQWO\ UHGXFH WKH JHQHUDWL

FHQWUHYV WKH N9 LV VWHSSHG GRZQ WR N9 IRU |
GLVWULEXWLRQ 7KH 7V] :DQ 6KDQ N9 VXEVWDWLRQ LV
IRU WKH .RZORRQ 3HQLQVXOD ZKHUH VWDQGDUG 'RXEO
6HFWLRQHU LQ N9 LV HPSOR\HG 6 XEMHFW WR WKH |

LOQWHJULW\ RI RXU PRGHP HOHFWULF SRZHU VXSSO\ V\VWF
VFKHPH E\ RQ OLQH FRPSXWHULVHG PRQLWRULQJ PXVW E}

7KH QHZO\ GHYHORSHG RQ OLQH GLVWULEXWHG PRQLWRU
ZLOO IRUP SDUW RI WKH PDLQ IHDWXUHV RI WKH PDLQW

IV WDUJHW SODQ Rl WKH PDLQWHQDQFH VHFWLRQ &D
VHUYLFH IRU RYHU WHQ \HDUV DQG WKHUH KDG EHHQ LQF!I
SDVW IHZ \HDUV SDUWLFXODUO\ ZLWK UHVSHFW WR WKH F
WKH SUREOHPV GXH WR SDUWLDO GLVFKDUJH HWF 7KLV V
WKH LQVWDOODWLRQ RI DQ RQ OLQH PRQLWRULQJ V\VWHP



&KDSWHU ,,

0$,17(1$1&( 3+,/2623+<

7KH LQFUHDVLQJ FRPSOH[LW\ RI ODUJH HOHFWULF SRZHU
PDLQWHQDQFH LQ RUGHU WR SURYLGH D UHOLDEOH VXSS
KLJK JURZWK SHULRGV RI VI\VWHP H[SDQVLRQV LQ SUHYLI
HQG RI OLIH DQG PD\ UHTXLUH VLJQLILFDQW PDLQWHQD
SKLORVRSK\ IRU VXEVWDWLRQV KDV EHHQ WR SHUIRUP :
PDLQWHQDQFH ZLWKRXW UHJDUG WR WKH DFWXDO LQ VH
RI WKH HTXLSPHQW ,Q RUGHU WR EHFRPH PRUH HIILFLHQ
EHHQ D JURZLQJ WHQGHQF\ WRZDUGY SUHGLFWLYH PDLQW



&KDSWHU ,,

WRXOG RQO\ EH SHUIRUPHG ZKHQ UHTXLUHG DQG DFFRUC
RUGHU WR PHHW WKHVH UHTXLUHPHQWY VSHFLDO WHFKQ
SRZHU V\VWHP FRPSRQHQWY DUH UHTXLUHG LQ RUGHU
GHFLVLRQV 7KXV SUHGLFWLYH PDLQWHQDQFH DFWXDOO

,Q PRVW H[LVWLQJ &/3 SODQW HTXLSPHQW WKHUH DUH FH
RU IDFLOLWLHVY WKDW FRQWLQXRXVO\ PRQLWRU LWHPV V>
SQHXPDWLF VI\VWHP RSHUDWLRQ HWF $ OLPLWHG DPRXQ
VIVWHP WKDW FDQ VHUYH UHDO WLPH GLVSOD\ RQO\ ZLW
IXUWKHU DQDO\VLVY +RZHYHU DOO WKHVH LQIRUPDWLR
SHUIRUPDQFH DQG GHWHUPLQLQJ WKH PDLQWHQDQFH UH
VWUDWHJI\ LV WR EH DGRSWHG

7KH 'LDJQRVLY ORQLWRULQJ 7HDP ZDV HVWDEOLVKHG LQ
D FRPSUHKHQVLYH FRQGLWLRQ PRQLWRULQJ LQIRUPDWLR
SUHYHQWLYH PDLQWHQDQFH DQG WR ORZHU HTXLSPHQW |
DORQJ ZLWK WKH H[HFXWLRQ RI WKH IROORZLQJ DSSURDF

D UHOLDELOLW\ FHQWUHG PDLQWHQDQFH FRQFHSW
E WRWDO SURGXFWLYH PDLQWHQDQFH FRQFHSW
F SUHGLFWLYH EDVHG PDLQWHQDQFH FRQFHSW
G RQ OLQH FRQGLWLRQ PRQLWRULQJ DQG GLDJQRVLYV
H PDQDJHPHQW E\ REVHUYDWLRQ

| VSHFLDOLVHG DQG PXOWL VNLOO SURJUDPPH

J RQ OLQH LQVSHFWLRQ PDLQWHQDQFH FRQFHSW

K HTXLSPHQW IDLOXUH SUHYHQWLYH SURJUDPPH

,WHP G LV FORVHO\ UHODWHG WR WKLV SURMHFW 7KH
DIITHFWLQJ TXDOLW\ DQG UHOLDELOLW\ WR HQKDQFH WK
HTXLSPHQW WR DQ RSWLPXP 7KH VWUDWHJILHV DUH W
DSSURSULDWH WR UHGXFH PDLQWHQDQFH FRVWY DQG LPS



&KDSWHU ,,

R FRQGLWLRQ EDVHG PDLQWHQDQFH 7KH ILUVW WULDO .
N9 VXEVWDWLRQ E\ WKH DXWKRU LQ HDUO\

021,725,1* N9 68%67%$7,216

JRU &DVWOH 3HDN N9 VXEVWDWLRQ WKH JURVV IORRU
P / [ P P 7KH RXWORRN DQG WKH IORRU SOD!
LQ )LIJXUH DQG )LIJXUH UHVSHFWLYHO\ LQ WKH IROO
WRWDOO\ VHYHQW\ WZR LQGLYLGXDO &%V WKUHH LQ RC
HTXLSPHQW URRP LV ORFDWHG LQ WKH VHFRQG IORRU RIV
IDFLD SURWHFWLRQ DQG WHOHFRPPXQLFDWLRQ HTXLSPH
FLUFXLW OD\RXW LV XVHG IRU WZR FLUFXLWYVY L H WZR J

JLIXUH 7KH &DVWOH 3HDN N9 6XEVWDWLRQV
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JLIXUH JORRU 30DQ RI &DVWOH 3HDN N9 6XEVWDWLRQ

7TKUHH JURXSV RI &%V DUH UHVSRQVLEOH IRU VHUYLQJ R(

JURXSV LQ WRWDO IRU IRXU 0: JHQHUDWRUV LQ &DVWC

&DVWOH % 7KH &%V IRU HLWKHU &DVWOH $ RU &DVWOH
N9 EXVEDUYV

:KHQ D JURXS RI &% LV LQ RSHQ VWDWH WKH DFWXDWL(
VIVWHPVY :KHQ D FORVLQJ FRPPDQG RI WKDW JURXS IURP 7
'& ZKLFK LV VXSSOLHG E\ WKH VWDWLRQ EDWWHULHV ZLOO
SKDVHV RI WKDW JURXS DQG WKUHH EUHDNHUV ZLOO EH PI
PDGH WKH YROWDJH DSSOLHG WR WKH FORVLQJ FRLO ZLOC(
D WULSSLQJ FRPPDQG IURP 7DL 3R DUULYHV D 9 '& ZLO
HDFK SKDVH DQG WKH EUHDNHUV DUH RSHQHG LQVWDQWDC
'DQ 6KDQ N9 VXEVWDWLRQ



&KDSWHU ,,

7KHHRUHWLFDOO\ WKH RSHUDWLRQ RI WKH EUHDNHUV VKRX

9 '& VLIQDO DQG WKH WKUHH EUHDNHUV VKRXOG PDNH
WR PHFKDQLFDO LPSHUIHFWLRQ RU IDWLJXH WLPH GHOD\
RI D FRLO DQG QRQ XQLIRUP DFWLRQ RI LQGLYLGXDO &Y
SUREOHP 2WKHU SUREOHPV LQFOXGH QLWURJHQ DQG K\
WKH K\GUDXOLF FLUFXLW DQG PLVDOLJQPHQW RI DFWXDW

$ ORQJ GHOD\ LQ &% RSHUDWLRQ ZLOO FDXVH LQVWDELOL
WKH REFXUUHQFH RI D IDXOW HOVHZKHUH LQ WKH V\VWHP
HTXLSPHQW HOVHZKHUH DV ZHOO 7KH DV\QFKURQRXV DI
ZRXOG FDXVH LPEDODQFH ZLWKLQ WKH WKUHH SKDVH FLUTJ
VIVWHP LQVWDELOLW\ ORUH VHULRXVO\ WKH WZR HYHQV
D &% IDLOXUH E\ WKH SURWHFWLRQ V\VWHP UHVXOWLQJ
OHDG WR XQQHFHVVDU\ RXWDJHV DW RWKHU FRQVXPHU FF
LV IURP PV WR PV DQG WKH QRUPDO RSHQLQJ WLPF
VIQFKURQLVDWLRQ RI LQGLYLGXDO &% ZLWKLQ D JURXS V¥
WULSSLQJ DFWLRQV &RQYHQWLRQDOO\ WKH &% FRQWDF\
GHYLFH WR WKH DFFHVVLEOH VHFWLRQ RI HDFK DFWXDWR
RI FRQWDFW SRVLWLRQ DUH GHULYHG IURP WKH DFWXDWF
UHFRUGHU EDVHG RQ WKH LQWHUDFWLRQ EHWZHHQ OLJ
+RZHYHU LW LV QRW D VWDQGDUG SURYLVLRQ IRU DOO W
WKH &% LQ WKH VXEVWDWLRQ +HQFH WKH SDUWLFXODU
LWV FRQWDFW WUDYHO QHHGV WR EH PHDVXUHG

$SDUW IURP WKH RSHUDWLRQDO WLPLQJ RI WKH &%V RWI
OHDNDJH RI 6) DV LQGLFDWHG E\ WKH JDV SUHVVXUH Wi
K\GUDXOLF SXPS DQG IDXOW FXUUHQW HWF QHHG WR EH
GHWHFWLQJ OHDNDJH UDWH RI 6) JDV DQG SORWWLQJ WK
VWDII WR DUUDQJH JDV WRS XS EHIRUH DQ\ DODUP LQLWL
FDQ UHIOHFW WKH SHUIRUPDQFH RI WKH SXPS PRWRU E\ F
7KH RSHUDWLRQDO FRXQW RI WKH K\GUDXOLF SXPS FDQ U}l



&KDSWHU ,,

WK RSHUDWLRQ RI &% ZLOO DIIHFW ERWK WKH UXQQLQJ WL
LQWR DFFRXQW WKH &% RSHUDWLRQ ZKHQ DQDO\VLQJ WKH
RSHUDWLRQ

6RPH PRGHP &%V DUH ILWWHG ZLWK RQ OLQH PRQLWRUV V
FDQ EH GRQH EHFDXVH PRUH WKDQ KDOI RI WKH PDLQW#}
+RZHYHU WKH\ DUH XVXDOO\ VWDQGDORQH FRPSRQHQWYV
GDWD UHWULHYDO DQG WKH\ FRXOG QRW EH ILWWHG WR
ZRXOG EH QHHGHG WR PRGHUQLVH WKH H[LVWLQJ V\VWHP
FRQVLGHUHG WKH GLVWULEXWHG RQ OLQH PRQLWRULQJ \
VROXWLRQ WR FRQGLWLRQ EDVHG PDLQWHQDQFH LQ KLJK

&21&(37 2) ',675,%87(" 021,725,1*

, W KDV EHHQ PHQWLRQHG WKDW WKH &DVWOH 3HDN N9
DUHD RI WKH VXEVWDWLRQ LV PRUH WKDQ P $OVR W
EH UHJXODUO\ PRQLWRUHG DIWHU URXWLQH PDLQWHQDQF!
EH WUHDWHG DV LPSRUWDQW LQIRUPDWLRQ WR UHYHDO W
VR WKDW WKH JRDO RI SUHGLFWLYH PDLQWHQDQFH FDQ E|

(DFK JURXS RI &% LV PRQLWRUHG E\ DQ LQGLYLGXDO V\VW
VLWH PLFURFRPSXWHU IRU VHFRQGDU\ VWRUDJH 7KHUHIF
HITHFW RQ WKH QRUPDO RSHUDWLRQ Rl WKH UHPDLQLQJ W
KLJK UHOLDELOLW\ 7KHUH DUH RWKHU DGYDQWDJHV DV Z
HIWHQVLRQ Rl WKH ZKROH FRQILIXUDWLRQ H J DGGLWLR(
EH DEKLHYHG 6HFRQGO\ VXLWDEOH PDLQWHQDQFH FDQ [
EHHQ IRXQG WR EH DSSURDFKLQJ DQ DEQRUPDO FRQGLWL
PLQLPLVHG DQG KHQFH IRUFHG RXWDJHV EHFRPH OHVV |U}
ODLQWHQDQFH FRVW FDQ EH UHGXFHG E\ SXWWLQJ OHVYV
UHFRUGLQJ )LQDOO\ WKH WRWDO PDQSRZHU FDQ EH P
LQVWDOODWLRQ RI WKLV RQ OLQH PRQLWRULQJ V\VWHP



&KDSWHU ,,

"(7$,/6 2) 7+( 021,725,1* 6<67(0

(DFK JURXS RI &%V DUH PRQLWRUHG E\ D VWDQGDORQH
FRQWLQXRXVO\ PRQLWRUV WKH VWDWXV RI HDFK &% ZLV
LQWHUFRQQHFWHG WRJHWKHU DQG WR WKH RQ VLWH PLF
EDXG UDWH RI &RPPDQGY DQG PRQLWRUHG GDWD DU
DQG WKH PLFURFRPSXWHU IRU FRQILIXUDWLRQ PDLQWHQ
(DFK PLFURFRQWUROOHU LV HTXLSSHG ZLWK NE\WH RI O
ZKROH \HDU (DFK PLFURPRGWHE ZQMWK I\ JXOWRKDQQHOV
IXQFWLRQV FDSDEOH RI PRQLWRULQJ, RWKEMuuow

VIRUPHU

SODQW SDUDPHWHUV EHVGHM uMeRER " LOW HUTR G 05

HFRUGHU ;ypgviRUPHU

PHDVXUHPHQW DORQH 7TKH1 VFKHPDWLF
GLDJUDP RI WKH PLFURFRQWYROOHU LV VKRZQ

*DV BUHVVXUH

LQ JLIXUH (DFK RQ VLWH 7UDQVGXFHU
PLFURFRPSXWHU H[FKDQJHV GDWD ZLWK D
UHPRWH FHQWUDO PLFURFRPSXWHUrAQuu¥WKH

7THPSHUDWXUH

. QD J
FRQWURO FHQWUH DW 7\{31-LLD'(5),QQML?|§?EH\ 7UDQVGXFHU
VWDQGDUG WHOHSKRQH OLQHV ,Q WKLV zZD\ WKH

ZKROH GLVWULEXWHG RQ OLQH PRQLWRULE@Y]’HQWLDO

LGHU IRU

FRQFHSW FDQ EH IXOILOOHG ZKHUH WKH FHGQWYBYRC

PLFURFRPSXWHU DW 7V] :DQ 6KDQ LV DEOH WR

OLFURFRQWUROOHU
FRPPXQLFDWH ZLWK DOO T“RQ,VYLWH &urxww

%UHDNHU

PLFURFRPSXWHUV DQG DOVR ZLWK7LPBQO 23HUDWLRQ DQG

6WDWXV 6LJQDO

PLFURFRQWUROOHUV WR UHWULHYH WKH XSGDWHG
VWDWXV DQG DQDORJ GDWD RI HDFK ,&%ysnune 3XPs bQé

)DQ 2SHUDWLRQ
/RFDO OHPRU\’LPHU 6LJQDO

6\VWHP +DUGZDUH

*HQHUDO
'LILWDO ,QSX&RQWDFW

7KH VFKHPDWLF GLDJUDP RI WKH &% WLPLQJ °W>"*
FLUFXLW LV VKRZQ LQ)I){XjJ*'UHSEFKuiilfgv\k}U;ooibDJUDp "

FORVLQJ WLPH PRQLWRULQJ WKH YROWDJH RI WKH



&KDSWHU ,,

FRVLQJ FRLO LV VDPSOHG E\ DQ RSWR FRXSOHU WR SURYI
PLFURFRQWUROOHU 8SRQ WKH HQHUJLVDWLRQ RI WKH FO
GLJLWDO WLPHUV LQVLGH WKH PLFURFRQWUROOHU DUH W
LY (DFK &% KDV DQ DX[LOLDU\ FOHDQ FRQWDFW 8SRQ W
FRQWDFW ZLOO EH FORVHG DQG LWV WLPHU LV KDOWHG
WKH FORVLQJ WLPH RI WKDW EUHDNHU ZLWK YHU\ KLJK I
VWRUHG LQVLGH WKH ORFDO 5%$0 Rl WKH PLFURFRQWUROO!
YDOXH WR JHUR DQG VZLWFKHV LWV RSHUDWLQJ PRGH WR
WKH WULSSLQJ FRLO YROWDJH LV VDPSOHG E\ DQRWKHU F
DQG WKHQ KDOWHG E\ WKH VDPH DX[LOLDU\ VZLWFK FOHDC
WLPH LV DOVR WLPH VWDPSHG DQG VWRUHG LQVLGH W
PLFURFRPSXWHU VLWXDWHG LQVLGH WKH SURWHFWLRQ U
VHTXHQWLDOO\ DQG UHWULHYHV WKH XVHIXO PRQLWRUH
DQDO\VLY $ODUPV DUH JHQHUDWHG WR PDNH WKH PDLQW
D EXLOW LQ H[SHUW V\VWHP

JLIXUH 6FKHPDWLF GLDJUDP RI WKH &% WLPLQJ FLUFXLW



&KDSWHU ,,

%HWVG K\GUDXOLF SXPS UXQQLQJ WLPH DQG RSHUDWLRQD
ORZ VSHHG WLPHU WKH JDV SUHVVXUH DQG WKH VXEVWD)
E\ WKH DQDORJ FKDQQHOV LQ HDFK PLFURFRQWUROOHU :
WKH SODQW VWDWXV FDQ EH PHDVXUHG DV ZHOO 7KH Z

VKRZQ LQ )LIJXUH

YLIXUH 'LULQJ GLDJUDP RI RQH PRQLWRULQJ XQLW

6RIWZDUH

6RIWZDUH GHYHORSPHQW EDVLFDOO\ FRQVLVWYV RI WKUHH
PLFURFRQWUROOHU IRU PRQLWRULQJ WKH SODQW VWD)V
PLFURFRQWUROOHU 7KH PLGGOH OHYHO LV EXLOW LQVLGH
ORJJLQJ DQG VWDWLVWLFDO IXQFWLRQV , W DOVR FRQW



&KDSWHU ,,

PLFURFRPSXWHU DW 7V] :DQ 6KDQ WKURXJK PRGHPV 7KH
PLFURFRPSXWHU IRU XVHU IULHQGO\ PDQ PDFKLQH LQWHU

6<67(0 3(5)250$1&(

7DEOH VKRZV WKH WULSSLQJ DQG FORVLQJ WLPLQJ RI
&DVWOH 3HDN N9 VXEVWDWLRQ EDVHG RQ WKH DX[LOLD
RQ WK -DQ WKDW &% ZDV XQGHU RYHUKDXO DQG WK
&% RQ WLPH DW DP DQG WKDW HYHQW ZDV UHFRUG

RYHUIORZ 2YHUIORZ LQGLFDWHYVY WKDW WKH &% WDNHV P
DQG WKDW LV XQDFFHSWDEOH ,Q WKH VDPH PRUQLQJ DW
WR WULS WKH VDPH &% DQG DQ RYHUIORZ PHVVDJH ZDV UF
IRU HDFK SKDVH LQ &DVWOH 3HDN DQG WKXV WKUHH DXJLI
V\VWHP LV DEOH WR PHDVXUH WKH RSHUDWLQJ WLPH GLVI

&% 6WDWXV7LPH 5 PV < PV % PV

7ULS

&ORVH RYHUIORZ RYHUIORZ RYHUIORZ

7ULS

&ORVH

7ULS RYHUIORZ RYHUIORZ RYHUIORZ
7TDEOH N9 &% 2SHUDWLRQ DW &DVWOH 3HDN

1H[W WKH 6) JDV SUHVVXUH PHDVXUHPHQW KLVWRU\ RI F

LV SUHVHQWHG IRU &% 1R ; DQG WKH WUHQG LV VK
WKDW WKHUH KDV EHHQ D YHU\ VHULRXV 6) JDV OHDNDJH
VXFFHVVIXO LQ ZDUQLQJ WKH PDLQWHQDQFH WHDP RQ W|
H[HUFLVH ZDV FRPSOHWHG RQ WK 'HFHPEHU WKXV C
7KDQNV WR WKH RQ OLQH GLVWULEXWLRQ PRQLWRULQJ V)



&KDSWHU ,,

SUHYHQWHG E\ DQ HIIHFWLYH DODUP PHVVDJH GHOLYHUHC
FHQWUDO PLFURFRPSXWHU

JLIXUH 6) JDV SUHVVXUH YDULDWLRQ RI &% ;

ORUHRYHU WKH V\VWHP LV DEOH WR UHFRUG WKH RSHUI
SXPSV IRU DOO N9 &%V LQ WKH 7V] :DQ 6KDQ N9 VX
VXEVWDWLRQ LV VKRZQ LQ )LJXUH 7KH QRUPDO VWDU!
VWRSSLQJ WLPH LV DURXQG ZLWK DQ DYHUDJH GX
LV DQ\ GHYLDWLRQ IURP WKLV VHW RI GDWD D VHULRXV
7TDEOH VKRZV WKH RSHUDWLRQ RI D W\SLFDO N9 &%

LV DYDLODEOH LW LV QRW SRVVLEOH WR REWDLQ WKH S



&KDSWHU ,,

JLIXUH 7KH 7V] :DQ 6KDQ N9 6XEVWDWLRQ
&% 6WDWXV 7LPH 2SHUDWLQJ 7LPH PV
&ORVH
7ULS
&ORVH
7ULS
&ORVH
7ULS
7DEOH N9 &% RSHUDWLRQ DW 7V] :DQ 6KDQ
$QRWKHU W\SH RI &%V VKRZQ LQ )LIJXUH LQ 7V] :DQ 6
UHDFWRU LV VKRZQ LQ )LJXUH $X[LOLDU\ FRQWDFWYV

7TKHUHIRUH D QHZ PHWKRG WR PHDVXUH WKH FRQWDFW
ZDYHIRUPV KDV EHHQ GHYHORSHG 7KH UHVXOW RI PHDV)>



&KDSWHU ,,

LV XVHG WR VZLWFK D N9 09% UHDFWRU LV VKRZQ LQ

JLIXUH N9 &LUFXLW %UHDNHULJXUH 7KH N9 09% 5HDFWRU

JLIXUH &XUUHQW ZDYHIRUP IRU FORVLQJ RI UHDFWRU &%



&KDSWHU ,,

JLIXUH &XUUHQW ZDYHIRUP IRU WOLSSLQJ RI UHDFWRU

JURP WKH WZR ILIJXUHV LW LV REYLRXV WKDW WKH FOR)
WULSSLQJ WLPH LV Pv 7KLV PHWKRG LV SDUWLFXODUO
LQ WKH WUDYHOOLQJ DFWLRQ RI WKH WKUHH &%V ZKHQ
PHWKRG LV FRQVLGHUHG VXSHULRU HYHQ ZKHQ WKH &% L
LW LV WKH DFWXDO GLVUXSWLRQ RI WKH FXUUHQW ZDYHI
WKH WHPSHUDWXUH SURILOH RI WKH UHDFWRU

,Q WKH FDVH RI WKH 3R /DP N9 VXEVWDWLRQ WKH PHD
JLIXUH VKRZV WKH W\SLFDO FORVLQJ DQG WULSSLQJ
WUDQVLHQW ZDYHIRUPV RI WKH PDLQ FRQWDFW DQG WKH
RI WKH FRUUHVSRQGLQJ DFWXDWLQJ FRLO



&KDSWHU ,,

7 HUDWXUH 9DULDWLRQ RI 76( N9 65

HPS
2+ WHPSHUDWXUH KLJK DODU A !
RD WHPSHUDWXUH WULS legv He WR JHE DWD SORWWHG RQ KRXUO\ ED2LV

YHE YHE

JLIXUH 7THPSHUDWXUH YDULDWLRQ RI D N9 UHDFWRU

JLIXUH 7\SLFDO FLUFXLW EUHDNHU ZDYHIRUPYV



&KDSWHU ,,

7KH FLUFXLW EUHDNHU VZLWFKLQJ WLPLQJ PD\ EH GHWHU
SRLQW ZKHQ FXUUHQW LV DSSOLHG WR WKH DFWXDWLQJ F
WKURXJK WKH PDLQ FRQWDFW )LIJXUHYV DQG VKRZ
WLPH UHVSHFWLYHO\ RI W\SLFDO RSHUDWLRQV

(YHQW QXPEHU
YLIXUH &% FORVLQJ WLPH )LJXUH &% WULSSLQJ WLPH

7KH W\SLFDO WHPSHUDWXUH SURILOHV RI D UHDFWRU DUl



&KDSWHU ,,

JLIXUH VKRZV WKH 6) JDV SUHVVXUH YDULDWLRQ IRU

P§EJP?EPB§‘§EQP?§%%0§6{%2

7LPH KRXU

JLIXUH 6) JDV SUHVVXUH YDULDWLRQ IRU WZR ZHHNV

$ FROQWLQXRXV PRQLWRULQJ RI WKH EDWWHU\ YROWDJH FI

WKH FKDUJLQJ V\VWHP )LJXUH VKRZV WKH YROWDJH Y

- v v AV M
WR Y 9
(:OL%O6,LOO

B

30 R&)zzgo&?rgoWuéfzﬁezgio%)%

/7LPH KRXU

JLIXUH 7\SLFDO EDWWHU\ YROWDJH YDULDWLRQ IRU WZR ZHHNYV



&KDSWHU ,,

7KH DLU FRPSUHVVRU RSHUDWLQJ WLPH 7RQ DQG LGOLQ
VKRZQ LQ )LJXUH

JLIXUH $LU FRPSUHVVRU RQ RII WLPLQJ

1 7RIl WLPH LV VKRUW WKH LQGLFDWLRQ LV WKDW WKH S
OLPLW YHU\ TXLENO\ ,W PD\ EH FDXVHG E\ DLU OHDNDJH
1 7TRQ LV H[FHSWLRQDOO\ ORQJ WKH LQGLFDWLRQ LV W
EHFRPHV SRRU DV LW WDNHV D ORQJHU SHULRG RI WLPH

$'9$17$*(6 2) 7+( 6<67(0

$Q RQ OLQH GLVWULEXWHG PRQLWRULQJ V\VWHP KDV EHH
KDUGZDUH DQG VRIWZDUH SODWIRUP IRU WKH GHYHORSPH
RI WKLV VI\VWHP LV WKDW HYHU\ PLFURFRQWUROOHU ZRUL
ZKROH V\VWHP EHFRPHV H[WUHPHO\ KLJK ZKHQ WKH PHD(
VIVWHP LV FRQVLGHUHG 2Q WKH RWKHU KDQG DOO PLFU
D ORFDO DUHD QHWZRUN DQG DOO GDWD PRQLWRUHG FDQ
IRU VHFRQGDU\ VWRUDJH DQG VWDWLVWLEDO SURFHVVLQJ
RI WKH VIVWHP (YHQ LI D PLFURFRQWUROOHU VXGGHQO\



&KDSWHU ,,

HDYLO\ EH UHWULHYHG IURP WKH KDUGGLVN Rl WKH RQ VLV
EH IXUWKHU WUDQVPLWWHG WR WKH UHPRWH FHQWUDO
ORJJLQJ DQG PXOWL VXEVWDWLRQ VXSHUYLVLRQ $OWK
PRQLWRULQJ LV QRW WRWDOO\ QHZ H[LVWLQJ V\VWHPV !
HLWKHU YHU\ FRVWO\ RU QRW FRPSUHKHQVLYH HQRXJK

UHOLDEOH GHVLJQ IRU VHWWLQJ XS VXFK D VIVWHP KDV E
DQG WHVWHG LQ WZR PDMRU N9 VXEVWDWLRQV RI &/3 3
VI\VWHP KDV DSSUHFLDEOH WUDFN UHFRUGV VLQFH LW KDC
PDQ\ WLPHV EHIRUH WR LGHQWLI\ SRWHQWLDO IDXOWV Z
LPPHGLDWH UHSDLU ZRUNV TXLWH PLQRU WHFKQLEDOO
RFFXUUHQFH RI PDMRU IDXOWV 7KH XVHU IULHQGO\ VRIV
HFRQRPLFDO DQG HIILFLHQW WRRO IRU SUHGLFWLYH DQG
FRPSRQHQWY RI WKH KLJK YROWDJH WUDQVPLVVLRQ V\VW
FRYHU DOO KLJK YROWDJH VXEVWDWLRQV LQ &/3 3RZHU D)
GHVLJQ FRQFHSW FDQ EH HPSOR\HG WR DOO H[LVWLQJ KLJ
ZRUOG ZKHUH DJHG DQG ROG HTXLSPHQW ZHUH HUHFWHG
DQG HFRQRPLFDOO\ DIIRUGDEOH VROXWLRQ WR DOO SRZH



&KDSWHU ,,,

&KDSWHU ,,,

,17(51(7 %$6(° 68%67%$7,21 021,725,1* 6<67(0

$V WKH QHZ LQWHUQDWLRQDO DLUSRUW LQ +RQJ .RQJ ZD\
WR EH FRQVWUXFWHG WR PHHW WKH KXJH GHPDQG 7KH
VIVWHP GHVFULEHG LQ &KDSWHU ,, LV FRQVLGHUHG WR E
FDUULHG RXW WR DUULYH DW D FRPSOHWHO\ QHZ GHVLJQ
WKH QHZO\ GHYHORSHG V\WVWHP LV VKRZQ LQ )LJXUH

WKH DGGLWLRQDO UHTXLUHPHQWYVY IURP WKH SRZHU XW!|
WUDQVPLVVLRQ QHWZRUN LQ &/3 YHU\ RIWHQ QHHG WR N
HTXLSPHQW EXW DOVR WKH VHFXULW\ DQG ILUH VDIHW)
FRQVLGHUDWLRQ RI D PRUH HIILFLHQW RSHUDWLRQ RI WK
RUJDQLVDWLRQV VXFK DV $LUSRUW $XWKRULW\ )LUH 6HL
PDLQWHQDQFH GHSDUWPHQWY ZLWKLQ &/3 PD\ QHHG WR KI
ZLWKLQ WKH VXEVWDWLRQ VLPXOWDQHRXVO\ 7KHUHIRUH
HQKDQFHG DQG H[WHQGHG ,Q RUGHU WR WDFNOH ILUH VI
UHPRWH YLVLRQ IRU VXEVWDWLRQ PRQLWRULQJ KDV EHH(
PXVW EH DEOH WR VHH RQ WKHLU UHPRWH GLVSOD\ PRQ
HQYLURQPHQW RI WKH VXEVWDWLRQ DW GLIIHUHQW RIILFH
E\ ,QWUXGHUV DQG ILUH RXWEUHDN LQ WHUPV RI VPRNH
,Q RUGHU WR DOORZ VLPXOWDQHRXV DFFHVV WR LQIRUPD)
LGHD RI XVLQJ PRGHP EDVHG RQH WR RQH FRPPXQLFDWLR
E\ WKH ,QWHUQHW EDVHG FOLHQW VHUYHU FRQFHSW

6<67(0 ,03/(0(17%$7,21

([LVWLQJ VXEVWDWLRQV DUH HTXLSSHG ZLWK ILUH DODUP

KHDW GHWHFWRUV )LUH DODUPV DUH QRUPDOO\ DYDLODI
ZKLOH RWKHU UHOHYDQW RUJDQLVDWLRQV DUH NHSW LQIF



&KDSWHU ,,,

DGLWLRQ IDOVH DODUPV DUH IUHTXHQWO\ HQFRXQWHUHC

JLIXUH 7KH :KROH ,QWHUQHW %DVHG ORQLWRULQJ 6\VWHP

UHVRXUFHVY DV WKH ILUHPHQ FRXOG RQO\ GLVFULPLQDWH
UHPRWH VLWHYV $OVR WKH VXEVWDWLRQV WKRXJK YHU
RSHUDWLRQ RI WKH ZKROH DLUSRUW DUH QRUPDOO\ XQP
DQG SURKLELWHG IURP HQWHULQJ VXFK VXEVWDWLRQV DQ
DERYH D UHPRWH YLVLRQ V\VWHP ZDV QHZO\ GHYHORSHG
1$9 6 XEVWDWLRQ RI &/3 3RZHU

JLIXUH VKRZV WKH ZKROH ILUH SDQHO EHLQJ PRQLWR
V\VWHP 7KH UHDO WLPH LPDJH RI WKDW ILUH SDQHO FDS

YLIXUH



&KDSWHU ,,,

JLIXUH 7KH $LUSRUW 1$9 6XEVWDIWWULRQ $QRWKHU YLHZ RI WKH $LUSF
6 XEVWDWLRQ

JLIXUH 7KH )LUH $ODUP 3DQHO PRIKXIUHRUHG ®&\,PDJH RI WKH )LUH $ODUP
5HPRWH 9LVLRQ 6\VWWHP

7+( 5(027( 9,6,21 6<67(0

(LIJKW RIl WKH VKHOI &&79 FDPHUDV DUH LQVWDOOHG DW C(



&KDSWHU

UHDVRQ ZK\ HLJKW &&79 FDPHUDV KDYH EHHQ FKRVHQ LV
FKDQQHOV ZLWKLQ D VWDQGDUG PXOWLSOH[HU ,W ZLOO
FKDQQHO PXOWLSOH[HU DV ZH KDYH IRXQG RQO\ HLJKW F
LQVLGH WKH VXE VWDWLRQ )LJXUH VKRZV WKH VWU X
YLVLRQ V\WVWHP 7KH DLP LV WR FRYHU DOO LQWHUQDO D
HLJKW ORFDWLRQV RI WKH $LUSRUW 6XE VWDWLRQ EHLQJ
N9 VZLWFKJHDU URRP N9 VZLWFK JHDU URRP VXE VWD
ED\ FDEOH EDVHPHQW DQG FDEOH EDVHPHQW UHVSHF
IXQFWLRQV RI SDQQLQJ ]JRRPLQJ DQG WLOWLQJ

/ILIKWLQJ & RBOQWWNWRU
JRU /DPSV 6ZLWFKLQJ

JLUH 3DQHO 9LGHR &DPHUD

' A 6 X

&RQWURO 5RRP 9LGHR &DQ

RN
KNANE

’OREALIQDLW !

f) )
’?""’?,
29

N9 6ZLWFK *HDU 9LGHR &DUULHU

N9 6ZLWFK *HDU 9LGHR &DPHUD

L1

6XEVWDWLRQ (QWUDQFH 9LGHR &DPHUD
M6 28D 3&

S
7UDQVIRUPHU %D\ 9LGHR &DPHUD

&DEOH %DVHPHQW , 9LGHR &DPHUD

&DEOH %DVHPHQW ,, 9LGHR &DPHUD

J)LIXUH 7KH 5HPRWH 9LVLRQ 6\VWHP

7KH YLGHR VLJQDO IURP HDFK FDPHUD LV ZLUHG EDFN V



&KDSWHU ,,,

PXOWLSOH[LQJ ER[ 6XFK ER[ LV FRQWUROOHG E\ WKH RQ
WKLV ER[ WKH OLJKWLQJ FRQWDFWRUV DV VKRZQ LQ )L
HQHUJLVHG DQG GH HQHUJLVHG EDVHG RQ FRPPDQGV IUF
DGHTXDWH LOOXPLQDWLRQ OHYHO IRU HDFK FDPHUD WR
ORFDWLRQ 9LD WKLV ER[ WKH YLGHR VLJQDO RI DQ\ R
JUDEEHU FDUG RQ D WLPH PXOWLSOH[LQJ EDVLV 9LGHR ¢
3& ZKLFK LV WKH RQH WKDW FRPPXQLFDWHVY ZLWK DOO PL
PRQLWRULQJ VI\VWHP 2Q WKH RWKHU KDQG FRQWURO VL
FDQ EH RXWSXW IURP WKH ER[ &RPPXQLFDWLRQ EHWZH
&HQWUH LV DEFRPSOLVKHG E\ D EDXG UDWH ID[ PRGH

JLIXUH ,QVWDOODWLRQ RI D 9LQHRXYBIPHUDRQVWDOODWLRQ RI D /LIKWLQJ

,OOXPLQDWLRQ /HYHO "HWHFWLRQ

2Q WKH VRIWZDUH VLGH WKH RQ VLWH 3& KDV WZR PRGH
DQG WKH UHDO WLPH PRGH 7KH UHJXODU PRGH LV DFWL"®
WKH HLJKW FDPHUDV DUH VHTXHQWLDOO\ JUDEEHG E\ WK
HITHFWLYHQHVYV RI FRPSXWHU YLVLRQ V\VWHP YHU\ PXFK G
7TKHUHIRUH LPDJHV VKRXOG EH JUDEEHG UHJXODUO\ WR
IRU FRPSDULVRQ DQG ZH KDYH IRXQG WKDW D UDWH RI V
JUH\ OHYHO RI HDFK LPDJH FDQ EH HYDOXDWHG E\ HTXD)



&KDSWHU ,,,

HWDWH WKH DYHUDJH JUH\ OHYHO RI HDFK LPDJH 7KH ILL
IRU WKH FRPSXWHU WR GHFLGH ZKHWKHU WKH DUWLILFLD
EH VZLWFKHG RQ RU RIl 7KH VZLWFKLQJ DFWLRQ LV DFF
FRQWDFWRU DV VKRZQ LQ )LJXUH 7KH VHFRQG IXQFW
EULJKWQHVYV IRU LPDJH FRPSDULVRQ DQG DQDO\VLV ZKLF

/JHW { \EH JUH\ OHYHO DW

( Ig *8 \
$YHUDJH JUH\ o[HYﬁ(% BB(BIBBBBB

7KH YDOXH RI WKH DYHUDJH JUH\ OHYHO FDQ EH XVHG WR

VLWH DQG WKH OLJKWLQJ V\VWHP RI WKH VLWH FDQ EH

LOOXVWUDWLYH SXUSRVHV )LIXUH VKRZV D YLHZ RI V

DUWLILFLDO OLJKWLQJ VIVWHP LV WXUQHG RQ )LJIXUH

EHHQ WXUQHG RQ E\ WKH RQ VLWH FRPSXWHU WKURXJKW

JLIXUH $ 9LHZ RI WKH .9 6ZLWFKJHDU 5RRP DW 1LJKW



&KDSWHU ,,,

JLIXUH 7KH 9LHZ RINQKHZLWFKJIJHDU 5RRP ZKHQ WKH /LIJIKWLQJ &RQWDFW
 QWUXGHU '"HWHFWLRQ

7KH DYHUDJH JUH\ OHYHO RI WKLV XSGDWHG LPDJH LV IX
LPDJH ZKLFK ZDV JUDEEHG DQG VDYHG RQWR WKH KDUGG
,W LV EHOLHYHG WKDW LI D KXPDQ LQWUXGHU HQWHUV W
IRU D SHULRG ORQJHU WKDQ VHFRQGYV +HQFH D FRPS
VHFRQGY DSDUW E\ WKH VDPH FDPHUD LV GHHPHG JRRG }
LQ WKH DYHUDJH JUH\ OHYHO WKH WZR LPDJHV FDQQRW
UHJDUG LW DV DQ HUURU DQG ZRXOG ZDLW IRU DQRWKHU
LV VXEWUDFWHG E\ WKH SUHYLRXV LPDJH VR WKDW DQ\
LGHQWLILHG 7KH PHFKDQLVP RI VXEVWUDFWLRQ LV VKRZ

A R U 1 T A * W[\

+ X TP

M XW LV XQLW VWHS IXQFWLRQ
ZKHUH 7+ LV GLIITHUHQFH WKUHVKROG
, 6 LV JUHDWHU WKDQ D SUHVHW YDOXH LQ RXU FDVH

WKH RQ VLWH 3& ZLOO ILUVWO\ VDYH WKH WZR UHOHYDQWV
DQG WKHQ LQIRUP WKH PDLQWHQDQFH FHQWUH E\ SURGX



&KDSWHU ,,,

D@MVLQJ WKH LPDJHV WKH RQ VLWH 3& VDYHV WKH UHDO
RI WZR VHWV SHU KRXU SHIJDUGLQJ WKH UHDO WLPH PR
PDLQWHQDQFH FHQWUH DQG WKH RQ VLWH KDV WR EH DF\
WUDQVPLWWHG WKURXJK WKH WHOHSKRQH FLUFXLWU\ DW
OHYHOV RI RSHUDWLRQ EHLQJ VHOHFWHG E\ WKH VHUYHU
8QGHU WKH FRDUVH OHYHO LPDJHV RI VL]H SL[HOV [
D WUDQVPLVVLRQ F\FOH RI RQO\ VHFRQGV IRU WKH HLJK!
, I WKH XVHU ILQGV DQ\WKLQJ XQXVXDO WKH ILQH OHYH
WUDQVPLVVLRQ UDWH RI DURXQG VHFRQGV IRU HDFK LPL
WR IL[ DQ\ FDPHUD RQ OLQH DQG SDQ WLOW JRRP WKDW
DOJRULWKP IRU WKHVH LPDJHV LV VWDQGDUG -3(* IRUPDW
WKH ILOH VL]H RI FRDUVH OHYHO LPDJHV LV DURXQG N%
N% 7KHUH DUH WZR IDFWRUV WKDW JRYHUQ WKH WUDQV
WKH VSHHG RI WKH PRGHP IRU WKH TXDOLW\ IDFWRU
H[SHULPHQWDO WULDO DQG WKXV WKHUH LV RQO\ D OLPLW
LV SURYLGHG IURP WKH VHUYHU WR WKH DLUSRUW VXE VW
LPSURYHG E\ WLPHYV

J)LUH $ODUP =RQH '"HWHFWLRQ

7KHUH DUH D QXPEHU RI ILUH GHWHFWLRQ JRQHV LQ WKH
LQGLFDWHG E\ D QXPEHU RI ODPSV RQ WKH DODUP SDQHO
UHSUHVHQW GLIIHUHQW NLQGV DQG JRQHV RI ILUH REFXUU
JRQH FDQ EH GRQH DXWRPDWLFDOO\ E\ WKH VLWH FRPSXW!
LV WRR H[SHQVLYH WR ZLUH DOO WKH ILUH DODUP VLJQDOV
RI WKH QRQ FULWLFDO DODUP VLJQDOV FDQ EH XVHIXO IRL
YHU\ VWUDLJKWIRUZDUG )LJXUH LV DQ LPDJH RI WKH
RFFXUUHG %\ VXEWUDFWLQJ WKH LOOXPLQDWLRQ OHYHO
FDSWXUHG GXULQJ WKH LQVWDOODWLRQ RI WKH V\VWHP L
LQ )LIXUH 7KH FHQWUH RI WKH WZR SDWFKHV LV GHW,
DQG 'LWK D FRRUGLQDWH WDEOH ZKLFK LV SUHSDL



&KDSWHU ,,,

WZR DODUP W\SH DQG ]JRQH FDQ EH HDVLO\ ZRUNHG RXW

J)LIXUH 7KH ,PDJH RI WKH )LUH $ODXPH3IDQHRH 7KUHVKROG RI WKH 6XE\
ZKHQ $ODUPV DUH 2FFXUUHG ,PDJIHV

6XEVWDWLRQ OHWHU 5HDGLQJ > @

/IDUJH QXPEHU RI VLIQDOV WKDW UHIOHFW WKH LQVWDQW
WR WKH FHQWUDO FRQWURO URRP DQG SUHVHQWHG WR Wi
RI PHWHUYV JRU ROG LQVWDOODWLRQV WKH GXW\ VWDII
WDNHV GRZQ WKH LQVWDQWDQHRXV UHDGLQJV RI HDFK P
SDUDPHWHUV VXFK DV WHPSHUDWXUH FXUUHQW YROWD.
VXEVWDWLRQ )J)URP WKH UHDGLQJV XVHIXO LQIRUPDWLRC
DQG GDLO\ PRQWKO\ IOXFWXDWLRQV HWF FDQ EH HYDOX
LPPHGLDWH UHVSRQVH LI ZH DUH DEOH WR XSJUDGH WKI
DXWRPDWLF UHFRUGLQJ 2QH zZzD\ LV WR FKDQJH DOO WKH
FRQYH\ WKH VLJQDOV EDFN WR WKH FRQWURO URRP E\ /$1
D YHU\ H[SHQVLYH SURMHFW $Q HFRQRPLFDO VROXWLR



&KDSWHU ,,,

XQGWDYGLQRJ VR WKDW WKH ZRUN RI KXPDQ GXW\ VWDII
FRPSXWHU V\VWHP

7KH VA\VWHP LV EDVHG RQ WZR VLPSOH DVVXPSWLRQV Z
VXEVWDWLRQ URRP ZKLFK LV QRUPDOO\ D FRQWUROOHG H
LV IL[HG ZKRVH FRRUGLQDWHYVY DUH ZHOO FDOLEUDWHG I
FKDQJH VLJQLILFDQWO\ ORUHRYHU DOO WKH DQDORJ F
SRLQWHUV RU OXPLQRXV EDUV WR LQGLFDWH WKH UHDO
HOQORXJK WR JHW WKH JHQHUDO SLFWXUH RI WKH PHDVXUI
SRVLWLRQ RI WKH SRLQWHU RU EDU $Q RII WKH VKHOI &
LQVWDOOHG LQ WKH VXEVWDWLRQ VXFK WKDW WKH FC
VZLWFKERDUG EHLQJ PRQLWRUHG DQG WKH RXWSXW RI W
RQ VLWH FRPSXWHU 7KLY FDPHUD VKRXOG SRVVHVV |IXC
ZKLFK DUH FRQWUROODEOH E\ WKH FRPSXWHU 7KH DLPLC(
PHPRU\ DQG WKH FRPSXWHU FDQ DFFXUDWHO\ GLUHFW Wi
FRQVHTXHQWO\ 7KH JDLQ DQG RIIVHW RI WKH DPSOLILF
DGMXVWHG WR PDLQWDLQ D VWHDG\ DYHUDJH LOOXPLQDV

'XULQJ LQLWLDOLVDWLRQ WKH LPDJH RI D PHWHU ZLWK ]
WKH VDPH PHWHU FDSWXUHG E\ WKH VDPH FDPHUD DW WK
ZLOO EH JUDEEHG $V VKRZQ LQ )LJXUH D PDI[LPXP

WKH WZR LPDJHV UHVXOWLQJ LQ DQ LPDJH RI WKH PHWHL
LVv WUHDWHG DV D UHIHUHQFH DQG VWRUHG LQVLGH WK
RSHUDWLRQ D UHDO WLPH LPDJH RI WKH PHWHU LV JUDE
LV WKHQ H[HFXWHG WR FRPSDUH WKLV UHDO WLPH LPDJ
FRPSXWHU PHPRU\ 7KH RSHUDWLRQ LV VKRZQ LQ )LJXI
KLIKOLJKWHG DV VKRZQ LQ )LJXUH +RXJK 7UDQVIRU
PRVW SUREDEOH SRVLWLRQ RI WKH SRLQWHU DQG WKRVH
OLQH ILW DOJRULWKP LV HPSOR\HG WR LGHQWLI\ WKH RS
2Q0FH WKH RULHQWDWLRQ LV NQRZQ WKH UHDO WLPH UHD
ZLWKLQ WKH GDWDEDVH NHSW LQ WKH PHPRU\ RI WKH FR



&KDSWHU ,,,

VWRUHG IRU WUHQG ORJJLQJ DQG VWDWLVWLFDO DQDO\V
YLIXUH

JLIXUH $Q LOOXVWUDWLRQ RI WKH PD[LPXP" RSHUDWLRQ



&KDSWHU ,,,

OHQIJWK RI WKLV QRUPDO $Q\ SRIRZWKDUW RBEXWUKH OHWKRC
\' RQ WKLV OLQH PXVW VDWLVI\ WKH VWUDLJKW OLQH HTX
D VLQXVRLGDO FXUYH LQ WKH U VSDFH ,1 D QXPEHU R
WKHLU +RXJK WUDQVIRUP FXUYHV PXVW LQWHUVHFW LQ W
M\ ZLOO FRQWULEXWH D FRXQW WR WKH FHOOV JLYHQ E\
ZLOO JLYH WKH GHVLUHG OLQHV 7KH YDOXH JLYHV DQ I
7R UHILQH WKH PHWHU UHDGLQJ WKH RSWLPDO OLQH WHK
PHDQV RI UREXVW ILW RI WKH XVHIXO SL[HOV 7TKH OLQF
VTXDUHG GHYLDWLRQ RI DOO XVHIXO SL[HOV IURP WKH

\ D EJ

OLQ .. \W a D a_E

SERNVE (n”f



&KDSWHU ,,,

2WKHU 8VHIXO )HDWXUHV

7KH UHPRWH YLVLRQ V\VWHP UHTXLUHV QR VSDUH FRQWD|
WR SUHYHQW WKHIW DV ZHOO *HQHUDO LQVSHFWLRQ RI
FKHFNLQJ FOHDQOLQHVY DQG WKH ZRUN TXDOLW\ RI PDLQ
ILUH SDQHOV FDQ EH JUDEEHG DV LPDJHV VR WKDW WKH X
RIILFH FDQ FRQILUP ZKHWKHU WKH DODUPV DUH IDOVH RL
WR VHH WKH H[LVWHQFH RI VPRNH RU ILUH LQ WKH DFWL
UHPRWH YLVLRQ V\VWHP FDQ EH XVHG WR PRQLWRU H[W
PDQQRLQJ E\ WKH &/3 VWDII LQ WKH VXE VWDWLRQ LV GHH
DUHDV RU DUHDV ZLWKRXW DGHTXDWH FOHDUDQFH VXFK
OLYH FRQGXFWRUV FDQ EH PRQLWRUHG E\ WKLV VA\VWHP
WKH PDLQWHQDQFH PDQDJHU LV DEOH WR YLVXDOLVH WKH
WR JLYH GLUHFW LQVWUXFWLRQV WR WKH VLWH HQJLQH
HITLFLHQWO\ VROYHG ZLWK WKH MRLQW FR RSHUDWLRQ EHR

17(*5$7,21 1,7+ ,17(51(7

,Q RUGHU WR DFFRPSOLVK WKH JRDO RI VKDULQJ LQIRUPL
SRZHU V\VWHP ZLWK RWKHU XWLOLWLHYV DQG RUJDQLVD\
RSHUDWLRQ RI WKH QHZ LQWHUQDWLRQDO DLUSRUW RI +
HPSOR\HG LQ RXU V\VWHP WR EH GHVFULEHG $ KRPHSDJ
SULQFLSOH D ODUJH QXPEHU RI DSSURYHG XVHUV DW WK
IRU VWDQGE\ VWDII WR UHWXUQ WR RIILFH WR JDLQ DFFH
FRPPXQLFDWLRQ LV UHDG\ DQ\ZKHUH DQG DQ\WLPH 8VLQ.
SODQW LV XQGHU HPHUJHQF\ VLWXDWLRQ EHFDXVH DOO S|
GDWD VLPXOWDQHRXVO\ 7KLV IHDWXUH ZDV LPSRVVLEOH
VR WLPH IRU WURXEOH VKRRWLQJ FDQ EH VKRUWHQHG LC
QRUPDO FDQ EH VKRUWHQHG DV ZHOO %HIRUH WKH GHWD
RI DUW RI QWHUQHW WHFKQRORJ\ LV LQWURGXFHG 7TKH
DQG D FRPSUHKHQVLYH UHYLHZ FDQ EH IRXQG LQ YDULRX\



&KDSWHU ,,,

EPHG EXLOGLQJ DXWRPDWLRQ V\VWHP > @ ZDV GHYHOR
XQLYHUVLW\ E\ DQ ,QWHUQHW EDVHG GHJUHH FRXUVH >
DGYDQWDJHYV LW LV H[WUHPHO\ IUXLWIXO IRU XV WR SXW

WKH ,QWHUQHW

$ 3BHQWLXP EDVHG 3& HTXLSSHG ZLWK /$1 VHUYLFH FRQ
WR EH WKH ,QWHUQHW VHUYHU DV VKRZQ LQ )LJXUH E\
KWWSG 9, F :RUOGZLGH :HE 6HUYHU 7KLV V\VWWHP ZLOC
ZKLFK LV PRUH UHOLDEOH DQG FDQ VXSSRUW PRUH IOH[L
DQG )LIJXUH VKRZ WKH W\SLFDO KRPHSDJHV 7KH VHU
3& E\ PRGHPV 6LWH LQIRUPDWLRQ LQFOXGLQJ LPDJHV D
VDYHG RQWR WKH KDUGGLVN Rl WKH VHUYHU 30DQW SD
ZLWK UHVSHFW WR 6) VZLWFKJHDUV SRZHU WUDQVIRUPH
IURP WKH EXLOGLQJ V\WVWHPV VXFK DV DLU FRQGLWLRQL
8QOLPLWHG QXPEHU RI RUGLQDU\ XVHUV FDQ UHWULHYH
UHVWULFWLRQ ZKLOH DXWKRULVHG XVHUV DUH DEOH WR L
VXE VWDWLRQ DQG UHWULHYH UHDO WLPH LPDJHV DQG S
SDVVZRUGV DUH FDWHJRULVHG LQWR WZR OHYHOV IRU R

JLIXUH VKRZV WKH SDVVZRUG SDJH RI WKH KRPHSDJH
DXWRPDWLF LPDJH XSGDWLQJ RI HDFK SROOHG VXE VWD)
SXUSRVH 7KH SURJUDP LV LQ IRUP RI D +70/ WHI[W

XQGHU DQ HQYLURQPHQW RI 1HWVFDSH ,QWHUQHW ([SC
DXWRPDWLFDOO\ HIHFXWHG HYHU\ VHFRQGV WR XSORDG
+70/!

+($"!

7,7/(')LUH 3URWHFWLRQ 3DQHO 1HZ $LUSRUW f$9 7,7/(!
0(7$ +773 (48792 5()5(6+ &217(17

+($' !

%2'<!

&(17(5 !

$ +5() QRG KWP ! + I6XEVWDWLRQ 2Q /LQH ORQLWRULQ



&KDSWHU ,,,

3!

$ +5() DLUSRUW DLUSRUW KWP ! + I'1HZ $LUSRUW 1$1
6 XEVWDWLRQ + ! $!

3!

$ +5()2? DLUSRUWKUYLV KWP ! + ISHPRWH 9LVLRQ + !
3!

+ ' )LUH 3URWHFWLRQ 3DQHO +
,0* 65& FIJL ZLQ XSGDWH H[H "D !
&(17(5 !

%2'<!

+70/ !

KLOH WGLW 9LHZ o % RRNPDUNYV 2SWLRQV "LUHFWRU\ :LQC

7KH FXUUHQW WLPH LV

6XEVWDWLRQ 2Q /LQH ORQLWR
1HWZRUN 2SHUDWLRQ 'HSDUW

7VH :DQ 6KDQ N9 6XEVWDBWLRDP N9 6XEVWDWLRQ

JLIXUH JURQW 3DJH RI WKH ORQLWRULQJ +RPHSDJH
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0!/DFN +RUQS SEORDG ou ¢SHQ 3ULQW )LQG- 6

6XEVWDWLRQ 2Q /LOH ORQLWRULO
3R /DP N9 6XEVWDWLROQ

,F9 6) &% 2SHUDWLERQ 2 RWQSHIUHDWN\. RQ

JLIXUH ORQLWRULQJ +RPHSDJH IRU 3R /DP 7UDQVPLVVLRQ 6XE VWDWLRQ
JLOH -(GLW O9LHZ *R % RRNPDUNYV d-SWLRQV '"LUHFWRU\
RV F % -Iia P
WFN )RUZDUG+RPH 5HORDGLPDJHV 2SHQ 3ULQW 5 QG 6WRS

SHPRWH 9LVLRQ

BURWHFWLYH (TXLSPHQW JLUH 3URWHFWLRQ 3DQHO &DEOH %DVHPH

/2&. 6(59(5 3$66:25" o _ (1

JLIXUH ID\RXW RI $XWKRULVHG 8VHUfV 3DJH



&KDSWHU ,,,

OLOH (G LW OLHZ *R % RRNPDUNYV 2SWLROQV 'LUHFWRU\
\ a L A ++eE
%Nt +RPH _ SHOR[- eEZSHQ 6WRS

L

v LLLe- LLL

JLIXUH ,PDJH RI )LUH $ODUP 3DQHO RQ +RPHSDJH

JLOH (G LW OLHZ *R 2 RRNPDUNYV 2SWLRQV 'LUHFWRU\

N9 SHDFWRU *&% /DWHVW 2SHL

A

N9 *&% &ORVH &XUUHQW ,F9 *& % 7ULﬁV\§LXUUH

L B.BB B BHBHBHBBBB -a 7
)LJXUH +RPHSDJH VKRZLQJ &XUUHQW :DYHIRUPV RI /IDWHVW N9 6) *&¢



&KDSWHU ,,,

JLIXUH LV WKH SDJH IRU GLVSOD\LQJ WKH UHDO WLPH
LPDJHV DQG GLJLWDO SODQW SDUDPHWHUV WKH KRPHSD

vLIQDOV WKDW UHFRUG FXUUHQW ZDYHIRUPV DW WKH

YLIXUH

6XEMHFW WR WKH DGGLWLRQDO UHTXLUHPHQWY DW QHZC
LOQWHUQDWLRQDO DLUSRUW RI +RQJ .RQJ WZR QHZ IHDWX
VIVWHP 6XFK UHTXLUHPHQWY DUH PDLQO\ GXH WR WKH L
RI SDUWLHV UHVSRQVLEOH IRU RSHUDWLQJ WKH DLUSRUMW
DEOH WR VHH WKH VFHQHV RI GLIIHUHQW LPSRUWDQW OR
PDQQHU 7KH HPSOR\PHQW RI ,QWHUQHW WHFKQRORJ\ WR
VLPXOWDQHRXV PXOWLSOH DFFHVV IURP DOO SDUWLHV FR

XQGHU HPHUJHQF\ FRQGLWLRQV



&KDSWHU ,9

&KDSWHU ,9

)8==< /2*,& $33/,&%$7,216 ,1 68%67%$7,216

$V GLVEXVVHG LQ &KDSWHU , IX]]\ WKHRU\ LV RQH RI WK!
VIVWHPV ,Q IDFW IX]]\ ORJLF WHFKQLTXHV DUH YHU\ XVF
DSSOLFDWLRQV DUH YHU\ LPSRUWDQW IRU WKH LQWHOOLJ
WZR 1X]]\ ORJLF DSSOLFDWLRQV LQ SRZHU VXEVWDWLRQV
RI IX]]\ FRQWUROOHU IRU WKH VZLWFKLQJ RI N9 FDSDFI
FKDSWHU GHVFULEHV WKH GHVLJQ DQG DOJRULWKPV RI C
FRPSHQVDWLRQ DQG SRZHU IDFWRU FRQWURO 7KH FRQW!I
VFKHPH DQG LV QRW OLPLWHG WR GLVFUHWH FDSDFLWRU
EXLOGLQJ VHUYLFHV DSSOLFDWLRQ DV ZHOO 7KH SHUIRL
HIWUHPHO\ UREXVW ,W LV DOVR KLJKOLJKWHG LQ WKLV F
XVLQJ SRZHU IDFWRU DV WKH FRQWURO YDULDEOH UHDFV
WKH FRQWURO DSSOLFDWLRQ WKH RWKHU DSSOLFDWLRQ
HTXDWLRQV (TXDWLRQV LQYROYLQJ IX]]\ QXPEHUV DUH X
WKH\ DSSHDU IUHTXHQWO\ LQ GLIIHUHQW GLVFLSOLQHV F
KDUPRQLFV SDWWHUQ UHFRJQLWLRQ EDVHG RQ VROYLQJ |
7KHUH DUH WZR UHDVRQV RI LQWURGXFLQJ IX]]\ QXPEHUYV
YDULDWLRQ RI KDUPRQLFV VSHFWUXP RI WKH FXVWRPHU
FRQVXPSWLRQ DQG DQRWKHU EHLQJ WKH LQWULQVLF HUUF
WKH GLVFXVVLRQ Rl WKH DSSOLFDWLRQV D EULHI LQWUR

)8==< 6(76 $1' 3523(57,(6

7TKH FRQYHQWLRQDO TXDQWLWDWLYH WHFKQLTXHV RI V\VYV

KXPDQLVWLF V\VWHPV DQG RWKHU FRPSDUDEOH FRPSOH]
LQFUHDVHV WKH DELOLW\ WR PDNH SUHFLVH DQG \HW



&KDSWHU ,9

WKUHVLLKROBDFKHG EH\RQG ZKLFK SUHFLVLRQ DQG VLJQL
PXWXDOO\ H[FOXVLYH FKDUDFWHULVWLFV 7KLV LQ DFFFR
ISULQFLSOH RI LQFRPSDWLELOLW\Y , W LV LQ WKLV VHQ
EHKDYLRXU RI KXPDQLVWLF V\VWHPV DUH QRW OLNHO\ W
ZKHUH VRFLHWDO SROLWLFDO HFRQRPLF DQG RWKHU W\!
VRFLDO VFLHQFHYV )X]]\ DSSURDFK LV EDVHG RQ WKH SU
WKLQNLQJ DUH QRW MXVW QXPEHUV EXW FDQ EH DSSURJL
ZRUGV FODVVHV RI REMHFWV LQ ZKLFK WKH WUDQVLWLF
JUDGXDO UDWKHU WKDQ DEUXSW %\ UHO\LQJ RQ WKH X\
DOJRULWKPV WKLV QHZ DSSURDFK SURYLGHV DQ DSSURJL
PHDQV RI GHVFULELQJ WKH EHKDYLRXU RI V\VWHPV ZKLFK
D SUHFLVH PDWKHPDWLFDO DQDO\VLV E\ FODVVLFDO PHWE

$ IX]]\ VHW $ LQ D VSDFH RI SRLQWV ; A[' LV D FODVV R
RI PHPEHUVKLS DQG LV FKDUDFWHULVHG E\ D PHPEHUVKL
HDFK SRLQW LQ ; D UHDO QXPEHU LQ WKH LQWHUYDO > |
JUDGH RI PHPEHUVKLS RI' [ LQ $ )RUPDOO\ D IX]]\ VHW $
[ [Q LV GHILQHG DV D FROOHFWLRQ Rl RUGHUHG

$ N T L 7' 0Q°
ZKHUH WKH VXSSRUW RI $ LV
$ [ [ ; DQSS$[ !

¢£€ WKH JUDGH RI PHPEHUVKLS RI M LQ $ GHQRWHV WKH
PHPEHU RI $ RU EHORQJV WR $ KHQ ; LV ILQLWH WKH 1>

$ .3 ;W I Q!

'KHQ ; LQ LQILQLWH WKH IX]]\ VXEVHW $ FDQ EH GHQRWH
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7KHUH DUH VRPH EDVLF RSHUDWLRQV UHODWHG WR I[IX]]\

YDOXHV [$[ DQG S%[ [ * ; UHVSHFWLYHO\
D $ LV HTXDO WR % $ % LPSOLHV
3$ [ 3IL] 9 [ ;

E $ LV D FRPSOHPHQW RI % $ %Y LPSOLHV

A 9 L H ;
F $ LV FRQWDLQHG LQ %9 $A% LPSOLHV
3$[ A3% [ 9 [ H
G 7KH XQLRQ RI $ DQG % $8% LV JLYHQ E\
ff = a, vy "

ZKHWKBHQRWHY PD[LPXP

H 7KH LOWHUVHFWLRQ RI $ DQG % $10% LV JLYHQ E\

3DQIO | $ SA[ 9S®W[H ;
ZKH$BHQRWHY PLQLPXP RU SURGXFW

&RQVLGHU D XQLYHUVH RI WKUHH JLUOV ; A0DU\ -HDQ
GHILQHG DV 3 0D U\ “HDQ 0D\ ZKLOH WKH IX
DV 5 0DU\ “HDQ 0D\  7KH IX]]\ VHW fSUHWW
IURP WKHVH WZR VHWV 7KDW LV

3 $1' 5 0D U\ “HDQ 0D\

7KH RSHUDWLRQV OLVWHG DERYH VDWLVI\ PDQ\ FODVVLF
FRPPXWDWLYLW\ DVVRFLDWLYLW\ GLVWULEXWLYLW\ LGEt
LQYROXWLRQ HTXLYDOHQFH DQG V\PPHWULFDO GLIIHUHQ
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)8==< (:3(57 6<67(06

$ SRSXODU FODVV RI H[SHUW V\VWHPV XVHV LI WKHQ UXO
DUH NQRZQ DV UXOH EDVHG V\WWHPV 7KH EDVLF IX]]\ HJ[
FRQYHUWLQJ LQSXW YDULDEOH YDOXHV WR IX]]\ VHW YD
FRQYHUWLQJ IURP IX]]\ VHW YDOXHV EDFN WR FULVS RX
LI WKHQ UXOH DVVXPHV WKH IRUP

') [ LV $

7+(1 \ LV %

ZKHUH $ DQG % DUH OLQJXLVWLF YDOXHV GHILQHG E\ IX]]
9 UHVSHFWLYHO\ f[ LV $7 LV FDOOHG WKH DQWHFHGHQV
$ IX]]\ LI WKHQ UXOH FDQ EH GHILQHG DV D ELQDU\ IX]]\ L

5 $A% I X[7 ?2L$[ ?[% \O[ \

SHIJDUGLQJ IX]]JLILFDWLRQ RI LQSXWV HDFK IX]]\ VIVWHP L
FDQ EH GHVFULEHG E\ OLQJXLVWLF WHUPV OLNH KLJK

)X]JLILFDWLRQ LV WKH SURFHVV RI GHWHUPLQLQJ D YDC
PHPEHUVKLS LQ HDFK RI LWV IX]]\ VHWV ,Q RUGHU WR H
FRQFHSWYVY DQG PRGHO WKH VA\VWHPYV EHKDYLRXU D IX]]\
LI WKHQ UXOHV LQ FRQVXOWDWLRQ ZLWK WKH GRPDLQ
UHDVRQLQJ LV DQ LQIHUHQFH SURFHGXUH WKDW GHULYHV
IHW $ $9 DQG % EH IX]]\ VHWV RI1 8 8 DQG 9 UHVSHFWL
% LV H[SUHVVHG DV D IX]]\ UHODWLRQ 5 RQ 8 [ 9 WKH VF

GHILQHG E\

SIL \ PD[ PLQ”AS [ _L-M[\"

7KH IX]]\ LQIHUHQFH V\VWHP LV D FRPSXWLQJ IUDPHZRUN
WKHRU\ 7KH V\VWHP LV NQRZQ E\ QXPHURXV QDPHV OLNH
VAVWHP [1X]]\ PRGHO 1X]]\ DVVRFLDWH PHPRU\ DQG IX]]\ OF






&KDSWHU ,9

$33/,&%$7,21 ,1 &%$3%$&,725 6:,7&+,1*

,Q WKH +RQJ .RQJ SRZHU V\WWHP RYHU D KXQGUHG RI
EHHQ LQVWDOOHG LQ WKH SULPDU\ VXEVWDWLRQV IRU UH
RI QXFOHDU HQHUJ\ IURP &KLQD LQ LW LV H[SHFWHG
EDQNV ZLOO EH YHU\ PXFK LQFUHDVHG RYHU WKH QH[W
FDSDFLWRUV ZLOO UDLVH GLIILFXOWLHV LQ V\VWHP RSHU
DOZD\V FRLQFLGHV ZLWK WKH EXV\ KRXUV IRU WKH FRQW
PRUQLQJ RU WR UHGXFH JHQHUDWLRQ LQ WKH HYHQLQJ

LQ +RQJ .RQJ EXW LW LV TXLWH FRPPRQ HYHU\ZKHUH LQ
GLIIHUHQW VXEVWDWLRQV DUH GLYLGHG LQWR JURXSV DQ
YLD WKH 6&$'$ VIVWHP +RZHYHU GXULQJ WKH EXV\ KRXU\
LPSRVVLEOH IRU D FRQWURO HQJLQHHU WR ORRN XS WK
PRVW DSSURSULDWH WR EH VZLWFKLQJ LQ RXW ORUHRY!
ORDG GHPDQG SDWWHUQV RYHU FRPSHQVDWLRQ LQ VRPI
RWKHUV ZLWKLQ WKH VDPH JURXS DUH LQHYLWDEOH GXL
RI GDLO\ URXWLQH VZLWFKLQJ RI D FRQWURO HQJLQHHU

LV KLJKO\ GHVLUDEOH WR HPSOR\ DXWRPDWLF DQG DO\
FRQYHQWLRQDO fPDQXDOY RSHUDWLRQ 7KLV XUJHQWO\ |

&KRLFH RI 4RQWURO 9DULDEOH

1RUPDOO\ FDSDFLWRUV DUH VZLWFKHG LQ ZKHQ ORDG LQ!
WR VZLWFK RXW WKH FDSDFLWRUV LV YHU\ PXFK GHSHQ
FDSDFLWRUV DUH VZLWFKHG RXW DIWHU WKH PRUQLQJ SHI
GXULQJ WKH VXPPHU SHDN ORDG SHULRG ,Q VRPH FDVH!
VXFK DV WKH &KLQHVH 1HZ <HDU KROLGD\V LQ +RQJ .RQJ
EH XQQHFHVVDU\ DW DOO +HQFH WKH FRQWURO VWUL
SDUDPHWHU V VKRXOG EH FRQVLVWHQW ZLWK WKH ORDG
FRQWURO SRZHU IDFWRU KDV EHHQ XWLOL]J]HG DV WKH |
UHVHDUFK > @ KDV UHYHDOHG WKDW LW LV LQVXIILFLHQW



&KDSWHU ,9

ZKHQ WKH ORDG FKDUDFWHULVWLFVY DUH WDNHQ LQWR DFI
RU SRZHU IDFWRU FDQ EH XWLOL]JHG DV WKH FRQWURO S
IDFWRU DFWLYH SRZHU DQG UHDFWLYH SRZHU UHVSHFWL

31

%\ DSSO\LQJ VPDOO SHUWXUEDWLRQ WR WKH V\VWHP WKI|

SI$S| 433
3
0 4 O >$ 0
S| s A 4 s
$31 . 27U ZKHUH . %4s]
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+HQFH WKH YDULDWLRQ RI SRZHU IDFWRU GHSHQGV RQ E
D VWDQGDUG WUDQVPLVVLRQ DQG GLVWULEXWLRQ V\VWHI
HTXDWLRQV DUH REWDLQHG

3 MORDG. SORVV

JORRG. LU

QG4 40RDG. 4 ORVV
4@®DG... »3; 9%

+HQFH 3 ¢$ORDG.. 5%,
DQ& 45 4ORDG.. L%,

ZKHUH FLURKHW. VWDQFH
; FLUFXLW UHDFWDQFH
% FLUFXLW VXVFHSWDQFH

7KH V\VWHP YROWDJH YDULDWLRQ $9 LV XVXDOO\ YHU\
VHHQ WKDW WKH ORVVHV DUH FORVHO\ UHODWHG WR WKH
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a  1'8675,8/ /2% 1% E 5(6,'(17.%/ /2$',1* FL &200(5&,$/ /2% 1+
$FWLYH 3RZHU /RDG &X4¥Ry| yYH 3RZHU /RDG &XUMMWLYH 3RZHU /RDG &XUYH

5HDFWLYH 3RZHU /RDG &XWYRVLYH 3RZHU /RDG &SHPARWLYH 3RZHU /RDG &XUYH
09s%U OD[ 09%U

3RZHU )DFWRU &XUYH 3RZHU )DFWRU &XUYH
L 4B

7LQH KL 7LQW KU

JLIXUH D J)LIXUH E JLIXUH F

,W LV HVVHQWLDO WR H[DPLQH WKH ORDG FKDUDFWHULV
FRQWURO SDUDPHWHU V ,Q D SULPDU\ VXEVWDWLRQ WK
OLIJKWLQJ DQG PRWRU HWF +RZHYHU EDVHG RQ WKH VX
WKH ORDG SDWWHUQ FDQ EH URXJKO\ FODVVLILHG LQWR
FRPPHUFLDO )RU LQGXVWULDO ORDG WKH SRZHU IDFWR
YHUVD SUREDEO\ GXH WR WKH GRPLQDWLQJ PRWRU ORDG
ORDG ZKHQ WKH 0: LV PLQLPXP DW RU PD[LPXP DW

LQ HLWKHU FDVH L H LOQFRQVLVWHQW ZLWK 0: FKDQJH
FRPPHUFLDO ORDG WKH SRZHU IDFWRU FXUYH KDV OLWW:(
WKH UDWHV RI FKDQJH RI 3 DQG 4 DUH PRUH RU OHVV V
-XGJLQJ I[URP WKH DERYH LQYHVWLIJDWLRQ WKH SRZHU IIL
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FRQQHFRVMHEG DQG WKHLU FRPELQDWLRQ ZKLFK GR QRW EH
GHPDQG 2ZLQJ WR WKH XQFHUWDLQW\ RQ WKH WUHQG
FRQVLGHUHG LQDSSURSULDWRQ®RQWHRORIBUDIPHEWRU DV

JURP WKH DERYH ILJXUHV LW FDQ EH VHHQ WKDW WKH 0
0: GHPDQG LUUHVSHFWLYH RI WKH ORDG W\SH 7KHUHIRUI
EH D FRQWURO SDUDPHWHU DV ZHOO VLQFH

D Lw LV D GLUHFW PHDVXUHPHQW RI UHDFWLYH GHPDC
E VLQFH WKH FDSDFLWRU UDWLQJ LV DOVR LQ WHUPYV

VWUDWHJI\ RI VD\ DFKLHYLQJ JHUR 09%U FDQ EH DSS¢
F WKH VKDUS FKDQJHV RI 09%U GHPDQG LQ WKH PRUQ

IDFLOLWDWH VWDEOH FRQWURO DQG VHWWLQJ GHVLJC

7TKXV ERWK WKH SRZHU IDFWRU DQG WKH UHDFWLYH (
SDUDPHWHUYV

'LVFUHWH DQG &RQWLQXRXV $FWXDWLRQ

&XUUHQWO\ WKHUH DUH WZR W\SHV Rl UHDFWLYH FRPSH
FRQWURO DQG FRQWLQXRXV FRQWURO )RU VWHS FRQWU
09$U DQG WKH\ DUH VZLWFKHG LQ RXW GHSHQGLQJ RQ WKHI
SRZHU FRQVXPSWLRQ )RU FRQWLQXRXV FRQWURO VWDW
EDVLFDOO\ WZR W\SHV Rl FRPPRQO\ XVHG FRPSHQVDWRUV

75 DQG WKA\ULVWRU VZLWFKHG FDSDFLWRU 76& > @
FRQGXFW RQ DOWHUQDWH KDOI F\FOHV RI WKH VXSSO\ IU}
EXV EDU , I WKH WK\ULVWRUV DUH JDWHG LQWR FRQGXF

YROWDJH ZDYHIRUP [IX0O0O FRQGXFWLRQ UHVXOWYVY LQ WKH
WKH WK\ULVWRUV DUH VKRUW FLUFXLWHG UHVXOWLQJ LC
FRQWURO RI WKH JDWLQJ VLIJQDOV FDQ UHVXOW LQ DQ DG
JRU 76& WKH VXVFHSWDQFH LV DGMXVWHG E\ FRQWUROC
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FRGXFWLRQ (DFK FDSDFLWRU DOZD\V FRQGXFWV IRU
7KHUHIRUH ZLWK N FDSDFLWRUV LQ SDUDOOHO WKH WF
FRPELQDWLRQ RI WKH N LQGLYLGXDO VXVFHSWDQFHV WD
VXVFHSWDQFH WKXV YDULHV LQ D VWHSZLVH PDQQHU
FRQVXPSWLRQ RU JHQHUDWLRQ RI D 76& 7&5 FRPELQLQJ
FRQWLQXRXV PDQQHU

)X1]\ &RQWURO

,Q WKLV SURMHFW WKH DLP LV WR GHYHORS D XQLYHUVE
WKH VWHS DQG FRQWLQXRXV FRQWURO VWUDWHJILHV 'HIL
PRGHP DGDSWLYH FRQWURO ZLOO VWLOO EH SUREOHPDW
UHDO WLPH ZKHQHYHU GLIIHUHQW FRQWURO PRGHV DUH |
OLPLWHG QXPEHU RI GHFLVLRQ OHYHOV ZKLFK FHUWDLQO\
FRQWURO KDV WKH PHULW WKDW LW GRHV QRW UHTXLUH
IX]]\ FRQWURO V\WVWHPV KDV GUDPDWLFDOO\ WUDQVIRUPH
PDWKHPDWLFV WR WKH HQFRGLQJ RI LQH[DFW FRPPRQV
EHVLGHYVY EHLQJ LQWXLWLYH KDV WKH UHZDUGV RI IOH[LE
5XOHV EDVHG RQ WKH H[SHULHQFH RI WKH FRQWURO HQJ
HQJLQH DQG WKH WZR SDUDPHWHUV QDPHO\ SRZHU IDF\
IX]]JLILHG DQG PDQLSXODWHG E\ WKH UXOHV )LQDOO\ Wk
DOJRULWKP WR GHWHUPLQH ZKHWKHU PRUH UHDFWLYH SF

)X]JLILEDWLRQ

JRU HDFK LQSXW SDUDPHWHU VL[ IX]]\ VXEVHWY DUH FUHI
VD\ OoDJJLQJ 7KH UHDO WLPH SRZHU IDFWRU LV UHDG
LQ )LIJXUH 7KH PHPEHUVKLS IXQFWLRQV RI WKH VL][

9/% PHGLXP ODJJLQJ 0/$%$ VOLIJKWO\ ODJJLQJ 6/% VO
OHDGLQJ O0/( DQG YHU\ OHDGLQJ 9/( FDQ WKHQ EH FRP
UHDFWLYH SRZHU 4 FDQ HDVLO\ EH FDOFXODWHG LI WK



&KDSWHU ,9

VKRZQ EHORZ

S 3IUW 4UW
310

ZKHUH UW GHQRWHYV UHDO WLPH

2QFH 4 LV IL[HG WKH PHPEHUVKLS IXQFWLRQV RI WKH V
QDPHO\ YHU\ SRVLWLYH 93 PHGLXP SRVLWLYH 03 VOL
61 PHGLXP QHJDWLYH 01 DQG YHU\ QHJDWLYH 91 FD
UHDFWLYH SRZHU PHDQV FRQVXPSWLRQ RI UHDFWLYH SR
UHIHUV WR WKH JHQHUDWLRQ RI UHDFWLYH SRZHU E\ WKHF
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7KH 5XOH %DVH

6L DFWXDWLRQ DFWLRQV KDYH EHHQ GHILQHG QDPHO\ O
VOLIKWO\ LQFUHDVH 6, VOLIKWO\ GHFUHDVH 6' PHGL?
/' UHVSHFWLYHO\ +HUH LQFUHDVH PHDQV DQ LQFUHD
UHGXFWLRQ LQ UHDFWLYH SRZHU FRQVXPSWLRQ E\ WKH FF
FRQwWUDU\ )RU WKH FDVH RI GLVFUHWH DFWXDWLRQ LI L
V\VWHP DQ , VLJIJQDO ZLOO DOZD\V UHVXOW LQ D GLVFRC
RI FDSDFLWRUYV 6LPLODUO\ LI FDSDFLWRUV KDYH DOUH
VLIQDO ZLOO DOZD\V LPSO\ D VZLWFKLQJ RXW RI FDSDFLW
JRU WKH FDVH RI FRQWLQXRXV DFWXDWLRQ 76& DQG 7&5
DQRQG WKHUH VKRXOG EH QR RWKHU SUREOHP ©6LQFH WKHU
YDULDEOH WKHUH DUH LQ SULQFLSOH WKLUW\ VL[ UXOF
IROORZLQJ WDEOH

3RAU )DFWRU
287387 9/$ 0/$ 6/$  6/( 0/( 9/(

93
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63
61
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7KH DEEUHYLDWLRQ ( PHDQV DQ HUURU ZKLFK LQGLFDW
DFTXLVLWLRQ V\VWHP 6LQFH ZH DUH XVLQJ WZR WUDQVG
WKH RWKHU IRU PHDVXULQJ UHDFWLYH SRZHU IORZ WKHU
WKH VA\VWHP UHVXOWLQJ LQ XQUHDVRQDEOH VLWXDWLRQV
Rl WKH IX]]\ VXEVHW ( LV ODUJHU WKDQ DQ DODUP L
VKRXOG EH FKHFNHG DQG PDLQWHQDQFH LV WR EH FDUUL



&KDSWHU ,9

7KH ,QIHUHQFH (QJLQH DQG 'HIX]]JLILFDWLRQ

'XULQJ UHDO WLPH RSHUDWLRQ WKH SRZHU IDFWRU LV |
ZKLOH WKH UHDFWLYH SRZHU LV UHDG LQ IURP WKH UHDF
XQGHU WKH HYDOXDWLRQ DFFRUGLQJ WR WKH WKLUW\ VI
PD[ PLQ RSHUDWLRQ 2QH UXOH LV XVHG DVIZQ W [DP 5QI& |
SI LV 0/$ WKHQ 2XWIKWHIPMEKBUVKLS IXQFWLRQ RI 0, LV JLY

PLQ?L034Q ?L083I1Q

$IWHU WKH HYDOXDWLRQ SURFHVV RQH ZLOO REWDLQ W
UXOHV $Q\ PHPEHUVKLS IXQFWLRQ IRU ( ODUJHU WKDQ
DWWHQGDQFH ,Q RUGHU WR GHIX]]LI\ WKH RXWSXW HDFK

DV VKRZQ EHORZ

/, S X
0, S X
6, S X
6' S X
0’ S X
/' S X

2Q0\ HLIKWHHQ UXOHV DUH LQYROYHG LQ WKH GHIX]]JLILFI
JLYHQ E\

OXWSXW ZKHUH $ @ 02 @ 02
.. _LV R 0

@ : D IEo( 02
» ... 02 ( O ( O

(0 (0 (02
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+HUH L VWDQGVYV IRU WKH QXPEHU RI UXOH ZLWK WKH U
DFWXDWLRQ WKH RXWSXW VLJQDO LV XVHG WR FRQWURO
09$U JHQHUDWLRQ FRQVXPSWLRQ +RZHYHU IRU GLVFU
FDSDFLWRU RU LQGXFWRU LV 09$U RU S X 7KHUHIR
LI WKH VLJQDO LV ODUJHU WKDQ S X IRU RQH VWHS

+DUGZDUH 'HVLJQ

'LWK UHIHUHQFH WR )LJXUH WKH KDUGZDUH GHVLJQ EL
VXEVWDWLRQ PRGHO DQG RWKHU HOHFWURQLF FLUFXLWYV
FROQOWUROOHU 7KH 9%U DQG SRZHU IDFWRU VLJQDOV DUH
E\ WKH $' FRQYHUWHUV *UDSKLFV GLVSOD\ LV DYDLODE
SHUIRUPDQFH 7KH FDSDFLWRUV LOQGXFWRUV 76& D
GULYLQJ VZLWFKLQJ FLUFXLW EDVHG RQ WKH GLIJLWDO FF

— o2 e > L._nsZZ:tn

6 ODE 2 VWDWLRQ

J)LIXUH %ORFN 'LDJUDP RI WKH &RQWUROOHU
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SHUIRUPDQFH RI &4RQWUROOHU

9DULDWLRQ RI 3 6F 4

DW /RDG 6LGH

7LPH LQ PLQXWHYV
JLXUH O9DULDWLRQ RI 3 DQG 4

BHUIRUPDQFH RI )X]]\ &RQWUROOHU RQ
'"LVFUHWH 6WHS $FWXDWLRQ

S U TS X |,
JLXUH 9DULDWLRQ RI 3RZHU )DFWRU DQG 4
JLIXUH VKRZV WKH YDULDWLRQ RI DFWLYH DQG UHDFW
SHULRG RI ILYH KRXUV JLIXUH VKRZV WKH YDULDWLRC

WKH VXEVWDWLRQ ZKHQ WKH GLVFUHWH DFWXDWLRQ VFK
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JLXUH VKRZV WKH YDULDWLRQ RI WKH VDPH SDUDPHWH
LV HPSOR\HG XQGHU WKH IX]]\ FRQWUROOHU

SHUIRUPDOQFH RI' )X]J]\ &RQWUROOHU RQ
76& 7&5 $FWXDWLRQ
_ 3) 4 s X _
) LIJXH 9DUDWLRQ RI 3RZHU )DFWRU DQG 4

$33/,&%$7,21 ,1 +$5021,& /2%$' 5(&2*1,7,21

(TXDWLRQV ZLWK IX]]\ QXPEHUV DSSHDU IUHTXHQWO\ LQ R
$Q DQDO\WLFDO VROXWLRQ IRU VXFK HTXDWLRQV LV JHQH
RI KLJK QRQ OLQHDULW\ DPRQJ RWKHU SUREOHPV 2S WL
SUREOHP DQG LW FDQ EH YHU\ HIILFLHQW ,Q SDUWLFXC
SRZHU V\VWHP KDUPRQLFV VLIQDWXUH UHFRJQLWLRQ R
HTXDWLRQV LQYROYLQJ IX]]\ QXPEHUV +DUPRQLFV OHYH
UHFHLYLQJ LQFUHDVLQJ DWWHQWLRQ DV WKH QXPEHU [
KDUPRQLFV SHUIRUPDQFH RI WKH GLVWULEXWLRQ V\VWHP
V\VWHP QDPHO\ WKH OLQH FKDUDFWHULVWLFV WKH VRXU
FDSDFLWRUV DQG PRVW LPSRUWDQW WKH ORDG :KLOH
ILUVW WKUHH RI WKHVH JURXSV LV JHQHUDOO\ XQGHUYV
XQGHUVWRRG DQG KDV UHFHLYHG OLWWOH DWWHQWLRC
KDUPRQLFVY KDYH WHQGHG WR IRFXV RQ V\VWHPV ZLWK D
ZLWK WKH ORDGLQJ QHJIOHFWHG RU UHSUHVHQWHG E\ SDV
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EXOW XS D GLVWULEXWHG KDUPRQLFV PRQLWRULQJ QHWZ
GLIIHUHQW ORDGV ,W LV EDVHG RQ WKLV PHDVXULQJ V\V
KDUPRQLFV SDWWHUQV RI GLIIHUHQW W\SHV RI ORDGV I
WHPSODWHVY Rl VLIJQDWXUH UHFRJQLWLRQ LQ IXWXUH

PHDVXUHPHQW HUURUV GXH WR WKH LPSHUIHFWLRQ RI W
YDULDWLRQV Rl ORDG FKDUDFWHULVWLFV $FWXDOO\ WK
W\SLFDO FXVWRPHU ORDGYV KDYH DOVR UHYHDOHG WKDW
ZLWK ERWK WKH PDJQLWXGHV DQG SKDVH DQJOHV LQ |
FRQVXPSWLRQ DQG WKH SDUWLFXODU FKDUDFWHULVWLFV
YHU\ XVHIXO LI WKH WHPSODWHY FDQ EH UHSUHVHQWHG
KDUPRQLFV SDWWHUQ LV REWDLQHG VXFK SDWWHUQ LV
HDFK W\SH RI ORDG FDQ EH UHVWRUHG E\ VROYLQJ D VHW
FRHIILFLHQWY UHSUHVHQWHG LQ IX]]\ QXPEHUV DQG XQNC

+DUPRQLFVY 3DWWHUQV RI 6\VWHP /RDGV

,Q RUGHU WR JDLQ DQ XQGHUVWDQGLQJ Rl WKH KDUPRQLF
PHDVXUHPHQWY RI LQGLYLGXDO GHYLFHV ZHUH SHUIRUPH(
VXFK DV HOHFWURQLF GHYLFHV IOXRUHVFHQW OLJKWLQJ
EHIRUH WR SURGXFH VWDU GLDJUDPV VKRZLQJ WKH KDU]
VWXGLHG WKH PHDVXUHPHQWY LQYROYH IRXU JHQHUDO \
WKH PDMRU VRXUFHV Rl KDUPRQLFV SROOXWLRQ QDPHO\

SRZHU VXSSOLHV HWF SKDVH FRQWUROOHG GHYLFHV

WUDQVIRUPHUVY DQG PRWRUV HWF DQG IOXRUHVFHQW WX
VXFK DV GLVFKDUJH ODPSV HWF 7KH\ DUH HLWKHU R1 OfF
VWXG\ IRU WKH WLPH EHLQJ ,W LV DVVXPHG WKDW WKH

FRQVLGHUDEO\ DQG WKDW PHDQV RQO\ FXUUHQW KDUPRQ
DQG )LIXUH E VKRZ WKH KDUPRQLFV SDWWHUQV EHORC
FRQYHUWHU W\SHG VZLWFKHG PRGH SRZHU VXSSO\ ZLWK
DQJOHV ZKLOH )LIXUH D DQG )LIJXUH E VKRZ VLP]
3& 2Q0\ RGG KDUPRQLFV XS WR WKH WK KDUPRQLFV
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WKDW WKH SDWWHUQV DUH PRUH RU OHVV LGHQWLFDO E.

, W KDV EHHQ IRXQG WKDW PRVW KDUPRQLFV VRXUFHV DL
YROWDJH +RZHYHU VXEMHFW WR WKH IDFW WKDW PHDV)
VOLIJKW YDULDWLRQV EHWZHHQ GLIITHUHQW ORDGV RI WKH
WKH SKDVH DQJOHV DV VKRZQ LQ )LJXUH 1V DQG 1V
IX]]\ LQ QDWXUH $W WKH VDPH WLPH VLWH PHDVXUHPHQ!
Dv ZHOO DQG WKHUHIRUH WKH KDUPRQLFV GLVWULEXWLR

JLIXUH MDJIJQLWXGH 6SHFWUXP RI 3&,
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&RQFHSW RI )X]]\ 1XPEHUV > @

7TKH FRQFHSW RI XQFHUWDLQW\ RU IX]]\ QXPEHUV PD\ EH
FKDSWHU D IX]]\ QXPEHU LV FRQVLGHUHG DQ H[WHQVLEF
FRQILGHQFH ZKLFK LV IDPLOLDU WR DQ\RQH ZKR KDV FRP
FRPSOH[ V\VWHPYV 7TKH LQWHUYDO RI FRQILGHQFH LV FI
JHQHUDOO\ DW DOO OHYHOV IURP WR WKH PD[LPXP R
PLQLPXP RI SUHVXPSWLRQ EHLQJ DW OHYHO $ OHYHO
LQWHUYDO RI FRQILGHQFH $D >D D D@ ZKLFB LV D P
L H

7KHVH DUH DFWXDOO\ DOWHUQDWLYH UHSUHVHQWDWLRQ\
FDQ EH FOHDUO\ GHILQHG 7KH H[SUHVVLRQV OHYHO RI S
VXLWHG WR WKH FRQFHSW RI IX]]\ QXPEHUV :LWK WKH F
QXPEHUV $ DQG % ZLWK OHYHOV Rl SUHVXPSWLRQ >DA D
FHUWDLQ VLPSOH RSHUDWLRQV RQ WKHVH WZR IX]]\ QXPE
$GGLWLRQ

$ %»DD> © (O a
6 XEWUDFWLRQ

D % D > a
OXOWLSOLFDWLRQ

$ ¥ % 2Db E D @"
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'LYLVLRQ
$ % % $

,Q FULVS FDVHV WKH GLVWDQFH EHWZHHQ WZR UHDO Q)
DE _  )RU WZR IX]]\ QXPEHUV ; DQG < WKH GLVWDQFt
< VKRXOG KDYH WKH IROORZLQJ SURSHUWLHV

JRU DQ\ WKUHH IX]]\ QXPEHUV
. S

G ; < L

; < G ; <

G; <G <;

G ; G <G < =

ZKHUHYVY DQ RSHUDWRU
DVVRFLDWHG ZLWK QRWLRQ RI GLVWDQF

,W VKRXOG EH QRWHG WKDW DOWKRXJK Q P@ GX ¥rRDWLU B QX]]\
WZR IX]]\ QXPEHUV ; DQG < WZR YDOXHV QDPHO\ IW DQC

WKDW FDQ VXUURXQG DOO ;R DQG <D 7KH GLVWDQFH
GLVVHPEODQFH LQGH[ RU ;< RI: DQG < DV JLYHQ EHO
$ | $ ; <
6 i< 3 3- f 3 q s
ZKHUH $ ;DB <D\ t D A
3 ..a \ ?

7KH +DUPRQLFV 7HPSODWHYV

JRU HDFK W\SH RI FXVWRPHU ORDG D FRPSUHKHQVLYH PF
ILQG RXW WKH IXOO KDUPRQLFVY VSHFWUXP XS WR D FHUW
LQ WKLV SURMHFW 7KH RQ VLWH H[SHULHQFH KDV UHY
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FRSRQHQWYV KLJKHU WKDQ WKH WK KDUPRQLFV LQ D UHI
IUHTXHQF\ FRPSRQHQW WKH QWK KDUPRQLFV WZR SDUDF
PDJQLWXGH ,Q bQG WKH SKDVH DQJOH UHODWLYH WR Wk
VSHFWUXP RI WKH WRWDO FXUUHQW ZDYHIRUP RI WKH SW
DV

RR

< JVL@PRW A ZKHUH R Q |
Q

,Q RUGHU WR SURYLGH FRPSXWDWLRQDO FRQYHQLHQFH
WKH VSHFWUXP DQG D UHSUHVHQWDWLRQ RI LW LV NQRZ(

JRU WKH SWK W\SH RIL.ORESG M ,L®S

M ,UQS 5HUH®O SDUW RI QWK KDUPRQLF FRPS
ZKHUH | 65 P |9 DJLQHU\ SDUW RI QWK KDUPRQLF

+RZHYHU GXH WR WKH HUURUV DQG XQFHUWDLQW\ DVVRF
WKH VOLJKW GLITHUHQFHVY EHWZHHQ GLIIRBVHKRMXNO G RBHWWF

JLIXUH +DUPRQLFV 3DWWHUQ RI)B&XUH +BUPRQLFV 3DWWHUQ RI 3&

UHSUHVHQWHG E\ IX]]\ QXPEHUV DQG KHQFH ,UQ DQG ,LQ
WKH KDUPRQLFV SDWWHUQV VWDU GLDJUDPV RI WKH W2Z
YLIXUH TV DQG )LIXUH iV LH VZLWFKHG PRGH SRZI



YLIXUH

3&

YLIXUH

6WDU 'LDJUDP RI

30XV

YJLIXUH

3&MV

YLIXUH

YLIXUH

YUDQMRUPHU 6WDU

&KDSWHU ,9

+DUPRQLFV
7TUDQVIRUPHU

SDWWHUQ RI

500 $
6WDU 'LDJUDP RI 7UDQ)
30XV 'LPPHU
'LDJUDP RI OL[W>

JOXRUHVFHQW 7TXEHYV 3HU
&RPSXWHUV DQG 'LPPHU

VKRZV WKH VWDU GLDJUDP RI D W\SLFDC
EHORQJV WR D W\SLFDO SRZHU WUDQVIRUPHU



&KDSWHU ,9

R TOXRUHVFHQW WXEHV : $ SRLQW WKDW LV ZRUWK\ \
FRQVLGHU WKH RGG KDUPRQLFV RQO\ GXH WR WKH V\PPHYV

V\VWHP ZDYHIRUPYV

)X]]\ 1XPEHU 5HSUHVHQWDWLRQ RI +DUPRQLFV 6SHFW

$V LW KDV EHHQ H[SODLQHG EHIRUH WZR VRXUFHV LQ WK
LOQDFFXUDWH IRU HDFK W\SH RI ORDG 7KH ILUVW RQH LV
DQRQG HUURU LQVLGH WKH PHDVXUHPHQW HTXLSPHQW 7KH
GHYLDWLRQ IURP WKH UDWHG YDOXHV RI HDFK ORDG HYHC
KHUH 7KH DXWKRU KDV FDUULHG RXW VRPH PHDVXUHPHQ
WKH VDPH EUDQG DQG PRGHO LQFOXGLQJ 3&, DQG 3& PH
WKHUH DUH VOLJKW YDULDWLRQV LQ WKH UHVXOWY DQG
D IRU WKH UHDO SDUW DQG )LJXUH E IRU WKH LI
FRXUVH PRUH PHDVXUHPHQW VDPSOHV ZLOO HQKDQFH WK
UHVXOW Rl IX]]JLILFDWLRQ W FDQ EH VHHQ WKDW WKH\ D
UHSUHVHQWHG E\ D WULDQJXODU IX]]\ QXPEHU 7)1 VXEM
JLIXUH D VKRZV WKH UHDO SDUW DQG )LJXUH E V
FRPSOHWHO\ UHSUHVHQWHG E\ D WULSOHW VXFK DV

$ D D D $WO WKH OCRWHO@ YDO RI FRQILGHQFH LV JLY

$D > A DD D@
>DD D D D DD D @

, W FDQ HDVLO\ EH VKRZQ WKDW WKH DGGLWLRQ VXEWUDF
RlI 7)1V ZLOO SURGXFH 7)1
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PHDODXULQJ GHYLFHV W LV UHDVRQDEOH WR DVVXPH WKDW
D FRPELQDWLRQ RI YDULRXV WHPSODWHYV LQ DSSURSULD
WHPSODWH DQG S UXQV IURP WR . +HUH . LV WKH WR
GDWD EDVH 7KH TIROORZLQJ DSSUR[LPDWH HTXDOLW\ WK:
RR 1
& PV - kov 0 3 As - As

W~

,QIDFW DS VSHFLILHV WKH FRQWULEXWLRQ RU VLJQLILFD
WKH PHDVXUHG KDUPRQLFV VSHFWUXP DQG DS LV QRQ IX]
DV WKH UHPDLQLQJ YDULDEOHY LQ WKH DSSUR[LPDWH HT
H[SUHVVLRQ LV D UHSUHVHQWDWLRQ RI WKH WLPH GRPDLI
KROG IRU HDFK IUHTXHQF\ FRPSRQHQW L H

PV =\H SDPS_ —?_LQM l’AQ, EQS?Ma - 9 Q H 1

$ ZzD\ WR KDQGOH WKLV VHW RI HTXDWLRQV ZLWK IX]]\ ,U
DSSURSULDWH LQ WKLV VHWWLQJ LV WKH PLQLPLVDWLRC
GQ LH WKH GLVVHPEODQFH LQGH[ EHWZHHQ WKH WZR
LPDJLQDU\N SDUWV IRU DOO WKH IUHTXHQF\ FRPSRQHQWYV

G b GQO GQ 7DVNOLQLPLVH ' A ZQ GQ
Q QO

ZKHUH ZQ LV D ZHLJKWLQJ IDFWRU IRU HDFK IUHTXHQF\ F
RI LPSRUWDQFH RI HDFK FRPSRQHQW

BROYLQJ WKH )X]]\ (TXDWLRQV E\ 2SWLPLVDWLRQ

, W FDQ EH VHHQ WKDW WKH SUREOHP KDV QRZ EHHQ FRQY
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QDWKKIUHRVW IXQFWLRQ PLQLPLVDWLRQ 7KH PHWKRG RI 6
QXPHULFDO DSSURDFK WR WKH SUREOHP )RU HDFK LWHU
WR WKH GLUHFWLRQ ZLWK JUHDWHVW ORFDO LQFUHDVH L
XVHG 7KH VHDUFKLQJ GLUHFWLRQ LV LQ IDFW WKH QHJD'

QHHGY PLQLPLVDWLRQHW HEH WKH YHFWRU WKDW LQFOXC

WR . ZKHUH WKHUH DUH WRWDOO\ . QXPEHU RI WHPS(

/IHW ;P EH WKH UHVXOWDQW YHFWRU DIWHU WKH PWK LWH

Gl
GDO

GDI
Gl
GD.

,WHUDWLRQ ZLOO HQG ZKHQ __ :P :PBM __ LV VPDOOHU W
OHDVXUHPHQWYV 2Q 6LWH DQG 5HFRJQLWLRQ

7KH IXQGDPHQWDO IUHTXHQF\ FRPSRQHQW LV QRW FRQVLG

Q XQWLO Q 200\ RGG KDUPRQLFV DUH LQFOXGHG

; LV FKRVHQ WR EH D FRQVWDQW HTXDO WR WKURXJKR
XQWLO Q $V DQ LOOXVWUDWLYH H[DPSOH IRXU W\SLFCLC
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WEBRDWHY L H . ZKHUH S O IRU 3& S IRU WUDQVII
IRU IOXRUHVFHQW WXEH

&DVH ,
JLIXUH VKRZV D KDUPRQLFV VSHFWUXP RI DQ RQ VLW

WUDQVIRUPHUY DQG RQH GLPPHU 7TKH UHVXOWY DUH VXIF
D D

D D
&DVH ,,
JLIXUH VKRZV DQRWKHU VLWH PHDVXUHPHQW FRQVLVW

FRPSXWHUY DQG WKH UHVXOWYV DUH VXPPDULVHG EHORZ
D D

D D
&DVH ,,,
JLIXUH VKRZVY D PRUH FRPSUHKHQVLYH PHDVXUHPHQW

WXEHVY WKUHH SHUVRQDO FRPSXWHUV DQG RQH GLPPHU .
DW D
D D

+DUPRQLFV 3ROOXWLRQ ,QGLFDWRU

,Q RUGHU WR KDYH DQ XQGHUVWDQGLQJ RI WKH VHULRXVQC
D SRZHU KDUPRQLFVY SROOXWLRQ LQGLFDWRU [ LV HVWL

DS LUQSR O [s R O
8 $ -/ BBBBBBBBB /

ZKHUH ,/3 LV WKH WRWDO U P V FXUUHQW PHDVXUHG DW
ZKHQ D FXW VHW RSHUDWLRQ DW D O LV RSHUDWHG RQ V
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[ DSSURDFKLQJ LV UHWXUQHG ZKHQ WKH VA\VWHP LV FRP

D YDOXH RI LV UHWXUQHG LI WKH IXQGDPHQWDO FRPS
LOOXVWUDWILYH H[DPROH&DVH |, [ RU &DVHRU DQG
&DVH ,,,

5(/$7,216+,3 :,7+ ,17(//,*(17 68% 67%$7,216

2QH RI WKH UHTXLUHG IHDWXUHV RI DQ LQWHOOLJHQW V
&KDSWHU LV SRZHU TXDOLW\ DQDO\VLVY W LV XQGHUVW
DQRQG SRRUHU GXH WR WKH LQFUHDVLQJ XWLOLVDWLRQ R ¢
IRU HQHUJ\ FRQVHUYDWLRQ 7TKH PHWKRG RI KDUPRQLF'
DXWRPDWLF GHYLFHV LQVLGH DQ LQWHOOLJHQW VXE VWI
DXWRPDWLF ILOWHULQJ DQG FRPSHQVDWLRQ HWF 6 XFK |
SRZHU GLVWULEXWLRQ V\VWHP EXW WR WKH FRQVXPHUV I
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&KDSWHU 9

1(85%/ 1(7:25. $33/,&%$7,216 ,1 68%67%$7,216

$UWLILFLDO QHXUDO QHWZRUNV DUH VLPSOLILHG PRGHOV
RI KLJKO\ LQWHUFRQQHFWHG VLPSOH FRPSXWLQJ HOHPHQ
WR LQSXW VWLPXOL DQG WR OHDUQ WR DGDSW WR WKH I
FRPSXWDWLRQ DQG LWV RXWSXW LV GHWHUPLQHG E\ LWV
7KH XVHIXO SURSHUWLHY LQFOXGH SDUDOOHOLVP KLJK

OHDU@IQIWULEXWHG SURFHVVLQJ IDXOW WROHUDQFH DQC
VKRZQ WR EH HIIHFWLYH IRU YDULRXV DSSOLFDWLRQV LQF
FODVVLILFDWLRQ GDWD FRPSUHVVLRQ PRGHOOLQJ DQG
WUDLQLQJ GDWD VHW LV FRPSRVHG RI LQSXW DQG WDUJH
WRKHDLGD@UD VHW LV FRPSRVHG VROHO\ RI LQSXW SDWWHU
IHDWXUHV RI WKH GDWD DQG UHIOHFWYV WKHP LQ LWV RX\
QHWZRUN LV XVHG IRU WKH VXSSO\ IUHTXHQF\ DQG KDUPR
LV HPSOR\HG DQG WKH FXUYH ILW HUURU LV PDSSHG WR
7KH QHXUDO QHWZRUN ZLOO EH VHWWOHG WR D YHU\ ORZ
RI WKH QHXUDO QHWZRUN DUH WKH VXSSO\ IUHTXHQF\ DQ
SDUW RI WKLV FKDSWHU UHSRUWY WKH GHYHORSPHQW RI
FRPSOH[ QXPEHU RSHUDWLRQV $W SUHVHQW PRVW $11V
QXPEHUV +RZHYHU LW LV ZHOO NQRZQ WKDW LQ FRPSXW
VXFK DV ORDG IORZ DQDO\VLYV DQG IDXOW OHYHO HVWLPD
LQYROYHG 7KH UHDFWLYH SRZHU GUDZQ IURP D VXEVWD\
FXUUHQWY DUH DOO H[SUHVVHG LQ FRPSOH[ QXPEHU 7KH
EH DGRSWHG IRU WKHVH DSSOLFDWLRQV DOWKRXJK LW LV
E\ EUHDNLQJ XS D FRPSOH[ QXPEHU LQWR WZR UHDO QX
LPDJLQDU\ SDUWV 7KH DSSOLFDWLRQ RI WKLV QHZO\ GH
VLPSOH EXV HOHFWULF SRZHU V\VWHP LV XVHG DV DQ L
LQFRUSRUDWLQJ FRPSOH[ $11V LQ SRZHU V\VWHP DQDO\
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5($/ 7,0( )5(48(1&< $1' +$5021,& (9$/8$7,21

7KH HOHFWULFDO SRZHU V\VWHP KDV EHHQ LQFUHDVLQJ L
GHFDGHV 0DQ\ PHDVXUHV KDYH EHHQ LQWURGXFHG WR
+RZHYHU WKH V\VWHP LV PRUH DQG PRUH SROOXWHG R
HOHFWURQLF FRQYHUWHUV DQG FRQWUROOHUV IRU LQGX
RI GLVWXUELQJ ORDGYV > @ 7KH HIIHFW LV WKH FRQWDPL
RI IJUHTXHQFLHV XS WR WKH UDGLR IUHTXHQFLHV DQG W
QHFHVVLW\ WR FKHFN WKH VWDWH RI KHDOWK RI WKH SR
KDYH EHHQ GHYLVHG WR PRQLWRU YDULRXV VLJQLILEDQW
506 FXUUHQW SRZHU IDEFWRU DFWLYH DQG UHDFWLYH SR
VWDWHVY 2Q WKH RWKHU KDQG WKHUH KDV EHHQ GLIILFE:
DUH QRW FOHDQ +DUPRQLFV PRQLWRULQJ LV VWLOO FRC
JRXULHU 7UDQVIRUP ')7 KDV EHHQ D ZHOO NQRZQ PHWKI
> @ 7KH PDLQ UHDVRQ IRU WKH VXFFHVV RI WKH ')7 ED
WKH ORZ FRPSXWDWLRQDO UHTXLUHPHQW 7KH XVH Rl WKt
WLPH UHTXLUHG IRU HYDOXDWLRQ RI WKH ')7 E\ VHYHUL
DFKLHYHV WKLV HIILFLHQF\ E\ HOLPLQDWLQJ UHGXQGDQFL
Y7 FRHIILFLHQWY +RZHYHU WKHUH DUH VHYHUDO LQKHL
DSSURDFK DQG WKH\ DUH GXH WR WKH LPSOLFLW ZLQGRZL
EORENV Rl GDWD ZLWK ))7 :LQGRZLQJ PDQLIHVWYV LWVHO(
> @ 6SHFWUDO OHDNDJH RFFXUV ZKHQ WKH WLPH UHFR
FRQWDLQ DQ H[DFW LQWHJUDO QXPEHU RI SRZHU IUHTXFH
FRPSRQHQWYV ZKLFK GR QRW FRUUHVSRQG WR RQH RI WKt
IUHTXHQF\ LV VXEMHFW WR VPDOO UDQGRP GHYLDWLRQV
RFFXUV ORUHRYHU ')7 WHFKQLTXHV IRU VSHFWUDO DQD
UHVROXWLRQ RU WKH H[WHQW WR ZKLFK LQGLYLGXDO IUH
WKH IXQGDPHQWDO IUHTXHQF\ QHHGY WR EH SUH DVVXPH
WKH ')7 DSSURDFK DUH SDUWLFXODUO\ HYLGHQW ZKHQ DG

SHFHQW VWXGLHV KDYH UHSRUWHG LPSURYHPHQWY RQ ")7
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WH IUHTXHQF\ DQG WKHQ DSSOLHG WKH "')7 XVLQJ D ZL¢
HVWLPDWHG SHULRG $ YDULHW\ RI QXPHULFDO DOJRULYV
KDYH EHHQ SXEOLVKHG LQ WKH ODVW GHFDGH 8VH RI JHI
QXPEHU RI F\AFOHV WKDW RFFXU LQ D SUHGHWHUPLQHG
PHWKRG > @ 7KRXJK WKH XVH RI JHUR FURVVLQJ LV VL
OHYHO QRLVH FRQWDPLQDWLRQ > @ WKH DFFXUDF\ ZLC
KDUPRQLFV GLVWRUWLRQ DQG WKH HVWLPDWLRQ WLPH St
IXOO F\FOHV PXVW EH DYDLODEOH EHIRUH DQ\ HVWLPDWLI
RI WKH 7D\ORU VHULHVY WHFKQLTXH DQG GLJLWLVHG VDPS
D PHWKRG VXIIHUV WKH VDPH SUREOHPV DV ZLWK WKH JHU
XVH RI ')7 DV WKH VWDUWLQJ SRLQW WR HVWLPDWH WKH |
WKH IXQGDPHQWDO IUHTXHQF\ ZDV ILQH WXQHG EDVHG RQ
> @ 7KLV PHWKRG ZLOO RQO\ EH VXFFHVVIXO LI WKH 1)
2WKHUZLVH WKH VSHFWUDO OHDNDJH KDV DOUHDG\ LP:
HVWLPDWLRQ RI SKDVH DQJOHV 7KH PHWKRGV RI OLQH
XWLOLVDWLRQ RI .DOPDQ ILOWHULQJ > @ ZHUH GHYHOF
FRQVLGHUHG WKH IXQGDPHQWDO FRPSRQHQW DQG KHQFH
VHULRXVO\ DIIHFW WKH UHVXOWV 7KH ODWHVW DSSURTL
HVWLPDWH ERWK WKH IXQGDPHQWDO IUHTXHQF\ DQG WK}
LWHUDWLYH 1HZWRQfV SURFHGXUH FRPELQHG ZLWK DQ
PHDVXUHPHQW DFFXUDF\ RYHU D ZLGH UDQJH RI IUHTXH
FRQYHUJHQF\ FDQ EH DFKLHYHG +RZHYHU WKH FRPSXWI
DQG WKXV SDUDOOHO FRPSXWHUV PXVW EH HPSOR\HG IR
UHDVRQ ZK\ DQ DUWLILFLDO QHXUDO QHWZRUN LV FDOOH

7KH LPSOHPHQWDWLRQ RI QHXUDO QHWZRUN LQ KDUPRQLF
7KLV FKDSWHU SURSRVHV WR DSSO\ WKH OHDVW VTXDUH\
YDU\LQJ VLWXDWLRQV ZLWK VLJQLILEFDQW DGYDQWDJHV W
QHXUDO QHWZRUNV 7KLV V\VWHP LV UHDO WLPH ZLWK YH
ZKHUH LQIRUPDWLRQ LV QRW FRPSOHWH
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1RQ OLQHDU /HDVW VTXDUHV

7KH DSSOLFDWLRQ RI WKH OHDVW VTXDUHV DSSURDEK V
HI[WUDFWLRQ LV H[DPLQHG EHORZ 7KH OHDVW VTXDUHV
ZDYHIRUP WR D KDUPRQLF HTXDWLRQ XQGHU WKH PLQLPXF
WKH IROORZLQJ )RXULHU H[SDQVLRQ RI D FXUUHQW RU Y
KDUPRQLF WHUPV

\' W VA, QNIL 4N

N R

Q
A DNLALNIBNFRWNIW
R

$VVXPH WKDW WKHUH DUH P PHDVXULQJ VDPSOHV WM \,

WR HVWLPDWH WKH YDOXHV RI DN ENDQG | LQ VR DV
PO @
( \U <ONLQOQNIUIEENFRVNILWW

<tr —*r

% DSSO\LQJ WKH 7D\ORUTV VHULHV H[SDQVLRQ RQ ( 1HZV

WKH RSWLPL]DWLHQ SBEREOHPE QHVBH7WKH YHFWRU RI YDUI

VI\VWHP EHLQJ PRQLWRUHG 7KH LWHUDWLYH DOJRULWKP

u [U +AUYOJ |

1EWRQYIV PHWKRG RIIHUV KLJK UDWHV RI FRQYHUJHQFH
SRVVLEOH WR DUULYH DW WKH PLQLPXP LQ D VLQJOH VW
UHTXLUHPHQW IRU REWDLQLQJ WKH DQBHWKNH RU DAGHH @ WV'Y
PDNHV WKH DOJRULWKP UDWKHU XQVXLWDEOH IRU UHDO
RSHUDWLRQDO FDSDELOLW\ Rl QHXUDO QHWZRUNV KDV W]
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1HXUDO 1HWZRUN )RUPXODWLRQ

$V PHQWLRQHG LQ WKH SUHYLRXV VHFWLRQ WKH FRPSXWI
6R WKH G\QDPLF JUDGLHQW DSSURDFK LV HPSOR\HG ZLW
UHTXLUHG WR HVWLPDWH + [ ,W LV SRVVLEOH WR ILQG
YDULDEOHV EXW WKDW ZLOO DOVR EH WLPH FRQVXPLQJ D¢
,Q WKLV zD\ [ LV VHIPHQWHG LQWR WPRPRD®WUWNH UUHTWHK
VFDODU P7[ I @7 7KHUHIRUH WKH HQHUJ\ IXQFWLRQ (
UHVSHFW WR DMX&EH WHIFOODRU I DORQJ WKH RSWLPLVDWLRQ W
G\QDPLF JUDGLHQW V\VWHP > @ DV VKRZQ

GW GW

ZKHUH ?GRDJRQDO VWHS VL]H PDWUL]
?LI IUHTXHQF\ VWHS VL]H

JRU LOOXVWUDWLYH SXUSRVH WKUHH W\SLFDO HOHPHQW

3
DN g VoA QNVWQ
JUU PB

V}NiéN R FRV

f- £

ZKHUH
Q

7 DNLQNIWL EN FRVKLNIWL
¢ R

Q
5 WWN> ENVLQINWL FRDNIN@&/ L
L

7KH FRQVWDBQWDQ HHQBEVRUEHG LQWR WKH FRUUHVSRQGL
LW FDQ EH VHHQ WKDW RSWLPLVDWLRQ FRPHV ZLWK
P ZKLOH WKH VHFRQG EORFN KDQGOLQJ I 7KH ILUVW EO
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DVRIXQJ | LV JLYHQ ,QLWLDOO\ | LV VHW WR WKH QRPLQI
JLYH® UV HYDOXDWHG LQ WKH ILPWW EH®R MR DWIGH WKHF RI@ @
HYDOXDWLQJ | T LV FRQWLQXRXVO\ LQFUHDVLQJ ZLWK Wi
QHWZRUN EDVHG EORFDNYGDUBHIFPKRQ I WRFHVYV LV UHSHDYV
YDOXR RQG | DUH REWDLQHG 7KH VHOI H[SODQDWRU\ EC
QHWZRUN LV VKRZQ LQ )LIJXUH

7KH ] PRGXOH LV D WLPH GHOD\ RSHUDWRU IRU KDQGOL!
VHUYHY DV D PXOWLSOLHU WKH ¢« PRGXOH VHUYHV DV DQ
LGHQWLFDO SUHSDULQJ WKH XSGDWHG VLQH DQG FRVLQ
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WRKXJK GLITHUHQW IURP RQH DQRWKHU DUH NHSW FRQVW
RSWLPLVDWLRQ SURFHVV 7KH JHQHUDO QHXUDO QHWZRU
ILUVW VXE QHXUDO QHWZRUN KDV Q O RXWSXW QRGHV
QHWZRUN KDV RXWSXW QRGH DQG Q LQSXW QRGHV

HJ E DM 9 DQG RWKHU DYV EfV IRU FDVHV

ORGHO 9DOLGDWLRQ E\ 6LPXODWLRQ

,Q RUGHU WR VKRZ WKH FDSDELOLW\ RI WKH SURSRVHG
IOXHPDWLQJ VLQXVRLGDOO\ DW +] EHWZHHQ +] DQG
DPSOLWXGH H[SRQHQWLDO GHFD\LQJ DQG KDUPRQLF DPS

KDUPRQLF DPSOLWXGH DW V IURP XQLW WR XQLWV
LQVWDQWDQHRXV ZDYHIRUP ZLWK D N+] VDPSOLQJ UD\
UHVXOWV Rl PRQLWRULQJ DUH VKRZQ LQ )LIJXUH E
EHORZ

IOXFWXDWLQJ VLQXVRLGDOO\ DW +] EHWZHHQ +] DQG
$ GHFUHDVLQJ IURP 9 SHDN DFFRUGLQJ WR H W
$6 DEUXSWO\ FKDQJLQJ IURP WR 9 SHDN YDOXHYV

PV PHDVXUHPHQW ZLQGRZ

N Q

7KH WUHQGYV DUH DFFXUDWHO\ UHSURGXFHG SURYLGHG WK
DFFRXQW ,W FDQ EH VHHQ WKDW WKH QHXUDO QHWZRUN
WKH YDULDWLRQV LQ IXQGDPHQWDO IUHTXHQF\ ZKLFK ED
ZHOO DV WKH YDULDWLRQV LQ DPSOLWXGH RI HDFK KDUP
GHWHFW WKH IXQGDPHQWDO DQG WK KDUPRQLF DPSOL!
SURGXFHG LQGLFDWLQJ D WUHPHQGRXV HUURU LQ LGHQV
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JLIXUH OVWDQWDQHRXYV ZDYHURXWPH E\(EWUDFWHG IXQGDPHQWDO DPS
VLPXODWLRQ

7LPH V

JLIXUH (FWUDFWHG WK KDUPRQLBXOPHSOLWBVWEHDFWHG IUHTXHQF\ YDULDMW

5HDO $SSOLFDWLRQ RI WKH 6\VWHP

,Q RUGHU WR VKRZ WKDW WKH V\VWHP FDQ NHHS WUDFN F
DQG KDUPRQLF HYDOXDWLRQV WKH VI\WWHP LV LQVWDOO
&LW\ 30D]D LQ +RQJ .RQJ DQG D UHDO WLPH ZDYHIRUP RI
PDMRU ORDG LV D 999) GULYH IRU DQ DLU KDQGOLQJ XQL
ORDGV VXFK DV SHUVRQDO FRPSXWHUV DQG HOHFWURQLF

PV PHDVXUHPHQW ZLQGRZ LV DGRSWHG IRU WKH HQ)
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JLIXUH H (IWUDFWHG IXQGDPHOMDHO EDVHG([WQDFWHG WK KDUPRQI

"7 EDVHG RQ ')7
PHDVXUHPHQW ZLQGRZ LV DUELWUDU\ XQGHU WKH SURSR)
RI WKH ZKROH V\VWHP )URP )LIJXUH E LW FDQ EH VFh
UPV SKDVH YROWDJH RYHU WKH SHULRG Rl PRQLWRULC
FRQVWDQW DW DURXQG 9

)JLIXUH D ,QVWDQWDQHRXV VXSSO\ YROWDJH )LIXUH E ([V
ZDYHIRUP QHXUDO QHWZRUN

J)LIXUH F VKRZV WKH DPSOLWXGHV RI WKH UG DQG

VI\VWHP ZKLOH )LIXUH G VKRZV WKH YDULDWLRQ LQ PI

WKHUH LV FRQWLQXRXYV YDULDWLRQ LQ WKH PDLQV ITUHTX
+] RQ DYHUDJH DV JLYHQ E\ WKH RXWSXW RI WKH QHX
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B WKH FRQYHQWLRQDO ')7 DSSURDFK )LJXUH H DQG
VSHFWUXP LQ WHUPV RI ERWK DPSOLWXGH DQG SKDVH DV

YLIXUH FEWUDFWHG UG DQG WK KDMWPREEWUDFWHG PDLQ IUHTXHQF\ E\
E\ QHXUDO QHWZRUN QHWZRUN
ttr
trr
A
t!
+DUPRQLF +DUPRQLF
YLIXUH MWUDFWHG YROWDJH )WXWHRQLHWUDFWHG SKDVH VSHFWUXP
VSHFWUXP DW W v v

7TKH SURSRVHG PHWKRG LV GHVLIQHG WR GHDO VLPXOWDAQ
IUHTXHQF\ PDLQ FRPSRQHQW DPSOLWXGH DQG DQ\ KDU
FRQWLQXRXVO\ FKDQJLQJ SRZHU V\VWHP 7TKHUH LV QR V
KDUPRQLF FRPSRQHQWY WR EH HYDOXDWHG H[FHSW WKDW
EH LQFUHDVHG DV WKH QXPEHU RI KDUPRQLF FRPSRQHQYV
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EHLQJ SURSRUWLRQDO WR WKH QXPEHU RI KDUPRQLF

FRPSXWDWLRQDO ORDGLQJ VLPSO\ LQFUHDVHYV UDSLGO\ D\
ODUJH 7KLY LPSRVHV FRQVWUDLQWY RQ UHDO WLPH WI
SURFHVVLQJ RU WKH VROXWLRQ EHFRPHV REYLRXV DV WK
LQ WKH QHDU IXWXUH DV WHFKQRORJ\ LV DGYDQFLQJ A
QHWZRUN LV SDUDOOHO DQG WKXV D YHU\ KLJK FRPSXWDYV
RI'l TURP DYV DQG EfV LQWR WZR QHXUDO QHWZRUNV LV
KLJKO\ VLPSOLI\ WKH HTXDWLRQ VHW UHGXFLQJ WKH KLJ
DFWLRQ QRW RQO\ VLPSOLILHVY WKH GHVLJQ RI WKH QHW?z
SUREDELOLW\ RI FRQYHUJHQFH 7KH WZR H[DPSOHV RQH
PHDVXUHPHQW SUHVHQWHG LQ WKLV VHFWLRQ LOOXVWUD
PXOWL DVSHFW LQIRUPDWLRQ LQ RQH VLQJOH RSHUDWLRC
DUH WUXO\ GHGXFHG E\ WKH SURSRVHG PHWKRG 7KH UHYV
WKH FKRLFH RI WKH PHDVXUHPHQW ZLQGRZ ,Q PDQ\ S¥
IUHTXHQF\ DQG WKH IXQGDPHQWDO YROWDJH DPSOLWXGH

WKDW KDUPRQLFV SROOXWLRQ LV WKH RQO\ IRUP RI FRQ
VLIQLILFDQW RUGHU RI KDUPRQLF SUHVHQW FDQ EH HVW
IUHTXHQF\ DQG YROWDJH LQIRUPDWLRQ FDQ EH HI[WUDFWH
XQGHU D UHDO WLPH EDVLYV

&203/(; $57,),&,%$/ 1(85%/ 1(7:25.6

$11V KDYH EHHQ SURYHQ WR EH FDSDEOH RI OHDUQLQJ |
LGHQWLI\ LQWHUQDO UHODWLRQV ZLWKLQ UDZ GDWD QR\
H[SHUWV DQG WKHUH LV QR QHHG WR DVVXPH DQ\ OLQHDU
WKH SURPLVLQJ QHZ JHQHUDWLRQ RI LQIRUPDWLRQ SURFH
PDGH LQ DSSO\LQJ VXFK V\WVWHPV IRU SUREOHPV IRXQG |
FRPSXWDWLRQ $11V FDQ VXSSOHPHQW WKH HQRUPRXV S
GLJLWDO FRPSXWHU ZLWK WKH DELOLW\ WR PDNH VHQV
H[SHULHQFH $11V KDYH ZLGHO\ EHHQ XVHG LQ HOHFWUL
PDQDJHPHQW ORDG IORZ > @ DQG RSWLPDO SRZHU IORZ
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+RZHYHU PRVW H[LVWLQJ $11V IRU HOHFWULF SRZHU DSS
QXPEHUV ,Q SRZHU HQJLQHHULQJ DSSOLFDWLRQV VXFK
VLIQDO SURFHVVLQJ DQG LPDJH SURFHVVLQJ HWF ZRXC
$OWKRXIJK FRQYHQWLRQDO $11V DUH DEOH WR GHDO ZLWK
DQG WKH LPDJLQDU\ SDUWV LQGHSHQGHQWO\ LW ZLOO E}I
QRW VR VDWLVIDFWRU\ $ QHZ DSSURDFK LV LQWURGXFH
$11 SDUWLFXODUO\ GHVLJQHG IRU PDQLSXODWLRQ RI FRP
LV GHVFULEHG ,W ZLOO EH VKRZQ WKDW WKLV QHZ FRPS
RSHUDWLRQV DQG FRPSXWDWLRQV RI FRPSOH[ QXPEHUV D
FRXQWHUSDUWY 7KH FRPSOH[ $11 LV LPSOHPHQWHG WR

SUREOHP
&RQYHQWLRQDO $11 IRU 5HDO 1XPEHUYV

YLIXUH VKRZV D W\SLFDO $11 IRU UHDO QXPEHUV ZKHUHI
P QXPEHU RI KLGGHQ QRGHV DQG QXPEHU RI RXWSXW QF
QHWZRUN LV IUHHO\ H[WHQVLEOH WR DQ\ QXPEHU RI OD\H!I
QXPEHUV DQG DOO RXWSXWV RYV DUH UHDO QXPEHUV ZLW
RI HDFK Z LGHQWLILHV WKH OD\HU WR ZKLFK WKDW Z EHO
N O O FRUUHVSRQGLQJ WR D VHW RI LQSXWV [M M

VWDQGDUG VLIJPRLG IXQFWLRQ LV HPSOR\HG DQG WKH IRC

2N
H

K 0 L P %
( zZX|[L

7KH TIROORZLQJ HQHUJ\ IXQFWLRQ ( LV EHLQJ PLQLPLVHC



&KDSWHU 9

WR REWDLQ DQ RSWLPDO VHW RI Z9YV XVLQJ WKH KLOO F
DQG WKH IROORZLQJ KROGV

>S5k @S > 0 @S
ZKHUH VWHS VL]H
( G ( G ( L O P
G ( 2W GR 2W $

G 4. iy
¢t v (RA ABWL RW |

G
ZN L KL KW ;M
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1HZ $11 IRU &RPSOH[ 1XPEHUYV

YLIXUH VKRZV WKH EDVLF HOHPHQWY Rl WKH QHZO\ GH

WKH RSHUDWLRQ RI D EDVLF IXQFWLRQ VD\] Z [ ZKHU

WKH ZHLJKWLQJ DQG ] LV WKH RXWSXW FRPSOH[ QXPEHU

WR DQG WKH RSHUDWLRQ LV VKRZQ E\ HTXDWLRQ )R

‘M DQG [ WKH RSHUDWLRQ LV FOHDUO\ VKRZQ LQ WKH OF
M ] ZUZM[UM [W

U[UZ[W M Z U U ;

ZKHUH XA -

7TKHVH EDVLF HOHPHQWY IRUP WKH IRXQGDWLRQ RI WKH Q
7KLV QHZ $11 ZDV ILUVW SURSRVHG LQ > @ 7TKH |
JLIXUH ZKHUH LW EDVLFDOO\ IROORZV WKH IRUPDW F
HOHPHQWYV 6LPLODUO\ WKHUH DUH Q QXPEHU RI LQSXW
QXPEHU RI RXWSXW QRGHYV W VKRXOG EH QRWHG WKD!'
VXEVFULSW RI U LQGLFDWLQJ WKH UHDO SDUW ZKLOH D V

7KH VLIJPRLG IXQFWLRQ LV VLPLODU WR WKDW XVHG LQ W
DV VKRZQ E\ HTXDWLRQ

BBBBBBBBBBBBBBBBBBB
H - H RV a M WLU&U

H=UFRVM HUVLQ]
H =UFRV]H £EUVLQ]L

6LQFH WKLV VLJPRLG IXQFWLRQ LV KLJKO\ QRQ OLQHDU
QXPHULFDOO\ 7KH PHWKRG LV WR SHUWXUE HDFK Z E\ D
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DUH NHSW FRQVWDQW $ QHZ YDOXH RI ( LV WKHQ HYDO>
QHZ ( IURP WKH ROG ( GXH WR WKH SHUWXUEDWLRQ JLYHV
QRZ EHFRPHV D FRPSOH[ QXPEHU DQG WKH JUDGLHQW I
__( __ DV GHILQHG E\ WKH IROORZLQJ HTXDWLRQ

2E GE 2K G X

2 ( >RE GA IRX G+ |

oe +

&RPSDULVRQ RI WKH 7ZR $11V E\ &RPSXWHU 6LPXODYV

,Q RUGHU WR WHVW WKH SHUIRUPDQFH RUL1IWHKHVRHWZOKH
FRQYHQWLRQ@DIOQ KERGOLQJ FRPSOH[ QXPEHUV D VLPSOH
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LV XVHG

RU 2M 2L [U M [W 2
_[W

$ GDWD VHW ZLWK QLQH WUDLQLQJ H[DPSOHV DUH DYDLC
WUDLQLQJ SURFHVV  WKH WRWDO VTXDUHG HUURU RI
FRQWLQXRXVO\ UHFRUGHG )RU WKH LPSOHPHQWDWLRQ F
LQSXW QRGHYV KLGGHQ QRGHV DQG RXWSXW QRGHYV
FRPSOH[ $11 WKHUH DUH LQSXW FRPSOH[ QRGH KL
FRPSOH[ QRGH $00 ZqV IRU ERWK WKH FRQYHQWLRQDO
EHIRUH WUDLQLQJ L H D IDLU LQLWLDO JXHVV DQG WK}
KLVWRU\ RI WKH VTXDUHG HUURU RI WKH WUDLQLQJ H[D

M M2 O

M M

M M

M O M2 O

M M

M M

M 2 M2 O

M M

M O M
ZDEOH YJLIXUH (UURU +LVWRU\ RI $11V XQGHU 7U
VKRZQ LQ )LJXUH W FDQ EH VHHQ WKDW LW WDNHYV
WR DUULYH DW D WRWDO VTXDUHG HUURU RI RU EHOR

WRWDO VTXDUHG HUURU RI [ DIWHU LWHUDWL
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WQOBIG XS D YDOXH RI | M LV IHG LQWR WKH V
DQVZHU H[SHFWHG VKRXOG EH M O 7KH UHDO $11

HUURU ZKLOH WKH FRPSOH[ $11 JLYHV DQ RXWSXW R
WKLY LOOXVWUDWLYH H[DPSOH LW FDQ EH FRQFOXGHG \
KDQGOH V\VWHPV LQYROYLQJ FRPSOH[ QXPEHUV LQVWHDG
SDUWV DQG LPDJLQDU\N SDUWV VHSDUDWHO\ $V PHQWLRQ
QXPEHUV DUH ZLGHO\ XVHG LQ HOHFWULF SRZHU V\VWHP"
EH DGRSWHG ZKHQHYHU $11V DUH DSSOLHG WR HOHFWUL
DSSO\LQJ WKH FRPSOH[ $11 WR ORDG IORZ DQDO\VLV LV

$SSOLFDWLRQ RI FRPSOH[ $11 WR /RDG )ORZ $QDO\\

,W ZDV VKRZQ E\ 6SUHFKHU +RPLN )XQDKDVKL DQG &\EF

QHXUDO QHWZRUN ZLWK RQH RU PRUH KLGGHQ OD\HUV L
FRQWLQXRXV QRQ OLQHDU IXQFWLRQ DUELWUDULO\ ZHOO
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KLEQ QHXURQV DUH DYDLODEOH > @ 3RZHU ORDG IORZ S
DQG KHQFH LW FDQ EH DQDO\]HG ZLWK WKH KHOS RI DQ
YLIXUH KDV EHHQ XVHG WR WHVW WKH SHUIRUPDQFH |
%XV EXV DQG EXV DUH JHQHUDWRU EXVHV ZKLOH %X\
EXV DUH RUGLQDU\ ORDG EXVHV ZKHUH WKH 3 DFWLYH

VSHFLILHG

7KH GHWDLOV RI WKH QHWZRUN SDUDPHWHUYV DUH VKRZQ

JURP TR 5 S X ;S X % S X %xv  AORD®RBGHGQ7 VSHF
EXV EXV EXV :
EXV EXV EXV

EXV EXV EXV

EXV EXV EXV s T
EXV EXV EXV s 4V
EXV EXV EXV s T 2
EXV EXV 2DEOH

EXV EXV

EXV EXV

EXV EXV

EXV EXV

7DEOH

7KH WUDLQLQJ H[DPSOH LV JHQHUDWHG E\ DQ RUGLQDU\ C
DOJRULWKPV 7KLV LV MXVW DQ LOOXVWUDWLYH H[DPSO
FRPSOH[ $11 ZLOO FRQWLQXRXVO\ PRQLWRU WKH UHDO

YROWDJH 3 DQG 4

WUDLQLQJ H[DPSOHV DV VKRZQ LQ 7DEOH KDYH EHF
IRU OHDUQLQJ E\ WKH WZR $11V ,Q WKLV FDVH WKH YRO
WKUHH JHQHUDWRUYV DUH FKDUJHG ZLWK WKH UHTXLUHPE
FRUUHVSRQGLQJ EXVEDUV 7KHUHIRUH LQSXWV WR HDFK
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L H LQSXWV WR WKH UHDO $11 DQG LQSXWV WR WKI
$11 LV 9 L H RXWSXW QRGHV IRU WKH UHDO $11 DQC
$11 +HUH WKH VXEVFULSW UHIHUV WR WKH QXPEHU RI
DVVRFLDWHG ZLWK WKH QHWZRUN ZRXOG UHPDLQ XQFKDC
IORZ QHWZRUN LV OHDUQHG E\ WKH UHDO DQG FRPSOH]
3 4 4 bDQG 9 7KH UHDO $11 LV D QHWZRUN ZKLO}

QHWZRUN VR WKDW WKH WRWDO QXPEHU RI ZHLJKWYV
YDOXHV RI DOO ZHLJKWY DUH UDQGRP G6LQFH WKH RXWSX
$11 KDV D UDQJH > @ DQG LW LV QRW VXLWDEOH IRU W
VOLIJKWO\ PRGLILHG WR WKH IROORZLQJ IRUP

7KH OLPLW RI LWHUDWLRQV IRU ERWK $11V LV VHW WR
JLIXUH VKRZV WKH YDULDWLRQ RI WKH WRWDO VTXDUH

QXPEHU RI LWHUDWLRQ
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3 M4 L 3 M4V 3 M4V Y

M2

M2

+
<

M2

M2

M2

T £ £ 2 £ 2 z £ z 2 2 2

M2

wn
T 2T 2 2 2 2 2 2 2 z 2 2 2 oz

£ £ £ £ £ £ £ £ £ £ =z z

7TDEOH

JLIXUH 7UDLQLQJ (UURUV R $11V IRU 3RZHU /RDG )ORZ



&KDSWHU 9

$WKRXIJIK WKHUH DUH RQO\ WUDLQLQJ H[DPSOHV LW FI
HUURU RI WKH UHDO $11 LV VPDOOHU WKDQ WKDW RI
$FWXDOO\ DIWHU LWHUDWLRQV WKH WRWDO VTXDUHC
D VWHDG\ VWDWH YDOXH DURXQG $IWHU LWHUI
ZLWK WKH UHDO $11 DQG WKH WRWDO VTXDUHG HUURU
HUURU LV RQO\ $FWXDOO\ E\ FRPSDULQJ )LIXUH
UHVXOW FDQ EH QRWHG ,W VHHPV WKDW WKH UHDO $1:
D VPDOO QXPEHU RI LWHUDWLRQV ZKHUHDV WKH FRPSO
GXULQJ WKH OHDUQLQJ SURFHVV 7KLV LV RQH PHULW K
$IWHU WKH WZR $11V KDYH EHHQ WUDLQHG XS WKH\ DUH

VDPSOHV RI 3 1V DQG 4MYV L DQG DV OLVWHG LQ 7
&DVH u M &K s M4 3 -4
M M M
M M M
M M M
M M M
M M M
M Y M
M M M
M M M
M M M
M M M
M M M
O 22 MO 22 0 22 MO 22 O 22 MO 22
7DEOH

7TKHUH DUH WZR FDWHJRULHV RI WHVWLQJ VDPSOHV ILU
VHOHFWHG LQ EHWZHHQ WKH OLPLWYV RI 39V DQG 49V JLY
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VWHOHFWHG RXWVLGH WKH OLPLWV WR WHVW WKH DELOLW\
DUH VKRZQ LQ 7DEOH

&DVH 9 &RUUHFW 9 O5SHDO 11 9 &RPSOH[ 11

7TDEOH

7TDEOH DQG DUH UHIHUUHG WR IRU WKH IROORZLQ.
VDPSOHVY KDYH EHHQ UDQGRPO\ VHOHFWHG LQ EHWZHHQ W
7KH FRPSOH[ $11 EHKDYHV EHWWHU ZLWKRXW H[FHSWLR
DOWHUQDWLYH WHVWLQJ VDPSOHV VHOHFWHG RXWVLGH W
EHWWHU H[FHSW LQ FDVH , W DSSHDUV WKDW LQ JHQHL
IRU WKH SUHVHQW DSSOLFDWLRQ DQG LWV UHDGLQHVV RI

W LV JHQHUDOO\ DFFHSWHG WKDW WKH OHDUQLQJ SRZHU
DQDO\VLV $W SUHVHQW PRVW $11V DUH EXLOW XSRQ WKt
LW LV ZHOO NQRZQ WKDW LQ FRPSXWDWLRQV UHODWHG WE
HIWHQVLYHO\ LQYROYHG GXH WR WKH H[LVWHQFH RI SKDV
1DWXUDOO\ WKH GHVLJQ RI $11V IRU HOHFWULF SRZHU
FRPSOH[ HQYLURQPHQW $ QHZ FRPSOH[ $11 zZDV G
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DSISEDWLRQV 2SHUDWLRQDO HOHPHQWYV VXFK DV DGGLWL
JUDSKLFDOO\ $ FRUUHVSRQGLQJ VLJPRLG IXQFWLRQ XMW
UHVXOWLQJ LQ D QHZ JUDGLHQW IXQFWLRQ IRU EDFN SUR
QHZO\ GHVLJQHG FRPSOH[ $11 LV VXSHULRU WR WKH FF
PDQLSXODWLRQ RI FRPSOH[ QXPEHUV D VLPSOH IXQFWLR
LOOXVWUDWLRQ SXUSRVHV ZLWKRXW ORVV RI JHQHUDOL)
LV FDUULHG RXW LQ WKH ORDG IORZ DQDO\VLV RI DQ HOH
$ FRPPHUFLDOO\ DYDLODEOH VRIWZDUH SDENDJH LV XVHG
YROWDJH DW D SDUWLEXODU EXV LV HVWLPDWHG XVLQJ W
FRPSOH[ $11 LV VXSHULRU WR WKH FRQYHQWLRQDO U}
FRPSOH[ $11 ZLOO QRW HDVLO\ EH WUDSSHG LQ D ORFDO
DELOLW\ Rl JHQHUDOLVDWLRQ WR HYDOXDWH FDVHV QRW
VLIJPRLG IXQFWLRQ HPSOR\HG LQ WKH $11 DXWRPDWLFDOC
DQ DEVROXWH PDJQLWXGH VPDOOHU WKDQ RU HTXDO WR
DGMXVW WKH VLJPRLG IXQFWLRQ RI D FRQYHQWLRQDO UH
DUH HQFRXQWHUHG ,W LV DQWLFLSDWHG WKDW WKLV

LQYROYLQJ FRPSOH[ QXPEHUV VXFK DV VLJQDO SURFHVVL
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&KDSWHU 9,

(92/87,21%5< 352*5%$00,1*
$33/,&%$7,21 ,1 68%67%$7,216

,QGXFWLRQ PRWRUV DUH WKH ZRUNKRUVHV RI PDQ\ GLIIH
UXJJHGQHVYVY DQG YHUVDWLOLW\ 7KH\ DUH XVHG LQ SRZH!
URWDWLQJ PDFKLQHV DUH XVXDOO\ ZHOO FRQVWUXFWHG
LV LQKHUHQW GXH WR WKH VWUHVVHV LQYROYHG LQ WKH
HQHUJ\ )XUWKHUPRUH WKH PRWRUV FRXOG ZHOO EH H[SI
PDQXIDFWXULQJ GHIHFWV ,QWHUQDO PRWRU IDXOWV DV
,Q WKLV FKDSWHU DQ HYROXWLRQDU\ SURJUDPPLQJ DSE
HVWLPDWLRQ 7KRVH SDUDPHWHUV PD\ XVHIXO LQ WKH G
ZKHQ WKH SDUDPHWHUV HVWLPDWHG VWDUW WR GHYLDW
LQWHOOLJHQW VXEVWDWLRQ LW LV QHFHVVDU\ WR PRQLW
DQ\ SRVVLEO\ IDLOXUH DV VRRQ DV SRVVLEOH 7KH PHWKI
DQG FDQ EH HDVLO\ DSSOLHG LQ LQWHOOLJHQW VXEVWDW

(92/87,21%$5< &20387%7,21

(YROXWLRQDU\ FRPSXWDWLRQ FRPSULVHV PDFKLQH OHD
SDUDGLJPV URXJKO\ EDVHG RQ PHFKDQLVPV RI HYROXWLR
VHOHFWLRQ 7KH HYROXWLRQDU\ FRPSXWDWLRQ ILHOG LQ
SURJUDPPLQJ (3 JHQHWLF SURJUDPPLQJ *3 DQG HYRO)
RI FKURPRVRPHV LV FHQWUDO WR JHQHWLF DOJRULWKPV
ERGLHVY WKDW WUDQVPLW JHQHWLF LQIRUPDWLRQ , QG LY
FRPSXWDWLRQ V\VWHPVY DUH EDVLFDOO\ DQDORJRXV WR Fk
DOJRULWKPYV DUH VLPSOH DQG SRZHUIXO JHQHUDO SXUSR
KDYH EHHQ LQVSLUHG E\ WKH 'DUZLQLDQ HYROXWLRQ WKH
FURVVRYHU DQG PXWDWLRQ LQ D VHOHFWLYH HQYLURQTF
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PDWKHPDWLFDO WHUPV WKH JRDO RI WKH *$ LV WR PD[LPL
LV WKH VHDUFK FDQGLGDWH ZKLFK LV WKH N LQGLYLGXD
LV WKH VHW Rl SRVVLEOH VROXWLRQV 7KH LQGLYLGXDO
VWULQJ IRUP FKURPRVRPH DQG WKH *$ WKHQ PDQLSXO
RSHUDWRUV UHSURGXFWLRQ FURVVRYHU PXWDWLRQ W]
LQGLYLGXDOV VXUYLYH XQWLO WKH RSWLPDO VROXWLF
RSHUDWRUV LQVWHDG Rl GHWHUPLQLVWLE UXOHV WR VHD
WKH VSDFH LQVWHDG RI D VLQJOH SRLQW DUH VHDUFKHG

FRQYHUJLQJ WR D ORFDO PLQLPD ,Q DGGLWLRQ WR WKH
VHDUFKHV IRU PDQ\ RSWLPXP SRLQWV LQ SDUDOOHO 'XH

IOH[LELOLW\ *$V KDYH EHHQ XVHG LQ YDULRXV SRZHU HC
XVHG IRU FRPELQDWRULDO VHDUFK SUREOHPV WKDW FDQ
RU QRQ OLQHDU RSWLPLVDWLRQ SUREOHPV 'XULQJ HDFK |
VWUXFWXUHV LQ WKH FXUUHQW SRSXODWLRQ DUH HYDOX
VWUXFWXUHV RI WKH SRSXODWLRQ DUH FKRVHQ E\ D UDQG
WKH H[SHFWHG QXPEHU RI WLPHV WKDW D VWUXFWXUH L
VWUXFWXUHYV ILWQHVV UHODWLYH WR WKH UHVW RI WK
SRSXODWLRQ ZRXOG GLH DQG LQ RUGHU WR VHDUFK RWK
LQWURGXFHG LQWR QHZ SRSXODWLRQ E\ XVLQJ JHQHWLF
PXWDWLRQ 7KXV WKH ILWWHU LQGLYLGXDOV DUH EUHG |
WKH RIIVSULQJ Rl WKH PDWHG SDLU UHFHLYHV VRPH FKDU
FDUU\ RQ PDWLQJ VRPH RI WKHP PXWDWH WKXV WKH SR
FKDQJHV $IWHU PDQ\ JHQHUDWLRQV D SRSXODWLRQ HPH!
SUREOHP ZHOO (YROXWLRQDU\ SURJUDPPLQJ DOJRULWKP
GR QRW LQFRUSRUDWH FURVVRYHU 7KH\ UHO\ RQ WKH V
ZRUNV RQ UHDO TXDQWLWLHV DQG KHQFH QR FKURPRVRP
FURVVRYHU RSHUDWRU LV QRW UHTXLUHG WR PDNH WKH
$OWKRXJK WKH UDWH RI FRQYHUJHQEFH RI (3 PD\ EH D OLW:!
VSHHG FRXOG EH IDVWHU WKDQ WKDW RI *$
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02725 ,1&,3,(17 )$8/7 '(7(&7,21

7KH PRQLWRULQJ GLDJQRVLV DQG LQFLSLHQW IDXOW GHYV
WRSLFV :LWK SURSHU PDFKLQH PRQLWRULQJ DQG LQFLSL
FDQ EH DFKLHYHG IRU SUHYHQWLYH PDLQWHQDQFH LPS
RSHUDWLRQV 7KH LPSRUWDQFH RI LQFLSLHQW IDXOW Gt
FRXOG GHWHFW SRWHQWLDO PDFKLQH IDLOXUHV EHIRUH
H[SHQVLYH EHFDXVH Rl WKH XQSODQQHG GRZQ WLPH DQG
E\ HTXLSPHQW IDLOXUHV ,Q FRQWUDVW SUHYHQWLYH PD
GHJUDGDWLRQ JHQHUDOO\ RFFXUV EHIRUH IDLOXUHV PR
DOORZV WKH GHJUDGHG EHKDYLRXU RU IDXOWV WR EH FF
DQG PDFKLQH EUHDNGRZQ (DUO\ IDXOW GHWHFWLRQ D
VFKHGXOHG IRU PDFKLQHV GXULQJ D SODQQHG GRZQ WLPF
RI GRZQ WLPH UHVXOWLQJ IURP H[WHQVLYH PRWRU IDLOXLI
RI WKH V\WVWHP :LWK SURSHU V\VWHP PRQLWRULQJ DQG
PDLQWDLQLQJ WKH PRWRUV FDQ EH JUHDWO\ UHGXFHG Z
EH VLIQLILFDQWO\ LQFUHDVHG 2Q OLQH PRQLWRULQJ RI
KDV EHHQ LQFUHDVLQJO\ QHFHVVDU\ WR LPSURYH WKH
FDWDVWURSKLF IDLOXUHV OLFURSURFHVVRU EDVHG PRQ
EHFDXVH WKH\ FDQ EH XVHG IRU UHJXODU DQDO\VHV RI PD
IDXOW FRQGLWLRQV 3UHYHQWLYH PDLQWHQDQFH FDQ Wk
'LIIHUHQW LQYDVLYH DQG QRQ LQYDVLYH PHWKRGV IRU P
UHSRUWHG > @ 1RQ LQYDVLYH VFKHPHV DUH WKRVH Z
LQH[SHQVLYH PHDVXUHPHQWY WR SUHGLFW WKH PRWRU
7KHVH VFKHPHV DUH PRVW VXLWDEOH IRU RQ OLQH PRQL\
SDUDPHWHU HVWLPDWLRQ WHFKQLTXH LV ZLGHO\ XVHG
PDWKHPDWLFDO PRGHO DQG DQ HODERUDWH XQGHUVWDQC
Rl VIVWHP SDUDPHWHUV 7KHVH V\VWHP SDUDPHWHUV D
FRQGLWLRQV 7KHUH DUH PDQ\ PHWKRGV IRU PDFKLQH SEC
.DOPDQ )LOWHU > @ ([WHQGHG /XHQEHUJHU 2EVHUYHU >
$OJRULWKPV > @ HWF +RZHYHU DOO WKHVH PHWKRGV K
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7+( 0$&+,1( 02'(/

7KH FRQYHQWLRQDO VWDWH HTXDWLRQV RI D JHQHUDO V-
ZKHUH WKH WKUHH SKDVH YROWDJHV DQG FXUUHQWYV DL
V\VWHP D E LQ WKH VWDWRU DQG G T LQ WKH URWRU
PDWUL[ LQYROYLQJ VWDWRU YROWDJHVY VWDWRU FXUUHGQC

SM/MS 0 S
50/ 0 S K

0S OFRU,; sylL" IS |G

OFRU O S / 3 al3Ug

ZKHUH S LV WKH GLITHUHQWLDO RSHUDWRU G GW LG DQC
WKH VWDWRU 5 DQG / EHORQJ WR WKH URWRU 0O LV WI
URWDWLQJ VSHHG RI WKH URWRU 7R UH DUUDQJH WKH H°
FRPSXWDWLRQDO SURJUDP WKH IROORZLQJ DEEUHYLDWLI

ou 0 FRU P uU 0/ O[ U
0 MLU t 0/ FRUOS

oo P O05; O/R U/Bvy /L/ FRU
0/ XU 05; /2787 |5

/KH JHQHUDO VWDWH VSDFH HTXDWLRQ FDQ EH REWDLQHC

% % X
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7KH VROXWLRQ LV

D W HS ; | UH $"Wa[ % X [ G]
- R

DQRG WKH DSSUR[LPDWH GLVFUHWH VROXWLRQ LV

9 Q H$7: Q >--H$ 7TA%GW@ X Q

ZKHUH 7 LV WKH VDPSOLQJ SHULRG ZKLFK LV HTXDO WR
WLPH Q7

7+( 3$5$0(7(5 (67,0$7,21

JURP HTXDWLRQ ILYH XVHIXO XQNQRZQ SDUDPHWHUV
/ 5 DQG O +RZHYHU WZR PRUH SDUDPHWHUV QDPHO\ L
WR EH HVWLPDWHG DV ZHOO SDUWLFXODUO\ EHFDXVH Wk
RI D PHDVXULQJ ZLQGRZ VLQFH WKH\ DUH QRW UHDGLO\

$FWXDOO\ WKH PHWKRG LV DOVR JRRG HQRXJK WR HVWLP
LQ WKH H[SHULPHQWDO VHW XS WKH VSHHG VHQVRU LV C
HYHU\ PHDVXULQJ ZLQGRZ RI VDPSOHV VHYHQ XQNQRZ
/IM 5 /M 5 0 LG DQG LT ,W LV GLIILFXOW WR DUULYH
QRQ OLQHDU VLWXDWLRQV E\ FRQYHQWLRQDO PHWKRGV R
WKLY FDVH WHFKQLTXHV LQ HYROXWLRQDU\ SURJUDPPLQ
D ILWQHVV IXQFWLRQ ) LV UHTXLUHG DQG LW LV VLPL
DSSURDFKHYV $ PHDVXULQJ ZLQGRZ FRQVLVWV RI VDP.
DV WKH VDPSOLQJ UDWH LV  N+] :LWKLQ WKLV VKRUW

PHDVXUHG E\ WKH VSHHG VHQVRU ,QLWLDO YDOXHV RI W
FUHDWHG DQG SXW LQWR HTXDWLRQ W VKRXOG EH

DQG KHQFH L& DUH DOO PHDVXUDEOH )RU HDFK WLPH \
FDQ REWDLQ LDFL DQG LA IURP HTXDWLRQ ZKHUH 9(F9
VWHS RQH KDV WKH PHDVXUHG LA DQG LEPL ZKHUHYPY Gt



&KDSWHU 9,
LV WKHQ IRUPXODWHG DV EHORZ

1z

F > /Q - ere | @

ZKHUH 12 LQ WKLV FDVH LV WKH QXPEHU RI VDPSC
7KHQ E\ (3 WHFKQLTXHV WKH VHYHQ SDUDPHWHUV DUH L
W VKRXOG EH QRWHG WKDW WKH ILWQHVV IXQFWLRQ ) |
FRVW IXQFWLRQ L H ) & )LIXUH DUH H[DPSOHV R
GLIIHUHQFH EHWZHHQ WKH FXUYHV LV WKH FRVW IXQFWLI

JLIXUH D :DYHIRUP RI'L DQG LDPGDVK JLIXUH E :DYHIRU

(92/87,21%$5< 352*5%00,1*

(3 LV D FRPSXWDWLRQDOO\ LQWHOOLJHQW PHWKRG LQ ZKL
QDPHO\ QDWXUDO VHOHFWLRQ PXWDWLRQ DQG FRPSHW
SRZHU HQJLQHHULQJ DUH QRW QHZ > @ $FFRUGLQJ WR V
EH PRGLILHG DQG FRQILJXUHG LQ RUGHU WR DFKLHYH WK
WKH SUREOHP LV FDOOHG DQ LQGLYLGXDO 7KH PDWKHPLE
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ZKHUH P LV WKH QXPEHU RI SDUDPHWHUYV LQ DQ\ SRVVLEC
WR XVH (3 WKH PDWKHPDWLFDO PRGHO VKRXOG EH FDS
VWUXFWXUH RI LQGLYLGXDOV 7KH (3 DOJRULWKP KDV IR

' QLWLDOZKBWLR@WLDO SRSXODWLRQ FRQVLVWV RI LQGLYL
ILWQHVV VFRUH | RI HDFK S LV REWDLQHG E\ D |
BWDWLVWKFVPD[LPXP ILWQHVV PLQLPXP ILWQHVV VXP RI
WKLV JHQHUDWLRQ DUH FDOFXODWHG
OXWDWLRRFK S LV PXWDWHG LQ RUGHU WR JHQHUDWH D
&RPSHWLWERQQGLYLGXDO 3L LQ WKH FRPELQHG SRSXODW
LQGLYLGXDOV WR JHW LWV FKDQFH WR EH WUDQV

7TKH QXPEHU RI JHQHUDWLRQV LV GHWHUPLQHG E\ WHVW
V\VWHP HJ WKH GLIIHUHQFH EHWZHHQ PD[LPXP DQG P
DOJRULWKP RI (3 DGRSWHG LQ WKLY UHVHDUFK LV OLVW
GHQRWHY D UHPDUN

VWDUW ZLWK DQ LQLWLDO JHQHUDWLRQ
It
LQLWLDOL]H D UDQGRP RU UHDVRQDEO\ NQRZQ SRSXOD
LQLWSRSXODWLRQ 3 J
,, HYDOXDWH ILWQHVYV RI DOO LQLWLDO LQGLYLGXDOV RI
HYDOXDWH 3 J
., WHVW IRU WHUPLQDWLRQ FULWHULD PD[LPXP QXPEHU F
ZKLOH QRW GRQH GR
,, SHUWXUE WKH ZKROH SRSXODWLRQ VWRFKDVWLFEDOO\
39 J PXWDWH 3 J
., HYDOXDWH LWV QHZ ILWQHVV
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HYDOXDWH 37T J

VHOHFW WKH VXUYLYRUV IURP DFWXDO ILWQHVYV
3 J VXUYLYH 3 J 31 3J

LQFUHDVH WKH JHQHUDWLRQ FRXQWHU

JtJ L
HQG ZKLOH

7TKH PXWDWLRQ PHWKRG XVHG LV

¢/ $, 13

ZKHUH $ LV WKH MWK HOHPHQW RI WKH LWK LQGLYLGXDO
JHUR PHDQ DQG YDVLERFWMUROOLQJ WKH PXWDWLRQ VFDC
GXULQJ JHQHUDWLRQV 7KH SRSXODWLRQ VL]JH LV DUELW!
JHQHUDWLRQ ZLOO KDYH LQGLYLGXDOV $IWHUZDUGV
XQWLO WKH ILWQHVV IXQFWLRQ LV PD[LPLVHG RU WKH PD
LQ WKLV FDVH KDV EHHQ DWWDLQHG

7+( (;3(5,0(17%$/ 6(783

7KH H[SHULPHQWDO LQYHVWLJDWLRQV ZHUH FDUULHG RX
D WHVW EHG FDSDEOH RI VLPXODWLQJ D ZLGH UDQJH RI
HTXLSSHG ZLWK D FRPSUHKHQVLYH LQVWUXPHQWDWLRQ D
DFFXUDWH FRQWURO DQG PHDVXUHPHQW RI WKH QHFHV
SDUDPHWHUYV 7KH WHVWLQJ EHG DV VKRZQ LQ )LJXUH

PRWRU UusS§?®P $ 9 GHOWD FRQQHFWHG &O
HISHULPHQW FRXSOHG WR D N9$ $%% '& JHQHUDWRU
$A YLD D +%0 $OSKD 7TRUTXH 7UDQVGXFHU WKDW FR

WRUTXH RQ D UHDO WLPH EDVLV $ YDULDEOH VSHHG Gl
FROQOWURO WKH VSHHG RI WKH LQGXFWLRQ PDFKLQH 7KH
D IRXU TXDGUDQW FRQYHUWHU (OHFWULFDO SDUDPHWHU
Rl HDFK SKDVH UHDO WLPH WRUTXH DQG PRWRU VSHHG I
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'/ ( GLJLWDO VFRSH DV VKRZQ LQ )LJXUH DW D UDW
FKDQQHO IRU D WRWDO RI HLIJKW FKDQQHOV

JLIXUH 7KH $ & PRWRU '& JHQHUDWRU WHVW EHG

JLIXUH <RNRJDZD +LJK 6SHHG 'LJLWDO 5HFRUGHU
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JLIXUH 7KH $%% 9DULDEOH 6SHHG 'ULYH

(:3(5,0(17%/ 5(68/76

7TKH $ & LQGXFWLRQ PRWRU ZDV ILUVW VWDUWHG XS ZL\

JLIXUH VKRZV WKH ZDYHIRUP RI VWDUW XS FXUUHQW R
VHFRQG JLIXUH VKRZV WKH WRUTXH YDULDWLRQ GXU
JLIXUH VKRZV WKH YROWDJH ZDYHIRUP RI UHG SKDVH C

WKH YDULDWLRQ RI URWRU VSHHG GXULQJ VWDUW XS
SDUDPHWHUYV GXULQJ WKH RQH VHFRQG VWDUW XS SHULR

5L 5 / + + 0 +

$V D FRPSDUDWLYH LOOXVWUDWLRQ FRQYHQWLRQDO PHW
GHVFHQW ZDV HPSOR\HG 7TKUHH LQLWLDO JXHVVHV E\ UL
ILQDO VTXDUHG HUURU LQ DFFRUGDQFH ZLWK HTXDWLRQ
RSWLPLVDWLRQ SURFHGXUH LV FRPSOHWHG
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JLIXUH 6WDUW XS &XUUHQW RI 5HG 3KDVH E\ '2/

JLIXUH 7TRUTXH 9DULDWLRQ GXULQJ 6WDUW XS E\ '2/
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BBBBBBBBBBBBBB BBBEBBBBBBBBBBBBBBBBBBI
J)LXUH 6WDUW XS 9ROWDJH RI 5HG 3KDVH E\ '2/

,Q 7TDEOH WKH ILUVW WKUHH UHVXOWYV ZHUH REWDLC(
FOLPELQJ ZKLOH WKH ODVW RQH ZDV REWDLQHG E\ (3 , V
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WwiKw WKH RSWLPLVDWLRQ SURFHGXUH LV YHU\ GHSHQGHQ!
WUDSSHG DW D ORFDO PLQLPXP )RU (3 EDVHG RSWLPLVE
LV XVHG DQG WKH VTXDUHG HUURU LV WKH PLQLPXP DV F
D OLWHUDWXUH UHYLHZ RI (3 UHVHDUFK LW LV EHOLHYHC
PLQLPXP E\ XVLQJ (3 7KLV LV WKH VWURQJ MXVWLILFDWL
WR KDQGOH WKLV SUREOHP

5L U / / 0 (UURU
LQLWLDO JXHVV
| LRO
LQLWDO JXHVV
IQDO
LQLWDO JXHVV

IQDO

IQDO

7TDEOH

1HW WKH $ & PDFKLQH zZDV VWDUWHG XS XVLQJ WKH $%
VRIW VWDUW XS DOJRULWKP 7KH ZKROH VWDUW XS HYHQ
WKH ILUVW VHFRQG HYHQW LV VKRZQ IRU WKH YROWDJH
WKH FXUUHQW ZDYHIRUP RI WKH UHG SKDVH GXULQJ WKH \
ZDYHIRUP RI WKH UHG SKDVH GXULQJ WKH VRIW VWDUW X
WKH KDUPRQLFV FRQWHQWYV ZLWKLQ WKH YROWDJH ZDYHI
FRQYHQWLRQDO PHWKRGV RI PDFKLQH HVWLPDWLRQ 1ID
) XUWKHUPRUH DV VHHQ IURP )LJXUH WKH VXSSO\ IUH

VHFRQG LQWHUYDO RI VRIW VWDUW XS +HQFH LI WKI
SRLQW GXULQJ WKH VWDUW XS SURFHVV DQG ))7 ZDV HPS(



&KDSWHU 9,

LFRQYHQWLRQDO DSSURDFKHV VXEVWDQWLDO VSHFWUD
PDNLQJ WKH PDFKLQH SDUDPHWHU HVWLPDWLRQ IDLO DV

JLIXUH &XUUHQW :DYHIRUP GXULQJ 6RIW 6WDUW XS

7LPH V

JLIXUH 9ROWDJH :DYHIRUP GXULQJ 6RIW 6WDUW XS
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JLIXUH 7RUTXH 9DULDWLRQ GXULQJ 6RIW 6WDUW XS
JLIXUH 5RWRU 6SHHG 9DULDWLRQ GXULQJ 6RIW 6WDUW XS
JRU WKH VDNH RI FRPSOHWHQHVV )LJXUH VKRZV WKH Y

XS HYHQW RI VHFRQG J)LIXUH VKRZV WKH YDULDWL
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H YQHW 8VLQJ WKH (3 WHFKQLTXHYVY DJDLQ WKH PDFKLQH ¢
VWDUW XS SHULRG ZHUH HVWLPDWHG DV IROORZV

IL 5 10 /M + + 0 +

W FDQ EH VHHQ WKDW WKH PDFKLQH SDUDPHWHUV FRXC
WRWDOO\ GLIITHUHQW VWDUW XS SURFHVVHV 7TKH GLUHF
VXEVWDQWLDO KDUPRQLFV FRQWHQWY ZLWK ERWK WKH Y
VRIW VWDUW XS SURFHVV XVLQJ D YHFWRU FRQWUROOHG
YROWDJH DQG FXUUHQW ZDYHIRUPV GXULQJ WKH VWDUW X
59v PD\ SUREDEO\ EH GXH WR VNLQ HIIHFW RI WKH FXUUH

$33/,&%$7,216 ,1 ,17(//,*(17 68% 67%$7,216

5HJDUGLQJ RQ OLQH SDUDPHWHU HVWLPDWLRQ LW VKRXC
ZLWK D UDQGRPO\ VHOHFWHG LQLWLDO SRSXODWLRQ SDV
WKRXVDQGV Rl JHQHUDWLRQV IRU IXO0 FRQYHUJHQFH $C
LV QRW VXLWDEOH IRU UHDO WLPH SDUDPHWHU HVWLPDW
RULHQWHG FRQWURO +RZHYHU LW LV SRVVLEOH IRU XV
FDUU\ RXW RIl OLQH HVWLPDWLRQ XS WR D UHDVRQDEOH
PDNH XVH Rl WKHVH UHVXOWV DV WKH LQLWLDO SRSXOD
DSSOLFDWLRQV WR DFKLHYH DQ RQ OLQH DSSOLFDWLRQ

FKDSWHU WKDW RQ OLQH PDFKLQH SDUDPHWHU HVWLPDWL
ZKLFK LV LQFUHDVLQJO\ SRSXODU

7KH SKLORVRSK\ KHUH OLHV ZLWK WKH IDFW WKDW LI D W
SHUIRUPDQFH RI WKH PDFKLQH DQG WKLV WUDQVLHQW PI
FXUUHQW ZDYHIRUPVY WKH FKDQJH LQ WKH WUDQVLHQW F
EH WKH QDWXUDO FKDQJH LQ FHUWDLQ SDUDPHWHUV WKD
VDPH WLPH LW PD\ EH GXH WR VRPH GHIHFWV LQVLGH WK
(3 EDVHG SDUDPHWHU HVWLPDWLRQ EDVHG RQ WUXH ZDYH
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WR FRQGLWLRQV DUH PHW )LUVW WKH WUDQVLHQW PRGH
KXPDQ RSHUDWRUV KDYH JRW HQRXJK H[SHULHQFH WR LGt
FKDQJHV LQ WKH SDUDPHWHUV )RU WKH ILUVW FRQGLWL
RXW WKDW FDQ UHSUHVHQW WKH PDFKLQH PRUH DFFXUD
VZLWFKHG LQ WR LQWHJUDWH ZLWK WKLV (3 EDVHG PHW
H[SHULPHQWY DUH QHHGHG WR EXLOG XS D FRPSUHKHQVL"
IDXOWV FDQ EH LGHQWLILHG ZLWKRXW PXFK GLIILEFXOW!
FRQYHQWLRQDO IDXOW GHWHFWLRQ Rl URWDWLQJ PDFKLQ

ORVW FRQYHQWLRQDO DSSURDFKHV LQ SDUDPHWHU HVWLF
PDMRU SUREOHPVY L H KDUPRQLFV IUHTXHQF\ YDULDWLR
FKDQJHV LQ UHVLVWDQFH GXH WR VNLQ HIIHFW $ QHZ DS
QHFHVVDU\ WR DVVXPH D VPRRWK URWDWLQJ PDJQHWLF 10
FXUUHQWY 7KH HTXLYDOHQW FLUFXLW PRGHO DGRSWHG |
YROWDJHV DQG FXUUHQWV ZKLFK GR QRW QRUPDOO\ H[LV\
YROWDJH ZDYHIRUPV FDQ EH LQMHFWHG LQWR WKH WKUH
LPSRUWDQW PDFKLQH SDUDPHWHUV FDQ EH REWDLQHG ZLV

VXSSO\

,Q RUGHU WR DUULYH DW WKH JOREDO PLQLPXP HYROXW
HPSOR\HG DQG WKH UHVXOW KDV EHHQ VDWLVIDFWRU\ )\
WKDW WKH LQWHOOLJHQW WHFKQLTXHV VXFK DV (3 DQG
REWDLQHG E\ WKH FRQYHQWLRQDO WHFKQLTXHV H J WK
DXWKRU KDV FOHDUO\ GHPRQVWUDWHG WKLV DUJXPHQW >
VKRZQ LQ 7DEOH JRU VLPSOLFLW\ GXULQJ GHYHORSPH
LWLV SRVVLEOH WR WUHDW URWRU VSHHG DV DQRWKHU >
SURFHVV WKRXJK PRUH VDPSOLQJ SRLQWYV ZLWKLQ D PHL
SRLQW IXUWKHU MXVWLILHVY WKH XVHIXOQHVV RI WKLV
SRSXODWLRQ LV DOZD\V XVHG DV WKH EHJLQQLQJ RI WKH ¢{
D UHDO WLPH SDUDPHWHU HVWLPDWLRQ %XW LI YDOXHV |
WKDW DUH FORVH HQRXJK WR WKH WUXH VROXWLRQ RQ C



&KDSWHU 9,

DOWLFLSDWHG WKDW WKLY DSSURDFK KDV JUHDW SRWHQW
ZLWK VDPSOH E\ VDPSOH LWHUDWLRQ ,I D QHZ PDFKLQH \
PHWKRG FDQ HDVLO\ EH DSSOLFDEOH WR WKH QHZ PRGHO



&KDSWHU 9,,

&KDSWHU 9,,

&21&/86,21 $1' )857+(5 :25.6

,Q WKLV WKHVLV WKH LPSRUWDQFH RI SRZHU VXEVWDYV
WUDQVPLVVLRQ V\VWHP KDV EHHQ KLJKOLJKWHG DQG FRP
FRPLQJV RI H[LVWLQJ SRZHU VXEVWDWLRQV ZKLFK DUH
FRQYHQWLRQDO DSSURDERWH®B LBR QMM ¥ERD B[ISFO® L Q H (
ILUVW FKDSWHU ,Q RUGHU WR GHVLJQ DQG EXLOG D VXE
ZLWK WKH OHYHO RI LQIRUPDWLRQ WHFKQRORJ\ Rl WKH
LOQWHOOLJHQW VXEVWDWLRQV LQ RUGHU WR LPSURYH WK
WUDQVPLVVLRQ V\VWHP $V D VXPPDU\ WKHUH DUH TXLW
WKH UHVXOWV RI WKH YDULRXV V\VWHPV GHYHORSHG DV

0$-25 $&+,(9(0(176

3ULPDULO\ D IXQGDPHQWDO GHVLJQ SODWIRUP IRU GL)
GHYHORSHG 7KH KDUGZDUH DQG VRIWZDUH RI WKLV SODV
VDWLVIDFWRU\ LQ WKUHH SRZHU VXEVWDWLRQV RI WKH
FRPPXQLFDWLRQ QHWZRUN ZDV XVHG WR OLQN DOO WKH F
SRZHU VXEVWDWLRQ LQFOXGLQJ UHDO WLPH VWDWXV ZH
WR D PDVWHU SHUVRQDO FRPSXWHU LQVLGH WKH VXEVWLE
EH WUDQVPLWWHG EDEN WR WKH FRQWURO FHQWUH IRU
FRPSXWHU YLVLRQ DQG ,QWHUQHW EDVHG WHFKQRORJLH
YHUVLRQ +HUH WKH FRPSXWHU YLVLRQ KHOSV WR JLYH V
D VROLG SLFWXUH RI ZKDW LV KDSSHQLQJ LQVLGH WKH VX
VXEVWDWLRQ LV D IRUELGGHQ DUHD H[FOXGLQJ DQ\ XQD
PDFKLQHV WKHUH DQG WKXV HQVXULQJ D KLJK UHOLDELOL
YLVLRQ V\VWHP FRXOG WDNH D VQDS VKRW RI DQ\ XQDXWK
EH WDNHQ E\ WKH FRQWURO FHQWUH $QRWKHU FRPPRQ
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ZHDWKHU H J KHDY\ UDLQ UHVXOWY LQ IORRGLQJ LQVLC
FHUWDLQO\ KHOS WKH VWDII LQ WKH FRQWURO FHQWUH W
&RQYHQWLRQDOO\ DODUPV DUH WUDQVPLWWHG EDVHG R
WKH VHQVRUV JLYH IDOVH DODUPV $V PRVW SRZHU VXEV
FHQWUH LW ZRXOG EH ZDVWHIXO LQ PDQSRZHU LI RQH U
WKHQ GLVFRYHU WKDW LW LV D IDOVH DODUP &RPSXWH
GLUHFW HYLGHQFHV DV ZKHWKHU DQ DODUP LV JHQXLQH

7KH LQJUHGLHQWY QHFHVVDU\ IRU LQFRUSRUDWLRQ LQW]
GHWDLO LQ WKLV WKHVLV *XLGHOLQHV RI XSJUDGLQJ H[
FRXOG EH IRUPXODWHG EDVHG RQ WKH IHDWXUHV VWDWH
KDYH VKRZQ WKDW WKH SURSRVHG LQWHOOLJHQW VXEV\
FRQFHSW KDG EHHQ H[WHQVLYHO\ GHYHORSHG LQ WKH |
GLIIHUHQFH EHLQJ WKDW UHOLDELOLW\ DQG VHFXULW\ VKI
ZLWK WKDW LQ EXLOGLQJ V\VWHPV 7KH DELOLW\ RI SU
PDLQWHQDQFH LQ SRZHU VXEVWDWLRQV DV RQH PDMRU |
FRQFOXGHG WKDW FRQGLWLRQ EDVHG PDLQWHQDQFH LV V
UHOLDELOLW\ RI RSHUDWLRQ RI HDFK GHYLFH ZLWK WKH

THFKQLTXHYVY LQ DUWLILFLDO LQWHOOLJHQFH ZHUH HPSOR
EDVLF SODWIRUP RI PRQLWRULQJ DQG FRQWURO $Q DU
GRPDLQ ZDV GHYHORSHG VR WKDW WKH DFFXUDF\ DQG VS
WKH ORDG IORZ DQDO\WLV FRXOG EH LPSURYHG $ I1X]]\
GLDJQRVLVY RI SRZHU HTXLSPHQW IRU FRQGLWLRQHG EDVH
XVHG RI WR UHSUHVHQW WKH VSHFWUXP RI SRZHU KDUPRC
$Q RSWLPLVDWLRQ IXQFWLRQ LQYROYLQJ RSHUDWLRQV R
7TKH PRVW UHFHQW GHYHORSPHQW LQYROYHV WKH DGRSWI
WKH SDUDPHWHUYV RI D URWDWLQJ PDFKLQH LQVLGH D SRZ
ZDYHIRUPV ZHUH UHFRUGHG IRU WKH SXUSRVH RI ILQ
) XUWKHUPRUH SDUDPHWHU HVWLPDWLRQ FDQ EH D XVHIX
WKH PDFKLQH DV ZHOO
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SHPWLYH SRZHU FRQWURO KDV EHHQ D YHU\ LPSRUWDQW
FDSDFLWRU EDQN VZLWFKLQJ DQG WUDQVIRUPHU WDS FKI
EHHQ WKH PDMRU FRQWURO SDUDPHWHU ,Q WKLV WKHVL'
WKH UHDFWLYH SRZHU FRQVXPSWLRQ DV WKH FRQWURO ¢
ZLWK D IX]]\ FRQWURO V\VWHP )JXUWKHUPRUH IDFLOLW
GHYHORSHG :LWK WKH DGYHQW RI SRZHU HOHFWURQLFV

SROOXWHG ,Q RUGHU WR PDLQWDLQ D KHDOWK\ WUDQVPL
VKRXOG EH FORVHO\ PRQLWRUHG 7KH DUWLILFLDO QHXUD
WLPH ITUHTXHQF\ RI WKH VXSSO\ VR DV WR DUULYH DW D
VSHFWUXP

7KLV SURMHFW SURYLGHV D IRXQGDWLRQ IRU HQJLQHHL
VXEVWDWLRQV WR WKH ORZ YROWDJH FRQVXPHU VXEVWI
WUDQVIRUPHUV VWHSSLQJ GRZQ WKH HOHFWULF SRZHU |
LQWHJUDWLRQ YLD D ZLGH DUHD QHWZRUN RI DOO VXEVWI
FRQVXPHU WUDQVIRUPHU URRPV FRXOG EH DFFRPSOLVKHC
SRZHU VXSSO\ FRPSDQLHV DUH JRLQJ WR VKDUH WKH VDP}F
UHDGLO\ :LWKRXW WKLV LQWHJUDWHG FRPPXQLFDWLRQ ¢
VXFK DQ LGHD $V WKH WUHQG RI HQHUJ\ FRQFHUQ LV VW
EHFRPH D PDMRU LVVXH LQ WKH SRZHU LQGXVWU\ 7KH V!
WKH KDUGZDUH EDVLV RI VXFK PDQDJHPHQW VWUDWHJ\

)8785( :25.6

7TKH FRQFHSW RI LQWHOOLJHQW VXEVWDWLRQV FDQ EH IXU
WR HQKDQFH WKH IXQFWLRQV DQG IHDWXUHV RI VXEVWDW
PDMRU WKHPH RI GHYHORSPHQW EXLOW RQ D PXOWL PHG
GHSHQG PDLQO\ RQ WKH VXFFHVV RI PDQ PDFKLQH LQWHU
FRQWURO FRXOG EHFRPH SRSXODU LQ IXWXUH

,W LV ZHOO DZDUH WKDW PRVW IDXOWV LQ WKH SRZHU V\
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HDDV VWDJH RI GHYHORSPHQW 7KH\ WKHQ JUDGXDOO\ JUF
VXFK DV D WRWDO LQVXODWLRQ EUHDNGRZQ RU HYHQ DQ
VSRWV DQG DEQRUPDO ULVH LQ ZRUNLQJ WHPSHUDWXU|
WKHUPRJUDSK\ > @ LV RQH RI WKH PRVW XVHIXO WRROV
SUHYHQWLYH PHDVXUHV FDQ EH WDNHQ WR DYRLG RFFXUU
EHHQ HPSOR\HG LQ PHGLFDO GLDJQRVLV > @ DQG WKH GL
SURGXFWV > @ $QRWKHU PDMRU UHDVRQ IRU WKH QXPHL
LQ HOHFWULFLW\ SRZHU VXSSO\ LQGXVWU\ LV WKDW PI
PHDVXUHPHQW DUH GLIILEFXOW WR DFFHVV DQG DUH KD]D
HOHFWULFDOO\ OLYH URWDWLQJ RU YHU\ KRW DQG D UHI
ODUJH DUHDV TXLENO\ KDV REYLRXV DWWUDFWLRQV 7KFH
IURP f& WR f& ZLWK D PD[LPXP UHVROXWLRQ GRZQ \
VHQVLWLYH WR VOLJKW XQEDODQFH LQ KHDW GLVVLSDWLI
LQ WKLV WKHVLV LQFOXGH EDUH FRQGXFWRU RI N9 Wl
IHHGLQJ HOHFWULF WUDLQV KLJK UHVLVWDQFH VSRWV LQ
EXVEDUV DEQRUPDO WHPSHUDWXUH ULVH RI 39& LQVXODW
KLJK LPSHGDQFH IDXOWV LQ SRZHU WUDQVIRUPHUV HWF

$OWKRXJK D WKHUPRJUDP FDQ UHYHDO WKH KRW VSRW!
WKHUPRJUDP LV RIWHQ YHU\ GLIIHUHQW IURP WKDW RQ
IDPLOLDU ZLWK DQDO\VLQJ RSWLFDO LPDJHV UDWKHU WKE
DQDO\WLQJ WKHUPDO LPDJHV E\ PRVW QRQ VNLOIXO WHF
QHHGHG VR WKDW DOO HQJLQHHULQJ VWDIlI FDQ HDVLO\ X
RI YLUWXDO UHDOLW\ IRU SRZHU SODQW GHVLJQLQJ DQ
PDLQWHQDQFH 7KH KDUGZDUH LQ WKH LQLWLDO WULDO X
GHYLFH D WKHUPDO LPDJHU DQG D 3& 7KH VXUIDFH RI
GLYLGHG LQWR JULG SRLQWV ZKRVH DEVROXWH FRRUGLQI
EDVHG GLVWDQFH PHDVXULQJ NLW WKH /HLFD 'LVWR ZKLF
VHQGLQJ WKH PHDVXUHG GDWD EDFN WR D SHUVRQDO FR

PP RYHU D GLVWDQFH RI P 3DQQLQJ DQG WLOWLQJ IX
DVVHPEO\ Rl WZR VWHSSHU PRWRUV 7KH KRUL]JRQWDO D
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X&SDWHG LQVLGH WKH 3& ZLWK D UHVROXWLRQ RI f 7K
LQIUDUHG FDPHUD ZKLFK ZDV VWDWLRQHU\ 7TKHUHIRUH

FRXOG JLYH WKH DEVROXWH FRRUGLQDWHV RI HDFK JUL¢
WKHUPDO V\VWHP FRXOG JLYH WKH UHDO WLPH VXUIDFH

LQIRUPDWLRQ ZDV IHG LQWR D WDLORU PDGH YLUWXDO U
LPDJH FRXOG EH GLVSOD\HG DQG PDQLSXODWHG 7KH

FRUUHVSRQGHQFH EHWZHHQ WKH 'LVWR DQG WKH WKHUPI
E\ 'LVWR RQWR D FRUUHVSRQGLQJ SRLQW RQ WKH WKHUP|
QHFHVVDU\

SHFHQWO\ YLUWXDO UHDOLW\ 95 WHFKQLTXHV KDYH E
HQYLURQPHQWY 9(V DUH EHLQJ SURGXFHG WR VLPXODV
DSSOLFDWLRQ 7KH DXWKRU LQGHHG WULHG WR SXW WKH
WKH FRPSXWHU QRW MXVW ZLWK WKH JHRPHWULFDO Gt
WHPSHUDWXUH DV ZHOO $ GLPHQVLRQDO SRZHU WUDQ
FRXOG EH GLVSOD\HG RQ WKH VFUHHQ DQG RQH FDQ IUHH
FDQ EH GLVWLQJXLVKHG E\ WKHLU UHODWLRQ WR D UHDC
DFWXDOO\ D SURMHFWLRQ RI VRPH UHDO HQYLURQPHQW
GLIIHUHQW VFDOH > @ RU DW VRPH GLVWDQFH IURP WKH
E\ WKH WHUP WHOH SUHVHQFH ,W PXVW EH SRLQWHG RXV
9HU\ RIWHQ WKH 9( FDQ EH TXLWH XQUHDO ,Q WKH FDV
SODQW ZKHUH WKH XVHU FRXOG PDQLSXODWH H[LVWLQJ
RUGHU WR HQKDQFH WKH IHHOLQJ RI LPPHUVLRQ ZKLFK L\
LV UHDO VXUIDFH UHQGHULQJ DQG FRQWUROODEOH DQJ
VIVWHP 7KH XVHU FRXOG VHOHFW WZR GLIIHUHQW PRGH)
WKH JULG RI WKH REMHFW{V VXUIDFH ZDV VKRZQ RU WKHI
REMHFW ZDV FRDWHG ZLWK D SVHXGR FRORXU VFDOH WR |
7KUHH WUDQVIRUPDWLRQV ZHUH EXLOW LQWR WKH SURJU

JXUWKHUPRUH WKH XVHU FRXOG IUHHO\ DGMXVW WKH YL
SDUWLFXODU SDUW RI WKH VXUIDFH WKXV IXOILOOLQJ WK
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IRU HOHFWULF SRZHU HTXLSPHQW GHVLJQ DQG PDLQWHQL
WZR SXUSRVHV 7KH ILUVW RQH ZDV IRU GHVLJQLQJ SRZI
7TKH " LQIRUPDWLRQ RI DOO FRPSRQHQWYV ZDV UHFRUGHG
7KH GHVLIQHU FRXOG WKXV IO\ DURXQG WKH SRZHU SODC
SODFHPHQW RI HTXLSPHQW 6 XFK FKHFNLQJ ZDV PRUH SI
VXSSOLHG E\ WKH PDQXIDFWXUHUV FRQYHQWLRQDOO\ $1
UHJXODU WKHUPDO LPDJLQJ SURFHGXUHV FRXOG EH FDL
HTXLSPHQW FRXOG LPPHGLDWHO\ EH LGHQWLILHG PDQXDO
VSRWYVY FRXOG EH FURVV FKHFNHG DJDLQVW WKH JHRPHWU
D VNLOIXO WHFKQLFLDQ LQ WKHUPRJUDSK\ LV QRW UHTXL
SRZHU HQJLQHHULQJ FDQ IXO0O\ XQGHUVWDQG WKH ' WKH

$ ),1%/ 5(0%5.

7TKH VWXGLHV FRQWDLQHG LQ WKLV WKHVLV KDYH EHHQ 1V
LQFOXGHG LQ D ERRN SXEOLVKHG E\ WKH .0OXZHU $FDGH
SHFHQWO\ WKH 8QLWHG 6WDWHYV IROORZLQJ WKH H[DPSOF}
WKH PRVW PDVVLYH FRPSOLFDWHG LQGXVWULDO UHRUJD
GHUHJXODWLRQ RI WKH HOHFWULF XWLOLW\SDYGXN WUHZF /
EHWZHHQ XWLOLWLHY DQG UHJXODWLRQV VHW SULFHV L\
WKLV FDQ EH JUDQWHG FRQGLWLRQV PXVW EH HVWDEOL
PDUNHW SRZHU HLWKHU JOREDOO\ RU ORFDOO\ WR IRUHF
RI GHUHJXODWLRQ VSUHDGY DURXQG WKH ZKROH ZRUOG
SRZHU TXDOLW\ PRQLWRULQJ ZLOO LQFUHDVH VLJQLILFDQV
ZLOO GHILQLWHO\ KHOS WR HQVXUH D VXFFHVVIXO LPSOH
FRXQWULHY DURXQG WKH ZRUOG
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& 5 % DAODQYVPLVVLRQ DQG 'LVWULEXWLRQ (OF
%XWWHUZRUWK +HLQHPDQQ

( /IDNHUYL DQG(QHFWRIOFAWMM 'LVWULEXWIRWHIUHW
BHUHJULQXV /WG ,((

.HQQHWK &DLUG ,QWHJUDWLQQ 6/XHERWMDRAPK R Q¥ D X

SsS

6 +XPSKUH\V 6XEVWDWLRQ DXWRMAD&RREX W\H/W I
$SSOLFDWLRQ¥SWI BRZHUSS

& %RRWK -5 O0OF'RQDOG 5: 6WHZDUW : - /D

(QKDQFHG SRZHU V\VWHP FRQWURO DQG PDQDJHPH

BURFHHGLQJV RI ,(( QG ,QWHUQDWLRQDO &RQIHUHQ
&RQWURO 2SHUDWLRQ DHR®JODRQJIHPHIEWPEHU
SsS

% /XQGTYLVW + .URQDQGHU DQG $ - ODFNUHOO
PRQLWRULQJ FRQWURO DQG FRPPXQLFDWLRQ IXQl
LQVWDOOGDWHRKMELQIV RI'"HYHORSPHQWYV LODIKFKHU 6

SsS

1 - 1LPVWWRIQFLDO ,QWHOOLJHQM®BIRUSD QH ZD X N DVXK(
3XEOLVKHUV

<+ B6RQJ $00DQ -RKQV RBESEWMWILRQ@LLZDMW I
$SSOLFDWLRQV WR .DRXZHW 6\WGHHPR/LF 3XEOLVKHUV

.HYLQ :DUZLFN $UWKXU (NZXH $DUQNEL BLIFNL D$Q J,  WZHDO,
7HFKQLTXHV LQ 3RZHU 6\VWVWHPV

/| | JPWHOOLJHQW B6\WWHPV $SSOLFDWIRROXW L R QBIRY
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RJUDPPLQJ DQG 1HXRIP® LHOWMXRUMNRQV /WG
0 ( (O +DZDWHARWULF 3RZHU $SSOLFDWLRQV R );

SUHVYV

* 5 $OO0OHQ DQG 5 &KHXQJ ,QWHJUDWLRQ RI SUF

IXQFWLRQV IRU WUDQVPLVVLRQ DG TCULIVOMILEW MWRQ (
3RZHU 'HORRHU\ 1R SS

- $ ORPRK [ * ‘'LDV DQG "1 [/DLUG $Q LPSOF

LOWHOOLJHQW WRRO IRU GLVWULEXWURQWDNW HRPQND

3R

ZHU "HOQRHU\ 1R SS
$ 3 $0OYHV GD 6LOYD $ + ) ,QVIUDQ 3 0 GD 6LO

1HXUDO QHWZRUNV IRU IDXOW, (@R FDMIQRV® AVWLR @ E \

3R

» ((

ZHU "HORRHU\ 1R SS

0 .HIXQRYLF DQG , 5LNDOR '"HWHFW DQG FODV
( &4RPSXWHU $SSOLFDIMWREHIUQ 3RZ&Y

+ ORQVHI $ 0 5DQMEDU DQG 6 -DGLG ) X111V UuX

SRZHU V\VWHP IDXQW3GRBIJORQHW 7UDQWL 'LVWULI

1R

SS
% .DVI]WHQQ\ DQG 0 .H]XQRYLF 'LIJLWDO UHODV

WUDQVIRUPMMUERPSXWHU $SSOLFDWLRRFEQMEHQY 3RZH!I

SS

FR
SS

- $ 3DOPHU DQG -. 1HOVRQ ,QWHOOLJHQW FRC
ROLQJ SKPSVRF *HQHU 7UDQWL 'LVWILRE

2NL 7 +DLGD 6 :DNDED\DVKL 5 7VXJH 7 6I

'HYHORSPHQW RI SDUWLDO GLVFKDUJH PRQLWRULQJ

LQ
1R

D JDV LQVXODWHG MMXEQWIFWILR@Y RQ 9BRRZHU 6\V\
SsS
'ODG\VODZ OLHOFAPIUVRULRAG7HFKQLTXHV LQ 3RZH
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3K\WLFD 9HUODJ +HLGHOEHUJ SS

/] &KDQ 7 0 &KDQ 6/ 3DQJ DQG $ 7 3 6R $
WUDQVPLVVLRQ FRQGLWLRQ PRQUWMRUWLDQ WIAWLUR QW
3RZHU 'HORRBU\ 1R SS

/] &KDQ $ 7 3 6R DQG // /DL ,QWHUQHW ED\
PROQLWRWUIQF7UDQVDFWLRQV RQ BRAHU B6WRNHPV
SsS

$ 7 3 6R /] &KDQ DQG & 7 7VH )X]]\ ORJLF EL

VZLWFKLQJ FRQWUROOHU IRU UBLRFHHG SRIH R IFRHP
,QWHUQDWLRQDO )RUXP RQ $SSOLFDWLRQV RI 1HXL

<RNRKDPD $SULO SS
/] &KDQ DQG $ 7 3 6R 3RZHU KDUPRQLFV SDW
IX]]\ HTXDWXRQ8HWY DQGIRO/WHP YR SS
// /DL :/ &KDQ & 7 7VH DQG $ 7 3 6R 5HD

KDUPRQLF HYDOXDWLRQ XVLQJ DUWL7IWLB RVO FMNHORUDA
3RZHU 'HO@RBU\ 1R SsS

/] &KDQ DQG $ 7 3 6R 'HYHORSPHQW RI D QHZ
FRPSOH[ VSDRAEHHGLQJV RI QG %LHQQLDO $XVW
ODWKHPDWLFV &SR®QHUY H QECH SS

/] &KDQ $ 7 3 6R DQG // /DL &RPSOH[ DUWLI
LWV LQLWLDO DSSOLFDWLRQV WR QRO GUD®RZDB QYRR
RQ 3RZHU 6\WWHPV

/] &KDQ $ 73 6R DQG // /DL (YROXWLRQD
PDFKLQH SDUDPHWHUV HVWLPDWLRWOR FRIH GLLH)AE® R U L(t
, QWHUQDWLRQDO (OHFWULF 0DFKLEHDWWNQ@GE ' WDYHV

SS
$ 7 3 6R
GLDJQRVLV RI

/

&KDQ & 7 7VH DQG . . [/HH )X]]\ «
SRZHU DSSDUDWRVREFHHGLODVHR L6
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, QWHUQDWLRQDO )RUXP RQ $SSOLFDWLRQV RI 1HXL

<RNRKDPD

/] &KDQ

$SULO SS

$

7 3 O6R DQG [/

/DL

GLPHQVLRQI

SRZHU HTXLSPHQW PDLQWHOQ@QFWHD QVXEWLW QW R Q

'HOLYH

U\

0 .H]XQRYLF DQG %
FRQWURO DQG, QUREASWWRQ $SSOLFDAFMVRREHUQ 3RZ

SS

1 )XMLPRWR

ORORQ\ 'LDJQRVWLFV DQG PRQRPORDUQR HRG UL/R BWX\

% *XSWD

5XVVHOO

5

SHIHUHQFH &HQWUHRMWKPEHU
&LUFXLW EUHDNHUV ZLWIOHRRNOLEGBCO

- 5HDVRQ
"RUOBHEUXDU\
6R DQG : / &KDQ

$ 7 3

&RQWU
Ss
0%

$ *DIIHKBERG\TV

RO

SS

ORUUD

OLFURSURFHV'

* Y)RUG - O

$ &RPSXWHU 9LVLRQ EDYV
6\VWHPURFHHGLQJY RI , QWHUQDWLRQDO &RQIHUHQFF
2SHUDWLRQ ,(( OBDPRDRIHPRH@QW 1RYHPEHU

3LNH 8VWQDOWHG , QW HIGQ WWR Q

4XH &RUS ,Q

*XLGH WRB, WRHH\QW H&JOMHBAW L C

+ +DKIXKMGAWHUQHW &RP DG HWMHZ5HIE O HQFHHWNHOH
7KRPPON HGWHUQHW IRU 6FLHQWLVWY DQG (QJ
SHVRXUEHY 2SWLFDO (QJLQHHULQJ 3UHVV %HOOLQ.
SHPRWH EXLOGLQJ V\VW

RQ MRUNMD®LR®S LQ

0% -

$ 73 6R DQG : / &KDQ

3URFHHGLQJV RI ,QW &RQI
SS

$ 73 6R /| &KDQ DQG : /

7VH

%XLOGLQJ DX\
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LOWHUQHAMOLMRIAHYV 1R SS

$ 73 6R :/ 7VH DQG : / &KDQ 'HYHORSPHQW
RQ LQOWHBUGAMHGLQJV RI ((( ,QWHUQDWLRQDO ¢
OHGLD (QJLQHHULQMH OCERKOMIHR Q X O\ SS

/] $ =DGHK 2XWOLQH RI D QHZ DSSURDFK WR WK
GHFLVLRQ SUREHW\DHW DFW LRIDWQ 6DDVWEH B\ E HURXH W L F \
60 & SsS

& 7 7VH HW DO $XWRPDWLF FDSDFLWRU VZLWEK
DV FRQWURO ZDRPHPHMWKUY RI WKH WK &RQIHUHQF!
6XSSO\ ,QGROWURQJ 1RYHPEHU 9RO SS

7 - ( GBHDFMMLYH 3RZHU &RQWUR OHLZQ <(RWIN WLICFH 6 \

SS

6 ( +DTXH DQG 1 + ODOLN $QDO\VLV DQG SHU
WK\ULVWRU FRQWUROOHG U H,DEWRID QV IWRAUL FR\P RIDQ
6\VWH®PRO 3:56 1R SsS

0 .RYDFV 6WDEOH HPEHGGLQJ RI LOO SRVHG (
VIVWHPV LQWR IX]]DIXHG 6\A\WW HPYG 9RO WHP V
SsS

+ ,VKLEXFKL DQG + 7DQDND )X]1]\ UHJUHVVL
QHWZRUNW 6HWV DQGIRO WHPYV SsS

& + &KHQJ DQG '/ ORQ )X]]\ VIVWHP UHOLDELC
FRQILGH®FHAM 6 HWV DQGIRWWHPV SS

$$ ODKPRXG DQG 5 ' 6KXOW] $ PHWKRG IR
GLVWULEXWLRQ LQ DE(SRZBQWDNWHPYV RQ 3RZHU $¢
6\VWHPR/O 3$6 1R Ss

5 & 'XJDQ :7 -HZHOO DQG ' - 5RHVOHU +DUP

IURP OLQH FRPPXWDWHG LQYHUWHUV LQ SURSRVHG
7UDQVDFWLRQV RQ 3RZHU $SSPUD®HV DQGR6\VWHP\
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@ 6. 7VR DQG :/ &KDOQ 'XDO GDWD DFTXLVLWLR
DQG ORQJ GXUDWURFHWGI®DIY RI +.,( &$, 6\PSR
L QVWUXPHQWDWLRRQJ &RQ@IW URQXDU\ SsS

@ 6. 7VR DQG :/ &KDOQ 'LVWULEXWHG PRQLWR

@
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@
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@

Q@
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SHQHWUDWLRQRFMKGLQJIY RI ,(( VW ,QWHUQDWLR
$GYDQFHV LQ 3RZHU 6\WWHP &RQWUR O+ RX3BHUPQILR Q
1RYHPEHU SsS

7 + 2WWPH\HU 1 .DNLPRWR 7 +N\DPD DQG $ $
SHUIRUPDQFH RI LQGLYLGXDURBBIBGLORIXSRIG 0OGDGW |
&RQIHUHQFH RQ +DUPRQLFVQIGQBRZ HU 6\\S/BHP V

$ .DXIPDQQ DQG 0 0,Q"\SR®XFWALRQ WR )X]]\ $ULW
po$SSOLFDWMI®QARVWUDQG 5HLQKROG 1 <

% ' %XQGD\ DQG * 5 2'DVWMVAIGHWLRQ OHWKRGYV

(GZDUG $UQROG

7 + 2UWPH\HU . 5 &KDNUDYDUWKL DQG $ $ O
VIVWHP KDUPRQLFV RQ SRZHU V\VWHKP 7HDXQLBPHQMR (
RQ 3RZHU $SSDUDWX\®RIDQ G3%6VWH PL\R BHSWHPEH
SS

7 $ *HRUJH DQG ' %RQHV +DUPRQLF SRZHU IC

IDVW IRXULHU, WUDQUBIRMDFWLRQV RQ BREZHU 'HROLYH
$SULO SsS

- $UULOODJID ' $ %UDGRH\HD QR V3N HP %IREAR QL F
:LOH\ 6RQV

- 7 BURGRLSOHV RI H[SHULPHQ WD HLYH X HEFL\H {
3XEOLVKHUV /WG FK

$ $ *LUJLV DQG ) O +DP $ TXDOLWDW(LYH VW)
7UDQVDFWLRQV RQ $HURVSDFHIRQG $06HFWURQLF-6Q
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SS

6 $ OFOOZDLQH & ( 7LQGDOO DQG : OF&OD\ )U
VIVWHP FRQWWRFHHGDQIW & <RO 1R SsS

0 0 %HJRYLF 3 0 'MXULF 6 'XQODS DQG $ * 3KI
LQ SRZHU QHWZRUNV LQ WKH,SUHNVHIRFWHDRWKRQ P R
'HOLY HWR\O 1R SS

/' / /DL $ ' :DQJ <= *H $2 (NZXH DQG ./ /R
IRU PHDVXULQJ SRZHU BWWRAFHHH GUWIQT X HRIFWKH 7KLUG
6\PSRVLXP RQ (OHFWULFLW\ 'LVWULEXWR®Q DQG (Ql
6LQJDSRUH 6HFWLRQ SS

$ * 3KDGNH -6 7KRUS DQG 0 * $GDPLDN $ QH
IRU WUDFNLQJ YROWDJH SKDVRUV ORFDO V\VWHP
IUHTXHQE{ 7TUDQVDFWLRQV 3RZHU $SPMODVE%E DQG ¢
1R SS

$ * 3KDGNH HW DO :RUNLQJ *URXS + B\QFKUF
PHDVXUHPHQWY IRU UHQD\(L QU DXOVD FWDMQAMR GRZHU
9RO 1R SsS

06 6DFKGHY DQG 00 *LUD\ $ OHDVW HUUR
GHWHUPLQLQJ SRZHU V(\MWHD QUDTPVWHLRRY 3RZHU $S¢
6\WWHPRO 3$6 1R Ss

+ 0 %HLGHV DQG * 7 +H\GW '\QDPLF VWDWH H
KDUPRQLFV XVLQJ .DOPDQ LI OWHWDPMIKWRGROR R Q
'HOLY H®RO 1R 2FWREHU SS

6. 7VR DQG : / &KDQ )JUHTXHQF\ DQG KDUPRQLF
OHDVW VTXDUHVRWMHFKQLRKKOHFWULFDO DQG (OHFV
9RO 1R SS

9 7HU]JLMD 0 'MXULF DQG % .RYDFHYLF $ QHZ
IUHTXHQF\ HVWLPDWLRQ ,R{(GLYWRWMNH\CL R/Q ¥ QIRIH U
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DQG
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* 4+ SLFKDUGYV +DUPRQLF

LGHQWLILFDWLRQ XVLQU((QHXDQWVDOWWRGRWNRQ 3RZH!

9RL 1R 1RYHPEHU

SS

6 2VRZVNL I1HXUDO QHWZRUN IRU HVWLPDWLRC
SRZHU V\VWHR RFHHGDQW & 9RL 1R ODUFK

3 ( *LOO :DOWHU 0XUUXDUDIFQWG DO 2 SMAIBRAH P WHE R C

UHVYV SS
6 9 % $L\HU O

SHUIRUPDQFH RI

9RO SS

1LUDQMDQ DQG ) )DOOVLGH $ W
WKH #R(S MUHIO®EY PRWBHROQ RQ 1HXUDC

< 7DNHXWMLO 1HWZRUN 3DUDORHAKU &RAPECKMALLCF] 3 X

%RVWRQ SS

-0 =XUDGOWURBFEFXFWLRQ WR $UWLILEL® O FLAHXVD (

6LQJDSRUH

7 7 1JX\HQ IRDG

SS

IORZ SDUDOOHO SURFHVVLQJ V'

QHWZRUN DUFKLMWHFWRXUBRZHU 6\VWHRRYV 5HVHDUEFK

SS

7 7 1JX\HQ 1HXUDO QHWZRBNRFSHWIGALIA\S RZ HU |
,QWHUQDWLRQDO &RQIHUHQFH RQ $GYDQFHV LQ 3RZ|

ODQDIJHPHRW .RQJ

- $ . BX\NHQV

- 3/

1RYHPEHU SS

ODQGHZDOOSHUWQGE.PLDG® 1HK

IHWZRUNV IRU ORGHOOLQJ DQG &R QWXZRHU RS FIDRGH BIL
3XEOLVKHUV %RVWRQ

6/ +R + : /HXQJ DQG :/ &KDQ $SSOLFDWLR
SURFHVVLQJ IRU FRQGLWLRQ PRQLWRULQJ RI URW

SURFHHGLQJV R

6L[WK

, QWHUQDWLRQDO &RQIHUHC



>

>

\Y

\Y

\Y

\Y

Q@

Q@

@

@

Q@

@

@

@

@

@

"ULYHBMHSWHPEHU

5HIHUHQFHYV

SS

0 < &KWRINKRGRORJLHV RI XVLQJ 1HXUDO 1HWZF
7HEKQRORJLHV IRU ORWRU ,QERBGHQFL H QXA W. FH 3\X-EF
&R 3WH /WG

'~ $WNLQVRQ
VWDWH DQG SDUDPHWHUWUEBBYWRPWWRAQY RQ ,QGXVWU
9RO SS

7 'X 3 9DV DQG ) 6WURQDFK 'HVLJQ DQG DSSC
IRU MRLQW VWDWH DQG SDUDPHWHU HVWLPOWLRQ L

SURFHHGLQJV

I IMBXQWHP

3 3LOOD\

, OLNL 2

I1DQJVXH 3

5

33 $FDUQOH\ DQG - : ILQFK 2E

(OHFWORGBRZHUIRSSOLFS
,GHQWLILFDWLRQ (QKBRER RRGU &WDK H V8V
3UHQWLFH +DOO

1RODQ DQG 7 +DTXH $SSOLFDWLR
SDUDPHWHU GHWHUPLQDWLRQ IRU, WU DQDQNVDWWLRQ
RQ ,QGXVWU\ $9ROLFDWLRQV SS

1DNDR DQG 6 1LVKL\DPD $ QHZ VLPSO
IRU ILHOG RULHQWHG LQGXFWEIZRQQNVPWWRURGQVLRKV,
$SSOLFDOR®RQV

3

1R SS
3LOOD\ DQG 6 &RUQ\ (YROXWLR

PRWRU SDUDPHWHU (&H MHUPWLIMDMWIRY RQ (QHUJ\ &R
(& LQ SUHVYV
$ 0 7U]\QDTKMHRYIMNAG 2ULHQWDWLRQ 3ULQFLSOH I
ORWRUWXZHU $FDGHPLF 3XEOLVKHUV 1RUZHOO

/ / /DL $ * 6LFKDQLH DQG % - *Z\Q &RPSDULYV
SURJUDPPLQJ DQG D JHQHWLF DOJRULWKP((IRU ID
BURFHHGLQJV *HQHU 7UM®MVP 'LRWULE SS

6 * %XPD\ 7/ :LOOLDPHSBQGFRWLR®@HV7KHUPD(

$GDP +LOJHU
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@ )+ < &KDQ DQG $ 7 3 6R $ FDPHUD V\WWHP IR
SURFHHGLQJV RI1 %O0(1 %LRPHGLFDO+R@ULQREULQ.

$SULO

SS

@ )+ < &KDQ DQG $ 7 3 VR $SSOLFDWLRQ RI W
FRQVXPHU HOBMEWBRBAGEQJV RI WKH ,QWHUQDWLR

&RQVXPHU (OHFMWMWRQUFV2FWREHU SsS
@ : - *RUGRQ DQG 5% VSBICH\QHQ I&DOUYHY DQG 6XUIDF
$LGHG *HRPHWUILHZ HRUNQ $FDGHPLF 3UHVYV Ss

@ %' %XQGD\ DQG 2SSWLPDVDMAHRQ OHWKBGMUIGQ 3l

$UQROG
@ , 6REHO

SS
2Q FDOLEUDWLQJ FRPSXWHU FRQWUR

VFHQBVWLILFLDO ,QRVHOOLJIHQFSHs
@ "% *HQQHU\ 6WHUHR FDPHRIDHHELQUNEUDRNLRRB
8QGHUVWDQGLQJ :RB8S$VKRS

@ 5. [/HQ]
LPDJH FHQW

DQG 5 < 7VDL THFKQLTXHYV IRU FDOLE
HU IRU KLJK DFFXUDFE{( (" PDFEYLQHWRIRWY M

SDWWHUQ $QDO\WLY DQG OBPKLQHIRQWHOOLJFH FH

@ 2" )DXJHUV DQG * 7TRVFDQL 7KH FDOLEUDW
SURFHHGLQJV RO LSDORBLS SS
@ 5 0 7D\ORU : S5RELQHWW 9 / &KL ) 3 % URR

:LOOLDPV DQG ( - 6Q\GHU 7TKH QDQRPDQLSXODWRL

D VFDQQLQJ
SS
@ *0+ &OL

WX QQHO CLROPIS PW HWR VY BERSH L F V

ITRUG DQG $ 6KDIIHU $ UHDO WLPH U

VIVWHP(( 7UDQVDFWLRQV S5RERWLHFRODQGIRXWRPDWL
@ $ 7 3 B6R DQG : /,QRWHKIIDD LBIBQW % X.IOXFZ HQJ $6A I @/HHP LV

3XEOLVKHUYV

1RUZHOO



