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623 XQGHU DEQRUPDO JULG FRQGLWLRQV XVLQJ ERWK JULG IROORZL
WUROV )LQDOO\ D JULG IRUPLQJ FRQWURO LPSOHPHQWDWLRQ EDV
RVFLOODWRU FRQWURO FRQFHSW LV SUHVHQWHG IRU 03&V WRJHWKH
RI WKH JULG FRQGLWLRQV RQ JULG IRUPLQJ FRQWURO IRU GLVWULEX
: 5 UDWLRYV

F &KDSWHU UHSRUWLQJ ZRUN IURP 7DVN IRFXVHV RQ FHQWUDOL]H

' *+ 6\VWHP PRGHOOLQJ VLPXODWLRQ DQG DGYDQFHG FRQWUROOHUYV
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KLIJK OHYHO RSWLPL]DWLRQ VWXGLHY 7KH RSWLPDO SRZHU IORZ 23
LQJ WKH RSHUDWLRQ RI 03& EDVHG 623V LV IRUPXODWHG WR LPSUR)Y
7ZR PDLQ REMHFWLYH IXQFWLRQV DUH HYDOXDWHG PDLQO\ JULG HQ
GHYLDWLRQ PLQLPL]IDWLRQ )XUWKHUPRUH WKH IUHTXHQF\ VXSSRU
03& LQWHUIDFHG PLFURJULGV LV DVVHVVHG EDVHG RQ D FHQWUDOL]
WURO VWUDWH J\

,QWURGXFWLRQ

7KH LQFUHDVLQJ LQWHJUDWLRQ RI GLVWULEXWHG HQHUJ\ UHVRXUFHYV
SUHVHQWY VHYHUDO WHFKQLFDO FKDOOHQJHV LQFOXGLQJ ODUJHU YRC
ORDGLQJ RI SRZHU OLQHV ELGLUHFWLRQDO SRZHU IORZV RU LQFUHDVHG
7UDGLWLRQDO UHJXODWLRQ PHFKDQLVPV LQ GLVWULEXWLRQ JULGV \
LQ WUDQVIRUPHUV ZHUH QRW GHVLJQHG IRU PRGHUQ SRZHU V\VWHPV )
DQG IDVWHU DFWLRQV PDLQO\ GXH WR WKH UHGXFHG SUHGLFWDELOLW
UHQHZDEOH HQHUJ\ VRXUFHV DQG WKH UHVXOWLQJ SRZHU IORZV > @

7R DFFRPPRGDWH PRUH '(5V UHOLDEO\ GLVWULEXWLRQ V\VWHP RSHU|
UHTXLUHG WR PDNH VXEVWDQWLDO LQYHVWPHQWY LQ QHWZRUN UHLQIR!
RI DJLQJ LQIUDVWUXFWXUH

$PRQJWKHVH GHYLFHV PXOWLSRUW FRQYHUWHUV 03&V SOD\D SLYRW
GHSOR\HG DV HQKDQFHG VRIW RSHQ SRLQWV 623V 623V DUH DGYDQFHG
YLFHVY WKDW LQWHUFRQQHFW GLIITHUHQW $& IHHGHUV RUEXVHV ZLWKLQ D
JUHDWHU RSHUDWLRQDO IOH[LELOLW\

03& EDVHG 623V RIIHU VHYHUDO DGYDQWDJHVY RYHU WUDGLWLRQDO 62
EDFN YROWDJH VRXUFH FRQYHUWHUV % % 96&YV 7KH NH\ EHQHILW OLHV
ZKLFK DOORZV WKHP WR FRQQHFW PXOWLSOH '(5V DQG IHHGHUV VLPXOW
IRXU SRUW 03& EDVHG 623 FRXOG LQWHUOLQN WZR GLVWULEXWLRQ JULG
VIVWHP DQG DQ HQHUJ\ VWRUDJH VIVWHP 7KURXJK WKLV FRQILIXUDWLR
RXV UHJXODWLRQ RI SRZHU IORZV DFFXUDWH FRQWURO RI DFWLYH DQG L
FRQWURO WKDW FDQ PLWLJDWH VKRUW FLUFXLW FXUUHQWY RU LPSURYH
7KH\ DOVR HQDEOH WKH LQWHUFRQQHFWLRQ RI IHHGHUV RSHUDWLQJ DW
LV RWKHUZLVH FRPSOH[ ZLWK WUDGLWLRQDO VZLWFKHV > @

7KH EHQHILWYV Rl 623V DV UHYLHZHG LQ > @ LQFOXGH UHGXFHG HQH
FXUWDLOPHQW RI UHQHZDEOH HQHUJ\ LPSURYHG UHOLDELOLW\ GHIHUU
LQIRUFHPHQW LPSURYHG HQHUJ\ DUELWUDJH DQG YROWDJH PDQDJHPHC
03&V DV 623V IXUWKHU HQKDQFHV WKHVH EHQHILWY 7KH XQLILHG GHVLJ
IHUHQW WRSRORJLHY LQFOXGLQJ QRQ LVRODWHG SDUWLDOO\LVRODW:#

' *+ 6\VWHP PRGHOOLQJ VLPXODWLRQ DQG DGYDQFHG FRQWUROOHUYV
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FDQ DGDSW WR GLITHUHQW JULGY FRQGLWLRQV DQG DSSOLFDWLRQV 7tF
PXOWL WUDQVIRUPHU RU PXOWL ZLQGLQJ LVRODWLRQ DQG D ZLGH UDQ
FDQ LPSURYH WKH GHFRXSOLQJ EHWZHHQ WKH SRUWV HQKDQFLQJ WKHL!
VHUYLFHV WR WKH JULG > @

TR RSHUDWH 03& EDVHG 623V FRUUHFWO\ WKH\PXVW EHDFFXUDWHO\P
WKH OHYHO RI GHWDLO RI WKH JULG FDQ VLJQLILFDQWO\ DIIHFW WKH RX
UHVXOWLQJ DFFXUDF\ )XUWKHUPRUH WKHLU FRQWUROV PXVW EH GHVLJ
DQG VWDELOLW\DQDO\WVLV LV UHTXLUHG WRJXDUDQWHH VA\VWHP VWDELO
DFWLYHDQG UHDFWLYH SRZHU ZRUNLQJ FRQGLWLRQV DW HDFK SRUW DQ¢
PXVW EH VHW LQ RUGHU WR REWDLQ VSHFLILF EHQHILWYV IRU WKH JULG
FRQWUROV VXFK DV PRGHO SUHGLFWLYH FRQWUROOHUYVY FDQ EH GHVLJC
GLITHUHQW 03&V

7KH SUHVHQW "HOLYHUDEOH FRYHUV DOO RI WKHVH DVSHFWV SURYLG
WKH RSHUDWLRQ DQG FRQWURO RI1 03&V IRU GLVWULEXWLRQ JULGYV

*ULG PRGHOOLQJDQG VLPXODWLRQ

7KLV FKDSWHU GHVFULEHY WKH ZRUN FDUULHG RXW LQ 7DVN IRU WKH
RI GLVWULEXWLRQ JULGY LQWHJUDWHG ZLWK 03&V ZRUNLQJ PDLQO\ DV €
LQWR WZR SDUDOOHO VWUHDPV LQ WKH ILUVW D UHDO /9 JULG IURP &D
'3 LVPRGHOOHG WR HYDOXDWH KRZ D WULSOH DFWLYH EULGJH 7%$% EI
JULG VSHFLILFDOO\LQ LPSURYLQJLWY YROWDJH SURILOHDQG LQWHJUD
ZRUN VWUHDP WKH ,((( EXV VIVWHP LV PRGHOOHG WR HYDOXDWH KRZ W
FRQYHUWYV DIIHFWV JULGYTV VPDOO VLIJQDO VWDELOLW\
(DFK RI WKH ZRUN VWUHDPVY LQYROYHVY WKUHH PDLQ VWHSYV

$3RZHU JULG PRGHOOLQJ IRU VWHDG\ VWDWH DQG VWDELOLW\ DQDO\V

F$YHUDJH PRGHOOLQJ RI 03&V WR UHGXFH WKH FRPSXWDWLRQDO EXU
DQG DOORZ ODUJH VFDOH SRZHU VA\VWHP VWXGLHV

$+ , QWHJUDWLRQ RI1 03& PRGHOV LQWR SRZHU JULG PRGHOV IROORZHG |
QDPLF DQDO\VLV

7KH IROORZLQJ VHFWLRQV LOOXVWUDWH HDFK Rl WKHVH VWHSV IRU ERW|
03& LQWHJUDWLRQ LQ WKH $QHOO /9 JULG DQG WKH VWDELOLW\ DQDO\VI
((( EXV VA\VWHP

' *+ 6\VWHP PRGHOOLQJ VLPXODWLRQ DQG DGYDQFHG FRQWUROOHUYV
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&DVH VWXG\ 9ROWDJH DQDO\VLV RI GLVWULEXWLRQ JU]I
JUDWHG 03&V

7KLV VHFWLRQ SUHVHQWYVY WKH PRGHOLQJ RI D UHDO GLVWULEXWLRQ JUL
PDQFHRIDQO3&LQ FRQQHFWLQJWZR ORZ YROWDJH JULGV DW GLIITHUHQYV
D'(5 DW WKH WKLUG SRUW

7KH JULG GDWD LV SURYLGHG E\ $QHOO D GLVWULEXWLRQ VA\VWHP RSH
DORQLD 7KH UHIHUHQFH 8VH &DVH LV 8& GHVFULEHG LQ WKH "HOLYH
LPSOHPHQWDWLRQ RI WKH 8& KDV XQGHUJRQH VOLJKW FKDQJHV WKHDO
SRUWV LQVWHDG RI'IRXU ,WZRUNV DVDG623FRQQHFWLQJWZR ORZYROWD
OHYHOV DQG D '(5 IRU H[DPSOH D N: 39 SODQW DW WKH WKLUG '& SRL
VFKHPH LQ )LJ 7KLV FKDQJH LV FRQVLVWHQW ZLWK WKH ZRUN FDUULHG
LQ WKH HOLYHUDEOH" WKDW IRFXVHG RQ WKH 7ULSOH $FWLYH %ULGJ

JLIXUH $QHOO /9 JULG 8VH &DVH

7TKHIORZFKDUW RI WKH JULG PRGHOOLQJ SURFHVV LV VKRZQLQ)LJ )\
JULG WRSRORJLFDO GDWD LQFOXGLQJ SK\VLFDO FKDUDFWHULVWLFV RI V
QRGHV 2Q WKH RWKHU LW UHTXLUHYVY GDWD IURP VPDUW PHWHUV WR XQ
WKH ORDGYV WKURXJK WKH SRZHU JULG

J)LIXUH *ULG PRGHOOLQJIORZFKDUW

6WDUWLQJ ZLWK WKH JULG WRSRORJ\ )LJ VKRZV WKH DFWXDO JHRUH
LQ WKLV XVH FDVH 7KH SXUSOH JULG RSHUDWHY DW D QRPLQDO YROWDJ
JULG RSHUDWHYV DW 9

7KH GDWD SURYLGHG E\ $QHOO WR PRGHO WKH JULG DUH

$f7KH OLVW RI OLQHV VSHFLI\LQJ WKH SDLU RI QRGHVY WKH\ FRQQHFW

' *+ 6\VWHP PRGHOOLQJ VLPXODWLRQ DQG DGYDQFHG FRQWUROOHUYV
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$f7KH UHVLVWDQFH DQG UHDFWDQFH YDOXHY SHU PHWHU |IRU HDFK OL(

f7KH WRWDO OHQJWK RI HDFK OLQH

J)LIXUH $QHOO /9 JULG 8VH &DVH

7KH FRPSOHWH JULG WRSRORJ\ REWDLQHG IURP WKH DYDLODEOH GDW
JULGV HI[KLELW D UDGLDO VWUXFWXUH ZLWK WKH WUDQVIRUPHUYV EHLQJ
WKH ORDGYVY EHLQJ WKH ORZHVW RQHYV

,QWKHILIXUH WKHWZR ODUJHU VTXDUHV EXV DQG UHSUHVHQ
FRQQHFWLQJ WKH /9 JULGY WR WKH 09 GLVWULEXWLRQ JULG 7KHVH DU
EXVHV RIWKHPRGHOOHGJULGY 7KHOLWWOHVTXDUHVY UHSUHVHQW WK
/19 JULG WKDWJIDWKHU OLQHV FRQQHFWHG WR WKHLQWHUFRQQHFWLRQ D
QRGHVY DUH UHSUHVHQWHG DV VPDOO FLUFOHV DQG ORDGV DV VWDUYV

7KH QXPEHU RI EXVHV GLVWULEXWLRQ ER[HV ORDGV DQG LQWHUFRQQ
7TDEOH

9 JULG

1 EXVHV

1 GLVW ER[HV
1 ORDGYV

1 LQWHUFRQQ

7DEOH 6XPPDU\RI $QHOOTV JULG EXVHYV

&RQVLGHULQJ WKH ODUJH DPRXQW RI EXVHV LQ WKH VA\VWHP DQG WK}
DGGHG E\PHDVXUHPHQW EORFNVIRUHDFKEXVLQG6LPXOLQN ZHDVVXPH YV
WKH GLVWULEXWLRQ ER[ QRGHVY OLVWHG LQ 7DEOH 7KH OLVW ZLOO EH |
NH\ QRGHV LQ WKH JULG ZKLOH UHDGLQJ YROWDJH SURILOHYV SORWYV LQ W

7TKH SRVLWLRQ RI WKH 03& DQG WKH FRUUHVSRQGLQJ 39 SODQW LV EHYV
JULG DQG 9 JULG

20FHWKHJULG WRSRORJ\LVGHILQHG WKHORDG SURILOHVDQG GLVWU
IRUWKHLQLWLDO SRZHU IORZ DQDO\VLV

*+ 6\VWHP PRGHOOLQJ VLPXODWLRQ DQG DGYDQFHG FRQWUROOHUYV
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J)LIXUH &RPSOHWH WRSRORJ\ RI $QHOO /9 JULGV 03& SRUWV FRQQHFW
UHG FLUFOHYV

HV 9 GLVW ER[HV

7TDEOH /ILVW Rl WKH PDLQ QRGHV GLVWULEXWLRQ ER[HV IRU ER

7KH GDWD RQ bFWLYH DQG UHDFWLYH SRZHU DEVRUEHG RU LQMHFWH
DUH PHDVXUHG WKURXJK VPDUW PHWHUV LQ WKH ORDG EXVHV FRUUHVSR
ORDGYV (DFK ORDG EXV LQ WKHJULG LV DVVRFLDWHG WR RQH RU PRUH VF

7KLV LV VKRZQ LQ )LJ D )J)RU H[DPSOH LQ WKH ILJXUH VPDUW PHWHLU
UHIHU WR ORDG EXYV DQG WKH FRUUHVSRQGLQJ ORDG SURILOHYV DUH

7KH ORDG SURILOHYVY DUH REWDLQHG IURP WKH 6&%'$ GDWD (DFK VPDUW
E\D XQLTXH LGHQWLILHU ,"' 6&%'$ DQG WKH UHFRUGHG GDWD LQFOXGH KF
SRZHU LPSRUWHG RUH[SRUWHG LQ N: DQG N9%U DV LQ)LI E VKRZQIRU ¢

7TKHJULGVY DUHILQDOO\ PRGHOOHG LQ 6LPXOLQN )LJ

%HIRUH FDUU\LQJ RXW SRZHU IORZDQG WLPH GRPDLQ VLPXODWLRQ DQI
EXUGHQ RI WKH 6LPXOLQN PRGHO LV UHGXFHG 7KH VHULHY OLQH LPSHGEL
HTXLYDOHQWYVY WKH RSHQ FLUFXLW EUDQFKHV WKDW ZHUH QRW HQGLQJ
DQG WKH PHDVXUHPHQW EORFNV DUH OLPLWHG WR WKH GLVWULEXWLRQ |

'LWK WKH 6LPXOLQN PRGHO UHDG\ DQ LQLWLDO VWHDG\ VWDWH SRZHU

' *+ 6\VWHP PRGHOOLQJ VLPXODWLRQ DQG DGYDQFHG FRQWUROOHUYV
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D 1RGHV WR VPDUW PHWHUYVY PDWFKLQJ E 6PDUW PHWHUV GDWD

J)LIXUH 5HDO ORDG GDWD IURP $QHOO JULG

JLIXUH 6LPXOLQN PRGHO RI $QHOO JULG 7KH SXUSOH EORFN FRUUHV!
WKH JUHHQ EORFN WR WKH 9 JULGDQG WKH UHG EORFN WR WKH 03& SR

LQ RUGHU WR FKHFN WKH FRQYHUJHQFH RI WKH VAIVWHP RI QRQ OLQHDU H°
VI\IVWHP DQG WR HYDOXDWH WKH HTXLOLEULXP SRLQW RI WKH JULGV VHW
LOQWURGXFWLRQ RI WKH 03&

7KLV LQLWLDO VFHQDULR GRHVY QRW VKRZ D SDUWLFXODU LPSDFW RI YF
WKH JULGY EHLQJ LQ D ORZO\ ORDGHG UXUDO DUHD

,Q RUGHU WR FRQVLGHU D PRUH UHDOLVWLF YROWDJH SURILOH RI D |
DVVXPLQJD VWURQJHOHFWULILFDWLRQ RI WKH UXUDO DUHD FRQVLGHUH
IDFWRU LV DSSOLHG 7KLV NHHSV WKH ORDG VSDWLDO GLVWULEXWLRQ
PRUH LQWHUHVWLQJ XVH FDVH WR DQDO\VH

'LWK WKLV FKDQJH WKH UHVXOWY RI WKH SRZHU IORZ DQDO\VLV IRU V
WHUPV RI YROWDJH SURILOHV RI WKH GLVWULEXWLRQ ER[HV DUH VKRZQ

' *+ 6\VWHP PRGHOOLQJ VLPXODWLRQ DQG DGYDQFHG FRQWUROOHUYV
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WKH W\SLFDO YROWDJH SURILOHV RI KHDOWK\UDGLDO JULGYV ZLWK YROW
RI WKH QRPLQDO YDOXH

D 9ROWDJH SURILOH RI WKH 9 JULG E 9ROWDJH SURILOH RI WKH 9 JULG

JLIXUH 9ROWDJH SURILOHV RI $QHOO /9 JULGY REWDLQHG IURP WKH

7TKHVH UHVXOWYVY UHSUHVHQW WKH EHQFKPDUN IRU WKH DQDO\VLV RI Wk
ODWLRQ WRJIJHWKHU ZLWK D IOH[LEOH '(5 LQ WKH SRZHU JULG

03& PRGHOV

BHYHUDO PXOWLSRUW FRQYHUWHU WRSRORJLHYVY KDYH EHHQ H[SORUHG
RI WKH L3/8* SURMHFW 7KHVH WRSRORJLHV ZHUH FODVVLILHG LQ WHUP
RWKHU FKDUDFWHULVWLFV LQ GHOLYHUDEOH ,Q WKLV GHOLYHUDEOF
PRGHOHG DQG LQWHJUDWHG LQWR JULG PRGHOV IRU G\QDPLF DQG VWDW

$Q LVRODWHG WRSRORJ\ LV ILUVW FRQVLGHUHG WR GHWDLO WKH PRGF
RQ WKH WULSOH DFWLYH EULGJH D WKUHH SRUW LVRODWHG '& '& FRQY
FRQWURO DUH EDVHG RQ LWV SUHGHFHVVRU WKH ZHOO NQRZQ GXDO DI
WULSOH DFWLYH EULGJH FRQQHFWV WZR $& JULGV DQG RQH '& VA\VWHP VF
HQKDQFHG VRIW RSHQ SRLQW DV VKRZQ LQ )LIJXUH 7KH $& JULGV FRXC
LH SDUW RI WKH VDPH GLVWULEXWLRQ QHWZRUN RU LVRODWHG GLVWU

OXOWLSRUW FRQYHUWHU GHVFULSWLRQ

7KLV VHFWLRQ GHVFULEHV WKH PXOWLSRUW FRQYHUWHU XQGHU VWXG\ D
HUDWLRQV

7KH VRIW RSHQ SRLQW LV D SRZHU HOHFWURQLFV VROXWLRQ WKDW DLI
RSHUDWLRQ RI QRUPDOO\ RSHQ SRLQWYV LQ GLVWULEXWLRQ QHWZRUNYV
EDVHG RQ WKH %DFN WR %DFN WRSRORJ\ ZKLFK LQWHUFRQQHFWYV WZR (

' *+ 6\VWHP PRGHOOLQJ VLPXODWLRQ DQG DGYDQFHG FRQWUROOHUYV
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J)LIXUH *ULG FROQQHFWHG PXOWLSRUW FRQYHUWHU EDVHG RQ WKH

PDOO\ RSHQ SRLQW ZRXOG GR> @ )XUWKHUPRUH WKH VRIW RSHQ SRLQ\
WKDW WKH QRUPDOO\ RSHQ SRLQW FDQQRW 7KLV LV WKDQNV WR WKH F
HOHFWURQLFV XVHG LQ VRIW RSHQ SRLQWYV ZKLFK HQKDQFH WKH FRQWUF
ELOLW\ RI WKH GLVWULEXWLRQ QHWZRUNV ,VRODWHG PXOWLSRUW FRQ"®
EULGJH FDQ HQKDQFH VRIW RSHQ SRLQWV VDIHW\ YROWDJH DGDSWDWLF
LQJRIGLVWULEXWHG HQHUJ\ UHVRXUFHY DPRQJ PXOWLSOH IHHGHUV RIV
DV GLVFXVVHG LQ > @

JLIXUH VKRZV WKH HQKDQFHG VRIW RSHQ SRLQW EDVHG RQ WKH WULS:E
'"HOLYHUDEOH LWLV FRQVLGHUHG WKDW WZR RXW RI WKH WKUHH SRUWYV
$& JULGY UHSUHVHQWHG E\ WKH 7KHYHQLQ HTXLYDOHQWY LQ WKH SRLQV
WKHUPRUH WKH WKLUG SRUW LV FRQQHFWHG WR D '& HQHUJ\ UHVRXUFH I
FXUUHQW VRXUFH 7KH VRIW RSHQ SRLQW WRSRORJ\ LV UHDOL]HG E\ X\
FRQQHFWHG WR WKH IHHGHUV DQG WKH WULSOH DFWLYH EULGJH IXOO\
VRIW RSHQ SRLQW

7TKHFRQWURO PRGHRIWKHWRSRORJ\LVVXFKWKDWLQYHUWHUV DQG
34 FRQWURO PRGHYVY UHVSHFWLYHO\ ,Q ERWK FDVHVdJdWK® FFRURDQURXY LV Ul
UHIHUHQFH IUDPH DV GHSLFWHG LQ )LJXUH JXUWKHUPRUH WKH LVRO
EULGJH LV LQ F\WD WDIHEGRIUHIXODWLRQ DQG LWV FRQWURO LV LPSOHPHQ\V
3, FRQWUROOHUY RQH IRU HDFK RXWSXW SRUW SRUWYV DQG DV LQ > C

7R REWDLQ D PXOWLSRUW FRQYHUWHU PRGHO WKH PRGHOV RI WKH LQ
EULGJH DUH GHULYHG VHSDUDWHO\ DQG WKHQ LQWHUFRQQHFWHG 7KX\
DOL]JHG E\LQWHUFRQQHFWLQJ WKH WZR LQYHUWHUVY DQG WULSOH DFWL)Y
FRQWURO PRGHVY GHVFULEHG DERYH

,QYHUWHU PRGHO

,Q WKLV VXEVHFWLRQ WKH GHULYDWLRQ RI WKH G\QDPLF PRGHO RI WKH
$V PHQWLRQHG DERYH OHYHO LQYHUWHUY DUH FRQVLGHUHG IRU OR

' *+ 6\VWHP PRGHOOLQJ VLPXODWLRQ DQG DGYDQFHG FRQWUROOHUYV
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JLIXUH /IHYHO LQYHUWHU ZLWK /&/ ILOWHU FLUFXLW

WLRQ ZKLFK DUH FRPPRQO\ DFFRPSDQLHG E\ D ILOWHULQJ VWDJH 7KH
PHDQV RIDQ/RU /&/ ILOWHU PRGHOHG EDVHG RQ WKH FLUFXLW GHSLFWH
YROWDJH DQG FXUUHQW ODZV DUH DSSOLHG DQG HTXDWLRQV DUH
FDVH ,Q FDVH RI XVLQW FOL@WH WW S O DrFdd GL B\ ZKLOH DQG DUH

RPLWWHG 7KH /&/ ILOWHU LV FRQVLGHUHG IRU WKH UHPDLQGHU RI WKLV

diinv — Vinv \ iinv Rf
dt L+
% — \ Vpce ingg
dl - inv ig
dt Cs

ZKHUj§ DQig DUH WKH FXUUHQWYV LQ WKH LQ Yk UW B Q ® & GDW KH\IKH. G
YROWDJHV WKH LQYHUWHU WKH ILOWHU FDSDFLWRU DQGIWKHSRLQW RI
Liy DUH WKH LQGXFWDQFHV RQ WKH LQYHUWHUQ Q8 WKH AOLSITH RW\B R A H LR
WKH ILOWR(UD QR@ DUH WKH SDUDVLWLF UHVLVWDQFHV RI WKH ILOWHU LQC
JLIXUH IRU VLPSOLFLW\

6LQFH WKH PRGHO LV GHULYHG DQG LPSOHPHQWHG LQ WKH VIQFKURQR:

WLRQV FKDQJHDQG DUH UHZULWWHQ LQ
. d d +d
d'i(:ﬁ/ _ Vin?/ qu Iin?/ Ry + i1 jdd
dt L¢ I nliny
. d .
diga _ Vit V% i§9Ryg AT
d .d ,
dqu _ Iin?/ gq + il dq
dt Cs - Vs

ZKHUH VXSHUWVPFQGIMIHU WR WKH GLUHFW DQG TXDGUDWXUH D[LV LQ
UHIHUHQFH IUDRH WOWKH QRPLQDO DQJXODU IUHTXHQF\ RI WKH JULG

7KH YROWDJH DW WKH LQ/%HGWHHJQFGX\ANFS(X\M/KH FRQWURO VWUDWHJI\ LP
LQ WKH LQYHUWHU ZKLFK FRXOG KDYH PDQ\ YDULDWLRQV +HUH WKH

*+ 6\VWHP PRGHOOLQJ VLPXODWLRQ DQG DGYDQFHG FRQWUROOHUYV
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GHWDLOHG ZKLFK UHVXOWYV LQ GLINMWYGSHISUBY \R®R QK HRRQWURO P
XVHG

2QH FDQ VWDUW E\ GHULYLQJ DQ H[SUHUYYYRQWPUHKKHI HYHQFEWHWURP V
EORFN GLDJUDP VKRZQ LQ )LIJXUH ZKLFK GHSLFWV WKH FDVFDGHG FRQ
OLQHDU 3, FRQWUROOHUV %\ LQVSHFWLQJ WKH UHVXOWLWJ HYSUHVVLR
WKH RXWSXW FRQWURO DFWLRQ RI WKH $& FXUUHQW FRQWUROOHU ZKLF
FDVFDGHG FRQWURO LPSOHPHQWDWLRQ 7KK UIHSHQE Q| R AV R K VOHDY
FRQWURO ORRS ZKLFK FRXOG EH LPSOHPHQWHG LQ DFWLYH DQG UHDFWI
RU '& OLQN YROWDJH DQG UHDFWLYH SRZHU 9GF4 FRQWURO PRGH 7KH
WKHVH WZR FRQWURO PRGHV LV WKH GHILQLWLRQ R} VBKH \GHRMW ¥ G X QU H ¢

DQG 7KH T D[LV FXUUH QW WHRBUGQMHKH VDPH IRU ERWK FRQWURO P
LV H[SUHVVHG LQ

e K
Vi =g 50+ )

d o — kdc+ kIdc

ig = (Vge  Vae)(kp o )
4 = (P, P )(KE + KD
Ig —( inv mv)( p + S)

. k2
Ig = (Qinv Qinv )(ka + I?)

ZKHU i DQI§ DUH WIKHQYHUWHU YROWDJH DQG JULG FEUUHQW UHI
il DQI§ WKd4 LQYHUWHU YROWDJH DQG JULG FXURLH @\ @, DOUKH MAKHHQ W V
LQYHUWHU DFWLYH DQG UHDFW L YHDSRZ MK H HIGIVHOQWHY DFWLYH DQG UH
SRZHU PHDVXUHPH@WN KPQK? kP DQK DUH WKH SURSRUWLRQDO DQG LG
JDLQV Rl WKH DFWLYH SRZHU UH@mFWLGH SRIHOW BBQWUROOHUYV

&RQVLGHULQJ WKH LQSXWV IRUWKH JULG IROORZLQJ FRQWUROOHUV \
'& OLQN YROWDJH DQG $& FXUUHQW PHDVXUHPHQWY DUH QHHGHG $OVR
RIJULG IROORZLQJFRQWURO WKHLQYHUWHU VKRXOG LPSOHPHQW D JUL
JXDUDQWHHV WKDW WKH LQMHFWHG FXUUHQWY FRUUHVSRQG WR WKH SR:
ORRS 3// GHSLFWHG LQ )LIJXUH LV FRQVLGHUHG 7KH 3// PRGHO LV GHL

DQG

K
s

Lo =(0 Vgcc)(kgu +

= 7! ol
P s

' *+ 6\VWHP PRGHOOLQJ VLPXODWLRQ DQG DGYDQFHG FRQWUROOHUYV



L3/8* SURMHFW = *UDQW DJUHHPHQW 1R

JLIXUH *ULG IROORZLQJ EORFN GLDJUDP

J)LIXUH 3// EORFN GLDJUDP

ZKHUK DQGy DUH WKH DQJXODU IUHTXHQF\ DQG SKDVH DRctOH RI WKH
UHVSHFWLYIHS@)\DQK?'CDUH WKH SURSRUWLRQDO DQG LQWHJUDO JDLQV RI V

7TULSOH DFWLYH EULGJH PRGHO

,Q WKLV VXEVHFWLRQ WKHGHULYDWLRQ RIWKH G\QDPLFPRGHO RI WKH W

7KH WULSOH DFWLYH EULGJH FRQYHUWHU LV DQ LVRODWHG '& '& PXOW
HUDWLRQ ZDV GHWDLOHG LQ WKH '"HOLYHUDEOH ' RI L3/8* SURMHFW
UHGXFHG RUGHU PRGHOV RI WKH FRQYHUWHU ZHUH GHULYHG ZLWK RQH ¢
WUROOHU GHVLJQHG DQG WHVWHG LQ VLPXODWLRQ 6LQFH WKH REMHFW
GHOLYHUDEOH LV WR LQWHJUDWH WKHP LQWR JULG PRGHOV WKH FRPS»
FRQVLGHUHG 7KHUHIRUH D UHGXFHG RUGHU PRGHO LV FRQVLGHUHG DQ
UL]JHG QH[W

7KH UHGXFHG RUGHU PRGHO RI WKH WULSOH DFWLYH EULGJH LIQRUHV V
IUHTXHQF\ WUDQVIRUPHU FXUUHQWY 7KHUHIRUH WKH $& FXUUHQWYV I¢
EULGJH LQGXFWRUV DUH QRW FRQVLGHUHG LQ WKH PRGHO +HQFH WKH
LV GHULYHG EDVHG RQ WKH SRZHU IORZ HTXDWLRQV DV LQ > @ $VVXP
RSHUDWHV XVLQJ VLQJOH SKDVH VKLIW PRGXODWLRQ DQG WKDW WKH G
EULGJHV LV FRQVWDQW DQG HTXDO WR WKH SRZHU IORZ HTXDWLRQV |
DQG > @ )XUWKHUPRUH WKH G\QDPLF HTXDWLRQV IRU WKH YROWDJ
GHULYHG FRQVLGHULQJ WKH SRZHU EDODQFH RQ WKH FDSDFLWRU (TXDW
G\QDPLF PRGHO RI WKH WULSOH DFWLYH EULGJH FRQYHUWHU $ JUDSKLFEC
DFWLYH EULGJH FLUFXLW DQG LWV DYHUDJH UHGXFHG RUGHU PRGHOV LV

' *+ 6\VWHP PRGHOOLQJ VLPXODWLRQ DQG DGYDQFHG FRQWUROOHUYV



L3/8* SURMHFW = *UDQW DJUHHPHQW 1R

D 7ULSOH DFWLYH EULGJH FLUFXLW VEKAHPDSMOIHFDFWLYH EULGJH UHGXFHG RUGHU PR

J)LIXUH 7TULSOH DFWLYH EULGJH PRGHO

nij vdgdg di; (1 j dij j) .

P.F.ab =
. 2fswl iij ,

8i;j 2[1,23]"i6j:

b _ Nig vdadiy (1 dij ).

8i;j 2[1;,2,3]1"i6 |

. 2fsw I-i;j ,
dVge, _ P1 P12 Pui3 _ ip 12 i3
dt V1C1 Cl
AVae, _ Pu2 Paz Py _i12 23 2
dt V2C2 CZ
OVage, _ Pus+ Pas P3 _ iyztias s
dt V3Cs Cs

ZKHUW{ DQG DUH WKH DFWLYH SRZHU DQG FXUUHQW ROSJZLJ IURP SR
LV WKH QRUPDOL]HG SKDVH VKLIW@EHW,ZHWQE&RUMWXMW QV UDWLR EHWZHHC
ZLQGLQJV LQ WKH KLJK IUHTXH@FD @/@ MQ\HRUPHYROWDJIHWDQRW SRUWYV
fow LV WKH VZLWFKLQJ IUHTXHQF\ RI WLH DDUFHWW WYHH EFHIXG YHDVO HQW LQGXFW
EHWZHHQ BRQWWQG LV WKH FDSDFLWDIQFH DW SRUW

&RQVLGHULQJ WKH PRGHOV GHYHORSHG LQ SUHYLRXV VXEVHFWLRQV D
GHSLFWHG LQ )LJXUH WKH G\QDPLF PRGHO IRU WKH PXOWLSRUW FRQ"
6LPXOLQN XVLQJ LQILQLWH EXV IRU ERWK $& JULGV DQG LV SUHVHQWHG L
VKRXOG EH ODWHU UHSODFHG KHUH DQG WKH VWDWHY LQLWLDOL]HG WR
LW ZLOO EH GHVFULEHG LQ WKH QH[W VXEVHFWLRQ

03& LQWHIJUDWLRQ

,Q WKLY VHFWLRQ D SURFHGXUH IRULQWHJUDWLQJ WKH PXOWLSRUW FR(
LQ 6LPXOLQN LV SUHVHQWHG 7KH PHWKRGRORJ\ SUHVHQWHG KHUH LV «
HTXLYDOHQW IRU ERWK $& JULGY EXW LV YDOLG IRUDQ\JULG PRGHO

' *+ 6\VWHP PRGHOOLQJ VLPXODWLRQ DQG DGYDQFHG FRQWUROOHUYV
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JLIXUH *ULG IROORZLQJ EORFN GLDJUDP

2SHUDWLRQ SRLQW GHILQLWLRQ

J)LUVW WKH RSHUDWLRQ SRLQW RI HDFK SRUW VKRXOG EH GHILQHG 6LQ|
LOQWHJUDWHG LQWR $& JULGV RQO\ $& SRUWV DUH FRQVLGHUHG LQ WKL
SRUW WKH DFWLYH DQG UHDFWLYH SRZHU UHIHUHQFHYVY VKRXOG EH ILUV
VKRXOG FRPSO\ ZLWK SRZHU EDODQFH DQG VL]LQJ RI WKH PXOWLSRUW |

DQG 7KLY RSHUDWLRQ SRLQW FRXOG FRPH IURP D KLJKHU OD\HU
EH GHWDLOHG LQ FKDSWHU

P{ab + leab + Pst)ab =0

P P 8i 2 (1,23

03& VWHDG\ VWDWH PRGHO LQWHJUDWLRQ

2QFH WKH RSHUDWLRQ SRLQW LV GHILQHG D VWHDG\ VWDWH UHSUHVHC
YHUWHU FDQ EH LQWHJUDWHG WR WKH JULG PRGHO )RU WKLV WKH PXC
WR HDFK JULG LV UHSUHVHQWHG LQ 6LPXOLQN DV DQ LGHDO YROWDJH VF
7KHQ WKH ORDG IORZ DQDO\]HU IURP 6LPXOLQN 6LPVFDSH LV XVHG WR LQ
SKDVH DQJOH JULG YROWDJHYV LQFOXGLQJ WKH LGHDO YROWDJH VRXUF]
FRQQHFWLRQ

03& G\QDPLF PRGHO LQWHJUDWLRQ

7TKHQ ZLWK WKH VWHDG\ VWDWH PRGHO RI WKH JULG DQG PXOWLSRUW
G\QDPLF PRGHO FDQ EH LOWHJUDWHG FRQVLGHULQJ WKH VWHDG\ VWDW
DERYH VXEVHFWLRQ IRUWKHLQLWLDOL]DWLRQ RI WKH G\QDPLF VWDWHYV
WKH G\QDPLF VWDWHY DUH LQLWLDOL]HG DQ LGHDO WKUHH SKDVH VZL\

' *+ 6\VWHP PRGHOOLQJ VLPXODWLRQ DQG DGYDQFHG FRQWUROOHUYV
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JLIXUH 6WHDG\ VWDWH UHSUHVHQWDWLRQ RI D PXOWLSRUW FRQYHU
6RXUFH LQ 6LPXOLQN

D ,QLWLDOL]DWLRQ RI G\QDPLF YDULEEGHD Q QLA PRQ LQRP VWHDG\ VWDWH WR G\QDPLF
6LPXOLQN

JLIXUH JURP VWHDG\ VWDWH WR G\QDPLF PXOWLSRUW FRQYHUWHU PI
PRGHOV LQ 6LPXOLQN

IURP WKH LGHDO YROWDJH VRXUFH PRGHO WR WKH G\QDPLF PXOWLSRUW
VHH )LIJXUH E )LJXUH VKRZV WKH WUDQVLWLRQ IURP WKH VWHDG\ VWD
PRGHO IRU IRXU VWDWH YDULDEOHY DFWLYH SRZHU LQ JULG XSSHU O
LQYHUWHU XSSHU ULJKW G D[LV FXUUHQW RIJULG LQYHUWHU ERWWR
LOQYHUWHU ERWWRP ULJKW

*ULG LQWHJUDWLRQ RI1 03&V YROWDJH DQDO\VLV

7KH $QHOO /9 JULG PRGHO ZDV GHVFULEHG LQ 6HFWLRQ WKH 03& PRGH
6HFWLRQ DQG WKHLU LQWHJUDWLRQ LQ 6HFWLRQ 7KLV VHEWLRQ
RI WKH ZRUN FDUULHG RXW LQ 7DVN E\HYDOXDWLQJ WKH LQWHJUDWI
WKH $QHOO SRZHU DV GHILQHG LQ 6HFWLRQ )LJ

7KH PDLQ REMHFWLYH LV WR HYDOXDWH WKH EHQHILWV RI LQVWDOOLQ!
LQJ JULGV DW GLIIHUHQW YROWDJH OHYHOV WKURXJK DQ 03&

7KH QXPEHU Rl WKH 03& SRUWV LV DVVLJQHG DV IROORZV

F3RUW FRQQHFWLRQ WR WKH 9 JULG WKURXJIK EXV
F3RUW FROQQHFWLRQ WR WKH 9 JULG WKURXJIK EXV

F3RUW FROQQHFWLRQ WR WKH 39 SODQW DVVXPHG WR SURYLGH N:

' *+ 6\VWHP PRGHOOLQJ VLPXODWLRQ DQG DGYDQFHG FRQWUROOHUYV
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JLIXUH 6LPXODWLRQ RI WKHWUDQVLWLRQ IURP VWHDG\ VWDWH UHSUH
RI WKH PXOWLSRUW FRQYHUWHU

7KH 03& ORVVHYVY DUH DVVXPHG WR EH QHJOLJLEOH FRPSDUHG WR JULG
SRZHU EDODQFH EHWZHHQ WKH SRUWYV RI WKH 03& KROGVY DW DQ\ WLPH U

P+ Py, = P3

7KH SRUWV DUH VL]IHG IRU D PD[LPXP DI9GRYHQW SRZHU RI

$FWLYH SRZHU WUDRN IHQLWLDO HYDOXDWLRQ LV EDVHG RQ VWHDG\ VWI
IORZ DQDO\WHV DUH FDUULHG RXW IRU GLIIHUHQW YDOXHV RI DFWLYH DQ
HDFK SRUW RI WKH 7$% EDVHG 623 )RU WKH VWHDG\ VWDWH DQDO\VLV |
4 VHWSRLQWY DUH SHUIHFWO\ IROORZHG E\ WKH 03& FRQWUROOHUV LQ H
JULGV IRU GLIITHUHQW 3 4 VHWSRLQWYVY LV DVVHVVHG WKURXJK WKH YROW
WKH PDLQ EXVHV GLVWULEXWLRQ ER[HV GHILQHG LQ 7TMED®KWQ, )RU WKH
DUH VHW WR JHUR 7KH UHDFWLYH SRZHU FRPSHQVDWLRQ DQG LWV HIIHF
DQDO\WHG LQ WKH QH[W VFHQDULR

yLJ VKRZV WKH YROWDJH GHYLDWLRQV RI 9 JULGYV EXVHV IRU G|
VHWSRLQWYV PQ SRBWODUO\ )LJ UHIHUV WR WKH 9 JULGDQGDFWLYH ¢
LQ SRURY

9ROWDJH GHYLDWLRQV DUH SORWWHG DV D IXQFWLRQ RIHDFK SRUWTV
YDOXHV RULQSXW QHJIJDWLYH YDOXHV

JRULQVWRQEI N: RI DFWLYH SRZHU IURP WKH 39 SODQW LQ SRUW FDQ
WRWDOO\ WR WKH 9 JULG WKPRXIDR W:KHWSHR WK H 9 JULG WKURXJK WK
SRUWP; = 100 N: RU WR ERWK JULGV IRU BODNSIDHB, = 40 N: 7KH

' *+ 6\VWHP PRGHOOLQJ VLPXODWLRQ DQG DGYDQFHG FRQWUROOHUYV
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J)LIXUH 9ROWDJH GHYLDWLRQV RI 9 JULG EXVHV IRU GLITHUHQW DF\
SRUW; 7KH EXV FRQQHFWHG WR WKH 03& LV KLIJIKOLJKWHG LQ UHG

ILUVW WZR FDVHV XVHG DV D EHQFKPDUN DUH HTXLYDOHQW WR KDYLQJ
RQO\RQH JULG DW D WLPH WKURXJK DQ LQYHUWHU ZLWKRXW WKH 03& &
FRUUHVSRQGV WR SRZHU WUDQVIHU IURP RQH SRUP WROKRMWKGHU 7KH F
P;=30 N: FRUUHVSRQGY WR WKH SR PHUSWN DIQ\RIF W RH 9 JULG DQG WKH
39 SODQW WR WKH 9 JULG

JURP )LJIV DQG LW LV FOHDU WKDW WKH SUHVHQFH RlI WKH 03& FR(
WR ERWK SRZHU JULGV PLWLJDWHY WKH YROWDJH GHYLDWLRQV E\ GLVW
UHVRXUFH DFURVV WKH WZR JULGV

7KH 9 JULG H[SHULHQFHV D PD[LPXP YROWDJH LQFUHDVH Rl ZKHQ "
WUDQVIHUUHG FRPSOHWHO\ WR LW WKURXJK WKH SRUW  ZKLFK LV HTXL
D 03& +RZHYHU E\ HPSOR\LQJ ERWK 03& SRUWV DQG UHGXFLQJ WKH SF
SRUW ZKLOH LQFUHDVLQJWKH SRZHU WUDQVIHU WR SRUW FDQ VLJQL]
GHYLDWLRQ RI WKH 9 JULG ORYLQJ WR WKH QHIJDWLYH YPOXHV WKH S
100 N: IURP SRUW 9 JULG WR SRUW 9 JULG OHDGV WR YHU\ ¢
GHYLDWLRQV ZLWK D PLQLPXP RI DQG VKRXOG EH DYRLGHG

7KH 9 JULG H[KLELWV ORZHU YROWDJH GHYLDWLRQV XS WR ZKHQ
LV WUDQVIHUUHG WR SRUW 7UDQVIHUULQJ SRZHU IURP WKH 9 JULG
P,= 100N: FDQ EH FRQVLGHUHG DFFHSWDEOH DV WKH YROWDJH GHYLDW!|

W LV ZRUWK QRWLQJ WKDW WKH SUHVHQFH Rl WKH 03& DQG WKH 39 S
PRVWO\ WKH YROWDJH GHYLDWLRQV RI WKH IHHGHU ZKHUH WKH\ DUH LQ\
GHYLDWLRQV LQ WKH RWKHU IHHGHUV DUH OLPLWHG WR YDOXHV EHORZ
UDGLDO WRSRORJ\ Rl WKH JULG DQG WKH ORFDWLRQ RI WKH 03& FORVH V

' *+ 6\VWHP PRGHOOLQJ VLPXODWLRQ DQG DGYDQFHG FRQWUROOHUYV
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