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Devwudfw1 RDVLV lv d irupdo dssurdfk iru wkh vshfl�fdwlrq ri remhfw
rulhqwhg frqfhswxdo prghov1 Lq RDVLV frqfhswxdo vfkhpdv ri lqirupd0
wlrq v|vwhpv duh uhsuhvhqwhg dv vrflhwlhv ri lqwhudfwlqj frqfxuuhqw re0
mhfwv1 Dqlpdwlqj vxfk prghov lq rughu wr ydolgdwh wkh vshfl�fdwlrq ri
lqirupdwlrq v|vwhpv lv d wrslf ri lqwhuhvw lq uhtxluhphqwv hqjlqhhulqj1
Wkxv d edvlf h{hfxwlrq prgho iru RDVLV vshfl�fdwlrqv kdv ehhq ghyh0
orshg1 Frqfxuuhqw Orjlf Surjudpplqj lv d vxlwdeoh sdudgljp iru glv0
wulexwhg frpsxwdwlrq doorzlqj d qdwxudo uhsuhvhqwdwlrq ri frqfxuuhqfh1
Xvlqj Frqfxuuhqw Orjlf Surjudpplqj/ RDVLV vshfl�fdwlrqv duh dqlpd0
whg dffruglqj wr RDVLV h{hfxwlrq prgho1 Lq wklv zrun/ zh vkrz krz
RDVLV frqfhswv duh gluhfwo| pdsshg lqwr frqfxuuhqw orjlf surjudpplqj
frqfhswv1 Wr looxvwudwh rxu lghdv/ dq h{dpsoh ri d edqn dffrxqw frgl�hg
lq NO4 lv jlyhq dqg sduwv ri wkh surjudp wkdw dqlpdwhv lwv fruuhvsrq0
glqj RDVLV vshfl�fdwlrq duh vkrzq1 Wklv zrun kdv ehhq ghyhorshg lq
wkh frqwh{w ri d FDVH wrro vxssruwlqj wkh RDVLV dssurdfk1 Rxu dlp
lv wr exlog d prgxoh iru dqlpdwlrq dqg ydolgdwlrq ri vshfl�fdwlrqv1 D
suholplqdu| yhuvlrq ri wklv prgxoh lv suhvhqwhg1

4 Lqwurgxfwlrq

Frqfhswxdo prghov/ uhsuhvhqwlqj wkh ixqfwlrqdo uhtxluhphqwv ri lqirupdwlrq v|v0
whpv/ duh d nh| idfwru zkhq olqnlqj wkh sureohp dqg vroxwlrq grpdlqv1 Exloglqj
d frqfhswxdo prgho lv d glvfryhu| surfhvv/ qrw rqo| iru wkh dqdo|vw exw dovr iru
wkh vwdnhkroghuv1 Wkh prvw vxlwdeoh vwudwhj| lq wklv vlwxdwlrq lv wr exlog wkh
frqfhswxdo prgho lq dq lwhudwlyh dqg lqfuhphqwdo zd|/ wkurxjk dqdo|vw dqg vwd0
nhkroghu lqwhudfwlrq1 Frqfhswxdo prgholqj lqyroyh irxu dfwlylwlhv= holflwdwlrq ri
uhtxluhphqwv/ prgholqj ru vshfl�fdwlrq/ yhul�fdwlrq ri txdolw| dqg frqvlvwhqf|/
dqg hyhqwxdoo|/ ydolgdwlrq1

Irupdo phwkrgv iru frqfhswxdo prgholqj surylgh lpsuryhphqwv lq vrxqgqhvv
dqg suhflvlrq iru vshfl�fdwlrqv/ vlpsoli|lqj wkhlu yhul�fdwlrq1 Krzhyhu/ zkhq
frqvlghulqj holflwdwlrq dqg uhtxluhphqwv ydolgdwlrq/ surwrw|slqj whfkqltxhv duh
pruh xvhg1 Khqfh/ lw lv lqwhuhvwlqj wr rewdlq d frpelqdwlrq ri erwk dssurdfkhv1

 Wklv uhvhdufk lv vxssruwhg e| wkh �Frplvlöq Lqwhuplqlvwhuldo gh Flhqfld | Whfqror0
jðd� +FLF\W, wkurxjk wkh PHQKLU sur|hfw +judqw qr1 WLF<:038<60F38034,1



Wklv zrun xvhv RDVLV ^</ 46` +Rshq dqg Dfwlyh Vshfl�fdwlrq ri Lqirupdwlrq
V|vwhpv, dv d irupdo dssurdfk iru remhfw0rulhqwhg frqfhswxdo vshfl�fdwlrq ri
lqirupdwlrq v|vwhpv1 Wklv lv d vwhs iruzdug lq d jurzlqj uhvhdufk �hog zkhuh
ydolgdwlrq ri irupdo vshfl�fdwlrqv wkurxjk dqlpdwlrq lv ehlqj h{soruhg ^4;`1 Lq
wklv vhqvh/ vrph rwkhu sursrvdov forvh lq qdwxuh wr RDVLV duh ^:` dqg ^9`1 Wkh
gl�huhqfhv/ wkrxjk/ ehwzhhq wkhvh zrunv dqg rxuv duh edvlfdoo| ghwhuplqhg e|
ihdwxuhv ri wkh xqghuo|lqj irupdolvpv dqg wkh r�huhg h{suhvvlyhqhvv 1 Dffruglqj
wr wkh suhvhqwhg uhvxowv/ wkh vwdwh ri wkh duw lv vlplodu dqg lv fkdudfwhul}hg e|
suholplqdu| yhuvlrqv ri dqlpdwlrq hqylurqphqwv1

*UDSKLFDO

VSHFLILFDWLRQ

HQYLURQPHQW

*UDSKLFDO

DQLPDWLRQ

HQYLURQPHQW

3URWRW\SH

�FRQFXUUHQW

ORJLF�SURJUDP�
7UDQVODWRU

5HSRVLWRU\

EDVHG�RQ

WKH�2$6,6

PRGHO

*UDSKLFDO

VFHQDULRV

EXLOGHU

VFHQDULRV

FRPSXWHG

EHKDYLRU

H[SHFWHG

EHKDYLRU

VSHFLILFDWLRQ

HOHPHQWV

PRGLILFDWLRQ�	

H[WHQVLRQ

RI�VFHQDULRV

DQDO\VLV

RI�UHVXOWV

Ilj1 41 D iudphzrun iru lqfuhphqwdo vshfl�fdwlrq ri uhtxluhphqwv

Ilj14 vkrzv rxu iudphzrun iru holflwdwlrq/ prgholqj/ yhul�fdwlrq dqg ydolgd0
wlrq ri uhtxluhphqwv1 Holflwdwlrq lv dfklhyhg xvlqj vfhqdulrv ^48`1 Wkh h{shfwhg
ehkdylru dqg hohphqwv ri d jlyhq vshfl�fdwlrq duh h{wudfwhg iurp vfhqdulrv1 Wkh
judsklfdo vfhqdulr exloghu khosv gh�qlqj vfhqdulrv lq d vxlwdeoh zd|1 Ixqfwlrqdo
uhtxluhphqwv duh prghohg xvlqj d judsklfdo vshfl�fdwlrq prgxoh edvhg rq RD0
VLV1 Frqfhswxdo prghov fdq eh yhul�hg dffruglqj wr RDVLV irupdo surshuwlhv1
Dw hdfk vwdjh ri wkh uhtxluhphqwv vshfl�fdwlrq surfhvv lw zrxog eh srvvleoh wr
ydolgdwh wkh ehkdylru ri wkh dvvrfldwhg surwrw|sh djdlqvw wkh h{shfwhg ehkdylru1
Wklv frpsdulvrq frxog ohdg wr xsgdwhv ru h{whqvlrqv ri h{lvwlqj vfhqdulrv1 Wklv
f|foh frqwlqxhv xqwlo wkh uhtxluhphqwv duh frpsoldqw zlwk wkh sursrvhg vhw ri
vfhqdulrv1

H{shulphqwv kdyh ehhq fduulhg rxw xvlqj Remhfw Shwul Qhwv ^49` dqg Frq0
fxuuhqw Orjlf Surjudpplqj ^;` dv vhpdqwlf grpdlqv iru RDVLV vshfl�fdwlrqv1
Wkhvh h�ruwv kdyh uhvxowhg lq d edvlf h{hfxwlrq prgho ^43`1 Wklv prgho lv xvhg
wr dqlpdwh RDVLV vshfl�fdwlrqv lpsohphqwhg ryhu frqfxuuhqw surjudpplqj hq0
ylurqphqwv1



Lq wklv frqwh{w/ zh zloo suhvhqw wkh pdsslqjv ehwzhhq RDVLV frqfhswv dqg
fodxvhv lq frqfxuuhqw orjlf surjudpplqj1 Wkrvh pdsslqjv kdyh ehhq lpsohphq0
whg lq d wudqvodwru surjudp1 Wkh wudqvodwru wdnhv dq RDVLV vshfl�fdwlrq vwr0
uhg lq wkh uhsrvlwru| dqg jhqhudwhv dxwrpdwlfdoo| d frqfxuuhqw orjlf surjudp
wkdw frqvwlwxwhv d surwrw|sh iru wkh fruuhvsrqglqj frqfhswxdo prgho1 Ixuwkhu0
pruh/ wkurxjk d suholplqdu| yhuvlrq ri wkh judsklfdo dqlpdwlrq hqylurqphqw wkh
dqdo|vw fdq lqwhudfw zlwk wkh surwrw|sh lq d vxlwdeoh zd|1 Zh kdyh zrunhg zlwk
wkh frqfxuuhqw orjlf odqjxdjhv Sduorj ^6` dqg NO4^5` zklfk kdyh vlplodu ihdwxuhv1
Wkh lpsohphqwdwlrq vkrzhg lq wklv zrun lv NO4 frgh1

5 RDVLV

Dq RDVLV vshfl�fdwlrq lv d suhvhqwdwlrq ri d wkhru| lq wkh xvhg irupdo v|vwhp
dqg lv h{suhvvhg dv d vwuxfwxuhg vhw ri fodvv gh�qlwlrqv1 Fodvvhv fdq eh vlpsoh ru
frpsoh{1 D frpsoh{ fodvv lv gh�qhg lq whupv ri rwkhu fodvvhv +vlpsoh ru frpsoh{,1
Frpsoh{ fodvvhv duh gh�qhg e| hvwdeolvklqj uhodwlrqvklsv dprqj fodvvhv1 Wkhvh
uhodwlrqvklsv fdq eh djjuhjdwlrq ru lqkhulwdqfh1 D fodvv kdv d qdph/ rqh ru pruh
lghqwl�fdwlrq phfkdqlvpv iru lwv lqvwdqfhv +remhfwv, dqg d w|sh ru whpsodwh wkdw
lv vkduhg e| hyhu| lqvwdqfh ehorqjlqj wr wkh fodvv1 Zh suhvhqw qh{w wkh edvlf
frqfhswv ri RDVLV1

Gh�qlwlrq 41 Whpsodwh ru w|sh1 D fodvv whpsodwh lv uhsuhvhqwhg e| d wxsoh
kDwwulexwhv> Hyhqwv> Irupxodh>Surfhvvhvl1

Dwwulexwhv lv wkh doskdehw ri dwwulexwhv1 Iru doo dww 5 Dwwulexwhv h{lvwv wkh
ixqfwlrq=

dww = vruw ri qdphv $ vruw ri ydoxhv

Hyhqwv lv wkh doskdehw ri hyhqwv1 Iru doo h 5 Hyhqwv lv srvvleoh wr jhw h@ �h

ehlqj � d edvlf vxevwlwxwlrq ri wkh sdudphwhuv ri wkh hyhqw1 Irupxodh lv d vhw ri
irupxodh zklfk duh rujdql}hg lq vhfwlrqv dqg wkhlu xqghuo|lqj irupdolvp ghshqgv
rq wkh vhfwlrq zkhuh wkh| duh xvhg1 Surfhvvhv lv wkh vhw ri surfhvv vshfl�fdwlrqv/
fodvvl�hg lq surwrfrov dqg rshudwlrqv1

Gh�qlwlrq 51 Vhuylfh1 D vhuylfh lv hlwkhu dq hyhqw ru dq rshudwlrq1 Wkh iruphu
lv dq lqvwdqwdqhrxv dqg dwrplf vhuylfh1 Dq rshudwlrq lv d qrq0dwrplf vhuylfh
dqg/ lq jhqhudo/ kdv gxudwlrq1

Gh�qlwlrq 61 Dfwlrq1 Dq dfwlrq lv d wxsoh kFolhqw/Vhuyhu/Vhuylfhl1 Lw uhsuh0
vhqwv wkh dfwlrq lq wkh folhqw remhfw/ dvvrfldwhg wr uhtxlulqj wkh vhuylfh/ dv zhoo
dv wkh dfwlrq lq wkh vhuyhu remhfw/ dvvrfldwhg wr surylglqj wkh vhuylfh1

Iru hdfk fodvv zh dvvxph wkh lpsolflw h{lvwhqfh ri D/ d vhw ri dfwlrqv rewdl0
qhg iurp wkh vhuylfhv wkdw remhfwv lq wkh fodvv fdq uhtxhvw +folhqwv, ru surylgh
+vhuyhuv,1 Iru doo d 5 D lv srvvleoh wr rewdlq d@ �d/ ehlqj � d edvlf vxevwlwxwlrq
ri folhqw/ vhuyhu dqg vhuylfh1



Gh�qlwlrq 71 Remhfw vwdwh1 Dq remhfw vwdwh lv d vhw ri hydoxdwhg dwwulexwhv1 Lw
lv h{suhvvhg e| zhoo0iruphg irupxodh lq Iluvw Rughu Orjlf1

Gh�qlwlrq 81 Vwhs1 D vwhs lv d vhw ri dfwlrqv rffxuulqj vlpxowdqhrxvo| lq dq
remhfw*v olih1

Gh�qlwlrq 91 Remhfw olih ru wudfh1 Dq remhfw*v olih ru wudfh lv d �qlwh suh�{
ri remhfw vwhsv1

514 RDVLV h{suhvvhg lq G|qdplf Orjlf

Lq ^44` Ghrqwlf Orjlf ^4` lv ghvfulehg dv d yduldqw ri G|qdplf Orjlf ^8`1 Wkh
gh�qlwlrq ri ghrqwlf rshudwruv lq G|qdplf Orjlf lv=

# $ ^d`idovh �wkh rffxuuhqfh ri d lv iruelgghq
lq vwdwhv zkhuh # lv vdwlv�hg�1

# $ ^=d`idovh �wkh rffxuuhqfh ri d lv reoljdwru|
lq vwdwhv zkhuh # lv vdwlv�hg�1

# $ ^d`! �lq vwdwhv zkhuh # lv vdwlv�hg/ lpphgldwho|
diwhu ri wkh d rffxuuhqfh/
! pxvw eh vdwlv�hg�

zkhuh # lv d zhoo0iruphg irupxodh wkdw fkdudfwhul}hv dq remhfw*v vwdwh zkhq
wkh dfwlrq d rffxuv dqg =d uhsuhvhqwv wkh qrq0rffxuuhqfh ri wkh dfwlrq d +l1h1/
rqo| rwkhu dfwlrqv gl�huhqw iurp d frxog rffxu,1 Ixuwkhupruh/ wkhuh lv qr vwdwh
vdwlvi|lqj wkh dwrp idovh1 Wklv uhsuhvhqwv d vwdwh ri v|vwhp ylrodwlrq1 Wkxv/ rqh
dfwlrq lv iruelgghq li lwv rffxuuhqfh ohdgv wkh v|vwhp wrzdugv d ylrodwlrq vwdwh/
dqg rqh dfwlrq lv reoljdwru| li lwv qrq0rffxuuhqfh ohdgv wkh v|vwhp wrzdugv d ylr0
odwlrq vwdwh1 Wkh RDVLV Irupxodh dqg Surfhvvhv duh pdsshg wr wkh irupxodh
suhylrxvo| suhvhqwhg1

Wkhvh irupxodh frqvwlwxwh d vxeodqjxdjh ri wkh odqjxdjh sursrvhg dqg iru0
pdol}hg lq ^53`1 Lq ^<` RDVLV lv suhvhqwhg dv d vshfl�fdwlrq odqjxdjh zlwk d zhoo
gh�qhg v|qwd{1 Khuh lv dq h{dpsoh ri sduw ri d vlpsoh edqn v|vwhp xvlqj wkh
RDVLV v|qwd{1 Wklv h{dpsoh zloo eh xvhg lq wkh uhvw ri wkh sdshu1

frqfhswxdo vfkhpd vlpsohbedqnlqjbv|vwhp

fodvv dffrxqw

lghqwlilfdwlrq

qxpehu=+qxpehu,>

frqvwdqw dwwulexwhv

qxpehu=qdw> qdph=vwulqj>

yduldeoh dwwulexwhv

edodqfh=qdw+3,> wlphv=qdw+3,> slq=qdw+3,> udqn=qdw+3,>

ghulyhg dwwulexwhv

jrrgbedodqfh=erro>

ghulydwlrqv

jrrgbedodqfh=@~edodqfh:@433�>

hyhqwv

rshq qhz> forvh ghvwur|>



ghsrvlw+Dprxqw=qdw,>

zlwkgudz+Slq=qdw/Dprxqw=qdw,>

sd|bfrpplvvlrq>

fkdqjhbslq+Slq=qdw/QhzSlq=qdw,>

fkdqjhbudqn+Udqn=qdw,>

ydoxdwlrqv

^ghsrvlw+Dprxqw,` edodqfh=@edodqfh.Dprxqw/ wlphv=@wlphv.4>

^zlwkgudz+Slq/Dprxqw,` edodqfh=@edodqfh0Dprxqw/ wlphv=@wlphv.4>

^vhoi=sd|bfrpplvvlrq` edodqfh=@edodqfh04>

^==sd|bfrpplvvlrq` wlphv=@3>

^fkdqjhbslq+Slq/QhzSlq,` slq=@QhzSlq>

^fkdqjhbudqn+Udqn,` udqn=@Udqn>

suhfrqglwlrqv

zlwkgudz+Slq/Dprxqw, li +slq@Slq dqg edodqfh:@Dprxqw, ru

+slq@Slq dqg edodqfh	Dprxqw dqg udqn@5,>

fkdqjhbslq+Slq/QhzSlq, li +slq@Slq,>

forvh li +edodqfh@3,>

wuljjhuv

vhoi==sd|bfrpplvvlrq zkhq

+wlphv:@8 dqg jrrgbedodqfh@idovh dqg udqn@3,>

hqg fodvv

fodvv fxvwrphu

lghqwlilfdwlrq

qdph=+qdph,>

frqvwdqw dwwulexwhv

qdph=vwulqj>

hyhqwv

dgg qhz> uhpryh ghvwur|>

hqg fodvv

lqwhuidfh fxvwrphu+vrphrqh, zlwk dffrxqw+vrphrqh,

vhuylfhv+ghsrvlw/zlwkgudz/fkdqjhbslq,>

hqg lqwhuidfh

lqwhuidfh dffrxqw+vrphrqh, zlwk vhoi

vhuylfhv+sd|bfrpplvvlrq,>

hqg lqwhuidfh

hqg frqfhswxdo vfkhpd

Lq wklv h{dpsoh wkhuh duh wzr fodvvhv= fxvwrphu dqg dffrxqw1 Wkh remhfwv
lq erwk fodvvhv duh dfwlyh1 Dq dffrxqw remhfw lv irufhg wr vhoi0wuljjhu dq dfwlrq
zlwk wkh hyhqw sd|bfrpplvvlrq zkhqhyhu wkh wuljjhu frqglwlrq lv vdwlv�hg1 Dow0
krxjk fxvwrphu remhfwv gr qrw kdyh h{solflw wuljjhuv/ wkh| kdyh dq lqwhuidfh zlwk
dffrxqw remhfwv hqdeolqj wr uhtxluh dfwlrqv dvvrfldwhg zlwk wkh ylvleoh hyhqwv1
Wkxv fxvwrphu remhfwv duh dfwlyh remhfwv dv zhoo1 Ixuwkhupruh/ e| ghidxow/ wkhuh
lv dozd|v dq remhfw fdoohg urrw1 Wklv remhfw zloo eh uhvsrqvleoh iru dfwlydwlqj wkh
hyhqwv wkdw gr qrw kdyh dq h{solflw folhqw lq wkh vshfl�fdwlrq1 Lq wkh h{dpsoh/ wkh
urrw remhfw fdq uhtxluh dfwlrqv zlwk wkh hyhqw dgg dqg uhpryh wr wkh fxvwrphu1



515 Dq h{hfxwlrq prgho iru RDVLV

Rxu h{hfxwlrq prgho lv dq devwudfw dqlpdwru iru irupxodh ri reoljdwlrq/ shuplv0
vlrq dqg fkdqjh ri vwdwh dvvrfldwhg wr dq remhfw1 Qh{w zh eulh | ghvfuleh wkh
frqfhswv lqfoxghg lq wkh h{hfxwlrq prgho sursrvhg lq ^43`1

Wkh vhtxhqfh ri vwhsv lq dq remhfw*v olih lv vruwhg e| wlph1 Zh dvvxph wkhuh lv
d �forfn remhfw� vhqglqj vshfldo dfwlrqv � fdoohg wlfnv � wr hyhu| remhfw lq wkh
v|vwhp1 Wkh uhfhlyhg wlfnv e| dq remhfw duh fruuhodwlyh zlwk qdwxudo qxpehuv/
w4/ w5/ hwf1 Khqfh/ ehlqj l dqg m qdwxudo qxpehuv wkhq l ? m +, wl ? wm1

Gh�qlwlrq :1 Pdloer{1 D pdloer{ lv wkh vhw ri dfwlrqv wkdw fdq eh lqfoxghg lq
d vwhs h{hfxwhg e| rqh remhfw dw rqh wlfn1 Wkh pdloer{ dw lqvwdqw wl lv ghqrwhg e|
Per{l1

Gh�qlwlrq ;1 Remhfw*v vwdwh dw wlfn1 Dq remhfw*v vwdwh dw wlfn lv ghqrwhg e|
Vwdwhl dqg uhsuhvhqwv wkh remhfw*v vwdwh lq wkh lqwhuydo ^wl> wl.4,1 Wkdw lv/ ehwzhhq
wl +lqfoxghg, dqg wl.4 wkh vwdwh lv frqvlghuhg frqvwdqw1

Wkh surfhvvlqj ri wkh dfwlrqv lqvlgh wkh pdloer{ lpsolhv wkhlu fodvvl�fdwlrq1
Qh{w zh suhvhqw doo srvvleoh dfwlrqv wkdw pljkw eh suhvhqw lq d pdloer{1 Wkh|
duh fkdudfwhul}hg dv vxevhwv ri Per{l +wkdw lv dw lqvwdqw wl, 1

� Reoljdwhg dfwlrqv= wkhvh duh dfwlrqv dvvrfldwhg wr reoljdwhg vhuylfh uh0
txhvwv +zklfk kdyh dv d folhqw wkh remhfw lwvhoi, dqg kdyh wr rffxu1 Wkh vhw
ri reoljdwhg dfwlrqv lv ghqrwhg e| RH{hfl1 Wkhvh dfwlrqv duh ghwhuplqhg e|
reoljdwlrq irupxodh/ wkdw lv/ wkhlu irup lv= !^=d`idovh1

� Qrq0reoljdwhg dfwlrqv= wkhvh duh dfwlrqv fruuhvsrqglqj wr vhuylfhv uhtxhv0
whg e| rwkhu remhfwv +ru lwvhoi, zklfk frxog eh surylghg ru qrw ghshqglqj
rq surklelwlrqv hvwdeolvkhg ryhu wkrvh dfwlrqv dqg yhul�hg lq Vwdwhl1 Wkh vhw
ri qrq0reoljdwhg dfwlrqv lv ghqrwhg e| RH{hfl1

� Uhmhfwhg dfwlrqv= wkhvh duh qrq0reoljdwhg dfwlrqv zkrvh rffxuuhqfh lv sur0
klelwhg lq Vwdwhl1 Wkh vhw ri uhmhfwhg dfwlrqv lv ghqrwhg e| Uhmhfwl1 Wkhvh df0
wlrqv duh ghwhuplqhg e| surklelwlrq irupxodh/ wkdw lv/ wkhlu irup lv= !^d`idovh1

� Fdqglgdwh dfwlrqv= wkhvh duh qrq0reoljdwhg dfwlrqv zkrvh rffxuuhqfh lv
shuplwwhg lq Vwdwhl1 Wkh vhw ri fdqglgdwh dfwlrqv lv ghqrwhg e| Fdqgl1

� H{hfxwhg dfwlrqv= wkhvh duh dfwlrqv iruplqj wkh vwhs h{hfxwhg dw wl1 Wkh
vhw ri h{hfxwhg dfwlrqv lv ghqrwhg e| H{hfl1 D vwhs lv frpsrvhg e| RH{hfl
mrlqhg zlwk d vxevhw ri Fdqgl1

� Dfwlrqv lq frq lfw= Wkhvh duh d vxevhw ri Fdqgl iruphg e| dfwlrqv lq
frq lfw4 zlwk vrph reoljdwhg ru fdqglgdwh dfwlrq mxvw vhohfwhg1 Wkh vhw ri
dfwlrqv lq frq lfw lv ghqrwhg e| Frqil1

D vlpsoh fulwhulrq lv xvhg lq rughu wr fkrrvh dfwlrqv iurp Fdqgl= zkhq wzr
dfwlrqv duh lq frq lfw/ wkh dfwlrq zklfk �uvw duulyhg wr wkh pdloer{ zloo eh fkrvhq1
Wkh dfwlrqv lq frq lfw Frqil duh �frslhg� wr wkh qh{w pdloer{ +Per{l.4,1

4 Wzr dfwlrqv duh lq frq lfw li wkh| frxog fkdqjh wkh ydoxh ri qrq0glvmrlqw vhw ri
dwwulexwhv1



Wkh remhfw ehkdylru lv fkdudfwhul}hg e| dq dojrulwkp +ghwdlohg lq ^43`, wkdw
pdqlsxodwhv hdfk pdloer{ +dw hdfk wlfn, rewdlqlqj wkh vxevhwv suhylrxvo| gh�qhg
dqg surgxflqj wkh fkdqjh ri wkh remhfw vwdwh1

6 Frqfxuuhqw orjlf surjudpplqj dqg RDVLV

Frqfxuuhqw orjlf odqjxdjhv dulvh dv dq dwwhpsw wr lpsuryh wkh h!flhqf| ri orjlf
odqjxdjhv e| h{sorlwlqj wkh vwuhdp DQG sdudooholvp1 Ehvlghv/ wkh| duh kljk ohyho
surjudpplqj odqjxdjhv dqg yhu| frqyhqlhqw iru sdudooho dqg glvwulexwhg v|vwhpv1
D frqfxuuhqw orjlf surjudp lv d vhw ri Kruq Fodxvhv zlwk Jxdugv1

K # J4> ===>Jq = E4> ===>Ep q>p A 3

D jrdo kdv wkh iroorzlqj irup=

# P4> ===>Pn n A 3

Doo Pl duh hydoxdwhg lq sdudooho +DQG sdudooholvp,/ xvlqj wkh surjudp fodx0
vhv iru wkhlu uhgxfwlrq1 Iru hdfk Pl wkh fodxvhv wkdw fdq uhgxfh lw duh h{dplqhg
lq sdudooho +RU sdudooholvp,/ vhohfwlqj rqo| rqh dqg dyrlglqj edfnwudfnlqj1 Wkh
fulwhulrq ri vhohfwlrq lv wkdw wkh Pl xql�hv zlwk wkh khdg ri wkh fodxvh/ dqg wkh
frqmxqfwlrq ri jxdugv J4> ===> Jq zloo eh vdwlv�hg +hydoxdwhg dovr xvlqj DQG sd0
udooholvp/ li wkh| h{lvw,1 Li pruh wkdq rqh fodxvh frxog eh fkrvhq/ wkhq d vhtxhqwldo
vhdufk fdq eh hvwdeolvkhg lq wh{wxdo rughu iurp wrs wr erwwrp1

Wkh lqwhjudwlrq ri Frqfxuuhqw Orjlf Surjudpplqj dqg wkh RR prgholqj
kdv jhqhudwhg d juhdw ghdo ri uhvhdufk1 Zh duh lqwhuhvwhg lq prgholqj remhfwv dv
shushwxdo surfhvvhv dffruglqj wr wkh RDVLV h{hfxwlrq prgho1 Prgholqj remhfwv
dv shushwxdo surfhvvhv lv dq dssurdfk lqlwldwh e| Vkdslur dqg Wdnhxfkl ^4:`/
lq zklfk dq remhfw lv lpsohphqwhg dv d wdlo0uhfxuvlyh surfhvv wkdw sdvvhv wkh
xsgdwh vwdwh ri wkh remhfw dv dujxphqwv lq wkh uhfxuvlyh fdoo1 Wkh lghqwlw| ri
wkh remhfw lv wkh qdph ri dq lqsxw vwuhdp dujxphqw ri wkh surfhvv1 Zrunv lq
wklv gluhfwlrq duh sulqflsdoo| edvhg rq pdnlqj RR h{whqvlrqv wr frqfxuuhqw orjlf
odqjxdjhv1 Zlwklq wklv dssurdfk vrph sursrvdov duh= Srond ^7`/ O5mmR5 ^47` dqg
D*XP ^4<`1 Dowkrxjk vrph lpsohphqwdwlrq dvshfwv duh frpprq/ rxu prwlydwlrq
lv wr jhqhudwh dxwrpdwlfdoo| d frqfxuuhqw orjlf surjudp fruuhvsrqglqj wr dq
RDVLV frqfhswxdo prgho1

614 Remhfwv dqg fodvvhv lq frqfxuuhqw orjlf surjudpplqj

Qrz zh zloo vnhwfk wkh hvvhqwldo ihdwxuhv wkdw doorz frqvlghulqj dq RDVLV vsh0
fl�fdwlrq dv d NO4 surjudp1 Ghwdlov ri lqwhuphgldwh fodxvhv dqg fodxvh erglhv
zloo eh rplwwhg wr idflolwdwh wkhlu uhdglqj1 Lq Frqfxuuhqw Orjlf Surjudpplqj d



vrflhw| ri remhfwv fdq eh vhhq +dw uxq wlph, dv d jrdo wr vroyh/ zkhuh hdfk re0
mhfw lv d vxejrdo1 Hdfk remhfw lv hydoxdwhg xvlqj DQG sdudooholvp +lqwhu0remhfw
frqfxuuhqfh,1

# remhfw4+Lq4> Rxw4> Vwdwh4,> ===> remhfwn+Lqn>Rxwn> Vwdwhn, n A 3

Lq Frqfxuuhqw Orjlf Surjudpplqj/ wkh sduwldo lqvwdqwldwlrq ri orjlfdo yduld0
eohv hqdeohv wr xvh wkhp dv frppxqlfdwlrq fkdqqhov1 Lql lv wkh lqsxw fkdqqho
iru uhfhlylqj dfwlrqv/ lw lv d phujhu ri wkh phvvdjhv uhfhlyhg iurp lwvhoi dqg iurp
rwkhu remhfwv1 Dovr/ Lql lv xvhg dv wkh remhfw rlg/ vr dq|erg| nqrzlqj wkh ydoxh
ri rlg frxog lqvwdqwldwh sduwldoo| wklv yduldeoh/ wkdw lv/ vhqg dq dfwlrq wr wkdw
remhfw1 Rxwl lv wkh rxwsxw fkdqqho iru vhqglqj dfwlrqv1 Vwdwhl lv wkh olvw ri whupv
dww+Dwwulexwh> ydoxh, iru hdfk dwwulexwh ri wkh remhfw1

Lq jhqhudo/ fuhdwlrq +dqg ghvwuxfwlrq, ri remhfwv dw uxq wlph lv uhtxluhg1
Vxejrdov wkdw kdyh wkh fdsdflw| ri jhqhudwlqj +lq wkhlu uhgxfwlrq, d qhz lqvwdqfh
ri dq remhfw vkrxog h{lvw1 Wkhvh vxejrdov fruuhvsrqg lq d qdwxudo irup wr wkh
qrwlrq ri fodvv1 Wkxv/ fodvvhv duh lpsohphqwhg dv rwkhu remhfwv ri wkh vrflhw|1 D
fodvv kdv dq dwwulexwh fdoohg Srsxodwlrq/ zklfk lv d olvw ri sdluv +Lql> Nh|, iru
hdfk fodvv lqvwdqfh1 Lql lv wkh remhfw Rlg/ Nh| lv d olvw ri frqvwdqw dwwulexwhv
wkdw doorzv uhihuulqj wr wkh remhfw1 Wkh suhglfdwh qdph ri d fodvv jrdo zloo eh
wkh qdph ri wkh fruuhvsrqglqj fodvv1 Iru dq remhfw jrdo wkh suhglfdwh qdph zloo
eh wkh qdph ri lwv fodvv zlwk �rb� dw wkh ehjlqqlqj1

H{dpsoh 41 Wkh fodvv dffrxqw lq rxu edqn v|vwhp +dw uxq wlph, lv uhsuhvhqwhg
dv d jrdo lq Frqfxuuhqw Orjlf Surjudpplqj1 Fodvvhv duh jrdov dw wkh ehjlqqlqj
ri wkh h{hfxwlrq1 Wkxv wkh fodvv dffrxqw dsshduv dv wkh iroorzlqj vxejrdo=

=0 111/dffrxqw+Lq/Rxw/^dww+srsxodwlrq/^`,`,/111

615 Remhfw ehkdylru

Hdfk remhfw dwwhpswv wr uhgxfh lwvhoi xvlqj wkh fodxvhv wkdw uhsuhvhqw lwv vshfl0
�fdwlrq1 Hdfk fodxvh uhfrjql}hv rqh dfwlrq dqg lv deoh wr uhgxfh wkh remhfw wr
d vhw ri vxejrdov1 Ehorz dq remhfw jrdo dqg fodxvhv zlwk zklfk wklv remhfw jrdo
frxog eh uhgxfhg duh vkrzq1 Frqvlghulqj s> t> v> w A 3 dqg u A 3 =

= �===> rbfodvvl+Lq
�> Rxw�> Vwdwh�,> ===

rbfodvvl+^dfwlrql4mLq`>Rxw> Vwdwh, = �
Jl4> ===>Jlsm

El4> ===>Elw>

rbfodvvl+Lq>QRxw>QVwdwh,=



===

rbfodvvl+^dfwlrqlumLq`>Rxw> Vwdwh, = �
Jl4> ===>Jltm

El4> ===>Elv>

rbfodvvl+Lq>QRxw>QVwdwh,=

Lq�/ Rxw� dqg Vwdwh� uhsuhvhqw wkh orjlfdo yduldeohv Lq/ Rxw dqg Vwdwh dw d
jlyhq prphqw lq wkh uhgxfwlrq ri wkh jrdo rbfodvvl1

Remhfw fuhdwlrq dqg ghvwuxfwlrq Fodvvhv duh lpsohphqwhg dv vxejrdov lqvlgh
wkh lqlwldo jrdo1 Zh rewdlq wkh lqvwdqfhv e| phdqv ri uhgxfwlrq ri fodvv jrdov
zkhqhyhu wkh dfwlrq rffxuv zlwk wkh hyhqw ri fuhdwlrq1 Wkh fuhdwlrq ri dq remhfw
lpsolhv wkdw wkh iroorzlqj vxejrdov duh jhqhudwhg gxulqj wkh fodvv jrdo uhgxfwlrq=

===

QRxw @ iRxw>RemhfwRxwj>
rbfodvv+Rlg>RemhfwRxw> Dwwulexwhv,>
===

Rxw lv wkh rxwsxw fkdqqho iru wkh fodvv jrdo1 Wklv fkdqqho lv vhsdudwhg lqwr
wzr qhz orjlfdo yduldeohv1 QRxw zloo eh xvhg dv wkh qhz rxwsxw fkdqqho iru wkh
fodvv jrdo1 RemhfwRxw zloo eh wkh rxwsxw fkdqqho iru wkh remhfw fuhdwhg1 Rlg lv
dqrwkhu qhz orjlfdo yduldeoh wkdw zloo eh xvhg dv remhfw Rlg dqg lqsxw fkdqqho1

H{dpsoh 51 Wkh fodxvh wr zklfk wkh fodvv dffrxqw uhgxfhv zkhq wkh dfwlrq ri
fuhdwlrq rffxuv +dfwlrq zlwk wkh rshq5 hyhqw,1 Lq wkh erg| ri wkdw fodxvh wkhuh
lv wkh fuhdwlrq ri d qhz remhfw +jrdo, dffrxqw1

dffrxqw+^dfwlrq+Folhqw/v+dffrxqw,/h+rshq/Dwwulexwhv,,�UhvwDfwlrqv`/
Rxw/Vwdwh, =0

Rxw@tQRxw/RemhfwRxw�/
rbdffrxqw+Rlg/RemhfwRxw/Dwwulexwhv,/

jhwbdwwulexwhv+Dwwulexwhv/^dww+qxpehu/Qxpehu,`,/

QSrsxodwlrq@^remhfw+Rlg/Qxpehu,�Srsxodwlrq`/
xsgdwhbvwdwh+Vwdwh/^fkj+srsxodwlrq/QSrsxodwlrq,`/QVwdwh,/

111

dffrxqw+UhvwDfwlrqv/QRxw/QVwdwh,1

jhwbdwwulexwhv lv d suhglfdwh wkdw h{wudfwv vrph dwwulexwh ydoxhv iurp d olvw1
xsgdwhbvwdwh prgl�hv d olvw ri dwwulexwhv surgxflqj d qhz rqh1 Zkhq wkh hyhqw
rshq+434/mrkq/3/3/4567/3/idovh, lv uhfhlyhg wkh jrdo dffrxqw ehfrphv=

dffrxqw+dfwlrq+Folhqw/f+dffrxqw,/

h+rshq/^434/mrkq/3/3/4567/3/idovh`,,�Uhvw`/Rxw/Vwdwh,

Wklv jrdo lv uhgxfhg lq wkh iroorzlqj wzr vxejrdov/ wkdw lv/ d qhz remhfw
dffrxqw kdv ehhq fuhdwhg1
5 Dq hyhqw ri fuhdwlrq kdv lpsolflwo| wkh frqvwdqwv dqg yduldeoh dwwulexwhv ri wkh remhfw
dv dujxphqwv1



111

rbdffrxqw+Rlg/RemhfwRxw/^dww+qxpehu/434,/dww+qdph/mrkq,/

dww+edodqfh/3,/dww+wlphv/3,/dww+slq/4567,/

dww+udqn/3,/dww+jrrgbedodqfh/idovh,`,/

dffrxqw+Uhvw/QRxw/,/^dww+srsxodwlrq/^remhfw+Rlg/434,``,1

Wkh ghvwuxfwlrq ri dq remhfw lv rewdlqhg e| wkh uhgxfwlrq fduulhg rxw e|
vhohfwlqj d fodxvh zkrvh erg| grhv qrw frqwdlq wkh vdph remhfw dv vxejrdo1
Khqfh/ wkh h{hfxwlrq ri wkh remhfw hqgv1

Fkdqjh ri vwdwh Zh vd| wkdw dq remhfw lv lpsohphqwhg dv d shushwxdo surfhvv
ehfdxvh dprqj wkh vxejrdov lq zklfk dq remhfw lv uhgxfhg wkh vdph remhfw
dsshduv1 Wklv surgxfhv wkh h�hfw ri frqwlqxlw| lq wkh remhfw olih1 Zkhqhyhu wkh
remhfw jrdo lv wkurzq dv vxejrdo lq wkh uhgxfwlrq/ vrph ri lwv dwwulexwhv pd| eh
prgl�hg1 Wkxv d fkdqjh ri vwdwh gxh wr wkh rffxuuhqfh ri wkh dvvrfldwh dfwlrq
lv uhsuhvhqwhg1 Wkh h�hfw �wr h{hfxwh dfwlrq� lv rewdlqhg lq wkh uhgxfwlrq zkhq
wkh qhz lqsxw fkdqqho lv xvhg dv wkh ruljlqdo rqh zlwkrxw frqvlghulqj wkh odvw
h{hfxwhg dfwlrq1 Wkh irupxodh wkdw gh�qh wkh fkdqjh ri vwdwh zkhq wkh hyhqw lv
h{hfxwhg duh vxejrdov wkdw dvvljq qhz ydoxhv wr wkh dwwulexwhv ri wkh remhfw1

H{dpsoh 61 Wkh h{hfxwlrq ri wkh dfwlrq dvvrfldwhg zlwk wkh hyhqw ghsrvlw+43,
vhqw wr wkh uhfhqwo| fuhdwhg remhfw lv uhsuhvhqwhg dv wkh uhgxfwlrq ri wkh jrdo=

rbdffrxqw+^dfwlrq+Folhqw/v+dffrxqw/lg+qxpehu/^dww+qxpehu/434,`,,/

h+ghsrvlw/^43`,,�UhvwLq`/Rxw/^dww+qxpehu/434,/dww+qdph/mrkq,/

dww+edodqfh/3,/dww+wlphv/3,/dww+slq/4567,/dww+udqn/3,/

dww+jrrgbedodqfh/idovh,`,

Wklv jrdo lv uhgxfhg xvlqj wkh iroorzlqj fodxvh=

rbdffrxqw+^dfwlrq+Folhqw/Vhuyhu/h+ghsrvlw/^Q`,,�Uhvw`/Rxw/Vwdwh, =0

jhwbdwwulexwhv+Vwdwh/^dww+edodqfh/Edodqfh,/dww+wlphv/Wlphv,`,/

QEdodqfh=@ Edodqfh.Q/

QWlphv=@ Wlphv.4/

OH{s4=@ QEdodqfh/

UH{s4=@ 433/

whvwbfrqglwlrq+^^f+jh/OH{s4/UH{s4,``/QJrrgbedodqfh,/

xsgdwhbvwdwh+Vwdwh/^fkj+edodqfh/QEdodqfh,/fkj+wlphv/QWlphv,/

fkj+jrrgbedodqfh/QJrrgbedodqfh,`/QVwdwh,

rbdffrxqw+Uhvw/Rxw/QVwdwh,1

whvwbfrqglwlrq lv d suhglfdwh wkdw hydoxdwhv d olvw ri frqmxqfwlrqv uhsuh0
vhqwlqj d zhoo0iruphg irupxodh lq wkh vshfl�fdwlrq1 Li doo wkh frqmxqfwlrqv duh
vdwlv�hg wkh vhfrqg dujxphqw ri whvwbfrqglwlrq lv lqvwdqwldwhg wr wuxh/ rwkhu0
zlvh lw lv idovh1 Wkxv/ lq wklv fdvh/ wkh jrdo lv uhgxfhg wr wkh iroorzlqj jrdo/ lq
wklv zd|/ wkh remhfw kdv fkdqjhg lwv vwdwh1

rbdffrxqw+Uhvw/Rxw/^dww+qxpehu/434,/dww+qdph/mrkq,/dww+edodqfh/43,/

dww+wlphv/4,/dww+slq/4567,/dww+udqn/3,/dww+jrrgbedodqfh/idovh,`,



Surklelwlrqv Dfwlrq suhfrqglwlrqv duh lpsohphqwhg wkurxjk lqwhuphgldwh suh0
glfdwhv lq wkh erg| ri wkh remhfw fodxvhv1

H{dpsoh 71 Khuh lv wkh fodxvh wkdw yhul�hv suhfrqglwlrqv zkhq wkh hyhqw zlwk0
gudz+4567/43, lv dwwhqghg1

fkhfnbrqhbrbdffrxqwbfrqglwlrq+dfwlrq+Folhqw/Wklv/h+zlwkgudz/^S/Q`,,/

Vwdwh/Uhvxow/Pvj, =0

xwlolw|=jhwbdwwulexwhv+Vwdwh/^dww+edodqfh/Edodqfh,/

dww+udqn/Udqn,/dww+slq/Slq,`,/

OH{s4=@ Edodqfh/ UH{s4=@ Q/

OH{s5=@ Edodqfh/ UH{s5=@ Q/

OH{s6=@ Udqn/ UH{s6=@ 5/

OH{s7=@ S/ UH{s7=@ Slq/

whvwbfrqglwlrq+^^f+ht/OH{s7/UH{s7,/f+jh/OH{s4/UH{s4,`/

^f+ht/OH{s7/UH{s7,/f+ow/OH{s5/UH{s5,/f+ht/OH{s6/UH{s6,``/

Uhvxow,/

Pvj@qrw+^^f+ht/OH{s7/UH{s7,/f+jh/OH{s4/UH{s4,`/

^f+ht/OH{s7/UH{s7,/f+ow/OH{s5/UH{s5,/f+ht/OH{s6/UH{s6,``,1

Wklv wlph/ wkh suhglfdwh whvwbfrqglwlrq lv xvhg wr lqvwdqwldwh wr wuxh ru
idovh wkh yduldeoh Uhvxow1 Zkhq wkh suhfrqglwlrq lv qrw vdwlv�hg dqrwkhu dfwlrq
lv vhqw wr wkh folhqw lqfoxglqj wkh phvvdjh Pvj1

616 Lqwhu0remhfw Frppxqlfdwlrq

Wkh frppxqlfdwlrq phfkdqlvp r�huhg e| Frqfxuuhqw Orjlf Surjudpplqj lv wr
vkduh yduldeoh dprqj vxejrdov/ lqwhusuhwhg dv d frppxqlfdwlrq fkdqqho dprqj
remhfwv1 Lq rughu wr doorz pdq| remhfwv wr frppxqlfdwh zlwk d ghwhuplqhg re0
mhfw/ wkh dufklwhfwxuh vkrzhg lq Ilj15 kdv ehhq lpsohphqwhg1

2EMHFW
&OLHQW[

5RXWHU

6HUYHU
&ODVV

2EMHFW
6HUYHU\

DFWLRQ�&OLHQW[�6HUYHU\�(YHQW�
DFWLRQ�&OLHQW[�6HUYHU\�(YHQW�

DFWLRQ�&OLHQW[�6HUYHU\�(YHQW�

Ilj1 51 Frppxqlfdwlrq ehwzhhq remhfwv



Lq jhqhudo/ li d folhqw remhfw folhqw{ kdv wr vhqg dq dfwlrq wr d vhuyhu remhfw +ru
lwvhoi, vhuyhu|/ folhqw{ lqvwdqwldwhv sduwldoo| lwv yduldeoh Rxw1 Wkh Rxw yduldeoh
lv phujhg zlwk wkh uhvw ri wkh rxwsxw yduldeohv ri remhfwv dqg lv xvhg dv lqsxw
yduldeoh iru dq dgglwlrqdo jrdo fdoohg urxwhu1 Wkh urxwhu jrdo kdv dv pdq| rxwsxw
yduldeohv dv fodvvhv lq wkh v|vwhp1 Zkhqhyhu wkh jrdo urxwhu uhfhlyhv dq dfwlrq
lq lwv lqsxw/ lw zloo sxw wkh dfwlrq lq wkh fruuhvsrqglqj rxwsxw fkdqqho dffruglqj
wr wkh vhuyhu ri wkh dfwlrq1

Wkh �uvw jrdo lq d NO4 surjudp lv wkh dwrp pdlq1 Wkxv/ lq wkh erg| ri wklv
suhglfdwh wkh joredo vfkhpd ri frppxqlfdwlrq lv hvwdeolvkhg1

H{dpsoh 81 Wkh pdlq suhglfdwh gh�qhg iru rxu edqn v|vwhp1

pdlq=0

wdnhbdfwlyhbdfwlrqv+H{whuqDfwlrqv,/

XvhuDfwlrqv@^dfwlrq+f+whvwhu,/v+xvhu,/h+dgg/^dww+xvhulg/urrw,`,,

�LqXvhu`/

xvhu+LqXvhu/RxwXvhu/^dww+srsxodwlrq/^`,`,/

fxvwrphu+LqFxvwrphu/RxwFxvwrphu/^dww+srsxodwlrq/^`,`,/

dffrxqw+LqDffrxqw/RxwDffrxqw/^dww+srsxodwlrq/^`,`,/

jhqhulf=qhz+phujh/tH{whuqDfwlrqv/RxwXvhu/RxwFxvwrphu/RxwDffrxqw�/

Dfwlrqv,/

urxwhu+Dfwlrqv/LqXvhu/LqFxvwrphu/LqDffrxqw,1

wdnhbdfwlyhbdfwlrqv lv d suhglfdwh wkdw wdnhv wkh h{whuqdo dfwlrqv gxulqj
wkh vhvvlrq ri dqlpdwlrq1 Wkhuh lv dozd|v d fodvv fdoohg xvhu dqg dq remhfw ri
wklv fodvv zkrvh dwwulexwh xvhulg kdv wkh ydoxh urrw1

Reoljdwlrqv Lq RDVLV wkh remhfw frppxqlfdwlrq lv dfwlydwhg e| reoljdwlrqv1
Lq wklv zrun zh zloo irfxv rq wkh ixqgdphqwdo frppxqlfdwlrq phfkdqlvp/ uhsuh0
vhqwhg e| wuljjhuv lq wkh RDVLV v|qwd{1 Wuljjhuv uhsuhvhqw dv|qfkurqrxv frp0
pxqlfdwlrq1 Khqfh/ wuljjhuv duh lpsohphqwhg h{hfxwlqj Rxw @ ^DfwlrqmQRxw`
zlwkrxw zdlwlqj iru dq dqvzhu1 Wuljjhuv duh jhqhudwhg gxh wr d fkdqjh ri vwdwh1
Wkxv/ lq wkh erg| ri hdfk fodxvh wkdw uhsuhvhqwv d fkdqjh ri vwdwh uhodwhg zlwk d
frqglwlrq lq wkh wuljjhu/ d jrdo wkdw hydoxdwhv wkh frqglwlrq dqg frxog vkrrw wkh
wuljjhu zloo eh dgghg1 Wklv vhqwhqfh zloo dsshdu lq wkh erg| ri d vhohfwhg fodxvh
lq wkh uhgxfwlrq ri d folhqw remhfw1 Rxw lv wkh lghqwl�hu ri wkh vkduhg yduldeoh
wkdw frqvwlwxwhv wkh rxwsxw fkdqqho ri dfwlrqv iru wkh folhqw remhfw1 Wklv lv d
whup frqwdlqlqj wkh folhqw uhihuhqfh1 QRxw lv wkh qhz yduldeoh iru wkh rxwsxw
fkdqqho ri wkh folhqw remhfw1

Dfwlrqv pxvw �uvw duulyh wr wkh urxwhu wkdw vhqgv wkh dfwlrq wr wkh fruuhvsrq0
glqj lqsxw fkdqqho ri fodvv1 Li wkh dfwlrq vhuyhu lv d fodvv lqvwdqfh/ wkh dvvrfldwhg
fodvv vhdufkhv lq lwv Srsxodwlrq dwwulexwh wkh lqsxw fkdqqho ri wkh vhuyhu remhfw1

H{dpsoh 91 D jrdo uhsuhvhqwlqj dq remhfw dffrxqw uhdfklqj d qhz vwdwh=

rbdffrxqw+Lq/Rxw/^dww+qxpehu/434,/dww+qdph/mrkq,/dww+edodqfh/;3,/

dww+wlphv/8,/dww+slq/4567,/dww+udqn/3,/dww+jrrgbedodqfh/idovh,`,



Wkh srvvlelolw| ri wuljjhu dfwlydwlrq lq wkh qhz vwdwh +wkdw zloo eh uhdfkhg,
zdv ghwhfwhg gxulqj wkh suhylrxv fkdqjh ri vwdwh1 Wkh fodxvh grlqj wklv zrun lv=

yhuli|brbdffrxqwbwuljjhuv+^w4�UhvwWuljjhuv`/Vwdwh/Wuljjhuv, =0

xwlolw|=jhwbdwwulexwhv+Vwdwh/^dww+wlphv/Wlphv,/

dww+jrrgbedodqfh/Jrrgbedodqfh,/dww+udqn/Udqn,`,/

OH{s4=@ Wlphv/ UH{s4=@ 8/

OH{s5@Jrrgbedodqfh/ UH{s5@idovh/

OH{s6=@ Udqn/ UH{s6=@ 3/

xwlolw|=whvwbfrqglwlrq+^^f+jh/OH{s4/UH{s4,/

f+ht/OH{s5/UH{s5,/f+ht/OH{s6/UH{s6,``/Dqvzhu,/

xwlolw|=jhwbdwwulexwhv+Vwdwh/^dww+qxpehu/Qxpehu,`,/

xwlolw|=sxwbwuljjhu+Dqvzhu/dfwlrq+wklv/vhoi/h+sd|bfrpplvvlrq/^`,,/

Wuljjhuv/QWuljjhuv,/

yhuli|brbdffrxqwbwuljjhuv+UhvwWuljjhuv/Vwdwh/QWuljjhuv,1

sxwbwuljjhu lv d suhglfdwh wkdw sxwv wkh dfwlrq lq wkh wuljjhu olvw li Dqvzhu
lv lqvwdqwldwhg wr wuxh1 Lq wklv fdvh ehfdxvh whvwbfrqglwlrq uhwxuqv wuxh lq
Dqvzhu/ zh duh vxuh wkdw wkh remhfw Per{ frqwdlqv wkh dfwlrq=

dfwlrq+wklv/vhoi/h+sd|bfrpplvvlrq/^`,,

Wklv lv dq dfwlrq wkdw pxvw eh wuljjhuhg ehfdxvh wkh folhqw whup lv wklv1
Wkxv lw lv sxw lq wkh rxwsxw fkdqqho xvlqj=

Rxw@^dfwlrq+Wklv/vhoi/h+sd|bfrpplvvlrq/^`,,�QRxw`

Qrz Wklv lv wkh folhqw vshfl�fdwlrq uhihuulqj wr lwv lghqwl�fdwlrq1

7 D judsklfdo dqlpdwlrq hqylurqphqw

Lq wkh RDVLV frqwh{w/ wkh v|vwhp ehkdylru lv ghwhuplqhg e| wkh ehkdylru ri lwv
remhfwv1 Dq remhfw ehkdylru fdq eh revhuyhg e| dqdo|}lqj wkh dfwlrqv rffxuuhg
dqg wkh vwdwhv uhdfkhg e| wkh remhfw1 Lq wklv vhqvh/ wkh dqlpdwlrq ri dq RDVLV
vshfl�fdwlrq doorzv h{dplqlqj dfwlrqv dqg vwdwhv ri wkh remhfwv1 Iroorzlqj wkh
jxlghv phqwlrqhg ehiruh/ d wudqvodwru iurp RDVLV wr NO4 kdv ehhq lpsohphqwhg1
Wklv wudqvodwru wdnhv dv lqsxw d v|vwhp vshfl�fdwlrq iurp dq RDVLV uhsrvlwru|
dqg surgxfhv d NO4 surjudp wkdw lv frpslohg lq rughu wr rewdlq wkh surwrw|sh1
Wkh wudqvodwru dqg wkh surwrw|sh duh surjudpv uxqqlqj lq d Xql{ zrunvwdwlrq1
Wkh lqwhuidfh kdv ehhq lpsohphqwhg lq Wfo2Wn ^45` xvlqj wkh Wfo soxj0lq iru
Qhwvfdsh dqg hvwdeolvklqj d vrfnhw frqqhfwlrq wr wkh Xql{ zrunvwdwlrq1

Ilj16 vkrzv wkh lqwhuidfh iru d suholplqdu| yhuvlrq iru dq hqylurqphqw ri
dqlpdwlrq1 Wkh lghd lv wr pdnh hdvlhu wkh xvh ri wkh surwrw|sh1 Wkh remhfw vrflhw|
lv gudzq lq wkh xsshu ohiw fruqhu/ rq wkh uljkw wkh wudfhv ri dfwlrqv ri dq remhfw
+ru remhfw jurxs, duh olvwhg1 Wkh olvw ri wudfhv fdq eh �owhuhg dffruglqj wr wkh
nlqg ri dfwlrqv gh�qhg +RH{hfl/ RH{hfl/ Frqil/ H{hfl dqg Uhmhfwhgl,1 Lq wkh
vwdwh duhd wkh vwdwh ri wkh remhfw lv suhvhqwhg +rqo| zkhq rqh remhfw lv vhohfwhg,1
Exwwrqv sod|/ sdxvh/ vwrs/ iruzdug dqg uhylhz duh surylghg lq rughu wr frqwuro
wkh vhvvlrq ri dqlpdwlrq1 Zkhq wkh dqlpdwlrq lv sdxvhg lw lv srvvleoh wr h{soruh
wkh wudfhv ri dfwlrqv dqg vwdwhv dw suhylrxv lqvwdqwv1 Hyhqwxdoo|/ wkh wzr hqwu|
zlgjhwv doorz exloglqj dq h{whuqdo dfwlrq vhqw e| wkh dqdo|vw lq uhsuhvhqwdwlrq
ri rqh remhfw lq wkh v|vwhp1



Ilj1 61 Dq dqlpdwlrq vhvvlrq

8 Frqfoxvlrqv

Zh kdyh vkrzq krz wkh pdlq ihdwxuhv ri RDVLV fdq eh qdwxudoo| dqg gluhfwo|
uhsuhvhqwhg lq d frqfxuuhqw orjlf surjudp1 Xvlqj wkh h{hfxwlrq prgho ri RDVLV
dv d jxlgh zh fdq rewdlq d xvhixo dqlpdwlrq ri wkh RDVLV vshfl�fdwlrq1 Rxu
dqlpdwlrq lv rqo| dssolhg wr sxusrvhv ri uhtxluhphqwv ydolgdwlrq dqg gr qrw
fodlp wr eh wkh �qdo vriwzduh surgxfw1 Wkh �gholw| ri wkh rewdlqhg frqfxuuhqw
orjlf surjudp lq uhodwlrq wr wkh RDVLV v|vwhp vshfl�fdwlrq lv d pdwwhu wkdw lv
vwloo ehlqj vwxglhg1 Lq wklv fdvh wkh yhul�fdwlrq dqg ghprqvwudwlrq wdvnv zrxog eh
vxssruwhg e| wkuhh lpsruwdqw idfwruv= �uvwo| dw wkh frqfhswxdo ohyho wkh prgho lv
ghvfulehg lq d irupdo odqjxdjh/ vhfrqgo| wkh devwudfw h{hfxwlrq prgho lv lqvsluhg
e| wkh vhpdqwlfv ri wkdw irupdo odqjxdjh dqg hyhqwxdoo| wkhuh duh vrph sursrvdov
ghdolqj zlwk irupdol}dwlrq ri frqfxuuhqw surjudpplqj odqjxdjhv1 Wkhvh idfwruv
gr qrw ghwhuplqh wkh uhtxluhg mxvwl�fdwlrq exw jlyh d zd| ri irupdol}dwlrq rq
zklfk zh duh zrunlqj1

Zh kdyh exlow d wudqvodwru surjudp wr rewdlq d frqfxuuhqw orjlf surjudp dx0
wrpdwlfdoo| iurp dq RDVLV vshfl�fdwlrq xvlqj wkh hvwdeolvkhg fruuhvsrqghqfhv1
Wklv zrun lv ehlqj lqwhjudwhg lqwr d FDVH wrro iru v|vwhp prgholqj vxssruwlqj
wkh RDVLV prgho1
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