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Mdq Iuhguln Kdqvhq dqg Wkru L1 Irvvhq
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DEVWUDFW

D vwdwh vsdfh prgho ri d pdulqh srzhu jhqhud0
wlrq v|vwhp frqvlvwlqj ri wzr v|qfkurqrxv jhqhudwruv
srzhuhg e| glhvho hqjlqhv lv suhvhqwhg1 Vshfldo fduh
kdv wr eh wdnhq iru vxfk v|vwhpv zlwk wkh odfn ri
d �{hg qhwzrun iuhtxhqf| dqg yrowdjh1 Wkh prgho
lv ghyhorshg dqg suhvhqwhg lq d frpsdfw yhfwru irup
vxlwdeoh iru frqwuro wkhru| sxusrvh1 D qrqolqhdu frq0
wuro odz lv ghulyhg frpshqvdwlqj iru wkh qrqolqhdu
jhqhudwru g|qdplfv1 Wkh frqwuro remhfwlyh lv vwdel0
ol}dwlrq ri exvedu yrowdjh dqg iuhtxhqf| gxulqj odujh
ordg fkdqjlqj1 Wkh qrqolqhdu frqwuroohu wdnhv fduh ri
wkh jhqhudwru vshhgv/ dqg dq dgglwlrqdo SL0frqwuroohu
dggv lqwhjudo dfwlrq iru wkh yrowdjh1 Wzr vlpxod0
wlrqv duh shuiruphg frpsdulqj wkh qrqolqhdu frqwuro
odz ehwzhhq h{dfw sodqw prghoolqj dqg uhgxfhg sodqw
prghoolqj e| qhjohfwlqj idvw g|qdplfv1 Wkh vlpxod0
wlrqv vkrzhg jrrg shuirupdqfh iru d wrwdo ordg vwhs
fkdqjh ri 83(1 Wkh vshhg dqg yrowdjh gurs zhuh ohvv
wkdq 8(1

Nh|zrugv= Pdulqh srzhu jhqhudwlrq/ qrqolqhdu
frqwuro/ prghoolqj dqg vlpxodwlrq

4 LQWURGXFWLRQ

Wkh hohfwulfdo srzhu ghpdqg iru pdulqh dssolfd0
wlrqv kdv lqfuhdvhg khdylo| wkh odvw ghfdghv/ prvwo|
gxh wr wkh lqfuhdvhg xvh ri hohfwulf sursxovlrq v|v0
whpv iru vklsv1 Lqvwdoohg srzhu w|slfdoo| udqjh iurp
43 0 433 PZ iru gl�huhqw nlqg ri vklsv/ dqg wkh frq0
�jxudwlrq ri wkh hohfwulfdo v|vwhpv dovr ydulhv zlwk
w|sh ri vkls dqg pdqxidfwxuhu1 Rqh frpprq idf0
wru iru doo wkh vklsv zlwk hohfwulf sursxovlrq lv wkdw
wkh srzhu surgxfwlrq lv vsolw0xs lq vhyhudo vpdoohu
xqlwv1 Wklv lv gxh wr vdihw| dqg hfrqrplfdo uhdvrqv1
Wkh pdlq dgydqwdjhv zlwk vxfk v|vwhpv frpsduhg
wr frqyhqwlrqdo v|vwhpv duh ixho vdylqj/ kljk uhold0
elolw|/ kljk  h{lelolw| zlwk hqjlqh urrp duudqjhphqw
dqg vlpsol�hg pdlqwhqdqfh ^4`1

Vshfldo sxusrvh yhvvhov zlwk g|qdplf srvlwlrqlqj
+GS, dqg wkuxvwhu dvvlvwhg prrulqj zloo riwhq h{sh0
ulhqfh kljko| ydu|lqj wkuxvwhu ordgv zklfk pd| ohdg
wr gl!fxowlhv zlwk srzhu jhqhudwlrq frqwuro1 V|q0
fkurqrxv jhqhudwruv duh kljko| qrqolqhdu zkhq lw
frphv wr odujh ordg yduldwlrqv dqg zlwk SLG frq0

wuroohuv iru yrowdjh dqg iuhtxhqf| vrph lqvwdelolw|
sureohpv pd| rffxu dqg wuls wkh flufxlw euhdnhuv1
Qrqolqhdu frqwuro ri srzhu jhqhudwlrq v|vwhp kdv

ehhq d vxemhfw ri lqwhuhvw iru pdq| |hduv dqg wkh
xvh ri ihhgedfn olqhdul}dwlrq lv zhoo nqrzq ^9`1 Dovr
qrqolqhdu frqwuro ri pxowlpdfklqh v|vwhpv kdv ehhq
frqvlghuhg ^8`1
Krzhyhu prvw lqwhuhvw kdv ehhq sdlg rq Vlqjoh0

Pdfklqh Lq�qlwh Exv v|vwhpv +VPLE, dv lq odqg0
edvhg lqvwdoodwlrqv1 Iru pdulqh srzhu v|vwhp d odfn
ri h{whuqdo qhwzrun frpsolfdwhv wkh iuhtxhqf| frq0
wuro +qr v|qfkurql}lqj qhwzrun iuhtxhqf|,1 Dovr iru
pdulqh v|vwhpv vhyhudo jhqhudwlrq xqlwv +w|slfdoo| 70
; xqlwv, duh zrunlqj lq sdudooho1 Doo wkhvh lqwhudfwv
zlwk hdfk rwkhu/ zklfk pd| |lhog srzhu rvfloodwlrqv
ehwzhhq wkhp1 Khqfh d vxshuylvru| pxowlyduldeoh
frqwuroohu zrxog eh dssuhfldeoh1 Wkh frqwulexwlrq lq
wklv sdshu lv suhvhqwlqj d frpsdfw vwdwh vsdfh prgho
ri d srzhu jhqhudwlrq v|vwhp zlwk qr lq�qlwh exvedu
dv lq pdulqh srzhu v|vwhpv1 Wklv prgho lv zulwwhq
lq d frpsdfw yhfwru irup iru frqwuro sxusrvh1 Wkhq
d qrqolqhdu frqwuro odz lv vxjjhvwhg dqg whvwhg e| d
vlpxodwhg h{dpsoh1

Rxwolqh ri wkh sdshu= Lq Vhfwlrq 5 wkh vwdwh vsdfh
prgho ri wzr jhqhudwruv vxsso|lqj d frpprq ordg
lv suhvhqwhg1 Lq Vhfwlrq 6 d qrqolqhdu frqwuro odz
lv ghulyhg1 Vlpxodwlrq uhvxowv duh vkrzq lq Vhfwlrq
7 dqg �qdoo| vrph frqfoxglqj uhpdunv duh gudzq lq
Vhfwlrq 81

5 SODQW PRGHO

Wkh v|vwhp wr eh prghoohg frqvlvwv ri wzr v|q0
fkurqrxv jhqhudwruv srzhuhg e| glhvho hqjlqhv dqg
vxsso|lqj d frpprq ordg1 Dq djjuhjdwh ordg prgho
lv xvhg/ vshfli|lqj wrwdo dfwlyh +Swrw, dqg uhdf0
wlyh +Twrw, srzhu dqg khqfh frpsxwh dq htxlydohqw
lpshgdqfh1 Iru vlpsolflw| rqo| frqvwdqw lpshgdqfh
prgho lv xvhg lq wklv sdshu/ exw rwkhu ordg prghov
vxfk dv frqvwdqw srzhu pd| dovr eh lqfoxghg1
Rwkhu zrun rq qrqolqhdu srzhu frqwuro pdlqo| frq0

fhqwudwhv rq odqgedvhg lqvwdoodwlrqv zlwk frqwuroolqj
d vlqjoh pdfklqh frqqhfwhg wr dq lq�qlwh exv v|v0
whp1 Wkh zhoo nqrzq jhqhudwru prghov duh wkhq xvhg
zlwk d �{hg qhwzrun0iuhtxhqf| dqg yrowdjh dv lqsxw1
Zkhq prghoolqj d pdulqh srzhu v|vwhp wkhuh lv qr



�{hg qhwzrun iuhtxhqf| dqg yrowdjh/ wkhvh duh gh0
shqghqw rq wkh ordg dqg wkh rwkhu jhqhudwruv1 Lq
wklv sdshu zhoo nqrzq prghov iru hdfk frpsrqhqw
duh xvhg/ dqg iroorzlqj wkh ghulydwlrq lq ^7` d frp0
sdfw vwdwh vsdfh prgho lq yhfwru irup lv sursrvhg1
Wklv lv grqh wr pdnh xvh ri pruh dgydqfhg frqwuro
wkhru|/ zklfk riwhq dvvxphv pdwkhpdwlfdo prghov lq
d fhuwdlq iudph1 Wkh glvdgydqwdjh zlwk zulwlqj wkh
prghov lq vxfk devwudfw whupv lv wkdw wkh edvlf hohf0
wulfdo whupv glvdsshdu lq wkh htxdwlrqv1

Wkhuh duh xvxdoo| pruh wkdq wzr jhqhudwruv lq d
pdulqh srzhu v|vwhp dqg wkh prghoolqj ehorz lv qrw
�{hg wr d vshfl�f qxpehu1 Rqh jhqhudwru lv xvhg dv
d uhihuhqfh zkhq lw frphv uhodwlyh srzhu dqjohv1 Wkh
srzhu dqjoh ri wklv uhihuhqfh jhqhudwru lv frpsxwhg
e| wkh ordg htxdwlrqv1 Dw wkh hqg dq ryhudoo vwdwh
vsdfh prgho lv suhvhqwhg lq yhfwru irup zlwk wzr
jhqhudwruv dv dq h{dpsoh1

514 V|qfkurqrxv jhqhudwruv

D 6ug rughu qrqolqhdu vwdwh0vsdfh prgho edvhg
xsrq ^5` lv xvhg iru hdfk ri wkh v|qfkurqrxv jhqhu0
dwruv1 Doo wkh yduldeohv dqg sdudphwhuv duh gh�qhg
ehorz1

Gh�qlwlrqv=

Vwdwhv=
��l = Uhodwlyh srzhu dqjoh uhihuuhg wr

jhq1 qr14^udg`1

l = Vkdiw vshhg ^sx`1

x
3

tl = Yrowdjh sursruwlrqdo wr �hog fxuuhqw ^sx`1

Lqsxwv=
xgl = g0d{lv whuplqdo yrowdjh ^sx`1
xtl = t0d{lv whuplqdo yrowdjh ^sx`1

4 = Vkdiw vshhg jhq1 qr1 4 ^sx`1

m = Vkdiw vshhg ri wkh rwkhu jhqhudwruv ^sx`1
Wpl = Phfkdqlfdo vkdiw wrutxh ^sx`1
xil = Ilhog yrowdjh ^sx`1

Rxwsxwv=
lgl = g0d{lv vwdwru fxuuhqw ^sx`1
ltl = t0d{lv vwdwru fxuuhqw1^sx`1

dl = Vkdiw vshhg ^sx`1
Sl = Dfwlyh srzhu ^sx`1
Tl = Uhdfwlyh srzhu ^sx`1

Sdudphwhuv=
$Q = Qrplqdo hohfwulfdo dqjxodu

iuhtxhqf| ^udg2v`1
Wdl = Phfkdqlfdo wlph frqvwdqw ^v`1 Wd htxdov


uhi
M

Wuhi
/ zkhuh M lv wkh wrwdo lqhuwld1

iul = Iulfwlrq frh!flhqw ^sx`1
Gl = Gdpslqj frh!flhqw ^sx`1

W
3

grl = Ilhog zlqglqj wlph frqvwdqw ^v`1
{gl = g0d{lv uhdfwdqfh ^sx`1

{
3

gl = g0d{lv wudqvlhqw uhdfwdqfh ^sx`1

{tl = t0d{lv uhdfwdqfh ^sx`1
{dil = Pxwxdo uhdfwdqfh ehwzhhq �hog

zlqglqj dqg dupdwxuh zlqglqj ^sx`1
uil = Ilhog zlqglqj uhvlvwdqfh ^sx`1

Vwdwh htxdwlrqv lq shu xqlw=
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515 Glhvho hqjlqhv

Wkh phglxp vshhg glhvho hqjlqh lv prghoohg dv d
4vw rughu prgho ^6`1

bWp @
4

WGH
+�Wp . }, +8,

zkhuh Wp lv phfkdqlfdo vkdiw wrutxh ^sx`/ WGH lv
glhvho g|qdplf wlph frqvwdqw ^v` dqg } lv ixho0sxps
lqgh{ ^sx`1

516 Ordg prghoolqj

Wkh prghoolqj ri ordgv dqg prghoolqj ri wkh lq0
whufrqqhfwlrq ri wkh gl�huhqw jhqhudwruv duh grqh e|
dojheudlf htxdwlrqv dqg zlwk uhihuhqfh wr wkh skdvru
gldjudp lq Iljxuh 41 Wkh edvlf lghd lv wr dgg yhfwr0
uldo wkh fxuuhqw rxwsxwv iurp wkh jhqhudwru prghov
dqg frpsxwh wkh exvedu yrowdjh iurp wkh vshfl�hg
ordg fkdudfwhulvwlf/ h1j1 d frqvwdqw lpshgdqfh lq wklv
fdvh1 Wkh ordg htxdwlrqv duh jlyhq ehorz=
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Iljxuh 4= Skdvru gldjudp vkrzlqj wudqvirupdwlrq ri
fxuuhqw xqlw l wr wkh g0t iudph ri xqlw 41

xg4 @ ulg4wrw � {lt4wrw +44d,

xt4 @ ult4wrw . {lg4wrw +44e,

xh @
t
x5g4 . x5t4 +44f,

�4 @ wdq�4+xg4@xt5,/ �l @ ��l . �4+44g,

xgl @ xh vlq+�l,/ xtl @ xh frv+�l, +44h,

517 Yhfwru irup

Lq wklv vhfwlrq d frpsdfw vwdwh vsdfh prgho ri
wkh zkroh v|vwhp zlwk wzr v|qfkurqrxv jhqhudwruv
lv suhvhqwhg1

Gh�qh= { @ ^
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3

t4>��5>
5> x
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t5> Wp4> Wp5`
W /
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Wdqg
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W

V|qfkurqrxv jhqhudwruv=

b{4 @ �d4xj4
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Glhvho hqjlqhv=

b{9 @ �d99{9 . e94x4 +46d,
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duh srvlwlyh sdudphwhuv1

Ordg prgxoh +dojheudlf htxdwlrqv,=

xj4 @ z4lg4wrw � z5lt4wrw +47d,
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3

g dqg f5 @ 4@{t1

Qrqolqhdu vwdwh0vsdfh prgho

b{ @ D{. i +{>x
j
, .Ex +54,

xj @ �+{>z>x
j
, +55,

zkhuh � lv dq lpsolflw htxdwlrq jlyhq lq frpsrqhqw
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Wkh frqwuro remhfwlyh lv uhjxodwlrq ri=

| @ ^{4> {7> nFxjn5`
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&
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6 QRQOLQHDU FRQWURO

Iljxuh 5 vkrzv wkh prgho vwuxfwxuh dqg krz wkh
qrqolqhdu frqwuroohu lv lpsohphqwhg1 Wkhuh duh edvl0
fdoo| wzr qrq0olqhdu whupv/ i +{>x

j
,zklfk uh hfwv wkh

jhqhudwru g|qdplfv/ dqg xj @ �+{>z>x
j
, zklfk uh0

 hfwv wkh lqwhufrqqhfwlrq ri wkh jhqhudwruv dqg wkh
ordg prghoolqj1 Wkh vhfrqg qrqolqhdulw| lv kljko|
vhqvlwlyh wr prghoolqj huuruv prvwo| gxh wr wkh fkr0
vhq ordg prgho vwudwhj|1

Lq wklv sdshu d frqwuro vwudwhj| rqo| frpshqvdwlqj
iru wkh qrq0olqhdu whup i +{>x

j
, lv frqvlghuhg1 Wkh

olqhdu sduw ri wkh v|vwhp fdq eh vwdelol}hg e| xvlqj
olqhdu wkhru| li wkh qrqolqhdu sduw lv fdqfhoohg rxw e|
wkh frqwuroohu1
Vlqfh wkh prgho frqwdlqv g|qdplfv ehwzhhq ixho

lqgh{ dqg vkdiw wrutxh +glhvho hqjlqh,/ wkh E pdwul{
kdv rqo| }hurv lq urz 4 dqg 71 Wkdw lv/ wkhuh duh qr
lqsxwv zklfk fdq gluhfwo| fdqfho rxw wkh qrqolqhdu
whupv i4 dqg i71 Wklv fdq eh vroyhg e| xvlqj wkh vkdiw
wrutxh wr fdqfho rxw wkh qrqolqhdulw|1 Wkh iroorzlqj
ghulydwlrq lv htxdo iru erwk jhqhudwruv1

{4 @
8[

m@4

d4m{m . i4+{>xj, . d49{9 +57,

fkrrvlqj=

d49{9 @ �i4+{>xj, +58,

frpshqvdwhv wkh qrqolqhdu whup1 Wkxv

b{9 @ �
4

d49
bi4 @ �d99{9 . e94x4 +59,

Wklv |lhogv=

x4 @
4

e94
+d99{9 �

4

d49
bi4, +5:,

Htxdwlrq +5:, lv shuihfwo| vroydeoh exw wkh h{suhv0
vlrq jhwv txlwh frpsolfdwhg1 Krzhyhu/ wkh glhvho hq0
jlqh wlph frqvwdqw +?4v1, lv pxfk idvwhu wkdq wkh
v|qfkurqrxv jhqhudwruv wlph frqvwdqwv +w|slfdoo| 40
43v1,1 Iru vlpsolflw| wkh glhvho hqjlqh g|qdplf lv
qhjohfwhg zkhq frpsxwlqj wkh qrqolqhdu frqwuro odz1
Wklv vkrxog kdyh qr pdmru lpsdfw rq wkh uhvxowv/ dqg
wkh ghulydwlrq ri wkh frqwuroohu lv kljko| vlpsol�hg1
Lq wkh vlpxodwlrqv/ krzhyhu/ wkh glhvho g|qdplfv lv
lqfoxghg lq wkh sodqw prgho lwvhoi vkrzlqj wkh h�hfw
ri qhjohfwlqj wklv lq wkh frqwuro odz1

614 Uhgxfhg rughu prgho

Wkh v|vwhp lv uhgxfhg wr d �iwk0rughu v|vwhp e|
uhprylqj wkh glhvho g|qdplf vwdwhv/ wkdw lv b{9 @
b{: @ 3/ vxfk wkdw=

{9 @
e94

d99
x4 @ x4 +5;,

{: @
e:6

d::
x6 @ x6 +5<,

Wkh qhz E pdwul{ lv wkhq jlyhq e|

Eu @

5
97

d49 3 3 3

3 e55 3 3

3 3 3 3

3 3 d7: 3

3 3 3 e87

6
:8 +63,

Wkh vxevfulsw u ghqrwhv wkh uhgxfhg rughu prgho
vxfk wkdw {u @ ^{4> {5> {6> {7> {8`

W 1 Wkh pdwul{ Du



lv frpsxwhg e| uhprylqj wkh odvw wzr urzv dqg odvw
wzr frorxpv iurp D dqg iu @ ^i4> i5> i6> i7> i8`

W 1
Wkh prgho lv wkhq wudqviruphg vxfk wkdw wkh rul0

jlq lv wkh ghvluhg zrunlqj srlqw1 Wklv lv grqh e|
vhohfwlqj wkh qhz vwdwhv dv �{u@ {u�{3/ zkhuh {3 lv
wkh fxuuhqw zrunlqj srlqw1 Wklv |lhogv=

=

�{u@ Du+�{u.{3, . iu+�{u.{3>xj, .Eux +64,

615 Qrqolqhdu frqwuro odz

Wkh frqwuro odz x lv vhohfwhg dv=

x @ E
|
u^�iu+�{u.{3>xj,

�N�{u�NLy �Du{3` +65d,

by @ �{u +65e,

zkhuh E|
u @ E

W
u +EuE

W
u ,
�4 lv wkh svhxgrlqyhuvh ri

Eu/ dqg N lv d sursruwlrqdo jdlq pdwul{ dqg NL lv
dq lqwhjudo jdlq pdwul{1 Wkh v|vwhp lv wkhq uhgxfhg
wr wkh olqhdu huuru g|qdplfv1

=

�{u @ +Du�N,�{u�NLy +66d,

by @ �{u +66e,

zkhuh N dqg NL fdq eh fkrvhq e| sroh sodfhphqw1
Khqfh �{u frqyhujhv wr }hur1 Ilqdoo| wkh exv

edu yrowdjh
t

x5j4 . x5j5 lv frqwuroohg e| xvlqj d SL0

frqwuro odz/ vhh rxwhu orrs lq Iljxuh 51
Rqo| wzr ri wkh vwdwhv duh gluhfwo| phdvxuhg/

zklfk qhfhvvlwdwhv wkh qhhg iru d vwdwh revhuyhu1 Wkh
vwdwhv duh dvvxphg dydlodeoh lq wklv sdshu/ exw iru ix0
wxuh zrun wkh lpsdfw ri lqwurgxflqj dq revhuyhu zloo
eh lqyhvwljdwhg1

7 VLPXODWLRQ VWXGLHV

Vlpxodwlrqv zhuh shuiruphg zlwk wkh frqwuro odz
+65,1 Wkh pdwulfhv N dqg NL zhuh fkrvhq dv=

N @

5
97

5 3 3 3 3

3 3 3 3 3

3 3 5 3 3

3 3 3 5 3

3 3 3 3 3

6
:8

NL @

5
97

3=6 3 3 3 3

3 3 3 3 3

3 3 3=6 3 3

3 3 3 3=6 3

3 3 3 3 3

6
:8

Wkh frqwuro odz +65, vwdelol}hv wkh vwdwhv �{u wr }hur1
Krzhyhu zkhq d glvwxuedqfh hqwhu wkh sodqw lq irup
ri d wrwdo ordg fkdqjh lq hlwkhu dfwlyh ru uhdfwlyh
srzhu ru erwk/ rqo| wkh vshhg ri wkh jhqhudwruv dqg
wkh yrowdjh vkrxog uhpdlq frqvwdqw/ wkh rwkhu vwdwhv
zrxog qhfhvvdu| kdyh wr fkdqjh1 E| fkrrvlqj wkh
pdwulfhv dv deryh rqo| wkh jhqhudwru vshhgv dqg wkh
uhodwlyh srzhu dqjoh duh irufhg wr eh frqwuroohg/ wkh
rwkhu vwdwhv zloo qdwxudoo| iroorz gxh wr wkh srzhu
edodqfh dqg wkh v|vwhp sk|vlfv1

Dv vlpxodwlrq fdvh d vwhs lq wrwdo dfwlyh srzhu ordg
+Swrw, dw wlph 43v iurp 4sx wr 418sx/ dqg d vwhs lq
wrwdo uhdfwlyh srzhu +Twrw, dw wlph 73v iurp 4sx wr
418sx1
Wzr vlpxodwlrqv zhuh shuiruphg/ rqh zlwk uhgxfhg

prgho dv wkh sodqw dqg rqh zlwk wkh ixoo prgho dv wkh
sodqw1 Wkh ordg lv vkduhg htxdoo| ehwzhhq wkh wzr
jhqhudwruv1 Iljxuhv 6 dqg 7 vkrz wkh uhvxowv1

8 FRQFOXGLQJ UHPDUNV

D qrqolqhdu vwdwh vsdfh prgho zdv ghulyhg iru d
pdulqh srzhu jhqhudwlrq v|vwhp zlwk wzr glhvho jhq0
hudwruv vxsso|lqj d frpprq ordg1 Wklv prgho zdv
zulwwhq lq d frpsdfw yhfwru irup dqg d qrqolqhdu
frqwuro odz zdv irxqg iru vwdelol}dwlrq dqg glvwxu0
edqfh uhmhfwlrq1 Wr lqyhvwljdwh wkh ehkdylru ri wkh
qrqolqhdu frqwuro odz d vlpxodwlrq fdvh zlwk odujh
vwhsv +83(, lq wkh glvwxuedqfh vljqdov/ wrwdo dfwlyh
ordg dqg wrwdo uhdfwlyh ordg1 Wzr vlpxodwlrqv zhuh
shuiruphg frpsdulqj wkh shuirupdqfh iru dq h{dfw
prgho zlwk d prgho zlwk qhjohfwhg idvw g|qdplfv1
Dv h{shfwhg wkh shuirupdqfh zdv h{fhoohqw zlwk dq
h{dfw sodqw prgho1 Hyhq zlwk qhjohfwlqj vrph g|0
qdplfv wkh shuirupdqfh zdv vdwlvidfwru| zlwk rqo|
d iuhtxhqf| gurs dw derxw 5( dqg yrowdjh gurs dw
derxw 8(/ zklfk lv txlwh jrrg frqvlghulqj wkh odujh
ordg vwhsv1 Wklv phdqv wkdw wkh frqwuroohu vkrzv d
fhuwdlq vhw ri urexvwqhvv1
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Iljxuh 6= Vshhg +z4/ z5, dqg yrowdjh +Xh, yhuvxv wlph uhvsrqvh iru d vwhs lq srzhu ordg zlwk wkh qrqolqhdu
frqwuro odz1 +0, uhgxfhg rughu sodqw prgho/ +0 0, ixoo sodqw prgho1
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Iljxuh 7= Dfwlyh srzhu +Sl, dqg uhdfwlyh srzhu +Tl, yhuvxv wlph/ iurp wkh jhqhudwruv1 +0, uhgxfhg rughu sodqw
prgho/ +0 0, ixoo sodqw prgho1


