
DQ DGDSWLYH QHXUDO FRQWURO V\VWHP RI D

GF PRWRU GULYH1

Lhurkdp Eduxfk/ Ljqdflr Udprq Udpluh} Sdodflrv/

Mrvh Pduwlq Ioruhv dqg Uxehq Jduulgr1

Dxwrpdwlf Frqwuro Ghsduwphqw
FLQYHVWDY0LSQ

S1R1 Er{ 470:731 3:633 Ph{lfr/ G1I1
h0pdlo= eduxfk/ ludpluh}/ jduulgrCfwuo1flqyhvwdy1p{

Devwudfw= Dq lpsuryhg sdudooho uhfxuuhqw qhxudo qhwzrun zlwk fdqrqlfdo dufklwhfwxuh/
qdphg Uhfxuuhqw Wudlqdeoh Qhxudo Qhwzrun +UWQQ,/ dqg dq huuru edvhg edfn0
sursdjdwlrq wkurxjk wlph ohduqlqj dojrulwkp/ duh dssolhg wr d G1F1 prwru gulyh
lghqwl�fdwlrq dqg frqwuro1 Wkh xqnqrzq qrqolqhdu g|qdplfv ri wkh prwru wrjhwkhu
zlwk wkh ordg duh lghqwl�hg e| wkh UWQQ1 Wkh wudlqhg UWQQ lghqwl�hu lv frpelqhg
zlwk d ghvluhg uhihuhqfh prgho dqg d UWQQ frqwuroohu lq d gluhfw dgdswlyh frqwuro
vfkhph/ vr lq rughu wr dfklyh d ghvluhg wudmhfwru| wudfnlqj ri wkh prwru vshhg dqg
srvlwlrq1 Ilqdoo|/ wkh dssolfdelolw| ri wkh UWQQ wrsrorj| dqg ohduqlqj lv looxvwudwhg
e| h{shulphqwdo uhvxowv1 Frs|uljkw f� 5335 LIDF1

Nh|zrugv= Qhxudo qhwzrunv/ uhdo0wlph v|vwhpv/ lghqwl�fdwlrq/ dgdswlyh frqwuro/
uhihuhqfh vljqdov/ prwru frqwuro1

41 LQWURGXFWLRQ

Uhfhqw dgydqfhv lq xqghuvwdqglqj ri wkh zrunlqj
sulqflsohv ri duwl�fldo qhxudo qhwzrunv kdv jlyhq d
wuhphqgrxv errvw wr wkh dssolfdwlrq ri wkhvh prg0
holqj wrrov iru frqwuro ri qrqolqhdu v|vwhpv/ +Kxqw
hw do1/ 4<<5,1 Prvw ri wkh fxuuhqw dssolfdwlrqv uho|
rq wkh fodvvlfdo QDUPD dssurdfk> khuh d ihhgiru0
zdug qhwzrun lv xvhg wr v|qwkhvlvh wkh qrqolqhdu
pds +Fkhq dqg Eloolqjv/ 4<<5,1 Wklv dssurdfk lv
srzhuixo lq lwvhoi/ exw kdv vrph glvdgydqwdjhv=
wkh qhwzrun lqsxwv duh d qxpehu ri sdvw v|vwhp
lqsxwv dqg rxwsxwv/ vr wr �qg rxw wkh rswlpxp
qxpehu ri sdvw ydoxhv d wuldo dqg huuru pxvw eh
fduulhg rq> wkh prgho lv qdwxudoo| irupxodwhg lq
glvfuhwh wlph zlwk �{hg vdpsolqj shulrg/ vr li wkh
vdpsolqj shulrg lv fkdqjhg wkh qhwzrun pxvw eh
wudlqhg djdlq> wkh sureohp dvvrfldwhg zlwk wkh
vwdelolw|/ frqyhujhqfh/ dqg wkh udwh ri frqyhujhqfh
ri wkhvh qhwzrunv duh qrw fohduo| xqghuvwrrg> wkh
sureohp ri glvfuhwh wlph qrqolqhdu frqwuro lv qrw
ixoo| xqghuvwrrg dqg wkhuh lv qrw d iudphzrun

dydlodeoh iru dqdo|vlv> wkh qhfhvdu| frqglwlrq ri
wkh sodqw*v rughu wr eh nqrzq1

Ehvlghv/ wr dyrlg wkhvh gl�fxowlhv frph*v vklqh
rxw wkh uhfxuuhqw qhxudo qhwzrunv/ exw wkh| vwloo
kdyh vrph glvdgydqwdjhv= vrph Uhfxuuhqw Qhxudo
Qhwzrunv duh qrw wudlqdeoh lq wkh zkroh/ rwkhuv
duh qrw lq wkh ihhgedfn orrs/ +Skdp dqg \logulq/
4<<8,> vrph ri wkhp duh dssolhg rqo| wr wkh VLVR
fdvh/ exw qrw wr wkh PLPR fdvh/ +\ls dqg Sdr/
4<<7,> wkh sureohp ri vwdelolw| lv qrw frqvlghuhg
rq doprvw wkh zkroh ri wkhp/ hvshfldoo| lq wkh
wudlqlqj shulrg1

Dorqj zlwk wkh ghyhorsphqwv lq wkh duhd ri qhx0
udo qhwzrunv/ wuhphqgrxv vwulghv kdyh ehhq pdgh
lq wkh duhd ri qrqolqhdu frqwuro dqdo|vlv xvlqj
glihuhqw whfkqltxhv olnh= dojheudlf dqg glihuhqwldo0
jhrphwulf rqhv +Lvlgrul/ 4<;<,1 Wkhvh wrrov sur0
ylghg d qdwxudo edvlv iru wkh dqdo|vlv ri g|qdplf
qhxudo frqwuroohuv1 Lw lv khuh wkdw wkh uhfxuuhqw
qhxudo qhwzrunv frph lqwr wkhlu rzq1

Copyright © 2002 IFAC
15th Triennial World Congress, Barcelona, Spain



Ilj1 41 Eorfn gldjudp ri UWQQ1

Wkh frqwuro vwudwhjlhv wkdw fdq eh hyroyhg xvlqj
gl�huhqwldo jhrphwulf whfkqltxhv/ lqyroyh wkh sodqw
olqhdulvdwlrq/ xvlqj zkdw lv nqrzq dv olqhdulvlqj
vwdwh ihhgedfn1 Lq wklv dssurdfk/ wkh nh| sulqflsoh
lv wkh fdqfhoodwlrq ri qrqolqhdu whupv/ |lhoglqj d
olqhdu sodqw/ zklfk fdq wkhq eh frqwuroohg xvlqj
vwdqgdug whfkqltxhv dqg wkdw*v zk| lw*v fdoohg
joredoo| olqhdulvlqj frqwuro/ +Nudydulv dqg Fkxqj/
4<;:,1 Wkh remhfwlyh ri wklv sdshu lv wr sursrvh d
uhfxuuhqw qhxudo qhwzrun/ wr ghulyh d yhfwru pd0
wulfldo huuru edvhg edfnsursdjdwlrq0olnh ohduqlqj
dojrulwkp dqg wr vkrz lw*v dssolfdelolw| lq uhdo
wlph lghqwl�fdwlrq dqg dgdswlyh wudfnlqj frqwuro
ri d G1F1 prwru gulyh*v yhorflw| dqg srvlwlrq1

Wkh sdshu frqwhqwv lv dv iroorzv= lq wkh �uvw
sduw zh kdyh wkh frpsohwh ghvfulswlrq ri wkh
Uhfxuuhqw Wudlqdeoh Qhxudo Qhwzrun +UWQQ,/
dqg lwv wudlqlqj dojrulwkp> wkh vhfrqg sduw lv
edvhg rq wkh lghqwl�fdwlrq dqg frqwuro vfkhphv
ghvfulswlrq ri d G1F1 Prwru gulyh/ dqg �qdoo| 0
h{shulphqwdo uhvxowv/ duh jlyhq1

51 UWQQ WRSRORJ\ DQG OHDUQLQJ

Wkh UWQQ wrsrorj| lv jlyhq e| wkh iroorzlqj
htxdwlrqv/ +Eduxfk/ hw do1/ 4<<9,=

a{ � ��� @ M � a{ � .E � x � +4,

a} � @�+a{ � , +5,

a| � @�+F � a} � , +6,

Zkhuh= +a| � > a{ � > x � , duh rxwsxw/ vwdwh dqg lqsxw
yduldeohv zlwk glphqvlrqv o> q>p/ uhvshfwlyho|> M �

lv d eorfn gldjrqdo zhljkw pdwul{ ri wkh klgghq
od|hu ihhgedfn> E � dqg F � duh lqsxw dqg rxw0
sxw zhljkw pdwulfhv zlwk glphqvlrqv +q{p, dqg
+o{p,/ uhvshfwlyho|> �+=,>�+=, duh yhfwru0ydoxhg
dfwlydwlrq ixqfwlrqv/ zlwk ixqfwlrqdo hohphqwv olnh=
vdwxudwlrq/ vljprlg ru k|shuerolf wdqjhqw1 Wkh
hljhqydoxhv ri wkh UWQQprgho rxjkw wr eh sodfhg
lq wkh xqlw flufoh/ vr vrph uhvwulfwlrqv rq wkh
zhljkw pdwul{ M � @eorfn0gldj+M � � ,/ duh lpsrvhg
gxulqj wkh ohduqlqj +mM � � � m ? 4,1

Wkh UWQQ wrsrorj| lv jlyhq rq Iljxuh 41 Lwv dg0
mrlqw qhwzrun lv jlyhq rq Iljxuh 51 Wkh sursrvhg
UWQQ kdv d olqhdu wlph ydu|lqj vwuxfwxuh surshu0
wlhv olnh= frqwuroodelolw|/ revhuydelolw|/ uhdfkdelolw|/
zklfk duh suryhg lq +Vrqwdj dqg Doehuwlql/ 4<<7,/

Ilj1 51 Eorfn gldjudp ri UWQQ dgmrlqw qhwzrun1

+Vrqwdj dqg Vxvpdqq/ 4<<:,1 Wkhvh surshuwlhv ri
wkh UWQQ vwuxfwxuh vljqli| wkdw vwduwlqj iurp
wkh eorfn0gldjrqdo pdwul{ vwuxfwxuh ri M � / zh fdq
�qg d fruuhvsrqghqfh lq wkh eorfn vwuxfwxuh ri
wkh pdwulfhv E � dqg F � / wkdw*v vkrz xv krz
wr �qg rxw wkh delolw| ri UWQQ*v ohduqlqj1 Wkh
pdlq dgydqwdjh ri wklv glvfuhwh UWQQ +zklfk
lv uhdoo| d Mrugdq Fdqrqlfdo UQQ prgho,/ lv ri
ehlqj dq xqlyhuvdo k|eulg qhxudo qhwzrun prgho
zlwk rqh ru wzr ihhgiruzdug od|huv/ dqg rqh uh0
fxuuhqw klgghq od|hu/ zkhuh wkh zhljwk pdwul{ M �

lv d eorfn0gldjrqdo rqh1 Vr/ wkh UWQQ srvvhv d
plqlpdo qxpehu ri ohduqlqj sdudphwhuv/ dqg wkh
shuirupdqfh ri wkh UWQQ lv ixoo| sdudooho1 Wkh
ghvfulehg UWQQ dutxlwhfwxuh frxog eh xvhg dv dq
rqh vwhs dkhdg vwdwh suhglfwru2hvwlpdwru dqg v|v0
whpv lghqwl�fdwru1 Dqrwkhu surshuw| ri wkh UWQQ
prgho lv wkdw wklv prgho lv joredoo| qrqolqhdu/ exw
orfdoo| olqhdu1 Wkdw lv zk| wkh pdwulfhv M � > E � > F � /
jhqhudwhg e| ohduqlqj / frxog eh xvhg wr ghvljq
d frqwuroohu odz1 Ixuwkhupruh/ wkh UWQQ prgho
lv urexvw/ gxh wr wkh g|qdplf zhljwk dgdswdwlrq
odz/ edvhg rq wkh vhqvlwlylw| prgho ri wkh UWQQ/
+Zdq dqg Ehdxid|v/ 4<<9,1

Wkh jhqhudo UWQQEdfnsursdjdwlrq Wkurxj Wlph
+ESWW, ohduqlqj dojrulwkp/ zulwwhq lq d pdwulfldo
irup/ lv jlyhq e| wkh iroorzlqj htxdwlrq=

Z � ��� @ Z � . ��Z � . ��Z � ��� +7,

zkhuh= Z � lv wkh zhljwk pdwul{/ ehlqj prgl�hg
+M � > E � > F � ,> �Z � lv wkh zhljwk pdwul{ fruuhfwlrq
+�M � >�E � >�F � ,> � lv d ohduqlqj udwh sdudphwhu
+m�m ? 4,/ dqg � lv d prphqwxp whup ohduqlqj
sdudphwhu +m�m ? 4,1 Wkh prphqwxp whup ri
wklv ohduqlqj dojrulwkp lv xvhg zkhq vrph huuru
rvfloodwlrqv rffxuhg1

Wkh rxwsxw od|hu*v zhljwk pdwul{ hohphqwv xs0
gdwh/ iru wkh glvfuhwh wlph prgho ri wkh UWQQ/
lv uhdol}hg e| wkh iroorzlqj htxdwlrq/ +Eduxfk/ hw
do1/ 4<<9,=

�F � � � @ h � � �
	
� � +a| � � , a} � � +8,

zkhuh= �F � � � lv wkh zhljkw xsgdwh ri dq lm0wk
hohphqw ri wkh ohduqhg pdwul{ F � > h � � lv wkh l0
wk hohphqw ri wkh rxwsxw huuru yhfwru> �

	
� � +a| � ,

lv wkh l0wk hohphqw ri wkh �uvw ghulydwlyh ri wkh
dfwlydwlrq ixqfwlrq yhfwru/ zklfk lv h{suhvvhg dv
d ixqfwlrq ri wkh rxwsxw yhfwru a| � > a} � � lv wkh m0
wk hohphqw ri wkh rxwsxw yhfwru ri wkh klgghq
od|hu1 Wkh yhfwru pdwulfldo irup ri wklv htxdwlrq



frxog eh rewdlqhg iroorzlqj wkh eorfn0gldjudp ri
wkh UWQQ dgmrlqw qhwzrun dqg lqwurgxflqj vrph
rwkhu dx{loldu pdwulfhv dqg yhfwruv/ Ilj1 51

Ohw xv gh�qh wkh +o{o, gldjrqdo Mdfrehdq pdwul{=
�
	
� +a| � , @ gldj^�

	
� � +| � � ,`> l @ 4> ===> o1 Vr/ wkh +o{4,

wudqviruphg rxwsxw huuru yhfwru lv jlyhq e|=

h � � @ �
	
� +a| � ,h � +9,

dqg wkh rxwsxw zhljkw xsgdwh pdwul{ zloo eh wkh
iroorzlqj=

�F � @ h � � a}
�
� +:,

Wkh zhljkw xsgdwh ri wkh klgghq od|hu*v zhljwk
pdwul{ hohphqwv/ iru wkh glvfuhwh wlph prgho ri
wkh UWQQ/ lv uhdol}hg e| wkh iroorzlqj htxdwlrq/
+Eduxfk/ hw do1/ 4<<9,=

�M � � � @F � � h � � �
�
� � +a} � � , a{ � � +;,

�E � � � @F � � h � � �
�
� � +a} � � , x � � +<,

zkhuh= �M � � � lv wkh zhljkw xsgdwh ri dq lm0wk
hohphqw ri wkh jhqhudo zhljkw pdwul{ M � xqghu
ohduqlqj +khuh iru vdnh ri jhqhudolw|/ lw lv dvvxphg
wkdw M � lv d ixoo +q{q, zhljkw pdwul{,> F � � lv wkh
l0wk urz yhfwru/ wdnhq iurp wkh wudqvsrvhg pdwul{
F
�
> h � lv wkh rxwsxw huuru yhfwru> �

	
� � +} � � , lv wkh l0

wk hohphqw ri wkh �uvw ghulydwlyh ri wkh dfwlydwlrq
ixqfwlrq yhfwru/ zklfk lv h{suhvvhg dv d ixqfwlrq
ri wkh rxwsxw yhfwru ri wkh klgghq od|hu } � > { � �

lv wkh m0wk hohphqw ri wkh vwdwh yhfwru { � > �E � � �

lv wkh zhljkw xsgdwh ri dq lm0wk hohphqw ri wkh
ohduqhg pdwul{ E � > x � � lv wkh m0wk hohphqw ri wkh
lqsxw yhfwru x � 1 Wkh yhfwru pdwulfldo irup ri wklv
wzr htxdwlrqv frxog eh rewdlqhg lqwurgxflqj vrph
rwkhu dx{loldu pdwulfhv dqg yhfwruv1

Ohw xv gh�qh wkh +q{4, huuru yhfwru zklfk dsshdu
lq wkh rxwsxw ri wkh klgghq od|hu dv=

h � � @ F
�
� h � � +43,

Ohw xv dovr gh�qh wkh +q{q, gldjrqdo Mdfrehdq

pdwul{= �
�
� +a} � , @ gldj^�

�
� � +a} � � ,`> l @ 4> ===> q= Vr/

wkh wudqviruphg klgghq od|hu rxwsxw huuru yhfwru
lv jlyhq e|=

h � � @ �
�
� +a} � ,h � � +44,

dqg wkh zhljkw pdwul{ fruuhfwlrq ri wkh jhqhudo
zhljkw pdwul{ M � zloo eh wkh iroorzlqj=

�M � @ h � � a{
�
� +45,

Li wkh pdwul{ M � lv d gldjrqdo pdwul{ / M � @
gldj+M � � ,> l @ 4> ===> q> mM � � � m ? 4 +vwdelolw| frq0
glwlrq lpsrvhg, / dqg wkh gldjrqdo ri wklv pdwul{
lv d +q{4, yhfwru/ ghqrwhg e| yM � > wkhq wkh zhljkw
xsgdwh ri wklv yhfwru lv wkh iroorzlqj=

�yM � @ h � �
R

{ � +46,

Wkh xsgdwh ri wkh +q{p, zhljkw lqsxw pdwul{ E/
lv wkh iroorzlqj=

�E � @ h � � x
�
� +47,

Wkh qh{w sdudjudsk jlyhv dq lghqwl�fdwlrq dqg
frqwuro vfkhph/ dssolhg iru d prgho uhihuhqfh
dgdswlyh frqwuro ri d G1F1 prwru gulyh yhorflw|
dqg srvlwlrq1

61 UHDO0WLPH UWQQ LGHQWLILFDWLRQ
DQG FRQWURO RI D GF PRWRU GULYH1

H[SHULPHQWDO UHVXOWV

Lq wklv vhfwlrq wkh h�hfwlyhqhvv ri wkh Dgdswlyh
Qhxudo Frqwuro vfkhph lv looxvwudwhg e| d uhdo wlph
GF prwru v|vwhp lghqwl�fdwlrq dqg frqwuro +lq
wzr frqwuro h{shulphqwv/ vhsdudwhoo| iru vshhg dqg
srvlwlrq frqwuro,/ xvlqj wkuhh UWQQv/ rqh iru wkh
lghqwl�fdwlrq dqg wkh rwkhuv wzr iru wkh frqwuro1
Wkh �uvw sureohp khuh lv wr lghqwli| wkh glvfuhwh0
wlph qrqolqhdu sodqw e| phdqv ri d UWQQ1 Ohw
xv dvvxph wkdw wkh htxdwlrqv ri wkh GF prwru
gulyh g|qdplfv/ vhsdudwhoo| iru v|vwhpv vshhg dqg
srvlwlrq/ duh ghvfulehg e| wkh iroorzlqj htxdwlrqv/
+Zhhudvrrul|d dqg Ho0Vkdundzl/ 4<<4,=

$ � ��� @ i ^$ � > ===> $ � ��� ` . Y � +48,

� � ��� @ j^� � > ===> � � ��� ` . Y � +49,

zkhuh= p lv wkh rughu ri wkh v|vwhp> $ � > � � duh wkh
GF prwru dqjxodu yhorflw| dqg srvlwlrq lq wlph
lqvwdqw n> Y � lv wkh whuplqdo yrowdjh1

Wkh UWQQ L lv dssolhg dv d v|vwhpv lghqwl�hu/
+Zhhudvrrul|d dqg Ho0Vkdundzl/ 4<<4, vr wr hv0
wlpdwh/ vhsdudwhoo| lq wzr frqwuro h{shulphqwv/
wkh ydoxhv ri wkh xqnqrzq qrqolqhdu ixqfwlrqv
i ^=`> j^=`1

Wkh prwru vshhg dqg srvlwlrq duh hvwlpdwhg vhs0
dudwhoo| e| wkh UWQQ L/ iroorzlqj wkh htxdwlrqv=

a$ � @�^a{ � `> a{ � ��� @ �^a{ � > Y � ` +4:,

a� � @�^a{ � `> a{ � ��� @ �^a{ � > Y � ` +4;,

zkhuh= �^=`>�^=` ghqrwhv wkh qrqolqhdu UWQQ ixqf0
wlrqv1 Wkh pdlq remhwlyh ri wkh v|vwhpv lghqwl�0
fdwlrq/ xvlqj UWQQ lv wr rewdlq wkh sodqw vwdwhv
+vhsdudwhoo| iru vshhg dqg srvlwlrq lq wzr frqwuro
h{shulphqwv,/ edvhg rq wkh zhljkw xsgdwh ESWW
ohduqlqj dojrulwkp/ plqlpl}lqj wkh phdq vtxduhg
rxwsxw huuru ehwzhhq wkh UWQQ L rxwsxw dqg wkh
rxwsxw ri wkh qrqolqhdu sodqw1 Wkh qhxudo frqwuro
lqsxw Y � wr wkh prwru dw wkh n

� �
wlph vwhs fdq eh

ghvljqhg dv=

Y � @ Q � ^
	
{ � ` .Q 
 ^u � ` +4<,

zkhuh Q � ^=`/ Q 
 ^=` duh jhqhudwhg e| UWQQ ihhg0
edfn dqg ihhgiruzdug frqwuroohuv1 Wkh dgdswlyh



Ilj1 61 Eorfn0 gldjudp ri wkh dgdswlyh frqwuro
v|vwhp1

Ilj1 71 Uhdo0wlph v|vwhp frq�jxudwlrq iru GF0
prwru v|vwhp lghqwl�fdwlrq dqg frqwuro1 +d,
PdwOde0Vlpxolqn dqg ZlqFrq Vhuyhu1 +e,
ZlqFrq Folhqw dqg PxowlT1 +f, Hqfrghu1 +g,
GF0prwru1

frqwuro vfkhph lv vkrzq rq wkh Ilj 61 Khuh wkh
v|vwhp frqwuroohu lv vsolw lq d ihhgedfn qhxudo frq0
wuroohu Q � ^=`/ zklfk xvhv wkh hvwlpdwhg vwdwhv dv lq0
sxwv/ vr wr fuhdwh d fodvvlf vwdelol}dwlrq ihhgedfn/
dqg d ihhgiruzdug qhxudo frqwuroohu Q 
 ^=`/ zklfk lv
dq dgdswlyh v|vwhp*v lqyhuvh sodqw prgho/ +Kxqw
hw do1/ 4<<5,1Wkh lghqwl�fdwlrq huuru h � � lv xvhg
wr wudlq wkh UWQQ � / dqg wkh frqwuro huuru h � � lv
xvhg wr wudlq wkh UWQQ �

� dqg wkh UWQQ � 
 =

Wkh frq�jxudwlrq ri wkh h{shulphqwdo GF prwru
sodwirup frqwdlqlqj wkh frqwuro dqg wkh phdvxuh0
phqw frpsrqhqwv lv vkrzq rq wkh Ilj1 71 D 57
yrowv/ ; dpshuhv GF0prwru/ gulyhq e| d srzhu
dpsol�hu dqg frqqhfwhg e| d gdwd dftxlvlwlrq

frqwuro erdug +Pxowl0T
�
�
,/ zlwk wkh SF/ kdv ehhq

xvhg1 Wkh UWQQv duh surjudpphg lq PdwOde
�
�
0

Vlpxolqn
�
�

dqg ZlqFrq
�
�

/ zklfk lv d uhdo0wlph

Zlqgrzv <8
��

dssolfdwlrq wkdw uxqv Vlpxolqn
��

jhqhudwhg frgh xvlqj wkh uhdo0wlph Zrunvkrs
�
�

wr dfklhyh gljlwdo uhdo0wlph frqwuro rq d SF1

614 Iluvw h{shulphqw1 Dgdswlyh frqwuro ri d GF
prwru vshhg

Lq wkh �uvw h{shulphqw/ wkh remhfwlyh ri wkh gh0
vljqhg dgdswlyh qhxudo frqwuro v|vwhp lv wr gulyh
wkh GF0prwru/ vr wkdw lwv vshhg $ � iroorzv d suh0
vfulehg wudmhfwru| u � 1 Wklv lv grqh e| ohwwlqj wkh
GF prwru wr iroorz wkh vhohfwhg vljqdo uhihuhqfh
u � > jlyhq e| wkh iroorzlqj htxdwlrq=

Ilj1 81 Uhdo0wlph dgdswlyh qhxudo frqwuro ri d
GF0prwru vshhg1 Frpsdulvrq ehwzhhq wkh
uhihuhqfh vljqdo + � , dqg wkh GF0prwru
rxwsxw vljqdo + 0 0 0 , lq wkh �uvw whq vhfrqgv
ri wkh frqwuro h{shulphqw1

Ilj1 91 Wkh phdq vtxduh huuru ri vshhg frqwuro
+PVH(,1

Ilj1 :1 Wkh vwdwhv ri wkh sodqw/ hvwlpdwhg e| wkh
lghqwl�fdwlrq UWQQ1 d, �uvw vwdwh> e, vhfrqg
vwdwh> f, wklug vwdwh> g, irxuwk vwdwh1

u � @5=58vlq+5�n@8, . 3=:8vlq+5�n@6, +53,

.7=8vlq+5�n,

Wkh uhvxowv ri wkh rq0olqh GF prwru gulyh vshhg
frqwuro/ duh jlyhq rq Ilj1 8/ 9/ : dqg Ilj1 ;1

Iru wklv h{shulphqw/ wkh lghqwl�fdwlrq UWQQ L
kdv wkh wrsrorj| 4/7/4 dqg wkh QQ frqwuroohuv/
UWQQ ��� dqg UWQQ � 
 > kdyh wkh wrsrorjlhv 7/7/4
dqg 4/5/4/ uhvshfwlyho|1 Wkh ohduqlqj sdudphwhuv



Ilj1 ;1 Wkh frqwuro vljqdo 1

iru wkh vshhg frqwuro h{shulphqw duh jlyhq rq
Wdeoh 41

Wdeoh 4= Ohduqlqj sdudphwhuv lq vshhg frqwuro

1

QQ � �
UWQQ � 3134 3134

UWQQ ��� 3134 3134

UWQQ � 
 3134 3134

Wkh vdpsolqj shulrg iru doo vljqdov ri wklv h{shul0
phqw lv= Wr@31341Wkh �jxuhv 8/ 9/ :/ ;/ vkrz wkh
shuirupdqfh ri wkh dgdswlyh qhxudo frqwuro vshhg
v|vwhp wr wudfn wkh uhihuhqfh vhw srlqw vljqdo1 Lw
fdq eh vhhq wkdw wkh prwru vshhg iroorzv wkh uhi0
huhqfh vljqdo wudmhfwru|/ dqg wkh PVH( ri frqwuro
udslgo| ghfuhdvhv dqg �qdoo| uhdfk wkh ydoxh ohvv
wkdq 4=58(1

615 Vhfrqg h{shulphqw1 Dgdswlyh frqwuro ri d GF
prwru srvlwlrq

Lq wkh vhfrqg h{shulphqw/ wkh remhfwlyh ri wkh
dgdswlyh qhxudo frqwuro v|vwhp ghvljqhg/ lv wr
gulyh wkh GF0prwru/ vr wkdw lwv srvlwlrq/ � � /
iroorzv d ghvluhg srvlwlrq/ u � 1 Wklv lv grqh e|
ohwwlqj wkh GF prwru wr iroorz d vhohfwhg uhihuhqfh
vljqdo srvlwlrq u � > frpsxwhg e| wkh iroorzlqj
htxdwlrq/ +Vsrqj dqg Ylg|dvdjdu/ 4<;<,=

u � @

;
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wi � n � 5wi

5wi ? n ? 6wi

+54,

Zkhuh wkh sdudphwhuv t � > t � > w � duh= t � @ ��@5>
t � @ �@5> dqg w � @ 7= Wklv vljqdo kdv ehhq
vhohfwhg/ ehfdxvh zh zdqw wr whvw wkh prwru zlwk
d vprrwk uhihuhqfh vljqdo1

Wkh uhvxowv ri wkh rq0olqh GF prwru gulyh srvlwlrq
frqwuro/ duh jlyhq lq Ilj </ 43/ 44 dqg 451

Iru wklv h{shulphqw/ wkh lghqwl�fdwlrq UWQQ L
kdv wkh wrsrorj| 4/7/4 dqg wkh QQ frqwuroohuv/
UWQQ ��� dqg UWQQ � 
 > kdyh wkh wrsrorjlhv 7/7/4
dqg 4/5/4/ uhvshfwlyho|1

Ilj1 <1 Uhdo0wlph dgdswlyh qhxudo frqwuro ri d
GF0prwru srvlwlrq1 Frpsdulvrq ehwzhhq wkh
uhihuhqfh vljqdo + �� , dqg wkh GF0prwru
rxwsxw vljqdo + 0 0 0 , lq wkh �uvw wkluw| vhfrqgv
ri wkh frqwuro h{shulphqw1

Ilj1 431 Wkh phdq vtxduh huuru ri srvlwlrq frqwuro
+PVH(,1

Ilj1 441 Wkh vwdwhv ri wkh sodqw/ hvwlpdwhg e| wkh
lghqwl�fdwlrq UWQQ1 d, �uvw vwdwh> e, vhfrqg
vwdwh> f, wklug vwdwh> g, irxuwk vwdwh1

Wkh ohduqlqj sdudphwhuv iru wkh srvlwlrq h{shul0
phqw duh jlyhq lq Wdeoh 5



Ilj1 451 Wkh frqwuro vljqdo1

Wdeoh 5= Ohduqlqj sdudphwhuv lq srvlwlrq frqwuro

QQ � �
UWQQ � 3134 3134

UWQQ ��� 3133334 313334

UWQQ � 
 3137 31338

Wkh vdpsolqj shulrg iru doo vljqdov ri wklv h{0
shulphqw lv= Wr@31341 Wkh h{shulphqwdo uhvxowv/
jlyhq rq �jxuhv </ 43/ 44 dqg 45/ vkrz wkh shu0
irupdqfh ri wkh dgdswlyh qhxudo frqwuro srvlwlrq
v|vwhp wr wudfn wkh uhihuhqfh vhw srlqw vljqdo1
Lw fdq eh vhhq wkdw wkh prwru srvlwlrq iroorzv
wkh uhihuhqfh vljqdo wudmhfwru|/ dqg wkh PVH(
ri frqwuro udslgo| ghfuhdvhv dqg �qdoo| uhdfk wkh
ydoxh ohvv wkdq 6=8(1

71 FRQFOXVLRQV

Lq wklv sdshu/ dq lpsuryhg sdudooho uhfxuuhqw qhx0
udo qhwzrun/ qdphg Uhfxuuhqw Wudlqdeoh QQ/ zlwk
d Mrugdq fdqrqlfdo vwuxfwxuh/ dqg d qhz pdwulfldo
ohduqlqj dojrulwkp/ duh sursrvhg1 Wkh UWQQ lv
urexvw zlwk uhvshfw wr wkh xqprghohg g|qdplfv
dqg xqfhuwdlqwlhv ehfdxvh ri lwv ihhgedfn wrsrorj|
dqg lwv Edfnsursdjdwlrq Wkurxjk Wlph ohduqlqj
dojrulwkp/ edvhg rq dq dgmrlqw vhqvlwlylw| QQ
prgho1 Wklv surshuw| wxuqv lw dv d srzhuixoo uhs0
uhvhqwdwlyh ri qrqolqhdu pdsv1 Lq wkh vdph zd|/
wklv sdshu frq�upv wkh UWQQ lghqwl�fdwlrq dqg
frqwuro delolwlhv e| vhulhv ri uhdo0wlph h{shulphqwv/
shuiruphg zlwk d GF0prwru gulyh phfkdqlfdo
v|vwhp1 D uhdo0wlph dgdswlyh GF0prwru yhorflw|
dqg srvlwlrq wudfnlqj frqwuro vfkhphv/ frqwdlqlqj
wkuhh UWQQv kdv ehhq vxffhvvixo| h{shulphqwhg1
Wkh h{shulphqwdo uhvxowv vkrz wkdw wkh xqnqrzq
qrqolqhdu g|qdplfv ri d GF prwru gulyh dqg lwv
xqnqrzq ordg/ kdv ehhq vxfhvvixoo| fdswxuhg e|
wkh lghqwl�fdwlrq UWQQ1 Wkh frqwuro h{shulphqw
h{klelw d jrrg shuirupdqfh ri wkh uhdo wlph dgds0
wlyh qhxudo frqwuro v|vwhp dqg idvw frqyhujhqfh ri
doo UWQQv1
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