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Devwudfw

Wkh skdvh ri d iuhtxhqf| vwdqgdug wkdw xvhv shulrglf lqwhuurjd0
wlrq dqg frqwuro ri d orfdo rvfloodwru +OR, lv ghjudghg e| d orqj0whup
udqgrp0zdon frpsrqhqw lqgxfhg e| grzqfrqyhuvlrq ri OR qrlvh lqwr
wkh orrs sdvvedqg1 Wkh Glfn irupxod iru wkh qrlvh ohyho ri wklv ghjud0
gdwlrq fdq eh ghulyhg iurp h{solflw vroxwlrqv ri wzr OR frqwuro0orrs
prghov1 D vxppdu| ri wkh ghulydwlrqv lv jlyhq khuh1

4 Lqwurgxfwlrq

Lq 4<;:/ iroorzlqj d vxjjhvwlrq ri O1 Fxwohu/ J1 M1 Glfn ^4` ghvfulehg d
vrxufh ri orqj0whup lqvwdelolw| iru d fodvv ri sdvvlyh iuhtxhqf| vwdqgdugv wkdw
lqfoxghv lrq wudsv dqg dwrplf irxqwdlqv1 Lq wkhvh vwdqgdugv/ wkh iuhtxhqf|
ri d orfdo rvfloodwru +OR, lv frqwuroohg e| d ihhgedfn orrs zkrvh ghwhfwlrq
dqg frqwuro rshudwlrqv duh shulrglf zlwk vrph shulrg WS1 Iru hdfk f|foh/ wkh
rxwsxw ri wkh ghwhfwru lv d zhljkwhg dyhudjh ri wkh OR iuhtxhqf| huuru ryhu
wkh f|foh1 Wkh zhljkwlqj ixqfwlrq j+w,/ ghulyhg iurp txdqwxp0phfkdqlfdo
fdofxodwlrqv/ ghshqgv rq wkh phwkrg e| zklfk wkh dwrpv duh lqwhuurjdwhg

WWkh zrun ghvfulehg khuh zdv shuiruphg e| wkh Mhw Sursxovlrq Oderudwru|/ Fdoliru0
qld Lqvwlwxwh ri Whfkqrorj|/ xqghu d frqwudfw zlwk wkh Qdwlrqdo Dhurqdxwlfv dqg Vsdfh
Dgplqlvwudwlrq1
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e| wkh UI �hog jhqhudwhg e| xsfrqyhuvlrq ri wkh OR vljqdo wr wkh dwrplf
wudqvlwlrq iuhtxhqf| ^4/ 5/ 6`1 Lq jhqhudo/ j+w, fdq eh }hur ryhu d frqvlghudeoh
sruwlrq ri wkh f|foh1 Wkh OR frqwuro vljqdo ryhu hdfk f|foh lv d ixqfwlrq ri
wkh ghwhfwru rxwsxwv iurp suhylrxv f|fohv1

Wkh sxusrvh ri d iuhtxhqf|0frqwuro orrs lv wr dwwhqxdwh wkh iuhtxhqf|
 xfwxdwlrqv ri wkh OR lqvlgh wkh orrs sdvvedqg/ zkloh wrohudwlqj wkhp rxw0
vlgh wkh sdvvedqg1 Dv Glfn vdz/ wkrxjk/ wkh shulrglf lqwhuurjdwlrq fdxvhv
rxw0ri0edqg OR qrlvh srzhu/ qhdu wkh f|foh iuhtxhqf| iS @ 4@WS dqg lwv kdu0
prqlfv/ wr eh grzqfrqyhuwhg lqwr wkh orrs sdvvedqg/ wkxv lqmhfwlqj udqgrp
idovh lqirupdwlrq derxw wkh fxuuhqw dyhudjh OR iuhtxhqf| lqwr wkh frqwuro
vljqdo1 Wklv udqgrp idovh iuhtxhqf| fruuhfwlrq fdxvhv d frpsrqhqw ri zklwh
IP/ ru udqgrp zdon ri skdvh/ wr shuvlvw lq wkh rxwsxw ri wkh orfnhg OR
+OOR, ryhu wkh orqj whup1 Glfn jdyh d irupxod iru wkh zklwh0IP qrlvh ohyho
frqwulexwhg e| wklv h�hfw/ qdpho|/

Vww�
+ +3, @ 5

"[
&'�

j2&
j2
f

Vw�
+ +niS, > +4,

zkhuh Vww�
+ +i, lv wkh vshfwudo ghqvlw| ri wkh Glfn0h�hfw sruwlrq ri wkh qru0

pdol}hg iuhtxhqf| qrlvh ri wkh OOR/ Vw�
+ +i, lv wkh vshfwudo ghqvlw| ri wkh

qrupdol}hg iuhtxhqf| qrlvh ri wkh iuhh0uxqqlqj OR/ dqg j& lv wkh Irxulhu
frh!flhqw

j& @
4

WS

] AS

f

j +w, frv +5�niSw, gw> +5,

zkhuh j +w, lv dvvxphg wr eh v|pphwulf derxw WS@51 Wklv ohyho ri zklwh IP
qhdu Irxulhu iuhtxhqf| }hur frqwulexwhv dq dv|pswrwlf frpsrqhqw ri Doodq
yduldqfh jlyhq e|

�2
++�, �

Vww�
+ +3,

5�
+iS� $ 4,= +6,

P| sxusrvh khuh lv wr vxssohphqw suhylrxv ghulydwlrqv ^4/ 5/ 6/ 7` ri wkh
Glfn irupxod +4, e| dq dssurdfk wkdw xvhv h{solflw wlph0grpdlq vroxwlrqv ri
vlpsoh OR frqwuro orrs prghov zlwk d jhqhudo ghwhfwlrq zhljkwlqj ixqfwlrq
j+w,1 Fduhixo lqwhusuhwdwlrq ri wkhvh vroxwlrqv |lhogv irupxodv iru wkh OOR
vshfwudo ghqvlw|/ dqg frqglwlrqv iru wkh ydolglw| ri wkh Glfn irupxod1 Wkhvh
prghov duh qrw uhsuhvhqwhg wr eh uhdolvwlf prghov ri dfwxdo iuhtxhqf| vwdq0
gdugv1 E| h{klelwlqj wkh suhvhqfh ri wkh Glfn h�hfw lq prghov ri wudqvsduhqw
vlpsolflw|/ L lqwhqg wr uhpryh dq| uhpdlqlqj grxew ri lwv h{lvwhqfh dqg wr
lvrodwh lwv hvvhqwldo qdwxuh/ lq wkh krsh ri dlglqj h�ruwv wr uhgxfh lw1

Wklv sdshu jlyhv rqo| d vxppdu| ri wkh vroxwlrq phwkrg> ghwdlov zloo eh
vxeplwwhg hovhzkhuh1
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5 Frqwuro0Orrs Prghov

Iljxuh 4 vkrzv wzr prghov iru dq OR frqwuro orrs1 Prgho 4 lv lqwhqghg
wr fruuhvsrqg wr Glfn*v prghov ^4/ 5`1 Prgho 5 h{whqgv wkh prgho ri Or
Suhvwl/ Sdwdqë/ Uryhud/ dqg Gh Pdufkl ^7` wr d jhqhudo zhljkwlqj ixqfwlrq1
D xql�hg wuhdwphqw ri wkh wzr prghov lv suhvhqwhg dw wkh h{shqvh ri d
frq lfw ri qrwdwlrq ehwzhhq wklv sdshu dqg ^7`= ehfdxvh wkh prgho ri Or
Suhvwl hw do1 lqfoxghv wkh h�hfw ri dowhuqdwh lqwhuurjdwlrq ri wkh wzr vlghv ri
d Udpvh| iulqjh/ wkh f|foh shulrg WS xvhg khuh fruuhvsrqgv wr wkh vdpsoh
shulrg Wr @ 5WS lq ^7`/ dqg wkh j +w, xvhg lq Prgho 5 uhdoo| frqvlvwv ri wzr
shulrgv ri wkh j +w, xvhg lq Prgho 41

Lq Prgho 4/ wkh er{ J� uhsuhvhqwv d olqhdu wlph0lqyduldqw �owhu zlwk
lpsxovh uhvsrqvh j +w, @ +WSjf, iru 3 ? w ? WS/ dqg }hur hovhzkhuh1 Lw lv
lpsruwdqw wr revhuyh wkdw J� kdv xqlw| jdlq dw GF1 Lwv wudqvihu ixqfwlrq lv

J� +i, @
4

WSjf

] AS

f

j+w,h3�2Zs|gw= +7,

Wkh rxwsxw ri wkh er{ J� dw wlph w lv

J�|ww� +w, @
4

WSjf

] AS

f

j +x, |ww� +w� x,gx>

zklfk lv �fwlwlrxv xqohvv w lv d pxowlsoh ri WS1 Wkh rxwsxw ri wkh vdpsohu dw
wlph qWS lv wkh qrupdol}hg lqwhuurjdwlrq uhsruw

J�|ww� +qWS, @
4

WSjf

] AS

f

j +x, |ww� +qWS � x,gx= +8,

iru wkh qwk f|foh1 +Uhfdoo wkh v|pphwu| ri j +w, derxw wkh plgsrlqw ri wkh
f|foh1, Wkh ghwhfwlrq qrlvh whup y? fdq uhsuhvhqw skrwrq0frxqw  xfwxdwlrqv
lq iuhtxhqf| vwdqgdugv zlwk rswlfdo ghwhfwlrq/ iru h{dpsoh1 Wkh fxpxodwlyh
vxp ri wkh huuru vljqdov/ pxowlsolhg e| d jdlq idfwru � ehwzhhq 3 dqg 4/ lv
wkh iuhtxhqf| fruuhfwlrq |? wkdw lv dssolhg wr wkh OR gxulqj wkh qh{w f|foh1
H{fhsw iru lqlwldo frqglwlrqv/ Prgho 4 lv vshfl�hg frpsohwho| e| +8, dqg wkh
htxdwlrqv

|? � |?3� @ � +J�|ww� +qWS, . y?, > +9,

|ww� +w, @ |w� +w,� |?3�> +q� 4,WS ? w � qWS> +:,

lq zklfk lw lv frqyhqlhqw wr vxssrvh wkdw q uxqv wkurxjk doo lqwhjhuv1
Lq Prgho 5/ wkh krog dqg lqwhjudwlrq rshudwlrqv hplw d ghod|hg olqhdu

lqwhusrodwlrq ri wkh fxpxodwlyh vxp ri wkh lqsxw wr wkh krog/ prgxor d
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frqvwdqw ri lqwhjudwlrq1 Ohw |? eh � wlphv wkdw fxpxodwlyh vxp1 Wkhq |?
djdlq vdwlv�hv +9,1 Lq sodfh ri +:, zh kdyh

|ww� +w, @ |w� +w,�

�
w

WS
� q. 4

�
|?3��

�
q�

w

WS

�
|?32> +q� 4,WS ? w � qWS=

+;,
Lq Prgho 4/ wkh iuhtxhqf| fruuhfwlrq gxulqj d f|foh lv frqvwdqw> khuh/ lw lv d
udps1

6 Vxppdu| ri Vroxwlrq Phwkrg

Wkh ghulydwlrq ri wkh OOR iuhtxhqf| vshfwuxp iurp wkhvh prgho htxdwlrqv
lv fduulhg rxw e| wkh iroorzlqj vwhsv1

Iluvw/ e| lvrodwlqj wkh gljlwdo dvshfwv ri wkh prghov/ rqh fdq vroyh iru |?1
Lq Prgho 4/ vxevwlwxwlrq ri +:, lqwr +9, jlyhv d �uvw0rughu gl�huhqfh htxdwlrq
iru |? lq whupv ri wkh txdqwlw|

z? @ J�|w� +qWS, . y?= +<,

Wkh vroxwlrq ri wklv gl�huhqfh htxdwlrq kdv wkh irup |? @ K_�z?/ zkhuh
K_� lv d xqlw|0jdlq orzsdvv gljlwdo vlqjoh0sroh �owhu zlwk wudqvihu ixqfwlrq

K_� +}, @
�

4� +4� �, }3�
=

Wkh wlph frqvwdqw lv dssur{lpdwho| WS@� iru � � 41 Wkh wudqvlhqw frpsr0
qhqw ri wkh vroxwlrq lv qhjohfwhg1 Prgho 5 jlyhv d vhfrqg0rughu gl�huhqfh
htxdwlrq wkdw lv vroyhg e| wkh wzr0sroh �owhu

K_2 +}, @
�

4� !�}
3� � !2}

32
>

zkrvh frh!flhqwv ghshqg lq d vlpsoh zd| rq j +w, dqg wkh jdlq idfwru �1
Xqghu d uhdvrqdeoh dvvxpswlrq rq j +w,/ rqh fdq dgmxvw wkh jdlq wr pdnh
wkh �owhu ryhugdpshg/ fulwlfdoo| gdpshg/ ru xqghugdpshg1

Vhfrqg/ zlwk |? nqrzq/ lw lv hylghqw iurp +:, ru +;, wkdw wkh OOR iuh0
txhqf| lv d nqrzq ixqfwlrq ri wlph rq hdfk f|foh1 Ehfdxvh ri wkh slhfhzlvh
qdwxuh ri wkh vroxwlrq/ zh qhhg wr xvh fduh lq lwv lqwhusuhwdwlrq wr rewdlq d
zhoo0gh�qhg vshfwuxp1 Ohw xv djuhh wkdw wkh orz0iuhtxhqf| vshfwudo ehkdylru
ri wkh OOR skdvh lv dghtxdwho| nqrzq li zh fdq ghwhuplqh wkh glvfuhwh0wlph
vshfwuxp ri wkh skdvh zkhq vdpsohg zlwk shulrg WS1 Lq wxuq/ zh nqrz wkh
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vdpsohg0skdvh vshfwuxp li zh nqrz wkh glvfuhwh0wlph vshfwuxp ri wkh vh0
txhqfh ri dyhudjh OOR iuhtxhqflhv1 Ohw �|ww� +qWS, eh wkh dyhudjh ydoxh ri
OOR iuhtxhqf| ryhu wkh f|foh hqglqj dw qWS1 Nqrzlqj wkh OOR iuhtxhqf|
dv d ixqfwlrq ri wlph ryhu wklv f|foh/ zh fdq jhqhudwh dq h{solflw irupxod
iru wkh dyhudjh iuhtxhqf|1 Wklv irupxod lv vkrzq dv d eorfn gldjudp lq Ilj1
5/ zklfk dssolhv wr erwk orrs prghov1 Wkh eorfn odehohg �dyhudjh� lv wkh
frqwlqxrxv0wlph prylqj0dyhudjh �owhu iru shulrg WS> wkh iroorzlqj vdpsohu
jlyhv wkh vhtxhqfh ri OR iuhtxhqflhv dyhudjhg ryhu vxffhvvlyh f|fohv1 Wkh
rqo| frpsrqhqw wkdw ghshqgv h{solflwo| rq wkh prgho lv wkh eorfn odehohg
Ke/ d xqlw|0jdlq orzsdvv gljlwdo �owhu zlwk wudqvihu ixqfwlrq }3�K_� +}, iru
Prgho 4/ �

2

�
}3� . }32

�
K_2 +}, iru Prgho 51

Wklug/ wkh wzr0vlghg OOR iuhtxhqf| vshfwuxp fdq eh ghgxfhg iurp wkh
eorfn gldjudp ri Ilj1 5 e| revhuylqj wkdw wkh gldjudp lv htxlydohqw wr d
fhuwdlq frqwlqxrxv0wlph rshudwlrq iroorzhg e| d vlqjoh vdpsohu1 Lq whupv ri
wkh wzr0vlghg OR iuhtxhqf| vshfwuxp Vw�

+ +i, dqg ghwhfwlrq0qrlvh vshfwuxp
V� +i,/ wkh OOR vshfwuxp fdq eh zulwwhq dv iroorzv=

Vww�
7+ +i, @ Vf

7+ +i, . V�
7+ +i, > mi m � iS@5>

zkhuh

Vf
7+ +i, @

�����
4� }3�

l5�iWS
�Ke +},J� +i,

�����
2

Vw�
+ +i, . mKe +},m

2 V� +i, > +43,

wkh pdlq vshfwuxp/ vr wr vshdn/ dqg

V�
7+ +i, @

[
& �'f

�����
4� }3�

l5� +iWS . n,
�Ke +},J� +i . niS,

�����
2

Vw�
+ +i . niS, > +44,

wkh doldvhg vshfwuxp1 Lq wkhvh irupxodv/ } @ h�2ZsAS 1 Wkh vxp lqfoxghv erwk
srvlwlyh dqg qhjdwlyh n1

7 Pdlq dqg Doldvhg Vshfwud

Frqvlghu wkh pdlq sduw +43, ri wkh OOR iuhtxhqf| vshfwuxp1 Wkh OR vshf0
wuxp lv pxowlsolhg e| d idfwru wkdw lv R

�
i2

�
dv i $ 31 Wklv lv wkh edvlf

dfwlrq ri wkh �uvw0rughu iuhtxhqf| frqwuro orrs/ zklfk dwwhqxdwhv wkh h{fxu0
vlrqv ri wkh OR lqvlgh wkh orrs edqgzlgwk1 Iru h{dpsoh/  lfnhu IP lq wkh
OR lv uhgxfhg wr  lfnhu SP lq wkh OOR/ dqg udqgrp zdon IP lv uhgxfhg
wr zklwh IP1 Lq dgglwlrq/ wkhuh lv d orzsdvv0�owhuhg zklwh ghwhfwlrq qrlvh lq
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wkh OOR iuhtxhqf|1 Zh fdq uhjdug Ke +},J� +i, dv wkh forvhg0orrs wudqvihu
ixqfwlrq iurp OR iuhtxhqf| qrlvh wr OR fruuhfwlrq vljqdo1

Wkh Glfn h�hfw lv vxssrvhg wr frph iurp d orqj0whup zklwh0IP frp0
srqhqw lq wkh doldvhg vshfwuxp1 Wkhuh lv vxfk d frqwulexwlrq li wkh doldvhg
vshfwuxp +44, lv frqwlqxrxv dqg srvlwlyh dw i @ 31 Xqghu uhdvrqdeoh frqgl0
wlrqv/ wklv lv vr/ dqg zh pd| vhw i @ 3 +} @ 4, lq +44,1 Ehfdxvh Ke +4, @ 4/
zh kdyh

V�
7+ +3, @ 5

"[
&'�

mJ� +niS,m
2 Vw�

+ +niS, > +45,

zkhuh zh kdyh qrz xvhg wkh v|pphwu| ri wkh vxppdqgv derxw }hur iuh0
txhqf|1 Wklv irupxod krogv iru rqh0vlghg vshfwudo ghqvlwlhv dovr1

Wkh qxpehuv mJ� +niS,m
2 duh lqyduldqw wr f|folf wudqvodwlrqv ri wkh ixqf0

wlrq j +w, lq wlph1 Lw iroorzv wkdw wkh uhvxow +45, lv lqyduldqw wr vkliwv lq wkh
wlph ruljlq/ l1h1/ li wkh OOR skdvh lv vdpsohg rq dq| wlph julg zlwk vsdf0
lqj WS/ wkhq wkh vdpsohv zloo lqfoxgh d zklwh0IP frpsrqhqw zlwk vshfwudo
ghqvlw| +45, dw }hur iuhtxhqf|1 Li j +w, lv v|pphwulf derxw WS@5 iru rxu wlph
ruljlq/ wkhq

J� +niS, @
j&
jf

>

zkhuh j& lv jlyhq e| +5,1 Wkxv +45, h{whqgv wkh Glfn irupxod +4, wr dv|p0
phwulf zhljkwlqj ixqfwlrqv1

Wkh Glfn irupxod/ zklfk jlyhv wkh olplwlqj ydoxh ri vshfwudo ghqvlw| dw
}hur Irxulhu iuhtxhqf|/ lv h{dfw iru erwk prghov/ hyhq wkrxjk wkh OOR vshf0
wuxp dw qrq}hur iuhtxhqflhv lv gl�huhqw iru wkh wzr prghov1 D vlpsoh dssur{0
lpdwlrq iru wkh doldvhg vshfwuxp +44, krogv li wkh jdlq frqvwdqw � lv pxfk
ohvv wkdq 41 Wkhq wkh orrs edqgzlgwk lv pxfk ohvv wkdq iS +wlph frqvwdqw
pxfk juhdwhu wkdq WS,1 Dvvxph dovr wkdw J� +niS . i, dqg Vw�

+ +niS . i,
fdq eh uhjdughg dv dssur{lpdwho| frqvwdqw iru qrq}hur n dqg iru i zlwklq
wkh orrs edqgzlgwk1 Wkhq/ iru vxfk i / wkh doldvhg vshfwuxp kdv dssur{0
lpdwho| wkh vdph vkdsh dv wkh iuhtxhqf| uhvsrqvh ri wkh gljlwdo �owhu Ke/
zlwk ydoxh dw 3 jlyhq e| wkh Glfn irupxod1 Iru erwk prghov/ wklv vkdsh
lv dssur{lpdwho| Oruhqw}ldq1 Wkxv/ wkh Glfn0h�hfw Doodq yduldqfh frpsr0
qhqw wdnhv wkh dv|pswrwlf zklwh0IP irup +6, rqo| iru dyhudjlqj wlphv �
juhdwhu wkdq urxjko| wzlfh wkh orrs wlph frqvwdqw1 Lq wklv dssur{lpdwlrq/
wkh Glfn0h�hfw dqg ghwhfwlrq qrlvhv dsshdu lqvlgh wkh orrs edqgzlgwk/ wkh
qrq0doldvhg OR qrlvh rxwvlgh1
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8 Uhpdunv

Dowkrxjk L kdyh qrw frqvlghuhg dq| rwkhu prghov/ wkh Glfn h�hfw dsshduv
wr eh dq lqkhuhqw surshuw| ri shulrglf orfdo0rvfloodwru frqwuro orrsv1 Iru
wkh wzr prghov wuhdwhg khuh/ wklv zdv vkrzq e| d fduhixo lqwhusuhwdwlrq ri
h{solflw vroxwlrqv iru wkh rxwsxw iuhtxhqf| dv ixqfwlrq ri wlph1

L kdyh qrz frph ixoo flufoh rq wklv wrslf1 P| lqyroyhphqw ehjdq lq 4<;:
zkhq Mrkq Glfn dvnhg ph wr ghulyh wkh vshfwuxp ri J�|w� diwhu vdpsolqj1
L glg qrw xqghuvwdqg= lq Ilj1 4/ J� lv dssolhg wr |ww�/ qrw wr |w�1 Qhy0
huwkhohvv/ L glg wkh fdofxodwlrq/ wkhuhe| frqwulexwlqj wkh idfwru 5 lq Glfn*v
irupxod1 Qrz/ iurp wkh eorfn gldjudp lq Ilj1 5/ zh vhh krz wkh vdpsohg
J�|w� �wv lqwr wkh slfwxuh1 Frxog wkh Glfn h�hfw eh fdqfhoohg e| uhsodf0
lqj wkh dyhudjlqj �owhu e| d J� �owhuB Dodv�wklv eorfn gldjudp lv phuho|
d judsklfdo uhsuhvhqwdwlrq ri d pdwkhpdwlfdo irupxod> lw kdv qr sk|vlfdo
h{lvwhqfh1

Uhihuhqfhv

^4` J1 M1 Glfn/ �Orfdo rvfloodwru lqgxfhg lqvwdelolwlhv lq wudsshg lrq iuh0
txhqf| vwdqgdugv�/ Surf 4<wk Suhflvh Wlph dqg Wlph Lqwhuydo +SWWL,
Dssolfdwlrqv dqg Sodqqlqj Phhwlqj/ ss 466�47:/ Uhgrqgr Ehdfk/ FD/
4<;:

^5` J1 M1 Glfn/ M1 G1 Suhvwdjh/ F1 D1 Juhhqkdoo/ O1 Pdohnl/ �Orfdo rvflo0
odwru lqgxfhg ghjudgdwlrq ri phglxp0whup vwdelolw| lq sdvvlyh dwrplf
iuhtxhqf| vwdqgdugv�/ Surf 55qg SWWL Phhwlqj/ ss 7;:�83;/ Ylhqqd/
YD/ 4<<3

^6` J1 Vdqwduhool/ Sk1 Odxuhqw/ D1 Fodlurq/ J1 M1 Glfn/ F1 D1 Juhhqkdoo/
F1 Dxgrlq/ �Wkhruhwlfdo ghvfulswlrq dqg h{shulphqwdo hydoxdwlrq ri wkh
h�hfw ri wkh lqwhuurjdwlrq rvfloodwru iuhtxhqf| qrlvh rq wkh vwdelolw| ri d
sxovhg dwrplf iuhtxhqf| vwdqgdug�/ 43wk Hxurshdq Iuhtxhqf| dqg Wlph
Iruxp/ Euljkwrq/ XN/ 4<<9

^7` O1 Or Suhvwl/ I1 Sdwdqë/ G1 Uryhud/ D1 Gh Pdufkl/ �D vlpxodwlrq jxlghg
dqdo|wlfdo dssurdfk wr wkh wkhru| ri wkh Glfn h�hfw�/ 4<<9 LHHH Lqwhu0
qdwlrqdo Iuhtxhqf| Frqwuro V|psrvlxp/ Krqroxox/ 4<<9
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Fig. 1. Simplified models of local-oscillator control loops
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