
Pruskrorjlfdo rshudwruv rq wkh xqlw flufoh
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Pd| 5334

Devwudfw
Lpdjhv hqfrglqj dqjxodu lqirupdwlrq duh frpprq lq lpdjh dqdo|0

vlv1 H{dpsohv duh wkh kxh edqg ri frorxu lpdjhv/ ru lpdjhv hqfrglqj
gluhfwlrqdo wh{wxuh lqirupdwlrq1 Dsso|lqj pdwkhpdwlfdo pruskrorj|
wr lpdjh gdwd glvwulexwhg rq wkh xqlw flufoh lv qrw lpphgldwho| srv0
vleoh/ dv wkh xqlw flufoh lv qrw d odwwlfh1 Wkuhh dssurdfkhv wr wklv
sureohp duh suhvhqwhg1 Iluvwo|/ gl�huhqfh edvhg rshudwruv duh vwxglhg
+h1j1 judglhqw/ wrs0kdw,1 Vhfrqgo|/ d gh�qlwlrq ri jurxshg flufxodu
gdwd lv vxjjhvwhg/ dqg �svhxgr� pruskrorjlfdo rshudwruv/ zklfk rs0
hudwh rqo| rq jurxshg gdwd duh lqwurgxfhg1 Odvwo|/ wkh wuhdwphqw ri
wkhvh lpdjhv dv odehoohg lpdjhv lv suhvhqwhg/ ohdglqj wr wkh ghyhors0
phqw ri d f|folf rshqlqj rshudwru1 Dssolfdwlrqv wr wuhdwlqj wkh kxh
edqg ri frorxu lpdjhv dqg wr �qglqj shuwxuedwlrqv lq zrrg wh{wxuh
duh jlyhq1

4 Lqwurgxfwlrq
Lq lpdjh dqdo|vlv/ rqh riwhq kdv wr wuhdw gdwd glvwulexwhg rq wkh xqlw flufoh1
Wkh wzr vwxglhv zklfk prwlydwhg wkh ghyhorsphqw ri wkh wkhruhwlfdo hohphqwv
suhvhqwhg lq wklv duwlfoh looxvwudwh vrph vlwxdwlrqv hqfrxqwhuhg riwhq= Wkh �uvw
lqyroyhv wkh ghvfulswlrq ri gluhfwlrqdo wh{wxuhv/ dqg wkh rwkhu/ wkh �owudwlrq
ri wkh kxh frpsrqhqw lq frorxu lpdjhv1

� Erwk dxwkruv duh zlwk wkh Fhqwuh gh Pruskrorjlh Pdwkìpdwltxh/ Hfroh ghv Plqhv
gh Sdulv/ 68 uxh Vdlqw0Krqruì/ ::633 Irqwdlqheohdx/ Iudqfh1 H0pdlo vkrxog eh vhqw wr=
Kdqexu|Cfpp1hqvps1iu
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Wkh dssolfdwlrq ri pruskrorjlfdo rshudwruv wr wkh kxh edqg ri frorxu
lpdjhv lv uhodwhg wr dqrwkhu vxemhfw zklfk kdv uhfhlyhg pxfk dwwhqwlrq/ pru0
skrorj| iru yhfwru lpdjhv/ vshfl�fdoo| frorxu lpdjhv1 D qxpehu ri srvvleoh
rughuv iru frorxu yhfwruv lq wkh UJE frorxu vsdfh kdyh ehhq sursrvhg ^4` ^5`
^7` ^<`1 Zrun xvlqj dq dqjxodu uhsuhvhqwdwlrq ri kxh/ dqg khqfh pruh forvho|
uhodwhg wr wkh dssurdfk suhvhqwhg lq wklv duwlfoh lv suhvhqwhg e| Shwhuv ^8`/
zkr ghyhorsv pruskrorjlfdo rshudwruv rq wkh kxh flufoh zklfk uhtxluh wkh
fkrlfh ri dq ruljlq> Ghpduw| dqg Ehxfkhu ^6` zkr wuhdw lpdjh vhjphqwdwlrq
lq wkh KOV frorxu vsdfh> dqg ]kdqj dqg Zdqj ^44` zkr suhvhqw gh�qlwlrqv ri
wzr glvwdqfhv rq wkh kxh flufoh lq wkh frqwh{w ri frorxu lpdjh vhjphqwdwlrq1

Wkh xqlw flufoh/ olnh wkh urxqg wdeoh ri Nlqj Duwkxu*v nqljkwv/ kdv qr
rughu ri lpsruwdqfh/ dqg qr grplqdqw srvlwlrq1 Lq pdwkhpdwlfdo whupv/
wklv vljql�hv wkdw zh fdqqrw frqvwuxfw d odwwlfh rq wkh xqlw flufoh/ xqohvv
dvvljqlqj lw dq duelwudu| ruljlq1 Wklv lv d vhyhuh yhuglfw djdlqvw pruskrorjlfdo
wuhdwphqwv +l1h1 rshudwruv uho|lqj rq odwwlfhv, zkhq zh xvh wkhp rq wkh xqlw
flufoh1

Krzhyhu/ lv lw uhdoo| lpsrvvleoh wr e|sdvv wklv lqwhuglfwlrqB Li zh frqvlghu
wkh vwdqgdug pruskrorjlfdo rshudwruv/ wkuhh sdwkv vhhp srvvleoh1 Iluvwo|/
wkhuh lv wkh fodvv ri rshudwruv zklfk eulqj lqwr sod| d gl�huhqfh/ vxfk dv
judglhqwv/ wrs0kdwv/ phgldqv/ hwf1 Grhv wklv gl�huhqfh qrw lqwurgxfh d or0
fdo ruljlq/ reylrxvo| yduldeoh dw hdfk srlqw/ exw vx!flhqw wr wudqvihu wr wkh
flufxodu fdvhB Vhfwlrq 5 wuhdwv wkhvh rshudwruv1

Wkh vhfrqg dssurdfk/ fryhuhg lq vhfwlrq 6/ frqvlghuv wkh jurxslqj ri
flufxodu gdwd1 Ghflglqj rq wkh qxpehu ri jurxsv lq d gdwdvhw lv qrw vwudljkw0
iruzdug/ vr zh lqwurgxfh d vlpsoh fulwhulrq iru jurxshg gdwd/ dqg gh�qh wkh
edvlf pruskrorjlfdo rshudwruv vr wkdw wkh| dfw rqo| li d vwuxfwxulqj hohphqw
frqwdlqv jurxshg gdwd1

Wkh wklug dssurdfk/ ghyhorshg lq vhfwlrq 7/ lqyroyhv d gl�huhqw zd| ri
ylhzlqj wkh vlwxdwlrq1 D vhtxhqfh ri odehov zlwk lqgh{ l 5 gh�qhg rq wkh
xqlw flufoh fdq vhuyh wr lqgh{ wkh dqjohv1 Wkhuh frxog eh d ur|do eoxh fodvv/
dq dssoh juhhq fodvv/ hwf1/ zlwk wkh frqglwlrq wkdw wkh odehov zlwk qxpehuv
lnQ duh lghqwlfdo wr wkrvh qxpehuhg l1 Li hyhu| sl{ho lq wkh lpdjh lv dvvljqhg
d odeho/ wkhq zh kdyh dq lqgh{hg sduwlwlrq ri wkh lpdjh1 Zlwk wzr odehov/
rqh lv lq d vlwxdwlrq dqdorjrxv wr wkdw ri d elqdu| lpdjh1 Iru wklv fdvh/ wkh
dowhuqdwlqj �owhuv ri w|sh *� +l1h1 wkh uhvxow ri d frpsrvlwlrq ri dq rshqlqj
e| d forvlqj, fdq dovr eh ylhzhg dv wkh surgxfw ri wzr rshqlqjv rshudwlqj
vxffhvvlyho| rq wkh wzr odehoohg uhjlrqv �iruhjurxqg� dqg �edfnjurxqg�1 Li/
lqvwhdg ri wzr odehov/ zh kdyh Q / dqg li zh shuirup d f|foh ri Q rshqlqjv
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Iljxuh 4= Wkh lpdjhv xvhg lq wkh h{dpsohv
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vxffhvvlyho| rq hdfk ri wkh odehoohg uhjlrqv/ zkdw lv wkh uhvxowB

5 Flufxodu fhqwhuhg rshudwruv
Zh �{ dq ruljlq d � rq wkh xqlw flufoh F zlwk fhqwuh r e|/ iru h{dpsoh/ fkrrvlqj
wkh wrsprvw srlqw/ dqg lqglfdwh wkh srlqwv d � rq wkh flufoh e| wkhlu fxuylolqhdu
frruglqdwh lq wkh wuljrqrphwulf vhqvh ehwzhhq 3 dqg 2� iurp d � 1 Jlyhq wzr
srlqwv d dqg d � / zh xvh wkh qrwdwlrq d� d � wr lqglfdwh wkh ydoxh ri wkh dfxwh
dqjoh drd � / l1h1

d� d � '
� md� d � m �u md� d � m � �

2� � md� d � m �u md� d � m � � +4,

Li wkh d � duh gljlwdo ydoxhv ehwzhhq f dqg 2DD +iru h{dpsoh,/ wkh h{suhvvlrq
�� �� ehfrphv �� �2.�/ dqg �2�� ehfrphv �2DD�1 Krzhyhu/ zh frqwlqxh
xvlqj wkh qrwdwlrq lq whupv ri �/ dv lw lv pruh hqoljkwhqlqj1

Uhodwlrq 4 dsshduv lq ^8` dssolhg wr wkh wuhdwphqw ri wkh kxh edqg ri
frorxu lpdjhv1 Zh xvh lw khuh wr surylgh d frpsohwh rughulqj ri wkh srlqwv
rq wkh flufoh F xvlqj wkh iroorzlqj dojrulwkp=

d � � d�
� �u d � � d � � d� � d �

Lh �u d � � d � ' d� � d � @?_ d � � d � � �

514 Judglhqw
Zh nqrz wkdw lq wkh Hxfolghdq vsdfh � / wr ghwhuplqh wkh prgxoxv ri wkh
judglhqw/ dw srlqw {/ ri d qxphulfdo gl�huhqwldeoh ixqfwlrq i / rqh frqvlghuv d
vpdoo vskhuh V E{> u� fhqwhuhg rq { zlwk udglxv u1 Wkhq rqh wdnhv wkh vxsuh0
pxp plqxv wkh lq�pxp ri wkh lqfuhphqwv mi E{�� i E|�m/ zkhuh | ghvfulehv
wkh vpdoo vskhuh V E{> u�/ l1h1
2j E{> u� ' bimi E{�� i E|�m > | 5 V E{> u�j � aimi E{�� i E|�m > | 5 V E{> u�j

+5,
Ilqdoo|/ rqh ghwhuplqhv wkh olplw ri wkh ixqfwlrq j E{> u� dv u whqgv wr }hur1
Wklv olplw h{lvwv dv wkh ixqfwlrq i lv gl�huhqwldeoh lq {1 Lq wkh wzr0glphqvlrqdo
gljlwdo fdvh/ lw lv vx!flhqw wr dsso| uhodwlrq 5/ wdnlqj iru V E{> u� wkh xqlw flu0
foh fhqwhuhg rq { +vtxduh ru kh{djrq,1 Wklv lv wkh fodvvlf Ehxfkhu dojrulwkp
^:` iru wkh judglhqw1
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Frqvlghu qrz dq lpdjh ri kxhv ru ri gluhfwlrqv/ l1h1 d ixqfwlrq d G H $ F/
zkhuh H lv dq Hxfolghdq ru gljlwdo vsdfh/ dqg F lv wkh xqlw flufoh1 Dv wkh
suhylrxv ghyhorsphqw rqo| lqyroyhv lqfuhphqwv/ zh fdq wudqvsrvh uhodwlrq 5
wr wkh flufxodu ixqfwlrq d e| uhsodflqj doo wkh md E{�� d E|�m e| md E{�� d E|�m1
Wklv wudqvsrvlwlrq wkhq gh�qhv wkh prgxoxv ri wkh judglhqw ri wkh flufxodu
glvwulexwlrq1 Iru h{dpsoh/ lq � / N E{� lqglfdwhv wkh vhw ri qhljkerxuv dw
glvwdqfh rqh iurp srlqw {/ khqfh

E}h@_ G @� E{� ' �
2bimd E{�� d E|�m > | 5 N E{�j��

2aimd E{�� d E|�m > | 5 N E{�j
+6,

Dv dq looxvwudwlrq/ frqvlghu wkh kxh frpsrqhqw ri �jxuh 4d/ vkrzq lq
�jxuh 5d1 Wklv lpdjh zdv fkrvhq dv lw lv prvwo| uhg lq frorxu/ dqg lq wkh
dqjxodu kxh hqfrglqj/ uhg xvxdoo| xvxdoo| kdv kxh ydoxhv durxqg f � 1 Wklv
phdqv wkdw sl{hov zklfk dsshdu uhg frxog kdyh orz kxh ydoxhv +iru h{dpsoh/ f �
wr �f � , dqg kljk kxh ydoxhv +��f � wr �Sf � ,1 D odujh glvfrqwlqxlw| lv wkhuhiruh
ylvleoh lq wkh kxh lpdjh/ zlwk uhg sl{hov dsshdulqj dw wkh h{wuhplwlhv ri wkh
klvwrjudp +�jxuh 5e,1 D fodvvlfdo judglhqw rq wklv kxh edqg surgxfhv d odujh
qxpehu ri vsxulrxv kljk0ydoxhg sl{hov/ dv vkrzq lq �jxuh 5f1

Wkhvh kljk0ydoxhv duh suhvhqw hyhq wkrxjk wkh qhljkerxulqj sl{hov dsshdu
yhu| vlplodu lq frorxu/ dqg duh gxh wr wkh glvfrqwlqxlw| lq wkh kxh hqfrglqj1 D
jrrg looxvwudwlrq ri wklv lv wkh rxwhu sduw ri wkh kdor/ zklfk dsshduv vprrwk
lq �jxuh 4d/ exw uhvxowv lq yhu| kljk judglhqwv lq �jxuh 5f1 Wkh judglhqw
fdofxodwhg xvlqj htxdwlrq 6/ vkrzq lq �jxuh 5g/ ryhufrphv wklv sureohp1
Qrwh wkdw li zh urwdwh wkh kxh edqg sl{ho ydoxhv e| �/ wkh fodvvlfdo judglhqw
zloo eh wkh vdph dv wkh dqjxodu judglhqw1 Wkh dqjxodu judglhqw lv/ krzhyhu/
lqyduldqw wr urwdwlrqv ri wkh sl{ho ydoxhv1

515 Wrs0kdw
Wkh qrwlrq ri wkh �wrs0kdw�/ lq wkh vhqvh ri I1 Ph|hu ^:`/ lv wkh uhvlgxh eh0
wzhhq d qxphulfdo ixqfwlrq dqg lwv wudqvirupdwlrq e| dq rshqlqj1 Lw wkhuhiruh
rqo| lqyroyhv lqfuhphqwv/ dqg khqfh fdq eh wudqvsrvhg wr ixqfwlrqv ri ydoxhv
lq F1 Zh h{sodlq ehorz wkh dojrulwkp iru wkh xvh ri rshqlqjv e| dgmxqfwlrq
+l1h1 surgxfwv e| frpsrvlwlrq ri dq hurvlrq e| wkh dgmxqfw glodwlrq,1 Zh
ehjlq e| uhplqglqj wkh uhdghu ri wkh uhodwlrq zklfk jlyhv wkh ydoxh � � E{�
ri wkh rshqlqj e| wkh vwuxfwxulqj hohphqw E/ dw srlqw {1 Li zh lqglfdwh e|
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Iljxuh 5= d= Wkh kxh edqg ri wkh ylujlq lpdjh +�jxuh 4,> e= Wkh klvwrjudp
ri wkh kxh edqg> f= Wkh fodvvlfdo judglhqw rq wkh kxh edqg> g= Wkh dqjxodu
judglhqw rq wkh kxh edqg1
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iE � > l 5 Lj wkh idplo| ri vwuxfwxulqj hohphqwv zklfk frqwdlq srlqw {
� � E{� ' t�T i�?u di E|� > | 5 E � o > l 5 Lj

Iru wkh wrs0kdw i E{�� � � E{� zh wkhuhiruh zulwh
i E{�� � � E{� ' � t�T i�?u di E|�� i E{� > | 5 E � o > l 5 Lj +7,

lq zklfk wkhuh duh rqo| lqfuhphqwv ri wkh ixqfwlrq i durxqg srlqw {1 Zh fdq
wkhuhiruh wudqvsrvh wr ixqfwlrqv ri flufxodu ydoxhv d h{dfwo| dv zh glg iru wkh
judglhqw/ dqg jlyh wkh gh�qlwlrq

E|LT� �@|� E{� ' � t�T i�?u d� Ed E{�� d E|�� > | 5 E � o > l 5 Lj +8,
Dq h{dpsoh ri d wrs0kdw ri wklv w|sh lv jlyhq lq �jxuh 61 Iljxuh 6d lv d
vxevhfwlrq ri wkh oxplqdqfh edqg ri �jxuh 4e zklfk frqwdlqv vrph uhjlrqv
+lqglfdwhg e| wkh zklwh uhfwdqjohv, lq zklfk wkh grplqdqw frorxu lv uhg/ wkdw
lv/ wkh| idoo rq wkh kxh glvfrqwlqxlw|/ dv lv vhhq lq wkh fruuhvsrqglqj uhjlrqv
lq wkh kxh lpdjh/ �jxuh 6e1 D fodvvlfdo zklwh wrs0kdw +htxdwlrq 7, dssolhg
wr wkh kxh edqg lv vkrzq lq �jxuh 6f/ zlwk lwv klvwrjudp lq �jxuh 6h1

Rqfh djdlq/ lw lv hylghqw wkdw hyhq wkrxjk wkhuh lv qrw pxfk ylvleoh fkdqjh
lq wkh frorxu zlwklq wkh lqglfdwhg uhjlrqv/ wkh| uhvxow lq yhu| qrlv| wrs0kdwv1
Wklv lv ixuwkhu ghprqvwudwhg e| wkh uhodwlyho| odujh qxpehu ri sl{hov qhdu
wkh xsshu hqg +�Sf � , ri wkh klvwrjudp1 Wkh uhvxow ri dsso|lqj wkh flufxodu
fhqwuhg wrs0kdw +htxdwlrq 8, lv vkrzq lq �jxuh 6g/ zlwk lwv klvwrjudp lq
�jxuh 6i1 Lq wklv lpdjh/ wkh vsxulrxv kljk0ydoxhg sl{hov gr qrw dsshdu1

Dq dowhuqdwlyh gh�qlwlrq ri wkh wrs0kdw lv jlyhq lq vhfwlrq 71

6 Svhxgr rshudwruv
Wkh pdlq vkruwfrplqj ri wkh xqlw flufoh pruskrorjlfdo rshudwruv sursrvhg lq
^8` lv wkh uhtxluhphqw wr fkrrvh dq ruljlq/ zklfk lq vrph fdvhv zrxog ohdg wr
wkh xvhu kdylqj wr pdnh dq duelwudu| fkrlfh1 Lq wklv vhfwlrq/ zh sursrvh dq
dowhuqdwlyh irupxodwlrq/ zkhuh rqh lv qrw uhtxluhg wr fkrrvh dq ruljlq/ exw
lqvwhdg pxvw surylgh d gh�qlwlrq ri jurxshg flufxodu gdwd1 Zh lqwurgxfh d
srvvleoh gh�qlwlrq ri jurxshg gdwd lq wkh iudphzrun ri wkh pruskrorjlfdo
fhqwuh/ dqg wkhq h{whqg wklv gh�qlwlrq wr wkh hurvlrq dqg glodwlrq rshudwruv1

:



Iljxuh 6= d= D vxevhfwlrq ri �j4e zlwk wkh uhg sduwv pdunhg +lpdjh vl}h 644
{ 55: sl{hov,> e= Wkh kxh edqg ri lpdjh d> f= Wkh fodvvlf zklwh wrs0kdw zlwk
d 6{6 vtxduh ri lpdjh d> g= Wkh flufxodu fhqwuhg wrs0kdw zlwk d 6{6 vtxduh
ri lpdjh d> h= Wkh klvwrjudp ri lpdjh f> i= Wkh klvwrjudp ri lpdjh g1

;



Iljxuh 7= Irxu glvwulexwlrqv ri flufxodu gdwd/ d / e dqg f duh $0jurxshg/ g lv
qrw1

614 Pruskrorjlfdo fhqwuh
Wkh pruskrorjlfdo fhqwuh lv d qrwlrq zklfk qdwxudoo| dsshduv lq wkh vhoi0gxdo
pruskrorjlfdo �owhuv ^;`1 Frqvlghu q qxphulfdo ydoxhv w � 5 U dqg d qxpehu w
zklfk zh zlvk wr eulqj forvhu wr wkh w � 1 Wkh �Pruskrorjlfdo Fhqwuh� rshudwru
� dfwv dv iroorzv

� Ew� '
;

?

=

aw � �u w � aw �
w �u aw � � w � bw �
bw � �u bw � � w

+9,

Lq sduwlfxodu/ iru q ' 2 zh �qg wkh phgldq ehwzhhq wkuhh ydoxhv w � / w 	 dqg
w1 Wkh lghqwl�fdwlrq fdq eh h{sdqghg e| lwhudwlrq wr q A 21 Zh/ krzhyhu/
olplw rxuvhoyhv wr wudqvsrvlqj dojrulwkp 9 wr flufxodu gdwd1

D gl!fxow| lv/ krzhyhu/ dssduhqw1 Rq wkh olqh/ zh fdq dozd|v vd| zkhwkhu
d ydoxh w lv h{whulru +vxshulru ru lqihulru, wr w � 1 Rq wkh flufoh/ zh fdq pdnh
vhqvh ri wklv h{suhvvlrq lq wkh fdvh ri glvwulexwlrqv vxfk dv wkrvh lq �jxuh 7d/
e dqg f/ exw qrw lq �jxuh 7g/ zkhuh wkh gdwd lv wrr glvshuvhg1 Zh ghvfuleh
wzr dssurdfkhv=
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41 Zh uhsodfh d xqfrqglwlrqdoo| e| wkh forvhvw d � / e| dsso|lqj
� � Ed� ' id � mEd � � d� ' a Ed � � d� > l 5 L j

51 Dowhuqdwlyho|/ zh frqvwuxfw frqglwlrqv vlplodu wr wkrvh lq uhodwlrq 91 Lw
wkhuhiruh ehfrphv qhfhvvdu| wr irupdoo| gh�qh wkh qrwlrq ri d jurxs ri
srlqwv/ ri zklfk �jxuhv 7d�f jlyh dq lqwxlwlyh lghd1

Gh�qlwlrq= Zh vd| wkdw d idplo| id � > l 5 Lj ri srlqwv rq d xqlw flufoh duh
$0jurxshg zkhq wkhuh h{lvwv dq ruljlq vxfk wkdw

Ebd � > l 5 L�� Ead � > l 5 L� � $ � � +:,
zkhuh $ lv dq dqjoh ohvv wkhq ru htxdo wr �1

Wkh frqglwlrq $ � � vxssuhvvhv wkh fdvh vkrzq lq �jxuh 7g1 Wkh iroorzlqj
sursrvlwlrq fkdudfwhulvhv wkh jurxsv ri srlqwv xvlqj wkhlu frruglqdwhv1
Sursrvlwlrq= Wkh idplo| id � > l 5 Lj ri wkh srlqwv rq wkh xqlw flufoh F irupv

dq $0jurxs li dqg rqo| li rqh kdv
bid � > l 5 Lj � aid � > l 5 Lj � $ +;,

iru dq duelwudu| ruljlq d � / ru iru wkh ruljlq d � n �1
Surri= Li wkh d � duh $0jurxshg/ wkhuh h{lvwv d sduwlwlrq ri F lqwr wzr vhpl0

flufohv vr wkdw doo wkh d � duh irxqg lq rqh ri wkh vhpl0flufohv1 Li zh wdnh
iru d � vrph srlqw lq wkh rssrvlwh vhpl0flufoh/ wkh uhodwlrq ; lv yhul�hg/
ehfdxvh d � grhv qrw ehorqj wr wkh hqyhorsh ri wkh jurxs ri srlqwv +l1h1
wr wkh vpdoohvw vhfwru ri wkh flufoh zklfk frqwdlqv wkhp doo,1 Frqyhuvho|/
li wkh uhodwlrq ; lv vdwlv�hg iru dq ruljlq d � / lw lv vx!flhqw wr pryh wklv
ruljlq wr wkh srlqw aid � > l 5 Lj wr jhw uhodwlrq :/ wkh gh�qlwlrq ri dq
$0jurxs ri wkh d � 1

Wkh dojrulwkp gh�qlqj wkh flufxodu pruskrorjlfdo fhqwuh ghyhorsv gluhfwo|
iurp wkh suhfhglqj sursrvlwlrq1 Lw lv vx!flhqw wr wdnh dv wkh ruljlq wkh srlqw
d wkdw zh zlvk wr frpsduh wr wkh idplo| id � j1 Zh vlpso| uhphpehu wkdw/
dv zh pxvw xvh srvlwlyh frruglqdwhv/ wkh gl�huhqfhv lpsolflw lq d fkdqjh ri
ruljlq duh zulwwhq wkxv

_�u Ed � > d� '
� d � � d �u d � � d � f

2� n d � � d L|�ih��ti
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Gh�qlwlrq= Jlyhq d idplo| id � > l 5 Lj dqg d srlqw rq wkh xqlw flufoh/ dqg
khqfh d jurxslqj dqjoh $/ wkh wudqvirupdwlrq � Ed� ri d e| pruskrorj0
lfdo fhqwhulqj lv gh�qhg dv

� Ed� '
;

?

=

d �u � � �
ad � �u � � � @?_ Ed� aid � > l 5 Lj� ? Ed� bid � > l 5 Lj�
bd � �u � � � @?_ Ed� bid � > l 5 Lj� ? Ed� aid � > l 5 Lj�

zlwk � ' bi_�u Ed> d � � > l 5 Lj � ai_�u Ed> d � � > l 5 Lj1
Lq rwkhu zrugv/ li wkhuh lv dq $0jurxs dqg d lv rxwvlgh wkh jurxs +� � �,/

rqh uhsodfhv d e| wkh h{wuhplw| ri wkh jurxs forvhvw wr d1 Li wkhuh lv qr
jurxslqj/ ru li d lv lqvlgh wkh $0jurxs ri wkh d � +� � � iru erwk wkhvh fdvhv,/
rqh ohdyhv lw xqfkdqjhg1 Lq wkh fdvh ri �jxuh 7/ li zh wdnh wkh ruljlq dv wkh
srlqw wr wudqvirup/ lw grhv qrw fkdqjh iru �jxuhv 7e dqg g/ dqg ehfrphv wkh
flufohg srlqw lq �jxuhv 7d dqg f1 Lq ^43`/ d vlplodu vxemhfw/ wkh frorxu phgldq
�owhu rshudwlqj rq wkuhh0glphqvlrqdo frorxu yhfwruv lq UJE vsdfh/ lv wuhdwhg1

615 Hurvlrq dqg glodwlrq
Wkh qrwlrq ri dq $0jurxs +uhodwlrq :, vxjjhvwv wkh lqwurgxfwlrq ri wzr rs0
hudwruv zklfk dssur{lpdwh d vxsuhpxp dqg dq lq�pxp1 Frqvlghu d �qlwh
$0jurxs id � > l 5 Lj1 Iru doo wkh ruljlqv iru zklfk uhodwlrq ; lv ydolg/ wkh qxp0
ehu d 
���
 ' bid � > l 5 Lj/ hyhq wkrxjk yduldeoh dv d ixqfwlrq ri wkh ruljlq/
dozd|v fruuhvsrqgv wr wkh vdph srlqw ri wkh jurxs1 Wkh vdph dssolhv wr wkh
lq�pxp aid � > l 5 Lj1 Wkhvh wzr h{wuhplwlhv wkhuhiruh kdyh d vljql�fdqfh
sduwldoo| lqghshqghqw ri wkh fkrlfh ri wkh ruljlq rq wkh xqlw flufoh1

Wklv revhuydwlrq ohdgv qdwxudoo| wr wkh lqwurgxfwlrq ri d �svhxgr0glodwlrq�
rshudwru1 Frqvlghu d ixqfwlrq d G H $ F/ l1h1 iru hyhu| srlqw { lq wkh vsdfh
H/ d E{� lv d ydoxh rq wkh xqlw flufoh/ dqg ohw E E{� eh d vwuxfwxulqj hohphqw/
l1h1 dq duelwudu| ixqfwlrq E G H $ S EH�1 Wkh svhxgr0glodwlrq � G F � $ F �

lv gh�qhg dv
E� Ed�� E{� '

� bid � E|� > | 5 E E{�j �u id � E|� > | 5 E E{�j uLh4t @ ��}hL�T
d E{� L|�ih��ti

Wkh rshudwru � fhuwdlqo| ghshqgv rq wkh fkrlfh ri wkh ruljlq exw/ e| frq0
vwuxfwlrq/ frppxwhv zlwk wkh urwdwlrqv rq wkh xqlw flufoh +l1h1 zlwk fkdqjhv
ri wkh ruljlq,1 Lw lv qrw d glodwlrq/ dv rqh fdqqrw �qg dq xqghuo|lqj rughu
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uhodwlrq/ dqg qrw/ d iruwlrul/ d odwwlfh1 Qhyhuwkhohvv/ iru doo v|pphwulf E zh
fdq gh�qh/ e| gxdolw|/ d �svhxgr0hurvlrq�

E� Ed�� E{� '
� aid � E|� > | 5 E E{�j �u id � E|� > | 5 E E{�j uLh4t @ ��}hL�T

d E{� L|�ih��ti
Lw iroorzv wkdw doo wkh fodvvlf h{whqvlyh rshudwruv lq pdwkhpdwlfdo pruskrorj|/
vxfk dv rshqlqjv/ forvlqjv/ uhfrqvwuxfwlrq/ ohyhoolqj/ hwf1/ kdyh d �svhxgr�
yhuvlrq1

Iljxuh 8 surylghv d frpsdulvrq ehwzhhq wkh svhxgr0hurvlrq dqg vwdqgdug
hurvlrq1 Iljxuh 8d lv wkh kxh edqg ri d vxevhfwlrq ri �jxuh 4e1 Iljxuh 8e
vkrzv d svhxgr0hurvlrq dqg �jxuh 8f/ d vwdqgdug hurvlrq ri wklv kxh edqg1
Wkh uhjlrq lq zklfk wkh gl�huhqfhv duh prvw surqrxqfhg lv iru wkh uhg iuxlw
wr wkh ohiw ri wkh lpdjh1 Wkh kxh ydoxhv iru uhg vwudggoh wkh glvfrqwlqxlw| dw
f � @�Sf � / dqg wkh vwdqgdug hurvlrq uhgxfhv wkhvh wr vpdoo ydoxhv juhdwhu wkdq
}hur1 Wkh svhxgr0hurvlrq/ krzhyhu/ uhsodfhv wkh sl{hov zlwk wkh lq�pxp ri
wkh jurxs ri ydoxhv durxqg f � 1 Rqh vkrxog qrwlfh wkh uhjlrqv/ vxfk dv wkh
edvh ri wkh zlqh jodvv/ zkhuh wklv hurvlrq rshudwru grhv qrw fkdqjh wkh sl{ho
ydoxhv dv wkh| gr qrw irup dq $0jurxs1

Lq lqwurgxflqj wkhvh svhxgr rshudwruv wr dyrlg wkh qhfhvvlw| ri fkrrvlqj
dq ruljlq/ rqh xqiruwxqdwho| orvhv d qxpehu ri ghvludeoh surshuwlhv ri vwdq0
gdug pruskrorjlfdo rshudwruv1 Rqh h{dpsoh lv wkdw wkh svhxgr0rshqlqj dqg
svhxgr0forvlqj rshudwruv duh qrw lghpsrwhqw +exw duh xvxdoo| lghpsrwhqw di0
whu d ihz lwhudwlrqv,1 Wklv odfn ri lghpsrwhqfh lv gxh wr wkh svhxgr0rshudwruv
qrw dfwlqj lq wkh vdph zd| rq doo sl{hov/ exw ohdylqj vrph sl{hov lq wkhlu rulj0
lqdo vwdwhv1 Wkh ghflvlrq dv wr zkhwkhu wr ohdyh d sl{ho ru fkdqjh lw ghshqgv
rq wkh glvwulexwlrq ri wkh ydoxhv ri wkh sl{hov lq wkh vwuxfwxulqj hohphqw/ dqg
wklv glvwulexwlrq fkdqjhv diwhu hdfk dssolfdwlrq ri dq rshudwru1

7 Odehoohg rshqlqjv
Flufxodu gdwd pd| eh wuhdwhg lq dqrwkhu pdqqhu/ zklfk lv pruh vhw rulhqwhg/
dqg zkhuh wkhuh lv qr reoljdwlrq wr gh�qh jurxsv ru zrun rq lqfuhphqwv1 Wklv
wklug dssurdfk lv edvhg rq wkh lghd ri �uvw odehoolqj wkh srlqwv ri wkh zrunlqj
vsdfh dffruglqj wr wkh orfdo kxh ru dqjoh/ wkhq surfhvvlqj wkh rewdlqhg vhwv/
dqg �qdoo| frpelqlqj wkh uhvxowv lq dq lvrwurslf zd|1

45



Iljxuh 8= d= Wkh kxh edqg ri d vxevhfwlrq ri �jxuh 4d +lpdjh vl}h 564{467
sl{hov,> e= D svhxgr0hurvlrq ri lpdjh d> f= D vwdqgdug hurvlrq ri lpdjh d1
Erwk hurvlrqv duh 8{8 sl{ho vtxduh
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714 Wkhru|
Ghqrwh e| D E�> $� wkh vhw ri wkrvh srlqwv { 5 H zkrvh dqjxodu ydoxh d E{�
olhv lq dfxwh vhfwru d�> � n $o

D E�> $� ' i{ G { 5 H> d E{� 5 d�> � n $oj
Qrz ohw i� � > � A fj eh dq rshqlqj ri vl}h � rq S EH�1 Wkh rshqlqj � � D E�> $�
lv shuiruphg dv iru d elqdu| rshqlqj/ zlwk D E�> $� wuhdwhg dv wkh iruhjurxqg/
dqg wkh uhvw dv wkh edfnjurxqg1 Lq rughu wr lvrwurslvh wklv rshudwlrq/ zh wdnh
wkh xqlrq ri doo wudqvirupv � � dD E�> $�o dv � wudfhv rxw wkh xqlw flufoh/ l1h1

� E�> $� ' ^ i� � dD E�> $�o > f � � � 2�j +<,
Wkh uhvxow lv d elqdu| lpdjh frqwdlqlqj dv iruhjurxqg doo wkh sl{hov zklfk

duh qrw uhpryhg e| wkh dfwlrq ri wkh rshqlqj iru rqh ri wkh dqjohv �1 Wkh
uhvlgxh +lq wkh vhqvh ri wkh wrs0kdw, ri wklv rshqlqj lv rewdlqhg e| lqyhuwlqj
� E�> $�/ wkdw lv/

U � E�> $� ' � E�> $� +43,
Wkh uhvlgxh frqvlvwv ri wkh sl{hov zklfk zhuh holplqdwhg e| wkh rshqlqj

iru doo dqjohv �1
Zkhq wkh dqjoh $ ydulhv iurp f wr �/ lw lv fohdu wkdw wkh rshqlqj �

lv dq lqfuhdvlqj ixqfwlrq ri $1 Dv xvxdo/ wklv rshqlqj lv dovr d ghfuhdvlqj
ixqfwlrq ri wkh vl}h sdudphwhu �1 Wkhvh frqvlghudwlrqv ohdg wr wkh iroorzlqj
sursrvlwlrq=
Sursrvlwlrq= Ohw d G H $ F eh d ixqfwlrq ri flufxodu ydoxhv/ � � d judqx0

orphwu| rq S EH�/ dqg D E�> $� G S EH� $ S EH� wkh dqjxodu uhvwulfwlrq
D E�> $� ' i{ G { 5 H> d E{� 5 d�> � n $oj

Wkhq wkh rshudwru
� E�> $� ' ^ i� � dD E�> $�o > f � � � 2�j

lv dq lvrwurslf rshqlqj1 Wkh idplo| �� E�> � � $� > f � $ � �> � A f�
hqjhqghuv d grxeoh judqxorphwu| zlwk uhvshfw wr wkh wzr sdudphwhuv �
dqg � � $1

Wkh deryh odehoohg rshqlqjv wuhdw wkh gdwd lq d sdudooho zd| +hdfk � � dD E�> $�o
frxog eh shuiruphg e| dq lqghshqghqw surfhvvru/ iru h{dpsoh,1
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715 Dssolfdwlrq
Dq lqgxvwuldo dssolfdwlrq ri wkh odehoohg rshqlqj lv suhvhqwhg1 Zkhq vruwlqj
rdn erdugv ghvwlqhg wr eh xvhg wr pdnh ixuqlwxuh/ lw lv qhfhvvdu| wr �qg wkh
nqrwv/ dqg wr phdvxuh wkh vl}hv ri wkh vpdoo oljkw sdwfkhv1 Wkhvh wzr fkdudf0
whulvwlfv kdyh ehhq kljkoljkwhg lq �jxuh 9d/ zkhuh wkh nqrwv duh vxuurxqghg
e| eodfn uhfwdqjohv dqg wkh oljkw sdwfkhv e| zklwh uhfwdqjohv +wkh wkuhh oljkw
krul}rqwdo olqhv lq wklv lpdjh duh fkdon olqhv gudzq rq wkh erdug,1 Nqrwv fdq
eh irxqg xvlqj frorxu dqg wh{wxuh fkdudfwhulvwlfv/ dv wkh| duh xvxdoo| pxfk
gdunhu wkdq wkh vxuurxqglqj zrrg/ dqg xvxdoo| shuwxue wkh gluhfwlrqv ri wkh
vxuurxqglqj judlq olqhv1 Wkh oljkw sdwfkhv duh jhqhudoo| ri d vlplodu frorxu wr
rwkhu sduwv ri wkh zrrg/ exw whqg wr fxw judlq olqhv/ fdxvlqj d glvuxswlrq lq
wkh grplqdqw orfdo wh{wxuh rulhqwdwlrq1 Dq dssolfdwlrq ri wkh odehoohg rshq0
lqj rshudwru wr �qglqj uhjlrqv ri dqrpdorxv wh{wxuh rulhqwdwlrq lv suhvhqwhg
khuh1

Zrrg wh{wxuh lv rulhqwhg/ phdqlqj wkdw wkhuh lv d grplqdqw gluhfwlrq
lq wkh qhljkerxukrrg ri hdfk lpdjh srlqw1 Wklv wh{wxuh fdq wkhuhiruh eh
uhsuhvhqwhg e| dq lpdjh hqfrglqj wkh grplqdqw rulhqwdwlrq lq hdfk sl{ho
qhljkerxukrrg1 Dq dojrulwkp edvhg rq wkdw ghyhorshg e| Udr ^9` lv xvhg wr
h{wudfw wkhvh rulhqwdwlrqv1 Wkh vwhsv lq wklv dojrulwkp duh=

41 Ghwhfwlrq ri wkh hgjhv ri wkh zrrg dqg fursslqj ri wkh lpdjh wr frqwdlq
rqo| wkh zrrg1

51 Frqyroxwlrq e| d Jdxvvldq �owhu ri vl}h D� D1
61 Fdofxodwlrq ri wkh dqjoh dw hyhu| sl{ho lq wkh lpdjh iurp wkh krul}rqwdo

dqg yhuwlfdo judglhqwv1
71 Ghwhuplqdwlrq ri wkh grplqdqw dqjoh zlwklq d prylqj iudph ri vl}h

�S� �S sl{hov/ pryhg lq vwhsv ri H sl{hov krul}rqwdoo| dqg yhuwlfdoo|1
81 Frqvwuxfwlrq ri wkh uhgxfhg vl}h rulhqwdwlrq lpdjh zklfk hqfrghv wkh

grplqdqw rulhqwdwlrq lq hdfk iudph e| d vlqjoh sl{ho1
Dv wkh rulhqwdwlrq ri d judlq olqh fdq htxdoo| zhoo eh ghvfulehg e| wzr

gluhfwlrqv/ qdpho| � dqg �n�Hf � / wkh dqjohv kdyh ydoxhv ehwzhhq f � dqg �Hf � /
vxfk wkdw � n �Hf � ' �1 Wkh uhgxfhg vl}h rulhqwdwlrq lpdjh iru �jxuh 9d lv
vkrzq lq �jxuh 9f1
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Iljxuh 9= d= dq rdn erdug zlwk nqrwv +lqglfdwhg e| eodfn uhfwdqjohv, dqg
oljkw sdwfkhv +lqglfdwhg e| zklwh uhfwdqjohv, +lpdjh vl}h 93;{<88 sl{hov,> e=
Wkh uhvlgxh ri wkh odehoohg rshqlqj rq wkh rulhqwdwlrq lpdjh h{shqgg dqg
surmhfwhg rqwr wkh ruljlqdo lpdjh +wkh uhjlrqv hqforvhg e| wkh zklwh rxwolqhv
fruuhvsrqg wr wkh uhvlgxh,> f= Wkh uhgxfhg rulhqwdwlrq lpdjh +vl}h 83{445
sl{hov, fdofxodwhg xvlqj wkh Udr dojrulwkp> g= Wkh xqlrq ri wkh rshqlqj ri
hdfk odehoohg uhjlrq> h= Wkh uhvlgxh ri wkh odehoohg rshqlqj rq wkh rulhqwdwlrq
lpdjh

49



Wkh dlp lv iru wkh uhjlrqv ri dqrpdorxv rulhqwdwlrq wr dsshdu dv wkh
uhvlgxh ri d odehoohg rshqlqj1 Zh xvhg d frqqhfwhg odehoohg rshqlqj +rshq0
lqj zlwk uhfrqvwuxfwlrq, zlwk $ ' eD � dqg d vtxduh vwuxfwxulqj hohphqw zlwk
vlgh ri ohqjwk < sl{hov1 Wkh lvrwurslvdwlrq ri wkh rshqlqj +htxdwlrq <, zdv
dssur{lpdwhg e| ydu|lqj � iurp f � wr �D.=D � lq vwhsv ri 22=D � 1 Wkh uhvxow0
lqj odeho gh�qlwlrqv duh vkrzq lq �jxuhv :e dqg :g/ dqg wkh fruuhvsrqglqj
odehoohg lpdjhv lq �jxuhv :d dqg :f +wzr odehoohg lpdjhv duh vkrzq dv wkh
dqjxodu ydoxhv ri wkh odehov ryhuods,1 Wkh qxpehuv vkrzq rq wkh odeho gh�0
qlwlrq gldjudpv lqglfdwh wkh rughu ri wkh odehoolqj dv wkh ydoxh ri � lqfuhdvhv1
Wkh uhvxow ri wkh rshqlqj rq hdfk ri wkh odehov lq :d dqg :f duh vkrzq uhvshf0
wlyho| lq :h dqg :i/ zkhuh wkh oljkwhvw juh| uhsuhvhqwv wkh uhjlrqv holplqdwhg
e| wkh rshqlqj rshudwru1 Wkh xqlrq ri wkh odehoohg uhjlrqv qrw holplqdwhg
e| wkh rshqlqj +htxdwlrq 43, lv vkrzq lq �jxuh 9g1 Wkh uhvlgxh +wkh lqyhuvh
ri �jxuh 9g, lv vkrzq lq �jxuh 9h/ dqg wklv uhvlgxh h{sdqghg dqg surmhfwhg
rqwr wkh ruljlqdo lpdjh lv vkrzq lq �jxuh 9e/ zkhuh wkh uhjlrqv hqforvhg e|
wkh zklwh rxwolqhv fruuhvsrqg wr wkh uhvlgxh1
Wkh uhjlrq ri vhyhuh shuwxuedwlrq ri judlq olqhv gxh wr wkh nqrwv rq wkh orzhu

sduw ri wkh zrrg lv irxqg/ dowkrxjk wkh xsshu sduw ri wkh odujhvw nqrw
lv qrw ghwhfwhg dv lw lv sdudooho wr wkh judlq olqhv iruplqj wkh odujho|
krprjhqhrxv xsshu uhjlrq ri wkh erdug1 Prvw ri wkh oljkw sdwfkhv duh
dovr ghwhfwhg1 Wkhuh duh dihz idovh ghwhfwlrqv/ fruuhvsrqglqj wr uhjlrqv
zkhuh wkhuh lv d fkdqjh lq wkh gluhfwlrq ri wkh judlq olqhv zlwkrxw dq
dvvrfldwhg ghihfw +iru h{dpsoh/ dw wkh wrs ohiw ri erdug,/ ru wr wlq|
plvghwhfwlrqv zklfk frxog eh holplqdwhg e| d vxevhtxhqw duhd rshqlqj1

Wklv dojrulwkp kdv ehhq dssolhg wr dq dojrulwkp ri Sf rdn lpdjhv zlwk
jrrg uhvxowv1 Krzhyhu/ hyhq wkrxjk ghihfwv duh dvvrfldwhg zlwk wh{wxuh rulhq0
wdwlrq shuwxuedwlrqv/ wkh suhvhqfh ri vxfk d shuwxuedwlrq grhv qrw jxdudqwhh
wkh suhvhqfh ri d ghihfw1 Wkh uhvxowv ri wklv wudqvirup vkrxog wkhuhiruh lgh0
doo| eh xvhg dv lqsxw wr d ghflvlrq surfhgxuh/ zklfk xvhv frorxu dqg ixuwkhu
wh{wxuh lqirupdwlrq wr fdofxodwh wkh olnholkrrg ri d ghihfw ehlqj suhvhqw1

8 Frqfoxvlrq
Wkuhh srvvleoh dssurdfkhv wr dsso|lqj pdwkhpdwlfdo pruskrorj| wr dqjxodu
gdwd kdyh ehhq suhvhqwhg1 Wkh �uvw lqyroyhv xvlqj gl�huhqfhv +lqfuhphqwv,/
wkh vhfrqg pdnhv xvh ri d gh�qlwlrq iru jurxshg flufxodu gdwd/ dqg wkh wklug
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Iljxuh := d dqg f= Wkh odehov gh�qhg rq wkh rulhqwdwlrq lpdjh +�jxuh 9f,> e
dqg g= Wkh odehoohg gh�qlwlrqv> h= Wkh rshqlqj e| d vtxduh ri vlgh < sl{hov ri
hdfk odeho vkrzq lq lpdjh d + wkh oljkwhvw juh| uhsuhvhqwv wkh odehoohg uhjlrqv
holplqdwhg e| wkh rshqlqj,> i= Wkh vdph rshqlqj shuiruphg rq lpdjh f1
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xvhv odehov1 Gl�huhqfh yhuvlrqv ri wkh judglhqw dqg wrs0kdw duh suhvhqwhg1
Vhfrqgo|/ d irupxodwlrq ri �svhxgr� yhuvlrqv ri wkh hurvlrq dqg glodwlrq rs0
hudwruv duh jlyhq/ zklfk fdq eh h{sdqghg wr fuhdwh wkh rwkhu vwdqgdug pru0
skrorjlfdo rshudwruv1 Wkh| kdyh wkh dgydqwdjh ri qrw uhtxlulqj wkh fkrlfh ri
dq ruljlq rq wkh flufoh/ exw xqiruwxqdwho| vx�hu iurp vrph xqiruwxqdwh surs0
huwlhv vxfk dv wkh qrq0lghpsrwhqfh ri wkh svhxgr0rshqlqj dqg svhxgr0forvlqj
rshudwruv1 Odvwo|/ rshqlqjv rq odehoohg lpdjhv duh suhvhqwhg1 Dssolfdwlrqv
ri wkhvh rshudwruv wr wkh kxh edqg ri frorxu lpdjhv dqg wr lpdjhv hqfrglqj
dqjxodu wh{wxuh lqirupdwlrq duh jlyhq1 Lq sudfwlfdo dssolfdwlrqv/ zh �qg wkdw
wkh xvh/ li srvvleoh/ ri wkh flufxodu0fhqwuhg rshudwruv ru odehoohg rshudwruv
jlyh wkh ehvw uhvxowv1

Wkh uhdghu vkrxog eh dzduh wkdw lq prvw fdvhv/ dqjxodu gdwd grhv qrw
dsshdu dorqh/ exw lv frpelqhg zlwk rwkhu qrq0flufxodu ydoxhv1 Iru frorxu lp0
djhv/ wkhvh duh xvxdoo| oxplqdqfh ru lqwhqvlw| dqg vdwxudwlrq> dqg iru rulhqwhg
wh{wxuhv/ phdvxuhv ri pdjqlwxgh ru frkhuhqfh1 Pruh jhqhudoo|/ wkh txhvwlrq
dulvhv zlwk yhfwru gdwd/ zkhq rqh zdqwv wkhlu surfhvvlqj wr eh lqghshqghqw
ri wkh fkrlfh ri wkh yhfwru edvh1 Iru h{dpsoh/ d 50G Hxfolghdq yhfwru E{> |�
pd| eh uhsuhvhqwhg lq srodu frruglqdwhv E�> ��1 Wkhq dq| surfhvvlqj wkdw
frpelqhv wkh deryh flufxodu rshudwruv +iru �, zlwk rshudwruv rq � |lhogv d
uhvxow wkdw grhv qrw ghshqg rq wkh rulhqwdwlrq ri wkh lqlwldo edvh E{> |�1 D
vlplodu frpphqw dssolhv lq � zkhq yhfwruv duh ghfrpsrvhg lqwr wkhlu vskhu0
lfdo ru wkhlu f|olqgulfdo uhsuhvhqwdwlrqv1 Wkh ghyhorsphqw ri rshudwruv zklfk
wuhdw wkhvh qrq0dqjxodu ydoxhv dorqj zlwk wkh uhodwhg dqjxodu txdqwlwlhv lq d
urwdwlrqdoo| lqyduldqw zd| lv dq lqwhuhvwlqj wrslf iru ixuwkhu ghyhorsphqw1

Ilqdoo|/ zh qrwh wkdw d ghwdlohg h{shulphqwdo frpsdulvrq ri wkh dqjxodu
pruskrorjlfdo rshudwruv zlwk vwdqgdug rshudwruv rq wkh vdph gdwd vhw lv qrw
grqh/ dv lw lv lpphgldwho| reylrxv iurp wkh gdwd zklfk dssurdfk vkrxog eh
xvhg1 Li/ gxulqj wkh dqdo|vlv ri d vhw ri gdwd ru dq lpdjh/ rqh kdv wr fkrrvh dq
duelwudu| ruljlq ehiruh dsso|lqj dq rshudwru/ wkhq wkh urwdwlrqdoo| lqyduldqw
rshudwruv lq wklv duwlfoh duh wr eh suhihuuhg1

Uhihuhqfhv
^4` M1 Fkdqxvvrw dqg S1 Odpehuw1 Wrwdo rughulqj edvhg rq vsdfh �oolqj

fxuyhv iru pxowl0ydoxhg pruskrorj|1 Lq Surfhhglqjv ri wkh Lqwhuqdwlrqdo
V|psrvlxp rq Pdwkhpdwlfdo Pruskrorj| +LVPP *<;,/ sdjhv 8408;/
4<<;1

4<



^5` Pdu| O1 Frphu dqg Hgzdug M1 Ghos1 Pruskrorjlfdo rshudwlrqv iru froru
lpdjh surfhvvlqj1 Mrxuqdo ri Hohfwurqlf Lpdjlqj/ ;+6,=5:<05;</ Mxo|
4<<<1

^6` Fodluh0Kìoëqh Ghpduw| dqg Vhujh Ehxfkhu1 Froru vhjphqwdwlrq dojr0
ulwkp xvlqj dq KOV wudqvirupdwlrq1 Lq Surfhhglqjv ri wkh Lqwhuqdwlrqdo
V|psrvlxp rq Pdwkhpdwlfdo Pruskrorj| +LVPP *<;,/ sdjhv 564056;/
4<<;1

^7` P1F1 g*Ruqhoodv/ U1 Errpjddug/ dqg M1 Jhxvheurhn1 Pruskrorfdo dojr0
ulwkpv iru froru lpdjhv edvhg rq d jhqhulf0surjudpplqj dssurdfk1 Lq
Surfhhglqjv ri wkh [L Eud}loldq V|psrvlxp rq Frpsxwhu Judsklfv dqg
Lpdjh Surfhvvlqj +VLEJUDSL*<; ,1 LHHH Suhvv/ 4<<;1

^8` U1 D1 Shwhuv LL1 Pdwkhpdwlfdo pruskrorj| iru dqjoh0ydoxhg lpdjhv1 Lq
Qrq0Olqhdu Lpdjh Surfhvvlqj YLLL1 VSLH yroxph 6359/ 4<<:1

^9` D1 U1 Udr1 D wd{rqrp| iru wh{wxuh ghvfulswlrq dqg lghqwl�fdwlrq1
Vsulqjhu0Yhuodj/ 4<<31

^:` M1 Vhuud1 Lpdjh Dqdo|vlv dqg Pdwkhpdwlfdo Pruskrorj|1 Dfdghplf Suhvv/
Orqgrq/ 4<;51

^;` M1 Vhuud1 Lpdjh Dqdo|vlv dqg Pdwkhpdwlfdo Pruskrorj| Yroxph 5 = Wkh0
ruhwlfdo Dgydqfhv1 Dfdghplf Suhvv/ Orqgrq/ 4<;;1

^<` K1 Wdoerw/ F1 Hydqv dqg U1 Mrqhv1 Frpsohwh rughulqj dqg pxowlyduldwh
pdwkhpdwlfdo pruskrorj|= Dojrulwkpv dqg dssolfdwlrqv1 Lq Surfhhglqjv
ri wkh Lqwhuqdwlrqdo V|psrvlxp rq Pdwkhpdwlfdo Pruskrorj| +LVPP
*<;,/ sdjhv 5:067/ 4<<;1

^43` S1 H1 Wudkdqldv/ G1 Ndudnrv/ dqg D1Q1 Yhqhwvdqrsrxorv1 Gluhfwlrqdo
surfhvvlqj ri froru lpdjhv= Wkhru| dqg h{shulphqwdo uhvxowv1 LHHH
Wudqvdfwlrqv rq Lpdjh Surfhvvlqj/ 8+9,=;9;0;;3/ Mxqh 4<<91

^44` Fkl ]kdqj dqg S1 Zdqj1 D qhz phwkrg ri froru lpdjh vhjphqwdwlrq
edvhg rq lqwhqvlw| dqg kxh foxvwhulqj1 Lq Surfhhglqjv ri wkh 48wk LFSU/
Edufhorqd/ yroxph 6/ sdjhv 94:0953/ 53331
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