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DEVWUDFW

Zh frqvlghu wkh sureohp ri vprrwklqj ru hvwlpdwlqj
gdwd zklfk grhv qrw srvvhvv dq| qxphulfdo rughulqj
surshuwlhv1 Zh sursrvh d judsk0edvhg hvwlpdwlrq phwkrg
wkdw grhv qrw uho| rq olqhdu rughulqj ri wkh gdwd1 Wkh
phwkrg lv vlplodu wr Os0qrup hvwlpdwhv/ vxfk dv wkh
phgldq dqg phdq rshudwlrqv/ dqg fdq eh xvhg wr fru0
uhfw plvfodvvl�fdwlrqv1 Dv dq dssolfdwlrq/ zh frqvlghu
wkh sureohp ri ghwhuplqlqj wkh orfdol}hg wrqdo frqwh{w
lq d pxvlfdo frpsrvlwlrq1

41 LQWURGXFWLRQ

Qrqolqhdu gljlwdo �owhuv kdyh ehhq vxffhvvixoo| xvhg iru
vroylqj pdq| w|shv ri sureohpv lq vljqdo dqg lpdjh
surfhvvlqj/ hvshfldoo| lq vlwxdwlrqv zkhuh olqhdu �owhuv
duh lqdssursuldwh1 D odujh vxefodvv ri qrqolqhdu �owhuv
wkdw kdv ehhq wkh irfxv ri pxfk dwwhqwlrq lv wkh fodvv ri
�owhuv edvhg rq rughu vwdwlvwlfv ^4`1 Wklv fodvv lqfoxghv
phgldq0uhodwhg �owhuv vxfk dv udqn0rughu �owhuv/ rughu
vwdwlvwlf �owhuv/ zhljkwhg phgldq �owhuv/ vwdfn �owhuv/
dqg pruskrorjlfdo �owhuv1 Jrrg ryhuylhzv ri wkhvh wrs0
lfv fdq eh irxqg lq ^5` dqg ^6`1 Rqh surshuw| frpprq
wr doo vxfk �owhulqj vfkhphv lv wkdw wkh| lqkhuhqwo| gh0
shqg rq vrph rughulqj ri wkh gdwd wr eh �owhuhg1 Wkdw
lv/ d qxphulfdo rughulqj lv lqwulqvlf wr wkh dpsolwxgh ri
rqh0glphqvlrqdo vljqdov ru sl{ho ydoxhv ri lpdjhv1 Krz0
hyhu/ vrph w|shv ri gdwd pd| qrw srvvhvv dq| rughulqj
surshuw| lq wkdw lwv frqvwlwxhqwv dulvh iurp zkdw zh
zloo uhihu wr jhqhudoo| dv _fodvvhv1% Vxfk gdwd zloo eh
uhihuuhg wr dv _fodvv gdwd1% Dq h{dpsoh ri fodvv gdwd
lv dq lpdjh lq zklfk hyhu| sl{ho lv fodvvl�hg lq rqh ri d
�qlwh qxpehu ri fodvvhv dqg lv ylvxdoo| uhsuhvhqwhg e|
vrph froru1 Vxfk lpdjhv fdq dulvh/ iru h{dpsoh/ iurp
fodvvl�fdwlrq ri k|shuvshfwudo vhqvru gdwd1 Wkh froru
lwvhoi lv rqo| v|perolf lq wkdw lw lv xvhg wr uhsuhvhqw
wkh fodvv +l1h1 judvv fdq eh juhhq/ zdwhu fdq eh eoxh/
hwf1,1 Qdwxudoo|/ wkh qrwlrq ri _rxwolhu% qhfhvvdulo| eh0
frphv vrphzkdw ydjxh dv zh kdyh qr uhfrxuvh wr dq|

qxphulfdo lqirupdwlrq1 Wkxv/ rxwolhuv fdq eh wkrxjkw
ri vlpso| dv plvfodvvl�fdwlrqv1

Qhyhuwkhohvv/ zh pd| zlvk wr surfhvv d vhtxhqfh ri
fodvv gdwd zlwk wkh jrdo ri uhprylqj vxfk rxwolhuv ru
plvfodvvl�fdwlrqv e| xwlol}lqj wkh lqirupdwlrq lq wkhlu
qhljkerukrrg1 Diwhu doo/ lw lv qdwxudo wr h{shfw wkdw
lq pdq| vlwxdwlrqv/ qhljkerulqj sl{hov ru vljqdo ydoxhv
frqwdlq lqirupdwlrq derxw d fhqwudo sl{ho ru ydoxh1 Iru
h{dpsoh/ li rqh sl{ho ri judvv lv vxuurxqghg rqo| e|
zdwhu sl{hov/ lw lv srvvleo| d plvfodvvl�fdwlrq dqg fdq
eh fruuhfwhg1 Wklv vhuyhv dv sduw ri wkh prwlydwlrq
ri wklv zrun1 Vshfl�fdoo|/ zh sursrvh d qhz phwkrg ri
vprrwklqj ru hvwlpdwlqj fodvv gdwd xvlqj d judsk0edvhg
Os0qrup hvwlpdwh1 Ixuwkhupruh/ rxu phwkrg fdq lqfru0
srudwh glvwdqfhv ehwzhhq fodvvhv> wkdw lv/ vrph fodvvhv
pd| eh pruh olnho| wr eh irxqg lq forvh sur{lplw| wr
hdfk rwkhu wkdq rwkhuv1 Iru h{dpsoh/ judvv pd| eh
pruh olnho| wr eh irxqg forvh wr zdwhu wkdq urriv ri
exloglqjv1

Dv dq dssolfdwlrq ri wkh sursrvhg phwkrg/ zh frq0
vlghu wkh sureohp ri ghwhuplqlqj wkh orfdol}hg wrqdo
frqwh{w lq d pxvlfdo frpsrvlwlrq1 Wkh jrdo khuh lv wr
wudfh ydu|lqj wrqdo rulhqwdwlrqv dv zhoo dv prgxodwlrqv
lq d uholdeoh idvklrq1 Rxu phwkrg lv hvvhqwldoo| edvhg
rq d nh| �qglqj dojrulwkp ghyhorshg e| Nuxpkdqvo ^7`
zklfk lv dssolhg lq d volglqj zlqgrz idvklrq1 Xqiru0
wxqdwho|/ lq sudfwlfh/ wkhuh lv txlwh d elw ri yduldwlrq
lq fhuwdlq uhjlrqv ri wkh vhtxhqfh ri nh| dvvljqphqwv1
Wklv lv gxh wr wkh dojrulwkp*v vhqvlwlylw| wr wkh glv0
wulexwlrq ri slwfkhv zlwklq wkh zlqgrz dqg lv d pdq0
lihvwdwlrq ri wkh zhoo nqrzq xqfhuwdlqw| sulqflsoh1 Li
wkh zlgwk ri wkh zlqgrz lv pdgh wrr odujh/ wkh du0
wlidfwv duh vxssuhvvhg/ exw wkh ghwhfwlrq dffxudf| lv
vdful�fhg1 Rq wkh rwkhu kdqg/ vpdoohu zlqgrzv jlyh
ulvh wr lpsxovhv dqg rvfloodwlrqv lq wkh vhtxhqfh ri nh|
dvvljqphqwv/ zkloh dffxudf| ri ghwhfwlqj prgxodwlrqv
pd| eh lpsuryhg1 Wkhuhiruh/ wkh suhihudeoh dfwlrq lv
wr vprrwk rxw wkh orfdo rvfloodwlrqv dqg wr uhpryh lp0
sxovhv e| xwlol}lqj qhljkerulqj nh| dvvljqphqwv1

Dv d vroxwlrq wr wklv sureohp/ ydulrxv qrqolqhdu �o0



whuv/ vxfk dv wkh uhfxuvlyh phgldq �owhu kdyh ehhq hp0
sor|hg ^8`1 Dv h{sodlqhg deryh/ wkh gl�fxow| zlwk xvlqj
vxfk �owhuv lv gxh wr wkh fodvv txdolw| ri wkh lqsxw gdwd1
Wkdw lv/ wkhuh lv qr qdwxudo rughulqj ri wkh wrqdo frq0
wh{wv1 Dgguhvvlqj wklv sureohp/ zh dsso| wkh sursrvhg
judsk0edvhg phwkrg1

51 GHILQLWLRQV

Frqvlghu d frpsohwh xqgluhfwhg zhljkwhg judskJ +Y>H,
zlwk yhuwh{ vhw Y / hgjh vhw H dqg d zhljkw ixqfwlrq
z = Y � Y $ U1 Ohw xv vxssrvh wkdw z +y> y, @ 3 iru
doo y 5 Y 1 Lq wkh fdvh ri uhdo qxpehuv/ lw lv zhoo nqrzq
wkdw wkh phgldq ri +[4> [5> = = = > [q,/ [l 5 U/ lv wkh
ydoxh � plqlpl}lqj
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zkhuh � grhv qrw qhfhvvdulo| ehorqj wr i[4>[5> = = = > [qj1
Vxssrvh qrz wkdw zh kdyh vrph vhw ri vdpsohv D @
iY4> Y5> = = = > Yqj/ Yl 5 Y ri judsk J1 Lq d vlplodu pdq0
qhu wr +4, dqg +5,/ zh fdq gh�qh

judsk0s +D, @ dujplq
�5D
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wr eh wkh judsk0edvhg Os0qrup hvwlpdwh1 Wkh ydoxhv
ri s @ 4 dqg 5 fruuhvsrqg wr judsk0edvhg phgldq dqg
phdq/ uhvshfwlyho|1 Qrwh wkdw wkh hvwlpdwh lv qhfhvvdu0
lo| rqh ri wkh yhuwlfhv xqghu frqvlghudwlrq1 Dovr/ dv wkh
iroorzlqj h{dpsoh looxvwudwhv/ yhuwlfhv pd| eh uhshdwhg>
wkdw lv/ lw lv srvvleoh wkdw Yl @ Ym iru 4 � l ? m � q1

H{dpsoh 4 Frqvlghu wkh judsk vkrzq lq Iljxuh 41
Vxssrvh wkdw wkh frqwhqwv ri rxu zlqgrz duh

D @ iy4> y4> y6> y8> y5j

Ohw xv frpsxwh judsk04+D,1 Wkh vxp ri wkh zhljkwv
iurp y4 wr y4> y6> y8> dqg y5 lv < +uhfdoo wkdw z +y4> y4, @
3,1 Wkh vxp ri wkh zhljkwv iurp y6 wr y4> y4> y8> dqg y5
lv 491 Wkh fruuhvsrqglqj vxpv ri wkh zhljkwv iurp y8
dqg y5 duh 4: dqg 4< uhvshfwlyho|1 Wkhuhiruh/ vlqfh wkh
vxp ri wkh zhljkwv lv vpdoohvw iurp y4/ judsk04+D, @
y41
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Iljxuh 4= Dq h{dpsoh ri d zhljkwhg judsk1 Zhljkwv
duh vkrzq rq hgjhv1

Vlploduo| wr wkh uxqqlqj phdq dqg phgldq �owhuv/
zh fdq gh�qh d volglqj zlqgrz �owhulqj rshudwlrq edvhg
rq +6, dv

\l @ judsk0s +[l�p> = = = > [l> = = = > [l.p, +7,

zkhuh i[nj lv wkh vhtxhqfh ri lqsxw fodvv gdwd dqg
i\nj lv wkh vhtxhqfh ri rxwsxw fodvv gdwd/ zlwk 5p.4
ehlqj wkh zlqgrz zlgwk1

Ilqdoo|/ lq fhuwdlq vlwxdwlrqv/ zh pd| qrw kdyh d
frpsohwh judsk dw rxu glvsrvdo1 Lq wkdw fdvh/ zh fdq
frqvwuxfw d frpsohwh judsk dv iroorzv1 Vxssrvh J +Y>H,
lv qrw d frpsohwh judsk1 Iru dq| sdlu ri yhuwlfhv y4> y5 5
Y vxfk wkdw +y4> y5, @5 H/ zh frpsxwh wkh vkruwhvw
glvwdqfh g +y4> y5, iurp y4 wr y5 dqg fuhdwh dq hgjh
h @ +y4> y5, zlwk zhljkw z +y4> y5, @ g +y4> y5,1 Li y4
dqg y5 duh qrw frqqhfwhg lq J/ wkhq z +y4> y5, @41

61 DSSOLFDWLRQ WR NH\ ILQGLQJ

Dv dq dssolfdwlrq ri wkh sursrvhg dssurdfk/ zh frq0
vlghu wkh sureohp ri ghwhuplqlqj wkh orfdol}hg wrqdo
frqwh{w lq d pxvlfdo frpsrvlwlrq1 Wkh qhhg iru vxfk dq
dojrulwkp dulvhv iurp d v|vwhp iru pdfklqh uhfrjqlwlrq
ri pxvlf sdwwhuqv sursrvhg lq ^9`1 Dq lpsruwdqw frp0
srqhqw ri wklv v|vwhp frqvlvwv ri ghwhuplqlqj d slwfk
huuru ehwzhhq d wdujhw +txhu|, sdwwhuq dqg d vfdqqhg
sdwwhuq iurp d pxvlf gdwdedvh1 Wkh slwfk huuru frq0
vlvwv ri wzr sduwv= dq remhfwlyh ru devroxwh frpsrqhqw
dqg d shufhswxdo frpsrqhqw1 Zh irfxv rq wkh odwwhu
dqg eulh�| uhylhz wkh qhfhvvdu| edfnjurxqg1



6141 D Nh| Ilqglqj Dojrulwkp iru Pxvlf Sdw0

whuq Uhfrjqlwlrq

Shuiruplqj fodvvl�fdwlrq edvhg vroho| rq wkh remhfwlyh
slwfk huuru zrxog qrw wdnh lqwr dffrxqw wkh idfw wkdw
lqwhuydov ri htxdo vl}h duh qrw shufhlyhg dv ehlqj htxdo
zkhq wkh wrqhv duh khdug lq wrqdo frqwh{wv ^:`1 Vlqfh
wkh xowlpdwh jrdo lv wr uhfrjql}h d wdujhw sdwwhuq php0
rul}hg +srvvleo| lqfruuhfwo|, e| d kxpdq ehlqj/ lw lv lp0
sruwdqw wr frqvlghu fhuwdlq sulqflsohv ri phorg| phpr0
ul}dwlrq dqg uhfdoo1 Iru h{dpsoh/ �qglqjv vkrzhg wkdw
_ohvv vwdeoh hohphqwv whqghg wr eh srruo| uhphpehuhg
dqg iuhtxhqwo| frqixvhg zlwk pruh vwdeoh hohphqwv1%
Dovr/ zkhq dq xqvwdeoh hohphqw zdv lqwurgxfhg lqwr
d wrqdo vhtxhqfh/ _111 wkh xqvwdeoh hohphqw zdv lw0
vhoi srruo| uhphpehuhg% ^7`1 Vr/ wkh rffxuuhqfh ri dq
xqvwdeoh lqwhuydo zlwklq d jlyhq wrqdo frqwh{w +h1j1/ d
phorg| hqglqj lq wkh wrqhv F F` lq wkh F pdmru frq0
wh{w, vkrxog eh shqdol}hg pruh wkdq d vwdeoh lqwhuydo
+h1j1/ E F lq wkh F pdmru frqwh{w, vlqfh wkh xqvwd0
eoh lqwhuydo lv ohvv olnho| wr kdyh ehhq phprul}hg e|
wkh kxpdq xvhu1 Wkhvh shufhswxdo skhqrphqd pxvw
eh txdqwl�hg iru wkhp wr eh xvhixo lq wkh fodvvl�fdwlrq
ri pxvlfdo sdwwhuqv1 Vxfk d txdqwl�fdwlrq lv surylghg
e| wkh uhodwhgqhvv udwlqjv irxqg e| Nuxpkdqvo ^7`1 Hv0
vhqwldoo|/ d uhodwhgqhvv udwlqj ehwzhhq wrqh t4 dqg wrqh
t5 +t4 9@ t5, lv d phdvxuh ri krz zhoo t5 iroorzv t4 lq
d jlyhq wrqdo frqwh{w1 Wkh uhodwhgqhvv udwlqj lv d uhdo
qxpehu ehwzhhq 4 dqg : dqg lv ghwhuplqhg e| h{shu0
lphqwv zlwk kxpdq olvwhqhuv1 Uhvxowv duh surylghg iru
erwk pdmru dqg plqru frqwh{wv1 Vr/ d uhodwhgqhvv udw0
lqj ehwzhhq wzr gl�huhqw wrqhv lq dq| ri 57 srvvleoh
wrqdo frqwh{wv fdq eh irxqg gxh wr lqyduldqfh xqghu
wudqvsrvlwlrq1

Wr wklv hqg/ vxssrvh zh duh vfdqqlqj d vhtxhqfh ri
q qrwhv wr zklfk zh frpsduh d wdujhw sdwwhuq frqvlvw0
lqj ri q qrwhv1 Iru wkh prphqw/ dvvxplqj nqrzohgjh
ri wkh wrqdo frqwh{w ri wkh vfdqqhg sdwwhuq/ zh gh�qh
lwv yhfwru ri uhodwhgqhvv udwlqjv � @ ^�4> �5> � � � > �q�4`
dv zhoo dv � @

�
�4> �5> � � � > �q�4

�
/ wkh yhfwru ri uhodw0

hgqhvv udwlqjv iru wkh wdujhw sdwwhuq lq wkh vdph wrqdo
frqwh{w1 Hdfk �l dqg �l lv wkh uhodwhgqhvv udwlqj eh0
wzhhq slwfkhv tl dqg tl.4 lq wkh jlyhq wrqdo frqwh{w
iru wkh vfdqqhg dqg wdujhw sdwwhuqv uhvshfwlyho|1 Kdy0
lqj gh�qhg wkh yhfwruv ri uhodwhgqhvv udwlqjv iru wkh
vfdqqhg dqg wdujhw sdwwhuqv/ zh fdq gh�qh wkh shufhs0
wxdo slwfk huuru wr eh hs @ n�� �n

4
1

Zh kdyh dvvxphg wkdw lq wkh frpsxwdwlrq ri wkh
shufhswxdo slwfk huuru/ zh kdg nqrzohgjh ri wkh wrqdo
frqwh{w ri wkh vfdqqhg sdwwhuq1 Wkxv/ wkh qhhg dulvhv
iru d orfdol}hg nh| �qglqj dojrulwkp zklfk zloo suhvhqw
xv zlwk d prvw olnho| wrqdo frqwh{w iru d jlyhq px0
vlfdo sdwwhuq zklfk zloo eh vxevhtxhqwo| xvhg iru wkh
uhodwhgqhvv udwlqj yhfwruv1 Vxfk dq dojrulwkp zdv gh0

yhorshg e| Nuxpkdqvo ^7` dqg lv hvvhqwldoo| edvhg rq
wkh idfw wkdw _prvw vwdeoh slwfk fodvvhv vkrxog rffxu
prvw riwhq% ^;`1

Wkh dojrulwkp surgxfhv d 570hohphqw yhfwru ri fru0
uhodwlrqv/ u @ ^u4> � � � > u57`/ wkh �uvw wzhoyh iru pdmru
frqwh{wv dqg wkh rwkhuv iru plqru frqwh{wv1 Wkh kljk0
hvw fruuhodwlrq/ upd{/ lv wkh rqh wkdw fruuhvsrqgv wr
wkh prvw olnho| wrqdo frqwh{w ri wkh pxvlfdo sdwwhuq
ehlqj vfdqqhg1 Vxssrvh d pxvlfdo frpsrvlwlrq +ru vhw
ri frpsrvlwlrqv, wkdw zh zlvk wr vfdq iru wkh sxusrvh
ri uhfrjql}lqj wkh wdujhw sdwwhuq frqvlvwv ri p qrwhv
dqg wkh wdujhw sdwwhuq lwvhoi frqvlvwv ri q qrwhv +w|sl0
fdoo|/ p  q,1 Lq rxu dojrulwkp/ zh volgh d zlqgrz
ri ohqjwk q dfurvv wkh vhtxhqfh ri p qrwhv dqg iru
hdfk zlqgrz srvlwlrq/ wkh nh|0�qglqj dojrulwkp rxw0
sxwv d nh| dvvljqphqw1 Wkxv/ zh kdyh d vhtxhqfh
w @ ^w4> w5> � � � > wp�q.4` ri nh| dvvljqphqwv vxfk wkdw
wl @ dujpd{ +ul,1 Iljxuh 5 vkrzv d w|slfdo vhtxhqfh ri
nh| dvvljqphqwv1

Iljxuh 5= W|slfdo vhtxhqfh ri nh| dvvljqphqwv1 Vlqfh
wkhuh lv qr qdwxudo rughulqj ri wrqdo frqwh{wv/ wkh| duh
duelwudulo| rughuhg iru wkh sxusrvh ri ylvxdol}dwlrq1

Xqiruwxqdwho|/ lq sudfwlfh/ wkhuh lv txlwh d elw ri
yduldwlrq lq fhuwdlq uhjlrqv ri wkh vhtxhqfh ri nh| dv0
vljqphqwv1 Frpprq duwlidfwv duh lpsxovhv dqg rvflo0
odwlrqv ehwzhhq prgxodwlrqv +hgjhv,1 Wklv lv gxh wr
wkh dojrulwkp*v vhqvlwlylw| wr wkh glvwulexwlrq ri slwfkhv
zlwklq wkh zlqgrz1 Wkhvh vpdoo rvfloodwlrqv dqg lp0
sxovhv duh xqghvludeoh/ qrw rqo| ehfdxvh wkh| gr qrw
uh�hfw rxu qrwlrqv ri prgxodwlrqv dqg orfdol}hg wrqdo
frqwh{w/ exw sulpdulo| ehfdxvh wkh| d�hfw wkh uhodw0
hgqhvv udwlqj yhfwruv/ zklfk lqkhuhqwo| ghshqg rq wkh
wrqdo frqwh{w surgxfhg e| wkh nh|0�qglqj dojrulwkp1



Vlqfh wkh ydoxhv ri wkh dvvljqhg nh| vhtxhqfh riwhq ds0
shduv duelwudu| lq wkh uhjlrqv ri rvfloodwlrq/ wkh shufhs0
wxdo slwfk huuru lv glvwruwhg lq wkhvh uhjlrqv1 Wkhuhiruh/
wkh suhihudeoh dfwlrq lv wr vprrwk rxw wkrvh orfdo rvflo0
odwlrqv1 Dv d vroxwlrq wr wklv sureohp/ ydulrxv qrqolq0
hdu �owhuv/ vxfk dv wkh uhfxuvlyh phgldq �owhu/ kdyh ehhq
hpsor|hg ^8`1 Dv phqwlrqhg deryh/ wkh sureohp zlwk
xvlqj vxfk phwkrgv lv wkdw wkhuh lv qr qdwxudo wrwdo ru0
ghulqj ri wkh wrqdo frqwh{wv1 Wkxv/ zh vhh wkh qhhg iru
dq dssurdfk zklfk grhvq*w ghshqg rq dq| rughulqj ri
wkh gdwd1

6151 Pxowlglphqvlrqdo Vfdolqj dqg Judsk0edvhg

Vprrwklqj

Dw wklv srlqw/ wkh dssolfdwlrq ri wkh sursrvhg judsk0
edvhg vprrwklqj phwkrg vhhpv vwudljkwiruzdug1 Hdfk
ri wkh 57 wrqdo frqwh{wv +45 pdmru dqg 45 plqru, lv uhs0
uhvhqwhg e| d yhuwh{ rq d judsk1 Krzhyhu/ wkh zhljkwv
ri wkh hgjhv pxvw uhsuhvhqw lqwhunh| glvwdqfhv1 Lq ^<`/
fruuhodwlrqv ehwzhhq vr0fdoohg nh| sur�ohv zhuh xvhg dv
d phdvxuh ri lqwhunh| glvwdqfhv1 D kljk fruuhodwlrq fru0
uhvsrqghg wr d kljk ghjuhh ri vlplodulw| ehwzhhq wzr
nh|v zkloh d orz ru qhjdwlyh fruuhodwlrq fruuhvsrqghg
wr d orz ghjuhh ri vlplodulw|1 Wkhq/ wkh fruuhodwlrqv
zhuh xvhg wr surgxfh d vsdwldo uhsuhvhqwdwlrq ri glv0
wdqfhv ehwzhhq nh|v e| xvlqj pxowlglphqvlrqdo vfdolqj
^43`1 Wkhvh uhvxowlqj nh| glvwdqfhv surylgh d txdqwlwd0
wlyh phdvxuh ri vlplodulw| ehwzhhq doo 57 wrqdo frqwh{wv1

Wkh phwkrg wudqvirupv vlplodulw| ydoxhv lqwr d vsd0
wldo uhsuhvhqwdwlrq ri srlqwv lq Hxfolghdq vsdfh1 Wkh
vhw ri vlplodulw| ydoxhv lqsxw wr wkh pxowlglphqvlrqdo
vfdolqj surjudp ghvfulehv wkh ghjuhh ri vlplodulw| ru
uhodwhgqhvv ehwzhhq doo srvvleoh sdluv ri remhfwv1 Wkh
rxwsxw ri wkh pxowlglphqvlrqdo vfdolqj surjudp lv d
vhw ri Hxfolghdq frruglqdwhv iru hdfk ri wkh wrqdo frq0
wh{wv1 Wr remhfwv zklfk kdyh kljk vlplodulw| ydoxhv fru0
uhvsrqg wr srlqwv zklfk duh forvh wr hdfk rwkhu lq wkh
frruglqdwhv vsdfh1 Wkh vfdolqj surjudp dovr surylghv
d phdvxuh/ fdoohg vwuhvv/ wkdw vshfl�hv krz zhoo wkh
uhvxowlqj frq�jxudwlrq �wv wkh vlplodulw| ydoxhv1 Wklv
vwuhvv ydoxh ghwhuplqhv wkh qxpehu ri qhfhvvdu| glphq0
vlrqv> dv wkh qxpehu ri glphqvlrqv lqfuhdvhv/ wkh vwuhvv
ydoxh ghfuhdvhv1 Lq wklv fdvh/ d irxu glphqvlrqdo vrox0
wlrq zdv irxqg ^7`1 Wzr glphqvlrqv dffrxqw iru wkh
flufoh ri �iwkv zkloh wkh rwkhu wzr dffrxqw iru sdudo0
oho dqg uhodwlyh pdmru0plqru uhodwlrqvklsv1 Wkxv/ wkh
Hxfolghdq glvwdqfhv lq wkh vsdwldo frq�jxudwlrq lq irxu
glphqvlrqv uhsuhvhqw lqwhunh| glvwdqfhv1

Qrz/ zh fdq vhw wkh zhljkwv ri wkh hgjhv wr eh glv0
wdqfhv iurp wkh pxowlglphqvlrqdo vfdolqj vroxwlrq1 Iru
h{dpsoh/ wkh frruglqdwh ri F pdmru lv

^3=89:>�3=966>�3=53;> 3=7;3`
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Iljxuh 6= Judsk0edvhg O40qrup hvwlpdwhv ri nh| dv0
vljqphqwv

dqg wkh frruglqdwh ri D plqru lv

^3=539>�3=:;4>�3=8;3> 3=44<`

Wkhq/ wkh Hxfolghdq glvwdqfh ehwzhhq wkhvh wzr nh|v lv
3=97;;/ zklfk lv htxdo wr wkh zhljkw ri wkh hgjh ehwzhhq
wkrvh wzr yhuwlfhv1 Frqvlghu wkh iroorzlqj h{dpsoh1

H{dpsoh 5 Vxssrvh wkdw rxu zlqgrz frqwdlqv wkh iro0
orzlqj �yh nh| dvvljqphqwv= ^F pdmru> F pdmru> F&
pdmru> F pdmru/ D plqru`1 Zh hvwlpdwh wkh nh| dv0
vljqphqw xvlqj wkh judsk0edvhg O40qrup hvwlpdwh/ wkdw
lv/ judsk04+�,1 Iru hdfk ri wkh �yh nh|v/ zh frpsxwh
dqg vxp wkh glvwdqfhv wr wkh rwkhu irxu nh|v1 Lq rughu/
wkh| duh

^5=77<4> 5=77<4> :=3<56> 5=77<4> 6=96::`

Wkhq/ zh slfn wkh nh| zklfk kdg wkh plqlpxp wrwdo
glvwdqfh wr wkh uhvw ri wkh yhuwlfhv1 Lq wklv fdvh/ wkh
hvwlpdwhg nh| lv F pdmru1

Wkh zhljkwv ri wkh hgjhv/ ru htxlydohqwo|/ lqwhunh|
glvwdqfhv dfwxdoo| vhuyh dv dgglwlrqdo idfwruv frqwulexw0
lqj wr wkh urexvwqhvv ri wkh hvwlpdwlrq phwkrg1 Wkh
hvwlpdwru h�hfwlyho| wdnhv lqwr dffrxqw wkh sur{lplw|
ri gl�huhqw fodvvhv1 D fodvv wkdw kdv d kljk hgjh zhljkwv
+glvwdqfhv, wr wkh uhvw ri wkh fodvvhv xqghu frqvlghud0
wlrq kdv d pxfk orzhu fkdqfh ri ehlqj vhohfwhg wkdq
lwv qhljkeruv1 Iljxuh 6 vkrzv wkh dssolfdwlrq ri wklv
phwkrg lq d volglqj zlqgrz idvklrq/ dv lq htxdwlrq +7,/
wr wkh vhtxhqfh ri nh|0dvvljqphqwv vkrzq lq Iljxuh 51
Wkh zlqgrz zlgwk lq wklv fdvh zdv htxdo wr 6:1
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Zh kdyh sursrvhg d qhz phwkrg iru vprrwklqj ru hvwl0
pdwlqj fodvv gdwd/ zklfk lv gdwd wkdw grhv qrw srvvhvv
dq| lqwulqvlf rughulqj1 Wklv phwkrg fdq eh xvhg wr
fruuhfw plvfodvvl�fdwlrqv dqg zdv ghprqvwudwhg e| ds0
so|lqj lw wr d sureohp ri ghwhuplqlqj wkh orfdol}hg wrqdo
frqwh{w lq d pxvlfdo frpsrvlwlrq1 Rqh ri wkh dgydq0
wdjhv ri wklv phwkrg lv wkdw lw doorzv rqh wr lqfrusrudwh
d phdvxuh ri forvhqhvv ru sur{lplw| ehwzhhq fodvvhv1

Dv sduw ri ixwxuh zrun/ vhyhudo jhqhudol}dwlrqv fdq
eh vwxglhg1 Iru h{dpsoh/ wkh judsk fdq eh jhqhudol}hg
wr eh d gluhfwhg judsk dqg wkhuhiruh/ glvwdqfhv qhhg
qrw eh v|pphwulf1 Dovr/ wkh phwkrg vkrxog eh dssolhg
wr fodvvl�fdwlrq sureohpv/ vxfk dv wr lpdjhv ri k|shu0
vshfwudo vhqvru gdwd1
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