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Devwudfw

Dv|pswrwlf whvwv iru iudfwlrqdo lqwhjudwlrq duh xvxdoo| edgo| vl}hg
lq vpdoo vdpsohv/ hyhq iru qrupdoo| glvwulexwhg surfhvvhv1 Ixuwkhu0
pruh/ whvwv wkdw duh zhoo0vl}hg xqghu qrupdolw| pd| eh vhyhuho| glv0
wruwhg e| qrq0qrupdolwlhv dqg DUFK huuruv1 Wklv sdshu ghprqvwudwhv
krz wkh errwvwuds fdq eh lpsohphqwhg wr fruuhfw iru vxfk vl}h glvwru0
wlrqv1
Nh| zrugv= Orqj phpru|> Uhvdpsolqj> Vnhzqhvv dqg nxuwrvlv>
DUFK> Vl}h fruuhfwlrq> Srzhu1
MHO0fodvvl�fdwlrq= F45> F48> F55> F851
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4 Lqwurgxfwlrq
Pdq| �qdqfldo wlph vhulhv glvsod| revhuydwlrqv wkdw duh qrq0qrupdoo| glv0
wulexwhg +l1h1 zlwk h{fhvv vnhzqhvv dqg nxuwrvlv,/ frqglwlrqdoo| khwhurvnhgdv0
wlf dqg uxohg e| orqj phpru|1 Iru lqvwdqfh Glqj/ Judqjhu dqg Hqjoh +4<<6,
uhsruw hylghqfh ri dxwrfruuhodwlrqv ehwzhhq glvwdqw odjv lq wkh devroxwh uh0
wxuqv ri wkh Vwdqgdug dqg Srru 833/ V)S833/ frpsrvlwh vwrfn lqgh{1 Ixu0
wkhupruh/ Judqjhu dqg Glqj +4<<8, vkrz wkdw wkh devroxwh ydoxh ri wkh udwh
ri uhwxuq iru d ydulhw| ri vwrfn sulfhv/ frpprglw| sulfhv dqg h{fkdqjh udwhv
h{klelw h{fhvv vnhzqhvv dqg nxuwrvlv1

Orqj phpru| lv xvxdoo| ghvfulehg e| d iudfwlrqdoo| lqwhjudwhg vshfl�fd0
wlrq/ khqfh whvwlqj iru orqj phpru| pd| eh shuiruphg yld d whvw iru d iudf0
wlrqdo gl�huhqflqj srzhu1 Wkh dv|pswrwlf whvwv riwhq h{klelw qrq0qhjoljleoh
vl}h glvwruwlrqv lq vpdoo vdpsohv1 Wr lpsuryh lqihuhqfh/ wklv sdshu vxjjhvwv
sdudphwulf errwvwuds phwkrgv wr dgmxvw wkh fulwlfdo ydoxhv1 Zh vhhn whvwv
wkdw duh urexvw wr vkruw0whup ghshqghqflhv/ qrq0qrupdolwlhv dqg DUFK hi0
ihfwv lq gdwd1 Wkh shuirupdqfh ri d errwvwuds whvw ghshqgv wr vrph h{whqw
rq wkh fkrvhq uhvdpsolqj dojrulwkp/ lw kdv ehwwhu vl}h surshuwlhv wkdq wkh
fruuhvsrqglqj dv|pswrwlf whvw1

Wkh sdshu xqirogv dv iroorzv1 Vhfwlrq 5 lqwurgxfhv wkh iudfwlrqdo lqwhjud0
wlrq errwvwuds whvwlqj surfhgxuh dqg Vhfwlrqv 6 dqg 7 suhvhqwv wkh Prqwh
Fduor vhwxs dqg wkh vl}h dqg srzhu ri wkh whvwv1 Vhfwlrq 8 frqfoxghv wkh
sdshu1

5 Wkh Iudfwlrqdo Lqwhjudwlrq Errwvwuds Whvw

514 Whvwlqj iru Iudfwlrqdo Lqwhjudwlrq

D iudfwlrqdoo| lqwhjudwhg dxwruhjuhvvlyh prylqj dyhudjh +DUILPD, wlph vh0
ulhv surfhvv i%|j lv ghvfulehg e| wkh htxdwlrq

� E�� E����_ %| ' w E�� @|c | ' �c ���c A +4,

zkhuh wkh urrwv ri � E�� dqg w E�� duh doo rxwvlgh wkh xqlw flufoh dqg @| lv
llg zlwk phdq }hur dqg �qlwh yduldqfh j2@1 Wkh gl�huhqflqj sdudphwhu _ lv
doorzhg wr wdnh dq| uhdo qxpehu/ exw li _ lv uhvwulfwhg wr wkh vhw ri lqwhjhuv wkh
vshfl�fdwlrq +4, uhgxfhv wr dq DULPD surfhvv1 Wkh vdpsoh dxwrfruuhodwlrq
ixqfwlrq ri d orqj phpru| surfhvv pd| eh dssur{lpdwhg e| d iudfwlrqdoo|
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lqwhjudwhg prgho/ khqfh whvwlqj iru orqj0phpru| fdq eh grqh e| d whvw rq _1
Vxfk whvwv duh dssolfdeoh rq vwdwlrqdu| dqg lqyhuwleoh4 vhulhv/ dqg wkh vhulhv
vkrxog eh gl�huhqfhg ru vxpphg xqwlo wklv lv vdwlv�hg1 Wkxv/ _ ' f lv d
qdwxudo qxoo0k|srwkhvlv zkhq whvwlqj iru iudfwlrqdo lqwhjudwlrq1

Zh frqvlghu wkuhh whvwv/ qdpho|/ wkh orj shulrgrjudp uhjuhvvlrq ri Jhzhnh
dqg Sruwhu0Kxgdn +C�M/ 4<;6,/ wkh prgl�hg uhvfdohg udqjh +�--, vwdwlv0
wlf/ Or +4<<4,/ dqg wkh OP whvw/ ghqrwhg -.C/ ri Djldnorjorx dqg Qhzerog
+4<<7,1 Fkhxqj E�bb�� uhsruwv hylghqfh ri vhulrxv vl}h glvwruwlrqv iru wkh
whvwv1 Rxu lghd lv wr fruuhfw iru wkh glvwruwlrqv xvlqj errwvwuds phwkrgv1

515 Wkh Errwvwuds Whvw

Wkh errwvwuds/ ghvfulehg e| Hiurq dqg Wlevkludql +4<<6,/ surylghv d ihdvleoh
phwkrg iru hvwlpdwlrq ri wkh vpdoo0vdpsoh glvwulexwlrq ri d vwdwlvwlf1 Li wkh
h{huflvh lv errwvwuds k|srwkhvlv whvwlqj wkh errwvwuds vdpsohv pxvw reh| wkh
qxoo k|srwkhvlv dqg/ dv idu dv srvvleoh/ uhvhpeoh wkh uhdo vdpsoh1

Dv|pswrwlf wkhru| lv rqo| h{dfw li wkh R0ydoxh lv lqghshqghqw ri wkh dfwxdo
gdwd jhqhudwlqj surfhvv dqg vdpsoh vl}h/ zklfk lv xvxdoo| qrw wkh fdvh1 D
vpdoo vdpsoh vroxwlrq lv wr uhsodfh wkh R0ydoxh e| wkh errwvwuds frxqwhusduw/
zklfk fdq eh hvwlpdwhg dv

	RW E	�� '
�

-

-[

o'�

U Em� Wom � m	� m� c +5,

zkhuh - lv wkh qxpehu ri errwvwuds uhsolfdwhv/ U E�� wkh xvxdo }hur2rqh lq0
glfdwru ixqfwlrq/ 	� d uhdol}hg ydoxh ri wkh whvw vwdwlvwlf � edvhg rq d vdpsoh
 ' i%�c ���c %Aj dqg � Wo wkh ydoxh ri wkh vdph whvw vwdwlvwlf/ edvhg rq wkh
errwvwuds uhvdpsoh  Wo ' i%Wo�c ���c %WoAj1

Wkh wkhru| ri errwvwuds whvwlqj lv jlyhq e| Gdylgvrq dqg PdfNlqqrq
E�bbSc �bbb@�1 Wkh| vkrz wkdw li wkh whvw vwdwlvwlf lv +dv|pswrwlfdoo|, slyrwdo/
wkdw lv lqghshqghqw ri qxlvdqfh sdudphwhuv/ wkh vl}h0glvwruwlrq uh�qhphqw lv
ri rughu A3�*2 zkhq xvlqj wkh errwvwuds R0ydoxh frpsduhg wr wkh fruuhvsrqg0
lqj dv|pswrwlf1 D ixuwkhu uh�qhphqw/ xvxdoo| dovr ri rughu A3�*2 lv rewdlqhg
zkhqhyhu wkh whvw vwdwlvwlf lv lqghshqghqw ri wkh errwvwuds GJS1 Pruhryhu/
wkh srzhu ri d errwvwuds whvw/ edvhg rq d slyrwdo vwdwlvwlf/ lv jhqhudoo| forvh

4Vwdwlrqdulw| dqg lqyhuwlelolw| uhtxluh wkdw g ? m4@5m1 Wkh DUILPD prgho lv suhvhqwhg
lq juhdwhu ghwdlo e| Judqjhu dqg Mr|hx{ +4<;3, dqg Krvnlqj +4<;4,1
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wr wkh vl}h0dgmxvwhg dv|pswrwlf whvw1 Hyhq li wkh vwdwlvwlf lv rqo| forvh wr
slyrwdo wklv lv wuxh lq prvw fdvhv1

Gdylgvrq dqg PdfNlqqrq E�bbbK� ghprqvwudwh wkdw d vpdoo qxpehu ri
errwvwuds uhsolfdwhv lpso| d orvv lq srzhu dqg wkdw dw ohdvw - ' �bb lv
uhtxluhg wr jxdudqwhh d srzhu orvv ri qr pruh wkdq �I dw wkh f�fD ohyho1 Wkh
vl}h ri d errwvwuds whvw lv ohvv vhqvlwlyh wr wkh qxpehu ri uhsolfdwhv1 Zh xvh
6<< uhsolfdwhv/ exw zh kdyh dovr frpsduhg wkh uhvxowv zlwk - ' bbb iru d
vhohfwlrq ri wkh sdudphwhu ydoxhv frqvlghuhg1 Wkh vl}h dqg srzhu duh dowhuhg
rqo| voljkwo| zkhq xvlqj odujhu qxpehu ri errwvwuds vdpsohv1

516 Frqvwuxfwlrq ri wkh Errwvwuds Vdpsohv

Iru wkh frqvwuxfwlrq ri wkh errwvwuds vdpsohv zh xvh d prgho0edvhg ds0
surdfk/ zklfk lv qdwxudo vlqfh d zhoo0gh�qhg prgho frqvwlwxwhv wkh qxoo k|0
srwkhvlv1 Wkh errwvwuds ��c zklfk lv frqvwuxfwhg wr suhvhuyh DUFK+4,
ghshqghqfh lq wkh uhvlgxdov/ lv frqgxfwhg dv iroorzv=

41 Hvwlpdwh wkh DUER�0DUFKE�� prgho
�
�� �

f
� �

�
� � ���� �R�

R
�
E%|� ' @|c @| mL|3� � � Efc /|� +6,

/| ' qf n q�@
2

|3�

zklfk fohduo| reh|v wkh qxoo0k|srwkhvlv/ zklfk lv fuxfldo1 Wkh dxwruh0
juhvvlyh rughu R lv ghwhuplqhg e| wkh ELF dqg wkh sdudphwhuv duh hv0
wlpdwhg wkurxjk pd{lpl}dwlrq ri wkh orj0olnholkrrg ixqfwlrq dffruglqj
wr wkh Gdylgrq0Iohwfkhu0Srzhoo dojrulwkp/ vhh Suhvv hw do E�bb2�1

51 Gxh wr wkh dvvxphg qrupdolw| ri wkh glvwxuedqfhv @| lq E��/ wkh errw0
vwuds uhvlgxdov i@W|j duh frqvwuxfwhg dffruglqjo|> ohw 0W| eh dq lqghshq0
ghqw gudz iurp d � Efc �� glvwulexwlrq/ dqg frpsxwh

	/| ' 	qf n 	q�@
W2
|3�

@W| ' 0W|
s

	/|�

61 Ilqdoo|/ wkh errwvwuds vdpsohv  Woc o ' �c ���c �bb/ duh fuhdwhg e| wkh
uhfxuvlrq

%Woc| '
	� E��3� @W| c +7,

zkhuh 	� E�� lv wkh hvwlpdwhg sro|qrpldo ri +6,1
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Ri frxuvh/ wkh surfhgxuh lv qrw olplwhg wr DUFK+4, huuruv/ lw fdq hdvlo|
eh h{whqghg wr xqnqrzq odj0rughuv dqg JDUFK surfhvvhv1 Wkh uhdvrq iru
rqo| frqvlghulqj DUFKE�� surfhvvhv dqg d suh0vshfl�hg odj0rughu lv sxuho|
wlph vdylqj/ errwvwuds0Prqwh Fduor vwxglhv duh frpsxwdwlrqdoo| ghpdqglqj1

Iru wkh vdnh ri frpsdulvrq/ d vlpsoh errwvwuds yhuvlrq/ zklfk ljqruhv wkh
DUFK/ lv dovr lqfoxghg1 Wklv uhvdpsolqj/ ghqrwhg K7/ gudzv uhvlgxdov @W|
lqghshqghqwo| dqg gluhfwo| iurp d qrupdo glvwulexwlrq zlwk phdq }hur dqg
yduldqfh r2

	@ dqg wkh uhvdpsohv duh fuhdwhg xvlqj ht1 Ee�1
Pruhryhu/ ehvlgh wkh wzr uhvdpsolqj vfkhphv deryh zh kdyh dovr wulhg wzr

qrqsdudphwulf rqhv= rqh uhvdpsolqj zkhuh DUFK lq huuruv duh lqfrusrudwhg
dqg rqh vlpsoh qrqsdudphwulf1

6 Prqwh Fduor Ghvljq
Wkh h{shulphqw fryhuv �uvw0rughu dxwruhjuhvvlrqv dqg iudfwlrqdo qrlvh vhulhv
ri ohqjwkv A ' Df/ 433/ 533/ 633 dqg 8331 Zh jhqhudwh A n�ff huuru revhuyd0
wlrqv e| wkh LPVO urxwlqh EG�UQQRD/ dqg glvfdug wkh �uvw 433 revhuydwlrqv
wr uhgxfh wkh lqlwldo ydoxh h�hfw1 Wkh DU vhulhv duh wkhq frqvwuxfwhg uhfxu0
vlyho| dqg wkh iudfwlrqdo qrlvh vhulhv duh jhqhudwhg e| Fkrohvn| idfwrul}dwlrq
ri wkh DUILPD huuru fryduldqfh pdwul{1

Wkh Prqwh Fduor vwxg| lv surjudpphg lq IRUWUDQ +xvlqj wkh Gljlwdo
Ylvxdo Iruwudq 813 frpslohu, dqg lqyroyhv 43/333 wuldov +vhulhv,1 Hdfk vhulhv lv
whvwhg iru iudfwlrqdo lqwhjudwlrq xvlqj wkh whvwv lq Vhfwlrqv 51 Hvwlpdwhg vl}h
dqg srzhu ri wkh gl�huhqw surfhvvhv duh frpsxwhg dv wkh uhmhfwlrq iuhtxhqflhv
ri wkh qrq0iudfwlrqdo qxoo k|srwkhvlv1

Wkh vl}h lv h{dplqhg iru wkh dxwruhjuhvvlyh gdwdjhqhudwlqj surfhvv E(C� �

%| ' �%|3� n @| +8,

dqg wkh srzhu lv vwxglhg xvlqj gdwd frqvwuxfwhg e|

E����_ %| ' e|� +9,

Wkh phpehuv ri i@|j dqg ie|j duh ��_ �Efc ��� Zh uhsruw uhvxowv iru � htxdov
f�fc f�D dqg f�b dqg _ htxdo wr 	f�fD/ 	f�2D dqg 	f�eD1

Ehvlghv qrupdolw| ri wkh glvwxuedqfhv/ zh dovr frqvwuxfw gdwd zklfk glv0
sod| qrq0qrupdolw| +h{fhvv vnhzqhvv dqg nxuwrvlv, dqg DUFK huuruv1
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Lq wkh qrq0qrupdo fdvh/ wkh glvwxuedqfhv @| Edqg e|� duh glvwulexwhg zlwk
vnhzqhvv dqg nxuwrvlv htxdo wr �r dqg �& uhvshfwlyho|/ e| wkh Iohlfkpdqq
E�b.H� wudqvirupdwlrq1 �r dqg �& duh fkrvhq wr jhqhudwh vhulhv %| zlwk d
vnhzqhvv dqg nxuwrvlv ri 5 dqg <1

Iru wkh �qdo vhw ri surfhvvhv wkh glvwxuedqfhv duh frqglwlrqdoo| glvwulexwhg
dv @|�|3� � � Efc /|�/ zkhuh /| ' �� q n q@2|3� dqg q lv vhohfwhg dv 318 dqg
31<� e| lv frqvwuxfwhg htxylydohqwo|1

7 Uhvxowv
Wdeoh 4 suhvhqwv wkh vhqvlwlylw|/ dw d qrplqdo 8( ohyho ri vljql�fdqfh/ ri wkh
hpslulfdo vl}h ri wkh whvwv1 Wkh srzhu ri wkh errwvwuds whvwv duh suhvhqwhg lq
Iljxuh 41 Wkh uhdvrq iru qrw lqfoxglqj wkh srzhu ri wkh dv|pswrwlf whvwv lv
wkdw zh rqo| frpsduh whvwv wkdw duh +dssur{lpdwho|, zhoo vl}hg1

Wkh hvwlpdwhg vl}h ri wkh dv|pswrwlf Jhzhnh dqg Sruwhu0Kxgdn/ JSK/
whvw gl�hu iurp wkh qrplqdo/ zkhq wkh dxwruhjuhvvlyh sdudphwhu dvvxphv d
odujh srvlwlyh ydoxh1 Ixuwhupruh/ wkh whvw lv urexvw wr h{fhvv vnhzqhvv dqg
nxuwrvlv/ dqg frqglwlrqdoo| khwhurvnhgdvwlf huuruv/ lq wkh vhqvh wkdw wkh uhvxowv
duh vlplodu wr wkh qrupdo fdvh1

Wkh vl}h sureohpv ri wkh JSK whvw duh dgmxvwhg e| erwk errwvwuds sur0
fhgxuhv/ dqg wkh errwvwudsv gr qrw lpsrvh glvwruwlrqv zkhuh wkh dv|pswrwlf
whvw lv fruuhfw lq vl}h1 Wkh urexvwqhvv ri wkh dv|pswrwlf whvw fdq eh ghwhfwhg
lq wkh errwvwuds surfhgxuhv vlqfh wkh vlpsoh errwvwuds zrunv dv zhoo dv wkh
DUFK uhvdpsolqj iru doo lqyhvwljdwhg frpelqdwlrqv ri � dqg q1

Iru vkruw vhulhv/ wkh errwvwuds JSK whvwv kdyh d yhu| srru delolw| wr gh0
whfw d iudfwlrqdo gl�huhqfh qr pdwwhu ri wkh vl}h ri wkh gl�huhqflqj sdudphwhu1
Wkh srzhu lqfuhdvhv vwhdglo| zlwk wkh vdpsoh vl}h dqg dw A ' �ff zh duh
olnho| wr wudfn grzq +lq sduwlfxodu srvlwlyh, iudfwlrqdo lqwhjudwlrq1 Wkurxjk0
rxw/ zh qrwlfh wkdw wkh DUFK errwvwuds kdv d voljkwo| orzhu srzhu wkdq wkh
vlpsoh rqh/ wkxv zh frqfoxgh wkdw wkh JSK whvw vkdoo eh frpelqhg zlwk wkh
vlpsoh errwvwuds1

Wkh vl}h ri wkh dv|pswrwlf Prgl�hg Uhvfdohg Udqjh whvw dovr gl�huv iurp
wkh qrplqdo/ qrwdeo|/ frqvhuydwlyho| iru odujh srvlwlyh sdudphwhuv1 Wkh vl}h
glvwruwlrq ghfuhdvhv dv A jurzv/ exw wkh udwh ri frqyhujhqfh dsshduv wr eh
vorz1 Wkh PUU whvw lv idluo| urexvw wr h{fhvv vnhzqhvv dqg nxuwrvlv/ dqg
frpsduhg zlwk wkh fdvh ri qr khwhurvnhgdvwlflw| lq huuruv wkh whvw whqgv wr
eh pruh frqvhuydwlyh dv wkh DUFK sdudphwhu lqfuhdvhv1
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Lq jhqhudo/ wkh errwvwuds PUU whvwlqj surfhgxuh lv deoh wr lpsuryh wkh
dv|pswrwlf whvw> hyhu| errwvwuds whvw kdv ehwwhu vl}h surshuwlhv wkdq dq| ri
wkh ruljlqdo1 Lq pruh ghwdlo/ wkh errwvwuds PUU whvw lv/ iru wkh vpdoohvw
vdpsoh vl}h/ vwloo frqvhuydwlyh zkhq � ' f�b1 Krzhyhu/ wkh hvwlpdwhg vl}h ds0
surdfkhv wkh qrplqdo dv wkh vhuldo ohqjwk lqfuhdvhv1 Wkh vlpsoh uhvdpsolqjv
zrun vdwlvidfwrulo| iru qrupdo dqg qrq0qrupdo surfhvvhv/ exw h{klelw hpslul0
fdo vl}hv d elw ehorz �yh shufhqw jlyhq khwhurvnhgdvwlflw|1 Xqghu DUFK/ wkh
K� errwvwuds lv forvh wr h{dfw/ dqg lv dovr zrunv zhoo zkhq wkh huuru grhv qrw
iroorz wkh DUFK+4, vshfl�fdwlrq1

Wkh errwvwuds PUU whvwv kdyh zhoo0ehkdyhg srzhu fxuyhv/ dqg dsshduv
txlwh srzhuixo zkhq whvwlqj iru qhjdwlyh iudfwlrqdo lqwhjudwlrq1 Iru qrupdo
dqg vnhzhg huuruv zh vhh wkdw K� jhqhudoo| h{klelwv d orzhu srzhu wkdq K71
Lq wkh DUFK fdvh/ wkhuh lv qr prvw srzhuixo errwvwuds whvw dqg wkh whvw lv
doprvw xvhohvv zkhq whvwlqj iru qhjdwlyh gl�huhqfhv/ wkdw lv _ 	 f1

Wkh hvwlpdwhg vl}h ri wkh dv|pswrwlf Odjudqjh Pxowlsolhu UHJ whvw lv
yhu| forvh wr wkh qrplqdo �yh shufhqw zkhq wkh revhuydwlrqv duh qrupdoo|
glvwulexwhg1 Iru vnhzhg gdwd zlwk h{fhvv nxuwrvlv/ wkh hpslulfdo vl}h lv juhdwhu
wkdq wkh qrplqdo/ exw wkh gl�huhqfh lv uhgxfhg dv wkh vdpsoh vl}h lqfuhdvhv1
Wkh UHJ whvw lv dovr yhu| vhqvlwlyh wr DUFK h�hfwv dqg h{klelwv d vhulrxvo|
glvwruwhg vl}h iru q ' f�D dqg lq sduwlfxodu iru q ' f�b/ dqg wkh glvwruwlrq
jurzv zlwk A 1

H{dfwo| dv wkh dv|pswrwlf whvw/ wkh errwvwuds UHJ whvw edvhg rq wkh vlp0
soh sdudphwulf uhvdpsolqj lv zhoo0vl}hg iru qrupdo surfhvvhv1 Wkh uhvdpsolqjv
wkdw fruuhfw iru wkh +qrq0h{lvwlqj, DUFK kdyh uhdvrqdeoh/ exw frqvhuydwlyh/
vl}hv1 Wklv lv dovr wkh fdvh iru qrq0qrupdo gdwd1 Jlyhq DUFK/ wkh errwvwuds
K� lv qrw rqo| vxshulru wr wkh ruljlqdo whvw/ exw dovr pxfk ehwwhu wkdq K71

Wkh errwvwuds UHJ whvw uhgxfhv lq srzhu zkhq wkh wuxh _ lv forvh wr
318 frpsduhg wr d voljkwo| orzhu _ ydoxh1 Zkhq vshfli|lqj wkh whvw/ d odujh
iudfwlrqdo gl�huhqflqj srzhu lv lqwhusuhwhg dv d odujh dxwruhjuhvvlyh +ru pry0
lqj dyhudjh, rughu/ |lhoglqj ghfuhdvhg uhmhfwlrq iuhtxhqflhv1 Iru qrupdoo|
glvwulexwhg iudfwlrqdo qrlvh/ wkh DUFK errwvwudsv kdyh d orzhu srzhu wkdq
wkh vlpsoh sdudphwulf K�1 Wklv lv dovr wkh fdvh iru iudfwlrqdoo| lqwhjudwhg
zklwh qrlvh zlwk DUFK glvwxuedqfhv/ exw wkhq wkh vlpsoh dojrulwkp lv qrw
dgylvdeoh gxh wr wkh vl}h glvwruwlrq1
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8 Frqfoxvlrqv
Wkh frqfhsw ri errwvwuds whvwlqj iru iudfwlrqdo lqwhjudwlrq zrunv h{wudrugl0
qdulo| zhoo1 Li wkh vljql�fdqfh ohyho lv fdofxodwhg e| d errwvwuds surfhgxuh
d zhoo0vl}hg whvw lv doprvw dozd|v wkh uhvxow1 Krzhyhu/ wkh fkrlfh ri uhvdp0
solqj dojrulwkp pd| d�hfw wkh ghjuhh ri vl}h dgmxvwphqw1 Iru lqvwdqfh/ li wkh
ruljlqdo whvw lv vhqvlwlyh wr glvwulexwlrqdo dvvxpswlrqv/ lq sduwlfxodu DUFK
h�hfwv/ wklv vkrxog eh dffrxqwhg iru zkhq vshfli|lqj wkh uhvdpsolqj prgho1
Li wkh whvw lv urexvw wr DUFK huuruv/ wkh fkrlfh ri uhvdpsolqj lv qrw yhu|
lpsruwdqw iru wkh vl}h surshuwlhv ri wkdw whvw1

Vlqfh hfrqrplf dqg �qdqfldo gdwd duh riwhq khwhurvnhgdvwlf zh uhfrp0
phqg wkh xvh ri dq DUFK uhvdpsolqj vfkhph iru wkh UHJ whvw1 Rq wkh
rwkhu kdqg/ li sulru lqirupdwlrq vxjjhvwv wkdw wkh lqyhvwljdwhg vhulhv grhv
qrw kdyh DUFK h�hfwv/ wkh vlpsoh sdudphwulf errwvwuds kdv ehwwhu vl}h dqg
srzhu surshuwlhv1

Wkh PUU dqg JSK whvwv/ zklfk duh urexvw wr ghyldwlrqv iurp wkh llg
qrupdolw| ri wkh glvwxuedqfhv/ kdyh qlfh vl}h surshuwlhv iru doo errwvwuds
surfhgxuhv1 Gxh wr wkh vlpsolflw| dqg wkh voljkwo| kljkhu srzhu ri wkh vlpsoh
dojrulwkpv/ wkh| duh suhihuuhg zkhq errwvwudsslqj wkh PUU dqg JSK whvwv1

Wkh pdlq frqfoxvlrqv duh wkdw wkh errwvwuds whvwv duh uhpdundeo| zhoo0
vl}hg +zkhuhdv wkh dv|pswrwlf whvwv duh qrw, dqg urexvw wr qrq0qrupdolwlhv
dqg DUFK h�hfwv/ dqg wkdw uholdeoh whvwlqj iru iudfwlrqdo lqwhjudwlrq lq pdq|
fdvhv uhtxluhv d errwvwuds whvw1

Dfnqrzohgjhphqwv
Zh duh juhdwo| lqghewhg wr Wru Mdfrevrq/ Vxqh Nduovvrq/ Mdphv J1 PdfN0
lqqrq dqg Sdxo Qhzerog iru xvhixo glvfxvvlrqv dqg frpphqwv1 Wkh xvxdo
glvfodlphu dssolhv1

;



Uhihuhqfhv
Djldnorjorx/ F1 dqg S1 Qhzerog/ 4<<7/ Odjudqjh pxowlsolhu whvwv iru iudf0

wlrqdo gl�huhqfh/ Mrxuqdo ri Wlph Vhulhv Dqdo|vlv 48/ 58605951

Fkhxqj/ \10Z1/ 4<<6/ Whvwv iru iudfwlrqdo lqwhjudwlrq= d Prqwh Fduor lqyhv0
wljdwlrq/ Mrxuqdo ri Wlph Vhulhv Dqdo|vlv 47/ 66406781

Gdylgvrq/ U1 dqg M1J1 PdfNlqqrq/ 4<<9c Wkh srzhu ri errwvwuds whvwv/
Txhhqv Lqvwlwxwh iru Hfrqrplf Uhvhdufk Glvfxvvlrq Sdshu Qr1 <6:1
+Ghsduwphqw ri Hfrqrplfv/ Txhhqv Xqlyhuvlw|/ Nlqjvwrq/ Fdqdgd,1

Gdylgvrq/ U1 dqg M1J1 PdfNlqqrq/ 4<<<@/ Wkh vl}h glvwruwlrq ri errwvwuds
whvwv/ Hfrqrphwulf Wkhru|/ iruwkfrplqj1

Gdylgvrq/ U1 dqg M1J1 PdfNlqqrq/ 4<<<K/ Errwvwuds Whvwv= Krz pdq|
ErrwvwudsvB/ Hfrqrphwulf Wkhru|/ iruwkfrplqj1

Glqj/ ]1/ F1Z1M1 Judqjhu/ dqg U1I1 Hqjoh/ 4<<6/ D orqj phpru| surshuw|
ri vwrfn pdunhw uhwxuqv dqg d qhz prgho/ Mrxuqdo ri Hpslulfdo Ilqdqfh
4/ ;604391

Hiurq/ E1 dqg U1M1 Wlevkludql/ 4<<6/ Dq lqwurgxfwlrq wr wkh errwvwuds
+Fkdspdq dqg Kdoo/ Qhz \run,1

Iohlfkpdqq/ D1L1/ 4<:;/ D phwkrg iru vlpxodwlqj qrq0qrupdo glvwulexwlrqv/
Sv|fkrphwulnd 76/ 85408651

Jhzhnh/ M1 dqg V1 Sruwhu0Kxgdn/ 4<;6/ Wkh hvwlpdwlrq dqg dssolfdwlrq ri
orqj phpru| wlph vhulhv prghov/ Mrxuqdo ri Wlph Vhulhv Dqdo|vlv 7/
554056;1

Judqjhu/ F1Z1M1 dqg ]1 Glqj/ 4<<8/ Vw|ol}hg idfwv rq wkh whpsrudo dqg glv0
wulexwlrqdo surshuwlhv ri gdlo| gdwd iurp vshfxodwlyh pdunhwv/ Xqsxe0
olvkhg pdqxvfulsw/ Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Fdoliruqld/
Vdq Glhjr1

Judqjhu/ F1Z1M1 dqg U1 Mr|hx{/ 4<;3/ Dq lqwurgxfwlrq wr orqj0phpru|
wlph vhulhv prghov dqg iudfwlrqdo lqwhjudwlrq/ Mrxuqdo ri Wlph Vhulhv
Dqdo|vlv 4/ 4805<1

Krvnlqj/ M1U1P1/ 4<;4/ Iudfwlrqdo gl�huhqflqj/ Elrphwulnd 9;/ 49804:91

<



Or/ D1Z1/ 4<<4/ Orqj whup phpru| lq vwrfn pdunhw sulfhv/ Hfrqrphwulfd
8</ 45:<046461

Suhvv/ K1/ Whxnrolvn|/ V1/ Yhwwhuolqj/ Z1 dqg E1 Iodqqhu|/ 4<<5/ Qxphulfdo
Uhflshv lq Iruwudq= Wkh Duw ri Vflhqwl�f Frpsxwlqj/ vhfrqg hglwlrq
+Fdpeulgjh Xqlyhuvlw| Suhvv/ Qhz \run/ XVD,1
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Wdeoh 4= Uhmhfwlrq shufhqwdjh ri wkh iudfwlrqdo lqwhjudwlrq whvwv zkhq wkh
gdwd iroorz dq DU+4, surfhvv1

!
W @ 83 W @ 433 W @ 533

313 318 31< 313 318 31< 313 318 31<
Qrupdo Huuruv

J Dv 816 ;13 9413 815 91: :317 81< 914 :414
e7 71< 714 715 815 71; 616 818 818 613
e� 719 619 713 813 718 615 818 815 613

P Dv 91< 516 31: 91: 518 413 918 61; 419
e7 814 714 618 818 813 713 815 816 717
e� 814 715 615 816 71< 61: 816 817 718

U Dv 813 81; 815 813 913 815 71: 81; 813
e7 713 718 717 719 813 71; 71: 813 719
e� 514 61< 516 51< 619 51: 714 619 616

Qrq0qrupdo Huuruv
U Dv 91; ;18 4418 816 916 ;18 813 81< 91;

e7 718 713 619 717 715 61< 718 71; 61<
e� 514 614 418 51; 615 516 619 714 616

DUFK Huuruv/ � @ 3=<
J Dv 815 :1; 8<18 816 91: 9<1; 814 818 :318

e7 719 61< 61; 814 71; 61; 815 814 813
e� 817 71: 71: 814 71: 717 816 816 717

P Dv 614 418 318 614 41; 31< 615 514 413
e7 618 61; 716 617 617 715 616 615 714
e� 717 71< 71; 71; 813 71< 719 816 71;

U Dv 5:15 5919 6315 591< 5915 6514 6313 5;19 6;17
e7 913 816 91: :19 919 ;18 4315 :1< 4316
e� 518 616 615 618 61< 618 61; 717 717

Wkh hqwulhv duh uhmhfwlrq shufhqwdjhv ri wkh wzr0vlghg qrplqdo 8( whvw1
Dv ghqrwhv wkh dv|pswrwlf whvw dqg e7 dqg e� wkh errwvwudsv1 J>P
dqg U ghqrwh wkh JSK/ PUU dqg UHJ whvwv1 Xqghu qrq0qrupdolw|/
wkh vnhzqhvv dqg nxuwrvlv duh 5 dqg < +uhvshfwlyho|, iru doo surfhvvhv1 �
ghqrwhv wkh DUFK sdudphwhu1 Wkh uhvxowv duh edvhg rq 43/333 wuldov1
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Iljxuh 4= Uhmhfwlrq shufhqwdjh ri wkh qrplqdo 8 shufhqw JSK whvw zkhq wkh
gdwd iroorz dq DUILPD+3/_/3, surfhvv1
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