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Hvwlpdwlqj wkh H�hfw ri Oderu Pdunhw Devruswlrq ri

Hwkqlf Plqrulwlhv

Wkrpdv gh Judd�W/ Fhhv Jruwhu dqg Shwhu Qlmndps

Mxqh 63/ 5333

Suholplqdu| yhuvlrq$
Sdshu suhsduhg iru wkh 73|� Hxurshdq Frqjuhvv lq Edufdorqd

Devwudfw

Uhfhqw pljudwlrq vwxglhv duh lqfuhdvlqjo| edvhg rq d qhwzrun dssurdfk wr dffrxqw iru

xqidyrxudeoh oderu pdunhw dqg vnloo dftxlvlwlrq shuirupdqfhv ri hwkqlf plqrulwlhv frpsduhg

wr wkdw ri wkh lqgljhqrxv srsxodwlrq1 Vrflr0hfrqrplf uhvhdufk hpskdvlvhv wkdw xwlolvdwlrq ri

vrfldo qhwzrunv kljko| idyruv wkh suredelolw| ri vxffhvv lq wkh oderu pdunhw dqg lq vnloo dftxl0

vlwlrq1 Ghvslwh wkh lqfuhdvlqj dzduhqhvv ri wkh lpsruwdqfh ri qhwzrunv/ hpslulfdo olwhudwxuh

rq wkh h�hfwv ri qhwzrunv lv vfdufh/ ehfdxvh ri odfn ri gdwd1 Pruhryhu/ lw lv gl!fxow wr doorz

iru hqgrjhqhlw| ri wkh fkrvhq qhwzrun yduldeoh lq frpelqdwlrq zlwk wkh odwhqw qdwxuh ri wkh

qhwzrun yduldeoh1

Lq rxu hpslulfdo dssolfdwlrq zh hvwlpdwh wkh qhwzrun h�hfw xvlqj lqglylgxdo gdwd ri d odujh

vxuyh| dprqj hwkqlf plqrulwlhv lq wkh Qhwkhuodqgv lq 4<<71 Wklv gdwd vrxufh frpsulvhv erwk

lqirupdwlrq rq wkh oderu pdunhw shuirupdqfh dv zhoo dv ghwdlohg lqirupdwlrq rq wkh fkdudf0

whulvwlfv ri wkh shuvrqdo dqg vrfldo qhwzrunv ri lqglylgxdov1 Wkh dssurdfk dgrswhg dqdo|vhv

lqglylgxdo oderu pdunhw shuirupdqfh e| xvlqj uhgxfhg irup prghov lq zklfk wkh hpskdvlv

lv rq qhwzrun ru lqwhudfwlrq h�hfwv1 Suholplqdu| uhvxowv lqglfdwh wkdw hwkqlf plqrulwlhv zlwk

ohvv ghyhorshg qhwzrunv wkdw duh qrw lqwhuwzlqhg zlwk wkdw ri wkh lqgljhqrxv srsxodwlrq kdyh

orzhu orzhu oderu pdunhw shuirupdqfhv1

nh|zrugv= Hwkqlf plqrulwlhv/ foxvwhulqj/ vrfldo qhwzrunv/ oderu pdunhwv

4 Lqwurgxfwlrq

Wkh frqfhsw ri qhwzrunv lq hfrqrplfv � dqg lq vrfldo vflhqfh lq jhqhudo � kdv ehfrph yhu| srsxodu
vlqfh wkh plg 4<;3v1 Vwduwlqj iurp uhdo sk|vlfdo qhwzrunv +Iduuhoo dqg Vdorqhu/ 4<;9 dqg Ndw} dqg
Vkdslur/ 4<;8,/ wkh wkhru| zdv txlfno| h{whqghg wr vrfldo qhwzrunv +vhh Prqwjrphu|/ 4<<4,1 Lq wkh
plg 4<<3v d jurzlqj jurxs ri hfrqrplvwv +vhh h1j1 Gxuodxi/ 4<<7> Eìqderx/ 4<<9, wulhg wr prgho
wkh lqwhudfwlrq ehwzhhq ydulrxv hfrqrplf djhqwv zlwklq d jlyhq vsdwldo duhd/ h1j1 flwlhv ru qhljk0
erukrrgv1 Krzhyhu/ wkh qhwzrun dssurdfk lq wkh vrfldo vflhqfhv gdwhv ixuwkhu edfn +Ehunrzlw}/
4<;5> Uhhv/ 4<99> Judqryhwwhu/ 4<:7, dqg lv hvshfldoo| dssolhg wr vrflr0hfrqrplf surfhvvhv vxfk dv
oderu pdunhw shuirupdqfhv1

Lq wkh Qhwkhuodqgv/ wkh oderu pdunhw shuirupdqfh ri hwkqlf jurxsv odjv ehklqg wkdw ri wkh
lqgljhqrxv srsxodwlrq +vhh h1j1 Whvvhu hw do1/ 4<<<,1 Wkhvh jurxsv duh fkdudfwhul}hg e| vwurqj wlhv
zlwklq wkhlu frppxqlw| dqg duh riwhq vxemhfw wr srru vrflr0hfrqrplf lqwhjudwlrq lq wkh frxqwu| ri
ghvwlqdwlrq1 Lq 4<<9/ Fduulqjwrq hw do1 jdyh dq lqvljkwixo hfrqrplf h{sodqdwlrq zk| lppljudqwv
kdyh wkh surshqvlw| wr foxvwhu/ rq wkh edvlv ri d frvw ehqh�w dqdo|vlv1 E| phdqv ri wklv surfhvv/
lqlwldo frqglwlrqv iru hwkqlf hqfodyhv duh hdvlo| hvwdeolvkhg1 Lw lv olnho| wkdw jhrjudsklfdo foxvwhulqj
lv d ghwhuplqdqw iru oderu pdunhw dqg vfkrrolqj shuirupdqfh/ dowkrxjk ydq ghu Noddxz +5333, glg

WFruuhvsrqglqj dxwkru/ hpdlo wjudd�Chfrq1yx1qo1 Vsdwldo Hfrqrplfv/ Yulmh Xqlyhuvlwhlw Dpvwhugdp/ Gh Erhoh0
oddq 4438/ 43;4 KY/ Dpvwhugdp1 Who= .64 +3, 53 77793<;/ id{= .64 +3, 53 77793371
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qrw �qg qhljkerukrrg h�hfwv iru wkh oderu pdunhw shuirupdqfh ri qrq0Gxwfk mre orvhuv lq wkh flw| ri
Urwwhugdp1 Krzhyhu/ dv Pdqvnl +4<<6, lqglfdwhg/ wkhuh duh vhyhuh sureohpv lqkhuhqw lq phdvxulqj
qhljkerukrrg h�hfwv/ ehfdxvh/ zlwkrxw d frqwuro jurxs ri lqglylgxdov/ d gluhfw glvwlqfwlrq ehwzhhq
h{rjhqrxv/ hqgrjhqrxv dqg fruuhodwlrq h�hfwv lv qrw srvvleoh1 Krzhyhu/ zlwk sulru lqirupdwlrq
ru dgglwlrqdo dvvxpswlrqv rq wkh ehkdylru ri wkh vdpsohg lqglylgxdov/ lqgluhfw uhvxowv derxw wkh
vhsdudwh h�hfwv pd| eh dwwdlqdeoh1

Lq wklv sdshu zh dlp wr pds rxw wkh oderu pdunhw devruswlrq ri hwkqlf plqrulwlhv lq wkh Qhwkhu0
odqgv1 Zh duh hvshfldoo| lqwhuhvwhg lq wkh vljql�fdqfh ri wkh iroorzlqj wkuhh pdlq fkdudfwhulvwlfv
ri wkh suredelolw| ri vxffhvv rq wkh Gxwfk oderu pdunhw ri hwkqlf plqrulwlhv1

� Odqjxdjh Delolw|1 Wkh delolw| wr vshdn wkh lqgljhqrxv odqjxdjh vhhpv kljko| lpsruwdqw iru
oderu pdunhw shuirupdqfh ri hwkqlf plqrulwlhv +vhh Fklvzlfn dqg Ploohu/ 4<<<,1 Ixuwkhupruh/
zlwk wkh lqfuhdvlqj hpskdvlv rq frppxqlfdwlrq sur�flhqflhv iru kljkhu vnloohg mrev/ wklv
yduldeoh vhhpv wr eh kljko| lpsruwdqw lq ghwhuplqlqj wkh vrfldo vhjuhjdwlrq ri d orfdo hwkqlf
jurxs1 Zh wdnh wklv yduldeoh pdlqo| dv h{rjhqrxvo| jlyhq1

� Vrfldo Foxvwhulqj1 Wklv frqfhsw phdvxuhv wkh vrfldo lqwhjudwlrq ri hwkqlf plqrulwlhv lq d
vrflhw|1 D vwurqj hwkqlf qhwzrun pljkw surklelw wkh lqwhjudwlrq ri wkh hwkqlf srsxodwlrq1
Rq wkh rwkhu kdqg/ odujh vrfldo lqwhuwzlqhphqw ehwzhhq wkh hwkqlf dqg wkh lqgljhqrxv srs0
xodwlrq pd| fdxvh lqfuhdvhg oderu pdunhw dqg vfkrrolqj shuirupdqfh/ xqwlo wkh oderu pdunhw
fkdudfwhulvwlfv ri erwk wkh lqgljhqrxv srsxodwlrq dqg wkh hwkqlf plqrulw| duh wkh vdph1 Lq
whupv ri Pdqvnl +4<<6,/ vrfldo qhwzrun yduldeohv pd| eh vhhq dv hqgrjhqrxv h�hfwv1

� Jhrjudsklfdo Foxvwhulqj1 Wklv frqfhsw phdvxuhv gluhfwo| wkh sk|vlfdo vhjuhjdwlrq zlwklq
d vrflhw|1 Li wkhuh lv d kljk ghjuhh ri jhrjudsklfdo foxvwhulqj lq d vrflhw|/ qhljkerukrrgv
ru shhu h�hfwv kdyh pruh lq xhqfh rq wkh oderu pdunhw devruswlrq ri hwkqlf lppljudqwv1
Jhrjudsklfdo foxvwhulqj pd| fdxvh lqglylgxdov wr ehkdyh vlploduo|/ wkxv fdxvlqj fruuhodwlrq/
dowkrxjk jhrjudsklfdo foxvwhulqj pljkw dovr eh frqvlghuhg dv dq hqgrjhqrxv vhohfwlrq h�hfw1

Wkhvh yduldeohv duh doo � zlwk wkh h{fhswlrq shukdsv ri wkh jhrjudsklfdo foxvwhulqj yduldeoh
� udwkhu kd}| frqfhswv dqg gl!fxow wr phdvxuh1 Dowkrxjk wkh| fdq eh fkdudfwhul}hg e| surshu
lqglfdwruv/ wkhvh fdq qhyhu ixoo| uhsuhvhqw wkh frqfhsw xqghuo|lqj wkhp1 Wkdw lv zk| zh kdyh wr
frqvwuxfw phdqlqjixo odwhqw yduldeohv iurp wkhvh lqglfdwruv/ zklfk vkrxog eh deoh wr fdswxuh wkh
wuxh ydoxh ri wkh xqghuo|lqj frqfhsw1

Wklv sdshu lv rujdql}hg lq wkh iroorzlqj zd|1 Lq Vhfwlrq 5/ zh zloo fkdudfwhul}h rxu gdwd e|
xvlqj fruuhvsrqghqfh dqdo|vlv rq rxu gdwdvhw1 Vhfwlrq 6 zloo frqwlqxh zlwk dsso|lqj idfwru dqdo|vlv
rq odqjxdjh shuirupdqfh lqglfdwruv dqg vxevhtxhqwo| lqglfdwruv rq vrfldo dfwlylwlhv/ lq rughu wr
frqvwuxfw odwhqw yduldeohv iru odqjxdjh sur�flhqf| dqg vrfldo qhwzrunv1 Wkh odvw vxevhfwlrq lq
Vhfwlrq 6 zloo ghdo zlwk wkh frqvwuxfwlrq ri d yduldeoh iru jhrjudsklfdo foxvwhulqj/ zklfk lv pdlqo|
edvhg rq Gh Judd� hw do1 +5333,1 Vhfwlrq 7 zloo xvh wkh duwl�fldo yduldeohv wr phdvxuh oderu
pdunhw devruswlrq1 Khuh/ gxudwlrq prghov zloo eh ghyhorshg lq rughu wr hvwlpdwh ghwhuplqdqwv ri
hpsor|phqw vshoov 1 Wklv Vhfwlrq hvvhqwldoo| ghvfulehv wkh h{whqw wr zklfk shuvrqv ehorqjlqj wr dq
hwkqlf plqrulw| kdyh fkdqfhv wr orvh d mre dqg krz wkhvh fkdqfhv ghshqg rq odqjxdjh dqg vrfldo
qhwzrun yduldeohv1 Ilqdoo|/ Vhfwlrq 8 r�huv vrph whqwdwlyh frqfoxvlrqv dqg gluhfwlrqv iru ixuwkhu
uhvhdufk1

5 Wkh Gdwd

Lq wklv sdshu zh xvh wkh VSYD4 vxuyh| iurp 4<<71 Lq wklv vxuyh| irxu hwkqlf plqrulwlhv +Wxunv/
Prurffdqv/ Dqwloohdqv dqg Vxulqdphvh, duh txhvwlrqhg/ wrjhwkhu zlwk wkh lqgljhqrxv srsxodwlrq/
dv wkh uhihuhqfh jurxs1 Lq wrwdo/ 7/3<9 krxvhkrogv duh vxuyh|hg/ zklfk frqvlvw ri ;/637 uhvsrqghqwv

4Wkh deeuhyldwlrq vwdqgv iru �Vrfldoh Srvlwlh hq Yrru}lhqlqjhqjheuxln Doorfkwrqhq� +lq Gxwfk,1
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ri 45 |hduv dqg roghu lq 46 flwlhv lq wkh Qhwkhuodqgv5 1 Ehfdxvh wkh qxpehu ri txhvwlrqv dvnhg wr
wkh khdgv ri wkh krxvhkrogv dprxqwv wr 588/ zh zloo �uvw xvh fruuhvsrqghqfh dqdo|vlv/ iroorzhg e|
idfwru dqdo|vlv lq Vhfwlrq 6/ lq rughu wr suhvhqw wkh gdwd dqg wr uhgxfh wkh qxpehu ri yduldeohv
vxevwdqwldoo|1 Wkh qh{w vxevhfwlrq zloo xvh fruuhvsrqghqfh dqdo|vlv dv dq lqwxlwlyh wrro wr jdlq
lqvljkw lq rxu odujh gdwd vhw1

514 Hwkqlf Plqrulwlhv= d W|srorj|

Zrunlqj zlwk odujh gdwd vhwv frxog eh sureohpdwlf lq wkh vhqvh wkdw dq ryhuylhz ri wkh uhodwlrqvklsv
lv gl!fxow wr dwwdlq1 Ixuwkhupruh/ ehfdxvh odujh qxpehuv ri revhuydwlrqv kdyh wkh whqghqf| wr
jlyh vljql�fdqw uhvxowv txlfno|/ surshu prgho vshfl�fdwlrq lv wurxeohvrph1 Fruuhvsrqghqfh dqdo|vlv
frxog khos lq rughu wr pdnh wkh gdwd vxuyh|deoh dqg wr jlyh d xvhixo w|srorj| ri wkh gdwd1 Wklv
w|sh ri dqdo|vlv lv dq lqgxfwlyh phwkrg/ zklfk fdq eh ghvfulehg dv d vhdufk vwudwhj| iru xqghuo|lqj
vwuxfwxuhv zlwklq d jlyhq gdwd vhw1 Wkh sduwlfxodu vwuhqjwk ri fruuhvsrqghqfh dqdo|vlv olhv lq
ylvxdol}lqj sdwwhuqv lq odujh gdwdvhwv/ wkhuhe| uhprylqj uhgxqgdqw qrlvh zlwkrxw orrvlqj hvvhqwldo
lqirupdwlrq +vhh h1j1 Fodxvvhq/ 4<<;,1 Wkh whfkqltxh lv d wrro iru dqdo|}lqj wkh dvvrfldwlrq
ehwzhhq wzr ru pruh fdwhjrulfdo yduldeohv e| uhsuhvhqwlqj wkh wzr ru pruh yduldeoh fdwhjrulhv ri
wkh yduldeohv dv srlqwv lq d orz0glphqvlrqdo vsdfh/ riwhq rqo| wzr glphqvlrqv1 Li wzr fdwhjrulhv
duh yhu| vlplodu/ wkhq wkh| zloo kdyh d vpdoo glvwdqfh lq vsdfh wr hdfk rwkhu1 Klvwrulfdoo| vhhq/
fruuhvsrqghqfh dqdo|vlv gdwhv idu edfn lqwr wkh 4<63v/ exw wkh phwkrg ehfdph pdlqo| srsxodu lq
frqwlqhqwdo Hxursh/ hvshfldoo| lq Iudqfh +iru d hqoljkwhqolqj dssolfdwlrq vhh Erxuglhx/ 4<;;, dqg
lq wkh Qhwkhuodqgv +vhh h1j1 ydq ghu Khlmghq dqg gh Ohhxz/ 4<;8,/ dqg ohvv lq Hqjolvk vshdnlqj
frxqwulhv1

Iluvw/ iru dsso|lqj fruuhvsrqghqfh dqdo|vlv rqh vkrxog wudqvirup wkh udz gdwd pdwul{ [ lqwr
d frqwlqjhqf| wdeoh D> zlwk urz glphqvlrq L dqg froxpq glphqvlrq M / wdnlqj lqwr dffrxqw wkh
uhodwlyh zhljkw ri hdfk iuhtxhqf|1 Qh{w/ rqh lv deoh wr fdofxodwh wkh zhljkwhg Hxfolghdq glvwdqfh
ehwzhhq hdfk hqwu| +l> m, lq wkh iuhtxhqf| wdeoh lq wkh iroorzlqj zd|=

�5 +l> l3, @
[
m

+dlm � dl3m,
5

d�m
+4,

dlm dqg dl3m duh froxpq hohphqwv m lq wkh urz l dqg l3 uhvshfwlyho|/ wkh c�* uhsuhvhqwv vxpphg xs
hohphqwv ryhu wkh fruuhvsrqglqj yduldeoh dqg �5 +, lv wkh vr0fdoohg fkl0vtxduhg glvwdqfh1 Htxdwlrq
+4, lv d phdvxuh ri wkh gl�huhqfh ehwzhhq urz sur�oh l dqg urz sur�oh l316 Ilqglqj fkl0vtxduhg
glvwdqfhv ryhu froxpq sur�ohv lv mxvw wkh wudqvsrvhg rshudwlrq1

Fruuhvsrqghqfh dqdo|vlv lv edvhg rq +4, dqg edvlfdoo| ghfrpsrvhv wklv fkl0vtxduh phwulf1 Iluvw/
ohwGu dqgGf eh gldjrqdo pdwulfhv zlwk glphqvlrq zhljkwv dl� dqg d�m uhvshfwlyho| +wkhvh duh fdoohg
wkh urz dqg froxpq pdvvhv,1 Wkhq zh duh deoh wr frqvwuxfw d pdwul{ H @ +Gu~~

3Gf, @q/ zlwk q
@
S
l>m

dlm dqg ~ d yhfwru ri rqhv +iru d ghwdlohg dqdo|vlv/ vhh Juhhqdfuh dqg Eodvlxv/ 4<<7,= Wkh

hohphqwv ri H qrz kdyh wkh iroorzlqj irup=

hlm @
dl�d�m
q

> +5,

dqg fdq eh lqwhusuhwhg dv wkh dyhudjh ri wkh froxpq wlphv wkh urz pdvvhv1

Qrz/ zh duh deoh wr fdofxodwh wkh pdwul{ ri vwdqgdugl}hg uhvlgxdov ru G
�4@5
u +D�H,G

�4@5
f

dqg zlwk wkh xvh ri Vlqjxodu Ydoxh Ghfrpsrvlwlrq zh fdq �qg wkh gldjrqdo hljhqydoxh pdwul{ � =

� @ G�4@5
u +D�H,G�4@5

f @X�4@5Y3= +6,

Wkh gldjrqdo hohphqwv ri �4@5 duh wkh vr0fdoohg vlqjxodu ydoxhv/ zklfk duh srvlwlyh qxpehuv dqg

duudqjhg lq ghvfhqglqj rughu= �
4@5
4

� �
4@5
5

� = = = � �
4@5
N A 3/ zlwkN gh udqn ri �1 Lq wkh frqwh{w ri

5Wkh iroorzlqj flwlhv duh xvhg lq wkh vdpsoh= Dpvwhugdp/ Urwwhugdp/ Wkh Kdjxh/ Xwuhfkw/ Hlqgkryhq/ Hqvfkhgh/
Dophuh/ Doskhq ddq gh Ulmq/ Ehujhq rs ]rrp/ Krrjh}dqg0Vdsshphhu/ Ghoiw/ Gruguhfkw dqg Wlho1 Wkhvh flwlhv
frpsulvh wkh irxu odujhvw flwlhv lq wkh Qhwkhuodqgv1

6 Li � dqg �� kdyh wkh vdph sur�ohv/ wkhq B2 E� ' f dqg wkh pdwul{ � lv vlqjxodu
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fruuhvsrqghqfh dqdo|vlv zh uhihu wr �
4@5
l dv d sulqflsdo lqhuwld17 X lv wkh pdwul{ ri wkh hljhqyhfwruv

ri ��3/ zkloh Y lv wkh pdwul{ ri wkh hljhqyhfwruv ri �3�= Wklv vroxwlrq kdv d glphqvlrq htxdo wr
N @ plq iL � 4> M � 4j1 Hvshfldoo|/ wkh pdwulfhv X dqg Y surri wr eh txlwh xvhixo1 Qdpho| wkh

sulqflsdo frruglqdwhv +SF3v, ri h1j1 wkh urzv duh rewdlqhg e| fdofxodwlqj SFu @ G
�4@5
u X�

4@5/
zkloh wkh vwdqgdug frruglqdwhv ri wkh urzv duh wkh SF3v glylghg e| wkhlu uhvshfwlyh vlqjxodu

ydoxhv/ vr Fu @ G
�4@5
u X= Erwk sulqflsdo frruglqdwhv dqg wkh vwdqgdug frruglqdwhv fdq eh xvhg wr

glvsod| wkh yduldeohv lq d wzr0glphqvlrqdo ru wkuhh0glphqvlrqdo judsk1 Kljkhu glphqvlrqv duh dovr
dwwdlqdeoh/ exw duh qrw frqvlghuhg khuh ehfdxvh ri wkh judsklfdo gl!fxowlhv wr glvsod| wkhp1 Wkh
surfhgxuh iru rewdlqlqj sulqflsdo dqg vwdqgdug frruglqdwhv lv h{dfwo| wkh vdph iru wkh froxpqv1

Fruuhvsrqghqfh dqdo|vlv fdq eh vhhq dv d ghfrpsrvlwlrq ri wkh ghsduwxuh iurp lqghshqghqfh
lq d pdwul{1 Wkh uhodwlrq ehwzhhq wklv ghfrpsrvlwlrq dqg Shduvrq*v jrrgqhvv0ri0�w "5 vwdwlvwlf8

lv=

wudfh �5 @
[
l

�l @
"5

q
= +7,

Wkh lqwhusuhwdwlrq ri wkh judsklfdo lqwhusuhwdwlrq ri fruuhvsrqghqfh dqdo|vlv lv qrz wkh iroorzlqj1
Zkhq sur�ohv ehwzhhq urz ru froxpq srlqwv duh frqvlghudeo| gl�huhqw/ wkh glvwdqfh ehwzhhq wkh
wzr srlqwv lv txlwh odujh/ wkhlu sur�ohv duh udwkhu htxdo zkhq wkh| duh txlwh qhdu hdfk rwkhu1

7Wkh vxp ri wkh vtxduhv ri wkh hohphqwv ri s lv fdoohg wkh wrwdo lqhuwld dqg lv d phdvxuh ri wkh froxpq0urz
dvvrfldwlrq1

8Shduvrq*v jrrgqhvv ri �w �2vwdwlvwlf lv gh�qhg dv �2
EU3��Ea3��
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Iljxuh 4= D fruuhvsrqghqfh dqdo|vlv ri �yh hwkqlf jurxsv lq wkh Qhwkhuodqgv1 Ghprjudsklf
yduldeohv duh lq lwdolfv/ wkh hwkqlf jurxsv lq erog dqg wkh �jxuhv uhsuhvhqw krxvhkrog lqfrphv1

Zkhq d srlqw lv qrw idu iurp wkh ruljlq/ wkhq wkh urz dqg froxpq sur�ohv iurp wklv srlqw
zloo qrw gl�hu pxfk iurp wkh phdq sur�oh1 Wkh sulqflsdo lqhuwld fdq eh xvhg wr ghfrpsrvh wkh
wrwdo lqhuwld dqg wr phdvxuh wkh frqwulexwlrqv ri hdfk glphqvlrq wr wkh vroxwlrq1 Iljxuh 4 jlyhv
d w|srorj| ri wkh deryh phqwlrqhg �yh hwkqlf jurxsv lq wkh Qhwkhuodqgv xvlqj d fruuhvsrqghqfh
dqdo|vlv lq wzr glphqvlrqv dovr h{sodlqhg deryh/ zlwk wkh sulqflsdo frruglqdwhv rq wkh d{hv1 Wkh
w|srorj| lv dssolhg rq wkh fkdudfwhulvwlfv rq wkh khdgv ri wkh krxvhkrogv/ zklfk fdq eh irxqg lq
wkh frqwlqjhqf| wdeoh D4 lq wkh Dsshqgl{1 Wkh fxpxodwlyh h{sodlqhg lqhuwld e| wkh wzr prvw
lpsruwdqw glphqvlrqv lv <9(/ zkhuh glphqvlrq 4 dffrxqwv iru ::( dqg glphqvlrq 5 iru 4<(1
Wrwdo lqhuwld lv derxw 3149/ zklfk vhhp wr lqglfdwh wkdw wkhuh lv txlwh vrph fruuhodwlrq ehwzhhq
rxu froxpq dqg urz glphqvlrq1 Lqghhg/ Shduvrq*v "5 vwdwlvwlf lv htxdo wr pruh ru ohvv 64;:/ zklfk
lv vljql�fdqw zlwk ;3 ghjuhhv ri iuhhgrp/ zklfk lqglfdwhv odujh ghshqghqfh ehwzhhq wkh urz dqg
froxpq yduldeohv lq wdeoh D4 lq dsshqgl{ D1

Iljxuh 4 uhyhdov wkdw wkhuh duh vljql�fdqw vrflr0hfrqrplf gl�huhqfhv ehwzhhq wkh �yh hwkqlf
jurxsv/ dowkrxjk wkh fkdudfwhulvwlfv ri wkh Wxunv dqg wkh Prurffdqv vhhpv udwkhu vlplodu1 Dovr wkh
Vxulqdphvh dqg Dqwloohdq krxvhkrog khdgv olh forvh wr hdfk rwkhu lq wkh wzr glphqvlrqdo vxevsdfh1
Wkdw Gxwfk krxvhkrogv lqfrphv dqg hgxfdwlrq ri wkh krxvhkrogv khdgv duh kljkhu frphv qrw dv d
vxusulvh1 Ixuwkhupruh/ wkh yduldeoh *djh A 98 */ zklfk lv lq wkh Qhwkhuodqgv wkh uhwluhphqw djh/ olhv
idu iurp wkh Wxunv/ Prurffdqv/ Vxulqdphvh dqg Dqwloohdqv/ lqglfdwlqj wkh vwloo |rxqj ghprjudsklf
sur�oh iru wkhvh jurxsv1 W|slfdo iru wkh Wxunv dqg Prurffdqv lv wkdw wkh khdg ri wkh krxvhkrog
kdv d kljkhu suredelolw| ri ehlqj d pdoh/ kdylqj qr mre/ ehlqj pduulhg dqg ehlqj uholjlrxv1 Rq
wkh rwkhu kdqg/ Vxulqdphvh dqg Dqwloohdqv krxvhkrog khdgv duh txlwh olnho| wr kdyh qr sduwqhu
dqg orz lqfrphv1 Wkhvh w|srorjlhv vhhp wr eh mxvwl�hg iru wkh Qhwkhuodqgv/ dffruglqj wr h1j1
Whvvhu hw do1 +4<<<,1 Vrphzkdw vwudqjh lv wkh idfw wkdw Vxulqdphvh dqg Dqwloohdq krxvhkrog khdgv
kdyh kljkhu hgxfdwlrq exw orzhu lqfrph rq dyhudjh wkdq Prurffdq dqg Wxunlvk krxvhkrog khdgv1
Krzhyhu/ wklv frxog eh h{sodlqhg e| wkh nqrzohgjh wkdw Vxulqdphvh dqg Dqwloohdq krxvhkrogv duh
pruh riwhq vlqjoh prwkhu zlwk fkloguhq krxvhkrogv1 Wkh iroorzlqj Vhfwlrq zloo wu| wr �qg odwhqw
yduldeohv iru odqjxdjh dqg vrfldo qhwzrun yduldeohv/ wkdw duh deoh wr h{sodlq wkh gl�huhqfhv irxqg lq
wklv vxevhfwlrq dqg dovr d jhrjudsklfdo phdvxuh vxlwdeoh iru fdswxulqj sk|vlfdo qhwzrunv ehwzhhq
hwkqlf plqrulwlhv1

6 Ghwhuplqdqwv ri Lqwhjudwlrq

Lq frpsdulvrq zlwk fruuhvsrqghqfh dqdo|vlv/ wkh pdlq sxusrvh ri idfwru dqdo|vlv lv qrw wr jdlq
lqvljkw lq wkh vwuxfwxuh ri wkh gdwd1 Lqvwhdg/ lw zdqw wr uhgxfh wkh qxpehu ri yduldeohv/ lq rughu wr
pdnh wkh gdwd pruh pdqdjhdeoh dqg wudfwdeoh1 Idfwru dqdo|vlv lv hvvhqwldoo| d vhw ri whfkqltxhv
wkdw duh deoh wr pdnh d qxpehu ri qhz +odwhqw, yduldeohv/ xvxdoo| vpdoohu wkdq wkh qxpehu ri
ruljlqdo yduldeohv/ zklfk duh deoh wr fdswxuh prvw ri wkh fruuhodwlrq ehwzhhq wkh ruljlqdo yduldeohv1
Zkhuh fruuhvsrqghqfh dqdo|vlv xvhv d wzr0glphqvlrqdo yduldeoh vwuxfwxuh/ idfwru dqdo|vlv xvhv d
rqh0glphqvlrqdo yduldeoh vwuxfwxuh/ wkrxjk wkh| hvvhqwldoo| pdnh xvh ri wkh vdph pdwul{ dojheud/
qdpho| pdwul{ ghfrpsrvlwlrq1 Lq wklv vhfwlrq zh zloo h{sodlq wkh edvlf phfkdqlfv ri idfwru dqdo|vlv/
exw iru pruh lqirupdwlrq zh uhihu wr Mdfnvrq +4<<4,1 Iluvw/ zh zdqw rxu qhz yduldeohv wr lghdoo|
kdyh wkh iroorzlqj wzr surshuwlhv=

41 Lqghshqghqf|1 Wkh qhz yduldeohv |rx fuhdwh vkrxog eh lqghshqghqw iurp hdfk rwkhu +lq rwkhu
zrugv/ ruwkrjrqdo wr hdfk rwkhu, zklfk idflolwdwhv ixuwkhu dqdo|vlv/ dv uhjuhvvlrq dqdo|vlv ru
lq rxu fdvh gxudwlrq dqdo|vlv1

51 Lqwhusuhwdelolw|1 Wkh qhz odwhqw yduldeohv vkrxog dovr kdyh dq hdv| wr xqghuvwdqg lqwhusuh0
wdwlrq/ vr wkdw frh!flhqwv lq ixuwkhu dqdo|vlv duh hdvlhu wr glvfxvv1
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Sulqflsdo Frpsrqhqw Dqdo|vlv +SFD, dv wkh �uvw vwhs lv wkh prvw frpprq sudfwlfh lq idfwru
dqdo|vlv1 Mxvw dv lq vxevhfwlrq 514 zh xvh wkh gdwd pdwul{ [ zlwk p yduldeohv dqg qrz zh
wudqvirup lw lq lwv fruuhodwlrq pdwul{ 	/ zklfk kdv vl}h +p�p, dqg lv v|pphwulf19 Qrz zh pd|
vwdwh wkdw zlwk Vfkxu ghfrpsrvlwlrq=

	 @ V3�V +8,

/ zkhuh V lv dq ruwkrjrqdo pdwul{ ri hljhqyhfwruv ri 	 dqg � d pdwul{ zlwk wkh hljhqydoxhv ri
	 rq wkh gldjrqdo/ djdlq lq d ghvfhqglqj rughu1 Qrwh wkh vlplodulw| zlwk +6,1 Wkh yhfwruv ri V
+dovr fdoohg wkh idfwru ordglqjv, fdq qrz eh xvhg wr zhljkw wkh ruljlqdo yduldeohv wr irup p qhz
yduldeohv +wkh sulqflsdo frpsrqhqwv,1 Wkh uhvxowv duh wkdw wkh fuhdwhg sulqflsdo frpsrqhqwv duh
ruwkrjrqdo rq hdfk rwkhu +wkh| duh lqghshqghqw, dqg wkdw wkh p hljhqyhfwruv vsdq wkh vxevsdfh
U
p +qrwklqj iurp wkh ruljlqdo lqirupdwlrq kdv ehhq orvw,1
Wkh �uvw hljhqyhfwru fdq eh lqwhusuhwhg dv wkdw gluhfwlrq lq Up/ lq zklfk wkh ruljlqdo gdwd

vkrz wkh odujhvw yduldqfh1 Wkh vhfrqg hljhqyhfwru lv wkdw gluhfwlrq lq Up zlwk wkh vhfrqg odujhvw
yduldqfh dqg vr rq1 Lq rughu wr uhgxfh wkh qxpehu ri yduldeohv zh rqo| kdyh wr wdnh wkh n � p
hljhqyhfwruv dqg wudqvirup wkhp lq sulqflsdo frpsrqhqwv1 Wkh p� n rplwwhg yduldeohv pd| eh
uhjdughg wkhq dv qrlvh1 Wkhuh duh d odujh qxpehu ri fulwhuld lq krz wr fkrrvh wkh ydoxh ri n/ exw
prvw frpprq lq sudfwlfh lv wr rqo| wdnh wkrvh hljhqyhfwruv/ zkrvh fruuhvsrqglqj hljhqydoxhv duh
odujhu wkdq 41

Rwkhu sureohpv zklfk dulvhv lv wkdw wkh hljhqydoxhv ri doo p yhfwruv vkrxog eh gl�huhqw iurp
hdfk rwkhu/ lq rughu wr surshuo| gh�qh wkh vxevsdfh1 Wzr hljhqydoxhv doprvw ehlqj htxdo frxog
khdylo| lq dwh wkh vwdqgdug huuruv ri wkh idfwru ordglqj1 Lq hfrqrphwulf whupv zh pd| vd| wkdw zh
hvwlpdwh wkh rulhqwdwlrq frqvlvwhqwo|/ exw wkdw zh gr qrw nqrz wkh h!flhqf|1 Lq prvw dssolfdwlrqv
wkh hljhqydoxhv ri wkh �uvw n yhfwruv duh txlwh odujh dqg revhuydeoh gl�huhqw iurp hdfk rwkhu1
Krzhyhu/ wkh hljhqydoxhv ri wkh odvw p� n yhfwruv duh txlwh vpdoo dqg prvwo| ri wkh vdph rughu
ri pdjqlwxgh1 Zh xvh d whvw ghyhorshg e| Eduwohww +vhh Mdfnvrq/ 4<<4, wr whvw iru wkh htxdolw| ri
wkh hljhqydoxhv1:

Lqwhusuhwlqj wkhvh n qhz lqghshqghqw sulqflsdo frpsrqhqwv lv txlwh gl!fxow1 Zh lghdoo| zdqw
rxu idfwru ordglqjv wr kdyh ydoxhv olnh 04/ 3 ru 4/ vr wkdw hdfk sulqflsdo frpsrqhqw lv hqwluho|
frqvwuxfwhg rxw ri d +vpdoo, qxpehu ri yduldeohv1 Lq uhdolw|/ krzhyhu/ rxu sulqflsdo frpsrqhqwv
duh txlwh olnho| wr eh frqvwuxfwhg rxw ri doo yduldeohv1 Dq reylrxv dssurdfk lq wklv fdvh lv pdwul{
urwdwlrq1 Wkhuh duh edvlfdoo| wzr urwdwlrq phwkrgv1 Wkh �uvw rqh ohdyhv wkh sulqflsdo frpsrqhqwv
ruwkrjrqdo/ zkloh wkh rwkhu grhv qrw uhwdlq ruwkrjrqdolw|1 Wkh prvw srsxodu urwdwlrq phwkrg/
zklfk ohdyhv wkh sulqflsdo frpsrqhqwv ruwkrjrqdo/ lv wkh vr0fdoohg Ydulpd{ urwdwlrq surfhgxuh1
Dv douhdg| phqwlrqhg dw wkh ehjlqqlqj ri wklv Vhfwlrq/ wkhuh lv d nlqg ri wudgh0r� ehwzhhq wkh wzr
ghvludeoh surshuwlhv= lqghshqghqf| dqg lqwhusuhwdelolw|1 Xvlqj qrq0ruwkrjrqdo urwdwlrq vfkhphv
pdnh wkh qhz idfwruv ghshqghqw ri hdfk rwkhu exw lqfuhdvhv hdvh ri wkhlu lqwhusuhwdwlrq11

Ohw elm eh dq hohphqw ri E @ UVn/ zlwk U d urwdwlrq pdwul{ dqg Vn wkh pdwul{ ri wkh �uvw n
idfwru ordglqjv/ wkhq wkh ydulpd{ surfhgxuh orrnv olnh wkh iroorzlqj=;

T @
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e5lm

$54D > +9,

zkhuh/ wkh yduldeoh T lv pd{lpl}hg e| ydu|lqj wkh urwdwlrq pdwul{ U/ zlwk vl}h htxdo wr +n � n,1
Wklv surfhgxuh nhhsv wkh ruwkrjrqdolw| ri wkh sulqflsdo frpsrqhqwv dqg pd{lpl}hv wkh vxpv ri

9 Lqvwhdg ri xvlqj wkh fruuhodwlrq pdwul{/ zh pd| dovr xvh wkh fryduldqfh pdwul{1 Krzhyhu/ wkh sulqflsdo frp0
srqhqwv ri wkh fryduldqfh pdwul{ duh gl!fxow wr lqwhusuhw/ zkhq wkh gdwd duh phdvxuhg lq gl�huhqw xqlwv1 Wklv
sureohp grhv qrw rffxu zkhq zrunlqj zlwk wkh fruuhodwlrq pdwul{/ ehfdxvh lwv hohphqwv duh xqlwohvv dqg vfdohg wr
41

:Eduwohww*v whvw lv gh�qhg e| Mdfnvrq +4<<4, dv= �24
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zlwk v wkh qxpehu ri ghjuhhv ri iuhhgrp ri wkh xvhg fryduldqfh pdwul{ dqg b� wkh fruuhvsrqglqj hljhqydoxh1 Qrwh
wkdw wklv whvw0vwdwlvwlf pd| eh xvhg iru hdfk qxoo prgho wkdw dvvxphv vrph ri wkh hljhqydoxhv wr eh htxdo1

;Prvw ruwkrjrqdo urwdwlrq surfhgxuhv/ olnh h1j1 ruwkrpd{/ fdq eh ghulyhg iurp +9,1
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vtxduhv ri E froxpqzlvh1
Lq wkh iroorzlqj wzr vxevhfwlrqv zh zloo xvh idfwru dqdo|vlv wr frqvwuxfw wzr qhz vhwv ri odwhqw

yduldeohv/ qdpho| odqjxdjh dqg vrfldo qhwzrun yduldeohv1 Lq wkh odvw vxevhfwlrq zh zloo jlyh d
xvhixo jhrjudsklfdo foxvwhulqj yduldeoh/ zklfk lv fdsdeoh ri wdnlqj lqwr dffrxqw wkh ydulrxv flw|
vl}hv rffxuulqj lq wkh VSYD vxuyh|1

614 Odqjxdjh Yduldeohv

Lq ghwhuplqlqj wkh vxffhvv ri wkh devruswlrq ri lppljudqwv/ odqjxdjh vnloov duh nh| yduldeohv/ dv
douhdg| dujxhg e| h1j1 Fklvzlfn dqg Ploohu +4<<<,1 Odqjxdjh sur�flhqf| grhv qrw rqo| idflolwdwh
�qglqj d mre/ exw lq prvw fdvhv dovr lqfuhdvhv surgxfwlylw|/ gxh wr wkh lqfuhdvlqj lpsruwdqfh ri
frppxqlfdwlrq1 Li lppljudqwv kdyh orz0vnloohg mrev/ frpsohphqwdu| wr wkrvh ri wkh lqgljhqrxv
+kljk0vnloohg, srsxodwlrq wkhq frppxqlfdwlrq ehwzhhq wkrvh wzr jurxsv lv kljko| suhihudeoh dqg
kljkhu uhwxuqv wr odqjxdjh vnloov duh jlyhq1 Lq wklv sdshu zh wu| wr hvwlpdwh odqjxdjh vnloov gluhfwo|
iurp wkh gdwd/ dowkrxjk wkhuh fdq eh dujxhg wkdw odqjxdjh vnloov duh d ixqfwlrq ri wkh fkdudfwhulvwlfv
ri wkh lppljudqw1 Dffruglqj wr Fklvzlfn dqg Ploohu +4<<<, wkh iroorzlqj ixqfwlrqdo irup pd| eh
frqvwuxfwhg +zlwk wkh h{shfwhg vljq ri wkh h�hfw lq sduhqwkhvhv,=

Odqjxdjh @ i~gxudwlrq ri uhvlghqfh +., / pdulwdo vwdwxv +�, / djh +�, / hgxfdwlrq +., /

hwkqlf ghqvlw| +�, / fkloguhq +B, �1

Odqjxdjh sur�flhqf| zloo lqfuhdvh zlwk wkh gxudwlrq ri uhvlghqfh lq wkh frxqwu| ri ghvwlqdwlrq1
Li wkh ohqjwk ri wkh uhvlghqfh lqfuhdvhv/ lppljudqwv whqg wr dgmxvw wr wkh frxqwu| ri ghvwlqdwlrq1
Wklv vlwxdwlrq pd| dovr eh hqfrxqwhuhg lq wkh Qhwkhuodqgv +vhh Whvvhu hw do1/ 4<<<,1 Wkhuh pd|
eh dujxhg wkdw d qrqolqhdu uhodwlrqvkls lv suhvhqw lq wkh irup ri ghfuhdvlqj uhwxuqv ri gxudwlrq ri
uhvlghqfh/ exw wklv sureohp fdq eh hdvlo| eh hqfrxqwhuhg e| vtxdulqj wkh gxudwlrq ri uhvlghqfh1

Pdulwdo vwdwxv fdq eh txlwh lpsruwdqw dw wkh wlph ri pljudwlrq1 Li wkh pljudqw lv pduulhg wkhq
wkh suredelolw| ri vshdnlqj klv qdwlyh wrqjxh dw krph lw txlwh kljk/ wkhuhe| uhgxflqj wkh qhhg iru
dftxlulqj sur�flhqf| lq wkh odqjxdjh ri ghvwlqdwlrq1 Iurp wkh olqjxlvwlfv olwhudwxuh zh nqrz wkdw
wkh delolw| wr ohduq d qhz odqjxdjh lv txlwh vxshulru dw d |rxqjhu djh dqg ghfuhdvhv dffruglqj dv
wkh lppljudqwv jhwv roghu/ vr wkh kljkhu wkh djh/ wkh pruh gl!fxow lw zloo eh iru wkh lppljudqw wr
rewdlq qhz odqjxdjh vnloov1 Dovr wkh ghjuhh wr zklfk wkh lppljudqw kdv uhfhlyhg hgxfdwlrq vhhpv
wr kdyh d vljql�fdqw lpsdfw rq wkh odqjxdjh sur�flhqf|1 Wkh qhjdwlyh h�hfw ri wkh qxpehu ri
lppljudqwv iurp wkh frxqwu| lq d fhuwdlq duhd frphv txlwh forvh wr wkh vrfldo dqg jhrjudsklfdo
foxvwhulqj yduldeohv dv zh kdyh lqwurgxfhg ehiruh/ zklfk djdlq vwuhvvhv wkh idfw wr eh fduhixo ri
hqgrjhqhlw| ehwzhhq h1j1 odqjxdjh yduldeohv dqg vrfldo foxvwhulqj yduldeohv1 Wkh odvw ghwhuplqdqw
lq wkh ixqfwlrqdo irup deryh lv wkdw ri kdylqj fkloguhq/ zklfk kdv dq dpeljxrxv h�hfw1 Iluvw ri
doo/ fkloguhq zloo ohduq wkh dolhq odqjxdjh idvwhu dqg duh wkhuhiruh deoh wr whdfk wkh sduhqwv wkh
odqjxdjh1 Rq wkh rwkhu kdqg/ fkloguhq pd| dfw dv lqwhusuhwhuv/ zklfk uhgxfhg wkh lqfhqwlyhv iru
wkh sduhqwv wr ohduq wkh odqjxdjh1 Dv d odvw uhpdun rq kdylqj fkloguhq/ zh qrwh wkdw fkloguhq
frxog kdyh d ghsuhvvlqj h�hfw rq wkh oderu vxsso| ri wkhlu prwkhuv1 Li odqjxdjh sur�flhqf| lv dq
lqyhvwphqw lq wkh oderu pdunhw/ wkhq kdylqj fkloguhq frxog odujho| uhpryh wkh prwlyhv wr pdnh
wkhvh lqyhvwphqwv1

Lq rxu gdwd vhw/ vhyhudo yduldeohv ghdolqj zlwk odqjxdjh sur�flhqf| duh dydlodeoh1 Yduldeohv
ghdolqj zlwk gxudwlrq ri uhvlghqfh/ djh/ hgxfdwlrq dqg hwkqlf ghqvlw| zloo qrw eh wdnhq lqwr dffrxqw
zkhq frqvwuxfwlqj wkh idfwruv iru wzr uhdvrqv1 Iluvw/ qr jrrg yduldeohv duh suhvhqw lq wkh gdwd
vhw wkdw ghdo zlwk wkh diruhphqwlrqhg ghwhuplqdqw lq frpelqdwlrq zlwk odqjxdjh sur�flhqf|1
Vhfrqgo|/ wkrvh ghwhuplqdqwv zloo eh xvhg lq rwkhu yduldeohv lq wkh �qdo dqdo|vlv/ vr wkdw ohdylqj
wkrvh yduldeohv rxw zloo uhpryh sureohpv ri pxowlfroolqhdulw|1 Yduldeohv ghdolqj zlwk wkh pdulwdo
vwdwxv dqg fkloguhq ri wkh lppljudqw lq frpelqdwlrq zlwk odqjxdjh delolw| duh wdnhq xs lq wkh
dqdo|vlv1

Wdeoh 4 suhvhqwv wkh yduldeohv xvhg dqg wkhlu ghvfulswlrqv lq wklv idfwru dqdo|vlv1

:



Wdeoh 4= Odqjxdjh Yduldeohv dqg wkhlu gh�qlwlrqv

Yduldeohv Gh�qlwlrqv

Odqjsduw Lppljudqw vshdnv Gxwfk zlwk sduwqhu
Fklogqo Lppljudqw kdv fkloguhq lq wkh Qhwkhuodqgv
Odqjfklo Lppljudqw vshdnv Gxwfk zlwk klv2khu fkloguhq
Rwkhuodq Lppljudqw vshdnv dq rwkhu odqjxdjh
Odqjfrqy Lppljudqw kdv gl!fxow| zlwk Gxwfk lq wkh lqwhuylhz
Odqjudwy Lppljudqw kdv gl!fxow| zlwk Gxwfk rq udglr dqg WY1
Odqjqhzv Lppljudqw kdv gl!fxow| zlwk Gxwfk lq qhzvsdshuv dqg vxfk
Ohwwhuv Lppljudqw zulwhv ohwwhuv lq Gxwfk

Iljxuh 5 suhvhqwv wkh idfwru sorw ri wkhvh ; yduldeohv1 Zh xvhg khuh sulqflsdo frpsrqhqwv
dqdo|vlv lq frpelqdwlrq zlwk wkh Ydulpd{ urwdwlrq vfkhph rq wkh lqglylgxdov ehorqjlqj wr wkh
Vxulqdphvh/ Wxunlvk/ Dqwloohdq dqg Prurffdq hwkqlf frppxqlwlhv1 Wkh �uvw wzr idfwruv dffrxqw
iru 8; shufhqw ri wkh yduldqfh lq wkh hljhqydoxhv dqg wkh 9 rwkhu hljhqydoxhv gr qrw vhhp wr eh
lghqwlfdo1<

Iljxuh 5= D idfwru sorw ri odqjxdjh yduldeohv lq wzr glphqvlrqv1

Iljxuh 5 vkrzv wkdw wkh odqjxdjh yduldeohv pd| eh glylghg lqwr wzr idfwruv/ dsduw iurp wkh wzr
yduldeohv cRwkhuodq* dqg cOdqjudwy*1 Wkh yduldeohv cRwkhuodq* olhv forvh wr wkh ruljlq/ lqglfdwlqj

<Eduwohww*v whvw lqglfdwhv khuh d fkl0vtxduh ydoxh ri :3:416359 zlwk d suredelolw| ri 31331
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wkdw lw grhv qrw kdyh d odujh h�hfw rq wkh wzr idfwruv1 Lqghhg/ lwv fruuhvsrqglqj hljhqydoxh lv txlwh
vpdoo1 Wkh yduldeoh cOdqjudwy* lv vrphzkdw pruh vwudqjh1 Krzhyhu/ wkh yduldeohv olhv forvh wr wkh
{0d{lv dqg kdv dovr d odujh h�hfw rq wkh idfwruv1 Revhuylqj �jxuh 5/ zh duh qrz deoh wr pdnh wzr
qhz odwhqw odqjxdjh yduldeohv=

� Xqghuvwdqglqj1 Wklv lv d yduldeoh/ wkdw fdswxuh wkh delolw| ri wkh lppljudqw wr xqghuvwdqg
Gxwfk phgld +qhzvsdshu/ udglr/ whohylvlrq,/ dqg wr d fhuwdlq h{whqg dovr wkh delolw| wr
xqghuvwdqg wkh txhvwlrq ri wkh lqwhuylhzhu1 Wklv yduldeoh frxog dovr eh vhhq dv d phdvxuh ri
ehlqj deoh wr uhfhlyh lqirupdwlrq iurp wkh rxwvlgh zruog1 D kljk yduldeoh cxqghuvwdqglqj*
pxvw eh frqvlghuhg dv d kljk delolw| wr xqghuvwdqg wkh Gxwfk phgld +dqg wkh lqwhuylhzhu,1

� Sudfwlfh1 Wklv yduldeoh phdvxuhv wr zklfk h{whqg wkh lppljudqw dfwxdoo| xvhv wkh Gxwfk
odqjxdjh +zlwk klv ru khu sduwqhu ru fklog,1 Wkh idfw ri kdylqj fkloguhq lv dovr lpsruwdqw lq
wklv frqwh{w/ zklfk fdq eh h{sodlqhg e| wkh hgxfdwlrqdo v|vwhp/ wkdw irufhv fkloguhq wr xvh
wkh Gxwfk odqjxdjh dqg lq dq lqgluhfw zd| dovr wkhlu sduhqwv1 Li wklv yduldeoh lv orz/ wkhq
wkh lpsdfw ri wkh Gxwfk odqjxdjh sur�flhqf| pxvw eh frqvlghuhg kljk1

Wkh ; yduldeohv gr qrw vhhp wr eh shuihfwo| h{sodlqhg e| wkh wzr idfwruv1 Krzhyhu/ wklv pd|
eh h{sodlqhg e| vdpsolqj huuru/ wkh ruglqdolw| ri wkh gdwd dqg hvshfldoo| wkh odujh vhsdudwlrq ri
wkh phdqlqj ri vrph ri wkh yduldeohv1 Rq wkh rwkhu kdqg/ 8; shufhqw lv d udwkhu jrrg vfruh/ li rqh
wdnhv wkh gl�huhqw uhdolvwlf phdqlqjv ri wkh yduldeohv lqwr dffrxqw1 Ixuwkhupruh/ rxu wzr odwhqw
yduldeohv vhhp wr fdswxuh wkh xqghuo|lqj vwuxfwxuh udwkhu zhoo1 Wkh iroorzlqj vxevhfwlrq zloo ghdo
zlwk wkh fuhdwlrq ri odwhqw vrfldo qhwzrun yduldeohv1

615 Vrfldo Qhwzrun Yduldeohv

Wkh vhfrqg fodvv ri odwhqw yduldeohv zh zrxog olnh wr lqyhvwljdwh lv wkdw ri wkh vrfldo qhwzrun
yduldeohv1 Iurp vrflrorjlfdo olwhudwxuh +h1j1 ydq Dphuvirruw dqg Fruwlh/ 4<<9, exw dovr iurp
hfrqrplf olwhudwxuh +Prqwjrphu|/ 4<<4> Uhhv/ 4<99, zh nqrz wkdw vrfldo qhwzrunv duh lpsruwdqw
iru oderu pdunhw dqg vfkrrolqj shuirupdqfh1 Krzhyhu/ zh gr qrw nqrz h{dfwo| wkh fkdqqhov yld
zklfk wklv surfhvv rffxuv1 Vkdulqj lqirupdwlrq zlwk rwkhu lqglylgxdov/ wkrxjk/ vhhpv wr eh d nh|
yduldeoh1 Frqvlghulqj wklv/ zh fdq glylgh wkh vrfldo qhwzrun ri dq lppljudqw lq wzr pdlq hohphqwv1
Iluvw ri doo/ wkh vrfldo qhwzrun zlwklq klv rzq hwkqlf frppxqlw| dqg/ vhfrqgo|/ wkh vrfldo qhwzrun
ehwzhhq wkh hwkqlf frppxqlw| dqg wkh lqgljhqrxv srsxodwlrq1 Vr/ dw wkh ohdvw/ zh zdqw rxu odwhqw
yduldeohv wr kdyh wkhvh wzr fkdudfwhulvwlfv1 Wdeoh 5 suhvhqwv wkh revhuyhg yduldeohv zh xvhg wr
frqvwuxfw rxu odwhqw yduldeohv1

Wdeoh 5= Vrfldo Qhwzrun Yduldeohv dqg wkhlu gh�qlwlrqv

Yduldeohv Gh�qlwlrqv

Frqfhwkq Lppljudqw zdqwv wr olyh lq qhljkerukrrg zlwk rzq hwkqlf frpsrvlwlrq
Pl{sduw Lppljudqw kdv sduwqhu iurp rwkhu hwkqlf jurxs
Hwkrujdq Lppljudqw kdv frqwdfw zlwk klv2khu hwkqlf frppxqlw| ri lqwhuhvw
Ohlvqo Lppljudqw phhwv Gxwfk lqglylgxdov lq ohlvxuh wlph
Iulhqgqo Lppljudqw dwwdfkhv ydoxh wr kdylqj Gxwfk iulhqgv
Ylvlwv Lppljudqw jhwv ylvlwhg e| Gxwfk iulhqgv
Phpehu Lppljudqw lv phpehu ri dq rujdql}dwlrq
Sodfhwkq Lppljudqw ylvlwv sodfhv iuhtxhqwhg e| lqglylgxdov iurp wkh vdph hwkqlflw|

Wkh yduldeohv lq wdeoh 5 duh yduldeoh wkdw ghdo zlwk qhwzrunv ri lppljudqwv zlwklq wkhlu hwkqlf
jurxs dqg ehwzhhq vhyhudo hwkqlf jurxsv1 Wkh yduldeohv cohlvqo*/ ciulhqgqo*/ cylvlwv* jlyhv lqirupdwlrq
derxw wkh lqwhuwzlqhphqw ehwzhhq wkh lppljudqw dqg wkh Gxwfk frppxqlw|1 cPl{sduw* jlyhv hyhq
lqirupdwlrq zkhwkhu wkh lppljudqw lv suhsduhg iru wkh devroxwh pl{wxuh ri vrfldo qhwzrunv e| olylqj
zlwk d sduwqhu iurp dqrwkhu hwkqlf jurxs1 cFrqfhwkq* lqirupv xv derxw wkh udfldo suhihuhqfhv ri
wkh lppljudqw iru klv qhljkerukrrg1 cHwkrujdq* dqg csodfhwkq* surylghv xv zlwk lqirupdwlrq derxw
wkh vrfldo qhwzrun ri wkh lppljudqw zlwklq klv rzq hwkqlf frppxqlw|/ zkloh cphpehu* lqirupv xv
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zkhwkhu wkh lppljudqw hqjdjhv lq vrfldo rxwgrru dfwlylwlhv1 Vr wkh odvw yduldeoh lv vrph nlqg ri
sur{| ri wkh wrwdo vrfldo qhwzrun ri wkh lppljudqw1 Iljxuh 6 jlyhv xv wkhq wkh idfwru sorw ri wkh
vrfldo qhwzrun yduldeohv1

Wkh sursruwlrq ri yduldqfh h{sodlqhg e| wkh �uvw wzr idfwruv lv khuh 78(/ zkloh Eduwohww*v whvw
grhv qrw lqglfdwh wkdw wkh odvw 9 hljhqydoxhv duh lghqwlfdo143 Rqh frxog remhfw wkdw wkh dprxqw ri
yduldwlrq h{sodlqhg khuh lv udwkhu orz1 Krzhyhu/ mxvw dv lq vxevhfwlrq 614/ wkh yduldeohv xvhg khuh
duh txlwh glyhuv lq wkhlu phdqlqj1 Wrjhwkhu zlwk djdlq wkhlu ruglqdo ydoxhv dqg vrph lqhylwdeoh
vdpsoh huuru/ wkh sursruwlrq ri yduldqfh h{sodlqhg frxog eh frqvlghuhg txlwh uhdvrqdeoh1 Qrwh wkdw
wkh wklug odujhvw hljhqyhfwru lv pdujlqdoo| deryh/ lqglfdwlqj d wkuhh0glphqvlrqdo idfwru vwuxfwxuh1
Iru wkh vdnh ri vlpsolflw|/ zh zloo frqwlqxh zlwk d wzr0glphqvlrqdo vwuxfwxuh1

Iljxuh 6= D idfwru sorw ri vrfldo qhwzrun yduldeohv lq wzr glphqvlrqv1

Wkh slfwxuh gudzq lq �jxuh 6 lv qrw txlwh wkdw frkhuhqw dv lq �jxuh 51 Krzhyhu/ jlylqj
lqwhusuhwdwlrq wr wkh wzr odwhqw yduldeohv lv udwkhu vwudljkwiruzdug/ qdpho|=

� Ehwzhhq qhwzrun = Wkh vrfldo qhwzrun ehwzhhq wkh hwkqlf jurxs dqg wkh lqgljhqrxv srsxod0
wlrq1 Wkh yduldeohv frqfhuqlqj wkh frqwdfw zlwk wkh Gxwfk lqgljhqrxv srsxodwlrq duh udwkhu
foxvwhuhg1 Hyhq wkh yduldeoh uhjduglqj wkh suhihuhqfh ri wkh lppljudqw ri wkh qhljkerukrrgv
udfldo srsxodwlrq �wv lq udwkhu zhoo/ li rqh wdnhv lqwr dffrxqw wkdw wkh vljq ri cfrqfhwkq* lq
wkh vdpsoh lv uhyhuvhg zlwk uhvshfw wr wkh rwkhu cehwzhhq qhwzrun* yduldeohv1 Wkh kljkhu wkh

43Wr eh suhflvh/ Eduwohww*v whvw kdv dv dq fkl0vtxduh rxwfrph ri 65<3166 zlwk d suredelolw| ri 31331
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cehwzhhq qhwzrun* yduldeoh/ wkh orzhu wkh lpsdfw lv ri wkh qhwzrun ehwzhhq wkh wzr hwkqlf
jurxsv1

� Zlwklq qhwzrun= Wkh vrfldo qhwzrun zlwklq wkh hwkqlf srsxodwlrq1 Wkhvh yduldeohv duh ohvv
foxvwhuhg/ pdlqo| ehfdxvh cpl{sduw* dqg cphpehu* duh qrw uhdo zlwklq qhwzrun yduldeohv1
Wkh shfxoldu idfw wkdw cpl{sduw* lv kljko| ghwhuplqhg e| wkh zlwklq qhwzrun idfwru/ frxog
eh h{sodlqhg e| wkh idfw wkdw wkh yduldeoh cpl{sduw* lv phuho| d phdvxuh derxw wkh wljkwqhvv
ri wkh hwkqlf vrfldo qhwzrun1 Wkh yduldeoh cphpehu* lv gh�qlwho| d frpelqdwlrq ehwzhhq wkh
ehwzhhq qhwzrun idfwru dqg wkh zlwklq qhwzrun/ zklfk lv h{sodlqhg e| wkh idfw wkdw cphpehu*
lv nlqg ri sur{| iru wkh khljkw ri erwk wkhvh idfwruv/ qdpho| wkh wrwdo vrfldo qhwzrun1 Li wkh
yduldeoh czlwklq qhwzrun* lv kljk/ wkhq wkh vrfldo qhwzrun zlwklq wkh hwkqlf srsxodwlrq ri wkh
lqglylgxdo kdv wr eh frqvlghuhg lqvljql�fdqw1

Diwhu frqvwuxfwlqj rxu qhwzrun dqg odqjxdjh yduldeohv zh zloo qrz wxuq wr rxu wklug yduldeoh
ri oderu pdunhw devruswlrq/ qdpho| jhrjudsklfdo foxvwhulqj1

616 D Jhrjudsklfdo Foxvwhulqj Yduldeoh

Lw lv qrw gl!fxow wr vhh wkdw duhd frpsrvlwlrq h�hfwv frxog eh dq lpsruwdqw ghwhuplqdqw iru oderu
pdunhw devruswlrq1 Li dq duhd h{klelwv d odujh foxvwhulqj ri rqh ru pruh hwkqlf jurxsv/ wkhq zh
nqrz wkdw wkh fkdudfwhulvwlfv ri wkh lqkdelwdqwv ri wkdw duhd glvsod| d odujh fruuhodwlrq dqg pd|
dovr gl�hu iurp wkh phdq fkdudfwhulvwlfv1 Wkh fruuhvsrqghqfh dqdo|vlv shuiruphg lq Vhfwlrq 5
surylghv ixuwkhu hylghqfh iru wklv qrwlrq1 Dqrwkhu fdxvh iru vrfldo lqwhudfwlrq h�hfwv pd| eh vhoi
vhohfwlrq h�hfwv ri hwkqlf jurxsv lq wkhlu suhihuhqfh iru d sduwlfxodu uhvlghqwldo duhd1 Iru lqvwdqfh/
shuvrqv zlwk orz zdjhv pd| eh kljko| foxvwhuhg/ ehfdxvh wkhlu suhihuhqfh iru fkhds krxvlqj pd|
eh kljko| fruuhodwhg1 Krzhyhu/ lq hpslulfdo dssolfdwlrqv lw lv udwkhu gl!fxow wr lghqwli| wkh h{dfw
uhdvrq iru wkh lpsdfw ri foxvwhulqj ru frpsrvlwlrq h�hfwv1 Iru qrz zh duh rqo| lqwhuhvwhg lq wkh
lpsdfw ri jhrjudsklfdo foxvwhulqj/ dqg zh zloo whpsrudulo| irujhw wkh ydulrxv hfrqrplf uhdvrqv
wkdw frxog h{sodlq wklv lpsdfw1

Ilqglqj d surshu jhrjudsklfdo foxvwhulqj yduldeoh/ edvhg rq hfrqrplf wkhru|/ lv udwkhu gl!fxow1
Hvshfldoo|/ ehfdxvh zh zdqw rxu yduldeoh wr kdyh wkh xvhixo surshuw| ri vfdoh lqghshqghqf|1 Ehfdxvh
wkh flwlhv lq rxu gdwdvhw gr qrw kdyh wkh vdph vl}h +vhh wdeoh 5D lq wkh Dsshqgl{,/ vfdoh vhqvlwlylw|
ri dq lqgh{ frxog fuhdwh d vhyhuh eldv1 Wkh idprxv Jlql*v udwlr/ iru h{dpsoh/ fdq qrw eh xvhg khuh
ehfdxvh wklv yduldeoh lv vhqvlwlyh wr h{wuhphv lq wkh glvwulexwlrq dqg wkxv vfdoh ghshqghqw1 Lq gh
Judd� hw do1 +5333, zh sursrvhg d qhz jhrjudsklfdo foxvwhulqj yduldeoh/ wkh jdppd lqgh{/ edvhg
rq wkh lqgh{ ghyhorshg e| Hoolvrq dqg Jodhvhu +4<<:,1 Wklv lqgh{ kdv wzr pdmru dgydqwdjhv1 Iluvw/
wkh lqgh{ wdnh wkh vl}hv ri wkh rwkhu duhdv lqwr dffrxqw dqg lv vfdoh lqghshqghqw1 Vhfrqgo|/ wkh
lqgh{ lv edvhg rq d orfdwlrq fkrlfh prgho/ zkhuh d shuvrq fkrrvhv klv orfdwlrq edvhg rq qdwxudo
dgydqwdjhv +revhuyhg dqg xqrevhuyhg, dqg edvhg rq qhwzrun h{whuqdolwlhv fuhdwhg e| suhylrxv
pryhuv wr wkdw orfdwlrq1

Ohw vlp eh wkh shufhqwdjh ri wkh hwkqlf jurxs p olylqj lq duhd l/ dqg ohw {p eh wkh vkduh ri wkh
hwkqlf jurxs lq wkh wrwdo srsxodwlrq1 Ixuwkhupruh/ ohw p 5 i4> = = =Pj/ zlwk P wkh wrwdo qxpehu
ri hwkqlf jurxsv/ wkhq zh pd| frqvwuxfw wkh iroorzlqj duhd foxvwhulqj lqgh{=
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Wkh jdppd frh!flhqw/ �l/ lv qrz d phdvxuh ri wkh dprxqw ri foxvwhulqj lq wkdw sduwlfxodu
duhd dqg fdq eh fdofxodwhg iru doo duhdv/ uhjdugohvv ri wkhlu vl}h ri srsxodwlrq1 Wkh gdwd zh xvh
ruljlqdwhv iurp wkh Gxwfk exuhdx ri vwdwlvwlfv dqg jlyhv xv wkh lqirupdwlrq derxw wkh frpsrvlwlrq
ri ; hwkqlf jurxsv44 olylqj lq hdfk pxqlflsdolw| lq wkh Qhwkhuodqgv1 Wklv gdwd lv uhohdvhg wkh �uvw

44Wkhvh frpsulvhv wkh �uvw dqg vhfrqg jhqhudwlrq lppljudqwv1 Qdpho|/ wkrvh shrsoh zkr duh eruq lq d iruhlqj
frxqwu| ri iurp zkrp dw ohdvw rqh sduhqw lv eruq lq d iruhljq frxqwu|1 Li erwk sduhqwv d eruq lq d iruhljq/ exw
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ri Mdqxdu|/ 4<<8/ dqg fdq eh vhhq dv wkh uhvxowdqw duhd frqglwlrqv ri wkh vxuyh|hg hwkqlf jurxsv
lq wkh VSYD +wkhvh shrsoh zhuh dfwxdoo| txhvwlrqhg lq wkh vsulqj ri 4<<7,1 Wkh jdppd frh!flhqw
fdq wdnh xs d ydoxh ehwzhhq 3 dqg 4/ zkhuh 3 uhsuhvhqwv frpsohwh udqgrp foxvwhulqj dqg 4 h{wuhph
foxvwhulqj1 Zh frqvlghu d orz dprxqw ri foxvwhulqj zkhq jdppd lv ehwzhhq 3 dqg 3135/ d phglxp
dprxqw ri foxvwhulqj zkhq ehwzhhq 3135 dqg 3138 dqg d kljk dprxqw ri foxvwhulqj dsshduv zkhq
wkh frh!flhqw lv deryh 31381

Wdeoh D5 lq wkh dsshqgl{ jlyhv wkh jdppd frh!flhqwv iru wkh flwlhv vxuyh|hg lq wkh VSYD1 Wkh
vdph sdwwhuq dsshduv dv zh irxqg iru wkh pxqlflsdolwlhv lq 4<<; lq gh Judd� hw do1 +5333,/ qdpho|
kljk jhrjudsklfdo foxvwhulqj rqo| rffxuv lq wkh irxu odujhvw flwlhv lq wkh Qhwkhuodqgv1 Wkh rwkhu
pxqlflsdolwlhv gr qrw glvsod| d vljql�fdqw dprxqw ri foxvwhulqj lq wkhlu srsxodwlrq frpsrvlwlrq/
hyhq iru phglxp vl}hg flwlhv1 Lq wkh iroorzlqj Vhfwlrq zh zloo lqyhvwljdwh wr zkdw h{whqw gl�huhqfhv
lq foxvwhulqj ehwzhhq wkh flwlhv pd| h{sodlq gl�huhqfhv lq oderu pdunhw ehkdylru1

7 Wkh Oderu Pdunhw Shuirupdqfh

Lq wklv vhfwlrq zh zdqw wr lqyhvwljdwh wkh dfwxdo oderu pdunhw shuirupdqfh ri wkh irxu vxuyh|hg
hwkqlf jurxsv1 Lq rughu wr gr vr/ zh zloo �uvw ghyhorshg d surshu prgho wr h{dplqh hpsor|phqw
vshoov dqg vxevhtxhqwo| zh zloo jlyh wkh hvwlpdwlrq uhvxowv1 Rxu pdlq uhvhdufk remhfwlyh lq wklv
Vhfwlrq lv wr uhvhdufk wr zkdw h{whqw wkh ghyhorshg odqjxdjh/ vrfldo foxvwhulqj dqg sk|vlfdo foxv0
whulqj yduldeohv duh frqwulexwlqj wr dfwxdo oderu pdunhw shuirupdqfhv ri wkh irxu vdpsohg hwkqlf
jurxsv1 Ixuwkhupruh/ zh duh lqwhuhvwhg lq zkdw zd| rxu vxuyh|hg hwkqlf jurxsv uhodwh wr wkh oderu
pdunhw shuirupdqfhv ri wkh lqgljhqrxv srsxodwlrq1 Dowkrxjk wkh uhvxowv duh vwloo udwkhu suholpl0
qdu|/ uhvxowv lqglfdwh d kljk lpsdfw ri odqjxdjh sur�flhqf| dqg vrfldo qhwzrun dqg orz lpsdfw ri
foxvwhulqj rq wkh flw| ohyho1

714 Ghwhuplqdqwv ri Hpsor|phqw dqg Xqhpsor|phqw

Lq wklv vxevhfwlrq zh zloo ghyhorshg gxudwlrq prghov � wr eh suhflvh pl{hg sursruwlrqdo kd}dug
prghov � vshfl�fdoo| ghvljqhg wr hvwlpdwhg wkh hpsor|phqw vshoov lq rxu gdwdvhw fruuhfwo|1 Wkhvh
vshoov frxog dovr eh hvwlpdwhg e| phdqv ri uhjuhvvlrq whfkqltxhv/ dowkrxjk wklv zrxog rqo| eh
doorzhg li doo vshoov zhuh udqgrpo| froohfwhg dqg li wkh lpsdfw ri wkh h{rjhqrxv yduldeohv gr qrw
fkdqjh zkhq wkh gxudwlrq ri wkh vshoov fkdqjhv1 Krzhyhu/ lw lv yhu| olnho| wkdw surfhvvhv dv
vwljpdwl}dwlrq dqg wkh orvv ru jdlq ri vshfl�f vnloov sod| d vljql�fdqw uroh rq wkh oderu pdunhw/
hvshfldoo| li wkh gxudwlrqv ri wkh vshoov duh udwkhu odujh1 Pruhryhu/ rxu vdpsoh grhv qrw hyhq kdyh
d udqgrp froohfwlrq ri hpsor|phqw vshoov/ vr lw lv yhu| olnho| wkdw uhjuhvvlrq hvwlpdwhv zrxog eh
eldvhg +vhh Nlhihu/ 4<;;,1 Krzhyhu/ wkh prvw lpsruwdqw uhdvrq wr xvh gxudwlrq prghov lq rxu fdvh
lv wkh idfw wkdw zh duh ghdolqj zlwk uljkw fhqvruhg vwrfn gdwd1 Wklv phdqv wkdw wkh glvwulexwlrq ri
hpsor|phqw vshoov lv qrw frpsohwh/ exw rqo| sduwo| revhuyhg1 Wkhvh w|shv ri gdwd duh nqrzq wr kdyh
dq ryhuuhsuhvhqwdwlrq ri orqj vshoov1 Wkhuhiruh/ zh zloo xvh wkh pruh dssursuldwh gxudwlrq prghov1
Pruhryhu/ ehfdxvh d odujh qxpehu ri lqglylgxdov lq rxu vdpsoh duh �uvw jhqhudwlrq lppljudqwv/ zh
hqfrxqwhu wzr pdlq sureohpv lq prghoolqj=

41 Rxu revhuydwlrqv duh uljkw fhqvruhg/ l1h1 wkh rq0jrlqj vshoov duh qrupdoo| orqjhu wkdq fdq eh
revhuyhg dw wkh wlph ri vdpsolqj +srlqw E lq �jxuh 7,1

51 Lq wkh fdvh ri �uvw jhqhudwlrq lppljudqwv/ wkh shulrg ri zrunlqj frxog qhyhu eh odujhu wkdq
wkh shulrg wkdw wkh pljudqw lv lq wkh frxqwu| ri ghvwlqdwlrq +iurp srlqwP lq �jxuh 7,1 Wklv
frqglwlrq vkrxog eh wdnhq lqwr dffrxqw lq wkh glvwulexwlrq ixqfwlrqv ri wkh gxudwlrq vshoov1

gl�huhqw frxqwu|/ wkhq wkh fklog lv dvvljqhg wr wkh frxqwu| ri lwv prwkhu1 Vxulqdp dqg wkh Gxwfk Dqwloohv duh
frqvlghuhg khuh dv iruhljq frxqwulhv/ dowkrxjk wkh| duh +iruphu, frorqlhv1
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Iljxuh 71 Gxudwlrq gldjudp iru d �uvw jhqhudwlrq lppljudqw1 ZlwkP wkh prphqw ri pljudwlrq/
E wkh prphqw ri vdpsolqj/ w wkh shulrg lq wkh vshoo dqg p wkh shulrg lq wkh frxqwu| ri

ghvwlqdwlrq1

Wkh �uvw sureohp lv qrzdgd|v udwkhu vwudljkwiruzdug wr vroyh +vhh h1j1 Nrruhpdq dqg Ulgghu/
4<;6, zkhuh wkh vhfrqg sureohp lv qrw gl!fxow wr hqfdsvxodwh lq d gxudwlrq prgho hlwkhu1 Dv
phqwlrqhg ehiruh zh zloo xvh d gxudwlrq prgho lq wkh irup ri d Pl{hg Sursruwlrq Kd}dug +PSK,
prgho45/ pdlqo| ehfdxvh ri wkh prgho*v  h{lelolw| dqg dovr ehfdxvh lw lv qrz wkh prvw srsxodu dqg
ehvw nqrzq gxudwlrq prgho1 PSK prghov kdyh wkh iroorzlqj irup=

�l +w,gw @ �l +w, =� +w, =yl=gw= +;,

Lq wklv h{suhvvlrq/ �l +w, lv wkh suredelolw| ri ohdylqj d vshoo iru hdfk lqglylgxdo +wkh kd}dug udwh,/
�l +w, lv wkh h�hfw ri h{rjhqrxv yduldeohv rq wkh kd}dug udwh/ � +w, wdnhv lqwr dffrxqw wkh gxudwlrq
ghshqghqfh rq wkh kd}dug udwh dqg yl lv dq lqglylgxdo udqgrp huuru whup gxh wr rplwwlqj yduldeohv1
Ehfdxvh rxu gdwd frqvlvwv rqo| rq lqfrpsohwh vshoov dqg ehfdxvh wkh �uvw jhqhudwlrq pljudqwv pxvw
eh frqglwlrqhg rq wkhlu wlph ri pljudwlrq/ wkh zkroh ghqvlw| ixqfwlrq ri rxu lqfrpsohwh vshoov pd|
eh ghqrwhg dv=

hk +w, @
;AAA?
AAA=

Su+w�w,
PU
3

Su+w�v,gv

@ 4�I +w,
H+wmw�P, Iru �uvw jhqhudwlrq lppljudqwv

Su+w�w,
4U
3

Su+w�v,gv
@ 4�I +w,

H+w, Rwkhu
= +<,

Khuh/ H ghqrwhv wkh h{shfwdwlrq rshudwlrq/ w lv d udqgrp yduldeoh/ I+=, lv wkh glvwulexwlrq ri wkh
frpsohwh vshoo dqgP lv wkh wlph ri lppljudwlrq iru d �uvw jhqhudwlrq lppljudqw1

Ehfdxvh rxu kd}dug udwh ri +;, fdq eh ghqrwhg dv � +w, @ i +w, @+4�I +w,,/ wkh iroorzlqj uhodwlrq
ehwzhhq +;, dqg 4� I +w, fdq eh hdvlo| ghulyhg=

4� I +w, @ h{s

3
C w]

�

3

�l +v,gv

4
D = +43,

Iru wkh ixqfwlrq uhsuhvhqwlqj wkh h{rjhqrxv yduldeohv zh qrz gh�qh �l +=, dv xvxdo=

�l +[ +w,, @ �l +[, @ h[�> +44,

zlwk � wkh sdudphwhuv wr eh hvwlpdwhg1 Zh gh�qh wkh gxudwlrq ghshqghqfh � +w, dv 4 ru/ dowhuqd0
wlyho|/ dv d Zhlexoo vshfl�fdwlrq irup=

45Iru dq ryhuylhz ri kd}dug prghov vhh lqwhu dold Jruwhu +4<<4,/ Nlhihu +4<;;, dqg Odqfdvwhu +4<<3,1

46



� +w, @ �=w��4= +45,

� lv khuh d gxudwlrq sdudphwhu wr eh hvwlpdwhg> li � @ 4/ wkhuh lv qr gxudwlrq ghshqghqfh/ li
� ? 4 wkhuh lv qhjdwlyh gxudwlrq ghshqghqfh dqg li � A 4 wkhuh lv srvlwlyh gxudwlrq ghshqghqfh1
Dqg odvw/ wkh huuru whup yl lq rxu prgho lv dvvxphg wr kdyh d jdppd glvwulexwlrq zlwk phdq
4 dqg yduldqfh 4 ru/ dowhuqdwlyho|/ wkh yduldqfh lv dvvxphg wr iroorz d jdppd glvwulexwlrq zlwk
sdudphwhuv

�
��5> ��5

�
=

j +y, @

�
��5

���5
�+��5,

=y�
�5�4=h�y=�

�5

+46,

Wkh pdlq uhdvrq ri dgglqj +46, lv wr fdswxuh xqrevhuyhg khwhurjhqhlw|1 Wdnlqj +;,/ +43, 0 +46,
wrjhwkhu zh duh qrz deoh wr vshfli| rxu ghqvlw| ixqfwlrq ri rxu lqfrpsohwh vshoov dv lq +<, +vhh iru
dq hoderudwlrq rq wkh ghulydwlrqv= Nrruhpdq dqg Ulgghu/ 4<;6,=

Iru rxu �uvw vshfl�fdwlrq/ zh wdnh iru y @ 4/ dqg � +w, @ �=w��4 dv lq +45,=46

hkl +w, @
;A?
A=

�+h[�,
4@�

PP+�>�,+4@�,
h{s

�
�h[�w�

�
Iru �uvw jhqhudwlrq lppljudqwv

�+h[�,
4@�

�+4@�, h{s
�
�h[�w�

�
Rwkhu

> +47,

zkhuhPP+�>�, +4@�, lv � +4@�, wlphv dq lqfrpsohwh jdppd glvwulexwlrq +ehwzhhq }hur dqg h[�
P�,/

zlwk sdudphwhuv 4 dqg 4@�1 Qrz iru y @ j +y, dqg iru wkh gxudwlrq ghshqghqfh frqvwdqw +� +w, @ 4,=

hkl +w, @
;A?
A=

h[�+4��5,

4�
�

4
4.�5h[�P

� 4��5

�5

�
4 . �5h[�w

��4@�5
Iru �uvw jhqhudwlrq lppljudqwv

h[�
�
4� �5

� �
4 . �5h[�w

��4@�5
Rwkhu

= +48,

Dqg odvw iru erwk y @ j +y, dqg � +w, @ �=w��4 =

hkl +w, @
;A?
A=

�+�5h[�,
4@�

E
P+�>�>�5,+

4
� >

4
�5
� 4
� ,

�
4 . �5h[�w�

��4@�5
Iru �uvw jhqhudwlrq lppljudqwv

�+�5h[�,
4@�

E+ 4
� >

4
�5
� 4
� ,

�
4 . �5h[�w�

��4@�5
Rwkhu

> +49,

zlwk EP+�>�>�5,

�
4
� >

4
�5 �

4
�

�
gh�qhg dv E

�
4
� >

4
�5 �

4
�

�
wlphv dq lqfrpsohwh ehwd glvwulexwlrq ixqf0

wlrq ehwzhhq }hur dqg 4@
�
4 . �5h[�P�

�
,/ zlwk sdudphwhuv 42� dqg +42�5042�,> dqg �qdoo|

E
�
4
� >

4
�5 �

4
�

�
ghqrwlqj wkh ehwd ixqfwlrq=

E

�
4

�
>
4

�5
�

4

�

�
@

4]
3

{
4
��4 +4� {,

4
�5
� 4
��4 g{ @

�
�
4
�

�
�
�

4
�5 �

4
�

�
�
�

4
�5

� ^{ 5 +3> 4,` =

+47, 0 +49, fdq eh hvwlpdwhg e| phdqv ri pd{lpxp olnholkrrg1 Wkh orjolnholkrrg fdq eh hdvlo|
frqvwuxfwhg/ e| vsolwwlqj wkh glvwulexwlrq ixqfwlrqv ri wkh lqfrpsohwh vshoov lq wzr vhsdudwh orj0
olnholkrrgv dqg dgglqj erwk orjolnholkrrgv xs iru erwk �uvw jhqhudwlrq lppljudqwv dqg iru erwk
qrq0�uvw jhqhudwlrq lppljudqwv1 Lq wkh iroorzlqj vxevhfwlrq zh zloo vkrz wkh hvwlpdwlrq uhvxowv
iru hpsor|phqw vshoov ri wkh Wxunv/ Prurffdqv/ Dqwloohdqv/ Vxulqdphvh dqg wkh Gxwfk1

46Zh gr qrw frqvlghu wkh prvw vwudljkwiruzdug vshfl�fdwlrq khuh/ qdpho| wkh h{srqhqwlrqdo fdvh= � 3 8 E|� '
i T E3b� E�� |�1 Ehfdxvh wkh h{srqhqwlrqdo glvwulexwlrq lv d qr0phpru| surfhvv/ gl�huhqwldwlqj ehwzhhq �uvw dqg
vhfrqg jhqhudwlrq lppljudqwv grhv qrw pdnh d gl�huhqfh khuh/ zklfk pd| jlyh eldvhg uhvxowv1
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715 Uhvxowv

Iljxuh 7 vkrzv wkh klvwrjudp ri doo hpsor|phqw vshoov lq rxu gdwd vhw1 Wkh vwhsvl}hv ehwzhhq
wkh vhsdudwh eduv lv 53 prqwkv dqg wkh wrwdo qxpehu ri revhuydwlrqv lv 4;741 Dowkrxjk zh duh
zrunlqj zlwk gxudwlrq prghov/ hpslulfdo vxuylydo ixqfwlrqv � olnh h1j1 Ndsodq0Phlhu hvwlpdwhv
� duh xqiruwxqdwho| qrw dwwdlqdeoh/ ehfdxvh zh rqo| kdyh uljkw fhqvruhg vshoov1 Wkhuhiruh/ rqo|
gluhfw lqirupdwlrq derxw wkh ohqjwk ri wkh vshoov lv dydlodeoh1 Iljxuh 7 glvsod|v d uhpdundeoh
dprxqw ri vkruw vshoov/ zklfk lv udwkhu vwulnlqj ehfdxvh fhqvruhg gdwd vkrxog surylgh xv zlwk
dq ryhuuhsuhvhqwdwlrq ri orqj hpsor|phqw vshoov1 Zh fdq revhuyh wkdw pruh wkdq 58 shufhqw ri
wkh lqglylgxdov lq rxu gdwdedvh kdyh vwduwhg wkhlu mre ohvv wkdw 53 prqwkv ehiruh wkh prphqw ri
vdpsolqj1 Wkxv/ lw vhhpv wkdw wkh lqglylgxdov lq rxu gdwdedvh kdyh d kljk suredelolw| wr ohdyh
hpsor|phqw udwkhu vrrq diwhu wkh frpphqfhphqw ri wkhlu mre1 Lq whupv ri gxudwlrq prghov= wkh
kd}dug ri ohdylqj wkh fxuuhqw mre lv kljk dqg vhhpv wr eh lqfuhdvlqj lq wlph+fhuwdlqo| iru wkh �uvw
ihz |hduv,1 Wklv grhv qrw qhfhvvdulo| phdq wkdw shrsoh zkr ohdyh wkhlu mre ehfrph xqhpsor|hg1
Lw pd| dovr eh wkh fdvh wkdw wkh| uhfhlyh d ehwwhu mre r�hu dqg dffhsw lw ru wkdw wkh| ohdyh wkhlu
mre iru hduo| uhwluhphqw1
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Iljxuh 7= D klvwrjudp ri hpsor|phqw vshoov1

Ehfdxvh zh frqmhfwxuh rxu gdwd wr srvvhvv srvlwlyh gxudwlrq ghshqghqflhv/ zh zloo hvwlpdwh �uvw
wkh PSK prgho ri +;, zlwk � +w, gh�qhg dv lq +45, dqg j +y, @ 4/ vr wkh prgho grhv qrw frqwdlq
khwhurvnhgdvwlflw|1 Wkh vhfrqg froxpq lq wdeoh 6 suhvhqwv wkh pd{lpxp olnholkrrg hvwlpdwlrq
uhvxowv iurp wkh olnholkrrg uhvxowv dv gh�qhg lq +47,1

Wkh hvwlpdwhv suhvhqwhg lq wdeoh 6 duh vdwlvidfwru| dqg dffruglqj wr lqwxlwlrq/ h{fhsw iru wzr
fdvhv1 Wkh gxpplhv iru wkh hwkqlf jurxsv duh qrw vljql�fdqw/ zkloh rqh zrxog h{shfw wkhp wr
eh dqg wkh gxudwlrq sdudphwhu lv � zkloh srvlwlyh dv zdv wr eh h{shfwhg � udwkhu kljk1 Wkh
odvw fkdudfwhulvwlf zrxog lpso| wkdw lqglylgxdov lq wkh vdpsoh zlwqhvv wkhlu suredelolwlhv wr ohdyh
hpsor|phqw txlfno| lqfuhdvlqj lq wlph1

Wkh orz +lqvljql�fdqw, sdudphwhu ydoxh iru wkh foxvwhulqj h�hfw lv qrw vxusulvlqj1 Wkh vl}h ri
wkh duhd � qdpho| rq wkh ohyho ri flwlhv � vhhpv wr eh wrr odujh wr fdswxuh qhwzrun ru shhu h�hfwv/
dowkrxjk wdeoh D5 lq wkh dsshqgl{ vkrzv wkdw wkhuh lv vwloo vrph yduldwlrq lq foxvwhulqj ehkdylru
ehwzhhq wkh vhsdudwh flwlhv1 Wdeoh D5 dovr vkrzv wkdw wkhuh lv d odujh gl�huhqfh lq foxvwhulqj
ehkdylru ehwzhhq wkh irxu odujhvw flwlhv +Dpvwhugdp/ Urwwhugdp/ Wkh Kdjxh dqg Xwuhfkw, dqg
wkh qlqh vpdoohu flwlhv lq wkh Qhwkhuodqg1 Dq lqvljql�fdqw ydoxh ri wkh foxvwhulqj yduldeoh pd|
dovr lqglfdwh wkdw wkhuh lv qr gl�huhqfh lq wkh oderu pdunhw shuirupdqfh ehwzhhq vpdoohu ru odujhu
flwlhv dprqj wkh hwkqlf jurxsv1

Wkh frh!flhqw ri wkh odqjxdjh yduldeohv/ cxqghuvwdqglqj* dqg csudfwlfh*/ kdyh wkh h{shfwhg vljq
dqg duh vwdwlvwlfdoo| vljql�fdqw1 Uhfdoo wkdw d kljk ydoxh ri wkh yduldeoh cxqghuvwdqglqj* phdqv
wkdw wkh lqglylgxdo kdv d kljk delolw| wr dfwxdoo| xqghuvwdqg Gxwfk/ zkloh d orz ydoxh ri wkh
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yduldeoh csudfwlfh* lqglfdwh d kljk ohyho ri xvlqj wkh Gxwfk odqjxdjh1 Vr/ lqglylgxdov zkr kdyh
gl!fxowlhv zlwk xqghuvwdqglqj Gxwfk dqg duh dovr qrw lqfolqhg wr h{huflvh wkh odqjxdjh kdyh d
kljkhu suredelolw| wr ohdyh wkhlu mre wkdq rwkhuv1

Wkh frh!flhqw ri wkh qhwzrun yduldeohv duh dovr dffruglqj wr lqwxlwlrq/ dowkrxjk wkh frh!flhqw
ri wkh czlwklq* yduldeoh lv rqo| vljql�fdqw dw d 43( shufhqw ohyho1 Iurp vxevhfwlrq 615 zh nqrz
wkdw orz ydoxhv ri wkh cehwzhhq* dqg czlwklq* yduldeohv lqglfdwh vwurqj vrfldo qhwzrunv ehwzhhq wkh
hwkqlf jurxs dqg wkh Gxwfk dqg zlwklq wkh hwkqlf jurxs lwvhoi1 Wdeoh 6 vkrzv wkdw lqglylgxdov zkr
kdyh d vwurqj vrfldo qhwzrun lqwhuwzlqhg zlwk wkdw ri wkh Gxwfk kdyh d orz suredelolw| wr ohdyh
wkhlu fxuuhqw mre1 Vlploduo|/ shuvrqv zkr kdyh d vwurqj vrfldo hwkqlf qhwzrun kdyh d +pdujlqdoo|
vljql�fdqw, kljkhu suredelolw| wr ohdyh wkhlu mre1

Wdeoh 6= Pd{lpxp Olnholkrrg Hvwlpdwlrq Uhvxowv
ri wkh PSK Prghov iru Hpsor|phqw Vshoov1

Zlwk gxudwlrq
ghshqghqfh

Lqglylgxdo fkdudfwhulvwlfv

Frqvwdqw 0<158 +4193,
H{shulhqfh 03134 +3133,

Djh 0313: +3135,
Jhqhudwlrq 4:174 +531<<,

Ihpdoh 3166 +313:,
Wxunv 04914; +5414:,

Prurffdqv 04915: +54153,
Vxulqdpv 049154 +54147,
Dqwlooldqv 048189 +54157,

Odqjxdjh yduldeohv

Xqghuvwdqglqj 0319; +3173,
Sudfwlfh 3164 +3147,

Foxvwhulqj ) Qhwzrun yduldeohv

Ehwzhhq 3178 +314<,
Zlwklq 315; +3155,

Foxvwhulqj 3133 +3134,
Gxudwlrq ghshqghqfh sdudphwhu

� 5196 +316:,

Phdq orj olnholkrrg 07164
Q 4;74

H{sodqdwru| qrwh=Vwdqgdug huuruv duh lq sduhqwkhvhv1

Wkh uhpdlqlqj frh!flhqwv vhhp dffruglqj wr wkhru|/ vr zh eulh | dgguhvv wkh rxwfrphv ri wkh
lqglylgxdo fkdudfwhulvwlfv1 Dv frxog eh h{shfwhg/ wkh kljkhu wkh h{shulhqfh wkh ohvv lqfolqhg rqh
zrxog eh wr ohdyh d mre1 Wklv skhqrphqrq pd| eh gxh wr uhqw0vhhnlqj ehkdylru1 Dovr djh vhhpv
wr ghfuhdvh wkh suredelolw| wr ohdyh d mre1 Wklv frxog eh fdxvhg e| wkh idfw wkdw shqvlrqv lq wkh
Qhwkhuodqgv duh hqgdqjhuhg zkhq fkdqjlqj mrev> vrphwklqj zklfk ehfrphv pruh lpsruwdqw zkhq
jhwwlqj roghu1 Rq wkh rwkhu kdqg/ wkh djh h�hfw frxog mxvw dv zhoo eh fdxvhg e| wkh uhqw0vhhnlqj
surfhvv1 Dqg odvw/ lw vhhpv wkdw ihpdohv kdyh kljkhu surshqvlwlhv wr ohdyh wkhlu fxuuhqw mre1 Wklv
zrxog qrw rqo| eh fdxvhg e| d zhdnhu oderu pdunhw srvlwlrq/ exw dovr e| wkh idfw wkdw zrphq pd|
ohdyh mrev wr jlyh eluwk1

Wr vxp xs/ suholplqdu| uhvxowv lqglfdwh wkdw rxu odwhqw odqjxdjh dqg qhwzrun yduldeohv duh
lqghhg lpsruwdqw wr h{sodlq sduw ri wkh xqidyrudeoh oderu pdunhw srvlwlrq ri hwkqlf plqrulwlhv1
Pruhryhu/ wkh ghyhorshg foxvwhulqj yduldeoh lv doprvw }hur/ lqglfdwlqj vlplodu oderu pdunhw srvlwlrqv
ri hwkqlf plqrulwlhv lq wkh vxuyh|hg 46 flwlhv lq wkh Qhwkhuodqgv1
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8 Frqfoxvlrqv dqg Ixuwkhu Uhvhdufk

Dv zdv douhdg| nqrzq/ wkhuh vhhpv wr eh zlgh gl�huhqfhv lq wkh fkdudfwhulvwlfv dfurvv hwkqlf jurxsv
lq wkh Qhwkhuodqgv1 Wkhvh gl�huhqfhv ehfrph dssduhqw lq ghprjudsklf yduldeohv/ hgxfdwlrqdo
dwwdlqphqw dqg lq oderu pdunhw fkdudfwhulvwlfv1 Lw lv zlgho| uhfrjql}hg wkdw sduw ri wkh fdxvdolw| iru
xqidyrudeoh oderu pdunhw dqg hgxfdwlrqdo dfklhyhphqw fkdudfwhulvwlfv pd| eh gxh wr wkh zrunlqj
ri vrfldo qhwzrunv dqg wkh fruuhodwhg odqjxdjh sur�flhqflhv1

Wklv sdshu vkrzv wkdw zlwk wkh xvh ri fruuhvsrqghqfh dqg idfwru dqdo|vlv qhz odwhqw ydul0
deohv/ ghvfulelqj wkh vdph odqjxdjh sur�flhqflhv dqg vrfldo qhwzrunv/ fdq eh hdvlo| frqvwuxfwhg1
Wklv dssurdfk lv hvshfldoo| xvhixo zkhq zrunlqj zlwk odujh vxuyh|v/ frqwdlqlqj d odujh qxpehu
ri +gxpp|, yduldeohv ghvfulelqj wkh vdph fkdudfwhulvwlfv1 Pruhryhu/ wkh fuhdwhg odwhqw yduldeohv
duh lqghshqghqw ri hdfk rwkhu/ zklfk idflolwdwhv ixuwkhu dqdo|vlv1 Lq wkh hpslulfdo dqdo|vlv ri wklv
sdshu wkhuh lv vkrzq wkdw wkh qhzo| frqvwuxfwhg yduldeohv kdyh d kljk h{sodqdwru| srzhu +h{fhsw
iru wkh foxvwhulqj yduldeoh,/ dqg wkdw wkh| duh vwdwlvwlfdoo| vljql�fdqw zlwk wkh h{shfwhg vljq1 Vwloo/
wkh hpslulfdo uhvxowv duh udwkhu suholplqdu|/ exw wkh| srlqw lq wkh uljkw gluhfwlrq1

Wkh wudmhfwrulhv ri ixuwkhu uhvhdufk duh txlwh fohdu1 Qh{w wr orrnlqj dw hpsor|phqw vshoov/ prvw
uhvhdufkhuv duh dovr kljko| lqwhuhvwhg lq wkh gxudwlrq ri xqhpsor|phqw vshoov1 Wdnhq wrjhwkhu zlwk
wkh idfw wkdw wkh xqhpsor|phqw udwhv ri wkh irxu hwkqlf jurxs zhuh vxevwdqwldoo| kljkhu wkdq wkdw
ri wkh lqgljhqrxv srsxodwlrq/ jlyhv xv hqrxjk uhdvrq wr shuirup wkh vdph dqdo|vlv ri vxevhfwlrq 714/
exw wkhq rq xqhpsor|hg lqglylgxdov lq rxu gdwdvhw1 Wklv zrxog dovr flufxpyhqw rqh ri wkh lqwulqvlf
glvdgydqwdjhv ri lqyhvwljdwlqj hpsor|phqw vshoov/ qdpho| wkh xqfhuwdlqw| derxw wkh wudqvlwlrq1 Li
dq xqhpsor|phqw hqgv/ wkhq lw lv lq doprvw doo fdvhv ehqh�fldo iru wkh lqglylgxdo/ zkloh wkh hqg ri
dq hpsor|phqw vshoo pd| eh gxh wr d uhvljqdwlrq ru wr d ehwwhu mre r�hu1

Ixuwkhupruh/ wkh hvwlpdwlrqv frxog eh h{whqghg lq wkh irup ri doorzlqj khwhurvnhgdvwlflw| dqg
ri pruh  h{leoh gxudwlrq ghshqghqfh vshfl�fdwlrqv1 Dv douhdg| lqglfdwhg/ gdwd rq uhvlghqwldo
duhdv vkrxog eh pruh ghwdlohg/ suhihudeo| rq wkh ohyho ri qhljkerukrrgv wr fdswxuh vslooryhu h�hfwv
ehwzhhq lppljudqwv1 Lq wkh lghdo fdvh/ wudfwv vkrxog eh ghyhorshg zlwk htxdo vl}h dqg d orz
qxpehu ri lqkdelwdqwv1 Krzhyhu/ wkh fkdqfhv rq rewdlqlqj gdwd rq uhvlghqwldo duhdv duh vhyhuho|
olplwhg lq wkh Qhwkhuodqgv1

Dqrwkhu lqwhuhvwlqj olqh ri uhvhdufk zrxog eh wr lqyhvwljdwh wkh uhwxuqv wr hgxfdwlrq iru hwkqlf
jurxsv1 Li uhwxuqv wr hgxfdwlrq duh orzhu wkdq wkdw ri wkh Gxwfk/ lqfhqwlyhv iru kljk hgxfdwlrqdo
dfklhyhphqw frxog dovr eh vxegxhg1 Pruhryhu/ li wkh hwkqlf wlhv duh kljk dqg wkh elqglqj zlwk wkh
Gxwfk orz/ fkloguhq iurp hwkqlf frppxqlwlhv frxog eh ohvv lqfolqhg wr shuirup dv zhoo dv wkh Gxwfk
lq d Gxwfk vfkrrolqj v|vwhp1 Wklv zloo doorz xv wkhq wr dqvzhu wkh uhvhdufk txhvwlrq= krz hdv| lv
lw iru hwkqlf plqrulwlhv lq wkh Qhwkhuodqgv wr jhw d mre dqg zkdw lv wkh mre zruwk frqglwlrqdo rq
wkhlu hgxfdwlrqB

Uhihuhqfhv

^4` ydq Dphuvirruw/ K1 dqg F1 Fruwlh/ Vrfldo Srodul}dwlrq lq d Zhoiduh VwdwhB Lppljudqwv lq wkh
Dpvwhugdp uhjlrq/ Qhz Frppxqlw|/ yro1 55/ qr1 7/ ss1 9:409;:/ 4<<91

^5` Eìqderx/ U1/ Khwhurjhqhlw|/ Vwudwl�fdwlrq/ dqg Jurzwk= Pdfurhfrqrplf Lpsolfdwlrqv ri Frp0
pxqlw| Vwuxfwxuh dqg Vfkrro Ilqdqfh/ Wkh Dphulfdq Hfrqrplf Uhylhz/ yro1 ;9/ qr1 6/ ss1
8;7093</ 4<<91

^6` Ehunrzlw}/ V1G1/ Dq Lqwurgxfwlrq wr Vwuxfwxudo Dqdo|vlv= Wkh Qhwzrun Dssurdfk wr Vrfldo

Uhvhdufk/ Exwwhuzruwk/ Wrurqwr/ 4<;51

^7` Erxuglhx/ S1/ Krpr Dfdghplfxv/ FD=Vwdqirug Xqlyhuvlw| Suhvv/ Vwdqirug/ 4<;;1

^8` Fduulqjwrq/ Z1M1/ H1 Ghwudqjldfkh dqg W1 Ylvkzdqdwk/ Pljudwlrq zlwk Hqgrjhqrxv Prylqj
Frvwv/ Wkh Dphulfdq Hfrqrplf Uhylhz/ 4<<91

^9` Fklvzlfn/ E1U1 dqg S1Z1 Ploohu/ Odqjxdjh Vnloov dqg Hduqlqjv dprqj Ohjdol}hg Dolhqv/ Mrxu0
qdo ri Srsxodwlrq Hfrqrplfv/ yro1 45/ ss1 960;</ 4<<<1

4:



^:` Fodxvvhq/ V1/ Dssolhg Fruuhvsrqghqfh Dqdo|vlv/ Vdjh Xqlyhuvlw| Sdshu vhulhv rq Txdqwlwdwlyh
Dssolfdwlrqv lq wkh Vrfldo Vflhqfhv/ 3:0454/ Wkrxvdqg Rdnv/ FD= Vdjh/ 4<<;1

^;` Gxuodxi/ V1Q1/ Vslooryhuv/ Vwudwl�fdwlrq/ dqg Lqhtxdolw|/ Wkh Hxurshdq Hfrqrplf Uhylhz/ yro1
6;/ ss1 ;690;78/ 4<<71

^<` Hoolvrq/ J1 dqg H1O1 Jodhvhu/ Jhrjudsklfdo Frqfhqwudwlrq/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ yro1
438/ qr1 8/ ss1 ;;<0<5:/ 4<<:1

^43` Iduuhoo/ M1 dqg J1 Vdorqhu/ Lqvwdoohg Edvh dqg Frpsdwlelolw|= Lqqrydwlrq/ Surgxfwv dqqrxqfh0
phqw/ dqg Suhgdwlrq/ Wkh Dphulfdq Hfrqrplf Uhylhz/ yro1 :9/ qr1 8/ ss1 <730<88/ 4<;91

^44` Jruwhu/ F1/ Wkh G|qdplfv ri Xqhpsor|phqw dqg Ydfdqflhv rq Uhjlrqdo Oderxu Pdunhwv/
Sk1G1 wkhvlv/ Wlqehujhq Lqvwlwxwh/ Dpvwhugdp/ 4<<41

^45` gh Judd�/ W1/ F1 Jruwhu dqg S1 Qlmndps/ Vsdwldo Foxvwhulqj dqg Vhjuhjdwlrq ri Lppljudqwv=
Vwdwlvwlfdo Hylghqfh iru wkh Qhwkhuodqgv/ iruwkfrplqj/ 53331

^46` Judqryhwwhu/ P1/ Jhwwlqj d Mre= D Vwxg| ri Frqwdfwv dqg Fduhhuv/ Kduydug Xqlyhuvlw| Suhvv/
Fdpeulgjh/ 4<:71

^47` Juhhqdfuh/ P1 dqg M1 Eodvlxv/ Fruuhvsrqghqfh Dqdo|vlv lq wkh Vrfldo Vflhqfh/ Dfdghplf Suhvv
Owg1/ Orqgrq/ 4<<71

^48` ydq ghu Khlmghq/ S1J1P1 dqg M1 gh Ohhxz/ Fruuhvsrqghqfh Dqdo|vlv xvhg Frpsohphqwdu| wr
Orjolqhdu Dqdo|vlv/ Sk|fkrphwulnd/ yro1 83/ qr1 7/ ss1 75<077:/ 4<;81

^49` Mdfnvrq/ M1H1/ D Xvhu*v Jxlgh wr Sulqflsdo Frpsrqhqwv/ Mrkq Zloh| ) Vrqv Lqf1/ Qhz \run/
4<<41

^4:` Ndw}/ P1 dqg F1 Vkdslur/ Qhwzrun H{whuqdolwlhv/ Frpshwlwlrq dqg Frpsdwlelolw|/ Wkh Dphu0
lfdq Hfrqrplf Uhylhz/ yro1 :8/ qr1 6/ ss1 7560773/ 4<;81

^4;` Nlhihu/ Q1/ Hfrqrplf Gxudwlrq Gdwd dqg Kd}dug Ixqfwlrqv/ Mrxuqdo ri Hfrqrplf Olwhudwxuh/
yro1 59/ ss1 97909:</ 4<;;1

^4<` ydq ghu Noddxz/ E1/ Xqhpsor|phqw Gxudwlrq/ Ghwhuplqdqwv dqg Srolf| Hydoxdwlrq/ Wlqehu0
jhq Lqvwlwxwh Uhvhdufk Vhulhv/ Sk1G1 wkhvlv/ Dpvwhugdp/ 53331

^53` Nrruhpdq/ S1 dqg J1 Ulgghu/ Wkh H�hfwv ri Djh dqg Xqhpsor|phqw Shufhqwdjh rq wkh
Gxudwlrq ri Xqhpsor|phqw= Hylghqfh iurp Djjuhjdwh Gdwd/ Hxurshdq Hfrqrplf Uhylhz/ yro1
53/ ss1 7408:/ 4<;61

^54` Odqfdvwhu/ W1/ Wkh Hfrqrphwulf Dqdo|vlv ri Wudqvlwlrq Gdwd/ Fdpeulgjh Xqlyhuvlw| Suhvv/
Fdpeulgjh/ 4<<31

^55` Pdqvnl/ F1I1/ Lghqwl�fdwlrq ri Hqgrjhqrxv Vrfldo H�hfwv= Wkh Uh hfwlrq Sureohp/ Uhylhz ri

Hfrqrplf Vwxglhv/ qr1 93/ ss 8640875/ 4<<61

^56` Plqfhu/ M1/ Vfkrrolqj/ H{shulhqfh dqg Hduqlqjv/ Froxpeld Xqlyhuvlw| Suhvv/ Qhz \run/ 4<:71

^57` Prqwjrphu|/ M/ Vrfldo Qhwzrunv dqg Oderu Pdunhw Dqdo|vlv= Wrzdugv dq Hfrqrplf Dqdo|vlv/
Wkh Dphulfdq Hfrqrplf Uhylhz/ yro1 ;4/ qr1 8/ ss1 473:0474;/ 4<<41

^58` Uhhv/ D1/ Lqirupdwlrq Qhwzrunv lq Oderu Pdunhwv/ Dphulfdq Hfrqrplf Uhylhz/ qr1 89/ ss1
88<0899/ 4<991

^59` Whvvhu/ S1W1P1/ M1J1I1 Phuhqv dqg F1V1 ydq Suddj/ Udssruwdjh Plqghukhghq/ Vrflddo Fxo0
wxuhho Sodqexuhdx/ Ghq Kddj/ 4<<<1

4;



9 Dsshqgl{

Wkh iroorzlqj wdeoh jlyhv vhyhudo fdwhjrulhv dqg wkh qxpehu ri shuvrqv/ ehorqjlqj wr d vshfl�f
hwkqlf jurxs/ iurp rxu vdpsoh wkdw �w lq wkdw fdwhjru|1

Wdeoh D4= D frqwlqjhqf| wdeoh iru wkh fkdudfwhulvwlfv ri wkh �yh hwkqlf jurxsv1

Wxunv Prurffdqv Vxulqdphvh Dqwloohdqv Gxwfk Wrwdo

Zdjh Yduldeohv
Zdjh ? 4433 s1p1 75 95 ;: 463 43; 75<
Zdjh 443304833 s1p1 9; 9: 459 437 475 83:
Zdjh 483304<33 s1p1 5;7 63: 4:5 436 <9 <95
Zdjh 4<3305633 s1p1 465 439 <7 77 <: 7:6
Zdjh 563305:33 s1p1 :6 7< 7< 76 << 646
Zdjh 5:3306433 s1p1 58 44 6: 69 ;; 4<:
Zdjh 643306833 s1p1 43 7 48 44 75 ;5
Zdjh 683306<33 s1p1 4 4 < ; 84 :3
Zdjh A 6<33 s1p1 8 3 46 < <7 454

Ghprjudsklf Yduldeohv
Ihpdoh 434 ;4 739 5<5 68< 456<
Pduulhg 95< 987 5;9 479 785 549:
Qr fkloguhq dw krph 4<4 5:< 6<6 678 :65 4<73
Sduwqhu dw krph 466 4<9 76< 6;9 78: 4944
Djh A 98 < 45 84 48 4<4 5:;

Hgxfdwlrq
Qrqh ru orz 7<9 8;7 5;7 464 534 49<9
Orz 493 <5 588 4;< 58: <86
Phgldwh <4 95 4:; 483 59< :83
Kljk 5: 53 ;: 439 636 876

Plvfhoodqlrxv
Xqhpsor|hg 763 7;< 6<: 636 74< 53;6
Qhyhu kdg d mre ;; 44: 44< 479 66 836
Kdv d uholjlrq ::7 :84 95< 6:: 73: 5<6;

Wrwdo 6:9: 6<77 7459 63:7 7;<: 4<;43

Wkh qh{w wdeoh jlyhv wkh frh!flhqwv ri rxu jdppd frh!flhqw iru wkh 46 flwlhv vxuyh|hg lq rxu
gdwd1

Wdeoh D5= Jdppd frh!flhqw ri wkh 46 flwlhv lq wkh VSYD
lq ghfuhdvlqj rughu ri pdjqlwxgh/ phdvxuhg dw 4 Mdqxdu| 4<<81

Flwlhv Flw| vl}h �l frh!flhqw Flwlhv Flw| vl}h �l frh!flhqw

Dpvwhugdp :55/563 3159 Dophuh 437/874 3134
Urwwhugdp 8<;/56< 3148 Ghoiw <5/78: 3134
Wkh Kdjxh 775/<6: 3149 Doskhq ddq ghq Ulmq 9:/446 3133
Xwuhfkw 568/958 3138 Ehujhq rs ]rrp 7:/<48 3134
Hlqgkryhq 4<9/9<6 3134 Wlho 67/4:4 3134
Hqvfkhgh 47;/367 3135 Krrjh}dqg0Vdsshphhu 66/9:9 3133
Gruguhfkw 447/3;< 3134

4<


