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Rqh ri wkh dwwudfwlyh ihdwxuhv ri Vhoi0Rujdql}lqj Pdsv

+VRP, lv wkh vr0fdoohg � wrsrorjlfdo suhvhuydwlrq surs0
huw|� = revhuydwlrqv wkdw duh forvh wr hdfk rwkhu lq

wkh lqsxw vsdfh +dw ohdvw orfdoo|, uhpdlq forvh wr hdfk

rwkhu lq wkh VRP1 Lq wklv zrun/ zh sursrvh wkh xvh
ri d errwvwuds vfkhph wr frqvwuxfw d vwdwlvwlfdo vljql�0

fdqfh whvw ri wkh revhuyhg sur{lplw| dprqj lqglylgxdov
lq wkh VRP1

� ������������

Wkh VRP dojrulwkp zdv lqwurgxfhg e| Nrkrqhq lq

4<;4 dqg kdv ehhq wkh irfxv ri d vl}hdeoh dprxqw ri
dwwhqwlrq lq wkh vflhqwl�f frppxqlw| vlqfh wkhq1 Qx0

phurxv dssolfdwlrqv kdyh ehhq sursrvhg +vhh Nrkr0

qhq ^4<<8` iru d uhsuhvhqwdwlyh olvw ri wkhp, dqg wkh
wkhruhwlfdo surshuwlhv kdyh ehhq fduhixoo| vwxglhg +vhh

Frwwuhoo/ Iruw ) Sdjëv ^4<<;` iru d uhylhz ri wkh hvwde0
olvkhg uhvxowv xs wr qrz,1 Khqfhiruwk/ zh zloo frqvlghu

khuh wkdw wkh VRP dojrulwkp lv idploldu wr wkh uhdghu1

Rqh ri wkh prvw dwwudfwlyh ihdwxuhv ri VRP +lq sduwlf0
xodu iru dssolfdwlrqv lq wkh �hog ri gdwd dqdo|vlv, lv wkh

vr0fdoohg � wrsrorjlfdo suhvhuydwlrq surshuw|� = diwhu
rujdql}dwlrq wkurxjk wkh wudlqlqj dojrulwkp/ revhuyd0

wlrqv wkdw duh forvh wr hdfk rwkhu lq wkh lqsxw vsdfh

+dw ohdvw orfdoo|, ehorqj wr xqlwv wkdw duh qhljkeruv +ru
duh dfwxdoo| zlwklq wkh vdph xqlw,1

Lq uhdo dssolfdwlrqv/ wkh VRP dojrulwkp lv xvhg rq d �0
qlwh gdwd vhw/ zklfk fdq eh vhhq dv d vdpsoh iurp vrph

xqnqrzq glvwulexwlrq1 Dv wkh Nrkrqhq dojrulwkp lv d

vwrfkdvwlf surfhvv/ wkh uhvxowv fdqqrw eh h{dfwo| wkh
vdph iurp rqh uxq wr dqrwkhu rqh/ dqg dq lpsruwdqw

txhvwlrq wkdw dulvhv derxw wkh uhvxowlqj pds lv= �Lv
lw uholdeohB� Iru h{dpsoh/ d txhvwlrq wkdw kdv qrw uh0

fhlyhg d orw ri dwwhqwlrq xs wr qrz lv wkh vwdwlvwlfdo

vljql�fdqfh ri wkh revhuyhg qhljkerukrrg lq wkh VRP
rewdlqhg diwhu ohduqlqj1 Kdylqj revhuyhg wkdw wzr lq0

glylgxdov iurp wkh dqdo|}hg vdpsoh ehorqj wr qhljk0

eru xqlwv/ zkdw lv wkh suredelolw| wkdw wkh| duh dfwxdo

qhljkeruv lq wkh srsxodwlrqB Lq rwkhu zrugv/ zkdw
lv wkh vdpsolqj glvwulexwlrq ri wkh revhuyhg sur{lplw|

dqg lv lw srvvleoh wr sursrvh d vwdwlvwlfdo whvw wr dvvhvv

wkhlu vljql�fdqfhB

Zh sursrvh wkh xvh ri wkh errwvwuds dssurdfk wr hydo0

xdwh wkh uholdelolw| ri wkh pds rq erwk srlqwv ri ylhz ri
txdqwl�fdwlrq +hydoxdwhg e| wkh vxp ri vtxduhv lqwud0

fodvvhv/ fi1 ht1 4, dqg ri qhljkerukrrg vljql�fdqfh
+hydoxdwhg e| wkh vwdelolw| ri wkh revhuyhg sur{lplw|

rq wkh pds/ fi1 ht1 5,1

Zh zloo �uvw uhfdoo wkh fhqwudo lghdv ri wkh errwvwuds/
dv lqwurgxfhg e| Hiurq ^4<:<` dqg dgguhvv vshfl�f gli0

�fxowlhv hqfrxqwhuhg zkhq dsso|lqj wkh errwvwuds iru
wkh VRPpdsv +iru uhihuhqfhv rq errwvwuds surfhgxuhv

dqg wkhlu dssolfdwlrqv vhh h1j1 Hiurq/ Wlevkludql ^4<;9/

4<<6`/ Iuhhgpdq ^4<;4/ 4<;7`/ OhSdjh/ Eloodug ^4<<5`/
Qruhhq ^4<;<`/ = = = ,1
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Wkh pdlq lghd ri wkh errwvwuds/ lqwurgxfhg e| Hiurq
lq 4<:</ lv wr xvh wkh vr0fdoohg �soxj0lq sulqflsoh�1 Ohw

I eh d suredelolw| glvwulexwlrq ghshqglqj rq dq xq0

nqrzq sdudphwhu �1 Ohw { @ {4> {5> ===> {q eh wkh re0

vhuyhg vdpsoh ri gdwd dqg e� @ W +{, dq hvwlpdwh ri

�1 Wkh errwvwuds frqvlvwv ri xvlqj duwl�fldo vdpsohv

+fdoohg errwvwudsshg vdpsohv, zlwk wkh vdph hpslulfdo

glvwulexwlrq dv wkh lqlwldo gdwd vhw lq rughu wr jxhvv wkh

glvwulexwlrq ri e�1 Hdfk errwvwudsshg vdpsoh frqvlvwv lq

q xqlirup gudzlqjv zlwk uhshwlwlrqv iurp wkh lqlwldo

vdpsoh1 Li {� lv d errwvwudsshg vdpsoh/ W +{�, zloo eh

d errwvwuds uhsolfdwh ri e�1

Rxu dssurdfk zloo frqvlghu errwvwuds vdpsohv ri wkh

gdwd lq rughu wr exlog wkh vdpsolqj glvwulexwlrq ri gli0

ihuhqw ihdwxuhv ri wkh pds1 Wkh wzr ihdwxuhv wkdw zh

dqdo|vh khuh duh wkh txdolw| ri wkh txdqwl�fdwlrq dqg

wkh qhljkerukrrg uhodwlrq1



514 Txdqwl�fdwlrq

Wkh txdolw| ri wkh txdqwl�fdwlrq lv hydoxdwhg e| wkh

vxp ri doo wkh glvwdqfhv ehwzhhq wkh revhuydwlrqv dqg

wkhlu zlqqlqj frgh yhfwru +wkh zhljkw yhfwru ri wkh

forvhvw xqlw/ zklfk lv wkh uhsuhvhqwdwlyh yhfwru ri wkh

fodvv wkh| ehorqj wr,1 Wklv vxp lv fdoohg glvwruwlrq

lq wkh txdqwl�fdwlrq wkhru|/ dqg lqwud0fodvvhv vxp ri

vtxduhv e| wkh vwdwlvwlfldqv1 Lw fdq eh h{suhvvhg e|=

VVLqwud @

X[

l@4

[

{m5Fl

g5+{m > Jl, +4,

zkhuh X lv wkh qxpehu ri fodvvhv +ru xqlwv,/ Fl lv wkh

l0wk fodvv/ Jl lv wkh frgh yhfwru ri fodvv Fl/ dqg g lv

wkh fodvvlfdo Hxfolghdq glvwdqfh lq wkh gdwd vsdfh1

Qrwh wkdw wkh ghfuhdvlqj ixqfwlrq dvvrfldwhg zlwk wkh

VRP dojrulwkp iru d frqvwdqw vl}h ri qhljkerukrrg

dqg �qlwh gdwd vhw lv wkh vxp ri vtxduhv lqwud0fodvvhv

h{whqghg wr wkh qhljkeru fodvvhv/ +vhh Ulwwhu hw do

^4<<5`,1 Exw dfwxdoo|/ lq wkh odvw sduw ri wkh lwhudwlrqv

qr qhljkeru lv frqvlghuhg1 Vr dw wkh hqg/ wkh VRP do0

jrulwkp lv htxlydohqw wr Vlpsoh Frpshwlwlyh Ohduqlqj

dqg h{dfwo| plqlpl}hv wkh VVLqwud ydoxh1

Wkh errwvwudsshg vdpsohv zloo doorz xv wr exlog wkh

vdpsolqj glvwulexwlrq ri VVLqwud1

515 Qhljkerukrrg uhodwlrqv

Wkh vwdelolw| ri wkh qhljkerukrrg uhodwlrqv lv vlpso|

hydoxdwhg e| wkh qxpehu ri fdvhv zkhuh/ gxulqj wkh

errwvwuds surfhvv/ wzr revhuydwlrqv duh qhljkeru ru

qrw qhljkeru1 Wkh vwdelolw| ri qhljkerukrrg wkhuhiruh

kdv wr eh hydoxdwhg iru d frxsoh ri revhuydwlrqv dqg/

fodvvlfdoo|/ zh kdyh wr gh�qh wkh udglxv ri qhljkeru0

krrg dw zklfk wkh sur{lplw| lv wdnhq lqwr dffrxqw +vhh

ht1 5,1 Iru dq| sdlu ri gdwd {l dqg {m /

VWDEl>m+u, @

SE

e@4QHLJK
e
l>m+u,

E
+5,

zkhuh QHLJK
e
l>m+u, lv dq lqglfdwru ixqfwlrq wkdw uh0

wxuqv 4 li wkh revhuydwlrqv {l dqg {m duh qhljkeru dw wkh
udglxv u iru wkh errwvwuds vdpsoh e/ dqg E lv wkh wrwdo

qxpehu ri errwvwudsshg vdpsohv1 D shuihfw vwdelolw|

zrxog ohdg VWDEl>m wr dozd|v eh 3 +qhyhu qhljkeru, ru
4 +dozd|v qhljkeru,1 Zh fdq vwxg| wkh vljql�fdqfh ri

wkh vwdwlvwlfv VWDEl>m+u,/ e| frpsdulqj lw wr wkh ydoxh

lw zrxog kdyh li wkh revhuydwlrqv ihoo lq wkh vdph fodvv

+ru lq wzr fodvvhv glvwdqw ri ohvv wkdq u, lq d frpsohwho|

udqgrp zd|1

Ohw X eh wkh wrwdo qxpehu ri fodvvhv dqg y wkh vl}h

ri wkh frqvlghuhg qhljkerukrrg1 Wkh vl}h y ri wkh

qhljkerukrrg fdq eh frpsxwhg iurp wkh udglxv u e|

y @ +5u.4, iru d rqh0glphqvlrqdo VRPpds +d vwulqj,>

dqg y @ +5u . 4,5 iru d wzr0glphqvlrqdo VRP pds +d

julg,1 Iru d �{hg sdlu ri revhuydwlrqv {l dqg {m / zlwk

udqgrp gudzlqj/ wkh suredelolw| ri qhljkerulqj zrxog

eh y@X 1 Li zh gh�qh d Ehuqrxool udqgrp yduldeoh zlwk

suredelolw| ri vxffhvv y@X / +zkhuh vxffhvv phdqv �{l
dqg {m duh qhljkeru�,/ wkh qxpehu \ ri vxffhvvhv rq

E wuldov lv glvwulexwhg dv d Elqrpldo glvwulexwlrq/ zlwk

sdudphwhuv E dqg y@X 1 Vr/ lw lv srvvleoh wr exlog d

whvw ri wkh k|srwkhvlv K
3
�{l dqg {m duh rqo| udq0

grpo| qhljkeru� djdlqvw wkh k|srwkhvlv K4
�wkh idfw

wkdw zkhwkhu {l dqg {m duh qhljkeru ru qrw lv phdq0

lqjixo�1

Li E lv odujh hqrxjk +l1h1 juhdwhu wkdq 83,/ wkh

elqrpldo udqgrp yduldeoh fdq eh dssur{lpdwhg e|

d Jdxvvldq yduldeoh dqg/ iru h{dpsoh/ zlwk d whvw

ohyho ri 8(/ zh frqfoxgh wr K
4
li \ lv ohvv wkdq

E
y
X
� 4=<9

s
E

y
X
+4� y

X
,/ ru juhdwhu wkdq E

y
X

.

4=<9
s
E

y
X
+4� y

X
,1 Qrwh wkdw E ghshqg rq wkh sdlu

+{l> {m,/ vlqfh wkh vdpsohv kdyh wr frqwdlq lw1 Wklv

jlyhv d ohyho ri vljql�fdqfh wr wkh suhvhqfh2devhqfh ri

wkh qhljkerukrrg uhodwlrqv1

516 Vshfl�f sureohpv

Wkh dssolfdwlrq ri wkh errwvwuds surfhgxuh wr wkh

VRP dojrulwkp udlvhv wzr vshfl�f sureohpv=

� wkh plqlpl}hg ixqfwlrq kdv d vl}hdeoh dprxqw ri

orfdo plqlpd1 Sduw ri wkh yduldelolw| ri wkh hvwl0

pdwhg vwdwlvwlfv +VVLqwud> VWDEl>m, fdq eh gxh

wr wklv frqyhujhqfh sureohp1 Dv lq ]dsudqlv dqg

Uhihqhv ^4<<<`/ zh zloo dqdo|}h wkh lpsdfw ri wkh

�frqyhujhqfh gl!fxow|� rq wkh vwdelolw| ri wkh hv0

wlpdwlrqv1

� wr hydoxdwh QHLJKe
l>m+u,/ lw lv qhfhvvdu| wkdw {l

dqg {m duh suhvhqw lq wkh errwvwuds vdpsoh e/

zklfk lv lq qr zd| jxdudqwhhg1 Wr vroyh wklv

sureohp/ zh xvh wkh vdph dssurdfk dv lq Hiurq

dqg Wlevkludql ^4<<6`= wkh VWDEl>m+u, lv hydox0

dwhg rqo| rq wkh errwvwuds vdpsohv wkdw frqwdlq

revhuydwlrqv {l dqg {m 1

Wkh sursrvhg errwvwuds surfhgxuh lv vxppdul}hg lq

Iljxuh 41 Wkh whuplqrorj| zh zloo xvh wr suhvhqw rxu

uhvxowv lv wkh iroorzlqj=

� li qr uh0vdpsolqj lv grqh +lq rughu wr dqdo|}h wkh

yduldelolw| ri wkh uhvxowv gxh rqo| wr frqyhujhqfh

sureohpv,/ zh zloo wdon ri Prqwh0Fduor +PF, vlp0

xodwlrq/

� li uh0vdpsolqj lv grqh/ zh zloo wdon ri Errwvwuds

+E, vlpxodwlrq/



� li/ iru hdfk errwvwuds lwhudwlrq/ wkh VRP pds lv

lqlwldol}hg dw udqgrp +lq wkh lqsxw gdwd vsdfh,/

zh zloo wdon ri Frpprq Prqwh Fduor +FPF, ru

Frpprq Errwvwuds +FE, +ghshqglqj rq wkh df0

wlydwlrq ri uh0vdpsolqj ru qrw,/

� li/ iru hdfk errwvwuds lwhudwlrq/ wkh VRP pds lv

lqlwldol}hg zlwk wkh zhljkw yhfwruv rewdlqhg diwhu

wkh frqyhujhqfh ri wkh lqlwldo ohduqlqj/ zh zloo wdon

ri Orfdo Prqwh Fduor +OPF, ru Orfdo Errwvwuds

+OE,/

� li zh gr wkh vdph frpsxwdwlrqv dv lq wkh suhylrxv

srlqw/ exw zh dgg d vpdoo udqgrp shuwxuedwlrq wr

wkh zhljkw yhfwruv/ zh zloo wdon ri Orfdo Shuwxuehg

Prqwh Fduor +OSPF, ru Orfdo Shuwxuehg Errw0

vwuds +OSE,1

Errwvwuds surfhgxuh ri VRP dojrulwkp
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614 Vlpxodwhg gdwd vhw dqg VRP pds

Wkh uhvxowv wkdw zh suhvhqw dqg dqdo|}h khuh kdyh

ehhq rewdlqhg rq wkuhh vlpxodwhg gdwd vhwv/ hdfk

rqh uhsuhvhqwlqj d vshfl�f vlwxdwlrq1 Zh zloo fdoo

wkhp Jdxvvb4/ Jdxvvb5 dqg Jdxvvb61 Lq hdfk fdvh/

wkh| duh wzr0glphqvlrqdo gdwd vhwv/ rewdlqhg e| udq0

grp gudzlqj lq dq xqfruuhodwhg Jdxvvldq glvwulexwlrq1

Wkh| duh uhvshfwlyho| uhsuhvhqwhg lq �jxuhv 5/ 6/ dqg

71 Lq wkh �uvw gdwd wkhuh lv rqo| rqh foxvwhu ri re0

vhuydwlrqv1 Wkh vhfrqg rqh frqwdlqv wkuhh foxvwhuv ri

htxdo yduldqfh dqg vrph ryhuods1 Wkh wklug rqh lv dovr

frpsrvhg ri wkuhh foxvwhuv/ exw ri gl�huhqw yduldqfh

dqg qr ryhuods1 Hdfk gdwd vhw kdv 833 revhuydwlrqv1

Iru gdwd vhwv Jdxvvb5 dqg Jdxvvb 6/ revhuydwlrqv

4� 499> 49:� 666 dqg 667� 833 duh lq wkh vdph foxv0

whu1

Jdxvvb4 gdwd vhw

Jdxvvb5 gdwd vhw

Jdxvvb6 gdwd vhw

615 Yduldelolw| ri VVLqwud gxh wr frqyhujhqfh

ri wkh dojrulwkp

Wkh �uvw srlqw zh suhvhqw/ zlwk dwwhqgdqw uhvxowv/ lv

wkh yduldelolw| ri VVLqwud gxh wr frqyhujhqfh ri wkh

VRP dojrulwkp1 Wkh srlqw khuh lv wr vhh li wkh h{lv0

whqfh ri orfdo plqlpd fdq lqwurgxfh yduldelolw| lq wkh

hvwlpdwlrq ri VVLqwud1 Iru wkh vdnh ri frqflvhqhvv/ wkh

uhvxowv suhvhqwhg khuh duh olplwhg wr d rqh0glphqvlrqdo

VRP pds +ru vwulqj,/ frpsrvhg ri hlwkhu 6 ru 9 xqlwv1

Fodvvlfdoo|/ wkh qhljkerukrrg dqg wkh ohduqlqj udwh duh

ghfuhdvlqj gxulqj wkh ohduqlqj1

Wdeoh 4 vxppdul}hv wkh frh!flhqwv ri yduldwlrq +FY,4 /

iru wkh glvwulexwlrq ri VVLqwud rewdlqhg e| FPF

+qr uh0vdpsolqj dqg udqgrp lqlwldol}dwlrq dw hdfk lw0

hudwlrq,/ Wdeoh 5/ wkh FY rewdlqhg e| OPF +qr uh0

4Wkh frh!flhqw ri yduldwlrq FY lv htxdo wr �ffj*>/

zkhuh j lv wkh vwdqgdug ghyldwlrq dqg > lv wkh phdq ydoxh1



vdpsolqj/ �{hg lqlwldol}dwlrq dw hdfk lwhudwlrq,/ dqg

Wdeoh 6/ wkh FY rewdlqhg e| OSPF +qr uh0vdpsolqj/

vpdoo udqgrp shuwxuedwlrq ri wkh �{hg lqlwldol}dwlrq,1

Hdfk uhvxow suhvhqwhg khuh kdv ehhq hvwdeolvkhg zlwk

8333 lqghshqghqw vdpsohv
5
1

Wkh frpsdulvrq vkrzv txlwh fohduo| wkdw wkh prgh ri

lqlwldol}dwlrq kdv qr lq xhqfh rq wkh vwdelolw| ri wkh

VVLqwud hvwlpdwlrq1 E| vzlwfklqj iurp FPF wr OPF

+ru SOPF,/ l1h1 e| �{lqj wkh lqlwldol}dwlrq ri wkh

zhljkw yhfwruv/ wkh rewdlqhg frh!flhqwv ri yduldwlrq

duh doprvw wkh vdph1 Wklv uhvxow lv yhu| gl�huhqw iurp

wkrvh rewdlqhg e| ]dsudqlv dqg Uhihqhv ^4<<<` zkhq

dsso|lqj errwvwuds wr POS dqg hpskdvl}h wkh juhdw

urexvwqhvv ri wkh VRP dojrulwkp1 Wkh prvw lqwhuhvw0

lqj uhvxow wkdw dsshduv lq wdeohv 406 lv wkh lpsruwdqw

lpsdfw ri wkh qxpehu ri xqlwv rq wkh FY lq Jdxv0

vldqb6 fdvhv1 Dv fdq eh vhhq lq �jxuhv 5/ 6 dqg 7/

Jdxvvb6 lv wkh rqo| fdvh zlwk zhoo0vhsdudwhg dv|p0

phwulf foxvwhuv1 Lw lv fohdu wkdw wkh �qdwxudo� qxpehu

ri xqlwv vkrxog eh 6 dqg/ lq vrph vhqvh/ d VRP pds

zlwk 9 xqlwv lv ryhu sdudphwhul}hg1 Wkh xqvwdelolw| ri

VVLqwud vhhpv/ dw �uvw vljkw/ wr lqglfdwh wkh zurqj

fkrlfh ri qxpehu ri xqlwv1 Lw lv wklv srlqw lq sduwlfxodu

wkdw zh zloo h{soruh lq wkh qh{w vhfwlrq ri wklv sdshu1

6 xqlwv 9 xqlwv

Jdxvvb4 31385 31378

Jdxvvb5 31384 31379

Jdxvvb6 313:9 31434

Wdeoh 4= Frh!flhqwv ri yduldwlrq ri VVLqwud iru

Frpprq Prqwh0Fduor +FPF,

6 xqlwv 9 xqlwv

Jdxvvb4 31386 31377

Jdxvvb5 3137< 31378

Jdxvvb6 31397 31436

Wdeoh 5= Frh!flhqwv ri yduldwlrq ri VVLqwud iru Orfdo

Prqwh0Fduor +OPF,

6 xqlwv 9 xqlwv

Jdxvvb4 31385 31378

Jdxvvb5 31384 31379

Jdxvvb6 3139: 31434

Wdeoh 6= Frh!flhqwv ri yduldwlrq ri VVLqwud iru Orfdo

Shuwxuehg Prqwh0Fduor +OSPF,

616 Dvvhvvlqj wkh uljkw qxpehu ri xqlwv lq d

VRP pds

Wdeoh 7 vkrzv wkh FY ri VVLqwud rewdlqhg iurp wkh

wkuhh vlpxodwhg gdwd vhwv suhvhqwhg lq vhfwlrq 6141 Wkh

5Vxfk d odujh qxpehu ri vdpsohv/ lq sudfwlfh/ lv qrw
qhfhvvdu| +�ff ehlqj hqrxjk,> exw/ zh zlvk wr eh fhuwdlq
ri wkh qxphulfdo vwdelolw| ri wkh uhvxowv1

uhvxowv kdyh ehhq rewdlqhg xvlqj 433 errwvwuds vdp0

sohv1 Wkh| frq�up wkrvh kljkoljkwhg lq wkh suhylrxv

vhfwlrq1 Iru Jdxvvb4/ zkhuh wkhuh lv rqo| rqh qdw0

xudo foxvwhu/ wkh FY ri VVLqwud h{klelwv rvfloodwlrqv

durxqg 31781 Iru Jdxvvb6/ dv h{shfwhg/ wkh dgglwlrq

ri d irxuwk xqlw jhqhudwhv d odujh lqfuhdvh lq wkh FY1

Wkh uhvxow vhhpv wr eh vxusulvlqj iru wkh Jdxvvb5 gdwd

vhw/ zkhuh wkhuh lv qr lqfuhdvh ri wkh FY ri VVLqwud

zkhq dgglqj d irxuwk xqlw1 Wkh h{sodqdwlrq olhv lq wkh

vwulfwo| v|pphwulfdo irup ri wkh wkuhh foxvwhuv dqg lq

wkhlu ryhuodsslqj srvlwlrqv +wkh lqvwdelolw| ri wkh or0

fdwlrq ri wkh irxuwk xqlw grhv qrw fkdqjh wkh ohyho ri

VVLqwud rewdlqhg iurp rqh errwvwuds vdpsoh wr dq0

rwkhu errwvwuds vdpsoh,1

Qe ri xqlwv Jdxvvb4 Jdxvvb5 Jdxvvb6

4 31385 31376 31388

5 31378 31393 313;<

6 3138< 31387 31398

7 31388 3137< 31477

8 31377 31399 31485

9 31384 3137: 31453

< 31387 3137: 3143<

45 3136: 3137< 313<5

48 31373 31373 313;3

Wdeoh 7 = Frh!flhqwv ri yduldwlrq ri VVLqwud rewdlqhg

diwhu Orfdo Errwvwuds

Hyroxwlrq ri FYv ri VVLqwud iru wkh SRS gdwd vhw zkhq

lqfuhdvlqj wkh qxpehu ri xqlwv ri glphqvlrqdo VRP pds

Zh revhuyh wkh vdph rq d uhdo gdwd vhw fdoohg SRS6 1

Hdfk frxqwu| lv ghvfulehg e| 9 udwlrv= dqqxdo srsxod0

wlrq jurzwk/ pruwdolw| udwh/ dqdoskdehwlvp udwh/ srs0

xodwlrq sursruwlrq lq kljk vfkrro/ JGS shu khdg dqg

JGS jurzwk udwh1 Dv vkrzq lq �jxuh 8/ iru wkh SRS

gdwd vhw/ wkh lqfuhdvh ri wkh FY ri VVLqwud lv vlwxdwhg

qhdu wkh dgglwlrq ri wkh vhyhqwk ru hljkwk xqlw1

6Wkhvh dfwxdo gdwd +h{wudfwhg iurp r!fldo sxeolf vwdwlv0
wlfv iru 4<;7, zdv xvhg lq Eod|r/ I1 ) Ghpduwlqhv/ S1
+4<<4,= Gdwd Dqdo|vlv= Krz wr Frpsduh Nrkrqhq Qhx0

udo Qhwzrunv wr Rwkhu WhfkqltxhvB lq Surfhhglqjv ri

LZDQQ*<4/ Hg1 D1Sulhwr/ Ohfwxuh Qrwhv lq Frpsxwhu

Vflhqfh/ Vsulqjhu0Yhuodj/ 79<07:91 Wkh| duh dydlodeoh dw

kwws=22sdqrudpl{1xqly0sdulv41iu2VDPRV2



617 D vwdwlvwlfdo whvw ri wkh sur{lplw|

uhodwlrqv lq wkh VRP pds

Lq wklv vhfwlrq/ zh suhvhqw uhvxowv frqfhuqlqj wkh vwd0

elolw| ri wkh qhljkerukrrg uhodwlrqv wkdw dsshduv lq

wkh VRP pdsv1

Sdlu ri

rev1

Jdxvvb5

6 xqlwv

Sdlu ri

rev1

Jdxvvb6

6 xqlwv

46:276

F42F4

4 46:276

F42F4

3

46:2588

F42F5

3 46:2588

F42F5

4

46:276:

F42F6

3 46:276:

F42F6

3

46:2:3

F42F4

4 46:2:3

F42F4

3

46:25:;

F42F5

3 46:25:;

F42F5

3

762588

F42F5

3 762588

F42F5

3

76276:

F42F6

3 76276:

F42F6

3

762:3

F42F4

4 762:3

F42F4

4

7626:;

F42F4

3 7626:;

F42F4

3

588276:

F52F6

3 588276:

F52F6

3

5882:3

F52F4

3 5882:3

F52F4

3

58826:;

F52F6

3 58826:;

F52F6

3

Wdeoh 8= Iuhtxhqflhv ri qhljkerukrrg rewdlqhg e| Orfdo

Errwvwuds

Wdeoh 8 vkrzv wkh uhvxowv frqfhuqlqj VWDEl>m 1 Zh

wrrn d 60xqlwv rqh0glphqvlrqdo Nrkrqhq pds1 Wkh

wzr sdluv ri froxpqv frqfhuq wkh qhljkerukrrg zlwk

udglxv u @ 3/ +l1h1 wkh revhuydwlrqv duh frqvlghuhg dv

qhljkeruv rqo| li wkh| ehorqj wr wkh vdph fodvv,1 Lq wkh

froxpqv �Sdlu ri rev�/ wkh foxvwhu rzqhuvklsv duh phq0

wlrqhg +h1j1 wkh �uvw sdlu ri revhuydwlrqv lq Jdxvvb5

gdwd vhw lv 46:@76> F42F4 phdqv wkdw revhuydwlrqv 46:

dqg 76 duh erwk phpehuv ri foxvwhu 4,1 Doo hvwlpdwlrqv

kdyh ehhq frpsxwhg zlwk 433 errwvwuds vdpsohv1 Wkh

pdlq uhvxowv duh dv iroorzv=

� Iru wkh Jdxvvb5 gdwd vhw/ zh rewdlq vwulfwo| zkdw

zdv h{shfwhg= li wzr revhuydwlrqv duh lq wkh vdph

foxvwhu/ wkh suredelolw| wkh| ehorqj wr wkh vdph

xqlw lv 4 +dqg ylfh0yhuvd,1

� Iru wkh Jdxvvb6 gdwd vhw/ wkh frqfoxvlrqv duh wkh

vdph dv wkrvh rewdlqhg iru wkh Jdxvvb5 gdwd vhw/

h{fhsw iru revhuydwlrq 46:/ zklfk lv zurqjo| dvvr0

fldwhg zlwk vrph revhuydwlrqv ri wkh vhfrqg foxv0

whu1 Lq �jxuh 7/ zh pdun wklv revhuydwlrq zlwk d

elj srlqw1 Dv zh fdq vhh/ lw lv orfdwhg lq wkh vhf0

rqg foxvwhu +zkloh lvvxhg iurp wkh �uvw rqh,1 Wklv

fruuhvsrqgv wr dq huuru ri fodvvl�fdwlrq gxh wr lwv

orfdwlrq dqg wkh uhvxowv rewdlqhg e| errwvwuds duh

ixoo| frkhuhqw1

618 Uhdo gdwd vhwv

Zh xvh wzr uhdo gdwd vhwv1 Rqh lv wkh SRS gdwd vhw

suhylrxvo| xvhg lq vhfwlrq 6=6= Wkh rwkhu rqh lv wkh

SRSb<6 gdwd vhw/ zklfk frqwdlqv <8 frxqwulhv gh0

vfulehg e| wkh vdph udwlrv/ phdvxuhg lq 4<<6 +lqvwhdg

ri 4<;7 iru wkh SRS gdwd vhw1

Wdeoh 9 vkrzv wkh uhvxowv iru wkh SRS gdwd vhw/ iru d 90

xqlwv rqh0glphqvlrqdo VRP pds dqg d qhljkerukrrg

udglxv u ri 3 +froxpq 5, dqg ri 4 +froxpq 6,1 Wkh �uvw

froxpq phqwlrqv wkh frxqwu| qdphv1

Sdlu ri Frxqwulhv SRS +u @ 3,

9 xqlwv

SRS +u @ 4,

9 xqlwv

Wxunh|2 Xsshu Yrowd 3137- 3198-

Wxunh|2 Fxed 3- 3155-

Wxunh|2 Vzhghq 3- 3138-

Wxunh|2 Iudqfh 3- 3-

Wxunh|2 Juhhfh 3- 3158-

Xsshu Yrowd2 Fxed 3- 3-

Xsshu Yrowd2 Vzhghq 3- 3-

Xsshu Yrowd2 Iudqfh 3- 3-

Vzhghq2 Iudqfh 4- 4-

Fxed2 Vzhghq 3135- 31;4-

Fxed2 Iudqfh 3135- 31:;-

Fxed2 Juhhfh 319<- 31<:-

-vljql�fdqw dw 4(

Wdeoh 9= Iuhtxhqflhv ri qhljkerukrrg rewdlqhg e| Orfdo

Errwvwuds

Wdeoh : vkrzv wkh uhvxowv iru wkh SRSb<6 gdwd vhw/

iru d : :0xqlwv wzr0glphqvlrqdo VRP pds/ dqg d qhlj0

erukrrg udglxv ri 51

Wkh ohyhov ri vljql�fdqfh kdyh ehhq fdofxodwhg iurp d

Elqrpldo glvwulexwlrq zlwk s @ 4@9> 6@9> 58@7</ uhvshf0

wlyho| dffruglqj wr wkh ydoxhv ri u dqg X +vhh vhfwlrq

5=5,1

Iru wkh SRS gdwd vhw/ dv zhoo dv iru wkh SRSb<6 gdwd

vhwv/ wkh revhuyhg vlplodulwlhv ehwzhhq wkh frxqwulhv

djuhh zlwk wkh hfrqrplf vlwxdwlrq +lq 4<;7/ ru lq 4<<9,/

dv idu dv zh nqrz1 Lw lv qhfhvvdu| wr vwxg| wkh pds lq

d pruh ghwdlohg zd| wr ixoo| lqwhusuhw wkh uhvxowv/ exw

lw lv rxw ri wkh vfrsh ri wklv sdshu1 Krzhyhu/ lw lv hy0

lghqw wkdw Iudqfh lv frpsohwho| gl�huhqw iurp Xsshu0



Yrowd +suhvhqwo| Exunlqd0Idvr,/ dqg wkdw Iudqfh dqg

Vzhghq duh yhu| vlplodu zlwk uhvshfw wr wkh frqvlghuhg

yduldeohv1 Wkh vdph uhpdunv krog iru doo wkh revhuyhg

sdluv1

Sdlu ri Frxqwulhv SRSb<6 +u @ 5,
7< xqlwv

Juhhfh2 Iudqfh 314;-

Dxvwudold2 Iudqfh 31;5-

Juhhfh2 Ehojlxp 3154-

Wxunh|2 Iudqfh 3135-

Vlqjdsruh2 XVD R17<

Vzhghq2 Mdsdq 31:6-

Juhhfh2 Pdowd 4-

Fdqdgd2 Iudqfh 31;7-

Vzhghq2 Iudqfh 31<:-

XVD2 ]lpedezh 3-

XVD2 Ilqodqg 31;8-

XVD2 Dxvwudold 319;-

-vljql�fdqw dw 4(

Wdeoh := Iuhtxhqflhv ri qhljkerukrrg rewdlqhg e| Orfdo

Errwvwuds

# $���	�����

Wkhvh duh suholplqdu| uhvxowv/ exw duh qrqhwkhohvv yhu|

surplvlqj1 Zh lqwhqg wr sxuvxh wkhvh wudfnv e|=

� v|vwhpdwlfdoo| vwxg|lqj krz wr ghwhuplqh wkh fru0

uhfw qxpehu ri xqlwv xvlqj wkh frh!flhqwv ri yduld0

wlrq ri wkh VVLqwud iru wkh errwvwudsshg vdpsohv/

dffruglqj wr wkh qxpehu ri xqlwv>

� dqdo|vlqj wkh vwdelolw| ri wkh qhljkerxukrrgv df0

fruglqj wr wkh qxpehu ri xqlwv pruh ghhso| +lq

idfw/ wkh vwdelolw| glvdsshduv zkhq wkh qxpehu ri

xqlwv lv ryhu0glphqvlrqhg,>

� dsso|lqj wkhvh phwkrgv wr qxphurxv uhdo gdwd

dqg dsso|lqj/ lq wklv frqwh{w/ zhoo0nqrzq qxphu0

lfdo rswlplvdwlrqv wr wkh Prqwh0Fduor surfhgxuh1

Zh wklqn wkdw wklv nlqg ri zrun fdq vxsso| wkh lqqx0

phudeoh xvhuv ri wkh VRP pdsv zlwk d qhz wrro wkdw

fdq pdnh wkhp lqfuhdvlqjo| frq�ghqw lq wkh srzhu dqg

h�hfwlyhqhvv ri wkh Nrkrqhq dojrulwkp1

����������

^4` Frwwuhoo P1/ Iruw M1F1 ) Sdjëv/ Wkhruhwlfdo Dv0

shfwv ri wkh VRP Dojrulwkp/ Qhxurfrpsxwlqj/ 54/

4<<;/ s1 44<046;1

^5` Hiurq E1/ Errwvwuds Phwkrgv = Dqrwkhu Orrn dw

wkh Mdfnnqlih/ Wkh 4<:: Ulhw} Ohfwxuh/ Wkh Dq0

qdov ri Vwdwlvwlfv/ yro1 :/ q
�
4/ 4<:</ s1 40591

^6` Hiurq E1 ) Wlevkludql U1/ Errwvwuds Phwkrgv iru

Vwdqgdug Huuruv/ Frq�ghqfh Lqwhuydov/ dqg Rwkhu

Phdvxuhv ri Vwdwlvwlfdo Dffxudf|/ Vwdwlvwlfdo Vfl0

hqfh/ yro1 4/ q
�
4/ 4<;9/ s1 870::1

^7` Hiurq E1 ) Wlevkludql U1/ Dq Lqwurgxfwlrq wr wkh

Errwvwuds/ Fkdspdq dqg Kdoo/ 4<<61

^8` Iuhhgpdq G1D1/ Errwvwudsslqj Uhjuhvvlrq Prg0

hov/ Dqqdov ri Vwdwlvwlfv/ yro1 </ 4<;4/ s1 454;0

455;1

^9` Iuhhgpdq G1D1/ Rq Errwvwudsslqj Wzr0Vwdjh

Ohdvw0Vtxduhv Hvwlpdwhv lq Vwdwlrqdu| Olqhdu

Prghov/ yro1 45/ q� 6/ 4<;7/ s1 ;5:0;751

^:` Nrkrqhq W1/ Vhoi0Rujdql}lqj Pdsv/ Vsulqjhu/

Ehuolq/ 4<<81

^;` OhSdjh U1 ) Eloodug O1/ H{sorulqj wkh Olplwv ri

Errwvwuds/ Zloh|/ 4<<51

^<` Qruhhq/ H1Z1/ Frpsxwhu Lqwhqvlyh Phwkrgv iru

Whvwlqj K|srwkhvhv 0 Dq Lqwurgxfwlrq/ Zloh|/

4<;<1

^43` Ulwwhu K1/ Pduwlqhw} W1 dqg Vfkxowhq N1/ Qhxudo

Frpsxwdwlrq dqg Vhoi0Rujdql}lqj Pdsv/ Dgglvrq0

Zhvoh|/ Uhdglqj/ 4<<51

^44` ]dsudqlv D1 ) Uhihqhv D1S1/ Sulqflsohv ri Qhx0

udo Prgho Lghqwl�fdwlrq/ Vhohfwlrq dqg Dghtxdf|/

Vsulqjhu/ 4<<<1


