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Devwudfw

Wklv lv d xvhu*v jxlgh iru qrqvwdwlrqdu| sdqho wlph vhulhv sdfndjh 415 +QSW 415, zulwwhq lq JXDVV1

4 Lqwurgxfwlrq

Wklv lv d xvhu*v jxlgh iru qrqvwdwlrqdu| sdqho wlph vhulhv sdfndjh 415 +QSW 415, 4 zulwwhq lq JXDVV1 Rqh

ri wkh prvw h{flwlqj hfrqrphwulf ghyhorsphqwv ri wkh odvw ihz |hduv kdyh ehhq wkh qrqvwdwlrqdu| sdqho wlph

vhulhv prghov1 Zlwk wkh jurzlqj xvh ri furvv0frxqwu| gdwd ryhu wlph wr vwxg| sxufkdvlqj srzhu sdulw|/

jurzwk frqyhujhqfh/ dqg lqwhuqdwlrqdo U)G vslooryhuv/ wkh irfxv ri sdqho gdwd hfrqrphwulfv kdv vkliwhg

wrzdugv vwxg|lqj wkh dv|pswrwlfv ri pdfur sdqhov zlwk odujh Q +qxpehu ri frxqwulhv, dqg odujh W +ohqjwk

ri wkh wlph vhulhv, udwkhu wkdq wkh xvxdo dv|pswrwlfv ri plfur sdqhov zlwk odujh Q dqg vpdoo W 1 Dgglqj wkh

furvv0vhfwlrq glphqvlrq wr wkh wlph0vhulhv glphqvlrq r�huv dq dgydqwdjh lq wkh whvwlqj iru qrq0vwdwlrqdulw|

dqg frlqwhjudwlrq1 Wkh krsh ri wkh hfrqrphwulfv ri qrq0vwdwlrqdu| sdqho gdwd lv wr frpelqh wkh ehvw ri erwk

zruogv= wkh phwkrg ri ghdolqj zlwk qrq0vwdwlrqdu| gdwd iurp wkh wlph vhulhv dqg wkh lqfuhdvhg gdwd dqg

srzhu iurp wkh furvv0vhfwlrq1 Wkh dgglwlrq ri wkh furvv0vhfwlrq glphqvlrq/ xqghu fhuwdlq dvvxpswlrqv/ fdq

dfw dv uhshdwhg gudzv iurp wkh vdph glvwulexwlrq1 Wkxv dv wkh wlph dqg furvv0vhfwlrq glphqvlrqv lqfuhdvh/

sdqho whvw vwdwlvwlfv dqg hvwlpdwruv fdq eh ghulyhg zklfk frqyhujh lq glvwulexwlrq wr qrupdoo| glvwulexwhg

WDq hohfwurqlf yhuvlrq ri wkh jxlgh dqg QSW 414 sdfndjh fdq eh uhwulhyhg iurp kwws=22zhe1v|u1hgx2�fgndr1 Dgguhvv fruuh0
vsrqghqfh wr= Fklkzd Ndr/ Fhqwhu iru Srolf| Uhvhdufk/ 759 Hjjhuv Kdoo/ V|udfxvh Xqlyhuvlw|/ V|udfxvh/ Q\ 4657704353> h0pdlo=
fgndrCpd{zhoo1v|u1hgx1

4QWS lv ghvljqhg iru rxu rzq uhvhdufk dqg whdfklqj/ dv zhoo dv d vhuylfh wr wkh hfrqrphwulfv frppxqlw|1 QSW 415 lv

frpsohwho| iuhh= lw pd| eh grzqordghg dqg glvwulexwhg iuhho|1 Li |rx xvh QSW 415 iru uhvhdufk/ surshu uhihuhqfh wr lw lq |rxu

sdshu dv iroorzv=

Fkldqj/ P0K1/ dqg Ndr1/ F1 +5333,/ �Qrqvwdwlrqdu| Sdqho Wlph Vhulhv Xvlqj QSW 415 0 D Xvhu Jxlgh/� Fhqwhu iru Srolf|

Uhvhdufk/ V|udfxvh Xqlyhuvlw|1
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udqgrp yduldeohv1 Edowdjl dqg Ndr +5333,/ Edqhumhh +4<<<, dqg Skloolsv dqg Prrq +4<<<, vxuyh|hg vrph ri

wkh ghyhorsphqwv lq qrqvwdwlrqdu| sdqho prghov wkdw kdyh rffxuuhg vlqfh wkh plggoh ri wkh 4<<3v1

Gxh wr wkh srsxodulw| dqg  h{lelolw| ri wkh JDXVV5/ wkh QSW zdv zulwwhq lq JDXVV1 Lq dgglwlrq/ wkh

QSW qhhgv vrph surfhgxuhv lq wkh FRLQW6 oleudu| wr gr nhuqho hvwlpdwlrq dqg rwkhu ixqfwlrqv1 Lq wkh qh{w

yhuvlrq/ wkh QSW vkrxog eh h{hfxwdeoh zlwkrxw ghshqghqfh rq rwkhu sdfndjh1

Wklv jxlgh lqwurgxfhv ihdwxuhv dqg xvdjh ri wkh QSW 4151 D sduwlfxodu dwwudfwlyh ihdwxuh ri QSW lv wkdw

lw lqfoxghv sdqho xqlw urrw whvwv/ sdqho frlqwhjudwlrq whvwv/ dqg sdqho frlqwhjudwlrq hvwlpdwlrq1 Wkh QSW

415 lqwurgxfhv wkuhh qhz sdqho xqlw urrw surfhgxuhv e| Lp/ Shvdudq/ dqg Vklq +4<<:,/ Euhlwxqj +5333,/ dqg

Kdgul +5333,1 Lq dgglwlrq/ prvw huuruv h{lvwlqj lq surfhgxuhv ri wkh suhylrxv yhuvlrq dqg irxqg e| xvhuv kdyh

ehhq prgl�hg1

Wkh vwuxfwxuh ri wklv jxlgh lv dv iroorzv= Vhfwlrq 5 ghvfulehv krz QSW fdq eh lqvwdoohg zkloh Vhfwlrq 6

ghvfulehv krz gdwd vkrxog eh rujdql}hg dqg wkh lpsruwdqw joredo yduldeohv1 Vhfwlrq 7 frqwdlqv wkh hfrqrphw0

ulfv phwkrgv hpsor|hg e| QSW1 Vhfwlrq 8 suhvhqwv dq h{dpsoh1 Vhfwlrq 9 frqfoxghv1 Wkh vdpsoh surjudp/

vdpsoh41suj/ lv lq wkh Dsshqgl{ D1 Dsshqgl{ E frqwdlqv wkh QSW surfhgxuhv1

5 Lqvwdoodwlrq

Ehiruh lqvwdoodwlrq ri wkh QSW 415/ JDXVV yhuvlrq 615 +ru kljkhu, lv uhtxluhg/ vlqfh wkh QSW 415 zdv

ghyhorshg xvlqj d JDXVV yhuvlrq zklfk doorzv wkh ohqjwk ri d v|pero qdph xs wr 65 fkdudfwhuv1 Wkh grzq0

ordgdeoh �oh lv qsw4151}ls/ zklfk frqwdlqv wkuhh gluhfwrulhv= VUF/ OLE/ dqg H[DPSOHV> rqh h{hfxwdeoh

�oh= fkndujv1h{h/ dqg d GRV edwfk �oh= jlqvwdoo1edw1 \rx vkrxog xq}ls qsw4151}ls ehiruh lqvwdoodwlrq1 Wkhq/

wkh QSW 414 fdq eh lqvwdoohg pdqxdoo| ru e| uxqqlqj wkh GRV edwfk �oh/ jlqvwdoo1edw1

Pdqxdo lqvwdoodwlrq= +Dvvxplqj JDXVV lv lq f=qJDXVV dqg wkh sodwirup lv Zlqgrzv7 <8/ <;/ 5333 ru

QW,

41 Frs| doo �ohv lq VUFq-1- wr F=qJDXVVqVUF gluhfwru|1

51 Frs| doo �ohv lq OLEq-1- wr F=qJDXVVqOLE gluhfwru|1

61 Frs| doo �ohv lq H[DPSOHVq-1- wr F=qJDXVVqH[DPSOHV

5JDXVVWP lv d wudghpdun ri Dswhfk V|vwhpv/ Lqf1
6Wkh FRLQW 513 lq JDXVV lv ghyhorshg e| Rxoldulv dqg Skloolsv +4<<7,1 Wkrvh zkr duh lqwhuhvwhg lq wkh FRLQW 513 vkrxog

frqwdfw SUHGLFWD VRIWZDUH Lqf1
7ZlqgrzvWP lv d wudghpdun ri Plfurvriw Frpsdq|1
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Uxq jlqvwdoo1edw= +Dvvxplqj JDXVV lv lq f=qJDXVV dqg wkh sodwirup lv Zlqgrzv <8/ <;/ 5333 ru QW,

41 Lq wkh GRV surpsw/ w|sh= JLQVWDOO ^vrxufh gluhfwru| +ru gulyh,` ^ghvwlqdwlrq gulyh`1 Wkh vrxufh

gluhfwru| +ru gulyh, lv zkhuh wkh xq}lsshg qsw4151}ls �ohv duh vwruhg zkloh wkh ghvwlqdwlrq gulyh

lqglfdwhv wkh gulyh lq zklfk JDXVV lv lqvwdoohg1 Iru h{dpsoh/ wkh fxuuhqw surpsw lv lq F= gulyh1 Lq

wkh phdq wlph/ |rxu vrxufh �ohv duh lq F=qXQ]LSSHG dqg wkh ghvwlqdwlrq gulyh lv F=1 Wkhuhiruh/

wkh surshu frppdqg vkrxog eh zulwwhq dv iroorzv=

F=qA F=qXQ]LSSHGqJLQVWDOO F=qXQ]LSSHG F=

6 GDWD

Wkh uhtxluhphqw iru uxqqlqj QSW lv d vxlwdeoh JDXVV gdwd vhw1 Wklv lv qrupdoo| fuhdwhg iurp dq DVFLL gdwd

�oh1 Vlqfh yduldeohv duh sdqho w|shv/ wkh duudqjhphqw ri lqsxw yduldeohv lq gdwd �ohv ehfrphv dq lpsruwdqw

lvvxh1 Lq wkh QSW/ zh uhtxluh wkdw wkh lqsxw yduldeohv/ lqfoxglqj ghshqghqw dqg lqghshqghqw yduldeohv/ eh

duudqjhg dv W � +Q � n, zkhuh W uhsuhvhqwv wlph shulrgv/ Q lv wkh qxpehu ri furvv0vhfwlrqdo xqlwv/ dqg

n lqglfdwhv wkh qxpehu ri yduldeohv1 Iru wkh fxuuhqw yhuvlrq/ wkhuh vkrxog eh rqo| rqh ghshqghqw yduldeoh1

Dv iru wkh h{sodqdwru| yduldeohv/ wkhuh lv qr vxfk uhvwulfwlrq1 Iru h{dpsoh/ lq Ndr hw do1 +4<<<,/ wkh gdwd

frpsulvhg ri rqh ghshqghqw yduldeoh/ orjWIS +wrwdo idfwru surgxfwlylw|, dqg wzr h{sodqdwru| yduldeohv/

grphvwlf U)G fdslwdo vwrfnv/ orjVg/ dqg iruhljq U)G fdslwdo vwrfnv/ orjVi 1 Pruhryhu/ zh kdyh dqqxdo

gdwd iru 55 frxqwulhv iurp 4<:4 wr 4<<31 Wkhuhiruh/ wkhvh wkuhh lqsxw yduldeohv vkrxog eh duudqjhg dv iroorzv

lq |rxu gdwd �ohv=

Wkh ghshqghqw yduldeoh/ orj WIS =

\hdu X1V1 Mdsdq � � � Vzlw}1

4<:4 0313556 0313<97 � � � 031344<

4<:5 0313488 0313;79 � � � 0313394

�
�
�

�
�
�

�
�
�

� � �
� � �
� � �

�
�
�

4<<3 3133<8 313:6: � � � 31357<
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Wkh lqghshqghqw yduldeohv/ orjVg dqg orjVi =

orjVg orjVi

\hdu X1V1 Mdsdq � � � Vzlw}1 X1V1 Mdsdq � � � Vzlw}1

4<:4 0314<<6 031793< � � � 03138:8 0316:6: 0314989 � � � 0314;<;

4<:5 0314;6; 031748: � � � 0313839 0316734 0314;<4 � � � 03153;6

�
�
�

�
�
�

�
�
�

� � �
� � �
� � �

�
�
�

�
�
�

�
�
�

� � �
� � �
� � �

�
�
�

4<<3 313<57 31497< � � � 313798 3148<9 3138<5 � � � 313;<<

Wkh |hduv dqg frxqwu| qdphv vkrxog qrw eh lqfoxghg lq wkh gdwd �ohv xqohvv wkh| duh h{sodqdwru| yduldeohv

lq wkh �wwhg htxdwlrqv1 Zkhq wkh suhsdudwlrq ri gdwd �ohv lv grqh/ |rx duh uhdg| wr fdoo surfhgxuhv lq wkh

QSW wr surfhvv |rxu zrun1

Wkhuh duh 8 pdmru joredo yduldeohv/ bsdqhobnhuqhobodjbkrp/ bsdqhobnhuqhobodjbkhw/ bsfbndrbwbodj/

bsfvbdgibodj/ dqg bsfvbnhuqhobodj/ zklfk frqwuro wkh qxpehu ri odjjhg whupv1 Wkh ghidxow ydoxhv dqg

wkh fruuhvsrqglqj surfhgxuhv duh olvwhg dv iroorzv=

Joredo Yduldeoh Ghidxow Ydoxh Surfhgxuh

bsdqhobnhuqhobodjbkrp 8 rovbug/ ipbug/ grovbug

bsdqhobnhuqhobodjbkhw 8 rovbkug/ ipbkug/ grovbkug

bsfbndrbwbodj 5 ndrbw

bsfvbdgibodj 5 sfvb7/ sfvb:

bsfvbnhuqhobodj 8 sfvb4/ sfvb5/ sfvb6/ sfvb7/ sfvb8/ sfvb9

bsdqhobnhuqhobodjbkrp/ bsdqhobnhuqhobodjbkhw/ dqg bsfvbnhuqhobodj ghwhuplqh wkh qxpehu ri

odjjhg zlqgrzv lq nhuqho hvwlpdwlrq1 bsfbndrbwbodj dqg bsfvbdgibodj frqwuro wkh odjjhg whupv lq wkh

DGI w|sh htxdwlrqv ri ndrbw/ sfvb7/ dqg sfvb:1

7 Qrqvwdwlrqdu| Sdqho Wlph Vhulhv

Wklv vhfwlrq surylghv eulhi ghvfulswlrqv ri wkh surfhgxuhv lq wkh QSW 414 sdfndjh wr lpsohphqw qrqvwdwlrqdu|

sdqho wlph vhulhv ghvfulehg lq Edowdjl dqg Ndr +5333,1
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714 Sdqho Xqlw Urrw Whvwv

sxqlw1vuf frqwdlqv surfhgxuhv iru wkh sdqho xqlw urrw whvwv1 Lq sduwlfxodu sxqlw1vuf frqwdlqv urxwlqhv iru

41 Ohylq dqg Olq +4<<5/ 4<<6,1

51 Lp/ Shvdudq/ dqg Vklq +4<<8/ 4<<:,1

61 Kduulv dqg W}dydolv +4<<<,1

71 Euhlwxqj +5333,

81 Kdgul +5333,

Wkh qxoo k|srwkhvlv iru wkhvh xqlw urrw whvwv lv wkdw wkh gdwd vhulhv lv qrqvwdwlrqdu|1 Wkh surfhgxuhv iurp

oob4 wr oob: duh iru Ohylq dqg Olq +4<<5, dqg wkh surfhgxuhv iurp oob; wr oob43 duh iru Ohylq dqg Olq

+4<<6,1 Wkh dvvrfldwhg prghov zlwk surfhgxuhv duh olvwhg dv iroorzv=

Surfhgxuh Ohylq dqg Olq +4<<5,

oob4 Prgho 4= |lw @ �|lw�4 . �lw

oob5 Prgho 5= |lw @ �|lw�4 . �3 . %lw

oob6 Prgho 6= |lw @ �|lw�4 . �3 . �4w. %lw

oob7 Prgho 7= |lw @ �|lw�4 . yw . %lw

oob8 Prgho 8= |lw @ �|lw�4 . �l . %lw

oob9 Prgho 9= |lw @ �|lw�4 . �l3 . �l4w. %lw

oob: Prgho := |lw @ �|lw�4 . �lw/ zlwk vhuldo fruuhodwlrq

Ohylq dqg Olq +4<<6,

oob; Prgho 4= �|lw @ �l|lw�4 . �lw

oob< Prgho 5= �|lw @ �3l . �l|lw�4 . �lw

oob43 Prgho 6= �|lw @ �3l . �4lw. �l|lw�4 . �lw

Wkh pdmru gl�huhqfh ehwzhhq Ohylq dqg Olq +4<<5, dqg Ohylq dqg Olq +4<<6, lv wkdw Ohylq dqg Olq

+4<<6, doorz khwhurjhqhrxv frh!flhqwv lq |lw�4 dqg shuvlvwhqfh dqg khwhurjhqhlw| lq huuru whupv ri frqvlghuhg

prghov1

Wkh lsvb<8 surfhgxuh suhirupv wkh dyhudjh ri DGI w whvw sursrvhg e| Lp/ Shvdudq/ dqg Vklq +4<<8,1 LSV

doorzv iru d khwhurjhqhrxv frh!flhqw ri |lw�4 dqg frqvlghuv wkh fdvh wkdw huuru whupv duh vhuldoo| fruuhodwhg

zlwk gl�huhqw vhuldo fruuhodwlrq frh!flhqwv dfurvv furvv0vhfwlrqdo xqlwv1 Rq wkh rwkhu kdqg/ wkh lsvb<: dqg

lsvbOP duh iru DGI w dqg OP0edu whvwv vxjjhvwhg lq Lp/ Shvdudq/ dqg Vklq +4<<:,/ uhvshfwlyho|1
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Wkh surfhgxuhv ri kwb4/ kwb5/ dqg kwb6 fduu| rxw wkh sdqho xqlw urrw whvwv vxjjhvwhg e| Kduulv dqg

W}dydolv +4<<<, xqghu wkh �{hg wlph glphqvlrq1 Wkh fruuhvsrqglqj prghov duh dv iroorzv=

Surfhgxuh Kduulv dqg W}dydolv +4<<<,

kwb4 Prgho 4d= |lw @ *|lw�4 .  lw

kwb5 Prgho 4e= |lw @ �l . *|lw�4 .  lw

kwb6 Prgho 4f= |lw @ �l . �lw. *|lw�4 .  lw

Wkh xe surfhgxuh h{hfxwhv wkh sdqho xqlw urrw whvw sursrvhg e| Euhlwxqj +5333, zkr irxqg wkh orvvhv

ri srzhu gxh wr eldv fruuhfwlrq whupv lq Ohylq dqg Olq +4<<6, dqg ghwuhqglqj eldv lq Lp/ Shvdudq dqg Vklq

+4<<:,1 Wkhuhiruh/ kh vxjjhvwhg d qhz whvw zlwkrxw eldv fruuhfwlrqv1

Wkh hwdbwhvw surfhgxuh shuirupv wkh sdqho xqlw urrw whvw sursrvhg e| Kdgul +5333,1 Wkh Kdgul*v whvw

h{whqgv wkh whvwv ri Kdgul +4<<;, iru wkh qxoo ri vwdwlrqdulw| djdlqvw wkh dowhuqdwlyh ri xqlw urrwv lq sdqho

gdwd zlwk lqghshqghqw huuruv ryhu w wr wkh fdvh ri khwhurjhqhrxv dqg vhuldoo| fruuhodwhg huuruv ryhu w1 Wkh

hwdbwhvw surfhgxuh surgxfhv wzr whvw vwdwlvwlfv/ rqh iurp wkh prgho zlwkrxw ghwhuplqlvwlf wuhqg dqg wkh

rwkhu iurp wkh prgho zlwk ghwhuplqlvwlf wuhqg1

715 Sdqho Frlqwhjudwlrq Whvwv

sfrlqbw41vuf dqg sfrlqbw51vuf surylgh surfhgxuhv iru wkh sdqho frlqwhjudwlrq whvwv=

41 Ndr +4<<<,1

51 PfNrvnh| dqg Ndr +4<<;,1

61 Shgurql +4<<8/ 4<<<,1

Wkh qxoo k|srwkhvlv iru wkh sdqho frlqwhjudwlrq whvwv/ Ndr +4<<<, dqg Shgurql +4<<8/ 4<<<, lv wkdw wkh

hvwlpdwhg htxdwlrq lv qrw frlqwhjudwhg1 Wkh OP whvw lq PfNrvnh| dqg Ndr +4<<;, whvwv zkhwkhu wkh qxoo ri
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wkh hvwlpdwhg htxdwlrq lv frlqwhjudwhg1 Lq sduwlfxodu/ sfrlqbw41vuf dqg sfrlqbw51vuf frqwdlq=

Surfhgxuh Ndr +4<<<,

GI� @
s
QW +e��4,.6s6s

43=5

GIw @
s
4=58w� .

s
4=;:8Q

ndrbw GI �
� @

s
QW +e��4,. 6

s
Qe�5 e�53 u

6.
:=5e�7 e�73 

GI �
w @

w�.
s
9Qe� 
5e�3 ue�53 

5e�5 . 6e�5 
43e�53 

DGI @
wDGI.

s
9Qe� 
5e�3 ue�53 

5e�5 . 6e�5 
43e�53 

PfNrvnh| dqg Ndr +4<<;,

pndrbop OP. @ 4
Q

QS
l@4

�
4

W5

S
W

w@4
V.5
lwe'5

4=5

�
Shgurql +4<<8,

shgurqlbw
SF4 @ W

s
Q+e�QW � 4,@

s
5

SF5 @
s
QW +W � 4,+e�QW � 4,@

s
5

Pruhryhu/ wkh sfrlqbw51vuf frqwdlqv wkh sdqho frlqwhjudwlrq whvw surfhgxuhv ri Shgurql +4<<<,1 Wkh

fruuhvsrqglqj prghov duh vkrzq dv iroorzv=

Surfhgxuh Shgurql +4<<<,

sfvb4 Sdqho y0Vwdwlvwlf

sfvb5 Sdqho hq0Vwdwlvwlf
sfvb6 Sdqho w0Vwdwlvwlf +qrqsdudphwulf,

sfvb7 Sdqho w0Vwdwlvwlf +sdudphwulf,

sfvb8 Jurxs hq0Vwdwlvwlf
sfvb9 Jurxs w0Vwdwlvwlf +qrqsdudphwulf,

sfvb: Jurxs w0Vwdwlvwlf +sdudphwulf,

Wkh sdqho frlqwhjudwlrq whvwv sursrvhg e| Shgurql +4<<<, shuplw khwhurjhqhlw| lq frlqwhjudwlqj yhfwruv

dqg wkh g|qdplfv ri wkh xqghuo|lqj huuru surfhvv dfurvv wkh furvv0vhfwlrqdo xqlwv1 Doo whvw vwdwlvwlfv duh

lpsohphqwhg dv uhvlgxdo whvwv1 Wkh �uvw 7 whvw vwdwlvwlfv/ sfvb4/ sfvb5/ sfvb6/ dqg sfvb7/ duh edvhg

rq srrolqj dorqj zlwklq0glphqvlrq1 Wkh qxoo k|srwkhvlv lv K3 = hdl @ 4 + l1h1 qr frlqwhjudwlrq, iru doo

:



furvv0vhfwlrqdo xqlwv yhuvxv wkh dowhuqdwlyh k|srwkhvlv K4 = hdl @ hd ? 4 iru doo furvv0vhfwlrqdo xqlwv vr wkdw d

frpprq vorsh ydoxh ri odj rqh uhvlgxdov lv suhvxphg lq uhvlgxdo whvw htxdwlrqv1 Rq wkh rwkhu kdqg/ wkh odvw

6 whvw vwdwlvwlfv/ sfvb8/ sfvb9/ dqg sfvb:/ duh edvhg rq srrolqj dorqj ehwzhhq0glphqvlrq1 E| frqwudvw/

wkh dowhuqdwlyh k|srwkhvlv lv K4 = hdl ? 4 iru doo l vr wkdw lw shuplwv glvwlqfw vorsh ydoxhv iru odj rqh uhvlgxdov

lq uhvlgxdo whvw htxdwlrqv1

716 Sdqho Frlqwhjudwlrq Hvwlpdwlrq dqg Lqihuhqfh

sdqho1vuf dqg sdqhobk1vuf lqfoxgh surfhgxuhv shuiruplqj hvwlpdwlrq dqg lqihuhqfhv lq sdqho frlqwhjudwlrq

prghov1 Wkh surfhgxuhv lq sdqho1vuf fduu| rxw hvwlpdwlrq xqghu wkh dvvxpswlrq ri krprjhqhrxv orqj0uxq

fryduldqfh dfurvv furvv0vhfwlrqdo xqlwv zkloh surfhgxuhv lq sdqhobk1vuf uhod{ wkh krprjhqhrxv dvvxpswlrq

wr doorz iru khwhurjhqhrxv orqj0uxq fryduldqfh1 Wkh dvvrfldwhg prghov zlwk surfhgxuhv duh suhvhqwhg dv

iroorzv=

Surfhgxuh Krprjhqhrxv Sdqhov
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QSW rqo| uhsruwv hvwlpdwhg vorsh frh!flhqwv1

8 Dq H{dpsoh

Lq wklv vhfwlrq/ zh ghprqvwudwh krz wr rshudwh vrph ri wkh surfhgxuhv lq wkh QSW xvlqj wkh gdwd vhwv lq

Ndr hw do1 +4<<<,1 Wkh h{dpsoh gdwd vhw/ wis1gdw/ u)g1gdw/ iu)g1gdw/ dqg lpsru1gdw/ duh vxssolhg zlwk QSW1

Zh suhvhqw wkh lghd uhjduglqj krz wr lpsohphqw wkh QSW xvlqj Ndr hw do1/

orj WISlw @ �3lw . �g orjVglw . �i orjVilw> +4,

zkhuh l lv wkh frxqwu| lqgh{/ w lv wkh wlph lqgh{/ Vglw uhsuhvhqwv wkh grphvwlf U)G fdslwdo vwrfn/ dqg Vilw

;



uhsuhvhqwv wkh iruhljq U)G fdslwdo vwrfnv gh�qhg dv wkh lpsruw0vkduh0zhljkwhg dyhudjh ri wkh grphvwlf U)G

fdslwdo vwrfnv ri wudgh sduwqhuv1

Olvwhg lq wkh dsshqgl{ D lv wkh vdpsoh surjudp/ vdpsoh41suj/ frqwdlqlqj JDXVV lqvwuxfwlrq frghv xvhg

wr rewdlq uhvxowv ri wkh htxdwlrq 41 Wkh iroorzlqj wzr olqhv vkrxog eh suhvhqw lq wkh ehjlqqlqj ri |rxu

surjudp=

oleudu| sfrlqw frlqw sjudsk> C lqfoxgh QSW dqg FRLQW sdfndjh C

bnhubixq@)ihmhu> C vhw xs nhuqho ixqfwlrq C

Wkh OLEUDU\ vwdwhphqw lqfoxghv erwk QSW dqg FRLQW sdfndjhv dqg wkh joredo yduldeoh/ bnhubixq/ lv

d FRLQW yduldeoh wkdw lqglfdwhv wkh nhuqho ixqfwlrq xvhg lq nhuqho hvwlpdwlrq1

Iru wkh sdqho xqlw urrw whvwv/ zh xvh wkh prgho 4d ri Kduulv dqg W}dydolv +4<<<,1 Wkh JDXVV surjudp

lv=

2- Sdqho Xqlw Urrw Whvwv -2

C Kduulv dqg W}dydolv +4<<<, prgh o4d C

**0Sdqho Xqlw Urrw Whvwv ri WIS0**>

kwb4+wis,>

**0Sdqho Xqlw Urrw Whvwv ri grphvwlf U)G fdslwdo vwrfnv0**>

kwb4+ug,>

**0Sdqho Xqlw Urrw Whvwv ri iruhljq U)G fdslwdo vwrfnv0**>

kwb4+iug,>

dqg wkh uhvxowv duh=

0Sdqho Xqlw Urrw Whvwv ri WIS0

0000Wkh Kduulv dqg W}dydolv+4<<<, Prgho 4d Xqlw Urrw Whvw0000

0000Zlwkrxw Lqwhufhsw dqg Wlph Wuhqg00000

qrpdol}hg kwb4bvwdw 03133333=fulwlfdo Suredelolw|@3183333

0Sdqho Xqlw Urrw Whvwv ri grphvwlf U)G fdslwdo vwrfnv0

0000Wkh Kduulv dqg W}dydolv+4<<<, Prgho 4d Xqlw Urrw Whvw0000

0000Zlwkrxw Lqwhufhsw dqg Wlph Wuhqg00000
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qrpdol}hg kwb4bvwdw 3133333=fulwlfdo Suredelolw|@3183333

0Sdqho Xqlw Urrw Whvwv ri WIS0

0000Wkh Kduulv dqg W}dydolv+4<<<, Prgho 4d Xqlw Urrw Whvw0000

0000Zlwkrxw Lqwhufhsw dqg Wlph Wuhqg00000

qrpdol}hg kwb4bvwdw 3133333=fulwlfdo Suredelolw|@3183333

Wkh uhvxowv deryh vkrz wkdw whvw vwdwlvwlfv ri doo wkuhh yduldeohv/ orjWIS / orjVg dqg orjVi / duh qrw

vljql�fdqw1 Wklv phdqv wkdw wkh qxoo k|srwkhvlv ri qrqvwdwlrqdulw| lv qrw uhmhfwhg iru wkhvh yduldeohv1

Wkh uhvlgxdov rewdlqhg iurp wkh ROV duh xvhg wr whvw zkhwkhu wkh hvwlpdwhg htxdwlrq lv frlqwhjudwhg ru

qrw1 Wkh surjudp ehorz uxqv wkh sdqho frlqwhjudwlrq whvwv xvlqj Ndr +4<<<, dqg Shgurql +4<<8,1

2-Ndr+4<<<, dqg Shgurql+4<<8, Sdqho Frlqwhjudwlrq Whvwv-2

ndrbw+rovbuhv/|/{/4,>CNdr+4<<<, sdqho frlqwhjudwlrq whvwvC

shgurqlbw+rovbuhv/|/{,>CShgurql+4<<8, sdqho frlqwhjudwlrq whvwvC

dqg wkh uhvxowv duh=

@ @@@@@@@@ Wkh Sdqho Frlqwhjudwlrq Whvw+Krprjhqhrxv,@@@@@@@@@

-------Ndr+4<<<, Sdqho Frlqwhjudwlrq Whvw--------

-----------------------------------------------------

GIbUkr Whvw @ 031449< Sure=317868

GIbwbUkr Whvw @ 0317537 Sure=3166:4

GIbUkrbVwdu Whvw @ 0817834 Sure=313333

GIbwbUkrbVwdu Whvw @ 05157;< Sure=313456

@ @@@@@@@@ Wkh Sdqho Frlqwhjudwlrq Whvw+Krprjhqhrxv,@@@@@@@@@

-------Ndr+4<<<,DGISdqhoFrlqwhjudwlrqWhvw--------

---------------------------------------------------------

odjv DGI whvw vwdw sure= DLF VF

4 0516994 3133<3 0<15743 0<1553<
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@ @@@@@@@@ Wkh Sdqho Frlqwhjudwlrq Whvw+Krprjhqhrxv,@@@@@@@@@

-------Shgurql+4<<8, Sdqho Frlqwhjudwlrq Whvw--------

-----------------------------------------------------

ukrbQWbplqxvb4 @ 0314;97

wbukrbQW @ 057<16;66 Sure=313333

WQ4bukr @ 0451699: Sure=313333

WQ5bukr @ 04513868 Sure=313333

Doo whvw vwdwlvwlfv duh vljql�fdqw/ zklfk phdqv wkdw wkh qxoo k|srwkhvlv ri qr frlqwhjudwlrq lv uhmhfwhg1

Wkh JDXVV surjudp ehorz uxqv wkh sdqho frh!flhqw hvwlpdwlrqv xvlqj Ndr dqg Fkldqj +5333,=

2-Ndr dqg Fkldqj +5333, Sdqho Frhiilflhqw Hvwlpdwlrq-2

~rovbuhv/e/f/g/h� @ rovbug+|/{,>CROV hvwlpdwlrqC

~ipbuhv/e/f/g/h� @ ipbug+|/{,>CIxoo|0Prglilhg hvwlpdwlrqC

~grovbuhv/e/f/g/h� @ grovbug+|/{/4/5,>CG|qdplf ROV hvwlpdwlrqC

dqg wkh uhvxowv duh=

Wkh Frqyhqwlrqdo W whvw dqg ROV hvwlpdwru

Wkh ehwd4 lv = 313<:5

Wkh w0udwlr4 lv = 431<;34 suredelowl|+w,@313333 suredelolw|+Q,@313333

Wkh ehwd5 lv = 313<54

Wkh w0udwlr5 lv = 91337; suredelowl|+w,@313333 suredelolw|+Q,@313333

U vtxduh lv = 3188;7

Dgmxvwhg U vtxduh lv = 318897

WKH DGMXVWHG W UDWLR DQG YDOXHV

Wkh dgmxvwhg ehwd4 lv = 313;69

Wkh dgmxvwhg w0udwlr4 lv = 718:44 suredelowl|+w,@313333 suredelolw|+Q,@313333
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Wkh dgmxvwhg ehwd5 lv = 314587

Wkh dgmxvwhg w0udwlr5 lv = 713:3< suredelowl|+w,@313333 suredelolw|+Q,@313333

Wkh eldv ri ehwd4 lv = 315:3:

Wkh eldv ri ehwd5 lv = 0319985

U vtxduh lv = 3188;7

Dgmxvwhg U vtxduh lv = 31884:

Wkh Ixoo|0Prglilhg Hvwlpdwruv

Wkh IPbehwd4 lv = 313;75

Wkh w0udwlr4 lv = 716:48 suredelowl|+w,@313333 suredelolw|+Q,@313333

Wkh IPbehwd5 lv = 314366

Wkh w0udwlr5 lv = 614;75 suredelowl|+w,@31333; suredelolw|+Q,@31333:

U vtxduh lv = 318893

Dgmxvwhg U vtxduh lv = 318873

Wkh G|qdplf ROV Hvwlpdwruv

Wkh GROVbehwd4 lv = 31439<

Wkh w0udwlr4 lv = 719:54 suredelowl|+w,@313333 suredelolw|+Q,@313333

Wkh GROVbehwd5 lv = 31388;

Wkh w0udwlr5 lv = 417836 suredelowl|+w,@313:73 suredelolw|+Q,@313:68

U vtxduh lv = 318447

Dgmxvwhg U vtxduh lv = 316387

9 Frqfoxglqj Uhpdunv

Wkh QSW 415 r�huv uhvhdufkhuv d xvhixo wrro wr lpsohphqw wkh hfrqrphwulfv ri qrqvwdwlrqdu| sdqho wlph

vhulhv1 Wkh QSW frqwdlqv JDXVV surfhgxuhv shuiruplqj +4, sdqho xqlw urrw whvwv/ +5, sdqho frlqwhjudwlrq

whvwv/ dqg +6, sdqho frlqwhjudwlrq hvwlpdwlrq dqg lqihuhqfh1
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Dsshqgl{

D Wkh Vdpsoh Surjudp

2- vdpsoh41suj

--

-- Wkh Surjudp lv wr lqfoxgh wkh gdwd vhwv xvhg lq wkh sdshu olvwhg ehorz

-- dqg surylgh dq h{dpsoh wr ghprqvwudwh krz wr xvh Qrqvwdwlrqdu| Sdqho

-- Wlph Vhulhv +QSW, 415 surfhgxuhv1

--

-- **Lqwhuqdwlrqdo U)G Vslooryhuv Uhylvlwhg= Dq Dssolfdwl rq ri Hvwlpdwlrq

-- dqg Lqihuhqfh lq Sdqho Frlqwhjudwlrq**

--

-- Dxwkru= Fklkzd Ndr/ Plq0Kvlhq Fkldqj/ Edqjwldq Fkhq

--

-- Surjudp Ghyhorshuv= Fklkzd Ndr dqg Plq0Kvlhq Fkldqj

--

-- Sohdvh Dgguhvv dq| frpphqwv wr Surihvvru Ndr dw

--

-- Fhqwhu iru Srolf| Uhvhdufk

-- Hjjhuv 759

-- V|udfxvh Xqlyhuvlw|

-- V|udfxvh/ Q\ 46577

-- H0pdlo=fgndrCpd{zhoo1v|u1hgx

-------------------------------------------------------------------- -2

oleudu| sfrlqw frlqw sjudsk> C lqfoxgh QSW dqg FRLQW sdfndjh C

bnhubixq@)ihmhu> C vhw xs nhuqho ixqfwlrq C

2- Fkdqjh wkh gdwd vrxufh gluhfwru| li gdwd duh qrw lq f=.h{dpsohv -2

ordgp i^53/56`@f=.h{dpsohv.wis1gdw> Cwrwdo idfru surgxfwlylw|C

ordgp ug^53/56`@f=.h{dpsohv.u)g1gdw> Cgrphvwlf u)g fdslwdo vwrfnC

ordgp iug^53/56`@f=.h{dpsohv.iu)g1gdw> Ciruhljq u)g fdslwdo vwrfnC

ordgp p^53/56`@f=.h{dpsohv.lpsru1gdw> Clpsruwv dv d vkduh ri jqsC

C @@@@@@@@@ vrph dgmxvwphqwv rq gdwd fruuhvsrqglqj wr Frh dqg Khospdq +4<<8, @@@@@@@@@ C

wis @i^1/4=<`�i^1/53`�i^1/43`�i^1/45=4:`�i^1/4<`�i^1/4;`
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�i^1/54=56`�i^1/44`>

lpsw@p^1/4=<`�p^1/53`�p^1/43`�p^1/45=4:`�p^1/4<`�p^1/4;`

�p^1/54=56`�p^1/44`>

lpsw4@~4<:3 313885 313<8; 314<47 31485; 314893 315478 315334 3147:8 3163;4

3176;: 3163<3 3159:; 314:33 317545 318335 317846 31587; 317868 31668<

314799 3155;5 316<3:�>

lpswbp@lpsw4�lpsw^4=4</1`>
C @@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@ C

wis@orj+wis^1/5=56`,>

ug @orj+ug^1/5=56`,>

iug@orj+iug^1/5=56`,>

|@wis>{@ug�iug> C Gdwd Vhw iru Htxdwlrq 4 C

2- Sdqho Xqlw Urrw Whvwv -2

C Kduulv dqg W}dydolv +4<<<, prgh o4d C

**0Sdqho Xqlw Urrw Whvwv ri WIS0**>

kwb4+wis,>

**0Sdqho Xqlw Urrw Whvwv ri grphvwlf U)G fdslwdo vwrfnv0**>

kwb4+ug,>

**0Sdqho Xqlw Urrw Whvwv ri iruhljq U)G fdslwdo vwrfnv0**>

kwb4+iug,>

2-Ndr dqg Fkldqj +5333, Sdqho Frhiilflhqw Hvwlpdwlrq-2

~rovbuhv/e/f/g/h�@ rovbug+|/{,> C ROV hvwlpdwlrq C

~ipbuhv/e/f/g/h�@ipbug+|/{,> C Ixoo|0Prglilhg hvwlpdwlrq C

~grovbuhv/e/f/g/h�@grovbug+|/{/4/5,> C G|qdplf ROV hvwlpdwlrq C

2-Ndr+4<<<, dqg Shgurql+4<<8, Sdqho Frlqwhjudwlrq Whvwv-2

ndrbw+rovbuhv/|/{/4,>CNdr+4<<<, sdqho frlqwhjudwlrq whvwvC

shgurqlbw+rovbuhv/|/{,>CShgurql+4<<8, sdqho frlqwhjudwlrq whvwvC

hqg>

47



E QSW 415 Surfhgxuhv
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SXQLW1VUF
Sdqho Xqlw Urrw Surfhgxuhv
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HWDbwhvw+|/qxpbnhuqho,

SXUSRVH=

Frpsxwh wkh xqlw urrw whvw ri Kdgul +5333, iru wkh qxoo k|srwkhvlv wkdw | lv vwdwlrqdu|1

IRUPDW=

hwdbwhvw+|/qxpbnhuqho,>

LQSXW=

| sdqho vhulhv yduldeoh W �Q=

qxpbnhuqho wkh qxpehu ri dxwrfryduldqfh whupv lq wkh nhuqho

sv1 \rx kdyh wr fkrrvh d nhuqho ixqfwlrq e| vhwwlqj d joredo ri bnhubixq lq FRLQW 5131

RXWSXWV=

Sulqw frpsxwdwlrqdo rxwfrphv zlwk qr rxwsxw yduldeohv1

UHIHUHQFH=

Kdgul/ N1 +5333,/ �Whvwlqj iru vwdwlrqdulw| lq Khwhurjhqrxv Sdqho Gdwd/� Hfrqrphwulfv Mrxuqdo 6=5/

47;04941
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KWb4+|,

SXUSRVH=

Frpsxwh wkh xqlw urrw whvw ri Kduulv dqg W}dydolv +4<<<, Prgho 4d zlwk wlph glphqvlrq �{hg iru wkh

qxoo k|srwkhvlv wkdw | kdv d xqlw urrw1

IRUPDW=

kwb4+|,>

LQSXW=

| sdqho vhulhv yduldeoh zlwk W �Q 1

RXWSXWV=

Sulqw frpsxwdwlrqdo rxwfrphv zlwk qr rxwsxw yduldeohv1

UHODWHG SURFHGXUHV=

kwb5/ kwb6

UHIHUHQFH=

Kduulv/ Ulfkdug G1I1 dqg W}dydolv/ H1 +4<<<,/ �Lqihuhqfh iru Xqlw Urrwv lq G|qdplf Sdqhov Zkhuh wkh

Wlph Glphqvlrq lv Il{hg/� Mrxuqdo ri Hfrqrphwulfv/ <4/ 53405591

4;



KWb5+|,

SXUSRVH=

Frpsxwh wkh xqlw urrw whvw ri Kduulv dqg W}dydolv +4<<<, Prgho 4e zlwk wlph glphqvlrq �{hg iru wkh

qxoo k|srwkhvlv wkdw | kdv d xqlw urrw1

IRUPDW=

kwb5+|,>

LQSXWV=

| sdqho vhulhv yduldeoh zlwk W �Q 1

RXWSXWV=

Sulqw frpsxwdwlrqdo rxwfrphv zlwk qr rxwsxw yduldeohv1

UHODWHG SURFHGXUHV=

kwb4/ kwb6

UHIHUHQFH=

Kduulv/ Ulfkdug G1I1 dqg W}dydolv/ H1 +4<<<,/ �Lqihuhqfh iru Xqlw Urrwv lq G|qdplf Sdqhov Zkhuh wkh

Wlph Glphqvlrq lv Il{hg/� Mrxuqdo ri Hfrqrphwulfv/ <4/ 53405591

4<



KWb6+|,

SXUSRVH=

Frpsxwh wkh xqlw urrw whvw ri Kduulv dqg W}dydolv +4<<<, Prgho 4f zlwk wlph glphqvlrq �{hg iru wkh qxoo

k|srwkhvlv wkdw | kdv d xqlw urrw1

IRUPDW=

kwb6+|,>

LQSXW=

| sdqho vhulhv yduldeoh zlwk W �Q 1

RXWSXWV=

Sulqw frpsxwdwlrqdo rxwfrphv zlwk qr rxwsxw yduldeohv1

UHODWHG SURFHGXUHV=

kwb4/ kwb5

UHIHUHQFH=

Kduulv/ Ulfkdug G1I1 dqg W}dydolv/ H1 +4<<<,/ �Lqihuhqfh iru Xqlw Urrwv lq G|qdplf Sdqhov Zkhuh wkh

Wlph Glphqvlrq lv Il{hg/� Mrxuqdo ri Hfrqrphwulfv/ <4/ 53405591
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LSVb<8+|/qxpbodj,

SXUSRVH=

Whvw wkh qxoo k|srwkhvlv wkdw | kdv d xqlw urrw xvlqj Lp/ Shvdudq/ dqg Vklq +4<<8, DGI w|sh whvw vwdwlvwlf1

IRUPDW=

lsvb<8+|/qxpbodj,>

LQSXWV=

| sdqho vhulhv yduldeoh W �Q=

qxpbodj d Q � 4 yhfwru ri wkh qxpehu ri odjjhg �uvw gl�huhqfh whupv ri uhvlgxdov lq wkhDGIhtxdwlrq

RXWSXWV=

Sulqw frpsxwdwlrqdo rxwfrphv zlwk qr rxwsxw yduldeohv1

UHIHUHQFH=

Lp/ N1 Shvdudq/ K1/ dqg Vklq/ \1 +4<<8,/ �Whvwlqj iru Xqlw Urrwv lq Khwhurjhqhrxv Sdqhov/� Pdqxvfulsw/

Xqlyhuvlw| ri Fdpeulgjh1
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LSVb<:+|/qxpbodj,

SXUSRVH=

Whvw wkh qxoo k|srwkhvlv wkdw | kdv d xqlw urrw xvlqj Lp/ Shvdudq/ dqg Vklq +4<<:, DGI w|sh whvw vwdwlvwlf1

IRUPDW=

lsvb<:+|/qxpbodj,>

LQSXWV=

| sdqho vhulhv yduldeoh W �Q=

qxpbodj d Q � 4 yhfwru ri wkh qxpehu ri odjjhg �uvw gl�huhqfh whupv ri uhvlgxdov lq wkhDGIhtxdwlrq

RXWSXWV=

Sulqw frpsxwdwlrqdo rxwfrphv zlwk qr rxwsxw yduldeohv1

UHIHUHQFH=

Lp/ N1 Shvdudq/ K1/ dqg Vklq/ \1 +4<<:,/ �Whvwlqj iru Xqlw Urrwv lq Khwhurjhqhrxv Sdqhov/� Pdqxvfulsw/

Xqlyhuvlw| ri Fdpeulgjh1
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LSVbOP+|/qxpbodj,

SXUSRVH=

Whvw wkh qxoo k|srwkhvlv wkdw | kdv d xqlw urrw xvlqj Lp/ Shvdudq/ dqg Vklq +4<<:, OP0edu w|sh whvw

vwdwlvwlfv1

IRUPDW=

lsvbOP+|/qxpbodj,>

LQSXWV=

| sdqho vhulhv yduldeoh W �Q=

qxpbodj d Q � 4 yhfwru ri wkh qxpehu ri odjjhg �uvw gl�huhqfh whupv ri uhvlgxdov lq wkhDGIhtxdwlrq

RXWSXWV=

Sulqw frpsxwdwlrqdo rxwfrphv zlwk qr rxwsxw yduldeohv1

UHIHUHQFH=

Lp/ N1 Shvdudq/ K1/ dqg Vklq/ \1 +4<<:,/ �Whvwlqj iru Xqlw Urrwv lq Khwhurjhqhrxv Sdqhov/� Pdqxvfulsw/

Xqlyhuvlw| ri Fdpeulgjh1
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OOb4+|,

SXUSRVH=

Frpsxwhv wkh xqlw urrw whvw ri Ohylq dqg Olq +4<<5, Prgho 4 iru wkh qxoo k|srwkhvlv wkdw | kdv

d xqlw urrw1

IRUPDW=

oob4+|,>

LQSXW=

| sdqho vhulhv yduldeoh zlwk W �Q 1

RXWSXWV=

Sulqw frpsxwdwlrqdo rxwfrphv zlwk qr rxwsxw yduldeohv1

UHODWHG SURFHGXUHV=

oob5/ oob6/ oob7/ oob8/ oob9/ oob:/ oob;/ oob</ oob43

UHIHUHQFH=

Ohylq/ D dqg F0I Olq +4<<5,/ �Xqlw Urrw Whvwv lq Sdqho Gdwd= Dv|pswrwlf dqg Ilqlwh0Vdpsoh Surshuwlhv/�

Zrunlqj Sdshu/ Xqlyhuvlw| ri Fdoliruqld/ Vdq Glhjr1

57



OOb5+|,

SXUSRVH=

Frpsxwhv wkh xqlw urrw whvw ri Ohylq dqg Olq +4<<5, Prgho 5 iru wkh qxoo k|srwkhvlv wkdw | kdv d xqlw

urrw1

IRUPDW=

oob5+|,>

LQSXW=

| sdqho vhulhv yduldeoh zlwk W �Q 1

RXWSXWV=

Sulqw frpsxwdwlrq rxwfrphv zlwk qr rxwsxw yduldeohv1

UHODWHG SURFHGXUHV=

oob4/ oob6/ oob7/ oob8/ oob9/ oob:/ oob;/ oob</ oob43

UHIHUHQFH=

Ohylq/ D dqg F0I Olq +4<<5,/ �Xqlw Urrw Whvwv lq Sdqho Gdwd= Dv|pswrwlf dqg Ilqlwh0Vdpsoh Surshuwlhv/�

Zrunlqj Sdshu/ Xqlyhuvlw| ri Fdoliruqld/ Vdq Glhjr1

58



OOb6+|,

SXUSRVH=

Frpsxwhv wkh xqlw urrw whvw ri Ohylq dqg Olq +4<<5, Prgho 6 iru wkh qxoo k|srwkhvlv wkdw | kdv

d xqlw urrw1

IRUPDW=

oob6+|,>

LQSXW=

| sdqho vhulhv yduldeoh zlwk W �Q 1

RXWSXWV=

Sulqw frpsxwdwlrqdo rxwfrphv zlwk qr rxwsxw yduldeohv1

UHODWHG SURFHGXUHV=

oob4/ oob5/ oob7/ oob8/ oob9/ oob:/ oob;/ oob</ oob43

UHIHUHQFH=

Ohylq/ D dqg F0I Olq +4<<5,/ �Xqlw Urrw Whvwv lq Sdqho Gdwd= Dv|pswrwlf dqg Ilqlwh0Vdpsoh Surshuwlhv/�

Zrunlqj Sdshu/ Xqlyhuvlw| ri Fdoliruqld/ Vdq Glhjr1

59



OOb7+|,

SXUSRVH=

Frpsxwhv wkh xqlw urrw whvw ri Ohylq dqg Olq +4<<5, Prgho 7 iru wkh qxoo k|srwkhvlv wkdw | kdv

d xqlw urrw1

IRUPDW=

oob7+|,>

LQSXW=

| sdqho vhulhv yduldeoh zlwk W �Q 1

RXWSXWV=

Sulqw frpsxwdwlrqdo rxwfrphv zlwk qr rxwsxw yduldeohv1

UHODWHG SURFHGXUHV=

oob4/ oob5/ oob6/ oob8/ oob9/ oob:/ oob;/ oob</ oob43

UHIHUHQFH=

Ohylq/ D dqg F0I Olq +4<<5,/ �Xqlw Urrw Whvwv lq Sdqho Gdwd= Dv|pswrwlf dqg Ilqlwh0Vdpsoh Surshuwlhv/�

Zrunlqj Sdshu/ Xqlyhuvlw| ri Fdoliruqld/ Vdq Glhjr1

5:



OOb8+|,

SXUSRVH=

Frpsxwhv wkh xqlw urrw whvw ri Ohylq dqg Olq +4<<5, Prgho 8 iru wkh qxoo k|srwkhvlv wkdw | kdv

d xqlw urrw1

IRUPDW=

oob8+|,>

LQSXW=

| sdqho vhulhv yduldeoh zlwk W �Q 1

RXWSXWV=

Sulqw frpsxwdwlrqdo rxwfrphv zlwk qr rxwsxw yduldeohv1

UHODWHG SURFHGXUHV=

oob4/ oob5/ oob6/ oob7/ oob9/ oob:/ oob;/ oob</ oob43

UHIHUHQFH=

Ohylq/ D dqg F0I Olq +4<<5,/ �Xqlw Urrw Whvwv lq Sdqho Gdwd= Dv|pswrwlf dqg Ilqlwh0Vdpsoh Surshuwlhv/�

Zrunlqj Sdshu/ Xqlyhuvlw| ri Fdoliruqld/ Vdq Glhjr1

5;



OOb9+|,

SXUSRVH=

Frpsxwhv wkh xqlw urrw whvw ri Ohylq dqg Olq +4<<5, Prgho 9 iru wkh qxoo k|srwkhvlv wkdw | kdv

d xqlw urrw1

IRUPDW=

oob9+|,>

LQSXW=

| sdqho vhulhv yduldeoh zlwk W �Q 1

RXWSXWV=

Sulqw frpsxwdwlrqdo rxwfrphv zlwk qr rxwsxw yduldeohv1

UHODWHG SURFHGXUHV=

oob4/ oob5/ oob6/ oob7/ oob8/ oob:/ oob;/ oob</ oob43

UHIHUHQFH=

Ohylq/ D dqg F0I Olq +4<<5,/ �Xqlw Urrw Whvwv lq Sdqho Gdwd= Dv|pswrwlf dqg Ilqlwh0Vdpsoh Surshuwlhv/�

Zrunlqj Sdshu/ Xqlyhuvlw| ri Fdoliruqld/ Vdq Glhjr1

5<



OOb:+|/qxpbodj,

SXUSRVH=

Frpsxwhv wkh xqlw urrw whvw ri Ohylq dqg Olq +4<<5, prgho zlwk vhuldo fruuhodwlrq dfurvv wlph

iru wkh qxoo k|srwkhvlv wkdw | kdv d xqlw urrw1

IRUPDW=

oob:+|/qxpbodj,>

LQSXWV=

| sdqho vhulhv yduldeoh W �Q=

qxpbodj qxpehu ri odjv iru vhuldo fruuhodwlrq dfurvv wlph shulrgv1

RXWSXWV=

Sulqw frpsxwdwlrqdo rxwfrphv zlwk qr rxwsxw yduldeohv1

UHODWHG SURFHGXUHV=

oob4/ oob6/ oob7/ oob8/ oob9/ oob;/ oob</ oob43

UHIHUHQFH=

Ohylq/ D dqg F0I Olq +4<<5,/ �Xqlw Urrw Whvwv lq Sdqho Gdwd= Dv|pswrwlf dqg Ilqlwh0Vdpsoh Surshuwlhv/�

Zrunlqj Sdshu/ Xqlyhuvlw| ri Fdoliruqld/ Vdq Glhjr1

63



OOb;+|/s,

SXUSRVH=

Frpsxwhv wkh xqlw urrw whvw ri Ohylq dqg Olq +4<<6, Prgho 4 iru wkh qxoo k|srwkhvlv wkdw | kdv

d xqlw urrw1

IRUPDW=

oob;+|/s,>

LQSXWV=

| sdqho vhulhv yduldeoh W �Q=

s
@04/wkh qxpehu ri odjv iru hdfk furvv0vhfwlrqdo xqlw lv 71

@d yhfwru ri Q � 4 vshfl�hv Q qxpehuv ri odjv iru hdfk furvv0vhfwlrqdo xqlw1

RXWSXWV=

Sulqw frpsxwdwlrq rxwfrphv zlwk qr rxwsxw yduldeohv1

UHODWHG SURFHGXUHV=

oob4/ oob5/ oob6/ oob7/ oob8/ oob9/ oob:/ oob</ oob43

UHIHUHQFH=

Ohylq/ D dqg F0I Olq +4<<6,/ �Xqlw Urrw Whvwv lq Sdqho Gdwd= Qhz Uhvxowv/� Zrunlqj Sdshu/ Xqlyhuvlw|

ri Fdoliruqld/ Vdq Glhjr1

64



OOb<+|/s,

SXUSRVH=

Frpsxwhv wkh xqlw urrw whvw ri Ohylq dqg Olq +4<<6, Prgho 5 iru wkh qxoo k|srwkhvlv wkdw | kdv

d xqlw urrw1

IRUPDW=

oob<+|/s,>

LQSXWV=

| sdqho vhulhv yduldeoh W �Q=

s
@04/wkh qxpehu ri odjv iru hdfk furvv0vhfwlrqdo xqlw lv 71

@d yhfwru ri Q � 4 vshfl�hv Q qxpehuv ri odjv iru hdfk furvv0vhfwlrqdo xqlw1

RXWSXWV=

Sulqw frpsxwdwlrqdo rxwfrphv zlwk qr rxwsxw yduldeohv1

UHODWHG SURFHGXUHV=

oob4/ oob5/ oob6/ oob7/ oob8/ oob9/ oob:/ oob;/ oob43

UHIHUHQFH=

Ohylq/ D dqg F0I1 Olq +4<<6,/ �Xqlw Urrw Whvwv lq Sdqho Gdwd= Qhz Uhvxowv/� Zrunlqj Sdshu/ Xqlyhuvlw|

ri Fdoliruqld/ Vdq Glhjr1

65



OOb43+|/s,

SXUSRVH=

Frpsxwhv wkh xqlw urrw whvw ri Ohylq dqg Olq +4<<6, Prgho 6 iru wkh qxoo k|srwkhvlv wkdw | kdv

d xqlw urrw1

IRUPDW=

oob43+|/s,>

LQSXWV=

| sdqho vhulhv yduldeoh W �Q=

s
@04/wkh qxpehu ri odjv iru hdfk furvv0vhfwlrqdo xqlw lv 71

@d yhfwru ri Q � 4 vshfl�hv Q qxpehuv ri odjv iru hdfk furvv0vhfwlrqdo xqlw1

RXWSXWV=

Sulqw frpsxwdwlrq rxwfrphv zlwk qr rxwsxw yduldeohv1

UHODWHG SURFHGXUHV=

oob4/ oob5/ oob6/ oob7/ oob8/ oob9/ oob:/ oob;/ oob<

UHIHUHQFH=

Ohylq/ D dqg F0I Olq +4<<6,/ �Xqlw Urrw Whvwv lq Sdqho Gdwd= Qhz Uhvxowv/� Zrunlqj Sdshu/ Xqlyhuvlw|

ri Fdoliruqld/ Vdq Glhjr1

66



XE+|,

SXUSRVH=

Frpsxwhv wkh xqlw urrw whvw ri Euhlwxqj +5333, iru wkh qxoo k|srwkhvlv wkdw | kdv d xqlw urrw1

IRUPDW=

xe+|,>

LQSXWV=

| sdqho vhulhv yduldeoh zlwk W �Q 1

RXWSXWV=

Sulqw frpsxwdwlrq rxwfrphv zlwk qr rxwsxw yduldeohv1

UHIHUHQFH=

Euhlwxqj/ M1 +5333,/ �Wkh Orfdo Srzhu ri Vrph Xqlw Urrw Whvwv iru Sdqho Gdwd/� Dgydqfhv lq Hfrqr0

phwulfv 48/ 49404:;1

67



SFRLQbW41VUF
Sdqho Frlqwhjudwlrq Whvw Surfhgxuhv

68



NDRbW+x/|/{/qxpbodj,

SXUSRVH=

Whvw wkh qxoo k|srwkhvlv wkdw wkh hvwlpdwhg v|vwhp lv qrw frlqwhjudwhg xvlqj Ndr +4<<<, sdqho

frlqwhjudwlrq whvwv1

IRUPDW=

ndrbw+x/|/{/qxpbodj,>

LQSXWV=

x uhvlgxdov iurp wkh hvwlpdwhg frlqwhjudwlrq htxdwlrq1

| ghshqghqw yduldeoh zlwk W �Q 1

{ lqghshqghqw yduldeoh zlwk W � +Q � n,1 n lv wkh qxpehu ri glvwlqfw h{sodqdwru| yduldeohv

qxpbodj wkh qxpehu ri odjjhg �uvw gl�huhqfh whupv ri uhvlgxdov lq wkh DGI whvw1

RXWSXWV=

Sulqw wkh frpsxwdwlrqdo rxwsxwv zlwk qr rxwsxw yduldeohv1

UHODWHG SURFHGXUHV=

pndrbop/ shgurqlbw

UHIHUHQFH=

Ndr/ F1 +4<<<,/ �Vsxulrxv Uhjuhvvlrq dqg Uhvlgxdo0Edvhg Whvwv iru Frlqwhjudwlrq lq Sdqho Gdwd/� Mrxuqdo

ri Hfrqrphwulfv/ <3/ 40771

69



PNDRbOP+x/rphjd45/qxpblqg/Q,

SXUSRVH=

Frpsxwh wkh OP w|sh sdqho frlqwhjudwlrq whvw ri PfFrvnh| dqg Ndr +4<<;,1

IRUPDW=

pndrbop+x/rphjd/qxpblqg/Q,>

LQSXWV=

x uhvlgxdov iurp wkh hvwlpdwhg frlqwhjudwlrq htxdwlrq1

rphjd45 wkh hvwlpdwhg orqj0uxq frqglwlrqdo yduldqfh1

qxpblqg wkh qxpehu ri glvwlqfw h{sodqdwru| yduldeohv1

Q wkh qxpehu ri furvv0vhfwlrqdo xqlwv1

RXWSXWV=

Sulqw wkh frpsxwdwlrqdo rxwsxwv zlwk qr rxwsxw yduldeohv1

UHODWHG SURFHGXUHV=

ndrbw/ shgurqlbw

UHIHUHQFHV=

PfFrvnh|/ V1 dqg Ndr/ F1 +4<<;,/ �D Uhvlgxdo0Edvhg Whvw ri wkh Qxoo ri Frlqwhjudwlrq lq Sdqho Gdwd/�

Hfrqrphwulf Uhylhzv/ 4:/ 8:0;71

6:



SHGURQLbW+x/|/{,

SXUSRVH=

Frpsxwh wkh Shgurql +4<<8, sdqho frlqwhjudwlrq whvwv1

IRUPDW=

shgurqlbw+x/|/{,>

LQSXWV=

x uhvlgxdov iurp wkh hvwlpdwhg frlqwhjudwlrq htxdwlrq1

| ghshqghqw yduldeoh zlwk W �Q 1

{ lqghshqghqw yduldeoh zlwk W � +Q � n,1 n lv wkh qxpehu ri glvwlqfw h{sodqdwru| yduldeohv1

RXWSXWV=

Sulqw wkh frpsxwdwlrqdo rxwsxwv zlwk qr rxwsxw yduldeohv1

UHODWHG SURFHGXUHV=

ndrbw/ pdnrbop

UHIHUHQFHV=

Shgurql/ S1 +4<<8,/ �Sdqho Frlqwhjudwlrq= Dv|pswrwlf dqg Ilqlwh Vdpsoh Surshuwlhv ri Srrohg Wlph

Vhulhv Whvwv zlwk dq Dssolfdwlrq wr wkh SSS K|srwkhvlv/� Pdqxvfulsw/ Ghsduwphqw ri Hfrqrplfv/ Lqgldqd

Xqlyhuvlw|1

6;



SFRLQbW51VUF
Sdqho Frlqwhjudwlrq Whvw Surfhgxuhv

6<



SFVb4+|/{/x/htbvshf,

SXUSRVH=

Frpsxwh wkh sdqho frlqwhjudwlrq whvw ri Shgurql +4<<<, Prgho 4 iru wkh qxoo k|srwkhvlv wkdw

wkh hvwlpdwhg htxdwlrq lv qrw frlqwhjudwhg

IRUPDW=

sfvb4+|/{/x/htbvshf,>

LQSXWV=

| ghshqghqw yduldeoh zlwk W �Q 1

{ lqghshqghqw yduldeoh zlwk W � +Q � n,1 n lv wkh qxpehu ri glvwlqfw h{sodqdwru| yduldeohv1

x uhvlgxdov iurp wkh hvwlpdwhg frlqwhjudwlrq htxdwlrq1

htbvshf

@3/ wkh hvwlpdwhg frlqwhjudwlrq htxdwlrq zlwkrxw lqwhufhswv dqg wuhqgv1

@4/ wkh hvwlpdwhg frlqwhjudwlrq htxdwlrq zlwk lqwhufhswv exw zlwkrxw wuhqgv1

@5/ wkh hvwlpdwhg frlqwhjudwlrq htxdwlrq zlwk erwk lqwhufhswv dqg wuhqgv1

RXWSXWV=

Sulqw wkh frpsxwdwlrqdo rxwsxwv zlwk qr rxwsxw yduldeohv1

UHODWHG SURFHGXUHV=

sfvb5/ sfvb6/ sfvb7/ sfvb8/ sfvb9/ sfvb:

UHIHUHQFHV=

Shgurql/ S1 +4<<<, �Fulwlfdo Ydoxhv iru Frlqwhjudwlrq Whvwv lq Khwhurjhqhrxv Sdqhov zlwk Pxowlsoh Uh0

juhvvruv1� R{irug Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv/94/ 98609:;1

73



SFVb5+|/{/x/htbvshf,

SXUSRVH=

Frpsxwh wkh sdqho frlqwhjudwlrq whvw ri Shgurql +4<<<, Prgho 5 iru wkh qxoo k|srwkhvlv wkdw

wkh hvwlpdwhg htxdwlrq lv qrw frlqwhjudwhg

IRUPDW=

sfvb5+|/{/x/htbvshf,>

LQSXWV=

| ghshqghqw yduldeoh zlwk W �Q 1

{ lqghshqghqw yduldeoh zlwk W � +Q � n,1 n lv wkh qxpehu ri glvwlqfw h{sodqdwru| yduldeohv1

x uhvlgxdov iurp wkh hvwlpdwhg frlqwhjudwlrq htxdwlrq1

htbvshf

@3/ wkh hvwlpdwhg frlqwhjudwlrq htxdwlrq zlwkrxw lqwhufhswv dqg wuhqgv1

@4/ wkh hvwlpdwhg frlqwhjudwlrq htxdwlrq zlwk lqwhufhswv exw zlwkrxw wuhqgv1

@5/ wkh hvwlpdwhg frlqwhjudwlrq htxdwlrq zlwk erwk lqwhufhswv dqg wuhqgv1

RXWSXWV=

Sulqw wkh frpsxwdwlrqdo rxwsxwv zlwk qr rxwsxw yduldeohv1

UHODWHG SURFHGXUHV=

sfvb4/ sfvb6/ sfvb7/ sfvb8/ sfvb9/ sfvb:

UHIHUHQFHV=

Shgurql/ S1 +4<<<, �Fulwlfdo Ydoxhv iru Frlqwhjudwlrq Whvwv lq Khwhurjhqhrxv Sdqhov zlwk Pxowlsoh Uh0

juhvvruv1� R{irug Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv/94/ 98609:;1

74



SFVb6+|/{/x/htbvshf,

SXUSRVH=

Frpsxwh wkh sdqho frlqwhjudwlrq whvw ri Shgurql +4<<<, Prgho 4 iru wkh qxoo k|srwkhvlv wkdw

wkh hvwlpdwhg htxdwlrq lv qrw frlqwhjudwhg

IRUPDW=

sfvb6+|/{/x/htbvshf,>

LQSXWV=

| ghshqghqw yduldeoh zlwk W �Q 1

{ lqghshqghqw yduldeoh zlwk W � +Q � n,1 n lv wkh qxpehu ri glvwlqfw h{sodqdwru| yduldeohv1

x uhvlgxdov iurp wkh hvwlpdwhg frlqwhjudwlrq htxdwlrq1

htbvshf

@3/ wkh hvwlpdwhg frlqwhjudwlrq htxdwlrq zlwkrxw lqwhufhswv dqg wuhqgv1

@4/ wkh hvwlpdwhg frlqwhjudwlrq htxdwlrq zlwk lqwhufhswv exw zlwkrxw wuhqgv1

@5/ wkh hvwlpdwhg frlqwhjudwlrq htxdwlrq zlwk erwk lqwhufhswv dqg wuhqgv1

RXWSXWV=

Sulqw wkh frpsxwdwlrqdo rxwsxwv zlwk qr rxwsxw yduldeohv1

UHODWHG SURFHGXUHV=

sfvb4/ sfvb5/ sfvb7/ sfvb8/ sfvb9/ sfvb:

UHIHUHQFHV=

Shgurql/ S1 +4<<<, �Fulwlfdo Ydoxhv iru Frlqwhjudwlrq Whvwv lq Khwhurjhqhrxv Sdqhov zlwk Pxowlsoh Uh0

juhvvruv1� R{irug Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv/94/ 98609:;1
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SFVb7+|/{/x/htbvshf,

SXUSRVH=

Frpsxwh wkh sdqho frlqwhjudwlrq whvw ri Shgurql +4<<<, Prgho 7 iru wkh qxoo k|srwkhvlv wkdw

wkh hvwlpdwhg htxdwlrq lv qrw frlqwhjudwhg

IRUPDW=

sfvb7+|/{/x/htbvshf,>

LQSXWV=

| ghshqghqw yduldeoh zlwk W �Q 1

{ lqghshqghqw yduldeoh zlwk W � +Q � n,1 n lv wkh qxpehu ri glvwlqfw h{sodqdwru| yduldeohv1

x uhvlgxdov iurp wkh hvwlpdwhg frlqwhjudwlrq htxdwlrq1

htbvshf

@3/ wkh hvwlpdwhg frlqwhjudwlrq htxdwlrq zlwkrxw lqwhufhswv dqg wuhqgv1

@4/ wkh hvwlpdwhg frlqwhjudwlrq htxdwlrq zlwk lqwhufhswv exw zlwkrxw wuhqgv1

@5/ wkh hvwlpdwhg frlqwhjudwlrq htxdwlrq zlwk erwk lqwhufhswv dqg wuhqgv1

RXWSXWV=

Sulqw wkh frpsxwdwlrqdo rxwsxwv zlwk qr rxwsxw yduldeohv1

UHODWHG SURFHGXUHV=

sfvb4/ sfvb5/ sfvb6/ sfvb8/ sfvb9/ sfvb:

UHIHUHQFHV=

Shgurql/ S1 +4<<<, �Fulwlfdo Ydoxhv iru Frlqwhjudwlrq Whvwv lq Khwhurjhqhrxv Sdqhov zlwk Pxowlsoh Uh0

juhvvruv1� R{irug Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv/94/ 98609:;1
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SFVb8+|/{/x/htbvshf,

SXUSRVH=

Frpsxwh wkh sdqho frlqwhjudwlrq whvw ri Shgurql +4<<<, Prgho 4 iru wkh qxoo k|srwkhvlv wkdw

wkh hvwlpdwhg htxdwlrq lv qrw frlqwhjudwhg

IRUPDW=

sfvb8+|/{/x/htbvshf,>

LQSXWV=

| ghshqghqw yduldeoh zlwk W �Q 1

{ lqghshqghqw yduldeoh zlwk W � +Q � n,1 n lv wkh qxpehu ri glvwlqfw h{sodqdwru| yduldeohv1

x uhvlgxdov iurp wkh hvwlpdwhg frlqwhjudwlrq htxdwlrq1

htbvshf

@3/ wkh hvwlpdwhg frlqwhjudwlrq htxdwlrq zlwkrxw lqwhufhswv dqg wuhqgv1

@4/ wkh hvwlpdwhg frlqwhjudwlrq htxdwlrq zlwk lqwhufhswv exw zlwkrxw wuhqgv1

@5/ wkh hvwlpdwhg frlqwhjudwlrq htxdwlrq zlwk erwk lqwhufhswv dqg wuhqgv1

RXWSXWV=

Sulqw wkh frpsxwdwlrqdo rxwsxwv zlwk qr rxwsxw yduldeohv1

UHODWHG SURFHGXUHV=

sfvb4/ sfvb5/ sfvb6/ sfvb7/ sfvb9/ sfvb:

UHIHUHQFHV=

Shgurql/ S1 +4<<<, �Fulwlfdo Ydoxhv iru Frlqwhjudwlrq Whvwv lq Khwhurjhqhrxv Sdqhov zlwk Pxowlsoh Uh0

juhvvruv1� R{irug Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv/94/ 98609:;1
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SFVb9+|/{/x/htbvshf,

SXUSRVH=

Frpsxwh wkh sdqho frlqwhjudwlrq whvw ri Shgurql +4<<<, Prgho 9 iru wkh qxoo k|srwkhvlv wkdw

wkh hvwlpdwhg htxdwlrq lv qrw frlqwhjudwhg

IRUPDW=

sfvb9+|/{/x/htbvshf,>

LQSXWV=

| ghshqghqw yduldeoh zlwk W �Q 1

{ lqghshqghqw yduldeoh zlwk W � +Q � n,1 n lv wkh qxpehu ri glvwlqfw h{sodqdwru| yduldeohv1

x uhvlgxdov iurp wkh hvwlpdwhg frlqwhjudwlrq htxdwlrq1

htbvshf

@3/ wkh hvwlpdwhg frlqwhjudwlrq htxdwlrq zlwkrxw lqwhufhswv dqg wuhqgv1

@4/ wkh hvwlpdwhg frlqwhjudwlrq htxdwlrq zlwk lqwhufhswv exw zlwkrxw wuhqgv1

@5/ wkh hvwlpdwhg frlqwhjudwlrq htxdwlrq zlwk erwk lqwhufhswv dqg wuhqgv1

RXWSXWV=

Sulqw wkh frpsxwdwlrqdo rxwsxwv zlwk qr rxwsxw yduldeohv1

UHODWHG SURFHGXUHV=

sfvb4/ sfvb5/ sfvb6/ sfvb7/ sfvb8/ sfvb:

UHIHUHQFHV=

Shgurql/ S1 +4<<<, �Fulwlfdo Ydoxhv iru Frlqwhjudwlrq Whvwv lq Khwhurjhqhrxv Sdqhov zlwk Pxowlsoh Uh0

juhvvruv1� R{irug Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv/94/ 98609:;1
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SFVb:+|/{/x/htbvshf,

SXUSRVH=

Frpsxwh wkh sdqho frlqwhjudwlrq whvw ri Shgurql +4<<<, Prgho : iru wkh qxoo k|srwkhvlv wkdw

wkh hvwlpdwhg htxdwlrq lv qrw frlqwhjudwhg

IRUPDW=

sfvb:+|/{/x/htbvshf,>

LQSXWV=

| ghshqghqw yduldeoh zlwk W �Q 1

{ lqghshqghqw yduldeoh zlwk W � +Q � n,1 n lv wkh qxpehu ri glvwlqfw h{sodqdwru| yduldeohv1

x uhvlgxdov iurp wkh hvwlpdwhg frlqwhjudwlrq htxdwlrq1

htbvshf

@3/ wkh hvwlpdwhg frlqwhjudwlrq htxdwlrq zlwkrxw lqwhufhswv dqg wuhqgv1

@4/ wkh hvwlpdwhg frlqwhjudwlrq htxdwlrq zlwk lqwhufhswv exw zlwkrxw wuhqgv1

@5/ wkh hvwlpdwhg frlqwhjudwlrq htxdwlrq zlwk erwk lqwhufhswv dqg wuhqgv1

RXWSXWV=

Sulqw wkh frpsxwdwlrqdo rxwsxwv zlwk qr rxwsxw yduldeohv1

UHODWHG SURFHGXUHV=

sfvb4/ sfvb5/ sfvb6/ sfvb7/ sfvb8/ sfvb9

UHIHUHQFHV=

Shgurql/ S1 +4<<<, �Fulwlfdo Ydoxhv iru Frlqwhjudwlrq Whvwv lq Khwhurjhqhrxv Sdqhov zlwk Pxowlsoh Uh0

juhvvruv1� R{irug Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv/94/ 98609:;1
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GROVbUG+|/{/qxpbohdg/qxpbodj,

SXUSRVH=

Hvwlpdwh wkh frlqwhjudwlrq frh!flhqwv xvlqj Ndr dqg Fkldqj +5333, g|qdplf ruglqdu| ohdvw vtxduhv

phwkrg +GROV, xqghu wkh krprjhqhrxv fryduldqfh vwuxfwxuh1

IRUPDW=

~uhvlg4/uhvlg5/rphjd45/Q/n�@grovbug+|/{/qxpbohdg/qxpbodj,>

LQSXW=

| sdqho vhulhv yduldeoh zlwk W �Q 1

{ lqghshqghqw yduldeoh zlwk W � +Q � n,1 n lv wkh qxpehu ri glvwlqfw h{sodqdwru| yduldeohv1

qxpbohdg wkh qxpehu ri ohdg whupv iru wkh huuru vwuxfwxuh lq wkh �wwhg htxdwlrq1

qxpbodj wkh qxpehu ri odjjhg whupv iru wkh huuru vwuxfwxuh lq wkh �wwhg htxdwlrq1
RXWSXWV=

uhvlg4 wkh uhvlgxdov iurp wkh ruljlqdo htxdwlrq1

uhvlg5 wkh uhvlgxdov iurp wkh g|qdplf rov htxdwlrq1

rphjd45 wkh hvwlpdwhg orqj0uxq frqglwlrqdo yduldqfh1

Q wkh qxpehu ri furvv0vhfwlrqdo xqlwv1

n wkh qxpehu ri glvwlqfw h{sodqdwru| yduldeohv1

UHODWHG SURFHGXUHV=

ipbug/ rovbug

UHIHUHQFH=

Ndr/ F1 dqg P1K1 Fkldqj +5333,/ �Rq wkh Hvwlpdwlrq dqg Lqihuhqfh ri d Frlqwhjudwhg Uhjuhvvlrq lq

Sdqho Gdwd/� Dgydqfhv lq Hfrqrphwulfv 48/ iruwkfrplqj1
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IPbUG+|/{,

SXUSRVH=

Hvwlpdwh wkh frlqwhjudwlrq frh!flhqwv xvlqj Ndr dqg Fkldqj +5333, ixoo| prgl�hg phwkrg xqghu wkh

krprjhqhrxv fryduldqfh vwuxfwxuh1

IRUPDW=

~uhvlg4/uhvlg5/rphjd45/Q/n�@ipbug+|/{,>

LQSXW=

| sdqho vhulhv yduldeoh zlwk W �Q 1

{ lqghshqghqw yduldeoh zlwk W � +Q � n,1 n lv wkh qxpehu ri glvwlqfw h{sodqdwru| yduldeohv1

RXWSXWV=

uhvlg4 wkh uhvlgxdov iurp wkh ruljlqdo htxdwlrq1

uhvlg5 wkh uhvlgxdov iurp wkh ixoo|0prgl�hg htxdwlrq1

rphjd45 wkh hvwlpdwhg orqj0uxq frqglwlrqdo yduldqfh1

Q wkh qxpehu ri furvv0vhfwlrqdo xqlwv1

n wkh qxpehu ri glvwlqfw h{sodqdwru| yduldeohv1

UHODWHG SURFHGXUHV=

grovbug/ rovbug

UHIHUHQFH=

Ndr/ F1 dqg P1K1 Fkldqj +5333,/ �Rq wkh Hvwlpdwlrq dqg Lqihuhqfh ri d Frlqwhjudwhg Uhjuhvvlrq lq

Sdqho Gdwd/� Dgydqfhv lq Hfrqrphwulfv 48/ iruwkfrplqj1

7<



ROVbUG+|/{,

SXUSRVH=

Hvwlpdwh wkh frlqwhjudwlrq frh!flhqwv xvlqj Ndr dqg Fkldqj +5333, dgmxvwhg ruglqdu| ohdvw vtxduhv

phwkrg xqghu wkh krprjhqhrxv fryduldqfh vwuxfwxuh1

IRUPDW=

~uhvlg4/uhvlg5/rphjd45/Q/n�@rovbug+|/{,>

LQSXW=

| sdqho vhulhv yduldeoh zlwk W �Q 1

{ lqghshqghqw yduldeoh zlwk W � +Q � n,1 n lv wkh qxpehu ri glvwlqfw h{sodqdwru| yduldeohv1

RXWSXWV=

uhvlg4 wkh uhvlgxdov iurp wkh ruljlqdo htxdwlrq1

uhvlg5 wkh uhvlgxdov iurp wkh dgmxvwhg ROV htxdwlrq1

rphjd45 wkh hvwlpdwhg orqj0uxq frqglwlrqdo yduldqfh1

Q wkh qxpehu ri furvv0vhfwlrqdo xqlwv1

n wkh qxpehu ri glvwlqfw h{sodqdwru| yduldeohv1

UHODWHG SURFHGXUHV=

grovbug/ ipbug

UHIHUHQFH=

Ndr/ F1 dqg P1K1 Fkldqj +5333,/ �Rq wkh Hvwlpdwlrq dqg Lqihuhqfh ri d Frlqwhjudwhg Uhjuhvvlrq lq

Sdqho Gdwd/� Dgydqfhv lq Hfrqrphwulfv 48/ iruwkfrplqj1
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GROVbKUG+|/{/qxpbohdg/qxpbodj,

SXUSRVH=

Hvwlpdwh wkh frlqwhjudwlrq frh!flhqwv xvlqj Ndr dqg Fkldqj +5333, g|qdplf ruglqdu| ohdvw vtxduhv

phwkrg xqghu wkh khwhurjhqhrxv fryduldqfh vwuxfwxuh1

IRUPDW=

~uhvlg4/uhvlg5/rphjd45/Q/n�@grovbkug+|/{/qxpbohdg/qxpbodj,>

LQSXW=

| sdqho vhulhv yduldeoh zlwk W �Q 1

{ lqghshqghqw yduldeoh zlwk W � +Q � n,1 n lv wkh qxpehu ri glvwlqfw h{sodqdwru| yduldeohv1

RXWSXWV=

uhvlg4 wkh uhvlgxdov iurp wkh ruljlqdo htxdwlrq1

uhvlg5 wkh uhvlgxdov iurp wkh g|qdplf ROV htxdwlrq1

rphjd45 wkh hvwlpdwhg orqj0uxq frqglwlrqdo yduldqfh1

Q wkh qxpehu ri furvv0vhfwlrqdo xqlwv1

n wkh qxpehu ri glvwlqfw h{sodqdwru| yduldeohv1

UHODWHG SURFHGXUHV=

ipbkug

UHIHUHQFH=

Ndr/ F1 dqg P1K1 Fkldqj +5333,/ �Rq wkh Hvwlpdwlrq dqg Lqihuhqfh ri d Frlqwhjudwhg Uhjuhvvlrq lq

Sdqho Gdwd/� Dgydqfhv lq Hfrqrphwulfv 48/ iruwkfrplqj1
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IPbKUG+|/{,

SXUSRVH=

Hvwlpdwh wkh frlqwhjudwlrq frh!flhqwv xvlqj Ndr dqg Fkldqj +5333, ixoo| prgl�hg phwkrg xqghu wkh

khwhurjhqhrxv fryduldqfh vwuxfwxuh1

IRUPDW=

~uhvlg4/uhvlg5/rphjd45/Q/n�@ipbkug+|/{,>

LQSXW=

| sdqho vhulhv yduldeoh zlwk W �Q 1

{ lqghshqghqw yduldeoh zlwk W � +Q � n,1 n lv wkh qxpehu ri glvwlqfw h{sodqdwru| yduldeohv1

RXWSXWV=

uhvlg4 wkh uhvlgxdov iurp wkh ruljlqdo htxdwlrq1

uhvlg5 wkh uhvlgxdov iurp wkh ixoo| prgl�hg htxdwlrq1

rphjd45 wkh hvwlpdwhg orqj0uxq frqglwlrqdo yduldqfh1

Q wkh qxpehu ri furvv0vhfwlrqdo xqlwv1

n wkh qxpehu ri glvwlqfw h{sodqdwru| yduldeohv1

UHODWHG SURFHGXUHV=

grovbkug

UHIHUHQFH=

Ndr/ F1 dqg P1K1 Fkldqj +5333,/ �Rq wkh Hvwlpdwlrq dqg Lqihuhqfh ri d Frlqwhjudwhg Uhjuhvvlrq lq

Sdqho Gdwd/� Dgydqfhv lq Hfrqrphwulfv 48/ iruwkfrplqj1
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Uhihuhqfhv

^4` Edowdjl/ E1K1 dqg Ndr/ F1 +5333,/ �Qrqvwdwlrqdu| Sdqhov/ Frlqwhjudwlrq lq Sdqhov dqg G|qdplf Sdqhov=

D Vxuyh|/� Dgydqfhv lq Hfrqrphwulfv 48/ iruwkfrplqj1

^5` Edqhumhh/ D1 +4<<<,/ �Sdqho Gdwd Xqlwv dqg Frlqwhjudwlrq= Dq Ryhuylhz1� R{irug Exoohwlq ri Hfrqrplfv

dqg Vwdwlvwlfv 94/ 93:095<1

^6` Euhlwxqj/ M1 +5333,/ �Wkh Orfdo Srzhu ri Vrph Xqlw Urrw Whvwv iru Sdqho Gdwd/� Dgydqfhv lq Hfrqr0

phwulfv 48/ 49404:;1

^7` Kdgul/ N1 +4<<;,/ �Whvwlqj iru Vwdwlrqdulw| lq Khwhurjhqhrxv Sdqho Gdwd�/ Xqsxeolvkhg pdqxvfulsw/

Ghsduwphqw ri Hfrqrplfv ) Dffrxqwlqj +Xqlyhuvlw| ri Olyhusrro,1

^8` Kdgul/ N1 +5333,/ �Whvwlqj iru vwdwlrqdulw| lq Khwhurjhqrxv Sdqho Gdwd/� Hfrqrphwulfv Mrxuqdo 6=5/

47;04941

^9` Kduulv/ U1 G1I1 dqg W}dydolv/ H1 +4<<<,/ �Lqihuhqfh iru Xqlw Urrwv lq G|qdplf Sdqhov Zkhuh wkh Wlph

Glphqvlrq lv Il{hg/� Mrxuqdo ri Hfrqrphwulfv/ <4/ 53405591

^:` Lp/ N1 Shvdudq/ K1/ dqg Vklq/ \1 +4<<8,/ �Whvwlqj iru Xqlw Urrwv lq Khwhurjhqhrxv Sdqhov/� Pdqxvfulsw/

Xqlyhuvlw| ri Fdpeulgjh1

^;` Lp/ N1 Shvdudq/ K1/ dqg Vklq/ \1 +4<<:,/ �Whvwlqj iru Xqlw Urrwv lq Khwhurjhqhrxv Sdqhov/� Pdqxvfulsw/

Xqlyhuvlw| ri Fdpeulgjh1

^<` Ndr/ F1 +4<<<,/ �Vsxulrxv Uhjuhvvlrq dqg Uhvlgxdo0Edvhg Whvwv iru Frlqwhjudwlrq lq Sdqho Gdwd/�

Mrxuqdo ri Hfrqrphwulfv/ <3/ 40771

^43` Ndr/ F1 dqg Fkldqj/ P1K/ +5333,/ �Rq wkh Hvwlpdwlrq dqg Lqihuhqfh ri d Frlqwhjudwhg Uhjuhvvlrq lq

Sdqho Gdwd/� Dgydqfhv lq Hfrqrphwulfv 48/ 4:<05551

^44` Ndr/ F1 / Fkldqj/ P1K/ dqg Fkhq/ E1 +4<<<,/ �Lqwhuqdwlrqdo U)G Vslooryhuv= Dq Dssolfdwlrq ri Hvwlpd0

wlrq dqg Lqihuhqfh lq Sdqho Frlqwhjudwlrq/� R{irug Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv/ 94/ 9<40:3<1

^45` Ohylq/ D dqg Olq/ F0I1 +4<<5,/ �Xqlw Urrw Whvwv lq Sdqho Gdwd= Dv|pswrwlf dqg Ilqlwh0Vdpsoh Surs0

huwlhv/� Zrunlqj Sdshu/ Xqlyhuvlw| ri Fdoliruqld/ Vdq Glhjr1

^46` Ohylq/ D dqg Olq/ F0I1 +4<<6,/ �Xqlw Urrw Whvwv lq Sdqho Gdwd= Qhz Uhvxowv/� Zrunlqj Sdshu/ Xql0

yhuvlw| ri Fdoliruqld/ Vdq Glhjr1
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^47` PfFrvnh|/ V1 dqg Ndr/ F1 +4<<;,/ �D Uhvlgxdo0Edvhg Whvw ri wkh Qxoo ri Frlqwhjudwlrq lq Sdqho Gdwd/�

Hfrqrphwulf Uhylhzv/ 4:/ 8:0;71

^48` Shgurql/ S1 +4<<8,/ �Sdqho Frlqwhjudwlrq= Dv|pswrwlf dqg Ilqlwh Vdpsoh Surshuwlhv ri Srrohg Wlph

Vhulhv Whvwv zlwk dq Dssolfdwlrq wr wkh SSS K|srwkhvlv/� Pdqxvfulsw/ Ghsduwphqw ri Hfrqrplfv/

Lqgldqd Xqlyhuvlw|1

^49` Shgurql/ S1 +4<<<, �Fulwlfdo Ydoxhv iru Frlqwhjudwlrq Whvwv lq Khwhurjhqhrxv Sdqhov zlwk Pxowlsoh

Uhjuhvvruv1� R{irug Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv/ 94/ 98609:;1

^4:` Skloolsv/ S1F1E1/ dqg Prrq1 K1 +4<<<,1 �Qrqvwdwlrqdu| Sdqho Gdwd Dqdo|vlv= Dq Ryhuylhz ri Vrph

Uhfhqw Ghyhorsphqwv1� Hfrqrphwulf Uhylhzv/ iruwkfrplqj1
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