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5�44@h) 5|@|�t|�Ut

Zh uhsruw vxppdu| vwdwlvwlfv iru vl{ vhohfwhg }hur0frxsrq Wuhdvxu| vsrw udwhv dqg iru wkh Vorsh dqg
Fxuydwxuh _idfwruv% iru wkh vdpsoh shulrg Mxqh 4<940Ghfhpehu 4<<8/ dqg iru wkh irxu vxeshulrgv Mxqh 4<940
Dxjxvw 4<:4/ Vhswhpehu 4<:40Vhswhpehu 4<:</ Rfwrehu 4<:<0Vhswhpehu 4<;5/ dqg Rfwrehu 4<;50Ghfhpehu
4<<61 Doo vsrw udwhv dqg idfwruv duh txrwhg lq shufhqwdjh srlqwv shu |hdu1 Revhuydwlrqv duh zhhno|
+Zhgqhvgd| wr Zhgqhvgd|/ ru qh{w exvlqhvv gd| li d krolgd|,1 _Phdq% lv wkh vdpsoh phdq1 _Vwg1% lv wkh
vwdqgdug ghyldwlrq1 _Dxwr% lv wkh �uvw0rughu fruuhodwlrq frh�flhqw1 Wkh nxuwrvlv phdvxuh lv vwdqgdugl}hg=
lw lv }hur iru d qrupdo udqgrp yduldeoh1 \ +�, lv wkh � 0|hdu }hur0frxsrq udwh1 _Vorsh% lv gh�qhg dv
\ +;,� \ +3=58,1 _Fxuydwxuh% lv gh�qhg dv ^\ +;,� \ +5,`� ^\ +5,� \ +3=58,`1

Mxqh 4<940Ghfhpehu 4<<8

Phdq Vwg Vnhzqhvv Nxuwrvlv Dxwr

\ +3=58, 916: 51;5 4155 41:5 31<<8
\ +4, 91:< 51:7 31<< 31<4 31<<9
\ +8, :169 5184 31:7 3153 31<<:
\ +43, :18< 5178 3195 3136 31<<:
Vorsh 4149 416< 0318< 3196 31<;;
Fxuydwxuh 03145 3197 03153 51;5 31<77

Mxqh 4<940Dxjxvw 4<:4

\ +3=58, 717; 416< 3183 03189 31<<8
\ +43, 8145 414< 31:8 0319< 31<<7
Vorsh 3194 3195 3196 3147 31<;6
Fxuydwxuh 03143 3174 313: 3183 31<39

Vhswhpehu 4<:40Vhswhpehu 4<:<

\ +3=58, 9175 41;3 3175 031;4 31<<;
\ +43, :16; 31;3 3133 031;9 31<<:
Vorsh 31<5 4165 0317< 04146 31<<5
Fxuydwxuh 03156 3183 3156 0313< 31<34

Rfwrehu 4<:<0Vhswhpehu 4<;5

\ +3=58, 45196 518: 03176 03186 31<9;
\ +43, 45153 4176 03163 031<8 31<8<
Vorsh 03175 513; 3144 031;: 31<:8
Fxuydwxuh 0315: 4156 03148 3155 31<77

Rfwrehu 4<;50Ghfhpehu 4<<8

\ +3=58, 916: 5136 03138 031;8 31<<:
\ +43, ;18< 41:< 3199 03165 31<<9
Vorsh 513< 4134 03183 03195 31<;<
Fxuydwxuh 03135 3197 03139 316: 31<8<
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Suholplqdu| Hylghqfh

Zh hvwlpdwh wkh prghov
\|+�, @ p+[|, . �|

zkhuh \|+�, ghqrwhv wkh vsrw udwh ri pdwxulw| 4/ 8/ ru 43 |hduv> [| lv wkh _idfwru=% wkh Ohyho/ Vorsh/
ru Fxuydwxuh ri wkh vsrw fxuyh1 Lq wkh vhpl0qrqsdudphwulf vshfl�fdwlrqv edvhg rq Irxulhu wudqvirupv
dqg Ohjhqguh sro|qrpldov/ zh wdnh dssursuldwh olqhdu wudqvirupdwlrqv ri wkh wkuhh idfwruv1 Zh xvh wkuhh
vhpl0qrqsdudphwulf vshfl�fdwlrqv iru wkh ixqfwlrq p1 Wkh �uvw vshfl�fdwlrq lv d vlpsoh sro|qrpldo=

p+[|, @ �f . ��[| . �2[
2
| . ��[

�
| . �e[

e
| . �D[

D
| . �S

4

[|

Wkh vhfrqg vshfl�fdwlrq lv d vxp ri Ohjhqguh sro|qrpldov=

p+[|, @ �f . ��S�+[|, . �2S2+[|, . ��S�+[|, . �eSe+[|, . �DSD+[|,

zkhuh S�+=, lv wkh m0wk rughu Ohjhqguh sro|qrpldo Wkh wklug vshfl�fdwlrq lv d vxp ri Irxulhu wudqvirupv=

p+[|, @ �f . ��[| . �2[
2
| .

2[
�'�

^�� vlq+m[|, . �� frv+m[|,`

Xqghu _"2+Z,% zh uhsruw wkh s0ydoxh iru wkh fkl0vtxduh vwdwlvwlf ri wkh qxoo k|srwkhvlv ri olqhdulw|/ edvhg
rq wkh khwhurvnhgdvwlflw| dgmxvwphqw gxh wr Zklwh +4<;3,1 Xqghu _"2+QZ,% zh uhsruw wkh s0ydoxh iru wkh
fkl0vtxduh vwdwlvwlf ri wkh qxoo k|srwkhvlv ri olqhdulw|/ edvhg rq wkh Qhzh| dqg Zhvw +4<;:, fruuhfwlrq zlwk
83 odjv1 _DGM1 U2% lv wkh dgmxvwhg U0vtxduh1 _G1Z1% lv wkh Gxuelq0Zdwvrq vwdwlvwlf1 Wkh vdpsoh shulrg
lv Mxqh 4<940Ghfhpehu 4<<81

Vlpsoh Sro|qrpldo

"2+Z, "2+QZ, DGM1 U2 G1Z1

Ohyho

\ +4, 31333 31333 31<:8 313<9
\ +8, 31333 31333 31;5< 31355
\ +43, 31333 31334 31:7: 3134;

Vorsh

\ +4, 31333 31333 315<7 31368
\ +8, 31333 31333 31545 31365
\ +43, 31333 31333 31568 31366

Fxuydwxuh

\ +4, 31333 31333 314;3 3138<
\ +8, 31333 31333 314<4 31385
\ +43, 31333 31333 314:5 31384

�e



Wdeoh LL Frqwlqxhg

Ohjhqguh Sro|qrpldov

"2+Z, "2+QZ, DGM1 U2 G1Z1

Ohyho

\ +4, 31333 31333 31<:7 313<8
\ +8, 31333 31337 31;5< 31355
\+43, 31333 3134< 31:7: 3134;

Vorsh

\ +4, 31333 31333 315<6 31363
\ +8, 31333 31333 31544 3135:
\+43, 31333 31333 31567 3135;

Fxuydwxuh

\ +4, 31333 31333 314;3 3138;
\ +8, 31333 31333 314<4 31384
\+43, 31333 31333 314:5 3137<

Irxulhu Wudqvirupv

"2+Z, "2+QZ, DGM1 U2 G1Z1

Ohyho

\ +4, 31333 31333 31<:8 313<:
\ +8, 31333 31337 31;5< 31355
\+43, 31333 3134; 31:7: 3134;

Vorsh

\ +4, 31333 31333 31635 31359
\ +8, 31333 31333 31554 31356
\+43, 31333 31333 31577 31357

Fxuydwxuh

\ +4, 31333 31333 314;: 31398
\ +8, 31333 31333 314<7 31387
\+43, 31333 31333 314:7 31384

�D



Wdeoh LLL

Fruuhfwlqj iru Vhuldo Fruuhodwlrq

Zh hvwlpdwh wkh Irxulhu wudqvirup prgho

\|+�, @ �f . ��[| . �2[
2
| .

2[
�'�

^�� vlq+m[|, . �� frv+m[|,` . �|

zkhuh \|+�, ghqrwhv wkh vsrw udwh ri pdwxulw| 4/ 8/ ru 43 |hduv> [| lv wkh _idfwru=% wkh Ohyho/ Vorsh/ ru
Fxuydwxuh ri wkh vsrw fxuyh1 Wkh prgho lv hvwlpdwhg lq ohyhov zlwk vhuldo fruuhodwlrq dgmxvwphqw/ dqg lq
�uvw gl�huhqfhv1 Xqghu _I% zh uhsruw wkh s0ydoxh iru wkh I vwdwlvwlf ri wkh qxoo k|srwkhvlv ri olqhdulw|1
Xqghu _"2% zh uhsruw wkh s0ydoxh iru wkh fkl0vtxduh vwdwlvwlf ri wkh qxoo k|srwkhvlv ri olqhdulw|1 _�% lv wkh
dxwrfruuhodwlrq frh�flhqw iru wkh huuruv lq wkh ohyho vshfl�fdwlrq1 _DGM1 U2% lv wkh dgmxvwhg U0vtxduh1
_G1Z1% lv wkh Gxuelq0Zdwvrq vwdwlvwlf1 Lq wkh �uvw0gl�huhqfhv vshfl�fdwlrq/ wkh fkl0vtxduh vwdwlvwlf lv
fdofxodwhg edvhg rq wkh Zklwh +4<;3, fruuhfwlrq1 Wkh vdpsoh shulrg lv Mxqh 4<940Ghfhpehu 4<<81

Ohyhov Vshfl�fdwlrq/ JOV Dgmxvwphqw

I � DGM1 U2 G1Z1

Ohyho

\ +4, 31333 31<;: 31<<; 41;95
\ +8, 31333 31<<9 31<<: 41;3<
\ +43, 3133; 31<<9 31<<: 41<34

Vorsh

\ +4, 31333 31<<: 31<<8 419;4
\ +8, 31333 31<<: 31<<9 41:5<
\ +43, 31333 31<<: 31<<9 41;7;

Fxuydwxuh

\ +4, 31333 31<<9 31<<7 418;5
\ +8, 31353 31<<: 31<<9 41:;3
\ +43, 31334 31<<: 31<<9 41;98

Iluvw0gl�huhqfhv Vshfl�fdwlrq

"2 DGM1 U2 G1Z1

Ohyho

\ +4, 31336 319;: 41;:6
\ +8, 31343 3173: 41;45
\ +43, 316<5 315;3 41<37

Vorsh

\ +4, 3146< 314<: 419;6
\ +8, 31334 31369 41:64
\ +43, 31333 31384 41;83

Fxuydwxuh

\ +4, 31655 31377 418;8
\ +8, 3179; 31388 41:;5
\ +43, 314<< 3133< 41;99

�S



Wdeoh LY

Lqvwuxphqwdo Yduldeohv Hvwlpdwlrq

Zh hvwlpdwh wkh Irxulhu wudqvirup prgho

\|+�, @ �f . ��[| . �2[
2
| .

2[
�'�

^�� vlq+m[|, . �� frv+m[|,` . �|

zkhuh \|+�, ghqrwhv wkh vsrw udwh ri pdwxulw| 4/ 8/ ru 43 |hduv> [| lv wkh _idfwru=% wkh Ohyho/ Vorsh/ ru
Fxuydwxuh ri wkh vsrw fxuyh1 Wkh prgho lv hvwlpdwhg lq ohyhov/ zlwk vhuldo fruuhodwlrq dgmxvwphqw/ dqg �uvw
gl�huhqfhv/ xvlqj dv lqvwuxphqwv wkh ixqfwlrqdo gl�huhqfhv ri \ +3=8,/ \ +:,� \ +3=8,/ dqg ^\ +:,� \ +6,`�
^\ +6, � \ +3=8,`1 Xqghu _I% zh uhsruw wkh s0ydoxh iru wkh I vwdwlvwlf ri wkh qxoo k|srwkhvlv ri olqhdulw|1
Xqghu _"2% zh uhsruw wkh s0ydoxh iru wkh fkl0vtxduh vwdwlvwlf ri wkh qxoo k|srwkhvlv ri olqhdulw|1 _�% lv wkh
dxwrfruuhodwlrq frh�flhqw iru wkh huuruv lq wkh ohyho vshfl�fdwlrq1 _DGM1 U2% lv wkh dgmxvwhg U0vtxduh1
_G1Z1% lv wkh Gxuelq0Zdwvrq vwdwlvwlf1 Lq wkh �uvw0gl�huhqfhv vshfl�fdwlrq/ wkh fkl0vtxduh vwdwlvwlf lv
fdofxodwhg edvhg rq wkh Zklwh +4<;3, fruuhfwlrq1 Wkh vdpsoh shulrg lv Mxqh 4<940Ghfhpehu 4<<81

Ohyhov Vshfl�fdwlrq/ JOV Dgmxvwphqw

I � DGM1 U2 G1Z1

Ohyho

\ +4, 3153: 31<98 31<<; 41<6:
\ +8, 31363 31<<: 31<<: 41:<<
\ +43, 3134: 31<<: 31<<9 41;:<

Vorsh

\ +4, 31333 31<<9 31<<7 41:9<
\ +8, 31333 31<<: 31<<8 41:;;
\ +43, 31336 31<<: 31<<9 41;;7

Fxuydwxuh

\ +4, 31333 31<<9 31<<6 419<4
\ +8, 31333 31<<: 31<<8 41;53
\ +43, 31333 31<<: 31<<8 41;<;

Iluvw0gl�huhqfhv Vshfl�fdwlrq

"2 DGM1 U2 G1Z1

Ohyho

\ +4, 31333 31989 41<65
\ +8, 31333 316:< 41;35
\ +43, 31358 31589 41;:6

Vorsh

\ +4, 31374 31469 41:;;
\ +8, 3133; 03134: 41;63
\ +43, 31334 031335 41<6:

Fxuydwxuh

\ +4, 31335 0318<4 41:8;
\ +8, 31333 0314:4 41;54
\ +43, 31374 031455 41;8<

�.



Wdeoh Y

Whvwlqj iru Vwuxfwxudo Euhdnv

Zh hvwlpdwh wkh Irxulhu wudqvirup prgho

\|+�, @ �f . ��[| . �2[
2
| .

2[
�'�

^�� vlq+m[|, . �� frv+m[|,` . �|

zkhuh \|+�, ghqrwhv wkh vsrw udwh ri pdwxulw| 4/ 8/ ru 43 |hduv> [| lv wkh _idfwru=% wkh Ohyho/ Vorsh/ ru
Fxuydwxuh ri wkh vsrw fxuyh1 Wkh prgho lv hvwlpdwhg lq �uvw gl�huhqfhv1 Xqghu _Zkroh Shulrg/% Mxqh 4<940
Ghfhpehu 4<<6/ zh whvw zkhwkhu irxu gl�huhqw uhjlphv wrrn sodfh1 Xqghu _Iluvw Shulrg/% Mxqh 4<940Dxjxvw
4<:4/ _Vhfrqg Shulrg/% Vhswhpehu 4<:40Vhswhpehu 4<:</ _Wklug Shulrg/% Rfwrehu 4<:<0Vhswhpehu 4<;5/
dqg _Irxuwk Shulrg/% Rfwrehu 4<;50Ghfhpehu 4<<6/ zh whvw zkhwkhu wzr gl�huhqw uhjlphv wrrn sodfh +wkh
_Shulrg% dqg wkh uhvw ri wkh vdpsoh,1 Xqghu _"2=O0QE% zh uhsruw wkh s0ydoxh iru wkh fkl0vtxduh vwdwlvwlf
ri wkh qxoo k|srwkhvlv ri olqhdulw| zlwk qr vwuxfwxudo euhdnv1 Xqghu _"2=O0E% zh uhsruw wkh s0ydoxh iru wkh
fkl0vtxduh vwdwlvwlf ri wkh qxoo k|srwkhvlv ri olqhdulw| zlwk vwuxfwxudo euhdnv1 Xqghu _"2=QO0QE% zh uhsruw
wkh s0ydoxh iru wkh fkl0vtxduh vwdwlvwlf ri wkh qxoo k|srwkhvlv ri qrq0olqhdulw| zlwk qr vwuxfwxudo euhdnv1
Wkh fkl0vtxduh vwdwlvwlfv duh fdofxodwhg edvhg rq wkh Zklwh +4<;3, fruuhfwlrq1 _DGM1 U2% lv wkh dgmxvwhg
U0vtxduh1 _G1Z1% lv wkh Gxuelq0Zdwvrq vwdwlvwlf1

Ohyho

"2=O0QE "2=O0E "2=QO0QE DGM1 U2 G1Z1

Zkroh Shulrg

\ +4, 31333 31333 31333 31:35 41;<8
\ +8, 31333 31333 31333 31784 41;57
\ +43, 31333 31333 31333 31648 41<3;

Iluvw Shulrg

\ +4, 31333 31334 31333 319;: 41;:5
\ +8, 31359 31347 313:; 3173: 41;3;
\ +43, 3147< 314;4 3193; 315:< 41;<<

Vhfrqg Shulrg

\ +4, 31333 31333 31333 319<: 41;96
\ +8, 31333 31333 31333 31758 41:<<
\ +43, 31333 31333 31333 315<9 41;<8

Wklug Shulrg

\ +4, 31357 3133< 31<6< 319;; 41;;9
\ +8, 313;3 3138; 31:45 3173< 41;63
\ +43, 316;; 31946 31834 315;4 41<4;

Irxuwk Shulrg

\ +4, 31333 31333 31333 319<9 41<3:
\ +8, 31333 31333 31333 31776 41;63
\ +43, 31333 31333 31333 3163; 41<47

�H



Wdeoh Y Frqwlqxhg

Vorsh

"2=O0QE "2=O0E "2=QO0QE DGM1 U2 G1Z1

Zkroh Shulrg

\ +4, 31333 31333 31333 31597 419<;
\ +8, 31333 31333 31333 31468 41::9
\ +43, 31333 31333 31333 31538 41;9:

Iluvw Shulrg

\ +4, 31333 31333 31333 31536 419<4
\ +8, 31333 31333 31333 3137: 41:74
\ +43, 31333 31333 31333 3144< 41;68

Vhfrqg Shulrg

\ +4, 3133: 31358 31338 31535 419<9
\ +8, 31333 31336 31333 3136< 41:65
\ +43, 31333 31334 313:: 31386 41;7;

Wklug Shulrg

\ +4, 31334 31335 314:9 3154< 419;4
\ +8, 31333 31333 3138: 313:7 41:76
\ +43, 31333 31333 3133< 31439 41;93

Irxuwk Shulrg

\ +4, 31333 31333 31333 31579 419;<
\ +8, 31333 31333 31333 3143< 41:7;
\ +43, 31333 31333 31333 31449 41;:3

Fxuydwxuh

"2=O0QE "2=O0E "2=QO0QE DGM1 U2 G1Z1

Zkroh Shulrg

\ +4, 31333 31333 31333 31439 418;8
\ +8, 31333 31333 31333 31453 41;46
\ +43, 31333 31333 31333 313;8 41;:3

Iluvw Shulrg

\ +4, 31333 31548 31333 31375 418;;
\ +8, 31333 31677 31333 31387 41:;9
\ +43, 31333 31333 31333 3136; 41;7<

Vhfrqg Shulrg

\ +4, 31367 31479 313;6 31378 418;<
\ +8, 31333 31467 31333 31389 41:;7
\ +43, 31333 31333 31333 3134: 41;8;

Wklug Shulrg

\ +4, 3134: 31365 31356 313;4 418;7
\ +8, 313<: 31483 31365 313;7 41:<7
\ +43, 31573 314:3 31696 3134< 41;;5

Irxuwk Shulrg

\ +4, 31333 31333 31333 313<7 418;:
\ +8, 31333 31333 31333 31448 41;48
\ +43, 31333 31333 31333 31397 41;<4

�b



Wdeoh YL

Wzr0Idfwru Prghov

Zh hvwlpdwh wkh prgho

\|+�, @ p�+[�|, .p2+[2|, . �|

zkhuh \|+�, ghqrwhv wkh vsrw udwh ri pdwxulw| 4/ 8/ ru 43 |hduv> [�| lv wkh _idfwru=% wkh Ohyho/ Vorsh/ ru
Fxuydwxuh ri wkh vsrw fxuyh1 p�+[�, lv wkh vxp ri Irxulhu wudqvirupv

p�+[�|, @ ��f . ���[�| . ��2[
2
�| .

2[
�'�

^��� frv+m[�|, . ��� vlq+m[�|,`

Wkh prgho lv hvwlpdwhg lq �uvw gl�huhqfhv1 Xqghu _"2=O% zh uhsruw wkh s0ydoxh iru wkh fkl0vtxduh vwdwlvwlf
ri wkh qxoo k|srwkhvlv ri olqhdulw| lq erwk idfwruv1 Xqghu _"2=O4% zh uhsruw wkh s0ydoxh iru wkh qxoo
k|srwkhvlv ri olqhdulw| lq wkh �uvw/ exw qrw wkh vhfrqg idfwru1 Xqghu _"2=O5% zh uhsruw wkh s0ydoxh iru
wkh qxoo k|srwkhvlv ri olqhdulw| lq wkh vhfrqg/ exw qrw wkh �uvw idfwru1 Xqghu _"2=QO4% zh uhsruw wkh
s0ydoxh iru wkh qxoo k|srwkhvlv ri qrq0olqhdu rqh0idfwru +wkh �uvw idfwru, prgho1 Lq doo whvwv/ wkh vwdwlvwlfv
duh fdofxodwhg edvhg rq wkh Zklwh +4<;3, fruuhfwlrq1 _DGM1 U2% lv wkh dgmxvwhg U0vtxduh1 _G1Z1% lv wkh
Gxuelq0Zdwvrq vwdwlvwlf1 Wkh vdpsoh shulrg lv Mxqh 4<940Ghfhpehu 4<<81

"2=O "2=O4 "2=O5 "2=QO4 DGM1 U2 G1Z1

Ohyho dqg Vorsh

\ +4, 31333 3134: 31338 31333 31;4: 5135:
\ +8, 31333 31333 31386 31333 31<5< 515<4
\ +43, 31333 31333 3134; 31333 31<:: 5169:

Ohyho dqg Fxuydwxuh

\ +4, 31358 31;3: 31338 31333 31<3: 515;3
\ +8, 31333 3173: 31338 31333 31943 41<89
\ +43, 31333 316:8 31333 31333 31663 41<:5

ef



Wdeoh YLL

Wkuhh0Idfwru Prgho

Zh hvwlpdwh wkh prgho

\|+�, @ p�+[�|, .p2+[2|, .p�+[�|, . �|

zkhuh \|+�, ghqrwhv wkh vsrw udwh ri pdwxulw| 4/ 8/ dqg 43 |hduv> [�| lv wkh l0wk _idfwru=% wkh Ohyho/ Vorsh/
ru Fxuydwxuh ri wkh vsrw fxuyh1 p�+[�, lv wkh vxp ri Irxulhu wudqvirupv

p�+[�|, @ ��f . ���[�| . �2�2[
2
�| .

2[
�'�

^��� frv+m[�|, . ��� vlq+m[�|,`

Wkh prgho lv hvwlpdwhg lq �uvw gl�huhqfhv1 Xqghu _"2=O% zh uhsruw wkh s0ydoxh iru wkh fkl0vtxduh vwdwlvwlf
ri wkh qxoo k|srwkhvlv ri olqhdulw| lq doo wkuhh idfwruv1 Xqghu _"2=O40O5% zh uhsruw wkh s0ydoxh iru wkh
qxoo k|srwkhvlv ri olqhdulw| lq wkh �uvw wzr idfwruv +wkh Ohyho dqg wkh Vorsh,/ exw qrw wkh wklug idfwru
+wkh Fxuydwxuh,1 Xqghu _"2=O40O6% zh uhsruw wkh s0ydoxh iru wkh qxoo k|srwkhvlv ri olqhdulw| lq wkh �uvw
dqg wklug idfwru +wkh Ohyho dqg wkh Fxuydwxuh,/ exw qrw wkh vhfrqg idfwru +wkh Vorsh,1 Xqghu _"2=QO40
QO5% zh uhsruw wkh s0ydoxh iru wkh qxoo k|srwkhvlv ri qrq0olqhdu wzr0idfwru +Ohyho dqg Vorsh, prgho1 Xqghu
_"2=QO40QO6% zh uhsruw wkh s0ydoxh iru wkh qxoo k|srwkhvlv ri qrq0olqhdu wzr0idfwru +Ohyho dqg Fxuydwxuh,
prgho1 Lq doo whvwv/ wkh vwdwlvwlfv duh fdofxodwhg edvhg rq wkh Zklwh +4<;3, fruuhfwlrq1 _DGM1 U2% lv wkh
dgmxvwhg U0vtxduh1 _G1Z1% lv wkh Gxuelq0Zdwvrq vwdwlvwlf1 Wkh vdpsoh shulrg lv Mxqh 4<940Ghfhpehu
4<<81

"2=O "2=O40O5 "2=O40O6 "2=QO40QO5 "2=QO40QO6 DGM1 U2 G1Z1

\ +4, 31458 31468 31649 31333 31333 31<84 51656
\ +8, 31333 31333 31333 31333 31333 31<:; 51764
\ +43, 31333 31333 3133: 31333 31333 31<:; 517::

e�



Wdeoh YLLL

Qrq0Qhvwhg Whvwv

Zh whvw wkh k|srwkhvlv ri wzr0idfwru olqhdu prgho +O5,

\|+�, @ �f . ��[�| . �2[2| . �|

djdlqvw wkh qrq0qhvwhg k|srwkhvlv ri rqh0idfwru qrq0olqhdu prgho +QO4,

\|+�, @ p�+[�|, . �|

\|+�, ghqrwhv wkh vsrw udwh ri pdwxulw| 4/ 8/ ru 43 |hduv> [�| lv wkh Ohyho dqg [2| lv wkh Vorsh1 p�+[�, lv
wkh vxp ri Irxulhu wudqvirupv

p�+[�|, @ ��f . ���[�| . ��2[
2
�| .

2[
�'�

^��� frv+m[�|, . ��� vlq+m[�|,`

Vlploduo|/ zh whvw wkh k|srwkhvlv ri wkuhh0idfwru olqhdu prgho +O6,

\|+�, @ �f . ��[�| . �2[2| . �2[�| . �|

djdlqvw wkh qrq0qhvwhg k|srwkhvlv ri wzr0idfwru qrq0olqhdu prgho +QO5,

\|+�, @ p�+[�|, .p�+[2|, . �|

Doo prghov duh hvwlpdwhg lq �uvw gl�huhqfhv1 Zh uhsruw wkh frh�flhqwv dqg w0udwlrv +lq sduhqwkhvhv, iurp
d uhjuhvvlrq rq wkh �wwhg ydoxhv ri wkh wzr frpshwlqj prghov1 Lq doo whvwv/ wkh vwdwlvwlfv duh fdofxodwhg
edvhg rq wkh Zklwh +4<;3, fruuhfwlrq1 _DGM1 U2% lv wkh dgmxvwhg U0vtxduh1 _G1Z1% lv wkh Gxuelq0Zdwvrq
vwdwlvwlf1 Wkh vdpsoh shulrg lv Mxqh 4<940Ghfhpehu 4<<81

frqvwdqw QO4 O5 QO5 O6 DGM1 U2 G1Z1

\ +4, 031333 31384 31<89 31;3< 51379
+031367, +31<<7, +4<175<,

31333 3134: 31<;8 31<7< 5163:
+3137;, +31977, +6<16<8,

\ +8, 031333 3134< 31<<5 31<59 515<8
+031464, +31:93, +8715:3,

031333 31375 31<93 31<:9 51794
+031469, +413;:, +591:44,

\ +43, 31333 031337 41334 31<:8 516;:
+31464, +0315;:, +<<1396,

31333 31465 31;9; 31<;8 5183:
+31467, +515:8, +471397,

e2



Wdeoh L[

Khgjlqj

Zh frqvwuxfw d sruwirolr ri wkuhh erqgv= d rqh0|hdu/ d �yh0|hdu/ dqg d whq0|hdu }hur0frxsrq erqg1 Wkh
wkuhh zhljkwv ri wkh sruwirolr plqlpl}h wkh yduldqfh ri wkh zhhno| h{fhvv uhwxuq rq wkh sruwirolr1 Lq wkh
d�qh fdvh wkh rswlpdo zhljkwv duh frqvwdqw/ zkloh lq wkh qrq0olqhdu fdvh wkh zhljkwv duh ixqfwlrqv ri wkh
Ohyho dqg Vorsh idfwruv1 Lq wkh qrq0olqhdu fdvh/ zh prgho wkh zhljkw ri wkh � 0pdwxulw| erqg lq wkh sruwirolr
dv

z+[�c|> [2c|�, @ !f+�, .
2[
�'�

D[
�'�

!��+�,S��+[�|,

zkhuh m lv d m0wk rughu Ohjhqguh sro|qrpldo1 _UHWD% lv wkh h{fhvv uhwxuq rq wkh �yh0|hdu erqg1 _UHW�u%
lv wkh h{fhvv uhwxuq rq wkh khgjhg sruwirolr zlwk frqvwdqw zhljkwv1 _UHW��u% lv wkh h{fhvv uhwxuq rq wkh
khgjhg sruwirolr zlwk wlph0ydu|lqj zhljkwv1 Xqghu _O% zh uhsruw wkh s0ydoxh ri wkh I0vwdwlvwlf ri wkh wzr
zhljkwv ehlqj frqvwdqw lq erwk idfwruv +d�qh fdvh,1 Xqghu _O4% zh uhsruw wkh s0ydoxh ri wkh I0vwdwlvwlf
ri wkh wzr zhljkwv ehlqj frqvwdqw lq wkh Ohyho1 Xqghu _O5% zh uhsruw wkh s0ydoxh ri wkh I0vwdwlvwlf ri wkh
wzr zhljkwv ehlqj frqvwdqw lq wkh Vorsh1 Wkh vdpsoh shulrg lv Mxqh 4<940Ghfhpehu 4<<81

Vxppdu| Vwdwlvwlfv

Phdq Vwg1

UHWD :18364 913653
UHW�u 31;587 413894
UHW��u 31;499 31<;49

Whvwv

O4 O5 O

31333 31333 31333

e�



Iljxuh 4

Vsrw0Fxuyh Wlph Vhulhv1 Iljxuh 4 glvsod|v wkh ehkdylru ri wkuhh vsrw fxuyh lqglfdwruv= Wkh Ohyho
ri wkh vsrw fxuyh/ dv phdvxuhg e| wkh wkuhh0prqwk udwh1 Wkh Vorsh ri wkh vsrw fxuyh/ dv phdvxuhg e| wkh
vsuhdg ehwzhhq wkh hljkw0|hdu dqg wkh wkuhh0prqwk udwh1 Wkh Fxuydwxuh ri wkh vsrw fxuyh/ dv phdvxuhg
e| wkh gl�huhqfh ehwzhhq wzr vsuhdgv= wkh vsuhdg ehwzhhq wkh hljkw0 dqg wzr0|hdu udwh dqg wkh vsuhdg
ehwzhhq wkh wzr0|hdu dqg wkuhh0prqwk udwh1 Wkh vdpsoh shulrg lv Mxqh 4<940Ghfhpehu 4<<81

ee



Iljxuh 5

Dyhudjh Vsrw Fxuyhv1 Iljxuh 5 glvsod|v wkh dyhudjh vsrw fxuyhv iru wkh irxu vxeshulrgv= Mxqh 4<940
Dxjxvw 4<:4/ Vhswhpehu 4<:40Vhswhpehu 4<:</ Rfwrehu 4<:<0Vhswhpehu 4<;5/ dqg Rfwrehu 4<;50Ghfhpehu
4<<61 Zh uhsruw wkh phdq udwh wrjhwkhu zlwk rqh0vwdqgdug huuru edqgv1

eD



Iljxuh 6

Wkh Whq0\hdu Udwh dqg wkh Ohyho1 Iljxuh 6 ghvfulehv wkh mrlqw ehkdylru ri wkh whq0|hdu udwh dqg
wkh Ohyho +wkh wkuhh0prqwk udwh,1 Wkh �jxuhv lq wkh frqwrxu pds ghqrwh wkh shufhqwdjh ri revhuydwlrqv
zklfk olh rxwvlgh wkdw frqwrxu1 Wkh vdpsoh shulrg lv Mxqh 4<940Ghfhpehu 4<<81

eS



Iljxuh 7

Wkh Whq0\hdu Udwh dqg wkh Vorsh1 Iljxuh 7 ghvfulehv wkh mrlqw ehkdylru ri wkh whq0|hdu udwh
dqg wkh Vorsh +wkh vsuhdg ehwzhhq wkh hljkw0|hdu dqg wkh wkuhh0prqwk udwh,1 Wkh �jxuhv lq wkh frqwrxu
pds ghqrwh wkh shufhqwdjh ri revhuydwlrqv zklfk olh rxwvlgh wkdw frqwrxu1 Wkh vdpsoh shulrg lv Mxqh
4<940Ghfhpehu 4<<81

e.



Iljxuh 8

Wkh Whq0\hdu Udwh dqg wkh Fxuydwxuh1 Iljxuh 8 ghvfulehv wkh mrlqw ehkdylru ri wkh whq0|hdu udwh
dqg wkh Fxuydwxuh +wkh gl�huhqfh ehwzhhq wkh hljkw0|hdu0wzr0|hdu dqg wkh wzr0|hdu0wkuhh0prqwk vsuhdgv,1
Wkh �jxuhv lq wkh frqwrxu pds ghqrwh wkh shufhqwdjh ri revhuydwlrqv zklfk olh rxwvlgh wkdw frqwrxu1 Wkh
vdpsoh shulrg lv Mxqh 4<940Ghfhpehu 4<<81
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Iljxuh 9

Wkh Whq0\hdu Udwh dqg wkh Wkuhh Idfwruv= Zkroh Shulrg1 Iljxuh 9 suhvhqwv wkh hvwlpdwhg
uhodwlrq ehwzhhq wkh whq0|hdu udwh dqg wkh wkuhh vsrw0fxuyh idfwruv1 Zh xvh vhpl0qrqsdudphwulf vshfl�fd0
wlrqv= l, sro|qrpldo/ ll, Irxulhu wudqvirupv +IIW,/ lll, Ohjhqguh sro|qrpldov1 Wkh uljkw0kdqg sdqho vkrzv
wkh hvwlpdwhg uhodwlrqv rewdlqhg xvlqj d nhuqho uhjuhvvlrq dssurdfk iru gl�huhqw ydoxhv ri wkh edqg0zlgwk1
kW ghqrwhv wkh rswlpdo edqg0zlgwk fdofxodwhg xqghu wkh dvvxpswlrq ri qr vhuldo fruuhodwlrq lq wkh uhvlgxdov1
Wkh vdpsoh shulrg lv Mxqh 4<940Ghfhpehu 4<<81

eb



Iljxuh :

Wkh Whq0\hdu Udwh dqg wkh Wkuhh Idfwruv= Iluvw Shulrg1 Iljxuh : suhvhqwv wkh hvwlpdwhg uhod0
wlrq ehwzhhq wkh whq0|hdu udwh dqg wkh wkuhh vsrw0fxuyh idfwruv1 Zh xvh vhpl0qrqsdudphwulf vshfl�fdwlrqv=
l, sro|qrpldo/ ll, Irxulhu wudqvirupv +IIW,/ lll, Ohjhqguh sro|qrpldov1 Wkh uljkw0kdqg sdqhov vkrzv wkh
hvwlpdwhg uhodwlrqv rewdlqhg xvlqj d nhuqho uhjuhvvlrq dssurdfk iru gl�huhqw ydoxhv ri wkh edqg0zlgwk1 kW

ghqrwhv wkh rswlpdo edqg0zlgwk fdofxodwhg xqghu wkh dvvxpswlrq ri qr vhuldo fruuhodwlrq lq wkh uhvlgxdov1
Wkh vdpsoh shulrg lv Mxqh 4<940Dxjxvw 4<:41
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Iljxuh ;

Fruuhfwlqj iru Vhuldo Fruuhodwlrq1 Iljxuh ; suhvhqwv wkh gl�huhqfh ehwzhhq wkh qrq0olqhdu dqg wkh
olqhdu prghov iru wkh whq0|hdu/ �yh0|hdu/ dqg rqh0|hdu udwhv1 Wkh hvwlpdwlrq lv grqh lq �uvw gl�huhqfhv
dqg wkh vhpl0qrqsdudphwulf vshfl�fdwlrq xvhv vxpv ri Irxulhu wudqvirupv1 Wkh vdpsoh shulrg lv Mxqh
4<940Ghfhpehu 4<<81
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Iljxuh <

Zhljkwv ri Khgjhg Sruwirolr1 Iljxuh < suhvhqwv wkh ehkdylru ri wkh wzr zhljkwv ri wkh plqlpxp0
yduldqfh sruwirolr1 Wkh wkuhh sdqhov rq wkh ohiw suhvhqw wkh zhljkw ri wkh rqh0|hdu erqg1 Wkh wkuhh sdqhov
rq wkh uljkw suhvhqw wkh zhljkw ri wkh whq0|hdu erqg1 Wkh wrs wzr sdqhov suhvhqw wkh wlph0vhulhv ehkdylru
ri wkh wzr zhljkwv1 Wkh lqwhuphgldwh wzr sdqhov suhvhqw wkh ehkdylru ri wkh wzr zhljkwv djdlqvw wkh
uhdol}dwlrqv ri wkh Ohyho1 Wkh erwwrp wzr sdqhov suhvhqw wkh ehkdylru ri wkh wzr zhljkwv djdlqvw wkh
uhdol}dwlrqv ri wkh Vorsh1
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