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Devwudfw

Lq d uhfhqw sdshu/ Edl dqg Shuurq +4<<;, frqvlghuhg wkhruhwlfdo lvvxhv uhodwhg wr wkh

olplwlqj glvwulexwlrq ri hvwlpdwruv dqg whvw vwdwlvwlfv lq wkh olqhdu prgho zlwk pxowlsoh

vwuxfwxudo fkdqjhv1 Zh dvvhvv/ yld vlpxodwlrqv/ wkh dghtxdf| ri wkh ydulrxv phwkrgv

vxjjhvwhg1 Wkhvh fryhu wkh vl}h dqg srzhu ri whvwv iru vwuxfwxudo fkdqjhv/ wkh fryhudjh

udwhv ri wkh frq�ghqfh lqwhuydov iru wkh euhdn gdwhv dqg wkh uhodwlyh phulwv ri phwkrgv

wr vhohfw wkh qxpehu ri euhdnv1 Wkh ydulrxv gdwd jhqhudwlqj surfhvvhv frqvlghuhg doorz

iru jhqhudo frqglwlrqv rq wkh gdwd dqg wkh huuruv lqfoxglqj gl�huhqfhv dfurvv vhjphqwv1

Ydulrxv sudfwlfdo uhfrpphqgdwlrqv duh pdgh1

MHO Fodvvl�fdwlrq Qxpehu= F531

Nh|zrugv= fkdqjh0srlqw/ vhjphqwhg uhjuhvvlrqv/ euhdn gdwhv/ k|srwkhvlv whvwlqj/

prgho vhohfwlrq1

�
Mxvkdq Edl dfnqrzohgjhv �qdqfldo vxssruw iurp wkh Qdwlrqdo Vflhqfh Irxqgdwlrq xqghu Judqw

VEU<:3<83;1 Dgguhvv iru fruuhvsrqghqfh= Slhuuh Shuurq/ Ghsduwphqw ri Hfrqrplfv/ Ervwrq Xqlyhuvlw|/

5:3 Ed| Vwdwh Urdg/ Ervwrq/ 35548/ XVD +h0pdlo= shuurqCex1hgx,1
|Ghsduwphqw ri Hfrqrplfv/ Ervwrq Froohjh/ Fkhvwqxw Kloo/ PD/ 3579: +mxvkdq1edlCef1hgx,1
}Ghsduwphqw ri Hfrqrplfv/ Ervwrq Xqlyhuvlw|/ 5:3 Ed| Vwdwh Ug1/ Ervwrq/ PD/ 35548 +shuurqCex1hgx,1
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Wdeoh 4= Vl}h ri wkh whvwv dqg suredelolwlhv ri vhohfwlqj euhdnv

GJS04 GJS05 GJS06

� =38 =43 =48 =53 =58 =38 =43 =48 =53 =58 =38 =43 =48 =53 =58

frubx @ 3> khwbx @ 3

vxsI +4, 138 137 138 137 137 138 137 138 138 138 138 139 13: 138 139

vxsI +5, 138 138 138 137 137 137 137 137 138 138 139 13: 13; 13: 139

vxsI +6, 138 138 137 136 138 138 137 138 13< 13< 13; 13:

vxsI +7, 139 138 137 13: 139 137 145 144 13;

vxsI +8, 139 138 137 13; 13: 136 148 145 13:

XGPD[ 138 137 138 137 137 138 137 138 138 138 139 139 13: 139 13:

ZGPD[ 139 138 137 137 137 139 138 138 138 138 143 13< 13< 13: 139

Vhtxd� Su^p @ 3` 1<8 1<9 1<8 1<9 1<9 1<8 1<9 1<8 1<8 1<8 1<8 1<8 1<7 1<8 1<7

Vhtxd� Su^p @ 4` 138 137 138 137 137 138 137 138 138 138 138 138 139 138 139

Vhtxd� Su^p @ 5` 133 133 133 133 133 133 133 133 133 133 133 133 133 133 133

frubx @ 3> khwbx @ 4
vxsI +4, 143 139 139 138 137 149 13; 13: 139 138 14; 143 143 13: 13:

vxsI +5, 157 144 13; 139 139 168 147 13< 139 139 173 155 147 143 13;

vxsI +6, 157 144 13: 138 175 14: 13; 13: 17< 159 147 144

vxsI +7, 15< 144 13: 17; 14< 13; 18< 15< 148

vxsI +8, 164 145 139 186 14; 13: 198 163 146

XGPD[ 15: 143 139 138 137 179 147 13; 139 139 184 14: 146 13< 13;

ZGPD[ 166 145 13: 139 138 18: 14< 143 13: 139 199 15: 149 143 13;

Vhtxd� Su^p @ 3` 1<3 1<7 1<7 1<8 1<9 1;8 1<5 1<6 1<7 1<8 1;5 1<3 1<3 1<6 1<6

Vhtxd� Su^p @ 4` 13< 139 139 138 137 147 13; 13: 139 138 149 13< 13< 13: 13:

Vhtxd� Su^p @ 5` 134 133 133 133 133 134 133 133 133 133 135 134 134 133 133

frubx @ 4> khwbx @ 3
vxsI +4, 139 139 139 138 138 13; 139 139 13: 13:

vxsI +5, 13; 13; 13: 139 139 143 13< 13< 13; 13;

vxsI +6, 144 143 13; 138 147 145 143 13;

vxsI +7, 148 145 13; 14; 149 143

vxsI +8, 154 147 13: 156 153 143

XGPD[ 13; 13: 13: 139 138 145 13< 13; 13; 13:

ZGPD[ 147 144 13; 139 138 154 14: 144 13< 13:

Vhtxd� Su^p @ 3` 1<7 1<8 1<7 1<8 1<8 1<5 1<7 1<6 1<6 1<6

Vhtxd� Su^p @ 4` 139 138 139 138 138 13: 139 13: 13: 13:

Vhtxd� Su^p @ 5` 133 133 133 133 133 134 133 133 133 133

frubx @ 4> khwbx @ 4
vxsI +4, 145 13; 13: 138 138 158 147 144 143 13;

vxsI +5, 15< 147 143 13: 13: 187 164 14< 146 143

vxsI +6, 165 148 143 13: 198 16< 155 148

vxsI +7, 16: 149 13< 1:8 177 158

vxsI +8, 16< 149 13< 1;4 17; 157

XGPD[ 169 147 13< 13: 138 1:: 168 14; 145 13<

ZGPD[ 176 14: 143 13: 139 1;9 17< 157 148 143

Vhtxd� Su^p @ 3` 1;; 1<5 1<6 1<8 1<8 1:8 1;9 1;< 1<3 1<5

Vhtxd� Su^p @ 4` 144 13; 13: 138 138 154 146 144 143 13;

Vhtxd� Su^p @ 5` 134 133 133 133 133 137 134 133 133 133

ELF � Su^p @ 3` 1<7 1<9 1<: 1<; 1<; 1<: 1<; 1<< 1<< 1<< 1<: 1<; 1<; 1<; 1<<

ELF � Su^p @ 4` 137 136 136 135 135 136 135 134 134 134 136 135 135 135 134

ELF � Su^p @ 5` 135 134 133 133 133 133 133 133 133 133 133 133 133 133 133

OZ] � Su^p @ 3` 413 413 413 413 413 413 413 413 413 413 413 413 413 413 413

OZ] � Su^p @ 4` 133 133 133 133 133 133 133 133 133 133 133 133 133 133 133

OZ] � Su^p @ 5` 133 133 133 133 133 133 133 133 133 133 133 133 133 133 133



Wdeoh 4 +frqw*g,= Vl}h ri wkh whvwv dqg suredelolwlhv ri vhohfwlqj euhdnv

GJS07 GJS08 GJS09

� =38 =43 =48 =53 =58 =38 =43 =48 =53 =58 =38 =43 =48 =53 =58

frubx @ 3> khwbx @ 3

vxsI +4, 185 185 183 177 177 157 157 157 154 153 133 133 133 133 133

vxsI +5, 1;5 1:: 19< 18< 186 175 16; 167 15< 157 133 133 133 133 133

vxsI +6, 1<3 1;7 1:7 193 184 177 16< 163 133 133 133 133

vxsI +7, 1<7 1;; 1:8 193 17< 16< 133 133 133

vxsI +8, 1<8 1;< 1:4 19: 186 169 133 133 133

XGPD[ 1;4 1:6 197 186 17< 16; 166 164 158 156 133 133 133 133 133

ZGPD[ 1<5 1;8 1:6 18< 186 188 179 16; 15; 157 133 133 133 133 133

Vhtxd� Su^p @ 3` 17; 17; 183 189 189 1:9 1:9 1:9 1:< 1;3 413 413 413 413 413

Vhtxd� Su^p @ 4` 15< 164 166 164 168 14; 14; 154 14; 14; 133 133 133 133 133

Vhtxd� Su^p @ 5` 149 148 147 145 13< 138 138 136 136 135 133 133 133 133 133

frubx @ 3> khwbx @ 4
vxsI +4, 194 18; 185 179 177 168 163 15; 155 154 134 133 133 133 133

vxsI +5, 1<5 1;7 1:5 195 189 1:3 184 174 164 15: 137 133 133 133 133

vxsI +6, 1<9 1;< 1:: 197 1:9 18: 178 166 135 133 133 133

vxsI +7, 1<; 1<5 1:; 1;7 196 179 136 133 133

vxsI +8, 1<< 1<6 1:9 1;: 198 176 135 133 133

XGPD[ 1<9 1;7 1:3 18: 184 1:: 17< 16; 15: 157 137 133 133 133 133

ZGPD[ 1<; 1<5 1:; 195 188 1;8 195 179 164 15: 137 133 133 133 133

Vhtxd� Su^p @ 3` 16< 175 17; 188 189 198 1:3 1:6 1:; 1:< 1<< 413 413 413 413

Vhtxd� Su^p @ 4` 15: 165 166 165 168 156 156 156 14< 14< 134 133 133 133 133

Vhtxd� Su^p @ 5` 154 14; 148 145 13< 13< 139 137 136 135 133 133 133 133 133

frubx @ 4> khwbx @ 3
vxsI +4, 13: 13; 13; 13: 13: 13< 13; 143 13; 13; 136 136 136 136 136

vxsI +5, 145 147 145 143 13< 148 149 147 145 144 138 137 137 136 136

vxsI +6, 155 154 149 143 158 155 14: 145 13: 139 137 136

vxsI +7, 167 15; 14: 16; 15< 14; 144 13; 138

vxsI +8, 179 165 148 17: 165 14: 148 13< 137

XGPD[ 14; 147 144 13; 13; 14; 147 145 143 13; 137 136 136 136 136

ZGPD[ 168 15: 148 144 13; 169 159 14: 145 143 13< 139 138 136 136

Vhtxd� Su^p @ 3` 1<6 1<5 1<5 1<6 1<6 1<4 1<5 1<4 1<5 1<6 1<: 1<: 1<: 1<: 1<:

Vhtxd� Su^p @ 4` 139 13; 13; 139 13: 13; 13; 13< 13; 13: 136 136 136 136 136

Vhtxd� Su^p @ 5` 134 133 133 133 133 134 133 133 133 133 133 133 133 133 133

frubx @ 4> khwbx @ 4
vxsI +4, 155 148 146 13; 13; 14; 146 144 13< 13; 137 135 135 135 135

vxsI +5, 189 169 156 147 145 184 15; 14< 146 144 144 137 136 135 135

vxsI +6, 197 174 159 148 189 164 154 146 143 136 135 135

vxsI +7, 1:9 17: 15; 198 167 154 144 136 135

vxsI +8, 1;5 184 15; 1:3 16: 14< 143 136 135

XGPD[ 1:8 16< 157 144 13< 195 159 14: 144 13< 144 136 135 135 135

ZGPD[ 1;7 185 164 148 144 1:5 169 154 146 144 147 137 136 135 135

Vhtxd� Su^p @ 3` 1:; 1;8 1;: 1<5 1<6 1;5 1;: 1;< 1<5 1<5 1<9 1<; 1<; 1<; 1<;

Vhtxd� Su^p @ 4` 14: 147 145 13; 13: 148 145 144 13; 13; 137 135 135 135 135

Vhtxd� Su^p @ 5` 137 134 134 133 133 136 134 133 133 133 133 133 133 133 133

ELF � Su^p @ 3` 154 166 178 18; 196 195 1:4 1:: 1;7 1;: 413 413 413 413 413

ELF � Su^p @ 4` 144 153 158 156 159 146 146 148 145 144 133 133 133 133 133

ELF � Su^p @ 5` 154 157 155 14: 144 148 145 13: 137 135 133 133 133 133 133

OZ] � Su^p @ 3` 1;5 1;7 1;: 1<3 1<5 1<: 1<; 1<; 1<; 1<< 413 413 413 413 413

OZ] � Su^p @ 4` 145 143 143 13; 13: 136 135 135 135 134 133 133 133 133 133

OZ] � Su^p @ 5` 138 138 136 134 134 133 133 133 133 133 133 133 133 133 133



Wdeoh 81d= Srzhu ri wkh whvwv dqg euhdn vhohfwlrq zkhq p @ 5=

Gl�huhqw glvwulexwlrqv iru wkh huuruv dqg gdwd dfurvv vhjphqwv> fru x @ 3> %@ =481

Fdvh 4 zlwk � 4 @ 4> �5 @ 4=8> �6 @ =8 dqg � 4 @ 3> �5 @ =8> �6 @ �=8=

Whvwv +suredelolw| ri uhmhfwlrq, Suredelolw| ri vhohfwlqj n euhdnv Fryhudjh

vxs I +n, vxs I +c. 4mc, Vhtxd ELF OZ] Udwh <8(

Ydoxhv Vshfl�fdwlrqv
4

4 5 6 5m4 6m5 3 4 5 3 4 5 3 4 5 &4 &5

d, W@ 453 xqfruuhfwhg 413 413 413 1<4 135 133 13< 1;< 133 13; 1;< 134 18: 175 1<3 1<9

� 5

4
@ 4> �5

5
@ 5> �5

6
@ 4

)4 @ 4> )5 @ 5> )6 @ 4 fruuhfwhg 413 413 413 1<7 134 133 139 1<5 1;< 1<9

e, W@ 573 xqfruuhfwhg 413 413 413 413 135 133 133 1<; 133 133 1<; 133 153 1;3 1<6 1<9

� 5

4
@ 4> �5

5
@ 5> �5

6
@ 4

)4 @ 4> )5 @ 5> )6 @ 4 fruuhfwhg 413 413 413 413 135 133 133 1<; 1<6 1<:

f, W@ 453 xqfruuhfwhg 413 413 413 1:; 135 133 155 1:: 133 154 1:9 134 1:8 156 1;6 1<7

� 5

4
@ 4> �5

5
@ 5> �5

6
@ 4

)4 @ 4> )5 @ 7> )6 @ 4 fruuhfwhg 413 413 413 1;< 135 133 144 1;: 1;< 1<9

g, W@ 573 xqfruuhfwhg 413 413 413 1<< 135 133 134 1<; 133 135 1<: 133 177 189 1;: 1<:

� 5

4
@ 4> �5

5
@ 5> �5

6
@ 4

)4 @ 4> )5 @ 7> )6 @ 4 fruuhfwhg 413 413 413 413 134 133 133 1<< 1<5 1<;

h, W@ 453 xqfruuhfwhg 413 413 413 1:3 135 133 163 19; 133 155 1:6 13< 19; 156 1;7 1<6

� 5

4
@ 4> �5

5
@ 7> �5

6
@ 4

)4 @ 4> )5 @ 5> )6 @ 4 fruuhfwhg 413 413 413 1:9 135 133 157 1:8 1;: 1<7

i, W@ 573 xqfruuhfwhg 413 413 413 1<: 135 133 136 1<9 133 136 1<6 133 187 179 1;; 1<7

� 5

4
@ 4> �5

5
@ 7> �5

6
@ 4

)4 @ 4> )5 @ 5> )6 @ 4 fruuhfwhg 413 413 413 1<; 135 133 135 1<: 1<3 1<9

j, W@ 453 xqfruuhfwhg 413 413 413 187 136 133 179 186 133 169 18< 13< 1;3 144 1:< 1<6

� 5

4
@ 4> �5

5
@ 7> �5

6
@ 4

)4 @ 4> )5 @ 7> )6 @ 4 fruuhfwhg 413 413 413 1;3 137 133 14< 1:< 1;9 1<7

k, W@ 573 xqfruuhfwhg 413 413 413 1<4 135 133 13< 1<3 133 13< 1;9 133 1:: 156 1;; 1<:

� 5

4
@ 4> �5

5
@ 7> �5

6
@ 4

)4 @ 4> )5 @ 7> )6 @ 4 fruuhfwhg 413 413 413 1<; 136 133 134 1<9 1<3 1<:

Qrwh=
4
Xqfruuhfwhg phdqv xvlqj khw} @ 4 dqg khwx @ 3 lq wkh frqvwuxfwlrq ri wkh whvwv dqg khw} @ 3/ khwx @ 3 lq wkh

frqvwuxfwlrq ri wkh frq�ghqfh lqwhuydov1 Fruuhfwhg phdqv wkdw khw} @ 4 dqg khwx @ 4 iru wkh frqvwuxfwlrq ri wkh whvwv dqg wkh

frq�ghqfh lqwhuydov1



Wdeoh 81e= Srzhu ri wkh whvwv dqg euhdn vhohfwlrq zkhq p @ 5=

Gl�huhqw glvwulexwlrqv iru wkh huuruv dqg gdwd dfurvv vhjphqwv> fru x @ 3> % @ =531

Fdvh 4 zlwk �4 @ 4> �5 @ 4=8> �6 @ 5 dqg �4 @ 3> �5 @ =8> �6 @ 4

Whvwv +suredelolw| ri uhmhfwlrq, Suredelolw| ri vhohfwlqj n euhdnv Fryhudjh

vxsI +n, vxsI +c. 4mc, Vhtxd ELF OZ] Udwh <8(

Ydoxhv Vshfl�fdwlrqv
4

4 5 6 5m4 6m5 3 4 5 3 4 5 3 4 5 &4 &5

d, W @ 453 Xqfruuhfwhg 413 413 413 1:6 133 133 15: 1:6 133 15; 1:5 134 1<4 13< 1<5 1<4

�5
4
@ 4> �5

5
@ 5> �5

6
@ 4

)4 @ 4> )5 @ 5> )6 @ 4 Fruuhfwhg 413 413 413 1:; 133 133 155 1:: 1<4 1<3

e, W @ 573 Xqfruuhfwhg 413 413 413 413 133 133 134 1<; 133 134 1<< 133 179 187 1<7 1<7

�5
4
@ 4> �5

5
@ 5> �5

6
@ 4

)4 @ 4> )5 @ 5> )6 @ 4 Fruuhfwhg 413 413 413 413 133 133 133 1<; 1<7 1<7

f, W @ 453 Xqfruuhfwhg 413 413 413 196 133 133 16: 196 133 16< 194 133 1<8 138 1;6 1;8

�5
4
@ 4> �5

5
@ 5> �5

6
@ 4

)4 @ 4> )5 @ 7> )6 @ 4 Fruuhfwhg 413 413 413 1:< 133 133 154 1:< 1<3 1<4

g, W @ 573 Xqfruuhfwhg 413 413 413 1<< 133 133 135 1<; 133 136 1<: 133 19< 164 1;; 1;<

�5
4
@ 4> �5

5
@ 5> �5

6
@ 4

)4 @ 4> )5 @ 7> )6 @ 4 Fruuhfwhg 413 413 413 1<< 133 133 134 1<; 1<6 1<5

h, W @ 453 Xqfruuhfwhg 413 413 413 15; 133 133 1:5 15; 133 19; 165 13; 1<4 134 1<3 1<4

�5
4
@ 4> �5

5
@ 7> �5

6
@ 4

)4 @ 4> )5 @ 5> )6 @ 4 Fruuhfwhg 413 413 413 173 135 133 193 173 1<5 1<5

i, W @ 573 Xqfruuhfwhg 413 413 413 1;: 133 133 146 1;: 133 148 1;8 133 1<7 139 1<5 1<4

�5
4
@ 4> �5

5
@ 7> �5

6
@ 4

)4 @ 4> )5 @ 5> )6 @ 4 Fruuhfwhg 413 413 413 1<4 133 133 13< 1<3 1<5 1<6

j, W @ 453 Xqfruuhfwhg 413 413 413 155 134 133 1:; 155 133 1:4 15; 139 1<6 134 1;7 1;7

�5
4
@ 4> �5

5
@ 7> �5

6
@ 4

)4 @ 4> )5 @ 7> )6 @ 4 Fruuhfwhg 413 413 413 193 135 133 173 193 1<3 1<3

k, W @ 573 Xqfruuhfwhg 413 413 413 1;5 133 133 14; 1;4 133 156 1:: 133 1<: 136 1;; 1;<

�5
4
@ 4> �5

5
@ 7> �5

6
@ 4

)4 @ 4> )5 @ 7> )6 @ 4 Fruuhfwhg 413 413 413 1<; 134 133 135 1<9 1<4 1<4

Qrwh=
4
Xqfruuhfwhg phdqv xvlqj khw } @ 4 dqg khw x @ 3 lq wkh frqvwuxfwlrq ri wkh whvwv dqg khw } @ 3/ khw x @ 3 lq wkh

frqvwuxfwlrq ri wkh frq�ghqfh lqwhuydov1 Fruuhfwhg phdqv wkdw khw } @ 4 dqg khw x @ 4 iru wkh frqvwuxfwlrq ri wkh whvwv dqg wkh

frq�ghqfh lqwhuydov1


