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Devwudfw

Lq wklv vwxg| zh vshfli| dqg hvwlpdwh d vwuxfwxudo prgho ri pxowlsurg0
xfw �upv iru wkh vhplfrqgxfwru lqgxvwu|1 Lq dgglwlrq/ zh h{solflwo| frqvlghu
g|qdplfv ryhu wkh surgxfw olih f|foh1 Zh �qg wkdw wkhvh wzr dvshfwv kdyh lp0
sruwdqw lpsolfdwlrqv dqg surylgh hylghqfh wkdw +l, Vslooryhu dqg Hfrqrplhv
ri Vfdoh h�hfwv duh orzhu iru pxowlsurgxfw �upv wkdq iru vlqjoh surgxfw �upv/
zkhuhdv Ohduqlqj e| Grlqj h�hfwv duh voljkwo| kljkhu1 Zh dovr �qg wkdw �upv
iroorz dq lqwhuwhpsrudo rxwsxw vwudwhj|1 Ixuwkhupruh/ zh surylgh hylghqfh
wkdw/ rqfh pxowlsurgxfw �upv duh lqwurgxfhg/ �upv ehkdyh dv li lq shuihfw frp0
shwlwlrq1 D vlqjoh surgxfw vshfl�fdwlrq ohdgv wr �upv ehkdylqj hyhq cvriwhu*
wkdq Frxuqrw sod|huv lq wkh surgxfw pdunhw1 Zh vkrz wkdw +ll, Ohduqlqj e|
Grlqj/ Hfrqrplhv ri Vfdoh/ dqg Vslooryhu h�hfwv ydu| ryhu wkh surgxfw f|foh1
Zh vshfli| d g|qdplf wkhruhwlfdo prgho dqg hvwlpdwh d g|qdplf vwuxfwxudo
prgho e| xvlqj txduwhuo| �up0ohyho rxwsxw dqg frvw gdwd dv zhoo dv lqgxvwu|
sulfhv iru wkh G|qdplf Udqgrp Dffhvv Phpru| +GUDP, lqgxvwu| iurp 4<:7
wr 4<<91
MHO= F4/ O4/ O9/ R61
Nh|zrugv= Pxowlsurgxfw Ilupv/ Ohduqlqj e| Grlqj/ Surgxfw Olih F|foh/
Hfrqrplhv ri Vfdoh/ Vslooryhuv/ Vhplfrqgxfwruv/ G|qdplfv1
Dfnqrzohgjphqwv= Wkh zrun rq wklv sdshu vwduwhg zkloh L zdv ylvlwlqj \doh
Xqlyhuvlw| dv d uhvhdufk ihoorz1 L zrxog olnh wr wkdqn Sdxo Jhurvnl/ Kdudog
Juxehu/ Eurqz|q Kdoo/ Glhwpdu Kdukr�/ Pduf Lydogl/ Dulho Sdnhv/ Pduwlq Sh0
vhqgruihu/ Oduv0Khqguln Urhoohu/ Pdujduhw Vodgh/ Iudqn Yhueryhq dqg N|rnr
Zdwdqdeh iru khosixo frpphqwv dqg vxjjhvwlrqv1
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5Wkh djuhhphqw uhtxluhg wkdw Mdsdqhvh surgxfhuv qrw vhoo dw d sulfh ehorz wkhlu frvw ri sur0
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6Dqrwkhu dvshfw ri cOhduqlqj e| Grlqj* lv wkh cRujdql}dwlrqdo Irujhwwlqj* k|srwkhvlv1 Zlwk
uhjdug wr wkh dluolqh lqgxvwu|/ Ehqndug +4<<;, irxqg hylghqfh wr vkrz wkdw d �up*v surgxfwlrq
h{shulhqfh ghsuhfldwhv ryhu wlph1

7Wkh olwhudwxuh rq pxowlsurgxfw frpshwlwlrq ru �upv lv forvho| uhodwhg wr pxowlpdunhw frqwdfw1
Exorz/ Jhdqdnrsorv/ dqg Nohpshuhu +4<;8, lqyhvwljdwh wkh h�hfwv ri frvw0 dqg ghpdqg0edvhg
olqndjhv dfurvv pdunhwv1 Ehuqkhlp dqg Zklqvwrq +4<<3, frqfhqwudwh rq olqndjhv lq vwudwhjlf lqwhu0
dfwlrq dfurvv pdunhwv1 Wkh| dujxh wkdw pxowlpdunhw frqwdfw pd| d�hfw �upv* delolwlhv wr vxvwdlq
frooxvlyh rxwfrphv wkurxjk uhshdwhg lqwhudfwlrqv1 Sdunhu dqg U�roohu +4<<:, hvwlpdwh d vwuxfwxudo
prgho iru wkh X1V1 fhooxodu whohskrqh lqgxvwu|1 Wkh| vkrz wkdw uhjxodwlrq pd| ohdg wr kljkhu sulfhv
zkhuh furvv0rzqhuvkls dqg pxowlpdunhw frqwdfw duh lpsruwdqw idfwruv lq h{sodlqlqj qrqfrpshwlwlyh
sulfhv1
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ì @*tL it|�4@|i |�i Th�U�?} hi*@|�L? uLh |�i t�?}*i ThL_�U| �h4 tTiU��U@|�L? �? Lh_ih

|L UL4T@hi |�i _�gihi?| igiU|t� A�i tTiU��U@|�L? �t |�i t@4i @t uLh 4�*|�ThL_�U|

�h4tc @?_ }��i? M)�D

�&c| ' Bfc� n B� *?u�(�c&c| n B2 E*?u�(�c&c|�
2n B� *? Uu�(�c&c| n Be E*? Uu�(�c&c|�

2

nBD *?7R�,,�c&c| n BS E*?7R�,,�c&c|�
2 n B. *? U7R�,,�c&c| n BH E*? U7R�,,�c&c|�

2

nBb *?.�7�c&c| n B�f E*?.�7�c&c|�
2 n B�� *? U.�7�c&c| n B�2 E*? U.�7�c&c|�

2

nB�� *?��A| n B�e *?L���c| n B�D *?u���c&c| n B�S *?.�c&c| n B�. *?8��c&c|

�B�H���(
7
�c&c| � B�bU���(

7
�c&c| n ��c&c|� E.�

A�i T@h@4i|ih B�H hiThiti?|t |�i UL?_�U| T@h@4i|ih }��i? M)
Y'&c|

Y^�c&c|
uLh |�i t�?}*i

ThL_�U| �h4 tTiU��U@|�L? ��ihi |�i �@h�@M*i ���(7
�c&c| hiThiti?|t |�i i Thitt�L?k

Y�&c|

Y'&c|
^�c&c|

l
uhL4 i^�@|�L? E2�� A�i T@h@4i|ih B�b hiThiti?|t |�i �?|ih|i4TLh@* UL?�

_�U| T@h@4i|ih� A�i �@h�@M*i U���(7
�c&c| hiThiti?|t |�i i Thitt�L? B

k
Y�&c|n�

Y'&c|n�
^�c&c|n�

l
c

��|� B ' f�b� �iU@�ti |�i _�gihi?Ui Mi|�ii? |�i t�?}*i ThL_�U| @?_ 4�*|�ThL_�U|

tTiU��U@|�L? �t }��i? �? |�@| UhLtt�Th�Ui igiU|t _L ?L| i?|ih |�i Th�U�?} hi*@|�L? �?

48Qrwh wkdw zh lpsrvh wkh vdph uhvwulfwlrq dv iru wkh pxowlsurgxfw vshfl�fdwlrq rq wkh frvw

sdudphwhuv/ zklfk lv jlyhq e| �4: @ 4�
�49S

�3

=

2�



@ t�?}*i ThL_�U| tTiU��U@|�L?c �i L?*) �@�i |L t�Mt|�|�|i |�i L�?�Th�Ui igiU|
Y�&c�

Y'&c�

uLh � ' |c | n � ��|� |�i it|�4@|i_ T@h@4i|ih eK2 uhL4 |�i _i4@?_ i^�@|�L?� A�i

it|�4@|�L? ThLUi_�hi @t �i** @t |�i �?t|h�4i?|t @hi |�i t@4i @t uLh |�i 4�*|�ThL_�U|

�h4 tTiU��U@|�L?�

S #@|@

A�i @?@*)t�t hi^��hit _@|@ uhL4 @ �@h�i|) Lu _�gihi?| tL�hUit� A�i _@|@M@tic ThL�

��_i_ M) #@|@^�it|c UL?t�t|t Lu |�L _�gihi?| T@h|t� A�i �ht| T@h| UL?t�t|t Lu ^�@h�

|ih*) �h4�*i�i* t��T4i?|t @?_ @�ih@}i �?_�t|h) Th�Uit uLh |i? _�gihi?| }i?ih@|�L?t

Mi}�??�?} �? �b.e uLh |�i ek }i?ih@|�L? @?_ i?_�?} �? �bbS uLh |�i Se�� }i?ih@�

|�L?� A�i tiUL?_ T@h| UL?t�t|t Lu u@U|Lh Th�Uit� 5�44@h) t|@|�t|�Ut @?_ _i�?�|�L?t

Lu |�i �@h�@M*it �ti_ �? |�i it|�4@|�L? @hi t�L�? �? A@M*i 2�

Yduldeohv Ghvfulswlrq Q Phgldq Plq1 Pd{1

�&c| Dyhudjh vhoolqj sulfh ri rqh fkls 9; 417< 31:8 468133

ri jhqhudwlrq & lq shulrg |1

'&3�c| Wrwdo qxpehu ri fklsv ri wkh n04*wk 9; 3133 3133 :;187H.39

jhqhudwlrq ehlqj vrog lq shulrg |1

'&c| Wrwdo qxpehu ri fklsv ri wkh n*wk 9; :31;9H.38 6333 59177H.3:

jhqhudwlrq ehlqj vrog lq shulrg |1

'&n�c| Wrwdo qxpehu ri fklsv ri wkh n.4*vw 9; 56185H.39 3 57157H.3:

jhqhudwlrq ehlqj vrog lq shulrg |1

| Wlph wuhqg1 9; 46196 8158 55133

�&c| Dyhudjh vhoolqj sulfh ri & lq shulrg |1 879 417: 31:8 433133

*?u�(�c&c| OEG iru �up � 879 4;134 ;1:3 4<195

r�hulqj jhqhudwlrq & lq shulrg |1

*? Uu�(�c&c| Lqwhuwhpsrudo OEG iru �up � 879 47155 91<4 4:15:

r�hulqj jhqhudwlrq & lq shulrg |1

*? 7R�,,�c&c| Vslooryhu phdvxuh iru �up � 879 54169 <188 54199

r�hulqj jhqhudwlrq & lq shulrg |1

*? U7R�,,�c&c| Lqwhuwhps1 Vslooryhu phdvxuh iru 879 54163 ;1:3 54199

�up � r�hulqj jhqhudwlrq & lq shulrg |1

*?.�7�c&c| Phdvxuh ri HFV iru �up � 879 47155 ;185 4:15:

r�hulqj jhqhudwlrq & lq shulrg |1

*? U.�7�c&c| Phdvxuh ri lqwhuwhps1 HFV iru �up � 879 47155 91<4 4:15:

r�hulqj jhqhudwlrq & lq shulrg |1

*?��A| Orjdulwkp ri pdwhuldo frvwv lq shulrg |1 879 ;17< 515: 491:7

EA@M*i UL?|�?�it�

2e



Yduldeohv Ghvfulswlrq Q Phgldq Plq1 Pd{1

*?L���c| Orjdulwkp ri �up �*v Xvhu Frvw 879 0516; 07194 0319<

ri Fdslwdo lq shulrg |1

*?u���c&c| Orjdulwkp ri �up �*v Oderu Frvw 879 47189 416< 5719<

iru jhqhudwlrq & lq shulrg |1

*?.�c&c| Orjdulwkp ri �up �*v Hqhuj| Frvw 879 5153 081:4 481;7

iru jhqhudwlrq & lq shulrg |1

^�c&3�c| Ilup �*v qxpehu ri fklsv iurp wkh 879 3 3 456H.38

n04*vw jhqhudwlrq ehlqj vrog lq shulrg |1

^�c&c| Ilup �*v qxpehu ri fklsv ri wkh 879 48H.38 8333 648H.38

n*wk jhqhudwlrq ehlqj vrog lq shulrg |1

^�c&n�c| Ilup �*v qxpehu ri fklsv ri wkh n.4*vw 879 48H.38 3 6<H.39

jhqhudwlrq ehlqj vrog lq shulrg |1

C(�.u| JGS lq hohfwurqlfv lq shulrg |� 879 4157H.46 419;H.45 5196H.49

��8&c| Qxpehu ri �upv frpshwlqj lq wkh 879 <18 3 53

pdunhw ri jhqhudwlrq & dw shulrg |�

��7&c| Dyhudjh pdunhw vkduh ri �upv lq 879 3138 9H038 4

jhqhudwlrq & dw shulrg |�

A@M*i 2G V@h�@M*i _i�?�|�L?t @?_ t�44@h) t|@|�t|�Ut

. +it�*|t

A�i it|�4@|�L? hit�*|t Lu |�i �?�ihti _i4@?_ i^�@|�L?t E��c Ee�c @?_ ED� @hi Thi�
ti?|i_ �? A@M*i �� 6Lh |�i it|�4@|�L? ThLUi_�hi Lu |�i |�hii _i4@?_ i^�@|�L?t uLh
}i?ih@|�L?t & � �c &c @?_ & n �c �Hc SHc @?_ D. LMtih�@|�L?t UL�*_ Mi �ti_c hitTiU�

|��i*)� �** |�hii it|�4@|�L?t �@�i @ hi4@h!@M*) }LL_ �|� A�i @_��t|i_ +�t^�@hit
@hi f�Se @?_ ��}�ih� �** it|�4@|it M�| L?i @hi t�}?��U@?| @| |�i �I *i�i*� A�i
L�?�Th�Ui igiU|t U@hh) |�i i TiU|i_ ?i}@|��i t�}?c �?_�U@|�?} |�@| @ ��}�ih �?_�t�

|h) L�|T�| _iUhi@tit Th�Uit� A�i ?i}@|��i UhLtt�Th�Ui igiU|t t�L� |�@| ?i�}�MLh�?}

}i?ih@|�L?t hiThiti?| t�Mt|�|�|@M*i ThL_�U|t @?_ �?_�U@|i |�@| @ ?i}@|��i i |ih?@*�
�|) i?|iht �h4t< Th�U�?} hi*@|�L?t� A�i it|�4@|it Lu |�i Thi��L�t }i?ih@|�L? �@�i

@ 4Lhi �?i*@t|�U �4T@U| L? |�i }i?ih@|�L? �?_ih UL?t�_ih@|�L? |�@? |�i it|�4@|it
Lu |�i t�Mti^�i?| }i?ih@|�L?� A��t u@U| �?_�U@|it |�@| @? �?Uhi@ti �? L�|T�| Lu |�i

Thi��L�t }i?ih@|�L? hi_�Uit |�i Th�Ui Lu |�i U�hhi?| }i?ih@|�L? |L @ ��}�ih i |i?|

|�@? @? �?Uhi@ti �? L�|T�| Lu |�i t�Mti^�i?| }i?ih@|�L?� A�i |�4i |hi?_ �t ?i}@|��ic
���U� �t @ T*@�t�M*i L�|UL4ic uLh UL?t�4iht t�Mt|�|�|i @�@) uhL4 |�i }i?ih@|�L? @t
|�4i T@ttit�

2D



JPP Hvwlpdwhv iru

49N Jhqhudwlrq 97N Jhqhudwlrq 589N Jhqhudwlrq

Yduldeohv Hvwlpdwhv Vwg1 Huu1 Hvwlpdwhv Vwg1 Huu1 Hvwlpdwhv Vwg1 Huu1

�L?t|@?| <519;-- 431<; 475134-- 54156 55513;-- 58135

'&32 06139H09-- 81:5H0: 0 0 0

'&3� 061<7H0:-- <19:H0; 0:14<H0:-- 5149H0: 0 0

'& 0:1;<H0; :198H0; 051<4H0:-- 7147H0; 081<3H0:-- 414:H0:

'&n� 0 0 041:;H0:-- 713:H0; 051;4H0:-- 6148H0;

'&n� 0 0 0 0 04165H0:-- 81:6H0;

| 0913:-- 4178 091:6-- 31<< 0<17<-- 31<7

Rev1@6;/ dgm1 U2@3197 Rev1@9;/ dgm1 U2@31:6 Rev1@8:/ dgm1 U2@31:3

--vljql�fdqw dw wkh 4( ohyho1

A@M*i �G #i4@?_ i^�@|�L?t

`�|� hi}@h_ |L |�i it|�4@|�L? Lu |�i Th�U�?} hi*@|�L? uLh |�i 4�*|�ThL_�U| @?_

|�i t�?}*i ThL_�U| tTiU��U@|�L?c @ #�hM�?� @̀|tL? t|@|�t|�U M) ��@h}@�@c 6h@?3�?�c

@?_ �@hi?_h@?@|�@? E�bH2� �?_�U@|i_ |�@| |�i hit�_�@*t @hi TLt�|��i*) ULhhi*@|i_c
���U� �i ULhhiU|i_ uLh M) @TT*)�?} @ �ht| Lh_ih 4L��?} @�ih@}i ThLUitt��S A�i
it|�4@|it @hi }��i? �? A@M*i e� W? ML|� hi}hitt�L?tc D2S LMtih�@|�L?t UL�*_ Mi �ti_�
�L|� it|�4@|�L?t �@�i @ �ih) }LL_ �|� A�i @_��t|i_ +�t^�@hit uLh |�i 4�*|�ThL_�U|
@?_ |�i t�?}*i ThL_�U| tTiU��U@|�L? @hi f�.D @?_ f�..� A�i @�|LULhhi*@|�L? |it|t Lu
��Hb @?_ ��b� t�L� |�@| ?L u�h|�ih tih�@* ULhhi*@|�L? i �t|t� �Lt| Lu |�i T@h@4i|ih
it|�4@|it @hi t�}?��U@?| @| |�i �I *i�i*� 6hL4 |�i it|�4@|it Lu |�i Th�U�?} hi*@|�L?tc
�i �ihi @M*i |L |it| |�i |�L �)TL|�itit�

49Ehfdxvh ri wkh sdqho gdwd vwuxfwxuh wkh �uvw revhuydwlrq iru hyhu| �up pxvw eh gursshg iru

wkh fruuhfwlrq surfhgxuh1

2S



Pxowlsurgxfw Frps1 Vlqjoh0Surgxfw Frps1

Yduldeohv Hvwlpdwhv Vwg1 Huu1 Hvwlpdwhv Vwg1 Huu1

u�( 99139-- ;16; 7:134-- ;19:

u�(2 05198-- 3164 041<9-- 3165

Uu�( 079194-- :156 06716<-- :154

Uu�(2 41<<-- 315; 4184-- 315;

7R�,, 4416:-- 514< 04814;-- 915<

7R�,,2 03158-- 3139 316:-- 3148

U7R�,, 0513; 5153 031<4 5144

U7R�,,2 313; 313< 3138 313;

.�7 :19<-- 5149 461:<-- 5165

.�72 03166-- 313; 03193-- 313<

U.�7 0<147-- 51<8 07185- 51<:

U.�72 316:-- 3144 3154- 3144

��A 3136 313< 31336 313;

L�� 3153 315; 3154 3159

u�� 3143 313: 313: 313:

. 03135 3138 031337 3138

���(�c7 3148 3143 41;4-- 3168

U���(�c7 3134 3144 3138 315;

qfc� 06184- 41;4 06144- 41:6

qfc2 09196- 6168 09164- 6154

qfc� 06176-- 413: 041<<- 4138

qfce 081;;-- 41:< 08137-- 41:3

qfcD 05198- 4199 04199 418<

qfcS 091:6-- 41;5 09153-- 41:7

qfc. 81:<-- 41:6 :14;-- 41:8

qfcH 515< 4186 619;- 4187

qfcb 416< 41:5 6156- 41:3

qfc�f 05168-- 4166 0318< 415<

qfc�� 05189- 414: 04189 4144

qfc�2 4139 4138 516;- 4139

qfc�� 4173 417: 51;3- 4183

qfc�e 0813; 61;< 0:149- 61::

qfc�D 5194 5186 9176- 5166

qfc�S 31:6 4154 5138- 4154

EA@M*i UL?|�?�it�

2.



Pxowlsurgxfw Frps1 Vlqjoh0Surgxfw Frps1

Yduldeohv Hvwlpdwhv Vwg1 Huu1 Hvwlpdwhv Vwg1 Huu1

qfc�. 04194 7138 05187 61<8

qfc�H 031<4 31<7 314: 31;:

qfc�b 3183 415< 5134 4163

qfc2f 03156 4148 418; 4149

��E�� 03189-- 3137 03189-- 3137

Rev1@859/ dgm1 U2@31:8/ GZ@41;< Rev1859/ dgm1 U2@31::/ GZ@41<4

--vljql�fdqw dw wkh 4( ohyho/ -vljql�fdqw dw wkh 43( ohyho1

A@M*i eG �h�U�?} hi*@|�L?

A�i T@h@4i|ih it|�4@|it Lu |�i U�hhi?| w�# �@h�@M*it u�( @?_ u�(
2
@t �i**

@t |�i �?|ih|i4TLh@* w�# �@h�@M*it Uu�( @?_ Uu�(
2 @hi ��}�*) t�}?��U@?| uLh

|�i 4�*|�ThL_�U| @?_ |�i t�?}*i ThL_�U| tTiU��U@|�L?� W? }i?ih@*c �i �?_ i��_i?Ui
|�@| @ ��}�ih _i}hii Lu T@t| i Tih�i?Ui hi_�Uit 4@h}�?@* ULt|t �? ML|� tTiU��U@|�L?t�
A@M*i D t�L�t |�i U@*U�*@|i_ *i@h?�?} i*@t|�U�|�it @?_ *i@h?�?} h@|it uLh ML|� 4L_i*
tTiU��U@|�L?t��. A�i *i@h?�?} i*@t|�U�|) uLh |�i 4�*|�ThL_�U| Et�?}*i ThL_�U|� tTiU�
��U@|�L? �t ���2H E����D� ���U� ULhhitTL?_t |L @ DHI EDDI� *i@h?�?} h@|i� �t U@?
Mi tii?c |�i w�# igiU|t uLh 4�*|�ThL_�U| �h4t @hi t*�}�|*) ��}�ih |�@? |�Lti uLh
t�?}*i ThL_�U| �h4t� � _L�M*�?} �? �h4<t @UU�4�*@|i_ L�|T�| E@| |�i t@4T*i 4i@?�
hi_�Uit |�i 4@h}�?@* ULt|t M) 4Lhi |�@? DfI� ì �?_ |�@| |�i *i@h?�?} igiU|t @hi
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