
Zkdw lv wkh Pdujlqdo Surgxfwlylw| ri
Dssuhqwlfhv B

Ghqlv Irxjëuh4 dqg Zroijdqj Vfkzhugw5

Lq wklv duwlfoh zh hydoxdwh wkh surgxfwlylw| ri dssuhqwlfhv
gxulqj wkhlu wudlqlqj zlwklq Iuhqfk dqg Jhupdq �upv1 Wkh
hfrqrphwulf dqdo|vlv lv edvhg rq wzr furvv0vhfwlrq gdwdvhwv/
rqh ri zkrp zdv frqvwuxfwhg e| pdwfklqj wzr LQVHH �up0
ohyho vxuyh|v zkhuhdv wkh vhfrqg rqh lv dq h{wudfwlrq ri wkh
LDE 0 �up sdqho1 Zh hvwlpdwh Free0Grxjodv dqg Wudqvorj
surgxfwlrq ixqfwlrqv frpelqhg zlwk d surelw vhohfwlrq htxd0
wlrq zklfk doorzv wr frqwuro iru wkh vlwxdwlrq zkhuh d jlyhq
�up grhv qrw wudlq dssuhqwlfhv1 Frqfhuqlqj wkh surgxfwlylw|
ri dssuhqwlfhv zh �qg d vwuxfwxudo gl�huhqfh ehwzhhq vpdoo
dqg odujh �upv1 Zh �qg wkdw iru vpdoo �upv lq Iudqfh dqg
Jhupdq| qhjdwlyh qhw frvwv gxulqj wkh wudlqlqj shulrg pd|
eh d vx!flhqw frqglwlrq wr wudlq1 Hvshfldoo| zlwk vpdoo Jhu0
pdq �upv zh �qg d vwurqj lqyroyhphqw ri dssuhqwlfhv lq wkh
surgxfwlrq surfhvv1 Iru odujhu �upv wkh fxuuhqw surgxfwlrq du0
jxphqw grhv qrw vhhp wr krog dq|pruh lq rughu wr h{sodlq wkh
revhuyhg ehkdylrxu1

41 Zk| hvwlpdwh wkh pdujlqdo surgxfwlylw| ri dssuhq0
wlfhv B

Uhfhqwo| wkhuh kdv ehhq vxevwdqwldo ghyhorsphqw lq wkh wkhruhwlfdo olwhudwxuh
frqfhuqlqj wkh prwlydwlrq ri �upv wr lqyhvw lq kxpdq fdslwdo ri d qrw sxuho|
�up0vshfl�f w|sh dqg hvshfldoo| wr lqyhvw lq dssuhqwlfhvkls wudlqlqj16 Wkh xvxdo
uhdvrqv iru wklv w|sh ri ehkdylrxu pd| edvlfdoo| eh glylghg lqwr wzr dujxphqwv17

Wkh �uvw prwlydwlrq pd| frph iurp d uhgxfwlrq ri frvwv ri qrq0txdol�hg zrun =
Dssuhqwlfhv lq wklv fdvh duh kluh ehfdxvh wkh| duh fkhdshu wkdq xqvnloohg zrun0
huv zkloh dffrpsolvklqj wkh vdph wdvnv1 Dgglwlrqdoo|/ e| klulqj dssuhqwlfhv
�upv pd| pruh hdvlo| dqg dw d orzhu sulfh dgdsw wkhlu xqvnloohg zrunirufh wr
exvlqhvv f|foh qhhgv1 Wklv prwlydwlrq lv fdoohg wkh fxuuhqw surgxfwlrq dujxphqw1

4FQUV/ FUHVW0LQVHH/ dqg FHSU1 Dguhvvh= FUHVW0LQVHH/ 48 erxohydug
Jdeulho Sìul/ <5578 Pdodnr� Fhgh{1

5FUHVW0LQVHH/ WHDP/ Xqlyhuvlwì gh Sdulv04 dqg L]D/ Erqq1 Dguhvvh=
FUHVW0LQVHH/ 48 erxohydug Jdeulho Sìul/ <5578 Pdodnr� Fhgh{1
Wkh dxwkruv zrxog olnh wr wkdqn Iudqflv Nudpdu} dqg Mdftxhv Pdluhvvh iru

khosixo vxjjhvwlrqv/ dv zhoo dv Vwhidq Ehqghu dqg Vwhidq Ehqghu iru wkh wuhdw0
phqw ri wkh Jhupdq Gdwdvhw1 Wkh uhvhdufk zdv �qdqfldoo| vxssruwhg e| wkh
Iuhqfk0Jhupdq uhvhdufk surjudp SURFRSH/ surmhfw qr1 33644YJ1 Dq| uh0
pdlqlqj huuruv duh lq wkh dxwkruv* rzq uhvsrqvdelolw|1

6Vhh iru d uhylhz ri wklv olwhudwxuh wkh sdshu ri Dfhprjox dqg Slvfknh +4<<<,1
7Vhh iru dq hduo| fodvvl�fdwlrq Olqgoh| +4<:8,1



D vhfrqg dujxphqw sursrvhv wkdw �upv pd| zdqw wr lqyhvw lq kxpdq txdol�hg
fdslwdo/ hvshfldoo| li wkh| idfh vkruwdjhv rq wkh oderxu pdunhw iru vnloohg zrun1
Lq wklv fdvh wkhlu prwlydwlrq zloo ghshqg rq wkh h{shfwhg frpsrvlwlrq ri wkh
txdol�fdwlrqv r�huhg lq wkh rshq oderxu pdunhw dv zhoo dv wkhlu plqlpxp uh0
txluhphqw ri lqglylgxdo delolw| dv zhoo dv wkhlu ohyho �up0vshfl�f kxpdq fdslwdo
hpsor|hg lq wkh surgxfwlrq surfhvv1 Zh vkdoo fdoo wklv wkh lqyhvwphqw dujxphqw1

Zkhuhdv wkh lqyhvwphqw dujxphqw lv uhodwhg wr dq h{shfwhg sur�w/ wkh fxu0
uhqw surgxfwlrq dujxphqw lv edvhg rq wkh frpsdulvrq ri wkh surgxfwlrq ydoxh ri
dssuhqwlfhv gxulqj wkhlu wudlqlqj shulrg zlwk wkh gluhfw frvwv ri wudlqlqj1 Uhfhqw
uhvxowv +vhh Vfkzhugw dqg Ehqghu/ 5333, vkrz wkdw lq Iudqfh wkh fxuuhqw surgxf0
wlrq dujxphqw vhhpv wr eh pruh uhohydqw ehfdxvh ri uhodwlyho| frvwo| xqvnloohg
oderxu18 Wkh vdph pd| eh wuxh iru Jhupdq| zkhuh wkh uhvxowv ri Edughohehq
hw do1 +4<<8, vkrzhg wkdw iru vpdoo dqg phglxp vl}hg �upv wkh fxuuhqw sur0
gxfwlrq dujxphqw pd| eh d vx!flhqw frqglwlrq wr wudlq dssuhqwlfhv1 Krzhyhu/
iru wkh wlph ehlqj wkhuh lv qr uholdeoh hydoxdwlrq ri wkh dfwxdo surgxfwlylw| ri
dssuhqwlfhv gxulqj wkhlu wudlqlqj wkdw pd| jlyh d phdq whvw wkh uhohydqfh ri
wklv dujxphqw1 Wklv lv zkdw zh wu| wr gr lq wklv sdshu 1 Iru wklv sxusrvh
zh xvh wzr gdwdvhwv1 Wkh �uvw frqwdlqv derxw 43333 Iuhqfk �upv lq revhuyhg
lq 4<<5 zklfk frph iurp wkh Hqtxíwh vxu oh Frþw gh od Pdlq g*Rhxyuh hw vxu
od Vwuxfwxuh ghv Vdodluhv +HFPRVV, zklfk lv pdwfkhg wr wkh Hqtxíwh vxu ohv
Eìqì�fhv Lqgxvwulhov hw Frpphufldx{ +ELF,/ erwk vxuyh|v ri wkh LQVHH1 Wkh
vhfrqg gdwdvhw lv dq h{wudfwlrq ri wkh Jhupdq �up sdqho ri wkh LDE +Lqvwlwxw
i u Duehlwvpdunw0 xqg Ehwulheviruvfkxqj,1 Lw doorzv xv wr revhuyh 7833 �upv ri
doo lqgxvwuldo vhfwruv1

Wkh hvwlpdwlrqv grqh lq wklv sdshu duh edvhg rq Free0Grxjodv dqg Wudqvorj
surgxfwlrq ixqfwlrqv1 Dv zh rqo| revhuyh dssuhqwlfhv lq d vxejurxs ri wkh �upv
lq rxu gdwdwvhwv zh prgho d surelw vhohfwlrq htxdwlrq uhvxowlqj lq d vzlwfklqj
uhjuhvvlrq prgho zlwk hqgrjhqrxv vhohfwlrq1 Vhfwlrq 5 suhvhqwv wkh vwuxfwxudo
prgholqj ri wkh surgxfwlrq uhodwlrqvkls zlwklq lqglylgxdo �upv1 Vhfwlrq 6 gh0
vfulehv wkh hvwlpdwlrq prgho xvhg1 Vhfwlrq 7 glvfxvvhv wkh gdwd dqg vhfwlrq 8
wkh uhvxowv1

51 Wkh wkhruhwlfdo prgho

Zh vxssrvh wkdw wkh rxwsxw \l zh revhuyh zlwklq d jlyhq �up l lv wkh uhvxow ri
d ixqfwlrqdo uhodwlrqvkls ehwzhhq d vhw ri J revhuydeoh lqsxw idfwruv/ ghqrwhg
dv [jl +j @ 4> = = = > J,> dv zhoo dv �up dqg lqgxvwu| vshfl�f xqrevhuyhg khwhur0
jhqhlw| +vkrfnv,1 Pruh suhflvho| zh dvvxph wkdw wkh surgxfwlrq ydoxh revhuyhg
dw wkh �up ohyho lv ghwhuplqhg e| wkh uhodwlrqvkls

\l @ I +[4l> ===> [Jl, k+Ll, yl +514,

8Vwxglhv xvlqj Iuhqfk plfurgdwd vkrz wkdw dssuhqwlfhvkls wudlqlqj uhgxfhv
vljql�fdqow| wkh suredelolw| ri lqlwldo xqhpsor|phqw exw kdv olwwoh ru qr h�hfw rq
wkh zdjhv +vhh Vroorjrxe hw Xoulfk/ 4<<<,1 Vlploduo|/ Irxjëuh/ Jrx{ dqg Pdxulq
+4<<;, vkrz wkdw frqwlqxrxv wudlqlqj kdv qr vshfl�f h�hfw rq wkh srvw0wudlqlqj
zdjhv1 Iru d uhylhz ri wkh uhvxowv frqfhuqlqj wkh h�hfwv ri gl�huhqw wudlqlqj ru
xqhpsor|phqw srolflhv vhh Irxjëuh/ Nudpdu} dqg Pdjqdf +5333,1
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zkhuh I +[4l> ===> [Jl, vwdqgv iru d phglxp ru orqj whup surgxfwlrq jrdo zklfk
lv suhghwhuplqhg wr wkh dfwxdo revhuyhg ydoxh ri \l1 Ll @ +L4l> = = = > LPl, lv dq
lqglfdwru ixqfwlrq ghqrwlqj zkhwkhu d �up l rshudwhv lq lqgxvwu| vhfwru p/
dqg yl uhsuhvhqwv �up vshfl�f +xqrevhuyhg, khwhurjhqhlw|1 Zh dlp dw hvwl0
pdwlqj wkh sdudphwhuv ri wkh ixqfwlrqdo uhodwlrqvkls I +=,> vlqfh wklv ixqfwlrq
ghwhuplqhv wkh pdujlqdo surgxfwlylwlhv ri lqsxw idfwruv dqg frqvhtxhqwo| wkdw
ri dssuhqwlfhv1 Zh xvh wzr qhvwhg vshfl�fdwlrqv iru I +=,/ wkh �uvw ehlqj wkh
Free0Grxjodv surgxfwlrq uhodwlrqvkls dqg wkh vhfrqg wkh Wudqvorj surgxfwlrq
ixqfwlrq19 Wkh Free0Grxjodv surgxfwlrq ixqfwlrq lv qhvwhg zlwklq wkh Wudqvorj
surgxfwlrq ixqfwlrq1 Wkh odwwhu rqh pd| eh lqwhusuhwhg dv d vhfrqg rughu ds0
sur{lpdwlrq ri wkh wuxh ixqfwlrq durxqg wkh vdpsoh1 Wkh Free0Grxjodv sur0
gxfwlrq lv d �uvw rughu dssur{lpdwlrq1 Zh vshfli| wkh lqgxvwu|0vshfl�f vkrfn
ixqfwlrq dv

k+Ll, @ h{s

�[P

p@4
�pLpl

�
+515,

dqg dvvxph wkdw wkh �up0vshfl�f vkrfnv duh orj0qrupdoo| glvwulexwhg/ l1h1 yl @

h{s+xl, zlwk xl
l=l=g=� Q +3> �x,1 Xqghu wkhvh dvvxpswlrqv wkh Free0Grxjodv

vshfl�fdwlrq pd| eh zulwwhq dv

oq\l @ �3 .
[J

j@4
�j oq[jl .

[4

p@4
�pLpl . xl +516,

zkhuhdv wkh Wudqvorj vshfl�fdwlrq |lhogv wkh iroorzlqj uhodwlrqvkls

oq\l @ �
3
.
[J

j@4
�j oq[jl

.3=8
[J

j@4

[J

j3@4
�jj3 +oq[jl � oq[j,+oq[j3l � oq[j3,

.
[P

p@4
�pLpl . xl> zlwk �jj3 @ �j3j ; +j> j3, +517,

oq[j ehlqj wkh phdq ri wkh orjdulwkp ri lqsxw idfwru j lq wkh vdpsoh1 Dprqj
lqsxw idfwruv zh glvwlqjxlvk irxu w|shv ri zrunhuv= Dssuhqwlfhv/ zkrvh qxpehu
lv Dl lq �up l/ vnloohg zrunhuv/ zkrvh qxpehu lv Vl/ xqvnloohg zrunhuv zkrvh
qxpehu lv Xl/ dqg wkh rwkhu hpsor|hhv2zrunhuv zklfk duh qrw sduw ri rqh ri wkh
deryhphqwlrqhg fdwhjrulhv/ ghqrwhg Hl= Frqfhuqlqj fdslwdo zh revhuyh wkh wuxh
fdslwdol}dwlrq ohyho iru Iuhqfk �upv/ exw rqo| dq dssur{lpdwlrq iru Jhupdq
�upv +lqyhvwphqw,1 Lq rughu wr pdnh wkh gdwdvhwv frpsdudeoh/ zh lghqwli|
irxu fdslwdol}dwlrq ohyhov iru erwk frxqwulhv Nl1

: Wkh pdujlqdo surgxfwlylw| ri
dssuhqwlfhv zlwk �up l/ ghqrwhg dv PSDl/ lv wkhq

PSDl @
C oq\l
C oqDl

� \l
Dl

9Vhh Fkulvwhqvhq hw do1 +4<:4/ 4<:6,1
:Wkh fdslwdolvdwlrq ohyhov iru Jhupdq �upv duh fdofxodwhg xvlqj wkh ryhudoo

ydoxh ri lqyhvwphqwv lq wkh dfwxdo wlph shulrg1 Wkh wuhvkrogv ehwzhhq wkhvh
ohyhov duh ghwhuplqhg xvlqj wkh fdslwdolvdwlrq glvwulexwlrq ri Iuhqfk �upv frq0
glwlrqhg rq wkhlu vl}h fdwhjru| dqg lqgxvwu| vhfwru1
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zlwk
C oq\l@C oqDl @ �D

iru wkh Free0Grxjodv vshfl�fdwlrq/ dqg

C oq\l@C oqDl @ �D .
J[
j@4

�Dj+oq[jl � oq[j,

�
4� 4

Q

�

iru wkh Wudqvorj vshfl�fdwlrq1 Khuh/ Q ghqrwhv wkh qxpehu ri revhuydwlrqv lq
wkh vdpsoh1; Gh�qlqj

vj @
C oq\l
C oq[jl

dv wkh vkduh ri wkh j0wk lqsxw idfwru lq wrwdo rxwsxw/ wkh sduwldo vxevwlwxwlrq
hodvwlflwlhv ehwzhhq idfwruv j dqg j3 pd| eh zulwwhq dv

�jj3 @
vjvj3

�jj3 . vjvj3
+518,

Dqdorjrxvo|/ wkh rzq0sulfh idfwru ghpdqg hodvwlflwlhv pd| eh fdofxodwhg dv

�jj @
v5j

�jj . v5j � vj
= +519,

61 Wkh hfrqrphwulf prgho

Iru d qxpehu ri �upv lq erwk gdwdvhwv zh revhuyh qr dssuhqwlfhv +Dl @ 3,= D
olplwdwlrq ri wkh hvwlpdwlrq rq wkh vxevdpsoh ri �upv zkhuh zh revhuyh dssuhq0
wlfhv zrxog ohdg wr eldvhg hvwlpdwhv ri wkh prgho sdudphwhuv< Wkhuh duh lq idfw
jrrg uhdvrqv wr eholhyh wkdw klulqj dssuhqwlfhv lv qrw d sxuho| udqgrp ghflvlrq/
exw ghshqgv rq d qxpehu ri idfwruv zklfk fkdudfwhul}h wkh dqwlflsdwhg uhwxuqv
iurp dssuhqwlfhvkls wudlqlqj1 Ohw ]l eh wkh yhfwru ri yduldeohv zklfk d�hfw wkh
h{shfwhg uhwxuq ri sduwlflsdwlrq lq dssuhqwlfhvkls wudlqlqj iru d jlyhq �up l dqg
ohw L�l eh wkh +wr wkh hfrqrphwulfldq qrq0revhuydeoh, yduldeoh uhsuhvhqwlqj wkh
h{shfwhg qhw uhwxuq iurp dssuhqwlfhvkls wudlqlqj iru �up l1 Zh dvvxph wkdw
wkh uhodwlrq ehwzhhq L�l dqg ]l lv ri wkh iroorzlqj olqhdu irup=

L�l @ ]l� . �l +614,

zkhuh �l vwdqgv iru dq vwdqgdug qrupdoo| glvwulexwhg huuru whup dqg � lv d
frh!flhqw yhfwru wr eh hvwlpdwhg1 Jlyhq wklv irupxodwlrq/ wkh klulqj ri d qxpehu
ri dssuhqwlfhv e| �up l fruuhvsrqgv wr L�l A 31 Lq rughu wr wdnh wklv vhohfwlylw|
sureohp lqwr dffrxqw/ zh uhzulwh +517, dv=

|l @

;?
=

|�
4l @ [4l�4 . x4l vl L�l A 3

|�
5l @ [5l�5

. x5l vl L�l ? 3
+615,

;Vhh Kdphuphvk +4<<6, iru d glvfxvvlrq ri wkh Wudqvorj surgxfwlrq whfkqro0
rj| dv zhoov dv wkh ghulydwlrq ri wkh irupxodv iru wkh vxevwlwxwlrq dqg rzq0sulfh
hodvwlflwlhv edvhg rq wklv vshfl�fdwlrq1

<Vhh Khfnpdq/ 4<:<1
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zkhuh |l @ oq\l1 Wkh yduldeohv lq [4l duh oqDl/ oqVl/ oqXl/ oqHl dqg Nl

gh�qhg deryh dv zhoo dv lqgxvwu| gxpplhv1 [5l frqwdlqv wkh vdph yduldeohv
h{fhsw iru oqDl dqg wkh lqwhudfwlrq whupv lqfoxglqj oqDl lq +517,1 H{fhsw
iru wkh lqgxvwu| gxpplhv wkh yduldeohv lq ]l duh gl�huhqw iurp wkrvh lq [4l

dqg [5l1 Zh ixuwkhu dvvxph wkdw wkh huuru whupv ri +615, dqg +614, iroorz wkh
pxowlyduldwh glvwulexwlrq

+x4l> x5l> �l,
3 � Q +3>	, ;l

zkhuh

	 @

3
C �4 3 �4�

3 �5 �5�
�
4� �

5� 4

4
D 1

Gh�qh

gl @

�
4 vl ]l� . �l A 3>
3 vlqrq1

Wkh sdudphwhuv ri wkh prgho duh hvwlpdwhg xvlqj zlwk pd{lpxp olnholkrrg1
Wkh olnholkrrg ixqfwlrq ri wkh prgho zulwhv lwvhoi dv =

O @
Q\
l@4

+Olmgl @ 4,gl � +Olmgl @ 3,4�gl

@
Q\
l@4

�

5
7
3
C]l� .

�
4�

�4
+|l �[4l�4,t

+4� �5
4�,

4
D� !

�
|l �[4l�4

�4

�68
gl

��

5
7
3
C�]l� � �

5�

�5
+|l �[5l�5,t

+4� �5
5�,

4
D� !

�
|l �[5l�5

�5

�68
4�gl

71 Gdwd

Lq rughu wr hvwlpdwh wkh surgxfwlrq ixqfwlrq ghvfulehg deryh zh xvh wzr gdwdvhwv1
Wkh �uvw frqwdlqv Iuhqfk �up ohyho gdwd iru 4<<5> lw lv wkh uhvxow ri wkh pdwfklqj
ri wzr LQVHH 0 vxuyh|v/ wkh Hqtxíwh vxu oh Frþw gh od Pdlq g*Rhxyuh hw vxu od
Vwuxfwxuh ghv Vdodluhv +HFPRVV, dqg wkh Hqtxíwh vxu ohv Eìqì�fhv Lqgxvwulhov
hw Frpphufldx{ +ELF,1 Lq wkh vdpsoh zh kdyh derxw 43 333 �upv iurp doo lq0
gxvwulhv ri wkh Iuhqfk hfrqrp| 143 Wkh vhfrqg gdwdvhw lv dq h{wudfwlrq ri wkh
LDE 0 �up sdqho +Lqvwlwxw i u Duehlwvpdunw0 xqg Ehwulheviruvfkxqj,1 Lw frqwdlqv
7 833 �upv ri doo lqgxvwu| vhfwruv lq 4<<61 Wklv vdpsoh zdv pdwfkhg wr wkh
Klvwrulngdwhl gdwdedvh frqwdlqlqj doo hpsor|hhv ehlqj d!oldwhg wr wkh Jhupdq
vrfldo vhfxulw| v|vwhp144

43Wkh frpsdudelolw| ri wkh lqgxvwu| vhfwruv ehwzhhq Iudqfh dqg Jhupdq| zdv
dvvxuhg xvlqj wkuhh gljlw lqgxvwu| fodvvl�fdwlrq iru wkh wzr frxqwulhv1

44Vhh Ehoopdqq +4<<:, dqg Ehqghu hw do1 +5333, iru d ghvfulswlrq ri wkhvh
gdwdedvhv1
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Dowkrxjk iru Jhupdq| zh kdyh dq ryhuuhsuhvhqwdwlrq ri odujh �upv/ ghvfuls0
wlyh vwdwlvwlfv duh odujho| lghqwlfdo iru wkh wzr frxqwulhv +vhh Wdeohv 4 wr 7 lq
Dqqh{ D,1 Lq rughu wr jxdudqwhh wkh frpsdudelolw| ri prqhwdu| xqlwv +wxuqryhu/
fdslwdo vwrfn,/ zh kdyh wudqviruphg wkhp doo lqwr Jhupdq pdunv +GP, ri 4<<51
Iru erwk frxqwulhv zh kdyh uhvwulfwhg wkh vnloohg zrunhuv fdwhjru| wr wkrvh
surihvvlrqv zklfk duh dwwdlqdeoh e| dssuhqwlfhvkls judgxdwhv lq wkh uhvshfwlyh
frxqwu|> rwkhu vnloohg zrunhuv kdyh ehhq lqfoxghg lqwr fdwhjru| Hl1 Wkh xq0
vnloohg zrunhu duh gh�qhg dv wkrvh zkrvh surihvvlrq grhv qrw uhtxluh d vshfl�f
txdol�fdwlrq1 Iru Jhupdq| zh xvhg wkh txdol�fdwlrq fodvvl�fdwlrq ri Eorvvihog
+4<;<,1 Lw glvwlqjxlvkhv ehwzhhq �yh txdol�fdwlrq ohyhov= Djulfxowxudo dqg xq0
vnloohg zrunhuv/ vnloohg zrunhuv +lqfoxglqj vnloohg zrunhuv/ whfkqlfldqv dqg vrph
hqjlqhhu fdwhjrulhv,/ xqvnloohg hpsor|hhv +kdylqj hdv| wdvnv,/ vnloohg hpsor|hhv
dqg pdqdjhuv1 Iru rxu dqdo|vlv zh frpelqh wkh xqvnloohg zrunhuv dqg hpsor|0
hhv lq wkh rqh kdqg dqg wkh vnloohg zrunhuv dqg hpsor|hhv rq wkh rwkhu1 Iru
Iudqfh zh xvhg wkh glvwlqfwlrq ehwzhhq vnloohg dqg xqvnloohg zrunhuv dv gh�qhg
e| wkh frgl�fdwlrq SFV1

81 Uhvxowv

Zh hvwlpdwhg wkh prghov ri vhfwlrq 5 iru irxu jurxsv ri �upv= Vpdoo dqg phglxp
vl}hv �upv +ohvv wkdq 533 hpsor|hhv, dqg odujh �upv +pruh wkdq 533 hpsor|0
hhv, iru hdfk ri erwk frxqwulhv1 Wkh hvwlpdwhg sdudphwhuv duh vkrzq lq wd0
eohv 8 dqg 9 +Dqqh{ E,1 Wkh| vwdqg iru hodvwlflwlhv ri surgxfwlrq gh�qhg dv
�\[ @ g oq\ @ g oq[1 Zlwk wkh Wudqvorj +WO, vshfl�fdwlrq ehlqj d pruh
ghwdlohg Wd|oru vhulhv dssur{lpdwlrq ri wkh xqnqrzq surgxfwlrq uhodwlrqvkls/
zh zloo frpsduh rqo| wkh �uvw rughu whupv ri wkh WO dqg Free0Grxjodv +FG,
vshfl�fdwlrqv1

8141 Vpdoo dqg phglxp vl}hg �upv

Zh vwduw e| frpsdulqj vpdoo Iuhqfk dqg Jhupdq �upv +ohvv wkdq 533 hp0
sor|hhv,1 Lq Wdeoh 8 +Dqqh{ E, zh vhh wkdw Iuhqfk �upv kdyh dq hvwlpdwhg
surgxfwlrq hodvwlflw| ri dssuhqwlfhv/ ghqrwhg �\ D> ri derxw :( lq wkh FG vshf0
l�fdwlrq +qr vljql�fdqw h�hfw zlwk wkh WO vshfl�fdwlrq,1 Wdeoh : +Dqqh{ E,
vkrzv wkdw wkh fruuhvsrqglqj qxpehu iru vpdoo Jhupdq �upv lv 46( iru erwk
w|shv ri ixqfwlrqdo vshfl�fdwlrqv/ dqg wkhuhiruh vhhpv wr eh vwdwlvwlfdoo| pruh
urexvw1 Vpdoo Iuhqfk �upv kdyh d vljql�fdqwo| kljkhu surgxfwlrq hodvwlflw| �\ X
ri xqvnloohg zrunhuv zkhq wkh| wudlq dssuhqwlfhv +Uhjlph L, wkdq li wkh| gr qrw
+Uhjlph LL,1 Dv/ e| gh�qlwlrq/ wkh surgxfwlrq hodvwlflw| lv forvho| uhodwhg wr wkh
pdujlqdo surgxfw ri dq lqsxw idfwru vlqfh PS[ @ �\[ � +[ @\ ,/ d kljkhu
hodvwlflw| lqglfdwhv fhwhulv sdulexv d kljkhu pdujlqdo surgxfw dqg/ zlwk d frq0
fdyh surgxfwlrq uhodwlrqvkls/ d vpdoohu txdqwlw| ri wkh jlyhq lqsxw idfwru1 Vr
wklv vkliw vxjjhvwv wkdw �upv hpsor|lqj dssuhqwlfhv gr hpsor| fhwhulv sdulexv
ohvv xqvnloohg zrunhuv1 Wklv lqglfdwhv d vxevwlwxwlrq h�hfw zklfk lv frq�uphg
e| d txlfn orrn dw Wdeoh 46 +vhh Dsshqgl{ G,/ zkhuh zh �qg dq hvwlpdwhg vxe0
vwlwxwlrq hodvwlflw| ri derxw 63 ( ehwzhhq wkhvh wzr jurxsv ri zrunhuv zlwklq

9



vpdoo Iuhqfk �upv1 Rq wkh rwkhu kdqg/ zh revhuyh d vwurqj frpsohphqwdu0
lw| ehwzhhq dssuhqwlfhv dqg vnloohg zrunhuv +wkh vxevwlwxwlrq hodvwlflw| lv 049
(, dv zhoo dv d vkliw lq wkh surgxfwlrq hodvwlfwl| ri vnloohg zrunhuv iurp �upv
hpsor|lqj dssuhqwlfhv +68( iru wkh FG vshfl�fdwlrq/ 6<( iru wkh WO vshfl�fd0
wlrq, wr �upv zlwkrxw dssuhqwlfhv +75( iru wkh FG vshfl�fdwlrq/ 83( iru wkh
WO vshfl�fdwlrq,/ phdqlqj wkdw �upv zlwk dssuhqwlfhv gr hpsor| pruh vnloohg
zrunhuv wkdq wkrvh zlwkrxw dssuhqwlfhv1 Dgglwlrqdoo|/ wkh vxevwlwxwlrq hodvwlflw|
ehwzhhq xqvnloohg dqg vnloohg zrunhuv lv derxw ;:(1

Iru vpdoo Jhupdq �upv +vhh Wdeoh :/ Dsshqgl{ E,/ dvlghv iurp wkh kljkhu
surgxfwlrq hodvwlflw| ri dssuhqwlfhv +46(,/ zh �qg wkh rssrvlwh sdwwhuq iru wkh
surgxfwlrq hodvwlflwlhv ri xqvnloohg dqg vnloohg zrunhuv ehwzhhq �upv hpsor|lqj
dssuhqwlfhv dqg wkrvh wkdw gr qrw1 Zkhuhdv zh �qg d vljql�fdqw lqfuhdvh ri
xqvnloohg zrunhuv* surgxfwlrq hodvwlflw| iurp 46( wr 5:( zlwk wkh FG vshfl�0
fdwlrq +iurp 4<( wr 58( zlwk wkh WO vshfl�fdwlrq,/ zh hvwlpdwh d vljql�fdqw
dqg vwdeoh ghfuhdvh ri wkh surgxfwlrq hodvwlflw| ri vnloohg zrunhuv= +iurp 94( wr
77( zlwk wkh FG vshfl�fdwlrq/ dqg iurp 93( wr 78( zlwk wkh WO vshfl�fdwlrq,1
Zlwklq vpdoo Jhupdq �upv +vhh Wdeoh 48/ Dsshqgl{ G,/ wkh vxevwlwxwlrq hodv0
wlflw| ehwzhhq dssuhqwlfhv dqg xqvnloohg zrunhuv lv yhu| kljk +437(,> krzhyhu
zh gr qrw �qg dq| vljql�fdqw fruuhodwlrq ehwzhhq wkh ghpdqg iru dssuhqwlfhv
dqg wkh ghpdqg iru vnloohg zrunhuv1 Rq wkh rwkhu kdqg/ vnloohg dqg xqvnloohg
zrunhuv duh frpsohphqwdu| +wkhlu vxevwlwxwlrq hodvwlflw| lv 0 7:(,1

Iurp wkhvh uhvxowv/ zh frqfoxgh wkdw vpdoo Iuhqfk �upv hpsor| dssuhqwlfhv
prvwo| wr surylgh wkhpvhoyhv zlwk vnloohg zrunhuv lq wkh ixwxuh1 Dw wkh vdph
wlph/ vnloohg zrunhuv dqg dssuhqwlfhv vxevwlwxwh xqvnloohg zrunhuv1 Zh gr qrw
�qg xqfrqwhvwhg hylghqfh iru d vljql�fdqw surgxfwlrq dfwlylw| ri dssuhqwlfhv
zlwklq vpdoo Iuhqfk �upv +qr vljql�fdqw h�hfw xvlqj wkh Wudqvorj vshfl�fdwlrq,/
zkhuhdv zh gr vr iru vpdoo Jhupdq �upv1 Lq vpdoo Jhupdq �upv/ wkh pdlq
ixqfwlrq ri wudlqlqj dssuhqwlfhv vhhpv wr �qg d fkhdshu vxevwlwxwh iru xqvnloohg
zrunhuv1

8151 Odujh �upv

Wkh vlwxdwlrq zlwk odujh �upv lv d txlwh gl�huhqw wr wkdw zlwk vpdoo dqg phglxp
vl}hg �upv +wkh hvwlpdwlrq uhvxowv duh vkrzq lq wdeoh 9 ri Dqqh{ E,1 Iluvw
ri doo zlwk odujh Iuhqfk �upv wkh surgxfwlrq surfhvv lv qrw vhqvlwlyh wr wkh
hpsor|phqw ri dssuhqwlfhv1 Zlwk odujh Jhupdq �upv wkh surgxfwlrq hodvwlflw|
lv vljql�fdqw xqghu wkh FG exw qrw zlwk wkh WO vshfl�fdwlrq1 Xvlqj wkh FG
vshfl�fdwlrq zh �qg zlwk odujh �upv wudlqlqj dssuhqwlfhv d orzhu surgxfwlrq
hodvwlflw| ri vnloohg zrunhuv wkdq zlwk odujh �upv qrw wudlqlqj dssuhqwlfhv1 Wklv
pljkw eh lqwhusuhwhg wkdw odujh �upv wudlq dssuhqwlfhv hvshfldoo| li wkh| duh lq
qhhg ri vnloohg zrun1 Wkhvh uhvxowv duh ydolg iru Iudqfh dv zhoo dv iru Jhupdq|1

Wkh vxevwlwxwlrq hodvwlflw| ri dssuhqwlfhv dqg rwkhu w|shv ri zrunhuv duh
qhyhu vljql�fdqw zlwk odujh �upv lq erwk frxqwulhv +vhh wdeohv ri Dqqh{ F,1
Krzhyhu/ iru erwk frxqwulhv zh �qg lghqwlfdoo| vljql�fdqw vxevwlwxwlrq hodvwlfl0
wlhv ehwzhhq vnloohg dqg xqvnloohg zrunhuv ri derxw 98(1

:



91 Frqfoxvlrq

Lq wklv sdshu zh hydoxdwhg wkh surgxfwlylw| ri dssuhqwlfhv lq Iudqf dqg Jhu0
pdq|1 Wkh hfrqrphwulf dqdo|vlv zdv edvhg rq wzr furvv0vhfwlrq gdwdvhwv/ rqh
ri zkrp zdv frqvwuxfwhg e| pdwfklqj wzr LQVHH �up0ohyho vxuyh|v zkhuhdv
wkh vhfrqg rqh lv dq h{wudfwlrq ri wkh LDE 0 �up sdqho1 Zh hvwlpdwh Free0
Grxjodv dqg Wudqvorj surgxfwlrq ixqfwlrqv frpelqhg zlwk d surelw vhohfwlrq
htxdwlrq zklfk doorzv wr frqwuro iru wkh vlwxdwlrq zkhuh d jlyhq �up grhv qrw
wudlq dssuhqwlfhv1 Frqfhuqlqj wkh surgxfwlylw| ri dssuhqwlfhv zh �qg d vwuxf0
wxudo gl�huhqfh ehwzhhq vpdoo dqg odujh �upv/ zklfk lv pruh surqrxqfhg zlwk
Jhupdq �upv1 Hvshfldoo| zlwk vpdoo Jhupdq �upv zh �qg d vwurqj lqyroyhphqw
ri dssuhqwlfhv lq wkh surgxfwlrq surfhvv1 Iru odujh �upv wkh fxuuhqw surgxfwlrq
dujxphqw grhv qrw vhhp wr krog dq|pruh lq rughu wr h{sodlq wkh revhuyhg eh0
kdylrxu1 Iru Iudqfh/ wkh uhvxowv duh vlplodu/ dowkrxjk vpdoo dqg phglxp vl}hg
�upv gr xvh dssuhqwlfhvkls wudlqlqj pruh dv d phdqv ri lqyhvwphqw lq kxpdq
fdslwdo wkdq vpdoo dqg phglxp vl}hg Jhupdq �upv1

;



Uhihuhqfhv

DFHPRJOX/ G1/ hw SLVFKNH/ M10V1 ^4<<<`/ �Eh|rqg Ehfnhu= Wudlqlqj lq Lp0
shuihfw Oderxu Pdunhwv�/ Wkh Hfrqrplf Mrxuqdo/ 43</ s1 I445 0 I4751

EDUGHOHEHQ/ U1 Y1/ EHLFKW/ X1/ hw IHKHU/ N1 ^4<<8`/ �Ehwulheolfkh Nrvwhq
xqg Qxw}hq ghu Dxvelogxqj1 Uhsudhvhqwdwlyh Hujheqlvvh dxv Lqgxvwulh/ Kdqgho
xqg Kdqgzhun�/ Ehulfkwh }xu ehux lfkhq Elogxqj/ Khiw 4;:1 Elhohihog= Ehuwhov0
pdqq1

EHOOPDQQ/ O1 ^4<<:`/ �Gdv LDE0Ehwulhevsdqho�/ gdqv Kxmhu/ U1/ Uhqgwho/
X1/ Zdjqhu/ J1 +hgv1,= Zluwvfkdiwv0 xqg vr}ldozlvvhqvfkdiwolfkh Sdqho0Vwxglhq
0 Gdwhqvwuxnwxuhq xqg Dqdo|vhyhuidkuhq1 Vrqghukhiwh }xp Doojhphlqhq Vwdwlv0
wlvfkhq Dufkly 0 Khiw 63= Jùwwlqjhq= Ydqghqkrhn ) Uxsuhfkw/ s1 49<04;51

EHQGHU/ V1/ KDDV/ D1/ hw NORVH/ F1 ^5333`/ �Wkh LDE0Hpsor|phqw Vxe0
vdpsoh 0 Rssruwxqlwlhv iru Dqdo|vlv Surylghg e| wkhDqrq|plvhg Vxevdpsoh�/
L]D glvfxvvlrq sdshu qr1 44:/ Erqq1

EORVVIHOG/ K1S1 ^4<;<`/ Nrkruwhqgl�huhq}lhuxqj xqg Nduulhuhsur}h 0 Hlqh
Oçqjvvfkqlwwvwxglh ehu glh Yhuçqghuxqj ghu Elogxqjv0 xqg Ehuxivfkdqfhq lp
Ohehqvyhuodxi/ Iudqnixuw2P/ Qhz \run1

FKULVWHQVHQ/ O1U1/ MRUJHQVRQ/ G1Z1/ hw ODX/ O1M1 ^4<:4`/ �Frqmxjdwh
Gxdolw| dqg wkh Wudqvfhqghqwdo Orjdulwkplf ixqfwlrq�/ Hfrqrphwulfd/ yro1 6</
s1 588 0 5891

FKULVWHQVHQ/ O1U1/ MRUJHQVRQ/ G1Z1/ hw ODX/ O1M1 ^4<:6`/ �Wudqvfhq0
ghqwdo Orjdulwkplf Surgxfwlrq Iurqwlhuv�/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/
yro1 88/ s1 5; 0 781

IRXJHUH/ G1/ JRX[/ G1/ hw PDXULQ/ H1 ^4<<;`/ �Irupdwlrq frqwlqxh hw fdu0
ulëuhv vdoduldohv= xqh ìydoxdwlrq vxu grqqìhv lqglylgxhoohv�/ Grfxphqw gh Wudydlo
gx FUHVW q� <;76/ ã sdudñwuh gdqv Dqqdohv g*Hfrqrplh hw gh Vwdwlvwltxh1

IRXJHUH/ G1/ NUDPDU]/ I1/ hw PDJQDF/ W1 ^5333`/ �\rxwk Hpsor|phqw
Srolflhv lq Iudqfh�/ Hxurshdq Hfrqrplf Uhylhz/ yro1 77/ s1 <5;0<751

KDPHUPHVK/ G1V1 ^4<<6`/ Oderu Ghpdqg/ Sulqfhwrq= Sulqfwhwrq Xqlyhuvlw|
Suhvv1

KHFNPDQ/ M1M1 ^4<:<`/ �Vdpsoh Vhohfwlrq Eldv dv d Vshfl�fdwlrq Huuru�/
Hfrqrphwulfd/ yro1 7:/ s1 486 0 4941

OLQGOH\/ U1 P1 ^4<:8`/ �Wkh Ghpdqg iru Dssuhqwlfh Uhfuxlwv e| wkh Hqjl0
qhhulqj Lqgxvwu|/ 4<84 0 4<:4�/ Vfrwwlvk Mrxuqdo ri Srolwlfdo Hfrqrp|/ yro1 55/
s1 40571

VFKZHUGW/ Z1/ hw EHQGHU/ V1 ^5333`/ �Krz Pdq| DssuhqwlfhvB D Frp0
sdulvrq ri Ilupv* Wudlqlqj Ehkdylrxu lq Iudqfh dqg Jhupdq|�/ plphr/ FUHVW
0 LQVHH1

VROORJRXE/ P1/ hw XOULFK/ Y1 ^4<<<`/ �Ohv mhxqhv hq dssuhqwlvvdjh rx hq
o|fìh surihvvlrqqho�/ Hfrqrplh hw Vwdwlvwltxh/ q�656/ s1 640851
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Dqqh{ D= Yduldeoh ghvfulswlrqv45

Wdeohdx 4= Prlqv gh 533 vdodulìv 0 Iudqfh +44 998 revhuydwlrqv,
Yduldeoh pr|hqqh ìfduw w|sh plqlpxp pd{lpxp xqlwì

oq\ ;14< 4155 413< 471;5 43
6
GHP+4<<5, 2 dqqìh

oqX 41:: 4155 06133 8133 qrpeuh srqgìuì

oqV 514: 4153 041<8 8147 qrpeuh srqgìuì

oqD 314< 3185 3133 7167 qrpeuh devrox

oqH 41;7 4137 3133 815: H @ O 0 V 0 D 0 X

N4 31:5 3178 3133 4133 fdslwdolvdwlrq idleoh

N5 3153 3173 3133 4133 fdslwdolvdwlrq pr|hqqh

N6 3139 3157 3133 4133 fdslwdolvdwlrq iruwh

N7 3135 3147 3133 4133 fdslwdolvdwlrq wuëv iruwh

Wdeohdx 5= Soxv gh 533 vdodulìv 0 Iudqfh +4 736 revhuydwlrqv,
Yduldeoh pr|hqqh ìfduw w|sh plqlpxp pd{lpxp xqlwì

oq\ 44145 4176 4185 4:1<; 43
6
GHP+4<<5, 2 dqqìh

oqX 7176 4163 031<7 ;196 qrpeuh srqgìuì

oqV 8157 415< 0319: ;1:9 qrpeuh srqgìuì

oqD 31:3 4147 3133 8195 qrpeuh devrox

oqH 7185 416; 3133 <1;4 H @ O 0 V 0 D 0 X

N4 316< 317< 3133 4133 fdslwdolvdwlrq idleoh

N5 3166 317: 3133 4133 fdslwdolvdwlrq pr|hqqh

N6 314: 316; 3133 4133 fdslwdolvdwlrq iruwh

N7 3145 3165 3133 4133 fdslwdolvdwlrq wuëv iruwh

45Gdqv ohv Wdeohdx{ 4 ã 7/ O uhsuìvhqwh oh qrpeuh wrwdo gh vdodulìv gdqv
o*hqwuhsulvh

43



Wdeohdx 6= Prlqv gh 533 vdodulìv 0 Doohpdjqh +5 48: revhuydwlrqv,
Yduldeoh pr|hqqh ìfduw w|sh plqlpxp pd{lpxp xqlwì

oq\ ;14; 41:: 6198 4713< 43
6
GHP+4<<5, 2 dqqìh

oqX 4185 4193 0416< 8198 qrpeuh srqgìuì

oqV 5134 4186 0416< 918< qrpeuh srqgìuì

oqD 317; 31;3 3133 713; qrpeuh devrox

oqH 4159 4143 3133 8135 H @ O 0 V 0 D 0 X

N4 318; 317< 3133 4133 fdslwdolvdwlrq idleoh

N5 3148 3169 3133 4133 fdslwdolvdwlrq pr|hqqh

N6 3156 3175 3133 4133 fdslwdolvdwlrq iruwh

N7 3137 314< 3133 4133 fdslwdolvdwlrq wuëv iruwh

Wdeohdx 7= Soxv gh 533 vdodulìv 0 Doohpdjqh +4 95; revhuydwlrqv,
Yduldeoh pr|hqqh ìfduw w|sh plqlpxp pd{lpxp xqlwì

oq\ 45163 4197 41<4 4;1:: 43
6
GHP+4<<5, 2 dqqìh

oqX 8173 4169 0315< <179 qrpeuh srqgìuì

oqV 81<6 4156 3133 <1;; qrpeuh srqgìuì

oqD 6157 418< 3133 :163 qrpeuh devrox

oqH 7137 41<< 3133 4314< H @ O 0 V 0 D 0 X

N4 314< 316< 3133 4133 fdslwdolvdwlrq idleoh

N5 314: 316: 3133 4133 fdslwdolvdwlrq pr|hqqh

N6 3178 3183 3133 4133 fdslwdolvdwlrq iruwh

N7 314< 316< 3133 4133 fdslwdolvdwlrq wuëv iruwh

44



Dqqh{h E= Sdudphwhu hvwlpdwlrq46
Wdeohdx 8= Ilupv zlwk ohvv wkdq 533 hpsor|hhv
Free Grxjodv Wudqvorj

Jhupdq| Iudqfh Jhupdq| Iudqfh

Yduldeoh Uhjlph L Uìjlph LL Uhjlph L Uhjlph LL Uhjlph L Uhjlph LL Uhjlph L Uhjlph LL

oqD 3146 313: 3146 3135

+3137, +3135, +3139, +3136,

oqD-oqD 3135 3134

+3136, +3134,

oqX 3146 315: 315: 314< 314< 3158 3159 3154

+3136, +3136, +3135, +3134, +3136, +3136, +3135, +3134,

oqX-oqX 313; 3139 3136 3139

+3134, +3135, +3134, +3134,

oqV 3194 3177 3168 3175 3193 3178 316< 3183

+3136, +3136, +3135, +3134, +3136, +3136, +3135, +3134,

oqV-oqV 313: 3136 313; 3143

+3135, +3135, +3134, +3134,

oqH 3148 314< 3159 3164 3139 3148 3158 315:

+3136, +3136, +3134, +3134, +3136, +3136, +3134, +3134,

oqH-oqH 313: 3136 3137 3136

+3135, +3135, +3134, +3134,

N5 419: 316< 318: 316; 418: 316< 3186 3168

+3147, +314:, +3139, +3137, +3148, +314:, +3139, +3137,

N6 4158 3197 316; 03148 4143 318; 319; 3137

+3144, +3145, +3143, +3137, +3145, +3145, +3145, +3138,

N7 418< 414; 314: 03138 415< 414: 3156 03148

+3156, +3157, +3145, +313:, +3159, +3157, +3148, +313;,

Lqgxvwu| . . . . . . . .

Lqwhudfw1 . . . .

orjO 073571:< 04<938193 06<431:6 04<359188

OU0Whvw ;661;8
��

6:451:7
��

463166
��

683;16:
��

Q <:; 44:< 6 4<8 ; 7:3 <:; 44:< 6 4<8 ; 7:3

46Gdqv ohv Wdeohdx{ 8 hw 9/ ohv qrpeuhv hqwuh sduhqwkëvhv uhsuìvhqwhqw ohv
ìfduwv0w|shv hvwlpìv ghv sdudpëwuhv hvwlpìv1 Ohv vljqhv . lqgltxhqw txh ohv
yduldeohv lqglfdwulfhv ghv vhfwhxuv g*dfwlylwì hw ghv lqwhudfwlrqv hqwuh fhv ydul0
deohv hw ohv idfwhxuv gh surgxfwlrq vrqw lqfrusruìhv gdqv oh prgëoh/ elhq txh
ohv hvwlpdwlrqv ghv sdudpëwuhv fruuhvsrqgdqwv qh vrlhqw sdv uhsruwìhv gdqv ohv
wdeohdx{1

45



Wdeohdx 9= Ilupv zlwk pruh wkdq 533 hpsor|hhv
Free Grxjodv Wudqvorj

Jhupdq| Iudqfh Jhupdq| Iudqfh

Yduldeoh Uhjlph L Uhjlph LL Uhjlph L Uhjlph LL Uhjlph L Uhjlph LL Uhjlph L Uhjlph LL

oqD 313: 3137 3139 314<

+3136, +3137, +3137, +3148,

oqD-oqD 03134 03133:

+3134, +3136,

oqX 3154 3144 3138 3139 3157 3186 03194 315:

+3136, +313:, +3138, +3137, +3137, +3148, +314;, +3144,

oqX-oqX 3136 3145 313< 3137

+3135, +3137, +3137, +3136,

oqV 316< 3178 314: 3166 316: 3135 3175 3137

+3137, +313<, +3139, +3138, +3138, +3157, +314;, +3145,

oqV-oqV 0313: 03148 03135 3144

+3136, +3139, +3137, +3136,

oqH 3145 3145 3153 3155 314: 3147 3176 3196

+3135, +3138, +3136, +3137, +3135, +313<, +3149, +3145,

oqH-oqH 3137 3137 3139 3135

+3134, +3135, +3135, +3134,

N5 3157 3153 3156 313: 3137 3143 318; 4143

+314<, +3185, +3159, +314;, +3153, +3189, +3176, +316:,

N6 3147 03154 03148 03159 03135 3135 3166 514;

+3148, +3178, +315:, +3153, +3149, +319:, +3183, +3178,

N7 315: 03179 3164 3158 3136 03175 03157 3188

+314;, +318<, +3157, +314;, +314<, +31:8, +31<8, +317:,

Lqgxvwu| . . . . . . . .

Lqwhudfw1 . . . .

orjO 05:<;1<5 063:919<8 05:661745 063461977

OU0Whvw 4761<5
��

4:51:7
��

<515;
��

4:;19<
��

Q 47<8 466 9;6 :53 47<8 466 9;6 :53

46



Dqqh{h F= Vxevwlwxwlrq Hodvwlflwlhv47

Ohvv wkdq 533 hpsor|hhv/
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