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ñðtðL?c u@4ð*ð@h uhL4 |üi *ð|ih@|ýhi L? |ð4i ð?UL?tðt|i?| Thiuihi?Uitc |ü@| |üi
@}i?| @| i@Uü TLð?| ð? |ð4i ðt @ tiT@h@|i ð?_ðñð_ý@*ë ì |üi? uL**Lê èð}Lý
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4Ghdwrq ^4<<5` dqg Pdv0Frooho/ Zklqvwrq dqg Juhhq ^4<<8` lpsolflwo| dvvxph ï @ ñý4

zkhq wkh| dvvxph wkdw suhihuhqfhv ryhu frqvxpswlrq vhtxhqfhv duh wlph lqyduldqw1
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6ð}ýhi 2 ð**ýt|h@|it ML|ü |üi _ðtULý?| u@U|Lh Lu @? ð?_ðñð_ý@* ð? TihðL_ 3ihL
@?_ @? ð?_ðñð_ý@* ð? TihðL_ |i? ý?_ih |üi @ttý4T|ðL? |ü@| B ' q ' ébë
W? TihðL_ 3ihL |üi @}i?| T*@Uit i TL?i?|ð@**) _iU*ð?ð?} êið}ü|t L? uý|ýhi
ui*ðUð|)ë W? T@h|ðUý*@hc TihðL_ 3ihL ui*ðUð|) hiUiðñit }hi@|ih êið}ü| |ü@? TihðL_
|i? ui*ðUð|)ë W? TihðL_ |i?c |üi @}i?| T*@Ui i TL?i?|ð@**) _iU*ð?ð?} êið}ü|t
L? ML|ü T@t| @?_ uý|ýhi ui*ðUð|)c @?_ |üi hi*@|ðñi êið}ü|t L? TihðL_ 3ihL @?_
TihðL_ |i? @hi hiñihti_ë

ì U@? tii uhL4 Eôä |ü@| hi|hLtTiU|ðñi |ð4i ð?UL?tðt|i?U) ðt TihuiU|*)
UL?tðt|i?| êð|ü i TL?i?|ð@* _ðtULý?|ð?} @?_ |ð4i UL?tðt|i?U) ð? |üi t|@?_@h_
ti?tië2 Bðñi? @?) _@|it râ : r : |c |üi 4@h}ð?@* h@|i Lu týMt|ð|ý|ðL? Mi|êii?
UL?tý4T|ðL? @| r @?_ râ ðt ð?_iTi?_i?| Lu |üi TihðL_ Lu iñ@*ý@|ðL? |G

qr
â3rüâEärâä
üâEärä
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Aüðt ThLTih|) ð4T*ðit |ü@| LT|ð4@* T*@?t 4@_i |L 4@ ð4ð3i Eôä @hi |ð4i

5Vwurw} ^4<89` vkrzhg wkdw h{srqhqwldo glvfrxqwlqj lv qhfhvvdu| dqg vxïflhqw iru wlph
frqvlvwhqf|1

.



UL?tðt|i?|G @ T*@? UüLti? |L 4@ ð4ð3i ý|ð*ð|) ð? TihðL_ | êð** hi4@ð? LT|ð4@*
ð? @** týMti^ýi?| TihðL_të

ì @*tL tii uhL4 Eôä |ü@| |ð4i UL?tðt|i?U) _Lit ?L| ð4T*) @ Thiuihi?Ui
Lh_ihð?} Lñih ti^ýi?Uit Lu UL?tý4T|ðL? |ü@| ðt |ð4i ð?ñ@hð@?|ë Að4i UL?tðtí
|i?U) L?*) hi^ýðhit |ü@| Thiuihi?Uit Lñih uý|ýhi UL?tý4T|ðL? @hi ý?Uü@?}ð?}ë
W| _Lit ?L| hý*i Lý| _ðt@}hii4i?|t Lñih |üi T@t|ë +i|hLtTiU|ðñi |ð4i UL?tðtí
|i?U) hi^ýðhit B ' q3�é

Aüi ^ýit|ðL? êüi|üih UüLðUit |L_@) 4@ ð4ð3i ý|ð*ð|) uhL4 |üi TihtTiU|ðñi
Lu @** uý|ýhi |ð4i TihðL_t |üihiuLhi MLð*t _Lê? |L üLê 4ýUü @}i?|t U@hi @MLý|
|üi T@t|ë Wt ð| hi@tL?@M*i |ü@| B ' q3� Lh _L Thiuihi?Uit Uü@?}i Lñih |ð4iq
W? |üi ?i | tiU|ðL?c êi hiñðiê |üi U@ti uLh _ðtULý?|ð?} |üi uý|ýhi @?_ @h}ýi
|ü@| |üi U@ti uLh _ðtULý?|ð?} |üi T@t| ðt @| *i@t| @t Tihtý@tðñië

2ë2 Aüi úh}ý4i?| uLh #ðtULý?|ð?}G 6ý|ýhi @?_ è@t|

,ñih tð?Ui îåLü4íî@êih! d�bDbo �ht| ThLTLti_ _ðtULý?|ð?} @t L?i Lu |üi
Thð4i hi@tL?t uLh TLtð|ðñi ð?|ihit| h@|itc |üihi ü@t Mii? ?i@h ý?@?ð4ð|)
@4L?} iUL?L4ðt|t |ü@| ð?_ðñð_ý@*t _ðtULý?| uý|ýhi ui*ðUð|) hi*@|ðñi |L Thiti?|
ui*ðUð|)ëô Aüi 4@ð? @h}ý4i?| ð? u@ñLh Lu _ðtULý?|ð?} ðt i4TðhðU@*ë W| @TTi@ht
|L Mi |üi hiñi@*i_ Thiuihi?Ui Lu ð?_ðñð_ý@*t |ü@| Uýhhi?| T*i@týhi ðt Thiuihhi_
|L uý|ýhi T*i@týhic @?_ uý|ýhi T@ð? |L Uýhhi?| T@ð?ë W?|hLtTiU|ðL? týTTLh|t
|üðt ñðiêc @t _L 4@h!i| ð?|ihit| h@|it ð? i Uitt Lu |üi }hLê|ü h@|i Lu TLTý*@í
|ðL? @?_ ThL_ýU|ðñð|)c @?_ tL _Lit |üi @ñ@ð*@M*i i Tihð4i?|@* iñð_i?Ui uhL4
iUL?L4ðUt @?_ Tt)UüL*L})ëe

Bðñi? |ü@| ð?_ðñð_ý@*t _ðtULý?| |üi uý|ýhic ð?ñ@hð@?Ui hi^ýðhit |ü@| @}i?|t
êið}ü |üi T@t| 4Lhi üi@ñð*) |ü@? |üi) _L |üi Thiti?|ë W? L|üih êLh_tc ð|
hi^ýðhit |ü@| @ |üðh|) )i@h L*_ U@hit 4Lhi @MLý| @? @TT*i |ü@| ê@t UL?tý4i_
@| @}i |ühii |ü@? @MLý| @? @TT*i |L Mi UL?tý4i_ |L_@)ë �LhiLñihc |üi
ð4TLh|@?Ui Lu |ü@| @TT*i @| @}i |ühii hi*@|ðñi |L @? @TT*i |L_@) }hLêt @| @?
i TL?i?|ð@* h@|i @t |üi UL?tý4ih @}itë

Aüðt ð4T*ðU@|ðL? Lu ð?ñ@hð@?Ui ðt _ðæUý*| |L @UUiT|ë +@|üih |ü@? ñðiêð?}
T@t| UL?tý4T|ðL? @t ThL}hittðñi*) 4Lhi ð4TLh|@?| @t |üi UL?tý4ih @}itc
ð| ðt 4Lhi T*@ýtðM*i |ü@| @}i?|t _ðtULý?| T@t| UL?tý4T|ðL?ë `üi? @t!i_

6Iru d uduh vwdwhphqw ri glvvhqw vhh Ehfnhu dqg Vwljohu ^4<::`1
7Dowkrxjk vxssruwlyh ri glvfrxqwlqj/ wkh h{shulphqwdo hylghqfh grhv qrw qhfhvvdulo|

vxssruw h{srqhqwldo glvrxqwlqj1 Vhh Dlqvolh ^4<<5`1
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4Lt| TiLT*i êLý*_ Thiuih ü@ñð?} UL4T*i|i_ @? L?ihLýt |@t! *@t| êii! Lñih
ü@ñð?} |L TihuLh4 L?i |üðt iñi?ð?}( |üi) êLý*_ Thiuih @ T*i@týh@M*i 4i@* |üðt
iñi?ð?} |L L?i |i? )i@ht @}L( @?_ |üi) êLý*_ Thiuih |L Mi *i@ñð?} L? ñ@U@|ðL?
|L hi|ýh?ð?} |L êLh! êüi? |üiðh ñ@U@|ðL? ðt LñihëD ú** Lu |üiti UüLðUit hiãiU|
_ðtULý?|ð?} Lu |üi T@t|ëS `üi?iñih L?i |üð?!tc RW<4 }*@_ ð| ðt �?@**) |ühii
L<U*LU! @?_ |ü@| i Tihði?Ui ðt Lñihcâ ð| hiãiU|t _ðtULý?|ð?} Lu |üi T@t|ë Aüi
_ðt@}hii@M*i i Tihði?Ui ðt *itt T@ð?uý* êüi? ð| ðt ð? |üi T@t| |ü@? êüi? ð| ðt
Mið?} i Tihði?Ui_ ð? |üi Thiti?|ë

îi)L?_ hiñi@*i_ Thiuihi?Uic |üi t|hL?}it| |üiLhi|ðU@* @h}ý4i?| ð? u@ñLh
Lu _ðtULý?|ð?}c ð?ñL*ñit êü@| îåLü4íî@êih! hiuihhi_ |L @t |üi RMhiñð|) @?_
ý?Uih|@ð?|) Lu üý4@? *ðuiëâ úUULh_ð?} |L |üðt ñðiêc TiLT*i _ðtULý?| uý|ýhi
ui*ðUð|) MiU@ýti |üi) 4@) ?L| Mi @hLý?_ |L i?éL) ð|ë ú? ð?_ðñð_ý@* êið}üt
T*i@týhit @| _@|i | M) |üi UL?_ð|ðL?@* ThLM@Mð*ð|) Lu *ðñð?} ý?|ð* _@|i |ë

Aüihi ðt @ T@h@**i* Mi|êii? 4Lh|@*ð|) @?_ uLh}i|uý*?ittë Aüi T@t| _ðit
êüi? êi uLh}i|ë. #L êi ñ@*ýi |L_@) 4i@*t i@|i? |i? )i@ht @}Lc ðu êi U@??L|
iñi? hi4i4Mih êü@| êi @|iq OLê ðt Lýh Uýhhi?| ý|ð*ð|) hi_ýUi_ M) T@t| T@ð?t
|ü@| êi U@??L| iñi? hi4i4Mihq W4TihuiU| 4i4Lh) éýt|ð�it _ðtULý?|ð?} |üi
T@t| ð? 4ýUü |üi t@4i ê@) |ü@| 4Lh|@*ð|) éýt|ð�it _ðtULý?|ð?} |üi uý|ýhic
@?_ éýt| @t 4Lh|@*ð|) tý}}it|t |ü@| êi _ðtULý?| |üi u@h Lg uý|ýhi 4Lhi |ü@?
|üi ?i@h uý|ýhic ð4TihuiU| 4i4Lh) tý}}it|t |ü@| êi _ðtULý?| |üi u@h Lg T@t|
4Lhi |ü@? |üi hiUi?| T@t|ë

6ð?@**)c ðu Thiuihi?Uit Uü@?}i Lñih |ð4i @?_ @UhLtt ð?_ðñð_ý@*tc _Lit |üi
êið}ü| L? |üi T@t| Uü@?}i ð? @ tð4ð*@h 4@??ihq Wuc @t UL44L?*) Mi*ðiñi_c
|üi hðUü @?_ i_ýU@|i_ @hi 4Lhi uLhê@h_ *LL!ð?}c _L |üi) T*@Ui hi*@|ðñi*) *itt
êið}ü| L? |üi T@t| @t ð?ñ@hð@?Ui êLý*_ hi^ýðhiq Wu _ðtULý?|ð?} ðt i?_L}i?Lýtc

8Wklv odvw vwdwhphqw dvvxphv wkdw wkh ydfdwlrq lv wkh sohdvxudeoh h{shulhqfh1 Iru vrph
idplolhv wklv pd| qrw eh wuxh1 Lq wklv fdvh wkh lqhtxdolw| lv uhyhuvhg/ exw wkh srlqw lv wkh
vdph1

9Wkhuh zloo/ ri frxuvh/ eh h{fhswlrqv1 Wkhuh pd| eh wkdw sduwlfxoduo| sohdvxudeoh
rffxuuhqfh zklfk |lhogv phprulhv iru |hduv wr frph/ phprulhv vr suhflrxv wkdw rqh lv
jodg wkdw wkh h{shulhqfh zdv lq wkh sdvw vr wkdw wkh phprulhv frxog eh hqmr|hg ryhu dq
h{whqghg shulrg ri wlph1 Vlplodu h{fhswlrqv/ krzhyhu/ dsso| wr glvfrxqwlqj wkh ixwxuh1
Rqh pd|/ iru h{dpsoh/ zdqw wr ghod| d sduwlfxoduo| sohdvxudeoh hyhqw lq rughu wr vdyru
wkh ihholqjv ri dqwlflsdwlrq wkdw lw hqjhqghuv +Orhzhqvwhlq ^4<;:`,1 Wkh h{lvwhqfh ri d ihz
h{fhswlrqv/ krzhyhu/ grhv qrw dowhu wkh jhqhudo uxoh1

:Wkh h{shulphqwdo hylghqfh lq sv|fkrorj| lqglfdwhv wkdw h{srqhqwldo ghfd| ri uhfdoo
suredelolwlhv ñwv wkh gdwd udwkhu zhoo/ dowkrxjk d srzhu ixqfwlrq pd| shuirup ehwwhu +Vhh
Furylw} dqg Vfklòpdq ^4<:7`,1
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@t @h}ýi_ M) îiU!ih @?_ �ý**ð}@? d�bb.oc ðt ?L| |üi êið}ü| L? |üi T@t| @*tL
i?_L}i?Lýtq úu|ih @** êi tTi?_ UL?tð_ih@M*i hitLýhUit !iiTð?} |üi T@t| @*ðñic
|ühLý}ü üðt|Lh)c t|Lhðitc TüL|L}h@Tütc @?_ _ð@hðitë Wu |üi êið}ü| L? |üi T@t|
ðt i?_L}i?Lýtc êLý*_?<| ð| Mi @ hi4@h!@M*i ^ýðh! Lu u@|i Lu |üðt êið}ü| êihi
i @U|*) i^ý@* |L |üi ð?ñihti Lu |üi _ðtULý?| u@U|Lhq

ì UL?U*ý_i |ü@| ð? @*4Lt| @?) hi@tL?@M*i uLh4ý*@|ðL?c uý|ýhi ti*ñit
êið}ü| Uýhhi?| UL?tý4T|ðL? *itt üi@ñð*) |ü@? _Lit |üi Uýhhi?| ti*uë Aüi
ð4T*ðU@|ðL? ðt |ü@| |@t|it Uü@?}i Lñih |ð4ië ì ?Lê UL?tð_ih |üi êi*u@hi
ð4T*ðU@|ðL?t Lu |üðt LMtihñ@|ðL?ë

ô #)?@4ðU ì*u@hi AüiLh)

út êð|ü 4Lt| iUL?L4ðU |üiLh)c |üi hLL|t Lu |üi _)?@4ðU U@ti @hi |L Mi
uLý?_ ð? @ U*Lti i @4ð?@|ðL? Lu |üi t|@|ðU U@tië W? t|@|ðU êi*u@hi |üiLh) êi
Mi}ð? êð|ü @ ti| Lu ð?_ðñð_ý@*t êð|ü Thiuihi?Uit _i�?i_ L? @? @TThLThð@|i
UL44L_ð|) tT@Uië ì @__ @ tLUð@* T*@??ih êüL ü@t @ñ@ð*@M*i @ ti| Lu TL*ðU)
|LL*tc i@Uü Lu êüðUü ðt ð_i?|ð�i_ êð|ü @ T@h|ðUý*@h UL?tý4T|ðL? Mý?_*i uLh
i@Uü ð?_ðñð_ý@* ð? |üi iUL?L4)ë Aüi tLUð@* T*@??ih ðt |üi? @ttý4i_ |L TðU!
@ TL*ðU) |ü@| t@|ðt�it tL4i ti| Lu i|üðU@* _itð_ih@|@ë Aüi 4Lt| ý?ðñiht@**)
@UUiT|i_ Lu |üiti ðt è@hi|L LT|ð4@*ð|)ë îi)L?_ è@hi|L LT|ð4@*ð|) L?i 4ð}ü|
*LL! |L *L@_ L? L|üih ThLTih|ðit _ðhiU|*)c @t ð? ULLTih@|ðñi M@h}@ð?ð?} |üiLh)c
Lh ð4T*ðUð|*)c @t êüi? 4@ ð4ð3ð?} tL4i êið}ü|i_ tLUð@* êi*u@hi uý?U|ðL?ë

Aüi U@ti Lu @ _)?@4ðU hiThiti?|@|ðñi @}i?| ðt ?L _ðgihi?|ë ú** |ü@| ðt
?ii_i_ ðt |L ð_i?|ðu) |üi ti| Lu TL*ðU) UüLðUit @ñ@ð*@M*i |L |üi tLUð@* T*@??ihc
|üi hi*iñ@?| ti| Lu ð?_ðñð_ý@*tc |üiðh T@)Lgtc @?_ |üi ?@|ýhi Lu |üi tLUð@*
êi*u@hi Uhð|ihðL?ë

W_i?|ðu)ð?} |üi ti| Lu TL*ðU) UüLðUit ðt hi*@|ðñi*) t|h@ð}ü|uLhê@h_ë Aüðt ti|
ðt ýtý@**) }ðñi? @t T@h| Lu |üi _@|@ Lu |üi ThLM*i4 Lh @t |üi i^ýð*ðMhðý4 Lý|í
UL4i Lu tL4i 4L_i*ë Aüi ti| Lu ð?_ðñð_ý@*tc @t êi ü@ñi tii?c ðt ?L| @ |hðñð@*
4@||ihë ,ñi? ð? hiThiti?|@|ðñi @}i?| 4L_i*t êð|ü i TL?i?|ð@* _ðtULý?|ð?}c
|@t|it 4@) Uü@?}i Lñih |ð4ië `üLti Thiuihi?Uit tüLý*_ |üi T*@??ih 4@ ðí
4ð3iq W?t|i@_ Lu UL?t|hýU|ð?} @ |üiLh) @hLý?_ @ � i_ @?têih |L |üðt ^ýit|ðL?c
êi @_LT| @ uh@4iêLh! |ü@| ðt ãi ðM*i i?Lý}ü |ü@| ð| @**Lêt uLh |üi TLttðMð*ð|)
|ü@| |üi TihtTiU|ðñi Lu i@Uü TLð?| ð? |ð4i 4@) @giU| êi*u@hië ì |@!i |üi
ti| Lu ð?_ðñð_ý@*t @| _@|i | |L Mi |üi ti| Lu |i4TLh@**) _ðt|ð?U| ti*ñit _@|i_
r è |ë ì i U*ý_i |üi TihtTiU|ðñit Lu T@t| ti*ñit MiU@ýti |üihi ðt ?L ê@) uLh
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|üi tLUð@* T*@??ih |L @giU| êü@| ðt T@t|ëH Bðñi? |üðt UL**iU|ðL? Lu ð?_ðñð_ý@*tc
|üi T@)Lg uý?U|ðL? uLh |üi _@|i | ti*u ðt }ðñi? M) |üi L| ð? i^ý@|ðL? E2äë

Aüðt *i@ñit L?*) |üi _i|ih4ð?@|ðL? Lu |üi êi*u@hi Uhð|ihðL?ë AL i?týhi
è@hi|L LT|ð4@*ð|) @| @ 4ð?ð4ý4c êi ð?|hL_ýUi @ îih}tL?ð@? tLUð@* êi*u@hi
uý?U|ðL?ë AL tð4T*ðu) 4@||iht uýh|üih êi êð** @_LT| @ *ð?i@h Eêið}ü|i_ ý|ð*ðí
|@hð@?ä tTiUð�U@|ðL?ë

çL?tð_ih �ht| |üi |êL TihðL_ i @4T*i êð|ü B ' fë W? |üðt U@ti |üi
îih}tL?ð@? tLUð@* êi*u@hi uý?U|ðL? |@!it |üi uLh4

7� ' @L� n E�ý @äL2é

V@h)ð?} |üi UüLðUi Lu @ uhL4 3ihL |L L?i |h@Uit |üi ThL_ýU|ðL? TLttðMð*ð|)
uhL?|ðih uhL4 E |L Dë ú** Lu |üiti TLð?|t @hi è@hi|L LT|ð4@*ë ú?) 4Lñi4i?|
uhL4 @?) L?i Lu |üi4 ið|üih ñðL*@|it |üi UL?t|h@ð?| Lh hi_ýUit êi*u@hi uhL4
|üi TihtTiU|ðñi Lu L?i Lu |üi TihðL_të

Aüi t|@?_@h_ Th@U|ðUi Lu 4@ ð4ð3ð?} |üi ý|ð*ð|) Lu hiThiti?|@|ðñi @}i?|
ðt i^ýðñ@*i?| |L ti||ð?} @ ' �ë W? |üðt U@tic |üi TihðL_ L?i ti*u hiUiðñit @**
Lu |üi êið}ü| ð? |üi tLUð@* êi*u@hi uý?U|ðL?ë Aüðt ðt @ uLh4 Lu _ðU|@|LhtüðTc
êüðUü êi |ih4 |üi _ðU|@|LhtüðT Lu |üi Thiti?|ë út ð? |üi t|@|ðU U@tic êi �?_
_ðU|@|LhtüðT ð?üihi?|*) |hLýM*ð?}ë W| tüLý*_ @*tL Mi ?L|i_ |ü@| |üi _ðU|@|Lhí
tüðT Lu |üi Thiti?| )ði*_t TLð?| D êüðUü *ðit @| |üi i |hi4i hð}ü| Lu |üi ti|
Lu è@hi|L LT|ð4@ë ú** L|üih UüLðUit Lu @ ThL_ýUi Lý|UL4it |ü@| @hi 4Lhi
Mð@ti_ |Lê@h_t |üi uý|ýhië

ú Thiuihi?Ui uLh i^ý@* êið}ü|t ðt ð4T*ðUð| ð? +@4ti)<t d�b2Ho UL?|i?|ðL?
|ü@| _ðtULý?|ð?} |üi uý|ýhi ê@t Ri|üðU@**) ð?_iui?tðM*icâ @?_ ðt @*tL ð4T*ði_
ð? |üi ^ýL|@|ðL? uhL4 èð}Lý d�bD2o Uð|i_ ð? |üi ð?|hL_ýU|ðL?ë

W? |üi ð?�?ð|i üLhð3L? U@tic |üi îih}tL?ð@? tLUð@* êi*u@hi uý?U|ðL? Mií
UL4it
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@?L|n?é

êüihi @? hiThiti?|t |üi êið}ü| L? |üi hiThiti?|@|ðñi ð?_ðñð_ý@*<t ý|ð*ð|) ?
TihðL_t üi?Uië W| hi4@ð?t |L _i|ih4ð?i |üi êið}ü|t @?ë kLLT4@?t d�bSfo
tüLêi_ |ü@| tL4i uLh4 Lu _ðtULý?|ð?} ðt ?iUitt@h) êð|ü @? ð?�?ð|i üLhð3L?

;Wkh dvvxpswlrq wkdw wkh vrfldo sodqqhu lv frqfhuqhg rqo| zlwk wkh suhvhqw dqg ixwxuh
vhoyhv lv qrw lpsruwdqw iru wkh txdolwdwlyh uhvxowv ri wkh sdshu1 Hyhq li wkh vrfldo sodqqhu
fduhv derxw wkh sdvw vhoyhv/ wkhuh lv vwloo d frpsurplvh wr eh pdgh1 Doo sdvw vhoyhv ydoxh
wrgd|v frqvxpswlrq ryhu wrpruurzv/ zkhuhdv doo ixwxuh vhoyhv ydoxh wrpruurzv ryhu wrgd|v1

��



ý|ð*ð|) uý?U|ðL? ðt |ü@| uý?U|ðL? ðt |L Mi ti?tð|ðñi |L Uü@?}it ð? ý|ð*ð|) @| @?)
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