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Devwudfw

Zh suhvhqw d frqvxpswlrq0edvhg prgho wkdw h{sodlqv d zlgh ydulhw| ri g|0
qdplf dvvhw sulflqj skhqrphqd/ lqfoxglqj wkh surf|folfdo yduldwlrq ri vwrfn
sulfhv/ wkh orqj0krul}rq suhglfwdelolw| ri h{fhvv vwrfn uhwxuqv/ dqg wkh frxqwhu0
f|folfdo yduldwlrq ri vwrfn pdunhw yrodwlolw|1 Wkh prgho fdswxuhv pxfk ri wkh
klvwru| ri vwrfn sulfhv iurp frqvxpswlrq gdwd1 Wkh prgho h{sodlqv wkh vkruw
dqg orqj0uxq htxlw| suhplxp sx}}ohv ghvslwh d orz dqg frqvwdqw ulvniuhh udwh1
Wkh uhvxowv duh hvvhqwldoo| wkh vdph zkhwkhu zh prgho vwrfnv dv d fodlp wr wkh
frqvxpswlrq vwuhdp ru dv d fodlp wr yrodwloh glylghqgv srruo| fruuhohodwhg zlwk
frqvxpswlrq1
Wkh prgho lv gulyhq e| dq l1l1g1 frqvxpswlrq jurzwk surfhvv/ dqg dggv

d vorz0prylqj h{whuqdo kdelw wr wkh vwdqgdug srzhu xwlolw| ixqfwlrq1 Wkhvh
ihdwxuhv jhqhudwh vorz frxqwhuf|folfdo yduldwlrq lq ulvn suhpld1 Wkh prgho
srvlwv d ixqgdphqwdoo| qryho ghvfulswlrq ri ulvn suhpld= Lqyhvwruv ihdu vwrfnv
sulpdulo| ehfdxvh wkh| gr srruo| lq uhfhvvlrqv xquhodwhg wr wkh ulvnv ri orqj0uxq
dyhudjh frqvxpswlrq jurzwk1

úKduydug Xqlyhuvlw| dqg QEHU1 Ghsduwphqw ri Hfrqrplfv/ Olwwdxhu Fhqwhu/ Kduydug Xqlyhuvlw|/
Fdpeulgjh PD 3546;1 +94:, 7<90977;1 mrkq fdpsehooCkduydug1hgx1 L wkdqn wkh Qdwlrqdo Vflhqfh
Irxqgdwlrq iru uhvhdufk vxssruw1

|Xqlyhuvlw| ri Fklfdjr/ Ihghudo Uhvhuyh Edqn ri Fklfdjr dqg QEHU1 4434 H1 8;wk Vw1/ Fklfdjr LO
9396:1 +::6, :350638<1 mrkq1frfkudqhCjve1xfklfdjr1hgx1 L wkdqn wkh Qdwlrqdo Vflhqfh Irxqgdwlrq
dqg wkh Judgxdwh Vfkrro ri Exvlqhvv iru uhvhdufk vxssruw1

}Zh wkdqn Dqguhz Deho/ Jhrujh Frqvwdqwlqlghv/ Mrkq Khdwrq/ Urehuw Oxfdv/ Udmqlvk Phkud/
dqg hvshfldoo| Oduv Kdqvhq iru khosixo frpphqwv1
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h@|ië ì U@? ð?|ihThi| |üi *@t| |ih4 ð? i^ý@|ðL? EHä @t @ ThiU@ý|ðL?@h) t@ñð?}t |ih4ë
út ý?Uih|@ð?|) ð?Uhi@titc UL?tý4iht @hi 4Lhi êð**ð?} |L t@ñic @?_ |üðt êð**ð?}?itt
_hðñit _Lê? |üi i^ýð*ðMhðý4 hðt!uhii ð?|ihit| h@|ië

W? |üi _@|@c êi ?L|ðUi hi*@|ðñi*) *ð||*i ñ@hð@|ðL? ð? hðt!uhii h@|itë Aüðt 4i@?t |ü@|
|üi tihð@* ULhhi*@|ðL? T@h@4i|ih è 4ýt| Mi ?i@h L?ic @?_%Lh bEr|ä 4ýt| _iU*ð?i êð|ü
r| tL |ü@| ý?Uih|@ð?|) ðt üð}ü êüi? r ðt *Lê @?_ |üi ThiU@ý|ðL?@h) t@ñð?} |ih4 Lgti|t

4Iru orjqrupdo P zlwk phdq ç dqg vwdqgdug ghyldwlrq â /

â+P,

H+P,
@

s
H+P5,ýH+P,5

H+P,
@

s
h5ç.5â5 ý h5ç.â5

hç.â5@5
@
s
hâ5 ý 4

S



|üi ð?|ih|i4TLh@* týMt|ð|ý|ðL? |ih4ë bEr|ä _iU*ð?ð?} êð|ü r| ðt |üi t@4i UL?_ð|ðL? êi
?ii_ |L }i| ULý?|ihU)U*ðU@* ñ@hð@|ðL? ð? |üi ThðUi Lu hðt!ë ì ?Lê ýti |üðt ð?tð}ü| |L
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ñ@hð@M*i 7|ë

6ð}ýhi 2ë N?UL?_ð|ðL?@* _ðt|hðMý|ðL? Lu |üi týhT*ýt UL?tý4T|ðL? h@|ðLë
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77c @?_ |üi _@tüi_ ñih|ðU@* *ð?i ð?_ðU@|it |üi ýTTih MLý?_ Lu |üi týhT*ýt
UL?tý4T|ðL? h@|ðL 74@ é

�ô
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Tð*i ýT @| |üi MLý?_@hðitc Lh ê@tü Lý|ë Aüi _ðt|hðMý|ðL? Lu |üi týhT*ýt UL?tý4Tí
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ðt üð}üc @?_ ThðUit @hi _iThitti_ hi*@|ðñi |L _ðñð_i?_të 5ð?Ui |üi ThðUií_ðñð_i?_ h@|ðLt
@hi ?i@h*) *ð?i@h uý?U|ðL?t Lu |üi týhT*ýt UL?tý4T|ðL? h@|ðLc @?_ |üi _ðt|hðMý|ðL? Lu
|üi týhT*ýt UL?tý4T|ðL? h@|ðL ðt ?i}@|ðñi*) t!iêi_c |üi _ðt|hðMý|ðL? Lu ThðUií_ðñð_i?_
h@|ðLt ð?üihð|t |üðt ?i}@|ðñi t!iê?itt _itTð|i ðëðë_ë *L}?Lh4@* UL?tý4T|ðL? }hLê|üë

W?|ihit|ð?}*)c |üi ThðUií_ðñð_i?_ h@|ðL Lu |üi _ðñð_i?_ U*@ð4 ðt @*4Lt| i @U|*) |üi
t@4i @t |üi ThðUií_ðñð_i?_ h@|ðL uLh |üi UL?tý4T|ðL? U*@ð4 _itTð|i |üi ñih) *Lê Efë2ä
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ULhhi*@|ðL? Lu _ðñð_i?_ }hLê|ü êð|ü UL?tý4T|ðL? }hLê|üë #ðñð_i?_ }hLê|ü ðt 4ýUü
4Lhi ñL*@|ð*i |ü@? UL?tý4T|ðL? }hLê|üc tL |üi hi}hittðL? ULiæUði?| q ' 4j{_*j{S
Lu _ðñð_i?_ }hLê|ü L? UL?tý4T|ðL? }hLê|ü ðt hLý}ü*) L?ië Aüi t)t|i4@|ðU Lh ThðUi_
UL4TL?i?|t Lu |üi |êL @tti|t @hi tð4ð*@hc @?_ |üihiuLhi tL @hi |üiðh ThðUitë

çL?_ð|ðL?@* 4L4i?|t Lu hi|ýh?t

6ð}ýhi e Thiti?|t |üi i TiU|i_ UL?tý4T|ðL?íU*@ð4 @?_ _ðñð_i?_íU*@ð4 hi|ýh?t
@?_ |üi hðt!uhii ð?|ihit| h@|i @t uý?U|ðL?t Lu |üi týhT*ýt UL?tý4T|ðL? h@|ðLë út UL?í
tý4T|ðL? _iU*ð?it |Lê@h_t ü@Mð|c i TiU|i_ hi|ýh?t hðti _h@4@|ðU@**) Lñih |üi UL?t|@?|
hðt!uhii h@|ië

6ð}ýhi eë , TiU|i_ hi|ýh?t @?_ hðt!uhii h@|i @t uý?U|ðL?t Lu |üi týhT*ýt
UL?tý4T|ðL? h@|ðLë

6ð}ýhi D Thiti?|t |üi UL?_ð|ðL?@* t|@?_@h_ _iñð@|ðL?t Lu hi|ýh?t @t uý?U|ðL?t Lu |üi
týhT*ýt UL?tý4T|ðL? h@|ðLë út UL?tý4T|ðL? _iU*ð?it |Lê@h_t ü@Mð|c |üi UL?_ð|ðL?@*
ñ@hð@?Ui Lu hi|ýh?t ð?Uhi@titë Aüýt |üi 4L_i* ThL_ýUit tiñih@* igiU|t |ü@| ü@ñi Mii?
i4Tü@tð3i_ ð? |üi ú+çO *ð|ih@|ýhiG üð}ü*) @ý|LULhhi*@|i_ UL?_ð|ðL?@* ñ@hð@?Ui ð?
t|LU! hi|ýh?tc @ R*iñih@}i igiU|â |ü@| ThðUi _iU*ð?it ð?Uhi@ti ñL*@|ð*ð|)c @?_ ULý?|ihí
U)U*ðU@* ñ@hð@|ðL? ð? ñL*@|ð*ð|)ë

W? 6ð}ýhi ec |üi i TiU|i_ hi|ýh? Lu |üi _ðñð_i?_ U*@ð4 ðt @*4Lt| i @U|*) |üi t@4i
@t |ü@| Lu |üi UL?tý4T|ðL? U*@ð4ë W? 6ð}ýhi D |üi _ðñð_i?_ U*@ð4 ü@t @ ?L|ðUi@M*)
üð}üih t|@?_@h_ _iñð@|ðL? |ü@? |üi UL?tý4T|ðL? U*@ð4c Mý| |üi t@4i _iTi?_i?Ui L?
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|üi týhT*ýt UL?tý4T|ðL? h@|ðLë Aüi hi|ýh? L? |üi _ðñð_i?_ U*@ð4 ðt
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Aüi i TiU|i_ hi|ýh?t @hi ?i@h*) ð_i?|ðU@* MiU@ýti |üi ThðUií_ðñð_i?_ h@|ðL @?_ ThðUií
UL?tý4T|ðL? h@|ðL @hi ?i@h*) ð_i?|ðU@* uý?U|ðL?t Lu t|@|ic @?_ _ðñð_i?_ @?_ UL?tý4Tí
|ðL? }hLê|ü @hi ?L| Thi_ðU|@M*ië Aüi UL?_ð|ðL?@* t|@?_@h_ _iñð@|ðL? Lu |üi _ðñð_i?_
U*@ð4 ð?üihð|t |üi t@4i _iTi?_i?Ui L? t|@|i |ühLý}ü |üi ?i@h*) ð_i?|ðU@* å*( |ih4c
Mý| @__t |üi i |h@c UL?t|@?|c t|@?_@h_ _iñð@|ðL? Lu _ðñð_i?_ }hLê|üë

6ð}ýhi Dë çL?_ð|ðL?@* t|@?_@h_ _iñð@|ðL?t Lu hi|ýh?t @t uý?U|ðL?t Lu |üi týhT*ýt
UL?tý4T|ðL? h@|ðLë

çL?_ð|ðL?@* 5ü@hTi h@|ðLt

çL4T@hð?} 6ð}ýhit e @?_ Dc êi tii |ü@| UL?_ð|ðL?@* 4i@?t @?_ UL?_ð|ðL?@* t|@?í
_@h_ _iñð@|ðL?t @hi _ðgihi?| uý?U|ðL?t Lu |üi týhT*ýt UL?tý4T|ðL? h@|ðLc tL |üi 5ü@hTi
h@|ðL Lu UL?_ð|ðL?@* 4i@? |L UL?_ð|ðL?@* t|@?_@h_ _iñð@|ðL? Lu i Uitt hi|ýh?t ñ@hðit
Lñih |ð4ië AL }i| @ ThiUðti 4i@týhic 6ð}ýhi S Thiti?|t |üi 5ü@hTi h@|ðL @t @ uý?U|ðL?
Lu |üi týhT*ýt UL?tý4T|ðL? h@|ðLë Aüi |LT *ð?i ðt |üi 4@ ð4ý4 TLttðM*i 5ü@hTi h@|ðLc
U@*Uý*@|i_ uhL4 |üi O@?ti?ía@}@??@|ü@? MLý?_c i^ý@|ðL? E.äë

Aüi UL?tý4T|ðL? U*@ð4 ?i@h*) @||@ð?t |üi 5ü@hTi h@|ðL MLý?_c ð4T*)ð?} |ü@| ð| ðt
?i@h*) UL?_ð|ðL?@**) 4i@?íñ@hð@?Ui iæUði?|ë Aüi UL?tý4T|ðL?íU*@ð4 4L_i* ü@t L?*)
L?i tüLU!ë Oi?Ui |üi L?*) hi@tL? |üi UL?tý4T|ðL? U*@ð4 ELh @?) U*@ð4 êüLti hi|ýh?
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_iTi?_t L? |üi tð?}*i tüLU!ä ðt ?L| i @U|*) UL?_ð|ðL?@**) 4i@?íñ@hð@?Ui iæUði?| ðt
|ü@| ð| ðt ?L?*ð?i@h*) hi*@|i_ |L |üi tüLU!ë 6Lh |üi UL?tý4T|ðL? U*@ð4c |üi igiU|t Lu
týUü ?L?*ð?i@hð|) @hi t*ð}ü|ë

6ð}ýhi Së 5ü@hTi h@|ðLt @t uý?U|ðL?t Lu |üi týhT*ýt UL?tý4T|ðL? h@|ðLë

Aüi _ðñð_i?_ U*@ð4 ü@t @ t*ð}ü|*) üð}üih 4i@? hi|ýh? @?_ @ týMt|@?|ð@**) üð}üih
t|@?_@h_ _iñð@|ðL?c tð?Ui |üihi ðt @ tiUL?_ _ðñð_i?_ }hLê|ü tüLU! @t êi** @t |üi UL?í
tý4T|ðL? E_ðtULý?|íh@|iä tüLU!ë Oi?Uic |üi _ðñð_i?_ U*@ð4 ü@t @ tL4iêü@| *Lêih
5ü@hTi h@|ðLc @?_ ðt *itt UL?_ð|ðL?@**) iæUði?|ë OLêiñihc UL?tð_ihð?} |ü@| |üi _ðñðí
_i?_ T@)Lg ðt L?*) ULhhi*@|i_ fë2 êð|ü |üi UL?tý4T|ðL? U*@ð4 T@)Lgc ð| ðt týhThðtð?}
üLê U*Lti |üi 5ü@hTi h@|ðLt @hië wLL!ð?} @| |üi _ðñð_i?_ U*@ð4 hi|ýh? i^ý@|ðL? E2fäc
4Lt| Lu |üi ñ@hð@|ðL? ð? |üi _ðñð_i?_íU*@ð4 hi|ýh? ðt _ýi |L Uü@?}ð?} hðt! Thi4ð@ @?_
üi?Ui Uü@?}ð?} ThðUií_ðñð_i?_ h@|ðLt UL44L? |L ML|ü @tti|tc ?L| |L |üi ñL*@|ð*ð|) Lu
|üi T@)Lg ð|ti*uë

Aüi 5ü@hTi h@|ðLt Lu ML|ü tiUýhð|ðit ð?Uhi@ti týMt|@?|ð@**) êüi? |üi týhT*ýt UL?í
tý4T|ðL? h@|ðL _iU*ð?itë W? Lýh 4L_i* hiUittðL?t @hi |ð4it Lu *Lê UL?tý4T|ðL? hi*@í
|ðñi |L ü@Mð|c *Lê ThðUitc tL4iêü@| üð}üih t|@?_@h_ _iñð@|ðL?t Lu hi|ýh?tc ñih) 4ýUü
üð}üih i TiU|i_ hi|ýh?tc @?_ ULhhitTL?_ð?}*) üð}ü 5ü@hTi h@|ðLtë

Aüi |LT *ð?i Lu 6ð}ýhi S ðt @*tL ð?|ihit|ð?} @t @ Uü@h@U|ihð3@|ðL? Lu |üi _ðtULý?|
u@U|Lhë Aüi UL?_ð|ðL?@* 4i@? Lu |üi _ðtULý?| u@U|Lh ðt UL?t|@?|c tL |üðt *ð?i T*L|t
|üi UL?_ð|ðL?@* t|@?_@h_ _iñð@|ðL? Lu |üi _ðtULý?| u@U|Lhë Aü@| UL?_ð|ðL?@* t|@?_@h_
_iñð@|ðL? 4Lñit êð|ü |üi t|@|i ñ@hð@M*i r| @?_ tL ð?üihð|t ð|t TLtð|ðñi tihð@* ULhhi*@|ðL?ë
Aüýtc Lýh iUL?L4ðU 4L_i* }i?ih@|it @ |ð4iítihðit 4L_i* uLh |üi tiUL?_ 4L4i?| Lu |üi
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t|LUü@t|ðU _ðtULý?| u@U|Lhc *ð!i @? ú+çO 4L_i* h@|üih |ü@? @? ú+�ú 4L_i*ë Aüi
O@?ti?ía@}@??@|ü@? @?@*)tðt tüLêt |ü@| |üðt uLh4 ðt ?iUitt@h) ð? Lh_ih |L }i?ih@|i
@ |ð4iíñ@h)ð?} hðt! Thi4ðý4ë

îë 5|@|ðt|ðUt uhL4 5ð4ý*@|i_ #@|@

ì tð4ý*@|i Dffcfff 4L?|üt Lu @h|ð�Uð@* _@|@ |L U@*Uý*@|i TLTý*@|ðL? ñ@*ýit uLh
@ ñ@hði|) Lu t|@|ðt|ðUtë W? Lh_ih |L u@Uð*ð|@|i @ UL4T@hðtL? êð|ü üðt|LhðU@* _@|@c êi
tð4ý*@|i |üi 4L_i* @| @ 4L?|ü*) uhi^ýi?U)c @?_ |üi? UL?t|hýU| |ð4ií@ñih@}i_ @h|ð�Uð@*
@??ý@* _@|@ë út ð? |üi @U|ý@* _@|@c êi @ñih@}i |üi *iñi* Lu UL?tý4T|ðL? ð? i@Uü )i@hë
ì uLh4 @??ý@* hi|ýh?t M) |@!ð?} |üi ThL_ýU| Lu ð?|ihñi?ð?} 4L?|ü*) hi|ýh?të Aüi

@??ý@* ThðUií_ðñð_i?_ h@|ðL ðt ð|t ñ@*ýi @| |üi i?_ Lu |üi )i@hë

ì hiTLh| ULhhitTL?_ð?} üðt|LhðU@* t|@|ðt|ðUt êð|ü tL4i |hiTð_@|ðL?ë ï? |üi L?i
ü@?_c ð| ðt ýtiuý* |L }i| tL4i ^ý@?|ð|@|ðñi ð_i@ Lu |üi |@h}i|ë ï? |üi L|üih ü@?_c
|üi üðt|LhðU@* t|@|ðt|ðUt @hi |üi týMéiU| Lu @? i?Lh4Lýt i4TðhðU@* *ð|ih@|ýhic @?_ |üi
TLð?| it|ð4@|it Lu tð4T*ð�i_ t|@|ðt|ðUt uhL4 L?i T@h|ðUý*@h t@4T*i _L *ð||*i éýt|ðUi
|L |üi iUL?L4i|hðU @?_ _@|@íü@?_*ð?} tLTüðt|ðU@|ðL? Lu |ü@| *ð|ih@|ýhië ú*tLc it|ðí
4@|it tüLý*_ Mi @UUL4T@?ði_ M) t|@?_@h_ ihhLhtc Mý| ýtiuý* 4i@týhit Lu t@4T*ð?}
ý?Uih|@ð?|) hi^ýðhi @ u@h 4Lhi tLTüðt|ðU@|i_ @?@*)tðt |ü@? tT@Ui @**Lêt üihië Aüðt
ðt T@h|ðUý*@h*) |hýi tð?Ui Lýh 4L_i* tý}}it|t |ü@| èitL ThLM*i4t êð** Mi ð4TLh|@?|(
t|LU! hi|ýh?t ð? |üi 4L_i* @hi ?L?í?Lh4@**) _ðt|hðMý|i_ @?_ t|hL?}*) ð?ãýi?Ui_ M)
|üi t4@** TLttðMð*ð|) Lu @ tiñihi Uh@tü Lh _iThittðL?ë

�i@?t @?_ t|@?_@h_ _iñð@|ðL?t

A@M*i 2 Thiti?|t 4i@?t @?_ t|@?_@h_ _iñð@|ðL?t ð? tð4ý*@|i_ _@|@c êð|ü |üi ULhí
hitTL?_ð?} t|@|ðt|ðUt uhL4 Lýh |êL üðt|LhðU@* _@|@ ti|të Aüi �ht| uLýh 4L4i?|t 4@|Uü
|üi TLt|ê@h t|@|ðt|ðUt i @U|*)c MiU@ýti êi UüLti T@h@4i|iht |L �| |üLti 4L4i?|të W?
T@h|ðUý*@hc êi TðU!i_ |üi T@h@4i|ih ò ' 2éff |L i @U|*) 4@|Uü |üi 5ü@hTi h@|ðL uLh
*L} hi|ýh?t Lu fëeô ð? TLt|ê@h _@|@ë Aüi 4L_i* @*tL 4@|Uüit |üi 5ü@hTi h@|ðL uLh
tð4T*i hi|ýh?t Lu fëDfë ú ò ñ@*ýi Lu @MLý| e 4@|Uüit |üi _ðñð_i?_ U*@ð4 5ü@hTi h@|ðL
|L |üi TLt|ê@h ñ@*ýi êð|üLý| 4ýUü igiU| L? L|üih t|@|ðt|ðUtë

ì UüLti |L 4@|Uü |üi TLt|ê@h |ð4i tihðit MiU@ýti |üi) @hi @ tð}?ð�U@?|*) ü@h_ih
|@h}i|ë Aüi *L?} üðt|LhðU@* |ð4i tihðit ui@|ýhi @ 4ýUü *@h}ih t|@?_@h_ _iñð@|ðL? Lu
UL?tý4T|ðL? }hLê|üc @ *Lêih 5ü@hTi h@|ðLc @?_ @ üð}üih hðt! uhii h@|ië ò Lu @MLý| fë.
4@|Uüit |üi fë22 5ü@hTi h@|ðL uLh *L} hi|ýh?t ð? |üi *L?} |ih4 _@|@c êð|ü *ð||*i igiU|
L? |üi L|üih t|@|ðt|ðUtë

W| ðt ?L|iêLh|ü) |ü@| |üi 4L_i* U@? 4@|Uü |üi 4i@? @?_ t|@?_@h_ _iñð@|ðL? Lu
i Uitt t|LU! hi|ýh?tc êð|ü @ UL?t|@?| *Lê ð?|ihit| h@|i @?_ @ _ðtULý?| u@U|Lh B ' féHb
*itt |ü@? L?ic M) @?) UüLðUi Lu T@h@4i|ihtë Aüiti 4L4i?|t @hi |üi i^ýð|) Thi4ðý4
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@?_ hðt!uhii h@|i Tý33*itc êüðUü êi _ðtUýtt Mi*Lêë

A@M*i 2ë �i@?t @?_ t|@?_@h_ _iñð@|ðL?t Lu tð4ý*@|i_ @?_ üðt|LhðU@* _@|@ë

çL?tý4T|ðL? #ðñð_i?_ èLt|ê@h wL?}
5|@|ðt|ðU U*@ð4 U*@ð4 _@|@ _@|@
.E{Sä �ëHbW �ëHb �ë.2
jE{Sä �ë22W �ë22 ôëô2
.Eosä fëfbeW fëfbe 2ëb2

.Eo ý osä*jEo ý osä fëeôW fëôô fëeô fë22
.E-ý-sä*jE-ý-sä fëDf fëDf

.Eo ý osä SëSe SëD2 SëSb ôëbf
jEo ý osä �Dë2 2fëf �Dë. �Hëf

i Td.ERý _äo �Hëô �Hë. 2eë. 2�ë�
jERý _ä fë2. fë2b fë2S fë2.

Aüi 4L_i* ðt tð4ý*@|i_ @| @ 4L?|ü*) uhi^ýi?U)( t|@|ðt|ðUt @hi U@*Uý*@|i_
uhL4 @h|ð�Uð@* |ð4ií@ñih@}i_ _@|@ @| @? @??ý@* uhi^ýi?U)ë út|ihðt!t E8ä
_i?L|i t|@|ðt|ðUt |ü@| 4L_i* T@h@4i|iht êihi UüLti? |L hiT*ðU@|ië ú**
hi|ýh?t @hi @??ý@* TihUi?|@}itë

Aüi hi4@ð?ð?} 4L4i?|t êihi ?L| ýti_ |L TðU! T@h@4i|ihtc tL êi U@? ýti |üi4
|L UüiU! |üi 4L_i*<t Thi_ðU|ðL?të Aüi UüLðUi Lu ò 4@|Uüit |üi h@|ðL Lu 4i@? hi|ýh?
|L t|@?_@h_ _iñð@|ðL?c Mý| ð| t@)t ?L|üð?} @MLý| |üi *iñi* Lu 4i@? @?_ t|@?_@h_
_iñð@|ðL? Lu hi|ýh?të Aüi h@|ðL fëeô ULý*_ Mi }i?ih@|i_ M) @ 4i@? Lu fëeôI @?_ @
t|@?_@h_ _iñð@|ðL? Lu �Ië W? u@U|c |üi 4i@? @?_ t|@?_@h_ _iñð@|ðL? Lu i Uitt hi|ýh?t
@hi @*4Lt| i @U|*) i^ý@* |L |üi ULhhitTL?_ð?} ñ@*ýit ð? |üi TLt|ê@h _@|@c ýtð?} ið|üih
|üi UL?tý4T|ðL? U*@ð4 Lh |üi _ðñð_i?_ U*@ð4ë

Aüi 4i@? ThðUií_ðñð_i?_ h@|ðL ðt @ Mð| Mi*Lê |ü@| uLý?_ ð? TLt|ê@h _@|@c Mý|
|üðt t|@|ðt|ðU ðt TLLh*) 4i@týhi_ MiU@ýti |üi ThðUií_ðñð_i?_ h@|ðL ðt üð}ü*) tihð@**)
ULhhi*@|i_ë Aüi t|@?_@h_ _iñð@|ðL? Lu |üi ThðUií_ðñð_i?_ h@|ðL ðt @*4Lt| i @U|*) |üi
t@4i @t uLý?_ ð? |üi _@|@ë W? |üðt ti?tic |üi 4L_i* @UULý?|t uLh |üi ñL*@|ð*ð|) Lu t|LU!
ThðUitc @ TLð?| êi _ðtUýtt ð? 4Lhi _i|@ð* Mi*Lêë

úý|LULhhi*@|ðL?t @?_ UhLttíULhhi*@|ðL?t

A@M*i ô Thiti?|t @ý|LULhhi*@|ðL?t @?_ A@M*i e Thiti?|t UhLttíULhhi*@|ðL?t uhL4 Lýh
tð4ý*@|i_ _@|@c @*L?} êð|ü t@4T*i ñ@*ýit uhL4 |üi üðt|LhðU@* _@|@ë
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A@M*i ôë úý|LULhhi*@|ðL?t Lu tð4ý*@|i_ @?_ üðt|LhðU@* _@|@ë

w@} E)i@htä
V@hð@M*i 5LýhUi � 2 ô D .
Rý _ çL?tý4T|ðL? U*@ð4 fëH. fë.S fëSS fëD� fëôb

#ðñð_i?_ U*@ð4 fëH. fë.S fëSS fëD� fëôb
èLt|ê@h _@|@ fëH. fë.. fë.f fëe� fëfe

wL?} _@|@ fë.H fëD. fëDf fëô2 fë2b

o ý os çL?tý4T|ðL? U*@ð4 ífëfS ífëfD ífëfe ífëf2 ífëf2
#ðñð_i?_ U*@ð4 ífëfD ífëfe ífëfô ífëf2 ífëf�
èLt|ê@h _@|@ ífë�� ífë2H fë�D fëf2 fë�f

wL?} _@|@ fëfD ífë2� fëfH ífë�e fë��

Sæ
ð'� 4Eo

e
| c o

e
|3æä çL?tý4T|ðL? U*@ð4 ífëfS ífë�� ífë�D ífë2f ífë2S
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ú+çO *ð|ih@|ýhi ü@t ?L| ?L|i_ |üi ?i}@|ðñi 2 @?_ ô )i@h @ý|LULhhi*@|ðL?t Lu @MtL*ý|i
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W? Lýh 4L_i*c i TiU|i_ _ðñð_i?_ }hLê|ü @?_ |üi hðt!*itt ð?|ihit| h@|i @hi UL?t|@?|
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AL _i4L?t|h@|i |üðt TLð?|c êi hiT*ðU@|i @ ñL*@|ð*ð|) |it| ð? çLUüh@?i E�bb�Mä êüðUü
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hi|ýh?t M) UL?t|hýU|ðL?ë AL êð|üð? |üi @UUýh@U) Lu |üi *L}*ð?i@h @TThL ð4@|ðL?c |üi
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E�bHbä i4Tü@tð3it |üðt Rhðt!uhii h@|i Tý33*iâ @?_ çLUüh@?i @?_ O@?ti? E�bb2ä _ðtUýtt
|üi *iñi* @?_ ñ@hð@Mð*ð|) Lu hðt! uhii ð?|ihit| h@|it ð? üð}üíhðt!í@ñihtðL? 4L_i*të

#itTð|i ð|t ð?|ýð|ðñi ð4T*@ýtðMð*ð|)c L?i 4ð}ü| @h}ýi |ü@| ti||ð?} q ' �ébf hitL*ñit
|üi hðt!uhii h@|i Tý33*ië OLêiñih êð|ü q ' �ébf @?_ # ' e�c i^ý@|ðL? E2ôä ð4T*ðit |ü@|
|üi hðt!uhii ð?|ihit| h@|i tüLý*_ Mi ^ýð|i ti?tð|ðñi |L |üi 4i@? UL?tý4T|ðL? }hLê|ü
h@|ic êüðUü ðt ?L| |üi U@tië +i@* ð?|ihit| h@|it _L ?L| ñ@h) @UhLtt |ð4i Lh ULý?|hðit M)
ef |ð4it |üi ñ@hð@|ðL? ð? Thi_ðU|i_ Lh @ñih@}i UL?tý4T|ðL? }hLê|üë E,^ýðñ@*i?|*)c L?i
4ýt| @ttý4i êð*_ UhLttíULý?|h) ñ@hð@|ðL? ð? T@|ði?Ui q |L t@ñi |üi 4L_i*ë ç@4TMi**
�bbH hiTLh|t týUü it|ð4@|itëä

ïýh 4L_i* @*tL ui@|ýhit üð}ü Uýhñ@|ýhië AüLý}ü |üi TLêih ò ' 2 ðt *Lêc |üi
týhT*ýt UL?tý4T|ðL? h@|ðL ðt @*tL *Lêc tL *LU@* Uýhñ@|ýhi # ' ýäüSS*üS ' ò*7 ðt
üð}üc ôD @| |üi t|i@_) t|@|ic @?_ üð}üih t|ð** ð? *Lê týhT*ýt UL?tý4T|ðL? h@|ðL t|@|itë
OLêiñihc Lýh 4L_i* _Lit ?L| Thi_ðU| @ ti?tð|ðñi hi*@|ðL? Mi|êii? UL?tý4T|ðL? }hLê|ü
@?_ ð?|ihit| h@|itë ,^ý@|ðL? E�2äc

os| ' ý *?EBä n ò} ý
ë
ò
77

ê2 j2
2
c

2b



tüLêt |ü@| |üi TLêih T@h@4i|ih ò ' 2c 4ýUü *Lêih |ü@? ý|ð*ð|) Uýhñ@|ýhi ò*7c UL?í
|hL*t |üi hi*@|ðL?tüðT Mi|êii? @ñih@}i UL?tý4T|ðL? }hLê|ü @?_ |üi hðt!uhii ð?|ihit|
h@|ië

Aüýt êi @ñLð_ |üi hðt!uhii h@|i Tý33*iG @? ð?|ýð|ðñi*) T*@ýtðM*i B ' féHb ÷ � ðt
UL?tðt|i?| êð|ü |üi *Lê LMtihñi_ hi@* ð?|ihit| h@|i( @?_ |üi 4L_i* Thi_ðU|t @ 4ýUü
*itt ti?tð|ðñi hi*@|ðL?tüðT @UhLtt ULý?|hðit Lh Lñih |ð4i Mi|êii? 4i@? UL?tý4T|ðL?
}hLê|ü @?_ ð?|ihit| h@|itë 6ýh|üih4Lhic |üi |ð4iíñ@h)ð?} hðt!uhii h@|i ñihtðL? Lu
Lýh 4L_i* Eç@4TMi** @?_ çLUüh@?i �bbeä ThL_ýUit @ hðt!uhii h@|i |ü@| ñ@hðit Lñih
|ð4i @t @ uý?U|ðL? Lu |üi týhT*ýt UL?tý4T|ðL? h@|ðLc êüð*i UL?tý4T|ðL? }hLê|ü ðt
ðëðë_ë AüihiuLhic |üðt 4L_i* Thi_ðU|t ?L |ð4iítihðit hi*@|ðL?tüðT @| @** Mi|êii? ð?|ihit|
h@|it @?_ i TiU|i_ UL?tý4T|ðL? }hLê|ü h@|itc UL?tðt|i?| êð|ü |üi }hi@| _ðæUý*|) |üi
i4TðhðU@* *ð|ih@|ýhi ü@t uLý?_ ð? _LUý4i?|ð?} @?) týUü hi*@|ðL? ð? |üi _@|@ë

W? Lh_ih |L hi4Lñi |üi |i?tðL? Mi|êii? i^ýð|) Thi4ð@ @t ð? E22ä @?_ hðt! uhii h@|it
@t ð? E2ôäc Lýh 4L_i* ýtit ?L?í|ð4i tiT@h@M*i Thiuihi?Uit |L _ðt|ð?}ýðtü ð?|ih|i4TLh@*
týMt|ð|ý|ðL? @?_ hðt! @ñihtðL?ë ,Tt|ið? @?_ ~ð? E�bHbäc ìð* E�bHbäc k@?_i* @?_
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ì ü@ñi _LUý4i?|i_ @ MhL@_ ñ@hði|) Lu i4TðhðU@* týUUittit uLh Lýh UL?tý4T|ðL?í
M@ti_ 4L_i* êð|ü i |ih?@* ü@Mð| uLh4@|ðL?ë ì U@*ðMh@|i |üi 4L_i* |L �| |üi ý?í
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