
 Open access  Proceedings Article  DOI:10.1109/IPDPS.2002.1015568

Bandwidth-centric allocation of independent tasks on heterogeneous platforms
— Source link 

Olivier Beaumont, Larry Carter, Jeanne Ferrante, Arnaud Legrand ...+1 more authors

Institutions: École normale supérieure de Lyon, University of California, Los Angeles

Published on: 15 Apr 2002 - International Parallel and Distributed Processing Symposium

Topics: Tree traversal, Bandwidth allocation, Grid computing, Resource allocation and Grid

Related papers:

 Scheduling Divisible Loads in Parallel and Distributed Systems

 The Grid 2: Blueprint for a New Computing Infrastructure

 Scheduling strategies for master-slave tasking on heterogeneous processor platforms

 Autonomous protocols for bandwidth-centric scheduling of independent-task applications

 Multi-installment load distribution in tree networks with delays

Share this paper:    

View more about this paper here: https://typeset.io/papers/bandwidth-centric-allocation-of-independent-tasks-on-
s67pojw0zm

https://typeset.io/
https://www.doi.org/10.1109/IPDPS.2002.1015568
https://typeset.io/papers/bandwidth-centric-allocation-of-independent-tasks-on-s67pojw0zm
https://typeset.io/authors/olivier-beaumont-13mey6t41m
https://typeset.io/authors/larry-carter-28x2jhc5nw
https://typeset.io/authors/jeanne-ferrante-2tkog6cbun
https://typeset.io/authors/arnaud-legrand-18gghmrbij
https://typeset.io/institutions/ecole-normale-superieure-de-lyon-uvwhpiee
https://typeset.io/institutions/university-of-california-los-angeles-3qypghuz
https://typeset.io/conferences/international-parallel-and-distributed-processing-symposium-lhyhe1tq
https://typeset.io/topics/tree-traversal-34fbkr9x
https://typeset.io/topics/bandwidth-allocation-2a4s02ip
https://typeset.io/topics/grid-computing-3slduoxr
https://typeset.io/topics/resource-allocation-3696qy02
https://typeset.io/topics/grid-1e79jo7o
https://typeset.io/papers/scheduling-divisible-loads-in-parallel-and-distributed-3k76dweb22
https://typeset.io/papers/the-grid-2-blueprint-for-a-new-computing-infrastructure-49qhb93zz2
https://typeset.io/papers/scheduling-strategies-for-master-slave-tasking-on-3s894cvja1
https://typeset.io/papers/autonomous-protocols-for-bandwidth-centric-scheduling-of-jnnn6psgoc
https://typeset.io/papers/multi-installment-load-distribution-in-tree-networks-with-4c5w93rqq6
https://www.facebook.com/sharer/sharer.php?u=https://typeset.io/papers/bandwidth-centric-allocation-of-independent-tasks-on-s67pojw0zm
https://twitter.com/intent/tweet?text=Bandwidth-centric%20allocation%20of%20independent%20tasks%20on%20heterogeneous%20platforms&url=https://typeset.io/papers/bandwidth-centric-allocation-of-independent-tasks-on-s67pojw0zm
https://www.linkedin.com/sharing/share-offsite/?url=https://typeset.io/papers/bandwidth-centric-allocation-of-independent-tasks-on-s67pojw0zm
mailto:?subject=I%20wanted%20you%20to%20see%20this%20site&body=Check%20out%20this%20site%20https://typeset.io/papers/bandwidth-centric-allocation-of-independent-tasks-on-s67pojw0zm
https://typeset.io/papers/bandwidth-centric-allocation-of-independent-tasks-on-s67pojw0zm


HAL Id: inria-00072412
https://hal.inria.fr/inria-00072412

Submitted on 24 May 2006

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Bandwidth-Centric Allocation of Independent Tasks on
Heterogeneous Platforms

Olivier Beaumont, Larry Carter, Jeanne Ferrante, Arnaud Legrand, Yves
Robert

To cite this version:
Olivier Beaumont, Larry Carter, Jeanne Ferrante, Arnaud Legrand, Yves Robert. Bandwidth-Centric
Allocation of Independent Tasks on Heterogeneous Platforms. [Research Report] RR-4210, LIP RR-
2001-25, INRIA, LIP. 2001. ฀inria-00072412฀

https://hal.inria.fr/inria-00072412
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

   
   

 IS
R

N
 IN

R
IA

/R
R

--
42

10
--

F
R

+
E

N
G

ap por t  




de  r ech er ch e 


INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Bandwidth-centric allocation of independent

tasks on heterogeneous platforms

Olivier Beaumont,

Larry Carter,

Jeanne Ferrante,

Arnaud Legrand and

Yves Robert

No 4210

June 2001
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❂ ❁ ❺☎❺✽❇ ❳ r❨⑨❨⑨✙④➁♦✚❣✝✉✇❞❑❣✴④❆⑨❨✉★❊ ❢❥♣❑■✕⑨❊❣❙②★❊ ④❈⑩✥❊ ❶★♦✡❶✚❞❑❣✵⑩tr❆■ ❣✴❞✘♣❆♦ ♣❢❜❨s❨❣✵⑩☎❋✸♦✇✉✡❣q♣❆⑩t✈●♦✡✉✚♣▼✉✡❣☞⑨✘♣▼✉✇✉✡❣❙②✇❷❘④❑❏
⑨❊❣❙②★❊ ④■⑩ ✒✬s✶♦✡✉✚♣▼②✇✉★❊ ❷❨➃ ♣▼✉❄✉★❊ ❢❤❣✢P ♦✇✉✡❣❙⑨ ✡ ★✡❋✙✉✇❞❑❣✬●✶❞❑④✡■ ❣✝⑨✘♣▼✉✇✉✡❣❙②✇❷ ④❑❏ ❶✵④❆❢ ⑨❨r❨✉✚♣▼✉★❊ ④❆❷❑♦☞♣▼❷❑⑩⑧❶✵④❆❢ ❢☞r✥P
❷❆❊ ❶q♣▼✉★❊ ④❆❷❑♦☞②✡❣❙⑨✙❣q♣▼✉✡♦✝❣✛❩❻❣❙②✇✈✓✒❸✉★❊ ❢❤❣✢P r❨❷❆❊ ✉✡♦❂❋✶❊❞❲ ❣✯❲❥♣▼✉ ✉★❊ ❢❤❣✢P ♦✇✉✡❣❙⑨ ✡ ★ ✌ ✒✬❋✍✡ ★ ✌✳❈✲✒✬❋❜♣▼❷❑⑩❘♦✚④ ④❆❷❱❲
✢✤✉☎✉✇❞❑❣ ❣❙❷❑⑩❾④❑❏✪✉✇❞❑❣✏⑨❨②✡④❈④❑❏★❋❆● ❣⑤●✸❊▲■▲■❲➃✯❊▲❩❻❣✏r❨⑨❨⑨❊❣❙②➃❍❊④❆r❨❷❑⑩❨♦☎④❆❷ ✡ ★ ♣▼❷❑⑩ ✒ ❏ ④❆②☎✳ ④❆❷❑❣✏⑨✘♣▼②✇✉★❊ ❶❙r❆■ ♣▼②✬✴
♣❆♦✡✈❈❢ ⑨❨✉✡④❆✉★❊ ❶q♣❑■▲■ ✈ ④❆⑨❨✉★❊ ❢❥♣❑■ ♦✡❶✚❞❑❣✵⑩tr❆■ ❣✯❲

❐⑦❐ ➢✭✹✻✺✽✼✿✾❁❀



✐❙❺ �✂✁☎✄✝✆✟✞✡✠☞☛✍✌✡✎✑✏✓✒✕✔✖✁✘✗✙✞✡✚✛✏✜✆✢✚✣✒✖✤✥✁☎✦✧✆✢✚✢✚★✞✡✎✩✏✜✆✪✒✕✫✬✁☎✔✧✆✮✭✯✚✰✞✡✎✲✱✳✞✡✎✑✱✵✴✶✁☎✷✸✌✺✹✣✆✢✚✢✏

✎ r❨②★❊ ❷❨➃✏✉✇❞❆❊ ♦③⑨✙❣❙②★❊ ④■⑩✴④❑❏ ✒ r❨❷❆❊ ✉✡♦③④❑❏✙✉★❊ ❢❤❣✯❋❇■ ❣❙✉✁�✭✰ ✎ ⑩❨❣❙❷❑④❆✉✡❣✤✉✇❞❑❣✢♣▼❢❤④❆r❨❷✒✉ ④❑❏✙✉★❊ ❢❤❣✤✉✇❞❑❣✤❷❑④■⑩❨❣
♦✡⑨✙❣❙❷❑⑩❨♦ ②✡❣✵❶✵❣✛❊▲❩❫❊ ❷❨➃★✉✚♣❆♦✟❙■♦✖❏❀②✡④❆❢ ❊ ✉✡♦✤④❂●✶❷ ⑨✘♣▼②✡❣❙❷❈✉ ✩✱✰ ✎ ❋✂� ★✝❍✙❣✖✉✇❞❑❣❄✉★❊ ❢❤❣✖♦✡⑨✙❣❙❷❈✉✤❶✵④❆❢ ⑨❨r❨✉★❊ ❷❨➃❼❋✄� ✎
❍❊❣✶✉✇❞❑❣✖✉★❊ ❢❤❣☎♦✡❣❙❷❑⑩✥❊ ❷❨➃★✉✚♣❆♦★❙t♦③✉✡④✝❶✡❞❆❊▲■ ⑩ ✩ ✎ ❋☎� ☞ r❨❷❆❊ ✉✡♦ ④❑❏❲✉★❊ ❢❤❣☎♦✡❣❙❷❑⑩✥❊ ❷❨➃★✉✚♣❆♦★❙t♦③✉✡④✝❶✡❞❆❊▲■ ⑩ ✩ ☞ ❋✑❲❀❲❀❲❀❋
♣▼❷❑⑩✆� ✯❤r❨❷❆❊ ✉✡♦❄④❑❏ ✉★❊ ❢❤❣✝♦✡❣❙❷❑⑩✥❊ ❷❨➃ ✉✚♣❆♦★❙t♦✖✉✡④✫❶✚❞❆❊▲■ ⑩☛✩ ✯❫❲ ✥✤❣✵❶q♣▼r❑♦✡❣✴④❑❏ ⑨❊❣❙②★❊ ④■⑩✥❊ ❶✛❊ ✉ ✈●♣▼❷❑⑩❯❊ ❷✒✉✡❣❙➃➁②✚♣❑■
❶✵④➁♦✡✉✡♦❂❋❑♣❑■▲■❲④❑❏✔✉✇❞❑❣✝� ✪✰❤ ♦☎♣▼②✡❣⑨❊ ❷✒✉✡❣❙➃❻❣❙②✡♦❡❲

✥ ❣✵❶q♣▼r❑♦✚❣✫④❑❏✖✉✇❞❑❣✫④❡❩❻❣❙②★■ ♣▼⑨ ❞✒✈■⑨❊④❆✉✇❞❑❣✵♦★❊ ♦❂❋✕✉✇❞❑❣ ❶✵④❆❢ ⑨❨r❨✉✚♣▼✉★❊ ④❆❷ ④❑❏✞� ★ ✉✚♣❆♦✟❙■♦✬❍✒✈ ✩ ★ ⑩❨④■❣✵♦✇❷❱❤ ✉
⑩✥❊ ❢❢❊ ❷❆❊ ♦✡❞❾❣✛❊ ✉✇❞❑❣❙②✢✉✇❞❑❣✯❷✒r❨❢✬❍✙❣❙②✞�✭✰ ✎ ❊ ✉✢❶q♣▼❷ ②✡❣✵❶✵❣✛❊▲❩❻❣❭❏ ②✡④❆❢ ✩✱✰ ✎ ❷❑④❆②✟� ✎ ✚✠� ☞ ✚ ✬✮✬✮✬ ✚✠� ✯❫❲✕❵❘❣✏❞✘♣❂❩❻❣
✉✇❞❑❣❢❏ ④✡■▲■ ④❡●✸❊ ❷❨➃●❶✵④❆❷❑♦✇✉✇②✚♣❑❊ ❷❈✉✡♦⑤❏ ④❆②✝� ★✡s ✩ ✓ �✥★ ✓ ✒✬❋✡�✥★ ♦✇❞❑④❆r❆■ ⑩❥❍❊❣❤♣ ❢☞r❆■ ✉★❊ ⑨❆■ ❣✫④❑❏ ✣ ★✯❲❥❝✤❞❑❣
❷❈r❨❢ ❍❊❣❙②✖④❑❏✪✉✚♣❆♦★❙t♦✤✉✇❞✘♣▼✉➃●✸❊▲■▲■❱❍❊❣✯⑨❨②✡④❈❶✵❣✵♦✡♦✚❣✵⑩t❍✒✈ ✩ ★❭❊ ♦☞☛ ✝✦ ✝ ❲❵❘❣✝❞✘♣❂❩❻❣✴♦★❊ ❢❢❊▲■ ♣▼②✏❶✵④❆❷❑♦✇✉✇②✚♣❑❊ ❷✒✉✡♦ ④❆❷✌� ✰ ✎ s ✩ ✓ � ✰ ✎ ✓ ✒✬❋✍�✭✰ ✎ ♦✇❞❑④❆r❆■ ⑩❯❍✙❣✴♣❱❢☞r❆■ ✉★❊ ⑨❆■ ❣ ④❑❏
✦ ✰ ✎ ❲③❝✤❞❑❣✏❷❈r❨❢ ❍❊❣❙②☎④❑❏✪✉✚♣❆♦★❙■♦✢✉✇❞✘♣▼✉✖♣▼②✡❣ ♦✡❣❙❷❈✉✶✉✡④✢✩ ★ ❊ ♦ ☛ ✆ ✁

✝ ✆ ✁ ❲❝✤❞❑❣❙②✡❣❱♣▼②✡❣❤❢❤④❆②✡❣❱❶✵④❆❷❑♦✇✉✇②✚♣❑❊ ❷✒✉✡♦✴④❆❷✎� ✎ ✚ ✬✮✬✮✬ ✚✠� ✯❫❲t⑥❑④❆② ✧ ✓✑✏ ✓ ✪✇❋ ✩ ✓ �✎✪ ✓ ✒✬❋✔♣▼❷❑⑩✒� ✪
♦✡❞❑④❆r❆■ ⑩❦❍❊❣❄♣☞❢☞r❆■ ✉★❊ ⑨❆■ ❣✏④❑❏ ✦ ✪★❲✪❝✤❞❑❣✯♦★❊ ❷❨➃✯■ ❣✢P ⑨✙④❆②✇✉✤❞❈✈❈⑨❊④❆✉✇❞❑❣✵♦★❊ ♦ ✉✇②✚♣▼❷❑♦★■ ♣▼✉✡❣✵♦↔❊ ❷✒✉✡④✓� ✎ ✌✌� ☞ ✌ ✬✮✬✮✬ ✌�✥✯ ✓ ✒✬❲✏❝✤❞❑❣✴❷✒r❨❢✬❍✙❣❙② ④❑❏ ✉✚♣❆♦★❙■♦❄②✡❣✵❶✵❣✛❊▲❩❻❣✵⑩✐❍❈✈●❶✡❞❆❊▲■ ⑩ ✩✫✪✖❊ ♦ ☛ ✤✝ ✤ ✈✇❊ ✉✯❶q♣▼❷✧⑨❨②✡④■❶✵❣✵♦✡♦✯✉✇❞❑❣✵♦✡❣✝✉✚♣❆♦★❙t♦●✸❊ ✉✇❞❆❊ ❷✧✉✇❞❑❣★✉★❊ ❢❤❣✬❏❀②✚♣▼❢❤❣✬❊◗❬ ☛ ✤✝✥✤✓✔ ✣ ✪ ✓ ✒❨❲ ✖❄④❆✉✡❣★✉✇❞✘♣▼✉ ✩ ✪ ♦✇❞❑④❆r❆■ ⑩ ❷❑④❆✉✯②✡❣✵❶✵❣✛❊▲❩❻❣★❢❤④❆②✡❣★✉✚♣❆♦★❙t♦
✉✇❞✘♣▼❷❝❊ ✉✢❶q♣▼❷❾⑨❨②✡④❈❶✵❣✵♦✚♦❂❲

❝✤❞❑❣❙②✡❣➃❊ ♦ ♣❭❜❑❷✘♣❑■✘❶✵④❆❷❑♦✇✉✇②✚♣❑❊ ❷✒✉ ✉✇❞✘♣▼✉ ❣❙❷❑♦✡r❨②✡❣✵♦③✉✇❞❑❣☎♦✡✉✡❣q♣❆⑩t✈✺P ♦✇✉✚♣▼✉✡❣☎④❑❏❊✉✇❞❑❣➃●✶❞❑④✡■ ❣✢⑨❨②✡④■❶✵❣✵♦✡♦❂s❜✉✇❞❑❣
❷❈r❨❢ ❍❊❣❙②✢④❑❏❜✉✚♣❆♦★❙t♦✤♦✡❣❙❷✒✉✤✉✡④★✉✇❞❑❣✝❏ ④❆②★❙☞P ⑤✇④✡❊ ❷✫➃➁②✚♣▼⑨❨❞❱❋✥❊❞❲ ❣✯❲ ☛ ✆ ✁

✝ ✆ ✁ ❋t♦✇❞❑④❆r❆■ ⑩①❍✙❣✯❣❀❖❈r✘♣❑■✙✉✡④★✉✇❞❑❣❄❷✒r❨❢✬❍✙❣❙②
④❑❏✶✉✚♣❆♦★❙t♦✏✉✇❞✘♣▼✉✬❊ ✉☞❶q♣▼❷ ❶✵④❆❷❑♦✇r❨❢❤❣✯❋✶❊❞❲ ❣✯❲✕☛ ✝✦ ✝ ✌ ✚ ✯✪✣✢ ✎ ☛ ✤✝✥✤ ❲❱❝✤❞❆❊ ♦ ■ ♣❆♦✇✉✬❖❈r✘♣▼❷✒✉★❊ ✉ ✈❥❊ ♦☞❣❳s❑♣❆❶❙✉★■ ✈✧✉✇❞❑❣
❖❈r✘♣▼❷✒✉★❊ ✉ ✈ ✉✇❞✘♣▼✉➃● ❣⑨●✤♣▼❷✒✉✖✉✡④ ❢❥♣❂s❫❊ ❢❢❊▲❘q❣✯❲

✦❲❣❙✉ r❑♦✫♦✡r❨❢ ❢❥♣▼②★❊▲❘q❣●✉✇❞❑❣⑧♦★❊ ✉✇r✘♣▼✉★❊ ④❆❷✠♣❆♦ ♣ ■▲❊ ❷❑❣q♣▼② ⑨❨②✡④❆➃➁②✚♣▼❢ ❢❢❊ ❷❨➃ ⑨❨②✡④✡❍❆■ ❣❙❢▼❋✂●✶❞❑❣❙②✡❣⑧✉✇❞❑❣
④✡❍t⑤✇❣✵❶❙✉★❊▲❩❻❣❭❏ r❨❷❑❶❙✉★❊ ④❆❷▼❊ ♦✶✉✇❞❑❣✏❷❈r❨❢ ❍❊❣❙②✖④❑❏✪✉✚♣❆♦★❙t♦✶❶✵④❆❷❑♦✇r❨❢❤❣✵⑩✳●✸❊ ✉✇❞❆❊ ❷ ✉✇❞❑❣ ✒ r❨❷❆❊ ✉✡♦☎④❑❏✪✉★❊ ❢❤❣✯s

✶ ❃✄✖❁✻ ✌ ✻✘✗ ❶✙☛ ✝✦ ✝ ✌✺✚ ✯✪✼✢ ✎ ☛ ✤✝ ✤
✾ ☛⑦✼✛✚ ❶ ❅❇✿❨✿ ❺

✜✢✢✢✣ ✢✢✢✤
✩ ✓ � ✪ ✓ ✒ ❏ ④❆② ✮✺✧ ✓✥✏ ✓ ✪☛ ✤✝ ✤ ✔ ✣ ✪ ✓ ✒ ❏ ④❆② ✧ ✓✥✏ ✓ ✪✚ ✯✪✼✢ ✎ � ✪ ✓ ✒☛ ✆ ✁
✝ ✆ ✁ ✔ ☛ ✝✦ ✝ ✌✻✚ ✯✪✣✢ ✎ ☛ ✤✝✥✤

✥ ❣✵❶q♣▼r❑♦✚❣☞❣✛❩❻❣❙②✇✈■✉✇❞❆❊ ❷❨➃❦❊ ♦➃■▲❊ ❷❑❣q♣▼②✝❊ ❷ ✒✬❋❆● ❣☞❶q♣▼❷●❷❑④❆②✇❢❥♣❑■▲❊▲❘q❣☞✉✇❞❑❣✏⑨❨②✡④✡❍❆■ ❣❙❢ ♣▼❷❑⑩❾♦✡❣❙✉ ✒ ✔ ✧ s
● ❣✏❷❑④❂● ■ ④❈④✡❙✽❏ ④❆②✶❷❑④❆❷❨❷❑❣❙➃✒♣▼✉★❊▲❩❻❣❦✚✰✞❇✏r♠r✌✡✎✲✞ ✱✥❩❆♣❑■ r❑❣✵♦✟� ✰ ✎ ✚✠� ★ ✚✠� ✎ ✚ ✬✮✬✮✬ ✚✠� ✯✴♦✇r❑❶✡❞ ✉✇❞✘♣▼✉

� ✰ ✎✔✓ ✧�✥★ ✓ ✧✚ ✯✪✼✢ ✎ �✎✪ ✓ ✧�✎✪ ✓ ✝✥✤✦✕✤ ❏ ④❆② ✧ ✓✥✏ ✓ ✪☛ ✆ ✁
✝ ✆ ✁ ✔ ☛ ✝✦ ✝ ✌✺✚ ✯✪✼✢ ✎ ☛ ✤✝✥✤

➡✓✃✶❐✧➡r❒



�✧♥❆✆✂✁❯✞☎✄✢✏✜✆✢✚✢♦✝✆ ✱▲✞☎✞❑✆✠✟➃✞✡✚✰✞✺✱✡♠◗✭✯☛ ❧✙♠r✏✓♥☛✡✬✆✛✏✜✆✢✚★✌✟✭✺✆✢✎✲✆✟✌✡✠☞✄✌✟↔✚★✌❂♣✣✆✍✄✍✄✛✌✡✚✍✄ ✐q➂

❵❘❣ ❶q♣▼❷✬❏❀r❨②✇✉✇❞❑❣❙②✔❷❑④❆②✇❢❥♣❑■▲❊▲❘q❣ ✉✇❞❑❣✵♦✡❣ ❣❀❖✒r✘♣▼✉★❊ ④❆❷❑♦✶❍✒✈⑨❊ ❷❈✉✇②✡④❈⑩tr❑❶✛❊ ❷❨➃✏✉✇❞❑❣ ②✚♣▼✉✡❣✵♦ ✔ ✪★s✍✔ ✰ ✎ ✔ ☛ ✆ ✁
✝ ✆ ✁❊ ♦☞✉✇❞❑❣❤②✚♣▼✉✡❣❱④❑❏✤✉✚♣❆♦✟❙■♦☞⑨✙❣❙②★♦✡❣✵❶✵④❆❷❑⑩❘②✡❣✵❶✵❣✛❊▲❩❻❣✵⑩❛❏❀②✡④❆❢ ✉✇❞❑❣❤⑨✘♣▼②✡❣❙❷❈✉ ✩ ✰ ✎ ❋ ✔ ★ ✔ ☛ ✝✦ ✝ ❊ ♦ ✉✇❞❑❣❥②✚♣▼✉✡❣

✉✇❞❑❣❙✈❾♣▼②✡❣ ❣❳s❨❣✵❶❙r❨✉✡❣✵⑩▼❊ ❷ ✉✇❞❑❣✏⑨✘♣▼②✡❣❙❷✒✉❄❷❑④❈⑩❨❣ ✩ ★ ❋✘♣▼❷❑⑩ ✔ ✪ ❋✥❏ ④❆② ✧ ✓ ✏ ✓ ✪✇❋❆❊ ♦✶✉✇❞❑❣☞②✚♣▼✉✡❣✏✉✇❞❑❣❙✈❾♣▼②✡❣
♦✚❣❙❷✒✉✯✉✡④ ♣▼❷❑⑩⑧❣❳s❨❣✵❶❙r❨✉✡❣✵⑩ ④❆❷✧✉✇❞❑❣ ✏ P ✉✇❞❘❶✡❞❆❊▲■ ⑩☎❲ ❵❘❣★④✡❍❨✉✚♣❑❊ ❷ ✉✇❞❑❣✬❏ ④✡■▲■ ④❂●✸❊ ❷❨➃t❏ ④❆②✇❢☞r❆■ ♣▼✉★❊ ④❆❷❪④❑❏ ✉✇❞❑❣
⑨❨②✡④✡❍❆■ ❣❙❢ ④❑❏✪⑩❨❣❙✉✡❣❙②✇❢❢❊ ❷❆❊ ❷❨➃❱✉✇❞❑❣ ④❆⑨❨✉★❊ ❢❥♣❑■ ✉✚♣❆♦★❙ ♣❑■▲■ ④■❶q♣▼✉★❊ ④❆❷✳❏ ④❆②✶✉✇❞❑❣⑤❍✘♣❆♦✡❣✯❢❤④❈⑩❨❣✛■❞s

✁ ❃❆✾ ❶ ❂ ❁ ❺ ✼ ✷ ❶ ✌ ❈ ✶ ❃✄✖❁✻ ✌ ✻✘✗ ❶ ✚ ✯✪✼✢ ★ ✔ ✪✶✚ ✾ ☛⑦✼✡✚ ❶ ❅✯✿❢✿ ❺
✂ ✁☎✄✝✆ ✔✫✰ ✎ ✔ ✚ ✯✪✣✢ ★ ✔ ✪✂ ✁ ✁ ✆ ✔ ✰ ✎ ✦ ✰ ✎ ✓ ✧✂ ✁✟✞✠✆ ✔ ✪ ✓ ✎✦✽✤ ❏ ④❆② ✩ ✓ ✏ ✓ ✪
✂ ✁☎✡✝✆ ✚ ✯✪✣✢ ✎ ✔ ✪☎✦ ✪ ✓ ✧

✖✖④❆✉✡❣✏✉✇❞✘♣▼✉✖❢❤④❂❩❫❊ ❷❨➃❦❏ ②✡④❆❢ ✉✇❞❑❣ � ✪✰❤ ♦✢✉✡④❤✉✇❞❑❣ ②✚♣▼✉✡❣✵♦ ✔ ✪✰❤ ♦✢❞✘♣❆♦✖♣❤✉✡❣✵❶✡❞❨❷❆❊ ❶q♣❑■✕♣❆⑩✥❩❆♣▼❷❈✉✚♣▼➃❻❣✯s ✉✇❞❑❣
❷❑❣✛● ❏ ④❆②✇❢☞r❆■ ♣▼✉★❊ ④❆❷✧❷❆❊ ❶✵❣✛■ ✈ ❣❙❷❑❶✵④❆❢ ⑨✘♣❆♦✡♦✡❣✵♦✖✉✇❞❑❣★❶q♣❆♦✡❣⑤●✶❞❑❣❙②✡❣✴♦✡④❆❢❤❣✝❶✵④❆❢ ❢☞r❨❷❆❊ ❶q♣▼✉★❊ ④❆❷ ✉★❊ ❢❤❣ ✦✝✪✖❊ ♦
❘q❣❙②✡④★✳✓●✶❞❆❊ ❶✡❞ ❢❢❊ ➃➁❞❈✉✕❍✙❣✤♣▼⑨❨⑨❨②✡④❆⑨❨②★❊ ♣▼✉✡❣✯❋✡❏ ④❆②⑦❊ ❷❑♦✇✉✚♣▼❷❑❶✵❣✯❋✯❏ ④❆②✕♣☎♦✡❞✘♣▼②✡❣✵⑩❫P ❢❤❣❙❢❤④❆②✇✈☞❢☞r❆■ ✉★❊ ⑨❨②✡④■❶✵❣✵♦✡♦✡④❆②✬✴✢❲

✦❲❣❙✉ ✔ ❍❊❣③✉✇❞❑❣ ♦✡④✡■ r❨✉★❊ ④❆❷✝④❑❏❑✉✇❞❑❣ ✥✶♣❆♦✡❣③①✕②✡④✡❍❆■ ❣❙❢▼❲✶❵❘❣ ❶✛■ ♣❑❊ ❢ ✉✇❞✘♣▼✉ ✔ ✔ ✲✟☛✌☞✎✍ ✎
✝ ✆ ✁ ✚ ✎✦ ✝ ✌✑✏✓✒

✳❀r❨❷❆■ ❣✵♦✚♦ ✦✲✰ ✎ ✔ ✩❆❋❆❊ ❷ ✉✇❞✘♣▼✉☎❶q♣❆♦✡❣ ✔ ✔ ✎✦ ✝ ✌✑✏ ✴❭❋✥●✶❞❑❣❙②✡❣✔✏ ❊ ♦✢✉✇❞❑❣☞♦✡④✡■ r❨✉★❊ ④❆❷❾✉✡④ ✉✇❞❑❣❭❏ ④✡■▲■ ④❂●✸❊ ❷❨➃
⑨❨②✡④✡❍❆■ ❣❙❢▼s

✻✡☛✛✖❁✻ ✷✿✻✓❃❆❁ ❷ ✷✶❁ ❺ ✼ ✷ ❶ ✌ ❈ ✶ ❃✄✖❁✻ ✌ ✻✘✗ ❶ ✚ ✯✪✼✢ ✎ ✔ ✪ ✚ ✾ ☛✧✼✛✚ ❶ ❅✯✿❢✿ ❺✂ ✻ ✆ ✔ ✪✳✣ ✪ ✓ ✧ ❏ ④❆② ✧ ✓ ✏ ✓ ✪
✂ ✻✿✻ ✆ ✚ ✯✪✣✢ ✎ ✔ ✪✳✦ ✪ ✓ ✧

✥ ❣✵❶q♣▼r❑♦✚❣✤✉✇❞❑❣✢♣▼rts❫❊▲■▲❊ ♣▼②✇✈★⑨❨②✡④✡❍❆■ ❣❙❢ ❊ ♦✕■ ❣✵♦✡♦✕❶✵④❆❷❑♦✇✉✇②✚♣❑❊ ❷❑❣✵⑩❤✉✇❞✘♣▼❷ ✉✇❞❑❣✶④❆②★❊ ➃✯❊ ❷✘♣❑■✘④❆❷❑❣✯❋✯● ❣➃❊ ❢ ❢❤❣✢P
⑩✥❊ ♣▼✉✡❣✛■ ✈✏❞✘♣❂❩❻❣ ✉✇❞✘♣▼✉ ✎✦ ✝ ✌✔✏ ✫ ✔❢❲❱❵❘❣ ♣❑■ ♦✡④✢❞✘♣❂❩❻❣ ✎

✝ ✆ ✁ ✫ ✔❢❋❄❍❊❣✵❶q♣▼r❑♦✡❣ ④❑❏✍✳ ✥✶❽ ✴❲♣▼❷❑⑩✭✳ ✥✯✐ ✴✢❋▼❞❑❣❙❷❑❶✵❣✲✕☛✌☞✖✍ ✎
✝ ✆ ✁ ✚ ✎✦ ✝ ✌✗✏✘✒ ✫ ✔❢❲✪❝ ④✴♦✇❞❑④❂●✳✉✇❞❑❣❄②✡❣✛❩❻❣❙②✡♦✡❣◆❊ ❷❑❣❀❖❈r✘♣❑■▲❊ ✉ ✈❇❋t✉✇❞❑❣❙②✡❣ ♣▼②✡❣✖✉✜● ④ ❶q♣❆♦✚❣✵♦❂❋❨♣❆❶✵❶✵④❆②✡⑩❫P

❊ ❷❨➃✫✉✡④✫✉✇❞❑❣ ❩➁♣❑■ r❑❣★④❑❏ ✲✟☛✌☞ ✍ ✎
✝ ✆ ✁ ✚ ✎✦ ✝ ✌✑✏ ✒ ❲✏✢✖♦✚♦✇r❨❢❤❣⑨❜❑②✡♦✇✉✯✉✇❞✘♣▼✉✞✲✟☛✌☞ ✍ ✎

✝ ✆ ✁ ✚ ✎✦ ✝ ✌✑✏ ✒ ✔ ✎
✝ ✆ ✁ ❲

✦ ❣❙✉ ✖ ✔ ✎ ✚ ✬✮✬✮✬ ✚ ✔ ✯✁✧✕❍❊❣✶✉✇❞❑❣☎④❆⑨❨✉★❊ ❢❥♣❑■❊♦✡④✡■ r❨✉★❊ ④❆❷ ④❑❏❊✉✇❞❑❣✯♣▼rts✥❊▲■▲❊ ♣▼②✇✈ ⑨❨②✡④✡❍❆■ ❣❙❢▼s✙✏ ✔ ✚ ✯✪✣✢ ✎ ✔ ✪ ♣▼❷❑⑩
✎✦ ✝ ✌✚✏ ✫ ✎

✝ ✆ ✁ ❲ ✦❲❣❙✉✜✛ ✔
✁✢ ✆ ✁✁✣ ✝✥✤✧✦ ✓ ✧ ❲✝❝✤❞❑❣❙❷★✍ ✎

✝ ✆ ✁ ✚✪✩✦ ✝ ✚✫✛ ✔ ✎ ✚ ✬✮✬✮✬ ✚✫✛ ✔ ✯✬✒✵❊ ♦ ♣❱♦✚④✡■ r❨✉★❊ ④❆❷❘✉✡④
✉✇❞❑❣❭❍✘♣❆♦✚❣✏⑨❨②✡④✡❍❆■ ❣❙❢ ●✶❞❑④➁♦✡❣ ④✡❍t⑤✇❣✵❶❙✉★❊▲❩❻❣❭❏ r❨❷❑❶❙✉★❊ ④❆❷▼❊ ♦✢❣❀❖❈r✘♣❑■❲✉✡④ ✎

✝ ✆ ✁ ❲③❝✤❞❑❣❙②✡❣✢❏ ④❆②✡❣
✎
✝ ✆ ✁ ✓ ✔❢❲

✢✖♦✡♦✡r❨❢❤❣✖❷❑④❡●✠✉✇❞✘♣▼✉ ✲✟☛✌☞✎✍ ✎
✝ ✆ ✁ ✚ ✎✦ ✝ ✌✑✏✓✒ ✔ ✎✦ ✝ ✌✗✏ ❲✔✦ ❣❙✉ ✖ ✔ ✎ ✚ ✬✮✬✮✬ ✚ ✔ ✯✁✧✉❍❊❣✯✉✇❞❑❣✏④❆⑨❨✉★❊ ❢❥♣❑■

♦✚④✡■ r❨✉★❊ ④❆❷✫④❑❏✸✉✇❞❑❣✯♣▼rts❫❊▲■▲❊ ♣▼②✇✈ ⑨❨②✡④✡❍❆■ ❣❙❢▼s✙✏ ✔ ✚ ✯✪✣✢ ✎ ✔ ✪ ♣▼❷❑⑩ ✎✦ ✝ ✌✭✏ ✓ ✎
✝ ✆ ✁ ❲✔✦❲❣❙✉ ✔ ★ ✔ ✎✦ ✝ ♣▼❷❑⑩

✔ ✰ ✎ ✔ ✚ ✯✪✣✢ ★ ✔ ✪ ❲✕❝✤❞❑❣❙❷ ✖ ✔ ✰ ✎ ✚ ✔ ★ ✚ ✔ ✎ ✚ ✬✮✬✮✬ ✚ ✔ ✯ ✧✖❊ ♦✢♣★♦✡④✡■ r❨✉★❊ ④❆❷ ✉✡④★✉✇❞❑❣◆❍✘♣❆♦✡❣❄⑨❨②✡④✡❍❆■ ❣❙❢ ✳❀❷❑④❆✉✡❣
✉✇❞✘♣▼✉✲✳ ✥✯✐ ✴✖❊ ♦ ♦✚♣▼✉★❊ ♦★❜✘❣✵⑩✽❍❊❣✵❶q♣▼r❑♦✡❣❄④❑❏❲✉✇❞❑❣❄❞✒✈■⑨✙④❆✉✇❞❑❣✵♦★❊ ♦ ✴✢❲✖✕✖❣❙❷❑❶✵❣ ✎✦ ✝ ✌✮✏ ✓ ✔❢❲✕❝✤❞❆❊ ♦ ❶✵④❆❷❑❶✛■ r❑⑩❨❣✵♦
✉✇❞❑❣✯②✡❣✵⑩tr❑❶❙✉★❊ ④❆❷●✉✡④ ✉✇❞❑❣ ♣▼rts✥❊▲■▲❊ ♣▼②✇✈✫⑨❨②✡④✡❍❆■ ❣❙❢▼❲

❐⑦❐ ➢✭✹✻✺✽✼✿✾❁❀



✐✎✔ �✂✁☎✄✝✆✟✞✡✠☞☛✍✌✡✎✑✏✓✒✕✔✖✁✘✗✙✞✡✚✛✏✜✆✢✚✣✒✖✤✥✁☎✦✧✆✢✚✢✚★✞✡✎✩✏✜✆✪✒✕✫✬✁☎✔✧✆✮✭✯✚✰✞✡✎✲✱✳✞✡✎✑✱✵✴✶✁☎✷✸✌✺✹✣✆✢✚✢✏

❵❘❣ ❶q♣▼❷ ❷❑④❡● ❶✵④❆❢❤❣✏✉✡④ ✉✇❞❑❣✝♦✡④✡■ r❨✉★❊ ④❆❷ ④❑❏✕✉✇❞❑❣☞♣▼rts✥❊▲■▲❊ ♣▼②✇✈ ⑨❨②✡④✡❍❆■ ❣❙❢▼❲ ✢❄♦➃❊ ❷ ✉✇❞❑❣ ♦✇✉✚♣▼✉✡❣❙❢❤❣❙❷✒✉
④❑❏✢✉✇❞❑❣❥✉✇❞❑❣✵④❆②✡❣❙❢▼❋✙■ ❣❙✉ ✗ ❍❊❣❤✉✇❞❑❣✍■ ♣▼②✇➃❻❣✵♦✡✉✬❊ ❷❑⑩❨❣❳s ♦✚④❾✉✇❞✘♣▼✉❄✚ ✛ ✪✼✢ ✎ ✝ ✤✦✽✤ ✓ ✧ ❲✜✦❲❣❙✉✞✔✁�✪ ✔ ✎✦✽✤ ❏ ④❆②✧✍✓ ✏ ✓ ✗⑦❲ ❉ ❏❅✗❆✬ ✪✇❋☞■ ❣❙✉✕✔ �✛ ✤ ✎ ✔ ✾✝✱✿❁❀ ✁ ❋☞●✶❞❑❣❙②✡❣ ✬ ✔ ✧ ✮ ✚✜✛ ✪✣✢ ✎ ✝✥✤✦✕✤ ❲ ❉ ❏❅✗ ✌ ✧ ✬ ✪✇❋☞■ ❣❙✉ ✔ �✪ ✔ ✩
❏ ④❆② ✗ ✌ ❈ ✓ ✏✍✓ ✪✇❲✬❵❘❣❤❶✛■ ♣❑❊ ❢ ✉✇❞✘♣▼✉ ✖ ✔✁�✪ ✧✝❊ ♦✯✉✇❞❑❣❤④❆⑨❨✉★❊ ❢❥♣❑■ ♦✡④✡■ r❨✉★❊ ④❆❷❘④❑❏ ✉✇❞❑❣❤④❆⑨❨✉★❊ ❢❢❊▲❘ ♣▼✉★❊ ④❆❷
⑨❨②✡④✡❍❆■ ❣❙❢▼s

� ⑥✶❊ ②✡♦✇✉❂❋✩❊ ✉◆❊ ♦◆❊ ❷❑⑩❨❣✵❣✵⑩⑧♣❱♦✡④✡■ r❨✉★❊ ④❆❷❱❲✝❵❘❣☞❞✘♣❂❩❻❣ ✔✁�✛ ✤ ✎ ✓ ✎✦❅✿❁❀ ✁ ●✶❞❑❣❙❷ ✗✭✬ ✪✇❲❄❝✤❞❆❊ ♦✖❶✵④❆❢❤❣✵♦
⑩✥❊ ②✡❣✵❶❙✉★■ ✈⑤❏ ②✡④❆❢ ✉✇❞❑❣✤⑩❨❣✢❜❑❷❆❊ ✉★❊ ④❆❷❤④❑❏ ✗✶s❲♦★❊ ❷❑❶✵❣ ✚ ✛ ✤ ✎✪✣✢ ✎ ✝✥✤✦✕✤ ✧ ✧ ❋✡● ❣ ❞✘♣❀❩❻❣ ✬ ✔ ✧ ✮ ✚ ✛ ✪✣✢ ✎ ✝✥✤✦✕✤ ✬
✝✱✿✆❀ ✁✦❅✿✆❀ ✁ ❋✍❞❑❣❙❷❑❶✵❣ ✾✝✱✿❁❀ ✁ ✓ ✎✦❅✿❁❀ ✁ ❲✏✢✖♦✂❏ ④❆②✩✳✓❊▲❊✵✴✢❋ ✚ ✜ ✪✣✢ ✎ ✔ ✪✳✦ ✪ ✔★✚ ✜ ✪✣✢ ✎ ✝✥✤✦✕✤ ✓ ✧ ❏ ④❆②✯♣❑■▲■✄✂ ✓ ✗⑦❋
❍✒✈ ⑩❨❣✢❜❑❷❆❊ ✉★❊ ④❆❷ ④❑❏✘✗⑦❲✔✢✖❷❑⑩✳❊◗❏✽✗✹✬ ✪✇❋✕✚✜✛ ✤ ✎✪✣✢ ✎ ✔ ✪✳✦ ✪ ✔ ✧ ❋❆❍❈✈✫⑩❨❣✢❜❑❷❆❊ ✉★❊ ④❆❷⑧④❑❏ ✔ ✛ ✤ ✎ ❲

� ❳ ❣✵❶✵④❆❷❑⑩☎❋☎❊ ✉❭❊ ♦✯✉✇❞❑❣ ♦✡④✡■ r❨✉★❊ ④❆❷✧✉✇❞✘♣▼✉✏❢❥♣❂s❫❊ ❢❢❊▲❘q❣✵♦ ✉✇❞❑❣★④✡❍t⑤✇❣✵❶❙✉★❊▲❩❻❣❨❏ r❨❷❑❶❙✉★❊ ④❆❷❱❲✝❝❜④ ♦✡❣✵❣★✉✇❞❆❊ ♦❂❋
❶✵④❆❷❑♦★❊ ⑩❨❣❙② ♣❑■▲■t✉✇❞❑❣✶④❆⑨❨✉★❊ ❢❥♣❑■❑♦✡④✡■ r❨✉★❊ ④❆❷❑♦❂❋✯❊❞❲ ❣✯❲✪♣❑■▲■❨✉✇❞❑❣✤♦✡④✡■ r❨✉★❊ ④❆❷❑♦✕✉✇❞✘♣▼✉③♣❆❶✡❞❆❊ ❣✛❩❻❣✢✉✇❞❑❣✶④❆⑨❨✉★❊ ❢❥♣❑■
❩❆♣❑■ r❑❣✴④❑❏ ✉✇❞❑❣ ④✡❍t⑤⑥❣✵❶❙✉★❊▲❩❻❣❨❏ r❨❷❑❶❙✉★❊ ④❆❷❱❲✤✢✖❢❤④❆❷❨➃ ✉✇❞❑❣✵♦✡❣✴④❆⑨❨✉★❊ ❢❥♣❑■ ♦✡④✡■ r❨✉★❊ ④❆❷❑♦❂❋✸❶✵④❆❷❑♦✟❊ ⑩❨❣❙② ④❆❷❑❣
♦✡④✡■ r❨✉★❊ ④❆❷ ✖ ✔ �✪ ✧✯♦✡r❑❶✡❞❪✉✇❞✘♣▼✉✞✔ ✎ ❊ ♦ ❢❥♣❂s✥❊ ❢❥♣❑■❞❲✫✢❄♦✡♦✇r❨❢❤❣❣❍❈✈❘❶✵④❆❷✒✉✇②✚♣❆⑩✥❊ ❶❙✉★❊ ④❆❷ ✉✇❞✘♣▼✉ ✔ ✎ ✬
✔✁� ✎ ✔ ✎✦ ✁ ❲ ❝✤❞❑❣❙❷ ✉✇❞❑❣❙②✡❣ ❣❳s✥❊ ♦✇✉✡♦❤♣▼✉✍■ ❣q♣❆♦✇✉❤④❆❷❑❣▼❊ ❷❑⑩❨❣❳s☎✂✮✧ ❈✧♦✇r❑❶✡❞✂✉✇❞✘♣▼✉ ✔ ✜ ✧ ✔✁�✜ ❋
④❆✉✇❞❑❣❙②★●✸❊ ♦✡❣ ✉✇❞❑❣☞♦✡④✡■ r❨✉★❊ ④❆❷❝● ④❆r❆■ ⑩❾❷❑④❆✉➃❍❊❣ ④❆⑨❨✉★❊ ❢❥♣❑■❞❲ ✖✖④❡●⑤❋❑♦★❊ ❷❑❶✵❣✏✉✇❞❑❣✥✦ ✪✕♣▼②✡❣☞♦✡④❆②✇✉✡❣✵⑩☎❋❼● ❣
❞✘♣❀❩❻❣✢✦ ✎ ✓ ✦ ✜ ❲✬❵❘❣ ⑩❨④ ❷❑④❆✉ ❶✚❞✘♣▼❷❨➃❻❣ ✉✇❞❑❣❣❩➁♣❑■ r❑❣❤④❑❏ ✉✇❞❑❣ ④✡❍t⑤✇❣✵❶❙✉★❊▲❩❻❣❣❏ r❨❷❑❶❙✉★❊ ④❆❷❥❊◗❏↔● ❣❣■ ❣❙✉
✔ ✎ ✔✖✔ ✎ ✌✝✆ ♣▼❷❑⑩ ✔ ✜☛✔✖✔ ✜ ✮ ✆☎❋⑧●✶❞❑❣❙②✡❣✞✆ ❊ ♦❤♣▼❷✂♣▼②★❍❆❊ ✉✇②✚♣▼②✇✈ ♦✇❢❥♣❑■▲■✶❷❑④❆❷❨❷❑❣❙➃✒♣▼✉★❊▲❩❻❣
②✚♣▼✉★❊ ④❆❷✘♣❑■✖❷❈r❨❢ ❍❊❣❙②❂❲ ✕❄④❂● ❣✛❩❻❣❙②❂❋➃● ❣●⑩❨④❪❞✘♣❀❩❻❣✧♣ ❷❑❣✛●✹♦✡④✡■ r❨✉★❊ ④❆❷ ✉✡④❪✉✇❞❑❣●④❆⑨❨✉★❊ ❢❢❊▲❘ ♣▼✉★❊ ④❆❷
⑨❨②✡④✡❍❆■ ❣❙❢▼❋☎❍❊❣✵❶q♣▼r❑♦✡❣ ✖ ✔ ✎ ✌✟✆ ✧ ✦ ✎ ✌ ✖ ✔ ✜ ✮ ✆ ✧ ✦✳✜ ✓ ✔ ✎ ✦ ✎ ✌ ✔ ✜ ✦✞✜✺❲ ✕✖❣❙❷❑❶✵❣❨● ❣✝❞✘♣❂❩❻❣ ♣▼❷
④❆⑨❨✉★❊ ❢❥♣❑■✍♦✡④✡■ r❨✉★❊ ④❆❷❦●✸❊ ✉✇❞❱♣❭■ ♣▼②✇➃❻❣❙② ✔ ✎ ✉✇❞✘♣▼❷❤✉✇❞❑❣✢④❆②★❊ ➃✯❊ ❷✘♣❑■✙④❆❷❑❣✯❋❈♣✏❶✵④❆❷❈✉✇②✚♣❆⑩✥❊ ❶❙✉★❊ ④❆❷❱❲ ✕❄❣❙❷❑❶✵❣
● ❣ ❞✘♣❀❩❻❣⑧♦✇❞❑④❂●✶❷ ✉✇❞✘♣▼✉❥✉✇❞❑❣❙②✡❣●❣❳s❫❊ ♦✇✉❱④❆⑨❨✉★❊ ❢❥♣❑■❄♦✡④✡■ r❨✉★❊ ④❆❷❑♦✫♦✇r❑❶✚❞✂✉✇❞✘♣▼✉ ✔ ✎ ✔ ✔ � ✎ ❲③❵❘❣
②✡❣✵♦✇✉✇②★❊ ❶❙✉✶✉✡④✴♦✇r❑❶✡❞❾♦✚④✡■ r❨✉★❊ ④❆❷❑♦✸●✸❊ ✉✇❞❑④❆r❨✉✸■ ④➁♦✡♦✶④❑❏❜➃❻❣❙❷❑❣❙②✚♣❑■▲❊ ✉ ✈ ♣▼❷❑⑩t● ❣❭❊ ✉✡❣❙②✚♣▼✉✡❣✯✉✇❞❑❣✯⑨❨②✡④❈❶✵❣✵♦✚♦❂s
● ❣❭❜❑❷✘♣❑■▲■ ✈ ⑩❨❣❙②★❊▲❩❻❣✏✉✇❞✘♣▼✉ ✖ ✔ �✪ ✧ ❊ ♦☎♣▼❷❾④❆⑨❨✉★❊ ❢❥♣❑■❜♦✡④✡■ r❨✉★❊ ④❆❷❱❲

❝✤❞❑❣ ④❆⑨❨✉★❊ ❢❥♣❑■ ♦✡④✡■ r❨✉★❊ ④❆❷ ④❑❏✪✉✇❞❑❣☞♣▼rts✥❊▲■▲❊ ♣▼②✇✈ ⑨❨②✡④✡❍❆■ ❣❙❢ ❊ ♦
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✉✚♣❆♦✟❙■♦✫❶✵④❆❢ ❢☞r❨❷❆❊ ❶q♣▼✉✡❣✵⑩✳⑨❊❣❙②✫♦✚❣✵❶✵④❆❷❑⑩ ❏ ②✡④❆❢ ✉✇❞❑❣●⑨✘♣▼②✡❣❙❷✒✉t❊ ♦✫❣❀❖✒r✘♣❑■❄✉✡④ ✉✇❞❑❣●♦✇r❨❢ ④❑❏ ✉✇❞❑❣●②✚♣▼✉✡❣
✉✇❞❑❣❙✈ ♣▼②✡❣ ❣❳st❣✵❶❙r❨✉✡❣✵⑩ ❊ ❷ ✉✇❞❑❣✽❏ ♣▼✉✇❞❑❣❙② ❷❑④■⑩❨❣ ♣▼❷❑⑩ ✉✇❞❑❣ ❶✡❞❆❊▲■ ⑩t②✡❣❙❷❱✈✢♣▼❷❑⑩ ✉✇❞❑❣ ♦✡❣✵❶✵④❆❷❑⑩ ❶✵④❆❷❑♦✇✉✇②✚♣❑❊ ❷✒✉
❣❙❷❑♦✡r❨②✡❣✵♦ ✉✇❞❆❊ ♦ ♦✚♣▼❢❤❣◆❖✒r✘♣▼❷❈✉★❊ ✉ ✈✍❊ ♦✉❍✙④❆r❨❷❑⑩❨❣✵⑩✽❍✒✈❥✉✇❞❑❣➃❍✘♣▼❷❑⑩✥●✸❊ ⑩t✉✇❞①❏❀②✡④❆❢ ✉✇❞❑❣✢⑨✘♣▼②✡❣❙❷❈✉❂❲③❝✤❞❑❣✖✉✇❞❆❊ ②✡⑩
❶✵④❆❷❑♦✡✉✇②✚♣❑❊ ❷✒✉✸❊ ♦✤✉✇❞✘♣▼✉✶✉✇❞❑❣❄❷✒r❨❢✬❍✙❣❙②☎④❑❏✔✉✚♣❆♦★❙t♦ ⑨❊❣❙②✶♦✡❣✵❶✵④❆❷❑⑩ ❣❳st❣✵❶❙r❨✉✡❣✵⑩t❍❈✈❱✉✇❞❑❣❄⑨✘♣▼②✡❣❙❷❈✉☎✳➤❏ ④❆② ✏ ✔ ✩✸✴
④❆②❣❍❈✈❘✉✇❞❑❣ ✏ P ✉✇❞ ❶✡❞❆❊▲■ ⑩ ✳➤❏ ④❆② ✏ ✧ ✩✸✴⑤❊ ♦❨❍❊④❆r❨❷❑⑩❨❣✵⑩ ❍✒✈❘✉✇❞❑❣ ♦✇⑨❊❣✵❣✵⑩ ④❑❏☎✉✇❞❑❣✫❷❑④❈⑩❨❣✯❲❛⑥⑦❊ ❷✘♣❑■▲■ ✈❇❋✖❊ ❷
✉✇❞❑❣❄⑦●r❆■ ✉★❊ ⑨✙④❆②✇✉✤①✕②✡④✡❍❆■ ❣❙❢▼❋❨❶✵④❆❷❑♦✇✉✇②✚♣❑❊ ❷❈✉ ✶★✡✫②✡❣❀❖❈r❆❊ ②✡❣✵♦ ✉✇❞✘♣▼✉ ✉✇❞❑❣✖❷✒r❨❢ ❍❊❣❙②✶④❑❏ ✉✚♣❆♦★❙t♦ ⑨❊❣❙② ♦✚❣✵❶✵④❆❷❑⑩
❶✵④❆❢ ❢✝r❨❷❆❊ ❶q♣▼✉✡❣✵⑩ ✉✡④❝✆✟✞❇♣✢♥ ❶✡❞❆❊▲■ ⑩▼❍❊❣❭❍❊④❆r❨❷❑⑩❨❣✵⑩✳❍✒✈✫✉✇❞❑❣⑨❍✘♣▼❷❑⑩✥●✸❊ ⑩t✉✇❞ ✉✡④✴✉✇❞❑❣☞❶✡❞❆❊▲■ ⑩☎❲

❵❘❣ ❷❑④❂●❸♦✡❞❑④❂● ✉✇❞✘♣▼✉⑤● ❣❤❶q♣▼❷❪❶✵④❆❷☞❩❻❣❙②✇✉★♣ ⑦●r❆■ ✉★❊ ⑨✙④❆②✇✉☞①③②✡④✡❍❆■ ❣❙❢ ✉✡④❾♣✦✥✶♣❆♦✡❣❤①✕②✡④✡❍❆■ ❣❙❢ ❍✒✈
♦✚❣❙✉✇✉★❊ ❷❨➃❘✉✇❞❑❣❾❶✵④❆❢ ❢☞r❨❷❆❊ ❶q♣▼✉★❊ ④❆❷✳✉★❊ ❢❤❣✵♦✍❏ ④❆②❤✉✇❞❑❣ ❶✡❞❆❊▲■ ⑩t②✡❣❙❷ ✉✡④❥❘q❣❙②✡④❪♣▼❷❑⑩ ♣❆⑩▼⑤⑥r❑♦✇✉★❊ ❷❨➃❘✉✇❞❑❣▼● ④❆②★❙
✉★❊ ❢❤❣✵♦✢✉✡④❢❊ ❷❑❶✛■ r❑⑩❨❣✏✉✇❞❑❣ ④❆②★❊ ➃✯❊ ❷✘♣❑■❱❍✘♣▼❷❑⑩✥●✸❊ ✉✇❞⑧❶✵④❆❷❑♦✇✉✇②✚♣❑❊ ❷✒✉✡♦❡❲
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❂ ❁ ❺☎❺✽❇ ✛ ❊▲❩❻❣❙❷✫♣☞⑦ r❆■ ✉★❊ ⑨❊④❆②✇✉ ⑨❨②✡④✡❍❆■ ❣❙❢▼❋✺● ❣✂■ ❣❙✉ ✦ ☎ ✰ ✎ ✔ ✦☞☛ ✰ ✎ ❋✹✣ ☎★ ✔ ✣ ☛★ ❋❈♣▼❷❑⑩❦❏ ④❆② ✧ ✓✥✏ ✓ ✪✇❋
● ❣⑨■ ❣❙✉ ✦✆☎✪ ✔✮✩❆❋❑♣▼❷❑⑩ ✣ ☎✪ ✔ ✲✵✴✷✶ ✖✳✣ ☛✪ ✚✜✦ ☛✪ ✧ ✳ ♦✡❣✵❣⑨⑥✶❊ ➃➁r❨②✡❣ � ✴✢❲

⑥❑④❆② ✏ ✔ ✧ ❋▲❲▲❲▲❲▲❋ ✪✇❋❱● ❣❤❶q♣▼❷❘②✡❣❙⑨❆■ ♣❆❶✵❣❤❶✵④❆❷❑♦✇✉✇②✚♣❑❊ ❷❈✉✡♦☎✶ ✞❘♣▼❷❑⑩ ✶ ✡ ❍✒✈ ✔ ✪ ✓ ✲✟☛✌☞ ✖ ✎✦ ✌✤ ✚ ✎
✝ ✌✤ ✧✢❋

④❆②❂❋ ❣❀❖✒r❆❊▲❩➁♣❑■ ❣❙❷✒✉★■ ✈❇❋ ✔ ✪ ✓ ✎✦ ✝✤ ❲❨❵❘❣❤❶q♣▼❷❪♣❑■ ♦✡④ ②✡❣✛●✶②★❊ ✉✡❣ ✔ ★ ✓ ✎✦ ✌✝ ♣❆♦✄✔ ★ ✓ ✎✦ ✝✝ ❲✴❝✤❞✒r❑♦❂❋ ✉✇❞❑❣❶✵④❆❷❑♦✡✉✇②✚♣❑❊ ❷✒✉✡♦✤✶ ✞❘♣▼❷❑⑩ ✶★✡❪♣▼②✡❣ ❣❳s❑♣❆❶❙✉★■ ✈●❣❀❖❈r❆❊▲❩➁♣❑■ ❣❙❷✒✉ ✉✡④ ✁✟✞☎❲ ✝✝❍✺❩❫❊ ④❆r❑♦★■ ✈❇❋ ✁✔✄❪♣▼❷❑⑩✭✁ ✁ ♣▼②✡❣
❣❀❖❈r❆❊▲❩➁♣❑■ ❣❙❷✒✉❂❋t②✡❣✵♦✇⑨❊❣✵❶❙✉★❊▲❩❻❣✛■ ✈❇❋t✉✡④☎✶★✄❾♣▼❷❑⑩✭✶ ✁ ❋❨♣▼❷❑⑩ ✁✔✡ ♣❑■▲●✤♣✵✈t♦✤❞❑④✡■ ⑩❨♦❂✈t✉✇❞✒r❑♦❡❋☞● ❣❄❞✘♣❀❩❻❣✏♦✇❞❑④❡●✶❷
✉✇❞❑❣✏❣❀❖❈r❆❊▲❩➁♣❑■ ❣❙❷❑❶✵❣☞④❑❏✪✉✇❞❑❣✏⑦ r❆■ ✉★❊ ⑨❊④❆②✇✉✢⑨❨②✡④✡❍❆■ ❣❙❢ ✉✡④✴✉✇❞❑❣✄✥✤♣❆♦✚❣✏①✕②✡④✡❍❆■ ❣❙❢▼❲
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✉✇❞❑❣✝④❆⑨❨✉★❊ ❢❥♣❑■✕♦✡④✡■ r❨✉★❊ ④❆❷ ✳ ①✕②✡④❆⑨❊④➁♦★❊ ✉★❊ ④❆❷ ✐ ✴✢❲✯❝✤❞❑❣☞②✡❣❀❖❈r❑❣✵♦✇✉✡♦✏♣▼②✡❣★♦✚♣▼✉★❊ ♦✰❜✘❣✵⑩ ❊ ❷ ❜❑②✡♦✡✉✰P ❶✵④❆❢❤❣✯❋
❜❑②✡♦✇✉✰P ♦✡❣❙②★❩❻❣✖④❆②✡⑩❨❣❙②❂❲✔✖✖④❆✉✡❣☎✉✇❞✘♣▼✉ ✉✇❞❆❊ ♦ ❞❑❣❙r❨②★❊ ♦✇✉★❊ ❶✢❢❥♣q✈ ➃✯❊▲❩❻❣☎❢❤④❆②✡❣☎✉✚♣❆♦★❙t♦③✉✡④ ✉✇❞❑❣ ✖ ✗ ✌ ✧ ✧✜P ✉✇❞
❶✡❞❆❊▲■ ⑩●✉✇❞✘♣▼❷❝● ④❆r❆■ ⑩❝❍❊❣ ❣❳s❨❣✵❶❙r❨✉✡❣✵⑩❾r❨❷❑⑩❨❣❙②❄✉✇❞❑❣☞④❆⑨❨✉★❊ ❢❥♣❑■❜♦✚❶✡❞❑❣✵⑩tr❆■ ❣✯❲✤✳ ❧✖❣✵❶q♣❑■▲■ ✉✇❞✘♣▼✉✂❊ ❷ ✉✇❞❑❣
④❆⑨❨✉★❊ ❢❥♣❑■③♦✡❶✡❞❑❣✵⑩tr❆■ ❣✯❋❊✉✇❞❆❊ ♦✏❶✚❞❆❊▲■ ⑩✧♦✇❞❑④❆r❆■ ⑩❯❍✙❣✬❊ ⑩✥■ ❣★⑨✘♣▼②✇✉✯④❑❏ ✉✇❞❑❣✝✉★❊ ❢❤❣★✉✡④ ❣❙❷❑♦✇r❨②✡❣✝✉✇❞✘♣▼✉ ♣❑■▲■
❶✡❞❆❊▲■ ⑩t②✡❣❙❷ ●✸❊ ✉✇❞✳❏ ♣❆♦✡✉✡❣❙②✢❶✵④❆❢ ❢☞r❨❷❆❊ ❶q♣▼✉★❊ ④❆❷⑧✉★❊ ❢❤❣✵♦✖♣▼②✡❣⑨❙❻❣❙⑨❨✉✸❏ r❆■▲■ ✈❦❍❨r❑♦✡✈❇❲ ✴

� ✕✖❣❙r❨②★❊ ♦✡✉★❊ ❶ ✡✥s ❝✤❞❆❊ ♦✝❞❑❣❙r❨②★❊ ♦✇✉★❊ ❶❱r❑♦✡❣✵♦☞✉✇❞❑❣✫♦✚♣▼❢❤❣❱⑨❨②✡④❈❶✵❣✵♦✚♦✡④❆②✡♦★♣❆♦✝✉✇❞❑❣✫♦✡❣✵❶✵④❆❷❑⑩❪❞❑❣❙r❨②★❊ ♦✡✉★❊ ❶✯❋
❍❨r❨✉✍❊ ✉❤♦✚♣▼✉★❊ ♦✰❜✘❣✵♦✴②✡❣❀❖❈r❑❣✵♦✇✉✡♦❣❏ ②✡④❆❢ ✉✇❞❑❣ ✖ ✗ ✌ ✧ ✧✜P ✉✇❞✂❶✚❞❆❊▲■ ⑩✂④❆❷❆■ ✈ ❊◗❏✖✉✇❞❑❣❙②✡❣ ♣▼②✡❣❾❷❑④ ④❆✉✇❞❑❣❙②
④❆r❨✉✡♦✇✉✚♣▼❷❑⑩✥❊ ❷❨➃ ②✡❣❀❖❈r❑❣✵♦✇✉✡♦❂❲✏✖✖④❆✉✡❣✝✉✇❞✘♣▼✉✯✉✇❞❆❊ ♦✯❶✡❞❆❊▲■ ⑩✧♦✇✉★❊▲■▲■✕❶✵④❆r❆■ ⑩⑧②✡❣✵❶✵❣✛❊▲❩❻❣✝❢❤④❆②✡❣★✉✚♣❆♦★❙t♦✖✉✇❞✘♣▼❷
❊ ❷❾✉✇❞❑❣✏④❆⑨❨✉★❊ ❢❥♣❑■❜♦✚④✡■ r❨✉★❊ ④❆❷❱❋❆❍❨r❨✉➃❊ ✉✸❊ ♦✸■ ❣✵♦✡♦➃■▲❊▲❙❻❣✛■ ✈❱✉✇❞✘♣▼❷▼●✸❊ ✉✇❞ ✉✇❞❑❣ ♦✡❣✵❶✵④❆❷❑⑩ ❞❑❣❙r❨②★❊ ♦✇✉★❊ ❶✯❲

✢✝■▲■ ✉✇❞❨②✡❣✵❣❥❞❑❣❙r❨②★❊ ♦✇✉★❊ ❶✵♦ ♣▼②✡❣❥⑩❨❣❙❢❥♣▼❷❑⑩❫P ⑩t②★❊▲❩❻❣❙❷✂♣▼❷❑⑩ ❏❀r❆■▲■ ✈❘⑩t✈■❷✘♣▼❢❢❊ ❶✯❲ ❉ ❷❑⑩❨❣✵❣✵⑩☎❋✔✉✇❞❑❣❥④❆❷❆■ ✈❥❊ ❷✥❏ ④❆②✰P
❢❥♣▼✉★❊ ④❆❷❪✉✇❞✘♣▼✉⑤● ❣ r❑♦✚❣❨❏❀②✡④❆❢ ①✕②✡④❆⑨❊④➁♦★❊ ✉★❊ ④❆❷✂✐❱♣▼②✡❣ ❶✡❞❑④■④➁♦★❊ ❷❨➃▼●✶❞❆❊ ❶✡❞ ⑨❨②✡④❈❶✵❣✵♦✚♦✡④❆②✡♦❭●✸❊▲■▲■⑧❍❊❣❨❏❀r❆■▲■ ✈
♣❆❶❙✉★❊▲❩❻❣✯❋✒⑨✘♣▼②✇✉★■ ✈✬❊ ⑩✥■ ❣✯❋❈♣▼❷❑⑩❨❏❀r❆■▲■ ✈❨❊ ⑩✥■ ❣✯❲✪❝✤❞❑❣✵♦✡❣✶♦✡❣❙✉✡♦✕●✸❊▲■▲■❨❷❑④❆✉⑧❍❊❣✲✳✓❊ ❷ ➃❻❣❙❷❑❣❙②✚♣❑■✵✴✕♣❄❬❊❣✵❶❙✉✡❣✵⑩❣❍❈✈★♦✡❢❥♣❑■▲■
❶✚❞✘♣▼❷❨➃❻❣✵♦◆❊ ❷❾❢❥♣❆❶✡❞❆❊ ❷❑❣★⑨✘♣▼②✚♣▼❢❤❣❙✉✡❣❙②✡♦❂❲✶❝✤❞❑❣❙②✡❣✢❏ ④❆②✡❣✯❋✘✉✇❞❑❣✝❞❑❣❙r❨②★❊ ♦✇✉★❊ ❶✵♦❄♦✇❞❑④❆r❆■ ⑩❾❷❑④❆✉✝❍✙❣✝♣❄❬❊❣✵❶❙✉✡❣✵⑩❝❍✒✈
♦✡❢❥♣❑■▲■❲⑩t✈❈❷✘♣▼❢❢❊ ❶ ❶✚❞✘♣▼❷❨➃❻❣✵♦✂❊ ❷ ⑨❨②✡④■❶✵❣✵♦✡♦✡④❆②✖♦✇⑨✙❣✵❣✵⑩❨♦✢♣▼❷❑⑩✚✙▼④❆②✝■▲❊ ❷❆❙✽❍✘♣▼❷❑⑩✥●✸❊ ⑩t✉✇❞❑♦❡❲

✁✕✔ ✓ ✁ ✢✑✡ ✷ ✍✝✦ ✛✣✢✝✙✪✩ ✁☛☞ ✏☎✷ ✍✥✛ ✏
❵❘❣ ⑨❨②✡❣✵♦✡❣❙❷✒✉✢✉✇❞❑❣☞②✡❣✵♦✇r❆■ ✉✡♦✢④❑❏✪✉✇❞❑❣ ❞❑❣❙r❨②★❊ ♦✇✉★❊ ❶✵♦➃❏ ④❆②✶✉✘● ④❱⑩✥❊◗❬❊❣❙②✡❣❙❷❈✉✖♦✡❣❙✉✡♦✢④❑❏✕✉✇②✡❣✵❣✏➃➁②✚♣▼⑨❨❞❑♦❡❲✘✢✝■▲■✸✉✇❞❑❣
♦✟❊ ❢☞r❆■ ♣▼✉★❊ ④❆❷❑♦ ❞✘♣❂❩❻❣❣❍✙❣✵❣❙❷ ⑨❊❣❙②✰❏ ④❆②✇❢❤❣✵⑩✐●✸❊ ✉✇❞ ✐q❽➁❽✫②✚♣▼❷❑⑩❨④❆❢❢■ ✈⑧➃❻❣❙❷❑❣❙②✚♣▼✉✡❣✵⑩❘✉✇②✡❣✵❣✵♦❂❲✝❝✤❞❑❣❨❜❑②✡♦✡✉ ♦✡❣❙✉
④❑❏❲♦★❊ ❢✝r❆■ ♣▼✉★❊ ④❆❷❑♦ ❶✵④❆②✇②✡❣✵♦✡⑨✙④❆❷❑⑩❨♦ ✉✡④☞♣ ♦✟❊ ❢ ⑨❆■ ❣✸❏ ④❆②★❙✝➃➁②✚♣▼⑨❨❞❤❦ ♣✯②✡④■④❆✉ ❷❑④■⑩❨❣✸●✸❊ ✉✇❞❦❍❊❣❙✉✜● ❣✵❣❙❷ ❼☞♣▼❷❑⑩
✔ ❶✡❞❆❊▲■ ⑩t②✡❣❙❷❱❲✧❝✤❞❑❣❱②✡❣✵♦✇r❆■ ✉✡♦★♣▼②✡❣✫⑩✥❊ ♦✇⑨❆■ ♣q✈❻❣✵⑩✵❊ ❷ ⑥✶❊ ➃➁r❨②✡❣●✐✎✡✥❲●❝✤❞❑❣❱♦✡❣✵❶✵④❆❷❑⑩ ♦✡❣❙✉★④❑❏☎♦★❊ ❢☞r❆■ ♣▼✉★❊ ④❆❷❑♦
❶✵④❆②✇②✡❣✵♦✡⑨✙④❆❷❑⑩❨♦✯✉✡④✫❢❤④❆②✡❣✴➃❻❣❙❷❑❣❙②✚♣❑■✕✉✇②✡❣✵❣✵♦❂❲✬⑥❑④❆②✏✉✇❞❑❣✵♦✡❣✴♦★❊ ❢☞r❆■ ♣▼✉★❊ ④❆❷❑♦❡❋ ❣q♣❆❶✡❞ ❷❑④■⑩❨❣★❞✘♣❆♦ ♣▼✉✯❢❤④➁♦✇✉☞➂
❶✚❞❆❊▲■ ⑩t②✡❣❙❷❾♣▼❷❑⑩ ♣▼✉ ❢❤④➁♦✇✉✯✐q❽ ❷❑④■⑩❨❣✵♦ ❞✘♣❀❩❻❣✯❶✡❞❆❊▲■ ⑩t②✡❣❙❷❱❲ ❝✤❞❑❣✖②✡❣✵♦✡r❆■ ✉✡♦✤♣▼②✡❣❄⑩✥❊ ♦✇⑨❆■ ♣q✈❻❣✵⑩t❊ ❷①⑥✶❊ ➃➁r❨②✡❣★✐❙❺❼❲
⑥✘④❆②✶♣❑■▲■❊✉✇❞❑❣✵♦✡❣✯♦★❊ ❢✝r❆■ ♣▼✉★❊ ④❆❷❑♦❂❋❑♣❑■▲■❊✉✇❞❑❣❄❷❑④❈⑩❨❣✵♦✲✳ ❣❳s❨❶✵❣❙⑨❨✉ ✉✇❞❑❣❄②✡④■④❆✉✶④❑❏ ✉✇❞❑❣❄✉✇②✡❣✵❣ ✴ ④❡●✶❷❾❣❳s❨♣❆❶❙✉★■ ✈❱④❆❷❑❣
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