
 Open access  Journal Article  DOI:10.1109/100.667323

UNION: underwater intelligent operation and navigation — Source link 

Vincent Rigaud, Ève Coste-Manière, M.J. Aldon, P. Probert ...+9 more authors

Institutions: IFREMER

Published on: 01 Mar 1998 - IEEE Robotics & Automation Magazine (IEEE)

Topics: Underwater robotics and Remotely operated underwater vehicle

Related papers:

 AMADEUS: advanced manipulation for deep underwater sampling

 Autonomous docking for Intervention-AUVs using sonar and video-based real-time 3D pose estimation

 Underwater autonomous manipulation for intervention missions AUVs

 Girona 500 AUV: From Survey to Intervention

 Experiments in automatic retrieval of underwater objects with an AUV

Share this paper:    

View more about this paper here: https://typeset.io/papers/union-underwater-intelligent-operation-and-navigation-
1o0olam5pt

https://typeset.io/
https://www.doi.org/10.1109/100.667323
https://typeset.io/papers/union-underwater-intelligent-operation-and-navigation-1o0olam5pt
https://typeset.io/authors/vincent-rigaud-19fb1n0frg
https://typeset.io/authors/eve-coste-maniere-2m62wb0int
https://typeset.io/authors/m-j-aldon-212m7p6gxr
https://typeset.io/authors/p-probert-ck8yps6o1z
https://typeset.io/institutions/ifremer-ovtxvj62
https://typeset.io/journals/ieee-robotics-automation-magazine-3tb5fosd
https://typeset.io/topics/underwater-robotics-1cpjqsa5
https://typeset.io/topics/remotely-operated-underwater-vehicle-1ejf3jgl
https://typeset.io/papers/amadeus-advanced-manipulation-for-deep-underwater-sampling-2zvrwbck8m
https://typeset.io/papers/autonomous-docking-for-intervention-auvs-using-sonar-and-bqpd4u13v5
https://typeset.io/papers/underwater-autonomous-manipulation-for-intervention-missions-3zzc20qs2q
https://typeset.io/papers/girona-500-auv-from-survey-to-intervention-dgbma2d8k5
https://typeset.io/papers/experiments-in-automatic-retrieval-of-underwater-objects-4674kowivc
https://www.facebook.com/sharer/sharer.php?u=https://typeset.io/papers/union-underwater-intelligent-operation-and-navigation-1o0olam5pt
https://twitter.com/intent/tweet?text=UNION:%20underwater%20intelligent%20operation%20and%20navigation&url=https://typeset.io/papers/union-underwater-intelligent-operation-and-navigation-1o0olam5pt
https://www.linkedin.com/sharing/share-offsite/?url=https://typeset.io/papers/union-underwater-intelligent-operation-and-navigation-1o0olam5pt
mailto:?subject=I%20wanted%20you%20to%20see%20this%20site&body=Check%20out%20this%20site%20https://typeset.io/papers/union-underwater-intelligent-operation-and-navigation-1o0olam5pt
https://typeset.io/papers/union-underwater-intelligent-operation-and-navigation-1o0olam5pt


HAL Id: inria-00073655
https://hal.inria.fr/inria-00073655

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.

UNION: UNderwater Intelligent Operation and
Navigation

Eve Coste-Manière, Vincent Rigaud

To cite this version:
Eve Coste-Manière, Vincent Rigaud. UNION: UNderwater Intelligent Operation and Navigation.
RR-3038, INRIA. 1996. inria-00073655

https://hal.inria.fr/inria-00073655
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

ap por t  


de  r ech er ch e 

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

UNION: UNderwater Intelligent Operation and

Navigation

Ève Coste-Manière , Vincent Rigaud , and
�✂✁☎✄✝✆✞✁

team

N˚ 3038

November 1996
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qä❹⑧❤✜qt♦Ú❧r③❿s⑧❧♠⑨✠❣✙❧♠③⑧③❿❧r✈❂✇ ②❢❹✉✈✺❴❢♦♠❤✾✡ ❻❰s✼❧r✇▼➆⑤✈⑤♦♠➆⑤❤✜③◗s➀q⑤③❞✖●③✼❧♠✇ qä③✉s⑧❹⑧♥❢⑨✳s④♥❢❹✉❤ ⑥ ❤✜✇▼➆◆❧r❹✉✈❂✇❢❣✦❤✜✇▼s❹➆ ➋t➉➈➇❞s④❝❢qts✙❹⑧❤ ✤◆♥♣❧r❹✉❤
s④❝♣❤P❧♠✇▼s④❤✣➍❂❹④qts✉❧r✈⑤✇ ✈✯✮⑩s⑧❤✣♦♠❤✜✈❂②❱❤✜❹⑧qts⑧❧♠✈❂✇ q⑤③⑧②❱❤✜⑨✳s④③✙s④✈⑤➍❂❤✣s⑧❝❢❤✜❹✌✱✎❧Ús④❝ ✮ù♥♣♦Ú♦✰q⑤♥♣s④✈⑤✇❢✈❂❣✦✈❂♥❢③✙⑨✣✈❂✇▼s④❹⑧✈t♦☛✱✎❧♠s⑧❝♣❧r✇ s④❝♣❤
③④qt❣◗❤❝✮ù❹④q⑤❣✦❤●✱➯✈❂❹❞✖ ✡❨❜❞❝❢❤ä③✉❧♠❣✦②♣♦♠❤⑤✦✰➇❢♥♣s➐➍⑤❤✜✇❢❤✣❹④qt♦✳✦✛③✉s④❹✉♥❢⑨✣s⑧♥❢❹⑧❤ ✈✾✮✕➍❂❤✣✇❢❤✜❹❿❧r⑨ä❣✙❧♠③⑧③❿❧r✈❂✇♣③➐❧r③➐⑨✣✈❂❣✦②❢❹✉❧♠③⑧❤ ⑥ ✈✾✮

♥✆➷➊➵✄♥✞❆



s④❝♣❹⑧❤✜❤✦②❢❝❢q⑤③⑧❤✣③✲✦✬❤❽q⑤⑨➀❝✺②❢❝➌q⑤③✉❤✦❹⑧❤ ✤◆♥♣❧♠❹✉❧♠✇❢➍✠➇✾✈ts④❝❬③⑧❤✣✇❢③✉❧♠✇❢➍äqt✇ ⑥ ⑨✜✈❂✇▼s④❹✉✈⑤♦ ⑥ ❤✳➆❂❤✣♦♠✈❂②❢❣✦❤✣✇◆s⑧③✝✡◗❻❼✇ �✂✁☎✄✝✆✞✁✧✦Ûs④❝♣❤
⑥ ❤✳➆❂❤✣♦♠✈❂②❢❣✦❤✣✇◆s⑧③➹❣◗qt❧♠✇♣♦♠⑦ ✮ù✈❷⑨✣♥❢③⑧❤ ⑥ ✈❂✇Ps④❝♣❤✲s✠✱➯✈✦♦➷q⑤③❿s✰②❢❝➌q⑤③✉❤✜③✝✡
➈☛✡✁�✠✶✸✽✺✴☛✾✎❇ ✽✺✻✵✷✄✂❉✽✺❘❖❍ ❏❑✽✺❃③✶❹❃✲❅ ✈✇❅❆✴☛❣❖▼❁❍❈❃③✶ ✔ ❾✛✈❂➇✾✈ts✌❣✦✈❵➆⑤❤✜③✌s④✈ s⑧❝❢❤❬q⑤❹✉❤❽q➉✱✛❝❢❤✜❹✉❤äs④❝❢❤✪✈⑤➇♣❺❫❤✜⑨✳s⑧❧Ú➆❂❤❬✈✾✮
s⑧❝❢❤➱❣✙❧♠③⑧③❿❧r✈❂✇ ❧♠③✥②✾❤✣❹❞✮ù✈❂❹✉❣◗❤ ⑥ ✡P❜❞❝♣❧♠③✼②❢❝➌qt③⑧❤◗➍❂❤✜✇❢❤✣❹④qt♦Ú♦Ú⑦ ⑨✣✈❀➆❂❤✜❹✉③✴s④❝♣❤✱②❱❤✜❹✉❧♠✈ ⑥ ✈✾✮➪❹⑧✈❂➇❱✈⑤s✥✈❂②❱❤✜❹④q✃s⑧❧♠✈❂✇
✮ù❹✉✈❂❣ ❹⑧❤✣♦♠❤❽qt③⑧❤✙qts⑩s④❝❢❤✮♦➷q⑤♥♣✇❢⑨➀❝✪③✉❧Ús④❤✴s⑧✈✌q⑤❹✉❹✉❧Ú➆⑤q✃♦✫q✃s✷s④❝♣❤✉✱➪✈⑤❹❊✖①q⑤❹⑧❤✜q✺✡❂✏⑩③⑧③⑧♥♣❣✦❧♠✇❢➍✌s④❝❢qts✷s⑧❝❢❤✴③❿❧♠s⑧❤✼✈✾✮
✈❂②❱❤✜❹⑧qts⑧❧♠✈❂✇❢③❲❧♠③➪✇❢✈ts③✱➯❤✣♦Ú♦ ✖●✇♣✈❏✱✛✇✚✦●s⑧❝❢❤⑩❹✉✈❂➇❱✈⑤s✧✱✎❧♠♦Ú♦✘✇♣❤✜❤ ⑥ s④✈✥③⑧❤✜q⑤❹⑧⑨➀❝✌q✲➍❂❤✣✇❢❤✜❹⑧qt♦✾q⑤❹⑧❤✜q✎✮ù✈❂❹ë❤✳❶♣q⑤⑨✳s➪③❿❧♠s⑧❤
✱✛❝❢❤✣❹⑧❤✲s④❝❢❤✕s④q⑤③❊✖✱❧♠③✎s④✈✦➇❱❤✥⑨✣✈❂❣✦②♣♦♠❤✣s④❤ ⑥ ✡
✏⑩③ ✮❊q⑤❹➱q⑤③✱③✉❤✜✇❢③❿❧r✇♣➍ qt③⑧②❱❤✜⑨✣s⑧③✌q⑤❹✉❤①⑨✣✈❂✇❢⑨✜❤✣❹⑧✇❢❤ ⑥ ✦✛s④❝♣❧♠③✱②❢❝❢q⑤③⑧❤ ❧♠✇▼➆❂✈⑤♦Ú➆❂❤✣③✌③⑧❤✣✇❢③⑧✈❂❹✱❣◗✈ ⑥ ❤✳♦♠❧♠✇❢➍✴✦ ⑥ ❤✜q ⑥
❹✉❤✜⑨✗✖⑤✈⑤✇♣❧r✇♣➍✴✦Ïq⑤✇ ⑥ ✇➌q❽➆◆❧r➍❂qts⑧❧♠✈❂✇ ③✉s⑧♥ ⑥ ❧♠❤✜③ ✡ ✱➪✈⑤✇◆s⑧❹⑧✈⑤♦➪❣◗qt❧r✇ ❧♠③⑧③✉♥❢❤✜③◗q⑤❹✉❤✱❹✉❤✣♦rqts④❤ ⑥ s⑧✈ä❣✦✈ ⑥ ❤✣♦Ú❧r✇❢➍❬qt✇ ⑥
③✉②✾❤✣⑨✣❧q❴➌⑨❽qts✉❧r✈⑤✇ q⑤✇ ⑥ ❹✉✈❂➇❢♥❢③❿s✙⑨✜✈❂✇▼s⑧❹⑧✈⑤♦➯✈✾✮✎➆❂❤✣❝♣❧♠⑨✣♦♠❤✌♥❢✇ ⑥ ❤✣❹ ⑥ ❧♠③✉s④♥♣❹⑧➇➌q⑤✇♣⑨✜❤✜③✦qt✇ ⑥ ②❢❹✉❤✜⑨✣❧♠③⑧❤➱s④❹④q✃❺❫❤✜⑨✣s⑧✈❂❹✉⑦
✮ù✈⑤♦Ú♦♠✈❏✱✎❧♠✇❢➍❖✡✆☎➪✈ts④❝✠q⑤③⑧②❱❤✜⑨✳s④③⑩q⑤❹⑧❤➹❧♠✇▼s④❹✉✈ ⑥ ♥♣⑨✜❤ ⑥ ❧r✇Ps④❝♣❤▲❴❢❹⑧③✉s✰③✉❤✜⑨✣s✉❧r✈⑤✇①✈✾✮✬s④❝❷❧r③✰②➌q⑤②❱❤✜❹ ✡

➋✪✡✞✝②❀❆✻✵✽✺❱❲❍❭✾✑▼❁❃❭✽✫❄❞❍❈P ❍✠✟❖✽✺❃■❍❭❅❆✻ ❅❆✻✘❃❈❇❋✶✂✈✇❅❆✴☛❣❖▼❁❍❈❃③✶✆✈❜❍❈❃❊❇❿▼❖✶❁✻✤▼❖❅❆✴☛▼☛✡✂❛⑩②❱✈❂✇✌❴➌✇ ⑥ ❧♠✇❢➍ q⑤✇ ⑥ ❹⑧❤❽qt⑨➀❝♣❧r✇♣➍ s④❝♣❤
③❿❧♠s⑧❤⑤✦♣❧Ús❞❧♠③❞✇❢❤✜⑨✣❤✜③✉③④q⑤❹❿⑦➐s④✈✙③❿s➀q⑤➇♣❧Ú♦Ú❧ ✒✣❤➹s④❝❢❤✷➆⑤❤✜❝♣❧♠⑨✣♦♠❤✕❧r✇❋✮ù❹✉✈❂✇▼s❞✈✾✮✑❧Ús④③❞➍⑤❧Ú➆❂❤✣✇➋✱➪✈❂❹❞✖▼❧r✇❢➍◗q⑤❹✉❤❽q✼➇❱❤ ✮ù✈❂❹✉❤✷s④❝♣❤
⑥ ❤✣③✉❧♠❹⑧❤ ⑥ s➀qt③❊✖➐⑨✜q⑤✇①➇❱❤✲❤s❫✾❤✜⑨✳s⑧❧Ú➆❂❤✣♦Ú⑦✠②✾❤✣❹❞✮ù✈❂❹✉❣✦❤ ⑥ ✡
❜✑✈ ⑥ ✈ s⑧❝➌qts✲✦▲✇❢❤●✱✞③✉❤✜✇❢③❿❧r✇❢➍äs⑧❤✜⑨➀❝❢✇♣✈⑤♦r✈⑤➍⑤⑦ q⑤✇ ⑥ ✇❢❤●✱✞③✉❤✜✇❢③❿❧r✇❢➍✪②♣❹⑧✈●⑨✜❤✜③✉③✉❧♠✇❢➍✺q⑤✇ ⑥ ✮ù♥♣③✉❧♠✈❂✇ ❣✴♥❢③❿s✙➇❱❤
❧♠✇▼➆❂❤✜③❿s⑧❧♠➍▼qts⑧❤ ⑥ ✡ ❜❞❝❢❤P✈❂♥♣s④②♣♥♣s④③◗✈✾✮✰s④❝❢❤✣③⑧❤✠✇❢❤●✱ ③⑧❤✜✇♣③✉❧♠✇❢➍ ⑥ ❤✳➆●❧♠⑨✜❤✣③➌✱✎❧Ú♦Ú♦⑩➇❱❤✌❧r✇▼s⑧❤✜➍❂❹⑧qts④❤ ⑥ ❧♠✇▼s④✈✺✇❢❤●✱
⑨✣✈❂✇▼s④❹⑧✈t♦❇③⑧⑨➀❝❢❤✣❣◗❤✣③ ✮ù✈❂❹❲➆❂❤✣❝♣❧♠⑨✣♦♠❤ ⑥ ⑦●✇➌q⑤❣✙❧♠⑨⑩③❿s➀q⑤➇❷❧♠♦Ú❧ ✒✜qts⑧❧♠✈❂✇✱q⑤✇ ⑥ ②❢❹⑧❤✣⑨✣❧♠③⑧❤⑩s⑧❹④qt❺❫❤✣⑨✣s⑧✈❂❹✉⑦ ✮ù✈⑤♦Ú♦♠✈❏✱✎❧♠✇❢➍❖✡▲❜❞❝❢❤
③✉❤✜⑨✜✈⑤✇ ⑥ ③✉❤✜⑨✣s✉❧r✈⑤✇①✈✾✮✬s④❝❷❧r③✛②➌q⑤②❱❤✜❹✰q ⑥♣⑥ ❹⑧❤✣③⑧③⑧❤✣③✷➇❱✈⑤s④❝P✈✾✮✬s④❝♣❤✜③⑧❤✲❧♠③⑧③⑧♥♣❤✜③✝✡
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⑥ ⑦●✇➌qt❣✦❧♠⑨❽q✃♦♠♦Ú⑦➐③❿s➀q⑤➇♣❧Ú♦Ú❧ ✒✣❤ ⑥ ❧r✇ ✮ù❹✉✈❂✇▼s❞✈✾✮Ûs⑧❝❢❤ ✱➯✈❂❹❊✖◆③❿❧♠s⑧❤⑤✦♣s④q⑤③❊✖◆③✲✦♣③⑧♥❢⑨➀❝✠q⑤③❞②♣❹⑧❤✜⑨✳❧r③✉❤✕❣◗q⑤✇♣❧♠②❢♥♣♦rqts⑧❧♠✈❂✇❢③❞✈⑤❹
②♣❧♠②❱❤❈✮ù✈⑤♦♠♦♠✈✾✱✎❧r✇♣➍✴✦●q⑤❹⑧❤✎②❱❤✜❹ ✮ù✈❂❹⑧❣✦❤ ⑥ ➇▼⑦✼s④❝♣❤✎❹⑧✈❂➇❱✈⑤s★✡❨✏ ✮às⑧❤✜❹❲⑨✜✈⑤❣◗②❷♦r❤✳s⑧❧♠✇❢➍✥s⑧❝❢❤✎s➀q⑤③❞✖✎✦◆s⑧❝❢❤✛❹⑧✈❂➇❱✈⑤s▲❧♠③◆✮ù❹⑧❤✣❤
s⑧✈◗➇❱❤✜➍t❧r✇①q⑤✇❢✈⑤s⑧❝❢❤✜❹❞s④q⑤③❊✖✌✈⑤❹❞s④✈✦❹⑧❤✳s④♥❢❹✉✇✠s⑧✈✦s⑧❝❢❤✲❝❢✈❂❣✦❤✲②✾✈⑤③✉❧Ús⑧❧♠✈❂✇✠❧♠✇✠⑨✜✈❂❣✦②♣♦♠❤✣s✉❧r✇❢➍✦s④❝♣❤✥❣✙❧♠③⑧③❿❧r✈❂✇✕✡
❜❲⑦●②♣❧r⑨✜qt♦Ú♦♠⑦⑤✦▲s④❝❢❤✣③⑧❤➱s④q⑤③❊✖◆③✮❹⑧❤ ✤◆♥♣❧♠❹⑧❤➱❹⑧✈❂➇❱✈⑤s✉❧r⑨✣③✮❤✣✇ ⑥ ✦❼❤❁❫✘❤✣⑨✣s⑧✈❂❹✮s⑧❹④qt❺❫❤✣⑨✣s④✈⑤❹✉⑦ ✮ù✈⑤♦Ú♦r✈✾✱✎❧♠✇❢➍✴✦✝③⑧❤✜✇♣③⑧✈❂❹✍✦❼➇➌q⑤③✉❤ ⑥
⑨✣✈❂✇▼s④❹⑧✈t♦❩✦❲❝▼⑦●➇❢❹✉❧ ⑥ ②✾✈❂③❿❧♠s✉❧r✈⑤✇ ✮ù✈❂❹⑧⑨✣❤➐⑨✜✈❂✇▼s⑧❹⑧✈⑤♦➪✈✾✮✰❣➱qt✇♣❧r②♣♥♣♦➷q✃s④✈❂❹✉③✦q⑤✇ ⑥ ⑨✜✈●✈❂❹ ⑥ ❧r✇❢qts⑧❧♠✈❂✇ ➇❱❤✣s✠✱➯❤✜❤✣✇ s④❝♣❤
❣◗q⑤✇♣❧♠②❢♥♣♦rqts⑧✈❂❹✦q⑤✇ ⑥ s④❝❢❤❋✮ù❹✉❤✜❤✆☞➌✈▼qts✉❧r✇♣➍❬➆⑤❤✜❝♣❧♠⑨✣♦♠❤✾✡ ❜❞❝❢❤✜③✉❤ qt③⑧②❱❤✜⑨✣s⑧③✱qt❹⑧❤ ⑥ ❤✜③✉⑨✜❹❿❧r➇❱❤ ⑥ ❧r✇ s④❝❢❤✌s⑧❝♣❧r❹ ⑥
③✉❤✜⑨✣s✉❧r✈⑤✇①✈✾✮✝s④❝♣❧♠③✛②➌q⑤②❱❤✜❹ ✡

☎❞q⑤③❿❧r⑨✦❣✦❤✜⑨➀❝❢q⑤✇♣❧♠③⑧❣✦③✎✮ù✈⑤❹✕❣➱qt✇➌q⑤➍⑤❧♠✇❢➍Pq⑤✇ ⑥ ②❢❹✉✈❂➍❂❹⑧q⑤❣✦❣✦❧♠✇❢➍✌s④❝♣❤◗❹✉❤ ✤◆♥♣❧♠❹⑧❤ ⑥ q⑤⑨✳s⑧❧♠✈❂✇❢③✲q⑤❹✉❤✼❧♠♦Ú♦♠♥❢③✉s⑧❹④qts⑧❤ ⑥ ③⑧❤✜⑨ ✦
s⑧❧♠✈❂✇❡✬✪✡ ✏⑩♦Ú♦➹s④❝❢❤✺q ⑥♣⑥ ❹⑧❤✣③⑧③⑧❤ ⑥ s⑧❝❢❤✜✈⑤❹⑧❤✣s✉❧r⑨✜qt♦✕s④❝♣❤✜❣✦❤✜③✠q⑤❹✉❤äs④❝❢❤✣✇❯❣✦❤✜❹✉➍❂❤ ⑥ ❧♠✇ s⑧❝❢❤✪⑨❽qt✇❢✈❂✇♣❧♠⑨❽qt♦✲❣✙❧♠③⑧③❿❧r✈❂✇✚✦
⑥ ❤✣③⑧⑨✜❹❿❧r➇❱❤ ⑥ q⑤✇ ⑥ ②♣❹⑧✈❂➍❂❹⑧q⑤❣✦❣✦❤ ⑥ ③⑧❤✣⑨✣s✉❧r✈❂✇①➊✺✡✑✏✬❧r✇➌q✃♦♠♦Ú⑦➘✦❢➍⑤♥♣❧ ⑥ ❤✣♦Ú❧r✇❢❤✣③ ✮ù✈❂❹➯s⑧❝❢❤ ✮ù♥♣s④♥♣❹⑧❤✕q⑤❹✉❤ ⑥ ❹⑧q✾✱✛✇✌❧♠✇P⑨✜✈❂✇❢⑨✳♦r♥ ✦
③✉❧♠✈❂✇✽✡

✒ ✓ ☞✛✒✲✍❨✄✑✔ ✒✥✗✠✡ ✗P✒✰✯✱✢✣✤✮✒✲✔✑☞ ✔✑✭ ✏ ✭✥✍✖✕ ✁✑✢✳✔✑☞

❻❼✇✌s④❝♣❧♠③✎②➌q⑤❹❿s✰✦♣s⑧❝❢❤✕❣◗qt❧♠✇✠❹✉❤✜③✉❤❽q⑤❹✉⑨➀❝✠❧♠③⑧③✉♥❢❤✜③✰q⑤❹✉❤✲q⑤③⑧③✉✈❷⑨✳❧➷qts⑧❤ ⑥ s④✈✦✈❂②❷s⑧❧♠❣➱q✃♦ ⑥ ❤✜q ⑥ ❹⑧❤✜⑨✗✖t✈❂✇♣❧♠✇❢➍➐qt✇ ⑥ ♦r✈●⑨❽q✃s⑧❧♠✈❂✇
♥❢② ⑥ qts⑧❤➯♥❢③❿❧r✇♣➍✷✇➌qts⑧♥❢❹④q✃♦❷✈⑤❹✝qt❹✉s⑧❧q❴➌⑨✳❧➷qt♦◆♦rq⑤✇ ⑥ ❣◗q⑤❹❞✖◆③✝✡❲❸❲❹⑧❤✣⑨✣❧♠③⑧❤Ïs④❹④q✃❺❫❤✜⑨✣s⑧✈❂❹✉❧♠❤✜③✫q⑤❹⑧❤ës④❝♣❤✜✇✴⑨✣✈❂❣✦②❢♥♣s⑧❤ ⑥ q⑤✇ ⑥ ♥❢③✉❤ ⑥
❧♠✇ ❹⑧✈⑤➇❢♥❢③✉s⑩⑨✜✈⑤✇◆s⑧❹⑧✈⑤♦Ú♦♠❤✜❹⑧③✛s④✈◗❹⑧❤✜q⑤⑨➀❝①s⑧❝❢❤ ✱➪✈❂❹❞✖◆③✉❧Ús④❤✼qt❹⑧❤❽q✪✡❞❜❞❝♣❧♠③⑩❧♠✇▼➆❂❤✜③❿s⑧❧♠➍▼qts⑧❤✜③➹③✉✈⑤♦r♥❷s⑧❧♠✈❂✇❢③✛s④✈✦s④❝❢❤✥②❢❹✉❧♠✇❢⑨✳❧r②➌q✃♦
⑥ ❧q①◗⑨✜♥♣♦Ús⑧❧♠❤✜③✰♦♠❧♠❣✙❧♠s✉❧r✇❢➍◗s④❝❢❤✥q⑤⑨✳s④♥➌q✃♦✑②✾❤✣❹❞✮ù✈❂❹✉❣➱qt✇❢⑨✜❤✣③⑩✈✾✮✫⑨✜✈❂❣✦❣✦❤✜❹✉⑨✣❧rqt♦✬③✉⑦●③✉s⑧❤✜❣✦③✲✦❪✱✛❝♣❧♠⑨➀❝äq⑤❹✉❤✮qt③⑧③⑧✈●⑨✣❧rqts⑧❤ ⑥ s⑧✈
✇❢✈❂✇P♦Ú❧r✇❢❤✜q⑤❹✛②✾❤✣❹✉s⑧♥❢❹⑧➇➌q✃s⑧❧♠✈❂✇❢③✲✦➌③✉❤✜✇❢③✉✈❂❹⑧③ ⑥ ❹❿❧✓✮às⑧③⑩qt✇ ⑥ ②✾✈●✈❂❹❞➆◆❧r③❿❧r➇❷❧♠♦Ú❧♠s❼⑦✾✡

⑤✇✓✕✒ ✗●✗✚✙✛✳♣✯✕✙♠⑩
❄ ✈❷⑨✜qts⑧❧♠✈❂✇✵✦❲②❢qts④❝ ②♣♦rq⑤✇❢✇❷❧r✇❢➍♦✦❲❣➱qt✇❢❤✜♥♣➆⑤❤✜❹❿❧r✇❢➍♦✦➯✈❂➇♣③✉s➀qt⑨✣♦♠❤✙★✃s④q⑤❹⑧➍❂❤✳s✙②❱✈❂③✉❧Ús⑧❧♠✈❂✇♣❧♠✇❢➍✪✈❂❹✼③✉❤✜✇❢③✉✈❂❹✙❣✦✈⑤s⑧❧♠✈❂✇ ⑨✣✈❂❣ ✦
②❱❤✜✇❢③⑧qts⑧❧♠✈❂✇ ⑨✜q⑤✇ ➇❱❤➐q⑤⑨➀❝♣❧♠❤✣➆⑤❤ ⑥ s④❝❢q⑤✇❖✖◆③✴s④✈äq⑤⑨✜⑨✣♥❢❹④qts⑧❤✱②❱✈❂③✉❧Ús⑧❧♠✈❂✇✵✦✝➆❂❤✣♦♠✈●⑨✣❧Ús❼⑦ q⑤✇ ⑥ qts⑧s✉❧♠s⑧♥ ⑥ ❤◗❧r✇✺✮ù✈⑤❹⑧❣◗qts⑧❧♠✈❂✇✽✡

➵✄➵ ❑♥♠❅➐●➒❅➐❅➩



✏✝❧♠➍❂♥❢❹⑧❤✦➈☛✔ ❄ ✈✾✱❨⑨✣✈❂③✉s✁� ✁➊✪✥③❿⑦●③✉s④❤✣❣

✏✷⑨✣⑨✜♥❢❹⑧q⑤⑨✣⑦ ✇❢❤✣❤ ⑥ ③✮③✉s④❹✉✈❂✇❢➍⑤♦Ú⑦ ⑥ ❤✜②❱❤✜✇ ⑥ ✈✾✮❞s⑧❝❢❤◗s❼⑦●②❱❤✱✈✾✮❞✇➌q❽➆●❧♠➍▼qts✉❧r✈⑤✇✘✝ ③✉❝❢✈❂❹❿s✰✦✫❣✦❤ ⑥ ❧r♥♣❣ ✈⑤❹✥♦♠✈❂✇❢➍①❹④q⑤✇❢➍⑤❤❖✡❅✦
q⑤✇ ⑥ ✈✾✮✑s⑧❝❢❤✕❣✙❧r③✉③✉❧♠✈❂✇①②♣❝➌q⑤③⑧❤✯✡ë❻❼✇❢❤✜❹❿s⑧❧rqt♦Û③⑧❤✣✇❢③✉❧♠✇❢➍❪✝✂� ✁➊✪ ✡➪q⑤✇ ⑥✌⑥ ❤❽q ⑥ ❹⑧❤✣⑨✗✖⑤✈❂✇❷❧r✇❢➍◗②❢❹✉✈❵➆◆❧ ⑥ ❤✲✈❂✇❢❤✕⑨✣✈❂❣✦②✾✈❂✇♣❤✜✇▼s
✈✾✮✛♦♠✈❷⑨✜qt♦♠❧✓✒❽q✃s⑧❧♠✈❂✇ q⑤③✼s⑧❝❢❤✣⑦ ③⑧♥❢②❢②❷♦♠⑦ q ♦r✈●⑨❽qt♦✳✦❱✮❊q⑤③❿s✙❤✜③❿s⑧❧♠❣➱q✃s④❤✌✈✾✮✛➆❂❤✣❝♣❧♠⑨✣♦♠❤✠❣✦✈❀➆❂❤✣❣✦❤✜✇▼s➱q✾✱➪q❽⑦ ✮ù❹✉✈❂❣ ③✉✈❂❣✦❤
❴♣❶❷❤ ⑥ ②❱✈⑤❧♠✇▼s★✡❝❁⑩✈✾✱➪❤✳➆❂❤✣❹✙❤✜❹⑧❹✉✈❂❹⑧③✴q⑤⑨✜⑨✣♥❢❣✴♥❷♦➷qts⑧❤⑤✦ëq⑤✇ ⑥ ❹⑧❤✣➍❂♥♣♦rq⑤❹✴♥❢② ⑥ qts✉❧r✇♣➍ä✈✾✮✎②❱✈❂③✉❧Ús⑧❧♠✈❂✇ ✱✎❧Ús④❝ ❹⑧❤✜③✉②✾❤✣⑨✣s✼s⑧✈
s④❝♣❤✞❴♣❶❷❤ ⑥ ②✾✈t❧r✇▼s➹❧♠③➹❹⑧❤ ✤◆♥♣❧r❹✉❤ ⑥ s④✈➐③✉♥❢②❢②♣♦♠❤✜❣✦❤✣✇◆s✄� ✁➊✪✴s④✈✌❣◗qt❧♠✇◆s④qt❧♠✇✺❹✉❤✣♦Ú❧➷qt➇♣❧♠♦Ú❧Ús❼⑦☛✡✮❜❞❝♣❧r③✕❹✉❤ ✤◆♥♣❧♠❹⑧❤✣③✲s⑧❝❢❤✼♥❢③✉❤
✈✾✮✬q✴③✉❤✜⑨✣✈❂✇ ⑥ ✦♣❧♠✇ ⑥ ❤✣②✾❤✣✇ ⑥ ❤✣✇◆s✛❣✦❤✜q⑤③⑧♥❢❹✉❤✜❣✦❤✜✇▼s✰③✉⑦●③❿s④❤✜❣→✦✴✱✛❝♣❧♠⑨➀❝P⑨❽q⑤✇➱♦r✈●⑨❽qts⑧❤ ✱✎❧Ús④❝✌❹✉❤✜③⑧②❱❤✜⑨✳s✎s④✈✙qt✇➐❤✳❶●s④❤✣❹⑧✇➌q✃♦
✈❂➇♣❺❫❤✣⑨✣s✝✡ ✿①✈❂③✉s❞✈❂②✾❤✣❹④qts✉❧r✈⑤✇➌qt♦❱③✉⑦●③✉s⑧❤✜❣✦③✎❹⑧❤ ✤◆♥❢❤✜③❿s❞❧r✇✱➍❂❤✜✇❢❤✣❹④qt♦✘q⑤⑨✳s⑧❧Ú➆❂❤✷s⑧❹④q⑤✇❢③✉②✾✈⑤✇ ⑥ ❤✜❹✉③➪s④✈✮➇✾❤⑩②♣♦rq⑤⑨✜❤ ⑥ ✈❂✇✱s④❝♣❤
③⑧❤✜q✱➇❱❤ ⑥ ✦✘q⑤✇ ⑥ ➍❂❤✣✇❢❤✜❹⑧qt♦Ú♦♠⑦✠⑦◆❧r❤✳♦ ⑥ q⑤⑨✣⑨✜♥❢❹⑧q⑤⑨✣⑦①✈✾✮ë♥❢②①s④✈➐q ✮ù❤●✱ ❣✦❤✣s⑧❤✜❹⑧③●✦ ⑥ ❤✣②✾❤✣✇ ⑥ ❧♠✇❢➍✌✈❂✇ s⑧❝❢❤✣❧♠❹ ⑥ ❤✣②♣s④❝❬qt✇ ⑥
➇➌q⑤③✉❤✣♦Ú❧r✇♣❤✾✡

✙✆☎✦✄✝☎✦✄ ✞ ➑✣➒✟✞ ✆ ➔♣➒✟✞ ✢ ✆ ✢ ■✛➒✟✛ ✕ ✢ ✕ ✛▲✞❊→✓✜ ✕ ➔♣➒❽➒✸✞ù➒✌✄➊✤ ✕
❜❞❝❢❤✰❣✦✈⑤s⑧❧Ú➆tqts⑧❧♠✈❂✇✦✈✾✮❱s④❝♣❧♠③➪✱➪✈❂❹❞✖✙❝➌q⑤③ë➇❱❤✜❤✜✇✦s④✈ ⑥ ❤✳➆❂❤✳♦r✈❂②➐q⑤✇✙❧r✇❢❤✣❹✉s✉❧➷qt♦❇③❿⑦●③✉s④❤✣❣✞q⑤➇♣♦♠❤❞s④✈✥❤✜③✉s✉❧r❣◗qts⑧❤✰q⑤⑨✜⑨✣♥❢❹④qts⑧❤
✈❂❹❿❧r❤✣✇◆s④qts⑧❧♠✈❂✇❬✈✾✮Ïq➐➆❂❤✣❝♣❧♠⑨✣♦♠❤❪✝❊②♣❧Ús④⑨➀❝✺q⑤✇ ⑥ ❹⑧✈t♦♠♦ ✡⑩➇▼⑦ä♥❢③❿❧r✇♣➍Ps⑧❝❢❤✼✮ù♥❢③❿❧r✈❂✇❬✈✾✮Ï❹✉❤ ⑥ ♥❢✇ ⑥ q⑤✇▼s ⑥ qts④q➐②❢❹⑧✈❀➆◆❧ ⑥ ❤ ⑥ ➇◆⑦
s✠✱➯✈ ✖▼❧♠✇ ⑥ ③✦✈✾✮✛♦♠✈❏✱ ✦❰⑨✜✈❂③❿s✙❧r✇♣❤✜❹✉s✉❧➷q✃♦✎③⑧❤✣✇❢③⑧✈❂❹✉③✂✝ ✏✝❧♠➍❂♥❢❹✉❤✪➈ ✡ ✡✺❜❞❝❢❤✆❴➌❹✉③✉s✦❣✦❤✣s⑧❝❢✈ ⑥ ➆á➂✣✬ ➇❞⑨✜✈⑤✇❢③✉❧♠③✉s⑧③◗❧♠✇ ⑨✜✈❂❹✉❹⑧❤ ✦
♦rqts⑧❧♠✇❢➍Ps④❝❢❤◗②♣❧Ús④⑨➀❝ q⑤✇ ⑥ ❹⑧✈t♦♠♦Ïq⑤✇♣➍⑤♦r❤✣③✮⑨✣✈❂❣✦②❢♥♣s⑧❤ ⑥ ➇▼⑦❬♥❢③❿❧r✇❢➍①s④❝❢❤◗➍❂❹④q❽➆◆❧Ús❼⑦❬⑨✜✈❂❣✦②❱✈❂✇❢❤✜✇▼s⑧③✴✈❂➇♣s④qt❧♠✇❢❤ ⑥ ✮ù❹⑧✈❂❣
s✠✱➯✈äq⑤⑨✣⑨✜❤✣♦♠❤✜❹✉✈❂❣✦❤✣s⑧❤✜❹⑧③ ✡P❻❰s✮⑨✣✈❂✇❢③✉♥❢❣✦❤✜③✼❤✣③✉s⑧❧♠❣◗qts⑧❧♠✈❂✇❢③✥❹⑧❤✣③⑧♥♣♦Ús⑧❧♠✇❢➍❂✮ù❹✉✈❂❣ s⑧❝❢❤◗❧♠✇▼s④❤✣➍❂❹④qts✉❧r✈⑤✇ ✈✾✮➯s④❝❢❤➱q⑤✇❢➍⑤♥♣♦➷qt❹
➆❂❤✳♦r✈●⑨✣❧Ús⑧❧♠❤✜③✰❣✦❤❽q⑤③✉♥❢❹⑧❤ ⑥ ➇▼⑦➐s⑧❝❢❹⑧❤✣❤✲✈❂❹✉s⑧❝❢✈❂➍❂✈❂✇❢qt♦Ø➍⑤⑦●❹✉✈❂❣✦❤✣s④❤✣❹⑧③ ✡✦✏ ✮ù♥♣③✉❧♠✈❂✇①➇▼⑦✌❤➽❶●s④❤✜✇ ⑥ ❤ ⑥✠✟ q✃♦r❣◗q⑤✇ ❴❢♦Ús④❤✣❹✉❧♠✇❢➍
❧♠③✰②❱❤✜❹ ✮ù✈❂❹⑧❣✦❤ ⑥ s⑧✈◗➇❱❤✜✇♣❤s❴❢s❃✮ù❹⑧✈❂❣÷➇✾✈ts④❝P❣✦❤❽q⑤③✉♥❢❹⑧❤✣❣◗❤✣✇▼s④③✝✡
❁⑩✈✾✱➯❤✣➆⑤❤✜❹✲✦Ûs⑧❝❢❤ ✟ qt♦♠❣➱qt✇❢❴❢♦♠s⑧❤✜❹➹②❱❤✜❹ ✮ù✈❂❹⑧❣◗q⑤✇♣⑨✜❤✜③✲qt❹⑧❤✼③❿s④❹⑧✈⑤✇❢➍⑤♦Ú⑦ ⑥ ❤✣②✾❤✣✇ ⑥ ❤✣✇◆s✥✈❂✇äs⑧❝❢❤✙q ⑥ ❤ ✤◆♥➌q⑤⑨✳⑦✪✈✾✮❲s④❝♣❤✙q
②❢❹❿❧r✈❂❹❿❧➪❤✣❹⑧❹✉✈❂❹✴❣✦✈ ⑥ ❤✣♦♠③✼✈✾✮❞s⑧❝❢❤✱③✉❤✜✇❢③✉✈❂❹⑧③ ✡❬❜✬✈ ⑥ ❤❽qt♦③✱✎❧Ús④❝ s④❝❷❧r③✮②❢❹⑧✈❂➇❷♦r❤✣❣➜✦❛✱➯❤ ⑥ ❤✳➆❂❤✳♦r✈❂②❱❤ ⑥ q⑤✇ ⑥ s④❤✣③✉s④❤ ⑥ q
✇❢❤❅✱➃❴❢♦Ús④❤✣❹✉❧♠✇❢➍ qt②❢②❢❹⑧✈❂q⑤⑨➀❝➝✱✛❝❷❧r⑨➀❝ ♥❢③⑧❤✣③ ✮ù♥❖✒ ✒✣⑦ ❧♠✇▼s④❤✜❹❿➆tqt♦r③✙s⑧✈✺❹✉❤✜②❢❹✉❤✜③✉❤✜✇▼s✱❧♠✇ q✺③⑧q⑤❣✦❤ ✮ù❹⑧q⑤❣✦❤●✱➯✈❂❹❊✖ ➇✾✈⑤s⑧❝
s④❝♣❤✙q⑤⑨✜⑨✣♥❢❹④qt⑨✣⑦✪qt✇ ⑥ s④❝♣❤✼❹⑧❤✳♦♠❧rq⑤➇♣❧Ú♦♠❧Ús❼⑦ä✈✯✮Ïq✱❣✦❤❽q⑤③✉♥❢❹⑧❤✣❣◗❤✣✇▼s★✡✮❜❞❝❢❤✜✇✵✦✽✮ù♥✺✒✝✒✣⑦✠❧♠✇✺✮ù❤✜❹✉❤✜✇❢⑨✣❤✼s④❝❢❤✣✈❂❹✉⑦①❧r③➹♥♣③⑧❤ ⑥ s⑧✈
❧♠✇❢⑨✣♦♠♥ ⑥ ❤✥③⑧❤✣❣➱qt✇◆s✉❧r⑨✜qt♦✂✖◆✇❢✈✾✱✎♦r❤ ⑥ ➍❂❤✮q⑤➇✾✈⑤♥♣s✎s④❝❢❤✲③✉❤✜✇❢③✉✈❂❹⑧③✰➇✾❤✣❝➌q❽➆◆❧r✈❂♥♣❹♦➆ ➂⑤✐✺➇✶✡

✙✆☎✦✄✝☎ ✙ ❦✒✕ ➓✃➓❵➔ ✞ ✆ ➏✬➔➌➑ ✕ ✤ ➔ ✆ ✤ ➒❀➔❢➓✟✥ ✕ ➒✦➒❀➓❵➔➌→✟✧❉✞ ✆ ✥✺➏✬➔➌➑ ✕ ✤ ✆ ➔✣✢✤✞✦✥❇➔♣➒✟✞ ✢ ✆
✏✷✇❬✈❂➇❷❺❫❤✜⑨✣s✉❧♠➆⑤❤✦✈✾✮ �✂✁☎✄✝✆✞✁ ❧r③➹s⑧✈✌②❢❹⑧✈❀➆◆❧ ⑥ ❤✦❤s❫✾❤✜⑨✣s✉❧♠➆⑤❤◗s⑧❤✜❹✉❹④qt❧♠✇✪➇➌q⑤③✉❤ ⑥ ✇➌q❽➆●❧♠➍▼qts✉❧r✈⑤✇✺❣✦❤✳s④❝❢✈ ⑥ ③✕⑨❽qt②➌q⑤➇♣♦♠❤✙✈✾✮
③⑧♥♣②❢②✾✈⑤❹✉s⑧❧♠✇❢➍✙qt♥♣s④✈❂❣◗qts✉❧r⑨⑩③✉s④q⑤✇ ⑥ ✦❰✈✺❫①q⑤✇ ⑥ ★t✈⑤❹Ïs⑧❹④qt❺❫❤✣⑨✣s④✈⑤❹✉⑦✫✮ù✈⑤♦Ú♦r✈✾✱✎❧♠✇❢➍❖✡ ☎➪❤✣⑨❽q⑤♥❢③✉❤➹✈✾✮✑✇➌qt❹⑧❹⑧✈✾✱ ➇❱❤❽q⑤❣✓③✉✈❂✇➌q⑤❹✉③
♦Ú❧r❣✙❧Ús➀qts✉❧r✈❂✇♣③❲✝ ②❢❹❿❧r⑨✣❤⑤✦ ⑥ qts④q✌❧♠✇▼s④❤✣❹⑧②❢❹✉❤✣s➀q✃s⑧❧♠✈❂✇ ⑥ ❧q①➱⑨✣♥♣♦Ús⑧❧♠❤✜③✎✡ ✱➯❤✼②❢❹✉✈❂②✾✈⑤③⑧❤✴s⑧✈✌❤✜❣✦②♣♦♠✈❵⑦äq ✱✎❧ ⑥ ❤✙➇✾❤✜q⑤❣✧③⑧✈❂✇➌qt❹
⑥ ❤✳➆●❧♠⑨✜❤❺✦❇✈❂②✾❤✣❹④qts✉❧r✇♣➍✱qts✰q✼♦♠✈✾✱➪❤✣❹❃✮ù❹✉❤ ✤◆♥❢❤✜✇♣⑨✣⑦☛✡
❜❞❝❢❤✌③✉♥❢⑨✜⑨✣❤✜③⑧③◗✈✾✮✛❧♠✇◆s⑧❤✜❹✉②❢❹⑧❤✳s➀qts✉❧r✈❂✇ ✈✾✮✰③❿❧r✇❢➍t♦r❤ ✱✎❧ ⑥ ❤Pq⑤✇❢➍t♦r❤✌③✉✈❂✇➌q⑤❹✂➆❐➈❀➉♦✦✫➂♣➈❞➇✳✦▲❧r③✙➇❢q⑤③⑧❤ ⑥ ✈⑤✇ s④❝❢❤ ⑥ ❤✳s➀qt❧Ú♦♠❤ ⑥
❤✳❶♣q⑤❣✙❧♠✇➌qts✉❧r✈❂✇✌✈✯✮Ûs④❝❢❤➹②♣❝◆⑦●③❿❧r⑨✣③✎✈✾✮Ûs④❝❢❤✷②❢❹⑧✈⑤❺❫❤✣⑨✣s✉❧r✈❂✇Pqt✇ ⑥ ❹⑧❤❁☞➌❤✜⑨✳s⑧❧♠✈❂✇P✈✾✮Û♥♣♦Ús④❹⑧q⑤③⑧✈⑤♥❢✇ ⑥ ✡ë❻❼✇✱s⑧❝❢❤➹②❢❹✉✈⑤❺❫❤✜⑨✳s✰✦✺✮ù✈❂❹
➇❱❤✣s⑧s⑧❤✜❹❞②❱❤✜❹ ✮ù✈❂❹⑧❣◗q⑤✇♣⑨✜❤⑤✦➺✱➪❤✷♥❢③⑧❤✕q ⑥ ❧❵❫✾❤✜❹✉❤✜✇▼s⑧❧rqt♦✘③⑧✈❂✇➌qt❹ ⑥ ❤✣➆◆❧♠⑨✜❤❲✝ ✏✝❧♠➍❂♥❢❹⑧❤➹➋⑤q✺✡❙✡✼❹④qts⑧❝❢❤✜❹Ïs④❝➌q⑤✇➐q✴③✉❧♠✇❢➍⑤♦♠❤ ✱✎❧ ⑥ ❤

♥✆➷➊➵✄♥✞❆



Position
Estimate

Pan + Tilt
Controller

   Validation Kalman Filter

     INS

Tracking
Sonar

Target
Selector

Modified Ulvertech model 305 echo sonar

ROS PT-10 Pan and Tilt Unit

✏✝❧♠➍❂♥❢❹✉❤✮➋✪✔ëq✺✡Ï❦●⑦●③✉s⑧❤✜❣ q⑤❹✉⑨➀❝♣❧Ús④❤✜⑨✳s④♥❢❹✉❤✁�✱➇✽✡♥❆⑩❧q❫✾❤✜❹⑧❤✣✇▼s⑧❧rqt♦✑s⑧❧♠❣◗❤✲✈✾✮❨☞❢❧♠➍❂❝▼s⑩③✉✈❂✇➌q⑤❹

q⑤✇❢➍t♦r❤➐③✉✈❂✇➌q⑤❹✮s④✈äs④❹⑧q⑤⑨✗✖ q❂✮ù❤✜qts④♥♣❹⑧❤➐➍⑤❧Ú➆❂❤✣✇ ③⑧♥♣❧Ús➀q⑤➇❷♦r❤✌②❢❹✉✈❷⑨✣❤✜③✉③✉❧♠✇❢➍ qt✇ ⑥ ③⑧⑨✜q⑤✇❢✇♣❧♠✇❢➍✺q⑤⑨✣s✉❧r✈⑤✇✽✡✺❜✬❹⑧q⑤⑨✗✖▼❧r✇❢➍✪❧♠③
❧♠❣◗②❷♦r❤✣❣◗❤✣✇▼s④❤ ⑥ ♥❢③✉❧♠✇❢➍➱q ✟ qt♦♠❣◗q⑤✇✆❴❢♦Ús④❤✜❹ ✡Ï❜✬✈✦❝➌q⑤✇ ⑥ ♦r❤✕s⑧❝❢❤✲⑨✜✈❂❹✉❹⑧❤✜③✉②✾✈⑤✇ ⑥ ❤✜✇♣⑨✜❤✥②❢❹⑧✈❂➇❷♦r❤✣❣ ➇✾❤✳s✠✱➪❤✣❤✜✇✠❧r❣◗q⑤➍❂❤✣③
s④❝♣❤ ✮ù❤✜qts④♥❢❹✉❤➱✇♣❤✜❤ ⑥ ③✥s⑧✈ ➇❱❤ ⑥ ❤✜③⑧⑨✣❹✉❧♠➇✾❤ ⑥ qts✮q①❝❷❧r➍❂❝♣❤✜❹✕♦r❤✳➆❂❤✳♦➯s⑧❝➌q⑤✇①❺❫♥♣③✉s✴q✠❹⑧q✾✱ ❹④q⑤✇❢➍⑤❤◗②❱✈⑤❧♠✇▼s ✂ ✈⑤s⑧❝❢❤✜❹❘✱✎❧r③✉❤q⑤❣✮➇♣❧r➍⑤♥♣❧♠s❼⑦✕❧♠③✝q✰❣◗qt❺❫✈❂❹ ⑥ ❧q①◗⑨✜♥♣♦Ús❼⑦☛✡▲❜❞❝❢❤✜❹✉❤ ✮ù✈❂❹✉❤Ï❧Ús✝❧♠③Û➆◆❧♠s④qt♦◆s④✈✰❤✳❶●s④❹⑧q⑤⑨✣s✝q⑤③✬❣✴♥❢⑨➀❝✥❧r✇✪✮ù✈❂❹⑧❣◗qts✉❧r✈❂✇✮q⑤③✬②✾✈⑤③⑧③✉❧♠➇♣♦♠❤
q⑤➇❱✈❂♥♣sëq✷s④q⑤❹⑧➍⑤❤✣s❲❧♠✇✦q✲③❿❧r✇♣➍⑤♦r❤❞❧♠❣◗q⑤➍❂❤✎③✉✈✥❹✉❤✣♦Ú❧➷qt➇♣♦r❤✎⑨✣✈❂❹⑧❹✉❤✜③✉②✾✈❂✇ ⑥ ❤✜✇❢⑨✣❤⑩⑨✜q⑤✇✙➇❱❤✎❤✜③✉s④q⑤➇♣♦Ú❧r③✉❝❢❤ ⑥ ❹④q⑤②❷❧ ⑥ ♦Ú⑦☛✡◆✿①♥♣♦Ús⑧❧✎✦
❝▼⑦●②✾✈⑤s⑧❝❢❤✜③❿❧r③♠❴❢♦Ús④❤✜❹❿❧r✇♣➍✱⑨❽qt✇①➇❱❤✲♥❢③⑧❤ ⑥ s④✈ ⑥ ❤✜qt♦❥✱✎❧♠s⑧❝äq⑤❣✮➇♣❧♠➍❂♥❢✈❂♥❢③✰③⑧❤✣✇❢③⑧✈⑤❹ ⑥ q✃s➀q✙➇❢♥♣s✰❧r③✛⑨✣✈❂❣✦②❢♥♣s➀q✃s⑧❧♠✈❂✇➌qt♦Ú♦♠⑦
➆❂❤✣❹✉⑦P❤➽❶♣②❱❤✜✇♣③✉❧Ú➆❂❤✾✡
❜❞❝❢❤❞③✉✈❂✇➌q⑤❹✫⑨✜✈❂❣✦②❢❹❿❧r③✉❤✜③❥❴❢➆⑤❤❞❣◗qt❺❫✈❂❹✫⑨✣✈❂❣✦②✾✈⑤✇❢❤✜✇▼s④③◆✝ ✏✝❧♠➍❂♥❢❹⑧❤❞➋t➇✽✡❙✡ ✔✑s④❝❢❤➯s④❹④qt⑨✗✖◆❧♠✇❢➍✕③✉✈❂✇➌q⑤❹✬s④❹④qt✇❢③ ⑥ ♥♣⑨✜❤✜❹✉③✲✦▼s④❝♣❤
②➌q⑤✇Pqt✇ ⑥ s⑧❧Ú♦♠s❞❝❢❤❽q ⑥ ⑨✣✈❂✇▼s④❹⑧✈t♦♠♦♠❤✜❹●✦➌q✴s➀q⑤❹✉➍❂❤✣s❞③⑧❤✣♦♠❤✜⑨✳s④✈❂❹●✦♣➆tqt♦Ú❧ ⑥ q✃s⑧❧♠✈❂✇✌♥❢✇♣❧Ús ✮ù✈❂❹➯s⑧❝❢❤➹s➀qt❹⑧➍❂❤✳s④③✲✦♣q⑤✇ ⑥ q ✟ qt♦♠❣◗q⑤✇
❴❢♦Ús④❤✣❹ ✮ù✈⑤❹✎❤✜③✉s✉❧r❣◗qts✉❧r✇♣➍◗➆⑤❤✜❝♣❧♠⑨✣♦♠❤✮♦♠✈❷⑨✜qt♦Ú❧ ✒✜qts⑧❧♠✈❂✇ ✝✁✱✛❝♣❧♠⑨➀❝äq✃♦r③✉✈➱❝➌qt③⑩qt③⑩qt✇P❧♠✇❢②❢♥❷s✰s⑧❝❢❤ ⑥ qts④q ✮ù✈⑤❹⑧❣ s⑧❝❢❤ � ✁✺✪ ✡ ✡
❜✑✈✴✈❂➇♣s④qt❧♠✇➱❹✉❤❽qt♦✎✦❰s✉❧r❣✦❤✰➇✾❤✜q⑤❹✉❧♠✇❢➍✮❧♠✇✺✮ù✈❂❹✉❣◗qts⑧❧♠✈❂✇✫✮ù✈❂❹Ï➂☛❆❅s⑧❹④q⑤⑨✗✖▼❧♠✇❢➍✴✦❞✱➪❤⑩②❢❹⑧✈❂②❱✈❂③✉❤✰s⑧✈✮♥❢③✉❤ ⑥ ❧q❫✾❤✜❹⑧❤✣✇▼s⑧❧rqt♦✾s✉❧r❣✦❤ ✦
✈✾✮ ✦❭☞❢❧r➍⑤❝◆s✰❧♠✇✺✮ù✈❂❹⑧❣◗qts✉❧r✈⑤✇❝✮ù❹⑧✈⑤❣ s⑧❝❢❹⑧❤✣❤ ✝❊✈❂❹⑩❣✦✈❂❹✉❤❖✡✎s④❹④qt✇❢③ ⑥ ♥♣⑨✜❤✜❹✉③➹✈❂➇❢③✉❤✜❹❿➆●❧♠✇❢➍➐s⑧❝❢❤✴③⑧q⑤❣✦❤✮s➀qt❹⑧➍❂❤✳s★✡ ✱➪✈❂✇❢③❿❧ ⑥ ❤ ✦
❹④q✃s⑧❧♠✈❂✇❢③✰✈✾✮▲➆◆❧r③❿❧r➇❷❧♠♦Ú❧♠s❼⑦ q⑤✇ ⑥ ❧r✇▼s⑧❤✜❹❞✮ù❤✣❹⑧❤✣✇❢⑨✜❤✼❣✦❤✜q⑤✇ s④❝❢qts✛s④❝❢❤✮➇✾❤✣③✉s⑩❹⑧❤✜③✉♥♣♦Ús④③✕q⑤❹✉❤✮✈⑤➇♣s➀qt❧♠✇❢❤ ⑥ ✱✛❝❢❤✣✇✪qt♦Ú♦✬s⑧❝❢❹⑧❤✣❤
❹⑧❤✣⑨✜❤✳❧♠➆⑤❤✜❹⑧③✱q⑤❹⑧❤ ✤◆♥♣❧Ús④❤✠⑨✣♦♠✈❂③⑧❤✳♦♠⑦ ③✉②➌q⑤⑨✣❤ ⑥ qt✇ ⑥ ❣◗❤✜q⑤③⑧♥♣❹⑧❤Ps④❝❢❤Ps⑧❧♠❣✦❤ ✦❼✈✯✮ ✦ ☞❢❧♠➍❂❝▼s✦✈✾✮✷q❬③✉✈❂♥❢✇ ⑥ ②❢♥♣♦♠③⑧❤ ✮ù❹⑧✈❂❣ q
③✉❧♠✇❢➍⑤♦♠❤➐⑨✳♦r✈❂③✉❤✣♦Ú⑦ ③✉②➌q⑤⑨✜❤ ⑥ s④❹⑧q⑤✇❢③⑧❣✙❧Ús⑧s⑧❤✜❹✂➆á➋⑤➃➈➇✶✡ä❜❞❝❢❤✱③⑧✈❂✇➌qt❹✼③⑧❤✣✇❢③⑧✈❂❹✉③✙⑨✜✈❂✇♣③✉❧♠③✉s✙✈✾✮✰q✠s④❹✉❧♠✈ ✈✯✮✛③✉⑦●✇❢⑨➀❝❢❹✉✈❂✇♣❧✓✒✜❤ ⑥
③⑧✈⑤✇➌q⑤❹⑧③❉✝ùs④❝❢❹✉❤✜❤✕❣✦✈ ⑥ ❧❵❴➌❤ ⑥ ❛✛♦♠➆⑤❤✜❹❿s④❤✜⑨➀❝①❣✦✈ ⑥ ❤✳♦✑➂❂➃✣✬ ⑥ ❤✣②♣s④❝✠③⑧✈⑤♥❢✇ ⑥ ❤✣❹⑧③✎✡❞❣✦✈❂♥❢✇▼s⑧❤ ⑥ ⑨✜✈ ✦❼q✃❶●❧➷qt♦Ú♦Ú⑦➐✈❂✇✠q✙③✉❧♠✇❢➍⑤♦♠❤
②➌q⑤✇Pqt✇ ⑥ s⑧❧Ú♦♠s✛♥♣✇♣❧♠s✝✡ë❜✬✈✦q❽➆⑤✈⑤❧ ⑥ ❧♠✇▼s④❤✜❹ ✮ù❤✜❹✉❤✜✇❢⑨✣❤✥❤❁❫✘❤✣⑨✣s⑧③ ⑥ ♥❢❤➹s④✈✙⑨✳⑦●⑨✣♦♠❤▲❴❢❹✉❧♠✇❢➍✙✈❀➆❂❤✜❹❿♦➷qt②①qt✇ ⑥ s➀q⑤❹✉➍❂❤✣s❞❣◗✈ts⑧❧♠✈❂✇
❤s❫✾❤✜⑨✳s④③●✦⑤s④❝❢❤ ⑥ ❤✜②❷s④❝✏✦❰③⑧✈❂♥❢✇ ⑥ ❤✜❹✉③❼✱➪❤✣❹⑧❤❞❣✦✈ ⑥ ❧q❴➌❤ ⑥ s⑧✈✷✈❂②❱❤✜❹⑧qts④❤ë❧♠✇✙q⑩③❿❧r✇❢➍t♦r❤ ✦❰s④❹⑧q⑤✇❢③✉❣✦❧Ús⑧s⑧❤✜❹▲❣✮♥♣♦Ús⑧❧♠②♣♦r❤➯❹⑧❤✣⑨✜❤✣❧Ú➆❂❤✣❹⑧③
❣✦✈ ⑥ ❤✾✡
✏➌✈❂❹✎s④❝❢❤✲②❢♥♣❹⑧②❱✈❂③⑧❤✣③✷✈✾✮✝s④❝❢❤✥③⑧✈❂✇❢q⑤❹✛❣◗✈ ⑥ ❤✳♦❩✦❇s④❝❢❤✲➍❂❤✣✈❂❣✦❤✣s⑧❹✉⑦✠✈✾✮▲❤✣✇▼➆●❧♠❹⑧✈⑤✇❢❣✦❤✜✇▼s➀qt♦✂✮ù❤❽q✃s④♥❢❹✉❤✜③✛❧r③⑩q⑤③⑧③✉♥❢❣✦❤ ⑥ s⑧✈
q⑤②❢②♣❹⑧✈❽❶●❧r❣◗qts⑧❤✰✈⑤✇❢❤✛✈✾✮Øq✕③✉❣➱q✃♦♠♦❇✇◆♥❢❣✮➇✾❤✣❹Ï✈✯✮✘➍❂❤✣✈❂❣✦❤✣s⑧❹✉❧♠⑨ ✮ù✈⑤❹⑧❣✦③✝✔✝②♣♦➷qt✇❢❤✜③●✦❷③✉②❢❝❢❤✜❹❿❧r⑨✜qt♦❇②➌qts⑧⑨➀❝❢❤✜③●✦❷⑨✳⑦◆♦♠❧♠✇ ⑥ ❹❿❧r⑨✜qt♦
②➌qts⑧⑨➀❝❢❤✜③●✦✘❤ ⑥ ➍❂❤✜③●✦✾⑨✣✈❂❹⑧✇♣❤✜❹⑧③●✦✘qt✇ ⑥ ②❱✈⑤❧♠✇◆s⑧③✞✝❊⑨ ✮♠➆ ➂♦✦✑➈❀➄ ➇✂✮ù✈⑤❹✰❤➽❶❷②✾❤✣❹✉❧♠❣◗❤✣✇▼s➀qt♦✫❹⑧❤✜③✉♥♣♦Ús④③➹qt✇ ⑥ ⑨✣✈❂❣✦②➌q⑤❹✉❧♠③⑧✈⑤✇ ✱✎❧Ús④❝
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❻❼✇♣❧Ús⑧❧rqt♦❲s④❹❿❧➷q✃♦r③✩✱✎❧Ús④❝✺③⑧✈❂✇➌qt❹✟★✃s④q⑤❹⑧➍❂❤✳s✥q⑤③⑧②❱❤✜⑨✳s▲❴♣❶❷❤ ⑥ ✮ù✈⑤❹➹♦r✈❂✇♣➍①②❱❤✜❹❿❧r✈ ⑥ ③✕❤✜③❿s➀q⑤➇❷♦♠❧♠③⑧❝❢❤ ⑥ q⑤✇✺❤s❫✾❤✜⑨✳s⑧❧Ú➆❂❤◗➇✾❤✜q⑤❣ ✦
✱✎❧ ⑥ s④❝✵✦✫✈✾✮✎q⑤❹✉✈❂♥❢✇ ⑥ ➈✟✬ ⑥ ❤✜➍❂❹✉❤✜❤✜③ ✡✠❜❞❝❢❤✱❣✦❤❽qt③⑧♥❢❹✉❤ ⑥ ❹⑧q⑤✇❢➍❂❤ ⑥ ❧♠③✉s④❹❿❧r➇♣♥♣s⑧❧♠✈❂✇ ✱➪q⑤③✼qt②❢②❢❹⑧✈❽❶●❧♠❣➱q✃s④❤✣♦Ú⑦ ✇❢✈❂❹⑧❣◗qt♦
✱✎❧Ús④❝✪q◗➂✺✡ ✬t❣✦❣ ✝ ❝➌qt♦ ✮ ✦❾✱➪q❽➆❂❤✳♦r❤✣✇❢➍⑤s④❝☎✄ ✡✌③✉❧♠➍❂❣◗q➱➇❱✈❂♥❢✇ ⑥ ✮ù✈❂❹✎s➀q⑤❹✉➍❂❤✣s⑧③✷qts⑩q◗❹④q⑤✇❢➍⑤❤✮✈✾✮✝s✠✱➪✈✱❣◗❤✳s④❤✣❹⑧③✝✡♠❛✰✇✺✮ù✈❂❹ ✦
s④♥♣✇➌qts④❤✳♦♠⑦⑤✦❢s④❝❢❤✣③⑧❤✥❤✳❶❷⑨✜❤✳♦♠♦♠❤✜✇▼s✷❹⑧❤✜③✉♥♣♦Ús④③✰⑨✜✈❂♥♣♦ ⑥ ✇♣✈⑤s✛➇✾❤✲❹✉❤✜②♣♦Ú❧r⑨✜qts④❤ ⑥ s⑧❹✉❧rqt♦r③✫✱✎❧Ús④❝✠s➀q⑤❹✉➍❂❤✣s⑧③✎➇✾❤✳❧r✇♣➍➱③✉⑨❽q⑤✇❢✇♣❤ ⑥ s⑧✈
q⑤③✉③⑧❤✜③✉③✰s⑧❹④q⑤⑨✗✖▼❧♠✇❢➍✱②❱❤✜❹ ✮ù✈❂❹⑧❣◗q⑤✇♣⑨✜❤✲②❢❹⑧✈ ⑥ ♥❢⑨✣❤ ⑥ ❣✴♥❢⑨➀❝✠♦r✈✾✱➯❤✜❹ ✤◆♥➌qt♦Ú❧♠s❼⑦ ⑥ q✃s➀q✺✡
❜❞❝❢❤①②❢❹⑧❤✣③⑧❤✜✇♣⑨✜❤ ✈✯✮✕q ③❿s④❹✉✈❂✇❢➍✺➇♣❧➷qt③◗s⑧✈❏✱➪q⑤❹ ⑥ ③ ✮❊qt♦♠③⑧❤P♦♠✈❂✇❢➍✺❹⑧❤❽q ⑥ ❧r✇♣➍❂③➐qts✦s⑧❝❢❤①❤ ⑥ ➍❂❤✠✈✾✮✷s⑧❝❢❤✠➇✾❤✜q⑤❣→✦➪s④❝➌q✃s
❣✦❤❽q⑤✇♣③▲s④❝➌qts❲s⑧❝❢❤❞❤❁❫✘❤✣⑨✣s⑧❧Ú➆❂❤✰➇❱❤❽q⑤❣ ✦❾✱✎❧ ⑥ s⑧❝➱qt⑨✜❹⑧✈⑤③⑧③❛✱✛❝♣❧♠⑨➀❝➱♥♣③⑧❤ ✮ù♥❷♦➌❹④q⑤✇♣➍❂❤✙★t➇❱❤❽qt❹✉❧♠✇❢➍ ⑥ qts④q➹⑨❽q⑤✇✦➇❱❤✎✈❂➇♣s➀q✃❧r✇❢❤ ⑥
❧♠③✴q⑤⑨✳s④♥➌q✃♦♠♦Ú⑦✪❹④q✃s④❝❢❤✣❹✲♦♠❤✜③✉③✮s⑧❝➌q⑤✇ ➄ ⑥ ❤✣➍❂❹⑧❤✣❤✜③❡✝ ✏✝❧♠➍❂♥❢❹✉❤◗➂❂q✺✡❙✡ ✡➱❜❞❝❢❤➱➇❷❧➷q⑤③✕❧♠✇ ❹⑧q⑤✇❢➍❂❤✦✈❂➇♣③⑧❤✜❹❿➆❂❤ ⑥ ✮ù✈❂❹✕✈✺❫ ✦❫q✃❶●❧♠③
s➀qt❹⑧➍❂❤✳s④③ ⑥ ✈●❤✜③●✦t❝❢✈✾✱➯❤✣➆⑤❤✜❹✲✦❂q⑤②❢②❱❤❽q⑤❹Øs⑧✈✰➇❱❤❲❹⑧❤✜q⑤③⑧✈⑤✇➌q⑤➇♣♦Ú⑦✲⑨✜✈❂✇♣③✉❧♠③✉s④❤✣✇▼s✫➇❱❤✣s✠✱➯❤✜❤✣✇✼qt♦Ú♦❂s④❝♣❹⑧❤✜❤ë③✉✈❂✇➌q⑤❹✉③✝✡ ✏✬❧r➍❂♥♣❹⑧❤ë➂⑤➇✽✡
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✈✾✮✫q✼✮ù❤●✱❨❣✦❤✳s④❤✜❹✉③✝✡
❜❞❝❢❤①⑨✣♦rq⑤③⑧③❿❧❵❴➌⑨✜qts⑧❧♠✈❂✇ ⑥ q✃s➀q ✦ ✮ù♥❢③✉❧♠✈❂✇ s④q⑤③❊✖ s⑧✈ ➇❱❤①②❱❤✜❹ ✮ù✈❂❹⑧❣✦❤ ⑥ ❧r③◗s④❝◆♥❢③✱✈⑤✇❢❤①✈✯✮✕③✉❧♠❣✴♥♣♦Ús➀qt✇❢❤✜✈❂♥♣③✌❣➱qt②❢②♣❧♠✇❢➍
q⑤✇ ⑥ ♦♠✈●⑨❽qt♦Ú❧ ✒✜qts⑧❧♠✈❂✇➐❹⑧qts④❝♣❤✜❹➪s⑧❝➌q⑤✇✼❺❫♥❢③❿s❞♦r✈●⑨❽q✃♦♠❧✓✒❽qts✉❧r✈⑤✇✽✡ë❜❞❝❢❤✲q❽➆tqt❧♠♦rq⑤➇♣♦♠❤➹③✉❤✜✇❢③✉✈❂❹ ⑥ qts④q✴❝➌q⑤③➪s⑧✈✼➇❱❤➹⑨✜✈❂❣✮➇♣❧♠✇❢❤ ⑥
s④✈ ❤✜③❿s⑧❧♠❣➱q✃s④❤ s⑧❝❢❤①♦♠✈❷⑨✜qts⑧❧♠✈❂✇❢③◗✈✾✮➹s⑧❝❢❤ ③✉✈❂✇➌q⑤❹◗s➀q⑤❹✉➍❂❤✣s⑧③✱qt③ ✱➯❤✣♦Ú♦✕q⑤③✦s④❝❢❤✠➆❂❤✣❝♣❧r⑨✳♦r❤✣③➐♦r✈●⑨❽q✃s⑧❧♠✈❂✇ ❹⑧❤✳♦➷q✃s⑧❧Ú➆❂❤①s⑧✈
s④❝♣❤✜③⑧❤◗s➀q⑤❹✉➍❂❤✣s⑧③✝✡➱❻❼✇ ②❢❹⑧q⑤⑨✣s✉❧r⑨✣❤⑤✦✫③✉❤✜❹❿❧r✈❂♥♣③✴⑨✜✈⑤❣✴➇♣❧♠✇➌qts⑧✈❂❹✉❧rqt♦Ï②❢❹⑧✈⑤➇♣♦r❤✣❣✦③✼q⑤❹❿❧r③✉❤✾✡✌❜❞❝❢❤ ⑥ ❧q①➱⑨✣♥♣♦Ús❼⑦✺❧♠③✲s④❝➌qts✥s④❝♣❤
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s④❝❢q⑤✇❧✌❲✝❊✇✮✡➯s⑧❧♠❣✦❤⑤✦✴✱✛❝❢❤✣❹⑧❤✥✇✠❧♠③✎s④❝❢❤✲✇◆♥❢❣✴➇❱❤✜❹✰✈✾✮✝③⑧✈❂✇❢q⑤❹❞s➀q⑤❹✉➍❂❤✣s⑧③✝✡
❻❼✇ � ✁ ✄✝✆ ✁✧✦❢s⑧✈➱✈❀➆⑤❤✜❹⑧⑨✣✈❂❣✦❤✥s⑧❝❢❤✜③✉❤✮③✉❝❢✈❂❹❿s④⑨✜✈⑤❣✦❧♠✇❢➍❂③●✦➁✱➪❤✥♥❢③⑧❤✮q✙✇❢❤●✱ q⑤②❢②❢❹✉✈▼q⑤⑨➀❝✠➇➌q⑤③⑧❤ ⑥ ✈❂✇①q✙②➌q⑤❹❿s⑧❧Ús⑧❧♠✈❂✇♣❧♠✇❢➍
✈✾✮✰s④❝❢❤✌❤✣③✉s✉❧r❣◗qts✉❧r✈❂✇ s➀qt③❊✖❛✡ ✏➌✈❂❹✦q⑤✇▼⑦ ②❷♦➷q⑤♥♣③✉❧♠➇♣♦r❤✠③⑧❤✣✇❢③⑧✈⑤❹◗❣◗q⑤✇❢q⑤➍❂❤✜❣✦❤✣✇◆s◗③❿s④❹④q✃s④❤✜➍t⑦➘✦ës④❝❢❤P③⑧❤✳s✦✈✾✮✰s➀q⑤❹✉➍❂❤✣s⑧③
✈❂➇❢③✉❤✜❹❿➆❂❤ ⑥ q✃s✼q⑤✇▼⑦✺➍⑤❧Ú➆❂❤✣✇ s⑧❧♠❣✦❤ ✱✎❧Ú♦♠♦➯➇✾❤◗③✉s④q⑤➇♣♦♠❤➐q⑤✇ ⑥ ➍❂❤✣✈❂➍❂❹④qt②❢❝♣❧♠⑨❽qt♦Ú♦♠⑦✺⑨✳♦r♥❢③❿s④❤✣❹⑧❤ ⑥ ✡❧✱➯♦♠✈❂③⑧❤◗s➀q⑤❹✉➍❂❤✣s⑧③➨✱✎❧Ú♦Ú♦
➇❱❤ ✮❊q❽➆❂✈❂❹✉❤ ⑥ ✈❀➆❂❤✜❹ ⑥ ❧r③❿s➀q⑤✇▼s✼s④q⑤❹⑧➍❂❤✳s④③●✦❛✱✎❧♠s⑧❝ ③✉❤✜✇❢③✉✈❂❹⑧③✙➇❱❤✣❧♠✇❢➍✪✈●⑨✜⑨✜q⑤③✉❧♠✈❂✇➌qt♦Ú♦Ú⑦ ❹⑧❤ ✦❫q⑤③✉③✉❧♠➍❂✇❢❤ ⑥ qt③✴s➀q⑤❹✉➍❂❤✣s⑧③✙q⑤❹✉❤
♦♠✈❂③✉s ✮ù❹✉✈❂❣ ➆◆❧r❤❅✱ ✈❂❹✱➇✾❤✳s⑧s④❤✣❹✱s➀qt❹⑧➍❂❤✳s④③➐⑨✣✈❂❣✦❤ ❧r✇▼s⑧✈ ❹④q⑤✇❢➍⑤❤✾✡ ☞➹❧♠➆⑤❤✜✇ s④❝♣❤✪❹⑧❤✣♦rqts✉❧♠➆⑤❤✣♦Ú⑦ ③⑧❣◗qt♦Ú♦➹✇◆♥❢❣✮➇✾❤✣❹✌✈✾✮
③⑧❤✣✇❢③⑧✈⑤❹⑧③➹q❽➆tqt❧Ú♦➷qt➇♣♦r❤❺✦❢s④❝❢❤✥✇◆♥❢❣✴➇❱❤✜❹✰✈✾✮✬s➀q⑤❹✉➍❂❤✣s⑧③✎❧r✇①❤❽q⑤⑨➀❝①⑨✣♦♠♥❢③✉s⑧❤✜❹✛❧r③✎♦Ú❧ ✖t❤✣♦Ú⑦✠s⑧✈➱➇❱❤ ✤◆♥♣❧♠s⑧❤✮③✉❣◗qt♦♠♦✶✡➯❜❞❝●♥♣③✲✦❱➇◆⑦
❣◗qt❧♠✇◆s④qt❧♠✇♣❧r✇♣➍P❧♠✇ ⑥ ❤✣②✾❤✣✇ ⑥ ❤✣✇◆s❉❴❢♦Ús④❤✣❹⑧③ ✮ù✈❂❹✷➆⑤❤✜❝♣❧♠⑨✣♦♠❤✦③✉s④qts④❤✦q⑤✇ ⑥ ✮ù❤✜qts④♥♣❹⑧❤✜③ ✮ù✈⑤❹✕qt♦Ú♦▲⑨✣♦♠♥❢③❿s④❤✜❹✉③✲✦✑➇❢♥♣s✲♥♣② ⑥ q✃s⑧❧♠✇❢➍
✈❂✇♣♦Ú⑦✙q ✮ù❤❅✱➄✝ùs④❝❢❤✎⑨✣♥❢❹⑧❹✉❤✜✇▼sÏ⑨✣♦♠♥❢③✉s⑧❤✜❹Ïq⑤✇ ⑥ ③⑧❤✳♦r❤✣⑨✣s⑧❤ ⑥ ✇♣❤✣❧♠➍❂❝◆➇✾✈❂❹✉③ë⑨✜✈❂✇▼s➀q✃❧r✇♣❧♠✇❢➍✲✈❂➇❢③✉❤✜❹❿➆❂❤ ⑥ ✮ù❤❽qts⑧♥❢❹⑧❤✣③✎✡✫❧Ús❲❣✙❧r➍❂❝▼s✲✦
❧♠✇◗②♣❹✉❧♠✇❢⑨✣❧♠②♣♦♠❤⑤✦◆➇✾❤➪②✾✈❂③✉③✉❧♠➇♣♦♠❤✛s⑧✈➹❧r❣✦②♣♦♠❤✜❣✦❤✣✇◆s➯q⑤✇✦q ⑥ ❤ ✤◆♥➌qts⑧❤✎③⑧♥❢➇ ✦❼✈❂②♣s✉❧r❣◗qt♦❢➇❢♥♣së③⑧⑨✜qt♦rq⑤➇♣♦♠❤✎✇➌q❽➆●❧♠➍▼qts✉❧r✈⑤✇♦❴❢♦♠s⑧❤✜❹ ✡

⑤✇✓✲⑤ ✁ ⑧✦✙✦✭♣✜✤⑧✦✥
✌➹✇❢⑨✜❤❞♦♠✈●⑨❽qt♦Ú❧ ✒✜qts⑧❧♠✈❂✇✼❧♠③▲❤s①◗⑨✳❧r❤✣✇◆s✉♦♠⑦✦②❱❤✜❹ ✮ù✈❂❹⑧❣✦❤ ⑥ ✦▼q✷s④❹⑧qt❺❫❤✜⑨✳s④✈❂❹❿⑦✼⑨✜q⑤✇✙➇✾❤➪➍❂❤✜✇❢❤✣❹④qts⑧❤ ⑥ q⑤✇ ⑥ ⑨✣✈❂✇❢③✉♥❢❣✦❤ ⑥ qts▲s④❝♣❤
⑨✜✈⑤✇◆s⑧❹⑧✈⑤♦♣♦r❤✳➆❂❤✣♦✶✡❬✌➹✇❢❤✎✈✾✮❱s④❝❢❤✛❣◗qt❧♠✇✦❧♠③⑧③✉♥❢❤✜③ë❧♠③ës⑧❝❢❤✜✇✦s④✈ ⑥ ❤✣③✉❧♠➍❂✇◗❹⑧✈❂➇❢♥♣③✉sÏ⑨✜✈❂✇▼s⑧❹⑧✈⑤♦➌③✉⑨➀❝❢❤✜❣✦❤✣③❙✱✎❧Ús④❝◗❹⑧❤✜➍❂q⑤❹ ⑥ ③▲s⑧✈
❤✳❶●s⑧❤✜❹⑧✇❢qt♦ ⑥ ❧r③❿s④♥❢❹✉➇➌q⑤✇❢⑨✣❤✜③❞qt✇ ⑥ ❤✣③✉s⑧❧♠❣◗qts⑧❧♠✈❂✇➐❤✣❹⑧❹✉✈❂❹⑧③ ✡▲❻❼✇✱✈❂❹ ⑥ ❤✜❹ës④✈✥❤✣➆tqt♦♠♥➌qts⑧❤✰s⑧❝❢❤✜③✉❤✷⑨✣✈❂✇▼s④❹⑧✈t♦♠♦♠❤✜❹✉③✲✦♣❣✦✈ ⑥ ❤✣♦Ú❧♠✇❢➍
q⑤✇ ⑥ ③✉❧♠❣✴♥❷♦➷qts✉❧r✈⑤✇ s④✈●✈⑤♦♠③✰❣✮♥❢③✉s⑩➇❱❤✮♥❢③✉❤ ⑥ ✡➪❻❼✇✠s⑧❝❢❤✮❣✦❤✜q⑤✇①s✉❧r❣✦❤⑤✦➌s⑧❝❢❤✎✮ù❤✜q⑤③✉❧♠➇♣❧Ú♦♠❧Ús❼⑦✠✈✾✮✫s⑧❝❢❤✕❧r❣✦②♣♦♠❤✜❣✦❤✣✇◆s④qts⑧❧♠✈❂✇
✈❂✇ s④q⑤❹⑧➍❂❤✳s④❤ ⑥ ❹⑧❤❽q✃♦ ✦ès⑧❧♠❣◗❤äq⑤❹⑧⑨➀❝♣❧Ús④❤✣⑨✣s⑧♥❢❹⑧❤✣③✲✦✷❣✮♥❢③✉s✠q✃♦r③✉✈ ➇✾❤①s④❤✜③❿s④❤ ⑥ ✡ ❜❞❝♣❤✜❹⑧❤ ✮ù✈❂❹⑧❤❺✦✰s⑧❝❢❤ä✇❢❤➽❶●sP②➌q⑤❹④qt➍❂❹④q⑤②♣❝
❝♣❧♠➍❂❝♣♦Ú❧r➍⑤❝◆s⑧③✌s④❝❢❤❬❣✦✈ ⑥ ❤✣♦Ú❧r✇❢➍ q⑤✇ ⑥ ③❿❧r❣✮♥♣♦➷q✃s⑧❧♠✈❂✇ qt③⑧②❱❤✜⑨✣s⑧③ q✃s✌s④❝❢❤✪➇➌qt③✉❧♠③✠✈✯✮✮s⑧❝❢❤ ⑥ ❤✜③❿❧r➍❂✇❅✈✾✮✥s④❝❢❤❬❹✉✈❂➇❢♥❢③❿s
⑨✜✈⑤✇◆s⑧❹⑧✈⑤♦Ú♦♠❤✜❹⑧③ ⑥ ❤✣③⑧⑨✜❹❿❧r➇❱❤ ⑥ ③⑧❤✣⑨✣s⑧❧♠✈❂✇❢③⑩➂✺✡ ➋✙q⑤✇ ⑥ ✐❖✡

♥✆➷➊➵✄♥✞❆



❜❞❝❢❤ ⑥ ❤✜③❿❧r➍❂✇✮✈✾✮❇q✛❹⑧✈❂➇❱✈⑤s✉❧r⑨✣③✝③❿⑦❷③❿s④❤✣❣ ❧♠③✫➇❱✈⑤s⑧❝✴q ⑥ ❧q①➱⑨✣♥♣♦Ús❲q⑤✇ ⑥ q✰⑨✣✈❂③✉s✉♦♠⑦✲s④q⑤③❊✖❛✡▲❜❞❝❷❧r③ ⑥ ❧❵①◗⑨✣♥♣♦♠s❼⑦✴q⑤❹❿❧r③✉❤✜③✤✮ù❹⑧✈❂❣
s④❝♣❤➯⑨✣✈❂❣✦②♣♦r❤➽❶●❧♠s❼⑦✥✈✾✮♣③⑧♥❢⑨➀❝✮③✉⑦●③✉s⑧❤✜❣✦③❼✱✛❝♣❧♠⑨➀❝✼♥❢③✉♥➌qt♦Ú♦♠⑦✕❧♠✇▼➆❂✈⑤♦Ú➆❂❤Ï➆⑤qt❹✉❧♠✈❂♥❢③✬❣◗❤✣⑨➀❝➌q⑤✇♣❧♠⑨❽q✃♦♣③❿⑦❷③❿s④❤✣❣◗③●✦❂③⑧❤✣✇❢③⑧✈⑤❹⑧③▲qt✇ ⑥
⑨✜✈⑤❣◗②♣♥♣s④❤✣❹⑧③✒✱✛❝♣❧♠⑨➀❝P⑨✜✈❂❣✦❣✮♥❢✇♣❧♠⑨❽qts⑧❤✕➇✾❤✳s✠✱➪❤✣❤✜✇P❤❽q⑤⑨➀❝✌✈ts④❝❢❤✣❹✝✡ë❜❞❝❢❤➹➇❱❤✜❝❢q❀➆◆❧♠✈❂♥❢❹❞✈✯✮Û❣✦❤✜⑨➀❝➌q⑤✇❷❧r⑨✜qt♦Û③✉⑦●③❿s④❤✜❣✦③❞❧♠③
⑥ ❤✣③⑧⑨✜❹❿❧r➇❱❤ ⑥ ➇◆⑦✱❧r✇▼s④❤✣➍❂❹④q✃s⑧❧♠✇❢➍✴✦➁✱✎❧♠s⑧❝①❹✉❤✜③✉②✾❤✣⑨✣s✰s④✈✦s⑧❧♠❣◗❤❺✦➌s④❝❢❤ ⑥ ❧q❫✘❤✣❹⑧❤✣✇◆s✉❧➷q✃♦✝❤ ✤◆♥➌qts⑧❧♠✈❂✇❢③➠✱✛❝♣❧♠⑨➀❝①s⑧❝❢❤✣⑦P③⑧qts⑧❧♠③❞✮à⑦✾✡
✱➪✈❂✇❢③✉❤ ✤◆♥❢❤✣✇◆s✉♦♠⑦⑤✦❂s④❝❢❤ë❤✳➆❂✈⑤♦♠♥♣s⑧❧♠✈❂✇✼✈✯✮♣③✉♥❢⑨➀❝✼③✉⑦●③❿s④❤✜❣✦③✬❧r③✬⑨✜✈❂✇▼s✉❧r✇◆♥❢✈❂♥♣③✬❧♠✇✮s✉❧r❣✦❤✾✡✵✌➹✇✥s⑧❝❢❤Ï✈⑤s④❝❢❤✣❹✑❝➌q⑤✇ ⑥ ✦✃③⑧❤✣✇❢③⑧✈⑤❹⑧③
q⑤✇ ⑥ ⑨✜✈⑤❣◗②♣♥♣s④❤✣❹⑧③✛➇✾❤✳♦r✈⑤✇❢➍◗s⑧✈✙s④❝❢❤ ⑥ ❧♠➍⑤❧Ús➀qt♦✵✱➯✈❂❹❿♦ ⑥ ✡Ï❜❞❝❢❤✳❧r❹✰➇❱❤✜❝➌q❽➆◆❧r✈⑤♥❢❹✎❧r③ ⑥ ❤✣③⑧⑨✜❹❿❧r➇❱❤ ⑥ ➇▼⑦ ⑥ ❧r③✉⑨✜❹✉❤✣s④❤✥❤✣➆⑤❤✜✇▼s④③ ✡
☎➪❤✣⑨❽q⑤♥❢③✉❤ä✈✾✮➹s⑧❝❢❤ ⑨✣✈❷✈⑤②✾❤✣❹④qts✉❧r✈❂✇ ✈✾✮➹s⑧❝❢❤ ⑨✣✈❂✇▼s⑧❧♠✇●♥♣✈❂♥❢③✌q⑤✇ ⑥ s④❝♣❤ ⑥ ❧♠③⑧⑨✣❹⑧❤✣s⑧❤✖✱➯✈❂❹✉♦ ⑥ ③✲✦✎s⑧❝❢❤ ⑨✣✈❂❣✦②♣♦r❤➽❶●❧♠s❼⑦ ✈✾✮
❹⑧✈⑤➇✾✈⑤s✉❧r⑨✣③⑩③❿⑦●③✉s④❤✣❣✦③✷❧r③✰❧r✇♣⑨✜❹⑧❤✜q⑤③⑧❤ ⑥ ✡ ✏✝❧♠✇➌qt♦Ú♦♠⑦⑤✦✾❹✉✈❂➇❱✈⑤s⑧❧♠⑨✜③✰③✉⑦●③✉s⑧❤✜❣✦③ ⑥ ❤✣❣◗q⑤✇ ⑥ ❤➽❶♣②❱❤✜✇♣③✉❧Ú➆❂❤⑤✦✘❝♣❧r➍⑤❝①s④❤✣⑨➀❝❢✇❢✈⑤♦♠✈❂➍⑤⑦
⑨✜✈⑤❣◗②❱✈❂✇❢❤✣✇▼s④③✝✡ ✭ë❹✉❹⑧✈❂❹✉③✼❧r✇ q ⑥ ❤✣③✉❧♠➍❂✇ ⑨❽q⑤✇ ❹✉❤✜③⑧♥❷♦♠s✦❧♠✇ ②❢❝▼⑦❷③❿❧r⑨✜qt♦ ⑥ q⑤❣◗q⑤➍❂❤✣③✙✈❂❹✙qä⑨✣✈❂❣✦②♣♦r❤✳s④❤✌♦♠✈❂③⑧③✙✈✾✮✰s④❝♣❤
③✉⑦●③❿s④❤✜❣✧❤✜③✉②✾❤✣⑨✣❧rqt♦Ú♦♠⑦P❧♠✇①s④❝♣❤✮⑨✜q⑤③⑧❤✮✈✾✮▲♥❢✇ ⑥ ❤✜❹❘✱❞qts⑧❤✜❹⑩❹⑧✈❂➇❱✈⑤s⑧❧♠⑨✜③ ✡ ✏➌✈❂❹✎s④❝❢❤✣③⑧❤✮❹⑧❤❽qt③⑧✈❂✇❢③●✦✾❹✉❤❽qt♦Ú❧♠③✉s⑧❧♠⑨✴③❿❧r❣✮♥♣♦rqts⑧❧♠✈❂✇
❧♠③①qt✇❅❤✣③⑧③✉❤✜✇▼s⑧❧rqt♦✮③✉s④❤✣②❅❧♠✇ s④❝❢❤ ⑥ ❤✣③✉❧♠➍❂✇ ✈✾✮✮❹⑧✈⑤➇✾✈⑤s✉❧r⑨✣③✌③✉⑦●③✉s⑧❤✜❣✦③✝✡ ❜❞❝❢❤✁� ✄✄✂✩✬✯❩✺✭✕❫ ➆ ✐✺➇✍✝☎� ✄r❣✮♥♣♦rqts④✈❂❹❋✮ù✈❂❹
✆✺♥♣♦Ús⑧❧✦❪➯❹⑧✈●⑨✜❤✜③✉③⑧✈❂❹✉③✞✝ ⑥ ➆tq⑤✇♣⑨✜❤ ⑥ ❯✷✈❂➇❱✈⑤s✠✟⑩✈⑤✇◆s⑧❹⑧✈⑤♦Ú♦♠❤✜❹⑧③☛✡Ï➍❂❤✣✇❢❤✜❹⑧qt♦✾③✉❧♠❣✴♥♣♦rqts⑧❧♠✈❂✇✌③✉✈✾✮às✠✱❞qt❹⑧❤⑩❧♠③ ⑥ ❤✣➆❂❤✳♦r✈⑤②✾❤ ⑥ qt✇ ⑥
♥❢③✉❤ ⑥ ❧r✇ s⑧❝❢❤➐②❢❹✉✈⑤❺❫❤✜⑨✳s★✡✪❻❰s✼❧♠③ ⑥ ❤✣③✉❧♠➍❂✇❢❤ ⑥ s⑧✈ ❇✤✽✺✻✵✷✤P◗✶✆❄❁❅❆❃❊❇ ❃❊❇❋✶ ✾✎❅❆✻❋❃■❍❈✻❋✹✮❅❆✹✫▼✂✽✺✻✵✷⑦❃❈❇❋✶✂✷✺❍◗▼❖✾❁✴☛✶❁❃✲✶✂✽❆▼ ❚ ✶✎✾❁❃❈▼
✈❜❍❈❃❈❇✼❍❈✻ ✽✂▼❁❍❈✻❑❏❯P◗✶❉▼❁❍❈❱❲✹♣Pq✽✺❃■❍❭❅❆✻ ▼❁❀❖▼❁❃✲✶❁❱ ✡✼❜❞❝❢❤✦⑨✜✈⑤❣◗❣✦❤✣❹⑧⑨✣❧rqt♦Ú♦♠⑦✺q❽➆tqt❧Ú♦➷qt➇♣♦r❤✡✆❑❩♦✮☞☛❱❩▲❲ ③❿❧r❣✮♥♣♦➷q✃s⑧❧♠✈❂✇✪s④✈●✈⑤♦✫❧♠③
qt♦♠③⑧✈◗♥❢③⑧❤ ⑥ ✮ù✈⑤❹ ⑥ ⑦●✇➌q⑤❣✙❧r⑨✥③✉❧♠❣✴♥❷♦➷qts✉❧r✈⑤✇ ✈✾✮✬s④❝❢❤✲③❿s④♥ ⑥ ❧♠❤ ⑥ ③✉⑦●③✉s⑧❤✜❣✦③✝✡
❻❼✇➐s④❝♣❤➹⑨✜✈❂✇▼s⑧❤✳❶●s✛✈✾✮ � ✁ ✄✝✆ ✁➪✦♦✱➯❤➹❝➌q❽➆❂❤✲⑨✜♥♣③✉s④✈⑤❣✦❧✓✒✜❤ ⑥ � ✄✄✂✩✬✯❩✺✭✕❫①❧♠✇✌✈❂❹ ⑥ ❤✜❹➪s⑧✈✙q⑤⑨✜⑨✣✈❂♥❢✇▼s✎s④❝♣❤➹❹⑧❤ ✤●♥❷❧r❹✉❤✜❣✦❤✜✇▼s
✈✾✮✰s④❝❢❤P②❢❹✉✈⑤❺❫❤✜⑨✳s★✔✠♥❢✇ ⑥ ❤✣❹✜✱➪qts④❤✣❹➱②❷♦➷qts❞✮ù✈❂❹⑧❣ q⑤✇ ⑥ ❣◗q⑤✇♣❧♠②❢♥♣♦rqts④✈❂❹✦qt❹⑧❣→✦➯➆◆❧♠③✉❧♠✈❂✇ qt✇ ⑥ ♥❷♦♠s⑧❹④q⑤③✉✈❂✇♣❧♠⑨✠③✉❤✜✇❢③✉✈❂❹⑧③●✦
➂☛❆✩③⑧⑨✣❤✜✇❢❤➱❣◗✈ ⑥ ❤✳♦♠❧♠✇❢➍ ⑨✜q⑤✇✺✇❢✈✾✱✓➇✾❤◗❣✦✈ ⑥ ❤✣♦♠❤ ⑥ ✡✍✌ ❤✦③✉❧♠❣✴♥❷♦➷qts⑧❤ ⑥ ③✉❤✜✇❢③✉✈❂❹ ✦❰➇➌q⑤③✉❤ ⑥ s④q⑤③❊✖◆③✥♥❢③✉❧♠✇❢➍①➆◆❧♠③✉❧♠✈❂✇ ✈⑤❹
❹④qt✇❢➍❂❤✛③⑧❤✣✇❢③⑧✈❂❹✉③➪✈❂✇◗➇❱✈▼q⑤❹ ⑥ ✈✾✮✏✎ ✆❛✭❴✮✤❴✒✑ä➆❂❤✣❝♣❧♠⑨✣♦♠❤♦✝■❴❢➍❂♥❢❹⑧❤ ◗⑤q✺✡❙✡✥❧♠✇➐q✲❹⑧❤✜qt♦♠❧♠③✉s✉❧r⑨➠✱➪q❀⑦❪✝❊⑨ ✮Ø③✉❤✜⑨✳s⑧❧♠✈❂✇➐✐❑✡ ✡♥✿①✈❂❹✉❤
②❢❹✉❤✜⑨✣❧♠③⑧❤✳♦♠⑦⑤✦❪✱➯❤✲❝➌q❽➆❂❤ ⑥ ❤✣➆⑤❤✣♦♠✈❂②❱❤ ⑥ ✔

✓ q✙➍❂❤✣✈❂❣✦❤✣s④❹❿❧r⑨✲❣✦✈ ⑥ ❤✣♦✑✈✾✮✫➂☛❆ ♥❢✇ ⑥ ❤✣❹✜✱➪qts④❤✣❹⑩③✉⑨✜❤✣✇❢❤✜③ ✂
✓ ➆tq⑤❹❿❧r✈❂♥♣③✰❣✦✈ ⑥ ❤✣♦♠③✛✈✾✮✝❤✳❶●s④❤✣❹⑧✈●⑨✜❤✜②❷s⑧❧Ú➆❂❤✴③✉❤✜✇❢③✉✈❂❹⑧③✰➇➌q⑤③✉❤ ⑥ ✈❂✇✌➆●❧♠③✉❧♠✈❂✇ q⑤✇ ⑥ q⑤⑨✜✈⑤♥❢③✉s✉❧r⑨✥②❢❹✉❧♠✇❢⑨✳❧r②♣♦♠❤✜③ ✂
✓ ✖▼❧♠✇❢❤✜❣◗qts✉❧r⑨➱q⑤✇ ⑥✺⑥ ⑦●✇➌q⑤❣✙❧♠⑨✱❣✦✈ ⑥ ❤✣♦♠③✮✈✾✮Ïs④❝♣❤◗➆⑤❤✜❝♣❧♠⑨✣♦♠❤❢✝❊❴➌➍❂♥❢❹✉❤◗✐❂q✺✡ ✡ q⑤✇ ⑥ s④❝❢❤✦✈❂✇✺➇❱✈▼q⑤❹ ⑥ q⑤❹✉❣ ✝■❴✏✦
➍❂♥♣❹⑧❤✏◗t➇✽✡❙✡ ✂

✓ ➆◆❧♠③⑧♥➌qt♦Ú❧✓✒❽qts✉❧r✈❂✇ q⑤✇ ⑥ q⑤✇➌q✃♦♠⑦●③✉❧♠③✛s④✈●✈⑤♦r③❈✮ù✈⑤❹✎❤✳❶❷②♣♦♠✈⑤❧♠s✉❧r✇♣➍✱❹⑧❤✣③⑧♥♣♦Ús④③②✝■❴❢➍❂♥❢❹⑧❤✕✐⑤➇✽✡ ✡ ✡

✏⑩♦Ú♦✕s④❝♣❤✜③⑧❤✺❧r❣✦②❢❹✉✈❀➆❂❤✜❣✦❤✣✇◆s⑧③ä❝➌q❽➆❂❤✺➇❱❤✜❤✜✇❯♥❢③⑧❤ ⑥ ❧♠✇❅s⑧❝❢❤❬③✉❧♠❣✴♥♣♦rqts✉❧r✈❂✇ ✈✾✮✮➆◆❧♠③⑧♥➌q✃♦✮②❷❧r②❱❤ ✮ù✈t♦♠♦♠✈✾✱✎❧r✇❢➍ s➀qt③❊✖◆③
⑥ ❤✣③⑧⑨✜❹❿❧r➇❱❤ ⑥ ③⑧❤✣⑨✣s⑧❧♠✈❂✇①✐❖✡

✔ ✕✗✖ ✗P✒✙✘ ✢❞✄ ✁Ø✔✬✒✛✚✠✢✜✚✜✢✢✜✎✒✕✔✬✢✣✭✮✗ ✭✴✗ ✔ ✔✌☞ ✏ ✭✮✍ ✕ ✁✑✢➽✔✑☞ ✏ ✢✳✔ ✔ ✁✑☞✛✗ ✁Û✭✥✍✵✁

✱➯♦♠✈❂③⑧❤✕s④✈✙s⑧❝❢❤❤✱➪✈⑤❹❊✖◆③✉❧Ús④❤✲s④❝❢❤✕②♣❹✉❧♠✇❢⑨✣❧♠②➌qt♦✑②❢❹✉✈❂➇♣♦♠❤✜❣✦③✰q⑤❹✉❧♠③✉❧♠✇❢➍◗q⑤❹✉❤✕❣➱q✃❧r✇♣♦Ú⑦✌❹✉❤✣♦rqts④❤ ⑥ s⑧✈✙③✉s➀qt➇♣❧♠♦Ú❧✓✒❽qts✉❧r✈❂✇✚✦➌③✉s➀q✌✦
s⑧❧♠✈❂✇ ✖⑤❤✜❤✣②♣❧♠✇❢➍✦q⑤✇ ⑥ ✈❂✇❢⑨✜❤✷q⑤➍▼qt❧♠✇✱②♣❹⑧❤✜⑨✳❧r③✉❤⑩s⑧❹④qt❺❫❤✣⑨✣s④✈⑤❹✉⑦✫✮ù✈⑤♦Ú♦r✈✾✱✎❧♠✇❢➍✴♥❢③❿❧r✇♣➍✼②❢❹⑧✈⑤②❢❹✉❧♠✈❷⑨✣❤✜②♣s✉❧♠➆⑤❤✕q⑤✇ ⑥ ❤✳❶●s④❤✣❹⑧✈●⑨✜❤✣②✏✦
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