
 Open access  Journal Article  DOI:10.1016/S1524-0703(03)00045-6

Non-linear anisotropic elasticity for real-time surgery simulation — Source link 

Guillaume Picinbono, Hervé Delingette, Nicholas Ayache

Institutions: French Institute for Research in Computer Science and Automation

Published on: 01 Sep 2003 - Graphical Models \/graphical Models and Image Processing \/computer Vision, Graphics,
and Image Processing (Academic Press Professional, Inc.)

Topics: Linear elasticity and Finite element method

Related papers:

 A hybrid elastic model for real-time cutting, deformations, and force feedback for surgery training and simulation

 Real-time elastic deformations of soft tissues for surgery simulation

 Biomechanics: Mechanical Properties of Living Tissues

 Real‐time Volumetric Deformable Models for Surgery Simulation using Finite Elements and Condensation

 Large steps in cloth simulation

Share this paper:    

View more about this paper here: https://typeset.io/papers/non-linear-anisotropic-elasticity-for-real-time-surgery-
3qpiazslh6

https://typeset.io/
https://www.doi.org/10.1016/S1524-0703(03)00045-6
https://typeset.io/papers/non-linear-anisotropic-elasticity-for-real-time-surgery-3qpiazslh6
https://typeset.io/authors/guillaume-picinbono-23s1oezxvi
https://typeset.io/authors/herve-delingette-26xba1er0q
https://typeset.io/authors/nicholas-ayache-3d7fy3nno6
https://typeset.io/institutions/french-institute-for-research-in-computer-science-and-3k6jpcfg
https://typeset.io/journals/graphical-models-graphical-models-and-image-processing-67nvqs0e
https://typeset.io/topics/linear-elasticity-1hvys0ys
https://typeset.io/topics/finite-element-method-w7sg8e2k
https://typeset.io/papers/a-hybrid-elastic-model-for-real-time-cutting-deformations-4dgqpit6jv
https://typeset.io/papers/real-time-elastic-deformations-of-soft-tissues-for-surgery-59eghckk68
https://typeset.io/papers/biomechanics-mechanical-properties-of-living-tissues-2nhtpk8409
https://typeset.io/papers/real-time-volumetric-deformable-models-for-surgery-29fq5dok83
https://typeset.io/papers/large-steps-in-cloth-simulation-2pz8ogh3m5
https://www.facebook.com/sharer/sharer.php?u=https://typeset.io/papers/non-linear-anisotropic-elasticity-for-real-time-surgery-3qpiazslh6
https://twitter.com/intent/tweet?text=Non-linear%20anisotropic%20elasticity%20for%20real-time%20surgery%20simulation&url=https://typeset.io/papers/non-linear-anisotropic-elasticity-for-real-time-surgery-3qpiazslh6
https://www.linkedin.com/sharing/share-offsite/?url=https://typeset.io/papers/non-linear-anisotropic-elasticity-for-real-time-surgery-3qpiazslh6
mailto:?subject=I%20wanted%20you%20to%20see%20this%20site&body=Check%20out%20this%20site%20https://typeset.io/papers/non-linear-anisotropic-elasticity-for-real-time-surgery-3qpiazslh6
https://typeset.io/papers/non-linear-anisotropic-elasticity-for-real-time-surgery-3qpiazslh6


HAL Id: inria-00072611
https://hal.inria.fr/inria-00072611

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.

Non-Linear Anisotropic Elasticity for Real-Time Surgery
Simulation

Guillaume Picinbono, Hervé Delingette, Nicholas Ayache

To cite this version:
Guillaume Picinbono, Hervé Delingette, Nicholas Ayache. Non-Linear Anisotropic Elasticity for Real-
Time Surgery Simulation. [Research Report] RR-4028, INRIA. 2000, pp.21. inria-00072611

https://hal.inria.fr/inria-00072611
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

   
   

 IS
R

N
 IN

R
IA

/R
R

--
40

28
--

F
R

+
E

N
G

ap por t  


de  r ech er ch e 

THÈME 3

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Non-Linear Anisotropic Elasticity for Real-Time

Surgery Simulation

Guillaume Picinbono — Hervé Delingette — Nicholas Ayache

N° 4028

Octobre 2000





Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles, B.P. 93, 06902 Sophia Antipolis Cedex (France)

Téléphone : 04 92 38 77 77 - International : +33 4 92 38 77 77 —Fax : 04 92 38 77 65 - International : +33 4 92 38 77 65

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

❁❃❂✙❄❆❅❇❅❉❈✵❂❋❊❍●❏■❑❄❇▲▼❄❇◆★❖◗P❘◆✙P❚❙❱❯✾●▼❲✸❳✬❨❬❩✌●▼❅❇❄❆◆❋❭✬●❫❪❴❪❴●❵❙❜❛✾❄❆▲✯❝✙P❘❅❉❈✵❞✌❡✘❢❘❈✬▲✯❝❋●

❣✩❤❥✐☛❦♠❧✑♥☎♦q♣sr▼t✉❧✸✈✳✇❫①②t✳③⑤④❫r✾❤❥④❫❦⑥❦♠❧☛⑦❉❦✝✇⑧①✪❤✟③⑤r❥❧❫⑨
③⑩❦✝✇❷❶❫❧✸❸✸⑨❺❹❥④⑧r❥r❥❻✸❧✸❸✸⑨❥①✣④❫r❥r✟✇❷③❼❸✳❸✉✇⑧r✟①✣❧❴❸

❽❜✈✉④⑧❾❿❧✣t➁➀❱➂❥③❼❹❥✇⑧➃❥✈✉❧

➄➅✇❷➂✟➂✵④❫✈➆t➅❹➇❧❑✈✳❧✸①✪❤❥❧✸✈✳①✪❤✟❧➈r✬➉✙➊❫➋▼➌❷➍❏♦➏➎➐①✣t✉④⑧➑✟✈✉❧✑➌❷➋❫➋⑧➋❑♦➏➌➇➒✘➂✟✇⑧❶⑧❧✸❸

➓✌➔✚→✸➣☛↔✯↕❥➙⑧➣⑧➛ ♣sr❃t✳❤❥③⑩❸❑✇⑧✈➆t✳③⑩①☛➜⑤❧❫⑨❘➝◗❧♠❹➇❧✸❸✳①✣✈✳③⑩➑✵❧➞t✉❤❥❧♠➜❼✇✯t✳❧✸❸➆t✘❹➇❧✸➟⑧❧✸➜⑤④❫➂❥❦♠❧☛r▼t✳❸➠④❷➡❜t✳❤❥❧♠❦♠③⑤r❥③⑩❦✝✇❷➜⑩➜⑤➢➤③⑩r❺➟✯✇⑧❸✉③⑤➟❫❧
❤✟❧☛➂✟✇❷t✉③❼①☎❸✉➃❥✈✉❶❫❧☛✈✳➢✌❸✉③⑤❦➞➃❥➜❼✇✯t✉④❫✈➁➂❥✈✳④❷t✳④❷t❿➢❺➂✬❧☎❹➇❧☛➟❫❧☛➜⑩④⑧➂✬❧✸❹➤✇❷t➠♣❿➥➁➄➅♣❿➦✑➧➨➦✶➩❫❧☛➢➫➂❥✈✉④❫➑❥➜⑩❧☛❦➭➝✎③➯t✳❤➲❸✉➃✟①✪❤➲✇✽❸✉③⑤❦⑥⑦
➃✟➜⑩✇❷t✉④⑧✈➠③⑩❸➁t✉❤✟❧➞➂❥❤❺➢➇❸✉③⑩①✸✇❷➜✖❦♠④➇❹➇❧✸➜⑤③⑩r❥❶✾④⑧➡➳❸➆④⑧➡➵t➠t✳③⑩❸✳❸✉➃❥❧✸❸✸➧➁➸❬❧➞➂✟✈✉④❫➂✵④▼❸➆❧☎✇✽r❥❧☛➝➺❹❥❧✣➡➻④⑧✈✳❦✝✇❷➑❥➜⑩❧✑❦♠④➇❹➇❧☛➜❋➑✟✇❫❸➆❧❴❹
④❫r✌r✟④⑧r➇⑦➼➜⑤③⑩r❥❧❴✇❷✈✩❧☛➜❼✇⑧❸➆t✉③❼①✣③⑤t❿➢⑧⑨➇✇❷r✟③⑩❸✉④❷t✳✈✉④❫➂❥③⑩①➠➑✬❧☛❤✟✇➽➟❺③⑩④⑧✈❴⑨❺✇⑧r✟❹✾t✉❤❥❧➐➾✟r❥③⑤t✉❧❑❧✸➜⑤❧✸❦♠❧☛r▼t✎❦⑥❧☛t✉❤❥④➇❹➨➧◗❣✩❤❥③⑩❸✩❦♠④➇❹➇❧✸➜➨③⑩❸
➟✯✇⑧➜⑤③❼❹✌➡➻④⑧✈➅➜❼✇❷✈✳❶⑧❧❑❹➇③❼❸➆➂✟➜⑩✇❫①✣❧☛❦♠❧✸r❫t✪❸☛⑨✟➝✎❤❥③⑩①✪❤✜❦♠❧✸✇⑧r✟❸✎③⑩r✜➂✟✇❷✈✉t✉③❼①✣➃❥➜❼✇❷✈✩t✳❤✟✇✯t➠③➯t➁③❼❸✎③⑩r❺➟➽✇⑧✈✉③❼✇❷r▼t✎➝✎③⑤t✉❤➤✈✳❧✸❸✉➂✵❧❴①②t✎t✉④
✈✳④❷t✪✇✯t✳③⑤④❫r✟❸☛➧◗❣✩❤❥③⑩❸➁➂❥✈✳④⑧➂✬❧☛✈✉t❿➢✽③⑤❦♠➂❥✈✳④✯➟⑧❧❴❸➚t✉❤❥❧☎✈✉❧❴✇❷➜⑩③⑩❸✉❦✓④❷➡❋t✳❤❥❧☎❹➇❧☛➡➻④⑧✈✳❦♠✇❷t✉③⑩④⑧r✟❸✎✇⑧r✟❹➤❸✉④⑧➜⑩➟⑧❧✸❸➚t✳❤❥❧✑➂❥✈✳④⑧➑✟➜⑤❧✸❦♠❸
✈✳❧☛➜❼✇✯t✳❧✸❹✌t✉④✽t✉❤❥❧☎❸✉❤❥④❫✈➆t✪①✣④⑧❦♠③⑩r❥❶❫❸✩④⑧➡❱➜⑤③⑩r❥❧✸✇⑧✈➅❧☛➜❼✇⑧❸➆t✉③❼①✣③⑤t❿➢⑧⑨✵➝✎❤❥③❼①✪❤➤③⑩❸✎④❫r❥➜⑩➢✌➟✯✇❷➜⑩③❼❹➫➡➻④⑧✈➁❸✉❦✝✇❷➜⑩➜✚❹➇③❼❸➆➂✟➜⑩✇❫①✣❧☛❦♠❧✸r❫t✪❸☛➧
➸❬❧✝✇❷➜❼❸➆④➫✇⑧❹❥❹❥✈✉❧❴❸✉❸➁t✉❤❥❧♠➂❥✈✳④⑧➑✟➜⑤❧✸❦✔④❷➡➳➟❫④⑧➜⑩➃❥❦♠❧➞➟✯✇❷✈✳③❼✇✯t✉③⑩④⑧r✵❸➁➑❺➢❃✇⑧❹✟❹➇③⑤r✟❶✾t✳④✌④❫➃❥✈✘❦⑥④➇❹➇❧✸➜❋③⑤r✟①☛④⑧❦♠➂❥✈✳❧✸❸✳❸➆③⑩➑❥③⑩➜➯⑦
③⑤t❿➢❍①✣④❫r✟❸➆t✉✈✪✇❷③⑩r❫t✪❸☛➧✡➪✙③⑩r✟✇❷➜⑩➜⑤➢❫⑨➳➝➚❧✌❹➇❧✸❦♠④⑧r✟❸➆t✉✈✪✇✯t✳❧✾t✳❤❥❧✌✈✳❧☛➜⑩❧☛➟✯✇⑧r✟①✣❧➫④❷➡➅t✳❤❥③❼❸⑥✇⑧➂❥➂❥✈✳④❫✇❫①✪❤✡➡➻④⑧✈➞t✉❤❥❧✜✈✳❧✸✇⑧➜➯⑦❉t✉③⑩❦♠❧
❸✉③⑩❦☎➃❥➜❼✇✯t✳③⑤④❫r✌④⑧➡✚➜❼✇❷➂✟✇⑧✈✉④▼❸✉①☛④⑧➂❥③❼①➁❸✉➃❥✈✳❶⑧③❼①☛✇❷➜❘❶❫❧✸❸➆t✉➃❥✈✳❧✸❸✩④❫r✾t✳❤❥❧❑➜⑤③⑩➟⑧❧✸✈✸➧
➶➤➹▼➘❘➴✳➷☎➬ ↔✯➮✙→⑧➛✃➱ ➃❥✈✳❶⑧❧✸✈✉➢➤❸✉③⑤❦➞➃❥➜❼✇✯t✉③⑩④⑧r✖⑨➨r❥④⑧r➇⑦➼➜⑩③⑤r❥❧❴✇❷✈✘❧☛➜❼✇⑧❸➆t✉③❼①✣③⑤t❿➢⑧⑨➨➜❼✇❷✈✳❶⑧❧⑥❹➇③❼❸➆➂❥➜❼✇⑧①☛❧☛❦♠❧☛r▼t❴⑨➨➾✟r❥③⑤t✉❧♠❧☛➜⑩❧☛❦♠❧✸r❫t
❦♠❧☛t✉❤❥④➇❹➨⑨✟❹❥❧✣➡➻④⑧✈✳❦✝✇❷➑❥➜⑩❧✘❦♠④❺❹❥❧☛➜❉⑨➇✈✉❧❴✇❷➜⑤⑦❆t✳③⑤❦♠❧⑧⑨❥✇⑧r❥③❼❸➆④⑧t✉✈✳④⑧➂❺➢⑧⑨❺③⑩r✟①✣④❫❦⑥➂✟✈✉❧❴❸✉❸✉③⑤➑✟③⑤➜⑩③➯t❿➢✽①☛④⑧r✟❸➆t✉✈✪✇❷③⑩r▼t✳❸✸➧



� ✦✣✍☎✕➨✗✙✠☛✢➚✠②✗✂✁✂✄✌✁☎✄✝✆✟✦✸✠☛✄✄✁✎✍☎✠✣✏✙☞✥✍➞✄✌✠☛✕✖✁✘✗✚✏✙✁✑✛❏☞✂✛❏✁☎✼✾✏ ✦✣✍ ✕✚✠✸✷ ✼➫✦✣✍✘✗✙✠☛✁☎✄✆☎✌☞
✢✞✝➫✠✣✏❋✼✌✏✚✿☎✠☛☞✻☞➅✄✮✗✚☞➅✷✹✛➫✕ ✏✂✁✎☞➅✦

✟✄✠ →☛✡✌☞ ✠ ➛✆✍ ✇⑧r✟❸➠①☛❧✣t✘✇❷✈✉t✉③❼①✣➜⑩❧⑧⑨✬r❥④⑧➃✟❸➐❹➇❻❴①✣✈✳③⑤➟❫④⑧r✟❸➁➜⑤❧❴❸➠❹➇❧✸✈✉r✟③⑤❧✸✈✳❸➠❹➇❻☛➟❫❧☛➜⑩④⑧➂❥➂✬❧☛❦♠❧☛r▼t✪❸➁❹➇➃❏➂❥✈✉④⑧t✉④⑧t❿➢▼➂✬❧☎❹➇❧
❸✉③⑩❦☎➃❥➜❼✇✯t✳❧☛➃❥✈❜❹➇❧➅①✪❤✟③⑤✈✳➃❥✈✳❶⑧③⑩❧➚❦♠③⑩r❥③⑩❦♠✇⑧➜⑤❧✸❦♠❧☛r▼t❜③⑤r❺➟✯✇⑧❸✉③⑩➟⑧❧✎❸➆➃✟✈❜➜⑤❧✩➡➻④❫③⑤❧➅❹❥❻☛➟⑧❧✸➜⑤④❫➂❥➂✬❻✏✎✘➜✒✑ ♣❿➥➁➄✎♣❿➦☎➧✔✓➅r✝➂✟✈✉④❫➑❥➜⑤✐✸❦♠❧
①☛➜⑤❻✩✇➽➟⑧❧❴①❜①✣❧➚❶⑧❧✸r❥✈✳❧◗❹➇❧✩❸➆③⑩❦☎➃✟➜⑩✇❷t✉❧☛➃✟✈✚❧❴❸❿t❋➜⑩✇➠❦♠④➇❹➇❻☛➜⑩③⑩❸✳✇✯t✳③⑤④❫r✑➂❥❤❺➢➇❸➆③✖✕▼➃❥❧◗❹❥❧✸❸✚t✉③❼❸✉❸✉➃✟❸✙❦♠④⑧➃✟❸✸➧✚➥➁④⑧➃✟❸✙➂❥✈✳④⑧➂✬④❫❸✉④⑧r✵❸
➃✟r✑r❥④⑧➃✟➟⑧❧✸✇⑧➃✘❦⑥④➇❹➇✐✸➜⑤❧➚❹➇❻✣➡➻④❫✈✉❦✝✇⑧➑❥➜⑤❧❱➑✵✇⑧❸✉❻➳❸➆➃✟✈✖➜✒✑ ❻✸➜⑩✇❫❸❿t✳③⑩①☛③➯t✳❻➳r❥④❫r➇⑦❉➜⑩③⑩r❥❻✸✇⑧③⑤✈✳❧⑧⑨❴➜⑤❧◗①✣④⑧❦♠➂✬④⑧✈✉t✉❧✸❦⑥❧✸r▼t✚✇❷r❥③❼❸✉④❷t✉✈✳④⑧➂✬❧⑧⑨
❧☛t➅➜⑩✇♠❦♠❻☛t✉❤❥④➇❹➇❧☎❹❥❧✸❸✎❻✸➜⑤❻✸❦⑥❧✸r▼t✳❸✩➾✟r✟③⑩❸✸➧✏✗◗❧❑❦♠④➇❹➇✐☛➜⑩❧❑✈✳❧✸❸➆t✉❧❑➟✯✇❷➜❼✇❷➑❥➜⑩❧❑➂✬④⑧➃❥✈✎➜⑩❧✸❸✎❶❫✈✳✇⑧r✟❹❥❸✎❹➇❻✸➂❥➜❼✇⑧①✣❧✸❦♠❧☛r▼t✳❸✸⑨✟①✣❧
✕▼➃❥③➇❸✉③⑤❶❫r❥③⑤➾✟❧➳❧✸r☎➂✟✇⑧✈➆t✳③⑩①☛➃❥➜⑤③⑩❧☛✈✞✕▼➃✘✑ ③⑤➜❺❧✸❸➆t❋③⑤r❺➟✯✇❷✈✳③⑩✇⑧r▼t✖➂✟✇❷✈✙✈✳④❷t✳✇❷t✉③⑩④⑧r★➧✙✗◗❧✣t✉t✉❧➚➂❥✈✉④❫➂❥✈✳③⑤❻☛t✉❻◗✇⑧❦♠❻☛➜⑩③⑤④❫✈✉❧❜➜⑩❧➚✈✉❻❴✇❷➜⑩③⑩❸✉❦♠❧
❹❥❧✸❸➳❹❥❻✣➡➻④⑧✈✳❦✝✇✯t✳③⑤④❫r✟❸❜❧☛t➳✈✉❻❴❸➆④❫➃➇t➳➜⑩❧✸❸➳➂❥✈✉④❫➑❥➜⑩✐☛❦♠❧✸❸➳➜⑤③⑩❻✸❸◗✇❷➃✛✚♠➜⑤③⑩❦♠③➯t✪✇✯t✳③⑤④❫r✟❸◗❹❥❧➅➜✜✑ ❻☛➜❼✇⑧❸➆t✉③❼①✣③⑤t✉❻➠➜⑤③⑩r❥❻❴✇❷③⑩✈✉❧❫⑨✔✕▼➃❥③✬r✘✑ ❧❴❸❿t
➟✯✇⑧➜⑩✇⑧➑❥➜⑤❧✄✕❫➃✟❧✽➂✵④❫➃❥✈☎➜⑩❧✸❸☎➂✵❧☛t✉③⑤t✳❸♠❹➇❻✸➂❥➜⑩✇❫①✣❧✸❦⑥❧✸r▼t✳❸✸➧❃➥➅④⑧➃✵❸✑r❥④❫➃✟❸✑③⑩r▼t✉❻☛✈✳❧✸❸✳❸✉④⑧r✟❸✑✇⑧➃✟❸✳❸➆③➚✇❷➃✡➂❥✈✳④⑧➑❥➜⑩✐☛❦♠❧✾❹❥❧✽➜⑩✇
➟✯✇⑧✈✉③❼✇✯t✳③⑤④❫r✜❹❥❧☎➟⑧④❫➜⑤➃✟❦⑥❧❑❧✸r➲✇✯❾❿④❫➃➇t✳✇⑧r▼t✢✎✽r❥④⑧t✉✈✳❧❑❦⑥④➇❹➇✐✸➜⑤❧⑥❹➇❧✸❸➠①✣④❫r❫t✳✈✳✇⑧③⑤r▼t✳❧✸❸➅❹✣✑ ③⑩r✟①✣④❫❦⑥➂✟✈✉❧❴❸✉❸✉③⑤➑✟③⑤➜⑩③➯t✳❻⑧➧➅➀❱r❥➾✟r★⑨
r✟④⑧➃✟❸➚❹➇❻☛❦♠④❫r❫t✳✈✉④❫r✟❸❜➜⑩❧➐➑❥③⑤❧✸r➇⑦❉➡➻④⑧r✟❹➇❻✘❹➇❧✘①✣❧☛t➆t✉❧✘✇❷➂✟➂❥✈✉④➇①✪❤❥❧➁➂✵④❫➃❥✈✩➜⑩✇➞❸➆③⑩❦☎➃❥➜❼✇✯t✳③⑤④❫r✽❧☛r✾t✉❧✸❦⑥➂✵❸◗✈✳❻☛❧✸➜✬❹❥❧➠❶❫❧✸❸➆t✉❧✸❸
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◗✳❘➤➬ ✭ ➴ ✦■✮ ✭ ➹ ↕➇↔ ✸➼➬ ↔➽➙ ➹❃➹❏❙ ✡✖↕❥➣✹✮ ➬ ✭ ✪❏❑

❚✵❚❱❯☎❲❈❳✤❨✛❩✛❬



➊ �✂✁☎✄ ✠✢✜✤✠☛✄✝✆✙✁✒✄✌✁◆☞✤✗ ✍☎✞✞✁
✟ ✠ ✄☎✗✚✏✙✁ ☎✜✼✾✢➳✗✙✠✣✁➞✄

➦✱❦✝✇✯❾❿④⑧✈➞✇❷r✟❹ ✈✳❧✸①☛❧☛r▼t☎❧☛➟❫④⑧➜⑩➃➇t✉③⑩④⑧r✡③⑩r ✇⑧➑✬❹➇④❫❦♠③⑤r✟✇⑧➜◗❸✉➃❥✈✳❶⑧❧☛✈✳➢➲❤✵✇⑧❸✑➑✬❧☛❧✸r✡t✉❤✟❧✌❹➇❧✸➟⑧❧☛➜⑩④⑧➂✟❦⑥❧✸r▼t✑④❷➡➅➜❼✇❷➂✟✇⑧✈✉④⑧⑦
❸✳①✣④❫➂❥③❼①✑❸➆➃✟✈✉❶❫❧☛✈✳➢⑧➧✎♣sr❃t✳❤❥③❼❸➅t❿➢❺➂✬❧☎④❷➡➳❸✉➃❥✈✳❶⑧❧✸✈✉➢❫⑨✵✇❷➑❘❹➇④❫❦⑥③⑩r✟✇⑧➜✖④⑧➂✬❧☛✈✪✇✯t✳③⑤④❫r✟❸➁❸✉➃✟①✪❤➲✇❫❸➅❤❥❧✸➂✟✇✯t✳③⑩①☎✈✉❧❴❸➆❧❴①②t✳③⑤④❫r❃✇❷✈✳❧
➂✬❧☛✈✉➡➻④⑧✈✳❦♠❧✸❹➞t✉❤✟✈✉④❫➃❥❶⑧❤✝❸✉❦♠✇⑧➜⑤➜✟③⑤r✟①☛③⑩❸✉③⑩④⑧r✟❸✸➧✙➦ ➟▼③❼❹➇❧✸④✑①☛✇❷❦♠❧✸✈✳✇✘✇❷r✵❹⑥❸✉➂✬❧✸①✣③❼✇❷➜✬❸➆➃✟✈✉❶❫③⑩①✸✇❷➜❺t✉④❺④❫➜⑩❸❜✇⑧✈✉❧✩③⑩r▼t✉✈✳④❺❹❥➃✟①✣❧❴❹
③⑩r▼t✉④✾t✉❤❥❧♠✇❷➑❘❹➇④⑧❦♠❧✸r★⑨➨✇❷➜⑩➜⑤④✯➝✎③⑩r❥❶✝t✳❤❥❧⑥❸✉➃❥✈✳❶⑧❧✸④⑧r➫t✉④➫➂✵❧✸✈➆➡➻④❫✈✉❦✔✇✾➂❥✈✉④➇①☛❧✸❹➇➃❥✈✳❧✑➜⑩❧✸❸✳❸➁③⑩r❺➟✯✇⑧❸✉③⑤➟❫❧⑧➧➠➦ ❹➇✈✪✇➽➝✎➑✟✇⑧①✪➩
④⑧➡◗t✳❤❥③❼❸❑t✉❧❴①✪❤❥r❥③✖✕▼➃❥❧✽➜⑩③⑤❧❴❸✑❧✸❸✳❸✉❧☛r▼t✉③❼✇❷➜⑩➜⑤➢➲③⑤r t✳❤❥❧✽r❥❧✸❧✸❹❬➡➻④⑧✈☎❦⑥④❫✈✉❧✽①☛④⑧❦♠➂❥➜⑩❧ ✚❬❶⑧❧✸❸➆t✉➃✟✈✉❧❴❸✑✇❷r✟❹❬③⑩r t✉❤❥❧✾➜⑤④▼❸✉❸❑④⑧➡
❹❥③⑤✈✳❧✸①✣t✙➟❺③❼❸➆➃✟✇⑧➜➇✇❷r✟❹✑t✳✇⑧①✣t✉③⑩➜⑤❧➚③⑩r➇➡➻④⑧✈✳❦✝✇✯t✉③⑩④⑧r✖➧✚❣✩❤❥❧✸✈✉❧☛➡➻④⑧✈✳❧➳t✳❤❥❧➚❸✉➃❥✈✳❶⑧❧✸④⑧r✑r❥❧✸❧✸❹❥❸✚t✳④➐➜⑩❧✸✇⑧✈✉r➞✇❷r✟❹➞✇⑧❹❥✇⑧➂➇t✙❤✟③⑤❦✝❸✉❧☛➜⑤➡
t✳④➫t✉❤❥③❼❸❑r❥❧✸➝➺t❿➢❺➂✬❧✝④❷➡✎❸➆➃❥✈✳❶⑧❧✸✈✉➢❃✇⑧r✟❹❏③⑤r ➂✟✇⑧✈➆t✳③⑩①☛➃❥➜⑩✇⑧✈✘t✉④➤✇✜r❥❧✸➝➺t❿➢❺➂✬❧⑥④⑧➡➚❤✵✇❷r✟❹❺⑦➼❧☛➢❫❧✝①✣④❺④⑧✈✪❹➇③⑩r✟✇✯t✳③⑤④❫r★➧♠♣sr
t✳❤❥③❼❸✑①✣④❫r❫t✳❧ ✚❺t✸⑨✙❸➆➃✟✈✉❶❫③⑩①✸✇❷➜❜❸✉③⑤❦➞➃❥➜⑩✇❷t✉③⑩④⑧r ❸➆➢➇❸➆t✉❧✸❦♠❸☎①✣④⑧➃✟➜⑩❹❬➑✬❧✝④❷➡✎❶⑧✈✳❧✸✇❷t➐❤❥❧✸➜⑤➂✡③⑩r❬t✉❤❥❧✽t✉✈✪✇❷③⑩r❥③⑤r✟❶➫➂✟✈✉④➇①✣❧❴❸✉❸✘④⑧➡
❸✉➃❥✈✳❶⑧❧✸④⑧r✟❸✸➧

➦➁❦⑥④❫r❥❶✝t✳❤❥❧➞❸✉❧☛➟❫❧☛✈✪✇❷➜★➩❫❧☛➢➫➂❥✈✉④❫➑❥➜⑩❧☛❦✝❸➅③⑩r✜t✉❤❥❧⑥❹➇❧☛➟❫❧☛➜⑩④⑧➂❥❦♠❧✸r❫t➠④❷➡➳✇✽❸✉➃❥✈✳❶⑧③❼①☛✇❷➜✚❸➆③⑩❦☎➃❥➜❼✇✯t✳④⑧✈☛✡⑩➒⑧⑨✚➒✯✻✌☞➼⑨✬t✉❤❥❧
❶❫❧☛④❫❦⑥❧☛t✉✈✳③⑩①✸✇❷➜★✇⑧r✟❹✜➂❥❤❺➢➇❸➆③❼①☛✇⑧➜★✈✉❧✸➂❥✈✳❧✸❸✉❧☛r▼t✳✇❷t✉③⑩④⑧r➫④❷➡❱❤❺➃❥❦✝✇❷r➤④⑧✈✳❶❫✇⑧r✟❸✩✈✳❧☛❦✝✇❷③⑩r➫t✉❤❥❧✑❦♠④▼❸❿t➁③⑩❦♠➂✵④❫✈➆t✪✇❷r▼t✸➧✎❣✩❤❥❧
❹❥❧✣➡➻④⑧✈✳❦✝✇❷➑❥➜⑩❧✽❦♠④➇❹➇❧☛➜➚❦☎➃✵❸❿t⑥➑✵❧✜✇✯t➞t✉❤❥❧➫❸✉✇⑧❦⑥❧✽t✉③⑩❦⑥❧➫➟⑧❧✸✈✉➢❬✈✳❧✸✇❷➜⑩③❼❸❿t✳③⑩①✎✍❇➑✵④⑧t✉❤❵➟▼③❼❸✉➃✟✇❷➜⑩➜⑤➢ ✇❷r✵❹✡➂❥❤❺➢➇❸➆③❼①☛✇⑧➜⑤➜⑩➢✑✏
✇⑧r✟❹✡➟❫❧☛✈✳➢❬❧✓✒✽①✣③⑩❧☛r▼t☎t✳④❬✇⑧➜⑤➜⑩④✯➝ ✈✉❧❴✇❷➜⑤⑦❆t✳③⑤❦♠❧✌❹❥❧✣➡➻④⑧✈✳❦✝✇✯t✳③⑤④❫r✟❸☛➧ ➱ ❧✸➟⑧❧☛✈✪✇❷➜◗❦♠❧✣t✉❤✟④❺❹✟❸➞❤✵✇➽➟⑧❧✽➑✬❧☛❧✸r ➂❥✈✳④⑧➂✬④❫❸✉❧✸❹✝✔
❸✉➂❥✈✳③⑤r✟❶❷⑦➼❦♠✇❫❸✉❸➅❦⑥④➇❹➇❧✸➜⑩❸✕✡⑤➒❴➋➇⑨❋➒☛➊✖☞➼⑨✵➡➻✈✉❧✸❧✑➡➻④⑧✈✳❦➭❹➇❧✣➡➻④❫✈✉❦✝✇✯t✳③⑤④❫r✟❸☛✡ ➌✗☞➼⑨✬➜⑤③⑩r❥❧✸✇⑧✈➠❧✸➜⑩✇❫❸❿t✳③⑩①☛③➯t❿➢➫➝✎③⑤t✉❤➤➾✟r✟③➯t✳❧➞➟❫④⑧➜⑩➃❥❦♠❧
❦♠❧☛t✉❤❥④➇❹✘✡⑤➒❫➒✙☞✖④❫✈➚➟✯✇⑧✈✉③⑩④⑧➃✟❸➚➾✵r❥③➯t✳❧❑❧☛➜⑩❧☛❦♠❧☛r▼t✎❦♠❧✣t✳❤❥④➇❹❥❸✚✡✜✛❺⑨➨➒❴➌➇⑨★➒✗✛▼⑨✟➊❥⑨✵➌❷➋❥⑨★➒✹❆✗☞➼➧

♣sr☎t✉❤❥③❼❸❋✇❷✈✉t✉③❼①✣➜⑩❧➳➝➚❧➳➂❥✈✳④⑧➂✬④❫❸✉❧➳✇➅r✟❧☛➝✡✈✳❧✸✇❷➜⑤⑦❉t✉③⑩❦⑥❧➚❹➇❧✣➡➻④❫✈✉❦✝✇⑧➑❥➜⑤❧◗❦♠④❺❹❥❧☛➜▼➑✟✇⑧❸✉❧✸❹❑④❫r☎r❥④❫r➇⑦➼➜⑤③⑩r❥❧✸✇⑧✈✖❧✸➜⑩✇❫❸❿t✳③⑩①☛③➯t❿➢
✇⑧r✟❹❃✇✾➾✟r❥③⑤t✉❧⑥❧☛➜⑩❧☛❦♠❧☛r▼t✘❦♠❧✣t✉❤✟④❺❹★➧❑➸❏❧➞➾✟✈✪❸❿t✘③⑤r▼t✳✈✉④➇❹➇➃✟①☛❧✑t✳❤❥❧➞➜⑩③⑩r❥❧✸✇⑧✈➠❧✸➜⑩✇❫❸❿t✳③⑩①☛③➯t❿➢➫t✉❤✟❧☛④⑧✈✳➢➤✇❷r✟❹➲③➯t✪❸➐③⑤❦♠➂❥➜⑩❧✣⑦
❦♠❧✸r❫t✪✇✯t✳③⑤④❫r✽t✉❤✟✈✉④❫➃❥❶⑧❤✝t✳❤❥❧➠➾✟r❥③⑤t✉❧✘❧☛➜⑩❧☛❦♠❧☛r▼t✩❦♠❧✣t✉❤✟④❺❹★⑨❥✇❷r✟❹✾➝◗❧➠t✉❤❥❧✸r✾❤❥③⑩❶⑧❤✟➜⑤③⑩❶⑧❤▼t✩③➯t✪❸➚❸✉❤❥④❫✈➆t✪①✣④⑧❦♠③⑩r❥❶❫❸◗➝✎❤❥❧✸r
t✳❤❥❧✣✢☛❸➆❦✝✇⑧➜⑤➜✖❹❥③⑩❸✉➂❥➜❼✇⑧①✣❧✸❦♠❧☛r▼t✗✢✘❤❺➢❺➂✬④❷t✉❤✟❧✸❸✉③⑩❸➠❹➇④❺❧✸❸➅r✟④❷t➠❤✟④⑧➜❼❹➨➧➅❣✩❤❥❧☛r➲➝◗❧❑➡➻④➇①☛➃✟❸➁④❫r➤④⑧➃❥✈➠③⑤❦♠➂❥➜⑩❧☛❦♠❧✸r❫t✪✇✯t✳③⑤④❫r
④⑧➡ ➱ t✥✤❱❧✸r✟✇❷r▼t✉⑦✧✦✘③⑩✈✳①✪❤✟❤❥④✩★➤❧☛➜❼✇⑧❸➆t✉③❼①✣③⑤t❿➢✾✇⑧r✟❹➫③⑤r✟①☛④⑧❦♠➂❥✈✳❧✸❸✳❸➆③⑩➑❥③⑩➜⑤③⑤t❿➢✽①✣④❫r✟❸➆t✉✈✪✇❷③⑩r❫t✪❸☛➧
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④⑧t✉❤❥❧✸✈➅✇❷r✟✇❷t✉④❫❦⑥③❼①☛✇⑧➜➨❸❿t✳✈✉➃✟①✣t✉➃❥✈✳❧✸❸✩➜⑩③⑩➩⑧❧✘➑❥➜⑩④▼④➇❹✌➟⑧❧❴❸✉❸✉❧☛➜❼❸☛➧
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➸ ❤✟❧☛r✝t✳❤❥❧➠④❫➑➇❾❿❧✸①✣t◗➃❥r✵❹➇❧☛✈✳❶⑧④❺❧✸❸➳✇✑✈✳④❷t✳✇❷t✉③⑩④⑧r★⑨⑧t✉❤❥❧➐❧☛➜❼✇⑧❸➆t✉③❼①✎❧✸r❥❧☛✈✳❶⑧➢⑥③⑤r✵①✣✈✳❧✸✇⑧❸✉❧✸❸✸⑨⑧➜⑩❧✸✇❫❹➇③⑩r❥❶✑t✳④➞✇❑➟✯✇❷✈✳③❼✇✯t✉③⑩④⑧r✝④⑧➡
t✳❤❥❧✑➟❫④⑧➜⑩➃❥❦♠❧✉✍❇❸✉❧☛❧❑➾✟❶❫➃❥✈✳❧☎➌❷✏②➧➚♣sr✜t✉❤✟❧☎①☛✇❫❸➆❧❑④⑧➡❱✇♠❶❫➜⑤④❫➑✟✇❷➜✖✈✉④⑧t✳✇✯t✳③⑤④❫r✌④⑧➡❋t✉❤❥❧✑④❫➑➇❾❿❧✸①✣t✸⑨✵➝◗❧✑①☛④⑧➃❥➜❼❹➤❸➆④❫➜⑤➟❫❧✘t✉❤❥❧
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✇♠✈✳④❷t✪✇✯t✳③⑤④❫r✘✍❇➝✎❤❥③⑩①✪❤➤③❼❸✩t✳❤❥❧☎①☛✇❫❸➆❧✘③⑩r➤❶⑧❧✸r❥❧☛✈✪✇❷➜❼✏②➧➳❣✩❤✟③⑩❸➅①✸✇⑧❸✉❧❑③⑩❸➅➂❥✈✉❧❴❸➆❧✸r▼t✉❧✸❹➫➑❺➢✽t✳❤❥❧✑①✣➢❺➜⑩③⑤r✵❹➇❧☛✈➅④⑧➡❋➾✟❶⑧➃❥✈✳❧❑♥✑✔
t✳❤❥❧⑥➑✵④⑧t➆t✉④❫❦✲➡❇✇⑧①✣❧⑥③❼❸➅➾✤✚➇❧❴❹❃✇❷r✟❹❏✇✝➡➻④❫✈✳①☛❧☎③❼❸➠✇⑧➂❥➂❥➜⑩③⑤❧❴❹✜t✉④✌t✉❤❥❧♠①✣❧✸r▼t✉✈✪✇❷➜★t✳④⑧➂❏➟⑧❧☛✈✉t✉❧ ✚➨➧➠➦➅✈✳✈✳④✯➝➅❸➁❸✉❤❥④✯➝ t✉❤❥❧
t✳✈✳✇❷❾❿❧✸①✣t✉④⑧✈✳➢✘④❷➡❘❸➆④❫❦⑥❧➚➟⑧❧✸✈➆t✳③⑩①☛❧✸❸✸⑨✯➝✎❤❥③❼①✪❤⑥✇⑧✈✉❧✩①✣④❫r✟❸❿t✳✈✳✇⑧③⑤r✟❧✸❹❑➑❺➢❑t✳❤❥❧✩➜⑤③⑩r❥❧✸✇⑧✈❋❦⑥④➇❹➇❧✸➜❺t✉④✘❦♠④✯➟⑧❧✩✇❷➜⑩④⑧r❥❶➐❸❿t✳✈✳✇⑧③⑤❶❫❤▼t
➜⑩③⑩r❥❧✸❸✸➧☎❣✩❤❥③❼❸➐✈✉❧❴❸➆➃❥➜⑤t✳❸➠③⑩r➲t✳❤❥❧⑥❹❥③⑩❸➆t✉④❫✈➆t✳③⑤④❫r➲④❷➡➳t✉❤❥❧♠❦♠❧✸❸✉❤★➧☎➪✟➃❥✈➆t✳❤❥❧☛✈✳❦♠④⑧✈✳❧⑧⑨✬t✉❤✟③⑩❸✘✇❷➑✟r❥④⑧✈✳❦✝✇❷➜❋❹➇❧✣➡➻④❫✈✉❦✝✇✯t✳③⑤④❫r
③❼❸❑r❥④⑧t❑t✉❤❥❧✌❸✉✇⑧❦⑥❧♠③⑩r❍✇❷➜⑩➜❜❹➇③⑩✈✉❧❴①②t✉③⑩④⑧r✵❸✑❸➆③⑩r✟①☛❧♠t✉❤❥❧✝④❫➑➇❾❿❧✸①✣t✑④⑧r❥➜⑩➢❏❹➇❧☛➡➻④⑧✈✳❦✝❸❑③➯t✪❸➆❧✸➜➯➡✩③⑩r t✉❤❥❧✝✈✳④❷t✪✇✯t✉③⑩④⑧r❬➂❥➜❼✇❷r❥❧✍➻➾✟❶⑧➃✟✈✉❧❑♥❢✍❆①✷✏➚✇❷r✵❹➫♥ ✍❇❹❢✏❊✏②➧
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①☛④⑧r✟❸✉③❼❹➇❧☛✈✎❹➇③✭★✬❧✸✈✉❧✸r▼t➅❦⑥④➇❹➇❧✸➜⑩❸✩④⑧➡✙❧✸➜⑩✇❫❸❿t✳③⑩①☛③➯t❿➢❫➧
✁ ✺➞✗✄✂ ☞➅✄✌✍☎✄☎✗➨✆✆☎ ✠☛✏✚✢✙✝ ✝✾✁✞✝ ☞➅✦✣✍✑✕★✗✙✠✣✢✩✠✪✗✬✫

➦ ❦♠④➇❹➇❧✸➜★④❷➡❋❧☛➜❼✇⑧❸➆t✉③❼①✣③⑤t❿➢✾③❼❸➅①✣④❫r✟❸✉③⑩❹➇❧✸✈✉❧❴❹✌✇❫❸✎✇♠➜⑩✇⑧✈✉❶❫❧➐❹❥③⑩❸✉➂❥➜❼✇⑧①✣❧✸❦♠❧☛r▼t➅❦♠④❺❹❥❧☛➜★③⑤➡❱③➯t➁❹➇❧✸✈✉③⑩➟⑧❧❴❸➚➡➻✈✉④❫❦ ✇✝❸➆t✉✈✪✇❷③⑩r
t✳❧☛r✟❸✉④⑧✈⑥➝✎❤❥③❼①✪❤❍③❼❸⑥✇ ✕▼➃✟✇⑧❹➇✈✪✇✯t✳③⑩①✽➡➻➃❥r✟①✣t✉③⑩④⑧r ④⑧➡➅t✉❤✟❧➫❹➇❧☛➡➻④⑧✈✳❦✝✇✯t✉③⑩④⑧r ❶⑧✈✪✇⑧❹➇③⑩❧☛r▼t✸➧ ❃✜④▼❸❿t✝①✣④❫❦⑥❦♠④❫r✡t✉❧✸r✟❸➆④❫✈✳❸
✇⑧✈✉❧➫t✳❤❥❧ ✦ ➹❏✸ ➣ ✇⑧r✟❹ ↔✦✮ ✷✌✴ ➣ ▲ ↕ ✡✖➙ ✴ ➘❘➴✠✟ ↔ ➹❺➹ ✭ →☛➣✸↔✯↕❈✮ ✭ ➣ ➹ ✭ → ➬ ↔✯→ ✍➻✈✳❧✸❸✉➂✵❧❴①②t✳③⑤➟❫❧☛➜⑩➢☛✡ ❱ r✌☞❋r✍☞ t ✇❷r✵❹✎ ❱ r✍☞ t r✌☞ ⑨ ☞ ➑✬❧☛③⑩r❥❶♠t✳❤❥❧✑❹➇❧✣➡➻④❫✈✉❦✝✇❷t✉③⑩④⑧r✽➡➻➃✟r✟①②t✳③⑤④❫r ✏②➧❣✩❤❥❧ ➱ t❤✤❱❧☛r✟✇⑧r❫t✉⑦✧✦✘③⑩✈✪①✪❤❥❤❥④✩★➫❦♠④❺❹❥❧☛➜✬③⑩❸➚✇✑❶❫❧☛r❥❧✸✈✳✇⑧➜⑤③✞✬✸✇❷t✉③⑩④⑧r♠④❷➡➨t✳❤❥❧➠➜⑩③⑩r❥❧✸✇⑧✈➳❦♠④➇❹➇❧☛➜✵➡➻④⑧✈➚➜⑩✇⑧✈✉❶❫❧➁❹➇③❼❸➆➂✟➜⑩✇❫①✣❧✣⑦
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☎ ✇ ♠ ❨ ✠✱⑧♣ ☎ ✇ ✣ ✸❵t✝✆ ❦⑧ ③

➎➠r❥❧✾④❷➡✎t✉❤✟❧✾➑✟✇❫❸➆③❼①♠t✳✇❫❸➆➩➇❸❑③⑩r ❸✉➃❥✈✳❶⑧❧☛✈✳➢❏❸✉③⑩❦☎➃❥➜❼✇✯t✳③⑤④❫r ①☛④⑧r✟❸✉③❼❸❿t✪❸✑③⑩r ①✣➃➇t✉t✉③⑩r❥❶❏❸✉④❷➡➵t☎t✉③❼❸✉❸✉➃❥❧⑧➧➤➸ ③⑤t✉❤❵④⑧➃❥✈
❹❥❧✣➡➻④⑧✈✳❦✝✇❷➑❥➜⑩❧✩❦♠④❺❹❥❧☛➜❉⑨❷t✉❤✟③⑩❸❋t✪✇⑧❸✉➩➞①✸✇❷r⑥➑✵❧➅✇❫①✪❤❥③⑤❧✸➟⑧❧❴❹☎❧✓✒✝①☛③⑤❧✸r▼t✉➜⑩➢⑧➧✙➸❏❧➁❸✉③⑩❦☎➃❥➜❼✇✯t✳❧◗t✳❤❥❧➁✇❫①②t✉③⑩④⑧r⑥④❷➡➨✇❷r⑥❧☛➜⑩❧✸①✣t✉✈✳③⑩①
❸✳①☛✇⑧➜⑤➂✬❧☛➜❘④❫r➫❸✉④❷➡➵t✩t✉③❼❸✳❸➆➃❥❧➐➑❺➢✾❸✉➃✟①☛①☛❧✸❸✳❸➆③⑩➟⑧❧✸➜⑤➢♠✈✳❧☛❦♠④✯➟❺③⑤r❥❶☎t✉❧☛t✉✈✪✇❷❤❥❧❴❹➇✈✳✇⑥✇✯t✎➂❥➜❼✇⑧①☛❧✸❸➚➝✎❤❥❧✸✈✉❧➠t✉❤❥❧✘③⑩r✟❸➆t✉✈✳➃❥❦♠❧☛r▼t✎③⑩❸
③⑩r➤①✣④❫r❫t✪✇⑧①✣t➚➝✎③⑤t✉❤➫t✉❤✟❧✑✇❷r✟✇❷t✉④⑧❦♠③❼①☛✇⑧➜➨❦⑥④➇❹➇❧✸➜❆➧
➸ ❤❥❧✸r✡✈✉❧✸❦♠④✯➟▼③⑩r❥❶➤✇✌t✉❧☛t✉✈✪✇❷❤❥❧❴❹➇✈✉④❫r★⑨✙➌⑧➍⑧➋✟✞✟④▼✇✯t✉③⑩r❥❶✜r❺➃❥❦☎➑✬❧☛✈✪❸❑➃❥➂❘❹❥✇❷t✉❧✝④⑧➂✬❧☛✈✪✇✯t✳③⑤④❫r✟❸❑✇❷✈✳❧✝➂✬❧☛✈✉➡➻④⑧✈✳❦⑥❧❴❹

t✳④✡❸➆➃❥➂✟➂❥✈✉❧❴❸✉❸⑥t✳❤❥❧✜t✉❧☛t✉✈✪✇❷❤❥❧❴❹➇✈✳④⑧r ①✣④⑧r▼t✳✈✉③⑩➑❥➃➇t✳③⑤④❫r✟❸⑥t✉④ t✳❤❥❧❃❸❿t✳③❘★❘r❥❧❴❸✉❸✝➂✵✇❷✈✪✇❷❦♠❧✣t✳❧☛✈✪❸➞④⑧➡➁t✳❤❥❧❃❸➆➃✟✈✉✈✳④⑧➃❥r✵❹➇③⑤r✟❶
➟❫❧☛✈✉t✉③❼①✣❧❴❸☛⑨➽❧✸❹❥❶⑧❧✸❸✸⑨❷✇❷r✵❹❑t✉✈✳③❼✇❷r❥❶❫➜⑤❧❴❸➆✍❆❸➆❧✸❧➚✇⑧➂❥➂✵❧✸r✟❹➇③ ✚➞➦ ✏✣➧ �➚➢❑➜⑩④➇①☛✇❷➜⑩➜⑩➢❑➃❥➂✬❹✟✇✯t✉③⑩r❥❶✘❸❿t✳③❘★❘r❥❧❴❸✉❸❋➂✟✇⑧✈✳✇⑧❦♠❧✣t✉❧✸✈✳❸✸⑨❴t✉❤❥❧
t✳③⑩❸✳❸✉➃❥❧❑❤✟✇⑧❸✩❧ ✚❥✇⑧①②t✳➜⑤➢✾t✉❤❥❧✑❸✳✇❷❦♠❧❑➂❥✈✳④⑧➂✬❧☛✈✉t✉③⑩❧✸❸✎✇❫❸✎③⑤➡✙➝➚❧❑❤✟✇⑧❹➫✈✳❧☛❦♠④✯➟⑧❧❴❹✽t✳❤❥❧✑①✣④❫✈✉✈✳❧✸❸✉➂✬④⑧r✟❹➇③⑩r❥❶➞t✉❧☛t✉✈✪✇❷❤❥❧❴❹➇✈✉④❫r
✇❷t➞③⑤t✳❸➞✈✉❧❴❸❿t➞➂✵④▼❸➆③⑤t✉③⑩④⑧r★➧ �➚❧✸①☛✇⑧➃✟❸✉❧✽④❷➡✎t✳❤❥❧✾➟❫④⑧➜⑩➃❥❦♠❧✣t✉✈✳③❼①✽①✣④❫r❫t✳③⑤r❺➃❥③⑤t❿➢❬④❷➡✎➾✟r❥③⑤t✉❧➫❧☛➜⑩❧☛❦♠❧✸r❫t⑥❦♠④❺❹❥❧☛➜⑩③⑤r❥❶✵⑨❋t✉❤❥❧
t✳③⑩❸✳❸✉➃❥❧❑❹➇❧✣➡➻④❫✈✉❦✝✇✯t✳③⑤④❫r✌✈✳❧☛❦✝✇⑧③⑤r✟❸✩✈✳❧✸✇⑧➜⑤③❼❸➆t✉③❼①➠❹➇➃✟✈✉③⑩r❥❶⑥t✉❤❥❧✑①☛➃➇t➆t✳③⑤r✟❶✟➧

✠ ✠ ✄✌✢➚✁☎✷✹✛➫✏✚☞✎✕✚✕✚✠☛✡✜✠☛✦✸✠✪✗✬✫ ✢◗✁➞✄✾✕★✗✚✏✚✍➞✠☛✄☎✗
✫✖③⑤➟❺③⑩r❥❶❵t✉③❼❸✉❸✉➃❥❧⑧⑨➐➝✎❤❥③❼①✪❤ ③❼❸➫❧✸❸✳❸➆❧✸r▼t✉③❼✇❷➜⑩➜⑤➢ ❦✝✇⑧❹❥❧❏④⑧➡➞➝✩✇✯t✉❧✸✈✸⑨➠③⑩❸✜r✟❧✸✇❷✈✳➜⑩➢ ③⑩r✟①☛④⑧❦♠➂❥✈✳❧✸❸✳❸➆③⑩➑❥➜⑩❧⑧➧✱❣✩❤❥③❼❸✜➂❥✈✳④⑧➂➇⑦
❧✸✈➆t❿➢ ③❼❸❃❹➇③✭✒✽①✣➃❥➜⑤t➤t✉④ ❦♠④➇❹➇❧☛➜➞✇❷r✟❹ ➜⑤❧❴✇⑧❹❥❸✜③⑩r❚❦⑥④▼❸❿t➲①✸✇⑧❸✉❧✸❸✌t✉④ ③⑩r✟❸➆t✳✇❷➑✟③⑤➜⑩③➯t❿➢✧➂❥✈✉④❫➑❥➜⑩❧☛❦✝❸☛➧✔❣✩❤❥③❼❸✜③❼❸✜t✉❤❥❧
①✸✇⑧❸✉❧✾➝✎③⑤t✉❤ t✉❤❥❧ ➱ t ✤❱❧☛r✟✇⑧r▼t➆⑦❯✦✘③⑤✈✪①✪❤❥❤❥④❷★❵❦♠④➇❹➇❧☛➜➂✔✽t✳❤❥❧✌❦✝✇❷t✉❧☛✈✳③❼✇❷➜➚✈✉❧✸❦♠✇⑧③⑤r✵❸☎③⑩r✟①✣④❫❦♠➂❥✈✉❧❴❸✉❸✉③⑩➑❥➜⑤❧✌➝✎❤❥❧☛r t✉❤❥❧✫✚✇❷❦♠❻ ①✣④⑧r✵❸❿t✪✇❷r▼t ❾ t✳❧☛r✟❹✟❸✾t✳④✯➝➚✇⑧✈✳❹✟❸✾③⑩r➇➾✟r❥③⑤t❿➢⑧➧✲❣✚✇⑧➩❺③⑤r❥❶ ✇ ➜⑩✇⑧✈✉❶❫❧➲➟✯✇❷➜⑩➃❥❧❏➡➻④⑧✈ ❾ ➝◗④❫➃❥➜❼❹ ➡➻④⑧✈✪①✣❧❬➃✟❸✌t✉④❹❥❧✸①✣✈✳❧✸✇❫❸➆❧✌t✉❤✟❧✜t✉③⑩❦⑥❧❃❸➆t✉❧✸➂ ✇❷r✟❹ t✉❤❥❧✸✈✉❧☛➡➻④⑧✈✳❧➫t✉④ ③⑤r✵①✣✈✳❧✸✇⑧❸✉❧➫t✉❤❥❧❃①☛④⑧❦♠➂❥➃➇t✪✇✯t✳③⑤④❫r t✳③⑤❦♠❧⑧➧ ➦➁r❥④❷t✳❤❥❧☛✈✾✈✉❧❴✇⑧❸✉④⑧r
t✳④❍✇⑧❹❥❹ ✇⑧r ❧ ✚❺t✉❧☛✈✳r✟✇⑧➜✎③⑤r✟①☛④⑧❦♠➂❥✈✳❧✸❸✳❸➆③⑩➑❥③⑩➜⑤③⑤t❿➢❵①☛④⑧r✟❸➆t✉✈✪✇❷③⑩r▼t♠t✉④✡④⑧➃✟✈✝❦⑥④➇❹➇❧✸➜➁③❼❸✝✈✳❧☛➜❼✇✯t✉❧❴❹❵t✉④ t✉❤✟❧➤❦⑥④➇❹➇❧✸➜➁③⑤t➆⑦
❸✉❧☛➜⑤➡❹✔ t✉❤❥❧✡❦✝✇⑧③⑤r ✇⑧❹➇➟✯✇⑧r❫t✪✇❷❶❫❧➲④❷➡➞t✉❤❥❧ ➱ t✎✤❱❧☛r✟✇⑧r❫t✉⑦✧✦✘③⑩✈✪①✪❤❥❤❥④✩★ ❦♠④➇❹➇❧☛➜✑③❼❸➫t✉④ ➃✟❸✉❧❬t✉❤❥❧✡❸➆t✉✈✪✇❷③⑩r✧t✳❧☛r✟❸✉④⑧✈❣✻➝✎❤✟③⑩①✪❤ ③❼❸✝③⑩r▼➟✯✇⑧✈✉③❼✇❷r▼t✽➝✎③⑤t✉❤ ✈✳❧✸❸✉➂✵❧❴①②t✝t✳④❍✈✉④⑧t✳✇❷t✉③⑩④⑧r✟❸✸➧ �➚➃➇t✾③⑤t✌③❼❸✾✇⑧➜⑩❸✉④ ③⑤r❺➟✯✇❷✈✳③❼✇❷r▼t✽➝✎③➯t✳❤ ✈✉❧❴❸➆➂✬❧✸①✣t✽t✉④
❸✉➢❺❦♠❦⑥❧☛t✉✈✳③⑤❧❴❸☛⑨❘➝✎❤❥③❼①✪❤ ①✣④⑧➃✟➜⑩❹➲➜⑤❧❴✇⑧❹➤t✳④✾t✳❤❥❧♠✈✉❧✸➟⑧❧✸✈✳❸✳✇❷➜✚④❷➡◗❸✉④⑧❦♠❧➞t✉❧✣t✳✈✳✇⑧❤❥❧✸❹❥✈✳✇✾➃❥r✟❹➇❧✸✈✘❸➆t✉✈✳④⑧r✟❶✌①✣④❫r✟❸➆t✉✈✪✇❷③⑩r❫t✪❸☛➧

➸❏❧✲①✪❤❥④❺④❫❸✉❧✓t✳④✥➂✬❧☛r✟✇⑧➜⑤③✞✬☛❧✲➟⑧④❫➜⑤➃❥❦♠❧ ➟➽✇⑧✈✉③❼✇✯t✳③⑤④❫r ➑❺➢
✇⑧➂❥➂❥➜⑩➢❺③⑤r❥❶❬t✳④❬❧❴✇⑧①✪❤ ➟⑧❧✸✈➆t✳❧ ✚❍④❷➡➠t✉❤❥❧✜t✳❧✣t✳✈✳✇⑧❤❥❧✸❹➇✈✳④⑧r ✇❏➡➻④⑧✈✪①✣❧
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t✳③⑤④❫r★⑨⑧➝✎❤✟❧☛r✽✇❷➜⑩➜✟➟❫❧☛✈✉t✉③❼①✣❧❴❸❱④❷➡✬t✉❤❥❧➁✈✉❧❴❸➆❧❴①②t✉❧❴❹♠➂✟✇❷✈✉t❜④❷➡❘t✳❤❥❧➅➜⑩③⑤➟❫❧☛✈➳✇⑧✈✉❧✩➃✟❸✉③⑤r✟❶✑➜⑩✇⑧✈✉❶❫❧✎❹➇③⑩❸✉➂❥➜❼✇⑧①☛❧☛❦♠❧☛r▼t➳❧✸➜⑩✇❫❸❿t✳③⑩①☛③➯t❿➢✍❇④⑧r✌t✉❤❥❧❑✈✳③⑩❶⑧❤▼t✎④❷➡✙➾✟❶⑧➃❥✈✳❧⑥➒⑧➒✌✏✣➧

➪✚③⑩❶⑧➃✟✈✉❧♠➒⑧➒④✔✝✷✺✹✫✢ ☎❀♦✵✢✏❅✟✬✗♠ t✟✹ q❃✛✭♥ ♠ ✗✡❧■✹✜✬✗♠ ❧ ☎❍✛✡✰ ✛❑❏❽♥✥✛✚✙✍q ♦✘t❍✗✡✰❀♦✉q
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❣✩❤✟❧✎➜⑤③⑩➟⑧❧✸✈❜③⑩❸❱➾✟➜⑤➜⑩❧✸❹♠➝✎③⑤t✉❤✝➑✟➜⑤④❺④➇❹✿✍➻r❥❧❴✇❷✈ ✻⑧➋✱✰ ④⑧➡✬③⑤t✳❸❜❶⑧➜⑩④⑧➑✟✇⑧➜❥➝◗❧✸③⑤❶❫❤▼t❭✏②⑨❫➝✎❤❥③❼①✪❤⑥③⑩❦♠➂❥➜⑩③⑤❧❴❸❋t✉❤✟✇❷t➳❧ ✚❺⑦➼➟❺③⑤➟❫④➐➜⑩③⑩➟⑧❧☛✈
t✳③⑩❸✳❸✉➃❥❧✸❸➚❸➆❤✟④⑧➃❥➜❼❹✝r❥④⑧t➚➑✬❧☛❤✟✇➽➟❫❧➁➜⑩③⑤➩❫❧➁③⑩r➇⑦➼➟▼③⑩➟⑧④✑t✉③❼❸✉❸✉➃❥❧✸❸✸➧❱❣✩❤❥❧☛✈✳❧✣➡➻④❫✈✉❧❫⑨⑧t✳④☎➟✯✇❷➜⑩③❼❹❥✇✯t✳❧➠④❫➃❥✈◗➑✟③⑤④❫❦⑥❧❴①✪❤✟✇❷r✟③⑩①✸✇❷➜✟➜⑩③⑩➟⑧❧☛✈
❦♠④➇❹➇❧✸➜❆⑨➇➝➚❧❑➝◗④❫➃❥➜❼❹✾❤✟✇➽➟❫❧➁t✳④✝①✣④⑧❦♠➂✟✇⑧✈✉❧➐③⑤t➁✇❷❶❫✇⑧③⑤r✵❸❿t✩③⑤r❥⑦❉➟❺③⑩➟⑧④✝❹➇❧✣➡➻④❫✈✉❦✝✇❷t✉③⑩④⑧r✟❸➚④❷➡❋✇⑥✈✉❧❴✇❷➜➨➜⑩③⑤➟❫❧☛✈❴➧ ✗◗➃✟✈✉✈✳❧☛r▼t✉➜⑩➢⑧⑨
❸✉➃✟①✪❤✡✇❷r ❧ ✚❺➂✬❧☛✈✳③⑩❦⑥❧✸r▼t✑✈✳✇⑧③⑩❸✉❧✸❸❑❸✉❧☛➟❫❧☛✈✪✇❷➜✙t✉❧❴①✪❤❥r❥③❼①☛✇❷➜◗✇❷r✟❹❬❧✣t✳❤❥③❼①☛✇❷➜◗❹➇③❘✒✽①☛➃❥➜➯t✳③⑤❧❴❸☛➧✜➪❥④❫✈✘t✉❤❥❧✌❸✉✇⑧❦⑥❧✝✈✳❧✸✇❫❸➆④❫r✟❸✸⑨
t✳❤❥❧☎❧✸➜⑩✇❫❸❿t✳③⑩①✑➂❥✈✉④❫➂✵❧✸✈➆t✳③⑤❧❴❸✎④❷➡❱t✳❤❥❧☎➜⑩③⑩➟⑧❧☛✈ ✍✎✍❜④❫➃❥r❥❶✽❦♠④➇❹➇➃❥➜⑩➃✟❸➐✇❷r✟❹➤❽✙④⑧③❼❸✉④⑧r➤✈✪✇✯t✉③⑩④✱✏✎❦☎➃✟❸➆t➁➑✬❧☎❦♠❧✸✇❫❸➆➃❥✈✳❧✸❹✜③⑩r➇⑦
➟❺③⑩➟⑧④✵⑨✟④⑧✈➁➃✟❸➆③⑩r❥❶✾①☛④⑧❦♠➂❥➜⑩❧ ✚✜③⑤r❥⑦❉➟❺③⑤t✉✈✳④✽❧ ✚➇➂✬❧☛✈✳③⑤❦♠❧☛r▼t✪✇❷➜✖➂✟✈✉④⑧t✉④➇①✣④❫➜⑩❸✸➧◗♣sr➲➑✵④⑧t✉❤➲①✸✇⑧❸✉❧✸❸✸⑨❥t✉❤✟❧✑✈✉❧❴❸➆➃✟➜➯t✪❸➅④⑧➑❥t✳✇❷③⑩r❥❧❴❹
➑❺➢➲❸✉❧☛➟❫❧☛✈✪✇❷➜✙t✉❧❴✇❷❦✝❸ ✍❇➪➚➧✙✗➚✇❷✈✉t✉❧☛✈✂♦✍♥✒✛✍q❉➧▼✡ ✻✖☞❉⑨❏✤☎➧☎✤❱➃✟❸✉➩⑧④✯➟❺③❼① ✡ ➌➇➒✓☞❉⑨ ✍ ➧ ✍ ✇⑧r ✡ ❆✗☞❧✏➐❤✟✇➽➟⑧❧✝❸✉❤❥④✯➝✎r ✇➫❸➆t✉✈✳④⑧r✟❶
➟✯✇⑧✈✉③❼✇❷➑❥③⑩➜⑩③➯t❿➢✝③⑩r➫t✉❤❥❧❑➂✟✇⑧✈✳✇⑧❦♠❧✣t✉❧✸✈✳❸➚❧❴❸❿t✳③⑤❦✝✇✯t✳③⑤④❫r★➧
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➒❴➍ �✂✁☎✄ ✠✢✜✤✠☛✄✝✆✙✁✒✄✌✁◆☞✤✗ ✍☎✞✞✁
♣sr✾t✉❤❥❧➁➡➻✈✳✇⑧❦⑥❧✸➝◗④❫✈✉➩⑥④❷➡★✈✳❧✸✇⑧➜➯⑦❉t✉③⑩❦♠❧➁❸✉➃❥✈✉❶❫❧☛✈✳➢⑥❸✉③⑩❦☎➃❥➜❼✇✯t✳③⑤④❫r★⑨❫➝➚❧➁❧❴❸✉❸✉❧☛r▼t✳③⑩✇⑧➜⑤➜⑩➢➞r✟❧☛❧✸❹✽t✉④➞➑❥➃❥③⑩➜⑩❹✌❸➆④⑧➡➵t➳t✉③❼❸✳❸➆➃❥❧

❦♠④➇❹➇❧✸➜⑩❸➠t✉❤✵✇✯t✘➑✵❧✸❤✟✇➽➟⑧❧➞✈✉❧❴✇❷➜⑩③⑩❸➆t✉③❼①☛✇⑧➜⑤➜⑩➢⑧➧❑❣✩❤❥❧✸✈✉❧☛➡➻④⑧✈✳❧⑧⑨✬➝◗❧♠✇❷✈✳❧➞①☛➃❥✈✉✈✳❧☛r▼t✳➜⑤➢✜✈✳❧☛➜⑩➢▼③⑩r❥❶✌④⑧r❃t✳❤❥❧➞➡➻❧☛❧✸❹❥➑✟✇⑧①✪➩➫➡➻✈✳④⑧❦
❸✉➃❥✈✳❶⑧❧✸④⑧r✟❸➞❧ ✚➇➂✬❧☛✈✳③⑤❦♠❧☛r▼t✳③⑤r❥❶❏t✉❤✟❧✜❸✉③⑩❦☎➃❥➜❼✇✯t✳④⑧✈⑥t✉④ ➟✯✇❷➜⑩③⑩❹✟✇✯t✉❧✌t✉❤✟❧➫➑✬❧☛❤✵✇➽➟▼③⑩④⑧✈♠④⑧➡➁④⑧➃❥✈♠➜⑩③⑤➟❫❧☛✈♠❦♠④➇❹➇❧☛➜❉➧ ❣✩❤✟❧☛➢
①☛④⑧r✟❸✉③❼❹➇❧☛✈❱t✳❤✟✇✯t◗t✉❤❥③❼❸ ➱ t➆✤❱❧☛r✵✇❷r▼t➆⑦❯✦✘③⑤✈✪①✪❤❥❤❥④❷★✾r❥④❫r➇⑦❉➜⑩③⑩r❥❧✸✇⑧✈❜❧☛➜❼✇⑧❸➆t✉③❼①✎❦♠④➇❹➇❧☛➜⑩③⑤r✟❶✑④❷➡★❸✉④❷➡➵t➳t✳③⑩❸✳❸✉➃❥❧✸❸➳③⑩❸◗❸➆➃❪✒✽①☛③⑤❧✸r❫t
➡➻④❫✈✎❦♠④❫❸➆t✎❸✉③⑩❦☎➃❥➜❼✇✯t✳③⑤④❫r✌➂❥➃✟✈✉➂✬④❫❸✉❧✸❸✸➧
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➸❬❧❬❤✟✇➽➟⑧❧❏➂❥✈✉④❫➂✵④▼❸➆❧❴❹ ③⑩r t✉❤✟③⑩❸➤✇⑧✈➆t✳③⑩①☛➜⑤❧❬✇ r❥❧✸➝✥❹➇❧☛➡➻④⑧✈✳❦♠✇⑧➑❥➜⑩❧➲❦♠④➇❹➇❧☛➜✘➑✟✇❫❸➆❧❴❹ ④⑧r ➜⑩✇⑧✈✉❶❫❧➲❹➇③❼❸➆➂✟➜⑩✇❫①✣❧☛❦♠❧✸r❫t
❧✸➜⑩✇❫❸❿t✳③⑩①☛③➯t❿➢❫⑨➳✇❏➾✟r❥③⑤t✉❧✜❧☛➜⑩❧☛❦♠❧✸r❫t✝❦♠❧✣t✳❤❥④➇❹➨⑨◗✇⑧r✟❹ ✇❏❹➇➢❺r✟✇⑧❦♠③⑩①✌❧ ✚➇➂❥➜⑩③⑩①☛③➯t✝③⑩r▼t✉❧☛❶❫✈✳✇❷t✉③⑩④⑧r ❸✉①✪❤❥❧✸❦♠❧⑧➧❍♣➼t✽❸✉④⑧➜⑩➟⑧❧✸❸
t✳❤❥❧✾➂✟✈✉④❫➑❥➜⑤❧✸❦✥④⑧➡➅✈✉④⑧t✳✇✯t✳③⑤④❫r✟✇❷➜❱③⑩r❺➟✯✇❷✈✳③⑩✇⑧r✟①✣❧✽✇⑧r✟❹ t✳✇⑧➩⑧❧❴❸❑③⑤r▼t✳④➲✇⑧①✸①✣④⑧➃✟r❫t☎t✉❤❥❧✾✇⑧r❥③❼❸➆④⑧t✉✈✳④⑧➂❥③❼①♠➑✵❧✸❤✟✇➽➟❺③⑤④❫✈☎✇❷r✵❹
t✳❤❥❧✾③⑩r✟①☛④⑧❦♠➂❥✈✳❧✸❸✳❸➆③⑩➑❥③⑩➜⑤③⑤t❿➢➲➂❥✈✳④⑧➂✬❧☛✈✉t✉③⑩❧✸❸☎④❷➡✎➑❥③⑩④⑧➜⑩④⑧❶❫③⑩①✸✇❷➜❱t✳③⑩❸✳❸➆➃✟❧✸❸✸➧❃➪❥➃❥✈✉t✉❤❥❧✸✈✉❦♠④❫✈✉❧✝➝➚❧✾❤✟✇➽➟❫❧✝④⑧➂➇t✳③⑤❦♠③✞✬☛❧❴❹ t✉❤❥❧
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