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!ǇǊŝǎ ƭŜ ǊŜǇƻǊǘ ŘŜ нлнлΣ ƭΩŞǉǳƛǇŜ ŘΩƻǊƎŀƴƛǎŀǘƛƻƴ Ŝǎǘ ƘŜǳǊŜǳǎŜ ŘŜ Ǿƻǳǎ ŀŎŎǳŜƛƭƭƛǊ Řŀƴǎ ǳƴ ƴƻǳǾŜŀǳ ǎƛǘŜ ǇƻǳǊ ŎŜǘǘŜ 
ƴƻǳǾŜƭƭŜ ŞŘƛǘƛƻƴ нлнм ŘŜ ƭΩŞŎƻƭŜ MiFoBio du CNRS.  

Comme pour les précédentes éditions depuis 2004, cette formation est portée par le GDR ImaBio (imagerie et 
microscopie pour la biologie) dans le cadre des actions des Écoles Thématiques de la Formation Permanente 
Řǳ /bw{ Ŝƴ ŎƻƭƭŀōƻǊŀǘƛƻƴ ŀǾŜŎ ƭŜǎ ŦƻǊƳŀǘƛƻƴǎ ǇŜǊƳŀƴŜƴǘŜǎ ŘŜ ƭΩLb{9waΣ Ŝǘ ŀǾŜŎ ƭŜ ŎƻƳǇŀƎƴƻƴƴŀƎŜ Řǳ ǊŞǎŜŀǳ 
technologique de microscopie de fluoresence multidimentionelle (RTmfm). Cette école MiFoBio 2021 est 
organisée sous le patronage de la société de biologie cellulaire française (SBCF) et de la société de microscopie 
ό{C˃ύΦ bƻǳǎ ǊŜƳŜǊŎƛƻƴǎ ŎŜǎ ŘŜǳȄ ǎƻŎƛŞǘŞǎ ǇƻǳǊ ƭŜǳǊ ǎƻǳǘƛŜƴΦ 9ƭƭŜ Ŝǎǘ ŞƎŀƭŜƳŜƴǘ ǎƻǳǘŜƴǳŜ ǇŀǊ ƭΩ!±L9{!b όL¢ah 
./59ύ Ŝǘ CǊŀƴŎŜ .ƛƻLƳŀƎƛƴƎ όC.Lύ ŘŜǇǳƛǎ ǇƭǳǎƛŜǳǊǎ ŀƴƴŞŜǎΣ ǉǳΩƛƭǎ Ŝƴ ǎƻƛŜƴǘ ǊŜƳŜǊŎƛŞǎΦ aƛCƻ.ƛƻ ōŞƴŞŦƛŎƛŜ Řǳ 
soutien de différentes structures et laboratoires : Collège de France (Paris), Institut Fresnel (Marseille), CIIL 
(Lille), IBDM (Marseille), Q-life/PSL, MRI (Montpellier), BiCel (Lille) et CEMIPAI (Montpellier), Ecole doctorale 
.aL/ ό[ȅƻƴύΦ  5ΩŀǳǘǊŜǎ DŘw ǎƻƴǘ ŀǳǎǎƛ ǇŀǊǘŜƴŀƛǊŜǎ ǎŎƛŜƴǘƛŦƛǉǳŜǎ Řǳ ǇǊƻƧŜǘ Υ DŘw hƴŘŜ όLb{L{ύΣ DŘw L{L{ όLb{нLύΣ 
GdR ADN&G (INP) et GDR AQV (Lb{.ύΦ bƻǳǎ ǊŜƳŜǊŎƛƻƴǎ ŎŜǎ ŘƛŦŦŞǊŜƴǘǎ ǇŀǊǘŜƴŀƛǊŜǎ Ŝǘ ǎƻǳǘƛŜƴǎ ǇƻǳǊ ƭΩŀƛŘŜ 
financière et organisationnelle précieuse apportée à MiFOBio 2021.  

 

Nous souhaitons remercier les personnels des formations permanentes et des services administratifs du CNRS 
DR 18 : Claire Dufossé, Fabienne Lebleu, Nathalie Vialette, Pierre Silveira, Delphine Alexandre, Justine Thirion, 
Nathalie Dugautier, Alexandre Masure et Sonia Duval pour leur aide dans la mise en place de cette école. Nos 
remerciements vont plus particulièrement à Claire Dufossé, Annabelle Vandermoere, Joellie Omara-Besson, 
ǇƻǳǊ ƭΩŀƛŘŜ ƛƳǇƻǊǘŀƴǘŜ ŀǇǇƻǊǘŞŜ ŎŜǘǘŜ ŀƴƴŞŜ Ł ƭŀ ƎŜǎǘƛƻƴ ŘŜ aƛCƻ.ƛƻΦ bƻǳǎ ǊŜƳŜǊŎƛƻƴǎ ŞƎŀƭŜƳŜƴǘ CŀǘƛƳŀ 
Hammadi pour son aide et le CIIL qui a accepté de libérer du temps de gestion ǇƻǳǊ ƭΩŞŎƻƭe MiFOBio. Nous avons 
ǳƴŜ ǇŜƴǎŞŜ ŀƳƛŎŀƭŜ ǇƻǳǊ {ǘŞǇƘŀƴƛŜ /ƻǎǘŜǳǊ ǉǳƛ ƴΩŀǳǊŀ Ǉŀǎ Ǉǳ ǎŜ ƧƻƛƴŘǊŜ Ł ƴƻǳǎ ǇƻǳǊ ŎŜǘǘŜ ŞŎƻƭŜ όƴƻǳǎ ƭǳƛ 
donnons rendez-Ǿƻǳǎ Ŝƴ нлноΧύΦ bƻǳǎ ǊŜƳŜǊŎƛƻƴǎ ƭŀ ŦƻǊƳŀǘƛƻƴ ǇŜǊƳŀƴŜƴǘŜ ŘŜ ƭΩLb{9wa Ŝƴ ƭŀ ǇŜǊǎƻƴƴŜ ŘŜ 
5ƻǊƻǘƘŞŜ ¢ŜǊǊȅƴΣ ǇƻǳǊ ƭΩŀƛŘŜ financière et le soutien apporté au projet MiFoBio. 

Que Jean Marc Blondy et son équipe qui assurent la gestion au niveau national des écoles thématiques du 
CNRS, trouvent ici l'expression de nos remerciements pour leur travail à long terme pour rendre possible de 
tels événements hors normes. Nous remercions également Jean-Claude Pommier, Chargé de mission pour la 
ŦƻǊƳŀǘƛƻƴ ǇŜǊƳŀƴŜƴǘŜ Ł ƭΩLb{L{Σ ǇƻǳǊ ǎƻƴ ǎƻǳǘƛŜƴ ǇŜǊƳŀƴŜƴǘ Ŝǘ ǎƻƴ ŀŎŎƻƳǇŀƎƴŜƳŜƴǘ Řŀƴǎ ŎŜ ǇǊƻƧŜǘ Ŝǘ ŀǳ-
delà.  

 

Nous exprimons nos sincères remerciements aux intervenants pour leur participation, la qualité de leurs cours 
Ŝǘ ŎƻƴŦŞǊŜƴŎŜǎΣ Ŝǘ ǇƻǳǊ ƭŜǳǊ ŜƴǘƘƻǳǎƛŀǎƳŜΦ 5Ŝ ƳşƳŜΣ ƴƻǳǎ ǊŜƳŜǊŎƛƻƴǎ ŎŜǳȄ ǉǳƛ ƻƴǘ ŀŎŎŜǇǘŞ ŘΩŀƴƛƳŜǊ ƭŜǎ ǇǊŞ-
modules, les modules avancés et les tables rondes. Que les responsables de modules qui ont largement 
ŎƻƴǘǊƛōǳŞ Ł ŎŜǘǘŜ ŞŎƻƭŜ ǇŀǊ ƭŜǳǊ ŜƴƎŀƎŜƳŜƴǘ Ŝǘ ƭŜǳǊ ǘŜƳǇǎΣ ǘǊƻǳǾŜƴǘ ŀǳǎǎƛ ƛŎƛ ƭΩŜȄǇǊŜǎǎƛƻƴ ŘΩǳƴŜ ƎǊŀǘƛǘǳŘŜ 
collective. 

[ΩŜƴǎŜƳōƭŜ ŘŜ ƭΩŞǉǳƛǇŜ ǘƛŜƴǘ Ł ǊŜƳŜǊŎƛŜǊ ǘƻǳǎ ƭŜǎ ŎƻƭƭŝƎǳŜǎ ƛƳǇƭƛǉǳŞǎ Řŀƴǎ ƭŀ ƳƛǎŜ ŀǳ Ǉƻƛƴǘ Ŝǘ ƭŀ ǊŞŀƭƛǎŀǘƛƻƴ Ře 
chaque atelier, table-ǊƻƴŘŜΣ ŎƻǳǊǎ όƳŀƭƎǊŞ ǳƴŜ ŀƴƴŞŜ нлнл ƎǊƛǎŜύΣ Řƻƴǘ ƭŀ ǾŀǊƛŞǘŞ Ŝǎǘ ǳƴŜ ǊƛŎƘŜǎǎŜ ǇƻǳǊ ƭΩŞŎƻƭŜΣ 
mais aussi ceux qui ont assuré la mise à disposition des modèles cellulaires et animaux. Nous remercions aussi 
chaleureusement les organisatrices et organisateurs des deux symposium satellites. Le but de ces symposiums 
est de permettre d'aller plus loin sur deux thématiques plus transversales. 
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bƻǳǎ ǘŜƴƻƴǎ Ł ǎŀƭǳŜǊ ƭΩŜŦŦƻǊǘ ŘŜǎ ŞǉǳƛǇŜǎ ǉǳƛ ŀǇǇƻǊǘŜƴǘ Ł aƛCƻ.ƛƻ ŘŜǎ ǎȅǎǘŝƳŜǎ ŜȄǇŞǊƛƳŜƴǘŀǳȄ ϦƘƻƳŜ ƳŀŘe". 
bƻǳǎ ǎŀǾƻƴǎ ǉǳŜ ŎΩŜǎǘ ǳƴ ƛƴǾŜǎǘƛǎǎŜƳŜƴǘ Ŝƴ ǘŜƳǇǎ Ŝǘ ƳƻȅŜƴǎ ƛƳǇƻǊǘŀƴǘΦ /Ŝǎ ŀǘŜƭƛŜǊǎ ǎƻƴǘ ŘŜǎ ζ ƭƻŎƻƳƻǘƛǾŜǎ η 
pour les développements instrumentaux à venir et de formidables supports pour la transmission de savoir 
pratique. Un grand merci à celles et ceux qui les portent.  

 

Nous remercions chaleureusement les partenaires industriels de cette école pour leur engagement dans cette 
ŀǾŜƴǘǳǊŜΣ ƭŜǳǊ ŦƻǊǘ ǎƻǳǘƛŜƴ Ŝǘ ƭŀ ƳƛǎŜ Ł ŘƛǎǇƻǎƛǘƛƻƴ ŘΩǳƴ ǇŀǊŎ ǘŜŎƘƴƻƭƻƎƛǉǳŜ ŜȄŎŜǇǘƛƻƴƴŜƭΣ ǉǳƛ ƴƻǳǎ ǇŜǊƳŜǘ ŘŜ 
réaliser les ateliŜǊǎ ǇǊŀǘƛǉǳŜǎ Řŀƴǎ ŘΩŜȄŎŜƭƭŜƴǘŜǎ ŎƻƴŘƛǘƛƻƴǎΦ /ΩŜǎǘ ŀǾŜŎ ǇƭŀƛǎƛǊ ǉǳŜ ƴƻǳǎ ƭŜǎ ǊŜǘǊƻǳǾƻƴǎ ŀǇǊŝǎ о 
ans et quelques confinements. Cette collaboration académique-industriel est une fierté de notre communauté 
ǘƻǳǘ ŀǳǘŀƴǘ ǉǳΩǳƴŜ ŦƻǊƳƛŘŀōƭŜ ƻŎŎŀǎƛƻƴ ŘŜ ǊŜƴŎƻƴǘǊŜΣ de promotion et développement des technologies de 
ƭΩƛƳŀƎŜǊƛŜ Ŝƴ ōƛƻƭƻƎƛŜΦ bƻǳǎ ǊŜƳŜǊŎƛƻƴǎ ±ƛǊƎƛƴƛŜ DŜƻǊƎŜǘΣ hƭƛǾƛŜǊ wŜƴŀǳŘ Ŝǘ CǊŞŘŞǊƛŎ .Ǌŀǳ ǇƻǳǊ ƭŜ ŦƻǊƳƛŘŀōƭŜ 
ǘǊŀǾŀƛƭ ǉǳΩŜƭƭŜ Ŝǘ ƛƭǎ ƻƴǘ ǊŞŀƭƛǎŞ ŘŜǇǳƛǎ ŘŜǎ Ƴƻƛǎ pour gérer le club partenaire du GdR ImaBio, et rendre possible 
ƭΩŞŎƻƭŜ aƛCƻ.ƛƻ нлнмΦ  

Lƭ ƴΩȅ ŀǳǊŀƛǘ Ǉŀǎ ŘŜ aƛCƻ.ƛƻ ǎŀƴǎ ǳƴ ŦƻǊƳƛŘŀōƭŜ ŎƻƭƭŜŎǘƛŦ ǇƻǳǊ ƭΩƻǊƎŀƴƛǎŜǊ Ŝǘ ƭΩŀƴƛƳŜǊΦ tƭǳǎ ŘŜ ол ǇŜǊǎƻƴƴŜǎ ǎƻƴǘ 
ƛƳǇƭƛǉǳŞŜǎ Ł ŘƛŦŦŞǊŜƴǘǎ ƴƛǾŜŀǳȄ Ŝǘ ŘŜƎǊŞǎ Řŀƴǎ ŎŜ ǇǊƻƧŜǘ ŎƻƭƭŜŎǘƛŦΦ vǳŜ ƭΩŜƴǎŜƳōƭŜ ŘŜǎ ƳŜƳōǊŜǎ Řǳ Ŏƻmité 
ŘΩƻǊƎŀƴƛǎŀǘƛƻƴ Ŝǘ Ǉƭǳǎ ƎŞƴŞǊŀƭŜƳŜƴǘ ǘƻǳǎ ŎŜǳȄ Ŝǘ ŎŜƭƭŜǎ ǉǳƛ ƻƴǘ Ƴƛǎ ƭŀ ϦƳŀƛƴ Ł ƭŀ ǇŃǘŜ" depuis 2x12 mois 
ǘǊƻǳǾŜƴǘ ƛŎƛ ƭΩŜȄǇǊŜǎǎƛƻƴ ŘŜ ƴƻǎ ǎƛƴŎŝǊŜǎ ǊŜƳŜǊŎƛŜƳŜƴǘǎΦ   

Nous tenons à remercier les auteurs de ce fascicule et en particulier Sandrine Lévêque-Fort pour son travail en 
ŀƳƻƴǘ ŘŜ ŎƻƻǊŘƛƴŀǘƛƻƴ ŘŜǎ ƳƻŘǳƭŜǎ Ŝǘ ŘŜ ƭΩŜƴǎŜƳōƭŜ ŘŜǎ ŜƴǎŜƛƎƴŜƳŜƴǘǎ ŀǾŜŎ ŘŜ ƴƻƳōǊŜǳǎŜǎ ƴǳƛǘǎ ŘŜ ǘǊŀǾŀƛƭ 
pour tout boucler. Merci à DǳƛƭƭŀǳƳŜ .ŀŦŦƻǳ ǇƻǳǊ ƭΩŀŦŦƛŎƘŜΣ ǊŜǇǊƛǎŜ Ŝƴ ŎƻǳǾŜǊǘǳǊŜ ŘŜ ŎŜ ŦŀǎŎƛŎǳƭŜΦ 

IŞǊƛǘƛŝǊŜ ŘΩǳƴŜ ŜƴŎƻǊŜ ƧŜǳƴe aventure dans le GdR ImaBio, nous remercions Hana Valenta pour son implication 
Řŀƴǎ ƭΩŀƴƛƳŀǘƛƻƴ Řǳ ƎǊƻǳǇŜ ŘŜǎ ŘƻŎǘƻǊŀƴǘǎ Ŝǘ Ǉƻǎǘ-ŘƻŎǘƻǊŀƴǘǎΦ /ΩŜǎǘ Ł aƛCƻ.ƛƻ нлму ǉǳŜ ŎŜ ƎǊƻǳǇŜ L¸{b 
(ImaBio Young scientist Network) a Ǿǳ ƭŜ ƧƻǳǊ ǎƻǳǎ ƭΩƛƳǇǳƭǎƛƻƴ ŘŜ aŀǊƛŜ Cournier et Laura Caccianini (toutes 
deux alors doctorantes). Le but de cette initiative est de permettre aux jeunes scientifiques de notre 
communauté de se connaître et organiser tous les ans des rencontres scientifiques en toute autonomie et ainsi 
créer un réseau socio professionnel solide. 

Nous remercions le comité scientifique de MiFoBio qui a rendu possible ce projet, ainsi que les comités des 
sections scientifiques du CNRS qui nous ont fortement soutenus lors de leur évaluation du projet. 

Nous remercions également le personnel du centre de vacances Belambra, pour son accueil et son aide, la mise 
Ł ŘƛǎǇƻǎƛǘƛƻƴ ŘŜ ƭƻŎŀǳȄ Ŝǘ ƭŜ ǎƻǳǘƛŜƴ ǘŜŎƘƴƛǉǳŜ ǉǳΩƛƭ ƴƻǳǎ ŀ ŀǇǇƻǊǘŞΦ 

Merci à toutes et tous pour avoir rendu possible cette exceptionnelle aventure humaine et technologique. 

  

Sandrine Lévêque-Fort, Serge Monneret, Tristan Piolot, Laurent Héliot 

Pour le comité de pilotage 
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[Ω9{twL¢ aLCh.Lh 

 

[ΩŞŎƻƭŜ aƛCƻ.ƛƻ ǾƛǎŜ Ł ŦŀǾƻǊƛǎŜǊ ŘŜǎ ǊǳǇǘǳǊŜǎ ǎŎƛŜƴǘƛŦƛǉǳŜǎ Ŝǘ ǘŜŎƘƴƻƭƻƎƛǉǳŜǎ 
ǇŜǊƳŜǘǘŀƴǘ ŘŜ ǇǊƻƎǊŜǎǎŜǊ Řŀƴǎ ƭŀ ŎƻƳǇǊŞƘŜƴǎƛƻƴ ŘŜǎ ŘƛŦŦŞǊŜƴǘǎ ƴƛǾŜŀǳȄ ŘΩƻǊƎŀƴƛǎŀǘƛƻƴ Řǳ 
ǾƛǾŀƴǘΣ ŘŜ ƭŀ ŎŜƭƭǳƭŜ ƧǳǎǉǳϥŀǳȄ ƻǊƎŀƴƛǎƳŜǎΦ 9ƭƭŜ ŎƻƴǎǘƛǘǳŜ ŘƻƴŎ ǳƴŜ ǇƻǊǘŜ ŘΩŜƴǘǊŞŜ ƳŀƧŜǳǊŜ 
sur la microscopie fonctionnelle de manière intégrative et interdisciplinaire et plus 
largement sur l'ingénierie biologique associée en amont et les méthodes d'analyse 
développées en aval.  

[ϥŞŎƻƭŜ aƛCƻ.ƛƻ ŀǎǎǳǊŜ ƭŀ ŦƻǊƳŀǘƛƻƴ Ł ƭΩǳǘƛƭƛǎŀǘƛƻƴ ŘŜ ŘƛŦŦŞǊŜƴǘŜǎ ǘŜŎƘƴƻƭƻƎƛŜǎ ŘŜ 
microscopie, d'analyse des images et de modélisation au travers d'une pédagogie 
participative organisée en modules thématiques comprenant le triptyque : cours, tables 
rondes et ateliers. Ce triptyque recouvre une autre dimension : nous sommes tous acteurs 
de la formation en apportant nos savoirs et questionnements.  

[ΩŜƴǎŜƳōƭŜ ŘŜǎ ǎǘǊŀǘŞƎƛŜǎ ŘŜ ŦƻǊƳŀǘƛƻƴ ƳƛǎŜǎ Ŝƴ ǇƭŀŎŜ ǊŜǇƻǎŜ ǎǳǊ ƭΩƛƴŎƛǘŀǘƛƻƴ ŀǳ 
partage des savoirs et savoir-faire entre tous les acteurs de cette formation (intervenants, 
participants, organisateurs, industriels). La grande interdisciplinarité du domaine, couplée 
à sa forte dynamique, font que chacun a des choses à transmettre et des choses à 
apprendre. 

MIFOBIO 2021 : 9EME EDITION ET TOUJOURS DU NOUVEAU ! 
 
tƻǳǊ ŎŜǘǘŜ ŞŘƛǘƛƻƴ нлнмΣ ƭϥŞŎƻƭŜ aƛCƻ.ƛƻ ŎƘŀƴƎŜ ŘŜ ǊŞƎƛƻƴΦ !ǇǊŝǎ мл ŀƴǎ Řŀƴǎ ƭΩhǳŜǎǘΣ ƭΩŞŎƻƭŜ ŀ ƭŜǾŞ 
ƭΩŀƴŎǊŜ Ŝǘ ǉǳƛǘǘŞ ƭŜǎ ǾŀƎǳŜǎ ŘŜ ƭΩ!ǘƭŀƴǘƛǉǳŜ ǇƻǳǊ ǾŜƴƛǊ Ŝƴ ƳŞŘƛǘŜǊǊŀƴŞŜ ǎŜ ǇƻǎŜǊ ǎǳǊ ƭŀ ǇǊŜǎǉǳΩƞƭŜ ŘŜ 
Giens, revenant ainsi sur des rivages déjà fréquentés en 2008.  
aŀƛǎ ƭΩŞŎƻƭŜ aƛCƻ.ƛƻ ƴŜ Ŧŀƛǘ Ǉŀǎ ǉǳŜ ōƻǳƎŜǊΦ 9ƭƭŜ ǎŜ ǊŞƛƴǾŜƴǘŜ Ł ŎƘŀǉǳŜ ŞŘƛǘƛƻƴΣ ǇƻǊǘŞŜ ŘŜǇǳƛǎ 
presque 20 ans par la formidable dynamique interdisciplinaire de la biophotonique et des percées 
dans la compréhension du vivant.  
MiFoBio2021 propose une formation de haut niveau couplant les approches théoriques et 
expérimentales, en rassemblant académiques et industriels, chercheurs, ingénieurs et étudiants de 
différentes disciplines. Elle constitue une pƻǊǘŜ ŘΩŜƴǘǊŞŜ ƛƴǘŜǊŘƛǎŎƛǇƭƛƴŀƛǊŜ ǾŜǊǎ ƭŀ ōƛƻƭƻƎƛŜ 
fonctionnelle pour ces scientifiques de différentes disciplines, de manière intégrative et sur un mode 
de co-ǇǊƻŘǳŎǘƛƻƴ ŘŜǎ ǎŀǾƻƛǊǎΦ 9ƭƭŜ ŀ ǇƻǳǊ ǾƻŎŀǘƛƻƴ ŘΩŀǇǇƻǊǘŜǊ ŀǳȄ ǇŀǊǘƛŎƛǇŀƴǘǎ ŘŜ ŘƛŦŦŞǊŜƴǘŜǎ 
disciplines un socle commun de connaissances et savoir-faire, de leur permettre de se former aux 
nouvelles technologies du domaine et de partager leurs compétences.  
MiFoBio est un véritable laboratoire interdisciplinaire temporaire qui offre aux participants une 
vƛǎƛƻƴ ŎƻƳǇƭŝǘŜ ǘƘŞƻǊƛǉǳŜ Ŝǘ ǇǊŀǘƛǉǳŜ ŀƭƭŀƴǘ ŘŜ ƭŀ ǉǳŜǎǘƛƻƴ ōƛƻƭƻƎƛǉǳŜ Ł ƭΩŜȄǇƭƻƛǘŀǘƛƻƴ ŘŜ ƭΩƛƳŀƎŜΣ ŘŜ 
ƭϥƛƴǎǘǊǳƳŜƴǘ Ł ƭŀ ƳƻŘŞƭƛǎŀǘƛƻƴ Ŝǘ ƭΩŀƴŀƭȅǎŜΦ aƛCƻ.ƛƻ нлнмΣ ŦƛŘŝƭŜ Ł ǎŀ ǘǊŀŘƛǘƛƻƴ ƛƴǘŜǊŘƛǎŎƛǇƭƛƴŀƛǊŜΣ Ŝǎǘ 
ǳƴ ƭƛŜǳ ŘΩŞŎƘŀƴƎŜ ŘŜǎ ǎŀǾƻƛǊǎ ƻǴ ŎƘŀŎǳƴŜ Ŝǘ ŎƘŀŎǳn apprend et enseigne, car nous sommes tous 
ŘŞǘŜƴǘŜǳǊǎ ŘΩǳƴ ǇŜǳ ŘŜ ǎŀǾƻƛǊ Ŝǘ ŘŜ ōŜŀǳŎƻǳǇ ŘΩƛƎƴƻǊŀƴŎŜΦ  
Les participants sont donc appelés à devenir des acteurs de la formation sur un modèle participatif. 
En complément des cours qui permettent d'accéder aux concepts, et des ateliers formels qui 
apportent les savoir-faire fondamentaux, l'ensemble des participants est activement mobilisé lors 
des modules avancés, tables-rondes et ateliers innovants. L'organisation pratique de MiFoBio incite 
à un partage permanent entre les participants.  

http://imabio-cnrs.fr/mifobio/programme/
mailto:mifobio-info@services.cnrs.fr
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L'école MiFoBio permet à ses acteurs de différentes origines disciplinaires de se rapprocher pour 
ƛƴƛǘƛŜǊ ŘŜ ƴƻǳǾŜŀǳȄ ǘǊŀǾŀǳȄ ƻǊƛƎƛƴŀǳȄ Ŝǘ ŘΩŞŎƘŀƴƎŜǊ Ŝǘ ƛƳŀƎƛƴŜǊ ŜƴǎŜƳōƭŜ ƭŜǎ ǎƻƭǳǘƛƻƴǎ 
transdisciplinaires de demain. La formation par la pratique telle que portée par exemple au travers 
Řǳ Cŀō[ŀō Ŝǘ ŘŜ ƭΩhǇǘƛŎ[ŀōΣ ǇŀǊǘƛŎƛǇŜ ǘǊŝǎ ŘƛǊŜŎǘŜƳŜƴǘ ŀǾŜŎ ƭŜǎ ŀǘŜƭƛŜǊǎ Ł ƭŀ ŎƻƴǎǘǊǳŎǘƛƻƴ ŘŜ ŎŜǘǘŜ 
dynamique. 
[ŀ ǇŞǊƛƻŘŜ ŘŜ ŎƻƴŦƛƴŜƳŜƴǘ ǉǳƛ ƴƻǳǎ ŀ ŎƻƴŘǳƛǘ Ł ǊŜǇƻǊǘŜǊ aƛCƻ.ƛƻ нлнл ŘΩǳƴ ŀƴΣ ŀ ŀǳǎǎƛ Ŏonduit 
nombre de doctorants à soutenir en comité réduit. Nous avons fortement encouragé les doctorants 
et post-doctorants à participer à cette édition post-confinement. Dans ce but le groupe IYSN propose 
ŀǳȄ ƧŜǳƴŜǎ ǎŎƛŜƴǘƛŦƛǉǳŜǎ ŘΩŀƴƛƳŜǊ ǇƭǳǎƛŜǳǊǎ ǘŜƳǇǎ Ŧƻrts (chair(wo)man, poster-rencontre, rencontre, 
table-ronde, soirée, ... ).  
 
MiFoBio 2021 marque aussi une prise de conscience renforcée dans la prise en compte des 
changements climatiques et de nos responsabilités de scientifiques et citoyennes-citoyens dans la 
conversion de nos pratiques vers un développement plus durable. Ainsi nous vous proposons 
quelques petits gestes : fasicule en numérique, pas de gobelets jetables pour le café et utilisation de 
vos Mugs (offerts par la société Olympus) et vos Gourdes (Nikon), réutiliser des porte-badges, ... 
mais aussi contribuer financièrement à une action de reboisement de la forêt voisine des Maures 
ǉǳƛ ŀ ŞǘŞ ǾƛŎǘƛƳŜ ŘΨǳƴ ǘŜǊǊƛōƭŜ ƛƴŎŜƴŘƛŜ ƭΩŞǘŞ ŘŜǊƴƛŜǊΦ 
Avec MiFoBio 2021 nous marquons aussi un changement... Désormais MiFoBio aura lieu les années 
impaires tous les deux ans. En 2023 nous fêterons la 10ème ŞŘƛǘƛƻƴ ŘŜ ƭΩŞŎƻƭŜΦ bƻǳǎ ǇǊƻŦƛǘƻƴǎ ŘŜ ŎŜǘǘŜ 
occasion pour inviter les jeunes permanents ou non à prendre des responsabilités dans 
ƭΩƻǊƎŀƴƛǎŀǘƛƻƴ ŘŜ ŎŜǘǘŜ ǇǊƻŎƘŀƛƴŜ ŞŘƛǘƛƻƴ Ŝǘ ŀƛƴǎƛ ǇǊŞǇŀǊŜǊ ƭΩŀǾŜƴƛǊΧ 
  

Bon MiFobio 2021 à toutes et à tous ! 
 

  

  

  
 

 

 

 

 

 

 

 

 

Teaser MiFoBio: www.youtube.com/watch?reload=9&v=Bnpx5JGUlyA 
  

http://imabio-cnrs.fr/mifobio/programme/
mailto:mifobio-info@services.cnrs.fr
https://www.youtube.com/watch?reload=9&v=Bnpx5JGUlyA


 INTRODUCTION 
 

Ecole thématique du CNRS : Microscopie Fonctionnelle en Biologie MiFoBio, Giens, 5-12 nov 2021 

http://imabio-cnrs.fr/mifobio/programme/  mifobio-info@services.cnrs.fr      9 

     

 

AVEC MIFOBIO REBOISONS [9{ a!¦w9{ΧΦ 

Avec ƭΩhŦŦƛŎŜ bŀǘƛƻƴŀƭ ŘŜǎ CƾǊŜǘ 
 
!Ǝƛǎǎƻƴǎ ŜƴǎŜƳōƭŜΧΦ 
 
 
[ΩŞǘŞ ŘŜǊƴƛŜǊ ƭŜ ƳŀǎǎƛŦ ŘŜǎ aŀǳǊŜǎ ό±ŀǊύ ŀ ŞǘŞ ǾƛƻƭŜƳƳŜƴǘ ǘƻǳŎƘŞ ǇŀǊ ǳƴ ƛƴŎŜƴŘƛŜΦ hƴ ŘŞƴƻƳōǊŜ 
Ǉƭǳǎ ŘŜ тллл ƘŜŎǘŀǊŜǎ ǇŀǊǘƛǎ Ŝƴ ŦǳƳŞŜ ŀǳ ŎƻǳǊǎ Řǳ Ƴƻƛǎ ŘΩŀƻǶǘΦ 9ƴ Ǉƭǳǎ ŘŜ ƭŀ ǾŞƎŞǘŀǘƛƻƴ ŎŀƭŎinée, la 
ǘƻǊǘǳŜ ŘϥIŜǊƳŀƴƴΣ ǳƴŜ ŜǎǇŝŎŜ ǇǊƻǘŞƎŞŜΣ ƴΩŀ Ǉŀǎ ŞǘŞ ŞǇŀǊƎƴŞŜΦΦΦ  
 
!ǳƧƻǳǊŘΩƘǳƛΣ ƭŜǎ ǎǳǊŦŀŎŜǎ ōǊǶƭŞŜǎ ƻƴǘ ƭŀƛǎǎŞ ŘŜǊǊƛŝǊŜ ŜƭƭŜǎ ŘŜǎ ƳƛƭƭƛŜǊǎ ŘΩŀǊōǊŜǎ ŎŀƭŎƛƴŞǎΣ ƛƳǇŀŎǘŀƴǘ 
durablement la biodiversité. Parmi les écosystèmes touchés, on peut citer les pinèdes de pin parasol, 
ŘŜǎ ǇŜǳǇƭŜƳŜƴǘǎ ŘŜ ŎƘşƴŜ ƭƛŝƎŜ Ŝǘ ŘŜ ŎƘŃǘŀƛƎƴƛŜǊΣ ŀƛƴǎƛ ǉǳΩǳƴŜ ƳƻǎŀƠǉǳŜ ŘŜ ƳƛƭƛŜǳȄ ƴŀǘǳǊŜƭǎ 
abritant une faune remarquable, telle que le lézard ocellé, les rapaces, ou bien encore la tortue 
ŘΩIŜǊƳŀƴƴΧ ¦ƴ ōƛƭŀƴ ǘŜǊǊƛōƭŜ Η CŀŎŜ Ł ƭϥǳǊƎŜnce, aidez-nous à faire renaître de ses cendres ce site 
forestier emblématique ! 
 
 
Un massif à réhabiliter suite à l'incendie 
[Ŝǎ ǇǊŜƳƛŝǊŜǎ ƛƴǘŜǊǾŜƴǘƛƻƴǎΣ Řŝǎ ƭΩŀǳǘƻƳƴŜ нлнмΣ ǾƛǎŜƴǘ Ł ǎŞŎǳǊƛǎŜǊ ƭŜǎ ǎŜŎǘŜǳǊǎ ōǊǶƭŞǎ ǇŀǊ ƭΩŀōŀǘǘŀƎŜ 
des arbres dangereux en ǇŞǊƛǇƘŞǊƛŜ ŘŜǎ ǾƻƛŜǎ ŘŜ ŎƻƳƳǳƴƛŎŀǘƛƻƴ Ŝǘ Ł ǇǊŞǾŜƴƛǊ ƭΩŞǊƻǎƛƻƴ ŘŜǎ ǎƻƭǎΣ 
ƎǊŃŎŜ Ł ƭΩƛƴǎǘŀƭƭŀǘƛƻƴ ŘŜ ŦŀǎŎƛƴŜǎ ǾŞƎŞǘŀƭŜǎ ǊŞŀƭƛǎŞŜǎ Ł ǇŀǊǘƛǊ ŘŜǎ ōƻƛǎ ōǊǶƭŞǎΦ Lƭ Ŝǎǘ Ŝƴ ŜŦŦŜǘ ǳǊƎŜƴǘ 
ŘΩŀƎƛǊ ŀǾŀƴǘ ŘŜ ǇƻǎǎƛōƭŜǎ ǇƭǳƛŜǎ ƳŞŘƛǘŜǊǊŀƴŞŜƴƴŜǎΣ ǉǳƛ ƴŜ ŦŜǊŀƛŜƴǘ ǉǳϥŀŎŎǊƻƞǘǊŜ la dégradation des 
milieux et handicaper la reprise végétale. Dans un second temps, des replantations localisées seront 
envisagées. 
 
Le fonds de dotation ONF-!ƎƛǊ ǇƻǳǊ ƭŀ ŦƻǊşǘ Ŝǘ ƭŜ ŦƻƴŘǎ w9{tLw ŘŜ ƭŀ wŞƎƛƻƴ {ǳŘ ǎΩŀǎǎƻŎƛŜƴǘΣ ŀŦƛƴ 
de récolter des dons, qui permettront de financer les travaux de réhabilitation post-incendie sur 
ce massif. 
 
Avec MiFoBio Participons ensemble à la restauration du Massif des Maures ! 

 
Faire un don : Indiquer MiFOBIO dans votre adresse, pour le suivi de notre action. 

https://www.helloasso.com/associations/onf-agir-pour-la-foret/formulaires/2  

http://imabio-cnrs.fr/mifobio/programme/
mailto:mifobio-info@services.cnrs.fr
https://www.helloasso.com/associations/onf-agir-pour-la-foret/formulaires/2
https://www.helloasso.com/associations/onf-agir-pour-la-foret/formulaires/2
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Dw!b5{ 9bW9¦· 59 [ΩLMAGERIE EN BIOLOGIE ... 

La compréhension des mécanismes moléculaires sous-jacents aux grandes fonctions du 
vivant et leurs régulations est un enjeu majeur en biologie. Une première approche 
consiste à réaliser des mesures des activités, forces et cinétiques au niveau moléculaire 
Řŀƴǎ ƭŜǎ ŎŜƭƭǳƭŜǎ ǾƛǾŀƴǘŜǎ Ŝǘ ŘŜ ǉǳŀƴǘƛŦƛŜǊ Ŝǘ ƳƻŘŞƭƛǎŜǊ ƭŜǎ ǊŞǎǳƭǘŀǘǎ Ł ƭΩŀƛŘŜ ŘŜǎ ƭƻƛǎ ŘŜ ƭŀ 
physique et de la chimie. Cette approche réductionniste prise isolément, ne suffit pas à 
ǊŜƴŘǊŜ ŎƻƳǇǘŜ ŘŜ ƭŀ ŎƻƳǇƭŜȄƛǘŞ ŘŜǎ ƻōǎŜǊǾŀǘƛƻƴǎ Ŝǘ ŘŜ ƭΩƻǊƎŀƴƛǎŀǘƛƻƴ Řǳ vivant. Des 
approches plus intégratives et systémiques couplant des mesures, analyses et 
ƳƻŘŞƭƛǎŀǘƛƻƴǎ Ł ŘƛŦŦŞǊŜƴǘŜǎ ŞŎƘŜƭƭŜǎ ǎǇŀǘƛŀƭŜǎ Ŝǘ ǘŜƳǇƻǊŜƭƭŜǎ ŘΩƻǊƎŀƴƛǎŀǘƛƻƴ Řǳ ǾƛǾŀƴǘ 
ǎƻƴǘ ŀǳƧƻǳǊŘΩƘǳƛ ƴŞŎŜǎǎŀƛǊŜǎΦ 

 
L'étude des grandes fonctions cellulaires au niveau d'organismes en conditions physiologiques ou 
ǇŀǘƘƻƭƻƎƛǉǳŜǎΣ ŀƛƴǎƛ ǉǳŜ ƭΩŀƴŀƭȅǎŜ ŘŜǎ ŘȅƴŀƳƛǉǳŜǎ ƳƻƭŞŎǳƭŀƛǊŜǎ ŀǳȄ ŘƛŦŦŞǊŜƴǘŜǎ ŞŎƘŜƭƭŜǎ 
ŘΩƻǊƎŀƴƛǎŀǘƛƻƴ Řǳ ǾƛǾŀƴǘΣ ǎƻƴǘ ŀǳƧƻǳǊŘϥƘǳƛ ǇƻǎǎƛōƭŜǎ ƎǊŃŎŜ ŀǳȄ ǊŞŎŜƴǘǎ développements réalisés en 
microscopie notamment depuis le début des années 2000. Ce champ de recherche interdisciplinaire 
est extrêmement dynamique grâce à des progrès conceptuels et technologiques successifs. 
L'attribution du prix Nobel de chimie 2014 pour la super-résolution en microscopie photonique et 
ses applications au vivant attribué à E. Betzig (qui a donné un séminaire à MiFoBio la veille de 
l'attribution de ce prix), S. Hell et W. Moerner est un des signes forts de ce dynamisme. La 
microscopie esǘ ŜƴǘǊŞŜ ŘŜ ƭΩƻōǎŜǊǾŀǘƛƻƴ όǎƻƴ ǎŜƴǎ ŞǘȅƳƻƭƻƎƛǉǳŜύ Ł ƭŀ ǉǳŀƴǘƛŦƛŎŀǘƛƻƴΦ /ŜǘǘŜ 
ŜȄǘǊŀƻǊŘƛƴŀƛǊŜ ŞǾƻƭǳǘƛƻƴ ǎΩŀŎŎƻƳǇŀƎƴŜ Řǳ ŘŞǇŀǎǎŜƳŜƴǘ ŘŜ ƳǳƭǘƛǇƭŜǎ ǾŜǊǊƻǳǎ ŎƻƴŎŜǇǘǳŜƭǎ 
(interaction photon/matière, dynamique moléculaire, mécanique cellulaire, physique des tissus, 
problèmes inverses, modélisation) et technologiques (sondes, ciblage, instrumentation, détection, 
photo-ǘƻȄƛŎƛǘŞΣ ŀƴŀƭȅǎŜ ŘΩƛƳŀƎŜǎύΦ /Ŝ ŘŞǇŀǎǎŜƳŜƴǘ ŜȄƛƎŜ ŘŜ ƴƻǳǾŜƭƭŜǎ ǎǘǊŀǘŞƎƛŜǎ Ŏƻ-produites de 
manière interdisciplinaire entre chimistes, physicien(ne)s, informaticien(ne)s, mathématicien(ne)s 
et biologistes, mais aussi le renforcement des travaux croisés entre expérimentateurs et théoriciens. 
Au niveau national, le GDR "Imagerie pour la biologie - ImaBio" regroupe cette large et dynamique 
communauté interdisciplinaire et inter-organismes (120 laboratoires, 1400 scientifiques). 
[ϥŜȄǇƭƻƛǘŀǘƛƻƴ ŘŜ ƭŀ ǊƛŎƘŜǎǎŜ ŘŜ ŎŜǎ ƳƻŘŀƭƛǘŞǎ ŘϥƛƳŀƎŜǊƛŜ ǇŜǊƳŜǘ ŘΩŀŎŎŞŘŜǊ Ł ǳƴŜ ƴƻǳǾŜƭƭŜ 
compréhension de l'organisation du vivant, et de lier les mesures faites à l'échelle moléculaire avec 
les autres échelles fonctionnelles du vivant. Cette progression nécessite un véritable travail en 
équipe interdisciplinaire qui impose une complémentarité et une forte compréhension mutuelle, un 
dialogue permanent entre les disciplines et donc une base de connaissances partagées aux niveaux 
théorique et pratique. On arrive ainsi à la notion de "co-recherche" : l'imagerie fait avancer le 
questionnement biologique et les biologistes stimulent de nouveaux axes de développement et de 
recherche dans des ŘƛǎŎƛǇƭƛƴŜǎ ƴƻƴ ōƛƻƭƻƎƛǉǳŜǎΦ /ŜǘǘŜ ŘȅƴŀƳƛǉǳŜ ƴŞŎŜǎǎƛǘŜ ŘΩŀǎǎǳǊŜǊ ŘŜ ƳŀƴƛŝǊŜ 
récurrente le transfert de nouveau savoir entre disciplines, mais aussi de former les jeunes 
ƎŞƴŞǊŀǘƛƻƴǎ Ł ǳƴŜ ōŀǎŜ ŎƻƳƳǳƴŜ ƛƴǘŜǊŘƛǎŎƛǇƭƛƴŀƛǊŜ ŘŜ ŎƻƴŎŜǇǘǎ Ŝǘ ƻǳǘƛƭǎ ŘŜ ƭΩƛƳŀƎŜǊƛŜΣ tout en 
ǇǊƻƳƻǳǾŀƴǘ ƭΩƛƴǘŞƎǊŀǘƛƻƴ ŘŜ ƴƻǳǾŜƭƭŜǎ ŎƻƳǇŞǘŜƴŎŜǎ ǇƻǳǊ ƛƴŘǳƛǊŜ ƭŜ ŘŞǇŀǎǎŜƳŜƴǘ ŘŜǎ ƴƻǳǾŜŀǳȄ 
verrous conceptuels et technologiques.  
 
 
 
Maintenant au travailé 
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IMABIO YOUNG SCIENTIST NETWORK (IYSN) 

http://imabio-cnrs.fr/presentation-iysn/ 

 

Current committee:  
Hana Valenta1, Valério Laghi2, Samer Alhaddad3, Clément Cabriel3, Nathan Quiblier4, Maciej Kerlin5, 
Mohamad Jamal Wawi6   
  
1Laboratory for Nanobiology, Department of Chemistry, KU Leuven, Belgium 
2Institut Pasteur, Paris, France 
3Institut Langevin, ESPCI, Paris, France 
4Laboratoire d'InfoRmatique en Image et Systèmes d'information, UMR 5205 CNRS/INSA Lyon 
5 Institut Curie, Paris, France 
6 Université de Perpignan, Perpignan, France 
  
In 2018, the GDR ImaBio created an associated network of young researchers (IYSN for ImaBio Young 
Scientists Network). IYSN aims to bring together PhD students and post-docs from the bio-imaging 
community in France and connect them around key topics. Our goal is to offer specific opportunities 
to young researchers in terms of knowledge-transfer, training, as well as interacting with the 
industrial partners and other laboratories of ImaBio. The network welcomes all young researchers 
whose interests fall within the topics of GDR ImaBio (microscopy for biology from the nano- to 
macro-scale).  
To increase the communication within the community, the IYSN organizes an interactive conference 
every year. 
We are recruiting new members to the team!  
Contact us or Come to see our poster and discuss with us at MiFoBio! 
  
Contact:  
hana.valenta@icloud.com,  
valerio.laghi@pasteur.fr,  
ignacio.izeddin@espci.fr (GDR ImaBio contact) 
pierre.bon@cnrs.fr (GDR ImaBio contact)  
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PLANNING DES COURS 

 

Vendredi 5 novembre  

9h00-12h00 Pré-modules  
Les salles seront communiquées sur place. 
 

15h-18h Module Fondamentaux et concepts  
Salle Méditerranée  
 
15h00-15h30  
Basics of photochemistry for fluorescent microscopy Dominique Bourgeois 
15h30-16h00 
Concepts fondamentaux sous-jacents aux techniques de microscopie de 
fluorescence avancées. Guillaume Dupuis 
16h00-16h30 
La biologie par les nombres Gabriel Bidaux 
16h30-17h00 
Notions de base en apprentissage machine David Rousseau 
 

Pause libre (17h00-18h) 

18h-20h SEMINAIRES 
Salle Méditerranée (retransmission live en Salle Porquerolles) 
18h00-18h50 
S1. Cytoplasmic forces functionally reorganize nuclear condensates in oocytes 
Marie-Hélène Verlhac 
  
18h50-19h40 
S2. How do dyes get into cells? 
Luke D. Lavis  
 
20h00-21h00 
Diner 
 

21h30-0h00 Posters & Beer sessions  
(organized by Imabio Young Scientist Network)  
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Samedi 6 novembre Matin

Salle Méditerranée  

Module 3 : Intelligence artificielle 
ǇƻǳǊ ƭΩƛƳŀƎŜǊƛŜ ōƛƻƭƻƎƛǉǳŜ  
 
8h30-9h15 M3-1. 
Microscopy Image Analysis: The Shift to 
Deep Learning?  
Daniel Sage  
9tC[Σ [ŀōƻǊŀǘƻƛǊŜ ŘΩƛƳŀƎŜǊƛŜ ōƛƻƳŞŘƛŎŀƭŜΦ  
 
9h20-10h05 M3-2. 
Multiscale and multimodal registration: an 
overview of methods  
Perrine Paul-Gilloteaux  
Institut du thorax, SFR Santé François 
Bonamy, Université de Nantes, CNRS, 
INSERM, Nantes, France.  

Salle Porquerolles 

Module 1 : Sondes fluorescentes 
 
8h30-9h15 M1-1. 
Fluorescent-protein based biosensors to 
monitor biochemical activities and protein-
protein interactions by FRET- FLIM 
Marie Erard  
Université Paris-Saclay, CNRS, Institut de 
Chimie Physique.  
 
9h20-10h05 M1-2. 
Systemic imaging with light sheet 
fluorescence microscopy  
Kaspar Podgorsky  
HHMI Janelia Research Campus. 
 

 
 
10h10-10h40 Coffe Break sponsored by TreeFrog 
 
 
Salle Méditerranée (retransmission live en Salle Porquerolles) 

Module 3 Υ LƴǘŜƭƭƛƎŜƴŎŜ ŀǊǘƛŦƛŎƛŜƭƭŜ ǇƻǳǊ ƭΩƛƳŀƎŜǊƛŜ ōƛƻƭƻƎƛǉǳŜ  
 

10h40-11h25 M3-3  
Self-Supervised Deep Learning for Fluorescence Imaging and nD Image Viewing with Napari 
Loïc Alain Royer  
Chan Zuckerberg Biohub, San Francisco, USA. 
 
11h30-12h15 M3-4.  
Microscopy image analysis with machine learning  
Martin Weigert  
EPFL, Lausanne, Switzerland.  
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Samedi 6 novembre Après-midi

Salle Méditerranée 

Module 2 : Le défi de la 
quantification en nanoscopie  
 

16h10-16h55 M2-1. 
Structured illumination microscopy (SIM) for 
high-speed super-resolution fluorescence 
imaging of living cells  
Alexandra Fragola  
Laboratoire Physique et Étude de Matériaux 
UMR 8213, ESPCI Paris-PSL, CNRS, Sorbonne 
Université. 
 

17h-17h45 M2-2. 
3D single molecule localization microscopy  
Sandrine Lévêque-Fort  
Lƴǎǘƛǘǳǘ ŘŜǎ {ŎƛŜƴŎŜǎ aƻƭŞŎǳƭŀƛǊŜǎ ŘΩhǊǎŀȅΣ 
CNRS, Université Paris Saclay, 91405 Orsay.  

Salle Porquerolles 

Module 3 : Intelligence artificielle 
ǇƻǳǊ ƭΩƛƳŀƎŜǊƛŜ ōƛƻƭƻƎƛǉǳŜ  
 

16h10-16h55 M3-5. 
Deep Learning with Medical Images: 
learning with small datasets and few 
annotations  
Diana Mateus  
Centrale Nantes/LS2N.  

 

17h00-17h45 M3-6. 
Extracting the invisible from live cell 
microscopy  
Assaf Zaritsky  
Department of Software and Information 
Systems Engineering, Ben-Gurion University 
of the Negev, Israel.  

18h00-18h15 pause 

Salle Méditerranée (retransmission live en Salle Porquerolles) 

Module 2 : Le défi de la quantification en nanoscopie  
 
 18h15-19h00 M2-3. 
Superresolution microscopy for structural cell biology  
Jonas Ries  
Cell Biology and Biophysics unit, European Molecular Biology Laboratory (EMBL). 
 

19h05-19h50 M2-4. 
Quantification of filament structures in superresolution and expansion microscopy 
E.A. Katrukha 
Cell Biology, Department of Biology, Faculty of Science, Utrecht University, Netherlands. 

http://imabio-cnrs.fr/mifobio/programme/
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Dimanche 7 novembre Matin

Salle Méditerranée 

Module 1 : Sondes fluorescentes  
 
8h30-9h15 M1-3.  
Fluorescent dyes and nanoparticles as 
bright probes for advanced bioimaging. 
Andrey Klymchenko 
Laboratory of Bioimaging and 
Pathologies.  
 
9h20-10h05 M1-4. 
Labeling strategies to visualize the inner 
life of microbes by single-molecule 
localization microscopy ς a practical 
guide 
Ulrike Endesfelder  
Institut für Mikrobiologie und Biotechnologie, 
Universität Bonn.

Salle Porquerolles  

Module 2 : Nanoscopies 
 
8h30-9h15 M2-5.  
From images to information: enhancing 
resolution and improving accuracy in SMLM 
VISIO  
Susan Cox  
YƛƴƎΩǎ ŎƻƭƭŜƎŜΣ [ƻƴŘƻƴΦ  
 
9h20-10h05 M2-6. 
Computational microscopy by PSF 
engineering - or ς how and why to ruin a 
perfectly good microscope  
Yoav Shechtman 
Department of Biomedical Engineering, 
Technion ς Israel Institute of Technology. 

 
10h10-10h40 Coffe Break sponsored by Telight 
 
Salle Méditerranée (retransmission live en Salle Porquerolles) 

Module 1 : Sondes fluorescentes  
 
10h40-11h25 M1-5. 
Switchable Organic Dyes: the Photophysics of STORM 
Mark Bates  
Department of NanoBiophotonics, Max Planck Institute for Biophysical Chemistry.  
 
11h25-12h10 Seminar 3  
Force transmission at cell adhesions and the nucleus    
Nicolas Borghi, 
Institut Jacques Monod, CNRS, Université de Paris, Paris, France    
 
19h10-20h05 S.3 VISIO 
Building the next generation of genetically encoded probes and actuators  
Nathan C. Shaner  
Department of Neurosciences, University of California San Diego School of Medicine. 
 
18h15 Seminar 4 
3D super-resolution imaging of living systems using Multifocus Microscopy and Structured 
Illumination Microscopy   
Sara Abrahamson,  
University of California Santa Cruz, , USA; National Microscopy Infrastructure, KTH, Stockholm,  
Sweden 

http://imabio-cnrs.fr/mifobio/programme/
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Lundi 8 novembre Matin
Salle Méditerranée   

Module 5 : Ondes sur le vivant 
(avec GDR Ondes) 
 
8h30-9h15 M5-1. 
Measuring and shaping the phase of 
light: key applications in biology  
Pascal Berto 
Institut de la vision, Sorbonne Université, 
INSERM, CNRS.  
 
9h20-10h05 M5-2. 
X-ray coherent diffraction imaging: 3D 
exploration of biologically relevant hard and 
soft tissues 
Virginie Chamard 
Aix-Marseille Université, CNRS, Centrale 
Marseille, Institut Fresnel, Marseille. 

Salle Porquerolles 

Module 6 : Dynamique et 
interactions moléculaires en 
cellules vivantes : 
expérimentation et modélisation 
 
8h30-9h15 M6-1. 
Revealing spatial and kinetic details of life 
processes by analyzing live cell single 
molecule tracking data  
J. Christof M. Gebhardt  
Institute of Biophysics, Ulm University, 
Germany.  
 
9h20-10h05 M6-6. VISIO 
E. coli chromosome dynamics and the cell 
cycle  
Marco Cosentino Lagomarsino 
Department of Physics, University of Milan, 
Italy

 
10h10-10h40 Coffe break sponsored by 
 
Salle Méditerranée (retransmission live en Salle Porquerolles) 
Module 5 : Ondes sur le vivant (avec GDR Ondes) 
 
10h40-11h25 M5-3. 
Imaging the brain at high spatiotemporal resolution with wavefront shaping 
Na Ji 
Department of Physics, Department of Molecular & Cell Biology, University of California, Berkeley.  
 
11h25-12h10 M5-4. 
Volumetric imaging at high speeds 
Jérome Mertz 
Biomedical Engineering Department, Boston MA. 
 
18h15 Seminar S 
Super-resolution microscopy: Challenges and Potentials in biomedical research  
Christian Eggeling,  
LƴǎǘƛǘǳǘŜ ŦƻǊ !ǇǇƭƛŜŘ hǇǘƛŎǎ ŀƴŘ .ƛƻǇƘȅǎƛŎǎΣ CǊƛŜŘǊƛŎƘπ{ŎƘƛƭƭŜǊπ¦ƴƛǾŜǊǎƛǘȅ WŜƴŀΤ [ŜƛōƴƛȊ LƴǎǘƛǘǳǘŜ ŦƻǊ 
Photonic Technology e.V., Jena, Germany; MRC Human Immunology Unit, Weatherall Institute of 
Molecular Medicine, University of Oxford, Oxford, United Kingdom   
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Mardi 9 novembre Après-midi
Salle Méditerranée 

Module 6 : Dynamique et 
interactions moléculaires en 
cellules vivantes : 
expérimentation et modélisation  
 
14h00-14h45 M6-3. 
Imaging DNA repair at the single molecule 
level 
Judith Miné-Hattab 
Inst Curie, PSL University, UMR3664, France. 
 
14h50-15h35 M6-4.  
Investigating reaction-diffusion dynamics of 
proteins in the nucleus of living cells using 
fluorescence-based methods  
Sébastien Huet 
Institut de Génétique et Développement de 
Rennes, France. 

Salle Porquerolles  

Module 5 : Mécanobiologie 
cellulaire et tissulaire : 
expérimentation et modélisation 
 
14h00-14h45 M5-5.  
Gouy and Brown to the rescue: Label-free 
virus detection and virus-antibody 
interaction monitoring by common-path 
interferometry 
Ignacio Izeddin 
Institut Langevin, ESPCI Paris, PSL University, 
CNRS.  
 
14h50-15h35 M5-6. 
tƻƭŀǊƛȊŜŘ ƳƛŎǊƻǎŎƻǇȅ ǊŜǎƻƭǾŜǎ ǇǊƻǘŜƛƴΩǎ 
organization in cells  
Sophie Brasselet  
Aix Marseille Université, CNRS, Centrale 
Marseille, Institut Fresnel.

15h40-16h10 pause 
 

Salle Méditerranée (retransmission live en Salle Porquerolles) 

Module 6 : Dynamique et interactions moléculaires en cellules vivantes : 
expérimentation et modélisation   
 
16h10-16h55 M6-5. 
Understanding the molecular assembly of the cell contractile machinery 
François Robin 
CNRS UMR7622 and Inserm ERL 1156, Institut de Biologie Paris-Seine (IBPS), Paris, France. 
 
16h55-17h40 M6-6. 
Lighting up the central dogma in living embryos to uncover how genomic sequence encodes cell 
fate decisions  
Jacques Bothma 
Hubrecht Institute for Developmental Biology and Stem Cell Research, Utrecht, The Netherlands 
 
18h15 Seminar S6 
Metal- and Graphene-Induced Energy Transfer Imaging 
Jörg Enderlein, Institute of Physics ς Biophysics, Göttingen, Germany. 
 
19h15 Sminar 7 
Towards quantitative correlative microscopy  
Lucy Collinson, Francis Crick Institute, 1 Midland Road, London NW1 1AT, UK
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Mercredi 10 novembre Matin 
  
Salle Méditerranée  

Module 4 : Imagerie 
multicellulaire : organoïdes, 
tissus, embryons  
 
8h30-9h15 M4-1. VISIO 
Sometimes, there IS a free lunch: How to 
get twice the resolution from your 
microscope, without (serious) drawbacks 
Andrew York 
Calico Life Sciences LLC, South San Francisco, 
CA, USA. 
 
9h20-10h05 M4-2.  
3D printing and bioprinting for the 
development of microenvironment and 
tissue models VISIO 
Laurent Malaquin 
ELiA team, LAAS ς CNRS UPR 8001, Toulouse, 
France. 

Salle Porquerolles 

Module 7 : Signalisation cellulaire, 
mécanobiologie, 
mécanotransduction  
 
8h30-9h15 M7-1. 
Spatial regulation of exocytosis 
Stéphanie Miserey-Lenkei 
Institut Curie, PSL Research University, 
Sorbonne Université, CNRS, UMR 144, 
Molecular Mechanisms of Intracellular 
Transport laboratory. 
 
9h20-10h05 M7-2.  
Clathrin plaques from mechano-
transducting platforms. 
Stéphane Vassilopoulos 
INSERM UMRS_974, Sorbonne Universités, 
UPMC Univ Paris 06, Institute of Myology, 
Paris, France.

10h10-10h40 coffe break sponsored by: 
 
Salle Méditerranée (retransmission live en Salle Porquerolles) 

Module 4 : Imagerie multicellulaire : organoïdes, tissus, embryons  

 
10h40-11h25 M4-3. 
Organ on chip, a new generation of in vitro models. 
Descroix Stéphanie, 
Institut Curie UMR 168- Institut Pierre Gille de Gennes. 
 
11h25 Siminar S8 
Synaptic vesicle pools under the nanoscope 
Frédéric A. Meunier,    Clem Jones Centre for Ageing Dementia Research (CJCADR), Queensland Brain 
Institute (QBI), University of Queensland, St Lucia Campus, Brisbane, QLD, 4072, Australia.   
 
18h15-19h10 M4-4. VISIO  
SCAPE microscopy for high-speed 3D imaging.  
Elizabeth M. C. Hillman,   
Mortimer B. Zuckerman Mind Brain Behavior Institute, Professor of Biomedical Engineering and 
Radiology, Columbia University, Jerome L. Greene Science Center 
 
19h15 Seminar S9 
The Mechanobiology of Cell Growth and Shape control  
Nicolas Minc,   Institut Jacques Monod, CNRS UMR 7592, Université de paris.
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Jeudi 11 novembre Matin
Salle Méditerranée 

Module 7 : Signalisation cellulaire, 
mécanobiologie, 
mécanotransduction  
 
8h30-9h15 M7-3.  
Impact of physical forces of the gut on 
pathogen infection using organ on ship 
(OOC). 
Nathalie Sauvonnet, 
Intracellular trafficking and tissue 
homeostasis, department Cell Biology and 
Infection, Institut Pasteur.  
 
9h20-10h05 M6-6. 
Mechanisms and mechanics driving 
composite morphogenesis. 
Matteo Rauzi, 
¦ƴƛǾŜǊǎƛǘŞ /ƾǘŜ ŘΩ!ȊǳǊΣ /bw{Σ LƴǎŜǊƳΣ ƛ.±Σ 
Nice, France. 

Salle Porquerolles   

Module 4 : Imagerie 
multicellulaire : organoïdes, 
tissus, embryons  
 
8h30-9h15 M4-5. 
Quantifying transport and efficacy of 
therapeutics in spheroids. 
Charlotte Rivière, 
Université Claude Bernard Lyon 1, CNRS, 
Institut Lumière Matière ; Institut 
Convergence Plascan, CRCL ; Institut 
Universitaire de France (IUF). 
 
9h20-10h05 M4-6. VISIO  
3D-printed minimally assembled 
interchangeable LSFM chamber for serial 
imaging of organoids and spheroids. 
Francesco Pampaloni, 
Buchmann Institute for Molecular Life 
Sciences (BMLS) Germany; Institute for 
Research in Biomedicine, IRB Barcelona. 

 
 
10h10-10h40 coffe break sponsored by:  
 
Salle Méditerranée (retransmission live en Salle Porquerolles) 

Module 7 : Signalisation cellulaire, mécanobiologie, mécanotransduction  
 
10h40-11h25 M7-5. 
Correlated super-resolution light and electron microscopy reveals a novel actin-driven mechanism 
of nuclear envelope rupture in starfish oocytes. 
Peter Lenart, 
Cell Biology and Biophysics Unit, European Molecular Biology Laboratory (EMBL), Max Planck 
Institute for Biophysical Chemistry, 37077 Göttingen, Germany.  
 
11h25-12h10 M7-6. 
Dissecting the link between signaling and cell mechanics using optogenetics and AFM. 
Guillaume Charras, 
University College London, UK. 
 
18h15 Seminar 10 
Médiation technique et conception : une création orientée ? 
Claude Paraponaris, 
DR CNRS, Professeur des universités Aix Marseille, Anthropologue et philosophe de la technique, 
organologie de la création industrielle  
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PRE-MODULES 

Vendredi 5 novembre Matin 
 

8h30-12h00 Pré-modules  
Les salles seront communiquées sur place 

Bases en Biologie Cellulaire 
Delphine Muriaux 
[ΩƻǊƎŀƴƛǎƳŜ ǉǳΩƛƭ ǎƻƛǘ ǾŞƎŞǘŀƭ ƻǳ ŀƴƛƳŀƭ Ŝǎǘ ŎƻƴǎǘƛǘǳŞ ŘŜ ƳƛƭƭƛŀǊŘǎ ŘŜ ŎŜƭƭǳƭŜǎ ŘŜ ƴŀǘǳǊŜ Ŝǘ ŘŜ 
fonctions différentes dont la différenciation apparaît au cours du développement suite à la 
ŦŞŎƻƴŘŀǘƛƻƴΦ 5ŀƴǎ ŎŜ ŎƻǳǊǎΣ ƴƻǳǎ ŀƭƭƻƴǎ ǇƻǊǘŜǊ ǳƴŜ ŀǘǘŜƴǘƛƻƴ ǇŀǊǘƛŎǳƭƛŝǊŜ Ł ŎŜǘǘŜ ǳƴƛǘŞ ǉǳΩŜǎǘ ƭŀ 
cellule, en définissant de manière générale ses aspects moléculaires. Nous décrirons les différences 
entre cellules eucaryotes et procaryotes, leurs compartiments intracellulaires (Noyau, Reticulum, 
DƻƭƎƛΣ aƛǘƻŎƘƻƴŘǊƛŜǎΣ 9ƴŘƻǎƻƳŜǎ Χύ Ŝǘ ƭŜǎ ƴƻǘƛƻƴǎ ŘŜ aŜƳōǊŀƴŜǎΣ tǊƻǘŞƛƴŜǎΣ !wb Ŝǘ !5bΣ Ŝƴ ǘŀƛƭƭŜΣ 
en nombres et en couleur. Puis, pour finir nous aborderons les notions de transfection, transduction, 
Ŝǘ ƛƴŦŜŎǘƛƻƴΣ ŎƻƳƳŜ ƻǳǘƛƭǎ ŀŦƛƴ ŘΩŜȄǇǊƛƳŜǊ ƭŜǎ ǇǊƻǘŞƛƴŜǎ ŦƭǳƻǊŜǎŎŜƴǘŜǎ Řŀƴǎ ŎŜǎ ŎŜƭƭǳƭŜǎ Ŝǘ ƭŜǎ 
visualiser par microscopies. 
Gabriel Bidaux 
L'organisation des organismes vivants est contrainte par les lois de la chimie et de la physique et son 
étude requiert des outils dont les gammes dynamiques et les limites doivent être ajustées aux 
bonnes dimensions. Ce cours introduit les notions d'espace et de temps des processus de l'échelle 
moléculaire à l'échelle de l'organisme. 
 
Bases en analyse d'image 
Bertrand Simon & David Rousseau 
/Ŝ ǇǊŞƳƻŘǳƭŜ ǊŜǇǊŜƴŘǊŀ ƭŀ ƴƻǘƛƻƴ ŘΩǳƴŜ ƛƳŀƎŜ ƴǳƳŞǊƛǉǳŜΣ ƭŜǎ ǇǊƻōƭŞƳŀǘƛǉǳŜǎ ƭƛŞŜǎ ŀǳ ŦƻǊƳŀǘ Ŝǘ 
les techniques de base de prétraitement et segmentation des images (seuillage, filtres,  frontières, 
binarisation & analyses morphologiques). 
 
Optique pour les nuls 
Olivier Haeberlé  
 
Ce prŞmodule propose de reprendre des notions de base de la formation des images dans un 
microscope optique et de les replacer dans le contexte des diffŞrentes technologies qui seront 
abordŞes plus en profondeur lors des modules. 
(Optique géométrique élémentaire, la diffraction, la phase et la PSF, les techniques de 
superrésolution et de microtomographie) 
 
 
 
 
Bases de la fluorescence (public cible : biologistes, mathématiciens, informaticiens).  Dominique 
Bourgeois 
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Beaucoup de participants à l'école MiFoBio utilisent la microscopie de fluorescence. Cependant, les 
propriétés des marqueurs fluorescents sont parfois méconnues. Ce prémodule propose de faire un 
point sur les différents processus liés à la fluorescence et sur les propriétés des fluorophores 
(spectres, conversions radiatives et non-radiative, fluorescence, phosphorescence, états singulets, 
triplets, réactions avec l'environnement, bleaching, blinking, coefficient d'absorption molaire, 
section croisée, rendement quantique, brillance, FRET, notion de flux de photon en microscopies de 
fluorescence, durée de vie). Nous donnerons aussi une ouverture sur les processus non fluorescents 
όƎŞƴŞǊŀǘƛƻƴ ŘΩƘŀǊƳƻƴƛǉǳŜ ǇŀǊ ŜȄŜƳǇƭŜύΦ 
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MODULES FONDAMENTAUX 

L'objectif de ce module est de mettre en place les concepts et connaissances fondamentales 
nécessaires pour l'intégration du contenu des différents modules. En particulier l'objectif est de 
replacer correctement les vocabulaires propres à chaque discipline ou domaine. Ce module assurera 
à chacun les bases interdisciplinaires nécessaires. Pour faciliter la compréhension des concepts entre 
discipline ces cours fondamentaux seront en français (avec traduction du vocabulaire spécifique 
Anglais).  
The objective of this module is to put in place the fundamental concepts and knowledge necessary 
for the integration of the content of the different modules. In particular, the objective is to correctly 
place the vocabulary specific to each discipline or field. This module will provide each student with 
the necessary interdisciplinary foundation. To facilitate the understanding of concepts between 
disciplines, these fundamental courses will be in French (with translation of specific English 
vocabulary). 

 

Basics of photochemistry for fluorescent microscopy  
Dominique  Bourgeois , Institut de Biologie structurale, Grenoble 
dominique.bourgeois@ibs.fr  
Fluorescence microscopy always starts with the choice of a suitable fluorescent marker. Beyond live-
cell compatibility, labeling specificity, preservation of target biological function, minimization of 
cyto- and photo-toxicity, suitable emission color and maximization of fluorescence brightness, the 
performance of all fluorescence microscopy techniques, and notably advanced methods such as 
super resolution or FRET-based imaging strongly depends on the highly complex photochemical 
properties of the chosen markers or sensors. In this lecture, after reviewing the essential vocabulary, 
I will recapitulate the main photochemical and photophysical parameters to consider when selecting 
fluorophores and I will introduce the different families of fluorescent markers, from fluorescent 
proteins to organic dyes and nanoparticles, listing their main advantages and drawbacks.  
 
Concepts fondamentaux sous-jacents aux techniques de microscopie de fluorescence avancées.   
DǳƛƭƭŀǳƳŜ 5ǳǇǳƛǎΣ Lƴǎǘƛǘǳǘ ŘŜǎ {ŎƛŜƴŎŜǎ aƻƭŞŎǳƭŀƛǊŜǎ ŘΩhǊǎŀȅΣ ¦ƴƛǾŜǊǎƛǘŞ tŀǊƛǎ {ŀŎƭŀȅ 
guillaume.dupuis@universite-paris-saclay.fr  
[ΩƛƳŀƎŜǊƛŜ ŘŜ ŦƭǳƻǊŜǎŎŜƴŎŜ Ŝǎǘ ǳƴ ƻǳǘƛƭ ŘŜ ǊŞŦŞǊŜƴŎŜ Řŀƴǎ ƭΩŞǘǳŘŜ ŘŜǎ ǎȅǎǘŝƳŜǎ ōƛƻƭƻƎƛǉǳŜǎ ǇŀǊŎŜ 
ǉǳΩŜƭƭŜ ƻŦŦǊŜ ǎƛƳǳƭǘŀƴŞƳŜƴǘ ƭŀ ǇƻǎǎƛōƛƭƛǘŞ ŘŜ ƭΩƻōǎŜǊǾŀǘƛƻƴ Ŝƴ ƳƛƭƛŜǳ ǾƛǾŀƴǘ Ł ƘŀǳǘŜ ǊŞǎƻƭǳǘƛƻƴ 
spatiale et la spécificité moléculaire de la fluorescence. Cela ŞǘŀƴǘΣ ǎŜǎ ŎƘŀƳǇǎ ŘΩƛƴǾŜǎǘƛƎŀǘƛƻƴ ƻƴǘ 
longtemps été restreints par une limite fondamentale de tout système optique : la limite de 
ŘƛŦŦǊŀŎǘƛƻƴΦ 5ŜǇǳƛǎ ǳƴŜ ŘƛȊŀƛƴŜ ŘΩŀƴƴŞŜǎΣ ŘŜǎ ŘŞǾŜƭƻǇǇŜƳŜƴǘǎ ƛƴǎǘǊǳƳŜƴǘŀǳȄ ŀƭƭƛŀƴǘ ŘŜ ƴƻǳǾŜƭƭŜǎ 
ŀǇǇǊƻŎƘŜǎ ƻǇǘƛǉǳŜǎ Ŝǘ ƭΩƛƴƎŞƴierie des transitions moléculaires des fluorophores ont réussi à 
ŎƻƳǇƭŝǘŜƳŜƴǘ ŘŞǇŀǎǎŜǊ ƭŀ ƭƛƳƛǘŜ ŘŜ ŘƛŦŦǊŀŎǘƛƻƴ Ŝǘ ƻŦŦǊŜƴǘ ŘƻǊŞƴŀǾŀƴǘ ŀŎŎŝǎ Ł ƭΩŞŎƘŜƭƭŜ ƴŀƴƻǎŎƻǇƛǉǳŜ 
ŘŜǎ ǎȅǎǘŝƳŜǎ ōƛƻƭƻƎƛǉǳŜǎΦ [ΩƛŘŞŜ ŘŜ ŎŜ ƳƻŘǳƭŜ ŦƻƴŘŀƳŜƴǘŀƭ ŘΩƻǇǘƛǉǳŜ Ŝǎǘ ŘŜ ŘŞŎǊƛǊŜ ƭŜǎ ŎƻƴŎepts 
fondamentaux sous-jacents à ces techniques de microscopie de super-résolution, dans le but de 
mieux appréhender les principes des méthodes et des instruments qui seront présentés et utilisés 
au cours de cette école thématique. Cette présentation orale sera faite en Français avec un support 
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Ŝƴ !ƴƎƭŀƛǎΦ [ΩƛƴǘŜǊǾŜƴŀƴǘ ǎΩŜŦŦƻǊŎŜǊŀ ŘŜ ǊŀǇǇŜƭŜǊ ƭŜǎ ŀŎǊƻƴȅƳŜǎ Ŝǘ Ƴƻǘǎ-ŎƭŞǎ ŘΩǳǎŀƎŜ ƭƛŞǎ Ł ŎŜǎ 
concepts. 
 
 
La biologie par les nombres 
Gabriel Bidaux , Laboratoire Carmen, INSERM, Université Lyon 1 
gabriel.bidaux@univ-lyon1.fr 
« Je dis souvent que lorsque vous pouvez mesurer ce dont vous parlez et l'exprimer en chiffres, vous 
en savez quelque chose » (William Thomson, alias Lord Kelvin, 1883). De nos jours, les scientifiques 
seraient majoritairement d'accord avec cette formule tant la « biologie quantitative " est utilisée 
pour mesurer et comparer les réactions chimiques à toutes les échelles dans les organismes vivants. 
Les nombres sont non seulement utiles aux biologistes pour mieux comprendre les mécanismes du 
vivant mais aussi aux chimistes, physiciens et mathématiciens pour caractériser et modéliser ces 
mécanismes, ainsi qu'aux ingénieurs pour calibrer leurs outils et ainsi améliorer la précision de la 
mesure. Regardons donc ces nombres de l'échelle atomistique à celle du vivant. 
 
Notions de base en apprentissage machine 
5ŀǾƛŘ wƻǳǎǎŜŀǳ Σ [ŀōƻǊŀǘƻƛǊŜ [ŀǊƛǎΣ ¦ƴƛǾŜǊǎƛǘŞ ŘΩ!ƴƎŜǊǎ 
david.rousseau@univ-angers.fr 
aLCh.Lh ǇǊƻǇƻǎŜ ǳƴ ǇŀǊŎƻǳǊǎ L! ŎƻǳǾǊŀƴǘ ƭŜǎ ŀǎǇŜŎǘǎ ǇǊŀǘƛǉǳŜǎ ŘŜ ƳƛǎŜ Ŝƴ ǆǳǾǊŜ pour les 
débutants et les initiés ou encore des focus plus méthodologiques sur les outils les plus récents, et 
enfin des tables rondes sur des sujets spécifiques qui appellent à débat. Dans ce cours fondamental, 
pour permettre à chacun de suivre tout ou partie de ce parcours IA, nous passerons en revue les 
principales notions de base en apprentissage machine. Nous montrerons comment les méthodes de 
vision artificielle les plus en vue (deep learning) peuvent être comprises dans une continuité des 
méthodes plus traditionnelles et nous discuterons enfin les raisons du succès de ces méthodes mais 
aussi leurs limites 
 
. 
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MODULES 

MODULE 1 :  SONDES FLUORESCENTES  

Coordination : Marie Erard, Andrey Klymchenko et Dominique Bourgeois  

Introduction 

Any fluorescence microscopy technique is fundamentally based on the use of adapted and 
efficient fluorescent markers. Whether they are localization or functional markers, whether the 
target is a protein, a nucleic acid, a carbohydrate or a lipid, whether the biological object of study is 
fixed or living, a single cell or a multicellular organism, each project requires an elaborate 
optimization of the labeling process, which can be based on the use of genetically encoded 
fluorescent proteins, organic fluorophores, or nanoparticles. This module aims to highlight the 
crucial importance of fluorescence labeling, present the diversity of state-of-the-art fluorescent 
probes, and make the audience aware of the complexity of the biochemical, biophysical and 
photophysical mechanisms that must be considered when deciding on a fluorescent marker and 
labeling strategy. 

 
Samedi 6 novembre - 8h30 

Fluorescent-protein based biosensors to monitor biochemical activities and protein-protein 
interactions by FRET- FLIM 
Marie Erard  
Université Paris-Saclay, CNRS, Institut de Chimie Physique, UMR CNRS 8000, 91405, Orsay, France. 
marie.erard@universite-paris-saclay.fr 
Salle Porquerolles ς Cours parallèle 

 
Förster resonance energy transfer (FRET) between spectrally adapted fluorescent proteins 

gave rise to a large variety of biosensing modalities to elucidate cellular events at the molecular level 
with unprecedented spatial and temporal resolution. In FRET-based biosensors, the two FPs 
sandwich a sensing protein module, whose conformation changes upon a biological stimulus such 
as a post-translational modification consecutive to a signaling event or the variation of a metabolite 
concentration. This conformational change modulates the FRET efficiency between FPs that is 
indeed the optical readout of the biosensor. The combination of the right FPs with a detection by 
Fluorescence Lifetime Imagéing (FLIM) allows the detection of one to multiple biological parameters 
at the same time. It is also possible to fuse the two FPs to different proteins to probe their interaction 
and the FRET efficiency being its readout. The combination of FRET detected by FLIM with other 
imaging modalities such as Fluorescence Cross Correlation Spectroscopy (FCCS) allows a quantitative 
analysis of the interaction. Furthermore, if structural data obtained in vitro are available on the same 
proteins of interest, FRET become a powerful tool to propose topological models valid in live cells. 
 
The lecture will contain the following points: 
ǒ The fundamentals - including the choice of the probe-, to design a FRET strategy for 

biosensing compatible with a FLIM detection 
ǒ Intramolecular FRET biosensors and FLIM, from design to multiplexing 
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ǒ Intermolecular FRET probed by FLIM and quantitative analysis of protein-protein 
interactions 

 
***  

 
A third-generation glutamate indicator optimized for synapses 
Abhi Aggarwal1, Rui Liu2, Yang Chen3, The GENIE Project Team1, Amelia Ralowicz4, Samuel J 
Bergerson4, Filip Tomaska1, Tim Hanson1, Ronak Patel1, Paul Tilberg1, Boaz Mohar1, Loren 
Looger1, Jonathan Marvin1, Michael Hoppa4, Arthur Konnerth3, David Kleinfeld2, Eric Schreiter1, 
Kaspar Podgorski1,5 

1HHMI Janelia Research Campus, Ashburn, VA, USA 
2University of California, San Diego, CA, USA 
3Technical University of Munich, Munich, Germany 
4Dartmouth University, Hanover, NH, USA 

podgorskik@janelia.hhmi.org 
Salle Porquerolles ς Cours parallèle 
 

The glutamate indicator iGluSnFR enables high-resolution imaging of neurotransmission 
ǿƛǘƘ ƎŜƴŜǘƛŎ ŀƴŘ ƳƻƭŜŎǳƭŀǊ ǎǇŜŎƛŦƛŎƛǘȅΦ ! ǇǊƛƳŀǊȅ ƳƻǘƛǾŀǘƛƻƴ ŦƻǊ ƛDƭǳ{ƴCwΩǎ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ 
application has been to monitor synaptic communication between neurons. However, we found that 
existing iGluSnFR variants poorly distinguish synaptic from extrasynaptic glutamate transients due 
to kinetic saturation. Using a multi-assay screen, we generated novel variants with improved kinetic 
properties and display vectors that improve surface trafficking and nanoscopic localization to 
postsynapses. The resulting indicator, iGluSnFR3, exhibits rapid non-saturating kinetics, higher 
signal-to-noise ratios in vitro and in vivo, and readily reports single-vesicle release. Manipulations in 
cultured neurons show that iGluSnFR3 quantitatively reports glutamate release at synapses and that 
the relative contribution of extrasynaptic signals is strongly reduced.  In the visual cortex of mice, 
we mapped the tuning of dendritic spines and demonstrated reliable detection of glutamate release 
at individual boutons triggered by single electrophysiologically-observed action potentials. In Layer 
4 of barrel cortex, we used iGluSnFR3 to characterize the distinct activity patterns of thalamic axons 
and dendritic spines evoked by whisker stimulation, demonstrating the sensitivity and synaptic 
specificity of iGluSnFR3 in vivo.  

***  
 

Dimanche 7 novembre - 8h30 

Fluorescent dyes and nanoparticles as bright probes for advanced bioimaging. 
Andrey Klymchenko  
Nanochemistry and Bioimaging group, Laboratory of Bioimaging and Pathologies, CNRS UMR 7021, 
University of Strasbourg, Illkirch-Strasbourg, France. 
andrey.klymchenko@unistra.fr 
Salle Méditerranée ς Cours parallèle. 
 

Advanced fluorescence imaging relies on the performance of fluorescent tools ς probes, 
which light up biomolecular processes and cellular structures. Of particular interest are fluorescent 
molecular probes that change their color (solvatochromic dyes) or intensity (fluorogenic dyes) in 
response to cellular targets.1 Probes based on solvatochromic dyes enable super-resolution imaging 
of plasma membrane organization2 and polarity mapping of a cell and its organelles in response 
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stress conditions.3 On the other hand, specially designed fluorogenic probes allow background free 
imaging of target G protein coupled receptors4 and intracellular RNA.5  

To go beyond the limits of brightness of organic dyes, luminescent nanoparticles are an 
attractive alternative.6 In particular, it concerns dye-loaded fluorescent polymeric nanoparticles.7 
Their size can be tuned from 7 till 100 nm8 and their brightness can be 100-fold higher compared to 
semiconductor quantum dots of similar size.9 Small size of nanoparticles below 23 nm is found 
essential for their free diffusion inside live cells.8 Their high brightness enable single-particle tracking 
in mice brain.10 Moreover, using nanoparticles of different color, a technique for long-term 
barcoding of living cells (chemical analogue of Brainbow) is introduced, which allows tracking 
multiple cell populations in vitro and in vivo.11 Finally, based on these ultrabright nanoobjects as 
light-harvesting nanoantennas,12 FRET-based color switching nanoprobes are designed for detection 
and imaging target nucleic acids with single-molecule sensitivity13 and compatibility with RGB camera 
of a smartphone.14 

 

ERC consolidator grant BrightSens 648528 is acknowledged for the financial support. 
 
1. Klymchenko, A.S. Acc. Chem. Res. 50, 366-375 (2017). 

2. Danylchuk, D.I., Moon, S., Xu, K. & Klymchenko, A.S. Angew. Chem. Int. Ed. 58, 14920-14924 (2019). 
3. Danylchuk, D.I., Jouard, P.H. & Klymchenko, A.S. J. Am. Chem. Soc. 143, 912-924 (2021). 

4. Esteoulle, L. et al. Chemical Science 11, 6824-6829 (2020). 

5. Bouhedda, F. et al. Nature Chem. Biol. 16, 69 (2020). 
6. Wolfbeis, O.S. Chemical Society Reviews 44, 4743-4768 (2015). 

7. Reisch, A. & Klymchenko, A.S. Small 12, 1968-1992 (2016). 

8. Reisch, A. et al. Adv. Funct. Mater. 28(2018). 
9. Melnychuk, N. & Klymchenko, A.S. J. Am. Chem. Soc. 140, 10856-10865 (2018). 

10. Khalin, I. et al. ACS Nano 14, 9755-9770 (2020). 

11. Andreiuk, B. et al. Small 13, 1701582 (2017). 
12. Trofymchuk, K. et al. Nature Photonics 11, 657-663 (2017). 

13. Melnychuk, N., Egloff, S., Runser, A., Reisch, A. & Klymchenko, A.S. Angew. Chem. Int. Ed. 59, 6811-6818 (2020). 

14. Severi, C., Melnychuk, N. & Klymchenko, A.S. Biosensors & Bioelectronics 168, 112515 (2020). 

***  
Labeling strategies to visualize the inner life of microbes by single-molecule localization 
microscopy ς a practical guide 
Ulrike Endesfelder 
Institute for Microbiology & Biotechnology, Bonn University.  
endesfelder@uni-bonn.de 
Salle Méditerranée ς Cours parallèle. 
 

Microbes, as single-celled organisms, are important model systems for the study of cellular 
mechanisms and functions. In recent years, immense progress has been made using advanced 
fluorescence microscopy techniques to characterize and quantify the behavior of single bacterial 
cells based on molecular interactions and assemblies in the complex environment of living cultures. 
Importantly, single-molecule imaging enables in vivo determination of the stoichiometry and 
molecular architecture of subcellular structures, providing detailed, quantitative, spatially and 
temporally resolved molecular maps and deciphering dynamic heterogeneities and subpopulations 
at the subcellular level.  

However, there are still many open challenges. Choosing an experimental strategy for a 
particular microbial organism and biological question in mind is not routine work and one usually 
encounters several (unexpected) obstacles [1, 2]. Here I briefly review the past and current state of 
the field and discuss examples of probe and labeling applications from our work - e.g., establishing 
SMLM imaging for archaea [3] - all of which can serve as practical examples for designing your own 
study. 
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[1] Vojnovic, I., Winkelmeier, J. and Endesfelder, U., Biochemical Society Transactions 2019, 10.1042/BST20180399  
[2] Endesfelder, U., Essays in Biochemistry 2019, 10.1042/EBC20190002 
[3] Turkowyd, B., Schreiber, S., Wörtz, J., Segal, E.S., Mevarech, M., Duggin, I.G., Marchfelder, A. and Endesfelder, U., 2020. 
Frontiers in microbiology, 10.3389/fmicb.2020.583010 
 

Quantitative single-molecule microscopy in microbiology (i) Clustering of RNA polymerase in E. coli 
(Endesfelder BIOspektrum 2016, 22(2)); (ii) correlative multi-color imaging of DNA, membrane, RNA 
polymerase and FtsZ in E. coli (Virant et al. Int J Mol Sci 2017, 18(7)); (iii) Dynamic maps of RNA 
polymerase in E. coli, YscQ (T3SS protein) in Y. enterocolitica and ParC in V. parahaemolyticus. 
¢ǊŀƧŜŎǘƻǊƛŜǎ ŀǊŜ ŎƭŀǎǎƛŦƛŜŘ ƛƴǘƻ Ŧŀǎǘ όōƭǳŜύ ŀƴŘ ǎƭƻǿ όǊŜŘΣ ŘƛŦŦǳǎƛƻƴ ŎƻŜŦŦƛŎƛŜƴǘ 5ϝ Җ лΦло m˃²/s) diffusing 
proteins (RNAP (Virant et al. Int J Mol Sci 2017, 18(7)), YscQ and ParC unpublished). 

 
***  

 
Switchable Organic Dyes: the Photophysics of STORM. 
Mark Bates,  
Department of NanoBiophotonics, Max Planck Institute for Biophysical Chemistry, Gǀttingen, 
Germany. 
mark.bates@mpibpc.mpg.de 
Salle Méditerranée  ς Cours plénier 
 

Super-resolution fluorescence methods such as PALM, STORM, and MINFLUX have re-
defined the boundaries of possibility for biological imaging with optical microscopes. Intrinsically, all 
of these concepts rely on a highly non-linear property possessed by certain fluorescent molecules: 
optically controlled ON-OFF switching. In this lecture I will review the discovery and characterization 
of synthetic fluorescent probes bearing this property, and how they are used to create images of 
biological samples with spatial resolution reaching single-nanometer length scales. By 
understanding the physical mechanisms underlying optical switching, we can consider which factors 
limit the performance of these dyes in imaging applications, and how they could be improved. As 
important as the fluorophore itself, we will further discuss how the choice of labeling method 
influences the result. Finally, we examine state of the art examples of what is presently possible with 
STORM microscopy and look to future directions for this class of imaging methods. 

 
***  
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Building the next generation of genetically encoded probes and actuators. 
Nathan C. Shaner,  
Department of Neurosciences, University of California San Diego School of Medicine, La Jolla, CA USA 
ncshaner@health.ucsd.edu 
Salle Méditerranée ς Cours plénier VISIO 19h15 
 

Genetically encoded optical probes are the cornerstone of modern biological imaging. For 
nearly three decades, mutants of the green fluorescent protein (GFP) from the jellyfish Aequorea 
victoria have been the most commonly used genetically encoded probes for imaging. The remaining 
FPs regularly used in laboratories come from just a handful of species, despite the near ubiquity of 
Ctǎ ƛƴ Ƴŀƴȅ ŎƭŀǎǎŜǎ ƻŦ ƳŀǊƛƴŜ ƛƴǾŜǊǘŜōǊŀǘŜΦ aȅ ƎǊƻǳǇΩǎ ŎǳǊǊŜƴǘ ǊŜǎŜŀǊŎƘ ŦƻŎǳǎŜǎ ƻƴ ŜȄǇƭƻǊƛƴƎ ǘƘŜ 
ocean for new FP genes with improved or novel optical and photophysical properties and 
engineering the most promising clones to produce next-generation tools for fluorescence 
microscopy in living cells. Bioluminescence, the production of biological light from the oxidation of a 
luciferin substrate by a luciferase or photoprotein enzyme, is emerging as a promising new tool for 
imaging living systems. However, the ability to generate photons inside a living organism also lends 
itself to the development of tools for many non-imaging applications. Another major focus of our 
research group is to engineer tools to probe and manipulate cells inside intact organisms by adapting 
bioluminescence as both an imaging and chemogenetic platform. For example, linking 
bioluminescent proteins to optogenetic actuators allows us to non-invasively activate or silence 
specified subpopulations of neurons in a behaving animal simply by injecting luciferin. Another 
ƳƻŘƛŦƛŎŀǘƛƻƴ ǘƻ ǘƘƛǎ ŀǇǇǊƻŀŎƘ ŀƭƭƻǿǎ ǘƘŜ ƎŜƴŜǊŀǘƛƻƴ ƻŦ άƻǇǘƛŎŀƭ ǎȅƴŀǇǎŜǎέ ōŜǘǿŜŜƴ ǎǇŜŎƛŦƛŜŘ ƴŜǳǊƻƴǎ 
when luciferin is present. Bioluminescence generates light selectively and non-invasively in deep 
tissues, a property we are currently exploiting to engineer a chemogenetic protein-protein 
interaction probe (a signal integrator) based on FRET between bioluminescent donors and a highly 
unusual fluorescent protein we discovered in a reef invertebrate. Here, I present the story of 
genetically encoded optical probe engineering, from the ocean to the microscope, and discuss the 
ƴŜǿŜǎǘ ŘŜǾŜƭƻǇƳŜƴǘǎ ƛƴ Ƴȅ ƎǊƻǳǇΩǎ ǊŜǎŜŀǊŎƘ ǿƛǘƘ ǾƛŜǿǎ ǘƻ ǘƘŜ Ŧǳǘǳre. 
 
Dans la même thématique   

Tables rondes :  

TR1.03  -Emerging chemical tools, techniques, and methods for the realization of 
competitive biological projects 

Ateliers :  

A023-Real-time mitochondrial Ca2+ and ATP measurements in mammalian cells using 
single excitation wavelength dual colour FLIM 

A034-3D FRET biosensor measurements using light sheet microscopy. 

A039-LƳŀƎŜǊƛŜ о5 ŘŜ ƭŀ ǾŀǎŎǳƭŀǊƛǎŀǘƛƻƴ ǇŀǊ ŦŜǳƛƭƭŜ ŘŜ ƭǳƳƛŝǊŜ ǇƻǳǊ ŞǾŀƭǳŜǊ ƭΩŞǾƻƭǳǘƛƻƴ ŘΩǳƴŜ 
ǇŀǘƘƻƭƻƎƛŜ Ŝǘκƻǳ ƭΩŜŦŦƛŎŀŎƛǘŞ ŘΩǳƴ ǘǊŀƛǘŜƳŜƴǘ 

A117-Fluorescent imaging and techniques to study lignocellulosic biomass at the nanoscale 

A121-/ŜƴǘǊhн Υ LƴŦƭǳŜƴŎŜ ŘŜ ƭŀ ŎƻƴŎŜƴǘǊŀǘƛƻƴ Ŝƴ ƻȄȅƎŝƴŜ ǇƻǳǊ ƭΩƛƳŀƎŜǊƛŜ Ř{¢hwa Ƴǳƭǘƛ-
couleur du cil primaire 

A136-Biosensing the cell: FRET by FLIM using AurkA kinase activation biosensor 
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MODULE 2 : LE DEFI DE LA QUANTIFICATION EN NANOSCOPIE  

Coordination : Sandrine Lévêque-Fort, Christophe Leterrier, Jean-Batiste Sibarita  

Introduction  

In less than 20 years after their discovery, super-resolution microscopy (SRM) techniques have 
reached the required maturity for biologists to produce images in routine, contributing to major 
discoveries in cell biology, neuroscience and developmental biology. They are however still limited 
in speed, penetration depth, and in their capability to provide reliable quantitative information at 
the nanoscale. This module aims at presenting how the combination of optics and computerized 
methods allows pushing forward the limits of 3D quantitative super-resolution microscopy. 

Samedi 6 novembre 16h10 

Structured illumination microscopy (SIM) for high-speed super-resolution fluorescence imaging of 
living cells. 
Alexandra Fragola, 
Laboratoire Physique et Étude de Matériaux UMR 8213, ESPCI Paris-PSL, CNRS, Sorbonne Université 
(Paris). 
alexandra.fragola@espci.fr 
Salle Méditerranée ς Cours parallèle 
 

The observation of living cells at the molecular level is now possible thanks to the 
development of super-resolved microscopy techniques over the last twenty years. Structured 
illumination microscopy is a technique of choice for high spatial and temporal resolution 3D 
fluorescence imaging of living cells, as it allows a gain in spatial resolution of a factor of 2 (in its linear 
version) from a small number of image acquisitions, compatible with the study of dynamic 
phenomena. This course will detail the principles of structured illumination microscopy and its 
implementation, from the point of view of the instrument but also of the image reconstruction, as 
well as the characterization of its performances and the preparation of samples. Applications to 
dynamic cell imaging will be presented. Finally, we will see how non-linear structured illumination 
microscopy allows to obtain a gain higher than 2 and thus to observe living cells with a spatial 
resolution of a few tens of nanometers. 

***  
3D single molecule localization microscopy. 
Sandrine Lévêque-Fort, 
Lƴǎǘƛǘǳǘ ŘŜǎ {ŎƛŜƴŎŜǎ aƻƭŞŎǳƭŀƛǊŜǎ ŘΩ hǊǎŀȅ Σ /bw{Σ ¦ƴƛǾŜǊǎƛǘŞ tŀǊƛǎ {ŀŎƭŀȅΣ  фмплр hǊǎŀȅ 
sandrine.leveque-fort@universite-paris-saclay.fr 
Salle Méditerranée ς Cours parallèle 
Single molecule localization microscopy (SMLM) is now a widely used tool for various biological 
applications.  Although SMLM initially allowed the localization of molecules in 2D with a precision of 
a  few nanometers, the inherent 3D organization of the samples triggers the development of 
complementary strategies to retrieve the axial information with ultimate precision. There are 
several challenges in achieving near-isotropic accuracy but also in accessing deep imaging. This not 
only has an impact on the detection strategy but may also require an alternative excitation 
configuration. 
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In this lecture we will review the different optical methods to retrieve the axial position of single 
molecule with their optical implementations and performances[1]. Commonly used PSF engineering 
ŀǇǇǊƻŀŎƘŜǎ  όŀǎǘƛƎƳŀǘƛǎƳΣ ŘƻǳōƭŜ ƘŜƭƛȄΣ Χύ ǘƘŀǘ ƛƴǘǊƻŘǳŎŜ ŀƴ ŀȄƛŀƭ ŘƛǎǎȅƳƳŜǘǊȅ ǿƛƭƭ ōŜ ǇǊŜǎŜƴǘŜŘΦ 
We will also see that by exploiting interferometry [2-3] or intrinsic fluorescence emission property 
(supercritical angle fluorescence)[4], axial information can also be retrieved.  In addition to all these 
approaches which are based on a spatial analysis of the PSF which is sensible to defocus or 
aberrations, we will discuss the introduction of a temporal parameter in the localization process. In 
particular by replacing the uniform excitation by a shifting structured excitation over the entire field 
of view, this induces a time modulated emission of the fluorophores whose phase directly encodes 
its position.  This modulated excitation improves the lateral precision by a factor 2, but provides  
unique advantages when applied along the axial direction. This technique called ModLoc [5] thus 
offers an axial precision below 7 nm, uniform over several micrometres, and images up to 40 µm in 
depth can be retrieved. 
[1] A von Diezmann, Y Shechtman, WE Moerner, Three-dimensional localization of single molecules for super-
resolution imaging and single-particle tracking, Chemical reviews 117 (11), 7244-7275 
[2] G. Shtengel et al. , Interferometric fluorescent super-resolution microscopy resolves 3D cellular 
ultrastructure, PNAS March 3, 2009 106 (9) 3125-3130 
[3] P. Bon et al., Self-interference 3D super-resolution microscopy for deep tissue investigations, Nature 
Methods volume 15, pages 449ς454 (2018) 
[4] N. Bourg et al. Direct optical nanoscopy with axially localized detection, Nature Photonics, 9, 587ς593 (2015) 
[5] Jouchet et al.   Nanometric axial localization of single fluorescent molecules with modulated excitation. Nat. 
Photonics 15, 297ς304 (2021).  

 
***  

 
Superresolution microscopy for structural cell biology. 
Jonas Ries,  
Cell Biology and Biophysics unit, European Molecular Biology Laboratory (EMBL), Heidelberg, 
Germany.  
jonas.ries@embl.de 
Salle Méditerranée ς Cours plénier 

 

Superresolution microscopy, such as single-molecule localization microscopy (SMLM), is 
becoming a key technique for structural cell biology, ideally complementing electron microscopy. 

I will discuss projects in my group in which we contributed to this aim to develop 
technologies to image the structure and dynamics of molecular machines in cells. We a) pushed 
the 3D resolution in multi-color towards the nanometer scale, b) increased throughput and imaging 
speed of the notoriously slow SMLM, c) developed reference standards for quality control and for 
counting of protein copy numbers in complexes and d) developed software to extract specific and 
quantitative information from SMLM data for biological interpretation. I will then show, how these 
new technologies enabled us to gain mechanistic insights into the structural organization of a 
complex protein machine, namely the machinery involved in clathrin-mediated endocytosis. We 
developed a high-throughput superresolution microscope to reconstruct the nanoscale structural 
organization of 23 endocytic proteins from over 100,000 endocytic sites in yeast. This allowed us 
to visualize where individual proteins are localized within the machinery throughout the endocytic 
process and resulted in a model of how the force is produced to pull in the membrane and form a 
vesicle. In mammalian cells, we could address a long-standing question how the clathrin coat is 
formed and the membranes are deformed during vesicle formation. 

***  
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Quantification of filament structures in superresolution and expansion microscopy. 
E.A. Katrukha, 
Cell Biology, Department of Biology, Faculty of Science, Utrecht University, Padualaan 8, 3584 CH 
Utrecht, the Netherlands. 
y.katrukha@uu.nl 
Salle Méditerranée ς Cours plénier 

A wide variety of microscopy images in cell biology contain dense networks of curvilinear 
structures. Examples include images of cytoskeleton filaments (microtubules, intermediate 
filaments), filopodia, neurites, as well as kymographs of timelapse videos of intracellular transport. 
Precise quantitative measurement of parameters of these networks is an important step for 
understanding the architecture and structure of cells and the underlying dynamic processes. 
However, frequent intersections of lines represent the most challenging part in tracing these dense 
networks. A typical approach for resolving intersections consists in an application of a sophisticated 
linking algorithm, connecting free ends of line based on a set of rules and penalty functions. Here, 
we apply Fourier transform decomposition based on curvelets for filtering of an original image and 
extracting its directional components. It removes intersection problem and substantially simplifies 
the linking algorithm. We apply the developed approach for tracing microtubules in superresolution 
and expansion microscopy images and for tracking movements of neuronal cargo in live-cell movies. 
Our results show that this approach outperforms current tracing methods and has a variety of 
applications for microscopy image analysis. 
 

***  
 
Dimanche 7 novembre 8h30 

From images to information: enhancing resolution and improving accuracy in SMLM. 
Susan Cox, 
YƛƴƎΩǎ ŎƻƭƭŜƎŜ [ƻƴŘƻƴΦ 
susan.cox@kcl.ac.uk 
Salle Porquerolles ς Cours parallèle ς VISIO 

SMLM microscopy can provide huge amounts of high resolution information about a 
sample. Deducing whether that information is accurate, and making best use of the information, is 
a major challenge. Here we discuss two major challenges. First, assessing the quality of information, 
and in particular the potential presence of sharpening artifacts. We have developed HAWKMAN, an 
image assessment tool which allows the lengthscale of sharpening artifacts to be identified. Second, 
it is possible to synthesise information from multiple images to improve the quality of reconstructed 
structures. We will discuss the potential of deep learning to accelerate model-free fitting. 

***  
 

Computational microscopy by PSF engineering ς or ς how and why to ruin a perfectly good 
microscope. 
Yoav Shechtman, 
Department of Biomedical Engineering, Technion ς Israel Institute of Technology. 
yoavshe@gmail.com 
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Salle Porquerolles ς Cours parallèle 
 

In localization microscopy, the positions of individual nanoscale point emitters (e.g. 
fluorescent molecules) are determined at high precision from their point-spread functions (PSFs). 
This enables highly precise single/multiple-particle-tracking, as well as super-resolution microscopy, 
namely single molecule localization microscopy (SMLM). To obtain 3D localization, we employ PSF 
engineering ς namely, we physically modify the standard PSF of the microscope, to encode the depth 
position of the emitter.  In this talk I will describe how this method enables unprecedented 
capabilities in localization microscopy; specific applications include dense emitter fitting for super-
resolution microscopy1,2, multicolor imaging from grayscale data3, volumetric multi-particle 
tracking/imaging2, dynamic surface profiling4, and high-throughput in-flow colocalization in live 
cells5. We often combine the optical encoding method with neural nets (deep-learning) for 
decoding, i.e. image reconstruction; however, our use of neural nets is not limited to image 
processing - we use nets to design the optimal optical acquisition system in a task-specific manner2,3. 
 
1. Nehme, E., Weiss, L. E., Michaeli, T. & Shechtman, Y. Deep-STORM: super-resolution single-molecule microscopy by deep 
learning. Optica 5, 458 (2018). 
2. Nehme, E. et al. DeepSTORM3D: dense 3D localization microscopy and PSF design by deep learning. Nat. Methods 17, 734ς
740 (2020). 
3. Hershko, E., Weiss, L. E., Michaeli, T. & Shechtman, Y. Multicolor localization microscopy and point-spread-function 
engineering by deep learning. Opt. Express (2019). doi:10.1364/oe.27.006158 
4. Gordon-Soffer, R. et al. Microscopic scan-free surface profiling over extended axial ranges by point-spread-function 
engineering. Sci. Adv. 6, eabc0332 (2020). 
5. Weiss, L. E. et al. Three-dimensional localization microscopy in live flowing cells. Nat. Nanotechnol. 15, 500ς506 (2020). 

 

Dans la même thématique 

Tables rondes : 

TR2.02 Bilan du module 2 Nanoscopie avec les intervenants 
TR2.12 SMLM au-ŘŜƭŁ ŘŜ ƭΩŜǎǘƘŞǘƛǉǳŜ Κ 
 

Ateliers  : 

A002-3D STED microscopy for nanoscopic imaging of virus-host cell interactions. 
A003-Multicolor and 3D STORM to study localization of proteins adressed to apical membrane of 
polarized epithelial cells  
A006-AFM on microbial surfaces : from imaging to single-cell force measurements  
A013-Comparing multicolor Single-Molecule Localization Microscopy strategies: Application to the 
neuronal cytoskeletonA020-Expansion microscopy imaging with a lattice light-sheet microscope  
A029-Imagerie ultrastructurale 3D par ultramicrotomie in-situ (technique SBF-SEM) 
A045-Ultrastructure cellulaire par microscopie d'expansion  
A046-Comment adapter son microscope TIRF pour faire du STORM! 
A056-Microscopy on thin resin sections: multimodal and correlative approaches using scanning 
electron microscopy. 
A057-Introduction to single molecule localization super-resolution microscopy (SMLM) 
A062-Contrôle qualité des données brutes de SMLM en temps réel 
A071-aƛŎǊƻǎŎƻǇƛŜ ŘΩŜȄǇŀƴǎƛƻƴ Υ ǎǘǊŀǘŞƎƛŜǎ Ŝǘ ŀǎǘǳŎŜǎ ǇƻǳǊ ƭΩŀƴŀƭȅǎŜ ŘŜǎ ŎŜƭƭǳƭŜǎ ŘŜ ƳŀƳƳƛŦŝǊŜǎ Ŝƴ 
ŎǳƭǘǳǊŜΣ ŘŜ ƭŀ ƭŜǾǳǊŜ {Φ ŎŜǊŜǾƛǎƛŀŜ Ŝǘ ǇƻǳǊ ƭŀ Ǿƛǎǳŀƭƛǎŀǘƛƻƴ ŘŜ ƭΩƻǊƎŀƴƛǎŀǘƛƻƴ ƳƛǘƻŎƘƻƴŘǊƛŀƭŜ 
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A074-3D High Resolution imaging by PSF engineering using ZOLA-3D 
A076-Alternative strategies to image multiple proteins in single molecule localization microscopy 
A094-Modulated excitation for enhanced localization : ModLoc 
A097-Nuclear Pores Complexe : a tool for metrology in Single Molecule Localization microscopy 
A118-Relative localization of dendritic spine proteins in mouse brain tissue using 3D-STED 
microscopy and deconvolution. 
A123-Atomic Force Microscopy analysis of SARS-CoV-2 virus-like particles and producing cells: 
nanoscale imaging to mechanical characterization 
A128-Mechanical characterisation by AFM of murine oocytes to predict their fitness 

A129-AFM on microbial surfaces: basics of force spectroscopy measurements 
A132-Structured Illumination Microscopy : SIM on cells ! 
A135-Imaging multiprotein complexes in the cytosol by super-resolution fluorescence. 
Introduction to lattice and dual iterative SIM 
A138-Colocalisation de complexes macromoléculaires en super-résolution PALM/STORM 
A139-Confronting Lattice SIM imaging to various scattering samples of different thickness 
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MODULE 3 : INTELLIGENCE ARTIFICIELLE POUR LΩIMAGERIE BIOLOGIQUE  

Coordination : Thomas Walter, Perrine Paul-Gilloteaux et David Rousseau  

 

Introduction 

Artificial intelligence, and in particular deep learning, is becoming an important part of our analysis 
methods. Its applications cover the tasks of image restoration, segmentation and analysis of 
extracted data. During this module we will try to have an overview of the developments in this 
direction, the efforts of the community to make these methods more accessible, but also the current 
limitations and points of attention. We will also compare these methods with analytical methods, for 
a reasoned and controlled use of artificial intelligence in our community. Numerous workshops will 
also be proposed during an associated thematic course  

Samedi 6 novembre 8h30 

Microscopy Image Analysis: The Shift to Deep Learning? 
Daniel Sage, 
9tC[ [ŀōƻǊŀǘƻƛǊŜ ŘΩƛƳŀƎŜǊƛŜ biomédicale, Lausanne, Switzerland. 
daniel.sage@epfl.ch 
Salle Méditerranée ς Cours parallèle 
 

The quantification of microscopy images requires automatic tools to extract relevant 
information from complex data. To tackle this task, numerous image analysis algorithms have been 
designed, commonly based on prior knowledge and on physical modeling. However, the recent 
success of the deep learning (DL) in computer science have drastically changed the bioimage analysis 
workflows to a data-centric paradigm. While this DL technology remains relatively inaccessible to 
end-users, recent efforts has been proposed to facilitate the deployment of DL for some bioimage 
applications through new open-source software packages. 

Here, we present a set of user-friendly tools that allows to test DL models and to gain 
proficiency in DL technology: the centralized repository of bioimage model (Bioimage Model Zoo), 
the ready-to-use notebooks for the training, and the plugin deepImageJ that can run a DL model in 
ImageJ. 

We provide also good practice tips to avoid the risk of misuses. We address some practical 
issues such as the availability of massive amount of images, the understanding of generalizability 
concept, or the selection of the pre-trained models. The shift to deep learning also questions the 
community about the trust, the reliability and the validity of such trained deep learning models. 
 

***  
 
Multiscale and multimodal registration: an overview of methods. 
Perrine Paul-Gilloteaux, 
Université de Nantes, CHU Nantes, Inserm, CNRS, SFR Santé, Inserm UMS 016, CNRS UMS3556, 
bŀƴǘŜǎΣ CǊŀƴŎŜΣ ¦ƴƛǾŜǊǎƛǘŞ ŘŜ bŀƴǘŜǎΣ /bw{Σ Lb{9waΣ ƭΩƛƴǎǘƛǘǳǘ Řǳ ǘƘƻǊŀȄΣ bŀƴǘŜǎΣ CǊŀƴŎŜΦ 
perrine.paul-gilloteaux@univ-nantes.fr 
Salle Méditerranéeς Cours parallèle 
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Registration in image analysis and computer vision is the process of finding and applying 
the transformation linking two images/volumes, by optimizing the matching between either 
intensity, either known matching structures. It has a large panel of application in microscopy (time 
ŘǊƛŦǘ ŎƻƳǇŜƴǎŀǘƛƻƴΣ ǘƻƳƻƎǊŀǇƘƛŎ ǊŜŎƻƴǎǘǊǳŎǘƛƻƴΣ ǎǘƛǘŎƘƛƴƎ ŦƻǊ ƳƻǎŀƛŎƪƛƴƎ ΧύΦ Lƴ ǘƘƛǎ ǘŀƭƪ L ǿƛƭƭ ŦƻŎǳǎ 
on its usage in correlated multimodal imaging [1]. Two main approaches can be considered. First, 
considering the full content of the images and trying to find a common representation intensity 
space, by known filters or deep learning, to be able to use monomodal approaches and metrics, or 
to define a metric that would take into account the possible discrepancy [2]. The second approach is 
considering elements of interest extracted from both modalities, for example anatomical landmarks 
(points or shape of interest) or multimodal markers visible in both modalities [3]. These approaches, 
generally called feature-based registration, are of particular interest when the relation between 
content is unknown or cannot be taken as an assumption (for example for the validation of a new 
probe or a new imaging modality). Some approaches mixed both feature-based and full registration 
by restraining the learning data set to registered features [4]. Additional questions that will be tackle 
in this talk are the way to estimate errors in registration [5], but also how to exploit the information 
brought by the fusion of two or more modalities at very different scales. 

 
[1] A. Walter et al., « Correlated Multimodal Imaging in Life Sciences: Expanding the Biomedical Horizon », Front. Phys., vol. 8, 
p. 47, avr. 2020, doi: 10.3389/fphy.2020.00047. 
[2] X. Cao, J. Yang, L. Wang, Z. Xue, Q. Wang, et D. Shen, « Deep Learning Based Inter-modality Image Registration Supervised 
by Intra-modality Similarity », in Machine Learning in Medical Imaging, vol. 11046, Y. Shi, H.-I. Suk, et M. Liu, Éd. Cham: 
Springer International Publishing, 2018, p. 55Ȥ63. doi: 10.1007/978-3-030-00919-9_7. 
[3] P. Paul-Gilloteaux et al., « eC-CLEM: flexible multidimensional registration software for correlative microscopies », Nat. 
Methods, vol. 14, no 2, p. 102Ȥ103, 31 2017, doi: 10.1038/nmeth.4170. 
[4] R. Seifert et al., « DeepCLEM: automated registration for correlative light and electron microscopy using deep learning », 
F1000Research, vol. 9, p. 1275, oct. 2020, doi: 10.12688/f1000research.27158.1. 
[5] G. Potier, F. Lavancier, S. Kunne, et P. Paul-Gilloteaux, « A Registration Error Estimation Framework for Correlative Imaging 
», in 2021 IEEE International Conference on Image Processing (ICIP), Anchorage, AK, USA, sept. 2021, p. 131Ȥ135. doi: 
10.1109/ICIP42928.2021.9506474. 

 
***  

 
Self-Supervised Deep Learning for Fluorescence Imaging and nD Image Viewing with Napari. 
Loïc Alain Royer, 
Chan Zuckerberg Biohub, 499 Illinois St, 4th Floor, CA 94158, San Francisco. 
Twitter: https://twitter.com/loicaroyer 
Website: https://royerlab.org 
loic.royer@czbiohub.org 
Salle Méditerranée ς Cours plénier 

 

Deep learning has ushered a revolution in the way that we process and analyse images. 
However, this novel technique has an Achilles heel: it typically requires ground-truth and yet this 
ground truth is often difficult to obtain in the bioimage domain. In our team we have 
developed techniques to avoid the need for ground truth: Noise2Self for blind image denoising, SSI 
for self-supervised deconvolution, and Cytoself -- a new approach to discover and classify the rich 
landscape of protein subcellular localisation. In addition, I will present Napari, an nD image viewer 
in Python that that I co-created with Juan Nunez Iglesias and currently further developed by 
Nick  Sofroniew at CZI. Napari aims to become the platform of choice for image visualisation, 
processing and analysis for Python with a standalone app, plugin infrastructure and a large 
inclusive open source community.  
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***  
 
Microscopy image analysis with machine learning. 
Martin Weigert, 
EPFL, Lausanne, Switzerland. 
martin.weigert@epfl.ch 
Salle Méditerranée ς Cours plénier 

 

Modern microscopy modalities produce increasingly large volumetric image datasets which 
are difficult to interpret without the help of computational methods. In the last years machine 
learning (deep learning) based methods have seen widespread use in image analysis applications for 
microscopy and for the automatic detection and segmentation of cells, nuclei, and organelles in light 
and electron microscopy images. In my lecture I will give an overview of modern machine learning 
approaches to these common problems such as image restoration and nuclei/cell segmentation. 
Furthermore, I will give an introduction to different software frameworks that we develop to make 
these methods available to the microscopy research community and which we demonstrate on 
examples ranging from nuclei detection in fluorescence microscopy, tissue classification in 
histopathology to the comprehensive organelle reconstruction of whole cells in 3D electron 
microscopy. 

***  
 

Samedi 6 novembre 16h10 

Deep Learning with Medical Images: learning with small datasets and few annotations. 
Diana Mateus, 
Centrale Nantes/LS2N. 
mateus-d@univ-nantes.fr  
Salle Porquerolles ς Cours parallèle 

 

This talk will describe some of today's bottlenecks when designing deep learning 
approaches for medical image analysis and review recent alternatives to overcome them. The main 
focus will be on image classification and segmentation problems confronted with small datasets and 
few or noisy annotations. In the past years, our team has proposed different advances towards 
addressing the above issues. The first alternative incorporates prior domain knowledge, which helps 
design a curriculum to guide the optimization[1][2], or allows simulating data for self-supervised pre-
training [3]. We also explore spatial and temporal dependencies in sequential data [4][5] or rely on 
anatomical consistencies across image modalities through domain adaptation [6]. These 
methodological contributions will be illustrated in the context of biomedical applications. The talk 
will close with remarks about current open challenges and ongoing works. 

 
[1] A Jiménez-Sánchez, D Mateus, S Kirchhoff, C Kirchhoff, P Biberthaler, Nassir Navab, Miguel A González Ballester, 
Gemma Piella.  Medical-based Deep Curriculum Learning for Improved Fracture Classification. Int. Conference on Medical 

Image Computing and Computer-Assisted Interventions (MICCAI ). Springer, Cham, 2021. 
[2] Amelia Jiménez-Sánchez, Diana Mateus, Sonja Kirchhoff, Chlodwig Kirchhoff, Peter Biberthaler, Nassir Navab, Miguel A. 
González Ballester, Gemma Piella. Curriculum learning for annotation-efficient medical image analysis: scheduling data with 

prior knowledge and uncertainty. arXiv:2007.16102 (under revision) 
[3] Tardy M, Mateus D. Looking for abnormalities in mammograms with self-and weakly supervised reconstruction. IEEE 
Trans Med Imaging. 2021 Jan 8  
[4] Duque, Vanessa Gonzalez, et al. "Spatio-temporal consistency and negative label transfer for 3d freehand us segmentation." 

International Conference on Medical Image Computing and Computer-Assisted Intervention. Springer, Cham, 2020. 
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[5] Al Chanti, Dawood, et al. "IFSS-Net: Interactive Few-Shot Siamese Network for Faster Muscle Segmentation and 

Propagation in Volumetric Ultrasound." IEEE Transactions on Medical Imaging (2021). 
[6] Chanti, Dawood Al, and Diana Mateus. "OLVA: Optimal Latent Vector Alignment for Unsupervised Domain Adaptation 
in Medical Image Segmentation." International Conference on Medical Image Computing and Computer-Assisted Intervention 

(MICCAI). Springer, Cham, 2021 

 

***  
 

Extracting the invisible from live cell microscopy. 
Assaf Zaritsky, 
Department of Software and Information Systems Engineering, Ben-Gurion University of the Negev, 
Israel. 
assafza@bgu.ac.il  
Salle Porquerolles ς Cours parallèle 

 
Cell imaging has ŜƴǘŜǊŜŘ ǘƘŜ άōƛƎ Řŀǘŀέ ŜǊŀ ǿƛǘƘ ƘƛƎƘ ŎƻƴǘŜƴǘ ŀƴŘ ƳǳƭǘƛŘƛƳŜƴǎƛƻƴŀƭ Řŀǘŀ 

sets encapsulating complex and dynamic patterns that are inaccessible by human visual observation 
ŀƴŘ ǘƘŀǘ ŀǊŜ ŀōǎƻƭǳǘŜƭȅ ƴŜŎŜǎǎŀǊȅ ŦƻǊ ǘŀƪƛƴƎ ƻǳǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ ŎŜƭƭΩǎ ǎǘǊǳŎǘǳǊŜ and function 
to the next level[1]. Motivated by fundamental questions in cell biology my lab produces biological 
insights along with specialized analytic tools that reveal hidden patterns in dynamic cell imaging 
data. I will demonstrate these concepts with several specific projects on interpretable Artificial 
Intelligence in the context of cancer metastasis[2] and multicellular information processing[3-5].  

 
[1] Driscoll, M.K. & Zaritsky, A. Data science in cell imaging. J Cell Sci 134 (2021).  
[2] Zaritsky, A., Jamieson, A.R., Welf, E.S., Nevarez, A., Cillay, J., Eskiocak, U., Cantarel, B.L. & Danuser, G. Interpretable 

deep learning uncovers cellular properties in label-free live cell images that are predictive of highly metastatic melanoma. Cell 

Syst (2021).  
[3] Riegman, M., Sagie, L., Galed, C., Levin, T., Steinberg, N., Dixon, S.J., Wiesner, U., Bradbury, M.S., Niethammer, P., 

Zaritsky, A. & Overholtzer, M. Ferroptosis occurs through an osmotic mechanism and propagates independently of cell rupture. 

Nature cell biology 22, 1042-1048 (2020).  
[4] Zamir, A., Li, G., Chase, K., Moskovitch, R., Sun, B. & Zaritsky, A. Emergence of synchronized multicellular 

mechanosensing from spatiotemporal integration of heterogeneous single-cell information transfer. BioRxiv (2020).  
[5] Nahum, A., Koren, Y., Natan, S., Goren, S., Lesman, A. & Zaritsky, A. Quantifying cell-cell mechanical communication 
through fibrous environments. BioRxiv (2020).  

 
 
Dans la même thématique  

Tables rondes : 

TR-3-01-wŜǘƻǳǊ ǎǳǊ ƭΩ!bC du RT-MFM « Deep-learning pour les microscopies »; 
TR-3-10-/ƻƳƳŜƴǘ ƭΩΤL! ƛƳǇŀŎǘŜ-elle notre travail ? 
TR-3-13-/ƭƾǘǳǊŜ Řǳ ǇŀǊŎƻǳǊǎ ǘƘŞƳŀǘƛǉǳŜ Υ 5ŜŜǇ ƭŜŀǊƴƛƴƎ ǇƻǳǊ ƭΩŀƴŀƭȅǎŜ ŘΩƛƳŀƎŜǎ ŘŜ ƳƛŎǊƻǎŎƻǇƛŜ 

Symposium : 

S02-03 - Organisation et dynamique moléculaire : ǉǳΩŀǇǇƻǊǘŜ ƭŜ ŘŜŜǇ ƭŜŀǊƴƛƴƎ ŀǳȄ ŀƴŀƭȅǎŜǎ Κ 
Ateliers : 

A005-Deep learning avec les doigts dans le moteur (2/2) 
A012-3D quantitative analysis of colocalisation or spatial coupling in conventional and super 
resolution microscopy. 
A014-Deconvolution 3D 
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A015-Deep learning  sans se salir les doigts (1/2) 
A016-Deep bar à images 
A018-hōǘŜƴƛǊ ƭŀ t{C ŘΩǳƴ ǎȅǎǘŝƳŜ ŘŜ ƳƛŎǊƻǎŎƻǇƛŜ ŘŜ ŦƭǳƻǊŜǎŎŜƴŎŜ 
A050-Multiplexed FRET biosensor imaging to quantify the dynamic coordination between cell 
signaling and mechanics during collective cell migration (part II).   
A052-Quantitative 3D Spatial Analysis of multicellular specimens (Organoids w/o clearing) 
A054-Le machine learning au service la déconvolution 
A055-Image Analysis Flash Tutorials 
A058-Probabilistic pipeline to extract reliable information from single molecule microscopy data. 
A059-Coordinate-based quantification of multidimensional and multicolor single-molecule 
localization microscopy data. 
A061-Acquisitions intelligentes sous micromanager 
A077-BIAFlows 
A078-BioImage-IT: Implement image processing workflows with tools from multiple software 
A102-Publishing FAIR-ly with OMERO 
A112-Virtual reality for multidimensional data visualization and analysis 
A113-An example of feedback microscopy: Developing a High Content Screening (HCS) Optogenetics 
experiments. 
A114-Deep learning made easy for microscopy: an introduction to ZeroCostDL4Mic and DeepImageJ  
A116-Bioimage Analysis: Practice Deep Learning Without Coding 
A124-QuPath: pyramid image analysis for everyone. Case study: Deep-learning cell counting and 
quantification of histological slides. 
A125-Speckle-based computational microscopy : harnessing scattering for enhanced imaging of 
tissues 
A133-A practical review of several 3D-culture methods for the generation of hollow or solid 
organoids/spheroids with a unique cell-type, how environment matters 
FT1-3D Reconstruction, visualisation and movie creation 
FT2-Cell count and cell spatial arrangement 
FT3-Cell volumetric and morphology 
FT4-Colocalisation 
FT5-Neuron tracing and Spine Classification 
FT6-Tracking biology over time 
FT7-Object classification with Machine Learning 
MA-3-01-Strengths and Limits of Deep Learning for Image Restoration in Microscopy 
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MODULE 4 : IMAGERIE MULTICELLULAIRE : ORGANOÏDES, TISSUS, EMBRYONS  

Coordination : Gaelle Recher et Lydia Danglot  

Introduction 

Whether natural (embryos of model species, tissue explant, live animal) or synthetic 
(engineered cell assemblies as spheroids, organ-on-chip or bioprinted tissues), imaging multicellular 
cell assemblies is especially cumbersome. Approaches require to take into account light penetration 
in depth, suitable staining or contrast generation methods as well as robust 3D optical sectioning 
with low cytotoxicity. 

The question of scale is as well at stake. A holistic approach has to be implemented, because 
no matter the structure of interest being at the scale of the molecule, the cell or a cell population: 
the entire tissue structure has to be considered as a whole. Conciliation of irreconcilable dimensions 
is a permanent challenge: spatial resolution, field of view, multimodalities, temporal resolution, 
observation length and possibly high-throughput. And this is also even more complex when live 
imaging has to be considered since multi-color imaging and multi-dimensional illumination is a 
source of cytotoxic free radicals. 

In this module, speakers will present how they tackle the question of imaging multicellular 
samples. They will focus on the design of the samples themselves, with microfluidics, directed tissue 
fabrication, 3D-printing and hydrogel customisation as well as on the development of new 
microscopy concepts from the use of structured illumination and computational approaches to the 
implementation of ultrafast and low toxicity imaging. 

Mercredi 10 novembre 8h30 

Sometimes, there IS a free lunch: How to get twice the resolution from your microscope, without 
(serious) drawbacks. 
Andrew G. York, 
Principal Investigator, Calico Labs 
Calico Life Sciences LLC, South San Francisco, CA 94080, USA 
http://andrewgyork.github.io/  
andrew.g.york@gmail.com  
Salle Méditerranéeς Cours parallele VISIO 
 

Structured Illumination Microscopy (SIM) with stripes [1, 2] or spots [3, 4] gives a modest but 
useful improvement in resolution: about 2x. Unlike other "superresolution" techniques, SIM doesn't 
rely on unusual photophysics, so it works for a wide range of samples, and doesn't substantially 
degrade speed, penetration depth, gentleness, or signal-to-noise ratio. Originally, SIM was a 
computational technique, fusing multiple raw camera exposures into a single resolution-doubled 
image. However, in ~2013, several groups [5, 6, 7] realized that this image fusion algorithm could also 
be implemented by optics instead of computers! This all-optical processing allows "instant" 
structured illumination microscopy in a single camera exposure (or even viewed by the human eye 
through eyepieces), yielding the first superresolution technique with no drawbacks. Many modern 
microscopes now include this idea, including the Yokogawa SoRa, the VisiTech iSIM, and the 
Confocal.nl RCM. 

http://imabio-cnrs.fr/mifobio/programme/
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[1] https://doi.org/10.1046/j.1365-2818.2000.00710.x 
[2] https://doi.org/10.1117/12.336833 
[3] Optik 80.2 (1988): 53-54. 
[4] https://doi.org/10.1103/PhysRevLett.104.198101 
[5] https://doi.org/10.1038/nmeth.2687 
[6] https://doi.org/10.1364/BOE.4.002644 
[7] https://doi.org/10.1186/2192-2853-2-5 

***  
3D printing and bioprinting for the development of microenvironment and tissue models.  
Laurent Malaquin,  
ELiA team, LAAS ς CNRS UPR 8001, Toulouse, France 
laurent.malaquin@laas.fr  
Salle Méditerranéeς Cours parallèle VISIO 
 

A major challenge in the field of biology and medicine is the development of artificial 
matrices and in vitro models allowing the growth of cells and tissues in controlled 
microenvironments. The systems most currently used in research are far from the level of 
heterogeneity of the natural microenvironments of cells, which are organized in heterogeneous 
three-dimensional architectures. Novel strategies based on bio-printing technologies (also referred 
to as additive manufacturing) appear as a new paradigm in this field. Current strategies are devoted 
either to the fabrication of artificial scaffolds acting as a mechanical support for soft tissues or either 
to the direct printing of cells seeded within an extracellular matrix. This latter approach is intriguing 
as it can be used to mimic the topography of the natural cell microenvironment together with its 
cellular heterogeneity (i.e. controlling the position of cells in the 3D structure). The targeted goal 
consists in organizing directly differentiated cells and ultimately undifferentiated stem cells on a 3D 
biodegradable scaffold that will direct their fate:  the scaffold should induce cell spreading and 
differentiation while promoting the formation of a functional tissue. As a major advantage of such 
bio printing approach, tissues can be directly fabricated using numerical data obtained directly from 
real tissue samples through advanced imagery techniques (e.g. CT scans, histopathology or confocal 
images of tissues, etc). After introducing the basic concepts of bioprinting, this presentation will give 
an overview of the latest technologies and developments performed in the field of 3D printing and 
bioprinting for the creation of tissue models. Strategies based on the creation of high-resolution 
scaffolds, porous bioreactors will first be addressed through several examples of application in the 
field of cancer study and regenerative medicine. Then the presentation will be focused on the use 
of bioprinting for the construction of tissue models with a special focus on the reconstruction of 
heterogenous and self-evolving tissues using various building blocks including stem cells, cell 
aggregates, spheroids and organoids. 

***  
 

SCAPE microscopy for high-speed 3D imaging. 
Elizabeth M. C. Hillman, 
Herbert and Florence Irving Professor, Mortimer B. Zuckerman Mind Brain Behavior Institute, 
Professor of Biomedical Engineering and Radiology, Columbia University, Jerome L. Greene Science 
Center, New York, NY 10027. 
elizabeth.hillman@columbia.edu  
Salle Méditerranée ς Cours plenier VISIO 
 

In growing numbers of model organisms, fluorescent indicators of cellular activity can enable 
optical monitoring of large populations of neurons. However, capturing this activity in-vivo, in 3D 
and in real-time has remained a significant challenge for conventional point-scanning microscopes. 
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SCAPE microscopy is a high-speed light-sheet imaging method that permits cellular-level 3D imaging 
at over 100 volumes per second1,2. Combining low phototoxicity with a simple, single stationary 
objective lens, SCAPE permits high-speed microscopy that is well-suited to the study of behaving 
small model organisms such as C. elegans worms, zebrafish larvae and adult and larval Drosophila. 
The method can also be applied to high-speed, 3D functional imaging of the intact, living rodent 
brain, achieving 400 micron penetration depth when using two-photon excitation. By capturing real-
time activity across large volumes of the brain during natural behaviors, without needing averaging 
over multiple repeated trials or tasks, SCAPE microscopy permits the application of modelling and 
analysis techniques to understand network-wide neural representations of complex and 
ǎǇƻƴǘŀƴŜƻǳǎ ōŜƘŀǾƛƻǊǎΣ ŀƴŘ ŎƻǳƭŘ ǇƻǘŜƴǘƛŀƭƭȅ ǇǊƻǾƛŘŜ ƴŜǿ ƛƴǎƛƎƘǘǎ ƛƴǘƻ ǘƘŜ ōǊŀƛƴΩǎ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ 
of internal state. This approach also enables high-throughput structural imaging of fresh, fixed, 
cleared of expanded tissues of unlimited lateral extent.  

 
1. Bouchard, M.B. et al. Swept confocally-aligned planar excitation (SCAPE) microscopy for high speed volumetric 

imaging of behaving organisms. Nature photonics 9, 113-119 (2015). 
2. Voleti, V. et al. Real-time volumetric microscopy of in vivo dynamics and large-scale samples with SCAPE 2.0. 

Nature methods 16, 1054-1062 (2019). 

  
***  

 
Organ on chip, a new generation of in vitro models 
Stephanie Descroix 
Institut Curie UMR 168- Institut Pierre Gille de Gennes 
Stephanie.Descroix@curie.fr 
Salle Méditerranée ς Cours plenier 
 

The development of a new generation of in vitro models is of interest in different fields such 
as basic research in life science to decipher physiological and patho-physiological mechanisms or in 
industry to drastically improve drug screening process. Organ on chips aim at recapitulating on chip 
the main features of an organ. Microfluidics thanks to its remarkable properties and versatility is 
now considered as key technology for the development of such miniaturized microphysiological 
systems. In this presentation, we will demonstrate how microfluidics and microfabrication can be 
used to develop new relevant in vitro models and how imaging is pivotal to characterize such 
devices. We will in particular focus on a gut on chip model that integrates both the epithelial and 
stromal compartments. 

***  
Jeudi 11 novembre 8h30 

Quantifying transport and efficacy of therapeutics in spheroids. 
Charlotte Rivière,  
University of Lyon, Université Claude Bernard Lyon 1, CNRS, Institut Lumière Matière, F-69622, 
Villeurbanne, France. Institut Convergence Plascan, CRCL, Lyon, France. Institut Universitaire de 
France (IUF), France. 
charlotte.riviere@univ-lyon1.fr 
Salle  Porquerollesς Cours parallèle 
 

Despite a growing number of innovative therapeutic strategies and a better understanding 
of cancer cell biology, the vast majority of drug candidates fail in clinical trials. This failure is partially 
due to the fact that it remains difficult to model and predict the transport and accumulation of 
therapeutics in vivo, within the tumour. To move beyond the classical 2D plastic dishes, different 3D 
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in vitro models have been developed to try to better replicate in vivo the complexity of the tumour 
microenvironment. Among them, multicellular tumour spheroids recapitulate many tumour 
features. However, the classical approaches to produce spheroids suffer from low yield, slow 
process, difficulties in spheroids manipulation and compatibility with high-magnification 
fluorescence optical microscopy. On the other hand, spheroid-on-chip set-ups developed so far 
require a practical knowledge of microfluidics difficult to transfer to a cell biology laboratory. We 
have developed a simple yet highly flexible 3D model microsystem consisting of agarose-based 
microwells1. Fully compatible with the multi-well plate format conventionally used in cell biology, 
our simple process enables the formation of hundreds of reproducible spheroids in a single 
pipetting. Immunostaining and fluorescence imaging including live high-resolution optical 
microscopy can be performed in situ, with no manipulation of spheroids. 

As a proof of principle of the relevance of such an in vitro platform, I will first present results 
where the kinetics of transport and localisation of nanoparticles were investigated within colorectal 
cancer spheroids2. Our approach is also fully compatible with primary cells from patients, and was 
recently used to screen patient-derived Gonadotroph Tumours (GoTs). I will then introduce a new 
collaborative work where we have integrated our agarose-based microsystems in a microfluidic 
platform enabling the electroporation of a large number of spheroids in parallel.  

Combined with optical and digital clearing3, our approach opens up the possibility to resolve 
tumour heterogeneity, at the single cell level, in a physiological context. 

 
1. C. Riviere et al., Plaques de micropuits en hydrogel biocompatible. Patent FR3079524A1, 

https://patents.google.com/patent/FR3079524B1/en. (2018) 
2. Goodarzi et al., Quantifying nanotherapeutic penetration using a hydrogel-based microsystem as a new 3Din 

vitroplatform. Lab-on-chip, 21 (13), 2495-2510 (2021). 
3. A. Ahmed et al., Clearing spheroids for 3D fluorescent microscopy: combining safe and soft chemicals with deep 

convolutional neural network. bioRxiv, (2021) 

***  
 

3D-printed minimally assembled interchangeable LSFM chamber for serial imaging of organoids 
and spheroids. 
Francesco Pampaloni, 
1 Buchmann Institute for Molecular Life Sciences (BMLS), Goethe-Universität Frankfurt am Main, 
Frankfurt am Main, Germany 
2 Institute for Research in Biomedicine, IRB Barcelona, Barcelona Institute of Science and Technology, 
BIST, Barcelona, Spain 
fpampalo@bio.uni-frankfurt.de 
Salle Porquerolles ς Cours parallèle VISIO 
 

Light sheet fluorescence microscopy (LSFM) is the technology of choice for imaging large 
organs and three-dimensional cell cultures. However, the geometry of conventional LSFM set-ups 
does not allow operations that are common in microscopy, such as exchanging the objective lens, 
or quickly remove a substrate plate and serially replacing with other ones. Although Oblique Plane 
Microscopy (OPM) solves many of these issues by integrating light sheet illumination in an inverted 
microscope, it requires a very precise alignment to not compromise the overall NA. Moreover, OPM 
does not allow for a straightforward multiangle imaging, which is quite important for the analysis of 
large specimens in toto. Thus, finding a way to easily change chamber or objective lens in a 
conventional LSFM set-up for the serial imaging of multiple specimens is a highly desirable feature 
for biologists. We present a new LSFM chamber that is easily detached from the set-up without 
removing neither the immersion water nor the specimen inside. The chamber with its specimen can 
be placed back in the incubator and replaced in the microscope with another one. This allows serial 

http://imabio-cnrs.fr/mifobio/programme/
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imaging of different specimens during the same experiment. The construction of the chamber itself 
exploits several innoǾŀǘƛǾŜ ŀǇǇǊƻŀŎƘŜǎΥ Ŧǳƭƭȅ о5 ǇǊƛƴǘŜŘ ŀǎ ŀ ōƭƻŎƪΣ άƳƛƴƛƳŀƭƭȅ ŀǎǎŜƳōƭŜŘέ όƳŜŀƴƛƴƎ 
that no screws, O-ǊƛƴƎΣ ƻǊ ƻǘƘŜǊ ǇŀǊǘǎ ŀǊŜ ǳǎŜŘ ǘƻ ŀǎǎŜƳōƭŜ ŀƴŘ ǎŜŀƭ ǘƘŜ ŎƘŀƳōŜǊύΣ άǇŀƴƻǊŀƳƛŎέ 
observation window. We demonstrate the application of the new chamber for the imaging of 
organoids and spheroids.  
 
 
Dans la même thématique 

Modules avancés /Tables rondes : 

TR-4-04-Which light-sheet microscope for gentle live imaging ? 
TR-4-11-LƳŀƎŜǊƛŜ ƳǳƭǘƛŎŜƭƭǳƭŀƛǊŜ Υ ƻǊƎŀƴƻƠŘŜǎΣ ǘƛǎǎǳǎΣ ŜƳōǊȅƻƴǎΣ ǉǳŜƭƭŜǎ ƴƻǳǾŜŀǳǘŞǎ ǇƻǳǊ ƭΩƛƳŀƎŜǊƛŜ 
des tissus épais 
 
 
Ateliers :  

A011-9ǘǳŘŜ ŘŜ ƭŀ ǾŀǎŎǳƭŀǊƛǎŀǘƛƻƴ ǎŀƴƎǳƛƴŜ Ŝǘ ƭȅƳǇƘŀǘƛǉǳŜ ŘŜ ƭΩŞǇƛŘƛŘȅƳŜ Υ ŎƭŀǊƛŦƛŎŀǘƛƻƴ ŘΩƻǊƎŀƴŜΣ 
microscopie à feuille de lumière et quantification en trois dimensions 
A025-9ȄǇƭƻƛǘŀǘƛƻƴ ŎƻƳōƛƴŞŜ ŘΩǳƴŜ ǎƻƴŘŜ Ŝǘ ŘΩǳƴŜ ŎŀƳŞǊŀ Lnfra rouge (SWIR) pour imager le réseau 
ǾŀǎŎǳƭŀƛǊŜ ŘΩǳƴ ƳǳǎŎƭŜ ŜƴǘƛŜǊ ŘŜ ǎƻǳǊƛǎ Řŀƴǎ ƭŀ ŦŜƴşǘǊŜ bLw LLΦ  
A032-Immunomarquage et transparisation de tissus entiers, acquisition avec système home-made 
vs commercial    
A035-Studying organogenesis of the pronephros of Xenopus tadpole early stages using light sheet 
and confocal microscopy  
A037-Imaging transcription at a high temporal resolution in a living organism. 
A063a-Transparisation, acquisition au microscope à feuillet de lumière et post traitement de 
sphéroïdes  
A063b-Transparisation, acquisition au microscope à feuillet de lumière et post traitement de 
sphéroïdes  
A065-Getting the most out of 3D pheroids by combining microfabricated wells, clarification 
techniques, standard confocal imaging and deep learning image processing 
A072-Evolution of brain morphology from invertebrates to mammals. Everything we can learn from 
in toto 3D imaging of autofluorescence signals ? 
A073-Microscopie plein champ « haute résolution » et traitement numérique sur échantillon épais 
A075-Adaptive optics fluorescence microscopy for biological imaging 
A079-Bioprinting as a solution for recreating a physiological environment on a slide 
A100-tǊŞǇŀǊŀǘƛƻƴ ŘΩŞŎƘŀƴǘƛƭƭƻƴΣ ŀŎǉǳƛǎƛǘƛƻƴ Ŝǘ ŀƴŀƭȅǎŜ ŘΩƛƳŀƎŜ ǇƻǳǊ ƭŜǎ ŀǇǇƭƛŎŀǘƛƻƴǎ ŘŜ ŎǳƭǘǳǊŜ 
cellulaire 3D  
A106-Serial Block Face Imaging: imagerie 3D sans marquage de gros échantillons 
A107-Standardization of organoids culture allowing high throughput 3D live imaging using sospim 
technology 
A119-[ΩŀǳǘƻŦƭǳƻǊŜǎŎŜƴŎŜ ŎƘŜȊ ƭŜǎ ǇƭŀƴǘŜǎΥ ŀŘǾŜǊǎŀƛǊŜ ƻǳ ŀƭƭƛŞŜΚ 
A120-Imagerie sur petit organoides 3D, Troubleshooting 
A127-Microscopie large champ sur mésoscope homemade 
A131-LƳŀƎŜǊƛŜ о5 ŘΩƻǊƎŀƴŜǎ ǘǊŀƴǎǇŀǊƛǎŞǎ ǇŀǊ microscopie à feuille de lumière 
A137a-Imagerie de fluorescence par microscopie confocale spinning-disk : une exploration des 
avantages et limitations techniques sur 4 systèmes (en 2 parties) 
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A137b-Imagerie de fluorescence par microscopie confocale spinning-disk : une exploration des 
avantages et limitations techniques sur 4 systèmes (en 2 parties) 
A140-5ǳ Ǉƭǳǎ ǇŜǘƛǘ ŞŎƘŀƴǘƛƭƭƻƴ ŀǳ Ǉƭǳǎ ƎǊƻǎΣ ƭŀ ƳƛŎǊƻǎŎƻǇƛŜ Ł ŦŜǳƛƭƭŜ ŘŜ ƭǳƳƛŝǊŜ ŦŀŎŜ Ł ƭΩŜƴƧŜǳ Řǳ 
multi-échelle  
A141-Medium throughput imaging of thick samples: a practical comparison of different samples 
(Drosophila tissues and encapsulated spheroids) in native opaque state and after light-penetration 
facilitation  
A142-aƛŎǊƻǎŎƻǇƛŜ Ł ŦŜǳƛƭƭŜǘ ŘŜ ƭǳƳƛŝǊŜ ǇƻǳǊ ƭΩƛƳŀƎŜǊƛŜ ǾƻƭǳƳƛǉǳŜ 
A143-Imagerie à feuillet de lumiŝǊŜ ŘŜǎ ŞŎƘŀƴǘƛƭƭƻƴǎ о5 ƳƻƴǘŞŜǎ ŘΩǳƴŜ ƳŀƴƛŝǊŜ ǇŜǳ ŎƻƴǘǊŀƛƎƴŀƴǘŜ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Teaser MiFoBio: www.youtube.com/watch?reload=9&v=Bnpx5JGUlyA 
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MODULE 5 : ONDES SUR LE VIVANT (AVEC GDR ONDES)  

Coordination Sophie Brasselet, Pierre Bon et Olivier Haeberle  

 

 

Introduction 

Within this module coupled with the GDR "Waves", we will explore the interest of measuring and 
controlling the physical properties of light for imaging in biology, as well as the methods to 
manipulate them. This approach is indeed one of the key research and development avenues to 
design the imaging systems of tomorrow. In particular: accessing quantitative, deep, fast 
information, detecting ever smaller events/objects, doing without labeling, adapting to situations 
where the amount of information is reduced or the signal is weak... are some of the paths that will 
be described during this module. 

Lundi 8 novembre 8h30 

Measuring and shaping the phase of light: key applications in biology.  
Pascal Berto, 
Institut de la vision, Sorbonne Université, INSERM, CNRS, 17 rue Moreau, 75012 Paris, Université de 
Paris. 
pascal.berto@parisdescartes.fr 
Salle Méditerranéeς Cours parallèle 
 

In recent decades, the advent of spatially-resolved techniques to control and image the 
phase of light waves has deeply transformed microscopy. In this talk, I will first demystify the notions 
of optical phase or wavefront, and present several important examples of phase shaping in 
microscopy (Light-sheet, STED, ...), with a focus on the use of holograms for neurons stimulation 
(optogenetics) and temperature control at the microscale [1] After discussing some limits of the 
standard phase shaping techniques, I will introduce a novel concept where the transmitted light is 
shaped using thermo-optics.[2] I will explain how this simple concept can provide arrays of electrically 
tunable lenses, but also complement the existing optical shaping toolbox by offering low-chromatic-
aberration, polarization-insensitive micro-components. We will finally discuss the potential of this 
technique for multiplane Ca2+ or Voltage Imaging.  

The second part of this talk will be dedicated to phase imaging, and particularly Quantitative 
Phase Imaging (QPI). Phase-contrast microscopies are well known for their ability to reveal rich 
images related to refractive index inhomogeneities, and thus improve contrast in cells, which are 
essentially transparent and barely visible in brightfield microscopy.  I will describe the recent 
research field of Quantitative Phase Imaging, which has proposed valuable label-free biomedical 
methods to measure biophysical cell parameters, including its dry mass. In particular, I will describe 
how a broadband and cost-effective quantitative phase camera can be simply implemented by 
placing a thin diffuser in front of a standard camera.[3] I will discuss the potential of the technique 
for quantitative phase imaging of biological samples and for 3D nanoparticles super-localization and 
tracking. 
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[1] Liu, C., Tessier, G., Flores Esparza, S. I., Guillon, M. & Berto, P. Reconfigurable Temperature Control at the Microscale by 
Light Shaping. ACS Photonics 6, (2019). 
[2] Berto, P., Philippet, L., Osmond, J., Liu, C. F., Afridi, A., Montagut Marques, M., Molero Agudo, B., Tessier, G. & Quidant, R. 
Tunable and free-form planar optics. Nature Photonics 13, 649ς656 (2019). 
[3] Berto, P., Rigneault, H. & Guillon, M. Wavefront sensing with a thin diffuser. Opt. Lett. 42, 5117 (2017). 

 

***  
 
X-ray coherent diffraction imaging: 3D exploration of biologically relevant hard and soft tissues. 
Virginie Chamard, 
Aix-Marseille Université, CNRS, Centrale Marseille, Institut Fresnel UMR 7249, 13013 Marseille, 
France.  
virginie.chamard@fresnel.fr 
Salle Méditerranéeς Cours parallèle 

 

Imaging tri-dimensional complex materials at the nanoscale is a major challenge of 
nanoscience, which calls for a microscopy method combining sensitivity to density distribution, in 
situ compatibility and high spatial resolution. In this context, the recent advents of x-ray lens-less 
imaging methods, based on coherent diffraction, have opened promising perspectives[1] as they fill 
the gap between direct microscopies (AFM, SEM, TEM) and reciprocal-space based x-ray scattering 
or Bragg diffraction analysis. This family of modalities have been proposed to circumvent the lack of 
efficient focusing optics in the x-ray regime. They are based on the acquisition of far-field coherent 
intensity patterns, from which the phase of the diffracted field is retrieved with inversion iterative 
algorithms, providing access to truly quantitative information in the object plane, such as the density 
distribution inside the sample or the lattice distortions in a crystalline material. 
In this presentation, I will review two major modalities of coherent diffraction imaging (CDI) 
methods: finite-sized sample CDI[1, 2] and ptychography[3, 4]. Their principles will be introduced, 
together with their implementations at synchrotron sources. Finally, a series of recent examples will 
be described to illustrate the interest in life science related problems. 
[1]  D. Shapiro et al. Biological imaging by soft x-ray diffraction microscopy. Proc. Natl Acad. Sci. USA. 102, 15343-15346 (2005). 
[2]  M. M. Seibert et al. Single mimivirus particles intercepted and imaged with an X-ray laser. Nature 470, 78ς81 (2011).  
[3]  H. Tri Tran et al., Alterations in Sub-!Ȅƻƴŀƭ !ǊŎƘƛǘŜŎǘǳǊŜ .ŜǘǿŜŜƴ bƻǊƳŀƭ !ƎƛƴƎ ŀƴŘ tŀǊƪƛƴǎƻƴΩǎ 5ƛǎŜŀǎŜŘ IǳƳŀƴ .Ǌŀins 
Using Label-Free Cryogenic X-ray Nanotomography. Front. Neurosci. 14, 570019 (2020) 
[4]     F. Mastropietro et al., Revealing crystalline domains in a mollusc shell single-crystalline prism. Nat. Mater. 16, 946-952 
(2017). 

***  
 

Imaging the brain at high spatiotemporal resolution with wavefront shaping. 
Na Ji, 
Department of Physics, Department of Molecular & Cell Biology, University of California, Berkeley, 
California 94720, United States. 
jina@berkeley.edu 
Salle Méditerranée ς Cours plénier 

 

To understand computation in the brain, one needs to understand the input-output 
relationships for neural circuits and the anatomical and functional properties of individual neurons 
therein. Optical microscopy has emerged as an ideal tool in this quest, as it is capable of recording 
the activity of neurons distributed over millimeter dimensions with sub-micron spatial resolution. I 
will describe how we use concepts in astronomy and optics to develop next-generation microscopy 
methods for imaging the brain at higher resolution, greater depth, and faster speed. By shaping the 
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wavefront of the light, we have achieved synapse-level spatial resolution through the entire depth 
of the primary visual cortex, optimized microendoscopes for imaging deeply buried nuclei, and 
developed video-rate volumetric and kilohertz functional imaging methods. We apply these methods 
to understanding neural circuits, using the mouse brain as our model system. 

 

1. Rodríguez C, Chen A, Rivera JA, Mohr MA, Liang Y, Sun W, Milkie DE, Bifano TG, Chen X, Ji N. An adaptive optics module for 
deep tissue multiphoton imaging in vivo. Nature Methods, in press. (Also see BioRxiv (2020) 
https://doi.org/10.1101/2020.11.25.397968.) 
2. Meng G, Liang Y, Sarsfield S, Jiang WC, Lu R, Dudman JT, Aponte Y, Ji N. High-throughput synapse-resolving two-photon 
fluorescence microendoscopy for deep-brain volumetric imaging in vivo. Elife (2019) e40805.  
3. Lu R, Sun W, Liang Y, Kerlin A, Bierfeld J, Seelig J, Wilson DE, Scholl B, Mohar B, Tanimoto M, Koyama M, Fitzpatrick D, Orger 
MB, Ji N. Video-rate volumetric functional imaging of the brain at synaptic resolution. Nature Neuroscience (2017) 20, 620-
628. 
4.  Lu R, Liang Y, Meng G, Zhou P, Svoboda K, Paninski L, Ji N. Rapid mesoscale volumetric imaging of neural activity with 
synaptic resolution. Nature Methods (2020) 17, 291ς294. 
5. Wu J, Liang Y, Chen S, Hsu C-L, Chavarha M, Evans SW, Shi D, Lin MZ, Tsia KK, Ji N.  Kilohertz two-photon fluorescence 
microscopy imaging of neural activity in vivo. Nature Methods (2020) 17, 287ς290. 

***  
Volumetric imaging at high speeds. 
Jerome Mertz, 
Biomedical Engineering Department, Boston MA, 02215 USA  
jmertz@bu.edu 
Salle Méditerranée ς Cours plénier 

 

Obtaining high-resolution images from extended 3D volumes has been a longstanding 
challenge in the microscopy community. This challenge is particularly acute when high-speed 
imaging is required, such as when performing voltage imaging in brain tissue. I will describe different 
techniques we have developed to address this challenge, for both scanning and camera-based 
microscopes.   

***  
Mardi 9 novembre 14h00 

Gouy and Brown to the rescue: Label-free virus detection and virus-antibody interaction 
monitoring by common-path interferometry. 
Ignacio Izeddin, 
1Institut Langevin, ESPCI Paris, PSL University, CNRS, 1 rue Jussieu, 75005 Paris, France. 
2Lƴǎǘƛǘǳǘ ŘŜ .ƛƻƭƻƎƛŜ ŘŜ ƭΩ9b{ όL.9b{ύΣ 9b{Σ t{[ ¦ƴƛǾŜǊǎƛǘȅΣ /bw{ ¦awумфтΣ LƴǎŜǊƳ ¦млнп  пс ǊǳŜ 
ŘΩ¦ƭƳΣ трллр tŀǊƛǎΣ CǊŀnce. 
ignacio.izeddin@espci.fr 
Salle Porquerolles ς Cours parallèle 

 

In this talk, we will present a new, sensitive, interferometric, and non-destructive optical 
approach to detect, count and sort different types of label-free, biotic and non-biotic single 
nanoparticles (NPs) in aqueous media [1]. In short, we measure the light scattered by the 
nanoparticles and obtain an interferometric signal arising due to the Gouy phase shift and related to 
the NP size and refractive index; this measurement is complemented with single particle tracking 
analysis of their Brownian motion in order to determine the NP size and nature, allowing to 
discriminate objects of the same size like for example viruses and membrane vesicles. 

Thanks to the common-path and transmission configuration of our microscope, the 
detection of small virus and NPs is robust and insensitive to spherical aberrations produced by the 

http://imabio-cnrs.fr/mifobio/programme/
mailto:mifobio-info@services.cnrs.fr
https://doi.org/10.1101/2020.11.25.397968
mailto:jmertz@bu.edu
mailto:ignacio.izeddin@espci.fr
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index mismatch of the environment. This opens important perspectives to study virus infection and 
target-search strategies without the need of fluorescence labelling. With this approach, we have 
developed an assay based on antibody recognition of targeted virus in which we associate changes 
in diffusion to antibody recognition and possibly aggregation. We have applied this approach to 
different bacteriophages and mammalian virus, with antibodies targeting different surface proteins, 
using only primary antibodies or a combination of primary and secondary antibodies. In all cases, we 
have observed a significant change in diffusion and an increase in signal strength and number of 
detected particles at the time mark of around one minute, and a decrease of number of detected 
particles at longer time scales indication aggregation (tens of minutes), validating thus our assay as 
a label-free tool for rapid virus identification or to study antibody-antigen interactions. 
1.     Boccara et al, Biomed. Opt. Exp. 2016 

 
***  

tƻƭŀǊƛȊŜŘ ƳƛŎǊƻǎŎƻǇȅ ǊŜǎƻƭǾŜǎ ǇǊƻǘŜƛƴΩǎ ƻǊƎŀƴƛȊŀǘƛƻƴ ƛƴ ŎŜƭƭǎΦ 
Sophie Brasselet, 
Aix Marseille Univ, CNRS, Centrale Marseille, Institut Fresnel, F-13013 Marseille, France. 
sophie.brasselet@fresnel.fr  
Salle Porquerolles ς Cours parallèle 

Fluorescence and nonlinear microscopy imaging reveal important biological processes 
occurring in cells and tissues from fixed situations to in vivo dynamics. Optical imaging cannot 
however directly access the way molecules are organized in specific structures occurring at the 
molecular scale. This property, which is important in many fields in cell biology, embryogenesis or 
biomechanics, is today most often studied using electron microscopy (EM) or X ray diffraction, which 
are not compatible with real time imaging. We will show that reporting molecular orientation and 
ǇǊƻǘŜƛƴΩǎ ƻǊƎŀƴƛȊŀǘƛƻƴ ƛƴ ǇǊƻǘŜƛƴ ŦƛƭŀƳŜƴǘǎΣ ŀƎƎǊŜƎŀǘŜǎ ƻǊ ƭƛǇƛŘ ƳŜƳōǊŀƴŜǎ Řƻǿƴ ǘƻ ǘƘŜ ƴŀƴƻ-scale 
is made possible using polarization resolved optical microscopy, which takes advantage of the 
orientation-sensitive coupling between optical excitation fields and molecules.  

We will show an overview of polarization sensitive approaches in fluorescent microscopy, 
with a particular focus on super resolved methods. We will discuss the advantages of transposing 
polarized methodologies to scanning nonlinear optical microscopy, as well as the challenges still to 
overcome with respect to real time polarized live imaging. 
 

 
Dans la même thématique 

Ateliers :  

A042-Remember your wavefront: adaptive optics and memory effect in different regimes  
A090-Label-free virus detection and sorting with full-field interferometric microscopy 
A093-aŜŀǎǳǊƛƴƎ ǇǊƻǘŜƛƴΩǎ ƻǊƛŜƴǘŀǘƛƻƴ ŀƴŘ ƻǊƎŀƴƛȊŀǘƛƻƴ ōȅ ǇƻƭŀǊƛȊŜŘ ŦƭǳƻǊŜǎŎŜƴŎŜ ŀƴŘ polarized 
super resolution imaging  
A096-Multimode fiber based-endoscope for fluorescence imaging using wavefront shaping 
A145-OpenUC2 ς aƻŘǳƭŀǊ hǇǘƛŎǎ ǿƛǘƘ ŀ ά/ƭƛŎƪέ 
 

 

 

http://imabio-cnrs.fr/mifobio/programme/
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MODULE 6 : DYNAMIQUE ET INTERACTIONS MOLECULAIRES EN CELLULES VIVANTES 
: EXPERIMENTATION ET MODELISATION  

Coordination Cyril Favard, Ignacio Izeddin et Antoine Coulon  

 

Introduction 

This module covers the latest developments in the field of quantification, by optical microscopies, 
of the dynamics and interactions of biological molecules in their cellular context. In the module, 
these experimental approaches are paralleled by theoretical approaches that aim to model the 
hypotheses and/or observations.  

Beyond new technologies, this module is therefore at the interface between theoretical 
(bio)physics, instrumentation and experimental biology (biophysics) and aims to have an integrated 
approach to a biological problem. 

Lundi 8 octobre 8h30 

Revealing spatial and kinetic details of life processes by analyzing live cell single molecule tracking 
data. 
J. Christof M. Gebhardt, 
Institute of Biophysics, Ulm University, Germany.  
christof.gebhardt@uni-ulm.de 
Salle Porquerollesς Cours parallèle 

 

In a living organism, numerous inanimate biomolecules and their inherently stochastic 
interactions are precisely orchestrated and organized in space and time, together enabling the 
enigma of life. By using single molecule fluorescence microscopy, we are able to monitor single 
molecules in their natural environment of a live cell or organism and thus obtain an exceptionally 
detailed view on life processes including transcription. Tracking individual molecules reveals 
subpopulations with distinct behaviour and yields quantitative information such as reaction rates, 
bound fractions, diffusion coefficients and concentrations and the spatial distribution and 
stoichiometry of molecules and cellular structures. Thus, we obtain information necessary for a deep 
understanding and modelling of life processes. 

In the presentation, I will give an overview over state-of-the-art methodologies to image 
single molecules in live cells and organisms, i.e. zebrafish embryos, and discuss the spatial and kinetic 
information that can be extracted from such data. In addition to basic concepts, I will highlight some 
insights we obtained on the kinetic regulation of transcription and the activation of transcription in 
zebrafish development. For example, perturbing the interaction kinetics between a transcription 
factor (TF) and DNA enabled us to expand the common two-state model of gene transcription, in 
which the active gene releases a burst of transcripts before turning inactive again, to a model in 
which TF binding triggers multiple successive steps before the gene transits to the active state. Using 
single molecule methods, we comprehensively quantified the transition times of the TF and the 
gene, including the TF target search and residence times and the delay between TF binding and the 
onset of transcription.  

 

http://imabio-cnrs.fr/mifobio/programme/
mailto:mifobio-info@services.cnrs.fr
mailto:christof.gebhardt@uni-ulm.de


 MODULES 
 

Ecole thématique du CNRS : Microscopie Fonctionnelle en Biologie MiFoBio, Giens, 5-12 nov 2021 

http://imabio-cnrs.fr/mifobio/programme/  mifobio-info@services.cnrs.fr      55 

     

***  
 
E. coli chromosome dynamics and the cell cycle. 
Marco Cosentino Lagomarsino, 
Department of Physics, University of Milan, Italy. 
marco.cosentino-lagomarsino@ifom.eu 
Salle  Porquerollesς Cours parallèle VISIO  
 
 

***  
Mardi 9 octobre 14h00 

Imaging DNA repair at the single molecule level. 
Judith Miné-Hattab1, Mathias Heltberg2,1, Marie Villemeur1, Chloé Guedj1, Thierry Mora2, Aleksandra 
Walczak2, Maxime Dahan3, Angela Taddei1, Fabiola Garcia Fernandez1, Sébastien Huet4 
1 Institut Curie, PSL University, Sorbonne Université, CNRS, Nuclear Dynamics, France;  
2 [ŀōƻǊŀǘƻƛǊŜ ŘŜ tƘȅǎƛǉǳŜ ŘŜ ƭΩ9ŎƻƭŜ bƻǊƳŀƭŜ {ǳǇŞǊƛŜǳǊŜΣ t{[ ¦ƴƛǾŜǊǎƛǘȅΣ /bw{Σ {ƻǊōƻƴƴŜ ¦ƴƛǾŜǊǎƛǘŞ 
, Université de Paris, France;  
3 Institut Curie, PSL University, Sorbonne Université, CNRS, Physico Chimie Curie, France;  
4 CNRS, UMR 6290, Institut Génétique et Développement de Rennes, 35043 Rennes, France. 
judith.mine@curie.fr 
Salle  Méditerranée ς Cours parallèle 

 

Our genome is constantly damaged by a variety of exogenous and endogenous agents. 
Among the various forms of DNA damage, double-strand breaks (DSBs) are the most cytotoxic and 
genotoxic for the cell. Eukaryotic organisms use several mechanisms to repair DSBs among them 
non-homologous end-joining (NHEJ) and homologous recombination (HR).  
 Here, we investigate the molecular mechanisms of HR proteins inside cells at the single 
molecule level. In response to DSB, repair proteins colocalize from a diffuse distribution to repair 
foci located at the damaged DNA site. An enduring question in the DNA damage field is how do 
repair proteins find their correct target, accumulate within repair foci and disassemble with the 
proper time-window? Despite their functional importance, the physical nature of repair sub-
compartments remains unclear. To answer these questions, we use single particle tracking (SPT) 
and PALM (Photo Activable Localization Microscopy) to assess the physical properties underlying 
repair foci formation and the internal dynamics of these membrane-less sub-compartments. Using 
this approach in Saccharomyces cerevisiae yeast, we found that Rad52 share many properties 
characterizing Liquid Liquid Phase Separation including: sharp change in diffusion coefficient while 
entering or escaping foci, fusion of multiple foci, existence of a potential attracting molecules to the 
center of foci. Furthermore, I will present a recently developed set-up combining laser micro-
irradiation and single molecule microscopy. Using this set-up in living human cells, we visualize the 
changes in proteins dynamics just after damage in living human cells  
 

1. Heltberg Mathias, Miné-Hattab Judith, Taddei Angela , Walczak Aleksandra M. , Mora Thierry. Physical 
observables to determine the nature of membrane-less cellular sub-compartments. BioRxiv (2021). 

2. Judith Miné-Hattab*, Mathias Heltberg, Marie Villemeur, Chloé Guedj, Aleksandra M. Walczak, Thierry Mora, 

Maxime Dahan, Angela Taddei*, * corresponding authors. Single molecule microscopy reveals key physical 
features of repair foci in living cells eLife, 10: e60577, (2021). 

3. Judith Miné-Hattab*  & Irène Chiolo, * corresponding authors. Complex Chromatin Motions for DNA Repair. 

Frontiers in Genetics, 11: 800, (2020). 

4. Camille Clément, Guillermo Orsi, Alberto Gatto, Ekaterina Boyarchuk, Audrey Forest, Bassam Hajj, Judith Miné-
Hattab, Mickaël Garnier, Zachary Gurard-Levin, Jean-Pierre Quivy, and Geneviève Almouzni. High-resolution 

http://imabio-cnrs.fr/mifobio/programme/
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visualization of H3 variants during replication reveals their controlled recycling", Nature Communication, 

9;9(1):3181, (2018). 

 

***  
 
Investigating reaction-diffusion dynamics of proteins in the nucleus of living cells using 
fluorescence-based methods. 
Sébastien Huet, 
Univ. Rennes, CNRS, Structure Fédérative de Recherche Biosit, IGDR (Institut de Génétique et 
Développement de Rennes) ς UMR 6290, Rennes, France. Institut Universitaire de France, Paris, 
France. 
sebastien.huet@univ-rennes1.fr 
Salle  Méditerranéeς Cours parallèle 
 

In contrast to the cytoplasm, which is subdivided into mutiple compartments due to the 
presence of membrane-surrounded organelles, nearly all the nuclear volume is readily accessible to 
proteins by diffusion processes. Nevertheless, this nuclear environment is extremely dense, 
containing complex multiscale structures such as the chromatin. Yet, proteins involved in essential 
physiological functions such as transcription or DNA repair need to efficiently navigate through this 
environment to find their target on the DNA within a reasonable time frame. Improving our 
characterization of the diffusion-reaction dynamics displayed by the nuclear proteins is therefore 
essential to better understand how these proteins reach their targets to fulfill their functions. In this 
course, I will describe how methods such as fluorescence recovery after photoperturbation (FRAP) 
or fluorescence correlation spectroscopy (FCS), can be used to assess the mode of diffusion-reaction 
displayed by a given nuclear protein and estimate quantitatively the parameters that describe its 
dynamics.   
 

***  
Understanding the molecular assembly of the cell contractile machinery. 
Shashi Kumar Suman1, Serena Prigent1, Vlad Costache1, Pierre Mahou2, Camille Plancke1, Emmanuel 
Beaurepaire2, François Robin1 
1 CNRS UMR7622 and Inserm ERL 1156, Institut de Biologie Paris-Seine (IBPS), Sorbonne Université, 
Paris, France. 
2 INSERM U1182 and CNRS UMR7645, Laboratoire d'Optique et Biosciences, Ecole Polytechnique, 
Paris, France. 
francois.robin@sorbonne-universite.fr 
Salle Méditerranée ς Cours plénier 

 

Cell morphogenesis relies on a tight spatial and temporal control of cell mechanics by the 
actomyosin machinery. Understanding how these mechanical properties are controlled by a 
combinatorics of biochemical properties and tuning of concentration and activity remains a major 
question in modern cell biology. Looking at the assembly of the actomyosin cytoskeleton in the C. 
elegans, I will show how we can explore the dynamics of these molecular assemblies in live cells, 
revealing the complex architecture of this force generating machinery. 

 
***  

 
 

http://imabio-cnrs.fr/mifobio/programme/
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Lighting up the central dogma in living embryos to uncover how genomic sequence encodes cell 
fate decisions. 
Jacques Bothma, 
Hubrecht Institute for Developmental Biology and Stem Cell Research, Utrecht, The Netherlands. 
j.bothma@hubrecht.eu 
Salle Méditerranée ς Cours plénier 

 
Unraveling the mystery of how a single embryonic cell gives rise to the menagerie of 

differentiated cell types that build an animal will not only reveal the organizing principles of life, but 
will yield new insights into disorders of development and cancer. Even though classic genetic screens 
and functional genomic approaches have uncovered essentially all the transcription factors and 
ŜƴƘŀƴŎŜǊǎ ƛƴǾƻƭǾŜŘ ƛƴ ǎǇŜŎƛŦȅƛƴƎ ŎŜƭƭ ƛŘŜƴǘƛǘȅΣ ǿŜ ǎǘƛƭƭ ŘƻƴΩǘ ǳƴŘŜǊǎǘŀƴŘ Ƙƻǿ ǘƘŜǎŜ ƳƻƭŜŎǳƭŀǊ ǇƭŀȅŜǊǎ 
work together to choreograph development. Thanks to a recent suite of innovations in live imaging 
and computational analysis methods the time is ripe for the introduction of a new quantitative 
paradigm in the study of development based on how cell fates are established in living animals as 
development is actually taking place. Indeed, we can now visualize transcription, translation, and 
even the binding of a single TF molecule to DNA in living Drosophila embryos. I will discuss the 
technologies we developed to enable this and what we learned by applying them, focusing on a new 
protein tag, LlamaTag, which makes it possible to visualize transcription factor concentration 
dynamics in live embryos. Using LlamaTags we discovered stochastic bursts in the concentration of 
transcription factors that are correlated with bursts in transcription. We further used LlamaTags to 
show that the concentration of protein in a given nucleus depends heavily on transcription of that 
gene in neighboring nuclei and show that this short range inter-nuclear coupling is an important 
mechanism for coordinating gene expression across many nuclei to delineate straight and sharp 
boundaries of gene expression. 
 
Dans la même thématique 

Tables rondes : 
TR-6-08-Table ronde de clôture du module 6 Dynamique et intéraction moléculaires 

TR-T-06-{ǳƛǾƛ ŘŜ ǉǳŀƭƛǘŞ ŘΩǳƴ ƳƛŎǊƻǎŎƻǇŜ ǇƘƻǘƻƴƛǉǳŜ Řŀƴǎ ƭŜ ǘŜƳǇǎ - dialogue avec les constructeurs 

Ateliers : 

ǒ A004-Molecular dynamics, the challenges of live cytoskeletal microscopy in vivo. 
ǒ A036-Lattice light-sheet microscopy for fast 3D time lapse of live samples 
ǒ A048-Mécanobiologie de cellules tumorales circulantes 
ǒ A126-Microscopie quantitative : dynamique moléculaire par Spectroscopie de Corrélation 

de Fluorescence - Mise en oeuvre, calibration et analyse   
ǒ A144-Use of detrended Fluorescence Lifetime Correlation Spectroscopy (dFLCS) to assess 

protein dynamics in the cell nucleus 
ǒ MA-5-01- Phase and index imaging for biology 
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MODULE 7 : SIGNALISATION CELLULAIRE, MECANOBIOLOGIE, 
MECANOTRANSDUCTION  

Coordination : Marie-Emilie Terret et Laetitia Kurzawa  

 

 

Introduction  

Mechanobiology studies how biological materials respond to mechanical forces exerted on them. This 

biological material includes a great diversity of scales that can go from the microscopic scale 

(cytoskeleton, nucleus, organelles) to the macroscopic scale (organs, whole organisms) through 

intermediate scales (cells, tissues). A great heterogeneity is also encountered at the level of the 

mechanical forces exerted by their different intensities, their nature (shear forces, viscoelastic, 

osmotic pressure, rigidity, stretching, compression, gravity...), or their origin (extra or intracellular 

environment...). Finally, the response of the biological material is also complex and involves a large 

number of interconnected phenomena that may involve mechanisms of mechano-transduction, 

reorganization of the cytoskeleton, biochemical reactions, collective migration, change of polarity... 

In view of this great diversity, measuring these mechanical forces, understanding their integration at 

different scales and analyzing the response of biological material is often a challenge, relying in 

particular on the development of new technologies and on a strong interaction between biology and 

physics. Mechanobiology is therefore of major importance in many fields of research, such as the 

study of embryonic development, the fight against cancer and tissue engineering. The invited speakers 

of the mechanobiology session reflect this diversity of scales, models and applications.  

Guillaume Charras will focus on cell mechanotransduction by showing how signaling proteins control 

cell mechanics at the cortical level. Peter Lenart will present the mechanical response of the starfish 

oocyte nucleus leading to the rupture of the nuclear envelope under the effect of an original intrinsic 

piercing mechanism resulting from the forces exerted by the actin cytoskeleton. Stéphane 

Vassilopoulos will explain how clathrin patches at the cell plasma membrane constitute a 

mechanotransduction crossroads, relaying mechanical stimuli by remodeling the cytoskeleton to 

modulate gene expression. Stéphanie Miserey-Lenkei will show how Golgi-dependent protein 

secretion is controlled by mechanical forces, potentially via microtubules that interrogate the 

extracellular environment through focal adhesions. Matteo Rauzi will present his work on the 

mechanics and mechanisms governing tissue folding and extension during embryonic gastrulation 

and neurulation in Drosophila and sea urchin. Finally, Nathalie Sauvonnet will talk about how 

pathogens adapt their virulence to mechanical forces encountered in host tissues, particularly in the 

gut. 
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Mercredi 10 novembre 8h30 

Spatial regulation of exocytosis. 
Miserey-Lenkei S., 
Institut Curie, PSL Research University, Sorbonne Université, CNRS, UMR 144, Molecular Mechanisms 
ƻŦ LƴǘǊŀŎŜƭƭǳƭŀǊ ¢ǊŀƴǎǇƻǊǘ ƭŀōƻǊŀǘƻǊȅΣ нс ǊǳŜ ŘΩ¦ƭƳΣ трнпу tŀǊƛǎ ŎŜŘŜȄ лрΣ CǊŀƴŎŜΦ 
Stephanie.Miserey-Lenkei@curie.fr 
Salle Porquerollesς Cours parallèle 

 

To reach the cell surface, secreted proteins are transported along intracellular routes from 
the endoplasmic reticulum through the Golgi complex, which acts as the main sorting station. Cargos 
exit the Golgi complex in transport carriers that use microtubules to be addressed to the plasma 
membrane before exocytosis. Using a synchronized secretion assay in 2D, we have recently 
highlighted that exocytosis is not random and occurs at hotspots juxtaposed to focal adhesions (FAs). 
The Golgi-associated small GTPase RAB6 acts as a general regulator of post-Golgi secretion, 
irrespectively of the cargo. The RAB6-dependent machinery plays an essential role in the restricted 
exocytosis (Fourriere, Kasri, JCB, 2019). However, several questions remain unanswered, especially 
regarding the mechanical influence from the cell environment on protein secretion. To address this 
point, we aim actually at understanding how microtubules sense extracellular environment through 
FAs and how Golgi-dependent protein secretion is controlled by mechanical forces.  

 

***  
 

Clathrin plaques form mechanotransducing platforms. 
Stéphane Vassilopoulos, 
1 INSERM UMRS_974, Sorbonne Universités, UPMC Univ Paris 06, Institute of Myology, Paris, France; 
s.vassilopoulos@institut-myologie.org 
Salle Porquerolles ς Cours parallèle  

 
Large flat clathrin plaques are stable features of the plasma membrane associated with sites 

of strong adhesion suggesting that they could also play a role in force transduction. Here, we 
analyzed their response to mechanical cues and their association with the cytoskeleton. Flat clathrin 
plaques and surrounding branched actin filaments sequestered YAP/TAZ mechanotransducers at the 
plasma membrane and were required for efficient nuclear translocation in response to cyclic 
stretching. Branched actin filaments surrounding clathrin plaques also formed anchoring points for 
intermediate filaments and were required for organization of the intermediate filament subcortical 
web. Thus, clathrin plaques act as molecular platforms conveying mechanical cues which integrate 
cell signaling with cytoskeletal regulation. 

 
Moulay G, Lainé J, Lemaître M, Nakamori M, Nishino I, Caillol G, Mamchaoui K, Julien L, Dingli F, Loew D, Bitoun M, Leterrier 
C, Furling D, Vassilopoulos S. Alternative splicing of clathrin heavy chain contributes to the switch from coated pits to plaques. 
J Cell Biol. 2020 Sep 7;219(9):e201912061. doi: 10.1083/jcb.201912061. 
Vassilopoulos S. Unconventional roles for membrane traffic proteins in response to muscle membrane stress. Curr Opin Cell 
Biol. 2020 Mar 19;65:42-49. doi: 10.1016/j.ceb.2020.02.007.  
Vassilopoulos S, Gibaud S, Jimenez A, Caillol G, Leterrier C. Ultrastructure of the axonal periodic scaffold reveals a braid-like 
organization of actin rings. Nat Commun. 2019 Dec 20;10(1):5803. doi: 10.1038/s41467-019-13835-6. 
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Franck A, Lainé J, Moulay G, Lemerle E, Trichet M, Gentil C, Benkhelifa-Ziyyat S, Lacène E, Bui MT, Brochier G, Guicheney P, 
Romero N, Bitoun M, Vassilopoulos S. Clathrin plaques and associated actin anchor intermediate filaments in skeletal muscle. 
Mol Biol Cell. 2019 Mar 1;30(5):579-590. doi: 10.1091/mbc.E18-11-0718. Epub 2019 Jan 2. 
Vassilopoulos S, Gentil C, Lainé J, Buclez PO, Franck A, Ferry A, Précigout G, Roth R, Heuser JE, Brodsky FM, Garcia L, Bonne 
G, Voit T, Piétri-Rouxel F, Bitoun M. Actin scaffolding by clathrin heavy chain is required for skeletal muscle sarcomere 
organization. J Cell Biol. 2014 May 12;205(3):377-93. doi: 10.1083/jcb.201309096 
 
 

***  
 

Jeudi 11 novembre 8h30 

Impact of physical forces of the gut on pathogen infection using organ-on-chip (OOC). 
Nathalie Sauvonnet, 
Intracellular trafficking and tissue homeostasis, department Cell Biology and Infection, Institut 
Pasteur, 28 rue du Dr Roux 75015 Paris. 
nathalie.sauvonnet@pasteur.fr 
Salle Méditerranée ς parallèle  

 

Mechanical forces trigger many cellular functions and change the geometry and physical 
properties of a tissue. Very few studies address the role of physical inputs during infectious 
processes, and an important field of investigation remains on how pathogens have adapted their 
virulence to the mechanical forces encountered in the host tissues1. The intestine, and in particular 
the colon, comprising a mucus blanket, an epithelial monolayer and the lamina propria rich in 
immune cells, is constantly subjected to two main forces induced by the fluid-flow (shear stress) and 
the peristaltic motion (cyclic stretching), both forces being important for the tissue organization and 
renewal. These cells layers cooperate to form a protective barrier facing the external side that 
ǇǊƻǾƛŘŜǎ ŀ ǿŜŀƭǘƘ ƻŦ άŜŎƻƭƻƎƛŎŀƭ ƴƛŎƘŜǎέ ǇŜǊƳŀƴŜƴǘƭȅ ŜȄǇƻǎŜŘ ǘƻ ƳƛŎǊƻƻǊƎŀƴƛǎƳǎ ǘƘŀǘ Ŏŀƴ ōŜ 
beneficial (microbiota) or damageable (pathogens). Recently, we have shown using gut-on-a-chip 
technology recapitulating the 3D tissue architecture of the intestine and its physical forces, that this 
gut surrogate allows the highly efficient invasion of the human restricted pathogen Shigella, directly 
from the apical side of the epithelial monolayer, thereby shifting the paradigm on the early stages 
of invasion2. Furthermore, by modulating the flow rate and stretching conditions, and implementing 
a framework to reconstructing dynamic OOC imaging in 4D live, we observed that both the 3D 
topology of the monolayer and the peristaltic motion greatly enhance the colonization rate, the 
bacterial virulence, its invasion and cell-to-cell spreading throughout the barrier. Our results reveal 
that Shigella takes advantage of the gut morphology and physical forces to disrupt the intestinal 
barrier2. More recently, we also used OOC to investigate enteric infections by two other pathogens, 
the parasite Entamoeba histolytica and the virus SARS-CoV-2. Once again, the 3D topology and 
mechanical stimulation of the gut enhance the infection, but each pathogen adapted differently to 
gut physical cues, highlighting the essential role of mechanical forces in host-pathogen interactions. 
 

1. Feaugas T and N Sauvonnet. Organ-on-chip to investigate host-pathogens interactions. Cell Microbiol., 23(7) 
(2021). 

2. Grassart A, Malardé V, Gobaa S, Sartori-Rupp A, Kerns J, Karalis K, Marteyn B, Sansonetti PJ and N Sauvonnet. 
Bioengineered Human Organ-on-Chip Reveals Intestinal Microenvironment and Mechanical Forces Impacting 
Shigella Infection. Cell Host and Microbe. 26(3) :435-444 (2019) 

 
***  
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Mechanisms and mechanics driving composite morphogenesis. 
Matteo Rauzi, 
¦ƴƛǾŜǊǎƛǘŞ /ƾǘŜ ŘΩ!ȊǳǊΣ /bw{Σ LƴǎŜǊƳΣ iBV, Nice, France. 
Matteo.Rauzi@univ-cotedazur.fr 
Salle Méditerranée ς Cours parallèle  

 

Tissue shape changes drive morphogenesis. During embryo development, a tissue can 
undergo multiple simultaneous changes in shape resulting in a composite morphogenetic process. 
While much work has been undertaken to unravel the mechanisms responsible for simple 
morphogenetic processes, how composite morphogenesis is controlled and driven is poorly studied. 
We focus on the process of concomitant tissue folding and extension that is vital since it can initiate 
embryo gastrulation or neurulation. To tackle this, we use two complementary model systems: the 
Drosophila and the sea urchin Paracentrotus lividus embryos. While the former provides cutting 
edge genetic tools, the latter is ideal for in toto imaging and direct tissue mechanical measurements. 
Finally, by using advanced multi-view light sheet microscopy coupled to infrared femtosecond laser 
manipulation, optogenetics, µ-pipette aspiration, µ-indentation, and quantitative big data analysis, 
we aim to unravel the signaling pathways, the mechanisms and mechanics controlling and driving 
composite morphogenetic transformations. 

 

***  
 
Correlated super-resolution light and electron microscopy reveals a novel actin-driven mechanism 
of nuclear envelope rupture in starfish oocytes. 
Péter Lénárt, 
Cell Biology and Biophysics Unit and Max Planck Institute for Biophysical Chemistry, 37077 
Göttingen, Germany. 
peter.lenart@mpibpc.mpg.de 
Salle Méditerranée ς Cours plénier 

 

The nucleus of oocytes (germinal vesicle) is unusually large and its nuclear envelope (NE) is 
densely packed with nuclear pore complexes (NPCs) stockpiled for embryonic development. We 
used correlated super-resolution light microscopy (AiryScan imaging in live samples and STED 
microscopy in fixed probes) and electron microscopy to address how this exceptionally large nucleus 
is ruptured upon entry to meiotic divisions. 

We found in starfish oocytes that breakdown of this specialized NE is mediated by an Arp2/3-
nucleated F-ŀŎǘƛƴ ΨǎƘŜƭƭΩΣ ƛƴ ŎƻƴǘǊŀǎǘ ǘƻ Ƴicrotubule-driven tearing in fibroblasts. We show that actin 
is nucleated within the lamina sprouting filopodia-like spikes towards the nuclear membranes. These 
F-actin spikes protrude pore-free nuclear membranes, whereas the adjoining membrane stretches 
accumulate packed NPCs associated with the still-intact lamina. NPC conglomerates sort into a 
distinct membrane network, while breaks appear in pore-free regions.  

Together, we reveal a novel function for Arp2/3-mediated membrane shaping in NE rupture 
that is likely to have broad relevance in diverse other contexts such as nuclear rupture frequently 
observed in cancer cells. 
 
1 Wesolowska, N., Avilov, I., Machado, P., Geiss, C., Kondo, H., Mori, M., & Lenart, P., Actin assembly ruptures the nuclear 
envelope by prying the lamina away from nuclear pores and nuclear membranes in starfish oocytes. eLife, 9, e49774. 
https://doi.org/10.7554/eLife.49774 
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***  

 

Dissecting the link between signalling and cell mechanics using optogenetics and AFM. 
Guillaume Charras, 
1University College London, UK;  

g.charras@ucl.ac.uk 
Salle Méditerranée  ς Cours plénier 

 
The submembranous actin cortex is the main determinant of cell shape. During mitosis, 

spatiotemporal changes in cortex mechanics give rise to a series of marked shape changes:  rounding 
at metaphase, elongation in anaphase, and finally furrowing in cytokinesis. Mitotic morphogenesis 
results from tightly orchestrated global and local changes in RhoGTPase activity regulated by 
recruitment of RhoGEFs and RhoGAPs to the cortex. Despite its importance, little is known about 
how signalling controls cell mechanics.  
 

I will present two studies examining the link between signalling and cell mechanics. First, we 
characterise the mechanical changes that accompany the onset of cytokinetic furrowing using AFM 
and determine how RhoGEFs and RhoGAPs contribute to cell mechanics and the rate of furrowing. 
Next, we use optogenetics to control the activity of RhoGTPases by relocalising a RhoGEF to the 
cortex and investigate the resulting temporal changes in surface tension. 
 
 
 
Dans la même thématique 

S07-SYMPOSIUM : - module 7 Mécanobiologie 

Ateliers : 

A026-Multiplexed FRET biosensor imaging to visualize the dynamic coordination between cell 
signaling and mechanics during collective cell migration (part I).  
A040a-Coupling High Resolution Traction Force Microscopy with protein dynamics measurements 
A040b-Coupling High Resolution Traction Force Microscopy with protein dynamics measurements 
A041-Soft cell confiner development to decipher the impact of mechanical stimuli on cell 
A044-ŞǘǳŘŜ ŘŜ ƭΩƻǊƎŀƴƛǎŀǘƛƻƴ ŘŜǎ ŎƻƳǇƻǎŀƴǘǎ Řǳ ŎȅǘƻǎǉǳŜƭŜǘǘŜ Ŝǘ ŘŜ ƭΩŀǳǘƻǇƘŀƎƛŜ Řŀƴǎ ǳƴ ŎŀŘǊŜ 
infectieux sur des cellules à géométrie contrôlée  
A099-Practical considerations for reporting change in cell membrane tension using FLIM 
A111-Optogenetic control and measurement of cell  contraction  1/2  
A122-Mapping elasticity of micro-patterned living cells by AFM 
A130-Optogenetic control of 3D micro- tissue 2/2 
A134-Measuring turgor pressure of living plant cells with an Atomic Force Microscope 
 
 
 
 
 
 
 
 

http://imabio-cnrs.fr/mifobio/programme/
mailto:mifobio-info@services.cnrs.fr
mailto:g.charras@ucl.ac.uk


 SEMINAIRES 
 

Ecole thématique du CNRS : Microscopie Fonctionnelle en Biologie MiFoBio, Giens, 5-12 nov 2021 

http://imabio-cnrs.fr/mifobio/programme/  mifobio-info@services.cnrs.fr      63 

     

SÉMINAIRES 

Vendredi 5 novembre 

S1 ς 18h15  
Cytoplasmic forces functionally reorganize nuclear condensates in oocytes 
Marie-Hélène Verlhac, 
(1) Center for Interdisciplinary Research in Biology, Collège de France; UMR7241/U1050; PSL Research 
University, Paris 75005, France  

marie-helene.verlhac@college-de-france.fr 
Salle Méditerranée ς Séminaire 

Cells remodel their cytoplasm with force-generating cytoskeletal motors. Their activity 
generates random forces that stir the cytoplasm, agitating and displacing membrane-bound 
organelles like the nucleus in somatic and germ cells. These forces are transmitted inside the 
nucleus, yet their consequences on membraneless organelles with liquid-like properties such as 
intranuclear biomolecular condensates remain unexplored. Here, we probe experimentally and 
computationally diverse nuclear condensates, that include splicing speckles, Cajal bodies, and 
nucleoli, during cytoplasmic remodeling of female germ cells named oocytes. We discover that 
growing mammalian oocytes deploy cytoplasmic forces to timely impose multiscale reorganization 
of condensates inside the nucleus. We determine that cytoplasmic forces accelerate nuclear 
condensate collision-coalescence and molecular kinetics within condensates. Inversely, disrupting 
the forces decelerates nuclear condensate reorganization on both scales. We link the molecular 
deceleration found in mRNA-processing splicing speckles to reduced and altered splicing of mRNA, 
which in oocytes impedes fertility. We establish that different sources of cytoplasmic forces can 
reorganize nuclear condensates and that this cytoplasmic aptitude for subnuclear reorganization is 
evolutionary conserved in insects. This study implies that cells evolved a mechanism, based on 
cytoplasmic force tuning, to functionally regulate a broad range of nuclear condensates across 
scales. 
 
S2 ς 19h15 
How do dyes get into cells? 
Luke D. Lavis, 
Janelia Research Campus, Howard Hughes Medical Institute,19700 Helix Drive, Ashburn, Virginia 
20147, USA  
lavisl@janelia.hhmi.org 
Salle Méditerranée ς Séminaire 

 

Specific labelling of biomolecules with bright, photostable fluorophores is the keystone of 
fluorescence microscopy. An expanding method to label cellular components utilizes genetically 
encoded self-labelling tags, which enable the attachment of chemical fluorophores to specific 
proteins inside living cells. This strategy combines the genetic specificity of fluorescent proteins with 
the favourable photophysics of synthetic dyes. In addition to brightness and photostability, a key 
factor in this labelling scheme is the bioavailability of the fluorophore ligands. We discovered that 
incorporation of four-membered azetidine rings into many fluorophores improves brightness and 
photostability while also allowing fine-tuning of chemical properties.1,2 This work led to a general 
rubric to explain dye bioavailability,3 yielding a collection of dyes for advanced imaging experiments 
in increasingly complex biological samples. 
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1. Grimm, J. B.; English, B. P.; Chen, J.; Slaughter, J. P.; Zhang, Z.; Revyakin, A.; Patel, R.; Macklin, J. J.; Normanno, D.; 
Singer, R. H.; Lionnet, T.; Lavis, L. D. A general method to improve fluorophores for live-cell and single-molecule microscopy. 
Nat. Methods, 12, 244ς250 (2015). 
2. Grimm, J. B.; Muthusamy, A. K.; Liang, Y.; Brown, T. A.; Lemon, W. C.; Patel, R.; Lu, R.; Macklin, J. J.; Keller, P. J.; Ji, 
N.; Lavis, L. D. A general method to fine-tune fluorophores for live-cell and in vivo imaging. Nat. Methods, 14, 987ς994 (2017). 
3. Grimm, J. B.; Tkachuk, A. N.; Xie, L.; Choi, H.; Mohar, B.; Falco, N.; Schaefer, K.; Patel, R.; Zheng, Q.; Liu, Z.; 
Lippincott-Schwartz, J.; Brown, T. A.; Lavis, L. D. A general method to optimize and functionalize red-shifted rhodamine dyes. 
Nat. Methods, 17, 815ς821 (2020). 
 
 
 
 

Dimanche 7 novembre 
S3 ς 11h25-12h10   
Force transmission at cell adhesions and the nucleus    
Nicolas Borghi, 
Institut Jacques Monod, CNRS, Université de Paris, Paris, France    
nicolas.borghi@ijm.fr  
Salle Méditerranée ς Séminaire 

 

In multicellular organisms, cells generate and undergo mechanical forces that may shape 
cells, tissues and organs, but also regulate genetic programs. The recent advent of genetically-
encoded sensors of molecular tension has allowed to provide quantitative, molecular-scale and 
molecular-specific information on these forces. We have leveraged these tools in proteins of cell 
adhesion and of the nuclear envelope to address how forces transmit across scales and regulate 
signaling pathways during model morphogenetic processes in cell culture. Our results reveal non-
trivial relationships between molecular-scale and tissue-scale forces, and show how signaling 
pathways targeting gene transcription involve mechanotransduction events at multiple levels.  
 
1. Déjardin T, Carollo PS, Sipieter F, Davidson PM, Seiler C, Cuvelier D, Cadot B, Sykes C, Gomes ER, Borghi N. Nesprins 
are mechanotransducers that discriminate epithelial-mesenchymal transition programs. The Journal of Cell Biology, (2020) 
219:e201908036. 
2. Audugé, S. Padilla-Parra, M. Tramier, N. Borghi, M. Coppey-Moisan. Chromatin condensation fluctuations rather 
than steady-state predict chromatin accessibility. N. Nucleic Acids Research, (2019) 47:6184-6194 
3. C. De Pascalis, C. Pérez-González, S. Seetharaman, B. Boëda, B. Vianay, M. Burute M, C. Leduc, N. Borghi, X. Trepat, 
S. Etienne-Manneville. Intermediate filaments control collective migration by restricting traction forces and sustaining cell-
cell contacts. The Journal of Cell Biology, (2018) 217:3031-3044. 
4. C. Gayrard, C. Bernaudin, T. Déjardin, C. Seiler, N. Borghi. Src- and confinement-dependent FAK-activation causes 
E-cadherin relaxation and beta-catenin activity. The Journal of Cell Biology, (2018) 217:1063-1077.  
5. Sarangi BR, Gupta M, Doss BL, Tissot N, Lam F, Mège RM, Borghi N, Ladoux B. Coordination between Intra- and 
Extracellular Forces Regulates Focal Adhesion Dynamics. Nano Lett. (2017) 17:399-406. 

 
 
 
 
 
 
 
 
 
 
 

http://imabio-cnrs.fr/mifobio/programme/
mailto:mifobio-info@services.cnrs.fr
about:blank


 SEMINAIRES 
 

Ecole thématique du CNRS : Microscopie Fonctionnelle en Biologie MiFoBio, Giens, 5-12 nov 2021 

http://imabio-cnrs.fr/mifobio/programme/  mifobio-info@services.cnrs.fr      65 

     

S4 ς 18h15  
3D super-resolution imaging of living systems using Multifocus Microscopy and Structured 
Illumination Microscopy   
Sara Abrahamson,  
University of California Santa Cruz, 1156 High Street, Santa Cruz, California 95064, USA; National 
Microscopy Infrastructure, Science for Life Laboratory, KTH, Stockholm,  Sweden 
sara.abrahamsson@gmail.com 
Salle Méditerranée  ς Séminaire 

 
Forming a 3D image is a classical problem in Optics. Classical image formation yields a 2D 

image of the world with a depth of field/focus determined by the aperture of the optical systems. 
aƛŎǊƻǎŎƻǇŜǎ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ǊŜŎƻǊŘ άŦƻŎŀƭ ǎǘŀŎƪǎέ ŎƻƴǎƛǎǘƛƴƎ ƻŦ ŀ ǎŜries of 2D images with very short 
depth of field recorded while scanning through focus through the depth of a specimen. Using the 
diffractive Fourier optics method Multifocus Microscopy1, it is possible to record entire focal stacks 
simultaneously, without need for focus scanning or sequential recording of images. This allows us 
to image living specimens in 3D without the classical conflict between spatial (3D) and temporal 
(time) resolution. Structured Illumination Microscopy2 can extend the resolution of the microscope 
image to visualize structures smaller than the classical ~200nm limit of resolution, down to ~100 nm 
and below. Combining Multifocus and Structured Illumination Microscopy, we can increase the 
acquisition speed of 3D SIM data by an order of magnitude. We are currently employing this 
technique to study sister chromatids and their associated biomolecules during meiosis3 
(unpublished).  
 
1. Abrahamsson, S. et al, Fast multicolor 3D imaging using aberration-corrected multifocus microscopy. Nat. Methods, (2013). 
2. Gustafsson, M.G.L. et al. Three-dimensional resolution doubling in wide-field fluorescence microscopy by structured 
illumination, Biophys J. (2008)  doi: 10.1529/biophysj.107.120345 
3. MacQueen, A.J. Phillips, C.M., Bhalla, N., Weiser, P., Villeneuve, A.M., Dernburg, A.F., Chromosome sites play dual roles to 
establish homologous synapsis during meiosis in C. elegans, Cell, 123,1037-1050, 2005, 
https://doi.org/10.1016/j.cell.2005.09.034. 

 
 
 
Lundi 8 novembre 

S5 ς 18h15  
Super-resolution microscopy: Challenges and Potentials in biomedical research  
Christian Eggeling,  
LƴǎǘƛǘǳǘŜ ŦƻǊ !ǇǇƭƛŜŘ hǇǘƛŎǎ ŀƴŘ .ƛƻǇƘȅǎƛŎǎΣ CǊƛŜŘǊƛŎƘπ{ŎƘƛƭƭŜǊπ¦ƴƛǾŜǊǎƛǘȅ WŜƴŀΤ [ŜƛōƴƛȊ LƴǎǘƛǘǳǘŜ ŦƻǊ 
Photonic Technology e.V., Jena, Germany; MRC Human Immunology Unit, Weatherall Institute of 
Molecular Medicine, University of Oxford, Oxford, United Kingdom   
christian.eggeling@rdm.ox.ac.uk 
Salle Méditerranée ς Séminaire 
 

Understanding the complex interactions of molecular processes underlying the efficient 
functioning of the human body is one of the main objectives of biomedical research. Scientifically, it 
is important that the applied observation methods do not influence the biological system during 
observation. A suitable tool that can cover all of this is optical far-field fluorescence microscopy. Yet, 
biomedical applications often demand coverage of a large range of spatial and temporal scales, 
and/or long acquisition times, which can so far not all be covered by a single microscope and puts 
some challenges on microscope infrastructure. Taking immune cell responses, virus infection, and 
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plasma membrane organization as examples, we outline these challenges but also give new insights 
into possible solutions and the potentials of these advanced microscopy techniques, e.g. for solving 
long-standing questions such as of lipid membrane organization and dynamics (e.g. lipid rafts).  
 
 
Mardi 9 novembre 

S6 ς 18h15  
Metal- and Graphene-Induced Energy Transfer Imaging 
Jörg Enderlein, 
Institute of Physics ς Biophysics, Georg August University, 37077 Göttingen, Germany; Cluster of 
9ȄŎŜƭƭŜƴŎŜ άaǳƭǘƛǎŎŀƭŜ .ƛƻƛƳŀƎƛƴƎΥ ŦǊƻƳ aƻƭŜŎǳƭŀǊ aŀŎƘƛƴŜǎ ǘƻ bŜǘǿƻǊƪǎ ƻŦ 9ȄŎƛǘŀōƭŜ /Ŝƭƭǎέ 
(MBExC), Georg August University, 37077 Göttingen, Germany. 
jenderl@gwdg.de 
Salle Méditerranée ς Séminaire 

 

Metal-Induced Energy Transfer (MIET) Imaging is a recently developed method [1] that 
allows for nanometre resolution along the optical axis. It is based on the fact that, when placing a 
fluorescent molecule close to a metal, its fluorescence properties change dramatically, due to 
electromagnetic coupling of its excited state to surface plasmons in the metal. This is very similar to 
Förster Resonance Energy Transfer (FRET) where the fluorescence properties of a donor are changed 
by the proximity of an acceptor that can resonantly absorb energy emitted by the donor. In 
particular, one observes a strongly modified lifetime of its excited state. This coupling between an 
ŜȄŎƛǘŜŘ ŜƳƛǘǘŜǊ ŀƴŘ ŀ ƳŜǘŀƭ ŦƛƭƳ ƛǎ ǎǘǊƻƴƎƭȅ ŘŜǇŜƴŘŜƴǘ ƻƴ ǘƘŜ ŜƳƛǘǘŜǊΩǎ ŘƛǎǘŀƴŎŜ Ŧrom the metal. We 
have used this effect for mapping the basal membrane of live cells with an axial accuracy of ~3 nm. 
The method is easy to implement and does not require any change to a conventional fluorescence 
lifetime microscope; it can be applied to any biological system of interest, and is compatible with 
most other super-resolution microscopy techniques that enhance the lateral resolution of imaging 
[2-3]. Moreover, it is even applicable to localizing individual molecules [4], thus offering the prospect 
of three-dimensional single-molecule localization microscopy with nanometre isotropic resolution 
for structural biology. I will also present latest developments of MIET where we use a single layer of 
graphene instead of a metal film that allows for increasing the spatial resolution down to few 
Ångströms (Graphene-Induced Energy Transfer or GIET) [5,6]. In combination with single-molecule 
localization microscopy methods such as dSTORM or PAINT, MIET/GIET imaging offers nanometric 
isotropic resolution for bioimaging of molecular complexes and cellular structures.   
 
1. /ƘƛȊƘƛƪΣ !Φ LΦΣ wƻǘƘŜǊΣ WΦΣ DǊŜƎƻǊΣ LΦΣ WŀƴǎƘƻŦŦΣ !ΦΣ ϧ 9ƴŘŜǊƭŜƛƴΣ WΦ αaŜǘŀƭ-induced energy transfer for live cell 
ƴŀƴƻǎŎƻǇȅέ bŀǘǳǊŜ tƘƻǘƻƴƛŎǎ у όнлмпύ мнп-127. 
2. Chizhik, A. M., Ruhlandt, 5ΦΣ tŦŀŦŦΣ WΦΣ YŀǊŜŘƭŀΣ bΦΣ /ƘƛȊƘƛƪΣ !Φ LΦΣ DǊŜƎƻǊΣ LΦΣ ΦΦΦ ϧ 9ƴŘŜǊƭŜƛƴΣ WΦ α¢ƘǊŜŜ-Dimensional 
Reconstruction of Nuclear Envelope Architecture Using Dual-Color Metal-LƴŘǳŎŜŘ 9ƴŜǊƎȅ ¢ǊŀƴǎŦŜǊ LƳŀƎƛƴƎέ !/{ bŀƴƻ мм 
(2017) 11839-11846. 
3. Chizhik, A. M., WollniƪΣ /ΦΣ wǳƘƭŀƴŘǘΣ 5ΦΣ YŀǊŜŘƭŀΣ bΦΣ /ƘƛȊƘƛƪΣ !Φ LΦΣ IŀǳƪŜΣ [ΦΣ ΦΦΦ ϧ wŜƘŦŜƭŘǘΣ CΦ α5ǳŀƭ-color metal-
ƛƴŘǳŎŜŘ ŀƴŘ CǀǊǎǘŜǊ ǊŜǎƻƴŀƴŎŜ ŜƴŜǊƎȅ ǘǊŀƴǎŦŜǊ ŦƻǊ ŎŜƭƭ ƴŀƴƻǎŎƻǇȅέ aƻƭΦ .ƛƻƭΦ /Ŝƭƭ нф όнлмуύ упс-851. 
4. Isbaner, S., Karedla, N., Kaminska, I., Ruhlandt, D., wŀŀōΣ aΦΣ .ƻƘƭŜƴΣ WΦΣ ΦΦΦ ϧ ¢ǎǳƪŀƴƻǾΣ wΦ α!Ȅƛŀƭ /ƻƭƻŎŀƭƛȊŀǘƛƻƴ ƻŦ 
Single Molecules with Nanometer Accuracy Using Metal-LƴŘǳŎŜŘ 9ƴŜǊƎȅ ¢ǊŀƴǎŦŜǊέ bŀƴƻ [ŜǘǘΦ му όнлмуύ нсмс-2622. 
5. Ghosh, A., Sharma, A., Chizhik, A. I., Isbaner, S., Ruhlandt, D., Tsukanov, R., Gregor, I., Karedla, N., & Enderlein, J. 
αDǊŀǇƘŜƴŜ-based metal-induced energy transfer for sub-ƴŀƴƻƳŜǘǊŜ ƻǇǘƛŎŀƭ ƭƻŎŀƭƛȊŀǘƛƻƴέ bŀǘǳǊŜ tƘƻǘƻƴƛŎǎ мо όнлмфύ услусрΦ 
6. DƘƻǎƘΣ !ΦΣ /ƘƛȊƘƛƪΣ !Φ LΦΣ YŀǊŜŘƭŀΣ bΦΣ ϧ 9ƴŘŜǊƭŜƛƴΣ WΦ αDǊŀǇƘŜƴŜ-and metal-induced energy transfer for single-
molecule imaging and live-cell nanoscopy with (sub)-ƴŀƴƻƳŜǘŜǊ ŀȄƛŀƭ ǊŜǎƻƭǳǘƛƻƴέ bŀǘǳǊŜ tǊƻǘƻŎƻƭǎ όнлнмύ м-21. 

 
 

http://imabio-cnrs.fr/mifobio/programme/
mailto:mifobio-info@services.cnrs.fr
about:blank


 SEMINAIRES 
 

Ecole thématique du CNRS : Microscopie Fonctionnelle en Biologie MiFoBio, Giens, 5-12 nov 2021 

http://imabio-cnrs.fr/mifobio/programme/  mifobio-info@services.cnrs.fr      67 

     

S7 ς 19h15  
Towards quantitative correlative microscopy  
Lucy Collinson 
Francis Crick Institute, 1 Midland Road, London NW1 1AT, UK  
Lucy.Collinson@crick.ac.uk 
Salle Méditerranée ς Séminaire VISIO 

 

Correlative light and electron microscopy (CLEM) combines the benefits of fluorescence 
and electron imaging, allowing researchers to track rare biological events in the context of cell 
structure. Depending on the biological question, correlative workflows can be tailored to 
incorporate almost any imaging modality. For example, in collaboration with Dr Eva Frickel and Dr 
Serge Mostowy, we imaged Toxoplasma parasites in zebrafish brain, using fluorescence microscopy, 
microCT, transmission EM, Serial Block Face SEM and Focused Ion Beam SEM to locate and image 
ǘƘŜ ΨƴŜŜŘƭŜ ƛƴ ǘƘŜ ƘŀȅǎǘŀŎƪΩ1. 

IƻǿŜǾŜǊΣ ŎƻǊǊŜƭŀǘƛǾŜ ƳƛŎǊƻǎŎƻǇȅ ǘŜƴŘǎ ǘƻǿŀǊŘǎ ΨƴҐмΩΣ ƭŀǊƎŜƭȅ Řue to the complexity of the 
experimental workflows and the lack of automated image analysis algorithms. To overcome this 
bottleneck, our technology development work has focused on improving the speed, accuracy, and 
accessibility of CLEM. In this talk, I will discuss the benefits of preserving fluorescent proteins in cells 
and tissues prepared for electron microscopy2,3Σ ǿƘƛŎƘ ŜƴŀōƭŜǎ ΨǎƳŀǊǘ ǘǊŀŎƪƛƴƎΩ ŎƻǊǊŜƭŀǘƛǾŜ 
workflows4, and our collaboration with astrophysicists, citizen scientists and machine learning 
specialists5 to automate segmentation and visualisation of cell organelles at the nanoscale for large-
scale downstream quantitative analysis of cells in health and disease. 
 
1. Yoshida N, Domart MC, Peddie CJ, Yakimovich A, Mazon-Moya MJ, Hawkins TA, Collinson L, Mercer J, Frickel EM, 
Mostowy S. The zebrafish as a novel model for the in vivo study of Toxoplasma gondii replication and interaction with 
macrophages. Dis. Model Mech. 13(7): dmm043091 (2020). 
2. Brama E, Peddie CJ, Jones M, Domart MC, Snetkov X, Way M, Larijani B, Collinson LM. Standard fluorescent 
proteins as dual-modality probes for correlative experiments in and integrated light and electron microscope. JoCB. 
DOI:10.1007/s12154-015-0147-3 (2015). 
3. tŜŘŘƛŜ /WΣ 5ƻƳŀǊǘ a/Σ {ƴŜǘƪƻǾ ·Σ hΩ¢ƻƻƭŜ tΣ Larijani B, Way M, Cox S, Collinson LM. Correlative super-resolution 
fluorescence and electron microscopy using standard fluorescent proteins in an integrated microscope. J Struct. Biol. 
199:120-31 (2017). 
4. Brama E, Peddie CJ, Wilkes G, Gu Y, Collinson LM, Jones ML. ultraLM and miniLM: Locator tools for smart tracking 
of fluorescent cells for correlative light and electron microscopy. Wellcome Open Research. 1:26 (2017). 
5. Spiers H, Songhurst H, Nightingale L, de Folter J, Hutchings R, Peddie CJ, Weston A, The Zooniverse Volunteers, 
Strange A, Hindmarsh S, Lintott C, Collinson LM, Jones ML. Citizen science, cells and CNNs: deep learning for automatic 
segmentation of the nuclear envelope in electron microscopy data, trained with volunteer segmentations. Traffic. 22:240-
253 (2021). 
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Mercredi 10 novembre 

S8 ς 11h25  
Synaptic vesicle pools under the nanoscope 
Frédéric A. Meunier, 
Clem Jones Centre for Ageing Dementia Research (CJCADR), Queensland Brain Institute (QBI), 
University of Queensland, St Lucia Campus, Brisbane, QLD, 4072, Australia.   
Salle Méditerranée ς Séminaire VISIO 

 

Synaptic vesicles (SVs) are highly enriched in the presynapse of neurons and contain the 
neurotransmitter which can be released by exocytic fusion to mediate neuronal communication. 
These vesicles are 45 nm in diameter and organised into distinct functional pools based on their 
availability to release neurotransmitters. SVs are highly clustered facing their release sites at the 
active zone.  Their exclusive concentration at the presynapse suggests an anchoring mechanism 
preventing them from spreading throughout the neuron. To undergo fast recycling following fusion, 
SVs can also move although it is currently unknown how presumably mobile SVs can remain 
clustered.  

In this talk, I will discuss our attempts to image SVs using various single-molecule imaging 
techniques1-5 specifically designed to unravel the dynamic nanoscale organisation of distinct pools 
of SVs in live hippocampal neurons. 
 
1 Joensuu, M. et al. Visualizing endocytic recycling and trafficking in live neurons by subdiffractional tracking of 
internalized molecules. Nat Protoc 12, 2590-2622, (2017). 
2 Joensuu, M. et al. Subdiffractional tracking of internalized molecules reveals heterogeneous motion states of 
synaptic vesicles. J Cell Biol 215, 277-292, (2016). 
3 Padmanabhan, P. et al. Need for speed: Super-resolving the dynamic nanoclustering of syntaxin-1 at exocytic 
fusion sites. Neuropharmacology, (2019). 
4 Vanhauwaert, R. et al. The SAC1 domain in synaptojanin is required for autophagosome maturation at presynaptic 
terminals. EMBO J 36, 1392-1411, (2017). 
5 Wallis, T. P. et al. Molecular videogaming: Super-resolved trajectory-based nanoclustering analysis using spatio-
temporal indexing. bioRxiv, 2021.2009.2008.459552, (2021). 

 
 
 
S9 ς 19h15  
The Mechanobiology of Cell Growth and Shape control  
Nicolas Minc, 
Institut Jacques Monod, CNRS UMR 7592, Université de paris 
15 rue Hélène Brion, 75013 paris 
nicolas.minc@ijm.fr 
Salle Méditerranée ς Séminaire 

 

Walled cell exhibit a remarkable range of size and growth properties, which are largely 
determined by the mechanics of their cell wall. The cell wall is a thin and rigid layer which provides 
mechanical integrity by opposing large turgor pressure derived stresses.  By developing super-
resolution imaging methods to map Cell Wall thickness all around live and growing yeast and fungal 
cells, we deciphered the mechanisms controlling CW dynamics during growth and shape changes. 
We uncovered a mechanical feedback system controlling wall thickness at growing cell tips, which 
impinge on cell viability and growth regulation, and relies on mechanosensing activities in the cell 
wall. Mechanosensation is mediated by a class of surface sensors which can detect local mechanical 
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stresses on the cell wall surface and adapt wall synthesis and mechanics. Finally, using a combination 
of wall thickness measurement and laser ablation, we also screened libraries of yeast mutants, and 
fungal cells with large range of sizes, shapes and growth modes, and established large-scale 
correlations between mechanical properties of the cell wall, growth and morphologies in these cells. 
These data impact our current understanding of the mechanobiology of the cell wall and its impact 
on cell growth and shape control.  
 
 
 
Jeudi 11 novembre 

S10 ς 18h15  
Médiation technique et conception : une création orientée ? 
Claude Paraponaris, 
DR CNRS, Professeur des universités Aix Marseille, Anthropologue et philosophe de la technique, 
organologie de la création industrielle  
claude.paraponaris@univ-amu.fr 
Salle Méditerranée ς Séminaire 
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MODULES AVANCES / TABLES RONDES 

Module Avancé ou Table Ronde- / -Numéro module associé ou Transversal-/ -Numéro MA ou TR 

Timeslot Sat 06 Nov Sun 07 Nov Mon 08 Nov Wed 10 Nov Thu 11 NOV 

14:00-
15:45   SYMPOSIUM Organisation et dynamique moléculaire: 

quôapporte le deep learning aux analyses? (Amphi 
Méditerranée) 

 
SYMPOSIUM (13:45-16:00) 
Mécanobiologie (Amphi Méditerranée) 

16:15-
18:00     

21:30-
00:00 

MA-3-01 Strengths and Limits of Deep 
Learning for Image Restoration in 
Microscopy (Amphi Porquerolles) 

  
MA-5-02 Imagerie de phase et 
dôindice pour la biologie (Amphi 
Porquerolles) 

 

 

Timeslot Sat 06 Nov Sun 07 ov Mon 08 Nov Tue 09 Nov Wed 10 Nov Thu 11 Nov 

14:00-
15:45 

TR-3-01 Retour sur l'ANF du 
RT-MFM Deep Learning pour 
les microscopies (Amphi 
Porquerolles) 

TR-2-02 TR du module 
Nanoscopie (Haut-Lounge) 

TR-T-06 Suivi de qualité d'un 
microscope photonique dans le 
temps (Amphi Porquerolles) 
TR-T-07 De la découverte à la 
valorisation (Haut-Lounge) 

 
TR-3-9 Comment lôIA 
impacte-t-elle notre travail 
? (Amphi Porquerolles) 

 
TR-4-11 Imagerie 
multicellulaire : organoïdes, 
tissus, embryons (Amphi 
Porquerolles) 

16:15-
18:00  

TR-1-03  Emerging chemical 

tools, techniques, and methods 
for the realization of competitive 
biological projects 
 (Amphi Porquerolles)  
TR-4-04 Which Light Sheet for 
gentle imaging (Haut-Lounge) 

Tables-Rondes 

Aditionnelles 

Proposées durant lô®cole 
 

TR-2-10 Microscopies du 
Vivant sur virus et 
bactéries en BSL3 (Haut-
Lounge) 

TR-2-12 SMLM au delà de 
lôesth®tique (Amphi 
Porquerolles) 
TR-3-13 Clôture du 
parcours thématique deep 
learning (Haut-Lounge) 

21:30-
00:00  

TR-T-05 IYSN Career 
development perspectives for 
young scientist (Amphi 
Porquerolles) 

 

TR-6-08 TR du Module 6 
Dynamique et intéraction 
moléculaires (Haut-
Lounge)  
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MODULES AVANCÉS 

MA-3-01 - Strengths and Limits of Deep Learning for Image Restoration in 
Microscopy  
Samedi 6 novembre -21h30-00h00- Amphi Porquerolles 
Proposer/Coanimator 
Loic A. Royer  
Martin  Weigert 

Abstract 
In this advanced module we will discuss the strengths and weaknesses of deep learning for image 
restoration in Microscopy. We will first review the classical methods for image restoration and 
review some of the most popular algorithms for deconvolution and denoising. 
We will then review recent deep learning methods in that context to highlight their advantages. 
Importantly, we will discuss their limits and remind ourselves of what can go wrong and why. Finally, 
if there is time we will discuss more generally the pitfalls of deep learning beyond image restoration.    
 

*** 

MA-5-02 - Phase and index imaging for biologie  
Mercredi 10 novembre -21h30-00h00- Amphi Porquerolles 
Proposer/Coanimator 
Pierre Bon  
Olivier Haeberlé 

Abstract 
The objectives of this advanced module are: presenting the basics of image formation in the least 
invasive unlabeled microscopy modalities (i.e. not involving non-linear techniques like Raman, 
ǎŜŎƻƴŘ ƘŀǊƳƻƴƛŎΧύΦ ²Ŝ ǿƛƭƭ ŘƛǎŎǳǎǎ ƛƴ ǘƘƛǎ ƳƻŘǳƭŜ ǉǳŀƴǘƛǘŀǘƛǾŜ phase microscopy and optical-
ŜŎƘƻƎǊŀǇƘȅ όǿŀǾŜŦǊƻƴǘ ǎŜƴǎƛƴƎΣ ƘƻƭƻƎǊŀǇƘȅΣ h/¢ΧύΦ IƛƎƘƭƛƎƘǘǎ ǿƛƭƭ ōŜ ƳŀŘŜ ƻƴ ǘƘŜ ǊŜŎŜƴǘ ōƛƻƭƻƎƛŎŀƭ 
applications and on the remaining challenges to extend these methodologies to instrumental 
solution-free biological questions. Mainly, we will insist on 3D imaging (tomography), thick sample 
imaging, resolution enhancement, and also on specific and/or functional information retrieval.  
Part 1: Quantitative phase imaging: Principle, interest and applications on biological specimens, 
coupling to other imaging modalities. 
Part 2: Current limit, identified technological issues, work in progress and potential applications 
unlocked.  
Discussion time will then be devoted to identify the expectations of users (mainly biologists) who 
ŎŀƴΩǘ ǳse or are willing to avoid fluorescence labeling. 

*** 
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TABLES RONDES 

 

TR-3-01 - Retour sur l'ANF du RT -MFM "Deep-learning pour les microscopies"  
Samedi 6 novembre 14h00-15h45 Amphi Porquerolles 

Proposer/Coanimator 
Fabrice Cordelières 
Christian Rouvière  

Abstract 
L'idée est avant tout de faire un retour d'expérience suite à formation et de partager les pratiques 
qui en ont émergé. 
Vous avez entendu parler de la révolution du machine learning, mais ne savez pas par où commencer 
pour vous y mettre ? Vous avŜȊ ǘŜƴǘŞ ŘΩǳǘƛƭƛǎŜǊ ŘŜǎ ƭƻƎƛŎƛŜƭǎ ŎƭŞ-en-main mais peinez à comprendre 
ŎƻƳƳŜƴǘ ƛƭǎ ŦƻƴŎǘƛƻƴƴŜƴǘ Κ ±ƻǳǎ ǎǳƛǾŜȊ ŀǾŜŎ ƳƛƴǳǘƛŜ ƭŜǎ ǘǳǘƻǊƛŜƭǎ ŘƛǎǇƻƴƛōƭŜǎ ǎǳǊ ƭŜ ƴŜǘ Ƴŀƛǎ ƴΩŀǾŜȊ 
pas réussi à installer cette *** de bibliothèque qui débloquerait votre problématique de 
segmentation ? C'est à ces défis que se sont heurtés les 15 participants de l'ANF "Deep-learning pour 
les microscopies". Des spécialistes du DL les ont guidés dans l'acquisition des bonnes pratiques, et 
dans l'utilisation d'outils open-source. Nos participants sont à présent à même de diffuser la 
connaissance auprès d'un public plus large, et prêts à échanger avec vous sur leurs déboires mais 
surtout sur leurs success stories. 
 

***  

TR-2-02 - Table ronde de clôture du module 2 Nanoscopie  
Dimanche 7 novembre 14h00-15h45 Haut-Lounge 

Proposer/Coanimator 
Jean-baptiste Sibarita 
Sandrine Lévêque-Fort 
Christophe Leterrier 

Abstract 
The objective of this round table is to close the nanoscopy module, by gathering the workshop 
leaders, the speakers of the module and the participants particularly interested in this topic, and to 
offer the opportunity of informal exchanges around the challenges to come for the field. 

 

***  
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TR-1-03- Emerging chemical tools, techniques, and methods for the realization 
of competitive biological projects  
Dimanche 7 novembre 16h15-18h00 Amphi Porquerolles 

Proposer/Coanimator 
Dominique Bourgeois 
Andrey Klymchenko 
Marie Erard 
Ludovic Jullien 

Abstract 
The objective of this round table is two-sided, to close the module 1 "Probes", by bringing together 
workshop leaders, module speakers and participants particularly interested in this theme, and to 
ŘŜŦƛƴŜ ǘƘŜ Ǉƭŀƴ ƻŦ ŀŎǘƛƻƴ ƻŦ ǘƘŜ ǿƻǊƪ ǇŀŎƪŀƎŜ άtǊƻōŜ ŘŜǾŜƭƻǇƳŜƴǘΣ hǇǘƻƳŀƴƛǇǳƭŀǘƛƻƴ ϧ 
hǇǘƻƎŜƴŜǘƛŎά  ŦǊƻƳ ǘƘŜ ƴŀǘƛƻƴŀƭ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ CǊŀnce Bio Imaging -- open to new contributors. 
This round table will be the occasion to discuss current challenges in the field of fluorescent labelling 
in biology:  
(i) at different levels from single molecules to cells, tissue and small animals;  
(ii) multiple targets to be labelled (proteins, nucleic acids, lipids, etc);  
(ii) fluorescent probes for advanced microscopy techniques, including super-resolution imaging.  
It will be the occasion to discuss emerging approaches in the field, which include, new chemistry, 
new molecular biology methods and combination of chemistry with molecular biology. It will also 
try to define the current needs in the new probes from biology and advanced microscopy. 
FBI WP 3 (Probe development, Optomanipulation & Optogenetics) takes advantage of MiFoBio2021 
to lead a discussion in which representatives of the WP will interact with the event participants to 
define a plan of action for the next two years. The goal of this discussion is to discuss how to provide 
access and training to emerging chemical techniques and methods for the realization of competitive 
biological projects. 

***  

TR-4-04 Which light -sheet microscope for gentle live imaging ?  
Dimanche 7 novembre 16h15-18h00 Haut-Lounge 

Proposer/Coanimator 
Alexandra Fragola 
Mathieu Ducros 
Rémi Galland 

Abstract 
[ΩƻōƧŜŎǘƛŦ ŘŜ ŎŜǘǘŜ ǘŀōƭŜ ǊƻƴŘŜ Ŝǎǘ ŘƻǳōƭŜ Υ  
- ǇƻǳǊ ƭŜǎ ǳǘƛƭƛǎŀǘŜǳǊǎ Υ ƛƭ ǎΩŀƎƛǘ ŘŜ ŎƘƻƛǎƛǊ ƭŜ ƳƛŎǊƻǎŎƻǇŜ Ł ŦŜǳƛƭƭŜ ŘŜ ƭǳƳƛŝǊŜ ƭŜ Ǉƭǳǎ ŀŘŀǇǘŞ Ł ƭΩƛƳŀƎŜǊƛŜ 
ƭƛǾŜ ŘŜ ƭŜǳǊǎ ŞŎƘŀƴǘƛƭƭƻƴǎ ŘΩƛƴǘŞǊşǘ όƎǊŃŎŜ Ł ǳƴ ŀǊōǊŜ ŘŜ ŘŞŎision)  
- ǇƻǳǊ ƭŜǎ ŘŞǾŜƭƻǇǇŜǳǊǎ Υ ƭΩƻōƧŜŎǘƛŦ Ŝǎǘ ŘΩƛŘŜƴǘƛŦƛŜǊ ŘŜ ƴƻǳǾŜŀǳȄ ōŜǎƻƛƴǎ Ŝƴ ƳƛŎǊƻǎŎƻǇƛŜ Ł ŦŜǳƛƭƭŜ ŘŜ 
lumière. 
Pendant cette table ronde, nous présenterons rapidement les différents systèmes optiques et les 
méthodes de préparation des échantillons en microscopie à feuille de lumière du vivant, et ferons 
un  focus sur trois modalités avancées de microscopie à feuille de lumière: imagerie dynamique 
ǊŀǇƛŘŜ Ł ƘŀǳǘŜ ǊŞǎƻƭǳǘƛƻƴ Ŝƴ ƭŀǘǘƛŎŜΣ ƛƳŀƎŜǊƛŜ Ŝƴ ǇǊƻŦƻƴŘŜǳǊ ƎǊŃŎŜ Ł ƭΩƻǇǘƛǉǳŜ ŀŘŀǇǘŀǘƛǾŜΣ ƛƳŀƎŜǊƛŜ 
à haǳǘ ŘŞōƛǘ ŘΩƛƳŀƎŜǎΦ 
Les échanges entre les participants seront tournés autour de leurs problématiques. 
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***  

TR-T-05  IYSN Career development perspectives for young scientist  
Dimanche 7 novembre 21h00-00h00 Amphi Porquerolles 

Proposer/Coanimator 
Clément Cabriel 
Hana Valenta 

Abstract 
This round table is organized by the Imabio Young Scientists Network (IYSN), who will chair the 
discussion. Academic researchers as well as industry and startup scientists will be invited to present 
their professional experience. The informal discussion will allow young scientists to interact with the 
invited people to provide them with their personal points of view. 
The objectives are to: 
- Assess the needs of the Imabio young scientists in terms of career development 
- Make them aware of possible career pathways in academic research, companies and others 
- Give them the opportunity to discuss this with more senior members of the community, as well as 
with other young scientists 
- Help them build and use their professional network efficiently 
 

***  

TR-T-06- Suivi de qualité d'un microscope photonique dans le temps - 
dialogue avec les constructeurs  
Lundi 8 novembre 14h00-15h45 Amphi Porquerolles 

Proposer/Coanimator 
Thomas Guilbert 
Aurélien Dauphin  

Abstract 
[ŀ ƳƛŎǊƻǎŎƻǇƛŜ Ŝǎǘ Ł ƴƻǘǊŜ ŎƻƴƴŀƛǎǎŀƴŎŜ ǳƴ ŘŜǎ ǎŜǳƭǎ ŘƻƳŀƛƴŜǎ ǘŜŎƘƴƻƭƻƎƛǉǳŜǎ ƻǴ ƭΩŀŎƘŀǘ ŘΩǳƴ 
ǎȅǎǘŝƳŜ ǾƛŜƴǘ ǎŀƴǎ ƳƻŘŜ ŘΩŜƳǇƭƻƛ ŘϥŜƴǘǊŜǘƛŜƴΣ ƛƴŘƛŎŜ ŘŜ Ǉƻƛƴǘǎ ŎǊƛǘƛǉǳŜǎΣ ŦƛŎƘƛŜǊ ŘŜ ŎŀƭƛōǊŀǘƛƻƴǎ 
ƳŜǎǳǊŞŜǎΣ ŘƻŎǳƳŜƴǘ ŘΩŀƛŘŜ Ł ƭŀ ƳŀƛƴǘŜƴŀƴŎŜΦ [Ŝ ƎǊƻǳǇŜ ŘŜ ǘǊŀǾŀƛƭ 3M du RT-mfm souhaite entamer 
un dialogue avec les différents constructeurs de microscopes pour échanger sur les méthodes, les 
ƻǳǘƛƭǎ Ŝǘ ƭŜǎ ǇǊƻǘƻŎƻƭŜǎ ŘŜ ƳŜǎǳǊŜǎ ŘŜ ƭΩŞǘŀǘ ŘŜ ǎŀƴǘŞ ŘΩǳƴ ƳƛŎǊƻǎŎƻǇŜ ǇƘƻǘƻƴƛǉǳŜ Řŀƴǎ ƭŜ ōǳǘ 
ŎƻƳƳǳƴ ŘΩŀƳŞƭƛƻǊŜǊ ƭŜ ǎǳƛǾƛ ŘŜ ǇŜǊŦormance de nos systèmes, en harmonisant les procédures entre 
SAV et utilisateurs. Une conséquence directe pourrait être une meilleure communication entre ingés 
de PF et SAV pour, par exemple, faciliter la validation du bon fonctionnement du système après 
lΩŀŎƘŀǘΦ [Ŝ ƎǊƻǳǇŜ ŘŜ ǘǊŀǾŀƛƭ оa Řǳ w¢-mfm souhaite préciser que dans le cadre des discussions 
ŜƴǘŀƳŞŜǎ ŀǾŜŎ ƭŜǎ ŎƻƴǎǘǊǳŎǘŜǳǊǎΣ ƭΩǳǘƛƭƛǎŀǘƛƻƴ Řǳ ǘŜǊƳŜ ζ ƳŞǘǊƻƭƻƎƛŜ Ŝƴ ƳƛŎǊƻǎŎƻǇƛŜ ŘŜ ŦƭǳƻǊŜǎŎŜƴŎŜ 
» fera en réalité référence au suivi de qualité de fonctionnemŜƴǘ ŘΩǳƴ ƳƛŎǊƻǎŎƻǇŜ Řŀƴǎ ƭŜ ǘŜƳǇǎΦ 
9ƴǎǳƛǘŜΣ ƴƻǳǎ ǎƻǳƘŀƛǘƻƴǎ ŞƎŀƭŜƳŜƴǘ ǇǊŞŎƛǎŜǊ ǉǳΩŁ ŀǳŎǳƴ ƳƻƳŜƴǘ ƛƭ ǎΩŀƎƛǊŀ ŘŜ ŎƻƳǇŀǊŜǊ ŘŜǎ ƳŜǎǳǊŜǎ 
effectuées sur différents microscopes en termes de performance, mais bien de suivi dans le temps 
ŘŜ ƭΩŞǘŀǘ ŘŜ ǎŀƴǘŞ ŘΩǳƴ ǎȅǎtème par des mesures bien précises, issues du protocole établi par le 
GT3M.  

***  
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TR-T-07- De la découverte à la valorisation  
Lundi 8 novembre 14h00-15h45 Haut-Lounge 

Proposer/Coanimator 
Marc Tramier 

Abstract 
[ΩƻōƧŜŎǘƛŦ ŘŜ ŎŜǘǘŜ ǘŀōƭŜ ǊƻƴŘŜ Ŝǎǘ ƭŜ ǇartagŜ ŘΩŜȄǇŞǊƛŜƴŎŜǎ ŜƴǊƛŎƘƛǎǎŀƴǘŜǎ et de répondre à toutes 
les questions que les participants pourraient se poser sur la valorisation sans jamais avoir osé le 
demander. 

bƻǳǎ ǇǊŞǎŜƴǘŜǊƻƴǎ ŘŜǎ ŜȄŜƳǇƭŜǎ ŘΩƘƛǎǘƻƛǊŜǎ ŘŜ ǾŀƭƻǊƛǎŀǘƛƻƴ ŀǾŜŎ ƭŜǳǊ ǎǳŎŎŝǎ Ŝǘ ŞŎƘŜŎǎ όр min par 
histoire) et donnerons des informations et astuces aux chercheurs désirant se lancer dans 
ƭΩŀǾŜƴǘǳǊŜΦ 

***  

 

TR-6-08 - Table ronde de clôture du module 6 Dynamique et intéraction 
moléculaires  
Mardi 9 novembre 21h00-00h00 Haut-Lounge 

Proposer/Coanimator 
Cyril Favard 
Ignacio Izeddin 
Antoine Coulon 

Abstract 
The objective of this round table is to close Module 6, by bringing together the workshop leaders, 
the speakers of the module and the participants particularly interested in this theme, and to offer 
the opportunity for informal exchanges around the challenges to come for the field. 

***  

 

TR-2-09 - Microscopies du Vivant sur virus et bactéries en BSL3  
Mercredi 10 novembre 16h15-18h00 Haut-Lounge 

Proposer/Coanimator 
Delphine Muriaux  
Sébastien Lyonnais  

Abstract 
La table ronde permettra la discussion sur le thème de l'installation de microscope en P3, de la 
formation des individus en P3 et des questions pratiques soulevées.  

Les virus et bactéries sont des petits pathogènes, parfois en dessous de 100 nm en taille, et souvent 
de risque de niveau 3. Ceci implique de les étudier en laboratoire de confinement de niveau 3 (BSL3) 
qui nécessite des instruments et manipulations particulières. Nous présenterons ici comment 
manipuler ces pathogènes dans un BSL3 afin de les imager vivant ou en infectant la cellule hôte. 
Nous présenterons comment nous avons introduit ces microscopes (Bio-AFM, Spinning-disk ou 
encore en TIRF-PALM) dans le BSL3 afin de les étudier par imagerie du vivant infectieux. 

** *  
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TR-3-10 - Comment l'IA impacte -elle  notre travail ? 
Jeudi 11 novembre 14h00-15h45 Haut-Lounge 

Proposer/Coanimator 
Cédric Matthews 
Guillaume Gay  
Claude Paraponaris 

Abstract 
Depuis ces 5 dernières années, nous vivons une évolution du métier en plateforme par l'apport de 
l'intelligence artificielle. Nous devons repenser tant l'organisation des données que les 
méthodologies d'acquisition d'images pour répondre au mieux à de nouvelles contraintes que nous 
imposent les thématiques scientifiques complexes, les images massives et le big data. Nous 
découvrons aussi au fil de l'eau que le cadre règlementaire nous contraint dans la gestion de ces 
données, nous amenant à repenser nos applications dans le monde de l'open data. Le métier 
d'ingénieur en plateforme, poussé par l'évolution des techniques, doit à nouveau se projeter dans 
un monde technique qui a évolué, ici avec une rupture qui touche tant tous les domaines 
scientifiques que la vie de chacun dans notre société. 

 

***  

 

TR-4-11 - Imagerie multicellulaire : organoïdes, tissus, embryons, quelles 
nouveautés pour l'imagerie des tissus épais  
Jeudi 11 novembre 14h00-15h45 Amphi Porquerolles 

Proposer/Coanimator 
Gaëlle Recher & Lydia Danglot (Module 4)  
Morgane Belle et Pierre BON (Parcours Milieux épais) 

Abstract 
Chacun des objectifs cités ci-dessous sera abordé au cours de la table ronde. Nous pensons lancer 
la discussion en abordant chacun des sujets par une courte présentation d'un des participants (parmi 
les ateliers associés) afin de lancer un problème bio ou un verrou technologique non résolu. Les 
participants à la table ronde pourront ainsi rebondir sur le sujet afin de partager leur expérience et 
de proposer d'éventuelles solutions : 
- Aborder les contraintes techniques et difficultés rencontrées lors du marquage et du montage des 
échantillons épais fixés ou vivants (stratégie de marquage, chambre imprimée, fraisage de verre ou 
de plastique, moule 3D).  
- Aborder les contraintes techniques et difficultés rencontrées lors clearing des tissus clarifiés ou 
préparés pour l'expansion microscopie.  
- Aborder et discuter les avantages et inconvénients des techniques actuelles (optique adaptative, 
feuille de lumière, confocal, spinning, )  
- !ōƻǊŘŜǊ ƭŜǎ ŎƻƴǘǊŀƛƴǘŜǎ ǘŜŎƘƴƛǉǳŜǎ Ŝǘ ŘƛŦŦƛŎǳƭǘŞǎ ǊŜƴŎƻƴǘǊŞŜǎ ƭƻǊǎ ŘŜ ƭΩŀƴŀƭȅǎŜ ǉǳŀƴǘƛǘŀǘƛǾŜ ŘŜǎ 
données de larges volumes issues de l'imagerie des tissus, organoïdes ou tissus "expansés" ( 
expansion microscopie).  
- tŜǊƳŜǘǘǊŜ Ł ŘŜǎ ŎƻƳƳǳƴŀǳǘŞǎ ŘΩŞŎƘŀƴƎŜǊ des protocoles et des stratégies lors de la table ronde 
(nouvelles sondes, préparation d'échantillons, nouvelles méthodes pour suivre rapidement les 
déformations, technologies 3D, imagerie multi couleur). 
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TR-2-12 - SMLM au-ŘŜƭŁ ŘŜ ƭΩŜǎǘƘŞǘƛǉǳŜ Κ 
Jeudi 11 novembre 16h15-18h00 Amphi Porquerolles 

Proposer/Coanimator 
Céline Malleval  
Karine Monier  

Abstract 
[Ŝ ōǳǘ ŘŜ ŎŜǘǘŜ ǘŀōƭŜ ǊƻƴŘŜ Ŝǎǘ ŘŜ ǊŜǾŜƴƛǊ ǎǳǊ ƭŜ ǇŀǊŎƻǳǊǎ {¢hwaΣ ŘΩŞŎƘŀƴƎŜǊ ŀǳǘƻǳǊ ŘŜǎ ǊŜǘƻǳǊǎ 
ŘϥŜȄǇŞǊƛŜƴŎŜ Ŝǘ ŘΩŞƭŀōƻǊŜǊ ǳƴŜ ƭƛǎǘŜ ŘŜ ǊŜŎƻƳƳŀƴŘŀǘƛƻƴǎ ǇƻǳǊ le choix et l'utilisation des techniques 
de SMLM en abordant les points suivants : 

- !ŎŎŜǎǎƛōƛƭƛǘŞ ŘŜ ƭΩƻǳǘƛƭ  
- Leviers techniques  

ƻ tǊŞǇŀǊŀǘƛƻƴ ŘΩŞŎƘŀƴǘƛƭƭƻƴ όŦƛȄŀǘƛƻƴΣ ŎƘƻƛȄ ŦƭǳƻǊƻǇƘƻǊŜǎΣ ǘŀƳǇƻƴǎύ ƛƴŎƛŘŜƴŎŜ ǎǳǊ ƭŀ ǉǳŀƭƛǘŞ 
des données obtenues  

o ParamŝǘǊŜ ŘΩŀŎǉǳƛǎƛǘƛƻƴ  
ƻ ¢ǊŀƛǘŜƳŜƴǘ ŘΩƛƳŀƎŜǎ Υ {ƻŦǘǿŀǊŜǎΣ ǇŀǊŀƳŝǘǊŜǎ ŘŜ ŘŞǘŜŎǘƛƻƴ Ŝǘ ŘŜ Ǿƛǎǳŀƭƛǎŀǘƛƻƴ  
o Quantification : Softwares  

-  Forces et limites des techniques de SMLM  
ƻ /ƻƳǇŀǊŀƛǎƻƴ ŀǾŜŎ ŘΩŀǳǘǊŜǎ ǘŜŎƘƴƛǉǳŜǎ 

 

***  

TR-3-13 - Clôture du Parcours thématique : Deep learning pour l'analyse 
d'images de microscopie  
Jeudi 11 novembre 16h15-18h00 Haut-Lounge 

Proposer/Coanimator 
Daniel Sage  
Fabrice Cordelières 

Abstract 
Cette table ronde est le récapitulatif du parcours thématique "Deep learning pour l'analyse d'images 
ŘŜ ƳƛŎǊƻǎŎƻǇƛŜϦ [ŀ ŦƻǊƳŀǘƛƻƴ Ǉƭǳǎ ŀǾŀƴŎŞŜ ŘΩǳƴ Ǉƭǳǎ ƎǊŀƴŘ ƴƻƳōǊŜ ŘŜ ǎŎƛŜƴǘƛŦƛǉǳŜǎ Ŝǎǘ ƭŀ ŎƭŜŦ ǇƻǳǊ 
ǇŜǊƳŜǘǘǊŜ ǳƴŜ ŘƛŦŦǳǎƛƻƴ ǊŞŦƭŞŎƘƛŜ ŘŜ ŎŜǎ ǘŜŎƘƴƛǉǳŜǎΦ Lƭ Ŧŀǳǘ ŞǉǳƛǇŜǊ ƭŀ ŎƻƳƳǳƴŀǳǘŞ ǎŎƛŜƴǘƛŦƛǉǳŜ ŘΩǳƴ 
bagage pour appréƘŜƴŘŜǊ ƭŜ ǇƻǘŜƴǘƛŜƭ Řǳ 5[ Ŝǘ ǇƻǳǊ Ŝƴ ŎƻƴƴŀƞǘǊŜ ƭŜǎ ƭƛƳƛǘŜǎΦ /ΩŜǎǘ ŜǎǎŜƴǘƛŜƭ ǇƻǳǊ 
une intégration valide de ces techniques dans un protocole scientifique. 
[ΩǳƴƛǾŜǊǎ Řǳ 5[ ǊŜǎǘŜ ŜƴŎƻǊŜ ƭŀǊƎŜƳŜƴǘ ǊŞǎŜǊǾŞ ŀǳȄ ƛƴŦƻǊƳŀǘƛŎƛŜƴǎ ǘŀƴǘ ƭŀ ƳƛǎŜ Ŝƴ ǆǳǾǊŜ ǊŜǉǳƛŜǊǘ 
des compétences bien spécifiques (Python) et des calculateurs puissants (GPU). Le DL est donc 
relativement inaccessible à la plupart des chercheur·euse·s en biologie, contrairement aux 
méthodes algorithmiques pour lesquelles on trouve des softwares facilement utilisables (par ex. 
ImageJ/Fiji). 
Ce nouveau paradigme entièrement centré sur les données soulève des questions plus « 
philosophiques ». Quelles quantités de données-exemples, quelle variabilité de données, quelles 
annotations ? peut-on vraiment faire une ŀƴŀƭȅǎŜ ǎŎƛŜƴǘƛŦƛǉǳŜ Ŝƴ ǎŜ ōŀǎŀƴǘ ǎǳǊ ƭΩŜȄŜƳǇƭŜ Κ /Ŝ ǎƻƴǘ 
ŀǳǘŀƴǘ ŘŜ ǉǳŜǎǘƛƻƴǎ ǉǳƛ ŘƻƛǾŜƴǘ şǘǊŜ ŀŘǊŜǎǎŞŜǎ ŘŜ Ŧŀœƻƴ ǊƛƎƻǳǊŜǳǎŜΦ [έΩŜȄǇƭƛŎŀōƛƭƛǘŞέ Řǳ ǎȅǎǘŝƳŜ ζ 
ōƭŀŎƪōƻȄ η Ŝǘ ƭΩƛƴǘŜǊǇǊŞǘŀōƛƭƛǘŞ ŘŜǎ ǊŞǎǳƭǘŀǘǎ ǎƻƴǘ ŘΩŀǳǘǊŜǎ ǉǳŜǎǘƛƻƴǎ Ǉƭǳǎ ŘŞƭƛŎŀǘŜǎ ǉǳƛ ƴŜ ŘƻƛǾŜƴt 
pas être ignorées dans un contexte scientifique. Ce parcours thématique, avec ses ateliers, 
ǎŞƳƛƴŀƛǊŜǎΣ ǊŜƴŎƻƴǘǊŜǎΣ ǎŜǊŀ ǳƴŜ ƻŎŎŀǎƛƻƴ ŘΩŀōƻǊŘŜǊ ǘƻǳǘŜǎ ŎŜǎ ǉǳŜǎǘƛƻƴǎ ŀŎǘǳŜƭƭŜǎ ŜƴǘǊŜ 
spécialistes et utilisateurs. 
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PARCOURS THEMATIQUES 

 
 
 
 
Les parcours thématiques ont pour objectif de rassembler des ateliers, tables-rondes et séminaires 
ǎǳǊ ŘŜǎ ǘƘŝƳŜǎ ǎŞƭŜŎǘƛƻƴƴŞǎ ǇŀǊ ƭΩƻǊƎŀƴƛǎŀǘƛƻƴ ǎǳǊ ƭŀ ōŀǎŜ ŘŜǎ ǇǊƻǇƻǎƛǘƛƻƴǎ ŘΩŀǘŜƭƛŜǊǎ ǊŜœǳŜǎ ŀǳ ŎƻǳǊǎ 
ŘŜ ƭΩŀƴƴŞŜΦ 
 
Pour MIFOBIO 2021, nous avons donc sélectionné 3 parcours : 

- aŀŎƘƛƴŜ [ŜŀǊƴƛƴƎ ǇƻǳǊ ƭΩŀƴŀƭȅǎŜ ŘΩƛƳŀƎŜǎ ŘŜ ƳƛŎǊƻǎŎƻǇƛŜ 
- Imagerie en milieux épais 
- Imagerie en molécule unique (SMLM/STORM) 

 
Vous trouverez dans les pages suivantes, le synopsis des parcours ainsi que les ateliers, tables-
rondes et séminaires associés. 
 

--------- 
 
The objective of the thematic tracks is to gather workshops, round tables and seminars on themes 
selected by the organization on the basis of workshop proposals received during the year. 
 
For MIFOBIO 2021, we have selected 3 tracks: 
- Machine Learning for microscopy image analysis 
- Imaging in thick media 
- Single Molecule Imaging (SMLM/STORM) 
 
You will find in the following pages, the synopsis of the tracks as well as the associated workshops, 
round tables and seminars 
.  
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Parcours thématique 1: aŀŎƘƛƴŜ [ŜŀǊƴƛƴƎ ǇƻǳǊ ƭΩŀƴŀƭȅǎŜ ŘΩƛƳŀƎŜǎ ŘŜ 
microscopie 

Responsable : Daniel SAGE (daniel.sage@epfl.ch) 

Abstract 
Deep learning techniques (deep learning DL), resulting from work in artificial intelligence, are 
changing the practices of many disciplines based on data sciences. Microscopy image analysis, which 
tries to understand biological processes by quantifying images, is directly concerned by this 
evolution. Many (but not all) bioimaging applications can thus benefit from artificial neural networks 
to solve complex or difficult to model tasks. DL networks are progressively imposing themselves in 
the scientific community, which does not go without raising a large number of questions that mix 
hope and skepticism, belief and reasoning.  
The more advanced training of more scientists is the key to allowing a thoughtful diffusion of these 
techniques. The scientific community must be equipped to understand the potential of DL and to 
know its limitations. This is essential for a valid integration of these techniques in a scientific 
protocol. 
This thematic track "deep learning for microscopy image analysis" proposes a set of workshops that 
will allow beginners to get to grips with relatively accessible tools and more advanced users to 
implement neural networks on simple examples. Workshops are also proposed on concrete 
applications of deep learning. 
The world of DL is still largely reserved for computer scientists, as its implementation requires very 
specific skills (Python) and powerful computers (GPU).  DL is therefore relatively inaccessible to most 
biology researchers, unlike algorithmic methods for which there are easily usable software packages 
(e.g. ImageJ/Fiji).  
This new paradigm entirely centered on data raises more "philosophical" questions. What quantities 
of example data, what variability of data, what annotations? Can we really do a scientific analysis 
based on the example? these are all questions that must be addressed in a rigorous way. The 
explicability of the "blackbox" system and the interpretability of the results are other more delicate 
questions that should not be ignored in a scientific context. This thematic course, with its workshops, 
seminars, meetings, will be an opportunity to address all these current issues between specialists 
and users. 
 
 
Pedagogical objectives of the course 
- Understand the potential and limitations of DL techniques for microscopy imaging 
- Implement a DL image analysis with simple tools or be able to design a DL image analysis 
- Acquire the methodology to determine the relevance of DL and evaluate the risks of using a DL 
system  
- Enable users to exchange DL developers and remove blockages 
 
Identification sheet 
Related modules: 1, 4 and 5 
Course:  
Assaf Zaritsky, Ben-Gurion University of the Negev, Israel 
Extracting the invisible from live cells microscopy  
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Loïc Royer, Chan Zuckerberg Biohub, San Francisco, USA 
Self-supervised deep learning for fluorescence imaging and nD image viewing with Napari 
 
Martin Weigert, EPFL Lausanne, Switzerland 
Microscopy image analysis with machine learning 
  
Perrine Paul-Gilloteaux, Université de Nantes, France 
Multiscale and multimodal registration: an overview of methods  
 
Diana Mateus, Université de Nantes, France 
Deep learning with medical images: learning with small datasets and few annotations 
  
Daniel Sage, EPFL Lausanne, Switzerland 
Microscopy image analysis - The shift to deep learning? 
 
Workshop : 
A015  
David Rousseau david.rousseau@univ-angers.fr Pejman Rasti pejman.rasti@univ-angers.fr 
Deep learning sans se salir les doigts (1/2) 
  
A005   
David Rousseau david.rousseau@univ-angers.fr Pejman Rasti pejman.rasti@univ-angers.fr 
Deep learning avec les doigts dans le moteur (2/2) 
 
A016 
David Rousseau david.rousseau@univ-angers.fr Pejman Rasti pejman.rasti@univ-angers.fr 
Deep Bar à images 
 
A114 
Guillaume Mougeot guillaume.mougeot@uca.fr 
Deep learning made easy for microscopy: an introduction to ZeroCostDL4Mic and DeepImageJ 
 
A116 
Anaïs Badoual anais.badoual@inria.fr 
Daniel Sage daniel.sage@epfl.ch 
Bioimage analysis: practice deep learning without coding 
 
A065 
Charlotte Riviere charlotte.riviere@univ-lyon1.fr 
Ali Ahmad ali.ahmad@insa-lyon.fr 
Getting the most out of 3D pheroids by combining microfabricated wells, clarification techniques, 
standard confocal imaging and deep learning image processing 
 
A124 
Estelle Anceaume estelle.anceaume@college-de-france.fr 
Philippe Mailly philippe.mailly@college-de-france.fr 
QuPath: pyramid image analysis for everyone. Case study: Deep-learning cell counting and 
quantification of histological slides 
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Parcours thématique 2 : Imagerie en molécule unique  
SMLM (Single Molecule Localization Microscopy) et STORM 
(STOchastic Reconstruction Microscopy) 
 
Responsables : Béatrice Durel (beatrice.durel@inserm.fr )  
et Lydia Danglot (lydia.danglot@inserm.fr) 

 
Abstract 
Single molecule imaging has experienced a considerable growth in recent years and is one of the 3 
main techniques of "Super-resolution" microscopy with SIM (Structured Illumination Microscopy) 
and STED (STimulated Emission Depletion Microscopy). 
As the number of publications concerning single molecule imaging and the installation of systems 
within platforms is increasing, we decided to establish a SMLM/STORM pathway within Mifobio in 
order to help newcomers to orient themselves in all the activities associated with Mifobio. This path 
has been established jointly with the Pointillism working group of the RTmfm Technology Network 
(Magalin Mondin and Karine Monier). 
You will find here all the courses, seminars, symposiums, roundtables and workshops dealing with 
SMLM techniques. 
 
Pedagogical objectives of the course 
- To address the technical constraints and difficulties encountered during sample preparation 
(fluorophores, blinking buffer, mounting in chamber or on slides). 
- To expose the different techniques that can be used on fixed (STORM or PAINT) or live samples 
(PALM) and the feasibility of their implementation on home made or commercial systems. 
- To expose the different 2D or 3D techniques that can be used for multicolor imaging (sequences of 
images at different excitation wavelengths or mixing of wavelengths after a single excitation). 
-To address the technical constraints and difficulties encountered in the quantitative analysis of 
SMLM data (particle density, fluorescence intensity per blink, imaging frequency). 
- To open perspectives on new tools developed and to be developed in this field. 
- To allow communities to exchange protocols and strategies during the round table (new probes, 
sample preparation, new methods to rapidly follow deformations, 3D technologies, multicolor 
imaging). 
 
Seminars and courses related to the thematic pathway : 
 
Super-resolution microscopy: Challenges and Potentials in biomedical research.  
Christian Eggeling, 
LƴǎǘƛǘǳǘŜ ŦƻǊ !ǇǇƭƛŜŘ hǇǘƛŎǎ ŀƴŘ .ƛƻǇƘȅǎƛŎǎΣ CǊƛŜŘǊƛŎƘπ{ŎƘƛƭƭŜǊπ¦ƴƛǾŜǊǎƛǘȅ WŜƴŀΤ [ŜƛōƴƛȊ LƴǎǘƛǘǳǘŜ ŦƻǊ 
Photonic Technology e.V., Jena, Germany; MRC Human Immunology Unit, Weatherall Institute of 
Molecular Medicine, University of Oxford, Oxford, United Kingdom.   
Synaptic vesicle pools under the nanoscope 
Frédéric A. Meunier1  
1Clem Jones Centre for Ageing Dementia Research (CJCADR), Queensland Brain Institute (QBI), 
University of Queensland, St Lucia Campus, Brisbane, QLD, 4072, Australia.   
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Module 1 : sondes fluorescentes :  

Labeling strategies to visualize the inner life of microbes by single-molecule localization 
microscopy ς a practical guide 
Ulrike Endesfelder, 
Institut für Mikrobiologie und Biotechnologie, Universität Bonn. 
 
Switchable Organic Dyes: the Photophysics of STORM 
Mark Bates,  
Department of NanoBiophotonics, Max Planck Institute for Biophysical Chemistry. 
 
Module 2 : Le défi de la quantification en nanoscopie 

3D single molecule localization microscopy. 
Sandrine Lévêque-Fort, 
Lƴǎǘƛǘǳǘ ŘŜǎ {ŎƛŜƴŎŜǎ aƻƭŞŎǳƭŀƛǊŜǎ ŘΩhǊǎŀȅΣ /bw{Σ ¦ƴƛǾŜǊǎƛǘŞ tŀǊƛǎ {ŀŎƭŀȅΣ  91405 Orsay. 
 
Superresolution microscopy for structural cell biology. 
Jonas Ries,  
Cell Biology and Biophysics unit, European Molecular Biology Laboratory (EMBL).  
 
Quantification of filament structures in superresolution and expansion microscopy. 
E.A. Katrukha, L.C. Kapitein, 
Cell Biology, Department of Biology, Faculty of Science, Utrecht University, Netherlands. 
 
From images to information: enhancing resolution and improving accuracy in SMLM. 
Susan Cox, 
YƛƴƎΩǎ ŎƻƭƭŜƎŜΣ [ƻƴŘƻƴΦ 
 
Computational microscopy by PSF engineering - or ς how and why to ruin a perfectly good 
microscope. 
Yoav Shechtman, 
Department of Biomedical Engineering, Technion ς Israel Institute of Technology. 
Module 5 : Ondes sur le vivant (avec GDR Ondes) 

tƻƭŀǊƛȊŜŘ ƳƛŎǊƻǎŎƻǇȅ ǊŜǎƻƭǾŜǎ ǇǊƻǘŜƛƴΩǎ ƻǊƎŀƴƛȊŀǘƛƻƴ ƛƴ ŎŜƭƭǎΦ 
Sophie Brasselet, 
Aix Marseille Univ, CNRS, Centrale Marseille, Institut Fresnel, F-13013 Marseille, France.  
 
Module 6 : Dynamique et interactions moleculaires en cellules vivantes : expérimentation et 
modélisation avec GDR DNA 
 

Revealing spatial and kinetic details of life processes by analyzing live cell single molecule tracking 
data. 
J. Christof M. Gebhardt, 
Institute of Biophysics, Ulm University, Germany. 
 
E. coli chromosome dynamics and the cell cycle. 
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Marco Cosentino Lagomarsino, 
Department of Physics, University of Milan, Italy. 
 
Imaging DNA repair at the single molecule level. 
Judith Miné-Hattab, 
Institut Curie, PSL University, Sorbonne Université, CNRS UMR3664, Nuclear Dynamics, France. 
 
Attached workshops: 
 
A003-Multicolor and 3D STORM to study localization of proteins adressed to apical membrane of 
polarized epithelial cells   anne.cantereau@univ-poitiers.fr 
A012-3D quantitative analysis of colocalisation or spatial coupling in conventional and super 
resolution microscopy. lydia.danglot@inserm.fr ; thibault.lagache@pasteur.fr 
A013-Comparing multicolor Single-Molecule Localization Microscopy strategies: Application to the 
neuronal cytoskeleton christophe.leterrier@univ-amu.fr ; karoline.friedl@etu.univ-amu.fr 
A046-Comment adapter son microscope TIRF pour faire du STORM! beatrice.durel@inserm.fr ; 
audrey.salles@pasteur.fr 
A057-Introduction to single molecule localization super-resolution microscopy (SMLM)
 magali.mondin@u-bordeaux.fr 
A058-Probabilistic pipeline to extract reliable information from single molecule microscopy data.
 alhassan.casse@sanofi.com; jean-baptiste.masson@pasteur.fr 
A059-Coordinate-based quantification of multidimensional and multicolor single-molecule 
localization microscopy data. florian.levet@inserm.fr 
A062-Real-time single molecule localization-based raw data acquisition, analysis and quality control
 mailfert@ciml.univ-mrs.fr ;nicolas.bertaux@fresnel.fr 
A074-3D High Resolution imaging by PSF engineering using ZOLA-3D: Nuclear Pore complexes 
imaging  mickael.lelek@pasteur.fr 
A076-Alternative strategies to image multiple proteins in single molecule localization microscopy
 sandrine.leveque-fort@u-psud.fr 
A094-Modulated excitation for enhanced localization : ModLoc  
abigail.illand@u-psud.fr ; max.lengauer@gmx.net 
A097-Nuclear pores complexe : a tool for for metrology in single molecule
 lancelot.pincet@free.fr 
A121-/ŜƴǘǊhн Υ LƴŦƭǳŜƴŎŜ ŘŜ ƭŀ ŎƻƴŎŜƴǘǊŀǘƛƻƴ Ŝƴ ƻȄȅƎŝƴŜ ǇƻǳǊ ƭΩƛƳŀƎŜǊƛŜ Ř{¢hwa Ƴǳƭǘƛ-couleur du 
cil primaire karine.monier@univ-lyon1.fr 
A138-Colocalisation de complexes macromoléculaires en super-résolution PALM/STORM
 xavier.marques@sorbonne-universite.fr 
 
Table ronde 
A066-SMLM au-ŘŜƭŁ ŘŜ ƭΩŜǎǘƘŞǘƛǉǳŜ Κ celine.malleval@inserm.fr 
TR-2.02  Bilan du module nanoscopie  
 
Mini-symposium rattaché Lundi 8 novembre de 14h à 18h: 
Organisation et dynamique moléculaire : qu'apporte le deep learning aux analyses ? 
juliette.griffie@epfl.ch & hverdier@pasteur.fr 
 
 

http://imabio-cnrs.fr/mifobio/programme/
mailto:mifobio-info@services.cnrs.fr
mailto:sandrine.leveque-fort@u-psud.fr
mailto:celine.malleval@inserm.fr
mailto:juliette.griffie@epfl.ch
mailto:hverdier@pasteur.fr


 PARCOURS THEMATIQUES 

 

Ecole thématique du CNRS : Microscopie Fonctionnelle en Biologie MiFoBio, Giens, 5-12 nov 2021 

http://imabio-cnrs.fr/mifobio/programme/  mifobio-info@services.cnrs.fr      85 

     

Parcours thématique 3 : Imagerie des échantillons épais  

Coordination : Morgane BELLE (morgane.belle@inserm.fr)  et Pierre BON (pierre.bon@cnrs.fr) 

Abstract : 
Today we are interested in the single molecule but also in the whole network! A network is by 
definition in 3 dimensions and therefore relatively large and of millimetric or even centimetric size. 
The thickness of the sample and its intrinsic opacity often prevent in-depth analysis. Physicists and 
biologists are working to counteract the phenomena of light diffraction in thick tissues through 
histological techniques, optical development, microscopy methods or post-acquisition image 
processing. In this course "Imaging in thick media" we would like to introduce you to the advances 
in allowing light to pass through a thick sample by revealing 3D gratings thanks to : 
1) clarification techniques to homogenize the refractive indices  
2) microscopy techniques optimized for this type of sample such as light sheet microscopy, OPT, 
holographic, wide field and confocal imaging  
3) image corrections through adaptive optics and wavefront 
4) expansion techniques that allow the visualization of fine and confined structures rendered up to 
20x larger: a tissue "become" thick! 
 
 
Pedagogical objectives of the course 
 
- how to visualize in 3D a thick tissue (multiple specimens are to be discovered in the workshops: 
mice, fish, amphibians, insects, plants, reptiles, chickens, isolated organs, tumors, organoids...) with 
or without fluorescent labeling, transparent or not with a consequent spatial resolution by different 
imaging approaches: holographic imaging, OPT, confocal, wide field, HCS, light sheet imaging 
- approach of different types of microscopy for the acquisition of "transparent" tissues and the 
problem of mounting these samples to observe them 
- how to visualize in depth living tissues 
- preparation of tissues for clarification (aqueous, organic, commercial solution or RIMS protocols) 
and in-toto immunostaining 
- to become familiar with 3D observation of samples and the different image treatments possible 
via dedicated software or machine learning 
- understand the interaction between light and the medium through which it passes and learn how 
to correct it using adaptive optics and wavefront analysis 
- learn the expansion technique to visualize biological phenomena in super resolution using classical 
fluorescence microscopy: from preparation to 3D reconstruction of samples and their analysis 
 
 
Module 1 : sondes fluorescentes :  

A third-generation glutamate indicator optimized for synapses.  
Kaspar Podgorsky, 
HHMI Janelia Research Campus. 
Building the next generation of genetically encoded probes and actuators. 
Nathan C. Shaner,  
Department of Neurosciences, University of California San Diego School of Medicine, La Jolla, CA 
USA ncshaner@health.ucsd.edu 
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Module 2 : Le défi de la quantification en nanoscopie 

Structured illumination microscopy (SIM) for high-speed super-resolution fluorescence imaging of 
living cells. 
Alexandra Fragola, 
Laboratoire Physique et Étude de Matériaux UMR 8213, ESPCI Paris-PSL, CNRS, Sorbonne Université. 
 
Quantification of filament structures in superresolution and expansion microscopy. 
E.A. Katrukha, L.C. Kapitein, 
Cell Biology, Department of Biology, Faculty of Science, Utrecht University, Netherlands. 
 
Module 3 : LƴǘŜƭƭƛƎŜƴŎŜ ŀǊǘƛŦƛŎƛŜƭƭŜ ǇƻǳǊ ƭΩƛƳŀƎŜǊƛŜ ōƛƻƭƻƎƛǉǳŜ 

Microscopy Image Analysis: The Shift to Deep Learning? 
Daniel Sage, 
9tC[Σ [ŀōƻǊŀǘƻƛǊŜ ŘΩƛƳŀƎŜǊƛŜ ōƛƻƳŞŘƛŎŀƭŜΦ 
Multiscale and multimodal registration: an overview of methods.  
Perrine Paul-Gilloteaux, 
Université de Nantes, CHU Nantes, Inserm, CNRS, SFR Santé, Inserm UMS 016, CNRS UMS3556, 
Nantes, France Τ ¦ƴƛǾŜǊǎƛǘŞ ŘŜ bŀƴǘŜǎΣ /bw{Σ Lb{9waΣ ƭΩƛƴǎǘƛǘǳǘ Řǳ ǘƘƻǊŀȄΣ bŀƴǘŜǎΣ CǊŀƴŎŜΦ 
 

Self-Supervised Deep Learning for Fluorescence Imaging and nD Image Viewing with Napari. 

Loïc Alain Royer, Chan Zuckerberg Biohub. 

Module 4 : Imagerie multicellulaire : organoïdes, tissus, embryons 

Organ on chip, a new generation of in vitro models. 
Descroix Stéphanie, Institut Curie UMR 168- Institut Pierre Gille de Gennes. 
3D printing and bioprinting for the development of microenvironment and tissue models. 
Laurent Malaquin, ELiA team, LAAS ς CNRS UPR 8001, Toulouse, France.  
SCAPE microscopy for high-speed 3D imaging.  
Elizabeth M. C. Hillman, 
Herbert and Florence Irving Professor, Mortimer B. Zuckerman Mind Brain Behavior Institute, 
Professor of Biomedical Engineering and Radiology, Columbia University, Jerome L. Greene Science 
Center. 
Sometimes, there IS a free lunch: How to get twice the resolution from your microscope, without 
(serious) drawbacks. 
Andrew York,  
Calico Life Sciences LLC, South San Francisco, CA, USA. 
Quantifying transport and efficacy of therapeutics in spheroids. 
Charlotte Rivière, 
Université Claude Bernard Lyon 1, CNRS, Institut Lumière Matière ; Institut Convergence Plascan, 
CRCL ; Institut Universitaire de France (IUF). 
3D-printed minimally assembled interchangeable LSFM chamber for serial imaging of organoids 
and spheroids. 
Francesco Pampaloni, 
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Buchmann Institute for Molecular Life Sciences (BMLS) Germany; Institute for Research in 
Biomedicine, IRB Barcelona, Barcelona Institute of Science and Technology, BIST. 
 

Module 5 : Ondes sur le vivant (avec GDR Ondes) 

Measuring and shaping the phase of light: key applications in biology.  
Pascal Berto, 
Institut de la vision, Sorbonne Université, INSERM, CNRS.  
 
X-ray coherent diffraction imaging: 3D exploration of biologically relevant hard and soft tissues. 
Virginie Chamard, 
Aix-Marseille Université, CNRS, Centrale Marseille, Institut Fresnel UMR 7249. 
 
Imaging the brain at high spatiotemporal resolution with wavefront shaping. 
Na JI, Department of Physics, Department of Molecular & Cell Biology, University of California, 
Berkeley.  
 
Volumetric imaging at high speeds. 
Jérome Mertz, 
Biomedical Engineering Department, Boston MA. 
 

Module 7 : Signalisation cellulaire, mécanobiologie, mécanotransduction 

Impact of physical forces of the gut on pathogen infection using organ on ship (OOC). 
Nathalie Sauvonnet, 
Intracellular trafficking and tissue homeostasis, department Cell Biology and Infection, Institut 
Pasteur.  
 
Mechanisms and mechanics driving composite morphogenesis. 
Matteo Rauzi, 
¦ƴƛǾŜǊǎƛǘŞ /ƾǘŜ ŘΩ!ȊǳǊΣ /bw{Σ LƴǎŜǊƳΣ ƛ.±Σ bƛŎŜΣ CǊŀƴŎŜΦ 
 
Ateliers rattachés  
 
A011-9ǘǳŘŜ ŘŜ ƭŀ ǾŀǎŎǳƭŀǊƛǎŀǘƛƻƴ ǎŀƴƎǳƛƴŜ Ŝǘ ƭȅƳǇƘŀǘƛǉǳŜ ŘŜ ƭΩŞǇƛŘƛŘȅƳŜ Υ ŎƭŀǊƛŦƛŎŀǘƛƻƴ ŘΩƻǊƎŀƴŜΣ 
microscopie à feuille de lumière et quantification en trois dimensions  
Porteurs : Meryem Meryem tardivel (meryem.tardivel@univ-lille.fr), Antonino Bongiovanni 
(antonino.bongiovanni@univ-lille.fr) 
A019-Trucs et Astuces ExM  
Porteurs : Sophie Abélanet (abelanet@ipmc.cnrs.fr), Bruno Mesmin (mesmin@ipmc.cnrs.fr) 
A020-Expansion microscopy imaging with a lattice light-sheet microscope  
Porteurs : Monica Fernandez monreal (monica.fernandez-monreal@u-bordeaux.fr), Mathieu Ducros 
(mathieu.ducros@u-bordeaux.fr) 
A021-Expansion Microscopy From theory to practice  
Porteur : Tudor Manoliu (tudor.manoliu@gustaveroussy.fr) 
A022-Bring your sample to experiment a very fast and universal clearing technique  
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Porteurs : Jennifer Coridon (jennifer.coridon@hotmail.fr), Brigitte Delhomme 
(jennifer.coridon@parisdescartes.fr) 
A025-9ȄǇƭƻƛǘŀǘƛƻƴ ŎƻƳōƛƴŞŜ ŘΩǳƴŜ ǎƻƴŘŜ Ŝǘ ŘΩǳƴŜ ŎŀƳŞǊŀ LƴŦǊŀ ǊƻǳƎŜ ό{²Lwύ ǇƻǳǊ ƛƳŀƎŜǊ ƭŜ ǊŞǎŜŀǳ 
ǾŀǎŎǳƭŀƛǊŜ ŘΩǳƴ ƳǳǎŎƭŜ ŜƴǘƛŜǊ ŘŜ ǎƻǳǊƛǎ Řŀƴǎ ƭŀ ŦŜƴşǘǊŜ bLw LLΦ 
Porteurs :  Laurence Dubreil (laurence.dubreil@oniris-nantes.fr), Xavier Le guevel (xavier.le-
guevel@univ-grenoble-alpes.fr) 
A028-3D holography imaging of algae populations  
Porteurs : Audrey Audrey beaussart (audrey.beaussart@univ-lorraine.fr), Isabelle Bihannic 
(isabelle.bihannic@univ-lorraine.fr) 
A032-Immunomarquage et transparisation de tissus entiers, acquisition avec système home-made 
vs commercial  
Porteurs : Chloé Dominici (chloe.dominici@univ-cotedazur.fr), Sophie Abélanet 
(abelanet@ipmc.cnrs.fr) 
A035-Studying organogenesis of the pronephros of Xenopus tadpole early stages using light sheet 
and confocal microscopy 
Porteurs :  Chloé Chaumeton (chloe.chaumeton@sorbonne-universite.fr), Thomas Panier 
(thomas.panier@sorbonne-universite.fr) 
A039-Imagerie 3D de la vascularisation par feuille de lumiŝǊŜ ǇƻǳǊ ŞǾŀƭǳŜǊ ƭΩŞǾƻƭǳǘƛƻƴ ŘΩǳƴŜ 
ǇŀǘƘƻƭƻƎƛŜ Ŝǘκƻǳ ƭΩŜŦŦƛŎŀŎƛǘŞ ŘΩǳƴ ǘǊŀƛǘŜƳŜƴǘ  
Porteurs : François Michel (francois.michel@inserm.fr), Laurence Dubreil (laurence.dubreil@oniris-
nantes.fr) 
A042-Remember your wavefront: adaptive optics and memory effect in different regimes Porteurs : 
Claudio Moretti (claudio.moretti@lkb.ens.fr), Bernhard Rauer (bernhard.rauer@lkb.ens.fr) 
A045-Ultrastructure cellulaire par microscopie d'expansion 
Porteurs :  Virginie Georget (virginie.georget@mri.cnrs.fr), Marie-pierre Blanchard (marie-
pierre.blanchard@igh.cnrs.fr) 
A051-5Ŝ ƭŀ ŘȅƴŀƳƛǉǳŜ ŎŜƭƭǳƭŀƛǊŜ ŀǳ ǎŜƛƴ ŘΩƻǊƎŀƴƻƠŘŜǎ ƧǳǎǉǳΩŁ ƭΩŞǘǳŘŜ ƳƻǊǇƘƻƭƻƎƛǉǳŜ ŘŜǎ 
tissus/organes transparisés : approche multi-ŞŎƘŜƭƭŜ ǎǳǊ ǳƴ ǎȅǎǘŝƳŜ ǳƴƛǉǳŜ ŘΩƛƳŀƎŜǊƛŜ Ł ŦŜǳƛƭƭŜ ŘŜ 
lumière.  
Porteurs : Jacques Rouquette (jacques.rouquette@itav.fr), Laetitia Pieruccioni 
(laetitia.pieruccioni@itav.fr) 
A052-Quantitative 3D Spatial Analysis of multicellular specimens (Organoids w/o clearing) Porteurs : 
Sébastien Marais (sebastien.marais@u-bordeaux.fr), Sophie Allart (sophie.allart@inserm.fr) 
A063a-Transparisation, acquisition au microscope à feuillet de lumière et post traitement de 
sphéroïdes  
Porteurs : Chloé Dominici (chloe.dominici@univ-cotedazur.fr), Cédric Gaggioli 
(Cedric.GAGGIOLI@unice.fr) 
A063b-Transparisation, acquisition au microscope à feuillet de lumière et post traitement de 
sphéroïdes  
Porteurs : Chloé Dominici (chloe.dominici@univ-cotedazur.fr), Cédric Gaggioli 
(Cedric.GAGGIOLI@unice.fr) 
A065-Getting the most out of 3D pheroids by combining microfabricated wells, clarification 
techniques, standard confocal imaging and deep learning image processing  
Porteurs : Charlotte Riviere (charlotte.riviere@univ-lyon1.fr), Ali Ahmad (ali.ahmad@insa-lyon.fr) 
A071-aƛŎǊƻǎŎƻǇƛŜ ŘΩŜȄǇŀƴǎƛƻƴ Υ ǎǘǊŀǘŞƎƛŜǎ Ŝǘ ŀǎǘǳŎŜǎ ǇƻǳǊ ƭΩŀƴŀƭȅǎŜ ŘŜǎ ŎŜƭƭǳƭŜǎ ŘŜ ƳŀƳƳƛŦŝǊŜǎ Ŝƴ 
culture, de la levure S. cerevisiae et pour la vƛǎǳŀƭƛǎŀǘƛƻƴ ŘŜ ƭΩƻǊƎŀƴƛǎŀǘƛƻƴ ƳƛǘƻŎƘƻƴŘǊƛŀƭŜ 
Porteurs : Jim Dompierre (jim.dompierre@ibgc.cnrs.fr), Manuel Rojo (manuel.rojo@ibgc.cnrs.fr) 
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A072-Evolution of brain morphology from invertebrates to mammals. Everything we can learn from 
in toto 3D imaging of autofluorescence signals?  
Porteurs : Christelle Langevin (christelle.langevin@inra.fr), Morgane Belle 
(morgane.belle@inserm.fr) 
A073-Microscopie plein champ "haute résolution" et traitement numérique sur échantillon épais  
Porteur : Vicky Diakou-verdin (vicky.diakou@univ-montp2.fr) 
A075-Adaptive optics fluorescence microscopy for biological imaging  
Porteur : Alexandra Fragola (alexandra.fragola@espci.fr) 
A087-HCS sur sphéroïdes solides, transparisés ou non, avantages et inconvénients  
Porteurs : Laetitia Ligat (laetitia.ligat@inserm.fr), Romina D\ 'angelo (romina.dangelo@inserm.fr) 
A095-Multimodal imaging of biological tissues with the help of a miniature flexible endoscope 
Porteur : Vasyl Mytskaniuk (vasyl.mytskaniuk@fresnel.fr) 
A096-Multimode fiber based-endoscope for fluorescence imaging using wavefront shaping Porteur : 
Irène Wang (irene.wang@univ-grenoble-alpes.fr) 
A098-OPenT - Bring your sample & learn how to build and use an OPT optical tomography 
mesoscope  
Porteur : Gabriel G. martins (gaby@igc.gulbenkian.pt) 
A100-tǊŞǇŀǊŀǘƛƻƴ ŘΩŞŎƘŀƴǘƛƭƭƻƴΣ ŀŎǉǳƛǎƛǘƛƻƴ Ŝǘ ŀƴŀƭȅǎŜ ŘΩƛƳŀƎŜ ǇƻǳǊ ƭŜǎ ŀǇǇƭƛŎŀǘƛƻƴǎ ŘŜ ŎǳƭǘǳǊŜ 
cellulaire 3D  
Porteurs : David Akbar (david.akbar@icm-institute.org), Claire Lovo (claire.lovo@icm-institute.org) 
A120-Imagerie sur petit organoides 3D, Troubleshooting  
Porteurs : Adeline Boyreau (adeline.boyreau@u-bordeaux.fr), Laetitia Andrique 
(laetitiaandrique@hotmail.com) 
A125-Speckle-based computational microscopy : harnessing scattering for enhanced imaging of 
tissues  
Porteur : Alexandra D'arco (alexandra.darco@lkb.ens.fr) 
A131-LƳŀƎŜǊƛŜ о5 ŘΩƻǊƎŀƴŜǎ ǘǊŀƴǎǇŀǊƛǎŞǎ ǇŀǊ ƳƛŎǊƻǎŎƻǇƛŜ Ł ŦŜǳƛƭƭŜ ŘŜ ƭǳƳƛŝǊŜ  
Porteurs : Sébastien Dupichaud (sebastien.dupichaud@inserm.fr), Louison Lallemant 
(louison.lallemant@gmail.com) 
A140-5ǳ Ǉƭǳǎ ǇŜǘƛǘ ŞŎƘŀƴǘƛƭƭƻƴ ŀǳ Ǉƭǳǎ ƎǊƻǎΣ ƭŀ ƳƛŎǊƻǎŎƻǇƛŜ Ł ŦŜǳƛƭƭŜ ŘŜ ƭǳƳƛŝǊŜ ŦŀŎŜ Ł ƭΩŜƴƧŜǳ Řǳ 
multi-échelle  
Porteurs : Julien Dumont (julien.dumont@college-de-france.fr), Astou Tangara 
(tangara@biologie.ens.fr) 
A141-Medium throughput imaging of thick samples: a practical comparison of different samples 
(Drosophila tissues and encapsulated spheroids) in native opaque state and after light-penetration 
facilitation  
Porteurs : Gaelle Recher (gaelle.recher@institutoptique.fr), Marilyne Duffraisse 
(Marilyne.Duffraisse@ens-lyon.fr) 
A142-Microscopie à feuillet de lumƛŝǊŜ ǇƻǳǊ ƭΩƛƳŀƎŜǊƛŜ ǾƻƭǳƳƛǉǳŜ  
Porteur : Basile Gurchenkov (basile.gurchenkov@inserm.fr) 
A143-LƳŀƎŜǊƛŜ Ł ŦŜǳƛƭƭŜǘ ŘŜ ƭǳƳƛŝǊŜ ŘŜǎ ŞŎƘŀƴǘƛƭƭƻƴǎ о5 ƳƻƴǘŞŜǎ ŘΩǳƴŜ ƳŀƴƛŝǊŜ ǇŜǳ ŎƻƴǘǊŀƛƎƴŀƴǘŜ  
Porteur : Basile Gurchenkov (basile.gurchenkov@inserm.fr) 
 
Table ronde 
 
Imagerie multicellulaire : organoïdes, tissus, embryons. Quelles difficultés/nouveautés pour 
l'imagerie des tissus épais ? Gaëlle Recher & Lydia Danglot (pour le Module4) Morgane Belle et 
Pierre BON (pour le Parcours Milieux épais) 
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BAR A IMAGES 

 

 

tƻǊǘŜǳǊǎ Υ ̧ǾŜǎ ¦ǎǎƻƴΣ !ǊƴƻƭŘ CŜǊǘƛƴΣ .ŜǊǘǊŀƴŘ {ƛƳƻƴΣ {ŞōŀǎǘƛŜƴ aŀǊŀƛǎ  

- !ǾŜȊπǾƻǳǎ ŘŜǎ ǉǳŜǎǘƛƻƴǎ ƻǳ ōŜǎƻƛƴǎ Ŝƴ ŀƴŀƭȅǎŜ ŘϥƛƳŀƎŜǎ Κ  
- !ǾŜȊπǾƻǳǎ ƻǳ ŜƴǾƛǎŀƎŜȊπǾƻǳǎ ŘϥŀŎǉǳŞǊƛǊ ǳƴŜ ǉǳŀƴǘƛǘŞ ƛƳǇƻǊǘŀƴǘŜ ŘϥƛƳŀƎŜǎ Řŀƴǎ ƭŜ 
ōǳǘ ŘŜ ƭŜǎ ŀƴŀƭȅǎŜǊ ǉǳŀƴǘƛǘŀǘƛǾŜƳŜƴǘ Κ  

- {ƻǳƘŀƛǘŜǊƛŜȊπǾƻǳǎ ǳƴ όƻǳ ǇƭǳǎƛŜǳǊǎύ ŀǾƛǎ ŘϥŜȄǇŜǊǘǎ ŀǾŀƴǘ ŘŜ Ǿƻǳǎ ƭŀƴŎŜǊ Κ  
 
[Ŝ ōŀǊ Ł ƛƳŀƎŜǎ Ŝǎǘ Ŧŀƛǘ ǇƻǳǊ Ǿƻǳǎ Η  

[Ŝ ōŀǊ Ł ƛƳŀƎŜǎ ǇǊƻǇƻǎŜ ŎŜǘǘŜ ŀƴƴŞŜ о ŎǊŞƴŜŀǳȄ ŦƛȄŜǎ ǊŞǇŀǊǘƛǎ ǎǳǊ ƭŀ ǎŜƳŀƛƴŜ Řŀƴǎ ǳƴ 
ŦƻǊƳŀǘ ǘȅǇŜ ϦǇƻǊǘŜǎ ƻǳǾŜǊǘŜǎϦ Υ Ŝƴ Ǿƻǳǎ ȅ ƛƴǎŎǊƛǾŀƴǘΣ Ǿƻǳǎ ŀǾŜȊ ƭŀ ǇƻǎǎƛōƛƭƛǘŞ ŘŜ ŘƛǎŎǳǘŜǊ 
ŀǾŜŎ ǳƴ ƎǊƻǳǇŜ ŘϦŜȄǇŜǊǘǎϦΣ ŎƘŀŎǳƴ ǎǇŞŎƛŀƭƛǎŞ Řŀƴǎ ƭŜǳǊ ŘƻƳŀƛƴŜΣ ǎǳǊ ǘƻǳǘ ŎŜ ǉǳƛ ǘǊŀƛǘŜ ŘŜ 
ƭϥǳǘƛƭƛǎŀǘƛƻƴ ŘŜǎ ƭƻƎƛŎƛŜƭǎ Ŝǘ ŀƭƎƻǊƛǘƘƳŜǎ ŘŜ Ǿƛǎǳŀƭƛǎŀǘƛƻƴ Ŝǘ ŘϥŀƴŀƭȅǎŜ ŘϥƛƳŀƎŜǎΦ /Ŝǎ 
ŘƛǎŎǳǎǎƛƻƴǎ ǎŜ ŦŜǊƻƴǘ ǎƻƛǘ Ŝƴ ǘşǘŜ Ł ǘşǘŜΣ ǎƻƛǘ Ŝƴ ǇŜǘƛǘǎ ƎǊƻǳǇŜǎΣ Ŝƴ ŦƻƴŎǘƛƻƴ ŘŜǎ ōŜǎƻƛƴǎ ŘŜǎ 
ǇŀǊǘƛŎƛǇŀƴǘǎ Ŝǘ ŘŜǎ ŎƻƳǇŞǘŜƴŎŜǎ ŘŜǎ ŀƴƛƳŀǘŜǳǊǎ ǇǊŞǎŜƴǘǎ Ł ŎƘŀǉǳŜ ŎǊŞƴŜŀǳΦ ±ƻǳǎ ǇƻǳǾŜȊ 
ŞƎŀƭŜƳŜƴǘ ŀǇǇƻǊǘŜǊ Ǿƻǎ ǇǊƻǇǊŜǎ ƛƳŀƎŜǎΣ Ŝǘ Ǿƻǳǎ ŀǳǊŜȊ ƭΩƻŎŎŀǎƛƻƴ ŘŜ ǇǊŞǎŜƴǘŜǊ ǾƻǘǊŜ 
ǇǊƻōƭŝƳŜ όƻǳ Ǿƻǎ ǎƻƭǳǘƛƻƴǎ Ηύ ŘΩŀƴŀƭȅǎŜΦ  
tŜƴŘŀƴǘ ǘƻǳǘŜ ƭŀ ŘǳǊŞŜ ŘŜ ƭΩŞŎƻƭŜΣ ŎŜǊǘŀƛƴǎ ŜȄǇŜǊǘǎ ǎŜ ǊŜƴŘǊƻƴǘ ŞƎŀƭŜƳŜƴǘ ŘƛǎǇƻƴƛōƭŜǎ ǇƻǳǊ 
ŘŜǎ ǊŜƴŘŜȊπǾƻǳǎ ƛƳǇǊƻƳǇǘǳǎ ŀŦƛƴ ŘŜ ǊŞǇƻƴŘǊŜ Ł Ǿƻǎ ǉǳŜǎǘƛƻƴǎ ŘŜ Ǿƛǎǳŀƭƛǎŀǘƛƻƴ Ŝǘ ŘΩŀƴŀƭȅǎŜ 
ŘΩƛƳŀƎŜǎ Ŝƴ ŘŜƘƻǊǎ ŘŜǎ ǎŜǎǎƛƻƴǎ ǇǊŞǾǳŜǎ ŀǳ ǇƭŀƴƴƛƴƎ Η ¦ƴ ǘŀōƭŜŀǳ ŘΩƛƴǎŎǊƛǇǘƛƻƴ ǎŜǊŀ 
ŀŎŎŜǎǎƛōƭŜ ǎǳǊ ǇƭŀŎŜ ǇƻǳǊ Ǿƻǳǎ ƳŜǘǘǊŜ Ŝƴ ŎƻƴǘŀŎǘ ŀǾŜŎ ŎŜǎ ŜȄǇŜǊǘǎΦ 
 

ϝϝϝ 

- 5ƻ ȅƻǳ ƘŀǾŜ ǉǳŜǎǘƛƻƴǎ ƻǊ ƴŜŜŘǎ ƛƴ ƛƳŀƎŜ ŀƴŀƭȅǎƛǎΚ  
- IŀǾŜ ȅƻǳ ƻǊ Řƻ ȅƻǳ ƛƴǘŜƴŘ ǘƻ ŀŎǉǳƛǊŜ ŀ ƭŀǊƎŜ ƴǳƳōŜǊ ƻŦ ƛƳŀƎŜǎ ƛƴ ƻǊŘŜǊ ǘƻ ŀƴŀƭȅȊŜ 
ǘƘŜƳ ǉǳŀƴǘƛǘŀǘƛǾŜƭȅΚ  

- ²ƻǳƭŘ ȅƻǳ ƭƛƪŜ ƻƴŜ όƻǊ ƳƻǊŜύ ŜȄǇŜǊǘ ŀŘǾƛŎŜ ōŜŦƻǊŜ ȅƻǳ ǎǘŀǊǘΚ  
¢ƘŜ Ϧ.ŀǊ Ł LƳŀƎŜϦ ƛǎ ŦƻǊ ȅƻǳΗ  

 
¢ƘŜ Ϧ.ŀǊ Ł LƳŀƎŜϦ ǇǊƻǇƻǎŜǎ ǘƘƛǎ ȅŜŀǊ о ǎŜǎǎƛƻƴǎ ǎǇǊŜŀŘ ƻǾŜǊ ǘƘŜ ǿŜŜƪ ƛƴ ŀƴ ϦƻǇŜƴ ƘƻǳǎŜϦ 
ǘȅǇŜ ŦƻǊƳŀǘΥ ōȅ ǊŜƎƛǎǘŜǊƛƴƎΣ ȅƻǳ ƘŀǾŜ ǘƘŜ ƻǇǇƻǊǘǳƴƛǘȅ ǘƻ ŘƛǎŎǳǎǎ ǿƛǘƘ ŀ ƎǊƻǳǇ ƻŦ άŜȄǇŜǊǘǎέΣ 
ŜŀŎƘ ƻƴŜ ǎǇŜŎƛŀƭƛȊŜŘ ƛƴ ǘƘŜƛǊ ŦƛŜƭŘΣ ƻƴ ŜǾŜǊȅǘƘƛƴƎ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ǳǎŜ ƻŦ ǾƛǎǳŀƭƛȊŀǘƛƻƴ ŀƴŘ 
ŀƴŀƭȅǎƛǎ ǎƻŦǘǿŀǊŜ ŀƴŘ ŀƭƎƻǊƛǘƘƳǎΦ ¢ƘŜǎŜ ŘƛǎŎǳǎǎƛƻƴǎ ǿƛƭƭ ōŜ ŜƛǘƘŜǊ ŦŀŎŜπǘƻπŦŀŎŜ ƻǊ ƛƴ ǎƳŀƭƭ 
ƎǊƻǳǇǎΣ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ƴŜŜŘǎ ƻŦ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ŀƴŘ ǘƘŜ ǎƪƛƭƭǎ ƻŦ ǘƘŜ ŜȄǇŜǊǘǎ ǇǊŜǎŜƴǘ ŀǘ 
ŜŀŎƘ ǎŜǎǎƛƻƴΦ ¸ƻǳ Ŏŀƴ ŀƭǎƻ ōǊƛƴƎ ȅƻǳǊ ƻǿƴ ƛƳŀƎŜǎΣ ŀƴŘ ȅƻǳ ǿƛƭƭ ƘŀǾŜ ǘƘŜ ƻǇǇƻǊǘǳƴƛǘȅ ǘƻ 
ǇǊŜǎŜƴǘ ȅƻǳǊ ŀƴŀƭȅǎƛǎ ǇǊƻōƭŜƳ όƻǊ ǎƻƭǳǘƛƻƴǎΗύΦ 
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Throughout the school, some experts will also be available for impromptu meetings to answer your 
image visualization and analysis questions outside of the scheduled sessions! A registration board 
will be available on site to put you in contact with these experts. 
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FABLAB 

 

Coordination : Christian Rouviére (christian.rouviere@univ-tlse3.fr) 

¦ƴ ŜǎǇŀŎŜ ϦCŀōƭŀōϦ Ǿƻǳǎ Ŝǎǘ ǇǊƻǇƻǎŞ ŎŜǘǘŜ ŀƴƴŞŜΦ Lƭ ǎΩŀƎƛǘ ŘΩǳƴ ŜǎǇŀŎŜ ŘΩŀǇǇǊŜƴǘƛǎǎŀƎŜ Ŝǘ ŘŜ 
réalisation de petits montages optiques, mécaniques et électroniques. Des ateliers pratiques 
encadrés ou libre (fiche TP) vous sont proposés. Le principe est que vous puissiez vous y rendre à 
tous moment hors des plages horaires occupées par des ateliers, et de pouvoir utiliser les outils mis 
Ł ǾƻǘǊŜ ŘƛǎǇƻǎƛǘƛƻƴ όп ƻǊŘƛƴŀǘŜǳǊǎ Ҍ ǎƻŦǘΣ ŘŜǳȄ ƛƳǇǊƛƳŀƴǘŜ о5 όǎƻǳǎ ŎƻǳǾŜǊǘ ŘΩǳƴ ǊŜǎǇƻƴǎŀōƭŜύΣ ŘŜǎ 
ŎƻƳǇƻǎŀƴǘǎΣ ŦŜǊ Ł ǎƻǳŘŜǊΣ ǇŜǘƛǘǎ ƻǳǘƛƭƭŀƎŜǎΦ bƻǎ ŜȄǇŜǊǘǎΣ Ŝƴ ŦƻƴŎǘƛƻƴ ŘΩƘƻǊŀƛǊŜǎ Ł ŘŞŦƛƴƛǊΣ ǎŜǊƻƴǘ ŀǳǎǎƛ 
là pour vous guider, vous renseigner. 

Des fiches préparées pour vous aider dans différents montages vous seront proposées, mais vous 
pouvez aussi profiter de cet espace pour développer un projet personnel et si besoin nous consulter, 
prendre un rdv et discuter avec les différents spécialistes.  

***  

A "FabLab" space is a space of learning and realization of small optical and electronic assembly. Practical 

workshops supervised or free (worksheet) are offered. The principle is that you can go there at any time outside 

the time slots occupied by workshops, and can use the tools at your disposal (4 computers + soft, a 3D printer, 

components, soldering iron, small Workheets prepared to help you in different settings will be proposed, but 

you can also take advantage of this space to develop a personal project and need to consult us, take a meeting 

and discuss with the various specialists. 

Cours/Courses : 

A080 Conception de prototypes connectés sous rapsberry et arduino (3 sessions indépendantes : 
niveau débutant, intermédiaire et confirmé). SurǾŜƛƭƭŀƴŎŜ ŘΩǳƴŜ ŜȄǇŞǊƛƳŜƴǘŀǘƛƻƴ Ł ŘƛǎǘŀƴŎŜ όǊŜƭŜǾŞ 
de paramètres « connecté ηύ ǇƻǳǊ Ƴƻƛƴǎ ŘŜ мллϵΦ 

Certains microprocesseurs (Rapsberry, Arduino...) permettent aujourd'hui de développer des 
prototypes peu coûteux. Cependant leur mise en place demande l'apprentissage du langage de 
ǇǊƻƎǊŀƳƳŀǘƛƻƴ Ŝǘ ƭŀ ŎƻƳǇǊŞƘŜƴǎƛƻƴ ŘŜ ƭŜǳǊ ƳƛǎŜ Ŝƴ ǆǳǾǊŜΦ bƻǳǎ ǇǊƻǇƻǎƻƴǎ ŘƻƴŎ ŘŜ ƭŜǾŜǊ ŎŜǘǘŜ 
barrière lors d'un atelier en trois modules (débutant à avancés). Nous assisterons les participants au 
cours de trois modules pour la fabrication d'un prototype fonctionnel et connecté, permettant 
d'envoyer sur un site web, les paramètres environnementaux et la distance entre deux capteurs en 
temps réel. Ces modules peuvent être réalisés comme un parcours ou se faire de manière 
indépendante selon trois axes  
module 1 (débutant): connexion et programmation de deux capteurs (température et capteur de 
proximité) pilotés par un"Arduino".  
module 2 (intermédiaire) pré requis: avoir déjà programmé afin de s'adapter à la compréhension du 
code que nous écrirons en Python) : génération d'une série de chiffres aléatoires et envois de ceux-
ci sur un site web (Rapsberry PI)  
module 3 (avancé) : pré requis: avoir déjà programmé et connaitre un microcontrôleur "Arduino" 
ou avoir assisté au premier atelier. Mƛǎ Ŝƴ ǆǳǾǊŜ ŘŜ ƭŀ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ŜƴǘǊŜ ŘŜǳȄ ƳƛŎǊƻŎƻƴǘǊƾƭŜǳǊ 
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(Arduino: plateforme de réception des mesures) et un Rapsberry PI par communication I2C ou série 
envoyant les informations recueillies vers le site web 
A l'issue de ces modules les participants seront capables selon l'atelier suivi  
Module 1: Mise en place d'un environnement de programmation Arduino : brancher et piloter deux 
ŎŀǇǘŜǳǊǎ όŀŎǉǳƛǎ ƎŞƴŞǊŀƭ ǇƻǳǊ ƭŀ ƳƛǎŜ Ŝƴ ǆǳǾǊŜ Řϥǳƴ ŀǳǘǊŜ ǘȅǇŜ ŘŜ ŎŀǇǘŜǳǊ 
aƻŘǳƭŜ н Υ aƛǎŜ Ŝƴ ǆǳǾǊŜ ǳƴ Ƴƛƴƛ-ordinateur Rapsberry : installer un système d'exploitation de 
type Linux, programmer un script sous python pour générer un chiffre aléatoire et l'envoyer sur un 
site web 
Module 3: Programmer en python un script de communication entre Arduino et Rapsberry pour le 
transfert de données et l'envoie sur un site web. 

 
A084-Dessiner, paramétrez et Imprimer en 3D 
 Ludovic Leconte et Brice Detailleur. (2 représentations) 

 
A061-Acquisitions intelligentes sous micromanager 
Jérôme Mutterer, Christian Rouviere (2 représentations).  
 ¦ƴŜ ŀŎǉǳƛǎƛǘƛƻƴ άƛƴǘŜƭƭƛƎŜƴǘŜέ Ŝǎǘ ǳƴ ǇǊƻǘƻŎƻƭŜ ŘΩŀŎǉǳƛǎƛǘƛƻƴ ŘΩƛƳŀƎŜǎ Řƻƴǘ ŎŜǊǘŀƛƴŜǎ ŞǘŀǇŜǎ 
peuvent évoluer en cours d'exécution sur la base de critères propres au développement du 
ǎǇŞŎƛƳŜƴ ƻǳ ŘŜ ǎƻƴ ŜƴǾƛǊƻƴƴŜƳŜƴǘΦ /ŜǘǘŜ ŦƭŜȄƛōƛƭƛǘŞ ƴΩŜǎǘ Ǉŀǎ ǇƻǎǎƛōƭŜ Řŀƴǎ ƭŜ ŎŀŘǊŜ ǎƛƳǇƭŜ ŘΩǳƴŜ 
acquisition de microscopie de fluorescence multidimensionnelle, mais nécessite de pouvoir évaluer 
ŘŜǎ ǇŀǊŀƳŝǘǊŜǎ ŘŜ ƭΩŞŎƘŀƴǘƛƭƭƻƴ ǇŀǊ ŀƴŀƭȅǎŜ ŘΩƛƳŀƎŜΣ ƻǳ ŘŜǎ ǇŀǊŀƳŝǘǊŜǎ ŜƴǾƛǊƻƴƴŜƳŜƴǘŀǳȄ 
(mesures externes issues de capteurs). 

 
Nous ǳǘƛƭƛǎŜǊƻƴǎ ǳƴŜ ŜȄǘŜƴǎƛƻƴ Řǳ ƭŀƴƎŀƎŜ ƳŀŎǊƻ ŘΩLƳŀƎŜW ǉǳƛ ǇŜǊƳŜǘ ǳƴ ǇƛƭƻǘŀƎŜ ŦŀŎƛƭŜ Řǳ ƭƻƎƛŎƛŜƭ 
ŘΩŀŎǉǳƛǎƛǘƛƻƴ aƛŎǊƻ-Manager. (https://github.com/mutterer/MM2MacroExtensions)  
Cette solution combine les avantages de Micro-Manager (richesse des pilotes de statifs et de 
périphériques, solution de choix pour le développement de périphériques home-ƳŀŘŜύ Ŝǘ ŘΩLƳŀƎŜW 
ǇƻǳǊ ƭŜ ǘǊŀƛǘŜƳŜƴǘ Ŝǘ ƭΩŀƴŀƭȅǎŜ ŘŜǎ ƛƳŀƎŜǎ ŀŎǉǳƛǎŜǎΦ 9ƭƭŜ ŎƻƳōƭŜ ǳƴ ŜǎǇŀŎŜ Ŝƴ ǊŜƴŘŀƴǘ ŀŎŎŜǎǎƛōƭŜ ƭŜ 
ǇƛƭƻǘŀƎŜ ŘŜ ǇŞǊƛǇƘŞǊƛǉǳŜ Řŀƴǎ ƭŜ ƭŀƴƎŀƎŜ ƳŀŎǊƻ ŘΩLƳageJ, sans doute le langage de programmation 
le plus accessible et le plus largement adopté dans la communauté des biologistes investis dans 
ƭΩƛƳŀƎŜǊƛŜ Řǳ ǾƛǾŀƴǘΦ  

 
! ƭΩƛǎǎǳŜ ŘŜ ŎŜǘ ŀǘŜƭƛŜǊ ƭŜǎ ǇŀǊǘƛŎƛǇŀƴǘǎ ǎŜǊƻƴǘ ŎŀǇŀōƭŜǎ ŘŜ ǇǊƻƎǊŀƳƳŜǊ Ŝƴ ƭŀƴƎŀƎŜ ƳŀŎǊƻ ŘΩImageJ 
ŘŜǎ ǎŎǊƛǇǘǎ ŘŜ ǇƛƭƻǘŀƎŜ ŘŜ ǎǘŀǘƛƻƴǎ ŘŜ ƳƛŎǊƻǎŎƻǇƛŜ Ŝǘ ŘŜ ƭŜǎ ƛƴǘŞƎǊŜǊ ŀǾŜŎ ŘŜǎ ŞƭŞƳŜƴǘǎ ŘΩŀƴŀƭȅǎŜ 
ŘΩƛƳŀƎŜ ǇƻǳǊ ǊŞŀƭƛǎŜǊ ŘŜǎ ōƻǳŎƭŜǎ ŘŜ ǊŞǘǊƻŀŎǘƛƻƴ Ŝƴ ŦƻƴŎǘƛƻƴ ŘŜ ǇŀǊŀƳŝǘǊŜǎ ŜȄǘǊŀƛǘǎ ŘŜǎ ƛƳŀƎŜǎ 
acquises. 

 
 Mails des intervenants :  

- jerome.mutterer@ibmp-cnrs.unistra.fr, 
- brice.ronsin@univ-tlse3.fr,  
- brice.detailleur@univ-amu.fr,  
- christian.rouviere@univ-tlse3.fr 
- hleguenno@imm.cnrs.fr 
- thierry.legou@univ-amu.fr  
- Ludovic.Leconte@curie.fr 

 

http://imabio-cnrs.fr/mifobio/programme/
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Planning des Ateliers de pratique dirigée/Planning of  practical workshops supervised: 

FabLab- Hall 

Sat 06 
 

Sun 07 
 

 Mon 
08 
  

 Tues 
09 
 

Wed 10 
  

Thur 
11 
 

14:00-
16:00 

21:30 
00:00 

14:00 
 15:45 

16 :15 
18 :00 

14:00  
16:00 

16 :15 
18 :00 

21:30 
00:00 

14:00 
 15:45 

21:30 
00:00 

14:00 
 15:45 

A80    x x   x   x  

A061    x    x   

A084   x    x    
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OPTICLAB 

 

.ǳǘ ŘŜ ƭΩhǇǘƛŎ[ŀō  
[Ŝ ōǳǘ ŘŜ ƭΩhǇǘƛŎ[ŀō Ŝǎǘ ŘŜ ǇŜǊƳŜǘǘǊŜ ŀǳȄ ǇŀǊǘƛŎƛǇŀƴǘǎΣ ŘŞōǳǘŀƴǘǎ ƻǳ ƳƛŎǊƻǎŎƻǇƛǎǘŜǎ Ǉƭǳǎ 
ŜȄǇŞǊƛƳŜƴǘŞǎΣ ŘΩŀǇǇǊŜƴŘǊŜ Ł ǊŞŀƭƛǎŜǊ ŘŜǎ mesures de performance sur des systèmes optiques et 
surtout de comprendre les principes physiques sous-jacents à travers des travaux pratiques 
ǊŞŀƭƛǎŀōƭŜǎ ŘŜ ƳŀƴƛŝǊŜ ŀǳǘƻƴƻƳŜ όǎŀƴǎ ƻǳ ŀǾŜŎ ǘǊŝǎ ǇŜǳ ŘΩŜƴŎŀŘǊŜƳŜƴǘύΦ  
[ΩhǇǘƛŎ[ŀō ǇǊƻǇƻǎŜ ǉǳŀǘǊŜ ζ Parcours », comprenant chacun des stations avec bancs optiques, pour 
ŘŞƳƻƴǘǊŜǊ ƭŜǎ ǇǊƛƴŎƛǇŜǎ ŘΩƻǇǘƛǉǳŜ όǇŀǊǘƛŜ ζ hǇǘƛǉǳŜ Ŝƴ ǇǊŀǘƛǉǳŜ ϧ CŀōǊƛǉǳŜ ŘŜǎ ƛƳŀƎŜǎ ηύΣ Ŝǘ ŘŜǎ 
stations avec microscopes, pour apprendre les applications pratiques au quotidien, notamment 
entretien Ŝǘ ǊŞƎƭŀƎŜ Řǳ ƳƛŎǊƻǎŎƻǇŜΣ ŘƛŀƎƴƻǎǘƛŎ ŘŜǎ ǇǊƻōƭŝƳŜǎΣ ŜǘŎΦ όǇŀǊǘƛŜ ζ !ǇǇƭƛŎŀǘƛƻƴǎ ηύΦ [Ŝǎ 
applications pratiques renvoient systématiquement à des éléments de la Valise Métrologie, que les 
participants pourront ainsi utiliser de manière autonome après leur formation au MIFOBIO.  
Our goal is to help participants, from beginners to more experienced microscopists, to learn how to 
make different performance measurements on microscopes and more importantly to understand the 
underlying optical principles, thanks to small hands-on sessions, which can be followed 
independently, with no or very little supervision. 
¢ƘŜ hǇǘƛŎ[ŀō ƻŦŦŜǊǎ п άtŀǊŎƻǳǊǎέ όƻǊ άƎǊƻǳǇ ƻŦ ŀŎǘƛǾƛǘƛŜǎέύΣ ŎƻƴǎƛǎǘƛƴƎ ŜŀŎƘ ƛƴ ŜȄŜǊŎƛǎŜǎ ƻƴ ƻǇǘƛŎŀƭ 
benches on the one hand, to demonstrate some principles of Optics, and of exercises on microscopes 
on the other hand, to learn some basics of microscope performance assessment. All measurements 
ǊŜŦŜǊ ǘƻ ǘƻƻƭǎ ǘƻ ōŜ ŦƻǳƴŘ ƛƴ ǘƘŜ άǾŀƭƛǎŜ ƳŞǘǊƻƭƻƎƛǉǳŜέΣ ǿƘƛŎƘ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ ōŜ ŀōƭŜ ǘƻ ǳǎŜ 
independently after their training at MIFOBIO. 
 

*****  
 
The goal of the OpticLab is to allow participants, whether beginners or more experienced 
microscopists, to learn how to perform performance measurements on optical systems and, above 
all, to understand the underlying physical principles through practical work that can be done 
independently (with little or no supervision).  
The OpticLab offers four "Courses", each including stations with optical benches, to demonstrate the 
principles of optics (part "Optics in practice & Image making"), and stations with microscopes, to 
learn practical applications in everyday life, including maintenance and adjustment of the 
microscope, diagnosis of problems, etc. (part "Applications"). ("Applications" section). The practical 
applications systematically refer to elements of the Metrology Suitcase, which the participants will 
be able to use independently after their training at MIFOBIO.  
Our goal is to help participants, from beginners to more experienced microscopists, to learn how to 
make different performance measurements on microscopes and more importantly to understand the 
underlying optical principles, thanks to small hands-on sessions, which can be followed 
independently, with no or very little supervision. 
The OpticLab offers 4 "Parcours" (or "group of activities"), consisting each in exercises on optical 
benches on the one hand, to demonstrate some principles of Optics, and of exercises on microscopes 
on the other hand, to learn some basics of microscope performance assessment. All measurements 

http://imabio-cnrs.fr/mifobio/programme/
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refer to tools to be found in the "valise métrologique", which participants will be able to use 
independently after their training at MIFOBIO. 

 

Parcours 
Parcours 1 : Plans conjugués / Alignements Köhler et contraste de phase 
Parcours 2 : Illumination et chemin optique / Mesures d'uniformité de champ 
Parcours 3 : Diffraction et résolution / Mesures de PSF et préparation de lames de billes 
Parcours 4 : Aberrations et chromatisme en imagerie / Alignements et corrections 

Coordination 
Laurent Gelman (laurent.gelman@fmi.ch) 

Organisation et supervision 
Amaury Badon (Amaury.Badon@cnrs.fr)  
Pierre Bon (pierre.bon@cnrs.fr)  
Sophie BRUSTLEIN (sophie.BRUSTLEIN@univ-amu.fr) 
Aurelien Dauphin (aurelien.dauphin@curie.fr) 
Laurent Gelman (laurent.gelman@fmi.ch) 
Damien Schapman (damien.schapman@univ-rouen.fr) 
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  PLANNING ATELIERS 

Workshop Sat 06 Nov  Sun  07 Nov Mon 08 Nov Tue 09 Nov Wed 10 Nov    Thu 11 Nov    
 14:00-15:45 21:30-00:00 14:00-15:45 16:15-18:00 21:30-00:00 14:00-15:45 16:15-18:00 21:30-00:00 14:00-15:45 16:15-18:00 21:30-00:00 14:00-15:45 16:15-18:00 
A002- 3D STED microscopy for nanoscopic imaging of virus-host cell interactions. 
(Muriaux D. . & Dibsy R)     BAS-SALLE 4    BAS-SALLE 4       
A003- Multicolor and 3D STORM to study localization of proteins adressed to apical 
membrane of polarized epithelial cells (Cantereau) 

BAS-PORT-
CROS     

BAS-PORT-
CROS        

A004- Molecular dynamics, the challenges of live cytoskeletal microscopy in vivo. 
(Robin & Reymann)        BAS-PORT-

CROS    BAS-PORT-
CROS  

A005- Deep learning avec les doigts dans le moteur (2/2) (Rousseau & Rasti)   BAS-
MADRAGUE          BAS-

MADRAGUE 
A006- AFM on microbial surfaces : from imaging to single-cell force measurements 
(Audrey beaussart & El-kirat-chatel)   BAS-LES 

SALINS        BAS-LES 
SALINS   

A007- OpticLab (OpticLab) BAS-
AYGUADE  

BAS-
AYGUADE 

BAS-
AYGUADE  

BAS-
AYGUADE 

BAS-
AYGUADE 

BAS-
AYGUADE 

BAS-
AYGUADE 

BAS-
AYGUADE    

A011- 9ǘǳŘŜ ŘŜ ƭŀ ǾŀǎŎǳƭŀǊƛǎŀǘƛƻƴ ǎŀƴƎǳƛƴŜ Ŝǘ ƭȅƳǇƘŀǘƛǉǳŜ ŘŜ ƭΩŞǇƛŘƛŘȅƳŜ Υ 
ŎƭŀǊƛŦƛŎŀǘƛƻƴ ŘΩƻǊƎŀƴŜΣ ƳƛŎǊƻǎŎƻǇƛŜ Ł ŦŜǳƛƭƭŜ ŘŜ ƭǳƳƛŝǊŜ Ŝǘ quantification en trois 
dimensions (Meryem tardivel & Bongiovanni) 

       BAS-SALLE 5   BAS-SALLE 5   

A012- 3D quantitative analysis of colocalisation or spatial coupling in conventional 
and super resolution microscopy. (Danglot & Lagache)   BAS-SALLE 4     BAS-SALLE 4        
A013- Comparing multicolor Single-Molecule Localization Microscopy strategies: 
Application to the neuronal cytoskeleton (Leterrier & Friedl)       BAS-PORT-

CROS    BAS-PORT-
CROS   

A014- Deconvolution 3D (Soulez & Sage)    
BAS-
ALMANARR
E 

    
BAS-
ALMANARR
E 

    

A015- Deep learning  sans se salir les doigts (1/2) (Rousseau & Rasti) BAS-
MADRAGUE          BAS-

MADRAGUE   

A016- Deep bar à images (Rousseau & Rasti)        
HAUT-
RESTAURAN
T ESTRADE 

 
HAUT- 
RESTAURAN
T ESTRADE 

   

018- hōǘŜƴƛǊ ƭŀ t{C ŘΩǳƴ ǎȅǎǘŝƳŜ ŘŜ ƳƛŎǊƻǎŎƻǇƛŜ ŘŜ ŦƭǳƻǊŜǎŎŜƴŎŜ ό{ƻǳōƛŜǎ ϧ {ŀƎŜύ   
BAS-
ALMANARR
E 

      
BAS-
ALMANARR
E 

   

A021- Expansion microscopy imaging with a lattice light-sheet microscope (Fernandez 
monreal & Ducros)     

BAS-LE 
LEVANT      

BAS-LE 
LEVANT   

A023- Real-time mitochondrial Ca2+ and ATP measurements in mammalian cells 
using single excitation wavelength dual colour FLIM (Gouriou & Bidaux)        BAS-RIBAUD  BAS-RIBAUD    
A025- 9ȄǇƭƻƛǘŀǘƛƻƴ ŎƻƳōƛƴŞŜ ŘΩǳƴŜ ǎƻƴŘŜ Ŝǘ ŘΩǳƴŜ ŎŀƳŞǊŀ LƴŦǊŀ ǊƻǳƎŜ ό{²Lwύ pour 
ƛƳŀƎŜǊ ƭŜ ǊŞǎŜŀǳ ǾŀǎŎǳƭŀƛǊŜ ŘΩǳƴ ƳǳǎŎƭŜ ŜƴǘƛŜǊ ŘŜ ǎƻǳǊƛǎ Řŀƴǎ ƭŀ ŦŜƴşǘǊŜ bLw LLΦ  
(Dubreil & Le guevel) 

  BAS-SALLE 2         BAS-SALLE 2  

A026-  Multiplexed FRET biosensor imaging to visualize (part I) and quantify (part II) 
the dynamic coordination between cell signaling and mechanics during collective cell 
migration.  (Sipieter & Moisan) 

        BAS-LE 
LEVANT   BAS-LE 

LEVANT  

A029- Imagerie ultrastructurale 3D par ultramicrotomie in-situ (technique SBF-SEM) 
(Erhardt & Genoud)  BAS-LE 

LEVANT   BAS-LE 
LEVANT  BAS-LE 

LEVANT     BAS-LE 
LEVANT  

A032- Immunomarquage et transparisation de tissus entiers, acquisition avec 
système home-made vs commercial    (Dominici & Abélanet)    BAS-SALLE 5      BAS-SALLE 5    
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Workshop Sat 06 Nov 
 

Sun  07 Nov Mon 08 Nov Tue 09 Nov Wed 10 Nov    Thu 11 Nov    

 14:00-15:45 21:30-00:00 14:00-15:45 16:15-18:00 21:30-00:00 14:00-15:45 16:15-18:00 21:30-00:00 14:00-15:45 16:15-18:00 21:30-00:00 14:00-15:45 16:15-18:00 
A035-Studying organogenesis of the pronephros of Xenopus tadpole early stages 
using light sheet and confocal microscopy  (Chaumeton & Panier)     BAS-PORT-

CROS      BAS-PORT-
CROS   

A036- Lattice light-sheet microscopy for fast 3D time lapse of live samples (Ducros & 
Fernandez monreal)       BAS-LE 

LEVANT  BAS-LE 
LEVANT     

A037- Imaging transcription at a high temporal resolution in a living organism. (Bellec 
& Dufourt)   BAS-LE 

LEVANT    BAS-LE 
LEVANT       

A039- Imagerie 3D de la vascularisation par feuille de lumière pour ŞǾŀƭǳŜǊ ƭΩŞǾƻƭǳǘƛƻƴ 
ŘΩǳƴŜ ǇŀǘƘƻƭƻƎƛŜ Ŝǘκƻǳ ƭΩŜŦŦƛŎŀŎƛǘŞ ŘΩǳƴ ǘǊŀƛǘŜƳŜƴǘ όaƛŎƘŜƭ ϧ 5ǳōǊŜƛƭύ         BAS-TOUR 

FONDUE     
A040a- Coupling High Resolution Traction Force Microscopy with protein dynamics 
measurements (Ronde & Carl)  BAS-SALLE 3    BAS-SALLE 3        
A040b- Coupling High Resolution Traction Force Microscopy with protein dynamics 
measurements (Ronde & Carl)           

BAS-TOUR 
FONDUE   

A041- Soft cell confiner development to decipher the impact of mechanical stimuli on 
cell (Riviere & Mouelhi)  BAS-RIBAUD      BAS-RIBAUD      
A042- Remember your wavefront: adaptive optics and memory effect in different 
regimes  (Moretti & Rauer) 

HAUT-SALLE 
10     HAUT-SALLE 

10   HAUT-SALLE 
10     

A044- 9ǘǳŘŜ ŘŜ ƭΩƻǊƎŀƴƛǎŀǘƛƻƴ ŘŜǎ ŎƻƳǇƻǎŀƴǘǎ Řǳ ŎȅǘƻǎǉǳŜƭŜǘǘŜ Ŝǘ ŘŜ ƭΩŀǳǘƻǇƘŀƎƛŜ 
dans un cadre infectieux sur des cellules à géométrie contrôlée  (Salomé-desnoulez & 
Werkmeister) 

   BAS-LE 
LEVANT       BAS-LE 

LEVANT   

A045-Ultrastructure cellulaire par microscopie d'expansion (Georget & Blanchard)    BAS-SALLE 4        BAS-SALLE 4    

A046- Comment adapter son microscope TIRF pour faire du STORM! (Durel & Salles)    
BAS-LE 
LEVANT     

BAS-LE 
LEVANT     

A048- Mécanobiologie de cellules tumorales circulantes (Cinquin & Gasser)       BAS-SALLE 3      BAS-SALLE 3 
A050- Multiplexed FRET biosensor imaging to visualize (part I) and quantify (part II) 
the dynamic coordination between cell signaling and mechanics during collective cell 
migration.   (Girard & Borghi) 

         BAS-
BERGERIE   BAS-

BERGERIE 
A052- Quantitative 3D Spatial Analysis of multicellular specimens (Organoids w/o 
clearing) (Marais & Allart)      BAS-

BERGERIE 
BAS-
BERGERIE       

A055- Image Analysis Flash Tutorials (Marais & Goudin)              
A056- Microscopy on thin resin sections: multimodal and correlative approaches 
using scanning electron microscopy. (Canette & Boulogne)    BAS-LE 

LEVANT      BAS-LE 
LEVANT   BAS-LE 

LEVANT 
A057- Introduction to single molecule localization super-resolution microscopy 
(SMLM) (Mondin)   BAS-LES 

SALINS     BAS-LES 
SALINS  BAS-LES 

SALINS    
A058- Probabilistic pipeline to extract reliable information from single molecule 
microscopy data. (Cassé & Masson)   

BAS-PORT-
CROS     

BAS-PORT-
CROS      

A059- Coordinate-based quantification of multidimensional and multicolor single-
molecule localization microscopy data. (Levet)    BAS-

BERGERIE       BAS-
BERGERIE   

A061- Acquisitions intelligentes sous micromanager (Mutterer & Rouviere)    BAS-RIBAUD     BAS-RIBAUD     
A062- Contrôle qualité des données brutes de SMLM en temps réel (Mailfert & 
Bertaux)   BAS-LE 

LEVANT    BAS-LE 
LEVANT       

A063a- Transparisation, acquisition au microscope à feuillet de lumière et post 
traitement de sphéroïdes  (Dominici & Gaggioli)       BAS-LES 

SALINS     BAS-LES 
SALINS  

A063b- Transparisation, acquisition au microscope à feuillet de lumière et post 
traitement de sphéroïdes  (Dominici & Gaggioli)  BAS-LE 

LEVANT            
A065- Getting the most out of 3D pheroids by combining microfabricated wells, 
clarification techniques, standard confocal imaging and deep learning image 
processing (Riviere & Ahmad) 

    BAS-LE 
LEVANT     BAS-LE 

LEVANT    
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A071- aƛŎǊƻǎŎƻǇƛŜ ŘΩŜȄǇŀƴǎƛƻƴ Υ ǎǘǊŀǘŞƎƛŜǎ Ŝǘ ŀǎǘǳŎŜǎ ǇƻǳǊ ƭΩŀƴŀƭȅǎŜ ŘŜǎ ŎŜƭƭǳƭŜǎ ŘŜ 
mammifères en culture, de la levure S. cerevisiae et pour la visualisation de 
ƭΩƻǊƎŀƴƛǎŀǘƛƻƴ ƳƛǘƻŎƘƻƴŘǊƛŀƭŜ ό5ƻƳǇƛŜǊǊŜ ϧ wƻƧƻύ 

     BAS-RIBAUD   BAS-SALLE 3     

              
Workshop Sat 06 Nov  Sun  07 Nov Mon 08 Nov Tue 09 Nov Wed 10 Nov    Thu 11 Nov    

 14:00- 
15:45 21:30-00:00 14:00- 

15:45 16:15-18:00 21:30-00:00 14:00-15:45 16:15-18:00 21:30-00:00 14:00-15:45 16:15- 
18:00 

21:30- 
00:00 

14:00- 
15:45 16:15-18:00 

A072- Evolution of brain morphology from invertebrates to mammals. Everything we 
can learn from in toto 3D imaging of autofluorescence signals ? (Langevin & Belle)      BAS-SALLE 5      BAS-SALLE 5  
A073- Microscopie plein champ "haute résolution" et traitement numérique sur 
échantillon épais (Diakou-verdin)   BAS-RIBAUD         BAS-RIBAUD  

A074- 3D High Resolution imaging by PSF engineering using ZOLA-3D (Lelek)  HAUT-SALLE 
8  HAUT-SALLE 

8    HAUT-SALLE 
8   HAUT-SALLE 

8   

A075- Adaptive optics fluorescence microscopy for biological imaging (Fragola)              
A076- Alternative strategies to image multiple proteins in single molecule localization 
microscopy (Lévêque-fort & K-sreenivas)  BAS-SALLE 1         BAS-SALLE 1   

A077- BIAFlows (Bäcker)      
BAS-
ALMANARR
E 

BAS-
ALMANARR
E 

      

A078- BioImage-IT: Implement image processing workflows with tools from multiple 
software (Prigent & Ludovic.leconte) 

BAS-
BERGERIE           

BAS-
ALMANARR
E 

BAS-
ALMANARR
E 

A079- Bioprinting as a solution for recreating a physiological environment on a slide 
(Furlan & Terrassoux)    BAS-PORT-

CROS     BAS-PORT-
CROS     

A080-Conception de prototypes connectés sous rapsberry et arduino Surveillance 
d'une expérimentation a distance (relevé de paramètres "connecté") pour moins de 
мллϵΦ  όwƻƴǎƛƴ ϧ [ŜƎƻǳύ 

    
BAS-
BUSINESS 
CENTER 1 

    
BAS-
BUSINESS 
CENTER 1 

   

A084- Dessiner, paramétrez et Imprimer en 3D (Detailleur & Ludovic.leconte)   BAS-BUSINESS 
CENTER 1 

    
BAS-BUSINESS 
CENTER 1      

A090- Label-free virus detection and sorting with full-field interferometric microscopy 
(Alhaddad & Bey) 

HAUT-SALLE 
7   HAUT-SALLE 

7          
A093- aŜŀǎǳǊƛƴƎ ǇǊƻǘŜƛƴΩǎ ƻǊƛŜƴǘŀǘƛƻƴ ŀƴŘ ƻǊƎŀƴƛȊŀǘƛƻƴ ōȅ ǇƻƭŀǊƛȊŜŘ ŦƭǳƻǊŜǎŎŜƴŎŜ 
and polarized super resolution imaging  (Munger & Sison)   HAUT-SALLE 

7    HAUT-SALLE 
7   HAUT-SALLE 

7  HAUT-SALLE 
7  

A094- Modulated excitation for enhanced localization : ModLoc (Illand & Lengauer)   BAS-SALLE 1     BAS-SALLE 1      
A096- Multimode fiber based-endoscope for fluorescence imaging using wavefront 
shaping (Wang)          HAUT-SALLE 

6   HAUT-SALLE 
6 

A097- Nuclear Pores Complexe : a tool for metrology in Single Molecule Localization 
Microscopy (Pincet)  BAS-PORT-

CROS   BAS-PORT-
CROS         

A099- Practical considerations for reporting change in cell membrane tension using 
FLIM (Bun & Breton)   BAS-RIBAUD    BAS-RIBAUD       
A100- tǊŞǇŀǊŀǘƛƻƴ ŘΩŞŎƘŀƴǘƛƭƭƻƴΣ ŀŎǉǳƛǎƛǘƛƻƴ Ŝǘ ŀƴŀƭȅǎŜ ŘΩƛƳŀƎŜ ǇƻǳǊ ƭŜǎ ŀǇǇƭƛŎŀǘƛƻƴǎ 
de culture cellulaire 3D  (Akbar & Lovo)    BAS-TOUR 

FONDUE    BAS-TOUR 
FONDUE      

A102- Publishing FAIR-ly with OMERO (Mateos langerak & Abélanet)  
BAS-
ALMANARR
E 

BAS-
BERGERIE     

BAS-
ALMANARR
E 

     

A106- Serial Block Face Imaging: imagerie 3D sans marquage de gros échantillons 
(Nedellec & Malloci)       BAS-SALLE 2   BAS-SALLE 2    
A107- Standardization of organoids culture allowing high throughput 3D live imaging 
using sospim technology (Galland)     

HAUT-SALLE 
6  

HAUT-SALLE 
6    

HAUT-SALLE 
6   

A111- Optogenetic control and measurement of cell  contraction  1/2 (Artur 
Ruppel/Martial Balland) (Balland & Ruppel)     BAS-TOUR 

FONDUE       BAS-TOUR 
FONDUE  

A112- Virtual reality for multidimensional data visualization and analysis (Blanc) 
HAUT- 
RESTAURANT 
ESTRADE 

 
HAUT- 
RESTAURANT 
ESTRADE 

 
HAUT- 
RESTAURANT 
ESTRADE 

 
HAUT- 
RESTAURANT 
ESTRADE 

   
HAUT- 
RESTAURANT 
ESTRADE 

 
HAUT- 
RESTAURANT 
ESTRADE 
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A113- An example of feedback microscopy: Developing a High Content Screening 
(HCS) Optogenetics experiments. (Flores-flores & Sarthou)      BAS-LE 

LEVANT     BAS-LE 
LEVANT  BAS-LE 

LEVANT 
A114- Deep learning made easy for microscopy: an introduction to ZeroCostDL4Mic 
and DeepImageJ  (Mougeot) 

BAS-
ALMANARR
E 

         
BAS-
ALMANARR
E 

  

A116- Bioimage Analysis: Practice Deep Learning Without Coding (Badoual & Sage)  BAS-
BERGERIE   BAS-

BERGERIE   BAS-
BERGERIE    BAS-

BERGERIE  

       

Workshop Sat 06 Nov  Sun  07 Nov Mon 08 Nov Tue 09 Nov Wed 10 Nov    Thu 11 Nov    

 14:00- 
15:45 21:30-00:00 14:00- 

15:45 16:15-18:00 21:30-00:00 14:00-15:45 16:15-18:00 21:30-00:00 14:00-15:45 16:15- 
18:00 

21:30- 
00:00 

14:00- 
15:45 16:15-18:00 

A117- Fluorescent imaging and techniques to study lignocellulosic biomass at the 
nanoscale (Habrant) 

BAS-TOUR 
FONDUE  BAS-TOUR 

FONDUE           
A118- Relative localization of dendritic spine proteins in mouse brain tissue using 3D-
STED microscopy and deconvolution. (Mazaud) 

BAS-SALLE 4             BAS-SALLE 4  

A119- L'autofluorescence chez les plantes: adversaire ou alliée? (Conéjéro & Jublanc) BAS-TOUR 
FONDUE     BAS-TOUR 

FONDUE  BAS-LE 
LEVANT      

A120- Imagerie sur petit organoides 3D, Troubleshooting (Boyreau & Andrique)     BAS-SALLE 3     BAS-TOUR 
FONDUE   BAS-TOUR 

FONDUE 
A121- /ŜƴǘǊhн Υ LƴŦƭǳŜƴŎŜ ŘŜ ƭŀ ŎƻƴŎŜƴǘǊŀǘƛƻƴ Ŝƴ ƻȄȅƎŝƴŜ ǇƻǳǊ ƭΩƛƳŀƎŜǊƛŜ Ř{¢hwa 
multi-couleur du cil primaire (Monier & Rousset)     BAS-LES 

SALINS   BAS-LE 
LEVANT     BAS-LE 

LEVANT 
A122- Mapping elasticity of micro-patterned living cells by AFM (Janel)       

BAS-LES 
SALINS   

BAS-LES 
SALINS    

A123- Atomic Force Microscopy analysis of SARS-CoV-2 virus-like particles and 
producing cells: nanoscale imaging to mechanical characterization (Lyonnais & Arone)    BAS-LES 

SALINS  BAS-LES 
SALINS   BAS-LES 

SALINS     
A124- QuPath: pyramid image analysis for everyone. Case study: Deep-learning cell 
counting and quantification of histological slides. (Anceaume & Mailly)    BAS-SALLE 2       BAS-SALLE 2   
A125- Speckle-based computational microscopy : harnessing scattering for enhanced 
ƛƳŀƎƛƴƎ ƻŦ ǘƛǎǎǳŜǎ ό5ΩŀǊŎƻύ     HAUT-SALLE 

10       HAUT-SALLE 
10  

A126- Microscopie quantitative : dynamique moléculaire par Spectroscopie de 
Corrélation de Fluorescence - Mise en oeuvre, calibration et analyse   (Leclerc)      BAS-RIBAUD   BAS-RIBAUD     

A127- Microscopie large champ sur mésoscope homemade (Rogez)  HAUT-SALLE 
9    HAUT-SALLE 

9        
A128- Mechanical characterisation by AFM of murine oocytes to predict their fitness 
(Bulteau & Barbier) 

BAS-LES 
SALINS 

BAS-LES 
SALINS            

A129- AFM on microbial surfaces: basics of force spectroscopy measurements 
(Audrey beaussart & El-kirat-chatel)     BAS-LES 

SALINS        BAS-LES 
SALINS 

A130- Optogenetic control of 3D micro- tissue 2/2 (Boudou & Méry)      BAS-TOUR 
FONDUE    BAS-TOUR 

FONDUE    
A131- LƳŀƎŜǊƛŜ о5 ŘΩƻǊƎŀƴŜǎ ǘǊŀƴǎǇŀǊƛǎŞǎ ǇŀǊ ƳƛŎǊƻǎŎƻǇƛŜ Ł ŦŜǳƛƭƭŜ ŘŜ ƭǳƳƛŝǊŜ 
(Dupichaud & Lallemant)    BAS-LES 

SALINS  BAS-LE 
LEVANT   BAS-LE 

LEVANT     

A132- Structured Illumination Microscopy : SIM on cells ! (Dauphin & Salles)  BAS-LE 
LEVANT         BAS-LE 

LEVANT   
A133- A practical review of several 3D-culture methods for the generation of hollow 
or solid organoids/spheroids with a unique cell-type, how environment matters 
(Recher & Furlan) 

       BAS-LA 
CAPTE   BAS-LA 

CAPTE   

A134- Measuring turgor pressure of living plant cells with an Atomic Force Microscope 
(Bovio)        BAS-LES 

SALINS    BAS-LES 
SALINS  

A135- Imaging multiprotein complexes in the cytosol by super-resolution 
fluorescence. Introduction to lattice and dual iterative SIM (Valeva & Chatre)     BAS-LE 

LEVANT       BAS-LE 
LEVANT  

A136- Biosensing the cell: FRET by FLIM using AurkA kinase activation biosensor 
(Tramier)     BAS-RIBAUD      BAS-RIBAUD   
A137a- Imagerie de fluorescence par microscopie confocale spinning-disk : une 
exploration des avantages et limitations techniques sur 4 systèmes (en 2 parties) 
(Guilbert & Monterroso) 

   BAS-SALLE 3      BAS-SALLE 3    
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A137b- Imagerie de fluorescence par microscopie confocale spinning-disk : une 
exploration des avantages et limitations techniques sur 4 systèmes (en 2 parties) 
(Guilbert & Monterroso) 

 
BAS-PORT-
CROS & BAS-
TOUR 
FONDUE 

    
BAS-PORT-
CROS & BAS-
TOUR 
FONDUE 

      

A138- Colocalisation de complexes macromoléculaires en super-résolution 
PALM/STORM (Marques)  

BAS-LES 
SALINS    

BAS-LES 
SALINS        

A139- Confronting Lattice SIM imaging to various scattering samples of different 
thickness (Bun & Danglot) 

BAS-LE 
LEVANT         BAS-LE 

LEVANT    
A140- Du plus petit échantillon au plus gros, la microscopie à feuille de lumière face 
Ł ƭΩŜƴƧŜǳ Řǳ Ƴǳƭǘƛ-échelle  (Dumont & Tangara)   BAS-PORT-

CROS   BAS-PORT-
CROS        

       

Workshop Sat 06 Nov  Sun  07 Nov Mon 08 Nov Tue 09 Nov Wed 10 Nov    Thu 11 Nov    

 
14:00- 
15:45 

21:30-
00:00 

14:00- 
15:45 

16:15-
18:00 

21:30-
00:00 

14:00-
15:45 

16:15-
18:00 

21:30-
00:00 

14:00-
15:45 

16:15- 
18:00 

21:30- 
00:00 

14:00- 
15:45 

16:15-
18:00 

A141- Medium throughput imaging of thick samples: a practical comparison of different samples 
(Drosophila tissues and encapsulated spheroids) in native opaque state and after light-penetration 
facilitation  (Recher & Duffraisse) 

    BAS-LES 
SALINS       BAS-LES 

SALINS  

A142- aƛŎǊƻǎŎƻǇƛŜ Ł ŦŜǳƛƭƭŜǘ ŘŜ ƭǳƳƛŝǊŜ ǇƻǳǊ ƭΩƛƳŀƎŜǊƛŜ ǾƻƭǳƳƛǉǳŜ όDǳǊŎƘŜƴƪƻǾύ   BAS-LES 
SALINS       BAS-LES 

SALINS    
A143- LƳŀƎŜǊƛŜ Ł ŦŜǳƛƭƭŜǘ ŘŜ ƭǳƳƛŝǊŜ ŘŜǎ ŞŎƘŀƴǘƛƭƭƻƴǎ о5 ƳƻƴǘŞŜǎ ŘΩǳƴŜ ƳŀƴƛŝǊŜ ǇŜǳ ŎƻƴǘǊŀƛƎƴŀƴǘŜ 
(Gurchenkov) 

BAS-LES 
SALINS       BAS-LES 

SALINS      
A144- Use of detrended Fluorescence Lifetime Correlation Spectroscopy (dFLCS) to assess protein 
dynamics in the cell nucleus (Leray & Huet)    

BAS-
RIBAUD        

BAS-
RIBAUD  

 
 
 
 
 
 
 
 
 
 
 
 

http://imabio-cnrs.fr/mifobio/programme/
mailto:mifobio-info@services.cnrs.fr


 FICHES DESCRIPTIVES DES ATELIERS 

 

 

Ecole thématique du CNRS : Microscopie Fonctionnelle en Biologie  MiFoBio, Giens, 5-12 nov 2021 
http://imabio-cnrs.fr/mifobio/programme/  mifobio-info@services.cnrs.fr      104 

  

 

FICHES DESCRIPTIVES DES ATELIERS 

 

 

Le concept original développé lors de la création de MiFoBio était de permettre aux participants 

de ne pas se limiter à des échanges théoriques, mais de se confronter avec l'instrument en 

conditions réelles de fonctionnement, sur des échantillons d'intérêt biologique. Ce concept, a priori 

risqué, s'est avéré extrêmement attractif et forme un des principaux attraits de l'Ecole. Il s'inscrit 

ǇƭŜƛƴŜƳŜƴǘ Řŀƴǎ ƭŀ ǇŞŘŀƎƻƎƛŜ ǇŀǊǘƛŎƛǇŀǘƛǾŜ ǉǳƛ Ŝǎǘ ŀǳ ŎǆǳǊ Řǳ ǇǊƻƧŜǘ ŘŜ ƭϥŞŎƻƭŜΦ 

***  

The original concept developed at the time of the creation of MiFoBio was to allow the participants 
not to limit themselves to theoretical exchanges, but to confront themselves with the instrument in 
real operating conditions, on samples of biological interest. This concept, a priori risky, proved to be 
extremely attractive and forms one of the main attractions of the School. It is fully in line with the 
participatory pedagogy that is at the heart of the school's project. 

***  

!ллнπо5 {¢95 ƳƛŎǊƻǎŎƻǇȅ ŦƻǊ ƴŀƴƻǎŎƻǇƛŎ ƛƳŀƎƛƴƎ ƻŦ ǾƛǊǳǎπƘƻǎǘ ŎŜƭƭ ƛƴǘŜǊŀŎǘƛƻƴǎΦ 
5ŜƭǇƘƛƴŜ aǳǊƛŀǳȄ όŘŜƭǇƘƛƴŜΦƳǳǊƛŀǳȄϪƛǊƛƳΦŎƴǊǎΦŦǊύ ŀƴŘ wŀȅŀƴŜ 5ƛōǎȅ 
!ōǎǘǊŀŎǘ Υ {ǳǇŜǊ ǊŜǎƻƭǳǘƛƻƴ ŦƭǳƻǊŜǎŎŜƴŎŜ ƳƛŎǊƻǎŎƻǇȅ Ƙŀǎ ōŜŎƻƳŜ ŜǎǎŜƴǘƛŀƭ ŦƻǊ ŎŜƭƭ ōƛƻƭƻƎȅ ǎǘǳŘƛŜǎΦ 
¢ƘŜ ǊŜŎŜƴǘ ŀŘǾŜƴŎŜ ƻŦ ǎǳǇŜǊǊŜǎƻƭǳǘƛƻƴ ƳƛŎǊƻǎŎƻǇƛŜǎ ǎǳŎƘ ŀǎ {ǘƛƳǳƭŀǘŜŘ 9Ƴƛǎǎƛƻƴ 5ŜǇƭŜǘƛƻƴ ό{¢95 
ƳƛŎǊƻǎŎƻǇȅΣ ƛƴǾŜƴǘŜŘ ōȅ {ǘŜŦŀƴ IŜƭƭΣ bƻōŜƭ tǊƛȊŜ ŦƻǊ /ƘŜƳƛǎǘǊȅ нлмпύ Ƙŀǎ ǊŜǾƻƭǳǘƛƻƴƛȊŜŘ ƻōǎŜǊǾŀǘƛƻƴ 
ƻŦ ōƛƻƭƻƎƛŎŀƭ ǎŀƳǇƭŜǎΣ ŜƴŀōƭƛƴƎ ƭŀǘŜǊŀƭ ǊŜǎƻƭǳǘƛƻƴ ƻŦ ŀ ŦŜǿ ǘŜƴǎ ƻŦ ƴŀƴƻƳŜǘŜǊǎ ƻƴ ŦƛȄŜŘ ƻǊ ƛƳƳƻōƛƭŜ 
ǎŀƳǇƭŜǎΣ ŀǘ ŦƛǊǎǘΣ ǘƘŜƴ ƳƻǊŜ ǊŜŎŜƴǘƭȅ ƻƴ ƭƛǾƛƴƎ ŎŜƭƭǎΦ {ƛƴŎŜ Ƴƻǎǘ ƻŦ ǘƘŜ ǾƛǊǳǎŜǎ ŀǊŜ ŀǊƻǳƴŘ ол ǘƻ мпл 
ƴƳ ƛƴ ŘƛŀƳŜǘŜǊΣ ŀƴŘ ŀǎǎƻŎƛŀǘŜŘ Ƙƻǎǘ ŎŜƭƭ ŦŀŎǘƻǊǎ ŜǾŜƴ ǎƳŀƭƭŜǊΣ ǎǳǇŜǊ ǊŜǎƻƭǳǘƛƻƴ ƳƛŎǊƻǎŎƻǇȅ ōŜŎƻƳŜǎ 
ŀ ǘƻƻƭ ƻŦ ŎƘƻƛŎŜǎ ǘƻ ǎǘǳŘȅ Ƙƻǎǘ ŎŜƭƭ ŦŀŎǘƻǊǎ π ǾƛǊǳǎ ƛƴǘŜǊŀŎǘƛƻƴǎ ŀǘ ǘƘŜ ƴŀƴƻǎŎŀƭŜ ƭŜǾŜƭΣ ǎǳŎƘ ŀǎ ŀŎǘƛƴ 
ƴŀƴƻǎǘǊǳŎǘǳǊŜǎ ŀǘ ōǳŘŘƛƴƎ ǎƛǘŜǎΦ 
hƴŜ ŀŘǾŀƴǘŀƎŜ ƻŦ {¢95 ŎƻƳǇŀǊŜŘ ǘƻ ƻǘƘŜǊ ǎǳǇŜǊǊŜǎƻƭǳǘƛƻƴ ƻǇǘƛŎŀƭ ƳŜǘƘƻŘǎ ƛǎ ǘƘŀǘ ŀ ǎǳǇŜǊǊŜǎƻƭǳǘƛƻƴ 
ƛƳŀƎŜ ƛǎ ƻōǘŀƛƴŜŘ ǊŀǇƛŘƭȅ ǿƛǘƘ ƴƻ ƴŜŜŘ ŦƻǊ Řŀǘŀ ǇǊƻŎŜǎǎƛƴƎ ŦƻƭƭƻǿƛƴƎ ŀŎǉǳƛǎƛǘƛƻƴΦ {¢95 ǘƘŜǊŜŦƻǊŜ 
ǊŜǇǊŜǎŜƴǘǎ ŀ ǇŜǊŦŜŎǘ ǘƻƻƭ ǘƻ ƻōǘŀƛƴŜŘ ƻƴ ǘƘŜ ƴŀƴƻƳŜǘŜǊ ǎŎŀƭŜ ŀƴŘ ƴƻǿ ƛƴ о5 όтлƴƳ ƛƴ ǘƘŜ о 
ŘƛǊŜŎǘƛƻƴǎύ ŀƴŘ ƛƴ ƳǳƭǘƛπŎƻƭƻǊΦ IŜǊŜΣ ǿŜ ǿƛƭƭ ŀǇǇƭȅ ǘƘƛǎ о5 ƴŀƴƻǘŜŎƘƴƻƭƻƎȅ ǘƻ ǾŜǊȅ ǎƳŀƭƭ ōƛƻƭƻƎƛŎŀƭ 
ƻōƧŜŎǘǎ ƭƛƪŜ ŦƭǳƻǊŜǎŎŜƴǘ IL±πŘŜǊƛǾŜŘ ǾƛǊǳǎπƭƛƪŜπǇŀǊǘƛŎƭŜǎ ŀƴŘ ƻƴ ƴƻƴ ƛƴŦŜŎǘƛƻǳǎ ƭŀōŜƭƭŜŘ ǾƛǊǳǎ 
ŜȄǇǊŜǎǎƛƴƎ ŎŜƭƭǎ ǿƛǘƘ ƭŀōŜƭƭŜŘ ŀŎǘƛƴ ƴŀƴƻπŦƛƭŀƳŜƴǘǎ ƛƴ ŦƛȄŜŘ ŀƴŘ ƭƛǾƛƴƎ Ƙƻǎǘ ŎŜƭƭǎΦ 

 Keywords : 3D STED, Multi-color STED, viruses, host cells, F-actin 
 

***  

!ллоπaǳƭǘƛŎƻƭƻǊ ŀƴŘ о5 {¢hwa ǘƻ ǎǘǳŘȅ ƭƻŎŀƭƛȊŀǘƛƻƴ ƻŦ ǇǊƻǘŜƛƴǎ ŀŘǊŜǎǎŜŘ ǘƻ ŀǇƛŎŀƭ ƳŜƳōǊŀƴŜ ƻŦ 
ǇƻƭŀǊƛȊŜŘ ŜǇƛǘƘŜƭƛŀƭ ŎŜƭƭǎ 
!ƴƴŜ /ŀƴǘŜǊŜŀǳ όŀƴƴŜΦŎŀƴǘŜǊŜŀǳϪǳƴƛǾπǇƻƛǘƛŜǊǎΦŦǊύ 
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!ōǎǘǊŀŎǘ Υ  {¢hwa Ŏƻƴǎƛǎǘǎ ƻŦ ƘƛƎƘ ǊŜǎƻƭǳǘƛƻƴ ƛƳŀƎƛƴƎ ƻŦ ōƛƻƭƻƎƛŎŀƭ ǎŀƳǇƭŜ ǎǘŀƛƴŜŘ ǿƛǘƘ ƻǊƎŀƴƛŎ 
ŦƭǳƻǊƻǇƘƻǊŜǎ ƎŜƴŜǊŀƭƭȅ ŎƻǳǇƭŜŘ ǘƻ ŀƴǘƛōƻŘƛŜǎΦ  LƴŎǳōŀǘƛƻƴ ƛƴ ƻȄȅƎŜƴπŘŜǇǊƛǾŜŘ ōǳŦŦŜǊ ƛƴŘǳŎŜǎ ōƭƛƴƪƛƴƎ 
ŀƴŘ ǎƛƴƎƭŜ ƳƻƭŜŎǳƭŜ ŜƳƛǎǎƛƻƴ ǎƛƎƴŀƭǎ ŀǊŜ ǊŜŎƻǊŘŜŘ ŀƴŘ ŀƴŀƭȅǎŜŘ ŦƻǊ ǎǇŀǘƛŀƭ ǊŜƭƻŎŀƭƛǎŀǘƛƻƴ ǳƴŘŜǊ 
ŘƛŦŦǳǎƛƻƴ ƭƛƳƛǘŜŘ ǊŜǎƻƭǳǘƛƻƴΦ !ǎ ŦŀǊ ǊŜŘ ŦƭǳƻǊƻǇƘƻǊŜǎ όƛΦŜ !Cсптύ ŀǊŜ ƳƻǊŜ ǎŜƴǎƛǘƛǾŜ ǘƻ ǘƘƛǎ 
ǇƘƻǘƻǎǿƛǘŎƘƛƴƎ ŎƻƳǇŀǊŜŘ ǘƻ ǊŜŘ ŦƭǳƻǊƻǇƘƻǊŜ όƛΦŜ !Cрррύ ŀƴŘ ǉǳƛǘŜ ƛƳǇƻǎǎƛōƭŜ ǿƛǘƘ ƎǊŜŜƴ ŎƻƭƻǊΣ 
ŎƻƭƻŎŀƭƛȊŀǘƛƻƴ ǎǘǳŘƛŜǎ ŀǊŜ ŘƛŦŦƛŎǳƭǘ ǘƻ ŎƻƴŘǳŎǘΦ hǳǊ ǿƻǊƪǎƘƻǇ ǿƛƭƭ ǎƘƻǿ Ƙƻǿ о ŦŀǊ ǊŜŘ ŦƭǳƻǊƻǇƘƻǊŜǎ 
ǿƛǘƘ ǾŜǊȅ ŎƭƻǎŜ ŜƳƛǎǎƛƻƴ ǎǇŜŎǘǊǳƳ Ŏŀƴ ōŜ ŘƛǎŎǊƛƳƛƴŀǘŜŘ ŦƻǊ ƳǳƭǘƛŎƻƭƻǊ ƛƳŀƎƛƴƎ ǿƘŜƴ ǳǎƛƴƎ ŀ 
ŎƻƳōƛƴŜŘ ǎȅǎǘŜƳ ƻŦ ŘƛŎƘǊƻƛŎ ƳƛǊǊƻǊ ŀƴŘ ƻŦ ǘǿƻ ŎŀƳŜǊŀǎΦ !ǎǘƛƎƳŀǘƛǎƳ ƭŜƴǎ ǿƛƭƭ ŀƭǎƻ ōŜ ŀŘŘŜŘ ǘƻ 
ƎŜƴŜǊŀǘŜ ƘƛƎƘ ǊŜǎƻƭǳǘƛƻƴ о5 ƛƳŀƎƛƴƎΦ ¢Ƙƛǎ ŀǇǇǊƻŀŎƘ ǿƛƭƭ ōŜ ǳǎŜŘ ǘƻ ǎǘǳŘȅ ƭƻŎŀƭƛȊŀǘƛƻƴ ƻŦ /C¢w ŀƴŘ 
ŀǎǎƻŎƛŀǘŜŘ ǇǊƻǘŜƛƴǎ ƛƴǘƻ ƳŜƳōǊŀƴŜǎ ƻŦ ŜǇƛǘƘŜƭƛŀƭ ŎŜƭƭǎ ŎǳƭǘǳǊŜŘ ƛƴ о5 ŘŜǾƛŎŜΦ 
¢Ƙƛǎ ǿƻǊƪǎƘƻǇ ƛǎ ŘŜŘƛŎŀǘŜŘ ǘƻ ƴƻǾƛŎŜǎΣ ƴƻ ǇǊŜǊŜǉǳƛǎǘ ŀǊŜ ƴŜŜŘŜŘΦ {ŀƳǇƭŜ ǇǊŜǇŀǊŀǘƛƻƴ ŀƴŘ ƻǇǘƛŎŀƭ 
ŀǎǇŜŎǘǎ ǿƛƭƭ ōŜ ŜȄǇƭŀƛƴŜŘΦ !ǘ ǘƘŜ ŜƴŘΣ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ ƘŀǾŜ ŀƴŘŜǊǎǘƻƻŘ ǘƘŜ ǘŜŎƘƴƛŎŀƭ ŘŜǾƛŎŜ 
ƴŜŎŜǎǎŀǊȅ ŦƻǊ о5 ŀƴŘ ƳǳƭǘƛŎƻƭƻǊ {¢hwaΦ ¢ƘŜȅ ǿƛƭƭ ōŜ ŀōƭŜ ǘƻ ǊŜǇǊƻŘǳŎŜ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘ ƻƴ ŀƴȅ 
ƳƛŎǊƻǎŎƻǇŜ ŜǉǳƛǇǇŜŘ ǿƛǘƘ ŀǇǇǊƻǇǊƛŀǘŜ ƻǇǘƛŎ ŜƭŜƳŜƴǘǎΦ .ŜŎŀǳǎŜ ǎǘŜǇ ƻŦ ŀƴŀƭȅǎƛǎ ƛǎ Ŧƛƴŀƭƭȅ ǘƘŜ Ƴƻǎǘ 
ŎǊƛǘƛŎŀƭΣ ǿŜ ǿƛƭƭ ŘƛǎŎǳǎǎ ǘƘŜ ŎǊƛǘƛŎŀƭ Ǉƻƛƴǘǎ ǘƻ ƛƳǇǊƻǾŜ ǎƛƎƴŀƭΦ  
YŜȅǿƻǊŘǎ Υ о5 {¢hwa ƳǳƭǘƛŎƻƭƻǊ о5 ŎǳƭǘǳǊŜŘ ŎŜƭƭǎ 
 

***  

!ллпπaƻƭŜŎǳƭŀǊ ŘȅƴŀƳƛŎǎΣ ǘƘŜ ŎƘŀƭƭŜƴƎŜǎ ƻŦ ƭƛǾŜ ŎȅǘƻǎƪŜƭŜǘŀƭ ƳƛŎǊƻǎŎƻǇȅ ƛƴ ǾƛǾƻΦ 
CǊŀƴœƻƛǎ wƻōƛƴ όŦǊŀƴŎƻƛǎΦǊƻōƛƴϪǎƻǊōƻƴƴŜπǳƴƛǾŜǊǎƛǘŜΦŦǊύ !ƴƴŜπŎŞŎƛƭŜ wŜȅƳŀƴƴ όǊŜȅƳŀƴƴŀϪƛƎōƳŎΦŦǊύ 
!ōǎǘǊŀŎǘΥ   Lƴ ǘƘƛǎ ǿƻǊƪǎƘƻǇ ǿŜ ǇǊƻǇƻǎŜ ǘƻ ŘŜƳƻƴǎǘǊŀǘŜ ǘƘŜ ǇƻǎǎƛōƛƭƛǘƛŜǎ ƻŦ ƭƛǾŜ ŎŜƭƭ ƛƳŀƎƛƴƎ 
ǘŜŎƘƴƛǉǳŜǎ ǿƛǘƘ ǎǳǇŜǊ ǊŜǎƻƭǳǘƛƻƴ ǳǎƛƴƎ ŎƻƴŦƻŎŀƭ ǎǇƛƴƴƛƴƎ Řƛǎƪ ŀƴŘ Iƛƭƻ ¢LwC ƳƛŎǊƻǎŎƻǇȅ ƛƴ ǘƘŜ 
ŎƻƴǘŜȄǘ ƻŦ ƳƻƭŜŎǳƭŀǊ ŘȅƴŀƳƛŎǎ ǿƛǘƘƛƴ ǘƘŜ ŀŎǘƛƴ ŎȅǘƻǎƪŜƭŜǘƻƴ ƻŦ ǘƘŜ /Φ ŜƭŜƎŀƴǎ ŜŀǊƭȅ ŜƳōǊȅƻΦ ²Ŝ ǿƛƭƭ 
ǇŜǊŦƻǊƳ ƘƛƎƘ ǎǇŜŜŘ ƛƳŀƎƛƴƎ ƻŦ ŘƛŦŦŜǊŜƴǘ ŀŎǘƛƴ ōƛƴŘƛƴƎ ǇǊƻǘŜƛƴǎ ǿƛǘƘƛƴ ǘƘŜ ŎƻǊǘƛŎŀƭ ƳŜǎƘǿƻǊƪ ōŜƭƭƻǿ 
ǘƘŜ ŎŜƭƭ ƳŜƳōǊŀƴŜΦ .ȅ ŀǇǇƭȅƛƴƎ ǘƘŜǎŜ ǘǿƻ ƛƳŀƎƛƴƎ ǘŜŎƘƴƛǉǳŜǎ ŀƴŘ ŎƻƳǇŀǊƛƴƎ ǘƘŜƛǊ ǇŜǊŦƻǊƳŀƴŎŜǎ 
ƻƴ ǘƘŜ ǎŀƳŜ ǎȅǎǘŜƳΣ ǿŜ ŀƛƳ ŀǘ ǎƘƻǿƛƴƎ ǘƘŜ ƭƛƳƛǘǎ ŀƴŘ ǘƘŜ ŀŘǾŀƴǘŀƎŜǎ ƻŦ ŜŀŎƘ ƻŦ ǘƘŜǎŜ ǘŜŎƘƴƛǉǳŜǎ 
ƛƴ ǘŜǊƳǎ ƻŦ ǊŜǎƻƭǳǘƛƻƴ ŀƴŘ ǎŜƴǎƛǘƛǾƛǘȅΦ /ƻƴŦƻŎŀƭ ǎǇƛƴƴƛƴƎ Řƛǎƪ ōŜƛƴƎ ƳƻǊŜ ŜŦŦƛŎƛŜƴǘ ŦƻǊ ƛƳŀƎƛƴƎ ƭŀǊƎŜǊ 
ƳƻǘƛƭŜ ǎǘǊǳŎǘǳǊŜ ǎǳŎƘ ŀǎ ŦƛƭƻǇƻŘƛŀΦ Iƛƭƻ ¢LwC ǊŜǾŜŀƭƛƴƎ ǘƘŜ ƘƛƎƘ ŘŜƴǎƛǘȅ ŀƴŘ Ŧŀǎǘ ŘȅƴŀƳƛŎǎ ƻŦ ǘƘŜ ǎƛƴƎƭŜ 
ƳƻƭŜŎǳƭŜǎ ǿƛǘƘƛƴ ǘƘŜ ǳƴŘŜǊƭȅƛƴƎ ƳŜǎƘǿƻǊƪΦ ²Ŝ ǿƛƭƭ ǇǊŜǎŜƴǘ ǎƻƳŜ ƛƳŀƎŜ ǉǳŀƴǘƛŦƛŎŀǘƛƻƴ ǘƘŀǘ ŎƻǳƭŘ 
ōŜ ŀŎƘƛŜǾŜŘΣ ƴƻǘŀōƭȅ ƛƴ ǘŜǊƳǎ ƻŦ ǘƘŜ ǇƻǎǎƛōƛƭƛǘƛŜǎ ǘƘŜǎŜ ŀŎǉǳƛǊŜŘ Řŀǘŀ ƻŦŦŜǊ ǊŜƎŀǊŘƛƴƎ ǎƛƴƎƭŜ ǇŀǊǘƛŎƭŜ 
ǘǊŀŎƪƛƴƎΦ 
Lƴ ǘƘƛǎ ǿƻǊƪǎƘƻǇ ǿŜ ǿƛƭƭ ǇǊŜǎŜƴǘ ŀƴŘ ǇŜǊŦƻǊƳ ƭƛǾŜ ƛƳŀƎƛƴƎ ƻŦ ŎȅǘƻǎƪŜƭŜǘŀƭ ǇǊƻǘŜƛƴǎ ƛƴ ǘƘŜ ŜŀǊƭȅ 
ŜƳōǊȅƻ ŦǊƻƳ ŘȅƴŀƳƛŎ ƳŀŎǊƻǎŎƻǇƛŎ ŀǊŎƘƛǘŜŎǘǳǊŜǎ ǳǇ ǘƻ ǎƛƴƎƭŜ ƳƻƭŜŎǳƭŜ ƻōǎŜǊǾŀǘƛƻƴΦ ¢ƘŜ Ǝƻŀƭ ƛǎ ǘƻ 
ǎƘŀǊŜ ǿƛǘƘ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ǘƘŜ ŎƘŀƭƭŜƴƎŜǎ ƻŦ ǎǘǳŘȅƛƴƎ ƳƻƭŜŎǳƭŀǊ ŘȅƴŀƳƛŎǎ ƛƴ ŀ ƭƛǾŜ ǎȅǎǘŜƳ ŀƴŘ ǊŜŀƭƛȊŜ 
ǘƘŜ ŜȄǇŜŎǘŀǘƛƻƴǎ ƻƴ ǘƘŜ ǎȅǎǘŜƳǎ ƛƴ ƻǊŘŜǊ ǘƻ ƳƻǾŜ ǘƻǿŀǊŘǎ ƭƛǾŜ ǎǳǇŜǊ ǊŜǎƻƭǳǘƛƻƴ ƳƛŎǊƻǎŎƻǇȅ 
ǘŜŎƘƴƛǉǳŜǎΦ 
!ǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘƛǎ ǿƻǊƪǎƘƻǇ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ ōŜ ŀōƭŜ ǘƻΥ 
π ǎŜǘǳǇ ƛƳŀƎƛƴƎ ǇǊƻǘƻŎƻƭǎ ǘƻ ƻōǎŜǊǾŜ ƳƻƭŜŎǳƭŀǊ ŘȅƴŀƳƛŎǎ ǿƛǘƘƛƴ ŀ ŎȅǘƻǎƪŜƭŜǘŀƭ ƳŜǎƘǿƻǊƪΤ 
π ŘƛǎŎǳǎǎ ǇƻǎǎƛōƛƭƛǘƛŜǎ ŀƴŘ ǇǊŀŎǘƛŎŀƭ ƭƛƳƛǘŀǘƛƻƴǎ ŦƻǊ ǎǳǇŜǊπǊŜǎƻƭǳǘƛƻƴ ƛƳŀƎƛƴƎ ƛƴ ƭƛǾŜ ŎŜƭƭǎ  
π ŀŎƘƛŜǾŜŘ ǎƻƳŜ ǎƛƳǇƭŜ ǇŀǊǘƛŎƭŜ ǘǊŀŎƪƛƴƎ ǉǳŀƴǘƛŦƛŎŀǘƛƻƴ ŀƴŘ ŀƴŀƭȅǎƛǎΦ 
YŜȅǿƻǊŘǎ Υ ŀŎǘƛƴ ŘȅƴŀƳƛŎǎΣ /Φ ŜƭŜƎŀƴǎ ŜƳōǊȅƻΣ {ǳǇŜǊ wŜǎƻƭǳǘƛƻƴ ƭƛǾŜ ƛƳŀƎƛƴƎΣ ¢LwCπIƛƭƻ ƳƛŎǊƻǎŎƻǇȅΣ 
ǇŀǊǘƛŎƭŜ ǘǊŀŎƪƛƴƎ ŀƴŀƭȅǎƛǎ 

***  
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!ллрπ5ŜŜǇ ƭŜŀǊƴƛƴƎ ŀǾŜŎ ƭŜǎ ŘƻƛƎǘǎ Řŀƴǎ ƭŜ ƳƻǘŜǳǊ όнκнύ 
5ŀǾƛŘ wƻǳǎǎŜŀǳ όŘŀǾƛŘΦǊƻǳǎǎŜŀǳϪǳƴƛǾπŀƴƎŜǊǎΦŦǊύ tŜƧƳŀƴ wŀǎǘƛ όǇŜƧƳŀƴΦǊŀǎǘƛϪǳƴƛǾπŀƴƎŜǊǎΦŦǊύ 
!ōǎǘǊŀŎǘ Υ  5ŜŜǇ ƭŜŀǊƴƛƴƎ ƛǎ ŎǳǊǊŜƴǘƭȅ ǳǎŜŘ ǿƻǊƭŘπǿƛŘŜ ƛƴ ŀƭƳƻǎǘ ŀƭƭ ŘƻƳŀƛƴǎ ƻŦ ƛƳŀƎŜ ŀƴŀƭȅǎƛǎ ŀǎ ŀƴ 
ŀƭǘŜǊƴŀǘƛǾŜ ǘƻ ǘǊŀŘƛǘƛƻƴŀƭ ǇǳǊŜƭȅ ƘŀƴŘŎǊŀŦǘŜŘ ǘƻƻƭǎΦ ²ƛǘƘ ǘƘŜƛǊ ƘƛƎƘ ŎŀǇŀŎƛǘȅ ƻŦ ǘǳƴƛƴƎΣ ŘŜŜǇ ƴŜǳǊŀƭ 
ƴŜǘǿƻǊƪǎ ŀǊŜ ǎŜŜƳƛƴƎƭȅ ŎŀǇŀōƭŜ ƻŦ ǎƻƭǾƛƴƎ ƛƴŦƻǊƳŀǘƛƻƴŀƭ ǘŀǎƪǎ ƻŦ ŀƴȅ ƭŜǾŜƭ ƻŦ ŎƻƳǇƭŜȄƛǘȅ ǇǊƻǾƛŘŜŘ 
ŜƴƻǳƎƘ ŀƴƴƻǘŀǘŜŘ Řŀǘŀ ŀǊŜ ǇǊƻǾƛŘŜŘ ǘƻ ǘƘŜƳΦ IƻǿŜǾŜǊΣ ǘƘƛǎ ǊŜǉǳŜǎǘŜŘ ŀƳƻǳƴǘ ƻŦ ŘŀǘŀΣ ǘȅǇƛŎŀƭƭȅ 
млллл ƛƴǎǘŀƴŎŜǎΣ ŀǊŜ ƻǾŜǊǇŀǎǎƛƴƎ Ƴƻǎǘ ŎŀǇŀŎƛǘȅ ƻŦ ƛǎƻƭŀǘŜŘ ƘǳƳŀƴ ǎŎƛŜƴǘƛŦƛŎ ŎƻƴǎƻǊǘƛǳƳΦ ! ǇƻǎǎƛōƭŜ 
ǇŀǘƘǿŀȅ ǘƘƻǳƎƘ ǘƻ ŀǇǇƭȅ ŘŜŜǇ ƭŜŀǊƴƛƴƎ ǿƛǘƘƻǳǘ ǊǳƴƴƛƴƎ ǘƘŜ Ǌƛǎƪ ƻŦ ƻǾŜǊŦƛǘǘƛƴƎ ƛǎ ǘƻ ǇǊƻŎŜŜŘ ǘƻ Řŀǘŀ 
ŀǳƎƳŜƴǘŀǘƛƻƴ ŦǊƻƳ ŀƴ ƻǊƛƎƛƴŀƭ ǎƳŀƭƭ ŀƳƻǳƴǘ ƻŦ ǎƛƎƴƛŦƛŎŀƴǘΣ ƛΦŜΦ ǊŜǇǊŜǎŜƴǘŀǘƛǾŜ ƻŦ ǘƘŜ ŎƻƳǇƭŜȄƛǘȅ ƻŦ 
ǘƘŜ ŜȄǇŜŎǘŜŘ ŘŀǘŀΦ Lƴ ǘƘƛǎ ǘǳǘƻǊƛŀƭ ǿŜ ǇǊƻǇƻǎŜ ŀƴ ƻǾŜǊǾƛŜǿ ƻŦ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ŀŘǾŀƴŎŜŘ ǘŜŎƘƴƛǉǳŜǎ ƻŦ 
Řŀǘŀ ŀǳƎƳŜƴǘŀǘƛƻƴΦ  
ϝ /ƻƳǇǳǘŜǊ ŀǎǎƛǎǘŜŘ ŀƴƴƻǘŀǘƛƻƴ ǿƛǘƘ wŀƴŘƻƳπCƻǊŜǎǘ 
ϝ  5ŀǘŀ ŀǳƎƳŜƴǘŀǘƛƻƴ ōȅ ǘǊŀƴǎŦŜǊ ƭŜŀǊƴƛƴƎ  
ϝ  wŜǇƭƛŎŀǘƛƻƴ ƻŦ ƛƴǎǘŀƴŎŜǎ ŀŦǘŜǊ ƎŜƻƳŜǘǊƛŎŀƭ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ  
ϝ  {ƛƳǳƭŀǘƛƻƴ ƻŦ ƛƴǎǘŀƴŎŜǎ ōŀǎŜŘ ƻƴ ŜȄǇŜǊǘπōŀǎŜŘ ƪƴƻǿƭŜŘƎŜ  

ϝ  {ƛƳǳƭŀǘƛƻƴ ƻŦ ƛƴǎǘŀƴŎŜǎ ōŀǎŜŘ ƻƴ ƴŜǳǊŀƭ ƴŜǘǿƻǊƪǎ Ǿƛŀ ǘƘŜ ǎƻπŎŀƭƭŜŘ DŜƴŜǊŀǘƛǾŜ ŀŘǾŜǊǎŀǊƛŀƭ 
ƴŜǘǿƻǊƪǎΦ  
ϝ  LƭƭǳǎǘǊŀǘƛƻƴ ƻŦ ǘƘŜǎŜ ǘŜŎƘƴƛǉǳŜǎ ŀǊŜ ƎƛǾŜƴ ƛƴ ǾŀǊƛƻǳǎ ōƛƻπƛƳŀƎƛƴƎ ǇǊƻōƭŜƳǎ ƛƴŎƭǳŘƛƴƎ ƭƛŦŜ ǎŎƛŜƴŎŜǎ 
ǎǳŎƘ ŀǎ ōƛƻƭƻƎȅ ŀƴŘ ƳŜŘƛŎŀƭ ƛƳŀƎƛƴƎΦ  
ϝ  ¢ȅǇƛŎŀƭ ŜȄǇŜŎǘŜŘ Ǝŀƛƴ ǿƛƭƭ ōŜ ŘƛǎŎǳǎǎŜŘ 
YŜȅǿƻǊŘǎ Υ !ŘǾŀƴŎŜŘ ŘŜŜǇ ƭŜŀǊƴƛƴƎΣ ǘǊŀƴǎŦŜǊ ƭŜŀǊƴƛƴƎΣ Řŀǘŀ ŀǳƎƳŜƴǘŀǘƛƻƴΣ ŘƻƳŀƛƴ ŀŘŀǇǘŀǘƛƻƴΣ Ŧŀǎǘ 
ŀƴƴƻǘŀǘƛƻƴΦ 

***  

!ллсπ!Ca ƻƴ ƳƛŎǊƻōƛŀƭ ǎǳǊŦŀŎŜǎ Υ ŦǊƻƳ ƛƳŀƎƛƴƎ ǘƻ ǎƛƴƎƭŜπŎŜƭƭ ŦƻǊŎŜ ƳŜŀǎǳǊŜƳŜƴǘǎ 
!ǳŘǊŜȅ !ǳŘǊŜȅ ōŜŀǳǎǎŀǊǘ όŀǳŘǊŜȅΦōŜŀǳǎǎŀǊǘϪǳƴƛǾπƭƻǊǊŀƛƴŜΦŦǊύ {ƻŦƛŀƴŜ 9ƭπƪƛǊŀǘπŎƘŀǘŜƭ όŜƭƪƛǊŀǘмϪǳƴƛǾπ
ƭƻǊǊŀƛƴŜΦŦǊύ 
!ōǎǘǊŀŎǘ Υ !Ca ƛǎ ŀ ǇƻǿŜǊŦǳƭ ǘƻƻƭ ǘƻ ƛƳŀƎŜ ŀƴŘ ǎŜƴǎŜ ŦƻǊŎŜǎ ŀǘ ǘƘŜ ǎǳǊŦŀŎŜ ƻŦ ƭƛǾƛƴƎ ŎŜƭƭǎΦ Lƴ ǘƘƛǎ 
ǇǊŀŎǘƛŎŀƭΣ ǿŜ ǿƛƭƭ ƻōǎŜǊǾŜ ŀƴŘ ǉǳŀƭƛŦȅ ŦƛƴŜ ǎǘǊǳŎǘǳǊŜǎ ǇǊŜǎŜƴǘ ŀǘ ǘƘŜ ǎǳǊŦŀŎŜ ƻŦ ƭƛǾƛƴƎ ƳƛŎǊƻŀƭƎŀŜ 
ό/ƘƭƻǊŜƭƭŀ ǾǳƭƎŀǊƛǎύ ǿƛǘƘ ŀ ŦŜǿ ƴŀƴƻƳŜǘŜǊǎ ǊŜǎƻƭǳǘƛƻƴ ǳǎƛƴƎ ǘƘŜ ƭŀǘŜǎǘ ŘŜǾŜƭƻǇƳŜƴǘǎ ƛƴ ƛƳŀƎƛƴƎ 
ǘŜŎƘƴƛǉǳŜǎΦ Lƴ ŀ ŦƛǊǎǘ ǎǘŜǇΣ ŘƛŦŦŜǊŜƴǘ ǘŜŎƘƴƛǉǳŜǎ ǿƛƭƭ ōŜ ŜȄǇƭŀƛƴŜŘ ǘƻ ƛƳƳƻōƛƭƛȊŜ ƳƛŎǊƻōŜǎΦ tŀǊǘƛŎƛǇŀƴǘǎ 
ǿƛƭƭ ǘƘŜƴ ōŜ ǘǊŀƛƴŜŘ ǘƻ ŎƻǊǊŜŎǘƭȅ Ƴƻǳƴǘ ǘƘŜ ǎŜǘπǳǇΣ ŀƭƛƎƴ ǘƘŜ ƭŀǎŜǊΣ ŀƴŘ ǿƛƭƭ ƘŀǾŜ ǘƻ Ǉƻǎǎƛōƛƭƛǘȅ ǘƻ ŀŘƧǳǎǘ 
ǘƘŜ ǇŀǊŀƳŜǘŜǊǎ ŀƴŘ ǎŜƴǎŜ ǿƘƛŎƘ ƳƻŘŜ ǘƻ ǳǎŜ ǘƻ ƻǇǘƛƳƛǎŜ ƛƳŀƎŜ ǉǳŀƭƛǘȅ όŎƻƴǘŀŎǘ ƳƻŘŜ Ǿǎ ǇŜŀƪ ŦƻǊŎŜ 
ǘŀǇǇƛƴƎύΦ  
!Ca Ŏŀƴ ŀƭǎƻ ōŜ ǳǎŜŘ ǘƻ ƳŜŀǎǳǊŜ ǘƘŜ ŀŘƘŜǎƛƻƴ ƻŦ ŀ ǿƘƻƭŜ ƭƛǾƛƴƎ ŎŜƭƭ ǘƻǿŀǊŘǎ ŀōƛƻǘƛŎ ǎǳōǎǘǊŀǘŜǎ ƻǊ 
ƻǘƘŜǊ ŎŜƭƭǎΦ  
CƻǊ ǘƘŀǘΣ !Ca ǘƛǇǎ ƴŜŜŘ ǘƻ ōŜ ŦǳƴŎǘƛƻƴŀƭƛȊŜŘ ǿƛǘƘ ŀ ǎƛƴƎƭŜ ƳƛŎǊƻŀƭƎŀŜ ǿƘƛŎƘ ǿƛƭƭ ǘƘŜƴ ǎŜǊǾŜ ŀǎ ŀ 
ǇǊƻōŜΦ 5ŜƳƻƴǎǘǊŀǘƛƻƴ ƻŦ ŎŜƭƭ ŀǘǘŀŎƘƳŜƴǘ ǿƛƭƭ ōŜ ŘƻƴŜ ŘǳǊƛƴƎ ǘƘŜ ǿƻǊƪǎƘƻǇΦ CƻǊ ǘƘŀǘΣ ŀ ǎƛƴƎƭŜ ŎŜƭƭ 
ǿƛƭƭ ōŜ ƎǊŀōōŜŘ Ǿƛŀ ǘƘŜ ŎƻǊǊŜƭŀǘƛǾŜ ŦǳƴŎǘƛƻƴŀƭƛǘȅ ƻŦ ǘƘŜ ƛƴǎǘǊǳƳŜƴǘ ŎƻƳōƛƴƛƴƎ !Ca ŀƴŘ 
ƻǇǘƛŎŀƭκŦƭǳƻǊŜǎŎŜƴŎŜ ŀƴŘ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ ōŜ ƛƴǾƛǘŜŘ ǘƻ ƳŜŀǎǳǊŜ ŦƻǊŎŜǎ ǘƻǿŀǊŘ ŀōƛƻǘƛŎ ǎŀƳǇƭŜǎΦ  
5ŀǘŀ ǘǊŜŀǘƳŜƴǘ ǿƛƭƭ ōŜ ŜȄǇƭŀƛƴŜŘΦ  
!ǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ǇǊŀŎǘƛŎŀƭΣ ǇŀǊǘƛŎƛǇŀƴǘǎ ǎƘƻǳƭŘ ōŜ ŀōƭŜ ǘƻ ǇƭŀŎŜ ǘƘŜ ǘƛǇ ƛƴ ǘƘŜ !Ca ǎŜǘπǳǇΣ ŀƭƛƎƴ ǘƘŜ 
ƭŀǎŜǊΣ ŀƴŘ ŀŎǉǳƛǊŜ ŀ ǎƛƳǇƭŜ ƛƳŀƎŜΦ  
¢Ƙƛǎ ǿƻǊƪǎƘƻǇ ƛǎ ƻǇŜƴ ǘƻ ōƛƻƭƻƎƛǎǘǎΣ ŎƘŜƳƛǎǘǎ ŀƴŘ ǇƘȅǎƛŎƛǎǘǎ ŀƴŘ ŎƻƳǇŜǘŜƴŎŜǎ ƛƴ !Ca ƻǊ ōƛƻǇƘȅǎƛŎǎ 
ŀǊŜ ƴƻǘ ǊŜǉǳƛǊŜŘΦ  
YŜȅǿƻǊŘǎ Υ !CaΣ ƳƛŎǊƻƻǊƎŀƴƛǎƳǎΣ ŦƻǊŎŜ ǎǇŜŎǘǊƻǎŎƻǇȅΣ ƭƛǾƛƴƎ ŎŜƭƭΣ ŎŜƭƭ ŀŘƘŜǎƛƻƴ 

***  
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!лммπ9ǘǳŘŜ ŘŜ ƭŀ ǾŀǎŎǳƭŀǊƛǎŀǘƛƻƴ ǎŀƴƎǳƛƴŜ Ŝǘ ƭȅƳǇƘŀǘƛǉǳŜ ŘŜ ƭΩŞǇƛŘƛŘȅƳŜ Υ ŎƭŀǊƛŦƛŎŀǘƛƻƴ ŘΩƻǊƎŀƴŜΣ 
ƳƛŎǊƻǎŎƻǇƛŜ Ł ŦŜǳƛƭƭŜ ŘŜ ƭǳƳƛŝǊŜ Ŝǘ ǉǳŀƴǘƛŦƛŎŀǘƛƻƴ Ŝƴ ǘǊƻƛǎ ŘƛƳŜƴǎƛƻƴǎ 
aŜǊȅŜƳ aŜǊȅŜƳ ǘŀǊŘƛǾŜƭ όƳŜǊȅŜƳΦǘŀǊŘƛǾŜƭϪǳƴƛǾπƭƛƭƭŜΦŦǊύ  
!ƴǘƻƴƛƴƻ .ƻƴƎƛƻǾŀƴƴƛ όŀƴǘƻƴƛƴƻΦōƻƴƎƛƻǾŀƴƴƛϪǳƴƛǾπƭƛƭƭŜΦŦǊύ 
!ōǎǘǊŀŎǘ Υ [ΩŞǇƛŘƛŘȅƳŜ Ŝǎǘ ǳƴ ƻǊƎŀƴŜ Řǳ ǘǊŀŎǘǳǎ ƎŞƴƛǘŀƭ ƳŀƭŜΣ ŀŎŎƻƭŞ Ł ƭŀ ŦŀŎŜ ǇƻǎǘŞǊƛŜǳǊŜ Řǳ ǘŜǎǘƛŎǳƭŜ 
Ŝǘ ǇǊŞǎŜƴǘŀƴǘ ǳƴŜ ŎƻƴǘƛƴǳƛǘŞ ŀƴŀǘƻƳƛǉǳŜΦ Lƭ Ŝǎǘ ŎƻƳǇƻǎŞ ŘΩǳƴ ŞǇƛǘƘŞƭƛǳƳ ǇǎŜǳŘƻ ǎǘǊŀǘƛŦƛŞ ŜƴǘƻǳǊŀƴǘ 
ǳƴŜ ƭǳƳƛŝǊŜ Řŀƴǎ ƭŀǉǳŜƭƭŜ ƭŜǎ ǎǇŜǊƳŀǘƻȊƻƠŘŜǎ Ǿƻƴǘ ƳƛƎǊŜǊ ǇŜƴŘŀƴǘ ƭŜǳǊ ǘǊŀƴǎƛǘ ŞǇƛŘƛŘȅƳŀƛǊŜΦ [Ŝ ōǳǘ 
ŘŜ ŎŜǎ ǘǊŀǾŀǳȄ Ŝǎǘ ŘŜ ƳŜǘǘǊŜ ƭŀ ƭǳƳƛŝǊŜ ǎǳǊ ƭΩƛƳǇƭƛŎŀǘƛƻƴ ŘŜ ŎŜǘ ƻǊƎŀƴŜ Řŀƴǎ ƭŜǎ ƛƴŦŜǊǘƛƭƛǘŞǎ ƳŀǎŎǳƭƛƴŜǎ 
Ŝǘ ƴƻǘŀƳƳŜƴǘ ƭΩƛƳǇƭƛŎŀǘƛƻƴ ŘŜ ƭΩƛƳƳǳƴƛǘŞ ǉǳƛ ǊŜǇǊŞǎŜƴǘŜ млπмр҈ ŘŜǎ Ŏŀǎ ŘΩƛƴŦŜǊǘƛƭƛǘŞΦ [Ŝǎ ŎŜƭƭǳƭŜǎ ŘŜ 
ƭΩƛƳƳǳƴƛǘŞ ǎƻƴǘ ƭŜǎ Ǉƭǳǎ ƳƻōƛƭŜǎ ŘŜ ƭΩƻǊƎŀƴƛǎƳŜΦ tƻǳǊ ǉǳΩŜƭƭŜǎ ǇǳƛǎǎŜƴǘ ƳŜƴŜǊ Ł ōƛŜƴ ƭŜǳǊǎ ŦƻƴŎǘƛƻƴǎΣ 
ŜƭƭŜǎ ƻƴǘ ōŜǎƻƛƴ ŘΩŀǳǘƻǊƻǳǘŜǎ ǇƻǳǊ ŎƛǊŎǳƭŜǊ ǊŀǇƛŘŜƳŜƴǘΦ Lƭ ŜȄƛǎǘŜ ŘŜǳȄ ǾƻƛŜǎ ŘŜ ŎƛǊŎǳƭŀǘƛƻƴ ǊŀǇƛŘŜǎ 
Řŀƴǎ ƭΩƻǊƎŀƴƛǎƳŜ ŎŜǎ ǎƻƴǘ ƭŜǎ ǎȅǎǘŝƳŜǎ ǾŀǎŎǳƭŀƛǊŜǎ ǎŀƴƎǳƛƴǎ Ŝǘ ƭȅƳǇƘŀǘƛǉǳŜǎΦ 5ŀƴǎ ƭΩŞǇƛŘƛŘȅƳŜ Ł ŎŜ 
ƧƻǳǊ ƛƭ ƴΩȅ ŀ ŀǳŎǳƴŜ ŞǘǳŘŜ Řŀƴǎ ƭŀǉǳŜƭƭŜ ƭŜǎ ŘŜǳȄ ǾŀǎŎǳƭŀǊƛǎŀǘƛƻƴǎ ǎƻƴǘ ŀōƻǊŘŞŜǎ ŎƻƴƧƻƛƴǘŜƳŜƴǘΦ /Ŝ 
ǇǊƻƧŜǘ ǎΩŀǇǇǳƛŜ ǎǳǊ ƭΩǳǘƛƭƛǎŀǘƛƻƴ ŘŜ ǎƻǳǊƛǎ ǘǊŀƴǎƎŞƴƛǉǳŜǎ ±9DCwоπ̧CtΦ [Ŝ ±ŜƎŦǊо Ŝǎǘ ǳƴ ǊŞŎŜǇǘŜǳǊ 
ǘǊŀƴǎƳŜƳōǊŀƴŀƛǊŜ ŘŜ ǘȅǇŜ ǘȅǊƻǎƛƴŜΦ /ΩŜǎǘ ǳƴ ǊŞƎǳƭŀǘŜǳǊ ŎƭŞ Řǳ ŘŞǾŜƭƻǇǇŜƳŜƴǘ Řǳ ǎȅǎǘŝƳŜ 
ƭȅƳǇƘŀǘƛǉǳŜΦ ! ǘǊŀǾŜǊǎ ŎŜǘ ŀǘŜƭƛŜǊ Ŝǘ ŎŜ ǇǊƻƧŜǘΣ ƴƻǳǎ ǎƻǳƘŀƛǘƻƴǎ ŘŞƳƻƴǘǊŜǊ ǉǳŜ ƭŜǎ ǘŜŎƘƴƛǉǳŜǎ ŘŜ 
ŎƭŀǊƛŦƛŎŀǘƛƻƴ ǇŜǊƳŜǘǘŜƴǘ ŘŜ ǊŜƴŘǊŜ ǘǊŀƴǎǇŀǊŜƴǘ ŘŜǎ ƻǊƎŀƴŜǎ Ł ŎƻƴǎƛǎǘŀƴŎŜ Ǉƭǳǎ ŘŜƴǎŜ ŎƻƳƳŜ 
ƭΩŞǇƛŘƛŘȅƳŜΦ 
YŜȅǿƻǊŘǎ Υ ŎƭŀǊƛŦƛŎŀǘƛƻƴΣ {tLaΣ ŞǇƛŘƛŘȅƳŜΣ LƳŀǊƛǎΣ ƻǊƎŀƴƛǎŀǘƛƻƴ Ŝǘ Ǿƛǎǳŀƭƛǎŀǘƛƻƴ ǎǇŀǘƛŀƭŜΣ 
ǉǳŀƴǘƛŦƛŎŀǘƛƻƴ 

***  

!лмнπо5 ǉǳŀƴǘƛǘŀǘƛǾŜ ŀƴŀƭȅǎƛǎ ƻŦ ŎƻƭƻŎŀƭƛǎŀǘƛƻƴ ƻǊ ǎǇŀǘƛŀƭ ŎƻǳǇƭƛƴƎ ƛƴ ŎƻƴǾŜƴǘƛƻƴŀƭ ŀƴŘ ǎǳǇŜǊ 
ǊŜǎƻƭǳǘƛƻƴ ƳƛŎǊƻǎŎƻǇȅΦ 
[ȅŘƛŀ 5ŀƴƎƭƻǘ όƭȅŘƛŀΦŘŀƴƎƭƻǘϪƛƴǎŜǊƳΦŦǊύ ¢Ƙƛōŀǳƭǘ [ŀƎŀŎƘŜ όǘƘƛōŀǳƭǘΦƭŀƎŀŎƘŜтсϪƎƳŀƛƭΦŎƻƳύ 
!ōǎǘǊŀŎǘ Υ ¢ƘŜ ǇǳǊǇƻǎŜ ƻŦ ǘƘŜ ǿƻǊƪǎƘƻǇ ƛǎ ǘƻ ōǊƛƴƎ ǘƻƎŜǘƘŜǊ ŀŎǉǳƛǎƛǘƛƻƴ ǘƛǇǎ ŀƴŘ ǘǊƛŎƪǎ ŦƻǊ о5 
ǉǳŀƴǘƛǘŀǘƛǾŜ ƛƳŀƎƛƴƎ ƻŦ ŎƻƭƻŎŀƭƛǎŀǘƛƻƴ ζ ǇŜǊ ǎŜ η ƻǊ ŎƻǳǇƭƛƴƎ ōŜǘǿŜŜƴ н ƳƻƭŜŎǳƭŜ ƛƴŘƛǊŜŎǘƭȅ 
ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘƻǳǘ ŀƴȅ ƴŜŎŜǎǎŀǊȅ ƻǾŜǊƭŀǇ ōǳǘ ǿƛǘƘ ŎƻǊǊŜƭŀǘŜŘ ǎǇŀǘƛŀƭ ŘƛǎǘǊƛōǳǘƛƻƴΦ ²Ŝ ǿƛƭƭ ǘŀƪŜ ǘƘŜ 
ŜȄŀƳǇƭŜ ƻŦ ƭƻŎŀƭƛȊŀǘƛƻƴ ƻŦ ǇǊƻǘŜƛƴǎ ŀǘ ǘƘŜ ǎȅƴŀǇǎŜΦ IŜǊŜ ǘƘŜ ǇǊƻǘŜƛƴǎ Ŏŀƴ ōŜ ǇƘȅǎƛŎŀƭƭȅ ŎƻƭƻŎŀƭƛȊŜŘ όƛƴ 
ǘƘŜ ǎŀƳŜ ŎŜƭƭΣ ŀ ǊŜŎŜǇǘƻǊ ǿƛǘƘ ƛǘǎ ŀƴŎƘƻǊƛƴƎ ǇǊƻǘŜƛƴǎύ ƻǊ Ŏŀƴ ōŜ ŀǇǇƻǎŜŘ όн ǇǊƻǘŜƛƴǎ ǇƘȅǎƛŎŀƭƭȅ 
ǎŜǇŀǊŀǘŜŘ ƛƴ н ŘƛŦŦŜǊŜƴǘ ŎŜƭƭǎ ōǳǘ ǇǊŜǎŜƴǘ ŀǘ ōƻǘƘ ǎƛŘŜ ƻŦ ǘƘŜ ǎȅƴŀǇǘƛŎ ŎƻƴǘŀŎǘύΦ  ²Ŝ ǿƛƭƭ ōŜƎƛƴ ǿƛǘƘ ŀ 
ǎŜǎǎƛƻƴ ƻƴ ƳƛŎǊƻǎŎƻǇŜ ǿƛǘƘ ŀŎǉǳƛǎƛǘƛƻƴ ƻŦ о5 ǎǘŀŎƪ ƛƳŀƎƛƴƎ ƛƴ ŎƻƴǾŜƴǘƛƻƴŀƭ ŀƴŘ ƳǳƭǘƛŎƻƭƻǊ {¢95 
ƳƛŎǊƻǎŎƻǇȅ ǘƻ ǊŀƛǎŜ ŀƭƭ ǘƘŜ ǘŜŎƘƴƛŎŀƭ ŘŜǘŀƛƭǎ ǘƘŀǘ ǳǎŜǊǎ ƘŀǾŜ ǘƻ ōŜŀǊ ƛƴ ƳƛƴŘ ǿƘŜƴ ŎƻƳǇŀǊƛƴƎ ǘǿƻ 
ōƛƻƭƻƎƛŎŀƭ ŎƻƴŘƛǘƛƻƴǎ όȊ ǎŀƳǇƭƛƴƎΣ ǎŀǘǳǊŀǘƛƻƴΣ ōƭŜŀŎƘƛƴƎΣ ŎƻƳǇǊƻƳƛǎŜ ōŜǘǿŜŜƴ Ȅ ȅ ŀƴŘ Ȋ ǊŜǎƻƭǳǘƛƻƴΣ 
ƳŀǘǊƛȄ ǎƛȊŜ ŀƴŘ ŀŎǉǳƛǎƛǘƛƻƴ ƭŜƴƎǘƘύΦ ¢ƘŜƴ ǿŜ ǿƛƭƭ ǎǿƛǘŎƘ ǘƻ ŎƻƳǇǳǘŜǊ ǊƻƻƳǎ ǘƻ ǇǊƻŎŜǎǎ ǘƻ ƛƳŀƎŜ 
ŀƴŀƭȅǎƛǎ ǘƻ ŜȄǇƭŀƛƴ ŀƴŘ ƘŀƴŘƭŜ LŎȅ {h5! ǎǳƛǘŜ ό{ǘŀƴŘŀǊŘ hōƧŜŎǘ 5ƛǎǘŀƴŎŜ !ƴŀƭȅǎƛǎύ ƻƴ aƛŦƻōƛƻ 
ŀŎǉǳƛǊŜŘ ƛƳŀƎŜǎ όŎƻƴŦƻŎŀƭ ŀƴŘ о5 {¢95ύΦ ²Ŝ ǿƛƭƭ ǎƘƻǿ Ƙƻǿ ǘƻ ƛŘŜƴǘƛŦȅ ŎƻǳǇƭŜŘ ƳƻƭŜŎǳƭŜǎ ŀƴŘ 
ǇǊƻǾƛŘŜ о5 ŘƛǎǘŀƴŎŜΣ Ǉ ǾŀƭǳŜ ŀƴŘ ŎƻƭƻǊπŎƻŘŜŘ ƭƻŎŀƭƛǎŀǘƛƻƴ ƳŀǇ ǿƛǘƘƛƴ ǘƘŜ ŎŜƭƭ ƻƴ {¢95 ƛƳŀƎŜǎΦ ¢ƘŜ 
о5 ǊŜƴŘŜǊƛƴƎ ƳŀǇ ƛƴ ŎƻƭƻǊ ǿƛƭƭ ǎƘƻǿ ǿƘŜǊŜ ŀǊŜ ǘƘŜ ŎƻǳǇƭŜŘ ƳƻƭŜŎǳƭŜǎ ŀƴŘ ǿƘŜǊŜ ŀǊŜ ǘƘŜ ƛǎƻƭŀǘŜŘ 
ƻƴŜǎΦ .ŜŎŀǳǎŜ ƻŦ ŀ ƭŀŎƪ ƻŦ ǘƛƳŜΣ ǿŜ ǿƻƴΩǘ ōŜ ŀōƭŜ ǘƻ ǎƘƻǿ ƛƳŀƎŜ ŀŎǉǳƛǎƛǘƛƻƴ ƻƴ ŀƭƭ ƳƛŎǊƻǎŎƻǇȅ 
ƳƻŘŀƭƛǘƛŜǎΣ ƘƻǿŜǾŜǊ ǘƘƛǎ ǿƻǊƪǎƘƻǇ ƛǎ ǊŜƭŀǘŜŘ ōƻǘƘ ǘƻ ǘƘŜ D¢ {¢hwa ζ ǇŀǊŎƻǳǊǎ η ŀƴŘ ǘƻ ǘƘŜ {La 
ǿƻǊƪǎƘƻǇ ǇǊƻǇƻǎŜŘ ōȅ !Φ ǎŀƭƭŜǎΦ !ǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ǇǊŀŎǘƛŎŀƭ ƻƴ {¢95 ƛƳŀƎŜǎΣ ǿŜ ǿƛƭƭ ǳǎŜ ƛƳŀƎŜǎ 
ŎƻƳƛƴƎ ŦǊƻƳ ƻǘƘŜǊ ǿƻǊƪǎƘƻǇǎ ό{La ŀƴŘ {¢hwa ƻǊ ǇŀǊǘƛŎƛǇŀƴǘΩǎ ƻǿƴ ƛƳŀƎŜǎύΣ ǘƻ ǎƘƻǿ ƛƴ ŎƻƳǇǳǘŜǊǎΩ 
ǊƻƻƳ ǘƻ ǘƘŜ ŎŀƴŘƛŘŀǘŜΣ Ƙƻǿ ǘƻ ŀƴŀƭȅǎŜ ǘƘŜ ǇǊƻȄƛƳƛǘȅ ōŜǘǿŜŜƴ н ƻǊ о ǇǊƻǘŜƛƴǎΦ !ǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ 
ǿƻǊƪǎƘƻǇ ŎŀƴŘƛŘŀǘŜǎ ǿƛƭƭ ƪƴƻǿ Ƙƻǿ ǘƻ ŀŎǉǳƛǊŜ ŀƴŘ ŀƴŀƭȅǎŜ о5 ƛƳŀƎŜǎ ǘƻ ŘŜǘŜŎǘ ŎƻƭƻŎŀƭƛǎŀǘƛƻƴ ƻǊ 
ŎƻǳǇƭƛƴƎ ǿƘŀǘŜǾŜǊ ǘƘŜ ƳƛŎǊƻǎŎƻǇȅ ƳŜǘƘƻŘ ǘƘŀǘ ƛǎ ǳǎŜŘΦ 
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!лмоπ/ƻƳǇŀǊƛƴƎ ƳǳƭǘƛŎƻƭƻǊ {ƛƴƎƭŜπaƻƭŜŎǳƭŜ [ƻŎŀƭƛȊŀǘƛƻƴ aƛŎǊƻǎŎƻǇȅ ǎǘǊŀǘŜƎƛŜǎΥ !ǇǇƭƛŎŀǘƛƻƴ ǘƻ ǘƘŜ 
ƴŜǳǊƻƴŀƭ ŎȅǘƻǎƪŜƭŜǘƻƴ 
/ƘǊƛǎǘƻǇƘŜ [ŜǘŜǊǊƛŜǊ όŎƘǊƛǎǘƻǇƘŜΦƭŜǘŜǊǊƛŜǊϪǳƴƛǾπŀƳǳΦŦǊύ YŀǊƻƭƛƴŜ CǊƛŜŘƭ όƪŀǊƻƭƛƴŜΦŦǊƛŜŘƭϪŜǘǳΦǳƴƛǾπ
ŀƳǳΦŦǊύ 
!ōǎǘǊŀŎǘ Υ tŀǘƘƻƭƻƎȅ ƛƴ ƴŜǳǊƻƴǎ ƻŦǘŜƴ ƎƻŜǎ ƘŀƴŘ ƛƴ ƘŀƴŘ ǿƛǘƘ ǘƘŜ ƭƻǎǎ ƻŦ ŎŜƭƭ ǎǘǊǳŎǘǳǊŜǎ ǘƘŀǘ ŦŀŎƛƭƛǘŀǘŜ 
ǇƭŀǎǘƛŎƛǘȅ ŀƴŘ ŎƻƳǇƻǳƴŘ ǘǊŀƴǎǇƻǊǘΦ CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜ ǊŜǉǳƛǊŜƳŜƴǘǎ ŦƻǊ ǘƘŜǎŜ ǎŎŀŦŦƻƭŘǎ ŀǊŜ ǉǳƛǘŜ 
ǇŜŎǳƭƛŀǊΥ ƻƴ ǘƘŜ ƻƴŜ ƘŀƴŘΣ ǘƘŜ ŀǊŎƘƛǘŜŎǘǳǊŜ ƻŦ ƴŜǳǊƻƴǎ Ƴǳǎǘ ōŜ ǎǘŀōƭȅ ƳŀƛƴǘŀƛƴŜŘΣ ƻƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘ 
ƴŜǳǊƻƴǎ ƘŀǾŜ ǘƻ ŀƭƭƻǿ ŦƻǊ ŎŜƭƭǳƭŀǊ ǇƭŀǎǘƛŎƛǘȅ ŀƴŘ ŦƭŜȄƛōƛƭƛǘȅΦ Lƴ ǘƘŜ bŜǳǊƻ/ȅǘƻ ǘŜŀƳΣ ǿŜ ŀǊŜ ǇŀǊǘƛŎǳƭŀǊƭȅ 
ƛƴǘŜǊŜǎǘŜŘ ƛƴ ǘƘŜ ƻǊƎŀƴƛȊŀǘƛƻƴ ŀƴŘ ŦǳƴŎǘƛƻƴǎ ƻŦ ŀȄƻƴŀƭ ŀŎǘƛƴΦ ¢ƘŜ ŀŎǘƛƴ ŎȅǘƻǎƪŜƭŜǘƻƴ ƛǎ ƭƛƪŜƭȅ ǘƻ ǇǊƻǾƛŘŜ 
ōƻǘƘ ǎǘǊǳŎǘǳǊŀƭ ǎǘŀōƛƭƛǘȅ ŀƴŘ ǇƭŀǎǘƛŎƛǘȅ ǘƻ ǘƘŜ ŜȄǉǳƛǎƛǘŜ ŀǊōƻǊƛȊŀǘƛƻƴ ƻŦ ŀȄƻƴǎΦ {ƛƴƎƭŜπaƻƭŜŎǳƭŜ 
[ƻŎŀƭƛȊŀǘƛƻƴ aƛŎǊƻǎŎƻǇȅ ό{a[aύ Ƙŀǎ ōŜŜƴ ƛƴǎǘǊǳƳŜƴǘŀƭ ƛƴ ǊŜǾŜŀƭƛƴƎ ƴŜǿ ŀȄƻƴŀƭ ŀŎǘƛƴ ǎǘǊǳŎǘǳǊŜǎ ǎǳŎƘ 
ŀǎ ǇŜǊƛƻŘƛŎ ǎǳōƳŜƳōǊŀƴŜ ŀŎǘƛƴ ǊƛƴƎǎ ŀǎ ǿŜƭƭ ŀǎ ƛƴǘǊŀπŀȄƻƴŀƭ ŀŎǘƛƴ ƘƻǘǎǇƻǘǎ ŀƴŘ ǘǊŀƛƭǎΦ aǳƭǘƛŎƻƭƻǊ 
{a[a ŎƻƭƻŎŀƭƛȊŜǎ ŀŎǘƛƴ ǿƛǘƘ ƻǘƘŜǊ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ǘƘŜ ŎȅǘƻǎƪŜƭŜǘƻƴ ǿƛǘƘ ǎǳōπŘƛŦŦǊŀŎǘƛƻƴ ǇǊŜŎƛǎƛƻƴΣ 
ŜƭǳŎƛŘŀǘƛƴƎ ǘƘŜƛǊ ǎǘǊǳŎǘǳǊŀƭ ŀƴŘ ŦǳƴŎǘƛƻƴŀƭ ƛƴǘŜǊǇƭŀȅΦ ²Ŝ ŀǊŜ ƛƴǘŜǊŜǎǘŜŘ ƛƴ ǳǎƛƴƎ {a[a ǘƻ ƭƻƻƪ ŀǘ 
ƳǳƭǘƛǇƭŜ ƳŀǊƪŜǊǎ ǿƛǘƘƛƴ ǘƘƛƴ ōƛƻƭƻƎƛŎŀƭ ƻōƧŜŎǘǎ ǎǳŎƘ ŀǎ ƴŜǳǊƻƴŀƭ ŀȄƻƴǎ ŀƴŘ ŘŜƴŘǊƛǘŜǎΦ IƻǿŜǾŜǊΣ 
ƻōǘŀƛƴƛƴƎ ƳǳƭǘƛŎƻƭƻǊ ƛƳŀƎŜǎ ǿƛǘƘ ǘƘŜ ōŜǎǘ ǊŜǎƻƭǳǘƛƻƴ ŀƴŘ ǉǳŀƭƛǘȅ ǊŜƳŀƛƴǎ ŎƘŀƭƭŜƴƎƛƴƎΦ ¢ƘŜ ŀƛƳ ƻŦ ǘƘŜ 
ǿƻǊƪǎƘƻǇ ǿƛƭƭ ōŜ ǘƻ ŎƻƳǇŀǊŜ ǘƘǊŜŜ ŘƛŦŦŜǊŜƴǘ ǎǘǊŀǘŜƎƛŜǎ ŦƻǊ нπŎƻƭƻǊ {a[aΥ 
ω {ŜǉǳŜƴǘƛŀƭ ŘŜǘŜŎǘƛƻƴ ƻŦ ŦƭǳƻǊƻǇƘƻǊŜǎ ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ ŜȄŎƛǘŀǘƛƻƴκŜƳƛǎǎƛƻƴ ǎǇŜŎǘǊŀ όƛΦŜΦ 
/Cрсуκ!Cспт ƛƴ ǘƘŜ ǊŜŘ ŀƴŘ ŦŀǊπǊŜŘ ǎǇŜŎǘǊǳƳΣ ǊŜǎǇŜŎǘƛǾŜƭȅύ 
ω {ŜǉǳŜƴǘƛŀƭ ŘŜǘŜŎǘƛƻƴ ƻŦ ŘƛŦŦŜǊŜƴǘ ǘŀǊƎŜǘǎ ǘƘǊƻǳƎƘ 5b!πt!Lb¢ ǿƛǘƘ ƛƳŀƎŜǊǎ ŎƻǳǇƭŜŘ ǘƻ ǘƘŜ 
ǎŀƳŜ ŦƭǳƻǊƻǇƘƻǊŜ 
ω {ǇŜŎǘǊŀƭ ǳƴƳƛȄƛƴƎ ƻŦ ŦƭǳƻǊƻǇƘƻǊŜǎ ǿƛǘƘ ŎƭƻǎŜ ŜȄŎƛǘŀǘƛƻƴκŜƳƛǎǎƛƻƴ ǎǇŜŎǘǊŀ ό!Cсптκ/CсулύΦ 
¢Ƙƛǎ ǿƻǊƪǎƘƻǇ ǿƛƭƭ ǎƘƻǿ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ Ƙƻǿ ǘƻ ǳǎŜ о5 ƳǳƭǘƛŎƻƭƻǊ {ƛƴƎƭŜ aƻƭŜŎǳƭŜ [ƻŎŀƭƛȊŀǘƛƻƴ 
aƛŎǊƻǎŎƻǇȅ ό{a[aύ ƻƴ ǘƘŜ ŜȄŀƳǇƭŜ ƻŦ ǘƘŜ ƴŀƴƻǎŎŀƭŜ ŀǊŎƘƛǘŜŎǘǳǊŜ ƻŦ ǘƘŜ ŀȄƻƴŀƭ ŎȅǘƻǎƪŜƭŜǘƻƴΤ ǘƘŜȅ 
ǿƛƭƭ ŘƛǎŎƻǾŜǊ ǘƘŜ ǎǘǊŜƴƎǘƘ ŀƴŘ ǊŜǉǳƛǊŜƳŜƴǘǎ ƻŦ ǘƘŜ ǘƘǊŜŜ ŘƛŦŦŜǊŜƴǘ ƳǳƭǘƛŎƻƭƻǊ ŀǇǇǊƻŀŎƘŜǎ ǇƻǎǎƛōƭŜ ƻƴ 
ǘƘƛǎ ǎŜǘǳǇΦ 
YŜȅǿƻǊŘǎ Υ ŎȅǘƻǎƪŜƭŜǘƻƴΣ {a[aΣ о5π{¢hwaΣ 5!L{¸Σ 5b!πt!Lb¢Σ ŀȄƻƴΣ ƴŜǳǊƻƴΣ ƳǳƭǘƛǇƭŜȄƛƴƎΣ 
ŎƻƭƻŎŀƭƛȊŀǘƛƻƴ 

***  

!лмпπ5ŜŎƻƴǾƻƭǳǘƛƻƴ о5 
CŜǊǊŞƻƭ {ƻǳƭŜȊ όŦŜǊǊŜƻƭΦǎƻǳƭŜȊϪǳƴƛǾπƭȅƻƴмΦŦǊύ 5ŀƴƛŜƭ {ŀƎŜ όŘŀƴƛŜƭΦǎŀƎŜϪŜǇŦƭΦŎƘύ 
!ōǎǘǊŀŎǘ Υ [Ŝ ōǳǘ ŘŜ ƭŀ ŘŞŎƻƴǾƻƭǳǘƛƻƴ Ŝǎǘ ŘŜ ŎƻƳǇŜƴǎŜǊ ƴǳƳŞǊƛǉǳŜƳŜƴǘ ƭŜ Ŧƭƻǳ ƛƴǘǊƻŘǳƛǘ ǇŀǊ ƭŜ 
ƳƛŎǊƻǎŎƻǇŜΦ 9ƴ ƳƛŎǊƻǎŎƻǇƛŜ о5Σ ƭŀ ŘŞŎƻƴǾƻƭǳǘƛƻƴ ǇŜǊƳŜǘ ŘΩŀƳŞƭƛƻǊŜǊ ƭŜǎ ƛƳŀƎŜǎ ǎǳǊ ǇƭǳǎƛŜǳǊǎ ǇƻƛƴǘǎΥ 
π Ŝƴ ŀƳŞƭƛƻǊŀƴǘ ƭŀ ǊŞǎƻƭǳǘƛƻƴ όŀȄƛŀƭŜ Ŝƴ ǇŀǊǘƛŎǳƭƛŜǊύΣ 
π Ŝƴ ŘƛƳƛƴǳŀƴǘ ƭŜ ōǊǳƛǘ όŜƴ ǇŀǊǘƛŎǳƭƛŜǊ Ł ŦŀƛōƭŜ ŦƭǳȄύΣ 
π Ŝƴ ŀƳŞƭƛƻǊŀƴǘ ƭŜ ŎƻƴǘǊŀǎǘŜΦ 
/Ŝƭŀ Ŧŀƛǘ ŘŜ ƭŀ ŘŞŎƻƴǾƻƭǳǘƛƻƴ ǳƴ ƻǳǘƛƭ ǇǊŞŎƛŜǳȄ ǇƻǳǊ ŀƳŞƭƛƻǊŜǊ ƭŜǎ Ǉƻǎǘ ǘǊŀƛǘŜƳŜƴǘǎ ŎƻƳƳŜ ƭŀ 
ǎŜƎƳŜƴǘŀǘƛƻƴΦ 
/Ŝǘ ŀǘŜƭƛŜǊ ǇǊƻǇƻǎŜ ŘŜ ŘŞƳȅǎǘƛŦƛŜǊ ƭŜǎ ƳŞǘƘƻŘŜǎ ŘŜ ŘŞŎƻƴǾƻƭǳǘƛƻƴ Ŝǘ ǇǊƻǇƻǎŜ ǳƴŜ ǇǊƛǎŜ Ŝƴ Ƴŀƛƴ ŘŜǎ 
ƭƻƎƛŎƛŜƭǎ ƭƛōǊŜǎ ŘŜ ŘŜŎƻƴǾƻƭǳǘƛƻƴΦ 
Lƭ ǎŜǊŀ Ŝƴ п ǇŀǊǘƛŜǎΥ 
π ǳƴŜ ōǊŝǾŜ ŘŜǎŎǊƛǇǘƛƻƴ ǘƘŞƻǊƛǉǳŜΣ 
π ƭŜǎ Ǉƻƛƴǘǎ ƛƳǇƻǊǘŀƴǘǎ ǇƻǳǊ ǳƴŜ ŘŞŎƻƴǾƻƭǳǘƛƻƴ ǊŞǳǎǎƛŜΥ ŎƻƴŘƛǘƛƻƴǎ ŘΩŀŎǉǳƛǎƛǘƛƻƴ 
π ŎƻƳƳŜƴǘ ŀǾƻƛǊ ǳƴŜ ōƻƴƴŜ t{C 
π ƛƭƭǳǎǘǊŀǘƛƻƴ ŘŜǎ ƳŞǘƘƻŘŜǎ ŎƭŀǎǎƛǉǳŜǎ ŀǾŜŎ ƭŜ ǇƭǳƎƛƴ 5ŜŎƻƴǾƻƭǳǘƛƻƴ[ŀōн  ǎǳǊ ŘŜǎ ŘƻƴƴŞŜǎ ǎƛƳǳƭŞŜǎ 
Ŝǘ ǊŞŜƭƭŜǎ 
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π Řŀƴǎ ƭŜ Ŏŀǎ ƻǴ ƭŀ t{C ƴϥŜǎǘ Ǉŀǎ ŎƻƴƴǳŜ ƴƻǳǎ ƎǳƛŘŜǊƻƴǎ ƭŜǎ ǳǘƛƭƛǎŀǘŜǳǊǎ Řŀƴǎ ƭΩǳǘƛƭƛǎŀǘƛƻƴ ŘŜ ǇƭǳƎƛƴǎ 
ŘŜ ŘŞŎƻƴǾƻƭǳǘƛƻƴ ŀǾŜǳƎƭŜ ƻǳ ƳȅƻǇŜ 
YŜȅǿƻǊŘǎ 5ŜŎƻƴǾƻƭǳǘƛƻƴΣ 5ŜŎƻƴǾƻƭǳǘƛƻƴ ŀǾŜǳƎƭŜ 

***  

!лмрπ5ŜŜǇ ƭŜŀǊƴƛƴƎ  ǎŀƴǎ ǎŜ ǎŀƭƛǊ ƭŜǎ ŘƻƛƎǘǎ όмκнύ 
5ŀǾƛŘ wƻǳǎǎŜŀǳ όŘŀǾƛŘΦǊƻǳǎǎŜŀǳϪǳƴƛǾπŀƴƎŜǊǎΦŦǊύ 
tŜƧƳŀƴ wŀǎǘƛ όǇŜƧƳŀƴΦǊŀǎǘƛϪǳƴƛǾπŀƴƎŜǊǎΦŦǊύ 
!ōǎǘǊŀŎǘ Υ Lƴ ǘƘƛǎ ǿƻǊƪǎƘƻǇ ǿŜ ǿƛƭƭ ƛƴǘǊƻŘǳŎŜ ǘƘŜ ōŀǎƛŎǎ ƻŦ ŘŜŜǇ ƭŜŀǊƴƛƴƎ ŀƴŘ ƛƭƭǳǎǘǊŀǘŜ ǘƘŜƳ 
ǇǊŀŎǘƛŎŀƭƭȅ ǿƛǘƘ ŜȄŀƳǇƭŜǎ ƛƴ ōƛƻƛƳŀƎƛƴƎΦ IŀƴŘǎ ƻƴ ǿƛƭƭ ōŜ ǇǊƻǾƛŘŜŘ ǿƛǘƘ ǎƻŦǘǿŀǊŜ ŜƴǾƛǊƻƴƳŜƴǘǎ 
ǿƘƛŎƘ Řƻ ƴƻǘ ǊŜǉǳƛǊŜ ǎǇŜŎƛŦƛŎ ŎƻƳǇǳǘƛƴƎ ŎƻƴŦƛƎǳǊŀǘƛƻƴ ƴƻǊ ǇǊƻƎǊŀƳƳƛƴƎ ǎƪƛƭƭǎΦ 
9ȄŀƳǇƭŜ ǿƛƭƭ ƛƴŎƭǳŘŜ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ƻŦ ƛƳŀƎŜǎ ŀƴŘ ǎŜƎƳŜƴǘŀǘƛƻƴ ƻŦ ƻōƧŜŎǘǎ ƛƴ ƛƳŀƎŜǎΦ !ŦǘŜǊ ǘƘƛǎ 
ǿƻǊƪǎƘƻǇ ȅƻǳ ǿƛƭƭ ōŜ ŀōƭŜ ǘƻ Ǌǳƴ ŘŜŜǇ ƭŜŀǊƴƛƴƎ ŦƻǊ ȅƻǳǊ ƻǿƴ ŀǇǇƭƛŎŀǘƛƻƴ ŀƴŘ ǿƛƭƭ ōŜ ŀōƭŜ ǘƻ ǇǳǎƘ 
ŦƻǊǿŀǊŘ ǘƻ ƳƻǊŜ ŀŘǾŀƴŎŜŘ ǎƪƛƭƭǎΦ  
 YŜȅǿƻǊŘǎ Υ ŘŜŜǇ ƭŜŀǊƴƛƴƎ 
 
!лмсπ5ŜŜǇ ōŀǊ Ł ƛƳŀƎŜǎ 
5ŀǾƛŘ wƻǳǎǎŜŀǳ όŘŀǾƛŘΦǊƻǳǎǎŜŀǳϪǳƴƛǾπŀƴƎŜǊǎΦŦǊύ 
tŜƧƳŀƴ wŀǎǘƛ όǇŜƧƳŀƴΦǊŀǎǘƛϪǳƴƛǾπŀƴƎŜǊǎΦŦǊύ 
!ōǎǘǊŀŎǘ 
ϝ ±ƻǳǎ ŀǾŜȊ ǳƴ ƧŜǳ ŘϥƛƳŀƎŜǎ ŀƴƴƻǘŞΦ ±ƻǳǎ ŀǾŜȊ ǳƴ ǇǊƻōƭŝƳŜ ŘŜ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ŘϥƛƳŀƎŜǎΣ ŘŜ 
ǊŜŎƻƴƴŀƛǎǎŀƴŎŜ ŘϥƻōƧŜǘΣ ǎŜƎƳŜƴǘŀǘƛƻƴΣ ŘŜ ŘŞōǊǳƛǘŀƎŜ ŘϥƛƳŀƎŜΣ ŘŜ ǎǳǇŜǊǊŞǎƻƭǳǘƛƻƴ ΦΦΦ 
±ŜƴŜȊ ǘŜǎǘŜǊ ƭŜǎ ƳŞǘƘƻŘŜǎ ŘŜ ŘŜŜǇ ƭŜŀǊƴƛƴƎ ƭŜǎ Ǉƭǳǎ ŀǾŀƴŎŞŜǎ ǎǳǊ ǳƴŜ ƳŀŎƘƛƴŜ ǇǳƛǎǎŀƴǘŜΦ  
ϝ ±ƻǳǎ ƴŜ ŘƛǎǇƻǎŜȊ Ǉŀǎ ŘŜ ŘƻƴƴŞŜǎ ŀƴƴƻǘŞŜǎ Ƴŀƛǎ ǎŜǳƭŜƳŜƴǘ ŘŜ ŘƻƴƴŞŜǎΣ ƴƻǳǎ Ǿƻǳǎ ƳƻƴǘǊƻƴǎ 
ŎƻƳƳŜƴǘ ǊŞŀƭƛǎŜǊ ǳƴŜ ŀƴƴƻǘŀǘƛƻƴΦ 
YŜȅǿƻǊŘǎ Υ 5ŜŜǇ ƭŜŀǊƴƛƴƎ 

***  

!лмуπhōǘŜƴƛǊ ƭŀ t{C ŘΩǳƴ ǎȅǎǘŝƳŜ ŘŜ ƳƛŎǊƻǎŎƻǇƛŜ ŘŜ ŦƭǳƻǊŜǎŎŜƴŎŜ 
9ƳƳŀƴǳŜƭ {ƻǳōƛŜǎ όŜƳƳŀƴǳŜƭΦǎƻǳōƛŜǎϪƛǊƛǘΦŦǊύ 
5ŀƴƛŜƭ {ŀƎŜ όŘŀƴƛŜƭΦǎŀƎŜϪŜǇŦƭΦŎƘύ 
!ōǎǘǊŀŎǘ Υ 9ƴ ƳƛŎǊƻǎŎƻǇƛŜ ŘŜ ŦƭǳƻǊŜǎŎŜƴŎŜ Ł ƘŀǳǘŜ ǊŞǎƻƭǳǘƛƻƴ о5Σ ƭŜǎ ǘŜŎƘƴƛǉǳŜǎ ƴǳƳŞǊƛǉǳŜǎ ƧƻǳŜƴǘ 
ǳƴ ǊƾƭŜ ŎǊǳŎƛŀƭΣ ǉǳŜ ŎŜ ǎƻƛǘ ǇƻǳǊ ƭŀ ŘŞŎƻƴǾƻƭǳǘƛƻƴΣ ƭŀ ƳƛŎǊƻǎŎƻǇƛŜ Ł ƛƭƭǳƳƛƴŀǘƛƻƴ ǎǘǊǳŎǘǳǊŞŜ ό{Laύ ƻǳ 
ƭŀ ƳƛŎǊƻǎŎƻǇƛŜ ǇŀǊ ƭƻŎŀƭƛǎŀǘƛƻƴ ŘŜ ƳƻƭŞŎǳƭŜǎ ό{a[aύΦ ¢ƻǳǎ ŎŜǎ ǇǊƻōƭŝƳŜǎ ŘŜ 
ǊŜŎƻƴǎǘǊǳŎǘƛƻƴκǊŜǎǘŀǳǊŀǘƛƻƴ ŎƻƳǇǳǘŀǘƛƻƴƴŜƭƭŜ ƴŞŎŜǎǎƛǘŜƴǘ ǳƴŜ ǘǊŝǎ ōƻƴƴŜ ŎƻƴƴŀƛǎǎŀƴŎŜ ŘŜ ƭŀ 
ǊŞǇƻƴǎŜ Řǳ ǎȅǎǘŝƳŜ ǉǳƛ Ŝǎǘ ǇǊƛƴŎƛǇŀƭŜƳŜƴǘ ŜƴŎƻŘŞŜ Řŀƴǎ ƭŀ ŦƻƴŎǘƛƻƴ ŘΩŞǘŀƭŜƳŜƴǘ Řǳ Ǉƻƛƴǘ όƛΦŜΦ Ǉƻƛƴǘπ
ǎǇǊŜŀŘ ŦǳƴŎǘƛƻƴ t{CύΦ 9ƴ ŜŦŦŜǘΣ ƛƭ Ŝǎǘ ŜǎǎŜƴǘƛŜƭ ŘΩşǘǊŜ Ŝƴ ƳŜǎǳǊŜ ŘΩƻōǘŜƴƛǊ ǳƴŜ ōƻƴƴŜ ŜǎǘƛƳŀǘƛƻƴ ŘŜ 
ƭŀ t{C ŀŦƛƴ ŘΩŀǎǎǳǊŜǊ ǳƴŜ ǊŜŎƻƴǎǘǊǳŎǘƛƻƴ ŦƛŘŝƭŜ Ł ƭϥŞŎƘŀƴǘƛƭƭƻƴ ƻōǎŜǊǾŞΦ 9ƴ ǇǊŀǘƛǉǳŜΣ ƛƭ ȅ ŀ ŘŜǳȄ ŞŎƻƭŜǎΥ 
ŎŜǳȄ ǉǳƛ Ŧƻƴǘ ŎƻƴŦƛŀƴŎŜ Ł ǳƴŜ t{C ǘƘŞƻǊƛǉǳŜ ŎŀƭŎǳƭŞŜ Ł ǇŀǊǘƛǊ ŘŜǎ ǇŀǊŀƳŝǘǊŜǎ ƻǇǘƛǉǳŜǎΣ Ŝǘ ŎŜǳȄ ǉǳƛ 
ǇǊŞŦŝǊŜƴǘ ǳƴŜ t{C ŜȄǇŞǊƛƳŜƴǘŀƭŜ ŜǎǘƛƳŞŜ Ł ǇŀǊǘƛǊ ŘΩŀŎǉǳƛǎƛǘƛƻƴǎ ŘŜ ƳƛŎǊƻōƛƭƭŜǎ ŦƭǳƻǊŜǎŎŜƴǘŜǎΦ  
5ŀƴǎ ŎŜ ŎƻƴǘŜȄǘŜΣ ŎŜǘ ŀǘŜƭƛŜǊ ŀ ǇƻǳǊ ƻōƧŜŎǘƛŦ ŘŜ ǇǊŞǎŜƴǘŜǊ ŀǳȄ ǇŀǊǘƛŎƛǇŀƴǘǎ ƭΩƛƳǇƻǊǘŀƴŎŜ ŘŜ ƭŀ t{C 
ǇƻǳǊ ƭŜǎ ŀƭƎƻǊƛǘƘƳŜǎ ŘŜ ǊŜŎƻƴǎǘǊǳŎǘƛƻƴ ŀƛƴǎƛ ǉǳŜ ƭŜǎ ŘƛŦŦŞǊŜƴǘŜǎ Ŧŀœƻƴǎ ŘΩƻōǘŜƴƛǊ ŘŜǎ t{C ǘƘŞƻǊƛǉǳŜǎ 
Ŝǘ ŜȄǇŞǊƛƳŜƴǘŀƭŜǎ όƛΦŜΦΣ Ł ǇŀǊǘƛǊ ŘŜ ƳƛŎǊƻōƛƭƭŜǎ ŦƭǳƻǊŜǎŎŜƴǘŜǎύΦ [Ŝǎ ǇŀǊǘƛŎƛǇŀƴǘǎ ǎŜǊƻƴǘ ŦƻǊƳŞǎ Ł 
ƭΩǳǘƛƭƛǎŀǘƛƻƴ ŘΩƻǳǘƛƭǎ ƻǇŜƴπǎƻǳǊŎŜ όǎƻǳǎπŦƻǊƳŜ ŘŜ ǇƭǳƎƛƴǎ LƳŀƎŜWύ ƭŜǳǊ ǇŜǊƳŜǘǘŀƴǘ ŘŜ ǊŞŀƭƛǎŜǊ ŎŜǘǘŜ 
ǘŃŎƘŜΦ 
YŜȅǿƻǊŘǎ Υ 9ǎǘƛƳŀǘƛƻƴ t{CΣ ƳƛŎǊƻǎŎƻǇƛŜ ŘŜ ŦƭǳƻǊŜǎŎŜƴŎŜΣ ƳƛŎǊƻōƛƭƭŜǎΣ ƛƳŀƎŜǊƛŜ  ŎƻƳǇǳǘŀǘƛƻƴƴŜƭƭŜ 

***  
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!лнлπ9ȄǇŀƴǎƛƻƴ ƳƛŎǊƻǎŎƻǇȅ ƛƳŀƎƛƴƎ ǿƛǘƘ ŀ ƭŀǘǘƛŎŜ ƭƛƎƘǘπǎƘŜŜǘ ƳƛŎǊƻǎŎƻǇŜ 
aƻƴƛŎŀ CŜǊƴŀƴŘŜȊ ƳƻƴǊŜŀƭ όƳƻƴƛŎŀΦŦŜǊƴŀƴŘŜȊπƳƻƴǊŜŀƭϪǳπōƻǊŘŜŀǳȄΦŦǊύ 
aŀǘƘƛŜǳ 5ǳŎǊƻǎ όƳŀǘƘƛŜǳΦŘǳŎǊƻǎϪǳπōƻǊŘŜŀǳȄΦŦǊύ 
!ōǎǘǊŀŎǘ Υ 9ȄǇŀƴǎƛƻƴ ƳƛŎǊƻǎŎƻǇȅ ό9Ȅaύ Ŏƻƴǎƛǎǘǎ ƛƴ ŎƭŜŀǊƛƴƎ ŀƴŘ ǎǿŜƭƭƛƴƎ ŀ ǎŀƳǇƭŜ ōȅ ŀ ŦŀŎǘƻǊ пȄΣ ŀŦǘŜǊ 
ŦƛȄŀǘƛƻƴ ŀƴŘ ǎǘŀƛƴƛƴƎΦ 9ȄǇŀƴŘŜŘ ǎŀƳǇƭŜǎ Ŏŀƴ ǘƘŜƴ ōŜ ƛƳŀƎŜŘ ǿƛǘƘ ŎƻƴǾŜƴǘƛƻƴŀƭ ŘƛŦŦǊŀŎǘƛƻƴπƭƛƳƛǘŜŘ 
ŦƭǳƻǊŜǎŎŜƴǘ ƳƛŎǊƻǎŎƻǇŜǎ ǎǳŎƘ ŀǎ ǿƛŘŜ ŦƛŜƭŘΣ ŎƻƴŦƻŎŀƭ ƻǊ ƭƛƎƘǘπǎƘŜŜǘǎΦ ¢ƘŜ ǊŜǎǳƭǘƛƴƎ ǊŜǎƻƭǳǘƛƻƴ ƛǎ 
ƛƴŎǊŜŀǎŜŘ ōȅ ǘƘŜ ŜȄǇŀƴǎƛƻƴ ŦŀŎǘƻǊΣ ǘƘǳǎ ǇǊƻŘǳŎƛƴƎ ŀ ǎǳǇŜǊπǊŜǎƻƭǳǘƛƻƴ ƛƳŀƎŜ ǿƛǘƘƻǳǘ ǘƘŜ ƴŜŜŘ ƻŦ ŀ 
ǎǳǇŜǊ ǊŜǎƻƭǳǘƛƻƴ ǘŜŎƘƴƛǉǳŜ ǎǳŎƘ ŀǎ {¢hwaΣ t![a ƻǊ {¢95Φ  
¢ƘŜ ƭŀǘǘƛŎŜ ƭƛƎƘǘ ǎƘŜŜǘ ƳƛŎǊƻǎŎƻǇŜ ό[[{aύ ƛǎ ŀ ǾŜǊȅ ǇƻǿŜǊŦǳƭ ŦƭǳƻǊŜǎŎŜƴǘ ƛƳŀƎƛƴƎ ǘŜŎƘƴƛǉǳŜ ǘƘŀǘ 
ŎƻƳōƛƴŜǎ ǘƘŜ ŀŘǾŀƴǘŀƎŜ ƻŦ ŎƻƴǾŜƴǘƛƻƴŀƭ ƭƛƎƘǘπǎƘŜŜǘ ŦƭǳƻǊŜǎŎŜƴŎŜ ƳƛŎǊƻǎŎƻǇŜǎ όƻǇǘƛŎŀƭ ǎŜŎǘƛƻƴƛƴƎΣ 
ƘƛƎƘ ǘŜƳǇƻǊŀƭ ǊŜǎƻƭǳǘƛƻƴ ŀƴŘ ƭƻǿ ǇƘƻǘƻōƭŜŀŎƘƛƴƎύ ǿƛǘƘ ŀ ǎǇŜŎƛŦƛŎ ōŜŀƳ ǎƘŀǇƛƴƎ ƳŜǘƘƻŘ ǘƻ ŎǊŜŀǘŜ ŀ 
ǾŜǊȅ ǘƘƛƴ ŀƴŘ ƘƻƳƻƎŜƴŜƻǳǎ ǇƭŀƴŀǊ ƛƭƭǳƳƛƴŀǘƛƻƴ ǇŀǘǘŜǊƴ όƘƛƎƘ ǎǇŀǘƛŀƭ ǊŜǎƻƭǳǘƛƻƴύΦ 
wŜŎŜƴǘƭȅ [[{a ŀƴŘ 9Ȅa ƘŀǾŜ ōŜŜƴ ŎƻƳōƛƴŜŘ ǘƻ ǇǊƻŘǳŎŜ ƘƛƎƘ ǉǳŀƭƛǘȅ ǎǳǇŜǊ ǊŜǎƻƭǳǘƛƻƴ ƛƳŀƎŜǎ ƻŦ 
ƭŀǊƎŜ ǎŀƳǇƭŜǎ ŀǘ ǾŜǊȅ Ŧŀǎǘ ǊŀǘŜǎ όDŀƻ Ŝǘ ŀƭΣ {ŎƛŜƴŎŜ нлмфύΦ Lƴ ǘƘƛǎ ǿƻǊƪǎƘƻǇ ǿŜ ǿƛƭƭ ŜȄǇƭŀƛƴ ǘƘŜ ǇǊƻ9Ȅa 
ǇǊƻǘƻŎƻƭΣ ǘƘŜ ǎŀƳǇƭŜ ƘŀƴŘƭƛƴƎ ŀƴŘ ƳƻǳƴǘƛƴƎ ƻƴ ǘƘŜ [[{a ǎŀƳǇƭŜ ƘƻƭŘŜǊΣ ǘƘŜ ŀŎǉǳƛǎƛǘƛƻƴ ƻŦ ƳƻǎŀƛŎ 
ƻŦ ƛƳŀƎŜǎΣ ŀƴŘ Ƙƻǿ ǘƻ ǎǘƛǘŎƘ ǘƘŜ ǘƛƭŜŘ о5 ŀŎǉǳƛǎƛǘƛƻƴǎΦ ¢ƘŜ ǘŜŎƘƴƛǉǳŜ ǿƛƭƭ ōŜ ŀǇǇƭƛŜŘ ƛƴ ƴŜǳǊƻƴŀƭ 
ŎǳƭǘǳǊŜǎ ŀƴŘ ōǊŀƛƴ ǎƭƛŎŜǎ ŜȄǇŀƴŘŜŘ ǿƛǘƘ ǘƘŜ .ƻȅŘŜƴ ǘŜŎƘƴƛǉǳŜΦ ¢ƘŜ Ŧƛƴŀƭ ƻōƧŜŎǘƛǾŜ ǿƛƭƭ ōŜ ǘƻ ǊŜǎƻƭǾŜ 
ǇƻǎǘǎȅƴŀǇǘƛŎ ŀƴŘ ǇǊŜǎȅƴŀǇǘƛŎ ŎƻƳǇŀǊǘƳŜƴǘǎ ƭŀōŜƭŜŘ ǿƛǘƘ ŀƴǘƛōƻŘƛŜǎ ǘƻ ǎǇŜŎƛŦƛŎ ƳŀǊƪŜǊǎΣ ǿƘƛŎƘ 
ŘƛǎǘŀƴŎŜ όŀǊƻǳƴŘ нлл ƴƳύ Ŏŀƴƴƻǘ ōŜ ŘƛǎǘƛƴƎǳƛǎƘŜŘ ōȅ ŎƻƴǾŜƴǘƛƻƴŀƭ ǘŜŎƘƴƛǉǳŜǎΦ ¢Ƙƛǎ ŀǇǇǊƻŀŎƘ ǿƛƭƭ 
ƘŜƭǇ ǘƻ ƛƴǾŜǎǘƛƎŀǘŜ ǇǊƻǘŜƛƴ ŘƛǎǘǊƛōǳǘƛƻƴ ƛƴ ǎȅƴŀǇǎŜǎ ŀǘ ƴŀƴƻǎŎŀƭŜ ƭŜǾŜƭΣ ŀƴŘ ǘƘǳǎ ǘƘŜƛǊ ǊƻƭŜ ƛƴ ǎȅƴŀǇǘƛŎ 
ǘǊŀƴǎƳƛǎǎƛƻƴ ŀƴŘ ǇƭŀǎǘƛŎƛǘȅΦ 
!ǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘƛǎ ǿƻǊƪǎƘƻǇ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘ ǿƛƭƭ ōŜ ŀōƭŜ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ Ƴŀƛƴ ǎǘŜǇǎ ƻŦ ǎŀƳǇƭŜ 
ǇǊŜǇŀǊŀǘƛƻƴΣ ŀƴŘ ǘƘŜ ƘŀƴŘƭƛƴƎ ŀƴŘ ƳƻǳƴǘƛƴƎ ƻŦ ŜȄǇŀƴŘŜŘ ǎŀƳǇƭŜǎ ƛƴ ǘƘŜ [[{aΦ ²Ŝ ǿƛƭƭ ǎƘƻǿ ǘƘŜ 
ǘǳƴƛƴƎ ǇŀǊŀƳŜǘŜǊǎ ǘƻ ŀŎǉǳƛǊŜ ōŜǎǘ ǉǳŀƭƛǘȅ [[{a ƛƳŀƎŜǎ ŀƴŘ ǊŜŎƻƴǎǘǊǳŎǘƛƻƴ ƻŦ ŀ ƭŀǊƎŜ ŦƛŜƭŘ ƻŦ ǾƛŜǿ 
ǎǳǇŜǊπǊŜǎƻƭǳǘƛƻƴ ƛƳŀƎŜ ŦǊƻƳ ŀ ǘƛƭŜŘ [[{a ŀŎǉǳƛǎƛǘƛƻƴΦ 
 
YŜȅǿƻǊŘǎ Υ 9ȄǇŀƴǎƛƻƴ aƛŎǊƻǎŎƻǇȅΣ [ŀǘǘƛŎŜ [ƛƎƘǘ {ƘŜŜǘΣ {ǳǇŜǊǊŜǎƻƭǳǘƛƻƴ 
!лноπwŜŀƭπǘƛƳŜ ƳƛǘƻŎƘƻƴŘǊƛŀƭ /ŀнҌ ŀƴŘ !¢t ƳŜŀǎǳǊŜƳŜƴǘǎ ƛƴ ƳŀƳƳŀƭƛŀƴ ŎŜƭƭǎ ǳǎƛƴƎ ǎƛƴƎƭŜ 
ŜȄŎƛǘŀǘƛƻƴ ǿŀǾŜƭŜƴƎǘƘ Řǳŀƭ ŎƻƭƻǳǊ C[La 
¸ǾŜǎ DƻǳǊƛƻǳ όȅǾŜǎΦƎƻǳǊƛƻǳϪǳƴƛǾπƭȅƻƴмΦŦǊύ  DŀōǊƛŜƭ .ƛŘŀǳȄ όƎŀōǊƛŜƭΦōƛŘŀǳȄϪǳƴƛǾπƭȅƻƴмΦŦǊύ 
!ōǎǘǊŀŎǘ Υ aƻƴƛǘƻǊƛƴƎ ŘȅƴŀƳƛŎ ŦƭǳŎǘǳŀǘƛƻƴǎ ƻŦ ōƻǘƘ ŎŀƭŎƛǳƳ ŀƴŘ !¢t ƘƻƳŜƻǎǘŀǎƛǎ ǎƛƳǳƭǘŀƴŜƻǳǎƭȅ ƛƴ 
ƳƛǘƻŎƘƻƴŘǊƛŀ ǳǎƛƴƎ ƳǳƭǘƛǇƭŜȄ Cw9¢ ōƛƻǎŜƴǎƻǊǎ ǇǊƻǾƛŘŜǎ ŀƴ ƻǇǇƻǊǘǳƴƛǘȅ ǘƻ ǎǘǳŘȅ Ƙƻǿ ŎŀƭŎƛǳƳ ŦƛƴŜƭȅ 
ǘǳƴŜǎ ǘƘŜ ƳŜǘŀōƻƭƛŎ ǎǘŀǘŜ ƻŦ ƳŀƳƳŀƭƛŀƴ ŎŜƭƭǎΦ ¦ƴŘŜǊ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ŎƻƴŘƛǘƛƻƴΣ ƳƛǘƻŎƘƻƴŘǊƛŀƭ ŎŀƭŎƛǳƳ 
ƭŜǾŜƭ Ƙŀǎ ōŜŜƴ ǇǊƻǇƻǎŜŘ ǘƻ ƳƻŘǳƭŀǘŜ ǘƘŜ !¢t ǇǊƻŘǳŎǘƛƻƴ ƛƴ ǘƘŜ ƳƛǘƻŎƘƻƴŘǊƛŀ ǘƘǊƻǳƎƘ ǘƘŜ ŀŎǘƛǾŀǘƛƻƴ 
ƻŦ ŘŜƘȅŘǊƻƎŜƴŀǎŜǎ ŀƴŘ !¢t ǎȅƴǘƘŀǎŜΦ !ǘǘŜƳǇǘǎ ǘƻ ŎƻǊǊŜƭŀǘŜ ǘƘŜ ǊƛǎŜ ƻŦ ƳƛǘƻŎƘƻƴŘǊƛŀƭ ŎŀƭŎƛǳƳ ŀƴŘ 
ǘƘŜ !¢t ǇǊƻŘǳŎǘƛƻƴ Ƙŀǎ ōŜŜƴ ǇŜǊŦƻǊƳŜŘ ƛƴŘƛǊŜŎǘƭȅ ƛƴ ŘƛŦŦŜǊŜƴǘ ƳƻŘŜƭǎ ōǳǘ ƛǘ Ƙŀǎ ƴŜǾŜǊ ōŜŜƴ ŘƻƴŜ 
ǎƛƳǳƭǘŀƴŜƻǳǎƭȅ ǿƘŀǘ ŎƻǳƭŘ ŘŜƳƻƴǎǘǊŀǘŜ ŀ ǘƛƳŜƭȅ Ŏŀǳǎŀƭƛǘȅ ōŜǘǿŜŜƴ ǘƘŜ ǘǿƻ ǇǊƻŎŜǎǎŜǎΦ .ŀǎŜŘ ƻƴ ǘƘŜ 
ǎǘǊŀǘŜƎȅ ŘŜǾŜƭƻǇŜŘ ōȅ ǘƘŜ ƎǊƻǳǇ ƻŦ aΦ ¢ǊŀƳƛŜǊ ό5ŞƳŞŀǳǘƛǎ Ŝǘ ŀƭΦΣ {ŎƛŜƴǘƛŦƛŎ wŜǇƻǊǘǎΣ нлмтύΣ ǿŜ Ǉƭŀƴ 
ǘƻ ǳǎŜ ŀ ппл ǎƛƴƎƭŜ ŜȄŎƛǘŀǘƛƻƴ ǿŀǾŜƭŜƴƎǘƘ ƻŦ ǘƘŜ ǘǿƻ ŘƻƴƻǊ Ƴ¢ǳǊǉǳƻƛǎŜн όƳ¢vнύ ŀƴŘ [{{ƳhǊŀƴƎŜ 
ŀƴŘ ŀ Řǳŀƭ ŎƻƭƻǳǊ C[La ǎȅǎǘŜƳ ǘƻ ǎƛƳǳƭǘŀƴŜƻǳǎƭȅ ƳŜŀǎǳǊŜ ǘǿƻ ƎŜƴŜǘƛŎŀƭƭȅ ŜƴŎƻŘŜŘ Cw9¢ ōƛƻǎŜƴǎƻǊǎΦ 
¢ƻ ŀǾƻƛŘ ŀƴȅ ǎǇŜŎǘǊŀƭ ōƭŜŜŘ ǘƘǊƻǳƎƘ ǿŜ ǳǎŜ ǘƘŜ ƴƻƴπŦƭǳƻǊŜǎŎŜƴǘ ŀŎŎŜǇǘƻǊ {ƘŀŘƻǿD ŦƻǊ Ƴ¢vн ŀƴŘ 
ǊŜŘπǎƘƛŦǘŜŘ ƳYŀǘŜн ŦƻǊ [{{ƳhǊŀƴƎŜΦ ¢ƘŜ ƻǊƛƎƛƴŀƭ ōƛƻǎŜƴǎƻǊǎ ǳǎŜŘ ŦƻǊ ǘƘƛǎ ǎǘǊŀǘŜƎȅ ƛǎ пƳǘ5оŎǇǾ ŦƻǊ 
ŎŀƭŎƛǳƳ όtŀƭƳŜǊ Ŝǘ ŀƭ /ƘŜƳ .ƛƻƭΦ нллсύ ŀƴŘ !ǘŜŀƳ Ƴƛǘƻ ŦƻǊ !¢t όLƳŀƳǳǊŀ IΣΦ tb!{Φ нллфύΦ ¢ƘŜ ŀƛƳ 
ƛǎ ǘƻ ŘŜǘŜŎǘ ŦƭǳƻǊŜǎŎŜƴŎŜ ƭƛŦŜǘƛƳŜ ƛƳŀƎŜǎ ƻŦ ǘǿƻ ŘƻƴƻǊǎ ƛƴ ǘƘŜ ǎŀƳŜ ŎŜƭƭǳƭŀǊ ƭƻŎŀƭƛȊŀǘƛƻƴ ōȅ ǳǎƛƴƎ Cw9¢ 
ōƛƻǎŜƴǎƻǊǎ ƛƴ ƳŀƳƳŀƭƛŀƴ ŎŜƭƭǎΦ 
!ǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘƛǎ ǿƻǊƪǎƘƻǇ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ ōŜ ŀōƭŜ ǘƻ ƳŜŀǎǳǊŜ ŦƭǳŎǘǳŀǘƛƻƴǎ ƻŦ ƳƛǘƻŎƘƻƴŘǊƛŀƭ 
ŎŀƭŎƛǳƳ ŀƴŘ !¢t ǎƛƳǳƭǘŀƴŜƻǳǎƭȅ ǳǇƻƴ ŀƴ LtоπŀƎƻƴƛǎǘ ǎǘƛƳǳƭŀǘƛƻƴ ƛƴ ŘƛŦŦŜǊŜƴǘ ŎŜƭƭǳƭŀǊ ŎƻƳǇŀǊǘƳŜƴǘǎΦ 
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²Ŝ ǿƛƭƭ ŘƛǎŎǳǎǎ ǘƘŜ ƪŜȅ ǊƻƭŜ ƻŦ ƳƛǘƻŎƘƻƴŘǊƛŀƭ ŎŀƭŎƛǳƳ ƛƴ ǘƘŜ ǊŜƎǳƭŀǘƛƻƴ ƻŦ ŜƴŜǊƎȅ ǎǳǇǇƭȅ ŀƴŘ ŘŜƳŀƴŘΦ 
!ƴŘ ŦƛƴŀƭƭȅΣ ǿŜ ǿƛƭƭ ǇǊŜǎŜƴǘ ǘƘŜ ƭƛƳƛǘŀǘƛƻƴǎ ƻŦ Cw9¢ ōƛƻǎŜƴǎƻǊǎ ŀƴŘ ǘƘŜ ŎƻƴǘǊƻƭǎ ǘƘŀǘ ƘŀǾŜ ǘƻ ōŜ ŘƻƴŜ 
ƛƴ ƻǊŘŜǊ ǘƻ ǇŜǊŦƻǊƳ ǊŜŀƭπǘƛƳŜ ƳƛǘƻŎƘƻƴŘǊƛŀƭ ŀƴŘ !¢t ƳŜŀǎǳǊŜƳŜƴǘǎ ƛƴ ƳŀƳƳŀƭƛŀƴ ŎŜƭƭǎΦ 
YŜȅǿƻǊŘǎ Υ C[LaΣ Cw9¢Σ Ƴ¢vΣ Ƴ±ŜƴǳǎΣ [{{ƳhǊŀƴƎŜΣ ƳYŀǘŜ 

***  

!лнрπ9ȄǇƭƻƛǘŀǘƛƻƴ ŎƻƳōƛƴŞŜ ŘΩǳƴŜ ǎƻƴŘŜ Ŝǘ ŘΩǳƴŜ ŎŀƳŞǊŀ LƴŦǊŀ ǊƻǳƎŜ ό{²Lwύ ǇƻǳǊ ƛƳŀƎŜǊ ƭŜ ǊŞǎŜŀǳ 
ǾŀǎŎǳƭŀƛǊŜ ŘΩǳƴ ƳǳǎŎƭŜ ŜƴǘƛŜǊ ŘŜ ǎƻǳǊƛǎ Řŀƴǎ ƭŀ ŦŜƴşǘǊŜ bLw LLΦ 
[ŀǳǊŜƴŎŜ 5ǳōǊŜƛƭ όƭŀǳǊŜƴŎŜΦŘǳōǊŜƛƭϪƻƴƛǊƛǎπƴŀƴǘŜǎΦŦǊύ  
·ŀǾƛŜǊ [Ŝ ƎǳŜǾŜƭ όȄŀǾƛŜǊΦƭŜπƎǳŜǾŜƭϪǳƴƛǾπƎǊŜƴƻōƭŜπŀƭǇŜǎΦŦǊύ 
!ōǎǘǊŀŎǘ Υ [Ω¦awтло t!ƴ¢ƘŜǊ Lbw!9κhƴƛǊƛǎ ŘŞǾŜƭƻǇǇŜ ǳƴ ǇǊƻƎǊŀƳƳŜ ŘŜ ǊŜŎƘŜǊŎƘŜ Ŝƴ ǘƘŞǊŀǇƛŜ 
ŎŜƭƭǳƭŀƛǊŜ ǇƻǳǊ ǘǊŀƛǘŜǊ ƭŜǎ ŘȅǎǘǊƻǇƘƛŜǎ ƳǳǎŎǳƭŀƛǊŜǎΦ [ΩŞǉǳƛǇŜ ŘŜ YŀǊƭ wƻǳƎŜǊ ŀ ƛŘŜƴǘƛŦƛŞ ǳƴŜ ǇƻǇǳƭŀǘƛƻƴ 
ŘŜ ŎŜƭƭǳƭŜǎ ǎƻǳŎƘŜǎ ŀŘǳƭǘŜǎ Řǳ ƳǳǎŎƭŜ ŎƻƳƳŜ ǇƻǎǎƛōƭŜ ŎŀƴŘƛŘŀǘ ǘƘŞǊŀǇŜǳǘƛǉǳŜ ƛƴƴƻǾŀƴǘ ǇƻǳǊ ǘǊŀƛǘŜǊ 
ŎŜǎ ƳŀƭŀŘƛŜǎΦ !Ŧƛƴ ŘΩŞǾŀƭǳŜǊ ǎƻƴ ǇƻǘŜƴǘƛŜƭ ǘƘŞǊŀǇŜǳǘƛǉǳŜΣ ƛƭ Ŝǎǘ ǇǊƛƳƻǊŘƛŀƭ ŘΩŞƭŀōƻǊŜǊ Ŝǘ ŘŜ ǾŀƭƛŘŜǊ 
ŘŜǎ ƻǳǘƛƭǎ ǇƻǳǊ ǇŜǊƳŜǘǘǊŜ ŘŜ ǉǳŀƭƛŦƛŜǊ ƭŜǎ ǊŞǇŜǊŎǳǎǎƛƻƴǎ ŘŜ ǎƻƴ ŀŘƳƛƴƛǎǘǊŀǘƛƻƴ ǎǳǊ ƭŜ ǘƛǎǎǳ 
ǇŀǘƘƻƭƻƎƛǉǳŜΣ ƴƻǘŀƳƳŜƴǘ ǎǳǊ ƭŀ ǾŀǎŎǳƭŀǊƛǎŀǘƛƻƴ Řǳ ƳǳǎŎƭŜ ǎǉǳŜƭŜǘǘƛǉǳŜΦ  
[ΩƛƳŀƎŜǊƛŜ ŘŜ ƭŀ ŦƭǳƻǊŜǎŎŜƴŎŜ Řŀƴǎ ƭŀ ŦŜƴşǘǊŜ bLw LL ŜƴǘǊŜ флл ƴƳ Ŝǘ мтлл ƴƳ ŀǇǇŜƭŞŜ ŞƎŀƭŜƳŜƴǘ 
{²Lw ό{ƘƻǊǘ ²ŀǾŜ LƴŦǊŀǊŜŘ wŜƎƛƻƴύ ǇŜǊƳŜǘ ŘΩŀƳŞƭƛƻǊŜǊ ƭŀ ŘŞǘŜŎǘƛƻƴ ŘŜǎ ǎƛƎƴŀǳȄ Ŝƴ ŞǇŀƛǎǎŜǳǊ Ŝǘ ƭŀ 
ǊŞǎƻƭǳǘƛƻƴ ŘŜǎ ƛƳŀƎŜǎ ƻōǘŜƴǳŜǎΦ /ŜǘǘŜ ŀƳŞƭƛƻǊŀǘƛƻƴ Ŝǎǘ ŘǳŜ Ł ǳƴŜ ŦŀƛōƭŜ ŀōǎƻǊǇǘƛƻƴ ŘŜǎ ǇƘƻǘƻƴǎ 
Řŀƴǎ ŎŜǘǘŜ ǊŞƎƛƻƴ Řǳ ǎǇŜŎǘǊŜΣ ǳƴŜ ŦŀƛōƭŜ ŀǳǘƻŦƭǳƻǊŜǎŎŜƴŎŜ Ŝǘ ǳƴŜ ǊŞŘǳŎǘƛƻƴ ŘŜ ƭŀ ŘƛŦŦǳǎƛƻƴ ŘŜ ƭŀ 
ƭǳƳƛŝǊŜ Řŀƴǎ ƭŜǎ ǘƛǎǎǳǎ ŎƻƳǇŀǊŞ Ł ŎŜ ǉǳƛ Ŝǎǘ ƻōǘŜƴǳ Řŀƴǎ ƭŜ ǾƛǎƛōƭŜ ƻǳ ƭŀ ŦŜƴşǘǊŜ bLw L όтллπфлл ƴƳύΦ 
 
5Ŝǎ ǘǊŀǾŀǳȄ ƻƴǘ ŞǘŞ ǊŞŎŜƳƳŜƴǘ ǇǳōƭƛŞǎ ǇŀǊ ƭΩŞǉǳƛǇŜ ŘŜ ·ŀǾƛŜǊ [Ŝ DǳŞǾŜƭ ǎǳǊ ƭΩǳǘƛƭƛǎŀǘƛƻƴ ŘŜ ƭΩƛƳŀƎŜǊƛŜ 
{²Lw ŀŦƛƴ ŘŜ ŘƛǎǘƛƴƎǳŜǊ ŘŜ Ŧŀœƻƴ ƴƻƴ ƛƴǾŀǎƛǾŜ ƭŜǎ ŘŞǎƻǊŘǊŜǎ ǾŀǎŎǳƭŀƛǊŜǎ ŎƘŜȊ ŘŜǎ ǎƻǳǊƛǎ 
ǘǊŀƴǎƎŞƴƛǉǳŜǎΦ /Ŝǎ ŞǘǳŘŜǎ ƻƴǘ ŞǘŞ ǊŞŀƭƛǎŞŜǎ Ł ƭΩŀƛŘŜ ŘŜ ƴƻǳǾŜŀǳȄ ŀƎŜƴǘǎ ŘŜ ŎƻƴǘǊŀǎǘŜǎ Ł ōŀǎŜ ŘŜ 
ƴŀƴƻŎƭǳǎǘŜǊǎ ŘΩƻǊ ŎŀǇŀōƭŜǎ ŘΩŞƳŜǘǘǊŜ ŀǳπŘŜǎǎǳǎ ŘŜ мнрл ƴƳ όaǳǎƴƛŜǊ Ŝǘ ŀƭΦΣ bŀƴƻǎŎŀƭŜ όнлмфύΣ 
млΦмлофκŎфƴǊлпмнлŦύ Ŝǘ ǉǳƛ ƻƴǘ ŞǘŞ ŀŘƳƛƴƛǎǘǊŞŜ ǇŀǊ ǾƻƛŜ ǎȅǎǘŞƳƛǉǳŜ ŎƘŜȊ ƭŀ ǎƻǳǊƛǎΦ Lƭ ŀ ŞǘŞ ŞƎŀƭŜƳŜƴǘ 
ŘŞƳƻƴǘǊŞ ǉǳŜ ƭŀ ǊŜǎǘŀǳǊŀǘƛƻƴ ŘŜǎ ƛƳŀƎŜǎ {²Lw ǇŀǊ ƭŀ ƳŞǘƘƻŘŜ ŘŜ aƻƴǘŜ /ŀǊƭƻ ǇŜǊƳŜǘǘŀƛǘ ǳƴŜ 
ŀƳŞƭƛƻǊŀǘƛƻƴ ŘŜ ƭŀ ǊŞǎƻƭǳǘƛƻƴ ǎǇŀǘƛŀƭŜ Ŝǘ Řǳ ŎƻƴǘǊŀǎǘŜ ƧǳǎǉǳϥŁ п ƳƳ Ŝƴ ǇǊƻŦƻƴŘŜǳǊ ό½ƘƛȄƛ Ŝǘ ŀƭΦΣ !/{ 
bŀƴƻ όнлнлύΣ ŘƻƛΦƻǊƎκмлΦмлнмκŀŎǎƴŀƴƻΦлŎлммтпύΦ  
 
[ΩƻōƧŜŎǘƛŦ ŘŜ ƭΩŀǘŜƭƛŜǊ Ŝǎǘ ŘŜ ƳƻƴǘǊŜǊ ƭŜǎ ŀǘƻǳǘǎ ŘŜ ƭΩƛƳŀƎŜǊƛŜ {²Lw ƴƻƴπƛƴǾŀǎƛǾŜ Ŝǘ Ŝƴ ǘŜƳǇǎ ǊŞŜƭ ŘŜǎ 
ǘƛǎǎǳǎ Ŝƴ ǇǊƻŦƻƴŘŜǳǊǎ ƛƴ ǾƛǾƻ ŎƘŜȊ ƭŜ ǇŜǘƛǘ ŀƴƛƳŀƭ όƭΩŀƛŘŜ ŀ ƭŀ ŎƘƛǊǳǊƎƛŜ Κύ Ƴŀƛǎ ŞƎŀƭŜƳŜƴǘ ŀǇǊŝǎ 
ŦƛȄŀǘƛƻƴ ǇƻǳǊ ƭŀ ǊŜŎƘŜǊŎƘŜ ǇǊŞŎƭƛƴƛǉǳŜΦ  
YŜȅǿƻǊŘǎ Υ CƭǳƻǊŜǎŎŜƴŎŜ bLw LLΣ ƛƳŀƎŜǊƛŜ {²LwΣ ǾŀǎŎǳƭŀǊƛǎŀǘƛƻƴΣ ƳǳǎŎƭŜΣ ǘǳƳŜǳǊΣ ǘǊŀŎƪƛƴƎ ŎŜƭƭǳƭŀƛǊŜ 
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!лнсπaǳƭǘƛǇƭŜȄŜŘ Cw9¢ ōƛƻǎŜƴǎƻǊ ƛƳŀƎƛƴƎ ǘƻ ǾƛǎǳŀƭƛȊŜ όǇŀǊǘ Lύ ŀƴŘ ǉǳŀƴǘƛŦȅ όǇŀǊǘ LLύ ǘƘŜ ŘȅƴŀƳƛŎ 
ŎƻƻǊŘƛƴŀǘƛƻƴ ōŜǘǿŜŜƴ ŎŜƭƭ ǎƛƎƴŀƭƛƴƎ ŀƴŘ ƳŜŎƘŀƴƛŎǎ ŘǳǊƛƴƎ ŎƻƭƭŜŎǘƛǾŜ ŎŜƭƭ ƳƛƎǊŀǘƛƻƴΦ 
CǊŀƴŎƻƛǎ {ƛǇƛŜǘŜǊ όŦǊŀƴŎƻƛǎΦǎƛǇƛŜǘŜǊϪƛƧƳΦŦǊύ 
bƛŎƻƭŀǎ aƻƛǎŀƴ όƴƛŎƻƭŀǎƳƻƛǎŀƴϪƘƻǘƳŀƛƭΦŎƻƳύ 
!ōǎǘǊŀŎǘ Υ /ƻƭƭŜŎǘƛǾŜ ŎŜƭƭ ƳƛƎǊŀǘƛƻƴ ό//aύ Ǉƭŀȅǎ ŀ ǇƛǾƻǘŀƭ ǊƻƭŜ ƛƴ ǘƘŜ ŦƻǊƳŀǘƛƻƴ ƻŦ ƻǊƎŀƴǎΣ ǘƛǎǎǳŜ 
ǊŜƎŜƴŜǊŀǘƛƻƴΣ ŀƴŘ Ƴŀƴȅ ŘƛǎŜŀǎŜ ǇǊƻŎŜǎǎŜǎΦ /Ŝƭƭ ƳƛƎǊŀǘƛƻƴ ǊŜƭƛŜǎ ƻƴ ŀ Ŏƻƴǘƛƴǳƻǳǎ ǘǳǊƴƻǾŜǊ ƻŦ ŎŜƭƭǎ 
ŀŘƘŜǎƛƻƴǎ ǘƻ ǘƘŜƛǊ ŜƴǾƛǊƻƴƳŜƴǘ ǳƴŘŜǊ ǘƘŜ ƛƴŦƭǳŜƴŎŜ ƻŦ ōƛƻŎƘŜƳƛŎŀƭ ǎƛƎƴŀƭǎ ŀƴŘ ƳŜŎƘŀƴƛŎŀƭ ŎǳŜǎΦ 
Iƻǿ ŎŜƭƭǎ ƛƴǘŜƎǊŀǘŜ ǎƛƎƴŀƭƛƴƎ ǇŀǘƘǿŀȅǎ ŀƴŘ ƳŜŎƘŀƴƛŎǎ ǘƻ ŎƻƻǊŘƛƴŀǘŜ ǘƘŜƛǊ ƳƛƎǊŀǘƛƻƴ ƛƴ ŀ ŎƻƭƭŜŎǘƛǾŜ ƛǎ 
ǇƻƻǊƭȅ ǳƴŘŜǊǎǘƻƻŘΦ  
¢ƻ ŀŘŘǊŜǎǎ ǘƘƛǎ ƛǎǎǳŜΣ ǿŜ ǿŀƴǘ ǘƻ ƛƴǾŜǎǘƛƎŀǘŜ ǘƘŜ ǎǇŀǘƛƻǘŜƳǇƻǊŀƭ ǊŜƭŀǘƛƻƴǎƘƛǇǎ ōŜǘǿŜŜƴ ǘƘŜ ŘȅƴŀƳƛŎǎ 
ƻŦ ƪƛƴŀǎŜ ŀŎǘƛǾƛǘƛŜǎ ŀƴŘ ƳƻƭŜŎǳƭŀǊ ƳŜŎƘŀƴƛŎǎ ǘƘŀǘ ŀǊŜ ƛƴǾƻƭǾŜŘ ƛƴ //aΦ  
¢ƻ ǘƘƛǎ ŀƛƳΣ ǿŜ ǿƛƭƭ ǳǎŜ ŀƴ ŀǇǇǊƻŀŎƘ ǊŜƭȅƛƴƎ ƻƴ ƳǳƭǘƛǇƭŜȄŜŘ ŦǳƴŎǘƛƻƴŀƭ ƭƛǾŜ ŎŜƭƭ ƛƳŀƎƛƴƎ ǿƛǘƘ ŎǳǎǘƻƳ 
ƎŜƴŜǘƛŎŀƭƭȅ ŜƴŎƻŘŜŘ Cw9¢ ōƛƻǎŜƴǎƻǊǎΦ  
!ǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘƛǎ ǿƻǊƪǎƘƻǇ όtŀǊǘ LύΣ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ ƪƴƻǿ Ƙƻǿ ǘƻ ŀŎǉǳƛǊŜ ƳƻǾƛŜǎ ƻŦ ƳǳƭǘƛǇƭŜȄŜŘ 
ǎŜƴǎƻǊǎ ƛƴ ƭƛǾŜ ŎŜƭƭǎ ŀƴŘ ŀǎǎŜǎǎ ǘƘŜ ŀŎǉǳƛǎƛǘƛƻƴ ǉǳŀƭƛǘȅ ƛƴ ƭƛƎƘǘ ƻŦ ǘƘŜ ǎǇŜŎƛŦƛŎ ǊŜǉǳƛǊŜƳŜƴǘǎ ƻŦ Cw9¢ 
ǎŜƴǎƻǊ ƛƳŀƎŜ ŀƴŀƭȅǎƛǎΦ ! ŎƻƳǇƭŜƳŜƴǘŀǊȅ ǿƻǊƪǎƘƻǇ όtŀǊǘ LLύ ǿƛƭƭ ŦƻŎǳǎ ƻƴ ǘƘŜ ǉǳŀƴǘƛǘŀǘƛǾŜ ƛƳŀƎŜ 
ŀƴŀƭȅǎƛǎΣ ǿƘŜǊŜ ǿŜ ǿƛƭƭ ŘŜǘŀƛƭ ǎǘŜǇ ōȅ ǎǘŜǇ ǘƘŜ ŀƴŀƭȅǎƛǎ ǇƛǇŜƭƛƴŜ ǘƻ ŀǳǘƻƳŀǘƛŎŀƭƭȅ ǎŜƎƳŜƴǘ ŀƴŘ ǘǊŀŎƪ 
ƛƴŘƛǾƛŘǳŀƭ ƳƛƎǊŀǘƛƴƎ ŎŜƭƭǎ ŀƴŘ ǘƘŜƛǊ ōƛƻǎŜƴǎƻǊǎ ƻǳǘǇǳǘǎ ǿƛǘƘƛƴ ǘƘŜ ŎƻƭƭŜŎǘƛǾŜΦ  
YŜȅǿƻǊŘǎ Υ aǳƭǘƛǇƭŜȄŜŘ Cw9¢ ƛƳŀƎƛƴƎΣ ōƛƻǎŜƴǎƻǊǎΣ ƳŜŎƘŀƴƻǘǊŀƴǎŘǳŎǘƛƻƴΣ ŎƻƭƭŜŎǘƛǾŜ ŎŜƭƭ ƳƛƎǊŀǘƛƻƴΣ 
ŦƭǳƻǊŜǎŎŜƴŎŜΦ  

***  

!лнфπLƳŀƎŜǊƛŜ ǳƭǘǊŀǎǘǊǳŎǘǳǊŀƭŜ о5 ǇŀǊ ǳƭǘǊŀƳƛŎǊƻǘƻƳƛŜ ƛƴπǎƛǘǳ όǘŜŎƘƴƛǉǳŜ {.Cπ{9aύ 
aŀǘƘƛŜǳ 9ǊƘŀǊŘǘ όƳŀǘƘƛŜǳΦŜǊƘŀǊŘǘϪƛōƳǇπŎƴǊǎΦǳƴƛǎǘǊŀΦŦǊύ 
/ƘǊƛǎǘŜƭ DŜƴƻǳŘ όŎƘǊƛǎǘŜƭΦƎŜƴƻǳŘϪǳƴƛƭΦŎƘύ 
!ōǎǘǊŀŎǘ Υ [ΩǳƭǘǊŀƳƛŎǊƻǘƻƳƛŜ ƛƴπǎƛǘǳ ŀǳǎǎƛ ŀǇǇŜƭŞŜ {ŜǊƛŀƭ .ƭƻŎƪ CŀŎŜ LƳŀƎƛƴƎ ό{.Cύ Ŝǎǘ ǳƴŜ ǘŜŎƘƴƛǉǳŜ 
ŘΩƛƳŀƎŜǊƛŜ о5 ǇŜǊƳŜǘǘŀƴǘ ŘΩŀƴŀƭȅǎŜǊΣ Ł ƭΩŞŎƘŜƭƭŜ ƴŀƴƻƳŞǘǊƛǉǳŜΣ ŘŜ ƎǊŀƴŘǎ ǾƻƭǳƳŜǎ ŘŜ ǘƛǎǎǳǎ 
ōƛƻƭƻƎƛǉǳŜǎΦ 5ŀƴǎ ŎŜǘǘŜ ŀǇǇǊƻŎƘŜΣ ƭŜǎ ŞŎƘŀƴǘƛƭƭƻƴǎ ǎƻƴǘ ǇǊŞǇŀǊŞǎ ǎŜƭƻƴ ƭŜǎ ǘŜŎƘƴƛǉǳŜǎ ŎƭŀǎǎƛǉǳŜǎ ŘŜ 
ƳƛŎǊƻǎŎƻǇƛŜ ŞƭŜŎǘǊƻƴƛǉǳŜ Ł ǘǊŀƴǎƳƛǎǎƛƻƴΣ ǘƻǳǘ Ŝƴ ǾŜƛƭƭŀƴǘ Ł ƻǇǘƛƳƛǎŜǊ ƭŜ ŎƻƴǘǊŀǎǘŜ ƛƴǘǊƻŘǳƛǘ ƭƻǊǎ ŘŜ ƭŀ 
ǇǊŞǇŀǊŀǘƛƻƴ ŘŜǎ ŞŎƘŀƴǘƛƭƭƻƴǎΦ [ŀ ǎǳǊŦŀŎŜ Řǳ ōƭƻŎ ǉǳƛ ƳŜǘ Ŝƴ ŞǾƛŘŜƴŎŜ ƭŜǎ ŀǘƻƳŜǎ ƭƻǳǊŘǎ ƭƛŞǎ ŀǳȄ 
ǎǘǊǳŎǘǳǊŜǎ ŎŜƭƭǳƭŀƛǊŜǎ ǎƻƴǘ ǾƛǎǳŀƭƛǎŞǎ ƎǊŃŎŜ Ł ǳƴ ƳƛŎǊƻǎŎƻǇŜ ŞƭŜŎǘǊƻƴƛǉǳŜ Ł ōŀƭŀȅŀƎŜ ό{9aύΦ !ǇǊŝǎ 
ŎƘŀǉǳŜ ƛƳŀƎŜ ǳƴŜ ƴƻǳǾŜƭƭŜ ǎǳǊŦŀŎŜ Řǳ ōƭƻŎ Ŝǎǘ ƳƛǎŜ Ŝƴ ŞǾƛŘŜƴŎŜ ƎǊŃŎŜ Ł ǳƴ ǳƭǘǊŀƳƛŎǊƻǘƻƳŜ ƛƴǘŞƎǊŞ 
Řŀƴǎ ƭŀ ŎƘŀƳōǊŜ Řǳ ƳƛŎǊƻǎŎƻǇŜ ǉǳƛ ƾǘŜ ŘŜ ƭŀ ǎǳǊŦŀŎŜ Řǳ ōƭƻŎƪ ǳƴŜ ŦƛƴŜ ŎƻǳŎƘŜ ŘŜ ƳŀǘŞǊƛŜƭ 
ŘΩŞǇŀƛǎǎŜǳǊ ŘŞǘŜǊƳƛƴŞŜΦ [Ŝǎ ƛƳŀƎŜǎ ǳƭǘǊŀǎǘǊǳŎǘǳǊŀƭŜǎ н5 ǎŞǉǳŜƴǘƛŜƭƭŜƳŜƴǘ ŀŎǉǳƛǎŜǎ ǎƻƴǘ ǳǘƛƭƛǎŞŜǎ 
ǇƻǳǊ ŎƻƴǎǘǊǳƛǊŜ ƭŜ ǾƻƭǳƳŜ о5 ŘŜ ƭΩŞŎƘŀƴǘƛƭƭƻƴΦ 
/Ŝǘ ŀǘŜƭƛŜǊ ǇŜǊƳŜǘǘǊŀ ŀǳȄ ǇŀǊǘƛŎƛǇŀƴǘǎ ŘŜ ƳƛŜǳȄ ŀǇǇǊŞƘŜƴŘŜǊ ƭŀ ŎƻƳǇƭŜȄƛǘŞ ŘŜ ƭΩƛƳŀƎŜǊƛŜ о5 ǇŀǊ {.CΦ 
[Ŝǎ ǎǘŀƎƛŀƛǊŜǎ ǎŜǊƻƴǘ ŀƳŜƴŞǎ Ł ǊŞŀƭƛǎŜǊ ŘŜǎ ŀŎǉǳƛǎƛǘƛƻƴǎ о5Σ ŘΩŀƴŀƭȅǎŜǊ ŘŜ ƎǊŀƴŘ ǾƻƭǳƳŜΣ ŘΩƛƴǎǇŜŎǘŜǊ 
ƭŀ ŎƻƴƴŜŎǘƛǾƛǘŞ ŘŜǎ ǎǘǊǳŎǘǳǊŜǎ Ŝǘ ŘŜ ŎƻǊǊŞƭŜǊ ŎŜǎ ƛƳŀƎŜǎ ŀǾŜŎ ƭŜǳǊǎ ŎƻƴƴŀƛǎǎŀƴŎŜǎ Ŝƴ ƛƳŀƎŜǊƛŜ Řǳ 
ǾƛǾŀƴǘΦ 
YŜȅǿƻǊŘǎ Υ ƛƳŀƎŜǊƛŜ о5Σ ¦ƭǘǊŀǎǘǊǳŎǘǳǊŜΣ ƳƛŎǊƻǘƻƳƛŜΣ ±ƻƭǳƳŜ 
 

***  
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!лонπLƳƳǳƴƻƳŀǊǉǳŀƎŜ Ŝǘ ǘǊŀƴǎǇŀǊƛǎŀǘƛƻƴ ŘŜ ǘƛǎǎǳǎ ŜƴǘƛŜǊǎΣ ŀŎǉǳƛǎƛǘƛƻƴ ŀǾŜŎ ǎȅǎǘŝƳŜ ƘƻƳŜπƳŀŘŜ 
Ǿǎ ŎƻƳƳŜǊŎƛŀƭ 
/ƘƭƻŞ 5ƻƳƛƴƛŎƛ όŎƘƭƻŜΦŘƻƳƛƴƛŎƛϪǳƴƛǾπŎƻǘŜŘŀȊǳǊΦŦǊύ {ƻǇƘƛŜ !ōŞƭŀƴŜǘ όŀōŜƭŀƴŜǘϪƛǇƳŎΦŎƴǊǎΦŦǊύ 
!ōǎǘǊŀŎǘ Υ 5ǳǊŀƴǘ ŎŜǎ ŘŜǊƴƛŝǊŜǎ ŀƴƴŞŜǎΣ ōŜŀǳŎƻǳǇ ŘŜ ƭŀōƻǊŀǘƻƛǊŜǎ ǎŜ ǎƻƴǘ ǇŜƴŎƘŞǎ ǎǳǊ ŘƛŦŦŞǊŜƴǘŜǎ 
ƳŞǘƘƻŘŜǎ ŘŜ ǘǊŀƴǎǇŀǊƛǎŀǘƛƻƴ ŀŦƛƴ ŘŜ ǾƛǎǳŀƭƛǎŜǊ ŘŜǎ ǘƛǎǎǳǎ ŜƴǘƛŜǊǎ ǇŜǊƳŜǘǘŀƴǘ ŀƛƴǎƛ ŘΩŀǾƻƛǊ ŀŎŎŝǎ Ł ƭŀ 
ǎǘǊǳŎǘǳǊŜ ǎǇŀǘƛŀƭŜ ŎƻƳǇƭŝǘŜ ŘŜǎ ƻǊƎŀƴŜǎΦ bƻǳǎ ǇǊƻǇƻǎƻƴǎΣ Řŀƴǎ ŎŜǘ ŀǘŜƭƛŜǊΣ ŘŜ ŦŀƛǊŜ ǳƴ Şǘŀǘ ŘŜǎ ƭƛŜǳȄ 
ŘŜǎ ŘƛŦŦŞǊŜƴǘŜǎ ǘŜŎƘƴƛǉǳŜǎ ŘŜ ǘǊŀƴǎǇŀǊƛǎŀǘƛƻƴ ŘƛǎǇƻƴƛōƭŜǎ Ŝǘ ŘΩŜƴ ŎƻƴƴŀƛǘǊŜ ƭŜǳǊǎ ǎǇŞŎƛŦƛŎƛǘŞǎ ŀŦƛƴ ŘŜ 
ǇƻǳǾƻƛǊ ŎƘƻƛǎƛǊ ƭŀ ƳŞǘƘƻŘŜ ƭŀ Ǉƭǳǎ ŀǇǇǊƻǇǊƛŞŜ ǇƻǳǊ ƭΩŜȄǇŞǊƛƳŜƴǘŀǘƛƻƴΦ bƻǳǎ ǊŜǾƛŜƴŘǊƻƴǎ ŀǳǎǎƛ ǎǳǊ 
ƭŜǎ ǇǊƻǘƻŎƻƭŜǎ ŘΩƛƳƳǳƴƻƳŀǊǉǳŀƎŜǎ ŀǎǎƻŎƛŞǎ Ł ŎƘŀǉǳŜ ǘŜŎƘƴƛǉǳŜ Ŝǘ Ł ƭΩŞŎƘŀƴǘƛƭƭƻƴ ǳǘƛƭƛǎŞΦ  
tŀǊ ƭŀ ǎǳƛǘŜΣ ƴƻǳǎ ǇǊƻǇƻǎƻƴǎ ŘΩŀŎǉǳŞǊƛǊ ƭŜǎ ŞŎƘŀƴǘƛƭƭƻƴǎ ǇǊŞŀƭŀōƭŜƳŜƴǘ ǘǊŀƛǘŞǎ ŀǾŜŎ ŘŜǳȄ ŘƛŦŦŞǊŜƴǘǎ 
ƳƛŎǊƻǎŎƻǇŜǎ Ł ŦŜǳƛƭƭŜǘ ŘŜ ƭǳƳƛŝǊŜ  Υ ¦ƴ ǎȅǎǘŝƳŜ ŎƻƳƳŜǊŎƛŀƭ Ŝǘ ǳƴ ǎȅǎǘŝƳŜ ƘƻƳŜƳŀŘŜ  
ό¦ƭǘǊŀƳŀŎǊƻǎŎƻǇŜ ƳƻŘǳƭŀƛǊŜΣ ǇƭŀǘŜπŦƻǊƳŜ aL/!ύ  
tƻǳǊ ŦƛƴƛǊΣ ŀǾŜŎ ǳƴ ƭƻƎƛŎƛŜƭ ŀŘŀǇǘŞ ŀǳ ǘǊŀƛǘŜƳŜƴǘ ŘΩƛƳŀƎŜ о5Σ ƴƻǳǎ ŞǘǳŘƛŜǊƻƴǎ ƭŜǎ Ǉƻǎǘ ǘǊŀƛǘŜƳŜƴǘǎ 
ǇƻǎǎƛōƭŜǎ ǎǳǊ ƭŜǎ ƛƳŀƎŜǎ о5 ŀŎǉǳƛǎŜǎ ŀǾŜŎ ǳƴ ƳƛŎǊƻǎŎƻǇŜ Ł ŦŜǳƛƭƭŜǘ ŘŜ ƭǳƳƛŝǊŜΦ  
! ƭŀ Ŧƛƴ ŘŜ ŎŜǘ ŀǘŜƭƛŜǊΣ ƭŜǎ ǇŀǊǘƛŎƛǇŀƴǘǎ ŀǳǊƻƴǘ ŀŎǉǳƛǎ ŘŜǎ ōŀǎŜǎ ǎƻƭƛŘŜǎ ǎǳǊ ǘƻǳǘ ƭŜ ǇǊƻŎŜǎǎǳǎ ŘŜ 
ǘǊŀƴǎǇŀǊƛǎŀǘƛƻƴ ƧǳǎǉǳΩŀǳȄ Ǉƻǎǘ ǘǊŀƛǘŜƳŜƴǘǎ ŘŜǎ ƛƳŀƎŜǎ Ŝǘ ǇƻǳǊǊƻƴǘ ŀƛƴǎƛ şǘǊŜ ŀǳǘƻƴƻƳŜ ŀŦƛƴ ŘŜ 
ǘǊŀƛǘŜǊ ƭŜǳǊǎ ǇǊƻǇǊŜǎ ŞŎƘŀƴǘƛƭƭƻƴǎΦ    
YŜȅǿƻǊŘǎ Υ LƳƳǳƴƻƳŀǊǉǳŀƎŜΣ ǘǊŀƴǎǇŀǊƛǎŀǘƛƻƴΣ aƛŎǊƻǎŎƻǇŜ Ł ŦŜǳƛƭƭŜǘ ŘŜ ƭǳƳƛŝǊŜΣ  LƳŀǊƛǎ 
 

***  

!лорπ{ǘǳŘȅƛƴƎ ƻǊƎŀƴƻƎŜƴŜǎƛǎ ƻŦ ǘƘŜ ǇǊƻƴŜǇƘǊƻǎ ƻŦ ·ŜƴƻǇǳǎ ǘŀŘǇƻƭŜ ŜŀǊƭȅ ǎǘŀƎŜǎ ǳǎƛƴƎ ƭƛƎƘǘ ǎƘŜŜǘ 
ŀƴŘ ŎƻƴŦƻŎŀƭ ƳƛŎǊƻǎŎƻǇȅ 
/ƘƭƻŞ /ƘŀǳƳŜǘƻƴ όŎƘƭƻŜΦŎƘŀǳƳŜǘƻƴϪǎƻǊōƻƴƴŜπǳƴƛǾŜǊǎƛǘŜΦŦǊύ 
¢ƘƻƳŀǎ tŀƴƛŜǊ όǘƘƻƳŀǎΦǇŀƴƛŜǊϪǎƻǊōƻƴƴŜπǳƴƛǾŜǊǎƛǘŜΦŦǊύ 
!ōǎǘǊŀŎǘ Υ Lƴ ǘƘƛǎ ǿƻǊƪǎƘƻǇ ǿŜ ŘŜƳƻƴǎǘǊŀǘŜ Ƙƻǿ ǘƻ ǎǘǳŘȅ ǘƘŜ ƻǊƎŀƴƻƎŜƴŜǎƛǎ ŀƴŘ о5πƳƻǊǇƘƻƭƻƎȅ ƻŦ 
ŜŀǊƭȅ ǎǘŀƎŜǎ ƻŦ ǘƘŜ ǇǊƻƴŜǇƘǊƻǎ ŦƻǊƳŀǘƛƻƴ ƻŦ ȄŜƴƻǇǳǎ ǘŀŘǇƻƭŜǎ ǳǎƛƴƎ ǘƘŜ ŎƻƳǇƭŜƳŜƴǘŀǊȅ 
ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ƭƛƎƘǘ ǎƘŜŜǘ ƛƳŀƎƛƴƎ ŀƴŘ ŎƻƴŦƻŎŀƭ ƛƳŀƎƛƴƎΦ  ²Ŝ ǿƛƭƭ ǳǎŜ ȄŜƴƻǇǳǎ ŜƳōǊȅƻǎ ŀǘ ǎǘŀƎŜ 
9нмπ9ну ŀƴŘ ŘŜǾŜƭƻǇŜŘ ŀ ǎǇŜŎƛŦƛŎ ǎŀƳǇƭŜ ǇǊŜǇŀǊŀǘƛƻƴ ǇǊƻǘƻŎƻƭ όŎƭŀǊƛŦƛŎŀǘƛƻƴ ōȅ ǊŜŦǊŀŎǘƛǾŜ ƛƴŘŜȄ 
ƳŀǘŎƘƛƴƎύ ƻǇǘƛƳƛȊŜŘ ŦƻǊ ǘƘŜ ǘŀŘǇƻƭŜ ŀƴŘ ŜƴŀōƭƛƴƎ ŎƻƳōƛƴƛƴƎ ǘƘŜ ǘǿƻ ƳƛŎǊƻǎŎƻǇȅ ǘŜŎƘƴƛǉǳŜǎΦ ²Ŝ 
ǿƛƭƭ ǇŜǊŦƻǊƳ о5πƛƳŀƎƛƴƎ ǿƛǘƘ ƭƛƎƘǘ ǎƘŜŜǘ ƳƛŎǊƻǎŎƻǇȅ ƛƴ ƻǊŘŜǊ ǘƻ ŘŜǘŜǊƳƛƴŀǘŜ ǘƘŜ ǾƻƭǳƳŜ ŀƴŘ ŎŜƭƭ 
ƴǳƳōŜǊ ƻŦ ǘƘŜ ǇǊƻƴŜǇƘǊƻǎ ƛƴ ǿƘƻƭŜ ŜƳōǊȅƻǎΦ ¢ƘŜƴ ǿŜ ǎǿƛǘŎƘ ǘƻ ŎƻƴŦƻŎŀƭ ƳƻŘŜ ǘƻ ƛƴǾŜǎǘƛƎŀǘŜ ŘŜǘŀƛƭǎ 
ƻŦ ŎŜƭƭπǘƻπŎŜƭƭ ŀƴŘ ŎŜƭƭ ƳŀǘǊƛȄ ƛƴǘŜǊŀŎǘƛƻƴǎΦ ²Ŝ ŀƛƳ ŀǘ ǎƘƻǿƛƴƎ ǘƘŜ ƭƛƳƛǘǎ ŀƴŘ ŀŘǾŀƴǘŀƎŜǎ ƻŦ ŜŀŎƘ 
ǘŜŎƘƴƛǉǳŜ ŀƴŘ ŎƻƳǇŀǊŜ ǘƘŜƛǊ ǇŜǊŦƻǊƳŀƴŎŜǎ ŀƴŘ ǇƻǎǎƛōƛƭƛǘƛŜǎ ƛƴ ǘŜǊƳǎ ƻŦ ǊŜǎƻƭǳǘƛƻƴΣ ǎŜƴǎƛǘƛǾƛǘȅ ŀƴŘ 
ƛƳŀƎƛƴƎ ŘŜǇǘƘΦ 
YŜȅǿƻǊŘǎ Υ [ƛƎƘǘ ǎƘŜŜǘ ƳƛŎǊƻǎŎƻǇȅΣ ŎƻƴŦƻŎŀƭ ƳƛŎǊƻǎŎƻǇȅΣ о5 ƘƛƎƘ ǊŜǎƻƭǳǘƛƻƴ ƛƳŀƎƛƴƎΣ ƻǇǘƛŎŀƭ ŎƭŜŀǊƛƴƎΣ 
ȄŜƴƻǇǳǎ ƳƻǊǇƘƻƎŜƴŜǎƛǎΣ ǇǊƻƴŜǇƘǊƻǎ ƻǊƎŀƴƻƎŜƴŜǎƛǎ 
 

***  

!лосπ[ŀǘǘƛŎŜ ƭƛƎƘǘπǎƘŜŜǘ ƳƛŎǊƻǎŎƻǇȅ ŦƻǊ Ŧŀǎǘ о5 ǘƛƳŜ ƭŀǇǎŜ ƻŦ ƭƛǾŜ ǎŀƳǇƭŜǎ 
aŀǘƘƛŜǳ 5ǳŎǊƻǎ όƳŀǘƘƛŜǳΦŘǳŎǊƻǎϪǳπōƻǊŘŜŀǳȄΦŦǊύ 
aƻƴƛŎŀ CŜǊƴŀƴŘŜȊ ƳƻƴǊŜŀƭ όƳƻƴƛŎŀΦŦŜǊƴŀƴŘŜȊπƳƻƴǊŜŀƭϪǳπōƻǊŘŜŀǳȄΦŦǊύ 
!ōǎǘǊŀŎǘ Υ ¢ƘŜ ƭŀǘǘƛŎŜ ƭƛƎƘǘ ǎƘŜŜǘ ƳƛŎǊƻǎŎƻǇŜ ό[[{aύ ƛǎ ŀ ǾŜǊȅ ǇƻǿŜǊŦǳƭ ŦƭǳƻǊŜǎŎŜƴǘ ƛƳŀƎƛƴƎ ǘŜŎƘƴƛǉǳŜ 
ǘƘŀǘ ŎƻƳōƛƴŜǎ ǘƘŜ ŀŘǾŀƴǘŀƎŜ ƻŦ ŎƻƴǾŜƴǘƛƻƴŀƭ ƭƛƎƘǘπǎƘŜŜǘ ŦƭǳƻǊŜǎŎŜƴŎŜ ƳƛŎǊƻǎŎƻǇŜǎ όƻǇǘƛŎŀƭ 
ǎŜŎǘƛƻƴƛƴƎΣ ƘƛƎƘ ǘŜƳǇƻǊŀƭ ǊŜǎƻƭǳǘƛƻƴ ŀƴŘ ƭƻǿ ǇƘƻǘƻōƭŜŀŎƘƛƴƎύ ǿƛǘƘ ŀ ǎǇŜŎƛŦƛŎ ōŜŀƳ ǎƘŀǇƛƴƎ ƳŜǘƘƻŘ 
ǘƻ ŎǊŜŀǘŜ ŀ ǾŜǊȅ ǘƘƛƴ ŀƴŘ ƘƻƳƻƎŜƴŜƻǳǎ ǇƭŀƴŀǊ ƛƭƭǳƳƛƴŀǘƛƻƴ ǇŀǘǘŜǊƴ όƘƛƎƘ ǎǇŀǘƛŀƭ ǊŜǎƻƭǳǘƛƻƴύΦ 
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5ǳŜ ǘƻ ƛǘǎ ǾŜǊȅ ƭƻǿ ǇƘƻǘƻōƭŜŀŎƘƛƴƎκǇƘƻǘƻǘƻȄƛŎƛǘȅ ǘƘŜ [[{a ƛǎ ƛŘŜŀƭƭȅ ǎǳƛǘŜŘ ǘƻ ƛƳŀƎŜ ƭƛǾŜ ǎŀƳǇƭŜǎ ŦƻǊ 
ƭƻƴƎ ǘƛƳŜπƭŀǇǎŜ ŀǘ ƘƛƎƘ ǎǇŀǘƛƻǘŜƳǇƻǊŀƭ ǊŜǎƻƭǳǘƛƻƴΦ ²Ŝ ǿƛƭƭ ǳǎŜ ƭƛǾŜ ŎŜƭƭǎ ƭŀōŜƭŜŘ ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ ŎŜƭƭ 
ƳŀǊƪŜǊǎ ǘƻ ŎŀǇǘǳǊŜ ǾŜǊȅ Ŧŀǎǘ ŜǾŜƴǘǎ όƛΦŜΦ ƭȅǎƻǎƻƳŀƭ ǘǊŀƴǎǇƻǊǘΣ ƳŜƳōǊŀƴŜ ǊǳŦŦƭŜǎύ ƛƴ о5ҌǘΦ 
 
!ǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘƛǎ ǿƻǊƪǎƘƻǇ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘ ǿƛƭƭΥ 
π ¦ƴŘŜǊǎǘŀƴŘ ǘƘŜ ǇǊƛƴŎƛǇƭŜǎ ŀƴŘ Ƴŀƛƴ ŀŘǾŀƴǘŀƎŜǎ ƻŦ ǘƘŜ [[{a 
π .Ŝ ŀōƭŜ ǘƻ Ƴƻǳƴǘ ŀ ǎŀƳǇƭŜ ƻƴ ǘƘŜ [[{a ǎŀƳǇƭŜ ƘƻƭŘŜǊ 
π hǇǘƛƳƛȊŜ ǘƘŜ ŀŎǉǳƛǎƛǘƛƻƴ ǇŀǊŀƳŜǘŜǊǎ ǘƻ ǇŜǊŦƻǊƳ ōŜǎǘ ǉǳŀƭƛǘȅ о5 ƛƳŀƎƛƴƎ 
π ±ƛǎǳŀƭƛȊŜ ǘƘŜ о5Ҍǘ ŀŎǉǳƛǊŜŘ ǿƛǘƘ [[{a 
 
YŜȅǿƻǊŘǎ Υ ƭƛƎƘǘπǎƘŜŜǘ ƳƛŎǊƻǎŎƻǇȅΣ ƭŀǘǘƛŎŜΣ ǘƛƳŜ ƭŀǇǎŜΣ ǇƘƻǘƻōƭŜŀŎƘƛƴƎ  
 

***  

!лотπLƳŀƎƛƴƎ ǘǊŀƴǎŎǊƛǇǘƛƻƴ ŀǘ ŀ ƘƛƎƘ ǘŜƳǇƻǊŀƭ ǊŜǎƻƭǳǘƛƻƴ ƛƴ ŀ ƭƛǾƛƴƎ ƻǊƎŀƴƛǎƳΦ 
aŀŜƭƭŜ .ŜƭƭŜŎ όƳŀŜƭƭŜΦōŜƭƭŜŎϪƛƎƳƳΦŎƴǊǎΦŦǊύ WŜǊŜƳȅ 5ǳŦƻǳǊǘ όƧŜǊŜƳȅΦŘǳŦƻǳǊǘϪƛƎƳƳΦŎƴǊǎΦŦǊύ 
!ōǎǘǊŀŎǘ Υ [ƛǾŜ ƛƳŀƎƛƴƎ ǊŜǇǊŜǎŜƴǘǎ ŀ ǇƻǿŜǊŦǳƭ ǘŜŎƘƴƛǉǳŜ ŦƻǊ ǘƘŜ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ŘȅƴŀƳƛŎ ǇǊƻŎŜǎǎŜǎ 
ƛƴ ōƛƻƭƻƎȅΣ ǎǳŎƘ ŀǎ ŜƳōǊȅƻƴƛŎ ŘŜǾŜƭƻǇƳŜƴǘΦ wŜŎŜƴǘ ŀŘǾŀƴŎŜǎ ƛƴ ƳƛŎǊƻǎŎƻǇȅ ƘƛƎƘƭȅ ƛƳǇǊƻǾŜ ǎƛƎƴŀƭπ
ǘƻπƴƻƛǎŜ Ǌŀǘƛƻǎ ŀǎ ǿŜƭƭ ŀǎ ǎǇŀǘƛŀƭ ŀƴŘ ǘŜƳǇƻǊŀƭ ǊŜǎƻƭǳǘƛƻƴǎΦ CǳǊǘƘŜǊƳƻǊŜΣ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ƴŜǿ 
ŦƭǳƻǊŜǎŎŜƴŎŜ ƳŀǊƪŜǊǎ ŀƭƭƻǿǎ ŀ ōŜǘǘŜǊ ǉǳŀƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ǇǊƻǘŜƛƴ ŜȄǇǊŜǎǎƛƻƴ ŀƴŘ ǘǊŀƴǎŎǊƛǇǘƛƻƴŀƭ 
ŘȅƴŀƳƛŎǎ ƛƴ ǾƛǾƻΦ ¢Ƙƛǎ ǿƻǊƪǎƘƻǇ ŀƛƳǎ ŀǘ ƛƳŀƎƛƴƎ ǘǊŀƴǎŎǊƛǇǘƛƻƴ ƛƴ ƭƛǾŜΣ ǿƛǘƘƛƴ ǿƘƻƭŜ 5ǊƻǎƻǇƘƛƭŀ 
ŜƳōǊȅƻǎ ƛƴ ƻǊŘŜǊ ǘƻ ŜȄǘǊŀŎǘ ǘǊŀƴǎŎǊƛǇǘƛƻƴŀƭ ŘȅƴŀƳƛŎǎΦ ¢ƻ Řƻ ǘƘŀǘΣ ǿŜ ǿƛƭƭ ǳǎŜ ǘƘŜ a{нκa/t ǎȅǎǘŜƳ 
ǿƘƛŎƘ Ŏƻƴǎƛǎǘǎ ƻŦ a{н ƭƻƻǇǎ ǘƘŀǘ ǳǇƻƴ ǘǊŀƴǎŎǊƛǇǘƛƻƴ ǿƛƭƭ ōŜ ǊŜŎƻƎƴƛȊŜŘ ōȅ ŀ a{н /ƻŀǘ tǊƻǘŜƛƴ ŦǳǎŜŘ 
ǘƻ DCtΦ ²Ŝ ǿƛƭƭ ŦƛǊǎǘ ǎƘƻǿ Ƙƻǿ ǘƻ ǇǊŜǇŀǊŜ ŀƴŘ Ƴƻǳƴǘ ŀ ƭƛǾƛƴƎ ǎŀƳǇƭŜ ƻƴ ŀ ǎǇŜŎƛŦƛŎ ǎƭƛŘŜ ŀŘŀǇǘŜŘ ŦƻǊ 
ŎƻƴŦƻŎŀƭ ƳƛŎǊƻǎŎƻǇȅΦ ²Ŝ ǿƛƭƭ ǘƘŜƴ ŜȄǇƭŀƛƴ Ƙƻǿ ǘƻ ƳŀƪŜ ƛƳŀƎƛƴƎ ǎŜǘǘƛƴƎǎ ƛƴ ƻǊŘŜǊ ǘƻ ƎŜǘ ŀ ƎƻƻŘ ǎƛƎƴŀƭ 
ǘƻ ƴƻƛǎŜ Ǌŀǘƛƻ ŀƴŘ ƘƛƎƘ ǘŜƳǇƻǊŀƭ ǊŜǎƻƭǳǘƛƻƴ ǿƛǘƘ ǘƘƛǎ ǎȅǎǘŜƳΦ CƻǊ ǘƘƛǎΣ ǿŜ ǿƛƭƭ ǳǎŜ ŀ [{aуул ǿƛǘƘ Cŀǎǘ 
!ƛǊȅ{Ŏŀƴ ƳƻŘǳƭŜ ǘƻ ōŜ ŀōƭŜ ǘƻ ƛƳŀƎŜ ŀǘ ŀ ƘƛƎƘ ǘƛƳŜ ŦǊŜǉǳŜƴŎȅΦ ¢ƻ ǉǳŀƴǘƛŦȅ ǘǊŀƴǎŎǊƛǇǘƛƻƴŀƭ ŘȅƴŀƳƛŎǎΣ 
ǿŜ ǿƛƭƭ ǇǊŜǎŜƴǘ ǘƻƻƭǎ ǘƻ ŜȄǘǊŀŎǘ ƛƴǘŜƴǎƛǘȅ ŦƭǳŎǘǳŀǘƛƻƴ ƻŦ ŜŀŎƘ ǘǊŀƴǎŎǊƛǇǘƛƻƴŀƭ ŘƻǘǎΣ ŀǘ ŀ ǎƛƴƎƭŜ ŎŜƭƭ ƭŜǾŜƭ 
ŀƴŘ ŘǳǊƛƴƎ ǘƛƳŜΦ 
!ǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘƛǎ ǿƻǊƪǎƘƻǇ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ ōŜ ŀōƭŜ ǘƻ ǇǊŜǇŀǊŜ ƭƛǾƛƴƎ 5ǊƻǎƻǇƘƛƭŀ ŜƳōǊȅƻǎΣ ǘƻ 
ƛƳŀƎŜ ǘǊŀƴǎŎǊƛǇǘƛƻƴ ǿƛǘƘ ŀ ƘƛƎƘ ǘŜƳǇƻǊŀƭ ǊŜǎƻƭǳǘƛƻƴ ŀƴŘ ŜȄǘǊŀŎǘ ƛƴǘŜƴǎƛǘƛŜǎ ŘǳǊƛƴƎ ǘƛƳŜΦ 
 
YŜȅǿƻǊŘǎ Υ ƭƛǾŜ ƛƳŀƎƛƴƎΣ ŜƳōǊȅƻΣ ŎƻƴŦƻŎŀƭ ƳƛŎǊƻǎŎƻǇȅΣ ǘǊŀƴǎŎǊƛǇǘƛƻƴΣ ŘŜǾŜƭƻǇƳŜƴǘΣ ƘƛƎƘ ǘŜƳǇƻǊŀƭ 
ǊŜǎƻƭǳǘƛƻƴΦ 

***  

!лофπLƳŀƎŜǊƛŜ о5 ŘŜ ƭŀ ǾŀǎŎǳƭŀǊƛǎŀǘƛƻƴ ǇŀǊ ŦŜǳƛƭƭŜ ŘŜ ƭǳƳƛŝǊŜ ǇƻǳǊ ŞǾŀƭǳŜǊ ƭΩŞǾƻƭǳǘƛƻƴ ŘΩǳƴŜ 
ǇŀǘƘƻƭƻƎƛŜ Ŝǘκƻǳ ƭΩŜŦŦƛŎŀŎƛǘŞ ŘΩǳƴ ǘǊŀƛǘŜƳŜƴǘ 
CǊŀƴœƻƛǎ aƛŎƘŜƭ όŦǊŀƴŎƻƛǎΦƳƛŎƘŜƭϪƛƴǎŜǊƳΦŦǊύ [ŀǳǊŜƴŎŜ 5ǳōǊŜƛƭ όƭŀǳǊŜƴŎŜΦŘǳōǊŜƛƭϪƻƴƛǊƛǎπƴŀƴǘŜǎΦŦǊύ 
!ōǎǘǊŀŎǘ Υ !ǳ ŎƻǳǊǎ ŘŜ ŎŜǘ ŀǘŜƭƛŜǊΣ ƴƻǳǎ ƴƻǳǎ ƛƴǘŞǊŜǎǎŜǊƻƴǎ Ł ƭΩƛƳŀƎŜǊƛŜ о5 ŘŜ ƭŀ ǾŀǎŎǳƭŀǊƛǎŀǘƛƻƴ Řŀƴǎ 
ŘŜǎ ǘƛǎǎǳǎ ǇŀǘƘƻƭƻƎƛǉǳŜǎ Ŝƴ ǳǘƛƭƛǎŀƴǘ ƭŀ ŦŜǳƛƭƭŜ ŘŜ ƭǳƳƛŝǊŜ ƛύ Řŀƴǎ ƭŜ ƳǳǎŎƭŜ ŘȅǎǘǊƻǇƘƛǉǳŜ ƛƛύ Řŀƴǎ ŘŜ 
ƭŀ ǘǳƳŜǳǊ ŘŜ ŎŜǊǾŜŀǳ ŎƘŜȊ ƭŜ ǊŀǘΦ 
 [ΩŞǉǳƛǇŜ ŘŜ YŀǊƭ wƻǳƎŜǊ ό¦awтлоύ ŎƻƴŘǳƛǘ ŘŜǎ ǊŜŎƘŜǊŎƘŜǎ ǎǳǊ ƭΩǳǘƛƭƛǎŀǘƛƻƴ ŘŜ ŎŜƭƭǳƭŜǎ 
ǎƻǳŎƘŜǎ ŀŘƳƛƴƛǎǘǊŞŜǎ Ł ŘŜǎ ƳƻŘŝƭŜǎ ǊƻƴƎŜǳǊǎ ŀǘǘŜƛƴǘǎ ǇŀǊ ƭŀ ƳȅƻǇŀǘƘƛŜ ŘŜ 5ǳŎƘŜƴƴŜ όa5ύ ŀŦƛƴ 
ŘΩŞǾŀƭǳŜǊ ƭŜǳǊ ǇƻǘŜƴǘƛŜƭ ǘƘŞǊŀǇŜǳǘƛǉǳŜΦ 
[ŀ ŎŀǊŀŎǘŞǊƛǎŀǘƛƻƴ Řǳ ǊŞǎŜŀǳ ǾŀǎŎǳƭŀƛǊŜ ǇƻǳǊǊŀƛǘ ǊŜƴǎŜƛƎƴŜǊ ǎǳǊ ƭΩŞǾƻƭǳǘƛƻƴ ŘŜ ƭŀ a5 Ŝǘκƻǳ ƭΩŜŦŦŜǘ ŘΩǳƴ 
ǘǊŀƛǘŜƳŜƴǘ ǎǳǊ ƭŜ ƳǳǎŎƭŜ ǎǉǳŜƭŜǘǘƛǉǳŜ Řǳ Ǌŀǘ 5a5Σ ŀƴƛƳŀƭ ƳƻŘŝƭŜ ŘŜ ƭŀ a5Φ [Ŝ ǊŞǎŜŀǳ ǾŀǎŎǳƭŀƛǊŜ Řǳ 
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ƳǳǎŎƭŜ ǎǉǳŜƭŜǘǘƛǉǳŜ ŘŜ Ǌŀǘ ƳȅƻǇŀǘƘŜ ǎŜǊŀ ƛƳŀƎŞ Ŝƴ о5 Ł ǇŀǊǘƛǊ Řǳ ƳǳǎŎƭŜ ƎŀǎǘǊƻŎƴŞƳƛŜƴ ǇǊŞƭŜǾŞΣ 
ŦƛȄŞ Ŝǘ ǘǊŀƴǎǇŀǊƛǎŞ ǎǳƛǘŜ Ł ƭΩƛƴƧŜŎǘƛƻƴ ŘΩǳƴŜ ǎƻƴŘŜ ŦƭǳƻǊŜǎŎŜƴǘŜ Řŀƴǎ ƭŀ ŎƛǊŎǳƭŀǘƛƻƴ ǎŀƴƎǳƛƴŜ ŘŜ ƭΩŀƴƛƳŀƭ 
ƳƻŘŝƭŜΦ [Ŝ ƳŀǊǉǳŀƎŜ ŘŜǎ ǾŀƛǎǎŜŀǳȄ ǎŜǊŀ ŞƎŀƭŜƳŜƴǘ ǊŞŀƭƛǎŞ Ǉƻǎǘ ǇǊŞƭŝǾŜƳŜƴǘΦ [Ŝǎ ŘŜǳȄ ƳŞǘƘƻŘŜǎ 
ŘΩŜȄǇƭƻǊŀǘƛƻƴǎ ǎŜǊƻƴǘ ŎƻƳǇŀǊŞŜǎΦ 
 ¸ƻƭŀƴŘŀ tǊŜȊŀŘƻ Ŝǘ ǎƻƴ ŞǉǳƛǇŜ  ǘǊŀǾŀƛƭ ŀǳ ǎŜƛƴ ŘŜ ƭϥLƴǎǘƛǘǳǘ /ǳǊƛŜ ǎǳǊ ƭŀ ƳƛǎŜ ŀǳ Ǉƻƛƴǘ ŘϥǳƴŜ 
ƴƻǳǾŜƭƭŜ ƳŞǘƘƻŘŜ ŘŜ ǊŀŘƛƻǘƘŞǊŀǇƛŜ ŘŜǎ ǘǳƳŜǳǊǎ ŘŜ ŎŜǊǾŜŀǳ ŎƘŜȊ ƭŜ Ǌŀǘ Ŝƴ ǳǘƛƭƛǎŀƴǘ ŘŜǎ Ƴƛƴƛ ŦŀƛǎŎŜŀǳȄ 
ŘŜ ǇǊƻǘƻƴǎΦ /ŜǘǘŜ ƳŞǘƘƻŘŜ ǇŜǊƳŜǘ ǳƴŜ Ǉƭǳǎ ƎǊŀƴŘŜ ǇǊŞǎŜǊǾŀǘƛƻƴ ŘŜǎ ǘƛǎǎǳǎ ǎŀƛƴǎ ǇŀǊ ǊŀǇǇƻǊǘ ŀǳȄ 
ǘǊŀƛǘŜƳŜƴǘǎ ŎƻƴǾŜƴǘƛƻƴƴŜƭǎΦ [ΩƛƳŀƎŜǊƛŜ о5 ŘŜǎ ǾŀƛǎǎŜŀǳȄ ŀǳ ƴƛǾŜŀǳ ŘŜ ƭŀ ǘǳƳŜǳǊ Ŝǘ ŘŜǎ ǊŞƎƛƻƴǎ 
ǎŀƛƴŜǎ Řǳ ŎŜǊǾŜŀǳ ǇƻǳǊǊŀƛǘ ǊŜƴǎŜƛƎƴŜǊ ǎǳǊ ƭΩŞǾƻƭǳǘƛƻƴ ŘŜ ƭŀ ǘǳƳŜǳǊ Ŝǘκƻǳ ƭΩŜŦŦƛŎŀŎƛǘŞ Řǳ ǘǊŀƛǘŜƳŜƴǘΦ 
[Ŝ ǊŞǎŜŀǳ ǾŀǎŎǳƭŀƛǊŜ Řǳ ŎŜǊǾŜŀǳ Ŝǘ ŘŜ ƭŀ ǘǳƳŜǳǊ ǎŜǊŀ ƛƳŀƎŞ Ŝƴ о5 Ł ǇŀǊǘƛǊ ŘŜ ǘǊŀƴŎƘŜǎ ŞǇŀƛǎǎŜǎ ŘŜ 
ŎŜǊǾŜŀǳΣ ŦƛȄŞŜǎ Ŝǘ ǘǊŀƴǎǇŀǊƛǎŞŜǎΦ [Ŝǎ ŘŜǳȄ ƳŞǘƘƻŘŜǎ ŘŜ ƳŀǊǉǳŀƎŜ ŘŜǎ ǾŀƛǎǎŜŀǳȄ ƛƴ ǾƛǾƻκŜȄ ǾƛǾƻ 
ŎƻƳƳŜ ǇǊŞŎŞŘŜƳƳŜƴǘ ǎŜǊƻƴǘ ŎƻƳǇŀǊŞŜǎΦ 
 
! ƭŀ Ŧƛƴ ŘŜ ƭϥŀǘŜƭƛŜǊΣ ƭŜǎ ǇŀǊǘƛŎƛǇŀƴǘǎ ŀǳǊƻƴǘ ŀŎǉǳƛǎ ƭŜǎ ŎƻƴƴŀƛǎǎŀƴŎŜǎ ƴŞŎŜǎǎŀƛǊŜǎ ŘŜǎ ŞǘŀǇŜǎ ŎƭŞǎ ŘΩǳƴ 
ƳŀǊǉǳŀƎŜ Řǳ ǊŞǎŜŀǳ ǾŀǎŎǳƭŀƛǊŜΣ ƛƴ ǾƛǾƻΣ ŜȄ ǾƛǾƻΦ Lƭǎ ŀǳǊƻƴǘ ǳƴŜ ŎƻƴƴŀƛǎǎŀƴŎŜ ƻǇŞǊŀǘƛƻƴƴŜƭƭŜ ŘŜ 
ƭϥƛƳŀƎŜǊƛŜ ŘŜ ƎǊƻǎ ǾƻƭǳƳŜǎ Ŝǘ ŘŜǎ ŞŎǳŜƛƭǎ Ł ǎǳǊƳƻƴǘŜǊ ǇƻǳǊ Ŝƴ ŦŀƛǊŜ ǳƴŜ ŀƴŀƭȅǎŜ ǎŎƛŜƴǘƛŦƛǉǳŜ 
ǊƛƎƻǳǊŜǳǎŜΦ 
YŜȅǿƻǊŘǎ Υ aŀǊǉǳŀƎŜ ǾŀǎŎǳƭŀƛǊŜ Τ  ŞŎƘŀƴǘƛƭƭƻƴǎ ǘǊŀƴǎǇŀǊƛǎŞǎ Τ ƳƛŎǊƻǎŎƻǇŜ ŀ ŦŜǳƛƭƭŜ ŘŜ ƭǳƳƛŝǊŜ Τ  
 

***  

 
!лплŀ κ !лплō   π/ƻǳǇƭƛƴƎ IƛƎƘ wŜǎƻƭǳǘƛƻƴ ¢ǊŀŎǘƛƻƴ CƻǊŎŜ aƛŎǊƻǎŎƻǇȅ ǿƛǘƘ ǇǊƻǘŜƛƴ ŘȅƴŀƳƛŎǎ 
ƳŜŀǎǳǊŜƳŜƴǘǎ 
tƘƛƭƛǇǇŜ wƻƴŘŜ όǇƘƛƭƛǇǇŜΦǊƻƴŘŜϪǳƴƛǎǘǊŀΦŦǊύ tƘƛƭƛǇǇŜ /ŀǊƭ όǇƘƛƭƛǇǇŜΦŎŀǊƭϪǳƴƛǎǘǊŀΦŦǊύ 
!ōǎǘǊŀŎǘ Υ /Ŝƭƭǎ ŀŘƘŜǊƛƴƎ ǘƻ ǘƘŜ ŜȄǘǊŀŎŜƭƭǳƭŀǊ ƳŀǘǊƛȄ Ŏŀƴ ǎŜƴǎŜ ŀƴŘ ǊŜǎǇƻƴŘ ǘƻ ŀ ǿƛŘŜ ǾŀǊƛŜǘȅ ƻŦ 
ŎƘŜƳƛŎŀƭ ŀƴŘ ǇƘȅǎƛŎŀƭ ŦŜŀǘǳǊŜǎ ƻŦ ǘƘŜ ŀŘƘŜǎƛǾŜ ǎǳǊŦŀŎŜΦ ¢ƘŜ ǊŜǎǇƻƴǎŜ ƻŦ ǘƘŜ ŎŜƭƭ ƛƴŎƭǳŘŜǎ ŎƻƴǘǊŀŎǘƛƭŜ 
ŦƻǊŎŜ ƎŜƴŜǊŀǘƛƻƴ ǿƘƛŎƘ Ǉƭŀȅǎ ŀ ŎǊƛǘƛŎŀƭ ǊƻƭŜ ƛƴ ŎŜƭƭ ŀŘƘŜǎƛƻƴΣ ƳƛƎǊŀǘƛƻƴΣ ŀƴŘ ŜȄǘǊŀŎŜƭƭǳƭŀǊ ƳŀǘǊƛȄ 
ǊŜƻǊƎŀƴƛȊŀǘƛƻƴΦ ¢ƘǊƻǳƎƘ ǘƘŜƛǊ ŀŎǘƻƳȅƻǎƛƴ ƳŀŎƘƛƴŜǊȅ ǘƘŜ ŎŜƭƭ ƎŜƴŜǊŀǘŜǎ ŀƴ ƛƴǘŜǊƴŀƭ ǘŜƴǎƛƻƴ ǘƘŀǘ 
ŎƻƴǘǊŀŎǘǎ ǘƘŜ ŎŜƭƭ ōƻŘȅ ŀƴŘ ǘƘǳǎ ŜȄŜǊǘǎ ǘǊŀŎǘƛƻƴǎ ƻƴ ǘƘŜ ǳƴŘŜǊƭȅƛƴƎ ǎǳōǎǘǊŀǘŜΦ ¢ƘŜǎŜǎ ǘǊŀŎǘƛƻƴǎ ǘŀƪŜ 
ǇƭŀŎŜ ŀǘ ǎǳōŎŜƭƭǳƭŀǊ ǎǘǊǳŎǘǳǊŜǎ ŎŀƭƭŜŘ ŦƻŎŀƭ ŀŘƘŜǎƛƻƴǎ ǿƘƛŎƘ ǇƘȅǎƛŎŀƭƭȅ ƭƛƴƪ ǘƘŜ ŀŎǘƛƴ ŎȅǘƻǎƪŜƭŜǘƻƴ ǘƻ 
ǘƘŜ ŜȄǘǊŀŎŜƭƭǳƭŀǊ ƳŀǘǊƛȄΦ ¢ƘŜ ¢Ca ό¢ǊŀŎǘƛƻƴ CƻǊŎŜ aƛŎǊƻǎŎƻǇȅύ ǘŜŎƘƴƛǉǳŜ ŀƭƭƻǿǎ ŘŜǘŜǊƳƛƴƛƴƎ ǘƘŜ 
ǘŜƴǎƛƭŜ ŦƻǊŎŜǎ ŜȄŜǊǘŜŘ ōȅ ǘƘŜ ŎŜƭƭǎ ƻƴ ǘƘŜƛǊ ǎǳōǎǘǊŀǘŜΦ CƻǊ ǘƘƛǎ ǇǳǊǇƻǎŜΣ ŎŜƭƭǎ ŀǊŜ ŎǳƭǘǳǊŜŘ ƻƴ 
ǇƻƭȅŀŎǊȅƭŀƳƛŘŜ ƘȅŘǊƻƎŜƭǎ ŎƻƴǘŀƛƴƛƴƎ ŦƭǳƻǊŜǎŎŜƴǘ ƳƛŎǊƻōŜŀŘǎ ŀǎ ƳŀǊƪŜǊǎ ŦƻǊ ǘƘŜ ŘŜǘŜǊƳƛƴŀǘƛƻƴ ƻŦ 
ǎǘǊŜǎǎŜǎ ŘǳŜ ǘƻ ǘŜƴǎƛƭŜ ŦƻǊŎŜǎΦ bŜǾŜǊǘƘŜƭŜǎǎΣ ǘƻ ǳƴŘŜǊǎǘŀƴŘ Ƙƻǿ ŀŘƘŜǊŜƴǘ ŎŜƭƭǎ ǊŜƎǳƭŀǘŜ ŀƴŘ 
ǘǊŀƴǎŘǳŎŜ ǘǊŀŎǘƛƻƴ ŦƻǊŎŜǎΣ ǉǳŀƴǘƛǘŀǘƛǾŜ ǘŜŎƘƴƛǉǳŜǎ ŀǊŜ ƴŜŜŘŜŘ ǘƻ ƳŜŀǎǳǊŜ ŦƻǊŎŜǎ ŀǘ ǘƘŜ ŎŜƭƭςƳŀǘǊƛȄ 
ƛƴǘŜǊŦŀŎŜ ǿƘƛƭŜ ǊŜŎƻǊŘƛƴƎ ōƛƻƭƻƎƛŎŀƭ ŜǾŜƴǘǎΦ CƻǊ ǘƘƛǎ ǇǳǊǇƻǎŜΣ ǿŜ ŦƛǊǎǘ ŘŜǾŜƭƻǇŜŘ ƘƛƎƘπǊŜǎƻƭǳǘƛƻƴ ¢Ca 
όƘ¢Caύ ǿƘƛŎƘ ŎƻƳōƛƴŜ ǘƘŜ ǳǎŜ ƻŦ н ŎƻƭƻǳǊǎ ƴŀƴƻōŜŀŘǎ ǿƛǘƘ ƛƳŀƎŜ ǇǊƻŎŜǎǎƛƴƎ ŀƭƎƻǊƛǘƘƳǎ ǘƻ 
ǎǇŜŎƛŦƛŎŀƭƭȅ ŀƭƭƻŎŀǘŜ ǾŜŎǘƻǊ ŦƻǊŎŜǎ ǘƻ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ǎƛȊŜ ƻŦ ŦƻŎŀƭ ŀŘƘŜǎƛƻƴǎΦ ¢ƘŜƴΣ ǘƻ ŎƻǊǊŜƭŀǘŜ ǘǊŀŎǘƛƻƴ 
ŦƻǊŎŜ ǿƛǘƘ ŦƻŎŀƭ ŀŘƘŜǎƛƻƴπǊŜƭŀǘŜŘ ǎƛƎƴŀƭƭƛƴƎΣ ǎǇŜŎǘǊƻǎŎƻǇȅ ǘŜŎƘƴƛǉǳŜǎ ǎǳŎƘ ŀǎ Cw!t όCƭǳƻǊŜǎŎŜƴŎŜ 
wŜŎƻǾŜǊȅ !ŦǘŜǊ tƘƻǘƻōƭŜŀŎƘƛƴƎύ ǿƛƭƭ ōŜ ǳǎŜŘ ǘƻ ǇǊƻǾƛŘŜ ǘƘŜ ŘƛŦŦǳǎƛƻƴ ǘƛƳŜ ƻŦ ŦƭǳƻǊŜǎŎŜƴǘ ƻōƧŜŎǘǎ ŀǘ 
ŦƻŎŀƭ ŀŘƘŜǎƛƻƴǎΦ 
Ϧ!ǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘƛǎ ǿƻǊƪǎƘƻǇ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ ōŜ ŀōƭŜ ǘƻ ŘƻΦΦΦϦ 
π {Ŝǘ ǘƘŜ ŀŎǉǳƛǎƛǘƛƻƴ ŎƻƴŘƛǘƛƻƴǎ ƻǇǘƛƳŀƭƭȅ ƻƴ ŀ ƳǳƭǘƛƳƻŘŀƭ ƳƛŎǊƻǎŎƻǇŜ ŦƻǊ ǘƘŜ ŎƻƳōƛƴŀǘƛƻƴ 
ƻŦ ƘƛƎƘπǊŜǎƻƭǳǘƛƻƴ ¢Ca ŀƴŘ Cw!t 
π !ŎǉǳƛǊŜ ƛƳŀƎŜǎ ƻŦ ŦƭǳƻǊŜǎŎŜƴǘ ōŜŀŘǎ ƛƴ ƪƛƴŜǘƛŎǎ ŀƴŘ ŀǘ ŘƛŦŦŜǊŜƴǘ ǇƻǎƛǘƛƻƴǎΦ 
π aŜŀǎǳǊŜ ǘƘŜ ƳƻǾŜƳŜƴǘ ƻŦ ōŜŀŘǎ ǳǎƛƴƎ ǘƘŜ tL± όtŀǊǘƛŎƭŜ LƳŀƎŜ ±ŜƭƻŎȅƳŜǘǊȅύ ǘŜŎƘƴƛǉǳŜΦ 
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π 5ŜǘŜǊƳƛƴŜ ŦǊƻƳ ǘƘŜ ŘƛǎǇƭŀŎŜƳŜƴǘǎ ƻŦ ǘƘŜ ōŜŀŘǎ ǘƘŜ ǘǊŀŎǘƛƻƴ ŦƻǊŎŜǎ ǳǎƛ 
YŜȅǿƻǊŘǎ Υ aŜŎŀƴƻōƛƻƭƻƎȅΣ ¢ǊŀŎǘƛƻƴ CƻǊŎŜΣ ¢CaΣ Cw!tΣ !ŘƘŜǎƛƻƴΣ aƛƎǊŀǘƛƻƴ 
 

***  

!лпмπ{ƻŦǘ ŎŜƭƭ ŎƻƴŦƛƴŜǊ ŘŜǾŜƭƻǇƳŜƴǘ ǘƻ ŘŜŎƛǇƘŜǊ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ƳŜŎƘŀƴƛŎŀƭ ǎǘƛƳǳƭƛ ƻƴ ŎŜƭƭ 
/ƘŀǊƭƻǘǘŜ wƛǾƛŜǊŜ όŎƘŀǊƭƻǘǘŜΦǊƛǾƛŜǊŜϪǳƴƛǾπƭȅƻƴмΦŦǊύ aŀƭŝƪŜ aƻǳŜƭƘƛ όƳŀƭŜƪŜΦƳƻǳŜƭƘƛϪǳƴƛǾπƭȅƻƴмΦŦǊύ 
!ōǎǘǊŀŎǘ 
/ƻƴǘŜȄǘΥ  
LƴŎǊŜŀǎƛƴƎ ŜǾƛŘŜƴŎŜǎ ƛƴŘƛŎŀǘŜ ǘƘŀǘ ƳŜŎƘŀƴƛŎŀƭ ŎǳŜǎ ŦǊƻƳ ŎŜƭƭ ƳƛŎǊƻπŜƴǾƛǊƻƴƳŜƴǘ ŀǊŜ ƛƳǇŀŎǘŜŘ Ƴŀƴȅ 
ŎǊƛǘƛŎŀƭ ŎŜƭƭǳƭŀǊ ŦǳƴŎǘƛƻƴǎ ŀƴŘ ŀǊŜ ƛƴǾƻƭǾŜŘ ƛƴ ŀ ƴǳƳōŜǊ ƻŦ ƘǳƳŀƴ ŘƛǎŜŀǎŜǎ ǎǳŎƘ ŀǎ ŀƎŜƛƴƎΣ ŀƴŘ ŎŀƴŎŜǊ 
ǇǊƻƎǊŜǎǎƛƻƴΦ  
¢ƘŜ ŜŦŦŜŎǘ ƻŦ ƳŀǘǊƛȄ ǎǘƛŦŦƴŜǎǎ Ƙŀǎ ōŜŜƴ ŀƴŘ ƛǎ ǎǘƛƭƭ ŜȄǘŜƴǎƛǾŜƭȅ ǎǘǳŘƛŜŘ ƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ǎǘŜƳ ŎŜƭƭǎ ŀƴŘ 
ǘǳƳƻǊ ǇǊƻƎǊŜǎǎƛƻƴΦ hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ƭƛƳƛǘŜŘ ǎǘǳŘƛŜǎ ƘŀǾŜ ŦƻŎǳǎŜŘ ƻƴ ǘƘŜ ǊƻƭŜ ƻŦ ƳŜŎƘŀƴƛŎŀƭ 
ǎǘǊŜǎǎŜǎΦ {ǳŎƘ ƭƛƳƛǘŀǘƛƻƴ ƛǎ ƭŀǊƎŜƭȅ ŎƻƳƛƴƎ ŦǊƻƳ ǘƘŜ ƭŀŎƪ ƻŦ ǎǘŀƴŘŀǊŘ ƛƴ ǾƛǘǊƻ ŀǎǎŀȅǎ ŜƴŀōƭƛƴƎ ŜȄǘŜƴŘŜŘ 
ŀƴŘ ǊŜǇŜŀǘŜŘ ƳŜŎƘŀƴƛŎŀƭ ǎǘƛƳǳƭŀǘƛƻƴǎΣ ŀƴŘ ŎƻƳǇŀǘƛōƭŜ ǿƛǘƘ ŘȅƴŀƳƛŎ ǉǳŀƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ŎƘŀƴƎŜǎ ƛƴ 
ŎŜƭƭ ǇƘŜƴƻǘȅǇŜ ŀƴŘ ƎŜƴƻǘȅǇŜ ƻŎŎǳǊǊƛƴƎ ŘǳǊƛƴƎ ǎǳŎƘ ƛƳǇƻǎŜŘ ǎǘǊŜǎǎΦ 
bƻƴŜ ƻŦ ǘƘŜ ǎŜǘπǳǇǎ ŎǳǊǊŜƴǘƭȅ ǳǎŜŘ ǘƻ ŀǇǇƭȅ ŀ ŘŜŦƛƴŜŘ ǎǘǊŜǎǎ ƻƴ ŀƴ ŜƴǘƛǊŜ ŎŜƭƭ ǇƻǇǳƭŀǘƛƻƴ ŦǳƭŦƛƭƭǎ ŀƭƭ 
ǘƘŜ ŎǊƛǘŜǊƛŀ ƴŜŜŘŜŘ ŦƻǊ ƭƻƴƎπǘŜǊƳ ŘȅƴŀƳƛŎ ŀƴŀƭȅǎƛǎ όǿŜƭƭπŎƻƴǘǊƻƭ ŀǇǇƭƛŜŘ ǎǘǊŜǎǎΣ ŎƻƳǇŀǘƛōƛƭƛǘȅ ǿƛǘƘ 
ƘƛƎƘπǊŜǎƻƭǳǘƛƻƴ ƳƛŎǊƻǎŎƻǇȅ ŀƴŘ ǾƛŘŜƻπƳƛŎǊƻǎŎƻǇȅΣ ŜŦŦƛŎƛŜƴǘ ƳŜŘƛǳƳ ŀƴŘ ƻȄȅƎŜƴ ǊŜƴŜǿŀƭΣ Ŝŀǎȅ ŎŜƭƭ 
ǊŜǘǊƛŜǾŀƭ ŀŦǘŜǊ ǘƘŜ ƛƳǇƻǎŜŘ ŎƻƳǇǊŜǎǎƛǾŜ ǎǘǊŜǎǎύΦ 
Lƴ ǘƘƛǎ ǿƻǊƪǎƘƻǇΣ ǿŜ ǿƛƭƭ ǇǊŜǎŜƴǘ Ƙƻǿ ǘƻ ǳǎŜ ƘȅŘǊƻƎŜƭǎ ǘƻ ǎǳōƳƛǘ ŎŜƭƭǎ ǘƻ ŀ ŘŜŦƛƴŜŘ ǎǘǊŜǎǎΣ ƛƴ ŀ н5 ƻǊ 
о5 ŜƴǾƛǊƻƴƳŜƴǘΣ ŦƻǊ ǎŜǾŜǊŀƭ ŘŀȅǎΣ ǿƛǘƘ ƴƻ ƛƳǇŀŎǘ ƻƴ ŎŜƭƭǎ ōȅ ƻǘƘŜǊ ƳŜŀƴǎΦ 
Lƴ ǇŀǊǘƛŎǳƭŀǊΣ ǿŜ ǿƛƭƭ ǇǊŜǎŜƴǘ ŀƴ ŀƎŀǊƻǎŜπōŀǎŜŘ ƳƛŎǊƻǎȅǎǘŜƳ ǘƘŀǘ ǿŜ ƘŀǾŜ ŘŜǾŜƭƻǇŜŘ ǘƘŀǘ ŜƴŀōƭŜ 
ǇǊŜŎƛǎŜ ŎƻƴǘǊƻƭ ƻŦ ŎŜƭƭ ŎƻƴŦƛƴŜƳŜƴǘ ŦƻǊ ŀ ŘŜŦƛƴŜŘ ŎŜƭƭ ǇƻǇǳƭŀǘƛƻƴΦ ¢ƘŜ ǎŜǘπǳǇ ǊƛƎƛŘƛǘȅ ƳŀǘŎƘŜǎ 
ǇƘȅǎƛƻƭƻƎƛŎŀƭ ŎƻƴŘƛǘƛƻƴǎ ŀƴŘ ŜƴŀōƭŜ ǇŀǎǎƛǾŜ ƳŜŘƛǳƳ ǊŜƴŜǿŀƭΦ Lǘ ƛǎ ŎƻƳǇŀǘƛōƭŜ ǿƛǘƘ ǘƛƳŜπƭŀǇǎŜ 
ƳƛŎǊƻǎŎƻǇȅΣ ƛƴπǎƛǘǳ ƛƳƳǳƴƻǎǘŀƛƴƛƴƎΣ ŀƴŘ ŎƭŀǎǎƛŎŀƭ ƳƻƭŜŎǳƭŀǊ ŀƴŀƭȅǎƛǎΦ  
hōƧŜŎǘƛǾŜΥ  
¢ƘŜ ŀƛƳ ƻŦ ǘƘŜ ǿƻǊƪǎƘƻǇ ǿƻǳƭŘ ōŜ ǘƻ ǇǊŜǎŜƴǘ Ƙƻǿ ǘƻ ǳǎŜ ǎǳŎƘ ŎƻƴŦƛƴƛƴƎ ǎȅǎǘŜƳǎΣ ŀƴŘ ǿƘŀǘ ƪƛƴŘ ƻŦ 
ŘȅƴŀƳƛŎ ŀƴŀƭȅǎƛǎ ŎƻǳƭŘ ōŜ ŘƻƴŜ ǿƛǘƘ ƛǘΦ !ǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘƛǎ ǿƻǊƪǎƘƻǇ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ ƪƴƻǿ Ƙƻǿ 
ǘƻ ǇŜǊŦƻǊƳ ǎƛƳǇƭŜ ŎƻƴŦƛƴƛƴƎ ŜȄǇŜǊƛƳŜƴǘǎ ƛƴ ǘƘŜƛǊ ƭŀōΦ ¢ƘŜȅ ǿƛƭƭ ŀƭǎƻ ƪƴƻǿ ƛŦ ƳƻǊŜ ǎƻǇƘƛǎǘƛŎŀǘŜŘ 
ŀƎŀǊƻǎŜπōŀǎŜŘ ƳƛŎǊƻǎȅǎǘŜƳ ŎƻǳƭŘ ōŜ ƻŦ ƛƴǘŜǊŜǎǘ ŦƻǊ ǘƘŜƛǊ ǊŜǎŜŀǊŎƘ ǇǊƻƧŜŎǘΦ 
YŜȅǿƻǊŘǎ Υ aŜŎƘŀƴƻōƛƻƭƻƎȅΣ ƘȅŘǊƻƎŜƭΣ aƛŎǊƻǎȅǎǘŜƳǎΣ ŎŜƭƭ ōƛƻƭƻƎȅ 
 

***  

!лпнπwŜƳŜƳōŜǊ ȅƻǳǊ ǿŀǾŜŦǊƻƴǘΥ ŀŘŀǇǘƛǾŜ ƻǇǘƛŎǎ ŀƴŘ ƳŜƳƻǊȅ ŜŦŦŜŎǘ ƛƴ ŘƛŦŦŜǊŜƴǘ ǊŜƎƛƳŜǎ 
/ƭŀǳŘƛƻ aƻǊŜǘǘƛ όŎƭŀǳŘƛƻΦƳƻǊŜǘǘƛϪƭƪōΦŜƴǎΦŦǊύ .ŜǊƴƘŀǊŘ wŀǳŜǊ όōŜǊƴƘŀǊŘΦǊŀǳŜǊϪƭƪōΦŜƴǎΦŦǊύ 
!ōǎǘǊŀŎǘ Υ ²ŀǾŜŦǊƻƴǘ ǎƘŀǇƛƴƎ ƛǎ ƻǇŜƴƛƴƎ ƴŜǿ ŦǊƻƴǘƛŜǊǎ ƻƴ ƻǇǘƛŎŀƭ ƛƳŀƎƛƴƎΦ hǳǘ ƻŦ Ƴŀƴȅ ŎƻƴŎŜǇǘǎΣ ǘƘŜ 
ƛŘŜŀ ƻŦ ƳŜƳƻǊȅ ŜŦŦŜŎǘ όa9ύΣ ƻǊ ƛǎƻǇƭŀƴŀǘƛŎ ǇŀǘŎƘΣ ƛǎ ŎǊǳŎƛŀƭ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ŀǇǇƭƛŎŀōƛƭƛǘȅ ŀƴŘ ƭƛƳƛǘǎ ƻŦ 
ǘƘŜ ǘŜŎƘƴƛǉǳŜǎ ǿƘƛŎƘ ǘŀƪŜ ŀŘǾŀƴǘŀƎŜ ƻŦ ǘƘƛǎ ōǊŀƴŎƘ ƻŦ ƻǇǘƛŎǎΣ ŀǎ !ŘŀǇǘƛǾŜ hǇǘƛŎǎ ό!hύΦ ²Ŝ ǿƛƭƭ ǘŀƪŜ 
ŀƴ ƻǾŜǊǾƛŜǿ ƻƴ ǘƘŜ ŀŎǘǳŀƭ ǘŜŎƘƴƛǉǳŜǎ ŀƴŘ ŀǇǇǊƻŀŎƘŜǎ ǘƻ ǊŜŎƻǾŜǊ ŀ ŦƻŎǳǎ ŀŦǘŜǊ ƳŜŘƛǳƳ ŀŎǊƻǎǎ 
ŘƛŦŦŜǊŜƴǘ ǊŜƎƛƳŜǎΣ ŦǊƻƳ ƭƻǿ ŀōŜǊǊŀǘƛƻƴǎ ǘƻ ƘƛƎƘƭȅ ǎŎŀǘǘŜǊƛƴƎ ƳŜŘƛǳƳΦ ²Ŝ ǿƛƭƭ ƎƛǾŜ ŀ ŎƭŜŀǊ ŀƴŘ ǇƘȅǎƛŎŀƭ 
ǾƛŜǿ ƻƴ ǘƘŜ ƻŦ ǘƘŜ ƪŜȅ ǇŀǊŀƳŜǘŜǊǎ ǿƘƛŎƘ ŀŦŦŜŎǘ ǘƘŜ ǉǳŀƭƛǘȅ ƻŦ ǘƘŜ ƻōǘŀƛƴŜŘ ŦƻŎǳǎΣ ŀƴŘ ƛƳŀƎŜ ǊŜǘǊƛŜǾŀƭ 
ŎŀǇŀōƛƭƛǘƛŜǎΦ ²ƛǘƘ ŀ ƭƛǉǳƛŘ ŎǊȅǎǘŀƭ ǇƘŀǎŜ {Ǉŀǘƛŀƭ [ƛƎƘǘ aƻŘǳƭŀǊ ό{[aύΣ ŀƴŘ ŦŜǿ ƭƛƴŜǎ ƻŦ ŎƻŘŜΣ ǿŜ ǿƛƭƭ 
ǎŜŜ Ƙƻǿ ǘƻ ǇŜǊŦƻǊƳ ŀ ōŀǎƛŎ ƻǇǘƛƳƛȊŀǘƛƻƴ ǇǊƻŎŜŘǳǊŜ ƛƴ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ǊŜƎƛƳŜǎΣ ŀƴŘ ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ 
ōŀƭŀƴŎŜ ƻŦ ǘƘƛŎƪƴŜǎǎΣ ƳŜŀƴ ŦǊŜŜ ǇŀǘƘΣ ŀƴŘ ǘǊŀƴǎǇƻǊǘ ƭŜƴƎǘƘΣ ŀƴŘ ǿŜ ǿƛƭƭ ǎƘƻǿ ǿƘƛŎƘ ŀǊŜ ǘƘŜ ƭƛƳƛǘ ƻƴ 
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ǘƘŜ ŀŦƻǊŜƳŜƴǘƛƻƴŜŘ ǘŜŎƘƴƛǉǳŜǎΦ !ǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘƛǎ ǿƻǊƪǎƘƻǇ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ ōŜ ŀōƭŜ ǘƻ ƘŀǾŜ ŀ ǎƻƭƛŘ 
Ǿƛǎƛƻƴ ƻŦ ǘƘŜ ƳŜƳƻǊȅ ŜŦŦŜŎǘ ŀƴŘ ƛǘǎ ǊƻƭŜ ƛƴ ŀŘŀǇǘƛǾŜ ƻǇǘƛŎǎΣ Ǝŀƛƴ ƪƴƻǿƭŜŘƎŜ ŀōƻǳǘ ōŀǎƛŎ ŎƻƴǘǊƻƭ ƻŦ ŀ 
{[aΣ ŀƴŘ Ƙƻǿ ǘƻ ǇŜǊŦƻǊƳ ǎƛƳǇƭŜ ƻǇǘƛƳƛȊŀǘƛƻƴ ǎŎƘŜƳŜ ŦƻǊ ŀŘŀǇǘƛǾŜ ƻǇǘƛŎǎ ƛƴ ƘƛƎƘƭȅ ǎŎŀǘǘŜǊƛƴƎ 
ǎŀƳǇƭŜǎΦ  
tǊƛƻǊ ƪƴƻǿƭŜŘƎŜ ƻŦ ƻǇǘƛŎǎ ŀƴŘ ǇǊƻƎǊŀƳƳƛƴƎ ƛǎ ŀ ǇƭǳǎΣ ōǳǘ ƴƻǘ ƳŀƴŘŀǘƻǊȅΦ 
!ƴŘ ǊŜƳŜƳōŜǊΥ ōǊƛƴƎ ȅƻǳǊ ǎŀƳǇƭŜΗ 
YŜȅǿƻǊŘǎ Υ ƳŜƳƻǊȅ ŜŦŦŜŎǘΣ ǿŀǾŜŦǊƻƴǘ ǎƘŀǇƛƴƎΣ ŀŘŀǇǘƛǾŜ ƻǇǘƛŎǎΣ ƻǇǘƛƳƛȊŀǘƛƻƴ 
 

***  

 
!лппπŞǘǳŘŜ ŘŜ ƭΩƻǊƎŀƴƛǎŀǘƛƻƴ ŘŜǎ ŎƻƳǇƻǎŀƴǘǎ Řǳ ŎȅǘƻǎǉǳŜƭŜǘǘŜ Ŝǘ ŘŜ ƭΩŀǳǘƻǇƘŀƎƛŜ Řŀƴǎ ǳƴ ŎŀŘǊŜ 
ƛƴŦŜŎǘƛŜǳȄ ǎǳǊ ŘŜǎ ŎŜƭƭǳƭŜǎ Ł ƎŞƻƳŞǘǊƛŜ ŎƻƴǘǊƾƭŞŜ 
{ƻǇƘƛŜ {ŀƭƻƳŞπŘŜǎƴƻǳƭŜȊ όǎƻǇƘƛŜΦǎŀƭƻƳŜπŘŜǎƴƻǳƭŜȊϪƛōƭΦŎƴǊǎΦŦǊύ 
9ƭƛǎŀōŜǘƘ ²ŜǊƪƳŜƛǎǘŜǊ όŜƭƛǎŀōŜǘƘΦǿŜǊƪƳŜƛǎǘŜǊϪƛōƭΦŎƴǊǎΦŦǊύ 
!ōǎǘǊŀŎǘ Υ /Ŝǎ ŘŜǊƴƛŝǊŜǎ ŀƴƴŞŜǎ ƳŜǘǘŜƴǘ Ŝƴ ŞǾƛŘŜƴŎŜ ǳƴ ƛƴǘŞǊşǘ ŘŜ Ǉƭǳǎ Ŝƴ Ǉƭǳǎ ŦƻǊǘ ǇƻǳǊ ƭΩŞǘǳŘŜ ŘŜǎ 
ǇǊƻǇǊƛŞǘŞǎ ƳŞŎŀƴƛǉǳŜǎ ŎŜƭƭǳƭŀƛǊŜǎΦ /Ŝǎ ŘŜǊƴƛŝǊŜǎ ƧƻǳŜƴǘ ǳƴ ǊƾƭŜ ƳŀƧŜǳǊ Řŀƴǎ ŘŜ ƴƻƳōǊŜǳǎŜǎ 
ŦƻƴŎǘƛƻƴǎ ōƛƻƭƻƎƛǉǳŜǎ ŜǎǎŜƴǘƛŜƭƭŜǎΣ ƴƻǘŀƳƳŜƴǘ ƭŀ ƳƛƎǊŀǘƛƻƴΣ ƭϥŀŘƘŞǎƛƻƴΣ ƭŀ ŘƛŦŦŞǊŜƴŎƛŀǘƛƻƴ Ŝǘ ƭŜ 
ǾƛŜƛƭƭƛǎǎŜƳŜƴǘΦ !ƛƴǎƛΣ ƭŀ Ŧŀœƻƴ Řƻƴǘ ƭŜǎ ŎŜƭƭǳƭŜǎ ǊŞǇƻƴŘŜƴǘ Ł ƭŜǳǊ ŜƴǾƛǊƻƴƴŜƳŜƴǘ όŦƻǊŎŜǎ ŀŘƘŞǎƛǾŜǎΣ 
ŘŞŦƻǊƳŀǘƛƻƴǎ ŜȄŜǊŎŞŜǎ ǇŀǊ ƭŜǎ ŎŜƭƭǳƭŜǎ ŀŘƧŀŎŜƴǘŜǎ Ŝǘ ƛƴŦƭǳŜƴŎŜ ŘŜ ƭŀ ƳŀǘǊƛŎŜ ŜȄǘǊŀŎŜƭƭǳƭŀƛǊŜύ Ŝǘ 
ǊŞǇƻƴŘŜƴǘ Ł ŘŜǎ ǎƻƭƭƛŎƛǘŀǘƛƻƴǎ ƳŞŎŀƴƛǉǳŜǎ ŎƻƴǎǘƛǘǳŜƴǘ ǳƴŜ ǇǊƻōƭŞƳŀǘƛǉǳŜ ŦƻƴŘŀƳŜƴǘŀƭŜ Ƴŀƛǎ ǉǳƛ 
ǊŜǎǘŜ ŜƴŎƻǊŜ Ł ƭΩƘŜǳǊŜ ŀŎǘǳŜƭƭŜ ǇŜǳ ŎƻƳǇǊƛǎŜΦ 
bƻǳǎ ƴƻǳǎ ǎƻƳƳŜǎ ǇŀǊǘƛŎǳƭƛŝǊŜƳŜƴǘ ƛƴǘŞǊŜǎǎŞǎ Ł ƭŀ ƳŀƴƛŝǊŜ Řƻƴǘ ƭΩŀǳǘƻǇƘŀƎƛŜ ǇƻǳǾŀƛǘ ƳƻŘǳƭŜǊ ƭŜǎ 
ǇǊƻǇǊƛŞǘŞǎ ƳŞŎŀƴƛǉǳŜǎΣ Ŝƴ ƛƴŘǳƛǎŀƴǘ ƻǳ ōƭƻǉǳŀƴǘ ŎŜ ǇƘŞƴƻƳŝƴŜ ŎŜƭƭǳƭŀƛǊŜΦ Lƭ Ŝǎǘ Ŝƴ ŜŦŦŜǘ Şǘŀōƭƛ ǉǳŜ 
ƭƻǊǎ Řǳ ǾƛŜƛƭƭƛǎǎŜƳŜƴǘΣ ƭŜǎ ǇǊƻǇǊƛŞǘŞǎ ƳŞŎŀƴƛǉǳŜǎ ŘŜǎ ŎŜƭƭǳƭŜǎ ǎŜ ǘǊƻǳǾŜƴǘ ƳƻŘƛŦƛŞŜǎ Ŝǘ ƭΩŀǳǘƻǇƘŀƎƛŜ 
Ŝǎǘ ŀƭǘŞǊŞŜΦ bƻǳǎ ǊŜŎƘŜǊŎƘƻƴǎ ŘƻƴŎ Ł ŘŞǘŜǊƳƛƴŜǊ ǉǳŜƭƭŜ ǇƻǳǊǊŀƛǘ şǘǊŜ ƭΩƛƴŦƭǳŜƴŎŜ ŘŜ ƳƻŘƛŦƛŎŀǘƛƻƴǎ 
Řŀƴǎ ƭŀ ǊŞǇƻƴǎŜ ŎŜƭƭǳƭŀƛǊŜ Ł ŘŜǎ ŎƘŀƴƎŜƳŜƴǘǎ ƳŞŎŀƴƛǉǳŜǎ ǎǳǊ ƭΩŀǳǘƻǇƘŀƎƛŜ ŜǘΣ Ŝƴ ǘŀƴǘ ǉǳŜ ǾƻƛŜ ŘŜ 
ŘŞƎǊŀŘŀǘƛƻƴ ŘŜǎ ǇŀǘƘƻƎŝƴŜǎ ƛƴǘǊŀŎŜƭƭǳƭŀƛǊŜǎΣ ǎǳǊ ƭΩƛƴŦŜŎǘƛƻƴΦ ¸πŀπǘπƛƭ ŎƻǊǊŞƭŀǘƛƻƴ Κ 
5ǳǊŀƴǘ ŎŜ ¢t ƴƻǳǎ ƴƻǳǎ ƛƴǘŞǊŜǎǎŜǊƻƴǎ Ł ƭΩƻǊƎŀƴƛǎŀǘƛƻƴ ŘŜǎ ŎƻƳǇƻǎŀƴǘǎ Řǳ ŎȅǘƻǎǉǳŜƭŜǘǘŜ όŀŎǘƛƴŜΣ 
ƳƛŎǊƻǘǳōǳƭŜǎΣ ŦƛƭŀƳŜƴǘǎ ƛƴǘŜǊƳŞŘƛŀƛǊŜǎύ Řŀƴǎ ƭŜ ŎŀŘǊŜ ŘŜ ƭΩŀǳǘƻǇƘŀƎƛŜ ǇƻǳǊ ŘŜǎ ŎŜƭƭǳƭŜǎ Řƻƴǘ 
ƭΩŜƴǾƛǊƻƴƴŜƳŜƴǘ ƳŞŎŀƴƛǉǳŜ Ŝǎǘ ŎƻƴǘǊƾƭŞ ƎǊŃŎŜ Ł ƭΩǳǘƛƭƛǎŀǘƛƻƴ ŘŜ ǎǳǊŦŀŎŜǎ ŎƻƴǘǊƾƭŞŜǎΦ 
YŜȅǿƻǊŘǎ Υ ƳƛŎǊƻ ǇŀǘǘŜǊƴǎΣ ŎȅǘƻǎǉǳŜƭŜǘǘŜΣ ŀǳǘƻǇƘŀƎƛŜΣ ƛƳŀƎŜǊƛŜ ŘŜ ƘŀǳǘŜ ǊŞǎƻƭǳǘƛƻƴ 
 

***  

!лпрπ¦ƭǘǊŀǎǘǊǳŎǘǳǊŜ ŎŜƭƭǳƭŀƛǊŜ ǇŀǊ ƳƛŎǊƻǎŎƻǇƛŜ ŘϥŜȄǇŀƴǎƛƻƴ 
±ƛǊƎƛƴƛŜ DŜƻǊƎŜǘ όǾƛǊƎƛƴƛŜΦƎŜƻǊƎŜǘϪƳǊƛΦŎƴǊǎΦŦǊύ 
aŀǊƛŜπǇƛŜǊǊŜ .ƭŀƴŎƘŀǊŘ όƳŀǊƛŜπǇƛŜǊǊŜΦōƭŀƴŎƘŀǊŘϪƛƎƘΦŎƴǊǎΦŦǊύ 
!ōǎǘǊŀŎǘ Υ [ϥǳƭǘǊŀǎǘǊǳŎǘǳǊŜ ŘϥǳƴŜ ŎŜƭƭǳƭŜ Ŝǎǘ ǘǊŝǎ ǎƻǳǾŜƴǘ ŞǘǳŘƛŞŜ ǇŀǊ ƳƛŎǊƻǎŎƻǇƛŜ ŞƭŜŎǘǊƻƴƛǉǳŜΣ ƭŀ 
ƳƛŎǊƻǎŎƻǇƛŜ ǇƘƻǘƻƴƛǉǳŜ Şǘŀƴǘ ǘǊƻǇ ƭƛƳƛǘŞŜ Ŝƴ ǊŞǎƻƭǳǘƛƻƴ ǎǇŀǘƛŀƭŜΦ 5ŜǇǳƛǎ ǉǳŜƭǉǳŜǎ ŀƴƴŞŜǎΣ ƭŜǎ 
ŀǇǇǊƻŎƘŜǎ ŘŜ ƳƛŎǊƻǎŎƻǇƛŜ ŘϥŜȄǇŀƴǎƛƻƴ ǉǳƛ ŎƻƴǎƛǎǘŜƴǘ Ł ŀƎǊŀƴŘƛǊ ǇƘȅǎƛǉǳŜƳŜƴǘ ǎƻƴ ŞŎƘŀƴǘƛƭƭƻƴ 
ƻŦŦǊŜƴǘ ǳƴŜ ƴƻǳǾŜƭƭŜ ǇŜǊǎǇŜŎǘƛǾŜ ŘϥŞǘǳŘŜ ŘϥǳƭǘǊŀǎǘǊǳŎǘǳǊŜ ŎŜƭƭǳƭŀƛǊŜ ǇŀǊ ƭŀ ƳƛŎǊƻǎŎƻǇƛŜ ǇƘƻǘƻƴƛǉǳŜΦ 
Lƭ Ŝǎǘ ŀƭƻǊǎ ŀǳǎǎƛ ǇƻǎǎƛōƭŜ ŘŜ ƭƻŎŀƭƛǎŜǊ ǎŀ ǇǊƻǘŞƛƴŜ ŦŀǾƻǊƛǘŜ Ł ƭϥŞŎƘŜƭƭŜ ǎǳōπŎŜƭƭǳƭŀƛǊŜΦ Lƭ ƴϥŜǎǘ ŘƻƴŎ Ǉƭǳǎ 
ŀōǎƻƭǳƳŜƴǘ ƴŞŎŜǎǎŀƛǊŜ ŘϥǳǘƛƭƛǎŜǊ ƭŀ ƳƛŎǊƻǎŎƻǇƛŜ ŞƭŜŎǘǊƻƴƛǉǳŜ ǉǳƛ ǇŜǳǘ şǘǊŜ ƭƻǳǊŘŜ Ł ƳŜǘǘǊŜ Ŝƴ ǇƭŀŎŜΦ 
¢ƻǳǘŜŦƻƛǎΣ ƭŜǎ ǊŞǎƻƭǳǘƛƻƴǎ ŀǘǘŜƛƴǘŜǎ ƴŜ ǎŜǊƻƴǘ ƧŀƳŀƛǎ ŎŜƭƭŜǎ ŘŜ ƭŀ ƳƛŎǊƻǎŎƻǇƛŜ ŞƭŜŎǘǊƻƴƛǉǳŜΦ 
[ϥŀǘŜƭƛŜǊ ǇǊƻǇƻǎŞ ǇŜǊƳŜǘǘǊŀ ŘŜ ŘŞŎƻǳǾǊƛǊ Ŝƴ ǇǊŀǘƛǉǳŜ ƭŀ ƳƛŎǊƻǎŎƻǇƛŜ ŘϥŜȄǇŀƴǎƛƻƴ ŀǇǇƭƛǉǳŞŜ Ł ǳƴŜ 
ƳƻƴƻπŎƻǳŎƘŜ ŎŜƭƭǳƭŀƛǊŜ Ŝǘ ŘϥŜƴ ŞǾŀƭǳŜǊ ƭŜǎ ƭƛƳƛǘŜǎ Ŝƴ ǘŜǊƳŜ ŘŜ ǊŞǎƻƭǳǘƛƻƴ ǎǇŀǘƛŀƭŜΦ [Ŝǎ ŞŎƘŀƴǘƛƭƭƻƴǎ 
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ǎŜǊƻƴǘ ƻōǎŜǊǾŞǎ ŀǇǊŝǎ ŜȄǇŀƴǎƛƻƴ Ŝƴ ƳƛŎǊƻǎŎƻǇƛŜ ŎƻƴŦƻŎŀƭŜ Ł ōŀƭŀȅŀƎŜ ƭŀǎŜǊΦ /ŜǊǘŀƛƴǎ ŞŎƘŀƴǘƛƭƭƻƴǎ 
ǎŜǊƻƴǘ ŞƎŀƭŜƳŜƴǘ ƛƳŀƎŞǎ Ŝƴ {¢95 ŀŦƛƴ ŘΩŞǾŀƭǳŜǊ ƭŜ Ǝŀƛƴ ŘŜ ǊŞǎƻƭǳǘƛƻƴ Ŝƴ ŎƻƳōƛƴŀƴǘ ƭŀ ƳƛŎǊƻǎŎƻǇƛŜ 
ŘΩŜȄǇŀƴǎƛƻƴ Ŝǘ ƭŜ {¢95Φ Lƭ ǎŜǊŀ ŀƛƴǎƛ ǇƻǎǎƛōƭŜ ŘϥƻōǎŜǊǾŜǊ Ŝƴ ŘƛǊŜŎǘ ǳƴ ŎŜƴǘǊƻǎƻƳŜΣ ƳƛŎǊƻǘǳōǳƭŜ Ŝǘ ǳƴ 
Ŏƛƭ ǇǊƛƳŀƛǊŜΦ [Ŝǎ ǇƻǊŜǎ ƴǳŎƭŞŀƛǊŜǎ ǎŜǊƻƴǘ ƛƳŀƎŞǎ Ŝƴ ƳƻŘŜ {¢95 ŀǾŀƴǘ ƻǳ ŀǇǊŝǎ ŜȄǇŀƴǎƛƻƴΦΦΦΦΦ ¢ƻǳǘŜǎ 
ŎŜǎ ǎǘǊǳŎǘǳǊŜǎ ŎŀǊŀŎǘŞǊƛǎǘƛǉǳŜǎ ǇƻǳǊǊƻƴǘ şǘǊŜ ŎƻǳǇƭŞŜǎ Ł ƭŀ ŘŞǘŜŎǘƛƻƴ ŘŜ ǎŀ ƻǳ ǎŜǎ ǇǊƻǘŞƛƴŜǎ ŦŀǾƻǊƛǘŜǎ 
ǇŀǊ ƛƳƳǳƴƻŦƭǳƻǊŜǎŎŜƴŎŜΦ  
! ƭŀ Ŧƛƴ ŘŜ ƭϥŀǘŜƭƛŜǊΣ ƭŜǎ ǇŀǊǘƛŎƛǇŀƴǘǎ ŘŜ ƭϥŀǘŜƭƛŜǊ ǎŀǳǊƻƴǘ ŎƻƳƳŜƴǘ ǊŞŀƭƛǎŜǊ ǳƴŜ ŜȄǇŞǊƛŜƴŎŜ ŘŜ 
ƳƛŎǊƻǎŎƻǇƛŜ ŘϥŜȄǇŀƴǎƛƻƴ Ŝǘ ƻōǎŜǊǾŜǊ ƭŜǳǊ ŞŎƘŀƴǘƛƭƭƻƴ Ŝƴ ƳƛŎǊƻǎŎƻǇƛŜ ŎƻƴŦƻŎŀƭŜ ƻǳ {¢95Φ  
 
YŜȅǿƻǊŘǎ Υ ƳƛŎǊƻǎŎƻǇƛŜ ŘϥŜȄǇŀƴǎƛƻƴΣ ǳƭǘǊŀǎǘǊǳŎǘǳǊŜ ŎŜƭƭǳƭŀƛǊŜΣ ǎǳǇŜǊπǊŞǎƻƭǳǘƛƻƴ 
 

***  

!лпсπ/ƻƳƳŜƴǘ ŀŘŀǇǘŜǊ ǎƻƴ ƳƛŎǊƻǎŎƻǇŜ ¢LwC ǇƻǳǊ ŦŀƛǊŜ Řǳ {¢hwaΗ 
.ŞŀǘǊƛŎŜ 5ǳǊŜƭ όōŜŀǘǊƛŎŜΦŘǳǊŜƭϪƛƴǎŜǊƳΦŦǊύ !ǳŘǊŜȅ {ŀƭƭŜǎ όŀǳŘǊŜȅΦǎŀƭƭŜǎϪǇŀǎǘŜǳǊΦŦǊύ 
!ōǎǘǊŀŎǘ Υ tƻǳǊ ǊŞǇƻƴŘǊŜ ŀǳȄ ōŜǎƻƛƴǎ ŘŜǎ ŎƘŜǊŎƘŜǳǊǎ Ŝƴ ƳŀǘƛŝǊŜ ŘŜ ǎǳǇŜǊ ǊŞǎƻƭǳǘƛƻƴΣ Ŝǘ Ł ƳƻƛƴŘǊŜ 
ŎƻǶǘΣ ƛƭ Ŝǎǘ ǇƻǎǎƛōƭŜ ŘΩŀǇǇƻǊǘŜǊ ŘŜǎ ƳƻŘƛŦƛŎŀǘƛƻƴǎ Ł ǳƴ ƳƛŎǊƻǎŎƻǇŜ ŎƻƴǾŜƴǘƛƻƴƴŜƭ ¢LwCΣ ǇƻǳǊ ŀŎŎŞŘŜǊ 
Ł ƭŀ ǘŜŎƘƴƛǉǳŜ ŘŜ ǎǳǇŜǊ ǊŞǎƻƭǳǘƛƻƴ {¢hwaΦ 5ŀƴǎ ŎŜǘ ŀǘŜƭƛŜǊΣ ƴƻǳǎ ǾŜǊǊƻƴǎ ǘƻǳǘŜǎ ƭŜǎ ŞǘŀǇŜǎ ŘŜ ƭŀ 
ǊŞŦƭŜȄƛƻƴ Řǳ ǇǊƻƧŜǘ Ł ǎŀ ǊŞŀƭƛǎŀǘƛƻƴ ǘŜŎƘƴƛǉǳŜ Ŝǘ ǎŀ ǾŀƭƛŘŀǘƛƻƴΦ bƻǳǎ ƛŘŜƴǘƛŦƛŜǊƻƴǎ ƭŜǎ Ǉƻƛƴǘǎ ǎŜƴǎƛōƭŜǎ 
Ŝǘ ǾŜǊǊƻƴǎ ŎƻƳƳŜƴǘ ƭŜǾŜǊ ƭŜǎ ǾŜǊǊƻǳǎ ǘŜŎƘƴƛǉǳŜǎΦ  
/Ŝǘ ŀǘŜƭƛŜǊ ǎΩƛƴǎŎǊƛǘ Řŀƴǎ ǳƴ ǇŀǊŎƻǳǊǎ ŘΩŀǘŜƭƛŜǊǎ ŀǳǘƻǳǊ Řǳ {¢hwaΦ Lƭ ǎϥŀŘǊŜǎǎŜ Ł ǳƴ ǇǳōƭƛŎ ŘŜ 
ŎƘŜǊŎƘŜǳǊǎ ƻǳ ŘϥƛƴƎŞƴƛŜǳǊǎ ōƛƻƭƻƎƛǎǘŜǎΣ ŀȅŀƴǘ ŘŜǎ ŎƻƴƴŀƛǎǎŀƴŎŜǎ ŘŜ ōŀǎŜ Ŝƴ ƳƛŎǊƻǎŎƻǇƛŜ ŘŜ ƳƻƭŞŎǳƭŜ 
ǳƴƛǉǳŜΦ 
5ŞǊƻǳƭŜƳŜƴǘ ŘŜ ƭΩŀǘŜƭƛŜǊ ŀǾŜŎ ƭϥƛƳǇƭƛŎŀǘƛƻƴ ŀŎǘƛǾŜ ŘŜǎ ǇŀǊǘƛŎƛǇŀƴǘǎ Υ 
м ψ !ƴŀƭȅǎŜǊ ƭŜǎ ŞǘŀǇŜǎΣ ƭŜǎ ōŜǎƻƛƴǎ ǇƻǳǊ ŎŜǘǘŜ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴΣ ǉǳŜƭǎ ƭŀǎŜǊǎ ǇƻǳǊ ǉǳŜƭƭŜǎ ǘŜŎƘƴƛǉǳŜǎ Κ  
н ψ !ǘŜƭƛŜǊ ǇǊŀǘƛǉǳŜ ƳŀƴƛǇǳƭŀǘƛƻƴ ŘŜ ƭŀǎŜǊǎ Υ ƛƴǎǘŀƭƭŀǘƛƻƴ Ŝǘ ŀƭƛƎƴŜƳŜƴǘ Řǳ ƭŀǎŜǊ Řŀƴǎ ƭŀ ŦƛōǊŜ Ł ƭΩŀƛŘŜ 
ŘΩǳƴ ǇǳƛǎǎŀƴŎŜ ƳŝǘǊŜΦ  
5ƛǎŎǳǎǎƛƻƴ Υ tƻǳǊǉǳƻƛ ǇŀǊǘƛǊ ŘΩǳƴ ƳƛŎǊƻǎŎƻǇŜ ¢LwC Κ LƴǘŞǊşǘ Řǳ ōǊŀǎ ¢LwCΣ ŘŜǎ ŞƭŞƳŜƴǘǎ ŘΩƻǇǘƛǉǳŜ 
όŦƛƭǘǊŜǎΣ ƻōƧŜŎǘƛŦΣ ŎŀƳŞǊŀύ 
о ψ !ǘŜƭƛŜǊ ǇǊŀǘƛǉǳŜ ŀŎǉǳƛǎƛǘƛƻƴ ŘΩƛƳŀƎŜǎ Υ ǊŞŀƭƛǎŀǘƛƻƴ ŘΩŀŎǉǳƛǎƛǘƛƻƴǎ ŘΩƛƳŀƎŜǎ ǇŀǊ ƭŜǎ ǇŀǊǘƛŎƛǇŀƴǘǎΣ Ŝƴ 
Ƨƻǳŀƴǘ ǎǳǊ ŘƛŦŦŞǊŜƴǘǎ ǇŀǊŀƳŝǘǊŜǎ ŘŜǎ ƭŀǎŜǊǎΦ  
п ψ !ǘŜƭƛŜǊ ǇǊŀǘƛǉǳŜ ǊŜŎƻƴǎǘǊǳŎǘƛƻƴ ŘΩƛƳŀƎŜǎ Υ ǳǘƛƭƛǎŀǘƛƻƴ ŘΩǳƴ ƭƻƎƛŎƛŜƭ ƭƛōǊŜ ό¦b[h/ύ ǇƻǳǊ ǊŜŎƻƴǎǘǊǳƛǊŜ 
ƭŜǎ ƛƳŀƎŜǎ ǎǳǇŜǊπǊŞǎƻƭǳŜǎΦ  
5ƛǎŎǳǎǎƛƻƴ Υ LƳǇŀŎǘ ŘŜ ƭΩŀƭƛƎƴŜƳŜƴǘ Ŝǘ ŘŜ ƭŀ ǇǳƛǎǎŀƴŎŜ ŘŜǎ ƭŀǎŜǊǎ ǎǳǊ ƭŜ ŎƭƛƎƴƻǘŜƳŜƴǘ ŘŜǎ 
ŦƭǳƻǊƻǇƘƻǊŜǎΦ ;Ǿŀƭǳŀǘƛƻƴ ŘŜ ƭŀ ŦƛŀōƛƭƛǘŞ ŘΩǳƴ ǎȅǎǘŝƳŜ ζ Ƴŀƛǎƻƴ η Ŝƴ ǳǘƛƭƛǎŀƴǘ ƭŜǎ ƛƴŦƻǊƳŀǘƛƻƴǎ ŘƻƴƴŞŜǎ 
ǇŀǊ ƭŜ ƭƻƎƛŎƛŜƭ ¦b[h/Φ !ǾŀƴǘŀƎŜǎ Ŝǘ ƭƛƳƛǘŜǎ ŘΩǳƴ ǘŜƭ ǎȅǎǘŝƳŜΦ 
! ƭϥƛǎǎǳŜ ŘŜ ŎŜǘ ŀǘŜƭƛŜǊΣ ƭŜǎ ǇŀǊǘƛŎƛǇŀƴǘǎ ŀǳǊƻƴǘ ŀŎǉǳƛǎ ŘŜǎ ŎƻƴƴŀƛǎǎŀƴŎŜǎ ǘƘŞƻǊƛǉǳŜǎ Ŝǘ ǇǊŀǘƛǉǳŜǎΣ ƭŜǳǊ 
ǇŜǊƳŜǘǘŀƴǘ ŘΩǳǇƎǊŀŘŜǊ ǳƴ ƳƛŎǊƻǎŎƻǇŜ ¢LwC ǇƻǳǊ ŦŀƛǊŜ Řǳ {¢hwaΦ Lƭǎ ŀǳǊƻƴǘ Ǉǳ ǎŜ ŦŀƳƛƭƛŀǊƛǎŜǊ ŀǾŜŎ 
ŎŜǊǘŀƛƴǎ ƎŜǎǘŜǎ ŜȄǇŞǊƛƳŜƴǘŀǳȄ Ŝǘ ǎŜǊƻƴǘ ǎŜƴǎƛōƛƭƛǎŞǎ ŀǳȄ ŞƭŞƳŜƴǘǎ ƛƳǇƻǊǘŀƴǘǎ ŘΩǳƴ ƳƛŎǊƻǎŎƻǇŜ 
{¢hwaΣ ŀŦƛƴ ŘΩŀǾƻƛǊ ǳƴ ǊŜƎŀǊŘ ŎǊƛǘƛǉǳŜ ƭƻǊǎ ŘŜ ƭΩŀŎƘŀǘ ŘΩǳƴ ǎȅǎǘŝƳŜ ŎƻƳƳŜǊŎƛŀƭΦ 
YŜȅǿƻǊŘǎ Υ aƛŎǊƻǎŎƻǇƛŜ ¢LwCΣ {¢hwaΣ ƘƻƳŜ ƳŀŘŜ 
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!лпуπaŞŎŀƴƻōƛƻƭƻƎƛŜ ŘŜ ŎŜƭƭǳƭŜǎ ǘǳƳƻǊŀƭŜǎ ŎƛǊŎǳƭŀƴǘŜǎ 
.ŜǊǘǊŀƴŘ /ƛƴǉǳƛƴ όōŜǊǘǊŀƴŘΦŎƛƴǉǳƛƴϪŜǎǇŎƛΦŦǊύ 9ƳƛƭŜ DŀǎǎŜǊ όŜƳƛƭŜΦƎŀǎǎŜǊϪŎǳǊƛŜΦŦǊύ 
!ōǎǘǊŀŎǘ Υ [ΩƻōƧŜŎǘƛŦ ŘŜ ƭΩŀǘŜƭƛŜǊ Ŝǎǘ ŘΩƻōǎŜǊǾŜǊ ƭŀ ŘŞŦƻǊƳŀǘƛƻƴ Ŝǘ ǊŜƭŀȄŀǘƛƻƴ ŘŜ ŎŜƭƭǳƭŜǎ ǘǳƳƻǊŀƭŜǎ 
ŎƛǊŎǳƭŀƴǘŜǎ ό/¢/ǎύ ǎƻǳǎ ŦƭǳȄ ƛƳǇƻǎŞΣ Řŀƴǎ ŘŜǎ ŎƻƴǎǘǊƛŎǘƛƻƴǎ ƳƛŎǊƻŦƭǳƛŘƛǉǳŜǎ ǊŜǇǊƻŘǳƛǎŀƴǘ ƭŀ ǘƻǇƻƭƻƎƛŜ 
ŘŜ ƭŀ ƳƛŎǊƻǾŀǎŎǳƭŀǘǳǊŜΦ /Ŝ ŘƛǎǇƻǎƛǘƛŦ ƳƛŎǊƻŦƭǳƛŘƛǉǳŜ ǇŜǊƳŜǘ ŘŜ ǊŜǇǊƻŘǳƛǊŜ ƭŜǎ ǎǘǊŜǎǎ Ŝǘ ŘŞŦƻǊƳŀǘƛƻƴǎ 
ǎǳōƛŜǎ ǇŀǊ ƭŜǎ /¢/ǎ Řŀƴǎ ƭŀ ŎƛǊŎǳƭŀǘƛƻƴ ǎŀƴƎǳƛƴŜΣ ŀŦƛƴ ŘŜ ŎƻƳǇǊŜƴŘǊŜ ƭŜǎ ƳŞŎŀƴƛǎƳŜǎ Ƴƛǎ Ŝƴ ƧŜǳ Řŀƴǎ 
ƭŀ ǎǳǊǾƛŜ ŘŜǎ /¢/ǎ Řŀƴǎ ƭŜ ŎƻƴǘŜȄǘŜ Řǳ ŘŞǾŜƭƻǇǇŜƳŜƴǘ ŘŜ ƳŞǘŀǎǘŀǎŜǎΦ 
[ŀ ŎŜƭƭǳƭŜ ǎŜǊŀ ƛƳŀƎŞŜ ƭŜ ƭƻƴƎ ŘŜ ǎƻƴ ǇŀǊŎƻǳǊǎ Řŀƴǎ ƭŀ ŎƻƴǎǘǊƛŎǘƛƻƴ ƧǳǎǉǳŜ Řŀƴǎ ƭŜ ǇƛŝƎŜ ǇǊŞǾǳ ǇƻǳǊ 
ƭŀ ŎŀǇǘǳǊŜǊ Ŝǘ ƭΩƻōǎŜǊǾŜǊ ƭƻǊǎ ŘŜ ǎŀ ǊŞŎǳǇŞǊŀǘƛƻƴ ŘŜ ƭŀ ŘŞŦƻǊƳŀǘƛƻƴΦ 5Ŝǎ ƳŀǊǉǳŀƎŜǎ Řǳ ƴƻȅŀǳ Ŝǘ ŘŜ 
ƭŀ ƳŜƳōǊŀƴŜ ǇŜǊƳŜǘǘǊƻƴǘ ŘŜ ǎǳƛǾǊŜ ƭŀ ŦƻǊƳŜ ŘŜ ƭŀ ŎŜƭƭǳƭŜ Ŝǘ ŘŜ ǎƻƴ ƴƻȅŀǳ ŀǳ ŎƻǳǊǎ ŘŜ ƭŀ ŘŞŦƻǊƳŀǘƛƻƴΦ 
[ŀ ƭƛƎƴŞŜ ŎŜƭƭǳƭŀƛǊŜ ŀ ŞǘŞ ǘǊŀƴǎŦŜŎǘŞŜ ǎǘŀōƭŜƳŜƴǘ ǇƻǳǊ ŜȄǇǊƛƳŜǊ ŘŜǎ ƳŀǊǉǳŜǳǊǎ ŦƭǳƻǊŜǎŎŜƴǘǎ ǇƻǳǊ ƭŜǎ 
ǊǳǇǘǳǊŜǎ ŘŜ ƭΩ!5b ŘƻǳōƭŜπōǊƛƴ όро.tύ Ŝǘ ǊǳǇǘǳǊŜǎ ŘŜ ƭŀ ƳŜƳōǊŀƴŜ ƴǳŎƭŞŀƛǊŜ όŎD!{ύΦ [ΩŞǾƻƭǳǘƛƻƴ ŘŜǎ 
ŘƻƳƳŀƎŜǎ ǇƻǎǘπŎƻƴǎǘǊƛŎǘƛƻƴ ǎŜǊŀ ǎǳƛǾƛŜ Ŝƴ ƛƳŀƎŜŀƴǘ ƭŀ ŎŜƭƭǳƭŜ Řŀƴǎ ƭŜ ǇƛŝƎŜΦ 
 
! ƭŀ Ŧƛƴ ŘŜ ƭΩŀǘŜƭƛŜǊΣ ƭŜǎ ǇŀǊǘƛŎƛǇŀƴǘǎ ǎŜǊƻƴǘ ǎŜƴǎƛōƛƭƛǎŞǎ ŀǳ ǘǊŀǾŀƛƭ ǎǳǊ ǇǳŎŜ ƳƛŎǊƻŦƭǳƛŘƛǉǳŜ Ŝǘ ŀǳȄ 
ŘƛŦŦŞǊŜƴǘǎ ŘŞŦƛǎ ǉǳŜ ŎŜƭŀ ǎǳǇǇƻǎŜ Υ ƳŀǊǉǳŀƎŜΣ ŀŎǉǳƛǎƛǘƛƻƴ ŘŜ ǇƘŞƴƻƳŝƴŜǎ ŘȅƴŀƳƛǉǳŜǎΣ ƻōƧŜǘǎ Ŝƴ 
ƳƻǳǾŜƳŜƴǘǎ Řŀƴǎ ƭŜ ŎƘŀƳǇ ŘŜ ǾǳŜΦ Lƭǎ ŀǳǊƻƴǘ ŘŞŎƻǳǾŜǊǘ ƭŀ ƎŜǎǘƛƻƴ Ŝǘ ƭΩŀƴŀƭȅǎŜ ŘŜ ŦƛŎƘƛŜǊǎ 
ǾƻƭǳƳƛƴŜǳȄΣ ƛǎǎǳǎ ŘŜ ƭΩŀŎǉǳƛǎƛǘƛƻƴ ŘΩƛƳŀƎŜǎ ŘŜ ƘŀǳǘŜ ǉǳŀƭƛǘŞ Ł ƘŀǳǘŜ ŦǊŞǉǳŜƴŎŜΦ 
YŜȅǿƻǊŘǎ Υ /ŜƭƭǳƭŜǎ ŎƛǊŎǳƭŀƴǘŜǎΣ aƛŎǊƻŦƭǳƛŘƛŎǎΣ /Ŝƭƭ aŜŎƘŀƴƛŎǎΣ о5 
 

***  

 
!лрлπaǳƭǘƛǇƭŜȄŜŘ Cw9¢ ōƛƻǎŜƴǎƻǊ ƛƳŀƎƛƴƎ ǘƻ ǾƛǎǳŀƭƛȊŜ όǇŀǊǘ Lύ ŀƴŘ ǉǳŀƴǘƛŦȅ όǇŀǊǘ LLύ ǘƘŜ ŘȅƴŀƳƛŎ 
ŎƻƻǊŘƛƴŀǘƛƻƴ ōŜǘǿŜŜƴ ŎŜƭƭ ǎƛƎƴŀƭƛƴƎ ŀƴŘ ƳŜŎƘŀƴƛŎǎ ŘǳǊƛƴƎ ŎƻƭƭŜŎǘƛǾŜ ŎŜƭƭ ƳƛƎǊŀǘƛƻƴΦ 
tƘƛƭƛǇǇŜ DƛǊŀǊŘ όǇƘƛƭƛǇǇŜΦƎƛǊŀǊŘϪƛƧƳΦŦǊύ bƛŎƻƭŀǎ .ƻǊƎƘƛ όƴƛŎƻƭŀǎΦōƻǊƎƘƛϪƛƧƳΦŦǊύ 
!ōǎǘǊŀŎǘ Υ .ƛƻƭƻƎƛŎŀƭ ƛƳŀƎŜǎ ŀǊŜ ŀ ǾŜǊȅ ǊƛŎƘ ǎƻǳǊŎŜ ƻŦ ƛƴŦƻǊƳŀǘƛƻƴΦ 9ǎǇŜŎƛŀƭƭȅ ǿƛǘƘ ŦƭǳƻǊŜǎŎŜƴǘ 
ǊŜǇƻǊǘŜǊǎ ŀƴŘ ƭƛǾŜ ŎŜƭƭ ƛƳŀƎƛƴƎΣ ǊŜǎŜŀǊŎƘŜǊǎ Ŏŀƴ Ǝŀƛƴ ŀ ǘǊŜƳŜƴŘƻǳǎ ŀƳƻǳƴǘ ƻŦ ŘŀǘŀΦ ²ƛǘƘ ǘƘŜ ƘŜƭǇ ƻŦ 
ŀǳǘƻƳŀǘŜŘ ƛƳŀƎŜ ŀƴŀƭȅǎƛǎ ŀƭƎƻǊƛǘƘƳǎΣ ǘƘŜ ƛƴŦƻǊƳŀǘƛƻƴ Ŏŀƴ ōŜ ǉǳŀƴǘƛŦƛŜŘΦ !ǳǘƻƳŀǘŜŘ ƛƳŀƎŜ ŀƴŀƭȅǎƛǎ 
ǊŜŘǳŎŜǎ ǎǳōƧŜŎǘƛǾƛǘȅ ŀƴŘ ƛƴŎǊŜŀǎŜǎ ǘƘǊƻǳƎƘǇǳǘ ōǳǘ Ŏŀƴ ŀƭǎƻ ŘŜǘŜŎǘ ŎƘŀƴƎŜǎ ǘƻƻ ǎǳōǘƭŜ ŦƻǊ ǘƘŜ 
ŜȄǇŜǊƛƳŜƴǘŜǊ ǘƻ ŀǎǎŜǎǎΦ wƛŎƘ ƳǳƭǘƛǇŀǊŀƳŜǘǊƛŎ ŜȄǇŜǊƛƳŜƴǘŀƭ Ǌŀǿ Řŀǘŀ ƎŜƴŜǊŀǘŜŘ ƛƴ ǘƘŜ 
ŎƻƳǇƭŜƳŜƴǘŀǊȅ ǿƻǊƪǎƘƻǇ όtŀǊǘ Lύ ǿƛƭƭ ōŜ ŀƴŀƭȅȊŜ ƘŜǊŜΦ ²Ŝ ǿƛƭƭ ŀŘŘǊŜǎǎ ǘƘƛǎ ŎƘŀƭƭŜƴƎŜ ōȅ ǳǎƛƴƎ ƻǳǊ 
ƘƻƳŜπƳŀŘŜ ƛƳŀƎŜ ŀƴŀƭȅǎƛǎ ǇƛǇŜƭƛƴŜ ŘŜǾŜƭƻǇŜŘ ƻƴ LƳŀƎŜWκaŀǘ[ŀō ŦƻǊ ŀƴŀƭȅȊƛƴƎ ƘǳƴŘǊŜŘǎ ǘƻ 
ǘƘƻǳǎŀƴŘǎ ƻŦ ƛƳŀƎŜǎΦ CƛǊǎǘ ǘƘŜ ǎƻŦǘǿŀǊŜ ǘƻƻƭǎ ŀƭƭƻǿ ƛƳŀƎŜǎ ǇǊŜπǇǊƻŎŜǎǎƛƴƎ ǘƻ ŎƻǊǊŜŎǘ ƛƭƭǳƳƛƴŀǘƛƻƴ 
ŀƴŘ ŀƴƻƳŀƭƛŜǎΣ ǘƘŜƴ ƛƳŀƎŜǎ ǎŜƎƳŜƴǘŀǘƛƻƴ ŀƴŘ ŎŜƭƭǎ ǘǊŀŎƪƛƴƎ ǘƻ ƛŘŜƴǘƛŦȅ ŀƴŘ Ŧƻƭƭƻǿ ƛƴŘƛǾƛŘǳŀƭ ŎŜƭƭǎ 
ǿƛǘƘƛƴ ǘƘŜ ŎƻƭƭŜŎǘƛǾŜ ǳǎƛƴƎ ŀǳǘƻƳŀǘŜŘ ǘƘǊŜǎƘƻƭŘƛƴƎ ŀƴŘ ŎƻƴŦƛƎǳǊŜŘ ǎŜƎƳŜƴǘŀǘƛƻƴ ŀƭƎƻǊƛǘƘƳǎΦ [ŀǎǘƭȅΣ 
ǇŀǊǘƛŎǳƭŀǊ ŦŜŀǘǳǊŜǎ ƻŦ ƛƴǘŜǊŜǎǘ ǿƛƭƭ ōŜ ŜȄǘǊŀŎǘŜŘ ŦǊƻƳ ŜǾŜǊȅ ŎŜƭƭ ƛƴ ŜǾŜǊȅ ƛƳŀƎŜΣ ƛƴŎƭǳŘƛƴƎ ŎŀǘŜƎƻǊƛŜǎ 
ǎǳŎƘ ŀǎ ƳƻǊǇƘƻƭƻƎȅ ŀƴŘ ŘƛǎǇƭŀŎŜƳŜƴǘǎ ǇŀǊŀƳŜǘŜǊǎ όǎƛȊŜΣ ǾŜƭƻŎƛǘȅΣ ŜǘŎΦύΣ ŦƭǳƻǊŜǎŎŜƴŎŜ ƛƴǘŜƴǎƛǘƛŜǎ ŦƻǊ 
Cw9¢ ŎŀƭŎǳƭŀǘƛƻƴΣ ŀƴŘ ǘƘŜ ŎƻǊǊŜƭŀǘƛƻƴ ƻŦ ǘƘŜǎŜ ƳŜǘǊƛŎǎ ƛƴ ǎǇŀŎŜ ŀƴŘ ǘƛƳŜΣ ǘƻ ǳƴŎƻǾŜǊ ǊŜƭŀǘƛƻƴǎƘƛǇǎ 
ōŜǘǿŜŜƴ ǘƘŜ ŘȅƴŀƳƛŎǎ ƻŦ ƪƛƴŀǎŜ ŀŎǘƛǾƛǘƛŜǎ ŀƴŘ ƳƻƭŜŎǳƭŀǊ ƳŜŎƘŀƴƛŎǎ ǘƘŀǘ ŀǊŜ ƛƴǾƻƭǾŜŘ ƛƴ ŎƻƭƭŜŎǘƛǾŜ 
ŎŜƭƭ ƳƛƎǊŀǘƛƻƴΦ !ǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘƛǎ ǿƻǊƪǎƘƻǇ όtŀǊǘ LLύΣ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ ōŜ ŀōƭŜ ǘƻ ǇǊƻŎŜǎǎ ǘƘŜƛǊ Řŀǘŀ 
όƻōǘŀƛƴŜŘ ƛƴ tŀǊǘ Lύ ǳǎƛƴƎ ǘƘƛǎ ƛƴǘŜƎǊŀǘŜŘ ŀƴŘ ǳǎŜǊπŦǊƛŜƴŘƭȅ ƛƳŀƎŜ ŀƴŀƭȅǎƛǎ ǿƻǊƪŦƭƻǿ ŦƻǊ ŀǳǘƻƳŀǘƛŎŀƭƭȅ 
ŘŜƭƛǾŜǊƛƴƎ Ǌƻōǳǎǘ ŀƴŘ ǉǳŀƴǘƛǘŀǘƛǾŜ ŘŀǘŀΦ 
YŜȅǿƻǊŘǎ Υ Cw9¢ ōƛƻǎŜƴǎƻǊΣ aǳƭǘƛǇƭŜȄŜŘ Cw9¢Σ  ƛƳŀƎŜ ŀƴŀƭȅǎƛǎ ǿƻǊƪŦƭƻǿΣ ŎŜƭƭ ǘǊŀŎƪƛƴƎΣ ŎŜƭƭ ǘǊŀŎƪƛƴƎΣ 
ŎƻǊǊŜƭŀǘƛƻƴ 

***  
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!лрнπvǳŀƴǘƛǘŀǘƛǾŜ о5 {Ǉŀǘƛŀƭ !ƴŀƭȅǎƛǎ ƻŦ ƳǳƭǘƛŎŜƭƭǳƭŀǊ ǎǇŜŎƛƳŜƴǎ όhǊƎŀƴƻƛŘǎ ǿκƻ ŎƭŜŀǊƛƴƎύ 
{ŞōŀǎǘƛŜƴ aŀǊŀƛǎ όǎŜōŀǎǘƛŜƴΦƳŀǊŀƛǎϪǳπōƻǊŘŜŀǳȄΦŦǊύ {ƻǇƘƛŜ !ƭƭŀǊǘ όǎƻǇƘƛŜΦŀƭƭŀǊǘϪƛƴǎŜǊƳΦŦǊύ 
!ōǎǘǊŀŎǘ Υ .ŀŎƪƎǊƻǳƴŘΥ ¢ƘŜ ƭŀǊƎŜ ǎƛȊŜ ŀƴŘ ƻǇǘƛŎŀƭ ƻǇŀŎƛǘȅ ƻŦ ƴŜǿ ǇǊƻƳƛǎƛƴƎ ƳŀƳƳŀƭƛŀƴ ƳƻŘŜƭǎ ǎǳŎƘ 
ŀǎ ƻǊƎŀƴƻƛŘǎ ŀƴŘ ŎƭŜŀǊŜŘ ǘƛǎǎǳŜǎ Ƙŀǎ ǘǳǊƴ ǳǇ ƛǘǎ ƻǿƴ ǎŜǘ ƻŦ ŎƘŀƭƭŜƴƎŜǎ ǊŜƭŀǘŜŘ ǘƻ Řŀǘŀ ŀŎǉǳƛǎƛǘƛƻƴ ŀƴŘ 
ǎǘƻǊŀƎŜΣ ŀƴŘ ǎǳōǎŜǉǳŜƴǘƭȅ ƛƳŀƎŜ ǾƛǎǳŀƭƛȊŀǘƛƻƴ ŀƴŘ ŀƴŀƭȅǎƛǎΦ 9ȄǇŜǊƛƳŜƴǘǎ Ŏŀƴ ƎŜƴŜǊŀǘŜ ƎƛƎŀōȅǘŜπǎƛȊŜŘ 
Řŀǘŀ ǎŜǘǎΦ ¢ƘŜ ƛƴǾŜǎǘƛƎŀǘƛƻƴ ƻŦ ǘƘŜ ŀǊŎƘƛǘŜŎǘǳǊŀƭ ƻǊƎŀƴƛǎŀǘƛƻƴ ƻŦ ƻǊƎŀƴƻƛŘǎ ŀǘ ǘƘŜ ŎŜƭƭǳƭŀǊ ƭŜǾŜƭ ǿƛƭƭ 
ŀƴǎǿŜǊ ǘƘŜ ǊŜƭŜǾŀƴǘ ǉǳŜǎǘƛƻƴǎ ƻŦ ŎŜƭƭǳƭŀǊ ŘƛŦŦŜǊŜƴǘƛŀǘƛƻƴΣ ŀǇƻǇǘƻǎƛǎΣ ŀƴŘ ŎŜƭƭǳƭŀǊ ƛƴǘŜǊŀŎǘƛƻƴǎΦ ¢Ƙƛǎ 
Ŏŀƴ ƻƴƭȅ ōŜ ŀŎƘƛŜǾŜŘ ǘƘǊƻǳƎƘ ŘŜǘŀƛƭŜŘ ǾƛǎǳŀƭƛȊŀǘƛƻƴ ƻŦ ŘƛŦŦŜǊŜƴǘ ŎŜƭƭ ǘȅǇŜǎΣ ǘƘŜƛǊ ǉǳŀƴǘƛŦƛŎŀǘƛƻƴΣ ŀƴŘ 
ǘƘŜƛǊ ŀƴŀƭȅǎƛǎ ǘƘǊƻǳƎƘ ǎǇŀǘƛŀƭ ǎǘŀǘƛǎǘƛŎǎΦ ¢ƘǳǎΣ ƛƳŀƎŜπōŀǎŜŘ ǎǇŀǘƛŀƭ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ ǘƘŜǎŜ ŘƛŦŦŜǊŜƴǘ 
ŎŜƭƭǎ ŀƴŘ ǎǘǊǳŎǘǳǊŜǎ ƛǎ ŎǊǳŎƛŀƭ ǘƻ ŘŜŦƛƴŜ ǘƘŜ ŦǳƴŎǘƛƻƴŀƭƛǘȅ ƻŦ ƻǊƎŀƴƻƛŘǎΦ 
Dƻŀƭ ƻŦ ǘƘŜ ²ƻǊƪǎƘƻǇΥ ¢ƘŜ Ǝƻŀƭ ƻŦ ǘƘƛǎ ŜȄǇŜǊƛƳŜƴǘŀƭ ǿƻǊƪǎƘƻǇ ƛǎ ǘƻ ƳŀƪŜ ŀǘǘŜƴŘŀƴǘǎ ǘƻ ǾƛǎǳŀƭƛȊŜ ŀƴŘ 
ǎǇŀǘƛŀƭƭȅ ŀƴŀƭȅȊŜ Ŏƻƭƻƴ ŀƴŘ ōƭŀŘŘŜǊ ƘǳƳŀƴ ƻǊƎŀƴƻƛŘǎΦ ¢ƘŜȅ ǿƛƭƭ ŎǊŜŀǘŜ ŀƴ ŀƴŀƭȅǎƛǎ ǇƛǇŜƭƛƴŜ ǘƘŀǘ ǳǎŜǎ 
ōƻǘƘ {Ǉƻǘǎ όŎŜƭƭǎύΣ ŀƴŘ {ǳǊŦŀŎŜǎ όŜƛǘƘŜǊ ŎŜƭƭǎ ƻǊ ƻǘƘŜǊ ŜȄǘŜƴŘŜŘ ǎǘǊǳŎǘǳǊŜǎύ ǘƻ ǎǘǳŘȅ ǘƘŜƛǊ ŘƛǎǘǊƛōǳǘƛƻƴ 
ƛƴ ǘŜǊƳ ƻŦ ŎŜƭƭǳƭŀǊ ŘƛŦŦŜǊŜƴǘƛŀǘƛƻƴΦ ¢Ƙƛǎ ǿƻǊƪǎƘƻǇ ǿƛƭƭ ōŜ ŀ ƘŀƴŘǎπƻƴπǎŜǎǎƛƻƴ ǿƛǘƘ ŀ ŎƻƳǇǳǘŜǊ ŦƻǊ ŜŀŎƘ 
ǇŀǊǘƛŎƛǇŀƴǘΣ ǿƻǊƪƛƴƎ ǿƛǘƘ ǘƘŜ ǎŀƳŜ ŘŀǘŀǎŜǘǎ όƭƛƎƘǘ ǎƘŜŜǘ ŀƴŘ ŎƻƴŦƻŎŀƭ ƛƳŀƎŜ ƳǳƭǘƛŎƻƭƻǊ ǎǘŀŎƪǎύΦ ¢ƘŜȅ 
ǿƛƭƭ Ŧƻƭƭƻǿ ŀ ǎǘŜǇ ōȅ ǎǘŜǇ ƎǳƛŘƛƴƎ ǿƻǊƪŦƭƻǿΦ 
!ǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘƛǎ ǿƻǊƪǎƘƻǇΣ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ ōŜ ŀōƭŜ ƛκ ǘƻ ŎƻǊǊŜŎǘ ǘƘŜ о5 ǇƘƻǘƻōƭŜŀŎƘƛƴƎ ǿƘƛŎƘ Ŏŀƴ 
ƴŜƎŀǘƛǾŜƭȅ ƛƳǇŀŎǘ ƛƳŀƎŜ Řŀǘŀ ǉǳŀƭƛǘȅ ŀƴŘ ŘƻǿƴǎǘǊŜŀƳ ǊŜŎƻƴǎǘǊǳŎǘƛƻƴΣ ƛƛκ ǘƻ ǳǎŜ ŀ ǘƻƻƭǎŜǘ ǘƻ ǉǳŀƴǘƛŦȅ 
ƴǳƳōŜǊ ƻŦ ŎŜƭƭǎΣ ҈ ƻŦ ŘƛŦŦŜǊŜƴǘƛŀǘƛƴƎ ŎŜƭƭǎ ŀƴŘ ҈ ƻŦ ŀǇƻǇǘƻǘƛŎ ŎŜƭƭǎΣ ŀƴŘ ŀǘ ǘƘŜ ŜƴŘΣ ƛƛƛκ ŎǊŜŀǘŜ ŀ о5 
ƳƻǾƛŜ ǊŜƴŘŜǊƛƴƎ ŦƻǊ ǇǊŜǎŜƴǘŀǘƛƻƴΦ 
YŜȅǿƻǊŘǎ Υ ƻǊƎŀƴƻƛŘǎΣ о5 ƳǳƭǘƛŎŜƭƭǳƭŀǊ ǎǇŜŎƛƳŜƴǎΣ ǉǳŀƴǘƛǘŀǘƛǾŜ ŀƴŀƭȅǎƛǎΣ о5 ǊŜƴŘŜǊƛƴƎΣ 
ǎŜƎƳŜƴǘŀǘƛƻƴΣ ŎŜƭƭ ŎƻǳƴǘƛƴƎΣ ƳƻǊǇƘƻƳŜǘǊȅΣ ŀƴŀƭȅǎƛǎ ǇƛǇŜƭƛƴŜΣ Řŀǘŀ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ 
 

***  

!лрсπaƛŎǊƻǎŎƻǇȅ ƻƴ ǘƘƛƴ ǊŜǎƛƴ ǎŜŎǘƛƻƴǎΥ ƳǳƭǘƛƳƻŘŀƭ ŀƴŘ ŎƻǊǊŜƭŀǘƛǾŜ ŀǇǇǊƻŀŎƘŜǎ ǳǎƛƴƎ ǎŎŀƴƴƛƴƎ 
ŜƭŜŎǘǊƻƴ ƳƛŎǊƻǎŎƻǇȅΦ 
!ƭŜȄƛǎ /ŀƴŜǘǘŜ όŀƭŜȄƛǎΦŎŀƴŜǘǘŜϪǎƻǊōƻƴƴŜπǳƴƛǾŜǊǎƛǘŜΦŦǊύ  
/ƭŀƛǊŜ .ƻǳƭƻƎƴŜ όŎƭŀƛǊŜΦōƻǳƭƻƎƴŜϪƛнōŎΦǇŀǊƛǎπǎŀŎƭŀȅΦŦǊύ 
!ōǎǘǊŀŎǘ Υ .ƛƻƭƻƎƛŎŀƭ ǎŀƳǇƭŜǎ ŀǊŜ ŎƻƴǾŜƴǘƛƻƴŀƭƭȅ ƛƳŀƎŜŘ ǘƘǊƻǳƎƘ ǘƘƛƴ ǊŜǎƛƴ ǎŜŎǘƛƻƴǎ ǳǎƛƴƎ 
ǘǊŀƴǎƳƛǎǎƛƻƴ ŜƭŜŎǘǊƻƴ ƳƛŎǊƻǎŎƻǇȅ ό¢9aύΦ ¢Ƙƛǎ ǘŜŎƘƴƛǉǳŜ ŀƭƭƻǿǎ ŦƻǊ ǘƘŜ ǾƛǎǳŀƭƛȊŀǘƛƻƴ ŀƴŘ ŘƛǊŜŎǘ 
ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ǘƛǎǎǳƭŀǊ ŀƴŘ ŎŜƭƭǳƭŀǊ ŎƻƳǇƻƴŜƴǘǎ όǿƛǘƘ ŀƴ ŀƭƳƻǎǘ Ǝƭƻōŀƭ ŎƻƴǘǊŀǎǘύΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ 
ƭƻŎŀƭƛȊŀǘƛƻƴ ƻŦ ŜǾŜƴǘǎ ǊŀƴƎƛƴƎ ŦǊƻƳ ǘƛǎǎǳŜ ǘƻ ƳŀŎǊƻƳƻƭŜŎǳƭŀǊ ǎŎŀƭŜǎ όǿƛǘƘ ŀ ƴŀƴƻƳŜǘǊƛŎ ƭŀǘŜǊŀƭ 
ǊŜǎƻƭǳǘƛƻƴύΦ ¢ƘŜǎŜ ŀǇǇǊƻŀŎƘŜǎ ŀǊŜ ƴƻǿ ŦŜŀǎƛōƭŜ ōȅ ǎŎŀƴƴƛƴƎ ŜƭŜŎǘǊƻƴ ƳƛŎǊƻǎŎƻǇȅ ό{9aύΣ 
ŎƻƴǾŜƴǘƛƻƴŀƭƭȅ ǳǎŜŘ ƛƴ ōƛƻƭƻƎȅ ŦƻǊ ǘƻǇƻƭƻƎƛŎŀƭ ƛƳŀƎƛƴƎ ƻŦ ōǳƭƪ ǎǇŜŎƛƳŜƴǎΦ ¢ƘŜǎŜ ƳƛŎǊƻǎŎƻǇŜǎ ǿƛǘƘ 
ƴŜǿ ƎŜƴŜǊŀǘƛƻƴ ƻǇǘƛŎǎ ŀƴŘ ŘŜǘŜŎǘƻǊǎ ŀǊŜ ƴƻǿ ŎŀǇŀōƭŜ ƻŦ ǇǊƻŘǳŎƛƴƎ ά¢9aπƭƛƪŜ ƛƳŀƎƛƴƎέΣ ŀǎǎƛǎǘŜŘ ōȅ 
ǇƻǿŜǊŦǳƭ ŀǳǘƻƳŀǘƛƻƴ ǎƻŦǘǿŀǊŜΦ ¢ƘŜǎŜ ƎǊŜŀǘ ǘŜŎƘƴƛŎŀƭ ŀŘǾŀƴŎŜƳŜƴǘǎ ƻŦŦŜǊ ǘƘŜ Ǉƻǎǎƛōƛƭƛǘȅ ǘƻΥ  
π¦ǎŜ ƭŀǊƎŜǊ ŀƴŘ ǾŀǊƛƻǳǎ ǎǳǇǇƻǊǘǎ ŜƴŀōƭƛƴƎ ƳǳƭǘƛƳƻŘŀƭ ŀǇǇǊƻŀŎƘŜǎ όǿƛǘƘƻǳǘ ǘƘŜ ƭƛƳƛǘŀǘƛƻƴǎ ƻŦ 
ŎƻƴǾŜƴǘƛƻƴŀƭ ¢9a ƎǊƛŘǎύΦ  
π¢ŀƪŜ ŀŘǾŀƴǘŀƎŜ ƻŦ ŀǳǘƻƴƻƳƻǳǎ ƻǇŜǊŀǘƛƻƴ ǘƻ ŀŎǉǳƛǊŜ ŀ ƭŀǊƎŜ Ch± ŀƴŘκƻǊ ƭŀǊƎŜ ǾƻƭǳƳŜ ƻŦ ǎƭƛŎŜŘπ
ǎŀƳǇƭŜǎΦ .ȅ ǘƘƛǎ ǿŀȅΣ ǘƘŜ ŎǳǘǘƛƴƎ ǘƘƛŎƪƴŜǎǎ όŀǊƻǳƴŘ рл ƴƳύ ƻŦŦŜǊǎ ŀ ƘƛƎƘ ƭŜǾŜƭ ƻŦ ŀȄƛŀƭ ǊŜǎƻƭǳǘƛƻƴΦ 
Lƴ ǘƘƛǎ ǿƻǊƪǎƘƻǇΣ ǿŜ ǇǊƻǇƻǎŜ ǘƻΥ 
π¢Ǌŀƛƴ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ƛƴ ǘƘŜ ōŀǎƛŎǎ ƻŦ {9aΣ ǿƛǘƘ ŀƴ ŀŎǘƛǾŜ ŎƻƳǇŀǊƛǎƻƴ ǿƛǘƘ ǎǘŀƴŘŀǊŘ ŎƻƴŦƻŎŀƭ ƭŀǎŜǊ 
ǎŎŀƴƴƛƴƎ ƳƛŎǊƻǎŎƻǇȅ ό/[{aύ ƛƴ ǘŜǊƳǎ ƻŦ ƭƻƎƛŎ ƻŦ ǎŜǘǘƛƴƎǎ ό/[{a ǎƪƛƭƭǎ ŀǊŜ ŀ ǇǊŜǊŜǉǳƛǎƛǘŜύΦ 
πtǊŜǎŜƴǘ ŜȄŀƳǇƭŜǎ ƻŦ ǎŀƳǇƭŜǎ ǇǊŜǇŀǊŀǘƛƻƴǎ ǇǊƻǘƻŎƻƭǎ ǘƻ ƻōǘŀƛƴ ǘƘƛƴ ǎŜŎǘƛƻƴǎΣ ŦƻŎǳǎƛƴƎ ƻƴ ǇƻǘŜƴǘƛŀƭ 
ƳǳƭǘƛƳƻŘŀƭ ŀƴŀƭȅǎƛǎΦ 
!ǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘƛǎ ǿƻǊƪǎƘƻǇ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ ōŜ ŀōƭŜ ǘƻΥ 

http://imabio-cnrs.fr/mifobio/programme/
mailto:mifobio-info@services.cnrs.fr


 FICHES DESCRIPTIVES DES ATELIERS 

 

 

Ecole thématique du CNRS : Microscopie Fonctionnelle en Biologie  MiFoBio, Giens, 5-12 nov 2021 
http://imabio-cnrs.fr/mifobio/programme/  mifobio-info@services.cnrs.fr      121 

  

π¦ǎŜ ŀƴŘ ŀŘŀǇǘ ǘƘŜ Ƴŀƛƴ ǎŜǘǘƛƴƎǎ ƻŦ ŀ {9aΦ 
π!ŎǉǳƛǊŜ ŀ ƎŜƴŜǊŀƭ ƻǾŜǊǾƛŜǿ ƻŦ ǎǘǊŀǘŜƎƛŜǎ ǘƻ ǎŎǊŜŜƴ ŀƴŘ ǘŀǊƎŜǘ ŜǾŜƴǘǎ ōŜǘǿŜŜƴ ŎƻƳǇƭŜƳŜƴǘŀǊȅ 
ǘŜŎƘƴƛǉǳŜǎ ŀǎ ǿŜƭƭ ŀǎ ōǊƛƴƎ ǘƘŜ ƪƴƻǿπƘƻǿ ǘƻ ǘƘŜƛǊ ƭŀōƻǊŀǘƻǊƛŜǎΦ 
π¦ƴŘŜǊǎǘŀƴŘ ǘƘŜ ŀŘǾŀƴǘŀƎŜǎΣ ŘƛǎŀŘǾŀƴǘŀƎŜǎΣ ƭƛƳƛǘŀǘƛƻƴǎΣ ŀƴŘ ŎƻƳǇƭŜƳŜƴǘŀǊƛǘƛŜǎ ƻŦ ǇǊŜǎŜƴǘŜŘ 
ǘŜŎƘƴƛǉǳŜǎ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ŀōƛƭƛǘȅ ǘƻ ŘŜŀƭ ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ ǎŎŀƭŜǎ ƻŦ ƻōǎŜǊǾŀǘƛƻƴǎ ŀƴŘ ǊŜƴŘŜǊƛƴƎǎΦ 
YŜȅǿƻǊŘǎ Υ {ŎŀƴƴƛƴƎ 9ƭŜŎǘǊƻƴ aƛŎǊƻǎŎƻǇȅΣ ¢Ƙƛƴ {ŜŎǘƛƻƴǎΣ {ŎǊŜŜƴƛƴƎ ŀƴŘ ¢ŀǊƎŜǘƛƴƎ 9ǾŜƴǘǎΣ aǳƭǘƛƳƻŘŀƭ 
ŀǇǇǊƻŀŎƘŜǎ 

***  

!лртπLƴǘǊƻŘǳŎǘƛƻƴ ǘƻ ǎƛƴƎƭŜ ƳƻƭŜŎǳƭŜ ƭƻŎŀƭƛȊŀǘƛƻƴ ǎǳǇŜǊπǊŜǎƻƭǳǘƛƻƴ ƳƛŎǊƻǎŎƻǇȅ ό{a[aύ 
aŀƎŀƭƛ aƻƴŘƛƴ όƳŀƎŀƭƛΦƳƻƴŘƛƴϪǳπōƻǊŘŜŀǳȄΦŦǊύ 
!ōǎǘǊŀŎǘ Υ {ƛƴƎƭŜ ƳƻƭŜŎǳƭŜ ƭƻŎŀƭƛȊŀǘƛƻƴ ƳƛŎǊƻǎŎƻǇȅ ǘŜŎƘƴƛǉǳŜǎ ό{a[aύ ŀǊŜ ƳƻǊŜ ŀƴŘ ƳƻǊŜ ǳǎŜŘ ŀƴŘ 
ŀŎŎŜǎǎƛōƭŜΦ {ǘƛƭƭ ǘƘŜǎŜ ǘŜŎƘƴƛǉǳŜǎ ǊŜǇǊŜǎŜƴǘ ŀ ŎƘŀƭƭŜƴƎŜ ƛƴ ǘŜǊƳǎ ƻŦ ŎƘƻƛŎŜ ƻŦ ǘƘŜ ǘŜŎƘƴƛǉǳŜǎΣ ǎŀƳǇƭŜ 
ǇǊŜǇŀǊŀǘƛƻƴ ŀƴŘ Řŀǘŀ ŜȄǘǊŀŎǘƛƻƴΣ ŀƴŀƭȅǎƛǎ ŀƴŘ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴΦ 
¢ƘŜ ŀƛƳ ƻŦ ǘƘƛǎ ƛƴǘǊƻŘǳŎǘƛƻƴ ǿƻǊƪǎƘƻǇ ƛǎ ǘƻ ǇǊŜǎŜƴǘ ǘƘŜ ŘƛŦŦŜǊŜƴǘ {a[a ǘŜŎƘƴƛǉǳŜǎ όt![aΣ {¢hwaΣ 
t!Lb¢ΦΦΦύΣ ǘƘŜƛǊ ǎǇŜŎƛŦƛŎƛǘƛŜǎ όǎŀƳǇƭŜ ǇǊŜǇŀǊŀǘƛƻƴΣ ŘȅŜǎ ǳǎŜŘΦΦΦύΣ ǘƘŜ ǊŜǎƻƭǳǘƛƻƴ ǊŜŀŎƘŜŘ ŀƴŘ ǿƘŀǘ ŀǊŜ 
ǘƘŜ ōƛƻƭƻƎƛŎŀƭ ŀǇǇƭƛŎŀǘƛƻƴǎΦ 
!ŦǘŜǊ ŀ ǘƘŜƻǊŜǘƛŎŀƭ ǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ ǘŜŎƘƴƛǉǳŜǎΣ ǿŜ ǿƛƭƭ ŀƭǎƻ ǎƘƻǿ ŀƴ ŜȄŀƳǇƭŜ ƻŦ {¢hwa 
ŀŎǉǳƛǎƛǘƛƻƴ ƻƴ ŀ ōƛƻƭƻƎƛŎŀƭ ǎŀƳǇƭŜΦ Lǘ ǿƛƭƭ ŀƭƭƻǿ ǘƻ ŘŜƳƻƴǎǘǊŀǘŜ ǘƘŜ ǇǊŀŎǘƛŎŀƭ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ǘƘƛǎ 
ƪƛƴŘ ƻŦ ǘŜŎƘƴƛǉǳŜ ŀƴŘ ŘƛǎŎǳǎǎ ǘƘŜ ƛƳǇƻǊǘŀƴǘ ǇŀǊŀƳŜǘŜǊǎ ǘƻ ŎƻƴǘǊƻƭ ŦƻǊ ŀ ǇǊƻǇŜǊ ŀŎǉǳƛǎƛǘƛƻƴ ǿƛǘƘ 
ǇŀǊǘƛŎƛǇŀƴǘǎΦ 
!ǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘƛǎ ǿƻǊƪǎƘƻǇ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ ōŜ ŀōƭŜ ǘƻ ƪƴƻǿ ǿƘŀǘ ƪƛƴŘ ƻŦ {a[a ǘŜŎƘƴƛǉǳŜ ǿƛƭƭ 
ōŜ ƳƻǊŜ ŀŘŀǇǘŜŘ ŦƻǊ ǘƘŜƛǊ ōƛƻƭƻƎƛŎŀƭ ǉǳŜǎǘƛƻƴΦ 
 
YŜȅǿƻǊŘǎ Υ {ƛƴƎƭŜ ƳƻƭŜŎǳƭŜ ƭƻŎŀƭƛȊŀǘƛƻƴ ƳƛŎǊƻǎŎƻǇȅ ό{a[aύΣ ǎǳǇŜǊπǊŜǎƻƭǳǘƛƻƴΣ ǎŀƳǇƭŜ ǇǊŜǇŀǊŀǘƛƻƴΣ 
{¢hwaΣ t![aΣ t!Lb¢                                                    
 
!лруπtǊƻōŀōƛƭƛǎǘƛŎ ǇƛǇŜƭƛƴŜ ǘƻ ŜȄǘǊŀŎǘ ǊŜƭƛŀōƭŜ ƛƴŦƻǊƳŀǘƛƻƴ ŦǊƻƳ ǎƛƴƎƭŜ ƳƻƭŜŎǳƭŜ ƳƛŎǊƻǎŎƻǇȅ ŘŀǘŀΦ 
!ƭ Ƙŀǎǎŀƴ /ŀǎǎŞ όŀƭƘŀǎǎŀƴΦŎŀǎǎŜϪǎŀƴƻŦƛΦŎƻƳύ 
WŜŀƴπōŀǇǘƛǎǘŜ aŀǎǎƻƴ όƧŜŀƴπōŀǇǘƛǎǘŜΦƳŀǎǎƻƴϪǇŀǎǘŜǳǊΦŦǊύ 
!ōǎǘǊŀŎǘ Υ ¢ǳƳƻǊ ƴŜŎǊƻǎƛǎ ŦŀŎǘƻǊ ǊŜŎŜǇǘƻǊǎ ό¢bCwύ ŀƴŘ ǘƘŜƛǊ ƛƴǘŜǊŀŎǘƛƴƎ ƭƛƎŀƴŘǎ ŀǊŜ ŎǊǳŎƛŀƭ ŦƻǊ ƛƳƳǳƴŜ 
ǊŜƎǳƭŀǘƛƻƴΣ ŎŜƭƭ ǇǊƻƭƛŦŜǊŀǘƛƻƴΣ ǎǳǊǾƛǾŀƭ ŀƴŘ ŘŜŀǘƘΦ ¢ƘŜȅ ƘŀǾŜ ŘŜƳƻƴǎǘǊŀǘŜŘ ŀōƛƭƛǘȅ ŦƻǊ ǘǊŜŀǘƛƴƎ 
ƛƴŦŜŎǘƛƻǳǎ ŘƛǎŜŀǎŜΣ ŀǳǘƻƛƳƳǳƴƛǘȅ ŀƴŘ ŎŀƴŎŜǊΦ ¢bCw Ƙŀǎ ōŜŜƴ ǎƘƻǿƴ ǘƻ ōŜ ŎŀǇŀōƭŜ ƻŦ ŜƴƘŀƴŎƛƴƎ ¢/wπ
ŘŜǇŜƴŘŜƴǘ ŀŎǘƛǾŀǘƛƻƴ ƻŦ ōƻǘƘ /5п ŀƴŘ /5у ¢ ŎŜƭƭǎΣ ƛƴŘǳŎƛƴƎ ƛƴŎǊŜŀǎŜ ƻŦ L[πн ǊŜŎŜǇǘƻǊǎ ƭŜǾŜƭǎΣ 
ŜƴƘŀƴŎƛƴƎ ¢ ŎŜƭƭ ǇǊƻƭƛŦŜǊŀǘƛƻƴ ŀƴŘ ŎȅǘƻƪƛƴŜ ǇǊƻŘǳŎǘƛƻƴΦ ¢bC ǎǳǇŜǊŦŀƳƛƭȅ ό¢bC{Cύ ƭƛƎŀƴŘǎ ŀƴŘ ǘƘŜƛǊ 
ǊŜŎŜǇǘƻǊǎ ƘŀǾŜ ǎŜǾŜǊŀƭ ŦǳƴŎǘƛƻƴŀƭ ŀƴŘ ǎǘǊǳŎǘǳǊŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƛƳǇƭƛŎŀǘŜŘ ƛƴ ŎŜƭƭ ǎƛƎƴŀƭ ǘǊŀƴǎŘǳŎǘƛƻƴ 
ŀƴŘ ǇǊƻǘŜƛƴ ǊŜŎǊǳƛǘƳŜƴǘΦ ¢ƻ ǘǊƛƎƎŜǊ ǎƛƎƴŀƭƛƴƎΣ ǘƘŜ ōƛƴŘƛƴƎ ƻŦ ǘǊƛƳŜǊƛŎ ƭƛƎŀƴŘ ǘƻ ǘƘǊŜŜ ƳƻƴƻƳŜǊǎ 
ǊŜŎŜǇǘƻǊǎ ƛǎ ƴŜŎŜǎǎŀǊȅΣ ŎǊŜŀǘƛƴƎ  ƘŜȄŀƎƻƴŀƭ ƴŜǘǿƻǊƪ ƻŦ ¢bCπ¢bCwΦ   
{ƛƴƎƭŜ ƳƻƭŜŎǳƭŜ ƳƛŎǊƻǎŎƻǇȅ Ŏŀƴ ŀŎƘƛŜǾŜ млƴƳ ƻŦ ǊŜǎƻƭǳǘƛƻƴΣ ŀƭƭƻǿƛƴƎ ǘƘŜ ǾƛǎǳŀƭƛȊŀǘƛƻƴ ŀƴŘ ŀ ǇǊŜŎƛǎŜ 
ŀƴŀƭȅǎƛǎ ƻŦ ŎƘŜŎƪǇƻƛƴǘ ǊŜŎŜǇǘƻǊǎ ŘȅƴŀƳƛŎ ŀƴŘ ƛƴǘŜǊŀŎǘƛƻƴΦ {ƛƴŎŜ ƭƛǘǘƭŜ ƛǎ ƪƴƻǿƴ ŀōƻǳǘ Ƙƻǿ ǊŜŀƭƭȅ ǘƘŜ 
ŎƘŜŎƪǇƻƛƴǘ ǊŜŎŜǇǘƻǊǎ ƛƴǘŜǊŀŎǘ ŜŀŎƘ ƻǘƘŜǊ ƛƴ ǎƛƴƎƭŜ ƻǊ ŘƻǳōƭŜ ŀŎǘƛǾŀǘƛƻƴΦ /ŀƳōǳƭŀŎ ǿƛƭƭ ƘŜƭǇ ǳǎ ǘƻ 
ŜƭǳŎƛŘŀǘŜ ǘƘƻǎŜ ƛƴǘŜǊŀŎǘƛƻƴ ŀƴŘ ŘŜǘŜǊƳƛƴŜ ǿƘƛŎƘ ƳǳƭǘƛǎǇŜŎƛŦƛŎǎ Ƴ!ōǎ ǎǘǊǳŎǘǳǊŜ ƎŀǾŜ ǘƘŜ ōŜǎǘ ¢ ŎŜƭƭǎ 
ƛƳƳǳƴŜ ǊŜǎǇƻƴǎŜΦ .ƻǘƘ ¢ ŎŜƭƭǎ /5пΣ /5у ŀƴŘ ¢ ǊŜƎǳƭŀǘƻǊȅ ǿƛƭƭ ōŜ ǎŎǊŜŜƴŜŘ ǳǎƛƴƎ .ŀȅŜǎƛŀƴ ƛƴŦŜǊŜƴŎŜ 
ŀƴŘ ŘŜŜǇ ƭŜŀǊƴƛƴƎ ŀǇǇǊƻŀŎƘΦ 
 /ŀƳōǳƭŀŎ ǿƛƭƭ ŀƭǎƻ ƘŜƭǇ ƛƴ ƻǘƘŜǊǎ ǇǊƻƧŜŎǘǎ ǿƘŜǊŜ ŎƻƳǇƭŜȄ ƳƻƭŜŎǳƭŜǎ ōƛƴŘƛƴƎ ŀƴŘ ƛƴǘŜǊŀŎǘƛƻƴǎ ŀǊŜ 
ƛƴǾƻƭǾŜŘΦ ¢ƘŜǎŜ ǳƴƛǉǳŜ ǎǘŀǘƛǎǘƛŎŀƭ ǘƻƻƭǎ ǘƻ ŎƻƳǇŀǊŜ ŎƻƳǇƭŜȄ ŜȄǇŜǊƛƳŜƴǘ ŀǘ ǎƛƴƎƭŜ ƳƻƭŜŎǳƭŜ ǎŎŀƭŜ ǿƛƭƭ 
ōŜ ŀƴ ŀŘŘŜŘ ǾŀƭǳŜ ǘƻ ŀŎŎŜƭŜǊŀǘŜ ŀƴŘ ǳƴǊŀǾŜƭ ǳƴǎǳǎǇŜŎǘŜŘ ƳƻƭŜŎǳƭŀǊ ƛƴǘŜǊŀŎǘƛƻƴǎ ƻƴ ŎŜƭƭ ǎǳǊŦŀŎŜ 
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ƳŜƳōǊŀƴŜΦ aŀƴȅ ŀǇǇƭƛŎŀǘƛƻƴǎ ƛƴ ŘƛǎǎŜŎǘƛƴƎ ƛƳƳǳƴŜπƻƴŎƻƭƻƎȅ ŀƴŘ ƛƳƳǳƴŜπƛƴŦƭŀƳƳŀǘƻǊȅ ƛƴ ǾƛǘǊƻ 
ŀƴŘ ƛƴ ǾƛǾƻ ƳŜŎƘŀƴƛǎƳ ƻŦ ŀŎǘƛƻƴ ƻŦ ƛƳƳǳƴŜ ŎƘŜŎƪǇƻƛƴǘ Ƴ!ōǎ ǿƛƭƭ ōŜ ǘƘŜƴ ǇƻǎǎƛōƭŜΦ 
YŜȅǿƻǊŘǎ Υ {ƛƴƎƭŜ ƳƻƭŜŎǳƭŜ ƳƛŎǊƻǎŎƻǇȅΣ ǊŜŎŜǇǘƻǊǎ ŘȅƴŀƳƛŎǎΣōŀȅŜǎǎƛŀƴ ŀƴŀƭȅǎƛǎΣŀǊǘƛŦƛŎƛŀƭ ƛƴǘŜƭƭƛƎŜƴŎŜ 
 

***  

!лрфπ/ƻƻǊŘƛƴŀǘŜπōŀǎŜŘ ǉǳŀƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ƳǳƭǘƛŘƛƳŜƴǎƛƻƴŀƭ ŀƴŘ ƳǳƭǘƛŎƻƭƻǊ ǎƛƴƎƭŜπƳƻƭŜŎǳƭŜ 
ƭƻŎŀƭƛȊŀǘƛƻƴ ƳƛŎǊƻǎŎƻǇȅ ŘŀǘŀΦ 
CƭƻǊƛŀƴ [ŜǾŜǘ όŦƭƻǊƛŀƴΦƭŜǾŜǘϪƛƴǎŜǊƳΦŦǊύ 
!ōǎǘǊŀŎǘ Υ hǾŜǊ ǘƘŜ ƭŀǎǘ ŘŜŎŀŘŜΣ ǎƛƴƎƭŜπƳƻƭŜŎǳƭŜ ƭƻŎŀƭƛȊŀǘƛƻƴ ƳƛŎǊƻǎŎƻǇȅ ό{a[aύ Ƙŀǎ ǊŜǾƻƭǳǘƛƻƴƛȊŜŘ 
ŎŜƭƭ ōƛƻƭƻƎȅΣ ƳŀƪƛƴƎ ƛǘ ǇƻǎǎƛōƭŜ ǘƻ ƳƻƴƛǘƻǊ ƳƻƭŜŎǳƭŀǊ ƻǊƎŀƴƛȊŀǘƛƻƴ ŀƴŘ ŘȅƴŀƳƛŎǎ ǿƛǘƘ ǎǇŀǘƛŀƭ 
ǊŜǎƻƭǳǘƛƻƴ ƻŦ ŀ ŦŜǿ ƴŀƴƻƳŜǘŜǊǎΦ .ȅ ƛŘŜƴǘƛŦȅƛƴƎ ǘƘŜ ƳƻƭŜŎǳƭŜ ŎƻƻǊŘƛƴŀǘŜǎ ƛƴǎǘŜŀŘ ƻŦ ǇǊƻŘǳŎƛƴƎ 
ƛƳŀƎŜǎΣ {a[a ƘƻƭŘǎ ŀƴ ƛƳǇƻǊǘŀƴǘ ǇŀǊŀŘƛƎƳ ǎƘƛŦǘ ǘƻǿŀǊŘǎ ŎƻƴǾŜƴǘƛƻƴŀƭ ŦƭǳƻǊŜǎŎŜƴŎŜ ƳƛŎǊƻǎŎƻǇȅΦ 
/ƻƴǎŜǉǳŜƴǘƭȅΣ ŘŜŘƛŎŀǘŜŘ ŀƴŀƭȅȊƛƴƎ ǘƻƻƭǎ ŀƴŘ ƳŜǘƘƻŘǎ ƘŀǾŜ ōŜŜƴ ŘŜǾŜƭƻǇŜŘ ǘƻ ǇǊƻǇŜǊƭȅ ǉǳŀƴǘƛŦȅ 
{a[a ŘŀǘŀΦ 
Lƴ ǘƘƛǎ ǿƻǊƪǎƘƻǇ ǿŜ ǿƛƭƭ ǇǊŜǎŜƴǘ ǾŀǊƛƻǳǎ ŀƴŀƭȅǘƛŎŀƭ ƳŜǘƘƻŘǎ ŘŜǎƛƎƴŜŘ ǘƻ ǉǳŀƴǘƛŦȅ ǎƛƴƎƭŜπƳƻƭŜŎǳƭŜ 
ƭƻŎŀƭƛȊŀǘƛƻƴ ƳƛŎǊƻǎŎƻǇȅ ό{a[aύ Řŀǘŀ ŘƛǊŜŎǘƭȅ ŦǊƻƳ ǘƘŜ ƭƻŎŀƭƛȊŀǘƛƻƴ ŎƻƻǊŘƛƴŀǘŜǎΦ Lƴ ǇŀǊǘƛŎǳƭŀǊΣ ǿŜ ǿƛƭƭ 
ǊŜǾƛŜǿ ŎƭǳǎǘŜǊƛƴƎΣ ǎŜƎƳŜƴǘŀǘƛƻƴ ŀƴŘ ŎƻƭƻŎŀƭƛȊŀǘƛƻƴ ƳŜǘƘƻŘǎΣ ŦƻǊ ōƻǘƘ н5 ŀƴŘ о5 {a[a ŘŀǘŀΦ !ǎ ŀ 
ǎǳǇǇƻǊǘΣ ǿŜ ǿƛƭƭ ǳǎŜ ǎƛƳǳƭŀǘƛƻƴ ŀƴŘ ŜȄǇŜǊƛƳŜƴǘŀƭ ŘŀǘŀΦ 
!ǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘƛǎ ǿƻǊƪǎƘƻǇ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ ōŜ ŀōƭŜ ǘƻ ŎƘƻƻǎŜ ǘƘŜ Ƴƻǎǘ ŀǇǇǊƻǇǊƛŀǘŜ ƳŜǘƘƻŘǎ 
ǘƻ ǘƘŜƛǊ ǇǊƻōƭŜƳΣ ǿƘŜǘƘŜǊ ƛǘ ōŜ ŦƻǊ ǎǘǊǳŎǘǳǊŀƭ ƻǊ ŎƻƭƻŎŀƭƛȊŀǘƛƻƴ ŀƴŀƭȅǎƛǎΦ 
YŜȅǿƻǊŘǎ Υ {ƛƴƎƭŜπƳƻƭŜŎǳƭŜ ƭƻŎŀƭƛȊŀǘƛƻƴ ƳƛŎǊƻǎŎƻǇȅΣ ŎƻƻǊŘƛƴŀǘŜπōŀǎŜŘ ǉǳŀƴǘƛŦƛŎŀǘƛƻƴΣ ǎŜƎƳŜƴǘŀǘƛƻƴΣ 
н5 ŀƴŘ о5 ŀƴŀƭȅǎƛǎΣ ŎƻƭƻŎŀƭƛȊŀǘƛƻƴ ŀƴŀƭȅǎƛǎ 

***  

!лсмπ!Ŏǉǳƛǎƛǘƛƻƴǎ ƛƴǘŜƭƭƛƎŜƴǘŜǎ ǎƻǳǎ ƳƛŎǊƻƳŀƴŀƎŜǊ 
WŜǊƻƳŜ aǳǘǘŜǊŜǊ όƧŜǊƻƳŜΦƳǳǘǘŜǊŜǊϪŎƴǊǎΦŦǊύ /ƘǊƛǎǘƛŀƴ wƻǳǾƛŜǊŜ όǊƻǳǾƛŜǊŜϪƻōǎπǾƭŦǊΦŦǊύ 
!ōǎǘǊŀŎǘ Υ ¦ƴŜ ŀŎǉǳƛǎƛǘƛƻƴ άƛƴǘŜƭƭƛƎŜƴǘŜέ Ŝǎǘ ǳƴ ǇǊƻǘƻŎƻƭŜ ŘΩŀŎǉǳƛǎƛǘƛƻƴ ŘΩƛƳŀƎŜǎ Řƻƴǘ ŎŜǊǘŀƛƴŜǎ 
ŞǘŀǇŜǎ ǇŜǳǾŜƴǘ ŞǾƻƭǳŜǊ Ŝƴ ŎƻǳǊǎ ŘϥŜȄŞŎǳǘƛƻƴ ǎǳǊ ƭŀ ōŀǎŜ ŘŜ ŎǊƛǘŝǊŜǎ ǇǊƻǇǊŜǎ ŀǳ ŘŞǾŜƭƻǇǇŜƳŜƴǘ Řǳ 
ǎǇŞŎƛƳŜƴ ƻǳ ŘŜ ǎƻƴ ŜƴǾƛǊƻƴƴŜƳŜƴǘΦ /ŜǘǘŜ ŦƭŜȄƛōƛƭƛǘŞ ƴΩŜǎǘ Ǉŀǎ ǇƻǎǎƛōƭŜ Řŀƴǎ ƭŜ ŎŀŘǊŜ ǎƛƳǇƭŜ ŘΩǳƴŜ 
ŀŎǉǳƛǎƛǘƛƻƴ ŘŜ ƳƛŎǊƻǎŎƻǇƛŜ ŘŜ ŦƭǳƻǊŜǎŎŜƴŎŜ ƳǳƭǘƛŘƛƳŜƴǎƛƻƴƴŜƭƭŜΣ Ƴŀƛǎ ƴŞŎŜǎǎƛǘŜ ŘŜ ǇƻǳǾƻƛǊ ŞǾŀƭǳŜǊ 
ŘŜǎ ǇŀǊŀƳŝǘǊŜǎ ŘŜ ƭΩŞŎƘŀƴǘƛƭƭƻƴ ǇŀǊ ŀƴŀƭȅǎŜ ŘΩƛƳŀƎŜΣ ƻǳ ŘŜǎ ǇŀǊŀƳŝǘǊŜǎ ŜƴǾƛǊƻƴƴŜƳŜƴǘŀǳȄ 
όƳŜǎǳǊŜǎ ŜȄǘŜǊƴŜǎ ƛǎǎǳŜǎ ŘŜ ŎŀǇǘŜǳǊǎύΦ 
bƻǳǎ ǳǘƛƭƛǎŜǊƻƴǎ ǳƴŜ ŜȄǘŜƴǎƛƻƴ Řǳ ƭŀƴƎŀƎŜ ƳŀŎǊƻ ŘΩLƳŀƎŜW ǉǳƛ ǇŜǊƳŜǘ ǳƴ ǇƛƭƻǘŀƎŜ ŦŀŎƛƭŜ Řǳ ƭƻƎƛŎƛŜƭ 
ŘΩŀŎǉǳƛǎƛǘƛƻƴ aƛŎǊƻπaŀƴŀƎŜǊΦ όƘǘǘǇǎΥκκƎƛǘƘǳōΦŎƻƳκƳǳǘǘŜǊŜǊκaaнaŀŎǊƻ9ȄǘŜƴǎƛƻƴǎύ  
/ŜǘǘŜ ǎƻƭǳǘƛƻƴ ŎƻƳōƛƴŜ ƭŜǎ ŀǾŀƴǘŀƎŜǎ ŘŜ aƛŎǊƻπaŀƴŀƎŜǊ όǊƛŎƘŜǎǎŜ ŘŜǎ ǇƛƭƻǘŜǎ ŘŜ ǎǘŀǘƛŦǎ Ŝǘ ŘŜ 
ǇŞǊƛǇƘŞǊƛǉǳŜǎΣ ǎƻƭǳǘƛƻƴ ŘŜ ŎƘƻƛȄ ǇƻǳǊ ƭŜ ŘŞǾŜƭƻǇǇŜƳŜƴǘ ŘŜ ǇŞǊƛǇƘŞǊƛǉǳŜǎ ƘƻƳŜπƳŀŘŜύ Ŝǘ ŘΩLƳŀƎŜW 
ǇƻǳǊ ƭŜ ǘǊŀƛǘŜƳŜƴǘ Ŝǘ ƭΩŀƴŀƭȅǎŜ ŘŜǎ ƛƳŀƎŜǎ ŀŎǉǳƛǎŜǎΦ 9ƭƭŜ ŎƻƳōƭŜ ǳƴ ŜǎǇŀŎŜ Ŝƴ ǊŜƴŘŀƴǘ ŀŎŎŜǎǎƛōƭŜ ƭŜ 
ǇƛƭƻǘŀƎŜ ŘŜ ǇŞǊƛǇƘŞǊƛǉǳŜ Řŀƴǎ ƭŜ ƭŀƴƎŀƎŜ ƳŀŎǊƻ ŘΩLƳŀƎŜWΣ ǎŀƴǎ ŘƻǳǘŜ ƭŜ ƭŀƴƎŀƎŜ ŘŜ ǇǊƻƎǊŀƳƳŀǘƛƻƴ 
ƭŜ Ǉƭǳǎ ŀŎŎŜǎǎƛōƭŜ Ŝǘ ƭŜ Ǉƭǳǎ ƭŀǊƎŜƳŜƴǘ ŀŘƻǇǘŞ Řŀƴǎ ƭŀ ŎƻƳƳǳƴŀǳǘŞ ŘŜǎ ōƛƻƭƻƎƛǎǘŜǎ ƛƴǾŜǎǘƛǎ Řŀƴǎ 
ƭΩƛƳŀƎŜǊƛŜ Řǳ ǾƛǾŀƴǘΦ  
! ƭΩƛǎǎǳŜ ŘŜ ŎŜǘ ŀǘŜƭƛŜǊ ƭŜǎ ǇŀǊǘƛŎƛǇŀƴǘǎ ǎŜǊƻƴǘ ŎŀǇŀōƭŜǎ ŘŜ ǇǊƻƎǊŀƳƳŜǊ Ŝƴ ƭŀƴƎŀƎŜ ƳŀŎǊƻ ŘΩLƳŀƎŜW 
ŘŜǎ ǎŎǊƛǇǘǎ ŘŜ ǇƛƭƻǘŀƎŜ ŘŜ ǎǘŀǘƛƻƴǎ ŘŜ ƳƛŎǊƻǎŎƻǇƛŜ Ŝǘ ŘŜ ƭŜǎ ƛƴǘŞƎǊŜǊ ŀǾŜŎ ŘŜǎ ŞƭŞƳŜƴǘǎ ŘΩŀƴŀƭȅǎŜ 
ŘΩƛƳŀƎŜ ǇƻǳǊ ǊŞŀƭƛǎŜǊ ŘŜǎ ōƻǳŎƭŜǎ ŘŜ ǊŞǘǊƻŀŎǘƛƻƴ Ŝƴ ŦƻƴŎǘƛƻƴ ŘŜ ǇŀǊŀƳŝǘǊŜǎ ŜȄǘǊŀƛǘǎ ŘŜǎ ƛƳŀƎŜǎ 
ŀŎǉǳƛǎŜǎΦ 
YŜȅǿƻǊŘǎ Υ ǎƳŀǊǘ ƳƛŎǊƻǎŎƻǇȅΣ ǇƛƭƻǘŀƎŜΣ ŀƴŀƭȅǎŜ ŘϥƛƳŀƎŜΣ ƛƳŀƎŜƧΣ ƳƛŎǊƻƳŀƴŀƎŜǊ 
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***  

!лснπ/ƻƴǘǊƾƭŜ ǉǳŀƭƛǘŞ ŘŜǎ ŘƻƴƴŞŜǎ ōǊǳǘŜǎ ŘŜ {a[a Ŝƴ ǘŜƳǇǎ ǊŞŜƭ 
{ŞōŀǎǘƛŜƴ aŀƛƭŦŜǊǘ όƳŀƛƭŦŜǊǘϪŎƛƳƭΦǳƴƛǾπƳǊǎΦŦǊύ bƛŎƻƭŀǎ .ŜǊǘŀǳȄ όƴƛŎƻƭŀǎΦōŜǊǘŀǳȄϪŦǊŜǎƴŜƭΦŦǊύ 
!ōǎǘǊŀŎǘ Υ  5ŜǊǊƛŝǊŜ ƭŜǎ ōŜƭƭŜǎ ƛƳŀƎŜǎ ŘŜ {a[aΣ ƛƭ ȅ ŀ ŘŜǎ ŘƻƴƴŞŜǎ ōǊǳǘŜǎΦ ¢ƻǳǘ ŀǳ ƭƻƴƎ Řǳ ǇǊƻŎŜǎǎǳǎ 
ŘϥŜƴǊŜƎƛǎǘǊŜƳŜƴǘ Ŝǘ ŘϥŀƴŀƭȅǎŜ ŘŜǎ ŘƻƴƴŞŜǎ {a[aΣ t![aΣ {t¢Σ 5b!πt!Lb¢Σ Ǿƻǳǎ şǘŜǎ ŎƻƴŦǊƻƴǘŞǎ Ł 
ŘŜǳȄ ŎƻƴǘǊŀƛƴǘŜǎ ƳŀƧŜǳǊŜǎ Υ όмύ ƳƛƴƛƳƛǎŜǊ ƭŜ ŘŞƭŀƛ ŜƴǘǊŜ ǳƴŜ ŜȄǇŞǊƛŜƴŎŜ Ŝǘ ƭŜ ǊŞǎǳƭǘŀǘ Ŧƛƴŀƭ ŘϥǳƴŜ 
ŜȄǇŞǊƛŜƴŎŜ ǉǳƛ ƴŞŎŜǎǎƛǘŜ ǳƴ ƭƻƴƎ ǿƻǊƪŦƭƻǿ όŀŎǉǳƛǎƛǘƛƻƴ Ŝǘ ŀƴŀƭȅǎŜύΣ όнύ ǊŞŀƭƛǎŜǊ ǳƴŜ ŞǾŀƭǳŀǘƛƻƴ 
ƻōƧŜŎǘƛǾŜ ŘŜ ƭŀ ǉǳŀƭƛǘŞ ŘŜǎ ŘƻƴƴŞŜǎ ŜƴǊŜƎƛǎǘǊŞŜǎ ǉǳƛ ŎƻƴŘƛǘƛƻƴƴŜƴǘ ƭŀ ǉǳŀƭƛǘŞ ŘŜ ƭϥƛƳŀƎŜ ǊŜŎƻƴǎǘǊǳƛǘŜ 
Ŝǘ ƭŀ ǉǳŀƴǘƛŦƛŎŀǘƛƻƴ ǉǳƛ Ŝƴ ǊŞǎǳƭǘŜΦ 
[ŀ {a[a Ŝǎǘ ŀǳƧƻǳǊŘϥƘǳƛ ǳƴŜ ǘŜŎƘƴƛǉǳŜ ōƛŜƴ ŎƻƴƴǳŜ Ƴŀƛǎ ǉǳƛ ƴŞŎŜǎǎƛǘŜ ƭŀ ǇǊƛǎŜ Ŝƴ ŎƻƳǇǘŜ ŘŜ 
ƴƻƳōǊŜǳȄ ŦŀŎǘŜǳǊǎ ŜȄǇŞǊƛƳŜƴǘŀǳȄ Ŝǘ ŀƴŀƭȅǘƛǉǳŜǎ ǘŜƭǎ ǉǳŜ ƭŀ ǇǊŞǇŀǊŀǘƛƻƴ ŘŜ ƭϥŞŎƘŀƴǘƛƭƭƻƴΣ 
ƭϥŀŎǉǳƛǎƛǘƛƻƴκŀƴŀƭȅǎŜ ŘŜǎ ŘƻƴƴŞŜǎ Ŝǘ ƭŀ ǉǳŀƴǘƛŦƛŎŀǘƛƻƴΦ /ƘŀŎǳƴŜ ŘŜ ŎŜǎ ŞǘŀǇŜǎΣ ǎƛ ŜƭƭŜ ƴϥŜǎǘ Ǉŀǎ 
ǊŞŀƭƛǎŞŜ ŀǾŜŎ ǎƻƛƴΣ ŜƳǇşŎƘŜ ŦƛƴŀƭŜƳŜƴǘ ŘϥƻōǘŜƴƛǊ ƭŀ ǊŞǎƻƭǳǘƛƻƴ ƴŀƴƻƳŞǘǊƛǉǳŜ ŀǘǘŜƴŘǳŜΦ 
5ŀƴǎ ŎŜǘ ŀǘŜƭƛŜǊΣ Ǿƻǳǎ ŀǇǇǊŜƴŘǊŜȊ ǇŀǊ ǳƴŜ ŀǇǇǊƻŎƘŜ ǇǊŀǘƛǉǳŜ ŘŜ ǘŜǎǘκŜǊǊŜǳǊ ŎƻƳƳŜƴǘ ǊŞƎƭŜǊ ƭŜǎ 
ǇŀǊŀƳŝǘǊŜǎ ŘϥŀŎǉǳƛǎƛǘƛƻƴ όǇǳƛǎǎŀƴŎŜ ƭŀǎŜǊΣ ǘŜƳǇǎ ŘϥŜȄǇƻǎƛǘƛƻƴΣ ŜǘŎΦύ ǎǳǊ ǳƴ ǎȅǎǘŝƳŜ ŎƻƳƳŜǊŎƛŀƭΦ 9ƴ 
ǇǊŀǘƛǉǳŜΣ Ǿƻǳǎ ŞǾŀƭǳŜǊŜȊ ŎŜǎ ŜŦŦŜǘǎ ǎǳǊ ƭŀ ǉǳŀƭƛǘŞ ŘŜǎ ŘƻƴƴŞŜǎ ōǊǳǘŜǎ Ŝƴ ǘŜǊƳŜǎ ŘŜ ŘŜƴǎƛǘŞΣ ŘŜ {bwΣ 
ŘŜ ŦƻƴŘΣ ŘŜ ƴƻƳōǊŜ Ŝǘ ŘŜ ǇǊŞŎƛǎƛƻƴ ŘŜ ƭƻŎŀƭƛǎŀǘƛƻƴΣ Ŝǘ ŘϥƛƳŀƎŜ ǊŜŎƻƴǎǘǊǳƛǘŜΦ 
DǊŃŎŜ Ł ǳƴ ǘƻǳǘ ƴƻǳǾŜŀǳ ƭƻƎƛŎƛŜƭΣ ŎŜƭŀ ǎŜ ŦŜǊŀ Ŝƴ ƳŜǎǳǊŀƴǘ Ŝƴ ǘŜƳǇǎ ǊŞŜƭ ŘŜǎ ƛƴŘƛŎŀǘŜǳǊǎ ǘŀƴƎƛōƭŜǎ 
ǎǳǊ ƭŀ ǉǳŀƭƛǘŞ ŘŜǎ ŘƻƴƴŞŜǎ ŀŎǉǳƛǎŜǎ Ł ŘŜǎ ŦǊŞǉǳŜƴŎŜǎ ǇǊƻŎƘŜǎ ŘŜ млл ŦǇǎ ǇƻǳǊ ŘŜǎ ƛƳŀƎŜǎ ŘŜ 
млнпȄмлнп ǇƛȄŜƭǎΦ bƻǳǎ ŘƛǎŎǳǘŜǊƻƴǎ ŞƎŀƭŜƳŜƴǘ ŘŜ ƴƻǎ ŎƻƴƴŀƛǎǎŀƴŎŜǎ ǇǊŀǘƛǉǳŜǎ Ŝǘ ǘƘŞƻǊƛǉǳŜǎ Řǳ 
Ǉƻƛƴǘ ŘŜ ǾǳŜ ŘŜ ƭŀ ōƛƻƭƻƎƛŜ Ŝǘ Řǳ ǘǊŀƛǘŜƳŜƴǘ Řǳ ǎƛƎƴŀƭΦ 
 
! ƭŀ Ŧƛƴ ŘŜ ƭϥŀǘŜƭƛŜǊΣ ƭŜǎ ǇŀǊǘƛŎƛǇŀƴǘǎ ǎŜǊƻƴǘ ŎŀǇŀōƭŜǎ ŘŜ ǇƻǊǘŜǊ ǳƴ ǊŜƎŀǊŘ ŎǊƛǘƛǉǳŜ ǎǳǊ ƭŜǳǊǎ ŀŎǉǳƛǎƛǘƛƻƴǎ 
{a[a Ŝǘ ǊŜǇŀǊǘƛǊƻƴǘ ŀǾŜŎ ǳƴ ŘƻŎǳƳŜƴǘ ƻǴ ƛƭǎ ǇƻǳǊǊƻƴǘ ǊŜǘǊƻǳǾŜǊ ǘƻǳǘŜǎ ƭŜǎ ŘƛǎŎǳǎǎƛƻƴǎ ǇǊŀǘƛǉǳŜǎ Ŝǘ 
ǘƘŞƻǊƛǉǳŜǎΦ 
tǳōƭƛŎΥ ōƛƻƭƻƎƛǎǘŜ ƻǳ ƴƻƴ όŘŞōǳǘŀƴǘΣ ŎƻƴŦƛǊƳŞ ƻǳ ŜȄǇŜǊǘύ ǇǊŀǘƛǉǳŀƴǘ ƭŀ ƳƛŎǊƻǎŎƻǇƛŜ {a[a ŀǳ 
ǉǳƻǘƛŘƛŜƴΣ ŦǊŀƴŎƻǇƘƻƴŜΦ 
!ǾƻƛǊ ƭǳ ŀōǎƻƭǳƳŜƴǘ aŀƛƭŦŜǊǘ Ŝǘ ŀƭΦΣ .ƛƻǇƘȅǎWΣ нлмуΣ ό¦b[h/ύ 
 
YŜȅǿƻǊŘǎ Υ {a[aΣ ǊŜŀƭπǘƛƳŜ ŀƴŀƭȅǎƛǎΣ ǉǳŀƭƛǘȅ ŎƻƴǘǊƻƭ 
 

***  

!лсоŀπ¢ǊŀƴǎǇŀǊƛǎŀǘƛƻƴΣ ŀŎǉǳƛǎƛǘƛƻƴ ŀǳ ƳƛŎǊƻǎŎƻǇŜ Ł ŦŜǳƛƭƭŜǘ ŘŜ ƭǳƳƛŝǊŜ Ŝǘ Ǉƻǎǘ ǘǊŀƛǘŜƳŜƴǘ ŘŜ 
ǎǇƘŞǊƻƠŘŜǎ 
/ƘƭƻŞ 5ƻƳƛƴƛŎƛ όŎƘƭƻŜΦŘƻƳƛƴƛŎƛϪǳƴƛǾπŎƻǘŜŘŀȊǳǊΦŦǊύ /ŞŘǊƛŎ DŀƎƎƛƻƭƛ ό/ŜŘǊƛŎΦD!DDLh[LϪǳƴƛŎŜΦŦǊύ 
!ōǎǘǊŀŎǘ Υ [ŀ ŎǳƭǘǳǊŜ ǘǊƛπŘƛƳŜƴǎƛƻƴƴŜƭƭŜ ŘŜ ǎǇƘŞǊƻƠŘŜǎ ǊŜǇǊŞǎŜƴǘŜ ŀǳƧƻǳǊŘΩƘǳƛ ǳƴ ƻǳǘƛƭ Ǉǳƛǎǎŀƴǘ ŀŦƛƴ 
ŘΩƻōǎŜǊǾŜǊ ƛƴ ǾƛǘǊƻ ƭΩƛƴǘŜǊŀŎǘƛƻƴ ŘŜ ŘƛŦŦŞǊŜƴǘǎ ǘȅǇŜǎ ŎŜƭƭǳƭŀƛǊŜǎΦ ¢ƻǳǘŜŦƻƛǎΣ ƭΩŞǾƻƭǳǘƛƻƴ Řǳ ǎǇƘŞǊƻƠŘŜ Ŝƴ 
ǳƴ ŀƳŀǎ ƻǇŀǉǳŜ ŘŜ ŎŜƭƭǳƭŜǎ ǊŜƴŘ ƛƳǇƻǎǎƛōƭŜ ǳƴŜ ƛƳŀƎŜǊƛŜ ŀǳ ŎǆǳǊ ƳşƳŜ ŘŜ ƭΩŞŎƘŀƴǘƛƭƭƻƴ Ŝǘ ŀƛƴǎƛ 
ǾƛǎǳŀƭƛǎŜǊ ƭŀ ǘƻǘŀƭƛǘŞ ŘŜǎ ƛƴǘŜǊŀŎǘƛƻƴǎ ǇǊŞǎŜƴǘŜǎΦ [Ŝǎ ǘŜŎƘƴƛǉǳŜǎ ŘŜ ǘǊŀƴǎǇŀǊƛǎŀǘƛƻƴ ƳƛǎŜǎ ŀǳ Ǉƻƛƴǘ ŎŜǎ 
ŘŜǊƴƛŝǊŜǎ ŀƴƴŞŜǎ ǇŜǊƳŜǘ ŘŜ ŎƻƴǘǊŜǊ ŎŜ ǇǊƻōƭŝƳŜΦ  
bƻǳǎ ǇǊƻǇƻǎƻƴǎ Řŀƴǎ ŎŜǘ ŀǘŜƭƛŜǊ ŘŜ ŦƻǊƳŜǊ ƭŜǎ ǇŀǊǘƛŎƛǇŀƴǘǎ ŀǳ ǇǊƻǘƻŎƻƭŜ ŘΩƛƳƳǳƴƻƳŀǊǉǳŀƎŜ Ŝǘ ŘŜ 
ǘǊŀƴǎǇŀǊƛǎŀǘƛƻƴ Ƴƛǎ ŀǳ Ǉƻƛƴǘ Řŀƴǎ ƴƻǘǊŜ ƭŀōƻǊŀǘƻƛǊŜΦ /Ŝ ǇǊƻǘƻŎƻƭŜ Ł ōŀǎŜ ŘŜ ǎƻƭǳǘƛƻƴǎ ŀǉǳŜǳǎŜǎ Ŝǎǘ 
ŀǳǎǎƛ ŀŘŀǇǘŞ ŀǳȄ ǎǇƘŞǊƻƠŘŜǎ ŀǾŜŎ ǳƴ ƳŀǊǉǳŀƎŜ ŜƴŘƻƎŝƴŜΦ [Ŝǎ ǇŀǊǘƛŎƛǇŀƴǘǎ ǇƻǳǊǊƻƴǘ ŀǇǇƻǊǘŜǊ ƭŜǳǊǎ 
ǇǊƻǇǊŜ ŞŎƘŀƴǘƛƭƭƻƴǎ ŀǾŜŎ ǳƴ ƳŀǊǉǳŀƎŜ ŜƴŘƻƎŝƴŜ ƻǳ ƴƻǳǎ ǇƻǳǊǊƻƴǎ ŜƴǾƻȅŜǊ ƭŜ ǇǊƻǘƻŎƻƭŜ 
ŘΩƛƳƳǳƴƻƳŀǊǉǳŀƎŜ ŘŜǎ ǎǇƘŞǊƻƠŘŜǎ Ŝƴ ŀƳƻƴǘ ŜǳȄ ǇŀǊǘƛŎƛǇŀƴǘǎ ǉǳƛ ƭŜ ǎƻǳƘŀƛǘŜΦ  
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tŀǊ ƭŀ ǎǳƛǘŜΣ ƴƻǳǎ ǇǊƻǇƻǎƻƴǎ ŘΩŀŎǉǳŞǊƛǊ ŀǳ ƳƛŎǊƻǎŎƻǇŜ Ł ŦŜǳƛƭƭŜǘ ŘŜ ƭǳƳƛŝǊŜ ƻǳ ŎƻƴŦƻŎŀƭ  ƭŜǎ 
ǎǇƘŞǊƻƠŘŜǎ ǇǊŞŀƭŀōƭŜƳŜƴǘ ǘǊŀƴǎǇŀǊƛǎŞǎΦ bƻǳǎ ŘŞǘŀƛƭƭŜǊƻƴǎ ŀƛƴǎƛ ƭŜ ƳƻƴǘŀƎŜ ŘŜ ƭΩŞŎƘŀƴǘƛƭƭƻƴ Řŀƴǎ ƭŜ 
ƳƛŎǊƻǎŎƻǇŜ ŀƛƴǎƛ ǉǳŜ ƭŜǎ ǊŞƎƭŀƎŜǎ Ł ŜŦŦŜŎǘǳŜǊΦ  
tƻǳǊ ŦƛƴƛǊΣ ƴƻǳǎ ǾŜǊǊƻƴǎ ŀǾŜŎ ƭŜ ƭƻƎƛŎƛŜƭ LƳŀǊƛǎ ƭŜ Ǉƻǎǘ ǘǊŀƛǘŜƳŜƴǘ ŘŜǎ ŀŎǉǳƛǎƛǘƛƻƴǎ ŜŦŦŜŎǘǳŞŜǎΦ  
! ƭŀ Ŧƛƴ ŘŜ ŎŜǘ ŀǘŜƭƛŜǊΣ ƭŜǎ ǇŀǊǘƛŎƛǇŀƴǘǎ ŀǳǊƻƴǘ ŀŎǉǳƛǎ ŘŜǎ ōŀǎŜǎ ǎƻƭƛŘŜǎ ǎǳǊ ǘƻǳǘ ƭŜ ǇǊƻŎŜǎǎǳǎ ŘŜ 
ǘǊŀƴǎǇŀǊƛǎŀǘƛƻƴ ŘŜǎ ǎǇƘŞǊƻƠŘŜǎ ƧǳǎǉǳΩŀǳȄ Ǉƻǎǘ ǘǊŀƛǘŜƳŜƴǘǎ ŘŜǎ ƛƳŀƎŜǎ Ŝǘ ǇƻǳǊǊƻƴǘ ŀƛƴǎƛ şǘǊŜ 
ŀǳǘƻƴƻƳŜǎ ŀŦƛƴ ŘŜ ǘǊŀƛǘŜǊ ƭŜǳǊǎ ǇǊƻǇǊŜǎ ŞŎƘŀƴǘƛƭƭƻƴǎΦ   
YŜȅǿƻǊŘǎ Υ ǎǇƘŜǊƻƠŘŜΣ ƳƛŎǊƻǎŎƻǇŜ Ł ŦŜǳƛƭƭŜǘ ŘŜ ƭǳƳƛŝǊŜΣ ǘǊŀƴǎǇŀǊƛǎŀǘƛƻƴΣ LƳŀǊƛǎ 

***  

!лсоōπ¢ǊŀƴǎǇŀǊƛǎŀǘƛƻƴΣ ŀŎǉǳƛǎƛǘƛƻƴ ŀǳ ƳƛŎǊƻǎŎƻǇŜ Ł ŦŜǳƛƭƭŜǘ ŘŜ ƭǳƳƛŝǊŜ Ŝǘ Ǉƻǎǘ ǘǊŀƛǘŜƳŜƴǘ ŘŜ 
ǎǇƘŞǊƻƠŘŜǎ 
/ƘƭƻŞ 5ƻƳƛƴƛŎƛ όŎƘƭƻŜΦŘƻƳƛƴƛŎƛϪǳƴƛǾπŎƻǘŜŘŀȊǳǊΦŦǊύ /ŞŘǊƛŎ DŀƎƎƛƻƭƛ ό/ŜŘǊƛŎΦD!DDLh[LϪǳƴƛŎŜΦŦǊύ 
!ōǎǘǊŀŎǘ Υ [ŀ ŎǳƭǘǳǊŜ ǘǊƛπŘƛƳŜƴǎƛƻƴƴŜƭƭŜ ŘŜ ǎǇƘŞǊƻƠŘŜǎ ǊŜǇǊŞǎŜƴǘŜ ŀǳƧƻǳǊŘΩƘǳƛ ǳƴ ƻǳǘƛƭ Ǉǳƛǎǎŀƴǘ ŀŦƛƴ 
ŘΩƻōǎŜǊǾŜǊ ƛƴ ǾƛǘǊƻ ƭΩƛƴǘŜǊŀŎǘƛƻƴ ŘŜ ŘƛŦŦŞǊŜƴǘǎ ǘȅǇŜǎ ŎŜƭƭǳƭŀƛǊŜǎΦ ¢ƻǳǘŜŦƻƛǎΣ ƭΩŞǾƻƭǳǘƛƻƴ Řǳ ǎǇƘŞǊƻƠŘŜ Ŝƴ 
ǳƴ ŀƳŀǎ ƻǇŀǉǳŜ ŘŜ ŎŜƭƭǳƭŜǎ ǊŜƴŘ ƛƳǇƻǎǎƛōƭŜ ǳƴŜ ƛƳŀƎŜǊƛŜ ŀǳ ŎǆǳǊ ƳşƳŜ ŘŜ ƭΩŞŎƘŀƴǘƛƭƭƻƴ Ŝǘ ŀƛƴǎƛ 
ǾƛǎǳŀƭƛǎŜǊ ƭŀ ǘƻǘŀƭƛǘŞ ŘŜǎ ƛƴǘŜǊŀŎǘƛƻƴǎ ǇǊŞǎŜƴǘŜǎΦ [Ŝǎ ǘŜŎƘƴƛǉǳŜǎ ŘŜ ǘǊŀƴǎǇŀǊƛǎŀǘƛƻƴ ƳƛǎŜǎ ŀǳ Ǉƻƛƴǘ ŎŜǎ 
ŘŜǊƴƛŝǊŜǎ ŀƴƴŞŜǎ ǇŜǊƳŜǘ ŘŜ ŎƻƴǘǊŜǊ ŎŜ ǇǊƻōƭŝƳŜΦ  
bƻǳǎ ǇǊƻǇƻǎƻƴǎ Řŀƴǎ ŎŜǘ ŀǘŜƭƛŜǊ ŘŜ ŦƻǊƳŜǊ ƭŜǎ ǇŀǊǘƛŎƛǇŀƴǘǎ ŀǳ ǇǊƻǘƻŎƻƭŜ ŘΩƛƳƳǳƴƻƳŀǊǉǳŀƎŜ Ŝǘ ŘŜ 
ǘǊŀƴǎǇŀǊƛǎŀǘƛƻƴ Ƴƛǎ ŀǳ Ǉƻƛƴǘ Řŀƴǎ ƴƻǘǊŜ ƭŀōƻǊŀǘƻƛǊŜΦ /Ŝ ǇǊƻǘƻŎƻƭŜ Ł ōŀǎŜ ŘŜ ǎƻƭǳǘƛƻƴǎ ŀǉǳŜǳǎŜǎ Ŝǎǘ 
ŀǳǎǎƛ ŀŘŀǇǘŞ ŀǳȄ ǎǇƘŞǊƻƠŘŜǎ ŀǾŜŎ ǳƴ ƳŀǊǉǳŀƎŜ ŜƴŘƻƎŝƴŜΦ [Ŝǎ ǇŀǊǘƛŎƛǇŀƴǘǎ ǇƻǳǊǊƻƴǘ ŀǇǇƻǊǘŜǊ ƭŜǳǊǎ 
ǇǊƻǇǊŜǎ ŞŎƘŀƴǘƛƭƭƻƴǎ ŀǾŜŎ ǳƴ ƳŀǊǉǳŀƎŜ ŜƴŘƻƎŝƴŜ ƻǳ ƴƻǳǎ ǇƻǳǊǊƻƴǎ ŜƴǾƻȅŜǊ ƭŜ ǇǊƻǘƻŎƻƭŜ 
ŘΩƛƳƳǳƴƻƳŀǊǉǳŀƎŜ ŘŜǎ ǎǇƘŞǊƻƠŘŜǎ Ŝƴ ŀƳƻƴǘ ŜǳȄ ǇŀǊǘƛŎƛǇŀƴǘǎ ǉǳƛ ƭŜ ǎƻǳƘŀƛǘŜΦ  
tŀǊ ƭŀ ǎǳƛǘŜΣ ƴƻǳǎ ǇǊƻǇƻǎƻƴǎ ŘΩŀŎǉǳŞǊƛǊ ŀǳ ƳƛŎǊƻǎŎƻǇŜ Ł ŦŜǳƛƭƭŜǘ ŘŜ ƭǳƳƛŝǊŜ ƻǳ ŎƻƴŦƻŎŀƭ ƭŜǎ 
ǎǇƘŞǊƻƠŘŜǎ ǇǊŞŀƭŀōƭŜƳŜƴǘ ǘǊŀƴǎǇŀǊƛǎŞǎΦ bƻǳǎ ŘŞǘŀƛƭƭŜǊƻƴǎ ŀƛƴǎƛ ƭŜ ƳƻƴǘŀƎŜ ŘŜ ƭΩŞŎƘŀƴǘƛƭƭƻƴ Řŀƴǎ ƭŜ 
ƳƛŎǊƻǎŎƻǇŜ ŀƛƴǎƛ ǉǳŜ ƭŜǎ ǊŞƎƭŀƎŜǎ Ł ŜŦŦŜŎǘǳŜǊΦ  
tƻǳǊ ŦƛƴƛǊΣ ƴƻǳǎ ǾŜǊǊƻƴǎ ŀǾŜŎ ƭŜ ƭƻƎƛŎƛŜƭ LƳŀǊƛǎ ƭŜ Ǉƻǎǘ ǘǊŀƛǘŜƳŜƴǘ ŘŜǎ ŀŎǉǳƛǎƛǘƛƻƴǎ ŜŦŦŜŎǘǳŞŜǎΦ  
! ƭŀ Ŧƛƴ ŘŜ ŎŜǘ ŀǘŜƭƛŜǊΣ ƭŜǎ ǇŀǊǘƛŎƛǇŀƴǘǎ ŀǳǊƻƴǘ ŀŎǉǳƛǎ ŘŜǎ ōŀǎŜǎ ǎƻƭƛŘŜǎ ǎǳǊ ǘƻǳǘ ƭŜ ǇǊƻŎŜǎǎǳǎ ŘŜ 
ǘǊŀƴǎǇŀǊƛǎŀǘƛƻƴ ŘŜǎ ǎǇƘŞǊƻƠŘŜǎ ƧǳǎǉǳΩŀǳȄ Ǉƻǎǘ ǘǊŀƛǘŜƳŜƴǘǎ ŘŜǎ ƛƳŀƎŜǎ Ŝǘ ǇƻǳǊǊƻƴǘ ŀƛƴǎƛ şǘǊŜ 
ŀǳǘƻƴƻƳŜǎ ŀŦƛƴ ŘŜ ǘǊŀƛǘŜǊ ƭŜǳǊǎ ǇǊƻǇǊŜǎ ŞŎƘŀƴǘƛƭƭƻƴǎΦ   
YŜȅǿƻǊŘǎ Υ ǎǇƘŜǊƻƠŘŜΣ ƳƛŎǊƻǎŎƻǇŜ Ł ŦŜǳƛƭƭŜǘ ŘŜ ƭǳƳƛŝǊŜΣ ǘǊŀƴǎǇŀǊƛǎŀǘƛƻƴΣ LƳŀǊƛǎ 
 

***  

!лсрπDŜǘǘƛƴƎ ǘƘŜ Ƴƻǎǘ ƻǳǘ ƻŦ о5 ǇƘŜǊƻƛŘǎ ōȅ ŎƻƳōƛƴƛƴƎ ƳƛŎǊƻŦŀōǊƛŎŀǘŜŘ ǿŜƭƭǎΣ ŎƭŀǊƛŦƛŎŀǘƛƻƴ 
ǘŜŎƘƴƛǉǳŜǎΣ ǎǘŀƴŘŀǊŘ ŎƻƴŦƻŎŀƭ ƛƳŀƎƛƴƎ ŀƴŘ ŘŜŜǇ ƭŜŀǊƴƛƴƎ ƛƳŀƎŜ ǇǊƻŎŜǎǎƛƴƎ 
/ƘŀǊƭƻǘǘŜ wƛǾƛŜǊŜ όŎƘŀǊƭƻǘǘŜΦǊƛǾƛŜǊŜϪǳƴƛǾπƭȅƻƴмΦŦǊύ !ƭƛ !ƘƳŀŘ όŀƭƛΦŀƘƳŀŘϪƛƴǎŀπƭȅƻƴΦŦǊύ 
!ōǎǘǊŀŎǘ Υ 
/ƻƴǘŜȄǘ Υ {ǘǳŘƛŜǎ ŀǊŜ ƴƻǿ ŘƛǊŜŎǘŜŘ ǘƻ о5 ƛƴπǾƛǘǊƻ ƳƻŘŜƭǎ ǘƻ ǘǊȅ ǘƻ ōŜǘǘŜǊ ǊŜǇƭƛŎŀǘŜ ƛƴπǾƛǾƻ ŎƻƳǇƭŜȄƛǘȅ 
ƻŦ ǘǳƳƻǊ ƳƛŎǊƻŜƴǾƛǊƻƴƳŜƴǘΦ !ƳƻƴƎ ǘƘŜƳΣ ƳǳƭǘƛŎŜƭƭǳƭŀǊ ǘǳƳƻǊ ǎǇƘŜǊƻƛŘǎ όa/¢{ύ ǊŜŎŀǇƛǘǳƭŀǘŜ Ƴŀƴȅ 
ǘǳƳƻǊ ŦŜŀǘǳǊŜǎΦ LƳƳǳƴƻǎǘŀƛƴƛƴƎΣ ƛƳŀƎŜ ŀŎǉǳƛǎƛǘƛƻƴ ŀƴŘ ŀƴŀƭȅǎƛǎ ƻŦ ǎǳŎƘ о5 ōƛƻƭƻƎƛŎŀƭ ǎŀƳǇƭŜǎ 
ǊŜƳŀƛƴǎ ǘƛƳŜ ŎƻƴǎǳƳƛƴƎ ŀƴŘ ŎƘŀƭƭŜƴƎƛƴƎΦ 
²Ŝ ǿƛƭƭ ǇǊŜǎŜƴǘ ŀ ƳŜǘƘƻŘ ōŀǎŜŘ ƻƴ ƳƛŎǊƻπŦŀōǊƛŎŀǘƛƻƴ ǘƻ ƘŀƴŘƭŜ ŜŦŦƛŎƛŜƴǘƭȅ ǎǳŎƘ ǎǇƘŜǊƻƛŘǎ ǘƘŀǘ ƛǎ 
ŎƻƳǇŀǘƛōƭŜ ǿƛǘƘ ŀƭƭπƳƻǳƴǘ ƛƳƳǳƴƻǎǘŀƛƴƛƴƎ ŀƴŘ ŎƻƴŦƻŎŀƭ ŀƴŀƭȅǎƛǎΦ ¢ƻ ǘƘŀǘ ŀƛƳΣ ǿŜ ǿƛƭƭ ǇǊŜǎŜƴǘ 
ŘƛŦŦŜǊŜƴǘ ŜŦŦƛŎƛŜƴǘ ŎƭŀǊƛŦƛŎŀǘƛƻƴ ǘŜŎƘƴƛǉǳŜǎ ŦƻǊ ǎǳŎƘ ōƛƻƭƻƎƛŎŀƭ ǎŀƳǇƭŜΦ 
²Ŝ ǿƛƭƭ ǘƘŜƴ ǎƘƻǿ Ƙƻǿ ƳŀŎƘƛƴŜ ƭŜŀǊƴƛƴƎ ǎǘǊŀǘŜƎƛŜǎ ŎƻǳƭŘ ōŜ ǳǎŜŘ ŜǾŜƴ ŦƻǊ ƴƻƴπǎǇŜŎƛŀƭƛǎǘ ǘƻ ŜȄǘǊŀŎǘ 
ƛƴǘŜǊŜǎǘƛƴƎ ŦŜŀǘǳǊŜǎ ŦǊƻƳ ǘƘŜ ǎǘŀŎƪǎ ƻŦ ƛƳŀƎŜǎΦ ²Ŝ ǿƛƭƭ ŦƻŎǳǎ ƻƴ ǎƛƎƴŀƭ ǘƻ ƴƻƛǎŜ ǊŀǘƛƻκŘŜǇǘƘ 
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ǇŜƴŜǘǊŀǘƛƻƴ ƛǎǎǳŜǎ ƻƴ ŎƭŀǊƛŦƛŜŘ ŀƴŘ ƴƻƴπŎƭŀǊƛŦƛŜŘ ǎŀƳǇƭŜǎ ŀƴŘ ǇǊƻǇƻǎŜ ǎƻƳŜ ŀƴƴƻǘŀǘƛƻƴ ǎǘǊŀǘŜƎƛŜǎ ǘƻ 
ŘŜŀƭ ǿƛǘƘ ǾŀǊƛŀǘƛƻƴ ƻŦ ǎƛƎƴŀƭ ǘƻ ƴƻƛǎŜ Ǌŀǘƛƻ ŦǊƻƳ ƻƴŜ ǎŀƳǇƭŜ ǘƻ ǘƘŜ ƻǘƘŜǊΦ  
hōƧŜŎǘƛǾŜΥ !ǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘƛǎ ǿƻǊƪǎƘƻǇ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ ƘŀǾŜ ŀƴ ƻǾŜǊǾƛŜǿ ƻŦ ŀ ŎƻƳǇƭŜǘŜ ǿƻǊƪŦƭƻǿ 
ŦƻǊ ŜŦŦƛŎƛŜƴǘ ŎŜƭƭ ǇƘŜƴƻǘȅǇƛŎ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ǿƛǘƘƛƴ о5 ǎǇƘŜǊƻƛŘǎ όƛƴŎƭǳŘƛƴƎ ǎŀƳǇƭŜ ǇǊŜǇŀǊŀǘƛƻƴΣ 
ƳǳƭǘƛπǇƻƛƴǘǎ ŀǳǘƻƳŀǘƛŎ ŀŎǉǳƛǎƛǘƛƻƴΣ ƛƳŀƎŜ ŀƴŀƭȅǎƛǎ ŀƴŘ ǊŜŀŘƻǳǘǎ ǉǳŀƴǘƛŦƛŎŀǘƛƻƴ ǳǎƛƴƎ ƳŀŎƘƛƴŜ 
ƭŜŀǊƴƛƴƎ ǎǘǊŀǘŜƎƛŜǎύΦ 
 
YŜȅǿƻǊŘǎ Υ {ǇƘŜǊƻƛŘǎΣ ŎƻƴŦƻŎŀƭ ƛƳŀƎƛƴƎΣ ŎƭŀǊƛŦƛŎŀǘƛƻƴΣ ƛƳŀƎŜ ŀƴŀƭȅǎƛǎΣ ƳŀŎƘƛƴŜ ƭŜŀǊƴƛƴƎ 
 

***  

!лтмπaƛŎǊƻǎŎƻǇƛŜ ŘΩŜȄǇŀƴǎƛƻƴ Υ ǎǘǊŀǘŞƎƛŜǎ Ŝǘ ŀǎǘǳŎŜǎ ǇƻǳǊ ƭΩŀƴŀƭȅǎŜ ŘŜǎ ŎŜƭƭǳƭŜǎ ŘŜ ƳŀƳƳƛŦŝǊŜǎ Ŝƴ 
ŎǳƭǘǳǊŜΣ ŘŜ ƭŀ ƭŜǾǳǊŜ {Φ ŎŜǊŜǾƛǎƛŀŜ Ŝǘ ǇƻǳǊ ƭŀ Ǿƛǎǳŀƭƛǎŀǘƛƻƴ ŘŜ ƭΩƻǊƎŀƴƛǎŀǘƛƻƴ ƳƛǘƻŎƘƻƴŘǊƛŀƭŜ 
WƛƳ 5ƻƳǇƛŜǊǊŜ όƧƛƳΦŘƻƳǇƛŜǊǊŜϪƛōƎŎΦŎƴǊǎΦŦǊύ aŀƴǳŜƭ wƻƧƻ όƳŀƴǳŜƭΦǊƻƧƻϪƛōƎŎΦŎƴǊǎΦŦǊύ 
!ōǎǘǊŀŎǘ Υ /ƻƴǘǊŀƛǊŜƳŜƴǘ Ł ŘϥŀǳǘǊŜǎ ǘŜŎƘƴƛǉǳŜǎ ŘϥƛƳŀƎŜǊƛŜ ƻǇǘƛǉǳŜ ŘŜ ǎǳǇŜǊπǊŞǎƻƭǳǘƛƻƴΣ ǉǳƛ 
ŀǳƎƳŜƴǘŜƴǘ ƭŀ ǊŞǎƻƭǳǘƛƻƴ ǇŀǊ ŘŜǎ ŀƳŞƭƛƻǊŀǘƛƻƴǎ ǘǊŝǎ ŎƻǳǘŜǳǎŜǎ Ŝǘ ŎƻƳǇƭŜȄŜǎ ŘŜǎ ƳƛŎǊƻǎŎƻǇŜǎΣ ƭŀ 
ƳƛŎǊƻǎŎƻǇƛŜ ŘΩŜȄǇŀƴǎƛƻƴ ό9Ȅaύ ŎƻƴǎƛǎǘŜ Ł ŀƎǊŀƴŘƛǊ ǇƘȅǎƛǉǳŜƳŜƴǘ ƭΩŞŎƘŀƴǘƛƭƭƻƴ ŘŜ п Ł мл ŦƻƛǎΣ ŘŜ 
Ŧŀœƻƴ ƛǎƻǘǊƻǇŜ Ŝǘ Řŀƴǎ ƭŜǎ о ŘƛƳŜƴǎƛƻƴǎ ŀǳ ƳƻȅŜƴ ŘΩǳƴ ƘȅŘǊƻƎŜƭ ζ ƎƻƴŦƭŀōƭŜ ηΦ !ƛƴǎƛΣ ŎŜǘǘŜ ǘŜŎƘƴƛǉǳŜ 
ǇŜǊƳŜǘ ŘΩŀŎǉǳŞǊƛǊ ŦŀŎƛƭŜƳŜƴǘ ŘŜǎ ƛƳŀƎŜǎ Ŝƴ ǎǳǇŜǊπǊŞǎƻƭǳǘƛƻƴΣ о5Σ ƳǳƭǘƛŎƻƭƻǊŜǎΣ ŀǾŜŎ ŘŜǎ 
ŦƭǳƻǊƻǇƘƻǊŜǎ ŎƻƴǾŜƴǘƛƻƴƴŜƭǎ όǇǊƻǘŞƛƴŜǎ ŦƭǳƻǊŜǎŎŜƴǘŜǎ Ŝǘ ƭŜǎ ŎƻƭƻǊŀƴǘǎ ƻǊƎŀƴƛǉǳŜǎύ ŀǾŜŎ ŘŜǎ 
ƳƛŎǊƻǎŎƻǇŜǎ Ł ŎƘŀƳǇ ƭŀǊƎŜΦ 
bƻǳǎ ŀǾƻƴǎ ŀǇǇƭƛǉǳŞ ŎŜǘǘŜ ǘŜŎƘƴƛǉǳŜ ŘŜ ǎǳǇŜǊπǊŞǎƻƭǳǘƛƻƴ Ł ŦŀƛōƭŜ ŎƻǶǘ ǇƻǳǊ ŞǘǳŘƛŜǊ ƭŀ ƴŀƴƻǎǘǊǳŎǘǳǊŜ 
Ŝǘ ƭϥƻǊƎŀƴƛǎŀǘƛƻƴ ŘŜǎ ƳŜƳōǊŀƴŜǎ ƳƛǘƻŎƘƻƴŘǊƛŀƭŜǎ Ŝǘ ƭŜ ǊŞǎŜŀǳ ŘŜ ƳƛŎǊƻǘǳōǳƭŜǎ Ŝǘ ƴƻǳǎ ŀǾƻƴǎ 
ŘŞǾŜƭƻǇǇŞ ǳƴ ǇǊƻǘƻŎƻƭŜ ǇŜǊƳŜǘǘŀƴǘ ƭΩ9Ȅa ǎǳǊ ƭŀ ƭŜǾǳǊŜ {Φ ŎŜǊŜǾƛǎƛŀŜΦ 
!ǳ ŎƻǳǊǎ ŘŜ ŎŜǘ ŀǘŜƭƛŜǊΣ ƴƻǳǎ ŘŞŎǊƛǊƻƴǎ ƭŜǎ ǘǊǳŎǎ Ŝǘ ŀǎǘǳŎŜǎ ǉǳŜ ƴƻǳǎ ŀǾƻƴǎ ŘŞǾŜƭƻǇǇŞǎ ǇƻǳǊ ŀŘŀǇǘŜǊ 
ƭΩ9Ȅa Ł ƴƻǎ ǇǊƻōƭŞƳŀǘƛǉǳŜǎΣ ǎƛƳǇƭƛŦƛŜǊ ƭŀ ǘŜŎƘƴƛǉǳŜ ŀǳ ƴƛǾŜŀǳ ǇǊŀǘƛǉǳŜ Ŝǘ ǇǊŞǎŜǊǾŜǊ Ŝǘκƻǳ ŀƳǇƭƛŦƛŜǊ 
ƭŜ ǎƛƎƴŀƭ ŘŜǎ ǇǊƻǘŞƛƴŜǎ ŦƭǳƻǊŜǎŎŜƴǘŜǎΦ [Ŝǎ ǇŀǊǘƛŎƛǇŀƴǘǎ ǎŜǊƻƴǘ ŀƳŜƴŞǎ Ł ŜŦŦŜŎǘǳŜǊ ŜǳȄ ƳşƳŜ ƭŜǎ 
ŜȄǇŞǊƛŜƴŎŜǎ ǇƻǳǊ ƭŜǎ ŞǘŀǇŜǎ ŎǊƛǘƛǉǳŜǎ Υ ǇƻƭȅƳŞǊƛǎŀǘƛƻƴ ŘŜ ƎŜƭǎ ŘŜ ŘƛŦŦŞǊŜƴǘŜǎ ŎƻƳǇƻǎƛǘƛƻƴǎΣ 
ŎƻƳǇŀǊŀƛǎƻƴ ŘŜ ŘƛŦŦŞǊŜƴǘǎ ŦƭǳƻǊƻǇƘƻǊŜǎΣ ƳŀƴƛǇǳƭŀǘƛƻƴΣ ƳƻƴǘŀƎŜ Ŝǘ ƛƳŀƎŜǊƛŜ ŘŜ ƭϥƘȅŘǊƻƎŜƭ ŜȄǇŀƴǎŞΦ  
" ƭŀ Ŧƛƴ ŘŜ ŎŜǘ ŀǘŜƭƛŜǊΣ ƭŜǎ ǇŀǊǘƛŎƛǇŀƴǘǎ ǎŜǊƻƴǘ Ŝƴ ƳŜǎǳǊŜ ŘŜ ǊŜǇǊƻŘǳƛǊŜ ŦŀŎƛƭŜƳŜƴǘ ƭŜ ǇǊƻǘƻŎƻƭŜ Ŝǘ ŘŜ 
ƭϥŀŘŀǇǘŜǊ Ł ƭŜǳǊ ǇǊƻǇǊŜ ǘƘŞƳŀǘƛǉǳŜΦ 
 
YŜȅǿƻǊŘǎ Υ ǎǳǇŜǊπǊŜǎƻƭǳǘƛƻƴΣ 9ȄǇŀƴǎƛƻƴ aƛŎǊƻǎŎƻǇȅΣ ƳƛǘƻŎƘƻƴŘǊƛŜΣ DCtΣ Ƴ/ƘŜǊǊȅΣ ƭŜǾǳǊŜ {Φ 
/ŜǊŜǾƛǎƛŀŜΣ ƳƛŎǊƻǘǳōǳƭŜ 

***  

!лтнπ9Ǿƻƭǳǘƛƻƴ ƻŦ ōǊŀƛƴ ƳƻǊǇƘƻƭƻƎȅ ŦǊƻƳ ƛƴǾŜǊǘŜōǊŀǘŜǎ ǘƻ ƳŀƳƳŀƭǎΦ 9ǾŜǊȅǘƘƛƴƎ ǿŜ Ŏŀƴ ƭŜŀǊƴ ŦǊƻƳ 
ƛƴ ǘƻǘƻ о5 ƛƳŀƎƛƴƎ ƻŦ ŀǳǘƻŦƭǳƻǊŜǎŎŜƴŎŜ ǎƛƎƴŀƭǎ Κ 
/ƘǊƛǎǘŜƭƭŜ [ŀƴƎŜǾƛƴ όŎƘǊƛǎǘŜƭƭŜΦƭŀƴƎŜǾƛƴϪƛƴǊŀΦŦǊύ aƻǊƎŀƴŜ .ŜƭƭŜ όƳƻǊƎŀƴŜΦōŜƭƭŜϪƛƴǎŜǊƳΦŦǊύ 
!ōǎǘǊŀŎǘ Υ hǾŜǊ ƭŀǎǘ ȅŜŀǊǎΣ ŀŘǾŀƴŎŜŘ ǘƛǎǎǳŜπŎƭŜŀǊƛƴƎ ƳŜǘƘƻŘǎ ŎƻƳōƛƴŜŘ ǘƻ ƛƳŀƎƛƴƎ ǘŜŎƘƴƻƭƻƎƛŜǎ ƭŜŘ 
ǘƻ о5 ƛƳŀƎƛƴƎ ƻŦ ǿƘƻƭŜ ǘƛǎǎǳŜǎ ŀǘ ŎŜƭƭǳƭŀǊ ǊŜǎƻƭǳǘƛƻƴΦ /ƘŀƭƭŜƴƎŜǎ ƻŦ ǘƘƛŎƪ ǘƛǎǎǳŜǎ ƻōǎŜǊǾŀǘƛƻƴǎ ŀǊŜ 
ƴƻǿ ƭƛƳƛǘŜŘ ōȅ ƛƳǇǊƻǾŜƳŜƴǘ ƻŦ ƛƳƳǳƴƻǎǘŀƛƴƛƴƎ ǇǊƻŎŜŘǳǊŜǎ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ƛƳŀƎƛƴƎ 
ŀǇǇǊƻŀŎƘŜǎ ŘŜŘƛŎŀǘŜŘ ǘƻ ōƛƎ ǘƛǎǎǳŜǎΦ 9ȄǘŜƴǎƛǾŜ ǎǘǳŘƛŜǎ ƘŀǾŜ ōŜŜƴ ŎƻƴŘǳŎǘŜŘ ǘƻ ŎƻƳǇŀǊŜ ŜŦŦƛŎŀŎȅ ƻŦ 
ǾŀǊƛƻǳǎ ŎƭŜŀǊƛƴƎ ǇǊƻǘƻŎƻƭǎ ǇǊŜŦŜǊŜƴǘƛŀƭƭȅ ƻƴ ƳŀƳƳŀƭƛŀƴ ōǊŀƛƴǎΣ ǘƘǳǎ ŜȄǘŜƴŘŜŘ ǘƻ ƻǘƘŜǊ ƳŀƳƳŀƭƛŀƴ 
ǘƛǎǎǳŜǎ ƻǊ ƻǘƘŜǊ ǾŜǊǘŜōǊŀǘŜǎ ǎǳŎƘ ŀǎ ȊŜōǊŀŦƛǎƘΦ LƳŀƎŜ ŀƴŀƭȅǎŜǎ ƻŦ ŎƭŜŀǊŜŘ ƳŀƳƳŀƭƛŀƴ ōǊŀƛƴ ŀƭƭƻǿŜŘ 
ŀƳƻƴƎ ƻǘƘŜǊ ǾƛǎǳŀƭƛȊŀǘƛƻƴ ƻŦ ƴŜǳǊƻƴŀƭ ƴŜǘǿƻǊƪΣ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ ƴŜǳǊƻƴŀƭ ŎŜƭƭ ǇƻǇǳƭŀǘƛƻƴǎΣ ŀƴŘ 
ŜǎǘŀōƭƛǎƘƳŜƴǘ ƻŦ ōǊŀƛƴ ŀǘƭŀǎ ǘŀƪƛƴƎ ƛƴǘƻ ŀŎŎƻǳƴǘ ǘƘŜ ōǊŀƛƴ ŘƛǎǘƻǊǘƛƻƴ ƛƴŘǳŎŜŘ ōȅ ŎƭŜŀǊƛƴƎ ǘǊŜŀǘƳŜƴǘǎΦ  
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hōƧŜŎǘƛǾŜǎ 
²Ŝ ǇǊƻǇƻǎŜ ǘƻ ŎƻƴŘǳŎǘŜŘ ŎƻƳǇŀǊŀǘƛǾŜ ŀƴŀƭȅǎƛǎ ƻŦ ōǊŀƛƴ ŀƴŀǘƻƳȅ ōŀǎŜŘ ƻƴ о5 ŀŎǉǳƛǎƛǘƛƻƴǎ ƻŦ ǾŀǊƛƻǳǎ 
ƻǊƎŀƴƛǎƳǎ Ǉƻǎǘ ŎƭŜŀǊƛƴƎΦ  
CƻǊ ǘƘƛǎ ŀƛƳΣ ǘƘŜ ƻǊƎŀƴƛȊŜǊǎ ǿƛƭƭ ǇǊƻǾƛŘŜ ǾŀǊƛƻǳǎ ǎŀƳǇƭŜǎΥ ŦƛǎƘ ǎǇŜŎƛŜǎ όȊŜōǊŀŦƛǎƘΣ ǘǊƻǳǘ ŀƴŘ ŎŀǊǇύΣ 
ƳƻǳǎŜ ōǊŀƛƴ ōǳǘ ŀƭǎƻ Ŧƭȅ ŀƴŘ ƭƛȊŀǊŘΣ ǿƘƛŎƘ ǿƻǳƭŘ ƘŀǾŜ ōŜŜƴ ŎƭŀǊƛŦƛŜŘ ǇǊŜǾƛƻǳǎƭȅΦ  
5ǳǊƛƴƎ ǘƘŜ ǿƻǊƪǎƘƻǇΣ ǿŜ ǿƛƭƭ ŀŘŘǊŜǎǎ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǇƻƛƴǘǎΥ  
π ǎŜƭŜŎǘƛƻƴ ƻŦ ŎƭŜŀǊƛƴƎ ǇǊƻǘƻŎƻƭ ōŀǎŜŘ ƻƴ ǘƘŜ ōƛƻƭƻƎƛŎŀƭ ǎŀƳǇƭŜ όǇƛƎƳŜƴǘŀǘƛƻƴΣ ƴŀǘǳǊŜΣ ǎƛȊŜΣΧύΣ  
π ǘǊŀƛƴƛƴƎ ƻŦ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ǘƻ Ƴƻǳƴǘ ǘƘŜ ǎŀƳǇƭŜ ǘƘŜȅ ǿƛƭƭ ƘŀǾŜ ǎŜƭŜŎǘŜŘ ŦƻǊ ƭƛƎƘǘ ǎƘŜŜǘ ŀŎǉǳƛǎƛǘƛƻƴ  
π ǳǎŜ ƻŦ ǘƘŜ ƭƛƎƘǘ ǎƘŜŜǘ ƳƛŎǊƻǎŎƻǇŜ ŦƻǊ ƛƳŀƎƛƴƎ ƻŦ ōǊŀƛƴ ŀǳǘƻŦƭǳƻǊŜǎŎŜƴŎŜ ǎƛƎƴŀƭǎ  
π ƛƳŀƎŜ ǇǊƻŎŜǎǎƛƴƎ ǿƛƭƭ ōŜ ǇǊƻǇƻǎŜŘ ŀǘ ǘƘŜ ŜƴŘ ŦƻǊ ǿƘƻƭŜ ōǊŀƛƴ Ǿƛǎǳŀƭƛǎŀǘƛƻƴ ƛƴ о5 ŀƴŘ ŜȄŜƳǇƭŜ ƻŦ 
ǎŜƎƳŜƴǘŀǘƛƻƴ ƻŦ ǎŜƭŜŎǘŜŘ ōǊŀƛƴ ŀǊŜŀǎ ǘƻ Ǝŀƛƴ ƛƴǎƛƎƘǘ ƛƴǘƻ ŜǾƻƭǳǘƛƻƴ ƻŦ ōǊŀƛƴ ƳƻǊǇƘƻƭƻƎȅΦ  
YŜȅǿƻǊŘǎ Υ ¢ƛǎǎǳŜ ŎƭŜŀǊƛƴƎΣ ƭƛƎƘǘǎƘŜŜǘ ƳƛŎǊƻǎŎƻǇȅΣ ŀǳǘƻŦƭǳƻǊŜǎŎŜƴŎŜΣ о5 ƛƳŀƎŜ ŀƴŀƭȅǎƛǎΣ ŎƻƳǇŀǊŀǘƛǾŜ 
ƳƻǊǇƘƻƭƻƎȅ 

***  

!лтоπaƛŎǊƻǎŎƻǇƛŜ ǇƭŜƛƴ ŎƘŀƳǇ ϦƘŀǳǘŜ ǊŞǎƻƭǳǘƛƻƴϦ Ŝǘ ǘǊŀƛǘŜƳŜƴǘ ƴǳƳŞǊƛǉǳŜ ǎǳǊ ŞŎƘŀƴǘƛƭƭƻƴ ŞǇŀƛǎ 
±ƛŎƪȅ 5ƛŀƪƻǳπǾŜǊŘƛƴ όǾƛŎƪȅΦŘƛŀƪƻǳϪǳƴƛǾπƳƻƴǘǇнΦŦǊύ 
!ōǎǘǊŀŎǘ Υ 9ƴ ƳƛŎǊƻǎŎƻǇƛŜ ǇƭŜƛƴ ŎƘŀƳǇΣ ŘŜ Ǉƭǳǎ Ŝƴ Ǉƭǳǎ ŘΩƛƴŘǳǎǘǊƛŜƭǎ ƛƴǘŝƎǊŜƴǘ ŘŜǎ ŀƭƎƻǊƛǘƘƳŜǎ ŘŜ 
ǘǊŀƛǘŜƳŜƴǘǎ ŘΩƛƳŀƎŜǎ Ł ƭŜǳǊ ƭƻƎƛŎƛŜƭ ŘΩŀŎǉǳƛǎƛǘƛƻƴ Řŀƴǎ ƭŜ ōǳǘ ŘΩŀƳŞƭƛƻǊŜǊ ƭŀ ǉǳŀƭƛǘŞ ŘŜǎ ƛƳŀƎŜǎ 
ǇǊƻŘǳƛǘŜǎ όŀƳŞƭƛƻǊŀǘƛƻƴ ŘŜ ƭŀ ǊŞǎƻƭǳǘƛƻƴ Ŝǘ Řǳ ǊŀǇǇƻǊǘ ǎƛƎƴŀƭ ǎǳǊ ōǊǳƛǘΣ ŘŞōǊǳƛǘŀƎŜΣ ŘŞŦƭƻǳǘŀƎŜύΦ /Ŝǎ 
ǘǊŀƛǘŜƳŜƴǘǎ ǇƻǎǘπŀŎǉǳƛǎƛǘƛƻƴ ǳǘƛƭƛǎŜƴǘ ŘŜǎ ŀǇǇǊƻŎƘŜǎ ŀƭƎƻǊƛǘƘƳƛǉǳŜǎ ǎƻǳǾŜƴǘ ŎƻƳǇƭŜȄŜǎ ŎƻƳƳŜ ƭŀ 
ŘŞŎƻƴǾƻƭǳǘƛƻƴΣ ƭŜǎ ŦƛƭǘǊŜǎ ŘŜ ²ƛŜƴŜǊΣ ƭŜǎ ŀǇǇǊƻŎƘŜǎ ǇŀǊ ƻƴŘŜƭŜǘǘŜǎΣ ŜǘŎΦ  
[ΩƻōƧŜŎǘƛŦ ŘŜ ŎŜǘ ŀǘŜƭƛŜǊ Ŝǎǘ ŘŜ ǘŜǎǘŜǊ ǎƛ ŎŜǎ ǘŜŎƘƴƛǉǳŜǎ ŀƭƭƛŀƴǘ ƭŀ ƳƛŎǊƻǎŎƻǇƛŜ ǇƭŜƛƴ ŎƘŀƳǇ Ŝǘ ƭŜ 
ǘǊŀƛǘŜƳŜƴǘ ŘŜǎ ƛƳŀƎŜǎ ǇŜǳǾŜƴǘ şǘǊŜ ǳǘƛƭƛǎŞŜǎ ǇƻǳǊ ǘƻǳǎ ǘȅǇŜ ŘΩŞŎƘŀƴǘƛƭƭƻƴǎ Κ vǳŜƭƭŜǎ ǎƻƴǘ ƭŜǳǊǎ 
ŀǾŀƴǘŀƎŜǎ Ŝǘ ƭŜǳǊǎ ƭƛƳƛǘŜǎ Κ [Ŝǎ ƛƳŀƎŜǎ ǎƻƴǘπŜƭƭŜǎ ŜƴǎǳƛǘŜ ǉǳŀƴǘƛŦƛŀōƭŜǎ Κ /Ŝǎ ǘŜŎƘƴƛǉǳŜǎ ǇŜǳǾŜƴǘπ
ŜƭƭŜǎ ŎƻƴŎǳǊǊŜƴŎŜǊ ŘŜǎ ŀǇǇǊƻŎƘŜǎ Ǉƭǳǎ ŎƭŀǎǎƛǉǳŜǎ ŘΩŀƳŞƭƛƻǊŀǘƛƻƴ Řǳ ǎƛƎƴŀƭ όƛƳŀƎŜǊƛŜ ŎƻƴŦƻŎŀƭŜΣ 
ŘŞŎƻƴǾƻƭǳǘƛƻƴ ǇŀǊ ŜȄŜƳǇƭŜύΦ tŜǳǘπƻƴ ǊŜǾŜƴƛǊ Ł ŘŜ ƭŀ ƳƛŎǊƻǎŎƻǇƛŜ ζ ōŀǎƛǉǳŜ η Κ  
bƻǳǎ ƻōǎŜǊǾŜǊƻƴǎ Ł ŘƛŦŦŞǊŜƴǘŜǎ ŞŎƘŜƭƭŜǎ ǇƭǳǎƛŜǳǊǎ ǘȅǇŜǎ ŘΩŞŎƘŀƴǘƛƭƭƻƴǎ ŦƛȄŞǎ όŎŜƭƭǳƭŜǎ ŘŜ ƳŀƳƳƛŦŝǊŜǎΣ 
ŜƳōǊȅƻƴ ŘŜ ŘǊƻǎƻǇƘƛƭŜǎΣ ǊŀŎƛƴŜ ŘŜ ǇƭŀƴǘŜǎύ ǉǳƛ ƴƻǳǎ ŀƳŝƴŜǊƻƴǎ Ł ǘǊƻǳǾŜǊ ƭŜǎ ŀǾŀƴǘŀƎŜǎ Ŝǘ ƭŜǎ ƭƛƳƛǘŜǎ 
ŘŜ ŎŜǎ ǘŜŎƘƴƛǉǳŜǎΦ bƻǳǎ ǾŜǊǊƻƴǎ ŎƻƳƳŜƴǘ ǇŀǊŀƳŞǘǊŜǊ Ŝǘ ƻǇǘƛƳƛǎŜǊ ƭŜǎ ǘǊŀƛǘŜƳŜƴǘǎ ǇƻǎǘπŀŎǉǳƛǎƛǘƛƻƴ 
Ŝǘ ƴƻǳǎ ǇƻǳǊǊƻƴǎ ŎƻƳǇŀǊŜǊ ŘƛŦŦŞǊŜƴǘŜǎ ǘŜŎƘƴƛǉǳŜǎΦ bƻǳǎ ǳǘƛƭƛǎŜǊƻƴǎ ŀǳǎǎƛ ŘŜǎ ƳŞǘƘƻŘŜǎ Ŝǘ ŘŜǎ ƻǳǘƛƭǎ 
ǇƻǳǊ ǎΩŀǎǎǳǊŜǊ ǉǳŜ ƭŜǎ ǘŜŎƘƴƛǉǳŜǎ ǳǘƛƭƛǎŞŜǎ ǎƻƴǘ ōƛŜƴ ǉǳŀƴǘƛǘŀǘƛǾŜǎΦ  
! ƭŀ Ŧƛƴ ŘŜ ƭΩŀǘŜƭƛŜǊΣ ƭŜǎ ǇŀǊǘƛŎƛǇŀƴǘǎ ǇƻǳǊǊƻƴǘ ŘŞǘŜǊƳƛƴŜǊ Υ  
π {ƛ ƭŀ ƳƛŎǊƻǎŎƻǇƛŜ ǇƭŜƛƴ ŎƘŀƳǇ ŀǎǎƻŎƛŞŜ Ł ǳƴŜ ƳŞǘƘƻŘŜ ŘŜ ǘǊŀƛǘŜƳŜƴǘ ŘΩƛƳŀƎŜǎ ǇŜǳǘ şǘǊŜ ǳƴŜ 
ŀƭǘŜǊƴŀǘƛǾŜ ŀŎŎŜǇǘŀōƭŜ ŀǳȄ ƳƛŎǊƻǎŎƻǇƛŜǎ Ǉƭǳǎ ŎƻƴǾŜƴǘƛƻƴƴŜƭƭŜǎ ŎƻƳƳŜ ƭΩƛƳŀƎŜǊƛŜ ŎƻƴŦƻŎŀƭŜΦ  
π vǳŜƭǎ ǘȅǇŜǎ ŘΩŞŎƘŀƴǘƛƭƭƻƴǎ ǎƻƴǘ ŎƻƳǇŀǘƛōƭŜǎ ŀǾŜŎ ŎŜǎ ŀǇǇǊƻŎƘŜǎ  
YŜȅǿƻǊŘǎ Υ ²ƛŘŜŦƛŜƭŘΣ ŘŜŎƻƴǾƻƭǳǘƛƻƴΣ ŘŜōƭǳǊƛƴƎ 

***  

!лтпπо5 IƛƎƘ wŜǎƻƭǳǘƛƻƴ ƛƳŀƎƛƴƎ ōȅ t{C ŜƴƎƛƴŜŜǊƛƴƎ ǳǎƛƴƎ ½h[!πо5 
tǊƻǇƻǎŜǊ 
aƛŎƪŀšƭ [ŜƭŜƪ όaL/Y!9[Φ[9[9YϪt!{¢9¦wΦCwύ 
!ōǎǘǊŀŎǘ 
¢ƘŜ Ǝƻŀƭ ƻŦ ǘƘƛǎ ǿƻǊƪǎƘƻǇ ƛǎ ǘƻ ǇǊŜǎŜƴǘΥ 
π ! ǎŜƳƛ ƘƻƳŜƳŀŘŜ о5 ƘƛƎƘ ǊŜǎƻƭǳǘƛƻƴ ƛƳŀƎƛƴƎ ǎȅǎǘŜƳ όt![aκ{¢hwaύ ǳǎƛƴƎ t{C ǎƘŀǇƛƴƎ ƻŦ ǎƛƴƎƭŜ 
ƳƻƭŜŎǳƭŜǎ 
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π ½h[!πо5Υ ! ǳǎŜǊ ŦǊƛŜƴŘƭȅ ŀƭƎƻǊƛǘƘƳ ƛƳǇƭŜƳŜƴǘŜŘ ŀǎ ŀ CLWL ǇƭǳƎƛƴ ǘƻ ƭƻŎŀƭƛȊŜ ŀƴȅ ƪƛƴŘ ƻŦ t{C ǎƘŀǇŜ 
ŀƴŘ ǘƻ ǊŜŎƻƴǎǘǊǳŎǘ ǎǳǇŜǊ ǊŜǎƻƭǳǘƛƻƴ ƛƳŀƎŜǎ ƛƴ о5  
t![aκ{¢hwa ǎǳǇŜǊπǊŜǎƻƭǳǘƛƻƴ ƛƳŀƎƛƴƎ ǎȅǎǘŜƳǎ ŀƭƭƻǿ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜ ǎǇŀǘƛŀƭ ǊŜǎƻƭǳǘƛƻƴ ƻŦ ŎƻƳƳƻƴ 
ŦƭǳƻǊŜǎŎŜƴŎŜ ƳƛŎǊƻǎŎƻǇŜ ōȅ ŀ ŦŀŎǘƻǊ ƻŦ ϤмлΦ ¢ƘŜƛǊ ǇǊƛƴŎƛǇƭŜ ƛǎ ōŀǎŜŘ ƻƴ ǘƘŜ ƭƻŎŀƭƛǎŀǘƛƻƴ ƻŦ ƛǎƻƭŀǘŜŘ 
ŦƭǳƻǊŜǎŎŜƴǘ ŘȅŜΦ aŀƪƛƴƎ ǳǎŜ ƻŦ ǘƘŜ ǎƘŀǇŜ ƻŦ t{C ŀƴŘ ƛǘǎ ƳƻŘǳƭŀǘƛƻƴ ōȅ ŀ ǎǇŀǘƛŀƭ ǇƘŀǎŜ Ƴŀǎƪ ǇƭŀŎŜŘ 
ƛƴ ǘƘŜ ŜƳƛǎǎƛƻƴ ǇŀǘƘ ƻŦ ǘƘŜ ƳƛŎǊƻǎŎƻǇŜΣ ƛǘΩǎ ǇƻǎǎƛōƭŜ ǘƻ ǊŜŎƻƴǎǘǊǳŎǘ ŀ о5 ƘƛƎƘ ǊŜǎƻƭǳǘƛƻƴ ƛƳŀƎŜ 
ǿƛǘƘƻǳǘ ƳŜŎƘŀƴƛŎŀƭ ǎŎŀƴƴƛƴƎΦ ²Ŝ ŘŜǾŜƭƻǇŜŘ ½h[!πо5Σ ŀ ǳǎŜǊ ŦǊƛŜƴŘƭȅ CLWL ǇƭǳƎƛƴ ƛƴ ƻǊŘŜǊ ǘƻ 
ǊŜŎƻƴǎǘǊǳŎǘ о5 ƘƛƎƘ ǊŜǎƻƭǳǘƛƻƴ ƛƳŀƎŜǎ ŦǊƻƳ ŀƴȅ ƪƛƴŘ ƻŦ t{C ǎƘŀǇŜ όŀǎǘƛƎƳŀǘƛǎƳΣ ŘƻǳōƭŜ ƘŜƭƛȄΣ 
ǘŜǘǊŀǇƻŘύΣ ǿƘƛƭŜ ǘŀƪƛƴƎ ƛƴǘƻ ŀŎŎƻǳƴǘ ǘƘŜ ǎǇƘŜǊƛŎŀƭ ŀōŜǊǊŀǘƛƻƴ ŘǳŜ ǘƻ ǊŜŦǊŀŎǘƛǾŜ ƛƴŘŜȄ ƳƛǎƳŀǘŎƘ 
ό!ǊƛǎǘƻǾΣ [ŜƭŀƴŘŀƛǎ Ŝǘ ŀƭΦ bŀǘ /ƻƳƳ нлму Ŝǘ ǊŞǎǳƭǘŀǘǎ ƴƻƴ ǇǳōƭƛŞǎύΦ 
!ŦǘŜǊ ŀ ǎƘƻǊǘ ǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ н5πо5 ǎƛƴƎƭŜ ƳƻƭŜŎǳƭŜ ƭƻŎŀƭƛȊŀǘƛƻƴ ƳƛŎǊƻǎŎƻǇȅ ƳŜǘƘƻŘǎΣ ǘƘŜ 
ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ ŘƛǎŎƻǾŜǊ ǘƘŜƻǊŜǘƛŎŀƭƭȅ ŀƴŘ ŜȄǇŜǊƛƳŜƴǘŀƭƭȅ ǘƘŜ ƛƴŦƭǳŜƴŎŜ ƻŦ о ŘƛŦŦŜǊŜƴǘ ǎǇŀǘƛŀƭ ǇƘŀǎŜ 
Ƴŀǎƪǎ ƻƴ ǘƘŜ t{C ǎƘŀǇŜΦ ¢ƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ ǳƴŘŜǊǎǘŀƴŘ Ƙƻǿ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ t{C ƳƻŘŜƭ ǳǎƛƴƎ 
½h[!πо5 ŀƴŘ ƛƳŀƎŜǎ ƻŦ ŦƭǳƻǊŜǎŎŜƴǘ ōŜŀŘǎΦ ¢ƘŜȅ ǿƛƭƭ ŀƭǎƻ ƭŜŀǊƴ Ƙƻǿ ǘƻ ŀŎǉǳƛǊŜ ŀƴŘ ǊŜŎƻƴǎǘǊǳŎǘ ƘƛƎƘ 
ǊŜǎƻƭǳǘƛƻƴ ƛƳŀƎŜǎ ƻŦ ƴǳŎƭŜŀǊ ǇƻǊŜ ŎƻƳǇƭŜȄŜǎΦ 
 
!ǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘƛǎ ǿƻǊƪǎƘƻǇ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ ƪƴƻǿ Ƙƻǿ ǘƻ ƻōǘŀƛƴ о5 ƘƛƎƘ ǊŜǎƻƭǳǘƛƻƴ ƛƳŀƎŜǎ ǳǎƛƴƎ 
ŀƴȅ ƪƛƴŘ ƻŦ t{CǎΦ ¢ƘŜȅ ǿƛƭƭ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ŀŘǾŀƴǘŀƎŜǎ ŀƴŘ ǘƘŜ ƭƛƳƛǘǎ ƻŦ ŜŀŎƘ ǎǘǳŘƛŜŘ t{C ǎƘŀǇŜΦ ¢ƘŜ 
ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ ōŜ ŀōƭŜ ǘƻ ƳƻŘŜƭ ǘƘŜ t{C ŀƴŘ ǘƻ ǊŜŎƻƴǎǘǊǳŎǘ о5 ƘƛƎƘ ǊŜǎƻƭǳǘƛƻƴ ƛƳŀƎŜǎ ǿƛǘƘ ½h[!π
о5  
YŜȅǿƻǊŘǎ Υ о5 {ƛƴƎƭŜ aƻƭŜŎǳƭŜ [ƻŎŀƭƛȊŀǘƛƻƴ aƛŎǊƻǎŎƻǇȅΣ t![aκ{¢hwaΣ t{C ǎƘŀǇƛƴƎΣ t{C ŜƴƎƛƴŜŜǊƛƴƎ 

***  

!лтрπ!ŘŀǇǘƛǾŜ ƻǇǘƛŎǎ ŦƭǳƻǊŜǎŎŜƴŎŜ ƳƛŎǊƻǎŎƻǇȅ ŦƻǊ ōƛƻƭƻƎƛŎŀƭ ƛƳŀƎƛƴƎ 
Alexandra Fragola (alexandra.fragola@espci.fr), Sophia Imperato, Mathias Mercier 
 
!ōǎǘǊŀŎǘ Υ ¢Ƙƛǎ ǿƻǊƪǎƘƻǇ ŀƛƳǎ ǘƻ ŜȄǇƭŀƛƴ ŀƴŘ ŘŜƳƻƴǎǘǊŀǘŜ ǘƘŜ Ǝŀƛƴ ƻŦ ŀŘŀǇǘƛǾŜ ƻǇǘƛŎǎ ŦƭǳƻǊŜǎŎŜƴŎŜ 
ƳƛŎǊƻǎŎƻǇȅ ŦƻǊ ōƛƻƭƻƎƛŎŀƭ ǎŀƳǇƭŜǎ ƛƳŀƎƛƴƎΦ LƴŘŜŜŘΣ ƛƳŀƎŜ ǉǳŀƭƛǘȅ ŘŜŜǇ ƛƴǎƛŘŜ ŀ ǎŀƳǇƭŜ ƛǎ ŘŜƎǊŀŘŜŘ 
ōȅ ǘƘŜ ƛƴƘƻƳƻƎŜƴŜƛǘƛŜǎ ƻŦ ǘƘŜ ōƛƻƭƻƎƛŎŀƭ ǘƛǎǎǳŜǎ ǿƘƛŎƘ ǎǘǊƻƴƎƭȅ ŘƛǎǘƻǊǘ ǘƘŜ ǇƘŀǎŜ ƻŦ ƻǇǘƛŎŀƭ ǿŀǾŜǎΣ 
ƛΦŜΦ ǘƘŜ ǿŀǾŜŦǊƻƴǘ ƻŦ ǘƘŜ ƭƛƎƘǘ ƻŦ ƛƴǘŜǊŜǎǘΣ ŀƴŘ ǘƘǳǎ ƭƛƳƛǘ ŎƻƴǘǊŀǎǘΣ ǎǇŀǘƛŀƭ ǊŜǎƻƭǳǘƛƻƴ ŀƴŘ ǎŜƴǎƛǘƛǾƛǘȅΦ Lƴ 
ǘƘŜ ǊŜŎŜƴǘ ȅŜŀǊǎΣ ŀŘŀǇǘƛǾŜ ƻǇǘƛŎǎΣ ǿƘƛŎƘ Ƙŀǎ ōŜŜƴ ƛƴƛǘƛŀƭƭȅ ŘŜǾŜƭƻǇŜŘ ŦƻǊ ŀǎǘǊƻƴƻƳȅΣ Ƙŀǎ ǎƘƻǿƴ ƛǘǎ 
ŀōƛƭƛǘȅ ǘƻ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƛƴŎǊŜŀǎŜ ǎƛƎƴŀƭ ŀƴŘ ǊŜǎƻƭǳǘƛƻƴ ŘŜŜǇ ƛƴǎƛŘŜ ōƛƻƭƻƎƛŎŀƭ ǘƛǎǎǳŜǎΣ ōȅ ŎƻǊǊŜŎǘƛƴƎ ǘƘŜ 
ƻǇǘƛŎŀƭ ŀōŜǊǊŀǘƛƻƴǎ ƛƴŘǳŎŜŘ ōȅ ǘƘŜ ǎŀƳǇƭŜ ƛǘǎŜƭŦΦ ¢Ƙƛǎ ƛǎ ŀŎƘƛŜǾŜŘ ǘƘǊƻǳƎƘ мύ ǿŀǾŜŦǊƻƴǘ ǎŜƴǎƛƴƎ ŀƴŘ 
нύ ŎƻǊǊŜŎǘƛƻƴ ǳǎƛƴƎ ƻǇǘƛŎŀƭ ǿŀǾŜŦǊƻƴǘ ƳƻŘǳƭŀǘƻǊǎ ƭƛƪŜ ŘŜŦƻǊƳŀōƭŜ ƳƛǊǊƻǊǎΦ ¢ǿƻ Ƴŀƛƴ ŀŘŀǇǘƛǾŜ ƻǇǘƛŎǎ 
ŀǇǇǊƻŀŎƘŜǎ ƘŀǾŜ ōŜŜƴ ǇǊƻǇƻǎŜŘ ƛƴ ƳƛŎǊƻǎŎƻǇȅΣ ōŀǎŜŘ ƻƴ ǘǿƻ ƳŜǘƘƻŘǎ ƻŦ ǿŀǾŜŦǊƻƴǘ ŜǎǘƛƳŀǘƛƻƴ 
ōŜŦƻǊŜ ŎƻǊǊŜŎǘƛƻƴΦ ¢Ƙƛǎ ǿƻǊƪǎƘƻǇ ǿƛƭƭ ǇǊŜǎŜƴǘ ǘƘŜ ǇƘȅǎƛŎŀƭ ŎƻƴŎŜǇǘǎ ǳƴŘŜǊƭȅƛƴƎ ŀŘŀǇǘƛǾŜ ƻǇǘƛŎǎ ǿƛǘƘ 
ǎƛƳǇƭŜ ŜȄǇŜǊƛƳŜƴǘǎ ŀƴŘ ŜȄǇƭŀƛƴ ǘƘŜ ŜȄƛǎǘƛƴƎ ǎǘǊŀǘŜƎƛŜǎ ǘƻ ƛƳǇƭŜƳŜƴǘ ƛǘ ƛƴ ƳƛŎǊƻǎŎƻǇȅΣ ǿƛǘƘ ǘƘŜƛǊ 
ōŜƴŜŦƛǘǎ ŀƴŘ ŎƻƴǎǘǊŀƛƴǘǎΦ ²Ŝ ǿƛƭƭ ǘƘŜƴ ŦƻŎǳǎ ƻƴ ŀƴ ŜȄŀƳǇƭŜ ƻŦ ŀƴ ŀŘŀǇǘƛǾŜ ƻǇǘƛŎǎ ƭƻƻǇ 
ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƛƴ ƭƛƎƘǘ ǎƘŜŜǘ ƳƛŎǊƻǎŎƻǇȅ ōŀǎŜŘ ƻƴ ŀ ƴƻǾŜƭ ǿŀǾŜŦǊƻƴǘ ƳŜŀǎǳǊŜƳŜƴǘ ŀǇǇǊƻŀŎƘΣ ŦƻǊ 
ŜƳōǊȅƻ ƻǊ ŘǊƻǎƻǇƘƛƭŀ ōǊŀƛƴ ƛƳŀƎƛƴƎΦ !ǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘƛǎ ǿƻǊƪǎƘƻǇΣ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ ōŜ ŀōƭŜ ǘƻ 
ŜǾŀƭǳŀǘŜ ƛŦ ŀŘŀǇǘƛǾŜ ƻǇǘƛŎǎ Ŏŀƴ ōǊƛƴƎ ƛƳŀƎŜ ŜƴƘŀƴŎŜƳŜƴǘ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ƳƛŎǊƻǎŎƻǇȅ ǘŜŎƘƴƛǉǳŜ ǘƘŜȅ 
ǳǎŜ ŀƴŘ ǘƘŜƛǊ ōƛƻƛƳŀƎƛƴƎ ŀǇǇƭƛŎŀǘƛƻƴΦ 
YŜȅǿƻǊŘǎ Υ ŀŘŀǇǘƛǾŜ ƻǇǘƛŎǎΣ ŀōŜǊǊŀǘƛƻƴΣ ƛƴ ŘŜǇǘƘ ƛƳŀƎƛƴƎΣ ƭƛƎƘǘ ǎƘŜŜǘ ƳƛŎǊƻǎŎƻǇȅ 
 

***   
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!лтсπ!ƭǘŜǊƴŀǘƛǾŜ ǎǘǊŀǘŜƎƛŜǎ ǘƻ ƛƳŀƎŜ ƳǳƭǘƛǇƭŜ ǇǊƻǘŜƛƴǎ ƛƴ ǎƛƴƎƭŜ ƳƻƭŜŎǳƭŜ ƭƻŎŀƭƛȊŀǘƛƻƴ ƳƛŎǊƻǎŎƻǇȅ 
{ŀƴŘǊƛƴŜ [ŞǾşǉǳŜπŦƻǊǘ όǎŀƴŘǊƛƴŜΦƭŜǾŜǉǳŜπŦƻǊǘϪǳπǇǎǳŘΦŦǊύ 
{ǳǊŀōƘƛ YπǎǊŜŜƴƛǾŀǎ όǎǳǊŀōƘƛΦƪπǎǊŜŜƴƛǾŀǎϪŜǎǇŎƛΦŦǊύ 
!ōǎǘǊŀŎǘ Υ LƳŀƎƛƴƎ ƳǳƭǘƛǇƭŜ ǇǊƻǘŜƛƴǎ ƛǎ ǎǘƛƭƭ ŀ ŎƘŀƭƭŜƴƎŜ ƛƴ {ƛƴƎƭŜ aƻƭŜŎǳƭŜ [ƻŎŀƭƛȊŀǘƛƻƴ aƛŎǊƻǎŎƻǇȅ 
ό{a[aύΦ Lƴ 5b!πt!Lb¢ ǎƻ ŦŀǊ ƻƴƭȅ ǘǿƻ ŎƻƳǇƭŜƳŜƴǘŀǊȅ ŘȅŜǎόŀǘǘƻ срр ŀƴŘ /¸о.ύ ŀǊŜ ŎƻƳƳŜǊŎƛŀƭƭȅ 
ŀǾŀƛƭŀōƭŜΦ  Lƴ ŘǎǘƻǊƳΣ ǘƘŜ ǇƘƻǘƻǇƘȅǎƛŎǎ ƻŦ ŀƭƭ ǘƘŜ ŦƭǳƻǊƻǇƘƻǊŜ ǎƘƻǳƭŘ ōŜ ŎƻƳǇŀǘƛōƭŜ ǿƛǘƘ ǘƘŜ ǎŀƳŜ 
ōǳŦŦŜǊΦ /ƻƳōƛƴƛƴƎ ƳǳƭǘƛǇƭŜ ƭŀǎŜǊ όрон ŀƴŘ сплύ  ƴƻǘ ƻƴƭȅ ƛƴŘǳŎŜ ŎƘǊƻƳŀǘƛŎ ŀōŜǊǊŀǘƛƻƴǎ ōǳǘ ŀǎ ǎƻ ŦŀǊ 
ōŜŜƴ ŘƛŦŦƛŎǳƭǘ ǘƻ ƻōǘŀƛƴΦ aƻǊŜ ǊŜŎŜƴǘƭȅΣ ǎǘǊŀǘŜƎȅ ōŀǎŜŘ ƻƴ ŀ ǎƛƴƎƭŜ ŜȄŎƛǘŀǘƛƻƴ ŀǘ спл ƴƳ ŦƻǊ ŘȅŜǎ ǿƛǘƘ 
ǎƭƛƎƘǘƭȅ ǎƘƛŦǘŜŘ ǎǇŜŎǘǊŀ ƘŀǾŜ ōŜŜƴ ǇǊƻǇƻǎŜŘ ό!Cспт ƻǊ /Cсптκ/Cссл/κ/Cсулύ ǿƘƛŎƘ Ŏŀƴ ŀƭǎƻ ōŜ 
ŘŜƳƻƴǎǘǊŀǘŜŘ ƛƴ 5b! t!Lb¢ όŀǘǘƻǘсптbκ ŀǘǘƻсулύΦ 
Lƴ ǘƘƛǎ ǿƻǊƪǎƘƻǇΣ ǿŜ ǿƛƭƭ ƻǾŜǊǾƛŜǿ ǘƘŜǎŜ ŎǳǊǊŜƴǘ ǎǘǊŀǘŜƎƛŜǎ Ƴŀƛƴƭȅ ōŀǎŜŘ ƻƴ ǎǇŜŎǘǊŀƭ ǇǊƻǇŜǊǘƛŜǎ ƻŦ 
ǘƘŜ ŦƭǳƻǊŜǎŎŜƴǘ ŘȅŜǎΦ ²Ŝ ǿƛƭƭ ƛƴǘǊƻŘǳŎŜ ǊŀǘƛƻƳŜǘǊƛŎ ǎǇŜŎǘǊŀƭ ŘŜƳƛȄƛƴƎ ǘƻ ƛƳŀƎŜ нκо ŘȅŜǎ 
ǎƛƳǳƭŀǘƴŜƻǳǎƭȅ ǿƛǘƘ ŀ ǎƛƴƎƭŜ ŜȄŎƛǘŀǘƛƻƴ ƭŀǎŜǊΦ ²Ŝ ǿƛƭƭ ŘƛǎŎǳǎǎ Ƙƻǿ ǘƻ ŎƘƻƻǎŜ ǘƘŜ ǇǊƻǘŜƛƴκŘȅŜ 
ŎƻƳōƛƴŀǘƛƻƴ ŦƻǊ ŀƴ ƻǇǘƛƳŀƭ ǎǇŜŎǘǊŀƭ ŘŜƳƛȄƛƴƎΦ 5ƛŦŦŜǊŜƴǘ ŀŎǉǳƛǎƛǘƛƻƴ ǿƛǘƘ н ƻǊ о ŘȅŜǎ ǿƛƭƭ ōŜ 
ǇŜǊŦƻǊƳŜŘ ǘƻ ŘŜƳƻƴǎǘǊŀǘŜ ǘƘŜǎŜ ŘƛŦŦŜǊŜƴǘ Ǉƻƛƴǘǎ ŀƴŘ ŜǾŀƭǳŀǘŜ ǘƘŜ ǎǇŜŎǘǊŀƭ ŘŜƳƛȄƛƴƎΦ ²Ŝ ǿƛƭƭ ƛƳŀƎŜ 
/h{т ŎŜƭƭǎ ǿƛǘƘ ǘǳōǳƭƛƴκŎƭŀǘƘǊƛƴ ƭŀōŜƭƭƛƴƎόŎŦсптκ/Cсул /Cсптκ/CсслΣ 5b! t!Lb¢ ǿƛǘƘ 
ŀǘǘƻсптbκŀǘǘƻсулύΦ ²Ŝ ǿƛƭƭ ŀƭǎƻ ǇǊŜǎŜƴǘ ƴŜǿ ŀǇǇǊƻŀŎƘŜǎ ōŀǎŜŘ ƻƴ ŀƭǘŜǊƴŀǘƛǾŜ ƛƴŦƻǊƳŀǘƛƻƴ 
ƛƴǘǊƛƴǎƛŎŀƭƭȅ ǇǊŜǎŜƴǘ ǿƛǘƘƛƴ ǘƘŜ ǎŀƳǇƭŜ ǿƘƛŎƘ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ǎǳǇǇƻǊǘκǊŜǇƭŀŎŜ ǎǇŜŎǘǊŀƭ ŘŜƳƛȄƛƴƎ ŀƴŘ 
ƛƭƭǳǎǘǊŀǘŜǎ ƻƴ ŘŀǘŀǎΦ  !ǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ǿƻǊƪǎƘƻǇ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ ōŜ ŀōƭŜ ǘƻ ƛŘŜƴǘƛŦȅ ǿƘƛŎƘ ŘȅŜǎ 
ǎƘƻǳƭŘ ōŜ ǳǎŜŘΣ ǿƘŀǘ ŀǊŜ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜǎ ƻŦ ǎǇŜŎǘǊŀƭ ŘŜƳƛȄƛƴƎ ŦƻǊ Ř{¢hwaκ5b!πt!Lb¢ Σ ŀƴŘ  
ōŜŎƻƳŜ ŦŀƳƛƭƛŀǊ ǿƛǘƘ  ǘƘŜ ǳǎŜ ƻŦ ŀƭǘŜǊƴŀǘƛǾŜ ŦƭǳƻǊŜǎŎŜƴǘ ǇǊƻǇŜǊǘƛŜǎ ǘƻ ŜƴƘŀƴŎŜ ƳǳƭǘƛǇƭŜ ǇǊƻǘŜƛƴǎ 
ƛƳŀƎƛƴƎ 
YŜȅǿƻǊŘǎ Υ ǎƛƴƎƭŜ ƳƻƭŜŎǳƭŜ ƭƻŎŀƭƛȊŀǘƛƻƴ ƳƛŎǊƻǎŎƻǇȅΣ ǎǇŜŎǘǊŀƭ ŘƳŜƛȄƛƴƎΣ 5b!πt!Lb¢Σ Ř{¢hwa 
 
 ***   

!лттπ.L!Cƭƻǿǎ 
±ƻƭƪŜǊ .ŅŎƪŜǊ όǾƻƭƪŜǊΦōŀŜŎƪŜǊϪƳǊƛΦŎƴǊǎΦŦǊύ 
!ōǎǘǊŀŎǘ  Υ LƳŀƎŜ ŀƴŀƭȅǎƛǎ ƛǎ ƪŜȅ ǘƻ ŜȄǘǊŀŎǘ ǉǳŀƴǘƛǘŀǘƛǾŜ ƛƴŦƻǊƳŀǘƛƻƴ ŦǊƻƳ ǎŎƛŜƴǘƛŦƛŎ ƳƛŎǊƻǎŎƻǇȅ 
ƛƳŀƎŜǎΦ  Lƴ ǘƘƛǎ ǿƻǊƪǎƘƻǇ ǿŜ ŜȄǇƭƻǊŜ ǘƘŜ ǉǳŜǎǘƛƻƴ ƻŦ Ƙƻǿ ƛƳŀƎŜ ŀƴŀƭȅǎƛǎ ǿƻǊƪŦƭƻǿǎ Ŏŀƴ ōŜ ŘŜǇƭƻȅŜŘ 
ƛƴ ŀ ǊŜǇǊƻŘǳŎƛōƭŜ ǿŀȅΦ wŜǇǊƻŘǳŎƛōƛƭƛǘȅ ƛǎ ŀǘ ǘƘŜ ŎƻǊŜ ƻŦ ǘƘŜ ǎŎƛŜƴǘƛŦƛŎ ƳŜǘƘƻŘ ƛǘǎŜƭŦΦ LŦ ŀ ǊŜǎŜŀǊŎƘ ǊŜǎǳƭǘ 
Ŏŀƴ ƴƻǘ ōŜ ǊŜǇǊƻŘǳŎŜŘ ǘƘŜ ŎƻƴŎƭǳǎƛƻƴǎ ƛƳǇƭƛŜŘ ŀǊŜ ƴƻǘ ŎƻƴǎƛŘŜǊŜŘ ǾŀƭƛŘΦ ¢Ƙƛǎ ƳŜŀƴǎ ǘƘŀǘ ǘƘŜ ƛƳŀƎŜ 
ŀƴŀƭȅǎƛǎ ǘƘŀǘ ƛǎ ǇŀǊǘ ƻŦ ŀ ǎŎƛŜƴǘƛŦƛŎ ǇǊƻƧŜŎǘ Ƴǳǎǘ ŀƭǎƻ ōŜ ǊŜǇǊƻŘǳŎƛōƭŜΦ  
Lǘ ƳƛƎƘǘ ǎŜŜƳ ǘƘŀǘ ƛƴ ǘƘŜ ŘŜǘŜǊƳƛƴƛǎǘƛŎ ǿƻǊƭŘ ƻŦ ŎƻƳǇǳǘŀǘƛƻƴ ǊŜǇǊƻŘǳŎƛōƛƭǘȅ ŎƻǳƭŘ ōŜ Ŝŀǎƛƭȅ ŀŎƘƛŜǾŜŘΦ 
IƻǿŜǾŜǊ ƛƴ ǇǊŀŎǘƛŎŜ ƛǘ ǘǳǊƴǎ ƻǳǘ ǘƘŀǘ ǘƘŜ ǊŜǇǊƻŘǳŎƛōƭŜ ǎƘŀǊƛƴƎ ƻŦ ƛƳŀƎŜ ŀƴŀƭȅǎƛǎ ǿƻǊƪŦƭƻǿǎ ƛǎ ŀ 
ŎƻƳǇƭŜȄ ǘŀǎƪΦ {ƻƳŜ ƪŜȅǇƻƛƴǘǎ ŦƻǊ ŀŎƘƛŜǾƛƴƎ ǊŜǇƻŘǳŎƛōƛƭƛǘȅ ƛƴ ǘƘƛǎ ŎƻƴǘŜȄǘ ŀǊŜΥ 
π ǘƘŜ ŀǾŀƛƭŀōƛƭƛǘȅ ƻŦ ǘƘŜ ƻǊƛƎƛƴŀƭ Řŀǘŀ 
π ǘƘŜ ŀǾŀƛƭŀōƛƭƛǘȅ ƻŦ ǘƘŜ ƻǊƛƎƛƴŀƭ ƳŜǘŀŘŀǘŀΣ ƛƴŎƭǳŘƛƴƎ ǇŀǊŀƳŜǘŜǊǎ ƻŦ ǘƘŜ ǿƻǊƪŦƭƻǿ ŀǘ ƘŀƴŘ 
π ǘƘŜ ŀǾŀƛƭŀōƛƭƛǘȅ ƻŦ ǘƘŜ ǾŜǊǎƛƻƴŜŘ ǎƻǳǊŎŜ ŎƻŘŜ  
π ŀ ŎƭŜŀǊ ǇŀǘƘ ƻŦ Ƙƻǿ ǘƻ ƎŜǘ ŀƴ ŜȄŜŎǳǘŀōƭŜ ŦǊƻƳ ǘƘŜ ǎƻǳǊŎŜ ŎƻŘŜ 
π ǘƘŜ ŀǾŀƛƭŀōƛƭƛǘȅ  ƻŦ ǘƘŜ ǾŜǊǎƛƻƴŜŘ ŎƻƳǇǳǘŀǘƛƻƴŀƭ ŜƴǾƛǊƻƴƳŜƴǘΣ ƛƴŎƭǳŘƛƴƎ ǘƘŜ ƻǇŜǊŀǘƛƴƎ ǎȅǎǘŜƳΣ ǘƘŜ 
ǎƻŦǘǿŀǊŜ ǇƭŀǘŦƻǊƳΣ ƭƛōǊŀǊƛŜǎ ŀƴŘ ǇƭǳƎƛƴǎ 
π ŘƻŎǳƳŜƴǘŀǘƛƻƴ ƻŦ Ƙƻǿ ǘƻ ǳǎŜ ǘƘŜ ǿƻǊƪŦƭƻǿ 
π ŀŎŎŜǎǎ ǘƻ ǘƘŜ ŎƻƳǇǳǘŀǘƛƻƴŀƭ ǊŜǎƻǳǊŎŜǎ ƴŜŜŘŜŘ ǘƻ ŜȄŜŎǳǘŜ ǘƘŜ ǿƻǊƪŦƭƻǿ 
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Lƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ǘƘŜ /h{¢ !Ŏǘƛƻƴ ό/!мрмнпύ b9¦.L!{ όbŜǘǿƻǊƪ ƻŦ 9¦ǊƻǇŜŀƴ .ƛƻLƳŀƎŜ !ƴŀƭȅǎǘ{ύΣ 
ǿŜ ŘŜǾŜƭƻǇǇŜŘ ŀ ŎƭƻǳŘ ōŀǎŜŘ ŀƴŘ ǳǎŜǊ ŦǊƛŜƴŘƭȅ ƻǇŜƴ ǎƻǳǊŎŜ ǘƻƻƭ .L!CƭƻǿǎΣ ǘƘŀǘ ƘŜƭǇǎ ǘƻ ƳŀƪŜ ƛƳŀƎŜ 
ŀƴŀƭȅǎƛǎ ǊŜǇǊƻŘǳŎƛōƭŜΦ   
Lƴ ǘƘƛǎ ǿƻǊƪǎƘƻǇ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ ƭŜŀǊƴ Ƙƻǿ ǘƻ ǳǎŜ .L!Cƭƻǿǎ ǘƻ Ǌǳƴ ŀƴŘ ŎƻƳǇŀǊŜ ŜȄƛǎǘƛƴƎ ǿƻǊƪŦƭƻǿǎ 
ŀƴŘ Ƙƻǿ ǘƻ ƛƴǘŜƎǊŀǘŜ ǘƘŜƛǊ ƻǿƴ ǿƻǊƪŦƭƻǿǎ ŀƴŘ Řŀǘŀ ƛƴǘƻ .L!CƭƻǿǎΦ 
YŜȅǿƻǊŘǎ Υ ǊŜǇǊƻŘǳŎƛōƛƭƛǘȅΣ ƛƳŀƎŜ ŀƴŀƭȅǎƛǎ ǿƻǊƪŦƭƻǿΣ ŎƭƻǳŘ ŎƻƳǇǳǘƛƴƎΣ ƛƳŀƎŜ ŀƴŀƭȅǎƛǎΣ ƛƳŀƎŜ 
ŘŀǘŀōŀǎŜΣ ŘƻŎƪŜǊΣ ƎƛǘΣ ōƛŀŦƭƻǿǎ 
 

***  

!лтуπ.ƛƻLƳŀƎŜπL¢Υ LƳǇƭŜƳŜƴǘ ƛƳŀƎŜ ǇǊƻŎŜǎǎƛƴƎ ǿƻǊƪŦƭƻǿǎ ǿƛǘƘ ǘƻƻƭǎ ŦǊƻƳ ƳǳƭǘƛǇƭŜ ǎƻŦǘǿŀǊŜ 
{ȅƭǾŀƛƴ tǊƛƎŜƴǘ όǎȅƭǾŀƛƴΦǇǊƛƎŜƴǘϪƛƴǊƛŀΦŦǊύ [ǳŘƻǾƛŎ [ǳŘƻǾƛŎΦƭŜŎƻƴǘŜ όƭǳŘƻǾƛŎΦƭŜŎƻƴǘŜϪŎǳǊƛŜΦŦǊύ 
!ōǎǘǊŀŎǘ Υ bŜǿ ƳƛŎǊƻǎŎƻǇŜǎ ŀǊŜ ƘƛƎƘ ǊŜǎƻƭǳǘƛƻƴ ŀƴŘκƻǊ ƘƛƎƘ ŎƻƴǘŜƴǘΦ ¢ƘŜȅ ǘƘŜƴ ƎŜƴŜǊŀǘŜ ŀ ƭŀǊƎŜ 
ǉǳŀƴǘƛǘȅ ƻŦ Řŀǘŀ ǘƘŀǘ Ŏŀƴƴƻǘ ōŜ ŀƴŀƭȅȊŜŘ Ƴŀƴǳŀƭƭȅ ŀƴȅƳƻǊŜΦ aŀƴȅ ǎƻŦǘǿŀǊŜ ƘŀǾŜ ōŜŜƴ ŘŜǾŜƭƻǇŜŘ 
ǘƻ ŘŜŀƭ ǿƛǘƘ ƛƳŀƎŜ ŀƴŀƭȅǎƛǎΦ ²Ŝ Ŏŀƴ ŎƛǘŜ CƛƧƛΣ LŎȅΣ /ŜƭƭtǊƻŦƛƭŜǊ ŦƻǊ ǎƻŦǘǿŀǊŜ ŘŜŘƛŎŀǘŜŘ ǘƻ ōƛƻƭƻƎƛŎŀƭ 
ƛƳŀƎƛƴƎ ŀƴŘ ƳƻǊŜ ƎŜƴŜǊƛŎ ǎƻŦǘǿŀǊŜ ƭƛƪŜ aŀǘƭŀōΣ YŜǊŀǎ ǘƘŀǘ ŀǊŜ ŦǊŜǉǳŜƴǘƭȅ ǳǎŜŘ ƛƴ Řŀǘŀ ǎŎƛŜƴŎŜΦ 9ŀŎƘ 
ǎƻŦǘǿŀǊŜ ƘŀǾŜ ƛǘ ǇǊƻǎ ŀƴŘ Ŏƻƴǎ ŀƴŘ ǘƘŜ ǾŀǊƛŀōƛƭƛǘȅ ƻŦ ŜȄƛǎǘƛƴƎ ǎƻŦǘǿŀǊŜ ƛǎ ƧǳǎǘƛŦƛŜŘ ōȅ ǘƘŜ ǾŀǊƛŜǘȅ ƻŦ 
ǘŜŎƘƴƻƭƻƎƛŜǎ ŦƻǊ Řŀǘŀ ǎŎƛŜƴŎŜ ƎƻƛƴƎ ŦǊƻƳ ǎƳŀƭƭ Řŀǘŀ ǘƻ ōƛƎ ŘŀǘŀΣ ŀƴŘ ŦǊƻƳ ǎƛƳǇƭŜ ƛƳŀƎŜ ǇǊƻŎŜǎǎƛƴƎ 
ǘƻ ŘŜŜǇ ƭŜŀǊƴƛƴƎΦ  
!ǎ ŀ ŎƻƴǎŜǉǳŜƴŎŜΣ ǿƘŜƴ ŀ ǎŎƛŜƴǘƛǎǘ ǿŀƴǘǎ ǘƻ ŎǊŜŀǘŜ ŀƴ ƛƳŀƎŜ ǇǊƻŎŜǎǎƛƴƎ ǿƻǊƪŦƭƻǿ ǘƻ ŀƴŀƭȅȊŜ ƛƳŀƎŜǎ 
ŀƴŘ ŀƴǎǿŜǊ ŀ ōƛƻƭƻƎƛŎŀƭ ǉǳŜǎǘƛƻƴΣ ƘŜ ƻǊ ǎƘŜ Ƙŀǎ ǘƻ ƛƴǎǘŀƭƭ ŀƴŘ ǳǎŜ ƳǳƭǘƛǇƭŜ ǎƻŦǘǿŀǊŜ ŀƴŘ ǿǊƛǘŜ ǎŎǊƛǇǘǎ 
ƛƴ ƳǳƭǘƛǇƭŜ ƭŀƴƎǳŀƎŜǎΦ ¢Ƙƛǎ ƛǎ ŀ ǘŜŘƛƻǳǎ ǘŀǎƪΦ  
Lƴ ǘƘƛǎ ǿƻǊƪǎƘƻǇΣ ǿŜ ǿƛƭƭ ǘŜŀŎƘ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘ ǘƻ ōǳƛƭŘ ƛƳŀƎŜ ǇǊƻŎŜǎǎƛƴƎ ǿƻǊƪŦƭƻǿ ŎƻƴƴŜŎǘƛƴƎ 
ƳǳƭǘƛǇƭŜ ǎƻŦǘǿŀǊŜ ǿƛǘƘ ŀ ƘƛƎƘ ƭŜǾŜƭ ŀǇǇƭƛŎŀǘƛƻƴ ŎŀƭƭŜŘ .ƛƻLƳŀƎŜπL¢Φ 
.ƛƻLƳŀƎŜπL¢ ƛǎ ŘŜǾŜƭƻǇŜŘ ōȅ CǊŀƴŎŜπ.ƛƻLƳŀƎƛƴƎΦ Lǘ ƛǎ ŀ άōŀƴŘƳŀǎǘŜǊέ ŀǇǇƭƛŎŀǘƛƻƴ ǘƘŀǘ ŀƭƭƻǿ ŀƴȅ 
ǎŎƛŜƴǘƛǎǘ ǘƻ ŀƴƴƻǘŀǘŜ ŘŀǘŀΣ ǇǊƻŎŜǎǎ Řŀǘŀ ŀƴŘ ŀƴŀƭȅȊŜ Řŀǘŀ ǳǎƛƴƎ ƻƴƭȅ ƻƴŜ ǎƛƴƎƭŜ ƘƛƎƘ ƭŜǾŜƭ ŀǇǇƭƛŎŀǘƛƻƴ 
ōǳƛƭŘ ƻƴ ǘƻǇ ƻŦ Ƴŀƴȅ ŜȄƛǎǘƛƴƎ ǎƻŦǘǿŀǊŜΦ  
5ǳǊƛƴƎ ǘƘƛǎ ǿƻǊƪǎƘƻǇΣ ǿŜ ǿƛƭƭ ŘŜƳƻƴǎǘǊŀǘŜ ǘƘŜ ǳǎŜ ƻŦ .ƛƻLƳŀƎŜπL¢ ǘƻ ŀƴŀƭȅȊŜ ŀ ǎŀƳǇƭŜ ŘŀǘŀǎŜǘ ǘƻ 
ŀƴŀƭȅȊŜ ǊŜŎȅŎƭƛƴƎ ŜƴŘƻǎƻƳŜǎ ƭƻŎŀƭƛȊŀǘƛƻƴǎ Φ tŀǊǘƛŎƛǇŀƴǘ ǿƛƭƭ ŀƴƴƻǘŀǘŜ ƛƳŀƎŜǎ ŀƴŘ ŘŜǎƛƎƴ ŀƴ ŀƴŀƭȅǎƛǎ 
ǿƻǊƪŦƭƻǿΦ !ǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘƛǎ ǿƻǊƪǎƘƻǇ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ ōŜ ŀōƭŜ ǘƻ ŎǊŜŀǘŜ ŀƴ ƛƳŀƎŜ ǇǊƻŎŜǎǎƛƴƎ 
ǿƻǊƪŦƭƻǿ ŜƛǘƘŜǊ ƎǊŀǇƘƛŎŀƭƭȅ ƻǊ ōȅ ǿǊƛǘƛƴƎ ŀ ǇȅǘƘƻƴ ǎŎǊƛǇǘΦ 
YŜȅǿƻǊŘǎ Υ ƛƳŀƎŜ ŀƴŀƭȅǎƛǎΣ Řŀǘŀ ƛƴŘŜȄŀǘƛƻƴΣ ŎƭƻǳŘ ŎƻƳǇǳǘƛƴƎΣ ǇȅǘƘƻƴ 
 

***  

 
!лтфπ.ƛƻǇǊƛƴǘƛƴƎ ŀǎ ŀ ǎƻƭǳǘƛƻƴ ŦƻǊ ǊŜŎǊŜŀǘƛƴƎ ŀ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ŜƴǾƛǊƻƴƳŜƴǘ ƻƴ ŀ ǎƭƛŘŜ 
!ƭŜǎǎŀƴŘǊƻ CǳǊƭŀƴ όŀƭŜǎǎŀƴŘǊƻΦŦǳǊƭŀƴϪǳƴƛǾπƭƛƭƭŜΦŦǊύ [ƛǎŀ ¢ŜǊǊŀǎǎƻǳȄ όƭƛǎŀΦǘŜǊǊŀǎǎƻǳȄΦŜǘǳϪǳƴƛǾπƭƛƭƭŜΦŦǊύ 
!ōǎǘǊŀŎǘ Υ .ƛƻǇǊƛƴǘƛƴƎ Ƙŀǎ ŜƳŜǊƎŜŘ ƛƴ ǘƘŜ ƭŀǎǘ ȅŜŀǊǎ ŀǎ ŀ ǇƻǿŜǊŦǳƭ ǘƻƻƭ ǘƻ ǇǊƻŘǳŎŜ ǎŎŀŦŦƻƭŘǎ ǳǎŜŦǳƭ ŦƻǊ 
ōƻǘƘ ŦǳƴŘŀƳŜƴǘŀƭ ŀƴŘ ŀǇǇƭƛŜŘ ǊŜǎŜŀǊŎƘΦ 
5ǳǊƛƴƎ ǘƘƛǎ ǿƻǊƪǎƘƻǇ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ ǳǎŜ ŀ ōƛƻǇǊƛƴǘŜǊ ǘƻ ŘŜǇƻǎƛǘ ŎŜƭƭ ǎƻƭǳǘƛƻƴǎ ŀŎŎƻǊŘƛƴƎ ǘƻ ǾŀǊƛƻǳǎ 
ƎŜƻƳŜǘǊƛŎ ǎŜǘǘƛƴƎǎ ŀƴŘ ǊŜŀƭƛȊŜ ǘƘŜƛǊ ƳǳƭǘƛŎŜƭƭǳƭŀǊ ǎǘǊǳŎǘǳǊŜǎΦ 
tŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ ŀŘƧǳǎǘ ǎŜǾŜǊŀƭ ǇŀǊŀƳŜǘŜǊǎ ǘƻ ƻǇǘƛƳƛȊŜ ǘƘŜ ǇǊƻǇŜǊ ŘŜǇƻǎƛǘƛƻƴ ƻŦ ōƛƻŎƻƳǇŀǘƛōƭŜ ƛƴƪǎΣ 
ƛƴŎƭǳŘƛƴƎ ŎŜƭƭǎ ƻǊ ƴƻǘΦ 
¢ƘŜȅ ǿƛƭƭ ǘƘŜƴ ƻōǎŜǊǾŜ ƻƴ ǘƘŜ ƳƛŎǊƻǎŎƻǇŜ ǘƘŜ ƭŀȅƻǳǘ ƻŦ ǘƘŜƛǊ ǎŎŀŦŦƻƭŘΦ 
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²ƛǘƘ ŀ ŎƻƴŦƻŎŀƭ ƳƛŎǊƻǎŎƻǇŜΣ ƛǘ ǿƻǳƭŘ ōŜ ƛƴǘŜǊŜǎǘƛƴƎ ǘƻ ƳŜŀǎǳǊŜ ǘƘŜ ǎƛƎƴŀƭπǘƻπƴƻƛǎŜ Ǌŀǘƛƻ ƻŦ 
ŦƭǳƻǊŜǎŎŜƴǘƭȅπƭŀōŜƭƭŜŘ ŎŜƭƭǎΣ ŀǎ ŀ ŦǳƴŎǘƛƻƴ ƻŦ ǘƘŜ ǘƘƛŎƪƴŜǎǎ ƻŦ ǘƘŜ ōƛƻǇǊƛƴǘŜŘ ǎŀƳǇƭŜΣ ƻŦ ǘƘŜ ƳŀǘǊƛȄκƛƴƪ 
ǳǎŜŘΣ ŀƴŘ ƻŦ ǘƘŜ ŘƛǎǘŀƴŎŜ ǘƻ ǘƘŜ ŎƻǾŜǊǎƭƛǇΦ 
{ǘǊǳŎǘǳǊŜǎ ǿƛƭƭ ōŜ ŀƭǎƻ ǇǊŜǇŀǊŜŘ ōŜŦƻǊŜ ǘƘŜ ǿƻǊƪǎƘƻǇΣ ƛƴ ǿƘƛŎƘ ŘƛŦŦŜǊŜƴǘ ŎŜƭƭ ǘȅǇŜǎ ǿƛƭƭ ōŜ ǇǊƛƴǘŜŘ ƛƴ 
ŘƛŦŦŜǊŜƴǘ ƳŀǘǊƛȄ ŎƻƳǇŀǊǘƳŜƴǘǎΦ ¢Ƙƛǎ ǿƛƭƭ ƘŜƭǇ ǳǎ ǘƻ ǉǳŀƴǘƛŦȅ ƳƛƎǊŀǘƛƻƴ ƻŦ ŎŜƭƭǎ ŀƴŘ ǇƻǎǎƛōƭŜ 
ŎƘŜƳƻŀǘǘǊŀŎǘƛƻƴ ōŜǘǿŜŜƴ ŎŜƭƭǎΦ 
¢ƘŜ ŀƛƳ ƻŦ ǘƘƛǎ ǿƻǊƪǎƘƻǇ ƛǎ ǘƻ ǇǊƻǾƛŘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛǘƘ ǘƘŜ ōŀǎƛŎǎ ƻŦ ōƛƻǇǊƛƴǘƛƴƎ ŀƴŘ ƛƳŀƎƛƴƎ ƻŦ 
ōƛƻǇǊƛƴǘŜŘ ŎŜƭƭǎΦ 
YŜȅǿƻǊŘǎ Υ ōƛƻǇǊƛƴǘƛƴƎΣ ŎŜƭƭ ƛƴǘŜǊŀŎǘƛƻƴǎΣ ƛƳŀƎƛƴƎΣ ǎƛƎƴŀƭπǘƻπƴƻƛǎŜ Ǌŀǘƛƻ 
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!лулπ/ƻƴŎŜǇǘƛƻƴ ŘŜ ǇǊƻǘƻǘȅǇŜǎ ŎƻƴƴŜŎǘŞǎ ǎƻǳǎ ǊŀǇǎōŜǊǊȅ Ŝǘ ŀǊŘǳƛƴƻ {ǳǊǾŜƛƭƭŀƴŎŜ ŘϥǳƴŜ 
ŜȄǇŞǊƛƳŜƴǘŀǘƛƻƴ ŀ ŘƛǎǘŀƴŎŜ όǊŜƭŜǾŞ ŘŜ ǇŀǊŀƳŝǘǊŜǎ ϦŎƻƴƴŜŎǘŞϦύ ǇƻǳǊ Ƴƻƛƴǎ ŘŜ мллϵΦ 
.ǊƛŎŜ wƻƴǎƛƴ όōǊƛŎŜΦǊƻƴǎƛƴϪǳƴƛǾπǘƭǎŜоΦŦǊύ ¢ƘƛŜǊǊȅ [ŜƎƻǳ όǘƘƛŜǊǊȅΦƭŜƎƻǳϪƭǇƭπŀƛȄΦŦǊύ 
!ōǎǘǊŀŎǘ Υ /ŜǊǘŀƛƴǎ ƳƛŎǊƻǇǊƻŎŜǎǎŜǳǊǎ όwŀǇǎōŜǊǊȅΣ !ǊŘǳƛƴƻΦΦΦύ ǇŜǊƳŜǘǘŜƴǘ ŀǳƧƻǳǊŘϥƘǳƛ ŘŜ ŘŞǾŜƭƻǇǇŜǊ 
ŘŜǎ ǇǊƻǘƻǘȅǇŜǎ ǇŜǳ ŎƻǶǘŜǳȄΦ /ŜǇŜƴŘŀƴǘ ƭŜǳǊ ƳƛǎŜ Ŝƴ ǇƭŀŎŜ ŘŜƳŀƴŘŜ ƭϥŀǇǇǊŜƴǘƛǎǎŀƎŜ Řǳ ƭŀƴƎŀƎŜ ŘŜ 
ǇǊƻƎǊŀƳƳŀǘƛƻƴ Ŝǘ ƭŀ ŎƻƳǇǊŞƘŜƴǎƛƻƴ ŘŜ ƭŜǳǊ ƳƛǎŜ Ŝƴ ǆǳǾǊŜΦ bƻǳǎ ǇǊƻǇƻǎƻƴǎ ŘƻƴŎ ŘŜ ƭŜǾŜǊ ŎŜǘǘŜ 
ōŀǊǊƛŝǊŜ ƭƻǊǎ Řϥǳƴ ŀǘŜƭƛŜǊ Ŝƴ ǘǊƻƛǎ ƳƻŘǳƭŜǎ όŘŞōǳǘŀƴǘ Ł ŀǾŀƴŎŞǎύΦ bƻǳǎ ŀǎǎƛǎǘŜǊƻƴǎ ƭŜǎ ǇŀǊǘƛŎƛǇŀƴǘǎ ŀǳ 
ŎƻǳǊǎ ŘŜ ǘǊƻƛǎ ƳƻŘǳƭŜǎ ǇƻǳǊ ƭŀ ŦŀōǊƛŎŀǘƛƻƴ Řϥǳƴ ǇǊƻǘƻǘȅǇŜ ŦƻƴŎǘƛƻƴƴŜƭ Ŝǘ ŎƻƴƴŜŎǘŞΣ ǇŜǊƳŜǘǘŀƴǘ 
ŘϥŜƴǾƻȅŜǊ ǎǳǊ ǳƴ ǎƛǘŜ ǿŜōΣ ƭŜǎ ǇŀǊŀƳŝǘǊŜǎ ŜƴǾƛǊƻƴƴŜƳŜƴǘŀǳȄ Ŝǘ ƭŀ ŘƛǎǘŀƴŎŜ ŜƴǘǊŜ ŘŜǳȄ ŎŀǇǘŜǳǊǎ Ŝƴ 
ǘŜƳǇǎ ǊŞŜƭΦ /Ŝǎ ƳƻŘǳƭŜǎ ǇŜǳǾŜƴǘ şǘǊŜ ǊŞŀƭƛǎŞǎ ŎƻƳƳŜ ǳƴ ǇŀǊŎƻǳǊǎ ƻǳ ǎŜ ŦŀƛǊŜ ŘŜ ƳŀƴƛŝǊŜ 
ƛƴŘŞǇŜƴŘŀƴǘŜ ǎŜƭƻƴ ǘǊƻƛǎ ŀȄŜǎ Υ  
ƳƻŘǳƭŜ м όŘŞōǳǘŀƴǘύΥ ŎƻƴƴŜȄƛƻƴ Ŝǘ ǇǊƻƎǊŀƳƳŀǘƛƻƴ ŘŜ ŘŜǳȄ ŎŀǇǘŜǳǊǎ  όǘŜƳǇŞǊŀǘǳǊŜ Ŝǘ ŎŀǇǘŜǳǊ ŘŜ 
ǇǊƻȄƛƳƛǘŞύ ǇƛƭƻǘŞǎ ǇŀǊ ǳƴϦ!ǊŘǳƛƴƻϦΦ 
ƳƻŘǳƭŜ н όƛƴǘŜǊƳŞŘƛŀƛǊŜύ ǇǊŞ ǊŜǉǳƛǎΥ ŀǾƻƛǊ ŘŞƧŁ ǇǊƻƎǊŀƳƳŞ ŀŦƛƴ ŘŜ ǎϥŀŘŀǇǘŜǊ Ł ƭŀ ŎƻƳǇǊŞƘŜƴǎƛƻƴ Řǳ 
ŎƻŘŜ ǉǳŜ ƴƻǳǎ ŞŎǊƛǊƻƴǎ Ŝƴ tȅǘƘƻƴύ Υ ƎŞƴŞǊŀǘƛƻƴ ŘϥǳƴŜ ǎŞǊƛŜ ŘŜ ŎƘƛŦŦǊŜǎ ŀƭŞŀǘƻƛǊŜǎ Ŝǘ ŜƴǾƻƛǎ ŘŜ ŎŜǳȄπ
Ŏƛ ǎǳǊ ǳƴ ǎƛǘŜ ǿŜō όwŀǇǎōŜǊǊȅ tLύ 
 ƳƻŘǳƭŜ о όŀǾŀƴŎŞύ Υ ǇǊŞ ǊŜǉǳƛǎΥ ŀǾƻƛǊ ŘŞƧŁ ǇǊƻƎǊŀƳƳŞ Ŝǘ ŎƻƴƴŀƛǘǊŜ ǳƴ ƳƛŎǊƻŎƻƴǘǊƾƭŜǳǊ Ϧ!ǊŘǳƛƴƻϦ 
ƻǳ ŀǾƻƛǊ ŀǎǎƛǎǘŞ ŀǳ ǇǊŜƳƛŜǊ ŀǘŜƭƛŜǊΦ aƛǎ Ŝƴ ǆǳǾǊŜ ŘŜ ƭŀ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ŜƴǘǊŜ ŘŜǳȄ ƳƛŎǊƻŎƻƴǘǊƾƭŜǳǊ 
ό!ǊŘǳƛƴƻΥ ǇƭŀǘŜŦƻǊƳŜ ŘŜ ǊŞŎŜǇǘƛƻƴ ŘŜǎ ƳŜǎǳǊŜǎύ  Ŝǘ ǳƴ wŀǇǎōŜǊǊȅ tL ǇŀǊ ŎƻƳƳǳƴƛŎŀǘƛƻƴ Lн/ ƻǳ ǎŞǊƛŜ 
ŜƴǾƻȅŀƴǘ ƭŜǎ ƛƴŦƻǊƳŀǘƛƻƴǎ ǊŜŎǳŜƛƭƭƛŜǎ ǾŜǊǎ ƭŜ ǎƛǘŜ ǿŜōΦ 
! ƭϥƛǎǎǳŜ ŘŜ ŎŜǎ ƳƻŘǳƭŜǎ ƭŜǎ ǇŀǊǘƛŎƛǇŀƴǘǎ ǎŜǊƻƴǘ ŎŀǇŀōƭŜǎ ǎŜƭƻƴ ƭϥŀǘŜƭƛŜǊ ǎǳƛǾƛ Υ  
ƳƻŘǳƭŜ мΥ aƛǎŜ Ŝƴ ǇƭŀŎŜ Řϥǳƴ ŜƴǾƛǊƻƴƴŜƳŜƴǘ ŘŜ ǇǊƻƎǊŀƳƳŀǘƛƻƴ !ǊŘǳƛƴƻ Υ ōǊŀƴŎƘŜǊ Ŝǘ ǇƛƭƻǘŜǊ ŘŜǳȄ 
ŎŀǇǘŜǳǊǎ  όŀŎǉǳƛǎ ƎŞƴŞǊŀƭ ǇƻǳǊ ƭŀ ƳƛǎŜ Ŝƴ ǆǳǾǊŜ Řϥǳƴ ŀǳǘǊŜ ǘȅǇŜ ŘŜ ŎŀǇǘŜǳǊύΦ 
ƳƻŘǳƭŜ н Υ aƛǎŜ Ŝƴ ǆǳǾǊŜ ǳƴ Ƴƛƴƛ ƻǊŘƛƴŀǘŜǳǊ wŀǇǎōŜǊǊȅ Υ ƛƴǎǘŀƭƭŜǊ ǳƴ ǎȅǎǘŝƳŜ ŘϥŜȄǇƭƻƛǘŀǘƛƻƴ ŘŜ ǘȅǇŜ 
[ƛƴǳȄΣ ǇǊƻƎǊŀƳƳŜǊ ǳƴ ǎŎǊƛǇǘ ǎƻǳǎ ǇȅǘƘƻƴ ǇƻǳǊ ƎŞƴŞǊŜǊ ǳƴ ŎƘƛŦŦǊŜ ŀƭŞŀǘƻƛǊŜ Ŝǘ ƭϥŜƴǾƻȅŜǊ ǎǳǊ ǳƴ ǎƛǘŜ 
ǿŜōΦ 
ƳƻŘǳƭŜ оΥ tǊƻƎǊŀƳƳŜǊ Ŝƴ ǇȅǘƘƻƴ ǳƴ ǎŎǊƛǇǘ ŘŜ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ŜƴǘǊŜ !ǊŘǳƛƴƻ Ŝǘ wŀǇǎōŜǊǊȅ ǇƻǳǊ ƭŜ 
ǘǊŀƴǎŦŜǊǘ ŘŜ ŘƻƴƴŞŜǎ Ŝǘ ƭϥŜƴǾƻƛŜ ǎǳǊ ǳƴ ǎƛǘŜ ǿŜōΦ 
YŜȅǿƻǊŘǎ Υ wŀǇǎōŜǊǊȅ tLΣ !ǊŘǳƛƴƻ Σ ŎŀǇǘŜǳǊǎ Σ ƻōƧŜǘǎ ŎƻƴƴŜŎǘŞǎΣ ŎƻƳƳǳƴƛŎŀǘƛƻƴ Lн/Σ ŎƻƳƳǳƴƛŎŀǘƛƻƴ 
ǎŞǊƛŜΣ ǎǳƛǾƛ ŘŜ ƳŜǎǳǊŜΣ ŀŎŎŜǎǎƛōƛƭƛǘŞΣ ŎƻƴƴŜȄƛƻƴ ǿŜōΣ ǘǊŀƴǎŦŜǊǘ ŘŜ ŘƻƴƴŞŜǎΣ ǘƘƛƴƎǎǇŜŀƪΣ Ŧǳƴ 
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!лупπ5ŜǎǎƛƴŜǊΣ ǇŀǊŀƳŞǘǊŜȊ Ŝǘ LƳǇǊƛƳŜǊ Ŝƴ о5 
.ǊƛŎŜ 5ŜǘŀƛƭƭŜǳǊ όōǊƛŎŜΦŘŜǘŀƛƭƭŜǳǊϪǳƴƛǾπŀƳǳΦŦǊύ [ǳŘƻǾƛŎ [ǳŘƻǾƛŎΦƭŜŎƻƴǘŜ όƭǳŘƻǾƛŎΦƭŜŎƻƴǘŜϪŎǳǊƛŜΦŦǊύ 
!ōǎǘǊŀŎǘ Υ [ŀ ŎƻƳƳǳƴŀǳǘŞ ǎŎƛŜƴǘƛŦƛǉǳŜ Ŧŀƛǘ ŘŜ Ǉƭǳǎ Ŝƴ Ǉƭǳǎ ǳǎŀƎŜ ŘŜ ƭΩƛƳǇǊŜǎǎƛƻƴ о5 ǇƻǳǊ ǊŞǇƻƴŘǊŜ 
Ł ŘŜǎ ōŜǎƻƛƴǎ ŀǘȅǇƛǉǳŜǎΦ /Ŝǎ ǘŜŎƘƴƻƭƻƎƛŜǎ ƴŜ ǎƻƴǘΣ ƘŞƭŀǎΣ Ǉŀǎ ƛƴǘǳƛǘƛǾŜǎ Ŝǘ ŘŜƳŀƴŘŜƴǘΣ ŜƴǘǊŜ ŀǳǘǊŜǎΣ 
ŘŜǎ ŎƻƳǇŞǘŜƴŎŜǎ Ŝƴ /!h Ƴŀƛǎ ŀǳǎǎƛ Ŝƴ ƛƳǇǊŜǎǎƛƻƴ о5Φ 
/Ŝǘ ŀǘŜƭƛŜǊ ŀ ǇƻǳǊ ƻōƧŜŎǘƛŦ ŘΩŀƛŘŜǊ ƭŀ ŎƻƳƳǳƴŀǳǘŞ Ł ŎƛōƭŜǊ Ŝǘ Ł ǳǘƛƭƛǎŜǊ ŘŜǎ ƻǳǘƛƭǎ ŘŜ /!h ǇŜǊƳŜǘǘŀƴǘ 
ƭŀ ŎƻƴŎŜǇǘƛƻƴ ŘϥƻōƧŜǘǎΣ ŀǳǘƻǳǊ ŘŜ ƭŀ ƳƛŎǊƻǎŎƻǇƛŜ Ŝǘ ŘŜ ƭŀ ōƛƻƭƻƎƛŜΣ όƛƴǎŜǊǘ ŘŜ ƳƛŎǊƻǎŎƻǇŜΣ ƳƻǳƭŜ ǇƻǳǊ 
ŜƳǇǊŜƛƴǘŜ ŘŜ ŎǳƭǘǳǊŜ ŎŜƭƭǳƭŀƛǊŜΣ ǇƻǊǘŜ ŞŎƘŀƴǘƛƭƭƻƴǎ ǇƻǳǊ ƻǊƎŀƴƻƠŘŜǎΧύ ǇƻǳǾŀƴǘ şǘǊŜ ƛƳǇǊƛƳŞ Ŝƴ о5Φ 
ω5ŜǳȄ ƭƻƎƛŎƛŜƭǎ ŘŜ /!h ǇƻǳǊǊƻƴǘ şǘǊŜ ŀōƻǊŘŞǎΣ {ƻƭƛŘ²ƻǊƪǎ όƭƻƎƛŎƛŜƭ ǇǊƻŦŜǎǎƛƻƴƴŜƭύ Ŝǘ CǊŜŜŎŀŘ όƭƻƎƛŎƛŜƭ 
hǇŜƴ {ƻǳǊŎŜύΦ ¦ƴŜ ŀǇǇǊƻŎƘŜ ǇǊŀǘƛǉǳŜ ŘŜ ŎŜǎ ƭƻƎƛŎƛŜƭǎ ǎŜǊŀ ǇǊƻǇƻǎŞŜ ŀŦƛƴ ŘŜ ǇŜǊƳŜǘǘǊŜ ŀǳȄ 
ǳǘƛƭƛǎŀǘŜǳǊǎ ŘΩŀǇǇǊŞƘŜƴŘŜǊ ƭŜǳǊ ǳǘƛƭƛǎŀǘƛƻƴ Ƴŀƛǎ ŀǳǎǎƛ ŘŜ ŎƻƳǇŀǊŜǊ ŎŜǎ ŘŜǳȄ ƭƻƎƛŎƛŜƭǎΦ bƻǎ 
ŎƻƳǇŞǘŜƴŎŜǎ Ŝƴ /!h ƴƻǳǎ ǇŜǊƳŜǘǘŜƴǘ ŀǳǎǎƛ ŘŜ ǇǊƻǇƻǎŜǊΣ Ł ƭŀ ŘŜƳŀƴŘŜΣ ŘΩŀǳǘǊŜǎ ƭƻƎƛŎƛŜƭǎ ǘŜƭ ǉǳŜ 
LƴǾŜƴǘƻǊ ƻǳ Cǳǎƛƻƴ ослΧ 
ω!ǳ ǘǊŀǾŜǊǎ ŘŜ ŘŜǳȄ ǘŜŎƘƴƻƭƻƎƛŜǎ ŘΩƛƳǇǊŜǎǎƛƻƴ о5Σ CCC όŘŞǇƾǘ ŘŜ Ŧƛƭ ŦƻƴŘǳύ Ŝǘ {[! όǇƻƭȅƳŞǊƛǎŀǘƛƻƴ 
ŘŜ ǊŞǎƛƴŜǎύ ƴƻǳǎ ƛƴƛǘƛŜǊƻƴǎ ƭŀ ŎƻƳƳǳƴŀǳǘŞ Ł ƭΩǳǘƛƭƛǎŀǘƛƻƴ ŘŜ ŎŜǎ ǇǊƻŎŞŘŞǎ ŘŜ ŦŀōǊƛŎŀǘƛƻƴ ŀŘŘƛǘƛǾŜ Ŝƴ 
ŀȅŀƴǘ ǇǊŞŀƭŀōƭŜƳŜƴǘ ƭƛǎǘŞ ƭŜǎ ŘƛŦŦŞǊŜƴǘŜǎ ǘŜŎƘƴƻƭƻƎƛŜǎ ǳǘƛƭƛǎŞŜǎ Řŀƴǎ ŎŜ ŘƻƳŀƛƴŜ ŘŜ ŦŀōǊƛŎŀǘƛƻƴΦ 5Ŝǎ 
ŎƻƴǘŀŎǘǎ ŀǾŜŎ ŘŜǎ ǎƻŎƛŞǘŞǎ ƻƴǘ ŘŞƧŁ ŞǘŞ Şǘŀōƭƛ ŀŦƛƴ ŘΩƻōǘŜƴƛǊ ƭŜ ǇǊşǘ ŘŜ ŎŜǎ ǘŜŎƘƴƻƭƻƎƛŜǎ ǇŜƴŘŀƴǘ ƭŀ 
ŘǳǊŞŜ ŘŜ ƭΩŞŎƻƭŜΦ 
! ƭΩƛǎǎǳŜ ŘŜ ŎŜǘ ŀǘŜƭƛŜǊ ƭŜǎ ǇŀǊǘƛŎƛǇŀƴǘǎ ǎŜǊƻƴǘ ŎŀǇŀōƭŜǎ ŘŜ ŎǊŞŜǊ ǳƴŜ ǇƛŝŎŜ ǇƘȅǎƛǉǳŜ Ł ǇŀǊǘƛǊ ŘΩǳƴ ƻōƧŜǘ 
ƴǳƳŞǊƛǉǳŜ о5 ǉǳΩƛƭǎ ŀǳǊƻƴǘ ƳƻŘŞƭƛǎŞΣ ƎǊŀǾŜǊ ƻǳ ŘŞŎƻǳǇŜǊΦ 
YŜȅǿƻǊŘǎ Υ LƳǇǊŜǎǎƛƻƴ о5Σ /ƻƴŎŜǇǘƛƻƴ !ǎǎƛǎǘŞ ǇŀǊ hǊŘƛƴŀǘŜǳǊΣ aƛŎǊƻǎŎƻǇƛŜΣ .ƛƻƭƻƎƛŜΣ tŀǊǘŀƎŜ ŘŜ 
ŎƻƴƴŀƛǎǎŀƴŎŜǎ Ŝǘ ŎƻƳǇŞǘŜƴŎŜǎ 
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!лфлπ[ŀōŜƭπŦǊŜŜ ǾƛǊǳǎ ŘŜǘŜŎǘƛƻƴ ŀƴŘ ǎƻǊǘƛƴƎ ǿƛǘƘ ŦǳƭƭπŦƛŜƭŘ ƛƴǘŜǊŦŜǊƻƳŜǘǊƛŎ ƳƛŎǊƻǎŎƻǇȅ 
{ŀƳŜǊ !ƭƘŀŘŘŀŘ όǎŀƳŜǊΦŀƭƘŀŘŘŀŘϪŜǎǇŎƛΦŦǊύ IƻǳŘŀ .Ŝȅ όƘƻǳŘŀΦōŜȅϪŜǎǇŎƛΦŦǊύ 
!ōǎǘǊŀŎǘ Υ Lƴ ǘƘƛǎ ǿƻǊƪǎƘƻǇΣ ǿŜ ǿƛƭƭ ƛƴǘǊƻŘǳŎŜ ŀ ƴŜǿΣ ǎŜƴǎƛǘƛǾŜΣ ƛƴǘŜǊŦŜǊƻƳŜǘǊƛŎΣ ŀƴŘ ƴƻƴπŘŜǎǘǊǳŎǘƛǾŜ 
ƻǇǘƛŎŀƭ ŀǇǇǊƻŀŎƘ ǘƻ ŘŜǘŜŎǘΣ Ŏƻǳƴǘ ŀƴŘ ǎƻǊǘ ŘƛŦŦŜǊŜƴǘ ǘȅǇŜǎ ƻŦ ƭŀōŜƭπŦǊŜŜΣ ōƛƻǘƛŎ ŀƴŘ ƴƻƴπōƛƻǘƛŎ ǎƛƴƎƭŜ 
ƴŀƴƻǇŀǊǘƛŎƭŜǎ όbtǎύ ό.ƻŎŎŀǊŀ Ŝǘ ŀƭΣ .ƛƻƳŜŘΦ hǇǘΦ 9ȄǇΦ нлмсύΦ Lƴ ǎƘƻǊǘΣ ǿŜ ƳŜŀǎǳǊŜ ǘƘŜ ƭƛƎƘǘ ǎŎŀǘǘŜǊŜŘ 
ōȅ ǘƘŜ ƴŀƴƻǇŀǊǘƛŎƭŜǎ ŀƴŘ ƻōǘŀƛƴ ŀƴ ƛƴǘŜǊŦŜǊƻƳŜǘǊƛŎ ǎƛƎƴŀƭ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜƛǊ ǎƛȊŜ ŀƴŘ ǊŜŦǊŀŎǘƛǾŜ ƛƴŘŜȄΤ 
ǘƘƛǎ ƳŜŀǎǳǊŜƳŜƴǘ ƛǎ ŎƻƳǇƭŜƳŜƴǘŜŘ ǿƛǘƘ ǎƛƴƎƭŜ ǇŀǊǘƛŎƭŜ ǘǊŀŎƪƛƴƎ ƻŦ ǘƘŜƛǊ .Ǌƻǿƴƛŀƴ ƳƻǘƛƻƴΦ 
²ƛǘƘ ǘƘƛǎ ǘŜŎƘƴƛǉǳŜΣ ƻƴŜ Ŏŀƴ ǎǘǳŘȅ ǘƘŜ ŘƛŦŦǳǎƛƻƴ ǇǊƻǇŜǊǘƛŜǎ ƻŦ ŘƛŦŦŜǊŜƴǘ ōƛƻƭƻƎƛŎŀƭ ǎŀƳǇƭŜǎ ǎǳŎƘ ŀǎ 
ōŀŎǘŜǊƛƻǇƘŀƎŜǎ ƛƴ ŘƛŦŦŜǊŜƴǘ ŀǉǳŀǘƛŎ ŜƴǾƛǊƻƴƳŜƴǘǎΣ ƳŜƳōǊŀƴŜ ǾŜǎƛŎƭŜǎΣ ŜǘŎΦ ¢ƘŜ ŀōƛƭƛǘȅ ƻŦ ŎƭŀǎǎƛŦȅƛƴƎ 
ǾƛǊǳǎ ƛƴ ŀ ƎƛǾŜƴ ŜƴǾƛǊƻƴƳŜƴǘ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜƛǊ ǎƛȊŜ ŀƴŘ ǎǘǊǳŎǘǳǊŜ ƛǎ ŀƴ ŜǎǎŜƴǘƛŀƭ ǘƻƻƭ ƛƴ ŀǇǇƭƛŎŀǘƛƻƴǎ 
ǊŀƴƎƛƴƎ ŦǊƻƳ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǘƻ ƳŜŘƛŎŀƭ ǎǘǳŘƛŜǎΦ 
!ǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘƛǎ ǿƻǊƪǎƘƻǇΣ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ ƘŀǾŜ ƭŜŀǊƴŜŘ Ƙƻǿ ǘƻ ōǳƛƭŘ ǎǳŎƘ ŀ ǎŜǘπǳǇΣ ǿƘŜǊŜ ǘƘŜ 
ǎƛƎƴŀƭ ŎƻƳŜǎ ŦǊƻƳ ƛƴ ŀƴ ƛƴǘŜǊŦŜǊƻƳŜǘǊƛŎ ƳƛŎǊƻǎŎƻǇŜΣ ŀƴŘ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜǎ ǿƛǘƘ 
ŦƭǳƻǊŜǎŎŜƴŎŜ ƳƛŎǊƻǎŎƻǇȅΦ ¢ƘŜȅ ǿƛƭƭ ƘŀǾŜ ŀƭǎƻ ƭŜŀǊƴŜŘ ŀōƻǳǘ ǎƛƴƎƭŜπƳƻƭŜŎǳƭŜ ŘŜǘŜŎǘƛƻƴ ƛƴ ŀ ƴƻƴπ
ŦƭǳƻǊŜǎŎŜƴŎŜ ŎƻƴǘŜȄǘΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ōŀǎƛŎǎ ƻŦ .Ǌƻǿƴƛŀƴ ŘƛŦŦǳǎƛƻƴ ŀƴŘ ƛǘǎ ŀǇǇƭƛŎŀǘƛƻƴ ŦƻǊ ŀƴŀƭȅȊƛƴƎ ŀ 
Řŀǘŀ ǎŜǘ ƻŦ ǎƛƴƎƭŜπǇŀǊǘƛŎƭŜ ǘǊŀŎŜǎΦ 
YŜȅǿƻǊŘǎ Υ ±ƛǊǳǎ ŘŜǘŜŎǘƛƻƴΤ LƴǘŜǊŦŜǊƻƳŜǘǊȅΤ {ƛƴƎƭŜ tŀǊǘƛŎƭŜ ¢ǊŀŎƪƛƴƎΤ .Ǌƻǿƴƛŀƴ ŘƛŦŦǳǎƛƻƴΤ  
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!лфоπaŜŀǎǳǊƛƴƎ ǇǊƻǘŜƛƴΩǎ ƻǊƛŜƴǘŀǘƛƻƴ ŀƴŘ ƻǊƎŀƴƛȊŀǘƛƻƴ ōȅ ǇƻƭŀǊƛȊŜŘ ŦƭǳƻǊŜǎŎŜƴŎŜ ŀƴŘ ǇƻƭŀǊƛȊŜŘ 
ǎǳǇŜǊ ǊŜǎƻƭǳǘƛƻƴ ƛƳŀƎƛƴƎ 
9ƭŜŀƴƻǊ aǳƴƎŜǊ όŜƭŜŀƴƻǊΦƳǳƴƎŜǊϪŦǊŜǎƴŜƭΦŦǊύ aƛƎǳŜƭ {ƛǎƻƴ όƳƛƎǳŜƭΦǎƛǎƻƴϪŦǊŜǎƴŜƭΦŦǊύ 
!ōǎǘǊŀŎǘ Υ ¦ƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜ ǿŀȅ ǇǊƻǘŜƛƴǎ ŀǊŜ ƻǊƎŀƴƛȊŜŘ ƛƴ ŎŜƭƭǎ ƛǎ ŀƴ ƛƳǇƻǊǘŀƴǘ ŜƭŜƳŜƴǘ ǘƻ ŀƴǎǿŜǊ 
ƪŜȅ ǉǳŜǎǘƛƻƴǎ ƛƴ ōƛƻƭƻƎȅΦ {ǳǇŜǊ ǊŜǎƻƭǳǘƛƻƴ ŦƭǳƻǊŜǎŎŜƴŎŜ ƛƳŀƎƛƴƎ Ƙŀǎ ōǊƻǳƎƘǘ ŀ ŎƻƴǎƛŘŜǊŀōƭŜ ǎǘŜǇ ƛƴ 
ǘƘƛǎ ŘƛǊŜŎǘƛƻƴΤ {ǘƻŎƘŀǎǘƛŎ ƻǇǘƛŎŀƭ ǊŜŎƻƴǎǘǊǳŎǘƛƻƴ ƳƛŎǊƻǎŎƻǇȅ ό{¢hwaύ ŀƴŘ tƘƻǘƻŀŎǘƛǾŀǘƛƻƴ ƭƛƎƘǘ 
ƳƛŎǊƻǎŎƻǇȅ όt![aύ ŀǊŜ ŀōƭŜ ǘƻ ǇǊƻǾƛŘŜ ŀ ǎǇŀǘƛŀƭ ǊŜǎƻƭǳǘƛƻƴ Řƻǿƴ ǘƻ ǘŜƴǎ ƻŦ ƴŀƴƻƳŜǘŜǊǎΣ ŜȄǇƭƻƛǘƛƴƎ 
ǘƘŜ ƘƛƎƘ ǇǊŜŎƛǎƛƻƴ ƻŦ ǎƛƴƎƭŜ ƳƻƭŜŎǳƭŜΩǎ Ǉƻƛƴǘ ǎǇǊŜŀŘ ŦǳƴŎǘƛƻƴ όt{Cύ ƭƻŎŀƭƛȊŀǘƛƻƴΣ ŜǾŜƴ ƛƴ ŘŜƴǎŜ 
ǎŀƳǇƭŜǎΦ ²ƘƛƭŜ ǘƘŜǎŜ ƳŜǘƘƻŘǎ ƳŜŀǎǳǊŜ ǎƛƴƎƭŜ ƳƻƭŜŎǳƭŜΩǎ ǇƻǎƛǘƛƻƴǎΣ ǘƘŜȅ ƘƻǿŜǾŜǊ Řƻ ƴƻǘ ƎƛǾŜ ŀŎŎŜǎǎ 
ǘƻ ǘƘŜƛǊ ƻǊƛŜƴǘŀǘƛƻƴΣ ǿƘƛŎƘ ƛǎ ǊŜǉǳƛǊŜŘ ǘƻ ƛƴǾŜǎǘƛƎŀǘŜ ƻǊƎŀƴƛȊŀǘƛƻƴΣ ŀƭƛƎƴƳŜƴǘ ŀƴŘ ŎƻƴŦƻǊƳŀǘƛƻƴŀƭ 
ŎƘŀƴƎŜǎΦ wŜǇƻǊǘƛƴƎ ǎƛƴƎƭŜ ƳƻƭŜŎǳƭŜΩǎ ƻǊƛŜƴǘŀǘƛƻƴΣ ŀǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜ ŀǎ ǘƘŜƛǊ ǇƻǎƛǘƛƻƴΣ ƛǎ ƘƻǿŜǾŜǊ 
ŎƘŀƭƭŜƴƎƛƴƎΦ ²Ŝ ǿƛƭƭ ŘŜǎŎǊƛōŜ ŀƴŘ ŘŜƳƻƴǎǘǊŀǘŜ ŘƛŦŦŜǊŜƴǘ ŀǇǇǊƻŀŎƘŜǎ ǘƘŀǘ ǿŜ ƘŀǾŜ ŘŜǾŜƭƻǇŜŘ ǘƻ ǎƻƭǾŜ 
ǘƘƛǎ ǇǊƻōƭŜƳΣ ōŀǎŜŘ ƻƴ ǇƻƭŀǊƛȊŜŘ ŦƭǳƻǊŜǎŎŜƴŎŜ ƛƳŀƎƛƴƎ ŀƴŘ ǎǇƭƛǘǘƛƴƎ ƻŦ ǇƻƭŀǊƛȊŜŘ ŘŜǘŜŎǘƛƻƴ ŎƘŀƴƴŜƭǎ 
ώмΣнϐ ƻǊ t{C ŜƴƎƛƴŜŜǊƛƴƎ ώоϐΦ /ƻƳōƛƴƛƴƎ ƻǊƛŜƴǘŀǘƛƻƴ ŀƴŘ ƭƻŎŀƭƛȊŀǘƛƻƴ ǎǳǇŜǊ ǊŜǎƻƭǳǘƛƻƴ ƛƳŀƎƛƴƎ ƻǇŜƴǎ 
ƴŜǿ ŘƛǊŜŎǘƛƻƴǎ ǘƻǿŀǊŘǎ ǎǘǊǳŎǘǳǊŀƭ ƛƳŀƎƛƴƎ ƻŦ ŎƻƳǇƭŜȄ ǇǊƻǘŜƛƴǎ ŀǎǎŜƳōƭƛŜǎ ƛƴ ŎŜƭƭǎΦ ²Ŝ ǿƛƭƭ ŘƛǎŎǳǎǎ 
Ƙƻǿ ǘƻ ŀŎŎŜǎǎ ǘƻ о5 ƻǊƛŜƴǘŀǘƛƻƴ ƛƴŦƻǊƳŀǘƛƻƴ ōŀǎŜŘ ƻƴ ǘƘŜǎŜ ǎŎƘŜƳŜǎΦ !ǘ ƭŀǎǘΣ ǿŜ ǿƛƭƭ ŀǇǇƭȅ 
ǇƻƭŀǊƛȊŀǘƛƻƴ ǎǇƭƛǘǘƛƴƎ ǘƻ ǎǘǊǳŎǘǳǊŀƭ ƛƳŀƎƛƴƎ ƛƴ ŘŜƴǎŜ ǎŀƳǇƭŜǎΣ ǳǎƛƴƎ ǇǳǊŜ ǇƻƭŀǊƛȊŜŘ ŦƭǳƻǊŜǎŎŜƴŎŜ 
ƛƳŀƎƛƴƎΦ 
 
ώмϐ /Φ!Φ ±ŀƭŀŘŜǎ /ǊǳȊΣ Ŝǘ ŀƭΦ vǳŀƴǘƛǘŀǘƛǾŜ ƴŀƴƻǎŎŀƭŜ ƛƳŀƎƛƴƎ ƻŦ ƻǊƛŜƴǘŀǘƛƻƴŀƭ ƻǊŘŜǊ ƛƴ ōƛƻƭƻƎƛŎŀƭ 
ŦƛƭŀƳŜƴǘǎ ōȅ ǇƻƭŀǊƛȊŜŘ ǎǳǇŜǊπǊŜǎƻƭǳǘƛƻƴ ƳƛŎǊƻǎŎƻǇȅΣ tǊƻŎΦ bŀǘƭΦ !ŎŀŘΦ {ŎƛΦ ммо όтύ 9унлπ9уну όнлмсύ 
ώнϐ /Φ wƛƳƻƭƛΣ Ŝǘ ŀƭΦ  пǇƻƭŀǊπ{¢hwa ǇƻƭŀǊƛȊŜŘ ǎǳǇŜǊπǊŜǎƻƭǳǘƛƻƴ ƛƳŀƎƛƴƎ ƻŦ ŀŎǘƛƴ ŦƛƭŀƳŜƴǘ ƻǊƎŀƴƛȊŀǘƛƻƴ 
ƛƴ ŎŜƭƭǎΦ {ǳōƳƛǘǘŜŘΣ ōƛƻwȄƛǾ нлнмΦлоΦмтΦпорутф όнлнмύ 
ώоϐ ±Φ /ǳǊŎƛƻΣ Ŝǘ ŀƭΦ .ƛǊŜŦǊƛƴƎŜƴǘ CƻǳǊƛŜǊ ŦƛƭǘŜǊƛƴƎ ŦƻǊ ǎƛƴƎƭŜ ƳƻƭŜŎǳƭŜ /ƻƻǊŘƛƴŀǘŜ ŀƴŘ IŜƛƎƘǘ ǎǳǇŜǊπ
ǊŜǎƻƭǳǘƛƻƴ LƳŀƎƛƴƎ ǿƛǘƘ 5ƛǘƘŜǊƛƴƎ ŀƴŘ hǊƛŜƴǘŀǘƛƻƴ ό/IL5hύΣ bŀǘΦ /ƻƳƳǳƴƛŎŀǘƛƻƴǎ мм όмύ όнлнлύ 
YŜȅǿƻǊŘǎ Υ ƭƛƎƘǘ ǇƻƭŀǊƛȊŀǘƛƻƴΣ ƳƻƭŜŎǳƭŀǊ ƻǊƛŜƴǘŀǘƛƻƴΣ ǇƻƭŀǊƛȊŜŘ ŦƭǳƻǊŜǎŎŜƴŎŜΣ ǇǊƻǘŜƛƴǎ ƻǊƎŀƴƛȊŀǘƛƻƴΣ 
ŎȅǘƻǎƪŜƭŜǘƻƴ ŦƛƭŀƳŜƴǘǎ ŀƭƛƎƴƳŜƴǘ 
 

***  

!лфпπaƻŘǳƭŀǘŜŘ ŜȄŎƛǘŀǘƛƻƴ ŦƻǊ ŜƴƘŀƴŎŜŘ ƭƻŎŀƭƛȊŀǘƛƻƴ Υ aƻŘ[ƻŎ 
!ōƛƎŀƛƭ LƭƭŀƴŘ όŀōƛƎŀƛƭΦƛƭƭŀƴŘϪǳπǇǎǳŘΦŦǊύ aŀȄƛƳƛƭƛŀƴ [ŜƴƎŀǳŜǊ όƳŀȄΦƭŜƴƎŀǳŜǊϪƎƳȄΦƴŜǘύ 
!ōǎǘǊŀŎǘ Υ {ƛƴƎƭŜ aƻƭŜŎǳƭŜ [ƻŎŀƭƛȊŀǘƛƻƴ aƛŎǊƻǎŎƻǇȅ ό{a[aύ ƛǎ ǿƛŘŜƭȅ ǳǎŜŘ ƛƴ ōƛƻƛƳŀƎƛƴƎΣ ōƻǘƘ ŦƻǊ 
ǎǘǊǳŎǘǳǊŀƭ LƳŀƎƛƴƎ ŀƴŘ ǘǊŀŎƪƛƴƎΦ  ¢ƘŜ ƳƻƭŜŎǳƭŀǊ ƭƻŎŀƭƛȊŀǘƛƻƴ ǳǎǳŀƭƭȅ ǊŜƭƛŜǎ ƻƴ ŀ ŎŜƴǘǊƻƛŘ ǘŜŎƘƴƛǉǳŜ 
ǘƘŀǘ ǎǘǊƻƴƎƭȅ ǊŜƭƛŜǎ ƻƴ ǘƘŜ Ǉƻƛƴǘ ǎǇǊŜŀŘ ŦǳƴŎǘƛƻƴ ǎƘŀǇŜΦ !Ȅƛŀƭ ƭƻŎŀƭƛȊŀǘƛƻƴ ƛǎ ǳǎǳŀƭƭȅ ƻōǘŀƛƴŜŘ ōȅ 
ƛƴǘǊƻŘǳŎƛƴƎ ŀ t{C ŜƴƎƛƴŜŜǊƛƴƎ ƳŜǘƘƻŘΦ ¢Ƙƛǎ ŎƻƴǾŜƴǘƛƻƴŀƭ ƭƻŎŀƭƛȊŀǘƛƻƴ ǎǘǊŀǘŜƎȅ ƭŜŀŘǎ ǘƻ ƭŀǘŜǊŀƭκŀȄƛŀƭ  
ǇǊŜŎƛǎƛƻƴ ǘƘŀǘ ǾŀǊƛŜǎ ŀƭƻƴƎ ǘƘŜ ŘŜǇǘƘ ƻŦ ŦƛŜƭŘ ōǳǘ ŀƭǎƻ ƛƴŘǳŎŜŘ ŀ ǊŜŘǳŎŜŘ ŘŜǇǘƘ ƻŦ ƻōǎŜǊǾŀǘƛƻƴ  
Lƴ ǘƘƛǎ ǿƻǊƪǎƘƻǇΣ ǿŜ ǇǊƻǇƻǎŜ ŀƴ ŀƭǘŜǊƴŀǘƛǾŜ ǎǘǊŀǘŜƎȅΣ ƴŀƳŜŘ aƻŘ[ƻŎΣ ǿƘŜǊŜ ǘƘŜ ƛƴǘǊƻŘǳŎǘƛƻƴ ƻŦ ŀ 
ƳƻŘǳƭŀǘŜŘ ŜȄŎƛǘŀǘƛƻƴ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ǊŜǘǊƛŜǾŜ ǘƘŜ ǎƛƴƎƭŜ ƳƻƭŜŎǳƭŜ ǇƻǎƛǘƛƻƴΦ ²Ŝ ǿƛƭƭ ŘƛǎŎǳǎǎ ǘƘŜ ǾŀǊƛƻǳǎ 
ǇƻǘŜƴǘƛŀƭ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ŀƴŘ ōŜƴŜŦƛǘǎΦ  ¢Ƙƛǎ ƴŜǿ ǇǊƛƴŎƛǇƭŜ ǿƛƭƭ ōŜ ŘŜƳƻƴǎǘǊŀǘŜŘ ŦƻǊ ŀƴ 
ŜƴƘŀƴŎŜƳŜƴǘ ŀƭƻƴƎ ǘƘŜ ŀȄƛŀƭ ŘƛǊŜŎǘƛƻƴ ŘǳǊƛƴƎ ǘƘŜ ǿƻǊƪǎƘƻǇΦ tŜǊŦƻǊƳŀƴŎŜǎ ƻŦ ǘƘƛǎ ƴŜǿ ŀǇǇǊƻŀŎƘ ǿƛƭƭ 
ōŜ ŘŜƳƻƴǎǘǊŀǘŜŘ ƻƴ ŎŀƭƛōǊŀǘƛƻƴ ǎŀƳǇƭŜǎ ŀƴŘ ƻƴ ōƛƻƭƻƎƛŎŀƭ ǎŀƳǇƭŜǎΦ  
!ǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ǿƻǊƪǎƘƻǇΣ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ ōŜ ǊŜƳƛƴŘŜŘ ǘƘŜ ƭƛƳƛǘŀǘƛƻƴǎ ƻŦ ŎǳǊǊŜƴǘ ƭƻŎŀƭƛȊŀǘƛƻƴ 
ǎǘǊŀǘŜƎȅΣ ōŜ ŦŀƳƛƭƛŀǊ ǿƛǘƘ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ ŀ ƳƻŘǳƭŀǘŜŘ ŜȄŎƛǘŀǘƛƻƴ ŦƻǊ ƭƻŎŀƭƛȊŀǘƛƻƴΣ ƪƴƻǿƴ ǘƘŜ ƪŜȅ 
ǇŀǊŀƳŜǘŜǊǎ ŦƻǊ ŀƴ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻƴ ŀ {La ƳƛŎǊƻǎŎƻǇŜΣ ƘŀǾŜ ǎŜŜƴ ŀƴ ŜȄǇŜǊƛƳŜƴǘ ǿƛǘƘ ǘƘƛǎ ŎƻƴŎŜǇǘ 
YŜȅǿƻǊŘǎ Υ {a[aΣ ƳƻŘǳƭŀǘŜŘ ŜȄŎƛǘŀǘƛƻƴΣ {LaΣ Ř{¢hwaΣ ƛƴ ŘŜǇǘƘ ƛƳŀƎƛƴƎ  
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!лфсπaǳƭǘƛƳƻŘŜ ŦƛōŜǊ ōŀǎŜŘπŜƴŘƻǎŎƻǇŜ ŦƻǊ ŦƭǳƻǊŜǎŎŜƴŎŜ ƛƳŀƎƛƴƎ ǳǎƛƴƎ ǿŀǾŜŦǊƻƴǘ ǎƘŀǇƛƴƎ 
LǊŝƴŜ ²ŀƴƎ όƛǊŜƴŜΦǿŀƴƎϪǳƴƛǾπƎǊŜƴƻōƭŜπŀƭǇŜǎΦŦǊύ 
!ōǎǘǊŀŎǘ Υ ²ŀǾŜŦǊƻƴǘ ǎƘŀǇƛƴƎ Ƙŀǎ ōŜŎƻƳŜ ŀ ǳōƛǉǳƛǘƻǳǎ ǘŜŎƘƴƛǉǳŜ ǘƻ ŎƻƴǘǊƻƭ ǘƘŜ ƭƛƎƘǘ ŦƛŜƭŘ ǘƘǊƻǳƎƘ 
ǎŎŀǘǘŜǊƛƴƎ ƭŀȅŜǊǎ ƻǊ ƳǳƭǘƛƳƻŘŜ ŦƛōŜǊǎ ŀƴŘ ƻǇŜƴǎ ƛƴǘŜǊŜǎǘƛƴƎ ŀƭǘŜǊƴŀǘƛǾŜǎ ŦƻǊ ƛƳŀƎƛƴƎ ŘŜŜǇ ƛƴǘƻ 
ōƛƻƭƻƎƛŎŀƭ ǘƛǎǎǳŜΦ CƻǊ ŜȄŀƳǇƭŜΣ ōȅ ŎƻƴǘǊƻƭƭƛƴƎ ǘƘŜ ƻǳǘǇǳǘ ƻŦ ƳǳƭǘƛƳƻŘŜ ŦƛōŜǊǎ όaaCύΣ ǳƭǘǊŀǘƘƛƴ 
ŜƴŘƻǎŎƻǇŜǎ όмнр ҡƳύ ƘŀǾŜ ōŜŜƴ ŘŜƳƻƴǎǘǊŀǘŜŘΥ ƳŀŘŜ ƻŦ ŀ ǎƛƴƎƭŜ aaCΣ ǘƘŜȅ Ŏŀƴ ōŜ ƛƴǎŜǊǘŜŘ ƛƴ ǘƘŜ 
ōǊŀƛƴ ƻŦ ǎƳŀƭƭ ŀƴƛƳŀƭǎ ǿƘƛƭŜ ŎŀǳǎƛƴƎ ƳƛƴƛƳŀƭ ŘŀƳŀƎŜ ŀƴŘ ǳǎŜŘ ǘƻ ŀŎǉǳƛǊŜ ŦƭǳƻǊŜǎŎŜƴŎŜ ƛƳŀƎŜǎ ǿƛǘƘ 
ƳƛŎǊƻƳŜǘŜǊ ǊŜǎƻƭǳǘƛƻƴΦ  
²ƘŜƴ ƭƛƎƘǘ ǇǊƻǇŀƎŀǘŜǎ ƛƴ ŀƴ aaCΣ ƛƴŎƛŘŜƴǘ ƭƛƎƘǘ ƛǎ ǇǊƻƧŜŎǘŜŘ ƛƴǘƻ ŀ ƭŀǊƎŜ ƴǳƳōŜǊ ƻŦ ŎƻƳǇƻƴŜƴǘǎ όƻǊ 
ƳƻŘŜǎύ ǘƘŀǘ ǳƴŘŜǊƎƻ ǳƴǇǊŜŘƛŎǘŀōƭŜ ǇƘŀǎŜ ŘŜƭŀȅǎΣ ǎƻ ǘƘŀǘ ǘƘŜ ƻǳǘǇǳǘ ǇŀǘǘŜǊƴ ƛǎ ǳǎǳŀƭƭȅ ǎǇŜŎƪƭŜπƭƛƪŜΦ 
IƻǿŜǾŜǊΣ ŀǎ ƭƻƴƎ ŀǎ ǘƘŜ ǊŜƭŀǘƛƻƴ ōŜǘǿŜŜƴ ǘƘŜ ƛƴǇǳǘ ŀƴŘ ƻǳǘǇǳǘ ŦƛŜƭŘǎ ƛǎ ƭƛƴŜŀǊ ŀƴŘ ŘŜǘŜǊƳƛƴƛǎǘƛŎΣ ǘƘŜ 
ǊŜǎǇƻƴǎŜ ƻŦ ǘƘŜ aaC Ŏŀƴ ōŜ ǇǊŜŎŀƭƛōǊŀǘŜŘ ōȅ ƳŜŀǎǳǊƛƴƎ ŀ ΨǘǊŀƴǎƳƛǎǎƛƻƴ ƳŀǘǊƛȄΩΦ ¢ƘŜƴ ǘƘƛǎ 
ƛƴŦƻǊƳŀǘƛƻƴ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ǊŜǇƘŀǎŜ ŀƭƭ ǘƘŜ ƳƻŘŜǎ ōȅ ƳŜŀƴǎ ƻŦ ŀ ǇƘŀǎŜ ƳƻŘǳƭŀǘƻǊ ŀƴŘ ƻōǘŀƛƴ ǘƘŜ 
ŘŜǎƛǊŜŘ ƻǳǘǇǳǘ ǇŀǘǘŜǊƴΦ tƘŀǎŜ ƳƻŘǳƭŀǘƻǊǎ ƛƴŎƭǳŘŜ ƭƛǉǳƛŘπŎǊȅǎǘŀƭ ǎǇŀǘƛŀƭ ƭƛƎƘǘ ƳƻŘǳƭŀǘƻǊǎ ό{[aύ ŀƴŘΣ 
ƳƻǊŜ ǊŜŎŜƴǘƭȅΣ ŘƛƎƛǘŀƭπƳƛŎǊƻƳƛǊǊƻǊ ŘŜǾƛŎŜǎ ό5a5ǎύΦ ¢ƘŜ ƭŀǘǘŜǊ Ƙŀǎ ǘƘŜ ŀŘǾŀƴǘŀƎŜ ƻŦ ƳǳŎƘ ƛƳǇǊƻǾŜŘ 
ǎǿƛǘŎƘƛƴƎ ǊŀǘŜǎ όǳǇ ǘƻ нл ƪIȊύΦ 
¢ƘŜ Ǝƻŀƭ ƻŦ ǘƘƛǎ ǿƻǊƪǎƘƻǇ ƛǎ ǘƻ ƛƴǘǊƻŘǳŎŜ ǘƘŜ ŎƻƴŎŜǇǘǎ ƻŦ ǿŀǾŜŦǊƻƴǘ ǎƘŀǇƛƴƎ ŀƴŘ ōǳƛƭŘ ŀ Ǉƻƛƴǘπ
ǎŎŀƴƴƛƴƎ ǳƭǘǊŀǘƘƛƴ ŜƴŘƻǎŎƻǇŜ ŦƻǊ ŦƭǳƻǊŜǎŎŜƴŎŜ ƳƛŎǊƻǎŎƻǇȅ ǳǎƛƴƎ ŀ ǎƛƴƎƭŜ ƳǳƭǘƛƳƻŘŜ ŦƛōŜǊ ŀƴŘ ŀ 
5a5Φ 
!ǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘƛǎ ǿƻǊƪǎƘƻǇΣ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ ƪƴƻǿ Ƙƻǿ ǘƻ ǳǎŜ ŀ 5a5 ŦƻǊ ǇƘŀǎŜ ƳƻŘǳƭŀǘƛƻƴΣ 
Ƙƻǿ ǘƻ ƳŜŀǎǳǊŜ ǘƘŜ ǘǊŀƴǎƳƛǎǎƛƻƴ ƳŀǘǊƛȄ ƻŦ ŀ ŎƻƳǇƭŜȄ ƳŜŘƛǳƳ όǎŎŀǘǘŜǊƛƴƎ ƭŀȅŜǊ ƻǊ aaCύ ǳǎƛƴƎ ƻŦŦπ
ŀȄƛǎ ƘƻƭƻƎǊŀǇƘȅ ŀƴŘ Ƙƻǿ ǘƻ ƛƳǇƭŜƳŜƴǘ ǿŀǾŜŦǊƻƴǘ ǎƘŀǇƛƴƎ ǘƻ ŦƻŎǳǎ ǘƘǊƻǳƎƘ ǎǳŎƘ ŀ ƳŜŘƛǳƳΦ 
YŜȅǿƻǊŘǎ Υ ŜƴŘƻǎŎƻǇȅΣ ǿŀǾŜŦǊƻƴǘ ǎƘŀǇƛƴƎΣ ŘƛƎƛǘŀƭ ƳƛŎǊƻƳƛǊǊƻǊ ŘŜǾƛŎŜ ό5a5ύΣ ƳǳƭǘƛƳƻŘŜ ŦƛōŜǊ 
 

***  

!лфтπbǳŎƭŜŀǊ tƻǊŜǎ /ƻƳǇƭŜȄŜ Υ ŀ ǘƻƻƭ ŦƻǊ ƳŜǘǊƻƭƻƎȅ ƛƴ {ƛƴƎƭŜ aƻƭŜŎǳƭŜ [ƻŎŀƭƛȊŀǘƛƻƴ aƛŎǊƻǎŎƻǇȅ 
[ŀƴŎŜƭƻǘ tƛƴŎŜǘ όƭŀƴŎŜƭƻǘΦǇƛƴŎŜǘϪǳƴƛǾŜǊǎƛǘŜπǇŀǊƛǎπǎŀŎƭŀȅΦŦǊύ  Wƻƴŀǎ wƛŜǎ ƧƻƴŀǎΦǊƛŜǎϪŜƳōƭΦŘŜ 
!ōǎǘǊŀŎǘ Υ {ƛƴƎƭŜ aƻƭŜŎǳƭŜ [ƻŎŀƭƛȊŀǘƛƻƴ aƛŎǊƻǎŎƻǇȅ ό{a[aύ ŀƭƭƻǿǎ ǘƻ ƻǾŜǊŎƻƳŜ ǘƘŜ ŘƛŦŦǊŀŎǘƛƻƴ 
ƭƛƳƛǘŀǘƛƻƴ ŀƴŘ ǘȅǇƛŎŀƭƭȅ ƻŦŦŜǊǎ ŀ ƭƻŎŀƭƛȊŀǘƛƻƴ ǇǊŜŎƛǎƛƻƴ ƭƻǿŜǊ ǘƘŀƴ нлƴƳΦ 9Ǿŀƭǳŀǘƛƻƴ ƻŦ ǘƘŜ ǊŜǎƻƭǳǘƛƻƴ 
ǇŜǊŦƻǊƳŀƴŎŜǎ ƻŦ ǘƘŜ ƳƛŎǊƻǎŎƻǇŜ ƛǎ ŀƴ ƛƳǇƻǊǘŀƴǘ ǎǘŜǇ ōǳǘ ƛǎ ƘƻǿŜǾŜǊ ƴƻǘ ǎǘǊŀƛƎƘǘŦƻǊǿŀǊŘΦ LƴŘŜŜŘΣ 
Ŧƛƴŀƭ ƛƳŀƎŜ ǉǳŀƭƛǘȅ ƛƴ {a[a Ŏŀƴ ǾŀǊȅ ŦǊƻƳ ƻƴŜ ƳƛŎǊƻǎŎƻǇŜ ǘƻ ŀƴƻǘƘŜǊΣ ōǳǘ ŀǎ ƛǘ ƛƴŎƭǳŘŜǎ ƳǳƭǘƛǇƭŜ 
ǇŀǊŀƳŜǘŜǊǎ ǎǳŎƘ ŀǎ ǘƘŜ ǎŀƳǇƭŜ ǇǊŜǇŀǊŀǘƛƻƴ ŀƴŘ ǘƘŜ ŀƴŀƭȅǎƛǎ ƻƴ ǘƻǇ ƻŦ ǘƘŜ ƳƛŎǊƻǎŎƻǇŜ ǇŜǊŦƻǊƳŀƴŎŜǎΣ 
ƛǘ ƛǎ ƴƻǘ Ŝŀǎȅ ǘƻ ŘƛǎŜƴǘŀƴƎƭŜ ǘƘŜƛǊ ǾŀǊƛƻǳǎ ƛƴŦƭǳŜƴŎŜǎΦ /ŀƭƛōǊŀǘŜŘ ōŜŀŘǎ ƻǊ ǎǇƘŜǊŜǎ Ŏŀƴ ōŜ ǳǎŜŘ ōǳǘ ǘƘŜ 
Ǉƻǎǎƛōƛƭƛǘȅ ǘƻ ƛƳŀƎŜ ŀ ƪƴƻǿƴ ōƛƻƭƻƎƛŎŀƭ ǎǘǊǳŎǘǳǊŜ ƛƴ ŎŜƭƭǎ ŀǇǇŜŀǊǎ ŀǎ ŀ ǇǊƻƳƛǎƛƴƎ ǎƻƭǳǘƛƻƴΦ 
bǳŎƭŜŀǊ tƻǊŜǎ ŎƻƳǇƭŜȄŜǎ όbt/ύ ŀǊŜ ǿŜƭƭ ƪƴƻǿƴ о5 ǎǘǊǳŎǘǳǊŜǎΣ ǿƘƛŎƘ ƘŀǾŜ ōŜŜƴ ǊŜŎŜƴǘƭȅ ǇǊƻǇƻǎŜŘ 
ǘƻ ŜǾŀƭǳŀǘŜ ǿƛǘƘƛƴ ǘǊǳŜ ōƛƻƭƻƎƛŎŀƭ ŎƻƴŘƛǘƛƻƴǎ ǘƘŜ ƳƛŎǊƻǎŎƻǇŜ ǊŜǎƻƭǳǘƛƻƴΦ  
5ǳǊƛƴƎ ǘƘƛǎ ǿƻǊƪǎƘƻǇ ǿŜ ǿƛƭƭ Υ 
π ǊŜƳƛƴŘ ǘƘŜ ŀƭǘŜǊƴŀǘƛǾŜ ǎǘǊŀǘŜƎƛŜǎ ǘƻ ŜǾŀƭǳŀǘŜ ǇǊŜŎƛǎƛƻƴκǊŜǎƻƭǳǘƛƻƴ ƻŦ ŀ {a[a ƳƛŎǊƻǎŎƻǇŜ 
π ǇǊŜǎŜƴǘ ǘƘŜ bt/ ǎǘǊǳŎǘǳǊŜ 
π ŀŎǉǳƛǊŜ  о5 ƛƳŀƎŜǎ ƻŦ bt/ ƛƴ ¦нh{ ǎǘŀōƭŜ ŎŜƭƭ ƭƛƴŜΣ ǿƛǘƘ ŀ ŘŜǎŎǊƛǇǘƛƻƴ ƻŦ ǘƘŜ о5 ǎǘǊŀǘŜƎȅ 
π ŀƴŀƭȅǎŜ ǘƘŜ ƛƳŀƎŜǎ ǿƛǘƘ ŀƴ ƻǇŜƴ ǎƻǳǊŎŜ ǎƻŦǘǿŀǊŜ ŘŜǾŜƭƻǇŜŘ ōȅ Wƻƴŀǎ wƛŜǎ 
!ǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ǿƻǊƪǎƘƻǇΣ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ ōŜ ŀōƭŜ ǘƻ ŜǾŀƭǳŀǘŜ ǘƘŜ ǊŜǎƻƭǳǘƛƻƴ ƻŦ ǘƘŜƛǊ 
ƳƛŎǊƻǎŎƻǇŜ ǿƛǘƘ bt/ ŎŜƭƭ ƭƛƴŜǎΣ ƛƴŎƭǳŘƛƴƎ Ƙƻǿ ǘƻ ƻǇǘƛƳƛȊŜ ǘƘŜ ŀŎǉǳƛǎƛǘƛƻƴΦ ¢ƘŜȅ ǿƛƭƭ ōŜ ƳƻǊŜ ŦŀƳƛƭƛŀǊ 
ǿƛǘƘ ŀ о5 ƛƳŀƎƛƴƎ ǎŜǘǳǇΣ ŀƴŘ Ƙƻǿ ǘƻ ǇǊƻŎŜǎǎ ǘƘŜǎŜ ŘŀǘŀΦ 
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YŜȅǿƻǊŘǎ Υ bǳŎƭŜŀǊ tƻǊŜǎΣ {a[aΣ tǊŜŎƛǎƛƻƴ ƳŜǘǊƻƭƻƎȅ ǘƻƻƭ 
 

***  

!лффπtǊŀŎǘƛŎŀƭ ŎƻƴǎƛŘŜǊŀǘƛƻƴǎ ŦƻǊ ǊŜǇƻǊǘƛƴƎ ŎƘŀƴƎŜ ƛƴ ŎŜƭƭ ƳŜƳōǊŀƴŜ ǘŜƴǎƛƻƴ ǳǎƛƴƎ C[La 
tƘƛƭƛǇǇŜ .ǳƴ όǇƘƛƭƛǇǇŜΦōǳƴϪƛƴǎŜǊƳΦŦǊύ ±ƛŎǘƻǊ .ǊŜǘƻƴ όǾƛŎǘƻǊΦōǊŜǘƻƴϪƛƴǎŜǊƳΦŦǊύ 
!ōǎǘǊŀŎǘ Υ ¢ƘŜ ǊŜŎŜƴǘ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŦƭǳƻǊŜǎŎŜƴǘ ǇǊƻōŜǎ ŎƻƳōƛƴŜŘ ǘƻ ǘƘŜ ŀŎŎŜǎǎƛōƛƭƛǘȅ ǘƻ C[La 
ŀǇǇǊƻŀŎƘ ƘŀǾŜ ǇŀǾŜŘ ǘƘŜ ǿŀȅ ǘƻ ŜŀǎŜ ǘƘŜ ǊŜǇƻǊǘƛƴƎ ƻŦ ǎǳōπ ŀƴŘ ŎŜƭƭǳƭŀǊ ŜƴǾƛǊƻƴƳŜƴǘ ŎƘŀƴƎŜǎΦ IŜǊŜ 
ǿŜ ŦƻŎǳǎ ƻƴ ŎƘŀƴƎŜǎ ƛƴ ƳŜƳōǊŀƴŜ ǘŜƴǎƛƻƴ ǳǎƛƴƎ CƭƛǇǘw ό/ƻƭƻƳ Ŝǘ ŀƭΦΣ нлмуΦ bŀǘΦ /ƘŜƳΦύΦ ¢ƻ ƛƭƭǳǎǘǊŀǘŜ 
ǘƘŜ ǇǊŀŎǘƛŎŀƭ ŎƻƴǎƛŘŜǊŀǘƛƻƴǎ ǿƘƛƭŜ ǳǎƛƴƎ C[La ŀǇǇǊƻŀŎƘΣ ǿŜ ǇǊƻǇƻǎŜ ǘƻ ƛƳŀƎŜ ŀƴŘ ƘŜƴŎŜ ǊŜǇƻǊǘ 
ŎƘŀƴƎŜǎ ƛƴ ŎŜƭƭ ƳŜƳōǊŀƴŜ ǘŜƴǎƛƻƴ ŘǳǊƛƴƎ ƳƛǘƻǘƛŎ ǇǊƻŎŜǎǎΦ wŜǎǳƭǘǎ ǿƛƭƭ ōŜ ƘŜŀǾƛƭȅ ŘƛǎŎǳǎǎŜŘ ǘƻ ōŜǘǘŜǊ 
ƘƛƎƘƭƛƎƘǘ ǘƘŜ ƪŜȅ ǇŀǊŀƳŜǘŜǊǎ ǿƘƛƭŜ ŎŀǊǊȅƛƴƎ ƻǳǘ C[La ƛƳŀƎƛƴƎ ǘƻ ǊŜǇƻǊǘ ŎƘŀƴƎŜ ƛƴ ƳŜƳōǊŀƴŜ ǘŜƴǎƛƻƴΦ 
!ǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘƛǎ ǿƻǊƪǎƘƻǇ ǇŜƻǇƭŜ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ ōŜ ŀōƭŜ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ōŀǎƛŎ ǇǊƛƴŎƛǇƭŜǎ 
ƻŦ C[La ŀǇǇǊƻŀŎƘ ƛƭƭǳǎǘǊŀǘŜŘ ǿƛǘƘ ǘƘŜ ƛƳŀƎƛƴƎ ƻŦ ƳŜƳōǊŀƴŜ ǘŜƴǎƛƻƴ ǊŜǇƻǊǘŜǊǎΦ ¢ƘŜ ǎƛƎƴƛŦƛŎŀƴŎŜ ƻŦ 
ǘƘŜ ǊŜǘǊƛŜǾŜŘ Řŀǘŀ ǿƛƭƭ ŀƭǎƻ ōŜ ŘƛǎŎǳǎǎŜŘΦ  
YŜȅǿƻǊŘǎ Υ C[LaΣ ǘŜƴǎƛƻƴ ǇǊƻōŜΣ ŎŜƭƭǎΣ ƳƛŎǊƻǎŎƻǇȅΣ ƛƳŀƎƛƴƎ 
 

***  

!мллπtǊŞǇŀǊŀǘƛƻƴ ŘΩŞŎƘŀƴǘƛƭƭƻƴΣ ŀŎǉǳƛǎƛǘƛƻƴ Ŝǘ ŀƴŀƭȅǎŜ ŘΩƛƳŀƎŜ ǇƻǳǊ ƭŜǎ ŀǇǇƭƛŎŀǘƛƻƴǎ ŘŜ ŎǳƭǘǳǊŜ 
ŎŜƭƭǳƭŀƛǊŜ о5 
5ŀǾƛŘ !ƪōŀǊ όŘŀǾƛŘΦŀƪōŀǊϪƛŎƳπƛƴǎǘƛǘǳǘŜΦƻǊƎύ /ƭŀƛǊŜ [ƻǾƻ όŎƭŀƛǊŜΦƭƻǾƻϪƛŎƳπƛƴǎǘƛǘǳǘŜΦƻǊƎύ 
!ōǎǘǊŀŎǘ Υ [Ŝǎ ƳƻŘŝƭŜǎ ŎŜƭƭǳƭŀƛǊŜǎ ŘŜ ŎǳƭǘǳǊŜ о5 ƛƴ ǾƛǘǊƻ όƻǊƎŀƴƻƠŘŜǎΣ ǎǇƘŜǊƻƠŘŜǎύ ƻƴǘ ǊŞǾƻƭǳǘƛƻƴƴŞ ƭŀ 
ƳƻŘŞƭƛǎŀǘƛƻƴ Řǳ ŘŞǾŜƭƻǇǇŜƳŜƴǘ ŘϥƻǊƎŀƴŜǎΣ Ŝǘ ŎŜƭƭŜ ŘŜǎ ƳŀƭŀŘƛŜǎ ŎƻƳƳŜ ƭŜ ƎƭƛƻōƭŀǘƻƳŜΦ 
5ǳǊŀƴǘ ŎŜǘ ŀǘŜƭƛŜǊΣ ƴƻǳǎ ŀƭƭƻƴǎ ǘǊŀƴǎǇŀǊƛǎŜǊΣ ŀŎǉǳŞǊƛǊ Ŝǘ ǊŜŎƻƴǎǘǊǳƛǊŜ ǳƴ ƻǊƎŀƴƻƠŘŜΦ bƻǳǎ ƴƻǳǎ 
ŀǘǘŀŎƘŜǊƻƴǎ Ł ŘŞŎǊƛǊŜ ŎƘŀǉǳŜ ŞǘŀǇŜ Ŝƴ ƭŜǎ ƳŜǘǘŀƴǘ Ŝƴ ǇŜǊǎǇŜŎǘƛǾŜΦ /Ŝ ǎŜǊŀ ƴƻǘŀƳƳŜƴǘ ƭΩƻŎŎŀǎƛƻƴ ŘŜ 
ŘƛǎŎǳǘŜǊ ŘŜǎ ŘƛŦŦŞǊŜƴǘŜǎ ǘŜŎƘƴƛǉǳŜǎ ŘŜ ǘǊŀƴǎǇŀǊƛǎŀǘƛƻƴΣ ŘŜǎ ŘƛŦŦŞǊŜƴǘǎ ǘȅǇŜǎ ŘŜ ǎȅǎǘŝƳŜ ǉǳƛ ǇŜǳǾŜƴǘ 
şǘǊŜ ǳǘƛƭƛǎŞǎ ǇƻǳǊ ƭΩŀŎǉǳƛǎƛǘƛƻƴ όŦŜǳƛƭƭŜǘ ŘŜ ƭǳƳƛŝǊŜ κ ŎƻƴŦƻŎŀƭ κ нπtƘƻǘƻƴύ ƻǳ ŜƴŎƻǊŜ ŘŜǎ ŘƛŦŦŞǊŜƴǘǎ 
ƳƻȅŜƴǎ ŘŜ ǊŜŎƻƴǎǘǊǳƛǊŜ Ŝǘ ŀƴŀƭȅǎŜǊ ƭŜǎ ǎǘǊǳŎǘǳǊŜǎ ƛƳŀƎŞŜǎΦ /Ŝǎ ƳƛǎŜǎ Ŝƴ ǇŜǊǎǇŜŎǘƛǾŜǎ ǇŜǊƳŜǘǘǊƻƴǘ 
ŘΩŞǘŀōƭƛǊ ƭŜ ŘƛŀƭƻƎǳŜ ŀǾŜŎ ƭŜǎ ǇŀǊǘƛŎƛǇŀƴǘǎΦ /Ŝǘ ŀǘŜƭƛŜǊ ǎΩŀŘǊŜǎǎŜ ŀǳȄ ǇŜǊǎƻƴƴŜǎ ǉǳƛ ŘŞōǳǘŜƴǘ ƻǳ 
ǾŜǳƭŜƴǘ ǎŜ ƭŀƴŎŜǊ Řŀƴǎ ƭΩŀŎǉǳƛǎƛǘƛƻƴ ŘΩƻǊƎŀƴƻƠŘŜǎ Ƴŀƛǎ Ǿƻǳǎ şǘŜǎ ǘƻǳǎ ōƛŜƴǾŜƴǳǎΦ  
YŜȅǿƻǊŘǎ Υ hǊƎŀƴƻƠŘŜΣ ǎǇƘŞǊƻƠŘŜΣ ŎƻƴŦƻŎŀƭΣ ǘǊŀƴǎǇŀǊƛǎŀǘƛƻƴ όCƻŎǳǎ/ƭŜŀǊ ǘ wŀǇƛŘ/ƭŜŀǊ Ŝǘ ŦǊǳŎǘƻǎŜπ
ƎƭȅŎŞǊƻƭ ύΣ ƛƳŀƎŜǊƛŜ о5 ƘŀǳǘŜ ǊŜǎƻƭǳǘƛƻƴΣ ǎŎŀƴƴŜǊ ǊŞǎƻƴƴŀƴǘ 
 
!млнπtǳōƭƛǎƘƛƴƎ C!Lwπƭȅ ǿƛǘƘ ha9wh 
Wǳƭƛƻ aŀǘŜƻǎ ƭŀƴƎŜǊŀƪ όƧǳƭƛƻΦƳŀǘŜƻǎπƭŀƴƎŜǊŀƪϪƛƎƘΦŎƴǊǎΦŦǊύ {ƻǇƘƛŜ !ōŞƭŀƴŜǘ όŀōŜƭŀƴŜǘϪƛǇƳŎΦŎƴǊǎΦŦǊύ 
!ōǎǘǊŀŎǘ Υ ¢ƘŜ ŘƛƎƛǘŀƭ ƛƳŀƎŜ Ƙŀǎ ǊŜǾƻƭǳǘƛƻƴƛȊŜŘ ǘƘŜ ǿƻǊƭŘ ƛƴ ŀ ǾŜǊȅ ǎƘƻǊǘ ǇŜǊƛƻŘΦ tǊŀŎǘƛŎŀƭƭȅΣ ŀƭƭ ŎǳǊǊŜƴǘ 
ƳƛŎǊƻǎŎƻǇŜǎ ǇǊƻǾƛŘŜ ƛƳŀƎŜǎ ƛƴ ŀ ŘƛƎƛǘŀƭ ŦƻǊƳŀǘΦ 5ƛƎƛǘŀƭƛȊŜŘ ƛƳŀƎŜǎ ǇǊƻǾƛŘŜ ŀ ƎǊŜŀǘ ƴǳƳōŜǊ ƻŦ ƪŜȅ 
ŀŘǾŀƴǘŀƎŜǎ ŦƻǊ ǎŎƛŜƴǘƛŦƛŎ ƛƳŀƎƛƴƎΣ Ƴŀƛƴƭȅ ǘƘŜ ƛƴǘŜƎǊƛǘȅ ƻŦ Řŀǘŀ ƻǾŜǊ ǘƛƳŜ ŀƴŘ ǘƘŜ ŀōƛƭƛǘȅ ǘƻ ǎǘƻǊŜΣ ƴƻǘ 
ƻƴƭȅ ǘƘŜ Ǌŀǿ ŘŀǘŀΣ ōǳǘ ŀƭƭ ǘƘŜ ƳŜǘŀŘŀǘŀ ƛƴ ŎƭƻǎŜ ŀƴŘ ǳƴŜǉǳƛǾƻŎŀƭ ŀǎǎƻŎƛŀǘƛƻƴΦ ¢ƘŜǎŜ ŦŜŀǘǳǊŜǎ ŀǊŜ ƪŜȅ 
ŦƻǊ ǎŎƛŜƴǘƛŦƛŎ ǊŜǇǊƻŘǳŎƛōƛƭƛǘȅΦ hƴ ǘƻǇ ƻŦ ǘƘŜ ŘƛƎƛǘŀƭ ƛƳŀƎŜ ŦƻǊƳŀǘΣ ǘƘŜ ŀŘǾŜƴǘ ƻŦ ǘƘŜ ǿŜō ƘŀǎΣ ȅŜǘ ŀƎŀƛƴΣ 
ŎƘŀƴƎŜŘ ǘƘŜ ƎŀƳŜ ƻŦ Ƙƻǿ Řŀǘŀ ƛǎ ǎǘƻǊŜŘ ŀƴŘ ǊŜǘǊƛŜǾŜŘΦ   
²ƘƛƭŜ ǘƘŜǊŜ ƛǎ ŀ ƎǊŜŀǘ ǇƻǘŜƴǘƛŀƭ ŦƻǊ ǘƘŜǎŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƻ ŎƘŀƴƎŜ ǘƘŜ ǿŀȅ ǘƘŀǘ ǿŜ ƳŀƴŀƎŜ ƻǳǊ ƛƳŀƎŜ 
ŘŀǘŀΣ ǘƘŜ Řŀƛƭȅ ǇǊŀŎǘƛŎŜ ƻŦ ōƛƻƭƻƎȅ ǊŜǎŜŀǊŎƘŜǊǎ ƛǎΣ ƛƴ ƎŜƴŜǊŀƭΣ ǾŜǊȅ ǇƻƻǊΦ LƳŀƎŜ ŦƛƭŜǎ ŀǊŜ ǎŀǾŜŘ ƛƴ ƛƴŦƛƴƛǘŜ 
ƘƛŜǊŀǊŎƘƛŜǎ ƻŦ ŦƻƭŘŜǊǎ ƛƴ ƳŜƳƻǊȅ ǎǘƛŎƪǎΣ ƘŀǊŘ Řƛǎƪǎ ƻǊΣ ƛƴ ǘƘŜ ōŜǎǘ ŎŀǎŜΣ ƴŜǘǿƻǊƪ ŘǊƛǾŜǎΦ ¢ƘŜ ǊŜǎǳƭǘǎ ƻŦ 
ǘƘŜ ŀƴŀƭȅǎƛǎ ŀǊŜ ǘƻƻ ƻŦǘŜƴ ƳŀƴŀƎŜŘ ƛƴ ŀ ǎƛƳƛƭŀǊ ǿŀȅΦ   
π ¢Ƙƛǎ ǇǊƻōƭŜƳ Ƙŀǎ ōŜŜƴ ǊŜŎƻƎƴƛȊŜŘ ōȅ ǘƘŜ ŎƻƳƳǳƴƛǘȅ ŀƴŘ ǘƘŜ ŀǳǘƘƻǊƛǘƛŜǎ 
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π ¢Ƙƛǎ ǊŜŎƻƎƴƛǘƛƻƴ Ƙŀǎ ƭŜŘ ǘƻ ǘƘŜ ŘŜŎƭŀǊŀǘƛƻƴ ƻŦ ǘƘŜ C!Lw ǇǊƛƴŎƛǇƭŜǎ όCƛƴŘŀōƭŜΣ !ŎŎŜǎǎƛōƭŜΣ 
LƴǘŜǊƻǇŜǊŀōƭŜΣ wŜǳǎŀōƭŜύ 
ha9 wŜƳƻǘŜ hōƧŜŎǘǎ όha9whΣ ǿǿǿΦƻǇŜƴƳƛŎǊƻǎŎƻǇȅΦƻǊƎύ ƛǎ ŀƴ ƛƴǘŜƎǊŀǘŜŘ ǎƻƭǳǘƛƻƴ ǘƻ ƳŀƴŀƎŜ 
ƛƳŀƎŜ Řŀǘŀ ŘǳǊƛƴƎ ŀƭƭ ƛǘǎ ƭƛŦŜǘƛƳŜΣ ŦǊƻƳ ǘƘŜ ŀŎǉǳƛǎƛǘƛƻƴ ǘƻ ǘƘŜ ǇǳōƭƛŎŀǘƛƻƴΦ Lƴ ǘƘƛǎ ǿƻǊƪǎƘƻǇ ǿŜ ŀǊŜ 
ƎƻƛƴƎ ǘƻ ƛƭƭǳǎǘǊŀǘŜ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ƻŦ ha9wh ǘƻ ǇǳōƭƛǎƘ ƛƳŀƎŜ ŀƴŘ ŀǎǎƻŎƛŀǘŜŘ Řŀǘŀ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ 
ŀƴŀƭȅǎƛǎ ǿƻǊƪŦƭƻǿǎΦ ¢ƘǊƻǳƎƘ ŘŜƳƻƴǎǘǊŀǘƛƻƴǎ ŀƴŘ ǇǊŀŎǘƛŎŀƭ ŜȄŜǊŎƛǎŜǎΣ ǿŜ ǿƛƭƭ ǎƘƻǿ Ƙƻǿ ǘƻ ǳǎŜ 
ha9wh ǘƻ ŎǊŜŀǘŜ ŦƛƎǳǊŜǎ ŦƻǊ ǇǳōƭƛŎŀǘƛƻƴΣ ǇǳōƭƛǎƘ Řŀǘŀ ŀƴŘ ƳŜǘŀŘŀǘŀΣ ŜƛǘƘŜǊ ŦƻǊ ǾƛǎǳŀƭƛȊŀǘƛƻƴ ƻƴ ŀ 
ǿŜōǎƛǘŜ ƻǊ ƳŀƪƛƴƎ ǘƘŜƳ ŀŎŎŜǎǎƛōƭŜ ŦƻƭƭƻǿƛƴƎ ǘƘŜ C!Lw ǇǊƛƴŎƛǇƭŜǎΦ  
!ǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ǿƻǊƪǎƘƻǇ ǘƘŜ ŀǘǘŜƴŘŜŜǎ ǿƛƭƭ ōŜ ŀōƭŜ ǘƻΥ  
πIŀǾŜ ŀ ōŜǘǘŜǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǿƘŀǘ ƛǘ ƳŜŀƴǎ ǘƻ ōŜ ϦC!LwϦ ƛƴ ǇǊŀŎǘƛŎŜΦ 
π/ǊŜŀǘŜ ŀ ŦƛƎǳǊŜ ŦƻǊ ǇǳōƭƛŎŀǘƛƻƴ ǳǎƛƴƎ ha9whΦŦƛƎǳǊŜΦ  
π¦ƴŘŜǊǎǘŀƴŘ ǘƘŜ ƛƴǘŜǊŜǎǘ ƻŦ ǎƘŀǊƛƴƎ Řŀǘŀ ƛƴ ŀ ǎǘǊǳŎǘǳǊŜŘ ŀƴŘ ǇŜǊǎƛǎǘŜƴǘ ǿŀȅΦ  
¢Ƙƛǎ ǿƻǊƪǎƘƻǇ Ƙŀǎ ƴƻ ǇǊŜ ǊŜǉǳƛǊŜƳŜƴǘǎΦ 
YŜȅǿƻǊŘǎ Υ LƳŀƎŜ ǇǳōƭƛŎŀǘƛƻƴΣ C!Lw ǇǊƛƴŎƛǇƭŜǎΣ  Řŀǘŀ ƳŀƴŀƎŜƳŜƴǘ 
 

***  

 
!млсπ{ŜǊƛŀƭ .ƭƻŎƪ CŀŎŜ LƳŀƎƛƴƎΥ ƛƳŀƎŜǊƛŜ о5 ǎŀƴǎ ƳŀǊǉǳŀƎŜ ŘŜ ƎǊƻǎ ŞŎƘŀƴǘƛƭƭƻƴǎ 
{ǘŜǾŜƴ bŜŘŜƭƭŜŎ όǎǘŜǾŜƴΦƴŜŘŜƭƭŜŎϪǳƴƛǾπƴŀƴǘŜǎΦŦǊύ aŀǊƛƴŜ aŀƭƭƻŎƛ όƳŀǊƛƴŜΦƳŀƭƭƻŎƛϪǳƴƛǾπƴŀƴǘŜǎΦŦǊύ 
!ōǎǘǊŀŎǘ Υ [ŀ ǘŜŎƘƴƛǉǳŜ ŘŜ  {ŜǊƛŀƭ .ƭƻŎƪ CŀŎŜ LƳŀƎƛƴƎ ό{.CLύ ǇŜǊƳŜǘ ǳƴŜ ŀƴŀƭȅǎŜ ǘǊƛŘƛƳŜƴǎƛƻƴƴŜƭƭŜ 
ŘΩǳƴ ŞŎƘŀƴǘƛƭƭƻƴ Ł ǇŀǊǘƛǊ ŘΩǳƴŜ ƛƳŀƎŜǊƛŜ ǎŀƴǎ ƳŀǊǉǳŀƎŜΦ [Ŝ ǇǊƛƴŎƛǇŜ ŘŜ ŎŜǘǘŜ ƳŞǘƘƻŘŜ Ŝǎǘ ŘŜ ǇǊŜƴŘǊŜ 
ǳƴŜ ƛƳŀƎŜ ŘŜ ƭŀ ǎǳǊŦŀŎŜ Řǳ ōƭƻŎ ŘΩǳƴ ŞŎƘŀƴǘƛƭƭƻƴ ƛƴŎƭǳǎ Ŝƴ ǇŀǊŀŦŦƛƴŜ ŀǳ ŦǳǊ Ŝǘ Ł ƳŜǎǳǊŜ ŘŜ ǎŀ ŎƻǳǇŜ 
ǇŀǊ ǳƴ ƳƛŎǊƻǘƻƳŜΦ [ŀ ǎŞǊƛŜ ŘΩƛƳŀƎŜǎ ŘŜ ŎƻƴǘǊŀǎǘŜ ƻōǘŜƴǳŜǎ Ŝǎǘ ŀƭƻǊǎ ŘŞƧŁ ŀƭƛƎƴŞŜ Ŝǘ ǇŜǊƳŜǘ ƭŀ 
Ǿƛǎǳŀƭƛǎŀǘƛƻƴ ǾƻƭǳƳƛǉǳŜ ŘŜ ƭΩŞŎƘŀƴǘƛƭƭƻƴΦ [ŀ ǊŞŎǳǇŞǊŀǘƛƻƴ ŘŜǎ ŎƻǳǇŜǎ ƘƛǎǘƻƭƻƎƛǉǳŜ ŀǎǎƻŎƛŞŜǎ 
ǇŜǊƳŜǘǘǊŀ ǇŀǊ ƭŀ ǎǳƛǘŜ ŎƻƭƻǊŀǘƛƻƴǎ ƻǳ ƳŀǊǉǳŀƎŜǎ ǎǇŞŎƛŦƛǉǳŜǎ ŀŦƛƴ ŘΩƻōǘŜƴƛǊ ŘŜǎ ŘƻƴƴŞŜǎ 
ƳƻǊǇƘƻƭƻƎƛǉǳŜǎ ǇƻǳǊ ŘŜǎ ȊƻƴŜǎ ŘΩƛƴǘŞǊşǘΦ 
/ƻƴǘǊŀƛǊŜƳŜƴǘ ŀǳȄ ƛƳŀƎŜǊƛŜǎ ŎƻƴŦƻŎŀƭŜΣ ƳǳƭǘƛǇƘƻǘƻƴƛǉǳŜ ƻǳ ŜƴŎƻǊŜ Ł ŦŜǳƛƭƭŜ ŘŜ ƭǳƳƛŝǊŜΣ ǉǳƛ ǇŀǎǎŜƴǘ 
ǇŀǊ ŘŜǎ ŞǘŀǇŜǎ ƭƻƴƎǳŜǎ Ŝǘ ǇŀǊŦƻƛǎ ƻƴŞǊŜǳǎŜǎ ŘŜ ǘǊŀƴǎǇŀǊƛǎŀǘƛƻƴ ǇƻǳǊ ƭŀ Ǿƛǎǳŀƭƛǎŀǘƛƻƴ ŘΩŞŎƘŀƴǘƛƭƭƻƴǎ 
ŞǇŀƛǎΣ ƭŜ {.CL ǇŜǳǘ ǎΩŀǾŞǊŜǊ şǘǊŜ ǳƴŜ ǎƻƭǳǘƛƻƴ ǇŜǳ ƻƴŞǊŜǳǎŜΣ ǊŀǇƛŘŜ Ŝǘ ǊŜƭŀǘƛǾŜƳŜƴǘ ǎƛƳǇƭŜ Ł ƳŜǘǘǊŜ 
Ŝƴ ǆǳǾǊŜΦ 9ƭƭŜ ƻŦŦǊŜ ŘŜǎ ƛƴŦƻǊƳŀǘƛƻƴǎ ǎǳǊ ƭŀ ƳƻǊǇƘƻƭƻƎƛŜ ƎŞƴŞǊŀƭŜ ŘŜ ƭΩŞŎƘŀƴǘƛƭƭƻƴ Ł ǳƴŜ ǊŞǎƻƭǳǘƛƻƴ 
ŎŜǇŜƴŘŀƴǘ ǊŜƭŀǘƛǾŜƳŜƴǘ ŦŀƛōƭŜ όƧǳǎǉǳΩŁ мл ҡƳύΦ Lƭ Ŝǎǘ ŘƻƴŎ ƛƴǘŞǊŜǎǎŀƴǘ ŘΩŀǎǎƻŎƛŜǊ ŎŜǘǘŜ ǘŜŎƘƴƛǉǳŜ Ł 
ǳƴŜ ƛƳŀƎŜǊƛŜ ƳǳƭǘƛƳƻŘŀƭŜκƳǳƭǘƛπŞŎƘŜƭƭŜΣ ƭŜ ōǳǘ Şǘŀƴǘ ǇŀǊ ǳƴŜ ŀǇǇǊƻŎƘŜ ŎƻǊǊŞƭŀǘƛǾŜΣ ŘΩŀǎǎƻŎƛŜǊ ƭŜǎ 
ŎƻǳǇŜǎ ƘƛǎǘƻƭƻƎƛǉǳŜǎ ƻōǘŜƴǳŜǎ ŀǾŜŎ ƭŜ ǊŜƴŘǳ ǾƻƭǳƳƛǉǳŜ ŘŜ ƭΩŞŎƘŀƴǘƛƭƭƻƴ ŜƴǘƛŜǊΦ hƴ ǇŜǳǘ ŀƭƻǊǎ ǇƭŀŎŜǊ 
Řŀƴǎ ǳƴ ŎƻƴǘŜȄǘŜ ǘƛǎǎǳƭŀƛǊŜ ŘŜǎ ƛƳŀƎŜǎ ŘŜ ƳƛŎǊƻǎŎƻǇƛŜ ŘŜ ŦƭǳƻǊŜǎŎŜƴŎŜ ƻǳ ŘΩƘƛǎǘƻƭƻƎƛŜ Řŀƴǎ ǳƴ ƧŜǳ 
ŘŜ ŘƻƴƴŞŜǎ Řƻƴƴŀƴǘ ŀŎŎŝǎ Ł ŘŜǎ ƛƴŦƻǊƳŀǘƛƻƴǎ ǎǳǊ ƭŀ ƳƻǊǇƘƻƭƻƎƛŜ ƎŞƴŞǊŀƭŜ ŘŜ ƭΩŞŎƘŀƴǘƛƭƭƻƴ ŘΩƛƴǘŞǊşǘΦ 
 
! ƭŀ Ŧƛƴ ŘŜ ŎŜǘ ŀǘŜƭƛŜǊΣ ƭŜǎ ǇŀǊǘƛŎƛǇŀƴǘǎ ǎŜǊƻƴǘ ŎŀǇŀōƭŜǎ ŘŜ ŎƻƳǇǊŜƴŘǊŜ Řŀƴǎ ǉǳŜƭ ŎƻƴǘŜȄǘŜ ƳŜǘǘǊŜ Ŝƴ 
ǇƭŀŎŜ ŎŜǘǘŜ ǘŜŎƘƴƛǉǳŜ Ŝǘ ŘŜ ŎƻƴƴŀƞǘǊŜ ƭŜǎ ŞǘŀǇŜǎ ŀƛƴǎƛ ǉǳŜ ƭŜǎ ŎƻƴǘǊŀƛƴǘŜǎ Ŝǘ ƭŜǎ ŀƳŞƭƛƻǊŀǘƛƻƴǎ 
ǇƻǳǾŀƴǘ şǘǊŜ ŀǇǇƻǊǘŞŜǎ ƭƻǊǎ ŘΩǳƴ ŘŞǾŜƭƻǇǇŜƳŜƴǘ ƘƻƳŜπƳŀŘŜ ŎŜǘǘŜ ǘŜŎƘƴƛǉǳŜΦ 
 
YŜȅǿƻǊŘǎ Υ {ŜǊƛŀƭ .ƭƻŎƪ CŀŎŜ LƳŀƎƛƴƎΣ ƛƳŀƎŜǊƛŜ о5 ǎŀƴǎ ƳŀǊǉǳŀƎŜΣ ŀƴŀƭȅǎŜ ƳŀŎǊƻǎŎƻǇƛǉǳŜΣ 
ƘƛǎǘƻƭƻƎƛŜΣ ƛƳŀƎŜǊƛŜ ƳǳƭǘƛƳƻŘŀƭŜ 
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!млтπ{ǘŀƴŘŀǊŘƛȊŀǘƛƻƴ ƻŦ ƻǊƎŀƴƻƛŘǎ ŎǳƭǘǳǊŜ ŀƭƭƻǿƛƴƎ ƘƛƎƘ ǘƘǊƻǳƎƘǇǳǘ о5 ƭƛǾŜ ƛƳŀƎƛƴƎ ǳǎƛƴƎ ǎƻǎǇƛƳ 
ǘŜŎƘƴƻƭƻƎȅ 
wŞƳƛ DŀƭƭŀƴŘ όǊŜƳƛΦƎŀƭƭŀƴŘϪǳπōƻǊŘŜŀǳȄΦŦǊύ 
!ōǎǘǊŀŎǘ Υ hǊƎŀƴƻƛŘǎ ŀǊŜ ŜƳŜǊƎƛƴƎ ŀǎ ŀ ǾŜǊȅ ǇǊƻƳƛǎƛƴƎ ǘŜŎƘƴƻƭƻƎȅ ŦƻǊ ŦǳƴŘŀƳŜƴǘŀƭ ǊŜǎŜŀǊŎƘ ŀƴŘ 
ƘŜŀƭǘƘ ǎŎƛŜƴŎŜǎΦ ¢ƘŜǎŜ ǎŜƭŦπƻǊƎŀƴƛȊŜŘ о5 ŎŜƭƭǳƭŀǊ ǎǘǊǳŎǘǳǊŜǎ ƎǊƻǿƴ ƛƴ ǾƛǘǊƻ ƳƛƳƛŎ ŀƭƭ ƻǊ ǇŀǊǘ ƻŦ ǘƘŜ 
ƳƻǊǇƘƻƭƻƎƛŎŀƭ ŀǎǇŜŎǘǎ ŀƴŘ ŦǳƴŎǘƛƻƴǎ ƻŦ ǊŜŀƭ ƻǊƎŀƴǎΦ IƻǿŜǾŜǊΣ ǘƘŜ ŀŘƻǇǘƛƻƴ ƻŦ ƻǊƎŀƴƻƛŘǎ ŦƻǊ ǊƻǳǘƛƴŜ 
ǳǎŜ ƛǎ ƴƻǿŀŘŀȅǎ ƘƛƴŘŜǊŜŘ ōȅ ǘƘŜ ƭŀŎƪ ƻŦ ǎǘŀƴŘŀǊŘƛȊŜŘ ŀƴŘ ǇŀǊŀƭƭŜƭƛȊŜŘ ŎǳƭǘǳǊŜ ŘŜǾƛŎŜǎ ŀƴŘ 
ŀǇǇǊƻǇǊƛŀǘŜ о5 ǉǳŀƴǘƛǘŀǘƛǾŜ ƛƳŀƎƛƴƎ ƳŜǘƘƻŘǎΦ LƴŘŜŜŘΣ ŎƻƴǾŜƴǘƛƻƴŀƭ ŎŜƭƭ ŎǳƭǘǳǊŜ ŘŜǾƛŎŜǎ ƭŜŀŘ ǘƻ ŀ 
ƘǳƎŜ ǾŀǊƛŀōƛƭƛǘȅ ƛƴ ǘƘŜ ƻǊƎŀƴƻƛŘǎ ƎŜƴŜǊŀǘŜŘΣ ŀƴŘ ǿƘƛƭŜ ǎǇŜŎƛŦƛŎ о5 ŎŜƭƭ ŎǳƭǘǳǊŜ ŘŜǾƛŎŜǎ Ŏŀƴ 
ƘƻƳƻƎŜƴƛȊŜ ƻǊƎŀƴƻƛŘ ŎǳƭǘǳǊŜΣ ǘƘŜȅ ŀǊŜ ƻŦǘŜƴ ƛƴŎƻƳǇŀǘƛōƭŜ ǿƛǘƘ ǎǘŀƴŘŀǊŘ ƛƳŀƎƛƴƎ ǇƭŀǘŦƻǊƳǎΦ 
CǳǊǘƘŜǊƳƻǊŜΣ о5 ƛƳŀƎƛƴƎ ƳŜǘƘƻŘǎ ǎǳŎƘ ŀǎ ŎƻƴŦƻŎŀƭ ƻǊ ǎǇƛƴƴƛƴƎ Řƛǎƪ ƳƛŎǊƻǎŎƻǇȅ ŀǊŜ ƴƻǘ ǎǳƛǘŀōƭŜ ŦƻǊ 
ƭƻƴƎπǘŜǊƳ о5 ƭƛǾŜ ƛƳŀƎƛƴƎ ŘǳŜ ǘƻ ƘƛƎƘ ǇƘƻǘƻπǘƻȄƛŎ ŜŦŦŜŎǘǎΦ /ƻƴǾŜƴǘƛƻƴŀƭ ƭƛƎƘǘπǎƘŜŜǘ ƳƛŎǊƻǎŎƻǇȅ 
ŀǇǇǊƻŀŎƘŜǎ όƻǊ {tLa ǘŜŎƘƴƻƭƻƎƛŜǎύ ŀǊŜ ƭƛǾŜ ŎƻƳǇŀǘƛōƭŜΣ ōǳǘ ǘƘŜƛǊ ƭƛƳƛǘŜŘ ǘƘǊƻǳƎƘǇǳǘ ŘǳŜ ǘƻ ŎƻƳǇƭŜȄ 
ǎŀƳǇƭŜ ƳƻǳƴǘƛƴƎ ƘƛƴŘŜǊ ǘƘŜƛǊ ǳǎŜ ƛƴ ǊƻǳǘƛƴŜ ōƛƻƭƻƎȅ ǿƻǊƪŦƭƻǿǎΦ 
Lƴ ǘƘƛǎ ǿƻǊƪǎƘƻǇΣ ǿŜ ǿƛƭƭ ǇǊŜǎŜƴǘ ŀ ǎƻƭǳǘƛƻƴ ǘƘŀǘ ŀƛƳǎ ǘƻ ǇǊƻǾƛŘŜ ŀ ŎƻƳǇƭŜǘŜ ǿƻǊƪŦƭƻǿ ŦƻǊ ǇŀǊŀƭƭŜƭƛȊŜŘ 
ƻǊƎŀƴƻƛŘ ŎǳƭǘǳǊŜ ŀƴŘ о5 ƭƛǾŜ ƛƳŀƎƛƴƎΦ 
¢Ƙƛǎ ŀǇǇǊƻŀŎƘ ǊŜƭƛŜǎ ƻƴ όмύ ŀ ǎƛƴƎƭŜπƻōƧŜŎǘƛǾŜ {tLa όǎƻ{tLaύ ǘŜŎƘƴƻƭƻƎȅ ŀƴŘ όнύ ŀ ƴŜǿƭȅ ŘŜǾŜƭƻǇŜŘ 
ǾŜǊǎŀǘƛƭŜ о5 ŎŜƭƭ ŎǳƭǘǳǊŜ ŘŜǾƛŎŜΦ ¢ƘŜ ǎƻ{tLa ǘŜŎƘƴƻƭƻƎȅ ŀƭƭƻǿǎ ǘƻ ǇŜǊŦƻǊƳ {tLa ƻƴ ŀ ŎƻƴǾŜƴǘƛƻƴŀƭ 
ƛƴǾŜǊǘŜŘ ƳƛŎǊƻǎŎƻǇŜ ǘƘŀƴƪǎ ǘƻ ǘƘŜ ǳǎŜ ƻŦ ŘŜŘƛŎŀǘŜŘ ƳƛŎǊƻŦŀōǊƛŎŀǘŜŘ ŘŜǾƛŎŜǎ ŜƳōŜŘŘƛƴƎ прϲ ƳƛǊǊƻǊǎ 
ŀƴŘ ŀ ōŜŀƳπǎǘŜŜǊƛƴƎ ƳƻŘǳƭŜ ǇƭǳƎƎŜŘ ƻƴǘƻ ǘƘŜ ƳƛŎǊƻǎŎƻǇŜπōƻŘȅΦ hǳǊ ƴŜǿ ǎƻ{tLa ŘŜǾƛŎŜǎ ŀǊŜ 
ŘŜǎƛƎƴŜŘ ŦƻǊ ǘƘŜ ǇŀǊŀƭƭŜƭƛȊŜŘ ŀƴŘ ǎǘŀƴŘŀǊŘƛȊŜŘ о5 ŎǳƭǘǳǊŜ ƻŦ ƻǊƎŀƴƻƛŘǎ ƛƴ ŀ ǿŜƭƭπŘŜŦƛƴŜŘ ŀǊǊŀȅΣ 
ŀƭƭƻǿƛƴƎ ƘƛƎƘπǘƘǊƻǳƎƘǇǳǘ ƳƻƴƛǘƻǊƛƴƎ ƻŦ ƻǊƎŀƴƻƛŘ ƳƻǊǇƘƻƎŜƴŜǎƛǎΦ 
!ǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ǿƻǊƪǎƘƻǇ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ ƘŀǾŜ ƭŜŀǊƴŜŘ όмύ ǘƘŜ ǘŜŎƘƴƛŎŀƭ ŎƘŀƭƭŜƴƎŜǎ ƛƴƘŜǊŜƴǘ 
ǘƻ ǘƘŜ ƻǊƎŀƴƻƛŘ ŎǳƭǘǳǊŜ ŀƴŘ ƛƳŀƎƛƴƎΣ όнύ ŀ ǿŀȅ ǘƻ ŎǳƭǘǳǊŜ ǘƘŜƛǊ ƻǊƎŀƴƻƛŘǎ ƛƴ ŀ ƳƻǊŜ ǊŜǇǊƻŘǳŎƛōƭŜ ŀƴŘ 
Ǌƻōǳǎǘ ƳŀƴƴŜǊΣ ŀƴŘ όоύ ŜȄǇŜǊǘƛǎŜ ŀƴŘ ǎƪƛƭƭǎ ǘƻ ŎƻƴŘǳŎǘ о5 ƭƛǾŜ ƛƳŀƎƛƴƎ ƻƴ о5 ŎŜƭƭ ŎǳƭǘǳǊŜΦ 
YŜȅǿƻǊŘǎ Υ о5 ŎŜƭƭ ŎǳƭǘǳǊŜΣ hǊƎŀƴƻƛŘǎΣ [ƛƎƘǘπ{ƘŜŜǘ CƭǳƻǊŜǎŎŜƴŎŜ aƛŎǊƻǎŎƻǇȅΣ IƛƎƘ /ƻƴǘŜƴǘ {ŎǊŜŜƴƛƴƎ 
 

***  

!мммπhǇǘƻƎŜƴŜǘƛŎ ŎƻƴǘǊƻƭ ŀƴŘ ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ ŎŜƭƭ  ŎƻƴǘǊŀŎǘƛƻƴ  мκн ό!ǊǘǳǊ wǳǇǇŜƭκaŀǊǘƛŀƭ .ŀƭƭŀƴŘύ 
aŀǊǘƛŀƭ .ŀƭƭŀƴŘ όƳŀǊǘƛŀƭΦōŀƭƭŀƴŘϪǳƴƛǾπƎǊŜƴƻōƭŜπŀƭǇŜǎΦŦǊύ  
!ǊǘǳǊ wǳǇǇŜƭ όŀǊǘǳǊΦǊǳǇǇŜƭϪǳƴƛǾπƎǊŜƴƻōƭŜπŀƭǇŜǎΦŦǊύ 
!ōǎǘǊŀŎǘ Υ aŜŎƘŀƴƛŎŀƭ ŦƻǊŎŜǎ ŀǊŜ ƛƳǇƭƛŜŘ ƛƴ Ƴƻǎǘ ƻŦ ōƛƻƭƻƎƛŎŀƭ ƳƻǾŜƳŜƴǘǎ ǊŀƴƎƛƴƎ ŦǊƻƳ ǎƛƴƎƭŜ ŎŜƭƭ 
ƳƛƎǊŀǘƛƻƴ ǘƻ ŜƳōǊȅƻ ƳƻǊǇƘƻƎŜƴŜǎƛǎΦ ¦ƴŘŜǊǎǘŀƴŘƛƴƎ Ƙƻǿ ǘƘƛǎ ŦƻǊŎŜǎ ŀǊŜ ƎŜƴŜǊŀǘŜŘ ŀƴŘ ǘǊŀƴǎƳƛǘǘŜŘ 
ǿƛǘƘƛƴ ǎǳǇǊŀ ŎŜƭƭǳƭŀǊ ŀǎǎŜƳōƭƛŜǎ ƛǎ ŀ ƪŜȅ Ǉƻƛƴǘ ǘƻ ǘƘŜ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘƻǎŜ ǇƘŜƴƻƳŜƴƻƴǎΦ ¢Ƙƛǎ 
ǿƻǊƪǎƘƻǇ ŀƛƳǎ ŀǘ ǎǘǳŘȅƛƴƎ Ƙƻǿ ǘƘŜǎŜ ŦƻǊŎŜǎ ŀǊŜ ƎŜƴŜǊŀǘŜŘ ōȅ ǎƛƴƎƭŜ ŎŜƭƭǎΦ 9ǎǇŜŎƛŀƭƭȅ ǿŜ ǎǘŀǊǘ ǘƻ ŀǎƪ 
ƻǳǊǎŜƭǾŜǎ ǉǳŜǎǘƛƻƴǎ ŀōƻǳǘ ǘƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ǘƘŜ ŀŎǘƛƻǾŀǘƛƻƴ ƻŦ ŀ ǎƛƎƴŀƭƭƛƴƎ ǇŀǘƘǿŀȅ ŀƴŘ ǘƘŜ 
ŀƳƻǳƴǘ ƻŦ ǇƘȅǎƛŎŀƭ ŦƻǊŎŜǎ ǘƘŀǘ Ŏŀƴ ōŜ ƎŜƴŜǊŀǘŜŘΦ ¢ƻ ǘƘƛǎ ŜƴŘΣ ŀƴ ƻǇǘƻƎŜƴŜǘƛŎ ƳƛŎǊƻǎŎƻǇȅ ǎŜǘ ǳǇ 
ǇǊƻǾƛŘŜŘ ōȅ ǘƘŜ ŎƻƳǇŀƎƴȅ  ǿƛƭƭ ōŜ ǳǎŜŘ ǘƻ ǘǊƛƎƎŜǊ ǘƘŜ ŎƻƴǘǊŀŎǘƛƻƴ ƻŦ ǎƛƴƎƭŜ ϦƻǇǘƻƎŜƴŜǘƛŎϦ ŎŜƭƭǎΦ  
tǊŀŎǘƛŎŀƭƭȅ ǘƘŜ ƻǇǘƻƎŜƴŜǘƛŎ ǎǘƛƳǳƭƛ ǿƛƭƭ ǘŀǊƎŜǘ !ǊƘD9CммΣ ŀ ƳŀƧƻǊ ǊŜƎǳƭŀǘƻǊ ƻŦ ŎŜƭƭǳƭŀǊ ŎƻƴǘǊŀŎǘƛƭƛǘȅΦ 
¢ƘŜ ōƛƻπƳŜŎƘŀƴƛŎŀƭ ǊŜǎǇƻƴǎŜ ƻŦ ŜŀŎƘ ōƛƻƭƻƎƛŎŀƭ ǎŀƳǇƭŜ  ǿƛƭƭ ōŜ ǉǳŀƴǘƛŦƛŜŘ ƛƴ ŀ ŎƻǳǇƭŜŘ ǇǊŀŎǘƛŎŀƭ 
ǿƘŜǊŜ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ ǿƻǊƪ ƻƴ ōƻǘƘ ƘƻƳŜ ƳŀŘŜ ǎƻŦǘǿŀǊŜ ǎƻƭǳǘƛƻƴǎ ŀƴŘ ƻǇŜƴ ǎƻǳǊŎŜ ŎƻŘŜǎ ŦƻǊ 
ŦƻǊŎŜ ŀƴŀƭȅǎƛǎΦ !ǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘƛǎ ǿƻǊƪǎƘƻǇ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ ōŜ ŀǳǘƻƴƻƳƻǳǎ ƻƴ ǘƘŜ ǳǎŜ ƻŦ ǘƘŜ 
ƻǇǘƻƎŜƴŜǘƛŎ ǎŜǘǳǇΣ ǿƛƭƭ ōŜ ŀōƭŜ ǘƻ ŘŜǎƛƎƴ ŀ ǘȅǇƛŎŀƭ ǎŜǉǳŜƴŎŜ ƻŦ ƻǇǘƻƎŜƴŜǘƛŎ ǎǘƛƳǳƭŀǘƛƻƴ ŎƻǳǇƭŜŘ ǘƻ 
ƛƳŀƎŜ ŀŎǉǳƛǎƛǘƛƻƴ ŀƴŘ Ŧƛƴŀƭƭȅ ǿƛƭƭ ōŜ ǘǊŀƛƴŜŘ ƻƴ ǘƘŜ ǎƻŦǘǿŀǊŜ ǎƻƭǳǘƛƻƴǎ ŦƻǊ ŦƻǊŎŜ ƛƳŀƎƛƴƎ ƻŦ ǎƛƴƎƭŜ 
ŎŜƭƭǎΦ 
YŜȅǿƻǊŘǎ Υ ƻǇǘƻƎŜƴŜǘƛŎ Σ ŦƻǊŎŜΣ ƳŜŎƘŀƴƻǘǊŀƴǎŘǳŎǘƛƻƴΣ ƛƳŀƎƛƴƎΣ ƳƛŎǊƻŦŀōǊƛŎŀǘƛƻƴ 
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!ммнπ±ƛǊǘǳŀƭ ǊŜŀƭƛǘȅ ŦƻǊ ƳǳƭǘƛŘƛƳŜƴǎƛƻƴŀƭ Řŀǘŀ ǾƛǎǳŀƭƛȊŀǘƛƻƴ ŀƴŘ ŀƴŀƭȅǎƛǎ 
¢ƘƻƳŀǎ .ƭŀƴŎ όǘƘƻƳŀǎΦōƭŀƴŎϪŎǳǊƛŜΦŦǊύ 
!ōǎǘǊŀŎǘ Υ !ŘǾŀƴŎŜǎ ƛƴ ǘƘŜ ƛƳŀƎƛƴƎ ŦƛŜƭŘ ƘŀǾŜ ǊŜǾŜŀƭŜŘ ǘƘŜ ŎƻƳǇƭŜȄ о5 ƻǊƎŀƴƛȊŀǘƛƻƴ ƻŦ ōƛƻƭƻƎƛŎŀƭ 
ǎŀƳǇƭŜǎ ŀǘ ǘƘŜ ƳƻƭŜŎǳƭŀǊ ǎŎŀƭŜΦ DŀƛƴƛƴƎ ŀƴ ƛƴǘǳƛǘƛǾŜ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ƛƳŀƎŜǎ ƻŦ ŀŎǉǳƛǊŜŘ ǎǘǊǳŎǘǳǊŜǎ 
ǊŜǉǳƛǊŜǎ ŀ ƳŜŀƴǎ ǘƻ ǾƛǎǳŀƭƛȊŜ ŀƴŘ ƛƴǘŜǊŀŎǘ ǿƛǘƘ ǘƘŜ Řŀǘŀ ƛƴ ŀ ƴŀǘǳǊŀƭ ǿŀȅΦ /ƭŜŀǊƭȅΣ ǾƛŜǿƛƴƎ ŎƻƳǇƭŜȄ 
ƳǳƭǘƛŘƛƳŜƴǎƛƻƴŀƭ Řŀǘŀ ƻƴ ŀ н5 ǎŎǊŜŜƴ ǇǊŜǎŜƴǘǎ Ƴŀƴȅ ƭƛƳƛǘŀǘƛƻƴǎ ƛƴ ǘƘƛǎ ǊŜƎŀǊŘΦ  
Lƴ ǊŜŎŜƴǘ ȅŜŀǊǎΣ ±ƛǊǘǳŀƭ wŜŀƭƛǘȅ ό±wύ ǘŜŎƘƴƻƭƻƎȅ Ƙŀǎ ŜƳŜǊƎŜŘ ƛƴ Ƴŀƴȅ ŀǇǇƭƛŎŀǘƛƻƴǎΦ ¢ƘŜ ǎǘŜǊŜƻǎŎƻǇƛŎ 
ǾƛǎǳŀƭƛȊŀǘƛƻƴ ƻŦ о5 Řŀǘŀ ǎŜǘǎ ƛƴ ŎƻƳōƛƴŀǘƛƻƴ ǿƛǘƘ Ƴƻǘƛƻƴ ǘǊŀŎƪƛƴƎ ƻŦŦŜǊǎ ŀ ǘƻǘŀƭƭȅ ƛƳƳŜǊǎƛǾŜ 
ŜȄǇŜǊƛŜƴŎŜΦ aƻǊŜƻǾŜǊΣ ǿƛǘƘ ŀ ±w ƘŜŀŘǎŜǘ ŀƴŘ ŀǎǎƻŎƛŀǘŜŘ ŎƻƴǘǊƻƭƭŜǊǎΣ ǘƘŜ ǳǎŜǊ Ŏŀƴ ǾƛǎǳŀƭƛȊŜ ŀƴŘ 
ƛƴǘŜǊŀŎǘ ǿƛǘƘ ǘƘŜ Řŀǘŀ ƛƴ ŀ ƴŀǘǳǊŀƭ ǿŀȅΦ  
¢Ƙƛǎ ǿƻǊƪǎƘƻǇ ƛǎ ŘƛǊŜŎǘŜŘ ǘƻ ōƛƻƭƻƎƛǎǘǎ ŀƴŘ ǇƘȅǎƛŎƛǎǘǎ ǿƘƻ ŘŜŀƭ ǿƛǘƘ ŎƻƳǇƭŜȄ ƳǳƭǘƛŘƛƳŜƴǎƛƻƴŀƭ Řŀǘŀ 
ǎŜǘǎΦ ¢ƘŜ ǇǳǊǇƻǎŜ ƻŦ ǘƘƛǎ ǿƻǊƪǎƘƻǇ ƛǎ ǘƻ ŘŜƳƻƴǎǘǊŀǘŜ Ƙƻǿ ±w Ŏŀƴ ŎƘŀƴƎŜ ƻǳǊ ǇŜǊŎŜǇǘƛƻƴ ƻŦ ŀŎǉǳƛǊŜŘ 
ƛƳŀƎƛƴƎ Řŀǘŀ ŀƴŘ ŦŀŎƛƭƛǘŀǘŜ ƛǘǎ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴ ŀƴŘ ŀƴŀƭȅǎƛǎΦ 
tŀǊǘƛŎƛǇŀƴǘǎ ŀǊŜ ƛƴǾƛǘŜŘ ǘƻ ǘŜǎǘ ǘǿƻ ±w ǎƻŦǘǿŀǊŜ ŘŜǾŜƭƻǇŜŘ ƛƴ ƻǳǊ ƭŀōǎ όLƴǎǘƛǘǳǘ /ǳǊƛŜ ŀƴŘ Lƴǎǘƛǘǳǘ 
tŀǎǘŜǳǊύΥ όƛύ 5L±!πǾƛŜǿŜǊ ŦƻǊ ǇƛȄŜƭπōŀǎŜŘ ƳǳƭǘƛŘƛƳŜƴǎƛƻƴŀƭ ƛƳŀƎŜǎ ǎǳŎƘ ƎŜƴŜǊŀǘŜŘ ƛƴ ƻǇǘƛŎŀƭ ŀƴŘ 
ŜƭŜŎǘǊƻƴ ƳƛŎǊƻǎŎƻǇȅΣ ŀƴŘ όƛƛύ DŜƴǳŀƎŜ ŦƻǊ ƳǳƭǘƛŘƛƳŜƴǎƛƻƴŀƭ Ǉƻƛƴǘ ŎƭƻǳŘ Řŀǘŀ ǎǳŎƘ ƎŜƴŜǊŀǘŜŘ ƛƴ 
ǎƛƴƎƭŜπƳƻƭŜŎǳƭŜ ƭƻŎŀƭƛȊŀǘƛƻƴ ŜȄǇŜǊƛƳŜƴǘǎΦ     
!ǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘƛǎ ǿƻǊƪǎƘƻǇΣ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ ōŜ ŀōƭŜ ǘƻ ƎǊŀǎǇ ǘƘŜ ŎƻƴŎŜǇǘǎ ōŜƘƛƴŘ ǾƛǊǘǳŀƭ ǊŜŀƭƛǘȅ 
ŀƴŘ ƧǳŘƎŜ ǘƘŜ ǳǘƛƭƛǘȅ ƻŦ ǎǳŎƘ ǘŜŎƘƴƻƭƻƎȅ ƛƴ ǎŜǾŜǊŀƭ ŎƻƴǘŜȄǘǎΦ 
ŎƻπǇŀǊǘƛŎƛǇŀƴǘǎΥ ¢ƘƻƳŀǎ .ƭŀƴŎΣ /ƘŀǊƭƻǘǘŜ DƻŘŀǊŘΣ aƻƘŀƳŜŘ 9ƭπ.ŜƘŜƛǊȅΣ WŜŀƴπ.ŀǇǘƛǎǘŜ aŀǎǎƻƴΣ 
.ŀǎǎŀƳ I!WW 
YŜȅǿƻǊŘǎ Υ ±ƛǊǘǳŀƭ wŜŀƭƛǘȅΣ vǳŀƴǘƛǘŀǘƛǾŜ aǳƭǘƛŘƛƳŜƴǎƛƻƴŀƭ aƛŎǊƻǎŎƻǇȅ 5ŀǘŀΣ {ǳǇŜǊ wŜǎƻƭǳǘƛƻƴ 
aƛŎǊƻǎŎƻǇȅΣ ±ƛǎǳŀƭƛȊŀǘƛƻƴ {ƻŦǘǿŀǊŜ 
 

***  

!ммоπ!ƴ ŜȄŀƳǇƭŜ ƻŦ ŦŜŜŘōŀŎƪ ƳƛŎǊƻǎŎƻǇȅΥ 5ŜǾŜƭƻǇƛƴƎ ŀ IƛƎƘ /ƻƴǘŜƴǘ {ŎǊŜŜƴƛƴƎ όI/{ύ hǇǘƻƎŜƴŜǘƛŎǎ 
ŜȄǇŜǊƛƳŜƴǘǎΦ 
wŞƳȅ CƭƻǊŜǎπŦƭƻǊŜǎ όǊŜƳȅΦŦƭƻǊŜǎπŦƭƻǊŜǎϪƛƴǎŜǊƳΦŦǊύ 
aŀǊƛŜπƪŜǊƎǳŜƭŜƴ {ŀǊǘƘƻǳ όƳŀǊƛŜπƪŜǊƎǳŜƭŜƴΦǎŀǊǘƘƻǳϪƛƴǎŜǊƳΦŦǊύ 
!ōǎǘǊŀŎǘ Υ ¢ƘŜ ƻōƧŜŎǘƛǾŜ ƻŦ ǘƘƛǎ ǿƻǊƪǎƘƻǇ ƛǎ ǘƻ ƛƴǘǊƻŘǳŎŜ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ǘƻ ŀŘŀǇǘƛǾŜ ŦŜŜŘōŀŎƪ 
ƳƛŎǊƻǎŎƻǇȅ ǘƘǊƻǳƎƘ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀ ƘƛƎƘ ŎƻƴǘŜƴǘ ǎŎǊŜŜƴƛƴƎ ƻǇǘƻƎŜƴŜǘƛŎ ŜȄǇŜǊƛƳŜƴǘΦ 
hǇǘƻƎŜƴŜǘƛŎǎ ŀƭƭƻǿ ŀŎǳǘŜ ƳŀƴƛǇǳƭŀǘƛƻƴ ƻŦ ǎƛƎƴŀƭƛƴƎ ǇŀǘƘǿŀȅǎ ƛƴ ƭƛǾƛƴƎ ŎŜƭƭǎ ǳǎƛƴƎ ƭƛƎƘǘΦ IƻǿŜǾŜǊΣ 
ŜȄǇŜǊƛƳŜƴǘǎ ŀǊŜ ƻŦǘŜƴ ǇŜǊŦƻǊƳŜŘ ŀǘ ǘƘŜ ǎƛƴƎƭŜ ŎŜƭƭ ǎŎŀƭŜΦ ¢ƘǳǎΣ ǘƘŜǎŜ ŜȄǇŜǊƛƳŜƴǘǎ ŀǊŜ ǘƛƳŜ 
ŎƻƴǎǳƳƛƴƎ ŀƴŘ ǊŜǉǳƛǊŜŘ ƳǳƭǘƛǇƭŜǎ ǊŜǇƭƛŎŀǘŜǎ ƛƴ ƻǊŘŜǊ ǘƻ ƻōǘŀƛƴ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ƳŀƴŀƎŜŀōƭŜ ŘŀǘŀΦ ²ƛǘƘ 
ǘƘƛǎ ƛƴ ƳƛƴŘΣ ǿŜ ǇǊƻǇƻǎŜ ǘƻ ŘŜǾŜƭƻǇ ŀƴ ŀǳǘƻƳŀǘŜŘ ƳŜǘƘƻŘ ƻŦ ƘƛƎƘ ŎƻƴǘŜƴǘ ǎŎǊŜŜƴƛƴƎ ƻǇǘƻƎŜƴŜǘƛŎǎ 
ŜȄǇŜǊƛƳŜƴǘǎ ŀƭƭƻǿƛƴƎ ƳǳƭǘƛǇƭŜ ƻǇǘƛŎ ƳŀƴƛǇǳƭŀǘƛƻƴ ƻŦ ƭƛǾƛƴƎ ŎŜƭƭǎΦ ¢ƘŜ ŜȄǇŜǊƛƳŜƴǘ ǿƛƭƭ ōŜ ŘŜǾŜƭƻǇŜŘ 
ǿƛǘƘ ǘƘŜ hǇŜƴ !ǇǇƭƛŎŀǘƛƻƴ 5ŜǾŜƭƻǇƳŜƴǘ όh!5ύ ƳƻŘǳƭŜΣ ǿƘƛŎƘ ǳǎŜ tȅǘƘƻƴ ǎŎǊƛǇǘǎ ǘƻ ŎǳǎǘƻƳƛȊŜ ŀƴŘ 
ŀǳǘƻƳŀǘŜ ǿƻǊƪŦƭƻǿǎ ƻƴŜ ǘƘŜ ½9b ǎƻŦǘǿŀǊŜΦ  
²Ŝ ǿƛƭƭ ƎǳƛŘŜ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘ ǘƘǊƻǳƎƘ ŀ ǿƻǊƪŦƭƻǿ ǿƘƛŎƘ ŀƭƭƻǿ ǳǎ ǘƻ ŀǳǘƻƳŀǘƛŎŀƭƭȅ ŘŜǘŜŎǘ ŎŜƭƭǎ ƻŦ 
ƛƴǘŜǊŜǎǘΣ ǇŜǊŦƻǊƳ ŀƴ ƻǇǘƻƎŜƴŜǘƛŎ ŜȄǇŜǊƛƳŜƴǘ ƻƴ ǘƘŜƳ ŀƴŘ ƳŜŀǎǳǊŜ ŀƴŘ ŘƛǎǇƭŀȅ ǘƘŜ ǊŜǎǳƭǘǎΦ 
YŜȅǿƻǊŘǎ Υ hǇǘƻƎŜƴŜǘƛŎΣ ŀŘŀǇǘƛǾŜ ŦŜŜŘōŀŎƪ ƳƛŎǊƻǎŎƻǇȅΣ ǇȅǘƘƻƴΣ ƛƳŀƎŜ ǎŜƎƳŜƴǘŀǘƛƻƴ ŀƴŘ ŀƴŀƭȅǎƛǎ 
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!ммпπ5ŜŜǇ ƭŜŀǊƴƛƴƎ ƳŀŘŜ Ŝŀǎȅ ŦƻǊ ƳƛŎǊƻǎŎƻǇȅΥ ŀƴ ƛƴǘǊƻŘǳŎǘƛƻƴ ǘƻ ½ŜǊƻ/ƻǎǘ5[пaƛŎ ŀƴŘ 5ŜŜǇLƳŀƎŜW 
DǳƛƭƭŀǳƳŜ aƻǳƎŜƻǘ όƎǳƛƭƭŀǳƳŜΦƳƻǳƎŜƻǘϪǘǳǘŀΦƛƻύ 
!ōǎǘǊŀŎǘ Υ 5ŜŜǇ ƭŜŀǊƴƛƴƎ ƳŜǘƘƻŘǎ ŀǊŜ ǘƘŜ ŎǳǊǊŜƴǘ ǘƘŜ ǎǘŀǘŜπƻŦπǘƘŜπŀǊǘ ŦƻǊ Ƴŀƴȅ ƛƳŀƎŜ ŀƴŀƭȅǎƛǎ 
ǇǊƻōƭŜƳǎΦ ¢ƘŜȅ Ŏŀƴ ƴƻǘŀōƭȅ ōŜ ǳǎŜŘ ŦƻǊ ƛƳŀƎŜ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴΣ ƻōƧŜŎǘ ǎŜƎƳŜƴǘŀǘƛƻƴΣ ǇƛȄŜƭ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ 
όŀƭǎƻ ŎŀƭƭŜŘ ǎŜƎƳŜƴǘŀǘƛƻƴύΣ ƛƳŀƎŜ ŘŜƴƻƛǎƛƴƎ ƻǊ ƛƳŀƎŜπǘƻπƛƳŀƎŜ ǘǊŀƴǎƭŀǘƛƻƴΦ ¦ƴŦƻǊǘǳƴŀǘŜƭȅΣ ǘƘŜǎŜ 
ǘƻƻƭǎ ŀǊŜ ǉǳƛǘŜ ŘƛŦŦƛŎǳƭǘ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ŀƴŘ ǘƻ ǳǎŜ ƛƴ ǘƘŜƛǊ ǇƻǎǘπǇǳōƭƛŎŀǘƛƻƴ ŦƻǊƳŀǘΦ ¢ƘŜ Ǝƻŀƭ ƻŦ 
½ŜǊƻ/ƻǎǘ5[пaƛŎ ŀƴŘ 5ŜŜǇLƳŀƎŜW ƛǎ ǘƻ ƭŜǾŜǊŀƎŜ ǘƘƛǎ ŘƛŦŦƛŎǳƭǘȅΦ ½ŜǊƻ/ƻǎǘ5[пaƛŎ ƛǎ ŀƴ ƻƴƭƛƴŜ ǘƻƻƭ ŦƻǊ 
ŘŜŜǇ ƭŜŀǊƴƛƴƎΦ Lǘ Ǌǳƴǎ ƻƴ DƻƻƎƭŜ /ƭƻǳŘ ŎƻƳǇǳǘƛƴƎ ǇƭŀǘŦƻǊƳ ǿƛǘƘƻǳǘ ǘƘŜ ƴŜŜŘ ƻŦ ŀƴȅ ǎŜǘǳǇ ƻƴ ŀ ƭƻŎŀƭ 
ƳŀŎƘƛƴŜΣ ŀ ǳǎǳŀƭƭȅ ǘŜŘƛƻǳǎ ǎǘŜǇΣ ŜǾŜƴ ŦƻǊ ŘŜǾŜƭƻǇŜǊǎΦ 5ŀǘŀ ŀǊŜ ŦƛǊǎǘ ǳǇƭƻŀŘŜŘ ƻƴ ŀ DƻƻƎƭŜ 5ǊƛǾŜ ŀƴŘ 
ǘƘŜƴ ŀ ŘŜŜǇ ƭŜŀǊƴƛƴƎ ƳƻŘŜƭ Ŏŀƴ ōŜ ǘǊŀƛƴŜŘ ƻƴ ƛǘ ǘƘǊƻǳƎƘ ŀ ŎƻŘƛƴƎπŦǊŜŜ ƎǊŀǇƘƛŎŀƭ ƛƴǘŜǊŦŀŎŜΦ ¢Ƙƛǎ 
ǘǊŀƛƴŜŘ ƳƻŘŜƭ Ŏŀƴ ōŜ ǘƘŜƴ ǳǎŜŘ ǘƻ ǇǊƻŎŜǎǎ ƴƻǾŜƭ ǳƴǎŜŜƴ ǎŜǘǎ ƻŦ ŘŀǘŀΦ Lǘ Ŏŀƴ ŀƭǎƻ ōŜ ŜȄǇƻǊǘŜŘ ŀƴŘ 
ǳǎŜŘ ƻŦŦƭƛƴŜ ŘƛǊŜŎǘƭȅ ŦǊƻƳ ǘƘŜ LƳŀƎŜW ǎƻŦǘǿŀǊŜ ǘƘŀƴƪǎ ǘƻ ǘƘŜ 5ŜŜǇLƳŀƎŜW ǇƭǳƎƛƴΦ ¢Ƙƛǎ ǇƭǳƎƛƴ ƭŜǘ ŀ 
ǳǎŜǊ ǳƴŦŀƳƛƭƛŀǊ ǿƛǘƘ ŎƻŘƛƴƎ ǳǎƛƴƎ ŘŜŜǇ ƭŜŀǊƴƛƴƎ ƳŜǘƘƻŘǎΦ ¢ƘŜǎŜ Ŏŀƴ ŜƛǘƘŜǊ ōŜ ƳƻŘŜƭǎ ŜȄǇƻǊǘŜŘ ŦǊƻƳ 
½ŜǊƻ/ƻǎǘ5[пaƛŎ ƻǊ ŘƛǊŜŎǘƭȅ ŘƻǿƴƭƻŀŘŜŘ ŦǊƻƳ 5ŜŜǇLƳŀƎŜWΩǎ ǿŜōǎƛǘŜΦ !ǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘƛǎ ǿƻǊƪǎƘƻǇ 
ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ ōŜ ŀōƭŜ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ōŀǎƛŎ ǳƴŘŜǊƭȅƛƴƎ ŎƻƴŎŜǇǘǎ ōŜƘƛƴŘ ōƻǘƘ ǘƻƻƭǎ ŀƴŘ ǘƻ 
ǳǎŜ ǘƘŜƳ ǘƻ ǎŜƎƳŜƴǘ ŀ ǎŜǘ ƻŦ н5 ŀƴŘ о5 ƳƛŎǊƻǎŎƻǇȅ ƛƳŀƎŜǎΦ   
YŜȅǿƻǊŘǎ Υ 5ŜŜǇ [ŜŀǊƴƛƴƎΣ .ƛƻƛƳŀƎŜ ŀƴŀƭȅǎƛǎΣ 5ŜŜǇLƳŀƎŜWΣ ½ŜǊƻ/ƻǎǘ5[пaƛŎ 
 

***  

!ммсπ.ƛƻƛƳŀƎŜ !ƴŀƭȅǎƛǎΥ tǊŀŎǘƛŎŜ 5ŜŜǇ [ŜŀǊƴƛƴƎ ²ƛǘƘƻǳǘ /ƻŘƛƴƎ 
!ƴŀƠǎ .ŀŘƻǳŀƭ όŀƴŀƛǎΦōŀŘƻǳŀƭϪƛƴǊƛŀΦŦǊύ 5ŀƴƛŜƭ {ŀƎŜ όŘŀƴƛŜƭΦǎŀƎŜϪŜǇŦƭΦŎƘύ 
!ōǎǘǊŀŎǘ Υ ¢ƘŜ ŜƳŜǊƎŜƴŎŜ ƻŦ ŘŜŜǇ ƭŜŀǊƴƛƴƎ ǘŜŎƘƴƛǉǳŜǎ όŀΦƪΦŀΦ ƴŜǳǊŀƭ ƴŜǘǿƻǊƪǎύ Ƙŀǎ ŘǊŀǎǘƛŎŀƭƭȅ 
ǘǊŀƴǎŦƻǊƳŜŘ ǘƘŜ ŦƛŜƭŘ ƻŦ ōƛƻƛƳŀƎŜ ŀƴŀƭȅǎƛǎ ŀƴŘ ƛǘǎ ǉǳŜǎǘ ŦƻǊ ǘƘŜ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ōƛƻƭƻƎƛŎŀƭ 
ǇǊƻŎŜǎǎŜǎΦ {ǳŎŎŜǎǎŦǳƭ ǳǎŜ ƻŦ ǘƘŜǎŜ ƭŜŀǊƴƛƴƎπōŀǎŜŘ ǘŜŎƘƴƛǉǳŜǎ ƛƴ ǾŀǊƛƻǳǎ ōƛƻƭƻƎƛŎŀƭ ƛƳŀƎƛƴƎ ǇǊƻōƭŜƳǎ 
ŀǊŜ ŦƻǳƴŘ ƻƴ ŀ ǊŜƎǳƭŀǊ ōŀǎƛǎ ŀƴŘ ǘƘŜ ǘǊŜƴŘ ƛǎ ƭƛƪŜƭȅ ǘƻ ŎƻƴǘƛƴǳŜΦ ¦ƴŦƻǊǘǳƴŀǘŜƭȅΣ ǘƘŜ ŘŜǇƭƻȅƳŜƴǘ ƻŦ 
ŘŜŜǇ ƭŜŀǊƴƛƴƎ ƳƻŘŜƭǎ ƛǎ ƻŦǘŜƴ ǊƛŘŘƭŜŘ ǿƛǘƘ ǘŜŎƘƴƛŎŀƭ ŎƘŀƭƭŜƴƎŜǎ ŦƻǊ ƴƻƴπŜȄǇŜǊǘ ǳǎŜǊǎΣ ŀƴŘ ǘƘŜƛǊ 
ŀǇǇǊƻǇǊƛŀǘŜ ǳǎŜ ǊŜǉǳƛǊŜǎ ŘŜŜǇ ƭŜŀǊƴƛƴƎ ƪƴƻǿƭŜŘƎŜ ŀƴŘ ƎƻƻŘ ǇǊƻƎǊŀƳƳƛƴƎ ǎƪƛƭƭǎΦ {ƛƴŎŜ нлнлΣ ŜŦŦƻǊǘǎ 
ƘŀǾŜ ōŜŜƴ ƳŀŘŜ ǘƻ ŘŜƳƻŎǊŀǘƛȊŜ ǘƘŜ ǳǎŜ ƻŦ ŘŜŜǇ ƭŜŀǊƴƛƴƎ ǿƛǘƘ ǘƘŜ ŘŜǇƭƻȅƳŜƴǘ ƻŦ ƴƻǘŜōƻƻƪǎΣ Ȋƻƻǎ 
ƻŦ ǇǊŜπǘǊŀƛƴŜŘ ƳƻŘŜƭǎ ŀƴŘ ǇƭǳƎƛƴǎ ǎǳŎƘ ŀǎ 5ŜŜǇLƳŀƎŜWΦ IƻǿŜǾŜǊΣ ǘƘŜǎŜ ǳǎŜǊπŦǊƛŜƴŘƭȅ ŀƴŘ ŎƻŘŜπŦǊŜŜ 
ǘƻƻƭǎ ŘŜǎŜǊǾŜ ǘƻ ōŜ ōŜǘǘŜǊ ƪƴƻǿƴ ŀƴŘ ŘƛǎǎŜƳƛƴŀǘŜŘ ƛƴ ǘƘŜ ōƛƻƭƻƎȅ ŎƻƳƳǳƴƛǘȅΦ 
¢ƘŜ Ǝƻŀƭ ƻŦ ǘƘƛǎ ǿƻǊƪǎƘƻǇ ƛǎ ǘƻ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǘƘŜ ǎǇǊŜŀŘ ŀƴŘ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ŘŜŜǇ ƭŜŀǊƴƛƴƎ ƳƻŘŜƭǎ ƛƴ 
ƭƛŦŜπǎŎƛŜƴŎŜǎ ŀǇǇƭƛŎŀǘƛƻƴǎ ŀƴŘ ōƛƻƛƳŀƎŜ ƛƴŦƻǊƳŀǘƛŎǎΦ CƛǊǎǘΣ ǿŜ ǿƛƭƭ ƎŜǘ ŀƴ ƛƴǘǳƛǘƛǾŜ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ 
ŘŜŜǇ ƭŜŀǊƴƛƴƎ ŎƻƴŎŜǇǘǎΦ ¢ƘŜƴΣ ǿŜ ǿƛƭƭ ǳǎŜ ǇǊŜπǘǊŀƛƴŜŘ ƳƻŘŜƭǎ ǿƛǘƘ 5ŜŜǇLƳŀƎŜWΣ ŀƴŘ ŦƛƴŀƭƭȅΣ ǿŜ ǿƛƭƭ 
ǘǊŀƛƴ ƴŜǳǊŀƭ ƴŜǘǿƻǊƪǎ ǿƛǘƘƻǳǘ ǇǊƻƎŀƳƳƛƴƎ ŦƻǊ ƛƳŀƎŜ ǎŜƎƳŜƴǘŀǘƛƻƴΦ CƻǊ ǘƘƛǎ ǇǳǊǇƻǎŜΣ ǿŜ ǿƛƭƭ ŜȄǇƭƻƛǘ 
ǿƛǘƘ 5ŜŜǇLƳŀƎŜW ǘƘŜ ǇǊŜπǘǊŀƛƴŜŘ ƳƻŘŜƭǎ ƎŀǘƘŜǊŜŘ ƻƴ ǘƘŜ .ƛƻƛƳŀƎŜ aƻŘŜƭ ½ƻƻΦ ²Ŝ ǿƛƭƭ ŀƭǎƻ ǳǎŜ ǘƘŜ 
ƴƻǘŜōƻƻƪǎ ŘŜǾŜƭƻǇŜŘ ōȅ ½ŜǊƻ/ƻǎǘ5[пaƛŎ ǘƻ ǘǊŀƛƴ ƴŜǳǊŀƭ ƴŜǘǿƻǊƪǎ ƻƴ ƎƻƻƎƭŜ /ƻƭŀōΦ ²Ŝ ǊŜƭȅ ƻƴ ƻǳǊ 
ƭƻƴƎ ŜȄǇŜǊƛŜƴŎŜ ƛƴ ǘŜŀŎƘƛƴƎ ƛƳŀƎŜ ǇǊƻŎŜǎǎƛƴƎ ƻƴ LƳŀƎŜW ŦƻǊ aŀǎǘŜǊ ǎǘǳŘŜƴǘǎ ǘƻ ƎǳƛŘŜ ǘƘŜ ōƛƻƭƻƎƛǎǘǎ 
ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ǿƻǊƪǎƘƻǇΦ !ǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘƛǎ ǿƻǊƪǎƘƻǇ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ ƪƴƻǿ Ƙƻǿ ǘƻ ŎƘƻƻǎŜ ǘƘŜ 
ŀǇǇǊƻǇǊƛŀǘŜ ǇǊŜπǘǊŀƛƴŜŘ ƳƻŘŜƭ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜƛǊ ŀǇǇƭƛŎŀǘƛƻƴ ŀƴŘ Ƙƻǿ ǘƻ ǘŜǎǘ ƛǘ ƻƴ ǘƘŜƛǊ ƻǿƴ ƛƳŀƎŜǎΦ 
¢ƘŜȅ ǿƛƭƭ ŀƭǎƻ ƭŜŀǾŜ ǘƘŜ ǿƻǊƪǎƘƻǇ ǿƛǘƘ ōŀǎƛŎ ƪƴƻǿƭŜŘƎŜ ƻƴ Ƙƻǿ ǘƻ ǘǊŀƛƴ ŀ ƳƻŘŜƭ ŦǊƻƳ ǎŎǊŀǘŎƘ ƛŦ 
ƴŜŜŘŜŘΦ 
¢Ƙƛǎ ǿƻǊƪǎƘƻǇ ƛǎ ŘŜǎƛƎƴŜŘ ŦƻǊ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛǘƘƻǳǘ ŀƴȅ ǎƪƛƭƭǎ ƛƴ ǇǊƻƎǊŀƳƳŀǘƛƻƴ ŀƴŘ ǿƛǘƘƻǳǘ 
ƳŀŎƘƛƴŜπƭŜŀǊƴƛƴƎ ƪƴƻǿƭŜŘƎŜΦ 
YŜȅǿƻǊŘǎ Υ 5ŜŜǇ ƭŜŀǊƴƛƴƎΣ ōƛƻƛƳŀƎŜ ŀƴŀƭȅǎƛǎΣ ŦǊƛŜƴŘƭȅ ǘƻƻƭǎΣ 5ŜŜǇLƳŀƎŜWΣ LƳŀƎŜWΣ ŎŜƭƭ ǎŜƎƳŜƴǘŀǘƛƻƴΤ 
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!ммтπCƭǳƻǊŜǎŎŜƴǘ ƛƳŀƎƛƴƎ ŀƴŘ ǘŜŎƘƴƛǉǳŜǎ ǘƻ ǎǘǳŘȅ ƭƛƎƴƻŎŜƭƭǳƭƻǎƛŎ ōƛƻƳŀǎǎ ŀǘ ǘƘŜ ƴŀƴƻǎŎŀƭŜ 
!ƴƻǳŎƪ IŀōǊŀƴǘ όŀƴƻǳŎƪΦƘŀōǊŀƴǘϪƛƴǊŀŜΦŦǊύ 
!ōǎǘǊŀŎǘ Υ ¢ƘŜǊŜ ƛǎ ŀƴ ƛƴŎǊŜŀǎƛƴƎ ƛƴǘŜǊŜǎǘ ƛƴ ǘƘŜ ǳǎŜ ƻŦ Ǉƭŀƴǘ ōƛƻƳŀǎǎ ŦƻǊ ǘƘŜ ǇǊƻŘǳŎǘƛƻƴ ƻŦ ǎǳǎǘŀƛƴŀōƭŜ 
ƭƛǉǳƛŘ ŦǳŜƭǎ ŀƴŘ ŎƘŜƳƛŎŀƭǎ ǘƻ ǊŜǇƭŀŎŜ Ŧƻǎǎƛƭ ŎŀǊōƻƴ ǘƻ ƳƛǘƛƎŀǘŜ ƛƴŎǊŜŀǎƛƴƎ ŀǘƳƻǎǇƘŜǊƛŎ /hнΦ tƭŀƴǘ ŎŜƭƭ 
ǿŀƭƭ ōƛƻƳŀǎǎ Ŏƻƴǎƛǎǘǎ ƻŦ ŀ ŦǊŀƳŜǿƻǊƪ ƻŦ ŎŜƭƭǳƭƻǎŜ ǎǳǊǊƻǳƴŘŜŘ ōȅ ŀ ƳŀǘǊƛȄ ƻŦ ŎƻƳǇƭŜȄ ǇƻƭȅƳŜǊǎ 
ƛƴŎƭǳŘƛƴƎ ƘŜƳƛŎŜƭƭǳƭƻǎŜ ŀƴŘ ƭƛƎƴƛƴΦ bƻƴπŎƻǾŀƭŜƴǘ ŀƴŘ ŎƻǾŀƭŜƴǘ ƭƛƴƪŀƎŜǎ ƛƴǘŜǊŎƻƴƴŜŎǘƛƴƎ ǘƘŜǎŜ 
ǇƻƭȅƳŜǊǎ ǊŜǎǳƭǘ ƛƴ ŀ ŎƻƳǇƭŜȄ ǎǘǊǳŎǘǳǊŀƭ ŀƴŘ ŎƘŜƳƛŎŀƭ ƴŜǘǿƻǊƪ ƭŜŀŘƛƴƎ ǘƻ ǊŜŎŀƭŎƛǘǊŀƴŎŜ ǘƻ ōƛƻƭƻƎƛŎŀƭ 
ŘŜŎƻƴǎǘǊǳŎǘƛƻƴΦ tƘȅǎƛŎŀƭ ŀƴŘ ŎƘŜƳƛŎŀƭ ōŀǊǊƛŜǊǎ ƭƛƳƛǘ ŜƴȊȅƳŀǘƛŎ ǇŜƴŜǘǊŀǘƛƻƴ ŀƴŘ ǇǊƻƎǊŜǎǎƛƻƴΣ ƭŜŀŘƛƴƎ 
ǘƻ ƭƛƳƛǘŜŘ ŜƴȊȅƳŀǘƛŎ ŎƻƴǾŜǊǎƛƻƴ ƻŦ ƭƛƎƴƻŎŜƭƭǳƭƻǎŜǎ ǘƘǳǎ ǘƻ ƘƛƎƘ Ŏƻǎǘ ƻŦ ŎƻƴǾŜǊǎƛƻƴ ƛƴǘƻ ōƛƻǇǊƻŘǳŎǘǎΦ 
Lƴ ǘƘƛǎ ǿƻǊƪǎƘƻǇΣ ǿŜ ǇǊƻǇƻǎŜ ǘƻ ǎƘƻǿ ŦƭǳƻǊŜǎŎŜƴŎŜ ƳƛŎǊƻǎŎƻǇȅ ǘŜŎƘƴƛǉǳŜǎ ŀǇǇƭƛŜŘ ǘƻ ǿƻƻŘ ŀƴŘ ǘƻ 
ŘŜƳƻƴǎǘǊŀǘŜ ǘƘŜƛǊ ƛƴǘŜǊŜǎǘ ŦƻǊ ǘƘŜ ǎǘǳŘȅ ƻŦ ǘƘŜ ǎǘǊǳŎǘǳǊŜǎ ŀƴŘ ǇǊƻǇŜǊǘƛŜǎ ƻŦ ǘƘŜ Ǉƭŀƴǘ ŎŜƭƭ ǿŀƭƭΦ ²Ŝ 
ǿƛƭƭ ǎƘƻǿ ƳŜǘƘƻŘǎ ƻŦ ǇǊŜǇŀǊŀǘƛƻƴ ƻŦ ǘƘŜ ǎŀƳǇƭŜǎ ŀƴŘ ǘƘŜ ƛƴǘŜǊŜǎǘ ƻŦ ŎƘŜƳƛŎŀƭ ŀƴŘκƻǊ ǇƘȅǎƛŎŀƭ 
ǇǊŜǘǊŜŀǘƳŜƴǘǎ ǘƻ ǊŜŘǳŎŜ ǘƘŜ ǊŜŎŀƭŎƛǘǊŀƴŎŜ ƻŦ ŎŜƭƭ ǿŀƭƭǎ ŀƴŘ ŦŀŎƛƭƛǘŀǘŜ ǘƘŜƛǊ ōƛƻƭƻƎƛŎŀƭ ŘŜŎƻƴǎǘǊǳŎǘƛƻƴΦ 
²Ŝ ǿƛƭƭ ǎƘƻǿ ǘƘŜ ŀŘǾŀƴǘŀƎŜǎ ƻŦ ŎƻƳōƛƴƛƴƎ ŦƭǳƻǊŜǎŎŜƴŎŜ ƛƳŀƎƛƴƎ ŀƴŘ CπǘŜŎƘƴƛǉǳŜǎ ǳǎƛƴƎ ŦƭǳƻǊŜǎŎŜƴǘ 
ǇǊƻōŜǎ ǘƻ ǎǘǳŘȅ ǘƘŜ ǇƻǊƻǎƛǘȅ ƻŦ ǘƘŜ ǎŀƳǇƭŜǎ ŀƴŘ ǘƘŜ ŀŎŎŜǎǎƛōƛƭƛǘȅ ƻŦ ǘƘŜ ǇƻƭȅƳŜǊǎ ŎƻƴǎǘƛǘǳǘƛƴƎ ǘƘŜ 
Ǉƭŀƴǘ ŎŜƭƭ ǿŀƭƭǎΦ 
!ǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘƛǎ ǿƻǊƪǎƘƻǇ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ ōŜ ŀōƭŜ ǘƻ ǇǊŜǇŀǊŜ ǿƻƻŘ ǎŀƳǇƭŜǎ ŦƻǊ ŘƛǊŜŎǘ 
ŦƭǳƻǊŜǎŎŜƴŎŜ ƳƛŎǊƻǎŎƻǇȅ ƛƳŀƎƛƴƎ ŀƴŘ Ǌǳƴ ŜȄǇŜǊƛƳŜƴǘǎ ǳǎƛƴƎ ŦƭǳƻǊŜǎŎŜƴǘ ǇǊƻōŜǎ ǘƻ ŎƘŀǊŀŎǘŜǊƛȊŜ ǘƘŜ 
ǎŀƳǇƭŜǎ ŀǘ ǘƘŜ ǎǘǊǳŎǘǳǊŀƭ ƭŜǾŜƭΦ 
YŜȅǿƻǊŘǎ Υ .ƛƻƳŀǎǎΣ /Ŝƭƭ ǿŀƭƭΣ LƳŀƎƛƴƎΣ ŀǳǘƻŦƭǳƻǊŜǎŎŜƴŎŜΣ CƭǳƻǊŜǎŎŜƴŎŜ ƳƛŎǊƻǎŎƻǇȅΣ CƭǳƻǊŜǎŎŜƴŎŜ 
ǘŜŎƘƴƛǉǳŜǎΣ CƭǳƻǊŜǎŎŜƴǘ ǇǊƻōŜǎΣ ŀŎŎŜǎǎƛōƛƭƛǘȅΣ ǇƻǊƻǎƛǘȅ 
 

***  

!ммуπwŜƭŀǘƛǾŜ ƭƻŎŀƭƛȊŀǘƛƻƴ ƻŦ ŘŜƴŘǊƛǘƛŎ ǎǇƛƴŜ ǇǊƻǘŜƛƴǎ ƛƴ ƳƻǳǎŜ ōǊŀƛƴ ǘƛǎǎǳŜ ǳǎƛƴƎ о5π{¢95 
ƳƛŎǊƻǎŎƻǇȅ ŀƴŘ ŘŜŎƻƴǾƻƭǳǘƛƻƴΦ 
5ŀǾƛŘ aŀȊŀǳŘ όŘŀǾƛŘΦƳŀȊŀǳŘϪŎǳǊƛŜΦŦǊύ 
!ōǎǘǊŀŎǘ Υ {ǘǳŘȅ ƻŦ ōƛƻƭƻƎƛŎŀƭ ǎŀƳǇƭŜǎ ǎǳŎƘ ŀǎ ōǊŀƛƴ ǘƛǎǎǳŜ ōȅ ƳƛŎǊƻǎŎƻǇȅ Ƙŀǎ ƭƻƴƎ ōŜŜƴ ŜǎǎŜƴǘƛŀƭƭȅ 
ŘƻƴŜ ǳǎƛƴƎ ŎƻƴŦƻŎŀƭκнπǇƘƻǘƻƴ ƳƛŎǊƻǎŎƻǇȅΦ ²ƘƛƭŜ ƛǘ ƎƛǾŜǎ ŀ ǊƻǳƎƘ ŜǎǘƛƳŀǘŜ ƻŦ ǇǊƻǘŜƛƴ ƭƻŎŀƭƛȊŀǘƛƻƴ ƛƴ 
ǘƘŜ ŦƛǊǎǘ ǘŜƴǎ ƻǊ ƘǳƴŘǊŜŘǎ ƳƛŎǊƻƳŜǘŜǊǎ ƻŦ ǘƘŜ ǎŀƳǇƭŜΣ ǘƘŜ ƭƛƳƛǘ ƻŦ ǘƘŜ ǊŜǎƻƭǳǘƛƻƴ ƻōǘŀƛƴŜŘ ōȅ ǘƘŜǎŜ 
ǘŜŎƘƴƛǉǳŜǎ ŘƻŜǎ ƴƻǘ ŀƭƭƻǿ ǇǊŜŎƛǎŜ ƳŜŀǎǳǊŜƳŜƴǘǎ ōŜǘǿŜŜƴ ǘǿƻ ǇǊƻǘŜƛƴǎ ƛƴ ǾŜǊȅ ŎƭƻǎŜ ǇǊƻȄƛƳƛǘȅ Φ 
¢ƘŜ ǿƻǊƪǎƘƻǇ ǿƛƭƭ ōŜ ǎǇƭƛǘ ƛƴ ǘǿƻ ǇŀǊǘǎΥ 5ŀǘŀ ŀŎǉǳƛǎƛǘƛƻƴ ŀƴŘ ǘƘŜƴ ƛƳŀƎŜ ǇǊƻŎŜǎǎƛƴƎ όŘŜŎƻƴǾƻƭǳǘƛƻƴύΦ 
Lǘ ǿƛƭƭ ōŜ ŀŎŎŜǎǎƛōƭŜ ŦǊƻƳ .ŜƎƛƴƴŜǊǎ ǘƻ ŜȄǇŜǊǘǎΦ 
¢ƘŜ ŀƛƳ ƛǎ ǘƻ ŘŜƳƻƴǎǘǊŀǘŜ ǘƘŜ ŀŘǾŀƴǘŀƎŜ ƻŦ ǎǳǇŜǊ ǊŜǎƻƭǳǘƛƻƴ ƳƛŎǊƻǎŎƻǇȅ ƛƴ ǘƘƛŎƪ ǘƛǎǎǳŜ ǘƻ ŀƴǎǿŜǊ 
ōƛƻƭƻƎƛŎŀƭ ǉǳŜǎǘƛƻƴǎ ǘƘŀǘ Ŏŀƴƴƻǘ ōŜ ŀŘŘǊŜǎǎŜŘ ōȅ ŎƻƴǾŜƴǘƛƻƴŀƭ ƳƛŎǊƻǎŎƻǇȅΦ !ƭǎƻΣ ƛƳŀƎŜ ǇǊƻŎŜǎǎƛƴƎ 
ŀƴŘ ŀƴŀƭȅǎƛǎ ǿƛƭƭ ōŜ ŘƛǎŎǳǎǎŜŘΣ ŜǎǇŜŎƛŀƭƭȅ ƛƴ ǘƘŜ ŎŀǎŜ ƻŦ ƳǳƭǘƛŎƻƭƻǊ ŀŎǉǳƛǎƛǘƛƻƴ όǳǇ ǘƻ о ŎƻƭƻǊǎύΣ ǿƘŜǊŜ 
ŀ ŎŀǊŜŦǳƭ ŀǘǘŜƴǘƛƻƴ ƛǎ ƴŜŜŘŜŘ ǘƻ ǊŜŎƻƴǎǘǊǳŎǘ ½πǎǘŀŎƪ ƛƳŀƎŜǎΦ 
¦ǎƛƴƎ ŦƛȄŜŘ плҡƳ ǘƘƛŎƪ ōǊŀƛƴ ǘƛǎǎǳŜ ƛƳƳǳƴƻǎǘŀƛƴŜŘ ǿƛǘƘ ǊŜŘ ŀƴŘ ŦŀǊ ǊŜŘ ŀƴǘƛōƻŘƛŜǎ ǘƻ ƭƻŎŀƭƛȊŜ 
ŘŜƴŘǊƛǘƛŎ ǇǊƻǘŜƛƴǎ ŀƴŘ ǘƘŜ ƎǊŜŜƴ ŎƘŀƴƴŜƭ ǘƻ ƛŘŜƴǘƛŦȅ ŘŜƴŘǊƛǘƛŎ ǎǇƛƴŜǎΣ ǿŜ ǿƛƭƭ ƻōǎŜǊǾŜ Ƙƻǿ о5π{¢95 
ƳƛŎǊƻǎŎƻǇȅ Ŏŀƴ ŘƛǎŎǊƛƳƛƴŀǘŜ ǘǿƻ ǇǊƻǘŜƛƴǎ ƛƴ ŎƭƻǎŜ ǇǊƻȄƛƳƛǘȅ ǿƛǘƘƛƴ ǎǇƛƴŜ ƘŜŀŘǎΦ LƴŘŜŜŘΣ ǘƘŜ ŦŀŎǘ ǘƘŀǘ 
ǘǿƻ ǇǊƻǘŜƛƴǎ ŀǊŜ άŀōƻǾŜέ ƻǊ άōŜƭƻǿέ ƻƴŜ ŀƴƻǘƘŜǊ ƛǎ ƪŜȅ ǘƻ ƎŜƴŜǊŀǘŜ ƳƻŘŜƭǎ ŦƻǊ ǘƘŜ ǎǇŜŜŘ ƻŦ /ŀƭŎƛǳƳ 
ŜƴǘǊȅ ŀƴŘ ǇǊƻǇŀƎŀǘƛƻƴ ƛƴ ǘƘŜ ǎǇƛƴŜΦ н ƻǊ о ŎƻƭƻǊ {¢95 ǿƛƭƭ ōŜ ŘƻƴŜΣ ŜǎǇŜŎƛŀƭƭȅ ǘƻ ŘƛǎŎǳǎǎ ǘƘŜ ƭƛƳƛǘǎ ƻŦ 
ƳǳƭǘƛŎƻƭƻǊ όƎǊŜŜƴ ŀƴŘ ǊŜŘǎύ {¢95 ƛƳŀƎƛƴƎ ƻƴ ½πǎǘŀŎƪǎ ŀŎǉǳƛǎƛǘƛƻƴǎΦ 
LƳŀƎŜ ǇƻǎǘǇǊƻŎŜǎǎƛƴƎ ōȅ ǊŜŎƻƴǎǘǊǳŎǘƛƻƴ ŀƴŘ ŘŜŎƻƴǾƻƭǳǘƛƻƴ ǳǎƛƴƎ LƳŀƎŜW ŀƴŘ IǳȅƎŜƴǎ ǿƛƭƭ ōŜ ǎƘƻǿƴ 
ŀƴŘ ŘƛǎŎǳǎǎŜŘΦ ¢ƘŜ ǎŜǘǳǇ ƻŦ ǇǊŜŎƛǎŜ ǇŀǊŀƳŜǘŜǊǎ ŦƻǊ ŘŜŎƻƴǾƻƭǳǘƛƻƴ ƛǎ ƴŜŎŜǎǎŀǊȅ ǘƻ ŀǾƻƛŘ 
ƻǾŜǊƛƴǘŜǊǇǊŜǘŀǘƛƻƴ ƻŦ ǘƘŜ ǎƛƎƴŀƭΦ 
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tŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ ōŜ ƛƴǾƛǘŜŘ ǘƻ ƳƻŘǳƭŀǘŜ ŘƛŦŦŜǊŜƴǘ ǇŀǊŀƳŜǘŜǊǎ ǘƻ ƻōǎŜǊǾŜ ǘƘŜ ƛƳǇŀŎǘ ŀƴŘ ƛƳǇƻǊǘŀƴŎŜ 
ƻŦ ŜŀŎƘ όƭŀǎŜǊ ǇƻǿŜǊΣ ƎŀǘƛƴƎΣ ŘǿŜƭƭ ǘƛƳŜΣ ŀǾŜǊŀƎƛƴƎΣ ǇƛȄŜƭ ǎƛȊŜΣ wŜǎŎǳŜ ƳƻŘŜ όƛŦ ŀǾŀƛƭŀōƭŜύύΦ 
/ƻƳǇŀǊƛǎƻƴ ōŜǘǿŜŜƴ н5 ŀƴŘ о5 ƳƻŘŜ ǿƛƭƭ ŀƭǎƻ ōŜ ŜǾŀƭǳŀǘŜŘΦ 
!ǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ǿƻǊƪǎƘƻǇΣ ǇŀǊǘƛŎƛǇŀƴǘǎ ŀǊŜ ŜȄǇŜŎǘŜŘ ǘƻ ƘŀǾŜ ǳƴŘŜǊǎǘƻƻŘ ǘƘŜ ŀŘǾŀƴǘŀƎŜ ƻŦ о5π{¢95 
ƳƛŎǊƻǎŎƻǇȅ ŦƻǊ ǘƘƛŎƪ ōƛƻƭƻƎƛŎŀƭ ǎŀƳǇƭŜǎΦ ¢ƘŜȅ ǿƛƭƭ ƪƴƻǿ ǘƘŜ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ǇŀǊŀƳŜǘŜǊǎ ǘƻ Ǉƭŀȅ ǿƛǘƘ 
ǘƻ ƎŜǘ ǘƘŜ ōŜǎǘ ƛƳŀƎŜ ǉǳŀƭƛǘȅ ƻŦ ǘƘŜƛǊ ǎŀƳǇƭŜǎΦ CƛƴŀƭƭȅΣ ǘƘŜȅ ǿƛƭƭ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ǇǊƻǎ ŀƴŘ Ŏƻƴǎ ƻŦ н5 
Ǿǎ о5π{¢95Σ ƻƴ ǎŀƳǇƭŜ ǇǊŜǇŀǊŀǘƛƻƴ όǎŜŎƻƴŘŀǊȅ ŀƴǘƛōƻŘƛŜǎ ŀƴŘ ŀƴǘƛōƻŘȅ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ŀƴŘ 
ƛƴŎǳōŀǘƛƻƴύ ŀƴŘ ǘƘŜ ōŀǎƛŎ ǇŀǊŀƳŜǘŜǊǎ ŦƻǊ ŦŀƛǘƘŦǳƭ ŘŜŎƻƴǾƻƭǳǘƛƻƴΦ 
YŜȅǿƻǊŘǎ Υ о5π{¢95Σ ōǊŀƛƴ ǘƛǎǎǳŜΣ ƳǳƭǘƛπŎƻƭƻǊ {¢95Σ ŘŜŎƻƴǾƻƭǳǘƛƻƴ 
 

***  

!ммфπ[ϥŀǳǘƻŦƭǳƻǊŜǎŎŜƴŎŜ ŎƘŜȊ ƭŜǎ ǇƭŀƴǘŜǎΥ ŀŘǾŜǊǎŀƛǊŜ ƻǳ ŀƭƭƛŞŜΚ 
DŜƴŜǾƛŝǾŜ /ƻƴŞƧŞǊƻ όƎŜƴŜǾƛŜǾŜΦŎƻƴŜƧŜǊƻϪƛƴǊŀΦŦǊύ 9ƭƻŘƛŜ WǳōƭŀƴŎ όŜƭƻŘƛŜΦƧǳōƭŀƴŎϪƛƴǊŀŜΦŦǊύ 
!ōǎǘǊŀŎǘ Υ [Ŝǎ ǇƭŀƴǘŜǎ ŎƻƴǘƛŜƴƴŜƴǘ ōŜŀǳŎƻǳǇ ŘŜ ƳƻƭŞŎǳƭŜǎ ŦƭǳƻǊŜǎŎŜƴǘŜǎΣ ƴƻǘŀƳƳŜƴǘ ŘŜǎ 
ƳŞǘŀōƻƭƛǘŜǎ ǎŜŎƻƴŘŀƛǊŜǎ Ƨƻǳŀƴǘ ǳƴ ǊƾƭŜ ŎǊǳŎƛŀƭ ǇƻǳǊ ƭŜǎ ŘŞŦŜƴǎŜǎ ŘŜ ƭŀ ǇƭŀƴǘŜ Ŝǘ ǎƻƴ ŀŘŀǇǘŀǘƛƻƴ ŀǳȄ 
ǾŀǊƛŀǘƛƻƴǎ ŘŜ ƭϥŜƴǾƛǊƻƴƴŜƳŜƴǘ όǘŜƳǇŞǊŀǘǳǊŜΣ ǇƻƭƭǳǘƛƻƴΣ ƴǳǘǊƛǘƛƻƴ ƳƛƴŞǊŀƭŜΣ ǇŀǘƘƻƎŝƴŜǎΧύ  
/ŜǘǘŜ ŀǳǘƻŦƭǳƻǊŜǎŎŜƴŎŜ Ŝǎǘ ǎƻǳǾŜƴǘ ǇǊƻōƭŞƳŀǘƛǉǳŜ Ŝǘ ǇŜǳǘ ƎşƴŜǊ ƭΩƻōǎŜǊǾŀǘƛƻƴ ŘŜ ŦƭǳƻǊƻŎƘǊƻƳŜǎ 
ŜȄƻƎŝƴŜǎΣ ŎƻƭƻǊŀƴǘǎκ ǇǊƻǘŞƛƴŜǎ ŦƭǳƻǊŜǎŎŜƴǘŜǎ ƭƻǊǎ ŘŜǎ ŜȄǇŞǊƛŜƴŎŜǎΦ aŀƛǎ ŜƭƭŜ Ŝǎǘ ŀǳǎǎƛ ǳƴ ŀǘƻǳǘ 
ƛƳǇƻǊǘŀƴǘ ǇƻǳǊ ŎƻƳǇǊŜƴŘǊŜ ƭŜ ǊƾƭŜ ŘŜ ŎŜǎ ƳƻƭŞŎǳƭŜǎ ŜƴŘƻƎŝƴŜǎ ŦƭǳƻǊŜǎŎŜƴǘŜǎ ǉǳƛ ǊŜǇǊŞǎŜƴǘŜƴǘ ǳƴ 
ŜƴƧŜǳ ǎǳǊ ƭŜ Ǉƭŀƴ ŀƎǊƻƴƻƳƛǉǳŜ Ŝƴ ŎŜǘǘŜ ǇŞǊƛƻŘŜ ŘŜ ŎƘŀƴƎŜƳŜƴǘ ŎƭƛƳŀǘƛǉǳŜ Ŝǘ ŘŜ ǎǘǊŜǎǎ 
ŜƴǾƛǊƻƴƴŜƳŜƴǘŀǳȄ όǇŀǊ ŜȄŜƳǇƭŜ ŘŜǎ ƳƻƭŞŎǳƭŜǎ ŀǳȄ ǇǊƻǇǊƛŞǘŞǎ ŘΩƛƴǎŜŎǘƛŎƛŘŜ ƴŀǘǳǊŜƭύΦ [ϥƛƳŀƎŜǊƛŜ ǇŜǳǘ 
ŎƻƴǘǊƛōǳŜǊ Ł ǳƴŜ ƳŜƛƭƭŜǳǊŜ ŎƻƴƴŀƛǎǎŀƴŎŜ ŘŜ ŎŜǎ ƳƻƭŞŎǳƭŜǎ ŘϥƛƴǘŞǊşǘ Ł ŎƻƴŘƛǘƛƻƴ ŘŜ ǇƻǳǾƻƛǊ ŜȄǇƭƻƛǘŜǊ 
ŎƻǊǊŜŎǘŜƳŜƴǘ ƭŜǳǊ ŀǳǘƻŦƭǳƻǊŜǎŎŜƴŎŜΦ 
5ŀƴǎ ŎŜǘ ŀǘŜƭƛŜǊΣ ƴƻǳǎ ǇǊƻǇƻǎƻƴǎ ŘŜ ǊŞŀƭƛǎŜǊ Řŀƴǎ ǳƴ ǇǊŜƳƛŜǊ ǘŜƳǇǎ ŘŜǎ ŀŎǉǳƛǎƛǘƛƻƴǎ ǎǇŜŎǘǊŀƭŜǎ 
ŘϥŞŎƘŀƴǘƛƭƭƻƴǎ ǾŞƎŞǘŀǳȄ ǾƛǾŀƴǘǎ ƻǳ ŦƛȄŞǎ Ŝƴ ƳƛŎǊƻǎŎƻǇƛŜ ƳǳƭǘƛǇƘƻǘƻƴƛǉǳŜ ŞǉǳƛǇŞ Řϥǳƴ ŘŞǘŜŎǘŜǳǊ 
ǎǇŜŎǘǊŀƭΣ  ƭŜ ƭŀǎŜǊ ǇǳƭǎŞ Lw ǇŜǊƳŜǘǘŀƴǘ ŘϥŀǘǘŜƛƴŘǊŜ ŘŜǎ ŎƻǳŎƘŜǎ ŎŜƭƭǳƭŀƛǊŜǎ Ǉƭǳǎ ǇǊƻŦƻƴŘŜǎ Ŝǘ ŘϥƻōǘŜƴƛǊ 
ǳƴŜ ŎŀǊǘƻƎǊŀǇƘƛŜ ǘƛǎǎǳƭŀƛǊŜ ŘŜ ƭŀ ǊŞǇŀǊǘƛǘƛƻƴ ŘŜ ŎŜǎ ƳƻƭŞŎǳƭŜǎΦ 5Ŝǎ ǎǇŜŎǘǊŜǎ ŀǳǊƻƴǘ ŞǘŞ ŀǳ ǇǊŞŀƭŀōƭŜ 
ŀŎǉǳƛǎ ǎǳǊ ǳƴŜ ƭƛǎǘŜ ŘŜ ƳŞǘŀōƻƭƛǘŜǎ ǇǳǊǎ Ŏƻƴƴǳǎ Ŝǘ ƴƻǳǎ ǊŞŀƭƛǎŜǊƻƴǎ ŘŜǎ ŘŞŎƻƴǾƻƭǳǘƛƻƴǎ ǎǇŜŎǘǊŀƭŜǎΦ  
tǳƛǎ Řŀƴǎ ǳƴ ǎŜŎƻƴŘ ǘŜƳǇǎΣ ǳƴŜ Ŧƻƛǎ Ŏƻƴƴǳǎ ƭŜǎ ǎǇŜŎǘǊŜǎ ŘϥŞƳƛǎǎƛƻƴ ŘŜ ŎŜǎ ƳƻƭŞŎǳƭŜǎΣ ƴƻǳǎ ǇƻǳǊǊƻƴǎ 
ŦŀƛǊŜ ŘŜǎ ƛƳŀƎŜǎ ŀǾŜŎ ŘŜǎ ǎȅǎǘŝƳŜǎ ŎƻƴŦƻŎŀǳȄ ǉǳƛ ǇŜǊƳŜǘǘŜƴǘ ŘϥŀǳƎƳŜƴǘŜǊ ƴƻǘŀōƭŜƳŜƴǘ ƭŀ 
ǊŞǎƻƭǳǘƛƻƴ ǇŀǊ ǊŀǇǇƻǊǘ ŀǳȄ ǎȅǎǘŝƳŜǎ ŎƭŀǎǎƛǉǳŜǎΦ ¦ƴŜ ƳŜƛƭƭŜǳǊŜ ǊŞǎƻƭǳǘƛƻƴ ǇŜǊƳŜǘǘǊŀ ŘϥŀŦŦƛƴŜǊ ƭŀ 
ƭƻŎŀƭƛǎŀǘƛƻƴ ǎǳōŎŜƭƭǳƭŀƛǊŜΣ ƴƻǘŀƳƳŜƴǘ Řŀƴǎ ƭŜǎ ǇƭŀǎǘŜǎΣ ƭŜ ƴƻȅŀǳ ƻǳ ŘŜǎ ǾŞǎƛŎǳƭŜǎ ŘŜ ǘŀƛƭƭŜ ǾŀǊƛŀōƭŜΦ 
9ƴŦƛƴ ƴƻǳǎ ǊŞŀƭƛǎŜǊƻƴǎ ǎƛ ōŜǎƻƛƴ ŘŜǎ ƛƳŀƎŜǎ Ŝƴ о5 ŀŦƛƴ ŘŜ ǾƛǎǳŀƭƛǎŜǊ ƭŀ ǊŞǇŀǊǘƛǘƛƻƴ ŘŜ ŎŜǎ ƳƻƭŞŎǳƭŜǎ 
Řŀƴǎ ƭŜ ǾƻƭǳƳŜ ŎŜƭƭǳƭŀƛǊŜΦ  
YŜȅǿƻǊŘǎ Υ ŀǳǘƻŦƭǳƻǊŜǎŎŜƴŎŜΣ ǇƭŀƴǘŜǎΣ ƛƳŀƎŜǊƛŜ ǎǇŜŎǘǊŀƭŜΣ ƳƛŎǊƻǎŎƻǇƛŜ ƳǳƭǘƛǇƘƻǘƻƴƛǉǳŜ 
 

***  

!мнлπLƳŀƎŜǊƛŜ ǎǳǊ ǇŜǘƛǘ ƻǊƎŀƴƻƛŘŜǎ о5Σ ¢ǊƻǳōƭŜǎƘƻƻǘƛƴƎ 
!ŘŜƭƛƴŜ .ƻȅǊŜŀǳ όŀŘŜƭƛƴŜΦōƻȅǊŜŀǳϪǳπōƻǊŘŜŀǳȄΦŦǊύ  
[ŀŜǘƛǘƛŀ !ƴŘǊƛǉǳŜ όƭŀŜǘƛǘƛŀŀƴŘǊƛǉǳŜϪƘƻǘƳŀƛƭΦŎƻƳύ 
!ōǎǘǊŀŎǘ Υ hōƧŜŎǘƛŦ Υ tǊƻǇƻǎŜǊ ǳƴŜ ƳŞǘƘƻŘƻƭƻƎƛŜ ǇŀǊ ƳŀȄƛƳƛǎŜǊ ǎŜǎ ŎƘŀƴŎŜǎ ŘΩƻōǘŜƴƛǊ ŘŜǎ ǊŞǎǳƭǘŀǘǎ 
ƛƴǘŜǊǇǊŞǘŀōƭŜǎ ǎǳǊ ŘŜǎ ŞŎƘŀƴǘƛƭƭƻƴǎ о5 ŘŜ ǘŀƛƭƭŜ ƳƻȅŜƴƴŜΦ 
5ŜǇǳƛǎ ǳƴŜ ŘƛȊŀƛƴŜ ŘΩŀƴƴŞŜǎΣ ƭŜǎ ƻǊƎŀƴƻƠŘŜǎΣ ǎǇƘŞǊƻƠŘŜǎ Ŝǘ ŀǳǘǊŜǎ ƻōƧŜǘǎκǘƛǎǎǳǎ Ŝƴ о5 ǎƻƴǘ ŘŜǾŜƴǳǎ 
ŘŜǎ ƳƻŘŝƭŜǎ ŘŜ ŎƘƻƛȄ Ŝƴ ōƛƻƭƻƎƛŜ Ł ƭŀ Ŧƻƛǎ ŎŀǊ ƛƭǎ ǇƻǊǘŜƴǘ Ŝƴ ŜǳȄ Ǉƭǳǎ ŘŜ ŎƻƳǇƭŜȄƛǘŞ ǉǳŜ ƭŜǎ ƳƻŘŝƭŜǎ 
н5 Ŝǘ ǎƻƴǘ ǳƴŜ ŀƭǘŜǊƴŀǘƛǾŜ ǇƻǎǎƛōƭŜ ŀǳȄ ƳƻŘŝƭŜǎ ŀƴƛƳŀǳȄ όоwύΦ /Ŝǎ ƴƻǳǾŜŀǳȄ ŞŎƘŀƴǘƛƭƭƻƴǎ 
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ƴŞŎŜǎǎƛǘŜƴǘ ŘƻƴŎ ŘŜ ǊŜǇŜƴǎŜǊ ƭŜ ǇƛǇŜƭƛƴŜ ŜȄǇŞǊƛƳŜƴǘŀƭ ǉǳƛ ŎƻƳǇǊŜƴŘ ƭΩŞŎƘŀƴǘƛƭƭƻƴΣ ǎŀ ŎƻƭƻǊŀǘƛƻƴ Ŝǘ 
ƭŜ ƳƻŘŜ ŘΩƛƳŀƎŜǊƛŜΦ !ǇǊŝǎ ǳƴŜ ǇǊŞǎŜƴǘŀǘƛƻƴ ƴƻƴ ŜȄƘŀǳǎǘƛǾŜ ŘŜ ǉǳŜƭǉǳŜǎ ǘŜŎƘƴƛǉǳŜǎ ŘŜ ǇǊƻŘǳŎǘƛƻƴ 
ŘΩƻǊƎŀƴƻƠŘŜǎΣ ƴƻǳǎ ǇǊƻǇƻǎŜǊƻƴǎ ŘŜ ǊŞǇƻƴŘǊŜ Ł ǳƴ ŜȄŜƳǇƭŜ ŘŜ ǇǊƻōƭŞƳŀǘƛǉǳŜ ŎƻǳǊŀƴǘ Ŝƴ ƛƳŀƎŜǊƛŜ 
о5 Υ ζ WŜ ƴΩŀƛ Ǉŀǎ ŘŜ ǎƛƎƴŀƭ ŀǳ ŎŜƴǘǊŜ ŘŜ Ƴƻƴ ŞŎƘŀƴǘƛƭƭƻƴ ηΦ 5ŀƴǎ ŎŜǘ ŜȄŜƳǇƭŜΣ ƴƻǳǎ ƛƳŀƎŜǊƻƴǎ ŘŜǎ 
ŎƛōƭŜǎ ōƛƻƭƻƎƛǉǳŜǎ ǎƛƳǇƭŜǎΣ ŎƻƳƳŜ ǳƴ ƳŀǊǉǳŀƎŜ ƴǳŎƭŞŀƛǊŜ мκ ǇŀǊ ƛƴǘŞƎǊŀǘƛƻƴ ŘΩǳƴŜ ǎƻƴŘŜ 
ŦƭǳƻǊŜǎŎŜƴǘŜΣ нκ ǇŀǊ ŜȄǇǊŜǎǎƛƻƴ ŎŜƭƭǳƭŀƛǊŜ ŘΩǳƴ ǾŜŎǘŜǳǊ Ŝǘ оκ ǇŀǊ ƛƳƳǳƴƻπƳŀǊǉǳŀƎŜΦ !ǳ ŎƻǳǊǎ ŘŜ ŎŜǘ 
ŀǘŜƭƛŜǊΣ ƴƻǳǎ ŘŞǾŜƭƻǇǇŜǊƻƴǎ ŜƴǎŜƳōƭŜ ǳƴŜ ƳŞǘƘƻŘƻƭƻƎƛŜ ōŀǎŞŜ ǎǳǊ ǳƴŜ ǎŞǊƛŜ ŘŜ ǉǳŜǎǘƛƻƴǎ ǎƛƳǇƭŜǎ 
Ŝǘ ŘŜ ǊŞǇƻƴǎŜǎ ǇǊŀǘƛǉǳŜǎ ǇƻǳǊ ƻōǘŜƴƛǊ ŘŜǎ ǊŞǎǳƭǘŀǘǎ ƛƴǘŜǊǇǊŞǘŀōƭŜǎ Ŝƴ ƛƳŀƎŜŀƴǘ ŎŜǎ ƻǊƎŀƴƻƠŘŜǎΦ  
/Ŝ ¢t ƴŜ ǇǊŜƴŘǊŀ Ǉŀǎ Ŝƴ ŎƻƳǇǘŜ ƭŜǎ Ǉƭǳǎ ƎǊƻǎ ŞŎƘŀƴǘƛƭƭƻƴǎ όŎŜǊǾŜŀǳȄΣ ƻǊƎŀƴŜǎΣ ǎǇŞŎƛƳŜƴǎ ŜƴǘƛŜǊǎύΣ 
ǎƻǳǾŜƴǘ ŀǎǎƻŎƛŞǎ Ł ŘŜǎ ƳŞǘƘƻŘŜǎ ŘŜ ŎƭŜŀǊƛƴƎ ŎƻƳǇƭŜȄŜǎ Ŝǘ ƳƻƴǘŀƎŜǎκƳƛŎǊƻǎŎƻǇŜǎ ǎǇŞŎƛŦƛǉǳŜǎΦ 
bƻǳǎ ǎƻǳƘŀƛǘƻƴǎΣ Ŝƴ ŎƻƴŎƭǳǎƛƻƴ ŘŜ ƭΩŀǘŜƭƛŜǊΣ ǇǊŞǎŜƴǘŜǊ ǳƴ ƭƛǎǘƛƴƎ ŘŜ ǎƻƴŘŜǎ ǘŜǎǘŞŜǎ ǇŀǊ ƴƻǎ ǎƻƛƴǎ Ŝƴ 
ƛƳŀƎŜǊƛŜ о5Σ Ŝƴ Řƻƴƴŀƴǘ ƭŜǳǊǎ ŎŀǊŀŎǘŞǊƛǎǘƛǉǳŜǎ όŎƻƴŎŜƴǘǊŀǘƛƻƴΣ ǘŜƳǇǎ ŘΩƛƴŎǳōŀǘƛƻƴΣ ŘƛǎǘŀƴŎŜ ŘŜ 
ǇŞƴŞǘǊŀǘƛƻƴ ŘŜ ƭŀ ǎƻƴŘŜΣ  ǘȅǇŜ ŘŜ ǘƛǎǎǳ ƛƳŀƎŞΣ ǘȅǇŜ ŘŜ ƳƛŎǊƻǎŎƻǇŜκƻōƧŜŎǘƛŦ  ǳǘƛƭƛǎŞǎύΣ ǉǳŜ ƴƻǳǎ 
ŎƻƳǇƭŝǘŜǊƻƴǎ Ŝƴ ŘƛǊŜŎǘ ŀǾŜŎ ƭŜǎ ǇŀǊǘƛŎƛǇŀƴǘǎ Ŝƴ ŦƻƴŎǘƛƻƴ ŘŜǎ ŜȄǇŞǊƛŜƴŎŜǎ ŘŜ ŎƘŀŎǳƴΦ 
! ƭΩƛǎǎǳŜ ŘŜ ŎŜǘ ŀǘŜƭƛŜǊ ƭŜǎ ǇŀǊǘƛŎƛǇŀƴǘǎ ǎŜǊƻƴǘ ŎŀǇŀōƭŜǎ ŘΩƻōǘŜƴƛǊ ŘŜǎ ǊŞǎǳƭǘŀǘǎ ƛƴǘŜǊǇǊŞǘŀōƭŜǎ ŘŜ ƭŜǳǊ 
ŞŎƘŀƴǘƛƭƭƻƴ о5 Ŝƴ ŀŘŀǇǘŀƴǘ ƭŜǳǊ ǇǊƻǘƻŎƻƭŜ ŜȄǇŞǊƛƳŜƴǘŀƭ Ŝǘ Ŝƴ ŎƻƴŘǳƛǎŀƴǘ ǳƴ ǊŀƛǎƻƴƴŜƳŜƴǘ 
ƳŞǘƘƻŘƛǉǳŜΦ 
YŜȅǿƻǊŘǎ Υ hǊƎŀƴƻƛŘŜǎΣ о5Σ ƳŞǘƘƻŘƻƭƻƎƛŜΣ ǇǊƻǘƻŎƻƭŜ ƻǇǘƛƳƛǎŞ 
 

***  

 
!мнмπ/ŜƴǘǊhн Υ LƴŦƭǳŜƴŎŜ ŘŜ ƭŀ ŎƻƴŎŜƴǘǊŀǘƛƻƴ Ŝƴ ƻȄȅƎŝƴŜ ǇƻǳǊ ƭΩƛƳŀƎŜǊƛŜ Ř{¢hwa ƳǳƭǘƛπŎƻǳƭŜǳǊ Řǳ 
Ŏƛƭ ǇǊƛƳŀƛǊŜ 
YŀǊƛƴŜ aƻƴƛŜǊ όƪŀǊƛƴŜΦƳƻƴƛŜǊϪǳƴƛǾπƭȅƻƴмΦŦǊύ /ƻǊŜƴǘƛƴ wƻǳǎǎŜǘ όŎƻǊŜƴǘƛƴΦǊƻǳǎǎŜǘϪǳƴƛǾπƭȅƻƴмΦŦǊύ 
!ōǎǘǊŀŎǘ Υ bƻǳǎ ŀǾƻƴǎ ŘŞǾŜƭƻǇǇŞ ǳƴ ƴƻǳǾŜŀǳ ǘŀƳǇƻƴ ό9ǘŜǊƴƛǘȅκ9ǾŜǊǎǇŀǊƪύ ǇƻǳǊ ƭΩƛƳŀƎŜǊƛŜ ŘŜ ǎǳǇŜǊπ
ǊŞǎƻƭǳǘƛƻƴ Ř{¢hwa όŘƛǊŜŎǘ {ǘƻŎƘŀǎǘƛŎ hǇǘƛŎŀƭ wŜŎƻƴǎǘǊǳŎǘƛƻƴ aƛŎǊƻǎŎƻǇȅύΣ ǎŀƴǎ ŘŞƎŀȊŀƎŜ 
ŜƴȊȅƳŀǘƛǉǳŜ όtǊƻǾƻǎǘ ŀƴŘ wƻǳǎǎŜǘΣ {ŎƛΦ wŜǇΦΣ нлмфύ ǉǳƛ ŎƻƴǎŜǊǾŜ ƭŜ ǎŎƛƴǘƛƭƭŜƳŜƴǘ ŘŜǎ ŦƭǳƻǊƻŎƘǊƻƳŜǎ 
ǇŜƴŘŀƴǘ ǇƭǳǎƛŜǳǊǎ ǎŜƳŀƛƴŜǎ όǾŜǊǎǳǎ ǇƭǳǎƛŜǳǊǎ ƘŜǳǊŜǎ ǇƻǳǊ ƭŜǎ ǘŀƳǇƻƴǎ ŜƴȊȅƳŀǘƛǉǳŜǎΣ ŎƭŀǎǎƛǉǳŜƳŜƴǘ 
ǳǘƛƭƛǎŞǎύΦ [ƻǊǎ ŘŜ ŎŜǘ ŀǘŜƭƛŜǊΣ ƴƻǳǎ ŀƭƭƻƴǎ ŘŞƳƻƴǘǊŜǊ ǉǳŜ ƭŜ ǎŎƛƴǘƛƭƭŜƳŜƴǘ ŜŦŦŜŎǘƛŦ ŘŜǎ ŞŎƘŀƴǘƛƭƭƻƴǎΣ 
ƻōǎŜǊǾŀōƭŜ ǎǳǊ ǳƴ ǎȅǎǘŝƳŜ ŘΩƛƳŀƎŜǊƛŜ ŘŜ ƳƻƭŞŎǳƭŜǎ ǳƴƛǉǳŜǎ ό9[¸w! ŘŜ ½Ŝƛǎǎ ƻǳ ±ǳǘŀǊŀ ŘŜ .ǊǳŎƪŜǊύ 
Ŝǎǘ ŘƛǊŜŎǘŜƳŜƴǘ ŎƻǊǊŞƭŞ Ł ƭΩŀōǎŜƴŎŜ ŘΩhȄȅƎŝƴŜ Řŀƴǎ ƭŜ ƳƛƭƛŜǳ Ŝƴ Ŧŀƛǎŀƴǘ ǳƴŜ ƳŜǎǳǊŜ ŜŦŦŜŎǘƛǾŜ ŘŜ ƭŀ 
ŎƻƴŎŜƴǘǊŀǘƛƻƴ Ŝƴ ƻȄȅƎŝƴŜ Řŀƴǎ ƭŜ ƳƛƭƛŜǳ ǇŀǊ ǳƴŜ ŦƛōǊŜ ƻǇǘƛǉǳŜ ǎǳǊ ǳƴ ǎȅǎǘŝƳŜ ŘŞǇƻǊǘŞ ŀǾŜŎ ŘŜǎ 
ƻǇǘƻŘŜǎ ƛƴŎƭǳŜǎ Řŀƴǎ ƭŜ ƳƛƭƛŜǳΦ 
[Ŝǎ ŞŎƘŀƴǘƛƭƭƻƴǎ ƻōǎŜǊǾŞǎ ǎŜǊƻƴǘ ŘŜǎ ƛƳƳǳƴƻπƳŀǊǉǳŀƎŜǎ ŘƻǳōƭŜ ƻǳ ǘǊƛǇƭŜ ŎƻǳƭŜǳǊ ŘŜ ǇǊƻǘŞƛƴŜǎ Řǳ 
ŎƻǊǇǎ ōŀǎŀƭ όŎŜƴǘǊƻǎƻƳŜύ Ŝǘ Řǳ Ŏƛƭ ǇǊƛƳŀƛǊŜ Řŀƴǎ ŘŜǎ ŎŜƭƭǳƭŜǎ ŘŜ ƭŀ ǊŞǘƛƴŜΦ [ΩƻōƧŜŎǘƛŦ ŘŜ ƴƻǘǊŜ ŀǘŜƭƛŜǊ 
Ŝǎǘ ŘŜ ŘŞƳƻƴǘǊŜǊ ǉǳΩǳƴ ŎƻƴǘǊƾƭŜ ǉǳŀƭƛǘŞ ŘŜǎ ŞŎƘŀƴǘƛƭƭƻƴǎ ǎŎŜƭƭŞǎ ǇŜǳǘ şǘǊŜ ǊŞŀƭƛǎŞ Ŝƴ Ŧŀƛǎŀƴǘ ǳƴŜ 
ǎƛƳǇƭŜ ƳŜǎǳǊŜ ŘΩƻȄȅƎŝƴŜ Řƛǎǎƻǳǘ Řŀƴǎ ƭŜ ǘŀƳǇƻƴ ƎǊŃŎŜ Ł ǳƴŜ ŦƛōǊŜ ƻǇǘƛǉǳŜ Ŝǘ ǳƴ ŎŀǇǘŜǳǊ ŘŞǇƻǊǘŞ 
Řŀƴǎ ƭΩŞŎƘŀƴǘƛƭƭƻƴ ǎŎŜƭƭŞΦ [Ŝǎ ƛƳŀƎŜǎ ŘŜ ǊŜŎƻƴǎǘǊǳŎǘƛƻƴ ƳǳƭǘƛπŎƻǳƭŜǳǊǎ ŘŜǾǊŀƛŜƴǘ ŘƻƴŎ ǇŜǊƳŜǘǘǊŜ 
ŘΩƻōǎŜǊǾŜǊ ƭŀ ǎǘǊǳŎǘǳǊŜ ŘŜ ƭŀ ōŀǎŜ Řǳ Ŏƛƭ Ŝǘ Řǳ Ŏƛƭ ǇǊƛƳŀƛǊŜ ŀǾŜŎ ǳƴŜ ǇǊŞŎƛǎƛƻƴ ŘŜ ƭΩƻǊŘǊŜ ŘŜ мл Ł нл 
ƴƳΦ 
YŜȅǿƻǊŘǎ Υ Ř{¢hwaΣ ƳŜǎǳǊŜ ƻȄȅƎŝƴŜ ǇŀǊ ŦƛōǊŜ ƻǇǘƛǉǳŜΣ ǎǳǇŜǊπǊŞǎƻƭǳǘƛƻƴΣ ŎŜƴǘǊƻǎƻƳŜΣ ŎƻǊǇǎ ōŀǎŀƭΣ 
Ŏƛƭ ǇǊƛƳŀƛǊŜΣ ǉǳŀƭƛǘŞ ǘŀƳǇƻƴ Ř{¢hwaΣ ƳǳƭǘƛπŎƻǳƭŜǳǊΣ 9ǾŜǊǎǇŀǊƪ 
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!мннπaŀǇǇƛƴƎ ŜƭŀǎǘƛŎƛǘȅ ƻŦ ƳƛŎǊƻπǇŀǘǘŜǊƴŜŘ ƭƛǾƛƴƎ ŎŜƭƭǎ ōȅ !Ca 
{ŞōŀǎǘƛŜƴ WŀƴŜƭ όǎŜōŀǎǘƛŜƴΦƧŀƴŜƭϪŎƴǊǎΦŦǊύ 
!ōǎǘǊŀŎǘ Υ !ǘƻƳƛŎ ŦƻǊŎŜ ƳƛŎǊƻǎŎƻǇȅ Ƙŀǎ ƎŀƛƴŜŘ ǇƻǇǳƭŀǊƛǘȅ ƻǳǘ ƻŦ ƛǘǎ ƻǊƛƎƛƴŀƭ ǇƘȅǎƛŎǎ ŦƛŜƭŘ ŀƴŘ ƛǎ ƴƻǿ 
ŀǇǇƭƛŜŘ ƛƴ Ƴŀƴȅ ŘƛǾŜǊǎŜ ǎǘǳŘƛŜǎ ƛƴ ōƛƻƭƻƎȅΣ ǊŀƴƎƛƴƎ ŦǊƻƳ ǘƘŜ ƛƳŀƎƛƴƎ ƻŦ ƳƻƭŜŎǳƭŜǎ ƻƴ ƭƛǇƛŘ ƳŜƳōǊŀƴŜ 
ǘƻ ƳŜŎƘŀƴƻōƛƻƭƻƎȅ ƻƴ ŎŜƭƭ ŀƴŘ ǘƛǎǎǳŜǎΦ !ƳƻƴƎ ǘƘŜ Ƴŀƴȅ ǇƻǎǎƛōƛƭƛǘƛŜǎ ƻŦŦŜǊŜŘ ōȅ !CaΣ ƻƴŜ ƻŦ ƛǘǎ Ƴƻǎǘ 
ǊŜƳŀǊƪŀōƭŜ ŦŜŀǘǳǊŜ ŦƻǊ ōƛƻƭƻƎƛǎǘǎ ƛǎ ǘƻ ōŜ ŀōƭŜ ǘƻ ǇǊƻōŜ ŎŜƭƭ ƳŜŎƘŀƴƛŎǎ ƛƴ ŀ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ŜƴǾƛǊƻƴƳŜƴǘΣ 
ŀǘ ǘƘŜ ƴŀƴƻǎŎŀƭŜΣ ǎƻƳŜǘƛƳŜǎ ŜǾŜƴ ƛƴ о5мΦ ¢Ƙƛǎ ƎƛǾŜǎ ŎǊǳŎƛŀƭ ƛƴŦƻǊƳŀǘƛƻƴ ŎƻƴŎŜǊƴƛƴƎ ǘƘŜ ǎǘŀǘŜ ƻŦ ǘƘŜ 
ŎŜƭƭ ǳǇƻƴ ƎŜƴŜǘƛŎ ƳƻŘƛŦƛŎŀǘƛƻƴнΣ ŘǊǳƎ ǘǊŜŀǘƳŜƴǘΣ ƛƴǘƻȄƛŎŀǘƛƻƴо ŜǘŎΦ 
aƛŎǊƻǇŀǘǘŜǊƴƛƴƎ ƛǎ ŀ ǘŜŎƘƴƛǉǳŜ ǘƘŀǘ ŀƭƭƻǿǎ ŎƻƴǎǘǊŀƛƴƛƴƎ ŎŜƭƭǎ ƛƴ ŀ ƎƛǾŜƴ ǎƘŀǇŜ ōȅ ǎǘǊǳŎǘǳǊƛƴƎ ǘƘŜ ŎŜƭƭ 
ǎǳōǎǘǊŀǘǳƳΦ !ǇǇƭƛŎŀǘƛƻƴǎ ŀǊŜ ƳŀƴȅŦƻƭŘ ŀƴŘ ǘƘǊƛǾƛƴƎ ƴƻǿŀŘŀȅǎΦ hƴŜ ƻŦ ǘƘŜ ƪŜȅ Ǉƻƛƴǘ ƻŦ ǘƘŜ ǘŜŎƘƴƛǉǳŜ 
ƛǎ ǘƻ ƪŜŜǇ ǘƘŜ ŎŜƭƭ ƛƴ ŀ ƳƻǊŜ ƴŀǘƛǾŜ ŜƴǾƛǊƻƴƳŜƴǘΣ ŀƴŘ ƴƻǘ ǘƻ ǎǇǊŜŀŘ ŀǎ ƳǳŎƘ ŀǎ ƛǘ ŘƻŜǎ ƻƴ ŀ Ǝƭŀǎǎ 
ŎƻǾŜǊǎƭƛǇΦ {ǳŎƘ ǇŀǘǘŜǊƴƛƴƎ Ŏŀƴ ŀƭǎƻ ōŜ ǇŜǊŦƻǊƳŜŘ ƛƴ о5р ǘƻ ǊŜǎŜƳōƭŜ ǘƘŜ ǎƛǘǳŀǘƛƻƴ ƻŦ ŎŜƭƭǎ ƛƴ ƻǊƎŀƴǎΦ 
!ƴƻǘƘŜǊ ƳŀƧƻǊ Ǉƻƛƴǘ ŦƻǊ ƳŜŎƘŀƴƻōƛƻƭƻƎȅ ƛǎ ǘƘŜ Ǉƻǎǎƛōƛƭƛǘȅ ǘƻ ƎŜǘ Ƴŀƴȅ Řŀǘŀ ǿƛǘƘ ǘƘŜ ǎŀƳŜ ŎŜƭƭ 
ƎŜƻƳŜǘǊȅΣ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ ǎǘŀǘƛǎǘƛŎŀƭ ǎƛƎƴƛŦƛŎŀƴŎŜ ƻŦ ǎǳŎƘ ǎǘǳŘƛŜǎΦ 
²Ŝ ǇǊƻǇƻǎŜ ƘŜǊŜ ǘƻ ǘŜŀŎƘ Ƙƻǿ ǘƻ ǇǊƻōŜ ŎŜƭƭ ƳŜŎƘŀƴƛŎǎ ƻƴ ǎǳŎƘ н5 ƳƛŎǊƻǇŀǘǘŜǊƴŜŘ ŎŜƭƭǎп ǿƛǘƘ ǘƘŜ 
ŦƻƭƭƻǿƛƴƎ ƪŜȅ ŀǎǇŜŎǘǎΥ 
ƻ /ŀƭƛōǊŀǘƛƻƴ ƻŦ ǘƘŜ ƳƛŎǊƻǎŎƻǇŜс όƛƴǾh[{Σ ǎǇǊƛƴƎ Ŏƻƴǎǘŀƴǘύ 
ƻ tŜǊŦƻǊƳƛƴƎ ŦƻǊŎŜ ƳŀǇǎ ǿƛǘƘ ǎǳƛǘŀōƭŜ ǇŀǊŀƳŜǘŜǊǎ 
ƻ 5ŀǘŀ ŀƴŀƭȅǎƛǎ 
ƻ 5ŀǘŀ ŀǾŜǊŀƎƛƴƎ 
YŜȅǿƻǊŘǎ Υ ƳŜŎƘŀƴƻōƛƻƭƻƎȅΣ 9ƭŀǎǘƛŎƛǘȅΣ !CaΣ ¸ƻǳƴƎΩǎ ƳƻŘǳƭǳǎΣ ƳƛŎǊƻπǇŀǘǘŜǊƴƛƴƎ 
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!мноπ!ǘƻƳƛŎ CƻǊŎŜ aƛŎǊƻǎŎƻǇȅ ŀƴŀƭȅǎƛǎ ƻŦ {!w{π/ƻ±πн ǾƛǊǳǎπƭƛƪŜ ǇŀǊǘƛŎƭŜǎ ŀƴŘ ǇǊƻŘǳŎƛƴƎ ŎŜƭƭǎΥ 
ƴŀƴƻǎŎŀƭŜ ƛƳŀƎƛƴƎ ǘƻ ƳŜŎƘŀƴƛŎŀƭ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ 
{ŞōŀǎǘƛŜƴ [ȅƻƴƴŀƛǎ όǎŜōŀǎǘƛŜƴΦƭȅƻƴƴŀƛǎϪŎŜƳƛǇŀƛΦŎƴǊǎΦŦǊύ 
/ƻƭƛƴŜ !ǊƻƴŜ όŎƻƭƛƴŜΦŀǊƻƴŜϪƛǊƛƳΦŎƴǊǎΦŦǊύ 
!ōǎǘǊŀŎǘ Υ ²ƘŜǊŜŀǎ ŦƭǳƻǊŜǎŎŜƴŎŜ ƳƛŎǊƻǎŎƻǇȅ Ƙŀǎ ōŜŎƻƳŜ ŜǎǎŜƴǘƛŀƭ ŦƻǊ ŎŜƭƭ ōƛƻƭƻƎȅ ǎǘǳŘƛŜǎΣ ǘƘŜ 
ŘƛŦŦǊŀŎǘƛƻƴ ōŀǊǊƛŜǊ Ƙŀǎ ŦƻǊ ŀ ƭƻƴƎ ǘƛƳŜ ǎŜǘ ŀ ƭƛƳƛǘ ŦƻǊ ƻōǎŜǊǾŀǘƛƻƴ ƻŦ ǎǘǊǳŎǘǳǊŀƭ ŘȅƴŀƳƛŎǎ ƻŦ ōƛƻƭƻƎƛŎŀƭ 
ŀǎǎŜƳōƭƛŜǎΣ ŜǎǇŜŎƛŀƭƭȅ ǾƛǊǳǎŜǎΦ !Ca ǇŀǊǘƭȅ ōǊƛŘƎŜǎ ǘƘŀǘ ǎǇŀǘƛŀƭ ǊŜǎƻƭǳǘƛƻƴ ƎŀǇ ŀƴŘ ŀƭǎƻ ōǊƛƴƎǎ ŦƻǊŎŜ 
ŀǇǇƭƛŎŀǘƛƻƴκƳŜŀǎǳǊŜƳŜƴǘ ŎŀǇŀōƛƭƛǘƛŜǎ ŦƻǊ ƛƴǾŜǎǘƛƎŀǘƛƻƴ ƻŦ ǘƘŜ ƳŜŎƘŀƴƛŎŀƭ ǇǊƻǇŜǊǘƛŜǎ ƻŦ ǾƛǊǳǎŜǎΣ 
ǾƛǊǳǎπƭƛƪŜπǇŀǊǘƛŎƭŜǎ ό±[tύΣ ƛƴŦŜŎǘŜŘ ƻǊ ±[tπǇǊƻŘǳŎƛƴƎ ŎŜƭƭǎΦ ¢Ƙƛǎ Ƙŀǎ ōŜŜƴ ǊŜŎŜƴǘƭȅ ǳǎŜŘ ǘƻ ŀƴŀƭȅȊŜ 
{!w{π/ƻ±πн ƳƻǊǇƘƻƭƻƎȅ ŀƴŘ ǎǘƛŦŦƴŜǎǎ ŀǘ ǘƘŜ ƴŀƴƻǎŎŀƭŜ όмΣ нύΦ ²Ŝ ǿƛƭƭ ŦƻŎǳǎ ƘŜǊŜ ƻƴ ǘƘŜ ŀǇǇƭƛŎŀǘƛƻƴ 
ƻŦ !Ca ƛƴ ǘƘŜ ŀƴŀƭȅǎƛǎ ƻŦ ƴƻƴπƛƴŦŜŎǘƛƻǳǎ ǾƛǊǳǎπƭƛƪŜ ǇŀǊǘƛŎƭŜǎ ƳƛƳƛŎƪƛƴƎ {!w{π/ƻ±πн ŀǎǎŜƳōƭŜŘ ŦǊƻƳ 
ǘƘŜ ǎǘǊǳŎǘǳǊŀƭ ǾƛǊŀƭ ǇǊƻǘŜƛƴǎ aΣ bΣ 9 ŀƴŘ { όоύ ŀƴŘ ǇǊƻŘǳŎŜŘ ŦǊƻƳ ǘǊŀƴǎŦŜŎǘŜŘ ŎŜƭƭ ŎǳƭǘǳǊŜǎΦ hƴ ǘƘŜ 
ǘŜŎƘƴƛŎŀƭ ǎƛŘŜΣ ǘƘŜ ǿƻǊƪǎƘƻǇ ǿƛƭƭ ōŜ ŦƻŎǳǎŜŘ ƛƴ Ƙƻǿ ǘƻ ǎŜǘ ǳǇ !Ca ƛƳŀƎƛƴƎ ŀƴŘ ǎǘƛŦŦƴŜǎǎ 
ƳŜŀǎǳǊŜƳŜƴǘǎ ƻƴ όƛύ {!w{π/ƻ±πн ±[t ǎŀƳǇƭŜǎ ŀŘǎƻǊōŜŘ ƻƴ Ǝƭŀǎǎ ƻǊ ƳƛŎŀ ǎǳǊŦŀŎŜ ƻǊ όƛƛύ ŎŜƭƭǎ όƭƛǾŜ ƻŦ 
ŦƛȄŜŘύ ǇǊƻŘǳŎƛƴƎ ǘƘŜǎŜ ±[tǎΦ hƴ ǘƘŜ ōƛƻƭƻƎƛŎŀƭ ǎƛŘŜΣ ǿŜ ǿƛƭƭ ŜȄǇƭƻǊŜ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜǎ όƛŦ ŀƴȅύ ƛƴ ±[t 
ƳƻǊǇƘƻƭƻƎȅ ŀƴŘ ǎǘƛŦŦƴŜǎǎΣ ƻǊ ±[t ǇǊƻŘǳŎƛƴƎ ŎŜƭƭǎ ƳŜŎƘŀƴƛŎŀƭ ǇǊƻǇŜǊǘƛŜǎΣ ŘŜǇŜƴŘƛƴƎ ƻƴ ±[tǎ ǿƛǘƘ ƻǊ 
ǿƛǘƘƻǳǘ {ǇƛƪŜΦ  tŀǊǘ ƻŦ ǘƘŜ ǿƻǊƪǎƘƻǇ ǿƛƭƭ ŘŜŀƭ ǿƛǘƘ ǘƘŜ ŎŀƭƛōǊŀǘƛƻƴ ǇǊƻŎŜŘǳǊŜΣ ŎƘƻƛŎŜ ƻŦ ŎŀƴǘƛƭŜǾŜǊǎΣ 
ƛƳŀƎƛƴƎ ƳƻŘŜǎ ŀƴŘ ŀŎǉǳƛǎƛǘƛƻƴ ǎǇŜŜŘǎ ŦƻǊ ƻōǘŀƛƴƛƴƎ Ǌƻōǳǎǘ ŀƴŘ ƘƛƎƘ ǊŜǎƻƭǳǘƛƻƴ ƛƳŀƎŜǎΦ  !ǘ ǘƘŜ ŜƴŘ 
ƻŦ ǘƘƛǎ ǿƻǊƪǎƘƻǇΣ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ ōŜ ŀōƭŜ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ōŀǎƛŎ ŦǳƴŎǘƛƻƴƛƴƎ ƻŦ ŀ ƳƻŘŜǊƴ ōƛƻπ
!CaΣ ǘƘŜ ŦƻǊƳŀǘƛƻƴ ƻŦ ŀƴ !Ca ƛƳŀƎŜ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ŀŎǉǳƛǎƛǘƛƻƴ ŎƘŀƴƴŜƭǎ ŀƴŘ ǘƘŜ 
ƛƴǘŜƎǊŀǘƛƻƴ ƻŦ !Ca ƛƳŀƎƛƴƎ ƻŦ ǾƛǊǳǎŜǎ ǿƛǘƘ ƻǇǘƛŎŀƭ ƳƛŎǊƻǎŎƻǇȅΦ  
όмύ YƛǎǎΣ .Φ Ŝǘ ŀƭΦΣ ¢ƻǇƻƎǊŀǇƘȅΣ ǎǇƛƪŜ ŘȅƴŀƳƛŎǎΣ ŀƴŘ ƴŀƴƻƳŜŎƘŀƴƛŎǎ ƻŦ ƛƴŘƛǾƛŘǳŀƭ ƴŀǘƛǾŜ {!w{π/ƻ±πн 
ǾƛǊƛƻƴǎΦ bŀƴƻ [ŜǘǘΦ όнлнмύΦ 
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όнύ [ȅƻƴƴŀƛǎΣ {Φ Ŝǘ ŀƭΦ !ǘƻƳƛŎ ŦƻǊŎŜ ƳƛŎǊƻǎŎƻǇȅ ŀƴŀƭȅǎƛǎ ƻŦ ƴŀǘƛǾŜ ƛƴŦŜŎǘƛƻǳǎ ŀƴŘ ƛƴŀŎǘƛǾŀǘŜŘ {!w{π/ƻ±π
н ǾƛǊƛƻƴǎΦ {Ŏƛ wŜǇ όнлнмύΦ   
όоύ {ǿŀƴƴΣ IΦ Ŝǘ ŀƭΦ aƛƴƛƳŀƭ ǎȅǎǘŜƳ ŦƻǊ ŀǎǎŜƳōƭȅ ƻŦ {!w{π/ƻ±πн ǾƛǊǳǎ ƭƛƪŜ ǇŀǊǘƛŎƭŜǎΦ {Ŏƛ wŜǇ όнлнлύ 
  
YŜȅǿƻǊŘǎ Υ !CaΣ ǾƛǊǳǎΣ ŎŜƭƭǎΣ ƳŜŎƘŀƴƛŎŀƭ ǇǊƻǇŜǊǘƛŜǎΣ ǉǳŀƴǘƛǘŀǘƛǾŜ ƛƳŀƎƛƴƎΣ ȅƻǳƴƎϥǎ ƳƻŘǳƭǳǎ 
 

***  

!мнпπvǳtŀǘƘΥ ǇȅǊŀƳƛŘ ƛƳŀƎŜ ŀƴŀƭȅǎƛǎ ŦƻǊ ŜǾŜǊȅƻƴŜΦ /ŀǎŜ ǎǘǳŘȅΥ 5ŜŜǇπƭŜŀǊƴƛƴƎ ŎŜƭƭ ŎƻǳƴǘƛƴƎ ŀƴŘ 
ǉǳŀƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ƘƛǎǘƻƭƻƎƛŎŀƭ ǎƭƛŘŜǎΦ 
9ǎǘŜƭƭŜ !ƴŎŜŀǳƳŜ όŜǎǘŜƭƭŜΦŀƴŎŜŀǳƳŜϪŎƻƭƭŜƎŜπŘŜπŦǊŀƴŎŜΦŦǊύ 
tƘƛƭƛǇǇŜ aŀƛƭƭȅ όǇƘƛƭƛǇǇŜΦƳŀƛƭƭȅϪŎƻƭƭŜƎŜπŘŜπŦǊŀƴŎŜΦŦǊύ 
!ōǎǘǊŀŎǘ Υ 5ǳǊƛƴƎ ǘƘƛǎ ǿƻǊƪǎƘƻǇΣ ȅƻǳ ǿƛƭƭ ƛƳŀƎŜ ǎŜǊƛŀƭ ǎŜŎǘƛƻƴǎ ƻŦ ƘƛǎǘƻƭƻƎƛŎŀƭ ǎƭƛŘŜǎ ƻƴ ŀ ǎƭƛŘŜ ǎŎŀƴƴŜǊ 
ǘƻ ŀƴŀƭȅȊŜ ŦƛōǊƻǎƛǎ ŀƴŘ ŎŜƭƭ ŘŜŀǘƘ ǿƛǘƘƛƴ ǘƘŜ ƭƛǾŜǊ ǘƛǎǎǳŜΦ 
 ¦ǎƛƴƎ vǳtŀǘƘΣ ŀƴ ƻǇŜƴ ǎƻŦǘǿŀǊŜ ǇƭŀǘŦƻǊƳ ŦƻǊ ǿƘƻƭŜ ǎƭƛŘŜ ƛƳŀƎŜ ŀƴŀƭȅǎƛǎΣ ȅƻǳ ǿƛƭƭ ǇŜǊŦƻǊƳ ŘŜŜǇπ
ƭŜŀǊƴƛƴƎ ŀǇƻǇǘƻǘƛŎ ŎŜƭƭ ŎƻǳƴǘƛƴƎ ŀƴŘ ǉǳŀƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ǘƛǎǎǳŜ ŦƛōǊƻǎƛǎΦ  
!ǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘƛǎ ǿƻǊƪǎƘƻǇΣ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ ƘŀǾŜ ŀŎǉǳƛǊŜŘ ƴŜǿ ƪƴƻǿƭŜŘƎŜ ƛƴ ǘŜǊƳǎ ƻŦ ƳƛŎǊƻǎŎƻǇȅ 
ǘŜŎƘƴƛǉǳŜ ŀƴŘ ŀƭǎƻ ƛƴ ƛƳŀƎŜ ǇǊƻŎŜǎǎƛƴƎ ŀƴŘ ŀƴŀƭȅǎƛǎΦ ¸ƻǳ ǿƛƭƭ ōŜ ŀōƭŜ ǘƻ ǘŜǎǘ ǘƘŜ ǎƭƛŘŜ ǎŎŀƴƴŜǊ ŀƴŘ 
ǘƘŜ vǳtŀǘƘ ǎƻŦǘǿŀǊŜΦ  
YŜȅǿƻǊŘǎ Υ {ƭƛŘŜ ǎŎŀƴƴŜǊΣ IƛǎǘƻƭƻƎƛŎŀƭ ǎǘŀƛƴƛƴƎΣ vǳtŀǘƘΣ 5ŜŜǇπƭŜŀǊƴƛƴƎΣ /ƻǳƴǘƛƴƎΣ vǳŀƴǘƛŦƛŎŀǘƛƻƴ  
 

***  

!мнрπ{ǇŜŎƪƭŜπōŀǎŜŘ ŎƻƳǇǳǘŀǘƛƻƴŀƭ ƳƛŎǊƻǎŎƻǇȅ Υ ƘŀǊƴŜǎǎƛƴƎ ǎŎŀǘǘŜǊƛƴƎ ŦƻǊ ŜƴƘŀƴŎŜŘ ƛƳŀƎƛƴƎ ƻŦ 
ǘƛǎǎǳŜǎ 
!ƭŜȄŀƴŘǊŀ 5ϥŀǊŎƻ όŀƭŜȄŀƴŘǊŀΦŘŀǊŎƻϪƭƪōΦŜƴǎΦŦǊύ 
!ōǎǘǊŀŎǘ Υ {ŎŀǘǘŜǊƛƴƎ ƳŜŘƛŀΣ ǳōƛǉǳƛǘƻǳǎ ƛƴ ōƛƻƭƻƎƛŎŀƭ ǎȅǎǘŜƳǎΣ Ƙŀǎ ōŜŜƴ ǎŜŜƴ ŀǎ ŀ ƴǳƛǎŀƴŎŜΥ ōŜŎŀǳǎŜ 
ƻŦ ǎŎŀǘǘŜǊƛƴƎΣ ŀƴ ƛƳŀƎŜ Ŏŀƴ ƴƻǘ ōŜ ŎǊŜŀǘŜŘ ǿƛǘƘ ŦƛƴŜ ŎƻƴǘǊŀǎǘǎ ŜǎǇŜŎƛŀƭƭȅ ǿƘŜƴ ŘŜŜǇ ƛƴ ŀ ǎǇŜŎƛƳŜƴΦ 
Lƴ ǘƘŜ ƭŀǎǘ ŘŜŎŀŘŜǎΣ ŀŘŀǇǘƛǾŜ ƻǇǘƛŎǎ ŀƴŘ ǿŀǾŜŦǊƻƴǘ ǎƘŀǇƛƴƎ Ƙŀǎ ōŜŜƴ ǇǊƻǇƻǎŜŘ ǘƻ ƻǾŜǊŎƻƳŜ ǘƘŜǎŜ 
ŎƘŀƭƭŜƴƎŜǎΣ ŜƴŀōƭƛƴƎ ǎƘŀǊǇ ƛƳŀƎƛƴƎ ōȅ ŎƻƴǘǊƻƭƭƛƴƎ ǘƘŜ ŀŘǾŜǊǘ ŜŦŦŜŎǘǎ ŘǳŜ ǘƻ ǎŎŀǘǘŜǊƛƴƎΦ ¢ƘŜǎŜ ƛŘŜŀǎ 
ǿƛƭƭ ōŜ ŎƻǾŜǊŜŘ ōȅ ǘƘŜ ƛƴǘǊƻŘǳŎǘƛƻƴ ŀǘŜƭƛŜǊ ϝwŜƳŜƳōŜǊ ȅƻǳǊ ǿŀǾŜŦǊƻƴǘΥ ŀŘŀǇǘƛǾŜ ƻǇǘƛŎǎ ŀƴŘ ƳŜƳƻǊȅ 
ƛƴ ŘƛŦŦŜǊŜƴǘ ǊŜƎƛƳŜǎϝύΦ /ƻƴǾŜǊǎŜƭȅΣ ǘƘŜ ŜƳŜǊƎƛƴƎ ŎƻƴŎŜǇǘ ƻŦ ŎƻƳǇǳǘŀǘƛƻƴŀƭ ƳƛŎǊƻǎŎƻǇȅ ǿƛǘƘ ǎǇŜŎƪƭŜ 
ǇŀǘǘŜǊƴǎ ŜȄǇƭƻƛǘǎ ŀŘǾŀƴŎŜŘ ŀƭƎƻǊƛǘƘƳǎ ǘƻ ƛƳŀƎŜ ōŜƘƛƴŘ ŀ ǎŎŀǘǘŜǊƛƴƎ ƳŜŘƛǳƳ ƻǊ ǘƻ ǳǎŜ 
ǎŎŀǘǘŜǊƛƴƎ ƛǘǎŜƭŦ ŀǎ ŀƴ ŀŘǾŀƴŎŜŘ ŀƴŘ ƭƻǿπŎƻǎǘ ǘƻƻƭΦ Lƴ ǘƘƛǎ ŀǘŜƭƛŜǊΣ ǿŜ ǿƛƭƭ ǇŜǊŦƻǊƳ ǘǿƻ ǿŜƭƭπ 
ŜǎǘŀōƭƛǎƘŜŘ ŜȄǇŜǊƛƳŜƴǘǎ ǘƘŀǘ ǎƘƻǿ ǘƘŜ ŀŘǾŀƴǘŀƎŜ ƻŦ ǳǎƛƴƎ ǎǇŜŎƪƭŜǎ ǿƛǘƘ ŎƻƳǇǳǘŀǘƛƻƴŀƭ ƳŜǘƘƻŘǎΣ 
ƻƴ ǘƘŜ ǎŀƳŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ǎŜǘǳǇ ŀǎ ǘƘŜ ƻƴŜ ǳǎŜŘ ƛƴ ǘƘŜ ŀǘŜƭƛŜǊ ƻǊƎŀƴƛȊŜŘ ōȅ ƻǳǊ ƎǊƻǳǇΣ ǇǊŜǾƛƻǳǎƭȅ 
ŀŦƻǊŜƳŜƴǘƛƻƴŜŘΦ 
tǊŜǊŜǉǳƛǎƛǘŜǎ 
ω ƘŀǾŜ ŀ ōŀǎƛŎ ƪƴƻǿƭŜŘƎŜ ƻŦ ƻǇǘƛŎǎ 
ω ƘŀǾŜ ǎƻƳŜ ƪƴƻǿƭŜŘƎŜ ƻŦ ŎƻŘŜ όaŀǘƭŀōύ 
ω ƘŀǾŜ ǎƻƳŜ ƪƴƻǿƭŜŘƎŜ ƻŦ ōƛƻƭƻƎȅ 
IƻǿŜǾŜǊΣ ǿŜ ǿƛƭƭ ōŜ ŀǎ ŜŘǳŎŀǘƛƻƴŀƭ ŀǎ ǇƻǎǎƛōƭŜ ŀƴŘ ǿƛƭƭ ǊŜŘŜŦƛƴŜŀƭƭ ǘƘŜ ƴƻǘƛƻƴǎΦ 
!ǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ǿƻǊƪǎƘƻǇΣ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ ōŜ ŀōƭŜ ǘƻ ǳǎŜ ŀƴ ƻǇǘƛŎŀƭ ǎŜǘǳǇ ǘƻ ŦƻŎǳǎ ŀƴŘ 
ƛƳŀƎŜ ǘƘǊƻǳƎƘ ǎŎŀǘǘŜǊƛƴƎ ƳŜŘƛŀ ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ ŎƻƳǇǳǘŀǘƛƻƴŀƭ ƳŜǘƘƻŘǎΦ 
YŜȅǿƻǊŘǎ Υ ŦƭǳƻǊŜǎŎŜƴŎŜ Τ ƳƛŎǊƻǎŎƻǇȅ Τ baC Τ {La Τ .ƭƛƴŘ {La Τ ǎŎŀǘǘŜǊƛƴƎ ƳŜŘƛǳƳ Τ ǘǊŀƴǎƳƛǎǎƛƻƴ  
 

***  
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!мнсπaƛŎǊƻǎŎƻǇƛŜ ǉǳŀƴǘƛǘŀǘƛǾŜ Υ ŘȅƴŀƳƛǉǳŜ ƳƻƭŞŎǳƭŀƛǊŜ ǇŀǊ {ǇŜŎǘǊƻǎŎƻǇƛŜ ŘŜ /ƻǊǊŞƭŀǘƛƻƴ ŘŜ 
CƭǳƻǊŜǎŎŜƴŎŜ π aƛǎŜ Ŝƴ ƻŜǳǾǊŜΣ ŎŀƭƛōǊŀǘƛƻƴ Ŝǘ ŀƴŀƭȅǎŜ 
tƛŜǊǊŜ [ŜŎƭŜǊŎ όǇƛŜǊǊŜΦƭŜŎƭŜǊŎϪǳƴƛǾπƭƛƭƭŜΦŦǊύ 
!ōǎǘǊŀŎǘ Υ CƭǳƻǊŜǎŎŜƴŎŜ ŎƻǊǊŜƭŀǘƛƻƴ ǎǇŜŎǘǊƻǎŎƻǇȅ όC/{ύ ƛǎ ŀ ǘŜŎƘƴƛǉǳŜ ŦƻǊ ƳŜŀǎǳǊƛƴƎ ǘƘŜ ŘƛŦŦǳǎƛƻƴ 
ŎƻŜŦŦƛŎƛŜƴǘǎ ŀƴŘ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ƻŦ ŦƭǳƻǊŜǎŎŜƴǘ ŎƻƴǎǘǊǳŎǘǎΦ C/{ ƛǎ ǳǎǳŀƭƭȅ ǇŜǊŦƻǊƳŜŘ ǿƛǘƘ ŀ ŎƻƴŦƻŎŀƭ 
ƳƛŎǊƻǎŎƻǇŜ ŀƴŘ Ŏŀƴ ōŜ ŀǇǇƭƛŜŘ ǘƻ ŀƴȅ ŦƭǳƻǊŜǎŎŜƴǘƭȅ ƭŀōŜƭŜŘ ƳƻƭŜŎǳƭŜ ƛƴ ǎƻƭǳǘƛƻƴ όǳǎǳŀƭƭȅ ǿŀǘŜǊ ƻǊ ŀ 
ōǳŦŦŜǊ ǎƻƭǳǘƛƻƴύΣ ƻƴ ƳŜƳōǊŀƴŜǎ ŀƴŘ ƛƴ ƭƛǾƛƴƎ ŎŜƭƭǎΦ ¢ƻ ƻōǎŜǊǾŜ ǇǊƻǘŜƛƴǎ ƛǘ ƛǎ ǉǳƛǘŜ Ŝŀǎȅ ǘƻŘŀȅ ǘƻ ŎǊŜŀǘŜ 
Ŧǳǎƛƻƴ ǇǊƻǘŜƛƴǎ ǿƛǘƘ ŀǳǘƻŦƭǳƻǊŜǎŎŜƴǘ ƳƻƭŜŎǳƭŜǎ όDCtΣ ƳwCtΣ ŦƭŀƎΣΦΦΦύΦ CǊƻƳ ŀƴ ƛƴǎǘǊǳƳŜƴǘŀƭ Ǉƻƛƴǘ ƻŦ 
ǾƛŜǿΣ C/{ ƛǎ ŀ ŦŀƛǊƭȅ Ŝŀǎȅ ǘŜŎƘƴƛǉǳŜ ǘƻ ƛƳǇƭŜƳŜƴǘΦ IƻǿŜǾŜǊΣ ǘƘŜ ǉǳŀƭƛǘȅ ŀƴŘ ǊŜƭŜǾŀƴŎŜ ƻŦ ǘƘŜ 
ƳŜŀǎǳǊŜƳŜƴǘǎ ŘŜǇŜƴŘ ǎǘǊƻƴƎƭȅ ƻƴ ǘƘŜ ǉǳŀƭƛǘȅ ƻŦ ǘƘŜ ƻǇǘƛŎŀƭ ŘŜǾƛŎŜ ŀƴŘ ǘƘŜ ǊŜƭƛŀōƛƭƛǘȅ ƻŦ ǘƘŜ 
ƳŜŀǎǳǊŜƳŜƴǘ ƳŜǘƘƻŘƻƭƻƎȅΦ 5ǳǊƛƴƎ ǘƘƛǎ ǿƻǊƪǎƘƻǇ ǿŜ ǿƛƭƭ ŘŜŀƭ ǿƛǘƘ ǎƛƳǇƭŜ ŎŀǎŜǎ ŀƭƭƻǿƛƴƎ ǘƻ 
ƛƳǇƭŜƳŜƴǘ ǘƘƛǎ ǘŜŎƘƴƛǉǳŜ ƛƴ ƻǊŘŜǊ ǘƻ ǊŜŀƭƛȊŜ ǇǊŜŎƛǎŜ ŀƴŘ ǊŜǇǊƻŘǳŎƛǎōƭŜ ǉǳŀƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ƳƻƭŜŎǳƭŀǊ 
ŎƻƴŎŜƴǘǊŀǘƛƻƴ ŀƴŘ ŘƛŦŦǳǎǎƛƻƴ ƛƴ ƭƛǾƛƴƎ ŎŜƭƭΦ 
YŜȅǿƻǊŘǎ Υ C/{Σ ǉǳŀǘƛŦƛŎŀǘƛƻƴΣ ŘƛŦŦǳǎƛƻƴΦ 
 

***  

!мнтπaƛŎǊƻǎŎƻǇƛŜ ƭŀǊƎŜ ŎƘŀƳǇ ǎǳǊ ƳŞǎƻǎŎƻǇŜ ƘƻƳŜƳŀŘŜ 
.Ŝƴƻƛǘ wƻƎŜȊ όōŜƴƻƛǘΦǊƻƎŜȊϪŦǊŜǎƴŜƭΦŦǊύ 
!ōǎǘǊŀŎǘ Υ [ΨŞǘǳŘŜ ŘΩǳƴŜ ǇƻǇǳƭŀǘƛƻƴ ŎŜƭƭǳƭŀƛǊŜ ŎƻƴǎǘƛǘǳŜ ǳƴ ŘŞŦƛ Řǳ Ŧŀƛǘ ŘŜ ǎƻƴ ƘŞǘŞǊƻƎŞƴŞƛǘŞ 
ƛƴǘǊƛƴǎŝǉǳŜΦ /ƘŀǉǳŜ ŎŜƭƭǳƭŜ ǇǊŞǎŜƴǘŜ ŘŜǎ ŎŀǊŀŎǘŞǊƛǎǘƛǉǳŜǎ ǉǳƛ ƭǳƛ ǎƻƴǘ ǇǊƻǇǊŜǎΣ Ŝǘ ǊŜƳƻƴǘŜǊ Ł ŘŜǎ 
ǇǊƻǇǊƛŞǘŞǎ ƳƻȅŜƴƴŜǎ ƴŞŎŜǎǎƛǘŜ ǳƴŜ ŞǘǳŘŜ ǎǘŀǘƛǎǘƛǉǳŜ ǎǳǊ ǳƴ ƎǊŀƴŘ ƴƻƳōǊŜ ŘŜ ŎŜƭƭǳƭŜǎΦ /Ŝǎ ŞǘǳŘŜǎ 
ǎƻƴǘ ǘƻǳǘŜŦƻƛǎ ŎƻƴǘǊŀƛƴǘŜǎ ǇŀǊ ƭŜǎ ǎȅǎǘŝƳŜǎ ŘΩƛƳŀƎŜǊƛŜ ŘƛǎǇƻƴƛōƭŜǎΦ 5Ωǳƴ ŎƾǘŞΣ ƭŜǎ ƻōƧŜŎǘƛŦǎ ŘŜ 
ƳƛŎǊƻǎŎƻǇƛŜ ǇǊŞǎŜƴǘŜƴǘ ǳƴ ŎƘŀƳǇ ŘŜ ǾǳŜ ƭƛƳƛǘŞ Ł ǉǳŜƭǉǳŜǎ ƳƳнΣ ŎŜ ǉǳƛ ƭƛƳƛǘŜ ƭŜ ƴƻƳōǊŜ ŘŜ ŎŜƭƭǳƭŜǎ 
ƻōǎŜǊǾŀōƭŜǎΦ 5Ŝ ƭΩŀǳǘǊŜΣ ƭŀ ŎȅǘƻƳŞǘǊƛŜ ŘŜ ŦƭǳȄ ƛƎƴƻǊŜ ƭŜǎ ŞǾŞƴŜƳŜƴǘǎ ǊŀǊŜǎ Ŝǘ Ŝǎǘ ǇŜǳ ŀŘŀǇǘŞŜ Ł 
ƭΩŞǘǳŘŜ ŘŜ ŎŜƭƭǳƭŜǎ ŀŘƘŞǊŜƴǘŜǎΦ !Ŧƛƴ ŘŜ ŘŞǇŀǎǎŜǊ ŎŜǎ ƭƛƳƛǘŀǘƛƻƴǎΣ ǳƴŜ ŎƻƭƭŀōƻǊŀǘƛƻƴ ŜƴǘǊŜ ƭΩLƴǎǘƛǘǳǘ 
CǊŜǎƴŜƭΣ IƻǊƛōŀ aŜŘƛŎŀƭ Ŝǘ ƭŜ /9! [9¢L ŀ ǇŜǊƳƛǎ ƭŜ ŘŞǾŜƭƻǇǇŜƳŜƴǘ ŘΩǳƴ ƳƛŎǊƻǎŎƻǇŜ ǘǊŝǎ ƭŀǊƎŜ ŎƘŀƳǇ 
όт Ȅ р ƳƳнύ ŘƛǎǇƻǎŀƴǘ ŘΩǳƴŜ ǊŞǎƻƭǳǘƛƻƴ Ł ƭΩŞŎƘŜƭƭŜ ŘŜ ƭŀ ŎŜƭƭǳƭŜ ǳƴƛǉǳŜ όо ҡƳύΦ  
5ŜǳȄ ŀǎǇŜŎǘǎ ǎŜǊƻƴǘ ŀōƻǊŘŞǎ Řŀƴǎ ŎŜǘ ŀǘŜƭƛŜǊ Υ 
[Ŝ aŞǎƻǎŎƻǇŜ ǎŜǊŀ ǇǊŞǎŜƴǘŞ ŀŦƛƴ ŘΩƛƭƭǳǎǘǊŜǊ ǎŜǎ ŎŀǇŀŎƛǘŞǎ ŘΩƛƳŀƎŜǊƛŜ ǎǳǊ ŘŜǎ ŞŎƘŀƴǘƛƭƭƻƴǎ ōƛƻƭƻƎƛǉǳŜǎ 
όŀƳŜƴŞǎ ǇŀǊ ƭŜǎ ǇŀǊǘƛŎƛǇŀƴǘǎύΦ ! ƭΩƛǎǎǳŜ ŘŜ ƭΩŀǘŜƭƛŜǊΣ ƭŜǎ ǇŀǊǘƛŎƛǇŀƴǘǎ ǎŜǊƻƴǘ ŎŀǇŀōƭŜ ŘŜ ǊŜǇǊƻŘǳƛǊŜ Ŝǘ 
ŘΩǳǘƛƭƛǎŜǊ ƭŜ aŞǎƻǎŎƻǇŜ ŘŜ ƳŀƴƛŝǊŜ ŀǳǘƻƴƻƳŜ Řŀƴǎ ƭŜǳǊ ƭŀōƻǊŀǘƻƛǊŜΦ 
tǳƛǎΣ ƻƴ ŘƛǎŎǳǘŜǊŀ ŘŜǎ ŀǎǇŜŎǘǎ ζ 5L¸ η Řǳ aŞǎƻǎŎƻǇŜ ǉǳƛ ŀ ŞǘŞ Ŏƻƴœǳ Řŀƴǎ ƭΩƻǇǘƛǉǳŜ ŘΩşǘǊŜ ƭŜ Ƴƻƛƴǎ 
ŎƘŜǊ ǇƻǎǎƛōƭŜ  
YŜȅǿƻǊŘǎ Υ LƳŀƎŜǊƛŜ ŘŜ ŎƘŀƳǇ ƳƛƭƭƛƳŞǘǊƛǉǳŜΣ 5L¸ 
 

***  

!мнуπaŜŎƘŀƴƛŎŀƭ ŎƘŀǊŀŎǘŜǊƛǎŀǘƛƻƴ ōȅ !Ca ƻŦ ƳǳǊƛƴŜ ƻƻŎȅǘŜǎ ǘƻ ǇǊŜŘƛŎǘ ǘƘŜƛǊ ŦƛǘƴŜǎǎ 
wƻǎŜ .ǳƭǘŜŀǳ όǊƻǎŜΦōǳƭǘŜŀǳϪǳƴƛǾπŜǾǊȅΦŦǊύ [ǳŎƛŜ .ŀǊōƛŜǊ όƭǳŎƛŜΦōŀǊōƛŜǊϪŎƻƭƭŜƎŜπŘŜπŦǊŀƴŎŜΦŦǊύ 
!ōǎǘǊŀŎǘ Υ hƻŎȅǘŜ ǇǊƻŘǳŎǘƛƻƴ ŘǳǊƛƴƎ ƳŜƛƻǎƛǎ ƛƴ ƘǳƳŀƴ ŦŜƳŀƭŜǎ ƛǎ ŜǎǎŜƴǘƛŀƭ ŦƻǊ ǎŜȄǳŀƭ ǊŜǇǊƻŘǳŎǘƛƻƴΦ 
IƻǿŜǾŜǊΣ ǘƘƛǎ ǇǊƻŎŜǎǎ ƛǎ ŜǊǊƻǊπǇǊƻƴŜ ŀƴŘ ƎŜƴŜǊŀǘŜǎ ŀ ōŀǎŀƭ ǊŀǘŜ ƻŦ ōŀŘ ǉǳŀƭƛǘȅ ƻƻŎȅǘŜǎΣ ƘŀǾƛƴƎ 
ŘŜƭŜǘŜǊƛƻǳǎ ŎƻƴǎŜǉǳŜƴŎŜǎ ŦƻǊ ŦŜǊǘƛƭƛǘȅ ŀƴŘ ƻŦŦǎǇǊƛƴƎ ŘŜǾŜƭƻǇƳŜƴǘΦ Lǘ Ƙŀǎ ōŜŜƴ ǎƘƻǿƴ ǘƘŀǘ ŀōŜǊǊŀƴǘ 
ƻƻŎȅǘŜ ǎǘƛŦŦƴŜǎǎ ŀƭǘŜǊǎ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘŀƭ ŎŀǇŀŎƛǘȅ ƻŦ ǘƘŜ ƻƻŎȅǘŜ ό/ƘŀƛƎƴŜ Ŝǘ ŀƭΦΣ нлмоΣ нлмрΤ ¸ŀƴŜȊ 
Ŝǘ ŀƭΦ нлмсΤ .Ŝƴƴŀōƛ Ŝǘ ŀƭΦ нлнлύΦ ¢ƘǳǎΣ ƳŜŎƘŀƴƛŎŀƭ ǇǊƻǇŜǊǘƛŜǎ ŎƻǳƭŘ ōŜ ǳǎŜŘ ǘƻ ǇǊŜŘƛŎǘ 
ŘŜǾŜƭƻǇƳŜƴǘŀƭ ǇƻǘŜƴǘƛŀƭ ƻŦ ƻƻŎȅǘŜǎ ŀƴŘ ƎǳƛŘŜ ǘƘŜƛǊ ǎŜƭŜŎǘƛƻƴ ŦƻǊ ŀǎǎƛǎǘŜŘ ǊŜǇǊƻŘǳŎǘƛǾŜ ǘŜŎƘƴƻƭƻƎƛŜǎΦ 
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¢ƘŜ ƳŜŎƘŀƴƛŎŀƭ ǇǊƻǇŜǊǘƛŜǎ ƻŦ ǎǳŎƘ ōƛƎ ŎŜƭƭǎ ƘŀǾŜ ōŜŜƴ ǎǘǳŘƛŜŘ ǳǎƛƴƎ ǘƘŜ ƳƛŎǊƻǇƛǇŜǘǘŜ ŀǎǇƛǊŀǘƛƻƴ 
ǘŜŎƘƴƛǉǳŜ ό[ŀǊǎƻƴ Ŝǘ ŀƭΦ нлмлΣ/ƘŀƛƎƴŜ Ŝǘ ŀƭΦΣ нлмоΣ нлмрΣ нлмсΤ¸ŀƴŜȊ Ŝǘ ŀƭΦΣ нлмсΤ.Ŝƴƴŀōƛ Ŝǘ ŀƭΦ нлнлύΦ 
IƻǿŜǾŜǊΣ ǘƘƛǎ ƳŜǘƘƻŘ Ƙŀǎ ŀ ƭƻǿ ȅƛŜƭŘ ŀƴŘ ƴƻǘ Ŧǳƭƭȅ ŀŘŀǇǘŜŘ ǘƻ Ŧƻƭƭƻǿ ƻƻŎȅǘŜ ŘŜǾŜƭƻǇƳŜƴǘΦ  
!ǘƻƳƛŎ CƻǊŎŜ aƛŎǊƻǎŎƻǇȅ ό!Caύ Ƙŀǎ ŀ ƳǳŎƘ ƘƛƎƘŜǊ ǘƘǊƻǳƎƘǇǳǘ ŀƴŘ ǇǊƻǾƛŘŜǎ Ǌƻōǳǎǘ ƳŜŀǎǳǊŜƳŜƴǘ 
ƻŦ ƳŜŎƘŀƴƛŎŀƭ ǇŀǊŀƳŜǘŜǊǎΣ ŀƴŘ ƛǎ ǘƘŜǊŜŦƻǊŜ ŀ ƎƻƻŘ ŀƭǘŜǊƴŀǘƛǾŜ ǘƻ ƳƛŎǊƻǇƛǇŜǘǘŜ ŀǎǇƛǊŀǘƛƻƴΦ ²Ŝ ǿƛƭƭ 
ǇǊŜǎŜƴǘ ǘƘŜ ǇǊƻǘƻŎƻƭ ŀƴŘ ǘƘŜ ŀƴŀƭȅǎƛǎ ǿƻǊƪπŦƭƻǿ ǿŜ ƘŀǾŜ ŘŜǎƛƎƴŜŘ ǘƻ ƳŜŀǎǳǊŜ ǘƘŜ ŜǾƻƭǳǘƛƻƴ ƻŦ 
ƳǳǊƛƴŜ ƻƻŎȅǘŜǎ ƳŜŎƘŀƴƛŎŀƭ ǇǊƻǇŜǊǘƛŜǎ ŘǳǊƛƴƎ ǘƘŜƛǊ ŘŜǾŜƭƻǇƳŜƴǘΦ ¢ƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ǎŜǘǳǇ ƛǎ ŀŘŀǇǘŜŘ 
ǘƻ ǘƘŜ ǎǇŜŎƛŦƛŎ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ƻƻŎȅǘŜǎ ǿƘƛŎƘ ŀǊŜ ƭŀǊƎŜ όулҡƳ ŘƛŀƳŜǘŜǊύ ƴƻƴπŀŘƘŜǊŜƴǘ ŎŜƭƭΦ ¢ƘŜ 
ŦƻǊŎŜπŘƛǎǘŀƴŎŜ ŎǳǊǾŜǎ ƻōǘŀƛƴŜŘ ǿƛƭƭ ōŜ ŀƴŀƭȅǎŜŘ ǳǎƛƴƎ ŀ {ƴŜŘŘƻƴ ƳƻŘŜƭ ŎƻƳōƛƴŜŘ ǿƛǘƘ ŀ ƭƛƴŜŀǊ 
ƳƻŘŜƭ ǘƻ ŜȄǘǊŀŎǘ ǘƘŜ ŜƭŀǎǘƛŎƛǘȅ ŀƴŘ ŎƻǊǘƛŎŀƭ ǘŜƴǎƛƻƴ ǾŀƭǳŜǎΦ hǳǊ ǇǊŜƭƛƳƛƴŀǊȅ ǊŜǎǳƭǘǎ ƘŀǾŜ ǎƘƻǿƴ ǘƘŀǘ 
ōƻǘƘ ǘƘŜǎŜ ǇŀǊŀƳŜǘŜǊǎ ŘŜŎǊŜŀǎŜ ŘǳǊƛƴƎ ƻƻŎȅǘŜ ŘŜǾŜƭƻǇƳŜƴǘΦ ¢ƘŜȅ ŎƻƴŦƛǊƳ ƻǳǊ ǇǊŜǾƛƻǳǎ 
ƳƛŎǊƻǇƛǇŜǘǘŜ ƳŜŀǎǳǊŜƳŜƴǘǎ ŀƴŘ ƛƴŘƛŎŀǘŜ ǘƘŀǘ ǿŜ Ŏŀƴ ǳǎŜ ǘƘƛǎ ǘŜŎƘƴƛǉǳŜ ƛƴ ŀ ƘƛƎƘ ǘƘǊƻǳƎƘǇǳǘ 
ƳŀƴƴŜǊ ǘƻ ǎŎƻǊŜ ƻƻŎȅǘŜǎ ŀƴŘ ǎŜǘ ŎƻǊǘƛŎŀƭ ǘŜƴǎƛƻƴ ǘƘǊŜǎƘƻƭŘ ǾŀƭǳŜǎ ŎƻǊǊŜƭŀǘƛƴƎ ǿƛǘƘ ŀ ƎƻƻŘ 
ŘŜǾŜƭƻǇƳŜƴǘŀƭ ǇƻǘŜƴǘƛŀƭΦ CƛƴŀƭƭȅΣ ǘƘƛǎ ǿƻǊƪǎƘƻǇ ǿƛƭƭ ǇǊŜǎŜƴǘ ŀƴ !Ca ƛƴŘŜƴǘŀǘƛƻƴ ŜȄǇŜǊƛƳŜƴǘ ƻƴ 
ƻƻŎȅǘŜǎ ǘƘŀǘ Ƴŀȅ ōŜ ƻŦ ƛƴǘŜǊŜǎǘ ǘƻ ǎŎƛŜƴǘƛǎǘǎ ǿƛǎƘƛƴƎ ǘƻ ǎǘǳŘȅ ǘƘŜ ƳŜŎƘŀƴƛŎǎ ƻŦ ƻǘƘŜǊ ƴƻƴπŀŘƘŜǊŜƴǘ 
ŎŜƭƭ ǘȅǇŜǎΦ 
YŜȅǿƻǊŘǎ Υ !CaΣ hƻŎȅǘŜǎΣ /ƻǊǘƛŎŀƭ ¢ŜƴǎƛƻƴΣ 9ƭŀǎǘƛŎƛǘȅ  
 

***  

!мнфπ!Ca ƻƴ ƳƛŎǊƻōƛŀƭ ǎǳǊŦŀŎŜǎΥ ōŀǎƛŎǎ ƻŦ ŦƻǊŎŜ ǎǇŜŎǘǊƻǎŎƻǇȅ ƳŜŀǎǳǊŜƳŜƴǘǎ 
!ǳŘǊŜȅ !ǳŘǊŜȅ ōŜŀǳǎǎŀǊǘ όŀǳŘǊŜȅΦōŜŀǳǎǎŀǊǘϪǳƴƛǾπƭƻǊǊŀƛƴŜΦŦǊύ 
{ƻŦƛŀƴŜ 9ƭπƪƛǊŀǘπŎƘŀǘŜƭ όŜƭƪƛǊŀǘмϪǳƴƛǾπƭƻǊǊŀƛƴŜΦŦǊύ 
!ōǎǘǊŀŎǘ Υ aƻǊŜ ǘƘŀƴ ŀƴ ƛƳŀƎƛƴƎ ǘƻƻƭΣ !Ca Ƙŀǎ ōŜŜƴ ƛƴǎǘǊǳƳŜƴǘŀƭ ƛƴ ƳŜŀǎǳǊƛƴƎ ǘƘŜ ƳŜŎƘŀƴƛŎŀƭ 
ǊŜǎǇƻƴǎŜ ƻŦ ƭƛǾƛƴƎ ŎŜƭƭǎ ŀƴŘ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ŀƴŘ ǳƴŦƻƭŘƛƴƎ ǇǊƻǇŜǊǘƛŜǎ ƻŦ ǘƘŜƛǊ ǎǳǊŦŀŎŜǎ 
ōƛƻƳƻƭŜŎǳƭŜǎΦ Lƴ ǘƘƛǎ ǇǊŀŎǘƛŎŀƭΣ ǿŜ ǿƛƭƭ ŘŜƳƻƴǎǘǊŀǘŜ Ƙƻǿ ǘƻ ƳŜŀǎǳǊŜ ƳƻƭŜŎǳƭŀǊ ŀƴŘ ŎŜƭƭǳƭŀǊ 
ƛƴǘŜǊŀŎǘƛƻƴǎ ǿƛǘƘ ŀ ǇƛŎƻƴŜǿǘƻƴ ǎŜƴǎƛǘƛǾƛǘȅΦ  
CƻǊ ǘƘŀǘΣ !Ca ǘƛǇǎ ƴŜŜŘ ǘƻ ōŜ ŦǳƴŎǘƛƻƴŀƭƛȊŜŘ ƛύ ǿƛǘƘ ƭƛƎŀƴŘǎ ǘƻ ƳŀǇ ǘƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ ǘƘŜ 
ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǊŜŎŜǇǘƻǊǎ ŀǘ ǘƘŜ ŎŜƭƭ ǎǳǊŦŀŎŜΣ  
ƛƛύ ǿƛǘƘ ŎƘŜƳƛŎŀƭ ŦǳƴŎǘƛƻƴǎ ǘƻ ŘŜŎƛǇƘŜǊ ǎǇŜŎƛŦƛŎ ǇƘȅǎƛŎƻπŎƘŜƳƛŎŀƭ ǇǊƻǇŜǊǘƛŜǎ ƻǊ  
ƛƛƛύ ǿƛǘƘ ǘƘŜ ŎŜƭƭ ƛǘǎŜƭŦ ǘƻ ƳŜŀǎǳǊŜ ƛǘǎ ŀŘƘŜǎƛƻƴ ǘƻǿŀǊŘǎ όŀύōƛƻǘƛŎ ǎǳōǎǘǊŀǘŜǎΦ  
ƛ ŀƴŘ ƛƛƛ ǿƛƭƭ ōŜ ŜȄǇƭŀƛƴŜŘ ǘƘŜƻǊŜǘƛŎŀƭƭȅ ŀƴŘ ŘŜƳƻƴǎǘǊŀǘƛƻƴ ƻŦ ƛƛ ǿƛƭƭ ōŜ ŘƻƴŜ ŘǳǊƛƴƎ ǘƘŜ ǿƻǊƪǎƘƻǇΦ CƻǊ 
ǘƘŀǘΣ ƎƻƭŘ !Ca ǇǊƻōŜ ǿƛƭƭ ōŜ ŦǳƴŎǘƛƻƴŀƭƛȊŜŘ ǿƛǘƘ ƘȅŘǊƻǇƘƻōƛŎ ǘƘƛƻƭǎ ŀƴŘ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ ōŜ ƛƴǾƛǘŜŘ 
ǘƻ ƳŜŀǎǳǊŜ ŦƻǊŎŜǎ ǘƻǿŀǊŘ ŀōƛƻǘƛŎ ƘȅŘǊƻǇƘƻōƛŎ ŀƴŘ ƘȅŘǊƻǇƘƛƭƛŎ ǎŀƳǇƭŜǎ ǘƻ ǎŜƴǎŜ Ƙƻǿ ǘƻ ƳŜŀǎǳǊŜ 
ƘȅŘǊƻǇƘƻōƛŎ ǇǊƻǇŜǊǘƛŜǎ ŀǘ ǘƘŜ ƴŀƴƻǎŎŀƭŜΦ  
5ŀǘŀ ǘǊŜŀǘƳŜƴǘ ǿƛƭƭ ōŜ ŜȄǇƭŀƛƴŜŘ όŀƴŘ ŎƻƳǇŀǊŜŘ ǘƻ ǇǊŜǾƛƻǳǎ Řŀǘŀ ƻōǘŀƛƴŜŘ ƛƴ ǘƘŜ ƭŀō ǳǎƛƴƎ ƻǘƘŜǊ 
ǘȅǇŜǎ ƻŦ ŦǳƴŎǘƛƻƴŀƭƛȊŜŘ ǘƛǇǎΣ ŜƎΦ !ōǎύΦ  
!ǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ǇǊŀŎǘƛŎŀƭΣ ǇŀǊǘƛŎƛǇŀƴǘǎ ǎƘƻǳƭŘ ōŜ ŀōƭŜ ǘƻ ǇƭŀŎŜ ǘƘŜ ǘƛǇ ƛƴ ǘƘŜ !Ca ǎŜǘπǳǇΣ ŀƭƛƎƴ ǘƘŜ 
ƭŀǎŜǊΣ ŀƴŘ ŀŎǉǳƛǊŜ ŀƴŘ ƛƴǘŜǊǇǊŜǘ ǎƛƳǇƭŜ ŦƻǊŎŜπŘƛǎǘŀƴŎŜ ŎǳǊǾŜǎΦ  
¢Ƙƛǎ ǿƻǊƪǎƘƻǇ ƛǎ ƻǇŜƴ ǘƻ ōƛƻƭƻƎƛǎǘǎΣ ŎƘŜƳƛǎǘǎ ŀƴŘ ǇƘȅǎƛŎƛǎǘǎ ŀƴŘ ŎƻƳǇŜǘŜƴŎŜǎ ƛƴ !Ca ƻǊ ōƛƻǇƘȅǎƛŎǎ 
ŀǊŜ ƴƻǘ ǊŜǉǳƛǊŜŘΦ 
YŜȅǿƻǊŘǎ Υ !CaΣ ƘȅŘǊƻǇƘƻōƛŎƛǘȅΣ ŦƻǊŎŜ ǎǇŜŎǘǊƻǎŎƻǇȅΣ ŀŘƘŜǎƛƻƴ 
 
!молπhǇǘƻƎŜƴŜǘƛŎ ŎƻƴǘǊƻƭ ƻŦ о5 ƳƛŎǊƻπ ǘƛǎǎǳŜ нκн 
¢ƘƻƳŀǎ .ƻǳŘƻǳ όǘƘƻƳŀǎΦōƻǳŘƻǳϪǳƴƛǾπƎǊŜƴƻōƭŜπŀƭǇŜǎΦŦǊύ 
!ŘǊƛŜƴ aŞǊȅ όŀŘǊƛŜƴΦƳŜǊȅϪǳƴƛǾπƎǊŜƴƻōƭŜπŀƭǇŜǎΦŦǊύ 
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!ōǎǘǊŀŎǘ Υ aŜŎƘŀƴƛŎŀƭ ŦƻǊŎŜǎ ŀǊŜ ƛƳǇƭƛŜŘ ƛƴ Ƴƻǎǘ ƻŦ ōƛƻƭƻƎƛŎŀƭ ƳƻǾŜƳŜƴǘǎ ǊŀƴƎƛƴƎ ŦǊƻƳ ǎƛƴƎƭŜ ŎŜƭƭ 
ƳƛƎǊŀǘƛƻƴ ǘƻ ŜƳōǊȅƻ ƳƻǊǇƘƻƎŜƴŜǎƛǎΦ ¦ƴŘŜǊǎǘŀƴŘƛƴƎ Ƙƻǿ ǘƘƛǎ ŦƻǊŎŜǎ ŀǊŜ ƎŜƴŜǊŀǘŜŘ ŀƴŘ ǘǊŀƴǎƳƛǘǘŜŘ 
ǿƛǘƘƛƴ ǎǳǇǊŀ ŎŜƭƭǳƭŀǊ ŀǎǎŜƳōƭƛŜǎ ƛǎ ŀ ƪŜȅ Ǉƻƛƴǘ ǘƻ ǘƘŜ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘƻǎŜ ǇƘŜƴƻƳŜƴƻƴǎΦ ¢Ƙƛǎ 
ǿƻǊƪǎƘƻǇ ŀƛƳǎ ŀǘ ǎǘǳŘȅƛƴƎ Ƙƻǿ ǘƘŜǎŜ ǎƛƎƴŀƭǎ ŀǊŜ ǎǇŀǘƛŀƭƭȅ ǇǊƻǇŀƎŀǘŜŘ ƛƴ ōƛƻƭƻƎƛŎŀƭ ƳƛŎǊƻπǘƛǎǎǳŜǎΦ ¢ƻ 
ǘƘƛǎ ŜƴŘΣ ŀƴ ƻǇǘƻƎŜƴŜǘƛŎ ƳƛŎǊƻǎŎƻǇȅ ǎŜǘ ǳǇ ǇǊƻǾƛŘŜŘ ōȅ ǘƘŜ ŎƻƳǇŀƎƴȅ ǿƛƭƭ ōŜ ǳǎŜŘ ǘƻ ǘǊƛƎƎŜǊ ǘƘŜ 
ŎƻƴǘǊŀŎǘƛƻƴ ƻŦ о5 ŜƴƎƛƴŜŜǊŜŘ ƳƛŎǊƻǘƛǎǎǳŜǎΦ tǊŀŎǘƛŎŀƭƭȅ ǘƘŜ ƻǇǘƻƎŜƴŜǘƛŎ ǎǘƛƳǳƭƛ ǿƛƭƭ ǘŀǊƎŜǘ !ǊƘD9CммΣ 
ŀ ƳŀƧƻǊ ǊŜƎǳƭŀǘƻǊ ƻŦ ŎŜƭƭǳƭŀǊ ŎƻƴǘǊŀŎǘƛƭƛǘȅΦ ¢ƘŜ ōƛƻπƳŜŎƘŀƴƛŎŀƭ ǊŜǎǇƻƴǎŜ ƻŦ ŜŀŎƘ ōƛƻƭƻƎƛŎŀƭ ǎŀƳǇƭŜ ǿƛƭƭ 
ōŜ ǉǳŀƴǘƛŦƛŜŘ ƛƴ ŀ ŎƻǳǇƭŜŘ ǇǊŀŎǘƛŎŀƭ ǿƘŜǊŜ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ ǿƻǊƪ ƻƴ ōƻǘƘ ƘƻƳŜ ƳŀŘŜ ǎƻŦǘǿŀǊŜ 
ǎƻƭǳǘƛƻƴǎ ŀƴŘ ƻǇŜƴ ǎƻǳǊŎŜ ŎƻŘŜǎ ŦƻǊ ŦƻǊŎŜ ŀƴŀƭȅǎƛǎΦ !ǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘƛǎ ǿƻǊƪǎƘƻǇ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ 
ōŜ ŀǳǘƻƴƻƳƻǳǎ ƻƴ ǘƘŜ ǳǎŜ ƻŦ ǘƘŜ ƻǇǘƻƎŜƴŜǘƛŎ ǎŜǘǳǇΣ ǿƛƭƭ ōŜ ŀōƭŜ ǘƻ ŘŜǎƛƎƴ ŀ ǘȅǇƛŎŀƭ ǎŜǉǳŜƴŎŜ ƻŦ 
ƻǇǘƻƎŜƴŜǘƛŎ ǎǘƛƳǳƭŀǘƛƻƴ ŎƻǳǇƭŜŘ ǘƻ ƛƳŀƎŜ ŀŎǉǳƛǎƛǘƛƻƴ ŀƴŘ Ŧƛƴŀƭƭȅ ǿƛƭƭ ōŜ ǘǊŀƛƴŜŘ ƻƴ ǘƘŜ ǎƻŦǘǿŀǊŜ 
ǎƻƭǳǘƛƻƴǎ ŦƻǊ ŦƻǊŎŜ ƛƳŀƎƛƴƎ ƻŦ ōƻǘƘ ǎƛƴƎƭŜ ŎŜƭƭǎ ŀƴŘ ŀƴŘ о5 ƳƛŎǊƻǘƛǎǎǳŜǎΦ  
YŜȅǿƻǊŘǎ Υ ƻǇǘƻƎŜƴŜǘƛŎ Σ о5 ƳƛŎǊƻǘƛǎǎǳŜΣ ƳŜŎƘŀƴƻōƛƻƭƻƎȅ 
 

***  

!момπLƳŀƎŜǊƛŜ о5 ŘΩƻǊƎŀƴŜǎ ǘǊŀƴǎǇŀǊƛǎŞǎ ǇŀǊ ƳƛŎǊƻǎŎƻǇƛŜ Ł ŦŜǳƛƭƭŜ ŘŜ ƭǳƳƛŝǊŜ 
{ŞōŀǎǘƛŜƴ 5ǳǇƛŎƘŀǳŘ όǎŜōŀǎǘƛŜƴΦŘǳǇƛŎƘŀǳŘϪƛƴǎŜǊƳΦŦǊύ 
[ƻǳƛǎƻƴ [ŀƭƭŜƳŀƴǘ όƭƻǳƛǎƻƴΦƭŀƭƭŜƳŀƴǘϪƎƳŀƛƭΦŎƻƳύ 
!ōǎǘǊŀŎǘ Υ [ŀ ŎŀǇŀŎƛǘŞ ŘΩƛƳŀƎŜǊ ǳƴ ŞŎƘŀƴǘƛƭƭƻƴ ōƛƻƭƻƎƛǉǳŜ Řŀƴǎ ǎƻƴ ƛƴǘŞƎǊŀƭƛǘŞ Ŝǎǘ ǳƴ ŜƴƧŜǳ ƳŀƧŜǳǊ 
Řŀƴǎ ōŜŀǳŎƻǳǇ ŘŜ ǉǳŜǎǘƛƻƴǎ ōƛƻƭƻƎƛǉǳŜǎΦ tƭǳǘƾǘ ǉǳŜ ŘŜ ǊŞŀƭƛǎŜǊ ŘŜǎ ŎƻǳǇŜǎ Ŝƴ ǎŞǊƛŜǎ ŘΩǳƴ ƻǊƎŀƴŜΣ ƛƭ 
ŜȄƛǎǘŜ ƳŀƛƴǘŜƴŀƴǘ ŘŜǎ ǘŜŎƘƴƛǉǳŜǎ ŘŜ ǘǊŀƴǎǇŀǊƛǎŀǘƛƻƴ ǉǳƛ ǇŜǊƳŜǘǘŜƴǘ ŘΩƛƳŀƎŜǊ ƛƴǘŞƎǊŀƭŜƳŜƴǘ 
ƭΩŞŎƘŀƴǘƛƭƭƻƴΦ /ƻǳǇƭŞŜǎ Ł ƭŀ ƳƛŎǊƻǎŎƻǇƛŜ Ŝƴ ŦŜǳƛƭƭŜ ŘŜ ƭǳƳƛŝǊŜΣ ƻƴ ǇŜǳǘ ŀŎǉǳŞǊƛǊ ǊŀǇƛŘŜƳŜƴǘ ŘŜǎ 
ǾƻƭǳƳŜǎ ƛƳǇƻǊǘŀƴǘǎ ŘŜ ŘƻƴƴŞŜǎΦ 
tƻǳǊ ƳƻƴǘǊŜǊ ƭΩƛƴǘŞǊşǘ ŘŜ ƭŀ ƳƛŎǊƻǎŎƻǇƛŜ Ł ŦŜǳƛƭƭŜ ŘŜ ƭǳƳƛŝǊŜ Ŝǘ ŘŜ ƭŀ ǘǊŀƴǎǇŀǊƛǎŀǘƛƻƴΣ ŘŜǎ ƳƻŘŝƭŜǎ 
ŘΩƻǊƎŀƴŜǎ ƳǳǊƛƴǎ ǎŜǊƻƴǘ ǳǘƛƭƛǎŞǎ ŘǳǊŀƴǘ ŎŜǘ ŀǘŜƭƛŜǊΦ 
! ƭŀ Ŧƛƴ ŘŜ ƭΩŀǘŜƭƛŜǊΣ ƭŜǎ ǇŀǊǘƛŎƛǇŀƴǘǎ ǎŜǊƻƴǘ ŦŀƳƛƭƛŀǊƛǎŞǎ ŀǾŜŎ ƭΩƛƴǘŞǊşǘ ŘŜ ƭŀ ǘǊŀƴǎǇŀǊƛǎŀǘƛƻƴΣ ƭŜǎ 
ŘƛŦŦŞǊŜƴǘǎ ǘȅǇŜǎ ŘŜ ǘŜŎƘƴƛǉǳŜǎ Ŝǘ ŎƻƳƳŜƴǘ ŎƘƻƛǎƛǊ ƭŀ ǘŜŎƘƴƛǉǳŜ ŘŜ ǘǊŀƴǎǇŀǊƛǎŀǘƛƻƴ Ł ǳǘƛƭƛǎŜǊΦ [ŀ ǇǊƛǎŜ 
Ŝƴ Ƴŀƛƴ ŘŜ ƭŀ ƳƛŎǊƻǎŎƻǇƛŜ Ł ŦŜǳƛƭƭŜ ŘŜ ƭǳƳƛŝǊŜ ƭŜǳǊ ǇŜǊƳŜǘǘǊŀ ŘŜ ǾƻƛǊ ƭŜǎ Ǉƻƛƴǘǎ ŦƻǊǘǎ όǾƛǘŜǎǎŜ 
ŘΩŀŎǉǳƛǎƛǘƛƻƴΣ ŦŀƛōƭŜ ǇƘƻǘƻ ōƭŀƴŎƘƛƳŜƴǘύ Ŝǘ ƭŜǎ ƭƛƳƛǘŜǎ όǘŀƛƭƭŜ ŘŜ ƭΩƛƳŀƎŜΣ ǊŞǎƻƭǳǘƛƻƴύ ŘŜ ŎŜǘ ƻǳǘƛƭΦ 
 
!монπ{ǘǊǳŎǘǳǊŜŘ LƭƭǳƳƛƴŀǘƛƻƴ aƛŎǊƻǎŎƻǇȅ Υ {La ƻƴ ŎŜƭƭǎ Η 
!ǳǊŞƭƛŜƴ 5ŀǳǇƘƛƴ όŀǳǊŜƭƛŜƴΦŘŀǳǇƘƛƴϪŎǳǊƛŜΦŦǊύ !ǳŘǊŜȅ {ŀƭƭŜǎ όŀǳŘǊŜȅΦǎŀƭƭŜǎϪǇŀǎǘŜǳǊΦŦǊύ 
!ōǎǘǊŀŎǘ Υ ¢ƘŜ ǳƭǘǊŀǎǘǊǳŎǘǳǊŜ ƻŦ ǘƘŜ ŎŜƭƭ ƛǎ ƻŦǘŜƴ ǎǘǳŘƛŜŘ ōȅ ŜƭŜŎǘǊƻƴ ƳƛŎǊƻǎŎƻǇȅ ǎƛƴŎŜ ǘƘŜ ǊŜǎƻƭǳǘƛƻƴ 
ƻŦ ǇƘƻǘƻƴ ƳƛŎǊƻǎŎƻǇȅ ƛǎ ƭƛƳƛǘŜŘ ǘƻ ǘƘŜ ŘƛŦŦǊŀŎǘƛƻƴ ƻŦ ǘƘŜ ƭƛƎƘǘ ƛƴ ǇƘƻǘƻƴ ƳƛŎǊƻǎŎƻǇŜǎΦ IƻǿŜǾŜǊΣ ǎƛƴŎŜ 
Ƴŀƴȅ ȅŜŀǊǎΣ ǎǳǇŜǊπǊŜǎƻƭǳǘƛƻƴ ǘŜŎƘƴƛŎǎ ƘŀǾŜ ƻǾŜǊŎƻƳŜ ǘƘƛǎ ƭƛƳƛǘŀǘƛƻƴ ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ ǎǘǊŀǘŜƎƛŜǎ ŀƴŘ 
ǊŜǎǳƭǘǎΦ !ƳƻƴƎ ǘƘŜƳΣ ƻƴŜ ƛǎ ƻŦǘŜƴ ǎŜŜƴ Ƙŀǎ ǘƘŜ ƭŜǎǎ ǇƘƻǘƻǘƻȄƛŎΣ ǿƘƛƭŜ ŘƻǳōƭƛƴƎ ǘƘŜ ǊŜǎƻƭǳǘƛƻƴ ƛƴ н ƻǊ 
о5 ōȅ ŀ ŦŀŎǘƻǊ ƻŦ н Υ ǘƘŜ {ǘǊǳŎǘǳǊŜŘ LƭƭǳƳƛƴŀǘƛƻƴ aƛŎǊƻǎŎƻǇȅ ό{LaύΦ 
Lƴ ǘƘƛǎ ǿƻǊƪǎƘƻǇΣ ȅƻǳΩƭƭ ŘƛǎŎƻǾŜǊ ƛƴ ǇǊŀŎǘƛŎŜ ǘƘŜ {La ŀƴŘ ǘƘŜ ŜƴǘƛǊŜ ǿƻǊƪŦƭƻǿ ǊŜǉǳƛǊŜŘ ǘƻ ŀŎƘƛŜǾŜ ŀ 
ǎǳǇŜǊπǊŜǎƻƭǳǘƛƻƴ ƛƳŀƎŜ ŦǊƻƳ ǎŀƳǇƭŜ ǇǊŜǇŀǊŀǘƛƻƴ ǘƻ ŀǊǘŜŦŀŎǘ ŀƴŀƭȅǎƛǎ Υ  
²Ŝ ǿƛƭƭ ǎŜŜ ǘƘŜ ǇŀǘǘŜǊƴ ƻŦ ƛƭƭǳƳƛƴŀǘƛƻƴΣ ǘƘŜ Ǝŀƛƴ ƻŦ ǊŜǎƻƭǳǘƛƻƴΣ ǿŜ ǿƛƭƭ ƛƳŀƎŜ ŘƛŦŦŜǊŜƴǘ ƴǳŎƭŜŀǊ ŀƴŘ 
ŎȅǘƻǎƻƭƛŎ ǎǘǊǳŎǘǳǊŜǎ ŀƴŘ ǊŜŎƻƴǎǘǊǳŎǘ ǘƘŜ ƛƳŀƎŜǎΦ 5ŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ŀǾŀƛƭŀōƛƭƛǘȅ ƻŦ ǎŀƳǇƭŜǎΣ ǿŜ ǿƛƭƭ 
ŀƭǎƻ ōŜ ŀōƭŜ ǘƻ ŎŀǊǊȅ ƻǳǘ ǎǳǇŜǊπǊŜǎƻƭǳǘƛƻƴ ƛƳŀƎƛƴƎ ƻƴ ƭƛǾƛƴƎ ǎŀƳǇƭŜǎ ŀƴŘ ǎŜŜ ǘƻƎŜǘƘŜǊ Ƙƻǿ ǘƻ ŀŘŀǇǘ 
ǘƘŜ ŀŎǉǳƛǎƛǘƛƻƴ ǇŀǊŀƳŜǘŜǊǎΦ ²Ŝ ǿƛƭƭ ŎƘŜŎƪ ǘƘŜ ǉǳŀƭƛǘȅ ƻŦ ǘƘŜ ǊŜŎƻƴǎǘǊǳŎǘƛƻƴ ǇǊƻŎŜǎǎΣ ŀƴŘ ǘƘŜ ǇƻǎǎƛōƭŜ 
ŀǊǘŜŦŀŎǘǎΦ !ǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ǿƻǊƪǎƘƻǇΣ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ ōŜ ŀōƭŜ ǘƻ ƳŀƪŜ ŀ {La ŀŎǉǳƛǎƛǘƛƻƴ ŀƴŘ 
ǊŜŎƻƴǎǘǊǳŎǘƛƻƴ ŀƴŘ ŎƘŜŎƪ ŦƻǊ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ŀǊǘŜŦŀŎǘǎΦ ²Ŝ ǿƛƭƭ ǘƘŜƴ ŘƛǎŎǳǎǎ ǘƘŜ ǇǊƻǎ ŀƴŘ ǘƘŜ Ŏƻƴǎ 
ƻŦ {La ŀƳƻƴƎ ǘƘŜ {ǳǇŜǊπǊŜǎƻƭǳǘƛƻƴ ƳŜǘƘƻŘǎΦ 
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YŜȅǿƻǊŘǎ Υ {LaΣ {ǘǊǳŎǘǳǊŜŘ LƭƭǳƳƛƴŀǘƛƻƴΣ ǳƭǘǊŀǎǘǊǳŎǘǳǊŜΣ ǎǳǇŜǊπǊŞǎƻƭǳǘƛƻƴ 
 

***  

 
!мооπ! ǇǊŀŎǘƛŎŀƭ ǊŜǾƛŜǿ ƻŦ ǎŜǾŜǊŀƭ о5πŎǳƭǘǳǊŜ ƳŜǘƘƻŘǎ ŦƻǊ ǘƘŜ ƎŜƴŜǊŀǘƛƻƴ ƻŦ Ƙƻƭƭƻǿ ƻǊ ǎƻƭƛŘ 
ƻǊƎŀƴƻƛŘǎκǎǇƘŜǊƻƛŘǎ ǿƛǘƘ ŀ ǳƴƛǉǳŜ ŎŜƭƭπǘȅǇŜΣ Ƙƻǿ ŜƴǾƛǊƻƴƳŜƴǘ ƳŀǘǘŜǊǎ 
DŀŜƭƭŜ wŜŎƘŜǊ όƎŀŜƭƭŜΦǊŜŎƘŜǊϪƛƴǎǘƛǘǳǘƻǇǘƛǉǳŜΦŦǊύ 
!ƭŜǎǎŀƴŘǊƻ CǳǊƭŀƴ όŀƭŜǎǎŀƴŘǊƻΦŦǳǊƭŀƴϪǳƴƛǾπƭƛƭƭŜΦŦǊύ 
!ōǎǘǊŀŎǘ Υ Lƴ ǘƘƛǎ ǿƻǊƪǎƘƻǇ ǿŜ ǿƛƭƭ ƛƭƭǳǎǘǊŀǘŜ Ƙƻǿ ǳǎƛƴƎ ǎŜǾŜǊŀƭ ƳŜǘƘƻŘǎ ŦƻǊ ƎŜƴŜǊŀǘƛƴƎ ƻǊƎŀƴƻƛŘǎ 
ƛƴŦƭǳŜƴŎŜǎ ǘƘŜ Ŧƛƴŀƭ ǘƻǇƻƭƻƎȅΣ ƘƛǎǘƻƭƻƎȅ ŀƴŘ ŘƛŦŦŜǊŜƴǘƛŀǘƛƻƴ ƻŦ ŎŜƭƭǎΦ !ǎ ŀ ǎǳōǎǘƛǘǳǘŜ ŦƻǊ Ƙƛt{/ǎ ǘƘŀǘΣ ŦƻǊ 
ƻōǾƛƻǳǎ ǎŀŦŜǘȅ ǊŜŀǎƻƴǎ ǿŜ Ŏŀƴƴƻǘ ǳǎŜ ƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ aƛCƻ.ƛƻΣ ǿŜ ǿƛƭƭ ǘŀƪŜ ŀŘǾŀƴǘŀƎŜ ƻŦ ŀ ǾŜǊǎŀǘƛƭŜ 
ŀƭǘŜǊƴŀǘƛǾŜΣ ƛΦŜΦΣ ǘƘŜ ƛƳƳƻǊǘŀƭƛǎŜŘ ƛƴǘŜǎǘƛƴŀƭ ŎŜƭƭ ƭƛƴŜ /ŀŎƻπнΦ 
¢ƘŜ ŀǘǘŜƴŘŜŜǎ ǿƛƭƭ ƛƳǇƭŜƳŜƴǘ ŘƛŦŦŜǊŜƴǘ ƳŜǘƘƻŘǎ ǳǎŜŘ ǘƻ ƎŜƴŜǊŀǘŜ о5 ŀƎƎǊŜƎŀǘŜǎ ƻŦ ŎŜƭƭǎΣ ƛƴ ǘƘŜ ŎŜƭƭ 
ŎǳƭǘǳǊŜ ǊƻƻƳΦ ¢ƘŜ ŘƛŦŦŜǊŜƴǘ ƳŜǘƘƻŘǎ ŘƛŦŦŜǊ ƛƴ Ƴŀƴȅ ǿŀȅǎΣ ōƻǘƘ ƛƴ ǘƘŜ ƎŜƴŜǊŀǘƛƻƴ ǇǊƻŎŜǎǎ ŀƴŘ ǘƘŜ 
Ŧƛƴŀƭ ŎŜƭƭǳƭŀǊ ǘƻǇƻƭƻƎȅΦ 
²Ŝ ǿƛƭƭ Ŧƻƭƭƻǿ ǘƘŜ ƎǊƻǿǘƘ ƻŦ ŎŜƭƭ ŀƎƎǊŜƎŀǘŜǎΣ ƛƴ ǘƛƳŜ ŀƴŘ ǇǊƻǾƛŘŜ ǘƻ ǘƘŜ ŀǘǘŜƴŘŜŜǎ ǘƘŜ ƛƳŀƎŜǎ ƻŦ ǘƘŜ 
ǎǘǊǳŎǘǳǊŜǎ ǘƘŀǘ ǿƛƭƭ ƛƭƭǳǎǘǊŀǘŜ Ƙƻǿ ǘƘŜȅ ŀǊŜ ŘƛŦŦŜǊŜƴǘ ƛƴ ǘŜǊƳǎ ƻŦ ƛƴƛǘƛŀƭ ǎǘŀǘŜ ŀƴŘ ƎǊƻǿǘƘΦ 
¢ƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛƭƭ ŀǎ ǿŜƭƭ ŎŀǊǊȅ ƻǳǘ ǎƻƳŜ ƳŜǘƘƻŘǎ ǘƻ ƭŀōŜƭ ŀƴŘ ƳƻƴƛǘƻǊ ŎŜƭƭ ƎǊƻǿǘƘ ōȅ ǳǎƛƴƎ 
ŦƭǳƻǊŜǎŎŜƴǘ ŘȅŜǎΣ ōƻǘƘ ōȅ ƻǊǘƘƻŘƻȄ ōŀƭƴŜŀǘƛƻƴ ŀƴŘ ōȅ ƛƴǘǊŀπŎȅǎǘƛŎ ƳƛŎǊƻπƛƴƧŜŎǘƛƻƴΦ 
CƛƴŀƭƭȅΣ ǿŜ ǿƛƭƭ ǎƘƻǿ Ƙƻǿ ǘƻ ǇǊŜǇŀǊŜ ŀƴŘ Ƴƻǳƴǘ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ǎŀƳǇƭŜǎ ŦƻǊ ƳƛŎǊƻǎŎƻǇȅ ŘŜǇŜƴŘƛƴƎ ƻƴ 
ǘƘŜƛǊ ǘƻǇƻƭƻƎȅΣ ǇǊƻǾƛŘƛƴƎ ǘƛǇǎ ŀƴŘ ǘǊƛŎƪǎ ǘƘŀǘ ǿƻǳƭŘ ƘŜƭǇ ǘƘŜ ŀǘǘŜƴŘŜŜǎ ǘƻ ǎŜǘπǳǇ ǘƘŜƛǊ ƻǿƴ 
ŜȄǇŜǊƛƳŜƴǘǎ ōŀŎƪ ƛƴ ǘƘŜƛǊ ƭŀōǎΦ 
YŜȅǿƻǊŘǎ Υ hǊƎŀƴƻƛŘǎΣ ǎǇƘŜǊƻƛŘǎΣ ŀƎƎǊŜƎŀǘƛƴƎ ƳŜǘƘƻŘǎΣ ƳƛŎǊƻŦƭǳƛŘƛŎǎΣ ƭƛǾŜ ƭŀōŜƭƭƛƴƎΣ ƳƻǳƴǘƛƴƎ 
 

***  

!мопπaŜŀǎǳǊƛƴƎ ǘǳǊƎƻǊ ǇǊŜǎǎǳǊŜ ƻŦ ƭƛǾƛƴƎ Ǉƭŀƴǘ ŎŜƭƭǎ ǿƛǘƘ ŀƴ !ǘƻƳƛŎ CƻǊŎŜ aƛŎǊƻǎŎƻǇŜ 
{ƛƳƻƴŜ .ƻǾƛƻ όǎƛƳƻƴŜΦōƻǾƛƻϪŜƴǎπƭȅƻƴΦŦǊύ 
!ōǎǘǊŀŎǘ Υ !ǘƻƳƛŎ ŦƻǊŎŜ ƳƛŎǊƻǎŎƻǇȅ ό!Caύ ōŜƭƻƴƎǎ ǘƻ ǘƘŜ ǎŎŀƴƴƛƴƎ ǇǊƻōŜ ƳƛŎǊƻǎŎƻǇȅ ό{taύ ŦŀƳƛƭȅΣ 
ǿƘŜǊŜ ŀ ǘƛǇΣ ƻŦǘŜƴ ǿƛǘƘ ŀ ƴŀƴƻƳŜǘǊƛŎ ǊŀŘƛǳǎΣ ǎŎŀƴǎ ǘƘŜ ǎǳǊŦŀŎŜ ƻŦ ŀ ǎŀƳǇƭŜΦ Lƴ ǘƘƛǎ ƪƛƴŘ ƻŦ 
ƳƛŎǊƻǎŎƻǇƛŜǎΣ ǘƘŜ ǎǳǊŦŀŎŜ ƛǎ ŘŜǘŜŎǘŜŘ Ǿƛŀ ǘƘŜ ƛƴǘŜǊŀŎǘƛƻƴ ŦƻǊŎŜǎ ōŜǘǿŜŜƴ ǘƘŜ ǘƛǇ ŀƴŘ ǘƘŜ ǎŀƳǇƭŜΦ LŦ 
ǘƘŜ ǎŀƳǇƭŜ ƛǎ ǎŎŀƴƴŜŘ ōȅ ƳŀƛƴǘŀƛƴƛƴƎ Ŏƻƴǎǘŀƴǘ ǘƘŜ ǘƛǇπǎǳǊŦŀŎŜ ŦƻǊŎŜΣ ǘƘŜ ǘƛǇ ǿƻǳƭŘ ŎƻƴǎŜǉǳŜƴǘƭȅ 
ƘŀǾŜ ǘƻ ƳƻǾŜ ǳǇ ŀƴŘ Řƻǿƴ ǘƻ Ŧƻƭƭƻǿ ǘƘŜ ǎǳǊŦŀŎŜ ǇǊƻŦƛƭŜΥ ǘƘƻǎŜ ŘƛǎǇƭŀŎŜƳŜƴǘǎ Ƴŀȅ ōŜ ǳǎŜŘ ǘƻ 
ǊŜŎƻƴǎǘǊǳŎǘ ǘƘŜ о5 ǘƻǇƻƎǊŀǇƘȅ ƻŦ ǘƘŜ ǎŀƳǇƭŜΦ .ŜȅƻƴŘ ǘƘŜ ǘƻǇƻƎǊŀǇƘƛŎ ƛƴŦƻǊƳŀǘƛƻƴΣ ǘƘƛǎ ǘŜŎƘƴƛǉǳŜ 
ŀƭƭƻǿǎ ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ ŀƴȅ ǘȅǇŜ ƻŦ ƛƴǘŜǊŀŎǘƛƻƴ ŦƻǊŎŜǎ ǎǳŎƘ ŀǎ ŜƭŜŎǘǊƻǎǘŀǘƛŎΣ Ǿŀƴ ŘŜǊ ²ŀŀƭǎ ƻǊ 
ŎƻƴǘŀŎǘ ŦƻǊŎŜǎΦ CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜ ǘƛǇ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ŀǇǇƭȅ ŦƻǊŎŜǎ ǘƻ ǘƘŜ ǎǳǊŦŀŎŜ ƻŦ ŀ ǎŀƳǇƭŜ ŀƴŘ ǘƻ 
ƳŜŀǎǳǊŜ ǘƘŜ ǊŜǎǳƭǘƛƴƎ ŘŜŦƻǊƳŀǘƛƻƴΣ ǘƘŜ ǎƻπŎŀƭƭŜŘ ϦƛƴŘŜƴǘŀǘƛƻƴϦΣ ƛƴ ƻǊŘŜǊ ǘƻ ŘŜǘŜǊƳƛƴŜ ƛǘǎ ƳŜŎƘŀƴƛŎŀƭ 
ǇǊƻǇŜǊǘƛŜǎ όŜΦƎΦΣ ¸ƻǳƴƎϥǎ ƳƻŘǳƭǳǎΣ ǾƛǎŎƻŜƭŀǎǘƛŎ ǇǊƻǇŜǊǘƛŜǎύΦ 
tƭŀƴǘǎ ŎŜƭƭǎ Ŏŀƴ ōŜ ǎŜŜƴ ŀǎ ōŀƭƭƻƻƴǎ ǳƴŘŜǊ ǇǊŜǎǎǳǊŜΦ LƴŘŜŜŘΣ ǿŀƭƭŜŘ ŎŜƭƭǎ ŀǎ ƛƴ ǇƭŀƴǘǎΣ ŦǳƴƎƛ ƻǊ 
ōŀŎǘŜǊƛŀΣ Ŏƻƴǘŀƛƴ ŀ ƘƛƎƘ ƘȅŘǊƻǎǘŀǘƛŎ ǇǊŜǎǎǳǊŜ ŎŀƭƭŜŘ ǘǳǊƎƻǊ ǇǊŜǎǎǳǊŜΦ ¢ǳǊƎƻǊ ǇǊŜǎǎǳǊŜ όǘƘŀǘ Ŏŀƴ ōŜ ǳǇ 
ǘƻ ǎŜǾŜǊŀƭ atŀύ ƛǎ ŀ ŘǊƛǾƛƴƎ ŦƻǊŎŜ ƛƴ ŎŜƭƭ ƎǊƻǿǘƘ ŀƴŘ ǇŀǊǘƛŎƛǇŀǘŜǎ ǘƻ ǘƘŜ ƻǾŜǊŀƭƭ ƳŜŎƘŀƴƛŎŀƭ ǎǘŀōƛƭƛǘȅ ƻŦ 
ǘƘŜ ǇƭŀƴǘΦ 5ƛŦŦŜǊŜƴǘ ƳŜǘƘƻŘǎ ŜȄƛǎǘ ŦƻǊ ƳŜŀǎǳǊƛƴƎ ǘǳǊƎƻǊ ǇǊŜǎǎǳǊŜΣ ƭƛƪŜ ǘƘŜ ǇǎȅŎƘǊƻƳŜǘŜǊΣ ǘƘŜ ǇǊŜǎǎǳǊŜ 
ōƻƳō ƻǊ όŦƻǊ ŀ ŘƛǊŜŎǘ ƳŜŀǎǳǊŜƳŜƴǘύ ǘƘŜ ǇǊŜǎǎǳǊŜ ǇǊƻōŜмΦ !ƴȅǿŀȅΣ ǘƘŜ ǘǳǊƎƻǊ ǇǊŜǎǎǳǊŜ Ŏŀƴ ŀƭǎƻ ōŜ 
ŎŀƭŎǳƭŀǘŜŘ ŦǊƻƳ ƛƴŘŜƴǘŀǘƛƻƴ ƳŜŀǎǳǊŜƳŜƴǘǎнΣ ƛŦ ǘƘŜ ŎŜƭƭ ǿŀƭƭ ǘƘƛŎƪƴŜǎǎ ƛǎ ƪƴƻǿƴΣ ǿƘƛŎƘ ƛǎ ǘƘŜ ǎŎƻǇŜ 
ƻŦ ǘƘƛǎ ǿƻǊƪǎƘƻǇΦ 
YŜȅǿƻǊŘǎ Υ !CaΣ !ǘƻƳƛŎ CƻǊŎŜ aƛŎǊƻǎŎƻǇȅΣ ŦƻǊŎŜ ǎǇŜŎǘǊƻǎŎƻǇȅΣ Ǉƭŀƴǘ ǘƛǎǎǳŜΣ ǘǳǊƎƻǊ ǇǊŜǎǎǳǊŜ 
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!морπLƳŀƎƛƴƎ ƳǳƭǘƛǇǊƻǘŜƛƴ ŎƻƳǇƭŜȄŜǎ ƛƴ ǘƘŜ Ŏȅǘƻǎƻƭ ōȅ ǎǳǇŜǊπǊŜǎƻƭǳǘƛƻƴ ŦƭǳƻǊŜǎŎŜƴŎŜΦ LƴǘǊƻŘǳŎǘƛƻƴ 
ǘƻ ƭŀǘǘƛŎŜ ŀƴŘ Řǳŀƭ ƛǘŜǊŀǘƛǾŜ {La 
{ǘŀƴƛƳƛǊŀ ±ŀƭŜǾŀ όǎǘŀƴƛƳƛǊŀΦǾŀƭŜǾŀϪƛƴǎŜǊƳΦŦǊύ 9ƭƻŘƛŜ /ƘŀǘǊŜ όŜƭƻŘƛŜΦŎƘŀǘǊŜϪŜƴǎπƭȅƻƴΦŦǊύ 
!ōǎǘǊŀŎǘ {ǘǊǳŎǘǳǊŜŘ ƛƭƭǳƳƛƴŀǘƛƻƴ ƳƛŎǊƻǎŎǊƻǇȅ ό{Laύ ƛǎ ŀ ǘŜŎƘƴƛǉǳŜ ǘƘŀǘ ŘƻǳōƭŜǎ ǘƘŜ ǊŜǎƻƭǳǘƛƻƴ 
ǘȅǇƛŎŀƭƭȅ ƻōǘŀƛƴŜŘ ƛƴ ŎƻƴŦƻŎŀƭ ƳƛŎǊƻǎŎƻǇȅ ŀǎ {La ƛƳŀƎƛƴƎ ŀƭƭƻǿǎ ǘƻ ǊŜŀŎƘ ƭŀǘŜǊŀƭ ǊŜǎƻƭǳǘƛƻƴ ƻŦ мллπ
мол ƴƳ όмΣнύ ŀƴŘ ŀȄƛŀƭ ǊŜǎƻƭǳǘƛƻƴ ƻŦ нулπорл ƴƳ όоΣпύΦ aǳƭǘƛŎƻƭƻǊ о5 ƛƳŀƎŜ ŀŎǉǳƛǎƛǘƛƻƴ ƛƴ {La ƛǎ ŦŀǎǘΣ 
Ŏŀƴ ōŜ ŘƻƴŜ ƻƴ ƭƛǾƛƴƎ ƻƴ ŦƛȄŜŘ ǎŀƳǇƭŜǎ ŀƴŘ ƛǎ ŎƻƳǇŀǘƛōƭŜ ǿƛǘƘ Ƴƻǎǘ ŎƘŜƳƛŎŀƭ ƻǊ ōƛƻƭƻƎƛŎŀƭ ǎǘŀƛƴǎΦ 
¢Ƙǳǎ {La Ŏŀƴ ōŜ ǇŀǊǘƛŎǳƭŀǊƭȅ ǳǎŜŦǳƭ ŦƻǊ ǎǘǳŘȅƛƴƎ ŎŜƭƭǳƭŀǊ ǎǘǊǳŎǘǳǊŜǎΣ ŘȅƴŀƳƛŎǎ ŀƴŘκƻǊ ƛƴǘŜǊŀŎǘƛƻƴǎ ƻƴ 
ŀ ŎŜƭƭǳƭŀǊ ƻǊ ǘƛǎǎǳƭŀǊ ƭŜǾŜƭΦ  
¢ƘŜ ǇǳǊǇƻǎŜ ƻŦ ǘƘƛǎ ǿƻǊƪǎƘƻǇ ƛǎ ǘƻ ǇǊŜǎŜƴǘ ǘƘŜ {La ƳŜǘƘƻŘƻƭƻƎȅ ŀƴŘ ǘƘŜ ŦǳƴŎǘƛƻƴŀƭƛǘƛŜǎ ƻŦ ǘƘŜ ƭŀǘǘƛŎŜ 
{La ǎȅǎǘŜƳ ƻŦ ǘƘŜ 9ƭȅǊŀ т ƳƛŎǊƻǎŎƻǇŜ ŦǊƻƳ ½ŜƛǎǎΦ ²Ŝ ǿƛƭƭ ŀƭǎƻ ƛƴǘǊƻŘǳŎŜ ǘƘŜ ƴŜǿ ǇǊƻŎŜǎǎƛƴƎ ƳŜǘƘƻŘ 
ŘŜǾŜƭƻǇŜŘ ōȅ ½Ŝƛǎǎ ς ŘŜŎƻƴǾƻƭǳǘƛƻƴ ŀǇǇƭƛŜŘ ǘƻ {LaΣ ŎŀƭƭŜŘ Řƛ{La όŘǳŀƭ ƛǘŜǊŀǘƛǾŜ {Laύ ƻǊ {LaнΦ CƛƴŀƭƭȅΣ 
ǘƘƛǎ ǿƻǊƪǎƘƻǇ ǿƛƭƭ ƎƛǾŜ ǘƻ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ǘƘŜ ƻǇǇƻǊǘǳƴƛǘȅ ǘƻ ŜǾŀƭǳŀǘŜ ǘƘŜ ǳǎŜŦǳƭƴŜǎǎ ƻŦ {La ŦƻǊ ǘƘŜ 
ƴŜŜŘǎ ƻŦ ǘƘŜƛǊ ǇǊƻƧŜŎǘǎΦ  
¢Ƙƛǎ ǿƻǊƪǎƘƻǇ ǿƛƭƭ ōŜ ƛƴǘŜǊŀŎǘƛǾŜ ŀƴŘ ŀŘŀǇǘŜŘ ŀǎ ōŜǎǘ ǇƻǎǎƛōƭŜ ǘƻ ǘƘŜ ƛƴǘŜǊŜǎǘǎ ƻŦ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎΦ Lǘ 
Ŏŀƴ ōŜ ŎƻƴŘǳŎǘŜŘ ƛƴ CǊŜƴŎƘ ƻǊ ƛƴ 9ƴƎƭƛǎƘ ŀǎ ƴŜŜŘŜŘΦ 
YŜȅǿƻǊŘǎ Υ {ǘǊǳŎǘǳǊŜŘ ƛƭƭǳƳƛƴŀǘƛƻƴ ƳƛŎǊƻǎŎƻǇȅ ό{LaύΣ Řǳŀƭ ƛǘŜǊŀǘƛǾŜ {LaΣ ǎǳǇŜǊπǊŜǎƻƭǳǘƛƻƴΣ ŎŜƭƭǳƭŀǊ 
ǎǘǊǳŎǘǳǊŜǎΣ ƳǳƭǘƛǇǊƻǘŜƛƴ ŎƻƳǇƭŜȄŜǎ 
 

***  

!мосπ.ƛƻǎŜƴǎƛƴƎ ǘƘŜ ŎŜƭƭΥ Cw9¢ ōȅ C[La ǳǎƛƴƎ !ǳǊƪ! ƪƛƴŀǎŜ ŀŎǘƛǾŀǘƛƻƴ ōƛƻǎŜƴǎƻǊ 
aŀǊŎ ¢ǊŀƳƛŜǊ όƳŀǊŎΦǘǊŀƳƛŜǊϪǳƴƛǾπǊŜƴƴŜǎмΦŦǊύ 
!ōǎǘǊŀŎǘ Υ Lƴ ǘƘƛǎ ǿƻǊƪǎƘƻǇΣ ǿŜ ǿƛƭƭ ǇǊŜǎŜƴǘ ǳǎŜǊπŦǊƛŜƴŘƭȅ ŀǇǇǊƻŀŎƘŜǎ ƻŦ C[La ǘƻ ƳƻƴƛǘƻǊ Cw9¢ 
ōƛƻǎŜƴǎƻǊǎΦ !ǎ ŀƴ ŜȄŀƳǇƭŜΣ ǿŜ ǿƛƭƭ ŘŜǘŜǊƳƛƴŜ ŀŎǘƛǾŀǘƛƻƴ ƻŦ !ǳǊƪ! ƪƛƴŀǎŜ ƛƴ ƭƛǾƛƴƎ ŎŜƭƭǎΦ C[La ƛǎ ŀ ǾŜǊȅ 
Ǌƻōǳǎǘ ƳŜǘƘƻŘ ǘƻ ƳŜŀǎǳǊŜ Cw9¢ ōǳǘ ƛǘǎ Ƴŀƛƴ ŘƛŦŦƛŎǳƭǘƛŜǎ ŎƻƳŜǎ ŦǊƻƳ ǘƘŜ ŀƴŀƭȅǎƛǎΦ ²Ŝ ǿƛƭƭ ǎƘƻǿ ǘƘŀǘ 
ǊŜŀƭ ǘƛƳŜ C[La ŎŀƭŎǳƭŀǘƛƻƴ ƛǎ ǇƻǎǎƛōƭŜ ŀƴŘ ƳŀƪŜ ǘƘŜ ƳŜǘƘƻŘ ŜŀǎƛŜǊ ǘƻ ƘŀƴŘƭŜΦ aƻǊŜƻǾŜǊΣ ǿŜ ǿƛƭƭ 
ǇǊŜǎŜƴǘ ǘƘŀǘ C[La ŀƭƭƻǿǎ ǳǎ ǘƻ ƳŜŀǎǳǊŜ ǎƛƴƎƭŜ ŎƻƭƻǊ Cw9¢ ōƛƻǎŜƴǎƻǊ ōȅ ǳǎƛƴƎ ŘŀǊƪ ŀŎŎŜǇǘƻǊǎΣ ƻǇŜƴƛƴƎ 
ǘƘŜ ǿŀȅ ǘƻ ƳǳƭǘƛǇƭŜȄΦ 
YŜȅǿƻǊŘǎ Υ Cw9¢ ς C[La ς ƎŜƴŜǘƛŎŀƭƭȅ ŜƴŎƻŘŜŘ Cw9¢ ōƛƻǎŜƴǎƻǊǎ ς ¢ŀǳ{ŜƴǎŜ ς ŘŀǊƪ ŀŎŎŜǇǘƻǊ π !ǳǊƪ! 
 

***  

!мотŀπLƳŀƎŜǊƛŜ ŘŜ ŦƭǳƻǊŜǎŎŜƴŎŜ ǇŀǊ ƳƛŎǊƻǎŎƻǇƛŜ ŎƻƴŦƻŎŀƭŜ ǎǇƛƴƴƛƴƎπŘƛǎƪ Υ ǳƴŜ ŜȄǇƭƻǊŀǘƛƻƴ ŘŜǎ 
ŀǾŀƴǘŀƎŜǎ Ŝǘ ƭƛƳƛǘŀǘƛƻƴǎ ǘŜŎƘƴƛǉǳŜǎ ǎǳǊ п ǎȅǎǘŝƳŜǎ όŜƴ н ǇŀǊǘƛŜǎύ 
¢ƘƻƳŀǎ DǳƛƭōŜǊǘ όǘƘƻƳŀǎΦƎǳƛƭōŜǊǘϪƛƴǎŜǊƳΦŦǊύ .ŀǇǘƛǎǘŜ aƻƴǘŜǊǊƻǎƻ όōŀǇǘƛǎǘŜΦƳƻƴǘŜǊǊƻǎƻϪǳƴƛŎŜΦŦǊύ 
!ōǎǘǊŀŎǘ Υ [ŀ ƳƛŎǊƻǎŎƻǇƛŜ ŘŜ ŦƭǳƻǊŜǎŎŜƴŎŜ ŎƻƴǾŜƴǘƛƻƴƴŜƭƭŜ ŎƻƴǎƛǎǘŜ Ł ŞŎƭŀƛǊŜǊ ǳƴ ŞŎƘŀƴǘƛƭƭƻƴ Řŀƴǎ ǎƻƴ 
ŜƴǎŜƳōƭŜ ǇƻǳǊ ŎƻƭƭŜŎǘŜǊ ƭŀ ŦƭǳƻǊŜǎŎŜƴŎŜ ŞƳƛǎŜΦ [ŀ ŎƻƴǘǊƛōǳǘƛƻƴ ŘŜ ƭŀ ŦƭǳƻǊŜǎŎŜƴŎŜ ŞƳƛǎŜ ƘƻǊǎ ŦƻȅŜǊ 
ŘŜ ƭΩƻōƧŜŎǘƛŦΣ Ŝǘ ŎƻƭƭŜŎǘŞŜ ǇŀǊ ƭŜ ŘŞǘŜŎǘŜǳǊΣ Ŝǎǘ ǳƴŜ ƭƛƳƛǘŀǘƛƻƴ ŦƻƴŘŀƳŜƴǘŀƭŜ Ł ŎŜ ǘȅǇŜ ŘΩƛƳŀƎŜǊƛŜΦ 5ŀƴǎ 
ƭŜ ŎŀŘǊŜ ŘΩŞŎƘŀƴǘƛƭƭƻƴǎ ŞǇŀƛǎ Ŝǘ ŘƛŦŦǳǎŀƴǘǎΣ ŎŜ ǇǊƻōƭŝƳŜ Ŝǎǘ ŜȄŀŎŜǊōŞΦ [ΩŀǾŝƴŜƳŜƴǘ ŘŜ ƭŀ ƳƛŎǊƻǎŎƻǇƛŜ 
ŎƻƴŦƻŎŀƭŜ ŘŜ ŦƭǳƻǊŜǎŎŜƴŎŜ ό[{/a ς [ŀǎŜǊ {ŎŀƴƴƛƴƎ /ƻƴŦƻŎŀƭ aƛŎǊƻǎŎƻǇȅύΣ ƎǊŃŎŜ ŀǳ ŎƻǳǇƭŀƎŜ ŦƻȅŜǊ 
ŘΩŜȄŎƛǘŀǘƛƻƴ κ ǎǘŞƴƻǇŞ Ł ƭŀ ŘŞǘŜŎǘƛƻƴΣ ŀ ǇŜǊƳƛǎ ŘŜ ǇŀƭƛŜǊΣ Ŝƴ ǇŀǊǘƛŜ ǎŜǳƭŜƳŜƴǘΣ ŎŜǘǘŜ ƭƛƳƛǘŀǘƛƻƴΦ 
[ŀ ƳƛŎǊƻǎŎƻǇƛŜ ŎƻƴŦƻŎŀƭŜ Ł ŘƛǎǉǳŜ ǘƻǳǊƴŀƴǘ ό{5/a ς {ǇƛƴƴƛƴƎπ5ƛǎƪ /ƻƴŦƻŎŀƭ aƛŎǊƻǎŎƻǇȅύ ǊŜǇǊŞǎŜƴǘŜ 
ǳƴŜ ŀƭǘŜǊƴŀǘƛǾŜ Ł ƭŀ [{/aΦ /ŜǘǘŜ ǘŜŎƘƴƛǉǳŜ ŀ ƭΩŀǾŀƴǘŀƎŜ ŘŜ ōŀƭŀȅŜǊ ƭΩŞŎƘŀƴǘƛƭƭƻƴ Ł ƎǊŀƴŘŜ ǾƛǘŜǎǎŜ ŀǾŜŎ 
ǳƴ ŦŀƛǎŎŜŀǳ ƭŀǎŜǊ ŘŞŎƻǳǇƭŞ Ŝƴ ǇƭǳǎƛŜǳǊǎ ŎŜƴǘŀƛƴŜǎ ŘŜ Ǉƻƛƴǘǎ ŦƻŎŀǳȄΦ 5ΩŀǳǘǊŜǎ ǘŜŎƘƴƛǉǳŜǎ ŜȄǇƭƻƛǘŜƴǘ 
ŞƎŀƭŜƳŜƴǘ ŎŜǘǘŜ ǇǊŀǘƛǉǳŜ Řǳ ŎƻƴŦƻŎŀƭ ƳǳƭǘƛǇƻƛƴǘ Ŝƴ ǳǘƛƭƛǎŀƴǘ ǳƴ ǎȅǎǘŝƳŜ ŘŜ ŦŜƴǘŜǎΦ 9ƴ ǘƘŞƻǊƛŜΣ 
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ƭϥǳǘƛƭƛǎŀǘƛƻƴ Řϥǳƴ ƳƛŎǊƻǎŎƻǇŜ ŎƻƴŦƻŎŀƭ ƳǳƭǘƛǇƻƛƴǘ ŘŜ ǘȅǇŜ {5/a ŀƳŞƭƛƻǊŜ ŎƻƴǎƛŘŞǊŀōƭŜƳŜƴǘ ƭŀ ǾƛǘŜǎǎŜ 
ŘϥŀŎǉǳƛǎƛǘƛƻƴ ŘϥƛƳŀƎŜǎ όǇŜǊƳŜǘǘŀƴǘ ƭϥƛƳŀƎŜǊƛŜ ŘŜ ǇǊƻŎŜǎǎǳǎ ŘȅƴŀƳƛǉǳŜǎ ǊŀǇƛŘŜǎ Ŝǘ ŘΩŞŎƘŀƴǘƛƭƭƻƴǎ 
ǾƛǾŀƴǘǎύ Ŝǘ ǊŞŘǳƛǘ ŎƻƴǎƛŘŞǊŀōƭŜƳŜƴǘ ƭŜǎ ǇƘƻǘƻπŘƻƳƳŀƎŜǎΦ 
/Ŝǘ ŀǘŜƭƛŜǊ ǎŜ ŘŞŎƻƳǇƻǎŜǊŀ Ŝƴ ŘŜǳȄ ǇŀǊǘƛŜǎ Řŀƴǎ ƭŜ ōǳǘ ŘΩŜȄǇƭƻǊŜǊ ƭŜǎ ǇƻǎǎƛōƛƭƛǘŞǎΣ ŀǾŀƴǘŀƎŜǎ Ŝǘ 
ƭƛƳƛǘŀǘƛƻƴǎ ŘŜǎ п ŘƛŦŦŞǊŜƴǘǎ ǎȅǎǘŝƳŜǎ {5/a ǇǊŞǎŜƴǘǎ ŎŜǘǘŜ ŀƴƴŞŜ Ł aƛCƻ.ƛƻΦ [Ŝǎ ǇŀǊǘƛŎƛǇŀƴǘǎ Ł ŎŜǘ 
ŀǘŜƭƛŜǊ ŘŞŎƻǳǾǊƛǊƻƴǎ ƻǳ ŀǇǇǊƻŦƻƴŘƛǊƻƴǎ ƭŜǳǊǎ ŎƻƴƴŀƛǎǎŀƴŎŜǎ ǎǳǊ ŎŜǘǘŜ ǘŜŎƘƴƛǉǳŜΦ [Ŝǎ ƴƻǘƛƻƴǎ ŘŜ 
ǊŞǎƻƭǳǘƛƻƴǎΣ ŘΩŞŎƘŀƴǘƛƭƭƻƴƴŀƎŜΣ ŘΩƘƻƳƻƎŞƴŞƛǘŞ ŘŜ ŎƘŀƳǇǎ Ŝǘ ŘŜ ŘƛŀǇƘƻƴƛŜ Ŝƴ ƳƛƭƛŜǳȄ ŘƛŦŦǳǎŀƴǘ 
ǎŜǊƻƴǘ ŀōƻǊŘŞŜǎΣ ǇŀǊƳƛ ŘΩŀǳǘǊŜΦ [ΩŀǎǇŜŎǘ ŘŜ ǎǳƛǾƛǎ Řŀƴǎ ƭŜ ǘŜƳǇǎ ŘŜǎ ǇŜǊŦƻǊƳŀƴŎŜǎ ŘΩǳƴ ǘŜƭ ǎȅǎǘŝƳŜ 
ǎŜǊŀ ŞƎŀƭŜƳŜƴǘ ŞǾƻǉǳŞΦ ¢ƻǳǘŜǎ ƭŜǎ ǉǳŜǎǘƛƻƴǎ ǎŜǊƻƴǘ ƭŜǎ ōƛŜƴǾŜƴǳŜǎ Řŀƴǎ ƭŜ ōǳǘ ŘŜ ǊŜǇƻǳǎǎŜǊ ƭŜǎ 
ƭƛƳƛǘŜǎ ŘŜ ŎŜǘǘŜ ǘŜŎƘƴƛǉǳŜ ŘŜǾŜƴǳŜ ŎƻǳǊŀƴǘŜǎ Řŀƴǎ ƴƻǎ ƭŀōƻǊŀǘƻƛǊŜǎΦ 
YŜȅǿƻǊŘǎ Υ aƛŎǊƻǎŎƻǇƛŜ ŘŜ ŦƭǳƻǊŜǎŎŜƴŎŜ Ł ŘƛǎǉǳŜ ǊƻǘŀǘƛŦΣ {ǇƛƴƴƛƴƎπŘƛǎƪΣ wŞǎƻƭǳǘƛƻƴΣ aŞǘǊƻƭƻƎƛŜ 
 

***  

!мотōπLƳŀƎŜǊƛŜ ŘŜ ŦƭǳƻǊŜǎŎŜƴŎŜ ǇŀǊ ƳƛŎǊƻǎŎƻǇƛŜ ŎƻƴŦƻŎŀƭŜ ǎǇƛƴƴƛƴƎπŘƛǎƪ Υ ǳƴŜ ŜȄǇƭƻǊŀǘƛƻƴ ŘŜǎ 
ŀǾŀƴǘŀƎŜǎ Ŝǘ ƭƛƳƛǘŀǘƛƻƴǎ ǘŜŎƘƴƛǉǳŜǎ ǎǳǊ п ǎȅǎǘŝƳŜǎ όŜƴ н ǇŀǊǘƛŜǎύ 
¢ƘƻƳŀǎ DǳƛƭōŜǊǘ όǘƘƻƳŀǎΦƎǳƛƭōŜǊǘϪƛƴǎŜǊƳΦŦǊύ .ŀǇǘƛǎǘŜ aƻƴǘŜǊǊƻǎƻ όōŀǇǘƛǎǘŜΦƳƻƴǘŜǊǊƻǎƻϪǳƴƛŎŜΦŦǊύ 
!ōǎǘǊŀŎǘ Υ [ŀ ƳƛŎǊƻǎŎƻǇƛŜ ŘŜ ŦƭǳƻǊŜǎŎŜƴŎŜ ŎƻƴǾŜƴǘƛƻƴƴŜƭƭŜ ŎƻƴǎƛǎǘŜ Ł ŞŎƭŀƛǊŜǊ ǳƴ ŞŎƘŀƴǘƛƭƭƻƴ Řŀƴǎ ǎƻƴ 
ŜƴǎŜƳōƭŜ ǇƻǳǊ ŎƻƭƭŜŎǘŜǊ ƭŀ ŦƭǳƻǊŜǎŎŜƴŎŜ ŞƳƛǎŜΦ [ŀ ŎƻƴǘǊƛōǳǘƛƻƴ ŘŜ ƭŀ ŦƭǳƻǊŜǎŎŜƴŎŜ ŞƳƛǎŜ ƘƻǊǎ ŦƻȅŜǊ 
ŘŜ ƭΩƻōƧŜŎǘƛŦΣ Ŝǘ ŎƻƭƭŜŎǘŞŜ ǇŀǊ ƭŜ ŘŞǘŜŎǘŜǳǊΣ Ŝǎǘ ǳƴŜ ƭƛƳƛǘŀǘƛƻƴ ŦƻƴŘŀƳŜƴǘŀƭŜ Ł ŎŜ ǘȅǇŜ ŘΩƛƳŀƎŜǊƛŜΦ 5ŀƴǎ 
ƭŜ ŎŀŘǊŜ ŘΩŞŎƘŀƴǘƛƭƭƻƴǎ ŞǇŀƛǎ Ŝǘ ŘƛŦŦǳǎŀƴǘǎΣ ŎŜ ǇǊƻōƭŝƳŜ Ŝǎǘ ŜȄŀŎŜǊōŞΦ [ΩŀǾŝƴŜƳŜƴǘ ŘŜ ƭŀ ƳƛŎǊƻǎŎƻǇƛŜ 
ŎƻƴŦƻŎŀƭŜ ŘŜ ŦƭǳƻǊŜǎŎŜƴŎŜ ό[{/a ς [ŀǎŜǊ {ŎŀƴƴƛƴƎ /ƻƴŦƻŎŀƭ aƛŎǊƻǎŎƻǇȅύΣ ƎǊŃŎŜ ŀǳ ŎƻǳǇƭŀƎŜ ŦƻȅŜǊ 
ŘΩŜȄŎƛǘŀǘƛƻƴ κ ǎǘŞƴƻǇŞ Ł ƭŀ ŘŞǘŜŎǘƛƻƴΣ ŀ ǇŜǊƳƛǎ ŘŜ ǇŀƭƛŜǊΣ Ŝƴ ǇŀǊǘƛŜ ǎŜǳƭŜƳŜƴǘΣ ŎŜǘǘŜ ƭƛƳƛǘŀǘƛƻƴΦ 
[ŀ ƳƛŎǊƻǎŎƻǇƛŜ ŎƻƴŦƻŎŀƭŜ Ł ŘƛǎǉǳŜ ǘƻǳǊƴŀƴǘ ό{5/a ς {ǇƛƴƴƛƴƎπ5ƛǎƪ /ƻƴŦƻŎŀƭ aƛŎǊƻǎŎƻǇȅύ ǊŜǇǊŞǎŜƴǘŜ 
ǳƴŜ ŀƭǘŜǊƴŀǘƛǾŜ Ł ƭŀ [{/aΦ /ŜǘǘŜ ǘŜŎƘƴƛǉǳŜ ŀ ƭΩŀǾŀƴǘŀƎŜ ŘŜ ōŀƭŀȅŜǊ ƭΩŞŎƘŀƴǘƛƭƭƻƴ Ł ƎǊŀƴŘŜ ǾƛǘŜǎǎŜ ŀǾŜŎ 
ǳƴ ŦŀƛǎŎŜŀǳ ƭŀǎŜǊ ŘŞŎƻǳǇƭŞ Ŝƴ ǇƭǳǎƛŜǳǊǎ ŎŜƴǘŀƛƴŜǎ ŘŜ Ǉƻƛƴǘǎ ŦƻŎŀǳȄΦ 5ΩŀǳǘǊŜǎ ǘŜŎƘƴƛǉǳŜǎ ŜȄǇƭƻƛǘŜƴǘ 
ŞƎŀƭŜƳŜƴǘ ŎŜǘǘŜ ǇǊŀǘƛǉǳŜ Řǳ ŎƻƴŦƻŎŀƭ ƳǳƭǘƛǇƻƛƴǘ Ŝƴ ǳǘƛƭƛǎŀƴǘ ǳƴ ǎȅǎǘŝƳŜ ŘŜ ŦŜƴǘŜǎΦ 9ƴ ǘƘŞƻǊƛŜΣ 
ƭϥǳǘƛƭƛǎŀǘƛƻƴ Řϥǳƴ ƳƛŎǊƻǎŎƻǇŜ ŎƻƴŦƻŎŀƭ ƳǳƭǘƛǇƻƛƴǘ ŘŜ ǘȅǇŜ {5/a ŀƳŞƭƛƻǊŜ ŎƻƴǎƛŘŞǊŀōƭŜƳŜƴǘ ƭŀ ǾƛǘŜǎǎŜ 
ŘϥŀŎǉǳƛǎƛǘƛƻƴ ŘϥƛƳŀƎŜǎ όǇŜǊƳŜǘǘŀƴǘ ƭϥƛƳŀƎŜǊƛŜ ŘŜ ǇǊƻŎŜǎǎǳǎ ŘȅƴŀƳƛǉǳŜǎ ǊŀǇƛŘŜǎ Ŝǘ ŘΩŞŎƘŀƴǘƛƭƭƻƴǎ 
ǾƛǾŀƴǘǎύ Ŝǘ ǊŞŘǳƛǘ ŎƻƴǎƛŘŞǊŀōƭŜƳŜƴǘ ƭŜǎ ǇƘƻǘƻπŘƻƳƳŀƎŜǎΦ 
/Ŝǘ ŀǘŜƭƛŜǊ ǎŜ ŘŞŎƻƳǇƻǎŜǊŀ Ŝƴ ŘŜǳȄ ǇŀǊǘƛŜǎ Řŀƴǎ ƭŜ ōǳǘ ŘΩŜȄǇƭƻǊŜǊ ƭŜǎ ǇƻǎǎƛōƛƭƛǘŞǎΣ ŀǾŀƴǘŀƎŜǎ Ŝǘ 
ƭƛƳƛǘŀǘƛƻƴǎ ŘŜǎ п ŘƛŦŦŞǊŜƴǘǎ ǎȅǎǘŝƳŜǎ {5/a ǇǊŞǎŜƴǘǎ ŎŜǘǘŜ ŀƴƴŞŜ Ł aƛCƻ.ƛƻΦ [Ŝǎ ǇŀǊǘƛŎƛǇŀƴǘǎ Ł ŎŜǘ 
ŀǘŜƭƛŜǊ ŘŞŎƻǳǾǊƛǊƻƴǎ ƻǳ ŀǇǇǊƻŦƻƴŘƛǊƻƴǎ ƭŜǳǊǎ ŎƻƴƴŀƛǎǎŀƴŎŜǎ ǎǳǊ ŎŜǘǘŜ ǘŜŎƘƴƛǉǳŜΦ [Ŝǎ ƴƻǘƛƻƴǎ ŘŜ 
ǊŞǎƻƭǳǘƛƻƴǎΣ ŘΩŞŎƘŀƴǘƛƭƭƻƴƴŀƎŜΣ ŘΩƘƻƳƻƎŞƴŞƛǘŞ ŘŜ ŎƘŀƳǇǎ Ŝǘ ŘŜ ŘƛŀǇƘƻƴƛŜ Ŝƴ ƳƛƭƛŜǳȄ ŘƛŦŦǳǎŀƴǘ 
ǎŜǊƻƴǘ ŀōƻǊŘŞŜǎΣ ǇŀǊƳƛ ŘΩŀǳǘǊŜΦ [ΩŀǎǇŜŎǘ ŘŜ ǎǳƛǾƛǎ Řŀƴǎ ƭŜ ǘŜƳǇǎ ŘŜǎ ǇŜǊŦƻǊƳŀƴŎŜǎ ŘΩǳƴ ǘŜƭ ǎȅǎǘŝƳŜ 
ǎŜǊŀ ŞƎŀƭŜƳŜƴǘ ŞǾƻǉǳŞΦ ¢ƻǳǘŜǎ ƭŜǎ ǉǳŜǎǘƛƻƴǎ ǎŜǊƻƴǘ ƭŜǎ ōƛŜƴǾŜƴǳŜǎ Řŀƴǎ ƭŜ ōǳǘ ŘŜ ǊŜǇƻǳǎǎŜǊ ƭŜǎ 
ƭƛƳƛǘŜǎ ŘŜ ŎŜǘǘŜ ǘŜŎƘƴƛǉǳŜ ŘŜǾŜƴǳŜ ŎƻǳǊŀƴǘŜǎ Řŀƴǎ ƴƻǎ ƭŀōƻǊŀǘƻƛǊŜǎΦ 
YŜȅǿƻǊŘǎ Υ aƛŎǊƻǎŎƻǇƛŜ ŘŜ ŦƭǳƻǊŜǎŎŜƴŎŜ Ł ŘƛǎǉǳŜ ǊƻǘŀǘƛŦΣ {ǇƛƴƴƛƴƎπŘƛǎƪΣ wŞǎƻƭǳǘƛƻƴΣ aŞǘǊƻƭƻƎƛŜ 
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!моуπ/ƻƭƻŎŀƭƛǎŀǘƛƻƴ ŘŜ ŎƻƳǇƭŜȄŜǎ ƳŀŎǊƻƳƻƭŞŎǳƭŀƛǊŜǎ Ŝƴ ǎǳǇŜǊπǊŞǎƻƭǳǘƛƻƴ t![aκ{¢hwa 
·ŀǾƛŜǊ aŀǊǉǳŜǎ όȄŀǾƛŜǊΦƳŀǊǉǳŜǎϪǎƻǊōƻƴƴŜπǳƴƛǾŜǊǎƛǘŜΦŦǊύ 
!ōǎǘǊŀŎǘ Υ [ΩŀǾŝƴŜƳŜƴǘ ŘŜ ƭŀ ƳƛŎǊƻǎŎƻǇƛŜ Ł ǎǳǇŜǊπǊŞǎƻƭǳǘƛƻƴ Ŝǎǘ ǳƴŜ ŀǾŀƴŎŞŜ ƳŀƧŜǳǊŜ ǇƻǳǊ ƭŀ 
ƳƛŎǊƻǎŎƻǇƛŜ ƻǇǘƛǉǳŜΦ 9ƭƭŜ ŀƳŞƭƛƻǊŜ ŎƻƴǎƛŘŞǊŀōƭŜƳŜƴǘ ƴƻǘǊŜ ŎŀǇŀŎƛǘŞ Ł ŘŞŎǊƛǊŜ Ŝǘ ŜȄǇƭƛǉǳŜǊ 
ƭϥƻǊƎŀƴƛǎŀǘƛƻƴ ōƛƻƭƻƎƛǉǳŜ Ł ƭϥŞŎƘŜƭƭŜ ƴŀƴƻƳŞǘǊƛǉǳŜΦ  
tŀǊƳƛ ƭŜǎ ƳŞǘƘƻŘŜǎ ǇǊƻǇƻǎŞŜǎΣ ƭŀ ƳƛŎǊƻǎŎƻǇƛŜ ŘŜ ƭƻŎŀƭƛǎŀǘƛƻƴ ŘŜ ƳƻƭŞŎǳƭŜǎ ǳƴƛǉǳŜǎ ό{ƛƴƎƭŜ aƻƭŜŎǳƭŜ 
[ƻŎŀƭƛȊŀǘƛƻƴ aƛŎǊƻǎŎƻǇȅΣ {a[aύ Ŝǎǘ ōŀǎŞŜ ǎǳǊ ƭϥƻōǎŜǊǾŀǘƛƻƴ ŘŜǎ ǎƛƎƴŀǳȄ ǇǊƻŘǳƛǘǎ ǇŀǊ ŘŜǎ 
ŦƭǳƻǊƻǇƘƻǊŜǎ ƛƴŘƛǾƛŘǳŜƭǎΦ 5Ŝ ŎŜǘǘŜ ƳŀƴƛŝǊŜΣ ƛƭ Ŝǎǘ ǇƻǎǎƛōƭŜ ŘŜ ŎƻƴǎǘǊǳƛǊŜ ǳƴŜ ƛƳŀƎŜ ǇŀǊ ǇƻƛƴǘƛƭƭƛǎƳŜ 
Řƻƴǘ ƭŀ ǊŞǎƻƭǳǘƛƻƴ ŘŞǇŜƴŘ ŜǎǎŜƴǘƛŜƭƭŜƳŜƴǘ Řǳ ǊŀǇǇƻǊǘ ǎƛƎƴŀƭκōǊǳƛǘΦ ¢ȅǇƛǉǳŜƳŜƴǘΣ ƭŀ ǊŞǎƻƭǳǘƛƻƴ 
ŀǘǘŜƛƴǘŜ Ŝǎǘ ŘŜ ƭϥƻǊŘǊŜ Řǳ ŘƛȄƛŝƳŜ ŘŜ ƴŀƴƻƳŝǘǊŜ όϤмл Ŧƻƛǎ Ǉƭǳǎ ǉǳŜ ƭŀ ǊŞǎƻƭǳǘƛƻƴ Řϥǳƴ ƳƛŎǊƻǎŎƻǇŜ 
ƻǇǘƛǉǳŜύΦ  
5ƛŦŦŞǊŜƴǘŜǎ ǘŜŎƘƴƛǉǳŜǎ {a[a ǎƻƴǘ ŘƛǎǇƻƴƛōƭŜǎΣ Ŝƴ ŦƻƴŎǘƛƻƴ ŘŜ ƭϥƻōǎŜǊǾŀǘƛƻƴ ŘŜǎ ŦƭǳƻǊƻǇƘƻǊŜǎ 
ƛƴŘƛǾƛŘǳŜƭǎ ƛƳŀƎŞǎΦ [Ŝǎ ŜȄŜƳǇƭŜǎ ƭŜǎ Ǉƭǳǎ ǇƻǇǳƭŀƛǊŜǎ ǎƻƴǘ ƭŀ ǎǘƻŎƘŀǎǘƛŎ ƻǇǘƛŎŀƭ ǊŜŎƻƴǎǘǊǳŎǘƛƻƴ 
ƳƛŎǊƻǎŎƻǇȅ ό{¢hwaύ Ŝǘ ƭŀ ǇƘƻǘƻπŀŎǘƛǾŀǘŜŘ ƭƻŎŀƭƛȊŀǘƛƻƴ ƳƛŎǊƻǎŎƻǇȅ όt![aύΣ ǉǳƛ ŘƛŦŦŝǊŜƴǘ ǎƛƳǇƭŜƳŜƴǘ 
ǇŀǊ ƭŀ ƳŀƴƛŝǊŜ Řƻƴǘ ƭŜǎ ƳƻƭŞŎǳƭŜǎ ƛƴŘƛǾƛŘǳŜƭƭŜǎ ǎƻƴǘ ƳŀǊǉǳŞŜǎ Ŝǘ ƛƳŀƎŞŜǎΦ 5Ŝǎ ƛƳŀƎŜǎ ǎǳǇŜǊπ
ǊŞǎƻƭǳŜǎ Ł ŘŜǳȄ ŎƻǳƭŜǳǊǎ ǇŜǳǾŜƴǘ şǘǊŜ ƻōǘŜƴǳŜǎ ǎƻƛǘ Ŝƴ ŎƻƳōƛƴŀƴǘ ŘŜǳȄ ŦƭǳƻǊƻǇƘƻǊŜǎ ŘƛŦŦŞǊŜƴǘǎ ǉǳƛ 
ŎƻƴǾƛŜƴƴŜƴǘ Ł {¢hwaΣ ǎƻƛǘ Ŝƴ ŎƻƳōƛƴŀƴǘ {¢hwa Ŝǘ t![aΦ 
YŜȅǿƻǊŘǎ Υ {ǳǇŜǊπǊŜǎƻƭǳǘƛƻƴΣ {ƛƴƎƭŜ aƻƭŜŎǳƭŜ [ƻŎŀƭƛȊŀǘƛƻƴ aƛŎǊƻǎŎƻǇȅΣ t![aΣ {¢hwa 
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!мофπ/ƻƴŦǊƻƴǘƛƴƎ [ŀǘǘƛŎŜ {La ƛƳŀƎƛƴƎ ǘƻ ǾŀǊƛƻǳǎ ǎŎŀǘǘŜǊƛƴƎ ǎŀƳǇƭŜǎ ƻŦ ŘƛŦŦŜǊŜƴǘ ǘƘƛŎƪƴŜǎǎ 
tƘƛƭƛǇǇŜ .ǳƴ όǇƘƛƭƛǇǇŜΦōǳƴϪƛƴǎŜǊƳΦŦǊύ [ȅŘƛŀ 5ŀƴƎƭƻǘ όƭȅŘƛŀΦŘŀƴƎƭƻǘϪƛƴǎŜǊƳΦŦǊύ 
!ōǎǘǊŀŎǘ Υ {ǘǊǳŎǘǳǊŜŘ LƭƭǳƳƛƴŀǘƛƻƴ aƛŎǊƻǎŎƻǇȅ ό{Laύ ƛǎ ŀ ŦƭǳƻǊŜǎŎŜƴŎŜ ƳƛŎǊƻǎŎƻǇȅ ǘŜŎƘƴƛǉǳŜ ǘƘŀǘ Ŏŀƴ 
ǎǳǊǇŀǎǎ ǘƘŜ ŘƛŦŦǊŀŎǘƛƻƴ ƭƛƳƛǘ ōȅ ŜȄǇƭƻƛǘƛƴƎ ƛƴǘŜǊŦŜǊŜƴŎŜ ǇŀǘǘŜǊƴǎ όaƻƛǊŞ ŦǊƛƴƎŜǎύΦ hƴŜ ƻŦ ǘƘŜ Ƴŀƛƴ ǇǊƻǎ 
ƻŦ ǳǎƛƴƎ {La ƛǎ ǘƘŀǘ ǎǳŎƘ ŀǇǇǊƻŀŎƘ ŘƻŜǎ ƴƻǘ ǊŜǉǳƛǊŜ ŀƴȅ ǎƻǇƘƛǎǘƛŎŀǘŜŘ ǎŀƳǇƭŜ ǇǊŜǇŀǊŀǘƛƻƴ ǇǊƻǘƻŎƻƭǎΣ 
ŀƴŘ Ŏŀƴ ōŜ ǊŜŀŘƛƭȅ ŀǇǇƭƛŜŘ ǘƻ ǎŀƳǇƭŜǎ ǇǊŜǇŀǊŜŘ ŦƻǊ ϦŎƻƴǾŜƴǘƛƻƴŀƭϦ ŦƭǳƻǊŜǎŎŜƴŎŜ ƳƛŎǊƻǎŎƻǇȅΦ hƴ ǘƻǇ 
ƻŦ ƛǘǎ ŎŀǇŀŎƛǘƛŜǎ ƻŦ ƳǳƭǘƛŎƻƭƻǊ ƛƳŀƎƛƴƎ ŀƴŘ ƻǇǘƛŎŀƭ ǎŜŎǘƛƻƴƛƴƎΣ {La ƛǎ ǘƘŜ ƳŜǘƘƻŘ ƻŦ ŎƘƻƛŎŜ ǿƘŜƴ 
ŎƻƴŘǳŎǘƛƴƎ ƭƛǾŜ ŎŜƭƭ ƛƳŀƎƛƴƎ ŜȄǇŜǊƛƳŜƴǘΦ IƻǿŜǾŜǊΣ {La ŀǇǇǊƻŀŎƘ ƛǎ ǎŜƴǎƛǘƛǾŜ ǘƻ ƻǳǘπƻŦπŦƻŎǳǎ ƭƛƎƘǘ ŀƴŘ 
ǎǳŦŦŜǊǎ ǿƘŜƴ ƛƳŀƎƛƴƎ ǘƘƛŎƪ ƻǊ ŘŜƴǎŜƭȅ ƭŀōŜƭƭŜŘ ǎŀƳǇƭŜǎΦ ¦ǎƛƴƎ ǘƘŜ ƭŀǘŜǎǘ ŀƴŘ ŎƻƳƳŜǊŎƛŀƭƭȅπŀǾŀƛƭŀōƭŜ 
{La ǎȅǎǘŜƳΣ ǿŜ ǇǊƻǇƻǎŜ ǘƻ ŎƻƴŘǳŎǘ {La ƛƳŀƎƛƴƎ ƻƴ ōƻǘƘ ǘƘƛƴ όŎǳƭǘǳǊŜŘ ŎŜƭƭǎύ ŀƴŘ ǘƘƛŎƪ ǎŎŀǘǘŜǊƛƴƎ 
όƻǊƎŀƴƻƛŘǎ ƻǊ ǘƛǎǎǳŜύ ǎŀƳǇƭŜǎΦ ²Ŝ ŀƛƳ ǘƻ ŦƛƴŘ ǘƘŜ ŀŘŜǉǳŀǘŜ ǎŜǘ ƻŦ ƛƳŀƎƛƴƎ ŀƴŘ о5 ǊŜŎƻƴǎǘǊǳŎǘƛƻƴ 
ǇŀǊŀƳŜǘŜǊǎ ŦƻǊ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ǘȅǇŜ ƻŦ ōƛƻƭƻƎƛŎŀƭ ǎŀƳǇƭŜǎΦ 
YŜȅǿƻǊŘǎ Υ {ǳǇŜǊπǊŜǎƻƭǳǘƛƻƴ ŦƭǳƻǊŜǎŎŜƴŎŜ ƛƳŀƎƛƴƎΣ {ǘǊǳŎǘǳǊŜŘ LƭƭǳƳƛƴŀǘƛƻƴ aƛŎǊƻǎŎƻǇȅΣ bŜǳǊƻƴǎΣ 
.Ǌŀƛƴ ǎŜŎǘƛƻƴΦ 

***  

!мплπ5ǳ Ǉƭǳǎ ǇŜǘƛǘ ŞŎƘŀƴǘƛƭƭƻƴ ŀǳ Ǉƭǳǎ ƎǊƻǎΣ ƭŀ ƳƛŎǊƻǎŎƻǇƛŜ Ł ŦŜǳƛƭƭŜ ŘŜ ƭǳƳƛŝǊŜ ŦŀŎŜ Ł ƭΩŜƴƧŜǳ Řǳ 
ƳǳƭǘƛπŞŎƘŜƭƭŜ 
WǳƭƛŜƴ 5ǳƳƻƴǘ όƧǳƭƛŜƴΦŘǳƳƻƴǘϪŎƻƭƭŜƎŜπŘŜπŦǊŀƴŎŜΦŦǊύ !ǎǘƻǳ ¢ŀƴƎŀǊŀ όǘŀƴƎŀǊŀϪōƛƻƭƻƎƛŜΦŜƴǎΦŦǊύ 
!ōǎǘǊŀŎǘ Υ 5Ŝ ǇŀǊ ǎŜǎ ǉǳŀƭƛǘŞǎ ƛƴǘǊƛƴǎŝǉǳŜǎΣ ƭŀ ƳƛŎǊƻǎŎƻǇƛŜ Ł ŦŜǳƛƭƭŜ ŘŜ ƭǳƳƛŝǊŜ ŀ Ŏƻƴƴǳ ǳƴ ǎǳŎŎŝǎ 
ǊŜǘŜƴǘƛǎǎŀƴǘ ŘŜǇǳƛǎ ǎŀ ǊŜƳƛǎŜ ŀǳ ƎƻǶǘ Řǳ ƧƻǳǊ ǇŀǊ ƭΩŞǉǳƛǇŜ ŘΩ9Φ {ǘŜƭȊŜǊ όнллпύΦ /ŜǘǘŜ ǘŜŎƘƴƛǉǳŜ ƭƛƳƛǘŜ 
ƭŜ ǇƘƻǘƻōƭŀƴŎƘƛƳŜƴǘ Ŝǘ ƭŀ ǇƘƻǘƻǘƻȄƛŎƛǘŞΣ ǇŜǊƳŜǘ ǳƴŜ ŀŎǉǳƛǎƛǘƛƻƴ ǘƻǘŀƭŜ ƎǊŃŎŜ Ł ǳƴŜ Ǌƻǘŀǘƛƻƴ ŘŜ 
ƭΩŞŎƘŀƴǘƛƭƭƻƴΣ ǘƻǳǘ Ŝƴ ŀǎǎǳǊŀƴǘ ǾƛǘŜǎǎŜ Ŝǘ ǊŞǎƻƭǳǘƛƻƴ Ł ƭΩŀŎǉǳƛǎƛǘƛƻƴ ǎǳǊ ŘŜǎ ŞŎƘŀƴǘƛƭƭƻƴǎ ŀǳ ǾƻƭǳƳŜ 
ǇŀǊŦƻƛǎ ƛƳǇƻǊǘŀƴǘΦ [ΩǳƴŜ ŘŜǎ ŘƛŦŦƛŎǳƭǘŞǎ ƳŀƧŜǳǊŜǎ ŘŜ ŎŜǘǘŜ ǘŜŎƘƴƛǉǳŜ ǊŞǎƛŘŜ Řŀƴǎ ƭŀ ƳƛǎŜ Ŝƴ ǇƭŀŎŜ ŘŜ 
ŎŜǘ ŞŎƘŀƴǘƛƭƭƻƴΦ 9ƴ ŜŦŦŜǘΣ ƭŀ ƴŞŎŜǎǎƛǘŞ ŘΩƻōǘŜƴƛǊ ǳƴ ƳƻƴǘŀƎŜ ǇŜǊƳŜǘǘŀƴǘ ƭŀ Ǌƻǘŀǘƛƻƴ ŘŜ ƭΩŞŎƘŀƴǘƛƭƭƻƴ 

http://imabio-cnrs.fr/mifobio/programme/
mailto:mifobio-info@services.cnrs.fr
mailto:philippe.bun@inserm.fr
mailto:julien.dumont@college-de-france.fr


 FICHES DESCRIPTIVES DES ATELIERS 

 

 

Ecole thématique du CNRS : Microscopie Fonctionnelle en Biologie  MiFoBio, Giens, 5-12 nov 2021 
http://imabio-cnrs.fr/mifobio/programme/  mifobio-info@services.cnrs.fr      151 

  

ǊŜǇǊŞǎŜƴǘŜ ǘǊŝǎ ǎƻǳǾŜƴǘ ǳƴ ŎŀǎǎŜπǘşǘŜ ǘŜŎƘƴƛǉǳŜΣ ŎŀǎǎŜπǘşǘŜ ǉǳƛ ŞǾƻƭǳŜ Ŝƴ ŦƻƴŎǘƛƻƴ ŘŜ ƭΩŞŎƘŜƭƭŜ ŘŜ 
ƭΩŞŎƘŀƴǘƛƭƭƻƴΦ 
!ǳ ŎƻǳǊǎ ŘŜ ŎŜǘ ŀǘŜƭƛŜǊΣ ƴƻǳǎ ŀƭƭƻƴǎ ƴƻǳǎ ŎƻƴŦǊƻƴǘŜǊ ŀǳȄ ŘƛŦŦŞǊŜƴǘŜǎ ŞŎƘŜƭƭŜǎ ŘΩŞŎƘŀƴǘƛƭƭƻƴǎ ǇƻǳǊ ƭŜǳǊ 
ƳƛǎŜ Ŝƴ ǇƭŀŎŜ ǎǳǊ ǳƴ ƳƛŎǊƻǎŎƻǇŜ Ł ŦŜǳƛƭƭŜ ŘŜ ƭǳƳƛŝǊŜΦ [Ŝ ōǳǘ ŘŜ ŎŜǘ ŀǘŜƭƛŜǊ ǎŜǊŀ ŘŜ ǊŞŀƭƛǎŜǊ ŘŜǎ 
ŀŎǉǳƛǎƛǘƛƻƴǎ ŘŜ ƳƛŎǊƻǎŎƻǇƛŜ Ł ŦŜǳƛƭƭŜ ŘŜ ƭǳƳƛŝǊŜ ǎǳǊ ŘŜǎ ŞŎƘŀƴǘƛƭƭƻƴǎ ŀǳȄ ǾƻƭǳƳŜǎ ǘǊŝǎ ŘƛŦŦŞǊŜƴǘǎΣ Ŝǘ 
ŘΩŀŘŀǇǘŜǊ ƭŜǎ ŎƻƴŘƛǘƛƻƴǎ ŘŜ ƳƻƴǘŀƎŜ Ŝƴ ŀŎŎƻǊŘ ŀǾŜŎ ƭŜǎ ōŜǎƻƛƴǎ ŘŜǎ ŞŎƘŀƴǘƛƭƭƻƴǎΦ bƻǳǎ ǘǊŀƛǘŜǊƻƴǎ 
ŞƎŀƭŜƳŜƴǘ ŘŜǎ ŘƛŦŦŞǊŜƴǘǎ ŀǎǇŜŎǘǎ ŘŜ ƭΩŀŎǉǳƛǎƛǘƛƻƴ ŘΩƛƳŀƎŜ Ŝǘ ŘŜ ƭΩƻǇǘƛƳƛǎŀǘƛƻƴ ŘŜǎ ǇŀǊŀƳŝǘǊŜǎ 
ŘΩŀŎǉǳƛǎƛǘƛƻƴǎ ǇǊƻǇǊŜ Ł ŎƘŀǉǳŜ ŎƻƴŘƛǘƛƻƴΦ 
! ƭΩƛǎǎǳŜ ŘŜ ƭΩŀǘŜƭƛŜǊΣ ƭŜǎ ǇŀǊǘƛŎƛǇŀƴǘǎ ŀǳǊƻƴǘ ŘŞǾŜƭƻǇǇŞ ǳƴ Ǉƻƛƴǘ ŘŜ ǾǳŜ ŞƭŀǊƎƛ ǎǳǊ ƭŜǎ ŜƴƧŜǳȄ Ŝǘ ƭŜǎ 
ƭƛƳƛǘŜǎ ŘŜ ƭŀ ƳƛŎǊƻǎŎƻǇƛŜ Ł ŦŜǳƛƭƭŜ ŘŜ ƭǳƳƛŝǊŜΦ Lƭǎ ŀǳǊƻƴǘ ŀǇǇǊƛǎ Ł ǊŞŀƭƛǎŜǊ ŘŜǎ ƳƻƴǘŀƎŜǎ ŘΩŞŎƘŀƴǘƛƭƭƻƴǎ 
ǇƻǳǊ ƭŜǎ ŘƛŦŦŞǊŜƴǘŜǎ ŞŎƘŜƭƭŜǎ ǊŜƴŎƻƴǘǊŞŜǎΣ ŀƛƴǎƛ ǉǳΩŁ ǊŞŀƭƛǎŜǊ ƭΩŀŎǉǳƛǎƛǘƛƻƴ ŘΩƛƳŀƎŜǎ ŎƻǊǊŜǎǇƻƴŘŀƴǘŜǎΦ 
YŜȅǿƻǊŘǎ Υ ƳƛŎǊƻǎŎƻǇƛŜ Ł ŦŜǳƛƭƭŜ ŘŜ ƭǳƳƛŝǊŜΣ ƭƛƎƘǘǎƘŜŜǘΣ ȊŜōǊŀŦƛǎƘΣ ŘǊƻǎǇƘƛƭŜ 
!мпмπaŜŘƛǳƳ ǘƘǊƻǳƎƘǇǳǘ ƛƳŀƎƛƴƎ ƻŦ ǘƘƛŎƪ ǎŀƳǇƭŜǎΥ ŀ ǇǊŀŎǘƛŎŀƭ ŎƻƳǇŀǊƛǎƻƴ ƻŦ ŘƛŦŦŜǊŜƴǘ ǎŀƳǇƭŜǎ 
ό5ǊƻǎƻǇƘƛƭŀ ǘƛǎǎǳŜǎ ŀƴŘ ŜƴŎŀǇǎǳƭŀǘŜŘ ǎǇƘŜǊƻƛŘǎύ ƛƴ ƴŀǘƛǾŜ ƻǇŀǉǳŜ ǎǘŀǘŜ ŀƴŘ ŀŦǘŜǊ ƭƛƎƘǘπǇŜƴŜǘǊŀǘƛƻƴ 
ŦŀŎƛƭƛǘŀǘƛƻƴ 
DŀŜƭƭŜ wŜŎƘŜǊ όƎŀŜƭƭŜΦǊŜŎƘŜǊϪƛƴǎǘƛǘǳǘƻǇǘƛǉǳŜΦŦǊύ 
aŀǊƛƭȅƴŜ 5ǳŦŦǊŀƛǎǎŜ όaŀǊƛƭȅƴŜΦ5ǳŦŦǊŀƛǎǎŜϪŜƴǎπƭȅƻƴΦŦǊύ 
!ōǎǘǊŀŎǘ Υ ¢Ƙƛǎ ǿƻǊƪǎƘƻǇ ƛǎ ŘŜŘƛŎŀǘŜŘ ǘƻ ƛƭƭǳǎǘǊŀǘŜ Ƙƻǿ ƭƛƎƘǘπǎƘŜŜǘ ƳƛŎǊƻǎŎƻǇȅ ŎƻǳƭŘ ōŜ ǳǎŜŘ ŀǎ ŀ 
ƳŜŘƛǳƳπǘƘǊƻǳƎƘǇǳǘ о5 ƳƛŎǊƻǎŎƻǇȅ ƳŜǘƘƻŘ ŦƻǊ ŜȄǘŜƴŘŜŘ ƛƳŀƎƛƴƎ ƻŦ ŀ ŘƛǾŜǊǎƛǘȅ ƻŦ ǘƘƛŎƪ ǎŀƳǇƭŜǎΦ 
[ƛƎƘǘπǎƘŜŜǘ ƳƛŎǊƻǎŎƻǇȅ ƛǎ ƴƻǿ ǿŜƭƭ ƛŘŜƴǘƛŦƛŜŘ ŀǎ ŀ ǎǘŀǘŜπƻŦπǘƘŜπŀǊǘ ǘŜŎƘƴƛǉǳŜ ŦƻǊ мκ ƘƛƎƘ ǊŜǎƻƭǳǘƛƻƴΣ 
нκ ƭƻǿ ǇƘƻǘƻŘŀƳŀƎŜΣ оκ ƛǘǎ ŀƛƳǎ ǘƻ ƛǎƻǘǊƻǇȅ ŀƴŘ пκ ŦŀǎǘπǎŎŀƴƴƛƴƎ ƛƳŀƎƛƴƎ ƻŦ о5 ƭƛǾƛƴƎ ǎŀƳǇƭŜǎΣ 
ƛƴŎƭǳŘƛƴƎ ȊŜōǊŀŦƛǎƘ ƭŀǊǾŀΣ ŘǊƻǎƻǇƘƛƭŀ ŜƳōǊȅƻΣ ƳƻǳǎŜ ŜƎƎπŎȅƭƛƴŘŜǊ ŜǘŎΧ 
!ƭǘƘƻǳƎƘ ǘƘŜǊŜ ŀǊŜ ƴƻǿ ǎŜǾŜǊŀƭ ŘŜǎƛƎƴǎ ŀǾŀƛƭŀōƭŜ ƛƴ ǘƘŜ ƳŀǊƪŜǘ ŀǎ ŎƻƳƳŜǊŎƛŀƭƭȅ ŀǾŀƛƭŀōƭŜ όǘǳǊƴπƪŜȅύ 
ǎȅǎǘŜƳǎΣ Ƴƻǎǘ ƻŦ ǘƘŜƳ ǊŜƭȅ ƻƴ ŀ ŘŜǎƛƎƴ ǘƘŀǘ ǊŜǉǳƛǊŜǎ ǘƘŜ ǎŀƳǇƭŜ ǘƻ ōŜ ŜƛǘƘŜǊ ŜƳōŜŘŘŜŘ ƻƴ ŀƴ 
ŀƎŀǊƻǎŜ ŎȅƭƛƴŘŜǊ όǘƘŀǘ ƛǎ ŀƴ ƛǎǎǳŜ ŦƻǊ ŎƻƴǎǘǊŀƛƴπŦǊŜŜ ƳƻǊǇƘƻƎŜƴŜǎƛǎύ ǿƘŜƴ ǳǎƛƴƎ ŀ ǾŜǊǘƛŎŀƭ ǎŀƳǇƭŜ 
ƘƻƭŘŜǊ όǘƘŜ ƻǊƛƎƛƴŀƭ ŘŜǎƛƎƴύ ƻǊ ƛƴǎŜǊǘŜŘ ƛƴ ŀ ǎƳŀƭƭ ŀƴŘ ǘƛƎƘǘ ŎŀǾƛǘȅ ƻƴ ŀ ǎǘŀƎŜ ǿƘŜƴ ǳǎƛƴƎ ǘƘŜ ǳǇǊƛƎƘǘ 
ŘŜǎƛƎƴ όǎƛƳƛƭŀǊ ǘƻ ǘƘŜ ƻƴŜ ƛƳǇƭŜƳŜƴǘŜŘ ŦƻǊ ǘƘŜ ƭŀǘǘƛŎŜπƭƛƎƘǘπǎƘŜŜǘ ƳƛŎǊƻǎŎƻǇŜύΦ 
IŜǊŜ ǿŜ ǿƛƭƭ ǘŀƪŜ ŀŘǾŀƴǘŀƎŜ ƻŦ ǘƘŜ ƻǊƛƎƛƴŀƭ ŘŜǎƛƎƴ ƻŦ ŀƴ ƛƴǾŜǊǘŜŘ ƭƛƎƘǘπǎƘŜŜǘ ƳƛŎǊƻǎŎƻǇŜ ǿƘŜǊŜ ǘƘŜ 
ǎŀƳǇƭŜǎ ŀǊŜ ŘŜǇƻǎƛǘŜŘ ƻƴ ŀ ǘǊŀƴǎǇŀǊŜƴǘ ŀƴŘ ŦƭŜȄƛōƭŜ ƎǊƻƻǾŜ όŀ C9t ŦƻƛƭύΦ  
5ǳǊƛƴƎ ǘƘƛǎ ǿƻǊƪǎƘƻǇΣ ǿŜ ǿƛƭƭ Ƴƻǳƴǘ ŀƴŘ ƛƳŀƎŜ ǎŀƳǇƭŜǎ ǿƘƛŎƘ ŀǊŜ ŎƘƻǎŜƴ ǘƻ ƛƭƭǳǎǘǊŀǘŜ ŘƛŦŦŜǊŜƴǘ 
ŎƘŀƭƭŜƴƎŜǎΥ мκ ŀ 5ǊƻǎƻǇƘƛƭŀ ƛƳŀƎƛƴŀƭ ŘƛǎŎ όƻǊ ŜƳōǊȅƻύ ŀƴŘ ƛǘǎ ŎƻǳƴǘŜǊǇŀǊǘΣ нκ ŀ ŎƭŜŀǊŜŘ ŀƴŘ ŜȄǇŀƴŘŜŘ 
ŘƛǎŎ όƻǊ ŜƳōǊȅƻύΣ оκ ŜƴŎŀǇǎǳƭŀǘŜŘ Ǉƭŀƛƴ ǎǇƘŜǊƻƛŘǎ όǘƘƛŎƪ ōŀƭƭǎ ƻŦ ŎŜƭƭǎύΣ пκ ŜƴŎŀǇǎǳƭŀǘŜŘ Ƙƻƭƭƻǿ 
ǎǇƘŜǊƻƛŘǎ όŎȅǎǘƛŎ ǎƘŀǇŜύ ŀƴŘ рκ ǘƘŜ ƭŀǘŜǊ ŀŦǘŜǊ ŀ ǎƻŦǘ ŀƴŘ ǎŀŦŜ ǘǊŀƴǎǇŀǊƛǎŀǘƛƻƴ ǇǊƻǘƻŎƻƭΦ ¢ƘŜ 
ŜƴŎŀǇǎǳƭŀǘŜŘ ŎŜƭƭǎ ŀǊŜ /ŀŎƻн ŎŜƭƭǎΣ ǘƘŀǘ ŀǊǊŀƴƎŜ ǿƛǘƘƛƴ ǘƘŜ ŎŀǇǎǳƭŜǎ ƛƴ ŜƛǘƘŜǊ ŀ ǎƻƭƛŘ ŀƴŘ ŎƻƳǇŀŎǘ 
ǎǇƘŜǊƻƛŘ ƛƴ ǘƘŜ ŀōǎŜƴŎŜ ƻŦ aŀǘǊƛƎŜƭϯ ƻǊ ƛƴ Ƙƻƭƭƻǿ ǇǎŜǳŘƻπƳƻƴƻƭŀȅŜǊǎ ŎȅǎǘΦ 
²Ŝ ǿƛƭƭ ǘŀƪŜ ǘƘŜ ŀǘǘŜƴŘŜŜǎ ƛƴ ŀ ƧƻǳǊƴŜȅ ŀōƻǳǘ ǉǳŜǎǘƛƻƴƛƴƎ ǘƘŜƛǊ ǎŀƳǇƭŜǎΣ Ƙƻǿ ǘƘŜȅ ŀǊŜ ŀƳŜƴŀōƭŜ ǘƻ 
ƛƴπŘŜǇǘƘ ƛƳŀƎƛƴƎ ŀƴŘ Ƙƻǿ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜƛǊ ǘǊŀƴǎǇŀǊŜƴŎȅ ǘƻ ƭƛƎƘǘΦ ¢Ƙƛǎ ǎǇŜŎƛŦƛŎ ƳƛŎǊƻǎŎƻǇŜ ŀƴŘ ƛǘǎ 
ƎŜƻƳŜǘǊƛŎ ŦŜŀǘǳǊŜǎ ǿƻǳƭŘ ōŜ ŀǎ ǿŜƭƭ ŀƴ ƻŎŎŀǎƛƻƴ ǘƻ ŘƛǎŎǳǎǎ ǘƘŜ ƴŜŎŜǎǎƛǘȅ ƻŦ ƛƳŀƎƛƴƎ ŀ ǊŜŀǎƻƴŀōƭŜ 
ƴǳƳōŜǊ ƻŦ ǎŀƳǇƭŜǎ ŀǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜΣ ŜǎǇŜŎƛŀƭƭȅ ǿƘŜƴ ǎŀ 
YŜȅǿƻǊŘǎ Υ 9ƴŎŀǇǎǳƭŀǘŜŘ ǎǇƘŜǊƻƛŘǎΣ ŘǊƻǎƻǇƘƛƭŀ ǘƛǎǎǳŜǎΣ ŜȄǇŀƴŘŜŘ ǘƛǎǎǳŜǎΣ ƭƛƎƘǘ ǎƘŜŜǘ ƛƳŀƎƛƴƎΣ ǎƻŦǘ 
ǘǊŀƴǎǇŀǊƛǎŀǘƛƻƴ 
 

***  
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!мпнπaƛŎǊƻǎŎƻǇƛŜ Ł ŦŜǳƛƭƭŜǘ ŘŜ ƭǳƳƛŝǊŜ ǇƻǳǊ ƭΩƛƳŀƎŜǊƛŜ ǾƻƭǳƳƛǉǳŜ 
.ŀǎƛƭŜ DǳǊŎƘŜƴƪƻǾ όōŀǎƛƭŜΦƎǳǊŎƘŜƴƪƻǾϪƛƴǎŜǊƳΦŦǊύ 
!ōǎǘǊŀŎǘ Υ tǊŜŎƛǎŜ ǎǇŀŎƛƻπǘŜƳǇƻǊŀƭ ŘŜǎŎǊƛǇǘƛƻƴ ƻŦ ƳƻǊǇƘƻƭƻƎȅ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘŀƭ ŘȅƴŀƳƛŎǎ ƛǎ 
ŜǎǎŜƴǘƛŀƭ ŦƻǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ŦǳƴŎǘƛƻƴƛƴƎ ƻŦ ƭƛǾƛƴƎ ǎȅǎǘŜƳǎΦ ¢Ƙƛǎ ŎƻƴŎŜǊƴǎ ōƻǘƘ άƴŀǘǳǊŀƭέ ƻōƧŜŎǘǎ 
ǎǳŎƘ ŀǎ ŘŜǾŜƭƻǇƛƴƎ ŜƳōǊȅƻǎ ŀƴŘ ŀƭǎƻ ǘƘŜ ŀǊǘƛŦƛŎƛŀƭ ƳǳƭǘƛŎŜƭƭǳƭŀǊ ǎȅǎǘŜƳǎ ŀƛƳŜŘ ǘƻ ǊŜŎŀǇƛǘǳƭŀǘŜ 
ǎǘǊǳŎǘǳǊŜ ŀƴŘ ǇƘȅǎƛƻƭƻƎȅ ƻŦ ŀ ǘƛǎǎǳŜ ƻǊ ŀƴ ŜƴǘƛǊŜ ƻǊƎŀƴΦ ¢ƘŜ ƳǳƭǘƛŘƛƳŜƴǎƛƻƴŀƭ ƳƛŎǊƻǎŎƻǇȅ Ǉƭŀȅǎ ƳŀƧƻǊ 
ǊƻƭŜ ƛƴ ŀŘŘǊŜǎǎƛƴƎ ǘƘƛǎ ŎƘŀƭƭŜƴƎŜΦ  
[ƛƎƘǘπǎƘŜŜǘ ƳƛŎǊƻǎŎƻǇȅ ƛǎ ŀ ŎƭŀǎǎƛŎŀƭ ǘŜŎƘƴƛǉǳŜ ŀǇǇƭƛŜŘ ǘƻ ǘƘŜ ƛƳŀƎƛƴƎ ƻŦ ǘƘǊŜŜπŘƛƳŜƴǎƛƻƴŀƭ ōƛƻƭƻƎƛŎŀƭ 
ǎŀƳǇƭŜǎΦ 5ǳǊƛƴƎ ǘƘƛǎ ǿƻǊƪǎƘƻǇ ǿŜ ǿƛƭƭ ƎƛǾŜ ŀ ōǊƛŜŦ ƘƛǎǘƻǊƛŎŀƭ ƻǾŜǊǾƛŜǿ ƻŦ ƭƛƎƘǘǎƘŜŜǘ ƳƛŎǊƻǎŎƻǇȅ ŀƴŘ 
ƛǘǎ ŀǇǇƭƛŎŀǘƛƻƴΦ ²Ŝ ǿƛƭƭ ŘƛǎŎǳǎǎ ǘƘŜ ŀŘǾŀƴǘŀƎŜǎ ŀƴŘ ǘƘŜ ŘǊŀǿōŀŎƪǎ ƻŦ ǘƘŜ ǘŜŎƘƴƛǉǳŜ ǿƘŜƴ ŀǇǇƭƛŜŘ ǘƻ 
ōƛƻƭƻƎȅΦ   
5ǳǊƛƴƎ ǘƘŜ ƘŀƴŘǎπƻƴ ǇŀǊǘ ǿŜ ǿƛƭƭ ƛƴǘǊƻŘǳŎŜ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ǘƻ ǘƘŜ ƳƻǳƴǘƛƴƎ ǎǘǊŀǘŜƎƛŜǎ ŀƴŘ 
ŜǎǘŀōƭƛǎƘƛƴƎ ƻŦ ƛƳŀƎƛƴƎ ǇǊƻǘƻŎƻƭǎΦ  
YŜȅǿƻǊŘǎ Υ {tLaΣ [ƛƎƘǘπǎƘŜŜǘ Σ о5Ҍ¢ 

***  

!мпоπLƳŀƎŜǊƛŜ Ł ŦŜǳƛƭƭŜǘ ŘŜ ƭǳƳƛŝǊŜ ŘŜǎ ŞŎƘŀƴǘƛƭƭƻƴǎ о5 ƳƻƴǘŞŜǎ ŘΩǳƴŜ ƳŀƴƛŝǊŜ ǇŜǳ ŎƻƴǘǊŀƛƎƴŀƴǘŜ 
.ŀǎƛƭŜ DǳǊŎƘŜƴƪƻǾ όōŀǎƛƭŜΦƎǳǊŎƘŜƴƪƻǾϪƛƴǎŜǊƳΦŦǊύ 
!ōǎǘǊŀŎǘ Υ [ΩƛƳŀƎŜǊƛŜ ƭƻƴƎƛǘǳŘƛƴŀƭŜ ŘŜǎ ŞŎƘŀƴǘƛƭƭƻƴǎ ǾƛǾŀƴǘǎ ƴŞŎŜǎǎƛǘŜ ŘŜ ƭŜǎ ƛƳƳƻōƛƭƛǎŜǊ Υ ƛƭ Ŧŀǳǘ 
ƎŞƴŞǊŀƭŜƳŜƴǘ ƭŜǳǊ ƛƳǇƻǎŜǊ ŘŜǎ ŎƻƴǘǊŀƛƴǘŜǎ ƳŞŎŀƴƛǉǳŜǎ ŀŦƛƴ ŘŜ ƭŜǎ ƛƳƳŜǊƎŜǊ Řŀƴǎ ǳƴ ƳƛƭƛŜǳ ŘŜ 
ƳƻƴǘŀƎŜ ǎƻƭƛŘŜ όǘŜƭ ǉǳΩǳƴ ƎŜƭ ŘΩŀƎŀǊƻǎŜύΦ hǊ ŎŜǎ ŎƻƴǘǊŀƛƴǘŜǎ ƳŞŎŀƴƛǉǳŜǎ ǎƻƴǘ ǎƻǳǾŜƴǘ ǳƴŜ ǎƻǳǊŎŜ ŘŜ 
ƳƻŘƛŦƛŎŀǘƛƻƴ ŘŜ ƭŜǳǊ ƳƻǊǇƘƻƭƻƎƛŜ Ŝǘκƻǳ ŘŜ ƭŜǳǊ ŎƻƳǇƻǊǘŜƳŜƴǘ ŎŜƭƭǳƭŀƛǊŜΣ Ŝƴ ǇŀǊǘƛŎǳƭƛŜǊ Řŀƴǎ ƭŜ Ŏŀǎ 
ŘŜǎ ƛƳƳŜǊǎƛƻƴǎ ŘŜ ƭƻƴƎǳŜ ŘǳǊŞŜ όŀǳπŘŜƭŁ ŘŜ ǉǳŜƭǉǳŜǎ ƘŜǳǊŜǎύΦ [Ŝ ƳƻƴǘŀƎŜ ŘŜ ƭΩŞŎƘŀƴǘƛƭƭƻƴ ƴŜ ǇŜǳǘ 
ŘƻƴŎ Ǉŀǎ şǘǊŜ ǇǊŞǇŀǊŞ Ł ƭΩŀǾŀƴŎŜΦ 5Ŝ ǇƭǳǎΣ ƭŜ ǘŜƳǇǎ ƴŞŎŜǎǎŀƛǊŜ ǇƻǳǊ ƭŀ ǎƻƭƛŘƛŦƛŎŀǘƛƻƴ ŘΩǳƴ ƎŜƭ ŘŜ 
ƳƻƴǘŀƎŜ ǇŜǳǘ ŜƳǇşŎƘŜǊ ƭΩƻōǎŜǊǾŀǘƛƻƴ ŘŜ ŎŜǊǘŀƛƴǎ ŞǾŝƴŜƳŜƴǘǎ ōƛƻƭƻƎƛǉǳŜǎΣ ǇŀǊ ŜȄŜƳǇƭŜ ƭŜǎ 
ǇǊŜƳƛŝǊŜǎ ŘƛǾƛǎƛƻƴǎ ŎŜƭƭǳƭŀƛǊŜǎ ŀǳ ŎƻǳǊǎ ŘŜ ƭŀ ǎŜƎƳŜƴǘŀǘƛƻƴ ŘΩǳƴ ŜƳōǊȅƻƴ ŘŜ Ǉƻƛǎǎƻƴ ȊŝōǊŜΦ  
[ƻǊǎ ŘŜ ŎŜǘ ŀǘŜƭƛŜǊΣ ƴƻǳǎ ŘƛǎŎǳǘŜǊƻƴǎ ŘŜ ƭΩƛƴǘŞǊşǘ ŘΩŞǘǳŘƛŜǊ ŘŜǎ ǎȅǎǘŝƳŜǎ ƳƻŘŝƭŜǎ о5 ōƛƻƭƻƎƛǉǳŜǎ Ŝƴ 
ƛƳŀƎŜǊƛŜ ƻǇǘƛǉǳŜ Ŝǘ ŘŜǎ ŀǇǇǊƻŎƘŜǎ ƳŞǘƘƻŘƻƭƻƎƛǉǳŜǎ ǇŜǊƳŜǘǘŀƴǘ ŘŜ ƳƛƴƛƳƛǎŜǊ ƭŜǎ ŎƻƴǘǊŀƛƴǘŜǎ 
ƳŞŎŀƴƛǉǳŜǎ ƭƻǊǎ ŘŜ ƭŜǳǊ ƛƳƳƻōƛƭƛǎŀǘƛƻƴΦ bƻǳǎ ƛƭƭǳǎǘǊŜǊƻƴǎ ŎŜǎ ŀǇǇǊƻŎƘŜǎ Ł ƭΩŀƛŘŜ ŘΩǳƴ ƳƛŎǊƻǎŎƻǇŜ 
ǇŜǊƳŜǘǘŀƴǘ ƭŜ ƳƻƴǘŀƎŜ ŘΩŞŎƘŀƴǘƛƭƭƻƴǎ о5 ǎǳǊ ǳƴŜ ƭŀƳŜƭƭŜ ŘŜ ǾŜǊǊŜ ƛƴŎǳǊǾŞŜΦ    
YŜȅǿƻǊŘǎ Υ {tLaΣ ƭƛƎƘǘπǎƘŜŜǘΣ ǎǇƘŜǊƻƛŘǎΣ ǎŀƳǇƭŜ ƳƻǳƴǘƛƴƎ 

***  

!мппπ¦ǎŜ ƻŦ ŘŜǘǊŜƴŘŜŘ CƭǳƻǊŜǎŎŜƴŎŜ [ƛŦŜǘƛƳŜ /ƻǊǊŜƭŀǘƛƻƴ {ǇŜŎǘǊƻǎŎƻǇȅ όŘC[/{ύ ǘƻ ŀǎǎŜǎǎ ǇǊƻǘŜƛƴ 
ŘȅƴŀƳƛŎǎ ƛƴ ǘƘŜ ŎŜƭƭ ƴǳŎƭŜǳǎ 
!ȅƳŜǊƛŎ [ŜǊŀȅ όŀȅƳŜǊƛŎΦƭŜǊŀȅϪǳπōƻǳǊƎƻƎƴŜΦŦǊύ {ŞōŀǎǘƛŜƴ IǳŜǘ όǎŜōŀǎǘƛŜƴΦƘǳŜǘϪǳƴƛǾπǊŜƴƴŜǎмΦŦǊύ 
!ōǎǘǊŀŎǘ Υ CƭǳƻǊŜǎŎŜƴŎŜ /ƻǊǊŜƭŀǘƛƻƴ {ǇŜŎǘǊƻǎŎƻǇȅ όC/{ύ ƛǎ ǳǎŜŘ ŦƻǊ ƛƴǾŜǎǘƛƎŀǘƛƴƎ ǘƘŜ ƛƴǘǊŀŎŜƭƭǳƭŀǊ 
ŘȅƴŀƳƛŎǎ ƻŦ ƭŀōŜƭŜŘ ǇǊƻǘŜƛƴǎ ŀǘ ǎƛƴƎƭŜ ƳƻƭŜŎǳƭŜ ǎŜƴǎƛǘƛǾƛǘȅΦ .ȅ ǇŀǊƪƛƴƎ ǘƘŜ ōŜŀƳ ŀǘ ŀ ǎǇŜŎƛŦƛŎ ŎŜƭƭǳƭŀǊ 
ƭƻŎŀǘƛƻƴΣ ƛǘ ƛǎ ǇƻǎǎƛōƭŜ ǘƻ ŀǎǎŜǎǎ ǘƘŜ ƭƻŎŀƭ ŘȅƴŀƳƛŎǎ ƻŦ ŀ ǘŀƎƎŜŘ ǇǊƻǘŜƛƴ ōŀǎŜŘ ƻƴ ǘƘŜ ŀǳǘƻπŎƻǊǊŜƭŀǘƛƻƴ 
ƻŦ ŦƭǳŎǘǳŀǘƛƻƴǎ ŀǊƛǎƛƴƎ ŦǊƻƳ ŦƭǳƻǊƻǇƘƻǊŜǎ ŎǊƻǎǎƛƴƎ ǘƘŜ ŎƻƴŦƻŎŀƭ ǾƻƭǳƳŜΦ bŜǾŜǊǘƘŜƭŜǎǎΣ ǘƘŜǎŜ 
ŦƭǳŎǘǳŀǘƛƻƴǎ Řƻ ƴƻǘ ƻƴƭȅ ŀǊƛǎŜ ŦǊƻƳ ǇǊƻǘŜƛƴ ƳƻǾŜƳŜƴǘǎ ōǳǘ ŀƭǎƻ ŦǊƻƳ ǇƘƻǘƻōƭŜŀŎƘƛƴƎ ƻǊ ŎŜƭƭ 
ƳƻǾŜƳŜƴǘΣ ƭŜŀŘƛƴƎ ǘƻ ŀǊǘƛŦŀŎǘǎΦ .ŜŎŀǳǎŜ ǘƘŜǎŜ ǎƻǳǊŎŜǎ ƻŦ ŦƭǳŎǘǳŀǘƛƻƴǎ ŘƛǎǇƭŀȅ ŘƛŦŦŜǊŜƴǘ ǘƛƳŜ 
ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎΣ ƛǘ ƛǎ ǇƻǎǎƛōƭŜ ǘƻ ŘŜǘǊŜƴŘ ǘƘŜ Ǌŀǿ ǘǊŀŎŜǎ ǘƻ ǎǳǇǇǊŜǎǎ ǎƭƻǿ ŦƭǳŎǘǳŀǘƛƻƴǎ ǳƴǊŜƭŀǘŜŘ ǘƻ 
ǇǊƻǘŜƛƴ ŘȅƴŀƳƛŎǎΦ   
!ƴƻǘƘŜǊ ŀǊǘŜŦŀŎǘ ǘƘŀǘ ŎƻǳƭŘ ƻŎŎǳǊ ƛƴ C/{ ƳŜŀǎǳǊŜƳŜƴǘ ƛǎ ŘǳŜ ǘƻ ǘƘŜ ŘŜǘŜŎǘƻǊǎ ŀŦǘŜǊǇǳƭǎƛƴƎΣ ƳŜŀƴƛƴƎ 
ǘƘŀǘ ŜŀŎƘ ƎŜƴǳƛƴŜ ǇƘƻǘƻƴ ŘŜǘŜŎǘƛƻƴ ŜǾŜƴǘǎ Ŏŀƴ ōŜ ŦƻƭƭƻǿŜŘ ōȅ ŀ ǎǇǳǊƛƻǳǎ ǇƘƻǘƻƴ ŘŜǘŜŎǘƛƻƴ ŀǘ ŀ ƭŀǘŜǊ 
ǘƛƳŜΦ {ǳŎƘ ŀŦǘŜǊǇǳƭǎƛƴƎ Ŏŀƴ ƎŜƴŜǊŀǘŜ ŀ ŘŜǾƛŀǘƛƻƴ ƻŦ ǘƘŜ ŀǳǘƻŎƻǊǊŜƭŀǘƛƻƴ ŦǳƴŎǘƛƻƴ ƻƴ ŀ ǎƘƻǊǘ ǘƛƳŜ 
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ǎŎŀƭŜΦ IƻǿŜǾŜǊΣ ǘƘƛǎ ŀŦǘŜǊǇǳƭǎƛƴƎ Ŏŀƴ ōŜ Ŝŀǎƛƭȅ ǎǳǇǇǊŜǎǎŜŘ ōȅ ŜȄǇƭƻƛǘƛƴƎ ǘƘŜ ŦƭǳƻǊŜǎŎŜƴŎŜ ƭƛŦŜǘƛƳŜ ŦƻǊ 
ǎŜǇŀǊŀǘƛƴƎ ǘƘŜ ǘǊǳŜ ŦƭǳƻǊŜǎŎŜƴŎŜ ǎƛƎƴŀƭ ŦǊƻƳ ŀŦǘŜǊǇǳƭǎƛƴƎ ŜǾŜƴǘǎΦ ¢Ƙƛǎ ŀǇǇǊƻŀŎƘ ƛǎ ƪƴƻǿƴ ŀǎ C[/{ 
όCƭǳƻǊŜǎŎŜƴŎŜ [ƛŦŜǘƛƳŜ /ƻǊǊŜƭŀǘƛƻƴ {ǇŜŎǘǊƻǎŎƻǇȅύΦ bŜǾŜǊǘƘŜƭŜǎǎΣ ǎƛƳƛƭŀǊ ǘƻ C/{Σ C[/{ ƛǎ ŀƭǎƻ ǎŜƴǎƛǘƛǾŜ 
ǘƻ ǎƭƻǿ ŦƭǳŎǘǳŀǘƛƻƴǎΦ ²Ŝ ƘŀǾŜ ŘŜǾŜƭƻǇŜŘ ŀƴ ŀƴŀƭȅǎƛǎ ǘƻƻƭ ǘƻ ǇŜǊŦƻǊƳ ŘŜǘǊŜƴŘŜŘ C[/{ όŘC[/{ύ ǘƻ 
ǎǳǇǇǊŜǎǎ ǘƘŜǎŜ ǎƭƻǿ ŦƭǳŎǘǳŀǘƛƻƴǎΣ ǘƘǳǎ ƳŀƪƛƴƎ ǘƘŜ C[/{ ŀŎǉǳƛǎƛǘƛƻƴǎ ƳƻǊŜ Ǌƻōǳǎǘ ƛƴ ƭƛǾƛƴƎ ŎŜƭƭǎ ŀƴŘ 
ǳǎŀōƭŜ ŦƻǊ ŀ ƭŀǊƎŜǊ ǎǇŜŎǘǊǳƳ ƻŦ ǇǊƻǘŜƛƴǎΦ       
¢ƘŜ ŀƛƳ ƻŦ ǘƘƛǎ ǿƻǊƪǎƘƻǇ ƛǎ ǘƻ ƛƴǘǊƻŘǳŎŜ ǘƘŜƻǊŜǘƛŎŀƭƭȅ ǘƘŜ ǇǊƛƴŎƛǇƭŜ ƻŦ ŘC[/{ ǘƘŜƴ ǘƻ ǇŜǊŦƻǊƳ 
ŜȄǇŜǊƛƳŜƴǘŀƭ ƻƴŜ ŎƻƭƻǊ C[/{ ŀŎǉǳƛǎƛǘƛƻƴǎ ƛƴ ƭƛǾƛƴƎ ŎŜƭƭǎ ŜȄǇǊŜǎǎƛƴƎ ǘŀƎƎŜŘ ǇǊƻǘŜƛƴǎΣ ŀƴŘ Ŧƛƴŀƭƭȅ ǘƻ 
ŀƴŀƭȅȊŜ ǘƘŜǎŜ Řŀǘŀ ǿƛǘƘ ŀ ƘƻƳŜπƳŀŘŜ ǎƻŦǘǿŀǊŜ ŀƴŘ ŘƛǎŎǳǎǎ ǎƻƳŜ ǎǘǊŀǘŜƎƛŜǎ ŦƻǊ ƛƳǇǊƻǾƛƴƎ ǘƘŜ 
ǊŜǎǳƭǘǎΦ 
YŜȅǿƻǊŘǎ Υ CƭǳƻǊŜǎŎŜƴŎŜ [ƛŦŜǘƛƳŜ /ƻǊǊŜƭŀǘƛƻƴ {ǇŜŎǘǊƻǎŎƻǇȅΣ ƴǳŎƭŜŀǊ ǇǊƻǘŜƛƴ 
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 MINI SYMPOSIUM  

 

 

New in 2021, two mini symposiums are proposed in order to prolong the exchanges and also to give 

the floor to the participants, in particular to the young researchers. 

 

Symposium : SMLMS et intelligence artificielle  
Organisation : Juliette Griffie et Hippolyte Verdier  
 
Monday 14h-18h  

Salle Méditerranée  

«Molecular organisation and dynamics: is deep learning bringing something to the table? » 

This mini symposium focuses on cluster/structure analysis methods of fixed single molecule 
localisation microscopy data sets, as well as analysis tools dedicated to quantifying live cell 
molecular diffusion. The analysis tools will be presented by their developers and the track will be 
concluded with a round table " 

 

Program : 

Florian Levet: A tale of tiles: multidimensional analysis of SMLM data with tessellations 
Hippolyte Verdier: Model-free analysis of biomolecule dynamics with simulation-based inference 
Cyril Favard: HIV-1 assembly at T-cell membranes: a crossroad between physics, molecular modeling 
and single molecule dynamic microscopy 
David Williamson: Cluster analysis of localization microscopy data with machine learning 
Arnauld Sergé: Analyzing and disrupting leukemic stem cell adhesion to bone-marrow stromal cells 
by single molecule tracking nanoscopy 
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symposium : Cell signalling, mecanobiology, mecanotransduction 
Organization : Marie-Emilie Terret and Laëtitia Kurzawa 
 
Thursday November 11th 13h45-17h 

Salle Méditerranée  
 

The mechano-biology session of Mifobio 2021 will be held on the 10th and 11th November, with Peter 
Lenart, MPI for biophysical chemistry, Gottingen, Nathalie Sauvonnet, Institut 
Pasteur, Guillaume Charras, Cambridge University, Stéphanie Miserey-Lenkei, Institut 
Curie, Stéphane Vassilopoulos, Institut de Myologie, Matteo Rauzi, IBV, Nice. We are extending it 
by organizing a mini-symposium with Laurent Blanchoin (CEA, Grenoble) and Hervé Turlier (CIRB, 
Collège de France) as invited speakers. The rest of the symposium will be led by young researchers, 
who will present their research. 
 
Thursday November 11th 13h45 
 
Introduction 
 
Invited speakers : 
 
Directed Actin Cytoskeleton Self Organization and Contractility. 
Laurent Blanchoin,  
Cytomorpholab, IRIG, CEA, Grenoble, France 
 
Mini symposia : 

 

Magnetic muscular multicellular aggregates: focusing on fluid-like properties of tissue models and 
driving macroscopic organization  

Irène Nagle1, Florence Delort2, Sylvie Hénon1, Sabrina Batonnet-Pichon2, Claire Wilhelm1,3, Myriam 
Reffay1 

(1) Laboratoire Matière et Systèmes Complexes, UMR 7057, CNRS and University of Paris, 75205 Paris 
cedex 13, France (2) Laboratoire Biologie Fonctionnelle et Adaptative, UMR 8251, CNRS and 
University of Paris,75013 Paris, France (3) Laboratoire Physico Chimie Curie, UMR 168, CNRS, Curie 
Institute, PSL University, Sorbonne University, 75005 Paris, France 

 
Mechanics of tissues drives growing interest in mechanobiology but it implies to develop new 
approaches to control and deform them. We address these two challenges on muscle tissue models 
by using magnetic muscle cells via the incorporation of biocompatible superparamagnetic 
nanoparticles (ɹ-Fe2O3). This magnetic labelling enables both the manipulation of cells at distance 
to create purely cellular aggregates of controlled shapes and the application of forces to measure 
their mechanical properties. Using mouse muscle precursor cells C2C12, we obtained multicellular 
aggregates without support matrix of unprecedented size (1 mm). The aggregate deformations with 
ŀ ƳŀƎƴŜǘƛŎ ŦƛŜƭŘ ŜƴŀōƭŜ ǘƻ ƳŜŀǎǳǊŜ ƛǘǎ ƳŀŎǊƻǎŎƻǇƛŎ ƳŜŎƘŀƴƛŎŀƭ ǇǊƻǇŜǊǘƛŜǎ όǎǳǊŦŀŎŜ ǘŜƴǎƛƻƴΣ ¸ƻǳƴƎΩǎ 
modulus). We looked at the interplay between the individual cell 
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properties (cell-cell adhesions, actin structure and tension) and the mechanical properties at the 
tissue scale revealing the importance of desmin disorganization in macroscopic rigidity and surface 
tension. By studying desmin-mutated muscle precursor cells (point mutations involved in 
desminopathies), we enhanced the fundamental role of the intermediate filament network 
architecture in this 3D tissue model. Moreover, magnetic forces can be used to drive muscle cell 
differentiation by first reproducing their alignment and secondly stimulating them. We develop a 
magnetic stretcher to stretch multicellular aggregates of muscle precursor cells trapped between 
two mobile magnets and induce their differentiation into fused aligned muscular cells. This approach 
will enable to study force generation in purely cellular 3D tissue models. 
 
Integrated microfluidic and microscopy set-up to measure oocytes mechanical properties and 
predict their fitness  
Lucie Barbier1, Rose Bulteau2, Enzo Lescure1, Marie-Hélène Verlhac1, Clément Campillo2, Marie-
Emilie Terret1 
(1) CIRB, College de France, CNRS, INSERM, Université PSL, Paris, France (2) LAMBE, Université Evry 
±ŀƭ ŘΩ9ǎǎƻƴƴŜΣ ¦aw урутΣ tŀǊƛǎΣ CǊŀƴŎŜ 
 
Oocyte production during meiosis in human females is error-prone and generates a basal rate of 
bad quality oocytes. They are associated with miscarriages and congenital diseases such as Down 
syndrome. Moreover, their rate increases with maternal age and leads to the need for medically 
assisted reproduction procedures such as in vitro fertilization (IVF). Therefore, it is crucial to move 
from qualitative to quantitative approaches and find new technologies to assess oocyte quality and 
increase the rate of successful IVF.  
Recent works have shown that oocytes mechanical properties could be used as a biomarker of their 
development potential1,2,3. Indeed, oocytes with too high or too low cortical tension are not able to 
develop after fertilization1. Moreover, low cortical tension leads to chromosomes miss-segregation 
and aneuploidy3. However, current methods used in research laboratories to measure oocyte 
cortical tension are low throughput, require expensive equipment and manipulation skills, limiting 
their application in medical environment. Thus, we aim to develop a simple minimally invasive 
microfluidic device able to sort oocytes depending on their cortical tension to implement its use as 
a predictive biomarker in clinical practice. 
We based our approach on micro-metric constriction as cells mechanical properties can be linked to 
different transit score parameters4. We are implementing an integrated environment to control 
both the flow in the microfluidic device and image recording of oocyte deformation to allow their 
measurement by non-trained users on a standard video microscope. By recovering oocyte after 
measurement, we have shown that oocyte transit in the microfluidic device did not alter their 
development. Moreover, we found significant variability in passage time within a wild-type oocyte 
population reflecting the diversity in cortical tension in murine oocytes. These values are currently 
being coupled with tension measurements to confirm that the microfluidic device can discriminate 
oocytes by their mechanical properties. These preliminary experiments show the potential use of 
our comprehensive set-up to assess oocytes mechanical properties in a user friendly and non-
invasive manner. 
 [1] Yanez LZ, Han J, Behr BB, Pera RA, Camarillo DB. Human oocyte developmental potential is predicted by 
mechanical properties within hours after fertilization. Nat Commun. 7:10809 (2016). 
[2] Chaigne A, Campillo C, Gov NS, Voituriez R, Sykes C, Verlhac MH and Terret ME. A narrow window of cortical 
tension guides asymmetric spindle positioning in the mouse oocyte. Nat Commun. 6:6027 (2015). 
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[3] Bennabi I, Crozet F, Nikalayevich E, Chaigne A, Letort G, Manil-Segalen M, Campillo C, Cadart C, Othmani A, 
Attia R, Genovesio A, Verlhac MH, Terret ME. Increase in cytoplasmic myosin-II activity impairs chromosome 
capture in mammalian oocytes generating Aneuploidy. Nature Commun. 11: 1649 (2020) 
[4] Luo Z, Guven S, Gozen I, Chen P, Tasoglu S, Anchan RM, Bai B, Demirci U. Deformation of a single mouse 
oocyte in a constricted microfluidic channel. Microfluid Nanofluidics. 19(4):883-890. (2015). 

 
Mechanisms of IRSp53 driven filopodia initiation  
Feng-Ching Tsai*,#,1, Michael Henderson*,1, Zack Jarin+,2, Elena Kremneva+,3, Yosuke Senju+,3, Julien 
Pernier4, Oleg Mikhajlov1, John Manzi1, Christophe Le Clainche4, Gregory Voth#,5, Pekka 
Lappalainen#,3, Patricia Bassereau#,1  
(1) Institut Curie, Université PSL, Sorbonne Université, CNRS UMR168, Laboratoire Physico Chimie Curie, 75005 
Paris, France (2) Pritzker School for Molecular Engineering, The University of Chicago, Chicago, Illinois (3) HiLIFE 
Institute of Biotechnology, University of Helsinki, Viikinkaari 5B, PO Box 56, 00014 Helsinki, Finland (4) Institute 
for Integrative Biology of the Cell (I2BC), Universite Paris-Saclay, CEA, CNRS, Gif-sur-Yvette, France (5) 
Department of Chemistry, Chicago Center for Theoretical Chemistry, Institute for Biophysical Dynamics, The 
James Franck Institute, The University of Chicago, Chicago, Illinois + equal contribution * equal contribution # 
corresponding authors  

Filopodia are actin-rich membrane protrusions essential for cell morphogenesis, motility, and cancer 
invasion. It remains elusive how cells control filopodia initiation on the plasma membrane. To 
address this fundamental question in cell biology, we performed experiments in cellulo, in vitro and 
in silico. We showed that IRSp53, a membrane curvature sensor critical for filopodia generation, self-
assembles into clusters on PIP2-containing membranes in the absence of signalling regulators as 
those found in cells. Our simulation work revealed that PIP2 is key for IRSp53 clustering. We further 
showed that IRSp53 is required for the recruitment of actin polymerases such as VASP to assemble 
actin filaments locally, leading to the generation of membrane protrusions filled with fascin-
mediated actin bundles. By following filopodia growth in live cells, we revealed that fascin enhances 
filopodia elongation rate and stability. Overall, our novel in vitro reconstitution system was able to 
faithfully mimic the generation of actin-rich filopodia. Moreover, our results indicate that once 
IRSp53 is active and able to bind to membranes and recruit downstream partners, it readily induces 
protrusion formation. However, by pulling membrane tethers from live cells, we observed, for the 
first time, that IRSp53 can only be enriched and trigger actin assembly in tethers at highly dynamic 
membrane regions where it is membrane-bound and presumed active. Our work thus supports a 
cellular regulation mechanism of IRSp53 in its attributes of curvature sensation and partner 
recruitment to ensure a precise spatio-temporal control of filopodia initiation. 
 
Discussion 
With speakers of Module 7 and allspeakers of Symposium cession 
 
Caffee Break 
 
Invited speaker : 
Unifying microscopy data and physical models. 
Hervé Turlier,  
CIRB, Collège de France, Paris, France 

 

Mini-symposia: 

Long-term nuclear regulation of cancer cells under confinement  
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Malèke Mouelhi1, Charlotte Rivière1 and Sylvain Monnier1  
(1) Institute of Light and Matter (ILM), UMR5306 Univ. Lyon, Univ. Claude Bernard Lyon 1, France  
The physical properties of the tumor microenvironment are strongly modified during tumor growth 
and participate in the development and invasion of cancer cells [1], including not only stiffness, but 
also compression [2].  
In particular, the nucleus is critically affected during compression [3] and is appearing as an 
important mechanosensor of deformations [4,5]. Nevertheless, most studies focus nowadays on 
short-term cell response (from minutes to few hours). New questions are open on the long-term 
adaptation to deformations and the mechano-sensing mechanism involved. We have recently 
developed a new agarose-based microsystem copping with media renewal impediment to 
investigate cell response to prolonged confinement [6].  
We used this device to apply a tunable and controlled 1D confinement on the colorectal cancer cell 
line HT-29 up to several days. We evidenced a decrease of the nuclear volume after 24 hours under 
confinement. The overall nuclear shape is also dynamically regulated with the apparition of transient 
nuclear blebs. We are currently analyzing the mechanisms and consequences of such adaptation on 
cell division, transcription activity and protein expression. Such long-termed adaptation to 
mechanical constrains may be of importance for cancer cell plasticity and play a role in their 
resistance to treatments.  
[1] D. T. Butcher, T. Alliston, and V. M. Weaver, A Tense Situation: Forcing Tumour Progression, Nat. Rev. Cancer 
9, 108 (2009).  
[2] Kalli, M.; Stylianopoulos, T. Defining the Role of Solid Stress and Matrix Stiffness in Cancer Cell Proliferation 
and Metastasis. Front. Oncol. 2018, 8 (March), 55  
[3] P. Shah, C. M. Hobson, S. Cheng, M. J. Colville, M. J. Paszek, R. Superfine, and J. Lammerding, Nuclear 
Deformation Causes DNA Damage by Increasing Replication Stress, Curr. Biol. 1 (2020).  
[4] A. J. Lomakin, C. J. Cattin, J. M. Garcia-Arcos, I. Y. Zhitnyak, M. K. Driscoll, E. S. Welf, R. J. Petrie, A. M. Lennon-
Duménil, and D. J. Müller, The Nucleus Acts as a Ruler Tailoring Cell Responses to Spatial Constraints, 2894, 
(2020).  
[5] V. Venturini, F. Pezzano, F. C. Castro, H. M. Häkkinen, S. Jiménez-Delgado, M. Colomer-Rosell, M. Marro, Q. 
Tolosa-Ramon, S. Paz-López, M. A. Valverde, J. Weghuber, P. Loza-Alvarez, M. Krieg, S. Wieser, and V. Ruprecht, 
The Nucleus Measures Shape Changes for Cellular Proprioception to Control Dynamic Cell Behavior, Science 
(80-. ). 370, (2020).  
[6] A. Prunet, S. Lefort, H. Delanoë-Ayari, B. Laperrousaz, G. Simon, C. Barentin, S. Saci, F. Argoul, B. Guyot, J. P. 
Rieu, S. Gobert, V. Maguer-Satta, and C. Rivière, A New Agarose-Based Microsystem to Investigate Cell 
Response to Prolonged Confinement, Lab Chip 20, 4016 (2020). 

 
Focal adhesion assembly and force sensing in artificial cells  
Marcelina Cardoso Dos Santos 1, Audrey Ntadambanya 1, Julien Pernier 1, Kimihiro Susumu 2, Igor L. 
Medintz 2, Niko Hildebrandt 3,4, Christophe Le Clainche 1  
(1) Institute for Integrative Biology of the Cell (I2BC), CEA, CNRS UMR9198, Université Paris-Saclay, 
91198, Gif-sur-Yvette, France. (2) Center for Bio/Molecular Science and Engineering Code 6900 U.S. 
Naval Research Laboratory Washington, D.C. 20375, USA. 3nanofret.com, Laboratoire COBRA, 
Université de Rouen Normandie, CNRS, INSA, 76821 Mont-Saint-Aignan Cedex, France. 4Department 
of Chemistry, Seoul National University, Seoul 08826, South Korea 
The formation of focal adhesions (FAs) involves the recruitment of various types of proteins and it 
is extremely challenging to reconstitute the dynamics of this process. Although several studies have 
partially revealed the architecture of FAs 1,2, the cartography and chronology of protein interactions 
leading to the assembly of FAs, and actomyosin cytoskeleton mecanosensing are poorly understood.  
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In this work we try to unravel the spatio-temporal dynamics of adhesion assembly in an artificial cell 
model. To this end, we have developed an unprecedented strategy of microinjecting proteins of the 
cell adhesion-contraction machinery (talin, vinculin, actin, myosin) into Giant Unilamellar Vesicles 
(GUVs) containing transmembrane integrins, mimicking the cell membrane, Fig 1 A-E. The 
microinjection of purified proteins one by one in this simplified system allows to measure the impact 
of each of them while avoiding undesired interactions with various other signaling pathways, a 
recurrent problem when working with living cells. To date, there appears to be no model that can 
accurately reconstruct full cell adhesion while specifically controlling its composition from inside as 
well as outside. Nanoscale interactions will be solved using FRET (Förster Resonance Energy 
Transfer) nanosensors. These versatile probes allow multiplexing (detection of several events 
simultaneously) and their role as inter- and intramolecular biosensors arise a lot of interest. 
Previously, we have shown the potential of FRET nanosensors for a multiplexing imaging in live cells 
(Fig 1F) and long-lived fluorescence in zebrafish3. 
 

Figure 1. (A) Principle of setting up the 
synthetic cell: microinjection to adhered 
GUV. (B) GUV containing integrinsIIb 3 
-Alexa546 imaged in epifluorescence at 
its maximum radius and (C) at the 
adhesion surface coated with RGD 
peptides. (D) GUV microinjected with G-
actin-Alexa488 or (E) talin-QD recruited 
on the membrane. (F) Example of 
multiplexed detection that we plan to 
implement in the invitro assay presented 
in (A). Terbium (Tb)-Quantum Dot 
nanosensors composed of turquoise 
(tQD), orange (oQD), red (rQD) QDs as 
acceptors and Tb as donor are 

microinjected into live COS-7 cells.   
 
[1] P. Kanchanawong, G. Shtengel, A. M. Pasapera, E. B. Ramko, M. W. Davidson, H. F. Hess, C. M. 
Waterman, Nature 2010, 468, 580.  
[2] I. Patla, T. Volberg, N. Elad, V. Hirschfeld-Warneken, C. Grashoff, R. Fässler, J. P. Spatz, B. Geiger, 
O. Medalia, Nat. Cell Biol. 2010, 12, 909.  
[3] M. Cardoso Dos Santos, I. Colin, G. Ribeiro Dos Santos, K. Susumu, M. Demarque, I. L. Medintz, 
N. Hildebrandt, Adv. Mater. 2020, 32, 2003912. 
 
Inverse blebs in blastocoel formation 
Markus Frederik Schliffka1,2, Julien Dumortier1, Jean-Léon Maître1 
(1) Institut Curie, PSL Research University, CNRS UMR3215, INSERM U934, Paris, France, (2) Carl Zeiss 
SAS, Marly-le-Roi, France 
Mammalian preimplantation development culminates in the formation of the blastocyst with the 
appearance of the first mammalian lumen. Pressurized fluid fractures cell-cell contacts and 
accumulates into a multitude of microlumens, which eventually coarsen by emptying their content 
into a single lumen. While the mechanics underlying hydraulic fracturing and microlumen coarsening 
were investigated, the cellular processes controlling these phenomena are unknown. Using 
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multiscale spinning disk and light sheet microscopy, we uncover shortlived membrane protrusions 
bulging into cells at their contacts. These protrusions are characterised by extension of the cell 
membrane into the cytosol, followed by rapid recruitment of actin and myosin and subsequent 
retraction of the protrusion within 1 minute. Due to their similarity with well-characterised 
membrane blebs, we call these protrusions « inverse blebs ». Like forward blebs, inhibition of 
actomyosin contractility results in impaired inverse bleb retraction. As for their nucleation, fluid 
accumulation is required, suggesting that fluid pumping would generate the hydrostatic pressure 
driving bleb expansion into the cells. To prevent pressure from building up locally while leaving the 
fluid pumping machinery intact, we use Cdh1 mutants, which show weaker cell-cell adhesion and 
fracture faster than wild-type embryos. We observe that adhesion deficient embryos form a lumen 
without inverse blebs. Therefore, the confinement provided by strong cell-cell adhesion seems 
necessary to build up the local pressure nucleating inverse blebs. Since inverse blebs will always 
extend into only one of two contacting cells, future research will address whether differences in cell 
contractility, cell pressure or local cortical weaknesses can determine the directionality of inverse 
blebs. Altogether, inverse blebs provide new insights into the interplay between cellular 
contractility, adhesion and extracellular fluid pressure during the formation of the first mammalian 
lumen. 
 

Dynamics of early stages of cell adhesion on fluid substrate 
Oleg Mikhajlov1, Fahima Di Federico1, John Manzi1, Fanny Tabarin1, Guy Tran van Nhieu2, Patricia M. 
Bassereau1 
(1) Physico-Chimie Curie, Institut Curie, Paris, France, (2) Inserm U1282 - UMR9198, Institute for 
Integrative Biology of the Cell, Gif-sur-Yvette, France 
 
Adhesion is a ubiquitous process for virtually all cells from those that form together tissues and 
organs of multicellular organisms to single immune cells that migrate adhering to the extracellular 
matrix in search of pathogenic cells. Cells adhere to substrates or other cells not only to maintain 
physical cohesion, but also to receive information on their microenvironment. Adhesion is thus a 
platform for mechano-chemical communication between a cell and a substrate or another cell. 
In this work, we focus on integrin-mediated adhesion. Integrins are the main players of this 
mechano-chemical communication that assemble in clusters in a mechanosensitive manner. 
Mechanical stimuli that act on these clusters are converted into biochemical signals and transmitted 
inside the cell. Although cell adhesion on rigid substrates is very well studied, much about adhesion 
on soft fluid substrates like membranes remains unknown. 
Here we study the evolution of integrin clusters in cells on fluid supported lipid bilayers (SLBs) 
functionalized with cell ligands of different affinities (RGD peptide, bacterial protein Invasin). Ligand 
affinity to integrins is very important in integrin activation and consequent formation of adhesion 
clusters. We have used advanced confocal microscopy, fluorescence calibration and custom-made 
image analysis routines to quantify integrin densities in adhesion clusters. We have found that 
integrin densities in clusters on Invasin are significantly higher than the ones on RGD reaching the 
densities reported for focal adhesions on glass. Additionally, we have observed the recruitment of 
the proteins that are associated with mature adhesions to integrin clusters like zyxin and VASP. 
Finally, we have shown cells are able to deform SLBs by pulling membrane tethers from them. These 
results suggest the presence of mechanotransduction in integrin clusters on fluid substrates and 
that ligand affinity is a critical parameter in integrin cluster growth. 
 
Final Discussion 
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With speakers of Module 7 and allspeakers of Symposium 
 
Symposium scientific committee : 
Lucie Barbier: lucie.barbier@college-de-france.fr 
Laurent Blanchoin: laurent.blanchoin@cea.fr 
Marcelina Cardoso Dos Santos: marcelina.cardoso-dos-santos@i2bc.paris-saclay.fr 
Laëtitia Kurzawa : Laetitia.KURZAWA@cea.fr  
Irène Nagle: Irene.Nagle@univ-paris-diderot.fr 
Oleg Mikhajlov: oleg.mikhajlov@curie.fr 
Malèke Mouelhi: maleke.mouelhi@univ-lyon1.fr 
Markus Schliffka: markus.schliffka@curie.fr 
Feng Ching Tsai: feng-ching.tsai@curie.fr 
Hervé Turlier: herve.turlier@college-de-france.fr 
Marie-Emilie Terret : terretm@gmail.com  
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PARTENAIRES ACADEMIQUES 

Centre National de Recherche 
Scientifique 
Formation Permanante 
3, rue Michel-Ange, Paris 
https://www.cnrs.fr/fr/page-daccueil  

 

GdR Imagerie et Microscopie en 
Biologie ςImaBio- (CNRS - INSIS) 
http://imabio-cnrs.fr/ 

Organisateur Principal 

 
Réseau Technologique de microscopie 
de fluorescence multidimensionnelle - 
RTmfm- (MITI-CNRS) 

https://rtmfm.cnrs.fr/  
 

 

Société de Biologie Cellulaire Française 
(SBCF) 
https://sbcf.fr/  
 
 

 

Société Française de microscopie (SF)˃ 
https://sfmu.fr/fr/  
 

 

Inserm (Formation permanante) 
https://www.inserm.fr/ 
 
 

 

 

France BioImaging (FBI) 
https://france-bioimaging.org/ 
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Aviesan (ITMO BCBDE) 
https://itbcde.aviesan.fr/l-itmo-
bcde.html 
  

/ŜƴǘǊŜ ŘΩ9ǘǳŘŜǎ ŘŜǎ ƳŀƭŀŘƛŜǎ 
Infectieuses et Pharmacologie Anti-
Infectieuse (CEMIPAI) 
1919 Route de Mende 
34 293 Montpellier 
www.cemipai.cnrs.fr   

Institut Fresnel 
Faculte des Sciences de Saint Jérôme 
Avenue Escadrille Normandie-Niemen 
- 13397 MARSEILLE 
https://www.fresnel.fr/spip/    
Collège-de-France 
(Paris) 
https://www.college-de-
france.fr/site/college/index.htm  

 

BioImaging Center of Lille -BiCeL-
(Plateforme de Microscopie et 
Imagerie des haut de france) 

https://bicel.univ-lille.fr/accueil 

 
Q-Life Institut de Convergences ς PSL 
Université - (Paris) 
https://psl.eu/q-life  

 
Centre d'Infection et d'Immunité de 

Lille - CIIL - (Lille)  

https://www.ciil.fr/fr/   

 

Montpellier Ressources Imagerie 

-MRI- (Montpellier) 

https://www.mri.cnrs.fr/fr/  
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Institut de Biologie du Développement 

de Marseille  -IBDM - (Marseille) 

 http://www.ibdm.univ-mrs.fr 

 

Ecole Doctorale Biologie Moléculaire 
Intégrative et cellulaire ς ED BMIC- 
(Lyon) 

https://edbmic.universite -

lyon.fr/   

  

Autres GdR Partenaires (CNRS) 
GdR ςOndes- (INSIS) 
https://gdr-ondes.cnrs.fr/  

 
 
 

 

GdR Information, Signal, Image et 
ViSionIsis ς ISIS- (INS2I)  
http://www.gdr -isis.fr/  

 
GdR Architecture et dynamiquedu 
Noyau et des génomes - ADN&G-  (INP) 
https://adn-g.fr/  

 
GdR Approches Quantitative du Vivant -
AQV- ( INSB) 
http://nonlineaire.univ-lille1.fr/AQV/  

 
  

http://imabio-cnrs.fr/mifobio/programme/
mailto:mifobio-info@services.cnrs.fr
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https://urldefense.com/v3/__https:/edbmic.universite-lyon.fr/__;!!JFdNOqOXpB6UZW0!_Jjc8bgUtKzfgKHBgwIQpTaKO4Mx1KQ6cCCmh9cijh4iDIS6FhA8SgF40VBNzVEUUpBpsg$
https://urldefense.com/v3/__https:/edbmic.universite-lyon.fr/__;!!JFdNOqOXpB6UZW0!_Jjc8bgUtKzfgKHBgwIQpTaKO4Mx1KQ6cCCmh9cijh4iDIS6FhA8SgF40VBNzVEUUpBpsg$
https://gdr-ondes.cnrs.fr/
http://www.gdr-isis.fr/
https://adn-g.fr/
http://nonlineaire.univ-lille1.fr/AQV/
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SPONSORS 

Belambra  
 
http://www.belambra.fr/ 

 

BIOAXIAL part of TELIGHT 
info@telight.eu 
174 quai de Jemmapes, 75010 Paris 
+33(0)142382270 
https://telight.eu 

 

COHERENT FRANCE 
Jean-Luc TAPIÉ ς Responsable des ventes 
Scientifiques et Instrumentation  
14-16 Allée du Cantal CE1831 
91090 LISSES - FRANCE 
jean-luc.tapie@coherent.com 
tel : +33 1 69 11 94 55  
portable: +33 6 09 17 40 72 
www.coherent.com 

 

LIFE Imaging SERVICES GmbH 
Beat Ludin 
beat.ludin@lis.ch            
Efringerstrasse 79                   
CH-4057 Basel, Switzerland            
Fon     +41 61 711 6461  
Mobile  +41 79 235 7154  
Web   http://www.lis.ch 

 

OPTON LASER International 
Sylvain Martin 
resp. pôle Biophotonique et Microscopie 
sylvain.martin@optonlaser.com  
Z.A. Courtaboeuf 
6, avenue des Andes - Bâtiment 8 
91940 Les Ulis - FRANCE 
01 69 41 04 05 
www.optonlaser.com 

 
 

 

http://imabio-cnrs.fr/mifobio/programme/
mailto:mifobio-info@services.cnrs.fr
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TreeFrog 
contact@treefrog.fr 
www.treefrog.fr  

 
 

PARTENAIRES CULTURE 2021 

www.dutscher.com 
MARIANNE MARCEAU 
mmarceau@dutscher.com 
33(0)6.23.38.97.86 
Responsable Régionale des Ventes Rhone 
Alpes  
VERONIQUE PEYROL  

33(0)6.99.13.01.65 

vpeyrol@dutscher.com 

Spécialiste gamme Serum et milieux de 

culture cellulaire  

CARINE BARDOU  

33(0)7.67.62.2058 

cbardou@dutscher.com 

Spécialiste gamme Greiner Bio one 

 

www.eppendorf.fr 
ERIC BATAILLÉ  
33 (0) 6 12 35 44 06 

bataille.e@eppendorf.fr 

 

CYRIL DOMENJOZ 
Salesreps - Bioscience & Diagnostic 
Divisions 
Greiner Bio-One SAS  
33 6 09 65 14 08 · F:  
Cyril.Domenjoz@gbo.com · www.gbo.com 

 

GERARD FONG-PONNE  
Support Technico-Commercial France  
Mobile:      + 33 6 61 94 43 70 
Telefon/Phone: +33 3 89 20 43 81  
   gfongponne@memmert.com 

 

http://imabio-cnrs.fr/mifobio/programme/
mailto:mifobio-info@services.cnrs.fr
mailto:contact@treefrog.fr
http://www.treefrog.fr/
mailto:mmarceau@dutscher.com
mailto:vpeyrol@dutscher.com
mailto:cbardou@dutscher.com
mailto:bataille.e@eppendorf.fr
mailto:Cyril.Domenjoz@gbo.com
http://www.gbo.com/
mailto:gfongponne@memmert.com
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www.noroitlabo.com 
13, rue des coteaux de Grand Lieu 
44830 Bouaye 
MATTHIEU ROLLAND 
Tél. 06 46 21 68 78 
matthieurolland@noroitlabo.com 
SÉBASTIEN COUDERT 
Tél. 06 03 60 06 16 
sebastiencoudert@noroitlabo.com 
 

 

www.ozyme.fr/ 
ISABELLE AUFORT 
iaufort@ozyme.fr 
33(0)6 75 01 40 77 
FREDERICK AGUILAR  
faguilar@ozyme.fr  
33(0)6 73 79 72 85  
 

 

www.stemcell.com/ 
PHILIPPE TROPEL 
philippe.tropel@stemcell.com 
33(0)4 76 04 75 30 
 

 

www.discover-echo.com/ 

MARC KOCH 
Regional Sales Manager 

mkoch@discover-echo.com 
33 (0)6 63 68 06 22  
 

 

www.thermofisher.com/fr/fr/home.html  
KIM CUSHING 
EMEA Market Development Manager 
Thermo Fisher Scientific 
Mobile : +44 73932 68360 
Kim.cushing@thermofisher.com 
 

 

https://abberior-instruments.com/ 
 
JASMIN REHMA 
j.rehman@abberior.com  
 

 

WillCo Wells B.V. 
Will VEEN, Man. Dir/Owner. 
WG plein 287 
1054 SE Amsterdam ς NL 
Phone : +31 (0)20 685 0171 
E- mail: will@willcowells.com  

http://imabio-cnrs.fr/mifobio/programme/
mailto:mifobio-info@services.cnrs.fr
http://www.noroitlabo.com/
mailto:matthieurolland@noroitlabo.com
mailto:sebastiencoudert@noroitlabo.com
mailto:faguilar@ozyme.fr
https://discover-echo.com/
https://webmail.ens-lyon.fr/#NOP
http://www.thermofisher.com/fr/fr/home.html
mailto:Kim.cushing@thermofisher.com
mailto:j.rehman@abberior.com
mailto:will@willcowells.com
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URL: www.willcowells.com 

PARTENAIRES MIFOBIO 2021 

AbbeLight  
http://www.abbelight.com/ 
Nicolas BOURG  
nbourg@abbelight.com 
 

 
Abberior Instruments 
Frédéric EGHIAIAN 
Territory Manager France, Wallonia, Italy, Spain & 
Portugal 
+33 (0) 6 48 45 05 19 
f.eghiaian@abberior-instruments.com  
http://abberior.com/ 
  

 

ALPAO 
contact@alpao.com 
727 rue Aristide Bergès 
38330 MONTBONNOT ST MARTIN 
TEL :  04 76 89 09 65 
Site : http://www.alpao.com 
 

 

Andor ςBitplane  
https://andor.oxinst.com/ 
William Fresquet 
w.fresquet@andor.com 
Benoit Binctin 
b.binctin@andor.com 
Georgia Golfis 
g.golfis@bitplane.com  
 

 

ARGOLIGHT 
Dr. Gautier PAPON - Co-Founder & CEO 
Tel : +33 (0)6 31 64 26 67 
Argolight, A Precision Company 
www.argolight.com 

 

http://imabio-cnrs.fr/mifobio/programme/
mailto:mifobio-info@services.cnrs.fr
http://www.willcowells.com/
http://www.abbelight.com/
mailto:nbourg@abbelight.com
mailto:f.eghiaian@abberior-instruments.com
http://abberior.com/
mailto:contact@alpao.com
http://www.alpao.com/
https://andor.oxinst.com/
https://mail.oxinst.com/owa/redir.aspx?C=avXqChT2KWGj4ijylZ9p-ol-Dj93X8_bzybXmWQEsX6E7OfftdfTCA..&URL=mailto%3Aw.fresquet@andor.com
mailto:%20b.binctin@andor.com
mailto:g.golfis@bitplane.com
http://www.argolight.com/
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BRUKER NANO SURFACES DIVISION 
Jerome Beaumale  
jerome.beaumale@bruker.com 
BRUKER NANO SURFACES DIVISION 
7 rue de la Croix Martre 
91120 Palaiseau, France 
Tel : +33 1 72 86 61 00 
https://www.bruker.com/fr.html 

 

HAMAMATSU PHOTONICS France 
Stéphane Jaffrézic sjaffrezic@hamamatsu.fr  
Antoine Discher      adischer@hamamatsu.fr  
Bruno Enica             benica@hamamatsu.fr  
Amar Boukhari        aboukhari@hamamatsu.fr  
19 rue du Saule Trapu 
Parc du Moulin de Massy, 
91 300 Massy  ς France 
Tel : 01 69 53 71 00 
www.hamamatsu.com 

 

IDYLLE 
contact@idylle-labs.com 
30 rue de Campo-Formio - 75013 Paris 
+33184255144 
www.idylle-labs.com 
 

 

INNOPSYS 
Elodie VEGA 
Responsable produit 
vega@innopsys.fr 
Tel : +33(0)638 580 727 
tŀǊŎ ŘΩ!ŎǘƛǾƛǘŞǎ !ŎǘƛǾŜǎǘǊŜΣ омофл /!w.hbb9 
Site web : www.innopsys.com 
 

 

INSCOPER 
Olivier Chanteux 
Sales manager, CEO 
olivier.chanteux@inscoper.com 
+33(0) 7 81 405 406 
 1137 A avenue des Champs Blancs  
35510 Cesson-Sévigné  
www.inscoper.com 

 

http://imabio-cnrs.fr/mifobio/programme/
mailto:mifobio-info@services.cnrs.fr
mailto:jerome.beaumale@bruker.com
https://www.bruker.com/fr.html
mailto:sjaffrezic@hamamatsu.fr
mailto:adischer@hamamatsu.fr
mailto:benica@hamamatsu.fr
mailto:aboukhari@hamamatsu.fr
about:blank
mailto:contact@idylle-labs.com
http://www.idylle-labs.com/
mailto:vega@innopsys.fr
http://www.innopsys.com/
mailto:olivier.chanteux@inscoper.com
about:blank
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KAER-LABS 
Pierre-Alix DANCER, CEO, pierrealix@kaerlabs.com 
2 rue Alfred Kastler 
44 300 Nantes, France 
téléphone : 06 77 34 66 44 
www.kaerlabs.com 
 

   
Leica Microsystems  
Life Science Research Division  
Rudy HUIS, PhD 
Product Sales Manager 
1 RUE DU 1ER MAI,  
IMMEUBLE AXE SUR SEINE, HALL PARALLELE 
CS 50169, 92752 NANTERRE CEDEX 
Rudy.huis@leica-microsystems.com 
Mobile. +33 (0)7 76 30 55 47 
 

 

Micro-Controle Spectra-Physics S.A.S 
MKS Instruments, Inc. 
Jerome Bouter, PhD 
Rue des plantes 
54 340 Beaune-la-Rolande - France 
Tel: +33-7-64-03-56-88 
jerome.bouter@mksinst.com 
www.spectra-physics.com 
www.mksinst.com 
 

 

MicroMécanique 
Lionel MALÉCOT 
Directeur - Spécialiste en Microscopie 
Ligne directe :  06 72 36 45 41 
101 rue Pereire 
Parc Pereire ς Bâtiment EH 
78100 ς Saint Germain en Laye 
malecot.l@micromecanique.fr 
www.micromecanique.fr 
www.electrophysiologie.fr 
 

 

http://imabio-cnrs.fr/mifobio/programme/
mailto:mifobio-info@services.cnrs.fr
mailto:pierrealix@kaerlabs.com
http://www.kaerlabs.com/
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mailto:jerome.bouter@mksinst.com
about:blank
about:blank
mailto:malecot.l@micromecanique.fr
about:blank
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Miltenyi Biotec 
Véronique Villaret  
BioPharma Market Manager 
10 rue Mercoeur 
75011 Paris 
0156981616 
macsfr@miltenyi.com 
www.miltenyibiotec.com 
 

 

NIKON FRANCE  
Division Healthcare 
Sandrine Batard 
Responsable des ventes 
DDI : +33(0)1 45 16 45 29 
Mob : +33(0)6 85 59 47 48 
sandrine.batard@nikon.fr 
191 rue du marché rollay 
94504 Champigny/Marne Cédex ς France 
www.healthcare.nikon.com 

 

OLYMPUS France 
Ziad KAAKOUR 
Directeur Commercial Microscopie LS 
ziad.kaakour@olympus.com  
Hervé GAUTIER 
Spécialiste Systèmes Avancés 
herve.gautier@olympus.com 
Olympus France 
Division Systèmes Scientifiques 
мфΣ ǊǳŜ 5Ω!ǊŎǳŜƛƭ      94593 Rungis 
www.olympus.fr  

 

Oxxius 
Florestan Roume 
Ingénieur Technico-comemrcial 
froume@oxxius.com 
02 96 48 70 28 
David Assous 
Directeur commercial  

dassous@oxxius.com 

www.oxxius.com 
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PHASICS  
Bâtiment Explorer 
Espace Technologique  
wƻǳǘŜ ŘŜ ƭΩhǊƳŜ ŘŜǎ aŜǊƛǎƛŜǊǎ 
91190 Saint-Aubin, France 
Téléphone : +33 (0)1 80 75 06 33 
Email : contact@phasics.fr 
Site web : www.phasics.com 
Benoit Wattellier            bw@phasics.fr  
Marie-Begoña Lebrun    mbl@phasics.fr 

 

Phaseview  
Irina Rakotoson 

irina.rakotoson@phaseview.com 
http://phaseview.com/ 

 

  

SANOFI AVENTIS R&D 
Al Hassan CASSE 
Molecular and Digital Histopathology  
Centre de Recherche de Vitry/Alfortville 
TÉL. : +33 (0)1.58.93.81.13.  
TEL :   +33 (0) 7.86.79.83.75 
1, impasse des Ateliers ς 94400 VITRY SUR SEINE 
www.sanofi-aventis.com 
 

 

Carl Zeiss SAS ς Division RMS 
Service marketing 
marketing.microscopy.fr@zeiss.com 
15, avenue Edouard Belin 
92500 Rueil-Malmaison. 
https://www.zeiss.fr/microscopie/home.html 
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