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HANAMI-CECAM Materials Science Event Program

Skill-building

Day 1: November 3 (Monday)

08:30 – 08:45 General Registration (Amphi Durand)
08:45 – 09:00 Opening Remarks (Amphi Durand)

Density Functional Theory for Materials Modeling

09:00 – 10:40 P. Ordejón:

10:40 – 11:00 Coffee Break (SCAI)
11:00 – 11:45 P. Ordejón:

11:45 – 12:30 E. di Napoli:
12:30 – 14:00 Lunch Break (SCAI)
14:00 – 15:30 A. Alcaraz and P. Ordejón: (UFR Physique:

Corridor 22-23, 1st floor, computer rooms 109-111)
15:30 – 16:00 Coffee Break (UFR Physique: Corridor 22-23, 1st floor, room 103)
16:00 – 17:40 A. Alcaraz and P. Ordejón: (UFR Physique:

Corridor 22-23, 1st floor, computer rooms 109-111)
17:40 – Poster Session and Cocktails (IMPMC institute: Corridor 23-24,

4th floor, conference room 402)
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Day 2: November 4 (Tuesday)

Quantum Monte Carlo Methods for Accurate Materials Simulations

08:30 – 09:00 K. Nakano:

09:00 – 10:40 M. Casula:

10:40 – 11:00 Coffee Break (SCAI)
11:00 – 12:00 M. Casula:

12:00 – 12:30 Edoardo Di Napoli and Clément Richefort:

12:30 – 14:00 Lunch Break (SCAI)
14:00 – 15:30 K. Nakano and M. Casula: Practical Sessions with TurboRVB:

15:30 – 16:00 Coffee Break (UFR Physique: Corridor 22-23, 1st floor, room 103)
16:00 – 17:40 K. Nakano and M. Casula: Practical Sessions with TurboRVB:
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Day 3: November 5 (Wednesday)

Many-Body Perturbation Theory and the GW Approximation

08:30 – 08:50 D. Varsano: (Amphi Durand)
08:50 – 09:50 A. Ferretti:

(Amphi Durand)
09:50 – 10:30 C. Attaccalite: (Amphi

Durand)
10:30 – 10:50 Coffee Break (SCAI)
10:50 – 11:30 D. Varsano: (Amphi Durand)
11:30 – 12:00 C. Richefort: (Amphi Durand)
12:00 – 14:00 Lunch Break (SCAI)
14:00 – 15:30 Practical Sessions with Yambo:

(UFR Physique: Corridor 22-23, 1st floor, computer
rooms 109-111)

15:30 – 16:00 Coffee Break (UFR Physique: Corridor 22-23, 1st floor, room 103)
16:00 – 17:40 Practical Sessions with Yambo: (UFR

Physique: Corridor 22-23, 1st floor, computer rooms 109-111)
20:45 – Conference Dinner on the Boat for all registered participants:

Diner croisière Eiffel, boarding at the Alexandre III bridge

https://maps.app.goo.gl/ATtjGewxWotT4Rwe7
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Workshop

Workshop Day 1: November 6 (Thursday) (Amphi Charpak)

08:30 – 08:45 Workshop Registration
08:45 – 09:00 Workshop opening remarks

Pushing the Boundaries of Large-Scale Simulations

09:00 – 09:45 Ayako Nakata (NIMS, Tsukuba, Japan)

09:45 – 10:10 Laura Ratcliff (School of Chemistry, University of Bristol, UK)

10:15 – 10:40 Miguel Pruneda (CINN-CSIC, Oviedo, Spain)

10:40 – 11:00 Coffee Break

Recent Advances in Linear Algebra Libraries for Materials Science

11:00 – 11:45 Toshiyuki Imamura (RIKEN-CCS, Kobe, Japan)

11:45 – 12:10 Clément Richefort (Jülich Supercomputing Centre, Germany)

12:10 – 12:35 Laura Grigori (EPFL, Lausanne, Switzerland)

12:35 – 14:00 Lunch Break (For speakers and HANAMI members lunch at the cam-
pus restaurant L’Ardoise)
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Electronic Structure and Total Energy with Many-Body Methods

14:00 – 14:45 Takao Kotani (Tottori University, Japan)

14:45 – 15:10 Maria Hellgren (IMPMC, Sorbonne Université, Paris, France)

15:10 – 15:35 Vitaly Gorelov (LSI, École Polytechnique, Palaiseau, France)

15:35 – 16:00 Coffee Break

Electronic and Optical Properties of Innovative Materials

16:00 – 16:45 Maurizia Palummo (University of Rome Tor Vergata, Italy)

16:45 – 17:10 Claudio Attaccalite (CINaM Marseille, France)

17:10 – 17:35 Michele Amato (LPS, Université Paris-Saclay, France)

ab initio
17:35 – 18:00 Claudio Quarti (University of Mons, Belgium)

ab initio

19:30 – Conference Dinner at La Coupole (102 Bd du Montparnasse, 75014 Paris)
for speakers and HANAMI members

https://maps.app.goo.gl/DHjLhKQLWACH5G356
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Workshop Day 2: November 7 (Friday) (Amphi Charpak)

Modelling and Simulation of Energy Materials

08:30 – 09:15 Azusa Muraoka (Japan Women’s University, Japan)

09:15 – 09:40 George Volonakis (Université de Rennes, France)

09:40 – 10:05 Aran García Lekue (DIPC, San Sebastián, Basque Country, Spain)

10:05 – 10:30 Coffee Break

Machine Learning for Materials Research

10:30 – 11:15 Terumasa Tadano (NIMS, Tsukuba, Spain)

11:15 – 11:40 Markus Holzmann (LPMMC, Université Grenoble-Alpes, France)

11:40 – 12:05 Alessandra Serva (PHENIX, Sorbonne University, France)

12:05 – 12:50 Tomomi Shimazaki (Yokohama City University, Japan)

12:50 – 14:00 Lunch Break (For speakers and HANAMI members lunch at the cam-
pus restaurant L’Ardoise)
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Green’s Function Methods for Spectroscopy

14:00 – 14:45 Lucia Reining (LSI, École Polytechnique, Palaiseau, France)

14:45 – 15:10 Andrea Ferretti (CNR Nano, Modena, Italy)

15:10 – 15:35 Valerio Olevano (Institut Néel, Grenoble, France)

15:35 – 16:00 Fabien Bruneval (CEA Saclay, France)
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Poster Session Abstracts

Poster #1: Non-Centrosymmetric Hexagonal Buckled Monolayers: A Platform
for Strain-Tunable Valleytronics

Authors: Fathima Is and Abir De Sarkar*
Affiliation: Institute of Nano Science and Technology, Knowledge City, Sector 81, Mohali,
Punjab-140306

Abstract: In the era of information explosion and artificial intelligence, energy-efficient and
high-speed computational resources have become prerequisites. Nanomaterials, especially
atomically thin 2D materials, introduce new paradigms to overcome the miniaturization chal-
lenges. Valleytronics is an emerging field; an additional quantum degree of freedom called val-
ley can be manipulated in certain materials to store and process information. Berry curvature
is a geometric property of the electronic band structure that acts as a magnetic field in momen-
tum space, determining the Valley Hall effect. In non-magnetic materials, valley polarization
can be induced externally through optical pumping. The present study highlights the potential
by exploring valleytronic properties in various buckled hexagonal monolayers. The spin split-
ting obtained for the valence band is 58 meV and 72 meV for SnSi and SnGe, respectively,
and is comparable to the well-studied transition-metal dichalcogenides (TMDCs). On the other
hand, the orbital-projected band structures reveal that p-orbitals contribute to the band edges.
We further demonstrate that applying strain can enhance Berry curvature in SnS monolayer,
paving the way for groundbreaking advancements in emerging electronic applications.

References:
1. Fathima I. S., R. Ahammed, P. Nandi, A. Rawat, and A. De Sarkar, “Compressive strain-
induced enhancement in valley polarization in β-phosphorene-like SnS monolayers,” Applied
Surface Science 611, 155675 (2023).
2. M.K. Mohanta, Fathima I. S., and A. De Sarkar, “Valley Hall effect in graphene-like SnX (X=
Si, Ge) buckled monolayers with high charge carrier mobility and low lattice thermal conductiv-
ity,” Phys. Rev. B 107(3), 035429 (2023)
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Poster #2: Multichannel Dyson equation: 3-body Green’s functions for the in-
vestigation of molecular spectra

Authors: Stefano Paggi
Affiliation: Université de Toulouse

Abstract: We present the multichannel Dyson equation (MCDE)[1], which couples two or more
independent-particle n-body Green’s functions through a multichannel self-energy. In particu-
lar, the method couples a one-body Green’s function with a three-body Green’s function to
simulate photoelectron spectroscopy. Conventional Dyson equation approaches typically start
from the one-body Green’s function and include satellite excitations through a complicated dy-
namical one-body self-energy. In contrast, the MCDE incorporates correlation effects already
at the independent-particle level, allowing for a static multichannel self-energy. The MCDE is
exact up to second order in the interaction and includes many higher-order diagrams to de-
scribe screening and other correlation effects. This formalism overcomes key shortcomings of
standard approaches such as GW, which suffers from self-screening and fails to reproduce the
satellites in the spectral function of the Hubbard dimer. The MCDE is exact for the standard
Hubbard dimer[2] and yields very accurate results for hydrogen-molecule–like models[3]. Here,
we present results for a H2-like molecule and Neon.

References:
[1] Riva, Romaniello, Berger, Phys. Rev. B 110, 115140
[2] Riva, Romaniello, Berger, Phys. Rev. Lett. 131, 216401
[3] Paggi, Berger, Romaniello, J. Chem. Phys. 163, 154109 (2025)
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Poster #3: Excitonic Landscape in MoS2 and MoSe2 Homobilayers: A First-Principles
Study Using GW-BSE

Authors: Purushothaman Mannivannan
Affiliation: University of Antwerp

Abstract: This work presents a first-principles investigation of the excitonic properties in MoS2–MoS2

and MoSe2–MoSe2 bilayer systems. Using GW-corrected band structures and Bethe–Salpeter
Equation (BSE) calculations performed with the YAMBO code. We analyze the low-energy
excitations and classify them as direct/indirect, and intralayer/interlayer/hybrid types of exci-
tons. Additionally, we explore the impact of biaxial strain on the excitonic landscape, aiming
to understand the tunability of exciton types and binding energies in these homobilayers. Our
results provide insight into excitonic transitions in 2D TMD bilayers, highlighting their relevance
for tunable optoelectronic and valleytronic devices.
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Poster #4: Localized Spin-State Transitions in the Optical Absorption Spectrum
of Cr-doped GaN.

Authors: Masoud Mansouri
Affiliation: Universidad Autónomo de Madrid

Abstract: Using a hybrid density functional, we study the electronic, magnetic, and neutral
excitations of the paradigmatic Cr-doped GaN solid. Our results indicate that the �1% doped
wurtzite GaN crystal retains the semiconducting nature of the host, associated with a magnetic
moment of 3 �B. As a consequence of Cr doping, additional hybridized bands are formed within
the intrinsic bandgap of GaN, leading to a considerable bandgap narrowing by 1.4 eV and new
low-energy optical transitions. Our results indicate dark Cr d-d transitions at very low energy
(0.5-0.7 eV), followed by bright transitions in the visible energy range (1.8-2.2 eV). Characteri-
zation of the electron-hole pairs suggests that the latter originates from the internal transitions
among hybridized Crd–Np states. With the existence of these new optical features within the vis-
ible energy window, one can expect an enhancement to the photoelectric conversion efficiency
of GaN upon Cr-doping, in addition to applications in spintronic devices.
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Poster #5: Exploring the Impact of Electron-Phonon and Impurity-Phonon Inter-
actions on Heat Transport in Heavily Doped Silicon: A First-Principles Study

Authors: Raja Sen (1), Nathalie Vast (3), Jelena Sjakste (3), and Lorenzo Paulatto (2)
Affiliations: (1) SATIE, ENS Paris-Saclay et Université Paris-Saclay, UMR 8029, 4 avenue
des Sciences, 91190 Gif-sur-Yvette, France, (2) Sorbonne Université, Museum National d’His-
toire Naturelle, UMR CNRS 7590, Institut de Minéralogie, de Physique des Matériaux et de
Cosmochimie, 4 place Jussieu, F-75005 Paris, France, (3) Laboratoire des Solides Irradiés,
CEA-DRF-IRAMIS, École Polytechnique, CNRS UMR 7642, Institut Polytechnique de Paris,
91120 Palaiseau, France

Abstract: A detailed understanding of heat transport mechanisms in doped semiconductors
is essential for optimizing their thermoelectric performance and improving heat management
in micro- and nanoscale devices. While electron-phonon (el-ph) and electron-impurity interac-
tions are well-studied in the context of electron transport in semiconductors [1,2], research on
the impact of el-ph and phonon-impurity (ph-imp) interactions on phonon lifetimes and, conse-
quently, on lattice thermal conductivity, remain rare. In this presentation, I will show our recent
work, which explores the influence of el-ph and ph-imp scattering on the lattice thermal conduc-
tivity of heavily doped silicon [3], using density functional theory-based first-principles methods.
Our findings show that at moderate carrier concentrations ( 10¹� cm�³) and room temperature,
phonon scattering by electrons is the main mechanism behind the reduction of thermal conduc-
tivity in doped silicon. However, at lower temperatures or higher doping levels ( 10²¹ cm�³), both
el-ph and ph-imp scattering significantly contribute to reducing the lifetimes of low-frequency
phonons, which leads to further decreases in the thermal conductivity of doped silicon. Our
results show good agreement with experimental thermal conductivity data for silicon across the
full range of doping levels and temperatures.

References:
1. R. Sen, N. Vast, and J. Sjakste, “Role of Dimensionality and Size in Governing the Drag
Seebeck Coefficient of Doped Silicon Nanostructures: A Fundamental Understanding” Phys.
Rev. B 108, L060301, (2023). (Highlighted as Editors’ Suggestion)
2. R. Sen, N. Vast, and J. Sjakste, “Hot Electron Relaxation and Energy Loss Rate in Silicon:
Temperature Dependence and Main Scattering Channels” Appl. Phys. Lett. 120, 082101,
(2022).
3. J. Sjakste, M. Markov, R. Sen, G. Fugallo, L. Paulatto, and N. Vast, “Occurrence of the Col-
lective Ziman Limit of Heat Transport in Cubic Semiconductors Si, Ge, AlAs and AlP: Scattering
Channels and Size Effects”, Nano Ex. 5, 035018 (2024).
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Poster #6: Self-Consistent Spectra of the Strongly Correlated Bose-Fermi Gas

Authors: Julius Tirpitz
Affiliation: Heidelberg University

Abstract: We present fully self-consistent spectral functions of a strongly correlated Bose-
Fermi mixture near the critical temperature for Bose-Einstein condensation. Our approach
employs the Keldysh real-time formalism within the two-particle irreducible effective action,
numerically solving Dyson equations for dressed propagators and providing direct access to
real-frequency spectra without analytical continuation. Our results reveal qualitative features in
the spectral functions that are inaccessible in non-self-consistent treatments, underscoring the
importance of self-consistency for accurately capturing dynamical properties in strongly inter-
acting regimes. In addition, we find region of thermodynamic instability that is attributed to an
effective, attractive boson-boson interaction mediated by the fermionic component.
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Poster #7: Benchmark study for the prediction of band alignment at hetero-
interfaces

Authors: Jean Goossaert
Affiliation: Université de Rennes

Abstract: A key property for the efficiency of all photovoltaic technologies is the collection of
photo-generated charge carriers at the junction between an absorber material and transport
layers. This collection is made possible by a proper alignement of the electronic bands at the
interface. Evaluating this offset with precision is thus crucial for predicting the cell efficiency.
However, most computational techniques fail at reliably predicting valence and conduction band
offsets, while sizable discrepancies exist between experimental values as well. Therefore, a
benchmark study of the band alignment in various types of heterojunctions is needed. The ap-
proach presented in this poster starts from the simplest model junction, the asymmetric Hubbard
dimer, and studies the range of validity of several approximations of many-body perturbation
theory, in particular GW and GW�. The great advantage of this exactly solvable model is to pro-
vide a benchmark that, as a function of its parameters, is representative for a wide range of
materials.
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Poster #8: Layered Multiple Scattering Approach to Hard X-ray Photoelectron
Diffraction: Theory and Application

Authors: Trung-Phuc Vo
Affiliation: University of West Bohemia

Abstract: Photoelectron diffraction (PED) is a powerful technique for resolving surface struc-
tures with sub-angstrom precision. At high photon energies, angle-resolved photoemission
spectroscopy (ARPES) reveals PED effects, often challenged by small cross-sections, momen-
tum transfer, and phonon scattering. X-ray PED (XPD) is not only an advantageous approach
but also exhibits unexpected effects. We present a PED implementation for the spin-polarized
relativistic Korringa-Kohn-Rostoker (SPRKKR) package to disentangle them, employing multi-
ple scattering theory and a one-step photoemission model. Unlike conventional real-space ap-
proaches, our method uses a k-space formulation via the layer KKR method, offering efficient
and accurate calculations across a wide energy range (20 8000 eV) without angular momentum
or cluster size convergence issues. Additionally, the alloy analogy model enables simulations
of finite-temperature XPD and effects in soft/hard X-ray ARPES. Applications include model-
ing circular dichroism in angular distributions (CDAD) in core-level photoemission of W(110),
Si(100) and Ge(100) 3p, excited by circular polarization.
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Poster #9: Robust Approximations for the Polarizability of Complex Materials
with Applications to Layered Perovskites

Authors: Ilayda Ashgar
Affiliation: École Polytechnique, Laboratoire des Solides Irradiés, Palaiseau, France

Abstract: The aim of this work is to develop computationally efficient approximations for the
dielectric function �, and so the polarizability � of a material. Our approach is based on the
closure relations for cases where the conduction states complete the Hilbert space in order to
reduce the virtually infinite number of unoccupied conduction bands which will allow us to study
bigger systems. I will present the application of this approach to calculate the static dielectric
constant of the Silicon crystal and 2D perovskites.
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Poster #10: Molecular Insights into the Hydration Mechanism of Kaolinite Sur-
faces via Machine Learning Force Field

Authors: Halima Said (1) , David Dell’Angelo (1) , Juliette Lainé (2) , Yann Foucaud (3) , and
Michael Badawi (1)
Affiliation: (1) L2CM, CNRS et Université de Lorraine (2) ArcelorMittal Global R&D (3) Geo-
Ressources, CNRS et Université de Lorraine

Abstract: Kaolinite (Al2Si2O5(OH)4), a naturally abundant clay mineral formed from the al-
teration of alumina-rich rocks [1,2], plays an essential role in mineral beneficiation processes
such as froth flotation, where the surface wettability strongly influences separation efficiency.
Understanding how water interacts with kaolinite at the molecular scale is therefore crucial for
elucidating its physicochemical behavior. In this study, ab initio molecular dynamics (AIMD)
simulations combined with machine learning (ML)–based potential models were employed to
investigate the adsorption and structuring of water molecules on kaolinite surfaces. The ML po-
tential was trained to reproduce AIMD reference data, achieving excellent agreement in energy
and force predictions, as well as in the computed hydration enthalpy. The ML-accelerated sim-
ulations allowed the exploration of larger systems and longer timescales, revealing a realistic
hydration film with distinct layering and a well-defined minimum between the first and second
water layers. Thermodynamical findings are consistent with previous studies, confirming the
validity of our hydrated model [4,5]. These results provide molecular-level insights into the hy-
dration mechanism of kaolinite and validate the use of ML-based force fields as an efficient and
accurate approach to study interfacial phenomena relevant to mineral flotation.

References:
[1] Johnston, C. J.; Pepper, R. A.; Martens, W. N.; Couperthwaite, S.; Miner. Eng. 2022, 176,
107346
[2] Nnanwube, I. A.; Keke, M.; Onukwuli, O. D.; Clean. Chem. Eng. 2022, 2, 100022
[3] Tunega, D.; Gerzabek, M.H.; Lischka, H.; J. Phys. Chem. B, 2004, 108, 5930
[4] Chen, J. ; Min, F. ; Liu, L. ; Lui, C ; Applied Surface Science, 2019, 476, 6
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Poster #11: Multiple Strain-Induced Topological Phase Transitions in 1D Poly-
acene Polymers: A First-Principles Study

Authors: Reza Mosaferi
Affiliation: Insp - Institut Des Nanosciences De Paris - Cnrs - Sorbonne University

Abstract: We investigate how mechanical strain modulates the electronic and optical prop-
erties of doubly bridged polyacene polymers using first-principles GW–BSE simulations. Our
previous work (Phys. Rev. Materials 9, 044204 – 2025) revealed multiple strain-induced topo-
logical phase transitions, associated with aromatic–quinonoid structural rearrangements and
band-gap reopenings. Building on this, we show that these topological transitions strongly in-
fluence excitonic and optical behavior. Strain reshapes both the quasiparticle and excitonic
landscapes, leading to distinct changes in exciton localization and optical absorption. Notably,
non-trivial topological phases exhibit enhanced light–matter coupling compared to trivial ones.
These findings demonstrate that mechanical strain and topological order act as coupled design
parameters, enabling precise control of excitonic interactions and optical responses in flexible
�-conjugated polymers for next-generation optoelectronic materials.
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Poster #12: Explicit electronic pair correlation in atomic orbital based Jastrow
factors

Authors: Andronikos Leventis
Affiliation: University of Luxembourg

Abstract: The quality and accuracy of observables computed using Quantum Monte Carlo
methods greatly depend on the choice of appropriately parametrized wave function Ansätze.
The simplest Ansatz employed in molecular systems is that of a single Slater determinant mod-
ulated by a symmetric Jastrow factor, which is usually limited at two-electron terms. In this work
we adapt an orbital-based three/four body Jastrow introduced in refs. [1,2] to include explicit de-
pendence between electronic pair distances. We benchmark different correlation function forms
according to total energy, size-consistency and redundancy of parameters, considering atomic
species and van der Waals dimers. Furthermore, we distinguish between the importance of
the contribution arising from the angular dependency of the atomic Jastrow - expanded in a ba-
sis set of Gaussian type functions and polynomials - and the explicit pair correlation function [3].

References:
[1] M. Casula, C. Attaccalite, and S. Sorella, Correlated geminal wave function for molecules:
An efficient resonating valence bond approach, The Journal of Chemical Physics 121, 7110
(2004).
[2] M. Marchi, S. Azadi, M. Casula, and S. Sorella, Resonating valence bond wave function with
molecular orbitals: Application to first-row molecules, J. Chem. Phys. 131, 154116 (2009).
[3] P. López Ríos, P. Seth, N. D. Drummond, and R. J. Needs, Framework for constructing
generic Jastrow correlation factors, Phys. Rev. E 86, 036703 (2012).
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Poster #13: Theory of Angle-Resolved Photoemission Spectroscopy of Alter-
magnetic Mott Insulators

Authors: Lorenzo Lanzini
Affiliation: École Polytechnique , Palaiseau, France

Abstract: Altermagnetism has emerged as an unconventional form of collinear magnetism with
spatial rotational symmetries, that give rise to strongly spin-split bands despite of an underlying
fully-compensated antiferromagnetic order. Here, we develop a theory for the Angle Resolved
Photoemission Spectroscopy (ARPES) response of altermagnetic Mott insulators. Crucially,
the spectrum does not simply reflect the non-interacting band structure, but instead a magnetic
polaron is formed at low energies, that can be interpreted as a spinon-holon bound state. We
develop a spinon-holon parton theory and predict a renormalized bandwidth that we confirm
by tensor network simulations. We analyze the characteristic spin-split spectrum and identify
a spin-dependent spectral weight of the magnetic polaron, resulting from the altermagnetic
symmetry. Our work paves the way for a systematic study of doping effects and correlation
phenomena in altermagnetic Mott insulators.
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Poster #14:Designing explicit functionals of the potential for the charge density

Authors: Muhammed Hüseyin Gunes (1,2), Vitaly Gorelov (1,2), Matteo Gatti (1,2,3), Lucia
Reining (1,2)
Affiliation: (1) LSI, CNRS, CEA/DRF/IRAMIS, École Polytechnique, Institut Polytechnique de
Paris, F-91120 Palaiseau, France, (2) European Theoretical Spectroscopy Facility (ETSF), (3)
Synchrotron SOLEIL, L’Orme des Merisiers, Saint-Aubin, BP 48, F-91192 Gif-sur-Yvette, France

Abstract: We develop a systematic framework to calculate the charge density as an explicit
functional of the Kohn-Sham potential by reusing tabulated results from model systems, partic-
ularly the non-interacting homogeneous electron gas. Starting from a Taylor-like expansion in
the potential, we construct the Local Potential Approximation (LPA)—analogous to LDA—and
include first-order corrections via the Lindhard response. We then use Connector Theory (COT)
to simulate higher-order effects without explicitly computing them. COT bridges model and real
systems. Our methods yield a series of systematically improving approximations with promising
results for charge densities in inhomogeneous systems like cubic helium, without the solving a
Schrödinger equation. This work illustrates how model-based expansions provide a scalable
path toward constructing functionals of the potential. Finally, we discuss how an analogous
approach can yield the interacting charge density as explicit functional of the external potential,
by using quantum Monte Carlo data for the interacting homogeneous electron gas.
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Poster #15: Spin-polaron fingerprints in the optical conductivity of iridates

Authors: Francesco Cassol,1;2, Leo Gaspard,3;1 Cyril Martins,3 Michele Casula,1 and Ben-
jamin Lenz 1

Affiliation:
1. Institut de Minéralogie, de Physique des Mat´eriaux et de Cosmochimie (IMPMC) Sorbonne
Université, CNRS, Paris, France
2. Centre de Physique Th´eorique (CPHT), Ecole Polytechnique, Institut Polytechnique de
Paris, CNRS, Palaiseau, France
3. Laboratoire de Chimie et Physique Quantiques (LCPQ), Universit´e Toulouse III-Paul Sabatier,
CNRS, Toulouse, France

Abstract: Since the discovery of their exotic spin-orbital entangled insulating ground state,
Ba2IrO4 and Sr2IrO4 have attracted considerable attention. Their low-energy electronic struc-
ture is usually described in terms of the so-called jeff states, and their optical transport spectra
are characterized by a peculiar double-peak structure. The two peaks, � and �, are conven-
tionally attributed to excitations within the jeff = 1/2 manifold and from the jeff = 3/2 to the
jeff = 1/2 states, respectively. In this work, we employ di!erent numerical techniques to re-
visit this topic. We compare our simulations with the existing experiments, and we propose
an alternative interpretation of the optical conductivity lineshape, based on the presence of
spin-polaron quasiparticles within the jeff bands. We calculate the optical conductivity of both
compounds within the dynamical mean-field theory of correlated electrons. We show that both
� and � peaks display mixed orbital character, in contrast with the conventional interpretation.
Subsequently, we calculate the spin-polaron spectral function via the self-consistent Born ap-
proximation. By this means, we demonstrate the polaronic nature of the low-energy features of
the eigenspectrum and unveil the importance of these quasiparticles in shaping the absorption
spectra.
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Poster #16: Computational Screening on the Use of Nitride MXene-Supported
Single Atom Catalyst for the Hydrogen Evolution Reaction

Authors: Jean Carlos Villa Arpi
Affiliation: Technische Universität Wien

Abstract: Given the growing global energy crisis in recent decades, the search for efficient and
sustainable sources and strategies has become increasingly urgent. In recent years, hydrogen
production powered by renewable energy has emerged as a promising solution for replacing
fossil fuels. However, efficient and cost-effective catalysts are essential to improve performance
at all stages of hydrogen generation. In this context, two-dimensional Transition Metal (TM)
carbides, nitrides, and carbonitrides (MXenes) have demonstrated significant potential in elec-
trocatalysis, specifically for the Hydrogen Evolution Reaction (HER). Nitride-based MXenes are
particularly attractive due to their high electrical conductivity and surface reactivity, making them
ideal support platforms for catalyst design. Furthermore, the incorporation of Single Atom Cat-
alysts (SACs) onto MXene surfaces has been recognized as an effective strategy for improving
HER activity, constituting a case of self-supported TM based electrocatalyst. Herein, Density
Functional Theory (DFT) calculations are employed to investigate HER performance on nitride
MXenes-supported SACs structures. MXenes with general formula Mn+1Nn (M = Ti, V, Cr, Zr,
Nb, Mo, Hf, Ta, and W; n = number of atomic layers) are used as substrates to adsorb single
atoms from the 3d, 4d, and 5d transition series, which will be the active site to asses the Volmer
step for HER in acidic conditions. This systematic analysis reveals clear relationships between
structure and electrocatalytic performance, highlighting Fe@W3N2, Ru@Mo3N2, Ta@Mo3N2,
and Co@Mo3N2 systems as promising electroanalytical candidates. These systems exhibit hy-
drogen adsorption free energies (ΔGH∗ − ΔGH∗P t(111) ) close to 0 eV, framing them as potential
structures for experimental designs.
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���n�j�@�R�a�c�-�M�C�G�I���c �T�3�N�N�3�a
���|�I�C���j�C�R�N�-�`�r�i�? �����,�@�3�N �m�N�C�q�3�a�c�C�j�w

���$�c�j�a���,�j�-�B�N �j�@�3 �3�u�U�3�a�C�L�3�N�j���I �C�N�q�3�c�j�C�<���j�C�R�N �R�8 �U�@���c�3 �,�@���N�<�3 �L���j�3�a�C���I�c ���N�0 �j�@�3�C�a �c�U�3�,�C���I �U�a�R�U�A
�3�a�j�C�3�c�. �U�3�,�n�I�C���a�C�j�C�3�c �C�N �j�@�3 �$�R�N�0�C�N�< �,�@���a���,�j�3�a �s�3�a�3 �0�3�j�3�a�L�C�N�3�0�Y �� �,�R�a�a�3�c�U�R�N�0�C�N�< �,�I���c�c�C�~�,���j�C�R�N
�R�8 �j�@�3�c�3 �L�3�j���q���I�3�N�j �L���j�3�a�C���I�c �@���c �c�R �8���a �$�3�3�N �,���a�a�C�3�0 �R�n�j �R�N �j�@�3 �$���c�C�c �R�8 �c�@���a�3�0 ���N�0 �j�a���N�c�A
�8�3�a�a�3�0 �3�I�3�,�j�a�R�N�c�Y �i�@�3 �,�R�a�a�3�c�U�R�N�0�C�N�< �q���I�n�3�c �s�3�a�3 �0�3�j�3�a�L�C�N�3�0 �n�c�C�N�< �0�3�N�c�C�j�w �8�n�N�,�j�C�R�N���I �j�@�3�R�a�w
�V�/�7�i�W �,���I�,�n�I���j�C�R�N�c�Y �/�3�N�c�C�j�w �8�n�N�,�j�C�R�N���I �j�@�3�R�a�w �@���c �$�3�,�R�L�3 �R�N�3 �R�8 �j�@�3 �L�R�c�j �n�N�C�q�3�a�c���I �L�3�j�@�R�0�c
�C�N �,�R�N�0�3�N�c�3�0 �L���j�j�3�a �U�@�w�c�C�,�c ���N�0 �L���j�3�a�C���I �c�,�C�3�N�,�3 �j�R �0�3�j�3�a�L�C�N�3 ���N�0 �C�N�q�3�c�j�C�<���j�3 �U�a�R�U�3�a�j�C�3�c �R�8
�L���j�3�a�C���I�c�Y �i�@�3 �I�R�N�<�3�a�A�j�3�a�L �<�R���I �R�8 �j�@�3 �U�a�3�c�3�N�j �s�R�a�G �C�c �j�R �C�N�q�3�c�j�C�<���j�3 �j�R �s�@�C�,�@ �3�u�j�3�N�j �j�@�3 �c�U���A
�j�C���I �3�u�j�3�N�c�C�R�N �R�8 �j�@�3 �0�3�N�c�C�j�w �L���j�a�C�u �C�c �,�@���a���,�j�3�a�C�c�j�C�, �8�R�a �j�@�3 �L�3�j���q���I�3�N�j �L���j�3�a�C���I�c�. ���N�0 �s�@�3�j�@�3�a
�N�n�L�3�a�C�,���I �,���I�,�n�I���j�C�R�N�c �$���c�3�0 �R�N �j�@�3 �F�R�@�N�A�b�@���L �8�R�a�L�n�I���j�C�R�N �R�8 �/�3�N�c�C�j�w �7�n�N�,�j�C�R�N���I �i�@�3�R�a�w �,���N
�,���U�j�n�a�3 �j�@�C�c ���c�U�3�,�j�Y
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�T�R�c�j�3�a �P�S�4�- �b�C�3�c�j�� �0�3�U�I�R�w�L�3�N�j �c�j���j�n�c ���,�a�R�c�c �2�n�a�R�?�T�+ �,�3�N�j�3�a�c ���N�0 �7�n�<���G�n

���n�j�@�R�a�c�-���N�j�@�R�N�C ���I�,���a���y�)�S�*�. �7�3�0�3�a�C�,�R �T�3�0�a�R�N�)�S�*�. �D�R�c�3 �K�Y �2�c�,���a�j�]�N�)�S�*�. �T���$�I�R �Q�a�0�3�E�½�N�)�S�*�. ���I�A
�$�3�a�j�R �;���a�,�]���)�l�*
���|�I�C���j�C�R�N�-
�)�S�* �B�+�M�l �V�+�b�B�+�A�#�B�b�i�W�. �#���a�,�3�I�R�N�� �V�b�U���C�N�W
�)�l�* �B�+�K���#�A�+�b�B�+�. �#���a�,�3�I�R�N�� �V�b�U���C�N�W

���$�c�j�a���,�j�-�b�C�3�c�j�� �@���c �$�3�3�N �c�n�,�,�3�c�c�8�n�I�I�w �0�3�U�I�R�w�3�0 ���j �3�C�<�@�j �2�n�a�R�U�3���N �,�R�L�U�n�j�C�N�< �,�3�N�j�3�a�c ���N�0
�R�N �7�n�<���G�n�. �0�3�L�R�N�c�j�a���j�C�N�< �C�j�c �U�R�a�j���$�C�I�C�j�w �$�w �$�3�C�N�< �C�N�c�j���I�I�3�0 �R�N ���I�I ���q���C�I���$�I�3 ���a�,�@�C�j�3�,�j�n�a�3�c�- �u�4�f�.
���f�:�7�t�. ���N�0 �;�T�m�Y �i�R �8���,�C�I�C�j���j�3 �C�j�c �n�c�3�. �C�j �,���N �$�3 �,�R�L�U�C�I�3�0 �s�C�j�@ �a�3�,�C�U�3�c �8�R�a �,�L���G�3�. �c�U���,�G�. ���N�0
�3���c�w�$�n�C�I�0�. ���N�0 �q�3�a�c�C�R�N�c �9�Y�l�Y�l �j�R �9�Y�:�Y�z ���a�3 ���I�a�3���0�w ���q���C�I���$�I�3 �C�N �j�@�3 �2�2�b�b�B �c�j���,�G�Y �i�@�3 �,�R�0�3 �C�c
�N�R�s �R�U�3�a���j�C�R�N���I ���j �2�m�`�Q�?�T�+ �,�3�N�j�3�a�c �c�n�,�@ ���c �p�3�<���. �F���a�R�I�C�N���. ���N�0 �/�3�n�,���I�C�R�N�. ���N�0 ���j �j�@�R�c�3
�s�@�3�a�3 �2�2�b�b�B �C�c �U���a�j�C���I�I�w �C�N�j�3�<�a���j�3�0�. �I�C�G�3 �K���a�3�M�R�c�j�a�n�L �9�. �s�@�3�a�3 �C�j�c �U�3�a�8�R�a�L���N�,�3 ���N�0 �c�,���I���$�C�I�C�j�w
���a�3 �G�3�w �8�R�a �j�@�3 �3�|�,�C�3�N�j �c�C�L�n�I���j�C�R�N �R�8 �I���a�<�3�A�c�,���I�3 �c�w�c�j�3�L�c�Y

���,�G�N�R�s�I�3�0�<�3�L�3�N�j�c�- �7�n�N�0�3�0 �$�w �j�@�3 �?���N���L�C �V�?�U�, ���I�I�C���M�,�3 �8�R�a ���U�U�I�C�,���j�C�R�N�c ���N�0 �c�n�U�3�a�,�R�K�U�n�j�C�N�<
�B�N�N�R�q���j�C�R�N�- �j�@�3 �2�n�a�R�U�3�A�D���U���N �,�R�I�I���$�R�a���j�C�R�N�W �U�a�R�E�3�,�j �q�C�� �j�@�3 �2�n�a�R�U�3���N �?�C�<�@ �T�3�a�8�R�a�L���N�,�3 �+�R�L�A
�U�n�j�C�N�< �D�R�C�N�j �m�N�0�3�a�j���G�C�N�< �V�2�n�a�R�?�T�+ �D�m�W �n�N�0�3�a �j�@�3 �2�n�a�R�U�3���N �m�N�C�R�N���c �?�R�a�C�y�R�N �2�n�a�R�U�3 �8�a���L�3�s�R�a�G
�U�a�R�<�a���L �8�R�a �a�3�c�3���a�,�@ ���N�0 �C�N�N�R�q���j�C�R�N ���N�0 �;�a���N�j ���<�a�3�3�L�3�N�j �M�R�Y �S�z�S�S�k�f�l�f�O�Y
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�T�R�c�j�3�a �P�S�O�- �b�j���$�C�I�C�y���j�C�R�N �R�8 �c�I�C�0�C�N�< �8�3�a�a�R�3�I�3�,�j�a�C�,�C�j�w �j�@�a�R�n�<�@ �3�u�,�C�j�R�N �,�R�N�0�3�N�c���j�C�R�N

���n�j�@�R�a�c�-�K���j�j�3�R �/�����I�3�c�c�C�R�)�S�.�l�*�. �/���N�C�3�I�3 �p���a�c���N�R �)�l�*�. �2�I�C�c�� �K�R�I�C�N���a�C �)�S�.�l�*�. �K���c�c�C�L�R �`�R�N�j���N�C �)�l�*
���|�I�C���j�C�R�N�-
�)�S�* �m�N�C�q�3�a�c�C�j�w �R�8 �K�R�0�3�N�� �3 �`�3�<�<�C�R �2�L�C�I�C���. �K�R�0�3�N�� �V�B�j���I�w�W
�)�l�* �+�M�` �M���N�R�c�,�C�3�N�,�3 �B�N�c�j�C�j�n�j�3�. �K�R�0�3�N�� �V�B�j���I�w�W

���$�c�j�a���,�j�-�b�I�C�0�C�N�< �8�3�a�a�R�3�I�3�,�j�a�C�,�C�j�w �C�c �� �U�@�3�N�R�L�3�N�R�N �j�@���j ���a�C�c�3�c �8�a�R�L �j�@�3 �C�N�c�n�a�<�3�N�,�3 �R�8 �c�U�R�N�j���A
�N�3�R�n�c �3�I�3�,�j�a�R�N�C�, �U�R�I���a�C�y���j�C�R�N �U�3�a�U�3�N�0�C�,�n�I���a �j�R �j�@�3 �I���w�3�a�c �R�8 �j�s�R�A�0�C�L�3�N�c�C�R�N���I �V�l�/�W �c�w�c�j�3�L�c �n�U�R�N
�j�@�3 �a�3�I���j�C�q�3 �c�I�C�0�C�N�< �R�8 �j�@�3 ���j�R�L�C�, �I���w�3�a �,�R�N�c�j�C�j�n�3�N�j�c�Y �#�3�,���n�c�3 �R�8 �j�@�3 �s�3���G �q���N �0�3�a �r�����I�c �V�q�0�r�W
�C�N�j�3�a���,�j�C�R�N�c �$�3�j�s�3�3�N �I���w�3�a�c�. �c�I�C�0�C�N�< ���N�0 �j�@�3 ���c�c�R�,�C���j�3�0 �c�w�L�L�3�j�a�w �$�a�3���G�C�N�< �,���N �R�,�,�n�a ���j �I�R�s �3�N�A
�3�a�<�w �,�R�c�j �C�N �L���j�3�a�C���I�c �c�n�,�@ ���c �j�a���N�c�C�j�C�R�N�A�L�3�j���I �0�C�,�@���I�,�R�<�3�N�C�0�3�c�Y �?�3�a�3 �s�3 �0�C�c�,�n�c�c �j�@�3�R�a�3�j�C�,���I�I�w
�j�@�3 �R�a�C�<�C�N ���N�0 �\�n���N�j�C�j���j�C�q�3 �n�N�0�3�a�c�j���N�0�C�N�< �R�8 �j�@�3 �U�@�3�N�R�L�3�N�R�N �$�w �8�R�,�n�c�C�N�< �R�N �� �U�a�R�j�R�j�w�U�3 �c�j�a�n�,�A
�j�n�a�3�. �j�@�3 �r�i�32 �$�C�I���w�3�a�. �s�@�3�a�3 �c�I�C�0�C�N�< �8�3�a�a�R�3�I�3�,�j�a�C�,�C�j�w �s���c �~�a�c�j �3�u�U�3�a�C�L�3�N�j���I�I�w �R�$�c�3�a�q�3�0�Y �r�3 �c�@�R�s
�j�@���j �3�u�,�C�j�R�N�C�, �3�{�3�,�j�c �C�N�0�n�,�3 �a�3�I�3�q���N�j �3�N�3�a�<�w �$���N�0 �a�3�N�R�a�L���I�C�y���j�C�R�N�c �C�N �j�@�3 �<�a�R�n�N�0 �c�j���j�3�. ���N�0
�3�u�,�C�j�R�N �,�R�N�0�3�N�c���j�C�R�N �,�R�N�j�a�C�$�n�j�3�c �c�C�<�N�C�~�,���N�j�I�w �j�R �c�j���$�C�I�C�y�C�N�< �8�3�a�a�R�3�I�3�,�j�a�C�,�C�j�w �n�U�R�N �c�I�C�0�C�N�< �$�3�w�R�N�0
�U�a�3�q�C�R�n�c �U�a�3�0�C�,�j�C�R�N�c�Y �2�N�@���N�,�3�0 �3�u�,�C�j�R�N�C�, �3�{�3�,�j�c �C�N �l�/ ���N�0 �q�0�r �c�I�C�0�C�N�< ���a�3 �<�3�N�3�a���I �U�@�3�N�R�L�3�N��
�j�@���j �U�R�C�N�j �j�R �c�I�C�0�C�N�< �8�3�a�a�R�3�I�3�,�j�a�C�,�C�j�w ���c �a�3�I�3�q���N�j �8�R�a �� �$�a�R���0 �,�I���c�c �R�8 �C�L�U�R�a�j���N�j �L���j�3�a�C���I�c�. �s�@�3�a�3
�j�@�3 �C�N�j�a�C�N�c�C�, �3�I�3�,�j�a�C�, �0�C�U�R�I�3 �,���N �,�R�n�U�I�3 �s�C�j�@ �R�j�@�3�a �\�n���N�j�n�L �U�@�3�N�R�L�3�N�� ���N�0�. �C�N �j�n�a�N�. ���N �3�u�j�3�a�N���I
�3�I�3�,�j�a�C�, �~�3�I�0 �,���N �,�R�N�j�a�R�I �j�@�3 �\�n���N�j�n�L �U�@���c�3�c �j�@�a�R�n�<�@ �8�3�a�a�R�3�I�3�,�j�a�C�,�C�j�w �C�N �n�N�3�u�U�I�R�a�3�0 �s���w�c�Y

�`�3�8�3�a�3�N�,�3�c�-
�K���j�j�3�R �/�����I�3�c�c�C�R�. �/���N�C�3�I�3 �p���a�c���N�R�. �2�I�C�c�� �K�R�I�C�N���a�C ���N�0 �K���c�c�C�L�R �`�R�N�j���N�C�. ���b�j���$�C�I�C�y���j�C�R�N �R�8 �c�I�C�0�A
�C�N�< �8�3�a�a�R�3�I�3�,�j�a�C�,�C�j�w �j�@�a�R�n�<�@ �3�u�,�C�j�R�N �,�R�N�0�3�N�c���j�C�R�N���. ���a�t�C�q�-�l�9�S�z�Y�z�S�:�f�9 �V�l�z�l�9�W�Y

���,�G�N�R�s�I�3�0�<�3�L�3�N�j�c�- �i�@�C�c �s�R�a�G �s���c �c�n�U�U�R�a�j�3�0 �C�N �U���a�j �$�w�- �j�@�3 �K���t �" �K���j�3�a�C���I�c �0�3�c�C�<�N ���j �j�@�3
�3�t���c�,���I�3 �" �2�n�a�R�U�3���N �+�3�N�j�a�3 �R�8 �2�u�,�3�I�I�3�N�,�3�. �,�R�A�8�n�N�0�3�0 �$�w �j�@�3 �2�n�a�R�?�T�+ �D�m ���N�0 �K�C�N�C�c�j�3�a�R �0�3�I�I�3
�B�L�U�a�3�c�3 �3 �0�3�I �K���0�3 �C�N �B�j���I�w �V�<�a���N�j ���<�a�3�3�L�3�N�j �M�R�Y �S�z�S�z�O�k�k�e�:�W�d �B�+�b�+ �" �+�3�N�j�a�R �M���y�C�R�N���I�3 �0�C
�`�C�,�3�a�,�� �C�N �?�C�<�@ �T�3�a�8�R�a�L���N�,�3 �+�R�L�U�n�j�C�N�<�. �#�C�< �/���j�� ���N�0 �[�n���N�j�n�L �+�R�L�U�n�j�C�N�< �" �8�n�N�0�3�0 �$�w �j�@�3
�2�n�a�R�U�3���N �m�N�C�R�N �j�@�a�R�n�<�@ �j�@�3 �B�j���I�C���N �K�C�N�C�c�j�a�w �R�8 �m�N�C�q�3�a�c�C�j�w ���N�0 �`�3�c�3���a�,�@ �n�N�0�3�a �T�M�`�` �K�:�+�l�B�S�Y�:
�V�<�a���N�j �+�M�z�z�z�z�z�z�S�k�W�Y



�K���j�3�a�C���I�c �b�,�C�3�N�,�3 �8�a�R�L �7�C�a�c�j �T�a�C�N�,�C�U�I�3�c �l�4

�r�R�a�G�c�@�R�U �T�a�3�c�3�N�j���j�C�R�N ���$�c�j�a���,�j�c

�H���a�<�3�A�c�,���I�3 �/�7�i �,���I�,�n�I���j�C�R�N�c �R�N �N���N�R�A�c�,���I�3 �L�3�j���I�I�C�, �L���j�3�a�C���I�c

�b�U�3���G�3�a�-���w���G�R �M���G���j��
���|�I�C���j�C�R�N�-�M�B�K�b�. �i�c�n�G�n�$���. �D���U���N

���$�c�j�a���,�j�-�i�R ���U�U�a�R�U�a�C���j�3�I�w �0�3�c�,�a�C�$�3 �,�R�L�U�I�3�u �N���N�R�c�,���I�3 �c�j�a�n�,�j�n�a�3�c�. �c�n�,�@ ���c �C�N�j�3�a�8���,�3�c�. �0�3�8�3�,�j
�,�R�L�U�I�3�u�3�c�. ���N�0 �0�C�c�R�a�0�3�a�3�0 �c�w�c�j�3�L�c�. �c�j�a�n�,�j�n�a���I �L�R�0�3�I�c �,�R�L�U�a�C�c�C�N�< �c�3�q�3�a���I �j�@�R�n�c���N�0 ���j�R�L�c �R�a
�L�R�a�3 ���a�3 �R�8�j�3�N �a�3�\�n�C�a�3�0�Y �i�R �j�a�3���j �j�@�3�c�3 �I���a�<�3 �c�w�c�j�3�L�c �$�w �~�a�c�j�A�U�a�C�N�,�C�U�I�3�c �L�3�j�@�R�0�. �s�3 �@���q�3 �0�3�A
�q�3�I�R�U�3�0 �� �I���a�<�3�A�c�,���I�3 �/�7�i �,�R�0�3 �+�Q�M�[�m�2�b�i �)�S�*�Y �+�Q�M�[�m�2�b�i �@���N�0�I�3�c �I���a�<�3 �c�w�c�j�3�L�c �$�w �n�c�C�N�<
�I�R�,���I �R�a�$�C�j���I �c�n�U�U�R�a�j �8�n�N�,�j�C�R�N�c �j�R �3�u�U�a�3�c�c �0�3�N�c�C�j�w �L���j�a�C�,�3�c�. ���N�0 �j�@�3 �,�R�L�U�n�j���j�C�R�N���I �,�R�c�j �c�,���I�3�c
�,�n�$�C�,���I�I�w �j�R �j�@�3 �N�n�L�$�3�a �R�8 �j�@�3 �c�n�U�U�R�a�j �8�n�N�,�j�C�R�N�c�Y �i�@�3�a�3�8�R�a�3�. �j�R �a�3�0�n�,�3 �j�@�3 �N�n�L�$�3�a �R�8 �c�n�U�A
�U�R�a�j �8�n�N�,�j�C�R�N�c �s�C�j�@�R�n�j �I�R�c�C�N�< ���,�,�n�a���,�w�. �s�3 �@���q�3 �C�N�j�a�R�0�n�,�3�0 �L�n�I�j�C�A�c�C�j�3 �c�n�U�U�R�a�j �8�n�N�,�j�C�R�N�c �V�K�b�b�7�W�Y
�K�b�b�7�c ���a�3 �j�@�3 �I�C�N�3���a �,�R�L�$�C�N���j�C�R�N�c �R�8 �U�c�3�n�0�R�A���j�R�L�C�, �R�a�$�C�j���I�c �8�a�R�L �� �j���a�<�3�j ���j�R�L ���N�0 �C�j�c �N�3�C�<�@�A
�$�R�a ���j�R�L�c �C�N �� �,�n�j�R�{ �a�3�<�C�R�N�Y �K�b�b�7�c �,�R�a�a�3�c�U�R�N�0 �j�R �I�R�,���I �L�R�I�3�,�n�I���a �R�a�$�C�j���I�c �c�R �j�@���j �j�@�3 �N�n�L�$�3�a
�R�8 �a�3�\�n�C�a�3�0 �c�n�U�U�R�a�j �8�n�N�,�j�C�R�N�c �,���N �$�3 �j�@�3 �L�C�N�C�L���I�Y �B�N �j�@�C�c �c�j�n�0�w�. �n�c�C�N�< �K�b�b�7�c�. �s�3 �C�N�q�3�c�j�C�<���j�3 �j�@�3
�c�C�y�3 ���N�0 �c�C�j�3 �0�3�U�3�N�0�3�N�,�3�c �R�8 ���j�R�L�C�, ���N�0 �3�I�3�,�j�a�R�N�C�, �c�j�a�n�,�j�n�a�3�c �C�N �L�3�j���I�I�C�, �N���N�R�U���a�j�C�,�I�3�c �V�M�T�c�W�Y
�r�3 �R�U�j�C�L�C�y�3�0 �j�@�3 �c�j�a�n�,�j�n�a�3�c �R�8 �j�@�3 �M�T�c �s�C�j�@ �0�C���L�3�j�3�a�c �a���N�<�C�N�< �8�a�R�L �z�Y�9 �N�L �j�R �9�Y�9 �N�L�Y �B�j �s���c
�8�R�n�N�0 �j�@���j �j�@�3 �3�I�3�,�j�a�R�N�C�, �c�j�a�n�,�j�n�a�3 �$�3�,�R�L�3�c �L�3�j���I�I�C�, �s�@�3�N �U���a�j�C�,�I�3 �c�C�y�3�c �$�3�,�R�L�3 �I���a�<�3�a �j�@���N
���$�R�n�j �l �N�L�Y �+�I�3���a �c�C�j�3 �0�3�U�3�N�0�3�N�,�3 �C�N �3�I�3�,�j�a�R�N�C�, �c�j�a�n�,�j�n�a�3 �s���c �8�R�n�N�0 �C�N �I���a�<�3 �M�T�c�. �U���a�j�C�,�n�I���a�I�w
�8�R�a ���j�R�L�c �I�R�,���j�3�0 ���j �j�@�3 �q�3�a�j�3�u ���N�0 �C�N �j�@�3 �V�S�S�S�W �8���,�3�Y �i�R ���N���I�w�y�3 �c�n�$�c�j���N�j�C���I �0���j�� �,���I�,�n�I���j�3�0 �8�R�a
�I���a�<�3 �c�w�c�j�3�L�c �3�|�,�C�3�N�j�I�w�. �s�3 �U�a�R�U�R�c�3 �� �L�3�j�@�R�0 �8�R�a �\�n���N�j�C�j���j�C�q�3�I�w ���N�0 �c�w�c�j�3�L���j�C�,���I�I�w �,�R�L�U���a�C�N�<
�0�C�{�3�a�3�N�,�3�c �C�N �I�R�,���I �3�I�3�,�j�a�R�N�C�, �c�j�a�n�,�j�n�a�3�c �C�N �I���a�<�3 �c�w�c�j�3�L�c �$�w �c�j���j�C�c�j�C�,���I ���N���I�w�c�C�c �)�l�*�Y

�`�3�8�3�a�3�N�,�3�c�-
�)�S�* ���Y �M���G���j���. �D�Y �b�Y �#���G�3�a�. �b�Y �v�Y �K�n�E���@�3�0�. �3�j ���I�Y�. �D�Y �+�@�3�L�Y �T�@�w�c�Y �S�9�l�. �S�f�:�S�S�l �V�l�z�l�z�W�Y�)�z�U�j�* �)�l�*
�b�Y �H�C�. �i�Y �K�C�w���y���G�C�. ���Y �M���G���j���. �T�@�w�c�Y �+�@�3�L�Y �+�@�3�L�Y �T�@�w�c�Y�. �l�f�. �l�z�l�9�S �V�l�z�l�:�W�Y



�K���j�3�a�C���I�c �b�,�C�3�N�,�3 �8�a�R�L �7�C�a�c�j �T�a�C�N�,�C�U�I�3�c �l�O

�2�u�,�C�j���j�C�R�N�c �C�N �H���a�<�3 �b�w�c�j�3�L�c �n�c�C�N�< �i�a���N�c�C�j�C�R�N�A�#���c�3�0 �+�R�N�c�j�a���C�N�3�0 �/�3�N�c�C�j�w �7�n�N�,�A
�j�C�R�N���I �i�@�3�R�a�w

�b�U�3���G�3�a�-�H���n�a�� �`���j�,�I�C�{
���|�I�C���j�C�R�N�-�m�N�C�q�3�a�c�C�j�w �R�8 �#�a�C�c�j�R�I�. �m�F

���$�c�j�a���,�j�-�i�@�3 ���$�C�I�C�j�w �j�R ���,�,�n�a���j�3�I�w �U�a�3�0�C�,�j �3�u�,�C�j�3�0 �c�j���j�3 �3�N�3�a�<�C�3�c �C�c �,�a�n�,�C���I �8�R�a �C�N�q�3�c�j�C�<���j�C�N�<
�L�R�I�3�,�n�I�3�c ���N�0 �L���j�3�a�C���I�c�. �$�R�j�@ �8�a�R�L �� �8�n�N�0���L�3�N�j���I ���N�0 ���U�U�I�C�3�0 �U�3�a�c�U�3�,�j�C�q�3�Y �7�R�a �3�u���L�U�I�3�. �j�@�3�a�A
�L���I�I�w ���,�j�C�q���j�3�0 �0�3�I���w�3�0 �•�n�R�a�3�c�,�3�N�,�3 �V�i���/�7�W �@���c �a�3�,�3�N�j�I�w �U�a�R�q�3�N �j�R �$�3 �� �U�a�R�L�C�c�C�N�< �L�3�,�@���N�C�c�L�.
�s�@�C�,�@ �,���N �$�3 �3�u�U�I�R�C�j�3�0 �8�R�a �3�|�,�C�3�N�j ���N�0 �3�N�q�C�a�R�N�L�3�N�j���I�I�w �8�a�C�3�N�0�I�w �R�a�<���N�C�, �H�2�/�c�Y �Q�N�3 �R�8 �j�@�3 �G�3�w
�U���a���L�3�j�3�a�c �a�3�\�n�C�a�3�0 �8�R�a �i���/�7 �C�c �� �c�L���I�I �c�C�N�<�I�3�j�A�j�a�C�U�I�3�j �c�U�I�C�j�j�C�N�<�. �L���G�C�N�< �C�j ���N �C�L�U�R�a�j���N�j �U�a�R�U�3�a�j�w
�8�R�a �C�N�q�3�c�j�C�<���j�C�N�< ���N�0 �0�3�c�C�<�N�C�N�< �N�3�s �3�L�C�j�j�3�a�c�Y �?�R�s�3�q�3�a�. �j�@�C�c �C�c �,�R�L�U�I�C�,���j�3�0 �$�w �j�@�3 �8���,�j �j�@���j �c�n�,�@
�3�u�,�C�j���j�C�R�N�c �L���w �$�3 �� �,�R�L�$�C�N���j�C�R�N �R�8 �$�R�j�@ �I�R�,���I ���N�0 �,�@���a�<�3 �j�a���N�c�8�3�a �,�@���a���,�j�3�a�. �s�@�C�I�3 ���I�c�R �$�3�C�N�<
�C�N�•�n�3�N�,�3�0 �$�w �$�R�j�@ �C�N�j�3�a�N���I �0�C�c�R�a�0�3�a ���N�0 �j�@�3 �c�n�a�a�R�n�N�0�C�N�< �3�N�q�C�a�R�N�L�3�N�j�. �U�R�c�C�N�< �� �c�C�<�N�C�~�,���N�j �,�@���I�A
�I�3�N�<�3 �8�R�a �3�u�C�c�j�C�N�< �3�u�,�C�j�3�0 �c�j���j�3 �L�3�j�@�R�0�c�Y �i�@�C�c �@���c �L�R�j�C�q���j�3�0 �j�@�3 �0�3�q�3�I�R�U�L�3�N�j �R�8 �� �N�3�s �L�3�j�@�R�0�.
�N���L�3�0 �j�a���N�c�C�j�C�R�N�A�$���c�3�0 �,�R�N�c�j�a���C�N�3�0 �/�7�i �V�i�A�+�/�7�i�W�. �s�@�3�a�3�C�N �� �,�R�N�c�j�a���C�N�j �C�c �C�L�U�R�c�3�0 �$�3�j�s�3�3�N
�R�a�$�C�j���I�c�. �a���j�@�3�a �j�@���N �� �a�3�<�C�R�N �R�8 �c�U���,�3�Y �i�@�C�c ���I�I�R�s�c �j�@�3 �j�a�3���j�L�3�N�j �R�8 �$�R�j�@ �I�R�,���I �3�u�,�C�j���j�C�R�N�c ���N�0
�,�@���a�<�3 �j�a���N�c�8�3�a �c�j���j�3�c ���j �� �,�R�L�U�n�j���j�C�R�N���I �,�R�c�j �c�C�L�C�I���a �j�R �<�a�R�n�N�0 �c�j���j�3 �,���I�,�n�I���j�C�R�N�c�Y �i�A�+�/�7�i
�@���c �$�3�3�N �C�L�U�I�3�L�3�N�j�3�0 �C�N �j�@�3 �I�C�N�3���a�A�c�,���I�C�N�< �#�C�<�/�7�i �,�R�0�3�. �j�@�3�a�3�$�w �U�a�R�q�C�0�C�N�< �� �8�a���L�3�s�R�a�G �8�R�a �C�N�A
�,�I�n�0�C�N�< �3�u�U�I�C�,�C�j �3�N�q�C�a�R�N�L�3�N�j���I ���N�0 �c�j���j�C�c�j�C�,���I �3�{�3�,�j�c �R�N �3�u�,�C�j�3�0 �c�j���j�3 �,���I�,�n�I���j�C�R�N�c �R�8 �0�C�c�R�a�0�3�a�3�0
�c�n�U�a���L�R�I�3�,�n�I���a �L���j�3�a�C���I�c�. �C�N�,�I�n�0�C�N�< �j�@�R�c�3 �n�c�3�0 �C�N �i���/�7�A�$���c�3�0 �Q�H�2�/�c�Y



�K���j�3�a�C���I�c �b�,�C�3�N�,�3 �8�a�R�L �7�C�a�c�j �T�a�C�N�,�C�U�I�3�c �k�z

�2�I�3�,�j�a�R�N�A�U�@�R�N�R�N �,�R�n�U�I�C�N�< ���j �C�N�j�3�a�8���,�3�c ���N�0 �<�a���C�N �$�R�n�N�0���a�C�3�c �8�a�R�L �~�a�c�j �U�a�C�N�,�C�A
�U�I�3�c �,���I�,�n�I���j�C�R�N�c

�b�U�3���G�3�a�-�K�C�<�n�3�I �T�a�n�N�3�0��
���|�I�C���j�C�R�N�-�+�B�M�M�A�+�b�B�+�. �Q�q�C�3�0�R�. �b�U���C�N

���$�c�j�a���,�j�-�2�I�3�,�j�a�R�N�A�U�@�R�N�R�N �,�R�n�U�I�C�N�< �U�I���w�c �� �,�a�n�,�C���I �a�R�I�3 �C�N �0�3�j�3�a�L�C�N�C�N�< �3�I�3�,�j�a�R�N�C�, �U�a�R�U�3�a�j�C�3�c
���j �L���j�3�a�C���I �C�N�j�3�a�8���,�3�c�. �w�3�j �,�R�L�U�n�j���j�C�R�N���I �c�j�n�0�C�3�c �R�8 �j�@�3�c�3 �C�N�j�3�a���,�j�C�R�N�c �C�N �a�3���I�C�c�j�C�, �@�3�j�3�a�R�c�j�a�n�,�A
�j�n�a�3�c �a�3�L���C�N�c �,�@���I�I�3�N�<�C�N�<�Y �+�R�N�q�3�N�j�C�R�N���I �L�3�j�@�R�0�c �$���c�3�0 �R�N �/�3�N�c�C�j�w �7�n�N�,�j�C�R�N���I �T�3�a�j�n�a�$���j�C�R�N
�i�@�3�R�a�w �,�R�L�$�C�N�3�0 �s�C�j�@ �r���N�N�C�3�a �C�N�j�3�a�U�R�I���j�C�R�N �c�,�@�3�L�3�c �$�3�,�R�L�3 �,�R�L�U�n�j���j�C�R�N���I�I�w �U�a�R�@�C�$�C�j�C�q�3 �8�R�a
�I���a�<�3 �c�w�c�j�3�L�c �,�R�N�j���C�N�C�N�< �@�n�N�0�a�3�0�c �R�8 ���j�R�L�c�. �c�3�q�3�a�3�I�w �I�C�L�C�j�C�N�< �C�N�q�3�c�j�C�<���j�C�R�N�c �R�8 �C�N�j�3�a�8���,�C���I �U�@�3�A
�N�R�L�3�N�� �s�@�3�a�3 �\�n���N�j�n�L �,�R�N�~�N�3�L�3�N�j ���N�0 �c�w�L�L�3�j�a�w �$�a�3���G�C�N�< �0�a�C�q�3 �N�R�q�3�I �3�I�3�,�j�a�R�N�C�, �U�@���c�3�c�.
�c�n�,�@ �C�N �R�u�C�0�3 �@�3�j�3�a�R�c�j�a�n�,�j�n�a�3�c �j�@���j �c�n�c�j���C�N �l�/�2�; �s�C�j�@ �c�n�U�3�a�,�R�N�0�n�,�j�C�N�< �U�a�R�U�3�a�j�C�3�c�. �R�a ���j �<�a���C�N
�$�R�n�N�0���a�C�3�c �R�8 �c�3�L�C�,�R�N�0�n�,�j�R�a�c�. �s�@�C�,�@ �L�C�<�@�j �@�R�I�0 �I�R�,���I�C�y�3�0 �0�3�8�3�,�j �c�j���j�3�c �j�@���j ���{�3�,�j �j�@�3�a�L���I�.
�3�I�3�,�j�a�R�N�C�,�. ���N�0 �R�U�j�R�3�I�3�,�j�a�R�N�C�, �U�a�R�U�3�a�j�C�3�c�Y �r�3 �0�3�q�3�I�R�U�3�0 �� �,�R�L�U�n�j���j�C�R�N���I ���U�U�a�R���,�@ �$���c�3�0 �R�N
�~�N�C�j�3 �0�C�{�3�a�3�N�,�3�c ���N�0 �I�R�,���I�C�y�3�0 �$���c�C�c �R�a�$�C�j���I�c �j�R �,���I�,�n�I���j�3 �3�I�3�,�j�a�R�N�A�U�@�R�N�R�N �,�R�n�U�I�C�N�< �C�N �j�@�3�c�3
�,�R�L�U�I�3�u �c�w�c�j�3�L�c�Y �i�@�C�c �L�3�j�@�R�0�R�I�R�<�w �R�U�3�a���j�3�c ���j �,�R�L�U�n�j���j�C�R�N���I �,�R�c�j�c �,�R�L�U���a���$�I�3 �j�R �c�j���N�0���a�0
�U�@�R�N�R�N �0�C�c�U�3�a�c�C�R�N �,���I�,�n�I���j�C�R�N�c �s�C�j�@ �~�N�C�j�3 �0�C�{�3�a�3�N�,�3�c�. �L���C�N�j���C�N�C�N�< �8�n�I�I �,�R�L�U���j�C�$�C�I�C�j�w �s�C�j�@ �I�R�,���I�A
�C�y�3�0 �$���c�C�c �c�3�j �8�a���L�3�s�R�a�G�c�Y �i�@�3 �j�3�,�@�N�C�\�n�3 �3�N���$�I�3�c �c�w�c�j�3�L���j�C�, �c�j�n�0�C�3�c �R�8 �3�I�3�,�j�a�R�N�A�U�@�R�N�R�N �C�N�A
�j�3�a���,�j�C�R�N�c ���,�a�R�c�c �0�C�q�3�a�c�3 �L���j�3�a�C���I �C�N�j�3�a�8���,�3�c ���j �j�@�3 �N���N�R�c�,���I�3�. �C�N�,�I�n�0�C�N�< �R�u�C�0�3 �c�n�U�3�a�I���j�j�C�,�3�c�.
�<�a���C�N �$�R�n�N�0���a�C�3�c�. ���N�0 �R�j�@�3�a �I�R�s�A�0�C�L�3�N�c�C�R�N���I �0�3�8�3�,�j�c �C�N �c�R�I�C�0�c�Y �B �s�C�I�I �C�I�I�n�c�j�a���j�3 �j�@�3 �c�j�a�3�N�<�j�@ �R�8 �j�@�3
�L�3�j�@�R�0 �$�w �0�C�c�,�n�c�c�C�N�< �j�s�R �3�u���L�U�I�3�c �s�@�3�a�3 �s�3 �C�0�3�N�j�C�~�3�0 �C�N�j�3�a�8���,�C���I �U�@�R�N�R�N �L�R�0�3�c �j�@���j �,�R�n�U�I�3
�j�R �,�R�N�~�N�3�0 �3�I�3�,�j�a�R�N�C�, �c�j���j�3�c�- �<�a���C�N �$�R�n�N�0���a�C�3�c �C�N �,�a�w�c�j���I�I�C�N�3 �c�C�I�C�,�R�N�. ���N�0 �H�����I�Q�k�g�b�a�i�C�Q�k �C�N�j�3�a�A
�8���,�3�c�Y �i�@�C�c �,�R�L�U�n�j���j�C�R�N���I �$�a�3���G�j�@�a�R�n�<�@ �R�U�3�N�c �N�3�s ���q�3�N�n�3�c �8�R�a �n�N�0�3�a�c�j���N�0�C�N�< �j�@�3 �L�C�,�a�R�c�,�R�U�C�,
�L�3�,�@���N�C�c�L�c �n�N�0�3�a�I�w�C�N�< �3�L�3�a�<�3�N�j �U�@�3�N�R�L�3�N�� �C�N �@�3�j�3�a�R�c�j�a�n�,�j�n�a�3�c�. �U�a�R�q�C�0�C�N�< �� �U�R�s�3�a�8�n�I �j�R�R�I �8�R�a
�0�3�c�C�<�N�C�N�< �L���j�3�a�C���I�c �s�C�j�@ �j���C�I�R�a�3�0 �3�I�3�,�j�a�R�N�C�, �U�a�R�U�3�a�j�C�3�c �j�@�a�R�n�<�@ �,�R�N�j�a�R�I�I�3�0 �C�N�j�3�a�8���,�C���I �3�N�<�C�N�3�3�a�C�N�<�Y



�K���j�3�a�C���I�c �b�,�C�3�N�,�3 �8�a�R�L �7�C�a�c�j �T�a�C�N�,�C�U�I�3�c �k�S

�B�L�U���,�j �R�8 �K�u�T �R�N �/�3�N�c�3 �2�C�<�3�N�q���I�n�3 �+�R�L�U�n�j���j�C�R�N

�b�U�3���G�3�a�-�i�R�c�@�C�w�n�G�C �B�L���L�n�a��
���|�I�C���j�C�R�N�-�`�B�F�2�M�A�+�+�b�. �F�R�$�3�. �D���U���N

���$�c�j�a���,�j�-�K�C�u�3�0 �U�a�3�,�C�c�C�R�N �V�K�u�T�W �@���c �3�q�R�I�q�3�0 �8�a�R�L �a�3�c�C�0�n���I �,�R�a�a�3�,�j�C�R�N �C�j�3�a���j�C�R�N�c�. �c�n�,�@ ���c �j�@�3
�Q�y���G�C �c�,�@�3�L�3�A�S �8�R�a �2�a�a�R�a�A�7�a�3�3 �i�a���N�c�8�R�a�L �V�2�7�i�W �$���c�3�0 �,�R�L�U�3�N�c���j�3�0 �0�3�,�R�L�U�R�c�C�j�C�R�N�. �j�R �Q�y���G�C
�c�,�@�3�L�3�A�l�. �s�@�C�,�@ �3�L�U�I�R�w�c �+�@�C�N�3�c�3 �`�3�L���C�N�0�3�a �i�@�3�R�a�w �V�+�`�i�W�Y �i�@�C�c �0�C�c�,�n�c�c�C�R�N �3�u���L�C�N�3�c �j�@�3
�,�n�a�a�3�N�j �c�j���j�n�c �R�8 �j�@�3 �Q�y���G�C �c�,�@�3�L�3�c ���N�0 �,�n�a�a�3�N�j ���U�U�I�C�,���j�C�R�N�c�. �8�R�,�n�c�C�N�< �R�N �$�R�j�@ �@���a�0�s���a�3 ���N�0
�c�R�8�j�s���a�3 �,�R�L�U�R�N�3�N�j�c�Y �i�@�3�c�3 �C�N�,�I�n�0�3 �c�C�L�U�I�3 �c�n�$�c�j�C�j�n�j�C�R�N �R�8 �;�2�K�K �a�R�n�j�C�N�3�c �C�N �3�C�<�3�N�q���I�n�3
�c�R�I�q�3�a�c�. �U���a�j�C���I �L�C�u�3�0�A�U�a�3�,�C�c�C�R�N �R�U�3�a���j�C�R�N�c �s�C�j�@�C�N �j�a���0�C�j�C�R�N���I �3�C�<�3�N�q���I�n�3 ���I�<�R�a�C�j�@�L�c�. ���N�0 �j�@�3
�U�R�j�3�N�j�C���I ���0�q���N�j���<�3�c �R�8 �C�N�j�3�<�a���j�C�N�< �L�R�a�3 ���0�q���N�,�3�0 �I�R�s�A�U�a�3�,�C�c�C�R�N �R�U�3�a���j�C�R�N�c �s�C�j�@ ���a�3�8�c�w�3�q�0�.��
�Q�<�C�j���A���C�c�@�C�L�����c �C�j�3�a���j�C�q�3 �a�3�~�N�3�L�3�N�j �L�3�j�@�R�0 �8�R�a �3�C�<�3�N�q���I�n�3�c�Y



�K���j�3�a�C���I�c �b�,�C�3�N�,�3 �8�a�R�L �7�C�a�c�j �T�a�C�N�,�C�U�I�3�c �k�l

�2�u�U���N�0�C�N�< �+�@���b�2 �8�n�N�,�j�C�R�N���I�C�j�C�3�c �j�R �c�R�I�q�3 �8�R�a �j�@�3 �#�3�j�@�3�a�A�b���I�U�3�j�3�a �3�\�n���j�C�R�N �8�R�a
�U�c�3�n�0�R�A�?�3�a�L�C�j�C���N �?���L�C�I�j�R�N�C���N�c

�b�U�3���G�3�a�-�+�I���L�3�N�j �`�C�,�@�3�8�R�a�j
���|�I�C���j�C�R�N�-�D�n�I�C�,�@ �b�n�U�3�a�,�R�L�U�n�j�C�N�< �+�3�N�j�a�3 �. �;�3�a�L���N�w

���$�c�j�a���,�j�-�b�j�n�0�w�C�N�< �j�@�3 �3�I�3�,�j�a�R�N�C�, �c�j�a�n�,�j�n�a�3 �R�8 �L���j�3�a�C���I�c �a�3�\�n�C�a�3�c �c�R�I�q�C�N�< �j�@�3 �#�3�j�@�3�A�b���I�U�3�j�3�a
�2�\�n���j�C�R�N �j�@�a�R�n�<�@ �j�@�3 �,�R�L�U�n�j���j�C�R�N �R�8 ���I�I �R�a �c�3�q�3�a���I �3�C�<�3�N�U���C�a�c�Y �B�j�3�a���j�C�q�3 �3�C�<�3�N�c�R�I�q�3�a�c ���a�3 �R�8�A
�j�3�N �U�a�3�8�3�a�a�3�0 �8�R�a �j�@�C�c �j���c�G �c�C�N�,�3 �j�@�3�w �c�,���I�3 �$�3�j�j�3�a �R�N �L���c�c�C�q�3�I�w �U���a���I�I�3�I �U�I���j�8�R�a�L�c ���N�0 �j�3�N�0 �j�R
�I�3�q�3�a���<�3 �j�@�3 �,�R�L�U�n�j���j�C�R�N���I �U�R�s�3�a �R�8 �L�R�0�3�a�N �3�u���c�,���I�3 �c�w�c�j�3�L�c�Y �B�N �U���a�j�C�,�n�I���a�. �j�@�3 �+�@���b�2 �3�C�<�3�N�A
�c�R�I�q�3�a �U�3�a�L�C�j�c �j�R �,�R�L�U�n�j�3 �c�3�q�3�a���I �j�@�R�n�c���N�0�c �R�8 �j�@�3 �L�R�c�j �3�u�j�a�3�L�3 �3�C�<�3�N�U���C�a�c �R�8 �?�3�a�L�C�j�C���N �L���A
�j�a�C�,�3�c �s�C�j�@ �<�R�R�0 �c�,���I���$�C�I�C�j�w�Y �i�@�C�c �s�R�a�G �U�a�3�c�3�N�j�c ���N �n�U�<�a���0�3 �R�8 �+�@���b�2 �8�R�a �j�@�3 �U�c�3�n�0�R�A�@�3�a�L�C�j�C���N
�?���L�C�I�j�R�N�C���N�c �R�8 �L���j�3�a�C���I�c �c�,�C�3�N�,�3�. ���N�0 ���,�@�C�3�q�3�c �c�C�L�C�I���a �,�R�N�q�3�a�<�3�N�,�3 ���N�0 �U�3�a�8�R�a�L���N�,�3 �j�R �j�@�3
�?�3�a�L�C�j�C���N �,���c�3�Y �#�w �3�u�U�I�R�C�j�C�N�< �c�j�a�n�,�j�n�a���I ���N�0 �c�U�3�,�j�a���I �U�a�R�U�3�a�j�C�3�c �R�8 �j�@�3 �L���j�a�C�u�. �s�3 �n�U�<�a���0�3 �3���,�@
�C�N�<�a�3�0�C�3�N�j �R�8 �+�@���b�2 �C�N�0�3�U�3�N�0�3�N�j�I�w�Y �B�N �U���a�j�C�,�n�I���a�. �s�3 �U�a�3�c�3�N�j ���N �R�$�I�C�\�n�3 �q���a�C���N�j �R�8 �`���w�I�3�C�<�@�A
�`�C�j�y �s�C�j�@�R�n�j �3�u�U�I�C�,�C�j �,�R�N�c�j�a�n�,�j�C�R�N �R�8 �j�@�3 �0�n���I �$���c�C�c�. ���N�0 �� �U���a���I�I�3�I �C�L�U�I�3�L�3�N�j���j�C�R�N �R�8 �j�@�3 �L���j�a�C�u�A
�U�a�R�0�n�,�j �R�U�3�a���j�C�R�N �s�C�j�@ �I�C�L�C�j�3�0 ���L�R�n�N�j �R�8 �<�I�R�$���I �,�R�L�L�n�N�C�,���j�C�R�N�c�Y



�K���j�3�a�C���I�c �b�,�C�3�N�,�3 �8�a�R�L �7�C�a�c�j �T�a�C�N�,�C�U�I�3�c �k�k

�i�C�j�I�3 �i�#��

�b�U�3���G�3�a�-�H���n�a�� �;�a�C�<�R�a�C
���|�I�C���j�C�R�N�-�2�T�7�H�. �H���n�c���N�N�3�. �b�s�C�j�y�3�a�I���N�0

���$�c�j�a���,�j�-�i�#��



�K���j�3�a�C���I�c �b�,�C�3�N�,�3 �8�a�R�L �7�C�a�c�j �T�a�C�N�,�C�U�I�3�c �k�:

�?�C�<�@�A�j�@�a�R�n�<�@�U�n�j �[�n���c�C�U���a�j�C�,�I�3 �c�3�I�8�A�,�R�N�c�C�c�j�3�N�j �;�r

�b�U�3���G�3�a�-�i���G���R �F�R�j���N�C1;2

���|�I�C���j�C�R�N�-�S�Y ���0�q���N�,�3�0 �K�3�,�@���N�C�,���I ���N�0 �2�I�3�,�j�a�R�N�C�, �b�w�c�j�3�L �`�3�c�3���a�,�@ �+�3�N�j�3�a�. �/�3�U���a�j�L�3�N�j �R�8
�2�N�<�C�N�3�3�a�C�N�<�. �i�R�j�j�R�a�C �m�N�C�q�3�a�c�C�j�w�. �i�R�j�j�R�a�C �f�4�z�A�4�9�9�S�.�D���U���N
�l�Y �+�3�N�j�3�a �8�R�a �b�U�C�N�j�a�R�N�C�,�c �`�3�c�3���a�,�@ �M�3�j�s�R�a�G �V�+�b�`�M�W�. �Q�c���G�� �m�N�C�q�3�a�c�C�j�w�. �i�R�w�R�N���G���. �Q�c���G�� �9�f�z�A
�z�4�k�S�. �D���U���N

���$�c�j�a���,�j�-�[�n���c�C�U���a�j�C�,�I�3 �c�3�I�8�A�,�R�N�c�C�c�j�3�N�j �;�r �V�[�b�;�r�W �)�S�* �C�c �R�N�3 �R�8 �j�@�3 �$�3�c�j �j�R �R�$�j���C�N �j�@�3 �R�N�3�A
�$�R�0�w �?���L�C�I�j�R�N�C���N �8�R�a �j�@�3 �C�N�0�3�U�3�N�0�3�N�j�A�U���a�j�C�,�I�3 �U�C�,�j�n�a�3�Y �[�b�;�r �a�3�\�n�C�a�3�c �j�@�3 �c�3�I�8 �,�R�N�c�C�c�j�3�N�,�w �N�R�j
�R�N�I�w �8�R�a �j�@�3 �3�I�3�,�j�a�R�N �0�3�N�c�C�j�C�3�c �$�n�j ���I�c�R �8�R�a �j�@�3 �c�,�a�3�3�N�3�0 �+�R�n�I�R�L�$ �C�N�j�3�a���,�j�C�R�N�c�Y ���8�j�3�a �<�C�q�C�N�< �j�@�3
�$���c�C�,�c �R�8 �[�b�;�r�. �B �s�C�I�I �c�@�R�s �j�s�R �G�C�N�0�c �R�8 �,���I�,�n�I���j�C�R�N�c �$���c�3�0 �R�N �[�b�;�r�Y �Q�N�3 �C�c �j�@�3 �c�U�C�N �•�n�,�j�n���A
�j�C�R�N�c�Y
�r�3 �@���q�3 �c�n�,�,�3�3�0�3�0 �j�R �R�$�j���C�N �n�I�j�a�� �@�C�<�@�A�a�3�c�R�I�n�j�C�R�N �L���U
�R�8 �c�U�C�N �•�n�,�j�n���j�C�R�N�c�Y �r�3 �,���N �C�N�j�3�a�U�a�3�j �C�j �C�N �j�@�3 �<�3�N�A
�3�a���I�C�y�3�0 �?�3�C�c�3�N�$�3�a�< �L�R�0�3�I �s�C�j�@ �j�C�L�3�A�0�3�U�3�N�0�3�N �D�V�j�A�j���W
�)�l�*�Y �i�@�3 �R�j�@�3�a �C�c �j�@�3 �L�n�I�j�C�U�I�3�j �3�u�,�C�j���j�C�R�N�c�)�k�*�. �3�Y�<�Y�.
�+�a�g���I�l�Q�k�. �s�3 �R�$�j���C�N �L�R�0�3�I �?���L�C�I�j�R�N�C���N �$���c�3�0 �R�N �j�@�3
�L���j�,�@�C�N�< �U�a�C�N�,�C�U�I�3 �s�C�j�@ �j�@�3 �[�b�;�r �a�3�c�n�I�j�c ���c �� �a�3�8�A
�3�a�3�N�,�3�Y �i�@�C�c �a�3�c�n�I�j�c �<�R�R�0 ���<�a�3�3�L�3�N�j�c �s�C�j�@ �3�u�U�3�a�C�A
�L�3�N�j�c�Y �?�C�<�@ �?�C�<�@�A�j�@�a�R�n�<�@�U�n�j �,�R�N�j���C�N�c �j�s�R ���c�U�3�,�j�c�.
�a�R�$�n�c�j�N�3�c�c ���N�0 �,�R�L�U�n�j���j�C�R�N���I �c�U�3�3�0�Y �7�R�a �j�@�3 �a�R�A
�$�n�c�j�N�3�c�c�. �s�3 �,�R�N�~�a�L�3�0 �j�@���j �s�3 �@���q�3 �c�n�,�,�3�3�0�3�0 �j�R
�U�3�a�8�R�a�L ���n�j�R�L���j�3�0 �,���I�,�n�I���j�C�R�N �8�R�a �S�9�z�z �L���j�3�a�C���I�c
�j���G�3�N �8�a�R�L �j�@�3 �K���j�3�a�C���I �T�a�R�E�3�,�j �0���j���$���c�3 �)�k�*�Y �7�R�a
�j�@�3 �c�U�3�3�0�. �s�3 �@���q�3 �0�R�N�3 �;�T�m �C�L�U�I�3�L�3�N�j���j�C�R�N �R�8
�[�b�;�r�Y �i�@�C�c ���I�I�R�s�c �n�c �j�R �@���N�0�I�3� �:�z ���j�R�L�c �U�3�a
�,�3�I�I �3���c�C�I�w�Y �r�C�j�@ �R�N�3 �N�R�0�3 �V�S�l�4 �,�R�a�3�W �s�C�j�@ �8�R�n�a
���S�z�z �;�T�m�. �s�3 �R�$�c�3�a�q�3�0 �k�4 �j�C�L�3�c �8���c�j�3�a �,�R�L�U�n�j���A
�j�C�R�N �C�N �R�n�a �L�C�u�3�0 �U�a�3�,�C�c�C�R�N �C�L�U�I�3�L�3�N�j���j�C�R�N �j�@���N �j�@���j
�s�C�j�@ �8�R�n�a �N�R�0�3�c�Y �r�3 �@���q�3 �R�$�j���C�N�3�0 �j�@�3 �$���N�0 �c�j�a�n�,�A
�j�n�a�3 �R�8 �\�n���N�j�n�L �s�3�I�I �R�8 �j�w�3�U�A�B�B �B�N���c�g�;���b�$ �C�N �j�@�3 �a�C�<�@�j
�~�<�Y

�`�3�8�3�a�3�N�,�3�c�-
�)�S�* �/�Y�/�3�<�n�,�@�C �3�j ���I�Y �V�l�z�S�f�W�. �S�z�Y�e�9�f�e�g�D�D���T�Y�9�9�Y�z�9�S�l�z�S
�)�l�* �?�Y�Q�G�n�L�n�a���. �F�Y�b���j�R�. �i�Y�F�R�j���N�C �V�l�z�l�S�W�. �S�z�Y�e�9�f�f�g�D�T�b�D�Y�O�z�Y�z�O�:�e�S�z
�)�k�* �?�Y�b���C�j�R �3�j ���I�Y �V�l�z�l�k�W�. �T�@�w�c�Y �`�3�q�Y �# �S�z�4�. �z�k�9�S�:�S�. �F�Y�b�n�y�n�G�C �3�j ���I�Y�V�l�z�l�k�W�. �T�@�w�c�Y�`�3�q�Y �`�3�c
�9�.�z�S�k�S�S�S
�)�:�* �b�Y�i���G���N�R �3�j ���I�Y �V�l�z�l�9�W
�@�j�j�U�c�-�g�g���a�u�C�q�Y�R�a�<�g�@�j�L�I�g�l�9�z�e�Y�S�O�S�4�O�q�S �[�b�;�r �0���j���$���c�3 �C�c �C�N �@�j�j�U�c�-�g�g�3�,���I�E�Y�<�C�j�@�n�$�Y�C�R�g�3�,���I�E�0�R�,�g
�)�9�* �K�Y �Q�$���j���. �i�Y �F�R�j���N�C�. �i�Y �Q�0���. �+�R�L�U�n�j���j�C�R�N���I �K���j�3�a�C���I�c �b�,�C�3�N�,�3 �l�f�z�.�V�l�z�l�9�W�S�S�:�S�O�z
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�b�3�I�8�A�,�R�N�c�C�c�j�3�N�j �a���N�0�R�L �U�@���c�3 ���U�U�a�R�u�C�L���j�C�R�N ���N�0 �R�U�j�C�L�C�y�3�0 �@�w�$�a�C�0 �8�n�N�,�j�C�R�N���I�c
�8�R�a �c�R�I�C�0�c

�b�U�3���G�3�a�-�K���a�C�� �?�3�I�I�<�a�3�N
���|�I�C���j�C�R�N�-�B�K�T�K�+�. �b�R�a�$�R�N�N�3 �m�N�C�q�3�a�c�C�j���. �T���a�C�c�. �7�a���N�,�3

���$�c�j�a���,�j�-�i�@�3 �a���N�0�R�L �U�@���c�3 ���U�U�a�R�u�C�L���j�C�R�N �V�`�T���W ���N�0 �j�@�3 �;�r ���U�U�a�R�u�C�L���j�C�R�N �c�@���a�3 �j�@�3 �c���L�3
�j�R�j���I �3�N�3�a�<�w �8�n�N�,�j�C�R�N���I �$�n�j �`�T�� �C�c �0�3�~�N�3�0 �R�N �� �a�3�c�j�a�C�,�j�3�0 �0�R�L���C�N �R�8 �;�a�3�3�N���c �8�n�N�,�j�C�R�N�c �<�3�N�3�a�A
���j�3�0 �$�w �� �I�R�,���I �F�R�@�N�A�b�@���L �V�F�b�W �U�R�j�3�N�j�C���I�Y �?�3�a�3�. �s�3 �c�@�R�s �j�@���j �8�n�I�I�w �c�3�I�8�A�,�R�N�c�C�c�j�3�N�j �`�T�� �F�b
�U�R�j�3�N�j�C���I�c �8�R�a �c�R�I�C�0�c ���a�3 �8�3���c�C�$�I�3 �$�w �c�R�I�q�C�N�< �j�@�3 �R�U�j�C�L�C�y�3�0 �3�{�3�,�j�C�q�3 �U�R�j�3�N�j�C���I �3�\�n���j�C�R�N�Y �B�N ���0�A
�0�C�j�C�R�N�. �s�3 �C�N�j�a�R�0�n�,�3 ���N ���U�U�a�R���,�@ �8�R�a �a�3�I�C���$�I�w �R�U�j�C�L�C�c�C�N�< �j�@�3 �8�a���,�j�C�R�N �R�8 �3�u�,�@���N�<�3 �R�8 �I�R�s�A�,�R�c�j
�@�w�$�a�C�0 �8�n�N�,�j�C�R�N���I�c�. �n�c�C�N�< �j�@�3 �q���a�C���j�C�R�N���I �L�C�N�C�L�n�L �R�8 �j�@�3 �`�T���Y �i�@�3 �a�3�c�n�I�j�C�N�< �`�T�� ���N�0 �R�U�j�C�L�C�y�3�0
�@�w�$�a�C�0 �U�R�j�3�N�j�C���I�c ���a�3 �c�@�R�s�N �j�R �<�C�q�3 �c�n�U�3�a�C�R�a �0�3�N�c�C�j�C�3�c�. �R�a�$�C�j���I�c ���N�0 �3�C�<�3�N�q���I�n�3�c ���c �,�R�L�U���a�3�0
�j�R �c�3�L�C�A�I�R�,���I ���U�U�a�R�u�C�L���j�C�R�N�c �C�N �/�7�i�. �I�3���0�C�N�< �j�R �C�L�U�a�R�q�3�0 �c�j�a�n�,�j�n�a���I �U�a�R�U�3�a�j�C�3�c ���N�0 �U�@�R�N�R�N�c�. ���c
�s�3�I�I ���c �L�R�a�3 ���,�,�n�a���j�3 ���N�0 �s�3�I�I�A�0�3�~�N�3�0 �c�j���a�j�C�N�< �U�R�C�N�j�c �8�R�a �;0�r 0 �,���I�,�n�I���j�C�R�N�c�Y �`�3�c�n�I�j�c �s�C�I�I �$�3
�c�@�R�s�N �8�R�a �c�C�L�U�I�3 �c�R�I�C�0�c ���N�0 �L�R�a�3 �,�@���I�I�3�N�<�C�N�< �c�w�c�j�3�L�c�. �c�n�,�@ ���c �i�C�Q2 ���N�0 �i�C�b�32�Y



�K���j�3�a�C���I�c �b�,�C�3�N�,�3 �8�a�R�L �7�C�a�c�j �T�a�C�N�,�C�U�I�3�c �k�f

�+�R�L�U�n�j�C�N�< �Q�$�c�3�a�q���$�I�3�c �s�C�j�@ �[�n���N�j�n�L �K�R�N�j�3 �+���a�I�R �8�a�R�L �2�u�,�C�j���j�C�R�N�c �j�R �Q�N�3�A
�#�R�0�w �`�3�0�n�,�3�0 �/�3�N�c�C�j�w �K���j�a�C�,�3�c

�b�U�3���G�3�a�-�p�C�j���I�w �;�R�a�3�I�R�q
���|�I�C���j�C�R�N�-�+�M�`�b �A �H���$�R�a���j�R�C�a�3 �0�3�c �b�R�I�C�0�3�c �B�a�a���0�C���c�. �7�a���N�,�3

���$�c�j�a���,�j�-�i�@�C�c �j���I�G �s�C�I�I �0�C�c�,�n�c�c �s���w�c �j�R �,�R�L�U�n�j�3 �R�$�c�3�a�q���$�I�3�c �$�3�w�R�N�0 �j�@�3 �<�a�R�n�N�0�A�c�j���j�3 �3�N�A
�3�a�<�w �s�C�j�@ �[�n���N�j�n�L �K�R�N�j�3 �+���a�I�R �V�[�K�+�W�. �s�C�j�@ �j�@�3 �L���C�N �8�R�,�n�c �$�3�C�N�< ���a�R�n�N�0 �j�@�3 �~�N�C�j�3�A�c�C�y�3 �3�8�A
�8�3�,�j�c�Y �B���I�I �~�a�c�j �,�R�q�3�a �3�u�,�C�j�3�0 �c�j���j�3�c�- �8�R�a �,�@���a�<�3�0 �V�\�n���c�C�U���a�j�C�,�I�3�W �3�u�,�C�j���j�C�R�N�c �s�3 �R�$�j���C�N �<���U�c �8�a�R�L
�j�R�j���I�A�3�N�3�a�<�w �0�C�{�3�a�3�N�,�3�c �C�N �M�
�S �c�w�c�j�3�L�c�. �3�L�U�@���c�C�y�C�N�< �j�s�C�c�j ���q�3�a���<�C�N�< ���N�0 �+�R�n�I�R�L�$ �~�N�C�j�3�A�c�C�y�3
�,�R�a�a�3�,�j�C�R�N�c�d �8�R�a �N�3�n�j�a���I �3�u�,�C�j���j�C�R�N�c �s�3 �j���a�<�3�j �I�R�s�A�I�w�C�N�< �c�j���j�3�c�. ���N�0 �0�C�c�,�n�c�c �� �<�a�R�n�N�0�A�c�j���j�3�A�R�N�I�w
�a�R�n�j�3 �j�R �N�3�n�j�a���I �<���U�c ���N�0 �j�@�3 �,�@���a���,�j�3�a�C�c�j�C�, �V�S�g�H �¼ �S�g�H�W�W �~�N�C�j�3�A�c�C�y�3 �,�a�R�c�c�R�q�3�a �V�c�3�3 �`�3�8�c�Y �)�S�* ���N�0
�)�l�*�W�Y �B���I�I �j�@�3�N �j�n�a�N �j�R �j�@�3 �R�N�3�A�$�R�0�w �a�3�0�n�,�3�0 �0�3�N�c�C�j�w �L���j�a�C�u �V�S�`�/�K�W ���N�0 �j�@�3 �3�I�3�,�j�a�R�N �0�3�N�c�C�j�w ���c
�R�$�c�3�a�q���$�I�3�c �j�@���j �,�@���a���,�j�3�a�C�y�3 �,�R�a�a�3�I���j�C�R�N�Y �r�3 �$�3�N�,�@�L���a�G �[�K�+ �3�c�j�C�L���j�R�a�c �R�N �j�@�3 �@�3�I�C�n�L ���j�R�L
�j�R ���c�G �s�@�3�j�@�3�a �$�3�j�j�3�a �3�N�3�a�<�C�3�c �C�L�U�I�w �$�3�j�j�3�a �R�$�c�3�a�q���$�I�3�c�. �C�0�3�N�j�C�8�w �3�|�,�C�3�N�j �3�c�j�C�L���j�R�a�g�R�U�j�C�L�C�y���A
�j�C�R�N �c�j�a���j�3�<�C�3�c �)�k�*�Y �r�3 ���I�c�R �c�@�R�s �j�@���j �,���a�3�8�n�I �~�N�C�j�3�A�c�C�y�3 �j�a�3���j�L�3�N�j�c �V�j�s�C�c�j�g�$�R�n�N�0���a�w�A�,�R�N�0�C�j�C�R�N
���q�3�a���<�C�N�<�. �c�C�y�3�A�,�R�N�c�C�c�j�3�N�j �3�c�j�C�L���j�R�a�c�. �C�L�U�a�R�q�3�0 �+�R�n�I�R�L�$ �,�R�a�a�3�,�j�C�R�N�c�W �3�N���$�I�3 ���,�,�n�a���j�3 �`�/�K�c
�C�N �,�a�w�c�j���I�I�C�N�3 �c�C�I�C�,�R�N �)�:�*�Y�i�@�3�c�3 �a�3�c�n�I�j�c �j�a���N�c�I���j�3 �C�N�j�R �U�a���,�j�C�,���I �[�K�+ �U�a�R�,�3�0�n�a�3�c �8�R�a �3�u�,�C�j���j�C�R�N�c
���N�0 �`�/�K�c �s�C�j�@ �,�R�N�j�a�R�I�I�3�0 �~�N�C�j�3�A�c�C�y�3 �$�3�@���q�C�R�a�Y

�`�3�8�3�a�3�N�,�3�c�-
�)�S�* �v�Y �v���N�< �3�j ���I�Y�. �T�@�w�c�Y �`�3�q�Y �# �S�z�S�. �z�4�9�S�S�9 �V�l�z�l�z�W
�)�l�* �p�Y �;�R�a�3�I�R�q �3�j ���I�Y�. �+�R�N�0�3�N�c�3�0 �K���j�j�3�a �T�@�w�c�C�,�c �l�f�. �k�k�e�z�S �V�l�z�l�k�W
�)�k�* �+�Y �`�R�0�a�C�<�n�3�y �T�3�a�3�y�. �p�Y �Q�I�3�q���N�R�. �7�Y �b�R�j�j�C�I�3�. �p�Y �;�R�a�3�I�R�q�. �C�N �U�a�3�U���a���j�C�R�N �V�l�z�l�9�W
�)�:�* �+�Y �`�R�0�a�C�<�n�3�y �T�3�a�3�y�. �K�Y �?�R�I�y�L���N�N�. �7�Y �b�R�j�j�C�I�3�. �p�Y �;�R�a�3�I�R�q�. �C�N �U�a�3�U���a���j�C�R�N �V�l�z�l�9�W�Y
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�7�C�a�c�j�A�T�a�C�N�,�C�U�I�3�c �B�N�c�C�<�@�j�c �C�N�j�R �j�@�3 �Q�U�j�R�A�2�I�3�,�j�a�R�N�C�, �T�a�R�U�3�a�j�C�3�c �R�8 �M�R�q�3�I �l�/ ���N�0 �H���w�A
�3�a�3�0 �K���j�3�a�C���I�c

�b�U�3���G�3�a�-�K���n�a�C�y�C�� �T���I�n�L�L�R
���|�I�C���j�C�R�N�-�/�C�U���a�j�C�L�3�N�j�R �0�C �7�C�c�C�,�� �m�N�C�q�3�a�c�C�j�© �0�C �`�R�L�� �i�R�a �p�3�a�<���j���. �B�j���I�w

���$�c�j�a���,�j�-�i�@�3 ���0�q���N�,�3�L�3�N�j �R�8 �8�n�j�n�a�3 �R�U�j�R�A�3�I�3�,�j�a�R�N�C�, �j�3�,�@�N�R�I�R�<�C�3�c �@�C�N�<�3�c �R�N �j�@�3 �0�C�c�,�R�q�3�a�w
���N�0 �C�N�A�0�3�U�j�@ �n�N�0�3�a�c�j���N�0�C�N�< �R�8 �N�R�q�3�I �I�R�s�A�0�C�L�3�N�c�C�R�N���I �L���j�3�a�C���I�c�Y �;�a�R�n�N�0 ���N�0 �3�u�,�C�j�3�0�A�c�j���j�3 �~�a�c�j�A
�U�a�C�N�,�C�U�I�3�c �c�C�L�n�I���j�C�R�N�c �U�a�R�q�C�0�3 �� �U�R�s�3�a�8�n�I �8�a���L�3�s�R�a�G �j�R �n�N�,�R�q�3�a �j�@�3 �L�C�,�a�R�c�,�R�U�C�, �L�3�,�@���N�C�c�L�c
�j�@���j �0�3�j�3�a�L�C�N�3 �j�@�3�C�a �U�a�R�U�3�a�j�C�3�c�. �s�@�C�I�3 �R�{�3�a�C�N�< �U�a�3�0�C�,�j�C�q�3 �C�N�c�C�<�@�j�c �j�@���j �,���N �<�n�C�0�3 �3�u�U�3�a�C�L�3�N�j���I
�0�3�c�C�<�N�Y �B�N �j�@�C�c �j���I�G�. �B �s�C�I�I �U�a�3�c�3�N�j �a�3�c�n�I�j�c�. �R�$�j���C�N�3�0 �C�N �j�@�3 �I���c�j �w�3���a�c�. �j�@�a�R�n�<�@ �U���a���L�3�j�3�a�A�8�a�3�3
���j�R�L�C�c�j�C�, �c�C�L�n�I���j�C�R�N�c �0�3�q�R�j�3�0 �j�R �j�@�3 �C�N�q�3�c�j�C�<���j�C�R�N ���N�0 �,�R�N�j�a�R�I �R�8 �j�@�3 �R�U�j�R�A�3�I�3�,�j�a�R�N�C�, �a�3�c�U�R�N�c�3
�R�8 �3�L�3�a�<�C�N�< �l�/ ���N�0 �I���w�3�a�3�0 �c�w�c�j�3�L�c�Y �#�w �3�L�U�I�R�w�C�N�< �/�3�N�c�C�j�w �7�n�N�,�j�C�R�N���I �i�@�3�R�a�w �V�/�7�i�W �,�R�L�A
�$�C�N�3�0 �s�C�j�@ �K���N�w�A�#�R�0�w �T�3�a�j�n�a�$���j�C�R�N �i�@�3�R�a�w �V�;�r ���N�0 �#�3�j�@�3�A�b���I�U�3�j�3�a �2�\�n���j�C�R�N�W�. �s�3 ���0�0�a�3�c�c
�G�3�w ���c�U�3�,�j�c �c�n�,�@ ���c�- �V�C�W �$���N�0 �<���U �a�3�N�R�a�L���I�C�y���j�C�R�N�. �V�C�C�W �c�j�a�R�N�< �I�C�<�@�j�"�L���j�j�3�a �C�N�j�3�a���,�j�C�R�N�. �V�C�C�C�W �3�u�,�C�A
�j�R�N�C�, �3�{�3�,�j�c ���N�0 �a���0�C���j�C�q�3 �I�C�8�3�j�C�L�3�c�. ���N�0 �V�C�q�W �j�@�3 �C�L�U���,�j �R�8 �0�R�U�C�N�< ���N�0 �,�@�3�L�C�,���I �c�n�$�c�j�C�j�n�j�C�R�N ���c
�3�{�3�,�j�C�q�3 �j�n�N�C�N�< �c�j�a���j�3�<�C�3�c�Y �b�U�3�,�C���I �8�R�,�n�c �s�C�I�I �$�3 �<�C�q�3�N �j�R �L���j�3�a�C���I �8���L�C�I�C�3�c �s�C�j�@ �U�a�R�L�C�c�C�N�< �R�U�j�R�A
�3�I�3�,�j�a�R�N�C�, �U�R�j�3�N�j�C���I�. �C�N�,�I�n�0�C�N�< �i�a���N�c�C�j�C�R�N �K�3�j���I �/�C�,�@���I�,�R�<�3�N�C�0�3�c �V�i�K�/�c�W ���N�0 �l�/�g�I���w�3�a�3�0 �@���I�C�0�3
�U�3�a�R�q�c�G�C�j�3�c�Y �B �s�C�I�I ���I�c�R �0�C�c�,�n�c�c �j�@�3 �3�u�,�C�j�R�N�C�, �U�a�R�U�3�a�j�C�3�c �R�8 �K�R�b�C���M�� �,�R�L�U�R�n�N�0�c ���N�0 �,���a�$�R�N�A
�$���c�3�0 �l�/ �j�a�C���N�<�n�I�3�N�3 �U�R�I�w�L�3�a�c�. �n�N�0�3�a�c�,�R�a�C�N�< �j�@�3�C�a �a�3�I�3�q���N�,�3 �8�R�a �3�L�3�a�<�C�N�< �j�3�,�@�N�R�I�R�<�C�,���I ���U�U�I�C�A
�,���j�C�R�N�c�Y
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�M�R�N�A�I�C�N�3���a �a�3�c�U�R�N�c�3 �8�n�N�,�j�C�R�N�c �8�a�R�L �a�3���I�A�j�C�L�3 �c�C�L�n�I���j�C�R�N�c

�b�U�3���G�3�a�-�+�I���n�0�C�R ���j�j���,�,���I�C�j�3
���|�I�C���j�C�R�N�-�+�M�`�b�g���C�u�A�K���a�c�3�C�I�I�3 �m�N�C�q�3�a�c�C�j���. �+�B�M���K �I���$�R�a���j�R�a�w�. �K���a�c�3�C�I�I�3�. �7�a���N�,�3

���$�c�j�a���,�j�-�i�@�3 �N�R�N�I�C�N�3���a �R�U�j�C�,���I �a�3�c�U�R�N�c�3�c �R�8 �$�R�j�@ �$�n�I�G ���N�0 �I�R�s�A�0�C�L�3�N�c�C�R�N���I �L���j�3�a�C���I�c �U�a�3�c�3�N�j
�3�u�,�C�j�C�N�< �R�U�U�R�a�j�n�N�C�j�C�3�c �8�R�a �j�@�3 �0�3�q�3�I�R�U�L�3�N�j �R�8 �N�3�u�j�A�<�3�N�3�a���j�C�R�N �R�U�j�R�3�I�3�,�j�a�R�N�C�,�c�Y �i�R �C�N�q�3�c�j�C�<���j�3
�j�@�3�c�3 �U�a�R�U�3�a�j�C�3�c�. �s�3 �@���q�3 �0�3�q�3�I�R�U�3�0 ���N �3�|�,�C�3�N�j�. �a�3���I�A�j�C�L�3 �8�R�a�L���I�C�c�L �j�@���j �3�N���$�I�3�c �n�c �j�R �,���I�A
�,�n�I���j�3 �N�R�N�I�C�N�3���a �a�3�c�U�R�N�c�3�c�. �C�N�,�I�n�0�C�N�< �,�R�a�a�3�I���j�C�R�N �3�{�3�,�j�c �c�n�,�@ ���c �$���N�0 �<���U �a�3�N�R�a�L���I�C�c���j�C�R�N�.
�j�@�3 �I�R�,���I �~�3�I�0 �3�{�3�,�j�c ���N�0 �3�I�3�,�j�a�R�N�A�@�R�I�3 �C�N�j�3�a���,�j�C�R�N�c�Y �r�3 �@���q�3 ���U�U�I�C�3�0 �j�@�C�c �8�R�a�L���I�C�c�L �j�R �c�j�n�0�w
�q���a�C�R�n�c �N�R�N�I�C�N�3���a �R�U�j�C�,���I �U�@�3�N�R�L�3�N���. �C�N�,�I�n�0�C�N�< �c�3�,�R�N�0�g�j�@�C�a�0 �@���a�L�R�N�C�, �<�3�N�3�a���j�C�R�N �)�S�. �l�*�. �c�@�C�8�j
�,�n�a�a�3�N�j �)�k�* ���N�0 �c�n�L �8�a�3�\�n�3�N�,�w �<�3�N�3�a���j�C�R�N �)�:�*�Y �B�N �j�@�C�c �j���I�G�. �B �s�C�I�I �C�N�j�a�R�0�n�,�3 �j�@�3 �0�C�{�3�a�3�N�j �N�R�N�I�C�N�3���a
�R�U�j�C�,���I �a�3�c�U�R�N�c�3 �8�n�N�,�j�C�R�N�c�. �j�@�3�C�a �U�R�c�c�C�$�I�3 ���U�U�I�C�,���j�C�R�N�c ���N�0 �U�a�3�c�3�N�j �j�@�3 �8�R�a�L���I�C�c�L �n�c�3�0 �j�R �c�j�n�0�w
�j�@�3�L�Y

�`�3�8�3�a�3�N�,�3�c�-
�)�S�*�M�R�N�I�C�N�3���a �R�U�j�C�,�c �8�a�R�L ���N ���$ �C�N�C�j�C�R ���U�U�a�R���,�@ �$�w �L�3���N�c �R�8 �j�@�3 �0�w�N���L�C�,���I �$�3�a�a�w �U�@���c�3�- ���U�U�I�C�A
�,���j�C�R�N �j�R �c�3�,�R�N�0�A���N�0 �j�@�C�a�0�A�@���a�L�R�N�C�, �<�3�N�3�a���j�C�R�N �C�N �c�3�L�C�,�R�N�0�n�,�j�R�a�c�Y�. �+�Y ���j�j���,�,���I�C�j�3�. �. ���N�0 �K�Y
�;�a�k�N�C�N�<�Y �T�@�w�c�C�,���I �`�3�q�C�3�s �#�!�+�R�N�0�3�N�c�3�0 �K���j�j�3�a ���N�0 �K���j�3�a�C���I�c �T�@�w�c�C�,�c �4�4�Y�l�k �V�l�z�S�k�W�- �l�k�9�S�S�k�Y
�)�l�*�i�n�N���$�I�3 �c�3�,�R�N�0 �@���a�L�R�N�C�, �<�3�N�3�a���j�C�R�N �C�N �l�/ �L���j�3�a�C���I�c�- �,�R�L�U���a�C�c�R�N �R�8 �0�C�{�3�a�3�N�j �c�j�a���j�3�<�C�3�c�Y�. �b�Y
�;�a�C�I�I�R �3�j ���I�Y �. �b�,�C�T�R�c�j �T�@�w�c�C�,�c �+�R�a�3 �e�Y�: �V�l�z�l�:�W�- �z�4�S�Y
�)�k�*�b�@�C�8�j �,�n�a�a�3�N�j �C�N �l�/ �D���N�n�c �i�a���N�c�C�j�C�R�N�A�K�3�j���I �/�C�,�@���I�,�R�<�3�N�C�0�3�c�- �j�@�3 �a�R�I�3 �R�8 �3�u�,�C�j�R�N�c�. �v�Y �K���R�. �D�Y
�x�@�R�n�. �K�Y �;�a�k�N�C�N�<�. �+�Y ���j�j���,�,���I�C�j�3�. �@�j�j�U�c�-�g�g���a�u�C�q�Y�R�a�<�g���$�c�g�l�9�z�f�Y�S�f�z�f�e
�)�:�*�b�n�L �8�a�3�\�n�3�N�,�w �<�3�N�3�a���j�C�R�N �8�a�R�L �a�3���I�A�j�C�L�3 �c�C�L�n�I���j�C�R�N�c �C�N �j�s�R�A�0�C�L�3�N�c�C�R�N���I �,�a�w�c�j���I�c�. �K�Y �M�Y �T�C�A
�R�N�j�3�,�G�. �3�j ���I�Y �. �@�j�j�U�c�-�g�g���a�u�C�q�Y�R�a�<�g���$�c�g�l�9�z�k�Y�z�e�z�O�9
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�Q�U�j�C�,���I ���$�c�R�a�U�j�C�R�N �C�N �@�3�u���<�R�N���I�A�0�C���L�R�N�0 �b�C ���N�0 �;�3 �N���N�R�s�C�a�3�c�- �C�N�c�C�<�@�j�c �8�a�R�L
�b�i�2�K�A�2�2�H�b �3�u�U�3�a�C�L�3�N�j�c ���N�0 ���$ �C�N�C�j�C�R �j�@�3�R�a�w

�b�U�3���G�3�a�-�K�C�,�@�3�I�3 ���L���j�R
���|�I�C���j�C�R�N�-�H�T�b�. �m�N�C�q�3�a�c�C�j�� �T���a�C�c�A�b���,�I���w�. �7�a���N�,�3

���$�c�j�a���,�j�-�?�3�u���<�R�N���I�A�0�C���L�R�N�0 �V�l�?�W �<�a�R�n�U �B�p �c�3�L�C�,�R�N�0�n�,�j�R�a�c �@���q�3 �3�L�3�a�<�3�0 ���c �U�a�R�L�C�c�C�N�< �L���A
�j�3�a�C���I�c �8�R�a �N�3�u�j �<�3�N�3�a���j�C�R�N �c�C�I�C�,�R�N�A�,�R�L�U���j�C�$�I�3 �R�U�j�R�3�I�3�,�j�a�R�N�C�,�c�. �R�{�3�a�C�N�< �U�R�j�3�N�j�C���I �U���j�@�s���w�c �j�R�s���a�0
�3�|�,�C�3�N�j �I�C�<�@�j �3�L�C�c�c�C�R�N �C�N �<�a�R�n�U �B�p �U�I���j�8�R�a�L�c �)�S�A�k�*�Y �/�3�c�U�C�j�3 �<�a�R�s�C�N�< �C�N�j�3�a�3�c�j �C�N �j�@�3�C�a �3�I�3�,�j�a�R�N�C�,
�c�j�a�n�,�j�n�a�3�. �� �,�I�3���a �3�u�U�3�a�C�L�3�N�j���I �n�N�0�3�a�c�j���N�0�C�N�< �R�8 �j�@�3�C�a �R�U�j�C�,���I ���$�c�R�a�U�j�C�R�N �U�a�R�U�3�a�j�C�3�c �a�3�L���C�N�c
�I���,�G�C�N�<�Y �B�N �j�@�C�c �s�R�a�G�. �B �s�C�I�I �U�a�3�c�3�N�j ���N�0 �0�C�c�,�n�c�c �j�@�3 �~�a�c�j �,�R�L�U�a�3�@�3�N�c�C�q�3 �C�N�q�3�c�j�C�<���j�C�R�N �R�8 �j�@�3 �R�U�A
�j�C�,���I ���$�c�R�a�U�j�C�R�N �R�8 �l�?�"�b�C ���N�0 �l�?�"�;�3 �N���N�R�s�C�a�3�c�. �,�R�L�$�C�N�C�N�< �@�C�<�@�A�a�3�c�R�I�n�j�C�R�N �c�,���N�N�C�N�< �j�a���N�c�L�C�c�A
�c�C�R�N �3�I�3�,�j�a�R�N �L�C�,�a�R�c�,�R�U�w �V�b�i�2�K�W�. �L�R�N�R�,�@�a�R�L���j�3�0 �3�I�3�,�j�a�R�N �3�N�3�a�<�w�A�I�R�c�c �c�U�3�,�j�a�R�c�,�R�U�w �V�2�2�H�b�W�.
���N�0 ���$ �C�N�C�j�C�R �c�C�L�n�I���j�C�R�N�c �)�:�*�Y �i�@�3 �N���N�R�s�C�a�3�c �s�3�a�3 �<�a�R�s�N �C�N �c�C�j�n �s�C�j�@�C�N �� �j�a���N�c�L�C�c�c�C�R�N �3�I�3�,�j�a�R�N
�L�C�,�a�R�c�,�R�U�3 ���c �$�a���N�,�@�3�c �R�N �;�����c �c�j�3�L�c�. �3�N���$�I�C�N�< �3�u�,�3�U�j�C�R�N���I �,�R�N�j�a�R�I �R�q�3�a �c�j�a�n�,�j�n�a���I �\�n���I�A
�C�j�w�Y �i�@�3 �a�3�c�n�I�j�C�N�< �N���N�R�s�C�a�3�c ���a�3 �c�C�N�<�I�3 �,�a�w�c�j���I�I�C�N�3�. �c�j�a���C�N�A�8�a�3�3�. ���N�0 �q�C�a�j�n���I�I�w �0�3�8�3�,�j�A�8�a�3�3�. �s�C�j�@
�N�R �0�3�j�3�,�j���$�I�3 �c�n�$�c�j�a���j�3 �,�R�N�j���L�C�N���j�C�R�N�. �U�a�R�q�C�0�C�N�< �� �U�a�C�c�j�C�N�3 �U�I���j�8�R�a�L �8�R�a �U�a�R�$�C�N�< �j�@�3�C�a �C�N�j�a�C�N�c�C�,
�0�C�3�I�3�,�j�a�C�, �a�3�c�U�R�N�c�3�Y �Q�n�a �a�3�c�n�I�j�c �a�3�q�3���I �� �c�j�a�R�N�< �3�N�@���N�,�3�L�3�N�j �C�N �j�@�3 �q�C�c�C�$�I�3�A�a���N�<�3 ���$�c�R�a�U�j�C�R�N
�R�8 �l�?�"�b�C �,�R�L�U���a�3�0 �j�R �C�j�c �,�n�$�C�, �V�k�+�W �,�R�n�N�j�3�a�U���a�j�. �s�C�j�@ �� �s�3�I�I�A�0�3�~�N�3�0 ���$�c�R�a�U�j�C�R�N �R�N�c�3�j ���$�R�q�3
�l�Y�9 �3�p�Y �7�R�a �l�?�"�;�3�. �s�3 �R�$�c�3�a�q�3 �� �I�R�s�A�3�N�3�a�<�w ���$�c�R�a�U�j�C�R�N �R�N�c�3�j �N�3���a �S �3�p�. �,�R�N�c�C�c�j�3�N�j �s�C�j�@ �C�j�c
�a�3�0�n�,�3�0 �$���N�0�<���U�. �j�@�R�n�<�@ �N�R �0�C�c�j�C�N�,�j �U�3���G �C�c �0�3�j�3�,�j�3�0 ���j �j�@�3 �0�C�a�3�,�j �$���N�0�<���U �j�a���N�c�C�j�C�R�N�. �C�N �I�C�N�3
�s�C�j�@ �U�a�3�0�C�,�j�C�R�N�c �8�a�R�L �~�a�c�j�A�U�a�C�N�,�C�U�I�3�c �,���I�,�n�I���j�C�R�N�c �)�9�*�Y ���0�0�C�j�C�R�N���I�I�w�. �� �c�U�3�,�j�a���I �8�3���j�n�a�3 ���a�R�n�N�0 �l �3�p
�C�N ���I�R�R�8�A�$�3���L �2�2�H�b �C�c ���j�j�a�C�$�n�j�3�0 �j�R �� �j�@�C�N �k�+�"�;�3 �c�@�3�I�I �c�n�a�a�R�n�N�0�C�N�< �j�@�3 �N���N�R�s�C�a�3�c �)�:�*�Y �i�@�3�c�3
�~�N�0�C�N�<�c �L���a�G �� �c�C�<�N�C�~�,���N�j �c�j�3�U �j�R�s���a�0 �n�N�0�3�a�c�j���N�0�C�N�< �j�@�3 �c�j�a�n�,�j�n�a�3�"�U�a�R�U�3�a�j�w �a�3�I���j�C�R�N�c�@�C�U�c �C�N
�@�3�u���<�R�N���I �<�a�R�n�U �B�p �N���N�R�c�j�a�n�,�j�n�a�3�c�Y �i�@�3�w ���I�c�R �U�a�R�q�C�0�3 �,�a�C�j�C�,���I �C�N�c�C�<�@�j �C�N�j�R �j�@�3 �R�U�j�C�,���I �$�3�@���q�C�R�a
�R�8 �l�?�"�b�C ���N�0 �l�?�"�;�3�. �R�{�3�a�C�N�< �<�n�C�0���N�,�3 �8�R�a �j�@�3 �0�3�q�3�I�R�U�L�3�N�j �R�8 �@�3�u���<�R�N���I�A�U�@���c�3�A�$���c�3�0 �R�U�j�R�A
�3�I�3�,�j�a�R�N�C�, ���N�0 �U�@�R�j�R�N�C�, �0�3�q�C�,�3�c�Y

�`�3�8�3�a�3�N�,�3�c�-
�)�S�* �7���0���I�w�. �2�Y �K�Y �3�j ���I�Y �/�C�a�3�,�j�A�$���N�0�<���U �3�L�C�c�c�C�R�N �8�a�R�L �@�3�u���<�R�N���I �;�3 ���N�0 �b�C�;�3 ���I�I�R�w�c�Y �M���j�n�a�3
�l�z�l�z�. �9�4�z�. �l�z�9�"�l�z�O�Y
�)�l�* ���L���j�R�. �K�Y �3�j ���I�Y �+�a�w�c�j���I �U�@���c�3 �3�{�3�,�j�c �C�N �b�C �N���N�R�s�C�a�3 �U�R�I�w�j�w�U�3�c ���N�0 �j�@�3�C�a �@�R�L�R�E�n�N�,�j�C�R�N�c�Y
�M���N�R �H�3�j�j�Y �l�z�S�f�. �S�f�. �9�f�O�:�£�9�e�z�z�Y
�)�k�* �;���I�q�À�R �i�C�y�3�C�. �H�Y �?�Y ���N�0 ���L���j�R�. �K�Y �2�I�3�,�j�a�R�N�C�, �c�j�a�n�,�j�n�a�3 ���N�0 �R�U�j�C�,���I �U�a�R�U�3�a�j�C�3�c �R�8 �c�3�L�C�,�R�N�A
�0�n�,�j�R�a �N���N�R�s�C�a�3�c �U�R�I�w�j�w�U�3�c�Y �2�n�a�Y �T�@�w�c�Y �D�Y �# �l�z�l�z�. �O�k�. �S�"�l�z�Y
�)�:�* �;���I�q�À�R �i�C�y�3�C�. �H�Y �3�j ���I�Y �Q�U�j�C�,���I ���$�c�R�a�U�j�C�R�N ���N�0 �/�C�3�I�3�,�j�a�C�, �`�3�c�U�R�N�c�3 �R�8 �?�3�u���<�R�N���I�A�/�C���L�R�N�0
�;�a�R�n�U �B�p �M���N�R�s�C�a�3�c�Y �M���N�R �H�3�j�j�Y �l�z�l�9�. �l�9�. �4�f�z�:�"�4�f�S�S�Y
�)�9�* �`�Ñ�0�I�. �+�Y �3�j ���I�Y ���,�,�n�a���j�3 �3�I�3�,�j�a�R�N�C�, ���N�0 �R�U�j�C�,���I �U�a�R�U�3�a�j�C�3�c �R�8 �@�3�u���<�R�N���I �<�3�a�L���N�C�n�L �8�R�a �R�U�j�R�A
�3�I�3�,�j�a�R�N�C�, ���U�U�I�C�,���j�C�R�N�c�Y �T�@�w�c�Y �`�3�q�Y �K���j�3�a�Y �l�z�S�O�. �k�. �z�k�:�f�z�l�Y



�K���j�3�a�C���I�c �b�,�C�3�N�,�3 �8�a�R�L �7�C�a�c�j �T�a�C�N�,�C�U�I�3�c �:�z

�b�C�L�n�I���j�C�N�< �j�@�3 �R�U�j�C�,���I �U�a�R�U�3�a�j�C�3�c �R�8 �c�R�I�C�0�c �n�c�C�N�< ���$�A�C�N�C�j�C�R �#�b�2�- �j�@�3�a�3 �C�c �L�R�a�3 �j�@���N
�L�3�3�j�c �j�@�3 �3�w�3

�b�U�3���G�3�a�-�+�I���n�0�C�R �[�n���a�j�C
���|�I�C���j�C�R�N�-�m�N�C�q�3�a�c�C�j�w �R�8 �K�R�N�c�. �#�3�I�<�C�n�L

���$�c�j�a���,�j�-�i�@�3 ���$�A�C�N�C�j�C�R �c�R�I�n�j�C�R�N �R�8 �j�@�3 �#�3�j�@�3 �b���I�U�3�j�3�a �2�\�n���j�C�R�N �V�#�b�2�W �a�3�U�a�3�c�3�N�j�c �j�@�3 ���<�R�I�0�3�N�A
�a�3�8�3�a�3�N�,�3�� �8�R�a �j�@�3 �U�a�3�0�C�,�j�C�R�N �j�@�3 �R�U�j�C�,���I �U�a�R�U�3�a�j�C�3�c �R�8 �c�R�I�C�0�c�Y�)�S�A�k�* �B�N �,�R�N�N�3�,�j�C�R�N �s�C�j�@ �~�a�c�j �� �U�a�C�N�,�C�A
�U�I�3 �;�r �,���I�,�n�I���j�C�R�N�. �j�@�C�c ���U�U�a�R���,�@ ���,�,�n�a���j�3�I�w �0�3�c�,�a�C�$�3�c �j�@�3 �3�I�3�,�j�a�R�N�A�@�R�I�3 �$�C�N�0�C�N�< �q�C�� �j�@�3 �G�N�R�s�I�A
�3�0�<�3 �R�8 �j�@�3 �N�R�N�A�I�R�,���I �c�,�a�3�3�N�3�0 �+�R�n�I�R�L�$ �C�N�j�3�a���,�j�C�R�N�. �s�C�j�@�R�n�j ���c�c�n�L�U�j�C�R�N�c�. �C�N �c�j�a�C�G�C�N�< �,�R�N�j�a���c�j
�j�R �L�3�j�@�R�0�c �I�C�G�3 �a���N�<�3�A�c�3�U���a���j�3�0 �3�u�,�@���N�<�3�A�,�R�a�a�3�I���j�C�R�N �8�n�N�,�j�C�R�N���I�c�Y�)�l�* ���c �� �a�3�c�n�I�j�. �j�@�3 ���$�A�C�N�C�j�C�R
�#�b�2 �L�3�j�@�R�0 �C�c ���$�I�3 �j�R ���,�,�n�a���j�3�I�w �U�a�3�0�C�,�j �j�@�3 �R�U�j�C�,���I �c�U�3�,�j�a�n�L �R�8 �c�R�I�C�0�c�. �U�a�R�q�C�0�C�N�< �q�3�a�w �<�R�R�0 �3�c�j�C�A
�L���j�3�c �R�8 �C�L�U�R�a�j���N�j �\�n���N�j�C�j�C�3�c�. �I�C�G�3 �j�@�3 �3�u�,�C�j�R�N �$�C�N�0�C�N�< �3�N�3�a�<�w�Y�)�k�A�:�* �i�@�3 ���N���I�w�c�C�c �R�8 �j�@�3 �a�3�c�n�I�j�c �R�8
���$�A�C�N�C�j�C�R �#�b�2 �c�R�I�n�j�C�R�N�c �@�R�s�3�q�3�a �c�3�I�0�R�L �<�R�3�c �$�3�w�R�N�0 �j�@�3 �$���a�3 ���,�,�R�a�0���N�,�3 �R�8 �j�@�3 �U�a�3�0�C�,�j�3�0 ���$�A
�c�R�a�U�j�C�R�N �c�U�3�,�j�a�n�L �s�C�j�@ �j�@�3 �3�u�U�3�a�C�L�3�N�j���I �R�N�3�. �I�3���q�C�N�< �� �I�R�j �R�8 �C�N�8�R�a�L���j�C�R�N �n�N�3�u�U�I�R�a�3�0�Y�)�k�A�:�* �?�3�a�3
�s�3 �c�@�R�s �j�@���j �j�@�3 ���$�A�C�N�C�j�C�R �c�R�I�n�j�C�R�N �R�8 �#�b�2 �,���N �U�a�R�q�C�0�3 �� �n�N�C�\�n�3 �C�N�c�C�<�@�j �R�N �j�@�3 �R�U�j�C�,���I �U�a�R�U�3�a�j�C�3�c
�R�8 �L���j�3�a�C���I�c�. �,�R�L�U�I�3�L�3�N�j�C�N�< �j�@�3 �3�u�U�3�a�C�L�3�N�j���I �,�@���a���,�j�3�a�C�y���j�C�R�N�Y �7�R�a �j�@�C�c �U�n�a�U�R�c�3�. �s�3 �a�3�8�3�a�3�N�,�3
�j�R �j�@�3 �c�j�n�0�w �,���c�3 �R�8 �l�/ �@���I�C�0�3 �U�3�a�R�q�c�G�C�j�3�c�. �N���j�n�a���I �\�n���N�j�n�L �s�3�I�I �c�j�a�n�,�j�n�a�3�c �,�@���a���,�j�3�a�C�y�3�0 �$�w ��
�c�j�a�R�N�< �c�U�C�N �R�a�$�C�j �C�N�j�3�a���,�j�C�R�N�. ���c �s�3�I�I ���c �$�w �� �c�U���j�C���I�I�w �C�N�@�R�L�R�<�3�N�3�R�n�c �0�C�3�I�3�,�j�a�C�, �8�n�N�,�j�C�R�N�Y �b�j���a�j�C�N�<
�8�a�R�L �@�C�<�@�I�w �c�w�L�L�3�j�a�C�, �L�R�0�3�I�c�. ���N�0 �U�a�R�<�a�3�c�c�C�q�3�I�w �C�N�,�R�a�U�R�a���j�C�N�< �a�3���I�C�c�j�C�, �0�3�j���C�I�c �C�N �j�@�3 ���j�R�L�C�c�j�C�,
�L�R�0�3�I�c�. �s�3 �C�N�j�3�a�U�a�3�j �j�@�3 �#�b�2 �a�3�c�n�I�j�c �R�N �j�@�3 �$���c�C�c �R�8 �<�a�R�n�U�A�j�@�3�R�a�w �3�u�U�3�,�j���j�C�R�N�c ���N�0 �,�R�L�U���a�3
�j�@�3�L �s�C�j�@ �j�@�3 �3�u�U�3�a�C�L�3�N�j���I �~�N�0�C�N�<�c�Y�)�9�* �B�N �j�@�C�c �s���w�. �s�3 �c�n�,�,�3�c�c�8�n�I�I�w ���c�c�C�<�N �j�@�3 �~�N�3 �c�j�a�n�,�j�n�a�3 �R�8
�j�@�3 �I�R�s�3�c�j �3�N�3�a�<�w �3�u�,�C�j�R�N�. ���I�c�R �a�3�c�R�I�q�C�N�< �� �0�3�$���j�3 �R�N �j�@�3 �C�N�j�3�a�U�a�3�j���j�C�R�N �R�8 �j�@�3 �c�U�3�,�j�a���Y�)�f�* �B�N ���0�A
�0�C�j�C�R�N�. �s�3 ���c�c�C�<�N �j�@�3 �8�n�I�I �r���N�N�C�3�a �c�3�a�C�3�c �n�U �j�R �j�@�3 �:�c �,�R�L�U�R�N�3�N�j ���N�0 �s�3 �n�N�q�3�C�I �c�U�C�N �U�a�R�U�3�a�j�C�3�c
�R�8 �j�@�C�c �,�I���c�c �R�8 �L���j�3�a�C���I�c�Y �r�3 �@�R�U�3 �j�@�3 �U�a�3�c�3�N�j �c�j�n�0�w �s�C�I�I �C�N�c�U�C�a�3 �j�@�3�R�a�3�j�C�,�C���N�c �j�R �0�C�< �L�R�a�3 �C�N�j�R
�j�@�3 �a�3�c�n�I�j�c �R�8 �j�@�3�C�a �#�b�2 �,���I�,�n�I���j�C�R�N�c�. �c�R �j�R �L���u�C�L�C�y�3 �j�@�3 �C�N�8�R�a�L���j�C�R�N �8�a�R�L �j�@�3�C�a �,���I�,�n�I���j�C�R�N�c�Y

�`�3�8�3�a�3�N�,�3�c�-
�)�S�* �M���j�Y �M���j�R�j�3�,�@�N�R�I�. �S�e�. �:�9�A�9�l �V�l�z�l�l�W�Y
�)�l�* �+�@�3�L�Y �b�R�,�Y �`�3�q�Y�. �:�e�. �S�z�l�l�A�S�z�:�k �V�l�z�S�4�W�Y
�)�k�* �M���N�R �H�3�j�j�Y �l�k�. �4�S�9�9�"�4�S�f�S �V�l�z�l�k�W�Y
�)�:�* �D�Y �T�@�w�c�Y �+�@�3�L�Y �H�3�j�j�Y �O�. �9�4�O�S�"�9�4�O�f �V�l�z�S�4�W�Y
�)�9�* ���0�q�Y �Q�U�j�Y �K���j�3�a�Y�. �S�l�. �l�l�z�l�4�z�S �V�l�z�l�:�W�Y
�)�f�* �b�,�C�Y ���0�q�Y �e�. �3���$�G�z�O�z�: �V�l�z�l�S�W�Y



�K���j�3�a�C���I�c �b�,�C�3�N�,�3 �8�a�R�L �7�C�a�c�j �T�a�C�N�,�C�U�I�3�c �:�S

�p�C�$�a�R�N�C�, �T���j�@�s���w �2�N�<�C�N�3�3�a�C�N�< �8�R�a �2�|�,�C�3�N�j �2�u�,�C�j�R�N �b�3�U���a���j�C�R�N �C�N �?�C�<�@�A�2�|�,�C�3�N�,�w
�M�R�N�8�n�I�I�3�a�3�N�3 �Q�b�+�c

�b�U�3���G�3�a�-���y�n�c�� �K�n�a���R�G��
���|�I�C���j�C�R�N�-�D���U���N �r�R�L�3�N���c �m�N�C�q�3�a�c�C�j�w�. �D���U���N

���$�c�j�a���,�j�-�i�@�3 �c�n�N �c�n�U�U�I�C�3�c ���$�n�N�0���N�j �3�N�3�a�<�w �j�@���j �,���N �$�3 �@���a�q�3�c�j�3�0 ���c �3�I�3�,�j�a�C�,�C�j�w�Y �Q�a�<���N�C�, �c�R�I���a
�,�3�I�I�c �V�Q�b�+�c�W �s�C�j�@ �N�R�N�8�n�I�I�3�a�3�N�3 ���,�,�3�U�j�R�a�c �V�M�7���c�W ���a�3 �� �U�a�R�L�C�c�C�N�< �a�3�N�3�s���$�I�3 �j�3�,�@�N�R�I�R�<�w�. �s�C�j�@
�M�7���A�$���c�3�0 �j�@�C�N�A�~�I�L �Q�b�+�c ���I�a�3���0�w �3�u�,�3�3�0�C�N�< �l�z�X �3�|�,�C�3�N�,�w�Y �7�n�a�j�@�3�a �C�L�U�a�R�q�3�L�3�N�j�c �a�3�\�n�C�a�3
�C�N�,�a�3���c�C�N�< �j�@�3 �c�@�R�a�j�A�,�C�a�,�n�C�j �,�n�a�a�3�N�j �0�3�N�c�C�j�w �V�D�c�,�W�Y �2�u�,�C�j�R�N �0�C�c�c�R�,�C���j�C�R�N �U�a�R�,�3�3�0�c �q�C�� �j�s�R �L�3�,�@���A
�N�C�c�L�c�- �� ���@�R�j �U�a�R�,�3�c�c�� �w�C�3�I�0�C�N�< �,�@���a�<�3�A�c�3�U���a���j�3�0 �V�+�b�W �c�j���j�3�c �0�C�a�3�,�j�I�w�. ���N�0 �� ���,�R�R�I �U�a�R�,�3�c�c�� �q�C��
�C�N�j�3�a�L�3�0�C���j�3 �,�@���a�<�3�A�j�a���N�c�8�3�a �V�+�i�W �c�j���j�3�c�Y �p�C�$�a�R�N�C�, �,�R�n�U�I�C�N�< ���j �j�@�3 �0�R�N�R�a�g���,�,�3�U�j�R�a �C�N�j�3�a�8���,�3 �0�3�A
�j�3�a�L�C�N�3�c �j�@�3 �0�R�L�C�N���N�j �U���j�@�s���w�. �L���G�C�N�< �C�N�j�3�a�8���,�C���I �3�u�,�C�j�R�N �0�w�N���L�C�,�c �,�a�C�j�C�,���I �8�R�a �0�3�q�C�,�3 �0�3�c�C�<�N �)�S�.
�l�*�Y �r�3 �@�w�U�R�j�@�3�c�C�y�3 �j�@���j �+�i �3�u�,�C�j�R�N�c �8�R�a�L �s�3���G�I�w �$�R�n�N�0 �U�R�I���a�R�N �U���C�a�c �j�@���j �0�C�c�c�R�,�C���j�3 �q�C�� �N�R�N���A
�0�C���$���j�C�, �q�C�$�a���j�C�R�N���I �,�R�n�U�I�C�N�< �s�C�j�@�R�n�j �8�n�I�I �a�3�I���u���j�C�R�N�Y �m�c�C�N�< �i�/�/�7�i�. �s�3 �3�q���I�n���j�3 �3�u�,�C�j�3�0�A�c�j���j�3
�U�a�R�U�3�a�j�C�3�c�. �3�I�3�,�j�a�R�N�C�, �c�j�a�n�,�j�n�a�3�. �3�I�3�,�j�a�R�N�"�@�R�I�3 �0�C�c�j���N�,�3�. �3�I�3�,�j�a�R�N�C�, �,�R�n�U�I�C�N�<�. ���N�0 �?�n���N�<�"�`�@�w�c
�8���,�j�R�a�c �R�8 �T�i�#�e�g�#�i���u �V�u �5 �S�. �k�W �,�R�L�U�I�3�u�3�c �)�k�*�Y �T�i�#�e�g�#�i���k�. �,�R�N�c�C�c�j�3�N�j �s�C�j�@ �@�C�<�@�3�a �D�c�,�. �c�@�R�s�c
�I���a�<�3�a �+�i �c�3�U���a���j�C�R�N ���N�0 �c�j�a�R�N�<�3�a �/�¼�� �j�a���N�c�C�j�C�R�N�c�. �C�N�0�C�,���j�C�N�< �3�N�@���N�,�3�0 �,�@���a�<�3 �c�3�U���a���j�C�R�N�Y �B�N
�,�R�N�j�a���c�j�. �T�i�#�e�g�#�i���S �3�u�@�C�$�C�j�c �@�C�<�@�3�a �?�n���N�<�"�`�@�w�c �8���,�j�R�a�c �8�a�R�L �I�R�s�A�8�a�3�\�n�3�N�,�w �L�R�0�3�c�. �C�L�U�I�w�C�N�<
�c�j�a�R�N�<�3�a �N�R�N���0�C���$���j�C�, �a�3�I���u���j�C�R�N�Y �i�@�3�c�3 �a�3�c�n�I�j�c �c�@�R�s �j�@���j �j�n�N�C�N�< �q�C�$�a�R�N�C�, �C�N�j�3�a���,�j�C�R�N�c �,���N �c�j�3�3�a
�3�u�,�C�j�R�N �0�C�c�c�R�,�C���j�C�R�N �U���j�@�s���w�c�. �U�a�R�q�C�0�C�N�< �<�n�C�0���N�,�3 �8�R�a �@�C�<�@�A�3�|�,�C�3�N�,�w �Q�b�+ �0�3�c�C�<�N�Y

�`�3�8�3�a�3�N�,�3�c�-
�)�S�* �?�Y �B�L���@�R�a�C�. �3�j�Y ���I�. ���,�,�Y �`�3�c�Y�. �l�z�l�S�. �l�. �9�z�S�A�9�S�:�Y
�)�l�* ���Y �K�n�a���R�G���. �3�j�Y ���I�. �T�@�w�c�Y �+�@�3�L�Y �+�@�3�L�Y �T�@�w�c�Y�. �l�z�S�4�. �l�z�. �S�l�S�O�k�A�S�l�S�O�O�Y �)�k�*
�b�Y �B�G�3�w���L���. �3�j�Y ���I�. �D�Y �+�@�3�L�Y �T�@�w�c�Y�. �l�z�l�k�. �S�9�O�. �z�:�:�k�z�e�A�S�g�z�:�:�k�z�e�A�S�S�Y
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�M�3�u�j�A�<�3�N�3�a���j�C�R�N �U�3�a�R�q�c�G�C�j�3�c ���N�0 �C�N�c�U�C�a�3�0 �3�N�3�a�<�w �L���j�3�a�C���I�c �8�a�R�L �~�a�c�j�A�U�a�C�N�,�C�U�I�3�c�Y

�b�U�3���G�3�a�-�;�3�R�a�<�3 �p�R�I�R�N���G�C�c
���|�I�C���j�C�R�N�-�m�N�C�q�3�a�c�C�j�� �0�3 �`�3�N�N�3�c�. �7�a���N�,�3

���$�c�j�a���,�j�-���$ �C�N�C�j�C�R �c�C�L�n�I���j�C�R�N�c �@���q�3 �3�L�3�a�<�3�0 ���c �C�N�0�C�c�U�3�N�c���$�I�3 �j�R�R�I�c �8�R�a �U�a�R�$�C�N�<�. �L�R�0�3�I�C�N�<�. ���N�0
�3�I�n�,�C�0���j�C�N�< �j�@�3 �U�a�R�U�3�a�j�C�3�c �R�8 �,�R�L�U�I�3�u �L���j�3�a�C���I�c�. �I�C�G�3 �8�R�a �3�u���L�U�I�3�. �@���I�C�0�3 �U�3�a�R�q�c�G�C�j�3�c ���N�0 �L���j�3�a�C�A
���I�c �j�@���j �@���q�3 �$�3�3�N �C�N�c�U�C�a�3�0 �$�w �j�@�3�L�Y �Q�q�3�a �j�@�3 �U���c�j �j�3�N �w�3���a�c�. �j�@�3�c�3 �,�R�L�U�n�j���j�C�R�N���I ���U�U�a�R���,�@�3�c
�@���q�3 �w�C�3�I�0�3�0 �q���I�n���$�I�3 �C�N�c�C�<�@�j�c �C�N�j�R �j�@�3 ���j�R�L�C�,�A�I�3�q�3�I �U�a�R�,�3�c�c�3�c �j�@���j �0�C�,�j���j�3 �j�@�3 �$�3�@���q�C�R�a �R�8 �j�@�3�c�3
�c�w�c�j�3�L�c�Y �B �s�C�I�I �c�@���a�3 �R�n�a �L�R�c�j �a�3�,�3�N�j �s�R�a�G �R�N �j�@�3 �3�I�3�,�j�a�R�N�C�, �c�j�a�n�,�j�n�a�3 �R�8 �G�3�w �@���I�C�0�3�A�$���c�3�0 �L���j�3�A
�a�C���I�c �C�N�,�I�n�0�C�N�< �U�a�R�j�R�j�w�U�C�,���I �I���w�3�a�3�0 �@���I�C�0�3 �U�3�a�R�q�c�G�C�j�3�c�. �q���,���N�,�w�A�R�a�0�3�a�3�0 �0�R�n�$�I�3 �U�3�a�R�q�c�G�C�j�3�c�. ���N�0
�I�R�s�A�0�C�L�3�N�c�C�R�N���I �U�3�a�R�q�c�G�C�j�3 ���N���I�R�<�n�3�c�Y �B �s�C�I�I �3�L�U�@���c�C�y�3 �j�@�3 �3�I�3�,�j�a�R�N�C�, �,�@���a���,�j�3�a�C�c�j�C�,�c �j�@���j �0�a�C�q�3
�j�@�3�C�a �R�U�j�C�,���I �a�3�c�U�R�N�c�3�c ���N�0 �c�@���U�3 �j�@�3�C�a �3�u�U�3�a�C�L�3�N�j���I �U�3�a�8�R�a�L���N�,�3�Y �Q�n�a �a�3�c�n�I�j�c �c�@�R�s �$�R�j�@ �j�@�3
�U�R�j�3�N�j�C���I ���N�0 �j�@�3 �I�C�L�C�j���j�C�R�N�c �R�8 �j�@�3�c�3 �L���j�3�a�C���I�c �C�N �0�C�q�3�a�c�3 �R�U�j�R�3�I�3�,�j�a�R�N�C�, �j�3�,�@�N�R�I�R�<�C�3�c�. �a���N�<�C�N�<
�8�a�R�L �C�N�0�R�R�a ���N�0 �R�n�j�0�R�R�a �c�R�I���a �,�3�I�I�c �j�R �I�C�<�@�j�A�3�L�C�j�j�C�N�< �0�3�q�C�,�3�c�Y �+�R�N�,�I�n�0�C�N�< �j�@�3 �j���I�G�. �B �s�C�I�I �0�C�c�,�n�c�c
�R�n�a ���0�q���N�,�3�0 ���$ �C�N�C�j�C�R �C�N�q�3�c�j�C�<���j�C�R�N�c �R�8 �,�@���a�<�3�A�,���a�a�C�3�a �j�a���N�c�U�R�a�j�. �,�R�N�j�a���c�j�C�N�< �j�@�a�3�3�A�0�C�L�3�N�c�C�R�N���I
���N�0 �I���w�3�a�3�0 �@���I�C�0�3 �U�3�a�R�q�c�G�C�j�3�c�. ���N�0 �C�N�j�a�R�0�n�,�3 �� �N�3�s�. �U���a���L�3�j�3�a�A�8�a�3�3 ���U�U�a�R���,�@ �8�R�a ���,�,�n�a���j�3�I�w
�a�3�c�R�I�q�C�N�< �j�@�3�C�a �3�I�3�,�j�a�R�N�C�, �c�j�a�n�,�j�n�a�3�Y



�K���j�3�a�C���I�c �b�,�C�3�N�,�3 �8�a�R�L �7�C�a�c�j �T�a�C�N�,�C�U�I�3�c �:�k

�S�/ ���N�0 �l�/ �L�R�I�3�,�n�I���a �N���N�R���a�,�@�C�j�3�,�j�n�a�3�c�- �3�I�3�,�j�a�R�N�C�, �C�N�c�C�<�@�j�c �8�a�R�L �/�7�i�A�$���c�3�0
�c�C�L�n�I���j�C�R�N�c

�b�U�3���G�3�a�-���a���N �;���a�,�C���A�H�3�G�n�3
���|�I�C���j�C�R�N�-�/�B�T�+ �V�/�R�N�R�c�j�C�� �B�N�j�3�a�N���j�C�R�N���I �T�@�w�c�C�,�c �+�3�N�j�3�a�W�. �B�G�3�a�$���c�\�n�3 �V�#���c�\�n�3 �7�R�n�N�0���j�C�R�N �8�R�a
�b�,�C�3�N�,�3�W�. �#���c�\�n�3 �+�R�n�N�j�a�w�. �b�U���C�N

���$�c�j�a���,�j�-�+�n�a�a�3�N�j�I�w�. �R�N�A�c�n�a�8���,�3 �c�w�N�j�@�3�c�C�c �L�3�j�@�R�0�c ���I�I�R�s �,�a�3���j�C�N�< ���j�R�L�C�,���I�I�w �U�a�3�,�C�c�3 �S�/ ���N�0
�l�/ �,���a�$�R�N�A�$���c�3�0 �N���N�R�c�j�a�n�,�j�n�a�3�c �s�C�j�@ �C�0�3�N�j�C�,���I ���N�0 �@�R�L�R�<�3�N�3�R�n�c�I�w �0�C�c�j�a�C�$�n�j�3�0 �U�R�a�3�c�Y�)�S�.�l�* �B�N
�j���N�0�3�L �s�C�j�@ �j�@�3 �3�u�U�3�a�C�L�3�N�j���I ���0�q���N�,�3�c�. �j�@�3�R�a�w ���N�0 �c�C�L�n�I���j�C�R�N �3�L�3�a�<�3 ���c �3�c�c�3�N�j�C���I �U���a�j�N�3�a�c
�C�N �R�a�0�3�a �j�R ���,�@�C�3�q�3 ���N ���j�R�L�C�, �I�3�q�3�I �n�N�0�3�a�c�j���N�0�C�N�< ���N�0 �,�R�N�j�a�R�I �R�8 �j�@�3�C�a �U�a�R�U�3�a�j�C�3�c�Y �B�N �j�@�C�c �j���I�G�. �B
�s�C�I�I �U�a�3�c�3�N�j �c�R�L�3 �c�j�n�0�C�3�c �R�8 �U�R�a�R�n�c �<�a���U�@�3�N�3 �N���N�R�a�C�$�$�R�N�c �V�;�M�`�c�W ���N�0 �N���N�R�U�R�a�R�n�c �<�a���U�@�3�N�3
�V�M�T�;�W�. �j�@���j �s�3 �@���q�3 �a�3�,�3�N�j�I�w �U�3�a�8�R�a�L�3�0 �C�N �R�n�a �<�a�R�n�U�Y �+�R�L�$�C�N�C�N�< �0�3�N�c�C�j�w �8�n�N�,�j�C�R�N���I �j�@�3�R�a�w
�V�/�7�i�W �s�C�j�@ �j�C�<�@�j�A�$�C�N�0�C�N�< �V�i�#�W �L�R�0�3�I�c ���N�0 �N�R�N�A�3�\�n�C�I�C�$�a�C�n�L �;�a�3�3�N���c �8�n�N�,�j�C�R�N�c �V�M�2�;�7�W ���U�U�a�R���,�@�.
���N�0 �C�N �,�R�I�I���$�R�a���j�C�R�N �s�C�j�@ �R�n�a �3�u�U�3�a�C�L�3�N�j���I �,�R�I�I�3���<�n�3�c�. �s�3 �@���q�3 �C�N�q�3�c�j�C�<���j�3�0 �j�@�3�C�a �c�j�a�n�,�j�n�a���I�.
�3�I�3�,�j�a�R�N�C�, ���N�0 �j�a���N�c�U�R�a�j �U�a�R�U�3�a�j�C�3�c�Y �Q�N �j�@�3 �R�N�3 �@���N�0�. �s�3 �@���q�3 �3�u�U�I�R�a�3�0 �U�R�a�R�n�c �;�M�`�c �,�R�N�j���C�N�A
�C�N�< �$�C�U�@�3�N�w�I�3�N�3 �n�N�C�j�c �j�@���j �L�3�a�<�3 �I���j�3�a���I�I�w �<�C�q�C�N�< �a�C�c�3 �j�R �N�R�q�3�I �U�R�a�R�n�c �l�/ �N�3�j�s�R�a�G�c�Y�)�k�* �7�n�a�j�@�3�a�.
�s�3 �@���q�3 �a�3�U�R�a�j�3�0 �R�N �j�@�3 ���N�C�c�R�j�a�R�U�C�, �,�n�a�a�3�N�j �U�a�R�U���<���j�C�R�N �C�N �M�T�;�. �s�@�C�,�@ �,���N �$�3 �~�N�3�I�w �j�n�N�3�0 �3�C�A
�j�@�3�a �$�w �C�N�j�a�C�N�c�C�, �,�@���N�<�3�c �C�N �C�j�c ���j�R�L�C�, �c�j�a�n�,�j�n�a�3 �R�a �$�w �c�j���,�G�C�N�< �C�j �R�N �<�a���U�@�3�N�3�Y�)�:�.�9�* �B�N�j�3�a�3�c�j�C�N�<�I�w�.
�s�3 �@���q�3 ���I�c�R �0�3�L�R�N�c�j�a���j�3�0 �j�@���j �c�,���N�N�C�N�< �j�n�N�N�3�I�C�N�< �L�C�,�a�R�c�,�R�U�w �V�b�i�K�W �3�u�U�3�a�C�L�3�N�j�c �U�3�a�8�R�a�L�3�0
�8�R�a �c�n�,�@ �U�R�a�R�n�c �,���a�$�R�N�A�$���c�3�0 �c�w�c�j�3�L�c �R�8�j�3�N �3�u�@�C�$�C�j �0�3�,�3�U�j�C�q�3 �3�I�3�,�j�a�R�N�C�, �,�R�N�~�N�3�L�3�N�j �3�{�3�,�j�c�Y�)�f�*

�`�3�8�3�a�3�N�,�3�c�-
�)�S�* �[�C�N �3�j ���I�Y�. �+�R�L�L�n�N�Y �+�@�3�L�Y �e�. �S�9�: �V�l�z�l�:�W
�)�l�* �K�R�a�3�N�R �3�j ���I�Y�. �+�R�L�L�n�N�Y �+�@�3�L�Y �e�. �l�S�O �V�l�z�l�:�W
�)�k�* ���N�<�n�I�R�A�T�R�a�j�n�<���I �3�j ���I�Y�. �V�n�N�0�3�a �a�3�q�C�3�s�W
�)�:�* �K�R�a�3�N�R �3�j ���I�Y�. �D�Y ���L�Y �+�@�3�L�Y �b�R�,�Y �S�:�9�. �4�O�4�4 �V�l�z�l�k�W
�)�9�* �/�C���y �0�3 �+�3�a�C�R �3�j ���I�Y�. �M���N�R �H�3�j�j�3�a�c �l�9�. �S�l�4�S �V�l�z�l�9�W
�)�f�* �T�C�\�n�3�a�R�A�x�n�I���C�,�� �3�j ���I�Y �S�9�. �S�z�f�l �V�l�z�l�:�W
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�7�C�a�c�j�A�T�a�C�N�,�C�U�I�3�c ���N�0 �/���j���A�/�a�C�q�3�N ���U�U�a�R���,�@�3�c �8�R�a �j�@�3 �+�R�L�U�n�j���j�C�R�N���I �/�3�c�C�<�N �R�8
�7�n�N�,�j�C�R�N���I �?�3�n�c�I�3�a ���I�I�R�w�c

�b�U�3���G�3�a�-�i�3�a�n�L���c�� �i���0���N�R
���|�I�C���j�C�R�N�-�M�B�K�b�. �i�c�n�G�n�$���. �D���U���N

���$�c�j�a���,�j�-�?�3�n�c�I�3�a ���I�I�R�w�c �@���q�3 �$�3�3�N �3�u�j�3�N�c�C�q�3�I�w �c�j�n�0�C�3�0 �8�R�a �j�@�3�C�a �U�R�j�3�N�j�C���I ���U�U�I�C�,���j�C�R�N�c �C�N �q���a�A
�C�R�n�c �8�n�N�,�j�C�R�N�c�. �C�N�,�I�n�0�C�N�< �c�U�C�N�j�a�R�N�C�, �0�3�q�C�,�3�c�. �c�@���U�3�A�L�3�L�R�a�w ���I�I�R�w�c�. ���N�0 �$�R�j�@ �I�R�N�<�C�j�n�0�C�N���I ���N�0
�j�a���N�c�q�3�a�c�3 �j�@�3�a�L�R�3�I�3�,�j�a�C�,�C�j�w�Y �i�R �n�j�C�I�C�y�3 �j�@�3�c�3 ���I�I�R�w�c �3�{�3�,�j�C�q�3�I�w�. �C�j �C�c �R�8�j�3�N �N�3�,�3�c�c���a�w �j�R �R�U�j�C�A
�L�C�y�3 �L�n�I�j�C�U�I�3 �U�@�w�c�C�,���I �U�a�R�U�3�a�j�C�3�c �c�C�L�n�I�j���N�3�R�n�c�I�w �s�@�C�I�3 �3�N�c�n�a�C�N�< �j�@�3�C�a �c�j���$�C�I�C�j�w�Y �i�@�C�c �j���c�G �,���N
�$�3 �,�@���I�I�3�N�<�C�N�< �0�n�3 �j�R �j�@�3 �q���c�j �a���N�<�3 �R�8 �U�R�c�c�C�$�C�I�C�j�C�3�c�Y �B�N �a�3�,�3�N�j �w�3���a�c�. �c�C�<�N�C�~�,���N�j �U�a�R�<�a�3�c�c �@���c
�$�3�3�N �L���0�3 �C�N �,�R�N�c�j�a�n�,�j�C�N�< ���N�0 �n�j�C�I�C�y�C�N�< �L���j�3�a�C���I �0���j���$���c�3�c �<�3�N�3�a���j�3�0 �j�@�a�R�n�<�@ �~�a�c�j�A�U�a�C�N�,�C�U�I�3�c
�,���I�,�n�I���j�C�R�N�c �$���c�3�0 �R�N �0�3�N�c�C�j�w �8�n�N�,�j�C�R�N���I �j�@�3�R�a�w �V�/�7�i�W�Y �i�@�3�c�3 �0���j���$���c�3�c�. ���I�R�N�< �s�C�j�@ ���0�q���N�,�3�0
�L���,�@�C�N�3�A�I�3���a�N�C�N�< �V�K�H�W �j�3�,�@�N�C�\�n�3�c�. ���a�3 �3�u�U�3�,�j�3�0 �j�R ���C�0 �C�N �j�@�3 �3�|�,�C�3�N�j �3�u�U�I�R�a���j�C�R�N �R�8 �j�@�3 �3�u�A
�j�3�N�c�C�q�3 �,�@�3�L�C�,���I �c�U���,�3 �R�8 �8�n�N�,�j�C�R�N���I �L���j�3�a�C���I�c�Y �B�N �j�@�C�c �U�a�3�c�3�N�j���j�C�R�N�. �s�3 �s�C�I�I �0�C�c�,�n�c�c �R�n�a �a�3�,�3�N�j
���,�j�C�q�C�j�C�3�c �C�N �0���j���$���c�3 �<�3�N�3�a���j�C�R�N ���N�0 �j�@�3 �0�3�q�3�I�R�U�L�3�N�j �R�8 �K�H �L�R�0�3�I�c �8�R�a �U�a�R�U�3�a�j�w �U�a�3�0�C�,�j�C�R�N
�)�S�.�l�*�Y �7�C�a�c�j�. �s�3 �s�C�I�I �C�N�j�a�R�0�n�,�3 �j�@�3 �/�t�K���< �+�R�L�U�n�j���j�C�R�N���I �?�3�n�c�I�3�a�/�# �)�k�*�. �s�@�C�,�@ �,�R�N�j���C�N�c �,�R�L�A
�U�a�3�@�3�N�c�C�q�3 �U�a�R�U�3�a�j�C�3�c �R�8 ���U�U�a�R�u�C�L���j�3�I�w �l�4�.�z�z�z �j�3�a�N���a�w �?�3�n�c�I�3�a ���I�I�R�w�c �,�R�L�U�n�j�3�0 �n�c�C�N�< �/�7�i�Y
�M�3�u�j�. �s�3 �s�C�I�I �U�a�3�c�3�N�j ���N �K�H �L�R�0�3�I �,���U���$�I�3 �R�8 �U�a�3�0�C�,�j�C�N�< �L���j�3�a�C���I �U�a�R�U�3�a�j�C�3�c �0�C�a�3�,�j�I�w �8�a�R�L �,�a�w�c�A
�j���I �c�j�a�n�,�j�n�a�3�c�Y �i�@�C�c �L�R�0�3�I �C�c �$�n�C�I�j �$�w �I�3�q�3�a���<�C�N�< �j�a���N�c�8�3�a �I�3���a�N�C�N�< �8�a�R�L �j�@�3 �c�j���j�3�A�R�8�A�j�@�3�A���a�j �n�N�C�A
�q�3�a�c���I �K�H �C�N�j�3�a���j�R�L�C�, �U�R�j�3�N�j�C���I �V�n�K�H�B�T�W�. �3�b�2�M�A�k�z�K�A�Q���K �)�:�*�. ���N�0 �C�j�c �U���a���L�3�j�3�a�c �C�N �j�@�3 �~�N���I
�L�3�c�c���<�3�A�U���c�c�C�N�< �I���w�3�a�c ���a�3 �a�3�~�N�3�0 �n�c�C�N�< �j�@�3 �?�3�n�c�I�3�a�/�# �0���j���c�3�j�Y �Q�n�a �L�R�0�3�I �0�3�L�R�N�c�j�a���j�3�c
�@�C�<�@ �U�a�3�,�C�c�C�R�N �C�N �U�a�3�0�C�,�j�C�N�< �q���a�C�R�n�c �U�a�R�U�3�a�j�C�3�c�. �C�N�,�I�n�0�C�N�< �U�@�R�N�R�N �c�j���$�C�I�C�j�w�. �L���<�N�3�j�C�, �L�R�L�3�N�j�c�.
���N�0 �L���<�N�3�j�R�A�,�a�w�c�j���I�I�C�N�3 ���N�C�c�R�j�a�R�U�w �V�K�+���W �3�N�3�a�<�w�Y �#�w ���U�U�I�w�C�N�< �j�@�3 �0�3�q�3�I�R�U�3�0 �K�H �L�R�0�3�I�c �j�R
�S�k�S�.�9�:�: �\�n���j�3�a�N���a�w ���N�0 �S�z�:�.�S�k�O ���I�I�A�0 �?�3�n�c�I�3�a ���I�I�R�w�c�. �s�3 �s�3�a�3 ���$�I�3 �j�R �3�|�,�C�3�N�j�I�w �c�,�a�3�3�N ���a�R�n�N�0
�S�.�k�z�z �,���N�0�C�0���j�3�c �3�u�U�3�,�j�3�0 �j�R �3�u�@�C�$�C�j �I���a�<�3 �K�+�� �3�N�3�a�<�w�. �c�U�3�,�C�~�,���I�I�wj�F�Sj �> �S �K�D�g�L3�Y �b�n�$�c�3�A
�\�n�3�N�j �/�7�i �,���I�,�n�I���j�C�R�N�c �,�R�N�~�a�L�3�0 �j�@���j ���U�U�a�R�u�C�L���j�3�I�w �4�z�X �R�8 �j�@�3�c�3 �,���N�0�C�0���j�3�c �L�3�j �j�@�C�c �,�a�C�j�3�A
�a�C�R�N�Y �i�@�C�c �s�R�a�G �@�C�<�@�I�C�<�@�j�c �j�@�3 �a�3�I�C���$�C�I�C�j�w ���N�0 �3�|�,�C�3�N�,�w �R�8 �j�@�3 �0�3�q�3�I�R�U�3�0 �K�H�A���c�c�C�c�j�3�0 �8�a���L�3�s�R�a�G
�8�R�a �c�,�a�3�3�N�C�N�< �8�n�N�,�j�C�R�N���I �L���j�3�a�C���I�c�Y

�`�3�8�3�a�3�N�,�3�c
�)�S�* �2�Y �t�C���R ���N�0 �i�Y �i���0���N�R�. ���,�j�� �K���j�3�a�Y �l�O�e�. �S�l�S�k�S�l �V�l�z�l�9�W
�)�l�* �2�Y �t�C���R ���N�0 �i�Y �i���0���N�R�. ���a�t�C�q�-�l�9�z�4�Y�l�z�9�9�f
�)�k�* �@�j�j�U�c�-�g�g�s�s�s�Y�N�C�L�c�Y�<�R�Y�E�U�g�<�a�R�n�U�g�c�U�C�N�j�@�3�R�a�w�g�0���j���$���c�3�g
�)�:�* �7�n�. �t�Y �3�j ���I�Y ���a�t�C�q�-�l�9�z�l�Y�S�l�S�:�e�Y



�K���j�3�a�C���I�c �b�,�C�3�N�,�3 �8�a�R�L �7�C�a�c�j �T�a�C�N�,�C�U�I�3�c �:�9

�2�u�U�I�R�a�C�N�< �y�3�a�R�A�j�3�L�U�3�a���j�n�a�3 �U�@���c�3 �0�C���<�a���L�c �s�C�j�@ �N�3�n�a���I �N�3�j�s�R�a�G �\�n���N�j�n�L �c�j���j�3�c

�b�U�3���G�3�a�-�K���a�,�n�c �?�R�I�y�L���N�N
���|�I�C���j�C�R�N�-�H�T�K�K�+�. �m�N�C�q�3�a�c�C�j�� �;�a�3�R�N�R�$�I�3�A���I�U�3�c�. �7�a���N�,�3

���$�c�j�a���,�j�-�B�j�3�a�C�j�C�q�3 �$���,�G�•�R�s �)�S�.�l�* ���N�0 �N�3�n�a���I �N�3�j�s�R�a�G �\�n���N�j�n�L �c�j���j�3�c �)�k�* �U�a�R�q�C�0�3 �@�C�<�@�I�w ���,�,�n�a���j�3
�a�3�U�a�3�c�3�N�j���j�C�R�N�c �R�8 �L���N�w�A�$�R�0�w �<�a�R�n�N�0 �c�j���j�3 �s���q�3 �8�n�N�,�j�C�R�N�c�Y �p���a�C���j�C�R�N���I �K�R�N�j�3 �+���a�I�R �,���I�,�n�I���A
�j�C�R�N�c �$���c�3�0 �R�N �N�3�n�a���I �$���,�G�•�R�s �\�n���N�j�n�L �c�j���j�3�c �,���N �R�q�3�a�,�R�L�3 �L���E�R�a �I�C�L�C�j���j�C�R�N�c �R�8 �\�n���N�j�n�L
�K�R�N�j�3 �+���a�I�R �L�3�j�@�R�0�c�. �C�N �U���a�j�C�,�n�I���a �,�R�N�,�3�a�N�C�N�< �j�@�3 �3�u�U�I�R�a���j�C�R�N �R�8 �y�3�a�R �j�3�L�U�3�a���j�n�a�3 �U�@���c�3 �0�C���A
�<�a���L�c�Y �B �s�C�I�I �<�C�q�3 ���N �R�q�3�a�q�C�3�s �R�q�3�a �a�3�,�3�N�j �a�3�c�n�I�j�c �R�N �j�@�3 �3�I�3�,�j�a�R�N �<���c �)�:�*�. �@�w�0�a�R�<�3�N �)�9�*�. ���N�0 �R�N
�j�@�3 �I�C�\�n�C�0�A�c�R�I�C�0 �j�a���N�c�C�j�C�R�N �R�8 �j�s�R�A�0�C�L�3�N�c�C�R�N���I �@�3�I�C�n�L �)�f�*�Y

�`�3�8�3�a�3�N�,�3�c�-
�)�S�* �K�Y �i���0�0�3�C�. �K�Y �`�n�<�<�3�a�C�. �b�Y �K�R�a�R�N�C�. ���N�0 �K�Y �?�R�I�y�L���N�N�. �T�@�w�c�Y �`�3�q�Y �# �O�S�. �S�S�9�S�z�f �V�l�z�S�9�W�Y
�)�l�* �K�Y �`�n�<�<�3�a�C�. �b�Y �K�R�a�R�N�C�. ���N�0 �K�Y �?�R�I�y�L���N�N�.�T�@�w�c�Y �`�3�q�Y �H�3�j�j�Y �S�l�z�. �l�z�9�k�z�l �V�l�z�S�4�W�Y
�)�k�* �;�Y �+���a�I�3�R ���N�0 �K�Y �i�a�R�w�3�a�. �b�,�C�3�N�,�3 �k�9�9�. �f�z�l �V�l�z�S�e�W�Y
�)�:�* �K�Y �?�R�I�y�L���N�N ���N�0 �b�Y �K�R�a�R�N�C�.�T�@�w�c�Y �`�3�q�Y �H�3�j�j�Y �S�l�:�. �l�z�f�:�z�: �V�l�z�l�z�W�Y
�)�9�* �/�Y �H�C�N�j�3���n�. �b�Y �K�R�a�R�N�C�. �;�Y �+���a�I�3�R�. �K�Y �?�R�I�y�L���N�N�. �,�R�N�0�A�L���j�g�l�9�z�:�Y�z�e�z�f�l�Y
�)�f�* �/�Y �H�C�N�j�3���n�. �;�Y �T�3�c�,�C���. �D�Y �M�w�c�. �;�Y �+���a�I�3�R�. ���N�0 �K�Y �?�R�I�y�L���N�N�. �T�@�w�c�Y �`�3�q�Y �H�3�j�j �S�k�:�. �l�:�f�z�z�S
�V�l�z�l�9�W�Y
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�K�R�0�3�I�I�C�N�< �3�I�3�,�j�a�R�I�w�j�3�c �8�R�a �3�N�3�a�<�w �c�j�R�a���<�3 ���U�U�I�C�,���j�C�R�N�c �q�C�� �L���,�@�C�N�3 �I�3���a�N�C�N�<�A�$���c�3�0
�c�C�L�n�I���j�C�R�N�c

�b�U�3���G�3�a�-���I�3�c�c���N�0�a�� �b�3�a�q��
���|�I�C���j�C�R�N�-�T�?�2�M�B�t �H���$�R�a���j�R�a�w�. �b�R�a�$�R�N�N�3 �m�N�C�q�3�a�c�C�j�w�. �+�M�`�b�. �7�a���N�,�3

���$�c�j�a���,�j�-�B�N �3�N�3�a�<�w �c�j�R�a���<�3 �V�3�Y�<�Y�. �c�n�U�3�a�,���U���,�C�j�R�a�c ���N�0 �$���j�j�3�a�C�3�c�W ���N�0 �,���j���I�w�c�C�c ���U�U�I�C�,���j�C�R�N�c�.
�j�@�3 �3�I�3�,�j�a�R�I�w�j�3 �C�c �R�N�3 �R�8 �j�@�3 �G�3�w �,�R�L�U�R�N�3�N�j�c �C�N�•�n�3�N�,�C�N�< �3�|�,�C�3�N�,�w�Y �;���C�N�C�N�< ���N ���j�R�L�C�c�j�C�, �n�N�0�3�a�A
�c�j���N�0�C�N�< �R�8 �j�@�3 �,�R�L�U�R�c�C�j�C�R�N�A�U�a�R�U�3�a�j�w �a�3�I���j�C�R�N�c�@�C�U �C�c �j�@�3�a�3�8�R�a�3 �3�c�c�3�N�j�C���I �8�R�a �j�@�3 �a���j�C�R�N���I �0�3�c�C�<�N
�R�8 �N�3�s �3�I�3�,�j�a�R�I�w�j�3�c �s�C�j�@ �C�L�U�a�R�q�3�0 �U�3�a�8�R�a�L���N�,�3�c�Y �K�R�I�3�,�n�I���a �0�w�N���L�C�,�c �V�K�/�W �c�C�L�n�I���j�C�R�N�c �@���q�3
�U�a�R�q�3�N �j�R �$�3 �� �U�R�s�3�a�8�n�I �j�R�R�I �8�R�a �U�a�R�q�C�0�C�N�< �c�n�,�@ �L�C�,�a�R�c�,�R�U�C�, �C�N�c�C�<�@�j�Y �B�N �U���a�j�C�,�n�I���a�. �C�N �a�3�,�3�N�j �w�3���a�c�.
�L���,�@�C�N�3 �I�3���a�N�C�N�< �U�R�j�3�N�j�C���I�c �@���q�3 �c�@�R�s�N �j�R �$�3 �U�a�R�L�C�c�C�N�< �8�R�a �L�R�0�3�I�C�N�< �,�R�L�U�I�3�u �3�I�3�,�j�a�R�I�w�j�3�c�. �3�c�A
�U�3�,�C���I�I�w �C�N �,���c�3�c �s�@�3�a�3 �,�I���c�c�C�,���I �U�R�j�3�N�j�C���I�c �8���C�I �j�R �,���U�j�n�a�3 �3�c�c�3�N�j�C���I �c�j�a�n�,�j�n�a���I ���N�0 �j�@�3�a�L�R�0�w�A
�N���L�C�, �U�a�R�U�3�a�j�C�3�c�Y �B�N �j�@�C�c �j���I�G�. �B �s�C�I�I �U�a�3�c�3�N�j �j�s�R �3�u���L�U�I�3�c �R�8 �3�I�3�,�j�a�R�I�w�j�3�c �C�N�q�3�c�j�C�<���j�C�R�N�c �n�c�C�N�<
�L���,�@�C�N�3 �I�3���a�N�C�N�<�A�$���c�3�0 �c�C�L�n�I���j�C�R�N�c�- �V�C�W �� �U�a�R�j�C�, �C�R�N�C�, �I�C�\�n�C�0�. �� �U�a�R�L�C�c�C�N�< �L���j�3�a�C���I �N�R�j���$�I�3 �8�R�a �C�j�c
���$�C�I�C�j�w �j�R �0�3�,�R�n�U�I�3 �U�a�R�j�R�N �j�a���N�c�U�R�a�j �8�a�R�L �C�R�N �0�C�{�n�c�C�R�N�. �j�R �L�R�0�3�I �j�@�3 �U�a�R�j�R�N �j�a���N�c�8�3�a �L�3�,�@���N�C�c�L�d
���N�0 �V�C�C�W �c�R�0�C�n�L �L�3�j���I �@���I�C�0�3�c ���N�0 �c�R�0�C�n�L �L�3�j���I �R�u�w�@���I�C�0�3�c �8�R�a �c�R�I�C�0�A�c�j���j�3 �c�R�0�C�n�L�A�C�R�N �$���j�j�3�a�C�3�c�.
�j�R �n�N�a���q�3�I �j�@�3 �a�3�I���j�C�R�N�c�@�C�U �$�3�j�s�3�3�N �c�j�a�n�,�j�n�a�3�. �,�R�N�0�n�,�j�C�q�C�j�w ���N�0 �j�a���N�c�U�R�a�j �L�3�,�@���N�C�c�L�c�Y
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�b�C�L�n�I���j�C�R�N�. �j�@�3�R�a�w�. ���N�0 �L���,�@�C�N�3 �I�3���a�N�C�N�< ���U�U�a�R���,�@�3�c �8�R�a �C�N�q�3�c�j�C�<���j�C�N�< �L���j�3�a�C���I�c
���N�0 �L�R�I�3�,�n�I���a �c�w�c�j�3�L�c�Y

�b�U�3���G�3�a�-�i�R�L�R�L�C �b�@�C�L���y���G�C
���|�I�C���j�C�R�N�-�;�a���0�n���j�3 �b�,�@�R�R�I �R�8 �M���N�R�$�C�R�c�,�C�3�N�,�3�. �v�R�G�R�@���L�� �+�C�j�w �m�N�C�q�3�a�c�C�j�w�. �l�l�A�l�. �b�3�j�R�. �F���N���y���A
�s���G�n�. �v�R�G�R�@���L���. �l�k�f�A�z�z�l�f�. �D���U���N

���$�c�j�a���,�j�-�i�@�C�c �U�a�3�c�3�N�j���j�C�R�N �3�u�U�I�R�a�3�c �a�3�c�3���a�,�@ �R�N �L���j�3�a�C���I�c ���N�0 �L�R�I�3�,�n�I�3�c �j�@�a�R�n�<�@ �c�C�L�n�I���A
�j�C�R�N�. �j�@�3�R�a�w�. ���N�0 �L���,�@�C�N�3 �I�3���a�N�C�N�<�Y �B�N �j�@�3 �c�C�L�n�I���j�C�R�N �c�3�,�j�C�R�N�. �s�3 �8�R�,�n�c �R�N �U�3�a�R�q�c�G�C�j�3 �c�R�I���a �,�3�I�I
�L���j�3�a�C���I�c�. �s�@�C�,�@ �@���q�3 �<���C�N�3�0 ���j�j�3�N�j�C�R�N �C�N �a�3�,�3�N�j �w�3���a�c �0�n�3 �j�R �j�@�3�C�a �@�C�<�@ �U�R�s�3�a �,�R�N�q�3�a�c�C�R�N �3�8�A
�~�,�C�3�N�,�w �V�T�+�2�W�Y �r�@�C�I�3 �I�3���0 �V�T�$�W �C�c �,�R�L�L�R�N�I�w �n�c�3�0 �C�N �j�@�3�c�3 �0�3�q�C�,�3�c�. �C�j�c �j�R�u�C�,�C�j�w �@���c �U�a�R�L�U�j�3�0
�C�N�j�3�a�3�c�j �C�N �I�3���0�A�8�a�3�3 �j�C�N �V�b�N�W�A�$���c�3�0 �U�3�a�R�q�c�G�C�j�3�c�Y �?�R�s�3�q�3�a�. �b�N�A�$���c�3�0 �U�3�a�R�q�c�G�C�j�3�c ���a�3 �U�a�R�N�3 �j�R
�8�R�a�L�C�N�< �0�3�8�3�,�j �c�j���j�3�c �R�N �j�@�3 �c�n�a�8���,�3�. �s�@�C�,�@ �@�C�N�0�3�a �j�@�3 ���,�@�C�3�q�3�L�3�N�j �R�8 �@�C�<�@ �T�+�2�Y �i�R ���0�0�a�3�c�c
�j�@�C�c �C�c�c�n�3�. �L�R�I�3�,�n�I���a �U���c�c�C�q���j�C�R�N �U�a�R�,�3�c�c�3�c �@���q�3 �$�3�3�N �C�N�j�a�R�0�n�,�3�0 �C�N �0�3�q�C�,�3 �8���$�a�C�,���j�C�R�N�Y �r�3
�C�N�q�3�c�j�C�<���j�3 �j�@�3 �L�R�I�3�,�n�I���a�A�I�3�q�3�I �L�3�,�@���N�C�c�L�c �R�8 �j�@�3�c�3 �U�a�R�,�3�c�c�3�c �n�c�C�N�< �~�a�c�j�A�U�a�C�N�,�C�U�I�3�c �c�C�L�n�I���A
�j�C�R�N�c�Y�)�S�A�k�* �B�N �j�@�3 �j�@�3�R�a�w �c�3�,�j�C�R�N�. �s�3 �0�C�c�,�n�c�c �j�@�3 �0�C�3�I�3�,�j�a�C�,�A�0�3�U�3�N�0�3�N�j �0�3�N�c�C�j�w �8�n�N�,�j�C�R�N���I �j�@�3�R�a�w
�V�/�7�i�W �L�3�j�@�R�0�Y�)�:�A �9�* �i�@�C�c ���U�U�a�R���,�@ �3�u�@�C�$�C�j�c �c�w�c�j�3�L�A�0�3�U�3�N�0�3�N�j �,�@���a���,�j�3�a�C�c�j�C�,�c�. �s�@�3�a�3 �j�@�3 �8�R�a�L
�R�8 �j�@�3 �3�u�,�@���N�<�3�A �,�R�a�a�3�I���j�C�R�N �8�n�N�,�j�C�R�N���I �q���a�C�3�c ���,�,�R�a�0�C�N�< �j�R �j�@�3 �j���a�<�3�j �L���j�3�a�C���I �R�a �L�R�I�3�,�n�I�3�Y �B�N
�U���a�j�C�,�n�I���a�. �j�@�3 �8�a���,�j�C�R�N �R�8 �?���a�j�a�3�3�A�7�R�,�G �3�u�,�@���N�<�3 �C�c �U�a�R�U�R�a�j�C�R�N���I �j�R �j�@�3 �C�N�q�3�a�c�3 �R�8 �j�@�3 �0�C�3�I�3�,�j�a�C�,
�,�R�N�c�j���N�j�Y �i�@�C�c �L�3�j�@�R�0 �@���c �a�3�,�3�N�j�I�w �$�3�3�N �3�u�j�3�N�0�3�0 �8�a�R�L �C�N�R�a�<���N�C�, �L���j�3�a�C���I�c �j�R �L�R�I�3�,�n�I���a �c�w�c�A
�j�3�L�c�. ���N�0 �s�3 �s�C�I�I �3�u���L�C�N�3 �C�j�c �j�@�3�R�a�3�j�C�,���I �8�R�n�N�0���j�C�R�N�c�Y �7�C�N���I�I�w�. �C�N �j�@�3 �L���,�@�C�N�3 �I�3���a�N�C�N�< �c�3�,�j�C�R�N�.
�s�3 �U�a�3�c�3�N�j ���N ���N���I�w�c�C�c �R�8 �a���0�C�,���I �a�3���,�j�C�R�N�c �C�N�q�R�I�q�3�0 �C�N �j�@�3 �c�w�N�j�@�3�c�C�c �R�8 ���,�a�w�I�C�, �U�R�I�w�L�3�a�c�Y �m�c�C�N�<
�a�3���,�j�C�R�N �0���j���. �s�3 ���U�U�I�w �j�@�3�R�a�3�j�C�,���I ���N�0 �L���,�@�C�N�3 �I�3���a�N�C�N�< �j�3�,�@�N�C�\�n�3�c �j�R �3�u�j�a���,�j �C�N�c�C�<�@�j�c�. �s�C�j�@
�� �U���a�j�C�,�n�I���a �8�R�,�n�c �R�N �j�@�3 �L���,�@�C�N�3 �I�3���a�N�C�N�< �L�3�j�@�R�0�c �n�c�3�0 �8�R�a �0���j�� ���N���I�w�c�C�c�.�)�f�* �3�c�U�3�,�C���I�I�w �j�@�3
�V�L�R�0�C�~�3�0�W �,�R�N�q�3�u �,�I�n�c�j�3�a�C�N�< �a�3�<�a�3�c�c�C�R�N ���U�U�a�R���,�@�Y

�`�3�8�3�a�3�N�,�3�c�-
�)�S�* �2�Y �F�C�N�R�. �K�Y �i���G���<�C�. �K�Y �i���,�@�C�G���s���. �v�Y �v���L���c�@�C�j���. ���N�0 �i�Y �b�@�C�L���y���G�C�. �D�Y �+�@�3�L�Y �T�@�w�c�Y�. �l�z�l�9�.
�S�f�k�. �S�z�:�e�z�k�Y
�)�l�* �2�Y �F�C�N�R�. �K�Y �i���G���<�C�. �i�Y �M���C�j�R�. �K�Y �i���,�@�C�G���s���. �v�Y �v���L���c�@�C�j���. ���N�0 �i�Y �b�@�C�L���y���G�C�. �T�@�w�c�Y �+�@�3�L�Y
�+�@�3�L�Y �T�@�w�c�Y�. �l�z�l�9�. �l�e�. �e�:�l�O�Y
�)�k�* �i�Y �M���C�j�R�. �K�Y �i���G���<�C�. �K�Y �i���,�@�C�G���s���. �F�Y �v���L���c�@�C�j���. ���N�0 �i�Y �b�@�C�L���y���G�C�. �D�Y �T�@�w�c�Y �+�@�3�L�Y �H�3�j�j�Y�.
�l�z�l�k�. �S�:�. �f�f�O�9�Y
�)�:�* �i�Y �b�@�C�L���y���G�C ���N�0 �K�Y �i���,�@�C�G���s���. �T�@�w�c�Y �+�@�3�L�Y �+�@�3�L�Y �T�@�w�c�. �l�k�. �l�S�z�e�4�. �l�z�l�S
�)�9�* �i�Y �b�@�C�L���y���G�C ���N�0 �K�Y �i���,�@�C�G���s���. �D�Y �+�@�3�L�Y �T�@�w�c�Y�. �S�f�S�. �z�S�:�S�z�e�. �l�z�l�:�Y
�)�f�* �K�Y �i���G���<�C�. �i�Y �b�@�C�L���y���G�C�. �Q�Y �F�R�$���w���c�@�C�. �i�Y �B�c�@�C�L�R�j�R�. �K�Y �i���,�@�C�G���s���. �T�@�w�c�Y �+�@�3�L�Y �+�@�3�L�Y
�T�@�w�c�Y�. �l�e�. �S�e�e�l�. �l�z�l�:�Y
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�2�{�3�,�j�C�q�3 �C�N�j�3�a���,�j�C�R�N�c �C�N �L���N�w�A�$�R�0�w �U�3�a�j�n�a�$���j�C�R�N �j�@�3�R�a�w

�b�U�3���G�3�a�-�H�n�,�C�� �`�3�C�N�C�N�<
���|�I�C���j�C�R�N�-�H�b�B�. �2�,�R�I�3 �T�R�I�w�j�3�,�@�N�C�\�n�3 �T���I���C�c�3���n�. �+�M�`�b�. �7�a���N�,�3

���$�c�j�a���,�j�-�K���N�w�A�$�R�0�w �U�3�a�j�n�a�$���j�C�R�N �j�@�3�R�a�w �C�c �n�c�n���I�I�w �8�R�a�L�n�I���j�3�0 �C�N �j�3�a�L�c �R�8 �� �c�,�a�3�3�N�3�0�. �C�N�A
�c�j�3���0 �R�8 �j�@�3 �$���a�3 �+�R�n�I�R�L�$ �C�N�j�3�a���,�j�C�R�N�Y �i�@�3�a�3 �C�c�. �@�R�s�3�q�3�a�. �N�R �n�N�C�\�n�3 �U�a�3�c�,�a�C�U�j�C�R�N �8�R�a �s�@���j �j�@�C�c
�c�,�a�3�3�N�3�0 �C�N�j�3�a���,�j�C�R�N �c�@�R�n�I�0 �$�3�Y �i�@�C�c �C�c �R�N�3 �R�8 �j�@�3 �a�3���c�R�N�c �8�R�a �j�@�3 �L���N�w �0�C�{�3�a�3�N�j �•���q�R�a�c �j�@���j
�,���N �$�3 �8�R�n�N�0 �C�N ���$ �C�N�C�j�C�R �,���I�,�n�I���j�C�R�N�c�. �8�R�a �3�u���L�U�I�3�. �8�R�a �?�3�0�C�N���c �;�r ���U�U�a�R�u�C�L���j�C�R�N �)�S�* �8�R�a �j�@�3
�c�3�I�8�A�3�N�3�a�<�w�Y �B�N �j�@�C�c �j���I�G �s�3 �s�C�I�I ���N���I�w�y�3 �j�@�3 �c�C�j�n���j�C�R�N ���N�0 �<�C�q�3 ���a�<�n�L�3�N�j�c �8�R�a �,�3�a�j���C�N �,�@�R�C�,�3�c�.
�$�R�j�@ �8�R�a �j�@�3 �,���I�,�n�I���j�C�R�N �R�8 �c�U�3�,�j�a�R�c�,�R�U�C�, �\�n���N�j�C�j�C�3�c ���N�0 �8�R�a �j�@�3 �j�R�j���I �3�N�3�a�<�w�Y �i�@�3�c�3 �,�@�R�C�,�3�c �,���N
�$�3 �8�R�a�L�n�I���j�3�0 �C�N �j�3�a�L�c �R�8 ���U�U�a�R�u�C�L���j�3 �q�3�a�j�3�u �,�R�a�a�3�,�j�C�R�N�c �j�R �j�@�3 �;�r �3�u�U�a�3�c�c�C�R�N�. �s�@�3�a�3 �r �C�c
�0�3�~�N�3�0 �j�R �$�3 �j�@�3 �3�u���,�j �j�3�c�j �,�@���a�<�3�A�j�3�c�j �,�@���a�<�3 �c�,�a�3�3�N�3�0 �C�N�j�3�a���,�j�C�R�N �)�l�*�Y �r�3 �j�@�3�N �$�a�R���0�3�N �j�@�3
�,�R�N�,�3�U�j �R�8 �j�@�3 �c�,�a�3�3�N�3�0 �C�N�j�3�a���,�j�C�R�N �j�R �� �<�3�N�3�a���I�C�y�3�0 �3�{�3�,�j�C�q�3 �C�N�j�3�a���,�j�C�R�N�. �8�R�a �s�@�C�,�@ �s�3 �0�3�a�C�q�3
�C�N �U�a�C�N�,�C�U�I�3 �3�u���,�j �3�\�n���j�C�R�N�c ���c �s�3�I�I ���c �U�a�R�L�C�c�C�N�< ���U�U�a�R�u�C�L���j�C�R�N�c�Y �r�3 �c�@�R�s �j�@���j �j�@�C�c ���I�I�R�s�c �R�N�3
�j�R �<�R �$�3�w�R�N�0 �j�@�3 �;�r ���U�U�a�R�u�C�L���j�C�R�N �C�N ���N �3�|�,�C�3�N�j �s���w�. ���q�R�C�0�C�N�< �j�@�3 �,�R�L�U�n�j���j�C�R�N���I �,�R�L�U�I�3�u�A
�C�j�w �R�8 �8�n�I�I �q�3�a�j�3�u �,�R�a�a�3�,�j�C�R�N�c�Y �7�n�a�j�@�3�a ���a�<�n�L�3�N�j�c �$���c�3�0 �R�N �� �L�R�0�3�I �c�3�I�8�A�3�N�3�a�<�w �s�C�I�I �$�3 ���0�0�3�0�Y
�B�I�I�n�c�j�a���j�C�R�N�c �C�N�,�I�n�0�3 �\�n���c�C�U���a�j�C�,�I�3 �3�N�3�a�<�C�3�c�. �8�n�I�I �c�U�3�,�j�a���I �8�n�N�,�j�C�R�N�c ���N�0 �j�R�j���I �3�N�3�a�<�C�3�c �8�R�a �L�R�0�3�I
�c�w�c�j�3�L�c ���N�0 �a�3���I �L���j�3�a�C���I�c�Y

�`�3�8�3�a�3�N�,�3�c�-
�)�S�* �H���a�c �?�3�0�C�N�. �T�@�w�c�Y �`�3�q�Y �S�k�O�. ���e�O�f �V�S�O�f�9�W
�)�l�* ���$�0���I�I���@ �2�I �b���@�C�I�C�. �7�a���N�,�3�c�,�R �b�R�j�j�C�I�3 ���N�0 �H�n�,�C�� �`�3�C�N�C�N�<�. �D�R�n�a�N���I �R�8 �+�@�3�L�C�,���I �i�@�3�R�a�w ���N�0
�+�R�L�U�n�j���j�C�R�N �l�z�. �S�O�e�l �V�l�z�l�:�W



�K���j�3�a�C���I�c �b�,�C�3�N�,�3 �8�a�R�L �7�C�a�c�j �T�a�C�N�,�C�U�I�3�c �:�O

�2�|�,�C�3�N�j �L���N�w�A�$�R�0�w �U�3�a�j�n�a�$���j�C�R�N �j�@�3�R�a�w �,���I�,�n�I���j�C�R�N�c �R�8 �V�0�R�U�3�0�W �l�/ �L���j�3�a�C���I�c�-
���U�U�I�C�,���j�C�R�N�c �j�R ���`�T�2�b ���N�0 �2�2�H�b �c�U�3�,�j�a�R�c�,�R�U�C�3�c

�b�U�3���G�3�a�-���N�0�a�3�� �7�3�a�a�3�j�j�C
���|�I�C���j�C�R�N�-�+�M�`�. �B�c�j�C�j�n�j�R �M���N�R�c�,�C�3�N�y�3�. �K�R�0�3�N���. �B�j���I�w

���$�c�j�a���,�j�-�K���N�w�A�$�R�0�w �U�3�a�j�n�a�$���j�C�R�N �j�@�3�R�a�w �L�3�j�@�R�0�c ���a�3 ���$�I�3 �j�R ���,�,�n�a���j�3�I�w �U�a�3�0�C�,�j �\�n���c�C�U���a�j�C�,�I�3
�V�[�T�W ���N�0 �c�U�3�,�j�a�R�c�,�R�U�C�, �U�a�R�U�3�a�j�C�3�c �R�8 �c�3�q�3�a���I �,�I���c�c�3�c �R�8 �L���j�3�a�C���I�c�Y �?�R�s�3�q�3�a�. �j�@�3 �,���I�,�n�I���j�C�R�N
�R�8 �j�@�3 �[�T �$���N�0 �c�j�a�n�,�j�n�a�3 �R�8 �l�/ �L���j�3�a�C���I�c �C�c �G�N�R�s�N �j�R �a�3�\�n�C�a�3 �� �q�3�a�w �0�3�N�c�3 �#�x �c���L�U�I�C�N�<�Y �7�R�a
�l�/ �c�3�L�C�,�R�N�0�n�,�j�R�a�c�. �I���a�<�3 �\�A�U�R�C�N�j �<�a�C�0�c ���a�3 �a�3�\�n�C�a�3�0 �j�R �0�3�c�,�a�C�$�3 �j�@�3 �c�@���a�U �\�A�0�3�U�3�N�0�3�N�,�3 �R�8 �j�@�3
�0�C�3�I�3�,�j�a�C�, �L���j�a�C�u �C�N �j�@�3 �I�R�N�<�A�s���q�3�I�3�<�j�@ �I�C�L�C�j �V�\ �A�> �z�W�Y �K�R�a�3�R�q�3�a�. �C�N�j�a���$���N�0 �,�R�N�j�a�C�$�n�j�C�R�N�c �N�3�3�0
�j�R �$�3 �C�N�,�I�n�0�3�0 �s�@�3�N �0�3���I�C�N�< �s�C�j�@ �L�3�j���I�c�Y �B�N �j�@�C�c �j���I�G�. �B �s�C�I�I �~�a�c�j �0�3�c�,�a�C�$�3 �� �N�3�s �L�3�j�@�R�0�R�I�R�<�w
���$�I�3 �j�R �c�C�<�N�C�~�,���N�j�I�w �C�L�U�a�R�q�3 �j�@�3 �,�R�N�q�3�a�<�3�N�,�3 �R�8 �j�@�3 �[�T �,�R�a�a�3�,�j�C�R�N�c �C�N �l�/ �c�3�L�C�,�R�N�0�n�,�j�R�a�c �s�C�j�@
�a�3�c�U�3�,�j �j�R �j�@�3 �#�x �c���L�U�I�C�N�< �$�w �,�R�L�$�C�N�C�N�< �� �K�R�N�j�3 �+���a�I�R �C�N�j�3�<�a���j�C�R�N �L�3�j�@�R�0 �s�C�j�@ ���N �C�N�j�3�a�U�R�I���j�C�R�N
�c�,�@�3�L�3 ���$�I�3 �j�R �0�3�c�,�a�C�$�3 �j�@�3 �c�@���a�U �0�C�c�U�3�a�c�C�R�N �R�8 �j�@�3 �0�C�3�I�3�,�j�a�C�, �8�n�N�,�j�C�R�N�Y �i�@�3�N�. �B �s�C�I�I �c�@�R�s �@�R�s
�3�u�j�3�N�0 �j�@�3 ���U�U�a�R���,�@ �j�R �j�a�3���j �L�3�j���I�c ���N�0 �@�R�s �j�R �C�N�j�3�<�a���j�3 �j�@�3 �N�3�s �L�3�j�@�R�0�R�I�R�<�w �s�C�j�@ �� �L�n�I�j�C�A�U�R�I�3
�3�u�U���N�c�C�R�N �R�8 �j�@�3 �8�a�3�\�n�3�N�,�w �0�3�U�3�N�0�3�N�,�3 �R�8 �j�@�3 �c�,�a�3�3�N�C�N�<�. ���$�I�3 �j�R �a�3���,�@ �j�@�3 ���,�,�n�a���,�w �R�8 �8�n�I�I�A
�8�a�3�\�n�3�N�,�w �L�3�j�@�R�0�c �s�C�j�@ �� �,�R���a�c�3 �c���L�U�I�C�N�< �R�8 �j�@�3 �8�a�3�\�n�3�N�,�w �c�U���,�3�Y �i�@�C�c �,�R�L�$�C�N�3�0 ���U�U�a�R���,�@
�@���c �$�3�3�N �n�c�3�0 �j�R �R�$�j���C�N ���,�,�n�a���j�3 �a�3�c�n�I�j�c �8�R�a �0�R�U�3�0 �<�a���U�@�3�N�3 ���N�0 �K�R�b�l �[�T �$���N�0 �c�j�a�n�,�j�n�a�3�c�Y
���0�0�C�j�C�R�N���I�I�w�. �s�3 �@���q�3 ���I�c�R ���0�0�a�3�c�c�3�0 �j�@�3 �c�C�L�n�I���j�C�R�N �R�8 �3�I�3�,�j�a�R�N �3�N�3�a�<�w �I�R�c�c �c�U�3�,�j�a�� �V�2�2�H�b�W �R�8
�U�a�C�c�j�C�N�3 ���N�0 �0�R�U�3�0 �<�a���U�@�3�N�3�. �n�c�C�N�< �$�R�j�@ �`�T�� ���N�0 �#�b�2 �a�3�c�U�R�N�c�3�. �c�@�R�s�C�N�< �3�u�,�3�I�I�3�N�j ���<�a�3�3�L�3�N�j
�s�C�j�@ �a�3�,�3�N�j �@�C�<�@�A�a�3�c�R�I�n�j�C�R�N �3�u�U�3�a�C�L�3�N�j���I �0���j���Y



�K���j�3�a�C���I�c �b�,�C�3�N�,�3 �8�a�R�L �7�C�a�c�j �T�a�C�N�,�C�U�I�3�c �9�z

�;�a�3�3�N���c �8�n�N�,�j�C�R�N ���U�U�a�R���,�@�3�c �j�R �j�@�3 �c�U�3�,�j�a�R�c�,�R�U�w �C�N �U�@�R�j�R�q�R�I�j���C�, �R�a�<���N�C�, �L�R�I�3�,�n�I�3�c
���N�0 �U�@�R�j�R�c�w�N�j�@�3�c�C�c �,�@�I�R�a�R�U�@�w�I�I �� ���N�0 �# �C�N �H�?�+ �B�B

�b�U�3���G�3�a�-�p���I�3�a�C�R �Q�I�3�q���N�R
���|�I�C���j�C�R�N�-�+�M�`�b ���N�0 �m�N�C�q�Y �;�a�3�N�R�$�I�3 ���I�U�3�c�. �7�a���N�,�3

���$�c�j�a���,�j�-�i�@�3 ���$�c�R�a�U�j�C�R�N �R�8 �I�C�<�@�j ���N�0 �j�@�3 �3�N�c�n�C�N�< �3�I�3�,�j�a�R�N�C�, �3�u�,�C�j���j�C�R�N�c �,�R�N�c�j�C�j�n�j�3 �j�@�3 �U�a�C�L���a�w
�c�j�3�U �8�R�a �c�R�I���a �3�N�3�a�<�w �,�R�N�q�3�a�c�C�R�N �C�N �$�R�j�@ �U�@�R�j�R�q�R�I�j���C�, ���N�0 �U�@�R�j�R�c�w�N�j�@�3�c�C�c�Y �v�3�j�. �j�@�3 �n�N�0�3�a�c�j���N�0�A
�C�N�< ���N�0 �� �U�a�3�0�C�,�j�C�q�3 �j�@�3�R�a�3�j�C�,���I �0�3�c�,�a�C�U�j�C�R�N �R�8 �j�@�3�c�3 �U�a�R�,�3�c�c�3�c �a�3�L���C�N�c �� �<�a���N�0 �,�@���I�I�3�N�<�3�Y
�T�a�R�<�a�3�c�c �C�N �j�@�C�c �0�C�a�3�,�j�C�R�N �,���a�a�C�3�c �j�@�3 �U�a�R�L�C�c�3 �R�8 �N�R�j �R�N�I�w �3�N�@���N�,�C�N�< �U�@�R�j�R�q�R�I�j���C�, �U�3�a�8�R�a�L���N�,�3�.
�$�n�j ���I�c�R �L�R�q�3 �n�c �,�I�R�c�3�a �j�R �j�@�3 �a�3���I�C�y���j�C�R�N �R�8 �j�@�3 �I�R�N�<�A�c�R�n�<�@�j �0�a�3���L �R�8 ���a�j�C�~�,�C���I �U�@�R�j�R�c�w�N�j�@�3�c�C�c
���c �� �c�,���I���$�I�3 �a�R�n�j�3 �j�R �,�I�3���N �3�N�3�a�<�w�Y �B�N �j�@�C�c �j���I�G �s�3 �U�a�3�c�3�N�j ���N ���$ �C�N�C�j�C�R �L���N�w�A�$�R�0�w �;�a�3�3�N���c
�8�n�N�,�j�C�R�N �8�a���L�3�s�R�a�G �8�R�a �n�N�a���q�3�I�C�N�< �3�u�,�C�j���j�C�R�N�c ���N�0 �c�U�3�,�j�a�R�c�,�R�U�w �C�N �$�R�j�@ �U�@�R�j�R�q�R�I�j���C�, ���N�0 �U�@�R�A
�j�R�c�w�N�j�@�3�j�C�, �,�R�L�U�I�3�u�3�c�Y �r�3 �~�a�c�j �q���I�C�0���j�3 �j�@�3 �L�3�j�@�R�0�R�I�R�<�w �V�3�Y�<�Y �j�@�3 �#�3�j�@�3�A�b���I�U�3�j�3�a �3�\�n���j�C�R�N�W
���N�0 �j�@�3 ���U�U�a�R�u�C�L���j�C�R�N�c �V�3�Y�<�Y �;�r�W �j�@�a�R�n�<�@ �$�3�N�,�@�L���a�G �,�R�L�U���a�C�c�R�N�c ���<���C�N�c�j �3�u���,�j �c�R�I�n�j�C�R�N�c �8�R�a
�U�a�R�j�R�j�w�U�C�,���I �c�w�c�j�3�L�c�. �c�n�,�@ ���c �@�3�I�C�n�L �)�S�.�l�* ���N�0 �j�@�3 �@�w�0�a�R�<�3�N �L�R�I�3�,�n�I�3 �)�k�*�. �j�@�3�a�3�$�w �3�c�j���$�I�C�c�@�C�N�<
�� �c�R�I�C�0 �8�R�n�N�0���j�C�R�N �8�R�a �C�j�c �U�a�3�0�C�,�j�C�q�3 �U�R�s�3�a�Y �r�3 �j�@�3�N �0�3�L�R�N�c�j�a���j�3 ���U�U�I�C�,���j�C�R�N�c �j�R �j�@�3 �C�R�N�C�y���A
�j�C�R�N �U�R�j�3�N�j�C���I�c ���N�0 �<���U�c �C�N �R�a�<���N�C�, �U�@�R�j�R�q�R�I�j���C�, �L�R�I�3�,�n�I�3�c �)�:�* ���N�0 �/�M���g�`�M�� �N�n�,�I�3�R�$���c�3�c �)�9�*�.
�8�R�I�I�R�s�3�0 �$�w �� �0�3�j���C�I�3�0 ���N���I�w�c�C�c �R�8 �U�@�R�j�R���$�c�R�a�U�j�C�R�N �c�U�3�,�j�a�� ���N�0 �j�@�3 �3�u�,�C�j�R�N�C�, �c�j�a�n�,�j�n�a�3 �C�N �,�@�I�R�a�R�A
�U�@�w�I�I �� ���N�0 �# �C�N �j�@�3�C�a �C�N �q�C�q�R �,�R�N�8�R�a�L���j�C�R�N�c �s�C�j�@�C�N �j�@�3 �I�C�<�@�j�A�@���a�q�3�c�j�C�N�< �,�R�L�U�I�3�u �V�H�?�+�W �B�B �)�f�*�Y �B�N
�U���a�j�C�,�n�I���a�. �s�3 �a�3�q�3���I �@�R�s �c�n�$�j�I�3 �,�@���a�<�3�A�j�a���N�c�8�3�a �0�C�{�3�a�3�N�,�3�c �R�N �j�@�3 �b�R�a�3�j �$���N�0 ���N�0 �[ �3�u�,�C�j�R�N�c�.
�n�N�0�3�a�U�C�N �j�@�3 �n�N�C�\�n�3 �,���U���$�C�I�C�j�w �R�8 �,�@�I�R�a�R�U�@�w�I�I �� �j�R �0�a�C�q�3 �U�@�R�j�R�c�w�N�j�@�3�c�C�c�. �C�N �,�R�N�j�a���c�j �j�R �j�@�3 �U�n�a�3�I�w
�I�C�<�@�j�A�@���a�q�3�c�j�C�N�< �a�R�I�3 �R�8 �,�@�I�R�a�R�U�@�w�I�I �#�Y

�`�3�8�3�a�3�N�,�3�c�-
�)�S�* �D�Y �H�C�. �K�Y �?�R�I�y�L���N�N�. �B�Y �/�n�,�@�3�L�C�N�. �t�Y �#�I���c�3 ���N�0 �p�Y �Q�I�3�q���N�R�. ���?�3�I�C�n�L ���j�R�L �3�u�,�C�j���j�C�R�N�c �$�w �j�@�3
�;�r ���N�0 �#�3�j�@�3�A�b���I�U�3�j�3�a �L���N�w�A�$�R�0�w �8�R�a�L���I�C�c�L���. �T�@�w�c�Y �`�3�q�Y �H�3�j�j�Y �S�S�4�. �S�f�k�z�z�S �V�l�z�S�e�W�Y
�)�l�* �D�Y �H�C�. �M�Y �/�Y �/�a�n�L�L�R�N�0�. �T�Y �b�,�@�n�,�G ���N�0 �p�Y �Q�I�3�q���N�R�. ���+�R�L�U���a�C�N�< �L���N�w�A�$�R�0�w ���U�U�a�R���,�@�3�c
���<���C�N�c�j �j�@�3 �@�3�I�C�n�L ���j�R�L �3�u���,�j �c�R�I�n�j�C�R�N���. �b�,�C�T�R�c�j �T�@�w�c�Y �f�. �z�:�z �V�l�z�S�O�W�Y
�)�k�* �D�Y �H�C ���N�0 �p�Y �Q�I�3�q���N�R�. ���?�w�0�a�R�<�3�N�A�L�R�I�3�,�n�I�3 �c�U�3�,�j�a�n�L �$�w �j�@�3 �L���N�w�A�$�R�0�w �;�r ���U�U�a�R�u�C�L���j�C�R�N
���N�0 �j�@�3 �#�3�j�@�3�A�b���I�U�3�j�3�a �3�\�n���j�C�R�N���. �T�@�w�c�Y �`�3�q�Y ���. �S�z�k�. �z�S�l�4�z�O �V�l�z�l�S�W�Y
�)�:�* �t�Y �#�I���c�3�. �+�Y ���j�j���,�,���I�C�j�3 ���N�0 �p�Y �Q�I�3�q���N�R�. ���7�C�a�c�j�A�U�a�C�N�,�C�U�I�3�c �;�r �,���I�,�n�I���j�C�R�N�c �8�R�a �8�n�I�I�3�a�3�N�3�c�. �U�R�a�A
�U�@�w�a�C�N�c�. �U�@�j���I�R�,�w���N�C�N�3�. ���N�0 �R�j�@�3�a �L�R�I�3�,�n�I�3�c �R�8 �C�N�j�3�a�3�c�j �8�R�a �R�a�<���N�C�, �U�@�R�j�R�q�R�I�j���C�, ���U�U�I�C�,���j�C�R�N�c���.
�T�@�w�c�Y �`�3�q�Y �# �4�k�. �S�S�9�S�z�k �V�l�z�S�S�W�Y
�)�9�* �+�Y �7���$�3�a�. �+�Y ���j�j���,�,���I�C�j�3�. �p�Y �Q�I�3�q���N�R�. �2�Y �`�n�N�<�3 ���N�0 �t�Y �#�I���c�3�. ���7�C�a�c�j�A�U�a�C�N�,�C�U�I�3�c �;�r �,���I�,�n�I���A
�j�C�R�N�c �8�R�a �/�M�� ���N�0 �`�M�� �N�n�,�I�3�R�$���c�3�c���. �T�@�w�c�Y �`�3�q�Y �# �4�k�. �S�S�9�S�l�k �V�l�z�S�S�W�Y
�)�f�* �D�Y �H�C ���N�0 �p�Y �Q�I�3�q���N�R�. ���#�3�j�@�3�A�b���I�U�3�j�3�a �3�\�n���j�C�R�N �C�N�c�C�<�@�j�c �C�N�j�R �j�@�3 �U�@�R�j�R�A���$�c�R�a�U�j�C�R�N �8�n�N�,�j�C�R�N
���N�0 �3�u�,�C�j�R�N �c�j�a�n�,�j�n�a�3 �R�8 �,�@�I�R�a�R�U�@�w�I�I �� ���N�0 �$ �C�N �I�C�<�@�j�A�@���a�q�3�c�j�C�N�< �,�R�L�U�I�3�u �B�B���. �D�Y �T�@�R�j�R�,�@�3�L�Y �T�@�R�A
�j�R�$�C�R�I�Y �# �A �#�C�R�I�R�<�w �l�k�l�. �S�S�l�:�e�9 �V�l�z�l�l�W�Y



�K���j�3�a�C���I�c �b�,�C�3�N�,�3 �8�a�R�L �7�C�a�c�j �T�a�C�N�,�C�U�I�3�c �9�S

�;�a�3�3�N���c �8�n�N�,�j�C�R�N�c �$�3�w�R�N�0 �j�@�3 �;�r ���U�U�a�R�u�C�L���j�C�R�N�- �b�j�C�I�I ���N �R�U�3�N �,�@���I�I�3�N�<�3

�b�U�3���G�3�a�-�7���$�C�3�N �#�a�n�N�3�q���I
���|�I�C���j�C�R�N�-�b�3�,�j�C�R�N �0�3 �`�3�,�@�3�a�,�@�3�c �0�3 �K���j���I�I�n�a�<�C�3 �T�@�w�c�C�\�n�3�. �+�2���. �m�N�C�q�3�a�c�C�j�� �T���a�C�c�A�b���,�I���w�.
�7�a���N�,�3

���$�c�j�a���,�j�-�i�@�3 �;�r ���U�U�a�R�u�C�L���j�C�R�N �C�N �;�a�3�3�N���c �8�n�N�,�j�C�R�N �j�@�3�R�a�w �<�C�q�3�c ���,�,�3�c�c �j�R �a���j�@�3�a �a�3�I�C���$�I�3 �3�I�3�,�A
�j�a�R�N�C�, �3�N�3�a�<�C�3�c �$�R�j�@ �8�R�a �L���j�3�a�C���I�c ���N�0 �L�R�I�3�,�n�I�3�c�Y �?�R�s�3�q�3�a�. �8�R�a �0�3�,���0�3�c�. �s�3 �@���q�3 �$�3�3�N �s�C�j�N�3�c�c�A
�C�N�< ���N ���,�j�C�q�3 �0�3�$���j�3 ���$�R�n�j �j�@�3 �L�R�c�j �3�{�3�,�j�C�q�3 ���q�3�a�j�3�u �,�R�a�a�3�,�j�C�R�N�c�� �$�3�w�R�N�0 �;�r�Y �i�@�3 �C�N���$�C�I�C�j�w
�j�R �0�3�,�C�0�3 �R�a�<�C�N���j�3�c �8�a�R�L�. �~�a�c�j�I�w�. �j�@�3 �N�n�L�3�a�R�n�c �s���w�c �j�R �j�a�n�N�,���j�3 �0�C���<�a���L�L���j�C�, �3�u�U���N�c�C�R�N�c �C�N
�L���N�w�A�$�R�0�w �U�3�a�j�n�a�$���j�C�R�N �j�@�3�R�a�w�d �c�3�,�R�N�0�I�w�. �j�@�3 �C�L�U�a�3�c�c�C�q�3 �U�3�a�8�R�a�L���N�,�3 �R�8 �j�@�3 �;�r ���U�U�a�R�u�C�L���A
�j�C�R�N �C�j�c�3�I�8 �)�S�*�Y �B�N �j�@�C�c �,�R�N�j�3�u�j�. �s�3 �c�j�n�0�w �j�@�3 �;�k�r�l �0�C���<�a���L �)�l�*�. �s�@�C�,�@ �C�c �j�@�3 �0�w�N���L�C�,���I �q�3�a�c�C�R�N
�R�8 �j�@�3 �c�3�,�R�N�0�A�R�a�0�3�a �c�,�a�3�3�N�3�0 �3�u�,�@���N�<�3 �V�b�Q�b�2�t�W �0�C���<�a���L�Y �M�n�L�3�a�C�,���I �a�3�c�n�I�j�c �R�N �j�@�3 �;�r�S�z�z
�$�3�N�,�@�L���a�G �R�8 �L�R�I�3�,�n�I�3�c �c�@�R�s �@�R�s �;�k�r�l �C�L�U�a�R�q�3�c �R�q�3�a �b�Q�b�2�t �@�R�s�3�q�3�a �s�C�j�@�R�n�j �a�3���,�@�C�N�<
�j�@�3 ���,�,�n�a���,�w �R�8 �;�r�Y �?�R�s�3�q�3�a�. �j�@�3 �b�Q�b�2�t ���N�0 �;�k�r�l �0�C���<�a���L �q�C�R�I���j�3 ���N �3�u���,�j �U�a�R�U�3�a�j�w�- �j�@�3
�U�R�c�C�j�C�q�3 �c�3�L�C�A�0�3�~�N�C�j�C�q�3�N�3�c�c �R�8 �j�@�3 �c�3�I�8�A�3�N�3�a�<�w �)�k�*�Y �r�3 �j�@�3�N �c�@�R�s �@�R�s �j�@�C�c �U�a�R�U�3�a�j�w �,���N �L���j�@�3�A
�L���j�C�,���I�I�w �3�N�8�R�a�,�3�0 �s�C�j�@ ���N ���U�U�a�C�R�U�a�C���j�3 �c�3�I�3�,�j�C�R�N �R�8 �0�C���<�a���L�c �s�C�j�@ ���N �C�L�U�a�R�q�3�L�3�N�j �R�8 �j�@�3 �a�3�c�n�I�j�c
�R�N �j�@�3 �;�r�S�z�z �$�3�N�,�@�L���a�G�Y

�`�3�8�3�a�3�N�,�3�c�-
�)�S�* �#�a�n�N�3�q���I �3�j ���I�Y�. �@�j�j�U�c�-�g�g�0�R�C�Y�R�a�<�g�S�z�Y�k�k�4�O�g�8�,�@�3�L�Y�l�z�l�S�Y�e�:�O�e�e�O �V�l�z�l�S�W�Y
�)�l�* �#�a�n�N�3�q���I�. �7�Ñ�a�c�j�3�a�. �@�j�j�U�c�-�g�g�0�R�C�Y�R�a�<�g�S�z�Y�S�z�l�S�g���,�c�Y�E�,�j�,�Y�:�,�z�z�z�O�z �V�l�z�l�:�W�Y
�)�k�* �T���q�I�w�n�G�@ �3�j ���I�Y�. �@�j�j�U�c�-�g�g�0�R�C�Y�R�a�<�g�S�z�Y�S�S�z�k�g�T�@�w�c�`�3�q�H�3�j�j�Y�S�S�e�Y�l�z�f�:�z�l �V�l�z�S�f�W�Y
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�T�a���,�j�C�,���I �C�N�8�R�a�L���j�C�R�N

�2�u�,�3�U�j �8�R�a �j�@�3 �a�3�,�3�U�j�C�R�N �R�N �j�@�3 �$�R���j �V�$���j�3���n�A�L�R�n�,�@�3 �0�C�N�N�3�a �,�a�n�C�c�3 �R�N �j�@�3 �b�3�C�N�3�W�. ���I�I �j�@�3 �R�j�@�3�a
�3�q�3�N�j�c �s�C�I�I �j���G�3 �U�I���,�3 �C�N �j�@�3 �T�C�3�a�a�3 ���N�0 �K���a�C�3 �+�n�a�C�3 �,���L�U�n�c �R�8 �b�R�a�$�R�N�N�3 �m�N�C�q�3�a�c�C�j�w�. �I�R�,���j�3�0 ���j
�: �T�I���,�3 �D�n�c�c�C�3�n�. �C�N �j�@�3 �9�j�@ �0�C�c�j�a�C�,�j �R�8 �T���a�C�c�. �,�R�L�8�R�a�j���$�I�w �a�3���,�@�3�0 �$�w �L�3�j�a�R �I�C�N�3�c �e ���N�0 �S�z�Y �i�@�3
�L���C�N �3�N�j�a���N�,�3 �j�R �j�@�3 �,���L�U�n�c �C�c �c�C�j�n���j�3�0 �E�n�c�j �C�N �8�a�R�N�j �R�8 �j�@�3 �8�R�n�N�j���C�N �R�8 �D�n�c�c�C�3�n �c�\�n���a�3�Y �#�3�I�R�s
�j�@�3 �8�n�I�I �L���U �R�8 �j�@�3 �,���L�U�n�c�Y

�#�3�I�R�s �j�@�3 �I�R�,���j�C�R�N �R�8 �j�@�3 �/�n�a���N�0 �I�3�,�j�n�a�3 �a�R�R�L�V���L�U�@�C �/�n�a���N�0�W�. �a�3���,�@���$�I�3 �8�a�R�L �C�N�c�C�0�3 �j�@�3 �2�c�A
�,�I���N�<�R�N �$�n�C�I�0�C�N�<�. �j�@�3 �L���C�N �3�N�j�a���N�,�3 �R�8 �j�@�3 �a�R�R�L �C�c �R�N �j�@�3 �I�3�8�j�-



�K���j�3�a�C���I�c �b�,�C�3�N�,�3 �8�a�R�L �7�C�a�c�j �T�a�C�N�,�C�U�I�3�c �9�k

�i�@�C�c �C�c �j�@�3 �I�R�,���j�C�R�N �R�8 �j�@�3�b�+���B�,�3�N�j�3�a�. ���,�,�3�c�c�C�$�I�3 �$�w �j�@�3 �c�j���C�a�c �R�N�3 �,���N �j���G�3 �C�N�c�C�0�3 �j�@�3 �2�c�,�I���N�A
�<�R�N �$�n�C�I�0�C�N�<�. ���j �j�@�3 �a�C�<�@�j �R�8 �j�@�3 �/�n�a���N�0 �I�3�,�j�n�a�3 �@���I�I�. �a���L�U�C�N�< �n�U �j�R �j�@�3 �S�c�j �•�R�R�a�-

�r�@�C�I�3 �j�@�C�c �C�c �s�@�3�a�3 �j�@�3 �T�@�w�c�C�,�c �/�3�U���a�j�L�3�N�j�V�m�7�` �T�@�w�c�C�\�n�3�W�C�c �8�R�n�N�0�. ���,�,�3�c�c�C�$�I�3 �$�w �j�@�3 �c�j���C�a�c
�R�8 �i�R�s�3�a �l�k �V�S�c�j �•�R�R�a�. �,�R�a�a�C�0�R�a �l�l�A�l�k�W�-



�K���j�3�a�C���I�c �b�,�C�3�N�,�3 �8�a�R�L �7�C�a�c�j �T�a�C�N�,�C�U�I�3�c �9�:

�#�3�I�R�s �j�@�3 �U�R�c�C�j�C�R�N �R�8 �j�@�3 �,�R�N�8�3�a�3�N�,�3 �a�R�R�L �R�8 �j�@�3�B�K�T�K�+ �C�N�c�j�C�j�n�j�3�. ���,�,�3�c�c�C�$�I�3 �8�a�R�L �j�@�3 �c�j���C�a�c �R�8
�i�R�s�3�a �l�k �V�:�j�@ �•�R�R�a�. �,�R�a�a�C�0�R�a �l�k�A�l�:�W�-
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The two-day workshop will be held in the Charpak lecture hall (Amphi Charpak), accessible
from the stairs of Tower 23. From the Jussieu level (the one of the court: “RdJ”), one goes
downstairs (basement level: “RdC”), get out of the Tower and walk towards Tower 22. The
entrance of the Charpak lecture hall will be on the left:
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