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Computational and Machine Learning-Reinforced Modeling and De-
sign of Materials under Uncertainty

Md Mahmudul Hasan

(ABSTRACT)

The component-level performance of materials is fundamentally determined by the underly-

ing microstructural features. Therefore, designing high-performance materials using multi-

scale models plays a significant role to improve the predictability, reliability, proper function-

ing, and longevity of components for a wide range of applications in the fields of aerospace,

electronics, energy, and structural engineering. This thesis aims to develop new method-

ologies to design microstructures under inherent material uncertainty by incorporating ma-

chine learning techniques. To achieve this objective, the study addresses gradient-based and

machine learning-driven design optimization methods to enhance homogenized linear and

non-linear properties of polycrystalline microstructures. However, variations arising from

the thermo-mechanical processing of materials affect microstructural features and properties

by propagating over multiple length scales. To quantify this inherent microstructural un-

certainty, this study introduces a linear programming-based analytical method. When this

analytical uncertainty quantification formulation is not applicable (e.g., uncertainty propaga-

tion on non-linear properties), a machine learning-based inverse design approach is presented

to quantify the microstructural uncertainty. Example design problems are discussed for dif-

ferent polycrystalline systems (e.g., Titanium, Aluminium, and Galfenol). Though conven-

tional machine learning performs well when used for designing microstructures or modeling

material properties, its predictions may still fail to satisfy design constraints associated with



the physics of the system. Therefore, the physics-informed neural network (PINN) is devel-

oped to incorporate problem physics in the machine learning formulation. In this study, a

PINN model is built and integrated into materials design to study the deformation processes

of Copper and a Titanium-Aluminum alloy.



Computational and Machine Learning-Reinforced Modeling and De-
sign of Materials under Uncertainty

Md Mahmudul Hasan

(GENERAL AUDIENCE ABSTRACT)

Microstructure-sensitive design is a high-throughput computational approach for materi-

als design, where material performance is improved through the control and design of mi-

crostructures. It enhances component performance and, subsequently, the overall system’s

performance at the application level. This thesis aims to design microstructures for poly-

crystalline materials such as Galfenol, Titanium-Aluminum alloys, and Copper to obtain

desired mechanical properties for certain applications. The advantage of the microstructure-

sensitive design approach is that multiple microstructures can be suggested, which provide

a similar value of the design parameters. Therefore, manufacturers can follow any of these

microstructure designs to fabricate the materials with the desired properties. Moreover, the

microstructure uncertainty arising from the variations in thermo-mechanical processing and

measurement of the experimental data is quantified. It is necessary to address the resultant

randomness of the microstructure because it can alter the expected mechanical properties.

To check the manufacturability of proposed microstructure designs, a physics-informed ma-

chine learning model is developed to build a relation between the process, microstructure,

and material properties. This model can be used to solve the process design problem to

identify the processing parameters to achieve a given/desired microstructure.



v



I would like to take this opportunity to express my sincere gratitude to those who have

supported me throughout my Ph.D. journey.

First and foremost, I would like to extend my heartfelt thanks to my advisor, Dr. Pinar Acar,

for her unwavering guidance, support, and patience. Her mentorship has been instrumental

in shaping my research career, and I am immensely grateful for the countless opportunities

she has provided me with to grow and develop as a researcher.

I would also like to express my appreciation to the members of my thesis committee, Dr.

Ranga Pitchumani, Dr. Rakesh Kapania, and Dr. Robert West, for their valuable feedback

and insightful comments that greatly improved the quality of my dissertation. I also want

to remember with deep respect my previous committee member, Professor Reza Mirzaeifar,

for his guidance and support.

My colleagues in the Advanced Structure and Optimization (ASTRO) lab have been a con-

stant source of motivation, support, and inspiration. I am truly grateful for the opportunity

to work alongside such talented individuals and learn from them. I want to acknowledge the

valuable contributions of Arulmurugan and Zekeriya Ender during my Ph.D., as well as my

collaborators from Northwestern University, Duke University, and the National Institute of

Standards and Technology (NIST).

I am also thankful for the financial and administrative support that I received from the

Department of Mechanical Engineering at Virginia Tech. In addition, the Air Force Office

of Scientific Research (AFOSR) and the National Science Foundation (NSF) provided the

necessary funds for my graduate study, and for that, I am grateful.

I cannot express my appreciation enough for the unwavering support of my wife, Tasniem

vi



Tasha. Her selflessness in taking care of our son, Umar Hasan, during my graduate studies

allowed me to focus on my research and academic pursuits. Lastly, I would like to convey

my deepest gratitude to my parents, in-laws, and sister for their constant support, encour-

agement, and inspiration. Their constant belief in me and my abilities has been a source

of motivation throughout my years of study, and this accomplishment would not have been

possible without them.

Thank you all for the role you played in my academic journey.

vii



1.1 Contributions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

1.2 Multi-Scale Materials Design . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

1.3 Uncertainty Quantification for Polycrystalline Materials . . . . . . . . . . . . 20

1.4 Machine Learning-Reinforced Materials Design . . . . . . . . . . . . . . . . . 24

2.1 Modeling of Microstructural Texture and Its Evolution During Processing . . 28

2.2 Uncertainty Quantification (UQ) Models . . . . . . . . . . . . . . . . . . . . 33

2.2.1 Analytical Modeling of Microstructural Uncertainty for Linear Prop-

erties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

2.2.2 Uncertainty Quantification using Numerical Models . . . . . . . . . . 36

2.3 Data-Driven Machine Learning Models . . . . . . . . . . . . . . . . . . . . . 37

2.3.1 Training of the Network . . . . . . . . . . . . . . . . . . . . . . . . . 39

2.3.2 Bayesian Regularization . . . . . . . . . . . . . . . . . . . . . . . . . 40

viii



3.1 Design Sampling in Property Space for Multi-scale Design . . . . . . . . . . 43

3.2 Gradient-Based Optimization . . . . . . . . . . . . . . . . . . . . . . . . . . 45

3.2.1 Optimization of a Linear Property (C11) . . . . . . . . . . . . . . . . 47

3.2.2 Optimization of a Non-Linear Property (E11) . . . . . . . . . . . . . 48

3.2.3 Inverse Design Optimization . . . . . . . . . . . . . . . . . . . . . . . 49

3.3 Microstructure Design for Isotropic Properties . . . . . . . . . . . . . . . . . 51

3.3.1 Problem Statement . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52

3.3.2 Design for Isotropic Properties . . . . . . . . . . . . . . . . . . . . . 59

3.4 Machine Learning-Driven Optimization . . . . . . . . . . . . . . . . . . . . . 65

3.4.1 Training Data Generation from Property Closures . . . . . . . . . . . 66

3.4.2 Results and Discussions . . . . . . . . . . . . . . . . . . . . . . . . . 69

4.1 Forward Design under Uncertainty . . . . . . . . . . . . . . . . . . . . . . . 83

4.2 Inverse Design under Uncertainty . . . . . . . . . . . . . . . . . . . . . . . . 88

4.2.1 Inverse Design for Linear Properties under Microstructural Uncer-

tainty using the Analytical Model . . . . . . . . . . . . . . . . . . . . 89

4.2.2 Inverse Design for Non-linear Properties under Microstructural Un-

certainty using the ANN Model . . . . . . . . . . . . . . . . . . . . . 93

ix



5.1 Physics-Informed Neural Networks with LSTM . . . . . . . . . . . . . . . . 105

5.2 Results and Discussions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108

5.2.1 Forward Model of Crystal Plasticity Simulations . . . . . . . . . . . . 109

5.2.2 Inverse Design of Crystal Plasticity Parameters . . . . . . . . . . . . 111

6.1 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119

6.2 Future Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 122

6.2.1 Complete Solution of Materials Design (CSMD) . . . . . . . . . . . . 122

6.2.2 Uncertainty-Dominated Ferromagnetic-Paramagnetic Phase Transition 125

x



1.1 Schematic of the machine learning reinforced multi-scale design of materials

and uncertainty quantification. Figure courtesy of processing image: Scot

Forge (https://www.scotforge.com/). . . . . . . . . . . . . . . . . . . . . . . 17

1.2 Overview of forward and inverse design of microstructure-property relations

for both deterministic and stochastic problems [39]. . . . . . . . . . . . . . . 22

2.1 Finite element discretization of the orientation space for (a) hexagonal close-

packed (HCP) microstructure (Ti-7Al) and (b) face-centered and body-centered

cubic (FCC and BCC) microstructures (Al and Galfenol). The red-colored

nodal points show the independent ODF values while the blue-colored nodes

indicate the dependent ODFs as a result of the crystallographic symmetries [112]. 30

2.2 A schematic of the ANN model with three layers which takes ODFs as input

and predicts material properties [112]. . . . . . . . . . . . . . . . . . . . . . 38

3.1 New sampling approach for ODF design space: (a) known property closure

of C11-C12 for Al (b) triangulation of the property space into sub-spaces (c)

uniform design samples for each triangle and (d) distribution of E11 and �

values calculated from the ODF samples generated by sampling in ODF space

and sampling in property space. . . . . . . . . . . . . . . . . . . . . . . . . . 44

3.2 Optimized Al microstructures (ODFs) in the orientation space that maximize

E11 obtained from (a) Gradient-based (b) Particle swarm and (c) Genetic

algorithms. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46

1



2

3.3 Optimized Al microstructures (ODFs) in the orientation space with (a) E11=75

GPa (b) E11=76.5 GPa (c) E11=77 GPa and (d) Emax
11 =77.5 GPa [137]. . . . 49

3.4 Optimized Ni microstructures (ODFs) in the orientation space with (a) E11=270

GPa (b) E11=273 GPa (c) E11=275 GPa and (d) Emax
11 =277.53 GPa [137]. . 50

3.5 Optimized Si microstructures (ODFs) in the orientation space with (a) E11=165

GPa (b) E11=167.5 GPa (c) E11=169 GPa and (d) Emax
11 =170.06 GPa [137]. 51

3.6 A schematic of the example problem that involves a solid bar having equiva-

lent compressive loads in x, y, and z directions [140]. . . . . . . . . . . . . . 53

3.7 (a) Optimum ODFs in the Rodrigues orientation space (b) < 001 > (c) <

100 > and (d) < 101 > pole figures of the microstructure obtained from

optimizing the elastic constants for Ti-7Al [140]. . . . . . . . . . . . . . . . . 57

3.8 (a) Optimum ODFs in the Rodrigues orientation space (b) < 001 > (c) <

100 > and (d) < 101 > pole figures of the microstructure obtained from

optimizing the anisotropy ratio for Ti-7Al [140]. . . . . . . . . . . . . . . . . 58

3.9 (a) Optimum ODFs in the Rodrigues orientation space (b) < 001 > (c) <

100 > and (d) < 101 > pole figures of the microstructure obtained from

optimizing the elastic constants for Al [140]. . . . . . . . . . . . . . . . . . . 59

3.10 (a) Optimum ODFs in the Rodrigues orientation space (b) < 001 > (c) <

100 > and (d) < 101 > pole figures of the microstructure obtained from

optimizing the anisotropy ratio for Al [140]. . . . . . . . . . . . . . . . . . . 61

3.11 (a) Optimum ODFs in the Rodrigues orientation space (b) < 001 > (c) <

100 > and (d) < 101 > pole figures of the microstructure obtained from

optimizing the elastic constants for Galfenol [140]. . . . . . . . . . . . . . . . 62



3

3.12 (a) Optimum ODFs in the Rodrigues orientation space (b) < 001 > (c) <

100 > and (d) < 101 > pole figures of the microstructure obtained from

optimizing the anisotropy ratio for Galfenol [140]. . . . . . . . . . . . . . . . 63

3.13 Property closures of C11 � C22 � C33 for (a) Ti-7Al, (b) Al, and (c) Galfenol,

where the color of each point represents the corresponding anisotropy ratio [140]. 64

3.14 The flow diagram of machine learning-based prediction of material property

closures. The method is validated with the known property closure of linear

properties and applied for predicting non-linear material properties [112]. . . 65

3.15 Property closures of (a) C11 � C12 (b) C12 � C44 and (c) C12 � C66 for Ti-7Al

with uniform design samples within the closure shown as black dots [112]. . . 67

3.16 Performance evaluation of the ML models for C11 and C12 (a) parity plot of C11

(a) parity plot of C12 and (b) comparison of the predicted C11 � C12 closures

of Ti-7Al by ML models with the theoretical property closure generated with

multi-scale modeling [112]. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70

3.17 Comparison of the ANN-predicted property closures of Ti-7Al with the actual

closures of the multi-scale model for (a) C12 � C44 and (b) C12 � C44 [112]. . 70

3.18 Schematic of the rotating shaft. The rotation of the shaft translates into

a compressive axial force that can cause the failure of the system due to

buckling [112]. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72

3.19 Optimum ODFs in Rodrigues orientation space for (a) Ti-7Al (b) Mg, and

(c) Al that maximize Pcr of these materials [112]. . . . . . . . . . . . . . . . 72

3.20 The comparison between the predicted values by ML models and the actual

values of (a) C11 and (b) Pcr for Ti-7Al [112]. . . . . . . . . . . . . . . . . . 75



4

3.21 Property closures of (a) Pcr �C11 (b) Pcr �C12 and (c) Pcr �C66 of Ti-7Al [112]. 76

3.22 Property closures of (a) Pcr � C11 (b) Pcr � C12 and (c) Pcr � C66 of Mg [112]. 77

3.23 Property closures of (a) Pcr � C11 (b) Pcr � C12 and (c) Pcr � C66 of Al [112]. 79

4.1 Normally-distributed ODFs (a) ODF1 (b) ODF50 [140]. . . . . . . . . . . . . 83

4.2 Convergence of the sample size for MCS with the tolerance value of (a) 0.001

GPa and (b) 0.0001 GPa in the mean value of Young’s modulus (E) of Ti-7Al. 84

4.3 Comparison of GPR-predicted Young’s Modulus (E) with the known test

data for (a) Ti-7Al (b) Al and (c) Galfenol [140]. . . . . . . . . . . . . . . . 85

4.4 Comparison of GPR-predicted Anisotropy Ratio (AR) with the known test

data for (a) Ti-7Al (b) Al and (c) Galfenol [140]. . . . . . . . . . . . . . . . 86

4.5 Distribution of Young’s Modulus (E) for (a) Ti-7Al (b) Al and (c) Galfenol

because of the microstructural uncertainty [140]. . . . . . . . . . . . . . . . . 87

4.6 Distribution of the Anisotropy Ratio (AR) for (a) Ti-7Al (b) Al and (c)

Galfenol because of the microstructural uncertainty [140]. . . . . . . . . . . . 88

4.7 Optimum microstructures in Rodrigues orientation space for the (a) deter-

ministic problem; and (b) objective 1, (c) objective 2, and (d) objective 3 of

the stochastic problems [39]. . . . . . . . . . . . . . . . . . . . . . . . . . . . 90

4.8 Diagonal elements (variances) of the ODF covariance matrix shown in Ro-

drigues orientation space for (a) objective 1 (b) objective 2 and (c) objective

3 [39]. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91

4.9 The Gaussian probability distributions of C11 values for objectives 1, 2, and

3 of the stochastic problem along with the deterministic solution [39]. . . . . 93



5

4.10 Overview of the ANN-based sampling method for optimizing non-linear prop-

erties [39]. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94

4.11 Convergence of the ANN performance in terms of sample size [39]. . . . . . . 95

4.12 (a) Optimum mean ODFs and (b) Variances of ODFs for objective 1 (c) Opti-

mum mean ODFs and (d) Variances of ODFs for objective 2 in the Rodrigues

orientation space [39]. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100

4.13 The distribution of E11 values for objectives 1 and 2 of the stochastic prob-

lems [39]. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101

5.1 LSTM architecture adaptation for a multiple parallel time-series problem to

predict the evolution of ODFs and the internal block structure of an LSTM

cell [160]. Figure Courtesy: Zekeriya Ender Eger, a PhD student, Virginia

Tech. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106

5.2 Comparison of the actual and predicted normalized ODFs for three different

test cases along with the convergence of mean squared error for both training

and validation data [160]. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109

5.3 Comparison of the ODFs in Rodrigues orientation space at different time

steps obtained by the physics-based model and physics-informed ML surrogate

model [160]. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110

5.4 Comparison of the actual and predicted normalized ODFs for three different

test cases along with the convergence of mean squared error for both training

and validation data [160]. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113



�e �H�B�b�i �Q�7 �7�B�;�m�`�2�b

�8�X�8 �1�t�T�2�`�B�K�2�M�i���H �1�"�a�. �B�K���;�2 �Q�7 �i�?�2 �h�B�@�d���H ���H�H�Q�v �b���K�T�H�2 ���i �R�j�X�8�W �+�Q�K�T�`�2�b�b�B�p�2

�b�i�`���B�M �U���V ���7�i�2�` �+�Q�K�T�`�2�b�b�B�Q�M �U�#�V ���7�i�2�` �`�2�@�+�`�v�b�i���H�H�B�x���i�B�Q�M�X �6�B�;�m�`�2 �*�Q�m�`�i�2�b�v�,

�S�`�Q�7�X �C�Q�?�M ���H�H�B�b�Q�M ���M�/ �.�`�X ���M�M�� �h�`�m�K�T �7�`�Q�K �i�?�2 �l�M�B�p�2�`�b�B�i�v �Q�7 �J�B�+�?�B�;���M�X�X �R�R�9

�8�X�e �P�.�6�b �B�M �i�?�2 �_�Q�/�`�B�;�m�2�b �Q�`�B�2�M�i���i�B�Q�M �b�T���+�2 �U���V �1�t�T�2�`�B�K�2�M�i���H �P�.�6�b ���7�i�2�` �+�Q�K�@

�T�`�2�b�b�B�Q�M�- �U�#�V �P�.�6�b �T�`�2�/�B�+�i�2�/ �#�v �S�A�L�L�- ���M�/ �U�+�V �P�.�6�b �T�`�2�/�B�+�i�2�/ �#�v �� �+�Q�M�p�2�M�@

�i�B�Q�M���H �M�2�m�`���H �M�2�i�r�Q�`�F �(�R�e�y�)�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�R�e

�8�X�d �P�.�6�b �B�M �i�?�2 �_�Q�/�`�B�;�m�2�b �Q�`�B�2�M�i���i�B�Q�M �b�T���+�2 �U���V �1�t�T�2�`�B�K�2�M�i���H �P�.�6�b ���7�i�2�` �`�2�@

�+�`�v�b�i���H�H�B�x���i�B�Q�M ���M�/ �U�#�V �P�.�6�b �T�`�2�/�B�+�i�2�/ �#�v �S�A�L�L �(�R�e�y�)�X�X �X �X �X �X �X �X �X �X �X �X �X�R�R�d

�e�X�R �*�Q�K�T�H�2�i�2 �a�Q�H�m�i�B�Q�M �Q�7 �J���i�2�`�B���H�b �.�2�b�B�;�M �U�*�a�J�.�V �7�`���K�2�r�Q�`�F �#�v �/�2�p�2�H�Q�T�B�M�; ��

�/�B�;�B�i���H �i�r�B�M �Q�7 �K���i�2�`�B���H �T�`�Q�+�2�b�b�B�M�;�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�k�j

�e�X�k �U���V �h�?�2 �j�@�. �H���i�i�B�+�2 �r�B�i�? �K���;�M�2�i�B�+ �b�T�B�M�b�- �r�?�B�+�? �+���M �?�Q�H�/ �i�r�Q �b�i���i�2�b�, �b�T�B�M�@�m�T

�U�Y�R�V ���M�/ �b�T�B�M�@�/�Q�r�M �U�@�R�V�- �+�Q�M�i�`�Q�H�H�2�/ �#�v �i�?�2 �2�t�i�2�`�M���H �K���;�M�2�i�B�+ �7�B�2�H�/�b�X �U�#�V �q�B�i�?

�i�?�2 �+�Q�M�b�B�/�2�`���i�B�Q�M �Q�7 �i�?�2 �m�M�+�2�`�i���B�M�i�B�2�b �B�M �2�t�i�2�`�M���H �7�B�2�H�/�b ���M�/ �i�2�K�T�2�`���i�m�`�2�- �i�?�2

�T�?���b�2 �i�`���M�b�B�i�B�Q�M �Q�+�+�m�`�b ���i �� �+�`�B�i�B�+���H �õ�x�Q�M�2�ö�X �U�+�V �h�?�2 �H�B�F�2�H�B�?�Q�Q�/ �Q�7 �i�?�2 �T�?���b�2

�i�`���M�b�B�i�B�Q�M �B�M �i�?�B�b �x�Q�M�2 �r�B�H�H �#�2 �+�Q�K�T�m�i�2�/ �r�B�i�? �� �D�Q�B�M�i �T�`�Q�#���#�B�H�B�i�v �`�2�T�`�2�b�2�M�i���i�B�Q�M

�Q�7 �i�?�2 �m�M�+�2�`�i���B�M �T���`���K�2�i�2�`�b�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�k�e

�e�X�j �J���;�M�2�i�B�x���i�B�Q�M �T���`���K�2�i�2�` �B�M �i�2�`�K�b �Q�7 �m�M�+�2�`�i���B�M �2�t�i�2�`�M���H �K���;�M�2�i�B�+ �7�B�2�H�/ �7�Q�` �U���V

kbT = 0:5�- �U�#�VkbT = 2 ���M�/ �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �K���;�M�2�i�B�x���i�B�Q�M �T���`���K�2�i�2�`

���i �i�?�2 �K�2���M �U�+�Vh = 0 ���M�/h = � 0:4 �7�Q�`kbT = 0:5 �(�R�3�y�)�X �X �X �X �X �X �X �X �X �X �X �X�R�k�d

�e�X�9 �1�t�T�2�+�i�2�/ �K�2���M �p���H�m�2�b ���M�/ �p���`�B���M�+�2�b �Q�7 �7�`�2�2 �2�M�2�`�;�v�-F �- �/�m�2 �i�Q �i�?�2 �m�M�+�2�`�i���B�M�i�v

�Q�7M �7�Q�` �U���V �M�Q�M�@�B�M�i�2�`���+�i�B�M�; �b�T�B�M�b ���M�/ �Uh
kbT = 0:3�V �U�#�V �B�M�i�2�`���+�i�B�M�; �b�T�B�M�b �r�B�i�?�@

�Q�m�i �K���;�M�2�i�B�+ �7�B�2�H�/ ���M�/Jqq
kbT = 1:05 ���M�/ �U�+�VJqq

kbT = 1:5 �U�/�V �B�M�i�2�`���+�i�B�M�; �b�T�B�M�b �r�B�i�?

�K���;�M�2�i�B�+ �7�B�2�H�/ �7�Q�`h
kbT = 0:2 �U�+�VJqq

kbT = 0:9 �(�R�3�R�)�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�k�3



�H�B�b�i �Q�7 �7�B�;�m�`�2�b �d

�e�X�8 �S�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M�b �Q�7 �7�`�2�2 �2�M�2�`�;�v �7�Q�` �7�Q�m�` �/�B�7�7�2�`�2�M�i �+�Q�M�/�B�i�B�Q�M�b �Q�7 �m�M�+�2�`�@

�i���B�M�i�v �B�M �6�B�;�X �e�X�9 �7�Q�` �i�?�2 �7�Q�H�H�Q�r�B�M�; �K�2���M �p���H�m�2�b �U���VM = � 0:7�- �U�#�VM = 0:1�-

�U�+�VM = 0:3�- ���M�/ �U�/�VM = 0:9 �(�R�3�R�)�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�k�N



�G�B�b�i �Q�7 �h���#�H�2�b

�j�X�R �a�m�K�K���`�v �Q�7 �i�?�2 �Q�T�i�B�K�B�x���i�B�Q�M �T�`�Q�#�H�2�K�b �i�Q �K���t�B�K�B�x�2 ���M�/ �K�B�M�B�K�B�x�2C11 ���M�/

E11 �p���H�m�2�b ���M�/ �/�2�b�B�;�M �K�B�+�`�Q�b�i�`�m�+�i�m�`�2�b �7�Q�` �� �T�`�2�b�+�`�B�#�2�/E11 �p���H�m�2�X�X �X �X �X �X �X�9�8

�j�X�k �S�2�`�7�Q�`�K���M�+�2 �Q�7 �/�B�7�7�2�`�2�M�i �Q�T�i�B�K�B�x�2�`�b �i�Q �K���t�B�K�B�x�2 �i�?�2E11 �p���H�m�2 �Q�7 ���H�X�X �X �X �X�9�e

�j�X�j �*�Q�K�T���`�B�b�Q�M �Q�7 �K���t�B�K�m�K ���M�/ �K�B�M�B�K�m�K �b�i�B�7�7�M�2�b�b �+�Q�M�b�i���M�i �UC11�V �p���H�m�2�b �Q�#�@

�i���B�M�2�/ �7�`�Q�K �;�`���/�B�2�M�i�@�#���b�2�/ �Q�T�i�B�K�B�x���i�B�Q�M �r�B�i�? �i�?�2 �H�B�i�2�`���i�m�`�2 �/���i�� �U�m�M�B�i �Q�7C11

�B�b �:�S���V�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�9�d

�j�X�9 �*�Q�K�T���`�B�b�Q�M �Q�7 �K���t�B�K�m�K ���M�/ �K�B�M�B�K�m�K �B�M�@�T�H���M�2 �u�Q�m�M�;�ö�b �K�Q�/�m�H�m�b �p���H�m�2�b

�UE11�V �Q�#�i���B�M�2�/ �7�`�Q�K �;�`���/�B�2�M�i�@�#���b�2�/ �Q�T�i�B�K�B�x���i�B�Q�M �r�B�i�? �i�?�2 �H�B�i�2�`���i�m�`�2 �/���i�� �U�m�M�B�i

�Q�7E11 �B�b �:�S���V�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�9�3

�j�X�8 �J���i�?�2�K���i�B�+���H �7�Q�`�K�m�H���i�B�Q�M�b �Q�7 �i�?�2 �Q�T�i�B�K�B�x���i�B�Q�M �T�`�Q�#�H�2�K�b�X �X �X �X �X �X �X �X �X �X �X�8�e

�j�X�e �1�H���b�i�B�+ �+�Q�M�b�i���M�i �p���H�m�2�b �U�m�M�B�i �B�b �:�S���V �7�Q�` �i�?�2 �Q�T�i�B�K�m�K �/�2�b�B�;�M�b �Q�7 �h�B�@�d���H�- ���H�-

���M�/ �:���H�7�2�M�Q�H�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�e�y

�j�X�d ���M�B�b�Q�i�`�Q�T�v �`���i�B�Q�b �7�Q�` �i�?�2 �Q�T�i�B�K�m�K �/�2�b�B�;�M�b �Q�7 �h�B�@�d���H�- ���H�- ���M�/ �:���H�7�2�M�Q�H�X �X �X �X�e�y

�j�X�3 �a�m�K�K���`�v �Q�7 �i�?�2 �Q�T�i�B�K�B�x���i�B�Q�M �T�`�Q�#�H�2�K�b �i�Q �;�2�M�2�`���i�2 �i�?�2 �b�2�i �Q�7 �P�.�6�b �m�b�B�M�; �i�?�2

�T�`�Q�T�2�`�i�v �+�H�Q�b�m�`�2 �7�Q�` �i�`���B�M�B�M�; �i�?�2 ���L�L �K�Q�/�2�H�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�e�d

�j�X�N �_�Q�Q�i �J�2���M �a�[�m���`�2 �1�`�`�Q�` �U�_�J�a�1�V �p���H�m�2�b �U�m�M�B�i �B�b �:�S���V �Q�7 �i�?�2 �T�`�2�/�B�+�i�2�/ �p���H�m�2�b

�7�Q�C̀11 ���M�/C12 �Q�7 �h�B�@�d���H �#�v ���L�L ���M�/ �G�_ �K�Q�/�2�H�b �+�Q�M�b�B�/�2�`�B�M�; �b�B�M�;�H�2 ���M�/

�K�m�H�i�B�T�H�2 �P�.�6�b�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�d�R

�3



�H�B�b�i �Q�7 �i���#�H�2�b �N

�j�X�R�y �P�T�i�B�K�B�x���i�B�Q�M �2�`�`�Q�` ���M���H�v�b�B�b �Q�7 �i�?�2 �/�B�7�7�2�`�2�M�i �B�M�i�2�`�B�Q�` ���M�/ �2�t�i�2�`�B�Q�` �T�Q�B�M�i�b �Q�7 �i�?�2

�T�`�Q�T�2�`�i�v �+�H�Q�b�m�`�2�b �Q�7 �h�B�@�d���H�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�d�d

�j�X�R�R �P�T�i�B�K�B�x���i�B�Q�M �2�`�`�Q�` ���M���H�v�b�B�b �Q�7 �i�?�2 �/�B�7�7�2�`�2�M�i �B�M�i�2�`�B�Q�` ���M�/ �2�t�i�2�`�B�Q�` �T�Q�B�M�i�b �Q�7 �i�?�2

�T�`�Q�T�2�`�i�v �+�H�Q�b�m�`�2�b �Q�7 �J�;�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�d�3

�j�X�R�k �P�T�i�B�K�B�x���i�B�Q�M �2�`�`�Q�` ���M���H�v�b�B�b �Q�7 �i�?�2 �/�B�7�7�2�`�2�M�i �B�M�i�2�`�B�Q�` ���M�/ �2�t�i�2�`�B�Q�` �T�Q�B�M�i�b �Q�7 �i�?�2

�T�`�Q�T�2�`�i�v �+�H�Q�b�m�`�2�b �Q�7 ���H�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�3�y

�9�X�R �J�2���M �p���H�m�2�b ���M�/ �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M�b �Q�7 �i�?�2 �2�H���b�i�B�+ �+�Q�M�b�i���M�i�b ���M�/ ���M�B�b�Q�i�`�Q�T�B�+

�`���i�B�Q �Q�7 �h�B�@�d���H�- ���H�- ���M�/ �:���H�7�2�M�Q�H �/�m�2 �i�Q �K�B�+�`�Q�b�i�`�m�+�i�m�`���H �m�M�+�2�`�i���B�M�i�B�2�b�- �2�b�i�B�@

�K���i�2�/ �#�v �J�*�a ���M�/ �:�S�_ �U�m�M�B�i �B�b �:�S���V�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�3�e

�9�X�k �h�?�2 �i�?�`�2�2 �Q�#�D�2�+�i�B�p�2 �7�m�M�+�i�B�Q�M�b �m�b�2�/ �B�M �/�2�b�B�;�M �Q�T�i�B�K�B�x���i�B�Q�M �T�`�Q�#�H�2�K�b�X �X �X �X �X�N�y

�9�X�j �S�b�2�m�/�Q�@�+�Q�/�2 �7�Q�` �K���t�B�K�B�x�B�M�; �i�?�2 �K�2���M �p���H�m�2 �Q�7E11 �m�M�/�2�` �i�?�2 �P�.�6 �m�M�+�2�`�i���B�M�i�v

�m�b�B�M�; �i�?�2 �b���K�T�H�B�M�; �K�2�i�?�Q�/�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�N�3

�8�X�R �P�T�i�B�K�m�K �`���M�;�2�b �7�Q�` �i�?�2 �+�`�v�b�i���H �T�H���b�i�B�+�B�i�v �T���`���K�2�i�2�`�b �7�Q�` �+�Q�K�T�`�2�b�b�B�Q�M �(�d�N�- �R�e�3�)�R�R�j

�8�X�k �P�T�i�B�K�m�K �b�H�B�T ���M�/ �i�r�B�M �b�v�b�i�2�K �T���`���K�2�i�2�`�b �Q�#�i���B�M�2�/ �7�`�Q�K �S�A�L�L�@�#���b�2�/ �B�M�p�2�`�b�2

�Q�T�i�B�K�B�x���i�B�Q�M �T�`�Q�p�B�/�B�M�; �i�?�2 �#�2�b�i �K���i�+�? �r�B�i�? �i�?�2 �2�t�T�2�`�B�K�2�M�i���H �P�.�6�b ���7�i�2�`

�+�Q�K�T�`�2�b�b�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�R�9

�8�X�j �P�T�i�B�K�m�K �b�H�B�T ���M�/ �i�r�B�M �b�v�b�i�2�K �T���`���K�2�i�2�`�b �Q�#�i���B�M�2�/ �7�`�Q�K �S�A�L�L�@�#���b�2�/ �B�M�p�2�`�b�2

�Q�T�i�B�K�B�x���i�B�Q�M �T�`�Q�p�B�/�B�M�; �i�?�2 �#�2�b�i �K���i�+�? �r�B�i�? �i�?�2 �2�t�T�2�`�B�K�2�M�i���H �P�.�6�b ���7�i�2�` �`�2�@

�+�`�v�b�i���H�H�B�x���i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�R�8



�G�B�b�i �Q�7 ���#�#�`�2�p�B���i�B�Q�M�b

� �o�Q�H�m�K�2�@���p�2�`���;�2�/ �K���i�2�`�B���H �T�`�Q�T�2�`�i�v

� �-� �J�2���M �p���H�m�2 ���M�/ �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M

� A �J�2���M �p���H�m�2 �Q�7 �i�?�2 �P�`�B�2�M�i���i�B�Q�M �.�B�b�i�`�B�#�m�i�B�Q�M �6�m�M�+�i�B�Q�M �U�P�.�6�V

� C �J�2���M �p���H�m�2 �Q�7 �i�?�2 �b�i�B�7�7�M�2�b�b �+�Q�M�b�i���M�i�b

� A �*�Q�p���`�B���M�+�2 �K���i�`�B�t �Q�7 �i�?�2 �P�`�B�2�M�i���i�B�Q�M �.�B�b�i�`�B�#�m�i�B�Q�M �6�m�M�+�i�B�Q�M �U�P�.�6�V


 �6�m�M�/���K�2�M�i���H �`�2�;�B�Q�M �B�M �i�?�2 �+�`�v�b�i���H�H�Q�;�`���T�?�B�+ �Q�`�B�2�M�i���i�B�Q�M �b�T���+�2

� �-� �- �H�>�v�T�2�`�T���`���K�2�i�2�`�b �Q�7 �F�2�`�M�2�H �7�m�M�+�i�B�Q�M

�G �J���+�`�Q �p�2�H�Q�+�B�i�v �;�`���/�B�2�M�i

�_ �G���i�i�B�+�2 �`�Q�i���i�B�Q�M

� �_�Q�i���i�B�Q�M ���M�;�H�2

E11 �A�M�@�T�H���M�2 �u�Q�m�M�;�ö�b �K�Q�/�m�H�m�b

F �6�`�2�2 �2�M�2�`�;�v �Q�7 �i�?�2 �b�v�b�i�2�K

h �1�t�i�2�`�M���H �K���;�M�2�i�B�+ �7�B�2�H�/

h� �a�B�M�;�H�2 �b�H�B�T �?���`�/�2�M�B�M�; �`���i�2

J �G�Q�b�b �7�m�M�+�i�B�Q�M �Q�7 �S�?�v�b�B�+�b�@�A�M�7�Q�`�K�2�/ �L�2�m�`���H �L�2�i�r�Q�`�F

kB �"�Q�H�i�x�K���M�M �+�Q�M�b�i���M�i

�R�y



�H�B�b�i �Q�7 ���#�#�`�2�p�B���i�B�Q�M�b �R�R

kr �E�2�`�M�2�H �7�m�M�+�i�B�Q�M

M �J���;�M�2�i�B�x���i�B�Q�M �T���`���K�2�i�2�`

Pcr �*�`�B�i�B�+���H �#�m�+�F�H�B�M�; �H�Q���/

q �G���i�2�M�i �?���`�/�2�M�B�M�; �`���i�B�Q

r �*�`�v�b�i���H �Q�`�B�2�M�i���i�B�Q�M

T ���K�#�B�2�M�i �i�2�K�T�2�`���i�m�`�2

x � �h�2�b�i �.���i��

�� �P�`�B�2�M�i���i�B�Q�M �.�B�b�i�`�B�#�m�i�B�Q�M �6�m�M�+�i�B�Q�M �U�P�.�6�V

�# �"�B���b �Q�7 �i�?�2 ���`�i�B�7�B�+�B���H �L�2�m�`���H �L�2�i�r�Q�`�F �U���L�L�V

�* �a�i�B�7�7�M�2�b�b �K���i�`�B�t

�E �*�Q�p���`�B���M�+�2 �K���i�`�B�t �Q�7 �i�`���B�M�B�M�; ���M�/ �i�2�b�i �/���i��

�S �J���i�2�`�B���H �T�`�Q�T�2�`�i�v �K���i�`�B�t

�[ �L�Q�`�K���H�B�x���i�B�Q�M �p�2�+�i�Q�`

�a �*�Q�K�T�H�B���M�+�2 �K���i�`�B�t

�q �q�2�B�;�?�i�b �K���i�`�B�t �Q�7 �i�?�2 ���`�i�B�7�B�+�B���H �L�2�m�`���H �L�2�i�r�Q�`�F �U���L�L�V

���L�L ���`�i�B�7�B�+�B���H �L�2�m�`���H �L�2�i�r�Q�`�F

���_ ���M�B�b�Q�i�`�Q�T�v �`���i�B�Q

�*�S�6�1�*�`�v�b�i���H �S�H���b�i�B�+�B�i�v �6�B�M�B�i�2 �1�H�2�K�2�M�i

�*�a�J�. �*�Q�K�T�H�2�i�2 �a�Q�H�m�i�B�Q�M �Q�7 �J���i�2�`�B���H�b �.�2�b�B�;�M



�R�k �H�B�b�i �Q�7 ���#�#�`�2�p�B���i�B�Q�M�b

�.�6�h �.�2�M�b�B�i�v �6�m�M�+�i�B�Q�M���H �h�?�2�Q�`�v

�1�"�a�. �1�H�2�+�i�`�Q�M �"���+�F�b�+���i�i�2�` �.�B�7�7�`���+�i�B�Q�M

�6�L�L �6�2�2�/ �6�Q�`�r���`�/ �L�2�m�`���H �L�2�i�r�Q�`�F

�>�*�S �>�2�t���;�Q�M���H �*�H�Q�b�2�@�S���+�F�2�/

�A�*�J�1�A�M�i�2�;�`���i�2�/ �*�Q�K�T�m�i���i�B�Q�M���H �J���i�2�`�B���H�b �1�M�;�B�M�2�2�`�B�M�;

�F �L�m�K�#�2�` �Q�7 �B�M�/�2�T�2�M�/�2�M�i �M�Q�/�2�b �B�M �i�?�2 �P�.�6 �K�2�b�?

�G�>�a �G���i�B�M �>�v�T�2�`�+�m�#�2 �a���K�T�H�B�M�;

�G�_ �G�B�M�2���` �_�2�;�`�2�b�b�B�Q�M

�G�a�h�J�G�Q�M�; �a�?�Q�`�i�@�h�2�`�K �J�2�K�Q�`�v

�J�*�a �J�Q�M�i�2 �*���`�H�Q �a�B�K�m�H���i�B�Q�M

�J�G �J���+�?�B�M�2 �G�2���`�M�B�M�;

�J�a�.�S�P �J�B�+�`�Q�b�i�`�m�+�i�m�`�2 �a�2�M�b�B�i�B�p�2 �.�2�b�B�;�M �7�Q�` �S�2�`�7�Q�`�K���M�+�2 �P�T�i�B�K�B�x���i�B�Q�M

�P�.�6 �P�`�B�2�M�i���i�B�Q�M �.�B�b�i�`�B�#�m�i�B�Q�M �6�m�M�+�i�B�Q�M

�S�A�L�L�S�?�v�b�B�+�b�@�A�M�7�Q�`�K�2�/ �L�2�m�`���H �L�2�i�r�Q�`�F

�S�P�. �S�`�Q�T�2�` �P�`�i�?�Q�;�Q�M���H �.�2�+�Q�K�T�Q�b�B�i�B�Q�M

�_�J�a�1 �_�Q�Q�i �J�2���M �a�[�m���`�2 �1�`�`�Q�`

�_�L�L �_�2�+�m�`�`�2�M�i �L�2�m�`���H �L�2�i�r�Q�`�F

�a�Z�S �a�2�[�m�2�M�i�B���H �Z�m���/�`���i�B�+ �S�`�Q�;�`���K�K�B�M�;

�h�B�@�d���H�h�B�i���M�B�m�K�@�d �r�i�W ���H�m�K�B�M�m�K



�H�B�b�i �Q�7 ���#�#�`�2�p�B���i�B�Q�M�b �R�j

�l�Z �l�M�+�2�`�i���B�M�i�v �Z�m���M�i�B�7�B�+���i�B�Q�M

�t �h�`���B�M�B�M�; �/���i��

�v �E�M�Q�r�M �Q�m�i�T�m�i

�v�ö �S�`�2�/�B�+�i�2�/ �Q�m�i�T�m�i �#�v ���`�i�B�7�B�+�B���H �L�2�m�`���H �L�2�i�r�Q�`�F �U���L�L�V



�*�?���T�i�2�` �R

�A�M�i�`�Q�/�m�+�i�B�Q�M

�J���i�2�`�B���H�b ���`�2 ���i �i�?�2 �?�2���`�i �Q�7 �Q�m�` �/���B�H�v �H�B�7�2�- ���M�/ �i�?�2�v �;�m���`���M�i�2�2 �i�?�2 �7�m�M�+�i�B�Q�M�B�M�;�- �H�Q�M�;�@�i�2�`�K

�/�m�`���#�B�H�B�i�v�- �b���7�2�i�v�- ���M�/ �2�M�p�B�`�Q�M�K�2�M�i���H �+�Q�K�T���i�B�#�B�H�B�i�v �Q�7 ���H�H �i�?�2 �/�2�p�B�+�2�b�- �K���+�?�B�M�2�`�v�- ���M�/ �b�2�`�@

�p�B�+�2�b ���`�Q�m�M�/ �m�b�X �h�?�2 ���T�T�H�B�+���i�B�Q�M�b �m�i�B�H�B�x�B�M�; ���/�p���M�+�2�/ �K���i�2�`�B���H�b �B�M�+�H�m�/�2 �#�m�i ���`�2 �M�Q�i �H�B�K�B�i�2�/

�i�Q �2�M�2�`�;�v�- ���2�`�Q�b�T���+�2�- ���m�i�Q�K�Q�i�B�p�2�- ���M�/ �#�B�Q�K�2�/�B�+���H �2�M�;�B�M�2�2�`�B�M�;�X �h�?�2�`�2�7�Q�`�2�- �/�2�p�2�H�Q�T�B�M�; �M�2�r

�K���i�2�`�B���H�b ���M�/ �2�M�?���M�+�B�M�; �i�?�2�B�` �T�`�Q�T�2�`�i�B�2�b �r�B�H�H �#�2 �Q�7 �+�`�B�i�B�+���H �B�K�T�Q�`�i���M�+�2 �7�Q�` �+�m�`�`�2�M�i ���M�/ �7�m�@

�i�m�`�2 �2�M�;�B�M�2�2�`�B�M�; �b�v�b�i�2�K�b�X �S�Q�H�v�+�`�v�b�i���H�H�B�M�2 �K�2�i���H�b�- �B�M�+�H�m�/�B�M�; �h�B�i���M�B�m�K �U�h�B�V ���M�/ ���H�m�K�B�M�B�m�K

�U���H�V ���H�H�Q�v�b ���b �r�2�H�H ���b �:���H�7�2�M�Q�H�- ���`�2 �r�B�/�2�H�v �m�b�2�/ �B�M �i�?�2 ���2�`�Q�b�T���+�2 ���M�/ �2�H�2�+�i�`�Q�M�B�+�b �B�M�/�m�b�i�`�B�2�b�X

�>�2�`�2�- �h�B ���M�/ ���H ���`�2 �m�b�m���H�H�v �+���i�2�;�Q�`�B�x�2�/ ���b ���2�`�Q�b�T���+�2 �K���i�2�`�B���H�b�X �h�B ���H�H�Q�v�b �b�?�Q�r �2�t�+�2�H�H�2�M�i

�+�Q�`�`�Q�b�B�Q�M ���M�/ �Q�t�B�/���i�B�Q�M �`�2�b�B�b�i���M�+�2 �r�B�i�? �?�B�;�? �K�2�+�?���M�B�+���H �b�i�`�2�M�;�i�? ���i �?�B�;�?�@�i�2�K�T�2�`���i�m�`�2 �2�M�@

�p�B�`�Q�M�K�2�M�i�b �(�R�)�X �h�?�2�`�2�7�Q�`�2�- �h�B ���H�H�Q�v�b ���`�2 �m�i�B�H�B�x�2�/ �7�Q�` ���B�`�+�`���7�i �b�i�`�m�+�i�m�`�2 ���M�/ �2�M�;�B�M�2 �T���`�i�b�- �7�Q�`

�2�t���K�T�H�2 �B�M ���B�`�+�`���7�i �b�T�`�B�M�;�b�- �i�m�`�#�B�M�2 �+�Q�K�T�`�2�b�b�Q�`�b�- ���M�/ �?�2�H�B�+�Q�T�i�2�` �`�Q�i�Q�` �b�v�b�i�2�K�b �(�k�)�X �P�M �i�?�2

�Q�i�?�2�` �?���M�/�- ���H ���H�H�Q�v�b ���`�2 �r�2�H�H�@�F�M�Q�r�M �7�Q�` �i�?�2�B�` �H�B�;�?�i�@�r�2�B�;�?�i �M���i�m�`�2 ���M�/ �?�B�;�? �b�i�`�2�M�;�i�?�@�i�Q�@�r�2�B�;�?�i

�`���i�B�Q�b �i�?���i �K���F�2 �i�?�2�b�2 ���H�H�Q�v�b �/�2�b�B�`�2�/ �K���i�2�`�B���H�b �7�Q�` ���B�`�+�`���7�i �+�Q�K�T�Q�M�2�M�i�b �(�j�-�9�)�X ���/�/�B�i�B�Q�M���H�H�v�-

���H�@�#���b�2�/ ���H�H�Q�v�b ���`�2 ���/�p���M�i���;�2�Q�m�b �#�2�+���m�b�2 �Q�7 �i�?�2�B�` �H�Q�r �+�Q�b�i�b ���M�/ �2���b�2 �Q�7 �K���M�m�7���+�i�m�`�B�M�;�X �h�?�2�v

���`�2 �m�b�2�/ �B�M �K���M�v �/�B�7�7�2�`�2�M�i �T���`�i�b �Q�7 �i�?�2 ���B�`�+�`���7�i�- �b�m�+�? ���b �r�B�M�;�b�- �i�m�`�#�B�M�2�b�- �+�Q�K�#�m�b�i�B�Q�M �+�?���K�#�2�`�-

�7���M�- �+�Q�K�T�`�2�b�b�Q�`�- ���M�/ �+���b�B�M�;�- �i�Q �`�2�/�m�+�2 �i�?�2 �r�2�B�;�?�i �(�k�)�X �a�B�K�B�H���`�H�v�- �:���H�7�2�M�Q�H �+���M �#�2 �m�i�B�H�B�x�2�/

�7�Q�` �/�B�7�7�2�`�2�M�i �b�2�M�b�Q�`�b ���M�/ ���+�i�m���i�Q�`�b �Q�7 ���B�`�+�`���7�i �b�v�b�i�2�K�b �Q�r�B�M�; �i�Q �B�i�b �2�t�+�2�H�H�2�M�i �K���;�M�2�i�Q�b�i�`�B�+�i�B�p�2

�7�2���i�m�`�2�b �+�Q�K�T���`�2�/ �i�Q �Q�i�?�2�` �/�m�+�i�B�H�2 �K���i�2�`�B���H�b �(�8�)�X �h�?�2 �T�2�`�7�Q�`�K���M�+�2 �Q�7 �i�?�2�b�2 �K���i�2�`�B���H�b �/�B�`�2�+�i�H�v

�/�2�T�2�M�/�b �Q�M �i�?�2 �m�M�/�2�`�H�v�B�M�; �K�B�+�`�Q�b�i�`�m�+�i�m�`�2�b�X �h�?�2�`�2�7�Q�`�2�- �i�?�2 �b�2�H�2�+�i�B�Q�M �Q�7 �i�?�2�b�2 �K���i�2�`�B���H�b �r�B�i�?

�R�9



�S�Y�S�Y �+�ñ�é�����Ô�ª�����Ô�ñ�é�� �R�8

�Q�T�i�B�K�m�K �T�`�Q�T�2�`�i�B�2�b �7�Q�` �#�2�i�i�2�` �T�2�`�7�Q�`�K���M�+�2 �B�b �i�?�2 �F�2�v �T�m�`�T�Q�b�2 �Q�7 �T�Q�H�v�+�`�v�b�i���H�H�B�M�2 �K���i�2�`�B���H�b

�/�2�b�B�;�M�X �h�?�2 �B�K�T�2�`�7�2�+�i�B�Q�M�b �Q�+�+�m�`�`�B�M�; �/�m�`�B�M�; �i�?�2 �7���#�`�B�+���i�B�Q�M �Q�7 �T�Q�H�v�+�`�v�b�i���H�b �b�m�+�? ���b �m�M���M�@

�i�B�+�B�T���i�2�/ �i�?�2�`�K���H ���M�/ �b�i�`�2�b�b �;�`���/�B�2�M�i�b ���`�B�b�B�M�; �7�`�Q�K �i�?�2�`�K�Q�@�K�2�+�?���M�B�+���H �T�`�Q�+�2�b�b�B�M�; �+���M �+���m�b�2

�p���`�B���i�B�Q�M�b �B�M �K�B�+�`�Q�b�i�`�m�+�i�m�`���H �7�2���i�m�`�2�b�X �h�?�B�b �m�M�+�2�`�i���B�M�i�v ���H�b�Q �`�2�7�2�`�b �i�Q �i�?�2 �/�B�p�2�`�b�B�i�v �Q�7 �i�?�2

�K�B�+�`�Q�b�i�`�m�+�i�m�`�2 �i�?���i �+���M�M�Q�i �#�2 �/�2�b�+�`�B�#�2�/ �r�B�i�? �� �/�2�i�2�`�K�B�M�B�b�i�B�+ �`�2�T�`�2�b�2�M�i���i�B�Q�M�X �h�?�2 �p���`�B���#�B�H�B�i�v

�B�M �/�B�7�7�2�`�2�M�i �b�i���;�2�b �Q�7 �i�`���/�B�i�B�Q�M���H �Q�` ���/�/�B�i�B�p�2 �K���M�m�7���+�i�m�`�B�M�; �i�2�+�?�M�B�[�m�2�b �+���m�b�2�b �i�?�2 �/�B�b�+�`�2�T�@

���M�+�v �B�M �i�?�2 �T�`�2�/�B�+�i�2�/ �K�B�+�`�Q ���M�/ �K���+�`�Q�@�b�+���H�2 �T�`�Q�T�2�`�i�B�2�b ���M�/ �K���i�2�`�B���H �T�2�`�7�Q�`�K���M�+�2 �(�e�-�d�-�3�)�X

�A�i �+���M �2�p�2�M �H�2���/ �i�Q �K���i�2�`�B���H �7���B�H�m�`�2 �B�7 �i�?�2 �/�2�p�B���i�B�Q�M�b �B�M �i�?�2 �+�`�B�i�B�+���H �T�`�Q�T�2�`�i�B�2�b �2�t�+�2�2�/ �� �+�2�`�@

�i���B�M �H�B�K�B�i�X �h�?�2�`�2�7�Q�`�2�- �`�Q�#�m�b�i �2�M�;�B�M�2�2�`�B�M�; �/�2�b�B�;�M�b ���H�r���v�b �i���F�2 �B�M�i�Q ���+�+�Q�m�M�i �i�?�2 �p���`�B���#�B�H�B�i�v

�B�M �i�?�2 �K�B�+�`�Q�b�i�`�m�+�i�m�`�2 ���M�/ �i�?�2 �T�`�Q�T���;���i�B�Q�M �Q�7 �i�?�B�b �K�B�+�`�Q�b�i�`�m�+�i�m�`���H �m�M�+�2�`�i���B�M�i�v �Q�p�2�` �K�m�H�i�B�T�H�2

�H�2�M�;�i�? �b�+���H�2�b�X �h�?�2 �Q�T�i�B�K�m�K �K�B�+�`�Q�b�i�`�m�+�i�m�`�2 �+���M �#�2 �Q�#�i���B�M�2�/ �i�?�`�Q�m�;�? �/�B�7�7�2�`�2�M�i �/�2�7�Q�`�K���i�B�Q�M

�T�`�Q�+�2�b�b�B�M�; �b�i�2�T�b�- �B�X�2�X�- �i�2�M�b�B�Q�M�f�+�Q�K�T�`�2�b�b�B�Q�M ���M�/ �b�?�2���` �H�Q���/�b�X �h�?�2�`�2�7�Q�`�2�- �/�2�b�B�;�M�B�M�; �T�`�Q�+�2�b�b�B�M�;

�T���`���K�2�i�2�`�b ���H�b�Q �T�H���v�b �� �p�B�i���H �`�Q�H�2 �B�M �K���i�2�`�B���H�b �/�2�b�B�;�M�X

�R�X�R �*�Q�M�i�`�B�#�m�i�B�Q�M�b

�J���+�?�B�M�2 �H�2���`�M�B�M�; �U�J�G�V �B�b �Q�M�2 �Q�7 �i�?�2 �K�Q�b�i �7���b�+�B�M���i�B�M�; �i�Q�Q�H�b �r�?�B�+�? �?���p�2 �`�2�+�2�M�i�H�v �2�M�i�2�`�2�/

�i�?�2 �i�Q�Q�H�#�Q�t �Q�7 �K���i�2�`�B���H �b�+�B�2�M�+�2�- �i�?�2�`�2�7�Q�`�2�- �B�i�b ���T�T�H�B�+���i�B�Q�M �?���b �#�2�+�Q�K�2 �K�Q�`�2 �p�B�b�B�#�H�2 �B�M �i�?�B�b

���`�2�� �(�N�)�X �h�?�B�b �b�2�i �Q�7 �b�i���i�B�b�i�B�+���H �i�2�+�?�M�B�[�m�2�b �?���b ���H�`�2���/�v �/�2�K�Q�M�b�i�`���i�2�/ �B�i�b ���#�B�H�B�i�v �i�Q �b�B�;�M�B�7�B�@

�+���M�i�H�v �b�T�2�2�/ �m�T �#�Q�i�? �7�m�M�/���K�2�M�i���H ���M�/ ���T�T�H�B�2�/ �`�2�b�2���`�+�?�X �h�`���/�B�i�B�Q�M���H�H�v�- �i�?�2 �2�t�T�2�`�B�K�2�M�i���H

�b�2�i�m�T �B�b �`�2�[�m�B�`�2�/ �i�Q �7�B�M�/ ���M�/ �+�?���`���+�i�2�`�B�x�2 �M�2�r �K���i�2�`�B���H�b�- �r�?�B�+�? �+���M �H�2���/ �i�Q �� �i�2�/�B�Q�m�b ���M�/

�T�`�Q�H�Q�M�;�2�/ �T�`�Q�+�2�b�b�X �J�Q�`�2�Q�p�2�`�- �B�i �K���v �`�2�[�m�B�`�2 �?�B�;�? �+�Q�b�i�b �7�Q�` �`�2�b�Q�m�`�+�2�b ���M�/ �2�[�m�B�T�K�2�M�i�X �h�?�2

�/�2�p�2�H�Q�T�K�2�M�i �Q�7 �+�Q�K�T�m�i���i�B�Q�M���H �i�2�+�?�M�B�[�m�2�b�- �T���`�i�B�+�m�H���`�H�v �i�?�2 �/�2�M�b�B�i�v �7�m�M�+�i�B�Q�M���H �i�?�2�Q�`�v �U�.�6�h�V�-

�J�Q�M�i�2 �*���`�H�Q �b�B�K�m�H���i�B�Q�M�b �U�J�*�a�V�- ���M�/ �K�Q�H�2�+�m�H���` �/�v�M���K�B�+�b�- �+�Q�M�i�`�B�#�m�i�2�/ �i�Q �i�?�2 �7�B�`�b�i �+�Q�K�T�m�i���@

�i�B�Q�M���H �`�2�p�Q�H�m�i�B�Q�M �B�M �K���i�2�`�B���H�b �b�+�B�2�M�+�2 �(�R�y�)�X �h�?�2 �i�B�K�2 ���M�/ �2�t�T�2�M�b�2 ���b�b�Q�+�B���i�2�/ �r�B�i�? �K���i�2�`�B���H�b



�R�e �+�Ñ�ž�ÿ���¶�� �S�Y �B�é�����ñ�²���«���Ô�ñ�é

�/�2�b�B�;�M �?���p�2 �#�2�2�M �b�B�;�M�B�7�B�+���M�i�H�v �/�2�+�`�2���b�2�/ �#�v �+�Q�K�#�B�M�B�M�; �2�t�T�2�`�B�K�2�M�i�b ���M�/ �+�Q�K�T�m�i�2�` �b�B�K�m�H���@

�i�B�Q�M�b�X �>�Q�r�2�p�2�`�- �+�Q�K�T�m�i���i�B�Q�M���H �K�2�i�?�Q�/�b �+���M �Q�7�i�2�M �#�2 �2�t�T�2�M�b�B�p�2 �r�?�2�M �i�?�2�v �/�2�T�2�M�/ �Q�M �K���M�v

�+�Q�M�/�B�i�B�Q�M�b �(�R�R�)�X �6�Q�` �2�t���K�T�H�2�- �� �T�Q�H�v�+�`�v�b�i���H�H�B�M�2 �K�B�+�`�Q�b�i�`�m�+�i�m�`�2 �?���b �K���M�v �7�2���i�m�`�2�b �i�Q �#�2 �K�Q�/�@

�2�H�2�/ �i�Q �+�Q�K�T�m�i�2 �B�i�b �?�Q�K�Q�;�2�M�B�x�2�/ �T�`�Q�T�2�`�i�B�2�b�- �i�?�2�`�2�#�v �H�2���/�B�M�; �i�Q ���M �m�H�i�`���@�?�B�;�?�@�/�B�K�2�M�b�B�Q�M���H

�+�Q�K�T�m�i���i�B�Q�M���H �T�`�Q�#�H�2�K�X �A�M�p�2�b�i�B�;���i�B�Q�M �Q�7 �H���`�;�2�@�/�2�7�Q�`�K���i�B�Q�M �#�2�?���p�B�Q�` �U�2�X�;�X�- �+�`�v�b�i���H �T�H���b�i�B�+�@

�B�i�v �K�Q�/�2�H�B�M�;�V �+���M �7�m�`�i�?�2�` �B�M�+�`�2���b�2 �i�?�2 �+�Q�K�T�m�i���i�B�Q�M���H �2�t�T�2�M�b�2�X �J�G�@�#���b�2�/ �b�m�`�`�Q�;���i�2 �K�Q�/�2�H�b

�+���M �#�2 �� �b�m�B�i���#�H�2 ���H�i�2�`�M���i�B�p�2 �i�?���i �+���M �T�`�2�+�B�b�2�H�v �+���T�i�m�`�2 �i�?�2 �m�M�/�2�`�H�v�B�M�; �`�2�H���i�B�Q�M �#�2�i�r�2�2�M �i�?�2

�T�`�Q�+�2�b�b�@�U�K�B�+�`�Q�V�b�i�`�m�+�i�m�`�2�b�@�T�`�Q�T�2�`�i�v�X �h�?�2�`�2�7�Q�`�2�- �B�M�i�`�Q�/�m�+�B�M�; �J�G �i�Q �K�B�+�`�Q�b�i�`�m�+�i�m�`�2�@�b�2�M�b�B�i�B�p�2

�K���i�2�`�B���H�b �/�2�b�B�;�M ���M�/ �m�M�+�2�`�i���B�M�i�v �[�m���M�i�B�7�B�+���i�B�Q�M �Q�7 �K�B�+�`�Q�b�i�`�m�+�i�m�`�2�b �B�b �2�t�T�2�+�i�2�/ �i�Q �B�K�T�`�Q�p�2

�i�?�2 �+�Q�K�T�m�i���i�B�Q�M���H �2�7�7�B�+�B�2�M�+�v �Q�7 �i�?�2�b�2 �b�i�m�/�B�2�b�X �A�M �i�?�B�b �b�i�m�/�v�- �i�?�2 �i�?�2�Q�`�2�i�B�+���H �H�B�K�B�i�b �Q�7 �i�?�2

�?�Q�K�Q�;�2�M�B�x�2�/ �U�K�2�b�Q�@�b�+���H�2�V �K���i�2�`�B���H �T�`�Q�T�2�`�i�B�2�b ���`�2 �B�M�p�2�b�i�B�;���i�2�/ �r�B�i�? �i�?�2 �?�2�H�T �Q�7 �J�G�X �h�?�2 �K�B�@

�+�`�Q�b�i�`�m�+�i�m�`���H �m�M�+�2�`�i���B�M�i�v ���`�B�b�B�M�; �7�`�Q�K �K���M�m�7���+�i�m�`�B�M�; �T�`�Q�+�2�b�b�2�b ���M�/ �B�i�b �T�`�Q�T���;���i�B�Q�M �Q�M �i�?�2

�K���i�2�`�B���H �T�`�Q�T�2�`�i�B�2�b ���M�/ �T�2�`�7�Q�`�K���M�+�2 ���`�2 ���H�b�Q �[�m���M�i�B�7�B�2�/�X �J�Q�`�2�Q�p�2�`�- �J�G�@�#���b�2�/ �M�2�r �K�2�i�?�Q�/�@

�Q�H�Q�;�B�2�b ���`�2 �/�2�p�2�H�Q�T�2�/ �i�Q �/�2�b�B�;�M �T�Q�H�v�+�`�v�b�i���H�H�B�M�2 �K���i�2�`�B���H�b �m�M�/�2�` �K�B�+�`�Q�b�i�`�m�+�i�m�`���H �m�M�+�2�`�i���B�M�i�v�X

�A�M ���/�/�B�i�B�Q�M�- �+�`�v�b�i���H �T�H���b�i�B�+�B�i�v �K�Q�/�2�H�B�M�; �Q�7 �K�2�i���H�H�B�+ �K�B�+�`�Q�b�i�`�m�+�i�m�`�2�b �B�b �T�2�`�7�Q�`�K�2�/ �m�b�B�M�; ��

�S�?�v�b�B�+�b�@�A�M�7�Q�`�K�2�/ �L�2�m�`���H �L�2�i�r�Q�`�F �U�S�A�L�L�V �#���b�2�/ �b�m�`�`�Q�;���i�2 �K�Q�/�2�H�X

�h�?�2 �Q�p�2�`���H�H �+�Q�M�i�`�B�#�m�i�B�Q�M�b �Q�7 �i�?�B�b �b�i�m�/�v �B�M �i�?�2 �7�B�2�H�/�b �Q�7 �K�m�H�i�B�@�b�+���H�2 �K���i�2�`�B���H�b �/�2�b�B�;�M�- �m�M�+�2�`�@

�i���B�M�i�v �[�m���M�i�B�7�B�+���i�B�Q�M�- ���M�/ �/�2�b�B�;�M �m�M�/�2�` �m�M�+�2�`�i���B�M�i�v ���`�2 �b�m�K�K���`�B�x�2�/ �#�2�H�Q�r�,

�Ç �A�M�p�2�b�i�B�;���i�B�Q�M �Q�7 �i�?�2�i�?�2�Q�`�2�i�B�+���H �H�B�K�B�i�b�Q�7 �T�?�v�b�B�+���H �K���i�2�`�B���H �T�`�Q�T�2�`�i�B�2�b �U�T�`�Q�T�2�`�i�v

�+�H�Q�b�m�`�2�b�V

�Ç �J�B�+�`�Q�b�i�`�m�+�i�m�`�2 �/�2�b�B�;�M �Q�7 �T�Q�H�v�+�`�v�b�i���H�b �7�Q�`�B�b�Q�i�`�Q�T�B�+ �T�`�Q�T�2�`�i�B�2�b

�Ç �A�M�p�2�b�i�B�;���i�B�Q�M �Q�7 �i�?�2 �2�7�7�2�+�i�b �Q�7 �7���#�`�B�+���i�B�Q�M�f�T�`�Q�+�2�b�b�B�M�;�@�`�2�H���i�2�/�m�M�+�2�`�i���B�M�i�v �Q�M �K�B�@

�+�`�Q�b�i�`�m�+�i�m�`�2�b ���M�/ �K���i�2�`�B���H �T�`�Q�T�2�`�i�B�2�b

�Ç �A�M�p�2�b�i�B�;���i�B�Q�M �Q�7 �i�?�2 �2�7�7�2�+�i�b �Q�7 �7���#�`�B�+���i�B�Q�M�f�T�`�Q�+�2�b�b�B�M�;�@�`�2�H���i�2�/�m�M�+�2�`�i���B�M�i�v �Q�M �i�?�2 �/�2�@



�S�Y�S�Y �+�ñ�é�����Ô�ª�����Ô�ñ�é�� �R�d

�b�B�;�M �Q�7 �T�Q�H�v�+�`�v�b�i���H�H�B�M�2 �K���i�2�`�B���H�b

�Ç �J�Q�/�2�H�B�M�; ���M�/ �B�M�p�2�`�b�2 �/�2�b�B�;�M �Q�7�T�`�Q�+�2�b�b�@�b�i�`�m�+�i�m�`�2�@�T�`�Q�T�2�`�i�v�H�B�M�F���;�2 �Q�7 �K�2�i���H�b �r�B�i�?

�/���i���@�/�`�B�p�2�M �b�m�`�`�Q�;���i�2 �K�Q�/�2�H�b�m�M�/�2�` �m�M�+�2�`�i���B�M�i�v

�6�B�;�m�`�2�R�X�R���H�b�Q �b�m�K�K���`�B�x�2�b �i�?�2 �Q�#�D�2�+�i�B�p�2�b �Q�7 �i�?�B�b �b�i�m�/�v �#�v �B�M�i�`�Q�/�m�+�B�M�; �J�G �i�Q �i�?�2 �K�m�H�i�B�@�b�+���H�2

�/�2�b�B�;�M �Q�7 �K���i�2�`�B���H�b �m�M�/�2�` �m�M�+�2�`�i���B�M�i�v�X

�6�B�;�m�`�2 �R�X�R�, �a�+�?�2�K���i�B�+ �Q�7 �i�?�2 �K���+�?�B�M�2 �H�2���`�M�B�M�; �`�2�B�M�7�Q�`�+�2�/ �K�m�H�i�B�@�b�+���H�2 �/�2�b�B�;�M �Q�7 �K���i�2�@
�`�B���H�b ���M�/ �m�M�+�2�`�i���B�M�i�v �[�m���M�i�B�7�B�+���i�B�Q�M�X �6�B�;�m�`�2 �+�Q�m�`�i�2�b�v �Q�7 �T�`�Q�+�2�b�b�B�M�; �B�K���;�2�, �a�+�Q�i �6�Q�`�;�2
�U�?�i�i�T�b�,�f�f�r�r�r�X�b�+�Q�i�7�Q�`�;�2�X�+�Q�K�f�V�X

�h�?�2 �Q�`�;���M�B�x���i�B�Q�M �Q�7 �i�?�B�b �i�?�2�b�B�b �B�b ���b �7�Q�H�H�Q�r�b�, �h�?�2 �M�2�t�i �b�2�+�i�B�Q�M�b �Q�7 �*�?���T�i�2�`�R�7�Q�+�m�b �Q�M �i�?�2

�H�B�i�2�`���i�m�`�2 �`�2�p�B�2�r �Q�M �i�?�2 �K�m�H�i�B�@�b�+���H�2 �/�2�b�B�;�M �Q�7 �K���i�2�`�B���H�b�- �m�M�+�2�`�i���B�M�i�v �[�m���M�i�B�7�B�+���i�B�Q�M �U�l�Z�V�- ���M�/



�R�3 �+�Ñ�ž�ÿ���¶�� �S�Y �B�é�����ñ�²���«���Ô�ñ�é

�J�G ���T�T�H�B�+���i�B�Q�M�b �B�M �K���i�2�`�B���H�b �/�2�b�B�;�M�X �*�?���T�i�2�`�k �/�B�b�+�m�b�b�2�b �i�?�2 �K���i�?�2�K���i�B�+���H �#���+�F�;�`�Q�m�M�/ �Q�7

�i�?�2 �K�B�+�`�Q�b�i�`�m�+�i�m�`�2 �K�Q�/�2�H �m�b�B�M�; �i�?�2 �Q�`�B�2�M�i���i�B�Q�M �/�B�b�i�`�B�#�m�i�B�Q�M �7�m�M�+�i�B�Q�M �U�P�.�6�V�- ���M���H�v�i�B�+���H ���M�/

�M�m�K�2�`�B�+���H �l�Z �K�Q�/�2�H�b�- ���M�/ �/���i���@�/�`�B�p�2�M �J�G �K�Q�/�2�H�X �*�?���T�i�2�`�j �/�2�b�+�`�B�#�2�b �i�?�2 �K�B�+�`�Q�b�i�`�m�+�i�m�`�2�@

�b�2�M�b�B�i�B�p�2 �/�2�b�B�;�M �Q�7 �T�Q�H�v�+�`�v�b�i���H�H�B�M�2 �K���i�2�`�B���H�b�- �r�?�B�+�? �B�M�p�Q�H�p�2�b �i�?�2 �Q�T�i�B�K�B�x���i�B�Q�M �Q�7 �2�H���b�i�B�+ �+�Q�M�@

�b�i���M�i�b ���M�/ �i�?�2 �/�2�b�B�;�M �Q�7 �B�b�Q�i�`�Q�T�B�+ �K���i�2�`�B���H�b �m�b�B�M�; �;�`���/�B�2�M�i�@�#���b�2�/ ���M�/ �J�G�@�`�2�B�M�7�Q�`�+�2�/ �i�2�+�?�@

�M�B�[�m�2�b�X �*�?���T�i�2�`�9�/�B�b�+�m�b�b�2�b �i�?�2 �K�Q�/�2�H�B�M�; �Q�7 �K�B�+�`�Q�b�i�`�m�+�i�m�`���H �m�M�+�2�`�i���B�M�i�v ���M�/ �B�i�b �T�`�Q�T���;���i�B�Q�M

�Q�M �?�Q�K�Q�;�2�M�B�x�2�/ �K���i�2�`�B���H �T�`�Q�T�2�`�i�B�2�b �U�2�X�;�X�- �2�H���b�i�B�+ �+�Q�M�b�i���M�i�b�V ���M�/ �i�?�2 �K�B�+�`�Q�b�i�`�m�+�i�m�`�2 �/�2�b�B�;�M

���T�T�`�Q���+�? �m�b�B�M�; ���M���H�v�i�B�+���H ���M�/ �J�G�@�#���b�2�/ �l�Z �7�Q�`�K�m�H���i�B�Q�M�b�X �L�2�t�i�- �i�?�2 ���T�T�H�B�+���i�B�Q�M �Q�7 �S�A�L�L �B�M

�K���i�2�`�B���H�b �/�2�b�B�;�M �B�b �/�2�b�+�`�B�#�2�/ �B�M �*�?���T�i�2�`�8�X �6�B�M���H�H�v�- �+�Q�M�+�H�m�b�B�Q�M�b ���M�/ �i�?�2 �T�Q�i�2�M�i�B���H �7�m�i�m�`�2 �2�t�@

�i�2�M�b�B�Q�M�b �i�Q �K���i�2�`�B���H�b �/�2�b�B�;�M �T�`�Q�#�H�2�K�b �7�Q�` �K�2�+�?���M�B�+���H ���M�/ �K���;�M�2�i�B�+ �T�`�Q�T�2�`�i�B�2�b ���`�2 �/�B�b�+�m�b�b�2�/

�B�M �*�?���T�i�2�`�e�X

�R�X�k �J�m�H�i�B�@�a�+���H�2 �J���i�2�`�B���H�b �.�2�b�B�;�M

�h�?�2 �7�B�2�H�/ �Q�7 �K�m�H�i�B�@�b�+���H�2 �K���i�2�`�B���H�b �/�2�b�B�;�M ���B�K�b �i�Q �B�/�2�M�i�B�7�v �i�?�2 �K���i�2�`�B���H �7�2���i�m�`�2�b �i�?���i �T�`�Q�p�B�/�2

�Q�T�i�B�K�m�K �T�`�Q�T�2�`�i�B�2�b �7�Q�` �b�T�2�+�B�7�B�+ �2�M�;�B�M�2�2�`�B�M�; ���T�T�H�B�+���i�B�Q�M�b �(�R�k�- �R�j�- �R�9�)�X �h�?�2 �b�i�m�/�B�2�b �B�M �i�?�2

�H���b�i �/�2�+���/�2 �i�Q �/�2�b�B�;�M �i�?�2�Q�`�2�i�B�+���H �i�Q�Q�H�b �7�Q�` �Q�T�i�B�K�B�x�B�M�; �K���i�2�`�B���H �K�B�+�`�Q�b�i�`�m�+�i�m�`�2�b ���`�2 �+�H���b�b�B�7�B�2�/

���b �õ�K�B�+�`�Q�b�i�`�m�+�i�m�`�2�@�b�2�M�b�B�i�B�p�2 �/�2�b�B�;�M �7�Q�` �T�2�`�7�Q�`�K���M�+�2 �Q�T�i�B�K�B�x���i�B�Q�M�ö �U�J�a�.�S�P�V �(�R�8�- �R�e�)�X �h�?�2

�K���B�M ���/�p���M�i���;�2 �Q�7 �i�?�B�b ���T�T�`�Q���+�? �B�b �B�i�b ���#�B�H�B�i�v �i�Q �+�`�2���i�2 �� �/�2�b�B�;�M �b�T���+�2 �Q�7 ���H�H �T�Q�b�b�B�#�H�2 �p���H�m�2�b

�Q�7 �i�?�2 �/�2�b�B�`�2�/ �T���`���K�2�i�2�`�b�- �r�?�B�+�? ���H�H�Q�r�b �i�?�2 �/�2�b�B�;�M�2�` �i�Q �b�2�H�2�+�i �i�?�2 �Q�T�i�B�K�m�K �b�Q�H�m�i�B�Q�M �Q�7 �i�?�2

�/�2�b�B�;�M �T���`���K�2�i�2�`�U�b�V �7�Q�` �� �T���`�i�B�+�m�H���` �2�M�;�B�M�2�2�`�B�M�; �T�`�Q�#�H�2�K �(�R�d�-�R�3�)�X ���/�/�B�i�B�Q�M���H�H�v�- �i�?�B�b �Q�T�i�B�K�m�K

�b�Q�H�m�i�B�Q�M �+���M �#�2 �K���T�T�2�/ �#���+�F �i�Q �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �K�B�+�`�Q�b�i�`�m�+�i�m�`�2 �b�T���+�2 �r�?�B�+�? �+���M �?�2�H�T �i�Q

�/�2�i�2�`�K�B�M�2 �i�?�2 �Q�T�i�B�K�m�K �K���M�m�7���+�i�m�`�B�M�; �`�Q�m�i�2 �Q�7 �i�?�2 �K���i�2�`�B���H �(�R�N�)�X �.�m�2 �i�Q �i�?�2 ���M�B�b�Q�i�`�Q�T�B�+

�M���i�m�`�2 �Q�7 �T�Q�H�v�+�`�v�b�i���H�H�B�M�2 �K���i�2�`�B���H�b�- �i�?�2 �K�B�+�`�Q�b�i�`�m�+�i�m�`�2 �i�?���i �T�`�Q�p�B�/�2�b �i�?�2 �K���t�B�K�m�K �p���H�m�2 �Q�7 ��

�/�2�b�B�`�2�/ �T���`���K�2�i�2�` �U�2�X�;�X�- �b�i�B�7�7�M�2�b�b �+�Q�M�b�i���M�i�-C11�V �K���v �M�Q�i �#�2 �i�?�2 �Q�T�i�B�K�m�K �b�Q�H�m�i�B�Q�M �7�Q�` ���M�Q�i�?�2�`



�S�Y�l�Y �K���ã���Ô�A�b�«�ž�ã�¶ �K�ž���¶���Ô�ž�ã�� �/�¶���Ô�Ì�é �R�N

�T���`���K�2�i�2�` �U�2�X�;�X�-C12�V�X �>�Q�r�2�p�2�`�- �i�?�B�b �+�?���H�H�2�M�;�2 ���H�b�Q �+�`�2���i�2�b ���M �Q�T�T�Q�`�i�m�M�B�i�v �7�Q�` �T�Q�H�v�+�`�v�b�i���H�H�B�M�2

�K���i�2�`�B���H�b �/�2�b�B�;�M �i�Q ���+�?�B�2�p�2 �� �T�`�2�b�+�`�B�#�2�/ �K���i�2�`�B���H �T�`�Q�T�2�`�i�v �7�Q�` �� �T���`�i�B�+�m�H���` ���T�T�H�B�+���i�B�Q�M �#�v

�i���B�H�Q�`�B�M�; �i�?�2 �K�B�+�`�Q�b�i�`�m�+�i�m�`�2�b �(�k�y�-�k�R�)�X �h�?�B�b �`�2�b�2���`�+�? ���`�2�� �?���b �#�2�+�Q�K�2 �K�Q�`�2 �T�`�2�p���H�2�M�i �r�B�i�? �i�?�2

�B�M�i�`�Q�/�m�+�i�B�Q�M �Q�7 �i�?�2 �A�M�i�2�;�`���i�2�/ �*�Q�K�T�m�i���i�B�Q�M���H �J���i�2�`�B���H�b �1�M�;�B�M�2�2�`�B�M�; �U�A�*�J�1�V �(�k�k�) �T���`���/�B�;�K�X

�_�2�+�2�M�i �/�2�p�2�H�Q�T�K�2�M�i�b �B�M �A�*�J�1 �?���p�2 �H�2�/ �i�Q �� �b�B�;�M�B�7�B�+���M�i �B�K�T�`�Q�p�2�K�2�M�i �B�M �K���M�v ���b�T�2�+�i�b �Q�7

�+�Q�K�T�m�i���i�B�Q�M���H �K���i�2�`�B���H�b �b�+�B�2�M�+�2 ���M�/ �T�`�Q�+�2�b�b �2�M�;�B�M�2�2�`�B�M�; ���b �i�?�2 �2�K�2�`�;�B�M�; �i�2�+�?�M�B�[�m�2�b �`�2�/�m�+�2

�i�?�2 �+�Q�b�i ���M�/ �`�B�b�F�b �Q�7 �K���M�m�7���+�i�m�`�B�M�; �i�2�+�?�M�Q�H�Q�;�v �(�k�j�-�k�9�)�X

�.�B�7�7�2�`�2�M�i ���T�T�`�Q���+�?�2�b �?���p�2 �#�2�2�M ���T�T�H�B�2�/ �#�v �`�2�b�2���`�+�?�2�`�b �i�Q �Q�#�i���B�M �Q�T�i�B�K�m�K �K���i�2�`�B���H �T�`�Q�T�2�`�@

�i�B�2�b �m�b�B�M�; �i�?�2 �K�B�+�`�Q�b�i�`�m�+�i�m�`�2�@�b�2�M�b�B�i�B�p�2 �/�2�b�B�;�M�X ���+�?���`�D�2�2 �2�i ���H�X �(�k�8�) ���M�/ �:���M���T���i�?�v�b�m�#�`���K���@

�M�B���M �2�i ���H�X �(�k�e�) ���T�T�H�B�2�/ �T�`�Q�T�2�` �Q�`�i�?�Q�;�Q�M���H �/�2�+�Q�K�T�Q�b�B�i�B�Q�M �U�S�P�.�V ���M�/ �K�2�i�?�Q�/ �Q�7 �b�M���T�b�?�Q�i�b

�B�M �_�Q�/�`�B�;�m�2�b �Q�`�B�2�M�i���i�B�Q�M �b�T���+�2 �i�Q �/�2�p�2�H�Q�T �i�?�2 �`�2�/�m�+�2�/�@�Q�`�/�2�` �K�Q�/�2�H �`�2�T�`�2�b�2�M�i���i�B�Q�M �Q�7 �i�?�2

�K�B�+�`�Q�b�i�`�m�+�i�m�`���H �Q�`�B�2�M�i���i�B�Q�M�b �B�M �� �T�Q�H�v�+�`�v�b�i���H�H�B�M�2 �K���i�2�`�B���H�X �h�?�B�b �b�i�`���i�2�;�v �r���b ���#�H�2 �i�Q �b���p�2

�b�B�;�M�B�7�B�+���M�i �+�Q�K�T�m�i���i�B�Q�M���H �i�B�K�2�X �h�?�2 �K���i�2�`�B���H �/�2�b�B�;�M �r���b �T�2�`�7�Q�`�K�2�/ �7�Q�` �� �+�Q�K�T�H�B���M�i �#�2���K

�K�B�+�`�Q�b�i�`�m�+�i�m�`�2 �#�v ���/���K�b �2�i ���H�X �(�k�d�) �i�?�`�Q�m�;�? �;�2�M�2�`���i�B�M�; �� �b�T�2�+�i�`���H �`�2�T�`�2�b�2�M�i���i�B�Q�M �Q�7 �i�?�2

�P�`�B�2�M�i���i�B�Q�M �.�B�b�i�`�B�#�m�i�B�Q�M �6�m�M�+�i�B�Q�M �U�P�.�6�V�- �r�?�B�+�? �/�2�7�B�M�2�b �i�?�2 �/�2�b�B�;�M �p���`�B���#�H�2�b �7�Q�` �i�?�2 �T�Q�H�v�@

�+�`�v�b�i���H�H�B�M�2 �K���i�2�`�B���H �(�k�3�- �k�N�)�X �� �b�B�K�B�H���` ���T�T�`�Q���+�? �r���b ���/�Q�T�i�2�/ �#�v �E���H�B�/�B�M�/�B �2�i ���H�X �(�j�y�) �7�Q�`

�/�2�b�B�;�M�B�M�; �� �i�?�B�M �T�H���i�2 �r�B�i�? �� �+�B�`�+�m�H���` �?�Q�H�2 �B�M �i�?�2 �+�2�M�i�2�` �i�Q �K���t�B�K�B�x�2 �i�?�2 �m�M�B���t�B���H �H�Q���/�@

�+���`�`�v�B�M�; �+���T���+�B�i�v �Q�7 �i�?�2 �T�H���i�2 �r�B�i�?�Q�m�i �T�H���b�i�B�+ �/�2�7�Q�`�K���i�B�Q�M�X �h�?�2 �K�B�+�`�Q�b�i�`�m�+�i�m�`�2�@�b�2�M�b�B�i�B�p�2

�/�2�b�B�;�M �K�2�i�?�Q�/ �r���b ���T�T�H�B�2�/ �i�Q �i�?�2 �?�2�t���;�Q�M���H �+�H�Q�b�2�@�T���+�F�2�/ �U�>�*�S�V �K�B�+�`�Q�b�i�`�m�+�i�m�`�2�b �#�v �6���b�i

�2�i ���H�X �(�j�R�) �i�Q �Q�#�i���B�M �i�?�2 �/�2�b�B�;�M �b�T���+�2 �Q�7 �2�H���b�i�Q�@�T�H���b�i�B�+ �T�`�Q�T�2�`�i�B�2�b �Q�7 �� �+���M�i�B�H�2�p�2�` �#�2���K �i�?���i

�B�b �K���/�2 �Q�7 ���H�T�?���@�h�B�i���M�B�m�K�X �P�i�?�2�` �Q�T�i�B�K�B�x���i�B�Q�M �b�i�m�/�B�2�b �`�2�T�Q�`�i�2�/ �B�M �i�?�2 �H�B�i�2�`���i�m�`�2 �i�Q �B�K�@

�T�`�Q�p�2 �K�2�+�?���M�B�+���H �T�`�Q�T�2�`�i�B�2�b �Q�7 �T�Q�H�v�+�`�v�b�i���H�H�B�M�2 �K���i�2�`�B���H�b �m�b�2�/ �7�B�M�B�i�2 �2�H�2�K�2�M�i ���M���H�v�b�B�b �(�j�k�) ���M�/

�;�`���T�?�@�#���b�2�/ �K�2�i�?�Q�/�b �(�j�j�)�X

�J�Q�`�2 �`�2�+�2�M�i�H�v�- �� �H�B�M�2���` �T�`�Q�;�`���K�K�B�M�; ���H�;�Q�`�B�i�?�K �r���b �m�b�2�/ �i�Q �7�B�M�/ �Q�m�i �i�?�2 �K�B�+�`�Q�b�i�`�m�+�i�m�`���H

�i�2�t�i�m�`�2�b �i�?���i �H�2���/ �i�Q �Q�T�i�B�K�m�K �?�Q�K�Q�;�2�M�B�x�2�/ �U�p�Q�H�m�K�2�@���p�2�`���;�2�/�V �T�`�Q�T�2�`�i�B�2�b �m�b�B�M�; �i�?�2 �B�/�2��



�k�y �+�Ñ�ž�ÿ���¶�� �S�Y �B�é�����ñ�²���«���Ô�ñ�é

�Q�7 �#�m�B�H�/�B�M�; �� �`�2�/�m�+�2�/�@�Q�`�/�2�` �/�2�b�B�;�M �b�T���+�2�- �+���H�H�2�/ �i�?�2 �T�`�Q�T�2�`�i�v �+�H�Q�b�m�`�2 �(�j�9�- �j�8�- �j�e�)�X �h�?�2

�Q�T�i�B�K�B�x���i�B�Q�M �i�2�+�?�M�B�[�m�2�b �+���M ���H�b�Q �#�2 �m�b�2�/ �r�B�i�?�B�M �i�?�B�b �`�2�/�m�+�2�/ �b�T���+�2 �i�Q �+���H�+�m�H���i�2 �i�?�2 �/�2�b�B�`�2�/

�T�`�Q�T�2�`�i�B�2�b �#�v �/�2�b�B�;�M�B�M�; �i�?�2 �K�B�+�`�Q�b�i�`�m�+�i�m�`���H �i�2�t�i�m�`�2�X �h�?�2 ���T�T�H�B�+���i�B�Q�M�b �Q�7 �i�?�B�b ���T�T�`�Q���+�? �r�2�`�2

�T�2�`�7�Q�`�K�2�/ �#�v ���+���` �2�i ���H�X �(�j�8�) �B�M�+�H�m�/�B�M�; �i�?�2 �2�t���K�T�H�2 �Q�7 �7�B�M�/�B�M�; �i�?�2 �#�2�b�i �K�B�+�`�Q�b�i�`�m�+�i�m�`�2 �/�2�b�B�;�M

�Q�7 ���M ���B�`�7�`���K�2 �T���M�2�H �7�Q�` �Q�#�i���B�M�B�M�; �i�?�2 �K���t�B�K�m�K �#�m�+�F�H�B�M�; �i�2�K�T�2�`���i�m�`�2�X �h�?�B�b �T�`�Q�+�2�b�b �r���b

�2�t�i�2�M�/�2�/ �i�Q �7�B�M�/ �i�?�2 �K���t�B�K�m�K �v�B�2�H�/ �b�i�`�2�M�;�i�? �Q�7 �i�?�2 �:���H�7�2�M�Q�H ���H�H�Q�v �r�?�B�H�2 �i�?�2 �+�Q�M�b�i�`���B�M�i�b �7�Q�`

�i�?�2 �p�B�#�`���i�B�Q�M �i�m�M�B�M�; �r�2�`�2 �+�Q�M�b�B�/�2�`�2�/ �(�j�e�)�X �A�M �#�Q�i�? �+���b�2�b�- �i�?�2 �T�`�Q�T�2�`�i�v �+�H�Q�b�m�`�2�b �Q�7 �b�2�p�2�`���H

�?�Q�K�Q�;�2�M�B�x�2�/ �b�i�B�7�7�M�2�b�b �T���`���K�2�i�2�`�b �r�2�`�2 �;�2�M�2�`���i�2�/ ���M�/ �m�i�B�H�B�x�2�/ �7�Q�` �i�?�2 �b�Q�H�m�i�B�Q�M�X �h�?�B�b �i�?�2�b�B�b

�B�M�i�2�;�`���i�2�b �K�B�+�`�Q�b�i�`�m�+�i�m�`�2�@�b�2�M�b�B�i�B�p�2 �K���i�2�`�B���H�b �/�2�b�B�;�M �r�B�i�? �K���+�?�B�M�2 �H�2���`�M�B�M�; ���M�/ �/�2�p�2�H�Q�T�b ��

�7���b�i ���M�/ �2�7�7�B�+�B�2�M�i �K�m�H�i�B�@�b�+���H�2 �K�Q�/�2�H �i�?���i �#�m�B�H�/�b �� �H�B�M�F���;�2 �#�2�i�r�2�2�M �T�`�Q�+�2�b�b�@�b�i�`�m�+�i�m�`�2�@�T�`�Q�T�2�`�i�v�X

�R�X�j �l�M�+�2�`�i���B�M�i�v �Z�m���M�i�B�7�B�+���i�B�Q�M �7�Q�` �S�Q�H�v�+�`�v�b�i���H�H�B�M�2 �J���@

�i�2�`�B���H�b

�h�?�2 �m�M�+�2�`�i���B�M�i�B�2�b �B�M �T�?�v�b�B�+���H �b�v�b�i�2�K�b �+���M ���`�B�b�2 �7�`�Q�K �/�B�7�7�2�`�2�M�i �b�Q�m�`�+�2�b ���M�/ �2�t�?�B�#�B�i �p���`�B�Q�m�b

�7�2���i�m�`�2�b�X �:�2�M�2�`���H�H�v�- �m�M�+�2�`�i���B�M�i�v �+���M �#�2 �+�H���b�b�B�7�B�2�/ ���b�, �U�B�V ���H�2���i�Q�`�B�+ �m�M�+�2�`�i���B�M�i�v ���M�/ �U�B�B�V �2�T�B�b�@

�i�2�K�B�+ �m�M�+�2�`�i���B�M�i�v�X ���H�2���i�Q�`�B�+ �m�M�+�2�`�i���B�M�i�v �B�b �i�?�2 �M���i�m�`���H �`���M�/�Q�K�M�2�b�b �Q�7 �i�?�2 �b�v�b�i�2�K�- �r�?�B�+�? �B�b

�m�M���p�Q�B�/���#�H�2�X �A�M �i�?�2 �+���b�2 �Q�7 �K���i�2�`�B���H�b �b�+�B�2�M�+�2�- �i�?�2 �K���B�M �b�Q�m�`�+�2 �Q�7 ���H�2���i�Q�`�B�+ �m�M�+�2�`�i���B�M�i�v �B�b

�i�?�2 �p���`�B���i�B�Q�M�b ���b�b�Q�+�B���i�2�/ �r�B�i�? �i�?�2�`�K�Q�@�K�2�+�?���M�B�+���H �T�`�Q�+�2�b�b�B�M�; �(�j�d�)�X �h�?�2 �7�H�m�+�i�m���i�B�Q�M�b �B�M �i�?�2

�b�i�`�2�b�b ���M�/ �i�?�2�`�K���H �;�`���/�B�2�M�i�b �/�m�`�B�M�; �K���i�2�`�B���H �T�`�Q�+�2�b�b�B�M�; �+���M �+���m�b�2 �m�M�2�t�T�2�+�i�2�/ �p���`�B���i�B�Q�M�b �B�M

���i�Q�K�B�b�i�B�+�- �K�Q�H�2�+�m�H���`�- ���M�/ �K�2�b�Q�@�b�+���H�2 ���b�T�2�+�i�b�X �h�?�2 ���H�2���i�Q�`�B�+ �m�M�+�2�`�i���B�M�i�v �+���M �T�`�Q�T���;���i�2 �Q�p�2�`

�K�m�H�i�B�T�H�2 �H�2�M�;�i�? �b�+���H�2�b�- ���M�/ ���7�7�2�+�i �i�?�2 �K�B�+�`�Q�b�i�`�m�+�i�m�`���H �7�2���i�m�`�2�b�- �b�m�+�? ���b �i�?�2 �+�`�v�b�i���H�H�Q�;�`���T�?�B�+

�i�2�t�i�m�`�2�X �h�?�Q�m�;�? �i�?�B�b �B�M�?�2�`�2�M�i �m�M�+�2�`�i���B�M�i�v �Q�7 �i�?�2 �K�B�+�`�Q�b�i�`�m�+�i�m�`�2 �+���M�M�Q�i �#�2 �2�H�B�K�B�M���i�2�/�- �m�i�B�H�B�x�@

�B�M�; �2�t�i�2�M�b�B�p�2 �2�t�T�2�`�B�K�2�M�i���H �/���i�� �+���M �[�m���M�i�B�7�v ���M�/ �T�`�2�/�B�+�i �i�?�2 �2�7�7�2�+�i�b �Q�7 �i�?�2 �K�B�+�`�Q�b�i�`�m�+�i�m�`���H

�p���`�B���#�B�H�B�i�v�X �P�M �i�?�2 �Q�i�?�2�` �?���M�/�- �2�T�B�b�i�2�K�B�+ �m�M�+�2�`�i���B�M�i�v ���`�B�b�2�b �7�`�Q�K �i�?�2 �H���+�F �Q�7 �F�M�Q�r�H�2�/�;�2



�S�Y�k�Y �m�é�«�¶�����ž�Ô�é���- �[���ž�é���Ô�Å�Ô�«�ž���Ô�ñ�é �Å�ñ�� �T�ñ�ã�-�«���-�����ž�ã�ã�Ô�é�¶ �K�ž���¶���Ô�ž�ã���k�R

�`�2�;���`�/�B�M�; �� �K�Q�/�2�H �Q�` �� �b�v�b�i�2�K�X �h�?�2�`�2�7�Q�`�2�- �B�i �B�b ���H�b�Q �+���i�2�;�Q�`�B�x�2�/ ���b �K�Q�/�2�H �m�M�+�2�`�i���B�M�i�v�- �T���@

�`���K�2�i�2�` �m�M�+�2�`�i���B�M�i�v�- �Q�` ���H�;�Q�`�B�i�?�K�B�+ �m�M�+�2�`�i���B�M�i�v�X �>�Q�r�2�p�2�`�- ���H�2���i�Q�`�B�+ �m�M�+�2�`�i���B�M�i�v �B�b �b�i�m�/�B�2�/

�K�Q�`�2 �2�t�i�2�M�b�B�p�2�H�v �B�M �i�?�2 �H�B�i�2�`���i�m�`�2 �i�?���M �2�T�B�b�i�2�K�B�+ �m�M�+�2�`�i���B�M�i�v �(�j�d�)�X

�.�2�T�2�M�/�B�M�; �Q�M �i�?�2 �i�v�T�2 �Q�7 �i�?�2 �/�2�b�B�;�M �T�`�Q�#�H�2�K�- �i�?�2 �l�M�+�2�`�i���B�M�i�v �Z�m���M�i�B�7�B�+���i�B�Q�M �U�l�Z�V �B�b �+�H���b�@

�b�B�7�B�2�/ ���b �R�V �7�Q�`�r���`�/ �l�Z �T�`�Q�#�H�2�K ���M�/ �B�B�V �B�M�p�2�`�b�2 �l�Z �T�`�Q�#�H�2�K�X �h�?�2 �7�Q�`�r���`�/ �l�Z �T�`�Q�#�H�2�K

�+�Q�M�+�2�M�i�`���i�2�b �Q�M �i�?�2 �T�`�Q�T���;���i�B�Q�M �Q�7 �i�?�2 �m�M�+�2�`�i���B�M�i�v �Q�M �i�?�2 �Q�m�i�T�m�i �U�2�X�;�X�- �p�Q�H�m�K�2�@���p�2�`���;�2�/

�K���i�2�`�B���H �T�`�Q�T�2�`�i�B�2�b�V �B�7 �i�?�2 �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M�b �Q�7 �i�?�2 �B�M�T�m�i �T���`���K�2�i�2�`�b �U�2�X�;�X�- �b�K���H�H�@�b�+���H�2

�K���i�2�`�B���H �T�`�Q�T�2�`�i�B�2�b�V ���`�2 �+���T�i�m�`�2�/�X ���b �� �`�2�b�m�H�i�- �i�?�2 �7�Q�`�r���`�/ �T�`�Q�#�H�2�K �B�b �7�`�2�[�m�2�M�i�H�v �`�2�7�2�`�`�2�/

�i�Q ���b �i�?�2 �m�M�+�2�`�i���B�M�i�v �T�`�Q�T���;���i�B�Q�M �T�`�Q�#�H�2�K �B�M �i�?�2 �7�B�2�H�/�b �Q�7 �K���i�2�`�B���H�b �b�+�B�2�M�+�2 ���M�/ �2�M�;�B�M�2�2�`�@

�B�M�;�X �(�j�3�)�X �*�Q�M�p�2�`�b�2�H�v�- �B�M�p�2�`�b�2 �l�Z �T�`�Q�#�H�2�K�b ���B�K �i�Q �m�M�/�2�`�b�i���M�/ �i�?�2 �m�M�+�2�`�i���B�M�i�v �Q�7 �B�M�T�m�i

�T���`���K�2�i�2�`�b �r�?�2�M �i�?�2 �p���`�B���i�B�Q�M�b �Q�7 �i�?�2 �Q�m�i�T�m�i �T���`���K�2�i�2�`�b �U�2�X�;�X�- �p�Q�H�m�K�2�@���p�2�`���;�2�/ �T�`�Q�T�2�`�@

�i�B�2�b�V ���`�2 �+���T�i�m�`�2�/�X �6�Q�` �B�M�b�i���M�+�2�- �i�?�B�b �T�`�Q�#�H�2�K �7�Q�+�m�b�2�b �Q�M �i���B�H�Q�`�B�M�; �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2

�b�i�Q�+�?���b�i�B�+ �B�M�T�m�i�b �i�Q �Q�#�i���B�M �i���`�;�2�i�2�/ �K�2�b�Q�@�b�+���H�2 �K���i�2�`�B���H �T�`�Q�T�2�`�i�B�2�b�X �A�M�p�2�`�b�2 �l�Z �T�`�Q�#�H�2�K�b ���`�2

�K�Q�`�2 �b�m�B�i���#�H�2 �i�Q �#�2 �B�M�p�2�b�i�B�;���i�2�/ �#�v �M�m�K�2�`�B�+���H �K�Q�/�2�H�b �/�m�2 �i�Q �i�?�2�B�` �+�Q�K�T�m�i���i�B�Q�M���H�H�v �2�t�T�2�M�b�B�p�2

�M���i�m�`�2�X ���M �Q�p�2�`�p�B�2�r �Q�7 �i�?�2 �7�Q�`�r���`�/ ���M�/ �B�M�p�2�`�b�2 �l�Z �T�`�Q�#�H�2�K�b �7�Q�` �K�B�+�`�Q�b�i�`�m�+�i�m�`�2�@�T�`�Q�T�2�`�i�v

�+�Q�M�M�2�+�i�B�Q�M�b �B�b �p�B�b�m���H�B�x�2�/ �B�M �6�B�;�X�R�X�k�X

�h�?�2 �b�i���i�2�@�Q�7�@�i�?�2�@���`�i �m�i�B�H�B�x�2�b �+�Q�K�T�m�i���i�B�Q�M���H�H�v�@�2�t�T�2�M�b�B�p�2 �M�m�K�2�`�B�+���H �l�Z �K�2�i�?�Q�/�b�- �b�m�+�? ���b �J�Q�M�i�2

�*���`�H�Q �a�B�K�m�H���i�B�Q�M �U�J�*�a�V�- �b�i�Q�+�?���b�i�B�+ �+�Q�H�H�Q�+���i�B�Q�M�- ���M�/ �b�T�2�+�i�`���H �/�2�+�Q�K�T�Q�b�B�i�B�Q�M �i�Q �[�m���M�i�B�7�v �i�?�2

�K�B�+�`�Q�b�i�`�m�+�i�m�`���H �b�i�Q�+�?���b�i�B�+�B�i�v �(�9�y�)�X �*�`�2�m�x�B�;�2�` �2�i ���H�X �(�9�R�) �2�b�i�B�K���i�2�/ �i�?�2 �m�M�+�2�`�i���B�M�i�v �B�M �i�?�2 �P�.�6

�/�m�2 �i�Q �i�?�2 �p���`�B���i�B�Q�M�b �B�M �i�?�2 �K�2���b�m�`�2�/ �T�Q�H�2 �7�B�;�m�`�2�b �m�b�B�M�; �J�*�a�X �G�m���M �2�i ���H�X �(�9�k�) �T�`�Q�/�m�+�2�/ �i�?�2

�b�B�M�;�H�2 �+�`�v�b�i���H �K�B�+�`�Q�b�i�`�m�+�i�m�`�2�b �m�b�B�M�; �i�?�2 �S�Q�i�i�b �J�*�a �K�2�i�?�Q�/ ���M�/ �b�i�m�/�B�2�/ �i�?�2 �+�Q�M�b�2�[�m�2�M�+�2�b

�Q�7 �i�?�2 �T�`�2�b�2�M�i�2�/ �b���K�T�H�B�M�; �b�i�`���i�2�;�v �Q�M �i�?�2 �+���H�+�m�H���i�B�Q�M �Q�7 �/�B�7�7�2�`�2�M�i �T���`���K�2�i�2�`�b�- �b�m�+�? ���b �i�?�2

�;�`���B�M �b�B�x�2 ���M�/ �;�`���B�M �7���+�2 �M�m�K�#�2�` �/�B�b�i�`�B�#�m�i�B�Q�M�X ���M �2�t�i�2�M�/�2�/ �7�B�M�B�i�2 �2�H�2�K�2�M�i �K�2�i�?�Q�/ ���H�Q�M�; �r�B�i�?

�J�*�a �r���b �b�m�;�;�2�b�i�2�/ �#�v �>�B�`�B�v�m�` �2�i ���H�X �(�9�j�) �i�Q �[�m���M�i�B�7�v �i�?�2 �m�M�+�2�`�i���B�M�i�v �B�M �i�?�2 �?�Q�K�Q�;�2�M�B�x�2�/

�2�H���b�i�B�+ �T���`���K�2�i�2�`�b �Q�7 �K�m�H�i�B�@�T�?���b�2 �K���i�2�`�B���H�b�X �>�m�v�b�2 �2�i ���H�X �(�9�9�) �+�Q�K�T�m�i�2�/ �i�?�2 �T�`�Q�T���;���i�B�Q�M �Q�7



�k�k �+�Ñ�ž�ÿ���¶�� �S�Y �B�é�����ñ�²���«���Ô�ñ�é

�6�B�;�m�`�2 �R�X�k�, �P�p�2�`�p�B�2�r �Q�7 �7�Q�`�r���`�/ ���M�/ �B�M�p�2�`�b�2 �/�2�b�B�;�M �Q�7 �K�B�+�`�Q�b�i�`�m�+�i�m�`�2�@�T�`�Q�T�2�`�i�v �`�2�H���i�B�Q�M�b �7�Q�`
�#�Q�i�? �/�2�i�2�`�K�B�M�B�b�i�B�+ ���M�/ �b�i�Q�+�?���b�i�B�+ �T�`�Q�#�H�2�K�b �(�j�N�)�X

�K�B�+�`�Q�b�i�`�m�+�i�m�`���H �m�M�+�2�`�i���B�M�i�v �Q�M �?�Q�K�Q�;�2�M�B�x�2�/ �T���`���K�2�i�2�`�b �m�b�B�M�; �/�B�7�7�2�`�2�M�i �r�B�M�/�Q�r �b�B�x�2�b �Q�7 �i�?�2

���+�i�m���H �K�B�+�`�Q�b�i�`�m�+�i�m�`�2�X �J�Q�`�2�Q�p�2�`�- �i�?�2�v �m�i�B�H�B�x�2�/ �J�*�a �i�Q �b�i�m�/�v �i�?�2 �b�i�Q�+�?���b�i�B�+�B�i�v �B�M �u�Q�m�M�;�ö�b

�K�Q�/�m�H�m�b ���M�/ �S�Q�B�b�b�Q�M�ö�b �`���i�B�Q�X �a���F���i�� �2�i ���H�X �(�9�8�) �B�M�i�`�Q�/�m�+�2�/ �� �T�2�`�i�m�`�#���i�B�Q�M�@�#���b�2�/ �?�Q�K�Q�;�2�@

�M�B�x���i�B�Q�M �K�2�i�?�Q�/ �i�Q �B�/�2�M�i�B�7�v �i�?�2 �B�M�7�H�m�2�M�+�2 �Q�7 �i�?�2 �K�B�+�`�Q�b�i�`�m�+�i�m�`���H �m�M�+�2�`�i���B�M�i�v �Q�M �K���+�`�Q�b�+�Q�T�B�+

�T���`���K�2�i�2�`�b�- �b�m�+�? ���b �u�Q�m�M�;�ö�b �K�Q�/�m�H�m�b ���M�/ �S�Q�B�b�b�Q�M�ö�b �`���i�B�Q�X �h�?�2�v �p���H�B�/���i�2�/ �i�?�2 �`�2�b�m�H�i�b ���;���B�M�b�i

�i�?�2 �J�*�a ���T�T�`�Q���+�?�X �A�M ���M�Q�i�?�2�` �b�i�m�/�v�- �a���F���i�� �2�i ���H�X �(�9�e�) ���T�T�H�B�2�/ �� �E�`�B�;�B�M�;�@�#���b�2�/ ���T�T�`�Q�t�B�K���@

�i�B�Q�M �i�?���i �r���b �+�Q�m�T�H�2�/ �r�B�i�? �� �T�`�Q�#���#�B�H�B�b�i�B�+ �/�2�M�b�B�i�v �7�m�M�+�i�B�Q�M �i�Q �7�B�M�/ �Q�m�i �i�?�2 �p���`�B���i�B�Q�M�b �B�M �i�?�2

�K���+�`�Q�b�+�Q�T�B�+ �T�`�Q�T�2�`�i�B�2�b �Q�7 �+�Q�K�T�Q�b�B�i�2 �K���i�2�`�B���H�b �/�m�2 �i�Q �i�?�2 �K�B�+�`�Q�b�+�Q�T�B�+ �m�M�+�2�`�i���B�M�i�v�X �*�H�û�K�2�M�i

�2�i ���H�X �(�9�d�-�9�3�) �/�2�p�2�H�Q�T�2�/ �� �M�m�K�2�`�B�+���H �b�i�Q�+�?���b�i�B�+ ���M���H�v�b�B�b �b�+�?�2�K�2 �7�Q�` �M�Q�M�@�H�B�M�2���` �?�v�T�2�`�2�H���b�i�B�+

�K���i�2�`�B���H�b �#�v �`�2�T�`�2�b�2�M�i�B�M�; �i�?�2 �K�B�+�`�Q�b�i�`�m�+�i�m�`�2 �;�2�Q�K�2�i�`�v �r�B�i�? �?�B�;�?�@�/�B�K�2�M�b�B�Q�M���H �`���M�/�Q�K �T���@

�`���K�2�i�2�`�b�X �J�Q�`�2�Q�p�2�`�- �E�Q�m�+�?�K�2�b�?�F�v �2�i ���H�X �(�9�N�) �m�b�2�/ �i�?�2 �+�Q�H�H�Q�+���i�B�Q�M ���T�T�`�Q���+�? �i�Q �B�/�2�M�i�B�7�v �i�?�2



�S�Y�k�Y �m�é�«�¶�����ž�Ô�é���- �[���ž�é���Ô�Å�Ô�«�ž���Ô�ñ�é �Å�ñ�� �T�ñ�ã�-�«���-�����ž�ã�ã�Ô�é�¶ �K�ž���¶���Ô�ž�ã���k�j

�m�M�+�2�`�i���B�M�i�v �Q�7 �i�?�2 �/�2�7�Q�`�K���i�B�Q�M �#�2�?���p�B�Q�` �/�m�2 �i�Q �i�?�2 �T�`�Q�+�2�b�b�B�M�;�@�B�M�/�m�+�2�/ �p���`�B���i�B�Q�M�b �B�M �i�?�2 �B�M�B�@

�i�B���H �K�B�+�`�Q�b�i�`�m�+�i�m�`�2�X �h�?�2 �/�B�b�T�2�`�b�B�Q�M ���M�/ �b�2�M�b�B�i�B�p�B�i�v ���M���H�v�b�B�b �Q�7 �B�M�@�T�H���M�2 �u�Q�m�M�;�ö�b �K�Q�/�m�H�m�b ���`�2

�2�t���K�B�M�2�/ �#�v �J���/�`�B�/ �2�i ���H�X �(�8�y�) �#�2�+���m�b�2 �Q�7 �i�?�2 �m�M�+�2�`�i���B�M�i�B�2�b �B�M �i�?�2 �K�B�+�`�Q�b�i�`�m�+�i�m�`�2 �;�2�Q�K�2�i�`�v�-

�b�B�M�;�H�2�@�+�`�v�b�i���H �2�H���b�i�B�+ �+�Q�M�b�i���M�i�b�- ���M�/ �+�`�v�b�i���H�H�Q�;�`���T�?�B�+ �i�2�t�i�m�`�2�X �L�B�2�x�;�Q�/�� �2�i ���H�X �(�8�R�) �/�2�7�B�M�2�/

�i�?�2 �K�B�+�`�Q�b�i�`�m�+�i�m�`�2 �b�i���i�B�b�i�B�+���H�H�v ���M�/ �K�2���b�m�`�2�/ �i�?�2 �b�i�`�m�+�i�m�`���H �p���`�B���M�+�2�X �h�?�2 �p���`�B���M�+�2�b �B�M �i�?�2

�K�B�+�`�Q�b�i�`�m�+�i�m�`�2 �T�`�Q�T�2�`�i�B�2�b ���`�2 �p�B�b�m���H�B�x�2�/ �#�v �i�?�2 �b�T���+�2 �Q�7 �i�?�2 �T�`�B�M�+�B�T���H �+�Q�K�T�Q�M�2�M�i�b�X �>�2�`�2�- �i�?�2

�`�2���/�2�`�b ���`�2 �`�2�7�2�`�`�2�/ �i�Q �i�?�2 �2�t�i�2�M�b�B�p�2 �b�m�K�K���`�v �T�`�Q�p�B�/�2�/ �B�M �_�2�7�X �(�j�d�) �7�Q�` �i�?�2 �b�i���i�2�@�Q�7�@�i�?�2�@���`�i

�l�Z ���H�;�Q�`�B�i�?�K�b �m�i�B�H�B�x�2�/ �B�M �b�K���H�H�@�b�+���H�2 �K���i�2�`�B���H�b �b�+�B�2�M�+�2 �T�`�Q�#�H�2�K�b�X

�h�?�2 �M�m�K�2�`�B�+���H �K�2�i�?�Q�/�b �i�?���i ���`�2 ���H�`�2���/�v �/�2�b�+�`�B�#�2�/ ���#�Q�p�2 ���`�2 �+�Q�K�T�m�i���i�B�Q�M���H�H�v�@�2�t�T�2�M�b�B�p�2 ���b

�i�?�2�v �m�i�B�H�B�x�2�/ �b���K�T�H�B�M�; �Q�` �B�M�i�2�`�T�Q�H���i�B�Q�M �7�m�M�+�i�B�Q�M�b �i�Q �2�t�T�`�2�b�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M�b �Q�7

�i�?�2 �`���M�/�Q�K �p���`�B���#�H�2�b�X �A�M ���/�/�B�i�B�Q�M�- �B�7 �i�?�2 �M�m�K�#�2�` �Q�7 �p���`�B���#�H�2�b �B�M�+�`�2���b�2�b ���M�/ �i�?�2 �b�v�b�i�2�K �+�Q�M�@

�i���B�M�b �/�2�b�B�;�M �+�Q�M�b�i�`���B�M�i�b�- �i�?�2�M �i�?�2�b�2 �K�2�i�?�Q�/�b ���`�2 ���b�b�m�K�2�/ �i�Q �#�2 �+�Q�K�T�m�i���i�B�Q�M���H�H�v �B�M�2�7�7�B�+�B�2�M�i�X

�6�Q�` �B�M�b�i���M�+�2�- �i�?�2 �P�.�6 �B�M�p�Q�H�p�2�b �� �H���`�;�2 �M�m�K�#�2�` �Q�7 �B�M�/�2�T�2�M�/�2�M�i �p���`�B���#�H�2�b�- �2�X�;�X�- �8�y �p���`�B���#�H�2�b �7�Q�`

�i�?�2 �?�2�t���;�Q�M���H �+�H�Q�b�2�@�T���+�F�2�/ �U�>�*�S�V �h�B�i���M�B�m�K �U�h�B�V �m�b�B�M�; �i�?�2 �T�`�2�b�2�M�i�2�/ �7�B�M�B�i�2 �2�H�2�K�2�M�i ���T�T�`�Q���+�?

�B�M �i�?�B�b �b�i�m�/�v�X �J�Q�`�2�Q�p�2�`�- �i�?�2 �P�.�6 �M�2�2�/�b �i�Q �b���i�B�b�7�v �i�?�2 �p�Q�H�m�K�2 �M�Q�`�K���H�B�x���i�B�Q�M �+�Q�M�b�i�`���B�M�i ���b

�2�t�T�H���B�M�2�/ �B�M �i�?�2 �K���i�?�2�K���i�B�+���H �K�Q�/�2�H�B�M�; �U�*�?���T�i�2�`�k�V�X �h�?�2�`�2�7�Q�`�2�- �i�?�2 �M�m�K�2�`�B�+���H �l�Z �K�2�i�?�Q�/�b

���`�2 �M�Q�i �2�7�7�B�+�B�2�M�i �i�Q �[�m���M�i�B�7�v �i�?�2 �m�M�+�2�`�i���B�M�i�v �B�M �i�?�2 �P�.�6�b �Q�7 �i�?�2 �T�Q�H�v�+�`�v�b�i���H�H�B�M�2 �K���i�2�`�B���H�b �(�8�k�)�X

�h�Q �Q�p�2�`�+�Q�K�2 �i�?�2�b�2 �H�B�K�B�i���i�B�Q�M�b�- ���+���` ���M�/ �a�m�M�/���`���`���;�?���p���M �(�8�j�) �T�`�Q�T�Q�b�2�/ ���M ���M���H�v�i�B�+���H �7�Q�`�@

�K�m�H���i�B�Q�M �Q�7 �i�?�2 �m�M�+�2�`�i���B�M�i�v �B�M �i�?�2 �P�.�6 �/�m�2 �i�Q �i�?�2 �p���`�B���i�B�Q�M�b �B�M �i�?�2 �K�2���b�m�`�2�/ �T�Q�H�2 �7�B�;�m�`�2�b�X

�l�b�B�M�; �� �b�B�K�B�H���` ���T�T�`�Q���+�?�- �i�?�2�v �[�m���M�i�B�7�B�2�/ �i�?�2 �m�M�+�2�`�i���B�M�i�v �B�M �i�?�2 �P�.�6 ���M�/ �K���+�`�Q�@�b�+���H�2 �T�`�Q�T�@

�2�`�i�B�2�b ���b �� �`�2�b�m�H�i �Q�7 �i�?�2 �b�i�Q�+�?���b�i�B�+�B�i�v �B�M �i�?�2 �2�H�2�+�i�`�Q�M �#���+�F�b�+���i�i�2�` �/�B�7�7�`���+�i�B�Q�M �/���i�� �(�8�9�)�X �h�?�2

�B�M�p�2�`�b�2 �T�`�Q�#�H�2�K �Q�7 �B�/�2�M�i�B�7�v�B�M�; �i�?�2 �K�B�+�`�Q�b�i�`�m�+�i�m�`���H �m�M�+�2�`�i���B�M�i�v �;�B�p�2�M �i�?�2 �p���`�B���i�B�Q�M�b �Q�7 �B�M�@�T�H���M�2

�u�Q�m�M�;�ö�b �K�Q�/�m�H�m�b ���M�/ �b�?�2���` �K�Q�/�m�H�m�b �p���H�m�2�b �r���b �b�i�m�/�B�2�/ �#�v ���+���` �m�b�B�M�; �i�?�B�b ���M���H�v�i�B�+���H �l�Z

�K�2�i�?�Q�/ �(�8�k�)�X �� �b�B�K�B�H���` ���T�T�`�Q���+�? �r���b ���T�T�H�B�2�/ �i�Q �/�2�i�2�`�K�B�M�B�M�; �i�?�2 �T�`�Q�T���;���i�B�Q�M �Q�7 �i�?�2 �m�M�+�2�`�@



�k�9 �+�Ñ�ž�ÿ���¶�� �S�Y �B�é�����ñ�²���«���Ô�ñ�é

�i���B�M�i�v �Q�p�2�` �i�?�2 �K�m�H�i�B�@�b�+���H�2 �T�`�Q�T�2�`�i�B�2�b �Q�7 �+�Q�K�T�Q�b�B�i�2 �K���i�2�`�B���H�b �(�8�8�-�8�e�-�8�d�)�X �h�?�2 ���m�i�?�Q�`�b ���H�b�Q

�/�2�p�2�H�Q�T�2�/ �� �H�B�M�2���` �T�`�Q�;�`���K�K�B�M�;�@�#���b�2�/ ���M���H�v�i�B�+���H �K�2�i�?�Q�/ �i�Q �2�p���H�m���i�2 �i�?�2 �b�i�Q�+�?���b�i�B�+�B�i�v �Q�7 �i�?�2

�K�B�+�`�Q�b�i�`�m�+�i�m�`�2 ���M�/ �B�i�b �T�`�Q�T���;���i�B�Q�M �Q�M �i�?�2 �K���i�2�`�B���H �T�`�Q�T�2�`�i�B�2�b �i�?�`�Q�m�;�? �� �:���m�b�b�B���M �/�B�b�i�`�B�#�m�@

�i�B�Q�M �/�2�7�B�M�B�i�B�Q�M �(�8�3�)�X �h�?�2�v ���H�b�Q �b�i�m�/�B�2�/ �i�?�2 �2�7�7�2�+�i�b �Q�7 �i�?�2 �2�T�B�b�i�2�K�B�+ �m�M�+�2�`�i���B�M�i�v �(�8�N�) �/�m�`�B�M�; �i�?�2

�K�B�+�`�Q�b�i�`�m�+�i�m�`�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �m�b�B�M�; �J���`�F�Q�p �_���M�/�Q�K �6�B�2�H�/ �K�2�i�?�Q�/ �(�e�y�)�X ���+���` �2�t�i�2�M�/�2�/ �i�?�B�b

�b�i�m�/�v �i�Q �+�Q�K�T�m�i�2 �i�?�2 �T�`�Q�T���;���i�B�Q�M �Q�7 �i�?�2 �K�B�+�`�Q�b�i�`�m�+�i�m�`���H �m�M�+�2�`�i���B�M�i�v �Q�M �K���+�`�Q�@�b�+���H�2 �K���i�2�@

�`�B���H �T�`�Q�T�2�`�i�B�2�b �(�e�R�) �#�v �+�Q�m�T�H�B�M�; �`�2�H�B���#�B�H�B�i�v �+�Q�M�b�i�`���B�M�i�b �r�B�i�? ���M �Q�T�i�B�K�B�x���i�B�Q�M �b�Q�H�m�i�B�Q�M �(�e�k�)�X ��

�/�2�b�B�;�M �Q�T�i�B�K�B�x���i�B�Q�M �T�`�Q�#�H�2�K �r���b ���H�b�Q �b�Q�H�p�2�/ �i�Q �B�M�p�2�b�i�B�;���i�2 �i�?�2 �2�T�B�b�i�2�K�B�+ �m�M�+�2�`�i���B�M�i�v �2�7�7�2�+�i�b

�Q�M �i�?�2 �K�B�+�`�Q�b�i�`�m�+�i�m�`�2 �i�?���i ���`�B�b�2 �7�`�Q�K �i�?�2 �K�2���b�m�`�2�K�2�M�i�b �Q�7 �b�B�M�;�H�2 �+�`�v�b�i���H �T�`�Q�T�2�`�i�B�2�b �(�e�j�)�X �h�?�B�b

�b�i�m�/�v ���B�K�b �i�Q �/�2�p�2�H�Q�T �K���+�?�B�M�2 �H�2���`�M�B�M�;�@�`�2�B�M�7�Q�`�+�2�/ �l�Z �i�Q�Q�H�b �7�Q�` �[�m���M�i�B�7�v�B�M�; �i�?�2 �m�M�+�2�`�i���B�M�i�v

�Q�7 �i�?�2 �K�B�+�`�Q�b�i�`�m�+�i�m�`�2�b ���M�/ �B�i�b �2�7�7�2�+�i�b �Q�M �i�?�2 �K���i�2�`�B���H �T�`�Q�T�2�`�i�B�2�b�X

�R�X�9 �J���+�?�B�M�2 �G�2���`�M�B�M�;�@�_�2�B�M�7�Q�`�+�2�/ �J���i�2�`�B���H�b �.�2�b�B�;�M

�1�t�i�`���+�i�B�M�; �m�b�2�7�m�H �B�M�7�Q�`�K���i�B�Q�M �7�`�Q�K �2�t�B�b�i�B�M�; �/���i�� �i�?�`�Q�m�;�? �p���`�B�Q�m�b �+�Q�K�T�m�i�B�M�; �`�2�b�Q�m�`�+�2�b �?���b

�#�2�+�Q�K�2 ���M �B�K�T�Q�`�i���M�i �T���`���/�B�;�K �B�M �/�B�7�7�2�`�2�M�i �b�+�B�2�M�i�B�7�B�+ �/�B�b�+�B�T�H�B�M�2�b �B�M�+�H�m�/�B�M�; �B�K���;�2 �`�2�+�Q�;�M�B�i�B�Q�M�-

�+�Q�;�M�B�i�B�p�2 �b�+�B�2�M�+�2�- ���M�/ �;�2�M�Q�K�B�+�b �(�e�9�)�X �A�M �`�2�+�2�M�i �v�2���`�b�- �J�G �?���b �#�2�+�Q�K�2 �Q�M�2 �Q�7 �i�?�2 �K�Q�b�i �2�t�@

�+�B�i�B�M�; �K�2�i�?�Q�/�b �B�M �+�Q�K�T�m�i���i�B�Q�M���H �K���i�2�`�B���H�b �b�+�B�2�M�+�2�X �A�M �i�?�2 �T���b�i �b�i�m�/�B�2�b�- �i�?�2 �J�G ���T�T�`�Q���+�?

�?���b �#�2�2�M ���T�T�H�B�2�/ �i�Q �/�B�7�7�2�`�2�M�i �b�i�m�/�B�2�b �B�M �i�?�2 �7�B�2�H�/�b �Q�7 �T�Q�H�v�+�`�v�b�i���H�H�B�M�2 �K���i�2�`�B���H�b �/�2�b�B�;�M �(�e�8�-�e�e�)�-

�K���i�2�`�B���H�b �/�B�b�+�Q�p�2�`�v �(�e�d�-�e�3�)�- ���M�/ �K�B�+�`�Q�b�i�`�m�+�i�m�`�2 �/�2�b�B�;�M �7�Q�` �Q�#�i���B�M�B�M�; �b�T�2�+�B�7�B�+ �/�2�b�B�;�M �T���`���K�@

�2�i�2�`�b �(�e�N�- �d�y�)�X �h�?�B�b ���T�T�`�Q���+�? �?���b ���H�b�Q �#�2�2�M �2�t�i�2�M�/�2�/ �i�Q �+�Q�K�T�Q�b�B�i�2 �K���i�2�`�B���H�b �/�2�b�B�;�M ���M�/

���M���H�v�b�B�b �(�d�R�-�d�k�-�d�j�)�X �A�M �i�?�2 �+���b�2 �Q�7 �K���i�2�`�B���H�b �/�2�b�B�;�M �m�M�/�2�` �m�M�+�2�`�i���B�M�i�v�- �J�G �?���b �#�2�2�M �T�`�Q�p�2�M

���b �� �T�`�Q�K�B�b�B�M�; �i�Q�Q�H �(�d�9�)�X �6�Q�` �2�t���K�T�H�2�- �s�B���Q �2�i ���H�X �(�d�8�) ���T�T�H�B�2�/ �J�G �i�Q �[�m���M�i�B�7�v �i�?�2 �m�M�+�2�`�@

�i���B�M�i�v ���`�B�b�B�M�; �7�`�Q�K �i�?�2 ���i�Q�K�B�+ �2�M�2�`�;�v �b�m�`�7���+�2�b �m�b�B�M�; �i�?�2 ���i�Q�K�B�b�i�B�+ �b�B�K�m�H���i�B�Q�M�b �7�Q�` �i�B�i���M�B�m�K



�S�Y�:�Y �K�ž�«�Ñ�Ô�é�¶ �H�¶�ž���é�Ô�é�Ì�A�`�¶�Ô�é�Å�ñ���«�¶�² �K�ž���¶���Ô�ž�ã�� �/�¶���Ô�Ì�é �k�8

�/�B�Q�t�B�/�2 �UT iO2�V�X �o���B�b�?���H�B �2�i ���H�X �(�d�e�) �B�M�p�2�b�i�B�;���i�2�/ �i�?�2 �K���i�2�`�B���H ���M�/ �b�i�`�m�+�i�m�`���H �m�M�+�2�`�i���B�M�i�v �2�7�@

�7�2�+�i�b �Q�M �i�?�2 �T�2�`�7�Q�`�K���M�+�2 �Q�7 �7�m�M�+�i�B�Q�M���H�H�v�@�;�`���/�2�/ �K���i�2�`�B���H �U�6�:�J�V �b�?�2�H�H�b �r�B�i�? ���M �J�G�@�#���b�2�/

�M�Q�M�@�B�M�i�`�m�b�B�p�2 ���T�T�`�Q���+�?�X �_�2�+�2�M�i�H�v�- ���M �J�G�@�#���b�2�/ �+�`�v�b�i���H �T�H���b�i�B�+�B�i�v �K�Q�/�2�H �`�2�T�`�2�b�2�M�i���i�B�Q�M �7�Q�`

�h�B�@�d���H �U�h�B�i���M�B�m�K�@�d �r�i�W ���H�m�K�B�M�m�K�V ���H�H�Q�v �?���b �#�2�2�M �/�2�p�2�H�Q�T�2�/ �#�v ���+���` �(�d�d�) �m�b�B�M�; �b�m�T�2�`�p�B�b�2�/

�H�2���`�M�B�M�; �i�2�+�?�M�B�[�m�2�b�X

�P�M �i�?�2 �Q�i�?�2�` �?���M�/�- �K���M�v �2�M�;�B�M�2�2�`�B�M�; �K�Q�/�2�H�b ���`�2 �#�m�B�H�i �m�T�Q�M �m�M�/�2�`�H�v�B�M�; �T�?�v�b�B�+���H �H���r�b�X �h�?�2

�b�Q�H�m�i�B�Q�M�b �Q�7 �i�?�2�b�2 �K�Q�/�2�H�b ���H�b�Q �M�2�2�/ �i�Q �b���i�B�b�7�v �#�Q�m�M�/���`�v �+�Q�M�/�B�i�B�Q�M�b ���b �r�2�H�H ���b �B�M�B�i�B���H �+�Q�M�/�B�@

�i�B�Q�M�b�X �6�Q�` �i�`���/�B�i�B�Q�M���H �/���i���@�/�`�B�p�2�M �K�Q�/�2�H�B�M�;�- �� �H���`�;�2 ���K�Q�m�M�i �Q�7 �/���i�� ���`�2 �`�2�[�m�B�`�2�/ �i�Q �#�m�B�H�/ ��

�?�B�;�?�@�7�B�/�2�H�B�i�v �K�Q�/�2�H �(�d�3�)�X �>�Q�r�2�p�2�`�- �/�m�2 �i�Q �+�Q�K�T�m�i���i�B�Q�M���H �i�B�K�2 �`�2�[�m�B�`�2�K�2�M�i�b�- �B�i �B�b �M�Q�i �2�7�7�B�+�B�2�M�i

�7�Q�` �b�Q�K�2 �K�Q�/�2�H�b �H�B�F�2 �+�`�v�b�i���H �T�H���b�i�B�+�B�i�v �K�Q�/�2�H�B�M�; �i�Q �T�`�Q�/�m�+�2 �b�m�7�7�B�+�B�2�M�i �/���i�� �i�Q �i�`���B�M �� �?�B�;�?�@

�7�B�/�2�H�B�i�v �J�G �K�Q�/�2�H�X �J�Q�`�2�Q�p�2�`�- �i�`���/�B�i�B�Q�M���H �/���i���@�/�`�B�p�2�M �J�G �K�Q�/�2�H�b �K���v �M�Q�i �#�2 ���r���`�2 �Q�7 �i�?�2

�m�M�/�2�`�H�v�B�M�; �T�?�v�b�B�+�b�@�#���b�2�/ �/�2�b�B�;�M �+�Q�M�b�i�`���B�M�i�b �(�d�N�)�X �h�Q �B�M�+�Q�`�T�Q�`���i�2 �i�?�2 �T�?�v�b�B�+�b �Q�7 �i�?�2 �T�`�Q�#�@

�H�2�K �B�M�i�Q �i�?�2 �J�G �K�Q�/�2�H �i�Q �B�K�T�`�Q�p�2 �i�?�2 �ô�/�Q�K���B�M�@���r��� �̀2�M�2�b�b�ô �Q�7 �i�?�2 �K�Q�/�2�H�- �� �M�2�r �7�`���K�2�r�Q�`�F

�+���H�H�2�/ �S�?�v�b�B�+�b�@�A�M�7�Q�`�K�2�/ �L�2�m�`���H �L�2�i�r�Q�`�F �U�S�A�L�L�V �r���b �B�M�i�`�Q�/�m�+�2�/ �#�v �_���B�b�b�B �2�i ���H�X �(�e�9�)�X �"�2�7�Q�`�2

�i�?�B�b �b�i�m�/�v�- �G�2�2 �2�i ���H�X �(�3�y�) �7�B�`�b�i ���T�T�H�B�2�/ �� �M�2�m�`���H �M�2�i�r�Q�`�F ���H�;�Q�`�B�i�?�K �i�Q �b�Q�H�p�2 �i�?�2 �/�B�7�7�2�`�2�M�i�B���H

�2�[�m���i�B�Q�M�b�X ���7�i�2�` �i�?���i�- �G���;���`�B�b �2�i ���H�X �(�3�R�) �b�Q�H�p�2�/ �Q�`�/�B�M���`�v ���M�/ �T���`�i�B���H �/�B�7�7�2�`�2�M�i�B���H �2�[�m���@

�i�B�Q�M�b �m�b�B�M�; ���`�i�B�7�B�+�B���H �M�2�m�`���H �M�2�i�r�Q�`�F�b�X �h�?�2�v �m�b�2�/ �� �b�B�K�B�H���` �K�2�i�?�Q�/�Q�H�Q�;�v �i�Q �b�Q�H�p�2 �#�Q�m�M�/���`�v

�p���H�m�2 �T�`�Q�#�H�2�K�b �r�B�i�? �B�`�`�2�;�m�H���` �#�Q�m�M�/���`�B�2�b �(�3�k�)�X �G���i�2�`�- �a�B�`�B�;�M���M�Q �2�i ���H�X �(�3�j�) �/�2�p�2�H�Q�T�2�/ �� �/�2�2�T

�H�2���`�M�B�M�; ���H�;�Q�`�B�i�?�K �i�Q �b�Q�H�p�2 �?�B�;�?�@�/�B�K�2�M�b�B�Q�M���H �U�m�T �i�Q �k�y�y �/�B�K�2�M�b�B�Q�M�b�V �T���`�i�B���H �/�B�7�7�2�`�2�M�i�B���H �2�[�m���@

�i�B�Q�M�b �U�S�.�1�b�V �r�B�i�? �#�Q�m�M�/���`�v ���M�/ �B�M�B�i�B���H �+�Q�M�/�B�i�B�Q�M�b�X �S�A�L�L �?���b �#�2�+�Q�K�2 �p�2�`�v �T�Q�T�m�H���` �r�B�i�?�B�M

�i�?�2 �b�+�B�2�M�i�B�7�B�+ �+�Q�K�K�m�M�B�i�v �b�B�M�+�2 �_���B�b�b�B �2�i ���H�X �T�m�#�H�B�b�?�2�/ �� �/�2�i���B�H�2�/ �7�`���K�2�r�Q�`�F �Q�7 �S�A�L�L �7�Q�`

�b�Q�H�p�B�M�; �S�.�1�b �(�3�9�) ���M�/ �/�B�b�+�Q�p�2�`�B�M�; �S�.�1�b �(�3�8�)�X �G���i�2�`�- �i�?�2�v �T�m�#�H�B�b�?�2�/ ���M �B�M�i�2�;�`���i�2�/ �p�2�`�b�B�Q�M

�Q�7 �i�?�2 �T�`�2�p�B�Q�m�b �i�r�Q ���`�i�B�+�H�2�b �(�e�9�)�X �a�m�#�b�2�[�m�2�M�i�H�v�- �S�A�L�L �r���b ���/�Q�T�i�2�/ �B�M �/�B�7�7�2�`�2�M�i �2�M�;�B�M�2�2�`�@

�B�M�; ���T�T�H�B�+���i�B�Q�M�b�- �b�m�+�? ���b �b�Q�H�B�/ �K�2�+�?���M�B�+�b �(�3�e�- �3�d�- �3�3�)�- �+�`�v�b�i���H �T�H���b�i�B�+�B�i�v �K�Q�/�2�H�B�M�; �(�3�N�- �N�y�)�-



�k�e �+�Ñ�ž�ÿ���¶�� �S�Y �B�é�����ñ�²���«���Ô�ñ�é

�7�H�m�B�/ �K�2�+�?���M�B�+�b �(�N�R�-�N�k�-�N�j�-�N�9�-�N�8�)�- �?�2���i �i�`���M�b�7�2�` �(�N�e�)�- �M���M�Q�@�Q�T�i�B�+�b�- �K�2�i���K���i�2�`�B���H�b �(�N�d�-�N�3�)�-

�K�2�/�B�+�B�M�2 �(�N�N�-�R�y�y�-�R�y�R�)�- ���M�/ �T�Q�r�2�` �b�v�b�i�2�K�b �(�R�y�k�)�X �_�2�+�2�M�i�H�v�- �S�A�L�L �r���b ���H�b�Q ���T�T�H�B�2�/ �i�Q �[�m���M�@

�i�B�7�v �i�?�2 �K�Q�/�2�H �m�M�+�2�`�i���B�M�i�v �(�R�y�j�- �R�y�9�- �R�y�8�)�X �A�M �k�y�k�R�- �� �i�Q�i���H �Q�7 �R�j�y�y ���`�i�B�+�H�2�b ���`�2 �7�Q�m�M�/ �B�M

�i�?�2 �H�B�i�2�`���i�m�`�2 �`�2�H���i�2�/ �i�Q �S�A�L�L�- �r�?�B�+�? �B�b �K�Q�`�2 �i�?���M �i�r�B�+�2 �i�?�2 �M�m�K�#�2�` �B�M �k�y�k�y �(�R�y�e�)�X �h�?�2�b�2

�M�m�K�#�2�`�b �B�K�T�H�v �i�?�2 �B�M�+�`�2���b�B�M�; �b�B�;�M�B�7�B�+���M�+�2 �Q�7 �S�A�L�L �B�M �i�?�2 �+�m�`�`�2�M�i �H�B�i�2�`���i�m�`�2�X �h�?�2�`�2�7�Q�`�2�- �B�M

�i�?�B�b �b�i�m�/�v�- �7�Q�` �i�?�2 �7�B�`�b�i �i�B�K�2�- �S�A�L�L �B�b ���T�T�H�B�2�/ �i�Q �K�m�H�i�B�@�b�+���H�2 �K���i�2�`�B���H�b �/�2�b�B�;�M ���M�/ �/�B�b�+�Q�p�2�`�v

�i�?�`�Q�m�;�? �K�B�+�`�Q�b�i�`�m�+�i�m�`�2 �Q�T�i�B�K�B�x���i�B�Q�M�X



�*�?���T�i�2�` �k

�J���i�?�2�K���i�B�+���H �"���+�F�;�`�Q�m�M�/ �7�Q�`

�J�m�H�i�B�@�a�+���H�2 �*�Q�K�T�m�i���i�B�Q�M���H �J�Q�/�2�H�B�M�;

�h�?�B�b �+�?���T�i�2�` �/�2�H�B�M�2���i�2�b �i�?�2 �M�2�+�2�b�b���`�v �K���i�?�2�K���i�B�+���H �#���+�F�;�`�Q�m�M�/ �7�Q�` �K�m�H�i�B�@�b�+���H�2 �+�Q�K�T�m�i���@

�i�B�Q�M���H �K�Q�/�2�H�B�M�; �#�v �B�M�i�`�Q�/�m�+�B�M�; �7�Q�`�K�m�H���i�B�Q�M�b �Q�7 �K�B�+�`�Q�b�i�`�m�+�i�m�`�2 �/�2�b�+�`�B�T�i�B�Q�M�- �m�M�+�2�`�i���B�M�i�v �[�m���M�@

�i�B�7�B�+���i�B�Q�M�- ���M�/ �K���+�?�B�M�2 �H�2���`�M�B�M�; ���H�;�Q�`�B�i�?�K�b �2�K�T�H�Q�v�2�/ �B�M �i�?�B�b �b�i�m�/�v�X �� �K�m�H�i�B�@�b�+���H�2 �K�Q�/�2�H�B�M�;

���T�T�`�Q���+�? �i�?���i �+�Q�M�M�2�+�i�b �T�`�Q�+�2�b�b�B�M�; �T���`���K�2�i�2�`�b�- �K�B�+�`�Q�b�i�`�m�+�i�m�`���H �7�2���i�m�`�2�b �U�K�B�+�`�Q�@�b�+���H�2�V�- ���M�/

�?�Q�K�Q�;�2�M�B�x�2�/ �U�p�Q�H�m�K�2�@���p�2�`���;�2�/�V �K���i�2�`�B���H �T�`�Q�T�2�`�i�B�2�b �B�b ���T�T�H�B�2�/ �i�?�`�Q�m�;�? �i�?�2 �m�b�2 �Q�7 �� �Q�M�2�@�T�Q�B�M�i

�T�`�Q�#���#�B�H�B�i�v �/�2�b�+�`�B�T�i�Q�`�- �P�`�B�2�M�i���i�B�Q�M �.�B�b�i�`�B�#�m�i�B�Q�M �6�m�M�+�i�B�Q�M �U�P�.�6�V�X �a�2�+�i�B�Q�M�k�X�R�/�2�b�+�`�B�#�2�b �i�?�2

�P�.�6 �K�Q�/�2�H�- �r�?�B�+�? �[�m���M�i�B�7�B�2�b �i�?�2 �K�B�+�`�Q�b�i�`�m�+�i�m�`���H �i�2�t�i�m�`�2 ���M�/ �B�b ���T�T�H�B�2�/ �i�Q �+���H�+�m�H���i�2 �i�?�2

�?�Q�K�Q�;�2�M�B�x�2�/ �K���i�2�`�B���H �T�`�Q�T�2�`�i�B�2�b �Q�7 �T�Q�H�v�+�`�v�b�i���H�H�B�M�2 �K���i�2�`�B���H�b�X �A�i ���H�b�Q �/�B�b�+�m�b�b�2�b �i�?�2 �i�2�t�i�m�`�2

�2�p�Q�H�m�i�B�Q�M �K�Q�/�2�H �/�m�`�B�M�; �/�2�7�Q�`�K���i�B�Q�M �T�`�Q�+�2�b�b�B�M�; �m�b�B�M�; �i�?�2 �P�.�6 ���T�T�`�Q���+�?�X �J�Q�`�2�Q�p�2�`�- �K�B�@

�+�`�Q�b�i�`�m�+�i�m�`�2�b �+���M �/�2�K�Q�M�b�i�`���i�2 �B�M�?�2�`�2�M�i �m�M�+�2�`�i���B�M�i�v�X �h�?�2�`�2�7�Q�`�2�- ���M���H�v�i�B�+���H ���M�/ �M�m�K�2�`�B�+���H

�m�M�+�2�`�i���B�M�i�v �[�m���M�i�B�7�B�+���i�B�Q�M �U�l�Z�V �K�Q�/�2�H�b �i�?���i ���`�2 �m�b�2�/ �i�Q �+���T�i�m�`�2 �K�B�+�`�Q�b�i�`�m�+�i�m�`���H �m�M�+�2�`�i���B�M�i�v

���`�2 �2�t�T�H���B�M�2�/ �B�M �a�2�+�i�B�Q�M�k�X�k�X �� �K���+�?�B�M�2 �H�2���`�M�B�M�;�@�/�`�B�p�2�M �K�m�H�i�B�@�b�+���H�2 �K�Q�/�2�H �B�b �B�M�i�`�Q�/�m�+�2�/ �i�Q

�T�`�2�/�B�+�i �?�Q�K�Q�;�2�M�B�x�2�/ �K���i�2�`�B���H �T�`�Q�T�2�`�i�B�2�b ���M�/ �[�m���M�i�B�7�v �K�B�+�`�Q�b�i�`�m�+�i�m�`���H �m�M�+�2�`�i���B�M�i�v�X �a�2�+�@

�i�B�Q�M�k�X�j�/�B�b�+�m�b�b�2�b �i�?�2 �K���i�?�2�K���i�B�+���H �#���+�F�;�`�Q�m�M�/ �Q�7 �i�?�2 �/���i���@�/�`�B�p�2�M �K���+�?�B�M�2 �H�2���`�M�B�M�; �K�Q�/�2�H�X

�k�d



�k�3 �+�Ñ�ž�ÿ���¶�� �l�Y �K�ž���Ñ�¶�è�ž���Ô�«�ž�ã �#�ž�«�á�Ì���ñ���é�² �Å�ñ�� �K���ã���Ô�A�b�«�ž�ã�¶ �+�ñ�è�ÿ�����ž���Ô�ñ�é�ž�ã �K�ñ�²�¶�ã�Ô�é�Ì

�k�X�R �J�Q�/�2�H�B�M�; �Q�7 �J�B�+�`�Q�b�i�`�m�+�i�m�`���H �h�2�t�i�m�`�2 ���M�/ �A�i�b �1�p�Q�@

�H�m�i�B�Q�M �.�m�`�B�M�; �S�`�Q�+�2�b�b�B�M�;

�� �T�Q�H�v�+�`�v�b�i���H�H�B�M�2 �K���i�2�`�B���H �+�Q�M�b�B�b�i�b �Q�7 �b�2�p�2�`���H �+�`�v�b�i���H�b �?���p�B�M�; �/�B�7�7�2�`�2�M�i �+�`�v�b�i���H�H�Q�;�`���T�?�B�+ �Q�`�B�2�M�@

�i���i�B�Q�M�b �i�?���i �/�2�7�B�M�2 �i�?�2 �K�B�+�`�Q�b�i�`�m�+�i�m�`���H �i�2�t�i�m�`�2�X �h�?�2 �B�M�/�B�p�B�/�m���H �Q�`�B�2�M�i���i�B�Q�M�b �Q�7 �i�?�2 �+�`�v�b�@

�i���H�b �+���M �#�2 �`�2�T�`�2�b�2�M�i�2�/ �#�v �i�?�2 ���M�;�H�2�@���t�B�b �T���`���K�2�i�2�`�B�x���i�B�Q�M �i�2�+�?�M�B�[�m�2 �/�2�p�2�H�Q�T�2�/ �#�v �_�Q�@

�/�`�B�;�m�2�b �(�R�y�d�)�X �h�?�B�b �K�2�i�?�Q�/ �7�Q�H�H�Q�r�b �� �/�B�7�7�2�`�2�M�i ���T�T�`�Q���+�? �i�Q �`�2�T�`�2�b�2�M�i�B�M�; �+�`�v�b�i���H �Q�`�B�2�M�i���i�B�Q�M�b �B�M

�+�Q�K�T���`�B�b�Q�M �i�Q �i�?�2 �1�m�H�2�` ���M�;�H�2�b �`�2�T�`�2�b�2�M�i���i�B�Q�M �(�R�y�3�-�R�y�N�)�X �A�M �i�?�B�b �r�Q�`�F�- �i�?�2 �K�B�+�`�Q�b�i�`�m�+�i�m�`�2 �B�b

�/�2�b�+�`�B�#�2�/ �m�b�B�M�; �i�?�2 �P�.�6�- �r�?�B�+�? �/�2�7�B�M�2�b �i�?�2 �p�Q�H�m�K�2 �/�2�M�b�B�i�v �Q�7 �2���+�? �m�M�B�[�m�2 �+�`�v�b�i���H �Q�`�B�2�M�i���i�B�Q�M

�B�M �i�?�2 �K�B�+�`�Q�b�i�`�m�+�i�m�`�2�X �� �H�Q�+���H �7�B�M�B�i�2 �2�H�2�K�2�M�i �/�B�b�+�`�2�i�B�x���i�B�Q�M �b�+�?�2�K�2 �B�b ���T�T�H�B�2�/ ���H�Q�M�; �r�B�i�? �i�?�2

�_�Q�/�`�B�;�m�2�b �T���`���K�2�i�2�`�B�x���i�B�Q�M �i�Q �+�Q�K�T�m�i�2 �i�?�2 �K�2�b�Q�@�b�+���H�2 �T�`�Q�T�2�`�i�B�2�b�X �h�?�2 �B�M�i�2�`�2�b�i�2�/ �`�2���/�2�`�b

���`�2 �`�2�7�2�`�`�2�/ �i�Q �i�?�2 �b�i�m�/�v �#�v �E�m�K���` �2�i ���H�X �(�R�R�y�) �7�Q�` �/�2�i���B�H�2�/ �B�M�7�Q�`�K���i�B�Q�M ���#�Q�m�i �i�?�2 �_�Q�/�`�B�;�m�2�b

�T���`���K�2�i�2�`�B�x���i�B�Q�M �Q�7 �K�B�+�`�Q�b�i�`�m�+�i�m�`���H �b�Q�H�m�i�B�Q�M �b�T���+�2�b�X �h�?�2 �/�2�7�B�M�B�i�B�Q�M �Q�7 �i�?�2 �P�.�6�- �B�M �i�2�`�K�b

�Q�7 �i�?�2 �p�Q�H�m�K�2 �/�2�M�b�B�i�B�2�b �Q�7 �i�?�2 �+�`�v�b�i���H�b�- �`�2�[�m�B�`�2�b �i�?�2 �B�K�T�H�2�K�2�M�i���i�B�Q�M �Q�7 �i�?�2 �M�Q�`�K���H�B�x���i�B�Q�M

�+�Q�M�b�i�`���B�M�i �i�?���i �B�b �2�t�T�`�2�b�b�2�/ �#�v �i�?�2 �7�Q�H�H�Q�r�B�M�; �2�[�m���i�B�Q�M�,

Z



�� (r; t ) dv = 1 �U�k�X�R�V

�>�2�`�2�-�� (r; t ) �`�2�T�`�2�b�2�M�i�b �i�?�2 �P�.�6 �B�M �� �T���`�i�B�+�m�H���` �+�`�v�b�i���H �Q�`�B�2�M�i���i�B�Q�M �Ur �V ���i �� �+�2�`�i���B�M �i�B�K�2�-t�X

�h�?�2 �B�M�i�2�;�`���i�B�Q�M �7�Q�` �i�?�2 �?�Q�K�Q�;�2�M�B�x�2�/ �T�`�Q�T�2�`�i�B�2�b �B�b �T�2�`�7�Q�`�K�2�/ �Q�p�2�` �i�?�2 �7�m�M�/���K�2�M�i���H �`�2�;�B�Q�M�-


 �- �#�v �+�Q�M�b�B�/�2�`�B�M�; �i�?�2 �H���i�i�B�+�2 �`�Q�i���i�B�Q�M�-�_�X �:�B�p�2�M �i�?�2 �_�Q�/�`�B�;�m�2�b �Q�`�B�2�M�i���i�B�Q�M �p�2�+�i�Q�`�-r �-�_ �+���M

�#�2 �Q�#�i���B�M�2�/ �r�B�i�? �i�?�2 �7�Q�H�H�Q�r�B�M�; �2�t�T�`�2�b�b�B�Q�M�,

�_ =
1

1 + r � r
(I (1 � r � r ) + 2( r 
 r + I � r )) �U�k�X�k�V



�l�Y�S�Y �K�ñ�²�¶�ã�Ô�é�Ì �ñ�Å �K�Ô�«���ñ���������«�������ž�ã �i�¶�,�������¶ �ž�é�² �B���� �2�&�ñ�ã�����Ô�ñ�é �/�����Ô�é�Ì �T���ñ�«�¶�����Ô�é�Ì�k�N

�>�Q�K�Q�;�2�M�B�x���i�B�Q�M ���B�K�b �i�Q �+�Q�K�T�m�i�2 �i�?�2 �p�Q�H�m�K�2�@���p�2�`���;�2�/ �T�`�Q�T�2�`�i�B�2�b �Q�7 �i�?�2 �T�Q�H�v�+�`�v�b�i���H�H�B�M�2 �K�B�@

�+�`�Q�b�i�`�m�+�i�m�`�2�b ���b �� �7�m�M�+�i�B�Q�M �Q�7 �i�?�2 �b�B�M�;�H�2�@�+�`�v�b�i���H �T�`�Q�T�2�`�i�B�2�b�X �6�Q�` �2�t���K�T�H�2�- �m�b�B�M�; �i�?�2 �h���v�H�Q�`

�2�b�i�B�K���i�B�Q�M �(�R�R�R�)�- �i�?�2 �p�Q�H�m�K�2�@���p�2�`���;�2�/ �2�H���b�i�B�+ �T�`�Q�T�2�`�i�B�2�bCavg �Q�7 �?�Q�K�Q�;�2�M�2�Q�m�b �T�Q�H�v�+�`�v�b�i���H�H�B�M�2

�K���i�2�`�B���H�b �+���M �#�2 �Q�#�i���B�M�2�/ �7�`�Q�K �i�?�2 �7�Q�H�H�Q�r�B�M�; �2�[�m���i�B�Q�M�,

Cavg = < C > �U�k�X�j�V

�r�?�2�`�2C �B�b �i�?�2 �b�i�B�7�7�M�2�b�b �i�2�M�b�Q�` �Q�7 �2���+�? �+�`�v�b�i���H ���M�/< : > �B�b �i�?�2 �b�v�K�#�Q�H �Q�7 ���p�2�`���;�B�M�;�X �a�B�K�B�H���`�H�v�-

�B�7 ���M�v �T�`�Q�T�2�`�i�v �Q�7 �� �b�B�M�;�H�2 �+�`�v�b�i���H� (r )�- �r�?�B�+�? �B�b �/�2�T�2�M�/�2�M�i �Q�M �i�?�2 �+�`�v�b�i���H �Q�`�B�2�M�i���i�B�Q�M�- �B�b

�F�M�Q�r�M�- �i�?�2�M �i�?�2 �?�Q�K�Q�;�2�M�B�x�2�/ �T�Q�H�v�+�`�v�b�i���H �T�`�Q�T�2�`�i�v< � > �+���M �#�2 �/�2�i�2�`�K�B�M�2�/ �#�v �T�2�`�7�Q�`�K�B�M�;

�i�?�2 ���p�2�`���;�B�M�; �Q�p�2�` �i�?�2 �P�.�6�X �J���i�?�2�K���i�B�+���H�H�v�- �i�?�2 �2�t�T�`�2�b�b�B�Q�M �B�b�,

< � > =
Z



� (r )�� (r; t ) dv �U�k�X�9�V

���b �K�2�M�i�B�Q�M�2�/ �2���`�H�B�2�`�- �i�?�2 �+�`�v�b�i���H �Q�`�B�2�M�i���i�B�Q�M �B�b �`�2�T�`�2�b�2�M�i�2�/ �#�v �i�?�2 �_�Q�/�`�B�;�m�2�b �T���`���K�2�i�2�`�B�@

�x���i�B�Q�M�- �r�?�B�+�? �B�b �Q�#�i���B�M�2�/ �7�`�Q�K �i�?�2 �b�+���H�B�M�; �Q�7 �i�?�2 ���t�B�b �Q�7 �`�Q�i���i�B�Q�M�-n�- �i�?���i �B�b �2�t�T�`�2�b�b�2�/ �B�M

�i�2�`�K�b �Q�7 �i�?�2 �Q�`�B�2�M�i���i�B�Q�M�-r �- ���M�/ ���M�;�H�2 �Q�7 �`�Q�i���i�B�Q�M�-� �- ���b�,n = r / tan(� /2) �X �A�M �1�[�X�k�X�9�-� (r )

�`�2�T�`�2�b�2�M�i�b �i�?�2 �b�B�M�;�H�2�@�+�`�v�b�i���H �K���i�2�`�B���H �T�`�Q�T�2�`�i�B�2�b�X

�h�?�2 �?�Q�K�Q�;�2�M�B�x�2�/ �U�p�Q�H�m�K�2�@���p�2�`���;�2�/�V �T�`�Q�T�2�`�i�B�2�b �Q�7 �i�?�2 �K�B�+�`�Q�b�i�`�m�+�i�m�`�2�b ���`�2 �Q�#�i���B�M�2�/ �m�b�B�M�;

�i�?�2 �;�B�p�2�M �2�t�T�`�2�b�b�B�Q�M �B�M �1�[�X�k�X�9�X ���M�v �T�Q�H�v�+�`�v�b�i���H �T�`�Q�T�2�`�i�v �Q�#�i���B�M�2�/ �m�b�B�M�; �1�[�b�X�k�X�k���M�/�k�X�9

�+���M �#�2 �b�?�Q�r�M �B�M �i�?�2 �H�B�M�2���` �7�Q�`�K �#�v �i�?�B�b �T���`���K�2�i�2�`�B�x���i�B�Q�M �(�j�9�)�X �h�?�2 �7�B�M�B�i�2 �2�H�2�K�2�M�i �/�B�b�+�`�2�i�B�x���@

�i�B�Q�M �Q�7 �i�?�2 �K�B�+�`�Q�b�i�`�m�+�i�m�`���H �Q�`�B�2�M�i���i�B�Q�M �b�T���+�2 �B�b �2�t�?�B�#�B�i�2�/ �B�M �6�B�;�X�k�X�R�7�Q�` �?�2�t���;�Q�M���H ���M�/ �+�m�#�B�+

�+�`�v�b�i���H �b�v�b�i�2�K�b�X �>�2�`�2�- �2���+�? �B�M�/�2�T�2�M�/�2�M�i �M�Q�/���H �T�Q�B�M�i �Q�7 �i�?�2 �7�B�M�B�i�2 �2�H�2�K�2�M�i �K�2�b�? �`�2�T�`�2�b�2�M�i�b ��

�m�M�B�[�m�2 �P�.�6 �p���H�m�2 �7�Q�` �i�?�2 ���b�b�Q�+�B���i�2�/ �+�`�v�b�i���H�X �h�?�2 �K���i�`�B�t �`�2�T�`�2�b�2�M�i���i�B�Q�M �Q�7 �1�[�X�k�X�9�+���M �#�2

�r�`�B�i�i�2�M ���b �7�Q�H�H�Q�r�b�,



�j�y �+�Ñ�ž�ÿ���¶�� �l�Y �K�ž���Ñ�¶�è�ž���Ô�«�ž�ã �#�ž�«�á�Ì���ñ���é�² �Å�ñ�� �K���ã���Ô�A�b�«�ž�ã�¶ �+�ñ�è�ÿ�����ž���Ô�ñ�é�ž�ã �K�ñ�²�¶�ã�Ô�é�Ì

< � > =
Z



� (r )�� (r; t ) dv

=
NelemX

n=1

N intX

n=1

� (rm )�� (rm )! m jJn j
1

(1 + rm :rm )2

�U�k�X�8�V

�r�?�2�`�2Nelem �B�b �i�?�2 �M�m�K�#�2�` �Q�7 �2�H�2�K�2�M�i�b �Q�7 �i�?�2 �7�B�M�B�i�2 �2�H�2�K�2�M�i �K�2�b�? �r�B�i�?N int �B�M�i�2�;�`���i�B�Q�M

�T�Q�B�M�i�b �B�M �2���+�? �2�H�2�K�2�M�i�- ���M�/A(rm ) �B�b �i�?�2 �P�.�6 �p���H�m�2 ���i �i�?�2m�i�? �B�M�i�2�;�`���i�B�Q�M �T�Q�B�M�i �r�B�i�? �;�H�Q�#���H

�+�Q�Q�`�/�B�M���i�2rm �Q�7 �i�?�2n�i�? �2�H�2�K�2�M�i�X �%Jn �% �B�b �i�?�2 �C���+�Q�#�B���M �K���i�`�B�t �Q�7 �i�?�2n�i�? �2�H�2�K�2�M�i ���M�/! m �B�b

�i�?�2 �B�M�i�2�;�`���i�B�Q�M �r�2�B�;�?�i �Q�7 �i�?�2m�i�? �B�M�i�2�;�`���i�B�Q�M �T�Q�B�M�i�X �h�?�2 �_�Q�/�`�B�;�m�2�b �T���`���K�2�i�2�`�B�x���i�B�Q�M �K�2�i�`�B�+

�B�b �;�B�p�2�M �#�v�,

1
(1 + rm :rm )2

�h�?�2 �2�t�T�`�2�b�b�B�Q�M �B�M �1�[�X�k�X�8�B�b �;�B�p�2�M �B�M �i�2�`�K�b �Q�7 �i�?�2 �M�Q�/���H �T�Q�B�M�i �p���H�m�2�b�- �r�?�B�H�2 �B�i �+���M ���H�b�Q �#�2

�6�B�;�m�`�2 �k�X�R�, �6�B�M�B�i�2 �2�H�2�K�2�M�i �/�B�b�+�`�2�i�B�x���i�B�Q�M �Q�7 �i�?�2 �Q�`�B�2�M�i���i�B�Q�M �b�T���+�2 �7�Q�` �U���V �?�2�t���;�Q�M���H �+�H�Q�b�2�@
�T���+�F�2�/ �U�>�*�S�V �K�B�+�`�Q�b�i�`�m�+�i�m�`�2 �U�h�B�@�d���H�V ���M�/ �U�#�V �7���+�2�@�+�2�M�i�2�`�2�/ ���M�/ �#�Q�/�v�@�+�2�M�i�2�`�2�/ �+�m�#�B�+ �U�6�*�*
���M�/ �"�*�*�V �K�B�+�`�Q�b�i�`�m�+�i�m�`�2�b �U���H ���M�/ �:���H�7�2�M�Q�H�V�X �h�?�2 �`�2�/�@�+�Q�H�Q�`�2�/ �M�Q�/���H �T�Q�B�M�i�b �b�?�Q�r �i�?�2 �B�M�/�2�@
�T�2�M�/�2�M�i �P�.�6 �p���H�m�2�b �r�?�B�H�2 �i�?�2 �#�H�m�2�@�+�Q�H�Q�`�2�/ �M�Q�/�2�b �B�M�/�B�+���i�2 �i�?�2 �/�2�T�2�M�/�2�M�i �P�.�6�b ���b �� �`�2�b�m�H�i
�Q�7 �i�?�2 �+�`�v�b�i���H�H�Q�;�`���T�?�B�+ �b�v�K�K�2�i�`�B�2�b �(�R�R�k�)�X



�l�Y�S�Y �K�ñ�²�¶�ã�Ô�é�Ì �ñ�Å �K�Ô�«���ñ���������«�������ž�ã �i�¶�,�������¶ �ž�é�² �B���� �2�&�ñ�ã�����Ô�ñ�é �/�����Ô�é�Ì �T���ñ�«�¶�����Ô�é�Ì�j�R

�/�2�`�B�p�2�/ �B�M �i�2�`�K�b �Q�7 �i�?�2 �T�`�Q�T�2�`�i�B�2�b �/�2�7�B�M�2�/ ���i �i�?�2 �B�M�i�2�;�`���i�B�Q�M �T�Q�B�M�i�b�,< � > = �Sint T
�� int �-

�r�?�B�+�? �B�b �� �H�B�M�2���` �7�Q�`�K �B�M �i�2�`�K�b �Q�7 �i�?�2 �P�.�6 ���i �B�M�i�2�;�`���i�B�Q�M �T�Q�B�M�i�b�,

�Sint = � (r i )! i jJi j
1

(1 + r i :r i )2
���M�/ �� int = A(r i )

�r�?�2�`�2�- �B�4�R�-�k�-�X�X�X�X�X�X�XN int � Nelem �X

�q�?�2�M �i�?�2 �b�v�K�K�2�i�`�v ���`�B�b�B�M�; �7�`�Q�K �i�?�2 �+�`�v�b�i���H�H�B�M�2 �b�v�b�i�2�K �B�b �+�Q�M�b�B�/�2�`�2�/�- �i�?�2 �M�m�K�#�2�` �Q�7 �B�M�@

�/�2�T�2�M�/�2�M�i �M�Q�/���H �T�Q�B�M�i�b �/�2�+�`�2���b�2�b�X �G�2�i�� �#�2 �i�?�2 �p�2�+�i�Q�` �Q�7 �P�.�6 �p���H�m�2�b ���i �i�?�2 �B�M�/�2�T�2�M�/�2�M�i

�M�Q�/�2�b �i�?���i ���`�2 �Q�#�i���B�M�2�/ �7�`�Q�K �i�?�2 �B�M�i�2�;�`���i�B�Q�M �T�Q�B�M�i �p���H�m�2�b�-A int �- �m�b�B�M�; �i�?�2 �i�2�i�`���?�2�/�`���H �7�B�M�B�i�2

�2�H�2�K�2�M�i �/�2�7�B�M�B�i�B�Q�M�X �L�2�t�i�- �i�?�2 �T�`�Q�T�2�`�i�B�2�b �+���M �b�B�K�T�H�v �#�2 �`�2�T�`�2�b�2�M�i�2�/ ���b< � > = �ST �� �B�M �i�2�`�K�b

�Q�7 �i�?�2 �B�M�/�2�T�2�M�/�2�M�i �M�Q�/���H �T�Q�B�M�i �P�.�6 �p���H�m�2�b�X �h�?�2 �M�Q�/���H �T�Q�B�M�i �T�`�Q�T�2�`�i�v �K���i�`�B�t�-�ST �- �+���M ���H�b�Q

�#�2 �+�Q�K�T�m�i�2�/ �7�`�Q�K�Sint T
�X �>�2�`�2�- �i�?�2 �K�2�b�Q�@�b�+���H�2 �b�i�B�7�7�M�2�b�b �i�2�M�b�Q�` �+���M �#�2 �+�Q�K�T�m�i�2�/ �m�b�B�M�; �i�?�2

�K�B�+�`�Q�b�i�`�m�+�i�m�`�2 �?�Q�K�Q�;�2�M�B�x���i�B�Q�M �2�t�T�`�2�b�b�B�Q�M �U�7�Q�` �2�t���K�T�H�2�-C11 = �ST
11�� �- �r�?�2�`�2�S11 �B�b �i�?�2 �T�`�Q�T�@

�2�`�i�v �K���i�`�B�t �Q�7 �i�?�2 �b�B�M�;�H�2�@�+�`�v�b�i���H �p���H�m�2�b �7�Q�`C11�V�X �h�?�2 �u�Q�m�M�;�õ�b �K�Q�/�m�H�m�b �UE11�V�- �Q�M �i�?�2 �Q�i�?�2�`

�?���M�/�- �B�b �B�M�p�2�`�b�2�H�v �`�2�H���i�2�/ �i�Q �i�?�2 �b�i�B�7�7�M�2�b�b ���b �B�i �B�b �;�B�p�2�M �#�vE11 = 1
S11

�- �r�?�2�`�2S11 = �a(1; 1)
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