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Robust and Data-Driven Uncertainty Quantification Methods as Real-
Time Decision Support in Data-Driven Models

Pooja Algikar

(ABSTRACT)

The growing complexity and data in modern engineering and physical systems require robust

frameworks for real-time decision-making. Data-driven models trained on observational data

enable faster predictions but face key challenges—data corruption, bias, limited interpretabil-

ity, and uncertainty misrepresentation—which can compromise their reliability. Propagating

uncertainties from sources like model parameters and input features is crucial in data-driven

models to ensure trustworthy predictions and informed decisions. Uncertainty quantifica-

tion (UQ) methods are broadly categorized into surrogate-based models, which approximate

simulators for speed and efficiency, and probabilistic approaches, such as Bayesian models

and Gaussian processes, that inherently capture uncertainty into predictions. For real-time

UQ, leveraging recent data instead of historical records enables more accurate and efficient

uncertainty characterization, making it inherently data-driven. In dynamical analysis, the

Koopman operator represents nonlinear system dynamics as linear systems by lifting state

functions, enabling data-driven estimation through its applied form. By analyzing its spec-

tral properties—eigenvalues, eigenfunctions, and modes—the Koopman operator reveals key

insights into system dynamics and simplifies control design. However, inherent measurement

uncertainty poses challenges for efficient estimation with dynamic mode and extended dy-

namic mode decomposition algorithms. This dissertation develops a statistical framework

to propagate measurement uncertainties in the elements of the Koopman operator. This

dissertation also develops robust estimation of model parameters, considering observational



data, which is often corrupted, in Gaussian process settings. The proposed approaches adapt

to evolving data and process agnostic— in which reliance on predefined source distributions

is avoided.



Robust and Data-Driven Uncertainty Quantification Methods as Real-
Time Decision Support in Data-Driven Models

Pooja Algikar

(GENERAL AUDIENCE ABSTRACT)

Modern engineering and scientific systems are increasingly complex and interconnected—

operating in environments with significant uncertainties and dynamic changes. Traditional

mathematical models and simulations often fall short in capturing the complexity of large-

scale real-world, ever-evolving systems—struggling to adapt to dynamic changes and fully

utilize today’s data-rich environments. This is especially critical in fields like renewable

integrated power systems, robotics, etc., where real-time decisions must account for un-

certainties in the environment, measurements, and operations. The growing availability of

observational data—enabled by advanced sensors and computational tools—has driven a

shift toward data-driven approaches. Unlike traditional simulators, these models are faster

and learn directly from data. However, their reliability depends on robust methods to quan-

tify and manage uncertainties, as corrupted data, biases, and measurement noise challenge

their accuracy. This dissertation focuses on characterizing uncertainties at the source using

recent data, instead of relying on assumed distributions or historical data, as is common in

the literature. Given that observational data is often corrupted by outliers, this dissertation

also develops robust parameter estimation within the Gaussian process setting. A central

focus is the Koopman operator theory—a transformative framework that converts complex,

nonlinear systems into simpler, linear representations. This research integrates measure-

ment uncertainty quantification into Koopman-based models, providing a metric to assess

the reliability of the Koopman operator under measurement noise.
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Physical, scientific, and engineering systems must effectively extract insights from observa-

tions as their scale increases, especially when running mathematical models on simulators

becomes computationally demanding [31]. In such cases, using simulators for making opera-

tional and control decisions in real time is impractical. For e.g. consider a power distribution

system: the network expands daily with the addition of numerous customers, the installa-

tion of photovoltaic systems (PVs), and the deployment of electric vehicle charging stations.

Solving differential equations involved in dynamical analysis (such as state estimation, time

domain simulations, etc.) is extremely time consuming and the results may not be even ac-

curate when customer additions or PV installations go unrecorded [132]. In addition to that,

the physical components of engineering systems are governed by natural processes; and the

associated uncertainty and intermittency needs to be modeled to be prepared for unexpected

events. In decisions theory, modeling uncertainty levels enables operators make trustworthy

decisions. On the other hand, data-driven models—designed using observational data—are

faster at making predictions compared to simulators once trained: yet, without adequately

addressing uncertainty, their reliability is compromised. Data-driven models must also ad-

dress misrepresentations, inadequacies, and corruptions in data, along with uncertainties in

measurement processes and biases that may skew their real-world applicability.

Uncertainty quantification (UQ) establishes a probabilistic framework within data-driven

models by characterizing the uncertainties of source variables—such as input variables or

1



2

system parameters—and modeling their impact on target variables, like system outputs.

Uncertainty in target variables can be quantified through variability (e.g., confidence in-

tervals), information measures such as Shannon information and probability distributions

[104]. UQ enables informed decision-making by probabilistically modeling uncertainty and

the occurrence of extreme events and outliers in uncertain input variables, then propagating

that uncertainty through the model to estimate the variability—or ideally, the probability

distribution—of uncertain output variables in physical or engineering systems, and vice versa.

It can also provide estimates of uncertainty levels for both parametric models (e.g., neural

networks) and non-parametric models (e.g., Gaussian processes), as well as for their param-

eters. System operators or decision-makers can leverage this information on uncertainty,

propagated from various sources to targets, to make more uncertainty-aware decisions. For

example, in aerospace design, engineers incorporate margins for fuel consumption, aerody-

namic drag, and component reliability to account for uncertainties in operating conditions

and material properties, thereby enhancing safety and performance in flight systems. Simi-

larly, operators in other engineering domains can use these uncertainty estimates to ensure

robust and reliable system designs [100].

There are two main approaches to quantifying uncertainties in this context. The first in-

volves constructing a surrogate model—also known as an emulator, meta-model, or response

surface—that statistically approximates the simulator model. This surrogate is typically

built by running simulations at carefully selected, space-filling points across the input di-

mensions and recording the output at each point. Surrogate models serve as inexpensive,

fast approximations of the simulator, maintaining accuracy within the chosen design space

of inputs. In surrogate-based UQ, Monte Carlo simulations are performed on thousands of

samples drawn from an assumed probability distribution of test inputs [122]. The result-

ing output samples for each input test point can then be analyzed to determine variability,
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�2�t���K�T�H�2�- �B�M ���m�i�Q�M�Q�K�Q�m�b �M���p�B�;���i�B�Q�M�- �L�L �#���b�2�/�@�#���b�2�/ �l�Z ���b�b�2�b�b�2�b �i�?�2 �`�2�H�B���#�B�H�B�i�v �Q�7 �b�2�M�b�Q�`

�/���i�� �U�2�X�;�X�- �7�`�Q�K �G�B�.���_ �Q�` �+���K�2�`���b�V �B�M �/�v�M���K�B�+ �2�M�p�B�`�Q�M�K�2�M�i�b �(�j�d�)�X �A�M �T�Q�r�2�` �b�v�b�i�2�K�b�- �T�Q�H�v�@

�M�Q�K�B���H �+�?���Q�b�@�#���b�2�/ �(�R�k�R�) ���M�/ �:���m�b�b�B���M �T�`�Q�+�2�b�b�@�#���b�2�/ �(�R�9�d�)�X �l�Z �K�Q�/�2�H�b �7���+�B�H�B�i���i�2 �`�2���H�@�i�B�K�2

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

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

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

�2�H�b�- �:���m�b�b�B���M �T�`�Q�+�2�b�b�2�b �U�:�S�b�V�- ���M�/ �J���`�F�Q�p �K�Q�/�2�H�b�- �r�?�B�+�? ���B�K �i�Q �K�Q�/�2�H �i�?�2 �`�2�H���i�B�Q�M�b�?�B�T

f �#�2�i�r�2�2�My 2 Y ���M�/x 2 X �#���b�2�/ �T�m�`�2�H�v �Q�M �Q�#�b�2�`�p���i�B�Q�M���H �/���i��D = f yi ; x i gn
i =1 �X �h�?�2�b�2

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

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

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

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

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

�i�Q �� �`�2�+�2�M�i �B�M�i�2�`�2�b�i �B�M �T�`�Q�#���#�B�H�B�x�B�M�; �M�2�m�`���H �M�2�i�r�Q�`�F�b �(�R�9�y�) �#�v �B�M�+�Q�`�T�Q�`���i�B�M�; �"���v�2�b�B���M �T�`�B�M�+�B�@

�T�H�2�b�- �`�2�b�m�H�i�B�M�; �B�M �K�Q�/�2�H�b �H�B�F�2 �"���v�2�b�B���M �M�2�m�`���H �M�2�i�r�Q�`�F�b�- �T�`�Q�T�Q�b�2�/ �#�v �(�3�3�) ���M�/ �"���v�2�b�B���M �;�`���T�?

�M�2�m�`���H �M�2�i�r�Q�`�F�b �(�9�d�)�X �h�?�2�b�2 ���T�T�`�Q���+�?�2�b �K���F�2 �M�2�m�`���H �M�2�i�r�Q�`�F�b �T���`���K�2�i�`�B�+���H�H�v �T�`�Q�#���#�B�H�B�b�i�B�+�-

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

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

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

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

�p���`�B���#�H�2�b �K���v �M�Q�i ���H�r���v�b �+�Q�`�`�2�b�T�Q�M�/ �i�Q �`�2���H�@�r�Q�`�H�/ �b�+�2�M���`�B�Q�X �6�Q�` �2�X�;�X ���b�b�m�K�2�/ �T�`�Q�#���#�B�H�B�i�v

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

�7�Q�` �i�?�2 �H�Q���/ �p���`�B���#�H�2�b�- �i�?�2 �q�2�B�#�m�H�H �/�B�b�i�`�B�#�m�i�B�Q�M �7�Q�` �i�?�2 �r�B�M�/ �b�T�2�2�/�- ���M�/ �i�?�2 �"�2�i�� �/�B�b�i�`�B�#�m�i�B�Q�M

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

�`�2�T�`�2�b�2�M�i �i�?�2 ���+�i�m���H �/���i�� �(�e�3�- �R�9�3�)�- �v�B�2�H�/�B�M�; �B�M���+�+�m�`���i�2 �m�M�+�2�`�i���B�M�i�v �[�m���M�i�B�7�B�+���i�B�Q�M �`�2�b�m�H�i�b�X

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

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

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

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

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

�6�Q�` �B�M�b�i���M�+�2�- �B�M �2�M�p�B�`�Q�M�K�2�M�i�b �H�B�F�2 ���m�i�Q�M�Q�K�Q�m�b �p�2�?�B�+�H�2�b ���M�/ �`�Q�#�Q�i�B�+�b�- �m�M�+�2�`�i���B�M�i�B�2�b ���`�B�b�2

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

�B�+�b�- ���M�/ �/�Q�K���B�M �b�?�B�7�i�b �(�R�R�y�)�X �A�M �i�?�2�b�2 ���T�T�H�B�+���i�B�Q�M�b�- �/���i���@�/�`�B�p�2�M �l�Z �K�2�i�?�Q�/�b ���`�2 �2�b�b�2�M�i�B���H

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

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

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

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

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

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

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

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

�/���i������ �+�?���H�H�2�M�;�2 �i�?���i �B�b �Q�7�i�2�M �m�M���p�Q�B�/���#�H�2�X



�8

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

�#���b�2�/ ���T�T�`�Q���+�?�2�b �U�2�X�;�X�- �M�2�m�`���H �P�.�1�b �(�k�9�)�- �`�2�+�m�`�`�2�M�i �M�2�m�`���H �M�2�i�r�Q�`�F�b�- �G�a�h�J�b �(�R�k�y�)�V ���M�/

�"���v�2�b�B���M �K�2�i�?�Q�/�b �(�j�y�) �i�?���i ���T�T�`�Q�t�B�K���i�2 �i�?�2 �i�B�K�2�@�b�2�`�B�2�b �7�m�M�+�i�B�Q�M���H �`�2�H���i�B�Q�M�b�?�B�T �#�2�i�r�2�2�M �b�v�b�@

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

�i�Q �i�?�2 �b�v�b�i�2�K�ö�b �/�v�M���K�B�+�b�X �E�Q�Q�T�K���M �Q�T�2�`���i�Q�`�- �#�v �+�Q�M�i�`���b�i�- �2�M���#�H�2�b �� �H�B�M�2���` ���T�T�`�Q�t�B�K���i�B�Q�M

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

�T�`�Q�T�2�`�i�B�2�b�, �E�Q�Q�T�K���M �K�Q�/�2�- �2�B�;�2�M�p���H�m�2�b�- ���M�/ �2�B�;�2�M�7�m�M�+�i�B�Q�M�b�X �E�Q�Q�T�K���M �K�Q�/�2�b �b�?�Q�r �i�?�2
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�_�2�;�`�2�b�b�B�Q�M �J�Q�/�2�H�X �a�i���i�B�b�i�B�+�b ���M�/ �*�Q�K�T�m�i�B�M�; �U�m�M�/�2�` �`�2�p�B�2�r�V�X

� ���H�;�B�F���`�- �S�X�- �a�?���`�K���- �S�X�- �L�2�i�i�Q �J�X�- �� �J�B�H�B�- �G�X �J�2���b�m�`�2�K�2�M�i �l�M�+�2�`�i���B�M�i�v �A�K�T���+�i �Q�M �E�Q�Q�T�@

�K���M �P�T�2�`���i�Q�` �1�b�i�B�K���i�B�Q�M �Q�7 �S�Q�r�2�` �a�v�b�i�2�K �.�v�M���K�B�+�b�X �A�1�1�1 �h�`���M�b���+�i�B�Q�M�b �Q�M �S�Q�r�2�` �a�v�b�i�2�K�b

�U�m�M�/�2�` �`�2�p�B�2�r�V�X

� ���H�;�B�F���`�- �S�X�- �a�?���`�K���- �S�X�- �L�2�i�i�Q �J�X�- �� �J�B�H�B�- �G�X �J�2���b�m�`�2�K�2�M�i �l�M�+�2�`�i���B�M�i�v �A�K�T���+�i �Q�M �E�Q�Q�T�@

�K���M �P�T�2�`���i�Q�` �1�b�i�B�K���i�B�Q�M �Q�7 �S�Q�r�2�` �a�v�b�i�2�K �.�v�M���K�B�+�b�X �A�1�1�1 �h�`���M�b���+�i�B�Q�M�b �Q�M �S�Q�r�2�` �a�v�b�i�2�K�b

�U�m�M�/�2�` �`�2�p�B�2�r�V�X

� ���H�;�B�F���`�- �S�X�- �a�?���`�K���- �S�X�- �L�2�i�i�Q �J�X�- �� �J�B�H�B�- �G�X �h�`�m�b�i�r�Q�`�i�?�v �E�Q�Q�T�K���M �P�T�2�`���i�Q�` �7�Q�` �1�H�2�K�2�M�i�@

�r�B�b�2 �l�M�+�2�`�i���B�M�i�v ���M���H�v�b�B�b�X �A�1�1�1 �*�Q�M�i�`�Q�H �a�v�b�i�2�K�b �G�2�i�i�2�`�b �U�m�M�/�2�` �`�2�p�B�2�r�V�X
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�R�X�j �P�`�;���M�B�x���i�B�Q�M

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

�*�?���T�i�2�` �k �2�t�T�H�Q�`�2�b �i�?�2 �2�p�Q�H�m�i�B�Q�M �Q�7 �/���i���@�/�`�B�p�2�M �K�2�i�?�Q�/�b�- �2�K�T�?���b�B�x�B�M�; ���/�p���M�+�2�K�2�M�i�b �B�M

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

�*�?���T�i�2�` �j �7�Q�+�m�b�2�b �Q�M �`�Q�#�m�b�i �T�`�Q�+�2�b�b �K�Q�/�2�H�B�M�; �r�B�i�?�B�M �i�?�2 �7�`���K�2�r�Q�`�F �Q�7 �:���m�b�b�B���M �S�`�Q�+�2�b�b�2�b�-

�r�B�i�? �`�Q�#�m�b�i �2�b�i�B�K���i�B�Q�M �Q�7 �?�v�T�2�`�T���`���K�2�i�2�`�b�X

�*�?���T�i�2�` �9 �T�`�2�b�2�M�i�b �"���v�2�b�B���M �B�M�7�2�`�2�M�+�2 �7�Q�` �:���m�b�b�B���M �T�`�Q�+�2�b�b �`�2�;�`�2�b�b�B�Q�M�- �m�b�B�M�; �i�?�2 �>�m�#�2�` �H�B�F�2�H�B�@

�?�Q�Q�/ �i�Q �?���M�/�H�2 �M�Q�B�b�v �/���i�� �B�M �+�Q�p���`�B���i�2 ���M�/ �`�2�b�T�Q�M�b�2 �/�B�K�2�M�b�B�Q�M�b�X �A�i �/�2�p�2�H�Q�T�b �:�B�#�#�b �b���K�T�H�B�M�;

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

�m�M�B�K�Q�/���H�B�i�v�X

�*�?���T�i�2�` �8 ���/�/�`�2�b�b�2�b �K�2���b�m�`�2�K�2�M�i �m�M�+�2�`�i���B�M�i�v �[�m���M�i�B�7�B�+���i�B�Q�M �B�M �E�Q�Q�T�K���M�@�i�?�2�Q�`�2�i�B�+�- �/���i���@

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

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

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

�*�?���T�i�2�` �e �/�2�H�p�2�b �B�M�i�Q �2�H�2�K�2�M�i�@�r�B�b�2 �+�Q�K�T�m�i���i�B�Q�M �Q�7 �i�?�2 �7�B�`�b�i ���M�/ �b�2�+�Q�M�/ �K�Q�K�2�M�i�b �Q�7 �i�?�2

�E�Q�Q�T�K���M �Q�T�2�`���i�Q�` �m�b�B�M�; �`���M�/�Q�K �K���i�`�B�t �i�?�2�Q�`�v �B�M �.�J�. ���M�/ �1�.�J�. ���T�T�`�Q�t�B�K���i�B�Q�M�b�X �h�?�2

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

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

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

�*�?���T�i�2�` �d �+�Q�M�+�H�m�/�2�b �r�B�i�? �� �/�B�b�+�m�b�b�B�Q�M �Q�7 �7�m�i�m�`�2 �/�B�`�2�+�i�B�Q�M�b ���M�/ �F�2�v �i���F�2���r���v�b



�*�?���T�i�2�` �k

�G�B�i�2�`���i�m�`�2 �`�2�p�B�2�r

�k�X�R �.���i���@�/�`�B�p�2�M �K�2�i�?�Q�/�b

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

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

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

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

�7�m�x�x�v ���M�/ �`�Q�m�;�? �b�2�i�b �7�Q�` �?���M�/�H�B�M�; �m�M�+�2�`�i���B�M�i�v �(�9�9�)�- �M�2�m�`���H �M�2�i�r�Q�`�F�b �7�Q�` ���T�T�`�Q�t�B�K���i�B�M�; �7�m�M�+�@

�i�B�Q�M�b �(�9�3�)�- �;�H�Q�#���H �Q�T�i�B�K�B�x���i�B�Q�M ���M�/ �2�p�Q�H�m�i�B�Q�M���`�v �+�Q�K�T�m�i�B�M�; �(�9�8�)�- �b�i���i�B�b�i�B�+���H �H�2���`�M�B�M�; �i�?�2�Q�`�v

�(�R�j�e�)�- ���M�/ �"���v�2�b�B���M �K�2�i�?�Q�/�b �(�8�y�)�X �h�?�2�v ���`�2 �T���`�i�B�+�m�H���`�H�v �2�7�7�2�+�i�B�p�2 �7�Q�` �+�Q�K�T�H�2�t �b�v�b�i�2�K�b �r�B�i�?

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

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

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

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

�i�?���i �Q�7�i�2�M �T�`�Q�p�2�/ �i�Q �#�2 �Q�p�2�`�H�v �`�2�b�i�`�B�+�i�B�p�2 �(�j�N�)�X

�k�X�R�X�R �a�i���i�B�b�i�B�+���H �/���i���@�/�`�B�p�2�M �K�2�i�?�Q�/�b

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

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

�N



�R�y �+�Ñ�ž�ÿ���¶�� �l�Y �H�Ô���¶���ž�������¶ ���¶�&�Ô�¶�'

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

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

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

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

�i�2�+�?�M�B�[�m�2�b�- �`�Q�#�m�b�i �K�2�i�?�Q�/�b�- ���M�/ �/�B���;�M�Q�b�i�B�+ �i�Q�Q�H�b�X �1�t�T�H�Q�`���i�Q�`�v �i�2�+�?�M�B�[�m�2�b �H�B�F�2 �T�`�B�M�+�B�T���H �+�Q�K�@

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

�T���i�i�2�`�M�b �r�B�i�?�B�M �i�?�2 �/���i���X �_�Q�#�m�b�i �K�2�i�?�Q�/�b �b�m�+�? ���b �`�Q�#�m�b�i �`�2�;�`�2�b�b�B�Q�M �r�B�i�? �>�m�#�2�` �2�b�i�B�K���i�Q�`�b

�(�R�k�9�) ���`�2 �/�2�b�B�;�M�2�/ �i�Q �T�`�Q�p�B�/�2 �`�2�H�B���#�H�2 �`�2�b�m�H�i�b �2�p�2�M �r�?�2�M �b�i���M�/���`�/ �/�B�b�i�`�B�#�m�i�B�Q�M���H ���b�b�m�K�T�i�B�Q�M�b

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

�M�Q�b�i�B�+ �i�Q�Q�H�b �(�N�) �?�2�H�T ���b�b�2�b�b �K�Q�/�2�H �7�B�i ���M�/ ���b�b�m�K�T�i�B�Q�M�b�c �2�t���K�T�H�2�b �B�M�+�H�m�/�2 �`�2�b�B�/�m���H ���M���H�v�b�B�b�-

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

�Q�p�2�` �� �b�2�i �Q�7 �7�m�M�+�i�B�Q�M�bf 1; f 2; : : : ; f n �U�+���M �#�2 �B�M�/�2�t�2�/ �#�v �b�T���+�2 �Q�` �i�B�K�2�V �K���F�B�M�; �i�?�2�K �K�Q�`�2

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

�i�?�2 �D�Q�B�M�i �/�B�b�i�`�B�#�m�i�B�Q�M�b �Q�7 �T���`���K�2�i�2�`�b�X �:�S�b ���`�2 �m�M�B�p�2�`�b���H �B�M �� �b�2�M�b�2 �i�?���i �i�?�2�v �+���M �#�2 �/�2�7�B�M�2�/

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

�+���b�2 �Q�7 �b�T���i�B���H �T�`�Q�+�2�b�b�2�b�V�X �h�?�2 �+�Q�p���`�B���M�+�2 �7�m�M�+�i�B�Q�M�b �U�Q�` �F�2�`�M�2�H�b�V �B�M �:�S�b ���`�2 ���/���T�i�2�/ �#���b�2�/

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

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

�A�M �� �K���+�?�B�M�2 �H�2���`�M�B�M�; �+�Q�M�i�2�t�i �(�R�9�k�)�- �:�S�b ���`�2 �Q�7�i�2�M �m�b�2�/ �7�Q�` �`�2�;�`�2�b�b�B�Q�M ���M�/ �+�H���b�b�B�7�B�+���i�B�Q�M �i���b�F�b�-

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

�b�?�B�T�b�X �6�Q�` �2�t���K�T�H�2�- �B�M �`�2�;�`�2�b�b�B�Q�M�- �:�S�b �m�b�2 �i�`���B�M�B�M�; �/���i�� �i�Q �H�2���`�M �� �7�H�2�t�B�#�H�2 �K���T�T�B�M�; �#�2�i�r�2�2�M

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

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

�r�?�B�+�? �K���F�2�b �:�S�b �2�7�7�2�+�i�B�p�2 ���i ���/�D�m�b�i�B�M�; �i�?�2�B�` �+�Q�p���`�B���M�+�2 �b�i�`�m�+�i�m�`�2�b �#���b�2�/ �Q�M �2�K�T�B�`�B�+���H �/���i���X

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

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

�+�Q�K�#�B�M���i�B�Q�M �Q�7 �/���i�� ���/���T�i���#�B�H�B�i�v ���M�/ �T�`�Q�#���#�B�H�B�b�i�B�+ �b�i�`�m�+�i�m�`�2 ���H�H�Q�r�b �:�S�b �i�Q �7�m�M�+�i�B�Q�M �r�2�H�H �B�M

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

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

�T�`�Q�p�B�/�2�/ �B�M ���T�T�2�M�/�B�t�� �X

�k�X�k �.���i���@�/�`�B�p�2�M �K�2�i�?�Q�/�b �B�M ���T�T�H�B�2�/ �E�Q�Q�T�K���M �Q�T�2�`���i�Q�`

���M���H�v�b�B�b

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

�H�2���`�M�B�M�; �B�M�i�`�B�M�b�B�+ �+�Q�Q�`�/�B�M���i�2�b �i�?���i �2�M���#�H�2 �� �H�B�M�2���` �`�2�T�`�2�b�2�M�i���i�B�Q�M �Q�7 �i�?�2 �m�M�/�2�`�H�v�B�M�; �M�Q�M�H�B�M�2���`
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�/�v�M���K�B�+�b ���`�2 �i�r�Q �Q�7 �i�?�2 �K�Q�b�i �T�`�2�b�b�B�M�; �;�Q���H�b �Q�7 �K�Q�/�2�`�M �/�v�M���K�B�+���H �b�v�b�i�2�K�b �(�R�3�)�X �h�?�2 �E�Q�Q�T�@

�K���M �Q�T�2�`���i�Q�` ���T�T�`�Q���+�? �?���b �7�Q�m�M�/ �i�`�2�K�2�M�/�Q�m�b �b�m�+�+�2�b�b �B�M �i�?�2�b�2 �;�Q���H�b �(�3�y�)�X �A�M �b�B�K�T�H�2 �r�Q�`�/�b�-

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

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

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

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

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

�.�J�. �?���b �#�2�2�M ���T�T�H�B�2�/ �i�Q �`�Q�#�Q�i�B�+ �b�v�b�i�2�K�b �(�R�e�)�- �i�`���7�7�B�+ �+�Q�M�i�`�Q�H �b�v�b�i�2�K�b �(�d�)�- �T�Q�r�2�` �;�`�B�/�b �(�R�R�k�)�-

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

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

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

�M�Q�M�H�B�M�2���` �/�B�7�7�2�`�2�M�i�B���H �2�[�m���i�B�Q�M�b �(�R�k�e�)�- �B�/�2�M�i�B�7�v �;�`�Q�m�T�b �Q�7 �b�v�M�+�?�`�Q�M�Q�m�b �;�2�M�2�`���i�Q�`�b �Q�b�+�B�H�H���i�B�M�;

�+�Q�?�2�`�2�M�i�H�v ���7�i�2�` �� �/�B�b�i�m�`�#���M�+�2 �(�R�k�8�)�- ���M�/ �[�m���M�i�B�7�v �i�?�2 �B�M�i�2�`�T�H���v �#�2�i�r�2�2�M �b�i���i�2 �p���`�B���#�H�2�b ���M�/

�Q�b�+�B�H�H���i�Q�`�v �K�Q�/�2�b �(�3�N�)�X

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

�.�J�.�- �2�t�i�2�M�/�2�/ �.�J�. �U�1�.�J�.�V�- ���M�/ �i�?�2 �F�2�`�M�2�H �p���`�B���M�i �Q�7 �1�.�J�. �7�Q�`�K�m�H���i�B�Q�M�b�X �h�?�2 �B�K�T���+�i

�Q�7 �/���i�� �m�M�+�2�`�i���B�M�i�v �Q�M �U�1�V�.�J�. ���T�T�`�Q�t�B�K���i�B�Q�M�b �Q�7 �i�?�2 �E�Q�Q�T�K���M �Q�T�2�`���i�Q�` �B�b �/�B�b�+�m�b�b�2�/�- ���H�Q�M�;

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

�k�X�k�X�R �E�Q�Q�T�K���M �Q�T�2�`���i�Q�` �i�?�2�Q�`�v

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

f (x ) = _x : �U�k�X�k�V
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�>�2�`�2�- �r�2 ���b�b�m�K�2 �i�?���i �i�?�2 �b�i���i�2 �b�T���+�2x 2 M � Rn �Q�7 �i�?�2 �/�v�M���K�B�+���H �b�v�b�i�2�K �7�Q�`�K�b �� �H�B�M�2���`

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

�/�2�;�`�2�2 �Q�7 �`�2�;�m�H���`�B�i�v�- �r�?�B�+�? �B�b �/�2�M�Q�i�2�/ ���bf (�)�X �G�2�i �m�b ���b�b�m�K�2 �i�?���i �i�?�2 �b�Q�H�m�i�B�Q�M �i�Q �U�k�X�k�V �2�t�B�b�i�b�X

�G�2�i �m�b �/�2�7�B�M�2 �i�?�2 �7�H�Q�r �K���T�-F t (x )�- �r�?�B�+�? �i���F�2�bx �7�`�Q�K �B�i�b �B�M�B�i�B���H �b�i���i�2�-x 0�- �i�Q �i�?�2 �b�i���i�2x t

���i �i�B�K�2t �;�B�p�2�M �#�v

F t (x 0) = x 0 +
Z t0= t

x = x 0 ;t 0= t0

f (x (t0)) dt0: �U�k�X�j�V

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

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

�/�v�M���K�B�+�b �7�`�Q�K �i�?�2 �b�i���i�2 �b�T���+�2M �#�vg(F t (x )) �i�Q ���M �B�M�7�B�M�B�i�2 �Q�#�b�2�`�p���#�H�2 �b�T���+�2 �i�Q �;�2�i �i�?�2 �H�B�M�2���`

�`�m�H�2 �Q�7 �2�p�Q�H�m�i�B�Q�M �/�2�7�B�M�2�/ �#�v �i�?�2 �E�Q�Q�T�K���M �Q�T�2�`���i�Q�`�-U t : �6�Q�`�K���H�H�v�- �r�2 �?���p�2 ���M �2�t�T�`�2�b�b�B�Q�M �7�Q�`

�i�?�2 �2�p�Q�H�m�i�B�Q�M �Q�7 �i�?�2 �b�v�b�i�2�K �7�`�Q�K �i�B�K�2t0 �i�Qt �;�B�p�2�M �#�v�,

g(x t ) = g(F t (x 0)) = U tg(x 0): �U�k�X�9�V

�h�?�2 �2�B�;�2�M�7�m�M�+�i�B�Q�M�b�-� j �- ���b�b�Q�+�B���i�2�/ �r�B�i�? �i�?�2j th �2�B�;�2�M�p���H�m�2�-� j �- �Q�7 �i�?�2 �E�Q�Q�T�K���M �Q�T�2�`���i�Q�`�-U t �-

���`�2 �/�2�7�B�M�2�/ ���b�,

U t � j = e� j t � j : �U�k�X�8�V

�L�Q�r�- �r�2 ���b�b�m�K�2 �i�?���i ���H�H �i�?�2 �Q�#�b�2�`�p���#�H�2�b �H�B�2 �B�M �i�?�2 �H�B�M�2���` �b�T���M �Q�7 �i�?�2 �E�Q�Q�T�K���M �2�B�;�2�M�7�m�M�+�i�B�Q�M�b�-

�r�?�B�+�? ���`�2 �i�?�2 �`�B�;�?�i �2�B�;�2�M�p�2�+�i�Q�`�b �Q�7 �i�?�2 �E�Q�Q�T�K���M �Q�T�2�`���i�Q�`�c �i�?�2�`�2�7�Q�`�2�- �i�?�2 �Q�#�b�2�`�p���#�H�2�b �+���M �#�2

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

g(x) =
1X

k=0

ck � k(x); �U�k�X�e�V

�v�B�2�H�/�B�M�;U tg(x ) =
P 1

k=0 cke� k t � k(x)�X �h�?�2 �+�Q�2�7�7�B�+�B�2�M�i�bck �- �Q�7 �i�?�2�b�2 �H�B�M�2���` �2�t�T���M�b�B�Q�M�b ���`�2 �+���H�H�2�/

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



�R�3 �+�Ñ�ž�ÿ���¶�� �l�Y �H�Ô���¶���ž�������¶ ���¶�&�Ô�¶�'

�r�B�i�? �i�?�2 �2�B�;�2�M�p���H�m�2�b �Q�7 �i�?�2 �E�Q�Q�T�K���M �Q�T�2�`���i�Q�`�-� k �X �L�Q�i�2 �i�?���i �i�?�2 �T�`�B�M�+�B�T���H �2�B�;�2�M�7�m�M�+�i�B�Q�M�b

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

�+�Q�K�#�B�M���i�B�Q�M�b �Q�7 �Q�#�b�2�`�p���#�H�2�b�X

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

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

A �X

�k�X�k�X�k ���T�T�H�B�2�/ �E�Q�Q�T�K���M �Q�T�2�`���i�Q�`

�L�m�K�2�`�Q�m�b ���H�;�Q�`�B�i�?�K�b �?���p�2 �#�2�2�M �T�`�Q�T�Q�b�2�/ �i�Q ���T�T�`�Q�t�B�K���i�2 �i�?�2 �E�Q�Q�T�K���M �Q�T�2�`���i�Q�` �7�`�Q�K �/���i��

�(�k�y�-�N�N�-�R�j�9�)�- �r�B�i�? �/�v�M���K�B�+ �K�Q�/�2 �/�2�+�Q�K�T�Q�b�B�i�B�Q�M �U�.�J�.�V �(�R�y�3�) ���M�/ �2�t�i�2�M�/�2�/ �.�J�. �U�1�.�J�.�V

�(�R�9�8�) �#�2�B�M�; �T�`�Q�K�B�M�2�M�i �2�t���K�T�H�2�b�X �h�?�B�b �+�?���T�i�2�` �7�Q�+�m�b�2�b �Q�M �i�?�2 ���H�;�Q�`�B�i�?�K�B�+ �b�i�2�T�b �Q�7 �.�J�.�- ��

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

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

�.�J�.

�.�J�. �( �R�y�d�) �B�b �� �+�H���b�b �Q�7 �M�m�K�2�`�B�+���H �K�2�i�?�Q�/�b �r�B�i�? �+�Q�M�M�2�+�i�B�Q�M�b �i�Q �i�?�2 �E�Q�Q�T�K���M �Q�T�2�`���i�Q�`

�7�Q�`�K���H�B�b�K �(�N�3�) �r�B�/�2�H�v �m�b�2�/ �i�Q �T�2�`�7�Q�`�K �/���i���@�/�`�B�p�2�M ���M���H�v�b�B�b �Q�7 �M�Q�M�H�B�M�2���` �/�v�M���K�B�+���H �b�v�b�i�2�K�b

�(�3�)�X �a�m�T�T�Q�b�2 �r�2 �?���p�2m + 1 �/���i�� �b�M���T�b�?�Q�i�bx 1; : : : ; x m+1 �b���K�T�H�2�/ �7�`�Q�K �� �+�Q�M�i�B�M�m�Q�m�b�@�i�B�K�2

�b�v�b�i�2�K ���i �B�M�b�i���M�+�2�bt1; : : : ; tm+1 �X �G�2�i �m�b �Q�`�;���M�B�x�2X = [ x 1; : : : ; x m ] ���M�/Y = [ x 2; : : : ; x m+1 ]�X

���M �2�b�i�B�K���i�2 �Q�7 �i�?�2 �.�J�. �Q�T�2�`���i�Q�`�- ���b�b�m�K�B�M�; �� �7�m�H�H�@�b�i���i�2 �Q�#�b�2�`�p���#�H�2�- �B�b �;�B�p�2�M �#�v

A � X yY ; �U�k�X�d�V

�r�?�2�`�2X y �B�b �i�?�2 �J�Q�Q�`�2�@�S�2�M�`�Q�b�2 �T�b�2�m�/�Q�B�M�p�2�`�b�2 �Q�7X �X



�l�Y�l�Y �/�ž���ž�A�²���Ô�&�¶�é �è�¶���Ñ�ñ�²�� �Ô�é �ž�ÿ�ÿ�ã�Ô�¶�² �F�ñ�ñ�ÿ�è�ž�é �ñ�ÿ�¶���ž���ñ�� �ž�é�ž�ã�-���Ô���R�N

�1�.�J�.

�1�.�J�.�- �� �;�2�M�2�`���H�B�x�2�/ �p�2�`�b�B�Q�M �Q�7 �.�J�.�- �#�`�Q���/�2�M�b �B�i�b ���T�T�H�B�+���#�B�H�B�i�v �i�Q �M�Q�M�H�B�M�2���` �b�v�b�i�2�K�b �#�v

�B�M�i�`�Q�/�m�+�B�M�; �� �b�2�i �Q�7 �M�Q�M�H�B�M�2���` �7�m�M�+�i�B�Q�M�b �Q�` �Q�#�b�2�`�p���#�H�2�b�- : Rn ! RN k �X �l�M�H�B�F�2 �.�J�.�- �r�?�B�+�?

�Q�T�2�`���i�2�b �/�B�`�2�+�i�H�v �Q�M �i�?�2 �/���i���- �1�.�J�. �m�b�2�b �i�?�2�b�2 �Q�#�b�2�`�p���#�H�2�b �i�Q �T�`�Q�p�B�/�2 �� �K�Q�`�2 �7�H�2�t�B�#�H�2

�`�2�T�`�2�b�2�M�i���i�B�Q�M �Q�7 �i�?�2 �b�v�b�i�2�K�ö�b �/�v�M���K�B�+�b�X �h�?�2 �1�.�J�. �Q�T�2�`���i�Q�` �B�b �;�B�p�2�M �#�v�,

A = G yL : �U�k�X�3�V

�r�?�2�`�2G =
P T

i =1  (x i ) (x i )T ���M�/L =
P T

i =1  (x i ) (y i )T �X

�E�2�`�M�2�H �1�.�J�.

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

�B�i�H�v �/�2�7�B�M�2�/ �`�2�T�`�Q�/�m�+�B�M�; �F�2�`�M�2�H �>�B�H�#�2�`�i �b�T���+�2�X �� �F�2�`�M�2�H �7�m�M�+�i�B�Q�M �?���b �i�?�2 �7�Q�`�Kk : M � M !

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

�h�?�2 �`�2�H���i�B�Q�M�b�?�B�T �#�2�i�r�2�2�Mk ���M�/ �B�b �i�?���ik(x i ; x j ) =  (x i )>  (x j ) �7�Q�` ���H�Hx i ; x j 2 M �X

�:���m�b�b�B���M �F�2�`�M�2�H�b �?���p�2 �i�?�2 �7�Q�`�K�,

k(x ; z) = exp
�

�
kx � zk2

� 2

�
; �U�k�X�N�V

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

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

�T�`�Q�#�H�2�K�X

�6�Q�` �F�2�`�M�2�H �p���`�B���M�i �Q�7 �1�.�J�. �(�R�9�j�)�- �m�b�B�M�; �i�?�2 �/���i�� �b�2�i �Q�7 �b�M���T�b�?�Q�i �T���B�`�b ���M�/ �i�?�2 �F�2�`�M�2�H



�k�y �+�Ñ�ž�ÿ���¶�� �l�Y �H�Ô���¶���ž�������¶ ���¶�&�Ô�¶�'

�7�m�M�+�i�B�Q�M�-k�- �+�Q�K�T�m�i�2 �i�?�2 �2�H�2�K�2�M�i�b �Q�7Ĝ ���M�/̂L �m�b�B�M�;�,

Ĝ (ij ) , k(x i ; x j ); L̂ (ij ) , k(y i ; x j ): �U�k�X�R�y�V

�k�X�k�X�j �l�Z �B�M ���T�T�H�B�2�/ �E�Q�Q�T�K���M �Q�T�2�`���i�Q�`

�G�B�F�2 ���M�v �r�2�B�;�?�i�2�/ �H�2���b�i �b�[�m���`�2�b �K�2�i�?�Q�/�- �U�1�V�.�J�. �B�b �b�m�b�+�2�T�i�B�#�H�2 �i�Q �i�?�2 �[�m���H�B�i�v �Q�7 �i�?�2 �K�2���@

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

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

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

�i���B�M�i�v ���b�b�Q�+�B���i�2�/ �r�B�i�? �K�2���b�m�`�2�K�2�M�i�b�X �L�C�b�F�2 �2�i ���H�X �(�N�y�) �/�2�`�B�p�2�/ �T�`�Q�#���#�B�H�B�b�i�B�+ �#�Q�m�M�/�b �Q�M �i�?�2

�2�t�i�2�M�/�2�/ �/�v�M���K�B�+ �K�Q�/�2 �/�2�+�Q�K�T�Q�b�B�i�B�Q�M �(�R�9�9�)�X �h�?�2�v �2�t���K�B�M�2 �b�v�b�i�2�K�b �/�2�b�+�`�B�#�2�/ �#�v �Q�`�/�B�M���`�v

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

�b���K�T�H�2 �T�2�`�b�T�2�+�i�B�p�2�X �h�Q �7�Q�`�K�m�H���i�2 �i�?�2�Q�`�2�i�B�+���H �+�Q�M�b�i�`���B�M�i�b �Q�M �2�`�`�Q�`�- �i�?�2 ���m�i�?�Q�`�b �b�T�H�B�i �i�?�2 �p���`�B�@

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

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