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Ransomware Detection Using Windows API Calls and Machine Learn-
ing

Sanjula Karanam

(ABSTRACT)

Ransomware is an ever-growing issue that has been affecting individuals and corporations

since its inception, leading to losses of the order of billions each year. This research builds

upon the existing body of research pertaining to ransomware detection for Windows-based

platforms through behavioral analysis using sandboxing techniques and classification using

machine learning (ML), considering the various predefined function calls, known as API

(Application Programming Interface) calls, made by ransomware and benign samples as

classifying features. The primary aim of this research is to study the effect of the frequency

of API calls made by ransomware samples spanning across a large number of ransomware

families exhibiting varied behavior, and benign samples on the classification accuracy of

various ML algorithms. Conducting an experiment based on this, a quantitative analysis of

the ML classification algorithms was performed, for the frequency of API calls based input

and binary input based on the existence of an API call, resulting in the conclusion that

considering the frequency of API calls marginally improves the ransomware recall rate. The

secondary research question posed by this research aims to justify the ML classification of

ransomware by conducting behavioral analysis of ransomware and goodware in the context of

the API calls that had a major effect on the classification of ransomware. This research was

able to provide meaningful insights into the runtime behavior of ransomware and goodware,

and how such behavior including API calls and their frequencies were in line with the ML-

based classification of ransomware.



Ransomware Detection Using Windows API Calls and Machine Learn-
ing

Sanjula Karanam

(GENERAL AUDIENCE ABSTRACT)

Ransomware is an ever-growing issue that has been affecting individuals and corporations

since its inception, leading to losses of the order of billions each year. It infects a user ma-

chine, encrypts user files or locks the user out of their machine, or both, demanding ransom

in exchange for decrypting or unlocking user data. Analyzing ransomware either statically

or behaviorally is a prerequisite for building detection and countering mechanisms. Behav-

ioral analysis of ransomware is the basis for this research, wherein ransomware is analyzed

by executing it on a safe sandboxed environment such as a virtual machine to avoid infect-

ing a real-user machine, and its runtime characteristics are extracted for analysis. Among

these characteristics, the various predefined function calls, known as API (Application Pro-

gramming Interface) calls, made to the system by ransomware will serve as the basis for

the classification of ransomware and benign software. After analyzing ransomware samples

across various families, and benign samples in a sandboxed environment, and considering

API calls as features, the curated dataset was fed to a set of ML algorithms that have

the capability to extract useful information from the dataset to take classification decisions

without human intervention. The research will consider the importance of the frequency of

API calls on the classification accuracy and also state the most important APIs for classifi-

cation along with their potential use in the context of ransomware and goodware to justify

ML classification. Zero-Day detection, which refers to testing the accuracy of trained ML

models on unknown ransomware samples and families was also performed.
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�i�?�2 �#�2�b�i �;�2�M�2�`���H�B�x���i�B�Q�M ���#�B�H�B�i�v�- �r�?�B�+�? �K�2���M�b �i�?���i �� �+�H���b�b�B�7�B�2�` �?���b �#�Q�i�?�- �� �;�Q�Q�/ �+�H���b�b�B�7�B�+���i�B�Q�M

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

�i�`���B�M�B�M�; �/���i�� �/�B�b�i�`�B�#�m�i�B�Q�M�X �a�o�J �r�Q�`�F�b �7�Q�` �#�Q�i�? �H�B�M�2���` ���M�/ �M�Q�M�@�H�B�M�2���` �/���i���b�2�i�b�- ���M�/ �?���b �i�?�2

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

�?�v�T�2�`�T�H���M�2 �B�b �/�B�7�7�B�+�m�H�i�- �a�o�J �B�b �i�?�2 �#�2�b�i �+�?�Q�B�+�2�X

�k�X�j�X�8 �G�Q�;�B�b�i�B�+ �_�2�;�`�2�b�b�B�Q�M

�1�p�2�M �i�?�Q�m�;�? �i�?�2 �M���K�2 �b�m�;�;�2�b�i�b �B�i �B�b �� �`�2�;�`�2�b�b�B�Q�M �K�Q�/�2�H�- ���+�i�m���H�H�v�- �G�Q�;�B�b�i�B�+ �_�2�;�`�2�b�b�B�Q�M �U�G�_�V

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

�b���K�T�H�2 �#�2�H�Q�M�;�B�M�; �i�Q �Q�M�2 �Q�7 �i�?�2 �i���`�;�2�i �+�H���b�b �(�k�y�)�X ���+�+�Q�`�/�B�M�; �i�Q �L�B�+�F ���M�/ �*���K�T�#�2�H�H �(�k�9�)�- �G�_

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

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

�k�X�9 �1�p���H�m���i�B�Q�M �J�2�i�`�B�+�b

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

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

�K�Q�/�2�H�X �1�p���H�m���i�B�Q�M �K�2�i�`�B�+�b �b�m�+�? ���b ���+�+�m�`���+�v�- �6�@�R �a�+�Q�`�2�- ���`�2�� �l�M�/�2�` �i�?�2 �_�P�* �*�m�`�p�2 �U���l�*�V�-

�G�2���`�M�B�M�; �*�m�`�p�2�- �*�`�Q�b�b �o���H�B�/���i�B�Q�M�- �2�i�+�X �+���M �#�2 �2�K�T�H�Q�v�2�/ �i�Q �m�M�/�2�`�b�i���M�/ �?�Q�r �� �T���`�i�B�+�m�H���` �J�G



�R�k �+�Ñ�ž�ÿ���¶�� �l�Y �#�ž�«�á�Ì���ñ���é�²

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

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

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

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

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

�k�X�9�X�R �G�2���`�M�B�M�; �*�m�`�p�2

�J�Q�?�` ���M�/ �_�B�D�M �(�k�8�) �b�i���i�2 �i�?���i �� �H�2���`�M�B�M�; �+�m�`�p�2 �+���M �`�2�T�`�2�b�2�M�i �� �K�Q�/�2�H�ö�b �T�2�`�7�Q�`�K���M�+�2 �7�Q�` ��

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

�+�Q�K�T�H�2�i�2 �i�?�2 �;�B�p�2�M �i���b�F �B�X�2�X �+�H���b�b�B�7�B�+���i�B�Q�M �Q�7 �b���K�T�H�2�b �B�M �Q�m�` �+���b�2�X �G�2���`�M�B�M�; �+�m�`�p�2�b �+���M �b�2�`�p�2

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

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

�K�Q�/�2�H�b�X

�k�X�9�X�k �*�Q�M�7�m�b�B�Q�M �J���i�`�B�t

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

���+�i�m���H �H���#�2�H�b �+�Q�M�b�B�b�i�B�M�; �Q�7 �h�`�m�2 �S�Q�b�B�i�B�p�2�b �U�h�S�V�- �6���H�b�2 �S�Q�b�B�i�B�p�2�b �U�6�S�V�- �h�`�m�2 �L�2�;���i�B�p�2�b �U�h�L�V�-

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

�2�p���H�m���i�B�Q�M �K�2�i�`�B�+�b �b�m�+�? ���b ���+�+�m�`���+�v�- �S�`�2�+�B�b�B�Q�M�- �6�@�R �a�+�Q�`�2�- �2�i�+�X

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

�/�B�p�B�/�2�/ �#�v �i�?�2 �i�Q�i���H �M�m�K�#�2�` �Q�7 �T�`�2�/�B�+�i�2�/ �T�Q�b�B�i�B�p�2 �p���H�m�2�b �B�X�2�X �U�h�S �Y �6�S�V �(�k�e�)�X �A�i �B�b



�l�Y�:�Y �2�&�ž�ã���ž���Ô�ñ�é �K�¶�����Ô�«�� �R�j

�6�B�;�m�`�2 �k�X�R�, �a���K�T�H�2 �*�Q�M�7�m�b�B�Q�M �J���i�`�B�t �7�Q�` �_���M�b�Q�K�r���`�2�f�:�Q�Q�/�r���`�2 �*�H���b�b�B�7�B�+���i�B�Q�M

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

P recision(P) =
TP

TP + FP

�Ç �_�2�+���H�H�, �_�2�+���H�H �`�2�7�2�`�b �i�Q �i�?�2 �M�m�K�#�2�` �Q�7 �+�Q�`�`�2�+�i�H�v �T�`�2�/�B�+�i�2�/ �T�Q�b�B�i�B�p�2 �p���H�m�2�b �B�X�2�X �h�S�-

�/�B�p�B�/�2�/ �#�v �i�?�2 �i�Q�i���H �M�m�K�#�2�` �Q�7 ���+�i�m���H �T�Q�b�B�i�B�p�2 �p���H�m�2�b �B�X�2�X �U�h�S �Y �6�L�V �(�k�e�)�X �A�i �B�b

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

Recall(R) =
TP

TP + FN

�Ç �a�2�M�b�B�i�B�p�B�i�v�, �a�2�M�b�B�i�B�p�B�i�v �(�k�d�)�- ���H�b�Q �`�2�7�2�`�`�2�/ �i�Q ���b �i�?�2 �h�`�m�2 �S�Q�b�B�i�B�p�2 �_���i�2 ���M�/ �B�b �b�v�M�Q�M�v�@

�K�Q�m�b �i�Q �_�2�+���H�H�X

�Ç �a�T�2�+�B�7�B�+�B�i�v�, �a�T�2�+�B�7�B�+�B�i�v �(�k�d�)�- ���H�b�Q �`�2�7�2�`�`�2�/ �i�Q ���b �i�?�2 �h�`�m�2 �L�2�;���i�B�p�2 �_���i�2�- �B�b �/�2�7�B�M�2�/ ���b

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

�M�m�K�#�2�` �Q�7 ���+�i�m���H �M�2�;���i�B�p�2 �p���H�m�2�b �B�X�2�X �U�h�L �Y �6�S�V�X �A�i �B�b �`�2�T�`�2�b�2�M�i�2�/ �#�v �i�?�2 �7�Q�H�H�Q�r�B�M�;

�2�[�m���i�B�Q�M�,

Specif icity =
TN

TN + FP



�R�9 �+�Ñ�ž�ÿ���¶�� �l�Y �#�ž�«�á�Ì���ñ���é�²

�Ç �6�@�R �a�+�Q�`�2�, �6�@�R �a�+�Q�`�2 �+���M �#�2 �/�2�7�B�M�2�/ ���b �i�?�2 �r�2�B�;�?�i�2�/ ���p�2�`���;�2 �Q�` �i�?�2 �?���`�K�Q�M�B�+ �K�2���M �Q�7

�S�`�2�+�B�b�B�Q�M �U�S�V�- ���M�/ �_�2�+���H�H �U�_�V�- �b�2�`�p�B�M�; ���b �� �#�2�i�i�2�` �K�2�i�`�B�+ �i�?���M �#�Q�i�? �S�`�2�+�B�b�B�Q�M �U�S�V ���M�/

�_�2�+���H�H �U�_�V�- �B�M�/�B�p�B�/�m���H�H�v �7�Q�` �i�?�2 �2�p���H�m���i�B�Q�M �Q�7 ���M ���H�;�Q�`�B�i�?�K �(�k�e�) �6�@�R �a�+�Q�`�2 �B�b �`�2�T�`�2�b�2�M�i�2�/

�#�v �i�?�2 �7�Q�H�H�Q�r�B�M�; �2�[�m���i�B�Q�M�,

F � 1Score= 2 �
P � R
P + R



�*�?���T�i�2�` �j

�_�2�H���i�2�/ �q�Q�`�F

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

�#���b�2�/�- ���M�/ �M�Q�M�@�J�G�@�#���b�2�/ �i�2�+�?�M�B�[�m�2�b �i�?���i �`�2�H���i�2 �i�Q ���M�/ �H���v �i�?�2 �7�Q�m�M�/���i�B�Q�M �Q�7 �i�?�B�b �`�2�b�2���`�+�?

�r�Q�`�F�X �h�?�2 �b�2�+�i�B�Q�M �/�`���r�b �B�M�b�B�;�?�i�b �7�`�Q�K �i�?�2 ���M���H�v�b�B�b �T�`�Q�p�B�/�2�/ �#�v �(�k�3�) ���M�/ �(�k�N�) �Q�M �i�?�2 �2�t�B�b�i�@

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

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

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

�j�X�R �_���M�b�Q�K�r���`�2 �.�2�i�2�+�i�B�Q�M

�h�?�2 �7�B�`�b�i �2�p�2�` �/�Q�+�m�K�2�M�i�2�/ �`���M�b�Q�K�r���`�2 ���A�.�a �i�`�Q�D���M �r���b �b�2�2�M �B�M �i�?�2 �r�B�H�/ �B�M �R�N�3�N �(�j�- �j�y�)
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���p���B�H���#�H�2 �/���i���b�2�i�b�- ���M�/ �i�?�2 �7���+�i�Q�`�b �i�?���i �b�?���T�2�/ �K�v �/�2�+�B�b�B�Q�M ���`�2 �H�B�b�i�2�/ �#�2�H�Q�r�,

�Ç �h�?�2 �/���i���b�2�i �K�m�b�i �#�2 �/�B�p�2�`�b�2 �B�M �i�2�`�K�b �Q�7 �i�?�2 �M�m�K�#�2�` �Q�7 �7���K�B�H�B�2�b�- ���M�/ �i�?�2 �2�t�B�b�i�B�M�;

�/���i���b�2�i�b �m�b�2�/ �7�Q�` �`���M�b�Q�K�r���`�2 �/�2�i�2�+�i�B�Q�M �m�b�B�M�; ���S�A �+���H�H�b ���M�/ �J�G �i�?���i �r�2�`�2 ���p���B�H���#�H�2

�?���/ �H�2�b�b �i�?���M �k�y �7���K�B�H�B�2�b �r�?�B�+�? �/�B�/ �M�Q�i �b�2�2�K �i�Q �#�2 �� �7���B�` �`�2�T�`�2�b�2�M�i���i�B�Q�M�X

�Ç �h�?�2 �H���b�i �T�`�B�K���`�v �`�2�b�2���`�+�? �Q�M ���S�A �+���H�H�b�@�#���b�2�/ �/�2�i�2�+�i�B�Q�M �m�b�B�M�; �J�G �r���b �+�Q�M�/�m�+�i�2�/ �#�v

�(�9�R�) ���M�/ �(�9�j�) �r�?�B�+�? �+�Q�M�b�B�/�2�`�2�/ �b���K�T�H�2�b �T�`�B�Q�` �i�Q �K�B�/�@�k�y�k�y ���M�/ �K�B�/�@�k�y�k�R �`�2�b�T�2�+�i�B�p�2�H�v�-

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

�Ç �w�2�`�Q�@�.���v �/�2�i�2�+�i�B�Q�M �Q�7 �7���K�B�H�B�2�b �i�?���i �r�2�`�2 �M�Q�i �T���`�i �Q�7 �i�?�2 �i�`���B�M �/���i���b�2�i �r���b ���H�b�Q �� �K���D�Q�`

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

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

�Ç �h�?�2 �/���i���b�2�i �+�`�2���i�2�/ �#�v �a�;���M�/�m�`�`�� �2�i ���H �(�j�N�) �B�M �k�y�R�e �b�2�2�K�2�/ �i�Q �#�2 �Q�m�i�/���i�2�/�- �i�?�2 �Q�M�2

�+�`�2���i�2�/ �#�v �E�Q�F �2�i ���H �(�9�R�) �r���b �M�Q�i ���p���B�H���#�H�2 �B�M �� �7�Q�`�K���i �b�m�B�i���#�H�2 �7�Q�` �`�2�m�b�2 ���M�/ �M�2�r �b���K�T�H�2

�j�9
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���/�/�B�i�B�Q�M�- �r�?�2�`�2���b �i�?�2 �Q�M�2 �+�`�2���i�2�/ �#�v ���H�K�Q�m�b�� �2�i ���H �(�9�j�) �+�Q�M�b�B�/�2�`�2�/ �� �H�Q�r �M�m�K�#�2�` �Q�7

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

�`�2�b�2���`�+�?�X

�8�X�k �a���K�T�H�2 �*�Q�H�H�2�+�i�B�Q�M

�"���b�2�/ �Q�M �i�?�2 �K�Q�i�B�p���i�B�Q�M �T�`�2�b�2�M�i�2�/ ���#�Q�p�2 �b���K�T�H�2 �+�Q�H�H�2�+�i�B�Q�M �r���b �B�M�B�i�B���i�2�/ �i�Q �+�`�2���i�2 �i�r�Q �M�2�r

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

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

�/�2�b�+�`�B�#�2�/ �#�2�H�Q�r�,

�Ç �� �i�Q�i���H �Q�7 �N�k�9 �`���M�b�Q�K�r���`�2 �b���K�T�H�2�b �r�2�`�2 �+�Q�H�H�2�+�i�2�/ �7�Q�` �#�Q�i�? �i�?�2 �S�`�B�K���`�v �.���i���b�2�i ���M�/

�i�?�2 �x�2�`�Q�@�.���v �/���i���b�2�i�X

�Ç �J�Q�b�i �`���M�b�Q�K�r���`�2 �b���K�T�H�2�b �+�Q�H�H�2�+�i�2�/ �7�Q�` �i�?�2 �S�`�B�K���`�v �.���i���b�2�i �r�2�`�2 ���p���B�H���#�H�2 �Q�M�H�B�M�2

�#�2�i�r�2�2�M �.�2�+�2�K�#�2�`�- �k�y�k�R�- ���M�/ �R�N�i�? �.�2�+�2�K�#�2�`�- �k�y�k�k�X

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

�#�2�i�r�2�2�M �k�y�i�? �.�2�+�2�K�#�2�` �k�y�k�k ���M�/ �k�M�/ �C���M�m���`�v�- �k�y�k�j�X

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

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

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

�7�Q�`�K���i�B�Q�M �b�m�+�? ���b �i�?�2 �a�>���k�8�e �?���b�? �Q�7 �� �b���K�T�H�2�- �B�i�b �7�B�H�2 �i�v�T�2�- ���p���B�H���#�B�H�B�i�v �/���i�2�- �i���;�b�-

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

�Ç �P�i�?�2�` �`�2�T�Q�b�B�i�Q�`�B�2�b�- ���M�/ �Q�M�H�B�M�2 �b�2�`�p�B�+�2�b �b�m�+�? ���b �o�B�`�m�b�h�Q�i���H�- ���M�/ �i�?�2�w�Q�Q �r�2�`�2 ���H�b�Q �`�2�@

�7�2�`�`�2�/ �7�Q�` �B�M�7�Q�`�K���i�B�Q�M �Q�M �+�2�`�i���B�M �`���M�b�Q�K�r���`�2 �b���K�T�H�2�b�X
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�Ç �� �i�Q�i���H �Q�7 �e�8�e �;�Q�Q�/�r���`�2 �b���K�T�H�2�b �r�2�`�2 �+�Q�H�H�2�+�i�2�/ �B�M �i�?�2 �7�Q�`�K �Q�7 �#�2�M�B�;�M �q�B�M�/�Q�r�b�@�#���b�2�/

���T�T�H�B�+���i�B�Q�M�b�X

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

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

�7�`�Q�K �/�B�p�2�`�b�2 �+���i�2�;�Q�`�B�2�b �b�m�+�? ���b �1�/�m�+���i�B�Q�M�- �>�2���H�i�?�- �A�M�i�2�`�M�2�i �h�Q�Q�H�b�- �:���K�2�b�- �G�B�7�2�b�i�v�H�2�-

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

�8�X�j �a���K�T�H�2 �a�2�H�2�+�i�B�Q�M

�N�k�9 �`���M�b�Q�K�r���`�2 �b���K�T�H�2�b ���M�/ �e�8�e �;�Q�Q�/�r���`�2 �b���K�T�H�2�b �r�2�`�2 �+�Q�H�H�2�+�i�2�/ ���M�/ �2�t�2�+�m�i�2�/ �B�M �*�m�+�F�Q�Q

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

�;�Q�Q�/�r���`�2 �b���K�T�H�2�b �m�b�B�M�; �J�G�X �_���M�b�Q�K�r���`�2 �b���K�T�H�2�b �r�2�`�2 �H���#�2�H�2�/ ���b �ó�R�ô�- ���M�/ �;�Q�Q�/�r���`�2 �b���K�@

�T�H�2�b �r�2�`�2 �H���#�2�H�2�/ ���b �ó�y�ô�- �#�m�i �+�2�`�i���B�M �+�`�B�i�2�`�B�� �r�2�`�2 �m�b�2�/ �i�Q �B�M�+�H�m�/�2�f�2�t�+�H�m�/�2 �+�2�`�i���B�M �b���K�T�H�2�b

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

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

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

�b���K�T�H�2 �7�Q�` �B�M�+�H�m�b�B�Q�M �B�M �i�?�2 �/���i���b�2�i�- ���M�/ �2�p�2�M�i�m���H �H���#�2�H�B�M�; ���b �ó�R�ô �Q�` �#�2�B�M�; �2�t�+�H�m�/�2�/ �7�`�Q�K �i�?�2

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

�Ç �h�?�2 �b���K�T�H�2 �2�M�+�`�v�T�i�2�/ ���i �H�2���b�i �Q�M�2 �m�b�2�` �7�B�H�2�- �K�2�M�i�B�Q�M�2�/ �B�M �h���#�H�2�9�X�k�X �6�B�H�2 �2�M�+�`�v�T�i�B�Q�M �B�b

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

�i�Q �H�Q�Q�F �7�Q�` �r�?�B�H�2 ���b�b�2�b�b�B�M�; �`���M�b�Q�K�r���`�2�X �A�M �i�?�2 �+���b�2 �Q�7 �*�m�+�F�Q�Q ���M���H�v�b�B�b �Q�7 �`���M�b�Q�K�r���`�2�-

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

�H�B�b�i�2�/ �#�2�H�Q�r �r�B�i�? �2�t���K�T�H�2�b�,

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

�+���i�2�b �7�B�H�2 �2�M�+�`�v�T�i�B�Q�M�X �h�?�B�b �+���M �#�2 �+�H�2���`�H�v �b�2�2�M �B�M �6�B�;�m�`�2�8�X�R�- �r�?�2�`�2�B�M �� �b���K�T�H�2

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

�ó�X�o�2�M�m�b�ô �2�t�i�2�M�b�B�Q�M�- �`�2�b�m�H�i�B�M�; �B�M �� �*�m�+�F�Q�Q �b�B�;�M���i�m�`�2 �K���i�+�?�X �"���b�2�/ �Q�M �i�?�B�b�- �i�?�2

�b���K�T�H�2 �r���b �B�M�+�H�m�/�2�/ ���b �� �`���M�b�Q�K�r���`�2�- ���M�/ �H���#�2�H�2�/ ���b �ó�R�ô�X
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�Ç �J�B�b�b�B�M�; �o���H�m�2 �_�2�T�H���+�2�K�2�M�i�, �_�2�T�H���+�B�M�; �K�B�b�b�B�M�; ���S�A �+���H�H�b �r���b �i�?�2 �#�2�b�i �T���i�? �i�Q �i���F�2 �B�M

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

�9�8
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�p���H�m�2�b�- �i�?�2 �7�Q�H�H�Q�r�B�M�; �i�r�Q �Q�T�i�B�Q�M�b �r�2�`�2 ���p���B�H���#�H�2�,

�� �_�2�T�H���+�2 �i�?�2 �K�B�b�b�B�M�; �p���H�m�2 �Q�` �ó�L���L�ô �r�B�i�? �ó�y�ô�X

�� �_�2�T�H���+�2 �i�?�2 �K�B�b�b�B�M�; �p���H�m�2 �Q�` �ó�L���L�ô �r�B�i�? �i�?�2 �K�2���M�- �K�2�/�B���M�- �Q�` �K�Q�/�2 �Q�7 ���H�H �i�?�2

�p���H�m�2�b �B�M �i�?�2 �+�Q�H�m�K�M�X

�h�?�2 �7�B�`�b�i �Q�T�i�B�Q�M �r���b �+�?�Q�b�2�M�- ���M�/ ���H�H �K�B�b�b�B�M�; �p���H�m�2�b �Q�` �ó�L���L�ô �r�2�`�2 �`�2�T�H���+�2�/ �r�B�i�? �ó�y�ô

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

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

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

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

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

�K���v �#�B���b �i�?�2 �+�H���b�b�B�7�B�+���i�B�Q�M ���b �r�2�H�H�X �h�Q �K�B�M�B�K�B�x�2 �i�?�2 �2�7�7�2�+�i �Q�7 �M�m�H�H �p���H�m�2�b �Q�` ���M ���S�A �+���H�H �p���H�m�2

�Q�7 �x�2�`�Q �Q�M �i�?�2 �+�H���b�b�B�7�B�+���i�B�Q�M ���+�+�m�`���+�v�- �+�Q�H�m�K�M�b �r�B�i�? �K�Q�`�2 �i�?���M �N�8�W �p���H�m�2�b ���b �M�m�H�H �Q�` �x�2�`�Q

�r�2�`�2 �2�H�B�K�B�M���i�2�/ �7�`�Q�K �i�?�2 �7�2���i�m�`�2 �b�2�i �Q�7 �i�?�2 �S�`�B�K���`�v �.���i���b�2�i�X �� �i�Q�i���H �Q�7 �3�8 �7�2���i�m�`�2�b �r�B�i�?

�M�m�H�H �p���H�m�2 �T�2�`�+�2�M�i���;�2�b �K�Q�`�2 �i�?���M �N�8�W�- ���b �+���M �#�2 �b�2�2�M �B�M �6�B�;�m�`�2�e�X�R�r�2�`�2 �`�2�K�Q�p�2�/�- �H�2���p�B�M�; ��

�i�Q�i���H �Q�7 �k�y�j �7�2���i�m�`�2�b�X

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

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

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

�M�B�[�m�2�b�- ���M�/ ���H�;�Q�`�B�i�?�K�b�X

�e�X�R �.���i���b�2�i �.�B�b�i�`�B�#�m�i�B�Q�M

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

�i�?�2 �`�B�;�?�i �T�`�2�@�T�`�Q�+�2�b�b�B�M�; ���M�/ �+�H���b�b�B�7�B�+���i�B�Q�M �i�2�+�?�M�B�[�m�2�b�X �a�F�2�r�M�2�b�b ���M�/ �F�m�`�i�Q�b�B�b ���`�2 �i�?�2 �#���b�B�+
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�6�B�;�m�`�2 �e�X�R�, �6�2���i�m�`�2�b �r�B�i�? �L�m�H�H �S�2�`�+�2�M�i���;�2 �= �N�8�W

�K�2���b�m�`�2�b �7�Q�` �;���m�;�B�M�; �r�?�2�i�?�2�` �� �/���i�� �/�B�b�i�`�B�#�m�i�B�Q�M �B�b �M�Q�`�K���H �Q�` �M�Q�i�X �a�F�2�r�M�2�b�b �(�9�e�) �+���M �#�2

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

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

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

�E�m�`�i�Q�b�B�b �(�9�d�) �+���M �#�2 �/�2�7�B�M�2�/ �B�M �i�2�`�K�b �Q�7 �ó�� �b�T�`�2���/ �7�m�M�+�i�B�Q�M �B�M �r�?�B�+�? �i�?�2 �T�Q�b�b�B�#�H�2 �/�B�7�7�2�`�2�M�+�2�b

�Q�7 �#�2�?���p�B�Q�` �#�2�i�r�2�2�M �i�?�2 �H�2�7�i ���M�/ �`�B�;�?�i �?���H�7�@�b�T�`�2���/�b ���`�2 ���p�2�`���;�2�/ �Q�m�i�X�ô �A�7 �i�?�2 �p���H�m�2 �Q�7 �F�m�`�i�Q�b�B�b

�B�b �;�`�2���i�2�` �i�?���M �y�- �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �r�B�H�H �b�?�Q�r �� �T�Q�b�B�i�B�p�2 �F�m�`�i�Q�b�B�b �r�B�i�? �� �?�B�;�?�2�` �T�2���F �i�?���M

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

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

���+�+�Q�`�/�B�M�; �i�Q �(�9�3�) �K�Q�b�i �`�2�b�2���`�+�?�2�`�b �M�2�;�H�2�+�i �i�?�2 �M�Q�M�M�Q�`�K���H�B�i�v �Q�7 �/���i�� ���M�/ �/�Q �M�Q�i �i�2�M�/ �i�Q

�`�2�T�Q�`�i �i�?�2 �b�F�2�r�M�2�b�b ���M�/ �F�m�`�i�Q�b�B�b �Q�7 �i�?�2�B�` �/���i�� �/�m�2 �i�Q �`�2���b�Q�M�b �b�m�+�? ���b�,

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

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

�b�m�+�? ���b �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M�- ���M�/ �K�2���M�- �i�?���i �b�m�K�K���`�B�x�2 �i�?�2 �/���i���b�2�i�X

�Ç �l�M�r�B�H�H�B�M�;�M�2�b�b �i�Q �`�2�T�Q�`�i �H���`�;�2 �b�F�2�r�M�2�b�b ���M�/ �F�m�`�i�Q�b�B�b�X

�:�B�p�2�M �i�?�2 �B�K�T�Q�`�i���M�+�2 �Q�7 �M�Q�M�M�Q�`�K���H�B�i�v�- �i�?�2 �6�B�b�?�2�`�@�S�2���`�b�Q�M �b�F�2�r�M�2�b�b �+�Q�2�7�7�B�+�B�2�M�i �(�9�N�-�8�y�) ���M�/

�6�B�b�?�2�`�ö�b �F�m�`�i�Q�b�B�b �r�2�`�2 �+���H�+�m�H���i�2�/ �m�b�B�M�; �i�?�2 �T�v�i�?�Q�M �b�m�#�@�T���+�F���;�2 �ó�b�+�B�T�v�X�b�i���i�b�ô�- �i�Q �`�2�T�Q�`�i �i�?�2

�/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �S�`�B�K���`�v �.���i���b�2�i�X �A�7 �i�?�2 �p���H�m�2 �Q�7 �b�F�2�r�M�2�b�b �B�b �/�B�7�7�2�`�2�M�i �7�`�Q�K �y�- �i�?�2 �/���i��

�/�B�b�i�`�B�#�m�i�B�Q�M �+���M �#�2 �+�Q�M�b�B�/�2�`�2�/ �M�Q�M�@�b�v�K�K�2�i�`�B�+�- ���M�/ �B�7 �F�m�`�i�Q�b�B�b �/�B�7�7�2�`�b �7�`�Q�K �y�- �i�?�2 �/���i�� �/�B�b�i�`�B�@

�#�m�i�B�Q�M �+���M �#�2 �`�2�;���`�/�2�/ ���b �M�Q�M�M�Q�`�K���H �(�9�3�)�X �"���b�2�/ �Q�M �i�?�B�b �B�M�b�B�;�?�i�- �#�Q�i�? �b�F�2�r�M�2�b�b ���M�/ �F�m�`�i�Q�b�B�b

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

�6�B�;�m�`�2�e�X�k�b�?�Q�r�b �i�?�2 �b�F�2�r�M�2�b�b �p���H�m�2�b�- ���M�/ �6�B�;�m�`�2�e�X�j�b�?�Q�r�b �i�?�2 �F�m�`�i�Q�b�B�b �p���H�m�2�b �Q�7 �i�?�2 �k�y�j

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

���#�Q�p�2�X �6�`�Q�K �6�B�;�m�`�2�e�X�k�- �B�i �B�b �2�p�B�/�2�M�i �i�?���i �b�F�2�r�M�2�b�b �p���H�m�2�b �7�Q�` ���H�H �7�2���i�m�`�2�b ���`�2 ���#�Q�p�2 �y�- ���M�/

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

�b�F�2�r�2�/ �/�B�b�i�`�B�#�m�i�B�Q�M�X �6�B�;�m�`�2�e�X�j�/�2�T�B�+�i�b �T�Q�b�B�i�B�p�2 �F�m�`�i�Q�b�B�b�- �r�?�2�`�2�B�M �i�?�2 �T�2���F �Q�7 �i�?�2 �/���i��

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

�2�t�+�2�T�i �7�Q�` �Q�M�2 �7�2���i�m�`�2�- �r�?�B�+�? �B�b �ó�:�2�i�6�Q�`�2�;�`�Q�m�M�/�q�B�M�/�Q�r�ô�- ���H�H �7�2���i�m�`�2�b �?���p�2 �� �T�Q�b�B�i�B�p�2 �F�m�`�i�Q�b�B�b

�p���H�m�2�X �h�?�2 �F�m�`�i�Q�b�B�b �p���H�m�2 �7�Q�` �ó�:�2�i�6�Q�`�2�;�`�Q�m�M�/�q�B�M�/�Q�r�ô �B�b �@�y�X�R�y�k�j�- �r�?�B�+�? �K���F�2�b �i�?�2 �F�m�`�i�Q�b�B�b
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�`�2�T�`�2�b�2�M�i�b �T�Q�b�B�i�B�p�2 �F�m�`�i�Q�b�B�b �7�Q�` �i�?�2 �/���i�� �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �ó�L�i�P�T�2�M�a�2�+�i�B�Q�M�ô�- �#���b�2�/ �Q�M �i�?�2 �T�2���F
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�7�2���i�m�`�2 �b�2�H�2�+�i�B�Q�M �m�b�B�M�; �p���`�B���M�+�2 �i�?�`�2�b�?�Q�H�/ �r���b ���T�T�H�B�2�/ �r�B�i�? �� �j�y�W �p���`�B���M�+�2 �i�?�`�2�b�?�Q�H�/�- �2�H�B�K�B�@
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