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Resumen
Los grafos de conocimiento ( por sus siglas en inglés ) han surgido como

una herramienta poderosa para representar información estructurada semánticamente y asistir el

desarrollo de sistemas inteligentes. Este trabajo se centra en la generación de mapas semánticos

como método de resumen para los KGs. En este trabajo, proponemos una estrategía que utiliza un

algoritmo de agrupación basado en centroides para agrupar terminos en el grafo de conocimiento

con cierta cercania semántica. Como forma de experimentación se emplean dos algoritmos de agru-

pación basados en centroides: Propagación de Afinidad y Particionamiento Alrededor de Medoides

( por sus siglas en inglés ), para capturar la distancia semántica

entre los nodos en el KG y generar grupos significativos. Nuestros experimentos muestran resulta-

dos divergentes entre los dos algoritmos de agrupación, con la Propagación de Afinidad se observa

cierta coherencia cualitativa y significatividad, mientras que PAM se desempeña bien en términos

de métricas cuantitativas de validación interna. Aprovechamos los centroides calculados para in-

ferir un término principal del mapa semántico, lo que contribuye a la representación visualmente

informativa del grafo de conocimiento. La combinación del proceso de capturar la distancia semán-

tica entre los términos del grafo de conocimiento, el uso de algoritmos de agrupación e la infer-

encia basada en centroides facilita una comprensión integral del grafo de conocimiento. Nuestros

hallazgos destacan la importancia de considerar tanto medidas de evaluación cualitativas como

cuantitativas al evaluar los resultados de la agrupación. La efectividad de los mapas semánticos

se muestra en la visualización de los KGs y en el avance del campo de la visualización de grafos

de conocimiento. La integración de algoritmos de agrupación basados en centroides, evaluación

cualitativa y métodos de inferencia ofrece una mayor claridad e interpretabilidad para el análisis de

un grafo de conocimiento a partir de un grupo de tareas de exploración claramente definidias en el

capitulo 7.
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Summary
Knowledge Graphs (KGs) have emerged as a powerfultool for representing semantic structured in-

formation and supporting the development of intelligent systems. This document focuses on the

generation of semantic maps as summarization method for KGs. In this work, we propose a strat-

egy that uses a centroid-based clustering algorithm to group terms in the knowledge graph with

a certain degree of semantic similarity. For experimentation, two centroid-based clustering algo-

rithms are employed: Affinity Propagation and Partitioning Around Medoids (PAM), to capture the

semantic distance between nodes in the KG and generate meaningful clusters. Our experiments

show divergent results between the two clustering algorithms. Affinity Propagation demonstrates

a certain qualitative coherence and significance, while PAM performs well in terms of quantitative

internal validation metrics. We leverage the computed centroids to infer a main term of the semantic

map, which contributes to the visually informative representation of the KG. The combination of

semantic distance capture, the use of clustering algorithms, and centroid-based inference facilitates

a comprehensive understanding of the KG. Our findings highlight the importance of considering

both qualitative and quantitative evaluation measures in assessing clustering results. The effective-

ness of semantic maps is showcased in visualizing KGs and advancing the field of knowledge graph

visualization. The integration of centroid-based clustering algorithms, qualitative evaluation, and

inference methods offers improved clarity interpretability for the analysis of a KG based on a set of

exploration tasks clearly defined in Chapter 7.
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�c�w�L�$�R�I�C�y�3 �j�@�3 �3�N�j�C�j�C�3�c �R�8 �C�N�j�3�a�3�c�j�. �s�@�C�I�3 �j�@�3 �3�0�<�3�c �C�I�I�n�c�j�a���j�3 �j�@�3 �a�3�I���j�C�R�N�c�@�C�U�c �$�3�j�s�3�3�N �j�@�3�c�3 �3�N�j�C�j�C�3�c

�)�k�9�*�Y �H���j�3�I�w�. �$�R�j�@ ���,���0�3�L�C�, �C�N�c�j�C�j�n�j�C�R�N�c ���N�0 �U�a�C�q���j�3 �,�R�L�U���N�C�3�c �@���q�3 �0�3�q�3�I�R�U�3�0 �F�N�R�s�I�3�0�<�3 �;�a���U�@�c�.

�8�R�a �C�N�c�j���N�,�3�. �v���;�Q �)�O�S�*�. �/�#�T�3�0�C�� �)�k�*�. �7�a�3�3�$���c�3 �)�S�z�*�. �M�2�H�H�)�S�f�*�. �;�R�R�<�I�3 �F�N�R�s�I�3�0�<�3 �;�a���U�@ �)�O�z�*�.

�K�C�,�a�R�c�R�8�j �b���j�R�a�C �)�e�:�*�. �7���,�3�$�R�R�G �2�N�j�C�j�w �;�a���U�@ �)�l�k�*�. ���N�0 �r�C�G�C�0���j�� �)�l�:�*�. �s�@�C�,�@ �,�R�N�j���C�N �L�C�I�I�C�R�N�c

�R�8 �3�N�j�C�j�C�3�c ���N�0 �$�C�I�I�C�R�N�c �R�8 �a�3�I���j�C�R�N�c�@�C�U�c�Y �T�a�C�L���a�w �n�c�3�c �R�8 �F�N�R�s�I�3�0�<�3 �;�a���U�@�c �C�N�q�R�I�q�3 �C�L�U�a�R�q�C�N�<

�c�3���a�,�@ �3�N�<�C�N�3�c �c�n�,�@ ���c �;�R�R�<�I�3 �)�O�z�* �R�a �#�C�N�< �)�e�:�*�. �\�n�3�c�j�C�R�N ���N�c�s�3�a�C�N�< �)�S�e�*�. �C�N�8�R�a�L���j�C�R�N �a�3�j�a�C�3�q���I�.

�a�3�,�R�L�L�3�N�0�3�a �c�w�c�j�3�L�c �)�9�S�.�9�9�*�. �0�R�L���C�N �c�U�3�,�C�~�, �F�; �$�n�C�I�0�C�N�< �)�S�S�.�k�l�.�S�z�z�*�. ���N�0 �0�3�,�C�c�C�R�N �c�n�U�U�R�a�j

�C�N �j�@�3 �I�C�8�3 �c�,�C�3�N�,�3�c �)�4�.�f�:�.�4�z�.�S�z�f�*�Y

�+�3�a�j���C�N �F�; ���U�U�I�C�,���j�C�R�N�c�. �c�n�,�@ ���c �\�n�3�a�w ���N�c�s�3�a�C�N�< �R�a �F�; �q�C�c�n���I�C�y���j�C�R�N�. �N�3�,�3�c�c�C�j���j�3 �,�R�N�0�3�N�c�3�0

�q�3�a�c�C�R�N�c �R�8 �j�@�3 �R�a�C�<�C�N���I �<�a���U�@�c �)�k�S�. �:�z�*�Y �2�u�C�c�j�C�N�< �c�j�a���j�3�<�C�3�c �j�R �q�C�c�n���I�C�y�3 �F�;�c ���a�3 �$���c�3�0 �R�N �j�@�3

�c�j�a���j�3�<�C�3�c �j�R �q�C�c�n���I�C�y�3 �a�3�<�n�I���a �<�a���U�@�c ���N�0 �8�3�s ���U�U�a�R���,�@�3�c �j���G�3 ���0�q���N�j���<�3 �R�8 �j�@�3 �c�3�L���N�j�C�,�c �3�N�,�R�0�3�0

�C�N �j�@�3 �F�;�c �)�9�4�.�f�f�.�f�O�*�Y �?�R�s�3�q�3�a�. �i�@�3�c�3 �U�a�R�U�R�c���I�c �0�R �N�R�j �8�n�I�I�w �n�j�C�I�C�y�3 �j�@�3 �G�N�R�s�I�3�0�<�3 �a�3�U�a�3�c�3�N�j�3�0

�C�N �j�@�3 �3�0�<�3�c �8�R�a �q�C�c�n���I�C�y�C�N�< �j�@�3 �<�a���U�@ ���N�0 �N�R�N�3 �R�8 �j�@�3�c�3 �q�C�c�n���I�C�y���j�C�R�N �U�a�R�U�R�c���I�c �0�3�c�,�a�C�$�3 �� �c�U�3�,�C�~�,

�c�j�a���j�3�<�w �j�R �q���I�C�0���j�3 �@�R�s �n�c�3�8�n�I �j�@�3 �q�C�c�n���I�C�y���j�C�R�N�c ���a�3 �8�R�a �3�N�0 �n�c�3�a�c �C�N �8�n�I�~�I�I�C�N�< �q�C�c�n���I �3�u�U�I�R�a���j�C�R�N

�j���c�G�c�Y

�S
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�;�3�N�3�a���I �Q�$�E�3�,�j�C�q�3

�T�a�R�U�R�c�3 �� �N�3�s �c�j�a���j�3�<�w �8�R�a �q�C�c�n���I�C�y�C�N�< �F�N�R�s�I�3�0�<�3 �;�a���U�@�c �$�w �I�3�q�3�a���<�C�N�< �j�@�3 �c�3�L���N�j�C�, �,�I�R�c�3�N�3�c�c

�,�R�N�j���C�N�3�0 �C�N �j�@�3 �3�0�<�3�c �R�8 �j�@�3 �<�a���U�@�Y

�b�3�,�R�N�0���a�w �Q�$�E�3�,�j�C�q�3�c

�Ë�/�3�c�,�a�C�$�3 ���N �3�q���I�n���j�C�R�N �L�3�j�@�R�0�R�I�R�<�w �j�@���j �,���N �$�3 �n�c�3�0 �j�R �q���I�C�0���j�3 �j�@�3 �3�{�3�,�j�C�q�3�N�3�c�c �R�8 �� �q�C�c�n���I

�a�3�U�a�3�c�3�N�j���j�C�R�N �C�N �8�n�I�~�I�I�C�N�< �q�C�c�n���I �0���j�� �3�u�U�I�R�a���j�C�R�N �j���c�G�c�Y

�Ë�2�q���I�n���j�3 �j�@�3 �3�{�3�,�j�C�q�C�N�3�c�c �R�8 �c�3�L���N�j�C�, �L���U�c �C�N �8�n�I�~�I�I�C�N�< �q�C�c�n���I �0���j�� �3�u�U�I�R�a���j�C�R�N �j���c�G�c�Y

�7�n�I�~�I�I�C�N�< �j�@�3�c�3 �R�$�E�3�,�j�C�q�3�c ���I�I�R�s�c �n�c�3�a�c �j�R �3�u�U�I�R�a�3 ���N�0 �n�N�0�3�a�c�j���N�0 �j�@�3 �C�N�@�3�a�3�N�j �c�j�a�n�,�j�n�a�3 ���N�0

�a�3�I���j�C�R�N�c�@�C�U�c �R�8 �j�@�3 �<�a���U�@ �C�N �� �q�C�c�n���I�I�w �C�N�j�n�C�j�C�q�3 �s���w�Y

�i�@�C�c �0�R�,�n�L�3�N�j �C�c �c�j�a�n�,�j�n�a�3�0 ���c �8�R�I�I�R�s�c�Y �i�@�3 �~�a�c�j �8�R�n�a �,�@���U�j�3�a�c �U�a�R�q�C�0�3 �j�@�3 �a�3�\�n�C�a�3�0 �C�N�8�R�a�L���j�C�R�N

�j�R �n�N�0�3�a�c�j���N�0 �j�@�3 �,�R�N�j�a�C�$�n�j�C�R�N�c �R�8 �j�@�C�c �j�@�3�c�C�c�Y �B�N �+�@���U�j�3�a�S�. �s�3 �0�3�I�q�3 �C�N�j�R �j�@�3 �8�3���j�n�a�3�c �R�8 �j�@�3 �b�3�L���N�j�C�,

�r�3�$ ���c �s�3�I�I ���c �C�j�c �a�3�I���j�C�R�N�c�@�C�U �s�C�j�@ �F�;�c�Y �i�R ���,�@�C�3�q�3 �j�@�C�c�. �s�3 �U�a�R�q�C�0�3 �� �$�a�C�3�8 �0�3�c�,�a�C�U�j�C�R�N �R�8 �j�@�3 �L�R�c�j

�a�3�I�3�q���N�j �G�N�R�s�I�3�0�<�3 �a�3�U�a�3�c�3�N�j���j�C�R�N �c�j�a���j�3�<�C�3�c �n�c�3�8�n�I �8�R�a �F�; �a�3�U�a�3�c�3�N�j���j�C�R�N�Y �B�N �+�@���U�j�3�a�l�. �s�3 �3�u�U�I�R�a�3

�j�@�3 �L���C�N �s�R�a�G�c ���c�c�R�,�C���j�3�0 �s�C�j�@ �q�C�c�n���I�C�y���j�C�R�N �c�j�a���j�3�<�C�3�c �8�R�a �F�;�c�Y �Q�N �j�@�3 �R�j�@�3�a �@���N�0�. �C�N �+�@���U�j�3�a�k�. �s�3

�0�3�c�,�a�C�$�3 �j�@�3 �L�R�c�j �a�3�,�3�N�j �s�R�a�G�c ���c�c�R�,�C���j�3�0 �s�C�j�@ �F�; �c�n�L�L���a�C�y���j�C�R�N�Y �b�3�L���N�j�C�, �L���U�c ���a�3 �0�C�c�,�n�c�c�3�0

�C�N �+�@���U�j�3�a�:�Y �b�3�L���N�j�C�, �K���U�c ���a�3 �,�R�L�L�R�N�I�w �3�L�U�I�R�w�3�0 �L�3�j�@�R�0�c �j�R �,�R�L�U�a�3�@�3�N�0 �C�N�j�a�C�,���j�3 �c�n�$�E�3�,�j�c

�)�l�4�*�Y �i�@�3�w �C�N�q�R�I�q�3 �� �,���j�3�<�R�a�C�,���I �R�a�<���N�C�y���j�C�R�N �R�8 �C�N�8�R�a�L���j�C�R�N �C�N �q�C�c�n���I �8�R�a�L �)�:�l�*�Y �� �c�3�L���N�j�C�, �L���U

�n�c�n���I�I�w �8�3���j�n�a�3�c �� �,�3�N�j�a���I �j�3�a�L �j�@���j �c�C�<�N�C�~�3�c �j�@�3 �U�a�C�L���a�w �j�R�U�C�,�. �I�C�N�G�3�0 �j�R �� �,�R�I�I�3�,�j�C�R�N �R�8 �G�3�w�s�R�a�0�c �j�@���j

�,���j�3�<�R�a�C�y�3 �j�@�3 �a�3�L���C�N�C�N�< �q�R�,���$�n�I���a�w�Y �i�@�3�c�3 �c�j�a�n�,�j�n�a�3�c ���a�3 �8�R�a�L���I�I�w �0�3�c�,�a�C�$�3�0 �C�N �+�@���U�j�3�a�:�Y �M�3�u�j�.

�j�@�3 �U�a�C�L���a�w �,�R�N�j�a�C�$�n�j�C�R�N �R�8 �j�@�C�c �j�@�3�c�C�c �C�c �8�n�I�I�w �0�3�j���C�I�3�0 �C�N �+�@���U�j�3�a�9�Y �i�@�3 �,�a�3���j�C�R�N �R�8 �� �c�3�L���N�j�C�, �L���U

�N�3�,�3�c�c�C�j���j�3�c �j�@�3 �C�0�3�N�j�C�~�,���j�C�R�N �R�8 �<�a�R�n�U�c �R�8 �a�3�I���j�3�0 �s�R�a�0�c�Y �m�N�c�n�U�3�a�q�C�c�3�0 �I�3���a�N�C�N�< �R�{�3�a�c �,�I�n�c�j�3�a�C�N�<

���I�<�R�a�C�j�@�L�c �j�@���j �,���j�3�<�R�a�C�y�3 �0���j�� �C�N�j�R �R�N�3 �R�a �L�R�a�3 �,�I���c�c�3�c �$���c�3�0 �R�N �L�3���c�n�a�3�c �R�8 �c�C�L�C�I���a�C�j�w �R�a �0�C�c�j���N�,�3

�)�4�l�*�Y �i�@�3�R�a�3�j�C�,���I�I�w�. �C�L�U�I�3�L�3�N�j�C�N�< �� �,�I�n�c�j�3�a�C�N�< ���U�U�a�R���,�@ �j�R �j�@�3 �q�R�,���$�n�I���a�w �C�N �� �F�; �c�@�R�n�I�0 �w�C�3�I�0

�<�a�R�n�U�c �j�@���j �,���N �$�3 �n�j�C�I�C�y�3�0 �j�R �$�n�C�I�0 �j�@�3 �c�3�L���N�j�C�, �L���U�Y �� �c�3�a�C�3�c �R�8 �3�u�U�3�a�C�L�3�N�j�c �q���I�C�0���j�C�N�< �j�@�C�c

�,�R�N�,�3�U�j �C�c �U�a�3�c�3�N�j�3�0 �C�N �+�@���U�j�3�a�f �s�@�3�a�3 �C�N ���0�0�C�j�C�R�N �s�3 �U�a�R�U�R�c�3 �� �L�3�j�@�R�0 �j�R �3�q���I�n���j�3 �j�@�3 �\�n���I�C�j�w

�R�8 �j�@�3�c�3 �c�3�L���N�j�C�, �L���U�c�Y �7�C�N���I�I�w�. �j�R �C�I�I�n�c�j�a���j�3 �j�@�3 �n�c�3�8�n�I�N�3�c�c �R�8 �j�@�3�c�3 �c�3�L���N�j�C�, �L���U�c �C�N �U�a�R�q�C�0�C�N�< ��

�@�C�<�@�A�I�3�q�3�I �U�3�a�c�U�3�,�j�C�q�3 �R�8 �� �F�;�. �s�3 �,���a�a�w �R�n�j �� �c�n�a�q�3�w �C�N�q�R�I�q�C�N�< �� �<�a�R�n�U �R�8 �3�u�U�3�a�j�c �s�@�R �,�R�L�U���a�3�0
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�j�@�3 �n�c�3 �R�8 �c�3�L���N�j�C�, �L���U�c �s�C�j�@ �j�@�3 �j�a���0�C�j�C�R�N���I �q�C�c�n���I �a�3�U�a�3�c�3�N�j���j�C�R�N �R�8 �F�;�c�Y �i�@�3�c�3 �3�u�U�3�a�C�L�3�N�j�c ���a�3

�0�3�c�,�a�C�$�3�0 �C�N �+�@���U�j�3�a�e���N�0 �@�C�<�@�I�C�<�@�j �j�@�3 �3�{�3�,�j�C�q�3�N�3�c�c �R�8 �c�3�L���N�j�C�, �L���U�c �C�N �U�a�R�q�C�0�C�N�< �� �j�@�R�a�R�n�<�@

�n�N�0�3�a�c�j���N�0�C�N�< �R�8 �j�@�3 �c�j�a�n�,�j�n�a�3 ���N�0 �a�3�I���j�C�R�N�c�@�C�U�c �s�C�j�@�C�N �� �F�;�Y
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�S�Y�b�3�L���N�j�C�, �r�3�$ ���N�0 �F�N�R�s�I�3�0�<�3 �;�a���U�@�c

�i�C�L �#�3�a�N�3�a�c�A�H�3�3 �C�N�j�a�R�0�n�,�3�0 �j�@�3 �C�0�3�� �R�8 �j�@�3 �b�3�L���N�j�C�, �r�3�$�. �3�N�q�C�c�C�R�N�C�N�< �� �s�3�$ �,�R�L�U�a�C�c�3�0 �R�8

�0���j�� ���,�,�3�c�c�C�$�I�3 �j�R �L���,�@�C�N�3�c �8�R�a �U�a�R�,�3�c�c�C�N�<�. �a���j�@�3�a �j�@���N �c�R�I�3�I�w �� �s�3�$ �R�8 �0�R�,�n�L�3�N�j�c �C�N�j�3�N�0�3�0 �8�R�a

�@�n�L���N �,�R�N�c�n�L�U�j�C�R�N �)�O�*�Y �i�@�3 �b�3�L���N�j�C�, �r�3�$ �s�R�a�G�c �$�w �3�N�@���N�,�C�N�< �j�@�3 �c�j�a�n�,�j�n�a�3 ���N�0 �L�3���N�C�N�< �R�8

�C�N�8�R�a�L���j�C�R�N �R�N �j�@�3 �r�R�a�I�0 �r�C�0�3 �r�3�$�. �L���G�C�N�< �C�j �3���c�C�3�a �8�R�a �,�R�L�U�n�j�3�a�c �j�R �n�N�0�3�a�c�j���N�0 ���N�0 �U�a�R�,�3�c�c

�0���j���Y �i�@�3 �,�R�N�j�a�C�$�n�j�C�R�N�c �R�n�j�I�C�N�3�0 �C�N �j�@�C�c �0�R�,�n�L�3�N�j �0�3�U�3�N�0 �R�N �� �j�@�R�a�R�n�<�@ �n�N�0�3�a�c�j���N�0�C�N�< �R�8 �r�3�$

�c�3�L���N�j�C�, ���N�0 �G�N�R�s�I�3�0�<�3 �a�3�U�a�3�c�3�N�j���j�C�R�N �c�j�a���j�3�<�C�3�c�. �c�n�,�@ ���c �F�;�c�Y �B�N �j�@�C�c �,�@���U�j�3�a�. �s�3 �0�3�I�q�3 �C�N�j�R �j�@�3�c�3

�j�R�U�C�,�c �j�R �3�N���$�I�3 �� �,�R�L�U�a�3�@�3�N�c�C�q�3 �3�u�U�I���N���j�C�R�N �R�8 �j�@�3 �,�R�N�j�a�C�$�n�j�C�R�N�c �U�a�3�c�3�N�j�3�0 �C�N �j�@�C�c �j�@�3�c�C�c �0�R�,�n�L�3�N�j�Y

�S�Y�S�Y�b�3�L���N�j�C�, �r�3�$

�i�@�3 �R�$�E�3�,�j�C�q�3 �R�8 �j�@�3 �b�3�L���N�j�C�, �r�3�$ �C�c �j�R �U�a�R�q�C�0�3 �C�N�8�R�a�L���j�C�R�N �s�C�j�@ �,�I�3���a ���N�0 �U�a�3�,�C�c�3 �L�3���N�C�N�<�c�.

�U���q�C�N�< �j�@�3 �s���w �8�R�a �L���,�@�C�N�3�A�j�R�A�L���,�@�C�N�3 �C�N�j�3�a���,�j�C�R�N ���N�0 ���n�j�R�L���j�3�0 �c�3�a�q�C�,�3�c �j�@�a�R�n�<�@ �c�3�L���N�j�C�, �0�3�A

�c�,�a�C�U�j�C�R�N�c �)�9�z�*�Y �m�N�0�3�a�c�j���N�0�C�N�< �j�@�3 �b�3�L���N�j�C�, �r�3�$ �a�3�\�n�C�a�3�c ���N �3�u���L�C�N���j�C�R�N �R�8 �j�@�3 �b�3�L���N�j�C�, �r�3�$

�i�3�,�@�N�R�I�R�<�w �H���w�3�a �+���G�3 �V�c�@�R�s�N �C�N �7�C�<�n�a�3�S�Y�S�W�. �s�@�C�,�@ �R�n�j�I�C�N�3�c �j�@�3 �j�3�,�@�N�C�,���I �C�N�8�a���c�j�a�n�,�j�n�a�3 �N�3�3�0�3�0

�j�R ���,�@�C�3�q�3 �j�@�3�c�3 �<�R���I�c�Y �B�N �j�@�3 �I�R�s�3�a �I���w�3�a�c�. �s�3 �@���q�3 �j�@�3 �t�K�H �V�3�t�j�3�N�0�3�0 �K���a�G�n�U �H���N�<�n���<�3�W�. �s�@�C�,�@

�C�c �n�c�3�0 �j�R �c�j�a�n�,�j�n�a�3 ���N�0 �8�R�a�L���j �0���j�� �R�N �j�@�3 �s�3�$ �C�N �� �j�a�3�3 �c�j�a�n�,�j�n�a�3�. �s�@�C�I�3 �j�@�3 �m�`�B�c �V�m�N�C�q�3�a�c���I �`�3�A

�c�R�n�a�,�3 �B�0�3�N�j�C�~�3�a�c�W �U�a�R�q�C�0�3 �n�N�C�\�n�3 �C�0�3�N�j�C�~�3�a�c �8�R�a �a�3�c�R�n�a�,�3�c �R�N �j�@�3 �s�3�$�Y �?�R�s�3�q�3�a�. �j�a�3�3 �c�j�a�n�,�j�n�a�3�c

�I���,�G �j�@�3 �,���U���$�C�I�C�j�w �j�R �C�N�j�3�<�a���j�3 �0���j�� �8�a�R�L �L�n�I�j�C�U�I�3 �c�R�n�a�,�3�c�Y �i�R �j���,�G�I�3 �j�@�C�c �I�C�L�C�j���j�C�R�N�. �`�/�7 �)�4�:�* �V�`�3�A

�c�R�n�a�,�3 �/�3�c�,�a�C�U�j�C�R�N �7�a���L�3�s�R�a�G�W �c�3�a�q�3�c ���c �� �8�a���L�3�s�R�a�G �8�R�a �U�a�R�q�C�0�C�N�< �� �c�j���N�0���a�0�C�y�3�0 �s���w �j�R �0�3�c�,�a�C�$�3

�a�3�c�R�n�a�,�3�c �R�N �j�@�3 �s�3�$ ���N�0 �j�@�3 �a�3�I���j�C�R�N�c�@�C�U�c �$�3�j�s�3�3�N �j�@�3�L�Y �`�/�7 �b�,�@�3�L�� �V�`�/�7�A�b�W �$�n�C�I�0�c �R�N �`�/�7

�$�w �U�a�R�q�C�0�C�N�< �� �q�R�,���$�n�I���a�w �8�R�a �0�3�~�N�C�N�< �R�N�j�R�I�R�<�C�3�c ���N�0 �0�3�c�,�a�C�$�C�N�< �j�@�3 �c�3�L���N�j�C�,�c �R�8 �`�/�7 �0���j���Y �B�N

�,�R�L�U�n�j�3�a �c�,�C�3�N�,�3�. ���N �R�N�j�R�I�R�<�w �c�3�a�q�3�c ���c �� �0�3�c�,�a�C�U�j�C�q�3 �a�3�U�a�3�c�3�N�j���j�C�R�N �R�8 �j�@�3 �s�R�a�I�0�. �3�N�,�R�L�U���c�c�C�N�< ��

�q���a�C�3�j�w �R�8 �j�w�U�3�c�. �U�a�R�U�3�a�j�C�3�c�. ���N�0 �a�3�I���j�C�R�N�c�@�C�U �j�w�U�3�c �)�l�e�*�Y

�i�@�3 �r�3�$ �Q�N�j�R�I�R�<�w �H���N�<�n���<�3 �V�Q�r�H�W �)�f�S�* �C�c �� �0�3�c�,�a�C�U�j�C�R�N �I�R�<�C�,�A�$���c�3�0 �8�R�a�L���I �I���N�<�n���<�3 �s�@�C�,�@ �C�c

�� �L�R�a�3 �3�u�U�a�3�c�c�C�q�3 �I���N�<�n���<�3 �8�R�a �0�3�~�N�C�N�< �R�N�j�R�I�R�<�C�3�c ���N�0 �0�3�c�,�a�C�$�C�N�< �,�R�L�U�I�3�u �a�3�I���j�C�R�N�c�@�C�U�c �$�3�j�s�3�3�N

�a�3�c�R�n�a�,�3�c �R�N �j�@�3 �s�3�$�Y �Q�r�H ���I�I�R�s�c �8�R�a �L�R�a�3 �U�a�3�,�C�c�3 ���N�0 �0�3�j���C�I�3�0 �L�R�0�3�I�C�N�< �R�8 �0�R�L���C�N �G�N�R�s�I�3�0�<�3�Y

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

�0�a�C�q�3�N �a�n�I�3�c �V�C�Y�3�Y�. �L�3�,�@���N�C�c�L�c �j�R �C�N�8�3�a �0���j���W ���N�0 �\�n�3�a�C�3�c �V�C�Y�3�Y�. �L�3�,�@���N�C�c�L�c �j�R ���,�,�3�c�c �0���j���W�Y �7�R�a

�3�u���L�U�I�3�. �b�T���`�[�H �C�c �� �\�n�3�a�w �I���N�<�n���<�3 �8�R�a �R�N�j�R�I�R�<�C�3�c�. �U�a�R�q�C�0�C�N�< �U�R�s�3�a�8�n�I �,���U���$�C�I�C�j�C�3�c �8�R�a �c�3���a�,�@�C�N�<

���N�0 �a�3�j�a�C�3�q�C�N�< �C�N�8�R�a�L���j�C�R�N �8�a�R�L �`�/�7 �0���j���c�3�j�c�Y

�Q�N �j�R�U �R�8 �j�@�3 �b�3�L���N�j�C�, �r�3�$ �i�3�,�@�N�R�I�R�<�w �H���w�3�a �+���G�3 �V���I�c�R �G�N�R�s�N ���c �j�@�3 �b�3�L���N�j�C�, �r�3�$ �b�j���,�G�W�.

�s�3 �@���q�3 �m�N�C�8�w�C�N�< �H�R�<�C�,�. �s�@�C�,�@ �C�N�q�R�I�q�3�c �j�@�3 �n�c�3 �R�8 �8�R�a�L���I �I�R�<�C�, �j�R �a�3�U�a�3�c�3�N�j ���N�0 �a�3���c�R�N ���$�R�n�j �G�N�R�s�I�A

�3�0�<�3 �R�N �j�@�3 �b�3�L���N�j�C�, �r�3�$�Y �i�@�3 �U�a�R�R�8 �I���w�3�a �0�3���I�c �s�C�j�@ �L�3�,�@���N�C�c�L�c �8�R�a �<�3�N�3�a���j�C�N�< ���N�0 �q���I�C�0���j�C�N�<

�U�a�R�R�8�c �C�N �j�@�3 �b�3�L���N�j�C�, �r�3�$�Y �i�a�n�c�j �C�c �� �,�a�C�j�C�,���I ���c�U�3�,�j �R�8 �j�@�3 �b�3�L���N�j�C�, �r�3�$�. ���c �C�j �C�N�q�R�I�q�3�c ���c�c�3�c�c�A

�C�N�< �j�@�3 �a�3�I�C���$�C�I�C�j�w�. �,�a�3�0�C�$�C�I�C�j�w�. ���N�0 ���n�j�@�3�N�j�C�,�C�j�w �R�8 �C�N�8�R�a�L���j�C�R�N ���N�0 �c�R�n�a�,�3�c�Y �B�N �j�@�3 �,�R�N�j�3�u�j �R�8 �j�@�3

�b�3�L���N�j�C�, �r�3�$�. �0�C�<�C�j���I �c�C�<�N���j�n�a�3�c �,���N �$�3 ���U�U�I�C�3�0 �j�R �c�3�L���N�j�C�, �0���j���. �R�N�j�R�I�R�<�C�3�c�. �\�n�3�a�C�3�c�. ���N�0 �R�j�@�3�a

���a�j�C�8���,�j�c �j�R �U�a�R�q�C�0�3 ���c�c�n�a���N�,�3�c �a�3�<���a�0�C�N�< �j�@�3�C�a �R�a�C�<�C�N ���N�0 �C�N�j�3�<�a�C�j�w�Y �#�w �0�C�<�C�j���I�I�w �c�C�<�N�C�N�< �0���j�� ���N�0
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�0�R�,�n�L�3�N�j�c�. �C�N�0�C�q�C�0�n���I�c ���N�0 �R�a�<���N�C�y���j�C�R�N�c �,���N �3�c�j���$�I�C�c�@ �j�a�n�c�j �C�N �j�@�3 �C�N�8�R�a�L���j�C�R�N �3�u�,�@���N�<�3�0 �R�q�3�a �j�@�3

�s�3�$�. �j�@�3�a�3�$�w �3�N���$�I�C�N�< �c�3�,�n�a�3 �,�R�L�L�n�N�C�,���j�C�R�N�. �,�R�I�I���$�R�a���j�C�R�N�. ���N�0 �C�N�j�3�a���,�j�C�R�N �s�C�j�@�C�N �j�@�3 �b�3�L���N�j�C�,

�r�3�$ �3�N�q�C�a�R�N�L�3�N�j�Y

�S�Y�l�Y�F�N�R�s�I�3�0�<�3 �a�3�U�a�3�c�3�N�j���j�C�R�N

�r�3 �@���q�3 �0�C�c�,�n�c�c�3�0 �j�@���j �j�@�3 �L���C�N �<�R���I �R�8 �j�@�3 �b�3�L���N�j�C�, �r�3�$ �C�c �j�R �U�a�R�q�C�0�3 �� �L�3�,�@���N�C�c�L �8�R�a �,���U�A

�j�n�a�C�N�< �C�N�8�R�a�L���j�C�R�N �C�N �� �L���,�@�C�N�3�A�8�a�C�3�N�0�I�w �s���w�Y �r�3 �@���q�3 ���I�c�R �,�R�q�3�a�3�0 �j�@�3 �j�3�,�@�N�R�I�R�<�C�3�c �j�R ���,�@�C�3�q�3

�j�@�C�c�Y �M�R�s�. �j�@�3 �C�c�c�n�3 ���j �@���N�0 �C�c �@�R�s �j�R �a�3�U�a�3�c�3�N�j �j�@�3 �C�N�8�R�a�L���j�C�R�N �C�N �� �L���N�N�3�a �j�@���j �8���,�C�I�C�j���j�3�c �C�N�j�3�a�R�U�A

�3�a���$�C�I�C�j�w ���L�R�N�< �,�R�L�U�n�j�3�a�c�Y �F�N�R�s�I�3�0�<�3 �a�3�U�a�3�c�3�N�j���j�C�R�N �a�3�8�3�a�c �j�R �j�@�3 �U�a�R�,�3�c�c �R�8 �8�R�a�L���I�C�y�C�N�< �3�u�U�3�a�j

�G�N�R�s�I�3�0�<�3 �3�u�j�a���,�j�3�0 �8�a�R�L �0�R�,�n�L�3�N�j�c �R�a �C�N�j�3�a�q�C�3�s�c �C�N �� �c�j�a�n�,�j�n�a�3�0�. �,�R�L�U�n�j�3�a�A�a�3���0���$�I�3 �8�R�a�L�Y �i�@�3

�<�R���I �C�c �j�R �c�j�R�a�3 �G�N�R�s�I�3�0�<�3 �C�N �� �s���w �j�@���j �,���N �$�3 �3���c�C�I�w �c�@���a�3�0 ���N�0 �C�N�j�3�<�a���j�3�0 �$�3�j�s�3�3�N �3�N�j�3�a�U�a�C�c�3�c�Y

�F�N�R�s�I�3�0�<�3 �a�3�U�a�3�c�3�N�j���j�C�R�N �L�R�0�3�I�c�. �c�n�,�@ ���c �R�N�j�R�I�R�<�w�. �U�a�R�q�C�0�3 �� �n�N�C�\�n�3 �n�N�0�3�a�c�j���N�0�C�N�< �R�8 �G�N�R�s�I�3�0�<�3

�j�@�a�R�n�<�@ �8�R�a�L���I ���N�0 �c�3�L���N�j�C�, �0�3�~�N�C�j�C�R�N�c�. �L���G�C�N�< �j�@�3�L �c�n�C�j���$�I�3 �8�R�a �L���U�U�C�N�< �G�N�R�s�I�3�0�<�3 �R�$�j���C�N�3�0

�8�a�R�L �N���j�n�a���I �I���N�<�n���<�3 �0�R�,�n�L�3�N�j�c �)�k�:�*�Y �i�@�C�c �c�3�,�j�C�R�N �0�3�c�,�a�C�$�3�c �j�@�3 �L�R�c�j �a�3�I�3�q���N�j �c�j�a���j�3�<�C�3�c �j�R �a�3�U�a�3�A

�c�3�N�j �G�N�R�s�I�3�0�<�3�Y

�i�@�3 �a�3�c�3���a�,�@ �R�N �F�N�R�s�I�3�0�<�3 �`�3�U�a�3�c�3�N�j���j�C�R�N �V�F�`�W �,���N �$�3 �j�a���,�3�0 �$���,�G �j�R �j�@�3 �S�O�4�z�c�. �s�@�3�N �D�Y �K�w�A

�I�R�U�R�n�I�R�c �0�3�c�,�a�C�$�3�0 �j�@�3 �j�3�a�L�C�N�R�I�R�<�w ���N�0 �C�c�c�n�3�c ���c�c�R�,�C���j�3�0 �s�C�j�@ �F�` �)�f�9�*�Y �F�` �,���N �$�3 �n�N�0�3�a�c�j�R�R�0

���c �� �s���w �j�R �,���U�j�n�a�3 �3�u�U�3�a�j �G�N�R�s�I�3�0�<�3 �C�N �� �c�j�a�n�,�j�n�a�3�0 �8�R�a�L���j �j�@���j �,�R�L�U�n�j�3�a�c �,���N �U�a�R�,�3�c�c�Y �B�N �j�@�C�c

�,�R�N�j�3�u�j�. �C�j �C�c �N���j�n�a���I �j�R �R�$�c�3�a�q�3 �c�3�q�3�a���I �G�N�R�s�I�3�0�<�3 �~�3�I�0�c �U�a�R�U�R�c�C�N�< �0�C�{�3�a�3�N�j �L�3�j�@�R�0�c �j�R �,���U�j�n�a�3 �3�u�A

�U�3�a�j �G�N�R�s�I�3�0�<�3 �8�R�a �0�3�q�3�I�R�U�C�N�< �C�N�j�3�I�I�C�<�3�N�j �c�w�c�j�3�L�c�Y �7�R�a �C�N�c�j���N�,�3�. �C�N �j�@�3 �~�3�I�0 �R�8 �3�N�<�C�N�3�3�a�C�N�< �0�3�c�C�<�N�.

�j�@�3 �L�R�c�j �a�3�I�3�q���N�j �F�` �c�j�a���j�3�<�C�3�c �C�N�,�I�n�0�3 �;�3�a�R���c �8�n�N�,�j�C�R�N���I �$�3�@���q�C�R�a �c�j�a�n�,�j�n�a�3 �V�7�#�b�W �L�R�0�3�I�. �s�@�C�,�@

�,�R�L�$�C�N�3�c �j�@�3 �L���C�N �,�R�L�U�R�N�3�N�j�c �C�N�q�R�I�q�3�0 �C�N �3�N�<�C�N�3�3�a�C�N�< �0�3�c�C�<�N ���,�j�C�q�C�j�C�3�c �)�l�O�*�. �j�@�3 �7�n�N�,�j�C�R�N���I �`�3�U�A

�a�3�c�3�N�j���j�C�R�N �V�7�`�W �L�R�0�3�I�. ���N�0 �j�@�3 �b�j�a�n�,�j�n�a���I �#�3�@���q�C�R�a �7�n�N�,�j�C�R�N �V�b�#�7�W �L�R�0�3�I�. �s�@�C�,�@ ���a�3 �c�C�L�C�I���a �j�R

�j�@�3 �7�#�b �L�R�0�3�I ���N�0 �@���q�3 ���j�j�a���,�j�3�0 �j�@�3 ���j�j�3�N�j�C�R�N �R�8 �L���N�w �c�,�@�R�I���a�c �)�e�.�k�z�*�Y ���0�0�C�j�C�R�N���I�I�w�. �n�j�C�I�C�y�C�N�<

�8�n�y�y�w �,�R�L�U�a�3�@�3�N�c�C�q�3 �3�q���I�n���j�C�R�N �j�R �E�n�0�<�3 �j�@�3 �R�U�j�C�L���I �a�3�U�a�3�c�3�N�j���j�C�R�N �L�3�j�@�R�0 �8�R�a �G�N�R�s�I�3�0�<�3�. �s�@�C�,�@

�C�N�,�I�n�0�3�c �F�;�c�. �B�7�A�i�?�2�M �U�a�R�0�n�,�j�C�R�N �a�n�I�3�c�. ���N�0 �j�s�R�A�0�C�L�3�N�c�C�R�N���I �0���j�� �I�C�N�G�3�0 �I�C�c�j�c �)�k�:�*�Y

���N�R�j�@�3�a �~�3�I�0 �R�8 �c�j�n�0�w �j�@���j �@���c �U�a�R�U�R�c�3�0 �0�C�{�3�a�3�N�j �s���w�c �j�R �a�3�U�a�3�c�3�N�j �G�N�R�s�I�3�0�<�3 �C�c �a�R�$�R�j�C�,�c�Y �i�@�3

�c�n�a�q�3�w �U�a�3�c�3�N�j�3�0 �C�N �)�e�S�* �C�N�j�a�R�0�n�,�3�c �j�@�3 �,�R�N�,�3�U�j �R�8 �R�N�j�R�I�R�<�w ���c �� �L�3�j�@�R�0 �8�R�a �R�a�<���N�C�y�C�N�< �G�N�R�s�I�3�0�<�3�Y

�B�j �@�C�<�@�I�C�<�@�j�c �j�@���j �j�@�3 �U�a�C�L���a�w �U�n�a�U�R�c�3 �R�8 �G�N�R�s�I�3�0�<�3 �a�3�U�a�3�c�3�N�j���j�C�R�N �V�F�`�W �C�N �a�R�$�R�j�C�,�c �C�c �j�R �U�a�R�q�C�0�3

�e
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�L�3���N�C�N�< �j�R �� �a�R�$�R�j���c ���,�j�C�R�N�c ���N�0 �C�j�c �n�N�0�3�a�c�j���N�0�C�N�< �R�8 �j�@�3 �3�N�q�C�a�R�N�L�3�N�j�Y �B�j �C�c �,�a�n�,�C���I �8�R�a �$�n�C�I�0�C�N�<

���N �3�{�3�,�j�C�q�3 �F�` ���c �C�j �@�3�I�U�c �j�@�3 �a�R�$�R�j �n�N�0�3�a�c�j���N�0 �j�@�3 �,�R�N�c�3�\�n�3�N�,�3�c �R�8 �C�j�c ���,�j�C�R�N�c�. �L���G�3 �0�3�,�C�c�C�R�N�c�.

���N�0 �U�I���N �C�j�c �j���c�G�c �3�{�3�,�j�C�q�3�I�w�Y �F�` �C�N�q�R�I�q�3�c �a�3�U�a�3�c�3�N�j�C�N�< �L�R�j�C�R�N�c �R�a �c�G�C�I�I�c �8�R�a �j���c�G �U�I���N�N�C�N�<�. �C�N�j�3�A

�<�a���j�C�N�< �U�3�a�,�3�U�j�C�R�N �c�w�c�j�3�L�c �j�R �I�R�,���I�C�y�3 �R�$�E�3�,�j�c ���N�0 �,�R�L�L�n�N�C�,���j�3 �s�C�j�@ �R�j�@�3�a�c�. �<�a�R�n�N�0�C�N�< �U�3�a�,�3�U�j�C�R�N

�R�a �,�R�N�j�a�R�I �j�R �I�R�<�C�,���I �c�j���j�3�L�3�N�j�c �8�R�a �U�a�R�$�I�3�L�A�c�R�I�q�C�N�<�. �a�3�j���C�N�C�N�< �3�u�U�3�a�C�3�N�,�3�c ���c �$�3�I�C�3�8�c �j�R �a�3�U�a�3�c�3�N�j

�n�N�,�3�a�j���C�N�j�w�. �,�R�L�L�C�j�j�C�N�< ���,�\�n�C�a�3�0 �G�N�R�s�I�3�0�<�3 �8�R�a �a�3�A�n�c�3�. ���N�0 �0�3�~�N�C�N�< �j�@�3 �3�N�q�C�a�R�N�L�3�N�j �C�N �s�@�C�,�@ �j�@�3

�a�R�$�R�j �R�U�3�a���j�3�c�Y �B�N �)�e�S�*�. �j�@�3 �,�R�N�,�3�U�j �R�8�R�N�j�R�I�R�<�w�C�c �C�N�j�a�R�0�n�,�3�0 ���c �� �L�3���N�c �R�8 �R�a�<���N�C�y�C�N�< �� �0�3�~�N�3�0

�c�3�j �R�8 �j�3�a�L�c �R�a �I���N�<�n���<�3�Y �i�@�3 �R�$�E�3�,�j�C�q�3 �R�8 ���N �R�N�j�R�I�R�<�w �C�c �j�R �3�c�j���$�I�C�c�@ �� �8�a���L�3�s�R�a�G �R�8 �,�R�N�,�3�U�j�c

���N�0 �j�3�a�L�c �j�@���j �,�@���a���,�j�3�a�C�y�3 ���N�0 �0�3�c�,�a�C�$�3 �j�@�3 �R�U�3�a���j�C�R�N���I �0�R�L���C�N �R�8 �j�@�3 �a�R�$�R�j �C�N �� �8�R�a�L���j �j�@���j �C�c

�,�R�L�U�a�3�@�3�N�c�C�$�I�3 �j�R �@�n�L���N�c ���c �s�3�I�I�Y

�S�Y�l�Y�S�T�a�R�U�R�c�C�j�C�R�N���I �H�R�<�C�,

�Q�N �j�@�3 �R�j�@�3�a �@���N�0�. �� �G�N�R�s�I�3�0�<�3 �$���c�3 �C�c �� �a�3�U�R�c�C�j�R�a�w �R�a �0���j���$���c�3 �j�@���j �c�j�R�a�3�c �G�N�R�s�I�3�0�<�3 �C�N �� �c�j�a�n�,�A

�j�n�a�3�0 �8�R�a�L���j�. �j�w�U�C�,���I�I�w �n�c�C�N�< �� �c�U�3�,�C�~�, �G�N�R�s�I�3�0�<�3 �a�3�U�a�3�c�3�N�j���j�C�R�N �I���N�<�n���<�3 �R�a �8�R�a�L���I�C�c�L�Y �� �G�N�R�s�I�A

�3�0�<�3 �$���c�3 �L���w �,�R�N�j���C�N �q���a�C�R�n�c �j�w�U�3�c �R�8 �G�N�R�s�I�3�0�<�3�. �c�n�,�@ ���c �8���,�j�n���I �C�N�8�R�a�L���j�C�R�N�. �0�R�L���C�N�A�c�U�3�,�C�~�,

�a�n�I�3�c�. �R�N�j�R�I�R�<�C�3�c�. ���N�0 �I�R�<�C�,���I �a�3�I���j�C�R�N�c�@�C�U�c�. �R�a�<���N�C�y�3�0 �C�N �� �s���w �j�@���j �8���,�C�I�C�j���j�3�c �3�|�,�C�3�N�j �a�3�j�a�C�3�q���I ���N�0

�L���N�C�U�n�I���j�C�R�N �$�w �,�R�L�U�n�j���j�C�R�N���I �c�w�c�j�3�L�c�Y �i�@�3 �U�a�C�L���a�w �I���N�<�n���<�3 �R�8 �,�I���c�c�C�,���I �I�R�<�C�, �n�c�3�0 �C�N �G�N�R�s�I�A

�3�0�<�3 �a�3�U�a�3�c�3�N�j���j�C�R�N �C�c �~�a�c�j�A�R�a�0�3�a �V�U�a�3�0�C�,���j�3�W �I�R�<�C�,�. ���c ���0�q�R�,���j�3�0 �$�w �D�R�@�N �K�,�+���a�j�@�w �)�9�O�* ���N�0 ���I���N

�`�R�$�C�N�c�R�N �)�e�O�*�Y

�2�u���L�U�I�3 �S�F�N�R�s�I�3�0�<�3 �`�3�U�a�3�c�3�N�j���j�C�R�N �s�C�j�@ �U�a�R�U�R�c�C�j�C�R�N���I �I�R�<�C�,�Y �H�3�j���c �c���w �s�3 �s���N�j �j�R �a�3�U�a�3�c�3�N�j �j�@�3

�c�j���j�3�L�3�N�j�-�B�8 �C�j �C�c �a���C�N�C�N�<�. �j�@�3�N �B �s�C�I�I �j���G�3 �L�w �n�L�$�a�3�I�I���B�N �U�a�R�U�R�c�C�j�C�R�N���I �I�R�<�C�,�. �s�3 �,���N �a�3�U�a�3�c�3�N�j

�j�@�C�c �c�j���j�3�L�3�N�j �n�c�C�N�< �U�a�R�U�R�c�C�j�C�R�N�c�-

�Ë�T�- �B�j �C�c �a���C�N�C�N�<�Y

�Ë�[�- �B �s�C�I�I �j���G�3 �L�w �n�L�$�a�3�I�I���Y

�i�@�3 �c�j���j�3�L�3�N�j�B�8 �C�j �C�c �a���C�N�C�N�<�. �j�@�3�N �B �s�C�I�I �j���G�3 �L�w �n�L�$�a�3�I�I���,���N �$�3 �a�3�U�a�3�c�3�N�j�3�0 ���c �j�@�3 �C�L�U�I�C�,���j�C�R�N

P ! Q�Y
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�S�Y�l�Y�l�7�C�a�c�j�A�R�a�0�3�a �I�R�<�C�,

�7�C�a�c�j�A�R�a�0�3�a �8�R�a�L�n�I���c ���a�3 �3�c�c�3�N�j�C���I �8�R�a �a�3�U�a�3�c�3�N�j�C�N�< �0�3�,�I���a���j�C�q�3 �G�N�R�s�I�3�0�<�3 ���N�0 �8�R�a ���n�j�R�L���j�3�0

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

�C�N�j�3�a�3�c�j �0�n�3 �j�R �j�@�3 �0�3�q�3�I�R�U�L�3�N�j �R�8 �8���c�j �c���j�C�c�~���$�C�I�C�j�w �c�R�I�q�3�a�c �)�9�l�*�Y

�2�u���L�U�I�3 �l�F�N�R�s�I�3�0�<�3 �`�3�U�a�3�c�3�N�j���j�C�R�N �s�C�j�@ �~�a�c�j�A�R�a�0�3�a �I�R�<�C�,�Y �M�R�s�. �I�3�j���c �,�R�N�c�C�0�3�a �� �c�I�C�<�@�j�I�w �L�R�a�3

�,�R�L�U�I�3�u �c�,�3�N���a�C�R �s�@�3�a�3 �s�3 �s���N�j �j�R �a�3�U�a�3�c�3�N�j �j�@�3 �a�3�I���j�C�R�N�c�@�C�U�c �$�3�j�s�3�3�N �U�3�R�U�I�3 ���N�0 �j�@�3�C�a ���<�3�c�-

�r�3 �@���q�3 �� �c�3�j �R�8 �U�a�3�0�C�,���j�3�c�-

�Ë�T�V�u�W�- �u �C�c �� �U�3�a�c�R�N�Y

�Ë���V�u�W�- �u �C�c ���N ���0�n�I�j�Y

�Ë�+�V�u�. �w�W�- �u �C�c �j�@�3 �,�@�C�I�0 �R�8 �w�Y

���N�0 �,�R�N�c�j���N�j�c�-

�Ë���I�C�,�3

�Ë�#�R�$

�Ë�+�@���a�I�C�3

�r�3 �,���N �a�3�U�a�3�c�3�N�j �j�@�3 �G�N�R�s�I�3�0�<�3 �j�@���j ���I�C�,�3 ���N�0 �#�R�$ ���a�3 ���0�n�I�j�c ���c�-

A(Alice) ^ A(Bob)

���N�0 �j�@�3 �G�N�R�s�I�3�0�<�3 �j�@���j �+�@���a�I�C�3 �C�c �j�@�3 �,�@�C�I�0 �R�8 ���I�C�,�3 ���N�0 �#�R�$ ���c�-

C(Charlie; Alice ) ^ C(Charlie; Bob)

�S�Y�l�Y�k�/�3�c�,�a�C�U�j�C�R�N �I�R�<�C�,�c

�/�3�c�,�a�C�U�j�C�R�N �I�R�<�C�,�c �V�/�H�c�W �)�:�.�f�.�S�:�* ���a�3 �� �8���L�C�I�w �R�8 �G�N�R�s�I�3�0�<�3 �a�3�U�a�3�c�3�N�j���j�C�R�N �I���N�<�n���<�3�c �0�3�c�C�<�N�3�0

�j�R �c�j�a�n�,�j�n�a�3 ���N�0 �8�R�a�L���I�C�y�3 �G�N�R�s�I�3�0�<�3 �C�N �c�U�3�,�C�~�, �0�R�L���C�N�c�Y �i�@�3�w �n�j�C�I�C�y�3 �,�R�N�,�3�U�j �0�3�c�,�a�C�U�j�C�R�N�c�. �s�@�C�,�@

���a�3 �3�u�U�a�3�c�c�C�R�N�c �,�R�N�c�j�a�n�,�j�3�0 �8�a�R�L ���j�R�L�C�, �,�R�N�,�3�U�j�c ���N�0 �a�R�I�3�c �n�c�C�N�< �,�R�N�c�j�a�n�,�j�R�a�c �U�a�R�q�C�0�3�0 �$�w �j�@�3 �/�H�Y

�/�H�c ���a�3 �0�C�c�j�C�N�<�n�C�c�@�3�0 �8�a�R�L �3���a�I�C�3�a ���U�U�a�R���,�@�3�c �I�C�G�3 �c�3�L���N�j�C�, �N�3�j�s�R�a�G�c ���N�0 �8�a���L�3�c �$�w �j�@�3�C�a �8�R�a�L���I�.
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�I�R�<�C�,�A�$���c�3�0 �c�3�L���N�j�C�,�c�. �R�{�3�a�C�N�< �� �s�3�I�I�A�n�N�0�3�a�c�j�R�R�0 �8�a���L�3�s�R�a�G �8�R�a �a�3�U�a�3�c�3�N�j�C�N�< �0�R�L���C�N �G�N�R�s�I�3�0�<�3

�)�9�*�Y

�B�N �0�3�c�,�a�C�U�j�C�R�N �I�R�<�C�,�c�. �,�R�N�,�3�U�j �0�3�c�,�a�C�U�j�C�R�N�c ���a�3 �n�c�3�0 �j�R �,�R�N�c�j�a�n�,�j �c�j���j�3�L�3�N�j�c �s�C�j�@�C�N �� �G�N�R�s�I�3�0�<�3

�$���c�3�. �s�@�C�,�@ �,�R�N�c�C�c�j�c �R�8 �j�s�R �L���C�N �U���a�j�c�- �� �j�3�a�L�C�N�R�I�R�<�C�,���I �U���a�j �V�i�#�R�u�W ���N�0 ���N ���c�c�3�a�j�C�R�N���I �U���a�j �V���#�R�u�W�Y

�i�@�3 �i�#�R�u ���I�I�R�s�c �8�R�a �j�@�3 �0�3�c�,�a�C�U�j�C�R�N �R�8 �a�3�I�3�q���N�j �N�R�j�C�R�N�c �C�N �j�@�3 �0�R�L���C�N �$�w �c�U�3�,�C�8�w�C�N�< �U�a�R�U�3�a�j�C�3�c �R�8

�,�R�N�,�3�U�j�c ���N�0 �a�R�I�3�c�. ���c �s�3�I�I ���c �a�3�I���j�C�R�N�c�@�C�U�c �$�3�j�s�3�3�N �j�@�3�L �)�9�*�Y �2�c�c�3�N�j�C���I�I�w�. �j�@�3 �i�#�R�u �8�n�N�,�j�C�R�N�c �c�C�L�C�A

�I���a�I�w �j�R �� �c�,�@�3�L�� �C�N �� �0���j���$���c�3 �c�3�j�j�C�N�<�. �U�a�R�q�C�0�C�N�< �� �c�j�a�n�,�j�n�a�3�0 �8�a���L�3�s�R�a�G �8�R�a �0�3�~�N�C�N�< ���N�0 �R�a�<���N�C�y�C�N�<

�G�N�R�s�I�3�0�<�3 �s�C�j�@�C�N �j�@�3 �0�R�L���C�N�Y �Q�N �j�@�3 �R�j�@�3�a �@���N�0�. �j�@�3 ���#�R�u �C�c �j�@�3���c�c�3�a�j�C�R�N���I�U���a�j �R�8 �j�@�3 �G�N�R�s�I�3�0�<�3

�$���c�3 ���N�0 �C�j �C�c �n�c�3�0 �j�R �0�3�c�,�a�C�$�3 �� �,�R�N�,�a�3�j�3 �c�C�j�n���j�C�R�N �$�w �c�j���j�C�N�< �U�a�R�U�3�a�j�C�3�c �R�8 �C�N�0�C�q�C�0�n���I�c �)�9�*�Y

�#�3�8�R�a�3 �0�3�I�q�3 �C�N�j�R ���N �3�u���L�U�I�3 �R�8 �a�3�U�a�3�c�3�N�j�C�N�< �G�N�R�s�I�3�0�<�3 �s�C�j�@ �/�H�. �I�3�j���c ���N���I�w�y�3 �$�a�C�3�•�w �j�@�3 �8�n�N�A

�0���L�3�N�j���I�c �R�8 �j�@�3 �/�H �c�w�N�j���u�Y �i�@�C�c �0�3�c�,�a�C�U�j�C�R�N �n�j�C�I�C�y�3�c �$�R�R�I�3���N �,�R�N�c�j�a�n�,�j�R�a�c �c�n�,�@ ���c �,�R�N�E�n�N�,�j�C�R�N

�Vu�W�. �0�C�c�E�n�N�,�j�C�R�N �Vt �W�. ���N�0 �N�3�<���j�C�R�N �V: �W�. ���I�R�N�< �s�C�j�@ �3�u�C�c�j�3�N�j�C���I �V9�a�Y�+�W ���N�0 �n�N�C�q�3�a�c���I �V8�a�Y�+�W �a�3�c�j�a�C�,�j�C�R�N

�,�R�N�c�j�a�n�,�j�R�a�c�Y �i�@�3 �/�H �c�w�N�j���u ���I�c�R �C�N�,�I�n�0�3�c �a�3�I���j�C�R�N�c�@�C�U �R�U�3�a���j�R�a�c �c�n�,�@ ���c �j�@�3 �R�U�3�a���j�R�av �. �s�@�C�,�@

�a�3�U�a�3�c�3�N�j�c �� �c�n�$�c�n�L�U�j�C�R�N �a�3�I���j�C�R�N�c�@�C�U�Y �B�j �0�3�N�R�j�3�c �j�@���j �R�N�3 �,�R�N�,�3�U�j �C�c �� �c�n�$�A�,�R�N�,�3�U�j �R�8 ���N�R�j�@�3�a �,�R�N�A

�,�3�U�j�. �L�3���N�C�N�< �j�@���j ���I�I �C�N�c�j���N�,�3�c �R�8 �j�@�3 �~�a�c�j �,�R�N�,�3�U�j ���a�3 ���I�c�R �C�N�c�j���N�,�3�c �R�8 �j�@�3 �c�3�,�R�N�0 �,�R�N�,�3�U�j�Y �i�@�3�c�3

�,�R�N�c�j�a�n�,�j�R�a�c ���I�I�R�s �8�R�a �j�@�3 �c�U�3�,�C�~�,���j�C�R�N �R�8 �,�R�L�U�I�3�u �a�3�I���j�C�R�N�c�@�C�U�c ���N�0 �,�R�N�c�j�a���C�N�j�c �s�C�j�@�C�N �� �G�N�R�s�I�3�0�<�3

�a�3�U�a�3�c�3�N�j���j�C�R�N �8�a���L�3�s�R�a�G�Y

�2�u���L�U�I�3 �k�F�N�R�s�I�3�0�<�3 �`�3�U�a�3�c�3�N�j���j�C�R�N �s�C�j�@ �/�3�c�,�a�C�U�j�C�R�N �I�R�<�C�,�c�Y �H�3�j���c �c���w �s�3 �s���N�j �j�R �a�3�U�a�3�c�3�N�j

�G�N�R�s�I�3�0�<�3 ���$�R�n�j ���N�C�L���I�c �C�N �� �y�R�R�Y �r�3���I�I �0�3�~�N�3 �c�R�L�3 �$���c�C�, �,�R�N�,�3�U�j�c ���N�0 �a�3�I���j�C�R�N�c�@�C�U�c �n�c�C�N�< �/�H�-

���W�+�R�N�,�3�U�j�c�-

�Ë���N�C�L���I�- �� �<�3�N�3�a���I �,�R�N�,�3�U�j �a�3�U�a�3�c�3�N�j�C�N�< ���I�I ���N�C�L���I�c�Y

�Ë�K���L�L���I�- �� �c�n�$�A�,�R�N�,�3�U�j �R�8 ���N�C�L���I �a�3�U�a�3�c�3�N�j�C�N�< �L���L�L���I�c�Y

�Ë�#�C�a�0�- �� �c�n�$�A�,�R�N�,�3�U�j �R�8 ���N�C�L���I �a�3�U�a�3�c�3�N�j�C�N�< �$�C�a�0�c�Y

�$�W�`�R�I�3�c�-

�Ë�@���c�+�R�I�R�a�- �� �$�C�N���a�w �a�3�I���j�C�R�N �a�3�U�a�3�c�3�N�j�C�N�< �j�@�3 �,�R�I�R�a �R�8 ���N ���N�C�L���I�Y

�Ë�3���j�c�- �� �$�C�N���a�w �a�3�I���j�C�R�N �a�3�U�a�3�c�3�N�j�C�N�< �j�@�3 �0�C�3�j �R�8 ���N ���N�C�L���I�Y

�M�R�s�. �I�3�j���c �a�3�U�a�3�c�3�N�j �c�R�L�3 �G�N�R�s�I�3�0�<�3 �n�c�C�N�< �j�@�3�c�3 �,�R�N�,�3�U�j�c ���N�0 �a�R�I�3�c�-

�S�z
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���W�i�3�a�L�C�N�R�I�R�<�C�,���I �U���a�j �V�i�#�R�u�W�-

�Ë���N�C�L���Iv 9 �@���c�+�R�I�R�a�Y

�Ë�K���L�L���Iv ���N�C�L���I�Y

�Ë�#�C�a�0v ���N�C�L���I�Y

�Ë�K���L�L���Iu 9�3���j�c�Y�T�I���N�j�cv �?�3�a�$�C�q�R�a�3�- �i�@�C�c �c�j���j�3�c �j�@���j �L���L�L���I�c �j�@���j �3���j �U�I���N�j�c ���a�3

�@�3�a�$�C�q�R�a�3�c�Y

�Ë�K���L�L���Iu 9 �3���j�c�Y�B�N�c�3�,�j�cv �+���a�N�C�q�R�a�3�- �i�@�C�c �c�j���j�3�c �j�@���j �L���L�L���I�c �j�@���j �3���j �C�N�c�3�,�j�c ���a�3

�,���a�N�C�q�R�a�3�c�Y

�$�W���c�c�3�a�j�C�R�N���I �U���a�j �V���#�R�u�W�-

�Ë�i�C�<�3�a�- �� �N���L�3�0 �C�N�0�C�q�C�0�n���I �a�3�U�a�3�c�3�N�j�C�N�< �� �j�C�<�3�a�Y

�Ë�i�C�<�3�av �K���L�L���I�- �i�@�C�c ���c�c�3�a�j�c �j�@���j �� �j�C�<�3�a �C�c �� �L���L�L���I�Y

�Ë�i�C�<�3�av 9 �@���c�+�R�I�R�a�Y�Q�a���N�<�3�- �i�@�C�c ���c�c�3�a�j�c �j�@���j �� �j�C�<�3�a �C�c �R�a���N�<�3 �C�N �,�R�I�R�a�Y

�Ë�i�C�<�3�av 9 �3���j�c�Y�K�3���j�- �i�@�C�c ���c�c�3�a�j�c �j�@���j �� �j�C�<�3�a �3���j�c �L�3���j�Y

�S�Y�k�Y�F�N�R�s�I�3�0�<�3 �;�a���U�@�c�- �� �7�n�N�0���L�3�N�j���I �2�u�U�a�3�c�c�C�R�N �R�8 �j�@�3 �b�3�L���N�j�C�,

�r�3�$

���c �s�3 �0�C�c�,�n�c�c�3�0 �U�a�3�q�C�R�n�c�I�w�. �j�@�3 �b�3�L���N�j�C�, �r�3�$ �C�c �0�3�U�3�N�0�3�N�j �R�N �c�j���N�0���a�0�c ���N�0 �j�3�,�@�N�R�I�R�<�C�3�c

�8���,�C�I�C�j���j�C�N�< �j�@�3 �a�3�U�a�3�c�3�N�j���j�C�R�N�. �3�u�,�@���N�<�3�. ���N�0 �C�N�8�3�a�3�N�,�3 �R�8 �c�3�L���N�j�C�, �0���j���. �C�N�,�I�n�0�C�N�<�- �`�/�7�. �Q�r�H�.

�b�T���`�[�H�Y �+�R�N�q�3�a�c�3�I�w�. �� �F�; �c�3�a�q�3�c ���c �� �L�3�j�@�R�0 �8�R�a �3�N�,�R�0�C�N�< ���N�0 �c�j�R�a�C�N�< �G�N�R�s�I�3�0�<�3 �C�N �� �8�R�a�L���j

�a�3���0���$�I�3 �$�w �L���,�@�C�N�3�c�. �3�L�U�I�R�w�C�N�< �� �<�a���U�@ �c�j�a�n�,�j�n�a�3 �,�R�L�U�a�C�c�C�N�< �N�R�0�3�c ���N�0 �3�0�<�3�c�Y �M�R�0�3�c �0�3�N�R�j�3

�3�N�j�C�j�C�3�c �R�a �,�R�N�,�3�U�j�c�. �s�@�C�I�3 �3�0�<�3�c �c�C�<�N�C�8�w �a�3�I���j�C�R�N�c�@�C�U�c �R�a �U�a�R�U�3�a�j�C�3�c ���L�R�N�< �j�@�3�L �)�k�9�*�Y

�B�j �C�c �N���j�n�a���I �j�R �U�3�a�,�3�C�q�3 �F�;�c ���c �U���a�j �R�8 �j�@�3 �b�3�L���N�j�C�, �r�3�$ �c�j���,�G �c�C�N�,�3 �j�@�3�w �3�N�,�R�0�3 �3�u�U�3�a�j �G�N�R�s�I�A

�3�0�<�3 �C�N �� �L���N�N�3�a �j�@���j �L���,�@�C�N�3�c �,���N �n�j�C�I�C�y�3 �8�R�a �a�3���c�R�N�C�N�< ���N�0 �C�N�8�3�a�3�N�,�3 �U�n�a�U�R�c�3�c�Y �+�3�a�j���C�N �0�3�~�N�C�j�C�R�N�c

�,�@���a���,�j�3�a�C�y�3 �� �F�; ���c �� �G�N�R�s�I�3�0�<�3 �$���c�3 �c�j�a�n�,�j�n�a�3�0 �C�N �� �<�a���U�@ �8�R�a�L���j �)�f�4�.�4�e�*�Y �B�N �j�@�C�c �s�R�a�G�. �s�3 �,�R�N�A

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

�j�@�3 �G�N�R�s�I�3�0�<�3 �$���c�3 �8�R�a �� �F�;�Y �2�c�c�3�N�j�C���I�I�w�. �F�;�c �,���N �$�3 �U�3�a�,�3�C�q�3�0 ���c ���N ���c�c�3�L�$�I���<�3 �R�8 �8���,�j�c �c�j�a�n�,�j�n�a�3�0

���c�I�b�m�#�D�2�+�i�-�T�`�2�/�B�+���i�2�-�Q�#�D�2�+�i�=�Y �i�@�3�c�3 �,�R�I�I�3�,�j�C�R�N�c ���a�3 �j�w�U�C�,���I�I�w �a�3�U�a�3�c�3�N�j�3�0 �C�N �I���N�<�n���<�3�c �c�n�,�@

�S�S
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���c �`�/�7�. �Q�r�H�. �R�a �M�A�i�a�C�U�I�3�c�. �j�@�3 �I���j�j�3�a �$�3�C�N�< �� �c�n�$�c�3�j �R�8 �j�@�3 �L�R�a�3 �C�N�j�a�C�,���j�3 �`�/�7�g�t�K�H �c�w�N�j���u�Y �M�A

�i�a�C�U�I�3�c �C�c �0�3�c�C�<�N�3�0 �j�R �$�3 �$�R�j�@ �@�n�L���N�A�a�3���0���$�I�3 ���N�0 �L���,�@�C�N�3�A�a�3���0���$�I�3�. �3�L�U�I�R�w�C�N�< �� �U�I���C�N �j�3�u�j �8�R�a�L���j

�j�@���j �0�3�I�C�N�3���j�3�c �`�/�7 �c�j���j�3�L�3�N�j�c �n�c�C�N�< �c�n�$�E�3�,�j�A�U�a�3�0�C�,���j�3�A�R�$�E�3�,�j �j�a�C�U�I�3�c�. �s�C�j�@ �3���,�@ �3�I�3�L�3�N�j �c�3�U���a���j�3�0

�$�w �s�@�C�j�3 �c�U���,�3 ���N�0 �,�R�N�,�I�n�0�3�0 �$�w �� �U�3�a�C�R�0�Y

�i�@�3 �b�3�L���N�j�C�, �r�3�$ �3�L�$�R�0�C�3�c �� �q�C�c�C�R�N �R�8 �� �0�C�<�C�j���I�I�w �C�N�j�3�a�,�R�N�N�3�,�j�3�0 �3�N�q�C�a�R�N�L�3�N�j �s�@�3�a�3 �0���j�� �C�c

�R�a�<���N�C�y�3�0�. �I�C�N�G�3�0�. ���N�0 �,�R�L�U�a�3�@�3�N�c�C�$�I�3 �j�R �$�R�j�@ �L���,�@�C�N�3�c ���N�0 �@�n�L���N�c�Y �r�@�C�I�3 �F�;�c �c�3�a�q�3 ���c �� �L�3�j�@�R�0

�8�R�a �a�3�U�a�3�c�3�N�j�C�N�< ���N�0 �c�j�a�n�,�j�n�a�C�N�< �G�N�R�s�I�3�0�<�3 �C�N ���I�C�<�N�L�3�N�j �s�C�j�@ �C�j�c �U�a�C�N�,�C�U�I�3�c ���N�0 �j�3�,�@�N�R�I�R�<�C�3�c�Y

�7�C�<�n�a�3 �S�Y�l�- �b�L���I�I �<�a�R�n�U �R�8 �,�R�N�,�3�U�j�c ���N�0 �C�N�c�j���N�,�3�c �3�u�j�a���,�j�3�0 �8�a�R�L �/�#�T�3�0�C���Y

�7�R�I�I�R�s�C�N�< �0�3�c�,�a�C�U�j�C�R�N �I�R�<�C�, �j�3�a�L�C�N�R�I�R�<�w�. �G�N�R�s�I�3�0�<�3 �$���c�3�c �,�R�N�c�C�c�j �R�8 �j�s�R �j�w�U�3�c �R�8 ���u�C�R�L�c�- ��

�j�3�a�L�C�N�R�I�R�<�w �$�R�u �V�i�#�R�u�W ���N�0 ���N ���c�c�3�a�j�C�R�N �$�R�u �V���#�R�u�W �)�k�f�*�Y �i�@�3�a�3�8�R�a�3�. �� �F�; �c�@�R�n�I�0 �C�N�,�R�a�U�R�a���j�3

�$�R�j�@ �c�3�j�c �R�8 ���u�C�R�L�c �j�R �\�n���I�C�8�w ���c �� �G�N�R�s�I�3�0�<�3 �$���c�3�Y �7�C�<�n�a�3�S�Y�l�C�I�I�n�c�j�a���j�3�c �j�@�3 �c�3�j�c �i�#�R�u ���N�0 ���#�R�u

�,�R�L�U�a�C�c�C�N�< �� �<�a�R�n�U �R�8 �3�N�j�C�j�C�3�c ���N�0 �a�3�I���j�C�R�N�c�@�C�U�c �c�R�n�a�,�3�0 �8�a�R�L �/�#�T�3�0�C�� �)�k�*�S�Y �r�C�j�@�C�N �F�;�c�. �R�N�j�R�I�R�<�w

�,�I���c�c�3�c �V�3�Y�<�Y�.�/�#�Q�,�"�Q�Q�F�R�a�/�#�Q�,�J�Q�p�B�2�W �,�R�a�a�3�c�U�R�N�0 �j�R �j�@�3 �i�#�R�u�. �0�3�I�C�N�3���j�C�N�< �,�R�N�,�3�U�j �@�C�3�a���a�,�@�C�3�c�Y

�Q�N �j�@�3 �R�j�@�3�a �@���N�0�. �R�N�j�R�I�R�<�w �C�N�c�j���N�,�3�c �,�R�a�a�3�c�U�R�N�0 �j�R �j�@�3 ���#�R�u�. �0�3�c�,�a�C�$�C�N�< �3�N�j�C�j�w �C�N�c�j���N�,�3�c �V�3�Y�<�Y�.
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�j�R�U�C�,�c �I�C�N�G�3�0 �j�R �j�@�3 �U�a�R�,�3�c�c �j�R �<�3�N�3�a���j�3 �c�3�L���N�j�C�, �L���U�c �0�3�I�C�N�3���j�3�0 �C�N �j�@�C�c �0�R�,�n�L�3�N�j�Y

�/�3�~�N�C�j�C�R�N �S �V�F�N�R�s�I�3�0�<�3 �;�a���U�@�W�H�3�jV �j�@�3 �c�3�j �R�8 �3�N�j�C�j�C�3�c�. �s�@�3�a�3 �3���,�@ �3�N�j�C�j�wv 2 V �,���N �$�3 �n�N�C�\�n�3�I�w
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�G�N�R�s�I�3�0�<�3 �<�a���U�@�Y �2���,�@ �I���$�3�Il 2 L �a�3�U�a�3�c�3�N�j�c �� �c�U�3�,�C�~�, �U�a�R�U�3�a�j�w �R�a �,�@���a���,�j�3�a�C�c�j�C�, �R�8 ���N �3�N�j�C�j�w�Y �H�3�j
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