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Abstract

The rise of the Internet of Things (IoT) has enabled seamless data capturing, processing, and

analysis from the physical world and remote control of interconnected devices. However, due to

complexdevelopmentprocesses, its potential remains largelyuntappedbynon-expertusers. This

thesis investigates technical, conceptual, and practical barriers that limit non-expert end-user

developers from creating bespoke IoT projects.

Based on the premise that simplifying IoT development and providing targeted support can

democratise access, this research explores strategies to help end users create andmanage IoT

projects integrated into their daily lives. To address this, the thesis explores four research areas:

thebarriers end-user developers encounterwhencreating customIoTsolutions, the effectiveness

of ideation tools in supporting their development process, the challenges involved in assembling

and programming IoT systems, and the strategies that enhance effective troubleshooting.

A review of the literature reveals that, while substantial research has focused on the technical

dimensions of IoT, relatively little attention has been given tomaking these technologies accessi-

ble to non-experts. To bridge this gap, the thesis employs amixed-methods approach, including

surveys, a longitudinal case study, and three user studies to explore the experiences of non-expert

userswith IoT technologies. The findings highlight that the lack of intuitive tools and resources

is a significant barrier to user engagement and project completion.

The results underscore the importance of user-centred design in developing IoT support tools and

demonstrate that non-experts can effectively create andmanage IoT projectswith appropriate

guidanceand resources. However, challenges remain, suchasenhancing troubleshootingsupport

and developing intuitive interfaces.

This thesisarguesthat thefutureof IoTlies indesigningaccessible toolsandsystemsforabroader

audience, with significant implications for inclusivity and ease of use. Future research should

focusonrefiningthese tools, understanding thecognitiveprocessesofend-userdevelopment, and

exploring newmethods for integrating IoT into everyday life. Thiswork contributes to developing

amore inclusive IoT ecosystemaccessible to all users, regardless of their technical expertise.
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� �° �õ�^�« �Ç�2�1�9�È �@�E�9�@�^�E�9�@�° �E�°�¢ �^�E�g�E�°�õ�°�E�s�i�¢�¬ � �¢�—� ���E�õ�^�^�Û �E�i �g�s���E�^� �Ï���õ�¢� �� �P�s�º �õ�¸�°�s�g�õ�°�E�s�i �¢��� �i�õ�š�E�s�¢�«

�º�š�E�9�9� �š�Ï�����°�E�s�i �¡�š�s�9�š�õ�g�g�E�i�9 �¢� �š�Ô� �¢ �õ�¢ �õ �¸�¢� �š�Ï�8�š�E� �i���^�Û �õ�—�—�š�s�õ���@ �°�s ���s�i�í�9�¸�š� �¢�Û�¢�°� �g ��� �@�õ�Ô�E�s�¸�š�¢

���Û �^�E�i�[�E�i�9 �¢�—� ���E�í�� �°�š�E�9�9� �š�¢ �Õ�E�°�@�õ���°�E�s�i�¢�¬ �¢�¸���@�õ�¢ �Ü�E�8 �g�s�°�E�s�i �E�¢ ��� �°� ���°� ���¬ �°�@� �i �°�¸�š�i �s�i �°�@� �^�E�9�@�°�¢�Ý �Ç�2�8�3�¬

�2�8�4�È�« �P�C�º�º�º �Ã�P�8 �º�@�E�¢ �º�@� �i �º�@�õ�°�Ä �E�¢ �õ �—�š�s�g�E�i� �i�° � �Ú�õ�g�—�^� �s�8 �°�@�E�¢ �õ�—�—�š�s�õ���@ �Ç�4�2�¬�2�8�4�È�« �r�s�i� �°�@� �^� �¢�¢�¬

�š� �¢� �õ�š���@ �@�õ�¢ �š� �Ô� �õ�^� �� �°�@�õ�° �¸�¢� �š�¢ �8�š� �™�¸� �i�°�^�Û � �Ú�—� �š�E� �i��� ���@�õ�^�^� �i�9� �¢ �Õ�@� �i ��� ���¸�9�9�E�i�9 �°�@� �¢� �P�C�Ï

�º�K�,�r �š�¸�^� �¢ �Ç�4�4�¬�2�3�3�È�¬ �—�s�E�i�°�E�i�9 �°�s �õ ���š�s�õ��� �š �i� � �� �8�s�š �E�g�—�š�s�Ô� �� �¢�¸�—�—�s�š�° �g� ���@�õ�i�E�¢�g�¢ �Ç�4�1�¬�4�2�È�«

�P�i ���s�i�°�š�õ�¢�°�¬ �Ý�E�¢�¸�õ�^ �¡�š�s�9�š�õ�g�g�E�i�9 �¢�@�E�ê�°�¢ �°�@� �8�s���¸�¢ �°�s�Õ�õ�š���¢ �9�š�õ�—�@�E���õ�^ �g�õ�i�E�—�¸�^�õ�°�E�s�i �s�8 ���s��� �°�@�š�s�¸�9�@

�õ �Ô�E�¢�¸�õ�^ �—�š�s�9�š�õ�g�g�E�i�9 �^�õ�i�9�¸�õ�9� �Ã�Ý�¡�f�Ä�¬ �š� �—�^�õ���E�i�9 �°�š�õ���E�°�E�s�i�õ�^ �°� �Ú�°�Ï���õ�¢� �� ���s���E�i�9 �Õ�E�°�@ �õ�i �E�i�°�¸�E�°�E�Ô� �E�i�Ï

�°� �š�8�õ��� �Ç�2�4�8�È�« �Þ� �^�^�Ï�[�i�s�Õ�i � �Ú�õ�g�—�^� �¢�¬ �¢�¸���@�õ�¢ �¬���š�õ�°���@�¬ ���^�E��� �¬ �õ�i�� �D�š� � �i�8�s�s�°�¬ �°�š�õ��� �°�@� �E�š �s�š�E�9�E�i�¢ ���õ���[

�°�s �8�s�¸�i���õ�°�E�s�i�õ�^ � ���¸���õ�°�E�s�i�õ�^ �°�s�s�^�¢ �^�E�[� �¡�õ�—� �š�°�ß�¢ �º�¸�š�°�^� �D�š�õ�—�@�E���¢ �õ�i�� �¡�õ�ì�°�E�¢�ß �d�õ�š� �^ �°�@� �¤�s���s�° �Ç�2�8�5�È�«

�r�s�i� �°�@� �^� �¢�¢�¬ �°�@� �õ�—�—�^�E���õ�°�E�s�i �s�8 �Ô�E�¢�¸�õ�^ �—�š�s�9�š�õ�g�g�E�i�9 �Õ�E�°�@�E�i �P�s�º �@�õ�¢ �¢�@�s�Õ�i �g�E�Ú� �� �š� �¢�¸�^�°�¢�« �,�Ô� �i

�¢�E�g�—�^� �°�õ�¢�[�¢�¬ �¢�¸���@ �õ�¢ �g�õ�[�E�i�9 �õ�i �f�,�$ ���^�E�i�[�¬ �g�õ�Û �š� �™�¸�E�š� � �Ú�°� �i�¢�E�Ô� �9�š�õ�—�@�E���õ�^ ���s�i�í�9�¸�š�õ�°�E�s�i�¢ �Ç�2�5�8�È�¬

�õ�i�� �[� �Û �š� �¢� �õ�š���@ �9�õ�—�¢ �—� �š�¢�E�¢�° �E�i �°�@� ���s�g�õ�E�i �Ç�2�7�1�È�«

�$� �¢�—�E�°� �°�@� �—�š�s�g�E�¢� �s�8 �°�@� �¢� �°� ���@�i�E�™�¸� �¢�¬ �š� ��� �i�° �¢�°�¸���E� �¢ �@�õ�Ô� �i�s�° ���s�i�Ô�E�i���E�i�9�^�Û ��� �g�s�i�¢�°�š�õ�°� ��

�°�@�š�s�¸�9�@ �¸�¢� �š �¢�°�¸���E� �¢ �@�s�Õ�-�Ú�—�^�õ�i�õ�°�s�š�Û �%� ���¸�9�9�E�i�9�¬ �°�@� �b�E�9�¢�õ�Õ �q� �°�õ�—�@�s�š�¬�q�s���¸�^�õ�š �-�^� ���°�š�s�i�E���¢�¬�¢���-�¬

�»�š�E�9�9� �š�Ê�����°�E�s�i �¢�š�s�9�š�õ�g�g�E�i�9�¬ �s�š�Þ�E�¢�¸�õ�^ �¢�š�s�9�š�õ�g�g�E�i�9���õ�i � �ê�8� ���°�E�Ô� �^�Û �¢�¸�—�—�s�š�° � �i���Ï�¸�¢� �š ��� �Ô� �^�s�—� �š�¢

�E�i ���š� �õ�°�E�i�9 �s�š �°�õ�E�^�s�š�E�i�9 ���¸�¢�°�s�g �P�s�º �—�š�s�W� ���°�¢�« �p�s�š� ���s�g�—�š� �@� �i�¢�E�Ô� � �Ô�õ�^�¸�õ�°�E�s�i�¢ �õ�š� �i� � ��� �� �°�s

�E��� �i�°�E�8�Û �Õ�@� �š� �°�@� �¢� �°� ���@�i�E�™�¸� �¢ �¢�¸����� � �� �õ�i�� �Õ�@� �š� �8�¸�š�°�@� �š �š� �í�i� �g� �i�° �E�¢ �š� �™�¸�E�š� �� �°�s � �g�—�s�Õ� �š

�i�s�i�Ï� �Ú�—� �š�° ��� �Ô� �^�s�—� �š�¢ �8�¸�^�^�Û�«

�Ã�.�Â�. �ª�µ�h�Þ�µ�i ���Ï �§�2�Š�§�H�Þ�§�Š�ö �À�����ö�ò�Þ�H�: �Š���® �à���2�ò�:�Ø���/�:�S�Ã�Ã



�º�ò���[�� �4�«�3�­�P�s�º �°�s�s�^�[�E�°�¢ � �i���Ï�¸�¢� �š ��� �Ô� �^�s�—� �š �õ����� �—�°�õ���E�^�E�°�Û�«

�À�����ö�ò�Þ�H ���§�§�µ�/�H�Š�¦�Þ�ö�Þ�H�o

�J�µ���µ�2�Š�ö�4�ª�µ�/���:�Þ�H���2�o �§�Š�2�®�:

�X���À �X�®�µ�Š�H�Þ���� �!�Š�2�®�:

�j�Š�2�Š�ò�P�2�Þ �X���À

�j�����i���!�Š�2�®�:

�w�Š�/�/�Þ���Ð �H�Ø�µ �X���À

�§�Š�2�H�Þ�§�Þ�/�Š�H���2�o �®�µ�:�Þ�Ð�� �§�Š�2�®�:

�!���L�§�2�µ�Š�H�µ �H�Ø�µ �X���À

�X���À �²�µ�2�h�Þ�§�µ �j�Þ�H

�X���À �(�µ�:�Þ�Ð�� �(�µ�§�ò

�X���À �(�µ�:�Þ�Ð�� �j�Þ�H

�À�Þ�ö�µ�: �X���À �À�����ö�ò�Þ�H

�!�����H�µ�n�H�L�:�/�µ�§�Þ�Û�§�4���Ð�µ���®�Š�L�®�2�Þ�h�µ�� �§�Š�2�®�:

� �µ�H�H�µ�2 �X���À �j�����i �!�Š�2�®�:

�y���H �Š�§�§�µ�/�H�Š�¦�ö�µ �w�Þ�Ð�Ø�H �¦�µ �Š�§�§�µ�/�H�Š�¦�ö�µ���§�§�µ�/�H�Š�¦�ö�µ

�Ã�.�Â�.�Â �Ò�!���ÿ�/�Š�2�Š�H�Þ�h�µ �����Š�ö�o�:�Þ�: ���Ï �À�����ö�ò�Þ�H�:

�$� �Ô� �^�s�—�E�i�9 �P�s�º �—�š�s�W� ���°�¢ �—�š� �¢� �i�°�¢ �¸�i�E�™�¸� ���@�õ�^�^� �i�9� �¢ �8�s�š �i�s�i�Ï� �Ú�—� �š�° �¸�¢� �š�¢ �Õ�@�s �g�õ�Û �^�õ���[ �8�s�š�g�õ�^

�°�š�õ�E�i�E�i�9 �E�i �°�@� �i� ��� �¢�¢�õ�š�Û �°� ���@�i�s�^�s�9�E� �¢�« �º�@�E�¢ �¢�¸���¢� ���°�E�s�i ���s�g�—�õ�š� �¢ �°�@� � �Ú�E�¢�°�E�i�9 ��� �Ô� �^�s�—�g� �i�° �õ�i��

�¢�¸�—�—�s�š�° �¢�Û�¢�°� �g�¢ �8�s�š �P�s�º�¬ �8�s���¸�¢�E�i�9 �s�i �°�@� �E�š � �ê�8� ���°�E�Ô� �i� �¢�¢ �8�s�š � �i���Ï�¸�¢� �š ��� �Ô� �^�s�—� �š�¢�« ���Û � �Ô�õ�^�¸�õ�°�E�i�9

�°�@� �¸�¢�õ���E�^�E�°�Û �õ�i�� �¢�¸�E�°�õ���E�^�E�°�Û �s�8 �°�@� �¢� �¢�Û�¢�°� �g�¢�¬ �Õ� �õ�E�g �°�s �@�E�9�@�^�E�9�@�° �°�@� �E�š ���s�i�°�š�E���¸�°�E�s�i�¢ �õ�i�� �E��� �i�Ï

�°�E�8�Û �@�s�Õ �°�@� �Û �õ�����š� �¢�¢ �9�õ�—�¢ �E�i � �Ú�E�¢�°�E�i�9 �š� �¢� �õ�š���@�« �º�@�E�¢ ���s�g�—�õ�š�õ�°�E�Ô� �õ�i�õ�^�Û�¢�E�¢ �õ�^�¢�s �õ���Ô�õ�i��� �¢ �°�@� 

�¸�i��� �š�¢�°�õ�i���E�i�9 �s�8 �P�s�º ��� �Ô� �^�s�—�g� �i�° �8�s�š �i�s�i�Ï� �Ú�—� �š�°�¢�«

�C�s�^�^�s�Õ�E�i�9 �°�@� �E�i�°�š�s���¸���°�E�s�i �s�8 �°� �i �°�s�s�^�[�E�°�¢ ��� �¢�E�9�i� �� �°�s �¢�¸�—�—�s�š�° �P�s�º �—�š�s�W� ���° ��� �Ô� �^�s�—�g� �i�° �E�i�¬�¸���¢� ���Ï

�°�E�s�i �4�«�2�«�4�­ �P�s�º �$� �Ô� �^�s�—�g� �i�° �¡�š�s��� �¢�¢�¬ �Õ� �õ�¢�¢� �¢�¢ �°�@� �g ���õ�¢� �� �s�i �°�@� �E�š �õ����� �—�°�õ���E�^�E�°�Û �8�s�š � �i���Ï�¸�¢� �š

��� �Ô� �^�s�—� �š�¢�« ������� �—�°�õ���E�^�E�°�Û �š� �8� �š�¢ �°�s �@�s�Õ �Õ� �^�^ �õ �°�s�s�^�[�E�° �õ�����s�g�g�s���õ�°� �¢ �E�i���E�Ô�E���¸�õ�^�¢ �Õ�E�°�@ �^�E�g�E�°� ��

�°� ���@�i�E���õ�^ �[�i�s�Õ�^� ���9� �¬ � �¢�—� ���E�õ�^�^�Û �E�i �õ�Ô�s�E���E�i�9 �¢�—� ���E�õ�^�E�¢� �� �°� �š�g�E�i�s�^�s�9�Û �s�š ���s�g�—�^� �Ú ���s�i��� �—�°�¢�« �º�@�E�¢

� �Ô�õ�^�¸�õ�°�E�s�i ��� �g�s�i�¢�°�š�õ�°� �¢ �@�s�Õ �°�@� �¢� �°�s�s�^�[�E�°�¢ �õ�^�E�9�i �Õ�E�°�@ �s�š ���E�Ô� �š�9� �8�š�s�g �°�@� �i� � ���¢ �s�8 �i�s�i�Ï� �Ú�—� �š�° ��� �Ï

�Ô� �^�s�—� �š�¢�¬ ���s�i�°�š�E���¸�°�E�i�9 �°�s �°�@� ���š�s�õ��� �š ���s�g�—�õ�š�õ�°�E�Ô� �õ�i�õ�^�Û�¢�E�¢ �s�8 ��� �Ô� �^�s�—�g� �i�° �õ�i�� �¢�¸�—�—�s�š�° �¢�Û�¢�°� �g�¢�«

�º�õ���^� �4�«�3�—�š� �¢� �i�°�¢ �õ�i �s�Ô� �š�Ô�E� �Õ �s�8 �°�@� �°�s�s�^�[�E�°�¢ �õ�i�� �°�@� �E�š �õ����� �—�°�õ���E�^�E�°�Û �š�õ�i�[�E�i�9 �8�s�š � �i���Ï�¸�¢� �š ��� �Ô� �^�Ï

�s�—� �š�¢�« �º�s�s�^�[�E�°�¢ �Õ�E�°�@ �@�E�9�@ �õ����� �—�°�õ���E�^�E�°�Û �õ�š� �°�@� �i � �Ô�õ�^�¸�õ�°� �� �E�i�Ï��� �—�°�@�¬ ���s�i�°�š�õ�¢�°�E�i�9 �°�@� �E�š �¢�°�š� �i�9�°�@�¢

�õ���š�s�¢�¢ �°�@� �8�s�^�^�s�Õ�E�i�9 ���š�E�°� �š�E�õ�­

�2�«�¬�¸�—�—�s�š�°�E�i�9 �°�@� ��� �í�i�E�°�E�s�i �õ�i�� �¢���s�—�E�i�9 �s�8 �õ �—�š�s���^� �g�«

�3�«�¬�¸�—�—�s�š�°�E�i�9 �°�@� �E��� �õ�°�E�s�i �s�8 �õ�i �P�s�º �¢�s�^�¸�°�E�s�i�«

�4�«�¬�¸�—�—�s�š�°�E�i�9 �°�@� �š� �õ�^�E�¢�õ�°�E�s�i �s�8 �õ �8�¸�i���°�E�s�i�õ�^ �P�s�º �—�š�s�W� ���°�«

�Ã�Ä�S�!�Ø�Š�/�H�µ�2 �Ã�. �²�P�/�/���2�H�Þ���Ð �0���®�L�Ç�:�µ�2 �(�µ�h�µ�ö���/�µ�2�:



�º�ò���[�� �4�«�4�­���õ�š���¢ �¢�¸�E�°�¢ �E�i���^�¸��� �� �E�i �°�@� �°�Õ�s �[�E�°�¢�«

�X���À �(�µ�:�Þ�Ð�� �j�Þ�H �À�Þ�ö�µ�: �X���À �j�Þ�H

�0���h�Þ�2�����ÿ�µ���H �@�Á�Ç�A �I�µ�µ�®�¦�Š�§�ò �@�Á�À�A

�X���H�µ�2�Š�§�H�Þ���� �@�Â�A �R�P�ÿ�Š�� �Š�§�H�Þ�����: �@�É�A

�„�¦�ï�µ�§�H �@�Á�À�A�* �²�µ���:���2�: �@�Á�Â�A

�§�µ�2�:���� �@�Á�Ã�A�* �²�µ�2�h�Þ�§�µ�: �@�Á�Å�A

�À�Ø�Þ���Ð�: �@�Ã�À�A�*

�w�Þ�:�§ �@�0�n�/�µ�§�H�Š�H�Þ�����:�A �@�Â�Â�A�w�Þ�:�:�Þ�����: �@�Á�Ä�A

�à�Þ�ö�®�§�Š�2�®�: �@�Á�Á�A �!�2�Þ�H�µ�2�Þ�Š �@�Á�À�A

�²�o�:�H�µ�ÿ �w�Š�/ �@�Â�A �§�µ�2�:�����Š�: �@�É�A�*

�²�§�µ���Š�2�Þ���: �@�Á�Â�A

�!���ö���P�2 �®���H�: �Þ���®�Þ�§�Š�H�µ �Ð�2���P�/�: ���Ï �§�Š�2�®�: �H�Ø�Š�H �Š�2�µ �:�Þ�ÿ�Þ�ö�Š�2�.

�������s�š���E�i�9 �°�s �°�@� ���š�E�°� �š�E�õ �—�š� �¢� �i�°� �� �E�i �°�@� �—�š� ��� ���E�i�9 �—�õ�š�õ�9�š�õ�—�@�¬ �°�@� �°�Õ�s �°�s�s�^�[�E�°�¢ �E��� �i�°�E�í� �� �õ�¢

�g�s�¢�° �õ����� �—�°�õ���^� �8�s�š � �i���Ï�¸�¢� �š ��� �Ô� �^�s�—� �š�¢ �Õ� �š� �Q�s�» �%� �¢�E�9�i �e�E�°�õ�i�� �»�E�^� �¢ �Q�s�» �»�s�s�^�[�E�°�« �Þ� ���s�g�—�õ�š� 

�°�@� �E�š ���@�õ�š�õ���°� �š�E�¢�°�E���¢ �E�i�º�õ���^� �4�«�4�¬�º�õ���^� �4�«�5�¬�º�õ���^� �4�«�6�õ�i�� �º�õ���^� �4�«�7�« ���s�°�@ �[�E�°�¢ �—�š�s�Ô�E��� ���E�¢�°�E�i���°
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�Ã�.�Â�.�Ã �Ò�X�®�µ���H�Þ�Û�µ�® �J�Š�/�: �Š���® �!�Ø�Š�ö�ö�µ���Ð�µ�:

�$� �¢�—�E�°� �°�@� �õ�Ô�õ�E�^�õ���E�^�E�°�Û �s�8 �õ �Ô�õ�š�E� �°�Û �s�8 �°�s�s�^�[�E�°�¢ ��� �¢�E�9�i� �� �°�s �õ�E�� �E�i �P�s�º ��� �Ô� �^�s�—�g� �i�°�¬ �¢�E�9�i�E�í���õ�i�°

�9�õ�—�¢ �š� �g�õ�E�i�¬ �—�õ�š�°�E���¸�^�õ�š�^�Û �Õ�@� �i �E�° ���s�g� �¢ �°�s �@� �^�—�E�i�9 �i�s�i�Ï� �Ú�—� �š�° ��� �Ô� �^�s�—� �š�¢ �°�š�õ�i�¢�E�°�E�s�i �8�š�s�g �E�i�E�°�E�õ�^

�E��� �õ�°�E�s�i �°�s �°�@� ���š� �õ�°�E�s�i �s�8 �8�¸�i���°�E�s�i�õ�^ �—�š�s�°�s�°�Û�—� �¢�« �º�@�E�¢ �¢�¸���¢� ���°�E�s�i �õ�E�g�¢ �°�s � �Ú�—�^�s�š� �°�@� �¢� �9�õ�—�¢ �E�i

�9�š� �õ�°� �š ��� �°�õ�E�^ ���Û �E��� �i�°�E�8�Û�E�i�9 �õ�i�� �õ�i�õ�^�Û�¢�E�i�9 �°�@� �—�š�E�g�õ�š�Û �s���¢�°�õ���^� �¢ �i�s�i�Ï� �Ú�—� �š�° ��� �Ô� �^�s�—� �š�¢ � �i���s�¸�i�°� �š�«

�º�@� �¢� ���@�õ�^�^� �i�9� �¢ �E�i���^�¸��� �i�s�° �s�i�^�Û �°�@� �E�i�@� �š� �i�° �°� ���@�i�E���õ�^ ���s�g�—�^� �Ú�E�°�Û �s�8 �P�s�º �¢�Û�¢�°� �g�¢ ���¸�° �õ�^�¢�s �E�¢�¢�¸� �¢

�š� �^�õ�°� �� �°�s �¸�¢�õ���E�^�E�°�Û�¬ �Õ�@�E���@ ���õ�i �@�E�i��� �š � �ê�8� ���°�E�Ô� �E�i�°� �š�õ���°�E�s�i �Õ�E�°�@ ��� �Ô� �^�s�—�g� �i�° �°�s�s�^�¢�« �������E�°�E�s�i�õ�^�^�Û�¬

�Ã�.�Â�. �ª�µ�h�Þ�µ�i ���Ï �§�2�Š�§�H�Þ�§�Š�ö �À�����ö�ò�Þ�H�: �Š���® �à���2�ò�:�Ø���/�:�S�Ã�Å



�º�ò���[�� �4�«�5�­�¡� �š�¢�s�i �õ�i�� �¡� �š�¢�s�i�õ�¢ ���õ�š���¢ � �i�¸�g� �š�õ�°�E�s�i�«

�:�Þ�ÿ�Þ�ö�Š�2�Þ�H�o �X���À �(�µ�:�Þ�Ð�� �j�Þ�H �Ò �§�µ�2�:���� �À�Þ�ö�µ�: �X���À �j�Þ�H �Ò �§�µ�2�:�����Š�:

�i�Þ�ö�®�§�Š�2�® �!�P�:�H���ÿ �§�µ�2�:�����Š

�!�Ø�Þ�ö�® �!�Ø�Þ�ö�®

�w�µ �æ���P�2�:�µ�ö�Ï

�²�µ���Þ���2 �0�ö�®�µ�2�ö�o

�!���P�:�Þ�� �!�����:�H�2�P�§�H�Þ���� �i���2�ò�µ�2

�!���i���2�ò�µ�2 �(�Þ�:�Š�¦�ö�µ�®

�(���§�H���2 �0�ÿ�µ�2�Ð�µ���§�o �i���2�ò�µ�2

�I�2�Þ�µ���® �ª�µ�Ï�P�Ð�µ�µ

�§�Š�2�µ���H �À���P�2�Þ�:�H

�§���ö�Þ�§�µ ���Ï�Û�§�µ�2

�Ç���§�ö�µ

�æ���P���Ð�:�H�µ�2
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�D�E�õ�i�i�E � �° �õ�^�« �Ç�9�3�È�¬ �õ�ì�°� �g�—�° �°�s �õ�����š� �¢�¢ �°�@�E�¢ �E�¢�¢�¸� �¬ ���¸�° �—�õ�š�°�E���E�—�õ�i�°�¢ �E�i �š� �^�õ�°� �� �Õ�s�š�[�¢�@�s�—�¢ �š� �—�s�š�°� ��

���E�ê�í���¸�^�°�E� �¢ �E�i �¸�i��� �š�¢�°�õ�i���E�i�9 �a�õ�Ô�õ�¬���š�E�—�° �¢�Û�i�°�õ�Ú�¬ �õ�i�� �i�s �—�š�s�Ô� �i �¢�s�^�¸�°�E�s�i �Õ�õ�¢ �8�s�¸�i���«

�Ã�Æ�S�!�Ø�Š�/�H�µ�2 �Ã�. �²�P�/�/���2�H�Þ���Ð �0���®�L�Ç�:�µ�2 �(�µ�h�µ�ö���/�µ�2�:



�º�ò���[�� �4�«�6�­�}���W� ���°�¢ �õ�i�� �º�@�E�i�9�¢ ���õ�š���¢ � �i�¸�g� �š�õ�°�E�s�i�«

�:�Þ�ÿ�Þ�ö�Š�2�Þ�H�o�X���À �(�µ�:�Þ�Ð�� �j�Þ�H �Ò �„�¦�ï�µ�§�H �À�Þ�ö�µ�: �X���À �j�Þ�H �Ò �À�Ø�Þ���Ð�:�$

� �Þ�ò�µ � �Þ�ò�µ

�!�Š�2 �!�Š�2

�!�ö���H�Ø�Þ���Ð �!�ö���H�Ø�Þ���Ð

�I�P�2���Þ�H�P�2�µ �I�P�2���Þ�H�P�2�µ

�§�µ�� �§�µ�� ���2 �/�µ���§�Þ�ö

�à�Š�ö�ö�µ�H �à�Š�ö�ö�µ�H

�i�Þ�ö�®�§�Š�2�® �i�Þ�ö�®�§�Š�2�®

� ���H�H�ö�µ � �µ���§�Ø

�(�P�ÿ�¦�¦�µ�ö�ö � ���Š�H

� �P�Þ�ö�®�Þ���Ð

�!�Š�ÿ�µ�2�Š

�!���Ï�Ï�µ�µ �§�P�/

�0�o�µ�i�µ�Š�2

�R�µ�Š�®�Ð�µ�Š�2

�h�µ�i�µ�ö�2�o

�j�µ�o�§�Ø�Š�Þ��

�m�P�Ð�Ð�Š�Ð�µ

�w�µ�®�Þ�§�Š�H�Þ����

�„�Ï�Û�§�µ �®�µ�:�ò

�§�µ�H�:

�§�Þ�Ð�Ð�o �¦�Š���ò

�§�ö�Š���H

�§�P�¦�ö�Þ�§ �¦�Þ��

�§�P�¦�ö�Þ�§ �H�2�Š���:�/���2�H

�ª�µ�Ï�2�Þ�Ð�µ�2�Š�H���2

�²�Ø���µ

�²�Ø���i�µ�2

�²�/���2�H �µ�1�P�Þ�/�ÿ�µ���H

�²�H���h�µ

�²�H�2�µ�µ�H

�$ �!�Š�2�®�: ���� �H�Ø�Þ�: �H�Š�¦�ö�µ �Š�2�µ �§���ö�ö�µ�§�H�µ�® �Ï�2���ÿ �®�Þ�Ï�Ï�µ�2�µ���H �h�µ�2�:�Þ�����: ���Ï �H�Ø�µ �À�Þ�ö�µ�: �X���À �j�Þ�H�.

�P�i �¢�¸�g�g�õ�š�Û�¬ �Õ�@�E�^� �¢�E�9�i�E�í���õ�i�° �—�š�s�9�š� �¢�¢ �@�õ�¢ ��� � �i �g�õ��� �E�i ��� �Ô� �^�s�—�E�i�9 �°�s�s�^�¢ �õ�i�� �g� �°�@�s���s�^�s�9�E� �¢ �°�s

�¢�¸�—�—�s�š�° �P�s�º ��� �Ô� �^�s�—�g� �i�°�¬ �¢� �Ô� �š�õ�^ �9�õ�—�¢ �š� �g�õ�E�i �E�i �@� �^�—�E�i�9 �i�s�i�Ï� �Ú�—� �š�° ��� �Ô� �^�s�—� �š�¢ �š� �õ�^�E�¢� �8�¸�i���°�E�s�i�õ�^

�—�š�s�W� ���°�¢�« �º�@� �¢� �9�õ�—�¢ �õ�š� �—�õ�š�°�E���¸�^�õ�š�^�Û � �Ô�E��� �i�° �E�i �°�@� �—�š�s�°�s�°�Û�—�E�i�9 �õ�i�� �°�š�s�¸���^� �¢�@�s�s�°�E�i�9 �—�@�õ�¢� �¢�¬

�Õ�@� �š� �°�@� ���¸�š�š� �i�° �°�s�s�^�¢ �8�õ�E�^ �°�s �—�š�s�Ô�E��� �¢�¸�ê�í���E� �i�° �¢�¸�—�—�s�š�° �8�s�š �E�i�°� �9�š�õ�°�E�i�9 ���E�Ô� �š�¢� ���s�g�—�s�i� �i�°�¢

�õ�i�� �š� �¢�s�^�Ô�E�i�9 �°� ���@�i�E���õ�^ �E�¢�¢�¸� �¢�« �C�¸�š�°�@� �š �E�i�i�s�Ô�õ�°�E�s�i �E�¢ �i� � ��� �� �°�s ��� �Ô� �^�s�— �¢�s�^�¸�°�E�s�i�¢ �°�@�õ�° �9�¸�E��� 

�i�s�i�Ï� �Ú�—� �š�°�¢ �°�@�š�s�¸�9�@ �°�@� � �i�°�E�š� �P�s�º ��� �Ô� �^�s�—�g� �i�° �^�E�8� ���Û���^� �¬ �8�š�s�g �E��� �õ�°�E�s�i �°�s �E�g�—�^� �g� �i�°�õ�°�E�s�i�«

�Ã�.�Ã �Ò�²�P�ÿ�ÿ�Š�2�o

�º�@�E�¢ ���@�õ�—�°� �š �@�õ�¢ �—�š�s�Ô�E��� �� �õ ��� �°�õ�E�^� �� �š� �Ô�E� �Õ �s�8 �°�@� �^�E�°� �š�õ�°�¸�š� �õ�i�� �—�š�õ���°�E���õ�^ �°�s�s�^�[�E�°�¢ �°�@�õ�° �s�ê�8� �š

�¢�¸�—�—�s�š�° �g� ���@�õ�i�E�¢�g�¢ �8�s�š � �i���Ï�¸�¢� �š ��� �Ô� �^�s�—� �š�¢ �Õ�s�š�[�E�i�9 �s�i �P�s�º �—�š�s�W� ���°�¢�« �Þ� �@�õ�Ô� �õ�����š� �¢�¢� �� �°�@� 

�9�¸�E���E�i�9 �™�¸� �¢�°�E�s�i�¢ �—�s�¢� �� �õ�° �°�@� �s�¸�°�¢� �° ���Û � �Ú�õ�g�E�i�E�i�9 �°�@� �s�š� �°�E���õ�^ �8�š�õ�g� �Õ�s�š�[�¢�¬ �—�š�õ���°�E���õ�^ �°�s�s�^�[�E�°�¢�¬

�õ�i�� �°�@� ���@�õ�^�^� �i�9� �¢ �8�õ��� �� �õ�° �Ô�õ�š�E�s�¸�¢ �¢�°�õ�9� �¢ �s�8 �°�@� �P�s�º ��� �Ô� �^�s�—�g� �i�° �—�š�s��� �¢�¢�« �º�@� �8�s�^�^�s�Õ�E�i�9 �¢� ���°�E�s�i�¢

�¢�Û�i�°�@� �¢�E�¢� �°�@� �¢� �E�i�¢�E�9�@�°�¢�¬ �@�E�9�@�^�E�9�@�°�E�i�9 �°�@� ���s�i�°�š�E���¸�°�E�s�i�¢ �õ�i�� �9�õ�—�¢ �E��� �i�°�E�í� �� �°�@�š�s�¸�9�@ �°�@� �õ�i�õ�^�Û�¢�E�¢�«

�Ã�.�Ã�. �²�P�ÿ�ÿ�Š�2�o�S�Ã�Ç



�º�ò���[�� �4�«�7�­���s�õ�š���¢�º���õ�i�Ô�õ�¢� �¢ � �i�¸�g� �š�õ�°�E�s�i�«

�X���À �(�µ�:�Þ�Ð�� �j�Þ�H �À�Þ�ö�µ�: �X���À �j�Þ�H

�X���H�2�� �²�µ�ö�µ�§�H �Š �/�µ�2�:�����Š �Š���® �:�§�µ���Š�2�Þ��

�0�n�/�µ�§�H�Š�H�Þ�����: �ª�µ�Û���µ �H�Ø�µ �ÿ�Þ�:�:�Þ����

�I�2�Š�ÿ�µ �X�®�µ�Š �²�µ�ö�µ�§�H ���¦�ï�µ�§�H�: �§�µ���H�2�Š�ö �H�� �H�Ø�µ �P�:�µ�2

�I�2�Š�ÿ�µ �§�2���¦�ö�µ�ÿ �(�µ�Û���µ �H�2�Þ�Ð�Ð�µ�2�Þ���Ð �Š�§�H�Þ�����:

�I�2�Š�ÿ�µ �§�2���®�P�§�H �(�µ�Û���µ �Ï�µ�µ�®�¦�Š�§�ò

�I�2�Š�ÿ�µ �À�µ�§�Ø �I�ö�µ�:�Ø ���P�H �H�Ø�µ �Þ�®�µ�Š �Þ�� �Š �:�H���2�o�¦���Š�2�®

�Ç���®�µ�2�:�H�Š���® �h���P�2���µ�o �ª�µ�Ü�µ�§�H �Š���® �Þ�ÿ�/�2���h�µ

�Ç���®�µ�2�:�H�Š���® �m�Þ�Ï�µ�§�o�§�ö�µ

�Ç���®�µ�2�:�H�Š���® �À�µ�§�Ø

�„�/�/���2�H�P���Þ�H�o �w�Š�/�/�Þ���Ð

�²�H�2�µ�:�: �À�µ�:�H

�y���H �2�µ�ö�µ�h�Š���H�w�Þ�Ð�Ø�H �¦�µ �2�µ�ö�µ�h�Š���H�ª�µ�ö�µ�h�Š���H

�º�ò���[�� �4�«�8�­���s�õ�š���¢�º���õ�i�Ô�õ�¢� �¢ ���s�g�—�õ�š�E�¢�s�i�«

�!�2�Þ�H�µ�2�Þ�Š �X���À �(�µ�:�Þ�Ð�� �j�Þ�H �À�Þ�ö�µ�: �X���À �j�Þ�H

�R�Þ�Ð�Ø �ö�µ�h�µ�ö �®�µ�Û���Þ�H�Þ���� �!�Š���h�Š�:�µ�: �H�� �Ï �2�Š�ÿ�µ �H�Ø�µ
�/�2���¦�ö�µ�ÿ�) �H�Ø�µ �Þ�®�µ�Š �Š���® �H�Ø�µ
�:�H�Š�ò�µ�Ø���ö�®�µ�2�:

�!���ÿ�/�2�µ�Ø�µ���:�Þ�h�µ �¦���Š�2�® �i�Þ�H�Ø
�:�§�µ���Š�2�Þ���:�) �ÿ�Þ�:�:�Þ�����:�) ���¦�ï�µ�§�H�:�)
�H�2�Þ�Ð�Ð�µ�2�:�) �Ï�µ�µ�®�¦�Š�§�ò

�À�µ�§�Ø���Þ�§�Š�ö �®�µ�Û���Þ�H�Þ���� ���:�:�P�ÿ�µ�: �/�2�µ�L�µ�n�Þ�:�H�Þ���Ð
�ò�����i�ö�µ�®�Ð�µ ���� �H�µ�§�Ø�����ö���Ð�o

�X���§�ö�P�®�µ�: �§�Š�2�®�: �i�Þ�H�Ø �:�µ���:���2�:
�Š���® �:�µ�2�h�Þ�§�µ�:

�ª�µ�Š�ö�Þ�:�Š�H�Þ���� �y���H �:�P�/�/���2�H�µ�® �y���H �:�P�/�/���2�H�µ�®

�y���H �Š�H �Š�ö�ö�§�����2 �I�Š�Þ�2 �J�����® �ß�µ�2�o �Ð�����®

���° �°�@� ��� �9�E�i�i�E�i�9 �s�8 �°�@�E�¢ ���@�õ�—�°� �š�¬ �°�@�š� � �[� �Û �™�¸� �¢�°�E�s�i�¢ �9�¸�E��� �� �s�¸�š �š� �Ô�E� �Õ�­

�£�º�"�¤�²�G�u�k �9 �_�Þ�@�õ�° �[�E�i���¢ �s�8 �¢�¸�—�—�s�š�° �@�õ�Ô� ��� � �i ���E�¢���¸�¢�¢� �� �õ�i�� ��� �Ô� �^�s�—� �� �8�s�š � �i���Ï�¸�¢� �š ��� �Ô� �^�Ï

�s�—� �š�¢�¬ �9� �i� �š�õ�^�^�Û �õ�i�� �Õ�E�°�@�E�i �°�@� ���s�i�°� �Ú�° �s�8 �P�s�º�²

�£�º�"�¤�²�G�u�k �: �_�Þ�@�õ�° �¢�—� ���E�í�� �°�Û�—� �¢ �s�8 �¢�¸�—�—�s�š�° �@�õ�Ô� ��� � �i ���š� �õ�°� �� �8�s�š �P�s�º ��� �Ô� �^�s�—�g� �i�°�¬ �õ�i�� �@�s�Õ

���s �°�@� �¢� �õ�^�E�9�i �Õ�E�°�@ ���E�ê�8� �š� �i�° �¢�°�õ�9� �¢ �s�8 �°�@� ���š� �õ�°�E�s�i �—�š�s��� �¢�¢�¬ �¢�¸���@ �õ�¢ �E��� �õ�°�E�s�i�¬

�—�š�s�°�s�°�Û�—�E�i�9�¬ �°� �¢�°�E�i�9�¬ �õ�i�� �g�õ�E�i�°� �i�õ�i��� �²

�£�º�"�¤�²�G�u�k �; �_�Þ�@� �š� ���s �°�@� �9�õ�—�¢ � �Ú�E�¢�° �E�i �°�@� ���¸�š�š� �i�° �¢�¸�—�—�s�š�° �¢�Û�¢�°� �g�¢ �8�s�š �P�s�º ��� �Ô� �^�s�—�g� �i�°�¬

�—�õ�š�°�E���¸�^�õ�š�^�Û �š� �9�õ�š���E�i�9 �°�@� �E�š � �ê�8� ���°�E�Ô� �i� �¢�¢ �8�s�š �i�s�i�Ï� �Ú�—� �š�° ��� �Ô� �^�s�—� �š�¢�²

�²�P�/�/���2�H �Ï���2 �X���À �0���®�L�Ç�:�µ�2 �(�µ�h�µ�ö���/�µ�2�:

�º�@� �š� �Ô�E� �Õ �@�õ�¢ �@�E�9�@�^�E�9�@�°� �� �°�@� �9�š�s�Õ�E�i�9 ���s���Û �s�8 �^�E�°� �š�õ�°�¸�š� �õ�E�g� �� �õ�° �¢�¸�—�—�s�š�°�E�i�9 � �i���Ï�¸�¢� �š ��� �Ô� �^�s�—� �š�¢

�E�i �P�s�º�¬ ���¸�° �E�° �õ�^�¢�s �¸�i��� �š�¢���s�š� �¢ �¢� �Ô� �š�õ�^ ���š�E�°�E���õ�^ �9�õ�—�¢�« �º�@� �s�š� �°�E���õ�^ �8�š�õ�g� �Õ�s�š�[�¢ �¢�¸���@ �õ�¢ �,�i���Ï�Á�¢� �š

�$� �Ô� �^�s�—�g� �i�° �Ã�,�Á�$�Ä �Ç�3�4�¬�2�5�4�È�¬ �p� �°�õ�Ï�$� �¢�E�9�i �Ç�8�4�È�¬ �õ�i�� �¬� �g�E�s�°�E�� �,�i�9�E�i� � �š�E�i�9 �Ç�5�:�¬�8�2�È �—�š�s�Ô�E��� 

�°�@� ���s�i��� �—�°�¸�õ�^ �8�s�¸�i���õ�°�E�s�i�¢ �8�s�š �i�s�i�Ï� �Ú�—� �š�° � �i�9�õ�9� �g� �i�° �E�i �P�s�º ��� �Ô� �^�s�—�g� �i�°�« �K�s�Õ� �Ô� �š�¬ �—�š�õ���°�E���õ�^

�E�g�—�^� �g� �i�°�õ�°�E�s�i�¢ �s�8 �°�@� �¢� �8�š�õ�g� �Õ�s�š�[�¢ �°�õ�E�^�s�š� �� �°�s �P�s�º �õ�š� �¢�°�E�^�^ �^�E�g�E�°� ���« ���^�°�@�s�¸�9�@ �°�s�s�^�[�E�°�¢ �^�E�[� �°�@� 

�»�E�^� �¢ �Q�s�» �»�s�s�^�[�E�°�õ�i�� �Q�s�» �%� �¢�E�9�i �e�E�°�¢�@�s�Õ �—�š�s�g�E�¢� �¬ � �¢�—� ���E�õ�^�^�Û �E�i �°�@� �E��� �õ�°�E�s�i �—�@�õ�¢� �¬ �°�@� �Û ���s �i�s�°

�Ã�È�S�!�Ø�Š�/�H�µ�2 �Ã�. �²�P�/�/���2�H�Þ���Ð �0���®�L�Ç�:�µ�2 �(�µ�h�µ�ö���/�µ�2�:



�s�ê�8� �š �¢�¸�ê�í���E� �i�° �9�¸�E���õ�i��� �8�s�š �°�@� �š� �õ�^�E�¢�õ�°�E�s�i �s�8 �8�¸�^�^�Û �8�¸�i���°�E�s�i�õ�^ �P�s�º �—�š�s�W� ���°�¢�« �º�@� �9�õ�— ��� �°�Õ� � �i

�E��� �õ�°�E�s�i �õ�i�� �E�g�—�^� �g� �i�°�õ�°�E�s�i �š� �g�õ�E�i�¢ �õ �¢�E�9�i�E�í���õ�i�° ���@�õ�^�^� �i�9� �8�s�š �i�s�i�Ï� �Ú�—� �š�° ��� �Ô� �^�s�—� �š�¢�«

�(�µ�h�µ�ö���/�ÿ�µ���H �²�H�Š�Ð�µ�: �Š���® �²�P�/�/���2�H

�Ý�õ�š�E�s�¸�¢ �°�s�s�^�[�E�°�¢ �õ�i�� �g� �°�@�s���s�^�s�9�E� �¢ � �Ú�E�¢�° �°�s �¢�¸�—�—�s�š�° ���E�ê�8� �š� �i�° �¢�°�õ�9� �¢ �s�8 �P�s�º ��� �Ô� �^�s�—�g� �i�°�¬ �—�õ�š�°�E���Ï

�¸�^�õ�š�^�Û �E�i �°�@� � �õ�š�^�Û �¢�°�õ�9� �¢�« �C�s�š � �Ú�õ�g�—�^� �¬ �E��� �õ�°�E�s�i �E�¢ �Õ� �^�^�Ï�¢�¸�—�—�s�š�°� �� ���Û �°�õ�i�9�E���^� �°�s�s�^�[�E�°�¢ �¢�¸���@ �õ�¢

���õ�š���¢�¬ ���s�õ�š���¢�¬ �õ�i�� �°�s�[� �i�¢ �°�@�õ�° �@� �^�— �i�s�i�Ï� �Ú�—� �š�°�¢ ���š�õ�E�i�¢�°�s�š�g �õ�i�� ��� �í�i� �P�s�º �¢�s�^�¸�°�E�s�i�¢�« �º�@� �»�E�^� �¢

�Q�s�» �»�s�s�^�[�E�°�Ç�9�4�¬�2�3�1�¬�2�3�9�È �õ�i���Q�s�» �%� �¢�E�9�i �e�E�°�Ç�5�8�¬�5�9�È �õ�š� �—�õ�š�°�E���¸�^�õ�š�^�Û � �ê�8� ���°�E�Ô� ���¸�š�E�i�9 �°�@�E�¢ �—�@�õ�¢� �«

�K�s�Õ� �Ô� �š�¬ �õ�¢ �C�« �D�E�õ�i�i�E � �° �õ�^�« �Ç�9�2�È �õ�i�� �C�« �Ý�« �D�E�õ�i�i�E �Ç�9�4�È �i�s�°� ���¬ �i�s�i�Ï� �Ú�—� �š�° ��� �Ô� �^�s�—� �š�¢ �8�õ��� �¢�E�9�i�E�í���õ�i�°

���E�ê�í���¸�^�°�E� �¢ �E�i �°�š�õ�i�¢�E�°�E�s�i�E�i�9 �8�š�s�g �E��� �õ�°�E�s�i �°�s �—�š�s�°�s�°�Û�—�E�i�9�¬ �Õ�@�E���@ �@�E�9�@�^�E�9�@�°�¢ �õ ���š�E�°�E���õ�^ �9�õ�— �E�i �°�@� 

�^�E�°� �š�õ�°�¸�š� �«

���¢ ���E�¢���¸�¢�¢� �� �E�i�¬�¸���¢� ���°�E�s�i �4�«�2�«�4�­ �P�s�º �$� �Ô� �^�s�—�g� �i�° �¡�š�s��� �¢�¢�¬ �°�@� �—�š�s�°�s�°�Û�—�E�i�9 �—�@�õ�¢� �—�š� �¢� �i�°�¢

�¢� �Ô� �š�õ�^ ���@�õ�^�^� �i�9� �¢ �8�s�š �i�s�i�Ï� �Ú�—� �š�°�¢�¬ �Õ�@�s �s�ê�°� �i �^�õ���[ �°�@� �°� ���@�i�E���õ�^ �[�i�s�Õ�^� ���9� �š� �™�¸�E�š� �� �°�s �E�i�°� �9�š�õ�°� 

�@�õ�š���Õ�õ�š� �¬ �¢�s�ê�°�Õ�õ�š� �¬ �õ�i�� �i� �°�Õ�s�š�[�E�i�9 ���s�g�—�s�i� �i�°�¢ � �ê�8� ���°�E�Ô� �^�Û�« �C�¸�š�°�@� �š�g�s�š� �¬ �°�@� �^�E�°� �š�õ�°�¸�š� �s�ê�8� �š�¢

�^�E�g�E�°� �� �¢�¸�—�—�s�š�° �8�s�š �°�@� �^�õ�°� �š �¢�°�õ�9� �¢ �s�8 �P�s�º ��� �Ô� �^�s�—�g� �i�°�¬ �¢�¸���@ �õ�¢ �g�õ�E�i�°� �i�õ�i��� �õ�i�� �s�i�9�s�E�i�9 �°�õ�E�^�s�š�Ï

�E�i�9�¬ �Õ�@�E���@ �õ�š� ���š�¸���E�õ�^ �8�s�š �^�s�i�9�Ï�°� �š�g �—�š�s�W� ���° �¢�¸����� �¢�¢�« ���¸�š�š� �i�° �°�s�s�^�¢ �°� �i�� �°�s �8�s���¸�¢ �s�i �E��� �õ�°�E�s�i �õ�i��

� �õ�š�^�Û ��� �Ô� �^�s�—�g� �i�° ���¸�° ���s �i�s�° ���s�Ô� �š �°�@� � �i�°�E�š� �P�s�º �—�š�s�W� ���° �^�E�8� ���Û���^� �«

�J�Š�/�: �Þ�� �X���À �²�P�/�/���2�H

�º�@�E�¢ �š� �Ô�E� �Õ �@�õ�¢ �E��� �i�°�E�í� �� �¢� �Ô� �š�õ�^ ���š�E�°�E���õ�^ �9�õ�—�¢ �E�i �°�@� �¢�¸�—�—�s�š�° �¢�Û�¢�°� �g�¢ �õ�Ô�õ�E�^�õ���^� �8�s�š �P�s�º ��� �Ô� �^�Ï

�s�—�g� �i�°�¬ �—�õ�š�°�E���¸�^�õ�š�^�Û �E�i �š� �^�õ�°�E�s�i �°�s �i�s�i�Ï� �Ú�—� �š�° ��� �Ô� �^�s�—� �š�¢�« �Þ�@�E�^� �°�@� �š� �õ�š� �i�¸�g� �š�s�¸�¢ �°�s�s�^�[�E�°�¢

��� �¢�E�9�i� �� �°�s �õ�¢�¢�E�¢�° �E�i �°�@� �E��� �õ�°�E�s�i �õ�i�� � �õ�š�^�Û ��� �Ô� �^�s�—�g� �i�° �¢�°�õ�9� �¢�¬ �¢�¸���@ �õ�¢ �°�@� �»�E�^� �¢ �Q�s�» �»�s�s�^�[�E�°�õ�i��

�Q�s�» �%� �¢�E�9�i �e�E�°�¬ �8� �Õ �°�s�s�^�¢ �—�š�s�Ô�E��� ���s�g�—�š� �@� �i�¢�E�Ô� �9�¸�E���õ�i��� �°�@�š�s�¸�9�@�s�¸�° �°�@� � �i�°�E�š� ��� �Ô� �^�s�—�g� �i�°

�^�E�8� ���Û���^� �« �º�@� �—�š�s�°�s�°�Û�—�E�i�9 �õ�i�� �g�õ�E�i�°� �i�õ�i��� �—�@�õ�¢� �¢�¬ �E�i �—�õ�š�°�E���¸�^�õ�š�¬ �õ�š� �¸�i��� �š�Ï�¢�¸�—�—�s�š�°� ���« �������E�°�E�s�i�Ï

�õ�^�^�Û�¬ ���s�s�°�@ �Ç�2�:�È�ß�¢ �š� �¢� �õ�š���@ �s�i �°�š�s�¸���^� �¢�@�s�s�°�E�i�9 �@�E�9�@�^�E�9�@�°�¢ �°�@� �i� � �� �8�s�š �g�s�š� �š�s���¸�¢�° �õ�i�� �^�s�i�9�Ï�°� �š�g

�¢�¸�—�—�s�š�° �g� ���@�õ�i�E�¢�g�¢�¬ �Õ�@�E���@ �õ�š� ���¸�š�š� �i�°�^�Û �^�õ���[�E�i�9 �E�i �°�@� �^�E�°� �š�õ�°�¸�š� �«

�,�g�—�E�š�E���õ�^ �¢�°�¸���E� �¢ �E�i�Ô�s�^�Ô�E�i�9 �i�s�i�Ï� �Ú�—� �š�° ��� �Ô� �^�s�—� �š�¢ �õ�š� �õ�^�¢�s �¢���õ�š��� �¬ �g�õ�[�E�i�9 �E�° ���E�ê�í���¸�^�° �°�s � �Ô�õ�^�¸�õ�°� 

�°�@� � �ê�8� ���°�E�Ô� �i� �¢�¢ �s�8 �°�@� � �Ú�E�¢�°�E�i�9 �°�s�s�^�¢ �õ�i�� �8�š�õ�g� �Õ�s�š�[�¢�« �C�¸�š�°�@� �š �š� �¢� �õ�š���@ �E�¢ �i� � ��� �� �°�s �E�i�Ô�s�^�Ô� 

�i�s�i�Ï� �Ú�—� �š�°�¢ �E�i �°� �¢�°�E�i�9 �õ�i�� �Ô�õ�^�E���õ�°�E�i�9 �°�@� �¢� �¢�¸�—�—�s�š�° �¢�Û�¢�°� �g�¢�¬ � �i�¢�¸�š�E�i�9 �°�@� �Û �õ�����š� �¢�¢ �°�@� �¸�i�E�™�¸� 

���@�õ�^�^� �i�9� �¢ �8�õ��� �� ���Û �°�@�E�¢ �¸�¢� �š �9�š�s�¸�—�«

�!�����§�ö�P�®�Þ���Ð �ª�µ�ÿ�Š�2�ò�:

�P�i �¢�¸�g�g�õ�š�Û�¬ �°�@�E�¢ �^�E�°� �š�õ�°�¸�š� �š� �Ô�E� �Õ �@�õ�¢ �š� �Ô� �õ�^� �� �õ �9�š�s�Õ�E�i�9 ���¸�° �E�i���s�g�—�^� �°� ���s���Û �s�8 �š� �¢� �õ�š���@�õ�E�g� �� �õ�°

�¢�¸�—�—�s�š�°�E�i�9 �i�s�i�Ï� �Ú�—� �š�° ��� �Ô� �^�s�—� �š�¢ �E�i �P�s�º�« �Þ�@�E�^� � �Ú�E�¢�°�E�i�9 �8�š�õ�g� �Õ�s�š�[�¢ �õ�i�� �°�s�s�^�[�E�°�¢ �—�š�s�Ô�E��� �õ �¢�°�š�s�i�9

�8�s�¸�i���õ�°�E�s�i�¬ �°�@� �Û �8�õ�E�^ �°�s �õ�����š� �¢�¢ �°�@� �8�¸�^�^ �¢�—� ���°�š�¸�g �s�8 ���@�õ�^�^� �i�9� �¢ �õ�¢�¢�s���E�õ�°� �� �Õ�E�°�@ �P�s�º ��� �Ô� �^�s�—�g� �i�°�¬

�—�õ�š�°�E���¸�^�õ�š�^�Û �E�i �°�@� �°�š�õ�i�¢�E�°�E�s�i �8�š�s�g �E��� �õ�°�E�s�i �°�s �E�g�—�^� �g� �i�°�õ�°�E�s�i �õ�i�� �s�i�9�s�E�i�9 �—�š�s�W� ���° �g�õ�E�i�°� �i�õ�i��� �«

�º�@� �í�i���E�i�9�¢ �8�š�s�g �°�@�E�¢ �š� �Ô�E� �Õ �@�E�9�@�^�E�9�@�° �°�@� �i� � �� �8�s�š �g�s�š� ���s�g�—�š� �@� �i�¢�E�Ô� �¬ �¸�¢� �š�Ï�8�š�E� �i���^�Û �°�s�s�^�¢ �õ�i��

�g� �°�@�s���s�^�s�9�E� �¢ �°�@�õ�° ���õ�i �9�¸�E��� �i�s�i�Ï� �Ú�—� �š�°�¢ �°�@�š�s�¸�9�@�s�¸�° �°�@� � �i�°�E�š� �^�E�8� ���Û���^� �s�8 �P�s�º ��� �Ô� �^�s�—�g� �i�°�«

�º�@� �¢� �E�i�¢�E�9�@�°�¢ �^�õ�Û �°�@� �8�s�¸�i���õ�°�E�s�i �8�s�š �°�@� �¢�¸���¢� �™�¸� �i�° ���@�õ�—�°� �š�¢ �s�8 �°�@�E�¢ �°�@� �¢�E�¢�¬ �Õ�@� �š� �Õ� �Õ�E�^�^ � �Ú�—�^�s�š� 

�Ã�.�Ã�. �²�P�ÿ�ÿ�Š�2�o�S�Ã�É



�i�s�Ô� �^ �¢�s�^�¸�°�E�s�i�¢ �°�s �õ�����š� �¢�¢ �°�@� �E��� �i�°�E�í� �� �9�õ�—�¢�« �º�@� �i� �Ú�° ���@�õ�—�°� �š �Õ�E�^�^ �—�š� �¢� �i�° �õ ���õ�¢� �¢�°�¸���Û �E�i�Ô�s�^�Ô�E�i�9

�õ�i � �i���Ï�¸�¢� �š ��� �Ô� �^�s�—� �š�¬ �Õ�@�E���@ �Õ�E�^�^ �—�š�s�Ô�E��� �8�¸�š�°�@� �š �E�i�¢�E�9�@�°�¢ �E�i�°�s �°�@� �—�š�õ���°�E���õ�^ ���@�õ�^�^� �i�9� �¢ �8�õ��� �� ���Û

�i�s�i�Ï� �Ú�—� �š�°�¢ �õ�i�� �s�—�—�s�š�°�¸�i�E�°�E� �¢ �8�s�š ��� �Ô� �^�s�—�E�i�9 �g�s�š� � �ê�8� ���°�E�Ô� �¢�¸�—�—�s�š�° �¢�Û�¢�°� �g�¢�«

�Ä�À�S�!�Ø�Š�/�H�µ�2 �Ã�. �²�P�/�/���2�H�Þ���Ð �0���®�L�Ç�:�µ�2 �(�µ�h�µ�ö���/�µ�2�:



�X�X �y�P�§�ö�µ�P�:





�!�Ø�Š�/�H�µ�2 �Ä

�„�¦�:�µ�2�h�Þ���Ð �Š�� �0���®�L�Ç�:�µ�2 �(�µ�h�µ�ö���/�µ�2
�� �m�����Ð�Þ�H�P�®�Þ���Š�ö �Ç�:�µ�2 �²�H�P�®�o

�Ü�ß�@� �i ���õ�i�9� �š �õ�—�—�š�s�õ���@� �¢�§ �­�°�E�i�9 �9�^�s�Õ�¢ ���^�¸� �§

�õ�i�°�E���E�—�õ�°�E�i�9 �E�°�¢ �s�Õ�i �i� � �� �õ�i�� �¸�¢� �¦

�Q�° �E�¢ �õ �°�š�¸�¢�°�Û �Õ� �õ�—�s�i�§ �õ�i �E�i�8�õ�^�^�E���^� 

�Õ�õ�š�i�E�i�9 �¢�Û�¢�°� �g�§ �õ �@�õ�i���¢�s�g� �s���W� ���°�§

�õ�i�� �õ �8�õ�i�°�õ�¢�°�E�� ���s�g�—�õ�i�E�s�i�Í�8�s�š �õ �@�s�����E�°�¦

�Ù �$�÷�Ö�G�� �¤�u�¤�"

�-�i���@�õ�i�°� �� �~���W� ���°�¢�Ç�2�6�2�È

�Ç�y�(�0�ª�²�À���y�(�X�y�J �À�R�0 �²�§�0�!�X�I�X�! �!�R���m�m�0�y�J�0�²�8�õ��� �� ���Û � �i���Ï�¸�¢� �š ��� �Ô� �^�s�—� �š�¢ �E�i ���š� �õ�°�E�i�9 ��� �¢�—�s�[� �P�s�º

�—�š�s�W� ���°�¢ �E�¢ ���š�¸���E�õ�^ �8�s�š �E�g�—�š�s�Ô�E�i�9 �°�@� �õ����� �¢�¢�E���E�^�E�°�Û �s�8 �P�s�º �°� ���@�i�s�^�s�9�E� �¢�« �º�@�E�¢ ���@�õ�—�°� �š �õ�����š� �¢�¢� �¢ �°�@� 

�í�š�¢�° �¤� �¢� �õ�š���@ �£�¸� �¢�°�E�s�i �—�s�¢� �� �E�i���@�õ�—�°� �š �2�­

�¤�£�9 �_�Þ�@�õ�° ���õ�š�š�E� �š�¢ ���s � �i���Ï�¸�¢� �š ��� �Ô� �^�s�—� �š�¢ �8�õ��� �E�i ���š� �õ�°�E�i�9 ��� �¢�—�s�[� �P�s�º �—�š�s�W� ���°�¢�²

�P�i���@�õ�—�°� �š �3�¬ �Õ� � �Ú�—�^�õ�E�i� �� �°�@�õ�° �°�@� ���s�g�—�s�i� �i�°�¢ �i� � ��� �� �°�s ���š� �õ�°� �õ ���¸�¢�°�s�g �P�s�º �—�š�s�W� ���° �õ�š� �õ�Ô�õ�E�^�õ���^� 

�õ�i�� �õ�ê�8�s�š���õ���^� �« �Þ� �@�Û�—�s�°�@� �¢�E�å� �°�@�õ�°�¬ �Õ�@�E�^� �õ �i�s�i�Ï� �Ú�—� �š�° ���õ�i �°� ���@�i�E���õ�^�^�Û �¸�i��� �š�°�õ�[� �¢�¸���@ �õ �—�š�s�W� ���°�¬

�°�@� �i�¸�g��� �š �õ�i�� ���s�g�—�^� �Ú�E�°�Û �s�8 ���@�õ�^�^� �i�9� �¢ �°�@� �Û �8�õ��� �g�õ�[� ���s�g�—�^� �°�E�i�9 �°�@� �—�š�s�W� ���° � �Ú��� � ���E�i�9�^�Û

���E�ê�í���¸�^�°�«

�º�s �õ�����š� �¢�¢ �¤�£�2�¬ �Õ� ���s�i���¸���°� �� �õ �^�s�i�9�Ï�°� �š�g �s���¢� �š�Ô�õ�°�E�s�i �s�Ô� �š �¢� �Ô� �š�õ�^ �g�s�i�°�@�¢ �E�i �3�1�2�8 �õ�i�� �3�1�2�9�¬

�°�š�õ���[�E�i�9 �õ�i � �i���Ï�¸�¢� �š ��� �Ô� �^�s�—� �š �õ�¢ �°�@� �Û ���š� �õ�°� �� �õ�i �P�s�º �—�š�s�W� ���°�« �º�@� �s���W� ���°�E�Ô� �¢ �s�8 �°�@�E�¢ �š� �¢� �õ�š���@

�Õ� �š� �­

�2�«�Á�i��� �š�¢�°�õ�i�� �°�@� �°�E�g� �8�š�õ�g� �š� �™�¸�E�š� �� �°�s ���š�E�i�9 �õ ���¸�¢�°�s�g �P�s�º �—�š�s�W� ���° �°�s �õ�i �õ����� �—�°�õ���^� �8�¸�i���°�E�s�i�õ�^

�¢�°�õ�°� �¬

�3�«���s�g�—�š� �@� �i�� �°�@� ���E�ê�8� �š� �i�° �—�@�õ�¢� �¢ �°�@�õ�° �õ �i�s�i�Ï� �Ú�—� �š�° �g�¸�¢�° �i�õ�Ô�E�9�õ�°� �°�s ���s�g�—�^� �°� �°�@� �E�š �—�^�õ�i�¬

�õ�i��

�4�«�P��� �i�°�E�8�Û �s���¢�°�õ���^� �¢ �°�@�õ�° ���s�¸�^�� �¢�°�s�— �s�š ��� �^�õ�Û �°�@� �—�š�s�W� ���°�ß�¢ �—�š�s�9�š� �¢�¢�«

�!�Ø�Š�/�H�µ�2 �Ä�. �„�¦�:�µ�2�h�Þ���Ð �Š�� �0���®�L�Ç�:�µ�2 �(�µ�h�µ�ö���/�µ�2�S�Ä�Ã



�C�B�6�³�—�� �5�«�2�­�p�s�s�� �¬�™�¸� � �å� �š�­ �¢�™�¸� � �å� ���s�Ú �õ�i�� ���E�9�E�°�õ�^ �î�s�s�š ���E�¢�—�^�õ�Û
�¤� �—�š�s���¸��� �� �8�š�s�g�­�õ�š�õ�@ �E�õ�^�^�õ���@� �š�¬�@�ì�°�—�¢�­�º�º�¢�õ�š�õ�@�9�õ�^�^�õ���@� �š�«���s�g�º�«

�º�@� �š� �¢�° �s�8 �°�@�E�¢ ���@�õ�—�°� �š �E�¢ �s�š�9�õ�i�E�¢� �� �õ�¢ �8�s�^�^�s�Õ�¢�­�¬� ���°�E�s�i �5�«�2�­ �¬�°�¸���Û �$� �¢�E�9�i�—�š� �¢� �i�°�¢ �°�@� �—�^�õ�i�i�E�i�9

�—�@�õ�¢� �s�8 �s�¸�š �¸�¢� �š �¢�°�¸���Û�¬ �E�i���^�¸���E�i�9 �õ �—�š� �^�E�g�E�i�õ�š�Û �¢�°�¸���Û �Õ�E�°�@ �°�@� �š� �¢� �õ�š���@� �š �õ�¢ �°�@� �¢�s�^� �—�õ�š�°�E���E�—�õ�i�°�«

�¬� ���°�E�s�i �5�«�3�­ �¬�°�¸���Û �p� �°�@�s��� �Ú�—�^�õ�E�i�¢ �°�@� �g� �°�@�s���s�^�s�9�Û � �g�—�^�s�Û� �� �E�i �°�@� �¸�¢� �š �¢�°�¸���Û�«�¬� ���°�E�s�i �5�«�4�­

���i�õ�^�Û�¢�E�¢�—�š�s�Ô�E��� �¢ �õ�i �E�i�Ï��� �—�°�@ �õ�i�õ�^�Û�¢�E�¢ �s�8 �°�@� ���õ�°�õ �9�õ�°�@� �š� �� ���¸�š�E�i�9 �°�@� �¢�°�¸���Û�«�¬� ���°�E�s�i �5�«�5�­ �$�E�¢���¸�¢�Ï

�¢�E�s�i� �Ú�—�^�s�š� �¢ �°�@� �E�i�¢�E�9�@�°�¢ ��� �š�E�Ô� �� �8�š�s�g �°�@� �õ�i�õ�^�Û�¢�E�¢�« �C�E�i�õ�^�^�Û�¬�¬� ���°�E�s�i �5�«�6�­ �¬�¸�g�g�õ�š�Û�¢�¸�g�g�õ�š�E�¢� �¢

�°�@�E�¢ ���@�õ�—�°� �š�ß�¢ �g�õ�E�i �í�i���E�i�9�¢ �õ�i�� �°�@� �E�š �E�g�—�^�E���õ�°�E�s�i�¢ �8�s�š �°�@� �¢�¸���¢� �™�¸� �i�° �¸�¢� �š �¢�°�¸���E� �¢�«

�Ä�.�Á �Ò�²�H�P�®�o �(�µ�:�Þ�Ð��

�º�@�E�¢ �¢� ���°�E�s�i �—�š�s�Ô�E��� �¢ �õ�i �s�Ô� �š�Ô�E� �Õ �s�8 �°�@� �õ�—�—�š�s�õ���@ �°�õ�[� �i �°�s � �Ú�—�^�s�š� �@�s�Õ �i�s�i�Ï� �Ú�—� �š�°�¢ ���õ�i ��� �Ô� �^�s�—

��� �¢�—�s�[� �P�i�°� �š�i� �° �s�8 �º�@�E�i�9�¢ �Ã�P�s�º�Ä �—�š�s�W� ���°�¢�« ���Û � �Ú�õ�g�E�i�E�i�9 ���s�°�@ �°�@� �—�^�õ�i�i�E�i�9 �õ�i�� � �Ú� ���¸�°�E�s�i �—�@�õ�¢� �¢

�s�8 �õ �—�š�s�W� ���°�¬ �Õ� �@�E�9�@�^�E�9�@�° �°�@� �—�š�õ���°�E���õ�^ ���s�i�¢�E��� �š�õ�°�E�s�i�¢ �õ�i�� �g� �°�@�s���s�^�s�9�E���õ�^ �¢�°�š�õ�°� �9�E� �¢ � �g�—�^�s�Û� ���«

�º�@� �¢�°�¸���Û�¬ �õ�¢ �E�° �E�¢ �—�š� �¢� �i�°� �� �E�i �°�@�E�¢ ���@�õ�—�°� �š�¬ �E�¢ ���E�Ô�E��� �� �E�i�°�s �°�Õ�s �¢�°�õ�9� �¢�­ �°�@� �¢�š� �^�E�g�E�i�õ�š�Û �­�°�¸���Û�¬ �õ�i

�E�i�E�°�E�õ�^ �—�š�s�s�8 �s�8 ���s�i��� �—�° ���s�i���¸���°� �� ���Û �õ �š� �¢� �õ�š���@� �š �Ã�¡�2�Ä�¬ �õ�i�� �°�@� �q�õ�E�i �­�°�¸���Û�¬ �Õ�@� �š� �õ�i � �i���Ï�¸�¢� �š

��� �Ô� �^�s�—� �š �Ã�¡�3�Ä ���¸�E�^���¢ �¸�—�s�i �°�@� �E�i�E�°�E�õ�^ �¢�°�õ�9� �« �º�@�E�¢ ���¸�õ�^�Ï�¢�°�õ�9� �—�š�s��� �¢�¢ �¢� � �[�¢ �°�s �E��� �i�°�E�8�Û �[� �Û �8�õ���°�s�š�¢

�°�@�õ�° � �i�õ���^� �i�s�i�Ï� �Ú�—� �š�°�¢ �°�s � �ê�8� ���°�E�Ô� �^�Û �¸�°�E�^�E�¢� �P�s�º �°� ���@�i�s�^�s�9�E� �¢�¬ ���s�i�°�š�E���¸�°�E�i�9 �Ô�õ�^�¸�õ���^� �E�i�¢�E�9�@�°�¢ �°�s

�°�@� ���š�s�õ��� �š �s���W� ���°�E�Ô� �¢ �s�8 �°�@�E�¢ �°�@� �¢�E�¢�«

�}�¸�š �E�i�¢�—�E�š�õ�°�E�s�i �8�s�š �°�@�E�¢ �¢�°�¸���Û ���õ�g� �8�š�s�g �°�@� �q�s�s�� �­�™�¸� � �å� �š�—�š�s�W� ���° ���Û �D�õ�^�^�õ���@� �š � �° �õ�^�« �Ç�8�8�È�« �P�i

�°�@�õ�° �—�š�s�W� ���°�¬ �õ �9�š�s�¸�— �s�8 �—� �s�—�^� ���õ�i �E�i���E���õ�°� �°�@� �E�š ���¸�š�š� �i�° �g�s�s�� �Ô�E�õ �°�@� �¬�™�¸� � �å� ���s�Ú �Ã�C�E�9�¸�š� �5�«�2

�Ã�^� �ê�°�Ä�Ä�¬ �Õ�@�E�^� �õ�i �õ�9�9�š� �9�õ�°�E�s�i �s�8 �°�@� �E�š �E�i�—�¸�°�¢ �E�¢ �¢�@�s�Õ�i �õ�¢ �õ �î�s�s�š �^�E�9�@�° �E�i�¢�°�õ�^�^�õ�°�E�s�i �Ã�C�E�9�¸�š� �5�«�2�Ã�š�E�9�@�°�Ä�Ä�«

�º�@� �p�s�s�� �¬�™�¸� � �å� �š �¸�°�E�^�E�¢� �¢ �õ �9�š�s�¸�— �s�8 �°� ���@�i�s�^�s�9�E� �¢ �°�@�õ�° ���õ�i ��� ���s�i�¢�E��� �š� �� �P�s�º�« �P�i �—�š� �Ô�E�s�¸�¢

�š� �¢� �õ�š���@�¬ �Õ� �@�õ�Ô� �i�s�°� �� �°�@�õ�°�×�Q�s�» �õ�š� �@�õ�š���Õ�õ�š� �µ�¢�s�ê�°�Õ�õ�š� �¢�Û�¢�°� �g�¢ �°�@�õ�° �õ�š� � �g��� ����� �� �E�i � �Ô� �š�Û���õ�Û

�s���W� ���°�¢�§ ���s�g�g�¸�i�E���õ�°�E�i�9 �Ô�E�õ �°�@� �Q�i�°� �š�i� �°�Ø�Ç�8�9�È�« �K�s�Õ� �Ô� �š�¬ �D�õ�^�^�õ���@� �š � �° �õ�^�« ���s �i�s�° � �Ú�—�^�E���E�°�^�Û �g� �i�°�E�s�i

�°�@� �¸�¢� �s�8 �°�@� �P�i�°� �š�i� �° �s�š �°�@� �P�i�°� �š�i� �° �s�8 �º�@�E�i�9�¢ �Ã�P�s�º�Ä�® �°�@� �E�š �¢�°�¸���Û ���s�¸�^�� �@�õ�Ô� ��� � �i ���s�i���¸���°� ��

�¸�¢�E�i�9 �õ �f�s���õ�^ ���š� �õ �r� �°�Õ�s�š�[ �Ã�f���r�Ä�«

�º�@�E�¢ �š� �¢� �õ�š���@ � �Ú�õ�g�E�i� �¢ �°�@� ���õ�š�š�E� �š�¢ �i�s�i�Ï� �Ú�—� �š�° � �i���Ï�¸�¢� �š ��� �Ô� �^�s�—� �š�¢ �8�õ��� �Õ�@� �i ���š� �õ�°�E�i�9 ��� �¢�—�s�[� 

�P�s�º �—�š�s�W� ���°�¢�¬ �E�i���^�¸���E�i�9 �°� ���@�i�E���õ�^ ���@�õ�^�^� �i�9� �¢�¬ �¸�i�E�i�°�¸�E�°�E�Ô� �°�s�s�^�¢�¬ �E�i�¢�¸�ê�í���E� �i�° �š� �¢�s�¸�š��� �¢�¬ �õ�i�� �9�õ�—�¢ �E�i

�—�š�s�9�š�õ�g�g�E�i�9 �õ�i�� �¢�Û�¢�°� �g �õ�¢�¢� �g���^�Û �[�i�s�Õ�^� ���9� �«

�Ä�Ä�S�!�Ø�Š�/�H�µ�2 �Ä�. �„�¦�:�µ�2�h�Þ���Ð �Š�� �0���®�L�Ç�:�µ�2 �(�µ�h�µ�ö���/�µ�2



�C�B�6�³�—�� �5�«�3�­�¡�š� �^�E�g�E�i�õ�š�Û �¢�°�¸���Û�« ���E�š���¸�E�° ���E�õ�9�š�õ�g �¸�¢� �� �õ�¢ �°�@� ���^�¸� �—�š�E�i�° �8�s�š ���s�i�¢�°�š�¸���°�E�i�9
�°�@� ��� �Ô�E��� �¢�@�s�Õ�i �E�i�C�E�9�¸�š� �5�«�4�«

�C�B�6�³�—�� �5�«�4�­�¡�š� �^�E�g�E�i�õ�š�Û �¢�°�¸���Û�« �,�Ú�°� �š�E�s�š�­ ���õ�š�����s�õ�š�� ���s�Ú �Õ�E�°�@ �¤�¸�9���Û �¢�°�š� �¢�¢ ���õ�^�^ �Ã�^� �ê�°�Ä�«
�P�i�°� �š�E�s�š�­ ���š���¸�E�i�s �p�d�¤�2�1�1�1�¬ �C�¬�¤ �¢� �i�¢�s�š�¬ �õ�i�� �f�,�$ �Ã�š�E�9�@�°�Ä�¬ ���¸�E�^�° �õ�����s�š���E�i�9 �°�s �°�@� 

���E�š���¸�E�° ���E�õ�9�š�õ�g �E�i�C�E�9�¸�š� �5�«�3�«

�º�@� �í�i���E�i�9�¢ �õ�E�g �°�s �E��� �i�°�E�8�Û �°�@� �¢� ���@�õ�^�^� �i�9� �¢ �õ�i�� �—�š�s�Ô�E��� �E�i�¢�E�9�@�°�¢ �E�i�°�s �@�s�Õ �°�@� �Û �@�E�i��� �š �°�@� �õ���E�^�E�°�Û

�s�8 �i�s�i�Ï� �Ú�—� �š�°�¢ �°�s �E�i��� �—� �i��� �i�°�^�Û ���s�i�¢�°�š�¸���° �P�s�º �¢�s�^�¸�°�E�s�i�¢�« ���Û �¸�i��� �š�¢�°�õ�i���E�i�9 �°�@� �¢� �s���¢�°�õ���^� �¢�¬

�°�@� �š� �¢� �õ�š���@ �¢� � �[�¢ �°�s �¸�i���s�Ô� �š ���š�E�°�E���õ�^ �õ�š� �õ�¢ �Õ�@� �š� �¢�¸�—�—�s�š�° �g� ���@�õ�i�E�¢�g�¢ �õ�i�� �š� �¢�s�¸�š��� �¢ �õ�š� �g�s�¢�°

�i� � ��� �� �°�s � �i�õ���^� �¢�¸����� �¢�¢�8�¸�^ �P�s�º �—�š�s�W� ���° ��� �Ô� �^�s�—�g� �i�° �8�s�š � �i�� �¸�¢� �š�¢�«

�Ä�.�Â �Ò�²�H�P�®�o �w�µ�H�Ø���®

�º�@�E�¢ �¢� ���°�E�s�i �s�¸�°�^�E�i� �¢ �°�@� �¢�—� ���E�í�� �°� ���@�i�E�™�¸� �¢ �õ�i�� �—�š�s��� ���¸�š� �¢ �¸�¢� �� �°�s ���s�i���¸���° �s�¸�š �š� �¢� �õ�š���@�« �P�°

��� �°�õ�E�^�¢ �°�@� �¢�°�õ�9� �¢ �s�8 �°�@� �¢�°�¸���Û�¬ �°�@� �—�õ�š�°�E���E�—�õ�i�°�¢ �E�i�Ô�s�^�Ô� ���¬ �õ�i�� �°�@� ���õ�°�õ ���s�^�^� ���°�E�s�i �g� �°�@�s���¢ � �g�Ï

�—�^�s�Û� ���« ���Û �—�š�s�Ô�E���E�i�9 �õ�i �s�Ô� �š�Ô�E� �Õ �s�8 �°�@� �¢�°�¸���Û �g� �°�@�s���¬ �Õ� �õ�E�g �°�s �s�¸�°�^�E�i� �°�@� �¢�°� �—�¢ �°�õ�[� �i �°�s �9�õ�°�@� �š

�E�i�¢�E�9�@�°�¢ �E�i�°�s �@�s�Õ �i�s�i�Ï� �Ú�—� �š�°�¢ ���õ�i ��� �Ô� �^�s�— ��� �¢�—�s�[� �P�s�º �—�š�s�W� ���°�¢�¬ �°�@� �š� ���Û � �i�¢�¸�š�E�i�9 �°�@� ���^�õ�š�E�°�Û �õ�i��

�š� �^�E�õ���E�^�E�°�Û �s�8 �s�¸�š �í�i���E�i�9�¢�«

�Ä�.�Â�. �²�H�P�®�o �w�µ�H�Ø���®�S�Ä�Å



�Ä�.�Â�.�Á �Ò�§�2�µ�ö�Þ�ÿ�Þ���Š�2�o �²�H�P�®�o

�º�@� �—�š� �^�E�g�E�i�õ�š�Û �¢�°�¸���Û �õ�E�g� �� �°�s �õ�¢�¢� �¢�¢ ���s�g�g� �š���E�õ�^ �s�ê�8�Ï�°�@� �Ï�¢�@� �^�8 �°� ���@�i�s�^�s�9�Û �8�s�š �°�@� �g�õ�E�i �¢�°�¸���Û�¬

�Ô� �š�E�8�Û�E�i�9 �°�@� ���õ�¢�E�� ���õ�°�õ �î�s�Õ �õ�i�� �[� �Û ���s�g�—�s�i� �i�°�¢ �õ�¢ �¢�°�õ�š�°�E�i�9 �—�s�E�i�°�¢�« �º�@�E�¢ �E�i�Ô�s�^�Ô� �� �E��� �i�°�E�8�Û�E�i�9�¬

���s�g�—�õ�š�E�i�9�¬ � �¢�°�E�g�õ�°�E�i�9�¬ �¢� �^� ���°�E�i�9�¬ �—�¸�š���@�õ�¢�E�i�9�¬ �õ�i�� �õ�¢�¢� �g���^�E�i�9 �—�õ�š�°�¢ �E�i�°�s �õ �—�š�s�s�8�Ï�s�8�Ï���s�i��� �—�° �—�E�^�s�°

�—�š�s�W� ���°�« �D�E�Ô� �i �s�¸�š �@�Û�—�s�°�@� �¢�E�¢ �°�@�õ�° ���š� �õ�°�E�i�9 �õ ��� �¢�—�s�[� �P�s�º �¢�s�^�¸�°�E�s�i �Õ�õ�¢ �°�s�s ���s�g�—�^� �Ú �8�s�š �õ �i�s�i�Ï

�°� ���@�i�E���õ�^ �¸�¢� �š�¬ �°�@� �—�š� �^�E�g�E�i�õ�š�Û �¢�°�¸���Û �õ���°� �� �õ�¢ �õ �¢�õ�8� �°�Û �i� �°�¬ � �i�¢�¸�š�E�i�9 �°�@�õ�° �°�@� �¢� �^� ���°� �� �°� ���@�i�s�^�s�9�Û

���s�¸�^�� �¢�¸�—�—�s�š�° �°�@� �g�õ�E�i �¢�°�¸���Û�ß�¢ ��� �Ô� �^�s�—�g� �i�°�« �¡�2 ���s�i���¸���°� �� �°�@�E�¢ �¢�°�¸���Û �—�õ�š�°�Ï�°�E�g� �E�i �@�E�¢ �s�ê�í��� �s�Ô� �š

�8�s�¸�š �g�s�i�°�@�¢�¬ �8�š�s�g ���¸�9�¸�¢�° �°�s �r�s�Ô� �g��� �š �3�1�2�8�«

���s�i�¢�E��� �š�E�i�9 �°�@� �p�s�s�� �¬�™�¸� � �å� �š �Ç�8�8�È�¬ �Õ� �E��� �i�°�E�í� �� �°�@� �8�s�^�^�s�Õ�E�i�9 ���s�g�—�s�i� �i�°�¢ �õ�i�� ���õ�°�õ �î�s�Õ �8�s�š

�°�@� �—�š�s�W� ���°�­�õ�Ä�¬� �i�¢�s�š�¢ �°�@�õ�° �š� �õ���° �°�s ���@�õ�i�9� �¢ �E�i �°�@� � �i�Ô�E�š�s�i�g� �i�° �Ã� �«�9�«�¬ �°�@� �—�š� �¢�¢�¸�š� �õ�—�—�^�E� �� �°�s �õ

�¢�°�š� �¢�¢ ���õ�^�^�Ä�®���Ä�� �Þ�E�Ï�C�E�Ï���õ�—�õ���^� �g�E���š�s���s�i�°�š�s�^�^� �š �°�@�õ�° ���s�i�Ô� �š�°�¢ �°�@� �¢� �i�¢�s�š �š� �õ���E�i�9�¢ �E�i�°�s ���E�9�E�°�õ�^ ���õ�°�õ

�õ�i�� �°�š�õ�i�¢�g�E�°�¢ �E�° �°�s �õ ���^�s�¸���Ï���õ�¢� �� ���õ�°�õ���õ�¢� �®���Ä�� ���^�s�¸���Ï���õ�¢� �� ���õ�°�õ���õ�¢� �°�@�õ�° �¢�°�s�š� �¢ �õ�i�� �—�š�s��� �¢�¢� �¢

�°�@� �9� �i� �š�õ�°� �� ���õ�°�õ�®���Ä���i �õ���°�¸�õ�°�s�š �°�@�õ�° �°�š�õ�i�¢�8�s�š�g�¢ �°�@� ���E�9�E�°�õ�^ ���õ�°�õ �E�i�°�s �¢�s�g� �°�@�E�i�9 �—� �š��� �E�Ô�õ���^� ���Û

�°�@� �¢� �i�¢� �¢ �Ã� �«�9�«�¬ ���s�^�s�¸�š� �� �^�E�9�@�°�¢�Ä�«

�º�@� �¢� ���s�g�—�s�i� �i�°�¢ �õ�i�� ���õ�°�õ �î�s�Õ �Õ� �š� ���s�g�—�õ�š� �� �Õ�E�°�@ �°�@� ���E�õ�9�š�õ�g �—�š� �¢� �i�°� �� �E�i�C�E�9�¸�š� �3�«�2�¬ �Õ�@� �š� 

�Õ� ���s�i�¢�E��� �š� �� �°�@�š� � ���E�¢�°�E�i���°�E�Ô� �õ�š� �õ�¢�­�­� �i�¢�E�i�9�¬�¢�š�s��� �¢�¢�E�i�9�¬ �õ�i�������°�¸�õ�°�E�i�9�« �Þ� � �Ú�õ�g�E�i� �� �°�@� �¢� 

�õ�š� �õ�¢ �°�s �—�š�s���¸��� �°�@� �—�š�s�°�s�°�Û�—� �s�8 �õ�i �P�s�º �—�š�s�W� ���°�¬ �õ�E�g�E�i�9 �°�s �E��� �i�°�E�8�Û �¢�¸�E�°�õ���^� �¢� �i�¢�s�š�¢�¬ �õ ���s�g�—�õ�°�E���^� 

�g�E���š�s���s�i�°�š�s�^�^� �š�¬ �õ ���^�s�¸���Ï���õ�¢� �� ���õ�°�õ���õ�¢� �¬ �õ�i�� �s�—� �i�Ï�õ����� �¢�¢ ���—�—�^�E���õ�°�E�s�i �¡�š�s�9�š�õ�g�g�E�i�9 �P�i�°� �š�8�õ��� �¢

�Ã���¡�P�¢�Ä �°�s �8�õ���E�^�E�°�õ�°� �¢� �õ�g�^� �¢�¢ ���õ�°�õ �î�s�Õ ��� �°�Õ� � �i �°�@� �¢�Û�¢�°� �g ���s�g�—�s�i� �i�°�¢�«

�Ñ�¬�"�k�¤�G�k�;

�� �—�š� �¢�¢�¸�š� �¢� �i�¢�s�š �Ã�C�s�š��� �¬� �i�¢�E�°�E�Ô� �¤� �¢�E�¢�°�s�š�¬ �C�¬�¤�Ä �E�i�¢�E��� �õ �š� �� �¢�°�š� �¢�¢ ���õ�^�^ �8�š�s�g �Á�i�E�Ô� �š�¢�E�°�Û �g� �š�Ï

���@�õ�i���E�¢� �Õ�õ�¢ �¸�¢� �� �8�s�š ���õ�°�õ �E�i�—�¸�° �E�i�¢�°� �õ�� �s�8 ���¸�ì�°�s�i�¢�« ���i ���š���¸�E�i�s �p�d�¤�2�1�1�1 �Õ�E�°�@ �Þ�E�Ï�C�E �õ�i��

���õ�ì�°� �š�Û �—�s�Õ� �š �Õ�õ�¢ ���@�s�¢� �i �8�s�š �E�°�¢ �Ô� �š�¢�õ�°�E�^�E�°�Û �õ�i�� �@�s�¸�¢� �� �E�i �õ ���õ�š�����s�õ�š�� ���s�Ú �Ã�C�E�9�¸�š� �5�«�4�Ä�« �º�@� 

���š���¸�E�i�s �Õ�õ�¢ �—�š�s�9�š�õ�g�g� �� �E�i ������ �¸�¢�E�i�9 �°�@� ���š���¸�E�i�s �P�$�,�¬ �¢�E�g�E�^�õ�š �°�s �°�@� �p�s�s�� �¬�™�¸� � �å� �š �Ç�8�8�È�«

�Ñ�¡�œ�u���"�¤�¤�G�k�;

�C�E�š� ���õ�¢� �Õ�õ�¢ ���@�s�¢� �i �8�s�š ���^�s�¸�� �—�š�s��� �¢�¢�E�i�9 �õ�i�� �¢�°�s�š�õ�9� ���¸� �°�s �E�°�¢ ���^� �õ�š ���s���¸�g� �i�°�õ�°�E�s�i�¬ �¢�E�g�Ï

�—�^� ���¡�P�¬ � �Ú�õ�g�—�^� �¢�¬ �õ�i�� �¸�¢� �š�Ï�8�š�E� �i���^�Û �E�i�°� �š�8�õ��� �« ���ê�°� �š �¢� �°�¸�—�¬ �°�@� ���õ�—�°�¸�š�E�i�9 �g�s���¸�^� �Õ�õ�¢ �—�š�s�Ï

�9�š�õ�g�g� �� �E�i �a�õ�Ô�õ�¬���š�E�—�° �°�s �¸�—�^�s�õ�� ���õ�°�õ�« ���i �f�,�$ �s�i �°�@� ���s�Ú �E�i���E���õ�°� �� �Õ�@� �i ���õ�°�õ �Õ�õ�¢ �¢� �i�°�«

�Ñ�����²�º�÷�²�G�k�;

�$�¸�š�E�i�9 �°�@� �—�š� �^�E�g�E�i�õ�š�Û �¢�°�¸���Û�¬ �Ô�E�¢�¸�õ�^�E�¢�õ�°�E�s�i �Õ�õ�¢ �¢�E�g�¸�^�õ�°� �� �°�@�š�s�¸�9�@ �õ ���õ�¢�E�� �Õ� �� �E�i�°� �š�8�õ��� 

���E�¢�—�^�õ�Û�E�i�9 �š� ���s�š���¢ �õ�—�—� �õ�š�E�i�9 �E�i �°�@� ���õ�°�õ���õ�¢� �«

���Û �°�@� � �i�� �s�8 �°�@� �—�š� �^�E�g�E�i�õ�š�Û �¢�°�¸���Û�¬ �Õ� �¢�¸����� �¢�¢�8�¸�^�^�Û �°� �¢�°� �� �8�s�š��� �Ï�¢� �i�¢�E�°�E�Ô� �š� �¢�E�¢�°�s�š�¢ �Ã�C�¬�¤�Ä�¬ �°�@� 

���š���¸�E�i�s �p�d�¤�2�1�1�1 �g�E���š�s���s�i�°�š�s�^�^� �š �Õ�E�°�@ �Þ�E�Ï�C�E ���s�i�i� ���°�E�Ô�E�°�Û�¬ �õ�i�� �°�@� �C�E�š� ���õ�¢� ���^�s�¸�� ���õ�°�õ���õ�¢� 

�Õ�E�°�@ �õ�i �¸�i��� �š�¢�°�õ�i���õ���^� ���¡�P�« �º�@� ��� �°�õ�E�^� �� ���E�š���¸�E�° ���s�i�í�9�¸�š�õ�°�E�s�i �E�¢ �E�^�^�¸�¢�°�š�õ�°� �� �E�i�C�E�9�¸�š� �5�«�3�« �º�@� �¢� 

���s�g�—�s�i� �i�°�¢ �¢� �š�Ô� �� �õ�¢ �°�@� ���¸�E�^���E�i�9 ���^�s���[�¢ �8�s�š �°�@� �¢� ���s�i�� �¢�°�õ�9� �s�8 �°�@� �¢�°�¸���Û�¬ �—�š� �¢� �i�°� �� �E�i �°�@� 

�8�s�^�^�s�Õ�E�i�9 �¢�¸���¢� ���°�E�s�i�«

�Ä�Æ�S�!�Ø�Š�/�H�µ�2 �Ä�. �„�¦�:�µ�2�h�Þ���Ð �Š�� �0���®�L�Ç�:�µ�2 �(�µ�h�µ�ö���/�µ�2



�º�@� �¢�š� �^�E�g�E�i�õ�š�Û �­�°�¸���Û�@� �^�—� �� �¸�¢ �¸�i��� �š�¢�°�õ�i�� �°�@� ���s�g�—�^� �Ú�E�°�E� �¢ �s�8 �õ�¢�¢� �g���^�E�i�9 �õ�i �P�s�º �—�š�s�W� ���°�¬ �Ô� �š�E�Ï

�8�Û�E�i�9 �°�@�õ�° ���¸�E�^���E�i�9 �°�@� �—�š�s�W� ���° �Õ�õ�¢ �E�i��� � �� �—�s�¢�¢�E���^� �¬ �°�@�¸�¢ � �i�¢�¸�š�E�i�9 �°�@�õ�° �Õ� �Õ� �š� �i�s�° �¢� �i���E�i�9 �°�@� 

�—�õ�š�°�E���E�—�õ�i�° �E�i �°�@� �q�õ�E�i �­�°�¸���Û�°�s �õ ��� �õ�� � �i���«

�Ä�.�Â�.�Â �Ò�w�Š�Þ�� �²�H�P�®�o

�º�@� �¢� ���s�i�� �¢�°�õ�9� �s�8 �s�¸�š ���õ�¢� �¢�°�¸���Û �E�i�Ô�s�^�Ô� �� ��� �Ô� �^�s�—�E�i�9 �õ ��� �¢�—�s�[� �—�š�s�W� ���° ���õ�¢� �� �s�i �°�@� �—�š�s�s�8 �s�8

���s�i��� �—�° ���s�i���¸���°� �� ���Û �õ �š� �¢� �õ�š���@� �š �Ã�¡�2�Ä�¬ �õ�¢ �—�š� �¢� �i�°� �� �—�š� �Ô�E�s�¸�¢�^�Û�« �Þ� �i�õ�g� �� �°�@�E�¢ �—�š�s�W� ���°�»�@� �q�s�s��

�­�™�¸� � �å� ���s�i�Ô� �š�°� �š�¬ �õ�¢ �E�° ���s�i�Ô� �š�°�¢ �—�@�Û�¢�E���õ�^ � �i� �š�9�Û�Ò�—�š� �¢�¢�E�i�9 �õ �¢�°�š� �¢�¢ ���õ�^�^�Ò�E�i�°�s �^�E�9�@�° ���Û �°�¸�š�i�E�i�9 �s�i

�õ�i�� ���@�õ�i�9�E�i�9 �°�@� ���s�^�s�¸�š �õ�i�� �E�i�°� �i�¢�E�°�Û �s�8 �õ�i �f�,�$ �¢�°�š�E�—�«

�P�i �°�@�E�¢ �—�@�õ�¢� �¬ �°�@� �P�s�º �õ�—�—�^�E���õ�°�E�s�i �°�s ��� �Ô� �^�s�— �E�i���^�¸��� �� �õ�^�^ �°�@� �—�õ�š�°�¢ �E��� �i�°�E�í� �� �E�i �°�@� ���õ�°�õ �î�s�Õ

���E�õ�9�š�õ�g �¢�@�s�Õ�i �E�i���@�õ�—�°� �š �2�­�­� �i�¢�E�i�9�¸�¢� �š �E�i�°� �š�õ���°�E�s�i�¢�¬�¢�š�s��� �¢�¢�E�i�9���õ�°�õ �^�s���õ�^�^�Û �õ�i�� �E�i �°�@� ���^�s�¸���¬

�õ�i�� �����°�¸�õ�°�E�i�9�°�@�š�s�¸�9�@ �f�,�$ �^�E�9�@�°�¢ �Ã�C�E�9�¸�š� �3�«�2�Ä�«

�º�@� �s���W� ���°�E�Ô� �¢ �s�8 �°�@� �q�õ�E�i �­�°�¸���Û�Õ� �š� �õ�¢ �8�s�^�^�s�Õ�¢�­

�Ñ�º�s �¸�i��� �š�¢�°�õ�i�� �°�@� �°�E�g� �8�š�õ�g� �š� �™�¸�E�š� �� �°�s �õ���@�E� �Ô� �õ�i �õ����� �—�°�õ���^� �8�¸�i���°�E�s�i�õ�^ �¢�°�õ�°� �8�s�š �°�@� 

�—�š�s�W� ���°�«

�Ñ�º�s ���s�g�—�š� �@� �i�� �°�@� ���E�ê�8� �š� �i�° �—�@�õ�¢� �¢ �õ �¸�¢� �š �g�¸�¢�° �9�s �°�@�š�s�¸�9�@ �°�s ���s�g�—�^� �°� �E�°�«

�Ñ�º�s �E��� �i�°�E�8�Û �s���¢�°�õ���^� �¢ �°�@�õ�° ���s�¸�^�� �@�E�i��� �š �°�@� �—�š�s�W� ���°�ß�¢ �—�š�s�9�š� �¢�¢�«

�º�@� �¸�¢� �š �Õ�õ�¢ �°�õ�¢�[� �� �Õ�E�°�@ ��� �Ô� �^�s�—�E�i�9 �õ �8�¸�i���°�E�s�i�õ�^ �—�š�s�°�s�°�Û�—� �¸�¢�E�i�9 �õ �¢� �° �s�8 �š� �™�¸�E�š� �g� �i�°�¢ �õ�i�� �õ

�^�E�¢�° �s�8 �°� ���@�i�s�^�s�9�E���õ�^ ���s�g�—�s�i� �i�°�¢ �Õ�E�°�@�E�i �õ �š� �õ�¢�s�i�õ���^� �°�E�g� �8�š�õ�g� �« �º�s �8�õ���E�^�E�°�õ�°� �°�@�E�¢ �—�š�s��� �¢�¢�¬ �Õ� 

�—�š�s�Ô�E��� �� �õ ���s�i�¢�s�^�E���õ�°� �� �9�š�s�¸�— �s�8 ���s�g�—�s�i� �i�°�¢�¬ �E�i���^�¸���E�i�9 �@�õ�š���Õ�õ�š� �¬ �¢�s�ê�°�Õ�õ�š� �¬ �°�@� �s�¸�°���s�g� �s�8 �°�@� 

�í�š�¢�° �¢�°�õ�9� �¬ �õ�i�� �õ ���s�^�^� ���°�E�s�i �s�8 � ���¸���õ�°�E�s�i�õ�^ �g�õ�°� �š�E�õ�^�«

�º�@� �¢� �Õ� �š� �°�@� �š� �¢�s�¸�š��� �¢ �°�@�õ�° �¡�õ�š�°�E���E�—�õ�i�° �¡�3 ���s�¸�^�� �¸�¢� �°�s �¢�°�õ�š�° ��� �Ô� �^�s�—�E�i�9 �õ ���¸�¢�°�s�g�Ï�g�õ��� �¢�s�^�¸�Ï

�°�E�s�i�­

�õ�Ä�õ �^�E�¢�° �s�8 �@�õ�š���Õ�õ�š� �°�s ��� �¸�¢� �� �Ã�¢� �i�¢�s�š�¢ �õ�i�� �g�E���š�s���s�i�°�š�s�^�^� �š�Ä�¬

���Ä�õ�i ���š���¸�E�i�s �¬�°�õ�š�°� �š �d�E�° �Ã�õ�i ���š���¸�E�i�s �Á�i�s ���s�õ�š���¬ �õ �¢� �^� ���°�E�s�i �s�8 �°�@� �g�s�¢�° ���s�g�g�s�i � �^� ���°�š�s�i�E��

���s�g�—�s�i� �i�°�¢�¬ �õ�i�� �õ ���s�s�[ �Õ�E�°�@ �2�6 �¢�E�g�—�^� �—�š�s�W� ���°�¢ �°�s �9� �° �8�õ�g�E�^�E�õ�š �Õ�E�°�@ �°�@� ���š� �õ�°�E�s�i �s�8 ���E�š���¸�E�°�¢

�õ�i�� �°�@� �¸�¢� �s�8 �°�@� ���š���¸�E�i�s ��� �Ô� �^�s�—�E�i�9 � �i�Ô�E�š�s�i�g� �i�° �Ã�P�$�,�Ä�Ä�¬

���Ä�õ ���E�š���¸�E�° ���E�õ�9�š�õ�g �s�8 �°�@� �¢� �°�¸�— �¸�¢� �� �E�i �°�@� �—�š� �^�E�g�E�i�õ�š�Û �¢�°�¸���Û �Ã�C�E�9�¸�š� �5�«�3�Ä�¬

���Ä�õ �¢�°�E�—�¸�^�õ�°� �� ���õ�°�õ���õ�¢� �Ã�C�E�š� ���õ�¢� �Ä�¬ �E�i���^�¸���E�i�9 �õ �^�E�i�[ �°�s �°�@� �C�E�š� ���õ�¢� �Þ� �� ���s��� �^�õ�� �°�¸�°�s�š�E�õ�^�2�«

�Ä�.�Â�.�Ã �Ò�X���H�µ�2�h�Þ�µ�i�:

���ê�°� �š ���s�g�—�^� �°�E�i�9 �°�@� �g�õ�E�i �¢�°�¸���Û�¬ �Õ� �E�i�°� �š�Ô�E� �Õ� �� �°�@� �—�õ�š�°�E���E�—�õ�i�° �Ã�¡�3�Ä �¸�¢�E�i�9 �õ �¢� �g�E�Ï�¢�°�š�¸���°�¸�š� ��

�8�s�š�g�õ�° �õ�i�� �8�s�^�^�s�Õ�E�i�9 �°�@� �9�¸�E���E�i�9 �™�¸� �¢�°�E�s�i�¢ �—�š� �¢� �i�°� �� �E�i���—�—� �i���E�Ú ���« �º�s �—�š�s�Ô�E��� �õ ���s�i�°�š�õ�¢�°�E�i�9

�—� �š�¢�—� ���°�E�Ô� �¬ �Õ� �¢�¸���¢� �™�¸� �i�°�^�Û �E�i�°� �š�Ô�E� �Õ� �� �õ ���s�g�—�¸�°� �š �¬���E� �i��� �—�s�¢�°�9�š�õ���¸�õ�°� �¢�°�¸��� �i�° �Õ�@�s �@�õ��

��� � �i �Õ�s�š�[�E�i�9 �s�i �õ ��� �¢�—�s�[� �P�s�º �—�š�s�W� ���°�« ���° �°�@� �s�¸�°�¢� �° �s�8 �°�@� �E�š �š� �¢�—� ���°�E�Ô� �—�š�s�W� ���°�¢�¬ �¡�3 �õ�i�� �°�@� 

�2�@�°�°�—�¢�­�º�º���s��� �^�õ���¢�«��� �Ô� �^�s�—� �š�¢�«�9�s�s�9�^� �«���s�g�º���s��� �^�õ���¢�º�8�E�š� ���õ�¢� �Ï�Õ� ���º�E�i��� �Ú�«�@�°�g�^

�Ä�.�Â�. �²�H�P�®�o �w�µ�H�Ø���®�S�Ä�Ç



�—�s�¢�°�9�š�õ���¸�õ�°� �¢�°�¸��� �i�° �¢� �^�8�Ï�E��� �i�°�E�í� �� �s�i �õ �í�Ô� �Ï�¢�°� �— �¢���õ�^� �¬ �š�õ�i�9�E�i�9 �8�š�s�g �i�s�i�Ï� �Ú�—� �š�° �°�s � �Ú�—� �š�°�¬ �Õ�E�°�@

�¡�3 �E��� �i�°�E�8�Û�E�i�9 �õ�¢ �õ �i�s�i�Ï� �Ú�—� �š�° �Ã�^� �Ô� �^ �2�Ä �õ�i�� �°�@� �—�s�¢�°�9�š�õ���¸�õ�°� �¢�°�¸��� �i�° �õ�¢ �E�i�°� �š�g� ���E�õ�°� �Ã�^� �Ô� �^ �4�Ä�«

�º�@� �E�i�°� �š�Ô�E� �Õ�¢ �Õ� �š� ���s�i���¸���°� �� �Õ�E�°�@ �°�@� �8�s�^�^�s�Õ�E�i�9 �s���W� ���°�E�Ô� �¢�­

�2�«�º�s �õ�¢�¢� �¢�¢ �°�@� ��� �Ô� �^�s�—� �š�¢�ß �¢� �^�8�Ï�—� �š��� �—�°�E�s�i �s�8 � �Ú�—� �š�°�E�¢� �E�i �P�s�º �õ�i�� ��� �°� �š�g�E�i� �E�8 �E�° � �Ô�s�^�Ô� ��

�°�@�š�s�¸�9�@�s�¸�° �°�@� �—�š�s�W� ���°�«

�Þ� �@�Û�—�s�°�@� �¢�E�¢� �°�@�õ�° � �i�9�õ�9�E�i�9 �E�i �õ �—�š�s�W� ���° � �i�@�õ�i��� �¢ � �Ú�—� �š�°�E�¢� �¬ � �Ô� �i �E�i �E�i���š� �g� �i�°�õ�^ �Õ�õ�Û�¢�«

�3�«�º�s �E��� �i�°�E�8�Û �°�@� �s���¢�°�õ���^� �¢ �i�s�i�Ï� �Ú�—� �š�° ��� �Ô� �^�s�—� �š�¢ � �i���s�¸�i�°� �š� �� �Õ�@�E�^� ���š� �õ�°�E�i�9 �õ ���¸�¢�°�s�g�Ï�g�õ��� 

�P�s�º �—�š�s�W� ���°�«

�������š� �¢�¢�E�i�9 �°�@� �¢� ���@�õ�^�^� �i�9� �¢ �E�¢ � �¢�¢� �i�°�E�õ�^ �8�s�š �õ�i�¢�Õ� �š�E�i�9 �°�@� ���š�s�õ��� �š �°�@� �¢�E�¢ �™�¸� �¢�°�E�s�i�­�Q�¢ �Q�s�»

�õ����� �¢�¢�E���^� �°�s � �Ô� �š�Û�s�i� �§ �s�š �E�¢ �E�° �õ �8�õ�^�^�õ���Û�­

�4�«�º�s � �Ô�õ�^�¸�õ�°� �Õ�@� �°�@� �š ��� �Ô� �^�s�—� �š�¢ ���õ�i �š� ���s�9�i�E�¢� �@�s�Õ �°�@� �Û �E��� �i�°�E�í� �� �õ�i�� �š� �¢�s�^�Ô� �� �E�¢�¢�¸� �¢�«

�Á�i��� �š�¢�°�õ�i���E�i�9 �°�@� �E�š �—�š�s���^� �g�Ï�¢�s�^�Ô�E�i�9 �—�š�s��� �¢�¢� �¢ �Õ�E�^�^ �E�i�8�s�š�g �°�@� ��� �Ô� �^�s�—�g� �i�° �s�8 ��� �ì�°� �š �¢�¸�—�Ï

�—�s�š�° �¢�Û�¢�°� �g�¢ �8�s�š �i�s�i�Ï� �Ú�—� �š�°�¢ ���š� �õ�°�E�i�9 ���¸�¢�°�s�g �P�s�º �¢�s�^�¸�°�E�s�i�¢�«

�5�«�º�s ���^�õ�š�E�8�Û �9�õ�—�¢ �E�i �°�@� �s���¢� �š�Ô�õ�°�E�s�i�õ�^ ���õ�°�õ ���s�^�^� ���°� �� ���¸�š�E�i�9 �°�@� ��� �Ô� �^�s�—�g� �i�° �—�š�s��� �¢�¢�«

�º�@�E�¢ �s���W� ���°�E�Ô� �¢�—� ���E�í���õ�^�^�Û �õ�—�—�^�E� �¢ �°�s �°�@� �i�s�i�Ï� �Ú�—� �š�° ��� �Ô� �^�s�—� �š �E�i �s�¸�š ���õ�¢� �¢�°�¸���Û�« �º�@� �E�i�°� �š�Ï

�Ô�E� �Õ�¢ �õ�E�g� �� �°�s �õ�����š� �¢�¢ �õ�š� �õ�¢ �°�@�õ�° �g�õ�Û �i�s�° �@�õ�Ô� ��� � �i �8�¸�^�^�Û ���õ�—�°�¸�š� �� �°�@�š�s�¸�9�@ �s�°�@� �š �g� �°�@�s���¢

�s�8 ���õ�°�õ ���s�^�^� ���°�E�s�i�¬ �—�š�s�Ô�E���E�i�9 �õ ��� � �—� �š �¸�i��� �š�¢�°�õ�i���E�i�9 �s�8 �°�@� ��� �Ô� �^�s�—�g� �i�° �—�š�s��� �¢�¢�«

�Ä�.�Â�.�Ä �Ò�§�Š�2�H�Þ�§�Þ�/�Š���H�:

�º�@� �—�š� �^�E�g�E�i�õ�š�Û �¢�°�¸���Û�¬ ���s�i���¸���°� �� �E�i �s�¸�š �^�õ�� ���Û �°�@� �—�š�E�i���E�—�õ�^ �š� �¢� �õ�š���@� �š�¬ �õ�E�g� �� �°�s ���¸�E�^�� �õ �—�š�s�s�8 �s�8

���s�i��� �—�° �õ�i�� �Ô� �š�E�8�Û �°�@� �—�š�s�W� ���°�ß�¢ �8� �õ�¢�E���E�^�E�°�Û�« �º�@� �g�õ�E�i �¢�°�¸���Û �°�@� �i �8�s���¸�¢� �� �s�i �¸�i��� �š�¢�°�õ�i���E�i�9 �°�@� 

�¢�¸�—�—�s�š�° �i� � ��� �� ���Û � �i���Ï�¸�¢� �š ��� �Ô� �^�s�—� �š�¢�¬ �—�õ�š�°�E���¸�^�õ�š�^�Û �°�@�s�¢� �Õ�E�°�@ �^�E�g�E�°� �� � �Ú�—� �š�°�E�¢� �« �C�E�i�õ�^�^�Û�¬ �õ �¢� �° �s�8

�E�i�°� �š�Ô�E� �Õ�¢ �Õ�õ�¢ ���s�i���¸���°� �� �Õ�E�°�@ �¡�3�¬ �õ�i�s�°�@� �š �—�s�¢�°�9�š�õ���¸�õ�°� �¢�°�¸��� �i�° �E�i ���s�g�—�¸�°� �š �¬���E� �i��� �¬ �õ�i�� �°�@� 

�¢�¸�—� �š�Ô�E�¢�s�š �s�8 �°�@� �^�õ�ì�°� �š�«

�C�s�š �°�@� �g�õ�E�i �¢�°�¸���Û�¬ �—�õ�š�°�E���E�—�õ�i�° �¡�3 �Õ�õ�¢ �¢� �^� ���°� �� ���õ�¢� �� �s�i �õ�Ô�õ�E�^�õ���E�^�E�°�Û �õ�i�� �õ�^�E�9�i�g� �i�° �Õ�E�°�@ �°�@� 

�¢�°�¸���Û�ß�¢ �õ�E�g�¢�¬ �š�õ�°�@� �š �°�@�õ�i �°�@�š�s�¸�9�@ �õ �—�š� ��� �í�i� �� �¢�õ�g�—�^�E�i�9 ���š�E�°� �š�E�s�i�« ���¢ �õ �¢�°�¸��� �i�° �E�i �°�@� �p�õ�¢�°� �š �s�8

���s�g�—�¸�°� �š �D�š�õ�—�@�E�� �$� �¢�E�9�i �—�š�s�9�š�õ�g�g� �¬ �¡�3 �@�õ�� ���õ�¢�E�� �—�š�s�9�š�õ�g�g�E�i�9 � �Ú�—� �š�E� �i��� ���¸�° �i�s �—�š�E�s�š � �Ú�—�s�Ï

�¢�¸�š� �°�s � �^� ���°�š�s�i�E���¢ �s�š �—�@�Û�¢�E���õ�^ ���s�g�—�¸�°�E�i�9�« �º�@�E�¢ �^� �Ô� �^ �s�8 � �Ú�—� �š�°�E�¢� �Õ�õ�¢ �E�i�8� �š�š� �� �°�@�š�s�¸�9�@ �s�i�9�s�E�i�9

�¢�¸�—� �š�Ô�E�¢�s�š�Û �E�i�°� �š�õ���°�E�s�i �õ�i�� ���E�š� ���° �s���¢� �š�Ô�õ�°�E�s�i�¬ �š�õ�°�@� �š �°�@�õ�i �8�s�š�g�õ�^ �°� �¢�°�E�i�9�« �¡�3 �Õ�õ�¢ �i�s�° ���@�s�¢� �i �8�s�š

�°� ���@�i�E���õ�^ �¢�[�E�^�^�¬ ���¸�° �8�s�š �°�@� �E�š ��� �g�s�i�¢�°�š�õ�°� �� �š� �¢�E�^�E� �i��� �E�i �°�õ���[�^�E�i�9 �¸�i�8�õ�g�E�^�E�õ�š ���@�õ�^�^� �i�9� �¢�« �º�@� �Û �Õ� �š� 

�—�š�s�Ô�E��� �� �Õ�E�°�@ �°�@� �õ�—�—�š�s�—�š�E�õ�°� �°� ���@�i�s�^�s�9�Û �õ�i�� ���õ�¢�E�� �E�i�¢�°�š�¸���°�E�s�i�¢ �õ�¢ �s�¸�°�^�E�i� �� �E�i �°�@� �g�õ�°� �š�E�õ�^�¢ �^�E�¢�°�«

�D�E�Ô� �i �°�@� �¢�E�å� �õ�i�� ���s�i�°� �Ú�° �s�8 �°�@� �š� �¢� �õ�š���@ � �i�Ô�E�š�s�i�g� �i�°�¬ �š� ���š�¸�E�°�g� �i�° �s�—�°�E�s�i�¢ �Õ� �š� �i� ��� �¢�¢�õ�š�E�^�Û

�—�š�õ�9�g�õ�°�E���« �º�@�š�s�¸�9�@�s�¸�° �°�@� �š� �¢� �õ�š���@�¬ �¡�3�ß�¢ �°� ���@�i�E���õ�^ ���õ�—�õ���E�^�E�°�Û �õ�i�� ���s�i�í��� �i��� ��� �g�s�i�¢�°�š�õ���^�Û

� �Ô�s�^�Ô� ���« ���^�°�@�s�¸�9�@ �i�s �8�s�š�g�õ�^ �—�š� �Ï �s�š �—�s�¢�°�Ï�°� �¢�° �Õ�õ�¢ � �g�—�^�s�Û� ���¬ �°�@�E�¢ ��� �Ô� �^�s�—�g� �i�° �Õ�õ�¢ � �Ô�E��� �i�° �E�i

�°�@� ���E�9�E�°�õ�^ ���E�õ�š�Û�¬ �Õ�@�E���@ ���õ�—�°�¸�š� �� �E�i���š� �õ�¢�E�i�9 �^� �Ô� �^�¢ �s�8 �õ�¸�°�s�i�s�g�Û�¬ � �Ú�—� �š�E�g� �i�°�õ�°�E�s�i�¬ �õ�i�� �š� �î� ���°�E�s�i�«

�º�@�E�¢ �i�õ�°�¸�š�õ�^�E�¢�°�E�� �g�s��� �s�8 �õ�¢�¢� �¢�¢�g� �i�° �õ�^�E�9�i�¢ �Õ�E�°�@ �°�@� � �Ú�—�^�s�š�õ�°�s�š�Û�¬ ��� �¢�E�9�i�Ï�^� �� �i�õ�°�¸�š� �s�8 �°�@� �¢�°�¸���Û

�õ�i�� �E�°�¢ ���š�s�õ��� �š �õ�E�g �s�8 �¸�i��� �š�¢�°�õ�i���E�i�9 �@�s�Õ �i�s�i�Ï� �Ú�—� �š�° ��� �Ô� �^�s�—� �š�¢ �i�õ�Ô�E�9�õ�°� �õ�i�� �õ�—�—�š�s�—�š�E�õ�°� �P�s�º

�°� ���@�i�s�^�s�9�E� �¢ �s�Ô� �š �°�E�g� �«

�Ä�È�S�!�Ø�Š�/�H�µ�2 �Ä�. �„�¦�:�µ�2�h�Þ���Ð �Š�� �0���®�L�Ç�:�µ�2 �(�µ�h�µ�ö���/�µ�2



�º�@�E�¢ � �Ú�°� �i��� ���¬ �¢�E�i�9�^� �Ï�—�õ�š�°�E���E�—�õ�i�° �¢�°�¸���Û �¢� �š�Ô� �� �õ�¢ �õ �g�õ�—�—�E�i�9�Ï�°�@� �Ï�°� �š�š�E�°�s�š�Û � �Ú� �š���E�¢� �Ò�õ �8�s�¸�i���õ�Ï

�°�E�s�i�õ�^ �E�i�™�¸�E�š�Û �E�i�°�s �@�s�Õ �õ �i�s�i�Ï� �Ú�—� �š�° �g�E�9�@�° �i�õ�Ô�E�9�õ�°� �°�@� ���š� �õ�°�E�s�i �s�8 �õ�i �P�i�°� �š�i� �°�Ï���s�i�i� ���°� �� ��� �Ô�E��� 

�8�š�s�g �í�š�¢�° �—�š�E�i���E�—�^� �¢�« ���° �E�°�¢ �s�¸�°�¢� �°�¬ �i�s �í�Ú� �� �°�E�g� �^�E�i� �Õ�õ�¢ � �¢�°�õ���^�E�¢�@� ���® �E�i�¢�°� �õ���¬ �°�@� �—�š�s�W� ���° �¸�i�8�s�^��� ��

�—�š�õ�9�g�õ�°�E���õ�^�^�Û �õ�¢ �¡�3 � �i���s�¸�i�°� �š� �� �õ�i�� �Õ�s�š�[� �� �°�@�š�s�¸�9�@ �õ �¢� �š�E� �¢ �s�8 �š� �õ�^�Ï�Õ�s�š�^�� ���@�õ�^�^� �i�9� �¢ �š� �^�õ�°� �� �°�s

�P�s�º �—�š�s�°�s�°�Û�—�E�i�9�« �º�@� �¢�°�¸���Û �°�s�s�[ �—�^�õ��� �Õ�E�°�@�E�i �°�@� ���s�i�°� �Ú�° �s�8 � �¢�°�õ���^�E�¢�@�E�i�9 �õ�i �P�s�º �^�õ���s�š�õ�°�s�š�Û �E�i �°�@� 

�¬���@�s�s�^ �s�8 ���s�g�—�¸�°�E�i�9 �õ�i�� �p�õ�°�@� �g�õ�°�E���õ�^ �¬���E� �i��� �¢�« ���° �°�@� �°�E�g� �¬ �¡�3 �Õ�õ�¢ ���s�g�—�^� �°�E�i�9 �õ �p�õ�¢�°� �š�ß�¢

��� �9�š� � �¬ �¸�i�š� �^�õ�°� �� �°�s �°�@� �—�š� �¢� �i�° �š� �¢� �õ�š���@ �°�s�—�E���« ���^�°�@�s�¸�9�@ � �Ú�°� �š�i�õ�^ �8�õ���°�s�š�¢ �¢�¸�—�—�s�š�°� �� �¢�¸�¢�°�õ�E�i� ��

�E�i�Ô�s�^�Ô� �g� �i�°�¬ �g�s�°�E�Ô�õ�°�E�s�i �î�¸���°�¸�õ�°� ���¬ �—�õ�š�°�E���¸�^�õ�š�^�Û ���¸�š�E�i�9 �—� �š�E�s���¢ �s�8 �°� ���@�i�E���õ�^ �8�õ�E�^�¸�š� �õ�i�� ���s�i��� �—�Ï

�°�¸�õ�^ �¸�i��� �š�°�õ�E�i�°�Û�¬ �õ�¢ �š� �î� ���°� �� �E�i �°�@� �—�õ�š�°�E���E�—�õ�i�°�ß�¢ ���E�õ�š�Û�« �º�@� � �Ú�—� �š�E� �i�°�E�õ�^ �E�i�¢�E�9�@�°�¢ ���š�õ�Õ�i �8�š�s�g �°�@�E�¢

�^�s�i�9�Ï�8�s�š�g � �i�9�õ�9� �g� �i�° ���E�š� ���°�^�Û �¢�@�õ�—� �� �°�@� �¢�¸���¢� �™�¸� �i�° �¢�°�¸���E� �¢ �Ã�C�E�9�¸�š� �2�«�2�Ä�« �º�@� �i� � �� �°�s �¢�¸�—�—�s�š�°

�E��� �õ�°�E�s�i �Ã���@�õ�—�°� �š �6�Ä�¬ ���s�i���š� �°�E�¢�õ�°�E�s�i �°�@�š�s�¸�9�@ �g�õ�[�E�i�9 �Ã���@�õ�—�°� �š �7�Ä�¬ �õ�i�� �°�š�s�¸���^� �¢�@�s�s�°�E�i�9 �E�i �°�@� �8�õ��� 

�s�8 �8�õ�E�^�¸�š� �Ã���@�õ�—�°� �š �8�Ä � �õ���@ � �g� �š�9� �� �8�š�s�g �^� �¢�¢�s�i�¢ �9�õ�E�i� �� ���¸�š�E�i�9 �¡�3�ß�¢ �E�°� �š�õ�°�E�Ô� �W�s�¸�š�i� �Û�«

�Ä�.�Â�.�Å �Ò�(�Š�H�Š �!���ö�ö�µ�§�H�Þ����

�º�@� �¢�°�¸���Û ��� �¢�E�9�i �E�i���s�š�—�s�š�õ�°� �� �°�@�š� � ���E�¢�°�E�i���° �—�@�õ�¢� �¢ �s�8 ���õ�°�õ ���s�^�^� ���°�E�s�i�­ �°�@� �—�š� �^�E�g�E�i�õ�š�Û �¢�°�¸���Û�¬ �°�@� 

�g�õ�E�i �¢�°�¸���Û�¬ �õ�i�� �°�@� �—�s�¢�°�Ï�¢�°�¸���Û �E�i�°� �š�Ô�E� �Õ�¢�« �º�@� �¢� �—�@�õ�¢� �¢ �Õ� �š� �g� �°�@�s���s�^�s�9�E���õ�^�^�Û �^�E�i�[� �� �°�@�š�s�¸�9�@

�õ �¢� �™�¸� �i�°�E�õ�^�¬ �E�i�°� �š�—�š� �°�õ�°�E�Ô� �—�š�s��� �¢�¢ �š�õ�°�@� �š �°�@�õ�i �°�@�š�s�¸�9�@ �8�s�š�g�õ�^ �°�š�E�õ�i�9�¸�^�õ�°�E�s�i�« �}���¢� �š�Ô�õ�°�E�s�i�¢

�8�š�s�g �°�@� �—�š� �^�E�g�E�i�õ�š�Û �¢�°�¸���Û �Õ� �š� �—�š�E�g�õ�š�E�^�Û �E�i�¢�°�š�¸�g� �i�°�õ�^�¬ �E�i�8�s�š�g�E�i�9 �°�@� �¢� �°�¸�— �s�8 �°�@� �g�õ�E�i �¢�°�¸���Û

�õ�i�� � �i�¢�¸�š�E�i�9 �°� ���@�i�E���õ�^ �8� �õ�¢�E���E�^�E�°�Û�« �º�@� �g�õ�E�i �¢�°�¸���Û �9� �i� �š�õ�°� �� �õ �¢�¸���¢�°�õ�i�°�E�õ�^ ���s�š�—�¸�¢ �s�8 �™�¸�õ�^�E�°�õ�°�E�Ô� 

�g�õ�°� �š�E�õ�^ �E�i �°�@� �8�s�š�g �s�8 �õ ���E�9�E�°�õ�^ ���E�õ�š�Û�¬ ���s�g�—�š�E�¢�E�i�9 � �Ú�°� �i�¢�E�Ô� �i�s�°� �¢�¬ � �g��� ����� �� �g� ���E�õ�¬ �õ�i�� ���s��� �«

�º�@�E�¢ ���E�õ�š�Û �Õ�õ�¢ �õ�i�õ�^�Û�¢� �� �°�@�š�s�¸�9�@ ���^�s�¢� �s���¢� �š�Ô�õ�°�E�s�i �õ�i�� �¢�¸�—�—�s�š�°� �� ���Û �Ô�E�¢�¸�õ�^�E�¢�õ�°�E�s�i �°� ���@�i�E�™�¸� �¢ �°�@�õ�°

�õ�^�^�s�Õ� �� �—�õ�ì�°� �š�i�¢ �õ�i�� �š� ���¸�š�š�E�i�9 ���@�õ�^�^� �i�9� �¢ �°�s �¢�¸�š�8�õ��� �¬ ���s�i�¢�E�¢�°� �i�° �Õ�E�°�@ �õ ��� �¢�E�9�i�Ï�^� �� �E�i�°� �š�—�š� �°�õ�°�E�Ô� 

�õ�—�—�š�s�õ���@�« �P�i�°� �š�Ô�E� �Õ�¢ �Õ� �š� �¢�¸���¢� �™�¸� �i�°�^�Û �¸�¢� �� �°�s ���^�õ�š�E�8�Û �õ�i�� ���s�i�°� �Ú�°�¸�õ�^�E�¢� �í�i���E�i�9�¢ �8�š�s�g �°�@� ���E�õ�š�Û�¬

�s�ê�8� �š�E�i�9 �š� �î� ���°�E�Ô� �E�i�¢�E�9�@�° �E�i�°�s �—�š�s��� �¢�¢� �¢ �õ�^�š� �õ���Û �s���¢� �š�Ô� ���« �Þ�@�E�^� �Ô�E��� �s �š� ���s�š���E�i�9�¢ �Õ� �š� �g�õ��� �°�s

�¢�¸�—�—�s�š�° �g� �g�s�š�Û �š� ���õ�^�^�¬ �°�@� �Û �Õ� �š� �i�s�° �8�s�š�g�õ�^�^�Û ���s��� �� �s�š �¢�Û�¢�°� �g�õ�°�E���õ�^�^�Û �õ�i�õ�^�Û�¢� ���« �P�i�¢�°� �õ���¬ �°�@� �Û

�8�¸�i���°�E�s�i� �� �õ�¢ �õ�i �õ�¸�Ú�E�^�E�õ�š�Û �õ�E�� ���¸�š�E�i�9 �E�i�°� �š�—�š� �°�õ�°�E�s�i�« �º�@�E�¢ �õ�—�—�š�s�õ���@ �š� �î� ���°�¢ �õ ��� �¢�E�9�i �^�s�9�E�� �E�i �Õ�@�E���@

� �õ���@ �—�@�õ�¢� �s�8 ���õ�°�õ ���s�^�^� ���°�E�s�i �8� � ���¢ �E�i�°�s �õ�i�� �š� �í�i� �¢ �°�@� �i� �Ú�°�¬ �¢�¸�—�—�s�š�°�E�i�9 �õ �¢�E�°�¸�õ�°� �� �¸�i��� �š�¢�°�õ�i���E�i�9

�s�8 � �i���Ï�¸�¢� �š ��� �Ô� �^�s�—�g� �i�° �—�š�õ���°�E��� �¢�«

�(�Š�H�Š �!���ö�ö�µ�§�H�Þ���� �§�2���§�µ�®�P�2�µ�:�( �§�2�µ�ö�Þ�ÿ�Þ���Š�2�o �²�H�P�®�o

�º�@� �—�š� �^�E�g�E�i�õ�š�Û �¢�°�¸���Û �Õ�õ�¢ ���s���¸�g� �i�°� �� �°�@�š�s�¸�9�@ ���E�9�E�°�õ�^ �i�s�°� �¢ �õ�i�� �õ �Ô�E��� �s �š� ���s�š���E�i�9 �s�8 �õ ��� �g�s�i�Ï

�¢�°�š�õ�°�E�s�i �¢�@�s�Õ���õ�¢�E�i�9 �°�@� �8�¸�i���°�E�s�i�E�i�9 �—�š�s�°�s�°�Û�—� �Ã�¢� � �C�E�9�¸�š� �5�«�4�Ä�« �º�@� ���s��� ��� �Ô� �^�s�—� �� ���¸�š�E�i�9 �°�@�E�¢

�—�@�õ�¢� �Õ�õ�¢ �¢�õ�Ô� �� �õ�i�� �—�š�s�Ô�E��� �� �°�s �¡�õ�š�°�E���E�—�õ�i�° �¡�3 �õ�¢ �õ �š� �8� �š� �i��� �õ�i�� �¢�°�õ�š�°�E�i�9 �—�s�E�i�° �8�s�š �°�@� �g�õ�E�i

�¢�°�¸���Û�«

�(�Š�H�Š �!���ö�ö�µ�§�H�Þ���� �§�2���§�µ�®�P�2�µ�:�( �w�Š�Þ�� �²�H�P�®�o

�º�@� ���õ�°�õ ���s�^�^� ���°�E�s�i ���¸�š�E�i�9 �°�@� �p�õ�E�i �¬�°�¸���Û�¬ �¢�—�õ�i�i�E�i�9 �8�š�s�g �}���°�s��� �š �3�1�2�8 �°�s �¬� �—�°� �g��� �š �3�1�2�9�¬

�E�i�Ô�s�^�Ô� �� �¡�õ�š�°�E���E�—�õ�i�° �¡�3�ß�¢ �—�õ�š�°�Ï�°�E�g� � �i�9�õ�9� �g� �i�° �E�i �°�@� �¢� ���s�i�� �¢�°�õ�9� �s�8 �°�@� ���õ�¢� �¢�°�¸���Û�« �$�õ�°�õ

�Õ�õ�¢ �9�õ�°�@� �š� �� �°�@�š�s�¸�9�@ �°�Õ�s �—�š�E�g�õ�š�Û �g� �°�@�s���¢�­ �°�@� ��� �Ô� �^�s�—�g� �i�° �s�8 �°�@� �q�s�s�� �­�™�¸� � �å� ���s�i�Ô� �š�°� �š

�—�š�s�°�s�°�Û�—� �õ�i�� �°�@� �g�õ�E�i�°� �i�õ�i��� �s�8 �õ�i � �Ú�°� �i�¢�E�Ô� ���E�9�E�°�õ�^ ���E�õ�š�Û�« �º�@� �q�s�s�� �­�™�¸� � �å� ���s�i�Ô� �š�°� �š�Õ�õ�¢

���s�i�¢�°�š�¸���°� �� �õ�¢ �°�@�š� � �P�i�°� �š�i� �°�Ï���s�i�i� ���°� �� �E�i�—�¸�° ��� �Ô�E��� �¢ �Ã�C�E�9�¸�š� �5�«�6�Ä �¸�¢�E�i�9 �õ�i ���š���¸�E�i�s �p�d�¤�2�1�1�1

�g�E���š�s���s�i�°�š�s�^�^� �š�¬ �Õ�E�°�@ ���õ�°�õ �¢�°�s�š� �� �E�i �õ ���^�s�¸�� ���õ�°�õ���õ�¢� �õ�i�� �f�,�$ �^�E�9�@�°�¢ ���s�i�°�š�s�^�^� �� �Ô�E�õ �õ�i ���¡�P�« �¡�3

�Ä�.�Â�. �²�H�P�®�o �w�µ�H�Ø���®�S�Ä�É



�C�B�6�³�—�� �5�«�5�­�º�@� �í�š�¢�° �—�õ�9� �s�8 �°�@� ���E�9�E�°�õ�^ ���E�õ�š�Û�¬ �E�i�E�°�E�õ�°� �� �s�i �3�1 �}���°�s��� �š �3�1�2�8�«

�Å�À�S�!�Ø�Š�/�H�µ�2 �Ä�. �„�¦�:�µ�2�h�Þ���Ð �Š�� �0���®�L�Ç�:�µ�2 �(�µ�h�µ�ö���/�µ�2



�C�B�6�³�—�� �5�«�6�­�}�i� �s�8 �°�@� �í�i�õ�^ �E�i�—�¸�° ��� �Ô�E��� �¢�«

���s���¸�g� �i�°� �� �°�@� �—�š�s��� �¢�¢ �°�@�s�š�s�¸�9�@�^�Û �E�i �õ ���E�9�E�°�õ�^ ���E�õ�š�Û�¬ ���õ�—�°�¸�š�E�i�9 �¢�¸����� �¢�¢� �¢ �õ�i�� �8�õ�E�^�¸�š� �¢ �°�@�š�s�¸�9�@

�3�4�2 �—�õ�9� �¢ �s�8 �i�s�°� �¢�¬ ���s��� �¬ �õ�i�� �g�¸�^�°�E�g� ���E�õ � �^� �g� �i�°�¢�« �º�@� �¢� �š� ���s�š���¢ �—�š�s�Ô�E��� �õ ���s�g�—�š� �@� �i�¢�E�Ô� 

���õ�°�õ�¢� �°�¬ �õ�i�õ�^�Û�¢� �� �E�i �°�@� �8�s�^�^�s�Õ�E�i�9 �¢� ���°�E�s�i�¢�«

�¡�3 �õ�—�—�š�s�õ���@� �� �°�@� ��� �Ô� �^�s�—�g� �i�° �°�õ�¢�[ �õ�¢ �õ�i �s�—� �i�Ï� �i��� �� ��� �¢�E�9�i ���@�õ�^�^� �i�9� �š�õ�°�@� �š �°�@�õ�i �õ �š�E�9�E���^�Û

�¢�°�š�¸���°�¸�š� �� � �Ú� �š���E�¢� �« �Þ�@�E�^� �õ �—�š� ��� �í�i� �� �¢� �° �s�8 ���s�g�—�s�i� �i�°�¢�¬ �°�s�s�^�¢�¬ �õ�i�� �E�i�¢�°�š�¸���°�E�s�i�õ�^ �š� �¢�s�¸�š��� �¢

�Õ�õ�¢ �—�š�s�Ô�E��� ���Ò�E�i���^�¸���E�i�9 �õ �š� �8� �š� �i��� ���E�š���¸�E�° ���E�õ�9�š�õ�g �õ�i�� �õ����� �¢�¢ �°�s �°�@� ���s��� �8�š�s�g �°�@� �—�š� �^�E�g�E�i�õ�š�Û

�¢�°�¸���Û�Ò�¡�3 �Õ�õ�¢ � �Ú�—�^�E���E�°�^�Û � �i���s�¸�š�õ�9� �� �°�s � �Ú�—� �š�E�g� �i�° �õ�i�� �õ���õ�—�° �°�@� �g�õ�°� �š�E�õ�^�¢ �õ�¢ �i� � ��� ���« �º�@�E�¢

�—�š�õ�9�g�õ�°�E�� �8�š�õ�g�E�i�9 � �i�õ���^� �� �õ�¸�°�s�i�s�g�Û�¬ �Õ�E�°�@ �°�@� �°�õ�¢�[ �°�š� �õ�°� �� �õ�¢ �õ �¢�E�°�¸�õ�°� �� �—�š�s���^� �g �°�s ��� � �Ú�—�^�s�š� ��

�š�õ�°�@� �š �°�@�õ�i � �Ú� ���¸�°� ���« �������s�š���E�i�9�^�Û�¬ �¡�3 �g�s���E�í� �� �õ�i�� � �Ú�°� �i��� �� ���s�°�@ �°�@� �@�õ�š���Õ�õ�š� �õ�i�� �¢�s�ê�°�Õ�õ�š� 

���s�g�—�s�i� �i�°�¢ �s�8 �°�@� �¢�Û�¢�°� �g�¬ �i�s�°�õ���^�Û ���s�g�g�E�¢�¢�E�s�i�E�i�9 �õ ���¸�¢�°�s�g�Ï�—�š�E�i�°� �� ���E�š���¸�E�° ���s�õ�š�� �Ã�¡�����Ä �8�š�s�g �õ�i

�s�Ô� �š�¢� �õ�¢ �¢�¸�—�—�^�E� �š �°�s � �i�@�õ�i��� �¢�Û�¢�°� �g �š�s���¸�¢�°�i� �¢�¢�«

�º�@� �¢�°�¸���Û �8�¸�š�°�@� �š �š� �Ô� �õ�^� �� � �g� �š�9� �i�° ��� �@�õ�Ô�E�s�¸�š�¢ �E�i���E���õ�°�E�Ô� �s�8 �°�@� �¢�s���E�õ�^ ���E�g� �i�¢�E�s�i�¢ �s�8 � �i���Ï�¸�¢� �š

��� �Ô� �^�s�—�g� �i�°�« �¡�3 �¢�s�¸�9�@�° �õ�¢�¢�E�¢�°�õ�i��� �8�š�s�g �E�i���E�Ô�E���¸�õ�^�¢ ��� �Û�s�i�� �°�@� �8�s�š�g�õ�^ �š� �¢� �õ�š���@ ���s�i�°� �Ú�°�¬ �E�i�Ï

�8�s�š�g�õ�^�^�Û �õ�¢�¢� �g���^�E�i�9 �õ �g� �i�°�s�š�¢�@�E�— �i� �°�Õ�s�š�[�« �º�@�E�¢ �š� �î� ���°�¢ �[�i�s�Õ�i ���Û�i�õ�g�E���¢ �E�i �—� � �š�Ï�¢�¸�—�—�s�š�°� ��

�õ�i�� ���E�¢�°�š�E���¸�°� �� �^� �õ�š�i�E�i�9 � �i�Ô�E�š�s�i�g� �i�°�¢�« �K�s�Õ� �Ô� �š�¬ �¢�¸���@ �E�i�°� �š�õ���°�E�s�i�¢ �õ�^�¢�s �E�i�°�š�s���¸��� �� �š�E�¢�[�­ �E�i �s�i� 

�E�i�¢�°�õ�i��� �¬ �g�E�¢�9�¸�E��� �� �õ���Ô�E��� �8�š�s�g �õ �—�š� �¢�¸�g� �� � �Ú�—� �š�° �š� �¢�¸�^�°� �� �E�i �°�@� ���õ�g�õ�9� �s�8 �õ �g�E���š�s���s�i�°�š�s�^�^� �š�«

�º�@� �¢� �s�����¸�š�š� �i��� �¢ �@�E�9�@�^�E�9�@�° ���s�°�@�°�@� �õ�ê�8�s�š���õ�i��� �¢ �õ�i�� �Ô�¸�^�i� �š�õ���E�^�E�°�E� �¢ �s�8 �¢�s���E�õ�^�^�Û �g� ���E�õ�°� �� �^� �õ�š�i�E�i�9

�õ�g�s�i�9 �i�s�i�Ï� �Ú�—� �š�° ��� �Ô� �^�s�—� �š�¢ �i�õ�Ô�E�9�õ�°�E�i�9 ��� �¢�—�s�[� �P�s�º �—�š�s�W� ���°�¢�«

�(�Š�H�Š �!���ö�ö�µ�§�H�Þ���� �§�2���§�µ�®�P�2�µ�:�( �X���H�µ�2�h�Þ�µ�i�:

�º�@� �E�i�°� �š�Ô�E� �Õ�¢ �Õ� �š� ���s�i���¸���°� �� �õ�¢ �¢� �g�E�Ï�¢�°�š�¸���°�¸�š� �� �¢� �¢�¢�E�s�i�¢�¬ �8�s�^�^�s�Õ�E�i�9 �°�@� �9�¸�E���E�i�9 �™�¸� �¢�°�E�s�i�¢

�—�š� �¢� �i�°� �� �E�i���—�—� �i���E�Ú�� �­ �¬� �g�E�Ï�¢�°�š�¸���°�¸�š� �� �P�i�°� �š�Ô�E� �Õ�¢�« �º�Õ�s �E�i�°� �š�Ô�E� �Õ�¢ �Õ� �š� ���s�i���¸���°� �� �Õ�E�°�@ �¡�3�¬

�õ�^�s�i�9 �Õ�E�°�@ �s�i� �E�i�°� �š�Ô�E� �Õ �Õ�E�°�@ �°�@� �—�s�¢�°�9�š�õ���¸�õ�°� ���s�g�—�¸�°� �š �¬���E� �i��� �¢�°�¸��� �i�° �Õ�@�s �@�õ�� ��� � �i �Õ�s�š�[�E�i�9

�s�i �õ ��� �¢�—�s�[� �P�s�º �—�š�s�W� ���°�« ���^�^ �E�i�°� �š�Ô�E� �Õ�¢ �Õ� �š� �š� ���s�š��� �� �s�i �Ô�E��� �s �8�s�š �8�¸�š�°�@� �š �õ�i�õ�^�Û�¢�E�¢�«

�º�@� �E�i�°� �š�Ô�E� �Õ ���õ�°�õ �Õ� �š� �õ�i�õ�^�Û�¢� �� �¸�¢�E�i�9 �õ�i �E�i���¸���°�E�Ô� �õ�—�—�š�s�õ���@�¬ �Õ�E�°�@ �°�@� �g� �¢ � �g� �š�9�E�i�9 �°�@�š�s�¸�9�@

�š� �—� �õ�°� �� � �i�9�õ�9� �g� �i�° �Õ�E�°�@ �°�@� �°�š�õ�i�¢���š�E�—�°�¢�« ���i�õ�^�Û�¢�E�¢ �Õ�õ�¢ �¸�i��� �š�°�õ�[� �i �8�s�^�^�s�Õ�E�i�9 �õ ��� �¢�E�9�i �õ�—�—�š�s�õ���@

�š�õ�°�@� �š �°�@�õ�i �Õ�E�°�@ �õ �8�s�š�g�õ�^ ���s���E�i�9 �8�š�õ�g� �Õ�s�š�[ �g�s�š� �°�Û�—�E���õ�^ �s�8 �K���P �s�š �¢�s���E�õ�^ �¢���E� �i��� �« �º�@� �°�š�õ�i�¢���š�E�—�°�¢

�Õ� �š� �g�õ�i�¸�õ�^�^�Û �š� �Ô�E� �Õ� �� �°�s �E��� �i�°�E�8�Û �—�õ�ì�°� �š�i�¢ �õ�i�� �—�s�E�i�°�¢ �s�8 �°�@� �g�õ�°�E�� ���s�i�Ô� �š�9� �i��� �« �º�@�E�¢ �õ�—�—�š�s�õ���@

�Ä�.�Â�. �²�H�P�®�o �w�µ�H�Ø���®�S�Å�Á




	Context
	Introduction
	Frame of Reference
	Defining the Internet of Things
	Non-experts and End-users
	An IoT 2.0 Conceptual Framework

	Proposal
	Hypothesis
	Scoping Questions

	Methods
	Thesis Structure

	IoT Across Scenarios
	Scenarios
	Scenario A: Individual
	Scenario B: Family-focused Data
	Scenario C: Citizen Science
	Contextual Complexity of IoT Scenarios

	Requirements
	Summary

	Supporting End-User Developers
	Literature Review and Theoretical Foundations
	End-User Development (EUD)
	Supporting Structures in IoT Development
	IoT Development Process

	Review of Practical Toolkits and Workshops
	Workshops in IoT Development
	Comparative Analysis of Toolkits
	Identified Gaps and Challenges

	Summary


	Nucleus
	Observing an End-User Developer
	Study Design
	Study Method
	Preliminary Study
	Main Study
	Interviews
	Participants
	Data Collection
	Ethical Considerations

	Analysis
	Analysis of the Diary
	Analysis of Phases
	Analysis of the Interviews

	Discussion
	Responding to Goal #1: Time Frame
	Responding to Goal #2: Phases
	Responding to Goal #3: Obstacles
	Flow of an IoT Project
	Discussion Remarks

	Summary

	Concept Refinement and Ideation
	Creating the Conceptual Deck
	Cards in Design, HCI and SE
	Crafting the Conceptual Card Deck

	Study Method
	Parts and Procedure
	Inviting Participants
	Data Collection
	Ethical Considerations

	Analysis
	Analysing the Survey
	Observations from the User Study

	Discussion
	Summary

	Project Enabler
	Extending the Tiles IoT Toolkit
	Study Method
	Preparation
	Parts and Procedure
	Inviting Participants
	Data Collection Structure
	Ethical Considerations

	Analysis
	Preliminary Survey: Quantitative Analysis
	Prototype Building Observations
	Transcribed Recordings: Qualitative Analysis

	Discussion
	Insights Gained from the Study

	Summary

	Guided Troubleshooting
	Designing the User Study
	Preparation

	Study Method
	Parts and Procedure
	Inviting Participants
	Data Collection Structure
	Ethical Considerations

	Methodology for Data Analysis
	Preparing for Quantitative Analysis
	Preparing for Qualitative Analysis

	Analysis
	Demographics
	Background Knowledge of Participants
	User Engagement and Experience
	Challenges in Navigation and Troubleshooting
	Learning and Adaptation in User Behaviour
	Insights from Participant Feedback

	Discussion
	Insights from the User Study
	Limitations and Further Research

	Summary


	Resolution
	Discussion
	Interpretation of Results
	Findings from Observing an End-User Developer
	Findings from Concept Refinement and Ideation
	Findings from Project Enabler
	Findings from Guided Troubleshooting
	A Thematic Synthesis of End-user IoT Development

	Comparison with Previous Research
	Development and Support Systems
	Creative Processes and Tools
	Motivation and Broader Context

	Methodological Reflections
	Strengths
	Weaknesses
	Limitations
	Suggestions for Improvements

	Contributions to the Field
	Future Research Directions
	Limitations
	Summary

	Conclusion
	Summary of Key Findings
	Summary of Each Chapter

	Contribution to Knowledge
	Advancements in IoT for End-user Developers
	Empirical and Theoretical Insights
	Practical and Methodological Contributions
	Addressing Research Gaps
	Synthesis of Contributions

	Limitations and Further Research
	Final Remarks
	Summary of Contributions
	Broader Implications and Future Potential
	Concluding Thoughts



	References and Appendices
	Bibliography
	Ethical Consent
	Case Study – Diary Excerpts
	Semi-structured Interviews
	Preliminary Surveys for User Studies
	Posters


