
F3 Faculty of Electrical Engineering
DEPARTMENT OF COMPUTER SCIENCE

Bachelor’s Thesis

3D Movement shooter with spider
mechanics

Dmitrii Zamedianskii

May 2023
Field of Study: Open Informatics
Supervisor: Ing. Tomáš Havlík





ZADÁNÍ BAKALÁŘSKÉ PRÁCE​

I. OSOBNÍ A STUDIJNÍ ÚDAJE 

503214 Osobní číslo:​Dmitrii Jméno:​Zamedianskii Příjmení:​

Fakulta elektrotechnická Fakulta/ústav:​

Zadávající katedra/ústav:    Katedra počítačové grafiky a interakce 

Otevřená informatika Studijní program:​

Počítačové hry a grafika Specializace:​

II. ÚDAJE K BAKALÁŘSKÉ PRÁCI 

Název bakalářské práce:​

Pohybová střílečka s pavoučími mechanikami  

Název bakalářské práce anglicky:​

Movement shooter with spider mechanics  

Pokyny pro vypracování:​
1. Analyzujte retro střílečky typu Dusk, Ultrakill a jejich herní mechaniky. Vytvořte příběh a specifikujte návrhové koncepty​
pro vaši hru.​
2. Definujte pohybový systém.​
3. Navrhněte bojový systém obsahující mechaniky pro boj na blízko (melee) a na dálku (střelné zbraně).​
4. Navrhněte intuitivní uživatelské rozhraní, které umožní vybírání a využívání schopností.​
5. Nastiňte tři typy nepřátel, u každého typu popište možnosti pohybu a boje.​
6. Implementujte hratelný prototyp obsahující zmíněné mechaniky a omezenou herní oblast.​
7. Otestujte prototyp s minimálně třemi osobami. Během vývoje využijte principů user-centered design.​
8. Popište možnosti vývoje do budoucna.​

Seznam doporučené literatury:​
1. SCHELL, Jesse. The Art of Game Design: A Book of Lenses. 1st ed. CRC Press, 2008. ISBN 978-0123694966.​
2. SELLERS, Michael. Advanced Game Design: A Systems Approach, 1st ed., Addison-Wesley Professional, 2017. ISBN​
978-0-13-466760-7.​

Jméno a pracoviště vedoucí(ho) bakalářské práce:​

Ing. Tomáš Havlík     katedra počítačové grafiky a interakce   FEL 

Jméno a pracoviště druhé(ho) vedoucí(ho) nebo konzultanta(ky) bakalářské práce:​

   

Termín odevzdání bakalářské práce:   26.05.2023 Datum zadání bakalářské práce:   13.02.2023 

Platnost zadání bakalářské práce:   22.09.2024 

___________________________​___________________________​___________________________​
prof. Mgr. Petr Páta, Ph.D.​

podpis děkana(ky)​
podpis vedoucí(ho) ústavu/katedry​Ing. Tomáš Havlík​

podpis vedoucí(ho) práce​

III. PŘEVZETÍ ZADÁNÍ 
Student bere na vědomí, že je povinen vypracovat bakalářskou práci samostatně, bez cizí pomoci, s výjimkou poskytnutých konzultací.
Seznam použité literatury, jiných pramenů a jmen konzultantů je třeba uvést v bakalářské práci.

.
Datum převzetí zadání Podpis studenta

© ČVUT v Praze, Design: ČVUT v Praze, VIC CVUT-CZ-ZBP-2015.1 





Acknowledgement / Declaration



Abstrakt / Abstract

Klíčová slova:

Překlad titulu:

Keywords:



Contents /

1 Introduction 1

2 Analysis 2

3 Game Design 9

4 Development of the game 22

5 User Testing 41

6 Future Development 43

7 Conclusion 45

References 47

A Abbreviations and symbols 51

B Used Assets 52

C Attachments 53



Tables /

B.1



Chapter 1
Introduction

1.1 Goals of Thesis

1.2 Motivation



���±�‰�à�î�¡�ã�ë
���Ì�‰�Å�
�ç�´�ç

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

�ë�`�ê �ì�� �B�Ó���¡�Ë�¡�Ì�î �]�±�Ó�Ó�î�¡�ã �¬�‰�Ë�¡�ç
�J�v �;�Q���H �B�b �i�Q �;���B�M �� �+�Q�K�T�`�2�?�2�M�b�B�p�2 �m�M�/�2�`�b�i���M�/�B�M�; �Q�7 �r�?���i �K���F�2�b �� �b�m�+�+�2�b�b�7�m�H �j�.
�K�Q�p�2�K�2�M�i �b�?�Q�Q�i�2�` �;���K�2�X �A �r�B�H�H �#�2 �H�Q�Q�F�B�M�; �B�M�i�Q �i�?�2 �;���K�2�T�H���v �K�2�+�?���M�B�+�b�- �H�2�p�2�H �/�2�b�B�;�M�-
�;�`���T�?�B�+�b ���M�/ ���m�/�B�Q�- ���M�/ �T�H���v�2�` �2�t�T�2�`�B�2�M�+�2�X �"�v �b�i�m�/�v�B�M�; �� �b�2�H�2�+�i�B�Q�M �Q�7 �;���K�2�b �B�M �i�?�2 �j�.
�K�Q�p�2�K�2�M�i �b�?�Q�Q�i�2�` �;�2�M�`�2�- �A ���B�K �i�Q �B�/�2�M�i�B�7�v �`�2�+�m�`�`�B�M�; �T���i�i�2�`�M�b ���M�/ �2�b�i���#�H�B�b�?�2�/ �K�2�i�?�Q�/�b
�B�M �;���K�2 �/�2�b�B�;�M�- �r�?�B�+�? �A �r�B�H�H �i�?�2�M �B�M�+�Q�`�T�Q�`���i�2 �B�M�i�Q �K�v �Q�r�M �;���K�2 �/�2�p�2�H�Q�T�K�2�M�i �T�`�Q�+�2�b�b�X
�h�?�`�Q�m�;�? �i�?�B�b �T�`�Q�+�2�b�b�- �A �r���M�i �i�Q �;���B�M �� �/�2�2�T�2�` �m�M�/�2�`�b�i���M�/�B�M�; �Q�7 �i�?�2 �;�2�M�`�2 ���M�/ �+�`�2���i�2 ��
�;���K�2 �i�?���i �r�B�H�H �`�2���+�? �i�?�2 �b�2�i �#���` �Q�7 �2�t�T�2�+�i���i�B�Q�M�b �Q�7 �i�?�B�b �;�2�M�`�2�X

�ë�`�ê�`�ê�h�Å�î�ã�‰�Ã�´�Å�Å

�#�´�¬�ó�ã�¡ �ë�`�ê�`�l�H�i�`���F�B�H�H �U�k�y�k�y�V�X �(�j�)

�h�?�2 �}�`�b�i �;���K�2 �i�?���i �+���m�;�?�i �K�v �2�v�2 �r���b �l�H�i�`���F�B�H�H�X �h�?�2 �;���K�2�ö�b �a�i�2���K �b�i�Q�`�2 �T���;�2
�/�2�b�+�`�B�#�2�b �i�?�2 �i�B�i�H�2 ���b �ó�� �7���b�i�@�T���+�2�/ �m�H�i�`���p�B�Q�H�2�M�i �`�2�i�`�Q �6�S�a�Æ�+�Q�K�#�B�M�B�M�; �i�?�2 �b�F�B�H�H�@�#���b�2�/
�b�i�v�H�2 �b�+�Q�`�B�M�; �7�`�Q�K �+�?���`���+�i�2�` ���+�i�B�Q�M �;���K�2�b �r�B�i�? �m�M���/�m�H�i�2�`���i�2�/ �+���`�M���;�2 �B�M�b�T�B�`�2�/ �#�v �i�?�2
�#�2�b�i �b�?�Q�Q�i�2�`�b �Q�7 �i�?�2 �ö�N�y�b�X �_�B�T ���T���`�i �v�Q�m�` �7�Q�2�b �r�B�i�? �p���`�B�2�/ �/�2�b�i�`�m�+�i�B�p�2 �r�2���T�Q�M�b ���M�/
�b�?�Q�r�2�` �B�M �i�?�2�B�` �#�H�Q�Q�/ �i�Q �`�2�;���B�M �v�Q�m�` �?�2���H�i�?�X�ó �(�j�)

�Æ �6�B�`�b�i�@�T�2�`�b�Q�M �b�?�Q�Q�i�2�` �U�6�S�a�V �B�b �� �b�m�#�;�2�M�`�2 �Q�7 �b�?�Q�Q�i�2�` �p�B�/�2�Q �;���K�2�b �+�2�M�i�2�`�2�/ �Q�M �;�m�M ���M�/ �Q�i�?�2�` �r�2���T�Q�M�@
�#���b�2�/ �+�Q�K�#���i �B�M �� �}�`�b�i�@�T�2�`�b�Q�M �T�2�`�b�T�2�+�i�B�p�2�- �r�B�i�? �i�?�2 �T�H���v�2�` �2�t�T�2�`�B�2�M�+�B�M�; �i�?�2 ���+�i�B�Q�M �i�?�`�Q�m�;�? �i�?�2 �2�v�2�b �Q�7 ���M
���M�i���;�Q�M�B�b�i �Q�` �T�`�Q�i���;�Q�M�B�b�i �r�?�Q �B�b ���`�K�2�/�- ���M�/ �i�?�2�M �+�Q�M�i�`�Q�H�H�B�M�; �i�?�2 �T�H���v�2�` �+�?���`���+�i�2�` �B�M �� �i�?�`�2�2�@�/�B�K�2�M�b�B�Q�M���H
�b�T���+�2�X �(�9�)

�ë



�` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �`�ë�`�ê �ì�� �B�Ó���¡�Ë�¡�Ì�î �]�±�Ó�Ó�î�¡�ã �¬�‰�Ë�¡�ç

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

�6�B�`�b�i ���M�/ �7�Q�`�2�K�Q�b�i�-�D�m�K�T�B�M�;�X �h�?�2 �7�Q�m�M�/���i�B�Q�M �Q�7 ���H�H �Q�i�?�2�` �K�Q�p�2�K�2�M�i �K�2�+�?���M�B�+�b�X �q�?�B�H�2
�i�?�2 �D�m�K�T ���#�B�H�B�i�v �B�i�b�2�H�7 �B�b �M�Q�i �i�?���i �B�K�T�`�2�b�b�B�p�2�- �i�?�2 �;���K�2 �/�Q�2�b �� �;�Q�Q�/ �D�Q�# �Q�7 �2�t�i�2�M�/�B�M�;
�K�Q�b�i �Q�7 �B�i�b �;���K�2 �K�2�+�?���M�B�+�b�X �>�2�`�2�- �i�?�2 �D�m�K�T �r���b �2�t�T���M�/�2�/ �m�b�B�M�;�#�m�M�M�v �?�Q�T�T�B�M�;�õ�-
�T�`�2�+�B�b�2���B�` �*�Q�M�i� �̀Q�H�- ���M�/ �+�Q�K�#�B�M���i�B�Q�M�b �r�B�i�? �Q�i�?�2�` �K�Q�p�2�K�2�M�i �K�2�+�?���M�B�+�b�X

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

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

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

�P�M�2 �Q�7 �i�?�2 �F�2�v �K�2�+�?���M�B�+�b �B�M �i�?�2 �;���K�2 �B�b �7���b�i�@�T���+�2�/�- �B�M�i�2�M�b�2 �+�Q�K�#���i�X �h�?�2 �T�H���v�2�` �?���b
���+�+�2�b�b �i�Q �� �p���`�B�2�i�v �Q�7�r�2���T�Q�M�b�X �1���+�? �Q�7 �i�?�2�b�2 �r�2���T�Q�M�b �+���M �#�2 �+���i�2�;�Q�`�B�x�2�/ �B�M�i�Q �� �K�Q�`�2
�;�2�M�2�`���H �r�2���T�Q�M �i�v�T�2�X

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

� �̀_�2�p�Q�H�p�2�`� �̀a�?�Q�i�;�m�M� �̀L���B�H�;�m�M� �̀_���B�H�+���M�M�Q�M� �̀_�Q�+�F�2�i �G���m�M�+�?�2�`� �̀��`�K

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

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

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

�L���B�H�;�m�M�7���H�H�b �B�M�i�Q �� �+���i�2�;�Q�`�v �Q�7�_���T�B�/�@�6�B� �̀2�r�2���T�Q�M�b�X �A�i �B�b �� �r�2���T�Q�M �i�?���i �/�2���H�b �b�K���H�H
�/���K���;�2 �T�2�` �#�m�H�H�2�i �#�m�i �+�Q�K�T�2�M�b���i�2�b �7�Q�` �B�i �r�B�i�? �?�B�;�? �.�S�a �U�.���K���;�2�@�S�2�`�@�a�2�+�Q�M�/�V�X

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

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

�ì



�ë�` ���Ì�‰�Å�
�ç�´�ç�` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �`

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

���`�K �B�b �r�?���i �T�H���v�2�`�b �m�b�2 �i�Q �?�B�i ���M �2�M�2�K�v �i�?���i �B�b �p�2�`�v �+�H�Q�b�2�X �A �r�B�H�H �+���i�2�;�Q�`�B�x�2 �B�i ���b
�J�2�H�2�2�r�2���T�Q�M�X

�q�?���i �B�b �B�M�i�2�`�2�b�i�B�M�; ���#�Q�m�i �K�Q�b�i �J�Q�p�2�K�2�M�i �a�?�Q�Q�i�2�`�b �B�b �i�?���i �i�?�2�v �2�M�+�Q�m�`���;�2 �T�H���v�2�`�b
�i�Q �K���F�2 �+�Q�K�#�Q �+�?���B�M�b �Q�m�i �Q�7 ���p���B�H���#�H�2 �r�2���T�Q�M�b�X �q�?���i �i�?���i �K�2���M�b �B�b �i�?���i �i�?�2 �T�H���v�2�`
�+���M �b�?�Q�Q�i ���M �2�M�2�K�v �r�B�i�? �� �?���M�/�;�m�M�- �b�r�B�i�+�? �i�Q �_�Q�+�F�2�i �G���m�M�+�?�2�`�- �H���m�M�+�? �i�?�2 �2�M�2�K�v
�B�M �i�?�2 ���B�`�- �D�m�K�T �i�Q�r���`�/ �i�?�2�K�- ���M�/ �}�M�B�b�? �i�?�2�K �r�B�i�? �� �b�?�Q�i�;�m�M�X ���M�/ �i�?���i �B�b �D�m�b�i �Q�M�2
�Q�m�i �Q�7 �?�m�M�/�`�2�/�b �Q�7 �T�Q�b�b�B�#�H�2 ���+�i�B�Q�M �b�2�[�m�2�M�+�2�b �i�?���i �T�H���v�2�`�b �+���M �/�Q�X

�h�?�2 �K���B�M �/�B�z�2�`�2�M�i�B���i�B�M�; �7���+�i�Q�` �i�?���i �K���F�2�b �r�2���T�Q�M�b �B�M�l�H�i�`���F�B�H�H�b�i���M�/ �Q�m�i �7�`�Q�K
�Q�i�?�2�` �b�B�K�B�H���` �;���K�2�b �B�b �i�?���i �2���+�? �Q�7 �i�?�2�K �?���b �� �m�M�B�[�m�2 ���#�B�H�B�i�v�X �h�?���i �2�t�T���M�/�b �T�Q�b�b�B�#�H�2
�+�Q�K�#�Q �+�?���B�M�b �7�`�Q�K �?�m�M�/�`�2�/�b �i�Q �i�?�Q�m�b���M�/�b�X �h�Q �B�H�H�m�b�i�`���i�2 �i�?�2 �T�Q�b�b�B�#�B�H�B�i�B�2�b �+�Q�M�b�B�/�2�`
�i�?�2 �7�Q�H�H�Q�r�B�M�; �2�t���K�T�H�2�X �P�M�2 �Q�7 �i�?�2 �?���M�/�;�m�M�b �B�M �i�?�2 �;���K�2 �?���b �i�?�2 ���#�B�H�B�i�v �i�Q �i�?�`�Q�r ��
�+�Q�B�M �B�M �i�?�2 ���B�`�X �A�7 �i�?�2 �T�H���v�2�` �?�B�i�b �i�?�B�b �+�Q�B�M �r�B�i�? �� �#�m�H�H�2�i �r�?�B�H�2 �B�i �~�B�2�b �B�M �i�?�2 ���B�`�- �i�?�2
�#�m�H�H�2�i �2�t�T�H�Q�/�2�b �B�M�i�Q �K�m�H�i�B�T�H�2 �T���`�i�b �i�?���i �~�v �i�Q �K�m�H�i�B�T�H�2 �M�2���`�2�b�i �2�M�2�K�B�2�b ���M�/ �?�B�i �i�?�2�K
�`�B�;�?�i �B�M �i�?�2 �?�2���/�X �"�m�i �r�?���i �B�7 �� �T�H���v�2�` �i�?�`�Q�r�b �� �+�Q�B�M �B�M �i�?�2 ���B�`�- �[�m�B�+�F�H�v �b�r�B�i�+�?�2�b �i�Q
�i�?�2 �`���B�H �+���M�M�Q�M�- ���M�/ �b�?�Q�Q�i�b �i�?�2 �+�Q�B�M�\ �h�?���i �B�b �Q�M�2 �Q�7 �i�?�2 �K���M�v �2�t���K�T�H�2�b �r�?�2�`�2 �i�?�B�b
�;���K�2 �2�M�+�Q�m�`���;�2�b �T�H���v�2�`�b �i�Q �i�?�B�M�F �Q�m�i�b�B�/�2 �Q�7 �i�?�2 �#�Q�t�X �E�2�2�T �B�M �K�B�M�/ �i�?���i ���H�H �Q�7 �i�?�2
���7�Q�`�2�K�2�M�i�B�Q�M�2�/ �K�2�i�� ���+�i�B�Q�M�b �?���T�T�2�M �/�m�`�B�M�; �`�2���H�H�v �7���b�i ���+�i�B�Q�M�@�T���+�F�2�/ �}�;�?�i�b�5

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

�6�Q�` �i�?�2 �b���F�2 �Q�7 �i�?�B�b �i�?�2�b�B�b �M�Q�i �#�2�B�M�; �Q�M�H�v ���#�Q�m�i �l�H�i�`���F�B�H�H ���M�/ �B�i�b �;���K�2 �/�2�b�B�;�M�- �A �r�B�H�H
�M�Q�i �H�B�b�i �2�p�2�`�v �2�M�2�K�v �i�v�T�2 �B�M �i�?�2 �;���K�2�X �A�M�b�i�2���/�- �A �r�B�H�H �+���i�2�;�Q�`�B�x�2 �i�?�2�K �`�B�;�?�i ���r���v�X� �̀S�m�`�b�m�2�`�b �@ �i�?�2�b�2 �`�m�M ���7�i�2�` �i�?�2 �T�H���v�2�` �i�`�v�B�M�; �i�Q �?�B�i �?�B�K�X� �̀a�?�Q�Q�i�2�`�b �@ �i�?�2�b�2 �i�`�v �i�Q �F�2�2�T �� �/�B�b�i���M�+�2 �7�`�Q�K �i�?�2 �T�H���v�2�` �#�m�i �+���M �?�B�i �i�?�2 �T�H���v�2�` �B�7

�i�?�2�v �;�2�i �i�Q�Q �+�H�Q�b�2�X� �̀a�m�T�T�Q�`�i�b �@ �i�?�2�b�2 �T�`�Q�p�B�/�2 �b�m�T�T�Q�`�i �7�Q�` �Q�i�?�2�` �2�M�2�K�B�2�b �B�M �i�?�2 �7�Q�`�K �Q�7 �?�2���H�B�M�;�- ���/�/�B�@
�i�B�Q�M���H ���`�K�Q�` �Q�` �T�H���v�2�` �/�2�#�m�z�ï �X� �̀"�Q�b�b�2�b �@ �i�?�2�b�2 �T�Q�b�b�2�b�b �� �H�Q�i �Q�7 ���`�K�Q�` ���M�/ �m�M�B�[�m�2 ���#�B�H�B�i�B�2�b�X

�1���+�? �Q�7 �i�?�2�b�2 �+���i�2�;�Q�`�B�2�b �+�Q�m�H�/ ���H�b�Q �#�2 �2�B�i�?�2�` �~�v�B�M�; �Q�` �r���H�F�B�M�;�X �q�?���i �i�?�2 �/�2�p�2�H�@
�Q�T�2�` ���+�?�B�2�p�2�b �r�B�i�? �i�?�B�b �b�2�T���`���i�B�Q�M �B�b �i�?�2 �2�b�i���#�H�B�b�?�K�2�M�i �Q�7 �Q�M�2 �b�B�K�T�H�2 �`�m�H�2 �@ �ó�L�2�p�2�`
�b�i���M�/ �b�i�B�H�H�ó�X �q�?�B�H�2 �T�m�`�b�m�2�`�b ���`�2 �`�m�M�M�B�M�; ���7�i�2�` �i�?�2 �T�H���v�2�`�- �b�?�Q�Q�i�2�`�b ���`�2 �i�`�v�B�M�; �i�Q
�b�?�Q�Q�i �i�?�2�K �/�Q�r�M ���M�/ �b�m�T�T�Q�`�i�b ���`�2 �K���F�B�M�; ���H�H �Q�7 �i�?�2 �2�M�2�K�B�2�b �2�p�2�M �K�Q�`�2 �T�Q�r�2�`�7�m�H�X

�P�M�2 �B�K�T�Q�`�i���M�i �Q�#�b�2�`�p���i�B�Q�M�, �l�H�i�`���F�B�H�H �/�Q�2�b �M�Q�i �D�m�b�i �b�T���r�M �2�p�2�`�v �2�M�2�K�v �#���+�F�@�i�Q�@
�#���+�F�- �b�Q�K�2�i�B�K�2�b �i�?�2�`�2 �B�b �B�M�i�2�M�i�B�Q�M���H �b�B�K�T�H�B�+�B�i�v �i�Q �B�i�X �q�?�2�M �B�i �/�Q�2�b �i�?�`�Q�r �2�p�2�`�v
�2�M�2�K�v ���i �v�Q�m�- �v�Q�m ���`�2 �m�b�m���H�H�v �;�B�p�2�M �� �+�?�Q�B�+�2 �Q�7 �K�m�H�i�B�T�H�2 �r�2���T�Q�M�b �B�M �+�H�Q�b�2 �T�`�Q�t�B�K�@
�B�i�v �(�8�)�X

�q�?�B�H�2 �A ���K ���i �B�i�- �H�2�i �m�b �i���H�F �� �H�B�i�i�H�2 �#�B�i ���#�Q�m�i �H�2�p�2�H �/�2�b�B�;�M�X �G�2�p�2�H�b �B�M �l�H�i�`���@
�F�B�H�H �2�B�i�?�2�` �?���p�2 �T�?�v�b�B�+���H �?���x���`�/�b �i�?���i �B�M�~�m�2�M�+�2 �T�H���v�2�` �K�Q�p�2�K�2�M�i�- �Q�` �M�Q�M�@�+�Q�K�#���i
�Q�#�D�2�+�i�B�p�2�b �i�?���i �B�M�~�m�2�M�+�2 �i�?�2 �T�H���v�2�`�ö�b �T���+�B�M�;�X

�l�H�i�`���F�B�H�H�ö�b ���M���H�v�b�B�b �+���K�2 �Q�m�i �T�`�2�i�i�v �b�m�#�b�i���M�i�B�p�2�X �"�m�i �A �m�b�2�/ �B�i�b �+���b�2 �i�Q �2�b�i���#�H�B�b�?
�K���B�M �T�Q�B�M�i�b ���M�/ �+���i�2�;�Q�`�B�2�b �7�Q�` �K�v �M�2�t�i �2�t���K�T�H�2�b�X

�ï ���M �2�z�2�+�i �i�?���i �K���F�2�b �� �;���K�2 �+�?���`���+�i�2�` �r�2���F�2�`�X

�í



�` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �`�ë�`�ê �ì�� �B�Ó���¡�Ë�¡�Ì�î �]�±�Ó�Ó�î�¡�ã �¬�‰�Ë�¡�ç

�ë�`�ê�`�ë���h�]�:

�#�´�¬�ó�ã�¡ �ë�`�ë�`�.�m�b�F �U�k�y�R�3�V�X �(�e�)

���M�Q�i�?�2�` �;���K�2 �A �r�B�H�H �m�b�2 ���b ���M �2�t���K�T�H�2 �B�b�.�m�b�F �U�k�y�R�3�V�X �A �r�B�H�H �M�Q�i �;�Q �B�M�i�Q ���b
�K�m�+�? �/�2�i���B�H ���b �A �/�B�/ �r�B�i�? �l�H�i�`���F�B�H�H �b�B�M�+�2 �i�?�2�b�2 �;���K�2�b �b�?���`�2 �� �H�Q�i �Q�7 �b�B�K�B�H���`�B�i�B�2�b�X

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

�"�m�i �H�2�i �m�b �i���F�2 �� �+�H�Q�b�2�` �H�Q�Q�F ���i �i�?�2 ���`�b�2�M���H �Q�7 �r�2���T�Q�M�b �i�?���i �.�m�b�F �Q�z�2�`�b �m�b�,� �̀a�B�+�F�H�2�b �@�K�2�H�2�2�r�2���T�Q�M �i�?���i �i�?�2 �T�H���v�2�` �?���b �i�?�`�Q�m�;�?�Q�m�i �i�?�2 �r�?�Q�H�2 �;���K�2�X� �̀a�r�Q�`�/ �@ �`���`�2�K�2�H�2�2�r�2���T�Q�M �i�?���i �/�2���H�b �� �H�Q�i �Q�7 �/���K���;�2�X� �̀S�B�b�i�Q�H �@ �b�i���`�i�2�`�?���M�/�;�m�M�i�?���i �i�?�2 �T�H���v�2�` �m�b�2 �r�?�B�H�2 �?�2 �B�b �b�i�B�H�H �H�2���`�M�B�M�; �i�?�2 �`�Q�T�2�b
�Q�7 �i�?�2 �;���K�2�X� �̀a�?�Q�i�;�m�M �@ �/�2���H�b �� �H�Q�i �Q�7 �/���K���;�2 �B�M �+�H�Q�b�2 �`���M�;�2�- �H�B�F�2�b�?�Q�i�;�m�M�/�Q�2�b�X� �̀a�m�T�2�` �b�?�Q�i�;�m�M �@ �/�2���H�b �2�p�2�M �K�Q�`�2 �/���K���;�2 �i�?���M �M�Q�`�K���H�b�?�Q�i�;�m�M�#�m�i �?���b �� �H�Q�r
���K�Q�m�M�i �Q�7 ���K�K�Q �T�2�` �K���;���x�B�M�2�X� �̀��b�b���m�H�i �`�B�~�2 �@� �̀��T�B�/�@�}� �̀2�r�2���T�Q�M �i�?���i �b�?�Q�Q�i�b ���i �� �?�B�;�? �`���i�2 �Q�7 �}�`�2�X� �̀>�m�M�i�B�M�; �`�B�~�2 �@�b�M�B�T�2�` �`�B�~�2�i�?���i �b�?�Q�Q�i�b �Q�M�H�v �Q�M�2 �#�m�H�H�2�i �T�2�` �+�H�B�+�F �#�m�i �/�2���H�b �� �H�Q�i
�Q�7 �/���K���;�2 ���i �� �#�B�; �/�B�b�i���M�+�2�X� �̀*�`�Q�b�b�#�Q�r �@ ���M�Q�i�?�2�` �p���`�B���i�B�Q�M �Q�7�b�M�B�T�2�` �`�B�~�2�i�?���i ���H�b�Q �/�2���H�b �� �H�Q�i �Q�7 �/���K���;�2 �i�Q
���M �2�M�2�K�v�X� �̀J�Q�`�i���` �@� �̀Q�+�F�2�i �H���m�M�+�?�2�`�Q�` �B�M �i�?�B�b �+���b�2 �� �;�`�2�M���/�2 �H���m�M�+�?�2�` �i�?���i �b�?�Q�Q�i�b �Q�m�i
�2�t�T�H�Q�b�B�p�2�b�X� �̀_�B�p�2�i�2�` �@� �̀Q�+�F�2�i �H���m�M�+�?�2�`�i�?���i �/�2���H�b �i�?�2 �K�Q�b�i �/���K���;�2 �Q�m�i �Q�7 ���H�K�Q�b�i ���H�H �r�2���T�Q�M�b
�B�M �i�?�2 �;���K�2�X

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

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

�.�l�a�E �7�2���i�m�`�2�b �� �p���`�B�2�i�v �Q�7�2�M�2�K�B�2�b�i�?���i �T�H���v�2�`�b �K�m�b�i �/�2�7�2���i �i�?�`�Q�m�;�?�Q�m�i �i�?�2
�;���K�2�X �>�2�`�2 �B�b �� �H�B�b�i �Q�7 �i�?�2 �2�M�2�K�B�2�b �B�M �.�m�b�F ���M�/ �?�Q�r �i�?�2�v �+�Q�K�T�H�2�K�2�M�i �2���+�?
�Q�i�?�2�`�,� �̀*�m�H�i�B�b�i �@ �� �#���b�B�+ �2�M�2�K�v �i�v�T�2�- �i�?�2�v ���`�2 �r�2���F �#�m�i �+���M �+�Q�K�2 �B�M �H���`�;�2 �M�m�K�#�2�`�b�X

�î



�ë�` ���Ì�‰�Å�
�ç�´�ç�` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �`

� �̀S�Q�b�b�2�b�b�2�/ �@ �T�Q�b�b�2�b�b�2�/ �2�M�2�K�B�2�b ���`�2 �7���b�i�2�` ���M�/ �K�Q�`�2 ���;�;�`�2�b�b�B�p�2 �i�?���M �+�m�H�i�B�b�i�b�X �h�?�2�v
�+���M ���H�b�Q �D�m�K�T ���M�/ ���i�i���+�F �7�`�Q�K �� �/�B�b�i���M�+�2�X� �̀P�m�i�H���M�/�2�` �@ �?�2���p�B�H�v ���`�K�2�/ ���M�/ ���`�K�Q�`�2�/ �2�M�2�K�B�2�b �i�?���i �+���M �i���F�2 �� �H�Q�i �Q�7 �/���K���;�2�X
�h�?�2�v ���`�2 �T���`�i�B�+�m�H���`�H�v �2�z�2�+�i�B�p�2 �B�M �H�Q�M�;�@�`���M�;�2 �+�Q�K�#���i�X� �̀>�2�H�H�?�Q�m�M�/ �@ �7���b�i ���M�/ ���;�;�`�2�b�b�B�p�2 �2�M�2�K�B�2�b�X �>�2�H�H�?�Q�m�M�/�b ���`�2 �T���`�i�B�+�m�H���`�H�v �2�z�2�+�i�B�p�2
���i �+�H�Q�b�2�@�`���M�;�2 �+�Q�K�#���i�X� �̀*���+�Q�/�2�K�Q�M �@ �H���`�;�2�- �~�v�B�M�; �2�M�2�K�B�2�b �i�?���i �+���M ���i�i���+�F �7�`�Q�K �� �/�B�b�i���M�+�2 �r�B�i�? �T�`�Q�D�2�+�@
�i�B�H�2�b�X� �̀a�T�B�/�2�` �@ ���`���+�?�M�Q�B�/�@�H�B�F�2 �2�M�2�K�B�2�b �i�?���i �+���M �+�H�B�K�# �r���H�H�b ���M�/ �+�2�B�H�B�M�;�b�- �i�?�2�v ���`�2 �r�2���F
�#�m�i �+���M ���i�i���+�F �7�`�Q�K �m�M�2�t�T�2�+�i�2�/ ���M�;�H�2�b�X� �̀w�Q�K�#�B�2 �@ �b�H�Q�r�@�K�Q�p�B�M�; �2�M�2�K�B�2�b �i�?���i �+���M �i���F�2 �� �H�Q�i �Q�7 �/���K���;�2�X� �̀_�2�p�2�M���M�i�b �@ �� �7���b�i�@�K�Q�p�B�M�; �i�v�T�2 �Q�7 �2�M�2�K�v �i�?���i �+���M �[�m�B�+�F�H�v �+�H�Q�b�2 �B�M �Q�M �i�?�2 �T�H���v�2�`
���M�/ ���i�i���+�F �r�B�i�? �K�2�H�2�2 �r�2���T�Q�M�b�X� �̀1�M�7�Q�`�+�2�`�b �@ ���M �2�H�B�i�2 �i�v�T�2 �Q�7 �2�M�2�K�v �i�?���i �B�b �?�2���p�B�H�v ���`�K�Q�`�2�/ ���M�/ ���`�K�2�/ �r�B�i�?
�T�Q�r�2�`�7�m�H �r�2���T�Q�M�b�X� �̀"�Q�b�b�2�b �@ �� �m�M�B�[�m�2 �i�v�T�2 �Q�7 �2�M�2�K�v �i�?���i �i�?�2 �T�H���v�2�` �K�m�b�i �/�2�7�2���i �i�Q �T�`�Q�;�`�2�b�b�X

�h�?�2�b�2 �2�M�2�K�B�2�b �+�Q�K�T�H�2�K�2�M�i �2���+�? �Q�i�?�2�` �B�M �� �r���v �i�?���i �i�?�2�v �Q�z�2�` �/�B�z�2�`�2�M�i �+�?���H�@
�H�2�M�;�2�b ���M�/ �`�2�[�m�B�`�2 �/�B�z�2�`�2�M�i �b�i�`���i�2�;�B�2�b �i�Q �/�2�7�2���i�X �6�Q�` �2�t���K�T�H�2�- �i�?�2 �*�m�H�i�B�b�i�b ���`�2
�r�2���F �#�m�i �+�Q�K�2 �B�M �H���`�;�2 �M�m�K�#�2�`�b�- �`�2�[�m�B�`�B�M�; �i�?�2 �T�H���v�2�` �i�Q �m�b�2 �r�2���T�Q�M�b �i�?���i �?���p�2
�� �H���`�;�2 ���`�2�� �Q�7 �2�z�2�+�i �Q�` �m�b�2 �i�?�2�B�` �K���;�B�+ ���#�B�H�B�i�B�2�b�X �S�Q�b�b�2�b�b�2�/ �2�M�2�K�B�2�b �`�2�[�m�B�`�2 �[�m�B�+�F
�`�2�~�2�t�2�b ���M�/ �� �7���b�i�@�T���+�2�/ ���T�T�`�Q���+�?�- �r�?�B�H�2 �P�m�i�H���M�/�2�`�b �`�2�[�m�B�`�2 �� �K�Q�`�2 �b�i�`���i�2�;�B�+
���T�T�`�Q���+�? �i�Q �i���F�2 �i�?�2�K �Q�m�i �7�`�Q�K �� �/�B�b�i���M�+�2�X �h�?�2 �#�Q�b�b�2�b �`�2�[�m�B�`�2 �� �b�T�2�+�B�}�+ �b�i�`���i�@
�2�;�v �i�Q �/�2�7�2���i �i�?�2�K ���M�/ ���`�2 �i�?�2 �+�H�B�K���t �Q�7 �2���+�? �H�2�p�2�H�X �h�?�2 �p���`�B�2�i�v �Q�7 �2�M�2�K�B�2�b �F�2�2�T�b
�i�?�2 �;���K�2�T�H���v �7�`�2�b�? ���M�/ �B�M�i�2�`�2�b�i�B�M�; ���M�/ ���H�b�Q �2�M�+�Q�m�`���;�2�b �T�H���v�2�`�b �i�Q �2�t�T�2�`�B�K�2�M�i
�r�B�i�? �/�B�z�2�`�2�M�i �r�2���T�Q�M�b ���M�/ �b�i�`���i�2�;�B�2�b�X

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

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

�ë�`�ê�`�ì �]�¡���¡�ã�¡�• �]�î�¡�¡�Å

�q�?�B�H�2 �a�2�p�2�`�2�/ �a�i�2�2�H �B�b �� �b�B�K�T�H�2�` �;���K�2 �i�?���M �l�H�i�`���F�B�H�H �Q�` �.�m�b�F �7�`�Q�K �i�?�2 �K�2�@
�+�?���M�B�+���H ���M�/ �/�2�b�B�;�M �T�Q�B�M�i �Q�7 �p�B�2�r�- �B�i �B�b �b�i�B�H�H �� �7���b�+�B�M���i�B�M�; �2�t���K�T�H�2 �Q�7 �� �K�Q�p�2�K�2�M�i
�b�?�Q�Q�i�2�` �/�Q�M�2 �`�B�;�?�i�X

�h�?�2 �b�2�+�`�2�i �Q�7 �a�2�p�2�`�2�/ �a�i�2�2�H �B�b �B�i�b �7�Q�+�m�b �Q�M �Q�M�2 �+�Q�`�2 �K�2�+�?���M�B�+ �@�#�m�H�H�2�i �i�B�K�2�š�X
�h�?�B�b �;���K�2 �K�2�+�?���M�B�+ �+�Q�K�#�B�M�2�/ �r�B�i�? �;�Q�Q�/�H�2�p�2�H �/�2�b�B�;�M���M�/ �/�B�p�2�`�b�2�K�Q�p�2�K�2�M�i
�K�2�+�?���M�B�+�b�+�`�2���i�2�b �� �m�M�B�[�m�2 ���M�/ �7�m�M �;���K�2 �2�t�T�2�`�B�2�M�+�2�X

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

�ï



�` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �`�ë�`�ê �ì�� �B�Ó���¡�Ë�¡�Ì�î �]�±�Ó�Ó�î�¡�ã �¬�‰�Ë�¡�ç

�#�´�¬�ó�ã�¡ �ë�`�ì�`�a�2�p�2�`�2�/ �a�i�2�2�H �U�k�y�R�3�V�X �(�d�)

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

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

�6�Q�` �i�?�2 �b���K�2 �`�2���b�Q�M�- �i�?�2�`�2 ���`�2 �Q�M�H�v �i�?�`�2�2 �i�v�T�2�b �Q�7�2�M�2�K�B�2�b�B�M �i�?�2 �;���K�2�,
�a�Q�H�/�B�2�`�- �a�M�B�T�2�`�- ���M�/ �C�m�;�;�2�`�M���m�i�X ���H�H �Q�7 �i�?�2�K ���`�2 ���i�i���+�F�B�M�; �i�v�T�2�b �b�Q �i�?�2�`�2 �B�b �M�Q
�+���i�2�;�Q�`�B�x���i�B�Q�M �H�B�F�2 �B�M �.�m�b�F �Q�` �l�H�i�`���F�B�H�H�X

�ë�`�ê�`�í �I�î�±�¡�ã �$�‰�Ë�¡�ç

�P�i�?�2�` �2�t���K�T�H�2�b �Q�7 �b�B�K�B�H���` �;���K�2�b �B�M�+�H�m�/�2�,� �̀:�?�Q�b�i�`�m�M�M�2�`�-� �̀L�2�Q�M �q�?�B�i�2�-� �̀h�m�`�#�Q �P�p�2�`�F�B�H�H

�#�´�¬�ó�ã�¡ �ë�`�í�`�:�?�Q�b�i�`�m�M�M�2�` �(�N�)�- �L�2�Q�M �q�?�B�i�2 �(�R�y�)�- ���M�/ �h�m�`�#�Q �P�p�2�`�F�B�H�H �(�R�R�)

�ð



�ë�` ���Ì�‰�Å�
�ç�´�ç�` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �`

�ë�`�ê�`�î �]�ó�Ë�Ë�‰�ã�


�"�v ���M���H�v�x�B�M�; �p���`�B�Q�m�b �2�t���K�T�H�2�b�- �r�2 �+���M �B�/�2�M�i�B�7�v �i�?�2 �F�2�v �2�H�2�K�2�M�i�b �i�?���i �K���F�2
�K�Q�p�2�K�2�M�i ���M �2�M�;���;�B�M�; �;���K�2 �K�2�+�?���M�B�+�X �h�?�2�b�2 �B�M�+�H�m�/�2�,� �̀*�Q�K�#�B�M�B�M�; �K�Q�p�2�b �i�Q �+�`�2���i�2 �~�m�B�/ �b�2�[�m�2�M�+�2�b�X� �̀l�i�B�H�B�x�B�M�; �i�?�2 �2�M�p�B�`�Q�M�K�2�M�i �i�Q �2�M�?���M�+�2 �K�Q�p�2�K�2�M�i �Q�T�i�B�Q�M�b�X� �̀h�B�K�B�M�; �K�Q�p�2�K�2�M�i�b �i�Q �i���F�2 ���/�p���M�i���;�2 �Q�7 �Q�T�T�Q�`�i�m�M�B�i�B�2�b�X� �̀"�m�B�H�/�B�M�; �K�Q�K�2�M�i�m�K �i�Q �B�M�+�`�2���b�2 �b�T�2�2�/ ���M�/ �T�Q�r�2�`�X� �̀l�M�/�2�`�b�i���M�/�B�M�; �i�?�2 �i�`���D�2�+�i�Q�`�v �Q�7 �T�`�Q�D�2�+�i�B�H�2�b ���M�/ �K�Q�p�2�K�2�M�i�b�X� �̀A�M�+�Q�`�T�Q�`���i�B�M�; �T�?�v�b�B�+�b �i�Q ���/�/ �`�2���H�B�b�K ���M�/ �+�?���H�H�2�M�;�2�X

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

�ñ



���±�‰�à�î�¡�ã�ì
�$�‰�Ë�¡ ���¡�ç�´�¬�Ì

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

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

�ì�`�ê �,�•�¡�‰
���b �C�2�b�b�2 �a�+�?�2�H�H �r�`�B�i�2�b �B�M �?�B�b �#�Q�Q�F �ó�h�?�2 ���`�i �Q�7 �:���K�2 �.�2�b�B�;�M�, �� �"�Q�Q�F �Q�7 �G�2�M�b�2�b�ó
�(�R�k�) �i�?�2�`�2 ���`�2 �3 �}�H�i�2�`�b �i�?���i ���M�v �B�/�2�� �7�Q�` �� �;���K�2 �b�?�Q�m�H�/ �;�Q �i�?�`�Q�m�;�? ���i �/�B�z�2�`�2�M�i
�b�i���;�2�b �Q�7 �/�2�p�2�H�Q�T�K�2�M�i�,� �̀.�Q�2�b �i�?�B�b �;���K�2 �7�2�2�H �`�B�;�?�i�\� �̀q�B�H�H �i�?�2 �B�M�i�2�M�/�2�/ ���m�/�B�2�M�+�2 �H�B�F�2 �i�?�B�b �;���K�2 �2�M�Q�m�;�?�\� �̀A�b �i�?�B�b �� �r�2�H�H�@�/�2�b�B�;�M�2�/ �;���K�2�\� �̀A�b �i�?�B�b �;���K�2 �M�Q�p�2�H �2�M�Q�m�;�?�\� �̀q�B�H�H �i�?�B�b �;���K�2 �b�2�H�H�\� �̀A�b �B�i �i�2�+�?�M�B�+���H�H�v �T�Q�b�b�B�#�H�2 �i�Q �#�m�B�H�/ �i�?�B�b �;���K�2�\� �̀.�Q�2�b �i�?�B�b �;���K�2 �K�2�2�i�b �b�Q�+�B���H ���M�/ �+�Q�K�K�m�M�B�i�v �;�Q���H�b�\� �̀.�Q �i�?�2 �T�H���v�i�2�b�i�2�`�b �2�M�D�Q�v �i�?�B�b �;���K�2 �2�M�Q�m�;�?�\

�h�?�2 �K���B�M �B�/�2�� �B�b �i�?���i �i�?�2 �T�H���v�2�` �i���F�2�b �Q�M �i�?�2 �`�Q�H�2 �Q�7 �� �?�m�K���M�Q�B�/ �b�T�B�/�2�` ���M�/
�M���p�B�;���i�2�b �i�?�`�Q�m�;�? �� �j�. �}�`�b�i�@�T�2�`�b�Q�M �K�Q�p�2�K�2�M�i �b�?�Q�Q�i�2�` �;���K�2�X �h�?�2 �+�Q�`�2 �2�K�T�?���b�B�b
�Q�7 �i�?�2 �;���K�2 �B�b �+�2�M�i�2�`�2�/ ���`�Q�m�M�/ �B�i�b �+�Q�K�#���i �b�v�b�i�2�K�- �r�?�B�+�? �7�2���i�m�`�2�b �� �r�B�/�2 �p���`�B�2�i�v
�Q�7 �2�M�2�K�B�2�b �i�?���i �r�B�H�H �+�Q�M�b�i���M�i�H�v �+�?���H�H�2�M�;�2 �i�?�2 �T�H���v�2�` ���M�/ �F�2�2�T �i�?�2�K �Q�M �i�?�2�B�` �i�Q�2�b�X
�A�M ���/�/�B�i�B�Q�M �i�Q �i�?�B�b�- �i�?�2 �/�2�b�B�;�M �Q�7 �i�?�2 �H�2�p�2�H�b �b�?�Q�m�H�/ �i���F�2 �B�M�i�Q ���+�+�Q�m�M�i �i�?�2 �T�H���v�2�`�ö�b
���#�B�H�B�i�v �i�Q �K�Q�p�2 �[�m�B�+�F�H�v ���M�/ �T�2�`�7�Q�`�K �� �p���`�B�2�i�v �Q�7 �K���M�2�m�p�2�`�b�- ���H�H�Q�r�B�M�; �7�Q�` �� �K�Q�`�2
�/�v�M���K�B�+ ���M�/ �2�M�;���;�B�M�; �;���K�2�T�H���v �2�t�T�2�`�B�2�M�+�2�X

�a�Q �H�2�i �m�b �`�m�M �K�v �B�/�2�� �i�?�`�Q�m�;�? �i�?�2�b�2 �}�H�i�2�`�b�,

� �̀h�?�2 �}�`�b�i �}�H�i�2�` �B�b �ò�.�Q�2�b �i�?�B�b �;���K�2 �7�2�2�H �`�B�;�?�i�\�ó ���b �K�2�M�i�B�Q�M�2�/ �B�M �C�2�b�b�2 �a�+�?�2�H�H�ö�b
�#�Q�Q�F�X �>�2 �b�m�;�;�2�b�i�b �i�?���i �i�?�B�b �B�b �i�?�2 �K�Q�b�i �T�2�`�b�Q�M���H �Q�7 �i�?�2 �}�H�i�2�`�b ���M�/ �i�?���i �i�?�2 �;�m�i
�7�2�2�H�B�M�;�b �Q�7 �i�?�2 �/�2�p�2�H�Q�T�2�` ���`�2 �B�K�T�Q�`�i���M�i�X �A ���;�`�2�2 �r�B�i�? �i�?�B�b �T�2�`�b�T�2�+�i�B�p�2 ���M�/ �K�v �;�m�i
�i�2�H�H�b �K�2 �i�?���i �i�?�B�b �;���K�2 �7�2�2�H�b �`�B�;�?�i�X �6�`�Q�K �K�v �T�2�`�b�Q�M���H �2�t�T�2�`�B�2�M�+�2 ���M�/ �+�Q�M�}�/�2�M�+�2
�B�M �i�?�2 �;���K�2�- �A �i�`�m�b�i �K�v �B�M�b�i�B�M�+�i�b�X� �̀h�?�2 �b�2�+�Q�M�/ �}�H�i�2�` �B�b �ò�q�B�H�H �i�?�2 �B�M�i�2�M�/�2�/ ���m�/�B�2�M�+�2 �H�B�F�2 �i�?�B�b �;���K�2 �2�M�Q�m�;�?�\�ó�X �A
�#�2�H�B�2�p�2 �i�?���i �i�?�2 �i���`�;�2�i ���m�/�B�2�M�+�2 �7�Q�` �K�v �;���K�2 �B�b �v�Q�m�M�; ���/�m�H�i�b �#�2�i�r�2�2�M �i�?�2 ���;�2�b
�Q�7 �R�3�@�k�9 �r�?�Q ���`�2 �7���M�b �Q�7 �;���K�2�b �b�m�+�? ���b �.�Q�Q�K�- �Z�m���F�2�- �l�H�i�`���F�B�H�H�- ���M�/ �.�m�b�F�X �h�?�2
�;���K�2 �/�2�b�B�;�M �}�i�b �i�?�B�b �/�2�K�Q�;�`���T�?�B�+ �T�2�`�7�2�+�i�H�v�X

�ò



�ì�` �$�‰�Ë�¡ ���¡�ç�´�¬�Ì�` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �`

� �̀h�?�2 �i�?�B�`�/ �}�H�i�2�` �B�b �ò�A�b �i�?�B�b �� �r�2�H�H�@�/�2�b�B�;�M�2�/ �;���K�2�\�ó�X ���b �C�2�b�b�2 �a�+�?�2�H�H �M�Q�i�2�b �B�M
�?�B�b �#�Q�Q�F�- �i�?�B�b �}�H�i�2�` �i���F�2�b �B�M�i�Q ���+�+�Q�m�M�i �2�p�2�`�v�i�?�B�M�; �r�2 �F�M�Q�r ���#�Q�m�i �+�`�2���i�B�M�; ��
�;�Q�Q�/ �2�t�T�2�`�B�2�M�+�2�- �B�M�+�H�m�/�B�M�; ���2�b�i�?�2�i�B�+�b�- �B�M�i�2�`�2�b�i �+�m�`�p�2�b�- �`�2�b�Q�M���M�i �i�?�2�K�2�- ���M�/ �;���K�2
�#���H���M�+�B�M�;�X �6�`�Q�K ���M ���2�b�i�?�2�i�B�+ �b�i���M�/�T�Q�B�M�i�- �A �i�?�B�M�F �i�?�2 �;���K�2 �B�b �r�2�H�H�@�/�2�b�B�;�M�2�/ ���M�/
�B�i �r�B�H�H �b�i���M�/ �Q�m�i �r�B�i�? �B�i�b �;�Q�i�?�B�+ �;�`�Q�i�2�b�[�m�2 �b�i�v�H�2�X �A�M �i�2�`�K�b �Q�7 �Q�p�2�`���H�H �;���K�2 �/�2�b�B�;�M�-
�#���H���M�+�B�M�; �i�?�2 �;���K�2 �B�b �K�v �K���B�M �T�`�B�Q�`�B�i�v ���b �B�i �B�b �+�`�m�+�B���H �7�Q�` �K�Q�p�2�K�2�M�i �b�?�Q�Q�i�2�`�b�X
�A�7 �i�?�2 �;���K�2 �B�b �i�Q�Q �2���b�v�- �T�H���v�2�`�b �H�Q�b�2 �B�M�i�2�`�2�b�i �[�m�B�+�F�H�v�- ���M�/ �B�7 �B�i �B�b �i�Q�Q �?���`�/�- �T�H���v�2�`�b
�;�2�i �i�B�`�2�/ ���M�/ ���H�b�Q �H�Q�b�2 �B�M�i�2�`�2�b�i�X� �̀h�?�2 �7�Q�m�`�i�? �}�H�i�2�` �B�b �ò�A�b �i�?�B�b �;���K�2 �M�Q�p�2�H �2�M�Q�m�;�?�\�ó�X �ó�A�7 �v�Q�m ���`�2 �/�2�b�B�;�M�B�M�; �� �M�2�r
�;���K�2�- �#�v �/�2�}�M�B�i�B�Q�M�- �i�?�2�`�2 �M�2�2�/�b �i�Q �#�2 �b�Q�K�2�i�?�B�M�; �M�2�r ���#�Q�m�i �B�i�- �b�Q�K�2�i�?�B�M�; �T�H���v�2�`�b
�?���p�2�M�ö�i �b�2�2�M �#�2�7�Q�`�2�ó �(�R�k�)�X �A�M �i�2�`�K�b �Q�7 �K�Q�p�2�K�2�M�i �K�2�+�?���M�B�+�b ���M�/ ���2�b�i�?�2�i�B�+�b�- �A
�#�2�H�B�2�p�2 �i�?�B�b �;���K�2 �#�`�B�M�;�b �� �H�Q�i �Q�7 �M�2�r �2�H�2�K�2�M�i�b �i�Q �i�?�2 �i���#�H�2�X �h�?�2 �m�M�B�[�m�2 ���#�B�H�B�i�B�2�b
�i�?���i �i�?�2 �T�H���v�2�` �?���b ���+�+�2�b�b �i�Q ���`�2 �b�Q�K�2�i�?�B�M�; �i�?���i �A �?���p�2 �M�Q�i �b�2�2�M �B�M �Q�i�?�2�` �b�B�K�B�H���`
�;���K�2�b�X� �̀h�?�2 �}�7�i�? �}�H�i�2�` �B�b �ò�q�B�H�H �i�?�B�b �;���K�2 �b�2�H�H�\�ó�X �6�`�Q�K �K�v �K���`�F�2�i ���M���H�v�b�B�b�- �A �?���p�2 �7�Q�m�M�/
�i�?���i �j�. �}�`�b�i�@�T�2�`�b�Q�M �K�Q�p�2�K�2�M�i �b�?�Q�Q�i�2�`�b ���`�2 �;�2�M�2�`���H�H�v �b�m�+�+�2�b�b�7�m�H ���b �i�?�2�v �+�Q�K�#�B�M�2
�2�H�2�K�2�M�i�b �Q�7 �+�H���b�b�B�+ �}�`�b�i�@�T�2�`�b�Q�M �b�?�Q�Q�i�2�`�b �r�B�i�? �K�Q�/�2�`�M �;�`���T�?�B�+�b ���M�/ �;���K�2�T�H���v
�K�2�+�?���M�B�+�b�X �a�Q�K�2 �;���K�2�b ���H�b�Q �7�2���i�m�`�2 �� �b�i�`�Q�M�; �`�2�i�`�Q ���2�b�i�?�2�i�B�+�- �r�?�B�+�? ���T�T�2���H�b �i�Q
�T�H���v�2�`�b �r�?�Q �2�M�D�Q�v �M�Q�b�i���H�;�B���X �S�H���v�2�`�b �p���H�m�2 �B�M�i�2�M�b�2 ���+�i�B�Q�M�- �+�?���H�H�2�M�;�B�M�; �/�B�{�+�m�H�i�v�-
���M�/ �+�`�2���i�B�p�2 �H�2�p�2�H �/�2�b�B�;�M �B�M �i�?�2�b�2 �i�v�T�2�b �Q�7 �;���K�2�b�X� �̀h�?�2 �b�B�t�i�? �}�H�i�2�` �B�b �ò�A�b �B�i �i�2�+�?�M�B�+���H�H�v �T�Q�b�b�B�#�H�2 �i�Q �#�m�B�H�/ �i�?�B�b �;���K�2�\�ó ���M�/ �i�?�2 ���M�b�r�2�`
�B�b �v�2�b�X �h�?�2�`�2 ���`�2 �K���M�v �2�t���K�T�H�2�b �Q�7 �b�B�K�B�H���` �;���K�2�b �Q�M �i�?�2 �K���`�F�2�i�X� �̀h�?�2 �b�2�p�2�M�i�? �}�H�i�2�` �B�b �ò�.�Q�2�b �i�?�B�b �;���K�2 �K�2�2�i �i�?�2 �b�Q�+�B���H ���M�/ �+�Q�K�K�m�M�B�i�v �;�Q���H�b�\�ó�X
�C�2�b�b�2 �a�+�?�2�H�H �b�m�;�;�2�b�i�b �i�?���i �ó�A�i �B�b �M�Q�i �2�M�Q�m�;�? �7�Q�` �� �;���K�2 �i�Q �#�2 �7�m�M�X �a�Q�K�2 �Q�7 �i�?�2
�/�2�b�B�;�M �;�Q���H�b �K���v �`�2�[�m�B�`�2 �� �b�i�`�Q�M�; �b�Q�+�B���H �+�Q�K�T�Q�M�2�M�i�- �� �b�i�`�Q�M�; �p�B�`���H �+�Q�K�T�Q�M�2�M�i�-
�Q�` �i�?�2 �7�Q�`�K���i�B�Q�M �Q�7 �� �i�?�`�B�p�B�M�; �+�Q�K�K�m�M�B�i�v ���`�Q�m�M�/ �v�Q�m�` �;���K�2�X�ó �(�R�k�)�X �J�v �;���K�2
�/�Q�2�b �M�Q�i �?���p�2 ���M�v �B�M�i�2�M�/�2�/ �b�Q�+�B���H �;�Q���H�b �b�m�+�? ���b �K�m�H�i�B�T�H���v�2�`�- �#�m�i �B�i �/�Q�2�b �?���p�2
�i�?�2 �T�Q�i�2�M�i�B���H �7�Q�` �T�H���v�2�`�b �i�Q �b�?���`�2 �/�B�z�2�`�2�M�i �b�2�+�`�2�i�b �7�Q�m�M�/ �B�M �i�?�2 �;���K�2 �Q�` �M�2�r
�B�M�i�2�`�2�b�i�B�M�; �+�Q�K�#�Q�b�- �r�?�B�+�? �r�B�H�H �?�2�H�T �i�Q �#�m�B�H�/ �� �+�Q�K�K�m�M�B�i�v ���`�Q�m�M�/ �i�?�2 �;���K�2�X� �̀h�?�2 �H���b�i �}�H�i�2�` �B�b �ò�.�Q �i�?�2 �T�H���v�i�2�b�i�2�`�b �2�M�D�Q�v �i�?�B�b �;���K�2 �2�M�Q�m�;�?�\�ó�X �l�M�7�Q�`�i�m�M���i�2�H�v�-
�A �+���M�M�Q�i ���M�b�r�2�` �i�?���i �[�m�2�b�i�B�Q�M �v�2�i�- ���b �A �?���p�2 �M�Q�i �+�Q�M�/�m�+�i�2�/ ���M�v �T�H���v�i�2�b�i�b �r�B�i�?
�T�2�Q�T�H�2 �r�?�Q �?���p�2 �M�Q�i �b�2�2�M �i�?�2 �;���K�2 �#�2�7�Q�`�2�X �A�i �B�b �B�K�T�Q�`�i���M�i �i�Q �;���i�?�2�` �7�2�2�/�#���+�F
�7�`�Q�K �T�H���v�i�2�b�i�2�`�b �B�M �Q�`�/�2�` �i�Q �m�M�/�2�`�b�i���M�/ �B�7 �i�?�2 �;���K�2 �B�b �2�M�D�Q�v���#�H�2 ���M�/ �2�M�;���;�B�M�;
�7�Q�` �i�?�2 �B�M�i�2�M�/�2�/ ���m�/�B�2�M�+�2�X

�ì�`�ë �$�‰�Ë�¡ ���Å�¡�Ë�¡�Ì�î�ç
�A�M �i�?�B�b �;���K�2�- �i�?�2 �+�2�M�i�`���H �7�Q�+�m�b �B�b �Q�M �i�?�2 �K�2�+�?���M�B�+�b �Q�7 �K�Q�p�2�K�2�M�i ���M�/ �i�?�2 �m�M�B�[�m�2
���#�B�H�B�i�B�2�b �Q�7 �i�?�2 �T�H���v�2�`�X �h�?�2�b�2 ���#�B�H�B�i�B�2�b �B�M�+�H�m�/�2 �i�?�2 ���#�B�H�B�i�v �i�Q �+�H�B�K�# �r���H�H�b�- �`�m�M
���H�Q�M�; �r���H�H�b�- �b�r�B�M�; �Q�M �i�?�2 �r�2�#�- ���M�/ �[�m�B�+�F�H�v �;�`���T�T�H�2 �i�Q �� �b�T�2�+�B�}�+ �T�Q�B�M�i �7�Q�` �7���b�i�2�`
�i�`���p�2�`�b���H�X

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

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

�ê�é



�` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �` �`�ì�`�ì �$�‰�Ë�¡ ���Ó�Ì�î�ã�Ó�Å�ç

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

�ì�`�ì �$�‰�Ë�¡ ���Ó�Ì�î�ã�Ó�Å�ç

�h�?�2 �;���K�2 �r���b �/�2�b�B�;�M�2�/ �i�Q �#�2 �T�H���v�2�/ �m�b�B�M�; �� �+�Q�K�#�B�M���i�B�Q�M �Q�7 �� �K�Q�m�b�2 ���M�/ �F�2�v�@
�#�Q���`�/�- �T�`�Q�p�B�/�B�M�; �T�H���v�2�`�b �r�B�i�? �B�M�i�m�B�i�B�p�2 �+�Q�M�i�`�Q�H�b �7�Q�` ���M �B�K�K�2�`�b�B�p�2 �2�t�T�2�`�B�2�M�+�2�X
�h�?�2 �7�Q�H�H�Q�r�B�M�; �+�Q�M�i�`�Q�H�b �r�2�`�2 �B�K�T�H�2�K�2�M�i�2�/ �i�Q �2�M�?���M�+�2 �T�H���v�2�` �B�M�i�2�`���+�i�B�Q�M�,
�R�X�y�[ ���[ �]�[ ���Z�h�?�2�b�2 �F�2�v�b �+�Q�M�i�`�Q�H �i�?�2 �+�?���`���+�i�2�`�ö�b �K�Q�p�2�K�2�M�i�- ���H�H�Q�r�B�M�; �T�H���v�2�`�b �i�Q

�M���p�B�;���i�2 �i�?�2 �;���K�2 �r�Q�`�H�/ �r�B�i�? �2���b�2�X
�k�X�]�à�‰�—�¡�Z�S�`�2�b�b�B�M�; �i�?�2 �a�T���+�2 �#�m�i�i�Q�M �2�M���#�H�2�b �i�?�2 �T�H���v�2�` �i�Q �K���F�2 �i�?�2�B�` �+�?���`���+�i�2�`

�D�m�K�T�- ���/�/�B�M�; �p�2�`�i�B�+���H�B�i�v �i�Q �i�?�2 �;���K�2�T�H���v�X
�j�X�<�¡�«�î �B�Ó�ó�ç�¡ ���ó�î�î�Ó�Ì�Z�h�?�2 �H�2�7�i �K�Q�m�b�2 �#�m�i�i�Q�M �B�b �m�b�2�/ �7�Q�` �b�?�Q�Q�i�B�M�;�- ���H�H�Q�r�B�M�; �T�H���v�@

�2�`�b �i�Q �m�M�H�2���b�? �i�?�2�B�` �+�?�Q�b�2�M �r�2���T�Q�M �m�T�Q�M �2�M�2�K�B�2�b�X
�9�X�Y�´�¬�±�î �B�Ó�ó�ç�¡ ���ó�î�î�Ó�Ì�Z�"�v �+�H�B�+�F�B�M�; �i�?�2 �`�B�;�?�i �K�Q�m�b�2 �#�m�i�i�Q�M�- �T�H���v�2�`�b �+���M ���+�i�B�p���i�2

�i�?�2�B�` �+�?���`���+�i�2�`�ö�b �m�M�B�[�m�2 ���#�B�H�B�i�v�- ���/�/�B�M�; �� �b�i�`���i�2�;�B�+ �2�H�2�K�2�M�i �i�Q �;���K�2�T�H���v�X
�8�X�X�Z�S�`�2�b�b�B�M�; �i�?�2 �Z �F�2�v ���H�H�Q�r�b �T�H���v�2�`�b �i�Q �+�?�Q�Q�b�2 �#�2�i�r�2�2�M �/�B�z�2�`�2�M�i ���#�B�H�B�i�B�2�b�-

�T�`�Q�p�B�/�B�M�; �~�2�t�B�#�B�H�B�i�v ���M�/ ���/���T�i���#�B�H�B�i�v �B�M �p���`�B�Q�m�b �b�B�i�m���i�B�Q�M�b�X
�e�X�y �l���±�´�Å�¡ �Å�Ó�Ó�Ã�´�Ì�¬ �‰�î �î�±�¡ ���‰�Å�Å�m�Z�q�?�2�M �7���+�B�M�; �� �r���H�H�- �T�`�2�b�b�B�M�; �i�?�2 �q �F�2�v �2�M���#�H�2�b

�i�?�2 �+�?���`���+�i�2�` �i�Q �+�H�B�K�# �i�?�2 �r���H�H�- �2�t�T���M�/�B�M�; �p�2�`�i�B�+���H �i�`���p�2�`�b���H �Q�T�i�B�Q�M�b�X
�d�X�y �l���´�î�± �‰ ���‰�Å�Å �Ó�Ì �¡�´�î�±�¡�ã �ç�´�•�¡ �Ó�« �î�±�¡ �à�Å�‰�
�¡�ã�m�Z�q�?�2�M �M�2���` �� �r���H�H �Q�M �i�?�2 �`�B�;�?�i �Q�`

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

�3�X�# �l���±�´�Å�¡ �Å�Ó�Ó�Ã�´�Ì�¬ �‰�î �î�±�¡ ���‰�Å�Å�m�Z�q�?�2�M �7���+�B�M�; �� �r���H�H�- �T�`�2�b�b�B�M�; �i�?�2 �6 �F�2�v �2�M���#�H�2�b
�i�?�2 �+�?���`���+�i�2�` �i�Q �b�i�B�+�F �i�Q �i�?�2 �r���H�H�- �Q�z�2�`�B�M�; ���/�/�B�i�B�Q�M���H �M���p�B�;���i�B�Q�M �T�Q�b�b�B�#�B�H�B�i�B�2�b�X

�N�X�ê�[ �ë�[ �ì�[ �B�Ó�ó�ç�¡ �]�—�ã�Ó�Å�Å �y�±�¡�¡�Å�Z�h�?�2�b�2 �+�Q�M�i�`�Q�H�b �2�M���#�H�2 �T�H���v�2�`�b �i�Q �b�r�B�i�+�? �#�2�i�r�2�2�M
�/�B�z�2�`�2�M�i �r�2���T�Q�M�b�- �2�M�b�m�`�B�M�; �~�2�t�B�#�B�H�B�i�v �B�M �+�Q�K�#���i �b�B�i�m���i�B�Q�M�b�X

�R�y�X�Y�Z�S�`�2�b�b�B�M�; �i�?�2 �_ �F�2�v �i�`�B�;�;�2�`�b �� �`�2�H�Q���/ ���+�i�B�Q�M�- ���H�H�Q�r�B�M�; �T�H���v�2�`�b �i�Q �`�2�T�H�2�M�B�b�?
�i�?�2�B�` ���K�K�m�M�B�i�B�Q�M �/�m�`�B�M�; �B�M�i�2�M�b�2 �#���i�i�H�2�b�X

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

�R�k�X���ç�—�Z�S�`�2�b�b�B�M�; �i�?�2 �1�b�+ �F�2�v ���H�H�Q�r�b �T�H���v�2�`�b �i�Q �T���m�b�2 �i�?�2 �;���K�2�- �T�`�Q�p�B�/�B�M�; ��
�+�Q�M�p�2�M�B�2�M�i �Q�T�i�B�Q�M �i�Q ���+�+�2�b�b �K�2�M�m�b �Q�` �i���F�2 �� �#�`�2���F�X
�"�v �B�M�+�Q�`�T�Q�`���i�B�M�; �i�?�2�b�2 �+�Q�M�i�`�Q�H�b�- �i�?�2 �;���K�2 �Q�z�2�`�b �� �`���M�;�2 �Q�7 �K�Q�p�2�K�2�M�i �Q�T�i�B�Q�M�b�-

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

�ì�`�í ���Ì�¡�Ë�´�¡�ç

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

�A�M �i�?�2 �;���K�2�- �i�?�2�`�2 ���`�2 �}�p�2 �/�B�z�2�`�2�M�i �2�M�2�K�v �i�v�T�2�b�, �a�T�B�/�2�` �h���M�F�- �a�T�B�/�2�` �h�m�`�`�2�i�-
�6�H�v�B�M�; �_�Q�#�Q�i�- �a�T�B�/�2�` �w�Q�K�#�B�2�- ���M�/ �a�T�B�/�2�` �_�Q�#�Q�i�X ���b �2�t�T�H���B�M�2�/ �B�M �a�+�Q�i�i �_�Q�;�2�`�b�ö
�#�Q�Q�F�-�G�2�p�2�H �l�T�5 �h�?�2 �:�m�B�/�2 �i�Q �:�`�2���i �o�B�/�2�Q �:���K�2 �.�2�b�B�;�M�(�R�j�)�- �� �/�B�p�2�`�b�2 ���`�@
�`���v �Q�7 �2�M�2�K�B�2�b�- �2���+�? �r�B�i�? �� �m�M�B�[�m�2 �#�2�?���p�B�Q�` ���M�/ �T�m�`�T�Q�b�2�- �B�b �+�`�m�+�B���H �B�M �K���B�M�i���B�M�@
�B�M�; �T�H���v�2�` �2�M�;���;�2�K�2�M�i ���M�/ �T�`�Q�p�B�/�B�M�; �� �/�v�M���K�B�+ �;���K�2�T�H���v �2�t�T�2�`�B�2�M�+�2�X �A�M �i�?�B�b

�ê�ê




	TITLE
	Specification
	Acknowledgement/Declaration
	Abstrakt/Abstract
	Contents
	Tables/
	Introduction
	Goals of Thesis
	Motivation

	Analysis
	3D Movement Shooter games
	Ultrakill
	DUSK
	Severed Steel
	Other Games
	Summary


	Game Design
	Idea
	Game Elements
	Game Controls
	Enemies
	Combat
	Movement
	Narrative
	User Interface
	Character design
	Level Design
	Sound Design and Music

	Development of the game
	3D assets
	Scripts
	Movement Mechanics
	Sliding
	WallRunning
	LedgeGrabbing
	Dashing
	Abilities
	First Attempt: EnemyAI Script
	Reworking the AI System
	The Role of ObjectPool System
	Procedurally Animated Spider
	Projectile Weapons
	Raycast Weapons
	Additional Weapon Mechanics
	Hand-to-Hand Combat
	Pie Menu
	Pause Menu and Death Screen
	Main Menu


	User Testing
	Future Development
	Conclusion
	References
	Abbreviations and symbols
	Abbreviations

	Used Assets
	Attachments

