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Elementaraktionen
z.B. Armbewegung

Vitalaktionen
z.B. Atmen, Mit−
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Aktionen

�$xJxJ2gG5K C @JI �V_ � � �MGH=A464<2��VOs=>;<25?A@ KJ7:9 � 7:9646?A@Y=[a �$Ou;<25?A@V7:@

����� ��� � �%����� �"� � � ������� ��� �
� � 
$�'& � ���

�nGgG57 LM7D46;67:@�KJ7D4 ��98mA467:@P;8=>;<25?A@V48=>IS7:@ ;67:@ T 7:96KJ7:@ =>G54 
 2g; � = �hZ ?AGgIS7:@^KJ7Z�V@J257:9<;`_�132577:2g@ B 7:Gg@V7:@ 
 2g; � = �V4�O �A@J@V7:@-= C 4 7:2g@V7:9 )n257:G B =>XJGJqS?A@ � C 7:GgG57:@ IS7:T ?A@J@V7:@ T 7:96KJ7:@ _�E�2 a@V7 v��AIsGg25W6XJOS7:2g;N254<;��hKh257 
 2g; � = �V4UqS?A@ 7:2g@V7	� � 7:25W8XJ@V7:9n7:@ ;RTU25W6OS7:Gg@ BDC GH=A46467:@ _�13257D467W`=>9<;6?u?A@Y=>9<;<2gIS7:@�1 =>964<;67:GgG C @JIS7:@�O �A@J@V7:@�7:2g@hZ =AW8Xl=>@+KJ7:@lLM7D46W6X�� =AW8O+KJ7:9 � 7:T 7:2gGg2gIS7:@

 7:;<98=AW6XP;67:9 =>@JIS7	�Y= 	s; T 7:96KJ7:@ _�� C 	S7:96KJ7	� XY=>x 7:@ 46257&KJ7:@ )F?A9<;67:2gG(� KV=A484 4<257 qS?AGgG aOS? � � 7:@-Zf967:2 IS7D4<;8=>Gg;67:;oT 7:96KJ7:@-O �A@J@V7:@ _ EF4FO �A@J@V7:@ x 7:Gg257:xJ2gIS7 ��XY=>@P;8=A4<257Z�VI C 967:@ =>G54
��98mA467:@P;8=>;<25?A@V48=>IS7:@ ;67:@ qS7:9<To7:@VKJ7:;UT 7:96KJ7:@ _ &$Z\;oOS? � � 7:@ Kh257MqS? � � 7:25W8XJ@V7:9UIS7D4<;8=>G a;67:;67:@-k 2gI C 967:@ x 7:2 KJ7	� 
 7:@ C ; B 7:9 x 7D48467:9o=>@ =>G54oKh257n= C Z =>@VKJ7:967	� �l7:I IS7:To?A@J@V7:@V7:@



� � ��� � � 
 ����� � � � ��������� � � ����� ����� 
�� ��� ED�

1 =>964<;67:GgG C @JIS7:@ _ LM7 B 7:25W8XJ@V7:;67Uk 2gI C 967:@ 4<2g@VK � 7:254<;67:@V4�KJ7:;8=>2gGg967:25W8XV7:9 =>G54 K C 96W8X =>@VKJ7:967
)F7:9 Z =>XJ967:@-7:9 B 7 C Is;67 
 2gG5KJ7:9`_�EF4 O �A@J@V7:@ =>GgG57Ni 7DW6XJ@J2gOS7:@%�hKh257$= C 4 � 7:25W8XV7:@ ;<9<25W8O4�VG � 7:@?uKJ7:9 J ? � 25W a��37 Zf;67:@�x 7:OA=>@J@P;3462g@VK"� 7:2g@JIS7D487:; B ;3T 7:96KJ7:@ _�� C W8X Kh257 �j=AKJ7 B 7:2g;�� Kh257 2g@
� � � a �$@PTo7:@VK C @JIS7:@(TU25W6XP;<2gI 254<;�� Os=>@J@�K C 96W8X )F7:9<To7:@VK C @JI qS?A@ J =>9<;6?u?A@JIS7D4<;67:@@J257DKh9<2gIS7:9 = C 4 Z =>GgG57:@%� KV= 2g@(KJ7:9 �$7:IS7:G Kh257-kY=>9<x��Y=>G57:;<;67-967:GH=>;<2gq OPG57:2g@l2546;`_-E�2g@V7 =>@haKJ7:967 v��AIsGg25W6XJOS7:2g; 2546; Kh257�)F7:9<To7:@VK C @JI+7:2g@V7D4 kJ98= � 7:Is98=>xJx 7:964 BDC 9 LM7:TU2g@J@ C @JI qS?A@
)325KJ7D?>Zf98= � 7D4`_�13257D467 )325KJ7D?>Z\98= � 7D4-O �A@J@V7:@ =>@Y=>G5?AI BDC KJ7:@ IS7 B 7:25W8XJ@V7:;67:@'LM7D4<;67:@7:2g@JIS7D467:; B ;3To7:96KJ7:@ _ �$GgG57:96Kh2g@JIS4 � wV46467:@�4<257 7:x 7:@hZ =>GgG54 � 7:254<;67:@V4 � =>@ C 7:GgG�@Y=AW8X x 7`=>9 ax 7:2g;67:; To7:96KJ7:@%� KV= B _ 
M_ KJ7:9 � 2g; KJ7:9�)325KJ7D?AOA= � 7:98= 7:9 Z =A484<;67 �$2g@P;67:9<Is9 C @VK�7:@P; Z\7:9<@P;To7:96KJ7:@ � C 464`_�e C 9o2g@&467:Gg;67:@V7:@ k�m>GgG57:@ Os=>@J@ Kh257D4 = C ;6? � =>;<2548W6X&wJx 7:9 k 2gGg;67:9U7:9<G57DKh2gIs;To7:96KJ7:@%� T 7:2gG 
 7:G57 C W6XP; C @JIS467�� 7:OP;67 7:9646W8X To7:967:@VK�TU2g9<OS7:@ _$kY=>GgG543=>GgG57:96Kh2g@JIS4M7:2g@hZ =>9<xJ2 aIS7 �$2g@P;67:9<Is9 C @VK-" mAW6XV7:@ )F7:9<To7:@VK C @JI �V@VKJ7:@ C @VK OS7:2g@V7 ruW6XJGH=>IS46W8XY=>;<;67:@(= C Z\;<967:;67:@%�XYm>Gg;o4625W6X KJ7:9 � =>@ C 7:GgG57 � C ZfT =>@VK 2g@&L3967:@ B 7:@%�hKV= KV=>@J@ @ C 9o@V?uW6X-2g@ ��96?AxJG57	� x 7:967:2 aW6XV7:@�Kh257 � 2g;<;67:G54 k 2gGg;67:9 qS?A9<qS7:98=>9<x 7:2g;67:;67:@ 
 2gG5KJ7:9 @Y=AW6XPx 7`=>9<x 7:2g;67:; T 7:96KJ7:@ � wV48467:@ _
�M=>; � =>@l=>GgG57:96Kh2g@JIS4 Kh257 v �AIsGg25W8XJOS7:2g; 
 G C 7 a ruW:967D7:@habij7DW6XJ@V?AG5?AIs257 7:2g@ BDC 467:; B 7:@%� Os=>@J@Kh257D467:9�)F?A9<I =>@JI 4<;8m>9<OS7:9n= C ;6? � =>;<2546257:9<;nT 7:96KJ7:@ _U137:9�)F?A9<;67:2gG KJ7:9�)325KJ7D?>abkJ98= � 7D4n254<;KV=>9<2g@ BDC 467:XV7:@%�JKV=A464 967`=>G57 � 7:9646?A@V7:@ 2g@ ��98mA487:@ ;8=>;<25?A@V7:@ =>G54 ��98mA487:@ ;8=>;6?A967:@+= C Z\;<967 a;67:@�O �A@J@V7:@ _ 13257D467��nIS7:@ ;67:@�O �A@J@V7:@ 7:;bT =&=>G543qP2g9<; C 7:GgG57:9 rP;67:GgGgqS7:9<;<967:;67:9 KJ7:9M967`=>G57:@
� 7:9646?A@ 7:2g@JIS7D487:; B ; To7:96KJ7:@ _ � C 	S7:96KJ7	� � wV46467:@-OS7:2g@V7N@V7 C 7:@ JoXY=>98=>OP;67:967n7:@ ;bT ?A9 Z\7:@To7:96KJ7:@%�YT =A4n7:2g@V7 E�2g@V4 �Y=>9 C @JI qS?A@ �$9<x 7:2g;64 B 7:2g;Nx 7DKJ7 C ;67:;`_E�2g@V7 Kh9<2g;<;67 v��AIsGg25W6XJOS7:2g; 254<; Kh257 )F7:9<T 7:@VK C @JI qS?A@(Kh967:25Kh2 � 7:@V4625?A@Y=>G57:@ v+?uKJ7:G aG57:@ _ Q�� LM7:IS7:@V48=>; B BDC KJ7	��2g@ �nxV46W8XJ@J2g;<; $ _ & x 7D46W8XJ9<257:x 7:@V7:@ )F7:9 Z =>XJ967:@l46?AGgG =>x 7:9XJ257:9 qS?A98=>xl2g@�7:2g@V7	� )F?A9<qS7:98=>9<x 7:2g; C @JIS4646W6XJ9<2g;<; = C 4 7:2g@V7	� Kh967:25Kh2 � 7:@V4<25?A@Y=>G57:@(v ?>aKJ7:GgG C @ ;67:9�E�2g@ x 7 B 257:X C @JI qS?A@ � 25W8X ;67�� 7:OP;67:@ K C 96W8X xJ2gG5KhIS7:x 7:@VKJ7 )F7:9 Z =>XJ967:@ TU257 �n= FPai 98=AW:2g@JI ?uKJ7:9 �n=AKh25?s4<2g; F � kV?AG57 F+7:; =>G _ � �%E'Esy�� Kh257 
 2g; � = ��x 7:967DW8XJ@V7:;MTo7:96KJ7:@ _ 13257 a467 
 2g; � = � Os=>@J@ KV=>@J@ =>@Y=>G5?AI BDC KJ7:@)qS?A9<XV7:9 x 7D46W8XJ9<257:x 7:@V7:@ v 7:;<XV?uKJ7:@ 7:2g@JIS7 a467:; B ; To7:96KJ7:@ _ � C Z KJ7	�
v�=>9<OP;-254<;-7:2g@V7�)3257:G B =>XJGnqS?A@ ��96?AIs98= � � 7:@ 7:9<XYm>Gg;<Gg25W8X%�Kh257 4625W6X KJ7:9 v+?uKJ7:GgGg257:9 C @JI C @VK KJ7:9 �n@J2 � =>;<25?A@ Kh967:25Kh2 � 7:@V4625?A@Y=>G57:9 v ?uKJ7:GgG57&qS?A@JoXY=>98=>Ou;67:967:@�=>@J@V7:X�� 7:@ _ � C 9�LM7:@V7:9<257:9 C @JI KJ7:9 
 2g; � = �V4 � C 464 KV=A4 v+?uKJ7:GgG 46?
� =>@J2 � C Gg257:9<xY=>9 467:2g@%�oKV=A484 Kh257 Z\wJ9 7:2g@V7 
 7:To7:I C @JIS46467 � C 7:@ B 7:9 Z ?A96KJ7:9<Gg25W6XV7:@ 
 2gG5KJ7:9x 7:967DW6XJ@V7:; T 7:96KJ7:@lO �A@J@V7:@ _ Q�� LM7:IS7:@V48=>; B BDC KJ7:9 Kh2g967:Ou;67:@l1 =>964<;67:GgG C @JI qS?A@ & 1nav ?PKJ7:GgG57:@ OS? � � ;&Kh257D467 )F?A9<IS7:XV7:@V4<To7:25487l= C W6X)?AXJ@V7 = C Z\To7:@VKh2gIS7 �M=>96KhT =>967��$TU257
B _ 
M_ �Ya�
 C � 7:9�� = C 4`_ � C 	S7:96KJ7	��GH=A46467:@�4<25W6X�x 7:2 =>GgG57:@�XJ257:93qS7:9<To7:@VKJ7:;67:@ )F7:9 Z =>XJ967:@Kh257 
 2g; � = �hab1 =>;67:@ � 2g;o=>@VKJ7:967:@ B T 7:25Kh2 � 7:@V4<25?A@Y=>G57:@ Is98=6�Y46W6XV7:@ &nx � 7:Ou;67:@%�STU257 B _ 
M_
� 2g@J257:@�]��nxV46W8XJ@J2g;<; �V_ � _ y c �JOS? � xJ2g@J257:967:@ _
����� ��� � �'& � �!& � ��� ��� � ��� 
$� &

1M7:9 � 7:9646?A@Y=[abE Kh2g;6?A9 Kh257:@ ; BDC 9 2g@P;67:98=>OP;<2gqS7:@�137Z�V@J2g;<25?A@lKJ7:9 � 7:9646?A@Y=[a LM7D4<;67:@ _ 1 =[ax 7:2 � wV46467:@ Kh257 x 7:@#�A;<2gIs;67:@ 
 2g; � = �V4 KJ7Z�V@J257:9<; T 7:96KJ7:@%� Kh257 KV=>@Y=AW6X BDC 
 2g; � = �V467 a
� C 7:@ B 7:@ BDC 48= � � 7:@JIS7D467:; B ; T 7:96KJ7:@ _ � C 	S7:96KJ7	� 7:9<GH= C xJ; KJ7:9 � 7:9648?A@Y=[abEFKh2g;6?A9 KV=A4pn@ ;67:9<G57:IS7:@ KJ7:9 
 2g; � = �hZ ?AGgIS7:@ � 2g;
� C Kh25?S= C 4<I =>x 7:@%��KV=A4 �$2g@ BDC Z\wJIS7:@�qS?A@ � 7:2g;<2g@haZ ?A9 � =>;<25?A@V7:@ C @VK Kh257 1M7Z�V@J2g;<25?A@ qS?A@ � C XV7`=>Ou;<25?A@V7:@ _
�nG54NE�2g@JI =>x 7 O �A@J@V7:@+7:@P;bT 7DKJ7:9 LMQ k a �$@J2 � =>;<25?A@V7:@ ?PKJ7:9N7:2g@ B 7:Gg@V7 
 2gG5KJ7:9NqS7:98=>9 ax 7:2g;67:; To7:96KJ7:@ _ p � Kh257 � x 7:9<;<98=>I C @JIS4 B 7:2g;jx 7:2SKJ7	� E�2g@V4 =>; B 2g@ � � � a � ���JGg2gOs=>;<25?A@V7:@

BDC qS7:9<OuwJ9 B 7:@%�V254<;N7D4N462g@J@ qS?AGgG(��� 7:XJ967:967 E�2g@ B 7:GgxJ2gG5KJ7:9$2g@ 7:2g@V7:9$Is96?
	S7:@ 
 2gG5KJKV=>;67:2 BDC a48= � � 7:@ BDC Z =A46467:@%� KV=�46? To7:@J2gIS7:9 E�2g@ B 7:GH=>@hZf98=>IS7:@ =>@ KJ7:@ � � � a ru7:9<qS7:9 IS7D4<;67:GgGg;



Esy � � ��� ����� � � � ����� ��
(� ��� � � � ��� � ������� �������
� ��
 � � � ��� ����� ���

�nxJxJ2gG5K C @JI �V_ y � � x 7:964<25W6XP; wJx 7:9 qS7:9646W6XJ257DKJ7:@V7MqS?A@ � 7:9646?A@Y= 7:2g@JIS7D467:; B ;67 
 2g; � = �J; FPa
� 7:@�� & 1 � ?PKJ7:GgGg257:9<;67 k 2gI C 9�� )325KJ7D?>abkJ98= � 7D4 C @VK&XY=>@VKhIS7 B 7:25W6XJ@V7:;67 
 2gG5KJ7:9

�$xJxJ2gG5K C @JI �V_ & �F1M7:9�� 7:9646?A@Y=[abE Kh2g;6?A9

To7:96KJ7:@ � wV46487:@%�VKh257M967:GH=>;<2gq B 7:2g;8= C ZfT 7:@VKh2gI 4<2g@VK _1M7:9 � 7:9646?A@Y=[abEFKh2g;6?A9 XY=>; Kh257Fv��AIsGg25W6XJOS7:2g;�� � 7:XJ967:967 LM7D46;67:@%� Kh257 =>G54 L QRk a �n@J2 � =>;<25?A@qS?A9<Gg257:IS7:@%�j= C Zo7:2g@�� =>G BDC 2 � � ?A9<;<257:967:@ _ 1M=>x 7:2�To7:96KJ7:@ � 7:XJ9 Z =AW6X�qS?A9<Gg257:IS7:@VKJ7 
 2g; a
� = �V4$= C ;6? � =>;<2546W8X+7:9<Os=>@J@ ; C @VK = C 4846?A9<;<257:9<;`_�
 7:254 �J257:G54<T 7:25467MTU2g96K Kh257 
 2g; � = � � 2g;KJ7:9 L39 C @VKhXY=>Gg; C @JI qS?A@ � 7:9646?A@Y= 2g@ qu257:G57:@�LM7D4<;67:@�qS?A9<OS? � � 7:@ _ 1 C 96W6X )F7:9<IsG57:25W8XKJ7:9 7:2g@ B 7:Gg@V7:@ 
 2g; � = �V4 C @ ;67:967:2g@Y=>@VKJ7:9 O �A@J@V7:@^46?AG5W6XV7 
 2gG5KJ7:9 7:9<Os=>@J@ ; C @VK�K C 96W8X
�$7 Z 7:967:@ B 7:@ 7:96467:; B ;$To7:96KJ7:@ _ 137:9nQ�� � ?A9<;#�VGg;67:9UZ =A464<;$= C W6X Kh257 
 2gG5KJ7:9$7:2g@V7:9��n@J2 � =[a;<25?A@V46467 � C 7:@ B @Y=AW6X E�@P; Z\7:9<@ C @JI KJ7:93KJ? ��� 7:Gg;MqS?A9<OS? � � 7:@VKJ7:@ 
 2gG5KJ7:932g@�7:2g@V7 Is96?
	S7

 2g; � = �%�h2g@&7:2g@ Q � =>IS7 a rP;<9<2 �%� BDC 48= � � 7:@ _�
 7:2 KJ7	��Q�� � ?A9<; qS?A@ LMQRk a �n@J2 � =>;<25?A@V7:@To7:96KJ7:@�@J25W6X ; @ C 9 Kh257 
 2gG5KJ7:9 7:2g@JIS7:G57D467:@%� 46?A@VKJ7:9<@l7D4 TU2g96Kl= C W6Xl7:2g@V7 @V7 C 7 LM7D4<;67��Kh257 KJ7:9��n@J2 � =>;<25?A@+7:@P;64 �J9<25W6XP;�� =>@JIS7:G57:Is;`_
Q 4<; Kh257&E�2g@JI =>x 7 ZfwJ9 KJ7:@ EFKh2g;6?A9 7:2g@ Q � =>IS7 a rP;<9<2 �%� 46?�7:9<GH= C xJ; KJ7:9 EFKh2g;6?A9 Kh2572g@ ;67:98=>Ou;<2gqS7 � C 4<T =>XJGjKJ7:9$7:2g@ B 7:Gg@V7:@ 
 2gG5KJ7:9`_
�M=>;oKJ7:9ULM7D4<;67:@V7:@ ;RTU25W6OuG57:9UKh257$7:2g@ B 7:Gg@V7:@ 
o2gG5KJ7:9 KJ7Z�V@J257:9<;��h46? Os=>@J@ 7:9 @V?uW6X 7:2g@ha



� � ��� � � 
 ����� � � � ��������� � � ����� ����� 
�� ��� E'&

B 7:Gg@V7UIs98=6�Y46W8XV7 &nx � 7:OP;67NXJ2g@ BDC ZfwJIS7:@%� TU257�� 2g@J257:@%�PIS7 ZfwJGgGg;67 C @VK @J25W6X ;<IS7 Z\wJGgGg;67 �$7DW6XP; a7DW6OS7 C @VK�&nqs=>G57��Fij7ZYh;67 � 2g; qS7:9646W6XJ257DKJ7:@V7:@ � 7:25W8XV7:@V48m>; B 7:@ C @VK =>@VKJ7:967 
 2g; � = �V4`_1 =>x 7:2 O �A@J@V7:@ kY=>9<x 7 C @VK rP;<9<25W6XV4<;8m>9<OS7:@+Z\967:2 IS7:T m>XJGg;$T 7:96KJ7:@ _1 =AK C 96W6X%�nKV=A464 4<25W6X @V7 C 7 
 2gG5KJ7:9&= C W6X = C 4-i 7:2gG57:@ =>@VKJ7:967:9 
 2g; � = �V4 BDC 48= � a
� 7:@V467:; B 7:@lGH=A48467:@%� Os=>@J@�7:2g@V7 To7:2g;67:967 �n7DK C OP;<25?A@lKJ7:9 BDC wJx 7:9<;<98=>IS7:@VKJ7:@lx B T _ BDC4 � 7:25W6XV7:9<@VKJ7:@ 1 =>;67:@�� 7:@JIS7U7:9 Z ?AGgIS7:@ ]��$xJx �V_ �Pc _�E�2g@ E�2g@V4 =>; B IS7:xJ257:; KJ7D4
��98mA467:@P;8=>;<2 a?A@V48=>IS7:@P;67:@ 254<;�KV=A4 � � �!�>KJ7D4<XY=>Ggx � C 464�Kh257 wJx 7:9<;<98=>IS7:@V7U1 =>;67:@�� 7:@JIS7 ���AIsGg25W6XV46;IS7:9<2g@JI IS7:XY=>Gg;67:@(T 7:96KJ7:@%��46? KV=A484 4<25W8X(KJ7:9 v+7:XJ98= C Z\T =>@VK(x 7:2oKJ7:9 E�964<;67:GgG C @JI�KJ7:9LM7D4<;67:@PxY=A4<254NG5?AXJ@P;`_FtS7 @Y=AW8X LM7D4<;67:@ GH=A46467:@ 4<25W8X @ C @ C @JIS7 Z m>XJ9 �Az�� KJ7:9N1 =>;67:@&Z\wJ9Kh257 
 2g; � = �V4N7:2g@V4 �Y=>967:@ _

Hallo !

Hallo !

  statische Elemente dynamische Elemente 

�nxJxJ2gG5K C @JI �V_ � � �$?A@V46;<9 C OP;<25?A@(7:2g@V7D4 LM7D4<;67:@habkV98= � 7D4 = C 4 Is98=6�Y48W6XV7:@�EF2g@ B 7:Gg;67:2gG57:@ _E�2g@ kJ98= � 7 x 7D4<;67:X ;M= C 4$7:2g@V7	��4<;8=>;<2546W6XV7:@ C @VK 7:2g@V7	��KDFP@Y= � 2546W8XV7:@ �n@ ;67:2gG _ 
 7:25KJ7To7:96KJ7:@ BDC 9 �j= C Z B 7:2g;NOS? � xJ2g@J257:9<;`_
13257nIs98=6�Y46W6XV7:@&E�G57	� 7:@P;67nO �A@J@V7:@ 2g@P;67:98=>OP;<2gq KJ7Z�V@J257:9<; T 7:96KJ7:@ _F1 =>x 7:2 OA=>@J@ Kh2571M7Z�V@J2g;<25?A@+@V?uW6X ) =>9<2H=>xJG57:@ 7:@ ;<XY=>Gg;67:@%� Kh257 7:964<;nT m>XJ967:@VK KJ7D4 �nxV4 �J257:GgqS?A9<I =>@JIS43KJ7:9


 2gG5KJ467 � C 7:@ B 7:96487:; B ; T 7:96KJ7:@ _ 
 7:254 �J257:G54<To7:25487 TU2g96K�x 7:2 KJ7:9 1M7Z�V@J2g;<25?A@ KJ7D4 � 7:2gIS7 a4<;6?uW6Oh4 7:2g@ � C @JOP;�� B _ 
M_jKJ7:9 �3=>@VKhIs9<2 � KJ7D4 � 7:2gIS7D4<;6?PW8Ou4 � � 2g; KJ7:9 v�= C 4 Z 7D4<;<IS7:G57:Is;C @VK Kh257 � ?s4<2g;<25?A@ KJ7D4 =>@VKJ7:967:@ E�@VKJ7D4 KJ7D4-rP;6?uW6OS7D4 TU2g96K =>G54 ) =>9<2H=>xJG57 Z 7D4<;<IS7:G57:Is;��



E � � � ��� ����� � � � ����� ��
(� ��� � � � ��� � ������� �������
� ��
 � � � ��� ����� ���

KV= Kh257D487 QR@hZ\?A9 � =>;<25?A@^7:964<; BDC 9 ��98mA467:@P;8=>;<25?A@V4 B 7:2g; x 7:Os=>@J@ ; 254<;`_ 
 7:2oKJ7:9
� C 4<I =>x 7qS?A@ r �J967DW8X xJGH=A467:@ OA=>@J@-KJ7:9 ij7ZYh; 7:964<; BDC 9 �$xJGH= C Z 4 B 7:2g; 7:2g@JIS7 Z\wJIs;FTo7:96KJ7:@ C @VK � C 464KJ7D4<XY=>Ggx x 7:2 KJ7:93LM7D46;67:@VKJ7Z�V@J2g;<25?A@ =>G54 ) =>9<2H=>xJG57 KJ7Z�V@J257:9<;NTo7:96KJ7:@ _
QR@(7:2g@V7	� B T 7:2g;67:@ ruW6XJ9<2g;<; To7:96KJ7:@ @ C @ Kh257-7:2g@ B 7:Gg@V7:@ L 7D4<;67:@habkJ98= � 7D4 BDC KJ7:@

�J9<2 � 2g;<2gqS7:@�LM7D46;67:@ BDC 48= � � 7:@JIS7 ZfwJIs;`_�1 =>x 7:2MO �A@J@V7:@ 7:2g@ B 7:Gg@V7lkJ98= � 7D4 = C W8X 2g@
� 7:XJ967:967:@ �J9<2 � 2g;<2gqS7:@ LM7D4<;67:@&qS7:9<T 7:@VKJ7:;nT 7:96KJ7:@ _
1M7:9 � 7:9648?A@Y=[abEFKh2g;6?A9n7:9<GH= C xJ;$Kh25732g@P;67:98=>OP;<2gqS7 1M7Z�V@J2g;<25?A@ KJ7:9 & � 467:;64 KJ7:9N7:2g@ B 7:G a@V7:@ 
 2gG5KJ7:9 BDC 7:2g@Y=>@VKJ7:9`_U1M=>x 7:2�� C 464 � =>@ B TU2546W6XV7:@ B To7:2$& � 487:;<; F�� 7:@ C @ ;67:9646W8XV7:2 aKJ7:@ _ � C � 7:2g@V7:@ � C 	�7:2g@ & � 467:; Z\7D46;<IS7:G57:Is; To7:96KJ7:@%� KJ7:9 Kh257-x 7:2NKJ7:9 1M7Z�V@J2g;<25?A@KJ7:9$7:2g@ B 7:Gg@V7:@ kJ98= � 7D4n7:@P;64<;67:XV7:@VKJ7:@ � ?s4<2g;<25?A@J257:9 C @JIS4 Z 7:XJG57:9 = C 4<IsG57:25W6XP;�� K _ X _ Kh257D467:9

& � 467:; 46?A9<Is; KV=[ZfwJ9��oKV=A464 B To7:2$= C Z 7:2g@Y=>@VKJ7:9 Z\?AGgIS7:@VKJ7 
 2gG5KJ7:9 IS7:@Y= C wJx 7:967:2g@Y=>@VKJ7:9BDC Gg257:IS7:@ OS? � � 7:@ _ �Mm>;<;67 � =>@ Kh257D467:@ & � 467:;<; F�� @J25W6XP; BDC 9 )F7:9 ZfwJI C @JI#� � wV484<;67
� =>@+=>GgG57 
o2gG5KJ7:9$IsG57:25W6X Is96?
	 B 7:25W6XJ@V7:@ _ 1 = � =>@ 2g@ Kh257D487	� kY=>GgG57 =>G54 
o2gG5KhIs9��
	S7 Kh257
� =6Yh2 � =>G����AIsGg25W6XV7 � C 48KJ7:XJ@ C @JI qS?A@ � 7:9646?A@Y=+=>@J@V7:X�� 7:@ � wV484<;67 ]\K _ X _ B _ 
M_ x 7:2 aKJ7��n9 � 7n= C 46IS7D4<;<967DW6Ou;�� ���A9 � 7:9 � =6Yh2 � =>GYIS7DKJ7:XJ@P; c �hTUwJ96KJ7�� =>@ qP257:G r � 7:25W8XV7:9 �JGH=>; BC @VK � x 7:9<;<98=>I C @JIS4 B 7:2g; x 7:2VE�2g@V4 =>; B 2g@ � � � a � ���JGg2gOs=>;<25?A@V7:@ 4<2g@J@JG5?s4�qS7:9<xJ98= C W6XV7:@ _rP;8=>;<;6KJ7D46467:@ Os=>@J@ Z\wJ9 � 7DKJ7D43kJ98= � 7 7:2g@ & � 467:;$KJ7Z�V@J257:9<;3To7:96KJ7:@%� KJ7:9�� x 7:qS?A93Kh257D467D4kJ98= � 7 KV=>9<IS7D4<;67:GgGg; TU2g96K"� BDC KJ7:9&=>Ou; C 7:GgG57:@ � ?s4<2g;<25?A@ =AKJKh257:9<;-TU2g96K"�$KV=>@Y=AW6X TU2g96KKh257D467��UKJKh2g;<25?A@+TU257DKJ7:9N9<wVW6OuI m>@JIs2gI IS7	� =AW8X ;`_
1M7:9 =>@VKJ7:967 & � 467:;<; F ��TU2g96K x 7:2FLM7D4<;67:@ x 7:@#�A;<2gIs;�� x 7:2 KJ7:@V7:@�Kh257 � ?s4<2g;<25?A@�qS?A@

� 7:9646?A@Y= KV= C 7:9<XY=[Zf; qS7:98m>@VKJ7:9<; TU2g96K _ 13257D4M254<;32g@V4<x 7D48?A@VKJ7:967 x 7:2

 7:To7:I C @JIS4<IS7D46;67:@TU257 �j= C Z 7:@ C @VK r �J9<2g@JIS7:@ KJ7:9NkY=>GgG _ � C � 7DKJ7	� kJ98= � 7 OA=>@J@&2g@J@V7:9<XY=>Ggx 7:2g@V7:9MLM7D4<;677:2g@�& � 467:;NKJ7Z�V@J257:9<;NT 7:96KJ7:@%�YKJ7:9 BDC KJ7:9$=>Ou; C 7:GgG57:@ � ?s4<2g;<25?A@+=AKJKh257:9<;nTU2g96K _
��=A46467:@VK BDC 9 �n?A@ B 7	�J;<25?A@ 7:2g@V7:9 � 7:9646?A@Y=>IS7D4<;67 Os=>@J@ � 7DKJ7 LM7D46;67 qS?A@ 7:2g@V7:9 � C Kh25?>a= C 4<I =>x 7 x 7:IsG57:2g;67:; To7:96KJ7:@ _ E�@P;64 �J967DW6XV7:@VK�xJ257:;67:; KJ7:9 EFKh2g;6?A9 Kh257 v �AIsGg25W8XJOS7:2g; =>@%�7:2g@V7�� C Kh25?uKV=>;67:2�x 7:IsG57:2g;67:@VK BDC 7:2g@V7:9 LM7D4<;67 BDC KJ7Z�V@J257:967:@ _ � C Kh25?uKV=>;67:257:@ O �A@J@V7:@7:x 7:@hZ =>GgG54 � 7:XJ9 Z =AW6X+2g@&qS7:9646W6XJ257DKJ7:@V7:@lLM7D4<;67:@&qS7:9<T 7:@VKJ7:;nT 7:96KJ7:@ _
1M7:9 � 7:9646?A@Y=[abEFKh2g;6?A9 7:9<GH= C xJ; Kh257 1M7Z�V@J2g;<25?A@(KJ7:9 1 = C 7:9 KJ7:9 7:2g@ B 7:Gg@V7:@�kV98= � 7D42g@J@V7:9<XY=>Ggx 7:2g@V7:9 L 7D4<;67s_ 13257$LM7D4 = � ;6KV= C 7:9o7:2g@V7:9
�J9<2 � 2g;<2gqS7:@&LM7D4<;67 7:9<Is2gxJ; 4<25W8X KV=>@J@= C 4NKJ7:93r C � � 7 KJ7:9$7:2g@ B 7:Gg@V7:@+kJ98= � 7 B 7:2g;67:@ _
� C 48m>; B Gg25W8XlO �A@J@V7:@ wJx 7:9 KJ7:@�E Kh2g;6?A9 7:2g@ B 7:Gg@V7 LM7D4<;67:@�=>G54 � C XV7`=>OP;<25?A@V7:@ OuGH=A4 a4<2�� B 257:9<; To7:96KJ7:@ _ 1M=>x 7:2 � C 464 KJ7:9 137D462gIs@V7:9 Kh257 � 7:2g;6KV= C 7:9 Z\7D4<;<G57:IS7:@%� @Y=AW6X(KJ7:967:@

�nxJGH= C Z�Kh257D467 � C XV7`=>Ou;<25?A@&Zf9<wJXV7D46;67:@V4UIS7D4<;8=>9<;67:;NT 7:96KJ7:@ Os=>@J@�]\4`_ �nxV46W6XJ@J2g;<; � _ & c _
&$Z\; O �A@J@V7:@ �J9<2 � 2g;<2gqS7 LM7D4<;67:@&K C 96W6X �n? �J257:967:@&x B T _��$? �J257:967:@ C @VK p � OS7:XJ967:@KJ7:9 
 2gG5Kh967:2gXV7:@hZ ?AGgIS7oKJ7Z�V@J257:9<; To7:96KJ7:@ _�13257D467 k C @JOP;<25?A@Y=>Gg2g;8m>;�KJ7D4 EFKh2g;6?A964 7:9<G57:25W6X ;67:9<;KJ7	��LM7D46;67:@V7:@ ;bTU25W8OPG57:9MKh257��n9<x 7:2g;`_
E�2g@V7 T 7:2g;67:967 k�m>XJ2gIsOS7:2g;&KJ7D4 EFKh2g;6?A964 254<; Kh257 = C ;6? � =>;<2546W8XV7�LM7:@V7:9<257:9 C @JI^qS?A@

� � � a���98mA467:@P;8=>;<25?A@V7:@^=>GgG57:9 KJ7Z�V@J257:9<;67:@ LM7D4<;67:@ _ 1 =AK C 96W6X�OA=>@J@lKJ7:9 EF@ ;bTU25W8OPG57:9Kh257FKJ7Z�V@J257:9<;67:@ LM7D4<;67:@ ?AXJ@V7 � C Z\T =>@VK x 7:;<98=AW8X ;67:@ C @VK 7:qS7:@ ; C 7:GgG57 kV7:XJG57:9 7:9 � 2g;<;67:Gg@ _1 C 96W6X Kh257Nx 7D46?A@VKJ7:967 �$?A@ B 7	�J;<25?A@&KJ7:9 L 7D4<;67:@ ]\KDFu@Y= � 2546W6XV7D4�� C 48= � � 7:@V487:; B 7:@KJ7:9 7:2g@ B 7:Gg@V7:@ kJ98= � 7D4 �NTo?Ax 7:232g@ KJ7:9 137Z�V@J2g;<25?A@ @V?uW6X ) =>9<2H=>xJG57:@)7:@ ;<XY=>Gg;67:@)467:2g@KhwJ9 Z 7:@%�YKh257 7:964<; BDC 9 �j= C Z B 7:2g;n7:96467:; B ;NT 7:96KJ7:@ c TU2g96K+KJ7	� E�2g@V48=>; B x 7:967:25W6X qS?A@ � 7:9 a46?A@Y= =>G54 � � � a���98mA467:@P;8=>;<25?A@V48=>IS7:@ ; x 7D46?A@VKJ7:964 �n7DW6XJ@ C @JI IS7:;<98=>IS7:@ _ E�964<; K C 96W8X7:2g@V7:@ 4 � 7 B 257:GgG57:@ EFKh2g;6?A9$TU2g96K 7D4 ���AIsGg25W6X%� Kh257D467 OS? � �JG57ZYJ7:@ LM7D4<;67:@VKJ7Z�V@J2g;<25?A@V7:@ BDC7:964<;67:GgG57:@ _



� ��� � ��� � ���

���
 ��� � � ��� 
 ��� �������
� � � ��� ����� 
�� ����� ��� � � ��� E��

Audiodaten

GIF-Animationen

Einzelbilder

Bildkomposition
2D-Operationen

Gesten-
spezifikation

Persona-
Gesten-
definition

Web-
Demo

�nxJxJ2gG5K C @JI �V_ � �Fk C @JOu;<25?A@Y=>G57:9 � x 7:9<xJGg25W8O wJx 7:9NKJ7:@ � 7:9646?A@Y=[abEFKh2g;6?A9
� 
*) � � 
 ����� � �  %� - � � � �  �� ����� �
��
 ����� !(��� �/����� � � �

������

13257 E�2g@JI =>x 7 KJ7D4MLM7:@V7:98=>;6?A96437:9 Z\?AGgIs;n2g@ kV?A9 �	7:2g@V7D43rPOu9<2 �J;67D4��YKJ7D46487:@ r�FP@P;8=6Y KJ7	�
�Mv � a rP;8=>@VKV=>96K � 
 98=%F 7:;&=>G _ � �%E'E'E�� =>@JIS7	�Y=A464<; 254<;`_�1 =A4 E�2g@JI =>x 7D4<OP9<2 �J;&7:@P;<XYm>Gg;

 7 Z\7:XJG57 BDC 9$1M7Z�V@J2g;<25?A@ qS?A@ �J9<2 � 2g;<2gqS7:@ C @VK&OS? � �JG57ZYJ7:@�LM7D4<;67:@%� BDC 9��n@V4<;67 C 7:9 C @JIKJ7D4 � 7:9646?A@Y=[a���GH=%FS7:964 48?`TU257 BDC 9 QR@ ;67:98=>Ou;<25?A@ B TU2548W6XV7:@ ��98mA487:@ ;8=>;<25?A@V4 �JGH=>@V7:9 C @VK
� 7:9646?A@Y=[a���GH= FS7:9`_
1 =A4 2 ��kV?AGgIS7:@VKJ7:@�qS?A9<IS7D4<;67:GgGg;67 �n7:IS7:G54 Fu46;67	��7:9<GH= C xJ; KJ7:@ � C ZfxY= C OS? � �JG57ZYJ7:9

�M=>@VKhG C @JIS4646W6XJ9<2g;<;67n= C 4�7:2g@hZ =AW8XV7:967:@ � 7:9648?A@Y=[a �$Ou;<25?A@V7:@ _�
 7:2JKJ7:9��$?A@V4<;<9 C Ou;<25?A@ "V257 a
	S7:@ @V7:x 7:@ B 7:2g;<Gg25W8XV7:@ �3=>@VKhx 7DKh2g@JI C @JIS7:@ = C W6X QR@hZ ?A9 � =>;<25?A@V7:@ wJx 7:9 Kh257 =>Ou; C 7:GgG57
� 7:9646?A@Y=[a��$?A@D�VI C 98=>;<25?A@ ] B _ 
M_YLM7	� wJ;64 BDC 4<;8=>@VK"� ij7	� � 7:98= � 7:@ ; C 46T _dc 7:2g@ _13257 Z\wJ9M7:2g@V7 �F98mA467:@ ;8=>;<25?A@ BDC 9�)F7:9 ZfwJI C @JI 46;67:XV7:@VKJ7:@ 
 7 Z 7:XJG57 467:; B 7:@l4<25W8X�= C 4KJ? � m>@V7:@V4 � 7 B 2��Y46W6XV7:@ C @VK a C @V4 � 7 B 2��Y46W6XV7:@ 
 7 Z\7:XJG57:@ BDC 48= � � 7:@ _ � C 9 7:2g@hZ =AW8XV7:@
�$7`=>Gg2546257:9 C @JI�7:2g@V7:9 OS?A@JOu967:;67:@ � ���JGg2gOs=>;<25?A@ � C 464-7D4 ZfwJ9 KJ7:@��n@ T 7:@VKJ7:9 ���AIsGg25W8X467:2g@%� 4<25W6X�= C Z�7:2g@hZ =AW6XV7
�n9<;N@V7 C 7 
 7 Z 7:XJG57 BDC KJ7Z�V@J257:967:@ _$1n257D4$TU2g96K C � 46? @V?A;bT 7:@haKh2gIS7:9�� To7:@J@�KJ7:9 � 7:9646?A@Y=[a��FGH= FS7:9 C ��@V7 C 7 
 7 Z 7:XJG57 7:9<To7:2g;67:9<; TU2g96K ]\4`_ �$xV46W8XJ@J2g;<;
� _ � c _�13257 � 7:9646?A@Y=[a��n7:IS7:Gg@�]\KJ? � m>@V7:@Y=>xJXY=>@JIs2gI C @VK-a C @Y=>xJXY=>@JIs2gIPc T 7:96KJ7:@ TU257MKV=A4rPOu9<2 �J;$467:GgxV4<;U2g@ �Mv � a r�FP@P;8=6Y&KJ7Z�V@J257:9<;`_



E H � � ��� ����� � � � ����� ��
(� ��� � � � ��� � ������� �������
� ��
 � � � ��� ����� ���

tS7DKJ7 � 7:9646?A@Y=[a��n7:IS7:G 7:9 Z =A484<; Kh257 qS?A@ 2gXJ9 x 7:@#�A;<2gIs;67 � 7:2g;�� 46? KV=A464 � 7DKJ7:9 B 7:2g; 7:2g@
�nxJIsG57:25W6X � 2g; KJ7	� � 2g; � 7:2g;<2g@hZ\?A9 � =>;<25?A@V7:@ =>@J@V?A;<257:9<;67:@ ��98mA467:@J;8=>;<25?A@V4 �JGH=>@ C @VKKJ7	� � 7:9646?A@Y=[a rPOu9<2 �J;n7:9 Z ?AGgIS7:@ OA=>@J@ _
1M7:9 LM7:@V7:98=>;6?A9 xJ257:;67:; = C 	S7:96KJ7	� Kh257-v��AIsGg25W6XJOS7:2g;�� KJ7:@^LM7:@V7:9<257:9 C @JIS4<qS?A9<I =>@JI= C Z qu257:G Z m>Gg;<2gIS7 �$9<; BDC KJ?AO C � 7:@ ;<257:967:@ _ � C � 7:2g@V7:@ C @P;67:964<;<wJ; B ;U7:9oKh257nv �AIsGg25W8XJOS7:2g;��BDC � 7DKJ7:9 �n7:IS7:G5KJ7Z�V@J2g;<25?A@l7:2g@V7 
 7D48W6XJ967:2gx C @JI =>x BDC G57:IS7:@%�j= C 4 KJ7:9 7:2g@V7 �$7:IS7:G5KJ?AO C a

� 7:@ ;8=>;<25?A@^wJx 7:9 � r(� a rPOu9<2 �J;67 � 1M7`=AW6X%� �%E'E'E�� 2g@(7:2g@V7:9 qS? � �3v � � � r(� a���96? B 7D4648?A9C @ ;67:9646;<wJ; B ;67:@ r �J98=AW8XV7 TU257 �niUv ��?uKJ7:9����`i E � 7:9 B 7 C Is;nT 7:96KJ7:@ Os=>@J@ _ � C Kh257D467	�
� To7DW8O�Os=>@J@ Kh257 13?AO C � 7:@ ;8=>;<25?A@ KJ7:9 7:2g@ B 7:Gg@V7:@ �n7:IS7:Gg@(2g@ KJ7:@ �$7:IS7:Gg;67ZYh; 7:2g@JIS7 ax C @VKJ7:@ T 7:96KJ7:@ _
1M7:9 LM7:@V7:9<257:9 C @JIS4<qS?A9<I =>@JI OA=>@J@)K C 96W6X KJ7:@ LM7:@V7:98=>;6?A9 =>G54 � 7:9<G57:I C @JIS46xY= C �qu254 C =>Gg254<257:9<; T 7:96KJ7:@ _ 1 =>x 7:2$4<;67:XV7:@ Kh257 
 GHm>;<;67:9-KJ7D4 
U= C � 7D4 ZfwJ9 Kh257 �J9<2 � 2g;<2gqS7:@

�nOP;<25?A@V7:@%�oKh257 2g@^KV=A4 qS? � � 7:9646?A@Y=[a���GH=%FS7:9 Kh2g967:Ou; = C 4 Z\wJXJ9<xY=>967 rPOP9<2 �J; 7:2g@JIS7 Z\wJIs;T C 96KJ7:@ _
1M7:9 
 7 Z\7:XJG54 " C 464 2g@J@V7:9<XY=>Ggx KJ7D4 IS7:@V7:9<257:9<;67:@ rPOu9<2 �J;67D4 GHmA464<; 4<25W8X 7:x 7:@hZ =>GgG54 =>G54L398= �JX qu254 C =>Gg254<257:967:@%�Y46? KV=A464nr �J9<wJ@JIS7 @Y=AW8X qS?AGgG B 257:XPxY=>9 To7:96KJ7:@ _

�nxJxJ2gG5K C @JI �V_IH �$)3254 C =>Gg254<257:9 C @JI-KJ7:9$1M7:OS? � � ?s4<2g;<25?A@+qS?A@ LM7D4<;67:@+K C 96W6X+KJ7:@�LM7:@V7 a98=>;6?A9



� ��� � 
 ����� ��� � � ������� ��� � � E(�

�nxJxJ2gG5K C @JI �V_ � ��)3254 C =>Gg254<257:9 C @JI^KJ7D4 ��96?AIs98= � � " C 46487D4 2g@J@V7:9<XY=>Ggx 7:2g@V7D4 � 7:9648?A@Y=[arPOu9<2 �J;67D4
� 
�� � ��� � ��� �����
���* �� ���

13257 = C Z �Mv � xY=A4<257:9<;67 rP;67 C 7:9 C @JIS464 �J98=AW8XV7 KJ7D4 � 7:9646?A@Y=[a LM7:@V7:98=>;6?A964 TU2g96K�qS?A@�7:2 a@V7	� �3v � a���=>96467:9�� Q�
 v � �%E'E'E�� IS7:G57D487:@ C @VK 2g@ KV=A4�13?uW C � 7:@ ; &nx � 7DW:;�v+?uKJ7:Gh1�&3v
� �l?u?PK C @VK �3?A964�� �%E'E'E�� wJx 7:9 Z\wJXJ9<;`_ 1 C 96W8X Kh257 1M?AO C � 7:@P;67:@ qS7:98=>9<x 7:2g; C @JI = C Z 
U=A4<254qS?A@l1�&3v Os=>@J@�qS?A@lKJ7	��qS7:9<T 7:@VKJ7:;67:@ ��=>96467:9 =>xV4<;<98=>XJ257:9<; T 7:96KJ7:@%�j7:9 Os=>@J@ x 7:2 a4 �J257:G54<T 7:25467 = C W6X(IS7:IS7:@(=>@VKJ7:967 � =>96467:9 = C 4<IS7:;8= C 46W8X ; To7:96KJ7:@%� ?AXJ@V7 KV=A464 v+?uK C G57KJ7D4�� 7:9646?A@Y=[a LM7:@V7:98=>;6?A9643IS7`m>@VKJ7:9<;$T 7:96KJ7:@ � wV464<;67:@ _13257 1M7Z�V@J2g;<25?A@ 7:2g@V7:9 � 7:9646?A@Y=[abp � IS7:x C @JI 7:9 Z ?AGgIs;$K C 96W8X+KJ7:@ �FE �3r &3e �Nabi =>I �
���������
	���
������
�
�������
�
���������! ��
������"
�
���$#�%
&�%�'��(�)���*�����*��+

,�,
,
�
-��
�
���
	��

�+

13257 � ;<;<9<2gx C ;67^KJ7Z�V@J257:967:@ Kh257 LM9��
	S7�KJ7:9 k GHmAW6XV7�� Kh257�ZfwJ9�Kh257 ��98mA467:@P;8=>;<25?A@
� 2g; ��98mA467:@P;8=>;<25?A@V48=>IS7:@ ;67:@ BDC 9 )F7:9 Z\wJI C @JI�4<;67:XP;�� C @VK Kh257 BDC qS7:9<T 7:@VKJ7:@VKJ7 �n2g@ha;67:9<Is9 C @VKuZ =>9<x 7s_QR@J@V7:9<XY=>Ggx KJ7D4 �FE��Mr &3e �$abi =>IS43T 7:96KJ7:@ Kh257 7:2g@ B 7:Gg@V7:@ ��98mA487:@ ;8=>;<25?A@V48=>IS7:@J;67:@%�Kh257 2g@J@V7:9<XY=>Ggx Kh257D487:9$k GHmAW6XV7 = C Z\;<967:;67:@ 46?AGgG57:@%�YKJ7Z�V@J257:9<;��



E'$ � � ��� ����� � � � ����� ��
(� ��� � � � ��� � ������� �������
� ��
 � � � ��� ����� ���

���������
	���
��������!�����	��
 �����)���
#��
����&*�
�*����
������(��#���'
��%
%�� ����������#�������
����*��+
,�,
,

�
-��
�
���
	��

�������������+
,�,
,

���������
	���
��������!�����	��
 �����)�����	��'��(��������
����������*�����
%�����������#�������
��� (��+
,�,
,

�
-��
�
���
	��

�������������+

tS7DKJ7:9 �nIS7:@ ; XY=>;-7:2g@V7:@ 7:2g@VKJ7 C ;<2gIS7:@ eM= � 7:@ _)1 =A4 m C 	S7:967 E�9646W8XV7:2g@ C @JIS4<xJ2gG5KTU2g96K^wJx 7:9 KV=A4 � ;<;<9<2gx C ; xJ2g; � = � KJ7Z�V@J257:9<;`_(1M7:9 r �J98=AW6XV4 Fu@ ;<XV7D4<2 B 7:9-TU2g96K � 2g;<;67:G54
� ;<;<9<2gx C ;&4 � 7D7DW6X IS7:T m>XJGg;`_ 1 =>x 7:23TU2g96K KJ7:9&i F�� 7 KJ7D4 r �J98=AW6XV4 Fu@ ;<XV7D462 B 7:964&x B T _467:2g@V7 E�2g@V4<;67:GgG C @JIS7:@ @Y=AW6X KJ7	� ruW6XV7	� =�� ��!#"$�&%('*) 	+�
,.-0/ 	#132 	4!5,.-�6 	+7 	+8 	�9�9�9*2IS7D467:; B ;`_
� � L 7D46W6XJG57DW8X ;MKJ7D4nr �J967DW6XV7:964 ] � m>@J@JGg25W6X �:/ �hTo7:2gxJGg25W8X �:1 c
! � r �J98=AW6XV7-] B _ 
M_V1M7 C ;646W8X �;6 �YE�@JIsGg2546W6X �<7 �JkV98=>@ B �s4<2546W6X �<8 c
kY=>GgG54-4 � 7 B 257:GgG57:967�)F7:964<25?A@V7:@ qS?A@ r �J98=AW8XV4 Fu@ ;<XV7D4<2 B 7:9<@ qS7:9 ZfwJIsxY=>9�] B _ 
M_�ZfwJ9 x 7 a4<;<2 � � ;67-i ?A@hZ m>GgG57 c 4<2g@VK"� OA=>@J@�K C 96W6X �$@hZ\wJIS7:@�T 7:2g;67:967:9 ruW8XJGgwV46467:GgT �A9<;67:9 7:2g@V7 IS7 a@Y= C 7:967 r � 7 B 2��VOA=>;<25?A@ 7:9 Z\?AGgIS7:@ _QR@J@V7:9<XY=>Ggx � 7DKJ7D4 �FE��Mr &3e � r�J �$Q��Fi abi =>IS4 O �A@J@V7:@ LM7D4<;67:@ KJ7Z�V@J257:9<; C @VK = C W8X= C Z\IS7:9 C Z\7:@ T 7:96KJ7:@ _ v+2g; �$2gG Z 7 KJ7D4 Q e�J �jpn1ME�a�
 7 Z 7:XJG54 O �A@J@V7:@ 7ZYh;67:9<@V7l1 =>;67:2 a7:@l7:2g@JIS7:x C @VKJ7:@�T 7:96KJ7:@%� =>G54 �$9<I C � 7:@P; TU2g96KlKh257 p � � KJ7:9 7:2g@ BDC Z\wJIS7:@VKJ7:@�1 =>;67:2wJx 7:9<IS7:x 7:@ _ � C Z Kh257D467 �l7:25467nGH=A46467:@ 4<25W6X 
 2gxJGg25?A;<XV7:OS7:@ � 2g; )F7:9<XY=>Gg;67:@V4 � C 4<;67:9<@&Z\wJ9

��98mA467:@P;8=>;<25?A@V48=>IS7:@ ;67:@l=>@JG57:IS7:@��
�	���=��>�?A@��:B
'�&���� �
�
�A�DC -
-�����'���%��E� , ��F�G�� , ���
-� �������'E����%�'�-�#�%�
=��&���H , H�
*&*��-
+

QR@J@V7:9<XY=>Ggx KJ7D43rPOu9<2 �J;67D4UTU2g96K C @P;67:9646W6XJ257DKJ7:@��
. 1M7Z�V@J2g;<25?A@ �J9<2 � 2g;<2gqS7:9MLM7D4<;67:@ � 
 7 Z 7:XJG57
. 1M7Z�V@J2g;<25?A@+OS? � �JG57ZYh7:93L 7D4<;67:@ � 
 7 Z\7:XJG57
. �n@ T 7:@VK C @JI KJ7:9MLM7D4<;67:@ � 
 7 Z\7:XJG57

��������� � & � � � 
$� ��� � ��� 
 � �

pn@ ;67:9 �J9<2 � 2g;<2gqS7:@ LM7D4<;67:@ To7:96KJ7:@�2 ��kV?AGgIS7:@VKJ7:@ 
 7 Z 7:XJG57 qS7:964<;8=>@VKJ7:@%� Kh257 C @�� 2g; a;67:GgxY=>9&7:2g@V7	� 
 7 Z 7:XJG3KJ7:9 � 7:9646?A@Y=[a���GH=%FS7:9 abE�2g@JI =>x 7D4 �J98=AW6XV7(7:@ ;64 �J967DW8XV7:@ ?PKJ7:9 Kh257
C @�� 2g;<;67:GgxY=>9$K C 96W8X 7:2g@V7 r C xJOPGH=A464873KJ7:9Ut =`qA=[a��MGH=A48467 � 7:9646?A@Y= ��9<2 � 2g;<2gqS7 � C G57 2 � �JG57 a
� 7:@ ;<257:9<;-4<2g@VK _ �n@Y=>G5?AI BDC 9 � 7:9646?A@Y=[a �nxV4 �J257:GgOS? � � ?A@V7:@ ;67^]��$xV48W6XJ@J2g;<; � _ � c 254<; 7D4
���AIsGg25W6X%� �$@PTo7:254 C @JIS7:@ 2g@^kV?A9 � 7:2g@V7:9 tP=Dqs=[a��MGH=A46467 BDC 2 � �JG57	� 7:@P;<257:967:@%� Kh257-qS? �
�$7:IS7:Gg2g@P;67:9 �J967:;67:9 KDFP@Y= � 2548W6X IS7:GH=AKJ7:@ C @VK = C 4<IS7 Z\wJXJ9<; TU2g96K _'1 =AK C 96W6X TU2g96K Kh257E�9<T 7:2g;67:9 C @JI KJ7D4 LM7:@V7:98=>;6?A964M= C W6X C � OS? � �JG57ZYJ7 k C @JOu;<25?A@V7:@ qS7:967:2g@hZ =AW8X ;`_nr � 7 B 2 a7:GgG57'�n@ T 7:@VK C @JIS4 �J96?AxJG57	� 7&T 7:96KJ7:@(46? G �s4<xY=>9`_ p � 7:2g@V7 wJx 7:9 Kh257D487 ruW6XJ@J2g;<;646;67:GgG572 � �JG57	� 7:@ ;<257:9<;67 �n7:IS7:G BDC KJ7Z�V@J257:967:@%� � C 464$7:2g@V7 pn@ ;67:9<OuGH=A46467 BDC KJ7:9N2g@ �nxJxJ2gG5K C @JI
�V_ $ =>@JIS7:IS7:x 7:@�t =Dqs=[a��MGH=A46467 2 � �JG57	� 7:@ ;<257:9<; T 7:96KJ7:@ _N1M7:9 �MGH=A46467:@J@Y= � 7 7:@ ;64 �J9<25W6X ;



� ��� � 
 ����� ��� � � ������� ��� � � E'E

��BA��&��
# #�&A�=��� ����'���%��E����B�&
���
����'*� �� :�	��
*���
��BA��&���#$����'���%��	���AB�&���� ����'*� �� �E��
*�����

�
����� , �	��
 � �:�	��
 ���
	

��BA��&���# ���
'�� �� � ������	��
*�
�����
'�����B�'����	��
 ���
	

��BA��&���# � �
�  �������'	�����
��#�'�� �
�
���E�=�����	����&
�:��#���BE�
&��
����'���%��	��
� ����
� �� ����������

'�����B�'�� ���
	

	

�nxJxJ2gG5K C @JI �V_ $ �F13257�&nx 7:9<OPGH=A46487 � 7:9646?A@Y= � C G57
KJ7	� �$7:IS7:Gg@Y= � 7:@ _F13257$k C @JOP;<25?A@ IS7:@V7:98=>;67 ruW:9<2 �J;NKJ7Z�V@J257:9<; Kh257 �nOP;<25?A@V7:@%�hKh2573Kh257D467
�$7:IS7:Gj= C 4<ZfwJXJ967:@ 48?AGgG _13257 v+7:;<XV?uKJ7 IS7:@V7:98=>;67 ruW:9<2 �J; 7:9<XYm>Gg;&=>G54 E�2g@JI =>x 7�7:2g@V7 �3=A46X ;8=>x 7:GgG57 � 2g; KJ7:@=>Ou; C 7:GgG57:@ ��=>98= � 7:;67:9<@ C @VK KV=A4 �nIS7:@ ;67:@V?Ax � 7:OP;��JKV=A4 Kh257D467:@ 
 7 Z\7:XJG = C 4 Z\wJXJ967:@&46?AGgG _
�nG54 E�9<IS7:xJ@J254�Gg257 Z 7:9<;�4<257 7:2g@V7 �nxV46W6XYm>; BDC @JI wJx 7:9�Kh257 qS?A@ KJ7:9 �$Ou;<25?A@ x 7:@#�A;<2gIs;67�� 7:2g;`_ij9<2 � ;NKJ7:9 �$7:IS7:Gg2g@P;67:9 �J967:;67:9n= C Z 7:2g@V7M46? KJ7Z�V@J257:9<;67 �$7:IS7:G(�J46? GHmAKh;U7:9UKDFP@Y= � 2546W8XKh257 �Y=A46487:@VKJ7 �MGH=A46467 C @VK&7:qs=>G C 257:9<;$Kh257D467s_E�2g@V7:@ r � 7 B 2H=>G Z =>GgG 4<;67:GgG57:@&Kh257 
 7 Z\7:XJG57MKV=>9��hKh257 C @�� 2g;<;67:GgxY=>9NK C 96W8X 7:2g@V7:@ 
 7 Z 7:XJGKJ7:9 E�2g@JI =>x 7D4 �J98=AW6XV7lZfwJ9 KJ7:@ � 7:9646?A@Y=[a���GH=%FS7:9�= C 46IS7DKh9<wVW6Ou; To7:96KJ7:@ O �A@J@V7:@ _�QR@Kh257D467	� kY=>GgG 7:@ ;<XYm>Gg;oKh257U1M7Z�V@J2g;<25?A@ KJ7:9 �$7:IS7:G ) =>9<2H=>xJG57:@+]\K C 96W8X��nIS7:OS7:@J@ B 7:25W6XJ@V7:; c �Kh257 K C 96W8X Kh257 =>Ou; C 7:GgG57:@ ) =>9<2H=>xJG57:@+7:96467:; B ;$To7:96KJ7:@ _Q � E�2g@JI =>x 7D4<Ou9<2 �J;$Z\wJ9$KJ7:@�L 7:@V7:98=>;6?A9nT 7:96KJ7:@ �J9<2 � 2g;<2gqS7 �$7:IS7:Gg@+TU257 2g@ �nxJxJ2gG aK C @JI �V_ E =>@JIS7:IS7:x 7:@ KJ7Z�V@J257:9<;`_o1n257 �J9<2 � 2g;<2gqS7:@ LM7D4<;67:@ T 7:96KJ7:@ qS?A@
���
������� ���������
������?������
+ ,
,�, �
-���������������������������?������
+

C � 46W8XJG5?s46467:@ _E�2g@V7 �J9<2 � 2g;<2gqS7 LM7D4<;67 XY=>; 7:2g@V7:@ 7:2g@VKJ7 C ;<2gIS7:@ eM= � 7:@ _�kY=>GgG54 7D4 7:2g@V7:@ 
 7 Z 7:XJGKJ7D4 � 7:9646?A@Y=[a��FGH= FS7:964UIs2gxJ;��hKJ7:9oKh257D487:9ULM7D46;67:@VKJ7Z�V@J2g;<25?A@ KJ7D4ULM7:@V7:98=>;6?A964 7:@ ;64 �J9<25W6X ;��46?+OA=>@J@ KJ7:9 ��GH=%FS7:9 a�
 7 Z\7:XJGUwJx 7:9 KV=A4 � ;<;<9<2gx C ; 
b46W:9<2 �J;�� wJx 7:9<IS7:x 7:@^T 7:96KJ7:@ _�1 =[ax 7:2$O �A@J@V7:@ K C 96W8X�� � =>9<OP257:9<;67 ) =>9<2H=>xJG57:@ x 7:@ C ; B ;-T 7:96KJ7:@%�NKh257 = C 4-KJ7:9-v 7:@JIS7KJ7:93=>Ou; C 7:GgG57:@ ) =>9<2H=>xJG57:@+x 7:G57:Is;nTo7:96KJ7:@ _UkY=>GgG54nKJ7:9 
 7 Z 7:XJGjK C 96W6X�7:2g@V7 t =`qA=[a��MGH=A48467KJ7Z�V@J257:9<;$2546;��J46? 7:@ ;<XYm>Gg;3KV=A4�� ;<;<9<2gx C ; 
b46W:9<2 �J;�� KV=A4nruW8XJGgwV46467:GgTo?A9<; 
b7ZYh;67:9<@ � _v+2g;<;67:G54 KJ7D4�� ;<;<9<2gx C ;64 
R=>Gg;67:9<@Y=>;<2gqS7D4 � x 7D4<;67:XP; Kh257 v �AIsGg25W8XJOS7:2g;�� 7:2g@V7 � 254<;67 � 2g;=>Gg;67:9<@Y=>;<2gqS7:@ LM7D4<;67:@^=>@ BDC IS7:x 7:@ _�Q 4<; Kh257 �3= C �J;<IS7D46;67�]\K _ X _+Kh257 L 7D4<;67���Kh257 @Y=AW8XIS7D4<; C 967o2g@ KJ7:9�rPOP9<2 �J; a�� 7:2gG57 4<;67:XP; c 2g@ KJ7:@ � ? � 7:@ ;8=>@ x 7:@ C ; B ;67:@ 
o2g; � = �V4 @J25W8X ;�qS?A9 aXY=>@VKJ7:@%� 46? T 7:96KJ7:@�Kh257D467 LM7D4<;67:@ KJ7:9 �n7:2gXV7 @Y=AW8XlIS7:;67D4<;67:;`_
� C Z Kh257D467 �l7:25467 XY=>;
� =>@ Kh257&v��AIsGg25W6XJOS7:2g;��UeM= � 7:@V4 C @ ;67:9648W6XJ257DKJ7 B TU2546W6XV7:@ KJ7:@ 7:2g@ B 7:Gg@V7:@ 
 2g; � = �JxY=[a467:@ = C 4 BDC IsG57:25W8XV7:@ _o13257D4U2546;N2g@V4<x 7D46?A@VKJ7:967 KV=>@J@ 4<2g@J@PqS?AGgG(�JTo7:@J@ � =>@ qS7:9646W8XJ257DKJ7:@V7



�`zsz � � ��� ����� � � � ����� ��
(� ��� � � � ��� � ������� �������
� ��
 � � � ��� ����� ���

���
������� ���������
������?������
+

��@����������������������
�E��
 ���������*��# G�'*�� 
�
�A��%����
��"��
��&�����'��E���*�����	�!��� '*�! ��
����������G������
# GA��%�� �
��"��
��#�'*���
�����  ��=�!��B
'����!�*��# G
'��� 
�
����%����
��"���H�������B�&�&*��-
+

��@����������������������:�	��
*���(��� ��#�&�B���� �=���
 ����(����#�'*� �����(����H�����'��(��-
+
,
,�,
�
-�������������� ������������?�������+

�nxJxJ2gG5K C @JI �V_ E � 1M7Z�V@J2g;<25?A@ �J9<2 � 2g;<2gqS7:9 �$7:IS7:Gg@�ZfwJ9 KJ7:@ LM7:@V7:98=>;6?A9`_ Q 4<; Kh257 �$7:IS7:GK C 96W6X 7:2g@V73t =Dqs=[a��MGH=A46467n2 � �JG57	� 7:@ ;<257:9<;��J46? TU2g96K-Kh257D4 K C 96W6X KV=A4 ruW8XJGgwV46467:GgT ?A9<; 
b7ZYua;67:9<@ � KJ7Z�V@J257:9<;`_�kY=>GgG54�Kh257 �n7:IS7:Gh7:2g@V7:@ 7:@P;64 � 7DW8XV7:@VKJ7:@-=>@Y=>G5?AIS7:@ 
 7 Z\7:XJGh2g@ KJ7:9 r �J98=[aW6XV7 KJ7D4���GH= FS7:964nx 7D4<2g; B ;��hTU2g96K Kh257 �$? � � =>@VKJ? B 7:2gG57 =>@JIS7:IS7:x 7:@%�VTo?Ax 7:2jKh257 K C 96W8X �
� =>9<Ou257:9<;67:@ ) =>9<2H=>xJG57:@ K C 96W8X+Kh257 =>Ou; C 7:GgG57:@ ��=>98= � 7:;67:9n7:96467:; B ;NT 7:96KJ7:@ _

 2g; � = �J; F�� 7:@ Z\wJ9 C @ ;67:9646W8XJ257DKhGg25W6XV7 � 7:9646?A@Y=>2g@V46;8=>@ B 7:@ qS7:9<To7:@VKJ7:@ C @VK � 2g;�KJ7:9�IsG57:2 aW6XV7:@ �n7:IS7:G � 7:@JIS7 =>@V4<;67 C 7:9<@ TU2gGgG(�PT ?Ax 7:2 @J25W8X ;U2g@ � 7DKJ7:9 
 2g; � = ��� 7:@JIS7 =>GgG57 LM7D4<;67:@KJ7Z�V@J257:9<;n462g@VK _

�37:2 	s;ox 7:254 �J257:G54<T 7:25467M7:2g@V7 � 7:2gIS7:IS7D46;67$Z\wJ9 7:2g@V7:@ 
 2g; � = �J; F ��
�� &3Q eniUi�& � C @VKZ\wJ9o7:2g@V7M=>@VKJ7:967 
 2g; � = ��� 7:@JIS7 
�� EFQ<LME$�Up3k � �P48? 254<; 7D4�� 2g; KJ7	� � ;<;<9<2gx C ; 
R=>Gg;67:9 a@Y=>;<2gqS7D4 � ���AIsGg25W6X%�s7:2g@V7
�J9<2 � 2g;<2gqS7ULM7D4<;67�Z\wJ9 x 7:25KJ7 
 2g; � = �V467 � C 7:@ B 7:@ BDC KJ7Z�V@J257:967:@ _
��������� � � ��� � ����� � � � 
$�!� ��� � � � 
�� ��� ��� � �"� �!��#%�!�

E�2g@V7 kY?AGgIS7 qS?A@ 1M7Z�V@J2g;<25?A@V7:@ OS? � �JG57ZYJ7:9MLM7D46;67:@&TU2g96K&qS?A@
����	 ����>
��� ��������?������
+ ,�,
, �
-���	 ����>
��� ��������?������
+

C � 46W8XJG5?s46467:@ _FE�2g@V7 OS? � �JG57ZYh7 LM7D4<;67MTU2g96K � 2g;<;67:G54
��@���������������������?����;�E��
*�����  ��	���������E��
 ����+ ,
,�, ��-�@��������������
������?�����+
KJ7Z�V@J257:9<;`_ E�2g@V7 OS? � �JG57ZYh7-L 7D4<;67 x 7D46;67:X ; = C 4 7:2g@V7:9 �nOu;<25?A@V46467 � C 7:@ B _ 1 =>x 7:2�O �A@ha@V7:@�Kh257-7:2g@ B 7:Gg@V7:@ �nOP;<25?A@V7:@�7:@P;bT 7DKJ7:9 �J9<2 � 2g;<2gqS7 LM7D4<;67:@%� OS? � �JG57ZYh7 LM7D4<;67:@�?uKJ7:94 � 7 B 257:GgG57 ruW8XJGgwV46467:GgT �A9<;67:9 487:2g@ _ 13257 4 � 7 B 257:GgG57:@^ruW8XJGgwV46467:GgT �A9<;67:9 Kh257:@V7:@^KV= BDC ��Kh257E@Y �Y=>@V4<25?A@+KJ7:9 �$7:IS7:Gg@ BDC 4<;67 C 7:9<@ _ 13257 � =>98= � 7:;67:9 KJ7:9nOS? � �JG57ZYh7:@ LM7D4<;67 T 7:96KJ7:@7:@ ;64 �J967DW6XV7:@VK+To7:2g;67:9 �J96? �Y=>Is257:9<;`_1 =A4�=>OP; C 7:GgG57 � 7:9648?A@Y=A4<OP9<2 �J; Z\wJ9 7:2g@V7:@��$IS7:@P;67:@ 7:@ ;<XYm>Gg;�@J25W6XP; @ C 9 Kh257 1M7Z�V@J2g;<25?A@qS?A@ 
 7 Z\7:XJG57:@ C @VK�LM7D4<;67:@%� 48?A@VKJ7:9<@ = C W8XlKJ7:967:@ � C Z\9 C Z _ 13257D467��nOP;<25?A@V7:@�T 7:96KJ7:@2 ��rPOu9<2 �J;NK C 96W6X Kh257 i =>IS4
��
	������	���+ ,
,
, ��-�
=������	���+

C � 46W8XJG5?s46467:@ _ � 2g96K KJ7:9 �nIS7:@ ;$IS7D46;8=>9<;67:;��VTo7:96KJ7:@ =>GgG57 2g@+Kh257D467	� �nxV46W6XJ@J2g;<;M=>@JIS7 aIS7:x 7:@V7:@ 
 7 Z 7:XJG57M2g@&KJ7:9 �n7:2gXV7:@hZ\?AGgIS732gXJ967D4 � C Zf;<967:;67:@V4N= C 46IS7 ZfwJXJ9<;`_F13257 � =>98= � 7:;67:9KJ7:9F7:2g@ B 7:Gg@V7:@ 
 7 Z 7:XJG57 � wV46487:@ 4 � 7 B 2�� B 257:9<;o467:2g@ _�EF4�O �A@J@V7:@-=>GgG57UKJ7Z�V@J257:9<;67:@&LM7D4<;67:@



� ��� � 
 ����� ��� � � ������� ��� � � �`zD�
���������
	���
������
�
�������
�
���������! ��
������"
�
���$#�%
&�%�'��(�)���*�����*��+
����������	���
��������!�����	��
 ���(�)���
#�������&*�
�*����
���������#���'
��%�%�� ����������#�������
��� (��+
�	���	��>�?A@��:B�'�&��(� ���
��� C -�-�����'���%��	� , �AF�G*� , ���
-���'*�0
������ ���=� , H�
*&*��-�+
����	 ���A>
� � �
������?������
+

��@��������������
������?����;�	��
 ��������� �����
&�&
%���+
�� �'��
����-
+
�!�E����� ��B�'	���*��%����(� � ���
����-
+
�=��������G�����H������ �	��&
&
% , ��#����*��� ����'���%��	� , ��-�+

�
-�@���������������������?�����+
�
-���	 ����>
��� ��������?������
+
��
=������	���+
�	�����
����&
&�%
-
+

�
-�
	������	���+
�
-��
�����
	��

�������������+

�
-��
�
���
	��

�+

�nxJxJ2gG5K C @JI �V_ �`z ��
 7:254 �J257:Gj7:2g@V7:9nE�2g@JI =>x 7 ZfwJ9NKJ7:@ L 7:@V7:98=>;6?A9
] �J9<2 � 2g;<2gqS7 C @VK OS? � �JG57ZYJ7 c�qS7:9<T 7:@VKJ7:; To7:96KJ7:@ _F1 =>@V7:x 7:@-Is2gxJ; 7D4o4 � 7 B 257:GgG57 
 7 Z 7:XJG57��Kh257 ZfwJ9 Kh257��nxJGH= C Z\4<;67 C 7:9 C @JI&IS7:@ C ; B ; To7:96KJ7:@ O �A@J@V7:@ _ E�2g@ 
 7D4<2 �J257:G�254<;n2g@ �nxJxJ2gG aK C @JI �V_ �`z =>@JIS7:IS7:x 7:@ _QR@J@V7:9<XY=>Ggx 7:2g@V7:9 �$Ou;<25?A@V46467 � C 7:@ B O �A@J@V7:@ 4 F�� x ?AGg2546W6XV7�r �J9 C @JI =AKh967D48467:@ KJ7Z�Ja@J257:9<;�To7:96KJ7:@ _ ru?AG5W8XV7$r �J9 C @JI =AKh967D46467:@ � wV48467:@ 7:2g@V7:@ 7:2g@VKJ7 C ;<2gIS7:@ e3= � 7:@ x 7D4<2g; B 7:@ _r�F�� x ?AGg2546W6XV7 r �J9 C @JI =AKh967D48467:@ O �A@J@V7:@ KV= BDC x 7:@ C ; B ;$To7:96KJ7:@%� C � 
bpn@ ;67:9 �J96?AIs98= � a
� 7 � 2g@J@V7:9<XY=>Ggx KJ7D4 rPOP9<2 �J;67D4 BDC KJ7Z�V@J257:967:@%� Kh257 4 � 7 B 257:GgG57
� C ZfI =>x 7:@ wJx 7:9<@V7:X�� 7:@O �A@J@V7:@ _ 
 7:254 �J257:G57 ZfwJ9�46?AG5W8XV7Up$@P;67:9 �J96?AIs98= � � 7$4<2g@VK B _ 
M_ �3=>@VKhG C @JIS7:@%�PKh257 TU257DKJ7:9 aXV?AGg;$qS?A9<OS? � � 7:@ O �A@J@V7:@%� B _ 
3_YKh257 
 7D46W6XJ967:2gx C @JI 7:2g@V7D4 
 C ;<;6?A@V4 �YKh257 2 � � 7:93KV=>@J@TU257DKJ7:9 IS7 B 7:2gIs; TU2g96K"�jTo7:@J@�KJ7:9 
 7:@ C ; B 7:9 � 2g; KJ7:9 v�= C 4 wJx 7:9 KJ7:@ 
 C ;<;6?A@ Z m>XJ9<;`_QR@V4<x 7D48?A@VKJ7:967-x 7:2NKJ7:9-LM7:@V7:9<257:9 C @JIlqS?A@ � � � a���98mA467:@P;8=>;<25?A@V7:@ 254<; Kh257 )F7:9<T 7:@haK C @JI qS?A@ 4 F � x ?AGg2546W8XV7:@ r �J9 C @JI =AKh967D46467:@+TU25W6XP;<2gI#� KV= T m>XJ967:@VK KJ7:9nLM7:@V7:9<257:9 C @JIS4<a
�JXY=A467MKV=A4 I =>@ B 7 rPOP9<2 �J;U7:9 B 7 C Is;UT 7:96KJ7:@&OA=>@J@%�uTo7:G5W8XV7D4 BDC � 
 7:@ C ; B 7:9NwJx 7:9<;<98=>IS7:@TU2g96K _ � C 9 ��98mA467:@ ;8=>;<25?A@V4 B 7:2g; 254<; KV=>@J@ OS7:2g@V7&QR@ ;67:98=>Ou;<25?A@ � 2g; KJ7	� ru7:9<qS7:9 � 7:XJ9@V?A;bT 7:@VKh2gI#�uTo7:2gG Kh257 ��98mA467:@P;8=>;<25?A@ 46W8XV?A@ OS?uKh257:9<; 2g@ KJ7:@ pn@ ;67:9 �J96?AIs98= � � 7:@ Z\wJ9FKh2577:2g@ B 7:Gg@V7:@lij7:2gG �J98mA487:@ ;8=>;<25?A@V7:@(qS?A9<Gg257:Is;`_ EF4MOs=>@J@ 46? BDC OS7:2g@V7:@ )F7:9 B �AIS7:9 C @JIS7:@�2 �
��98mA467:@P;8=>;<25?A@V48=>xJGH= C Z OS? � � 7:@ _
��������� � ��� ��� 
�� ��� ��� ��� �'& � ���
� ��� ��� �)�'&���� �!��
 �


 7:2V7:2g@V7:9 ��98mA467:@P;8=>;<25?A@ Is2gxJ; 7D4om � C 2gqs=>G57:@ ;67 � 7:9<G57:I C @JIS7:@ ZfwJ9F7:2g@ �F98mA467:@ ;8=>;<25?A@V4 B 257:G(�To7:G5W8XV7 4<25W8X =>GgG57:96Kh2g@JIS4U2g@&KJ7:9 � C 46Kh9 C W8Ou4646;8m>9<OS7Mx B T _�2g@ KJ7:9NrP;8m>9<OS7 KJ7:9NE�� ?A;<25?A@V4 am C 	S7:9 C @JI ?PKJ7:9F= C W8X 2g@ KJ7:9�� 7:x 7:@VKh2gIsOS7:2g; C @P;67:9646W6XV7:25KJ7:@ _ 1n257 7:2g@ B 7:Gg@V7:@ 
 7:;<98=AW6X ;67:9To7:25W8XV7:@-x 7:2VKJ7:9���=>XJ9<@V7:X�� C @JI 46?AG5W8XV7:9 )F7:9<XY=>Gg;67:@V4 � C 4<;67:9 4<;8=>9<O qS?A@V7:2g@VKJ7:9 =>x _�EF4xJG57:2gxJ; KJ7	� 
 7:;<98=AW6XP;67:9 wJx 7:9<GH=A46467:@%� � 7 @Y=AW6X � C 4<; C @VK �j= C @V7 BDC T m>XJG57:@%� ?Axl7:2g@V7
��98mA467:@P;8=>;<25?A@ � 7:XJ9�?uKJ7:9�To7:@J2gIS7:9FG57:x 7:@VKh2gI TU2g9<OS7:@ ?PKJ7:9�?Ax � 7:9646?A@Y= K C 96W8X 4<;8m>9<OS7:967?uKJ7:9 46W8X T mAW6XV7:967 E
� ?A;<25?A@V7:@&2gXJ967:@ 2g@ ;67:9<@V7:@ � C 4<;8=>@VK BDC � � C 46Kh9 C W8O xJ9<2g@JIS7:@&46?AGgG _kY=>GgG54�KJ7:9

 7:@ C ; B 7:9FOS7:2g@V7 ��=>XJGJ;<9<2 � ;��ATU2g96K 7:2g@ � 2g;<;<G57:967:9 �l7:9<;�=>G54 rP;8=>@VKV=>96KJ7:2g@V46;67:G a



�`zsy � � ��� ����� � � � ����� ��
(� ��� � � � ��� � ������� �������
� ��
 � � � ��� ����� ���

G C @JI =>@JIS7:@V? � � 7:@ _ v�=>@VW6X�� =>GoOA=>@J@�= C 4 7:2g@V7	� 
 7:@ C ; B 7:9 � ?PKJ7:GgG 46W6XV?A@�= C Z 7:2g@V7I C ;67 ��=>XJG Kh257D487D4 � =>98= � 7:;67:964 IS7D46W8XJG5?s46467:@lT 7:96KJ7:@ _ E�2g@�QR@VKh2 B 254<; B _ 
M_ KV=A4 �nGg;67:9KJ7D4 
 7:;<98=AW8X ;67:964`_ � 257:XV7:@ � wJ@JIS7:967 
 7:;<98=AW6XP;67:9 G57:x 7:@VKh2gIS7 ��98mA467:@ ;8=>;<25?A@V7:@ qS?A9�� 46?TUwJ@V46W8XV7:@+m>Gg;67:967 
 7:;<98=AW6XV7:9n7:XV7:9U9 C XJ2gIS7 C @VK ���AIsGg25W8XV4<;n4 =AW6XJGg25W6XV7 ��98mA467:@ ;8=>;<25?A@V7:@ _
� 7:2gIs;�� =>@ Kh257MIsG57:25W8XV7 ��98mA487:@ ;8=>;<25?A@ B To7:2 C @P;67:9646W6XJ257DKhGg25W8XV7:@ 
 7:;<98=AW8X ;67:9<@%� 254<;NKJ7	�7:2g@V7:@ 
 7:;<98=AW6X ;67:9oKh257 �F98mA467:@ ;8=>;<25?A@ @J25W8X ;FG57:x 7:@VKh2gIMIS7:@ C I#�sT m>XJ967:@VK KJ7:9�=>@VKJ7:967 4<25W8X46W8XV?A@ qS?A@ BDC qu257:G �nOP;<2gqu2g;8m>; = C Z KJ7	� 
 2gG5KJ46W8XJ2g9 � 7:9648W6XJGH=>IS7:@ Z\wJXJGg;`_
�3m C �VI 9 C Zf; Kh257IsG57:25W6XV7 ��98mA487:@ ;8=>;<25?A@&x 7:2 
 7:;<98=AW6XP;67:9<@ C @ ;67:9646W8XJ257DKhGg25W6XV7 �$7`=>Ou;<25?A@V7:@-XV7:9<qS?A9`_
�)m>Xha967:@VK�Z\wJ9 KJ7:@�7:2g@V7:@ 
 7:;<98=AW8X ;67:9 � 7:9648?A@Y= BDC G57:x 7:@VKh2gI C @VK(=>OP;<2gq 254<;�� qS7:9<GH=>@JIs; 7:2g@=>@VKJ7:967:9N@V?uW6X � 7:XJ9nij7	� � 7:98= � 7:@ ;3qS?A@ � 7:9648?A@Y=h_1 =A4 i 7	� � 7:98= � 7:@P;��$KV=A4-KJ7:9 ��98mA467:@P;8=>;<25?A@V48=>IS7:@ ;&T m>XJ967:@VK KJ7:9 ��98mA467:@P;8=>;<25?A@
B 7:2gIs;���XY=>; 7:2g@V7:@ Is96?
	S7:@ E�2g@D" C 464 = C ZMKh257-IS7D4 = � ;67 � 2g9<O C @JI 7:2g@V7:9 ��98mA467:@ ;8=>;<25?A@ _1M7:@ ij7	� � 7:98= � 7:@ ;<Is98=AK'qS?A@ � 7:9646?A@Y= x 7D4<;<2 � � ; Kh257 ) =>9<2H=>xJG57l1ME J & � ��iUQ &3e$a
� E )ME��$� Kh257 � 7DKJ7:9 B 7:2g; qS? � ��98mA467:@P;8=>;<25?A@V4 �JGH=>@V7:9 x B T _�K C 96W6X KJ7:@ 
 7:@ C ; B 7:9 IS7 am>@VKJ7:9<;MTo7:96KJ7:@ Os=>@J@ _ �3=>;MKh257 ) =>9<2H=>xJG57 KJ7:@ �l7:9<; z � 46? 7:@P;64 �J9<25W6XP; Kh257D4M7:2g@V7:9M7ZYua;<967	� 4 =AW6XJGg25W6XV7:@ ��98mA467:@P;8=>;<25?A@ _FEF4 To7:96KJ7:@ @ C 9oKh257n=>xV46?AG C ;F@V?A;bT 7:@VKh2gIS7:@��$Ou;<25?A@V7:@K C 96W6XJIS7 Z\wJXJ9<;`_�1M7:9 �l7:9<; � x 7DKJ7 C ;67:; � =6Yh2 � =>G57D4�ij7	� � 7:98= � 7:@ ;`_ � C 9 � C "Y?PW8OS7:9 C @JITo7:96KJ7:@+2g@+Kh257 �F98mA467:@ ;8=>;<25?A@ =>@ qu257:G57:@�rP;67:GgG57:@ �nOu;<25?A@V7:@ 7:2g@JIS7 ZfwJIs;�� Kh257 x 7D46?A@VKJ7:967
� 7:x 7:@VKh2gIsOS7:2g;3= C 4646;<98=>XJG57:@ _13257 k C @JOu;<25?A@Y=>Gg2g;8m>;$TU2g96K K C 96W6X+Kh257 r � 7 B 2H=>G Z ?A9 �
�	����������� �0@��A��	��

A����	���+
�� ��	���������E��
 � ,�,
, ����#�%�'E������%�� �!&�������&��(� �	��& � ��-
+
,�,
,
�� ��	���������E��
 � ,�,
, ����#�%�'E������%�� �!&�������&��(� �	��&�� ��-
+
�
-E���������A��� @��A��	���
�����	���+
967`=>Gg254<257:9<;`_ E�9<967:25W8X ; KJ7:9 L 7:@V7:98=>;6?A9 7:2g@V7:@l46?AG5W6XV7:@ 
 7 Z 7:XJG(� 46? qS7:9<IsG57:25W6XP; 7:9 Kh257

�l7:9<;67�qA=>G � �g_D_D_ � qA=>Gg@ � 2g;+KJ7	� =>Ou; C 7:GgG57:@ �l7:9<; KJ7:9 ) =>9<2H=>xJG57�1ME J & � ��iUQ &3e$a
� E )ME�� C @VK Z\wJXJ9<;�Kh257U7:@ ;64 �J967DW8XV7:@VKJ7��$Ou;<25?A@ = C 4`_
� C 7:964<;�TU2g96K IS7	�J9<whZf;��s?Ax Kh257 BDC 9
)F7:9 Z\wJI C @JIM46;67:XV7:@VKJ7 � 7:2g; @V?PW8X = C 46967:25W6XV7:@VK 254<;U]\K _ X _ Z =>GgG54jOS7:2g@V7 � 7:2g; � 7:XJ9 BDC 9 )F7:9 aZ\wJI C @JI-4<;67:XP;��YT 7:96KJ7:@ =>GgG57 
 7 Z\7:XJG57 2g@J@V7:9<XY=>Ggx�KJ7D4ni =>IS4MQ eMruE���i ab1ME J & � ��iUQ &3e2gIs@V?A9<257:9<; c _ EF2g@ 
 7:254 �J257:G Z\wJ9N7:2g@V7��$@PTo7:@VK C @JI-254<;U2g@ �nxJxJ2gG5K C @JI �V_ �'� =>@JIS7:IS7:x 7:@ _e37:x 7:@ Kh257D467:9o7:2g@hZ =AW6XV7:@ � C 4<T =>XJG qS?A@ LM7D4<;67:@-O �A@J@V7:@ = C W8X OS? � �JG57ZYJ7 
 7 Z 7:XJG54 a
� =>Ou96?s4o2g@J@V7:9<XY=>Ggx&qS?A@ Q eMruE���i ab1ME J & � ��iUQ &3e�7:2g@JIS7D467:; B ; To7:96KJ7:@%� C ��Kh257 ��98m[a467:@P;8=>;<25?A@ =>x T 7DW6XV4<G C @JIS46967:25W6XV7:9 BDC IS7D4<;8=>Gg;67:@ _
��������� � � � ��������� � � ����, � ������� � � �!, ���!�

p � Kh257M7:9 B 7 C Is;67:@ ��98mA467:@P;8=>;<25?A@V7:@ =>xPTo7DW6XV46G C @JIS4<967:25W6XV7:9 BDC IS7D46;8=>Gg;67:@%�h254<; 7D4 TU25W8Xha;<2gI#�hKV=A464 @J25W6XP; 2 � � 7:9UKh2573IsG57:25W6XV7:@ 
 7 Z 7:XJG546467 � C 7:@ B 7:@-x 7:@ C ; B ;UT 7:96KJ7:@ _ � C Kh257D467	�
� To7DW8O^OA=>@J@ � =>@ qS7:964 C W6XV7:@%� BDC 7:2g@J2gIS7:@ � C ZfI =>x 7:@ m � C 2gqs=>G57:@ ;67�� =>x 7:9 ;<96?A; B KJ7	�C @ ;67:9648W6XJ257DKhGg25W6XV7 ru7 � C 7:@ B 7:@ BDC KJ7Z�V@J257:967:@ C @VK KV=>@J@ = C 4UKJ7:9Uv+7:@JIS7MKJ7:9Uv �AIsGg25W8XhaOS7:2g;67:@ BDC Z m>GgGg2gI 7:2g@V7 =>Ou; C 7:GgG57 ��98mA467:@P;8=>;<25?A@V46467 � C 7:@ B = C 4 BDC T m>XJG57:@ _

� C Kh257D487	� � To7DW8O x 7:XV7:9<9646W8X ;nKJ7:9 � 7:9646?A@Y=[a L 7:@V7:98=>;6?A93KJ7:@ 
 7 Z 7:XJG(�
����	��A@���������������������������� ��		������+
��
�������	�� � -
+



� ��� � 
 ����� ��� � � ������� ��� � � �`z'&
���������
	
�
���
������	
�
���������
�����
�������
�� !����"�������#
$���%&��'���(��
'�)&*�+-,/.�*�0��
������1�2&$����3����"�������#�$���%&��'���(���'�)�*�+4,657*�0��
��1�#���%��
�����8����"�������#
$���%&��'���(��
'�)&*�+�*�0
�
�
0��������
	������
������	
�
���������

`���9?0#]?>�:
;[0SG?4XT%��H#�IT=<�>�8 ? `���9?0#]?>�:�;X0#G?4XTj�fH#�IT�<�>�8 @ `���9A0S]A>�:
;[0SG?4XTj�fH#�IT�<�>�8 A

�$xJxJ2gG5K C @JI �V_ �'� �$�n@ To7:@VK C @JI qS?A@ Q eMruE���i ab1ME J & � ��iUQ &3e

,�,
,
��
�������	�����-
+
��-���	���@�������� � ����������������� ��		������+

KJ7:9 7D4 7:9<GH= C xJ;�� BDC Z m>GgGg2gI 7:2g@V7 �$Ou;<25?A@ = C 4 BDC T m>XJG57:@ C @VK^467:2g@V7-1M7:OS? � � ?s4<2g;<25?A@ =>@Kh257D467:93rP;67:GgG57 2g@ KV=A4 �J9<2 � 2g;<2gqS7 � 7:9646?A@Y=[a rPOu9<2 �J;37:2g@ BDC Z\wJIS7:@ _1 C 96W6X�Kh257 1M7Z�V@J2g;<25?A@ ���AIsGg25W6XV4<;3qu257:G57:9$46?AG5W6XV7:9 �nOP;<25?A@V7:@+OA=>@J@ 7:2g@V7 x 7D46?A@VKJ7:964=>x T 7DW6XV4<G C @JIS46967:25W6XV7 ��98mA467:@P;8=>;<25?A@�7:9 B 7 C Is; To7:96KJ7:@%�jTo?Ax 7:2 KJ7:9 E�� 7:OP;M@V?uW6X�K C 96W8XruW6XY=AW8X ;67:G C @JI � 7:XJ967:967:9nKh257D487:9��$Ou;<25?A@V7:@ qS7:964<;8m>9<Ou;NTo7:96KJ7:@ OA=>@J@ _Q � LM7:IS7:@V48=>; B BDC KJ7:9 2 � � 7:9646?A@Y=[a���GH=%FS7:9 2 � �JG57	� 7:@ ;<257:9<;67:@ k C @JOu;<25?A@%� Kh257 7D47:9<GH= C xJ; = C 4-7:2g@V7:9-v 7:@JIS7&qS?A@ �nOP;<25?A@V7:@%�UKh257 2g@ qS?AGgG54<;8m>@VKh2gI�7ZY �Y=>@VKh257:9<;67:9 kV?A9 �2g@J@V7:9<XY=>Ggx KJ7D4��J9<2 � 2g;<2gqS7:@ rPOP9<2 �J;67D4FZfwJ9 KJ7:@ � 7:9648?A@Y=[a���GH= FS7:9UqS?A9<Gg257:IS7:@%� BDC Z m>GgGg2gI 7:2g@V7
�nOP;<25?A@&= CJBDC T m>XJG57:@%�VO �A@J@V7:@ � 2g; Kh257D467	� 
 7 Z 7:XJG @J25W6XP;U@ C 9 x 7D46;67:XV7:@VKJ7 ij7:2gG54<Ou9<2 �J;67= C 4<IS7:T m>XJGg; To7:96KJ7:@%� 48?A@VKJ7:9<@l7D4MO �A@J@V7:@�= C W6X @V7 C 7 1 =>;67:@ ] B _ 
3_jr �J98=AW8XY= C 4<I =>x 7 cIS7:@V7:9<257:9<;$T 7:96KJ7:@ _

��@��������������
������?����;�	��
 ����� ������B	�
&������E��������'*#���� �� ���+
����	���@������
� � ����������������� ��		���
��+
��'��A����� ��%�%�G�-�+
���
��� ��G�� �� �-
+
�	��������G ���
#�� ��B�#���� ,CB ���
��� �E������� ����� ������B�&�� , ��-�+
�
-���	���@������
� ������������������� ��	E���
��+

�
-�@���������������������?�����+

�nxJxJ2gG5K C @JI �V_ �`y � )3254 C =>Gg254<257:9 C @JI 7:2g@V7:9Ur C W8XY=>@hZf98=>IS7�� 
 7:2 � 7DKJ7:9 @V7 C 7:@ r C W6XY=>@hZ\98=>IS7TU2g96K = C 4NKJ7:9nv+7:@JIS7 KJ7:9NKJ7Z�V@J257:9<;67:@��$Ou;<25?A@V7:@ BDC Z m>GgGg2gI 7:2g@V7 LM7D46;67 = C 4<IS7:T m>XJGg;`_



�`z � � � ��� ����� � � � ����� ��
(� ��� � � � ��� � ������� �������
� ��
 � � � ��� ����� ���

��������� � ��� � ������� ���'& ����� � ��� � � ��� ,�� � #'�
� 
 ��� ��� �

1M7:9 ��98mA467:@P;8=>;<25?A@V48=>IS7:@ ; 46;67:GgGg; 7:2g@V7 v��AIsGg25W6XJOS7:2g; x 7:967:2g;���LM7D4<;67:@�2g@ �nxJXYm>@JIs2gIsOS7:2g;qS? ��=>OP; C 7:GgG57:@ 
 LM7 ZfwJXJG54 BDC 4<;8=>@VK � = C 4 BDC T m>XJG57:@ _ QR@+Kh257D487:9M7:2g@hZ =AW6XV7:@ �n7`=>Gg254<257:9 C @JITU2g96K^Kh257D467:9 LM7 ZfwJXJG54 BDC 4<;8=>@VK^KJ7D4
�nIS7:@ ;67:@ K C 96W8X 7:2g@V7 ) =>9<2H=>xJG57 k�EFE��jQRe L�967`=>Gg2 a4<257:9<;��FKh257 7:2g@V7:@ �l7:9<; B TU2546W6XV7:@ z C @VK � =>@J@V7:X�� 7:@ OA=>@J@ _ QR@^Kh257D467	� 7:2g@hZ =AW8XV7:@v ?PKJ7:GgGUTUwJ96KJ7 z 7:2g@V7:@ ;<257 Z\;<98= C 9<2gIS7:@��nIS7:@ ;67:@ C @VK � 7:2g@V7:@ wJx 7:98= C 4 IsGgwVW8OPGg25W8XV7:@
�nIS7:@ ;67:@ 967	�J98mA467:@P;<257:967:@ _ Q�� )F7:9<GH= C Z 7 7:2g@V7:9 ��98mA467:@P;8=>;<25?A@ Os=>@J@ K C 96W6X v�=>@J2 � C aGH=>;<25?A@�qS?A@ k E E�� Q eML KJ7:9 LM7	� wJ;64 BDC 4<;8=>@VK KJ7D4 �$IS7:@P;67:@ qS7:98m>@VKJ7:9<; To7:96KJ7:@ _ 
 7:2 a4 �J257:G54<T 7:25467MOs=>@J@ K C 96W8X KV=A4UkV7:XJG546W8XJGH=>IS7:@+7:2g@V7D4 ��GH=>@ C @JIS4 B 257:G57D4$Kh257 rP;<2 � � C @JI KJ7D4
�nIS7:@ ;67:@ 4<2g@JOS7:@%�YK _ X _FKh257 ) =>9<2H=>xJG57 k�EFE�� Q e L�TU2g96K&qS7:9<9<2g@JIS7:9<;`_o1n257D487 )F?A9<IS7:XV7:@V4 aTo7:25487 254<; = C W6Xl2 � & B a r�Fh4<;67	� =>@ BDC ;<967�� 7:@�� 
U=>;67D4 7:; =>G _ � �%E'Esy W � _ 1 C 96W6X )F7:9<T 7:@haK C @JI KJ7D4��n?A@V4<;<9 C Ou;64
�
� ��	�� �
����>���� ��+
��
�������	�� � ��#���BE�
&E��F����
&����� �����F � ��-
+
,�,
,
��
�������	���� ��#���BE�
&E��F����
&����� �����F��(��-
+
�
-�� ��	�� ���
�A>���� ��+

TU2g96K 7D4U2g@J@V7:9<XY=>Ggx 7:2g@V7D4nrPOu9<2 �J;67D4����AIsGg25W6X%� 7:2g@V7 �Y=A46467:@VKJ7 L 7D4<;67 = C 4 BDC T m>XJG57:@ _
��������� � � � ��� ��
$� � ��� �!� � ����� �!�

13257UE�2g@JI =>x 7D4 �J98=AW6XV7NZfwJ9FKh257��F98mA467:@ ;8=>;<25?A@ 7:@ ;<XYm>Gg;o= C W8X 7:2g@ �$?A@V46;<9 C OP;��PKV=A4 =>@Y=>G5?AIBDC KJ7:@&2 Zfa �$@PTo7:254 C @JIS7:@ IS7:T �AXJ@JGg25W8XV7:9 �F96?AIs98= � � 257:964 �J98=AW6XV7:@ Z C @JOP;<25?A@J257:9<;`_
�	� � #�%���� ���*��%����(� B ��� ���� �BA�� (��+
�E� �

�������	���-
+
����>�����
 ������	���-
+
�
-E� ��+

1 =>x 7:2NOA=>@J@ Kh257 
 7DKh2g@JI C @JI�2g@ KJ7:9-=>Ou; C 7:GgG57:@�)F7:964<25?A@ � 	 � ] ZfwJ9 @ C � 7:9<2546W8XV71 =>;67:@ c C @VK � Z\wJ9 x 7:Gg257:xJ2gIS7 1 =>;67:@ ; F � 7:@ =>G54�& � 7:98=>;6?A9 7:@P;<XY=>Gg;67:@ _�E�2g@V7 
 7DKh2g@haI C @JI Os=>@J@ �n?A@V4<;8=>@ ;67:@ C @VK�) =>9<2H=>xJG57:@ 7:@ ;<XY=>Gg;67:@ _F13257�
 7DKh2g@JI C @JI � C 464o2g@ ��98m6��Yuae3?A;8=>;<25?A@ qS?A9<Gg257:IS7:@ _ �n@ rP;67:GgG57+qS?A@ Q k � � iUQ &3e�x B T _ E�� ruE$� � iUQ &3e�O �A@J@V7:@x 7:Gg257:xJ2gIS7 LM7D4<;67:@+= C Z\IS7:9 C Z 7:@ To7:96KJ7:@ _
��������� �)�!� 
 ���'&$
$�!����� � �

� 2gGgG � =>@ 2g@ 7:2g@V7:9 ��98mA487:@ ;8=>;<25?A@)Kh257&Z\wJ9-7:2g@V7 ��98mA467:@ ;8=>;<25?A@ BDC 9 )F7:9 ZfwJI C @JI^4<;67 aXV7:@VKJ7 � 7:2g; x 7:9<wVW6Oh4<25W6XP;<2gIS7:@%� 46? � C 464 7:2g@V7:96467:2g;64 46W6XV?A@(qS? � �F98mA467:@ ;8=>;<25?A@V4 �JGH=>@V7:9Kh257$7:@P;64 �J967DW6XV7:@VKJ7MQR@hZ\?A9 � =>;<25?A@-Z\wJ9 KJ7:@ ��98mA487:@ ;8=>;<25?A@V48=>IS7:@P;67:@ x 7:967:2g;oIS7D4<;67:GgGg; T 7:9 aKJ7:@ ]��nxV46W6XJ@J2g;<; � _ � _ � c � =>@VKJ7:967:96487:2g;64 � C 464 KJ7:9 �F98mA467:@ ;8=>;<25?A@V48=>IS7:@P; Kh257 k�m>XJ2gIsOS7:2g;x 7D4<2g; B 7:@%� Kh257 � 7:2g; a J ?A@V4<;<98=>2g@ ;64 x 7:2FKJ7:9 p � 467:; BDC @JI KJ7:9 ��98mA467:@J;8=>;<25?A@V4 = C ZfI =>x 7 BDCx 7:9<wVW6Oh4<25W6XP;<2gIS7:@ _QR@ �$7`=>GH=>@ T 7:@VK C @JIS7:@ 254<;�7D4�@V?A;RTo7:@VKh2gI#�h= C Z B 7:2g;<Gg25W6XV7 
 7:@ C ; B 7:9 �J98m[Z\7:967:@ B 7:@ 7:2g@haBDC IS7:XV7:@ _ 
 7:254 �J257:G54<To7:25487o2546; 7D4 @J25W6XP;F4<2g@J@ qS?AGgG(� 7:2g@V7:@ 
 7:@ C ; B 7:9��PKJ7:9 C @P;67:9 � 7:2g;6Kh9 C W6O



� ��� � 
 ����� ��� � � ������� ��� � � �`z��
4<;67:XP;�� � 2g; C @J@#�A;<2gIS7:@ ]\K _ X _ @ C 9 KJ7:9 � C 4646W6X�� wVW6O C @JI Kh257:@V7:@VKJ7:@ c��$@J2 � =>;<25?A@V48467 a
� C 7:@ B 7:@ BDC 4<;��A967:@%� 46?A@VKJ7:9<@ � =>@�46?AGgGg;67 To7:@J@�2g9<IS7:@VK ���AIsGg25W8X Kh257 ��98mA467:@J;8=>;<25?A@V4<a= C Z\I =>x 7-2g@ ���AIsGg25W6XV4<; O C 9 B 7:9 � 7:2g; K C 96W6XhZ\wJXJ967:@ _ &nxPTo?AXJG$Kh257 �3= C �J;8= C Z\I =>x 7-x 7:2KJ7:9
�$?A@ B 2 �J257:9 C @JI 7:2g@V7:9F7�� B 257:@ ;67:@ ��98mA487:@ ;8=>;<25?A@ C @P;67:9 
 7:9<wVW6Oh4<25W6XP;<2gI C @JI qS?A@ B 7:2g; aGg25W6XV7:@PJ ?A@V4<;<98=>2g@P;64 x 7:2 KJ7	� ��98mA487:@ ;8=>;<25?A@V464 Fh4<;67	� Gg257:Is; � �$254<; 7:; =>G _ � �%E'E(��� ��Os=>@J@KJ?uW6X+= C W8X KJ7:9���98mA467:@P;8=>;<25?A@V48=>IS7:@ ;32g@J@V7:9<XY=>Ggx 467:2g@V7:9$v��AIsGg25W6XJOS7:2g;67:@ Kh257 ��98mA467:@P;8=[a;<25?A@+=>@��Y=A4648467:@ _p � Kh257 � 7:2g;<qS7:9<;67:2gG C @JI(2g@J@V7:9<XY=>Ggx 7:2g@V7:9 ��98mA487:@ ;8=>;<25?A@ BDC ?A9<I =>@J254<257:967:@%�U4<;67:GgGg;KJ7:9 � 7:9646?A@Y=[a LM7:@V7:98=>;6?A9MKV=A4��$?A@V46;<9 C OP;
�����������0@������
��� B ?=����	���+
��
	������	�� � ����
*��� ������'*� �AB
����%������ � � ��-
+

,
,�,
��
	������	���������
*��� ������'*� �AB
����%������ �
�(��-
+

�
-���������� @������
��� B ?A����	���+

BDC 9�)F7:9 Z\wJI C @JIV_ v+2g; KJ7D46467:@ �$2gG Z 7 254<; 7D4 ���AIsGg25W6X%�jKh257 Z\wJ9 7:2g@V7 ��98mA467:@ ;8=>;<25?A@V4<a= C Z\I =>x 7-7:2g@JIS7:98m C � ;67 � 7:2g; = C Z$Kh257-7:2g@ B 7:Gg@V7:@ ��98mA467:@ ;8=>;<25?A@V4846W6XJ9<2g;<;67 BDC qS7:9<;67:2gG57:@ _
�n@ rP;67:GgG57 qS?A@ � J iUQ &3e � _D_D_ � J iUQ &3e3e�O �A@J@V7:@ x 7:Gg257:xJ2gIS7 � 7:9646?A@Y=[a��n7:IS7:Gg@ x 7 a@ C ; B ;nTo7:96KJ7:@ _1 =A4 �$?A@V4<;<9 C Ou; To7:9<;67:; Kh257 p � IS7:x C @JIS46qA=>9<2H=>xJG57 v�� �M1Mp � ��iUQ &3e�= C 4 �NKh257Kh257 � =6Yh2 � =>G57 � 7:2g;6KV= C 7:9 KJ7D4 =>OP; C 7:GgG57:@ �F98mA467:@ ;8=>;<25?A@V4648W6XJ9<2g;<;67D4 KJ7Z�V@J257:9<;`_^1 C 96W8XKV=A4 � ;<;<9<2gx C ;�
 ;<2 � 7DKh254<;<9<2gx C ;<25?A@�� � 7DKJ7D4&r C xJOS?A@V4<;<9 C OP;64 TU2g96K Kh257D467 LM7D48= � ; B 7:2g;= C Z Kh257 7:2g@ B 7:Gg@V7:@ �nOu;<25?A@V7:@ qS7:9<;67:2gGg;`_�1n257 �l7:9<;67 Kh257D467:9 � ;<;<9<2gx C ;67 4<2g@VK � =>XJG57:@
B TU2546W8XV7:@ z C @VK � _�rP257 967	�J98mA487:@ ;<257:967:@ KJ7:@ � 7:2g;8=>@ ;67:2gG(� KJ7:@(Kh257D467 �$Ou;<25?A@^=>@(KJ7:9LM7D48= � ; B 7:2g; KJ7:9 I =>@ B 7:@ & � 7:98=>;<25?A@(XY=>;`_ 1 C 96W6X^Kh257 v��AIsGg25W6XJOS7:2g;��
�$?A@V46;<9 C OP;67 BDC46W8XY=AW6X ;67:Gg@%� 7:9<Is2gxJ;N4<25W6X KJ7:9 )F?A9<;67:2gG(� � 7:2g;6WD?A@V46;<98=>2g@ ;64UZ 7:2g@V7:9 BDC 4 � 7 B 2�� B 257:967:@ _
�l7:@J@7:2g@V7 � 7:2g;<wJx 7:9646W8XJ967:2g; C @JI x 7:2 KJ7:9
�$xY=>9<x 7:2g; C @JI+KJ7:9 �$7:IS7:G 7:2g@P;<9<2g;<;���46?&To7:96KJ7:@(Kh257967D4<;<Gg25W8XV7:@ �$?A@V46;<9 C OP;67 2gIs@V?A9<257:9<;`_

�����������������������������
�����������������������������
�����������������������������
�����������������������������

�����������������������������
�����������������������������
�����������������������������
�����������������������������

�������������������
�������������������
�������������������

�����������������
�����������������
�����������������

<Explain-Device/>

<WalkTo/>        

<ReadBook/>

<PointToObject/>

<DescribeObjectVerbally/>

<Explain-Device/>

<PointToObject/>

<DescribeObjectVerbally/><SetPosition/>

�$xJxJ2gG5K C @JI �V_ �%& �$�n@��Y=A464 C @JI KJ7:9��n@J2 � =>;<25?A@+=>@ B 7:2g;<Gg25W8XV7 
 7DKh2g@JI C @JIS7:@
QR@ �$xJxJ2gG5K C @JI �V_ �%& 254<; KV=>9<IS7D4<;67:GgGg;�� TU257 4<25W6XlKh257 E�Y��Y=>@V4<25?A@lKJ7D4 IsG57:25W6XV7:@�v�=[aOu96?s4 C @ ;67:9 C @ ;67:9648W6XJ257DKhGg25W6XV7:@ B 7:2g;<Gg25W8XV7:@ 
 7DKh2g@JI C @JIS7:@&m>@VKJ7:9<@ OA=>@J@ _ �M=>; � =>@ qu257:G

� 7:2g; BDC 9 )F7:9 ZfwJI C @JI#� 46? Os=>@J@ = C W8X+Kh257 �F98mA467:@ ;8=>;<25?A@ � 2g;�� 7:XJ9M= C 4646W6X�� wVW6OS7:@VKJ7:@



�`z H � � ��� ����� � � � ����� ��
(� ��� � � � ��� � ������� �������
� ��
 � � � ��� ����� ���

E�G57	� 7:@P;67:@ = C 4<IS7D4<;8=>;<;67:; To7:96KJ7:@ _ v C 464 Kh257 �F98mA467:@ ;8=>;<25?A@)2g@ OPwJ9 B 7:967:9 � 7:2g;&=>xhaGH= C Z 7:@%��46? T 7:96KJ7:@ LM7D4<;67:@^K C 96W6X^OPwJ9 B 7:967 LM7D46;67:@(7:96467:; B ;&] B _ 
M_ ��=>GgOhij? TU2g96K BDCru7:; � ?s4<2g;<25?A@ cN?uKJ7:9UI =>@ B T 7:IsIS7:GH=A46467:@(] B _ 
M_��n7`=AK�
 ?u?AOVc _1 C 96W6X�E�2g@hZfwJI C @JI qS?A@ ���3QRi a �n@ T 7:254 C @JIS7:@ � 2g; qs=>9<2H=>xJG57:9 �jm>@JIS7 ]f2g@ �nxJXYm>@haIs2gIsOS7:2g;$KJ7:9UqS?A@ iUQ v+E�ab13Q<rui �$Q�
 pniUQ &3e �J96? �Y=>Is257:9<;67:@ � 7:2g;64 �Y=>@J@V7 c GHmA464<;U4<25W8X Kh257
� 7:2g;6KV= C 7:9 7:2g@V7:9 ��98mA467:@P;8=>;<25?A@ 2g@VKh2gqu25K C 7:GgG 2g@ OuG57:2g@V7:@ QR@ ;67:9<qs=>GgG57:@ =>@ Kh257���98m[Z 7:967:@ B 7:@KJ7D4 ��98mA487:@ ;8=>;<25?A@V464 Fh4<;67	� 4 =>@��Y=A46467:@ _ E�2g@V7 ��98mA487:@ ;8=>;<25?A@�Os=>@J@l46? 967:GH=>;<2gq 7:2g@hZ =AW8X
B 7:2g;<Gg25W6X+IS7D4<;<967DW6Ou;$?uKJ7:9NIS7D4<;8= C W8X ;$T 7:96KJ7:@ _

� 
	� � ���.� ����� �
��
 ����� � � �  %� ��������� 
�$��

�� �

1 = � 2g; 7:2g@V7 "V257 	S7:@VKJ7 �n@J2 � =>;<25?A@(KJ7D4 ��98mA467:@P;8=>;<25?A@V48=>IS7:@ ;67:@ ���AIsGg25W8X�TU2g96K"� � wV4 a467:@ Kh257 qS?A@ 2gX���qS7:9<To7:@VKJ7:;67:@�LM7D4<;67:@ G5?AIs2546W6X OS?A9<967:OP;M= C Z\7:2g@Y=>@VKJ7:9nZ ?AGgIS7:@ _U1M=>x 7:24<2g@VK r �J9<wJ@JIS7 B TU2546W6XV7:@ KJ7:@^7:2g@ B 7:Gg@V7:@ LM7D4<;67:@ BDC qS7:9 � 7:25KJ7:@ _ Q 4<; x 7:254 �J257:G54<T 7:25467Kh257 =>OP; C 7:GgG57 L 7D4<;67n7:2g@V7 � 7:2gIS7:IS7D46;67 � 2g;NKJ7:9 Gg2g@JOS7:@ �M=>@VK C @VK 2546; Kh2573@YmAW6XV46;67 LM7D4 a;67 7:2g@V7 � 7:2gIS7:IS7D46;67 � 2g; KJ7:9 967DW8X ;67:@ �3=>@VK"� 46? � wV46487:@%� KV= � 2g; Kh257 LM7D4<;67:@lG5?AIs2546W8X= C Z 7:2g@Y=>@VKJ7:9oZ ?AGgIS7:@%� B TU2546W6XV7:@&KJ7:@ x 7:25KJ7:@&LM7D4<;67:@ �$Ou;<25?A@V7:@ 7:2g@JIS7 Z\wJIs; To7:96KJ7:@%�hKh257@Y=AW6XV7:2g@Y=>@VKJ7:9 Kh257 7:2g@V7 � 7:2gIS7:IS7D4<;67 x 7D7:@VKJ7:@ C @VK KV=>@Y=AW8X 2g@ Kh257 OS?A9<967:OP;67 B T 7:2g;67 � 7:2 aIS7	� ?s4<2g;<25?A@ wJx 7:9<IS7:XV7:@ _�p ��Kh257 LM7:@V7:9<257:9 C @JIM7:2g@V7:9 ��98mA487:@ ;8=>;<25?A@ ZfwJ9 KJ7:@��n@ T 7:@VKJ7:9BDC qS7:967:2g@hZ =AW6XV7:@%��� C 464 KJ7:9 LM7:@V7:98=>;6?A9 2g@�KJ7:9 �j=>IS7 467:2g@%��Kh257D467 LM7D46;67:@ wJx 7:9<I m>@JIS7= C ;6? � =>;<2546W8X BDC x 7:967DW8XJ@V7:@ _ p$@P;67:9 �n@ To7:@VKJ7:9 TU2g96K XJ257:9 7:@ ;RTo7DKJ7:9 KJ7:9 
 7:@ C ; B 7:9��KJ7:9 Kh257-E�2g@JI =>x 7D4 � 7 B 2��VOA=>;<25?A@^qS?A@ �3=>@VK(7:964<;67:GgGg;���?uKJ7:9 7:2g@ ��98mA467:@ ;8=>;<25?A@V484 Fu46;67	� �KV=A4 Kh257 r � 7 B 2��VOA=>;<25?A@ IS7:@V7:9<257:9<;��oqS7:964<;8=>@VKJ7:@ _^p � Kh257D4 BDC 7:9 ���AIsGg25W6XV7:@%� O �A@J@V7:@Kh257 �J9<2 � 2g;<2gqS7:@+LM7D4<;67:@ � 2g; )F?A9 a C @VK e3=AW8X x 7DKh2g@JI C @JIS7:@+=>@J@V?A;<257:9<; To7:96KJ7:@ _o1 C 96W8XKh257D467 
 7DKh2g@JI C @JIS7:@^TU2g96K(KJ7:9 QR@JXY=>Gg; KJ7:9 LM7D4<;67:@�ZfwJ9 KV=A4 LM7:@V7:9<257:9 C @JIS4 � ?PK C G G5?>aIs2546W8X�x 7D46W6XJ9<257:x 7:@ _�� C 4 KJ7:9 G5?AIs2546W8XV7:@ L 7D4<;67:@ x 7D46W6XJ967:2gx C @JI�Os=>@J@�KJ7:9 LM7:@V7:98=>;6?A9Kh257 � x 7:9<I m>@JIS7$x 7D4<;<2 � � 7:@ C @VK =>@ KJ7:@ 7:@ ;64 �J967DW8XV7:@VKJ7:@ rP;67:GgG57:@-2g@ KV=A4UrPOP9<2 �J; 7:2g@haZ\wJIS7:@ _n1 = OS? � �JG57ZYh7 LM7D4<;67:@ 2g@ �J9<2 � 2g;<2gqS7 LM7D4<;67:@ B 7:9<G57:Is;3T 7:96KJ7:@%� IS7:@ wJIs; 7D4�� Kh257
�J9<2 � 2g;<2gqS7:@�L 7D4<;67:@ � 2g; 
 7DKh2g@JI C @JIS7:@ BDC =>@J@V?A;<257:967:@ _13257N=>Ou; C 7:GgG57:@ � C 4<;8m>@VKJ7UKJ7D4���98mA487:@ ;8=>;<25?A@V48=>IS7:@P;67:@-2g@ 
 7 BDC I = C Z Kh257U7:2g@JIS7D467:; B a;67:@lLM7D4<;67:@ To7:96KJ7:@lK C 96W6X i C � 7:G�KV=>9<IS7D4<;67:GgGg;`_ 
 7:254 �J257:G54<T 7:25467 x 7DKJ7 C ;67:; KV=A4Mi C � 7:G]fG57 Z\;8=>9 � 4<;8=>@VKV=>96KYc ��KV=A464 4<25W6X^KJ7:9 Gg2g@JOS7 �$9 � 2g@�KJ7:9 rP;8=>@VKV=>96K � ?s4<2g;<25?A@^x 7Z�V@VKJ7:;`_1M7:9$=>OP; C 7:GgG57 � C 4<;8=>@VK 7:2g@V7D4��nIS7:@ ;67:@+254<;N7:2g@V7 v 7:@JIS7 46?AG5W6XV7:93i C � 7:G _p � Kh257 )F?A9 a C @VK e3=AW8X x 7DKh2g@JI C @JIS7:@-Z\wJ9 Kh257 �J9<2 � 2g;<2gqS7:@&LM7D4<;67:@ Z ?A9 � C Gg257:967:@ BDCO �A@J@V7:@%�uTU2g96K-Kh257 r�Fu@ ;8=6Y BDC 9 137Z�V@J2g;<25?A@&Kh257D467:9NLM7D4<;67:@ C � Kh257 � ;<;<9<2gx C ;67 
 �J967DWD?A@haKh2g;<25?A@ � C @VK 
 � ?s4<;6WD?A@VKh2g;<25?A@ � 7:9<To7:2g;67:9<;��
��@����������������������

�E��
 ����� '*�� 
�
�A��%����
��"��
��'���#�%���� ������%����
� � &���F
�	��'�
 ���	�����	��'���� � '*�! ��
�E��'�
 �!�	�����=��'���� � �
#�%�����%��
#�%������
��%=����#�%���� ���*��%����(� � '*�� 
�
�E��'�
<��%�� ����" ���
��#�'*���
�����  ��=�!��B
'��$'��� 
�
����%����
��"���H�������B�&�&*��-
+


 7:qS?A9 Kh257 LM7D4<;67 = C 4<IS7 ZfwJXJ9<; T 7:96KJ7:@(Os=>@J@%�
� C 464 BDC @YmAW6XV4<; KJ7:9�� C 46I =>@JIS4 BDC a4<;8=>@VK"�hKJ7:9 wJx 7:9 Kh257 )F?A9<x 7DKh2g@JI C @JIS7:@ KJ7Z�V@J257:9<;U2546;��PXV7:9<IS7D46;67:GgGg; T 7:96KJ7:@ _FeM=AW6X&KJ7	�



� ��� � � ����������� ����� � � � � � 
 ����� � � ��� �&��� � ��� �`z(�
E�@VKJ7 KJ7:93LM7D4<;67 x 7Z�V@VKJ7:;$4<25W8X+KJ7:9��nIS7:@ ;n2g@ KJ7	� � C 4<;8=>@VK"� KJ7:9�� 2g;<;67:G543KJ7:9$e3=AW8Xhax 7DKh2g@JI C @JI KJ7Z�V@J257:9<;$254<;`_
����� ��� � �!� �'& � �!& � � � � �'& � ����� � ,�� ��� ��� 
$�!� � � 
 
$�!��� � � ���"� ���

Q � � 7:9646?A@Y=[a LM7:@V7:98=>;6?A9 T 7:96KJ7:@)Kh257 � TU2548W6XV7:@JIS7D4<;67:@ K C 96W8X 7:2g@ ��GH=>@ C @JIS4<qS7:9 Z =>Xha967:@�x 7D4<;<2 � � ;`_ EF4 T C 96KJ7:@ B To7:2 qS7:9646W6XJ257DKJ7:@V7 �n@V48m>; B 7 2 � �JG57	� 7:@P;<257:9<;�� ��GH=>@ C @JIKJ7:9$LM7D4<;67:@ � 2g;<;67:G54U7:2g@V7D4 ��GH=>@ C @JIS4 Fu4<;67	� 4NTU257n2 � kV?AGgIS7:@VKJ7:@ x 7D46W8XJ9<257:x 7:@ C @VK&=>G54B To7:2g;67:9 �$@V4 =>; B Kh257 LM7:@V7:9<257:9 C @JI-7:2g@V7D4 � C 4<;8=>@VKJ48= C ;6? � =>;64 ]��$xV46W8XJ@J2g;<; �V_ �V_ y c _1M7:9 2g@&KJ7:@ r�Fh4<;67	� 7:@��3Q�� � �n@VKh9��M7:;N=>G _ � �%E'E H � C @VK ��� � � �$@VKh9��M7:;N=>G _ � �%E'E(���7:2g@JIS7D467:; B ;67 ��98mA487:@ ;8=>;<25?A@V4 �JGH=>@V7:9 �F967 ��GH=>@ � �$@VKh9���� �%E'E���� 4<;67:GgGg; 7:2g@ ��GH=>@ C @JIS46qS7:9 aZ =>XJ967:@ BDC 9 )F7:9 Z\wJI C @JI#�VKV=A4 @J25W6XP;N@ C 9 BDC 9 ��GH=>@ C @JI qS?A@ �F98mA467:@ ;8=>;<25?A@V7:@ 7:2g@JIS7D467:; B ;To7:96KJ7:@ Os=>@J@ _ 1 =-7:9 = C W6X�2g@ 7:2g@V7:9 t =Dqs=[a()F7:964<25?A@lqS?A9<Gg257:Is;�� i 46W6XV7:9<@V? � =A4 � �%E'E'E x � �Os=>@J@ 7:9 C @�� 2g;<;67:GgxY=>9$qS?A@ KJ7	� � 7:9646?A@Y=[a L 7:@V7:98=>;6?A9nIS7:@ C ; B ;$To7:96KJ7:@ _

 7:2 � E�2g@JG57D487:@ KJ7:9��J9<2 � 2g;<2gqS7:@ L 7D4<;67:@VKJ7Z�V@J2g;<25?A@V7:@ K C 96W8X KJ7:@ � 7:9646?A@Y=[a LM7:@V7:98=>;6?A97:9 B 7 C Is;nKh257D487:9$KDFP@Y= � 2548W6X = C 4nKJ7:@ KV=>9<2g@+KJ7Z�V@J257:9<;67:@ )F?A9 a C @VK eM=AW6XPx 7DKh2g@JI C @JIS7:@

��GH=>@ C @JIS464<;<98=>;67:Is257:@%�YKh257nT m>XJ967:@VK KJ7:9 �j= C Z B 7:2g;UqS?A@ ��967 ��GH=>@%�VKJ7:9 XJ257:9U=>G54$LM7D4<;67:@ha
�JGH=>@V7:9n7:2g@JIS7D487:; B ;nTU2g96K"� 7:qA=>G C 257:9<;nTo7:96KJ7:@ _N13257 =>OP; C 7:GgG57:@ � C 4<;8m>@VKJ7 T 7:96KJ7:@�KV=>x 7:22g@ KJ7:9�� 2546467:@V4<xY=A46254NKJ7D4���GH=>@V7:9643=>xJIS7:G57:Is;`_13257 �M= C �J;64<;<98=>;67:Is257-Z\wJ9 7:2g@V7 L 7D4<;67 � 2g; KJ7	� eM= � 7:@�IS7D4<; C 967 � C 464 BDC @YmAW6XV46;rP;<98=>;67:Is257:@+=>@PTo7:@VKJ7:@%�YKh257MwJx 7:9 �J9 C Z 7:@%�J?Ax =>GgG57 )F?A9<x 7DKh2g@JI C @JIS7:@ IS7:Gg;67:@ _ kY=>GgG54UKh257 a467M@J25W8X ;$IS7:Gg;67:@%�Y46? � C 464 BDC @YmAW6XV4<;$KJ7:9UOS?A9<967:Ou;67 rP;8=>9<; BDC 4<;8=>@VK XV7:9<IS7D4<;67:GgGg;NT 7:96KJ7:@ _
� C 9 � x 7:9 �J9<whZ C @JI KJ7D4 rP;8=>9<; BDC 46;8=>@VKJ7D4 4<2g@VK ZfwJ9 � 7DKJ7 KJ7:9 2g@�KJ7:9 � 254<;67 KJ7:9�)F?A9<x 7 aKh2g@JI C @JIS7:@ qS?A9<OS? � � 7:@VKJ7 � C 46;8=>@VKJ4<qA=>9<2H=>xJG57 B To7:2 ��GH=>@ C @JIS484<;<98=>;67:Is257:@�@V?A;bTo7:@VKh2gI �E�2g@V7 rP;<98=>;67:Is257�� Kh257 BDC ;<9<2 � ;��hZ =>GgG54$KJ7:9 � C 4<;8=>@VK 7:9 Z\wJGgGg;N254<;��
� ����F*� �����0��&���� �!%�����'E����%�' C ���A������' � 
�� � ���E����� �E�
&�� �

C #�%����!�
'	��� ����� � B ��>
� � ���	����� �	��&�� �
C � �=F���'*��%�'�� ��� 
 � � ��%
%������ ���

QR@(Kh257D487	� k =>GgG 2546; OS7:2g@V7 �nOP;<25?A@(@V?A;bT 7:@VKh2gI#�oKh257 �J9<2 � 2g;<2gqS7��$Ou;<25?A@(@V?P? �(XY=>;OS7:2g@V7�k C @JOu;<25?A@ _ kY=>GgG54 =>GgG57:96Kh2g@JIS4&KJ7:9 � C 4<;8=>@VK @J25W6X ;&Is2gGg;��n46? � wV46467:@ BDC @YmAW6XV46;
�nOP;<25?A@V7:@ = C 46IS7 ZfwJXJ9<;-To7:96KJ7:@ _ k wJ9 Kh257D467 �nOP;<25?A@V7:@ OS? � � 7:@ Kh257 � 7:@J2gIS7:@%� Kh257 2g@2gXJ967:9 eM=AW6X x 7DKh2g@JI C @JI KJ7:@ Z 7:XJG57:@VKJ7:@ � C 4<;8=>@VK�XY=>x 7:@%� 2g@�kV98=>IS7s_ k wJ9 LM7D4<;67:@ � 2g;eM=AW6X x 7DKh2g@JI C @JI TU2g96K KV=>XV7:9UZ\wJ9 � 7DKJ7 eM=AW6XPx 7DKh2g@JI C @JI 7:2g@V7 rP;<98=>;67:Is257 KJ7:9NkY?A9 �
� ����F*� �����0��&���� �!%�����'E����%�'
C ����������' � 
�� ���!�	�������	�
& ���
C #�%�������'	�����
��� ����
���@��
������	���� � � B �A>
� � �����E���������E�
& ��� � B ��>
� �#�����E�������A�	��&���%�� ����� ���

,�,
,
����	���� ��� B ��>�� ���E�!�	���������	��&�� � � B �A>
� �������	���������E�
& ��%���� ����� �

C � �AF���'���%�'�� �
� 
 � � %�������'� ��	���AB
'�� ���
� 
�� � B����=�����E�����E�������0�E�
&�� �
�

�



�`z'$ � � ��� ����� � � � ����� ��
(� ��� � � � ��� � ������� �������
� ��
 � � � ��� ����� ���

7:9 B 7 C Is;`_ 13257D467 rP;<98=>;67:Is257 x 7D48=>Is;�� KV=A464 � =>@ Kh257 L 7D4<;67�
b?A;<XV7:9<IS7D4<; C 967 ��=>@haTo7:@VKJ7:@ � C 464 � C � KJ7:@ � C 4<;8=>@VK ]\4<;8=>;67 qA=>G c BDC 7:9 ZfwJGgG57:@ _ 1 =A4 254<; =>x 7:9 @ C 9 KV=>@J@
���AIsGg25W6X%�VTo7:@J@ � =>@&4<25W6X 2g@&7:2g@V7	� KJ7:9 ���AIsGg25W6XV7:@ � C 4<I =>@JIS4 BDC 46;8m>@VKJ7$Z\wJ9UKh257 LM7D4 a;67 x 7Z�V@VKJ7:;`_ � C 48m>; B Gg25W8X�KV=>9 ZNKh257-LM7D46;67 @J25W6XP; 46W8XV?A@�7:2g@�� =>GF9<wVW8OPI m>@JIs2gI IS7	� =AW6XP;To?A96KJ7:@ 467:2g@ _13257 Z\wJ9 Kh257 
 7:To7:I C @JI+x 7:@#�A;<2gIs;67-7:2gIS7:@ ;<Gg25W6XV7&rP;<98=>;67:Is257 Z\wJ9 Kh257-LM7D46;67 IS7D4<; C 9674<257:XP;$KV=>@J@ TU257MZ ?AGgIs;$= C 4��
� ����F*� �����0��&���� �!%�����'E����%�'

C ����������' � 
�� �  ��	���AB
'�� ���
C ���AF���'*��%�'�� �

� 
 � � ���	����� � �E�
& � ���
,
,�,

� 
�� � ���	�������:�E�
&������
� 

� � � ������'����
'���
(���*�����  ��	���AB
'�� ���
� 
�G �#B����	�����E���!�	������G �0�E�
&�G ���

,
,�,
� 
�
 �#B����	�����E���!�	������
 �0�E�
&�
 ���
� �

QR@ KJ7:@ pn@ ;67:9 B 257:G57:@ � � xJ254 �n@ TU2g96K BDC @YmAW8XV4<; wJx 7:9 �J9<whZf;��P?Ax =>GgG57 )F?A9<x 7DKh2g@JI C @haIS7:@�ZfwJ9 Kh257 LM7D46;67-7:9 Z\wJGgGg; 4<2g@VK _ LM7:IS7:x 7:@V7:@hZ =>GgG54 T 7:96KJ7:@^46257 XV7:9<IS7D4<;67:GgGg;`_ Qb@(KJ7	�pn@ ;67:9 B 257:G � ; TU2g96K�46W8XJGg257 	sGg25W6X�Kh257 �J9<2 � 2g;<2gqS7'�nOP;<25?A@�?PKJ7:9 LM7D46;67 = C 4<IS7 Z\wJXJ9<;`_-13257pn@ ;67:9 B 257:G57 �$O xJ254 � ��=>Ou; C =>Gg254<257:967:@ KJ7:@ � C 4<;8=>@VK _�rP257 7:9<IS7:x 7:@ 4<25W6X = C 4�KJ7:9 v 7:@JIS7KJ7:9 eM=AW6XPx 7DKh2g@JI C @JIS7:@ _FEF2g@V73rP;<98=>;67:Is257 C � KV=>;67 ab4<;8=>;67 a qs=>GVOs=>@J@ TU257 Z ?AGgIs;�Z\?A9 � C Gg257:9<;To7:96KJ7:@��
� ����F*� �����0��&���� �!%�����'E����%�' C ���A������' � 
�� �#B����=�����E�����	�������0�	��&�� �

C #�%����!�
'	��� ����� � B ��>
� � ���	����� �	��&�� �
C � �=F���'*��%�'�� � 
 � � ��%�%�� �����

� ����F*� �����0��&���� �!%�����'E����%�' C ���A������' � 
�� �#B����=�����E�����	�������0�	��&�� �
C #�%����!�
'	��� ����� � B ��>
� � ���	����� ��� �
C ��FAF���#�� ��� B ��>�� �����E�������E�
& ���

� B ��>�� �����E����������%���� ���
C ������FAF���#�� � ����&�� ���!�	����� ��� �
C � �=F���'*��%�'�� � 
 � � ��%�%�� �����

kY=>GgG543KJ7:9$OS?A9<967:Ou;67 � C 4<;8=>@VK IS7D467:; B ;$2546;�� � C 484$OS7:2g@V7 �$@VKJ7:9 C @JI K C 96W6XJIS7 Z\wJXJ9<;3T 7:9 aKJ7:@ _ k wJ9-=>GgG57 =>@VKJ7:967:@ � C 4<;8=>@VKJ4<x 7:G57:I C @JIS7:@ TU2g96K 4625W6X Kh257 �n@VKJ7:9 C @JIlIS7	� 7:9<Ou;`_
� C 48m>; B Gg25W8X � C 464UZ 7D4<;<IS7:XY=>Gg;67:@ T 7:96KJ7:@%� To7:G5W6XV7
�nOP;<25?A@ K C 96W8XJIS7 ZfwJXJ9<;3T C 96KJ7�� KV= 7D446?A@V4<; BDC 7:2g@V7:9nE�@VKhG5?s4846W6XJG57:2 Z 7 OS? � � ;`_U1n257
& � 7:98=>;6?A967:@ 7�� 7DW:; C @VK KJ7D7�� 7DW:; � =>@J2 a
� C Gg257:967:@+Kh257 � 2546467:@V46xY=A4<254NKJ7D4���GH=>@V7:964 _

� 2g96K Kh257D467D4 )F7:9 Z =>XJ967:@+7:2g@JIS7D467:; B ;�� 46? � C 464 BDC 9 
 7:967DW6XJ@ C @JI KJ7:9 LM7D4<;67:@JwJx 7:9 aI m>@JIS7MKV=A4 ��GH=>@ C @JIS46qS7:9 Z =>XJ967:@ IS7D46;8=>9<;67:; T 7:96KJ7:@ _F1M7:9 )F?A9<;67:2gG Kh257D467:9 KDFu@Y= � 2546W8XV7:@
�37:98=>@JIS7:XV7:@V4<To7:25467 254<; KV=>9<2g@ BDC 467:XV7:@%��KV=A464 @V7 C 7 LM7D4<;67:@^46W8XJ@V7:GgGo2g@(KV=A4 r�Fh4<;67	�2g@ ;67:Is9<257:9<; To7:96KJ7:@ O �A@J@V7:@ _ E 4 4<2g@VK^@ C 9-Kh257 �J9<2 � 2g;<2gqS7:@ LM7D4<;67:@ � 2g; 2gXJ967:@�)F?A9 a



� ��� � � ����������� ����� � � � � � 
 ����� � � ��� �&��� � ��� �`z'E
C @VK�e3=AW8X x 7DKh2g@JI C @JIS7:@ BDC KJ7Z�V@J257:967:@%� T ?Ax 7:2F7:qS7:@P; C 7:GgG Kh257 v+7:@JIS7 KJ7:9 ���AIsGg25W8XV7:@
� C 4<;8m>@VKJ7n7:9<To7:2g;67:9<; To7:96KJ7:@ � C 464`_�e C @ Os=>@J@ KV=A4 r�Fh4<;67	� ?AXJ@V7n7:2g@V7:@ BDC 48m>; B Gg25W8XV7:@J ? � �J2gGg257:9 C @JIS4646W8XJ9<2g;<;MqS?A@ KJ7:@ @V7 C 7:@�L 7D4<;67:@VKJ7Z�V@ ;<25?A@V7:@lLM7:xJ98= C W6X � =AW6XV7:@ _ 1 =A4r�Fh4<;67	��GHmA484<;34625W6X KV=>XV7:9 x 7D48467:93= C Z x 7D46?A@VKJ7:967 ��98mA467:@P;8=>;<25?A@V48= C Z\I =>x 7:@�=>@��Y=A48467:@ _EF4U2546;N46? "Y7ZYu2gxJG57:9`_
����� ��� � � ��� ����� �'& ����� � ����� � ���"� � � � ���'& � ��,�&�� �
�

� C 48m>; B Gg25W8X BDC KJ7	� KDFu@Y= � 2546W8XV7:@ ��GH=>@V7:@ = C 4 KJ7	� qS?A9<2gIS7:@��nxV46W6XJ@J2g;<; GHmA4646; 4<25W8X= C 4U7:2g@V7:9UKJ7:OPGH=>98=>;<2gqS7:@ 
 7D46W8XJ967:2gx C @JI 7:2g@�� C ;6? � =>;UIS7:@V7:9<257:967:@%�YKJ7:9 Kh257 ���AIsGg25W8XV7:@r�Fh4<;67	� BDC 4<;8m>@VKJ7 qS7:9<T =>Gg;67:; C @VK Kh257 L 7D4<;67:@ OS?A@ ;67ZYh;8=>xJXYm>@JIs2gI B 7:9<G57:Is;`_ 1 C 96W8XlKh257LM7:@V7:9<257:9 C @JI 7:2g@V7D4 � C ;6? � =>;67:@%� KJ7:9 BDC 9 �j= C Z B 7:2g; @ C 9 @V?PW8X�7:qA=>G C 257:9<; TU2g96K"�jOs=>@J@Kh257 �j= C Z B 7:2g;$KJ7D4nr�Fh4<;67	� 4UqS7:9<x 7D46467:9<;$To7:96KJ7:@ _1 =A4nr�Fh4<;67	� 1 =(J = � ? � 
 2g9<2g@JIS7:9�� �%E'E(��� T =>9 C 964 �J9<wJ@JIsGg25W8X KV= BDC OS?A@ B 2 �J257:9<;�� = C 47:2g@V7:9-KJ7:OuGH=>98=>;<2gqS7:@ LM7D4<;67:@V4 � 7 B 2��VOA=>;<25?A@ 7:2g@V7:@�� C ;6? � =>;67:@ x 7:967DW8XJ@V7:@ BDC GH=A46467:@%�KJ7:9MKh257 OS?A@P;67ZYu;8=>xJXYm>@JIs2gIS7 � 7:9<G57:I C @JI OS? � �JG57ZYJ7:9 LM7D4<;67:@ 2g@ �J9<2 � 2g;<2gqS7 LM7D4<;67:@ BDC 9
�j= C Z B 7:2g;owJx 7:9<@J2 � � ;`_o1M7:9 � C ;6? � =>; Gg257:Is; @Y=AW6X KJ7:9NLM7:@V7:9<257:9 C @JI =>G54 J a��F96?AIs98= � �qS?A9��oTo7:G5W6XV7D4 4<25W8X � 2g; 7:2g@V7	�
rP;8=>@VKV=>96Kua J a J ? � �J2gG57:9 2g@ v�=A46W6XJ2g@V7:@VWD?uKJ7 wJx 7:96467:; a
B 7:@^GHmA464<;`_l1 =A4 46?�7:9 B 7 C Is;67�J a���96?AIs98= � � T C 96KJ7 BDC 48= � � 7:@ � 2g; KJ7:9 �na()F7:964<25?A@KJ7D4 ��98mA467:@ ;8=>;<25?A@V4 =>IS7:@ ;67:@�]��nxV46W8XJ@J2g;<; Hh_ � c =>G54 137D46OP;6? �ha���98mA487:@ ;8=>;<25?A@V48=>IS7:@P; 7:2g@haIS7D467:; B ;`_�1M7:9$� C ;6? � =>; 254<;�2g@ Kh257D467	� kY=>GgG C @�� 2g;<;67:GgxY=>9 � 2g;FKJ7	� ��GH= FS7:9 qS7:9<x C @VKJ7:@%�T =A4 7:2g@V7 46?>Z\?A9<;<2gIS7 �$7`=>Ou;<25?A@�KJ7D4
�$IS7:@P;67:@^= C Z 
 7:@ C ; B 7:967:2g@JI =>x 7:@ ]fTU257 B _ 
3_ )F7:9 a46W8XJ257:x 7:@ KJ7D4��$IS7:@P;67:@ � 2g;$KJ7:9Nv�= C 4 coqS7:967:2g@hZ =AW6X ;`_

� 257:G T =>9 7D4��M1 =(J = � ? = C W6X'2g@ KJ7:9 t =Dqs=[a()F7:964<25?A@�KJ7D4 ��98mA467:@P;8=>;<25?A@V48=>IS7:@ ;67:@7:2g@V467:; B xY=>9 BDC � =AW6XV7:@ _�1M7D4<XY=>Ggx^T C 96KJ7&KJ7:9 1 =(J = � ?>a LM7:@V7:98=>;6?A9 C � Kh257 k�m>XJ2gIAaOS7:2g;��j= C W8Xlt =Dqs=[a J ?PKJ7 BDC 7:9 B 7 C IS7:@%� 7:9<To7:2g;67:9<;`_ tS7:; B ; OA=>@J@ Kh257D467:9 = C W8X 2g@J@V7:9<XY=>GgxKJ7D4�� 7:9646?A@Y=[a LM7:@V7:98=>;6?A964 = C Z ru7:9<qS7:9 a ru7:2g;67 7:2g@JIS7D467:; B ;nTo7:96KJ7:@ Os=>@J@ _
� � � � )��
� � L 0�� ' 	 3VN(�����M�����!

� & 7 � 7�R L
� C 43KJ7:9MKJ7:OuGH=>98=>;<2gqS7:@l137Z�V@J2g;<25?A@lKJ7:9 LM7D4<;67:@�TU2g96K ��96?AIs98= � � WD?uKJ7 IS7:@V7:9<257:9<;�� KJ7:97:2g@V7:@ KJ7:;67:9 � 2g@J254<;<2546W8XV7:@�7:@VKhGg25W6XV7:@ � C ;6? � =>;67:@ ]\13E �Mc$967	�J98mA467:@P;<257:9<;�� 
 =>GgG�7:; =>G _ ��%E'E(��� _

� C � 7DKJ7:9��J9<2 � 2g;<2gqS7:@ �$Ou;<25?A@ TU2g96K BDC @YmAW8XV4<;M7:2g@V7 k C @JOu;<25?A@+7:9 B 7 C Is;��YKh257 BDC 7:964<;KV=A4��nxV4 �J257:G57:@�KJ7:9 LM7D46;67 ]\K _ X _ 
 2g; � = �hZ\?AGgIS7 C @VK ? �J;<25?A@Y=>G � C 46I =>x 7 7:2g@V7:9 � C Kh2 a?uKV=>;67:2 cU2g@J2g;<2g257:9<;`_ Q � �n@V46W8XJG C 4643TU2g96K+KJ7:9 =>OP; C 7:GgG57 2g@P;67:9<@V7 � C 4<;8=>@VK+KJ7D4 � C ;6? � =[a;67:@ KJ7	��K C 96W8XlKh257 eM=AW6XPx 7DKh2g@JI C @JIS7:@(KJ7:9 L 7D4<;67 KJ7Z�V@J257:9<;67:@ � C 46;8=>@VK�=>@JIS7	�Y=A484<;`_13257D467 L 7D4<;67:@+7:@P;64 �J967DW6XV7:@�2g@J@V7:9<XY=>Ggx KJ7D43= C Z\IS7D4 �Y=>@J@P;67:@�� C ;6? � =>;67:@ 7:2g@V7	� ��Z =AKKJ7:9 �jm>@JIS7 � _ L3G57:25W6X B 7:2g;<2gI(;67D4<;67:; Kh257D467 k C @JOP;<25?A@%� ?Ax 2g@ KJ7:9 =>OP; C 7:GgG57:@)LM7D4<;67:@ha1 =>;67:@ xY=A4<254 Kh257 �Y=A46467:@VKJ7 LM7D4<;67 KJ7Z�V@J257:9<; 2546;`_ 1 = KJ7:9�� C ;6? � =>; ZfwJ9MqS7:9646W8XJ257DKJ7:@V7LM7D4<;67:@�� 7:@JIS7:@ qS7:9<To7:@VKJ7:;�T 7:96KJ7:@ 46?AGgG(� � wV46467:@ x 7:2PKJ7:9 1M7Z�V@J2g;<25?A@ 7:2g@V7:9 �J9<2 � 2g;<2gqS7:@LM7D4<;673Z\wJ9N1 =(J = � ?-m � C 2gqs=>G57:@ ;67 
o2g; � = �hZ ?AGgIS7:@+=>@JIS7:IS7:x 7:@ To7:96KJ7:@ _o13257MIS7:@V7:9<257:9<;67k C @JOu;<25?A@&;67D4<;67:; KJ7:9 �n7:2gXV73@Y=AW6X&Kh257 m � C 2gqs=>G57:@ ;67:@+LM7D46;67:@&= C Z E@Yu2546;67:@ B _�kY=>GgG54 OS7:2 a@V7-LM7D46;67 qS?A9<XY=>@VKJ7:@�254<;�� TU2g96K�Kh257-rP;8=>@VKV=>96KhIS7D4<;67 7:2g@JIS7 Z\wJIs;`_ 1M7:9 �$wVW6OuI =>x 7:T 7:9<;KJ7:9NIS7:@V7:9<257:9<;67:@ k C @JOP;<25?A@ 254<;NKh257MZ\wJ9NKh257�� C 4<ZfwJXJ9 C @JI KJ7:93L 7D4<;67Mx 7:@#�A;<2gIs;67 � 7:2g;`_

 7:qS?A9$=>GgG57:96Kh2g@JIS4NKh257 7:2gIS7:@P;<Gg25W6XV7��nOP;<25?A@ = C 46IS7 ZfwJXJ9<; To7:96KJ7:@ OA=>@J@%� � wV46467:@ BDC a@YmAW6XV46; Kh257 )F?A9<x 7DKh2g@JI C @JIS7:@ KJ7:9ULM7D46;67n7:9 Z\wJGgGg;oT 7:96KJ7:@ _ � C Kh257D467	� � T 7DW6O TU2g96K Z\wJ9



�'�`z � � ��� ����� � � � ����� ��
(� ��� � � � ��� � ������� �������
� ��
 � � � ��� ����� ���

Persona Player

Deklarative 
Gestenspezifikation

DaCaPo
Generator

C/Java-
Compiler

Maschinencode
Java-Bytecode

C/Java -Code Gestenfolge

Bitmaps

aktuelle
Präsentations-

aufgabe

Linker

Classloader 

aktueller
Zustand

(Position,
Geste,...)

LaufzeitDefinitionszeit

�$xJxJ2gG5K C @JI �V_ � � �oLM7D4<;67:@JOS? � �J2gGH=>;<25?A@+x 7:2���� � � 7:9646?A@Y=

� 7DKJ7 �nOP;<25?A@ � 2g;�)F?A9<x 7DKh2g@JI C @JIS7:@�7:2g@V7 k C @JOu;<25?A@+IS7:@V7:9<257:9<;�� Kh257 Kh257�� C Z\I =>x 7 XY=>;��KJ7:@ IS7 Z\?A96KJ7:9<;67:@ � C 46;8=>@VK-XV7:9 BDC 46;67:GgG57:@ _F13257D467Mk C @JOP;<25?A@ TU2g96K qS?A9UKJ7:9U7:2gIS7:@ ;<Gg25W6XV7:@LM7D4<;67:@Y= C 46I =>x 7 = C Z\IS7:9 C Z 7:@ _1 = KJ7:9�� C ;6? � =>; BDC @YmAW6XV46; C @ qS?AGgG54<;8m>@VKh2gI 2546;�� K _ X _ 7D4$Z 7:XJG57:@ � x 7:9<I m>@JIS7 B TU2 a46W8XV7:@^LM7D4<;67:@%� TU2g96K�Kh257D487:9 K C 96W6X^7:2g@V7:@ ��GH=>@ C @JIS4646W8XJ9<2g;<; qS7:9<qS?AGgG546;8m>@VKh2gIs;`_&1 C 96W8XKJ7:@ �FGH=>@ C @JIS4646W8XJ9<2g;<;&OA=>@J@ 7:9<967:25W6XP; T 7:96KJ7:@%�NKV=A464 @V?PW8X Z 7:XJG57:@VKJ7 � x 7:9<I m>@JIS7+2 �
� C ;6? � =>;67:@%�YKh257 Z\wJ9$7:2g@V7�"V257 	S7:@VKJ7��$@J2 � =>;<25?A@ x 7:@#�A;<2gIs;NTo7:96KJ7:@%� 7:9<I m>@ B ;$T 7:96KJ7:@ _1 =>x 7:2 TU2g96K�= C 4<IS7:XV7:@VKlqS? � � 257:G BDC 4<;8=>@VK�7:2g@ & � 7:98=>;6?A9 IS7D4 C W6X ;���KJ7D46487:@�e3=AW8X x 7 aKh2g@JI C @JI � 2g@VKJ7D4<;67:@V4 7:2g@ � 2g;67:98=>G 7:@ ;<XYm>Gg;��hKV=A4 � 2g; 7:2g@V7	� � 2g;67:98=>G KJ7D4 � 257:G BDC 46;8=>@VKJ7D4C @J2�� B 257:9<; T 7:96KJ7:@lOs=>@J@ _-ruW6XJ9<2g;<;RTo7:25467-OA=>@J@�= C ZNKh257D467	� �l7:I+7:2g@ ��GH=>@�= C Z\IS7:xY= C ;To7:96KJ7:@%� TU257 KJ7:9 � 257:G BDC 4<;8=>@VK BDC 7:9<967:25W6XV7:@ 254<;`_3p ��XV7:98= C 4 BDC �V@VKJ7:@%� T 7:G5W6XV7 � C 4 aI =>@JIS4 BDC 4<;8m>@VKJ7$Z\wJ9 7:2g@V7��nOP;<25?A@ ���AIsGg25W6X 4<2g@VK"�PTo7:@VKJ7:; 1M=(J = � ? = C ZjKh257Nv+7:@JIS7nKJ7:9
)F?A9<x 7DKh2g@JI C @JIS7:@'=>GgG57 ���AIsGg25W8XV7:@ �J9<2 � 2g;<2gqS7:@ �nOP;<25?A@V7:@ 2g@ qS7:964 =>@%�$To?uK C 96W6X 4<25W8XKh257 v 7:@JIS7 =>GgG57:9 � C 4<;8m>@VKJ7 7:9<Is2gxJ;��Y= C 4NKJ7:@V7:@+Kh257��$Ou;<25?A@ XV7:98= C 4NIS7D4<;8=>9<;67:;UT 7:96KJ7:@Os=>@J@ _ 13257D467�)F?A9<IS7:XV7:@V46To7:25467 7:9 Z ?AGgIs; =>@Y=>G5?AI BDC 9 v 7:;<XV?uKJ7-KJ7D4 9<wVW6Oh46W6XJ967:2g;67:@VKJ7:@
��GH=>@V7:@V4 � k 2gOS7D4 C @VK-en2gG54646?A@%� �%E(�-� � _�1M7:9 �nGgIS?A9<2g;<X�� C 4 ;67:9 � 2g@J257:9<;��hT 7:2gG Kh257 �n@ B =>XJGKJ7:9 ���AIsGg25W8XV7:@ � C 4<;8m>@VKJ7 x 7D48W6XJ98m>@JOu; 254<; C @VK T 7:2gGn=>@JIS7:@V? � � 7:@ TU2g96K"� KV=A484 Kh257r � 7 B 2��VOA=>;<25?A@ TU25KJ7:964 �J9 C W6XV4 Z\967:2j254<;`_e37:x 7:@ KJ7:9N7:2g@hZ =AW6XV7:@ OS?A@ ;67ZYh;6467:@V4<2g;<2gqS7:@ � 7:9<G57:I C @JI qS?A@ �$Ou;<25?A@V7:@&2g@ �J9<2 � 2g;<2gqS7
�nOP;<25?A@V7:@�7:9<GH= C xJ; 1M=(J = � ? = C W6X Kh257�)F7:9<To7:@VK C @JI&qS?A@�ruW6XJG57:2 Z 7:@JOS?A@V4<;<9 C Ou;67:@ ]\46?>aGH=>@JIS7 7:2g@V7 
 7DKh2g@JI C @JI 7:9 Z\wJGgGg;M254<;��VZ\wJXJ967 7:2g@V7 �J9<2 � ;<2gqS7 �$Ou;<25?A@ = C 4 c C @VK x 7DKh2g@JIs;67
�nOP;<25?A@V7:@ _
�l7:96KJ7:@ 2g@ KJ7:9$1 =(J = � ?>a LM7D46;67:@VKJ7Z�V@J2g;<25?A@�48?AG5W6XV7��nOP;<25?A@V7:@+7:2g@JIS7D467:; B ;��46? T 7:96KJ7:@+Kh257D467M2g@ 2 Z�x B T _�TUXJ2gG57 a��n?A@V4<;<9 C OP;67 KJ7:9 � 257:G54 �J98=AW8XV7 wJx 7:96467:; B ;`_



� ��� � � ����������� ����� � � � � � 
 ����� � � ��� �&��� � ��� �'�'�

Menge der Aktionen  Auswahl einer Aktion Vorbedingung der
Aktion

inverse Anwendung 
passender Aktionen

neuer Zustand

�nxJxJ2gG5K C @JI �V_ ��� ��p$x 7:9<xJGg25W6O-wJx 7:9UKV=A4 ��GH=>@ C @JIS46qS7:9 Z =>XJ967:@ qS?A@&1 =(J = � ? ]f@Y=AW6X � 
 2 a9<2g@JIS7:9�� �%E'E(��� �JqS7:98m>@VKJ7:9<; c

1 C 96W6X Kh257D467:@ ��GH=>@ C @JIS48=>@V48=>; B O �A@J@V7:@ Kh257-Z\7:XJG57:@VKJ7:@ � x 7:9<I m>@JIS7-2 � )F7:9<XY=>G a;67:@V48= C ;6? � =>;Nx 7:967DW6XJ@V7:;$To7:96KJ7:@ _ � C 4UKJ7:@ K C 96W8X KV=A4 ��GH=>@ C @JIS4 � ?PK C G IS7:@V7:9<257:9<;67:@
� x 7:9<I m>@JIS7:@(TU2g96K �F96?AIs98= � � WD?PKJ7 IS7:@V7:9<257:9<;��FKJ7:9 =>@(Kh257 7:@ ;64 �J967DW8XV7:@VKJ7:@ rP;67:GgG57:@KJ7D4Ux 7:967:2g;64NIS7:@V7:9<257:9<;67:@�� C ;6? � =>;64N7:2g@JIS7 Z\wJIs;$TU2g96K _
1 =(J = � ? ]\1 =(J = � ?>a J a()F7:964625?A@ c T C 96KJ7F2g@ Kh257 � �'� a()F7:964625?A@ KJ7D4�� 7:9646?A@Y=[a r�Fu46;67	� 42g@ ;67:Is9<257:9<; _�1 =(J = � ? 254<;�= C W6X�T =>XJGgT 7:25467�2 � LM7:@V7:98=>;6?A9�KJ7:9 � 7:9646?A@Y=[a � � � a

)F7:964<25?A@ 7:2g@V467:; B xY=>9`_ QR@ Kh257D467	� kY=>GgG$TU2g96K Kh257�LM7:@V7:9<257:9 C @JI�qS?A@ t =Dqs=[a � C 7:GgG5WD?uKJ7IS7:@ C ; B ;`_ p � Kh257��j=AKJ7 B 7:2g; KJ7D4 � ���JG57:;64 BDC qS7:9<9<2g@JIS7:9<@%�uTU2g96K-KJ7:9 � C ;6? � =>; = C Z ru7:9 aqS7:96467:2g;67�x 7:@ C ; B ;��>T ?N7:9 2 � @V?A9 � =>G57:@ LM7:@V7:98=>;6?A9 T =>XJGgT 7:25467o2g@ ;67:Is9<257:9<;jT 7:96KJ7:@ Os=>@J@ _1 =(J = � ? TU2g96K 2g@ Kh257D487	� kY=>GgG KV= BDC IS7:xJ98= C W6XP;�� C � �nOP;<25?A@V7:@ BDC OS?u?A96Kh2g@J257:967:@%�VKh2577:2g@V7 
 7:To7:I C @JI qS?A@ � 7:9648?A@Y= x 7:TU2g9<OS7:@%�VTU257 B _ 
M_ � 7:2gIS7:IS7D4<;67:@ ?uKJ7:9�
 7:T 7:I C @JIS48=>OPa;<25?A@V7:@ _

 7 Z\7:XJG57�� Kh257 OS7:2g@V7 C @�� 2g;<;67:GgxY=>967 
 7:To7:I C @JI qS?A@ � 7:9646?A@Y= @Y=AW6X 4<25W8X B 257:XV7:@%�Kh257 B _ 
M_V7:2g@V7 7:2g@V7 L398=6�VO =>@ B 7:2gIS7:@+46?AGgG57:@%�JT 7:96KJ7:@ @J25W8X ;3qS?A@ 1 =(J = � ? x 7`=>9<x 7:2g;67:;`_13257D467 LM7D4<;67:@&T 7:96KJ7:@ C @�� 2g;<;67:GgxY=>9$K C 96W6X KJ7:@ �n7:IS7:G � 7DW6XY=>@J254 � C 4nKJ7D4$L 7:@V7:98=>;6?A9642g@ �J9<2 � 2g;<2gqS7 �nOu;<25?A@V7:@ B 7:9<G57:Is;`_
E�2g@ ��96?AxJG57	��x 7:2 KJ7	�XJ ? � �J2gGg257:9 C @JIS4 =>@V48=>; B qS?A@+1 =(J = � ? 254<;34<25W6XV7:9<Gg25W8X%� KV=A464Kh257ME�964<;67:GgG C @JI qS?A@��$@J2 � =>;<25?A@V7:@ = C Z\To7:@VKh2gIS7:9U2546;��uKV= J ? � �J2gGg257:9 C @JIS4646W8XJ9<2g;<;67 ]\1M7 aOuGH=>98=>;<2gqS7 
 7D46W8XJ967:2gx C @JI�� t =`qA=[a � C 7:GgG5WD?uKJ7�� t =Dqs=[a�
 FP;67DWD?uKJ7 c @V?A;bTo7:@VKh2gI T 7:9 aKJ7:@ _�1 =>XV7:9 254<; 7:2g@V7-@J25W6X ; 48? XV?AXV7 k G57ZYu2gxJ2gGg2g;8m>; TU257-x 7:2 KJ7	� KDFP@Y= � 2546W8XV7:@ ��GH=[a@ C @JIS4 =>@V48=>; B IS7:IS7:x 7:@ _ �$? � � ; 7D4 = C ZMKh257&48W6XJ@V7:GgG57 C @VK "Y7ZYh2gxJG57&1M7Z�V@J2g;<25?A@ qS?A@@V7 C 7:@��nOP;<25?A@V7:@ x B T _ LM7D4<;67:@ =>@%� 46? 254<; KJ7:9 KDFu@Y= � 2546W6XV7 �FGH=>@ C @JIS48=>@V48=>; B qS?A9 aBDCJB 257:XV7:@ _ rP;67:X ; =>GgG57:96Kh2g@JIS4 Kh257 46W8XJ@V7:GgG57 �$7`=>Ou;<25?A@^] B _ 
M_ x 7:2 E�2g@V48=>; B =>G5431M7D4<Ou;6? �ha

��98mA467:@P;8=>;<25?A@V48=>IS7:@ ; c�2 � )F?A96KJ7:9<Is9 C @VK"� 46?3O �A@J@V7:@ K C 96W6X KJ7:@SJ ? � �J2gGg257:9 C @JIS48=>@V48=>; B
� 7:9 Z\?A9 � =>@ B qS?A9<;67:2gG57&7:9<967:25W8X ; To7:96KJ7:@ _&tS7 Is9��
	S7:9 KJ7:9 r C W8XJ98= C � 254<;��jKJ7D4<;6? Is9��
	S7:9254<;NKJ7:9�)F?A9<;67:2gG KJ7D4 J ? � �J2gGg257:9 C @JIS48=>@V48=>; B 7D4`_
E�2g@(To7:2g;67:967D4 �F96?AxJG57	� x 7:2oKJ7:9 
 7:967DW6XJ@ C @JI qS?A@ LM7D46;67:@ wJx 7:9<I m>@JIS7:@ 254<;���KV=A4642g@J@V7:9<XY=>Ggxl7:2g@V7D4 � 7:9648?A@Y=[a rPOP9<2 �J;64 x 7DKh2g@JIs;67 C @VK C @ x 7DKh2g@JIs;67 r �J9<wJ@JIS7 qS?A9<OS? � � 7:@KhwJ9 Z 7:@ _$�$G54 �%�s4 C @JI xJ257:;67:;N4<25W6X KV=A4UE�2g@hZ\wJIS7:@&qS?A@+LM7D4<;67:@PwJx 7:9<I m>@JIS7:@ 2g@ KV=A4 ��98m[a467:@P;8=>;<25?A@V464<Ou9<2 �J;-K C 96W6X KV=A4-r�Fh4<;67	� 2g@J@V7:9<XY=>Ggx KJ7:9 =>@JIS7D4 �J9 C @JIS7:@V7:@ �F96?AIs98= � � a4<;<wVW8OS7 ]\p$@P;67:9 �J96?AIs98= � � 7 c$=>@ _

 7:2 � � C Zf9 C Z TU2g96K =>GgG57:96Kh2g@JIS4$7:2g@&OS?A@V4<254<;67:@P;67:9 � C a4<;8=>@VK+qS?A98= C 4<IS7D467:; B ; ] B _ 
M_ KV=AK C 96W8X�KV=A484n4<25W8X KJ7:9 �$IS7:@P;M=>@�Kh257D467:@lrP;67:GgG57:@+2g@ KJ7:9L39 C @VKhXY=>Gg; C @JI-x 7Z�V@VKJ7:; c _



�'�`y � � ��� ����� � � � ����� ��
(� ��� � � � ��� � ������� �������
� ��
 � � � ��� ����� ���

� 
�� � � �����.����� �
�

 ����� � ���.� � �

�� �  ��

13257 )F7:9<T 7:@VK C @JI qS?A@ @Y=>;<wJ9<Gg25W6XV7:9&IS7D4 �J96?uW6XV7:@V7:9+r �J98=AW8XV7+2546; Z\wJ9 7:2g@ G57:x 7:@VKh2gIS7D4E�9646W8XV7:2g@ C @JIS4<xJ2gG5K^KJ7D4 ��98mA467:@ ;8=>;<25?A@V4 =>IS7:@ ;67:@ C @ qS7:9 B 25W8X ;<xY=>9`_ e C 9 2g@lx 7D4<;<2 � � ;67:@k�m>GgG57:@�46?AGgGg;67 = C ZUKh257 )F7:9<T 7:@VK C @JI+qS?A@(r �J98=AW8XY= C 4<I =>x 7 qS7:9 B 25W6XP;67:; C @VK�Kh257 Qb@hZ ?A9 a
� =>;<25?A@ K C 96W6X =>@VKJ7:967&v+2g;<;67:GowJx 7:9 � 2g;<;67:Gg; To7:96KJ7:@ _ 
 7:254 �J257:G57-ZfwJ9 46?AG5W6XV7 �n@ T 7:@haK C @JIS7:@%�Jx 7:2 KJ7:@V7:@ Kh257 r �J98=AW6XJ2g@hZ ?A9 � =>;<25?A@V7:@ B _ 
M_hwJx 7:9$r �J967DW6X xJGH=A487:@^]��nxJxJ2gG5K C @JI
�V_ � HSc TU257DKJ7:9<IS7:IS7:x 7:@ T 7:96KJ7:@+46?AGgGg;67:@%�V462g@VK x 7:254 �J257:G546To7:25467��
. p � IS7:x C @JIS7:@ � 2g;$XV?AXV7	� � C xJGg2gO C � 4<qS7:9<OS7:XJ9 ] B _ 
M_YL396?
	s98= C � xJwJ96?s4 c
. 48W6X T 7:9<X#�A9<2gIS7 
 7:@ C ; B 7:9
. OS7:2g@V7 � C Kh25?S= C 4<I =>x 7	���AIsGg25W6XJOS7:2g;

�$xJxJ2gG5K C @JI �V_ � H �or �J967DW6XPxJGH=A467:@ =>G54nE�9648=>; B Z\wJ9nr �J98=AW6XY= C 4<I =>x 7
E�2g@V7 T 7:2g;67:967 EF2g@V48=>; B ���AIsGg25W6XJOS7:2g;&Z\wJ9 r �J967DW6X xJGH=A487:@)254<; Kh257+@V?uW6X�� =>Gg2gIS7�)F7:9 aKJ7 C ;<Gg25W6X C @JI KJ7D4$IS7D4 �J96?PW8XV7:@V7:@ i 7ZYu;67D4`_$p ��7:2g@V7 QR@hZ\?A9 � =>;<25?A@ x 7D48?A@VKJ7:964nKJ7 C ;<Gg25W8XTU257DKJ7:9 BDC IS7:x 7:@%�JOA=>@J@ 7D4 4<2g@J@PqS?AGgGj467:2g@%� BDC 48m>; B Gg25W8X BDC 9$r �J98=AW6XY= C 4<I =>x 7 KJ7:@ ij7ZYh;U2g@7:2g@V7:93r �J967DW8X xJGH=A467 BDC qP254 C =>Gg254<257:967:@ _E�2g@ ��96?AxJG57	� x 7:2VKJ7:9 LM7:@V7:9<257:9 C @JI qS?A@ r �J967DW6XJIS7D4<;67:@-254<; Kh257 �nxV4<;<2 � � C @JI B TU2 a46W8XV7:@ KJ7:9 � C Kh25?S= C 46I =>x 7 C @VK KJ7:9-IS7 B 7:2gIs;67:@)v+2 � 2gO KJ7D4 ��98mA487:@ ;8=>;<25?A@V48=>IS7:@J;67:@ _

� 2g96K KV=A4 I =>@ B 7 LM7D4<25W8X ; � 2g;<;67:G54-7:2g@V7D4 & 1nabv+?uKJ7:GgG54 qu254 C =>Gg254<257:9<;��U48? 254<;-7D4 ���AIAaGg25W6X%�PKh257NLM7D4<25W6XP;64 B wJIS7NK C 96W8X v =>@J2 � C GH=>;<25?A@-KJ7D4
� ?AGGFuIS?A@J@V7:; B 7D4oKJ7:9�4 Fu@ ;<XV7:;<2546257:9<;67:@r �J98=AW6XV7 =>@ BDC �Y=A46467:@ � v ?A9<254<XJ2 � = 7:;3=>G _ � �%E'E(��� _1 =Mx 7:2 ������a�� 7:9646?A@Y= = C 4 LM7D46W6XPTU2g@VKh2gIsOS7:2g;64<Is9<wJ@VKJ7:@%�hTo7:IS7:@ �M=>96KhT =>967:x 7:Is967:@haBDC @JIS7:@ C @VK KJ7D43E�2g@V48=>; B 7D432g@J@V7:9<XY=>Ggx+qS?A@ � � � a�
 96?`TN467:9<@�= C Z Kh257�)F7:9<To7:@VK C @JI



� ��� � � ��������� ��� ��� � � ��� 
 ��������� � � 
 ��� �'�%&

�nxJxJ2gG5K C @JI �V_ ��� � � 7:9646?A@Y= B 7:2gIs;�7:2g@V7 r �J967DW6XPxJGH=A467��SKh257FZ\?A9 � =>;<257:9<;67:@ ij7ZYh; C @VK � 2g@JOh47:@ ;<XYm>Gg;`_
7:2g@V7D4 & 1na � ?PKJ7:GgGg257:9<;67:@ ] B _ 
M_>2g@�) �$v � x B T _ tP=Dqs=[a & 1 c�JoXY=>98=>Ou;67:964�qS7:9 B 25W6XP;67:;�T C 9 aKJ7���� wV46467:@ BDC 9 )3254 C =>Gg254<257:9 C @JI qS?A@�r �J967DW6XJIS7D4<;67:@ 
o2g; � = �hZ ?AGgIS7:@ IS7:@ C ; B ;$T 7:96KJ7:@ _


 7:2 KJ7:9 )n254 C =>Gg254<257:9 C @JI KJ7:9 7:2g@ B 7:Gg@V7:@&LM7D46;67:@-K C 96W6X 
 2g; � = �habkV?AGgIS7:@ � C 464 � =>@Kh257 BDC 7:2g@V7:9
� C Kh25?uKV=>;67:2 �Y=A48467:@VKJ7:@�v C @VKhx 7:T 7:I C @JIS7:@ C @VK�v 2 � 2gOS7:@�= C 4 7:2g@V7	�x 7:Is967:@ B ;67:@ )F?A9<98=>; qS?A@ ���AIsGg25W8XV7:@ 
 2g; � = �V4 BDC 48= � � 7:@V4<;67:GgG57:@ _ 1n257 C @P;67:9646W6XJ257DKuaGg25W6XV7:@ �jm>@JIS7:@^GH=A46487:@(4<25W8X�@ C 9 K C 96W6X � 257DKJ7:9<XV?AG C @JIS7:@ KJ7:9 7:2g@ B 7:Gg@V7:@ 
 2g; � = �V467 a
� C 7:@ B 7:@ 7:9 B 257:G57:@ _


 7:2JKJ7:9 )F7:9<To7:@VK C @JI qS?A@ r �J98=AW6XV4 FP@P;<XV7D4<2 B 7:9<@ Is2gxJ;�7D4 B To7:2hIs9 C @VKJ48m>; B Gg25W8XV7 )F?A9 aIS7:XV7:@V4<T 7:25467:@ _�E�@ ;RTo7DKJ7:9�KJ7:9 r �J98=AW6XV4 FP@P;<XV7D4<2 B 7:9 Is2gxJ; C @�� 2g;<;67:GgxY=>9 Kh257F4 FP@P;<XV7:;<254<257:9 a;67 r �J98=AW6XV7 = C 4M?PKJ7:9MKJ7:9 r �J98=AW6XV4 Fu@ ;<XV7D4<2 B 7:9 IS7:@V7:9<257:9<; BDC @YmAW8XV4<; 7:2g@V7�� C Kh25?uKV=>;67:2(�Kh257$4 �Ym>;67:9 = C 4<IS7:IS7:x 7:@ TU2g96K _ )F7:964 C W8X ; � =>@-Kh257nKh2g967:OP;67 � C 4<I =>x 7Nx 7:2YKJ7:9ULM7:@V7:9<257 a9 C @JI#�j46;67:X ; � =>@lqS?A9 KJ7	� ��96?AxJG57	� � KV=A464 Kh257 �j= C Z B 7:2g; KJ7D4 qS7:9<T 7:@VKJ7:;67:@^r �J98=AW8Xha4 Fu@ ;<XV7D4<2 B 7:964 @J25W6XP; qS?A9<XV7:9648=>IsxY=>9 2546; C @VK KV=AK C 96W6X Kh257+LM7 Z =>XJ9 x 7D4<;67:XP;�� KV=A464 Kh257r�Fu@VW6XJ96?A@J2548=>;<25?A@ B TU2546W6XV7:@�� C Kh25?S= C 4<I =>x 7 C @VK&IS7 B 7:2gIs;67:93v 2 � 2gO qS7:9<G5?A967:@ IS7:XP;`_

 7:2 � EF2g@V48=>; B 2g@ � � � a � ���JGg2gOA=>;<25?A@V7:@�254<; 7D4 x 7D46487:9�� @ C 9
� C Kh25?uKV=>;67:257:@(= C ZJoGg257:@ ; a ru7:2g;67 BDC qS7:98=>9<x 7:2g;67:@%� KV= � =>@�46?&KJ7:@(r �J98=AW8XV4 Fu@ ;<XV7D4<2 B 7:9 = C Znru7:9<qS7:9 a ru7:2g;67x 7:GH=A46467:@ Os=>@J@ _ 1M=>XV7:9nTU2g96K 2 ��kV?AGgIS7:@VKJ7:@ KV=`qS?A@�= C 46IS7:I =>@JIS7:@%� KV=A464nKJ7:9Mr �J98=AW8Xha4 Fu@ ;<XV7D4<2 B 7:9 � C Kh25?uKV=>;67:257:@+7:9 B 7 C Is;�� Kh257 7:964<;N2g@ 7:2g@V7	� B T 7:2g;67:@�ruW8XJ9<2g;<;3= C 4<IS7:IS7:x 7:@To7:96KJ7:@ _
� =>@J@&KJ7:9 �$IS7:@P; � C Kh25?uKV=>;67:257:@-Z\wJ9 Kh257 r �J98=AW8XY= C 4<I =>x 7 7:2g@V467:; B 7:@%�h46? 2546; 7D4o@V7 ax 7:@�KJ7:9 )F7:9<T 7:@VK C @JI 7:2g@V7D4 r �J98=AW6XV4 Fu@ ;<XV7D462 B 7:964 = C W8X ���AIsGg25W8X%� @Y=>;<wJ9<Gg25W6X(IS7D4 �J96?>aW6XV7:@V7 r �J98=AW6XV7 2g@ KJ7:@ ��98mA467:@P;8=>;<25?A@V7:@ BDC qS7:9<T 7:@VKJ7:@ _'QR@J@V7:9<XY=>Ggx KJ7D4 � 7:9648?A@Y=[aLM7:@V7:98=>;6?A964 254<; KV=A4 KV=AK C 96W6X 967`=>Gg2546257:9<;��uKV=A484 =>@&KJ7:@ rP;67:GgG57:@%�V=>@&KJ7:@V7:@ i 7ZYu;646;<9<2g@JIS4Z\wJ9 Kh257 r �J98=AW6XV4 Fu@ ;<XV7D487M=>@JIS7:IS7:x 7:@ To7:96KJ7:@%�V= C W8X p � �j4FqS?A@�� C Kh25?uKV=>;67:257:@ 4<;67:XV7:@O �A@J@V7:@ _�kY=>GgG54 KJ7:9 LM7:@V7:98=>;6?A9 2g@ KJ7:9 E�2g@JI =>x 7n7:2g@V7$46?AG5W8XV7np � � qS?A9#�V@VKJ7:;�� TU2g96K-KJ7:9r�Fu@ ;<XV7D467D46W8XJ9<2g;<; x 7:2JKJ7:9oLM7:@V7:9<257:9 C @JI wJx 7:964 �J9 C @JIS7:@%� Kh257Uv+2 � 2gOPIS7:@V7:9<257:9 C @JI 7:9<XYm>Gg;Kh257 qS?A9<IS7:IS7:x 7:@V7�� C Kh25?PKV=>;67:2 =>G54nE�2g@JI =>x 7s_



�'� � � � ��� ����� � � � ����� ��
(� ��� � � � ��� � ������� �������
� ��
 � � � ��� ����� ���

1 = � 2g; KJ7:9 �F98mA467:@ ;8=>;<25?A@V48=>IS7:@P; KDFu@Y= � 2546W6X�@V7 C 7 1M=>;67:@ qS7:98=>9<x 7:2g;67:@ Os=>@J@%� 254<;7D4 @V?A;RTo7:@VKh2gI#��KV=A464 7:9 r �J98=AW6XV7-4 Fu@ ;<XV7:;<254<257:967:@lOs=>@J@ _ EF4 2546; 2g@lKJ7:@ � 7:254<;67:@�k�m>G aG57:@l@J25W8X ; ���AIsGg25W8X%��=>xJIS7D4 � 7:25W8XV7:9<;67'� C Kh25?PKV=>;67:257:@ BDC qS7:9<To7:@VKJ7:@ _ Qb@ x 7D4<;<2 � � ;67:@k�m>GgG57:@�Os=>@J@ B T =>9 = C 4 7:2g@V7:9 v+7:@JIS7 qS?A9<IS7 Z\7:9<;<2gIs;67:9 rhm>; B 7 x B T _ ij7:2gG54 m>; B 7 Kh257-=>OPa; C 7:GgG57 � C 46I =>x 7 IS7:@V7:9<257:9<; T 7:96KJ7:@%� =>GgG57:96Kh2g@JIS4 254<; 2 � =>GgGgIS7	� 7:2g@V7:@ kY=>GgGU7:2g@V7 7DW6XP;67r �J98=AW6XV4 FP@P;<XV7D467 C @PqS7:9 B 25W6X ;<xY=>9`_13257 r �J98=AW8XJIS7:@V7:9<257:9 C @JI-qS7:9<GHm C Z\;N2g@ � 7:XJ967:967:@ ruW6XJ9<2g;<;67:@��
. L 7:@V7:9<257:9 C @JI-KJ7D4 BDC 4 �J967DW6XV7:@VKJ7:@+i 7ZYu;67D4
. �n@J@V?A;<257:9 C @JI KJ7D4Mij7ZYh;67D4 � 2g; 
 7:;6?A@ C @JIS4<2g@hZ\?A9 � =>;<25?A@V7:@lZfwJ9MKJ7:@�r �J98=AW6XV4 Fu@ha;<XV7D462 B 7:9
. L 7:@V7:9<257:9 C @JI+7:2g@V7:9 � C Kh25?PKV=>;67:2 = C 4 KJ7	� =>@J@V?A;<257:9<;67:@(ij7ZYh; � 2g;<;67:G54 r �J98=AW8Xha4 FP@P;<XV7D4<2 B 7:964
. �n@Y=>GGFh467MKJ7:9 IS7:@V7:9<257:9<;67:@ � C Kh25?uKV=>;67:2 BDC r�FP@VW8XJ96?A@J2548=>;<25?A@ � 2g;UKJ7:@&v C @VKhx 7 aT 7:I C @JIS7:@
. L 7:@V7:9<257:9 C @JI-KJ7:9��n@J2 � =>;<25?A@V46467 � C 7:@ B
. �nxV4 �J257:G57:@ KJ7:9Mru7 � C 7:@ B 2g@ �FGH= FS7:9
� C 9 ij7ZYh;<IS7:@V7:9<257:9 C @JI TU2g96K 7:2g@ i 7	� �JGH=>;67 a xY=A4<257:9<;67:9��n@V48=>; B qS7:9 Z\?AGgIs;`_ �)m>XJ967:@VKKJ7D4 ��GH=>@ C @JIS46qS?A9<I =>@JIS7D4 To7:96KJ7:@ Kh257 ZfwJ937:2g@V7:@�rh=>; B @V?A;RTo7:@VKh2gIS7:@ 
 7D4<;8=>@VKh;67:2gG57 BDC7:2g@V7	��qS?AGgG54<;8m>@VKh2gIS7:@ rh=>; B x B T _ � 7:XJ967:967:@^rhm>; B 7:@ BDC 48= � � 7:@JIS7 ZfwJIs;`_ en7:x 7:@lKJ7:@7:2gIS7:@ ;<Gg25W8XV7:@ � �A9<;67:9<@%�nrh=>; BDB 7:25W8XV7:@ C @VK qS?A9<IS7 Z\7:9<;<2gIs;67:@)i 7:2gG548m>; B 7:@ T 7:96KJ7:@ = C W8X

�n@ To7:254 C @JIS7:@�Z\wJ9 KJ7:@(r �J98=AW8XV4 FP@P;<XV7D4<2 B 7:9 x 7:9<wVW8Ou4625W6X ;<2gIs;`_ tS7 @Y=AW6X(k�m>XJ2gIsOS7:2g; KJ7D4qS7:9<To7:@VKJ7:;67:@�r �J98=AW8XV4 FP@P;<XV7D4<2 B 7:9643O �A@J@V7:@+46? E
� ?A;<25?A@V7:@ C @VK 
 7:;6?A@ C @JI TU25W6X ;<2gIS7:9E�G57	� 7:@P;67 2g@ KJ7:@ rh=>; B 7:2g@JIS7 ZfwJIs; T 7:96KJ7:@%� T =A4 BDC � E�9<967:25W6XV7:@ 7:2g@V7:9 @Y=>;<wJ9<Gg25W8XV7 a967:@�r �J98=AW8XV7 TU25W8X ;<2gI 254<;`_ 1 =A4 � C 4 Z\wJGgG57:@ KJ7D4nij7	� �JGH=>;67D43OA=>@J@+7:@ ;bT 7DKJ7:9M2g@J@V7:9<XY=>GgxKJ7D4 � 7:9646?A@Y=[a LM7:@V7:98=>;6?A9643?PKJ7:9$= C W8X&2g@J@V7:9<XY=>Ggx KJ7D4 ��98mA467:@P;8=>;<25?A@V464 Fh4<;67	� 4 ] B _ 
M_h2 �
��98mA467:@P;8=>;<25?A@V4 �JGH=>@V7:9�qS?A@ �3Q�� x B T _ � ���oc&7:9 Z ?AGgIS7:@ _�Qb@J@V7:9<XY=>Ggx�KJ7D4 � 7:9648?A@Y=[aLM7:@V7:98=>;6?A964 254<; 7D4 ���AIsGg25W6X%� 2g@ �nxJXYm>@JIs2gIsOS7:2g; KJ7:9 7:2g@JIS7D4<;67:GgGg;67:@ r �J98=AW6XV7 BDC 7:2g@V7:9LM7D4<;67 KJ7:@ �Y=A46467:@VKJ7:@(ij7ZYh; BDC 7:9 B 7 C IS7:@%� B _ 
M_ OA=>@J@(Kh257-LM7D4<;67 
 L3967D7:;�� x 7:2 KJ7 C ; a46W8XV7	�	r �J98=AW6XV4 FP@P;<XV7D4<2 B 7:9nqS?A@ KJ7	��i 7ZYu; 
 L C ;67:@+i =>I � ���Jx 7:2j7:@JIsGg2546W8XV7	��r �J98=AW8Xha4 Fu@ ;<XV7D4<2 B 7:9 qS?A@�
��n7:GgG5? � � C @VK-x 7:2 Zf98=>@ B �s462546W6XV7	� r �J98=AW6XV4 FP@P;<XV7D4<2 B 7:9UqS?A@ 
�
 ?A@ � ? C 9
� � x 7:IsG57:2g;67:;NT 7:96KJ7:@ _


 7:qS?A9FKJ7:9�E�2g@JI =>x 7D4<;<9<2g@JI KJ7	� r �J98=AW6XV4 Fu@ ;<XV7D462 B 7:9 wJx 7:9<IS7:x 7:@ TU2g96K"�S7:9 Z ?AGgIs;�7:2g@V77:2g@hZ =AW6XV7��n@Y=>GGFu4673KJ7:9Nrh=>; B =>9<;UwJx 7:9 Kh257MQb@P;67:9 � C @JOP;<25?A@V4 B 7:25W8XV7:@ _oEF@ ;64 �J967DW8XV7:@VK KJ7:9rh=>; B =>9<; OA=>@J@ Kh2573v 2 � 2gO IS7:T m>XJGg;UTo7:96KJ7:@ _�
 7:254 �J257:G54<T 7:254673TU2g96K x 7:2 7:2g@V7	� �n? � � =7:2g@V7 ��= C 467 2g@+KJ7:@ rh=>; B 7:2g@JIS7 Z\wJIs;��Vx 7:2 7:2g@V7	��kJ98=>IS7 B 7:25W8XV7:@ 7:2g@&Z\98=>IS7:@VKJ7D4 LM7D4<25W6XP;qS7:9<To7:@VKJ7:; C @VK(7:2g@ � C 4<9 C Z 7 B 7:25W6XV7:@^qS?A@ 7:2g@V7	� = C � ?A96KJ7:9<@VKJ7	� LM7D4625W6X ; � C 2g;<;<257:9<;]��nxJxJ2gG5K C @JI �V_ �%$ c _1M7:9 7:9 B 7 C Is;67&ij7ZYh;64<;<9<2g@JI�TU2g96K(@ C @ KJ7	� r �J98=AW6XV4 Fu@ ;<XV7D462 B 7:9 wJx 7:9<IS7:x 7:@ _l1 =[ax 7:2 O �A@J@V7:@ C @ ;67:9646W8XJ257DKhGg25W6XV7 r �J98=AW6XV4 Fu@ ;<XV7D4<2 B 7:9-wJx 7:9 7:2g@ 7:2g@JXV7:2g;<Gg25W8XV7D4-QR@ ;67:9 Z =AWD7=>@JIS7D4 �J96?uW6XV7:@ To7:96KJ7:@%� 46? KV=A484NqS?A@ � 7:To7:2gGg2gIS7:@ pn@ ;67:9646W8XJ257DKJ7:@�=>xV46;<98=>XJ257:9<;nT 7:96KJ7:@Os=>@J@ _3EF@ ;64 �J967DW8XV7:@VKlKJ7:9 =>OP; C 7:GgG57:@�r �J98=AW6XV7&] � ? � 7:@P;8=>@lTU2g96K+1M7 C ;646W8X%� E�@JIsGg2546W8X



� ��� � � ��������� ��� ��� � � ��� 
 ��������� � � 
 ��� �'���

!? ,
�$xJxJ2gG5K C @JI �V_ �%$ �$�$xJxJ2gG5K C @JI-qS?A@+rh=>; BDB 7:25W6XV7:@ = C Z � 2 � 2548W6XV7�� C 	S7:9 C @JIS7:@

C @VK kJ98=>@ B �s4<2546W8X C @ ;67:9646;<wJ; B ; c C @VK 7:@ ;64 �J967DW8XV7:@VK KJ7	��LM7D46W8XJG57DW6XP;$KJ7D4 ��98mA467:@P;8=>;<2 a?A@V48=>IS7:@P;67:@ TU2g96K 7:2g@ �Y=A46487:@VKJ7:9or �J98=AW6XV4 Fu@ ;<XV7D4<2 B 7:9 = C 4<IS7:T m>XJGg;��uKJ7:9 KV=>@J@ 7:2g@V7�� C aKh25?uKV=>;67:2�= C 43KJ7:9 ij7ZYh;67:2g@JI =>x 7 7:9 B 7 C Is;`_M1 =A4 r�Fu4<;67	��qS7:9<To7:@VKJ7:;MZ\wJ9nKh257 7:@JIsGg2546W8XV7r �J98=AW6XY= C 46I =>x 73KJ7:@ i 9 C 7Di =>GgO a r �J98=AW8XV4 Fu@ ;<XV7D4<2 B 7:9�� EF@ ;<96? �J25W �$7D467`=>96W8X �j=>x ?A98=>;6?A9 F ��%E'E H � C @VKlZfwJ9 137 C ;648W6X C @VK�kJ98=>@ B �s4<2548W6X^KJ7:@(r �J98=AW6XV4 Fu@ ;<XV7D462 B 7:9 KJ7D4 v 
 ��&��%�$a
��96? � 7:OP;64�� i XV7 v 
 ��&��%� ��96? � 7DW:;�� �%E'E'$�� _
&$Z\;$OS? � � 7:@�2g@+7:2g@V7:9 ��98mA467:@P;8=>;<25?A@ IsG57:25W6XV7 rhm>; B 7 qS?A9�� B _ 
M_ 
 7:Is9<w 	 C @JI#� 1 =>@haOS7���
 2g;<;67 C 4<T _F1 =>XV7:9U254<;N7D4 x 7D46467:9��J4 Fu@ ;<XV7:;<2546257:9<;67 rhm>; B 7 BDC 4 � 7:25W6XV7:9<@ C @VK"�Jx 7:qS?A97:2g@ rh=>; B @V7 C 4 Fu@ ;<XV7:;<254<;<257:9<;UTU2g96K"� BDC @YmAW8XV4<; BDC wJx 7:9 �J9<whZ\7:@%�J?Ax 7D4 @J25W6XP; 48W6XV?A@&7:2g@V7

�Y=A46467:@VKJ7 � C Kh25?uKV=>;67:2 Z\wJ9NKh257D467:@ rh=>; B Is2gxJ;��J46? KV=A464 � =>@ 4<25W8X KJ7:@ 967:GH=>;<2gq = C ZfT 7:@haKh2gIS7:@ � C Zf9 C ZUKJ7D4 r �J98=AW8XV4 FP@P;<XV7D4<2 B 7:964 4 �Y=>967:@lOs=>@J@ _ � C Kh257D467	� � T 7DW6O C @P;67:9<XYm>Gg;KJ7:9 � 7:9646?A@Y=[a L 7:@V7:98=>;6?A9 7:2g@V7:@PJ =AW6XV7���2g@^KJ7	� 7:9 7:9 B 7 C Is;67 rhm>; B 7&=>xJG57:Is;�� C � = C ZKh257�� C Kh25?PKV=>;67:257:@ TU257DKJ7:9 BDC Is967:2 Z\7:@ BDC O �A@J@V7:@ _1M7:9 @YmAW6XV4<;67lLM7:@V7:9<257:9 C @JIS4648W6XJ9<2g;<; x 7D46W6XYm[Z\;<2gIs; 4<25W6X � 2g; KJ7:9 r�Fu@VW6XJ96?A@J254 =>;<25?A@KJ7:9 � C Kh25?uKV=>;67:2 � 2g;MKJ7:@+v C @VKhx 7:T 7:I C @JIS7:@lKJ7D43=>@J2 � 257:9<;67:@ ��98mA467:@P;8=>;6?A964`_31M=>x 7:2xJ257:;67:@ 4<25W6X qS7:9646W6XJ257DKJ7:@V7�)F?A9<IS7:XV7:@V4<T 7:25467:@ =>@ _ Q � 7:2g@hZ =AW6XV4<;67:@ kY=>GgG3OA=>@J@ � =>@qS7:964 C W8XV7:@%�V= C Z�L39 C @VK KJ7:9 i 7ZYu;<GHm>@JIS7MwJx 7:9 qS7:9646W6XJ257DKJ7:@V7 �37 C 9<254<;<2gOS7:@ = C Z Kh257��jm>@haIS7 KJ7:9 7:9 B 7 C Is;67:@ � C Kh25?uKV=>;67:2 BDC 46W6XJGg257 	S7:@%� C ��KV=>@J@ Kh257 �jm>@JIS7 KJ7:9 v C @VKhx 7:T 7 aI C @JIS46467 � C 7:@ B Kh257D487:9 �jm>@JIS7 =>@ BDC �Y=A46467:@ _ 1 = 7D4 2 � �nGgGgIS7	� 7:2g@V7:@ =>x 7:9 46W6XPTU257:9<2gI254<;�� 46?AG5W8XV7 �37 C 9<254<;<2gOS7:@�967:GH=>;<2gq+4<25W8XV7:9M=>@ BDC IS7:x 7:@%� To7:2gG�Kh257D4M4<;8=>9<O qS?A@�KJ7	� � 7:T 7:2 aGg2gIS7:@+r �J98=AW6XV4 FP@P;<XV7D4<2 B 7:93=>xJXYm>@JIs; ] C @P;67:9646W6XJ257DKhGg25W8X�GH=>@JIS7 � = C 467:@ x 7:2jrh=>; BDB 7:25W6XV7:@%�C @ ;67:9648W6XJ257DKhGg25W6XV7 r �J967DW6XJIS7D46W8X TU2g@VKh2gIsOS7:2g; c � � C 484 � =>@&KJ?uW6X =>@VKJ7:967Mv+7:;<XV?uKJ7:@ qS7:9 aTo7:@VKJ7:@ _$E�2g@V7 v��AIsGg25W6XJOS7:2g;3254<;3Kh257 �n@Y=>GGFu467 KJ7:9n7:9 B 7 C Is;67:@ � C Kh25?uKV=>;67:2 _ � 2gGgG�� =>@Kh257 ZfwJ9MKh257 � 7:To7:2gGg2gIS7:@ � = C ;67 �Y=A48467:@VKJ7:@ v C @VKJ7:To7:I C @JIS7:@ �V@VKJ7:@ C @VK+IS7:@Y= C �Y=A4 a467:@VKJ7 �$@J2 � =>;<25?A@V46487 � C 7:@ B 7:@ IS7:@V7:9<257:967:@%�N46? � C 464 � =>@ 2g@ KJ7:@�� C Kh25?s467 � C 7:@ B 7:@Kh257 7:@P;64 �J967DW6XV7:@VKJ7:@ v C 4<;67:9$7:9<OS7:@J@V7:@ C @VK+= C 4nKh257D467:@+QR@hZ\?A9 � =>;<25?A@V7:@�Kh257��n@J2 � =[a;<25?A@V7:@)= C 4<T m>XJG57:@ _ �nGgG57:96Kh2g@JIS4-2546; Kh257D467:9 )F?A9<I =>@JI B 7:2g;8= C ZfT 7:@VKh2gI C @VK ?>Z\; = C W8Xx 7:2 7:2g@V7	� ��98mA467:@ ;8=>;6?A9�� KJ7:9NK C 96W6X+7:2g@V7MI =>@ B 7 k 2gI C 9NKV=>9<IS7D4<;67:GgGg;N254<; C @VK @J25W8X ;$@ C 9K C 96W6XlKJ7:@ �n? �hZM]\46? KV=A464MKJ7:9 
 7:;<98=AW6XP;67:9 @J25W6XP; @ C 9 Kh257 � 2 ��� 7:@ x 7:To7:I C @JIS7:@^=>@D�Ja



�'� H � � ��� ����� � � � ����� ��
(� ��� � � � ��� � ������� �������
� ��
 � � � ��� ����� ���

Yh257:9<; c � @J25W8X ;U@V?A;bT 7:@VKh2gIV_ � C W6X r �J257:G��VG � 732 � kV7:9<@V487:XV7:@ 4<2g@VK-@J25W6XP; 2 � � 7:9 � 7:9 Z\7:Ou;4 Fu@VW6XJ96?A@J254<257:9<;�� 46? KV=A464NKh257 
 7:;<98=AW8X ;67:9M?>Zf;N46W8XV?A@ KV=>98=>@ IS7:T �AXJ@ ;M4<2g@VK _
k wJ9 ������a�� 7:9646?A@Y= T C 96KJ737:2g@V73=>@VKJ7:9673v �AIsGg25W8XJOS7:2g;UIS7:T m>XJGg;`_F13257n7:9 B 7 C Is;67 � C aKh25?uKV=>;67:2�TU2g96K+@Y=AW8X�rP;67:GgG57:@lK C 96W6XV4 C W8X ;�� =>@�KJ7:@V7:@�rP;<2gGgG57 XV7:9<9648W6X ;`_ Qb@ �nxJxJ2gG5K C @JI

�V_ �%E TU2g96Kl7:2g@V7 1 =>964<;67:GgG C @JI KJ7D4�� C Kh25?s4<2gIs@Y=>G54 IS7 B 7:2gIs;�� Kh257 KJ7	� rh=>; B 
��37:GgG5?J_ v�F@Y= � 7 254 ����� � 7:9648?A@Y=h_ � 7:@ ;64 �J9<25W8X ;`_U1 C 96W6X 7:2g@V7 ruW6XPTo7:GgGgT 7:9<;8=>@Y=>GGFu467 T C 96KJ7:@ 7:2g@haB 7:Gg@V7 QR@ ;67:9<qs=>GgG57 IS7 Z C @VKJ7:@%�J2g@ KJ7:@V7:@&OS7:2g@V7�� C Kh25?S= C 4<I =>x 7 qS?A9<OS? � � ;`_ 1 =>x 7:2 T C 9 aKJ7:@ 46W6XV?A@ �n= C 46W8XV7�� 7:Ou;67o= C 46IS7Z�VGg;67:9<;��SK _ X _ Kh257oQb@P;67:9<qA=>GgG57��sKh257 =>G54�rP;<2gGgG57o7	� �hZ C @VKJ7:@To7:96KJ7:@%� � wV46487:@ 7:2g@V7 x 7D4<;<2 � � ;67 � 2g@J2 � =>G57 �jm>@JIS7 XY=>x 7:@ _

�nxJxJ2gG5K C @JI �V_ �%E �jQR@ ;67:9<qs=>GgG57U?AXJ@V7 � C Kh25?S= C 4<I =>x 7 2g@ 7:2g@V7:9�4 Fu@ ;<XV7:;<2546257:9<;67:@�� C Kh25?uKV=[a;67:2 _
QR@)7:2g@V7	�
@YmAW8XV4<;67:@�ruW8XJ9<2g;<; Z =A4646; � =>@ QR@ ;67:9<qs=>GgG57 BDC 48= � � 7:@%�3Kh257 7:2g@V7:9 � C aKh25?S= C 4<I =>x 7 7:@ ;64 �J967DW8XV7:@%�j=>x 7:9MK C 96W6X O C 9 B 7 � = C 467:@l?AXJ@V7
� C 4<I =>x 7 C @ ;67:9<xJ96?uW6XV7:@To7:96KJ7:@%� C @VK Kh257 =>GgG57:2g@V7 BDC O C 9 B 4<2g@VK"� C ��K C 96W6X&7:2g@V7M7:2g@ B 7:Gg@V7 r �J967DW6XJIS7D4<;67Mqu254 C =[aGg254<257:9<; BDC T 7:96KJ7:@ _
� C 9$1 =>964<;67:GgG C @JI 7:2g@V7:93r �J967DW6XJIS7D46;67 qS?A@ qS?A9<IS7D48W6XJ9<257:x 7:@V7:9��jm>@JIS7 XY=>;$KV=A4 � 7:9 a46?A@Y=[a r�Fh4<;67	� 2g@-7:2g@V7:9ox 7D4<;<2 � � ;67:@&rP2g; C =>;<25?A@�] B _ 
M_ T m>XJ967:@VK � 7:9646?A@Y= � 2g;oKJ7	��LM7 a4<25W8X ; BDC � 
 7:;<98=AW6XP;67:9 46;67:X ; c B To7:2 qS7:9646W6XJ257DKJ7:@V7 �J9<2 � 2g;<2gqS7-r �J967DW6XJIS7D4<;67:@ BDC 9�)F7:9 aZ\wJI C @JI#� = C 4 KJ7:@V7:@^Kh257&r �J967DW6XV487 � C 7:@ B BDC 4 = � � 7:@JIS7D4<;67:; B ; TU2g96K _�1M=>x 7:2 XY=>@VKJ7:Gg;7D4 4625W6X C �
7:2g@V7 O C 9 B 7 C @VK 7:2g@V7 GHm>@JIS7:967�r �J967DW8XJIS7D4<;67s_)1 C 96W6X Kh257�)F7:9<To7:@VK C @JIB To7:257:9 C @ ;67:9646W8XJ257DKhGg25W6X GH=>@JIS7:9-r �J967DW8XJIS7D4<;67:@ Os=>@J@ Kh257 967D4 C Gg;<257:967:@VKJ7+r �J967DW6XJIS7D46;67x 7D46467:9o=>@ Kh257 � C Kh25?PKV=>;67:@ =>@JIS7	�Y=A464<; To7:96KJ7:@ _ � TU2546W8XV7:@&KJ7:@-7:2g@ B 7:Gg@V7:@ �J9<2 � 2g;<2gqS7:@r �J967DW6XJIS7D46;67:@+4<2g@VK+r �J967DW8X��Y= C 467:@ ���AIsGg25W8X _



� ����� ��� 
 ������� � � ���
��� � ��� ������� ��� �'���

� C 4NKJ7:9$QR@ ;67:9<qs=>GgG5467 � C 7:@ B TU2g96K&@ C @+7:2g@V7 IswJGg;<2gIS7��n@ To7:254 C @JI Z\wJ9$KJ7:@ � 7:9648?A@Y=[a
��GH=%FS7:9 IS7:@V7:9<257:9<;`_ 1M=A4 7:@P;64 �J967DW6XV7:@VKJ7 �n? � � =>@VKJ? 
 ;8=>GgO � KJ7D4 � 7:9648?A@Y=[a���GH= FS7:964]��nxV46W6XJ@J2g;<; � c34<;8=>9<;67:; Kh257 � C 4<I =>x 7 KJ7D4�� C Kh25?uW:Gg2 �V4 C @VK B 7:2gIs; Kh257 KV= BDC �Y=A48467:@VKJ7ru7 � C 7:@ B = C 4 v C @VKhx 7:T 7:I C @JIS7:@ C @VK ��= C 467:@ _ 13257 =>GgGgIS7	� 7:2g@V7&kV?A9 � KJ7D4 
 ;8=>GgO �
�$? � � =>@VKJ?s4n254<;��

%��A!�� 6��&6	��
 !
��������������������������� 9�9�9��! #"�$����% #"

1 =>x 7:2 254<;��
6�� � 6&� � e3= � 7 KJ7:9$GH=>@JIS7:@ x B T _FKJ7:9NO C 9 B 7:@+r �J967DW6XJIS7D4<;67

 !
��� � eM= � 7 KJ7D4�� C Kh25?>a JoGg2 �V4
� � � � �$?u?A96Kh2g@Y=>;67:@ Z\wJ9 � 7:2gIS7:IS7D4<;67
��� � �!' � �%' � 1n257 � 254<;67oKJ7:9 �jm>@JIS7(���UIs2gxJ; Kh257$)F7:9<;67:2gG C @JIMKJ7:9 7:2g@ B 7:Gg@V7:@ r �J967DW6XJIS7D46;67:@C @VK � = C 467:@�=>@ _�1M7:9 � =>98= � 7:;67:9�� ' x 7D46W8XJ967:2gxJ;$Kh257��n9<;NKJ7:93LM7D4<;67��

�!' �*) � 1 =A4$=>Ou; C 7:GgG57 Qb@P;67:9<qA=>GgG 254<;N7:2g@ ��= C 467:@J2g@ ;67:9<qs=>GgG KJ7:9��jm>@JIS7+�!'-,.�4/ � _
�!' �0/ � 1 =A4 =>Ou; C 7:GgG57 Qb@P;67:9<qA=>GgG$TU2g96K K C 96W6X1�!'-,.�<a � =>Gg2gIS7 � 257DKJ7:9<XV?AG C @JI�KJ7:9L 7D4<;67 6��N= C 46IS7 ZfwJGgGg;`_
�!' �32 � 1 =A4 =>Ou; C 7:GgG57 Qb@P;67:9<qA=>GgG$TU2g96K K C 96W6X1�!'-,.�<a � =>Gg2gIS7 � 257DKJ7:9<XV?AG C @JI�KJ7:9L 7D4<;67 6&�M= C 46IS7 ZfwJGgGg;`_

1M7:9 � 7:9646?A@Y=[a LM7:@V7:98=>;6?A9 7:9 B 7 C Is;&= C 4 4 FP@P;<XV7:;<254<257:9<;67:@ � C Kh25?uKV=>;67:257:@ C @VK = C 4
� C Kh25?PKV=>;67:257:@%�uKh257U@Y=>;<wJ9<Gg25W6X-IS7D4 �J96?uW6XV7:@V73r �J98=AW8XV7n7:@P;<XY=>Gg;67:@%�PKh257NIsG57:25W6XV7:@ 
 7 Z 7:XJG57Z\wJ9 KJ7:@ � 7:9648?A@Y=[a���GH= FS7:9`_ � C ZTJoGg257:@P; a ru7:2g;67��NK _ X _ 2g@J@V7:9<XY=>Ggx KJ7D4 �l7:xha�
 96?`TN467:964 �Is2gxJ;$7D4NKV=>XV7:9$OS7:2g@V7 p$@P;67:9646W6XJ257DKJ7 � 7:XJ9N2g@ KJ7:9��M=>@VKhXY=>x C @JIV_
� 
�� �����54 � � � - � ��� ��� � � � ���
��
����

1 =UKJ7:9 � 7:9646?A@Y=[a LM7:@V7:98=>;6?A9�7:2g@JIS7D467:; B ; To7:96KJ7:@ 46?AGgG BDC 9 E�9<To7:2g;67:9 C @JIMqS?A@ �Mv � x B T _
�3iUv � C ��qu2g9<; C 7:GgG57 �F98mA467:@ ;8=>;6?A967:@%� TU2g96K+7:2g@V7 �n? � � ?A@V7:@P;67 x 7:@#�A;<2gIs;�� Kh257 2g@ KJ7:9
�j=>IS7n254<;�� �Mv � a ?uKJ7:9 �3iUv � ab13?AO C � 7:@ ;67M7:2g@ BDC G57D467:@ C @VK Kh257$2g@-Kh257D467n1M?AO C � 7:@P;677:2g@JIS7 Z\wJIs;67:@ � 7:9646?A@Y=[abi =>IS4 BDC 7:qs=>G C 257:967:@ ]��nxV46W8XJ@J2g;<; Hh_ y c _ � C Kh257D487	� � T 7DW6O T C 9 aKJ7 KV=A4 v+?uK C G�13?uWDv�=>@Y=>IS7:9 7:@ ;bTU25W8OS7:Gg;`_ 1n257D487D43v ?uK C G XY=>; Kh257 k�m>XJ2gIsOS7:2g;��j7:2g@�2g@
�Mv � a � �3iUv � a qS7:9 Z =A484<;67D4n1M?AO C � 7:@ ;37:2g@ BDC G57D467:@ C @VK = C Z�i 7:2gG57:G57	� 7:@ ;67 KJ7D4n13?AO C a
� 7:@ ;64 �F96? B 7D4646?A967:@ =>@ BDC T 7:@VKJ7:@%�oKh257&= C ZnKh257D467:@^E�G57	� 7:@P;67:@ Kh257 7:@P;64 �J967DW6XV7:@VKJ7:@i 98=>@V4<Z\?A9 � =>;<25?A@V7:@ qS?A9<@V7:X�� 7:@ O �A@J@V7:@ _1M7:9 1M?uWDv =>@Y=>IS7:9 Gg257D46; 7:2g@ �Mv � a � �3iUv � ab1M?AO C � 7:@P;-7:2g@ _ QR@ KJ7:9-=>Ou; C 7:GgG57:@
)F7:964<25?A@&TU2g96K KJ7:9U2g@&t =Dqs= 2 � �JG57	� 7:@ ;<257:9<;67 �3v � a���=>96467:9 
 �Mv � Z ?A9Ut =Dqs=��3qS?A@ Q�
 v7:2g@JIS7D467:; B ;�� Q 
 v � �%E'E'E�� _U1 = � 2g;nKJ7:9��Mv � a�� =>96467:9 = C W6X �3iUv � ab1M?AO C � 7:@ ;67 7:2g@JG57 a467:@ OA=>@J@%�PTU2g96K-ZfwJ9 �niUv � ab1M?AO C � 7:@ ;67 7:2g@V7 )F?A9<qS7:98=>9<x 7:2g; C @JI K C 96W8XJIS7 ZfwJXJ9<; ]fwJx 7:97:2g@V7:@ �3iUv � a�� =>96487:9�� 
 7DKJ7:9646KJ?A9 Z 7:9��j2g@ )F?A9<x 7:967:2g; C @JI � c _ 1M7:9 �3v � a���=>96467:9 Gg257 Z 7:9<;7:2g@V7 �n7	�J98mA467:@ ;8=>;<25?A@ KJ7D4 1M?AO C � 7:@ ;64 2 � 1M?uW C � 7:@ ;�&nx � 7DW:; v+?uKJ7:G ]\1�&3v � � �l?P?uKC @VK �n?A964�� �%E'E'E�� c BDC 9<wVW8O _ 1M= KJ7:9 1M?uWDv =>@Y=>IS7:9 @ C 9N= C ZjKJ7:9 qS? � � & a��$?A@V48?A9<;<2 C �KJ7Z�V@J257:9<;67:@ ruW6XJ@J2g;<;64<;67:GgG57 BDC 1�&3v�=>9<x 7:2g;67:;�� 254<; 7D4
���AIsGg25W8X%�h= C W8X-KJ7:@ �Mv � a�� =>96487:9BDC T 7DW6XV467:Gg@%� ?AXJ@V7 KV=A464NE�G57	� 7:@P;67 KJ7D4N1M?uWDv =>@Y=>IS7:964$x 7D7:2g@P;<98mAW6XP;<2gIs;M462g@VK _



�'�%$ � � ��� ����� � � � ����� ��
(� ��� � � � ��� � ������� �������
� ��
 � � � ��� ����� ���

1M7:9 1M?uWDv =>@Y=>IS7:9�T 7:@VKJ7:; @ C @ =>GgG57NKJ7Z�V@J257:9<;67:@ ��96? B 7D4846?A967:@-= C Z KV=A4 1M?AO C � 7:@P;=>@%� xJ2543OS7:2g@V7��$@VKJ7:9 C @JIS7:@ � 7:XJ9 = C Z\;<967:;67:@ _ 13257 � 7:To7:2gGg2gIS7:@ ��96? B 7D4846?A967:@ � =>@J2 � C aGg257:967:@�7:2g@ B 7:Gg@V7 �M@V?A;67:@�2g@�KJ7:9 
U= C � 4<;<9 C OP; C 9 KJ7D4 1M?AO C � 7:@ ;64`_ 13257 ��96? B 7D4846?A967:@To7:96KJ7:@ 467:GgxV4<;�2g@J@V7:9<XY=>Ggx KJ7D4F1M?AO C � 7:@P;64 � 2g; �n2gG Z 7U7:2g@V7D4F4 � 7 B 257:GgG57:@ i =>IS4oKJ7Z�V@J257:9<;��KJ7:9 C @�� 2g;<;67:GgxY=>9 qS?A@ 1M?PWDv�=>@Y=>IS7:9 = C 4<IS7:To7:9<;67:; TU2g96K _ 137:9 1M?uWDv =>@Y=>IS7:9MTU2g96K�46?qS?AGgG54<;8m>@VKh2gI-wJx 7:9NKV=A4nrP;8=>9<;6KJ?AO C � 7:@ ;M4 � 7 B 2�� B 257:9<;`_1 C 96W6X Kh257 ��96? B 7D4646?A967:@ O �A@J@V7:@-@V7 C 7 �M@V?A;67:@ 7:2g@JIS7 ZfwJIs;�� �M@V?A;67:@ IS7:G �s46W6XP; ?uKJ7:9= C W6X @ C 9$qS7:98m>@VKJ7:9<;$To7:96KJ7:@(]��nxJxJ2gG5K C @JI �V_ ysz c _

Einlesen des Dokuments (XML-Parser)
 Aufbau des Document Object Models

Einlesen der Startdatei
Definition der Prozessoren

Einfügen von aktuellen 
Variablenbelegungen

Anwendung der definierten
            Prozessoren

Anwendung der definierten 
        Endprozessoren

Ausgabe 
(z.B. als HTML-Dokument)

Dokument-
änderung ?

Ja
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Audiodateien
Bilder
Präsentations-
skripte

<HTML>
    ...
<APPLET >

   ...
</APPLET>
  ...
</HTML>

<HTML>
    ...
<PERSONA >

   ...
</PERSONA>
  ...
</HTML>

Präsentations-
Programme
(z.B. AIA)

Persona-Server

- Übersetzung externer 
  Dokumente

- Aufruf externer Systeme 
  (z.B. AIA)
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<DIALOGPART agent="Wichtel">
    <greet/>
   <speak text="Guten Tag."/>
</DIALOGPART>

<DIALOGPART agent="Cyberella">

</DIALOGPART>
  <speak text="Hallo. Mein Name ist Cyberella."/>

Generator

Dialogverwaltung

<PERSONASCRIPT name="Wichtel">
   <synchronize agentlist="Cyberella"/> 
  <greet/>
<speak text="Guten Tag."/>

   <synchronize agentlist="Cyberella"/> 
</PERSONASCRIPT>

<PERSONASCRIPT name="Cyberella">
  <synchronize agentlist="Wichtel"/>

<speak text="Hallo. Mein Name ist Cyberella."/>

<synchronize agentlist="Wichtel"/>

</PERSONASCRIPT>

Präsentationsplaner
PrePlan
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Warte

  Eingabe 
verarbeiten

Zeige Menü

Eingabe ?
Ja

Nein

Zeige Menü

Eingabe ?

Warte

 
 

      Zeit
abgelaufen ?

Ja Menü beenden 
und mit Standardeingabe 
fortfahren

Ja Menü beenden 
und Eingabe 
verarbeiten

Nein

Nein
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Window System (X11, ...)

Window Manager
(OpenWindows, 4DWM)

Persona
Server

Hardware (Sparc, Indigo, ...)

Anwendungsprogramm
(z.B. PPP System)

Window Toolkits (TCLTK, ...)

Betriebssystem (Solaris, Irix, ...)

� 272 6=:9@BA7G7Y��B\i��� � GKIF8;YSE_.RI569>1G�@78C0���8;EF0F>1GH.�� A�8;E5VU8;EF0�6=G	@M.10 �X8`.R<�IF0 B�05IF8;<w��.RAM03<U�3GM@BE��8;I�.R: \=N �?>#>��S.����

������������������������������������������������

� 272 6=:9@BA7G7Y �B\.-��jeb8;EF8w	F^7GfA7G7Y VU>1G��d8;6=YU8;YU8C0FIF8;G

@M.10F0l@78;E �jE �10F8;GKI_.RI569>1GM0_.RYU8;GfI�YU8;GH.RALVU>1El@78;< 	M8;GM05IF8;EP05IF8;^fI`N�p 2 8;Eb@78C0F0F8;GJ�kG7^H.R:=Ib8;EEF8���8;E5698;E5I`\ ��:90F>?<�AM0F0 2 8;6�@78;E �,.R^7:�@78C0 AfI_.RGM@B47:�.RI��`8C0/@B698M��>S056=I569>1G�@78;E�<?>1<?8;GfI_.RGZP6�	F^fI56=YU8;G 	H8;GM05IF8;E 6=G eb8;I5E_.
	_^KILYU8x�`>1YU8;G Zi8;EF@78;GO\ A�>1:=: 2 8;6���>S056=I569>1GM0 �RGM@78;E5A7G7YU8;G
�CAM0 �RI��C:=6�	_^�@M.RE_.RA_�3YU8`.
	F^KIF8;IQZl8;EF@78;GONj@M.10F0W@78;E �jE �10F8;GKI_.RI569>1GM0_.RYU8;GfI?Zi8;G7G�<��1YS:=6�	_^G76�	F^fIDVU>1ED@78;G 	M8;GM05IF8;E5G	VU>1E 2 8;6=:$�RA_��I`N10F>b<MpM0F0_8;G�@B698 	M8;GM0FIF8;E54d>S056=I569>1GM8;G	6=G�@B698�.���I5AM8;:*�:98�eb8;Zl8;YSA7G7YU0547:�.RGKA7G7Y�8;6=G 2M698 
U8;G�A7GM@�8C0D<�AM0_0 	58;Zi8;6=:90�8;6=G	>147I56=< .R:98;E �x8;Y 2 8;EF8w	_^7GM8;IZi8;EF@78;GO\
-X8;E �D8;EF0F>1GH.�� A�8;E5VU8;E�0FIF8;:=:=IX.RA0	_^ 	MA7G��fI569>1GM8;G �CA7E ¦ 2 8;E5Zl.
	_^KA7G7YaVU>1G ��6=GM@7>�Z}0

�CA7E �j8;E��ep7YSA7G7YM\ �c6=Itr36=:*��8h@B698C0F8;E 	MA7G��fI569>1GM8;G �S.RG7G @78;EG��E �10F8;GKI_.RI569>1GM0q.RYU8;GKIL.RA_�
��.RG76=47A7:�.RI569>1GM8;Gg@78;EbEF8;YS6905I5E5698;E5IF8;G ��6=GM@7>`Z}0}0F8;6=IF8;GM0b@78C0 ��EF>1YSE_.R<Q<?03>f@78;EP@78C0Peb8��GKA7I��`8;EF0]EF8`.RYS698;EF8;GO\Peb8;690547698;:905Zl8;690F8!�1.RG7Gg@78;E���YU8;GfI3@M.��Ap7E30F>1E5YU8;GONd@M.10F0 2 8C05I56=<Q<	IF8
	M8;GM05IF8;E�6=<Q<?8;E�6=< �j>1EF@78;E5YSE5A7GM@�>f@78;E	.RG 2 8C05I56=<Q<	IF8;G�el6=:9@709	F^76=E5<Q4m>S056=I569>1GM8;G�05IF8��^M8;GO\



� G�� � ��� ���
����� ���%� � �)� 
��d� � � ������� � �3
�� ������������� 
�� ���

-/.R<Q6=I}056�	_^�@78;E���E �10F8;GKI_.RI569>1GM0q.RYU8;GKI]VU>1EPA7GM@g.RA0	F^ �CZP6909	_^M8;GEp 2 8;EF8;6=GH.RGM@78;E}:=698��YU8;GM@78;G 	M8;GM05IF8;E5G�.RA_��^H.R:=IF8;G*�1.RG7GONf<�AM0F0P8;Eb@B698 ��8;6=^M8;G_��>1:=YU8SN�6=GL@78;EP@B698 	M8;GM05IF8;EbYU8��
�`8;6�	F^7GM8;IlZi8;EF@78;GONf< .RG76=47A7:=698;EF8;G=� �1G7GM8;GO\��k< �]>1E5< .R:*� .R:=:M:98;YSIi@78;E ��6=GM@7>`ZP< .RGH.RYU8;E@B698C0F8 �38;6=^M8;G_��>1:=YU8 ��8C05I}� 2 �CZ�\�@78;E�eb8;GfA7I��`8;E`NKZl8;G7G?8;E�<Q6=Ij@78;E ��.RAM0 03GM@78;E5A7G7YU8;G?6=G@78;E 	M8;GM0FIF8;E5^7698;E_.RE9	F^7698]VU>1E5G76=<Q<�I`\ A�>1:=:�056�	F^ @78;E ��YU8;GfIn�CZP6909	F^M8;G 2 8C0FI56=<Q<�IF8;G 	H8;GM0��IF8;E5G .RA_��^H.R:=IF8;GONK0F>]<�AM0_0j8;Ej05I �RGM@B6=Y�0F8;6=GM8 ��>S056=I569>1G 6=G7GM8;E5^H.R: 2 @78;E 	M8;GM05IF8;E5^7698;E_.RE9	F^7698
�U>1GKI5EF>1:=:=698;EF8;G�A7GM@aYU8;YU8 2 8;GM8;G_��.R:=:903@B698%�U>1E5EF8��fIF8 ��8;6=^M8;G_��>1:=YU8XZP698C@78;E�^M8;EF05IF8;:=:98;GO\

�3A_��YSE5A7GM@�@78;EWIF8w	F^7G76909	_^M8;G ��8`.R:=6905698;E5A7G7Y[@78C0t�3YU8;GKIF8;G�.R:90 ��� 
d� A�8;E5VU8;E�6905I�8C0GM>1IkZl8;GM@B6=YMN3@B698c8;E5Z �R^7GfIF8;G�¦ 2 8;E5Zl.
	_^KA7G7YU0���A7G��fI569>1GM8;G VU>1G�8;6=GM8;< 8��BIF8;E5GM8;G¥��EF>S�
�`8C0F0b@BA7E9	F^_�Ap7^7EF8;GE�CAJ:�.10F0F8;GON7@M.W@78;E ��� 
d� A�8;E5VU8;E}@BA7E9	F^g@M.10 �,.RE5IF8;Gg.RA_��@B698 �¡� 
d�
��>1<Q< .RGM@7>S0 2 :9>�	B��698;E5I	690FI`\h-X8;E	8��BIF8;E5GM8 �jEF>
�`8C0F0�6905IW8;6=GxZi8;6=IF8;EF8;E

i:=698;GKIs�Ap7E�@78;G
A�8;E5VU8;E`NH@78;E3@B698o��A_��YK. 2 8�^H.RI`N ��6=GM@7>�Z �EC�VU8;GKIF0/. 2 �CA_� .RG7YU8;GON�.RA_�A�CA 2 8;EF8;6=IF8;GcA7GM@a6=GYU8C8;6=YSGM8;IF8=��>1<Q< .RGM@7>S0s�ep7E	@78;G�A�8;E5VU8;EWA7<��CAM0F8;I��`8;GO\ ��A�
U8;EF@78;< ^H.RI	8;E�@B698���A_�e�YK. 2 8?@78C0!�X8;GM8;E_.RIF>1EF0 �ep7E
��A7^M8;YU8C05IF8;G p 2 8;E5GM>1<Q<?8;GOND@�\ ^O\h8;E�YU8;GM8;E5698;E5I ��A7^M8;YU8C0��IF8;GON���.R:=:90	@78;E A�8;E5VU8;E��U8;6=GM8J.RGM@78;EF8;G �	��I569>1GM8;G�.RAM0��Ap7^7EF8;G,<	AM0F0`\Jeb8;6=< C�6=GfI5EF8;IF8;G@78;E�8;GKIF0F47EF8w	F^M8;GM@78;G�C�EF8;6=YSG7690F0F8t��>1EF@78;E5I�@78;E ¦ 2 8;E5Zb.
	F^fA7G7YU0547EF>
�`8C0F0WVU>1<��D8;EF0_>1GH.��
A�8;E5VU8;E��7��EF>
�`8C0F0]@B698/GM>1I Zi8;GM@B6=YU8;G ����I569>1GM8;Gc.RGO\

  Persona-
Controller
  

Persona-Server

Anwendungs-
    system

Window-Manger
 Betriebssystem

Präsentationsaufgaben
Daten für das 
Präsentationssystem

Reaktion auf Window- und
Betriebssystemevents
Anforderung von Ruheaktionen

Kontrolle von 
Window-Manger und
Betriebssystem
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