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Local RM Queue
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Local EDF Queue

td te tf

Application 2

CBS server 2 t1
(Q ,T )2 2

Local RM Queue

t1 t2

Application 3

3<dghZbJ��T t�( C¢f¦T !"~Z£
�JceTWO

�



���������
	�	
���
������	 ������������� �"!#�$�%�&�('����"�)�*�

� ����� ��2 � 23.102��0 
�,®. � 2�02� 
#��4

PSRJT �
�)k-��k�� T�a1dg£
�JcgT8£�T8f���~>�)dgkZf^d¡��_8kZ£
��k�� T�a�¤ �®��RJ�)T?T ]�O � ~
O �nO ��OW��_`RJT�a"bJcgdefJhn£�k"a �
bJcgT?�)(

UWV
X�XWY�[�\ PSRJd¡�1£ k"a"b
ceT�de£
�JcgT8£�T8f��`�®��RJT�$'&3]H�)T8�#�ZT?���n�)R
~>� ~>��Tjb
�)T?aH�)k ��_`RJT�a"bJcgT
��RJT���~W��0"�Sdgf
�)T8�)�)T?a�¤ �j��RJT�cek"_8~Zc��)_`R
T?a"bJcgT8�`�?O

s�t�u"XWY�[�\ PSRJd¡� £�k�aJbJceT dg£ �
ceT?£ T?f����¦~Icgk"_8~>c ª8K 3 ��_`RJT?a"b
ceT?�&��R
~ �¦R
~>f�a"ceT�� R
~>�`a
��T8��dgk�aJdg_o�`~Z� 0���dgf
�)T8�)�)dgfJh �)RJT?£ dgfW��kj~ $'&S]��)T8�#�ZT8��O

\�xJXZY�[�\ PSRJdg� £�k"a"bJcgT1dg£
�JceT?£�T8f���~&cek"_?~>c �¢i ��_`RJT?aJbJceT?�?OoPSRJd¡� £�k"a"bJcgT dg�o� dg£�dec¡~>�
��k��)RJTns�t�uJXWY�[�\ £�k�aJbJceTWO

ilkW�)T?k.�ZT8�4�Z~Zf�~>¤�������~W_(�3aJ~ �`~n� � ��Tn_?~>cgceT�a%{Z| }"sW}Js dg�'�J��k���kW�)T?a���k1T��j_�dgT8f��)c2�^R
~>f�a"ceT
��~W��0�3Wb
T8bJT��Sdef��)k ��RJTns�t�uJXWY�[�\�~Zf
a&�)RJTn\�xJXWY�[�\�£�k"a"bJcgT?�?O

PSRJT ��kWcecgk ¥3dgfJh �)bJ¤
�)T?_(��dekWf
��_8kZf���~Zdef
��~¢�)£�~Zcec�a"T��)_8�)d2�"�)dgkZfnk����)RJT��)RJ��T8T��)_`RJT�a"bJcgdef
h
£�k"a"bJcgT?�3~>f�a�k��
��RJT^{Z|B}JsW}Js^aJ~ �`~ � �)��b
_��)bJ��TZO

�	��
 ��
������������������	��
��� "!$#&%�'�(*),+- $!"#.�
PSRJd¡�<£ k"a"b
ceTSd¡�<_8k"a"T?a®def��)k �)R
TYI�ceT����0/���� �2143��65 ~>f�a^�0/���� �7143����S~>f
a®d§�*dg£
�JceT?£�T8f����
~&�)T��ok��'$'&3]l�)T8�#�ZT?���?O ª ~W_`R $'&3]l� T?� �WT8� &�'�_8kZf���~Zdef�� ~ 3	453�6 3Wb
T8bJT1�)R
~>� d¡� b�� T�a
�)k�T?f�3�bJT8bJT���RJT���~W��0"��dgf
� T?� ��T?a dgf�de���
~Zf
a���¥�k
�
~Z��~Z£�T��)T?���-MO,0']RS*2' T(O

PSRJT®£�k"a"bJcgT1_?~>f%¤�T®��T8hWdg� �)T?�)T�al~ � � �"����T8£ � ��~>�)�)b���_8~Zcecgdef
h^�)RJT ��kZcgcek ¥3dgfJh���b
f
_+�
�)dgkZfE(

8 s:9�s 8 UWV
X�XZY�[�\<;=3"�4>���� �"�=3<;@?Z�4A"�@?CB?�ED��FDHG 8 s@9�s 8JI 1J� �J�43�K�L
¥3RJT8��T�(

D d¡���)RJTn£^~.!"dg£®bJ£ f�bJ£®¤�T8�3k��,$'&3] � T?� �WT8�`� ��R
~ �3��RJTn£�k�aJbJceT/_?~>f R
~>f�a"ceT4M
I 1
�B�J�43 dg���)R
T�cgT �WT8c"f�bJ£1¤�T?�<k��
��RJT ª8K 3%£ k"a"b
ceT��)R�~ �*de£
�JcgT8£�T?fW�`�<�)RJTShWcekW¤
~>c ª8K 3

3�bJT?bJT0N O

PSRJT ��b
f
_(��dekWf^�)T8�)bJ��f
�#��RJT¢cgT �ZT?cJf�bJ£®¤�T8��~ � ¥3RJd¡_`R��)R
T¢£�k�aJbJceT R
~Z�*¤�T8T?fj��T8hZd¡� �)T8��T?a�O
6 f
_�T �)RJT�£ k"a"b
ceT�R
~Z�
¤�T?T8f/��T8hWdg� �)T?�)T�a �8��RJT�b�� T?��_8~Zf/a"T#I�fJT�~ $'&3]��)T8�#�ZT?�
_8~Zcecgdef
h

�)R
T ��kZcgcek ¥3dgfJh ��bJf
_(��dekWf
(
�ED�� UWVJX�XWY�[�\7;J�Z�W�:/:O7P:>"�Z�QB 8 s49�s 8 ?RG¦Y�{Bx�s |�GlY�{�x�s Y�K�L
¥3RJT8��T�(

? d¡�3�)R
T/ceT��ZT?c
f�bJ£®¤�T8�o~ � ¥3R
dg_`R¦��RJT®UWV
X�XWY�[�\^£�k�aJbJceT1R
~Z�¢¤�T?T8f �J��T ��dgkZb
�)c2�&��T8hZd¡���
��T8��T?a�M

|RGTS ~Z�)T �)RJT%��~>�`~>£�T���T8�`����R
~ � _`R�~>�`~Z_(��T8��dVU?T¢��RJT $'&3]&�)T8�#�ZT?�?O

PSRJT ��bJf
_��)dgkZf¦��T��)b
�)f
�3~Zf¦def��)T?hZT?����R
~ � _?~>f¦~Z��� b
£ To��RJT?�)T%� ~>cgbJT?�)(
W.X�YEZ�[�\�]_^a`�b0c0deZ�fegh`jiEZ�`lk=mnY0ZCgomnpli0bqplrsb"got6Y0Z.b0c0defeiEuwv-`�b0c0deZ.g�x0ro`�yEfebEZ�b�z�f mnY	moY0ZR{=| }�pE| ~Q| ��|

�RZ.roiEZ�d�|

p



���������
	�	
���
������	 ������������� �"!#�$�%�&�('����"�)�*�

� �����6D��J�%PSRJd¡�jd¡�^��RJT%d¡a"T8f���d I
T?�&k��o��RJT $'&3] �)T8�#�ZT8��O PSR
~ �&d¡a"T?fW��d I�T8�jR
~W�^��kI¤�T
b�� T�a&T��ZT8�#� �)dg£�T ��RJTJ^���b
� � _���T?~>�)T�a"_'$'&3]&� T?� �WT8��R
~Z���)k�¤�T��)T ��T8��T8f
_8T?a O86 f
_8T
_8�)T�~ ��T?a � ~ $'&S]�� T?� �WT8�o_8~>f fJk>��¤�T a"T?ceT8�)T�a O0C¢cgc#�)RJT k>��RJT8� � ~>cgbJT�� ~Z�)T1T8���)kW�
_8kZf
aJd§��dekWf
��M

�J� PSRJTn£^~.!"de£1bJ£ f�bJ£1¤�T?�¢k�� $'&S] �)T8�#�ZT?����R
~Z�S¤�T8T?f¦�)T�~Z_`RJT�a�M
�>��� '��
	� 	
� ������ ���)R
~>�3dg����RJT�¤
~>f
aJ¥3dga���R�b�� T�a&¤ ���)R
T�_8bJ���)T?fW��c��j~Zcecgk"_8~>�)T?a�$'&3]

�)T8�#�ZT?���'�Jcgb
����RJTnfJT8¥ �)T8�#�ZT8�Sd¡�ShZ��T?~>�)T8����R
~>f t=M
�>� PSRJT ? �
~Z��~Z£ T8�)T?��d¡�3¥3��kZfJh�O

C £�k"a"bJcgT�� _8~>f def
�)T8�)��de���&��~W��0"��def���k ~ $'&3] �)T8�#�ZT?�&~Z�����"����%^�`~Z� 0��?O P�kKdgf �
�)T8�)��~j��~Z� 0��%dgfW��k ~ $'&3]%�)T8�#�ZT?� ¥3de�)R def�a"T !I�qP ���)RJT £�k"a"bJcgT�� R
~��ZT®�)k¦_8~>cgc<�)RJT
>:O
�J� �<;J�q3"�@1W�J�/hWbJT?� � _8~Zcec�k��<�)RJT UWVJX�XWY�[�\^£ k"a"b
ceT®_8kZf���~Zdef
defJh���RJT $'&3]¦�)T8�#�ZT8�n�qP
�
~W�)�)def
h¦~ V�}Jt���s�Y<;ZY�[JX��<;Zx��Zt�s 8 OJPSRJT^V�}Jt��Ws�Y<;ZY�["X��<;Zx��>t�s 8 ��~W��0 £�k�aJT8c �
��R
~ �®��T �
3�bJdg�)T��¢~Z� ��~>�`~>£�T���T8�¢kWfJc��&�)RJT��qP ��dg� �J�)k.��d¡a"T?a dgf��)kl�0/����B�7143��65�O 6 f
_�Tndgf
�)T8�)�)T?a � �
¥3dgcec�¤�Tn�)_`R
T?a"bJcgT?a ¤ �^��RJT/UWVJX�XWY�[�\�i%k�aJbJceTWO

4 f���~>�)�)d¡_�bJc¡~>�4�Z��RJT�UZV
X�XWY�[�\1£�k�aJbJceT�dgf
�)T8�)�����)RJT-I
�`������~W��0^k��
T?~W_`R&� T?� �WT8� 32453�6
3�bJT8b
T^def��)k¦de���®£�~W����T8�n£�k"a"bJcgT^b
�)defJh%~"!#�>V�;ZY�[JX��<;Zx �Zt�s 8 OJPSRJT$!#� V�;ZY�[JX��<;Zx��Zt�s 8
d¡��defJde�)d¡~>cgd U8T?a ¥3de�)R �)RJTjaJT?~ZaJcedgfJT�k����)RJT1$'&3] � T?� �WT8�4��¥3R
dg_`R ¥3decgc ¤�T
��k����#��kWfJT?aD~Z�
cgkZfJh ~Z� �)RJT1��~W��0¦T !"T�_�b"��T?�?OXC a"T�~Za"cgdef
T ��kW� � ��kZfJT?£ T?f��od¡�ode£
�JcgT8£�T8f���T?a%��T8£�k.��dgfJh
�)R
T3��~W��0 ���)kW£-��RJT £^~W����T8� £�k"a"bJcgT ~Zf
a��)T?def�� T?� ��defJhnde��b�� dgfJhn��RJT £�k"a"d I
T?a^a"T�~Za"cgdgfJTZO

PSRJTn£�k"a"bJcgT%� R
~��WT ��k�_?~>cgc
~>c¡�)k®��RJT ��kZcgcek ¥3dgfJh hZbJT���� _?~>cgcg�)(

>:O
�J� �<;��=D2PKPSRJdg��hZbJT�����_?~>cgcJd¡��_8~ZcecgT?a ¥3RJT?f �)RJT¢£�k"a"bJcgT&� fJT8T�aJ�#��k/�)T?£�k.�ZT'� ����kZ£
��RJT $'&3] � T?� �WT8��O#PSR
dg�3R�~�����T8f
�'��kW�¢T !J~Z£ �
ceT�¥3RJT?f$���)T?�)£�dgf
~ ��T?���"¥3RJT8f¦de�¢dg�
�
�)T?T8£
�"�)T�a kZ�S¥3RJT8f¦de�¢dg�3�)b
� ��T?f
a"T�a1��kW�¢� kW£�To��T?~W� kWf ^$d�O TZO2� ��kZ�¢� ��f
_`RJ��kZfJd U?~��
��dekWf/_(O

>:O
�J� �<;4P��W�(�<1W���E5IPSRJd¡� hZbJT����^_8~ZcecS£1b
����¤�T¦_?~>cgceT�aI¤ �D�)R
T�£�k"a"bJcgT)� ¥3RJT8f*�Idg�
aJdg� �
~ �`_`RJT?aL^ ��R
~ � dg���"¥3RJT8f ��RJTn£�k�aJbJceT%� �21
�,+<;4P����(�<1W���05wB-��K3dg�¢_?~>cgceT�a"_(O

>:O
�J� �<;������=?/.4>:OJ� PSRJd¡� hZbJT����^_8~ZcecS£1b
����¤�T¦_?~>cgceT�aI¤ �D�)R
T�£�k"a"bJcgT)� ¥3RJT8f*�Idg�
�
�)T?T8£
�"�)T�a ^ �)R�~ �¢d¡� �J¥3R
T8f��)RJTn£�k"a"bJcgT%� �71
�,+7;���� �=?�.4>:O
�RB0��K3d¡�3_8~ZcecgT?a"_�O

�	�21 3�465��h�������-�<
��C $!$#&%�'$(*),+- "!$#.�
PSRJd¡�<£ k"a"b
ceTSd¡�<_8k"a"T?a®def��)k �)R
TYI�ceT��#�:P#7�� �2143��65 ~>f�a1�:P#7
� �7143����S~>f
a®d§�*dg£
�JceT?£�T8f����
~jcgk"_8~Zc ª8K 3 ��_`RJT?a"b
ceT?�?O�PSRJT®£�k"a"bJcgT R
~Z� d§�`�ok ¥3fl�)T�~Za � 3�bJT8b
T/�)R�~ �n_�kZf��`~>dgf
� ~Zcec
�)R
T/~����Jcgd¡_8~ ��dekWf / ����T?~Wa �^�`~Z� 0�O

PSRJT®£�k"a"bJcgT1_?~>f%¤�T®��T8hWdg� �)T?�)T�al~ � � �"����T8£ � ��~>�)�)b���_8~Zcecgdef
h^�)RJT ��kZcgcek ¥3dgfJh���b
f
_+�
�)dgkZfE(

8 s:9�s 8 s�t�uJXZY�[�\<;=3"�4>���� �"�=3<;@?Z�4A"�@?CB?�ED��F/@O7P:>J�Z�wG �ED"� I 1
�B�J�43�K�L

¥3RJT8��T�(

v



���������
	�	
���
������	 ������������� �"!#�$�%�&�('����"�)�*�

/@O7P4>J�W� dg����RJTjd¡a"T8f���d I
T?�/k��S��RJT�$'&3]D� T?� �WT8��¥3RJT8��T��)R
Tj£�k�aJbJceT&def
�)T8�)���/d§�`�nhZbJT����
�`~Z� 0"��M

I 1
�B�J�43 dg�o��RJT^ceT��ZT?c<f�bJ£1¤�T?�nk����)RJT^UWV
X�XZY�[�\¦£�k�aJbJceT ��R
~ �/dg£
�JceT?£�T8f����o��RJT�$'&3]
�)T8�#�ZT?�?O

PSRJT ��b
f
_(��dekWf^�)T8�)bJ��f
�#��RJT¢cgT �ZT?cJf�bJ£®¤�T8��~ � ¥3RJd¡_`R��)R
T¢£�k�aJbJceT R
~Z�*¤�T8T?fj��T8hZd¡� �)T8��T?a�O
6 f
_�T&�)RJT�£�k�aJbJceT R
~W�/¤�T8T8f �)T?hZd¡����T8��T?a ���)R
T�b
�)T8� _8~ZfK_���T?~>�)T&~ ��T?�)dgk"a"dg_j��~W��0

b
�)def
h1��RJT ��kZcgcgk ¥3defJh1��~W��0&£ k"a"T?c8^�¥3de�)R¦de���3£�dgfJdg£�~Zc�dgfJd§��dg~Zced U?~>�)dgkZf	� ~>cgbJT?��_�(

� [�\�t<;ZY�["X��<;Zx��>t�s 8 I L
5<1=32P7;Z�71J�,+<;4P"��721=O�? �<; I .4P��2?�B I K�L
5<1=32P7;Z�71J�,+<;4P"��77;���� �W� B I G�x����JU�s�YhK�L
5<1=32P7;Z�71J�,+<;4P"��77;@?�� AJ�2?CB I G�s 8 s@9�s 8 K�L
5<1=32P7;Z�71J�,+<;4P"��77; �
� 3�� .4P��W��B I K�L
5<1=32P7;Z�71J�,+<;4P"��77; I �?� B I ��G�x���x�{BYhK�L

¥3RJT?�)T�x����JU�s�Y�d¡�/��RJT�¥�kZ�`� �1_8~W� T�T !"T?_8b"�)dgkZfH��de£�T ^�� $ ª P _®k��¢��RJT&�`~Z� 0 �*s 8 s@9�s 8
d¡���)RJT%� ~>cgbJTn��T���bJ�)f
T?a�¤ � s�t�u"XWY�[�\<; 3J�4>����B�J�437;:?W�4A��2?��>~>f�a&x���x�{�Y^d¡���)R
T ��T?�)dgk"a&k��
�)R
T���~Z� 0

PSRJTo£ k"a"b
ceTna"k�T?��fJkZ�'��T8� ��kZ��£ ~>f �
0�def�ajk��<~Z_8_8T �"�`~>f
_8T ��T?� ��kWfj��RJTo��~Z� 0"� ��~>f�a
�)R
T¦��~Z� 0"��¥3decgc¢¤�T���_`RJT?a"b
ceT�a ~Zcg�)kDd ���)R
T8dg�	� $ ª P d¡�^hZ��T?~>�)T?�1��R
~>f ��RJT%a"T?_8cg~Z�)T�a
� $ ª P�O

PSRJTn£�k"a"bJcgT/~>c¡� k �J��k.��d¡a"T�����RJT ��kZcgcgk ¥3defJh ��bJf�_(�)dgkZf���(

�ED���s�t�uJXWY�[�\7;=>J�W�<;=P7?
� DJ�@; I �Z����B�S�{Bt ��K�L
�ED���s�t�uJXWY�[�\7;=>J�W�<;
���Z�Z�7; I ���W��B�S�{�t ��K�L
�ED���s�t�uJXWY�[�\7;=>J�W�<;qD<1
�B�QB�S�{Bt ��K�L
�ED���s�t�uJXWY�[�\7;=3J�
�Z�Z�<;4P2?J� D
�2; I �W����B&S�{?t ��K�L
�ED���s�t�uJXWY�[�\7;=3J�
�Z�Z�<;����>�Z�<; I ������B�S�{Bt ��K�L
PSRJT?�)T%��bJf�_(�)dgkZf�� ��T?_8T8d2�ZT/~Z� �
~>�`~>£�T8�)T8�S��RJT®d¡a"T?fW��d I�T8� k�� ~���~W��0 R
~>f�a"ceT�a¦¤ � ~Zf

s�t�u"XWY�[�\¦£ k"a"b
ceT ^$k>�)R
T8��¥3dg�)T��
�)RJT�� ��T���bJ�)f��J��_(O 4 fI_?~Z�)T k��S�)b
_?_�T?�������)R
T ����T?� ��T?_+�
�)d2�ZT?c�� ��T��)b
�)f
�¢�)RJT f�bJ£®¤�T8� k���a"T�~Za"cgdgfJT®£�d¡�)�)T?���
��RJT®f�bJ£1¤�T?� k���� $ ª P¬k.�ZT8�
�
k ¥¢���
kZ� �)RJT1f�bJ£®¤�T8�ok�� ��T8f
aJdefJh ~Z_��)d2�B~>�)dgkZf
�?O PSR
T®c¡~Z� � ��¥�k���bJf
_��)dgkZf
�o� dg£
�Jc2� ��T?�)T�� �)RJT
dgfW��T8��f
~>c�aJT?~ZaJcedgfJT�£�dg���SkZ�3¥S_�T8�Sk.�WT8�
�
k ¥ _�kWbJf��)T?���?O

PSRJT�def���T8��f
~>c*dg£
�JceT?£�T8f���~>�)dgkZf�b�� T��o�)RJT�hZb
T?� �n_?~>cgcg� �J��k.��dgaJT?a%¤ �l��RJT^UWVJX�XWY�[�\
£�k"a"bJcgT^�)kldgf
�)T8�)�n�)RJTjT�~>��cedgT?� �®a"T�~Za"cgdef
T^�)T�~Za ����~Z� 0�dgf��)k¦��RJT	$'&3] � T?� �WT8��O&ilkZ��T �
k.�ZT?������RJT®��T?~Wa ��3�bJT?bJT/d¡�¢dg£
�JceT?£�T8f��)T�alb
�)defJhj~ZfH{Z|B}JsW}Js&aJ~>��~ � � ��T-��~Zcecgk ¥3dgfJh��)RJT
dgf
� T?� ��dekWf�k���~o��~W��0 def���k��)RJT UWV
X�XWY�[�\n£�k"a"bJcgT ¥3de�)RJkWb"����T8£�k.��def
hode� ����kZ£ �)RJT �)T�~Za �
3�bJT8b
TZO

�	�o� ���R���������	��
��� "!$#&%�'�(�),+- $!"#.�
\�xJXZY�[�\Id¡���)dg£ dgc¡~>�j��kI��RJT�s�t�uJXZY�[�\K��_`RJT?aJbJcedgfJhI£�k"a"bJcgT�� T !J_�T��"�&��R
~ ���)RJT �)T�~Za �
3�bJT8b
Tod¡�3kW��a"T?�)T�aj¤ � ��T8��dek"a dgf
����T?~Wa&k���kZ�`a"T?�)dgfJh d§�¢¤ ��aJT?~ZaJcedgfJTZO

y



���������
	�	
���
������	 ������������� �"!#�$�%�&�('����"�)�*�

�	��� ����� 3��
3  	��
���
�
��<!"��
2!��7�
PSRJT®]�O � ~
O �/O ��O�0WT8��fJT8c �
�)k.��d¡a"T?�3~^�)T��¢k�� ��bJf�_(�)dgkZf��3�)R�~ �¢RJT?c��¦��RJTnde£
�JcgT8£�T?fW�`~ ��dekWf
k�� �`~Z� 0 3�bJT?bJT?��def���k/�)R
T ��_`RJT?a"b
cedgfJh/£�k"a"bJcgT?�?O*PSRJT?�)T ��bJf�_(�)dgkZf���b
�)T¢��¥�k®aJ~>��~�� � ��T?�
_8~ZcecgT?aj| }JsW}"s1~>f
a&|�| }JsZ}Js �>~>f�a ��kWbJ� I�T8c¡aJ� k�����RJT3�`~Z� 01a"T��)_8�)d2�"�)kW� b
�)T?a ��k®����kZ��TS�)RJT
�23J�=A��0DJ����� ��kWdef��)T?��� ~>f
a��)R
T%�J�)dgkZ��de�)dgT?�.^$~Zf¦def��)T?hZT?� ~>f
a¦~�� �@34O�� � ��� I �
�(�
�
� _ ��kZ�
T?~W_`R%�`~Z� 0�O^]�dgf
_�T���RJT?�)T ��bJf
_��)dgkZf
�n�)R
~>��T1�)RJTj��~>£�T�I
T8c¡aJ��dgf���RJT���~W��0 a"T?��_���d��J�)kZ�`���
~>f�ajde�Sd¡�SfJkZ�'��kW��� dg¤JcgT ��kZ�3~/�`~Z� 0��)k^� ��~��^~ �S�)R
T���~>£�T �)dg£�Todgf £ kW�)T �)R�~>f&kWfJTo��~W��0
3�bJT8b
TZOlPSRJd¡�%�$~Z_��®d¡�/fJkZ�1~l¤Jdghldg���)bJTjdgfD�)RJT�de£
�JcgT8£�T8f��`~ �)dgkZfHk��3£ k���� �)_`RJT�a"bJcgdef
h
~>cghZkW�)de�)R
£����Z¤
b"��£^~���¤�To~1a"dg��~Za��B~Zf���~>hWT¢¥3RJT?f&RJdgT8�`~>�`_`RJd¡_8~>c��)_`RJT�a"bJcgdef
h®R
~��WT3�)k ¤�T
�)b�����kZ�)�)T?a�O

PSRJT�{Z| }JsW}"s ~>¤
� �)�`~Z_��1aJ~>��~l� � ��Tj���)dgT?�®�)k � kWc��WT��)R
~>� �J��kZ¤
ceT?£ O &S~Z�)dg_?~>cgc��-�<~Zf
{Z| }"sW}Js&R�~Z�o~>f��#4��(f��)T?�)f
~Zc��J��T ��� fJT !��o� �)��b
_��)bJ��T����)R
~>�o£^~��¦¤�T �)R
~>��T?a%¥3d§��R�k>��RJT8�
{Z| }"sW}Js"�8OX6 ��_�kZb
���)T����)RJT b
�)T8��i�� ]JP hZb
~Z��~Zf��)T8T/�)R
~>� ��RJT ��~>£�Tn�`~Z� 0¦¥3decgc#fJk>��¤�T
dgf
� T?� ��T?a�def ��¥�k¦{>| }JsW}Js�� �)R
~>� � R�~>��T ��RJT/��~>£�T �@3J�4A��ED
����� ��kZdgfW��T8�`�8O

PSRJT {Z|B}JsW}Js aJ~ �`~ � �)��b
_(��bJ��T R�~Z� ¤�T?T8f b
�)T?a�def��)R
THde£
�JcgT8£�T8f��`~ �)dgkZf k��1�)RJT
s�t�u"XWY�[�\�~>f�aIk��3��RJT \�xJXWY�[�\ ��_`RJT?a"b
cedgfJh�£�k"a"bJcgT?�?O 4 fI��RJT?�)T&£�k"a"bJcgT?���*�)R
T�cgk"_8~>c
��_`RJT?a"b
cedgfJh�~ZcehWkZ��d§��RJ£ £�~Zdef��`~>dgf
� ~j��~W��0�3�bJT8bJT ¥3RJT?�)T®�)RJTQI
�`��� ��~Z� 0¦def%�)RJT
3�bJT8bJT
d¡� ��RJT¢�`~Z� 0®��R
~ ��dg��~>c¡� k®def
�)T8�)�)T�a^dgf^�)RJT £^~Z� �)T8��£�k�aJbJceTWO PSRJT �$~W_(���)R
~>���)R
T RJdghZRJT����
�J��dekW�)de� �¦��~W��0��)T?£�~Zdef���def��)k ��RJT^�)T�~Za � 3Wb
T8bJT�£^~�0WT?�o�)R
T^de£
�JcgT8£�T8f��`~ �)dgkZfD�)de£
�JcgT8�
~>f�a&£�kZ��T�T?~W������k^bJf
a"T?��� ��~Zf
a O

� TS~>��T�_8bJ�)��T8f���c���dgf �WT?� �)dghW~>�)dgfJh3�)R
T ��kW��� dg¤Jdgcede� ��k��
T !���T8f
aJdefJh �)RJT�b
�)T�k���{Z| }"sW}Js"�
�)k&�)RJT ¥3RJkWceT�]�O � ~JO �nO ��O ��T?�)fJT?c�O�PSRJT {Z|B}JsW}Js��)kZbJ�`_�T1_�k"a"T®d¡��_�kWfW�`~>dgfJT?a¦dgf��)k��)RJT
� �4OJ�=O
���65�~Zf
a�� �4O
�=OJ���`�/� kWbJ�`_�T�I
ceT��8O

�



���������
	�	
���
������	 ������������� �"!#�$�%�&�('����"�)�*�

� � 234�0�4

PSRJd¡� ]"T?_(��dekWfI¤J��deT ��� �J��T?�)T8f����/�)RJT��)T�����_8~Z�)T?�®b
�)T?aIa"b
�)dgfJh%��RJT�aJT8¤JbJhWhZdgfJh�k��3�)RJT
s�t�u"XWY�[�\ �WUWV
X�XWY�[�\^~>f
a \�xJXZY�[�\^�)_`R
T?a"bJcgdgfJh�£ k"a"b
ceT��8O

����
 ���������
	��
PSRJd¡���)T?� �3def
d§��dg~Zced U8T���~ �)defJhWceT $'&3]j�)T8�#�ZT?��~Zf
a&~ � dgfJhWceTos�t�uJXWY�[�\1£�k"a"bJcgTZO*PSRJTo�)T����
d¡�n_�kZ£
��kW�)T?a ¤ �%zlR
~Z��a���~W��0"��¥3de�)RHa"d�
�T?�)T?fW� ��T8��dgk�a
�/�)_`R
T?a"bJcgT?a ¤ �%��RJT^s�t�uJXWY�[�\
£�k"a"bJcgT��*~>f
aK~>fJkZ�)RJT?�/R
~>�`a ��~W��0D��_`RJT?a"b
ceT�aD¤ � �)R
T&hZcgkZ¤�~>c ªYK 3 ��_`RJT?a"b
ceT?�?O%PSRJT
k>��RJT8����~W��0"��def&�)RJT�� ��� �)T?£ ~>��T¢�)R
Toa"b
£ £ ����~W��0 �W�)RJTo£^~>dgfj��~W��0^~Zf
a^��RJT 0WT ��¤�kW~>�`a
a"��d��WT8��O

PSRJT^a"T8£�kl�)RJk ¥¢� �)R
~>�o��RJT�s�t�uJXWY�[�\�£�k"a"bJcgT^T8f�3�bJT?bJT?�ode���o�`~Z� 0 ��kZcgcek ¥3dgfJh��)RJT
ª8K 3-��bJcgT?���S¤Jb"�j��R
~ �^��RJT���_`RJT?a"b
cedgfJh �
~Z��~Z£ T8�)T?��� ^ ��RJT�a"T�~Za"cgdgfJT _
��~Z��� T�aKdgf �)RJT
hZcgkZ¤�~>c ª8K 3 3�bJT?bJTn~>��T ��RJkW�)T�k��<�)RJT $'&3]�� T?� �WT8��O

4 �/�)R
T I
cgT �:P#7�� �2143��`�%dg�¦_8kZ£
�JdgceT�a ¥3d§��R �)R
T � ��£®¤�kZc¡�js�t�u"XWY�[�\<;>t�s�V�}�� �#~>f�a
�:P#7
� �7143<;,�23��ED"�#7"�¦~W_(�)d2�ZT-��~H_8kZb��
ceT ^$aJcedgfJT��¢_8bJ�)�)dg£ T�_ dg� �J�)dgf��)T�aKkWf ��RJT%_�kWf
�)kZcgT
^�dgfH£^�S_�O14 �^�0/���� �2143��`�^dg�/_8kZ£
�JdgceT�aD¥3d§��R �0/���� �71437; �23��ED���7"�^~W_(�)d2�ZT-����RJTj¤Jb
aJhZT��
��T �JcgT8fJd¡�)RJ£�T8f����3~Z�)T�~>c¡� k
�J��dgfW��T?a O

���21 ����������	��
PSRJd¡���)T���� dgf �ZkWc��WT?����¥�k�s�t�u"XWY�[�\�£ k"a"b
ceT��3cedgf�0WT?a �)T�����T?_��)d2�ZT?c��^��k ��¥�k1$'&3] � T?� �WT8��O
PSRJT��)T?� �¦dg� _�kW£ ��kW�)T?a ¤ � qDR�~>�`a ��~W��0"��¥3d§��R a"d�
�T?�)T?fW����T8��dek"aJ��cedgf�0WT?a ��kKT?~W_`R
s�t�u"XWY�[�\®£�k"a"bJcgTZO PSRJT�kZ�)RJT?���`~Z� 0"��dgfj��RJTn���"� �)T?£ ~>��T¢��RJTna"bJ£�£ �^�`~Z� 0 �W��RJT�£^~>dgf
��~W��0�~>f
a&�)RJT%0WT ��¤�kW~>�`a&aJ�)d2�ZT?�?O

PSRJT¦a"T8£�k�d¡� b
�)T?aD��k �)RJk ¥ �)R
~>� dgf _?~Z�)T&k�� ��T?�)dgk"a"dg_&��~W��0"�1¥3d§��R ~%�)�`~>f
�)deT?f��
k.�ZT?�)cgkW~Wa �)RJT¦��¥�k�$'&S] �)T8�#�ZT8�`�1¤�T?R
~��ZT�� _8kZ���)T�_(��c��I�)R
~>��dgfJh%��RJT¦�)kZ��~>c3¤�~>f
a"¥3d¡a���R
~�� ~>dgcg~Z¤JcgTZO

���o� ����������	��
PSRJd¡���)T���� dgf �ZkWc��WT?����¥�k�s�t�u"XWY�[�\�£ k"a"b
ceT��3cedgf�0WT?a �)T�����T?_��)d2�ZT?c��^��k ��¥�k1$'&3] � T?� �WT8��O
PSRJT �)T����3d¡��_8kZ£
��kW�)T?a^¤ �j~1fJT �WT8��T8f
a"dgfJh+^�kWfJc2�^kZfJTodef����`~>f
_8T _�R
~>�`a���~W��0^cgdgf�0ZT�a^�)k
T?~W_`R&s�t�uJXZY�[�\�£�k�aJbJceTWO

PSRJT k>�)R
T8�¢�`~Z� 0"� dgfl�)R
T � �"����T8£ ~>��Tn�)R
T a"b
£ £ � ��~Z� 0 ���)RJT £^~>dgfl��~W��0l~>f�a¦�)RJT
0ZT���¤�k�~>�`a&a"��d��WT8��O

PSRJT3a"T8£�kn�)RJk ¥¢���)R
~>�#dgf^_8~W� T�k�� ��bJcec �W� ��~Z¤JcgT'�
�)k"_�T��)�)kZ��b"�)dgcgdVU�~ �)dgkZf1�)R
TS��¥�k $'&3]
�)T8�#�ZT8�`��¤�T?R
~��ZT��3_�kZ����T?_(��c��j�)R
~Z�)dgfJh1�)RJT���k>��~Zc ¤
~>f�a"¥3dga"�)Rl~�� ~>dgcg~Z¤JceTWO

����� ����������	��
PSRJd¡�o�)T����/dgf �ZkZc2�ZT�� ��¥�k¦s�t�u"XWY�[�\¦£ k"a"b
ceT���cedgf�0ZT�a �)kl~ $'&3]��)T8�#�ZT?��� �Jcgb
�/~ZfJk>��RJT8�
s�t�u"XWY�[�\I£�k"a"bJcgT%cedgf�0WT?a ��kK~>fJkZ�)RJT?��$'&3] �)T8�#�ZT?�?O PSRJT��)T?� ��d¡�&_8kZ£
��kW�)T?a ¤ � ~
��T8��dek"a"d¡_���cgkZfJh�� R
~Z��a&��~W��0jcgdgf�0ZT�a&��k�T?~Z_`R s�t�u"XWY�[�\1£�k"a"bJcgTZO

t?�



���������
	�	
���
������	 ������������� �"!#�$�%�&�('����"�)�*�

PSRJT k>�)R
T8�¢�`~Z� 0"� dgfl�)R
T � �"����T8£ ~>��Tn�)R
T a"b
£ £ � ��~Z� 0 ���)RJT £^~>dgfl��~W��0l~>f�a¦�)RJT
0ZT���¤�k�~>�`a&a"��d��WT8��O

PSRJT3a"T8£�kn�)RJk ¥¢���)R
~>�#dgf^_8~W� T�k�� ��bJcec �W� ��~Z¤JcgT'�
�)k"_�T��)�)kZ��b"�)dgcgdVU�~ �)dgkZf1�)R
TS��¥�k $'&3]
�)T8�#�ZT8�`�#¤�T8R
~��WT?� _8kZ���)T�_(�)c2�1�)R
~Z�)dgfJh��)R
T¢�)kZ��~Zc
¤
~Zf
a"¥3d¡a��)R&~�� ~Zdec¡~>¤JcgT���~>c¡� knd���kZf
T $'&3]
�)T8�#�ZT8��R
~W�S£ kW�)To��R
~>f¦kZf
Tos�t�uJXWY�[�\�£�k"a"bJcgT?�Scgdef�0WT?a��)k�de�?O

����� ����������	��
PSRJd¡�o�)T����/dgf �ZkZc2�ZT�� ��¥�k¦s�t�u"XWY�[�\¦£ k"a"b
ceT���cedgf�0ZT�a �)kl~ $'&3]��)T8�#�ZT?��� �Jcgb
�/~ZfJk>��RJT8�
s�t�u"XWY�[�\I£�k"a"bJcgT%cedgf�0WT?a ��kK~>fJkZ�)RJT?��$'&3] �)T8�#�ZT?�?O PSRJT��)T?� ��d¡�&_8kZ£
��kW�)T?a ¤ � ~
��T8��dek"a"d¡_ � cgkZfJh���R
~>�`aH�`~Z� 0Hcedgf�0WT?aK�)k T?~Z_`R s�t�uJXWY�[�\ £�k"a"bJcgT��'�Jcgb
��kZfJT¦�)k�� ����~W��0
cgdef�0WT?a&�)k^kWfJT�k��
��RJTns�t�u"XWY�[�\�£ k"a"b
ceT��8O

PSRJT k>�)R
T8�¢�`~Z� 0"� dgfl�)R
T � �"����T8£ ~>��Tn�)R
T a"b
£ £ � ��~Z� 0 ���)RJT £^~>dgfl��~W��0l~>f�a¦�)RJT
0ZT���¤�k�~>�`a&a"��d��WT8��O

PSRJT/a"T?£ k���T?� ���S��RJTnb
�)Tnk��*~ !/�>V�;ZY�["X��<;Zx��>t�s 8 �`~Z� 0j£�k�aJT8c�¥3de�)R¦��RJTns�t�uJXWY�[�\
£�k"a"bJcgTZO

����� ����������	��
PSRJd¡� ��T?� ��d¡��� dg£�dec¡~>���)k1�"�
� ���
��� �>T !J_�T �J���)R�~ �Sd§�Sb
�)T?��~/\�xJXZY�[�\1��_`RJT�a"bJcgdefJh1£�k�aJbJceT
dgf
����T?~Wa&k��#~Zf�s�t�uJXZY�[�\^�)_`R
T?a"bJcgdgfJh�£ k"a"b
ceTWO

����� �������	��
�	��
PSRJd¡� ��T?� �S�)��deT�� ��k1£^~�0WT ~ � dg£
�JceT�_�kW£
�
~>��dg�)kZf^¤�T���¥�T8T?f^�)R
ToT !"T?_�bJ�)dgkZf^��de£�T?��k����)RJT
3�bJT8b
Todgf
�)T8�)�)dgkZf���bJf
_��)dgkZf
�"��kW�S�)RJT^{Z| }JsW}"s^~Zf
a ��kW�3�)R
T/| }JsW}JsjaJ~ �`~ � �)��b
_��)bJ��TZO

t�t



���������
	�	
���
������	 ������������� �"!#�$�%�&�('����"�)�*�

� ��� � 
#�#����
#� 
(0��

C¢cgc*��RJTj� kWbJ�`_�T�_�k"a"T�k����)RJd¡�/a"T?ced2�ZT?��~Z¤JcgT1¥3dgcec�¤�T^~>c¡�)k¦~�� ~Zdec¡~>¤JcgT kZf �)RJT&]�O � ~
O �/O ��O
¥�T8¤	�
~>hWTN^ 5"���/�	��
�
"�05<143#+��`����� O#���(��� _<���`~>�)�)dgfJh ���)kW£ ]�T��"�)T?£®¤�T8� tB�B�)R��
q>�Z��q"O


 2�� 2"�<23.	��234

( t */¨�b
_?~ C¢¤�T8fJd�~Zf
a��odekW�)hWdek�&�b"� �`~ U�U?k
O�4 f��)T8hW��~>�)dgfJh £®bJce�)dg£�T?a"d¡~¦~����Jcgd¡_8~ ��dekWf
��dgf
R
~>�`a ��T?~>c�� �)dg£ T ���"� �)T?£��?O 4 f�� �W< >S�����@���#�@� <�� %�� ����������� ��?@: �
� �J�L�"!���%!� �[�
��!,�  <@��� ��� �
i�~Za"��dga �
] �
~>dgf � K T?_8T8£1¤�T?�1t?�Z�WyJO

(rq�* $ OJ¨ OJ¨
deb¦~>f
a$#
OJ¨�~���cg~Zf
a O<]J_`RJT?a"b
cedgfJh^~>cghZRJkW�)de�)R
£�� ��kW��£1bJce�)d2�J�)kWhZ�`~>£�£�def
h®dgf
~ R
~>�`a&��T?~Zc � �)dg£�T�T8f ��de��kZfJ£�T?fW��O&% < � ����?@:	<��X%�� �('Q
*) ��qZ�"^ t _+��t���v>NJO

t�q


