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Células

Funções de transistores

Expressões booleanas

Algoritmos, DiagramasProcessadores, Memórias, Barramentos

RT’s                    Registradores, ALUs, MUXs

              Portas, Flip-Flpos

         Transistores
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Síntese Lógica

Síntese de Circuitos

UV> � CE:s9h��b ��i&�/> 9 � :=9;�q9 �

�	� CE�-�BFHG=�B@�IE@�� �ADE>m@Evr9���CEIJ9gD ��9PIEF/C.�-D �me;FHk�IEF/9;�EGpo=:s9����;@c�q9;>mG&9;kmo=@PdE9;:s9�CE�
�q9;>mGP�E9;> � @�9;CE�BFHDroy9'@ � :=9;C IEF IEF oy9;kmzJ9;�BFHDros@7IE@7dE:=@ �pF?os@.vV�q9;DrosFHD.IE@69'<H@�D.G=>AG!o��?DE<H>A9
IE9cFHGpdXF?<H>��E<�9����;@Ev.>mGpo=@��;v.9;G):pFHGpo=:=> ����FHG)>m�qd[@�G!oy9;G�DE@�G4D �me;FH>AG4G=CEd[FH:p>A@�:pFHGLI.F(IEF?G=<H:p> ���;@�G �g@
�q9;Dros>mIJ9;G�DE@;G�D �me;FH>AG��q9;>AG)�J9;> � @�G?b

"/9cG �mDOo=FHGpFIEF9;k�os@PD �me;FHk1C os>Akm>AuH9~N�GpF�j @;:=�q9;kA>mG=�B@�G	�J9;GpF�9;IE@;GLFH� IE>me;FH:pGs9;G )g:=F�9gGHv.I.FHG=I.F
@7dJ9;:=9;IE> � � 9 IEFBkA>mD � CJ9 � FH� IEFBdE:=@ � :s9;�q9����g@Ev�dJ9;:s979'IEFHGp<H:=> ���;@ � � ��� � �	� ����� � � ��	 v�9gos�
�B@�IEFHkm@�G�IEF 	 � � � 	 � dE9;:s9�FHG!os>A�q9go=>meg9�IEF4<?CEGpo=@(F�IEFHGpFH�BdXF?DEzE@Eb}U�:pFHxOCEF?DOo=FH�BFHDrosF)C.os>mkA>AuH9~N�GpF
<?@��B@5�B�?o=@ IE@5IEF�IEFHGp<H:=> ���;@5j @�:=�q9;kEdJ9g:s9c9PG �mDOo=FHGpF(IEF(9;kmo=@5D ��e�F?k19;G��,);xOCE>ADJ9gG�I.F(FHG!oy9;I.@
�EDE>mos9;G�FHG!osF?DEIE>AIE9;GHbn�	GpGs9'IEFHGp<H:=> ���;@'�nF?G=d[FH<H>A9;kA�BFHDro=F �.os>mkVDE@'dE:p@��pF?o=@ IEFhdE:=@gos@�<H@�km@�G(IEF
<?@���CED.>A<�9����;@Ev.<H@��B@nG=F?:�)ne >mGpo=@q�q9;>AGL9;IE> 9gDOo=F;b

� dE9;:po=> ���g@6�����;��� � 9;d[FHDJ9gG�dJ9;:!osF I.@6dE:=@;�EkAF?� 97IEF G �mDrosFHGpF IEF C.� Gp>AG!osFH�q9�IEF
<?@���CED.>A<�9����;@EbV��dJ9g:pos> ���;@PdE:p@ IEC.u(CE� <H@;D��pCEDros@5IEF(GpCE�EG=>mGpo=FH�q9;G)F/dE:=>m�q>�os>meg9;GVIEF(<?@���C N
D.>A<�9����;@Ev;@�DEIEF�<�9gIJ9G=CE�EGp>AG!osFH�q9G=F�<H@;��CEDE>m<�9�<H@;��@�G	@�C os:=@;G	G=CE�EGp>AG!osFH�q9;G �  � 	 b&
 d[@�Dros@
I.FqdJ9g:pos>mIJ9 IJ9'G �ADro=FHG=FqIEFBG=>AG!osF?� 9;G�IEFh<?@���CEDE>m<�9����;@7�BC.� �q@�IEFHkm@'<H@��BdX@;Gpos@'d[@�:�CE�
<?@�D��pCEDro=@PI.F�dE:=@�<HF?G=Gs9gIE@�:=F?G&IEFHDros:p@5I.F�CE� 9�:pFHIEF�I.F�<H@���C.DE>A<H9����;@<?@��BdX@�G!oy9�d[@�:}<H9;DJ9;>mGHb

 @�� �pF os>�e�@��(o=:s9;D.Gpj @�:p� 9;:4CE� G=>AG!osF?� 9c<?@��BdX@�G!os@5IEFdE:=@�<HF?G=G=9;IE@�:pFHG�xOCEF�GpF<H@���C.DE>A<H9;�
9~os:s9�e;�HG I.F�<H9;DJ9;>mGBF�dE:=>m�q>�os>�e;9gGcIEF�9;kmo=@ D �me;FHk�FH� CE� <?@�D��pCEDros@ IEF7dE:=@�<HF?G=Gs9gIE@�:=F?G G=F
<?@���CED.>A<�9gDEIE@B9gos:=9�e��HG�IEF��J9;:p:s9;�BFHDro=@�G�F�IE>me�>AI.>ADEIE@n@h<?@�Dros:=@;kAFIJ9h<H@��cCEDE>A<H9����g@Eb



> � > D�� &'���4�
�+!�� � 3 ���� � �8�43 64>

��������� ���
	�������������������������� 	!��"!#��


\�B@ I.FHkA@ � � ��� � �	� ����� � � ��	 FHG=d[FH<?>��J<H9�9;G�@�d[FH:s9�����FHG495G=F?:=F?� F � FH<HC oy9;IJ9gGLdXF?kA@ � ����� ,
� ��� � b�"�@�:=�q9;kA�BFHDro=FFHG=G=9;G(@;dXF?:s9��$� F?G(G �g@ :=F?dE:=F?G=F?DOos9;IJ9;G(>ADrosF?:=DJ9;�BFHDro=Fc9go=:s9�e��?G(IEF5CE�
� :s9gj @ <?@�� �EC � @�G�IEFn<H@�Dro=:=@�kmF�FnIEFnIJ9;I.@�G � �L��U�� � vXx�C.FB<H9;d.o=CE:s9 o=@ IJ9gG�9;G�IEF?dXF?DEI&�HD�N
<?> 9;G�IEF�<H@�Dro=:=@�kmF4F�IJ9;IE@;GtIE@/�q@�IEF?kA@ � � ��� � �	� ����� � � ��	 bt
GV9;k � @�:=>�os�B@�G1IEF4FHGp<�9;km@�DJ9;�BFHDros@
dE9;:po=>A<H>m@�DJ9;� FHGpG=F � :s9gj @hF?� G=CE� � :s9gj @;GHvJ<H@;�qd[@�Gpo=@�G�dX@;:�CE� G=CE�[<H@;D��pCEDros@qIEF�@�dXF?:s9��$� F?GHv
@;DEIEFL<H9;IJ9�G=C.� � :s9~j @��LF � F?<HC.os9;IE@DOCE��dE9;G=Gp@IEFL<H@;DOo=:=@�kmF;b}�L9;IJ9(dJ9gG=G=@I.FL<H@�Dro=:=@�kmFLdX@�IEF
GpFH:�<H@;�qdJ9g:s9;IE@B9nCE� F?Gpos9;IE@EvJDOCE� IE>A9 � :=9;� 95IEF�CE� 9��,);xOCE>mDJ9nIEF�FHGpos9;IE@ �JDE>�oy9.b

�L9;IE9�@�d[FH:=9����g@/9LGpFH:�F � F?<HC.os9;IJ9/I.FHDros:p@/IEF	C.�]dJ9;GpG=@�:=FHxOCEF?:�CE� 9�CED.>AIJ9;I.F}j CEDE<H>m@�DJ9;k b
$�@�:pos9;Dros@Ev @nD �E�qF?:=@co=@;oy9gkXIEF(CEDE>AIE9;IEFHG4j CEDE<H>m@�DJ9;>mG)DEF?<HF?G=G�)g:=> 9gGLdJ9;:=9�9�F � FH<?C ���g@BI.F�CE�
dE9;G=Gp@ IEF�<?@�Dros:p@�kAF7<H@�:p:=F?G=d[@�DEIEF 9g@ D �E�BFH:=@ os@;os9;k�IEF�@�d[FH:=9�����FHGq9 GpFH:=F?� F � FH<HC oy9;IJ9gG
DE9;xOCEFHkmF dJ9;GpG=@Eb 
�Gn9gk � @�:p>mo=�q@�GI.F FHGp<�9;km@�DJ9;�BFHDros@�@;os>m�q>mu�9;� @6D �E�qF?:=@ IEFqdJ9;GpG=@�GnIEF
<?@�Dros:p@�kAF�F�@�D �E�qF?:=@�IEF�@�d[FH:=9�����FHG�9G=F?:=FH�-F � FH<HC oy9;IJ9gG4F?�2<�9;IE9PdJ9gG=G=@.v 9gkA�H��IEF�IEF$�EDE>A:
xOCJ9gk	@7d.: # � >A�B@ <H@�D��pC.DOo=@�I.FB@;dXF?:s9��$� F?GPGpFH: )7F �.F?<HC.os9;IE@�9;@ �JDJ9;k	I.FBC.� IEF osFH:p�q>mDJ9;IE@
dE9;G=Gp@Eb	�	G=G=95@;o=>A�B>Au�9����;@�osFH��>A�BdJ9;<?o=@IE>A:pF?o=@DE@�<H@��BdE:=@;�q>mG=G=@F?Dros:=F�@�<HC.Gpos@PIE@�dE:p@��pF?o=@
F�@hG=F?C�IEF?G=F?�qd[FHDEz.@Eb


�G59;k � @;:=>mo=�q@;G(IEFq9;kA@�<�9����;@'<H@;DEG=>mGposF?� DJ9�I.F?osF?:=�B>ADJ9����;@'IE@7D �E�qF?:=@�FBI.@�os>mdX@'IEF
C.DE>AIJ9gIEFHG(j C.DE<H>m@�DJ9;>mG(9 GpFH:pFH� C.os>mkA>AuH9;IE@�G�DE@ dE:=@��pF os@Ev�9;kA�?� IEF�F?j F osCJ9g:(CE� � 9gdXFH9;�qF?D N
o=@ � ��� � ��� � � �5IJ9;Gheg9;:=> )�e�FH>mGnF�@;dXF?:s9��$� F?GBF?G=<H9;kA@�DE9;IJ9;GhDE@ �L��U��_FH� CED.>AIJ9;I.FHGBIEF79;:!N
�q9;u?FHDJ9;�BFHDro=@ F�>mDOo=FH:p<H@�DEF � �;@Ev1I.Fc�q9;DEFH>m:s9B9 9;GpG=F � CE:s9;:(x�C.Fc@ Gp>AGpo=FH�q9qGpF�<H@��Bd[@�:pos9;:�)
<?@�:=:pF?os9;�qF?DrosF�<H@�� @B<?@�D��pCEDro=@qIEF�<?@��qd[@�DEF?DrosFHG�GpFHkAF?<H>m@�DJ9;IE@;GHb


�G9;k � @�:p>mos�B@�G�IEF�F?G=<H9;kA@�DE9;�qF?Dros@ Fn9gkA@�<�9����;@ F?Gpo �g@ :=F?k 9;<?>A@�DJ9gIE@�GHb�8�I.>mj �A<?>Ak�9�eg9;kA>A9;:
96xOCJ9gkA>AIE9;IEFBIEF CE� IEF?o=FH:=�B>ADE9;IE@ 9;k � @�:p>mos�B@'IEF F?G=<�9gkA@�DJ9g�qF?DOo=@6G=F?� <?@�DEG=>mIEFH:=9;:�@ 9gk�N
� @�:=>�os�B@ IEFn9gkA@�<�9����;@ xOCEFnFHG!o ) G=F?DEIE@'C.o=>AkA>mu�9;I.@Eb�(@�>mG�FHGp<�9;km@�DJ9;�BFHDro=@�G�IE>�j FH:=F?DrosFHG<?@��
@ �BFHGp�q@ D �E�BFH:p@ I.F CEDE>AIE9;IEFHG�j C.DE<H>m@�DJ9;>mG�F dJ9;GpG=@�GhIEF'<H@;DOo=:=@�kmF d[@ IEF?� :pFHG=C.kmoy9g:nFH�
d.:=@��pF os@�G�<?@�� IEFHGpFH�BdXF?DEzE@�G(<H@��BdEkAF oy9;�BFHDro=F5IE>�j FH:pFHDrosF?G9;d #�G(@ 9;k � @;:=>mo=�q@hIEFc9;kA@�<�9����;@
GpFH:�F � F?<HC.os9;IE@Eb



> � ��?A@CBED8@ F 9!��4�G�)-8& 6 �

������� � � � ���	���"�#��������	�����
��� �
� ���� �
� ������� ����������� �!�
��� ����� � �
���

	!������

��� dE:p@;os@�<H@;kA@�IEF�<?@���CEDE>m<�9����;@PdX@�IEF(GpFH:4<�9;:=9;<?o=FH:=>mu�9;I.@�dX@;:4CE�q95�,);xOCE>mDJ9PI.F(FHG!oy9~N
I.@ �JDE>mos9qIE@;�q>mDJ9;IJ9BdX@�: �JC � @ IEF�<?@�Dros:p@�kAFgb�� FHC d.:=@��pF os@Ev�D.@�:=�q9;kA�BFHDro=F;v���CE�q9qoy9g:=F?j 9
I.>mj �A<?>Ak�xOCEFnosF?DEIEFh9 � F?:s9;:��cCE>mo=@�G(F?:=:=@;GHbnY�CJ9gDOo=@ � 9g>AG(<?@��BdEkAF �.@ @ d.:=@;o=@ <?@�kA@q� 9;>m@�:�9
d[@�GpG=>A�.>AkA>mIJ9;IEF4IEF�FH:p:=@�G&F;vOd[@�:	FHGpG=F��q@gos>me;@Evr9�9;dEkm>A<H9����;@(IEF��q� os@�IE@�G}j @�:p� 9;>mG}��FHGpG=F?DE<H>A9;k b
"�FHGpG=F G=F?Dros>AI.@Ev�9 G �mDOo=FHGpF6IEF 9;k�os@ D �me;FHk/9;C � >Akm> 9 DJ9 IEF osFH:p�q>mDJ9����;@ IJ9gG CEDE>mIJ9;IEF?G j CED N
<?>A@�DE9;>AG?vEFHGp<�9;km@�DJ9;�BFHDros@BIEF�oy9;:pF?j 9;G�FP9;km@ <H9����;@hIE@ � ������� ��� � � �����	� � ��� � dJ9;:=9q9hF � F?<HC ���;@
IE9;Gnj CED ����FHGhIE@ dE:p@;os@�<H@�km@Eb ��� 96IE9;Gnos�H<?DE>A<H9;Gh� 9g>AG�C.o=>Akm>Au�9gIJ9;G�dJ9g:s9 9 FHG=d[FH<?>��J<H9����g@
I.F�dE:p@;os@�<H@;kA@�G��79 �q@�IEF?k 9 � F?� F?� :=F?IEFHGBIEF�$tF?o=:=> v4d[FHkA9 j 9g<H>Akm>AIJ9gIEF IEF':=F?dE:=F?G=F?DOos9;: 9
>mDrosFH:=9����g@BF?Dros:=F59;G�IE>�e�F?:=Gs9gG/dJ9g:posF?G�IE@hdE:=@;o=@ <?@�kA@h9~os:s9�e;�HG�IEF � � �����
������� � � O� 	 �  � 	 b

�'��� !#" $&%'" � ������ �����


 ������� � ����� �
����� � CE�q9��BF?o=@ I.@�kA@ � > 9 IEFqdE:=@��pF os@6<?@�DE<?@�:=:pFHDrosF Fq<H@�@�d[FH:s9~os>meg9
DE9�xOCJ9;k�@6IEF?G=FHDre;@�kme�>A�BFHDro=@6IE@�G5dE:=@��pF os@�G5IEF � ��� ��� ��� � FqIEF �����	�
� ��� � IEFqCE�aG=>mGposF?� 9
�B:=FH9;kA>mu�9;I.@7I.FBj @�:p� 9 >mDOo=F � :=9;IJ9.v�F � dEkm@�:s9gDEIE@'oy9;Dros@�9;G�e;9gDOos9 � F?DEG5I.FqCE�q9'>A�BdEkAF?�qF?D N
os9����g@ FH� � ������� ��� � x�CE9;Dros@'9;G�e;9gDOos9 � F?DEG�IEF�C.� 9B>A�BdEkAF?�qF?DOos9����g@qF?� �����	�
� ��� � b(�	G=G=9
�BF?o=@ I.@�kA@ � > 9�osF?� dX@�:q@�� �pF os>me;@ F?DE<H@�Dro=:s9;: C.� 9 G=@�kmC ���;@ #;os>m� 9 IJ9 dJ9;:po=F�I.@ G=>mGposF?� 9
xOCEFPIEF e�FcGpFH:�>A�BdEkAF?�qF?Droy9;IJ9�F?� � ������� ��� � FPIJ9hdJ9;:po=F�x�C.F5IEF e�F5G=FH:�>A�BdEkmFH�BFHDroy9;IE9�FH�
�����	�
� ��� � vJ9ndJ9;:!os>A:�I.FPC.� 9�F?G=d[FH<H> �J<�9����;@Bj CEDE<H>m@�DJ9;k b

����� ��� � ��� 	���� �
��� �"!��#��	����

�3>mDOo=FH:=9����;@(FHDros:pF�@�G	dE:=@ �pF?os@;G}IEF � ������� ��� � FLIEF �����	�
� ��� � 9;GpG=>m��<?@��q@(@dE:=@�<HF?G=G=@�IEF



> � ��?A@CBED8@ F 9!��4�G�)-8& 6 �

dE9;:po=> ���g@ � ��� ��� ��� � � �����	�
� ��� � G=FBFHGpo=FHDEI.Fqd[FHkm@�GIE>me;FH:pG=@�GPD �me;FH>mGIE@�<?>A<?kA@ IEFhIEF?G=FHDre;@�kme�>�N
�BFHDro=@�F4o=FH�#<H@��B@(@�� �pF?os>�e�@�F?DE<H@;DOo=:s9;:VCE� <H@��BdE:=@;�q>mG=G=@/FHDros:pFL@�IEF?G=F?�qd[FHDEz.@F)@�<?CEGpo=@
I.@7Gp>AG!osFH�q9.b5�	G=Gs9 os�?<HDE>m<�9 d[@�G=Gp>A�E>mkA>mos9B>m�qd.kAFH�BFHDros9�����FHG��q9;>mG(F$�E<H>AF?DrosFHG?v��qF?kAzE@�:=9;DEIE@ @
I.FHG=F?�qd[FHD.zE@6FB@�<HC.Gpos@~N��[FHDEF j �A<H>m@'IE@�Gp>AGpo=FH�q9.b'�)@��B@7IEFH<?>AG ��FHGPIEFB>A�BdEkAF?�qF?Droy9����;@'FH�
�����	�
� ��� � o��?� >AD �JC&�HD.<H> 9qDE@ dE:=@ �pF?os@ I.F � ��� ��� ��� � � Fce�>A<HF NTe;FH:=G=9 � v�@;G�dE:=@;�EkAF?� 9;G/IEFH<?@�:!N
:pFHDrosF?G	IEFHGpGs9;G	I.FH<H>mG ��FHGtdX@�IEFH�#G=F?:}IEF osFH< oy9;I.@�G}kA@ � @(DE@(>AD �m<H>A@�IE@d.:=@��pF os@�F)9;G}:=F?G=d[FH< os>meg9;G
9gkmosF?:s9��$� F?G(d[@ I.FH� G=FH::pF�9;km>AuH9;IJ9;G�>A�BFHIE>A9goy9g�qF?DOo=F;v[9;>mDEIJ9 DOCE� 9;kmo=@ D ��e�FHktIEFh9;�EG!os:=9����;@
� ��	 b �(F?e;F'F � >AG!os>A:5CE� d.:=@�<HFHGpG=@ <H@;DOo �ADOCE@ IEF :pF$�JDE9;�qF?Dros@ IE@ Gp>AGpo=FH�q9�dJ9;:=96xOCEF G=F �=9
d[@�GpG �me;FHkX:=F�9gkA>AuH9;:&CE�q9Peg9;kA>mIJ9����;@5F?� <�9;IJ95CE� IE@�GLD ��e�F?>AG�IE@�dE:p@��pF?o=@Eb	� � � CE:s9n��b ��>AkAC.G!N
o=:s9 CE�q9'9;�X@;:=IJ9 � FH�_IEF � ����� �
����� <H@;��CE�BFHDrosFhFH�BdE:pF � 9;IE9.bB
 dE:p@ <?FHG=Gp@�GpFq>mDE>A<?> 9 <?@��
C.� 9n:=F?dE:=F?G=F?DOos9����g@ j CEDE<?>A@�DJ9gk�IE@qGp>AG!osFH�q9.vE>mDEIEF?dXF?DEIEFHDro=FcIE@BIE@�� �ADE>m@nIE@BdE:=@��pF os@Ev����
@;CB��� b��(k � CE�q9;GV:pFHdE:pFHGpFHDroy9��$� F?G4I.@G=>AG!osF?� 9�G �;@:=FH9;kA>mu�9;IJ9gGVC.o=>AkA>mu�9;D.IE@gN�GpF4�,);xOCE>mDJ9;G}IEF
F?Gpos9;IE@ �JDE>�oy9;G � ���&U ��F�dE:=@�<HF?G=Gp@�G�<H@�D.<H@�:p:=FHDro=FHGHb��	� 9;k � C.DEGL9;�c�E>AF?DOo=FHGLI.F�dXF?G=xOCE>mGs9.vE@
Gp>AG!osFH�q9���IEF?G=<H:p>mo=@PC.Gs9;DEI.@gN�GpF�C.� 9�km>AD � CE9 � FH� IEF�d.:=@ � :=9;�q9����;@.v;xOCEF���FHDro �g@P<?@��BdE>AkA9;IJ9
DOCE�q9n:=F?dE:=F?G=FHDros9����;@q>ADrosF?:=DJ9 vEoy9;>mGL<H@��B@hIEFHGp<H:p> ����FHG�IEF �JC � @BIEF�IJ9;IE@;G�F�IEF�<?@�Dros:=@;kAF;b

Particionamento
HW/SW

Síntese
de

Software

Síntese
de

Hardware

Síntese
da

Interface

Integração
do

Sistema

Descrição do
Sistema

(Funcional)

Representação Unificada
(Fluxo de dados e controle)

Processos Concorrentes
Linguagens de Programação

MEF
Grafos

Outra
Partição
HW/SW

UV> � C.:s9h� b|� i	�(�[@�:pIJ9 � F?� zJ9;:pI��)9;:=F��gG=@;j o��)9;:pFc<H@�IEF?G=> � D�b


 dE:=@�<HF?G=Gp@ IEF dJ9;:!os> ���;@6I.F?osF?:=�B>ADJ97xOCJ9;>AG5j CED ����FHGcG=FH: �;@ >A�BdEkmFH�BFHDroy9;IE9;G5F?� ���
F5xOCJ9;>AG/G=F?: �;@q>A�BdEkAF?�qF?DOos9;IJ9;G�F?� �O� b��(>�e�FH:pG=@�G � :=C.dX@�G/IEFcd[FHGpxOCE>AG=9 9;IE@;os9;�7v[�E9;G=>m<�9~N



> � ��?A@CBED8@ F 9!��4�G�)-8& 6 	

�BFHDro=F;v�9P�BF?o=@ I.@�kA@ � > 9(9gdE:=F?G=FHDros9;IJ95DE9 � � CE:s95� b|�<?@��B@PGp@�kAC ���;@PdJ9;:=9P9�>A�BdEkmFH�BFHDroy9����;@
��������� IEF�IE>me;FH:=Gp@�G�G=>AG!osF?� 9;G?b

Y�CJ9;Dro=@ �q9;>A@�:h9 <H@��BdEkmF � >AIJ9gIEF'IE@�GBG=>AG!osF?� 9;GB�q9;>A@�:h9 DEFH<?FHGpG=>AIE9;IEF�I.F�CE�q9 I.FHG!N
<?:=> ���;@ IEF oy9;kmzJ9;IJ9 b $t@�:n>mG=Gp@ � F ��os:=F?� 9g�qF?DOo=F'>A�BdX@�:!oy9;Dro=F @ FH�BdE:=F � @ IEF os�?<HDE>m<�9;GhIEF
I.FH<H@;�qd[@�G=> ���;@cdJ9;:s9Pj 9;<H>mkA>mos9;:&9n9;D )gkA>AGpF/I.@�G=>mGposF?� 9 b	�\�BF?os@�IE@�km@ � >A9��� ���� � ����� �
�����

�E9;G=F?> 9~NTG=F j CED.IJ9;�BFHDroy9;km�qF?DrosF F?� o=: �HGcdX@�Dro=@�GHiq>ADrosF � :s9����;@6IE@;G�dE:=@ �pF?os@;GnIEF � ������� ��� �

F �����	�
� ��� � v(F � dEkA@;:s9����;@ I.F CE� <?@��BdE:=@��B>AGpG=@^<HC.Gpos@Re�F?:=G=C.G6IEFHGpFH�BdXF?DEzE@ FHDros:pF �����	� ,
� ��� � F � ������� ��� � v 9~os:s9�e;�HG)IE9�9�e;9gkA> 9����;@IJ9gG)IE>�e�FH:pGs9;G)9;kmo=FH:pDJ9gos>�eg9;G&dX@�GpG ��e�FH>mG4I.F(dJ9;:!os> ���;@
��������� F�@�<?@�Dro �mD�C.@n:=F$�EDJ9;�BFHDros@nIJ95FHG=d[FH<?>��J<H9����g@nF(eg9;kA>mIJ9����g@cIE@�d.:=@��pF os@Eb	� � � CE:s9
��b � >AkmCEGpo=:s9�FHGpG=F5dE:=@�<HF?G=G=@.b)� �qF os@�IE@�km@ � > 95IEF��  ���� � ����� �
����� dX@�IEF�G=F?:�e >mGpos9B<?@��q@
C.� 9(F ��osFHD.G �;@�IJ9�G �ADrosF?G=F�IEF�9gkmos@/D �me;FHk � �(��� � v;<H@;�q@��)>AkAC.Gpos:=9;IE@/DJ9 � � CE:=9� b Eb	
�CnGpF �=9.v
9�G �mDrosFHGpF(��CE�q9PdE9;:po=F�I.@cdE:p@ <?FHG=Gp@cIEF�<H@;DE<HF?d ���;@cIE@PG=>mGpo=FH�q9.b}�(G&j CED �$� F?G4I.@5Gp>AGpo=FH�q959
GpFH:pFH��>m�qd.kAFH�BFHDros9;IJ9;G�G �g@IEFHGp<H:=>�oy9;Gt<H@��B@�dE:p@ <?FHGpG=@�G	<?@�DE<H@;:=:=F?DrosFHG	xOCEF)>ADrosF?:s9 � F?� FHDros:pF
Gp>�F�DJ9�j 9;G=F�IJ9hdJ9;:!os> ���;@nd[@ IEF?� G=F?:�� 9;d[F�9gIJ9;G�FH� IE>mj F?:=FHDro=FHG�<H@��BdX@;DEFHDrosF?G�j �AG=>m<H@�G?b

Coleção de

 Funções

Partição Hardware/Software

 Funções a serem implementadas
em hardware

 Funções a serem implementadas
 em software

de
   Partição

Partição

      Software

Hardware

Projeto  de

Projeto  de

Software

Alternativa

   Hardware/

UV> � C.:s9n� b � i&$t9;:po=> ���g@q��������� F5%�F$�EDJ9;�BFHDros@

��� IE@;G)<H:p>mo=�H:=>m@�G�<H@�DEGp>AIEF?:s9;I.@�GLDJ9cdE9;:po=> ���g@������;��� �9c�B>ADE>m�q>mu�9����;@IJ9c<?@���CED.>�N
<H9����g@5F?DOo=:=F/9;G&j CED ����FHG�IE@PG=>mGposF?� 9 b}"/@P<�9gG=@PFHG=d[FH< ���J<?@cIEF�dE:p@;os@�<H@�km@�G	IEF�<H@;��CEDE>m<�9����;@Ev
F?G=GpF��/C.� j 9~os@�:&>A�Bd[@�:pos9;DrosF�dJ9;:=95�BFHkmzE@�:s9g:	@cIEF?G=FH�Bd[FHDEzE@.v.dE:p>ADE<?>AdJ9;km�qF?DrosF�FH�-o=FH:=�B@�G



> � ��?A@CBED8@ F 9!��4�G�)-8& 6 �

R
ep

re
se

nt
aç

ão
 u

ni
fi

ca
da

Representação do sistema

Partição do sistema

 CODESIGN

       Síntese

Integração do sistema

Partição Hardware/Software

         Refinamento

      Avaliação alternativa

Decomposição

Codesign
 Análise

VHDL/Redes de Petri

Ut> � CE:=9h� b Ei��)@ I.FHG=> � D'DE@h<H@�Dro=F ��os@qIE@hdE:=@��pF os@BIE@BG=>AG!osF?� 9

I.F5eg9;u��g@ Fc:pF?os9;:=IE@.b(
�d.:=@�<HFHGpG=@ IEF � ����� �
����� <?@�DEG=>mGpo=FcFH� :pF�9;km>Au�9g:HvJ>mo=FH:=9gos>�e;9g�qF?DOo=F;vJ@�G
GpF � C.>ADrosF?G�d.:=@�<HFHI.>A�BFHDros@�G?itI.FH<H@;�qd[@�G=> ���;@�j C.DE<H>m@�DJ9;kEI.@G=>AG!osF?� 9.vO9dJ9g:pos> ���;@���������� vr@
:pF$�JDE9;�qF?Dros@ F59 9�eg9;kA>A9����g@BIE9;G�9;k�osF?:=DJ9go=>meg9;G�d[@�G=G �me;FH>AG/IEFcdE9;:po=> ���g@Eb�"(9BIEFH<?@��BdX@�Gp> ���;@Ev
I.>me�>AIEF N�GpF'9;G�j CED �$� F?GBI.@ G=>AG!osF?� 9 FH� G=CE� j CED ����FHG?b^� dJ9;:po=> ���;@6IEF osFH:p�q>mDJ96xOCJ9;>mGnG=CE� N
j C.D ����FHG�I.F?e�F?� G=F?:�>A�BdEkmFH�BFHDroy9;IE9;G�FH� � ��� ��� ��� � Fqx�CE9;>AG�I.F?e�F?� GpFH:�>m�qdEkmFH�BFHDroy9gIJ9;G
F?� �����	� � ��� � b�
 :pF$�JDE9;�qF?Dros@ d.:=@�IECEu7DE@fe;9gG 9;k�osFH:pDJ9go=>meg9;GnIEF7dJ9;:!os> ���;@ ��������� b4"(9
9�eg9;km> 9����;@�IJ9;GL9gkmosF?:=DJ9~os>meg9;G&IEF/dJ9;:!os> ���;@PIEF?o=FH:=�B>ADE9~N�GpF/@5IEFHGpFH�BdXF?DEzE@nIE@5G=>AG!osF?� 9PF(xOCJ9;k
@ <?CEGpo=@ 9gG=G=@�<H>A9;IE@Ev	<?@�� @ @;� �pF?o=>me�@ IEF GpFHkmFH<H>m@�DJ9;:cCE� 9�IEF?o=FH:=�B>ADE9;IJ96>A�BdEkmFH�BFHDroy9����;@
��������� b

"�@ d.:=@�<HFHGpG=@ IEF G �ADrosF?G=F IE@ �����	�
� ��� � I.F$�JDEF N�GpF7xOCJ9g>AG�@�GcdE:=@�<HF?G=G=@;GB<?@�DE<?@�:=:pFHDrosF?GBF
:pF�9;km>AuH9~N�GpFcCE� FHGp<�9;km@�DJ9;�BFHDros@.v1@�C GpF �=9.v�I.F$�JDEF N�GpFnx�CE9;>AG�d.:=@�<HFHGpGs9;I.@�:=F?GF � FH<?C.oy9;� <�9;IE9
C.� IE@;G�dE:=@�<HF?G=Gp@�GHbP�(F e�F NTG=Fh<H@;DEG=>mIEFH:=9;:9;GpdXF?<?os@;G�<H@��B@ �B>ADE>m�q>mu�9����;@hIE@ o=FH�BdX@ xOCEFn@
d.:=@�<HFHGpGs9;I.@�:)F?G=d[FH:s9PdX@;:�F e�F?DOo=@�GLF � o=FH:pDE@�GHv :=F?Gpos:p> �$� F?G4IEF�osF?�qd[@PIEF/F � FH<HC ���;@�dE9;:s9�<�9;IE9
d.:=@�<HFHGpG=@EvrGpFHxOC&�?DE<H>A9(IEFLF �.F?<HC ���;@IEF4<�9;IJ9/dE:=@�<HF?G=G=@F � 9;:=9;Dros> 9�IEFLxOCEF4os@�IE@�G�FHkAF?GVd[@ I.FH�
GpFH:nF �.F?<HC.os9;IE@�Gnd[FHkm@6�BFHDE@�GcCE� 97e�FHugb � G �ADro=FHG=F'IE@ �����	� � ��� � <H@�D.G=>AG!osF F?� <?@�Dre�FH:!osF?:
C.� 9�F?G=d[FH<H> �J<�9����;@h<H@;�qdEkmF �.9�DE@hD ��e�FHk1IEFG=>mGposF?� 9�F?� CE� dE:=@ � :s9;�q95o=:s9;IE>m<H>m@�DJ9;k[DOCE� 9
km>AD � CJ9 � F?� IEFc9;kmo=@BD �me�F?kt<?@��B@EvJdX@;:/F �.F?�qd.kA@Ev�9BkA>AD � CJ9 � F?� �(b[��G �ADrosF?G=F5IEF � ������� ��� � v
I.FHG=<?:=>�oy9IEF?os9;kAzE9;IJ9;�BFHDrosF�DE9�GpF����;@c9gDOo=FH:p>A@�:?v�DE@�:p� 9;km�qF?DrosFL��:pF�9;km>Au�9gIJ99dJ9;:po=>A:}I.F�CE� 9
km>AD � CJ9 � F?��IEF/IEFHGp<H:=> ���;@5IEF � ��� ��� ��� � oy9;k�<H@;�q@�S�/���6F/>mDE<H@;:=d[@�:s9.v�9;km�H�2IE95G �mDrosFHGpF(IEF



> � ��?A@CBED8@ F 9!��4�G�)-8& 6 �

9gkmos@qD �me;FHk v19 G �ADrosF?G=F�I.F�� )gx�C.>ADJ9;G�IEF�F?Gpos9;IE@ �JD.>moy9gG(Fn9 I.F$�JDE> ���;@ IJ9qosF?<HDE@;kA@ � >A9q9qG=FH:
C os>Akm>AuH9;IJ9.b

�/k � CE�q9;GLeg9;Droy9 � FHDEG�IJ9nC.o=>Akm>Au�9����;@�I.@qdE:p>ADE< �AdE>m@�IEF � ����� �
����� G �;@.i

� ��9;DrosF?: �pCEDroy9gGL9;G4dJ9;:po=FHG4:=F?j F?:=F?DOo=FHG  PFHGpdXF?<H>��E<�9����;@�IE@5G=>AG!osF?� 9PIECE:s9gDOo=F/o=@ IJ9gG)9;G
F?oy9gdJ9;G�IE@hdE:=@ �pF?os@�%

� $t@�GpG=>A�.>AkA>�oy9;:)9nIEF?o=FH<����;@ I.FPF?:=:p@�G�DJ9;G�j 9;G=F?G�>ADE>m<H> 9g>AG)I.@Bd.:=@��pF os@&%

� $t@�GpG=>A�.>AkA>�oy9;:/9 e�F?:=>��E<�9����;@'Fh9'Gp>A��C.k 9����;@ IEF�o=@ IE@'@ Gp>AGpo=FH�q9 FH� xOCJ9gkAxOCEFH:F oy9;dE9
IE@hdE:=@��pF os@&%

� $tFH:p�q>�os>m:qCE� :=F �JDJ9;�BFHDros@ F C.� 9 :pF�9�eg9;kA>A9����g@ IJ9 dJ9g:pos> ���;@ FH� <H9;IJ9 F oy9;dJ9 I.@
dE:=@��pF os@EvJI.F?e�>AIE@  hG=CJ9n<H9;:s9;< osF?: �AG!os>m<�9n>mo=FH:s9~os>meg9�%

� �(>A�B>ADOCE>m:)@�G�<HC.Gpos@;G/IEF�dE:p@��pF?o=@hFPd[FH:p�q>�os>m:)@nosF?GposFPIEF�G=>mGpo=FH�q9;G�<H@��BdEkmF � @�G�%

����� � � � � � � ���������
��� � � � � �
� ��"!#������ � ���

�(>�e�F?:=G=@;G � :=C.dX@�GBIEF�dXF?G=xOCE>AG=9 o �H� IEFHGpFHDre�@;kme�>AIE@ 9;���E>mFHDrosF?G IEF7dE:=@ �pF?os@ �J9;GpF�9;IE@;G
F?� �� ���� � ����� �
����� b(�	GpG=FHGd.:=@��pF os@�G/IE>mj F?:=FH� j CED.IJ9;�BFHDroy9;km�qF?DrosFcDE9qkA>mD � CJ9 � FH� IEF
F?G=d[FH<?>��J<H9����;@�C.os>mkA>mu�9;IJ9 v�DE@7�q� os@�IE@'IEFhdJ9;:po=> ���;@Ev�DJ979;:=xOCE>�osF osCE:=9�9;k�e�@'FBDE@�G��q� os@�IE@�G
I.F�eg9;km>AIJ9����;@C.o=>AkA>mu�9;I.@�GHb���G=F � CE>A:&G �g@c9;d.:=FHGpFHDroy9gIJ9;GL9gk � CE�q9;G	<H9;:s9;< osF?: �AG!os>m<�9;G	IEF/9;k � CEDEG
I.FHG=GpFHG/dE:=@��pF os@�G?b

F'��D  ��D


�dE:p@��pF?o=@ ��
��E�6
���<?@�DEGp>AGpo=F5I.FcCE�q9B�BF?o=@ I.@�kA@ � > 9cFPCE� 9;���.>AFHDro=F5dJ9g:s9hFHG=d[FH<?>��.N
<H9����g@BF�G �ADrosF?G=F�IEFG=>mGpo=FH�q9;G�IE>AG!os:p>A�EC �mIE@�GLI.F � ��� ��� ��� � F �����	� � ��� � IEF?G=FHDre;@�kme�>AI.@qDE@B��9~N
�[@�:=9go�#�:p>A@B���!���-FH� �:=FHD.@��EkAF NKUJ:s9gD ��9 � � 	 �  =�	 b��2dE:p>A�BFH>m:s9hF?oy9gdJ9 IEF�d.:=@��pF os@ <H@;DEG=>mGposF
DE9�FHGpdXF?<H>��E<�9����;@Ev}C.o=>Akm>Au�9gDEIE@'CE�q9�IJ9;G5G=F � CE>ADro=FHG�km>AD � CE9 � FHD.GHih�.�(�&vt�	Gpo=FHkAkmF;vV�t
���
��Xv
�Ooy9go=Ff�)zJ9;:!osG?v��&G!osF?:=FHk v����.$Q@;C�
����)��� bJ� IEFHGp<H:p> ���g@nIE@hG=>AG!osF?� 9n9ndJ9;:!os>m:)IEFIE>�e�F?:=Gs9gG
km>AD � CJ9 � F?DEG��cd[@�G=G �me�F?kVIEF e�>AIE@  qC.o=>AkA>mu�9����;@hIEFcC.� j @;:=�q9gos@B>ADrosF?:=�BFHIE> );:=>m@hIEFHDE@;�q>mDJ9;IE@



> � ��?A@CBED8@ F 9!��4�G�)-8& 6 �

�.
����(% �  =�	 vrC os>Akm>AuH9;IE@(d[FHkA9;G	IE>�j FH:=F?DrosFHG	j F?:=:s9g�qF?DOos9;G	IEF�dE:p@��pF?o=@Eb	�	G=GpF�j @;:=�q9gos@9g<H@��B@gN
IE9�DJ9c�BFHG=�q9c:pFHdE:pFHG=F?Droy9����;@h@�GLdE:p>ADE<?>AdJ9;>mG&<H@�DE<?FH>�os@�GLI.F�D �me;FHkXIEF�G=>mGpo=FH�q9;GHi	zE>mFH:=9;:=xOCE>A9.v
dE9;:s9;kmFHkm>AG=�B@EvO<H@;��CEDE>m<�9����;@hFPGp>ADE<?:=@�D.>Au�9����;@Eb

�	Gpo=Fn9;���.>AFHDro=F5C.o=>Akm>Au�9nCE�q9Bo=�H<?DE>A<H9 G=F?�q> NK9;C.o=@��,)gos>m<�9�IEF5dJ9;:po=> ���;@q@;DEIEF;vXdJ9;:!os>AD.IE@gN
GpF�IEF�CE� 9 IEF?G=<H:p> ���;@ j CEDE<?>A@�DE9;k�IE@ Gp>AGpo=FH�q9.vL@�� os�H�nN�GpF�CE� <?@�D��pCEDros@ IEF�dE:p@ <?FHGpG=@�G 9
GpFH:pFH� >A�BdEkmFH�BFHDroy9;I.@�G�FH� �����	�
� ��� � v4DE9 km>AD � CJ9 � F?� �(v	xOCEF7G �;@ <H@��BdE>mk 9;IE@;G�dJ9;:=9 9gk�N
� CE� dE:=@�<HF?G=Gs9gIE@�:�IEFcCEG=@ � FH:s9gk v[FcCE� <H@�D �pCEDros@ IEFcdE:=@�<HF?G=G=@;G9 G=F?:=F?� >m�qdEkmFH�BFHDroy9gIE@�G
F?� � ��� ��� ��� � v�DJ9 km>AD � CJ9 � F?� S�/���	b4� >A�BdEkmFH�BFHDroy9����;@ FH� � ������� ��� � d[@�IEF�C os>Akm>AuH9;:
<?@��BdX@�D.FHDrosF?G/dE:p@ � :=9;� )�e;FH>AG � $����(G ��@;C�<H>m:=<?CE>mo=@�G�>ADrosF � :s9gIE@�G�IEFHI.>A<�9gIE@�G � ����!�)G � bL�/�
<?@�D��pCEDro=@�IEF�dE:=@�<HF?G=G=@;GL<H@�D.<H@�:p:=FHDro=FHGLIEF �JDEF/CE� 9�CEDE>mIJ9;IEF/IEF�dE:=@��pF os@ � ��� �
����� 	 � � � �	x�C.F
d[@�IEF�<H@;DOo=FH:�@;C.os:=9;G�CEDE>mIJ9;IEF?GHv�j @�:p� 9gDEIE@ C.� 9 z.>AFH:=9;:=xOCE>A9 IEF�C.DE>AIJ9gIEFHG�I.FndE:=@��pF os@Eb�
<?@���CED.>A<�9����;@ F?Dros:=F�9;G�CEDE>mIJ9;IEF?G�IEFndE:p@��pF?o=@ @�<H@�:p:=Fn9go=:s9�e��?GIEF�<H9;DJ9;>mG � � � ��� � �
	 	 � � � � �
xOCEFPC.o=>AkA>mu�9;� %�$��)G � � �
��� � �� � �!� � ��	�� � � ��	�	 � � b

��dJ9;:po=> ���;@B��������� �P:=FH9;kA>mu�9;IE9q9go=:s9�e��?G(IJ9q9;dEkm>A<�9����;@hIEF�os:=9;DEGpj @;:=�q9�����FHG�G=@��.:=F�9
:pFHdE:pFHGpFHDroy9����;@7�E
����%�v�x�C.F�dX@�IEF?� GpFH:/IEF5o=: �HG�os>mdX@�G?i)IEF?<H@��Bd[@�G=> ���;@Bj CEDE<H>m@�DJ9;k vJ:=F?@�:!N
� 9;DE>AuH9����g@6FHG!os:=C osCE:=9;kLF os:=9;DEG!j @�:=�q9����g@6IEF <H@;��CEDE>m<�9����;@Eb � IEF?<H@��BdX@;G=> ���;@�j CED.<H>A@;DJ9;k
:pF$�JDE9n9;GLIEF?G=<H:p> �$� F?G � � ��� � �	� ����� � � ����� v.95:=FH@;: � 9;D.>Au�9����;@5FHGpo=:=C.o=CE:s9gk��9;dEkm>A<H9;IJ9�DE@nD �me;FHk
I.FPC.DE>AIJ9gIEFHG�IEF�dE:=@ �pF?os@.vJFHDExOCJ9;Dro=@ xOCEF59;G�os:s9gDEGpj @�:p� 9�����FHG�IEF�<H@;��CEDE>m<�9����;@hdXF?:=�B>mosF?�
C.� :=F �JDJ9;�BFHDros@BIJ9;G�<?@���CEDE>m<�9��$� F?G�DE@�G�<�9gDJ9;>AG?b

�/G4os:=9;DEG!j @�:=�q9�����FHG��BFHDE<?>A@�DJ9gIJ9;G�G �;@c9;dEkA>m<�9;IE9;G&dXF?kA@cd.:=@��pF os>AG!oy9PIEF/j @�:p� 9 ���/&5	#�/3!v
@;C G=F �=9.v.@�d.:=@��pF os>AG!oy9c�/:=F?G=d[@�DEG�)�e;FHk�d[@�:4I.F?osF?:=�B>ADJ9g:)9c�BFHkmzE@�:�G=@�kmC ���g@cIEF�<?@��BdE:=@��B>AGpG=@
F?Dros:=FP@h<HCEG!os@BF�@BI.FHG=F?�qd[FHD.zE@Eb�� � � CE:=9 � b =�>AkmCEGpo=:s9�@hG=>mGposF?� 9B��
��E�6
��Xb

I 7�D9?


 G=>mGpo=FH�q97IEF �������O� � ����� �
����� $	�!�.� � $	:=@��pF os@6��Dro=F � :=9;IE@ � @gj o��L9;:pF N��(9;:pI��L9g:=F �
� �f��	 � ��� 	 � �f��	4j @;>4IEF?G=F?DOe;@�kme�>mIE@ DE@ �)F?DOo=:=@ IEF ��D.j @�:=�,)go=>A<�9'IJ96��DE>me;FH:pG=>AIE9;IEF UJFHI.FH:s9gk4IEF
$�FH:pDJ9;���EC.<H@ � �(UV$�� � b	�	G=G=F'Gp>AGpo=FH�q96C.os>mkA>mu�9�:pFHIEF?GhIEF'$tF os:=>�<?@��B@6CE� �B@�IEFHkm@6>ADrosF?:!N
�BFHI.>*);:p>A@Ev	d[@�G=Gp>A�E>mkA>�oy9;DEI.@�oy9gDOo=@ C.� 9 9;D&);kA>mG=F xOCJ9;km>moy9~os>meg97IJ9;GhdE:=@;dE:=>mFHIJ9;I.FHGhIEFHGpGs9 FHG!N



> � ��?A@CBED8@ F 9!��4�G�)-8& 6 N

F1
F2

F1

F3

F4

F2
F3’

F3"

F4"
F4’

Decomposição Funcional

HW - F1

P1

SW F2,F3’
F4’

P2

HW

F4",F3"

Alocação de processador virtual

P1
ASIC

P2
PROCES.

P3
FPGA

c2  c1
Arbitro barrContr. Mem

Transformação Comunicação

Ut> � CE:=9h� b = i	� j FH:=:=9;�BFHDroy9B��
��E�6
��Xb

d[FH<?>��J<H9����g@qxOCJ9;Dro=@ @B< );km<HCEkm@BI.Fc9;k � CE�q9;G��B�?os:p>A<H9;G�xOCEFcG �;@qC os>Akm>AuH9;IJ9;GLD.@ dE:p@ <?FHG=Gp@ IEF
dE9;:po=> ���g@Eb


3�q� os@�IE@�IEF�dE9;:po=> ���g@�IE@G=>mGpo=FH�q9�$	�!�.��<H@�D.G=>AI.FH:s9�C.� 9�9g:=xOCE>mo=F?o=CE:s9�<?@���� �Ekmo=>AdEkm@�G
d.:=@�<HFHGpGs9;I.@�:=F?GLF(�J9gG=FH>A9~N�GpF(DE@�9;k � @;:=>mo=�q@I.F �
	 	 � � �
��� � � v�@�DEIEF/<�9;IJ9P<H@�D �pCEDros@�IEF/j CED ����FHG
I.F?e�FhGpFH:>A�BdEkmFH�BFHDroy9;I.@ FH� � ������� ��� � @;C FH� �����	�
� ��� � b��2FHGpdXF?<H>��E<�9����;@'IE@ G=>mGposF?� 9 �
IE9;IJ9qd[@�:�CE� �B@ IEF?kA@ � � ��� � �	� ����� � � ��	 DE9qkA>mD � CJ9 � FH� 5� �$���Qv�xOCEFcd[FH:p�q>�osF�IEFHGp<H:pF?e�F?:
I.F)j @�:=�q9/F � dEk �m<H>mos9(9(<?@�DE<?@�:=: �HDE<?> 9(F?DOo=:=FL@;G}dE:=@�<HF?G=Gp@�GHb	�	GpGs9IEFHGp<H:p> ���g@��)os:=9;IECEu?>AIJ9/dJ9;:s9
C.� 9:=F?IEF�IEF�$tF os:p>EosFH�Bd[@�:=>mu�9;IJ9 v�xOCEF�dXF?:=�B>mosF)CE� 9�e;FH:=> �J<�9����;@j @�:p� 9;k IE@�G=>mGposF?� 9�9;d #�G
:pF�9;km>AuH9;IJ9 9 dJ9g:pos> ���;@.v)@�C G=F �=9 vLdXF?:=�B>mo=F'e;FH:p>��J<H9;:qGpF�@ G=>AG!osF?� 9 FHG!o ) GpFH�q9;Dros>A<H9;�BFHDrosF
<?@�:=:pF?o=@ F G=F FHG!o ) I.F 9;<?@�:=I.@ <?@�� 9^FHG=d[FH<?>��J<H9����g@Q>AD.>A<H>A9;k b-�adJ9g:pos>m: IJ9R9;D );km>AG=F IE9
:pFHIEFPIEFP$tF os:p> v�dX@�IEF N�G=FP9;GpG=@�<H>A9;:�<�9;IE9BCE� I.@�G�dE:=@�<HF?G=G=@;G�9n>AD �E�BFH:=9;G�dX@�GpG=>m�E>Akm>AIJ9;I.FHGLIEF
>m�qd.kAFH�BFHDros9����;@cFH� � ������� ��� � @;C7F?� �����	�
� ��� � b

�/DOo=FHGtIJ9(9;d.kA>A<H9����g@�I.@�9;k � @�:=>�os�B@LIEF �
	 	�� � �
��� � � ��DEFH<?FHGpG�);:p>A@�:pF�9;km>Au�9g:�CE� � ��	 � � � � � � IE9
F?G=d[FH<?>��J<H9����;@.v�@�C�GpF �=9.v�GpFHdJ9g:s9;:Vo=@ I.@�GV@�GtdE:=@�<HF?G=Gp@�G}IEFL�q9;DEF?>A:=9�xOCEFLGpF)osF?DEzJ9(C.� 9(�q9;>m@�:
�EF � >A�E>mkA>mIJ9;IEF�xOCJ9;DEI.@ j @�:�:=FH9;kA>mu�9;IE@B@ 9 � :=CEdE9;�qF?Dros@ I.FHG=GpFHGdE:p@ <?FHGpG=@�G�F?� dJ9;:po=> �$� F?GHb/

d.:=@��pF os>AG!oy9IEF �JDEF/9 ��� ��� 	�	 �����
� � ��� I.FHG=F �=9;IJ9�xOCJ9;DEIE@P:=FH9;kA>mu�9�@ � ��	 � �
� � � � b}
�9;k � @�:=>�os�B@(IEF
�
	 	 � � �
�
� � � 9 � :=CEdE9(@�G}dE:p@ <?FHGpG=@�G	IEFL9;<H@�:pIE@�<?@���9gG}�q� os:p>A<�9gGV<�9gkA<HC.k 9;IJ9gGHb��QdJ9;:!os>m:VIEF?G=Gs9gG
�B�?o=:=>m<�9;G?v�IJ9G=>m�q>mk 9;:p>AIJ9;I.F&j C.DE<H>m@�DJ9;k v�IJ9�<H@;DE<H@�:p: �?DE<H>A9�F?Dros:=F�@�G	d.:=@�<HFHGpG=@�G&F�IE@�<?CEGpo=@PIE9



> � ��?A@CBED8@ F 9!��4�G�)-8& > �

<?@���CED.>A<�9����;@F?DOo=:=F�@�G	�BFHGp�q@;G}�L:=FH9;kA>mu�9;IE9�99;kA@�<�9����;@�>mDE>A<?> 9;k b�
 9gk � @�:p>mo=�q@�IEF�dJ9;:!os> ���;@
os9;���[�H� >AD.IE>A<H95@�G4dE:=@�<HF?G=G=@;GL:=F?G=d[@�DEG�)�e;FH>AG�d[FHkA95<?@���CEDE>m<�9����;@cF?Dros:=F(@�G)IE>�e�F?:=G=@;G � :=C.dX@�G
I.FPd.:=@�<HFHGpG=@�G?b

�(C.:s9;DrosFh9Bj 9;G=F�I.Fceg9;kA>mIJ9����g@qIE@ d.:=@;o #;os>mdX@BdX@�IEF N�G=Fc@�d.oy9g:(d[FHk 9q:=F�9gkA>AuH9����g@qIEFcCE� 9
D.@ eg9 dJ9g:pos> ���;@.v1<�9gG=@'9;G�:pFHG!os:=> ����FHG�I.F�dE:=@ �pF?os@ D �;@ G=F �=9;� G=9gos>mGpj F?>moy9gGHbP
2G=>mGposF?� 9 $	�!�.�
F?D.j 9go=>Au�9595<?@�:=:pF����g@�IE@cGp>AG!osFH�q9c9g@cxOCJ9;k�j @�>[9;dEkm>A<�9gIJ959PdJ9;:!os> ���;@���������� b�� � � CE:s9�� b �
>mkACEG!os:=9�@BGp>AG!osFH�q9h$	�!�.�5b

Estimadores

Particionamento

Rede de Petri

Occam

CIRCUITO     SINTETIZADO

Drivers interface hw/sw interface hw/hw

Descrição

Verificação
Síntese Síntese Síntese 

TRANSIÇÕES

UV> � CE:s9h� b �.i�
 G=>AG!osF?� 9nIEF�������� � ����� �
����� $	�!�.�Pb

D I � F D ��


 � dXF?<f��l�DR� CE� 9;�c�E>AF?DOo=F IEF dE:p@��pF?o=@ IEFHGpFHDre�@�k�e�>AIE@ DJ9 �/DE>�e�F?:=G=>mIJ9;IEF I.F ��:pe�>ADEF
xOCEFcG=F��J9gG=FH>A9qDE@ dJ9;:s9gIE> � �q9nIEF�dE:p@��pF?o=@ � � � ���
� ��� � � ��� , � 2 ��	�� � � � ��� , � � � � ����� � � � � �.�&% �
� �	 �  ��	 b �	G=G=9 9;�X@;:=IJ9 � FH� FHG=d[FH<?>��J<H9 dE:=F?<H>AG=9;�BFHDrosF @ Gp>AGpo=FH�q9�DE@ D ��e�FHk�j CEDE<?>A@�DJ9gk v}F ��N
d.kA@�:=9 >mD �.�qF?:s9;Gh@�d ����FHGBIEF7dE:=@��pF os@ DE@ D ��e�F?k�I.F�Gp>AGpo=FH�q9 F7:=F �JDJ9 9 FHGpdXF?<H> �J<�9����;@ DE9
@;d ���;@ GpFHkmFH<H>m@�DJ9;IE9.b���� 9 @�d ���;@ G=F?kAFH<?>A@�DE9;IJ9 <H@�DEGp>AG!osF7IJ9 9;km@ <H9����g@ I.F�<?@��qd[@�DEF?DrosFHG
<?@��B@ndE:=@�<HF?G=Gs9gIE@�:=F?G�IEF�CEGp@ � FH:s9gk1@�C'IEF?IE>A<H9;IE@�G�� �� �!�)G �LFIEF�CE�q9�dJ9;:!os> ���;@cj CED.<H>A@;DJ9;k
I.>AGpo=:=>m�EC �AIE9�FHDros:pFPF?G=GpFHG(<?@��BdX@�D.FHDrosF?GHb

� � 2 ��	�� � � � ��� ��� *�	�� � � � 	�� ��	 �4IEF �JDE>mIJ9/<?@��q@/9�os9;:=F j 9�I.F4GpF)FHD.<H@�Dros:=9;:�CE� <H@�D��pC.DOo=@(IEF
d[@;o=FHDE<?> 9;>mG/9g:=xOCE>mo=F?o=CE:s9;G/xOCEFcd[@�G=G=9;� Gs9go=>AG!j 9;uHF?:�9;G�:=F?Gpos:p> �$� F?G(>A�Bd[@�Gpos9;G�G=@��E:pF�9;k � CE�q9;G
�B�?o=:=>m<�9;GPF @;o=>A�B>AuH9;:@�C.o=:s9;G?b��	G=GpF dJ9;GpG=@6<?@�DEG=>mGpo=F DJ9;G5oy9;:pF?j 9;GPIEF 9;km@ <H9����g@EvtdE9;:po=> ���g@Ev
o=:s9;D.Gpj @�:p� 9����;@ F'FHG!os>A�q9go=>meg9.b "�@�:=�q9;km�qF?DOo=F e );:=>A9;Gn>mo=FH:=9�����FHGnG �;@ :=F�9gkA>AuH9;IJ9;GcdJ9;:s9 G=F
<yz.F � 9;:�9hCE�q9�G=@�kmC ���;@.b



> � ��?A@CBED8@ F 9!��4�G�)-8& >96

�/kA@�<�9����;@��9(oy9g:=F?j 9�I.F�G=F�9;IE>m<H>A@;DJ9;:�<H@��BdX@;DEFHDrosF?G&9;@dE:p@��pF?o=@Eb&
�9;kA@�<�9;I.@�:	� d[FH<���l�D
C os>Akm>AuH9)<H@��Bd[@�DEFHDro=FHGt9;:=�q9;uHF?DJ9;IE@;G�D�C.� 9��E>m�EkA>m@;osF?<�9.vf<H9;:s9;< osF?:=>AuH9;IE@�G�d[@�:�G=CE9;G�:=FHG!os:p> ����FHG
o=FH<?DE@�k # � >A<H9;GHb

�(C.:s9;DrosF @ dE:p@ <?FHG=Gp@ I.F dE9;:po=> ���g@Ev�@Rd.:=@��pF os>AG!oy9 d[@ I.F >ADrosF?:s9 � >m: <H@;� @^G=>mGposF?� 9 F
:pF�9;km@ <H9;:�@�G(@�� �pF?os@;G ����&5	���3 ���4&8����v[<H@�Dros:p@�k 9gDEIE@ @ dXF?G=@ IJ9gG��q� os:p>A<�9gG/F?DOe;@�kme�>mIJ9;G(DE9
j C.D ���;@�<HCEG!os@Eb��/�q9'FHGpo=>A�q9gos>�eg9'IE9�xOCJ9;km>AIJ9;I.FBI.@�dE:p@��pF?o=@6�qD.FH<HF?G=G );:=>A9�dJ9;:=97e�F?:=> �J<�9;:
GpFcCE�q9qI.F?osF?:=�B>ADJ9gIJ9BdE9;:po=> ���g@qIEFPj CED �$� F?G(FHDro=:=Fc@;G(<H@;�qd[@�DEF?DOo=FHG(9;kA@�<�9;I.@�G�Gs9go=>AGpj 9guc9;G
:pFHG!os:=> ����FHG�F?G=d[FH<?>��J<H9;IJ9;G�Fcos9;���[�H� dJ9;:s9 xOCEFnGpF �=9 d[@�G=G �me;FHk}CE�q9 <?@��qdE9;:s9����;@ F?DOo=:=Fh9;G
I.>me�F?:=G=9;G(9gkmosF?:=DJ9~os>meg9;G4IEF�dE:=@ �pF?os@.b


 :=F$�EDJ9;�BFHDros@B<H@�D.G=>AG!osFDJ9 � F?:s9����;@hIEF�CE�q9�DE@fe;9nF?G=d[FH<H> �J<�9����;@BdJ9;:=9h<H9;IJ9n<H@;�qd[@gN
D.FHDrosFPIE@BG=>AG!osF?� 9B9;d #�G�9hF oy9;dE9BIEFPF � dEkm@�:s9����;@nosF?:�j @�:=DEF?<H>mIE@qC.� 9h9;km@ <H9����;@nFPdJ9;:!os> ���;@
9gdE:=@�d.:=> 9gIJ9;GHb��#FHGpdXF?<H> �J<�9����;@ :pF$�JDJ9gIJ9 G=F?:pe;F�<H@��B@BFHDros:=9;IJ9 dJ9g:s9 9he�F?:=>��E<�9����;@ F5dJ9;:s9
97G �mDOo=FHGpF;b 
 d.:=@�<HFHGpG=@6GpF F?DE<HF?:=:s96<?@�� 9�>m�qdEkmFH�BFHDroy9����;@'IE@�G5<H@��Bd[@�DEFHDro=FHGHvV@�C GpF �=9.v
@ �����	�
� ��� � �6<H@;�qdE>mk 9;I.@ F6@ � ������� ��� � G=>mDOo=F?o=>Au�9gIE@Eb � � � CE:s9 ��b�� >mkACEG!os:s9 @ G=>mGposF?� 9
��dXF?<f��l�D�b

I � � 7�D


 $�
���!�6�BC.�_G=>mGposF?� 9 I.F � � , ��� � � � ��� IEFHGpFHDre�@�k�e�>AIE@7DJ9'�/DE>�e�F?:=G=>mIJ9;IEFhIJ97�L9;km>mj #�:KN
D.> 9.v	,4FH: �gFHkmF?l�v&dJ9g:s969;d[@�>A9;:�@ dE:=@��pF os@6I.F G=>mGposF?� 9gG�IEF o=FH�BdX@6:pF�9;k vVxOCEF :pFHG=d[@�DEI.FH� 9
F e�F?DOo=@�G F ��osFH:pDE@�GBIEF'j @�:=�q9 9;G=G �ADE<?:=@�DE9 F'd[@�G=GpCEFH� :=F?Gpo=:=> �$� F?GhIEF osFH�Bd[@Eb 
 G=>mGposF?� 9
� FHG=d[FH<?>��J<H9;IE@ DOCE�q96kA>mD � CJ9 � FH� IEF 9gkmos@�D �me;FHk � ��� ���&%/�&�	v	9go=:s9�e��?GnIEF �,);xOCE>ADE9;GcIEF
F?Gpos9;IE@ �JDE>mos9;G � U}�E� { G �@�C FH�_CE� G=CE�[<H@�D �pCEDros@�I.FhS&F?:=>mkA@ � @�C S��(��� �x�C.FBd[@�IEFhG=FH:
o=:s9;I.CEuH>mIJ9 I.>A:=F oy9;�BFHDro=F FH� �,);xOCE>ADJ9gGBI.F7F?Gpos9;IE@ �EDE>mos9;Gh<H@�DE<?@�:=:pFHDrosF?G � �LU	�E� { G � b�

�EC � @qIEF�dE:p@��pF?o=@qI.@BGp>AG!osFH�q9h$�
����!� dX@�IEF�G=F?:�e >mG=CJ9gkA>AuH9;IE@nDJ9 � � CE:s9B� b '.b


�Gp>AG!osFH�q9P$4
���!�n>ADE<?kACE>EC.�2os:s9gIEC.os@;:�I.F(�LU}�E� dJ9g:s9PU	�E� bO�(F?G=G=9c� 9gDEFH>m:s9.v�d[@�IEF N
GpFL:=FH9;kA>mu�9;:�CE�q9/e�F?:=> �J<�9����;@�j @�:p� 9;kOIE@Gp>AG!osFH�q9(9~os:s9�e;�HG	IEF)j F?:=:=9;�qF?Droy9;G	9gdE:=@�d.:=> 9gIJ9;G�x�C.F
>mDEIE>m<�9;� G=Fq97dJ9g:pos> ���;@':pF�9;km>Au�9gIJ9 dE:=F?G=FH:!eg9�9 j CEDE<H>m@�DJ9;km>AIJ9gIEF�FHG!oy9;�[FHkmFH<?>AIJ9'DJ9'FHG=d[FH<?>��.N
<H9����g@qIE@hGp>AGpo=FH�q9.b


 d.:=@�<HFHGpG=@�IEFhdJ9;:po=> ���;@'�������O� �	� E���G��� ��&'��� � ���
� ��!� &#� � ( � �4�.� �4&�� �)� !�



> � ��?A@CBED8@ F 9!��4�G�)-8& >E>

Captura da Especificação

Geração da DescriçãoCriação do Modelo

Refinamento da Especificação

Interface Prioridade de AcessoMemórias Geração

Exploração

Alocação ParticionamentoTransformação Estimação

Descrição a Nível de Sistema

Descrição a Nível RTL

Descrição a Nível Físico

Especificação Funcional

Ambiente
para

Validação

Projeto de Software e Hardware

Síntese de Software Síntese de Alto Nível Síntese Lógica

UV> � CE:s9h� b � i�
#9;���E>mFHDrosFP� d[FH<���l�D�b

�#������ ��� ���G��b3
 Gp>AG!osFH�q9 $4
���!�^j @;:=DEF?<HF7CE� 9;���E>mFHDrosF'dJ9g:s9 x�C.F�@ dE:=@��pF os>mGpoy9 d[@�G=G=9
9�eg9;km> 9;:�:=9;dE>mIJ9;�BFHDrosF'xOCJ9;kmx�C.FH:hIEFH<?>AG �;@ o=@�� 9gIJ9 FH� :=F?k 9����;@  dE9;:po=> ���g@ ��������� :pF N
9gkA>AuH9;IJ9.v  9;:=xOCE>�osF osCE:=9 9gIE@;oy9gIJ9 F79;@ FHGp<�9;km@�DJ9;I.@�:nC.os>mkA>mu�9;IE@.v&9 dJ9g:pos>m:nIJ9 e�FH:p>��J<H9����g@
j @;:=�q9;k1@�C7IE@hG=>mGpo=FH�q9hI.FP<?@gN�G �ADrosF?G=Fgb

I 1 � � �  �


]dE:p@��pF?o=@n$}os@�kmFH�cl�� =�	 � ��	 � ��	1�/CE� 9;���E>mFHDrosF/dJ9;:=95�B@ IEF?k 9 � FH�7vrdE:=@��pF os@�F/G=>m��CEk 9����;@
I.F�Gp>AG!osFH�q9;G	<?@�DE<H@;:=:=F?DrosFHG4IEFHGpFHDre�@;kme�>AIE@PDJ9��/D.>me�F?:=Gp>AIJ9;I.F�IE9c�L9;km>mj #�:pDE> 9 v;,)F?: �gFHkAF l�b&$�FH:!N
�B>mo=F�9 G=>A�cCEk 9����;@ I.F6:=F?IEFHG I.F6<H@��cCEDE>A<H9����g@ IEF6IJ9gIE@�G F�IEF�e );:=>m@�G @;C.os:p@�Gqo=>Ad[@�G IEF



> � ��?A@CBED8@ F 9!��4�G�)-8& >
�

Descrição

Tradutor

Descrição
CFSM

Co-simulação

Formal

EstimativasFormato
Internoparticionada

Estimativas
HW e SW

VHDL

e Escalonamento

Particionamento,

Interface

Verificação

Especificação

Seleção da Arquitetura

Síntese HW Síntese

Código C

Síntese sw
OS e tarefas

Restrições Temporais

+
Modelos Escalonam.

Ut> � CE:=9h� b '.i�
#Gp>AGpo=FH�q9h$4
���!�Xb

9gdEkA>m<�9��$� F?GHb&�)@��c�E>ADJ959;���E>mFHDrosF?G)zEF osF?:=@ � �?DEFH@;GL<H@��B@�Gp>A��CEkA9����g@5IEF/F?e;FHDros@�G�I.>AG=<?:=F os@�GLF
I.F �JC �.@5IEF(IE9;IE@�G?b}�Los:=9fe;�HGLIE9P<?@����E>mDJ9����g@5IEF?G=GpFHG)I.>mj FH:pFHDrosF?G4o=>Ad[@�G&IEF/I.@�� �mDE>A@.v�@5d.:=@gN
�pF os>mGpoy9nd[@ I.FP�B@�IEFHkA9;:�F�G=>A�cCEk 9;:)G=>AG!osF?� 9;G�zEF osF?:=@ � �?DEFH@;GHbL�	GpGs9;G/<�9;:=9;<?o=FH: �mGpo=>A<�9gG�o=@�:=DE9;�
@B$}os@;kAFH�5l 9;dE:p@�dE:p> 9;IE@ndE9;:s9h@ �  ���� � ����� �
����� b

� � � C.:s9'� b � �q@�G!os:=9 <H@��B@'9 j FH:=:=9;�BFHDroy9'$}os@�kmFH�cl�G=FB9;d.kA>A<H9 9;@'dE:p@ <?FHG=Gp@�I.F � ����� ,
�
����� bV� d.:=>A�BFH>m:s9�j 9;GpF/IE@5dE:=@ �pF?os@P�(:pFHGpdX@�D.G�)�e�F?k1d[FHk 9@�� osFHD ���;@5IJ9;G)F?G=d[FH<?>��J<H9�����FHG4dJ9;:s9
9h9;d.kA>A<H9����g@Eb}�	� GpF � C.>AIJ9n�:=FH9;kA>mu�9;IE9cCE�q9�G=>A�cCEk 9����;@cj CED.<H>A@;DJ9;k1C os>Akm>AuH9;DEIE@h� ��U ����� � ,
� � � � � � 	 ��# ��� � % 	�� � ���  � 	 b�$�@�Gpo=FH:=>m@�:=�BFHDro=F5�P:=FH9;kA>mu�9;IJ9 vE� 9gD�CE9;kA�BFHDrosFgv�CE� 9hdJ9;:!os> ���;@
��������� IE@qG=>mGposF?� 9 b/"/9;G�j 9;G=F?G = v �qF � � e�>mIEF � � CE:s9����P:=F�9gkA>AuH9;IJ9hCE�q9BGp>A��CEkA9����g@qIEF
� ������� ��� � dJ9;:=9P9dJ9g:pos> ���;@���������� FHGp<H@�kmzE>AIJ9 bV��dJ9;:!os>A:VIEFHGpGs9�G=>A�cCEk 9����;@�F�IJ9dJ9;:!os> ���;@
��������� vO@ �����	�
� ��� � ��G=>mDOo=F?o=>Au�9gIE@ � j 9;G=F  � b	$V9;:=9 �JDE9;kA>mu�9;:	@PdE:=@�<HF?G=Gp@Ev.@PG=>mGposF?� 9P<H@��nN
d.kAF?o=@ � � ������� ��� � F �����	�
� ��� � �)��Gp>A��CEkA9;IE@�Fe;FH:=> �J<�9gIE@qxOCJ9gDOo=@  nG=CE9B<?@�:=:pF����g@Bj CED.<H>A@;DJ9;k
F7:=F?Gpo=:=> �$� F?GBo=FH�BdX@;:s9;>mGHb3
 d.:=@�<HFHGpG=@ ��:pFHd[F?os>mIE@ e );:p> 9;Gne;FHuHF?G dJ9;:=9 xOCEF�@ F?G=dJ9��H@ IEF
Gp@�kAC ����FHG�G=F �=9BF �.d.kA@�:=9;IE@hF�9BF?G=<?@�kAzJ9 �JDE9;k�dX@;G=Gs9hG=F?:�j FH>mos9ndXF?kA@ndE:p@��pF?o=>AGpos9.b



> � ��?A@CBED8@ F 9!��4�G�)-8& > �

1

2

3

4

5

6

7

8

Especificação da
Aplicação

Partição  HW/SW

Arquitetura  Desejada

     Simulação
em Alto Nivel

Projeto de HW
Detalhado

Simulação HW/SW

Geração do Código

do Algoritmo
Desenvolvimento

UV> � CE:s9h� b �.i��)@�IEFHGp> � D7C.o=>AkA>mu�9;D.IE@�@B$}os@�kmFH�cl;b

� � F'��D


3G=>mGposF?� 9� �P��
�� � � ��D � �rlh��
/NK��l�DOo=zEFHGp>AG � � '�	.��CE�#G=>AG!osF?� 9�IEF �  ���� � ����� �
�����
I.FHG=F?Dre�@�k�e >mIE@�DJ9��/DE>�e�FH:pG=>mIJ9;IEF	IJ9��(>mDJ9;�q9;:=<H9.bt
RGp>AGpo=FH�q9������
P��	<H@;DEGpo=:=C �mIE@�9�dE9;:po=>A:
I.FBC.� 9 G=�?:=>mFBI.FBj F?:=:s9g�qF?DOos9;G<HF?Dros:s9gkA>AuH9;IJ9;G�F?� os@�:pDE@'IEFBCE�_�B@ IEF?kA@ <?@��qd.C.oy9;<?>A@�DE9;k
I.FHDE@��B>ADE9;IE@hY�CEF?DOl�9.vJ�J9;GpF�9;I.@BF?� � :=9gj @�GLI.F �JC � @�G�IEF<?@�Dros:=@;kAF�F�I.FIJ9;IE@�G � �L��U���G � b

 Y�CEF?Drlr9c��CE�q9P:pFHdE:pFHG=F?Droy9����;@�>ADro=FH:=DE95xOCEF(GpFH:!e�F(I.F(>ADro=FH:pj 9g<HF�FHDros:pF�9;G�kA>mD � CJ9 � FHDEG&IEF
F?G=d[FH<?>��J<H9����;@BFP9�j FH:=:=9;�BFHDroy9nIEF�dJ9;:!os> ���;@B�����;��� b

�/DOo=FHG�IJ9 @;dXF?:s9����;@ IEF�dJ9g:pos> ���;@.v1@ dE:p@��pF?o=>AG!oy9 G=F?kAF?<H>A@;DJ9 9 9;:pxOCE>mo=F?osC.:s9 9;k�e�@Eb��29;:!N
xOCE>�osF osCE:=9 9gkme�@ � <?@��qd[@�G!oy9 IEF CE� d.:=@�<HFHGpGs9;I.@�:hIEF'CEG=@ � F?:s9;kLdE9;:s9 @ �����	� � ��� � F'CE�
<?@��BdX@�D.FHDrosFhIEF � ������� ��� � � �� �!�(v�$&���cv�F?o=<;b � v�<H@�D.FH<?os9;IE@�G�d[@�:CE�_<H9;DJ9;k	I.FB<?@���CED.>�N
<H9����g@Eb

� >mIE�H>A95� );Gp>A<H9�IE@h9;k � @�:=>�os�B@5IEFdE9;:po=> ���g@���FHD.<H@�Dros:=9;:�@n�BFHDE@�:4osFH�Bd[@�IEFF � F?<HC ���;@
I.@ Gp>AGpo=FH�q9 � IEF?G=FH�Bd[FHDEzE@ � v<H@;���E>ADE9;DEIE@ GpFHxOC&�HD.<H> 9gG�IEF 9;km@ <H9����;@ F?� � ������� ��� � D �;@



> � ��?A@CBED8@ F 9!��4�G�)-8& > 	

Gp@��E:pFHd[@�Gpos9;GHvEo=FHDEIE@h<?@��q@n:pFHG!os:=> ���;@hIEF<?CEGpo=@ 9 )g:=F�9nIE>mG=d[@�D ��e�FHk1dJ9;:s9�@ � ������� ��� � b	�	G=GpF
d.:=@�<HFHGpG=@5��� 9;DOCJ9gkEF�IEFHd[FHDEI.F/IJ9F �.d[FH:p> �?DE<H>A9PIE@�dE:p@��pF?o=>AG!oy9.b}
\9;k � @�:=>�os�B@/GpF/�J9gG=FH>A9FH�
o=�H<?DE>A<H9;GVIEF)dE:=@ � :s9;�q9����g@/km>ADEFH9;:�>ADrosF?>A:s9�F)C.o=>Akm>Au�9�>mD.j @�:=�q9��$� F?G�F)FHGpo=>A�q9gos>�eg9;G�IEF)�BFHIE>mIJ9;G
o �AdE>m<�9;Gh<?@��q@.i�osF?�qd[@ I.F�F � F?<HC ���;@ � � ������� ��� � F �����	� � ��� � � v)osF?�qd[@ I.F�<H@;��CEDE>m<�9����;@Ev
os9;�q9;DEzE@nIE@B<�#�IE> � @nF );:=FH9hI.@ � ������� ��� � b

"/9'F � dEkA@�:=9����g@ IJ9;Gd[@�G=G �me�F?>AGGp@�kAC �$� F?GHv�IEF e�F?� G=FH::pF�9;km>AuH9;IJ9;G�e )g:=> 9gG�FHG!os>A�q9go=>meg9;G(F
dE9;:po=> ����FHG�IE>�j FH:=F?DrosFHG?b��(FHGpGs9 j @�:p� 9.v�9he�F?kA@�<H>AIE9;IEFPIE@ dE:p@ <?FHGpG=@ IEFPFHG!os>m� 9go=>meg9n�c<?: �mo=>A<H9.v
D.FH<HF?G=Gp>moy9gDEIE@BIEF(os�?<HDE>m<�9;G�Fz.FHCE: �AGpo=>A<H9;GLF$�E<H>AF?DrosFHG?vJxOCEFdX@�IEF?� :=F?IECEu?>A:�9�<?@��qd.kAF � >mIJ9;IEF
I.@ 9;k � @�:p>mos�B@PdJ9;:s9��������	� b&� � � CE:=9 ��b �f�n>mkACEG!os:s9�@hGp>AGpo=FH�q9h��P��
��Xb

Especificação Software HardwareModelo

Ut> � CE:=9h� b �f�.i&
�Gp>AG!osFH�q9nIEF��  ���� � ����� �
����� � �P��
��Xb

F'��D �  �


 G=>mGposF?� 9h�)@;Gpl�� 9 �  '�	1��CE� G=>AG!osF?� 9cI.FdJ9;:po=> ���;@n�����;��� IEFHGpFHDre�@�k�e�>AIE@hDJ9h�/D.>�N
e;FH:pG=>AIE9;IEF'IEF',):=9;CEDEGp<yz �4FH> � <?C��=9 IEFHGp<H:p> ���g@ I.F FHDros:=9;IJ9 <H@�D.G=>AG!osF IEF e );:p>A@�GcdE:=@�<HF?G=G=@;G
xOCEFPG=F�<?@���CEDE>m<�9;� F�x�C.FPd[@�GpG=CEF?� :=FHG!os:p> ����FHG�IEFo=FH�BdX@Eb

�RdJ9;:!os> ���;@��������O� �4:pF�9;km>AuH9;IJ9LDE@/D �me;FHkOIEF��EkA@�<H@�G�j C.DE<H>m@�DJ9;>mG�F&:pFHxOCEFH:tCE�q9/9;D&);kA>mG=F
IE9q<H@;��CEDE>m<�9����;@ F?DOo=:=F5FHG=GpFHG�Ekm@ <?@�G�F;vXdX@�G!osF?:=>A@;:=�BFHDrosFgvX9B:=FH9;kA>mu�9����;@qIE9qG �mDrosFHGpFcIJ9q<H@gN
�cCEDE>A<H9����g@Eb�
 dE:=@�<HF?G=G=@ I.F dJ9;:!os> ���;@�G=CEd � FgvV>mDE>A<?> 9;km�qF?DOo=F;v�xOCEF o=@ IJ9gGc9;GPj CED �$� F?GcG �g@
>m�qd.kAFH�BFHDros9;IJ9;G�FH� �����	� � ��� � FLd[@�:}>mG=G=@(IE>Au N�G=F)x�C.F�@�qF?G=�B@��L@�:p>AFHDros9;IE@9;@ �����	�
� ��� � bt�
dE9;:po=> ���g@n�������O� �(:=F�9gkA>AuH9;IJ9�os:s9gDEGpj F?:=>AD.IE@gN�GpF(j CED �$� F?GLdJ9;:=9�@�GL<?@��qd[@�DEF?DrosFHG)IE@ � ����� ,
� ��� � vr>�osFH:=9gos>�eg9;�qF?D.osFgv�9go=��xOCEF�os@�IJ9;G&9;G	:pFHGpo=:=> ����FHG&IEFLosF?�qd[@�G=F �=9;�29go=>AD � >AIJ9;G?bV�/CE:s9;Dro=F



> � ��?A@CBED8@ F 9!��4�G�)-8& > �

9'dJ9;:!os> ���;@7�����;��� dE:p@ <?CE:s9~NTG=FgvV9;km�H�_I.F 9go=>AD � >A:9;GP:=F?Gpo=:=> �$� F?G5I.FBo=FH�BdX@':=FH9;k v��B>ADE> N
�B>AuH9;:�@�G(<?CEGpo=@�G�IE@qzJ9;:pI��L9g:=F�F5@qosF?�qd[@ I.Fc:=F?G=d[@�Gpos9 IE@ Gp>AG!osFH�q9.b����B>AD.>A�B>Au�9����;@�I.@
o=FH�BdX@�IEF�:=F?G=d[@�Gpos9Po=FH�2<?@��q@�@�� �pF?os>�e�@�e�F?:=>��E<�9;:�:s9;d.>AIJ9;�BFHDro=F�9P>mD��JC&�?DE<H>A9�I.F/d[@�G=G �me;FH>AG
�B@�IE>��J<H9�����FHG/DE@ G=>mGpo=FH�q9 DE@ xOCEFnG=Fn:pF?j F?:=Fh9;@ <?CEGpo=@'Fh9;@ IEF?G=FH�Bd[FHDEzE@.b5��� � CE:s9'��b ���
>mkACEG!os:=9�@BGp>AG!osFH�q9B��
���P���5b

Descrição
em C*

Compilador C*

CGL Simulação

Biblioteca

Particionamento

CGL -> C CGL->HardwareC

Compilador C

Assembly

Run-time eval.

OLYMPUS

Funções C
Funções Hw

Extração  HW

UV> � C.:s9h� b ����i�
 G=>AG!osF?� 9nIEF�dJ9;:!os> ���;@B��
�������cb

�^j CED ���;@(@�� �pF?os>�e�@��4<?@��BdX@�G!oy9�dXF?kA@�osF?�qd[@�IEF4F � FH<HC ���;@IEF�<�9gIJ9��.kA@�<H@�F4d[FHkm@�o=FH�BdX@
I.F <H@��cCEDE>A<H9����g@�FHDro=:=F @�G5�qF?G=�B@�GHb �(9;IE@6CE� D �E�BFH:=@�� ) � >m�q@7IEF <?@��qd[@�DEF?DrosFHGcFHG!N
d[FH<?>��J<H9;IE@5dXF?kA@PdE:=@��pF os>mGpoy9 v�@5@�� �pF os>me;@c��FHDE<?@�Dros:=9;:4C.�-<H@�D��pC.DOo=@�� �ADE>m�q@�I.F(G=F � �BFHDros@�G
I.Fn<�#�IE> � @ x�C.FBkmF?eg9 9 CE� � 9;DEz.@ IEF�e�F?kA@�<H>AIE9;IEF�xOCJ9;D.IE@'>A�BdEkAF?�qF?DOos9;IE@qFH� � ������� ��� � b

#9;k � @�:=>�os�B@cC.o=>AkA>mu�9;I.@�dJ9;:=9hF?G=G=9q@;o=>A�B>Au�9����;@��@ �
��� 	�	 ��� � � ��� � � ��	 � � � �  ��	 b

����� � � ��� � ��� � �	� ���#����� � � ��� � �
� 	!������

"/9h�q9;>m@�:=>A9�IE9;GLj FH:p:s9;�BFHDroy9gGLIEFdJ9;:!os> ���;@n9gdE:=F?G=FHDros9;IJ9;G�DJ9�GpF����g@ ��b � b|�cd[@ IEF N�GpF�@�� N



> � ��?A@CBED8@ F 9!��4�G�)-8& > �

GpFH:!e;9g:LxOCEF�9cdJ9;:!os> ���;@c��������� �(:pF�9;km>AuH9;IJ95I.F(j @�:=�q9c�q9;DOCJ9;k[Ff�g@;C IEFHd[FHD.IEF��CE>�os@cIE9
F � dXF?:=> �?DE<H>A9 IE@ dE:p@��pF?o=>AG!oy9.b�
-dE:p@��pF?o=>AGpos9 D �;@ IE>AGpd ��FcIEFc<H:=>�os�?:=>A@;G(F��BFHIE>mIJ9;G/@�� �pF?o=>meg9;G
dE9;:s9n9;C �.>mkA> )~N�km@PD.@ndE:=@�<HF?G=G=@BIEF�dE9;:po=> ���g@Eb	�	Gpo=F�os:s9g�J9;kAz.@�G=FIE>�j FH:pFHDE<?> 9�IJ9;G4j FH:=:=9;�BFHDroy9;G
F � >AGpo=FHDrosF?G5DE97�BFHIE>mIJ9 FH� x�C.FBj @�:pDEFH<?FB9;@'dE:=@��pF os>mGpoy9 IJ9gIE@�G�<H@�D.<H:=F os@�G�dJ9g:s9'97:pF�9;km>AuH9~N
���;@ IE9BdJ9g:pos> ���;@.b)� os�?<HDE>m<�9qC os>Akm>AuH9;IJ9�DEF?GposFPos:=9;�J9;kmzE@hC.os>mkA>AuH9��qF?IE>AIE9;G�IEF5I.FHG=F?�qd[FHD.zE@
F?G=d[FH<?>��J<H9;IJ9;G�dXF?kA@�dE:p@��pF?o=>AGpos9�F�<H9;kA<?CEk 9gIJ9;G�d[@�:�CE�q9�j F?:=:=9;�qF?Droy9�9;dE:p@�dE:=>A9;IJ9.b��^@;o=>A�B>Au�9 N
���;@P��:pF�9;km>AuH9;IJ9dX@;:	CE� 9;k � @�:=>�os�B@ � F?DE�?o=>A<H@.b}���qF os@�IE@�kA@ � > 9(I.F�d.:=@��pF os@c��IEF?G=<?:=>mos9P<?@��
�q9;>m@�:=F?GLIEF?os9;kAz.FHG�DE@B<�9;d ��osCEkm@ � b

$t9;:po=>A<HC.k 9;:p�qF?DOo=F}DE@�dE:p@��pF?o=@�I.F	dE:=@;o=@ <?@�kA@;GHvf9�C.o=>AkA>mu�9����;@)IE9L�qF os@�IE@�kA@ � > 9�IEF �  ����

� ����� �
����� osF?� 9;G=GpCE�B>AIE@��q9;>A@�:1>A�BdX@�:!o �;D.<H> 9LI.F?e�>AIE@  �<H:=F?G=<?FHDrosFLI.FH�q9;DEIJ9�dX@;:�:pFHIEF?Gt<?@��
9gkmos@7IEF?G=FH�Bd[FHDEzE@.v}xOCEF G=C.dX@�:!osF?� C.� 9gkmos@'os: )gj F � @Eb'�(Gc>m�qd.kAFH�BFHDros9�����FHG�IEFqdJ9;:po=FqI.@
d.:=@;o=@ <?@�kA@qFH� � ��� ��� ��� � o �H� G=>AI.@ <�9;IE9qe�F?un� 9;>mG/F?Gpo=CEIJ9;IJ9gGFH� e >m:po=CEIEF�IJ9q<H@�DEG!oy9;Dro=F
F e�@�kmC ���g@ IE9 o=FH<?DE@�kA@ � > 9�I.F � ��� ��� ��� � v	IEF?IE>A<H9;IE@ 9 CE� �E9;> � @ <HC.Gpos@.b "(9 dJ9;:!os> ���;@6IE9
F?G=d[FH<?>��J<H9����;@�IEFhCE� IJ9;I.@�dE:p@;os@�<H@;kA@Ev�9'dJ9;:!osFh�q9;>AGGpFHDEG �me�F?k  eg9;:=>A9����g@ IE@�I.FHG=F?�qd[F N
D.zE@ IEF e�F�GpFH:(F?DEIEF?:=F��H9;IJ9 9BCE� 9;���E>mFHDrosFPIEFc>m�qd.kAFH�BFHDros9����;@hF?� � ������� ��� � v�FHDExOCJ9gDOo=@
9 dJ9;:!osF��BFHD.@�Gq<?: ��os>A<H9 I.F?e�F�G=FH:qFHDEI.FH:=F ��9;IE9 9 CE� 9;���.>AFHDro=F�IEF�>A�BdEkAF?�qF?Droy9����;@ FH�
�����	�
� ��� � b


�CEGp@qI.FPo=�H<HD.>A<�9gG/IEFPIEF?G=<H:p> ���;@Bj @;:=�q9;>AG���>A�Bd[@�:pos9;DrosFDJ9nj 9;G=FPIEFPFHGpdXF?<H>��E<�9����;@qI.@
d.:=@;o=@ <?@�kA@Ev dX@;>AG�d[FH:=�B>mo=F�xOCEFP@B�B@�IEFHkm@n>ADE>m<H> 9gkXGpF �=9ne�FH:p>��J<H9;IE@BFe;9gkA>AIE9;IE@nFH� :=FHkA9����g@, 
Gp>ADroy9 �.F/F/F?�-:=F?k 9����;@  PG=F?� �;Dro=>A<�9 v�@;C G=F �=9.v�dXF?:=�B>mosF�F?kA>A�B>ADE9;:HvgdX@�:�F � F?�qdEkm@Ev ��� � �?	��!��3�� v
F e;FH:=> �J<�9g:q9 <?@�:=:pF����g@ IE@ �B@ IEF?kA@6F?� :=F?k 9����;@  F?G=d[FH<?>��J<H9����;@ >AD.>A<H>A9;k � @�C ��o=F ��osCJ9gk � � b
"�FHG!osF�os:=9;�J9;kmzE@G �;@�C.o=>Akm>Au�9gIJ9;G}9gG	:=FHI.FHG�IEF�$tF os:=>JF?Gpo=@ <�);Gpo=>A<�9gG�dE9;:s99�B@ IEF?k 9 � FH�#>ADE>m<H> 9gk
I.@�GdE:=@gos@�<H@�km@�GHvXIEF?e�>AI.@  j 9;<H>mkA>AIE9;IEF�IEF�e�>AGpCJ9;kA>mu�9����;@ F�eg9;km>AIJ9����;@qIJ9 FHGpdXF?<H>��E<�9����;@'FH�
j F?:=:=9;�qF?Droy9;Gq9;dE:p@�dE:=>A9;IJ9;G?b3$t@�IEF N�G=F�C.os>mkA>mu�9;:?v4d[@�:BF � FH�BdEkA@.v)CE� �(DE9;kA>mGs9;IE@;:nIEF6%�FHIEF
I.F6$tF os:p> � �(%/$ � � ��� 	�x�C.F�j @�:=D.FH<HF�IJ9;IE@;G <H@;�q@Ei�D �.�qF?:=@ I.F�FHG!oy9;I.@�G 9;km<�9;D ��)�e�FH>mGqI.@
d.:=@;o=@ <?@�kA@Ev4F � >AG!o��?DE<H>A9 @�C D �;@ I.F��Ekm@ xOCEF?>A@�G � ��� � �?	��!��3�� �cF 	���� � � >mD��JDE>�os@�G � 	 �����
	��!��3�� � v
9gkA�H� IEFh<�9;:=9;<?o=FH: �AGpo=>A<H9;G<H@��B@ @�GK� &8�/�/�.�)��&8���4��IEFno=:s9;DEGp> ���;@Ev�xOCEFhIEF$�EDEFH� GpFHxOC&�HD.<H> 9gG
< �A<?kA>A<H9;GcI.F IE>AGpdJ9;:p@ IEF os:=9;DEGp> ����FHG?v}os@�:pDJ9;DEI.@ dX@�GpG ��e�FHk)Gs9;�[FH:�GpF @ <H@��Bd[@�:pos9;�qF?Dros@�I.@
�B@�IEFHkm@h9gosF?DEIEFP9;@�G�:=F?xOCE>AGp>mos@;G�FHG=d[FH<?>��J<H9;IE@�G?b

�L9;IE95os:=9;DEG=> ���;@5IJ95:pFHIEF(IEF�$�F?os:p>X:pFHdE:pFHGpFHDroy9�CE� <?@�D��pCEDros@cIEF/j CED ����FHG�9PG=FH:pFH� F � F N



> � ��?A@CBED8@ F 9!��4�G�)-8& > �

<?C.oy9gIJ9;GLd[FHkm@�dE:=@gos@�<H@�km@EvO@�C G=F �=9.v j CED ����FHG�9cGpFH:=F?� F �.F?<HC.os9;IJ9;G�d[@�:)C.� <?@��qd[@�DEF?DrosF�IEF
� ������� ��� � @�CBdX@�:VCE�2dE:p@ <?FHG=G=9;IE@�:&dJ9gIE: �;@.vrFH� �����	�
� ��� � vO9;d #;G&9�:pF�9;km>AuH9����;@(IJ9PdE9;:po=> ���g@Eb
�L9gIJ9 ������� � IJ9�:pFHIEFI.F�$tF?o=:=> � O� 	�:=FHd.:=FHGpFHDroy9hCE� FHGpos9;IE@hd[@�G=G �me�F?k�IE@hdE:p@;os@�<H@�km@Eb}��� 9
������� � IEFC.� 9c:pFHIEFI.F�$tF?o=:=>�:pFHdE:pFHGpFHDroy9hCE�q9cdX@;G=G ��e�F?k�IE>AG!os:p>A�ECE> ���;@5IEF ��� � � � <�9gIJ9ce�F?u
xOCEF�C.� 9/o=:s9;D.G=> ���;@�LIE>mG=dJ9g:s9;IJ9 bV"�@�G	F � FH�BdEkm@�G	9;dE:pFHGpFHDroy9;I.@�G	DE@<�9gd �mo=CEkA@ =/9;G	:=F?IEFHG	IEF
$�F?o=:=>�G �;@P�E>mD );:=>A9;GHvr>mGpo=@P�gv <H9;IJ9 	 	 � ��� IJ9P:pFHIEF�IEF�$tF os:p>[d[@�GpG=CE>�CE�q9P@;Cqu?FH:=@ �J<yzJ9gGHb&��G=Gp@
Gp>A�BdEkA> �J<�9P9�9;D&);kA>mG=F�IE@��B@ IEF?kA@5F(IE>m�q>mD�C.>[@cD �.�qF?:=@�IEF(FHGpos9;IE@�G)dX@�GpG ��e�FH>mGLIJ9c<H9;IEF?> 9cIEF
��9;: �g@ e�9;GpG=@�<H> 9gIJ9.b��V9g���X�?� dX@�IEFH� GpFH:(C.Gs9;IJ9gG(kA>mD � CJ9 � FHDEG�IEF5IEFHGp<H:=> ���;@ IEF �����	�
� ��� �
@;C IEF � ��� ��� ��� � b}�)@��q@PF � F?�qdEkm@cIEF/kA>mD � CJ9 � FH��I.F(IEF?G=<H:p> ���;@cIEF �����	� � ��� � dX@�IEF NTG=F�<H>�oy9;:
9gGLkA>mD � CJ9 � FHDEG4�	GposF?kAkmF;v ��@gos@�G4F������XbE�	Dros:pF9;GLkm>AD � CJ9 � F?DEG4I.F�IEFHGp<H:p> ���g@�IEF � ������� ��� � v.9
km>AD � CJ9 � F?� S��(��� ��CE�q9nIJ9;G��q9;>AGLC os>Akm>AuH9;IJ9;G?b

����� ��� � � � � � ��"�#�� � � � � � 	�������� � ��� ��� �� ��� ����� � ��� �	�!��"!#��

��� I.@�G��q9;>m@�:=F?G IEFHG=9 �J@�G�IE@�G69gk � @�:p>mo=�q@�GqIEF dE9;:po=> ���g@ ��������� F �.>mGpo=FHDrosF?G�� @
� :s9;DEI.F D �E�BFH:p@ I.F 9gkmosF?:=DJ9~os>meg9;G dX@�GpG ��e�FH>mG�9 GpFH:=F?� 9;DJ9;km>AGs9gIJ9;GHb $�@�:'FHGpG=F �q@;o=>me;@R@
d.:=@��EkmFH�q9nIEFcdJ9g:pos> ���;@hd[@ I.F5GpFH:(<?k 9;GpG=> �J<�9;I.@q<?@��q@BCE� dE:p@��EkmFH�q9hI.Fc@;o=>A�B>Au�9����;@Ev @�DEIEF
G �;@ <H@;���E>ADE9;IE@�G/@�G�IE>�e�FH:pG=@�GdE9;: �;�BF?o=:=@�G/IEF�IEF?G=F?�qd[FHDEz.@7Fc<HCEG!os@'IE@ dE:p@��EkmFH�q9 DOCE� 9
j C.D ���;@ �EDE>A<H9.v1I.FHDE@��B>ADE9;IJ9 ��	 ��� ��� ��� � � � ����� b���F?DEFH:p>A<�9g�qF?DOo=F;v[@ dE:p>ADE<?>AdJ9;k�@�� �pF os>�e�@ IEF
C.� 9;k � @�:p>mos�B@BIEF�dJ9;:!os> ���;@ �c� 9;d[F�9g:(CE� <H@�D �pCEDros@ IEFn@�� �pF?os@;G(j CEDE<?>A@�DJ9g>AG(F?� CE� G=>mG!N
o=FH�q9�<H@��Bd[@�Gpo=@nIEF�e );:=>m@�GL<H@;�qd[@�DEF?DOo=FHG?vJIEF� 9gDEFH>m:s9�9n@;o=>A�B>Au�9g:4F?G=Gs9�j CED ���;@h@�� �pF os>�e�@Ev
@;C�GpF �=9.vJF?DE<H@�Dro=:s9;:�CE�q9�G=@�kmC ���g@BxOCEFP�B>ADE>m�q>muHF�@B<?CEGpo=@qF��q9 � >A�B>Au?F�@hIEFHGpFH�BdXF?DEzE@Eb


 d.:=@��EkmFH�q9 IJ97F?G=<?@�kAzJ9'IJ9'�qF?kAzE@;:�dJ9;:!os> ���;@7�������O� �BCE�_dE:p@��EkAF?� 9'"/$}NTIE>mj �m<H>mk
� =;��	 � = � 	 v/@;C GpF �=9.v�@^9;k � @�:=>�os�B@ dE9;:s9 9 GpCJ9 G=@�kmC ���;@ d[@�GpG=CE>�C.� 9 9gkmoy9 <H@��BdEkAF � >AIJ9;I.F;b
�7CE>mos9;G �qF os@�IE@�km@ � > 9gG�IEF^dJ9g:pos> ���;@�o �H� G=>AI.@ d.:=@�d[@�Gpos9;GHi#�CEd.os93FR��>A<yzEF?kA> � =���	 � = � 	
d.:=@�d � F?� CE�q9 �qF os@�IE@�kA@ � > 9�xOCEF7IEF?G=kA@�<�9 dJ9;C.k 9go=>ADJ9;�BFHDro=F 9;Gnj CED �$� F?GqIE@ G=>mGpo=FH�q9 I.@
� ������� ��� � dE9;:s9h@ �����	�
� ��� � v�9gos��xOCEF5G=F59;kA<H9;DE<HF�@BkA>m�q>�osF�� �ADE>m�q@cIE@qI.FHG=F?�qd[FHD.zE@ IEF?G=F N
�=9gIE@Ev�<H@�� @��BFHDE@�:�<HC.Gpos@nd[@�GpG �me;FHk b&�&:pDEGpo��  ' 	�:pF�9;km>Au�9�@�dE:p@ <?FHGpG=@n>ADre;FH:=Gp@EvE>mGpos@5�;v �q@fe�F
9gG�j CED ����FHG�� 9;>mG�<H: �mos>m<�9;G�IE@ �����	�
� ��� � dJ9;:=9B@ � ��� ��� ��� � 9gos�PxOCEFP@qIEF?G=F?�qd[FHDEz.@ IEFHGpF �=9~N



> � � 1���� &#� �$��� !#� �A�4�G�$�.� :$;/ *9E�.����3 > N

I.@ G=F �=9 9;kA<H9;D ��9gIE@Eb/� @�@ � =��	tIE>me�>AI.F�9;G(j C.D ����FHG�F?� � :=CEd[@�G(I.F � ������� ��� � F �����	�
� ��� � F
9gDJ9;kA>mGs9hdX@;GposF?:=>m@�:=�BFHDrosF5@ IEF?G=FH�Bd[FHDEzE@ IE9 dJ9;:po=> ���;@Ev�IEFcj @�:p� 9B� 9gD�CE9;k b��(km@�� 9g:pl � = � 	
d.:=@�d � FqCE�a�q� os@�IE@�I.F @;os>m�q>mu�9����;@'<H@��c�E>ADJ9~o�#�:p> 9.v�C.o=>AkA>mu�9;D.IE@�C.� 9;k � @�:p>mos�B@ �J9;GpF�9;I.@
D.@��q� os@�IE@ ��� ���0� � , ��� � , �
� 	 � � � =$= 	1F(CE�q95oy9g�XF?k 95xOCEF/j @�:=DEF?<HF(eg9;km@�:=F?G)IEF/<HCEG!os@ndJ9g:s9c@�G
<?@��BdX@�D.FHDrosF?G�I.F � ������� ��� � b

S&F?:=>��E<�9~NTG=F�FH� o=@ I.@�G�@�G�os:s9g�J9;kAz.@�G�9;<H>m� 95CE� dE:=@�<HF?G=Gp@q>�osFH:=9gos>�e�@nIEF�osF?Droy9go=>meg9nFPF?:!N
:p@Ev�@�DEIEF�>mDE>A<?> 9;km�qF?DrosFLj 9;u N�G=F(9cdJ9;:!os> ���;@5F(d[@�Gpo=FH:=>m@�:=�BFHDro=F(9;DE9;kA>mGs9~NTG=F�@�IEFHGpFH�BdXF?DEzE@�IE9
�BFHGp� 9 bh"(9'�qF os@�IE@�kA@ � > 9BdE:=@�d[@�G!oy9'DEFHG!osFhos:s9g�J9;kAz.@'9'F � dXF?:=> �?DE<H>A97I.@�dE:p@��pF?o=>AG!oy9 oy9;�nN
�[�H� �q>A�BdX@;:poy9gDOo=F;v�dE:p>ADE<?>AdJ9;km�qF?DrosFnDJ9'F?os9;dJ9�I.F �B@ IEF?k 9 � FH� I.@�dE:p@;os@�<H@�km@Ev�dX@;:=�H� @
I.FHG=F?�qd[FHD.zE@��LFHG!oy9;�[FHkmFH<H>mIE@ � � �
� � ��� FL@;G}IJ9;IE@;GVj @�:=D.FH<H>mIE@�GV9;d #;G}@�dE:p@ <?FHG=Gp@�IEFL@;o=>A�B>Au�9 N
���;@7FB@7<H:p>mo=�H:=>m@ IEFBdJ9;:po=> ���;@'dE:=@�d[@�G!os@ os@�:pDJ9;�_@ �#�.5�$���
�
 !#� �#�/����� :$;/ ?A@CBED8@
�BFHD.@�G�IEFHd[FHDEI.FHDrosFPIJ9hF � dXF?:=>��HDE<?> 9nIE@BdE:=@��pF os>mGpoy9 b

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

��G=F � CE>A:�G �;@qIEFHGp<H:p>moy9gGHv[G=CE<?>ADroy9;�BFHDro=F;vX9;k � C.� 9;GLo=�H<?DE>A<H9;G(C.o=>Akm>Au�9gIJ9;G�dJ9;:=9 9hFHGpdXF?<H>�N
�E<�9����;@Ev�e�F?:=> �J<�9����;@Ev�Fn>m�qdEkmFH�BFHDroy9����;@qIEFnG=>mGposF?� 9gG�<H@�D.<H@�:p:=FHDro=FHGPF�IEFndE:p@;os@�<H@�km@�GHv1FH�
dE9;:po=>A<HC.k 9;:?b}�	G=G=9BF?G=d[FH<H> �J<�9����;@hd[@ IEFGpFH:�:pF�9;km>Au�9gIJ9cIEF�j @�:p� 9PosF ��o=CJ9;k�@�C � :�) �J<H9.b&"/F?Gpo=F
o=:s9;�E9;kAzE@BG �g@ C.o=>AkA>mu�9;IE9;G�9;G(:pFHIEF?G�IEF5$tF os:=>tFHG!os@�< );G!os>A<H9;G�dJ9;:s9BFHGpdXF?<H>��E<�9;:/@ dE:p@;os@�<H@�km@ 9
GpFH:/�q@�IEFHkA9;IE@Eb�� j FH:=:=9;�BFHDroy9B��%�$ � ��� 	t�PC.o=>AkA>mu�9;IE9�dJ9;:s9B:=FH9;kA>mu�9;:�9he�FH:p>��J<H9����g@ IEF?G=Gs9gG
:pFHIEF?GhIEF'$tF os:=> b �	� GpF � CE>mIJ96G �g@ 9gdE:=F?G=FHDros9;IJ9;GB@�C.o=:s9;Gco=�H<?DE>A<H9;GhIEF IEFHGp<H:p> ���g@ j @;:=�q9;k
� ����UJG �LCEGpCJ9;kA�BFHDro=FPC os>Akm>AuH9;IJ9;G4DJ9BF?G=d[FH<?>��J<H9����;@BF�>A�BdEkAF?�qF?Droy9����;@�IEF�dE:p@;os@�<H@�km@�GHb

� eg9;km>AIJ9����;@'IJ9�F?G=d[FH<?>��J<H9����;@ d[@�IEF GpFH:ce�>AG!oy9�Gp@�� @�Gc9;G=d[FH< os@�GcFHGpo�)gos>m<H@6FqIE>AD �;�q> N
<?@Eb)� eg9;kA>mIJ9����;@nFHG!o )go=>A<�9h>AD.<HkAC.>�9he;FH:p>��J<H9����;@qIEFPFH:=:p@�G�kA� � >m<H@�G?vJG=>ADro�)gos>m<H@�G�FP:=F?k 9go=>me�@;G  
GpFH� �;Dros>m<�9'IJ97F?G=d[FH<?>��J<H9����;@.b � 9;D );km>AG=FnI.>AD �;�B>A<H9 �q:pF�9;km>AuH9;IJ9 G=>m��CEkA9;DEIE@gNTG=Fh9'FHGpdXF?<H>�N
�E<�9����;@EbP�2>A�BdEkAF?�qF?Droy9����;@ d[@ I.FnG=FH:GpCE�E�BF?o=>AIJ9 9 C.� osF?Gpo=FnIEFn<H@�D j @�:=�B>AIJ9gIEF;bP"/F?G=GpF
o=>Ad[@ IEF5osFHG!osF�F?Gpo=>A��CEkA9~N�GpF5@ �q@�IEFHkm@q<?@�� FHDros:=9;IJ9;G�d.:=@ � :=9;�q9;IJ9;G�Fn9;G/Gs9��mIJ9;G(F?�q>�os>mIJ9;G
G �;@ 9;DE9;kA>mGs9;IJ9gG�dE9;:s9 GpF�9�e�F?:=> � CJ9;:/@ <H@;�qd[@�:pos9;�BFHDros@BIJ9 >m�qdEkmFH�BFHDroy9����;@BFH� :=F?k 9����;@  
F?G=d[FH<?>��J<H9����;@.b



> � � 1���� &#� �$��� !#� �A�4�G�$�.� :$;/ *9E�.����3 � �

��� � ��� � ������� � � � �!�#� � ��� �
� 	 !�� � ��	!���

��� 9�IJ9gGVos�?<HDE>m<�9;G	�J9gGpoy9gDOo=FLC.o=>AkA>mu�9;IE9;GtdE9;:s99�F?G=d[FH<H> �J<�9����;@�FLdE:p@��pF?o=@IEF�dE:p@;os@�<H@�km@�G
I.F<H@���C.DE>A<H9����;@c��9�IEFHGp<H:=> ���;@nF?� :pFHIEF?G�IEF�$tF os:=> � O� 	 b&��� 9cF ��osFHD.G �;@BIE@�GL�B@�IEFHkm@�G)IEF
:pFHIEF5IEF�$�F?o=:=>�os:=9;IE>A<?>A@�DE9;>AG�G �;@ 9;G�:=F?IEFHG(IEFc$�F?o=:=>�FHGpo=@ <�);Gpo=>A<H9;G � �.$&"/G � � � � 	 � � � 	 b�"�CE� 9
:pFHIEF5IEF�$�F?o=:=>VF?Gpo=@ <�);Gpo=>A<�9 vXCE�q9Bo=:s9;D.G=> ���;@Ev�CE�q9Be;FHu�zJ9g�E>Akm>moy9gIJ9.vE�5IE>AGpdJ9;:s9gIJ9 9;d #�G�CE�
d[FH: �A@�IE@�I.F osF?�qd[@�xOCEF @;�XF?IEFH<?F'9�CE�q9�IE>mGpos:p>A�EC.> ���g@�IEFqdE:=@��E9;�E>Akm>AIJ9gIEFHGPF � d[@�DEFHD.<H> 9gk b
�/G�:=F?IEFHGI.F�$tF os:p>}FHG!os@�< );G!os>A<H9;G(d[@�GpG=>A�.>AkA>�oy9;� oy9;Dros@ CE� F?Gpo=CEIE@ IJ9;G(dE:=@�d.:=>AF?IJ9;IEF?G(xOCJ9~N
km>mos9gos>�e;9gG�xOCJ9gDOo=@nCE�q9n9;D );km>AG=F�xOCJ9;Dros>�oy9go=>meg95I.@nIEFHGpFH�BdXF?DEzE@hIEF�Gp>AGpo=FH�q9;GLxOCEFF?DOe;@�kme;FH�
<?@�DE<?@�:=: �HDE<?> 9 F7G=>mDE<H:p@�DE>mu�9����;@Ev)<?@��B@ �7@ <�9gG=@ I.@�Gqd.:=@;o=@ <?@�kA@�GhIEF�<H@��cCEDE>A<H9����g@Eb3"/@
F?Droy9;Dros@.vO9(G=CEd[@�Gp> ���g@�IEF4o=FH�BdX@(IEFLIE>mG=dJ9;:p@(F �.d[@�DEF?DE<H>A9;k.�)CE� j 9gos@�:txOCEFLkA>m�q>�oy9�9�9;D&);kA>mG=F
dE9;:s9 9;k � CEDEG/os>Ad[@�G/IEFnG=>mGposF?� 9gG�<HC��p@;G�osFH�Bd[@�G�D �;@ d[@�GpG=CEF?�_IE>AG!os:p>A�ECE> ���;@qF � d[@�DEFHD.<H> 9gk b
$t9;:s9'FHGpG=F?G�<�9;Gp@�GHv�j @�:=9;�_dE:p@�dX@;Gpoy9gGPI.>me�F?:=G=9;G5F ��osFHD.G ��FHGcdE9;:s979;G5�.$&"/G?vtoy9g>AG<H@;�q@EiP9;G
�P�.$&"/G?v(:pFHIEF?G7I.F $�F?o=:=>�F?Gpos@�< )gGpos>m<�9;G � FHDEF?:s9;km>Au�9gIJ9;GHv�xOCEF dXF?:=�B>mo=FH� 9 F � >AG!o��HD.<H> 9 IEF
o=:s9;D.G=> �$� F?G)<?@��2osF?�qd[@cIEF/IE>AGpdJ9;:p@c> � CJ9;k�95u?FH:p@EvE9;G4���.$&"/G?vE:=F?IEFHGLI.F�$tF os:p>XF?Gpos@�< )gGpos>m<�9;G
F ��osFHD.IE>AIJ9gGHv~x�C.F�d[FH:p�q>�osF?�\9LF �.>mGpo �HDE<?> 9�IEF	os:=9;DEG=> ����FHG�<?@��]@�C os:=@;G1os>mdX@�G1IEF&IE>AG!os:=>m�ECE> ����FHG
F59;G���.$&"�GHv1:pFHIEF?G/I.Fc$�F?os:p>tF?Gpo=@ <�);Gpo=>A<�9gG�I.F?osF?:=�B>AD �mGpo=>A<�9gGHvExOCEF5dXF?:=�B>mosF?� 9hF � >AG!o��?DE<H>A9
I.F�os:s9gDEG=> ����FHG�<H@;� osF?�qd[@nIEFIE>mG=dJ9g:=@hIEF?o=FH:p�q>mD �AG!os>A<?@Eb}�	G!osF�os:=9;�J9;kmzE@nC.o=>AkA>mu�959;dXF?DJ9;G�9;G
� $�"�G�o=:s9;I.>A<H>m@�DJ9;>mGHb

� ��I � � &���3 � �
��!�E��!��J���4!��4� !��+I � ���.�

�	Gpo=Fnos:s9g�J9;kAz.@ C.os>mkA>mu�9hFHG=G=9 j FH:=:=9;�BFHDroy9 dJ9g:s9 eg9;kA>mIJ9;:/9 FHGpdXF?<H>��E<�9����;@'IE@ dE:=@gos@�<H@�km@Ev
F?k 9;�[@�:=9;IJ9�C.o=>Akm>Au�9gDEIE@gNTG=Fq9;G�:=F?IEFHGnI.F'$tF?o=:=>LF?Gpo=@ <�);Gpo=>A<�9gGHb 
 �(%/$ � CE�q9�j FH:p:s9;�BFHDroy9
dE9;:s9�9gD );kA>mG=F/F(G=>m��CEkA9����;@5IEF�:pFHIEF?G�IEF$tF os:p>�IEFHGpFHDre�@;kme�>AIJ9�D.@nk 9;�[@�:s9~o�#�:p>A@�IEF�<?@�Dros:=@;kAF(F
�B>A<?:=@�>mD.j @�:p� )go=>A<H9cIJ9 ��DE>me;FH:pG=>AIE9;IEF�UJF?IEFH:=9;k�IEFn�.9gDOos9 �L9gos9;:=>mDJ9.b�UJ@�>�IEF?G=FHDre;@�kme�>AIE9 FH�
o=CE:=�[@�$V9gG=<�9gkJF���F � FH<?C.oy9;IE9PDE@;G	G=>AG!osF?� 9;GV@�dXF?:s9;<?>A@�DE9;>AG}�6�ONK��
P��@�Cn��>mDEIE@���GHb}�/dXF?Gs9;:
IE9^Gp>A�BdEkA>m<H>mIJ9;IEF7IE@�G79;���.>AFHDro=FHG DE@^xOCJ9;k�� F � FH<HC oy9;IJ9 v�� CE� 9 j F?:=:=9;�qF?Droy9 �J9;G!oy9;DrosF
d[@�IEFH:p@�Gs9 F�xOCEF7j @�:=DEF?<HF7>AD.j @;:=�q9�����FHGhdE:pFH<H>m@�Gs9gG 9;@ dE:p@��pF?o=>AGpos9 xOCJ9gDOo=@  <H@�:p:=F����;@ I.@



> � � 1���� &#� �$��� !#� �A�4�G�$�.� :$;/ *9E�.����3 �96

d.:=@;o=@ <?@�kA@Ebt�LosCJ9gkA�BFHDrosFgv.FHG!o )cGpFHDEI.@BI.FHG=F?Dre�@�k�e >mIJ9�CE�q95>mDOo=FH:!j 9;<HF � :�) �J<H9cDJ9ckm>AD � CJ9 � F?�
W�9�eg9.b

� j F?:=:=9;�qF?Droy9��(%/$ d[@ I.F 9;DJ9gkA>AG=9;:�:=F?IEFHGnIEF $tF os:=>4IE@�G�GpF � C.>ADrosF?Gcos>mdX@�G?i�:=F?IEFHGnkmC N
� 9;:y�~o=:s9;D.G=> ���;@�<H@;� ������� � � DOCE�B�H:p>A<H9;G�F	G=FH� >mD.j @�:p� 9����;@LIEF	o=FH�BdX@&%~:=F?IEFHG�osF?�qd[@�:p>Au�9gIJ9;G
@;DEIEF;vOCE�q9�e�F?u/zJ9g�E>Akm>moy9gIJ9.vg9o=:s9;D.G=> ���;@���IE>AGpdJ9;:s9gIJ9�IEFHDro=:=@PIEF�CE�2>ADro=FH:peg9;km@������ ���	�
��������
9gG=G=@�<H>A9;IE@h9�F?k 9�%�F:=F?IEFHGLo=FH�BdX@�:p>AuH9;IJ9;G4FHGpo=FHDEI.>AIJ9;G?vJDJ9;GLxOCJ9g>AG�CE�q95j CED ���;@nIEFdE:p@��J9;�.>�N
km>AIJ9gIEF(�9gG=G=@�<H>A9;IJ9�9�<H9;IJ9�>mDOo=FH:!e;9gkA@cI.F�IE>AGpdJ9;:p@nIJ95os:=9;DEGp> ���g@Eb&"/F?GposF�o=:s9;�E9;kAzE@c9;GL:pFHIEF?G
I.F�$tF os:=> G �;@F?Gpo=@ <�);Gpo=>A<�9gGHv�@�CnGpF �=9.v;<�9;IJ9(o=:s9;D.G=> ���;@EvgCE� 9�e�F?u�zJ9;�E>mkA>mos9;IJ9.vfo=FH�#CE�#o=FH�BdX@
I.FPI.>AG=dE9;:=@h<H@;� IE>AG!os:p>A�ECE> ���;@cIEF�dE:=@��E9;�E>Akm>AIJ9gIEFHGLF � dX@�D.FHDE<?> 9;k b

�/G/GpF � CE>mDrosFHG�9;D&);kA>mG=FHG�G �;@h:=FH9;kA>mu�9;IJ9gG�dXF?kA@n��%�$�i

� 9;D );km>AG=FI.F ��� � � �
� ����	 �
� � ��� iVo=@ I.@�G�@�G/F?Gpos9;IE@�G�dX@;G=G ��e�F?>AG�G �;@qFHDE<?@�Dros:=9;IE@�G�F5��<?@�DEG!N
os:=C �AIE@h@ ��� ��� � ������	�� ����� ������	 �
� � ��� IJ9h:=F?IEF;b4�(k � CE�q9;G�dE:=@;dE:=>mFHIJ9;I.FHG�>A�BdX@�:!oy9;Dro=FHG
G �;@ e;FH:=> �J<�9gIJ9;GHi/dE:=F?G=F?D ��9 IEF ��� � �?	��!��3�� @;C 	 �����
	��!��3�� vXD �E�BFH:p@ � ) � >m�q@qIEF �J<yzJ9gG
DE@�GPkAC � 9g:=FHGPFBG=F F � >AGpo=F 9;k � CE�q9 os:s9gDEG=> ���;@7D �;@�IE>AGpdJ9;:�)�e;FHk b �&GpGs9;GcIECJ9;G&�Ekmo=>A�q9;G
dE:=@�d.:=>AF?IJ9;IEF?G�DE@�G�>AD.j @;:=�q9cG=FP9h:=FHI.FP� ����� � v 	 ��� � � � � � F � �
� � ���
�������
	 � O��	 b

� 9;D );km>AG=F'IEF�>ADreg9;:=>A9;DrosF?GHi�j @�:pDEFH<?F�o=@ IJ9gG 9;Gq>ADreg9;:=>A9;DrosF?GBI.F�kAC � 9;:hF�IEF7os:=9;DEG=> ���;@
F � >AG!osFHDro=FHG�DJ9B:=F?IEF;b��(G/>ADreg9;:=>A9;DrosF?G/IEF�os:=9;DEGp> ���g@ IEF �JDEFH� GpFHxOC&�HD.<H> 9gG�<��m<HkA>m<�9;G�IEF
IE>AGpdJ9;:=@cIEF�os:=9;DEG=> ����FHGLF�9;GL>ADreg9;:p> 9;DrosF?GLIEF�kmC � 9;:4FHG!oy9;�[FHkmFH<HF?� CE�q9c:pFHk 9����;@�km>ADEFH9;:
FHDros:pFqCE� GpCE�[<H@�D��pC.DOo=@�IEFBkAC � 9;:=F?G�IJ97:pFHIEFBIEFq$tF os:=> b ��� 9'>ADreg9;:=>A9;DrosFnIEFBkAC � 9;:
dX@�IEF�>AD.j @;:=�q9;:VGpF/9�:=F?IEF�� � � �����
�
� ��� ��� � � =�� 	�dJ9;:=9�C.�2G=CE�[<H@;D��pCEDros@5IEF�kAC � 9g:=FHG	IE9
:=FHI.F;b	�(G&>mDOeg9;:p> 9;Dro=FHG}oy9g���X�?��d[@ I.FH�2GpFH:&C.os>mkA>mu�9;IJ9gGVdJ9;:=9PI.FH�B@�DEGpo=:s9;:&9<?@�:=:pF����g@
dJ9;:=<?> 9;k1IEF�CE� dE:p@;os@�<H@�km@Eb


 �(%/$\os9;���[�H�_d[@ I.FBj @�:pDEFH<?FH:?v}9go=:s9�e��?GcIEFBG=>m��CEk 9����;@Ev�IE9;IE@�GPFHG!oy9go �AGpo=>A<?@�G�<H@��B@Ev
d[@�:LF � FH�BdEkA@Ev @nD �E�qF?:=@h�B�HIE>m@�IEF �J<yzJ9gG�FH� C.� IEF osFH:p�q>mDJ9;IE@ckAC � 9g:Hv o=FH�BdX@c�q�?IE>A@�I.@
:pF?os9;:=IE@7DE@7IE>AGpdJ9;:p@7IE9;Gos:s9gDEG=> ����FHGosF?�qd[@�:=>mu�9;IE9;GFh@'o=FH�BdX@7�B�HIE>m@ dJ9;:s9'G=FB9;km<�9;D ��9;:
C.� IEF osF?:=�B>ADJ9;I.@ FHG!oy9;I.@Eb]� Gp>A��C.k 9����;@ os9;���[�H� d[@ IEF�G=F?: :=FH9;kA>mu�9;IJ9 �q9;DOCJ9;kA�BFHDro=F;v
d[@�GpG=>A�.>AkA>�oy9;D.IE@h9;@ C.G=C );:p>A@qFHDE<?@�Dros:s9g:/F?:=:=@;G(DJ9B:=FHI.F;v1I.>AG=dE9;:s9;D.IE@ 9gG/os:=9;DEGp> ����FHG�dJ9;GpG=@ 9
dE9;G=Gp@Eb


 dE:=@ � :s9;�q9Pos9;���[�H� d[@�G=Gp>A�E>mkA>mos9P@ � FH:pFHDE<?> 9;�BFHDros@nI.F9;:=xOCE>�e�@�G?v.<?@�Dros�H� CE� FHIE>�os@�:



> � � 1���� &#� �$��� !#� �A�4�G�$�.� :$;/ *9E�.����3 �E>

Gp>A�BdEkAF?GFhCE� ��� � � ���
� dE9;:s9'@�G�IE>A:pF?o #�:=>m@�GHb��/G�:=FHI.FHGPG �;@7IEFHGp<H:p>moy9gGPC os>Akm>AuH9;DEIE@gNTG=F5CE� 9
km>AD � CJ9 � F?� Gp>A�B>Ak 9g:)9;@B$t9;G=<H9;k b

��� � � � � � � ��������� � �

� �����43 3)�

� kA>mD � CJ9 � FH� �&G!osF?kAkAF � � ��o=FHDEIEF?I^��os9gosFB�t:=9;DEGp>mos>m@�D ��9;D � CJ9 � F � � =�� 	&�BCE�q9 o=�H<?DE>A<H9
I.F IEF?G=<?:=> ���;@ j @;:=�q9;kdJ9;IE:p@�DE>mu�9;IJ9 d[FHkA9R�!�E
 � ��DrosFH:pDJ9go=>A@�DJ9gkP
: � 9;DE>mu�9go=>A@�D3j @�:���os9;D N
IE9;:=IE>mu�9go=>A@�D � b 
 @�� �pF?os>�e�@ j @�>4dE:=@�IECEu?>A:�CE�q96����U dJ9;:=9 96FHG=d[FH<?>��J<H9����g@ I.F7Gp>AG!osFH�q9;G
I.>AGpo=:=>m�EC �AI.@�GHv[dE:=@gos@�<H@�km@�G/I.F�<H@��cCEDE>A<H9����g@ F;v�F?� dE9;:po=>A<HC.k 9;:?v[dE9;IE: ��FHG(:=FHkA9gos>�e�@�G(9;@ �B@gN
I.FHkA@7IEFB:=F j FH: �?DE<H>A9�
�� �yb�� kA>mD � CJ9 � FH� �&G!osF?kAkAFB�h�J9;GpF�9;IJ97DOCE� 9�� );xOCE>mDJ9�I.Fq�	G!oy9;IE@;G
Ut>ADE>�oy9n�	Gpo=FHDEIE>mIJ9 � ���&U}� � vJxOCEFP<H@;���E>ADE9hI.@�>AGLo=>Ad[@�G�IEF�DE@;os9�����FHG?i�F?Gpos9;IE@�G?v[>mDrosFH:=9�����FHG
F�os:=9;DEGp> ����FHG�xOCEFPG �;@BIEF?G=<H:p>mo=@�G(9~os:s9�e;�HG(I.F5CE�q9B���&U)bJS�9;:=> )�e�FH>mGHvJdJ9g: �;�BF?o=:=@�G�FPdE:=>m@�:=> N
IE9;IEFHG(G �;@ IEF?G=<?:=>mo=@�G�9~os:s9�e;�HGIJ9 km>AD � CJ9 � F?� IEFcdE:p@ � :=9;� 9����;@ $V9;Gp<�9;k b��	� �	G!osFHkmkAF5CE� 9
F?G=d[FH<?>��J<H9����;@ � <?@��qd[@�G!oy9�IEF C.� <H@;D��pCEDros@ IEF � # I.CEkA@�G5@�DEIEF <H9;IJ96� # I.CEkA@�� :=FHd.:=F N
GpFHDroy9gIE@ d[@�:�CE�q9h<H9;> �.9ndE:pF?oy9h<H@;� dX@�:!oy9;G�I.F5F?DOo=:s9;IE9r�gGs9��AIJ9.v.IEFHDE@;�q>mDJ9;IJ9;G�d[@�Dros@�G�IEF
>mDrosFH:=9����g@Eb��L9;DJ9;>mG�IEFc<?@���CEDE>m<�9����;@B�E>AIE>m:=F?<H>A@;DJ9;>AG�d[@�IEFH� <?@�DEFH< oy9;:/@�G��,#�IECEkm@�G�x�C.FcG=F
<?@���CED.>A<�9g� 9gos:=9fe;�HGtIEF �JkA9;G�UV�KU�
�9;G=Gp@ <?> 9;IE9;GV9 � � � � ��� ��� � � � �
� � � ��� bt�/� � # I.CEkA@�dX@�IEF
GpFH:�:=F �JDJ9;I.@�F?�_G=CE�.�,#�IECEkm@�GHv�IEF �JDE>mDEIE@7CE� 9 F?Gpos:pC.osC.:s9'zE>AF?:�);:px�C.>A<�9 F?DOo=:=Fh@�G�<H@;�qd[@gN
D.FHDrosF?GnIJ96FHGpdXF?<H>��E<�9����;@Eb �L9;DJ9g>AGc>mDrosFH:pDE@�G�d[@�IEFH�a<H@;DEFH< oy9;:�GpCE�E� # I.CEkA@�G5F 9;G�d[@�:!oy9;G
I.@�G)GpCE�E� # IEC.kA@�G �JkAz.@�G)d[@ I.FH� G=F?:4e�>ADE<?CEk 9gIJ9;G  ;G)d[@�:pos9;G)I.@c� # IEC.kA@PdJ9;> bV� � � CE:s9n��b � �
>mkACEG!os:=9�@BF � FH�BdEkA@hIEF�CE� Gp>AG!osFH�q9nFHGpdXF?<H>��E<�9;IE@BFH� �	G!osFHkmkAFgb

F F D


 ����� � � ��	��
	�	 	 ����� � � � � 	 � ��� ��� � � � ��� � � �
��� � � = '�	t�cCE�q9 );k � FH�.:s9qdE9;:s9BFHG=d[FH<?>��.N



> � � 1���� &#� �$��� !#� �A�4�G�$�.� :$;/ *9E�.����3 �
�

����

����

��������

��������
		


����

RECEIVER

MCEPMCEP

MCEP[1]

UCEP

MCEP[0]

SENDER

MEDIUM

USR

Medium_interfaceMedium_interfaceMedium_interfaceMedium_interface Medium_interface

Sys_interface

i_user

i_user i_user

i_provideri_provider

i_provider

SysSndRecv

UV> � CE:s9n��b � ��i&� � F?�qdEkm@hIEF�CE� 9nF?G=d[FH<H> �J<�9����;@BFH� �	G!osFHkmkAFgb

<H9����g@(IEF4G=>AG!osF?� 9;Gt<H@�D.<H@�:p:=FHDro=FHGHv;:=FHd.:=FHGpFHDroy9gIE@�G	d[@�: � ��� � � � ��� � � 	 � ��� ��� � � � v x�C.F)j @�:=D.FH<HF
C.� <?@�D��pCEDro=@ IEF5o=FH:p�q@�G?vX@;dXF?:s9;IE@;:=FHG/F�9 � >m@�� 9gG�xOCEFcdX@�IEFH� GpFH:(C.Gs9;IE@;G�dJ9;:=9qFHGp<H:pF?e�F?:
Fc� 9;D.>AdECEkA9;:�F � dE:=F?G=G � F?G59gk � �?�E:=>m<�9;G?b�(GF � dE:pFHGpG ��FHG�IEF$�EDEFH�_@;G�FHkmFH�BFHDros@�G(IE@ G=>mGposF?� 9
F�9qj @�:=�q9h<H@��B@ G �;@ � 9gDE>AdEC.k 9;IJ9gG�:pF?e;FHk 9g� @ G=FHC <?@��BdX@�:!oy9;�BFHDro=@Eb(�(9 �qF?G=�q9Bj @�:p� 9
xOCEF C.� 9�o=FH@�:p> 9��[FH� j @�:=��C.k 9;IJ97G=@��.:=F'9;GpdXF?<?os@;GB<?@��BdEC.oy9g<H>A@;DJ9;>AG?v}<H@;�q@6� @ <H9;G=@ I.@
F?Gpo=CEIE@ IEF �,);xOCE>ADE9;GcIEF ��CE:p>AD � � =�� 	 v�9 �pCEIE9 9�FHDrosF?DEIEF?:q9gG�DE@ ����FHG�� )gG=>A<H9;G�IJ9�o=FH@�:p> 9
I.FP<?@��BdEC.oy9����;@hos:=9;IE>A<?>A@�DE9;k v�@q������9 �pCEIE9q9hFHDrosF?DEIEF?:(9;G�DE@ ����FHG�IJ9n<H@;�qdEC oy9����;@q<?@�D N
<?@�:=:pFHDrosFgb $t@;:nF � FH�BdEkA@.v	dX@�IEF NTG=F IEF osF?:=�B>ADJ9;:5G=F IECE9;Gh>A�BdEkAF?�qF?DOos9�����FHGPIE>�j FH:=F?DrosFHGhIEF
Gp>AG!osFH�q9;G�<H@�D.<H@�:p:=FHDro=FHG)G �;@cF?xOCE>meg9;kmFHDrosF?G4Fgv <?@�DEG=F?xOCEFHDrosF?�qF?DrosF;vJGpF(CE�-Gp>AG!osFH�q9�dX@�IEF�G=FH:
GpCE�EG!os>mo=C �AI.@ndXF?kA@�@�C os:=@.b&
������ os9;���[�H� j @�:=DEF?<HFGpCE�EG �mIE>A@;GLdJ9;:=9�G=FIEF osFH:p�q>mDJ9;:4<HFH:!oy9;G
d.:=@�dE:p>AF?IJ9;IEF?G�I.FPC.� G=>mGposF?� 9 vE<H@��B@B9;CEG �HDE<?> 9nIEF ��� � �?	��!��3�� F 	 ����� � � � � b


�G}<?>ADE<?@@�dXF?:s9;I.@�:=F?G}� );Gp>A<H@;G}IE@< )gkA<HC.kA@(I.FLdE:=@�<HF?G=Gp@�G	G �;@.iV9 � � ��� v;9 � �
��� � � 	�	 � � ��� vr9
���
	���� ��� v�9 � � ��� ���
��� ��� F�9 � � � � ����� ��� b&
\@�d[FH:=9;IE@�: � � ��� d[FH:=�B>mo=F/xOCEF(@c<H@;�qd[@�:pos9;�BFHDros@
I.F/CE� 9 � FHDrosF�G=F �=95IEF �JDE>mIE@5d[@�:&CE�q9PGpFHxOC&�?DE<H>A9cIEF�F?e�F?Dros@�G?b�� � �
��� � � 	�	 � � ��� d[@�G=Gp>A�E>mkA>mos9
:pFHDE@;�qFH9;:�9;G�9�����FHG�IEF�CE� 9 � FHDro=FPdE9;:s9nxOCEF �JxOCEFH� �q9;>AG4j );<HF?>AG�IEF�G=F?:=F?� FHDrosF?DEIE>AIE9;GHb


 FHkmFH�BFHDros@6�&);G=>m<H@6DE@ ����� � @ � ��� � � � v}xOCEF d[@�G=GpCE>)CE� DE@��BF � �EDE>m<H@ ��F CE�aIEF N
o=FH:p�q>mDJ9;IE@ <?@��qd[@�:!oy9;�BFHDros@.b2
 <H@��Bd[@�:pos9;�qF?Dros@ IEF CE� 9 � FHDro=F � I.F$�JDE>mIE@ d[@�: CE�
<?@�D��pCEDro=@�IEFhF?e;FHDros@;G�@�C 9�����FHG�xOCEFB@�9 � FHDrosFB�q<H9;dJ9;uhIEFB:=FH9;kA>mu�9;:?bh$t@�:PF � F?�qdEkm@Ev�G=F �=9
C.� 9 � FHDrosF IEFHDE@;�q>mDJ9;IE@ � 	� � �'F CE�a<H@;D��pCEDros@ IEFqF?e;FHDros@�G�� ������� �yb7� G=F?xOC&�HDE<?> 96IEF
F e�F?DOo=@�Gh:=FH9;kA>mu�9;IE@;Gcd[FHkA@69 � FHDro=F � IEFHGp<H:p>moy9 9~os:s9�e;�HGhIE@ @�d[FH:=9;IE@�: � � ��� v	IEFHDE@goy9;IE@ d[@�:
C.� ��� �yb}
\9 � F?DrosF � 	� � ��d[@ IEF�GpFH:�IEF$�JD.>AIE@�dJ9;:=9P:pF�9;km>AuH9;:	9G=F?x�C��HDE<?> 95I.F/9�����FHG�� � ����� � v
:pFHGpdXF?<?os>�eg9;�qF?DrosF;vJdE9;:s9h9;:p� 9;u?FHDJ9g:�CE� eg9;kA@;:LF�IEFHd[@�>AG�:pFH<?CEdXF?:s9;:�@h�qF?G=�B@�eg9;kA@�:?b



> � � 1���� &#� �$��� !#� �A�4�G�$�.� :$;/ *9E�.����3 � �


�G�9 � F?DOo=FHG�G �g@B<?@�DE<?@�:=:pFHDrosF?G�D.@BGpFHDros>mIE@BIEFxOCEF�dX@�IEFH� 9gosCE9;:�>ADEI.FHd[FHDEIEF?DrosFH�BFHDro=F
C.� IE@Q@�C os:=@.v�dX@;:=�H� d[@�IEF F � >AGpo=>A:'CE�q9R>mDrosFH:=9����g@ F?DOo=:=F FHkAF?GHb � d[@�G=Gp>A�E>mkA>AIE9;IEF6IEF
>mDrosFH:=9����g@ FHDro=:=Fc@;G(9 � FHDrosF?G��5>mDEIE>m<�9;IJ9hd[@�:/�BFH>m@qI.@�G/D.@��qF?G(IEFPG=CE9;G�9��$� F?GHb���G=Gp@ dX@�IEF
GpFH:�>AkmCEGpo=:s9;I.@h9gos:=9fe;�HG�IE@hF � FH�BdEkm@q9g�J9;> � @Ei

��� ��������� � � b � �

	 � ����
�� 	 � � b|���

�� ����� 	 � � � b � �

"�@cF � F?�qdEkm@P9;<H>m� 9.vO�3��IEF$�EDE>AIE@P<H@;�q@P9�<H@��BdX@;G=> ���;@�IE@�G�9 � F?DrosFHG)U F/�nbO"/@;o=F�x�C.F
@69 � FHDro=F U�d[@�GpG=CE>)9�9����;@��^<?@��q@�CE�aIEF GpFHCEGcF?e�F?Dros@�GnFq@69 � F?DrosF'� d[@�G=GpCE>)9�9����;@
��b&�(@;>AGLF e�FHDro=@�G�<H@�� @n�qF?G=�B@�DE@��BF��J9;GpF ����vJDE@n<H9;G=@ �4>ADEI.>A<�95x�C.FP@;GL�qF?G=�B@�GLd[@ I.FH�
>mDrosFH:=9 � >m:�9gos:=9�e��HG�IJ9;xOCEF?k 9h9����;@Eb

� � 1 ��D

� kA>mD � CJ9 � FH�2��
���
�� � ��9gD � CJ9 � F/@;j1�tF?�qd[@�:=9;k[
�:=IEF?:=>AD � � d[FH<?>��J<H9gos>m@�D ��� ����	[��CE� 9
o=�H<?DE>A<H9 IEF�IEF?G=<H:p> ���;@ j @�:=�q9;k�dJ9;:=9 @ dE:=@ �pF?os@ I.F�G=>mGposF?� 9gG�<H@�D.<H@�:p:=FHDro=FHG�F�IE>mGpos:p>A�EC �AIE@�G?b
�)@;DEG=>mGposF IEF CE� 9 km>AD � CE9 � FH� dJ9;:=9Q9^FHG=d[FH<?>��J<H9����g@QIEF dE:=@�<HF?G=Gp@�G6xOCEF G=F �E9;G=F?> 9^FH�
I.@�>AG/�q� os@�IE@�G�IEF );k � F?�E:s9qIEF�dE:p@ <?FHG=Gp@�GHv�@'�����6F�@7��� $ � � � � � 	 � ��� ��� � � � � �+*�	 � � � � ��	
� � �!� � � ��� � � b �	Dros:=F79;Gn���(U�G?v)9 km>AD � CE9 � FH� ��
���
�� �B@�G!os:s9 N�G=F'96I.F7�q9;>m@�:5d[@�IEFH:nIEF
F � dE:=F?G=G �g@ FP9;�EG!os:s9����;@EvJ�q9;G?vEFH� <?@�Dros:=9;dJ9;:!os>AIE9.vJ9nIEF�� 9g>A@�:4<H@��BdEkAF � >AIJ9;I.F;b

� km>AD � CE9 � FH� ��
���
��QG=F �J9;GpFH> 9 DE9 >AIE�?> 9 IEF xOCEF d.:=@fe�F?IE@�:=F?G�I.F6G=F?:pe�> �?@RF d.:=@gN
o=@ <?@�kA@;G5IEF <H@���C.DE>A<H9����;@�dX@�IEF?� GpFH:�F?G=d[FH<?>��J<H9;IE@�G�d[FHkA9�IEF �JDE> ���;@6IE9;Gc>mDOo=FH:=9�����FHG5x�C.F
<?@�DEG!os>mo=CEFH��@ � � ��� � �	� ����� � � � ���
���
� � �����
	 IEF?G=G=F?G)Gp>AGpo=FH�q9;GHb}��os>mkA>mu�9(@�G&�B�?o=@ IE@;G&9;k � �?�E:=> N
<?@�G	>ADro=:=@�IECEuH>mIE@�G}d[@�:���>mkADEF?:}FH�2�����h<?@��B@�oy9;���[�H�#IEF?G=<H:p> ���;@�IEF�FHGpo=:=C.o=CE:s9gG�I.F�IJ9;IE@�G
FPF � dE:pFHGpG ��FHG�IEF�eg9;kA@;:=FHG?v��J9;G=FH9;IJ9BDJ9ho=FH@�:p> 9nj @�:=�q9;k�I.FPo=>Ad[@�G�9;�EGpo=:s9go=@�G�IEF5IE9;IE@�G?b�" �;@
F � >AGpo=F5C.� �qF?<�9;DE>mG=�B@hdJ9;:s9B9qF � dE:=F?G=G �g@ IEFP<H@��BdX@;:poy9g�qF?DOo=@�G�IEF?dXF?DEIEFHDro=FHGIE@hosF?�qd[@Ev
D.FH<HF?G=G );:=>m@EvJdX@;:�F � FH�BdEkA@Ev.FH� 9;d.kA>A<H9�����FHG)��CEkmo=>A� �AIE>A9.b



> � 	�*9� ���.�/���4&8����� !�� � & 
/3 � �
� !#� � �4�
�4� � �4& �# � 	

�(F e�>AIE@  7j 9;k�oy9 IEFBCE� 9'G=>mDroy9 � F � :�) �E<�9.vt9;k � CE� 9gGdE:=@�d[@�G!oy9;G�j @�:s9g�_<H:p> 9;IJ9gG�o=FHDEI.@
<?@��B@ d.:=@�d #�G=>�os@ dE:p>ADE<?>AdJ9gkL@ � 9;d[F�9g�qF?DOo=@ IJ9;GhFHG!os:=C osCE:=9;G ��
���
��^dE9;:s9 CE�q9 :=FHd.:=F N
GpFHDroy9����;@he�>AG=CE9;k��q9;>AGL<?@��BdE:=F?FHDEG �me�F?k b��/�q9�IEF?G=Gs9gG/dE:p@�d[@�Gpos9;G���@ �(NK��
���
�� � ��
���
��
� :�) �J<?@ � � � ��	 b

�	���[@�:s9n@�G�GpFH:!e > �H@�G�F@�G�d.:=@;o=@ <?@�kA@�G)IEF<H@��cCEDE>A<H9����g@BGpF �=9;� 9;G�dE:p>ADE<?>AdJ9;>mG );:pF�9;G�IEF
C os>Akm>AuH9����;@�IJ9 kA>mD � CJ9 � FH� ��
��
��XvVFHk 97oy9;���[�H� dX@�IEF GpFH:h9;d.kA>A<H9;IJ9�F?� @�C os:s9gG );:=FH9;GHv
<?@��B@EitF?G=d[FH<?>��J<H9����;@Pj @�:=�q9;kEI.@5dE:p@ <?FHGpGs9;�BFHDros@PIEF�<yzJ9;�q9;IJ9;G	o=FHkAF j w�DE>m<�9;G?vrFHG=d[FH<?>��J<H9����g@
I.FP�BFH<H9;DE>mG=�B@�G�IEF�G=F � CE:s9gD ��9hF�FHG=d[FH<?>��J<H9����g@qIEFP9;k � @�:p>mos�B@�G�IE>AG!os:p>A�EC �mIE@�G?b

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

�/G�j FH:=:=9;�BFHDroy9;G(IEFn9;D )gkA>AGpF5I.FnG=>AG!osF?� 9;G/<H@��BdEC.os9;<H>m@�DJ9;>mG/F?� � F?:s9;k�d[@ IEF?� GpFH:<H9;:!N
9g<?osF?:=>mu�9;IJ9gG/IEFc9;<H@;:=IE@q<H@�� @�G�os>mdX@�G�IEF5�q@�IEF?kA@�G�xOCEF�C os>Akm>AuH9;� dJ9g:s9h:=F�9gkA>AuH9;:�9 9;D&);kA>mG=F
I.@6G=>mGposF?� 9�FH� x�C.FHGpo �;@Eb �	GpG=FHGh�B@ I.FHkA@;GPd[@�IEFH� G=F?:�<HkA9;G=Gp>��J<H9;IE@�G5IJ9�G=F � CE>mDOo=F j @�:p� 9
� �r��	 i}�B@ I.FHkA@;G�dE9;:s959�9;D );km>AGpF�I.F(<H@;D���9;�E>mkA>mIJ9;IEF��gIE>AGpdX@;DE>A�E>mkA>mIJ9;IEF � ��� � � � � ������	 � � ��� vO�q@�I N
F?kA@�GdE9;:s9'979;D );km>AG=FcIEFhIEFHGpFH�BdXF?DEzE@Ev�xOCEFh<H@�DEGp>AIEF?:s9;� x�C.Fq@'G=>mGpo=FH�q9'�hd[FH:!j FH>mos9;�BFHDrosF
<?@�D��")�e;FHk v&F �B@�IEFHkm@�G5dE9;:s969 9gD );kA>mG=FBIEF IEF?G=FH�Bd[FHDEzE@ F <H@�D��J9;�E>Akm>AIJ9gIEF � � �
� � � �
��������	 � ,
� ��� vE@�D.IEF�9;G)IECJ9;GL�B�?o=:=>m<�9;G�G �;@n> � CJ9;km�qF?DrosF�:=F?dE:=F?G=FHDros9;IJ9;G?b4� 9gD );kA>mG=F�IEF ��� � � � � ������	 � � �
:pFHdE:pFHGpFHDroy969gGP�cCEIJ9;D �H9;G�DJ9'FHGpo=:=C.o=CE:s97IE@7G=>AG!osF?� 9 <�9gCEGs9;IE97d[@�:j 9;kAzE9;GFH�_GpFHCEG5<H@��nN
d[@�DEF?DrosFHG?b � 9gD );kA>mG=FBIEF IEF?G=FH�Bd[FHDEzE@ :pFHdE:pFHG=F?Droy9 @6<H@��Bd[@�:pos9;�qF?Dros@6IE@ Gp>AG!osFH�q9��BF N
I.> 9;DrosF5G=@�km>A<?>moy9�����FHG�IE>me;FH:pGs9;G9q:=FH<?CE:=Gp@�G�xOCEFnIEF e�F?� GpFH:�<?@��qdE9;:po=>AkAzE9;IE@�G?b���9;D );km>AGpF5IEF
� �
� � � ����������	 � � �q:pF�9;km>Au�97CE�q9�dE:=F e�>AG �g@6IE@ IEF?G=FH�Bd[FHDEzE@ IE@�G=>AG!osF?� 9�<?@�DEGp>AIEF?:s9;DEI.@ CE� 9
d.:=@��J9g�E>Akm>AIJ9;I.F/IEF/j 9;kAzJ9 v @�C GpF �=9.v xOCEF�9n9;:=xOCE>�osF osCE:=9cIE@nG=>mGpo=FH�q9c��CEIJ95IE>ADJ9g�q>m<�9;�BFHDrosFgb

��G=F � CE>A:�G �;@ 9;dE:pFHG=F?Droy9;IJ9gG9;k � CE� 9gGLj FH:=:=9;�BFHDroy9;G�F � >mGposF?DrosFHG(FcG=CE9;G(<H9;:s9;< osF?: �AG!os>m<�9;G
F?�_:=F?k 9����;@'9;@ o=>Ad[@ IEFh9;D );km>AGpF�xOCEFh:=F�9gkA>AuH9;� Fh9;@�G:pFHG=d[FH< os>�e�@�Gos>mdX@;G�IEFh�q@�IEF?kA@�G/x�C.F
C os>Akm>AuH9;�-dJ9;:=9�:=F�9gkA>AuH9;:)F?G=G=9q9;D&);kA>mG=F;bt�]j FH:p:s9;�BFHDroy9�C os>Akm>AuH9;IJ95D.FHGpo=Fos:s9g�J9;kAz.@���IEF?G=<H:p>mos9
<?@�� �q9;>A@;:=FHG)IEF?os9;kAzEF?G�DE@h<�9;d ��osCEkm@ Eb



> � 	�*9� ���.�/���4&8����� !�� � & 
/3 � �
� !#� � �4�
�4� � �4& �# � �

��������� � ��� ��� �

� j FH:p:s9;�BFHDroy9q�.����%�$�� � ��l����X@;kA>A<���>AF?:s9;:p<yzE>A<H9;k��(C.o=@��q9gosF?I�%�FHkm> 9;�E>mkA>�o�l 9gDEI6$�FH:!N
j @;:=�q9;DE<HF/�}eg9;kACJ9~os@�: � � � � 	X�(C.o=>Akm>Au�9gIJ9PdE9;:s959;D );km>AG=F�IEF/IEFHGpFH�BdXF?DEzE@EvEI.F ��� � � � � ������	 � � ��F
I.F � �
� � � �
��������	 � � �~b	�	G=Gs9�j F?:=:s9g�qF?DOos9c<H@;���E>ADE9c9 �JF � >A�E>mkA>AIE9;IEF�IEF��B@ IEF?kA@�G��q9;: �g@ e�>A9;DE@�G
FP9nF$�E<H> �?DE<H>A9nIEF��q@�IEFHkm@�G � � � ��� � ��� � �
� ����� b

��9gIJ9;Gn9;GPIE>mGpos:p>A�EC.> ����FHG�IEFqdE:=@;�J9;�E>mkA>AIE9;IEFHG�xOCEFqIEFHGp<H:=F e�F?� @�<?@��qd[@�:!oy9;�BFHDros@7IE@�G
<?@��BdX@�D.FHDrosF?G�I.F�C.�2G=>mGposF?� 9F�9FHG!os:pC.osCE:=9PI.@5�BFHGp�q@Ev;dX@�IEF NTG=F�IEF osFH:p�q>mDJ9;:}xOCJ9gkJG=FH: )P@
<?@��BdX@�:!oy9;�BFHDro=@5IEF/os@�IE@c@�Gp>AG!osFH�q95F?� j C.D ���;@cIE@5o=FH�BdX@EbV�tF?�qd[@�FHDro=:=F(j 9;kmzJ9;G?vOo=FH�BdX@
I.F5F �.F?<HC ���;@ IEFPCE�q9hos9;:=F j 9BF59qd.:=@��J9g�E>Akm>AIJ9;I.F�IEFPCE� <H@��Bd[@�DEFHDro=F5F?Gpoy9g:�j CED.<H>A@;DJ9;DEIE@
<?@�Dre�F?DE>AF?DOo=FH�BFHDrosF 9;d #�G�CE�_IEF osFH:p�q>mDJ9;IE@ o=FH�BdX@'G �;@�9gk � CE�q9;G/IJ9;G��qF?IE>AIE9;GxOCEFqI.FHG!N
<?:=F e�FH� @B<H@��Bd[@�:pos9;�qF?Dros@nIE@�G�<?@��qd[@�DEF?DrosFHG?b)� FHG!os:pC.osCE:=9BI.@qGp>AGpo=FH�q9ndX@�IEF�G=F?:�IE9;IJ9.v
d[@�:�F �.F?�qd.kA@EvEd[@�:�CE�q9n<�9;I.FH> 9nIEF5��9g: �;@fe[b

$t9;:s9 9;D&);kA>mG=F7IEF ��� � � � � ������	 � � ��G �;@ CEG=9;IE@�G �B@ I.FHkA@;Gq<?@��q@.i IE> � :=9;�q9;GqI.F6�EkA@�<H@;GHv
)g:pe�@;:=FBIEFBj 9gkAzJ9;G�F � :=9gj @�G�IEFB<H@�D��J9;�E>Akm>AIJ9gIEF;bq$V9;:=9�9gD );kA>mG=FnIEFBIEF?G=FH�Bd[FHDEzE@�C.os>mkA>AuH9~N�GpF
� :s9gj @�G�IEF�oy9g:=F?j 9gG/FP:=F?IEFHG/IEF �Ek 9;G?b��:s9gj @�G�DE@;:=�q9;kA�BFHDrosFG �;@ C os>Akm>AuH9;IE@�GLdE9;:s9B9 9;D&);kA>mG=F
I.F dE:p@ <?FHG=Gp@�Gn<H@;DE<H@�:p:=F?DOo=FHG�FqFHG!os@�< );G!os>A<?@�GHb6
�Gc�B@ IEF?kA@�G�IEF �Jk 9gGcG �g@ �.o=FH>AG5DJ969;D&);kA>mG=F
I.F�IEF?G=FH�Bd[FHDEzE@ IEF�Gp>AGpo=FH�q9;GHv�@;DEIEF�C.� 9 xOCJ9;Dros>mIJ9;IEF�kA>A�B>mos9;IJ96IEF�:=F?<HCE:pG=@�G I.F?e�F�G=FH:
<?@��BdJ9;:po=>AkmzJ9;IJ9.b

��@�IEF?kA@�G�F � <HFHGpG=>�e;9g�qF?DOo=F � :s9gDEIEFHG(dX@�IEFH� GpFH:�F e >�oy9;I.@�G�IEF e >mIE@  <H9;:s9g<?osF?: �mGpos>m<�9 z.>�N
F?:�);:pxOCE>A<H9hIE9hj F?:=:s9g�qF?DOos9B�.�/�(%/$&��b[�&GpGs9nj FH:p:s9;�BFHDroy9nd[@�G=Gp>A�E>mkA>�oy9�9;>mDEIJ9n9h<H@��c�E>ADJ9����;@
I.@�Gq:pFHGpCEkmos9;IE@�GhIEF7IE>mj F?:=F?DOo=FHGhos>mdX@�GhIEF7�B@ IEF?kA@�G?b^� >mDrosFH:!j 9;<HF � : ) �J<�9 IJ9 j FH:p:s9;�BFHDroy9
d[FH:p�q>�osFgv[d[@�:/F � FH�BdEkA@.vXxOCEF�@qCEG=C&);:=>m@ IEF �JDJ9 CE�q9q<H9;IEFH>A9qIEFn��9;: �g@fe69go=:s9�e��?G�IEF5CE� 9
�q9go=:=>AuhFBdX@;GposF?:=>m@�:=�BFHDrosFq9;IE>m<H>m@�DEFnDE@fe�@;G�D&#�G � F?Gpoy9gIE@�G ��F 9g:=<H@;G � os9 �.9;G � b � >mDrosFH:!j 9;<HF
os9;���[�H� d[@�G=GpCE>�CE� �J9;D.<H@nIEF�IE9;IE@�GL<?@�� @�DE@��BF(IE@;GL<H@��Bd[@�DEFHDro=FHGLIE@cG=>AG!osF?� 9cF(G=CJ9;G
:pFHGpdXF?<?os>�eg9;GLoy9 �.9;G�I.F(j 9;kAzE9.b	$tF?:=�B>mo=F9;>AD.IJ9cIEF?G=FHD.zJ9;: � :�) �J<H@�G)<H@�� @�G�:=F?G=CEk�oy9;IE@;GLF<H:p>�N
9g:�d.k 9;DE>mkAzJ9gGLDE@q9;dEkA>m<�9go=>me;@h� � <?FHk�<H@�� F?G=GpFHG(:pFHGpCEkmos9;IE@�G?b4�#>ADrosF?:pj 9;<?Fj @�>�<H@�D.Gpos:pC �AIE9hDE9
km>AD � CJ9 � F?� W�9�eg9.b



> � 	�*9� ���.�/���4&8����� !�� � & 
/3 � �
� !#� � �4�
�4� � �4& �# � �

������� � � � � � �

�#j FH:=:=9;�BFHDroy9q����%L�)� � ���(% �g@fe6�)zE9;>AD��(DJ9;k�l�uHFH: � � ���	 � � =�	��5d.:=@��pF oy9;IJ9qdJ9;:s9nj 9~N
<?>Akm>moy9g:49 � FH:=9����;@cF9;D );km>AGpF/IEF(<�9;IEF?> 9;G4IEF���9g: �;@fe <H@�� CE� � :s9;D.IEF(D �E�BFH:p@�IEF�F?Gpoy9gIE@�GHb
�	GpGs9 j FH:=:=9;�BFHDroy9 d[@ I.F�os:=9goy9;: <�9;IEF?> 9;G I.F ��9;: �g@fe�9 osF?�qd[@ IE>AGp<H:pF?os@^@�C3<H9;IEF?> 9;G IEF
��9;: �g@ eQ9 o=FH�BdX@ <H@�Dro �mDOCE@ F6C os>Akm>AuH9 9 � 9~os:=>mu'IEF�os:=9;DEGp> ���g@ IJ9 <�9;IEF?> 9 dE9;:s9 F ��os:=9;>A:
d.:=@�dE:p>AF?IJ9;IEF?GP<?@��B@ dXF?:=>A@�IE>m<H>AIE9;IEF;v1<Hk 9gG=G=> �J<�9����;@'IE@�GGpFHCEGPFHG!oy9;I.@�G�FB<�);kA<?CEkA@ I.FB�BFHI.>�N
IE9;G�<H@��B@nIE>AG!os:p>A�ECE> ����FHGLF?� FHG!oy9;I.@qF?Gpoy9g<H>A@;D );:=>m@Ev.I.>AGpo=:=>m�ECE> �$� F?GLFH� FHGpos9;IE@nos:=9;DEGp>AFHDro=FPF
o=FH�BdX@h�B�HIE>m@h9gos�P9h9;�EGp@�: ���;@Eb

$t9;:s9G=F�I.FHG=F?Dre�@�k�e�FH:��B@ IEF?kA@�Gt�J9;GpF�9;IE@;G	FH�2<H9;IEFH>A9;G}IEF���9;: �g@ e��L>A�BdX@;:poy9gDOo=F)xOCEF�G=F
o=FHDEzE9cCE� 9;���E>mFHDrosF/DE@cxOCJ9gkX@�Gp>AG!osFH�q9c9PG=F?:LFHG!osCEIJ9gIE@�d[@�G=G=9cG=F?:L:=F?dE:=F?G=FHDros9;IE@nIEF/CE� 9
�q9;DEF?>A:=9/j );<H>mk I.F�G=F�FHDrosF?DEIEF?:Hb	���H<?DE>A<H9;G	<H@;��CE�BFHDrosF�C.o=>Akm>Au�9gIJ9;G�<H@���FHG=G=9 �JDJ9;km>AIJ9;I.F)G �g@
9gG(:=F?IEFHG/IEF�$�F?o=:=>�FHGpo=@ <�);Gpo=>A<H9;GHv[:=F?IEFHG/IEF �JkA9;GHv�F?DOo=:=F�@;C.os:=9;GHb�
�F?Gpoy9gIE@ IEFPCE� G=>mGposF?� 9
��j @;:=�q9;IE@�d[FHkm@�FHG!oy9;IE@hIEF<H9;IJ9�CE� IEFG=F?CEG�<H@��Bd[@�DEFHDro=FHG�>AD.IE>me�>AI.CJ9;>AG?v xOCEFd[@�IEFH� G=FH:
e�>mGpos@;G�<H@��B@h@�G�FHkmFH�BFHDros@�G�I.FPC.� e�F os@�:?vJIEFHDE@;�q>mDJ9;IE@ �Te�F?o=@�:�IEF�IEF?G=<H:p> ���;@hIEF�FHGpos9;IE@�G
�yb
�)@;� 9 �JDE9;kA>mIJ9;IEF'IEF'j 9;<H>mkA>�oy9;:5FHG=G=9 e�>AGpCJ9;km>Au�9����;@ IE@ G=>mGposF?� 9 9 j FH:=:=9;�BFHDroy9 ����%L�)�
C os>Akm>AuH9/@�osF?:=�B@ � ��	���� dJ9;:s9�>mDEIE>m<�9;:tCE��<?@��qd[@�DEF?DrosF�F�@�osF?:=�B@ �
�"	 � dJ9;:s9�>mDEIE>m<�9;:t@�eg9;km@�:
I.FHG=GpF(<?@��qd[@�DEF?DrosF;bV� <H9;IJ9�>ADEG!oy9;Dro=F;vO@5F?Gpos9;IE@PIE@5�B@�IEFHkm@��:pFHdE:pFHGpFHDroy9;I.@cd[FHkA@�D �E�BFH:p@
I.FL�X@;k 9;GtFH�#<�9;IJ9��E9;kAIEFgb}�	G=GpF�dE:=@�<HF?IE>A�BFHDro=@�dE:=@;dX@�:p<H>m@�DJ9/C.� 9 � :s9;DEI.F �JF � >m�E>Akm>AIJ9;I.F�DE9
�B@�IEFHkA9 � FH�\IEF4Gp>AG!osFH�q9;G�<H@��BdEkmF � @�GHbt$t@;:tF �.F?�qd.kA@Evg@/F?Gpoy9gIE@�IEF�CE� G=>mGposF?� 9�@�DEI.F�e );:p>A@�G
d.:=@�<HFHGpG=@�Gt<H@��BdJ9;:!os>mkAzJ9;��:pFH<HC.:=G=@;GVd[@ IEF	GpFH:�IJ9;IE@�d[FHk 9�xOCJ9;Dro=>AIJ9;I.F�I.F4:pFH<HC.:=G=@;GtxOCEF�<�9;IE9
d.:=@�<HFHGpG=@ IE@ Gp>AGpo=FH�q9�FHG!o ) C.o=>AkA>mu�9;D.IE@�F 96x�CE9;Dros>AIE9;IEF IEF :pFH<?CE:=Gp@�Gh9;>AD.IJ9�IE>mG=d[@�D �me;FH>mGHb
"�FHGpG=F�<�9;Gp@EvE<H9;IJ9ndE:=@�<HF?G=Gp@B:pFHdE:pFHGpFHDroy9hCE� �E9;kAIEF(F<�9;IJ9n:pFH<HC.:=G=@h:pFHdE:pFHG=F?Droy9hCE� 9��[@�kA9.b

 �q@fe�>A�BFHDros@ I.F�CE�q9 �X@;k 96IEF7CE� �J9gkAIEF'dJ9;:=9 @�C.os:p@ F?xOCE>meg9;kmF'9 CE�q96os:=9;DEG=> ���;@ IEF
F?Gpos9;IE@, hxOCJ9gk�FHGpo�)q9gG=G=@�<H>A9;IJ9nCE�q9 � � 2 ����� � � �����
��� ��� b

$t9;:s9'G=Fh<H@;DEGpo=:=CE>m:PC.�_�q@�IEF?kA@ C.o=>Akm>Au�9gDEIE@'9 j FH:p:s9;�BFHDroy97���(%��)�cv�@'CEGpC );:=>m@'IEF?e;F
j @;:=DEF?<HFH:(9;G(GpF � C.>ADrosF?G(>AD j @�:=�q9�����FHG?i4@qD �E�qF?:=@ I.Fc�J9;kmIEFHG?v�@ D �E�BFH:=@ � ) � >m�q@hIEFP�X@;k 9;G
xOCEF&<H9;IJ9��J9;kAI.F	G=CEd[@�:pos9.v CE�]F?Gpoy9gIE@/>mDE>A<?> 9;k vH@�C�GpF �=9.v~CE�\eg9;km@�:�>AD.>A<H>A9;k~IEF&�X@�kA9;G�dJ9g:s9�<�9;IE9
�E9;kAIEFgvECE�q9nkA>AG!oy9cI.F�o=@ IE9;G�9;G�os:=9;DEG=> ����FHG�d[@�G=G �me;FH>AG�xOCEF�d[@ IEF?� 9;<?@�DrosF?<HFH:?v�>AD.j @�:p� 9�����FHG



> � 	�*9� ���.�/���4&8����� !�� � & 
/3 � �
� !#� � �4�
�4� � �4& �# � �

D.FH<HF?G=G );:=>A9;GdJ9;:=9 9 IEF?o=FH:=�B>ADE9����;@ IJ9;G(os9 �.9;G�IEF�o=:s9;DEGp> ���;@ FHDro=:=Fn@�GF?Gpoy9gIE@�GHv1@ os>Ad[@ IEF
G=9��AIE9�IEFHGpF �=9;IJ9�dJ9;:=9�@�FHG=dE9��H@PIEF�FHG!oy9;I.@�GHv�9;km�H�#IEF�IJ9;IE@�G	F?G=d[FH< ���J<?@�G&dJ9;:s9�xOCEF�9;k � CE�q9;G
GpCE�E:p@;os>mDJ9;G�FHG=<?:=>�oy9;G�d[FHkA@BCEGpC );:=>m@qd[@�GpGs9;� GpFH:�F � FH<?C.oy9;IE9;GHb��	G=GpFHG(IE9;IE@�G�G �;@Bj @�:=D.FH<H>mIE@�G
9~os:s9�e;�HG�IEF�CE� 9;:px�C.>me�@hIEF�F?DOo=:s9;IE9B<yzJ9g� 9;I.@ 7 � b

��F?G=d[FH<?>��J<H9����;@IE9�� 9go=:=>mu�I.F)os:=9;DEG=> ���;@(�L@�dE:p>A�BFH>A:p@/dE9;G=Gp@�9�G=FH:VIJ9;IE@�d[FHkm@�CEGpC );:=>m@Ev
d[@�IEFHDEI.@�G=F?:c:pF�9;km>Au�9gIJ97I.FqxOCJ9go=:=@7j @�:=�q9;G�IE>mj F?:=F?DOo=FHG?inC.os>mkA>AuH9;:CE�q9'j 9g<H>Akm>AIJ9gIEFnIJ97j F?:!N
:=9;�BFHDroy9 � F?:s9;D.IE@ @ FHGpdJ9��H@ IEF F?Gpos9;IE@�GB96dJ9;:!os>m:cIEF CE� FHG!oy9;I.@ >mDE>A<?> 9;k&F IE@;G�FHG!oy9;IE@;G
9gkA<�9gD � )�e�F?>AGh9 dJ9;:!os>m:cIEF?G=G=FgvL9;GpG=>m� <H@;�q@ 9;Gn:pFHGpdXF?<?os>�eg9;G�oy9 �.9;GhIEF o=:s9;D.G=> ���;@ F dE:p@��J9~N
�.>AkA>mIJ9;IEF5<H@�� x�C.FB<H9;IJ9 os:=9;DEG=> ���;@ @�<H@;:=:=F %tI.> � >�oy9����;@ IE@�G�F?Gpoy9gIE@�Gj @�DrosFgv�I.FHGpo=>ADE@'FhIJ9;G
os9 �.9;G)I.F/os:=9;DEGp> ���g@Ev >mDrosFH:=9gos>�eg9;�qF?DrosF %OkmFH:495�q9gos:p>Au�IEF(C.� 9g:=xOCE>me;@cDE@5j @�:=�q9gos@ � F?Gpos9;IE@gN
j @;DOo=F;v[FHG!oy9;IE@~N�IEF?Gpos>mDE@EvJeg9;kA@;: � vJ@;DEIEF �Teg9;kA@�:
�d[@ I.F5GpFH:(C.� 9hdE:=@;�J9;�E>mkA>AIE9;IEFIEF�os:=9;DEG=> ���;@
@;C6CE�q9Boy9 �E9qIEF5o=:s9;DEGp> ���;@Ev[IEFHd[FHDEI.FHDEIE@'IE@Bos>mdX@qIEFc<H9;IEFH>A9 IEF���9;: �g@fe�xOCEF�@ CEG=C )g:=>A@
F?Gpo�)PF?G=d[FH<H> �J<�9gDEIE@Eb&
�xOCJ9;:po=@5�B@�IE@IEF�FHGpdXF?<H> �J<�9;:�9�q9gos:p>AuLIEF�o=:s9;DEGp> �$� F?G	��DE@5d.: #�dE:p>A@
j @;:=�q9gos@ CEG=9;IE@'>ADro=FH:=DE9;�qF?DrosFhdXF?k 9 j F?:=:s9g�qF?DOos9.v�@�C G=F �=9.v�DE@ j @�:=�q9gos@'�/9;: �4FHkmk�N�,)@ F?>AD � b
��� 9 e;FHuBFHGpdXF?<H>��E<�9;IJ979 � 9~os:=>mucIEFno=:s9;DEGp> �$� F?GHv�@'CEG=C&);:=>m@7d[@�IEFnGs9;k�e )~N�kA9qDOCE� 9;:pxOCE>me;@
I.FHDE@��B>ADE9;IE@B���	� 
���@;C.o�b

�/GL>AD.j @;:=�q9�����FHG&:=F?k 9go=>meg9;G  ;G4<�9;:=9;<?o=FH: �mGpo=>A<�9gG4IJ95<�9;IEF?> 9PIEF��9g: �;@fe[vE<?@��q@Pd[FH:=>m@ I.>A<H> N
IE9;IEFPF � :s9;C'IEFPIEFH<?@��BdX@�Gp> ���;@EvJ9;GpG=>m� <H@��B@h>AD.j @;:=�q9�����FHGLGp@��E:pF5@B<H@��Bd[@�:pos9;�qF?Dros@nIE@�G
�B�?o=@ I.@�G�IEF�G=@�kmC ���g@BF?G=<?@�kAzE>mIE@�G?vEG �;@BFHDre�> 9gIJ9;G�dJ9;:=9hC.� 9;:=xOCE>�e�@hIEF?DE@��B>ADJ9;I.@ 7 �J* � b

� j F?:=:s9g�qF?DOos9�����%L�)�^os9;���[�H��dX@�GpG=CE>;CE� 9L>mDrosFH:!j 9;<HF � :�) �J<H9LIEFHD.@��q>mDJ9;IJ9 
����%LN
�)�#xOCEFcd[@�GpG=>A�.>AkA>�oy9n9;@BCEGpC );:=>m@q�q9;DE>mdECEkA9;:L@�� �pF os@�G/IEF�j @�:=�q9h9q<H@;DEGpo=:=CE>m:�C.� 9h:=F?IEFcIEF
�Ek 9;G/x�C.Fn�n:=FHGp@�kme�>mIJ9 d[FHkA@;G(�B�?os@�IE@�G/DOCE�q�?:=>m<H@�G�I.>AG=d[@�D ��e�F?>AGHb 
����%L�)�-��CE�q9 >ADrosF?:!N
j 9g<HF�
/N ��>ADEIE@���G�dJ9g:s9h9�j FH:=:=9;�BFHDroy9B���(%��)� F�j @;>�dE:=@ �pF?oy9gIJ9nFHG=d[FH<?>��J<H9;�BFHDrosFPdJ9;:=9B9
9gD );kA>mG=F�I.FP�B@�IEFHkm@�GLIEF �Jk 9gGHb

�	Dros:pF6@�G �B�?o=@ I.@�GqDOCE�B�H:p>A<?@�G IE>mG=d[@�D ��e�FH>mGqdE9;:s9 9 G=@;kAC ���;@ IJ9 <�9;IEF?> 9 IEF ��9g: �;@fe
d[@�IEFH� GpFH:P<H>mos9;IE@�G?i5F?kA>m�q>mDJ9����g@ � 9;CEGpG=>A9;DJ9.vt�E
%�vt$�@��)F?:HvVF?Dros:=Fq@�C.o=:=@�G?vtdJ9g:s9'G=@�kmC ���;@
F?� F?Gpoy9gIE@nFHG!oy9;<?>A@�D )g:=>A@�% F%�CED � F N !C.opoy9.v dJ9;:=9�G=@�kmC ���;@cFH� FHGpos9;IE@nos:=9;DEGp>AFHDro=F;b	�]G=9��AIJ9
I.@�G�:=FHGpCEkmos9;IE@�G�d[@ I.FG=FH:�IEFj @�:p� 9 � :�) �J<H9B@;C7F?� j @�:p� 9�IEFos9;�XF?k 9;G?b



> � 	�*9� ���.�/���4&8����� !�� � & 
/3 � �
� !#� � �4�
�4� � �4& �# � N

������� � �	��� �


 �.$&"/$ � ��os@�<yzJ9;G!os>m< $tF os:p>)"�F?oc$V9;< �~9 � F�� � � ��	��BCE� 9'j FH:p:s9;�BFHDroy9'IEFq�q@�IEFHkA9 � F?�
dE9;:s9�9�G=@�kmC ���g@/9gDJ9;k ��os>m<�9)IEF4�.$&"�GHb	� �;@ � FH:=9;IE@�G�F&:=F?G=@�k�e�>AIE@�G��B@�IEFHkm@�G�IEF&:=F?<H@��Bd[FHDEG=9�IEF
��9;: �g@ e � ��%/��G �)9gos:=9�e��HG)IJ9cC.o=>AkA>mu�9����;@PIEF�:=F?IEFHG)IEF$tF os:p>1FHG!os@�< );G!os>m<�9;G4IEF�:=F?<H@��Bd[FHDEG=9
� �.%�"/G � � � � 	 v�xOCEF G �;@RCE�q9RF � o=FHDEG �;@QIE9;G�:pFHIEF?G�I.F $�F?o=:=> b �.$&"/G�D �;@gNT� 9g: �;@fe�> 9gDJ9;G
os9;���[�H�2d[@�IEFH�2GpFH:&IEF?G=<H:p>mos9;G&F/:pFHG=@;kme�>AIJ9gGHvO9;GpG=>A��<H@��B@oy9;���[�H��dX@�IEF?�2G=F?:4:pF�9;km>Au�9gIJ9;G
Gp>A��C.k 9��$� F?G4IEF(F?e�F?Dros@�G�IE>mG=<H:pF?o=@�GHb	�/G��.$&"/G�G �;@�IEF?G=<H:p>mos9;GLDJ9�km>AD � CE9 � FH�-I.F�FHDros:=9;IJ9cI.@
� $�"/$tv1���.$&� � ��NT�J9;G=F?I �.$&"#��9gD � CJ9 � F � v�CE�q9nF ��osF?DEG �g@ IJ9qkm>AD � CJ9 � F?� ��xOCEFPj 9;<H>mkA>mos9
9 I.FHG=<?:=> ���;@'IJ9;GP� $�"�GHb�
C os:s9 @;d ���;@ dJ9;:=9 9 IEFHGp<H:=> ���;@'IJ9'� $�"-��C os>Akm>AuH9;:(9 >mDrosFH:!j 9;<HF
� :�) �J<H97I.@ �.$&"($]dE9;:s9'FHGpdXF?<H>��E<�9;:PG=CJ9gGc<�9g:s9;< osFH: �AG!os>A<H9;GHbq� �qF?G=�q97>mDOo=FH:!j 9;<HFh�BCEGs9;IE9
dE9;:s9nFHGpdXF?<H> �J<�9;:�@�G�dJ9g: �;�BF?o=:=@�G�IE@B�B�?os@�IE@nIEF�Gp@�kAC ���;@hFHGp<H@�kmzE>AIE@.b


3�.$&"/$�oy9;���[�H� d[FH:p�q>�osF	xOCEF4G=F �=9�:=FH9;kA>mu�9;IJ9�CE�q9�9;D );km>AGpF�DE9�:pFHIEF4IEF)$�F?o=:=> vg9go=:s9�e��?G
IE9 xOCJ9gk�dX@�IEFH� G=F?:he;FH:p>��J<H9;IJ9;GhIE>�e�FH:pGs9;GBdE:p@�dE:=>mFHIJ9gIEFHGnIE@ �B@ I.FHkA@ <?@�DEG!os:=C �AIE@Ev&<?@��q@
	 ����� � � � � F�>ADreg9;:p> 9;DrosF?GHb

�/k � CE�q9;GtIJ9;GVI.>AGpo=:=>m�ECE> �$� F?GVIEF)dE:=@��E9;�E>Akm>AIJ9gIEF&IE@�GVo=FH�BdX@�GtIEFLIE>mG=dJ9g:=@�IJ9gGtos:=9;DEGp> ����FHG
9~osCJ9;km�qF?DrosF)>m�qd.kAFH�BFHDros9;IJ9;GtG �;@Ei�F � d[@�DEF?DE<H>A9;k v�C.DE>mj @�:p�qFgv � F?@��B�?os:p>A<H9.vg� FH>m�ECEkAk vgkm@ � DE@;:!N
�q9;k vE�	:=kA9;D � vEz.>Ad[FH:=F � dX@�D.FHDE<?> 9;k vE$V9g:=F?o=@Ev�$t@;>AG=Gp@�D�vJ�E>mDE@��B> 9;k v �P9;�B�q9.v F?Dros:=FP@�C.o=:s9;G?b


�� $�"/$6dX@;G=G=C.>�I.@�>AG�os>mdX@;G�IEF&�q� os@�IE@�G�IEF&G=@�kmC ���g@Ei�@�G��q� os@�IE@�G�DOCE�B�H:=>m<H@gN�9;DJ9;k �mo=>A<H@;G
F�@�G��B�?o=@ IE@;G�IEF�G=>A�cCEk 9����;@Eb	$t9;:s9B9;D )gkA>AGpF�FH� FHGpos9;IE@BFHG!oy9;<?>A@�D )g:=>A@.vE@�G��B�?os@�IE@�G�IE>mG=d[@gN
D �me�F?>AG�G �g@Ei5�E
%Pv���9;CEGpG!N!��FH>AI.FHk	FB$t@��4FH:Hb �	DOo=:=FB@�G��q� os@�IE@�GdJ9g:s979;D );km>AG=FcFH� FHG!oy9;I.@
o=:s9;D.G=>AF?DrosF�IJ9P�������QFHG!o �;@.iVCEDE>�j @�:=�B>AuH9����g@�dJ9;IE: �;@�F�CEDE>�j @�:=�B>AuH9����;@(CEGs9;D.IE@5@��B�?o=@ IE@
UJ@ ��FB��k�l D.D dJ9;:s9 @ <�);kA<?CEkA@qIJ9;GdE:p@��J9;�.>AkA>mIJ9;IEF?G(IEF�$t@�>mG=G=@;D�b�
 �.$&"($�oy9;���[�H� d[@�G!N
Gp>A�E>mkA>�oy9qC.� 9'9;D )gkA>AGpF�IJ9'G=F?DEG=>m�E>Akm>AIJ9;I.F�IE@'G=>mGposF?� 9'9 d[FHxOCEFHDE9;Gc��C.IJ9;D �H9;GDJ9'FHDros:=9;IJ9.b
�	GpGs9 9gD );kA>mG=F����.o=>Ak�dE9;:s9h9n@;os>m�q>mu�9����;@�IE@hGp>AGpo=FH�q9.b

��� DE@fe�@39;�c�E>AF?DOo=F dJ9;:s9^�B@ IEF?k 9 � FH� C os>Akm>AuH9;DEIE@R�.$&"�GHv�IEFHD.@��q>mDJ9;IE@^> �.$&"5v�j @�>
I.FHG=F?Dre�@�k�e >mIE@ dJ9g:s9nj 9;<H>mkA>mos9;:L9B<H:p> 9����;@qI.F��.$&"�G(9go=:s9�e��?G(IEF5CE�q9h:pFHdE:pFHGpFHDroy9����;@ � : ) �J<�9
I.FHG=GpFHG �B@�IEFHkm@�GHb�
 > �.$&" ��<?@��BdX@�G!os@ IEF7CE� FHIE>�os@�:hIEF7:=F?IEFHGqIEF�$�F?o=:=> v):=@;o=>ADJ9;GhIEF
e�>mG=CJ9;km>AuH9����;@ dJ9;:s9 9 9;D );km>AG=F5IE@�G:pFHG=C.kmoy9gIE@�G�FnIEFnC.� �����	�� ���
� b���e;FH:pG �;@79go=CJ9;kVI.FHG=G=9



> � 	�*9� ���.�/���4&8����� !�� � & 
/3 � �
� !#� � �4�
�4� � �4& �# � �

>mDrosFH:!j 9;<HF�j @�>JI.FHG=F?Dre�@�k�e >mIJ95DE9Pkm>AD � CE9 � FH��W�9�eg9.b&
�G&:=FHGpCEkmos9;IE@�G&@�� os>AI.@�G&dXF?k 9�j FH:p:s9;�BFHDroy9
� $�"/$�dX@�IEF?� G=F?:/C.Gs9;IE@;G�<?@��B@BF?Dros:s9gIJ9nIJ9hj F?:=:=9;�qF?Droy9B�.�/�(%/$&��b

��������� � � ���

� j FH:=:=9;�BFHDroy9c�E����Y ��� � ��� ��� � ��� ��	 � ��� � � � � ��� 	 �
	 �
� � � � � �('�	[��C.os>mkA>AuH9;IJ9dJ9;:=95�B@gN
I.FHk 9 � FH� IEF�o=:�)gj F � @ F 9;D&);kA>mG=F�I.F6G=>mGposF?� 9gG IEF �JkA9;GHv�d[@�G=Gp>A�E>mkA>�oy9;DEI.@ F � o=:s9;>m: �BFHIE>mIJ9;G
dE9;:s9�e );:p>A@�GPos>mdX@�GPIEF o=:�)gj F � @6IE>�j FH:pFHDrosF?GHb �/�q9�eg9;Droy9 � FH� >A�BdX@;:poy9gDOo=FqxOCEF IE>mj F?:=FHD.<H> 9
F?G=G=9�j FH:p:s9;�BFHDroy9'IEFh@�C.o=:s9;GP�q97d[@�G=Gp>A�E>mkA>mIJ9;IEF�I.Fq�B@ I.FHk 9g:�dE:=@�<HF?G=Gp@�GcIEFB<yzEF � 9;IJ97FqIEF
GpFH:!e > �H@ <H@;�qdEkmF � @�G?v�xOCEF'D �g@ GpF79 �pCEGpos9;� 9g@�Gn�q@�IEF?kA@�G�F?Gpo=@ <�);Gpo=>A<H@;Gn<H@�DEz.FH<H>mIE@�G?b $t@�:
F � FH�BdEkA@EvX��IE>�j �A<H>mk�IEFHGp<H:pF?e�F?:�<H@�� CE� �q@�IEFHkm@ � FHDE�?:=>A<?@ @ dE:p@ <?FHG=Gp@ IEF�<yzEF � 9;IJ9 I.F�CE�
o=:�)gj F � @ �cCEkmo=>A� �AIE>A9cFH� :=F?IEFHG(IEF�9;k�oy9ne�F?kA@�<H>AIE9;IEF;v[IEF e >mIE@  qG=CJ9 I.>me�F?:=Gp>AIJ9;I.FcIEF5<�9;:=9;< N
o=FH: �AGpo=>A<H9;GHb&"�@�:=�q9;kA�BFHDro=F;v�G=@��BFHDrosFP9;k � CE�q9;GL�BFHIE>mIJ9;GLI.@�G�dE:=@�<HF?G=G=@;G�xOCEFP<�9g:s9;< osFH:p>AuH9;�
9 <yz.F � 9;IE9 IEF��BFHDEG=9 � FHD.GF�@ osF?�qd[@ IEFcG=FH:!e�> �H@ G �;@ �BFHDEGpCE:�)�e�F?>AG?bc
2@�� �pF?os>�e�@ IJ9 j F?:!N
:=9;�BFHDroy97�E����Y �nI.FHG=F?Dre�@�k�e�FH:5CE�q9 o=�H<?DE>A<H97IEFh�B@ I.FHk 9 � FH� � FHD.�H:=>m<�9 xOCEFB<�9;d.o=CE:=FB9;G
�BFHI.>AIJ9;Gh�q9;>AGn>m�qd[@�:!oy9;DrosF?GnIEFHGpG=F?G dE:p@ <?FHG=Gp@�G F'j @�:pDEF��H9 CE�q9 G=@�kmC ���;@ dJ9;:=9 9�eg9;km> 9;:�@
<?@��BdX@�:!oy9;�BFHDro=@cIE@�Gp>AG!osFH�q95F?� :pFHkA9����;@.v d[@�:�F � FH�BdEkA@.vE9;@Poy9;�q9;DEzE@5IE@ ��	�	 �
� F  Pos9 �.9
I.FPd[FH:pIJ9.b

��� >AG!osFH� os: �?G�<H@��BdX@;DEFHDrosF?G�� );G=>m<H@�G�D.@ �.����Y�iJ@Bd.:=>A�BFH>m:=@�GpF�dE:=F?@ <?CEdJ9nFH� >mIEFHDro=>�N
�E<�9;:/x�CE9;>AG(9;G(�BFHIE>mIJ9;G�FHG!oy9go �AGpo=>A<H9;G(�q9;>AG�>m�qd[@�:pos9;DrosF?G/IE@;G(dE:p@ <?FHG=Gp@�GIEF5<yzEF � 9gIJ9 FcIEF
GpFH:!e > �H@�dE9;:s9P9c9;D&);kA>mG=F�IE@cGp>AG!osFH�q9�IEF �JkA9;G&<H@�� ��	�	 �
� �JDE>�os@PF(<?@�DEGpo=:=CE>m:4C.� 9�FHG!os:=C osCE:=9
dE9;:s9�<?@�kAF oy9;:tFHG=G=9;G	�BFHIE>mIJ9;GHb�S&FH:p>��J<H9~N�GpFLxOCEF�FHG!oy9go �AGpo=>A<H9;G}IEFLd.:=>A�BFH>m:s9�FLG=F � CEDEIJ9@�:pIEFH�7v
<?@��B@59j CED ���;@PIEF�IE>AG!os:=>m�ECE> ���;@�9;<?CE��CEkA9;IJ9F�IEF�9;C.o=@ <?@�:=:pFHk 9����;@Ev;:=FHGpdXF?<?o=>meg9;�BFHDrosFgv�o �H�
C.� >A�BdJ9;< os@ �q9;>mG G=> � DE> �J<�9go=>me;@ DE@^IEF?G=FH�Bd[FHDEzE@^IE@ Gp>AG!osFH�q9 IE@^xOCEF FHG!oy9go �AG!os>A<H9;G IEF
�q9;>m@�:)@�:pIEFH�7b


 G=F � CEDEIE@n<?@��BdX@�D.FHDrosF��(<H@��BdX@;Gpos@5dX@;:)CE�q9c�E>m�EkA>m@;osF?<�9�IEF��B@ IEF?kA@�G)����$&$ � � ��� ,
�
	�	 ��� �A� ����	�	 ��� � � � � ��� ��� �B� � �!� � � � � v xOCEF(>ADE<?@�:=d[@�:s959;G)�BFHI.>AIJ9;G�<H@;kAF?os9;IJ9;G4DE@�dE:p>A�BFH>m:=@
<?@��BdX@�D.FHDrosF�F/xOCEF�d[@ IEF?� GpFH:LC.Gs9;IE@;GL<H@��B@ � FH:s9gIE@�:=F?GLIEF(o=:�)gj F � @cI.F(j @�:=�q9c95dXF?:=�B>mos>m:
Gp>A��C.k 9��$� F?GLFosFHG!osF?G/dJ9g:s9h9;D );km>AGpFIEF�CE� 9�:pFHIEFgb



> � 	�*9� ���.�/���4&8����� !�� � & 
/3 � �
� !#� � �4�
�4� � �4& �# � 6


2osF?:=<HF?>A:p@ <H@;�qd[@�DEF?DOo=Fcj @�:pDEFH<?Fce );:=>A9;G/Gp@�kAC ����FHG�DOCE�B�H:p>A<�9gG(dJ9;:=9 @ <�);kA<?CEkA@qIEFc�BF N
I.>AIJ9;G&IEF�>mDOo=FH:pFHG=GpF(IE@PG=>mGpo=FH�q9�I.F �JkA9;GHvr<?@��B@�os9;�q9;DEzE@�IJ9 �Jk 9F�oy9 �E9�IEF��EkA@�xOCEFH>m@Ev;os9 �.9
I.FBd[FH:pIJ9.v�F?o=<;v�dJ9;:=9'C.�_IJ9;IE@ o=>Ad[@7I.Fho=:�)gj F � @Ebn���_�B�?os@�IE@'<H@;�qdEC oy9;<?>A@�DJ9gkVIEF?DE@��B>�N
DE9;IE@ � �"	���� � � ��	 ��� ��� � � � �PC.os>mkA>AuH9;IE@hdJ9;:=9Bj @�:pDEFH<?FH:(9;G/Gp@�kAC ����FHG(F?� FHG!oy9;IE@ FHGpos9;<H>m@�D );:p>A@
F'os:=9;DEGp>AFHDro=F;b��	GpG=F69gk � @�:p>mo=�q@6d[@�GpG=>A�.>AkA>�oy9�C.� < );km<HCEkm@ d.:=FH<?>AGp@ IE@ oy9;�q9;DEz.@ IE9 �JkA9 F
IE9 oy9 �.9 IEFnd[FH:=IE9 IEFnG=>mGposF?� 9gG<H@�� ��	�	 �
� �JDE>�os@ F?DExOCJ9;Dros@7xOCEFh9 � 9g>A@�:p> 9qIE9;G�@�C.o=:s9;G
o=�H<?DE>A<H9;G�C.os>mkA>AuH9;IJ9;G4FH� o=FH@�:p> 9�IEF �JkA9;GLo��?� xOCEF5GpCEd[@�:�xOCEF5@ ��	�	 �
� ��>AD �JDE>mo=@Eb

� j FH:p:s9;�BFHDroy9 �E����Y C.o=>Akm>Au�96C.� 9 >ADrosF?:pj 9;<?F � :�) �J<H9 � �P��� �nI.FHG=F?Dre�@�k�e >mIJ9 DJ9 kA>mD N
� CJ9 � F?� IEF dE:p@ � :=9;� 9����;@�W�9�e;97F;vtdX@�:!oy9;Dro=@EvVd[@ I.FqGpFH:cI.>AG=d[@�DE>m�E>Akm>AuH9;IJ9 dJ9g:s9�xOCJ9gkAxOCEFH:
C.G=C );:p>A@hIJ9n��DrosF?:=DEF o(<?C��p@ ��� � � ���
� G=CEd[@�:po=F5W�9feg9.b

������� � � � � � � � � � �

� j FH:=:=9;�BFHDroy97�L�3
���
�� �&%/� � ��� 	)�qC.os>mkA>mu�9;IJ9 dJ9g:s9�9�9;D );km>AGpFBI.F IEFHGpFH�BdXF?DEzE@6F
I.F�dE:p@�dE:=>mFHIJ9gIEFHGBj CEDE<H>m@�DJ9;>mGhIEF�Gp>AGpo=FH�q9;GB<H@�DE<?@�:=:pFHDrosF?G FHGpdXF?<H> �J<�9;I.@�G <H@;�q@ <Hk );CEG=C.k 9;G
I.F�G=>mGpo=FH�q9;GqI.F6:=F?<H@��BdXF?DEGs9 �J9;GpF�9;IE@;G FH� < )gkA<HC.kA@ IEF�dE:p@ <?FHGpG=@�G F7osF?�qd[@�:=>mu�9;I.@�GhFHG!N
o=@ <H9;Gpo=>A<H9;�qF?DrosF � ����$X� ��: � vXCE�q9qF ��o=FHDEG �;@ IE@ ����$[� � 1�2 � � � ��� � � ����3 �"��� ��� � � �!� � � �
��	 ������ � � b��/G'9;D );km>AG=F?G IJ9;G d.:=@�dE:p>AF?IJ9;IEF?G j CEDE<H>m@�DJ9;>mG F IEF IEF?G=F?�qd[FHDEz.@ GpF �J9;G=F?> 9;�7v
:pFHGpdXF?<?os>�eg9;�qF?DrosF;vVFH�aIECJ9;G5@�C.o=:s9;G�j FH:p:s9;�BFHDroy9gG5F �.>mGpo=FHDrosF?GHiq�4� ,�NK"(��F ���(%��)�cb}

d.:=@��pF os>AG!oy9�IEFHGpFHDre�@�k�e�F�9�:=FHd.:=FHGpFHDroy9����;@�9;k � �H�.:=>A<H9�I.@(G=>mGpo=FH�q9/IEF�j @�:=�q9��B@�IECEk 9g:�F;v;I.FHG=G=9
j @;:=�q9.v;<H9;IJ9�G=C.�EG=>mGposF?� 9d[@ I.FLG=F?:	IEFHGpFHDre�@�k�e�>AIE@�G=F?dJ9;:=9;IJ9;�BFHDrosF�F):=F�9 � :=CEdE9;IE@�G}d[@�G!osFH:p>�N
@;:=�BFHDrosF�9go=:s9�e��?G&IE@�G	@�d[FH:=9;IE@�:pFHG	IJ9 );k � FH�E:=9.bV��9;D );km>AG=F)IEF�<�9;IE9o=FH:p�q@Ev;@�ChG=CE�EGp>AG!osFH�q9.v
��:=FH9;kA>mu�9;IE9�d[FHkm@5�B@�IEFHkm@PGpFH� �;Dros>m<H@EvO<H@;�qd[@�Gpo=@5d[@�:&CE�-Gp>AGpo=FH�q9PI.F�o=:s9;DEGp> �$� F?G4:p@;osCEkA9;IE@
<?@�� 9��$� F?G�FPGpFHC7:=F?G=d[FH<?o=>me;@qosF?�qd[@nIEF�IECE:=9����g@Eb&� � � CE:=9 � b � � >AkmCEGpo=:s9n9�j FH:p:s9;�BFHDros9.b

��� 9 eg9;Droy9 � FH� I.FHG=G=97j F?:=:s9g�qF?DOos9 G=@��.:=Fh@�C.o=:s9;G�G=F?�qF?kAzJ9gDOo=FHG � $��&$[� � �;��	&Fn���K$&$
� � ��	 �5�'9;d.:=@fe�F?>moy9g:nIECJ9;G�j F?:=:s9g�qF?DOos9;Gn<H@;DEzEFH<?>AIJ9gGndJ9;:s96:pF�9;km>AuH9;:�9 9;D )gkA>AGpFqj CED.<H>A@;DJ9;k)F
I.F/IEF?G=F?�qd[FHDEz.@Ev.d[@�>AG&IEF?G=G=95j @�:=�q9@cdE:p@��pF?o=>AG!oy9�D �;@cD.FH<HF?G=Gp>moy95>A�BdEkAF?�qF?DOos9;:}DE@feg9;�BFHDrosF
9gG�:=@;o=>ADJ9gGcIEF 9gD );kA>mG=Fgb��(km�H� IE>AGpG=@Ev	�qj @�:=DEF?<H>mIJ969;@6C.G=C );:p>A@6C.� 9�kA9;: � 97eg9;:=>mFHIJ9gIEF IEF
o=�H<?DE>A<H9;G�9;C.os@;� 9go=>AuH9;IJ9;GLdE9;:s9n@hFHG!osCEIE@qIEF�G=>mGposF?� 9gG�<H@�DE<?@�:=:pFHDrosF?GHb



> � ��12�/&#-E������� 7�7 � >

sistema  concorrente

       TwoTowers 

Driver da ferramenta / Kernel Integrado

CWB-NC MarCA

decrição  EMPAr  do  

Verificação Funcional Análise de Desempenho

UV> � CE:s9h��b � � i}� j FH:=:=9;�BFHDroy9n� �)@���@��)F?:=G/<H@�DEG!os:pC �AIJ9hG=@;�E:=F�@q�4� ,�NK"(� F5��9;:s�)�

�'��� � ��� ��� � � � � �


_�t9;D � :=9;�hNT�=�5��CE�q9 j F?:=:=9;�qF?Droy9 C os>Akm>AuH9;IJ9 dJ9;:=9 FHGpdXF?<H> �J<�9����;@ F�9;D );km>AG=F'IEF�IEF N
GpFH�BdXF?DEzE@�F <H@;D���9;�E>mkA>mIJ9;IEFnIEFBG=>mGpo=FH�q9;GHv�dE:=>mDE<H>mdJ9;km�qF?DOo=FnG=>mGposF?� 9gG5IEFB<H@;��CEDE>m<�9����;@�F
<?@��BdEC.oy9g<H>A@;DJ9;>AG?b&UJ@�>�IEF?G=FHDre;@�kme�>AI.@q<?@�� @�� �pF os>me;@�G�FHIEC.<�9;<?>A@�DJ9g>AG�F�IEFPdXF?G=xOCE>AG=9BD.@qkA9;� N
@;:s9go #�:=>m@h��9gDEI'IJ9 ��
$&$&���;�(U}%/W ����� 	 ��� � 	 b

�	Dros:pF9;G�dE:=>mDE<H>mdJ9;>AG&<H9;:s9;< osF?: �AG!os>m<�9;G�IJ9Pj F?:=:=9;�qF?Droy95�t9;D � :s9;�nN��p�VFHG!o �;@.i}dX@;G=G=C.>A:�CE� 9
>mDrosFH:!j 9;<HF � : ) �J<H9.v)@ ����KU)v	�J9;GpF�9;IJ9 DE@ dJ9;:s9gIE> � �q9�IEF7@�:p>AFHDros9����;@ 9 @�� �pF os@�G?v)IEF?G=FHD�N
e;@�kme�>mIJ9 DJ9 kA>mD � CJ9 � FH� W�9�eg9.v�9;km�H� IEFnd[@�G=GpCE>A:�C.� 9qeg9;:p>AF?IJ9;IEF�I.Fn�q� os@�IE@�G(I.FnG=@�kmC ���;@
dE9;:s96@�� osFHD ���;@ IEF �qF?IE>AIJ9gGc:=F?k 9;<?>A@�DE9;IJ9;Gc9;@6�B@ IEF?kA@Eb6�&GpG=F?Gn�q� os@�IE@�G�d[@�G=Gp>A�E>mkA>�oy9;� 9
9gD );kA>mG=F�F?� FHG!oy9;I.@qF?Gpoy9g<H>A@;D );:=>m@nF�FH� F?Gpoy9gIE@Bo=:s9;D.G=>AF?DrosF;b


�9;�c�E>AF?DOo=F&IE@/�t9;D � :s9;�nN��p�[os9;���[�H�]d[@�G=GpCE>OCE� G=>m��CEkA9;IE@�:�>mDrosFH:=9gos>�e�@�F	j FH:=:=9;�BFHDroy9;G
�cCEkmo=>A� �AIE>A9(xOCEF�9 �pC.IJ9;� DE@cd.:=@�<HFHGpG=@�I.F(�B@ IEF?k 9 � FH�2F�os:=9;�J9;kmzE@5<?@ @;dXF?:s9go=>me�@.b}��� >AGpo=FH�
e );:p>A@�G�� #�IECEkA@;GLdJ9;:=9h�B@�IEFHkA9 � FH� FP9;D );km>AGpF�IEFos: )gj F � @hF?� :=F?IEFHG�IEF�<H@��BdEC.os9;IE@�:pFHG?b

� � � CE:=9�� b ��R�q@;Gpos:=9R@;G�dE:p>ADE<?>AdJ9g>AG <H@;�qd[@�DEF?DOo=FHG�IE@�9;�c�E>AF?DOo=F �V9;D � :s9;�nN��p�yb�




> � � F '���4&8� 
/�.�)'� � �

Gp>AG!osFH�q9 9 G=F?:�q@�IEF?k 9;IE@q�n:=F?dE:=F?G=FHDros9;IE@7dX@�:(CE� 9q<H@�kmF����g@ IEFn@�� �pF os@�GxOCEFn>mDOo=FH:=9 � FH�7v
F?Dre >A9;DEIE@�F :=F?<HFH�[FHD.IE@ ��� ����� ��� ��� b�
 FHGpos9;IE@ IEFqCE� @�� �pF?o=@6� :pFHdE:pFHGpFHDroy9;I.@ dX@�:5CE�
<?@�D��pCEDro=@�IEFheg9;:=> )fe;FH>mGPFB@7G=FHC <H@��Bd[@�:pos9;�qF?Dros@'�qI.F$�JDE>mIE@�d[@�: �
��� � � ��� F ��� ����� ��� ��� v
9gG=G=>m� <H@;�q@nd[FHkA9;G � � � ��������� � x�C.F5zJ9g�E>Akm>moy9g� @;G �
��� � � ��� FP9;G � ����� � F �.F?<HC.os9;IJ9;G�xOCJ9;DEI.@
C.� �
��� � � � ��IE>AGpdJ9;:=9;IE@h@�C'CE�q9 ��� ����� ���
� �:pFH<HF?�E>AIE9.b

TANGRAM-II

Model
Specification

traffic
generator

Voice
transmission Whiteboard

Analytical
solutions

Interactive
simulation

Measures of interest
(traffic descriptors)

UV> � CE:s9h��b ��.i�
�9;���.>AFHDro=F�V9;D � :s9;�nN��p�

� j FH:=:=9;�BFHDroy9c�t9;D � :s9;�nN��p�tj @�>[FHGp<H@�kmzE>AIJ9PdJ9;:=9c�q@�IEF?k 9;:&@�G4dE:=@;o=@ <?@�kA@;G�IE9c�qF os@�IE@�km@gN
� > 9 9;dE:pFHG=F?Droy9;IJ9 DEFHG!osF7os:s9g�J9;kAz.@ I.F?e�>AIE@  ;Gh<�9g:s9;< osFH: �AG!os>A<H9;GB9;dE:pFHG=F?Droy9;IJ9gGHv)j 9;<?>Akm>moy9gDEIE@
9 >m�qd.kAFH�BFHDros9����;@ IEF �B@ I.FHkA@;GqIEF I.>me�F?:=Gp@�G os>mdX@�GqF;v�dJ9;:!os>m<HCEkA9;:=�BFHDrosFgv�IEF dE:p@;os@�<H@�km@�G
I.F <H@���C.DE>A<H9����;@.b �/kA�?� IE>mG=Gp@Ev	dX@�IEF N�G=F @;�.osF?:Hv&<H@�� FHGpGs9 j FH:p:s9;�BFHDroy9 v&9;G��BFHIE>mIJ9;G�IEF
I.FHG=F?�qd[FHD.zE@^FHG=d[FH<?>��J<H9;IJ9;G'd[FHkm@ dE:=@ �pF?os>mGpos9 F C.os>mkA>AuH9;IJ9;GBd[FHkA@^9gk � @�:p>mo=�q@ � F?DE�?o=>A<H@ DE9
@gos>A�B>AuH9����g@qFn@�� osFHD ���;@ IE@;G�dJ9;:��;�qF os:p@�G�DEF?<HFHGpG�);:p>A@�GdE9;:s9 GpFn:=FH9;kA>mu�9;:/9 dJ9;:!os> ���;@EbP
�C N
o=:=@�j 9go=@�:)j CED.IJ9;�BFHDroy9;kXDJ9�FHGp<H@�kmzJ9�j @�>�9�I.>AG=d[@�DE>m�E>Akm>AIJ9gIEF�IJ9cj FH:p:s9;�BFHDroy9�D.@BkA9;�[@�:s9go #�:=>m@
��9;D.I�vJ9;<?FHG=Gp@ 9co=@ IE@;G�@�G�:=F?<HCE:pG=@�G�� 9~osFH:p> 9;>mG)IJ9gx�C.FHkAFkA9;�[@�:s9go #�:=>m@cFGpCEdX@;:posF�o=�H<?DE>A<?@BIE9
F?xOCE>Ad[F�:=FHGpdX@;DEG�)�e�F?ktd[FHkm@nG=F?C�IEF?G=FHDre;@�kme�>A�BFHDro=@Eb

�'��� � � � � � � ����� �&�

"�FHG=GpF�<H9;d ��osCEkm@�j @�:s9g� 9;dE:pFHGpFHDroy9;I.@�Gq@;Gn<H@�DE<?FH>�os@�Gn� )gG=>A<?@�GnIJ9 G �mDrosFHGpF'IEF'dE:=@;o=@ <?@gN
km@�G IEF�<H@���C.DE>A<H9����;@ F�IJ9 �qF os@�IE@�km@ � > 9 IEF dE:p@��pF?o=@ IEFHD.@��q>mDJ9;IJ9 �  ���� � ����� �
����� b



> � � F '���4&8� 
/�.�)'� �
�

UJ@�>&:pFHG=G=9;kmos9;IJ9�9�>A�Bd[@�:po �;DE<H>A9 IEF CE�q9'<H@�:p:=F?os9�FHGp<H@�kmzJ9�I.F CE�q9�dJ9g:pos> ���;@ ������� F;v
dE9;:po=>A<HC.k 9;:p�qF?DOo=F;vOG=CE9�>AD��JC��HDE<?> 9cDE@cIEFHGpFH�BdXF?DEzE@nIE@�G)dE:=@;o=@ <?@�kA@;GHb},)9;G=>m<�9;�BFHDrosFgvE9cdE9;:!N
o=> ���;@ <H@�DEGp>AG!osF'FH� I.F?oy9gkAzJ9;:nC.� 96IEF?G=<?:=> ���;@ j CEDE<H>m@�DJ9;k)FH� e );:p>A@�Gn� # I.CEkA@�G?v	IEF$�EDE>ADEI.@
xOCJ9g>AGn� # IEC.kA@�G5IEF?e;FH� G=F?:n>A�BdEkAF?�qF?Droy9;IE@;GcFH� �����	� � ��� � F xOCJ9;>mGn�,#�IECEkm@�GcIEF e�F?� G=FH:
>m�qd.kAFH�BFHDros9;IE@�GLF?� � ������� ��� � b


 9;k � @;:=>mo=�q@7IEF'dJ9;:!os> ���;@6�'@�C os:s96<H9;:s9g<?osF?: �mGpos>m<�96>m�qd[@�:pos9;DrosFqF�96�q9;>m@�:=>A9�IEF?kAFHGn�
�E9;G=FH9;IJ9�FH�2zEF?CE: �mGpo=>A<�9gG	dX@�:pxOCEF�@Pd.:=@��EkmFH�q9�IEF�dJ9;:!os> ���;@���������� ��CE��dE:=@��.kAFH�q9�"/$}N
<?@��BdEkAF os@EbRUJ@�:s9g� 9;dE:pFHGpFHDroy9;I.@�Gqe );:p>A@�GnGp>AGpo=FH�q9;GhIEF7dJ9;:po=> ���;@ ��������� xOCEF�F � >AGpo=FH�
9~osCJ9;km�qF?DrosFBF xOCEF IE>�j FH:pFH�aDJ9�<H9;dJ9;<?>AIJ9;I.F IEFqFHDE<?@�Dros:s9g:n9�G=@;kAC ���;@ #;o=>A�q97FqDE@6<?CEGpo=@
<?@��BdEC.oy9g<H>A@;DJ9;k b/�V9g���X�?� j @�>V�B@�Gpo=:s9;I.@ <H@;�q@ @ dE:=@�<HF?G=G=@'IEF �  ���� � ����� �
����� dX@�IEF
GpFH:�j @�:p��CEk 9gIE@n<H@��B@hCE� dE:p@��EkmFH�q9�IEF�@;os>m�q>mu�9����;@Eb

UJ@�>�:=F?G=Gs9gkmoy9gIJ9 9 >m�qd[@�:!o �;DE<?> 9 IE@ IEFHGpFHDre�@�k�e�>A�BFHDros@ IEF�CE� dE:=@�<HF?G=G=@ IEF6dJ9;:!os> ���;@
��������� xOCEF�j @�:=D.F���9nIJ9gIE@�G�<H@;DE<H:pF?os@;G�9;@ndE:=@ �pF?os>mGpos9.v.os@;:=DJ9;D.IE@n@ndE:=@�<HF?G=Gp@BI.FIEFH<?>AG �g@
@;� �pF?o=>me�@BF�� 9g>AGL: );dE>AI.@nx�C.F5@�G�d.:=@�<HFHGpG=@�G��q9;DOCJ9;>AG�I.F�o=FHDroy9~os>meg9nFFH:p:=@Eb

�	� GpF � C.>AIJ9�j @�:=9;� 9;dE:=F?G=F?DOos9;IJ9;GB9;k � CE�q9;G5o=�H<?DE>A<H9;GnIEF IEF?G=<?:=> ���;@ j @�:=�q9;k�DE@�:p� 9;k N
�BFHDro=FcC.o=>AkA>mu�9;IE9;G�DE@ dE:p@��pF?o=@ IEF5G=>AG!osF?� 9;G�<H@;DE<H@�:p:=F?DOo=FHG?b�	� dE9;:po=>A<HC.k 9;:?vX9hj FH:p:s9;�BFHDroy9
�(%/$�v;xOCEFL�)C.os>mkA>AuH9;IJ9�DEFHG!osFLo=:s9;�J9gkAzE@/dJ9;:s9(9/e�F?:=>��E<�9����;@IJ9;G}:pFHIEF?G	IEF�$�F?os:p>.F?Gpos@�< )gGpos>m<�9;G
C os>Akm>AuH9;IJ9;GLDE9hF?G=d[FH<?>��J<H9����;@BIEF�dE:p@;os@�<H@�km@�GHb

�/k � CE�q9;G�j F?:=:s9g�qF?DOos9;GhIEF�9;D );km>AG=F I.F7I.FHG=F?�qd[FHD.zE@ IEF7IE>�e�FH:pG=@�Ghos>mdX@;GnIEF�Gp>AG!osFH�q9;G
os9;���[�H�_j @�:=9;�a9;dE:pFHGpFHDroy9;IE9;G�<H@;� @�@�� �pF os>�e�@6IEFq�q@;Gpos:=9;:�<H@��B@7FHk 9gG5d[@ I.FH�aG=F?:cC.o=>�N
km>AuH9;IJ9;GPDJ9�j 9;GpF IEF d.:=@��pF os@6IEF CE� d.:=@;o=@ <?@�kA@7F D �;@�G=@��BFHDrosF x�CE9;DEIE@6@��qF?G=�B@ � )�G=F
F?DE<H@;DOo=:s9 >m�qd.kAFH�BFHDros9;IE@EvE@qxOCEF�9;C.�qF?DOos9q@q<HCEG!os@ IE@qdE:=@ �pF?os@q<�9;Gp@ @ I.FHG=F?�qd[FHD.zE@ D �;@
GpF �=97@�IEF?G=F �=9gIE@Eb UJ@�>&9;d.:=FHGpFHDroy9gIJ969 j FH:=:=9;�BFHDroy97�V9;D � :s9;�nN��p�/Fq9 �pCEGpo=>��J<H9gos>�e;9 dJ9g:s9�9
F?G=<?@�kAzJ9qIEFHGpGs9 j FH:p:s9;�BFHDroy9qDJ9 �BF?os@�IE@�km@ � >A9hI.F�dE:=@ �pF?os@.b��2G=>mDroy9 � F�IEF?G=G=9 j FH:=:=9;�BFHDroy9 �
I.FHG=<?:=>�oy9 <?@�� �q9;>mG/IEF oy9;kmzEFHG/DE@ <H9;d �mo=CEkA@ EvX9;G=Gp>A� <H@��B@ @ 9gk � @�:p>mo=�q@nC.o=>Akm>Au�9gIE@qdE9;:s9 9
I.F?osF?:=�B>ADJ9����;@hIE@�G�dE9;: �;�BF?o=:=@�G�D.FH<HF?G=G );:=>m@�G/dE9;:s9h9n:=FH9;kA>mu�9����;@nIJ9hdJ9;:po=> ���;@Eb

$�@�:pos9;Dros@Ev�FHGpG=F <H9;d �mo=CEkA@ 9;dE:pFHG=F?Dros@�C�9 �B@;o=>meg9����g@ dJ9g:s9 9 D.FH<HF?G=Gp>AIJ9;I.F IE@ IEF?G=FHD�N
e;@�kme�>m�qF?DOo=@5I.F(CE�q95�BF?o=@ IE@;kA@ � >A9(IEF/dE:=@��pF os@5IEF(dE:p@;os@�<H@;kA@�G&xOCEF�9gC � >AkA>mF�@cdE:p@��pF?o=>AGpos9PD.@
d.:=@�<HFHGpG=@hIEFdJ9g:pos> ���;@���������� F�9 �pCEG!os> �J<�9go=>meg95dE9;:s9n9;k � CE�q9;G&j FH:=:=9;�BFHDroy9;G)C.os>mkA>AuH9;IJ9;G?b



> � � F '���4&8� 
/�.�)'� ��	

"�@c<H9;d �mo=CEkA@P9�G=F � CE>A:�@PdE:=@��.kAFH�q9���j @�:p� 9gkA>AuH9;IE@�F/9;dE:pFHGpFHDroy9~NTG=F�C.� 9��qF os@�IE@�km@ � > 9/dJ9;:s9
@hdE:p@ <?FHGpG=@ I.FPdE9;:po=> ���g@Eb



� ����� � � � � �

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

� �	� � � � ��� � � �  ��

��I.F?osF?:=�B>ADJ9����;@�IE9(dJ9;:!os> ���;@���������� #;os>m� 9�9(GpFH:	C.o=>AkA>mu�9;IE9�DE@(dE:=@��pF os@IEF)CE��d.:=@gN
o=@ <?@�kA@�IEF4<H@��cCEDE>A<H9����g@�o=FH� G=>mIE@/:pF�9;km>AuH9;IJ9�� 9;DOCJ9gkA�BFHDrosF	d[FHkm@(dE:p@��pF?o=>AGpos9.v~x�C.F)G=F4�J9;GpFH> 9
dE9;:s9h>AGpG=@hDJ9hdE: #�d.:=> 9nF �.d[FH:p> �?DE<H>A9.b��&GpG=F�j 9gos@;:Los@�:pDJ9BF?G=G=9qIEF?<H>AG �;@h�J9;G!oy9;DrosFPG=C.� �pF?o=>meg9BF
GpC��pFH>�oy9 9 F?:=:=@;GHb�$�@�:xOCEFHG!o���FHG�IEFn<?CEGpo=@Ev���CE>�os@�G9gk � @�:p>mo=�q@�G�IEFndE9;:po=> ���g@ � �;��		<H@;DEG=>mIEF N
:=9;�#x�C.F�@�dE:=@ �pF?os>mGpos9�IEFHGpF �=9�>A�BdEkmFH�BFHDroy9;:�CE�#dE:=@gos@�<H@�km@(<H@;��@�BFHDE@;:VD �E�BFH:=@d[@�GpG �me;FHk
I.FP<?@��BdX@�D.FHDrosF?G�I.F � ������� ��� � IEFHI.>A<�9gIE@EvE<H9;dJ9;u�IEF�9go=FHDEI.FH:�9nCE� IEF osFH:p�q>mDJ9;IE@nI.FHG=F?�hN
d[FHD.zE@Eb $�@�:=�?� @�<?CEGpo=@�IEF?G=GpFqos>mdX@'IEF � ������� ��� � o=FH� �J9;> �.9;IE@7<H@�Dros>mDOCJ9;�BFHDrosFgb "/F?G=GpF
<?@�DrosF � o=@EvX9B�q9;>A@;:LDEFH<?FHGpG=>AIE9;IEFcI.@qdE:p@��pF?o=>AG!oy9hdJ9;G=G=9 9hG=F?:/IE>mG=d[@�:�IEF�CE�q9B�BF?o=@ IE@;kA@ � >A9
xOCEFn<?@�DEGp>AIEF?:=F��BFHIE>mIJ9;G/IEF�IEF?G=FH�Bd[FHDEzE@ I.CE:s9;Dro=F�@ dE:p@��pF?o=@ IE@ dE:=@gos@�<H@�km@Ev�IEF��q9;DEFH>m:s9
9h9go=FHDEI.FH:/9;@�G�:=F?xOCE>AGp>mos@;G�IEFe�FHkm@ <?>AIJ9gIEFxOCEFc9gG�:pFHIEF?G�9gosCJ9g>AG�F � > � FH�7b

�#G=F ���;@ � b �h9;dE:pFHGpFHDroy9 9gk � CED.G�<?@�DE<?FH>mo=@�G�G=@��E:pFc9hC.o=>AkA>mu�9����;@nIEFP�qF?IE>AIE9;G�IEF5I.FHG=F?�hN
d[FHD.zE@�DE@dE:=@ �pF?os@�IEF�C.��dE:p@;os@�<H@�km@Ebt�&��G=F � CE>AIE9.v�DJ9G=F ���;@ � b � v�I.FHG=<?:=F e�F NTG=F/IEF?os9;kAzJ9gIJ9~N
�BFHDro=F59n�BF?o=@ IE@;kA@ � >A95IEFP9;C � �mkA>m@�9;@hdE:p@��pF?o=>AGpos9ndJ9;:s9n@BdE:=@�<HF?G=Gp@qIEF�dJ9g:pos> ���;@h��������� b
�	� dJ9;:po=>A<?CEk 9;:?v I.>AG=<?C.osF N�GpF�9cj CED ���g@B@;� �pF?o=>me�@nC os>Akm>AuH9;IJ95D.@ndE:=@�<HF?G=G=@BIEF@;o=>A�B>AuH9����;@PIE@�G
dE9;: �;�BF?o=:=@�G&IE@P�B@ IEF?kA@�IE@PdE:=@gos@�<H@�km@Ebt� G=F ���;@ � b 5�B@�Gpo=:s9CE�q959gdEkA>m<�9����;@G=>m�qdEkmFHG?vrx�C.F
o=FH�#<H@��B@�@�� �pF?os>�e�@dE:p>ADE<?>AdJ9gk 9gdE:=F?G=FHDros9;:&9(�BF?os@�IE@�km@ � >A9�I.F)j @�:=�q9/I.>AI )go=>A<H9.v�9;km�H� IEFL>mD N



� � > � �/��3 � �/:$;/�!�� � �4�
�4� � �4& �# !��+IK��E�G9�$'3 '� � �

o=F � :=9;:�9;G�I.>me�F?:=G=9;G�j FH:=:=9;�BFHDroy9;G�C os>Akm>AuH9;IJ9;G?bV� G=F ���;@ � b =�9;dE:pFHGpFHDroy9B9;k � CEDEGL<?@��qF?Dro );:p>A@�G
Gp@��E:pF59h�BF?os@�IE@�km@ � >A9c9;dE:pFHGpFHDroy9;IE9.b

� ��� � 
 ��� � ���  �� �� � ��� � � � � � 	� � ��	 � ����������� �&�


 I.FHG=F?�qd[FHD.zE@/I.F�C.� 9�:=F?IEF�FHGpo�)�j @;:posF?�qF?DrosF	:=F?k 9;<?>A@�DE9;IE@�<H@;�]@�dE:=@;o=@ <?@�kA@�C os>Akm>AuH9;IE@
F <?@�� @ osF?�qd[@ IEF dE:=@�<HF?G=G=9;�qF?Dros@Ev�F?� <�9gIJ9 D&#Ev(I.@�G'dJ9;<H@gosFHG'xOCEF os:=9;DEG=>�oy9;� d[FHk 9
:pFHIEFgbL�	G=G=9qGp>mosCE9����;@hGpFPo=@�:=DJ9n�q9;>AG�<?: ��os>A<H9�FH� :pFHIEF?G/IEFP9;k�oy9�e�F?kA@�<H>mIJ9;IEFgb4$�@�:pos9;Dros@EvJD.@
d.:=@��pF os@�I.FqCE� d.:=@;o=@ <?@�kA@Ev�I.F?e�F?� GpFH:P<H@�D.G=>AI.FH:s9gIE@�G59;k � C.DEGP9;G=d[FH< os@�GPxOCEF >mD��JCEF?DE<H>A9;�
I.>A:=F oy9;�BFHDro=Fq@�G=FHC I.FHG=F?�qd[FHD.zE@6F;vV<H@�DEGpFHxOCEF?DOo=FH�BFHDrosFgv4@�IEFHGpFH�BdXF?DEzE@ IJ97:=F?IEF <?@��q@
C.� o=@ I.@Eb��	DOo=:=F5@�G�j 9~os@�:pFHG�x�C.F�>AD��ECEFHDE<?> 9;� @ IEF?G=FH�Bd[FHDEzE@ IEFcCE� dE:p@;os@�<H@;kA@hdX@�IEF N�G=F
<?>mos9;:Hv�dX@;:5F �.F?�qd.kA@Evt@ � ����� � 	 � b7�&� I.F?osF?:=�B>ADJ9gIE@�GPdE:=@;o=@ <?@�kA@;GHv�x�CE9;DEIE@6C.� dJ9;<H@gosF �
F?Dre >A9;IE@'CE� osFH�Bd[@�:=>mu�9;IE@;:(��IE>mG=dJ9g:s9;IE@.v�dJ9;:=9'xOCEFn@'dJ9g<H@;o=F�G=F �=9':pFHF?DOe�>A9;IE@'<�9;Gp@'CE� 9
<?@�D��J:p� 9����;@ IEF':=F?<HFH�.>A�BFHDros@ � � ��� �cD �;@ G=F �=9 :pFH<HF?�E>AIE9 IEF?Dros:=@ IEF7CE� IEF osFH:p�q>mDJ9;IE@
d[FH: �A@�IE@cI.F�osFH�Bd[@Eb&� Fgv.FH� dE:p@;os@�<H@�km@�G)<?@��B@c@ � ���'v�@ � ����� � 	 � j @;:L9 �pCEG!oy9;I.@n<H@�� CE�
eg9;km@�:}��C.>mos@�d[FHxOCEF?DE@Ev�G=FH: �;@P:=F�9gkA>AuH9;IJ9;Gte )g:=> 9gG	:=F?o=:s9;D.G=�B>AG=G � F?G&IEFHGpDEFH<?FHG=G );:=>A9;GHb4�L9;Gp@5F?kAF
GpF �=99 �pC.Gpoy9gIE@<H@��#CE� eg9;kA@�:���CE>�os@(9;kmo=@�@ <?@�:=:pFH�#9go=:s9;Gp@�G}��CE>�os@ � :s9;D.IEFHG	9~os��9(I.F?osF?<����;@
IE9�d[FH:pIJ9�F�:=F?o=:s9;D.G=�B>AG=G �;@�IE@�dJ9;<?@;osFgb}�3@ <?@�:=: �HDE<?> 9IEF � ����� � 	 ��� D.@�:=�q9;kA�BFHDro=F)IEF � :s9;IE9
@BIEF?G=FH�Bd[FHDEzE@BIJ9h:=F?IEF5F?� :=F?k 9����;@  heg9;u��;@EvEd[@�:!oy9;Dros@B@hdE:=@gos@�<H@�km@nIEF?e;FcG=F?:�dE:=@��pF oy9;I.@
I.F�j @;:=�q9n9hF e�>mo ) N�kA@;GHb


�C.o=:=@�Gc9;G=d[FH< os@�G�>m�qd[@�:!oy9;DrosF?G�:=FHkA9;<H>m@�DJ9;I.@�Gc9g@�IEF?G=FH�Bd[FHDEzE@�IEF CE�adE:p@;os@�<H@�km@�>mD N
<?kACEF?� 9nk 9g: � CE:=9cIEF�j 9;> �.9�<H@�DEGpCE�B>AIJ9.v @nD �E�qF?:=@hIEFdJ9g<H@;o=FHG�dXF?:=IE>mIE@�G�F@nGpFHC7<H@��BdX@;:!N
os9;�BFHDros@nxOCJ9;D.IE@hCE� 9�d[FH:pIJ9n�IEF?o=FH< oy9;IJ9 b4�	GpG=F�<H@��Bd[@�:pos9;�qF?Dros@�IEF osF?:=�B>ADJ9�@nD �E�BFH:p@
I.F�:pF?os:=9;DEGp�q>mG=G ��FHGBxOCEF�@ FH�B>AGpG=@�:nosF?:�) x�C.F�:pF�9;km>Au�9g:HbQ�/k � C.� 9;G�e;FHu?FHG @�<H@�:p:=F�9;d[FHDJ9;G
C.� 9�>mDOe;FH:pG �;@nDJ9�@;:=IEF?� IEFF?DOo=:=F � 9nIEFHGpG=FHG�dJ9g<H@;o=FHG�DE@n:pFH<HF?d.os@;:HvJD �;@nGpFHDEI.@BD.FH<HF?G=G );:=>A9
9q:=F?o=:s9;D.G=�B>AG=G �;@Eb��(k � CEDEG�dE:=@gos@�<H@�km@�G/<?@�DEGpF � CEF?� I.>AGpo=>AD � CE>A:�G=Fc@ <?@�:=:pFHC�C.� 9 d[FH:pIJ9q@;C
GpFP9;dXF?DJ9;G�zE@�C e�FPCE� 9n>mDOe;FH:pG �;@BIE@�G�D �E�BFH:=@;G�I.FPGpFHxOC&�?DE<H>A9qIE@�G�dE9;<H@;o=FHG � � � 	 � ���	 � �$=�	 b

��dE:p@��J9;�E>mkA>mIJ9;IEF4IEF�dXF?:=IJ9�IEF�dJ9;<?@;osF?G&��@�C.os:=9�qF?IE>AIJ9�I.F�I.FHG=F?�qd[FHD.zE@5>m�qd[@�:!oy9;DrosFgv
d[@�:p�H� FHG!o ) � 9g>AGn:=F?k 9;<?>A@�DE9;IJ9 <H@�� 9 :=F?IEF7FH� G=>�F'<H@;� @ os9;� 9gDEzE@ IE@�G ��	�	 �
� � FH�



� � > � �/��3 � �/:$;/�!�� � �4�
�4� � �4& �# !��+IK��E�G9�$'3 '� � �

<H9;IJ9^D&#QIE9R:pFHIEF IE@Rx�C.F <H@;� @ d.:=@;o=@ <?@�kA@^CEG=9;IE@Eb 
 :=F oy9;:pIE@Ev�@�C os:s9^�BFHIE>mIJ9 x�C.F
>mD��JCEF?DE<H>A96IEF j @�:p� 97G=> � DE>��J<H9gos>�eg9�@ IEFHGpFH�BdXF?DEzE@ IEF CE� dE:=@gos@�<H@�km@EvVF?Gpo ) :pFHk 9g<H>A@;DJ9;IE@
<?@�� @ �����	� � ��� � b�$t@;:/>mG=G=@B��>A�BdX@;:poy9gDOo=F�xOCEF59 �L$&� C.os>mkA>AuH9;IJ9cGpF �=9he�FHkm@�u;b4"/@BFHDros9;Dros@Ev
<?@��B@�@cos:=9goy9g�qF?DOo=@�IEF�<H9;IJ9�dJ9g<H@;o=F � 9;G!oy9cCE� osF?�qd[@n9;I.>A<H>m@�DJ9;k�:pFHk 9~os>me;@  �>mDOo=FH:p:=CEd ���;@
� FH:s9gIJ96DJ9 �L$&�5vVIEF?e;F N�GpF :=F?IECEuH>m:coy9gDOo=@ xOCJ9;Dros@ d[@�G=G �me;FHk)@ D �E�BFH:p@6IEF o=:s9;D.G=�B>AG=G � F?GHv
<?@�DE<?FHDros:=9;DEIE@/FH� <�9gIJ9�C.� 9�9�� 9;>m@�:�xOCJ9;Dro=>AIJ9;I.F�I.F4>mD.j @�:=�q9����;@Ld[@�G=G �me�F?k bt�(FHGpGs9/j @;:=�q9.v
I.>A�B>ADOCE>�NTG=F5@ D �.�qF?:=@'IEFn>ADro=FH:=:pCEd ����FHGF;v�<?@�DEGpFHxOCEFHDro=FH�BFHDrosFgvV@':=F oy9;:pIE@ IE@'dE:=@gos@�<H@�km@Eb
$�FHkm@B�BFHGp�q@h�B@;os>�e�@nIEF e�F N�G=F5:=F?IECEuH>m:�@hD �.�qF?:=@BIEF�D&#�G�>ADrosF?:=�BFHIE> );:=>m@�G)I.FPC.� 9n:=F?IEF;b

�)F?:pos@;G/dE:p@;os@�<H@;kA@�GL�E9;G=F?> 9;�nN�GpFDE@h<H@�Dros:p@�kAFI.@hos9;�q9;DEzE@hIJ9 �=9;DEF?k 9nIE@hFH�B>AGpG=@�:�FI.@
:pFH<?FHd.o=@�:/dE9;:s9hIEF?o=FH:p�q>mDJ9;:�9hx�CE9;Dros>AIE9;IEFPIEF�dJ9;<H@gosFHG�<H@;kA@�<�9;IE@;G�DE9B:pFHIEFgv[>mD��JCEF?DE<H>A9;DEIE@
I.>A:=F oy9;�BFHDro=F49�G=CJ9�eg9;u��;@.b}
Q%t��� � � 5�� -�# : �>��� :$��� 1 � v~@;C5GpF �=9.vg@�o=FH�BdX@�IEFH<?@�:=:p>AIE@
F?Dros:=F�@(F?�q>mG=Gp@�:�FHDre�> 9;:�CE� dJ9g<H@;o=F�F�:=F?<HF?�XF?:t@/G=FHC5��� !nv~��CE�]j 9go=@�:�>A�Bd[@�:pos9;DrosF	xOCJ9;DEI.@
9gG=G=@�<H>A9;IE@, BkA9;: � CE:s9nIEFj 9;> �E9 ����� �LIE>mG=d[@�D ��e�FHk b4
�dE:=@�IEC.o=@���� ���
	�	]j @;:=DEF?<HFPCE� 9
�BFHI.>AIJ9 IJ9'xOCJ9;Dros>mIJ9;IEFhIEFhos: )gj F � @ � FH� �E>�osG �(xOCEFBIEF e�Fqo=:s9;D.G=>mos9;:DJ9':=F?IEFqdE9;:s9'xOCEF 9
F �J<H>��HDE<?> 9n�,) � >A�q9cG=F �=9q9go=>AD � >AIJ9.b

�)@��B@ � ) j @�>��BFHDE<?>A@�DJ9gIE@Ev�DJ9;G':=F?IEFHG7IEF 9;kmos9 e�F?kA@�<H>AIE9;IEF @^IEFHGpFH�BdXF?DEzE@RIEF CE�
d.:=@;o=@ <?@�kA@q����CE>�os@ IEF osF?:=�B>ADJ9;Dro=F;b���� >AGpo=FH� �q@�IEF?kA@�G/C.os>mkA>AuH9;IE@�G�dJ9g:s9 9 9;D&);kA>mG=FcI.@ IEF N
GpFH�BdXF?DEzE@IEF?G=G=9;G	:=F?IEFHG?v ������3 �"��� ��� ��� F � ��� , ������3 �"��� ��� ��� bt�	Dros:pF�@�GV�B@�IEFHkm@�GVIEF4j @�DrosFHG
�q9;>mG/C.o=>Akm>Au�9gIE@�G�dX@�IEF NTG=F�<?>mos9;:Hi��B@ I.FHkA@qIEF �JC.>AIE@�G?v��6��$&$ � � ����3 �"� , � ����	�	 ��� � � � � ��� ,
��� �=� � �!� � � � ��� ����	 v�dE:p@ <?FHG=Gp@�G IECEd.k 9;�BFHDrosF�FHG!os@�< );G!os>A<?@�G � ����	 v��B@ IEF?kA@�Gq9;C.o=@gN�Gp>A�B>AkA9;:=F?G
� ����	 � � '�	 v�FHDro=:=F @�C.o=:=@�G?b-"(9^�qF os@�IE@�km@ � > 9 9;dE:pFHGpFHDroy9;IE9 DEF?GposF o=:s9;�J9gkAzE@ C.o=>Akm>Au�9 N�G=F�CE�
�B@�IEFHkm@ ������3 �"��� ��� � v4CE� 9 :=F?IEF�I.F6$tF os:p>/F?Gpos@�< )gGpos>m<�9.v)dJ9;:s9 FHGpdXF?<H>��E<�9;:q@ <H@;�qd[@�:pos9~N
�BFHDro=@BI.@qdE:p@;os@�<H@;kA@h9nG=F?:��B@�IEFHkA9;IE@nF;vJd[@�G!osFH:p>A@�:p�qF?DrosF;v.dJ9;:po=>A<?>A@�DJ9gIE@Eb

��@;o=>A�B>Au�9����;@/:=F�9gkA>AuH9;IJ9(D.FHGpo=F�o=:s9;�E9;kAzE@I.F?osF?:=�B>ADJ9�@;G	dJ9;: �g�qF os:=@;G	IE@�dE:=@;o=@ <?@�kA@(x�C.F
9~osFHD.IEFH� 9;@cIEF?G=F?�qd[FHDEz.@BF?G=d[FH<?>��J<H9;IE@nd[FHk 9gG)�BFHIE>mIJ9;G)I.F�Y�@O�qIEF?G=F �=9gIJ9;G�dJ9;:=9�9c:pFHIEF�F
9g@q<?CEGpo=@ FHGpdXF?<H> �J<�9;I.@ dJ9;:=9q9h>A�BdEkmFH�BFHDroy9����;@Eb��/�q9ne�FHu5IEF?o=FH:p�q>mDJ9;IE@�G�@;G/dJ9g: �;�BF?o=:=@�G
#gos>A�B@�G?v;DEF?GposF�<H9;G=@�:=F?dE:=F?G=F?DOos9;IE@�G�d[FHk 9gGVoy9 �.9;G	IE9�:=FHI.F�IEF�$tF os:=>JF?G=d[FH<?>��J<H9;IJ9.vO<�9gkA<HC.k 9~NTG=F
@hdE:p@ I.C.os@ ��� � 		vEIEF �JDE>mIE@h<H@��B@ ��eg9;u��;@ �(IJ9�os:s9gDEG=> ���;@Ev @�DEIEF ������9�oy9 �.9�IEF osFH:p�q>mDJ9;IJ9
D.@ dE:=@�<HF?G=Gp@7I.F�@;os>m�q>mu�9����;@hF 	 �n9qG=@��q9 IJ9;G(dE:=@��E9;�E>Akm>AIJ9gIEFHG�FH� FHG!oy9;I.@ FHGpos9;<H>m@�D );:p>A@
I.@�G)F?Gpoy9gIE@�G)D.@�G4xOCJ9g>AG49Pos:=9;DEGp> ���g@ �tFHGpo�)5zJ9g�E>Akm>moy9gIJ9.bt"/@;o=F/xOCEFgv.FH� � FH:s9gk vO<H@�D.G=>AI.FH:s9 N�G=F



� � �  � ��9!�'3 E-'� �M!�� � 	9( � 3 �)��"I �/����� :$;< ?A@CBED8@ �8N

eg9;u��;@cC.� 9��qF?IE>AIE9PIEF/IEFHGpFH�BdXF?DEzE@�I.@cdE:p@;os@�<H@�km@Ebt"/FHGpG=F�<H9;G=@.v.9P�qF?IE>AIJ9j @�>�FHG!osF?DEIE>AIE9
 gG�o=:s9;D.G=> �$� F?GHvJ9gCE�qF?Droy9;DEI.@qGpCJ9 � :s9;DOCEkA9;:=>mIJ9;IEFgb


\dE:p@ <?FHGpG=@cI.F/dJ9g:pos> ���;@�<?@�DEG=>mIEFH:=95xOCEF/9;G&os:s9gDEG=> ����FHG&<H@��2eg9;u��;@PFHkAF eg9;IJ9o��H�-�q9;>m@�:
d.:=@��J9g�E>Akm>AIJ9;I.FPI.F�G=F?:=FH� >A�BdEkmFH�BFHDroy9;IE9;G/F?� � ��� ��� ��� � b/��IEF?<H>AG �;@ �JDE9;kt�5os@��q9;IJ9BFH�
j C.D ���;@RIJ9;G'�BFHIE>mIJ9;G'IEF 9go=:s9;Gp@ F );:pF�9^IE@�G'<H>m:=<HC.>mos@;G G=>ADro=F?os>mu�9;I.@�GHv(j @;:=DEF?<H>AIE9;G'dXF?k 9;G
j F?:=:=9;�qF?Droy9;Gc��l�DE@�dEG!l�G�Fq�/kmo=FH:s9 b �	Gpo=Fqos:=9;�J9;kmzE@'C.os>mkA>mu�9 @�GPdJ9;:��;�qF os:p@�G�IEF?o=FH:=�B>ADE9;IE@�G
d[FHkm@��B�?os@�IE@�I.F�@;os>m�q>mu�9����;@/DE9(j @�:=��C.k 9����;@(IEF�C.��<?:=>mo=�H:p>A@�IEF)dJ9;:po=> ���;@�����;��� IEF�CE�
d.:=@;o=@ <?@�kA@Eb)
�@�� �pF os>�e�@B�5xOCEFc9;@ �EDJ9;k�IJ9h>A�BdEkAF?�qF?DOos9����g@BI.@qdE:p@;os@�<H@;kA@h@qI.FHG=F?�qd[FHD.zE@
9~osFHD.IJ9�9'CE�q97I.F?osF?:=�B>ADJ9gIJ9 FHG=d[FH<?>��J<H9����g@�FH� :=FHkA9����g@  ;G��BFHIE>mIJ9;GIEF Y�@O� IEFHGpF �=9;IJ9gG
dE9;:s9B9q:pFHIEFPF5xOCEF5@q<?CEGpo=@ IJ9h>A�BdEkAF?�qF?Droy9����;@hFHGpo=F �=9BIEFHDros:p@ IE@;G/km>A�B>mosF?GLIEF?G=F �=9gIE@�GHb��
F?G=d[FH<?>��J<H9����;@ IEF?G=F �=9gIJ9 � :pFHkA9;<H>m@�DJ9;IJ9�9;@�GndJ9;:��;�BF?os:p@�G�IE@ dE:p@;os@�<H@;kA@ 9go=:s9�e��?GqI.F CE� 9
j C.D ���;@ I.F FH:p:=@Ev	IE>mG=<?C.os>mIJ9�DJ96GpF����;@ � b � b � b �&GpGs9�j CED ���;@ � F?Dro �;@ �B>ADE>m�q>mu�9;IE9 dJ9;:s9 9
I.F?osF?:=�B>ADJ9����;@hIE@�G�dJ9;:��;�BF?os:p@�G�IE@BdE:=@;o=@ <?@�kA@B9hdJ9;:!os>A:�IE@;G�xOCJ9g>AG�dX@�IEF NTG=F�FHG!oy9;�[FHkmFH:�CE�
<?:=>�os�H:p>A@n@�� �pF?os>�e�@BdJ9;:=9B9ndJ9g:pos> ���;@h��������� b

� ��� � � �������� � �&� � ���� ��� � � � � � 	 � ����� �  �� !#" $&%'"

"/9;G	�qF os@�IE@�km@ � > 9gG�I.FLdJ9;:!os> ���;@��������� �qF?DE<H>m@�DJ9;IJ9gGVDJ9;G	GpF��$� F?G���b �(F�� b � b Ev�9;G=Gp>A�
<?@��B@BDE9;G�j F?:=:=9;�qF?Droy9;G�IEF?G=<?:=>mos9;G�DJ9BGpF����;@ ��b � b|� vJD �g@qF �.>mGpo=FPC.� dE:=@�<HF?IE>A�BFHDros@hdJ9gIE: �;@
xOCEF�9;C � >Akm>AFDE@ d.:=@�<HFHGpG=@ I.F � ����� �
����� b����BFHkmzE@�:�dJ9;:!os> ���;@B�cFHGp<H@�kmzE>AIE9q�q9;DOCJ9;kA�BFHDro=FPF
I.FHd[@�>AG�I.F�G=F?:=FH� >ADre�F?Gpos> � 9;IJ9gG���CE>�oy9;G(9;kmo=FH:=DE9gos>�e;9gGHv�os@�:pDJ9;DEIE@ @ d.:=@�<HFHGpG=@'IEF?�q@�:=9;IE@ F
<?CEGpo=@�G=@.b	�t@�IJ9;G�9;G&�BF?os@�IE@�km@ � >A9;GVIEF?dXF?DEIEF?� �cCE>mo=@PIE9�F � dXF?:=> �?DE<H>A9PI.@5dE:p@��pF?o=>AG!oy9.b&�7FHG!N
�B@cF?� �(kA@;� 9;:!l � = � 	 v.@�D.IEF � )PF � >AG!osF(C.� 9PdE:=@�d[@�G!oy95I.F�9;C.o=@��q9gos>mu�9����;@Evr@cI.FHG=F?�qd[FHD.zE@
I.@qGp>AGpo=FH�q9�G #B��IEF?o=FH:=�B>ADE9;IE@h9;d #�G�9nFHG=<?@�kAzE9BIJ9ndJ9g:pos> ���;@.b

�	� �/>mIJ9;k � @ � ���	[�/dE:p@�d[@�Gpos9PCE�q9��qF os@�IE@�kA@ � > 9(dE9;:s9P9PdE9;:po=> ���g@5��������� xOCEF�oy9;�nN
�[�H� C.o=>Akm>Au�9�9;k � @�:p>mos�B@�G � F?DE�?o=>A<?@�GHv;9;G=Gp>A� <H@��B@�DJ9(�BF?os@�IE@�km@ � >A9LIEFHGpFHDre�@�k�e�>AIJ9�9gx�C.> v;�q9;G
9 j CED ���;@7@�� �pF?o=>me;@�C.o=>Akm>Au�9qCE� 9 os9;�XF?k 9 dE:pF?e�> 9;�BFHDro=FBF?Gpos9;�XF?kAF?<H>AIE97dJ9g:s9 @�G�e;9gkA@�:pFHGIE@�G
I.FHG=F?�qd[FHD.zE@�G�IEF � ������� ��� � FqIEF �����	� � ��� � vtD �;@�<H9;kA<?CEk 9gDEIE@�@;G5dJ9g: �;�BF?o=:=@�GPIEF I.FHG=F?�hN
d[FHD.zE@cIEC.:s9;DrosF�@PdE:=@�<HF?G=G=@.v >mGpos@��gv F?G=G=F?G)dJ9g: �;�BF?o=:=@�G&D �;@�G �;@c<?@�DEG=>mIEFH:=9;IE@�G&DE@PdE:p@ <?FHG=Gp@



� � �  � ��9!�'3 E-'� �M!�� � 	9( � 3 �)��"I �/����� :$;< ?A@CBED8@ 	 �

I.FP@gos>A�B>AuH9����g@Ev.9g@B<?@�Dros: );:=>m@nIJ9B�BF?o=@ I.@�kA@ � > 9c9gdE:=F?G=FHDros9;IJ9hDEFHG!osF�os:s9g�J9;kAz.@Eb

� �BF?o=@ IE@;kA@ � >A9 9;xOCE>9;dE:pFHGpFHDroy9;IE9^<?@�D � :pF � 9 C.� 9 Gp�H:=>mF6IEF�o=�H<?DE>A<H9;G FH� CE� �.DE>�N
<?@ dE:p@ <?FHGpG=@ F7dE:=@;d ��F�C.� 9 G=@�kmC ���g@ xOCEF�9;C � >Akm> 9 @ dE:p@��pF?o=>AG!oy9 DJ9 F?G=<H@;kAzJ9 IJ9 �BFHkmzE@�:
dE9;:po=> ���g@n�������O� v.IEF��q9;DEF?>A:=9c9n9go=FHDEIEF?:  ;GL�BFHI.>AIJ9;G4IEF�IEF?G=F?�qd[FHDEz.@BF(<HCEG!os@nFHG!oy9;�[F N
kmFH<?>AIJ9;GDE9'F?G=d[FH<?>��J<H9����;@.bq�	GpGs9;G�os�?<HDE>m<�9;G�G �g@�9gGP:pFHIEF?G5I.Fq$�F?o=:=> v�dE9;:s979 FHG=d[FH<?>��J<H9����g@
I.@qdE:p@;os@�<H@;kA@nFH� � );xOCE>mDJ9nIEF�FHG!oy9;IE@;GHv�CE�q9nj F?:=:=9;�qF?Droy9hdJ9;:s9h9ne�F?:=>��E<�9����;@qF�<?@�:=:pF����g@
I.FHG=G=9 F?G=d[FH<?>��J<H9����;@.v4CE�q9�j FH:p:s9;�BFHDros96IEF'�q@�IEFHkA9 � F?� F'9gD );kA>mG=FqIEF'IEFHGpFH�BdXF?DEzE@Ev�CE�
9gk � @�:p>mo=�q@ � FHDE� os>A<?@ � ��� ��dJ9;:=9�9'@;os>m�q>mu�9����;@ IEFqCE� 9 j CED ���;@7@�� �pF?o=>me;@�Fhj FH:=:=9;�BFHDroy9;G
I.F�G �mDOo=FHGpF�IEF � ������� ��� � b	�L9;IE9cdJ9;:!os> ���;@���������� �(I.F$�JDE>mIJ9cF?� j CED ���;@�IE9c@;os>m�q>mu�9����;@
:pF�9;km>AuH9;IJ9(d[FHkm@9;k � @�:=>�os�B@ � F?DE�?o=>A<?@FLIE@�G	IJ9gIE@�GVj @�:pDEFH<?>AIE@;G}dXF?k 9;Gtj FH:=:=9;�BFHDroy9;G	I.FLG �mDOo=FHGpF
I.F � ������� ��� � b

��DE>m<H>A9;kA�BFHDrosFgv;@dE:p@��pF?o=>AG!oy9(F?G=d[FH<H> �J<�9@�Gte;9gkA@�:pFHGVI.F�IEFHGpFH�BdXF?DEzE@�FLIEF�<?CEGpo=@IE@ � ����� ,
� ��� � IEF?G=F �=9;IE@�G?b)
]<?CEGpo=@BI.@ �����	� � ��� � v�FH� dE:=>mDE<��mdE>A@.v��(<H@�DEGp>AIEF?:s9;I.@��J9;> �.@.b	"/F?G=Gs9�j 9;GpF;v
@ dE:=@;o=@ <?@�kA@B��IEF?G=<?:=>mo=@ d[@�:(CE� �B@ IEF?kA@BIEF��,);xOCE>ADE9qIEF5FHGpos9;IE@�G?v�@�DEI.F�<�9;IE9qos:=9;DEG=> ���;@
I.F6FHG!oy9;IE@ :=FHd.:=FHGpFHDroy9 CE�q9 @;dXF?:s9����;@ @�CQCE� <?@�D��pCEDro=@ IEF6@�d[FH:=9�����FHG 9 G=F?:=F?� 9�eg9;kA> N
9gIJ9;GHb � dJ9;:po=>A:5IEFHGpGs9 IEFHGp<H:p> ���g@Ev	@ �JC � @ IEF d.:=@��pF os@ G=F � CEF IE@;>AGc<H9;�B>ADEzE@;GcdJ9;:=9;kAF?kA@�G?b

2dE:p>A�BFH>m:=@B<�9;�B>ADEz.@q�5:=FHGpdX@;DEG�)�e�F?k	dXF?k 9BIEF?o=FH:=�B>ADE9����;@qIE@�G/dJ9;: �g�qF os:=@;G/xOCEFn9~osFHD.IEFH�
9g@�G5:pFHxOCE>mG=>mo=@�GPIEF IEF?G=F?�qd[FHDEz.@ IE@�dE:p@;os@�<H@;kA@Ev�9go=:s9�e��?G�IE@�C.G=@6IEFqCE�q9'j F?:=:s9g�qF?DOos9�IEF
9gD );kA>mG=F5IEFnIEFHGpFH�BdXF?DEzE@'FnIEFnCE� ���hb�
 GpF � C.DEIE@Ev�IEF?G=F?DOe;@�kme�>mIE@�d[@�:��>m� 9 � � � 	 v��n:pF N
GpdX@;DEG�)�e�F?k	dXF?k 9 F ��os:s9����;@ IJ9gG��qF?IE>AIE9;G(:pFHk 9~os>meg9;G/9;@ <?CEGpo=@Ev�:=F?dE:=F?G=F?DOos9;IE@'d[FHkA@ 9gos:=9;G=@ F
d[FHkA9 );:pF�9BIEFcGp>Ak �m<H>m@BI.Fc<�9gIJ9q<?>A:=<?CE>mo=@ Gp>ADrosF os>AuH9;IE@Eb��	G=G=9;G��BFHIE>mIJ9;G�G �;@q@��.o=>AIJ9;G/9go=:s9�e��?G
IE9�9;D&);kA>mG=F�IJ9gGP>m�qd.kAFH�BFHDros9�����FHG�F?� ��� IEFhos@�IJ9;G�9;Go=:s9;DEGp> �$� F?GIE@'dE:=@;o=@ <?@�kA@.v�oy9;Dros@
F?� � � ��� � ��� � � �
	�	 � � �E�)G �cx�CE9;Dros@ FH� $&���(GHbQ�)@��B@ :=FHGpCEkmos9;IE@Ev�@��.o=�H�nN�GpF CE� 96os9;�XF?k 9
<?@�� 9 );:pF�9nIE@h<H>m:=<?CE>mo=@�G=>mDOo=F?o=>Au�9gIE@nF�G=FHC7:=F?G=d[FH< os>me;@B9gos:=9;G=@Ev.dJ9;:s9n<H9;IJ9nCE�q9�IJ9;GLos:=9;D N
Gp> �$� F?GIE@'dE:=@;o=@ <?@�kA@.v1DE@'<�9gG=@7IEFn>A�BdEkAF?�qF?Droy9����;@ F?�a�E�)GHv�FnGp@��qF?DrosFhIE@�G�9go=:s9;Gp@�GHv�D.@
<H9;G=@ I.Fn>A�BdEkAF?�qF?DOos9����g@qF?�_$&���(GHbP��� � C.:s9 � b �h9;dE:pFHGpFHDroy9 @ IE>A9 � :=9;� 9BIEF��Ekm@ <?@�G(IE9
�BF?o=@ I.@�kA@ � > 9.b



� � �  � ��9!�'3 E-'� �M!�� � 	9( � 3 �)��"I �/����� :$;< ?A@CBED8@ 	 6

Partição Hw/Sw

FIM

Especificação

  Modelagem

Inicialização (AG)

X

N

S

VHDL
Descrição

N S

Tangram-II

Avaliação
da aptidão (AG)

População (AG)
 Nova Solução?

Partição OK?
Avaliação

Medidas de
Área e Atraso

Synopsys
(SC)

ALTERA
(PLD)

INÍCIO

UV> � CE:s9 � b ��i��7F?os@�IE@�km@ � >A9cIEF�dE:=@ �pF?os@.b

� ��� ��� � ���
	 � ��"!#���� ����	 ���� ��� � � ��� 	!��"!#�� ��� � ����

"�FHGpo=F	os:s9g�J9;kAz.@�@�G�dE:p@;os@�<H@�km@�G�G �;@�IEFHGp<H:=>�os@�G�d[@�:�:pFHIEF?G�IEF&$tF os:=>rF?Gpo=@ <�);Gpo=>A<�9gG ��� � �!� � � � ,
� ���'� � � ��� - � ��� N D I � � � v xOCEF�G �;@�CE�q9�F � o=FHDEG �;@(I.@/�B@ I.FHkA@�I.F4:pFHIEF�IEF�$tF os:=>ro=:s9;IE>m<H>m@�DJ9;k b
"/9;G&�.$&"�G	@(osF?�qd[@(IEF)IE>AGpdJ9;:=@(IEFLCE�q9/os:=9;DEGp> ���g@Ev�9;d #�G	9/�qF?G=�q9/G=F?:	zJ9;�E>mkA>�oy9;IJ9 v~d[@�GpG=CE>
I.>AGpo=:=>m�ECE> ���;@'F � d[@�DEFHD.<H> 9gk	<H@��_os9 �.9 ���Tv�@�DEIEF����)�q9'os9 �.9�9gG=G=@�<H>A9;IJ9� 'o=:s9;D.G=> ���;@ ��I.@
�B@�IEFHkm@Eb �	� ��@�kmkA@fl � ����	L� �B@�Gpo=:s9;I.@ x�C.F'9;GB�.$&"/GnG �;@ FHxOCE>�e;9gkAFHDro=FHGh96CE�q96<�9;I.FH> 9
I.Fh��9;: �;@fe 9 dE9;: �;�BF?o=:=@ <?@�D.o �ADOCE@ �JD.>moy9 � ��������� � '���	 v�@�D.IEF�<�9gIJ9 ������� � IJ9 :=F?IEF�IEF
$�F?o=:=>�<H@;:=:=F?G=d[@�DEIEFP9nCE� F?Gpos9;IE@hIJ9n<�9;I.FH> 9nF�9;GLos9 �.9;G�IJ9B�.$&"]<H@�:p:=F?G=d[@�DEIEF?�  ;GLoy9 �.9;G
I.Fqos:=9;DEGp> ���g@�FHDro=:=F @�G5FHG!oy9;IE@;G�IJ9�<H9;IEFH>A9.b7� IE>mG=d[@�DE>A�.>AkA>mIJ9;IEFcIEFqj F?:=:s9g�qF?DOos9;GcdE9;:s969
e;FH:p>��J<H9����;@5j @�:=�q9;k�IJ9cF?G=d[FH<H> �J<�9����;@�I.F?osF?:=�B>ADE@;C 95@�d ���g@�dXF?k 9;G)�.$&"/G)dJ9;:s95IEFHGp<H:=F e�F?:�@
<?@��BdX@�:!oy9;�BFHDro=@ndE:=@;o=@ <?@�kA@.b



� � �  � ��9!�'3 E-'� �M!�� � 	9( � 3 �)��"I �/����� :$;< ?A@CBED8@ 	 >

��� 9 e�F?u6IEFHGp<H:p>mos@ @ <?@��BdX@�:!oy9;�BFHDro=@ IE@ dE:=@gos@�<H@�km@Ev�e;FH:p>��J<H9~N�GpF�9 <H@�:p:=F����;@ I.FHG=G=9
I.FHG=<?:=> ���;@h9go=:s9�e��?G�IJ9n9;dEkm>A<H9����;@5IJ95j F?:=:s9g�qF?DOos9 � ��I � �/DJ9;kA>mGs9;I.@�:4I.F%�F?IEFHG�I.F$tF os:=> � v
xOCEF5:=FH9;kA>mu�9hCE� 9B9;D )gkA>AGpF�G=>ADro�)gos>m<�9qFPG=F?� �gDOo=>A<H9.b��29;D&);kA>mG=F�G=>mDOo�)gos>m<�9ne�F?:=>��E<�9 GpF�9q:pFHIEF
� ����� � v 	 ��� � � � � � F � �
� � ���
�������
	 bV��9gD );kA>mG=F�GpFH� �;Dros>m<�9n�:=FH9;kA>mu�9;IJ9n9~os:s9�e;�HG�IJ9�e�FH:p>��J<H9����g@
I.F dE:=@;dE:=>mFHIJ9;I.FHG�F?G=d[FH<�� �J<�9gGHv&<H@��B@ � � � ����� ��� � � � ��� � � �����
��� ��� F � � � ����� ��� � � � ��� 	 	 � ��� b
�/FHG=G=9 j @�:=�q9.v�dX@�IEF N�G=F5e�FH:p>��J<H9;:(GpFn9 IEF?G=<?:=> ���;@ IE@ d.:=@;o=@ <?@�kA@BFHG!o ) kA>�e�:=FPIEF ��� � �?	��!��3�� F
	 �����
	��!��3�� b

� ��� � � � ��� � �#� � "�#�� � � � �	������

��� 9 e�F?uBe;FH:p>��J<H9;IJ979'<?@�:=:pF����;@�IE97IEF?G=<?:=> ���;@7>ADE>m<H> 9gkV9go=:s9�e��?G5IE9 j F?:=:=9;�qF?Droy9 ��%�$tv
� <?@�DEG!os:=C �AIE@^CE� �q@�IEFHkm@ DJ9 km>AD � CE9 � FH� IJ9 j F?:=:s9g�qF?DOos9 IEF 9;D )gkA>AGpF�IEF I.FHG=F?�qd[FHD.zE@
�t9;D � :s9;�nN��p�yvrC.os>mkA>AuH9;DEIE@~N�G=F�C.� 9P>ADrosF?:pj 9;<?F � : ) �J<H9.v @5�����KU � �t9;D � :=9;� ��:=9;dEzE>m<�9;kJ��Dro=FH:!N
j 9g<HF � � ' ��	 b(�L9;IJ9Bos:s9gDEG=> ���;@qIJ9 :=F?IEFcI.Fn$tF os:=>���9gG=G=@�<H>A9;IJ9q9 CE� �
��� � � � F�<�9;IE9 	 	�� ��� �
:pFHdE:pFHGpFHDroy9;I.@qd[@�:�CE�q9 � �����������
	 ��� � � � � ��� DE@n�q@�IEF?kA@�IE@h�t9;D � :=9;�nN��=�yb��(G�eg9;:p>*)�e�F?>AGLIEF
F?Gpos9;IE@69gC � >AkA>A9;� DJ9�>m�qdEkmFH�BFHDroy9����;@ IE@�<H@��Bd[@�:pos9;�qF?Dros@'IE@7dE:=@;o=@ <?@�kA@.v�d[@�:�F � F?�qdEkm@Ev
F?k 9;G�d[@ IEF?� <H@�:p:=FHGpdX@;DEIEFH:V9;@(D �E�BFH:p@�IEF ��� � � � FH�#<�9gIJ9/kmC � 9;:�DOCE�q9(IEF?o=FH:p�q>mDJ9;IJ9 ����� ,
� � bt� � � � ����� ��� dJ9g:s9(xOCEFLC.� �
��� � � � G=F �=9�zJ9;�E>mkA>mos9;IE@��)Gp>A�B>Ak 9g:  /<H@�DEI.> ���g@�IEFLIE>mG=dJ9g:=@�IEF
C.� 9�os:=9;DEG=> ���;@/IJ9�� $�"Pvg�q9;G�oy9g���X�?� dX@�IEF�IEFHd[FHD.IEFH:}I.F)@�C.o=:s9;G�eg9;:=> )�e�FH>mG�IEF)F?Gpoy9gIE@Ev;D.@
<H9;G=@BIEF�dE:p@;os@�<H@�km@�GL�q9;>AG4<H@��BdEkmF � @�GHb&��� 9 � � � ����� ��� FHG!o )h9;GpG=@�<H> 9gIJ9h9hC.� 9nF � dE:pFHGpG �;@Ev
GpFH�BFHkmzJ9;DrosF, 7km>AD � CJ9 � F?� IEFBdE:=@ � :s9;�q9����;@��(bV��F 9'F � dE:pFHG=G �;@6�he�F?:=IJ9;I.FH>A:=9.vV@ �
��� � � �
��zJ9g�E>Akm>moy9gIE@cF�IE>mG=dJ9;:=9;IE@B9;d #�G�CE� >mDrosFH:!eg9;kA@�I.F�o=FH�BdX@h<?@�� IE>mGpo=:=>A�.CE> ���;@nF � d[@�DEFHD.<H> 9gk b

 IE>AGpdJ9;:p@ I.@ �
��� � � � dE:=@fe�@�<�9 9 F � FH<?C ���g@ IEF'CE�q9 @�C^� 9g>AG � ����� � xOCEF'IEFHGp<H:pF?e�F?� @
<?@��BdX@�:!oy9;�BFHDro=@ IE@ dE:p@;os@�<H@�km@Eb"�@ <�9;d ��osCEkm@  G �;@ j @�:=DEF?<H>mIE@�G��q9;>A@;:=FHG�IEF oy9;kmzEFHGGp@��E:=F
9nGp>ADroy9 � F�IJ9nj FH:p:s9;�BFHDroy9n�t9;D � :=9;�nN��=�yb


�GcdE9;: �;�BF?o=:=@�GPIE@��q@�IEFHkm@'<H@�DEG!os:pC �AIE@�DE@��t9;D � :=9;�nN��=�/G �;@�9;G5os9 �.9;GPIE@�G �
��� � � ��� b
�)@;�q@n<H9;IJ9cos:=9;DEGp> ���g@�IJ9B�.$&"5vExOCJ9gDEIE@hzJ9;�E>mkA>�oy9;IJ9 vrdX@�GpG=CE>1CE� o=FH�BdX@nIEF(IE>AGpdJ9;:=@n<?@��
I.>AGpo=:=>m�ECE> ���;@�F � dX@;DEFHDE<?> 9;k v;@�G �
��� � � ��� oy9;���[�H�]o �H�#IE>AG!os:p>A�ECE> ���;@�F �.d[@�DEF?DE<H>A9;k.Fgv;d[@�:pos9;D N
o=@EvO<�9;IE9P�B@ I.FHkA@/osFH�-C.� 9P�L9;IEF?> 9IEF(��9;: �;@feB9�tF?�qd[@��)@;DOo �ADOCE@ � ���������&9;GpG=@�<H> 9gIJ9.v
� FH:s9gIJ9 d[FHkA9 j F?:=:=9;�qF?Droy9 �V9;D � :s9;�nN��p�yb	�(F e�F�GpFH:B@��EGpFH:peg9;I.@ xOCEF�9 <H9;IEFH>A9 I.F6��9g: �;@fe
� FH:s9gIJ9�� CE�q9�<H9;IEFH>A9+3 �)��� ����3LxOCEF Gp@��qF?DrosF � :pFHGp@�kme�>AIE9�xOCJ9;DEI.@ G �;@ 9go=:=>m�EC �AI.@�GPeg9;km@gN



� � �  � ��9!�'3 E-'� �M!�� � 	9( � 3 �)��"I �/����� :$;< ?A@CBED8@ 	 �

:pFHG5D�C.�q�?:=>A<?@�G59;@�GPdJ9;: �g�qF os:=@;GHvVC.� 9 e�F?u xOCEF @�GP�B�?os@�IE@�GPIEFBG=@�kmC ���g@�IE>mG=d[@�D �me;FH>mGPDE9
j F?:=:=9;�qF?Droy9n�V9gD � :s9g�hNT�=�&D �;@hG �g@qkm>mosF?:s9;>mGHb

� ��� � � � ��� � �#� � "�#�� � � � � ��"!#�� � �	� �!� ����

�(F�C.� 9(j @�:p� 9 � FH:=9;k v;9 ��	 ��� ������� � � � ����� @�C�j C.D ���;@I.FLFH:p:=@�IE@dE:p@��EkAF?� 9�IEF�dJ9;:!os> ���;@
��������� dX@�IEFGpFH:�IJ9;IJ9�d[FHkA9�IE>mj F?:=F?D ��9nFHDro=:=F�@�GLeg9;kA@;:=FHG)IJ9;G��BFHIE>mIJ9;GLIEFI.FHG=F?�qd[FHD.zE@
I.FHG=F �=9;IJ9;G?v�FHGpdXF?<H>��E<�9;IJ9gGqd[FHkm@ d.:=@��pF os>AG!oy9.v4F�@;Gheg9;km@�:=F?GhIJ9;GB�qF?IE>AIJ9gGBI.F7I.FHG=F?�qd[FHD.zE@
@;�.os>mIJ9;G�dJ9g:s9 CE� IJ9;IE@ <?@�D��pCEDro=@ IEFndJ9;:��;�qF os:p@�GHbP�)@��B@ @�G�dE9;: �;�BF?o=:=@�G/FHGpdXF?<H>��E<�9;IE@;G
D.@�:=�q9;kA�BFHDro=F �K<?@��qd[F?o=FH�#FHDros:pF/Gp> �sv����.os>mkE9go=:=>A�.CE>A:KN�G=F)dXF?G=@�G�9<�9;IE9�C.��IE@�G&dJ9g: �;�BF?o=:=@�G
xOCEF�<?@��qd ��FH�29�j CED ���;@�@�� �pF os>�e�@�dJ9;:=9�F?xOCJ9;kA>mu�9;:&9gG	dX@�GpG ��e�FH>mG&IE>mj F?:=FHD ��9;G	IEF�GpFHDEGp>A�E>mkA>AIE9~N
I.F�F?Dros:=F�FHkmFHG � ���	 b}�	G=G=9�j C.D ���;@�j @�:pDEFH<?F�C.� 9��BFHIE>mIJ9LIJ9�x�CE9;kA>mIJ9;IEF	IEF&CE�q9LIEF osFH:p�q>mDJ9;IJ9
Gp@�kAC ���;@qFn9gos:=9�e��HG(IEFcGpCJ9 9�eg9;kA>A9����;@Bd[@ IEF N�GpFcG=F?kAF?<H>A@;DJ9;:/9;xOCEFHkA9qxOCEF�G=9gos>mGpj 9;u5�qF?kAzE@�:�@�G
:pFHxOCE>mG=>mo=@�G�IEF�IEF?G=FH�Bd[FHDEzE@.b4�]j @�:p� 9 � FH:s9gk�IJ9�j CED ���g@q@�� �pF?os>�e�@h�P9BGpF � C.>ADrosFgi

� � � � �
�
�
������� ��� �	��
� � � ��������� � � ����� ��� � � � � b � �

@�D.IEF;i

��� � ��� � � � � � � � ��N4�@he�F?o=@�:�IEF�dJ9;:��;�qF os:p@�G�IJ9n@;os>m�q>mu�9����;@&%

��
��N��59n> N��HGp>A�q9c�BFHIE>mIJ9�IEF�IEFHGpFH�BdXF?DEzE@qIEFHGpF �=9;IJ9 %

�����tN��P9n>�N��?G=>m� 9c�BFHI.>AIJ9�IEF�IEF?G=F?�qd[FHDEz.@ @��.o=>AIJ9 %

� ��N�G �g@B@;G�j 9~os@�:pFHG�IEF�dX@;DEIEFH:=9����g@B@;C�DE@;:=�q9;kA>mu�9����;@&%

�6N�D �E�BFH:=@BIEF�dJ9;:��;�BF?os:p@�G�IEF�IEF?G=FH�Bd[FHDEzE@q9nG=F?:=FH� @gos>A�B>AuH9;IE@�G$%

� j C.D ���;@ @�� �pF?o=>me;@ C.os>mkA>mu�9;IJ9 DEF?GposF6o=:s9;�E9;kAzE@ ��IEF �JDE>mIJ9 9 dJ9g:pos>m: IEF��qF?IE>AIE9;G IEF
I.FHG=F?�qd[FHD.zE@'IE@ dE:=@gos@�<H@�km@EvXos9;>AG/<H@��B@ eg9;u��g@Ev�:=F oy9;:pIE@Ev�d.:=@��J9g�E>Akm>AIJ9;I.F5IEFcdXF?:=IJ9.v1FHDros:pF
@;C.os:=9;GHv�@;�.os>mIJ9;Gt9(dJ9;:!os>A:�IE@��t9;D � :s9;�nN��p�ybg"�@�FHDros9;Dros@Ev;j @;> C.o=>Akm>Au�9gIJ9/9gdXF?DJ9;GVC.� 9(�BFHI.>AIJ9



� � �  � ��9!�'3 E-'� �M!�� � 	9( � 3 �)��"I �/����� :$;< ?A@CBED8@ 	 �

I.F�IEFHGpFH�BdXF?DEzE@�F?� <H9;IJ9cC.� 9PIJ9;G)@gos>A�B>AuH9�����FHG&:pF�9;km>Au�9gIJ9;G�DE@�G)F � FH�BdEkA@�G)9;dE:pFHG=F?Droy9;IE@;G
FgvX<?@�DEGpFHxOCEFHDro=FH�BFHDrosFgv�@qd[FHGp@ �5> � CJ9;k�9���b��(G/�qF?IE>AIE9;G�IEF5I.FHG=F?�qd[FHD.zE@ C.o=>AkA>mu�9;IE9;G�IEF N
d[FHD.IEFH�-IE@;G�:pFHxOCE>mG=>mo=@�G&IEF�xOCJ9;kA>mIJ9;IEF�I.F�GpFH:!e > �H@PIEFHGpF �=9;I.@�GHb�
�d.:=@��EkmFH�q9�IEF�@;os>m�q>mu�9����;@
<?@�DEGp>AGpo=F�FH� IEF osF?:=�B>ADJ9;: ����oy9;k�xOCEFgi

� � � � � �������
�
� � � � � � b|���

� ��� ��� � � ��� �	�!��"!#�� � ��� � ��"!#�� � �	� �!� ����


 dE:=@��.kAFH�q9 IEFn@gos>A�B>AuH9����g@q>mDE>A<?> 9;k�<H@;DEG=>mGposFnF?� IEF osF?:=�B>ADJ9;:�9;G(oy9 �E9gGIEF�os:=9;DEG=> ���;@
I.FcFHG!oy9;I.@ IJ9 �������(v1>mGpos@B�;vX9;G�oy9 �.9;G�IE@�G �
��� � � ��� IE@ �B@ I.FHkA@.vJx�C.FcGs9~os>AG!j 9;uHF?� :=F?Gpos:p>�N
�$� F?GLIEF�I.FHG=F?�qd[FHD.zE@n>A�BdX@;Gpoy9gG4d[FHkm@cdE:p@��pF?o=>AGpos9.b��)@�� �J9;GpF�DEFHGpGs9;G�:pFHG!os:=> ����FHG?v.@��BFHkmzE@�:
<?@�D��pCEDro=@ IEF�dJ9;: �g�qF os:=@;GB�7IEF osFH:p�q>mDJ9;IE@ d[FHkA@ 9;k � @�:p>mos�B@ � F?DE�?o=>A<H@.b�� I.F?osF?:=�B>ADJ9����;@
I.FHG=G=9;G�oy9 �.9;G�j @�:pDEFH<?FPGpCE�EG �AIE>m@�G�dJ9;:s9n@�:p>AF?DOos9;:�9nFHGp<H@�kmzJ9nIEF�CE� <H:p>mo=�H:=>m@nIEF�dJ9;:!os> ���;@Eb

� <�9gIEFH>A96IEF���9;: �g@fe � FH:=9;IJ9 d[FHkA@ �t9;D � :s9;�nN��p�PG # dX@�IEF G=F?:n:=F?G=@�k�e >mIJ9 xOCJ9;DEIE@ @�G
dE9;: �;�BF?o=:=@�G/j @�:=F?� G=C.�EGpo=>mosC �AIE@�Gd[@�:(eg9;km@�:=F?G�DOCE�B�H:=>m<H@�G?b��	G=GpFHG�eg9;kA@�:pFHG�G �;@ j @�:=D.FH<H>mIE@�G
d[@�:�CE�-�B�?os@�IE@PIEF(@gos>A�B>AuH9����g@�J9;G=FH9;IE@5FH� ����G�xOCEF;v >ADE>m<H>A9;kA�BFHDrosFgv � F?:s95<?@�D��pCEDro=@�G)IEF
eg9;km@�:=F?G(dJ9g:s9q@;G�dJ9;:��;�qF os:p@�G/I.Fcj @�:=�q9B9;kAFH9go�#�:p> 9.v�d[@�:=�?� @��XF?IEFH<?FHDEI.@ <HFH:!oy9;G(:=FHG!os:p> ����FHG
I.F)dE:p@��pF?o=@�@�C�IEF)9;D );km>AGpF�I.FLG=F?DEG=>m�E>Akm>AIJ9;I.FHG � e�>AI.FL9;d �HDEI.>A<HF4��� bV�(d #�Gt9(G=C.�EGpo=>mosC.> ���g@(IE@�G
dE9;: �;�BF?o=:=@�G�d[FHkA@;G�eg9;km@�:=F?GtDOCE�B�H:p>A<H@;GHv�9�<�9;I.FH> 9�IEF���9;: �g@ eP�4:=FHGp@�kme�>mIJ9(9go=:s9�e��?GVIEF)9;k � CE�
I.@�G4�B�?o=@ I.@�G	IEF�G=@�kmC ���;@59;DJ9gk �mo=>A<H9(xOCEF(9j FH:p:s9;�BFHDros9P�t9;D � :=9;�nN��=��@;j F?:=F?<HF;b&�/FHG=G=95j @�:p� 9
G �;@h<�9;km<HCEkA9;IJ9;GL9;G�dE:=@��E9;�E>Akm>AIJ9gIEFHG4FH� F?Gpoy9gIE@hFHGpos9;<H>m@�D );:p>A@nIEF<H9;IJ9nCE� I.@�G�FHG!oy9;IE@;G�IE9
���7���(b��	G=Gs9gGdE:=@��E9;�E>Akm>AIJ9gIEFHG�G �;@ C.os>mkA>AuH9;IJ9;G�dJ9g:s9 @ <�);kA<?CEkA@qIEFc�BFHIE>mIJ9;G/IEF�>ADro=FH:=F?G=GpF
:pFHkA9;<H>m@�DJ9;IJ9gG�<?@�� @cIEF?G=F?�qd[FHDEz.@nIE@cdE:p@;os@�<H@;kA@EbV�&GpGs9;G)�qF?IE>AIJ9gG4G �;@c@�G � ��	�� � � ������� �
����� b

��FHGpdXF?<H> �J<�9����;@59�GpFH:�9go=FHDEIE>mIJ9�d[@ IEF�GpFH:&IJ9;IE9.vrdX@;:	F � FH�BdEkA@.vrdX@�:	C.� 9�<?CE:peg9�:=FHkA9gos> N
eg9P9PC.� 9IEF osFH:p�q>mDJ9;IJ9�BFHIE>mIJ9�IEF�IEFHGpFH�BdXF?DEzE@5F�d[@�:	eg9;kA@;:=FHG	�,) � >A�B@�G}dE9;:s9�9 );:=FH9PIEF
Gp>Ak �A<H>m@�F59gos:=9;G=@BIE@B<H@��BdX@;DEFHDrosFPIEF � ������� ��� � 9hG=FH:�G=>mDrosF?o=>AuH9;IE@Eb4�	G=Gs9q<HCE:!e;9nj @�:pDEFH<?F5@�G
� ��	�� � � � ��� ��� � � ����� IJ9 j CED ���;@ @�� �pF os>�e�@Eb��(Fnd[@�GpG=FnIE@�G�eg9;km@�:=F?G(IEF?G=F �=9;IE@�GFnIE@;G(eg9;kA@�:pFHG
@;�.os>mIE@�GhdX@�IEF N�G=F7<�9gkA<HC.k 9;:n@ e;9gkA@�:nIJ9 j CED ���;@ @;� �pF?o=>me�@ dJ9;:=9 <H9;IJ9 <?@�D��pCEDro=@ IEF'oy9 �.9;G
� FH:s9gIE@ d[FHkA@q���hb1�L9;IJ9q<H@�D��pC.DOo=@ �cIEF?DE@��B>ADJ9gIE@ CE� � � �������
��	 � Fc@ D �E�BFH:p@ IEF�>mDEIE>�e � N



� � �  � ��9!�'3 E-'� �M!�� � 	9( � 3 �)��"I �/����� :$;< ?A@CBED8@ 	
	

I.CE@�G�<?@�:=:pFHG=d[@�DEI.Fn9;@ os9;� 9gDEzE@ IE9 � � � 	�	 � � ��� � FH:=9;IJ9 d[FHkm@ ���nb�
2dE:p@��pF?o=>AGpos9qoy9g���X�?�
F?G=d[FH<?>��J<H9c@5D �E�BFH:p@cIEF/dX@;DOo=@�G�IJ95<?CE:peg95xOCEF/FHkmF/IEF?G=F �=9�9;dE:p@ � >m� 9;:?b}
�eg9;km@�:&IJ9j CED ���g@
@;� �pF?o=>me�@.v�IJ9;IE@ d[FHkA9 G=@��q9 IE@�GF?:=:=@;GFHDros:pFn@�G�eg9;kA@�:pFHG�I.FHG=F �=9;IE@�G�Fn@�G�eg9;km@�:=F?G�@��.o=>AIE@;GHv
j @;:=DEF?<HF�CE�q9h�BFHI.>AIJ9�IJ9 �
� � �
� ��� IE@h>mDEIE>me �mIECE@ndJ9;:=9n:=FHGp@�kme;FH:�@hdE:=@;�EkAF?� 9.b


 dE:p@ <?FHGpG=@ IEFB@;os>m�q>mu�9����;@'�q>mDE>A<?> 9;I.@7<H9;kA<?CEk 9gDEIE@gNTG=FB9 �
� � �
� ��� IEFB<�9;IE9 � � �������
��	 �
IE9 d[@�dEC.k 9����;@ F e�FH:p>��J<H9;DEIE@~N�G=F'GpF�9gk � CE� IEF?G=G=F?G � � �������
��	 ��� :=FHd.:=FHGpFHDroy9 9 G=@�kmC ���;@ I.@
d.:=@��EkmFH�q9.b �L9;G=@ 9 G=@�kmC ���g@ D �;@ osF?DEzJ9 G=>mIE@ FHDE<?@�Dros:=9;IJ9.v�:=FH9;kA>mu�9~NTG=F CE�q96G=F?kAF ���;@ IE@�G
� � �������
��	 ��� v�<H@�� �q9;>A@�:�d.:=@��J9g�E>Akm>AIJ9;I.FPdE9;:s9 @;G � � �������
��	 ��� �q9;>AG/9;d.o=@�GHv[j 9;u NTG=Fc@q<H:pCEu�9~N
�BFHDro=@ IEF�<H9;IJ9 CE� <H@;� GpFHC ������� �
��� � F � F?:s9~NTG=FcC.� 9 D.@ eg9 d[@�dEC.k 9����;@Eb
2�t9;D � :=9;�nN��=�
��:=FH9;kA>m�qF?DOos9;IE@ <H@;� 9 DE@feg9 ���
� � � ��� IEF7>AD.IE>me �AI.CE@�GhF�:pFHd[F?osF N�GpF�@ d.:=@�<HFHGpG=@ 9~os�7x�C.F
GpFnFHDE<?@�Dros:pFnCE� <?@�D��pCEDros@'IEF5oy9 �.9;GxOCEFh9go=FHDEIE9 9 CE� F?:=:=@ �,) � >A�B@BFHG=d[FH<?>��J<H9;IE@'d[FHkA@
d.:=@��pF os>AG!oy9n@�C7G=FP9;km<�9;DE<?FCE� IEF osF?:=�B>ADJ9;I.@BD �E�BFH:p@hIEF � FH:=9�����FHG?b

� ��� � � � � � ��� � ��� � � � � �
� ��"!#��

�L9;IE9�os:=9;DEGp> ���g@�IE9(�.$&"^FHG!o )/:pFHkA9;<H>m@�DJ9;IJ9�9�CE� <?@�D��pCEDros@/IEF&@�d[FH:s9�����FHG�IE@/d.:=@;o=@ <?@�kA@
9�G=F?:=FH� >m�qdEkmFH�BFHDroy9gIJ9;G�FH� � ������� ��� � @�C5FH� �����	�
� ��� � b}
Q<?@�D��pCEDros@(IEF�os9 �.9;G�<�9;km<HCEkA9;IJ9;G
d[FHkm@h����xOCEFc9~osFHD.IEF  gG��BFHI.>AIJ9;G)IEF5I.FHG=F?�qd[FHD.zE@qF?G=d[FH<?>��J<H9;IJ9;G�IEF?e;FcIEF osF?:=�B>ADJ9;:)CE� 9
dE9;:po=> ���g@n�������O� d[@�G=G �me;FHk�dJ9g:s9�@ndE:p@;os@�<H@�km@Eb	�)@;� F?G=Gs9 �JDJ9gkA>AIE9;IEF(�(FHGpos9;�[FHkAF?<H>mIE@nCE�
<?:=>�os�H:p>A@ndJ9g:s9n:=F?k 9;<?>A@�DJ9g:LCE� <?@�D��pCEDros@BIEFoy9 �E9gG�<?@�� CE�q9�dJ9;:!os> ���;@Eb

� oy9 �.9 I.F�CE� IEF osF?:=�B>ADJ9;I.@ �
��� � � � IE@ �q@�IEFHkm@ FHGpo�) :=F?k 9;<?>A@�DE9;IJ9 9;@ D �E�BFH:p@ IEF
e;FHu?FHGHv	d[@�:PG=F � CEDEIE@.v}xOCEF CE� I.F?osF?:=�B>ADJ9gIE@�<?@�D��pCEDro=@6IEFB@�dXF?:s9��$� F?GcIE@�dE:=@gos@�<H@�km@7�qF N
� F?<HC.os9;IE@Eb���G=Gp@ dX@�IEF?:=> 9hkAF eg9;:  CE�q9B<?@�DE<HkmCEG �g@ � d.:=FH<?>AdE>�oy9;IE9 �LIEFcxOCEF5FHG=G=9;G�@�d[FH:=9�����FHG
G �;@ 9;G(x�C.F�IEF?e;FH� G=FH:(>A�BdEkAF?�qF?DOos9;IJ9;G�F?� � ������� ��� � b�"�@ FHDroy9gDOo=@Ev1I.F?e�F N�GpFn<H@�DEGp>AIEF?:s9;:
9gG)dE:p@��J9;�E>mkA>mIJ9;IEF?G4F?� F?Gpoy9gIE@�FHG!oy9;<?>A@�D&);:=>m@cIEF/<�9;IJ9�F?Gpos9;IE@�IE@cG=>AG!osF?� 9cD.@��q@;�qF?DOo=@cIEF
I.FH<H>mIE>A:&Gp@��E:=F�CE�q9dJ9;:po=> ���;@P��������� bO��GpG=@cGp> � D.>��J<H9PxOCEF�CE� �
��� � � � d[@ IEF�o=FH:&CE�q959;k�oy9
os9 �.9cIEF�I.>AG=dE9;:=@Ev � 9gGL9cdE:p@��J9;�.>AkA>mIJ9;IEF�IE@nGp>AG!osFH�q95F?Gpos9;:LDOCE� F?Gpos9;IE@nFH� xOCEF�@��BFHGp�q@
F?Gpo�)BzJ9g�E>Akm>moy9gIE@�d[@ IEFGpFH:���CE>�os@n�J9g> �.9.b

��dE9;:po=>A:�IEFHGpGs9;G	<?@�DEG=>mIEFH:=9�����FHG?v;j @�>�FHG!oy9;�[FHkmFH<H>mIE@�<?@��q@/<H:p>mos�?:=>m@(IEFLdE9;:po=> ���g@������;���



� � �  � ��9!�'3 E-'� �M!�� � 	9( � 3 �)��"I �/����� :$;< ?A@CBED8@ 	
�

I.@�G �
��� � � ��� @hdE:=@�IEC.o=@ �����
	 @�D.IEF;i

����N&oy9 �.9nIEFPIE>AGpdJ9;:=@nI.@ �
��� � � � �&<H9;kA<?CEk 9;IE9�dXF?kA@n���nb

	hN[G=@��q9�IJ9;G�dE:p@��J9;�E>mkA>mIJ9;IEF?G�FH� F?Gpoy9gIE@/F?Gpos9;<H>m@�D );:p>A@�IE@�G�F?Gpoy9gIE@�G�DE@�G�xOCJ9;>AG�@ �
��� � � �
�&F?Gpo )hzJ9;�.>AkA>�oy9;I.@Eb

�L9;IE9 �
��� � � � osFH� CE� 9 �Te;9gu��;@ � 9;GpG=@�<H> 9gIJ9 9 FHkAFgb �(F?G=Gs9 j @�:=�q9.v&9;Gh@�d[FH:=9�����FHGnI.@
d.:=@;o=@ <?@�kA@/:=FHkA9;<H>m@�DJ9;IE9;GV<?@���@;G}F?e;FHDros@�G&IEF)� 9;>m@�: ��eg9;u��;@ �4G �;@>m�qd.kAFH�BFHDros9;IJ9;G�FH� � ����� ,
� ��� � F/9;xOCEF?k 9;G)9;G=Gp@ <?> 9;IJ9gG)9;@;G4F e�FHDro=@�GLIEF/�qF?DE@�: ��eg9;u��;@ ��G �;@�>A�BdEkmFH�BFHDroy9;IE9;G	FH� �����	� ,
� ��� � bV�&GpG=F�<H:p>mo=�H:=>m@�d[@�G=Gp>A�E>mkA>mos9�:pFHkA9;<H>m@�DJ9;:V9;G}oy9 �.9;GV<�9;km<HCEkA9;IJ9;G}d[FHkm@����\9�CE�q9�dJ9;:!os> ���;@
��������� bO�	G=G=9P��9dE:p>A�BFH>A:=9(dJ9;:!os> ���;@�9G=F?:�9feg9;km> 9;IE9(FH�2:pFHkA9����;@�9g@P<?CEGpo=@5I.@ � ������� ��� � b

� ��� ��� � � � �� �������
��"�#���� � � � � ��� � � �

� dJ9;:!os> ���;@ �������O� @��.o=>AIJ9 �79�e;9gkA> 9gIJ9 9 dE9;:po=>A:nIE@�GBIJ9;I.@�GhIEF )g:=F�9 IEF7G=>mk �A<?>A@6F
9~os:s9gG=@ I.@�Gq<?>A:p<HCE>�os@�GBG=>mDOo=F?o=>Au�9gIE@�GhFH� ��>A�q9 � � � 	 b��	G=GpFHG IE9;IE@�GqG �;@ j @�:=DEF?<H>mIE@�GBdXF?k 9;G
j F?:=:=9;�qF?Droy9;G/��l�DE@�d.Gpl�G/F��/kmosF?:s9.b

� FHGpdXF?<H> �J<�9����;@hIE@hdE:=@gos@�<H@�km@nFH� �,);xOCE>mDJ9�IEF�FHG!oy9;IE@;G�GpFH:!e�F�<H@��B@h:=F j FH: �?DE<H>A9ndJ9;:s9
9�F?Dros:s9gIJ9�IJ9;G�IEF?G=<?:=> �$� F?G � � ��� � �	� ����� � � ����� FH� S�/���	bJ�L9;IJ9co=:s9;D.G=> ���;@nIEF�F?Gpos9;IE@ � @�C
�
��� � � � vrDE@P�V9gD � :s9g�hNT�=� �t��Gp>ADrosF os>AuH9;IJ9IEF��B@ IE@P9G=F�@�� osFH:�9;G&�BFHIE>mIJ9;G	IEF�9go=:s9;Gp@�F )g:=F�9
I.FP<H9;IJ9hCE�q9�IEFHkA9;GHb

�3j FH:p:s9;�BFHDros9���l�DE@�dEG!l G�G=>mDrosF?o=>AuH9�C.��<H>m:=<?CE>mo=@k # � >m<H@9�dE9;:po=>A:}IJ9IEF?G=<?:=> ���;@ � � ��� � � ,
� ����� � � ��	 IEF�<H9;IJ9os:s9gDEG=> ���;@�FH��S�(�(�&bO�	GpGs95>m�qd.kAFH�BFHDros9����;@(��:pF�9;km>AuH9;IJ9(C.o=>Akm>Au�9gDEIE@gNTG=F
C.� 9 �.>A�Ekm>A@;o=FH<�9BIEFn<H�?kACEkA9;G(dE9;IE: �g@ � � � ��� � ��� � � �
	�	 � N/�E�)G �(D�C.� 9 IJ9gIJ9 osF?<HDE@�km@ � >A9.b��(G
F oy9;dE9;G4I.F(9;km@ <H9����g@Evr:=@;o=F�9;�BFHDro=@5IEF�<H�?kACEkA9;G&F/@gos>A�B>AuH9����g@G �;@59;C.o=@�� )~os>A<H9;G	F�G=F/o=@�:=DE9;�
o=:s9;D.G=dJ9;:pFHDrosF?G/dE9;:s9n@BdE:=@��pF os>mGpoy9 b

$&���(G�G �;@R<H>A:p<HCE>�os@�G'>mDOo=F � :=9;IE@�G'IE> � >mos9;>AGqxOCEF d[@ I.FH� GpFH:7dE:=@ � :s9;�q9;IE@�G'9 �J� IEF
>m�qd.kAFH�BFHDros9;:nj CED ����FHG �X@�@�kAFH9;DJ9;GhIEF �JDE>mIJ9;G 9go=:s9�e��?G IEF6d.:=@ � :=9;�q9����;@.b � j FH:p:s9;�BFHDroy9
�/kmo=FH:s9 >m�qdEkmFH�BFHDroy9�9;G�j CED �$� F?Gqk�# � >A<H9;GcI.F7<H9;IJ96os:=9;DEGp> ���g@ IE9 � $�" 9 dJ9;:!os>m:nIEF'G=CJ9;G



� � � � (5��� � 3) � I �����9�$'3) � �)� �/3)��� �.&���&8��� 	 �

I.FHG=<?:=> ����FHG�FH� S��(���	b

��@��JDJ9;k&IE@�dE:=@�<HF?G=G=@�IEFBG �ADro=FHG=Fgv}@��.o=�H�nN�GpFBC.� 9 oy9;�[FHkA9 <H@�DrosF?DEIE@�o=@ IE9;GP9;G5�BFHI.>�N
IE9;GhIEF79gos:=9;G=@ F�);:=FH9 dE9;:s9 <�9gIJ9 CE� 9 IJ9gGho=:s9;D.G=> �$� F?GhIE@ dE:=@;o=@ <?@�kA@.b �	G=Gs9gGq�BFHIE>mIJ9;G
G �;@ C os>Akm>AuH9;IJ9;GndJ9g:s9 9�eg9;km> 9;:nGpF69 dJ9;:po=> ���;@ ��������� 9go=FHDEI.F  FHG=d[FH<?>��J<H9����g@ IEF )g:=F�9
I.@ � ������� ��� � v�>AG!os@��;v}GpF 9;G );:=FH9;GcIE@;Gc<H>m:=<?CE>mo=@�G5F?xOCE>meg9;kmFHDrosF?G  ;GPos:s9gDEG=> ����FHGcF?G=<?@�kAzE>mIJ9;G
dE9;:s9BG=FH:pFH� >A�BdEkAF?�qF?Droy9;IJ9gG�F?� � ������� ��� � @;�XF?IEFH<?FH� 9;@�G(km>A�B>mo=FHG�FHGpdXF?<H> �J<�9;I.@�G�FcGpFc@�G
:pFHGpdXF?<?os>�e�@�G49go=:s9;Gp@�G�9gosF?DEIEFH�� gG&os9 �.9;G&<�9;km<HCEkA9;IJ9;G	d[FHkm@����hb�� F�9�9�eg9;kA>A9����;@�9~osFHD.IEFH:�9;@�G
:pFHxOCE>mG=>mo=@�GHv�9gG�:pF?j F?:=>AIE9;G�os:s9gDEG=> ����FHG�G �;@B>A�BdEkmFH�BFHDroy9;IE9;G�FH� �.�)G(F�@qd.:=@�<HFHGpG=@qG=FPFHDE<?FH:!N
:=9.b�� FP9;k � CE�q9 );:=FH9nF � <HF?IEFH:�@hkA>A�B>mo=F�FHG=d[FH<?>��J<H9;IE@EvEe;FH:p>��J<H9~N�GpFPGpFP9h>m�qd.kAFH�BFHDros9����;@cFH�
$&���#9gosF?DEIEF�9;@h9go=:s9;Gp@nFHGpdXF?<H>��E<�9;IE@.b4"�FHGpG=FP<�9;Gp@EvEFHGpGs9;G�o=:s9;DEGp> �$� F?G�G �;@n>m�qdEkmFH�BFHDroy9gIJ9;G
F?� $����(G?b/� F5@ 9gos:=9;G=@BD �;@Bj @�:�9gosF?DEIE>mIE@Ev�CE�q9BDE@feg9qd[@�dEC.k 9����;@q� � F?:s9;IJ9BF5C.� 9hDE@feg9
@gos>A�B>AuH9����g@(:=FH9;kA>mu�9;IE9.b}
�dE:=@�<HF?G=Gp@5IEF�G �ADrosF?G=F�FH� � ������� ��� � IE@�dE:=@gos@�<H@�km@��dJ9;:po=F�IEF�CE�
o=:s9;�E9;kAzE@n<?@��BdEkAF?�qF?DOos9;:�9nFHGpG=FgvJIEFHGpFHDre�@�k�e�>AIE@BdX@;:���>m� 9 � � � 	 vE@;DEIEF�dX@�IEF?� G=F?:�@��.os>mIE@�G
�q9;>m@�:=F?GLIEF?os9;kAz.FHGHb

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


�dE:=@;o=@ <?@�kA@/�E>mo	9;kmo=FH:=DE9;DrosFL��Gp>A�BdEkAF?GVIEF�GpFH:&�q@�IEF?k 9;IE@.v���@;kAkA@fl � ����	Ej @�:pDEFH<?F�9�<HCE:!eg9
IE9/eg9;u��;@(FH� j CED ���g@�IJ9/os9 �.9(IEFLDE@feg9;Gt�qF?DEGs9 � FHDEG}F)@�@�� �pF os>me;@�dE:p>ADE<?>AdJ9;kOIEF?G=GpF�F � FH�BdEkA@
�P9;d.:=FHGpFHDroy9g:(9n�BF?os@�IE@�km@ � >A95<H@;� CE� F �.F?�qd.kA@hdE:�)~os>A<?@Ev.Gp>A�BdEkAF?G�F�IE>AI )~os>A<?@Eb

� � � ��� � �!�
�	� ���� � ��� ����� �
����� ��� �
�


 dE:=@gos@�<H@�km@c�E>�o�9;k�osFH:pDJ9;DrosFgv.IEF?G=<?:=>mo=@nFH� ��@�kmkA@fl � ��� 	 v.��FHGpdXF?<H>��E<�9;IE@nd[@�:LC.� 9c:pFHIEF
I.F5$�F?o=:=> vJ<?@��B@B��>mkACEG!os:s9gIE@nDJ9 � � CE:=9 � b �nF;vJd[@�Gpo=FH:p>A@�:p�qF?DOo=F;vE�B@�IEFHkA9;IE@nDJ9nj FH:p:s9;�BFHDroy9
�t9;D � :s9;�nN��p�yb�
 �B@�IEFHkm@P<?@�DEG!os:=C �AIE@�DE9Pj FH:p:s9;�BFHDros95�t9;D � :=9;�hNT�=�t�(@��B>mo=>AIE@EbV
]9;d �HDEI.>A<HF
,39gdE:=F?G=FHDros9BCE� F � F?�qdEkm@nIEFCE� �q@�IEFHkm@cIE@n�t9;D � :s9;�nN��p�	dJ9;:s9�@nd.:=@;o=@ <?@�kA@5��%/� � 'r� 	 v
xOCEFP�FHG!osCEIE9;IE@ DE9hGpF����;@�=�b Eb



� � � � (5��� � 3) � I �����9�$'3) � �)� �/3)��� �.&���&8��� 	 �

� <H@�:p:=F ���;@ IJ9R:pFHIEF IEF $tF?o=:=>P� e�FH:p>��J<H9;IJ9RC.os>mkA>AuH9;DEIE@~N�G=F 9 j FH:p:s9;�BFHDros9 ��%�$tb��
<?@�:=:pF����;@�IE@��B@�IEFHkm@(IE@��t9;D � :s9;�nN��p�yvfDEFHGpG=F�<�9gG=@Ev�d[@�IEF)GpFH:}:pF�9;km>Au�9gIJ9/9~os:s9�e;�HG	IE@�G�eg9;kA@�:pFHG
IE9;G)oy9 �E9gG)IE@�G)F?e�F?Dros@�G?vJ�q@�G!os:=9;IJ9;G�DJ95os9;�XF?k 9 � b �;v.C.o=>AkA>mu�9;IE9;G&FH� ��@�kmkA@fl�� ����	 b	��<�9;I.FH> 9
I.F ��9;: �g@fe � FH:=9;IJ9 d[FHkm@ �V9;D � :s9;�nN��p�n� :=F?G=@�k�e >mIJ9 dJ9;:=9 IE>me;FH:pG=@�G eg9;km@�:=F?G IEF6oy9 �E9 IEF
I.>AG=dE9;:=@PIJ9os:s9gDEG=> ���;@5"(�}� �/�6�E� � <yz.F � 9;IE95IEF�DE@feg9;G4�BFHD.Gs9 � F?DEG � v xOCEF/>ADEI.>A<�9�9 � ��� � �
I.@ dE:p@;os@�<H@�km@Eb��	G=d[FH<?>��J<H9;�qF?DrosFcD.FHG=GpF�<�9gG=@Ev[@ dE:p@ I.C.os@qIEFHGpGs9 oy9 �E9BdXF?k 9BdE:=@��E9;�E>Akm>AIJ9gIEF
I.@ G=>AG!osF?� 9 F?Gpoy9g:�FH� CE� F?Gpos9;IE@'DE@ xOCJ9;kV9 os:s9gDEG=> ���;@ 9gG=G=@�<H>A9;IJ9 9 F?k 9 F?Gpo ) zE9;�E>Akm>mos9;IJ9
j @;:=DEF?<HF 9'e;9gu��;@6I.@�dE:p@;os@�<H@�km@Eb7�	G=G=F dE:=@�<HF?G=G=@ d[FH:p�q>�osFhxOCEF GpF �=9�F?DE<H@�Dro=:s9;IJ9 97<HCE:!eg9
eg9;u��;@ e;FH:=GpCEG�<�9;: � 9 dJ9g:s9 @ �B@�IEFHkm@ IE@ �t9;D � :=9;�nN��=�ybX
��.o=F?e�F N�GpFh9 <HCE:!eg9 IJ9,� � C.:s9 � b � v
xOCEFP��9h�qF?G=�q9�<HCE:!e;9h@��.o=>AIJ9nd[@�:���@�kmkA@fl � ����	 b

S&F?:=>��E<�9;IJ9�9L<?@�:=:pF����g@�I.@��B@�IEFHkm@)IE@��t9;D � :=9;�hNT�=�yv >A�BdEkAF?�qF?Droy9~NTG=FV@�9;k � @�:p>mos�B@ � FHDE� os> N
<?@Eb}"�FHGpGs9(F oy9;dJ9 v�9;G�oy9 �.9;GtIJ9;G�os:=9;DEG=> ����FHG�IJ9/:pFHIEF4IEFL$�F?o=:=>�G �;@/dJ9;: �g�qF os:=@;G�@;C�v�9;DE9;kA@ � 9~N
�BFHDro=F;vO@�q@�IEF?kA@�IE@��t9;D � :=9;�nN��=����CE���q@�IEFHkm@�<H@;��dJ9;:��;�BF?os:p@�GHb}
�G}e;9gkA@�:pFHG&9;kmF�9go #�:=>m@�G
� FH:s9gIE@�GLdJ9g:s9c<H9;IJ95os9 �.9cdXF?kA@���� d[@ IEF?� o=FH:4x�C.F�9gosF?DEIEFH:L9c:=F?Gpos:p> �$� F?GLIEF(d.:=@��pF os@Ev x�C.F
I.FHd[FHDEIEF?� IE@6d.:=@;o=@ <?@�kA@6xOCEF FHGpo�) G=FHD.IE@ �q@�IEFHkA9;IE@Eb�"/F?G=G=F'F �.F?�qd.kA@Ev	96:pFHG!os:=> ���;@�FHG!N
o=>AdEC.k 9;IJ9 �BxOCEFB9'os9 �.97I.Fqd[FH:pIJ97I.FB�BFHD.Gs9 � F?DEGPFBI.Fq��� !GPG=F �=9'> � CJ9;k	9 =�� IJ9 os9 �.9
I.F5F?DOe�>m@qIEFP�BFHDEG=9 � FHD.G/F�IEFP��� !GHv�:=F?G=d[FH<?o=>meg9;�BFHDrosFgb)�/kA�H� IE>AGpG=@Ev�9noy9 �.9hIEFPIE>AGpdJ9;:=@
IE9qos:=9;DEG=> ���;@�1 � ��� 8	9�cj @;> ���.9;IE9 FH� 9;dE:p@ � >m� 9;IE9;�qF?DrosFPCE� xOCJ9g:pos@ IJ9 oy9 �.9 I.F�dXF?:!N
IE9 dJ9;:s9qx�C.Fn@ � ����� � 	 � D �g@ G=F �=9'I.>AG=dE9;:s9;I.@ G=F?� DEF?<HFHGpG=>mIJ9;IEFgv�IE>A�B>ADOCE>mDEIE@q9 e;9gu��;@ I.@
d.:=@;o=@ <?@�kA@Eb

12����&#�G� :$;/ 12��(9��� 6/B �
� - ���
� F?DEI�v[� F?DEI���< � �.v � �$=

��G � �(:p@�d�vJ��< �'�(:p@�d � v � �
�):=<P@(��vE��< �'@(� ��Ev|���

��>A�BFH@�C o ��v����

�V9;�[FHkA9 � b �;i	�V9 �.9;G�@�:p> � >mDJ9;>mG)IJ9h%�FHIEF�IEFP$tF os:p> b

�)@��B@�9�<HC.:peg9IJ9 � � CE:=9 � b � �L�q@;DE@;os@;DJ9;�BFHDrosFL<?:=F?G=<HF?DrosF;v �f��d[@�Dros@�GVG �;@�G=C �J<H>mFHDrosF?G
dE9;:s9 9;d.:=@ � >A�,)~N�kA9BF�@;�.osF?:�@�G�dJ9g: �;�BF?o=:=@�G�I.FHG=F �=9;IE@�G?bcUJ@�:=9;� :=FH9;kA>mu�9;IE@;G(F � d[FH:p>A�BFHDros@�G
<?@�� CE�q9Pd[@�dECEkA9����g@5IEF/9go=� =;�;���5>mDEIE>me �mIECE@�G?v �f� � F?:s9��$� F?G4F/@5eg9;km@�:&�.v���� �(dE9;:s9P95Gp@�� 9



� � � � (5��� � 3) � I �����9�$'3) � �)� �/3)��� �.&���&8��� 	EN

P

P
P

P

P
P

 1

 3

P P 2

 5

 4

7

 8

 6

new
msg

timeout wait
ack

msg
drop

error

ack drop

msg
received

send ack

ready to
rec msgack

received

ack ok

ready
(buffer
available)

msg arrsendready to send

crc ok

UV> � CE:=9 � b ��i&%�F?IEF�IEFP$tF?o=:=>�IE@hdE:p@;os@�<H@�km@n�E>mo�9gkmosF?:=DJ9gDOo=F;b

o=@;oy9gkVIE@�G(FH:=:p@�GIE@�G �f� eg9;kA@�:pFHG�I.Fceg9;u��;@ I.FHG=F �=9;IE@�G?b�$�@�Gpo=FH:=>m@�:=�BFHDro=F;v1e;FH:=> �J<H@;C N�GpFnx�C.F
I.F?e�>AIE@  /Gp>A�BdEkA>m<H>AIE9;IEF}IJ9�<HCE:!eg9�9/GpFH:t9;dE:=@ � >A�q9;IJ9 vgCE�q9�dX@�d.CEk 9����;@�<H@�� �f�;�/>AD.IE>me �AI.CE@�G
�/G=C��E<H>AF?DrosF�dJ9g:s95@c9;k � @�:=>�os�B@<H@�Dre�F?: � >m:)dJ9g:s95@;G�eg9;km@�:=F?G4IEF�eg9;u��;@5IEFHGpF �=9;I.@�GHb&��j CED ���g@
@;� �pF?o=>me�@q�P9qG=@;� 9nIJ9;G�IE>�j FH:=F?D ��9gG/F?DOo=:=Fc9;G�e;9gu���FHG�@��.os>mIJ9;G�F59;G�e;9gu���FHG�IEFHGpF �=9;IJ9gGHv[x�C.F
G �;@IJ9;IE9;G	dXF?kA@�GVdX@�Dro=@�G	FHGp<H@�kmzE>AIE@;GHbV�/G}os:=9;DEG=> ����FHG � � v ����F ��� � � ����� � 	 � vrd[FH:pIJ9IEF���� !
F)dXF?:=IJ9(I.F)�BFHDEG=9 � FH�7v;:pFHGpdXF?<?os>�eg9;�qF?DrosF ��G �;@ � �E9gIJ9;G}IEF)9;<H@;:=IE@�<?@�� @(eg9;kA@;:tIJ9gGV@�C.o=:s9;G
o=:s9;D.G=> �$� F?GLIEF�j @�:p� 9c9n9gosF?DEIEFH:�9gG�:=FHG!os:p> ����FHG�F?Gpos9;�XF?kAF?<H>AIE9;GHb�
�GL:pFHG=C.kmoy9gIE@�G�@��.o=>AIE@;G)G �g@
9gdE:=F?G=FHDros9;IE@�G�DJ9noy9;�[FHkA9 � b ��b

12����&#�G� :$;/ 12�<(9� � 6<B �
� - � �
� FHDEI � ��� � �$= v �

� F?DEI���< � � ��� � � �.v��
�7G � �(:=@�d � ��� � ��v '
��< �'�(:p@�d � ��� � ��v =
��< �7
 ! � ��� � ��� v �
�L%L�\
 ! � ��� � � �.v =
��>m�qF?@�C.o � � � � �.v =

�V9;�[FHkA9 � b ��i	�V9 �.9;G�IJ9h%�FHIEFPIEFP$tF os:p>�IE@hdE:=@;o=@ <?@�kA@n�.>mo�9;k�osFH:pDJ9;DrosF@;�.os>mIJ9;G�d[FHkA@h���nb



� � � � (5��� � 3) � I �����9�$'3) � �)� �/3)��� �.&���&8��� � �

vazão do protocolo de bit alternante

carga (msg/sec)

va
za

o 
(m

sg
/s

ec
)

UV> � C.:s9 � b � i��)CE:!e;9neg9;u��g@he;FH:pG=CEG/<�9;: � 9nIE@hdE:=@;o=@ <?@�kA@n�.>mo�9;k�osFH:pDJ9;DrosFgb

��os>Akm>AuH9;DEIE@�9;G�oy9 �E9gGtIJ9�oy9;�[FHkA9 � b ��v;9;d.kA>A<H9~N�GpF&@/<?:=>mo=�H:p>A@�IEF�dJ9;:po=> ���;@/I.FHG=<?:=>�os@�DJ9/GpF����g@
� b � b =5F/<�9;km<HCEkA9~N�GpF/@�d.:=@�IEC.os@ ��� � 	���dE9;:s9c<H9;IJ95o=:s9;D.G=> ���;@cI.@�dE:=@gos@�<H@�km@EvO@�DEIEF �����/<�9;IE9
C.� 9hIJ9;G�oy9 �.9;G�IEF�os:=9;DEG=> ���;@BIJ9h:=F?IEF5I.Fc$�F?os:p> � e�>AIEFoy9g�XF?k 9 � b ��� vJ<�9gkA<HC.k 9;IJ9gG�d[FHkm@h���hv
F 	��c�h9 Gp@�� 9 IJ9gGPd.:=@��J9g�E>Akm>AIJ9;I.FHG(F?�_FHG!oy9;I.@�F?Gpoy9g<H>A@;D );:=>m@ IE@�G�F?Gpoy9gIE@�G�IJ9 <�9;I.FH> 9 IEF
��9;: �g@ e�@�DEI.F�9Bo=:s9;D.G=> ���;@ �4FHG!o ) zJ9g�E>Akm>moy9gIJ9.b�
�G(:pFHGpCEkmos9;IE@�G�@��.o=>AIE@�G�G �g@ 9;dE:pFHG=F?Droy9;IE@;G
DE9hos9;�XF?k 9 � b � i

� �'��&'�� I ��9!#	��G
��� �
	�� � v  �
��� �
	�� � v � 
��� �
	�� � v|���
��� �
	 � � v � 
��� �
	�� �.v ���
��� �
	 � �.v � �
� � �
	�� �.v|� �

�t9;�[FHk 9 � b � i}S�9;km@�:=F?G�@��.o=>AIE@�G�dE9;:s9n@hdE:=@�IEC.o=@������
	��~b


�G}F?Gpoy9gIE@�G	d[@�G=G �me�F?>AG}I.@�dE:=@gos@�<H@�km@EvgC.� 9 ������� � IJ9/:=FHI.F�IEF�$tF os:p> v�G �;@�IJ9;I.@�G	9;�J9g> � @Ei

� ��N � �J<yzE9BF?� $��5F@�C os:s9hFH� $4� %



� � � � (5��� � 3) � I �����9�$'3) � �)� �/3)��� �.&���&8��� � 6

� ��N � �J<yzE9BF?� $��hF@�C os:s9hFH� $ � %
� � N � �J<yzE9BF?� $�� vJ@�C.o=:s9nFH� $ BF@�C.o=:s9nFH� $�= %
� ��N � �J<yzE9BF?� $�=hF@�C os:s9hFH� $ � %
� ��N � �J<yzE9BF?� $�� vJ@�C.o=:s9nFH� $�=nF@�C.o=:s9nFH� $ � %
� ��N � �J<yzE9BF?� $�� vJ@�C.o=:s9nFH� $�=nF@�C.o=:s9nFH� $ '�%


��EGpFH:peg9;D.IE@gN�GpF�9(oy9;�[FHkA99;<H>m� 9.v~e�F?:=>��E<�9~NTG=F�xOCEF�9 ��eg9;u��;@ �4IJ9�os:=9;DEG=> ���;@ � � ��>A�BFH@�C o �
�)9;dE:p@ � >m� 9;IE9;�qF?DrosF&> � CE9;k  /Gp@�� 9�IJ9;G ��eg9;u���FHG
��IJ9;G�os:s9gDEG=> ����FHG (F,=�v;xOCEF)<?@�:=:pFHGpdX@�D.IEFH�
9nd[FH:pIJ9;GHb��	G=GpF5:pFHGpCEkmos9;IE@ � )nFH:s9hFHGpdXF?:s9;I.@EvJdX@;>AGLd[@ I.F N�GpF�@��EG=F?:peg9;:�DJ9n:=F?IEF�IEFP$tF os:=>�IE9
� � CE:s9 � b � xOCEF @ � ����� � 	 � �6zJ9;�E>mkA>�oy9;IE@ G=F?�qd.:=F xOCEF @�<H@�:p:=F6CE�q9 d[FH:=IE9.b S&FH:=> �J<�9 N�G=F
os9;���[�H�_xOCEF 97Gp@��q97IJ9gG �Te;9gu���FHG �nIJ9;G�os:s9gDEG=> ����FHG��F�= � 9;d.:=@ � >A�q9;IJ9;�BFHDrosFn> � CJ9;k&9
= ��IJ95Gp@�� 9�IJ9;G ��eg9;u$� F?G ��IJ9gG4os:=9;DEGp> ����FHG ��v � v �.v � v�x�C.F(G �g@5os:=9;DEGp> ����FHG�IEF�os:=9;DEG=�B>AGpG �;@
F�:=F?<HFHd ���g@ IEF��qF?DEGs9 � FHDEG?b��/FHG=G=9 j @�:p� 9.v)9 dE:p@��J9;�.>AkA>mIJ9;IEF IEF�F?:=:=@ FHGpdXF?<H>��E<�9;IJ9 FH�
�7@�kAkm@ l � ����	��P9gosF?DEIE>mIJ9.b

�/dEkA>m<�9;DEI.@gN�GpF)@�<?:=>mo=�H:p>A@(I.F�dJ9;:po=> ���;@(IEF?G=<?:=>mo=@DJ9(GpF����g@ � b � b = v�9;G}@�d[FH:=9�����FHG}I.@�dE:=@gos@gN
<?@�kA@�<?@�:=:pFHG=d[@�DEI.FHDrosF?G  ;G	os:=9;DEGp> ����FHG ��v���v �F �IEF?e;FH� G=F?:�>m�qd.kAFH�BFHDros9;IJ9;G}F?� � ������� ��� �

F?DExOCJ9;Dros@7xOCEFh9;xOCEF?k 9;G�<?@�:=:pFHGpdX@�D.IEFHDrosF?G  gG�os:s9gDEG=> ����FHG � v 7FL= dX@�IEFH� G=F?:>A�BdEkAF?�qF?D N
os9;IJ9;G�F?� �����	�
� ��� � b��)@;�q@h9;GLos9;:=F j 9;G�IEF�:=F?<HF?d ���;@qI.F�qF?DEGs9 � FHDEG�<H@;GposC.� 9;� <H@�D.G=CE�B>A:
�q9;>mGLosFH�Bd[@BxOCEF59;G�oy9g:=F?j 9gG�dE9;:s9nFHDre�> 9g:�C.� 9h�qF?DEGs9 � FH�7vE:=FH9;kA>mu�9~NTG=FCE�q9ndJ9;:!os> ���;@h>ADE> N
<?> 9;k.<H@�km@ <H9;DEIE@gNTG=F�9;G	os:=9;DEGp> ����FHG4�F�� � :=FH<?FHd ���;@ �&F?� � ��� ��� ��� � F�9;G�o=:s9;D.G=> �$� F?G �/F �FH�
�����	�
� ��� � b	�	G=G=95�/9PdE:p>A�BFH>m:s9�dJ9;:!os> ���;@P9�G=FH:49�eg9;kA>A9;IJ9FH�-:pFHk 9����;@P9;@P<HCEG!os@5IE@ � ������� ��� � v
F?� osF?:=�B@�G�IJ9 );:pF�9nIEFG=>mk �m<H>A@5FP9gos:=9;G=@hIE@�G�<?>A:p<HCE>�os@�GL>mDrosF � :s9;IE@;G�G=>ADro=F?os>mu�9;I.@�G�dXF?k 9;GLj F?:!N
:=9;�BFHDroy9;GL��l�DE@�dEG!l�GLF(�/kmosF?:s9.b	�L9;G=@5@�<HCEG!os@�I.@���� F?Gpo=F �=9cIEF?Dros:=@cIJ9;G)F?G=d[FH<?>��J<H9�����FHGLF
9gG4oy9 �E9gG4F?DE<H@�Dro=:s9;IJ9gGLdX@;G=Gs9g� GpFH:)9gosF?DEIE>AIE9;G4d[FHkm@�G�<H>A:p<HCE>�os@�G�G=>mDrosF?o=>AuH9;IE@�G?v�C.� 9PG=@�kmC ���;@
j @;>VFHD.<H@�Dros:=9;IJ9.b5�L9;Gp@ <H@�Dro=:�);:p>A@EvXCE� 9qDE@fe;9qdX@�d.CEk 9����;@ � � FH:s9gIJ9 dJ9;:=9 xOCEFn@ dE:p@ <?FHG=Gp@
I.FP@gos>A�B>AuH9����g@�<H@�Dro=>ADOCEF;b



� � � � (5��� � 3) � I �����9�$'3) � �)� �/3)��� �.&���&8��� � >

� � � � � � � �������"!#�� � ��� � � � ��"�#��

�/GLIEFHGp<H:p> ����FHG � � ��� � � � ����� � � ����� FH� S�/��� IEF(<H9;IJ95o=:s9;DEGp> ���;@cIEF(FHGpos9;IE@�I.@�dE:=@gos@gN
<?@�kA@qG �;@ C.os>mkA>AuH9;IJ9;G�<?@��B@ FHDro=:s9;IJ9qdJ9;:s9 9Bj FH:p:s9;�BFHDros9 ��l�DE@�d.Gpl�GHb��G �ADro=FHG=F5k # � >A<�9hIE@�G
<?>A:p<HCE>�os@�GPDE@ ��l�DE@;dEGpl�Gnj @�>&:=FH9;kA>mu�9;IJ97C.os>mkA>mu�9;DEI.@gN�GpFBC.� 97�E>A�Ekm>A@;o=FH<H97IEFq<H�?kACEkA9;GcdJ9gIE: �;@
� � � ��� � �����&� �
	�	 � �}���E�<H@;��osF?<HDE@;kA@ � >A9�.v �����7bt��os9;�XF?k 9 � b ��q@;Gpos:=9�9;G	�qF?IE>AIE9;G	IEF�9gos:=9~N
Gp@ F );:=FH9q@��.o=>AIJ9gG�dE9;:s9B<�9;IJ9BCE�q9BIJ9gG/os:=9;DEGp> ����FHG�IEF5FHGpos9;IE@qIE@ dE:p@;os@�<H@;kA@Eb�
�G�eg9;kA@�:pFHG
I.F )g:=F�9nG �;@Bj @;:=DEF?<H>AI.@�G�9;C.o=@�� 9~os>A<H9;�BFHDrosF�d[FHkm@q��l�DE@�dEG!l G?b

D �G��&�!��/�.! F ��3 3 � D ����&#!#�<� ! F �43 3 �
12����&#�G� :$;/ � �G�.�/�
 ���.� � � � � � �

� FHDEI � ��� � �hDEG �.v|�;�r�
��< �7
 ! � ��� � .v���DEG �.v�� � �
��>m�qF?@�C.o � � � � =�DEG �.v�� ��=
��< �'�(:p@�d � ��� � .v���DEG �.v�� ��=
��G � �(:=@�d � ��� � .v���DEG �.v�� ��=
�L%L�\
 ! � ��� � .v���DEG �.v�� � �
� F?DEI���< � � ��� � �hDEG �.v|�;�r�

�t9;�[FHk 9 � b Ei���F?IE>AIE9;G�IEFP9gos:=9;G=@hF );:=FH9nIJ9;G�os:=9;DEG=> ����FHG�IE@hdE:p@;os@�<H@�km@Eb

��FHDEI.@ FH� e�>AGpos9q@�G/:=F?G=CEk�oy9;IE@;G�9;dE:pFHGpFHDroy9;I.@�G�DJ9qos9;�[FHk 9 � b EvX9qdJ9;:!os> ���;@qdE:=@�d[@�G!oy9q�
9�eg9;km> 9;IJ9 b ��F?eg9;DEIE@~N�G=F F?� <?@�Droy9.v&d[@�:�F �.F?�qd.kA@Ev	CE� <HC.Gpos@ IEF )g:=F�9�FHG=d[FH<?>��J<H9;IE@ d[FHkA@
d.:=@��pF os>AG!oy9 IEF �7�B� � vLdX@�IEF N�G=F7DE@;os9;:hxOCEF69;Ghos:=9;DEGp> ����FHGB>AD.IE>A<H9;IJ9;Gnd[FHkm@ dE:p@ <?FHGpG=@ IEF
dE9;:po=>A<H>m@�DJ9;�BFHDro=@�dJ9g:s9�>m�qdEkmFH�BFHDroy9����;@'FH� � ������� ��� � � � �nF�� � �Pd[@ IEF?�aG=FH:c>A�BdEkAF?�qF?D N
os9;IJ9;GqC.os>mkA>mu�9;DEI.@gN�GpF � � ��� � ����� � �
	�	 � d[@�>AGhos@�IJ9;Gq9;G �BFHI.>AIJ9;GBIEF );:=FH9 G �;@ �qF?DE@�:pFHG I.@
xOCEF � �B� � F @�Gn9go=:s9;Gp@�Gh9;GpG=@�<H> 9gIE@�G�G=9gos>mGpj 9;u?FH� 9;G�oy9 �.9;Gc<�9;km<HCEkA9;IJ9;G5dXF?kA@ ���nb	�L9;Gp@
�E<�9;GpG=F7<H@�DEG!oy9gos9;IE@ xOCEF79;k � CE�q9�os:=9;DEG=> ���;@ F � <HFHI.FHCQ@ km>A�B>mosFhIEF�);:pF�96F?Gpos>mdECEkA9;IE@ d[FHkA@
d.:=@��pF os>AG!oy9.v�9 G �mDrosFHGpF�<?@�� $&���(GBIEF?e;FH:p> 9 G=F?:B:pF�9;km>AuH9;IJ9�dJ9g:s9 >A�BdEkAF?�qF?Droy9;:c9;G�oy9;:pF?j 9;G
I.FHG=G=9;G�os:s9gDEG=> ����FHGHb



� � � � (5��� � 3) � I �����9�$'3) � �)� �/3)��� �.&���&8��� � �

� � � � � ��� !� ��� � � � � ��� � � � ����� ����� ��� �
� ��"!#�� � � 	!������ ���

��� 9 e;FHunIEF osFH:p�q>mDJ9;IJ9 9 dJ9;:po=> ���;@ �����;��� v1C.o=>Akm>Au�9 N�G=FP@�G9~os:s9gG=@�G(j @;:=DEF?<H>AI.@�G�d[FHk 9
j F?:=:=9;�qF?Droy9��Ol D.@�dEGpl�G�dJ9g:s95GpF�9;DE9;kA>mGs9;:&@cI.FHG=F?�qd[FHD.zE@nIJ95dE9;:po=> ���g@cFHGp<H@�kmzE>AIE9.b	�L9;km<HCEkA9~N
GpF�9hoy9 �.9qIE9 >�NT�HG=>m� 9co=:s9;D.G=> ���;@ � ��� ��>mDre�FH:!osF?DEIE@gNTG=F�@ 9gos:=9;G=@Ev�@�C�G=F �=9.v ��� ������� � v[@�DEIEF
� �P� @ 9go=:s9;Gp@RIE9;IE@RdXF?kA@ ��l�DE@�dEG!l�G�DE@R<�9;Gp@ IE9^o=:s9;DEGp> ���;@ �BGpFH:'>A�BdEkmFH�BFHDroy9;IE9 FH�
� � ��� � ����� � �
	�	 � @�C^@ 9go=:s9;Gp@ IJ9;IE@ d[FHkm@ �(k�osFH:=9.v	<�9gG=@ 9�os:=9;DEG=> ���;@�j @�G=GpF7>m�qd.kAFH�BFHDros9;IJ9
<?@�� $&���(GHv�@�C @ 9~os:s9gG=@ I.@ ��� v&<�9gG=@ 9 os:=9;DEG=> ���;@ j @�GpG=F7>A�BdEkAF?�qF?DOos9;IJ9 FH� �O� b��
j F?:=:=9;�qF?Droy9 �V9gD � :s9g�hNT�=��C.os>mkA>mu�9 F?G=Gs9gGPos9 �.9;G<H@��B@'FHDros:=9;IJ9'dJ9;:=9'@;�.osF?:@7I.FHG=F?�qd[FHD.zE@
�EDJ9;k�IJ9ndJ9;:!os> ���;@ � D.FHG=GpF5<H9;G=@.vJ:=FHd.:=FHGpFHDroy9gIE@ d[FHkA9neg9;u��;@hIE@hdE:=@gos@�<H@�km@ � b

� � � C.:s9 � b �<?@��BdJ9;:s9�9;G�eg9;u$� F?G�IE@/d.:=@;o=@ <?@�kA@�dJ9g:s9�@�<�9;Gp@/@�D.IEF&@/9�>m�qdEkmFH�BFHDroy9����;@L�
o=@;oy9gkA�BFHDrosF4:=F�9gkA>AuH9;IJ9(F?�-��� v~os@;os9;kA�BFHDro=FL:=FH9;kA>mu�9;IJ9�FH����� FLC.os>mkA>mu�9;DEI.@gN�GpFL9�dJ9;:!os> ���;@
��������� FHG=<?@�kAz.>AIJ9.b

1e+06

1e+06 2e+06 3e+06 4e+06 5e+06 6e+06 7e+06 8e+06 9e+06 1e+07

V
az

ªo
 (

m
sg

s/
se

g.
)

Carga (msgs/seg.)

’SW’
’HW/SW’

’HW’

UV> � CE:=9 � b Ei��)@��BdJ9;:s9����;@hFHDro=:=FP9;G�eg9;u���FHG�dJ9;:=9h9;G�IE>mj F?:=FHDro=FHG�>A�BdEkAF?�qF?Droy9��$� F?GHb

�/Gcoy9 �.9;G5IEF d[FH:pIJ9�j @�:=9;�����.9;IJ9;GcIEF �q9;DEF?>A:s9'xOCEF 9�d[FH:pIJ9�j @�GpG=FqIEFA=��_dJ9;:=9�@�G
o=: �?Gn<�9;Gp@�G�F 9�os9 �.96IE@ � ����� � 	 � ���.9;IJ96FH� j CED ���;@ IJ9�d[FH:pIJ9.b $t@�IEF NTG=F d[FH:p<HFH�[FH:cx�C.F
@ IEF?G=FH�Bd[FHDEzE@ IJ9 >A�BdEkAF?�qF?Droy9����;@ FH� � ������� ��� � �7<?FH:p<�9 I.F'o=: �?GBe;FHuHF?G �q9;>A@;:�xOCEF�@
I.FHG=F?�qd[FHD.zE@nIJ9�>A�BdEkmFH�BFHDroy9����;@PFH� �����	� � ��� � xOCJ9;D.IE@h9c<�9g: � 9c�/�J9;> �E9 v.<yzEF � 9;DEIE@h95G=FH:
����e;FHuHF?GV�q9;>A@;:1dJ9;:=9/9gkmoy9gG�<�9;: � 9;GHb��^�qF?kAzE@;:s9LIE@�IEFHGpFH�BdXF?DEzE@/IJ9�dE9;:po=> ���g@���������� FH�



� � 	 F '���4&8� 
/�.�)'� � �

:pFHkA9����;@  >m�qdEkmFH�BFHDroy9����;@�F?� �����	�
� ��� � ��9;d[FHDJ9gG�I.F ��� � vr>ADEIE>m<�9;D.IE@xOCEF�FHG=GpF/d.:=@;o=@ <?@�kA@
D �;@h�PC.� �X@;� <�9;D.IE>AIJ9~os@ndJ9;:=9nG=F59;dEkA>m<�9;:)9B�BF?o=@ I.@�kA@ � > 95I.FHG=<?:=>�oy9.b

�(F e�>AIE@  PG=>A�BdEkm>A<H>mIJ9;IEF�IE@5dE:=@gos@�<H@�km@EvOFHG=GpFF � FH�BdEkm@5osF e�F<?@��q@ �JDJ9;km>AIJ9gIEF/d.:=>AD.<H>AdE9;k
9gdE:=F?G=FHD oy9;: 9 �qF os@�IE@�kA@ � > 96IEF7j @�:=�q9 d.:�)go=>A<�9 F�IE>mI )go=>A<�9 b�"�@ <�9gd �mo=CEkA@�= dE:p@;os@�<H@�km@�G
�q9;>mG(<H@;�qdEkmF � @�GGpFH: �g@ >A�BdEkAF?�qF?DOos9;IE@�G/FnG=F?:�) dX@;G=G ��e�F?k&9feg9;km> 9;:��BFHkAz.@�:(@ d[@;osF?DE<H>A9;kVIE9
�BF?o=@ I.@�kA@ � > 9.vO9;GpG=>m� <H@;�q@�dE9;:s9�xOCJ9;>mG)os>mdX@;GLIEFdE:p@;os@�<H@�km@�GL9��BF?o=@ I.@�kA@ � > 9�IEFdE:=@ �pF?os@n�
�q9;>mG�9;IEF?x�CE9;IJ9.b

� ��� � � � � � � ����� �&�

"�FHGpo=F <H9;d ��osCEkm@ j @�:s9;� 9;dE:pFHG=F?Droy9;IE@;G�<?@�DE<HF?>mo=@�G � );Gp>A<H@;G7:pFHkA9gos>�e�@�G  C.o=>AkA>mu�9����;@ IE9
9gD );kA>mG=F�IEF�IEF?G=F?�qd[FHDEz.@nDE@�dE:p@��pF?o=@nIEF�CE� dE:p@;os@�<H@�km@cIEF(<H@���C.DE>A<H9����;@.b}�\�BF?o=@ IE@;kA@ � >A9
I.F�@;os>m�q>mu�9����;@PF�@�<H:p>mo=�H:=>m@cIEF(dJ9;:po=> ���;@�9;d.:=FHGpFHDroy9gIE@�GLj @�:pDEFH<?FH� G=CE�EG �AIE>m@�G�9;@cdE:=@��pF os>mGpoy9
dE9;:s9�CE�q9�F?G=<?@�kAzJ9�@�� �pF os>�e;9IJ9��BFHkAz.@�:}dJ9;:!os> ���;@P�����;��� vr� 9gDOo=FHDEI.@c9P9;D );km>AGpFLFH� 9;k�os@
D �me�F?k v~@�CcGpF �=9.vgG=F?� 9/DEF?<HFHGpG=>mIJ9;IEF4IEF4C.�#<?@�DEzEF?<H>m�qF?DOo=@/I.F?oy9gkAzJ9;I.@/DE@/D �me;FHkOIEF�<H>m:=<HC.>mos@;GHb
���qF os@�IE@�kA@ � > 9nFHDro=:s9 >A�BFHI.> 9gos9;�qF?DrosF�DE@ <?>A<Hkm@ IE@ d.:=@��pF os@EvXdX@�>mG(<H9;IJ9 >mo=FH:=9����;@qIE@ ���
9gDJ9;kA>mGs9�CE� 9/G=@�kmC ���;@(dX@�GpG ��e�FHk dJ9;:=9�@�dE:=@;�EkAF?� 9.bt"/@(<�9;d ��osCEkm@�9�GpF � CE>m:VG �;@�9;dE:pFHG=F?Droy9;IJ9gG
9gG<�9;:=9;<?o=FH: �mGpo=>A<�9gG�Fh9 G=>mDOos9 � FnIJ9 j FH:p:s9;�BFHDroy9 �t9;D � :s9;�nN��p�yv19;km�H� IEFh<H@�D.<HFH>�os@�G(� );G=>m<H@�G
Gp@��E:pF59gk � @�:p>mo=�q@�G � FHD.�?os>m<H@�G�F�@q9;k � @�:=>�os�B@5C.o=>Akm>Au�9gIE@�DJ9h�qF os@�IE@�km@ � > 9PdE:=@;dX@�G!oy9.b



� ����� � � � � �

� �
	 � ��	�� � ��� � ����� � � �

��	� � � � ��� � � �  ��

� �qF os@�IE@�km@ � > 9 9gdE:=F?G=FHDros9;IJ9�DEF?Gpo=Fqos:=9;�J9;kmzE@Ev�<H@;D � :=F � 9�C.� 9'G=�?:=>AFBIEFhos�?<HDE>m<�9;G5FH�
C.� �EDE>m<H@6d.:=@�<HFHGpG=@ xOCEF79;C � >Akm> 9'DJ96FHGp<H@�kmzJ96IEF CE�q9�dJ9g:pos> ���;@6��������� b	
 d[@�Dros@ IEF
dE9;:po=>AIJ9c<?@�DEGp>AGpo=F�DJ9n9;I.@ ���;@�IEF�C.� dE:p@��pF?o=@n<H@�@�d[FH:s9~os>me;@Ev ��������� � ����� �
����� v�IE>AGp<HC.o=>AIE@
D.@�<�9;d �mosC.kA@c� b	�	Gpo=F�<�9;d �mosC.kA@PIEFHGp<H:=F e�FP95Gp>ADroy9 �.F(IJ95j FH:p:s9;�BFHDros95�t9;D � :=9;�hNT�=�yvrCEG=9;IJ9cDE9
�B@�IEFHkA9 � FH� I.@ dE:=@;o=@ <?@�kA@qF�DE@ dE:p@ <?FHGpG=@'IEFn9�eg9;kA>A9����g@qIJ9 j C.D ���;@ @;� �pF?o=>me�@ dE9;:s9 xOCEFn@
9gk � @�:p>mo=�q@ � F?DE�?o=>A<H@ dX@�GpGs9 F?G=<?@�kAzEF?:9 �BFHkmzE@�:�G=@�kmC ���;@qdJ9;:=9 @ dE:p@��EkAF?� 9 b/�t9;���[�H� G �g@
9gdE:=F?G=FHDros9;IE@�G�@;Gc<H@;DE<HF?>mos@;Gc� );Gp>A<?@�GcIE@;G�9;k � @�:=>�os�B@�G � F?DE�?o=>A<?@�GHv}�B�?o=@ I.@�IEFq@;os>m�q>mu�9����;@
C os>Akm>AuH9;IE@ D.@ <�9;d ��osCEkm@ � Fn�nIE>mG=<HC os>AI.@ @'9;k � @;:=>mo=�q@ � F?DE�?o=>A<H@ C os>Akm>AuH9;IE@ D.FHGpo=Fnos:s9g�J9;kAz.@Eb
�/G}j FH:p:s9;�BFHDroy9gG	IEF�G �mDOo=FHGpF�I.F � ��� ��� ��� � ��l�DE@�d.Gpl�G4F��/kmo=FH:s9�G �;@IEF?G=<H:p>mos9;G&FH�2��>m� 9 � � � 	 b
� GpF����g@ Eb h:=FH9;kA>mu�9n9;k � CEDEG�<?@��qF?Dro );:p>A@�GLGp@��E:pFc9;GLo=�H<?DE>A<H9;G�IEFHGp<H:=>�oy9;G?b

���� %�� � ��� � � ��� � � ��� � � � � ��� � ��� ��� � � � � �

"�FHGpos9QG=F ���;@ � 9gdE:=F?G=FHDros9;IJ9Q9^G=>mDroy9 � F IJ9 km>AD � CE9 � FH� C.os>mkA>mu�9;IJ9 dE9;:s9^<H@�D.Gpos:pC ���g@



� � > D � &'���<(9�J!#��� � ���.�/���4&8���"12��&�-E�.�/��� 7�7 �
�

I.F��B@ I.FHkA@;GnDJ9 j F?:=:s9g�qF?DOos9 �t9;D � :s9;�nN��p�yb	$V9;:=9 >mGpo=@ �7DEFH<?FHGpG�);:p>A@ >mDros:=@�IECEu?>A:h9;k � CE�q9;G
I.F$�JDE> ����FHG�� );Gp>A<H9;GHb

� ������� � � � � ��"�� ���

1 ��� � � ��� G �;@ � FH:=9;IE@�G�FHGpdX@;DOo �;DEFH9;�qF?DrosF�dX@;:�CE� @�� �pF?os@.b)�L9gG=@B9;G � � � ��������� � 9;G=Gp@ <?>�N
9gIJ9;G  ;xOCEFHkmF �
��� � � � G=F �=9;� Gs9~os>AG!j FH>�oy9;G?vE9 � � ��� :pFHkA9;<H>m@�DJ9;IJ9n9nF?kAF��F � FH<?C.oy9gIJ9.b

� � � ��������� � G �g@ F �.d.:=FHGpG ��FHG��X@�@�kAFH9;DJ9;G 9feg9;km> 9;IE9;G 9 dJ9;:!os>A: IE@ F?Gpos9;IE@R<H@�:p:=FHDro=F I.@
@;� �pF?o=@RF C.Gs9;IJ9gG7dE9;:s9 >mDEIE>A<H9;: xOCJ9gDEIE@^CE� �
��� � � � FHGpo�) zJ9;�E>mkA>mos9;IE@Eb ��� 9 � � � ����� ���
I.F?e�F7e�>A:nFHDro=:=F7dJ9;: �?DrosFHGpFHG F'd[@ I.F7GpFH:B<H@��Bd[@�Gpos9 d[@�:�eg9;:p>*)�e�F?>AGHv�eg9;kA@�:pFHGnDOCE�B�H:p>A<H@;GBF
@;dXF?:s9;IE@;:=FHG�9;:p>mo=�q� os>A<?@�G)F�k�# � >A<?@�GHb

� ����� � G �g@�CEGs9gIJ9;G)dE9;:s9P�q@�IE>��E<�9;:	@5FHGpos9;IE@�I.F(CE� @�� �pF os@5F(dJ9;:=95F?DOe�>A9;: ��� ����� ��� ���
96@;C.os:p@�Gn@�� �pF os@�G?b �/�q9 � � ��� � F � F?<HC.os9;IJ9 x�CE9;DEIE@ CE� �
��� � � � � IE>mG=dJ9g:s9;IE@ @;C CE� 9
��� ����� ���
� � :pFH<HF?�E>AIE9.b � ����� � G �g@ I.FHG=<?:=>�oy9;GhFH� <�#�IE> � @ ��N�kA>��;F F d[@ I.FH� CEG=9;:�eg9;:=> )~N
e;FH>mGnF <H@�D.Gpoy9gDOo=FHGhIEF?<Hk 9g:s9;IJ9gG�DE@ @�� �pF os@Eb �/�q9 � � ��� os9;���[�H� dX@�IEF <?@�DrosFH:�eg9;:p>*)�e�F?>AG
km@ <H9;>AG?v)IEF?<HkA9;:s9;IE9;GqI.FHDros:p@ IE@ F?G=<H@;dX@ IE9 � � ��� b��(GBe;9g:=>*)�e;FH>AGBIEF�FHGpos9;IE@ D �;@ d[@ I.FH�
o=FH:h@ G=FHCReg9;kA@�:�9;kmo=FH:s9gIE@ IECE:s9gDOo=F�C.� 9 � � ��� bR� @��BFHDro=F�9;@ �JDE9;k�IJ9 � � ��� �'CEG=9;IJ9 9
j C.D ���;@ �
� ��� ��� ��� �<�/��� &��������
	�� �<��3 	#��� � dJ9;:=9n9;kmo=FH:s9g:)@�eg9;kA@;:)IJ9�eg9;:=> )�e�FHkXIEFFHG!oy9~N
I.@Eb}S );:p> 9;G � ����� � d[@ I.FH� G=F?:�9;G=Gp@ <?> 9;IE9;GL9cC.� �
��� � � � @�C 95CE� 9 ��� ����� ���
� vO<�9;IJ95CE� 9
<?@�� CE�q9qdE:p@��J9;�E>mkA>mIJ9;IEFIE>�j FH:pFHDrosF5IEF5@�<H@;:=: �?DE<H>A9 � G=@��q9 � � � b��(G(d.:=@��J9g�E>Akm>AIJ9;I.FHG�G �g@
F?G=d[FH<?>��J<H9;IJ9;G}C.Gs9;DEI.@gN�GpFL9/dE9;k 9�e�:s9~NT<yzJ9�e�F)$�%L
�, G=F � CE>AIJ9�IEF)C.� 9�F � dE:=F?G=G �;@�9;:=>�os�B�?o=>A<�9 b

��� FH�BdEkA@hIEF�� �.kmos>mdEk 9gG � ����� � i

9;< os>m@�D ��

���5<yzEF � @�C�CE� dJ9;<?@;osF�<?@�:=:pF?os@��g�

>mDOo�x"%

x �#x�� �(%



� � > D � &'���<(9�J!#��� � ���.�/���4&8���"12��&�-E�.�/��� 7�7 � �

GpF?o ��G!o � ��xOCEFHCEF��yv x � %
� i	dE:=@;� � d %

���5<yzEF � @�C�CE� dJ9;<?@;osF�>mDE<H@�:p:=F os@ vJD �;@nj 9;u�DJ9gIJ9 �g�

�

%
� i	dE:=@;� � �N�d %

� � ����� ��� ��� G �;@�CEGs9gIJ9;G�dJ9;:=9L:=FHd.:=FHGpFHDroy9g:V9�>ADro=FH:s9����;@�FHDro=:=F&@�G�@�� �pF os@�G�F&G �g@�F?Dre >A9;IJ9;G
DOCE� osF?�qd[@c> � CJ9;k[9PuHFH:p@Eb�Y�CJ9;DEI.@�CE� �
��� � � � @ <?@�:=:pF(@�C C.� 9 ��� ����� ���
� �(:pFH<?FH�E>mIJ9.v.@
<?@�D��pCEDro=@PI.F � ����� � F?G=d[FH<H> �J<�9gIJ9;G&dXF?kA@CEGpC );:p>A@���F � FH<?C.oy9gIE@5<?@���C.� 9IJ9;IE9�IE>AG!os:=>m�ECE> ���;@
I.F4dE:p@��J9;�.>AkA>mIJ9;IEFgb��)@��B@�:pFHGpCEkmos9;IE@�IJ9�F � FH<HC ���;@�I.F�C.� 9 � � ��� v~@/F?Gpoy9gIE@/I.@/@�� �pF?os@/dX@�IEF
�cCEIJ9;:�F ��� ����� ��� ��� dX@�IEF?� G=F?:/F?Dre >A9;IJ9;G�dJ9g:s9n@�C.o=:=@�G�@�� �pF?os@;G/IE@h�B@ I.FHkA@.b


 �V9;D � :s9;�nN��p��dX@;G=G=C.>}IE>me;FH:pG=@�G�B�?o=@ IE@;G�IEFnG=@;kAC ���;@ IJ9 <�9gIEFH>A9 IEFB��9;: �;@fe � F?:s9;IJ9
9 dJ9;:po=>A:hIJ9 F?G=d[FH<?>��J<H9����;@ IE@ �B@ IEF?kA@Eb���� >AG!osF?� os9;���[�H� �B�?os@�IE@�GBIEF6Gp@�kAC ���;@ dJ9;:s9
<H9;IEF?> 9;GL<?@�� �
��� � � ��� IEF osF?:=�B>AD �mGpos>m<H@�G � �B@�IEFHkm@�G4D �;@gN!��9;: �g@ e�>A9;DE@�G � b&
 G=>m��CEk 9gIE@�:&>AD.o=F N
:=9gos>�e�@nd[@�G=Gp>A�E>mkA>�oy9P9 � FH:=9����;@nI.F � � ��� � � IEF�eg9;:=> )fe;FH>mGLxOCEF@ndE:=@ �pF?os>mGpos9�IEFHGpF �=9h�q@�D.>mos@;:s9;:?b
�	GpGs95d[@�GpG=>A�.>AkA>mIJ9;IEF)��F ��os:=F?� 9g�qF?DOo=F � os>Ak.x�CE9;DEIE@c9�>mDE<HkmCEG �g@PI.F/CE�q9�eg9;:=> )fe;FHkJIEF�FHG!oy9;I.@
D.@(�B@ IEF?kA@�dE:=@fe;@ <H9(9/F � dEkA@�G �;@�IE@/FHGpdJ9��H@(IEF)F?Gpoy9gIE@�GHvgos@�:pDJ9;DEIE@(9/<H9;IEFH>A9�I.F���9;: �;@fec9;G!N
Gp@ <?> 9;IE95IEF/IE>mj �m<H>Ak.G=@�kmC ���;@c9;DJ9;k �mo=>A<�9 bt$�@ I.F N�GpF(oy9g���X�?�-:=FH9;kA>mu�9;:�95Gp>A��C.k 9����;@5I.F �
��� � � ���
:=9;:=@;G�F59gDE>A�q9����g@Eb


�G&@�� �pF os@�G	G �;@�FHG=d[FH<?>��J<H9;IE@�G&C.o=>Akm>Au�9gDEIE@gNTG=F)C.� 9�:pFHdE:pFHG=F?Droy9����;@ � :�) �J<H9.bV�3>mDrosFH:!j 9;<HF
� :�) �J<H9/����KU��B@�Gpo=:s9�CE� � �
����	 ��� � xOCEFL9gC � >AkA>A9�@(CEGpC );:=>m@(DJ9/<H@�DEG!os:pC ���;@(IEF)<H9;IJ9/@;� �pF?o=@
I.@��B@ IEF?kA@Eb �(d #�Gc97<H@�D.Gpos:pC ���g@6IE@��B@�IEFHkm@Ev � FH:=9~N�GpF 97<�9;IEF?> 97IEF ��9g: �;@fe 9;GpG=@�<H> 9gIJ9.b

 CEGpC );:p>A@Ev}F?Dro �;@EvVG=FHkmFH<?>A@�DJ9�@6�q� os@�IE@�I.F G=@;kAC ���;@ 9�GpFH:n9;I.@;oy9;I.@�dJ9;:=969�Gp@�kAC ���;@�IE9
<H9;IEF?> 9 IEFB��9;: �;@fe Fh@��.o=FHD ���;@'IJ9;G�dE:=@;�J9;�E>mkA>AIE9;IEFHG/FH�_F?Gpos9;IE@'FHG!oy9;<?>A@�D )g:=>A@ xOCEFhGpFH: �g@
C os>Akm>AuH9;IJ9;GLD.@B<�);kA<?CEkA@nIE9;G��qF?IE>AIJ9gG�IEF�IEFHGpFH�BdXF?DEzE@Eb



� � > D � &'���<(9�J!#��� � ���.�/���4&8���"12��&�-E�.�/��� 7�7 � �

� ����� � � ��� � �#� � "�#�� � � � �	��������

�(F �JDEF N�G=F5CE� @�� �pF?os@hDE@B�t9;D � :=9;�hNT�=��9go=:s9�e��?G/IJ9nF?G=d[FH<H> �J<�9����;@BIEF�G=F?>AG�9gos:p>A�EC os@�G?i

� �!�(F?<Hk 9g:s9go=>A@�D'9gopos:p>A�EC.o=F��

"/FHGpG=FP9go=:=>A�.C.os@5G �;@nIEF?<HkA9;:s9;IE9;G�9;G)eg9;:p>*)�e�F?>AG?v.<H@;DEGpos9;DrosFHG�F(@�GLdJ9;:��;�BF?os:p@�G)C os>Akm>AuH9~N
IE@�G}DE@@;� �pF?o=@EbV��I.FH<HkA9;:s9����;@��):=F�9gkA>AuH9;IJ9�FH�#os: �?G}G=C.�EG=F ����FHG&IE>mj F?:=F?DOo=FHG?vrCE� 9/dJ9;:s9
<�9;IJ9nos>mdX@nI.FPI.FH<HkA9;:s9����;@ � eg9;:p>*)�e�F?>AG?vE<H@�D.Gpoy9gDOo=FHG�F�dJ9;: �g�qF os:=@;G � b

� �K��DE>�os> 9gkA>AuH9gos>m@�DB9go=o=:=>m�EC.osF��

"/FHGpG=F�9gos:p>A�EC os@ 9;Gn<?@�DEGpos9;DrosF?GqG �;@ IEF$�JD.>AIJ9;GnF79;G�eg9;:p>*)�e�F?>AGnIEF F?Gpos9;IE@ :=FH<?FH�[FH�
G=FHC.G4eg9;kA@;:=FHG	>mDE>A<?> 9;>mGHbt
�G�eg9;km@�:=F?G	IE@�G�dJ9;:��;�qF os:p@�G&G �;@�j @�:=D.FH<H>mIE@�G&d[@�Gpo=FH:=>m@�:=�BFHDro=F;v
x�CE9;DEIE@BIJ9nG=@�kmC ���g@q9gDJ9;k ��os>m<�9cIJ9n<H9;IEFH>A9nIEF5��9;: �g@fe79;G=Gp@ <?> 9;IJ9h9;@h�B@ I.FHkA@.b

� �K��zEF5��os9gosFeg9;:=>A9;�EkmFHG�9gopos:p>A�EC.o=F��

�&GpG=F79go=:=>A�.C.os@6� C os>Akm>AuH9;IE@7dXF?kA@ G=>m��CEkA9;IE@�:?b �(G�eg9;:=> )�e�FH>mGcIEF F?Gpos9;IE@ IE@ �B@ IEF?kA@
IEF?e;FH� G=F?:/<?@�kA@�<�9gIJ9;GLDEF?G=G=9qG=F ���;@.vJ<�9;Gp@q@BG=>m��CEk 9gIE@�:)F?Gpo=F �=9hG=FHD.IE@ C.o=>Akm>Au�9gIE@Eb

� �K��zEFP�}e�F?DOo=G�9gopos:p>A�EC.o=F��

"/FHGpG=F59gos:p>A�EC os@�G �;@hIEFH<?k 9;:=9;IE@�GLo=@ IE@;G�@�G �
��� � � ��� b&��� �
��� � � � �PI.F$�JDE>mIE@nd[@�:�CE�
DE@��BF;v�CE� 9�IE>mGpos:p>A�EC.> ���g@5IEF/dE:=@;�J9;�E>mkA>AIE9;IEFHG&F�G=F?CEGLdJ9;:��;�BF?os:p@�GHb}�/� �
��� � � � IEF?e;F
osFH:�CE�q9 � � � ����� ��� F�dXF?kA@h�qF?DE@�G�CE�q9 � � ��� 9gG=G=@�<H>A9;IJ9h9nFHGpGs9 � � � ����� ��� b

� �K��zEF5��F?G=Gs9 � FHG/9go=o=:=>m�EC.osF��

"/FHGpG=F(9gos:p>A�EC.o=@5G �;@PFHG=d[FH<?>��J<H9;IJ9;G�os@�IJ9;G�9;G ��� ����� ��� ��� xOCEF�G �g@c:=F?<HF?�E>AIJ9gG4d[@�:&CE�
@�� �pF?o=@Eb�YCE9;DEIE@�CE� 9 ��� ����� ���
� �q:=FH<?FH�E>mIJ9.v}�q:=FH9;kA>mu�9;IJ9 CE�q9 � � ��� 9;G=Gp@ <?> 9;IJ9
9�FHkA9.b6� :pFH<?FHd ���;@ IEF CE� 9 ��� ����� ���
� � IEF �JDE>mIJ96dXF?k 97<H@�DEG!oy9;Dro=F IEFHDE@;�q>mDJ9;IJ9
�p��F?G=Gs9 � F ��d[@�:po �yvExOCEFP>ADEI.>A<�9n9nd[@�:pos9h9hGpFH:�CEGs9gIJ9BDE9h:pFH<?FHd ���;@BIJ9 ��� ����� ���
� b

� �K��zEFP%�F �)9;:=IEG/9gopos:=>m�EC.o=F��

"/FHGpG=FP9go=:=>A�.C.os@5G �;@nIEF?<HkA9;:s9;IE9;G�9;G � ��� � ��� � ����� � I.F�oy9 �.9.v.9;G=Gp@ <?> 9;IJ9gGL<H@�� CE� IEF N
osFH:p�q>mDJ9;IE@ FHGpos9;IE@ IE@'Gp>AGpo=FH�q9 Fh9;G � ��� � ��� � ����� � IEFn>m�qd.CEkAGp@Ev19gG=G=@�<H>A9;IJ9;G�9 CE� 9



� � > D � &'���<(9�J!#��� � ���.�/���4&8���"12��&�-E�.�/��� 7�7 �EN

IEF?o=FH:=�B>ADE9;IJ97o=:s9;D.G=> ���;@�I.F FHG!oy9;I.@Eb � ��� � ��� � ����� � G �;@ 9g<HCE��C.k 9;IJ9gGc9;@�kA@�D � @�IEF
CE� 9�G=>A�cCEk 9����;@6F GpFH:!e�FH� dE9;:s969�eg9;km> 9;:P�qF?IE>AIE9;G�IE>�j �A<HF?>AGPIEF G=F @;�.osF?:Hb � �;@ C.o=>�N
kA>AuH9;IJ9;G	xOCJ9gDEIE@cD �;@cGpF/IEF?G=F �=9c<H:p> 9;:	CE�q9e;9g:=>*)�e;FHk�IEF�FHGpos9;IE@5x�C.F�j 9;:p> 9@5os9;�q9;DEzE@
IJ9 <�9gIEFH>A9 IEF6��9;: �g@feQ<?:=FHGp<HF?: >ADEIEF e�>AIJ9;�BFHDro=F;vL<?:=> 9gDEIE@ d.:=@��EkmFH�q9;GBdJ9;:s9 9 G=CE9
G=@�kmC ���;@B9;DE9;k ��os>A<H9.b

"/9 � � CE:=9 Eb ���9;dE:pFHGpFHDroy9;I.@BC.� F �.F?�qd.kA@�IJ95G=>ADros9 � F�CEGs9gIJ9�DE@��t9;D � :=9;�nN��=�	dE9;:s9�9
<?@�DEG!os:=C ���;@'IEFhCE� �q@�IEFHkm@ IEF �JkA9 �6����� � � ��v�@�C G=F �=9.v�CE� �q@�IEFHkm@ <HC �p@'o=FH�BdX@ FHDros:pF
<yz.F � 9;IE9;GqI.F dJ9;<H@gosFHGhd[@�G=GpCE>�IE>AG!os:p>A�ECE> ���;@�F � dX@;DEFHDE<?> 9;k v&@ o=FH�BdX@ IEF'GpFH:pe�> �H@ IEF <�9;IE9
dE9;<H@;o=FndX@;G=G=C.>}IE>AG!os:p>A�ECE> ���;@ F � dX@;DEFHDE<?> 9;k v�F � >mGposFh9gdXF?DJ9;GCE� G=FH:!e�>AIE@�:Fn@ os9;�q9;DEzE@ IE9
�Ek 9n��kA>A�B>mos9;IE@59��'dJ9g<H@;o=FHGHb

name = Poisson_source

State_vars = 

dummy = 0

Initialization =

dummy = 0

pkt_rate = 8.0

packet_dest = Exp_Server

port_out = packet

name = Exp_Server

MP

State_vars =

queue = 0

Initialization =

queue = 0

service_rate = 10.0

max_queue_size = 100

packet_src = Poisson_Source

port_in = packet
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��� � � � & � ����	 ��3�4 � � 89��8 � ; ��3�4 � �@1���� ; � � 89��8 � ; ��3�4 � � ��	 � � � � 8���&Y� � 	 ��O�� �P� �$*
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��� 	���&�& � ( �'# � &�& � � � ���P� � ��6 � ���U1 ��	  � ��8 � 	,� - � � � &,��;�� 3/4 ����& 1 �0� �P8�; 	 ���21S� � � � ; *
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89� � 	 # � ��&  � & � ; � ��	 �21 �P��& � 	U%�	 � ����& �'1�� ; �UO/� � ��&�576 & � ���P� 8B� �>1 � ��� 8 � 	 1 � � � 8 � 	 �
� W 1 �K����& ����� 1�� � ��O���3/4 � 1 	 � � ����� � ����� & # � ��� �7� ]�G!� � �2E�� Z  E [�[\Z E�� G [ � 
 ��� � � � W 1 �K����&
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�� ��� # � �>1 	���� �'1 	���&  � & 576 & ���>1 	,�$� ��O ��� � � J� �Z�����Z E  � ��� 8 �$1S�+*
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� ��& 1 ��	 � ��	��P� �>1 � # � 8 ��& ��� � ( �N� ��	 ��3�4 �N&���	
� 	 ��� � �'#��.1 W ��������� �'� �KG � � � � � G!��!�G [ � W � 8�; ����� � �Y� � ( � �P� �>1 � �C�/� � � � ����& � � � ��� �>1 ���  
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� � � ; � ��	 �U1 � � �'��&�� � (���;2( � ��� � ��& 1 � 1 	 � % � ; � � # - � �Y&,��	 � ����& � 	 �U1 � � &�� ����� 	 # &����P� �>1 �
��� � 	 � � �:� � �P��& 1 	 ��� ��� ���'������� ; � � & ��4 � �U�>1 ��	)���	,� ��� & � ��	 ��3�� ��&P& � %�&���- � � �>1 ��&  
5 ;�W�� � � &,&�� # ���PW 1 �$��� ��� �KG � � � � � G!��!�G [ � � � � =,���>� ��� � ��� ��576 8B�$���R��� 1 ��	,� �U��� 	
� � 8B��- � � � � ��� �P��	,�C��� � ; 1 ��	 ��3�� ��& ��� & 8�	���% � % � ; � � � ����& # � � & ��4 � � ; 1 ��	 � %�	 � & �/�+*
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� 1 � � ��O���3/4 � ;�� �/� ;98 � 	 �P� ��	 � 	 � 8B��8 � ; ��3/4 � �U�������V� ; #'�@� 1 ��&7���C8�	�� � ��&�&,����� % � & �/� ��� � � �
&,��; �'3/4 � &,��	 �U�������V� ���  � &�& � � 1�� � ��O���3/4 �NW0	,� � ; ��O/� � � 8 � 	 � &����'� 1 ��	�� ����� 	 � &Y �@� & � & ���
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