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Linux

Real Time Linux

Bus EISA / PCI

C / C++ /  Motif

/dev

CGI - HTTP - JavaSockets - X

TCP/IP

Ethernet

Tcl / Tk

RS232 A / D Real Time
GPIB

Paralelo D / A
Embedded

System

Software
Hardware

� �

LAN / WAN

Experimento

Real Time
Embedded

System

Alto NivelNivel Intermedio

Bajo Nivel

Acceso al
hardware

Networking

Herramientas
de programacion
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Herramientas de programación disponibles 
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Capítulo I 
Sistemas de tiempo real 
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ii. Sistema multitarea cooperativo 
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iii. Sistemas basados en interrupciones 
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4$%C��G*9'���)��;��'G*�$%�,K�$%�����
*9$%	�����	I*9��'�2,�90���G$%���'�	()��?��	���K,���9�x����$%��x*9�,$_�9���G�%�$%	�0��@*�$%�,����
���D'�'(�����������Dk�d��f 3 =bn�ibg�)^p9k��&k�d��,g,p�k�g���2^�9
��� �
�,���������HS�������8*��,$4	������$%$6��*���	��,����1=GL-�6�����8*9$%�,����%���7��;Z�����@9K�$%���9��� *��9C������
�$B	�����C$%$6�9�G*�	(�����BC�
�1����'�2,��	��$R���,��������]*9�,$R'����P*9$%�,����%���Pk�d��,g,i1dSn�ibg�),p9k��&�������HJ�������5*9�,$/	������$%$6��*���	��,����1=@�����5*9$%�,����%���P��
Z�����@9K�$%���9����*��9�����P����	�'(	�)���$@���R��%2^�9����E��W*9�,'�'�����['��,��*/*9��$%�E$%���'�	�)���$-{���$%	��Q�#����$%��,�1=�L��6��������9���T�%�,'I����	�U,�
�G�,<G������1�9�����@*���$%�0C�?Z�����������<��6����T��=
L��R�%	��6����+�Q�@��X,�0�%��!6	�����	(�C��������*��9C��&����	�'�	()���$S�%&�9�P��%2^�9����+c(aIe?dG`1q�a 3 dG*���$%��'�����*�$%�,����%���@���'oZ�����@�K�$%���9���G<
�9�P��%2^�9��+�-hwi1d�dCe�h�c�aIjQgE*���$%�+'(���@���'w!6�,$%�K�$%�����9��=�L���	�������/���1���9��'����������%	�����C���Q����*9C$%����	|{����-��0��	���G*���$%���'
���,��C�,����u�%	��,����5*9��$%�;�����9[HS��$����,�G*9'�	����������5��S{�	���B��$%	|{��$S�S�x$%�����J�01���,=�to��$%�4	��G*�'(C���������$������R��	�*��;��
�%	�����C���Q�_��*��$%����	|{����_�������	�'�	()��@�9���0�����$6�9�1���9$%�@��	I*9�&v��,��@TyD�,����$%�,'��-'��,��@����,�����
 �+�����	��,�9U&�������$%	��,$%�������,=

� ���Q�A*9���%	|Z�'���A��$%���,������	��,����;�������� ����K�'�	���	��%�+� �
�$%N���� ����
��K�$%�����bZ�'��� /�*9$%�C�G*���	���	���������+*9$%�1*�������	�U,�u�
*9$%C��G��	��%����1J=
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Mecanismos de coordinación entre tareas 
C E	�����$%�,�^�9����8�T���,����	����9����	�U,� '����#*9���%	|Z�'���x���������	��
�����@*�$%S{�	��6�����@*��,$0��	I!O�$%C������&�%	��6����+�Q�x��*9�$%�C��	 {����#*9��$%�
*9$%��{�C�$;����C�,�G�9��	�������	�U,� < �%	�����$%�,��	�)�����	�U,� �:'���� �Gs9'I��	I*9'���7*�$%�,����
���;���1��	 {�����= C ]��$%�C��� ��]�9� ��C���
	��G*9�,$6���������C�B�1�9��'�2,��	(C$��%	�����C�����G�9'I��	I����$%��E*��9��&�����X�$%�'�����	��,�������/��	�$%��1�����+�����E���,�BC'D*9$%��Z�'��������T2^�9
{���$%	(�,�l����$%��,�_���,�G*���$6�����G�9���+	��
���?$%C�1�9$S�
� /['('����������0�����?Z�	 #��-hlibg���q�d�e?fGk�d0d�� 3 q ),`1a�m,pGe*)�c )�f�1S=
L���	��6���������K�$%���B��������	������R��E���������	��%�����&��E���,�,$%��	(������	�U,�B��BC'-���W*9'�	�����6*���1��$%����T�
	��6������,�0��*��$%����	|{����
��	���*9�,��	|Z�'(��1=,}?	���K,���9�G�� �'�'����_	��G*9'����C�����0'��@��������'�	������G��@'(���_��C������	��%�+��������%�C$%	�*��������0�C�,����	����9����	�U,��=�L-�6�����
����C����	��%�����&�%���	I!O�$%�����	���� C� '��E��������	������/��G*9$%�,K�$%���+����	�U,�R�������
��$%	��+*9��$%������	('�	�)���$%'����S�l��R'���!O'����	|Z�	('�	������
��C' �%C$�{�	(�C	(��2,��]*9$%��������u�E'��M{��'��,��	������9�E���,��!O	��1Z�	�'(	�������<�![�9����	��,����'�	������u=&���3��'��Q�
	�!6	(�C����	�U,� 2^�9Y�
	�K,�9]�
���,����	��������C	(U,� ��R���9�3$%��C��*9	�'�����	�U,� ��M'��3��%���,�%�;Z�	|Z�'�	��,K�$%�C!ON��Y$%�!O�$%	����]��'+�������=0�?SZ�;����'���$%��$S�%;2^�9;'��
��	I!OC$%�����	��0�����$%��9�+���������	��
���?�� �C�,�G�9��	�������	�U,�?<G����$%�?��_�-{��������W�Q<��6����	('6=

C 	�����?Z���$%K����G���K�C�9C$%��'��G���	��6������1�9�C��$%�M���C���K��,$%N��,�/��	I!O�$%�������S�&�������7�����;���,������$%������C$%N�����	(�C�Q�5*9$%��*�	��Q�6(
j,f,iba�f���q�d�`�n�q�g���f�q�d�`��3e?dCe?g,i1a�f 3 g^e�h�f,i1c�a(k�f9��e?dCp�`1f��,d�`��]e?f�a(q ��g ��d�`��D`1d�e����Qg^ibg^`��]e*)�c�d���dC`��_<8*9�,$Gs�'I��	����
`bd��9f�q�d�`�= - ���,����	(��������	�U,�T�
-*�$%��%C��������'����_�Q��*9��1�����l!����9�����+�������'���_��@�������@�9���0�� ������Q�_���C���K��,$%N��,�1=

i. Variables globales y memoria compartida 
�0��$%	(���&��C������	��%�+���0*��9�����4�
�$0����	�'�	�)��������x*���$%�E*��Q�
��$&���C�����&�����$%+*9$%�,����
���&��P�9�B�%	��6����+�T�G��'I��	I����$%���=����
!O�,$%���G��X,�-�
	(�W*9'�-<�$%XC*9	����&��D'��0����	('�	�)�����	�U,�E��-{���$%	��bZ�'���DK�'���Z���'���D�G)��,���Q�D��0������,$%	��&���,�G*9��$6��	����0*��,$D�����
����X,��*9$%�,����
���1= C 	uZ�	���/�%�,���C�,�F�
	����$%�����,�-�C�,����$%��$%	��Q���&�9��Z��9C����	��%�+�������
��!���"#��$%����%�,���G�,<�����	('�	�)������Q�DC�
��*9C$%����	��,����_2,�� $%C2,�9	��$%C����'I���-{��'��,��	������u= C ���$%�����0�� ��C������	��%�+������ �W�Q<0Z��6HS�?��	|{��'6=
V0�9�P��E'����0*�$%��Z�'�����,�?$%C'(����	��,���������&���,�B'��Q�@{���$%	��bZ�'���&K�'���Z���'���&��&2,�9+�9���E����$%�����E��'I���E*9$%	��,$%	������P*������
$%�����{�C$��@�9���0��-*�$%	(�,$%	������G��X,��Z��OHJ�0����'���$%���u�%�1��$S�%�?�� '��0��
��$%	I���9$%�,�,*�$%�,�,����	�������0�������C���?	������,$%$%��1����=�to��$%�
S{�	I����$D��������%	I���9����	�U,�u����JZ����*�$%�����K��$S�
0���,�E��'�K,s��T�+������9	��
���?����	���	��,����'������,���G�%��+X�!O�,$%���_�&�G���������1=�to�,$_'(�
�����������
�,����@	��G*9'���+���������	�U,�����,�W*9'�	���������=
�����G��	�����	(���������
	���������,�G��*9�$%�C��	|{����G	��G*9'����C�������4��	I!O�$%�������G� #����,�����G��E����	('�	�)�����	�U,�7���)��,���Q�G��T�+����,$%	��
���,�G*���$6��	�����=������ @9�$%���'o�
 C�9�C��$%K�������-*�$%��%C������$�������Q�_)��,�9�,�_���,�G!O�,$%�+�������D�%	���	�'���$%����0'����_��$%��.�	 {�����=

ii. Mensajes y mailboxes 
����!6�,$%���/��X,�GK�����$%��'D<R�1Zu�6��$%����������T�C�,�G�9��	�������	�U,�B��&�'-	������$%�����?Z�	��/��E����u�
�OHJ��1=�V0�Re?f�a�q ��g �R��x�9���
)��,�9�;��4�+����,$%	��;���C�,$%�������7*9�,$P�����5����$%C�Q�5*9��$%�;�'�	������$%�����?Z�	��M��4���������1=@L-�6���Q�5����$%��Q�P��1*9����������C'
�%�C.9C�,�9'��$P*���$%�3�%�$R.��bZ�	�'�	I���������R�M��
��$%	|Z�	�$ C�:��
�M)��,���M�7��$%�b{$#��/��4'��;��*��$%���C	(U,� 	�iba�c�d;g]`bdCp9k��?�3�%�$
.��bZ�	�'�	I�����������R'���$��C�,�;'(�R��*��$%���C	(U,�7i1d�f�k4g8ibd 3 d�aIj,d�=w���P��	I!O�$%C�9�C	(�P�����$%E����	�'(	�)���$G$%��C�	|{��� �
	��G*9'����C����
.����C�$-����*��,'('�	���K����'_����	('|Z��,��.��,�6����2,��G�'���C�F�
�OHJ��%G.���K��G*9$%��
����������@2,��G'(�W����$%����� ���F�6*������	����G.��,�6���
2,�� C'u���9S{��&���C���&��*���$%C��,=�to�,$�'��x���������?�����
 ����6*��$%��	���	��@��	���G*9�@{��$%	I!O	������9���?�'�����	�'|Z��,�u=
yD�,�������?����C����	��%���W*��9C�����	������$%�����?Z�	���$S�
0���������G!O'���K9��2,��0*9$%�����K���E�9��$%C�1�9$S�
���u���������S�F�#Z�	���+*�������C$%���D�
)��,�9�,�R��;������,$%	��M���,����;$%��
	(�����'(��� ����S{����R���������1=&~O����'I�F�
�;*��9�����3����	�'�	�)���$S�%8*9��$%�;	��G*9'����C������$/'����
����C����	��%�����_��#�
	(����$%�,��	�)�����	�U,������%�C$%	�*�������C���'�*��9�������%	�K^�9	������,=
	�
�����������������
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H�J HKL"�*E
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Otros aspectos de importancia en sistemas de tiempo real 
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stAg&hD�&�?�=�JQ$�&rG�=T?�D.=�JM[:BQ]�=�$8H�G�=u^:=I=uv:DU?b$8]u&�=IX�L:=6H.$*&t[V@8R�D.A:$*&"G�=TJQ=�JQB�]�D.$M´�=�A\LVA�&�D�&?b=EJQ$6G�=TJQ=�JQB�]�D.$4v:D.]�?.LV$8H.µ
$�&�B�C�D.$8G�$�&6$YL:A:$Q?�$8]�=�$>CEB�A¶]�=8&�?�]�D.C�C�D.B�A:=;&T=;&?�]�DFC�?b$�&TG�=M?�D.=�JM[VBg&h=�$8A¶=EA*v:D.$8G�$�&T$8H"G�D�&�C�BY[:B�]Zpq$8Hx?�$YG�=QJ\=�JQB�]�D.$
[V$8]�$�B8?�]�$*&�?�$;]�=�$�&6´�=;&?b=�pq=�A:W�JQ=�A:Bg&�=\G�=�A:B�JQD.A:$Q2¡·t)¡¸�¸%-U98¹�µ¡O�sK&?�BY[V]�B�G�L:C�D.]�S.$QL:A¶D.A:C�]�=�J\=�A�?bB�D.A:G�=�?b=E]�JQD.AV$8G�B
=�Ai=�H"C�$8J6^:D.B�G�=QCEB�A�?�=�N,?�B�`�f�$>X,LV=QA:BY[�L:=�G�=Y&�$�^:=�]u&�=Q$\[V]�D.B�]�D"&�D%H.$�&¥[V@8R�D.A:$*&¥p�LV=�]�B�Ak=�A�v:DF$8G�$�&Z$QG�Db&hC�BYB>A:B:O
º�$8]�$Q=�H.H.B�`
H.$QJQ$�f�B�]�S.$QG�=�H.B�&T&hDb&?�=�JQ$�&ZG�=I?�DF=EJM[VBY]�=�$8H�[V]�B�v:=E=�A�pq$8C�D.H.D.G�$8G�=;&¥[:$;]�$Q=¡v:Dx?�$8]4X,LV=I=;&�?�BQB�C�L:]�]�$�O�#%B�&
&�D�&?b=EJQ$*&\JQ@�&QD.A�?�=�H.D.R�=�A�?�=;&�[V]�B�v:=�=�AdG�B�&Mp�B�]�JQ$*&\G�=¯?�]�$�^:$8]Q=�AdH.$iJQ=�JQB�]�D.$�O%#%$k[:]�DFJ\=�]�Bjn:$;CE=�LVAdH.B�C�»dG�=EH
[V]�B�CE=;&�B�C�B�J�[VH.=�?�B�=�AiJQ=�JQB�]�D.$�`
[:=�]�B>=EAg=�H(C�$*&hB>G�=MX�LV=Q&h=�&L�[:=�]�=MHF$\C�$�[:$;CEDFG�$;G�G�=MJQ=�JQB�]�D.$QG�Db&[VB�A:Dw^:H.=;`�&�=
G�D�&[VB�A:=MG�=ILVA:$>&h=�R�L:AVG�$QB8[VCEDFW�AkX�L:=6[:=�]�JQDU?�=MnV$8C�=�]¥LVAkH.B�C�»g=�AgJ\=�JQB�]�D.$>&�B�H.BYG�=MH.$*&K[VB�]�CEDFB�A:=;&¥C�]�SU?�D.C�$*&¥G�=EH
[V]�B�CE=;&�B:O
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Relojes y timers8 de tiempo real 
�"B�JQB\=;&rH.W�R�DFCEBM[V=�A�&h$;]u` =;&�?�=I=;&"L:AY[�L:A�?�BMJML�fQD.JM[VB�]�?�$8A�?b=T=EA &hDb&?�=�JQ$�&"G�=Z?�D.=�JM[:B�]�=E$;H�O�sr&(p�LVA:G�$;JQ=EA�?�$8H�X,LV=
=�H"&�D�&�?�=�JQ$�[V]�B�v:=�$ML:A:$6^:$*&h=MG�=I?�DF=EJM[VBY$;G�=�C�L:$;G�$M[V$8]�$QH.$>&�D.A:C�]�B�A:D.�;$8C�D.W�AgD.A�?�=�]�A:$MG�=6H.B�&K[V]�B�C�=8&�B�&K[V]�=;&h=�A�?b=8&�O
¨6=u^:=M$8C�H.$;]�$8]u&�=M$8X�LVS(H.$QG�DUpq=�]�=EAVCEDF$\=�A�?b]�=I+�1;0.7	�Mf�
F-�61E+;O�stH
[:]�DFJ\=�]�BQ=;&Z&�D.JM[:HF=EJQ=�A�?�=TLVA�CEB�A�?�$8G�B�]rX,LV=a[V]�B�v:=�=
LVA:$Z^:$*&h=TG�=Z?�D.=�JM[VB�`,fQ=�H�&�=�R,LVA:G�BI=;&®LVAQCEB�A�?�$8G�B�](X�LV=ZH.H.=�R�$8G�BI$TC�D.=�]�?�B6=;&?b$8G�B�`�=;&(C�$E[V$8�TG�=ZA:B8?�Dxp�DFCE$;](X�LV=Z=;&?bB
n:$6&�L:C�=�G�D.G�B:O;º
$;]�$TH.$TD.JM[VH.=�J\=�A�?b$8C�D.W�AQG�=rL:AM?�DFJ\=�]%=;&(A:=�C�=8&�$8]�DFBaLVAQ]�=EHFB��EO
�TA¶&�D�&?b=EJQ$QG�=I?�D.=�JM[:B>]�=�$8H%G�=u^:=Q&�=�]ZC�$E[V$8�MG�=6J\=�G�D.]rD.A�?�=�]�A:$;JQ=EA�?�=I=�H
?�DF=EJM[VBQCEB�A�HF$M]�=;&hB�HULVC�D.W�AQf\[V]�=�CEDb&hD.W�A
$8G�=�C�L:$;G�$Q[:$;]�$Y=�H(C�$*&hB>G�=M$�[:HFD.C�$8C�D.W�A
O:sK&ZG�=;&�=�$�^:H.=I?b$8J6^:D.��AkX�LV=M=�H"&�D�&�?�=�J\$>&�=�$\C�$�[:$;�\G�=M]�=�C�B�A:B�C�=�]ZC�L:@;A:G�B
LVA\?�D.JQ=�]"n:$6=�N,[VD.]�$;G�BTv:$;]�D.$�&�v:=�C�=;&¥´	
.-�61�+Z7�'�1�+¡+���9:µ�f\X�LV=6&h=�$T?�$8J6^:D.��AYC�$�[:$;�IG�=TR�=�A:=�]�$;](L:AV$M&�=�¦:$8H�&?�$;A:G�$8]�G
$8A�?�=ZH.$T=�N�[:DF]�$8C�D.W�AQA:B�]�JQ$8H�G�=¥LVA�?bD.JQ=E]�O
�TAj$*&[V=�C�?bB�D.JM[:B�]�?�$;A�?�=Q=;&aHF$YC�$E[V$8C�D.G�$8GgG�=�Hr&�D�&�?�=�JQ$YG�=Y&�D.A:C�]�B�A:DF�8$8]6&�L¶]�=EHFB��ID.A�?�=�]�A:B�C�B�Ai=�H"=�A�?�B�]�A:B�`�Bg&h=�$
C�B�A{=�H���?bD.=�J�[VB¬]�=�$8H���Oa¨6=dHF$lJQD�&�JQ$lJQ$8AV=E]�$*`M=EA¬L:Aª&hDb&?�=�JQ$eG�D�&�?�]�Dw^�LVD.G�B�`M=8&iA:=�C�=;&h$;]�D.$dL:A:$e$8G�=�C�L:$;G�$
&�D.A:C�]�B�A:D.�;$8C�D.W�A¬=�A�?�]�=cHFB�&kG�Dxp�=�]�=�A�?�=;&�A:B�G�B�&�Or#%B�& [V]�D.A:C�DU[V$8HF=8&Y[V]�B�^:H.=�J\$*&¯X�LV=c&�=i[:]�=;&�=�A�?�$8A &hB�A_HFB�&¯G�]�DUp�?q&
G�=¡^:DFG�BM$6H.$Z?�=�JM[V=E]�$�?.LV]�$T=ZD.A:C�HUL�&�BIH.$Zpq$;H.H.$TG�=ZH.B�&(]�=�H.B��u=;&¡`�[:]�B�^:H.=�JQ$�&%X,LV=ZG�=u^:=EA>&�=�]"&�L�^�&�$8AV$8G�B�&®[:$;]�$T=uv:DU?�$8]%H.$
pq$8H.HF$I?�B8?�$;H
G�=EH�&hDb&?�=�JQ$�O���A:BMG�=TH.B�&"J\��?�B�G�B�&(L�?bD.H.D.�;$8G�B�&K=;&"=�H
=�JM[:HF=EB�G�=ZLVA:$4^:$�&�=TG�=Z?�DF=EJM[VBMR�H.B�^:$8H�`:$6H.$6C�LV$8H
?�D.=�A:=�AQ$8C�C�=;&hBT?�B�G�B�&(H.B�&(AVB�G�B�&�O
� ?�]�B>J\��?�B�G�BY=;&ZH.$QD.JM[VH.=�JQ=EA�?�$8C�D.W�AgG�=6L:A�[:]�B�JQ=�G�D.BY=�A�?�]�=�H.B�&Z]�=�H.B��¡=;&¥[V]�=;&h=�A�?�=;&Z=�A�=�H%&hDb&?�=�JQ$�O�º�$8]�$M=�H.H.B>&�=
L�?�D.H.D.�;$8Ai$;H.R�B�]�DU?�JQB�&aX�LV=�[V]�=uv:��AiH.B�&T]�=�?b$8]�G�B�&ZG�=u^:D.G�BY$QH.$QC�B�JML:A:DFCE$;C�D.W�AYfY[VB�&hD ^:H.=;&Z]�=EHFB��¡=;&��6)�0.-.58-F7,2�7,2;O:�TAVB
G�=MH.B�&Z$8HFR�B�]�DU?bJ\B�&ZJQ@*&¥L�?�DFH.D.�8$;G�B�&Z=;&��")���0�
�
.7�0.1�+�)�9�
%)�'�1E+�)�¹
1M)�0 ¹�7,+�-�
���¤G�= � C�n�&�=EAV]�=EDx?�=�](f��6B8[:=�?��*` G�=����! #"
$&%tL�?.?b$8�8�;B�`'�����("�)�`�X,LV=>&h=Q=�A:C�LV=EA�?�]�$YG�D�&�[:B�A:D ^:H.=QCEB�JQBQL:Ag=�H.=�J\=�A�?bBYG�=Mn:$8]�G�§T$;]�=MX�L:=I[�LV=EG�=MD.AVCEHxL:D.]u&�=M=�Ag=EH
&�D�&?b=EJQ$�O

Entrada/salida en sistemas de tiempo real 
sK&©p�L:A:G�$8JQ=�A�?�$;HjX,LV=;`¯L:AV$¬v:=E�{]�=�$;H.D.�8$;G�B}=�Hi[:]�B�C�=;&h$;JQD.=�A�?�B}=EA°?�DF=EJM[VBy]�=�$;H�`¯HF$£D.A�?b=E]�$;C�CEDFW�A°C�B�A°H.B�&
G�D�&[VB�&�DU?�Dwv:B�&r=EN�?�=�]�A:B�&4&h=�$I?�$;J6^:D.��A�$8C�B8?�$8G�$M=�AY?�D.=�JM[VB:O�sK&¥D.JM[VB�]�?�$8A�?b=IX�L:=T=�H�&hD�&�?�=�JQ$IB8[V=�]�$E?�D v:BMG�Db&[VB�A:R�$IG�=
LVA_&�D�&�?�=�J\$jG�=i=�A�?�]�$;G�$�³q&h$;H.D.G�$o&hD.AVCE]�W�AVD.C�B:O"º
B�]>=��¡=�JM[:HFB�`Z=EH�&�D�&?b=EJQ$jG�=i$8]�C�n:Dwv:B�&YG�=u^:=k?�=�A:=�]Y$;C�B8?�$8G�B�&YH.B�&
?�D.=�JM[VB�&(G�=4]�=;&[�L:=;&�?�$�`V&hD�&�=ZG�=8&�=�$TX,LV=ZG�D.C�n:B�&($;]�C�n:Dwv:B�&"&�=�$8AQG�=*��?�D.=�JM[:B6]�=�$8H���O
º�$8]�$iHF$k?�]�$8A�&hJQD�&�D.W�AdG�=kG�$E?�B�&Q=�A�?�]�=�=�HT&�D�&�?�=�J\$gG�=Y?�D.=�JM[:Bi]�=�$;H"fjH.B�&MG�Dwv:=�]u&�B�&Q&h=�A�&�B�]�=;&afj$8C�?.LV$8G�B�]�=;&MX,LV=
[�L:=�G�=EA¶=8&�?�$;]Z[:]�=;&�=EA�?�=;&a=�Ag=EHt&�D�&?b=EJQ$>´�DFA:C�HUL�&�B\[V$8]�$QH.$QC�B�JML:AVD.C�$8C�D.W�AgG�=MG�$E?bB�&Z=EA�?�]�=MG�D�&?bD.A�?�B�&ZA:B�G�B�&ZG�=IL:A
&�D�&?b=EJQ$TG�D�&�?�]�Dw^�LVD.G�B�µ�=�N�D�&�?�=�A\G�DUpq=�]�=�A�?�=;&®?���C�A:D.C�$�&%G�=t^�L�&�=;&(G�=r?�D.=�JM[:B6]�=�$8H�`�X,LV=¥[V=�]�J\Dx?�=�A\G�D�&�[:B�AV=E]%G�=T&�=EA�&hB�]�=;&
D.A�?b=EHFD.R�=�A�?b=8&�O8 K&?bB�&(A:B�&hB�H.BT?�]�$;A�&hJQDU?b=EAQ=�H�G�$�?�B6$8G�X,LVD.]�D.G�B�`:&�D.A:B6X,LV=Z$;G�=�JQ@�&(=�A�v:SF$8AQH.$TD.A�pqB�]�JQ$8C�D.W�AQ$;CE=�]�C�$TG�=EH
JQB�JQ=EA�?�BI=�AQX�L:=4G�D.C�n:B6G�$E?�BTp�L:=r?�B�JQ$8G�BM´.[:B�]%=��¡=�JM[:HFB'�"-.1;0.3�/!��2�µuO
¨6=�A�?�]�B_G�=dH.B�&k[V]�B8?�B�C�B�H.B�&iG�=dC�B�JML:AVD.C�$8C�D.W�A£X�LV=dG�D�&�[VB�A:=�A£G�=dH.$lC�$�[:$;CEDFG�$;G¢G�=d$8C�B8?�$;]iH.B�&¯?bD.=�J�[VB�&kG�=
?�]�$;A�&hJQD�&�D.W�A�[�LV=�G�=�AgJQ=EAVCEDFB�A:$8]u&�=M=�H®[V]�B8?�B�C�B�H.BQº '+ ´bº�B�&�DU?�Dwv:=  C�»:AVB8§TH.=�G�R�=6B�] + =�?�]�$8A�&�JQDU?�µ` P�JM[VH.D.C�DU?-,�H.B8§
�"B�A�?�]�B�H�`��Z±#.  ³q�(¨ ´��"$8]�]�D.=�]6±�=�A�&�=/.iL:Hx?�DU[VH.=  C�C�=;&¡&�³q�"B�H.H.Db&hD.B�AY¨6=�?�=�C�?�D.B�AVµ�`
�  �ª´��"B�A�?b]�B�H  ]�=E$6�6=�?F§TB�]�»Vµ�`
0%B8»:=�A�^�L�&r´b[VB�]"=��¡=�JM[:HFBIº�]�B8p�D ^�L�&�µ�`��"=�A�?�]�$8H1.j$�&�?�=�]u`�f20�¨/. 43 0�0�º¶´50%D.JQ=Z¨6Dwv:D�&�D.B�A2.¶L:HU?bDU[:HF=  CEC�=;&u&7680%D.JQ=
0%]�D.R�R�=�]�=�GIº�]�B8?�B�C�B�H.µ¡O

La asignación de prioridades dentro de un esquema 
preemptivo 
�"B�JQBTf�$Tp�L:=TJQ=�A:C�D.B�A:$;G�BM$;A�?�=�]�D.B�]�JQ=�A�?�=;`�=�A>&hDb&?�=�JQ$�&%G�=r?�D.=�JM[:B6]�=�$8H�=;&(G�=;&�=�$�^:H.=rL:A:$T=;&�?�]�$E?b=ER�D.$Z[V]�=�=EJM[�?�Dwv:$
^:$�&�$8G�$M=�AY[V]�D.B�]�D.G�$8G�=8&�O�º�=�]�B�`
&�L�[:B�A:DF=EAVG�BQX�L:=6G�=u^:=6R�$;]�$8A�?bD.�8$;]u&h=6=�H�C�LVJM[:HFD.JQD.=�A�?�BQG�=6H.B�&r]�=EX�LV=E]�DFJ\DF=EA�?�B�&¥G�=
?�D.=�JM[VBMG�=rL:AQC�D.=�]�?�B6R�]�L�[VBIG�=¥?�$;]�=�$�&u`!9�CEW�JQB6G�=u^:=�A>&h=�]%$�&�D.R�A:$8G�$�&(HF$�&®[V]�D.B�]�D.G�$8G�=;&($TH.$�&%G�DUpq=�]�=�A�?�=;&®?�$;]�=�$�&®[V$8]�$
X�L:=�&h=4C�LVJM[:HF$8AQC�B�J�[VH.=�?�$;J\=�A�?b=ZH.B�&(B�^��u=�?�Dwv:B�&;:
<T$*&?b$c$8nVB�]�$d&�=�nV$cJQ=�A:C�D.B�A:$8G�BdX�L:=j$cHF$�&�G�DUpq=�]�=�A�?�=;&Y?�$8]�=�$�&\[�LV=EG�=�Al$*&hDFR�A:@;]u&h=�H.=¶G�DUpq=�]�=�A�?�=;&\[V]�D.B�]�D.G�$8G�=8&u`
G�=EA�?�]�BjG�=�L:Ao=;&hX�L:=�JQ$�[:]�=�=�JM[�?�D v:B�`t[V=�]�BiA:Bj&�=�n:$gn:=�C�n:Bi]�=�pq=E]�=�A:C�D.$g$8C�=�]�C�$kG�=�X�L:�Y?���C�A:D.C�$�L�?bD.H.D.�;$8]I[V$8]�$
G�=EC�D.G�D.]QX�L:��[:]�DFB�]�D.G�$;Gc$*&hD.R�A:$;]\$gC�$8G�$¯?b$8]�=�$�`([V$8]�$gX,LV=g&h=�C�LVJM[:H.$;AcH.B�&M]�=�X�L:=�]�D.JQD.=�A�?�B�&MG�=Y?�B�G�$�&M=�H.H.$�&�O�s"H

= �Z?bD.H.D.�;$8]%CEB�JQBT?�]�$8G�LVCEC�D.W�AQG�=¥?�DFJ\=�]%=�H�?b�E]�JQD.AVB>
.1��%¸(7�+�-@?E)�3�7,+"[VB�G�]�S.$TH.H.=uv:$8]%$TC�B�A�p�L�&�D.B�A:=;&�O
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=;&hX�LV=EJQ$I[V]�=�=�J�[�?�Dwv:B�A:BMR�$8]�$8A�?�D.�8$6=�H
C�LVJ�[VH.D.JQD.=�A�?bBMG�=THFB�&KB�^��u=�?�Dwv:B�&��:=;&r&hB�HF$8JQ=�A�?�=T=�H
=�A�?�B�]�AVBMJQ@�&"=�p�DFCEDF=EA�?�=
[V$8]�$cHF$cD.JM[VH.=�J\=�A�?b$8C�D.W�A
O  H.R�L:A:B�&Y[V]�B�^:H.=�J\$*&¯G�=o&hC�n:=�G�L:HFD.A:R«&hB�A_DF]�]�=8&�B�HUL*^:H.=;&¡`rfl$;H.R�L:A:B�&�B8?�]�B�&\?�=�A:G�]�@8A
&�B�HUL:C�D.W�A>&�B�H.$8JQ=�A�?�=4C�B�A�LVA:$T$*&hD.R�A:$;CEDFW�A\=;&�[:=�C�SUpqD.C�$TG�=¥[V]�D.B�]�D.G�$8G�=8&�O
stA�$8H.R�L:AVB�&¥C�$�&�B�&¡`�H.$Q&�B�HULVCEDFW�A�$8H
[V]�B�^:H.=�J\$�G�=�&hC�n:=�G�L:HFD.A:RY=;&4&hD.JM[VH.=�O�º�B�]"=��u=EJM[VH.B�`�&hD�&hW�HFBIL:AV$IG�=TH.$�&(?�$;]�=�$�&
=;&\C�]�SU?�DFCE$g[:$;]�$i=�H6&hD�&�?�=�JQ$�`4&h=gH.=g$�&�D.R�AV$i$k�;&�?�$gH.$kJQ$�f�B�]I[V]�D.B�]�D.G�$8Ggfj$kH.$*&MG�=�JQ@�&ILVA:$¯[V]�D.B�]�D.G�$8GjJQ=�A:B�]�O
±�D.JM[:HF=8`-9�[:=�]�B�X�L:=>&�L:C�=�G�=Y&�D"=�N�D�&?b=EA v:$8]�D.$*&�?�$;]�=�$�&TX,LV=>&hB�AiC�]�SU?bD.C�$�&;: 9;�"W�JQBg&h=QG�DUpq=�]�=EAVCEDF$Y=�A�?�]�=QH.$*&�?�$;]�=�$�&
X�L:=MG�=u^:=�AY?�=�A:=�]¥HF$MJQ$�f�B�]"[V]�D.B�]�D.G�$8G�fYH.$�&rX,LV=6G�=u^:=�AY?�=�A:=�]rH.$MJQ=�A:B�];: 9�sK&¥A:=�C�=;&h$;]�D.BQ$8HU?b=E]�$;]rH.$�&"[:]�D.B�]�DFG�$;G�=;&
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Capítulo II 
UNIX en tiempo real 
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Características de tiempo real de los sistemas UNIX 
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g7J�c��:h=V�WXabJ�I"hXN�e�M�J�abM�V�c�¢XN�U�MzhXJ�KLNZc�S(�:W~y0J�KLf0JtMZKLS(J�f�V�c�J�hXN�k0h&MR`�p}fË�Y�4���ÁI[Q0f{NZc�S(�:W~y0JÇf:JÓV�W&M(f:MxmoJ�c�abN�I"K�J�hXJ
S�J�f�V�M�f0WXU�J0`��?fzN5c�S��0W~y0JbMZKqQ:f0NbK�M�S�Q0M�f0S�WXNLU�MYk��RV�MZK�f:JxMZK�V�c�Q:S_V&Q0c�NZU�N�`��4Jb�0N��bm�J�c�abNLU�MÁKdN�k0M(cAS���abJbM(h,K�W�K�V�M�abN
J j M(c�N�V�W~y0JbU�W�KVrc�W~k�Q����bhXNLWXf�moJ�c�abN5S�WX��fzM�fzM�h�abM�U�WXJLmo¢�K�WXS�J0`0�of0S�h=Q�K�J�I¿h&N�K�U�W=moM�c�M�f�V�MZK�WXa j hXM�abM(f�V�N5S�WXJ�f0MZKAU�MT�Y�4���
Q�V�WXhXWXwZN5f�U�W�K�V�WXf�VrN�KzM5K�V�c�N�V�M�e�WXNGKÓU�M{U�WrKV�c�W k�Q0S�WX��f�U�M{hXJ�Kbk0hXJ�ORQ:MZK_`Ag7N5c�N{Q0f0N{N j hXW&S(NZS�WX��f�U�MÇV�W&M(a j J�c�M�N5hÁK�M(c�¢&N
U�M5K�M�N�k0hXM{O�Q0MuhXJ�KLk0hXJ�O�Q0MZK�S�J�c�c�MZK j J�f0U�WXM�f�V�MZK�NtQ0fvN5c�S��0W~y0J�U�M�V�WXM�a j J�c�M(NZhim�Q:M�c�N5fvS(J�f�V�WXe�Q0J�K$I j NZc�N{ORQ:MtM�h
K�W�KVrM(abN4f0JLU�M�axJ�c�MTVrWXM�a j JLM�f�M�f0S�J�f�Vrc�N5c"hXJ�K�k0hXJ�O�Q:M5K"NZU5��N5S�M�f�V�MZK_`�©PU�M�axlGKAKdM�c�¢XN4U�MZK�M�N�k0hXMPO�Q0MTQ:f0NPN j hXW&S(NZS�WX��f
j Q0U�WXM�c�N�c�MZK�M�c�y0N5c[Q:f�S�WXM�c�V�JLMZK j NZS�WXJLU�MPU�W�K�S�J j N5c�NÁKQ K"N5c�S��0W~y0J�K�`�pAK�V�N�K[moN5S�WXh&WXU�NZU�MZK"f0JLMZK�V�l5f�U�WrK j J�f0W~k0hXMZK"M�f�hXJ�K
�T�4���ÌK�V�NZf0U�NZc�U¿`

©Pf�V�M4MZKVrM j N5f0J�c�NZabN�V�N5fzU�MZKdNZhXM�f�V�NZU�J�c$I�� j J�cAORQ:�PWXf�VrM(f�V�N5c[Q�V�WXh&WXw5NZc[Q0f KdWrKV�M�abN4J j M�c�N(VrW~y0J��T�4��� j N5c�N4N5hXe�JLO�Q0M
f0J4MZKV�lPMZK j M�S�¢=moWXS�N5abM�f�V�MYU�WrKdM�¤0NZU�J��
�,N c�MZK j Q:MZKVrN MZK�K�WXa j hXM�`x�,J�KvKdWrKV�M�abN�K�J j M�c�N(V�W y0J�KË�T�4��� KdJ�fÉK�W�KVrM(abNGK�a]QG�¡S�J�a j hXM�V�J�K�O�Q0MÍWXf0S�h=QG��M�f
K�J5m�WrKV�W&S(NZU�NGK"WXf�V�M�c�moN5S�MZK"e�c�l�m�W&S(NGK��xS�N j N5S�WXU�N5U�MZK"U�MPf0M�VX�?J�c�ê0W&f0e0I0c�M�O�Q0W�K�W=V�J�K"O�Q0MPf:J j Q:M�U�MPU�M�sDNZc"U�MPS_Q:a j h&WXc[�:J��
M�f{U�¢XNzf:WXf0e�Q0f0NzN j h&WXS�N5S�WX��f{U�MbV�WXM�a j J�c�M�N5h�`7p"ftS�NZa�k0W&JzhXJ�K�K�W�K�V�M�abN�KPJ j M�c�N(VrW~y0J�KiMZK j M�S�¢=moWXS�J�KPU�MLV�WXM�a j Jzc�M(NZh
e�M(f:M(c�NZhXabM�f�V�Mzf0JtU�W�K j J�f:M(f�U�MzMZK�V�N�K�moN5S�WXh&WXU�NZU�MZK$I"J{KdWYU�WrK j J�f0M�f�U�MzN5hXe�Q:f0N�KLU�MzM(h&hXN�KbK�J�fËh&WXabW=V�N5U�N�KY� j J�S�J
y0M�c$Kdl�V�WXhXMZK�`
g7M�c�J�f0J4U�M5K�S�N5c�V�M�abJ�K[NZh �Y�4���vV�J�U�N�y0¢XN�`��[J�U�N�y0¢&NPM(��W�K�V�M�Q:f0NPMZK j M�c�N5f:w5N�`Ê`Ê`

Los standard POSIX 
À J�f hXNvS�c�M�S(W&M(f�V�M j J j Q:hXN5c�WXU�N5UÌU�M�hzK�W�KVrM(abNvJ j M�c�N�V�W~y0J��Y�4��� �0NZfÌN j N5c�M�S�WXU�J�y0N5c�W&N�K�y0M�c$K�WXJ�f0MZKÇU�W=moM(c�M�f�VrM5K
��NZhXe�Q0f0NGK�U�M�M�hXh&N�K�abM�f0S�WXJ�f0NZU�NGK�NZf�V�M�c�WXJ�c�abM�f�V�M��"O�Q0MPf0J]KdJ�fbV�J5V�N5h&axM�f�VrMPS(J�a j N(V�W k0hXMZKDI0hXJLO�Q:MPS(N�Q�K�N j c�J�k0hXM�abN�K
N5h4WXf�VrM(f�V�N5c j J�c�V�NZc�N j hXW&S(NZS�WXJ�f0MZK_`"p}h4��p,p[pqIT��f�K�V�W=V&Q�V�MuJ5mLp"h&M(S�V�c�W&S(NZh�NZf0U�p}hXM�S_Vrc�J�f0WXSÇp}f0e�WXf0M�M�c$K�S(c�M���ITS�J�fÎM�h
J�k�s$M_VrW~y0JÎU�M�K�J�h=Q:S(W&J�f0N5czMZK�V�M{WXf0S�J�f�y0M�f0WXM�f�V�MZITQ0fÍS(J�abW=Vr�ËU�M{MZKV�NZf0U�N5c�WXwZN5S�WX��f�S�J�f0J�S�WXU�J�V���S�f0WXS�N5abM�f�V�MtS�J�abJ
gq\_^�^���I j NZc�NbS(c�M�NZc�Q:ftK�V�N5f:U�NZc�UzORQ:MLU�M5K�S�c�W~k0NbhXNbWXf�V�M�c�moN5wbU�M j c�J�e�c�NZaxNZS�WX��ft��±D���,�X�XÒ5±��X�X®�Å4����®��¿��±��¡�=Å:�X�(� ¯�±�Ò5�Z�
j N5c�NPhXJ�K"K�W�K�V�M�abN�K[J j M�c�N(V�W~y0J�K�V�W j Ji�Y�4���b`
p}h�c�M5K�Q:h=V�N5U�JbU�M�h
V�c�N�k0N�s$JbU�M4MZKV�M4S�J�abW=V��ÁKdJ�fzhXJ�KAU�J�S�Q:abM(f�V�J�Kqg7ÃL§����ÁI��"®R���X± Õ �X�! 
�[��Å#"�²¿���X���P�%$$Å0�&�(� ¯�±�ÒZ�(Ü7O�Q0M
K�J�fzM5K�V�NZf0U�NZc�WXw5NZU�J�K j J�cA©T�b§��"M4�D§�ÃL`��,NÁWXa j J�c�V�NZf0S�WXNLU�Mig7ÃL§����Ïc�NZU�WXS�NLM�fzhXN j J�c�V�N�k0WXh&WXU�NZUbU�MPS���U�WXe�J4m�Q:M�f�V�M
U�MÎN j hXWXS�N5S�WXJ�f0MZK�& j M�c�axWÊV�MÎhXhXM$y0N5c�Q0f0NvN j hXWXS�NZS(W&��f U�M�Q0f�KdW�K�V�M�abN�J j M�c�N(V�W y0J�g7ÃL§���� NvJ5V�c�J�ILK�WXa j hXM�abM�f�V�M
c�M�S�J�a j WXhXlZf0U�J�hXJ0`
p}h j c�WXabM�c�J�U�M�U�WXS��0J�KTK�V�NZf0U�NZc�Uxm�Q:Mig7ÃL§����b`r\(I��xQ:f0JbU�M4hXJ�Kq�:h=V�W&axJ�KAM�h�ORQ:M�MZKAU�M4abN���J�cAWXf�V�M�c��5KAM�fzM(h�S�NZa j J
U�M(h0V�W&M(a j J�c�M�NZh�&5g
ÃL§����b` Ð�`

POSIX.1 
pqKV�N j c�W&axM�c�NÁy0M(c$K�WX��ftU�M�hAK�V�N5f0U�N5c�U�g7ÃL§����Ïm�Q0M�moWXf:N5hXWXwZN5U�N j J�cYhXNb��p,p[pvM�f¬\(ç�'('0`�)4MZKdS�c�W~k0MZI0k0lGKdWXS�NZaxM�f�VrM5I
h&N
WXf�VrM(c�moNZw�U�M�h
hXM�f0e�Q0NosDM À j N5c�N4hXhXNZabN5U�N�K"Nim�Q:f0S�WXJ�f0MZK[U�M�h
K�W�K�V�M�abNPJ j M�c�N(VrW~y0J0` À Q�k0c�M?KdJ�h&JiQ:fbf��0S�hXM�J j c�W&f0S�W j NZh�U�M
m�Q0f:S(W&J�f0MZKTU�M�h}KdW�K�V�M�abNbJ j M�c�N(VrW~y0J�I j NZc�NbORQ:MLhXNGKTN j hXWXS�N5S�WXJ�f0MZKPK�M�N5f j J�c�V�N�k0hXMZKTM�f�V�c�MbK�W�K�V�M�axNGK_`�g7M(c�J�K�J�f�KdJ�h&Jxh&N
MZKVrc�Q0S�VXQ:c�Ntab¢Xf0WXabNtU�M j c�J�e�c�N5abN5S�WX��f7`T§�WAk0WXM�fÎf0JtS�QGk0c�M�V�J�U�NGKLhXN�K�m�Q0f:S(W&J�f0MZK]f:M(S�MZK�N5c�WXNGK j N5c�N�MZKdS�c�W~k0W&c�Q0f:N
N j hXWXS�NZS(W&��f�I j c�J j J�c�S�WXJ�f0NZfLQ0f0NAk0NGKdMYORQ:M�moNZS(W&hXW=V�NPhXN j J�c�V�N�k0WXhXWXU�N5U�`
©PS�VXQ:N5hXabM�f�V�MtS�NGKdWTV�J�U�J�Kxh&J�K�K�W�KVrM(abNGKxJ j M(c�N�V�W~y0J�KLV�W j JÈ�Y�4��� K�J j J�c�V�NZfÎMZKV�N j c�WXabM�c4y0M�c$KdWX��fÎU�M�hXNtWXf�VrM(c�moNZw
g7ÃL§����b`�*?N�k0hXNZc[U�M��Y�4���¬�LU�MAg
ÃL§����b`�\�MZK[S�NGKdW�hXJ4abW�KdabJ�I j J�c,hXJ�O�Q:MTf0JÁKdMYM�f�V�c�N5c�lPM�fbU�M_VrN5hXhXMYS�J�fxMZK�V�M�VrM(abN�`

POSIX.4: Extensión de tiempo real 
�,N4S(c�M�S�WXM�f�V�MPU�M�abN5f0U�NPU�MYS�N j N5S�WXU�N5ULU�M j c�J�S�M5K�N5abWXM�f�VrJ�M�fLV�WXM�a j J4c�M�N5h�IZ�LM(h�U�MZKdJ�c�U�M�fxM�fbM�h�ORQ:MThXNGK[U�W=moM(c�M�f�VrM5K
WXa j hXM�axM�f�VrN5S�WXJ�f0MZKTN(VrN5S�N�k0NZfÇM�h�V�M�axNGI
hXhXM$y0��NZh[S�J�abW=V��ÁNxh&N j c�J�U�Q0S�S�WX��f�U�M�Q:f�f�Q0M$y0J�K�V�N5f0U�N5c�U�ORQ:M4U�M�moWXf0M4hXN�K
m�Q0f:S(W&J�f0MZK�k0l�K�WXS�N�KLf0M�S�MZKdNZc�WXN�K j N5c�N�hXN�WXa j hXM�abM�f�V�NZS(W&��f�U�MzN j hXWXS�N5S�WXJ�f0MZKLU�M�V�WXM�a j Jtc�M�NZh�`�p"f¬KdM j V�WXM�a4k0c�MzU�M
\�ç�ç��LK�M j Q�k0hXW&S(�4hXN j c�WXabM�c
y0M�c$K�WX��fbU�MY�5K�V�M�`
)4M$k0MÇNZS�hXN5c�NZc$KdM�ORQ:M�g7ÃL§����b` ÐËf:JtMZK]h&NtK�J�h=Q:S(W&��f�N�f0WXf0e��0f j c�J�k0h&M(abN�U�M�VrWXM�a j Jtc�M�N5ho`�§�J�hXJÈKdM�V�c�N�V�N�U�M�Q:f
WXf�VrM(f�V�JLU�MPJ�c�e�NZf0WXw5NZc"hXJ�K"MZKm�Q:M�c�w5J�K"ORQ:M4K�MPM5K�V�lZf��0NZS(W&M(f:U�J4WXf0U�W~y0WXU�Q0NZhXabM�f�V�M j J�c,N5e�c�M(e�N5c,S�N j N5S�WXU�N5ULU�M�VrWXM�a j J
c�M�N5hANzhXJ�KLK�W�K�V�M�abN�KTV�W j J��T�4���b`7©PU�M(ablGKDI�hXN�f:J�c�axN�f0JzU�WXS�MxS���abJ�K�J�h=Q0S�WXJ�f:N5cPhXJ�K j c�J�k0h&M(abNGK_`,§�WXa j hXM�abM�f�V�M
U�M5K�S�c�W~k0MTh&N�K[WXf�V�M�c�m�NZS�M5K j NZc�NPhXN�Knm�Q:f0S�WXJ�f0MZK[c�M�hXN�V�W~y0N�K,N5h0V�WXM�a j J4c�M�N5h æ ¨TNZhXhXabM�W�K�V�M�c$I�\(ç�ç�èRé$`
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�,NLm�Q0f0S�WXJ�f:N5hXWXU�N5U�g7ÃL§����b` ÐzMZKVrl�K�WXM�f0U�J�WXa j hXM�abM(f�V�N5U�NbM(f�U�W=moM(c�M�f�VrM5KPK�W�K�V�M�abN�K��T�4���ÁI j M�c�JxM�fzhXNÁN5S�VXQ:N5hXWXU�N5U
f0J4M���W�K�V�MYf0WXf0e�Q0f:J�O�Q0MYS�Q0a j hXNPhXN�K,M5K j M(S�W=moWXS�NZS(W&J�f0MZK[M�f�K�QLV�J5VrN5hXWXU�N5U�`
§�Q j J�f0WXM�f0U�J�O�Q:MLU�W&S(�:JzK�W�KVrM(abNbM���WrKV�NGI
abJ�KV�c�NZc�M�axJ�KTNbS�J�f�V�W&f�Q0NZS�WX��fÇh&N�KTabM�sDJ�c�NGKTORQ:ML�ZKVrM j c�MZK�M�f�V�N5c�¢&NxM�f�hXJ
O�Q0M4c�MZK j M�S_VrNLNbK�S(�:M(U�Q:hXWXf0e:I¿abM�abJ�c���hXJ�S�ê0W&f0e0I0V�WXabM�c$K[��M�f�Vrc�N5U�N(ÂoK�N5hXW&U�NGI moc�M�f�V�M4N�Q0f��Y�4����K�V�N5f0U�N5c�U:I¿O�Q:MLK�J�hXJ
S�Q0a j hXMTh&NPM5K j M(S�W=moWXS�NZS(W&��f]g7ÃL§����b`r\T��hXJ�K j c�J�k0hXM�axNGK[U�MT�ZKVrJ�Knm�Q0M�c�J�fbabM(f:S(W&J�f0N5U�J�K[M�fbM(h j Q0f�V�J�NZf�V�M�c�WXJ�c��$`
³Xµ�������G»���¾X³X·��
p}hPK�V�N5f0U�N5c�Utg7ÃL§����b` Ð{WXf0S�h=QG��M�Q:f0NtK�M�c�WXMzU�Mzc�M(S�Q:c$KdJ�KLO�Q0M j M�c�abW=V�M�f�M�hTabNZf0M�sDJ j c�M�S�W�KdJuU�M�hXNzMZKV�c�N�V�M�e�W&NzU�M
K�S(�:M(U�Q:hXWXf0ebQ�V�W&hXWXw5NZU�N j J�c"M�h�K�W�KVrM(abN�`RpqK j J�K�W~k0hXMPMZK�V�N�k0h&M(S�M�c[Q:f0N j J�hX¢ÊV�WXS�N j c�M�M�a j V�W~y0NGI�k0N�K�N5U�N�M�f j c�WXJ�c�WXU�N5U�MZK��
N�K�WXe�f0N5c j c�WXJ�c�WXU�N5U�MZKxNtS�N5U�NÇV�NZc�M�N�`"©PU�M�abl�Kxh&Ntf0J�c�abNtU�M_moWXf:MÓQ:f0NtM���V�M�f�KdW&��fÎhXhXN5abNZU�Ntc�J5Q:f0U:|�c�J�k0WXf IqO�Q:MzM5K
K�WXabWXhXN5c4N5hAMZK�ORQ:M�axN j c�M�M�a j V�W~y0J�I,S(J�f{hXNzU�W=moM�c�M�f0S�WXNzORQ:M�h&N�KTV�N5c�M�N�KPU�MxW&eRQ:N5h j c�WXJ�c�WXU�N5UuK�MxM�s$M�S_Q�V�NZft�0N5S�WXM�f0U�J
V�WXM�a j J�S�J�a j NZc�V�WXU�J0`
³X³Xµ �!�#"%$�¹'&L¾($���)
³X·��
©Ph
S�J�f�Vrc�N5c�WXJLO�Q:MPhXJ�K[�T�4���KV�NZf0U�N5c�U:I h&J�K}�Y�4���ÌO�Q:MPS_Q:a j h&M(f�hXN4M5K j M(S�W=moWXS�NZS(W&��f]g7ÃL§����b` Ð�V�W&M(f:M(fbU�M�m�W&f0WXU�JiQ:f
K�M_V,U�M4hXhXN5abNZU�NGK�N5h,K�W�K�V�M�abNLORQ:M j M(c�abW=VrM(fbV�c�N�k0NZc j c�J�S(MZK�J�K"M(f�hXN4axM�abJ�c�WXN�`Rp}f�M�h7S(NGKdJÁORQ:MPhXN4axM�abJ�c�WXN4f0JbK�M�N
K�Q�moWXS�WXM�f�V�M j N5c�N�N5hXabN5S�M�f0NZc�V�J�U�J�KzhXJ�K j c�J�S�MZK�J�K�WXa j J�c�V�NZf�V�MZK$I j J�K�M�MthXNtmoN5S�WXhXWXU�N5UÎU�MÇV�c�N�k0N5c KdJ�hXJ�hXN�K j N5c�VrM5K
S�c�¢=V�WXS�NGKÓU�M{U�WXS��0NGK VrN5c�M�N�K���K�WLMZK�ORQ:M j Q0M�U�M�f�K�M�c�hXJ�S�N5h&WXw5NZU�NGKd�$`"�,N�K�hXhXNZabN5U�N�K�U�W�K j J�f0W~k0h&M5KzK�J�fÎ�4�X®�Ò�å�±��X�Y�
�4Ä�Å0�X®�Ò(åG±��&� j N5c�N j c�J�S�MZKdJ�KÇS�J�a j hXM�V�J�KDIY���4�X®�Ò�å����4ÄRÅ:�X®�Ò(å j N5c�N j N5c�V�MZKÇU�M�M�hXh&J�K_`P© MZKVrN�KÓ�:h=V�WXabNGKÇU�M$k0M
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f��:abM(c�J4U�MTU�M5K�N5c�c�J�h&hXN5U�J�c�MZKnV�c�N�k0NosDN j N5c�N4K�J�h=Q:S�WXJ�f0N5c�h&J�K_`
g7J�c"M�h
S�J�f�V�c�NZc�WXJ�I0M�h
abJ�U�M�hXJÁS(M�c�c�NZU�JP�bS�M�f�V�c�N5h&WXw5NZU�JLh&hXM$y0N�e�M�f0M�c�N5hXabM�f�V�MPN4ORQ:MPK�J�hXJPQ0f:N j M�c$K�J�f0NPU�MAQ0fbM�O�Q0W j J
MZKVr��V�c�N�k0NosDNZf0U�J�M�fÓQ:f0N j N5c�V�MLU�M�h j c�J���M�S�V�J�I0��K�J�hXJzK�M j J�f0MLU�W�K j J�f0W~k0h&MiQ:f0NLf�Q:M$y0NPy0M�c$KdW&��fzS_Q:N5f:U�J�K�MLK�Q j J�f0M
O�Q0MbMZKVrlxm�Q0f:S(W&J�f0N5f0U�JzS�J�c�c�M�S_VrN5abM�f�V�M�`¿pqK�V�JzhXhXM$y0NbM�fÇe�M�f0M�c�N5h,Nxh&N5c�e�J�K j M�c�¢XJ�U�J�KTU�M4V�WXM�a j J�M(f�V�c�MPy0M�c$KdW&J�f0MZK"�
S�J�c�c�M�S(S�WXJ�f:M5K,U�MYM(c�c�J�c�MZK$I5� j J�c[hXJPV�NZf�V�J4hXNPM$y0J�h=Q0S�WX��fbMZK[hXM�f�VrN�`
§�M�abM�f0S�WXJ�f0NZfzNLS�J�f�V�WXf�Q0NZS(W&��fzN5hXe�Q0f:N�K�U�M4hXN�K j c�WXf:S(W j NZhXMZK�S�N5c�NZS_VrM(c�¢rKV�W&S(NGK�U�MT�,WXf�Q:�0I0O�Q0MPh&J j J�f:M(f�N�h&N�NZh=VXQ:c�N
U�MThXJ�K[ablGK[abJ�U�M�c�f0J�K"K�W�K�V�M�abN�K[J j M�c�N(V�W~y0J�K�`

á�Ä��X�X�X�&±R���5±���0y0NZc�WXJ�K j c�J�e�c�NZabN�K j Q0M�U�M�fxM�s$M�S_Q�V�NZc$KdM?KdWXaLQ:h=V�lZf0M�N5abM�f�V�M�`
á�Ä��X�X�XÄ���Ä�±����&®�� y0NZc�WXJ�K Q K�Q0NZc�WXJ�K j Q:M(U�M�f Q�V�WXhXWXwZN5c M�h abW�K�abJ KdW�K�V�M�abN U�M S(J�a j Q�VrN5U�J�c�N

K�WXaLQ:h=V�l5f:M(NZabM(f�V�M�`
á�Ä��X�X� �,�X±��X±�¯�®R�$�4±�� j Q:M�U�MYM�s$M�S�Q�V�NZc$KdMYM�fxU�W=moM�c�M�f�V�MZK À g��4K$I�f0JÁKdJ�hXJ4��f�V�M�h�`
á�Ä��X�X� ����®�ÒZ�(��±�°�®R���
U�W�K j J�f0W~k0h&M j N5c�N j hXN(V�N�moJ�c�axNGK[��f�V�M�h���§�g7©Tª À `
�����5ÒZÄ��&±z�(Åz�4®�°�®P����®��X�$�
�X°�®z�(Å��Z���������[V�WXM�f0M j c�J5V�M�S�S�WX��f�U�MLabM�abJ�c�WXN�I j N5c�NbO�Q0M4Q0f0NbN j hXW&S(NZS�WX��fzf0J

j Q:M(U�NPWXf�Q�V�WXh&WXw5NZc[M�h7KdWrKV�M�abN�`
� ±����7±�°��������5ÒZÄ��&± Õ �X�(�Á�,®R�u°����4±RÅ:°�±���KdJ�hXJvK�M{hXM�M�f�U�M�hLU�W�K�S�JÎhXN�K j NZc�V�MZKÓU�M�h j c�J�e�c�NZaxN�ORQ:M{K�J�f

Q�V�WXh&WXw5NZU�NGK_`
�P�(�$Å:�5�0�4®�°�Ä��X±R��� j M(c�abW=VrMThXNPabJ�U�W=moWXS�N5S�WX��fbU�MY�ZKV�MYabWXM�f�V�c�N�K}KdMYM(f:S_Q:M�f�V�c�NPM�fLm�Q0f0S�WXJ�f:N5abWXM�f�V�J0`
�����
�ÊÅ0±��zÒZ®R�,�,±R���X�X°�±��z°��Ç�4�(�4®����&±��(Å:�=���t���G�5Ò5Ä��X± Õ �&�(����y0NZc�WXJ�K j c�J�S�MZKdJ�K j Q0M�U�M�fËQ�V�WXhXWXwZN5cLh&NÇabW�K�abN

abM�abJ�c�WXN�I
h&J�O�Q0MLW&f0S�c�M(abM�f�V�NbhXN4y0M�hXJ�S�WXU�N5Ub�zc�M�URQ:S�M�M�h�S�J�f�K�Q0abJ0`�g
NZe�W&f0N5U�J���f0J�K��PN j�j WXf0e��
U�M�abM�abJ�c�WXNÎN�Q:f0N j NZc�V�WXS�WX��fÏK�M j N5c�NZU�NÎU�M�hLm�W&hXMZK��:KV�M�az` À N j N5S�WXU�N5UÍU�M�N5e�c�M(e�N5c�l5c�M�N�U�M
j N5e�WXf0NZU�J4U�Q0c�NZf�V�MTh&NPM�s$M�S�Q0S�WX��f�I��0N�K�V�N��:¨"k��RV�MZK�`

á����4®R���X±{ÄRÅ:� ¯��&Ò5±�°�±b�,±R��±b�n��®(����±R�4±��Y²ÎÒ5±�Ò(Û:�z°��z°��=��Ò5®�� j Q:M�U�MbQ�V�W&hXWXw5NZc$KdM�hXNzabM�axJ�c�W&NzhXW~k0c�M�S�J�abJ
S�NZS(�:M5I�J�M�h�S�N5S��0M j Q:M(U�MTc�M�U�Q0S�WXc$K�M j N5c�NPM�s$M�S_Q�V�NZc j c�J�e�c�NZabN�K[e�c�N5f0U�MZK_`

�,W~k0c�M�c�¢XNGK[hXWXf�ê0M�N�k0h&M5K,U�WXf:l5abWXS�N5abM�f�V�M?� )P���}K���J�MZK�V�l(V�W&S(NZabM(f�V�M�`
*?N5S�MLU�Q0a j KTU�MLabM�abJ�c�WXN j NZc�NbN5f0lZhXW�K�W�K j J�K�Vo|�axJ�c�VrM(a�I j M�c�axWÊV�WXM�f0U�JxQ�V�WXhXWXwZN5cAQ0fzU�M$k�Q0e�e�M�cAh=Q:M�e�JbO�Q0M

Q:f j c�J�e�c�N5abNTV�M�c�abWXf0�4N5f:J�c�axNZhXabM�f�V�M�`
p}aLQ0hXNZS�WX��fbU�MYS(J j c�J�S�MZKdNZU�J�c,M�fxM�h0ê:M(c�f:M(ho`
À J�a j N�V�W~k0hXMÁS(J�fzg7ÃL§����ÁIn§Z�:KV�M�a Æv�xØP§�)ÏN5h�f0W~y0M�h�U�Mim�Q:M�f�V�MZK[��S�J�ft§ À Ã4In§�ÆTª �4�Ç§�ÆTªAÐ�NZh�f0W~y0M�h

U�MTM�s$M�S_Q�V�N�k0hXMZK_`
g K�M_Q:U�J�|rV�M�c�abWXf0NZhXMZKDI�S�J�f�K�J j J�c�V�MYU�MYe�c�NZfbS(NZf�V�WXU�N5UÁU�MAV�M�S(h&N5U�J�KDI5�LaL�:h=V�W j hXMZK[S�J�f�K�J�hXN�K7y0WXc�VXQ:N5hXMZK
§�J j J�c�V�M j N5c�NtV�W j J�KzKVrN5f0U�N5c�UÎU�MÇmoWXhXMZK��0K�V�M�a�K$I�W&f0S�h=Q���M�f0U�Jt«{���4���ÁI"�4M(f:WX�0IP§Z�0K�V�M�a Æ4IAÃL§RÂ �0I"«Î§:|

)4ÃL§:I�!�WXf0U�J5�4Kn� � �bç�è�I��0NGKV�NPÐ��7k��RV�MZK$I�S�J�fxf:J�a�k0c�MZK[�:N�K�V�N��0è�è�S�N5c�NZS�V�M�c�M5K�`
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«t�:h=V�W j hXMZK j c�J5VrJ�S(J�h&J�KÓU�M{c�M(U:IPS(J�abJ � À g¿Âr��g I?�4M�VX�?N5c�MZIP© j�j hXM�V�N5hÊê�IL§�«tØYIP��g��ÁI?�4M�VXØ}p[�?��I ) )Pg�I
©T�b` �:è�IR�b` �:è�I���g7Æ+20I�M�V�S�`

p}f�V�J�c�f0J4e�c�l(moWXS�Ji� !�W&f0U�J5�iK[S�J�a j hXM�V�J0`
¨Tc�NZf�y0NZc�WXM�U�NZULU�MTU�MDy0W&S(MYU�c�W y0M(c$K j NZc�NPU�W�K j J�KdW=VrW~y0J�K"K�V�N5f0U�N5c�U�`
¨Tc�NZf�y0NZc�WXM�U�NZULU�M j c�J�e�c�NZaxNGK[U�MTN j hXWXS�NZS(W&��f�I0K�J�k0c�M�V�J�U�J�S�WXM�f�Vr¢=moWXS�J�K_`

p}fÇMZK�V�N�KTS�J�f0U�WXS�WXJ�f0MZK$I �,WXf�Q:�zK�M4�0N�V�c�NZf�KmoJ�c�abN5U�JbM�f�Q0f0NÁN5h=V�M�c�f0N�V�W~y0NLN j c�J j WXNZU�N j N5c�NÁc�M(NZhXWXwZN5cAU�MZK�N5c�c�J�hXh&J�K�M�f
M�h[lZa4k0W=V�J�U�M�Q:fÇh&N�k0J�c�N(VrJ�c�WXJ�I0��NbO�Q0MLU�W�K j J�f:MLU�M4V�J�U�NGKThXN�K"y0M�f�VrN�s$N�KTU�M�Q0fz�T�4���¡abl�K"Q0f:NLe�c�NZfby0N5c�WXM�U�N5U�U�M
�0M�c�c�N5abWXM�f�VrN�K�U�M¡U�MZKdNZc�c�J�hXhXJ¡� V�J�f0M�hXNZU�NGK�U�M WXf�moJ�c�abN5S�WX��f¦U�W�K j J�f0W k0hXMZF � `u§�MÏU�WrK j J�f0MZIÇN5U�M�abl�K$IÇU�MÌQ0f:N
S�J�aLQ0f0W&U�NZUÎU�MÇQ K�Q0NZc�WXJ�K�M�f0J�c�abMtORQ:MZITS�J�fÎM(hPU�MZKdNZc�c�J�hXhXJ{U�MÇhXNGKxc�M�U�M5KbWXf�moJ�c�abl(V�W&S(NGKDI"Q�VrWXhXWXwZNthXJ�Kxe�c�Q j J�KbU�M
U�W�KdS�Q KdW&��f j N5c�N4M(h7WXf�V�M�c�S�N5a4k0WXJÁU�MPWXf�m�J�c�abNZS(W&��f
`0§�W�k0WXM�fxf:JLK�MTU�W�K j J�f0MYU�MAQ0f�K�J j J�c�VrM�V���S�f0WXS�J�I�hXNGK"K�J�h=Q0S�WXJ�f:M5K,N
aL�0hÊV�W j hXMZK j c�J�k0hXM�abN�KA�ÇhXNGKic�MZK j Q:MZKV�NGKiNbV�J�U�J�V�W j JzU�M j c�M�eRQ:f�V�NGKThXhXM�e�N5f�e�M�f0M�c�N5h&axM�f�VrMLabl�KTc�l j WXU�N5abM�f�V�M j J�c
MZKVrNAy0¢XN�`

¿Linux es POSIX? 
p}h"K�W�K�V�M�axNbJ j M�c�N(V�W~y0Jb�,WXf�Q:�zS�Q0a j hXMLM�h"K�V�NZf0U�NZc�Uxg7ÃL§����b`r\���M(fzc�M�NZhXWXU�N5U�U�WXS��0J�K�V�N5f0U�N5c�Ubm�Q0MPV�J�abN5U�JbS(J�abJbM�h
j Q0f�VrJtU�M j N5c�VrWXU�N j N5c�NuKQ�U�W�KdM�¤0J��I j M�c�JÇQ:f0N�y0M(c$K�WX��f�ORQ:M�S�Q:a j hXNzS�J�a j h&M_VrN5abM�f�V�M�h&N�K�MZK j M�S�W=moWXS�N5S�WXJ�f0MZK�U�M�h
g7ÃL§����b` ÐLf0J4M5K�V�lPU�W�K j J�f0W k0hXM�`
�,J�K�K�W�K�V�M�abN�K]g7ÃL§����b`r\ VrWXM�f0M�fÎS(NZc�N5S�V�M�c�¢�K�V�WXS�N�KbORQ:M�hXJ�Kx�0NZS�M(f�aLQ��{N(V�c�NZS�V�W~y0J�K j NZc�NÇNZU�O�Q:W�KdW&S(W&��f�U�MzU�N�V�J�KP�
S�J�f�V�c�J�h?��S�J�abJ j J�cÁM�s$M�a j hXJuORQ:MzhXJ�KLU�WrK j J�KdWÊV�W~y0J�KLM��RV�M�c�f0J�KLU�Mz�0N5c�U��PNZc�M�KdM�NZf j c�M5K�M�f�V�NZU�J�KLN5h j c�J�e�c�NZabNzU�M
Q KQ:N5c�WXJ�S�J�axJ�±R��Ò(Û:�=ÞG®R�����ZÒ5Ä��(Å:Ò5�X±��X�(� f0J�c�abN5hXW&w5N5U�J�K��:MZKVrNÇV���S�f0WXS�N{K�MÇU�MZKdS�c�W~k0WXc�luM(fÎU�M�V�N5h&hXMÇM�fÎM�hPS�N j ¢=VXQ:hXJ
K�WXeRQ:WXM�f�V�M��$`�§�WXf�M�a�k0NZc�e�J�I[Q:f0N�e�c�NZf�S�N5f�VrWXU�NZU{U�MzhXJ�KbK�M�c�y0WXS�WXJ�KLU�MZK�S(c�W j V�J�KLM�f�M�hYS(N j ¢ÊVXQ0h&JÇNZf�V�M�c�WXJ�cÁKdJ�hXJ�MZKVrl
U�W�K j J�f0W~k0h&M¥M�f h&J�K¡KdW�K�V�M�abN�Kg7ÃL§����b` Ð �=� K�J�f WXf:U�W�K j M(f KdN�k0hXMZK j NZc�N¥h&N¥W&a j hXM�abM�f�V�N5S�WX��f U�M¦KdWrKV�M�abN�K
J j V�WXabWXw5NZU�J�K$I�S�J�abJLK�M"y0W&J�NZf�V�M�c�WXJ�c�abM�f�V�M��D`
©PhXe�Q0f:N�K U�M hXN�K�moN5S�WXhXWXU�N5U�MZK g7ÃL§����b` Ð MZK�V�l5f WXa j hXM�abM(f�V�N5U�N�KÌM(� j M(c�W&axM�f�VrN5hXabM�f�V�MZIËS�J�abJ j J�cÌM�s$M(a j hXJ
Å:±RÅ:®R���X�Z����� �GI���J5V�c�N�KAf0W,K�WXORQ:WXM�c�NLMZK�V�l5f�K�WXM�f0U�JxM�f�K�N���N5U�N�K$I0S(J�abJLh&N�c�MZK�M(c�y0N4U�MPM5K j N5S�WXJLU�MPU�WrKdS�J j N5c�N4N5c�S��0W~y0J�K
U�M�V�WXM�a j J�c�M�N5ho`
p}��W�K�V�M�fzy0NZc�WXN�KPabJ�U�W=moWXS�NZS(W&J�f0MZKiO�Q0M j Q0M�U�M�ft�0N5S�M�c$K�MxNZhnê:M�c�f0M�h"K�V�NZf0U�NZc�Ub� j NZORQ:M�V�MZKTU�MbK�J5m�VX�PNZc�MLO�Q0M j Q:M(U�M�f
N5e�c�M�e�NZc$KdM j NZc�NPN5S�M�c�S�N5c,N5h0�,WXf�Q:�LNPhXNPMZK j M�S�W=moWXS�N5S�WX��fLg7ÃL§����b` Ð¿`

":Ò(Û:�5°�Ä��&�=Å5� �ip}��WrKV�M�N5S�VXQ:N5h&axM�f�VrMÓQ:fvKdS��0M�U�Q0h&M(cbO�Q0M�S�Q0a j hXMzhXNGK]MZK j M�S�W=moWXS�N5S�WXJ�f:M5KLU�M�h�g7ÃL§����b` Ð0I"M�h
S�Q:N5h�c�M�ORQ:WXM�c�MTO�Q:MTM�h0ê0M�c�f0M�h7KdM�NPabJ�U�W=moWXS�N5U�JT�Lc�M�S�J�a j WXh&N5U�J0`

� ®��4ÄRÅ:�XÒ5±�Ò5�&®RÅ:�(�Y�(Å:�=���[����®�ÒZ�(��®R��� �,J�K,axM�S�N5f:W�KdabJ�K[U�MTS�J�aLQ:f0WXS�N5S�WX��fbU�MThXJ�K"K�W�K�V�M�abN�KnV�W j Jb§Z�0K�V�M�a Æ
� "�²����&�(��� $�� � �ÁKdJ�f j NZc�V�MzU�M(hAê0M�c�f0M�h?KV�NZf0U�N5c�U{U�M�hA�,WXf�Q:�¿`,©Pe�c�M(e�NuKdM�abl(moJ�c�J�K$IqO�Q:M_Q:MZKP�
K��0NZc�M(UÁaxM�abJ�c��LNPhXJ�K j c�J�S�MZKdJ�K[U�MTS�J�aLQ:f0WXS�N5S�WX��fLQ KQ:N5hXMZK[U�M�h0�T�4���b`

á����4®R�&² �&®�Ò�å��=ÅZ� ��p}��W�K�V�M�Q:f j NZORQ:M�V�M�O�Q0M�U�M$k0M¬KdM�c�S(J�a j WXhXNZU�JvS�J�fM�hLê:M(c�f:M(hrI�ORQ:M�S�Q:a j hXM�hXN�K
MZK j M�S�W=moWXS�N5S�WXJ�f:M5K,U�M�h0g7ÃL§����b` Ð�`

$
	  ���=Å:Ò(��®�Å0����±�°�±��ig�Q0M�U�MtK�M�cbJ�k�V�M�f0WXU�NtS�J�fÎhXJ�KLS(J�abNZf0U�J�K��&²¿Å:Ò��P¯5�&²¿Å:Ò�`��4JtM���W�KVrM(f�hXJ�KLN5c�S��0W~y0J�K
K�WXf0S�c�J�f0W&w5N5U�J�K�`

Y�(���(�$Þ�±L°��P�(�&�,±�ÒZ�X®"�,±R��±L±���Ò�Û0�=ÞG®R���¿�4J4U�W�K j J�f0W~k0hXM�`
� �X®�Ò(åZ�
²z�&�=�4�(�$�A°��P�X�X�(�,�,®����5±�� �¿p}��W�K�V�MYhXN j J�K�W~k0WXh&WXU�NZULU�MTN5e�c�M�e�NZc[NZh0ê0M�c�f0M�h7KVrN5f0U�N5c�U�Q:f0NPabM�sDJ�c�NPU�M�h

K�W�K�V�M�abNPU�MAV�WXabM�c$KDI�O�Q:MTN(Q:abM�f�V�NPhXNPc�MZK�J�h=Q0S�WX��fbM�fLV�WXM�a j J0`
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Real-Time Linux: un concepto diferente 
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�0NZS(M�c�hXN j M�c�WX��U�W&S(NGI¿M�s$M(S�Q�V�N5c�h&N�I
K�Q K j M�f0U�M�c�hXNGI¿J�k�V�M�f0M�cAhXNL�:J�c�N
U�M]Q:ftc�M�hXJ�s4U�MLV�W&M(a j Jzc�M�N5h�I�MZK j M�c�N5cPS�WXM�c�V�J�V�WXM�a j J0`0pAK�V�M j c�J�e�c�NZabN�K�MLS�J�a j W&hXNbS(J�abJbQ0f�ab��URQ:hXJ�U�M�hnê:M�c�f0M�h

F�� p}fbWXf0e�hX�ZKDI�Þ��=���XÄ�±��0�4±�Ò(Û:�=Å0�P�&±D²7�(� Ú



��� ��� ������� ����
���
�	�
�� �����(	��� � ������� 
�������(��
 � ��	�	�
�� � � ��� ��� 	���	���� ������������� 
 ���
47

� j N5c�Nzh&JÇS�Q:N5hAU�M$k0M�ftV�M�f0M�c$KdM�M�fËS�Q:M�f�V�NzS�WXM�c�V�N�K4S(J�f KdWXU�M�c�N5S�WXJ�f0MZK�O�Q:MzK�M�U�M_VrN5hXhXNZf{M(f{M�h j c�����WXabJ�S(N j ¢ÊVXQ0h&J��A�
h=Q:M�e�J KdMLW&f�KVrN5hXN�`0�,NxS�J�aLQ:f0WXS�N5S�WX��f�U�MZK�U�M4M�h
�,WXf�Q:��S�J�fzMZKVrN�V�N5c�M�NGI¿O�Q0M4MZKV�lÁS(J�f�V�WXf�Q:N5abM�f�V�M4M�sDM�S�Q�Vrl5f0U�J�KdM4M�f
M�h�k0N5S�ê:e�c�J5Q:f0U:I[K�Mb�0N5S�M j J�cPaxM�U�WXJzU�M 47��4
Ã4K$I�ORQ:M�KdM j Q0M�U�M(fuN5S�S�M(U�M�cPU�MZK�U�MLQ:f j c�J�e�c�NZaxNbM�f À J�U�MZKdU�MLM�h
abW�K�axJÁK�W�KVrM(abNPJ j M�c�N(V�W~y0J�I�S(J�abJ4N5c�S��0W~y0J�K}KV�NZf0U�N5c�U�`
À J�abJ j Q:M(U�M�y0M(c$K�MZI�hXNuaxM�V�J�U�J�hXJ�e�¢XNtMZK�K�WXa j hXMZI�N(Q:f0O�Q0M�f0J{aLQ��uy0M(c$K�l(VrWXh�`[g7NZc�NtabN�KxU�M�V�N5h&hXMZK]NZS�M(c�S�N�U�Mzh&N
WXa j hXM�axM�f�VrN5S�WX��f j Q:M(U�MzS�J�f�K�Q0h=VrN5c$K�MzhXN�k0W k0hXWXJ�e�c�N(mo¢XN æ ØANZc�N�k0N5f:J�y�IP\(ç�ç���é$`
p"f{M�h j c�����WXabJ�S(N j ¢ÊVXQ0h&JtK�M�U�M�V�N5hXh&N
S�J�f j c�J5m�Q:f0U�W&U�NZULM�h¿abM�S�N5f0WrKdabJ4U�M j c�J�e�c�N5abN5S�WX��fbU�MThXNGKnV�NZc�M(NGK[U�M�V�WXM�a j J�c�M�N5ho`

ªAMZK�Q0abWXM�f0U�J�I0M(f�MZKV�MPS�N j ¢=V&Q0hXJ]KdM j c�MZKdM�f�V�NZc�J�f�hXNGK"S(NZc�N5S�V�M�c�¢�K�V�WXS�N�K j c�WXf0S�W j N5hXMZK"U�MPhXJ�KAKdW�K�V�M�abN�K[�Pf:WX�0I�s�Q0f�V�JLS�J�f
Q:fËNZf0l5h&W�KdWrK�U�M KQÈWXf�K�M(c�S�WX��f{M�f{M�h�S�NZa j J�U�M�hXJ�KLK�W�KVrM(abNGK�U�MbV�WXM�a j J�c�M�N5h�`,§�M j c�MZK�M(f�V���V�N5a4k0WX��ftM�hAK�W�K�V�M�abN
�,WXf�Q:�:IRV�N5f�V�J�M�f�K�Q4y0M�c$KdWX��fLg7ÃL§����b`r\(I�S(J�abJ4M�f�K�Q4y0M�c$K�WX��fbU�MAV�WXM�a j J4c�M�N5h�`
p}fÎM(h j c�����WXabJËS�N j ¢=V&Q0hXJ�K�MÇNZf0N5h&WXw5N�S�J�f�abN���J�cLU�M�V�M�f0W&axW&M(f�V�JtM�h�ê:M�c�f0M�h�g7ÃL§����b`r\ U�M��,WXf�Q:�:I�K�Q�MZKV�c�Q:S�VXQ:c�N
abJ�URQ:hXNZc[� KQ K�U�M$y0WXS�M�U�c�W~y0M�c$KDI0M�hXM�abM�f�V�J�K"ORQ:M j c�J j J�c�S�WXJ�f0NZfxQ:f0N4a]QG� j J5V�M�f�VrMP�0M�c�c�N5abWXM�f�V�N4M�fxQ:f�M�f�V�J�c�f0JÁU�M
S�J�f�V�c�J�h:�xNZU�O�Q0WrKdWXS�WX��f�U�MPU�N(VrJ�K_`�©PU�M(ablGK�K�M j c�J5m�Q:f0U�WXw5N4M�f�M�h¿m�Q:f0S�WXJ�f0NZaxW&M(f�V�JLU�MPhXN�M���V�M�f�K�WX��f�U�MTV�WXM�a j JÁc�M(NZh
ª ���,WXf�Q:�0I j N5c�N�moWXf0NZhXabM�f�V�M j c�J�S�M(U�M�c�S�J�f¡Q0f N5f0lZhXW�K�W�K�S�J�a j NZc�N(V�W~y0JÏM�f�V�c�M�hXNGK j M�c�moJ�c�abN5f0S�MZK�U�M�NZa�k0J�K
K�W�KVrM(abNGKDI0K�J�k0c�M�Q:fbS�N�K�J�c�M�N5h�U�MTN j hXW&S(NZS�WX��f
`
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Capítulo III 
Linux y el acceso al hardware 

©Ph
abM�f0S�WXJ�f0NZc$KdMPM�h j c�J���M(S�V�J��n�ÊÅ0Ä 
�K�MP�0NZS(MPc�M�moM�c�M�f0S�WXN�I0MZKdM�f0S�WXNZhXabM�f�V�MZI0N5h
M�O�Q0W j JLU�M j M(c$K�J�f0NGKqM�f0S�NZc�e�NZU�NGKqU�M�h
abN5f�VrM(f:WXabWXM�f�V�JP�LU�MZKdNZc�c�J�hXhXJ4U�M�h0å����DÅ:�5��JPÅ���Ò5�X�Z®LU�M(h7K�W�K�V�M�axNPJ j M�c�N(V�W y0J0`5pAK,U�MAQ�K�J�e�M�f0M�c�N5h�M�h�hXhXN5abNZcn�,WXf�Q0�LNZh
S�J�f�s�Q0f�VrJLU�M j c�J�e�c�N5abN�K"U�MPN j hXWXS�N5S�WX��fbQ�K�Q0NZhXabM�f�V�MPU�W�KVrc�W~k�Q0W&U�J�K"S�J�f�U�WXS��0J�ê:M�c�f0M�h�I j M�c�J4M5K�J4f0J�MZK[S�J�c�c�M�S�V�J0`5p}h
�,WXf�Q:� j c�J j WXNZabM(f�V�MtU�WXS��0J{M5KbM�hTê0M�c�f0M�h�IAc�M5K�Q:h=V�N5U�J{U�MzQ:f0NtS�J�hXN�k0J�c�NZS�WX��fÎWXf�V�M�c�f0NZS�WXJ�f0N5hPU�WXc�WXe�WXU�N j J�c]�,W&f�Q�K
�,J�c�y0N5hXU:KDI"M�hTN�Q�VrJ�cLJ�c�WXe�WXf0N5ho`[©ÉM5K�V�M�M5K�m�Q0M�c�wZJtK�M��0NZf�KQ:abN5U�JÇaLQ:S(�:J�K�J5V�c�J�K�e�c�Q j J�K�U�M�U�MZKdNZc�c�J�hXhXJ�ORQ:M��0NZf
WXf0S�J�c j J�c�N5U�J�f�Q:M$y0J�K j N5O�Q:M_VrM5KtU�MvKdJ5m�VX�?N5c�MZILU�WrK j J�f0W~k0hXMZKtNÎV�c�N�y0�ZKtU�MÎh&N�KtU�WrKV�c�W k�Q0S�WXJ�f0MZKÇS�J�abM�c�S�WXN5hXMZKÇU�M�h
K�W�KVrM(abNPJ j M�c�N(V�W~y0J0`
�,NtWXf�V�M�f0S�WX��fÎU�M�MZKVrMÇS�N j ¢=VXQ:hXJ{MZK j c�MZK�M(f�V�N5c�Q:f0N�WXf�V�c�J�U�Q:S(S�WX��f�NÇNZhXe�Q0f0J�KLNGK j M�S_VrJ�K]W&f�V�M�c�f0J�KLU�M�hAê0M�c�f0M�hTU�M�h
K�W�KVrM(abN�J j M�c�N(V�W y0J �,W&f�Q0�:IxO�Q:M�K�J�f¡U�MvWXf�VrM(c��ZK{M(f¡M�hzU�MZKdNZc�c�J�hXhXJv�Q�V�WXhXWXwZN5S�WX��f¡U�MÎf�Q:MDy0NGKtWXf�V�M�c�moN5S�MZKtU�M
�0NZc�UR�?N5c�M�`��[M�f0M�cYS(h&N5c�J�M�h�m�Q0f0S�WXJ�f:N5abWXM�f�V�J�U�M�h�ê0M�c�f0M�h,N��RQ:U�NxNbU�MZKdNZc�c�J�hXhXN5cYN j hXWXS�N5S�WXJ�f:M5KTablGK�M�moWXS�WXM�f�V�MZK_`�pAK�V�M
MZK�M�h j Q0f�V�J�S�hXN�y0MtORQ:Mt�0NZS�MÇNZhT�,WXf�Q:� j c�M_moM�c�W~k0hXMzmoc�M�f�V�M�NtJ5V�c�J�K�K�W�K�V�M�abN�KxJ j M�c�N(V�W y0J�K &"hXNuWXf�moJ�c�abN5S�WX��fÎMZKVrl
U�W�K j J�f0W~k0h&MR`
À J�fÇMZK�V�NbWXf�V�M�f0S�WX��f�M�fÇabM�f�V�M]KdM j c�J�S�M�U�M4S�J�f�Q0f0N j c�MZK�M(f�V�N5S�WX��fzU�M�h&J�K�N�K j M(S�V�J�K"m�Q0f0U�N5abM�f�V�NZhXMZK�U�M�h
ê0M�c�f0M�h�J
f��:S�hXM�JzU�ML�,WXf�Q:�u��O�Q0MZI�S(J�abJ�K�MbaxM�f0S�WXJ�f:�zM(fuM(h}S(N j ¢ÊVXQ0h&JzN5f�V�M�c�WXJ�c$I�S�Q0a j hXMLhXNGKTMZK j M�S(WÊm�W&S(NZS�WXJ�f0MZK�g7ÃL§����b`�\���I
s�Q0f�VrJ�S�J�f�K�QÎm�Q0f:S(W&J�f0N5abWXM�f�V�Juk0l�K�WXS�J���MZKV�c�Q:S�VXQ:c�N�`T§�M�WXf�V�c�J�U�Q:S(MzV�NZa�k0W&�(fÎh&NÇQ�VrWXhXWXwZN5S�WX��fÎU�MÓ� 	�°�Ä��X®��b��h&N
MZKVrc�Q0S�VXQ:c�N�U�M�KQ KÓ°��(ÞG�XÒ5��°R���=ÞG�(�$�5`Y© S�J�f�V�WXf�Q:N5S�WX��fÍK�M j c�J5m�Q:f0U�WXw5N{M�f�M�hPm�Q0f0S�WXJ�f:N5abWXM�f�V�J�U�Mth&NËM���V�M�f�K�WX��f
ª ���,WXf�Q:�0I0O�Q0M j M�c�abW=V�MYWXf0S�J�c j J�c�N5c,N5hXe�Q0f:N�KnmoN5S�WXh&WXU�NZU�MZK[U�M�VrWXM�a j J4c�M(NZh�N5h7KdWrKV�M�abN�`�4
W&f0N5hXabM�f�V�M?KdM j c�J�S�M�U�MTS�J�f
Q:fzN5f0lZhXW�K�W�K�S�J�a j NZc�N(V�W y0JxU�M4hXN�K j M�c�moJ�c�abN5f0S�MZK�U�MPN5a4k0J�KAKdWrKV�M�abN�K"M�fxQ:f�S�NGKdJLc�M�NZh
U�MPN j hXWXS�N5S�WX��f�ORQ:MPWXa j h&WXS�N
M�h�S(J�f�V�N5S�V�J4U�M�h7K�W�KVrM(abNPS�J�fb�0N5c�U��PNZc�MTM���V�M�c�f0J0`
pqKV�MPS�N j ¢=V&Q0hXJ]KdMTV�c�N�V�NÁKdJ�hXNZabM(f�V�MPU�MTQ:f0N4c�M$y0W�KdW&��f�e�M(f:M(c�NZh�I0N5S�J�a j NZ¤0N5U�N4U�MPM�s$M(a j hXJ�K j c�lZS�V�WXS�J�K"U�MYN j hXWXS�N5S�WX��f�I
O�Q0MbU�MDk0M�c�¢XN KdM�c4K�Q�moWXS�WXM�f�VrM j N5c�N�S�J�a j c�M�f0U�M(cPM�h[m�Q:f0S�WXJ�f0NZaxW&M(f�V�JzU�MbhXJ�KPU�c�W~y0M�c$K���ax��U�Q:hXJ�KTM�a j hXM�N5U�J�KTM�fÇh&N
WXa j hXM�axM�f�VrN5S�WX��f U�M�hvM(� j M(c�W&axM�f�VrJ¥«���K$K�k0N�Q0M�c$I�O�Q0MÉM5K j c�MZKdM�f�VrN5U�N¥M�f M�h � ±$���X�XÄ��X® � Ú g
NZc�N J�k�V�M�f0M�c
WXf�moJ�c�abN5S�WX��fzablGK�U�M_VrN5hXhXNZU�NGI j Q0M�U�M�S�J�f�K�Q:h=V�N5c$K�M4hXNPk0W~k0hXW&J�e�c�N�m�¢&NLU�WrK j J�f0W~k0hXM æ ª}Q�k0WXf:W�I"\�ç�ç�'�é æ p"e�N5f�M_V N5h�` \�ç�ç���é
J4hXNPWXf�moJ�c�abN5S�WX��fbJ�f�|�hXWXf0M æ �,WXf�Q:���,N�k]g7c�J�s$M(S�V�é$`

El kernel  
p}fâQ:f KdWrKV�M�abN �T�4��� S�J�M���W�KVrM(f y0NZc�WXJ�K j c�J�S(MZK�J�K O�Q0M KdM.M(f:S(NZc�e�NZf U�M.N(V�M�f0U�M�c¡U�W=moM�c�M�f�V�MZK V�N5c�M�N�K
K�WXaLQ0h=Vrl5f0M�N5abM�f�V�M�` À N5U�N j c�J�S�MZKdJtf:M(S�MZK�W=V�N�U�W�K j J�f0M�c�U�M�NZhXeRQ:f0J�K�c�M�S�Q:c$KdJ�K�U�M�hYKdW�K�V�M�abN�I
��N�KdM�NzS�N j N5S�WXU�N5UuU�M
S���a j Q�V�J�I0abM(abJ�c�WXNGI0N5S�S�M5K�JLNPhXNPc�M�U:I�M�V�S�`5p}h åG�(�$Å0�Z��M5K,hXN j J�c�S�WX��fbU�MTS���U�WXe�J4M�sDM�S�Q�V�N�k0hXMYORQ:M�VrWXM�f0MTN4K�QbS�N5c�e�J�h&N
N5U�abWXf0W�K�V�c�NZS(W&��fxU�MTU�WXS��0J�K[c�M�S�Q:c$KdJ�K�`5�,N�K�V�N5c�M�N�K,U�M�h0ê0M�c�f0M�h j Q0M�U�M(f�K�M�c[S�hXNGKdW=moWXS�NZU�NGK[U�MYhXN4K�WXeRQ:WXM�f�V�MAmoJ�c�axN�&

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

)�� "+*���,����'���- $��



� - 	 ����"�$+ ��)�(���	�� � �
50

���	��
��
���������
������������� !�"�#�� ��%$�&�')(�&#*,+�&#')-/.0&�+1&32547698#2"*,:!;<'02=8#*,&�2"8#.�>	+<?A@!&"4B-C*B6�8#8�.0>	+D@�&FE1*,;	8�&"4G;�4
H ��
���I���0��J1����KL?3&�'NM�2�+1&COP;F@!&Q4B6R4S8�;	+1&�T!.�;	+1&"4U8�;	+V&�'N&�T	-C&�*,.0;	* H &�+!-C*,2"@!2�WX4,2�'0.0@�2�KPY[ZS@�&�M�\	4�4G&
&�+18�2�*,:�2S@!&]'0;�4I@�.^X&�*,&#+�-C&"4IM�_%-/;	@!;�4I@�&)8�;	M`6�+1.08�2�8�.0>	+�&�+!-C*,&]@!.08�a1;�4bE1*,;	8�&"4G;�4 H 4,&#c�2�'0&"4Pd�E1.eE1&"4,K
?f@�&�'�2`*B6!-/.0+12`M�\	4g8�*,h-C.08�2`@�&�'i4G.C4B-C&�M�2	d3&�'[���#J�����j!k��#�"Y1lm4G&�2`n	6�&�&�'[(�&#*,+�&#'b&"4N&�'[&�+18�2�*,:�2�@�;
@�&).0M`E�'0&�Mo&�+!-/2�*i'02S8�;	&#T�.C4B-C&�+18�.02S@�&Np12�*,.�;�4�E1*,;	8�&"4,;�4N4G;�q1*,&g61+�2�rLsRtDu�+1.08�2!Y

���	��
��
���������
����m���v������ ���
0��$w;�-C*,2�@�&D'02	4w-/2�*,&�2	43@�&�'`(1&�*,+1&�'�&"43'02D@�&A8�;	+R4B-C*B61.�*w6�+x&�4BE�2�8�.0;�@!&
@�.0*,&�8#8�.0;	+�2�M�.0&�+!-C;�p1.0*B-06�2�'[E�2�*,2y8#2"@!2�61+1;�@�&�'�;�4zE�*,;	8#&"4,;�4{dR@!&�+!-/*,;o@�&�'0;�4|*,&�8�61*P4,;�4N'0.0M�.-C2"@!;�4
@�&)M�&�Mo;	*,.�2!Y

}1
e���0�����<�!�~�����#J�
�� ��%$U&�'�4G.C4B-C&�M�23;�E�&�*,2#-C. p1;wt]������-C.0&�+1&o6�+12FM`6�?3^�6�&�*B-C&f.�+!-C&�*,@!&�E�&�+1@!&�+18�.02F8�;	+<&�'
8�;	+18�&�E!-C;=@!&N�	
�k0�#�������0�#���L8�2	4,.z-/;	@!;�4�'�;�4�&�'0&�Mo&�+!-/;�4�@!&�']4,.C47-/&#M�2fE�61&�@�&�+A4,&�*U-/*,2#-C2"@!;�4�8�;	M�;
2�*,8�a1. p1;�4%Yb�L'|(�&#*,+�&#']&"47-C\~&�+18�2�*,:�2�@�;V@�&F8#*,&�2"*�61+�4,.C4B-C&�Mo2F@�&f2"*,8�a1.�p1;�4�&"4B-C*B618�-06�*,2�@�;=4G;�q1*,&
@�.C47E�;�4,.-C.�p1;�4V@�&Da12�*,@	�S2"*,&A+1;�&"47-C*B6�8�-06�*,2�@�;1Y)�i2D2�qR4B-C*,2�8�8�.0>	+x*,&"476�'-C2"+!-C&�&�4~.0+!-C&�+R4,2�M�&�+!-C&
6�-C.0'0.0�"2�@�2�2�'0;x'02"*,:!;x@�&v-/;	@!;x&�'F4,.C4B-C&�Mo2�YS�i.0+!6�T�4,;�E�;	*B-C2Ap12"*,.0;�43-C.E�;�4V@!&�4,.C4B-C&�Mo2�4V@!&
2�*,8�a1. p1;�4{d);94G&�2<n�6�&V@�.C4BE1;	+1&=@!&V@�.^X&�*,&�+!-C&"4�^X;	*,M�2	4�@!&~;	*,:!2"+1.0�"2�*�'0;�4o@�2#-/;�4o&�+D&�'SMo&�@�.0;
^XhC4,.08�;1Y

�N ������ !kb���`��
�0�i 	��
0��
�	 	��$i8#2�4G.[-/;	@!2�4|'02�4|;�E�&#*,2"8�.0;	+1&"4|@�&U6�+~4,.C47-/&#M�2`2"8�8#&�@�&�+F2�61+F@�.C4BE1;�4,.-C. p1;�^XhC4G.�8#;1Y
rN;	+�&�T!8�&�E�8#.�>	+�@!&�'3E�*,;	8�&"4G2"@!;	*=?�'�2�M�&�M�;	*,.02	do-/;	@!2�4A'02	4A;�E�&�*,2�8�.0;	+1&"4A@�&�8�;	+!-C*,;	'~@!&
@�.C47E�;�4,.-C.�p1;�4D4,;	+�&�^X&�8�-0612"@!2�4�E1;	*<61+�2�E�;	*,8�.0>	+�@!&�8�>	@�.0:�;�n	61&�&"4A&"4BE1&�8�h^X.08�2�@�&�@�.08�a1;
@�.C47E�;�4,.-C.�p1;1YR��.08�a12oE�;	*,8�.0>	+V@�&�8#>	@�.0:�;F&"4U'0'�2�M�2�@�2f���#��
0���Q����
�	���{�G�GYR�N'i(1&�*,+1&�'N@�&Pq1&`.0+18�'6�.0*
6�+F@!&Pp1.08�&�@!*,.�p1&�*NE�2�*,2`8�2�@�2�E�&�*,.^X_#*,.�8#;`E�*,&"4G&�+!-C&�&�+F&�'b4,.C47-/&#M�2�d�@�&"4G@�&S&�'[@�.C4,8#;y@�6�*,;`a12�47-C2�&�'
-C&�8�'02�@�;1Y��z47-/&)2	4BE�&#8�-C;�@�&#'1(�&�*,+1&�'�&"4I&�'1E�61+!-/;U^C6�+1@!2"M�&#+�-C2�'R@�&)&"47-/&)8�2#E�h-06�'0;1Y

 B¡ �L'I-C_�*,M�.0+1;F���#��
0�����	��
e�	�#�SE�;	@�*,h02Q4G&�*|-/*,2�@	618�.0@�;f8�;	M�;o���	�1�e¢	���! 	���!����
���I 	��
��0
�	 �d�E�&#*,;Q'02�2�M`E�'0.02�@!.e^�6�4,.0>	+
@�&#'1E�*,.0M�&�*,;UE�61&�@�&)'0'�&{p12"*I2S8�;	+!^C6�4G.�;	+1&"4I&�+o&�'R8�2	4,;�@�&|6�-C.0'�.0��2"*P4G&]&�4B-C2)u�'-C.0M�2S@�&�+1;	M�.0+12�8�.0>	+£Y

CPU RAM Disks Ports Red 

Código 
dependien- 

te de la 
arquitec- 

tura 

Manejador 
de 

memoria 

Disposit. 
de 

caracteres 

Administra
ción de 

procesos 

Administra
ción de 

memoria 

Sistema de 
archivos 

Control de 
Disposit 

Redes 

Tipos de 
sist de 

archivos 

Disposit. 
de bloques 

Drivers de 
interfaz 

Subsist de 
red 

Programas de usuario y aplicaciones 

Nivel de Hardware 

Nivel de Kernel 

Nivel de Aplicación Llamadas al sistema 

¤�� � *���R¥¥e¥�( ¦�§G¨&��� �*���� *���%� "�� 	� "+�%$�	�- � 	��"�	�-�$�	 )�� "+*,©

Memoria 
v irtual 

Archivos y 
directorios 

Acceso a 
terminales y 
dispositivos 

Concurrencia 
multitarea 

Conectiv idad Prestaciones 

Partes del kernel

Soporte de software 

Control de hardware 



� � � � 	������7��	�������*�� ���+�!$�	&� � 	������% 	��+-��!����%��$���*+� ��� ��� ��"%$�	&$���� ����	#����"+� ���-
51


 �����L ���	
e��� $N&#'b2"8�8#&"4,;�2`*,&�@!&"4|@�&Pq1&`4,&�*gMo2"+1&CO{2"@!;`E�;	*g&#'i4,.C4B-C&�M�2`;�E1&�*,2�-C.�p1;`E!6�&"4|'02yMo2�?!;	*,h02y@!&�'02	4
;�E�&#*,2"8�.0;	+1&"43*,&�'02�8�.0;	+�2�@�2	4F8#;	+ '02A*,&�@�+1;�4G;	+ &�4BE�&#8�h^X.08�2�4w@�&V61+�E�*,;	8�&"4G;1Yg�i;�4 E�2�n	6�&%-/&�4
@�&{q1&�+�4,&�*V*,&�8#;	'�&#8�-C2"@!;�4Pd`.0@�&#+�-C.^X.08�2�@�;�4F?�*,&�@�.0*,&�8#8�.0;	+�2�@�;�452"+!-C&"4Vn�6�&A6�+�E�*,;	8#&"4,;�E�61&�@�2
;	8�6!E�2�*P4,&�@�&�&�'0'0;�4�Y��L'f(1&�*,+1&�'~4,&�&�+18�2"*,:!2�@�&�'f-C*,2�+�47E�;	*B-C&�@!&DE12"n�6�&�-C&"4�@�&�@�2#-/;�4�&�+!-C*,&
E�*,;	:!*,2"Mo2�4�& .0+�-C&�*B^B2"8�&�4 @�& *,&�@RYAZS@�.08�.0;	+12"'0M�&�+!-C&"dA'02 *,&"4G;	'6�8�.0>	+ @!&�+�;	M�q1*,&"4�? &�'
*,&�@!.�*,&#8�8�.0;	+12"M�.0&�+!-C;y4G;	+�.0M`E�'0&�Mo&�+!-/2�@�;�4�E1;	*i&�'1(1&�*,+1&�'BY

�L'|(�&#*,+�&#']&"4�&�'gE1*,.0M�&�*`8�>	@�.0:!;~&CO{&�8�6�-C2�q1'0&Qn�6�&F4,&f.�+R47-/2�'02F&�+<'02FM�&�Mo;	*,.�2F@!&Q'02fs r�2�'g.0+�.08�.02�*P4,&f&�']4G./47-C&�M�2!Y
rI612"'0n	61.0&�*I^X2"'0'02�@!&S_"4B-C&�4G&S*,&�^X'0&COP2�*,\�8#;	M�;�6�+12y4G2"'0.0@�2�@�&S;�E�&#*,2"8�.0>	+�@!&�'R&�n�6�.E�;1Y��N+�'021��
 �[j	�������������)E!6�&�@!&Lp1&�*P4G&
6�+o@�.02":!*,2"Mo2S&�+�q1'0;	n	61&"4I@�&)'�;�4I@!.e^B&�*,&�+!-C&"4I8�;	M`E�;	+1&�+!-C&"4I@�&|6�+�(�&�*,+1&�'R@!&g�i.0+!6�T�Y
�L'F8#>	@�.0:�;�^C61&�+!-/&D8#;	M`E�'0&�-C;�@�&�'o(�&#*,+�&#'Q@!&A�i.�+!61Tx&"4B-C\�@�.C4BE1;	+�.�q1'0&AE�2�*,2�'0;�436R4B612"*,.0;�4PdU?x&"43E12"*B-C&D@!&D'�2
@�.C47-/*,.�q!618�.0>	+=4B-C2�+1@�2�*,@F@�&�&�4B-C&y4G./47-C&�M�2`;�E�&�*,2#-C.�p1;1Y��g4B-C2`&"4g'02�E�*,.0+18�.E�2�'b8�2�*,2"8%-/&#*,h/47-C.�8#2yn�6�&�@�.^X&�*,&�+18�.02`2�'[�i.�+!61T
@�&o'�;�4�4,.C4B-C&�Mo2�4U8�;	M�&�*,8�.02�'0&"4�Y�t�+36�476�2�*,.0;F@�&`�i.0+!6�TwE�6�&#@�&�a12�8�&�*SM�;	@!.e^B.�8#2"8�.0;	+1&"4U@�.0*,&�8�-C2�M�&�+!-C&y&#+~&�'�(�&�*,+1&�'
@�&#'£4,.C4B-C&�Mo2S;�E�&�*,2#-C. p1;1Y

Módulos 
l)-C*,2Q@!&�'02�4|p1&�+!-C2XO{2�4U@�&�'I�i.0+!6�T~&�4�4B6V8�2#E�2�8�.0@�2�@~@�&o.�+18�;	*BE1;	*,2"*)'0h0+�&#2�4)@!&y8#>	@�.0:�;f2"'�(�&�*,+1&�'IM�.0&�+!-C*,2�4)_"47-C&�4G&
&"47-/\ &�OP&�8�6!-C2"+1@�;1Y���& '0& E!6�&�@!& 2�:�*,&#:�2�* ^C61+�8#.�;	+12�'0.�@!2"@ 2�'m4,.C47-/&#M�2 ;�E�&�*,2#-C.�p1; M�.0&�+!-/2	4 _�4B-C& &"47-/\ &�+
^C61+�8#.�;	+12�M�.0&�+!-C;1Y�rN2�@�2�E�2�*B-C&<@�&<8#>	@�.0:�;Dn�6�&VE!6�&�@!&�4,&�*F2�:�*,&#:�2�@�;D2�'�(1&�*,+1&�'�4,&<@!&�+1;	M�.0+12V�����!j�k0 RY]rN2�@�2
M�>	@�6�'0;<&"4�6�+123E�;	*,8�.0>	+D@!&~8�>	@!.�:!;<;�q�OP&%-/; H 4G.�+D'0.0+!(�&�2�*,K`n	61&~4,&F'0.0+�(1&�2~@!.0+�\�M�.08�2�M�&�+!-C&F2"'|(�&#*,+�&#']n�6�&F&"47-/\
&CO{&�8�6�-C2�+1@�;o6�-C.0'�.0��2"+1@!;Q&�'I8�;	M�2�+1@�;f
e�!�P�� !�fE�*,;�p1.C4B-C;oE�;	*)&�'i4,.C4B-C&�Mo2�Y!��&�'02`M�.C4,M�2`M�2�+1&�*,2	dR&�'bMo>	@	6�'0;`E!6�&�@!&
4,&#*i@�&�4,8�2�*,:�2�@�;�8�;	+�&�'R8#;	M�2"+1@!;S�P�S�� !�RY
��&Pq1&3*,&�8�;	*,@�2�*P4,&3n	61&~'0;�4Q4G.C4B-C&�M�2	4�;�E1&�*,2#-/.�p1;�4�-C.eE1;Vt)���C� a12�8�&�+�6�+12~@!.^X&�*,&�+18�.02~M�6�?<.0M`E1;	*B-C2"+!-C&F&�+!-C*,&F'�2
M�&�Mo;	*,.�2f@�&#'z4G.C4B-C&�M�2`?~'02fM�&�M�;	*,.02f@�&�6�476�2�*,.0;1Y1�z4B-C&`&"4|61+�;f@�&`'0;�4|E�*,.0+18�.E�2�'0&"4)M�;�-C.�p1;�4)@�&�4B6~*,;�q!6R4B-C&��!Y1�L'
(�&#*,+�&#' 4G&S&COP&�8%6�-C2�&�+f&�'[&"4BE12"8#.�;`@!&SM�&�M�;	*,.02S*,&"4G&�*Cp12"@!;SE12"*,2S&�'[4,.C4B-C&�M�2!Y��i;�4�E�*,;	:�*,2�M�2	4I@�&)2�E1'�.08�2�8�.0>	+�*,&"4G.0@�&�+
&�+�6�+A\"*,&#2~@�&FMo&�M�;	*,.02~@!.e^B&�*,&�+!-C&"db?<&#']8�>	@!.0:�;~@!&�'N(1&�*,+1&�'g&"4�2�8�8�&�@!.�@!;FE1;	*�&"47-/2	4�2�E1'0.�8#2"8�.0;	+1&"4�2f-C*,2�p1_�4�@!&
k0k0�	�����!�	�~�!kS��
�����#���D;��������0��� �"�!k�k��Yi��&3&"4B-C23^X;	*,M�2V'02�4o2#E�'0.08�2"8#.�;	+1&"4�E�61&�@�&#+D2"8�8#&�@�&�*o2='0;�4o*,&�8�61*P4,;�4o@�&�'
4,.C47-/&#M�2�d!&CO{&�8�6!-/2�+1@�;`4,>	'0;�&�'�8�>	@�.0:�;`4,&�:�6�*,;�@�&�'1(1&�*,+1&�'BY
rN2�@�2�Mo>	@	6�'0;f&"4|6�+12`E1;	*,8�.0>	+~@!&y8#>	@�.0:�;fn	61&�4G&`.�+18�'6	?�&`&�+3&�'b(1&�*,+1&�'Cd1?fE�;	*)'0;�-C2�+�-C;f&COP&#8�6�-C2�&�+F'02`M�&�Mo;	*,.�2
@�&#'L4,.C47-/&#M�2�db4G.0+~+1.0+�:�u�+f-C.E�;�@!&�*,&"47-C*,.�8#8�.0;	+�&�4�Y!s£;	*g'0;`-C2"+!-C;�@!&Pq1&SE1*,;	8�&�@�&#*P4,&�8#;	+F8�6�.0@�2�@�;o&�+F&�'bM�;	M�&#+�-C;�@!&
&"4G8�*,.�q1.�*[?`@�&�E!6�*,2�*b61+�M�>	@	61'0;�d"?!2Sn	61&]_�4B-C&gE!6�&�@!&];	8#2�4G.�;	+12�*i:!*,2�p1&"4I@!2"c1;�4I2"'[4,.C4B-C&�M�2!Y
Z�M�;	@�;`@!&S&COP&�M�E�'0;�dR4,&SM�6�&"47-/*,2�2�8�;	+!-C.0+!6�2�8�.0>	+�'02S8�2"*,:!2g?`@�&"4G8�2�*,:�2S@�&|6�+oM�>	@	61'�;�n	61&�4G;	'�;�8�;	+!-C.�&#+�&)'02�4I@!;�4
*B6�-C.0+12�4�.0+1@�.C4BE1&�+R4,2�q1'0&"4��b'02F@!&Q.0+1.08�.02"'0.0�"2�8�.0>	+ H n	61& 4G&�E1*,;	8�&"4,2F2�'g&CO{&�8�6!-/2�*�
�!�P�� ��!Kg?~'02f@�&�'0.0M`E1.�&#�"2 H n�6�&Q4G&
E�*,;	8#&"4,2S2�'R&CO{&�8�6�-C2�*b�{�S�� ���K{Y
��>�-C&"4,&S'02U6�-C.0'�.0��2"8#.�>	+f@�&#'£8�;	Mo2"+1@�;N����
����1Y	��&Pq1&)-C&�+1&�*P4,&S&#+�8�6�&#+�-C2Sn�6�&)&�'R8�>	@!.�:!;�@!&g(1&�*,+1&�'R+1;SE!6�&�@!&g6!-/.0'0.0�"2�*
'02�4z'�.�q1*,&�*,h02	4g4B-C2�+1@�2�*,@�@�&)�i.0+!6�T1d	?�2�n	61&S&"4B-C2	4N+1;y&�4B-C\"+f@�.C47E�;	+1.�q1'�&�4N&�+F4B6Q&"47E�2�8�.0;`@�&SM�&�Mo;	*,.�2	d	?�E�;	*N'0;S-C2"+!-C;
+1;�E!6�&�@!&�+=4G&�*)'�.0+!(�&#2"@!2�4)2�'b(1&�*,+1&�'BY1��;�E1;	@�*,h02�d�E1;	*]&�OP&�M`E1'0;�d16!-/.0'0.0�"2�*P4,&I�b��
e�1� ��?�2`n	61&SE1&�*B-C&�+1&�8�&�2`'02`'0. q1*,&#*,h�2
l i bc

@�&#'z4G.C4B-C&�M�2!Y���>	'0;fE!6�&�@!&`6�-C.0'0.���2�*P4,&�&�'grDq1\	4,.08�;�?32�'�:�6�+12	4)E�;	8#2�4�^C6�+18�.0;	+1&"4S@!.C4BE�;	+1.�q1'0&"4)&�+3&�'b(1&�*,+1&�'Cd
-C2"'0&"4I8�;	Mo;i�b��
������R !j������R
� �1d�&%-/8�Y
��&�2S&#'£4,.0:	61.0&�+!-/&)2�*,8�a1. p1;�a1&�'0'�;1Y 8��

#def i ne MODULE 
#i nc l ude<l i nux/ modul e. h> 
 
i nt  i ni t _modul e( voi d)   {  pr i nt k( “ Hel l o,  wor l d\ n” ) ;  r et ur n 0;  }  
voi d c l eanup_modul e( voi d)  {  pr i nt k( “ Goodbye,  wor l d\ n” ) ;  }  
 s£2�*,2S'02S8�;	M`E�.0'02�8�.0>	+�d!.0+R4B-C2�'�2�8�.0>	+�?`&�'0.0M�.0+12"8#.�>	+o@�&�'RMo>	@	6�'0;`4,&|E�*,;�4,.0:�6�&)8�;	M�;y4G&]M�6�&"47-/*,2S2S8#;	+�-C.0+!6�2�8�.0>	+!�

r oot # gcc –c hel l o. c  
r oot # i nsmod hel l o. o 
Hel l o,  wor l d 
r oot # r mmod hel l o. o 
Goodbye,  wor l d 
r oot # 
 ��>�-C&"4,&fn	61&"d�E�;	*�*,2"��;	+1&"4�@�&F4,&�:�6�*,.0@�2�@~&�+V&�'g4G./47-C&�M�2	db&"4U+�&#8�&"4,2�*,.0;f-C&�+1&�*)E�*,.�p1.0'0&�:�.0;�4S@!&`��j{�i�#��j���j�����
0 FE12"*,2
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Linux POSIX.1: Device drivers 
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i nt  f d;  
f d = open( / dev/ Daq,  O_RDWR) ;  
wr i t e( f d, 0x00) ;  
c l ose( f d) ;  
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#i ncl ude<Daq. h> 
Daq_busy=LI BRE;  
 
s t at i c  s t r uct  f i l e_oper at i ons Daq_f ops={  
 NULL,  
 NULL,  
 Daq_wr i t e,  
 NULL,  
 NULL,  
 NULL,  
 NULL,  
 Daq_open,  
 Daq_cl ose 
 }  
 
s t at i c  i nt  Daq_open( )  {  
 i f ( Daq_busy==DAQ_BUSY)  r et ur n –EBUSY;  
 Daq_busy=DAQ_BUSY;  
 pr i nt k( “ DAQ:  abi er t o. ” ) ;  
 out b( 0x00, DAQ_OUT) ;  / *  I ni c i al i zaci ón del  har dwar e * /  
 r et ur n 0;  
 }  
 
s t at i c  voi d Daq_cl ose( )  {  
 out b( 0x00, DAQ_OUT) ;  / *  Reset  del  har dwar e * /  

Memoria 

Kernel Aplicación 

open() 

write() 

. 

. 

close() 

 

. 

outb() 

. 

. 

Dispositivo 

Ports 

Daq_fops 

Daq_open() 

Daq_write() 

. 

. 

Daq_close() 

 

¤�� � *���R¥¥e¥�( �%§ )�- ���
��$�������-�$+ � '�	�!$+	�� $+	 *+"��%���!- � ������� ��"



� � � � 	������7��	�������*�� ���+�!$�	&� � 	������% 	��+-��!����%��$���*+� ��� ��� ��"%$�	&$���� ����	#����"+� ���-
55

 Daq_busy=LI BRE;  
 pr i nt k( “ DAQ:  cer r ado. ” ) ;  
 }  
 
s t at i c  i nt  Daq_wr i t e( )  {  
 char  c ;  
 const  char  * buf f ;  
 c=get _user ( buf f ) ;  
 out b( c, DAQ_OUT) ;  
 r et ur n 0;  
 }  
 
i nt  i ni t _modul e( )  {  
 r egi st er _chr dev( DAQ_MAYOR, ” Daq” , &Daq_f ops) ;  
 r et ur n 0;  
 }  
 
voi d c l eanup_modul e( )  {  
 unr egi st er _chr dev( DAQ_MAYOR, ” Daq” ) ;  
 }  
 

�i2�^C6�+18�.0>	+ � ���
�

�I��
0�0��� 
�6�-C.0'0.0�"2��£���
�

j����#� � 
�E�2�*,2�-C;	M�2�*N&�'1q	?	-C&Sn	61&S&�+	p1h02�&�'�E�*,;	:!*,2"M�2�@�&S2#E�'0.08�2�8�.0>	+y?o �j���� � 

E�2�*,2S&�+	p1.02"*I@�.08�a1;]q	?�-C&]2�'1E1;	*B-£8�;	*,*,&"47E�;	+1@�.0&�+!-C&]@!&]'02)E!6�&�*B-C2)E�2�*,2�'�&#'�;1Y
�z47-C&�'0./47-C2"@!;F&"4)61+�2`p1&�*P4G.�>	+VM`6	?~*,&�4B6�Mo.�@!2Q@!&�'N@�*,.�p1&�*Pd�+�;F;�E1&�*,2#-/.�p12!YR�i2`p1&�*P4,.0>	+V8�;	M`E1'0&�-C2Q@!& � ��� �e�	d�O,6�+!-C;
8�;	+F&�'b2�*,8�a1.�p1; � ��� ��J�?f&�'��A��	�e�	
0k0�`8�;	*,*,&"4BE1;	+1@�.0&�+!-C&y4,&UE�*,&"4G&�+!-C2"*,\�+F2"'[^B.�+12�'b@�&�'b8#2�E1he-061'�;�d�6�+12Sp1&��`n	61&y4G&�'0&
a12�?!2S2�:�*,&�:!2"@!;�'02S8�2#E�2�8�.0@�2�@y@!&]'0&�8%-�61*,2g?`@�&)2�-C&�+18�.0>	+�@!&]'02S.0+!-C&�*,*B6�E18�.0>	+£Y
�g&"4B61M�.0&�+1@�;�d|&"4B-C&3M�>	@	61'�;A4,&~8#;	M`E�.0'02F?94G&~.0+R4B-C2�'�2V&�+D&#'g(1&�*,+1&�'CdN*,&�:�.C47-/*,\�+1@�;�4G&F@�&Pq1.0@�2�M�&�+!-C&	Yb�g4B-C&Fn	61&�@�2
@�;	*,Mo.�@!;Da12�47-/2�n	6�&V2�'0:	6�+12<@!&V'�2	4o^C61+�8#.�;	+1&"4f&�4f.�+	p1;	8�2�@�2!YNs£2�*,2V6�-C.0'0.0�"2�*Q&#'�@�.C47E�;�4,.-C.�p1;�d|6�+vE�*,;	:�*,2�M�2<@!&
6�476�2�*,.0;�E1*,.0M�&�*,;`.0+�p1;	8#2� P�I����� 
y4,;�q1*,&S&#'£@!&Pp1.08�&"d1'0;`8�6�2�'�E�*,;	@	618�&S'02�.0+1.08�.02"'0.0�"2�8�.0>	+f&S.�+1a1.�q1.08�.0>	+Q@!&�'£8#;	+�-C*,;	'R@!&
2�8�8�&"4G;�;<k0 !��<@�&#'S@�.C4BE1;�4,.-C. p1;1YI�b6�&#:�;VE!6�&�@!&~&"4G8�*,.�q1.�*,'0;<8#;	+D'�23^C61+18�.0>	+ �i��
0�0��� 
=8�612"+!-C2	4�p1&�8#&"4�@!&"4,&#&"dNE12"*,2
^X.0+12"'0M�&#+�-C&)'0. q1&#*,2"*,'0;�8#;	+�'02S'�'02�M�2�@�2S2�'£4,.C4B-C&�Mo2S�"k0 	����� 
�Y��LT�2�8�-C2�M�&�+!-C&]8�;	Mo;y4,.[4,&|-/*,2#-C2"*,2S@!&g61+�2�*,8�a1. p1;1Y
�z47-C&�+!6�&Pp1;o@�&Pp1.08�&�@�*,.�p1&�*i?!2�E�6�&#@�&�4,&#*L.0+R4B-C2�'02"@!;�d!E�&�*,;`+1;�E�61&�@�&�4G&�*I6�-C.0'�.0��2"@!;`2�u1+£Y �£2"'-C2�&#'£2�*,8�a1.�p1;y&�4BE�&#8�.02"'
;S�1 ��! yn�6�&)'0;�.0+18�'6�?!2S&�+�&�'1^B.�'0&"4�?�47-C&�M ?`n�6�&)+1;�4bE1&�*,M�.-C2S2"8#8�&�@�&#*i2S@�.08�a12)E1;	*,8�.0>	+�@�&|(�&�*,+1&�'BY

Nodos  
s£2�*,2�n�6�&)6�+f@�&{p1.�8#&S@�*,.�p1&�*IE�61&�@�2`4,&�*N2�8�8�&�@!.�@!;�E�;	*I6�+oE�*,;	:!*,2"M�2�@�&S2#E�'0.08�2�8�.0>	+Q@!&)6�4B612"*,.0;�d1&#'£@!*,. p1&#*i+1&�8�&"4G.-/2
-C&�+1&�*I6�+oE�61+�-C;`@�&S&#+�-C*,2�@�2�@�2�@�;�E�;	*I6�+f2�*,8�a1. p1;`&"47E�&�8#.�2�'['�'02�M�2�@�;[�	
�k0�#�������0�#� �1 ��!��Y	�N+��i.0+!6�To&"4B-C;�4I2"*,8#a�.�p1;�4{d
E�;	*|6�+12�8%6�&"47-/.0>	+3@�&`;	*,@�&�+Rdb4G&y&#+�8%6�&�+!-C*,2"+w6�q1.08�2�@�;�4|&�+F&�'b@!.�*,&#8�-C;	*,.�;�7�!���1Y1ZS'�'0h[E!6�&�@!&�&�+18�;	+!-C*,2"*P4G&S61+�2`:!*,2"+
8�2�+!-/.0@!2"@`@�&)&"47-/;�4I2�*,8�a1.�p1;�4i&�4BE�&#8�.02"'0&"4{d�*,&#'�2�8�.0;	+12"@!;�8�2�@�2)61+1;�@�&)&�'0'0;�4I8�;	+`6�+o@�*,.�p1&�*L47-C2"+1@�2�*,@`@�&�'[4,.C4B-C&�M�2!Y
�z47-C;�4N+1;	@�;�4g4G;	+Q2�*,8�a1.�p1;�4Nn	61&]8�;	+!-C.0&�+1&�+Q4G;	'�2�M�&�+!-C&)@�;�4I+!u�M�&�*,;�4I&�+!-C&�*,;�4{d�'0'02�M�2"@!;�4I&�'R+!u�M�&#*,;��<Z
�l
�=?`&�'
+!u�M�&#*,;��V�i��l
�]d!n	61&gE!6�&�@!&�+�p1&�*P4G&]&�+o'�2	4I8�;	'6�M�+12	4���?���@!&g61+�'0./47-C2"@!;1Y"s[;	*i&CO{&�M`E�'0; �

Mi Li nux: ~# l s  - l  / dev/ l p*  
cr w- r w- - - -     r oot      daemon     6,    0 Apr  27  1995 l p0 
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Mi Li nux: ~# l s  - l  / dev/ Daq 
cr w- r - - r - -    r oot      r oot       31,    0 Aug  5 07: 42 Daq 
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Código del driver 
 
/ /  Daq. c 
/ /  Devi ce Dr i ver  par a ut i l i zar  l a puer t a par al el o como i n/ out  
/ /  Cr ear  el  nodo con:  mknod / dev/ Daq c 31 0  
 
#i nc l ude <l i nux/ modul e. h> 
#i nc l ude <l i nux/ mm. h> 
#i nc l ude <l i nux/ er r no. h> 
#i nc l ude <l i nux/ ker nel . h> 
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#i ncl ude <l i nux/ maj or . h> 
#i nc l ude <l i nux/ sched. h> 
#i nc l ude <l i nux/ mal l oc. h> 
#i nc l ude <l i nux/ i opor t . h> 
#i nc l ude <l i nux/ f cnt l . h> 
#i nc l ude <l i nux/ del ay. h> 
#i nc l ude <t i me. h> 
#i nc l ude <asm/ i o. h> 
#i nc l ude <asm/ segment . h> 
#i nc l ude <asm/ syst em. h> 
 
#i nc l ude " Daq. h"  
 
i nt  Daq_busy = DAQ_FREE;    / /  Semáf or o 
st r uct  wai t _queue * Daq_wai t _q;   / /  Decl ar aci ón de l a col a de esper a 
 
s t at i c  voi d Daq_i r q( voi d)  
{  
 wake_up( &Daq_wai t _q) ;    / /  Despi er t o a r ead 
}  
 
s t at i c  i nt   
Daq_open( st r uct  i node *  i node,  s t r uct  f i l e *  f i l e)  
{  
 i nt  codi go;  
  
/ /  Ver i f i co que el  MI NOR sea 0 
unsi gned i nt  mi nor  = MI NOR( i node- >i _r dev) ;   
  
/ /  Ver i f i co que el  semáf or o est e en ver de y l o pongo en r oj o 
i f  ( mi nor  ! = 0)  r et ur n - ENODEV;  
 i f  ( Daq_busy == DAQ_BUSY)  r et ur n - EBUSY;   
 Daq_busy = DAQ_BUSY;  
  
/ /  Sol i c i t o l a i nt er r upci ón 
 codi go = r equest _i r q( DAQ_I RQ,  ( voi d * ) Daq_i r q,  “ Daq” ) ;  
 i f ( codi go) {  
  pr i nt k( “ ERROR:  no se puede ut i l i zar  l a i nt er r upci ón 7\ n” ) ;  
  r et ur n codi go;  
 }  el se {  
  out b( i nb( 0x21) &( ~DAQ_I RQ) , 0x21) ;  
  out b( 0x20, 0x20) ;    / /  Habi l i t o máscar a de i nt er r upci ones 
 }  
r et ur n 0;  
}  
 
s t at i c  i nt   
Daq_r ead( st r uct  i node *  i node,  s t r uct  f i l e *  f i l e,  char  *  buf ,  i nt  count )  
{  
 unsi gned char  t est val ue;  
 
 i f ( count ! =1)  r et ur n - EI NVAL;    / /  Leer  de a uno 
 i nt er r upt i bl e_sl eep_on( &Daq_wai t _q) ;   / /  Esper o l a i nt er r upci ón 
 t est val ue = i nb( DAQ_I N) ;    / /  Toma el  byt e del  por t  
 put _user ( t est val ue,  buf ) ;   / /  Lo enví a a l a apl i caci ón 
 r et ur n 0;  
}  
 
s t at i c  i nt   
Daq_wr i t e( st r uct  i node *  i node,  s t r uct  f i l e *  f i l e,  const  char  *  buf ,  i nt  count )  
{  
 char  c ;  
 const  char  * t emp;  
 t emp=buf ;  
 
 whi l e( count >0) {  
  c=get _user ( t emp) ;   / /  Toma el  pr óxi mo byt e 
  out b( c, DAQ_OUT) ;          / /  Lo enví a al  por t  
  count - - ;  
  t emp++;  
 }   
 
 r et ur n t emp- buf ;  
}  
 
s t at i c  voi d  
Daq_r el ease( st r uct  i node *  i node,  s t r uct  f i l e *  f i l e)  
{  
 Daq_busy  = DAQ_FREE;    / /  Semáf or o en ver de 
}  
 
s t at i c  s t r uct  f i l e_oper at i ons Daq_f ops = {  
  / /  Sol o open,  r ead,  wr i t e,  y  c l ose i mpl ement adas 
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NULL,        / /  seek 
Daq_r ead,    / /  r ead 
Daq_wr i t e,  / /  wr i t e 
NULL,   / /  r eaddi r  
NULL,   / /  sel ect   
NULL,   / /  cont r ol  
NULL,   / /  mmap 
Daq_open,  / /  open 
Daq_r el ease  / /  r el ease 
} ;  
 
i nt   
i ni t _modul e(  voi d)   
{  
 out b( 0,  DAQ_OUT) ;       / /  Reset  
 i f  ( r egi st er _chr dev( DAQ_MAYOR,  " Daq" ,  &Daq_f ops) )  {  
   pr i nt k( " ERROR:  i ni t _modul e ha f al l ado\ n" ) ;    / /  Er r or  
   r et ur n - EI O;  
 }   
r et ur n 0;  
}  
 
voi d 
c l eanup_modul e(  voi d)   
{  
i f  ( Daq_busy)  pr i nt k( " WARNI NG:  Daq ocupado,  el i mi naci ón post er gada\ n" ) ;  
i f  ( unr egi st er _chr dev( DAQ_MAYOR,  " Daq" )  ! = 0)  
      pr i nt k( " ERROR:  c l eanup_modul e ha f al l ado\ n" ) ;  
}  

Archivo de encabezado 
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/ /  Daq. h 
/ /  Def i ni c i ones par a Daq. c 
 
#i nc l ude <sys/ i oct l . h> 
 
#def i ne DAQ_MAYOR 31 
#def i ne DAQ_OUT  0x378 
#def i ne DAQ_I N  0x378 
#def i ne DAQ_BUSY  1 
#def i ne DAQ_FREE  0 
#def i ne DAQ_I RQ  7 
 

Makefile 
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# Makef i l e par a el  dr i ver  Daq 
 
CC=gcc 
CFLAGS = - Wal l  - Wst r i c t - pr ot ot ypes - O2 - f omi t - f r ame- poi nt er  \  
         - f no- st r engt h- r educe - pi pe - m486  
MODCFLAGS = - DMODULE - DMODVERSI ONS - DCPU=486 - DEXPORT_SYMTAB - D__KERNEL__ - DLI NUX  
 
al l :   Daq. o 
Daq. o:  Daq. c Daq. h 
 $( CC)  $( MODCFLAGS)  $( CFLAGS)  - c - o Daq. o Daq. c 
 

Programa de aplicación 
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/ /  Gener aci ón de una onda cuadr ada con l a puer t a par al el o 
 
#i nc l ude <st di o. h> 
#i nc l ude <f cnt l . h> 
#i nc l ude <t i me. h> 
#i nc l ude " Daq. h"  
 
voi d mai n( ) {  
 
 i nt  f d;  
 shor t  number  = 0x1111;  
 unsi gned char  buf f er ;   
 s t r uct  t i mespec t i empo;   / /  Est r uct ur a def i ni da en t i me. h.  
 
 t i empo. t v_sec = 0;    / /  Ti empo en segundos 
 t i empo. t v_nsec = 100 *  1000000;  / /  + nanosegundos 
 
 f d = open( " / dev/ Daq" , O_RDWR) ;  / /  Abr o l a puer t a par al el o 
 i f  ( f d<0)  {  
  per r or ( " ERROR:  l a puer t a par al el o no pudo ser  abi er t a" ) ;  
  ex i t ( - 1) ;  
 }  
 f or ( i =0; i ++; i <1000) {   
  wr i t e( f d, " 1" , 1) ;   
  nanosl eep( &t i empo, NULL) ;  
  wr i t e( f d, " 0" , 1) ;   
  nanosl eep( &t i empo, NULL) ;  
 }  
 c l ose( f d) ;     / /  Ci er r o l a puer t a par al el o 
}  
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Depurado del código 
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. . .  
out b( ox20, ox20) ;  
#i f def  DAQ_DEBUG 
pr i nt k( “ Byt e envi ado. \ n” ) ;  
#endi f  
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La función de control ioctl()  
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/ /  r t _sqr . c  
/ /  Gener a una onda cuadr ada en l a sal i da 0 del  por t  par al el o 
 
#i nc l ude <. / r t . h> / /  I nc l udes necesar i os par a compi l ar  un módul o en r t . h 
#def i ne LPT 0x378 / /  Di r ecci ón del  byt e de sal i da del  por t  par al el o st andar d 
de l a PC 
 
RT_TASK t ar ea1;  / /  Decl ar aci ón de dos t ar eas de t i empo r eal  
RT_TASK t ar ea2;  
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i nt  per i odo = 40000;   / /  Per í odo de l a onda cuadr ada:  40mseg.  
 
/ /  Est a f unci ón se l e as i gna a ambas t ar eas,  una enví a t =1 y l a ot r a t =0 
voi d f unci on( i nt  t )  {  
 whi l e ( 1)  {  
  out b( t ,  LPT) ;   / /  Escr i be al  por t  par al el o 
  r t _t ask_wai t ( ) ;  / /  Esper a su pr óxi mo per í odo 
 }  
}  
 
/ /  I ni c i al i zaci ón del  módul o:  def i ne l as dos t ar eas de t i empo r eal  e i ndi ca al   
/ /  schedul er  que l as ej ecut e per i ódi cament e 
i nt  i ni t _modul e( voi d)   
{  
 RTI ME ahor a = r t _get _t i me( ) ;    / /  Obt i ene l a hor a.  
 
 r t _t ask_i ni t ( &myt ask,  f unci on,  1,  3000,  4) ;  / /  Est a t ar ea set ea el  bi t ,   

/ /  con pr i or i dad 4 
 r t _t ask_i ni t ( &myt ask2,  f unci on,  0,  3000,  5) ; / /  Est a t ar ea r eset ea el   

/ /  bi t ,  con pr i or i dad 5 
 
/ /  Ambas t ar eas se ej ecut an per i ódi cament e con un of f set  de per i odo/ 2 

 r t _t ask_make_per i odi c( &t ar ea1,  ahor a + 3000,  per i odo) ;  
 r t _t ask_make_per i odi c( &t ar ea2,  ahor a + 3000 + (  per i odo/ 2 ) ,  per i odo) ;  
 
 r et ur n 0;  
}  
 
/ /  Li mpi eza del  módul o:  el i mi na l as dos t ar eas de t i empo r eal  
voi d c l eanup_modul e( voi d)  
{  
 r t _t ask_del et e( &t ar ea1) ;  
 r t _t ask_del et e( &t ar ea2) ;  
}  
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Experimento 1: Generación de una onda cuadrada de 20 milisegundos 
con el port paralelo 
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#i nc l ude<. . . > 
f d = open( " / dev/ l pv" , O_RDWR;  
whi l e( 1) {  
wr i t e( f d, " 1" , 1) ;  
nanosl eep( &t i empo, NULL) ;  
wr i t e( f d, " 0" , 1) ;   
nanosl eep( &t i empo, NULL) ;  
}  
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/ /  
/ /  r t _sqr . c  
/ /  Gener a una onda cuadr ada en l a sal i da 0 del  por t  par al el o 
/ /  
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#def i ne MODULE 
#i nc l ude <l i nux/ modul e. h> 
#i nc l ude <l i nux/ ker nel . h> 
#i nc l ude <l i nux/ ver s i on. h> 
#i nc l ude <l i nux/ cons. h> 
#i nc l ude <asm/ i o. h> 
#i nc l ude <l i nux/ r t _sched. h> 
 
/ /  Di r ecci ón del  por t  par al el o 
#def i ne LPT 0x378 
 
RT_TASK t ar ea1;  
RT_TASK t ar ea2;  
 
/ /  Per í odo de l a onda cuadr ada 
i nt  per i odo = 40000;  
 
/ /  Est a f unci ón se l e as i gna a ambas t ar eas,  una enví a t =1  
/ /  y  l a ot r a t =0 
voi d f unci on( i nt  t )  {  
 whi l e ( 1)  {  
  out b( t ,  LPT) ;   / /  Escr i be al  por t  par al el o 
  r t _t ask_wai t ( ) ;  / /  Esper a su pr óxi mo per í odo 
 }  
}  
 
/ /  I ni c i al i zaci ón del  módul o:  def i ne l as dos t ar eas  
/ /  y  l as pone a cor r er  
i nt  i ni t _modul e( voi d)  
{  
 RTI ME ahor a = r t _get _t i me( ) ;   / /  Obt i ene l a hor a 
 
 r t _t ask_i ni t ( &myt ask,  f unci on,  1,  3000,  4) ;   

/ /  Est a t ar ea set ea el  bi t ,  con pr i or i dad 4 
 r t _t ask_i ni t ( &myt ask2,  f unci on,  0,  3000,  5) ;    

/ /  Est a t ar ea r eset ea el  bi t ,  con pr i or i dad 5 
 
 / /  Ambas t ar eas se ej ecut an per i ódi cament e con  

/ /  un of f set  de per i odo/ 2 
 
 r t _t ask_make_per i odi c( &t ar ea1,  ahor a + 3000,  per i odo) ;  
 r t _t ask_make_per i odi c( &t ar ea2,  ahor a + 3000 + (  per i odo/ 2 ) ,  \  

per i odo) ;  
 r et ur n 0;  
}  
 
voi d c l eanup_modul e( voi d)  
{  
 r t _t ask_del et e( &t ar ea1) ;  
 r t _t ask_del et e( &t ar ea2) ;  
}  
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9��d"L���r�.m����,$&���&�L���������L�����������_	��'!�R,�'�7������,�����!�� M S��������&����RF� ������������J�,�������'�%� ��!��4����5 j �r�4�8$&��Z[��RF� !��_�`�
9��'	������.m���������$&�'�t����?m��4!����'	�������'�}��!���� 	����,�Y�}���!{�����t�'	�	��'�����t�4�l���&��	���!�o�R�������5
� $b������;'�4�����p�������$&���l�`������ T z{���,� �p� �4!�����������&�������	��� �,��	����� �4���,�k	��4!�R��X���n� !���	��&�`����w�`�k���4�,$��Ym������wT
M S �&�sM:� ����	�!�������RF� �������:5�z{���'�%� ��	��*Z[��	��4	�����k�,���'�8$&�����&�8$&���L���4� ��!���$&��m����b� �!7���'!8$&�^�������������,$&�!��'���7����	����'!�������
������� � 6]\�� �F� �'�%$&��$&������� �L���.����!�o������4�,$b��� ��!.�����4	��4$&�4������� ±

P S�����	�!�������RF� �������:5 j �����lc( >?EFHdA�e8e[e3fh�,fh���,� ���,�
m���!.�`��	�������������&�%$b!����,��	�������,��������$b�����a� ���7�'��� !��4	3$&��	��'������$&�����l�����l�`� �������,����$&�*� ���,�2	��'!�R,���� �
���F� ��!��������,$&�����
z{���,� �l5

`]a bIc�d�e�fgfDf�h ��e��"o�jQk6a s u�m�d�s�a ��n�t�m�p q�s, :¡
l
a p a s�m�bIc�n�t�q�s�x m���d�a ¢�q�s�u�e�d�e���a n�c�w�£�¤l¥ f ¦
h §�D¨?©8��a n�c�w�ª�d�m�s u�m�¢�x a «�e�l
m�n�x m

j �����Y�s@�A,��B�A+te[e8edf¬{®�e8e8edf*¯����
��!��'�����,$&�4�������7	��4��	3� �����7�,����m��'���!{�L��������1,���'�m����'	�������%$&�'�����4!�� 1,���4��������1,��o��������
"���� !8$&���`�b�`°[°�±
²�³'´�³pµ�³4¶�³�· ¸�³p¶�¹Xº�³Y»�¼�¹�¶�½�µ�½�¾¸�¹'»�´�¹�³4º�½�¿4³'¶,³Y»�±�À&³'¸,À&¾�²�³'´�³�¹�º�Á{½�¸,· Âw»%Àb³4¸�¶�³4´�¶vµ�¾¼�¾�² ³4´�³�¹�º
ÃJÄ Á{½�¸,· ÂiÅlÆ�Ç4À&¹'»�¹L¹�ºÉÈ,· ¹�¸nµ�¾¼�² ¾´8À&³4¼�½�¹�¸,À&¾�²�´�¾¼�¹�¶�½�¾�¶�¹�º}Á{½�¸�·�Â�Ê?Ë�Ì�ÍÎ�ÅbÏ�±D´�¹3Ð[º�¹&Ñ.³4¶�¾�¹�¸nº�¾�»7Ò�³4º�¾´�¹'»
¼�¹�¶,½�¾�»
¶�¹nº�³|Ó�Ô,Õ�Ö�Ôk×8×8×dØÙ�ÅtÚs»8À&³X¹'»a· ¸�³Xµ�³4´�³'µ3À&¹�´�Û&»%Àb½�µ�³X¶,¹kº�¾�»�»`½&»8À&¹�¼�³»�¶,¹rÀ&½�¹�¼�²�¾|µ�¾¼�² ³4´8À&½�¶,¾�±J»�½7È�½�¹�¸pº�³»�Ü,´�³'¸�¶�¹4»

°8° Á{³^ÝÞß3Ó�àFádâ*á�¹'»7·�¸�³_¼L¹�¶�½�¶�³�¶,¹�ºÉ³�²�³'´8À&³4¼�½�¹�¸,À&¾�¶�¹�ºÉã�½&»8À&¾Ü,´�³'¼�³�¶,¹�· ¸�³�Ü�³�·#»�»�½�³4¸ ³^²�¹�´8Ð[¹�µ3À&³,Åä�· ´8À&¾�»`½b»s½�ÜF· ³4º?³
µ�¹�´�¾�»�½�Ü�¸�½*Ð[½�µ�³�Ü,³�·l».»�½�³4¸�³�Å

³4å È�å
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Ò�³4´�½�³4µ�½�¾¸�¹'»�¹�¸|º�³�Ò�³'´�½�³4¸�¿'³±�#X»�¾�È�´�¹�À&¾¶,¾r¹�º7³'º�¹&Ñ�³'¼�½�¹�¸,À&¾r¶�¹Lº�¾�»<¼%$4Â�½�¼�¾�»&#n¼�Û�¸�½�¼�¾�».±}º�¾r¶,¹'»�µ�³'´8À&³4¸r² ³4´�³�»%·
·�À&½�º�½�¿'³4µ�½�Ç¸�¹�¸�³�² º�½�µ�³4µ�½�¾¸�¹'»t¹'»8À&´�½�µ3À&³Y»t¶,¹JÀ&½�¹�¼�²�¾�´�¹�³4º8Å

'"(*)�+-,/.10�2�354�2
Media 6 .�7�8%9�:;, <=(?> <@2BA C-DE3�:�+�7�(�7

Ì�½�¸�µ�³'´�Ü,³ Ï�F�F�FBG Ï4Å HJI Ï�F�F�K�FML�N�N/I�H HJFBNlÅ H�G
O ³4µ�P Ü,´�¾4· ¸�¶ Ï�F�F�F�F HJI#Å G]Ï Ï�K?ÏQK�G L�N�G�R�G I�KBGlÅ G�R
S ³4´�Ü�³�µ�¾¼�² º�¹3À&³ L�N�N�N/F I�T�K#Å K�H Ï�GJKBN�H L/F�FBNJK L�RiÅ T�K
Ì�Çº�¾^¶�½&»�µ�¾^¶·�´�¾ Ï�F�F�FDÏ T�F?ÏYÅbÏ�H Ï�GJI�F�H L/I�N/I�H Ï�K#Å GJT
Ì�Çº�¾^´�¹�¶ Ï�F�F�F�F Ï,Ï�HiÅ T�I Ï�F�G/I�TML�L�N�N�R Ï�F#Å L]Ï
Ì�Çº�¾^µ�$'º�µ3·�º�¾ Ï�F�F�F�F Ï�GiÅ RJF Ï�F�G�HJTML�N�H�NJI T�K�F�Å L/K

U 	�V�� 	�WXWYW�Z [�\Q]E�� �����	���� �� ������� �	��� ���	�����	�����	���	����_^a`
�
� � � ����b5�� ����������� /c��  ���d/eJf_�;W g
Z [ih��� ��E� ����������b5�� ������

'"(*)�+-,/.10�2�354�2 <=.�,/(�2 6 .�7�8%9�:;, <=(?> <@2BA C-DE3�:�+�7�(�7
Ì�½�¸�µ�³'´�Ü,³ Ï�F�F�F�F NlÅjK�F Ï�F�F�F�TML�N�NÉÏ�T Ï�K#Å K�I
O ³4µ�P Ü,´�¾4· ¸�¶ Ï�F�F�F�F Ï4ÅjT?Ï Ï�F�F�F�TML�N�NÉÏ�G Ï�I#Å K�N
S ³4´�Ü�³�µ�¾¼�² º�¹3À&³ Ï�F�F�F�F LlÅ HJI Ï�F�F�F�N L�N�NÉÏ�G LiÅbÏ�N
Ì�Çº�¾^¶�½&»�µ�¾^¶·�´�¾ L�N�N�N�N Ï4ÅjF�L Ï�F�F�K�IML�N�NÉÏ�H I#Å F�L
Ì�Çº�¾^´�¹�¶ L�N�N�NÉÏ LlÅjI�T Ï�F�F�K?ÏkL�N�NÉÏ�F T#Å T?Ï
Ì�Çº�¾^µ�$'º�µ3·�º�¾ Ï�F�F�F�F Ï4ÅjT�F Ï�F�F�K�KML�N�NÉÏ�G Ï�K#Å G�L
U 	�V�� 	�WXWYW�Z ^�\Q]E�� �����	���� �� ����_�� �	��� ���	�����	�����	���	�����^�`
�E� � � ����b5�� ����������� /l U c��  ���dmh��� ��
� ����������b5�� ������

Ú�¸nº�³�nâ oDÞß3Ô�×[×8×dØYp�²�·�¹�¶�¹�¸�Ò�¹�´.»�¹�¹�¸r¹4»�µ�³4º�³_³4¼�²�º�½�³4¶�³�º�¾�»J¶,¾�»Jµ�³Y»`¾�»J¹�ÂFÀ&´�¹�¼�¾�»3Å,Æ�Ç4À&¹�¸l»�¹^º�³»�¶�½*Ð[¹�´�¹�¸,À&¹'»�¹'»�µ�³'º�³»
¶�¹Lº�¾�»<ã�½b»%À&¾Ü�´�³4¼�³Y»:Å�q�¹�º�³�¹�ÂF² ¹�´�½�¹�¸�µ�½�³�»`¹_¶,¹'»8²�´�¹�¸�¶�¹'±Dµ�¾¼�¾�µ�¾¸ µ�ºh·l»�½�Ç¸l±
r·�¹_¹�º�»�½&»%Àb¹�¼�³�¾4² ¹�´�³�À&½�Ò�¾ ÃJÄ Á{½�¸,·�Â
µ3·�¼�² º�¹�µ�¾¸rº�³»�¹'»8²�¹�µ�½*Ð[½�µ�³4µ�½�¾¸ ¹4»7²�´�¹.Ò�½&»8À&³Y»ts&¼�³4¸,À&¹�¸�¹�´7º�³^¶�½&»8²�¹�´.»�½�Ç¸�¼%$4Â�½�¼�³�³4µ�¾4À&³4¶�³�¹�¸uL�N�¼�½�µ�´�¾�»�¹�Ü· ¸�¶,¾�»�å�±
¼�½�¹�¸,À&´�³Y»vrF· ¹LÁ{½�¸,·�ÂrÊ?Ë�Ì�ÍÎ�ÅbÏa¼�¾�»8À&´�Ç�·�¸|µ�¾¼�² ¾´8À&³4¼�½�¹�¸,Àb¾wrF· ¹�²,· ¹�¶,¹�»�¹�´�µ�³�À&³»8À&´�Ç4Ð[½�µ�¾r¹�¸X³�² º�½�µ�³4µ�½�¾¸ ¹4»�µ�¾¸
´�¹�rF· ¹�´�½�¼�½�¹�¸,À&¾�»X¹'»%Àb´�½�µ3À&¾�»X¶,¹pÀ&½�¹�¼�² ¾�±�»`½�¹�º�¾�È3Ñ�¹3À&½ Ò�¾y¹'»�»�½�¸�µ�´�¾¸�½�¿4³4´|¹�Ò�¹�¸,Àb¾�» µ�¾¸ º�¾�»X´�¹�º�¾�Ñ�¹'»n¶�¹�º�»�½&»8À&¹�¼�³
¾4² ¹�´�³�À&½�Ò�¾�ÅÉÌ�½�¸r¹�¼�È�³4´�Ü�¾�¶,¹.È�¹�¶,¹'»8À&³4µ�³4´.»�¹�¹�ºlÈ,· ¹�¸rµ�¾¼a² ¾´8À&³'¼L½�¹�¸�À&¾�²�´�¾¼�¹�¶,½�¾L¶�¹yx4»8À&¹'±_r· ¹^º�¾�ã�³'µ�¹^³�²�´�¾4² ½�³4¶�¾
² ³4´�³
· ¸LÜ�´�³4¸�¸�z ¼�¹�´�¾^¶�¹
³�²�º�½�µ�³'µ�½�¾¸�¹'»:Å
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{ � b5����	�WXWXW�Z |�\�]
�� �����	���� �� ������  �� ����}�	�� ����Z;	�[Y~�c��  ���d/e/f��;W g
Z [
���  ���	��Xb5	��5	�^*~�c��  ���d/e/f_�iW g
Z [
���� ���	��Xb5	��5V�[Y~�l U c��  ���d����  ���	��Xb5	��5V�^*~
l U c��  ���d����� ���	��Xb5	
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Experimento 2: Medición del tiempo de respuesta a la interrupción del 
port paralelo 
Ú�º7¾�È3Ñ�¹3À&½ Ò�¾r¶,¹�¹'»%Àb¹L¹�Â²�¹�´�½�¼�¹�¸,À&¾r¹'»�µ�¾¼a² ³4´�³'´�º�¾�»�µ�¾¼�² ¾´8À&³4¼�½�¹�¸,Àb¾�»<¶�¹�º�¾�»^»�½&»8À&¹�¼�³»�¾4²�¹�´�³�Àb½�Ò�¾�» ÃJÄ Á{½�¸,· Â%#
Á{½�¸,· ÂLÊ?Ë�Ì�ÍÎ�ÅbÏ<µ3· ³4¸�¶�¾�À&½�¹�¸�¹�¸rµ�¾¼�¾aÀb³4´�¹�³�´�¹'»%² ¾¸�¶�¹�´�³�·�¸�³�½�¸,Àb¹�´�´8·�² µ�½�Ç¸�¶�¹�ã�³4´�¶���³'´�¹�¹�ÂÀ&¹�´�¸�³�ÅFÊ?³'´�³^¹�º�º�¾a»`¹
·�À&½�º�½�¿'Ç�º�³n½�¸,À&¹�´�´8·,² µ�½�Ç¸p¶�½&»8²�¾¸ ½�È�º�¹r¹�¸p¹�º�² ¾´8À
² ³4´�³'º�¹�º�¾X¶�¹rº�³rÊ S s&Ü,¹�¸�¹�´�³'º�¼�¹�¸�À&¹rº�³kÍ Ã�� R�å�±7³Y»`½�Ü�¸/$'¸�¶,¾º�¹r³
¶�½�µ�ã�³�½�¸,À&¹�´�´8·�²�µ�½�Ç¸�º�³
Àb³4´�¹�³�¶,¹2Ü,¹�¸�¹�´�³'´}· ¸�²,· º&»�¾^µ�¾´8À&¾�¹�¸a· ¸�¾�¶,¹2º�¾�»DÈ�½*À»t¶,¹ »`³'º�½�¶�³�¶,¹�ºl¼�½&»�¼L¾�² ¾´8À °�� Å
Á{³X¶�½&»8²�¹�´.»�½�Ç¸v¶,¹�º
À&½�¹�¼�² ¾XÀ&´�³4¸l»�µ3·�´�´�½�¶,¾�¹�¸,À&´�¹k³4¼�È�³»�»`¹�	�³'º�¹'»L¶�³n· ¸�³X½�¶�¹�³X¶,¹kº�³Y»<Ò�³'´�½�³4µ�½�¾¸ ¹4»-r·�¹�²�· ¹�¶�¹�¸
¹�Â,½b»%À&½�´t¹�¸�¹�º#Àb½�¹�¼a² ¾�¶,¹2º�³�À&¹�¸�µ�½�³Y±,¾�À&½�¹�¼�²�¾�¶,¹2´�¹'»%²�·�¹'»8À&³�³�º�³�½�¸�À&¹�´�´8·,² µ�½�Ç¸DÅ
Ê?³4´�³�³Y»`½�Ü,¸�³'´J¶,½�µ�ã�³�À&³4´�¹�³�³^º�³�½�¸,Àb¹�´�´8·�² µ�½�Ç¸�¹�¸�¹�ºiÁ{½�¸,·�Â�Ê?Ë�Ì�ÍÎ�ÅbÏ�»`¹
·�À&½�º�½�¿4Ç�¹�ºD¼�½&»�¼�¾�¶�´�½�Ò�¹�´"rF· ¹�¹�¸�¹�ºi²�· ¸,À&¾
³4¸�À&¹�´�½�¾´.±n¼�¾¶,½hÐ8½�µ�³'¸�¶�¾ º�³ ´8·�À&½�¸ ³ ¶,¹ ³�À&¹�¸�µ�½�Ç¸ ¶�¹ º�³ Í Ã�� RlÅ�
 µ�¾¸,Àb½�¸,· ³4µ�½�Ç¸ »�¹ ¼a· ¹'»%Àb´�³ »�Çº�¾ ¶,½�µ�ã ³
¼�¾¶,½hÐ8½�µ�³'µ�½�Ç¸DÅ

/ /  I nt er r upt  Handl er  
voi d l pv_i r q7( i nt  i r q7)  
{  
 / /  Test  di r ect o:  
 out b( i nb( LPV) | 0x02, LPV) ;  
 out b( i nb( LPV) &( ~0x02) , LPV) ;  
}  
 
/ / . . .  y  en l a f unci ón open 
r equest _i r q( i r q7, ( voi d * ) l pv_i r q7, SA_I NTERRUPT, " l pv" , NULL) ;  

Ê?³4´�³�³Y»`½�Ü�¸�³'´tº�³�¼�½&»�¼�³
À&³4´�¹�³�µ�¾¼�¾^¼�Ç¶·�º�¾^¶�¹�À&½�¹�¼�² ¾^´�¹�³'º&±�»�¹�² ´�¾µ�¹�¶�¹
µ�¾¼�¾�»�¹
¼�· ¹'»%À&´�³�³�µ�¾¸,Àb½�¸,· ³4µ�½�Ç¸DÅ
 
/ /  
/ /  r t _i r q. c 
/ /  Test  par a medi c i ones.  
/ /  
#def i ne MODULE 
#i nc l ude <l i nux/ modul e. h> 
#i nc l ude <l i nux/ ker nel . h> 
#i nc l ude <l i nux/ ver s i on. h> 
#i nc l ude <asm/ i o. h> 
#i nc l ude <asm/ r t _i r q. h> 
#def i ne LPT 0x380 
 
i nt  i ;  
char  c ;  
 
 

°�� Ê?³4´�³�¾�È,À&¹�¸�¹�´7º�³�½�¸,À&¹�´�´8·�²�µ�½�Ç¸uR�±�¶,¹.È�¹
ã ³3È�½�º�½hÀ&³4´.»�¹�² ´�¹.Ò�½�³4¼�¹�¸,À&¹ x4»8À&³�»�¹3À&¹�³4¸�¶�¾^º�³�¼L³Y»`µ�³'´�³�µ�¾´�´�¹'»8²�¾¸ ¶,½�¹�¸,Àb¹4± #
º*· ¹�Ü,¾�² ¾¸�½�¹�¸�¶�¾L¹�¸ Ï�¹�º�r· ½�¸,À&¾�È�½*À{¶�¹�ºlÈ�#FÀ&¹�¶�¹�µ�¾¸,À&´�¾ºD¶�¹�º�³�²,· ¹�´8À&³�²�³'´�³4º�¹�º�¾�Å�
�»�Û&±�¹�º]»`¹3À&¹�¾�¶�¹�º�È�½*À
 S ä ¶,¹�º�³
²�·�¹�´8À&³
² ³4´�³'º�¹�º�¾^Ü�¹�¸�¹�´�³
·�¸ ³�½�¸,À&¹�´�´8·�²�µ�½�Ç¸�¸,· ¼�¹�´�¾yR�³'ºD»�½&»8À&¹�¼�³��ÌÀ&¹���³'´8À[±ÉÏ�F�F�H��.Å
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/ /  I nt er r upt  handl er :  Al  l l egar  l a i nt er r upci on 7 gener a un pul so.  
voi d i nt r _handl er ( voi d)   
{  
 out b( 0x01,  LPT) ;    / /  Escr i be al  p.  par al el o.  

out b( 0x00,  LPT) ;  
}  
 
i nt  i ni t _modul e( voi d)  
{  
 r equest _RTi r q( 7,  i nt r _handl er ) ;  / /  Sol i c i t a I RQ 7,   

/ /  as i gnando l a f unci ón.  
 r et ur n 0;  
}   
 
voi d c l eanup_modul e( voi d)  
{  
 f r ee_RTi r q( 7) ;     / /  Li ber a I RQ 7.  
}  
 


����������������������������� ����!"��#%$���&'�!�&�(	��)�$*�+��&'!��,&'�-�.�/)0�21�!��3��4���51�!��.!"�.6�7�����!98:)'�2�#;)'��&<$��5��#=���?>���&'#����@7%�
A �#%��B;C�DE6-$*�-)'�������%$*����F��-1��6�#+7,�����G)IH���#�1��!�#���)KJ�L�M%N,L�OQPSR�T�U�VWJQM;X Y@Z\[-JQL-LQR�T]U�VWJ�M;X Y�^�_�`'_ba4_b_Gc0d�e,f�_�g�d4h�f+i,jka�_kl�_�`'j�_
i,jml�d�j�n3^�ob`'j�_-a;_�a�_�d4f%l�j�`'`<p%^�g�d�h�frq
s arl�d�j�n3^�o3l�`'_�f;c0g�p�`'`'d�i,otj�f%l*`'j�a�_3c'j�u�_-avj�w�l�j�`'f�_Ex�p�j�e,j�f�j�`'_ba�_Ed�f%l*j�`'`<p,^�g�d4h�f3Z.j�a;^%p�a�c'o3i,j�`'j-c<^,p�j�c<l�_bj�c	n.j�i%d�i,o
g�o�f:j�akg�o�f%l*_-i,o�`byvaWp%z�j+p,l�d�a�d�{�_-i,o"j�f:j�akj�w�^�j�`'d�n.j�f%l�o/_-f%l�j�`'d�o�`�|	x�p�j+l*d�j�f�j2a�_�g�_�^�_�g�d�i%_�i}i%j2n.j�i%d4`3j�a~l*d�j�n ^�o
l�`'_�f;c0g�p�`'`'d�i,obj�f%l�`'j@i%o,c\�<a4_-f�g�o,cK_Gc0g�j�f�i,j�f,l�j�cKj�f+c<p�cKi%o,c�g�_�f�_-a4j-c
� j���jb_�g�a�_-`'_�`�c0jEx�p�jEj�a\n.j�i,d�i%o.f�o�j-c	j�arP4V�L������.�%LE���,P�L����-V��,�<��i,j�a�c0d*c�l�j�n._�|;c'd�f�o3x�p�j�j-c	a�_�c<p�n._Ei%j���c<l�j�g�o�f+j�a
l�d�j�n3^�o+i,jbj���j�g�p�g�d�h�f2i%jEa�_bl*_-`'j�_3i,jbe,j�f�j�`'_-`?j�ar^%p�a�c'oti,jE`'j-c<^,p�j�c<l�_%qv�%d4f2j�nE��_�`'e%o,|;a�_�c���_-`'d�_�g�d4o�f�j�cmi,j�arl*d�j�n ^�o
n.j�i%d�i,o�c0o�f.`'j�^�`'j�c'j�f%l�_�l*dS��_�cKi,jka4_�cr��_�`'d�_-g�d�o�f�j�cKi,jka4_�a�_�l�j�f�g�d�_�i,j�avc0d�c<l�j�n._%q
� _-`'_.a�_.e,j�f�j�`'_�g�d�h�f5i,j3a�o,cm^,p�a�c0o,ckj�w�l�j�`'f�o,ckx�p�j3j�w,g�dWl�_-f�a�_.d�f%l*j�`'`<p,^�g�d4h�f5i,j3a�_ ��� i%j�p,l�d�a�d�{�h.j�a\e,j�f�j�`'_-i,o�`?i%j
^,p�a�c'o,ck��j���a�j�l�l � _�g�z�_�`'i"���%�,�,�3q��~c�l*j l*d�j�f�j.`'_-f�e,o,c�j�f%l*`'j"���,�+Z �¡��¢"��{G|Kc'_-a4d�i%_£n.¤-w,d�n._2¥�¦E|�Z�`'d�c0j3l�d4ntj�§
�-qS¥�f;c'j�e;q-¨�o,cKd4f;c�l*`<p�n.j�f%l�o,c©��p�j�`'o�ftg�o�f�j�g�l�_�i%o,cKg�o�n.oEn p�j�c�l*`'_�a�_�[�V ªvN�JQ�k«¬«<«�4®�q
s c�l�_�j�w�^�j�`'d�j�f�g�d�_Ec'jkj���j�g¡p,l�h�l�_-nE��d���f.i�p�`'_�f%l�jm^�j�`'¯�o�i,o,cKa�_-`'e,o,cKi,jml�d4j�n3^�o�q
°�±�²<³;´Wµ0¶%·�¸,²K¸�¹�µ�±-º;»�·�¸,²
s f¼a�_k[�V ªvN�J���«<«<«Q<½�¾��|@c0j�o��;c0j�`���_5^�_-`'_/j�ak¨�d4f%p�w �v¿ �%À�Á.q��tp�f�_�d�f�i,j¡l*j�`'n.d�f�_-g�d�h�f:j�f=j�a?l�d�j�n3^�o/nt¤�w%d4nto/i%j
`'j�c�^,p�j-c<l�_�_5d4f%l�j�`'`<p%^�g�d�o�f�j�c�|~x�p�j+Â���J�Ã��/L���[�N����-V�Ä��}�,L2���"�-��J¬ªr�"j�f%l*`'j+Å,�

µ
ckZ}Æ��,n£c¡q � p�j�i%j���j�`�c0j£g�h�n.o,|K_�a

d�e�p�_�a5x�p�jÇj�fÈj�a�j�w�^�j�`'d4ntj�f%l*oÉ_-f,l�j�`'d�o�`�|+j�a5_�g�g�j�c'oÉ_Çi,d�c'g�oÊi,j�c0n.j��Ëo�`'_Ìa�o,cÍl�d4j�n3^�o,cÎi,jÏ`'j�c<^%p�j�c�l*_%q � j�`'o
��p�f�i%_�ntj�f%l*_-a�n.j�f%l�j]c0j@jË��d4i%j�f�g�d�_�j�a;j��<j�g�l�oEf�o�g�dS��oEi%j@a�_�o-^�j�`'_�g�d4h�ftj�f3^,p�f%l*o��¬a�o-l�_�f%l�j�q
s f2j�a\g�_Gc0o.i,j�Ð?Ñ\¨�d�f%p�w2Ò [�V ªvN�JQ�b«¬«<«Q<½�WÓ,ÔK^,p�j�i,jk��j�`�c'jbg�h�n.o.j�arl�d�j�n3^�o.i,jb`'j�c<^%p�j�c�l�_�_ba�_Ed�f%l*j�`'`<p,^�g�d4h�f+j�w�l*j�`'f�_
j�cK^�`'¤�g¡l*d�g�_-n.j�f%l�j�d�f�i,j�^�j�f�i,d�j�f%l�j�i,j�a�_Eg�_-`'e,_?Z.c0j@nt_�f%l�d�j�f�j@_-g�o-l�_�i%o�^�o�`�i,jË��_¬�ËoEi,jkÅ�¥

µ
c0j�e�|�c0d,��d�j�f.a�_�n.j�i%d4_?Z

a�_?��_�`'d�_-f�{�_�i%j�^�j�f�i%j�f.a�j���j�n.j�f,l�jki,j�a�l*dW^�oEi,jkg�_-`'e,_%q

�<� s a©l*d�j�n ^�o+i,jEa�_�l�j�f�g�d�_ c0jEi%j��¬d�f�jEg�o�n.otj�arl�d4j�n3^�o3l�`'_-f;c'g�p�`'`'d4i%o.j�f%l�`'jEa�_3e,j�f�j�`'_-g�d�h�f2i,jba�_�d�f%l�j�`'`<p,^�g�d�h�f.Z+a4_
j��Ëj�g�p�g�d4h�fti,jka4_k^�`'d�n.j�`'_�d�f;c<l�`<p�g�g�d4h�fti,jka4_�`<p%l�d4f�_�_�c'o�g�d�_-i,_%q
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s f+a�_Gc~P4�%Ó,����OK«¬«<«Q=<?>.«<«<«Q=@£c'jk^�`'j�c'j�f%l�_-f£a�o,c	g�¤-a�g�p�a�o,c	i%j�a���_�a�o�`�ntj�i,d�o,|%i,j�c ��d�_�g�d�h�f£c�l�_�f�i,_-`'i�|%n.¤-w,d�n.o,|%n.¯�f�d�n.o
ZÏz,p�`<l�o,c'd�c�|�^�_-`'_¼g�_-i,_:p�f�_¼i%j=a�_�c5n.j�i,d�g�d�o�f�j�c5`'j�_-a�d4{-_-i,_�c�|�l�_�f%l�o¼^�_�`'_:j�ab¨�d�f,p�w �v¿ �%À�Á.q��"g�o�n.o:^�_�`'_:j�a
Ð?Ñ\¨�d�f%p�w�q s f.a�_�[�V ªrN�J��@«<«<«Q=AE^%p�j�i%j�fE��j�`�c0j@j�f.j�c'g�_�a�_�_-n3^�a�d�_�i%_�a�o,c�g�_Gc0o,c�j�w�l�`'j�n.o,c¡q

B	»DC;¸3·�±FE�¶�G�H,¶ I¼±�·�»�¶ J�±G²LKNM%µ�· I¼»�º I ¶,O P3³8G�µ'¸,²'»�²
�,d�f.g�_�`'e%_ Å\�-q Q,Å �Gq ¥,¥ Å,��q ��� ����q R,� ��Æ)S�q �\�
T _-g�z�e%`'o-p�f�i Å���q���Q Æv�¡Å;q R%� Å��Gq Æ�� Å,Å\����Æ�q �%� ��S,Q�Æ�q �%�
� _-`'e,_�g�o�n3^�a�j�l�_ Æ,Q�S�qSÆv� ¥�Å���q Å%� ÅUS�q*�¡� Å�R�¥���Q �¡�,����q �%�
�,h�a�obi,d�c'g�obi�p�`'o �,�%�;q Q�� �,Å%�;q ��Å Å�Q�q Q%� ��ÅUS�Å;q �%� Q�Æ�q Æ,¥
�,h�a�ob`'j�i �,�¡�;qSÆ,Æ Sr�-q ¥)S Å�R�q ¥�� Å�¥�S%Æ�q ��� ���)R;q �)Q
�,h�a�obg�¤�a�g�p�a�o ��R�S���q*��� Å�Q����;qS��� Å�Q�q Å%� S%Æ,�r�-q*�¡� V��-q Å��
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B	»DC;¸3·�±FE�¶�G�H,¶ I¼±�·�»�¶ J�±G²LKNM%µ�· I¼»�º I ¶,O P3³8G�µ'¸,²'»�²
�,d�f.g�_�`'e%_ Å�q Æ"Q ��q ¥,¥ Å�q*�¡� ��¥�q ¥�� Å�Q)Q;q*�%�
T _-g�z�e%`'o-p�f�i Å�q Æ�� ��q Æ,¥ Å�q*�¡� ����q ��� ���)Q;q ¥%�
� _-`'e,_�g�o�n3^�a�j�l�_ Æ�q ��� �Gq �,� Å�q Æ�� ��S�q �,� Å,Å�q*���
�,h�a�obi,d�c'g�obi�p�`'o Æ�q Å%� ��q Q�¥ Å�q*�¡� ��S�q �,� �,�¡Å;q S"Q
�,h�a�ob`'j�i ��q Æ%� �Gq R�� Å�q ¥�� Å�¥�q �,� ��q S��
�,h�a�obg�¤�a�g�p�a�o Å�q ¥"Q ��q ��Æ Å�q Å%� ����q ¥�� Å,��Æ�q*�[Q
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Ð?j�c<p�n.d�j�f�i,o,|�j�c<l�_�c?j�w�^�j�`'d4j�f�g�d4_�c���_-f2i,j�n.o,c<l�`'_-i,o.x�p�jEj�a�c'd�c<l�j�n._3o-^�j�`'_�l�dS��o3Ð?Ñ\¨�d�f%p�wt^,p�j�i,j3c'j�`~p,l�d�a4d�{-_�i%o.j�f
j�a	g�_�c'o2i%j£c'j�`�f�j�g�j�c'_-`'d�o2_�e%`'j�e,_-`kl�_�`'j�_�c�i%j3l�d�j�n3^�o2`'j�_�aK_.a�_Gck_�^�a�d�g�_-g�d�o�f�j-c�|\c'd�j�n ^�`'j3x�p�j��-c<l�_Gc�c0j3a4d�n.dWl�j�f5_�a
_-g�g�j�c0o¼_=a�o,c2`'j�g�p�`�c0o,c2i,j��_-`'i���_-`'j/x�p�j"f�o=`'j�x�p�d�j�`'_-f i%j"i,`'dS��j�`�c+g�o�n3^�a�d4g�_�i%o,c2Ò�j�c�l�o=i%j�c'g�_-`<l�_}a�o,c+i,d�c'g�o,c
`'¯�e,d�i,o,ckZ"a�_�cEd�f%l�j�`<�¬_-g�j�cbi,j+`'j�i�|\^�j�`'o�j-cEn pGZ��,l�d�aK^�_-`'_£j�aI_-g�g�j-c'o2_+_�i%_�^%l*_-i,o�`'j-c�i,jtd4f;c�l*`<p�n.j�f%l�_�g�d4h�f;|©g�o�n.o
^�a�_-g�_�c	��� � Z � ���E|%j�f%l*`'_-i,_�crZ.c'_-a�d4i%_GcKi%d4e%dWl*_-a�j�c'ÔËq��@l�d�a�d�{�_-f�i,oEj-c<l�j]c0d�c<l�j�n._�o-^�j�`'_�l�dS��o,|�c'jki,d�c<^�o�f�j@i%j@_-`'g���dS��o,cvZ
_-g�g�j�c0oE_�a�_GcK`'j�i%j�c	c'h�a�oE_kl�`'_�����cKi,jml�_�`'j�_�c �v¿ �,À Á.q*��|�c0d�f3�¬_-g�d�a4d�i%_�i%j�cKi,jml*d�j�n ^�oE`'j�_�a<q
s c�l�j�g�o�n3^�o�`<l�_-n.d�j�f%l*o+j�c�c�p,�¬d�g�d�j�f%l�j3j�f2j�a\g�_�c'o.i%jEa�_3d�n3^�a�j�n.j�f,l�_-g�d�h�f2i,j3c'd�c<l�j�n._�cmi,jE_-i,x�p�d�c'd�g�d�h�f2i%jEi,_�l�o,c�Z
g�o�f%l�`'o�a<q s f"j�a��	���KÃ�P4N%�����/c0j�n p�j�c�l*`'_tg�h�n.o+j�c<l�_3l���g�f�d�g�_.j-cmp,l�d�a4d�{-_�i%_.j�f+��_�`'d�o,ckg�_�c'o,ckj�f5x�p�jE� p�j3f�j�g�j�c0_�`'d�o
e,_-`'_-f,l�d�{-_�`©l*d�j�n ^�o,cKi,jk`'j�c<^%p�j�c�l�_,q
� `'j���d�_-n.j�f%l�j�|"j�f j�a��	���KÃ�P4N%��� «�� c0jÉ^�`'j�c0j�f%l*_ p�f�_ _-aWl�j�`'f�_�l�dS��_ i%j���_-`'i���_�`'j��¬c0o-��l��]_-`'j x�p�jÉn.j��Ëo�`'_ a4_
^�j�`<�¬o�`'n._-f�g�j@i%j�a�Ð?Ñ\¨�d�f%p�wbp,l�d�a�d�{�_-f�i,o�p�f�_�j�c<l�`<p�g¡l4p�`'_�i,d�c<l�`'dS�%p�d�i%_G|%g�o�fE��_-`'d�o,c©^�`'o�g�j�c0_�i%o�`'j�c�q
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Capítulo IV 
La placa µµµµDAQ 

s f"j�a �	�Ë��Ã�P�N,���.«<«<« c0j._�f�_-a�d4{-h2a�_.g�_�^�_-g�d�i,_-i2i,j3a�o,c�c'd�c<l�j�nt_Gcko-^�j�`'_�l�dS��o,cm¨�d�f%p�w �v¿ �,À Á.q*�kZ9Ð~Ñ©¨�d�f,p�w+^�_-`'_.j�a
n._-f�j���o¼i%j"l�_�`'j�_�c2g�o�fÌj-c<l�`'d�g�l�o,c2`'j�x�p�j�`'d�n.d�j�f%l�o,c2i%j"l�d4j�n3^�o,|mZÌc0j}j�f�g�o�f%l�`'_�`'o�fÇ_-a4e�p�f�_�c2a�d�n.dWl*_-g�d�o�f�j�c�q � o�`
j��Ëj�n3^�a�o,|+j�fÈg�_�c'oÉi,jÏ^�`'j�c0j�f%l�_�`�c0j¼p�f�_Ïl�_�`'j�_Ìx�p�jÏf�j�g�j�c'dWl�_Êc'j�`Î_�l�j�f�i,d�i%_Ìj�fÉp�fÉl�d�j�n3^�o n.j�f�o�`}x�p�j Å�¥
n.d�g�`'o,c0j�e�p�f�i%o,c�|%a�_�_�i%n.d�f�d*c�l�`'_�g�d�h�f.i%j@�-c<l�_�f�o�^�o�i%`'¤ ��_�g�j�`�c'jkg�o�f.f�d�f�e�p�f�oEi%j@j-c<l�o,c	c'd�c<l�j�n._�cKo-^�j�`'_�l�dS��o,c�q
� _-`'_Ìc0o�a¾p�g�d�o�f�_�`5j�c<l�jÎ^�`'o���a�j�n._�|kZÏ^�_-`'_¼_�a�dS��d�_�`5_�a3¨�d�f%p�wÇi%j=_-a�e�p�f�_�c5i,j:a4_�c l�_�`'j�_�c5i,jÎl�d4j�n3^�oÏ`'j�_�ati,j�a
j�w�^�j�`'d�n.j�f%l�o,|;c0jk^�`'j�c0j�f%l*_bj�f+j�c<l�j�g�_�^�¯Wl�p�a�obp�f.f%p�j���oEj�a�j�ntj�f%l*obi,j���_�`'i��]_-`'j@i%d�c'j�u�_-i,oE_kl�_-a;j��¬j�g�l�o,|,g�o�n3^,p�j�c<l�o
^�o�`+p�f�_}^�a4_-g�_Î^�_-`'_/�%p;c+��Ñ g�o�f¼p�f n.d�g�`'o�g�o�f,l�`'o�a�_-i,o�`+i,j}�"��dWl c+i%j"À¬f%l�j�a�ÒW��_�p,l�d�{�_-i,o+�����,�-�

µ����� ÔËq��,j^�`'j-c'j�f%l�_3l�_�nb��d4��f2p�f ^�j�x�p�j�u�o+j���j�g�p,l�dS��o.i,j�l�d4j�n3^�o.`'j�_�a\j�c0g�`'dWl�o._3n.j�i,d�i%_E^�_�`'_3i%d4g ��otn.d�g�`'o�g�o�f%l�`'o�a4_-i,o�`�|�x�p�j
c'j+j�f�g�_-`'e,_2i%j£a�_2_-i,n.d�f�d�c<l�`'_�g�d4h�fÎi,jtl*_-`'j�_�c�j�c�^�j�g�¯¾�<d4g�_GcË|r^�`'jË��d4_-n.j�f%l�j._�c'd�e,f�_-i,_�c�_+��c<l�j�|©g�o�f"`'j�x�p�j�`'d�n.d�j�f%l�o,c
n._�Z,o�`'j-c�i%j?l�d�j�n3^�o�ÒW��_�p%l�d4{-_-i,o�O�VWOQP�L��E�3�Ë��L�JQ�,P�VWÂ��

µ� L-���%Ô�q
�,jk^�`'o-^�o�f�jkp,l�d�a�d4{-_-`���_-`'d�_Gc~i,j�j�c�l*_�cK^�a4_-g�_�cKj�f3�¬o�`'n._�i%j]c0d�c<l�j�n._�cK_�p%l*h�f�o�n.o,cKx�p�j�c'o�f3^�`'o�e,`'_-n._�i%o,c	c'h�a�oEj�fta4_
d�f�d4g�d4_-a�d�{�_-g�d�h�f}i,j�a?j�w�^�j�`'d�n.j�f%l�o2^�o�`Ej�a?c'd�c�l*j�n._£o-^�j�`'_�l*dS��o�q�¨�o,c�n.d�g�`'o�g�o�f%l�`'o�a�_�i%o�`'j�cEc0j.j�f�g�_-`'e,_-f"i,j.j��Ëj�g�p%l*_-`
p�f"e%`<p,^�o2`'j�i�p�g�d4i%o2i,j3l�_-`'j�_�c�i,j l*d�j�n ^�o2`'j�_-a�|;Z5i,j.`'j�^�o�`<l�_�`k_�a	c'd�c<l�j�nt_.o-^�j�`'_�l�dS��o.¨�d�f%p�w2a�o,ck`'j�c�p�aWl�_�i%o,c�q�¨�_�c
l�_�`'j�_Gc:i%j¼l�d�j�n3^�o `'j�_�a2j ��j�g�p%l�_�i%_GcÍ^�o�`"¨�d�f%p�w �v¿ �,À Á.q*� oÇÐ?Ñ\¨�d�f%p�w c'j:��j�`'¤-f j�f%l*o�f�g�j-c}a�d�n.dWl�_�i%_GcÎ_Ça4_
g�o�n3p�f�d4g�_�g�d�h�f"i,jti,_�l*o,cmZ/c0j�u�_�a�j�c�j�f%l�`'j.a�_Gc]^�a�_�g�_Gc

µ����� ^�`'j�c0j�f%l�j�c�|�Z2a�_�ck_�a�_-`'n._�cki,j�aKj�w�^�j�`'d�n.j�f%l�o�q�y;p�j�`'_i,j�a}g�_-n3^�oÈi,j�a"l�d�j�n3^�o `'j�_-a�| ¨�d4f%p�w i%j���j�`'¤ j�f�g�_-`'e,_-`�c'jÉi,j l�o�i,oÈj�a}`'j�c�l*oÈi,jÉa�_Gc l�_�`'j�_GcË|£Z%_ c'j�_ i,j�a
_-a4nt_�g�j�f�_-n.d�j�f%l�oEi%j@i%_�l�o,c�|%_-g�g�j�c0oE_�a�_�c�`'j�i,j�cË|,i%d�c<^�a�_�Z3j@d�f%l�j�`<�¬_-{�g�o�f.j�a�p�c<p�_�`'d�o,|%j�l�g�q
s fÏj�c<l�j"g�_�^�¯Wl�p�a�o¼c'j5^�`'j�c0j�f%l�_"^�`'d�n.j�`'o:a�_}j�c�l*`<p�g�l�p�`'_}i%j ��_-`'i���_-`'j/i%j"i,d�g���_"^�a�_-g�_�|�Z:_"g�o�f%l�d4f%p�_�g�d�h�f:p�f�_
j�c�l*`'_�l�j�e,d�_t^�_-`'_£a�_t^�`'o�e%`'_�n._-g�d�h�f"i,j.ntd4g�`'o�g�o�f%l*`'o�a�_-i,o�`'j�c�i,j3^�`'o-^�h,c0d¾l�o,c�e,j�f�j�`'_-a�j�c�j�f"a�_+d4n ^�a�j�n.j�f%l�_-g�d�h�f/i%j
c'd�c�l*j�n._Gc�i,j3l�d�j�n3^�o£`'j�_�a©p,l�d�a4d�{-_�f�i%o£a�o,ckg�o�f�g�j�^%l�o,c	��¤Gc0d4g�o,cki,jbp�f"c'd�c<l�j�n._tn3p�aWl�dWl*_-`'j�_E��_�c'_-i,o+j�f ^�`'d�o�`'d�i,_-i,j�cË|
^�`'jË��d4_-n.j�f%l�j3^�`'j�c'j�f%l�_-i,o,c�j�f/j�a �~����Ã�P�N,���t«�q s c<l�_.j-c<l�`'_�l�j�e%d�_G|�p;c'_-i,_._-a�j�c0g�`'dS��d�`@a�o,cm^�`'o�e%`'_�nt_Gcki%j�_�^�a�d�g�_-g�d�h�f;|
^,p�j�i,j5^�`'o���j�j�`+a4_:c'o�aWp�g�d�h�fÏ_/i%dW�¬j�`'j�f%l�j�ctg�_Gc0o,c.g�o�f¼j�c<l�`'d�g�l�o,c.`'j�x�p�j�`'d4ntd4j�f,l�o,ctj�f:l�d�j�n3^�o,|kc'd�f¼f�j�g�j-c'd�i,_-i=i%j
p,l�d�a�d�{�_-`@c'o-� l4��_-`'jE_-i,d�g�d�o�f�_�a\f�d\n.d�g�`'o�g�o�f%l�`'o�a�_�i%o�`'j�ckc'o-�¬d�c<l�d�g�_-i,o,c¡q � `'o���j�j�l�d�j�n3^�o,cmi,jb`'j�c<^%p�j�c�l�_E^�`'j�i,j�g�dS��a4j-c�|�a�o
g�p�_�a;j-c�_-aWl�_�n.j�f,l�jki,j�c0j�_���a4jkj�f£c0d�c<l�j�n._�cKx�p�j�c'jkj�f�g�p�j�f%l*`'_-f.j�ftg�o�f%l*_-g�l�oEg�o�f.j�a;n3p�f�i,oE`'j�_�a<q
�,j._-f�_�a�d�{-_�f"i,o,c�d�n3^�a�j�n.j�f,l�_-g�d�o�f�j�c�i%j£c'o-��l���_�`'jti,j3�¬¤-g�d�aK^�`'o�e%`'_�n._-g�d�h�f;|\x�p�j3^�j�`'n.dWl�j�f"o�`'e,_-f�d�{-_�`ka�_Gcml�_-`'j�_�c
x�p�j.a�a�j���_£_+g�_���o2j�a	n.d�g�`'o�g�o�f%l�`'o�a�_�i%o�`�qv��nE��_�c�d�n3^�a4j�n.j�f%l�_�g�d�o�f�j�cbc'jE��_�c'_-f"j�f�_�c'o�g�d�_-`@a�_�cki,dW�¬j�`'j�f,l�j�cml�_-`'j�_�c
x�p�j�i,j���j�`'j�_�a�d�{�_-`	j�arn.d�g�`'o�g�o�f%l�`'o�a4_-i,o�`	g�o�f+d�f%l*j�`'`<p,^�g�d4o�f�j�c~i,j ��_�`'i��]_-`'j�q � j�j-c<l�_En._-f�j�`'_�c0jk^,p�j�i,jmp,l�d�a�d4{-_-`�j�a
n._-f�j���oÈi,jÉd4f%l�j�`'`<p%^�g�d�o�f�j�cÏi,j�aÎn.d�g�`'o�g�o�f%l�`'o�a4_-i,o�`Ïg�o�n.o ^�_-`<l*jÉi,j�a=c'g���j�i�p�a�j�`�|5`'j�c�p�aWl�_�f�i,o p�f j��Ëj�g�p,l�dS��o
g�o�n3^�_�g¡l*okZ.c'd�n3^�a4jki,jm^�`'o�e%`'_�nt_�`�q
� jÊj�c�l�_ n._-f�j�`'_ ^,p�j�i,j�f _�c'd�e,f�_-`�c'j ��_-`'d�_Gc l*_-`'j�_�c¼_Ég�_-i,_ ^�a�_�g�_ µ����� Ò*p�f�_Ç^�o�`=g�_�i%_Êd�f,l�j�`'`<p%^�g�d�h�f
i,d�c�^�o�f�dS��a4j�Ô�|Ka�_Gcbg�p�_�a�j�c3c0j�`'¤�fÎj���j�g¡p,l�_�i%_Gc�^�o�`E��c�l*_2i%j�f%l�`'o�i,jtp�fÎj�c'x�p�j�n._+^�`'j�j�n3^%l�d ��o�q �]f�_tl�_�`'j�_+_-i,d�g�d�o�f�_�a
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i,jË��j�`'j�c0j�`���_�`�c0j+^�_-`'_�j�c�l�_Q��a�j�g�j�`�a�_5g�o�n3p�f�d�g�_-g�d�h�f=g�o�f}¨�d�f%p�w�|K^�_-`'_�a�_�`'j�g�j�^�g�d4h�f:i,j2a�_5g�o�f%�¬d�e�p�`'_-g�d�h�f"Z}j�a
j�f���¯�oEi%j@i%_�l�o,c�q
� g�o�f%l�d�f%p�_-g�d�h�f c'j n p�j�c�l*`'_Ça�_Çd�n3^�a�j�n.j�f,l�_-g�d�h�f i,j p�f g�o�f%l�`'o�a2i,j l*j�n3^�j�`'_�l�p�`'_ ^�_-`'_¼p�fÉg�_-a�j��¬_-g�l�o�`/i%j
n3p�j�c<l�`'_�c�|5p%l*d�a�d�{�_-i,o j�f j�w�^�j�`'d�n.j�f%l�o,cÇi%jÉ�¬¯�c'd�g�_ f%p�g�a�j�_�`�q s c<l�_ ^�a�_�g�_ i,jÉg�o�f%l*`'o�aÎi,j l*j�n3^�j�`'_�l�p�`'_É��p�j
^�o,c�l�j�`'d�o�`'n.j�f%l�j"p,l�d�a�d4{-_-i,_:j�fÇa4_:_�p,l�o�n._�l*d�{-_�g�d4h�fÇi%j�a3j�w�^�j�`'d�n.j�f%l�o:¢��,cËc���_�p�j�`�|]l�_�a3g�p�_�a.c'jÍ^�`'j�c0j�f%l*_:j�fÇj�a
�	�Ë��Ã�P�N,��� �rq
�,j3^�`'j�c'j�f,l�_+aWp�j�e%o2j�a	i,`'dS��j�` �v¿ �,À Á.q*�bf�j�g�j�c0_�`'d�ot^�_-`'_3p,l�d�a�d�{�_-`@a�_3^�a�_�g�_tj�f2¨�d�f%p�w�q s c<l�j3i,`'dS��j�`m��p�j�j�a4_���o�`'_-i,o
l�`'_�l�_-f�i,o i%j=o-^%l�d4ntd4{-_-`�a�o,c5`'j�g�p�`�c0o,c5x�p�j:j�a£c0d�c<l�j�n._¼o-^�j�`'_�l�dS��o i%j���j:i,j�i%d4g�_�`5_¼a4_¼_�l�j�f�g�d�h�fÊi,jÎa4_Î^�a�_-g�_�|
p,l�d�a�d�{�_-f�i,oEa�_�c©l*��g�f�d4g�_Gc©^�`'j-c'j�f%l�_�i%_GcKj�ftj�a �	�Ë��Ã�P�N,���k«¬«<«�q
yvd�f�_�a�n.j�f,l�j.c'j3n3p�j�c<l�`'_3p�f�j��Ëj�n3^�a4oti,jEg�h�n.o3^�o�i%`'¯�_Ep%l�d4a�d�{-_�`�c0jEi,d�g���_b^�a�_-g�_3i,j�f%l�`'o.i%j�a\j�f%l�o�`'f�o Ð~Ñ©¨�d�f,p�w;q s a
j��Ëj�n3^�a�o+^�`'j�c'j�f%l�_-i,o+p,l�d�a�d�{�_tl�_�`'j�_�c�i%j3l�d�j�n3^�o2`'j�_�aKx�p�j-|r_3l�`'_Q����cki%jbyvÀ�y ¿ ckj�f���¯4_ta4o,cki%_�l�o,ck_3p�f�_._�^�a�d4g�_�g�d�h�f
e,`'¤��¬d�g�_ �v¿ �%À�Á.q���|%j�c'g�`'d¾l�_�j�ftÑ � ¨ ��Ñ��.q

El hardware 
¨�_�_-n3^�a�d�_�i,dW��p;c'd�h�f.i,jka�o,cKn.d�g�`'o�g�o�f%l�`'o�a4_-i,o�`'j-cIÒ i,d�c�^�o,c'dWl�dS��o,cKx�p�jkd�f%l*j�e,`'_-f3p�f.ntd4g�`'o-^�`'o�g�j�c0_�i%o�`�|�Ð~�k¢=|�Ð ¿ ¢=|
l�d�n.j�`�c\Z ^�j�`'dW�¬��`'d�g�o,c~i,j�j�f%l�`'_�i%_��¬c0_�a�d�i,_bj�f.p�f ��f�d4g�o�g ��dW^�Ô�|;c�p���j�`�c0_�l�d�a�d4i%_�ibZE��_<��o3g�o,c<l�o,| ��_-f.a�a�j���_�i%oE_�x�p�j�|%j�f
p�f�_Çe,`'_-f g�_-f%l*d�i%_�iÉi,jÏg�_Gc0o,c�|+c'j�_-f a�_Êc'o�aWp�g�d�h�f n.¤�c5��d4_���a�j¼^�_�`'_Ça�_Çd4n ^�a�j�n.j�f%l�_-g�d�h�f i,jÌc0d�c<l�j�n._�c"x�p�j
d�f%l*j�`'_�g�g�d4o�f�_-fÇg�o�fÇj�a3n3p�f�i,o:`'j�_-a<q���p g�_�^�_-g�d�i,_-i¼i,j"j�f%l�`'_�i%_��¬c'_-a�d�i,_���_-g�j"x�p�j}c0j�_�f p�f�_}o-^�g�d�h�f `'¤�^�d�i,_�Z
j��¬j�g�l�d ��_+^�_�`'_2j�a?n._-f�j ��o�i%j£i%d�c<^�o,c0dWl*dS��o,cbj�w�l*j�`'f�o,cË|Ka4o,cbg�p�_�a�j�cË|Kj�f}e,j�f�j�`'_�a�|rl�d�j�f�j�f"`'j�c�l*`'d�g�g�d4o�f�j�c�j�c<l�`'d�g�l�_�c�j�f
l�d�j�n3^�o�q s f.a�_�[GV ªrN�JQ�k« ����Ec'jm^�`'j-c'j�f%l�_�a�_�j�c<l�`<p�g¡l4p�`'_�e,j�f�j�`'_-a;i%j?p�f.n.d�g�`'o�g�o�f%l�`'o�a�_�i%o�`�i,j��k��dWl c¡q

� _-`'_3a4_3g�o�f;c�l*`<p�g�g�d�h�f2i,j�a�_�^�a�_�g�_ µ����� c'jkp%l*d�a�d�{�h3j�arn.d�g�`'o�g�o�f%l�`'o�a�_�i%o�`?����¥r�ki,j�À<f%l�j�avnto�f,l�_-i,o3j�ftp�f�_�^�a�_�g�_g�o�f"g�o�f�j�g�l�o�`kl�dW^�o2��Ñ	|��'p�f%l*o2g�o�f/a�_+j�a�j�g�l�`'h�f�d�g�_£f�j�g�j�c'_-`'d�_.^�_�`'_+d�n3^�a�j�n.j�f,l�_-`?p�f�_.g�o�n3p�f�d�g�_-g�d�h�f�i%j���Q.��dWl¬c
g�o�f2i%d4g ��ob�%p�c�q s c�l�_E^�a�_�g�_b��p�jEg�o�f;c�l*`<p�d�i,_bp,l�d�a�d4{-_-f�i%o.a�o,c?ntj�g�_-f�d�c0n.o,c?g�a4¤�c'd�g�o,cmi,jbd�f,l�j�`<�<_�{�|;i%o�f�i,jEi%o,c?i%j�a�o,c
^�o�`<l¬c	i%jE�k��d¾l¬cKi,j�a;n.d�g�`'o�g�o�f%l�`'o�a�_�i%o�`Ic'o�ft_�g�g�j�i,d�i,o,cKi%j�c'i%j?p�f3^�o�`<lvi%j �[Q���d¾l¬cKi,jka�_ ��� q-¨�_�i,d�`'j�g�g�d�h�f.i,jki,d�g���o
^�o�`<l\^%p�j�i%j�c0j�`@c'j�a4j�g�g�d�o�f�_�i%_Ep%l�d4a�d�{-_�f�i,o p�f��'p�j�e,o3i%j��GN�����L�J�O?^�`'j�c'j�f,l�j�j�f+a�_�^�a4_-g�_�|�j�f%l�`'j?��_�`'d�_�c	o-^�g�d4o�f�j�c~i,j�a
n._�^�_�i%j@a�_ ��� _Gc0d�e,f�_�i%oE_-a�p�c�p�_-`'d�o�q
�,j:p%l*d�a�d�{�hÇa�_¼l���g�f�d�g�_Ïi,j¼g�_���a�j�_-`/j�a���dWl	�}Ð i,j�a3�%p�cÍ��Ñ g�o�f p�f�_ i%j¼a4_�c"d�f%l�j�`'`<p,^�g�d�o�f�j-c"j�w�l�j�`'f�_�c5i,j�a
n.d�g�`'o�g�o�f%l�`'o�a�_�i%o�`�q.�Ec'¯�|tg�_�i%_¼��j�{Çx�p�jÇc'jÏj�c'g�`'dS��jÏ_Ìa�_Çi,d�`'j�g�g�d�h�f _Gc0d4e%f�_�i%_Ì_Ça�_Ï^�a�_-g�_G|+c'jÏe,j�f�j�`'_Ïp�f�_
d�f%l*j�`'`<p,^�g�d4h�f5j�f�j�a�n.d�g�`'o�g�o�f%l�`'o�a�_�i%o�`�q�¨�_.`<p,l�d�f�_.i,j3_�l�j�f�g�d�h�f�i,j3i%d4g ��_td4f%l�j�`'`<p%^�g�d�h�f�i%j���jEj�f�g�_�`'e%_�`�c0jEi,jba�j�j�`
i,j�a@�%p�c+a�_"^�_�a�_���`'_}i,j¼��Q"��dWl ctx�p�j2¨�d�f%p�w:j�c<l�¤"j�f���d�_�f�i%o}_�a�ntd4g�`'o�g�o�f%l*`'o�a�_-i,o�`�qK�~c�l*_}c0j�`'¤G|mj�f¼e%j�f�j�`'_�a�|~p�f
g�o�n._-f�i,oboEd�f;c<l�`<p�g�g�d4h�frq

CPU 

RAM - datos 

EPROM- programa 

Port paralelo Port paralelo Port paralelo 

Timer 1 

Timer 2 

Port Serie 

2 Interrupciones externas 

24 lineas se entrada/salida 
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� j3a�_.n.d�c'n._ �¬o�`'n._�|;j�a\ntd4g�`'o�g�o�f%l*`'o�a�_-i,o�`	^%p�j�i%jEe%j�f�j�`'_�`~p�f�_3d4f%l�j�`'`<p%^�g�d�h�f2j�w�l*j�`'f�_3i%jEa�_ ��� g�o�f+p�f�_�i%jEa�_�c
a�¯�f�j�_Gcmi,j3c'_-a4d�i%_�i%j�c�p�c~^�o�`<l¬c�q � _-i,_���j�{3x�p�jEj�arn.d�g�`'o�g�o�f%l�`'o�a�_�i%o�`Ii%j�c'j�_Ej�f���d�_�`Kp�f£i%_�l�o3_�a�¨�d�f%p�w�|�g�o�a�o�g�_�p�f�_
^�_-a�_Q��`'_:i,jÇ��Q=��dWl¬c2j�f c�p�c i,o,c+^�o�`<l¬c2i,jÎg�o�n3p�f�d�g�_-g�d�h�f¼Z e%j�f�j�`'_=a�_:d�f,l�j�`'`<p%^�g�d�h�fÇg�o�`'`'j�c�^�o�f�i,d�j�f%l�j�q � _�`'_
o��%l�j�f�j�`�j-c<l�j}� p�f�g�d�o�f�_�n.d�j�f%l�oÌc0j=g�_Q��a�j�h p�f�_=i%j}a�_Gc a�¯4f�j�_�c2a�dS��`'j�c i,j}a�o,c+^�o�`<l¬c2_Îp�f�_=a�_�c2d�f%l�j�`'`<p,^�g�d�o�f�j-c
i,d�c�^�o�f�dS��a4j-c	j�f+j�a��%p;c	��Ñ?q s f+f ��n.j�`'obi,jki,d�g���_�d�f,l�j�`'`<p%^�g�d�h�f3^%p�j�i%j]c0j�`Ic0j�a�j�g�g�d�o�f�_-i,oEj�f,l�`'jkg�p�_�l�`'oEo-^�g�d�o�f�j-c�_
l�`'_Q���-c"i,j:p�f=�0p�j�e%oÌi%j ��N�����L�J�O:i,d�c<^�o�f�dS��a�j¼j�fÉa�_¼^�a�_-g�_%q s fÉa�_ `<p,l�d�f�_ i%j¼_�l�j�f�g�d�h�fÉi,j:¨�d�f%p�wÊ_¼i%d4g ��_
d�f%l*j�`'`<p,^�g�d4h�f¼i%j���j�a�j�j�`�c'j�a�_5^�_-a�_Q��`'_"x�p�j�a�_5^�a�_-g�_

µ����� j�c�l�¤�j�f���d�_�f�i%o/_ l�`'_Q����c i,j.�%p�c i,j=��Q5��d¾l¬c¡q s c�l*_^�_-a�_Q��`'_Ec0j�`'¤�|,j�f.e,j�f�j�`'_-a�|�p�f.i%_�l�o�q
��aml*`'_���_<��_-`�c'j+j�f}_-nE��o,c3c'j�f%l�d�i,o,c�p,l�d�a�d4{-_-f�i%o�d�f%l�j�`'`<p,^�g�d�o�f�j-c�|	c'j+n.d�f�d4ntd4{-_2a�_2g�_-f,l�d�i,_-i"i,jtl�d4j�n3^�o,cbn3p�j�`<l�o,c
x�p�jEa�o,cmn.d�g�`'o-^�`'o�g�j-c'_-i,o�`'j�cmj�n3^�a4j�_�f2j�f+a�_@��j�`'dW�¬d�g�_-g�d�h�f+i,j�a�o,c	i,d�c�^�o,c'dWl�dS��o,c	j�w�l*j�`'f�o,c¡q s c�l�_�l���g�f�d�g�_Ei%d�c'n.d�f%pGZ%j
a�_�g�_-`'e,_�x�p�j@j�a�¨�d�f,p�w3i,j���jk_��<`'o�f,l�_-`�|%_�e%d4a�d�{-_�f�i,o,|%g�o�ntoEg�o�f;c'j�g�p�j�f�g�d�_�|%j�a;`'j�c�l*obi,jka�_Gc©l�_�`'j�_Gc¡q
� h-l�j�c'j�x�p�jk^�_�`'_ba4_bd�n3^�a�j�n.j�f,l�_-g�d�h�f£i%j�a�_Gc	g�o�n3p�f�d�g�_-g�d�o�f�j-c	g�o�f+j�a��%p;c	i,j�a�_ ��� c'jkp%l*d�a�d�{�_-`'o�f+i,o,cK^�o�`<l c~i,j��
��dWl¬c	Z+p�f�_.d�f%l�j�`'`<p,^�g�d�h�f�j�w�l*j�`'f�_ti,j�aKn.d�g�`'o�g�o�f%l�`'o�a4_-i,o�`�q s a�`'j�c�l�o£i%j�a�o,ck`'j�g¡p�`�c'o,ckx�p�j�i%_�f5i,d�c<^�o�f�d ��a�j�cm^�_�`'_ta4_
d�n3^�a�j�ntj�f%l*_-g�d�h�f.i%j@i%d¾�<j�`'j�f%l�j�cKg�o�f%�¬d�e�p�`'_-g�d�o�f�j�cKi,j���_�`'i��]_-`'j@j�f.a�_k^�a�_�g�_

µ��� � q
��f£i%d4_-e,`'_-n._bj�fE��a�o�x�p�j�cKi,jka4_k^�a�_�g�_

µ����� c'jkn3p�j-c<l�`'_�j�f.a�_�[�V ªvN�J��k«�����;q s f.j�a;_�^���f�i,d�g�jkg�o�`'`'j�c�^�o�f�i,d�j�f%l�j]c0j^�`'j-c'j�f%l�_�j�a;j�c0x�p�j�n.¤�l*d�g�obg�o�n3^�a4j¡l*obi,jk��c<l�_%q
� o,cK_Gc�^�j�g¡l*o,cKi%j@a�_�a�h�e,d�g�_�i%j���j�f£c0j�`\l�j�f�d�i,o,cKj�f.g¡p�j�f%l�_��

¨�_£c'j�u�_-a\^�`'o���j�f�d�j�f%l*j3i%j�a�_.i%j�g�o�i%d¾�<d4g�_�g�d�h�f5i,j�ar�%p�ckj�cmp�f+^,p�a�c0o.x�p�j�c'j�p,l�d�a�d4{-_bl�_�f%l�o3^�_-`'_3_�g¡l*dS��_-`?j�a
a4_�l�g��;|?g�o�n.o"^�_-`'_"d�f,l�j�`'`<p�n3^�d�`._-akn.d�g�`'o�g�o�f%l�`'o�a4_-i,o�`�qm�,dI��d�j�f:j�c�l*j+^%p�a�c'o5l�d�j�f�j2a�o,c3f�d ��j�a4j-c
a4h�e%d�g�o,ckg�o�`'`'j�g�l�o,cË|rj�a�_-f�g���o£i%j��-c<l�j3f�o+j�c�c�p,�¬d�g�d�j�f%l�jb^�_-`'_.d�f,l�j�`'`<p�n3^�d�`k_�a	����¥v��|�^�o�`?a�o.x�p�j
i,j���jkd�f,l�j�`'g�_�a�_-`�c'jmp�f.n.o�f�o�j�c�l�_Q��a�j�q

s a���dWl � �[Q.i,j�a��%p;c	i,j���jEc0j�`	_�g¡l*dS��_-i,ob^�_-`'_Ed�f�i,d�g�_-`	x�p�j�a4_ba�j�g�l�p�`'_ ��j�c'g�`'dWl�p�`'_bj�c	j�f}��Qb��d¾l¬cË|%^�j�`'o3i%d4g ��_
a4¯�f�j�_�i%j���j@x�p�j�i%_�`Ka�d ��`'jkg�p�_�f�i,obf�o�c'jmp,l�d�a�d�{�_%q � o�`�a�o�l�_-f%l*obi,j���jkd�f%l*j�`'g�_�a�_-`�c'jmp�f3l�`'d#V<c<l�_�l�j�q

� _-`'_�n.¤�c�i%j�l�_�a�a�j�cK_-g�j�`'g�_�i%j@_-nE��_�c�d�n3^�a�j�n.j�f%l�_�g�d4o�f�j�cË|-��j�`�j�a � �������%V���L	«<«�q
� o�f+j�c<l�j ��_-`'i���_�`'j�g�o�ntoE^%p�f%l�o3i,jk^�_-`<l�d�i,_�|�Z.g�o�f;c0d4i%j�`'_-f�i%oEa�o,cK`'j�g�p�`�c'o,cKi,j�a�n.d�g�`'o�g�o�f%l�`'o�a4_-i,o�`Kx�p�j@x�p�j�i%_�`'o�f
a�dS��`'j�c�|?c0j2i,j�l�_-a�a4_-f:_�g�o�f%l�d�f,p�_�g�d4h�f:a�o,c3_�c<^�j�g�l�o,cb��p�f�i%_�n.j�f,l�_-a�j�cbl�j�f�d�i,o,c3j�f:g�p�j�f%l*_+^�_�`'_2a�_2j�a�_���o�`'_�g�d4h�fÎi,j�a
c'd�c�l*j�n._�o-^�j�`'_�l�dS��o

µ� L�� ��|%j�f�g�_-`'e,_-i,obi,jka�_�_�i%n.d�f�d�c�l*`'_-g�d�h�f.i%j?l�_-`'j�_GcKi%j�f%l*`'obi,j�a�n.d�g�`'o�g�o�f%l�`'o�a4_-i,o�`�q

µµµµKeox, el ejecutivo de tiempo real  
¨�_Èl���g�f�d�g�_ n.¤GcÉc'd�n3^�a�jÊZ `'¤�^�d�i,_ ^�_-`'_ j�c0g�`'dS��d4`Ï^�`'o�e,`'_-n._Gc i,j _�^�a�d�g�_�g�d4h�f ^�_-`'_ i%dW�¬j�`'j�f%l�j�cÏl�dW^�o,cÇi%j
n.d�g�`'o�g�o�f%l�`'o�a�_�i%o�`'j�c�j-c ��_�g�j�`'a�o2j�f5�¬o�`'n._tl*_-a�x�p�j3a�_Gcml�_-`'j�_�ckx�p�j3i%j���j3`'j�_�a�d�{-_�`�c'j3j��Ëj�g�p,l�j�f"c'j�g¡p�j�f�g�d�_-a4ntj�f%l*j-|
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c'd�j�n ^�`'j�j�f+j�arn.d�c'n.o3o�`'i,j�f9Ò*^�o�a�a�j�i.a�o�o-^�ÔËq � _-`'_Ec'o�aWp�g�d�o�f�_-`�a�o,c©^�`'o���a�j�nt_GcKi,j�c'd�f�g�`'o�f�d�{�_-g�d�h�fEZ3i%j?l�d�j�n3^�o,c�i%j
`'j�c�^,p�j-c<l�_£x�p�jb^,p�j�i,_-f2^�`'j�c'j�f,l�_-`�c'j�|ra�_3l���g�f�d�g�_tn.¤Gckg�o�n ��f5j�c���_�g�j�`@x�p�j3j�a�ntd4g�`'o�g�o�f%l*`'o�a�_-i,o�`kj���j�g�p,l�j3i,d�g���_�c
l�_�`'j�_Gcma�o.n.¤�c?`'¤�^�d�i,o ^�o,c'dS��a�j�q s f£a�_bn._QZ%o�`'¯�_Ei%j�a4o,c~g�_Gc0o,cK^,p�j�i,j�j�f�g�o�f,l�`'_-`�c'jkp�f�_3c'o�aWp�g�d4h�ft^�o�`	j�c�l�_@��¯�_G|�Z.j�f
g�_�c'obi,jkf�o3c'j�`©^�o,c0d ��a�j�c'j	�%p�c0g�_kl�`'_Gc0a4_-i,_-`�j�a;i,j�c0_�`'`'o�a�a�o ��_-g�d�_kp�f.nto�i,j�a�oEi%j@ntd4g�`'o�g�o�f%l*`'o�a�_-i,o�`Kn.¤Gc©^�o-l*j�f,l�j�q
� j�`'o�c0d?c'j._-f�_�a�d�{�_+j�f"i,j¡l*_-a�a�j.j�a\� p�f�g�d�o�f�_�n.d�j�f%l�o+i,jbp�f5n.d�g�`'o�g�o�f%l�`'o�a4_-i,o�`kn.d�j�f%l�`'_Gckj ��j�g�p%l�_.i,d�g���_£c0j�g�p�j�f�g�d4_
�¬d ��_Îi,j5l�_�`'j�_�c�|m^�o�i,`'¤}o��;c0j�`���_-`�c'j�|kj�fÏe,j�f�j�`'_-a�|kx�p�j/�-c<l�j"j�n3^�a�j�_Îa4_În._QZ%o�`t^�_-`<l*j"i%j�akl�d4j�n3^�o}j-c<^�j�`'_�f�i,oÎa4_
�¬d�f�_�a�d�{-_�g�d�h�f"i,jtj���j�f%l�o,c�j�w�l*j�`'f�o,cmZ/c0j�u�_�a�j�cki%j.c'd�f�g�`'o�f�d4{-_-g�d�h�f�|\c0d�f�`'j�_-a�d4{-_-`@f�d�f�e ��f ^�`'o�g�j-c'_-n.d�j�f%l*o �,l�d�a<q � o�`
j�a�a�o,|rj�f�a�_3n._�Z,o�`~^�_-`<l*jbi,jba4o,cmg�_�c'o,cmj�f2x�p�jEf�o£c0jEg�o�f;c'd�e�p�jEx�p�jbj�a\n.d�g�`'o�g�o�f%l�`'o�a�_�i%o�`?g�p�n ^�a�_3g�o�f2`'j�x�p�d�c'dWl�o,c
i,j l*d�j�n ^�o,|\a�_2c'o�aWp�g�d4h�f"f�o2j�c���_-g�j�`'a�o.l�`'_���_¬�Ë_�`kn.¤�ck`'¤�^�d�i,o,|\c'd�f�o ��_-g�j�`kx�p�j3`'j�_�a�d�g�j3a�_Gcml�_-`'j�_�ckj�f2�¬o�`'nt_.n.¤�c
o�`'i,j�f�_-i,_%q
� o�n.o�c0j.n.j�f�g�d�o�f�h2_-f,l�j�`'d�o�`'n.j�f,l�j�|�p�f�_2c'o�aWp�g�d�h�f5j�ck_Gc0o�g�d�_�`ka�_Gcml�_-`'j�_�ckg�o�f�d�f%l�j�`'`<p,^�g�d�o�f�j-c	Z2_�i%n.d�f�d*c�l�`'_�`'a�_�c
_-i,j�g�p�_�i%_�ntj�f%l*j�q �]f�_.i%j�a�_�cko-^�g�d�o�f�j�ckj�cmp%l�d4a�d�{-_�`m^�`'d�o�`'d�i,_-i,j�c	Z _Gc0d4e%f�_�`ka�_Gckn.¤�ck_-a¾l�_�ck_.a�_Gcml�_-`'j�_�ckx�p�jbl�d�j�f�j
`'j�c�l*`'d�g�g�d4o�f�j�cmi,j�l�d4j�n3^�o.nt¤Gcmj�c<l�`'d�g�l�_�c�q � j���j�^�j�`'n.dWl�d4`�c0jEx�p�jEj-c<l�_Gc~l�_�`'j�_Gcmd�f,l�j�`'`<p�n3^�_-f2a�_3j���j�g¡p�g�d�h�f2i,jkl�_-`'j�_�c
n.j�f�o,c+g�`<p�g�d�_�a�j�ct^�_�`'_Îj�a�c0d*c�l�j�n._=Ò<c'd�c<l�j�nt_"^�`'j�j�n3^,l�dS��o/��_�c'_-i,o:j�f:^�`'d4o�`'d�i%_�i%j�c'ÔËq s f¼e,j�f�j�`'_-a�|?j-c<l�j2l�dW^�o}i%j
^�`'o�e%`'_�nt_�g�d�h�f+j�c:_-i,j�g�p�_�i%ob^�_-`'_�c'd�c�l*j�n._Gc~x�p�jkl�d�j�f�j�f+`'j�c<l�`'d�g�g�d�o�f�j�c	j�f.l�d�j�n3^�o,|�g�pGZ%o3d�f�g¡p�n3^�a4d�n.d�j�f%l�o3`'j�c<p�aWl*_
j�f.a�_k�¬_-a�a�_kl*o-l�_-a;i,jki,d�g���o3c'd�c<l�j�n._EÒ ��_�`'i3`'j�_-a#V�l�d�n.j�c�Z�c<l�j�n£c0Ô�q ���
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I nt 1: Set ear _Ready1 ;  Ll ega I nt er r upci ón 1 ( máxi ma pr i or i dad)  
 JUMP Ker nel  
  
I nt 2: Set ear _Ready2 ;  Ll ega I nt er r upci ón 2 ( i nt er medi a)  
 JUMP Ker nel  
 
I nt 3: Set ear _Ready3 ;  Ll ega I nt er r upci ón 1 ( mí ni ma pr i or i dad)  
 JUMP Ker nel  
 
 
Ker nel :    ;  NOTA:  El  or den de est e pol l i ng es el  de 
    ;  pr i or i dades de l as r ut i nas.  
    ;  Ut i l i zo l os f l ags Ready*  y Runni ng*   

;  como Taks St at us.  
 
pol l 1:  
 

I FNOT Ready1 JUMP pol l 2  ;  Mi r o s i  l l ego l a i nt er r upci on  
;  1,  s i  no mi r o l a pr óxi ma.  

 I F Runni ng1 JUMP scher r or  ;  Si  l l ego y est a t odaví a  
;  ej ecut ando, sal go con er r or .  

 Li mpi ar _Ready1   ;  Paso l a t ar ea a ej ecut ando.  
 Set ear _Runni ng1 
 Baj ar _Pr i or i dad_1  ;  Mi ent r as est a cor r i endo l e baj o  

;  l a pr i or i dad.  
 EXEC Tar ea_1   ;  Ej ecut o l a t ar ea asoci ada a l a  

;  i nt er r upci ón 1.  
 Subi r _Pr i or i dad_1  ;  Repongo l a pr i or i dad al t a.  
 Li mpi ar _Runni ng1  ;  Avi so que t er mi no de cor r er  l a  

;  t ar ea 1.  
 JUMP Ker nel    ;  Ter mi no.  No debo sal i r  hast a  
     ;  que no queden i nt er r upci ones  

;  pendi ent es.  
 
pol l 2:  
 

I FNOT Ready2 JUMP pol l 3  ;  Mi r o s i  l l ego l a i nt er r upci on2,   
;  s i  no mi r o l a pr óxi ma.  

 I F Runni ng2 JUMP pol l er r or  ;  Si  l l ego y est a t odaví a  
;  ej ecut ando,  sal go con er r or .  

 I F Runni ng1 JUMP pol l ex i t  ;  Ver i f i co s i  est á cor r i endo 1.  
     ;  De ser  así  mar co l a t ar ea como 

;  pendi ent e y sal go.  
 Li mpi ar _Ready2   ;  I dem ant er i or .  
 Set ear _Runni ng2 
 Baj ar _Pr i or i dad_2 
 EXEC Tar ea_2 
 Subi r _Pr i or i dad_2 
 Li mpi ar _Runni ng2  
 JUMP Ker nel  
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pol l 3:  
 

I FNOT Ready3 JUMP pol l ex i t  ;  Mi r o s i  l l ego l a i nt er r upci on3,   
;  s i  no t er mi no.  

 I F Runni ng3 JUMP pol l er r or  ;  Si  l l ego y est a ej ecut ando,   
;  sal go con er r or .  

 I F Runni ng1 JUMP pol l ex i t  ;  Ver i f i co s i  est án cor r i endo l a 
;  2 o l a 1.  De ser  así  

 I F Runni ng2 JUMP pol l ex i t  ;  mar co l a t ar ea como pendi ent e  
;  y  sal go.  

 
 Li mpi ar _Ready3   ;  I dem ant er i or .  
 Set ear _Runni ng3  
 Baj ar _Pr i or i dad_3 
 EXEC Tar ea_3 
 Subi r _Pr i or i dad_3 
 Li mpi ar _Runni ng3  
 JUMP Ker nel  
 
pol l er r or :   
 EXEC Tar ea_Er r or  
pol l ex i t :   

Ret ur n_f r om_I nt er r upt    ;  Devuel vo el  cont r ol   
;  al  backgr ound.  
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Esperando 

Running = 0 
Ready = 0 

Ejecutando 

Running = 1 
Ready = 0 

Suspendida 

Running = 1 
Ready = 1 

Lista 

Running = 0 
Ready = 1 

No hay otra tarea de 
mayor prioridad 
ejecutándose La ejecución finaliza 

Llega una tarea de 
mayor prioridad Llega la interrupción 

asociada 

Finaliza la tarea de 
prioridad mayor 
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    ;  REDI RECCI ONAMI ENTO DE LAS 
I NTERRUPCI ONES:  
 ORG 0000h 
 LJMP I ni t   ;  Reset .  
 ORG 0003h 
 LJMP I NT_0  ;  I nt er r upci ón ext er na 0.  
 ORG 000Bh 
 LJMP I NT_T0  ;  I nt er r upci ón del  Ti mer  0.  
 ORG 001Bh 
 LJMP I NT_T1  ;  I nt er r upci ón del  Ti mer  1.  
  
 ORG 0100h 
 
I ni t :   
 LCALL I ni t _Al l  
 
Loop_Bkgnd:   ;  LOOP DE BACKGROUND:  
    ;  Aquí  ej ecut o el  backgr ound.  
 LCALL Di spl ay  ;  Ref r esco di spl ay t omando el  dat o de  

;  l as var i abl es gl obal es.  
 LCALL Tecl ado  ;  Tecl ado no manej ado por  i nt er r upci ones.  
 AJMP Loop_Bkgnd 
 
I NT_O:    ;  FI N DE CONVERSI ON:   
    ;  I nt er r upci ón 0:  r ut i na de at enci ón.  
 LCALL Cont ext _Swi t ch ;  Sal vo l os r egi st r os que voy a ut i l i zar .  
 LCALL Mul t i pl ex ;  Pr epar o el  mul t i pl exor  par a l a  

;  pr óx i ma conver s i ón.  
 LCALL Set _Ti mer _0 ;  Repr ogr amo y ar r anco el  t i mer .  
 SETB  PA. 1  ;  Cambi o a Vx.  
 LCALL Cal cul o_PWM ;  Cal cul o l a acci ón de cont r ol .  
 LCALL Out _Dat a  ;  Al maceno l os cál cul os en  

;  var i abl es gl obal es.  
 MOV IP,#00000010B ; Doy prioridad al timer 0 hasta  

; que se produzca la interrupcion INT_T0. 
 LCALL Cont ext _Swi t ch ;  Recuper o l os r egi st r os que guar dé.  
 RETI  
 
 
I NT_TO:    ;  CAMBI O DE PENDI ENTE:   
    ;  I nt er r upci ón Ti mer  0:  r ut i na de 
at enci ón.  
 CLR PA. 1  ;  Cambi o a Vr ef .  
 MOV IP,#00001000B ; Doy prioridad al timer 1 hasta que 

; se produzca la interrupcion INT_0. 
 RETI  
 
 
I NT_T1:    ;  MANEJO DEL PWM:  
    ;   
 LCALL Cont ext _Swi t ch ;  Sal vo l os r egi st r os que voy a ut i l i zar .  
 CLR TR1   ;  Par o el  t i mer .  
 LCALL On_Of f   ;  Comando l a sal i da del  PWM en On u Of f   

;  según cor r esponda.  
 LCALL Cont ext _Swi t ch ;  Recuper o l os r egi st r os que ut i l i ce.  
 RETI  
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 ORG 0000h  ;  REDI RECCI ONAMI ENTO DE LAS 
I NTERRUPCI ONES 
 LJMP Reset   ;  Reset .  
 
    ;  Todas l as i nt er r upci ones sal t an al  
ker nel ,  
    ;  pr ev i o av i so de cuál  l l ego con Ready. *  
    ;  ( as i gnar  Ready. 1 a l a i nt er r upci ón de  
    ;  máxi ma pr i or i dad y Ready. 4 a l a de 
mí ni ma)  
 ORG 0003h 
 SETB Ready. 3  ;  Mí ni ma pr i or i dad par a l a 
 LJMP Ker nel   ;  i nt er r upci ón ext er na 0.  
  
 ORG 000Bh 
 SETB Ready. 1  ;  Máxi ma pr i or i dad par a l a 
 LJMP Ker nel   ;  i nt er r upci ón del  Ti mer  0.  
  
 ORG 001Bh 
 SETB Ready. 2  ;  Pr i or i dad i nt er medi a par a l a 
 LJMP Ker nel   ;  i nt er r upci ón del  Ti mer  1.  
 
 ORG 0100h 
 
Ker nel :  
    ;  NOTA:  El  or den de est e pol l i ng es el  
or den  
    ;  de pr i or i dades de l as r ut i nas.  
 
pol l 1:   

JNB Ready. 1, pol l 2  ;  Mi r o s i  l l ego l a i nt er r upci ón del  t i mer  
0,   

;  s i  no,  mi r o l a pr óxi ma.  
 JB Run. 1, pol l er r  ;  Si  l l ego y est a t odaví a ej ecut ando,  
sal go.  
 CLR Ready. 1  ;  At i endo l a t ar ea asoci ada al  t i mer  0.  
 SETB Run. 1  ;  Avi so que est a cor r i endo.  
 CLR I P. 1  ;  Mi ent r as est a cor r i endo l e baj o l a  

;  pr i or i dad.  
 CALL pol l ex  ;  Par a que se act i ve el  cambi o de I P debo  

;  ej ecut ar  un RETI .  
 LCALL I NT_T0  ;  Mando a ej ecut ar .  
 SETB I P. 1  ;  Repongo l a pr i or i dad al t a.  
 CALL pol l ex  ;  Ej ecut o RETI .  
 CLR Run. 1  ;  Avi so que t er mi no de cor r er .  
 AJMP Ker nel   ;  Ter mi no.  No debo sal i r  hast a que no 
queden 
    ;  i nt er r upci ones pendi ent es.  
 
pol l 2:   

JNB Ready. 2, pol l 3  ;  Mi r o s i  l l ego l a i nt er r upci on del  t i mer  
1,   

;  s i  no mi r o l a pr óxi ma.  
 JB Run. 2, pol l er r  ;  Si  l l ego y est a t odaví a ej ecut ando,  
sal go.  
 JB Run. 1, pol l ex ;  Si  est a Run. 2 vuel vo l uego.  
 CLR Ready. 2  ;  At i endo l a t ar ea asoci ada al  t i mer  1.  
 SETB Run. 2  ;  Avi so que est a cor r i endo.  
 CLR I P. 3  ;  Mi ent r as est a cor r i endo l e baj o l a  

;  pr i or i dad.  
 CALL pol l ex  ;  Par a que se act i ve el  cambi o de I P debo  

;  ej ecut ar  un RETI .  
 LCALL I NT_T1  ;  Mando a ej ecut ar .  
 SETB I P. 3  ;  Repongo l a pr i or i dad al t a.  
 CALL pol l ex  ;  Ej ecut o RETI .  
 CLR Run. 2  ;  Avi so que t er mi no de cor r er .  
 AJMP Ker nel   ;  Ter mi no.  No debo sal i r  hast a que no 
queden 
    ;  i nt er r upci ones pendi ent es.  
 
pol l 3:   

JNB Ready. 3, pol l ex ;  Mi r o s i  l l ego l a i nt er r upci on ext er na 
0,  s i   

;  no t er mi no.  
 JB Run. 3, pol l er r  ;  Si  l l ego y est a t odaví a ej ecut ando,  
sal go.  
 JB Run. 1, pol l ex ;  Ver i f i co s i  est a Run. 2 o Run. 3.  De ser  
así  
 JB Run. 2, pol l ex ;  vuel vo l uego.  
 CLR Ready. 3  ;  At i endo l a t ar ea asoci ada a l a 
i nt er r upci on  
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;  ext er na 0.  
 SETB Run. 3  ;  Avi so que est a cor r i endo.  
 CLR I P. 0  ;  Mi ent r as est a cor r i endo l e baj o l a  

;  pr i or i dad.  
 CALL pol l ex  ;  Par a que se act i ve el  cambi o de I P debo  

;  ej ecut ar  un RETI .  
 LCALL I NT_0  ;  Mando a ej ecut ar .  
 SETB I P. 0  ;  Repongo l a pr i or i dad al t a.  
 CALL pol l ex  ;  Ej ecut o RETI .  
 CLR Run. 3  ;  Avi so que t er mi no de cor r er .  
 AJMP Ker nel   ;  Ter mi no.  No debo sal i r  hast a que no 
queden 
    ;  i nt er r upci ones pendi ent es.  
 
pol l er r :   

LCALL  Er r or   ;  Hacer  al go que i ndi que over f l ow 
 
pol l ex:   

RETI    ;  Regr eso de l a i nt er r upci on.  
    ;  Tambi én uso est a i nst r ucci ón como  

;  habi l i t ador  del   
    ;  cambi o de pr i or i dades,  l l amándol a con 
CALL.  
 
PROGRAMA:  
 
Reset :  

LCALL I ni t _Al l  
 
Loop_Bkgnd:   ;  LOOP DE BACKGROUND:  
    ;  Aquí  ej ecut o el  backgr ound,  s i  ex i s t e.  
 AJMP Loop_Bkgnd 
 
 
 
I NT_O:    ;  FI N DE CONVERSI ON:   
    ;  I nt er r upci ón 0:  r ut i na de at enci ón.  
 LCALL Cont ext _Swi t ch ;  Sal vo l os r egi st r os que voy a ut i l i zar .  
 LCALL Mul t i pl ex ;  Pr epar o el  mul t i pl exor  par a l a pr óxi ma  

;  conver s i ón.  
 LCALL Set _Ti mer _0 ;  Repr ogr amo y ar r anco el  t i mer .  
 SETB  PA. 1  ;  Cambi o a Vx.  
 LCALL Cal cul o_PWM ;  Cal cul o l a acci ón de cont r ol .  
 LCALL Out _Dat a  ;  Al maceno l os cál cul os en var i abl es  

;  gl obal es.  
 LCALL Cont ext _Swi t ch ;  Recuper o l os r egi st r os que guar dé.  
 RETI  
 
I NT_TO:    ;  CAMBI O DE PENDI ENTE:   
    ;  I nt er r upci ón Ti mer  0:  r ut i na de 
at enci ón.  
 CLR PA. 1  ;  Cambi o a Vr ef .  
 RETI  
 
I NT_T1:    ;  MANEJO DEL PWM:  
    ;   
 LCALL Cont ext _Swi t ch ;  Sal vo l os r egi st r os que voy a ut i l i zar .  
 CLR TR1   ;  Par o el  t i mer .  
 LCALL On_Of f   ;  Comando l a sal i da del  PWM en On u Of f  
según  

;  cor r esponda.  
 LCALL Cont ext _Swi t ch ;  Recuper o l os r egi st r os que ut i l i ce.  
 RETI  
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El driver POSIX.1 para Linux 
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#define MODULE 
#include <linux/module.h> 
#include <linux/kernel.h> 
#include <linux/version.h> 
#include <linux/errno.h> 
#include <linux/rtl_version.h> 
#include <asm/io.h> 
#include <asm/rt_irq.h> 
#include <rtl_fifo.h> 
 
#define CONTADOR 0x280 
#define IRQ_CONTADOR 7 
 
unsigned short data; 
unsigned short msg; 
 
void int_contador(void) 
{ 
 data = inw_p(CONTADOR); 
 rtf_put(1,&data,2); 
} 
 
int hand_contador(unsigned int fifo) 
{ 
 rtf_get(3, &msg, 2);  
 outw_p(msg, CONTADOR); 
 return 0; 
} 
 
int init_module(void) 
{ 
 rtf_create(1, 4000); 
 rtf_create(2, 4000); 
 rtf_create_handler(3, &hand_contador); 
 request_RTirq(IRQ_CONTADOR, int_contador); 
 
 return 0; 
} 
 
void cleanup_module(void) 
{ 
 rtf_destroy(1); 
 rtf_destroy(2); 
 free_RTirq(IRQ_CONTADOR); 
} 
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#!/usr/bin/wish 
 
set i 0 
set cuentas 0 
 
set fd1 [open "/dev/rtf1" r] 
set fd2 [open "/dev/rtf2" r] 
 
proc Contador {} { 
 global cuentas fd1 i 
 binary scan [read $fd1 2] s data 
 set cuentas [expr $data + $cuentas_]  
 if { $i == 40 } { 
  puts "$cuentas c/seg" 
  set i 0 
  set cuentas 0 
 } 
 incr i 
} 
 
fileevent $fd1 readable Contador 
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# Inicializacion del Contador 
puts -nonewline $fd2 [ binary format s [ expr 65525 - 41660 ] ] 
flush $fd2 
 
# GUI (no presentada) 
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Capítulo V 
Aplicación al experimento 
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#%$RP�.�$ O�M .�,S*�JUT-J�,/.�P�V/*�WX*ZY-W M W[J\,]Y^V/P�_�+�Y G P�.�$ M J�`�J M J�$-P�V/W'Y M .�a M W1&)W�b-,/J G *�V�c�J�d-W1*�.
Y M JeT-V/W1&)J�$ O JfJ\$)$�+^JXc OgM .h,/W�b-. M W O . M Vi. ?9H W M�O�j $-J�kNJ O WX, C9I�J&J#J�M C

#N$lP�W1,/J�`mW1P O . M Y^. M�O W1&n+^JXc O�M WocpP�.�$qP�W�Y-WXP\Vi*�WX*r*�JsT-W1P j .ut O J M &).�P�+�Y-,/W O VvY^.xwy&).�$ O W1*�W G
ADCBE C ADC &).�*�J\,i.hz?{}| I�~�~�~@?BADC/EFC ADCHG I3J#K&L�MNC
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°
G G P�.�$;+^$-W M J1c�.�,v+^P�V/(�$�*�J ~ C �

°
G]��M WX$-a�.�*�J

O�M W�b-W��e.h*�J�,�P�WX,/J�`�WXP O . M��NC
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c�+�`mV/P�V/J�$ O J=Y-W M WN,/WNV/&nY^,/J�&;J�$ O W1P�V/(�$)*�JXc�J�W1*�W C
� JXc�*�JnJ�,�Y�+^$ O .�*�JNT-Vgc O W)*�J�,F+ c+^W M Vi. G J1c?*�JXc�J�W�b-,/JnJ�,�& � ��V/&).;$^V9T-J�,
Y-.�c�V9b-,/J7*�J7W\+ O .�&)W O V/k1WXP\Vi(�$ � t�W���+^JhJXc O W�c
J���Y^J M V/J�$-P�V/W�csc�J�J��eJ�P¡+ O WX$q*�+ M W1$ O J�Y-J M�j .�*�.�c¢Y M .�,/.�$-a�W1*�.�c�*�J O V/J�&nY^. ��G +-$-W£V/$ O J M `mW1kua M�� `mV/P�WuP�.�&@Y^,/J O Wu��+-J
Y^J M &)V O Wh.�b�c�J M T-W M J�,
*�JXc�W M�M .�,/,/.n*�J�,
J���Y-J M V/&)J�$ O . G W1P�P�JXc�. M J\&). O .�Wh,/Woc�T-W M V/W�b-,/JXcFtn,i.�c5*�W O .�c � V/$-P�,v+ c�.7&)V/J�$ O�M W�c
c�Jh*�JXc�W M�M .�,/,/Wn,/W�J\��Y^J M ViJ\$^P\ViW ��G t M J�a�Vgc O�M .)*�Jh,i.�c�*�W O .�c=J\$�+^$;`m. M &)W O .)c O W1$-*�W M *)��+-J?Y^J M &;V O WhJ�,�Y M .�P�JXc�WX&)V/J�$ O .
Y^.�c O J M V/. M *�J?,/WNV/$�`�. M &)WXP\Vi(�$ C
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P�.�$ O V/$�+-WXP\Vi(�$qc�J�*�J1c�P M V9b-J�$xb M JeT-J�&)J�$ O J�WX,/a�+^$-Woc�P\W M W1P O J M�j c O V/P�W�c�Vi&@Y^. M�O WX$ O JXc�*�Jµ,/.�c O�M JXc;V/$ c O�M +^&)J�$ O .�c;*�J�,
J���Y^J M V/&)J�$ O . Hu¶ c�c�b-W\+^J M P�, � c�ViP\.7��+-J%c�J M�� $n+ O V/,/Vik1W1*�.�c5J�$)JXc O JfP�W�c�. C
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Y M J\WX&nY-,/V�`�ViP\WX*�. M�Ê W1&nY-,iVv`mV/P�W1*�. M�� ��+-J�a�J�$-J M Wp+^$-Wsc�W1,/Vi*�W�,/(�a�V/P�W�P�W1*�W)T-J�k���+^J M J�P�V9b-J;+^$�Y�+^,�c�.�*�J;+^$-W�WX, O + M W
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&)(�*�+^,/.nJXc5+^$;Y�+-,�c�.nP�+^W1* M W1*�.n*�JNWX&nY-,/V O +-*
L z G *�J L�~�~ $�c?*�JnWX$-P��-. G P�.�$p+^$ '�5/��%12
-�5/12% &)J\$^. M ��+-J ��~ $�c C-Ë W M JXc�.�,v+-P�V/(�$sJ�$ O�M JhY�+^,�c�.�c=JXcY^J�P\V�`�ViP\WX*�W7Y-. M J�,
`mW�b M V/P�WX$ O JNJXc"*�J K�~�~ $�c�J�a G Y^. M ,/.h��+^J?JXc5*�J?JXcY^J M W M ��+^J?,iWN& � ��Vi&;W7c�J�d-W1,�*�JNc�W1,/Vi*�WN*�J?JXc O J?&)(�*�+-,/.�c�J M�� P�.�&).
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2. La placa µµµµDAQ Contador 
�M�����®�B�e�B�ª�Y�B���������D�����B³C�Æ�����!�b�D����³C�C���B�e�¬����â�� � �Ì�����������D�B�B�/ù�³e�/���!���D���Y�(�/����� µ ����� µß«¢ ã�� ���C�à�B�®���/±��Y�B���W�D��C���B±��������B³C�ª�D�!�����C�����®�b�=���B���D�������W�Y���B�C���!��Ç
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`WY]V�JbX"P J�R4M�\[Y4N I9Y����}�ZY4N&\�Q"P Q�~�` UWY4P YzR4Q"N I9MOV��WM"^@I�Mz�������.�B�0~������ �"�$��L��
F-�:JbY]N5I�V�M"^�I�M�N I�Q5o���~|R�U-Y4N I�M�K�Q5^
Y_�-Y4N I�Q5^_o�^�J�KbQ5^�T5M]I9YO^2Y�^@I��ON=Y]N=N-JC�-Y4K�KbX"T J�R4Q&~OFW�}U-M�N-P Q�K�K�Y4T MuK�MuJ�N I�Y4V�V@U5`-R4J�X"N=M"^�Q"R4J�MOP5M|Mu���-o�^�Y�Y]Nx�-��M|M�K-w U ^}Y4K
R4Q"N I�Y4N-J�P5Q�P Y�KbQ5^�V�Y4T5J�^@I�V�Q5^2P Y���~xFW�}UWMOK��"U-JbY]V�MuP5Y�K�Q5^2T M4I�Y�^��*q"¡�¢$£8¤.¥2¦k{Bj"¡�§�¤�¥2¦���Y4N�N-JC�-Y4K.K�X"T JbR]Q��[JbN-�-JCw-Y
I�M�N I�Q�Y4K�R4Q"N I�MOP5Q"V���~|R4Q"\�Q[KbMz\�MOV�R4�-MzP5Y4K�I�J�\�Y4V�����F ¨�K�`-Y4V���Q"P5Q�P Y4K�I�J�\�Y4Vy��Y�^�`WV�Q"T5V�MO\�M�w-K�YuP5YO^�P5Y|K�Mu©8�yo5{
P5Y
w-Y�R(UWJ�P5MOV_^�Y�P5Y�N-Qª�WMOR4Y4V�K�QªY4�5R]Y�^�JC�-MO\�Y4N I�Y�K�MOV�T5Q5oz{ M«�"U-Yk` UWY4P Y�P5YO^�w-Q"V�P5MOV_^�Y�Y4KZR4Q"N I�M�P Q"V:��~xFu¨y^@I�Q
P5Y(`WY4N-P5Y]V���P5YzK�MzI�Mx^GM�P5YzMOV�V�JCw-Q=P Y�Y
�-Y4N I9Q5^�Y]N&R4MOP5MzY4��`WY4V�J�\�Y4N I�Q5o�KbQ[�"UWY|Y�^@I��zP5J�V�Y4R(I9MO\�Y4N I�YuV�Y]KbMOR4J�Q"N-M�P Q�R4Q"N
K�M�M�R(I9JC�-J�P5MOPzP5Y�K�M�S�UWY4N I�Y�V�M�P JbMOR�I�JC�-M5F

D�E�©.M�V�MZ��UWY�Y]K�P Y�I�Y4V�J�Q"V�QZP5Y�K�M�Y�^@I�MOP5��^@I�J�R4MZ^�Y4M�N UWK�Q5o8P Y_w-Y4V���M[U5I�J�KbJ�LOM�V_^GYzUWN$\�J�R4V�Q"R]Q"N5I�V�Q"K�MOP5Q"V�P5Y[KbM"^�\[J9^G\�M"^
R4MOV�M�R(I9Y]V��9^�I�JbR]Mx^
o"S>UWN-R4J�Q"N-M�N-P5Q|Mu¬"�����L"o5N-Q|P5J�^@`-Q"NWJCw-K�Y�M�R�I�U-M�K�\�Y4N I�Y"F
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k4l @�;)mnV�W$<>W�oMpFq$�5r�&'�tsFs7e]!),���*)��3)����3>�/�u#$�5�7q�iPv"N
X w9xtyUzP{ l @�;)mnV�W$<>W�oMpFq$�5r�&'�tsFs7ec#>�|��3)})�~0)���5��� 3K!�,���*)��3)����3>���|#>���t��� 3>��,�� �t#$�P*)����� ����#$&'#"��� ����,�3)�)N
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El software iP� �d�]�H�d&'#$����&'3$������3(���9�5&�!)bn���)���+&'3$����,���� ,-�U���>���B����3]#>�$��!��$�H� 0)������#$&'#$���P0)&B�-��e9��3>���+!�&',�&d��� ��&�3)#$&',u��& ��!���&'��& �
µ� 6J��NUe9&+!�,����d��,�&��'���>���������'&�,���&��5&�!)&�����#>&�#.���"q$� �dN/¡"#>���E�����B������&M�g���K!������d��3>��&'3�#>�����$��,�����!��������~*)�$��<>@�¢ =�?�@< V�=�¢M@5V-£'N|e9&¤�H��a �)3)#$&4�'!��5��� 3¥���.�$���������'&�,���& �(#$��3>��,��¤#>���d��3>��� ,�3)��¦�sge9��3$�)�tNuv��10)&M�§�����53��53¨���©��*)��3>�/&B�-& �dD#$�'��*)��3>��&`��&M�ON
e9&1�'!)����� 3d�U�"q$���dN�¡u���F&'�n��&'�d��3>���E!)� ,B��&�0)���PD"#$�������"!����u���"!������d�53$��&'����� 3d��3d�5�t��& ���1#>�|#>���B!�� 3)��,F#$�u���$�9<>@�¢ =�?�@< V�=�¢M@5V-£(!�&',�&L���$�+#$���B!)�$������� *)�$�ON|iP� �d����&M��!)��&'��& � µ� 6"�ª_ ����,�� 3«#$���H&�,�,�� ����&�#>&M�+�53¤3>��������,��I��&�0)� ,�&���� ,����$�u���$�

#$,��~*)��,-����� ,�,�����!�� 3)#$����3>������3)�d���B���'3�#$���B!)� 3)� 0)�������t���d�O��&'�9����a$3)��_`����&���3)&"��� �"!)������&'����� 3�&'#$������� 3)&��BNUq$��3G����0)&�,�a>�$�e9��3>���¬!�,���*)���(��3>_`� ,���&������ 3¤���$_`��������3>����B®°¯¬±�²M³"´)µ�¶�¶�²'·d¸�µ�¹>º�²M³K¹�µ5»�µ�³�²'¶�¸�²M³J¼�²'¶�²]±�²]¸�·"¼)±�µ5·dµ�¹>º�²�»�¸�½ ¹�¾$µ�¾>µ-¿)¸�»�µ¾$¶�¸~¿)µ�¶-³�¾$µ(»�²'¶�²�»�º�µ�¶�µ'³]ÀÂÁPÃMÄ)¸�¹)¸/Å�Æ�Ç$Ç>È É�Ê7Ë9²]µ'³Bº�¶BÃ�»�º�Ã)¶�²GÄ)Ì ³�¸�»�²]¾>µ�Í�³Bº�Î$³d³Hµ�·dÎ$³Bº�¶�½%µ�¹�µ�±�ÏPÐ-ÑFÒ�Ó�Ô>Õ�Ö.×`×B×�ÊgØ¹�±�²µ�³�º/¶BÃ)»�º�Ã�¶�²�¼�¶�Î'¼>Ã�µ�³�º�²1¼)²�¶�²"±�²"¸�·"¼�±�µ�·dµ5¹$º�²'»�¸�½ ¹+Ù�Ú"Û$Ü ÝdÊ/Æ5Å)±�²M³F¼)±�²�»�² ³Pµ�Þ�µ�»�Ã>º/²'¹�³BÃ©³¼�¶�Î'¼�¸�² ³Fº�²�¶�µ5²M³P¾>µ�¹>º�¶�ÎJ¾>µuÃ�¹µ�³Hß Ã�µ5·d²�¼)¶�µ�µ�·"¼>º/¸~¿)Î$Å7Ä)² ³�²'¾$Î%µ�¹^¼�¶�¸�Î ¶�¸�¾$²'¾$µ�³�Å9»5Î ¹L±�²M³�»�²'¶�²�»Oº/µ5¶�à/³�º�¸�»5²M³á¼�¶�Î'¼)¸�²M³�¾$µ�º�¸�µ�·"¼�Î(¶�µ�²'±E¾$µ�±�»�Î ¹�Þ�Ã�¹>º�Î
µâPãJäuå µæ�ç Ö�è>éuÛ$¸�¹Lµ�·1Ä)²'¶�ê$Î$ÅF±�²�»�Î ·"Ã)¹)¸�»5²�»�¸�½ ¹L¾>µG±�² ³á¼�±�²�»5²M³�»�Î ¹Lµ5±E¶�µ�³Bº�Î(¾$µ�±E³�¸�³�º/µ5·d²§³Hµd´)²�»5µd²dº�¶�²�¿)Í�³�¾>µ±�±�²�·d²'¾$² ³�Ë9¸�¹>Ã�ë�ÅU¾>µ�¹>º�¶�ÎG¾>µ1Ã)¹]µ�³Hß Ã)µ�·d²d¾>µ1º�¸�µ�·"¼)ÎG»5Î ·"¼�²'¶Bº�¸�¾>Î§ì Ó�í�î ç�å ï Õ�í�ð ç'ñ Ê)Ù�Î ¶|±�Î�º�²�¹>º�ÎGµ'³E¾>µ1µ�³�¼�µ�¶�²'¶Eß Ã)µµ�ë>¸/³�º�²�¹«¶�µ�º�²�¶�¾>Î$³+¸�¹)¾>µ�³�µ�²�Ä)±�µ�³+»�Ã)²�¹)¾$Î4³�µ%µ�Þ�µ�»�Ã>º/²'¹4±�²M³�±�±�²�·d²'¾$² ³Kò ç Ð$ó%¯LôFò�í�Ó ç ²c±�Î$³�¾$¶�¸~¿)µ�¶-³�¾$µ(±�² ³K¼�±�²�»5²M³�Åµ�Þ�µ�»�Ã$º�²'¾$Î$³á¼�Î ¶�µ�±F¼�¶�Î ê>¶�²�·d²+¾$µKÃ©³BÃ)²�¶�¸�Î)Ê�õ1²�¾>²G±�²"Ä)²`Þ�²dº�² ³�²+¾$µ"º�¶�²'¹©³�ö`µ�¶�µ�¹)»�¸�²+µ�¹>º�¶�µd±�²M³°¼�±�²�»5²M³�¯�Ë9¸�¹>Ã�ë)Å7Í�³�º/²¼$Ã)µ�¾$µ"³�µ�¶�Ã�¹)²d³�Î ±�Ã�»�¸�½ ¹d¿)¸�²�Ä)±�µ'Åt¾>µ�¹>º/¶�Î�¾$µuÃ�¹+¶�²'¹�ê>Î"²�»�Î'º�²'¾$Î"¾$µ�²5¼�±�¸�»�²'»�¸�Î ¹)µ�³�Ê ØE³Bº�²1Î'¼)»�¸�½ ¹dö Ã�µ�¸�·"¼�±�µ�·�µ�¹>º/²'¾$²¼�²'¶�²d³BÃ�µ�ë ¼)µ�¶�¸�·dµ�¹>º�²�»5¸�½ ¹tÅ©º�µ�¹)¸�µ5¹�¾>Îdµ�¹�»�Ã)µ�¹>º�²K³�Ã©³�±�¸�·�¸nº�²'»�¸�Î ¹)µ�³�Ê>Ø¹�±�²�ö`Î ¶�·d²"¾$µáö�Ã�¹)»�¸�Î ¹)²'·d¸�µ�¹>º/ÎK¼�¶�µ�³Hµ�¹>º/²'¾$²²'¹$º�µ�¶�¸�Î ¶�·dµ5¹$º�µ�Å�µ�¹�µ�±7»5²M³HÎd¾$µáÃ�¹)²"±�µ5»�º�Ã�¶�²"²�±7¾>¶�¸~¿)µ�¶|ì ¹�Î+³�¸�¹)»�¶�Î ¹)¸�÷'²'¾$²"»�Î ¹�±�²"Î'¼�µ�¶�²'»�¸�½ ¹�¾$µ�±�² ³F¼)±�²'»�² ³ ñ ¾$µ-Ä)µ�¶�Ì

B®9ØE³Bº�²"µ�³�Ã�¹)²"¾$µ1±�² ³E»5²�¶�²'»�º�µ�¶�à�³Bº�¸�»�² ³Eß�Ã�µ1´)²'»�µ�¹�²'±UË9¸�¹$Ã)ëdÃ)¹]³�¸�³Bº�µ�·�²JÎ'¼)µ�¶�²5º/¸~¿)Îd²5¼�¶�Î'¼)¸�²�¾>Î"¼�²'¶�²"µ�±7¾$µ�³H²�¶�¶�Î ±�±�Î¾$µu²5¼�±�¸�»�²�»5¸�Î ¹)µ�³�Å�ö`¶�µ�¹>º�µ|²�Î'º�¶�Î$³P³�¸�³Bº�µ�·�²M³F»�Î ·dµ5¶�»�¸�²�±�µ�³OÊ
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�PÎ ¹ ±�² Î'º�¶�²QÎ'¼)»�¸�½ ¹tÅdµ�±�µ5¹$º�Î ¶�¹)Î Á��7Ë9¸�¹>Ã�ë)ÅG³HµQ³H²�»�¶�¸�ö`¸�»�²«±�²4¼�Î ¶Bº�²�Ä)¸�±�¸�¾>²�¾Yì�¯>²¤ß Ã)µ4Í�³Bº�²«µ�³(Ã�¹)² ³�Î ±�Ã�»�¸�½ ¹¼�¶�Î'¼)¸�µ�º�²�¶�¸�²d¾>µ1Ë9¸�¹>Ã�ëd¯(³�½ ±�ÎGµ5ë$¸�³Bº�µ�¼�²'¶�²dµ�³�º/²K¼�±�²�º�²5ö`Î ¶�·d² ñ Ê)Ë9²�¿)µ�¹>º/²BÞ-²K¼�¶�¸�¹)»�¸�¼�²'±7µ�³Eß�Ã�µáÃ$º�¸�±�¸�÷'²�¹)¾>Î"Ã�¹)²�º�²�¶�µ�²Á��7Ë9¸�¹>Ã�ë)ÅE¸�¹t³Bº�²'±�²'¾$²%µ�¹�µ�±���µ�¶�¹)µ�±u»�Î ·dÎ%»�Î ¹>º�¶�Î ±u»�µ�¹>º�¶�²�±u¾$µ�±uµ�ë�¼�µ�¶�¸�·dµ�¹>º�Î$ÅF¼>Ã�µ�¾>µ�¹GÞ�µ�¶�²'¶�ß Ã�¸�÷'²�¶-³Hµ�±�²M³�º�²'¶�µ�² ³µ�Þ�µ�»�Ã$º�²'¾$² ³uµ�¹]µ5±³�¸�³�º/µ5·d²dÎ'¼�µ5¶�²�º�¸~¿)Î)Ê)õ1µ"µ�³Bº�²"ö`Î ¶�·�²"¼$Ã)µ�¾$µ�¹.¼�¶�¸�Î ¶�¸�÷�²'¶-³�µ"±�Î$³u²'»�»�µ�³HÎ$³u²�±F´�²'¶�¾! �²'¶�µ�ö`¶�µ�¹>º�µ1²"±�² ³º�²�¶�µ5²M³�¾$µ"³�µ�ê�Ã�¹)¾$ÎdÎ ¶�¾>µ�¹�¾$µ�¸�·"¼�Î ¶Bº�²'¹�»5¸�²>Ê>Ë9²Jµ5ë$¸�³Bº�µ�¹)»�¸�²"¾$µ�µ�³Bº�¶BÃ�»Oº�Ã)¶�²M³�¾$µ5±Uº/¸�¼)Î#"�Ü"�Ú ¼�²'¶�²"±�²1»�Î ·"Ã)¹)¸�»5²�»�¸�½ ¹µ�¹>º�¶�µ�±�²�º�²�¶�µ5²1¾$µuº�¸�µ�·"¼)Î"¶�µ�²�±)¯"Ã)¹)²1²5¼�±�¸�»�²�»5¸�½ ¹�Ù�Ú"Û$Ü ÝJÅ>¼)µ�¶�·d¸�º�µ�±�²áÃ$º�¸�±�¸�÷'²'»�¸�½ ¹G¾>µ�±�²áº�Î'º/²'±�¸�¾$²'¾d¾$µu±�Î$³9¶�µ5»�Ã�¶-³HÎ$³¾$µ5± ³H¸/³�º�µ�·d²1Î'¼)µ�¶�²5º/¸~¿)Î$Å>ö Ã�µ�¶�²�¾$µ�±Uµ�³B¼)µ�»�º�¶�Î"¾$µuº�¸�µ�·"¼)ÎJ¶�µ5²�±BÊ Ë9²áº/²'¶�µ�²�¾$µuº�¸�µ�·"¼�Î"¶�µ�²'±�³Hµ|µ�¹)»�²'¶�ê$²'¶�Ì�¾$µu¶�µ�»�Î ±�µ�»Oº/²'¶±�Î$³P¾$²5º�Î$³F¼�¶�Î�¿)µ5¹�¸�µ�¹>º�µ�³P¾>µ�±�²M³g¼�±�²'»�² ³ì »�Î ¹"Ã)¹)²u¼�¶�¸�Î ¶�¸�¾$²'¾J²'±�º�² ñ ¯�¼)Î ¹�µ5¶�±�Î$³Fµ�¹�¾$¸�ö`µ�¶�µ�¹>º�µ�³$"�Ü"�Ú1Å>¾$µu¾$Î ¹)¾$µ�³�µ5¶�Ì�¹º�Î ·d²'¾$Î$³K¼�Î ¶"Ã)¹�²(²�¼)±�¸�»5²�»�¸�½ ¹¬Ù�Ú"Û$Ü ÝdÊ/Æ5ÅPµ�¹�»�Ã�²'¹)¾$ÎL³�µ�².¼�Î$³H¸ Ä)±�µ ÊgØ�³Bº�²(µ�³Bº�¶BÃ�»Oº�Ã)¶�²]µ-¿)¸�º�²�º�µ�¶�·�¸�¹)²'¹>º/µ5·dµ�¹>º�µ�±�²¼�Î$³H¸~Ä)¸�±�¸�¾$²'¾ ¾$µ¬¼�Í�¶�¾>¸�¾$²�¾$µL¾>²�º�Î$³-Å°¼�µ�¶�Î�¼)¶�µ�³�µ5¹$º�²�²�±�¼)¶�Î ê$¶�²'·d²�¾>Î ¶+Ã�¹)²�¹$Ã)µ-¿)²&%�»�²5¼�²�' ³HÎ�Ä)¶�µL±�²I»�Ã)²�±"¾>µ-Ä)µ¼�¶�Î ê>¶�²�·�²�¶-³HµLÃ)¹�²�¼)²�¶Bº�µL¾>µL±�²I²5¼�±�¸�»�²'»�¸�½ ¹UÊEØ�³�º�²IÎ'¼)»�¸�½ ¹¤º�²'·1Ä)¸�Í�¹«ö�Ã�µ¬¸�·K¼�±�µ�·dµ�¹>º�²'¾$²%¯Q³�Ã©³�»5²�¶�²'»�º�µ�¶�à�³Bº�¸�»�² ³¼�¶�¸�¹)»�¸�¼�²'±�µ�³P³�µ�¼�¶�µ�³Hµ�¹>º�²�¹d±�Ã)µ�ê$Î)Ê
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1a. La solución POSIX.1 para el acceso al hardware Ù�²'¶�²1±�²1¸�·"¼)±�µ�·dµ�¹>º�²�»5¸�½ ¹+¾$µ�µ'³Bº�²�Î'¼�»�¸�½ ¹d¾>µ|²'»�»�µ'³�Î1²'±t´)²'¶�¾! �²�¶�µ�ì�»OÃM¯>Î1¾$¸�²'ê$¶�²'·d²�µ�¹1Ä)±�Î ß�Ã�µ�³g¼$Ã)µ�¾$µP¿)µ�¶-³Hµ|µ�¹�±�²
1 í 2�Ô ò�Ð43)é576 ñ ³�µ¨Ã$º�¸�±�¸�÷'½ µ�±%¾$¶�¸~¿)µ�¶4ê>µ�¹)Í�¶�¸�»�Î ¼�²'¶�²Y±�²¥¼�±�²'»�² µâPãJä ¼)¶�µ�³�µ5¹$º�²'¾$Î ²'¹>º/µ5¶�¸�Î ¶�·�µ�¹>º/µ'Å+»�Î ¹ ±�² ³·dÎ ¾>¸nöB¸�»5²�»�¸�Î ¹)µ�³.»�Î ¶�¶�µ�³B¼)Î ¹)¾$¸�µ�¹>º�µ�³+¼)²�¶�²4³�²5º�¸/³�ö`²'»�µ�¶�±�²M³.¹)µ�»�µ�³H¸�¾>²�¾>µ�³+¾$µ%±�² ³�¼�±�²�»5²M³�ÏPÖ(+�Ó�ò�Ö>Õ|¯¤Ï�Ö!+�Ó�Ð>ó$Ö ò'ÊPØ±ö�Ã)¹�»5¸�Î ¹)²'·d¸�µ�¹>º�Îc¾>µ�²�·�Ä)Î$³"¾$¶�¸~¿)µ�¶-³"µ'³�º�²�±u»�Î ·dÎL³�µ�¾>µ�³�»5¶�¸ Ä)¸�½%µ�¹Lµ5±|ÏPÐ-ÑFÒ�Ó�Ô>Õ�ÖG×B×B×OÅgÃ$º�¸�±�¸�÷�²'¹)¾$Î]±�² ³áö`²�»5¸�±�¸�¾$²'¾$µ'³í8+�Ó ç ò-ò�Ô�Ñ9Ó�í:9$Õ ç�;)ï Õ ç'ç Ñ ; Ö(+K¯�ôÐ(< ç�; Ô�ÑIµ5¹G±�²1±�µ�»Oº�Ã)¶�²$Ê�Ø±�ö�Ã�¹)»�¸�Î ¹)²�·�¸�µ5¹$º�Î"µ�³�º/Ì�»�Î ·"¼)±�µOº/²'·dµ�¹>º�µEÄ)² ³�²'¾$Î"µ�¹+µ-¿)µ�¹>º�Î$³ì/Ã$º�¸�±�¸�÷'²�¹)¾>Îd±�²M³�¸�¹$º�µ�¶�¶BÃ>¼�»�¸�Î ¹)µ�³�µ�¹�²'·1Ä)Î$³|³Hµ�¹>º�¸�¾>Î$³ ñ ¼�Î ¶�±�Î�»�Ã�²'±7±�²1Ã>º�¸�±�¸�÷'²�»�¸�½ ¹�¾>µ1±�Î$³E¾>¶�¸~¿)µ�¶-³E¹)ÎG³H¸�ê$¹)¸�ö`¸�»�²�Ã)¹�²»�²'¶�ê$²�¸�·K¼�Î ¶Bº�²�¹>º�µu¼�²'¶�²1±�²#�FÙ��"Ê Ø±U±�¸/³�º�²�¾>ÎJ¾>µ|±�Î$³F¾$¶�¸~¿)µ�¶-³g¼>Ã�µ�¾>µ|µ�¹)»�Î ¹>º�¶�²'¶-³�µuµ�¹dµ�± ã Ñ>=?+�ó>í�ð ç ×B×`×�Å�Þ�Ã�¹>º�Î1»5Î ¹d±�Î$³²'¶�»�´)¸ ¿)Î$³F¹)µ�»�µ'³�²'¶�¸�Î$³g¼)²�¶�²�»�Î ·K¼�¸�±�²�¶�±�Î|¯�Ã>º�¸�±�¸�÷'²�¶�±�Î)Ê
Ø�³�º�µ�·dµ�»�²'¹)¸/³H·dÎ(º�¸�µ5¹�µ�±�²+¿)µ�¹>º/²BÞ-²(¾$µ+¼)¶�µ�³�µ�¹>º�²'¶J²(±�²M³�¼)±�²�»�² ³"¾>µG´)²'¶�¾! �²�¶�µ+»�Î ·dÎ(¾$Î$³�²�¶�»5´�¸~¿)Î$³"³Bº�²'¹)¾$²'¶�¾c¾>µ
�A@1Ü�ÝJÅFß Ã)µd¼>Ã�µ�¾>µ�¹I³Hµ�¶1²�Ä)¸�µ�¶Bº�Î$³-ÅFµ�³�»5¶�¸nº�Î$³�Å9±�µ�à�¾>Î$³|¯%»5µ�¶�¶�²�¾>Î$³�ÊB�PÎ ·dÎ�µ�³�º/Î$³á»�Ã�²5º�¶�Î�²�»5»�µ�³�Î$³á²G±�Î$³á²�¶�»�´)¸~¿)Î$³1³Hµ´)²�»5µ�¹]²"º�¶�²�¿)Í�³u¾$µ"±�²d¸�¹>º�µ�¶Bö`²'÷"Ù�Ú"Û$Ü ÝdÊ/Æ�¾>µ1Ë9¸�¹>Ã�ë)Åtµ5±U¼�¶�Î ê$¶�²'·d²"¾$µ�²�¼)±�¸�»5²�»�¸�½ ¹�ß�Ã�µ�Ã>º�¸�±�¸�»�µ�µ�³Bº�²�ö`²'»�¸�±�¸�¾>²�¾�³�µ�¶�Ì¼�Î ¶Bº�²�Ä)±�µ¤µ�¹>º�¶�µQ³H¸/³�º�µ�·d² ³�Ê1Úuº�¶�²I¿)µ5¹$º�²BÞ-²«µ�³%ß Ã)µ�Å"²'±§³Hµ�¶(Ù�Ú"Û$Ü ÝdÊ/Æ�±�²«¸�¹>º�µ�¶Bö`²'÷¤»5Î ¹Y±�² ³(¼�±�²'»�²M³�Å"µ�³(¼)Î$³�¸~Ä)±�µ¼�¶�Î ê>¶�²�·�²�¶P±�²1²5¼�±�¸�»�²'»�¸�½ ¹Gß�Ã�µ�±�²M³Ã$º�¸�±�¸�÷'²1µ�¹�»�Ã�²'±�ß Ã�¸�µ�¶F±�µ�¹)ê Ã�²BÞ-µu»�Î ·"¼)²�º�¸~Ä)±�µ|»5Î ¹"Ù�Ú"Û$Ü ÝdÊ/Æuì��EÅ�Ù�²M³H»�²'±/Å("�Î ¶Bº�¶�²'¹tÅÙ�µ�¶�±�ÅC�9»5±EDF�$�©ÅCG-²�¿)²MÅ>µ�º�» Ê~Å�º/Î ¾>Î$³Fµ�±�±�Î$³F¾>¸/³�¼�Î ¹)¸~Ä)±�µ�³Fµ�¹d»�Ã)²�±�ß Ã)¸�µ�¶9¾>¸/³�º�¶�¸ Ä>Ã)»�¸�½ ¹d¾$µ�Ë9¸�¹>Ã�ë ñ ÊÛ$¸�¹+µ�·1Ä)²'¶�ê$Î1¾>µ-Ä)µ�º/µ5¹�µ5¶-³�µuµ�¹d»�Ã)µ�¹>º/²�ß�Ã�µ�Å>²'±)¼�¶�Î ¾�Ã�»�¸�¶-³HµEÃ)¹�²�±�µ�»Oº�Ã)¶�²1³�Î�Ä)¶�µ�Ã�¹)²�¾$µu±�²M³g¼)±�²'»�² ³F¾$¸�³B¼)²�¶�²'¾$²�»�Î ¹�±�²±�±�²�·d²'¾$²+ò ç Ð>ó%¾$µ�Ù�Ú"Û$Ü ÝdÊ/Æ�ÅFµ�³�º�²�Î'¼�µ�¶�²'»�¸�½ ¹Lß Ã)µ�¾$²'¶�Ì+¼�µ5¹�¾>¸�µ�¹>º/µ+´)²M³�º�²�ß Ã�µ�³�µ�¼�¶�Î ¾�Ã�÷'»�²�±�²�¸�¹$º�µ�¶�¶BÃ>¼�»�¸�½ ¹%ß Ã)µ¿)²'±�¸�¾>²G±�Î$³�¾>²�º�Î$³°¼�¶�µ�³Hµ�¹>º/µ'³�µ�¹%±�Î$³u¼)Î ¶Bº ³á¾$µdµ5¹$º�¶�²'¾$²?D`³�²'±�¸�¾>²G² ³�Î »�¸�²'¾$Î$³�ì�±�µ�»�º�Ã)¶�²H9>Õ�ÖCI$Ô ç Ð(+�Ó ç�ñ Ê)õ1µ-Ä)µ"¶�µ�»�Î ¶�¾>²�¶-³Hµ²'¾$µ�·dÌ ³�ß Ã�µ�¾$¸�»�´)²"±�±�²'·d²'¾$²d³�µá¼�¶�Î ¾�Ã�»�µ�µ�¹�µ�±7µ�³Hß Ã�µ5·d²"¾$µ ï ð�J ç ó>Ô$Õ�í8+72%Ó�ínî ç'å ï Õ�í�ð ç ¾$µáË9¸�¹$Ã)ë�Å©¼�Î ¶E±�Îd»OÃ�²'±7µ�³E¾>µµ�³�¼�µ�¶�²'¶%ß Ã�µ4µ5ë$¸�³Bº�²'¹Y¶�µ�º�²'¶�¾$Î$³%¸�¹)¾$µ'³�µ�²�Ä)±�µ�³%µ�¹ ±�²¤µ�Þ�µ�»�Ã�»5¸�½ ¹ ¾$µ4¾>¸�»�´)²¤±�±�²�·d²'¾$²>Ê�ØE³Bº�µ�ö�Ã�¹)»�¸�Î ¹)²'·d¸�µ�¹>º/Î ¹)Î³�²5º�¸�³Bö`²'»�µd±�Î$³�¶�µ5ß Ã�¸�³H¸nº�Î$³�Ä)ÌM³H¸�»5Î$³�¾$µ�±�Î$³�³�¸�³Bº�µ�·�²M³á¾$µ"º�¸�µ�·"¼)Î�¶�µ�²�±�Å ¼�µ�¶�Î�¾>²�¾>²d±�²1Ä)²`Þ�²"º�²M³H²d¾$µ�º�¶�²'¹©³�ö`µ�¶�µ�¹)»�¸�²d¾>µ¾$²5º�Î$³-Å�¯ ±�² µ�ö`¸�»�¸�µ�¹)»�¸�²Y¾>µ�±(ö�Ã�¹)»�¸�Î ¹)²'·d¸�µ�¹>º/Î Ä)² ³�²'¾$Î µ5¹ µ-¿)µ�¹>º�Î$³-Å+µ'³¬¼�Î$³�¸~Ä)±�µ ³BÃ Ã>º/¸�±�¸�÷�²'»�¸�½ ¹ »5Î ¹ »�¸�µ�¶Bº�² ³¶�µ�³�º/¶�¸�»�»5¸�Î ¹)µ�³OÊ7Ë9² ³1·�²�±�² ³�¼)¶�Î'¼�¸�µ�¾>²�¾>µ�³�¾$µ�º/¸�µ�·K¼�Î]¶�µ5²�±E¾>µG±�Î$³"³�¸�³�º/µ5·d²M³�¾>µdº�¸�µ�·"¼)Î]»�Î ·"¼)²�¶Bº�¸�¾$Î(ß Ã)µ�¾$²'¶�Î ¹Lµ�¹µ-¿)¸�¾$µ5¹�»5¸�²�µ5¹d±�²M³F·dµ�¾>¸�»�¸�Î ¹�µ'³7¼)¶�µ�³�µ5¹$º�²'¾$² ³F²�±)öB¸�¹)²'±t¾$µ5±�ÏPÐ-ÑFÒ�Ó�Ô>Õ�Ö|×B×B×�Ê
K ·1Ä)Î$³.¾$¶�¸~¿)µ�¶-³]³Hµ%Ã$º�¸�±�¸�÷�²'¶�Î ¹ µ�¹«Ã�¹)²L¼)¶�¸�·dµ�¶�²%¿)µ�¶-³�¸�½ ¹«Ù�Ú"Û$Ü ÝdÊ/ÆMÊEØ±"»�Î ¹>º�¶�Î ±"»�µ�¹>º�¶�²�±�¾$µ�±�µ�ë ¼)µ�¶�¸�·dµ�¹>º�Î ³Hµµ�³H»�¶�¸~Ä)¸�½(µ�¹L±�µ�¹)ê Ã)²`Þ�µL�°Ê�ØE³Bº�µ�º/¸�µ�¹)µ+»�Î ·dÎ(·d¸�³�¸�½ ¹%¼�¶�¸�¹)»�¸�¼�²'±E±�²�²5Ã$º�Î ·d²5º/¸�÷'²�»5¸�½ ¹¬¾$µ+±�Î$³�¾>¸nöBµ�¶�µ�¹>º�µ�³á¼�² ³�Î$³E¯(µ�±¶�µ�ê>¸/³�º�¶�Î]¾$µ+¾$²5º�Î$³�µ�¹L²'¶�»�´)¸ ¿)Î$³"³�º/²'¹)¾$²'¶�¾tÊUØ±�²�»�»5µ�³�Î(²+º/¶�²�¿)Í�³�¾$µ+±�²�¶�µ�¾L³�µ+´)¸�÷'Î�Ã>º�¸�±�¸�÷'²�¹)¾$Î(±�²M³á´�µ5¶�¶�²�·d¸�µ�¹>º�² ³³Bº�²'¹)¾$²'¶�¾d¼)²�¶�²#�M�Ù�D�Ü�Ù%¾$µ�Ë9¸�¹>Ã�ë�Ê$Ë9²"¸�¹>º�µ�¶Bö`²'÷Jê>¶�Ì�öB¸�»5²1¼)²�¶�²"µ�±UÃt³BÃ)²�¶�¸�ÎG³Hµ�µ�³�»�¶�¸~Ä)¸�½"µ�¹+µ�±�±�µ�¹)ê�Ã�²BÞ-µ�¸�¹>º/µ5¶B¼�¶�µ�º�²'¾$Î¾$µ�·"Ã ¯¤²'±�º/Î4¹)¸~¿)µ�±#�9»5±EDF�$��ÊEØE³Bº�µON)±nº�¸�·dÎ�º�¸�µ�¹)µL±�²c¿)µ5¹$º�²BÞ-²�¾$µ%¼)µ�¶�·d¸�º�¸�¶�±�²�µ�±�²�Ä)Î ¶�²�»�¸�½ ¹ ¾$µ¬¸�¹>º�µ�¶Bö`²'»�µ�³.·"ÃM¯»�Î ·"¼)±�µ�Þ-² ³-ÅF»�Î ¹L´)¸�³Bº�Î ê>¶�²�·d² ³-ÅF·dµ5¹�NL¾>µ�³B¼)±�µ5ê$²�Ä)±�µ"¯�Ä)Î'º�Î ¹)µ�³�ÊPÛ$¸�¹Lµ�·�Ä)²�¶�ê>Î$Å7¼>Ã�¾>Î�¹�Î'º�²'¶-³�µGì µ�¹%²'±�ê�Ã�¹)Î$³�»5²M³HÎ$³µ�ë�º/¶�µ5·dÎ$³ ñ ß Ã�µ4¾>¸�»�´)²4¸�¹>º�µ�¶Bö`²'÷4ê$¶�Ì5ö`¸�»�²¤ìB³�Î�Ä)¶�µ¬º�Î ¾$Î¤±�Î$³(·d½ ¾�Ã�±�Î$³(¾$µ�´�¸�³�º/Î ê>¶�²�·�²4¾$¸�¹)Ì�·d¸�»�Î$³ ñ ¼�¶�Î ¾�Ã�»�µ¬Ã�¹
»�Î ¹t³BÃ)·dÎdµ�ë>»�µ�³H¸ ¿)Î�¾$µ1±�²��FÙ��"Ê>Ø�³Bº�Î"¼>Ã�µ�¾>µ1Î »�² ³�¸�Î ¹)²'¶E±�²1¼)Í�¶�¾$¸�¾>²1¾$µ�¾>²�º�Î$³F¼)¶�Î�¿)µ�¹)¸�µ�¹>º/µ'³P¾$µ�±�² ³F¼�±�²'»�²M³ µâPã"ä Å¾$µ�Ä)¸�¾>ÎI²¬ß Ã�µ(º�Î ¾$² ³+±�²M³�º�²'¶�µ�² ³�ì�¸�¹)»�±�Ã�¸�¾$²¬±�²%¶�µ�»5Î ±�µ5»�»�¸�½ ¹4¾$µ(¾$²5º/Î$³ ñ ³�µ]µ Þ-µ�»�Ã>º�²�¹4¾>µ�¹>º/¶�Î¬¾$µ�Ã)¹4µ�³�ß�Ã�µ�·�²c¾>µº�¸�µ�·"¼�Î�»�Î ·"¼)²�¶Bº�¸�¾$Î)Ê
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Ù�²'¶�²d±�²�Ù �4¾>¸/³�¼�Î ¹)¸~Ä)±�µJì/Ù�µ�¹>º�¸nÃ)· Æ'&�(�)+*�÷ ñ ³Hµ1µ�¹)»�Î ¹>º�¶�½dß Ã)µ1±�²"µ�Þ-µ5»�Ã�»�¸�½ ¹�¾>µ�±9³�Î'ö�º: �²�¶�µ�¾$µ�±7µ5ë ¼�µ5¶�¸�·�µ�¹>º/Î$Å�»�Î ¹»�Ã)²�º�¶�Î]´)¸�³Bº�Î ê>¶�²�·d² ³�¾$¸�¹)Ì�·�¸�»5Î$³-ÅFµ�¹L»�Î ¹�ÞHÃ�¹>º�Î]»�Î ¹(Ã�¹%²'»�»�µ�³HÎ�¸�¹$º�µ�¹t³H¸ ¿)Î�²+±�²G¶�µ5¾G¯(²�±P¾$¸�³H»�Î�¾ Ã)¶�Î$ÅU¼�¶�Î ¾�Ã�»�µ�±�²¼�Í5¶�¾$¸�¾$²d¾>µ"¾$²5º/Î$³OÊ K Ã�¹)ß Ã)µ"µ�³Bº�µ"»�Î ¹t³BÃ)·dÎGµ'³u·"Ã�»�´)Î+·d²�¯$Î ¶u¾$µ"±�ÎG¹)µ�»5µ�³�²'¶�¸�Î$Å)¯Gµ'³P¼)Î »�Î"¼�¶�Î�Ä)²�Ä)±�µ1ß�Ã�µ1±�²��FÙ��±�±�µ�ê Ã)µ�²]µ�³�º/²'¶�º�²�¹4³�Î ±�¸�»�¸�º�²�¾>²]¾ Ã)¶�²�¹>º�µ�µ�±�º�¶�²�¹t³�»OÃ�¶-³�Î%¾>µ�±|µ5ë ¼�µ5¶�¸�·�µ�¹>º/Î$Å�³�µ+Î'¼$º�½�¼)Î ¶1µ�ë�¼�µ�¶�¸�·dµ�¹>º�²'¶1±�²�Î'¼�»�¸�½ ¹Á��7Ë9¸�¹>Ã�ë�Ê

1b. La solución RTLinux para el acceso al hardware Ø�³�º�²K³HÎ ±�Ã�»�¸�½ ¹�¹)Î"¼�¶�Î ¾�Ã�»�µ�µ�ö`µ�»Oº/Î$³F¿)¸�³�¸~Ä)±�µ�³�¶�µ�³B¼)µ�»�º�Îd¾$µ�±�²1²'¹$º�µ�¶�¸�Î ¶�ÊtÛ>¸�·K¼�±�µ�·dµ�¹>º�µ�ê$²'¶�²'¹$º�¸�÷'²1±�²1¶�µ�»5Î ±�µ5»�»�¸�½ ¹G¾>µº�Î ¾$Î$³�±�Î$³E¾>²�º�Î$³�¼�¶�Î�¿)µ�¹)¸�µ�¹>º�µ�³E¾>µ1±�² ³P¼)±�²'»�² ³�Ê Ë9²�µ�³Bº�¶BÃ)»�º�Ã�¶�²J³Hµ�·dÎ ¾$¸�ö`¸�»�² Å>Ã>º/¸�±�¸�÷�²'¹)¾$Î"±�Î$³P»�Î ¹)»�µ�¼>º�Î$³F¼�¶�µ�³Hµ�¹>º�²�¾>Î$³µ�¹(µ�±ÏPÐ�Ñ9Ò�Ó�Ô$Õ�Ö"×B×`×|¯.µ�±ÏPÐ�Ñ9Ò�Ó�Ô$Õ�Ö"×!3tÅU»�Î ·dÎ�³�µ"·"Ã�µ'³Bº�¶�²dµ�¹(±�² 1 í 2UÔ ò�Ð 3)é ,, Ê)Ë9²J²5¼�±�¸�»�²'»�¸�½ ¹+Ù�Ú"Û$Ü ÝdÊ/Æá¾$µáË9¸�¹>Ã)ëì/¼�¶�µ�³Hµ�¹>º/²'¾$²�µ5¹dµ�±�ÑFÔ!+�Ó�Ö ,$ñ µ'³9±�²�·d¸�³H·d²MÅ>»�Î ¹�·dÎ ¾$¸�ö`¸�»�²'»�¸�Î ¹)µ�³P³�¸�·"¼�±�µ�³OÊ
Ø±�·�½ ¾ Ã�±�Î(Á��7Ë9¸�¹>Ã�ë%º�¸�µ�¹)µ�±�²]µ�³�º�¶BÃ�»�º�Ã�¶�².¼�¶�µ�³Hµ�¹>º�²�¾>²]²'±Eö`¸�¹)²'±|¾>µ�±°Ï�Ð-Ñ9Ò�Ó�Ô$Õ�Ö�×!3¬¼�²'¶�²]µ�±u²'»�»�µ�³HÎc².Ã�¹)²�¼)±�²�»�²
µâPãJä ê$µ�¹)Í�¶�¸�»�² Å)·dÎ ¾>¸�ö`¸�»�²�¾>Î�¼�²'¶�²1·d²'¹)µ�Þ-²'¶P±�² ³P¾>Î$³F¼�±�²'»�²M³F¹)µ�»�µ'³�²'¶�¸�² ³Fµ�¹dµ�³�º�µ|»�² ³�Î-�µ�±�ÏPÖ(+�Ó�ò�Ö>Õ$¯"µ�±�ÏPÖ(+�Ó�Ð$ó>Ö ò'ÊØ±P±�¸�³Bº�²'¾$Î�»�Î ·"¼)±�µ�º�Î�¾$µdµ�³�º�µd·d½ ¾ Ã)±�Î]³�µ�¼�¶�µ�³Hµ�¹>º�²dµ�¹]µ5± ã Ñ =�+)ó$í�ð ç ×`×B×'Ê)Ø±7ö Ã�¹)»�¸�Î ¹)²�·d¸�µ�¹>º�Î+¾$µ"µ�³Bº�µ"·d½ ¾�Ã�±�ÎGµ'³³�¸�·"¼)±�µ�Å'¯d³�µu¾$µ�³H»�¶�¸~Ä)µ|²�»�Î ¹>º�¸�¹>Ã�²'»�¸�½ ¹�Ê
Ù�¶�¸�·dµ�¶�Î�»�¶�µ�²�»�Ã)²�º�¶�Î "�ÜF"UÚ4¼�²'¶�²�µ�±t¸�¹>º�µ�¶�»�²'·1Ä)¸�Î1¾>µ|¾>²�º�Î$³F»�Î ¹"Ë9¸�¹>Ã�ë.-

/U×0/21 543U¾>²�º�Î$³g¼�¶�Î�¿)µ�¹)¸�µ�¹>º�µ�³F¾$µu±�²u¼�±�²�»5²1ÏPÖ!+)Ó�Ð>ó$Ö�òOÅ>µ�¹ ¿)¸�²�¾>Î$³9²uË9¸�¹>Ã�ë�Ê
/U×0/21 , 3U¾>²�º�Î$³g¼�¶�Î�¿)µ�¹)¸�µ�¹>º�µ�³F¾$µu±�²u¼�±�²�»5²1ÏPÖ!+)Ónò�Ö$Õ�Å>µ�¹ ¿)¸�²�¾>Î$³9²uË9¸�¹>Ã�ë�Ê
/U×0/21 / 3U»�Î ·�²�¹)¾$Î$³g¼)¶�Î�¿)µ�¹)¸�µ5¹$º�µ�³F¾>µEË9¸�¹>Ã�ë�¼�²'¶�²�±�²u¼�±�²'»�²1ÏPÖ!+)Ó�Ð$ó$Ö�ò�Ê
/U×�/2165!3U»�Î ·d²'¹�¾>Î$³g¼�¶�Î�¿)µ�¹)¸�µ�¹>º�µ�³F¾$µ�Ë9¸�¹>Ã)ë1¼)²�¶�²�±�²u¼)±�²'»�²1ÏPÖ(+�Ó�ò�Ö>ÕBÊ

Ø�³�º�Î$³ "�Ü"�Ú ³�Î ¹�²�»�»5µ�³�¸~Ä)±�µ�³"¾>µ�³�¾>µ+Ë9¸�¹>Ã)ëL»�Î ·dÎ(²�¶�»�´)¸~¿)Î$³87�ó ç:9 7Bò�Ó 1<; éFõ1µ�³H¾$µ+µ�±E·d½ ¾�Ã�±�Î�Á��gË9¸�¹>Ã)ë^³HµG²'»�»�µ5¾$µ�¹Ã$º�¸�±�¸�÷�²'¹)¾$Îd±�Î$³�»�Î ·d²'¹�¾>Î$³Pò�Ó 1 ; Ñ9Ô>Ót¯dò�Ó 1 ; 2 ç Ó�Åt»�Î ·�ÎG³�µ�·dÎ$³Bº�¶�½dµ�¹�µ5±9ÏPÐ-ÑFÒ�Ó�Ô>Õ�Ö�×B×`×'Ê�@1½'º�µ�³Hµ1ß�Ã�µ1±�Î$³ "�Ü"�ÚY³�Î ¹�¾>µ±�µ�»�º�Ã�¶�²�Î"µ�³�»�¶�¸�º�Ã�¶�² Å>¼)µ�¶�Î"¹�Î"²'·1Ä)² ³�Ê Ù�Î ¶P±�Î�º�²�¹>º�Îd³�Î ¹+¹�µ5»�µ�³�²'¶�¸�Î"»�Ã�²5º�¶�ÎJ¾>µ�µ�±�±�Î$³7¼)²�¶�²�»5Î ·"Ã�¹)¸�»�²'¶-³�µu»�Î ¹d±�²M³F¾>Î$³¼�±�²'»�² ³�ÊFË9²c²5¼�±�¸�»�²'»�¸�½ ¹�Ë9¸�¹$Ã)ëI¾>µ-Ä)µ]µ'³�»�¶�¸~Ä)¸�¶d²(Ã�¹4²'¶�»�´)¸~¿)Î§¯¬±�µ�µ�¶"¾$µ�Î'º�¶�Î)Ê7ØE³Bº�µ+ö�Ã�¹)»�¸�Î ¹)²'·d¸�µ�¹>º/Î%¾>¸nöB¸�µ5¶�µ�¾$µ�±·dÎ$³�º/¶�²'¾$Î+µ�¹(µ�±7¼>Ã�¹>º�Îd²�¹>º�µ�¶�¸�Î ¶-Å�µ�¹�µ�±7»�Ã)²�±7±�²"±�µ�»�º�Ã�¶�²�¯+±�²Jµ'³�»�¶�¸�º�Ã�¶�²d³�µ�´)²�»�à�²'¹�²�Ã�¹�·d¸�³�·�Îdó ç:9 í�ð ç ó ò�í 9 ç ò'Ê$Ë9²²5¼�±�¸�»�²�»5¸�½ ¹KË9¸�¹>Ã)ëJ¾>µ-Ä)µu·dÎ ¾$¸�ö`¸�»�²'¶-³�µu²�¾>µ�»�Ã)²�¾>²�·dµ5¹$º�µ Ê
��¹�²"¿)µ�÷+µ�³Bº�²�Ä)±�µ�»�¸�¾$Î$³á±�Î$³á»�²'¹�²'±�µ�³�¾>µd»�Î ·"Ã)¹)¸�»5²�»�¸�½ ¹%»�Î ¹.Ë9¸�¹>Ã)ë�ÅUµ�±F·d½ ¾ Ã)±�Î�Á��7Ë9¸�¹>Ã�ë�¸�¹t³Bº�²'±�²�¾$Î$³u¶BÃ$º�¸�¹)²M³u¾>µ²5º/µ5¹�»5¸�½ ¹�¾>µ1±�² ³E¸�¹>º�µ�¶�¶BÃ$¼)»�¸�Î ¹�µ'³E»�Î ¶�¶�µ'³B¼�Î ¹)¾>¸�µ5¹$º�µ�³�²"±�²M³�¼�±�²'»�²M³OÊ$õ1¸�»�´)² ³E¶BÃ>º�¸�¹)² ³Pº�Î ·d²'¹+Ã�¹)²�¼�²'±�²�Ä)¶�²"¾>µ§Æ�="Ä)¸�º`³¾$µ5± Ä>Ãt³�²'¹>º/µ�±�²+±�±�µ�ê$²'¾$²+¾$µd±�²+¸�¹$º�µ�¶�¶BÃ>¼�»�¸�½ ¹�¯(±�²+»�Î ±�Î »�²'¹%µ�¹%µ�± "�ÜF"UÚ »�Î ¶�¶�µ�³B¼)Î ¹)¾$¸�µ�¹>º�µ ÊtË9²+²�¼)±�¸�»5²�»�¸�½ ¹.Ë9¸�¹>Ã)ë¼$Ã)µ�¾$µ�¾>µ�·dÎ ¶�²'¶�º�Î ¾$Î(±�Î]ß Ã)µG¹)µ�»5µ�³�¸�º�µGµ5¹%º�Î ·d²�¶�µ�³Bº�Î$³�¾$²5º�Î$³-ÅU¯>²�ß Ã�µ+±�Î$³ "�ÜF"UÚ ¼$Ã)µ�¾$µ5¹L´)²�»�µ5¶-³�µ�º/²'¹Lê>¶�²�¹)¾$µ'³»�Î ·dÎ"³�µ�²�¹)µ�»5µ�³�²'¶�¸�ÎJì�¯"±�²uÁ K ) ¾>µ|±�²uÙ �¬±�Î�¼)µ�¶�·d¸�º�² ñ Ê

µDAC Control 

µDAC Contador 
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3-4�5�47698�:�4�;�<=6?>�6�5@6�<BA�<'C�DFEHG,6IG�4?:�E�8J6�KL6�<ME�:�5�EH8�6?K�:�NOG�EHPG�698QG�6SRTNOK,CVUHW�4�>�NO4X<O4Y8[ZV<O4�>�4+8Q\2]_^a`bRTNOK�C�U7ZV5�E�c�6?6I<=4
>�4?ZV4�>�NOG�4�G@G�6dNOK%8�:�4�<O495eCVKgfVhYi�j�kOl?mnPEpoq49K�6�Dr49G,EY5�\�ZV4�5�4d>�49G,4Bs-ts-uvG,6M<O6�>�:OC�5�4d>�EYKJm�w x�y%z?m�l�h�wOl�y�f�hYiVj,kOl�m�{9|p6B6982:}4
A�EY5�o@4@8Q6dZ�C�6�G�6[NOK~82:�49<O4�5�CVK�4[A�CVK�>�NO�YK%]���CV6p8�6?5��p6�Dr6�>�C�:�4�G�4[>�49G,4Mc�6��[�YC�6BCVK�4dZ�49<O4�;�5�4�8�6BZ�5�698�6?K�:�6d6�KS<OE�8es-ts-u
�YC�6d<O<=6rc�49KSG�4?:�E�8�G�698QG�6BRTNOK,CVUJW�49>?N=4d<O4Y8bZV<O49>?4+8�P}s-t�s�up�M�[s�t�s-ud�,\F{���8�:�4B:�495�6�4B:�EYo@4BC�K�4BZV4�<=4�;�5�4dG�6@���d;�N�:�8eG�6�<
s-ts-u���<=4S6�KYc��O4�4�<�W�495�G���4�5�6@4Y8�EY>�NO4�G�E�{%��8�:�4SN=ogZV<O6�o@6�K,:�4�>�NO�YKX:�NO6�K�6J:�EYG�4Y8d<O4Y8�c�6�K,:�4�DF4Y8dG�6?<TACVK�>�NOEYK�49o@NO6�K,:�E
;�4Y8�4�G�Ep6?K@6Fc�6�K,:�E�8F],6�K@4�op;�E�8�8�6?K�:�NOG�E�8�{�3-EY5T<OEd:�4�K,:}E�],<O4d>�4�5���4dEY>�4Y8�NOEYK�4�G�4d4d<O4p�e3%�v698eoJCY�d;�4�Dr4�{
|p6I6982:}4�o@4�KV6?5�4+]�6?<Mo@�YG�CV<OEI^�`bRTN=K,C�U�8Q6�6?KV>?495��,4IG�6qZV5�NOEY5�NO�94�5p<O4S:�5�49K%82A�6�5�6�K�>�NO4IG�6SG�4?:�E�8[G�698QG�6J�7WV4�>�NO4I6�<
W�495�G���4�5�6Y{@�,6�49�,5�6�����4�G�6�o@�Y876�<So@EYK�N�:�EY5�6�E�G�6L<=4L:�6�ogZV6�5�4?:OCV5�4�G�6?<@>�4�<=6�A�49>�:}EY5F][NOK�G�6�Z�6�K�G�NO6�K,:�6�o@6�K,:�6LG�6�<
>�EYK,:�5�EY<->?6�K,:}5�4�<�],ZV4�5�4pG,6�:�6�>�:�4�5a8QN�:=C�49>?N=EYK�698_ZV6�<ONO��5�E�8Q4+8�EJG,6d49<O4�5�o@4�{���K@698�:�6B>�4Y8�E�],6�<%o@�YG�CV<OEd^�`bRTN=K,C�Up:�NO6�K�6B<=4
>�4?ZV4�>�NOG�4�G�G,6v4�;�EY5�:�495H6?<I6�UYZ�6�5�NOo@6�K,:�E�{d3-4�5�4v6982:}4�NOoJZV<O6�o@6?K�:�4�>�NO�YK%]JK�N=K���CVK�4vE�:�5�4�:�4�5�6�4�ACV6�4Y8�NO��K�4�G�4v4
^�`#RTNOK,CVU�]�5�6�8�6�5�c�4�K�G�Ep6?<%>�EYK,:�5�EY<%>�6�K,:�5�49<~ZV4�5�4d<=4d4?ZV<ONO>�4�>�NO�YKJ3-uJ��t�@{}�+{
��N�8Q6�4�K�49<ONO��4���<OE�;�49<Oo@6?K�:�6L6�<JA�C�K�>�NOEYKV4�o@NO6�K,:�EvG,6�6982:�4�N=ogZV<O6�o@6�K,:�4�>�NO�YK~][G,698�G,6�6�<gZ�CVK,:�EvG,6�c�N�82:}4LG�6 <=4
4?ZV<ONO>�49>?N=�YK�3-uJ�,t��@{��J�YC�6@<O<O6Fc�495��q49G,6�<O49K,:�6J6�<T6�U�ZV6�5�NOo@6?K�:�E�]¡Z,CV6�G,6�c�6?5F8�6J�YC�6�K�EJc�495��O4@ogCV>�W�ES5�698�Z�6�>�:�E�G,6J<=4
NOoJZV<O6�oq6�K,:}4�>�NO�YK749K,:�6�5�NOEY5�{%RT4SG�N�A�6?5�6�K�>�NO4@Z�5�N=K�>�N�Z�49<�698¢�YCV6q>�49G,4@Z�NO6��94SG�6qWV4�5�GY�d4�5�6@698d4�>�>�6?G�NOG�4S4@:�5�4�c�£98dG,6
G�E�8g495�>�W�N¤c�E�8@8Q6�>�CV6?KV>?N=4�<O698@P��HK�E7G�6SC�KVE�]a>�EYo@E76�<d8�:�49K�G,495�G73�uJ��t��@{��S5�6���CVNO6�5�6�\�]eCVK�E7G�6I<O6�>�:=C�5�4@��CVK�EXG,6
698Q>�5�N�:=C�5�4�{e�a82:�4�>?495�4�>�:�6�5���8�:�NO>�47<O4�4?ZV4�5�:�47G�6�<p82:}4�K�G�4�5�GV]aZV6�5�E 6�K�<OEH�YC�6X8�6I5�6�A�NO6�5�6I4�<O4XNOoJZV<O6�oq6�K,:}4�>�NO�YKLG�6�<
>�EYK,:�5�EY<�>�6�K,:�5�49<�] <O4+8¥o@EYG�N�A�NO>�4�>�NOEYK�698¦8�EYK§o@�OK�NOo@4+8�{XRTE¨�YCV6©8Q��6�8�8�4�>�5�N�A�NO>�4�G�EªG�6�A�N=K�N�:�N¤c�49o@6?K�:�6«698¬<=4
ZVEY5�:�4�;�NO<=NOG,49G¡{%�a82:�4�NOoJZ�<=6?o@6�K,:�49>�NO�YK7K�EI698BZ�E�8�N¤;�<O6JA�C�6�5�4�G,6�<T6?K�:�EY5�K�EqRTN=K,C�UV}^a`bRTNOK�C�UV]��,4@�YC�6J698�:�4JA�4�>�NO<ONOG�4�G
K�Ep6982:��dG�N�8�Z�EYKVN¤;�<O6nZV4�5�4dE�:}5�E�8�8QN}82:�6�o@4Y8�{
�dK�>?EYo@6�K,:�495�NOEI4�G�NO>�NOEYK�49<�G�6r;�6�W�4�>�6�5F8Q6�5�6�8�ZV6?>�:�E�G,6�<O4@NOoJZ�<O6�o@6�K,:�49>?N=�YK�G�6J6982:}6Jo@�YG�CV<OE�{�|p698QG�6J6�<#Z,CVK,:�E�G,6
c�N�8�:�4®G,6¯<O4®4?C�:�EYo@4?:�NO�94�>�NO�YK%]�8�6�5��O4ªZ�E�8�N¤;�<O6©C,:�N=<ONO��495¦49<�o@�YGYC�<OEª^�`#RTNOK,CVU°>�EYo@E®>�EYK,:�5�EY<�>�6�K,:�5�4�<�G�6�<
6�U�ZV6�5�NOo@6�K,:�E�{,�a8�:�4[ZVE�8QN¤;�N=<ONOG�4�G�8Q6dG�698Q>�495�:��JG�6r;�N=G,EJ4p�YC�6d<O4+8�W�6�5�5�4�o@NO6�K,:�4+8aG�N�8�Z�EYKVN¤;�<O698eZ�495�4[<O4dZV5�EY�,5�49oq49>�NO�YK
G�6?K�:�5�EJG�6dG,NO>�W�E�8�o@�YGYC�<OE�8�8�EYKS698�>?4+8Q4+8#�gZVEY>�Edc�6�5F8Q��:�NO<O698�{,`T4�<%>�EYo@EJ8�6B>�EYo@6�K,:��p5�6982ZV6�>�:}E[G�6B<O4BZVE�8�N¤;�NO<ONOG�4�G�G,6
NOK�>�<�CVNO5�6�<->?EYK�:�5�EY<�>�6�K,:�5�49<�6�KS<OE�8�j�l?±+²Oz�lpj�m�²�±+l?mF³�]�6982:}4¢ZVE�8QN ;�NO<ONOG�4�G@8�6BG�698Q>�495�:��¢:}4�op;�NO£�K@6?K@698�:�6B>�4Y8�E�]���4d��CV6nCVK
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2. El control central 
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CVKI6?K�:�EY5�K�E@G,6p<O4�;�EY5�4?:�EY5�NOE�{��dK�4�NOK,:�6�5�A�4��J��5��?A�NO>�4p`e>�<2�}`���>�EYKS6�<O6�o@6�K,:�E�8�G,6d<=4[6�UY:�6�K%8QN=�YK75�RT`7Z�C�6�G�6�c�6?5F8�6d6�K
<O4�xY² �8�Ym�h:9";2<>=,{
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uB:�5�4Mc�6�K,:�4�DF4pG,6BC�:�NO<ON=��4�5_<O6�K���CV4�DF698eo@EYG,6�5�K�E�8TG,6M4�<�:�EpK�N¤c�6�<%698e�YC�6M>?EYK�:�6�ogZV<O49Kq49<O�YC�K�4+8bA�4�>�NO<ON=G,49G,698eK�6�>�698Q495�NO4Y8
ZV4�5�4I<O4SZV5�EY�,5�49o@4�>�NO�YKHG,6�6�K,:�EY5�K�E�8d�,5���A�NO>�E�8n;�4+8Q49G,E�8d6�K76Fc�6?K�:�E�8r]#K�EIG�N�8�Z�EYK�N ;�<O698¢6�K7<OE�8d<O6�K��YC�4�Dr698d>�<O�Y8�NO>�E�8�{
`T4�<#698n6�<#>�4Y8�E@G,6p<O4[A�4�>�NO<=NOG,49GexY²=kOl�l�±Yl?iVw#G�6[`T>�<�]~ZVEY5�6DF6�oJZ�<OE�{Y�a82:}4¢ZV6�5�oqN':�6d4Y8�EY>�NO4�5eCVK�4dA�C�K�>�NO�YK�4¢CVKS495�>�W�N¤c�E
P��JZVEY5�<OE[:�49K,:�EJ4dCVK�EJG�6d<OE�8�6?<=6?o@6�K,:�E�8�G�6dW�4�5�GY�d495�6BG�698Q>�5�N�Z�:�E�8�\r{�|pNO>�W�4BA�CVK�>�NO�YK�8Q6M6�Dr6�>�C,:}4d>�CV4�KVG,Ep6�<¡495�>�W�N¤c�E
6982:}� 6�Kv>�EYK�G,N=>?N=EYK�698SG,6H8�6�5S<O6��OG�E�{��HNO6�K,:}5�4Y8q:�49K,:�EL<=4 <=6?>�:OCV5�4H��CV6�G,4�8�C%8�ZV6?KVG,NOG�4,{��a8�:�6 A�CVK�>�NOEYK�49oqN=6?K�:�EH6�8
6���CVN¤c�49<O6�K,:�6I4XNOK%8�:�4�<O495[CVK�4�N=K,:�6�5�5�C,ZV>�NO�YKLG�6X8�E�A:=�d4�5�6I6�K�6?<MG,N}82ZVE�8QN':�N¤c�E7G�6IW�4�5�GY�d495�6Y{b3-EY5J<=E�:�4�K�:�E Z�CV6?G�6�K
6Fc�N�:�495F8Q6p6�<�Z�EY<O<=NOK��I8�E�;�5�6p<OE�8nG�N�8�Z�E�8�N�:�N¤c�E�8T�q<=4Y8�<O6�>�:OC�5�4+8#;�<OEY��CV6�4�K,:}6�8�{Y��8�:�4dA�4�>�NO<ONOG�4�G@K�E�6�8�:��pG,N}82ZVEYK�N¤;�<O6d6�K �n]
�@8�N�8�6BG�698Q6�495�4dNOoJZ�<O6�o@6�K,:�495�<O4Y],5�6��YC�6�5�NO5��=4dG,6�C�K�4BZV5�EY��5�4�o@4�>�NO�YK@NOK,:}6?K~8QN¤c�4�{
�_K�>�4Y8�EH��CV6�8Q6XG,698�6�6�6�DF6?>�C�:�4�5JCVK�4H8�6�>�CV6�K�>�NO47G�6�>�EYo@4�KVG,E�8@��CV6�G�6F;�6 :}6?KV6?5JCVK�4I;,CV6�K�4�ZV6?5�A�EY5�o@4�KV>?69]M8Q6
G�N�82ZVEYK�6@G�6q<=4Y8BACV6�K,:�698dG,6�<�NOK�:�£�5�Z�5�6�:�6@`T>?<���`��~]#6�8�>�5�N�:�EI6�KH�B{�3-EY5B<OE@:�4�K�:�EqZ�C�6�G�6�K�>�5�6�4�5F8�6JK,CV6Fc�E�8B>?EYo@49K�G,E�8
P�8�6�>�C�6�K�>�NO4pG,6dN=K%82:}5�C�>�>�NOEYK�698�6�KI��\e�YCV6p8Q6d>�EYoJZ�N=<O4�K�G,6�K,:�5�EpG�6?<%NOK�:�£�5�Z�5�6�:�6Y{��a82:}4B:�£�>?KVNO>�4BACV6BN=ogZV<O6�o@6�K,:�4�G�4d6�K
<O4IZ�5�698�6�K,:�6I4?ZV<ONO>�49>?N=�YK ZV4�5�4I:�5�4?:�495JG�6Ioq6�DFEY5�4�5J<=E�8�:}NO6�ogZVE�8JG,6I49>�>?698�E74�<MW�4�5�GY�d495�6I4 :}5�4�c�£98JG,6I<OE�8pj,l�±Y²Oz9l
jYm�²�±+l?mF³�{-��NOKI6�o[;�495��,E�]%K�E�8Q6pE�;,:OC+c�EJC�K�4�oq6�DFEY5�4J6Fc�NOG�6?K�:�69]~ZVEY5�<OEJ�YC�6p8�6d>�EYK�>�<�C+�,6d�YC�6d6�<�>��YG�NO��E[Z�5�698�6�K,:�6d6�K
6�<%NOK,:�£�5�ZV5�6�:}6B698eG�6B<O4+8eo@N�8Qo@4+8e>�4�5�4�>�:�6�5���8�:�NO>�4+8e��CV6B6�<%4���5�6��,49G,E�{
��EY<�CV>?N=EYK�4�G�EH6?<B:}6?o@47G�6X<O4�N=K,:�6�5�A�4��X�,5���A�N=>?4+]�5�6�8�:�4X4�K�49<ONO�94�5J<O4XNOoJZV<O6�oq6�K,:}4�>�NO�YKLG�6�<B5�6���N�82:}5�E7G,6IG�4?:}E�8¢�H6�<
4�>�>�698QE�4J:�5�4�c�£98BG�6J<O4@5�6�G¡{�|p49G,4+8B<O4Y8B>�4�5�49>�:�6�5���82:}NO>�4Y8BK�EY5�o@4�<=NO��49G,4+8nG�6[<O4+8nNOK�:�6�5�A�49>�6�8�3-uJ�,t��@{��d4J4�5�>�W�N c�E�8n6�K
���pt���]�6?<M5�6��,N�8�:�5�E7G�6IG�4?:�E�8J698[C�K�4I:�495�6?4�8�:�4�K�G�4�5�GV]�K�E7>�EYK,A�<ONO>�:�N c�4,{T`eEYG�E�8[<OE�8p<O6�K���CV4�DF698[G�6qZV5�EY�,5�49oq49>�NO�YK
PN=K�>�<�C�N=G,Ep`e>�<�]YZ�EY5_82C�Z�C�698�:�EY\�:�NO6�K�6�K@<O4d>�4?ZV4�>�NOG�4�GJG�6Bo@49K�6�Dr495e495�>?WVN¤c�E�8�{
�_KI<OEJ�YC�6d5�698�Z�6�>�:�4p4�<�49>�>?698�EJ4p<OE�8�G,4�:�E�8#�q49<�>�EYK,:�5�EY<-G,6�<�6�UYZ�6�5�NOo@6�K,:�E�],C�:�NO<ON=��4�KVG,EJ<=4[5�6�G@<OEY>�4�<-6dt�K,:�6�5�K�6�:�]�<OE�8
<O6�K��YC�4�Dr698eo@EYG�6�5�K�E�8eG�6B4�<':�E[KVN¤c�6�<~ZV5�E�c�6�6�KqWV6?5�5�49o@NO6�K,:�4Y83�,:�N=<O698r]�ZV6�5�E[G�6nCVK�4d>�EYoJZ�<=6DFNOG�4�GJ6�<O6Fc�49G,4�{���8#Z�E�8�N¤;�<O6
<O4@C,:�N=<ONO��49>�NO�YK7G�6?<TZ�5�E�:�EY>�EY<OEI`_�e3>��t3��78�C~8¢>�4�5�49>�:�6�5���82:}NO>�4Y8d4Y8�EY>?N=4�G�4Y8BZ�495�4q<=4qN=ogZV<O6�o@6�K,:�4�>�NO�YKXG�6J>�4�K�49<O698BG,6
>�EYoJC�K�N=>?49>�NO�YKI5�6�oqE�:}E�8�{-�,N=KI6?op;�495��,E�]%6?<�:}5�4�;�4�DFE@6�KI<O4Y8�G,N�8�:�NOK�:�4Y8�>?4�Z�4+8nG�6[<=E�8aZV5�E�:�EY>�EY<OE�8nG�6[5�6�G�5�6?�YCVNO6�5�6dG,6
CVK�4@>�CVNOG�4�G�E�8Q4JZV5�EY�,5�49o@4�>�NO�YK%]¡A�CV6?5�4@G�6�<e49<O>�4�K�>�6JG�6J6982:}4g:}6�8�N�8�{#��6JE�Z,:}��]�G,6F;�NOG�ES4@6982:}E�]¡Z�EY5�<O4[C�:�NO<=NO��49>?N=�YKIG,6
W�6�5�5�4�o@NO6�K,:}4Y8eG�6Bo@�Y8T4�<�:�EpK�N¤c�6�<�{

3. La interfaz de red 
�B:}NO<ONO�94�K�G�E¦6�<XNOK,:�6�5�>�4�op;�NOE�G,6�N=K,A�EY5�oq49>�NO�YK ZVEY5Lo@6�G�NOE¦G�6�4�5�>�W�N c�E�8r]SG�6�K,:�5�E¦G�6�<I6�K,:�EY5�K�E�3-uJ��t�@{}�?]�8Q6
6�U�ZV<OE�:�495�EYK7<OE�8BC,:}NO<ON�:�495�NOE�8dG,6@5�6�G�G�N�8�Z�EYKVN¤;�<O698¢6�K�RTN=K,C�U%{#��6[:�5�4�:�4@G,6[ZV4��YCV6�:}6�8BG�6@8�E�A�:O�d495�6�]�49<O�YC�K�E�8BG�6J6�<O<OE�8
NOK�>�<�CVNOG�E�8¢6�K7<=4qG�N�8�:�5�N¤;,CV>�NO�YKS;�4+8Q6�G,6[RTN=K,C�U%{#��EYK ZV5�EY��5�4�o@4Y8BG�6[C~82CV4�5�NOE�]�>�EYo@ESw=l�k�iVl�wTEexYw ·�]��YC�6pZ,CV6�G,6�K�8Q6�5
4?C�:�EYo@4?:}NO��49G,E�8�C�:�NO<ONO�94�K�G�E�:�£�>�K�NO>�4+8�G�6L³Ff�l9kOkB·#m�	��%m�h%$&$p²�i��#]J>�EYo@E�8Q6�G�698Q>�5�N¤;�N=��6�K¦<O4H¹riVw�m 	,j �,z9z�²	�Yi-{¢��K
6�Dr6�oJZV<OELZ�5�N=oqN':�N¤c�E�G�6 698�:�4Y8SA�4�>�NO<ON=G,49G,698X8Q6�5��O4HC,:�N=<ONO��495I6�<@8Q6�5�c�NOG�EY5IG�6�s-`#3 P}s-NO<O6H`T5�4�K%8�A�6?5@3-5�E�:�EY>�EY<O\JZ�495�4
E�;,:�6�K�6�5pG,698�G,6@C�K�4I>�EYoJZ�C,:�49G,EY5�4�5�6�oqE�:}4IP>�EYKH8�N�8�:�6�o@4SE�ZV6?5�4�:�N¤c�E�4�NOK�G�E��p8�� CVK�4SW�6�5�5�49oqN=6?K�:�4SG�6Js�`#3-\nCVK
4�5�>�W�N c�EqG�6pG,4�:�E�8�E�;,:�6�K�NOG�EJG�CV5�4�K�:�6d6�<¡:�5�49K%8Q>�CV5F8QE�G,6�<�6�UYZ�6�5�NOo@6�K,:�E�{�uB:�5�E�6DF6�oJZ�<OEpZ�EYG�5��O4�8Q6�5�<O4dC�:�NO<ONO�94�>�NO�YK�G,6
CVK�4�W�6�5�5�4�o@NO6�K,:}4�G,6�:�6�<OK�6�:XG�698QG�6 CVK�4 ��4�>�NOK,:�E�8�W%]JZ�495�4���6�K�6�5�4�5�CVK�4v>?EYK~8QEY<O4vG�6�<O4�>�EYoJZ�C,:�49G,EY5�4v�YC�6
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>�EYo@4�K�G�476�<d6�U�ZV6�5�NOo@6?K�:�E�]e�L4+8Q�d6�KYc�N=4�5@>�EYoq49K�G�E�8q47£98�:�6Y{�uB:�5�4�ZVE�8�N¤;�NO<ONOG�4�G�698gZ�CY;�<ON=>?495@<OE�8q5�698�C�<�:}4�G�E�8q6�K
A�EY5�o@4IG,6@Z��9�,NOKV4Y8[G�6q��6r;%]#C,:�N=<ONO��49K�G�E�6�<M8Q6�5�c�NOG�EY5��d`T`#3�P����YZ�6�5d`T6?UY:�`T5�4�K%8�A�6�5B3�5�E�:}EY>?EY<=\ -24 �,��]M�0/ / /�1MG,6
RTNOK,CVU%{7��8�:�E�8¥Z�C�6�G�6?K 8�6?5�<O6��OG�E�8¥C,:�N=<ONO��49K�G�E¨CVK§K�4�c�6���4�G�EY5¦P �p6�:�8Q>�4�Z�6©Eª��UYZ�<=EY5�6?5�\µG,698�G,6©>�C�49<O��CVNO6�5
>�EYoJZ,C�:�4�G�EY5�4d>�EYK�6�>�:�4�G�4d4d<O4d5�6�G¡{
�dKX6�<O6�o@6?K�:�EqA�CVK�G,49o@6?K�:�4�<TG,6p<OE�8M8QN�8�:�6�o@4Y8����pt��698n6�<#6�K,:�EY5�KVEq��5��?A�NO>�EJ�d�dN=K�G,E��¢8�{���8�:�6d:�NO6�K�6p<O4J>�4?ZV4�>�NOG�4�G
G�6 6�DF6�>�C�:�495F8Q6H<OEY>�4�<=oq6�K,:}6�]nZV5�698Q6�K,:}4�K�G�E�8�Cµ8Q49<ONOG�47:�4�K,:}EL6�K�<=4 >�EYK%8�EY<O4H<OEY>�4�<p>�EYo@EL6�K�<=4 >�EYK%8�EY<O4HG�6�C�KV4
>�EYoJZ,C�:�4�G�EY5�4X5�6?o@E�:�4+]�8QNO6�oJZV5�6I��CV6IG,N}82ZVEYK���4�G�6SC�K�>�<ONO6�K,:�6�G,6@�@{���8dZ�E�8�N¤;�<O6�6?K�:�EYK�>�698r]�8�NOK7ZV5�EY�,5�49oq49>�NO�YK
4�G�NO>�NOEYK�49<�]bZV5�698Q6�K,:�495[6�<�6�K,:�EY5�K�EX��5��?A�NO>�E�>�EYoJZV<O6�:�E�G�6�<�6?UYZV6?5�N=oq6�K,:}E�6�K7C�KV4I>?EYoJZ�C,:}4�G�EY5�4I��CV6�8Q6@6�K�>�C�6�K,:}5�4
A�C�6�5�4dG�6�<¡<=4�;�EY5�4?:}EY5�NOE�{
�_U,N�8�:�6�K7W�6�5�5�49oqN=6?K�:�4Y8do@�Y8d4�c�4�KV��4�G�4Y8F]#>?EYo@ESZVEY5d6�Dr6�oJZ�<=EI<O4Y8d6�U�:�6�K%8�NOEYK�698p���Bt� 5at � -24 �,��]M�0/ / /�1�Eq3��M3#�
- 3��M3#]p��/�/ /%1¢ZV4�5�4X6�<��d`T`#3e{#�a82:}4Y8[Z�6�5�o@N�:�6�K�<O4�>�EYK%8�:�5�CV>�>?N=�YKLG�6SZ��9�,NOKV4Y8¢��6r;HNOK,:}6?5�49>�:�N¤c�4Y8F]eG�6�A�N=K�NO6�K�G�E CVK
��5�C,ZVEJG�6d>?EYo@49K�G,E�8��YC�6BZ�CV6?G�6�KI8�6�5�6�Dr6�>�C,:}4�G�E�8aG�698QG�6dG�N�A�6?5�6�K,:}6�8eZV����NOK�4+8aG�N�8�6���4�G�4Y8bZV4�5�4d6�<%4�>�>�698QEp5�6�o@E�:�E[49<
6�U�ZV6�5�NOo@6�K,:�E�{
|p6F;�6Io@6?KV>?N=EYK�4�5F8�6S6�KH6982:�6@Z,CVK,:�EX6�<�<O6�K���CV4�DF6I8�6�o@N�NOK�:�6�5�Z�5�6�:�49G,E *r4�c�4Y]eG�6��YCVK �HNO>�5�E�8�V82:}6?o�8�-��YC�K%]��0/ /�/%1r{
�a82:�6SZVE�8�6?6I<=4�>�4?ZV4�>�NOG�4�GHG�6I5�6�>?N ;�NO5J4I:�5�4�c�£98JG,6I<=4�5�6�G7Z�5�EY��5�4�o@4+8g�YCV6X8Q6�6DF6�>�C,:�49KH6?KH<O4X�e3%�©<OEY>�4�<�{���8�:�6
4���5�6��,4B:}EYG,EdC�K@K,CV6Fc�E[698�Z�6�>�:�5�EpG,6�A�C�K�>�NOEYKV4�<ONOG�4�G�4d<O4Y8e4�Z�<=NO>�4�>�NOEYK�698e5�6�o@E�:�4Y8�{
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Conclusiones 

�_K§8�C%8�ZV5�NOo@6?5�E�8�>�4?ZV��:OCV<OE�8�6982:}4 :�698�N�8�8Q6«6�K�>�495��,�ªG�6«6�U�ZV<OEY5�495�<O4Y8�G�N�A�6�5�6?K�:�698 Z�E�8�N¤;�NO<=NOG,49G,698 ZV4�5�4«<=4
>�EYK%8�:�5�C�>�>�NO�YKIG�6J8�N�8�:�6�o@4Y8nG�6p4�G���CVN�8�NO>�NO�YKIG,6pG�4?:�E�8T�S>�EYK,:�5�EY<�]�C,:�N=<ONO��49K�G�Eq6�< 8QN�8�:�6�o@4[E�ZV6�5�4?:�N c�E[RTNOK,CVU@>?EYo@EJ<=4
W�6�5�5�4�o@NO6�K,:}4IG,6�NOoJZ�<O6�o@6�K,:�49>?N=�YK�{�3-5�NOo@6�5�E78�6S698�:OC�G�NO495�EYK <=E�8[4Y8�Z�6�>�:�E�8[o@�+8¢NOoJZVEY5�:�4�K�:�698¢G�6@<OE�8[8�N�8�:�6�o@4Y8dG,6
:�NO6�oJZVE75�6�4�<��HG�6I<OE�8@8QN�8�:�6�o@4Y8¢� �pt�¯6�K ��6�K�6�5�4�<�]T6?K7CVKH5�6?>�EY5�5�NOG�EIZ�EY5p6�<n698�:�4�G�EXG,6�<�4�5�:�6�G,6�<OE�8¢:�6�o@4Y8pG,6
NOK,:}6?5�£98�{���>�EYK,:�NOK,CV4�>�NO�YK 8Q6BZV5�698Q6�K,:}4�5�EYKS<=4Y8�oJCY�@G,N c�6?5F8�4Y8TW�6�5�5�4�o@NO6�K,:�4+8eG,N}82ZVEYK�N¤;�<O698e6�K@6�<%6?K�:�EY5�K�Ep>?EYoJZ�C�698�:�E
ZVEY5[C�KV4 3 �¦6�Dr6�>�C�:�4�K�G�E76�<M8QN}82:�6�o@4SRTNOK,CVUI�H8�CH6�U�:}6?K~8QNO�YKHG�6q:�N=6?oJZVE�5�6�49<a^a`bRTNOK�C�U%{��dKV4@c�6?�I698�:OCVG,NO49G,4I<=4
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Apéndice I 
La licencia pública GNU 
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GNU General Public License 
Ver si on 2,  June 1991  
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NO WARRANTY 
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�7�T^M� � ���p` ��5�tRTt�` � ���d|¦s-t�`3�d�M�¡��s�uB^ �¥3 �B^�`Tt��e�MR �B^�3%�B^_3�uJ�Y�M{%` �M��� �p`Tt^_��^�tr�%+ �J�S`Tu
` �B���B� �BRTt�` � ���d| 3%�T^�s-uB^�� �����e� uBs ` �B� 3%^�u �n^ ��� tr� 4Lt�` � �puB��{L� �duB�MR#| ` �B�
3%^�u �n^ ��� 3¡^au��B�¥|d�Ts%����`Tt �B�a]�puB� �J�%�Y���7��` �B� ��uJ��`�uBs �BR#R �d���e�M�%� �B^ �°�Y�T^ �dt���t � �d]
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�B| �dtr�Y�T|�uBs ` �M�73-uJ�%�,t�5�tRTt�` �µuBs7�Y�¢� ��| ��� � �n�B�%{

How to Apply These Terms to Your New Programs 
tA-��E�C�G,6Fc�6�<OE�Z�4[KV6��vZV5�EY�,5�49oS]�49K�Gp�,E�C@�d49K,:#N�:-:�EM;�6BE�A�:}W�6B��5�6�4?:�698�:¡ZVE�8F8QN¤;�<=6nC~8Q6�:�E¢:}W�6nZ�CY;�<=NO>9]�:�W�6_;�6�8�:%�d4��
:�Ep4�>�W�NO6Fc�6�:�W�N�8eN}8b:�Epoq4���6MN�:%A�5�6?6�8QE�A�:O��4�5�6��dW�NO>�W@6Fc�6�5��,EYK�6M>?49K@5�6?G�N�8�:�5�N¤;,C�:�6B49K�GJ>�W�49K��,6�C�KVG,6�5#:�W�698Q6�:�6�5�o�8�{
`TEJG,Eg8QE�]�4?:=:�4�>�Wq:}W�6BA�EY<O<OE��dN=K��@K�E�:�NO>�698e:�E[:�W�6BZV5�EY��5�4�oI{�t:#N}8n8�4?A�698�:�:�EJ4�:O:�49>?W@:�W�6�o¦:�E[:}W�6p82:}4�5�:#E�AT6�49>?W�8�E�C�5�>�6
A�NO<O6B:�E�oqE�8�:#6�A�A�6�>�:}N¤c�6�<¤�q>�EYKYc�6F�J:�W�6d6�U�>?<'C%8�NOEYKSE�A#��4�5�5�49K,:'� �V4�K�G�6?49>�WgA�NO<=6d8�W�E�C�<=GJW�4�c�6M4?:-<O6�4Y8�:%:�W�6 � >�E�ZY��5�NO�,W�: �

<ONOKV6B4�KVGJ4BZ�EYN=K,:�6�5b:}E¢��W�6�5�6n:�W�6�A�C�<O<%K�E�:}NO>�6BN�8bA�E�CVK�G%{
one l i ne t o gi ve t he pr ogr am' s name and an i dea of  what  i t  does.  
Copyr i ght  ( C)  19yy   name of  aut hor  
 
Thi s pr ogr am i s  f r ee sof t war e;  you can r edi st r i but e i t  and/ or  
modi f y  i t  under  t he t er ms of  t he GNU Gener al  Publ i c  Li cense 
as publ i shed by t he Fr ee Sof t war e Foundat i on;  ei t her  ver s i on 2 
of  t he Li cense,  or  ( at  your  opt i on)  any l at er  ver s i on.  
 
Thi s pr ogr am i s  di s t r i but ed i n t he hope t hat  i t  wi l l  be usef ul ,  
but  WI THOUT ANY WARRANTY;  wi t hout  even t he i mpl i ed war r ant y of  
MERCHANTABI LI TY or  FI TNESS FOR A PARTI CULAR PURPOSE.   See t he 
GNU Gener al  Publ i c  Li cense f or  mor e det ai l s .  
 
You shoul d have r ecei ved a copy of  t he GNU Gener al  Publ i c  Li cense 
al ong wi t h t hi s  pr ogr am;  i f  not ,  wr i t e t o t he Fr ee Sof t war e 
Foundat i on,  I nc. ,  675 Mass Ave,  Cambr i dge,  MA 02139,  USA.  
 
�d<�8�E[49G,G�NOK,A�EY5�o@4?:�NOEYK@EYK@W�E���:�Ep>�EYK,:�49>�:V��E�Cp;Y�J6�<O6�>�:}5�EYK�NO>B49K�G[ZV4?ZV6�5eo@4�N=<�{
tA-:�W�6�Z�5�EY��5�4�o�N�8eNOK,:}6?5�49>�:�N¤c�69],o@40�V6BN�:-E�C�:OZ�C,:-4p8�W�EY5�:-K�E�:�NO>�6B<=N2��6�:�W�N�8#�dW�6�K@N�: 82:}4�5�:�8eN=Kq49K@NOK,:�6�5�4�>�:�N c�6Bo@EYG,6	�
Gnomovi s i on ver s i on 69,  Copyr i ght  ( C)  19yy  name of  aut hor  
Gnomovi s i on comes wi t h ABSOLUTELY NO WARRANTY;  f or  det ai l s  
t ype ` show w' .   Thi s i s  f r ee sof t war e,  and you ar e wel come 
t o r edi st r i but e i t  under  cer t ai n condi t i ons;  t ype ` show c '   
f or  det ai l s .  
 `TW�6LWY�YZ�E�:}W�6�:�NO>�4�<@>�EYo@oq49K�GV8

` show w'
49K�G

` show c'
8QWVE�C�<OG¬8QW�E��§:}W�6L4�Z,ZV5�E�Z�5�N=4?:�6HZ�495�:�8�E�A@:�W�6

�B6�K�6�5�4�<�3%CY;�<=NO>qRTNO>�6�K%8�6Y{#uBAd>�E�CV5F8Q69]b:�WV6S>�EYo@oq49K�GV8B�,E�C7C~8�6So@4��I;�6�>?49<O<O6�GH8�EYo@6�:}W�NOK��XE�:�W�6�5B:�W�49K
` show 

w'
4�K�G

` show c'
�Y:�WV6r�J>�E�CV<OGJ6Fc�6�Kp;�6Bo@E�C%8�69>�<ONO>��~8eEY5Toq6�K,CgN�:�6�o�8r�}�dWV4?:�6Fc�6�5�8�CVN�:�8���E�C�5#Z�5�EY��5�4�oI{

�pE�Cµ8�W�E�C�<=G�4�<�8�EL��6�:d��E�C�5�6?oJZV<OE��,6�5 PN�Ap��E�C��dEY5 �v4+8S4�ZV5�EY��5�4�o@o@6?5�\@EY5��,E�CV5I8�>?WVEYEY<�]BN�A@49KY��]n:�E�8�NO��K�4
� >�E�Z+�,5�NO��W,:-G,N}8Q>�<O49NOo@6?5 � A�EY5#:�W�6nZV5�EY��5�4�o�],N�A K�6�>?698F8Q495��¡{ ��6�5�6BN�8e4p8�4�oJZV<O6 ��4�<�:�6�5#:�W�6MK�4�o@698��
 
Yoyodyne,  I nc. ,  her eby di sc l ai ms al l  copyr i ght  
i nt er est  i n t he pr ogr am ` Gnomovi s i on'  
( whi ch makes passes at  compi l er s)  wr i t t en  
by James Hacker .  
 
si gnat ur e of  Ty Coon,  1 Apr i l  1989 
Ty Coon,  Pr esi dent  of  Vi ce 
 `TW�N�8 �B6�K�6�5�4�<n3%C+;�<ONO>SRTNO>�6�K%8�6IG,EY698JK�E�:MZ�6�5�o@N�:dN=K�>�EY5�Z�EY5�4�:�NOK��X�,E�CV5dZ�5�EY��5�4�o NOK,:�EIZ�5�E�ZV5�NO6�:�495���Z�5�EY��5�4�o�8�{#tA
�,E�CV5SZV5�EY�,5�49o N}8 4 82C+;�5�E�C,:}NOK�6H<ON¤;�5�495���]��,E�Cµoq4���>�EYK%8�NOG�6?5IN':@o@EY5�6�C~8�6�A�CV<[:�ELZV6�5�oqN':J<ON=K���N=K��LZ�5�E�ZV5�NO6�:�495��
4?Z�ZV<ONO>�4?:�N=EYK%8a��N�:�WS:�W�6p<ON¤;�5�495��¡{VtAT:�W�N�8�N�8a��W�4?:-��E�CS�d49K,:#:�E@G�E�]~C~8Q6d:�W�6 � �d��RTN¤;�5�495�� �B6�K�6�5�4�<%3%CY;�<ON=>BRTNO>�6?K~8Q6
NOK%8�:�6�4�G�E�A�:�W�N}8bRTNO>�6�K%8Q6Y{
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El Manifiesto GNU 
� >�EYK,:�N=K,C�49>�NO�YK«8�6LZ�5�698�6�K,:�4v6?<���
�� �Lh�iV² xYl�³�w 	V][698�>?5�N':�E ZVEY5I^�NO>�W�4�5�G���:}4�<O<Oo@49K%][6�K�<OE�8�>�EYo@NO6�K���E�8�G�6�<
ZV5�E��,6�>�:�E � �d�p]�Z�495�4I8�EY<ONO>�N�:�495d4?ZVE��,E�� ZV4�5�:}NO>�N�Z�49>�NO�YK�6�KX6�<bZV5�E��,6�>�:�E�{��a82:�6�G,EY>�CVoq6�K,:}Eq:�5�49K%8Qo@N�:}6J<O4JA�NO<OE�8�E�A��=4
�YC�6JA�C�6@6�<#Z,CVK,:�E�G,6[ZV4�5�:}NOG,4JZV4�5�4@6�<eG�698Q495�5�EY<O<OE�G,6Jo@NO<=6�8BG�6JW�6�5�5�49oqN=6?K�:�4Y8BG�6@8�E�A:=�d4�5�6�G,6JoJC+�I4�<�:�4@>�4�<=NOG,49G�]
8�NOK@<O4Y8e>�CV4�<O698e6�<%£�U,N':�E[G�6nRTN=K,C�U�K�E[W�CY;�NO6�5�4p8�NOG�E¢:�49K@�,5�49K�G,6Y{

What ' s  GNU? Gnu' s Not  Uni x!  

GNU,  whi ch st ands f or  Gnu' s Not  Uni x,  i s  t he name f or  t he compl et e Uni x- compat i bl e 
sof t war e syst em whi ch I  am wr i t i ng so t hat  I  can gi ve i t  away f r ee t o ever yone who 
can use i t .  Sever al  ot her  vol unt eer s ar e hel pi ng me.  Cont r i but i ons of  t i me,  money,  
pr ogr ams and equi pment  ar e gr eat l y  needed.   

So f ar  we have an Emacs t ext  edi t or  wi t h Li sp f or  wr i t i ng edi t or  commands,  a 
sour ce l evel  debugger ,  a yacc- compat i bl e par ser  gener at or ,  a l i nker ,  and ar ound 35 
ut i l i t i es.  A shel l  ( command i nt er pr et er )  i s  near l y  compl et ed.  A new por t abl e 
opt i mi z i ng C compi l er  has compi l ed i t sel f  and may be r el eased t hi s  year .  An 
i ni t i al  ker nel  ex i s t s  but  many mor e f eat ur es ar e needed t o emul at e Uni x.  When t he 
ker nel  and compi l er  ar e f i ni shed,  i t  wi l l  be possi bl e t o di s t r i but e a GNU syst em 
sui t abl e f or  pr ogr am devel opment .  We wi l l  use TeX as our  t ext  f or mat t er ,  but  an 
nr of f  i s  bei ng wor ked on.  We wi l l  use t he f r ee,  por t abl e X wi ndow syst em as wel l .  
Af t er  t hi s  we wi l l  add a por t abl e Common Li sp,  an Empi r e game,  a spr eadsheet ,  and 
hundr eds of  ot her  t hi ngs,  pl us on- l i ne document at i on.  We hope t o suppl y,  
event ual l y ,  ever yt hi ng usef ul  t hat  nor mal l y  comes wi t h a Uni x syst em,  and mor e.   

GNU wi l l  be abl e t o r un Uni x pr ogr ams,  but  wi l l  not  be i dent i cal  t o Uni x.  We wi l l  
make al l  i mpr ovement s t hat  ar e conveni ent ,  based on our  exper i ence wi t h ot her  
oper at i ng syst ems.  I n par t i cul ar ,  we pl an t o have l onger  f i l e names,  f i l e ver s i on 
number s,  a cr ashpr oof  f i l e syst em,  f i l e name compl et i on per haps,  t er mi nal -
i ndependent  di spl ay suppor t ,  and per haps event ual l y  a Li sp- based wi ndow syst em 
t hr ough whi ch sever al  Li sp pr ogr ams and or di nar y Uni x pr ogr ams can shar e a scr een.  
Bot h C and Li sp wi l l  be avai l abl e as syst em pr ogr ammi ng l anguages.  We wi l l  t r y  t o 
suppor t  UUCP,  MI T Chaosnet ,  and I nt er net  pr ot ocol s f or  communi cat i on.   

GNU i s  ai med i ni t i al l y  at  machi nes i n t he 68000/ 16000 c l ass wi t h v i r t ual  memor y,  
because t hey ar e t he easi est  machi nes t o make i t  r un on.  The ext r a ef f or t  t o make 
i t  r un on smal l er  machi nes wi l l  be l ef t  t o someone who want s t o use i t  on t hem.   

To avoi d hor r i bl e conf usi on,  pl ease pr onounce t he ` G'  i n t he wor d ` GNU'  when i t  i s  
t he name of  t hi s  pr oj ect .   

Why I  Must  Wr i t e GNU 

I  consi der  t hat  t he gol den r ul e r equi r es t hat  i f  I  l i ke a pr ogr am I  must  shar e i t  
wi t h ot her  peopl e who l i ke i t .  Sof t war e sel l er s want  t o di v i de t he user s and 
conquer  t hem,  maki ng each user  agr ee not  t o shar e wi t h ot her s.  I  r ef use t o br eak 
sol i dar i t y  wi t h ot her  user s i n t hi s  way.  I  cannot  i n good consci ence s i gn a 
nondi sc l osur e agr eement  or  a sof t war e l i cense agr eement .  For  year s I  wor ked wi t hi n 
t he Ar t i f i c i al  I nt el l i gence Lab t o r es i s t  such t endenci es and ot her  
i nhospi t al i t i es,  but  event ual l y  t hey had gone t oo f ar :  I  coul d not  r emai n i n an 
i nst i t ut i on wher e such t hi ngs ar e done f or  me agai nst  my wi l l .   

So t hat  I  can cont i nue t o use comput er s wi t hout  di shonor ,  I  have deci ded t o put  
t oget her  a suf f i c i ent  body of  f r ee sof t war e so t hat  I  wi l l  be abl e t o get  al ong 
wi t hout  any sof t war e t hat  i s  not  f r ee.  I  have r es i gned f r om t he AI  l ab t o deny MI T 
any l egal  excuse t o pr event  me f r om gi v i ng GNU away.   

Why GNU Wi l l  Be Compat i bl e wi t h Uni x 

Uni x i s  not  my i deal  syst em,  but  i t  i s  not  t oo bad.  The essent i al  f eat ur es of  Uni x 
seem t o be good ones,  and I  t hi nk I  can f i l l  i n what  Uni x l acks wi t hout  spoi l i ng 
t hem.  And a syst em compat i bl e wi t h Uni x woul d be conveni ent  f or  many ot her  peopl e 
t o adopt .   

How GNU Wi l l  Be Avai l abl e 

GNU i s not  i n t he publ i c  domai n.  Ever yone wi l l  be per mi t t ed t o modi f y  and 
r edi st r i but e GNU,  but  no di s t r i but or  wi l l  be al l owed t o r est r i c t  i t s  f ur t her  
r edi st r i but i on.  That  i s  t o say,  pr opr i et ar y modi f i cat i ons wi l l  not  be al l owed.  I  
want  t o make sur e t hat  al l  ver s i ons of  GNU r emai n f r ee.   
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Why Many Ot her  Pr ogr ammer s Want  t o Hel p 

I  have f ound many ot her  pr ogr ammer s who ar e exci t ed about  GNU and want  t o hel p.   

Many pr ogr ammer s ar e unhappy about  t he commer ci al i zat i on of  syst em sof t war e.  I t  
may enabl e t hem t o make mor e money,  but  i t  r equi r es t hem t o f eel  i n conf l i c t  wi t h 
ot her  pr ogr ammer s i n gener al  r at her  t han f eel  as comr ades.  The f undament al  act  of  
f r i endshi p among pr ogr ammer s i s  t he shar i ng of  pr ogr ams;  mar ket i ng ar r angement s 
now t ypi cal l y  used essent i al l y  f or bi d pr ogr ammer s t o t r eat  ot her s as f r i ends.  The 
pur chaser  of  sof t war e must  choose bet ween f r i endshi p and obeyi ng t he l aw.  
Nat ur al l y ,  many deci de t hat  f r i endshi p i s  mor e i mpor t ant .  But  t hose who bel i eve i n 
l aw of t en do not  f eel  at  ease wi t h ei t her  choi ce.  They become cyni cal  and t hi nk 
t hat  pr ogr ammi ng i s  j ust  a way of  maki ng money.   

By wor k i ng on and usi ng GNU r at her  t han pr opr i et ar y pr ogr ams,  we can be hospi t abl e 
t o ever yone and obey t he l aw.  I n addi t i on,  GNU ser ves as an exampl e t o i nspi r e and 
a banner  t o r al l y  ot her s t o j oi n us i n shar i ng.  Thi s can gi ve us a f eel i ng of  
har mony whi ch i s  i mpossi bl e i f  we use sof t war e t hat  i s  not  f r ee.  For  about  hal f  
t he pr ogr ammer s I  t al k  t o,  t hi s  i s  an i mpor t ant  happi ness t hat  money cannot  
r epl ace.   

How You Can Cont r i but e 

I  am aski ng comput er  manuf act ur er s f or  donat i ons of  machi nes and money.  I ' m aski ng 
i ndi v i dual s f or  donat i ons of  pr ogr ams and wor k.   

One consequence you can expect  i f  you donat e machi nes i s  t hat  GNU wi l l  r un on t hem 
at  an ear l y  dat e.  The machi nes shoul d be compl et e,  r eady t o use syst ems,  appr oved 
f or  use i n a r es i dent i al  ar ea,  and not  i n need of  sophi st i cat ed cool i ng or  power .   

I  have f ound ver y many pr ogr ammer s eager  t o cont r i but e par t - t i me wor k f or  GNU.  For  
most  pr oj ect s,  such par t - t i me di s t r i but ed wor k woul d be ver y har d t o coor di nat e;  
t he i ndependent l y- wr i t t en par t s  woul d not  wor k t oget her .  But  f or  t he par t i cul ar  
t ask of  r epl ac i ng Uni x,  t hi s  pr obl em i s  absent .  A compl et e Uni x syst em cont ai ns 
hundr eds of  ut i l i t y  pr ogr ams,  each of  whi ch i s  document ed separ at el y .  Most  
i nt er f ace speci f i cat i ons ar e f i xed by Uni x compat i bi l i t y .  I f  each cont r i but or  can 
wr i t e a compat i bl e r epl acement  f or  a s i ngl e Uni x ut i l i t y ,  and make i t  wor k 
pr oper l y  i n pl ace of  t he or i gi nal  on a Uni x syst em,  t hen t hese ut i l i t i es wi l l  wor k 
r i ght  when put  t oget her .  Even al l owi ng f or  Mur phy t o cr eat e a f ew unexpect ed 
pr obl ems,  assembl i ng t hese component s wi l l  be a f easi bl e t ask.  ( The ker nel  wi l l  
r equi r e c l oser  communi cat i on and wi l l  be wor ked on by a smal l ,  t i ght  gr oup. )   

I f  I  get  donat i ons of  money,  I  may be abl e t o hi r e a f ew peopl e f ul l  or  par t  t i me.  
The sal ar y won' t  be hi gh by pr ogr ammer s '  s t andar ds,  but  I ' m l ooki ng f or  peopl e f or  
whom bui l di ng communi t y  spi r i t  i s  as i mpor t ant  as maki ng money.  I  v i ew t hi s  as a 
way of  enabl i ng dedi cat ed peopl e t o devot e t hei r  f ul l  ener gi es t o wor k i ng on GNU 
by spar i ng t hem t he need t o make a l i v i ng i n anot her  way.   

Why Al l  Comput er  User s Wi l l  Benef i t  

Once GNU i s  wr i t t en,  ever yone wi l l  be abl e t o obt ai n good syst em sof t war e f r ee,  
j ust  l i ke ai r .   

Thi s means much mor e t han j ust  savi ng ever yone t he pr i ce of  a Uni x l i cense.  I t  
means t hat  much wast ef ul  dupl i cat i on of  syst em pr ogr ammi ng ef f or t  wi l l  be avoi ded.  
Thi s ef f or t  can go i nst ead i nt o advanci ng t he st at e of  t he ar t .   

Compl et e syst em sour ces wi l l  be avai l abl e t o ever yone.  As a r esul t ,  a user  who 
needs changes i n t he syst em wi l l  al ways be f r ee t o make t hem hi msel f ,  or  hi r e any 
avai l abl e pr ogr ammer  or  company t o make t hem f or  hi m.  User s wi l l  no l onger  be at  
t he mer cy of  one pr ogr ammer  or  company whi ch owns t he sour ces and i s  i n sol e 
posi t i on t o make changes.   

School s wi l l  be abl e t o pr ovi de a much mor e educat i onal  envi r onment  by encour agi ng 
al l  s t udent s t o st udy and i mpr ove t he syst em code.  Har var d' s  comput er  l ab used t o 
have t he pol i cy t hat  no pr ogr am coul d be i nst al l ed on t he syst em i f  i t s  sour ces 
wer e not  on publ i c  di spl ay,  and uphel d i t  by act ual l y  r ef us i ng t o i nst al l  cer t ai n 
pr ogr ams.  I  was ver y much i nspi r ed by t hi s .   

Fi nal l y ,  t he over head of  consi der i ng who owns t he syst em sof t war e and what  one i s  
or  i s  not  ent i t l ed t o do wi t h i t  wi l l  be l i f t ed.   

Ar r angement s t o make peopl e pay f or  us i ng a pr ogr am,  i nc l udi ng l i censi ng of  
copi es,  al ways i ncur  a t r emendous cost  t o soci et y t hr ough t he cumber some 
mechani sms necessar y t o f i gur e out  how much ( t hat  i s ,  whi ch pr ogr ams)  a per son 
must  pay f or .  And onl y a pol i ce st at e can f or ce ever yone t o obey t hem.  Consi der  a 
space st at i on wher e ai r  must  be manuf act ur ed at  gr eat  cost :  char gi ng each br eat her  
per  l i t er  of  ai r  may be f ai r ,  but  wear i ng t he met er ed gas mask al l  day and al l  
ni ght  i s  i nt ol er abl e even i f  ever yone can af f or d t o pay t he ai r  bi l l .  And t he TV 
camer as ever ywher e t o see i f  you ever  t ake t he mask of f  ar e out r ageous.  I t ' s  
bet t er  t o suppor t  t he ai r  pl ant  wi t h a head t ax and chuck t he masks.   

Copyi ng al l  or  par t s  of  a pr ogr am i s  as nat ur al  t o a pr ogr ammer  as br eat hi ng,  and 
as pr oduct i ve.  I t  ought  t o be as f r ee.   
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Some Easi l y  Rebut t ed Obj ect i ons t o GNU' s Goal s 

" Nobody wi l l  use i t  i f  i t  i s  f r ee,  because t hat  means t hey can' t  r el y  on 
any suppor t . "   

" You have t o char ge f or  t he pr ogr am t o pay f or  pr ovi di ng t he suppor t . "   

I f  peopl e woul d r at her  pay f or  GNU pl us ser v i ce t han get  GNU f r ee wi t hout  ser v i ce,  
a company t o pr ovi de j ust  ser v i ce t o peopl e who have obt ai ned GNU f r ee ought  t o be 
pr of i t abl e.   

We must  di s t i ngui sh bet ween suppor t  i n t he f or m of  r eal  pr ogr ammi ng wor k and mer e 
handhol di ng.  The f or mer  i s  somet hi ng one cannot  r el y  on f r om a sof t war e vendor .  I f  
your  pr obl em i s  not  shar ed by enough peopl e,  t he vendor  wi l l  t el l  you t o get  l ost .   

I f  your  busi ness needs t o be abl e t o r el y  on suppor t ,  t he onl y way i s  t o have al l  
t he necessar y sour ces and t ool s.  Then you can hi r e any avai l abl e per son t o f i x  
your  pr obl em;  you ar e not  at  t he mer cy of  any i ndi v i dual .  Wi t h Uni x,  t he pr i ce of  
sour ces put s t hi s  out  of  consi der at i on f or  most  busi nesses.  Wi t h GNU t hi s  wi l l  be 
easy.  I t  i s  s t i l l  possi bl e f or  t her e t o be no avai l abl e compet ent  per son,  but  t hi s  
pr obl em cannot  be bl amed on di s t r i but i on ar r angement s.  GNU does not  el i mi nat e al l  
t he wor l d' s  pr obl ems,  onl y some of  t hem.   

Meanwhi l e,  t he user s who know not hi ng about  comput er s need handhol di ng:  doi ng 
t hi ngs f or  t hem whi ch t hey coul d easi l y  do t hemsel ves but  don' t  know how.   

Such ser v i ces coul d be pr ovi ded by compani es t hat  sel l  j ust  hand- hol di ng and 
r epai r  ser v i ce.  I f  i t  i s  t r ue t hat  user s woul d r at her  spend money and get  a 
pr oduct  wi t h ser v i ce,  t hey wi l l  al so be wi l l i ng t o buy t he ser v i ce havi ng got  t he 
pr oduct  f r ee.  The ser v i ce compani es wi l l  compet e i n qual i t y  and pr i ce;  user s wi l l  
not  be t i ed t o any par t i cul ar  one.  Meanwhi l e,  t hose of  us who don' t  need t he 
ser v i ce shoul d be abl e t o use t he pr ogr am wi t hout  payi ng f or  t he ser v i ce.   

" You cannot  r each many peopl e wi t hout  adver t i s i ng,  and you must  char ge f or  
t he pr ogr am t o suppor t  t hat . "   

" I t ' s  no use adver t i s i ng a pr ogr am peopl e can get  f r ee. "   

Ther e ar e var i ous f or ms of  f r ee or  ver y cheap publ i c i t y  t hat  can be used t o i nf or m 
number s of  comput er  user s about  somet hi ng l i ke GNU.  But  i t  may be t r ue t hat  one 
can r each mor e mi cr ocomput er  user s wi t h adver t i s i ng.  I f  t hi s  i s  r eal l y  so,  a 
busi ness whi ch adver t i ses t he ser v i ce of  copyi ng and mai l i ng GNU f or  a f ee ought  
t o be successf ul  enough t o pay f or  i t s  adver t i s i ng and mor e.  Thi s way,  onl y t he 
user s who benef i t  f r om t he adver t i s i ng pay f or  i t .   

On t he ot her  hand,  i f  many peopl e get  GNU f r om t hei r  f r i ends,  and such compani es 
don' t  succeed,  t hi s  wi l l  show t hat  adver t i s i ng was not  r eal l y  necessar y t o spr ead 
GNU.  Why i s  i t  t hat  f r ee mar ket  advocat es don' t  want  t o l et  t he f r ee mar ket  deci de 
t hi s?  

" My company needs a pr opr i et ar y oper at i ng syst em t o get  a compet i t i ve 
edge. "   

GNU wi l l  r emove oper at i ng syst em sof t war e f r om t he r eal m of  compet i t i on.  You wi l l  
not  be abl e t o get  an edge i n t hi s  ar ea,  but  nei t her  wi l l  your  compet i t or s be abl e 
t o get  an edge over  you.  You and t hey wi l l  compet e i n ot her  ar eas,  whi l e 
benef i t i ng mut ual l y  i n t hi s  one.  I f  your  busi ness i s  sel l i ng an oper at i ng syst em,  
you wi l l  not  l i ke GNU,  but  t hat ' s  t ough on you.  I f  your  busi ness i s  somet hi ng 
el se,  GNU can save you f r om bei ng pushed i nt o t he expensi ve busi ness of  sel l i ng 
oper at i ng syst ems.   

I  woul d l i ke t o see GNU devel opment  suppor t ed by gi f t s  f r om many manuf act ur er s and 
user s,  r educi ng t he cost  t o each.   

" Don' t  pr ogr ammer s deser ve a r ewar d f or  t hei r  cr eat i v i t y?"   

I f  anyt hi ng deser ves a r ewar d,  i t  i s  soci al  cont r i but i on.  Cr eat i v i t y  can be a 
soci al  cont r i but i on,  but  onl y i n so f ar  as soci et y i s  f r ee t o use t he r esul t s .  I f  
pr ogr ammer s deser ve t o be r ewar ded f or  cr eat i ng i nnovat i ve pr ogr ams,  by t he same 
t oken t hey deser ve t o be puni shed i f  t hey r est r i c t  t he use of  t hese pr ogr ams.   

" Shoul dn' t  a pr ogr ammer  be abl e t o ask f or  a r ewar d f or  hi s  cr eat i v i t y?"   

Ther e i s  not hi ng wr ong wi t h want i ng pay f or  wor k,  or  seeki ng t o maxi mi ze one' s 
i ncome,  as l ong as one does not  use means t hat  ar e dest r uct i ve.  But  t he means 
cust omar y i n t he f i el d of  sof t war e t oday ar e based on dest r uct i on.   

Ext r act i ng money f r om user s of  a pr ogr am by r est r i c t i ng t hei r  use of  i t  i s  
dest r uct i ve because t he r est r i c t i ons r educe t he amount  and t he ways t hat  t he 
pr ogr am can be used.  Thi s r educes t he amount  of  weal t h t hat  humani t y  der i ves f r om 
t he pr ogr am.  When t her e i s  a del i ber at e choi ce t o r est r i c t ,  t he har mf ul  
consequences ar e del i ber at e dest r uct i on.   

The r eason a good c i t i zen does not  use such dest r uct i ve means t o become weal t hi er  
i s  t hat ,  i f  ever yone di d so,  we woul d al l  become poor er  f r om t he mut ual  
dest r uct i veness.  Thi s i s  Kant i an et hi cs;  or ,  t he Gol den Rul e.  Si nce I  do not  l i ke 
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t he consequences t hat  r esul t  i f  ever yone hoar ds i nf or mat i on,  I  am r equi r ed t o 
consi der  i t  wr ong f or  one t o do so.  Speci f i cal l y ,  t he desi r e t o be r ewar ded f or  
one' s cr eat i v i t y  does not  j ust i f y  depr i v i ng t he wor l d i n gener al  of  al l  or  par t  of  
t hat  cr eat i v i t y .   

" Won' t  pr ogr ammer s st ar ve?"   

I  coul d answer  t hat  nobody i s  f or ced t o be a pr ogr ammer .  Most  of  us cannot  manage 
t o get  any money f or  s t andi ng on t he st r eet  and maki ng f aces.  But  we ar e not ,  as a 
r esul t ,  condemned t o spend our  l i ves st andi ng on t he st r eet  maki ng f aces,  and 
st ar v i ng.  We do somet hi ng el se.   

But  t hat  i s  t he wr ong answer  because i t  accept s t he quest i oner ' s  i mpl i c i t  
assumpt i on:  t hat  wi t hout  owner shi p of  sof t war e,  pr ogr ammer s cannot  possi bl y  be 
pai d a cent .  Supposedl y i t  i s  al l  or  not hi ng.   

The r eal  r eason pr ogr ammer s wi l l  not  s t ar ve i s  t hat  i t  wi l l  s t i l l  be possi bl e f or  
t hem t o get  pai d f or  pr ogr ammi ng;  j ust  not  pai d as much as now.   

Rest r i c t i ng copyi ng i s  not  t he onl y basi s f or  busi ness i n sof t war e.  I t  i s  t he most  
common basi s because i t  br i ngs i n t he most  money.  I f  i t  wer e pr ohi bi t ed,  or  
r ej ect ed by t he cust omer ,  sof t war e busi ness woul d move t o ot her  bases of  
or gani zat i on whi ch ar e now used l ess of t en.  Ther e ar e al ways numer ous ways t o 
or gani ze any k i nd of  busi ness.   

Pr obabl y pr ogr ammi ng wi l l  not  be as l ucr at i ve on t he new basi s as i t  i s  now.  But  
t hat  i s  not  an ar gument  agai nst  t he change.  I t  i s  not  consi der ed an i nj ust i ce t hat  
sal es c l er ks make t he sal ar i es t hat  t hey now do.  I f  pr ogr ammer s made t he same,  
t hat  woul d not  be an i nj ust i ce ei t her .  ( I n pr act i ce t hey woul d st i l l  make 
consi der abl y mor e t han t hat . )   

" Don' t  peopl e have a r i ght  t o cont r ol  how t hei r  cr eat i v i t y  i s  used?"   

" Cont r ol  over  t he use of  one' s i deas"  r eal l y  const i t ut es cont r ol  over  ot her  
peopl e' s  l i ves;  and i t  i s  usual l y  used t o make t hei r  l i ves mor e di f f i cul t .   

Peopl e who have st udi ed t he i ssue of  i nt el l ect ual  pr oper t y  r i ght s car ef ul l y  ( such 
as l awyer s)  say t hat  t her e i s  no i nt r i ns i c  r i ght  t o i nt el l ect ual  pr oper t y .  The 
k i nds of  supposed i nt el l ect ual  pr oper t y  r i ght s t hat  t he gover nment  r ecogni zes wer e 
cr eat ed by speci f i c  act s of  l egi s l at i on f or  speci f i c  pur poses.   

For  exampl e,  t he pat ent  syst em was est abl i shed t o encour age i nvent or s t o di sc l ose 
t he det ai l s  of  t hei r  i nvent i ons.  I t s  pur pose was t o hel p soci et y r at her  t han t o 
hel p i nvent or s.  At  t he t i me,  t he l i f e span of  17 year s f or  a pat ent  was shor t  
compar ed wi t h t he r at e of  advance of  t he st at e of  t he ar t .  Si nce pat ent s ar e an 
i ssue onl y among manuf act ur er s,  f or  whom t he cost  and ef f or t  of  a l i cense 
agr eement  ar e smal l  compar ed wi t h set t i ng up pr oduct i on,  t he pat ent s of t en do not  
do much har m.  They do not  obst r uct  most  i ndi v i dual s who use pat ent ed pr oduct s.   

The i dea of  copyr i ght  di d not  ex i s t  i n anci ent  t i mes,  when aut hor s f r equent l y  
copi ed ot her  aut hor s at  l engt h i n wor ks of  non- f i c t i on.  Thi s pr act i ce was usef ul ,  
and i s  t he onl y way many aut hor s '  wor ks have sur v i ved even i n par t .  The copyr i ght  
syst em was cr eat ed expr essl y f or  t he pur pose of  encour agi ng aut hor shi p.  I n t he 
domai n f or  whi ch i t  was i nvent ed- - books,  whi ch coul d be copi ed economi cal l y  onl y 
on a pr i nt i ng pr ess- - i t  di d l i t t l e har m,  and di d not  obst r uct  most  of  t he 
i ndi v i dual s who r ead t he books.   

Al l  i nt el l ect ual  pr oper t y  r i ght s ar e j ust  l i censes gr ant ed by soci et y because i t  
was t hought ,  r i ght l y  or  wr ongl y,  t hat  soci et y as a whol e woul d benef i t  by gr ant i ng 
t hem.  But  i n any par t i cul ar  s i t uat i on,  we have t o ask:  ar e we r eal l y  bet t er  of f  
gr ant i ng such l i cense? What  k i nd of  act  ar e we l i censi ng a per son t o do?  

The case of  pr ogr ams t oday i s  ver y di f f er ent  f r om t hat  of  books a hundr ed year s 
ago.  The f act  t hat  t he easi est  way t o copy a pr ogr am i s  f r om one nei ghbor  t o 
anot her ,  t he f act  t hat  a pr ogr am has bot h sour ce code and obj ect  code whi ch ar e 
di s t i nct ,  and t he f act  t hat  a pr ogr am i s  used r at her  t han r ead and enj oyed,  
combi ne t o cr eat e a s i t uat i on i n whi ch a per son who enf or ces a copyr i ght  i s  
har mi ng soci et y as a whol e bot h mat er i al l y  and spi r i t ual l y ;  i n whi ch a per son 
shoul d not  do so r egar dl ess of  whet her  t he l aw enabl es hi m t o.   

" Compet i t i on makes t hi ngs get  done bet t er . "   

The par adi gm of  compet i t i on i s  a r ace:  by r ewar di ng t he wi nner ,  we encour age 
ever yone t o r un f ast er .  When capi t al i sm r eal l y  wor ks t hi s  way,  i t  does a good j ob;  
but  i t s  def ender s ar e wr ong i n assumi ng i t  al ways wor ks t hi s  way.  I f  t he r unner s 
f or get  why t he r ewar d i s  of f er ed and become i nt ent  on wi nni ng,  no mat t er  how,  t hey 
may f i nd ot her  s t r at egi es- - such as,  at t ack i ng ot her  r unner s.  I f  t he r unner s get  
i nt o a f i s t  f i ght ,  t hey wi l l  al l  f i ni sh l at e.   

Pr opr i et ar y and secr et  sof t war e i s  t he mor al  equi val ent  of  r unner s i n a f i s t  
f i ght .  Sad t o say,  t he onl y r ef er ee we' ve got  does not  seem t o obj ect  t o f i ght s;  
he j ust  r egul at es t hem ( " For  ever y t en yar ds you r un,  you can f i r e one shot " ) .  He 
r eal l y  ought  t o br eak t hem up,  and penal i ze r unner s f or  even t r y i ng t o f i ght .   

" Won' t  ever yone st op pr ogr ammi ng wi t hout  a monet ar y i ncent i ve?"   
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Act ual l y ,  many peopl e wi l l  pr ogr am wi t h absol ut el y  no monet ar y i ncent i ve.  
Pr ogr ammi ng has an i r r es i s t i bl e f asc i nat i on f or  some peopl e,  usual l y  t he peopl e 
who ar e best  at  i t .  Ther e i s  no shor t age of  pr of essi onal  musi c i ans who keep at  i t  
even t hough t hey have no hope of  maki ng a l i v i ng t hat  way.   

But  r eal l y  t hi s  quest i on,  t hough commonl y asked,  i s  not  appr opr i at e t o t he 
s i t uat i on.  Pay f or  pr ogr ammer s wi l l  not  di sappear ,  onl y become l ess.  So t he r i ght  
quest i on i s ,  wi l l  anyone pr ogr am wi t h a r educed monet ar y i ncent i ve? My exper i ence 
shows t hat  t hey wi l l .   

For  mor e t han t en year s,  many of  t he wor l d' s  best  pr ogr ammer s wor ked at  t he 
Ar t i f i c i al  I nt el l i gence Lab f or  f ar  l ess money t han t hey coul d have had anywher e 
el se.  They got  many k i nds of  non- monet ar y r ewar ds:  f ame and appr eci at i on,  f or  
exampl e.  And cr eat i v i t y  i s  al so f un,  a r ewar d i n i t sel f .   

Then most  of  t hem l ef t  when of f er ed a chance t o do t he same i nt er est i ng wor k f or  a 
l ot  of  money.   

What  t he f act s show i s  t hat  peopl e wi l l  pr ogr am f or  r easons ot her  t han r i ches;  but  
i f  gi ven a chance t o make a l ot  of  money as wel l ,  t hey wi l l  come t o expect  and 
demand i t .  Low- payi ng or gani zat i ons do poor l y  i n compet i t i on wi t h hi gh- payi ng 
ones,  but  t hey do not  have t o do badl y i f  t he hi gh- payi ng ones ar e banned.   

" We need t he pr ogr ammer s desper at el y .  I f  t hey demand t hat  we st op hel pi ng 
our  nei ghbor s,  we have t o obey. "   

You' r e never  so desper at e t hat  you have t o obey t hi s  sor t  of  demand.  Remember :  
mi l l i ons f or  def ense,  but  not  a cent  f or  t r i but e!   

" Pr ogr ammer s need t o make a l i v i ng somehow. "   

I n t he shor t  r un,  t hi s  i s  t r ue.  However ,  t her e ar e pl ent y of  ways t hat  pr ogr ammer s 
coul d make a l i v i ng wi t hout  sel l i ng t he r i ght  t o use a pr ogr am.  Thi s way i s  
cust omar y now because i t  br i ngs pr ogr ammer s and busi nessmen t he most  money,  not  
because i t  i s  t he onl y way t o make a l i v i ng.  I t  i s  easy t o f i nd ot her  ways i f  you 
want  t o f i nd t hem.  Her e ar e a number  of  exampl es.   

A manuf act ur er  i nt r oduci ng a new comput er  wi l l  pay f or  t he por t i ng of  oper at i ng 
syst ems ont o t he new har dwar e.   

The sal e of  t eachi ng,  hand- hol di ng and mai nt enance ser v i ces coul d al so empl oy 
pr ogr ammer s.   

Peopl e wi t h new i deas coul d di s t r i but e pr ogr ams as f r eewar e,  aski ng f or  donat i ons 
f r om sat i s f i ed user s,  or  sel l i ng hand- hol di ng ser v i ces.  I  have met  peopl e who ar e 
al r eady wor k i ng t hi s  way successf ul l y .   

User s wi t h r el at ed needs can f or m user s '  gr oups,  and pay dues.  A gr oup woul d 
cont r act  wi t h pr ogr ammi ng compani es t o wr i t e pr ogr ams t hat  t he gr oup' s member s 
woul d l i ke t o use.   

Al l  sor t s  of  devel opment  can be f unded wi t h a Sof t war e Tax:   

Suppose ever yone who buys a comput er  has t o pay x per cent  of  t he pr i ce as a 
sof t war e t ax.  The gover nment  gi ves t hi s  t o an agency l i ke t he NSF t o spend 
on sof t war e devel opment .   

But  i f  t he comput er  buyer  makes a donat i on t o sof t war e devel opment  hi msel f ,  
he can t ake a cr edi t  agai nst  t he t ax.  He can donat e t o t he pr oj ect  of  hi s  
own choosi ng- - of t en,  chosen because he hopes t o use t he r esul t s  when i t  i s  
done.  He can t ake a cr edi t  f or  any amount  of  donat i on up t o t he t ot al  t ax 
he had t o pay.   

The t ot al  t ax r at e coul d be deci ded by a vot e of  t he payer s of  t he t ax,  
wei ght ed accor di ng t o t he amount  t hey wi l l  be t axed on.   

The consequences:   

The comput er - us i ng communi t y  suppor t s sof t war e devel opment .   

Thi s communi t y  deci des what  l evel  of  suppor t  i s  needed.   

User s who car e whi ch pr oj ect s t hei r  shar e i s  spent  on can choose t hi s  
f or  t hemsel ves.   

I n t he l ong r un,  maki ng pr ogr ams f r ee i s  a st ep t owar d t he post - scar c i t y  wor l d,  
wher e nobody wi l l  have t o wor k ver y har d j ust  t o make a l i v i ng.  Peopl e wi l l  be 
f r ee t o devot e t hemsel ves t o act i v i t i es t hat  ar e f un,  such as pr ogr ammi ng,  af t er  
spendi ng t he necessar y t en hour s a week on r equi r ed t asks such as l egi s l at i on,  
f ami l y  counsel i ng,  r obot  r epai r  and ast er oi d pr ospect i ng.  Ther e wi l l  be no need t o 
be abl e t o make a l i v i ng f r om pr ogr ammi ng.   

We have al r eady gr eat l y  r educed t he amount  of  wor k t hat  t he whol e soci et y must  do 
f or  i t s  act ual  pr oduct i v i t y ,  but  onl y a l i t t l e of  t hi s  has t r ansl at ed i t sel f  i nt o 
l ei sur e f or  wor ker s because much nonpr oduct i ve act i v i t y  i s  r equi r ed t o accompany 
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pr oduct i ve act i v i t y .  The mai n causes of  t hi s  ar e bur eaucr acy and i somet r i c  
s t r uggl es agai nst  compet i t i on.  Fr ee sof t war e wi l l  gr eat l y  r educe t hese dr ai ns i n 
t he ar ea of  sof t war e pr oduct i on.  We must  do t hi s ,  i n or der  f or  t echni cal  gai ns i n 
pr oduct i v i t y  t o t r ansl at e i nt o l ess wor k f or  us.   
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Apéndice II 
El hardware del experimento 

�_K�698�:�674?ZV£�K�G�NO>�6H8Q6XZ�5�698�6?K�:�4�Kv<OE�8SG�6�:}4�<O<O698S>�EYK%8�:�5�CV>�:}N¤c�E�8SG,6�<OE�8SG,N'A�6�5�6�K,:�698S6�<O6�o@6�K,:�E�8SG�67W�4�5�GY�d495�67�YC�6
>�EYoJZ�EYK�6�KX6�<#6?UYZV6?5�N=oq6�K,:}E�{,RT4[ZV5�NOo@6�5�4[Z�495�:�6p6�8�C�KV4JG,698�>�5�N�Z�>�NO�YKIG�6�:�4�<=<O4�G�4J4�>�6�5�>�4JG�6[<O4�NOoJZ�<O6�o@6�K,:�49>?N=�YKIG,6
CVK�4JZ�<O49>�4 µ� ¶ ���,6�K�£�5�NO>�4+]�>?EYKI:�EYG�E�8B<OE�8B>�EYoJZ�EYK�6�K,:}6�8B5�6�C�:�NO<ON=��4�;�<=6�8�{��_KI<O4@8�6?�YCVK�G,4pZ�495�:�6J8�6dZ�5�698�6?K�:�4�KI<OE�8698Q�YCV6?o@��:�NO>�E�8¢G�6J<OE�8B>�NO5�>�CVN�:�E�8BG�6[:�EYG�4Y8B<O4+8nZ�495�:�698B>�EYK%82:}5�C�NOG�4Y8F]�NOK�>�<�C+�,6�K�G�ES<=4Y8BG�E�8BNOoJZ�<O6�o@6�K,:�49>?N=EYK�698d8QE�;�5�6
<O4BZV<O4�>�4 µ� ¶ � �%6�<%>�EYK,:�5�EY<%G�6�c�6�<OEY>�NOG�4�Gd�J<O4d6�:�4�Z�4dG�6nZVE�:�6�K�>�NO4�{

La placa µµµµDAQ genérica 
RT4BZV<O4�>�4d698bCVK�4dNOK,:�6�5�A�4��p8�:�49K�G,495�G[ZV4�5�4�;,C~8 �d`7G�6B<O4B3 ���@8�6B>�EYoJZVEYK�6�;��+8QNO>�49oq6�K,:}6BG�6B>�C�4�:�5�EdZ�495�:�698��

s%C�6�K,:�698eG�6B49<ONOo@6�K,:�49>?N=�YK�{
|p6�>?EYG�N�A�NO>�4�G�EY5TG,6MG,NO5�6�>�>�NOEYK�698�{
RT4?:�>�Wp;�NOG�NO5�6�>�>?N=EYK�4�<%G�6@���d;�N�:�8�{
�HNO>�5�EY>�EYK,:�5�EY<O49G,EY5�{

RTE�8B5�6�>�C�5F8�E�8BG,6�<To@NO>�5�EY>?EYK�:�5�EY<O4�G�EY5BKVEqC�:�NO<ONO�94�G�E�8dPG�E�8nZ�EY5�:8r]�>�EYK,:�5�EY<TG�6[:�NOo@6�5F8��qCVK�4JNOK,:}6?5�5�C�ZV>?N=�YKI6?UY:�6�5�K�49\
8�6�Z,C~8�NO6�5�EYK�G�N�8�Z�EYK�N ;�<O698S6?K�CVK�4H��EYK�4H<ON¤;�5�6�G,67<=4�ZV<O49>?47ZV5�6�Z�495�4�G�4�ZV4�5�4H<O4HNOoJZV<O6�o@6?K�:�4�>�NO�YKvG,6�>?N=5�>�CVN�:�E�8
4�G�NO>�NOEYK�49<O698�{-��8�:�4I��EYKV4I<ON¤;�5�6qA�CV6qC�:�NO<ON=��4�G�4I6�KH<O4SZ�<=4�>�4Iz	Yi�w=h,j 	�m�Z�495�4IoqEYK�:�4�5p<O4I<O�Y��NO>�4IG,6�NOK�W�N ;�NO>�NO�YKX��6�<
o@EYK�EY6982:}4�;�<O69]@�´6�K´<=4¬ZV<O49>?4�z�	�iVw�m 	,kIZ�495�4�oqEYK�:�4�5�6?<X>�EYKYc�6�5F8QEY5����O|�]S6�<�o@6�>�4�K�N}8Qo@E¦G�6�4�C,:�EY>�6�5�E�]S6�<
4�oJZV<ON�A�NO>�4�G�EY5�G�6B:�6�5�o@EY>�C�ZV<O4B�@6�<-8Q6�K%8�EY5eG�6n:}6?oJZV6�5�4?:OCV5�4d4�op;�NO6�K,:�6�P}ZV4�5�4do@�Y8TG,6�:�49<O<O698�c�6�5e6�<)��hr·��Ow ��k 	�9�\F{�RT4Y8
>�EYK�6�U,N=EYK�698¢>�EYK76�<�6�UY:�6�5�NOEY5BG�6JG�NO>�W�E�8B>�NO5�>�C�N�:}E�8B6�8�:��9K ZV5�6Fc�N�82:}4Y8nC�:�NO<ONO�94�K�G�ES>�EYK�6�>�:�EY5�698 5�����o@EYK,:}4�G�E�8B6?KX6�<
A�5�6�K,:�6BG�6B<=4BZ�<O49>�4,{

Fuentes de Alimentación 
�B:}NO<ONO�94�K�G�EJ<O4+8a<=�OK�6�4Y8�G�6?<V;,C%8�G�6�������POZ�E�8�N�:�N¤c�E��JK�6��,4�:�N¤c�EY\T8�6Bo@EYK,:�495�EYKq6�K@<O4BZV<O4�>�4dG�E�8e5�6���CV<O49G,EY5�698�P�� �,���M�
� / ����\TZ�495�4JE�;,:�6�K�6�5�� ��ZVE�8QN�:}N¤c�Ep�SK�6��,4�:�N¤c�E�{���8�:�E[ZV6�5�oqN':�6dNOK�G�6�Z�6�K�G�NO��495�4p<O4¢ZV<O49>?4pG�6BZ�E�8�N¤;�<O698eA�<�C�>�:OCV4�>�NOEYKV6�8
G�6B<O4B:�6�K%8�NO�YK@G�6B4�<=NOo@6?K�:�4�>�NO�YK@G�6�����G�6B<O4B3 �B{
��NT;�NO6�K <=4SACV6�K,:�6�K�6��,4�:�N¤c�4IK�EX698¢C,:}NO<ONO�94�G�4I6?KH698�:�4SZ�<=4�>�4I�,6�K�£�5�NO>�4+]�8Q6�o@EYK,:��IZ�5�6Fc�NO6�K�G�EI6�<�>�4Y8�EI6?K���CV6�8Q6
C�:�NO<ONO>�6�K@4�oJZV<ON�A�NO>�4�G�EY5�698eE�Z�6�5�49>?N=EYK�4�<O698�P�>�EYoqE�8�6BW�NO�9E[6�K@<O4BZV<O4�>�4dz�	�iVw�m 	,kO\F{
��6B49�,5�6����[6�K@6�<~A�5�6�K,:�6�C�K@<O6�GJN=K�G,N=>?49G,EY5TG�6���� ZVE�8QN':�N¤c�E�{
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Decodificador de direcciones 
�_<eG�6�>?EYG�N�A�NO>�4�G�EY5BG�6JG�NO5�6�>�>?N=EYK�698d8Q6JN=ogZV<O6�o@6�K,:��S6�KIA�EY5�oq4�8�:�4�KVG,495�G�]¡C�:�NO<ON=��4�KVG,E�G,E�8�>?EYoJZV4�5�49G,EY5�698nG�6p�J;�N�:�8
P���U �,�YR�� � �Y\�]#��CV6@>�EYK�6�>�:}4�G�E�8¢6�K7>�4Y8�>�4�G�4qZV6�5�oqN':�6�K7>�EYogZV4�5�495d<O4Y8d8�6�N�8B<O�OKV6?4+8d82C�ZV6?5�N=EY5�6�8BG�6JG�NO5�6�>�>?N=�YK7P �d�I4
� /Y\��@6�< �dG�5�6�8F8e��KV4�;�<O6�P �B���p\#G,6�<�;,C%8T>?EYKpc�49<OEY5�698bZ�5�6�A�N DF4�G�E�8bZVEY5 �%�%$T·Tl?mF³�6�Kq<=4BZ�<O49>�4,{�|p6M6�8�:�4do@4�KV6?5�4+],>�EYK
G�N�A�6?5�6�K,:}6�8B>�EYop;�NOK�49>�NOEYK�698BG,6�G,NO>�W�E�8 � ��$T·Tl?mF³�]#8�6[Z�C�6�G�6JG�NO5�6�>?>�NOEYKV4�5�6�<#<O4?:�>�WIG�6I���J;�N':�8n6�KI6�<�Z�EY5�:	�	�	��] � �,��]
�,���JE���� �V],4d6�<O6�>�>?N=�YK�{
�dG�6?o@�+8aG�6d<OE�8�G�E�8a>�EYoJZV4�5�4�G�EY5�698�8Q6dNOoJZV<O6�o@6?K�:��[CVKJ;�<OEY�YC�6dG�6d<O�Y��NO>�4pPNOoJZV<O6�o@6?K�:�4�G�E[>�EYK@�[Z�C�6�5�:�4+8�� ���d|
����R��	���,\#�YC�6M>�C�oJZV<O6B<O4+8�8�NO��CVNO6�K,:�698bA�CVK�>�NOEYK�698��

�dK,:}6d>?49G,4pG�NO5�6�>?>�NOEYKV4�o@NO6�K,:�EJG�6�<¡ZVEY5�:#6�KS>�EYNOKV>?N=G,6�K�>�NO4p>�EYKqCVKS>�NO>�<OEpG,6M6�8�>�5�N�:OCV5�4dG,6�<�;,C~8�Pt�u&4®;�4�DFEY\
8�6¦49>�>?N=EYK�4�K®<OE�8�>�<OEY>��®G�6¦<=E�8�<O4?:}>?WV6�8��YC�6�<O<O6Fc�49Kª6�<7G,4�:�E«G�6?< ;,C%8�4¦<OE�8LZVEY5�:�8 G�6�<
o@NO>�5�EY>�EYK,:�5�EY<=4�G�EY5�{ �dG�6�o@�Y8@8Q6I��6�K�6�5�4�<=4�NOK�:�6�5�5�C,ZV>�NO�YKL6�UY:�6�5�K�4�G�6�<Bo@NO>�5�EY>�EYK,:�5�EY<O49G,EY5�{#�_K
698�:�6J>�4Y8�EI8�6[C�:�NO<ON=���JC�KIo@EYK�EY698�:�4�;�<=6JP��,�YR�� ��� ��\TZ�495�4J6�K%8Q49K�>�W�4�5�<O4g8Q6���49<#t�u&4 G�6�<%;,C%8F]~:�49<
�YCV6nZV5�EYG�CV��>�4d<O4dNOK�:�6�5�5�C,ZV>�NO�YK@G,6�<%o@NO>�5�EY>?EYK�:�5�EY<O4�G�EY5�{

�dK,:}6d>?49G,4pG�NO5�6�>?>�NOEYKV4�o@NO6�K,:�EJG�6�<¡ZVEY5�:#6�KS>�EYNOKV>?N=G,6�K�>�NO4p>�EYKgCVK@>�NO>�<OE[G�6B<=6?>�:OCV5�4dG�6?<�;,C~8�Pt�uB^�;�4�DFEY\T8Q6
49>�>?N=EYK�6�K�<O4Y8@<O�OK�6�4Y8@up� G�6I<OE�8J<O4�:�>�W�698g�YCV6I<O<O6Fc�4�K�6?<MG,4�:�E7G�6�<Bo@NO>�5�EY>�EYK,:�5�EY<O49G,EY5J49<�;,C~8r]
49>�>?N=EYK�4�K�G�Ev4�G�6?o@�+8�<O4�<O�OKV6?4�t���up�B� ���vG,6�<d;,C~8�{n�a82:}4L<O�OKV6?4�NOK�G�NO>�4L�YC�6H<O4�<O6�>�:OC�5�4�G,6F;�6
WV4�>�6�5F8Q6d6�KH���p;�N�:�8F]Y�qG�6F;�6p8Q6�5�49>?>�NOEYKV4�G�4[4d:�5�4�c�£98�G�6nCVK[;,C�A�A�6?5#:�5�N��82:}4?:�6�P ����R������,��\�Z�495�4dK�E
4�A�6?>�:�495e6�<�A�C�KV>?N=EYK�4�o@NO6�K,:�EpG�6?<�;,C~8�{

Latch 
�_<d<O4?:�>�W�G�6����7;�N':�8[;�NOG�NO5�6�>�>�NOEYK�4�<d698�:��7NOoJZV<O6�o@6?K�:�4�G�EH>?EYK�>�CV4?:�5�E7A�<ON�Z~}A�<OE�Z~8qEY>�:�49<O698g:�N'Z�E�|¨P��U ����R��V� �,��\�]
>�EYK�6�>�:�4�G�E@>?EYo@E�8�6[oJCV6�8�:�5�4J6�KI6�<#>�NO5�>�C�N':�E@6�8��YC�6�o@�?:�N=>?E�{�RT4[ZV4�<O4�;�5�4JG,6 ���J;�N�:�8��YC�6�c�4pG�6?<-o@NO>�5�EY>?EYK�:�5�EY<O4�G�EY5
4�<-;,C~8B6�8B>�495��,49G,4@6�K�<=E�8nA�<=N�Z%OA�<OE�Z%8@���I�q49>�>?N=EYK�4�K�G�E@<OE�8n>�<OEY>��~8nG�6[£98�:�E�8F],�S698n<=6?�=G,4J49>�>?N=EYK�4�K�G�E@<OE�8nup�B{�RT4
ZV4�<O4�;�5�4S�YC�6pc�4@G,6�<-;,C%8B49<eo@NO>�5�EY>�EYK,:�5�EY<=4�G�EY5B698B>�4�5���4�G�4q6�KX<OE�8nA�<ON�Z~}A�<OE�Z~8��@�I�I4�>�>�NOEYK�4�KVG,E�<OE�8B>�<OEY>��%8F]��I6�8
<O6��OG�4d4�>�>�NOEYK�49K�G,Ep<OE�8eup�B{

Microcontrolador 
��6 C�:�NO<ON=���v<O4Hc�6�5F8QNO�YK �d` ��/�� ����P �B:�o@6�<O\SG�6�<Jo@NO>�5�EY>�EYK,:�5�EY<O49G,EY5 �,���-�7G,6Ht�K�:�6�<�{n�a8SC�K�4�NOoJZ�<=6?o@6�K,:�49>�NO�YK
� �HuJ�J>�EYKJ�T�e3%^�u���]���CV6nZV6�5�oqN':�6d8�CJA�C�KV>?N=EYK�4�o@NO6�K,:�Ep>�EYK@>?<=EY> �~8e6�UY:�6�5�K�E�8eG�6BW�4+82:�4��	�%� �d��{
�_<#oqN=>?5�EY>�EYK,:}5�EY<O4�G�EY5M8Q6p>�EYK�6�>�:}�q49<#<O4?:}>?WSC�:�NO<=NO��49K�G,E@G�E�8aZVEY5�:�8nG�6 �¢;�N':�8�P}3a���g3 ��\r{Y�B:�N=<ONO��4p<O4p<O�OK�6�4d3 �¡{}�nZ�495�4
��6?KV6?5�495�<O4pNOK,:�6�5�5�C�Z�>�NO�YK��q>�495��,495�6�<�<O4�:�>�W%]Y�q<O4p<O�OKV6?4d3 �¡{ �JZ�495�4[<=6?6�5�<OE�{�`TEYG,E�8T<OE�8e5�6�>�C�5F8�E�8eK�EdC,:}NO<ONO�94�G�E�8e6982:��9K
G�N�82ZVEYK�N¤;�<=6�8#Z�495�4d<O4Y8eG�N�A�6�5�6�K,:�698eNOoJZV<O6�oq6�K,:}4�>�NOEYK�698�{
�§<O4�<O�OK�6�4LG�6HNOK,:�6�5�5�C�Z�>�NO�YKµ8�67<O6749�,5�6���� CVK�D�C�6���ELG�6JD�C�oJZV6?5F8F]B�YC�6�ZV6�5�o@N�:�67>�EYK�6�>�:�4�5�<=4 4H<O4+8S<O�OK�6�4+8SG,6
NOK,:}6?5�5�C�ZV>?N=�YKqG�6�<�;,C%8 ��] �V]#���[C����?]�8�6����VK�8Q6MG,698�6�6�{
��<O4p<O�OKV6?4d3 �¡{ ��8Q6d<=6d>?EYKV6?>�:��pC�K�<O6�G�]��YC�6p8�6do@EYK,:��J6�KS6�<%Z�49K�6�<¡A�5�EYK,:�49<�{Y��8�:�4�8Q6���49<¡Z�C�6�G�6p8Q6�5#C,:�N=<ONO��49G,4d>�EYo@E
NOK�G�NO>�4�G�EY5TG,6M4�>�:�N¤c�NOG�4�G%{

Esquemáticos 
�v>?EYK�:�NOK,CV4�>�NO�YK�8�6nZV5�6�8�6�K,:�49Kq<=E�8�8QN=��CVNO6�K,:�698e698���CV6�oq��:�NO>�E�8��

��uJ�¡�
�

��� ��|pNO4���5�4�o@4d6�Kp;�<OEY�YC�698��J>�EYK�6�U�NOEYK�4�G�E�{
��uJ�¡�

�

�#�,����EYK,:�5�EY<%4�K�49<O�Y��NO>�E[G�6�c�6�<OEY>�NOG�4�G%{
��uJ�¡�

�

� � ���e:}4?ZV4dG,6�Z�E�:�6�K�>�NO4��[|p6�:�6�>�:�EY5TG,6M>�5�C�>�6nZVEY5T>?6�5�E�{
��uJ�¡�

�

���4����K�:�5�4�G�4d4�<%>�EYK,:�49G,EY5-� �B6�K�6�5�4�G�EY5eG�6B5�6�A�6�5�6?KV>?N=4dG,6_c�6?<=EY>?N=G,49G¡{
��uJ�¡�

�

�,� ��3-<O4�>�4 µ� ¶����,6�K�£�5�NO>�4,{
��uJ�¡�

�

���4����EYKYc�6�5F8QEY5 ���O|@{
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Apéndice III 
El software del experimento 

�_K�698�:�6J4?ZV£�K�G�NO>�6@8Q6pZ�5�698�6?K�:�4@6?<T>��YG,N=�,E�>?EY5�5�698�Z�EYKVG,NO6�K,:}6[4J<=4Y8nG�N�A�6�5�6�K,:�698n>�4?ZV4Y8�G,6�8�E�A:=�d4�5�6dC�:�NO<ONO�94�G�4Y8�6?KI<=4
NOoJZV<O6�oq6�K,:}4�>�NO�YKIG�6?<#6�UYZ�6�5�NOo@6�K,:�E�{-��6[oJCV6�8�:�5�49KI<O4Y8�G,E�8�E�Z�>�NOEYK�698�G,6p4�>�>�698QE@4�<#WV4�5�GY�d4�5�6po@6�K�>�NOEYK�4�G�4Y8�6�KS6�<
��hr·��Ow ��k 	 9 �@<O4�NOoJZ�<=6?o@6�K,:�49>�NO�YK¦3-uJ�,t��@{��H�¦<O4�N=ogZV<O6�o@6�K,:�4�>�NO�YK¦^a`bRTNOK�C�UV]nD�C�K�:�E�>?EYK«6�DF6�ogZV<OE�8HG,6µ82C
C�:�NO<ONO�94�>�NO�YK�{�3-EY5 ��<�:}NOo@EI8�6[Z�5�698�6�K,:�4@6�<#>?�YG�NO��E@G,6p<O4JNOK�:�6�5�A�49�JG�6¢C~82CV4�5�N=E�]¡698Q>�5�N�:}4J6�KI`e>�<2��`3�-{,�_<#<ON�8�:�4�G�E@G,6p<O4Y8
NOoJZV<O6�oq6�K,:}4�>�NOEYK�698 µ� l	��¨Z�495�4ª<O4+8µZV<O49>?4+8�K�E®8�6¦Z�5�698�6?K�:�4´<=N�82:}4�G�E�]�G�6F;�NOG�Eª4ª8�C 6�U�:�6�K%8�NO�YK�{I3%CV6?G�6�K
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RTE�8BG�5�N¤c�6�5F8B6�8�ZV6?>���A�NO>�E�8nZV4�5�4@<O4+8nZ�<O49>�4Y8&��	�iVwOh�j�	YmM� ��	�iVw�m 	,kOh�j 	�m�P�NOoJZ�<O6�o@6�K,:�49G,4+8nC,:�N=<ONO��49K�G�EI8�6?KVG,4+8aZV<O4�>�4Y8
µ� ¶��B\eZ�C�6�G�6�KI6?KV>?EYK�:�5�4�5F8�6[6�KI6�<#G�N�8 �V6�:O:�6p��CV6d4�>�EYoJZV4 ��4p4[698�:�4d:�698QN�8F]�DQCVK,:�E�>?EYK�<OE�8 �Lh��+l�xY²=kOlB�@6�Dr6�oJZV<OE�8�G,6
4?ZV<ONO>�49>?N=�YK%],<ON�8�:�E�8bZV4�5�4p8�6�5bC�:�NO<=NO��49G,E�8�{

 
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
/ /  udaq. c 
/ /  Char act er  Devi ce Dr i ver  genér i co par a l a pl aca µUDAQ 
/ /  
/ /  Cr ear  el  devi ce en el  f i l esyst em con el  comando:  
/ /   mknod / dev/ udaq c UDAQ_MAYOR UDAQ_MENOR 
/ /  
/ /  Al ej andr o Vei ga 
/ /  Pr i mer a ver s i ón:  Juni o de 1997 
/ /  Updat e:  Febr er o de 1999 
/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
 
/ /  Ker nel  i nc l udes ( ver  man pages)  
 
#i nc l ude <l i nux/ modul e. h> 
#i nc l ude <l i nux/ mm. h> 
#i nc l ude <l i nux/ er r no. h> 
#i nc l ude <l i nux/ ker nel . h> 
#i nc l ude <l i nux/ maj or . h> 
#i nc l ude <l i nux/ sched. h> 
#i nc l ude <l i nux/ mal l oc. h> 
#i nc l ude <l i nux/ i opor t . h> 
#i nc l ude <l i nux/ f cnt l . h> 
#i nc l ude <l i nux/ del ay. h> 
#i nc l ude <t i me. h> 
#i nc l ude <asm/ i o. h> 
#i nc l ude <asm/ segment . h> 
#i nc l ude <asm/ syst em. h> 
#i nc l ude <sys/ i oct l . h> 
 
/ /  Est os val or es deben coi nc i di r  con el  set eo de j umper s 
/ /  en l a pl aca.  
#def i ne UDAQ_PORT  0x380 
#def i ne UDAQ_I RQ  7 
 
/ /  Est os val or es deben coi nc i di r  con l os de / dev/ udaq 
#def i ne UDAQ_MAYOR  33 
#def i ne UDAQ_MENOR  0 
 
/ /  1:  ver bose,  0:  s i enci oso 
#def i ne UDAQ_DEBUG    1 
 
/ /  1:  ocupado,  0:  l i br e 
#def i ne UDAQ_BUSY  1 
#def i ne UDAQ_FREE  0 
 
/ /  GLOBALES 
/ /  Wai t  queue ut i l i zada por  el  r ead,  par a que l a i nt er r upci ón l o despi er t e.  
s t r uct  wai t _queue * udaq_wai t _q;  
/ /  Decl ar aci ón del  f or mat o de dat os ( 16 bi t s)  
unsi gned shor t  dat a_out ;    
i nt  udaq_busy = UDAQ_FREE;  
i nt  i r q = UDAQ_I RQ;  
 
 
/ / ==================================================== 
/ /   
/ /  Rut i na de at enci ón de l a i nt er r upci ón pr oveni ent e 
/ /  de l a pl aca µDAQ.  
/ /  
/ / ==================================================== 
st at i c  voi d 
udaq_i r q( i nt  i r q)  
{  
#i f def  UDAQ_DEBUG 
 pr i nt k( KERN_DEBUG " udaq_i r q:  i nt er r upci ón r ec i bi da. \ n" ) ;  
#endi f  
 
 / /  Sol ament e despi er t o al  r ead ( s i  es que habi a uno dor mi do)  
 wake_up( &udaq_wai t _q) ;  
 
#i f def  UDAQ_DEBUG 
 pr i nt k( KERN_DEBUG " udaq_i r q:  r ead desper t ado. \ n" ) ;  
#endi f  
}  
/ / ==================================================== 
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/ / ==================================================== 
/ /  
/ /  I mpl ement aci ón de l as l l amadas 
/ /  open,  r ead,  wr i t e y  c l ose 
/ /  
/ / ==================================================== 
 
/ / ==================================================== 
st at i c  i nt   
udaq_open( st r uct  i node *  i node,  s t r uct  f i l e *  f i l e)  
/ / ==================================================== 
{  
 unsi gned i nt  menor  = MI NOR( i node- >i _r dev) ;  
 i nt  r et _code;  
 
 / /  Ver i f i co el  val or  de MENOR 
 i f  ( menor  ! = UDAQ_MENOR)  
  r et ur n - ENODEV;  
 
 / /  Si  no est á ocupada,  l a ocupo.  
 i f  ( udaq_busy ==  UDAQ_BUSY)  
  r et ur n - EBUSY;  
      udaq_busy = UDAQ_BUSY;  
 
 
 / /  Sol i c i t o l a i nt er r upci ón y ver i f i co er r or es 
 r et _code = r equest _i r q( i r q, ( voi d * ) udaq_i r q,   

SA_I NTERRUPT, " udaq" , NULL) ;  
 i f  ( r et _code)  {  
         pr i nt k( KERN_WARNI NG " udaq:  no pudo i ni c i al i zar se l a i r q. \ n" ) ;  
  r et ur n r et _code;  
 }  
 
#i f def  UDAQ_DEBUG 

pr i nt k( KERN_DEBUG " udaq_open:  di sposi t i vo abi er t o e i r q \  
ex i t osament e i nst al ada. \ n" ) ;  

#endi f  
r et ur n 0;  

}  
 
/ / ==================================================== 
st at i c  i nt   
udaq_r ead( st r uct  i node *  i node,  s t r uct  f i l e *  f i l e,  
  char  *  buf ,  i nt  count )  
/ / ==================================================== 
{  
 shor t  dat a = 0xf f f f ;  
 
 / /  Sol o acept a una pal abr a de dat os a l a vez.  
 i f ( count ! =1)  r et ur n - EI NVAL;  
 
#i f def  UDAQ_DEBUG 
 pr i nt k( KERN_DEBUG " udaq_r ead:  yendo a dor mi r . \ n"  ) ;  
#endi f  
 
 / /  Esper o l a i nt er r upci ón de har dwar e 
 i nt er r upt i bl e_sl eep_on( &udaq_wai t _q) ;  
 
#i f def  UDAQ_DEBUG 
 pr i nt k( KERN_DEBUG " udaq_r ead:  desper t ado por  i r q. \ n"  ) ;  
#endi f  
 
 / /  Leo el  dat o que enví a l a pl aca haci a l a memor i a del  ker nel  
 dat a = i nb_p( UDAQ_PORT) ;  
 
#i f def  UDAQ_DEBUG 
 pr i nt k( KERN_DEBUG " udaq_r ead:  Dat o l ei do:  %d. \ n" ,  dat a) ;  
#endi f  
 
 / /  Enví o el  dat o a l a memor i a de pr ogr ama ut i l i zando el   

/ /  buf f er  de car act er es 
 put _f s_wor d( dat a,  buf ) ;  
 
#i f def  UDAQ_DEBUG 
 pr i nt k( KERN_DEBUG " udaq_r ead:  Dat o envi ado al  pr ogr ama. \ n" ) ;  
#endi f  
 
 r et ur n 0;  
}  
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/ / ==================================================== 
st at i c  i nt   
udaq_wr i t e( st r uct  i node *  i node,  s t r uct  f i l e *  f i l e,  
  const  char  *  buf ,  i nt  count )  
/ / ==================================================== 
{  
 shor t  dat a = 0;  
 
 / /  Tomo l a pal abr a a envi ar  desde l a memor i a de pr ogr ama 
 dat a = get _f s_wor d( buf ) ;  
 
#i f def  UDAQ_DEBUG 
      pr i nt k( KERN_DEBUG " udaq_wr i t e:  r ec i bi do:  %d. \ n" ,  dat a) ;  
#endi f  
 
 / /  Enví o el  dat o al  por t  
 out b_p( dat a,  UDAQ_PORT) ;  
 
#i f def  UDAQ_DEBUG 
      pr i nt k( KERN_DEBUG " udaq_wr i t e:  pal abr a envi ada. \ n" ) ;  
#endi f  
 
 r et ur n 0;  
 
}  
 
/ * ====================================================* /  
s t at i c  voi d  
udaq_cl ose( st r uct  i node *  i node,  s t r uct  f i l e *  f i l e)  
/ * ====================================================* /  
{  

f r ee_i r q( i r q, NULL) ;  
udaq_busy  = UDAQ_FREE;  

 
#i f def  UDAQ_DEBUG 

pr i nt k( KERN_DEBUG " udaq_cl ose:  di sposi t i vo e i r q l i ber ados. \ n" ) ;  
#endi f  
}  
 
/ / ==================================================== 
/ /  Por  úl t i mo,  l a i nt er f az con el  ker nel :   
/ /  f i l e_oper at i ons,  i ni t _modul e y c l eanup_modul e 
/ / ==================================================== 
 
/ / ==================================================== 
/ /  Regi st r o l as oper aci ones en el  ker nel  
/ / ==================================================== 
st at i c  s t r uct  f i l e_oper at i ons udaq_f ops = {  
     NULL,   / /  seek no i mpl ement ado 
     udaq_r ead,   
     udaq_wr i t e,  

NULL,   / /  r eaddi r  no i mpl ement ado 
     NULL,   / /  sel ect  no i mpl ement ado 
     NULL,   / /  cont r ol  no i mpl ement ado 
     NULL,   / /  mmap no i mpl ement ado 
     udaq_open,  
 udaq_cl ose 
} ;  
 
/ / ==================================================== 
i nt   
i ni t _modul e( voi d)   
/ / ==================================================== 
{  
#i f def  UDAQ_DEBUG 
 pr i nt k( KERN_DEBUG " udaq: \ n" ) ;  
 pr i nt k( KERN_DEBUG " udaq: \ n" ) ;  
 pr i nt k( KERN_DEBUG " udaq:  i ni t _modul e:  comenzando i ni c i al i zaci ón. \ n" ) ;  
#endi f  

/ /  Regi st r o el  devi ce dr i ver  ut i l i zando el  númer o MAYOR 
i f  ( r egi st er _chr dev( UDAQ_MAYOR,  " udaq" ,  &udaq_f ops) )  {  

    pr i nt k( KERN_ERR " r egi st er _chr dev f ai l ed:  goodbye wor l d : - ( \ n" ) ;  
    r et ur n - EI O;  
 }   
#i f def  UDAQ_DEBUG 
 el se pr i nt k( KERN_DEBUG " udaq:  dr i ver  r egi st r ado. \ n" ) ;  
#endi f  

r et ur n 0;  
}  
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/ / ==================================================== 
voi d 
c l eanup_modul e( voi d)   
/ / ==================================================== 
{  
#i f def  UDAQ_DEBUG 

pr i nt k( KERN_DEBUG " udaq:  c l eanup_modul e cal l ed\ n" ) ;  
#endi f  
 / /  Ver i f i co que no est é ocupado 

i f  ( udaq_busy)  {  
      pr i nt k( KERN_WARNI NG " udaq:  di sposi t i vo ocupado;  el   

módul o no pudo r et i r ar se\ n" ) ;  
  r et ur n - EBUSY;  
 }  
 / /  El i mi no del  ker nel  
   i f  ( unr egi st er _chr dev( UDAQ_MAYOR,  " udaq" )  ! = 0)  {  
      pr i nt k( " udaq:  c l eanup_modul e f ai l ed\ n" ) ;  
    r et ur n - EI O;  
 }  
#i f def  UDAQ_DEBUG 

el se  
      pr i nt k( KERN_DEBUG " udaq:  c l eanup_modul e succeeded\ n" ) ;  
#endi f  
 
}  
 

Makefile 
�a82:�6�4�5�>�W�N¤c�E�]�D�C�K�:�ES>�EYKI6�<�C,:}NO<ON�:�495�NOE $ph��+lY]�Z�6�5�o@N�:�6p6�<#>?EYoJZVNO<O49G,E@6pNOK%8�:�4�<O49>�NO�YKIG,6�<#o@�YGYC�<OE@>�EY5�5�6982ZVEYK�G�NO6�K,:�6
4�<-j,l�±Y²Oz9l[jYm�²�±Yl�mBG�6d<O4dZ�<=4�>�4[��6�K�£�5�NO>�4,{%�p��:�698�6d<O4¢C�:�NO<=NO��49>?N=�YKqG�6B<=E�8bA�<O4��V8eG�6BE�Z�:�NOo@NO��49>�NO�YK@G,6Moq�YGYCV<OE�8bZV4�5�4d6�<
>�EYoJZ�NO<=4�G�EY5�{

 
CC=gcc 
CFLAGS = - Wal l  - Wst r i c t - pr ot ot ypes - O2 - f omi t - f r ame- poi nt er  \  
         - f no- st r engt h- r educe - pi pe - m486  
MODCFLAGS : = $( CFLAGS)  - DMODULE - DMODVERSI ONS - DCPU=486 - DEXPORT_SYMTAB \  
             - D__KERNEL__ - DLI NUX  
 
al l :   udaq. o 
 
udaq. o:  udaq. c udaq. h 
   $( CC)  $( MODCFLAGS)  - c - o udaq. o udaq. c 
 
i nst al l :  udaq. o 
   i nsmod udaq. o 

l smod 
 

Ejemplo de programa de aplicación en C 
 

/ /  Est e ej empl o muy s i mpl e muest r a cómo el  nuevo  
/ /  di sposi t ovo de Li nux,  accesi bl e desde / dev/ daq  
/ /  una vez que el  módul o ant er i or  est á i nst al ado,  
/ /  puede ser  manej ado en f or ma i dént i ca a un ar chi vo.  
#i nc l ude <st di o. h> 
#i nc l ude <f cnt l . h> 
#i nc l ude " udaq. h"  
 
voi d mai n( ) {  
 
 i nt  f d;  
 shor t  dat a = 0x0f f f ;  
 
 / /  Abr o el  di sposi t i vo,  ver i f i cando er r or es posi bl es 
 f d = open( " / dev/ udaq" , O_RDWR) ;  
 i f  ( f d<0)  {  
  per r or ( " No pudo abr i r se el  di sposi t i vo. " ) ;  
  ex i t ( - 1) ;  
 }  
 pr i nt f ( " Di sposi t i vo abi er t o. \ n" ) ;  
 
 / /  Escr i bo una pal abr a de 16 bi t s  
 wr i t e( f d, &dat a, 1) ;   
 
 / /  Leo una pal abr a de 16 bi t s ,  s i ncr oni zado con l a i nt er r upci ón 
 r ead( f d, &dat a, 1) ;  
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 pr i nt f ( " Pal abr a l ei da:  %d\ n" , dat a) ;  
 
 / /  Ci er r o el  di sposi t i vo y sal go 
 c l ose( f d) ;  
 ex i t ( 0) ;  
 
}  

La aplicación RTLinux 
�dKV4�49<�:�6�5�K�4?:}N¤c�4�4v<O4�C,:}NO<ONO�94�>�NO�YK¦G�6�<OE�87G�5�N¤c�6�5F8 3-uJ�,t��@{���8Q6HZ�5�698�6?K�:���49K,:�6�5�NOEY5�o@6�K,:�6Y{ �d�YC���8�6L<ON}82:�4�<=4
4?ZV<ONO>�49>?N=�YKq>�EYoJZV<O6�:�4Y],>�EYK@<O4BC�:�NO<ON=��4�>�NO�YK@G�6B<OE�8T>�CV4?:}5�E¢s-ts-up8bZV4�5�4d6�<%4�>�>�698QEp4d<OE�8eG�4?:}E�8eG,6M<O4Y8#Z�<O49>�4Y8 µ� ¶ �[{
 

#def i ne MODULE 
 
#i nc l ude <l i nux/ modul e. h> 
#i nc l ude <l i nux/ ker nel . h> 
#i nc l ude <l i nux/ ver s i on. h> 
#i nc l ude <l i nux/ er r no. h> 
#i nc l ude <l i nux/ r t l _ver s i on. h> 
#i nc l ude <asm/ i o. h> 
#i nc l ude <asm/ r t _i r q. h> 
#i nc l ude <r t l _f i f o. h> 
 
#def i ne CONTROL 0x380 
#def i ne I RQ_CONTROL 5 
 
#def i ne CONTADOR 0x280 
#def i ne I RQ_CONTADOR 7 

 
unsi gned shor t  dat a;  
unsi gned shor t  msg;  
 
voi d i nt _cont ador ( voi d)  
{  
 dat a = i nw_p( CONTADOR) ;  
 r t f _put ( 1, &dat a, 2) ;  
}  
 
voi d i nt _cont r ol ( voi d)  
{  
 dat a = i nw_p( CONTROL) ;  
 r t f _put ( 2, &dat a, 2) ;  
}  
 
i nt  hand_cont ador ( unsi gned i nt  f i f o)  
{  
 r t f _get ( 3,  &msg,  2) ;   
 out w_p( msg,  CONTADOR) ;  
 r et ur n 0;  
}  
 
i nt  hand_cont r ol ( unsi gned i nt  f i f o)  
{  
 r t f _get ( 4,  &msg,  2) ;   
 out w_p( msg,  CONTROL) ;  
 r et ur n 0;  
}  
 
i nt  i ni t _modul e( voi d)  
{  
 r t f _cr eat e( 1,  4000) ;  
 r t f _cr eat e( 2,  4000) ;  
 r t f _cr eat e( 3,  4000) ;  
 r t f _cr eat e( 4,  4000) ;  
 r t f _cr eat e_handl er ( 3,  &hand_cont ador ) ;  
 r t f _cr eat e_handl er ( 4,  &hand_cont r ol ) ;  
 r equest _RTi r q( I RQ_CONTADOR,  i nt _cont ador ) ;  
 r equest _RTi r q( I RQ_CONTROL,  i nt _cont r ol ) ;  
 
 r et ur n 0;  
}  
 
voi d c l eanup_modul e( voi d)  
{  
 r t f _dest r oy( 1) ;  
 r t f _dest r oy( 2) ;  
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 r t f _dest r oy( 3) ;  
 r t f _dest r oy( 4) ;  
 f r ee_RTi r q( I RQ_CONTADOR) ;  
 f r ee_RTi r q( I RQ_CONTROL) ;  
}  

 

Makefile 
�a82:�6�4�5�>�W�N¤c�E�]TDQCVK,:�Ev>�EYK¥6�<JC�:�NO<ON�:}4�5�NOE $ph��+lvP�8�:�4�KVG,495�G�Z�495�4L:�EYG�4Y8�<O4+8�G�N�82:}5�N¤;,C�>�NOEYKV6�8SRTNOK,CVU�\�]BZ�6�5�o@N�:�6H6�<
>�EYoJZ�NO<=4�G�E[6MNOK%8�:�4�<O49>�NO�YK@G,6�<%o@�YG�CV<OEp<ON�8�:�4�G�E[49K,:�6�5�NOEY5�o@6�K,:�6Y{

 
I NCLUDE = / usr / sr c/ r t l / i nc l ude 
CFLAGS = - O2 - Wal l  
 
al l :  app moss i nst al l  
 
app:  app. c 
 gcc - I ${ I NCLUDE}  ${ CFLAGS}  - o app app. c 
 
moss:  r t l _moss. c 
 gcc - I ${ I NCLUDE}  ${ CFLAGS}  - D__KERNEL__ - D__RT__  - c  r t l _moss. c 
 
c l ean:  
 r m - f  app r t l _moss. o 
 
i nst al l :  
 r mmod r t l _moss 
 i nsmod r t l _moss 

 

Ejemplo de aplicación en Tcl/Tk 
�_<p8QNO�YCVNO6�K,:�6IZ�5�EY��5�4�o@4XG,6I4�Z�<ON=>?49>�NO�YK C�:�NO<ON=��4X6?<Mo@�YG�CV<OE�^�`#RTNOK,CVU7Z�5�698�6�K,:�4�G�E�ZV5�6Fc�NO4�o@6�K,:�69]#��ZV5�E�c�6�6SC�KV4
NOK,:}6?5�A�49���,5���A�N=>?4LZV4�5�4�6�<JC~82CV4�5�NOE�{M��8�:�4�698Q>�5�N�:}E�6?Kµ6?<�<O6�K���CV4�DF6HG,67ZV5�EY�,5�49o@4�>�NO�YK�`T>�<2��`3� -�4L6�<O>�W%]��0/ / � 1�]
G�N�82ZVEYK�N¤;�<=6B6�KJ:�EYG,4+8e<O4+8eG,N}82:�5�N ;,C�>�NOEYK�698eG�6nRTN=K,C�U%{

#! / usr / bi n/ bl t wi sh 
 
namespace i mpor t  bl t : : *  
 
# Cust om var i al bl es 
set  DI R " / home/ moss/ publ i c_ht ml "  
 
# Def i ni c i ones par a ut i l i zar  J t ool s ( Sel ect or  de ar chi vos,  pr ompt ,  et c . )  
set  j s t ool s_l i br ar y / usr / l i b/ j s t ool s 
set  j s t ool s_pkg [ f i l e j oi n $j s t ool s_l i br ar y pkg]  
set  aut o_pat h  [ concat   [ l i s t  $j s t ool s_pkg]   [ l i s t  $j s t ool s_l i br ar y]   $aut o_pat h]  
#set  bg_col or  [ j : pr ompt _col our _r gb]  
#put s $bg_col or  
set  col or  " #d5cbb3"  
 
# Set eo de T_MAX T_MI N y T_STEP desde el  ar chi vo de conf i gur aci on 
sour ce . / Mossbauer . conf  
set  DI M [  expr  ( (  $T_MAX -  $T_MI N )  /  $T_STEP)  + 1 ]  
set  RUN 0 
set  TI EMPO_MAX 10000 
 
set  i  1 
set  t emp 0 
set  cuent as 0 
set  cuent as_ 0 
set  canal  0 
set  t i empo 0 
set  set _poi nt  0 
 
set  f ont  " * - ut opi a- bol d- r - nor mal - - 16- * - * - * - * - * - * - * "  
 
set  FI FO1 [ open " / dev/ r t f 1"  r ]  
set  FI FO2 [ open " / dev/ r t f 2"  r ]  
set  FI FO3 [ open " / dev/ r t f 3"  w]  
set  FI FO4 [ open " / dev/ r t f 4"  w]  
set  LOG1  [ open " $DI R/ cont ador . l og"  w]  
set  LOG2  [ open " $DI R/ cont r ol . l og"  w]  
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pr oc Cont ador  { }  {  
 
 gl obal  cuent as_ cuent as FI FO1 i  canal  yVect H DI M RUN LOG1 
 
    i f  {  $RUN == 0 }  {  
 bi nar y scan [ r ead $FI FO1 2]  s  dat a 
 set  cuent as [ expr  $dat a *  40]  
    }  
  
    i f  {  $RUN == 1 }  {  
 bi nar y scan [ r ead $FI FO1 2]  s  dat a 
 set  cuent as [ expr  $dat a *  40]  
 set  yVect H( $canal )  [ expr  $yVect H( $canal )  + $dat a]  
 i f  {  $i  == 40 }  {  
 # set  cuent as " [  i nt  $yVect H( $canal ) ]  c / seg"  
  set  i  0 
  i ncr  canal  
 }  
 i f  {  $canal  == $DI M }  {  
  Sal var Todo 
  set  RUN 0 
  put s $LOG1 " END :  [  exec dat e +%H: %M: %S ] "  
  f l ush $LOG1 
  set  canal  0 
 }  
 i ncr  i  
    }  
 
}  
 
pr oc Cont r ol  { }  {  
 gl obal  t emp FI FO2 TI EMPO_MAX  
 gl obal  t i empo set _poi nt  xVect  yVect T yVect S 
 
 bi nar y scan [ r ead $FI FO2 2]  s  dat a 
 set  t emp $dat a  
 set  xVect ( ++end)  $t i empo 
        set  yVect T( ++end)  $t emp 
        set  yVect S( ++end)  $set _poi nt  
        i f  {  $t i empo > $TI EMPO_MAX }  {  
         xVect  del et e 0 
         yVect T del et e 0 
         yVect S del et e 0 
        }  
        i ncr  t i empo 
 
}  
 
pr oc Sal var Todo { }  {  

gl obal  DI R T_MI N T_MAX T_STEP DI M xVect H yVect H 
 set  HTML1 [ open " $DI R/ cont ador . ht ml "  w]  
 set  HTML2 [ open " $DI R/ cont r ol . ht ml "  w]  
 set  DAT1  [ open " $DI R/ cont ador . dat "  w]  
 set  DAT2  [ open " $DI R/ cont r ol . dat "  w]  
 

put s $DAT1 " [  exec dat e +%H: %M: %S ] "  
 put s $HTML1 " <TI TLE>Cor r i da f i nal i zada [  exec dat e +%H: %M: %S ] </ TI TLE>"  

put s $HTML1 " <BODY BGCOLOR=#CCCCCC>"  
put s $HTML1 " <H3>Hi st ogr ama t er mi nado [ exec dat e +%H: %M: %S] </ H3>"  
f or  { set  j  0}  { $j  < $DI M}  { i ncr  j }  {  

                put s $DAT1 " $xVect H( $j )   $yVect H( $j ) "   
                put s $HTML1 " $xVect H( $j )   - >  $yVect H( $j )  <BR>" }  
     put s $HTML1 " </ BODY>"  
 
 c l ose $HTML1 
 c l ose $HTML2 
 c l ose $DAT1 
 c l ose $DAT2 
}  
 
pr oc SendCont ador  {  par am }  {  
 
        gl obal  FI FO3 
 
        i f  {  $par am == 10 | |  $par am == " Di v2"  }  {  
                put s - nonewl i ne $FI FO3 [  bi nar y f or mat  s  65026 ]  
  # 65024 + $di v i sor  
        }  
        i f  {  $par am == 4 | |  $par am == " Reset "  }  {  
                put s - nonewl i ne $FI FO3 [  bi nar y f or mat  s  65284 ]  
        }  
        i f  {  $par am == 3 | |  $par am == " NoGat e"  }  {  
                put s - nonewl i ne $FI FO3 [  bi nar y f or mat  s  65283 ]  
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        }  
        i f  {  $par am == 2 | |  $par am == " Gat e"  }  {  
                put s - nonewl i ne $FI FO3 [  bi nar y f or mat  s  65282 ]  
        }  
        i f  {  $par am == 1 | |  $par am == " St ar t "  }  {  
                put s - nonewl i ne $FI FO3 [  bi nar y f or mat  s  65281 ]  
        }  
        i f  {  $par am == 0 | |  $par am == " St op"  }  {  
                put s - nonewl i ne $FI FO3 [  bi nar y f or mat  s  65280 ]  
        }  
        i f  {  $par am > 10 }  {  
                put s - nonewl i ne $FI FO3 [  bi nar y f or mat  s  [  expr  65525 -  $par am ]  ]  
        }  
 
        f l ush $FI FO3 
}  
 
pr oc SendCont r ol  {  num }  {  
 gl obal  FI FO4 set _poi nt  
 set  set _poi nt  $num 
 put s - nonewl i ne $FI FO4 [  bi nar y f or mat  s  $num ]  

f l ush $FI FO4 
}  
 
# I NI T 
pr oc I ni t  { }  {  
      gl obal  T_MAX T_MI N T_STEP DI M 
 gl obal  xVect H yVect H LOG1 LOG2 canal  i  
 gl obal  xVect  yVect T yVect S 
 
 put s $LOG1 " I NI T:  [  exec dat e +%H: %M: %S ]  "  
 put s $LOG2 " I NI T:  [  exec dat e +%H: %M: %S ]  "  
 f l ush $LOG1 
 f l ush $LOG2 
 
 set  canal  0  
 set  i  1  
 
 # I ni c i al i zaci on de vect or es de r egi st r o de t emper at ur a 
 vect or  xVect ( 0)  
 vect or  yVect T( 0)  
 vect or  yVect S( 0)  
 
 # I ni c i al i zaci on de vect or es par a el  hi s t ogr ama 
 vect or  xVect H( $DI M)  yVect H( $DI M)  
 set  acc $T_MI N 
 f or  { set  j  0}  { $j  < $DI M}  { i ncr  j }  {  
         set  xVect H( $j )  $acc 
         set  yVect H( $j )  0 
  set  acc [  expr  $acc + $T_STEP ]  
 }  
 
}  
 
# QUI T 
pr oc Qui t  { }  {  
 gl obal  FI FO1 FI FO2 FI FO3 FI FO4 LOG1 LOG2 
 
 SendCont r ol  0 
 
 Sal var Todo 
 put s $LOG1 " QUI T:  [  exec dat e +%H: %M: %S ]  "  
 put s $LOG2 " QUI T:  [  exec dat e +%H: %M: %S ]  "  
      c l ose $FI FO1 
     c l ose $FI FO2 
      c l ose $FI FO3 
      c l ose $FI FO4 
 c l ose $LOG1 
 c l ose $LOG2 
 
 dest r oy .  
}  
 
# I ni c i al i zaci ones var i as 
I ni t  
 
############################################################### 
# GUI  
 
# Col or  de f ondo y t i t ul o 
.  conf i gur e - bg gr ay 
wm t i t l e .  " Mossbauer "  
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f r ame . menu - r el i ef  r ai sed - bor der wi dt h 2 
menubut t on . menu. hel p - t ext  Hel p - menu . menu. hel p. m - under l i ne 0 
menu . menu. hel p. m 
. menu. hel p. m add command - l abel  " About "  - under l i ne 0 \  
        - command {   }  
menubut t on . menu. f i l e - t ext  Fi l e - menu . menu. f i l e. m - under l i ne 0 
menu . menu. f i l e. m 
. menu. f i l e. m add command - l abel  " Run"  - under l i ne 0 \  
        - command {   
  i f  { $RUN == 1}  {  j : al er t  - t ext  " Al r eady r unni ng" } ;   
  i f  { $RUN == 0}  {  set  RUN 1;   
  put s $LOG1 " RUN :  [ exec dat e +%H: %M: %S] " ;   
  f l ush $LOG1 }  
  }  
. menu. f i l e. m add command - l abel  " St op"  - under l i ne 0 \  
        - command {   
  i f  { $RUN == 0}  {  j : al er t  - t ext  " Al r eady st opped" } ;  
                i f  { $RUN == 1}  {  set  RUN 0;  
  put s $LOG1 " STOP:  [ exec dat e +%H: %M: %S] " ;   
  f l ush $LOG1 }  
  }  
. menu. f i l e. m add command - l abel  " Reset "  - under l i ne 0 \  
        - command {  I ni t  }  
. menu. f i l e. m add command - l abel  " Cambi ar  Temp"  - under l i ne 0 \  
        - command {   
  set  t emp_set  [ j : pr ompt  - t ext  " Ent r e l a nueva t emper at ur a"  \  
                - t i t l e " Temper at ur a" ] ;   
  SendCont r ol  $t emp_set ;   
  put s $LOG1 " TEMP:  [ exec dat e +%H: %M: %S ]  t o $t emp_set " ;   
  f l ush $LOG1  
  }  
. menu. f i l e. m add command - l abel  " Qui t "  - under l i ne 0 \  
        - command {  Qui t  }  
 
l abel  . cuent as - t ext var i abl e cuent as - f ont  $f ont  - r el i ef  sunken - bg $col or  \  
 - wi dt h 8 
l abel  . t emp - t ext var i abl e t emp - f ont  $f ont  - r el i ef  sunken - bg $col or  \  
        - wi dt h 8 
# Pl ot  est i l o Fi s i ca 
gr aph . h - t i t l e " Cuent as vs.  Temper at ur a"  - bg gr ay \  
        - pl ot backgr ound whi t e  \  
        - hei ght  2i  - wi dt h 5i  
. h gr i d conf i gur e - hi de no 
. h ax i s  conf i gur e x - mi n $T_MI N - max $T_MAX 
. h el ement  cr eat e T - xdat a xVect H - ydat a yVect H - l i newi dt h 0 \  
        - symbol  cr oss - pi xel  0. 025i  \  
        - col or  #222222 - l abel  " "  
 
gr aph . gT - t i t l e " Regi st r o de t emper at ur a"  - bg gr ay \  
        - pl ot backgr ound whi t e  \  
        - hei ght  1. 8i  - wi dt h 5i  
. gT axi s  conf i gur e y - mi n $T_MI N - max $T_MAX 
. gT gr i d conf i gur e - hi de no 
. gT el ement  cr eat e T - xdat a xVect  - ydat a yVect T - symbol  " "  \  
        - col or  #AA0000 - l abel  " "  
 
gr aph . gS - t i t l e " Regi st r o de t emper at ur a pr ogr amada"  - bg gr ay \  
        - pl ot backgr ound whi t e  \  
        - hei ght  1. 8i  - wi dt h 5i  
. gS axi s  conf i gur e y - mi n $T_MI N - max $T_MAX 
. gS gr i d conf i gur e - hi de no 
. gS el ement  cr eat e T - xdat a xVect  - ydat a yVect S - symbol  " "  \  
        - col or  #00AA00  - l abel  " "  
 
# PACK 
t abl e .  . menu 0, 0 - f i l l  x  - cspan 10 
t abl e . menu . menu. f i l e 0, 0 
t abl e . menu . menu. hel p 0, 25 
t abl e .  . cuent as 1, 0 - cspan 1 
t abl e .  . t emp 1, 1 - cspan 1 - padx { 0 5}  
t abl e .  . h 2, 0 - cspan 2 - padx { 0 15}  
t abl e .  . gT 3, 0 - cspan 2 - padx { 0 15}  
t abl e .  . gS 4, 0 - cspan 2 - padx { 0 15}  
 
######################################################### 
# I ni c i al i zaci on del  Cont ador  y  el  Cont r ol .  Ar r anque.  
SendCont r ol  [  expr  65280 + 10 ]   
SendCont r ol  0 
SendCont ador  41660 
f i l eevent  $FI FO1 r eadabl e Cont ador  
f i l eevent  $FI FO2 r eadabl e Cont r ol  
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Siglas utilizadas 
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