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��� �� VHDL Coding Style 2

���

goodkook@csvlsi.kyunghee.ac.kr
http://www.csvlsi.kyunghee.ac.kr

�� �� �� ��	 
� VHDL Coding Style�  �� ���� ���
��	 �� ��� ���� �(SSI/MSI:Small-Medium Scale IC)�  � ��
!" Multiplexer, Encoder # Decoder, Priority Encoder, $%& RAM, PLA'�
�(� �) *+, ��� -. /0 123 �4. 45 ����� State
machine, �6��, $%& VHDL � 789 : ;�� <,. =� 
� *
+'� >?@ /01�� �4.

1. Multiplexer

MUX (Multiplexer)� n-AB	 CD?@ 1E� FB	 G� H�I J% �
��4. 2E AB" KL ��?M IF~THEN ELSE~END IF N� �?@ �)
O P QRS 3E �T� AB" KL CASE~WHEN~END CASE UN	 V
W?@ CD� XY�	 Z�?� [� \4. 3E �T� AB	 �� MUX
. �)9 : IF~THEN ELSE~END IF� �)� KL ]^ ?_ Priority
Encoder̀  O P QRa� b?� [� \4. [-c 1]d efUN� ��
MUX � �)�4. MUX �� CDgh` n ij "KL 2**n E� AB	
��4. $kS KL� lm $ �?� AB EP. �� 78� KL
OTHERS  n	 opq �rst�u ?v $w� x	 KL ��� <, "
yz{� |}"` ~��a� t� �4. OTHERS  n�� TP. 9� ?
� KL� i?@ '-' (don't care). 9�?� [� �� LP� ;�� ��
<,. =	 P Q4.

����������	
��������������� ����

�������� ��!"#� ��!$"�%

&�'()

**�+*�$*�� ���,�

(-�� ��!$"�./0/%�12�)

$��!$"��3.��"! �405

�6��

$��!$"��3.��"! �4�5

�)7�(-5

**�)*�$*�� ���,�

�8��� ��!"�(�
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92�)�:000:�.;

$��! �4�3.��"! �405

92�)�:00�:�.;

$��! �4�3.��"! �4�5

92�)�:0�0:�.;

$��! �4�3.��"! �4+5

92�)�:��0:�.;

$��! �4�3.��"! �4<5

92�)�:0��:�.;

$��! �4�3.��"! �4=5

92�)��12����.;

$��! �4�3.��$�>�� �.;�/*/%5

�)7��8��5

�)7��������5

[-c 2]� XY UN� �� MUX � ���4. XY UN���
WHEN~ELSE �d WITH~SELECT UN	 �W�4. � KL�2 OTHERS
�  n VW� t� ?23 �4.

����+��?@	
��������������� ����

**�+*�$*�� ���,�

$��!$"��3.

�"! �40�92�)� ��!$"�./0/��6��

$��!$"��3.��"! �4�5

**�)*�$*�� ���,�

9(12� ��!"���6��1

�������! �4�3.

�"! �40�92�)�:000:#

�"! �4��92�)�:00�:#

�"! �4+�92�)�:0�0:#

�"! �4<�92�)�:��0:#

�"! �4=�92�)�:0��:#

��12���.;/*/%�92�)��12���5

2. Encoder 	 Decoder

Encoder # Decoder � �) *+d MUX � �), �4. 4� TP9�	
?M �v  �� KL� 9�� QM �a� OTHERS  n� z{ �4. [-
c 3]d 3-to-8 decoder" TTL 138� efUN� �� �)�v, �� <,�
$� 1, �4.
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����<����	
����<*$A*B�7�,$C����116��<B%

�)1(1D�����<B�(�

���1��

E+#�E�#�E0�F�()� �C!�$4�,5

, �#�, +#�, <�F�()� �C!�$4�,5

G0#�G�#�G+#�G<#�G=#�GH#�GI#�GJ�F�$��� �C!�$4�,%5

�)7�����<B5

8��2(1��1K���L�>EM���-�����<B�(�

�(')86�D�F� �C!�$4�,!M�,�$��J�7�9)1��0%5

&�'()

��������E+#E�#E0#, �#, +#, <%

N8�(8&6��E�F� �C!�$4�,!M�,�$��+�7�9)1��0%5

N8�(8&6�� ���F� �C!�$4�,5

&�'()

E�F.�E+�O�E��O�E05

����3.�, ��E"C���)�1�, +%�8)7��)�1�, <%%5

(-�� ��./�/%�12�)

�8���E�(�

92�)�:000:�.;

D�3.�:�������0:5

92�)�:00�:�.;

D�3.�:������0�:5

92�)�:0�0:�.;

D�3.�:�����0��:5

92�)�:0��:�.;

D�3.�:����0���:5

92�)�:�00:�.;

D�3.�:���0����:5

92�)�:�0�:�.;

D�3.�:��0�����:5

92�)�:��0:�.;

D�3.�:�0������:5

92�)�:���:�.;

D�3.�:0�������:5

�)7��8��5

�6��

D�3.���12���.;/�/%5

�)7�(-5
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�)7��������5

G0�3.�G�0%5

G��3.�G��%5

G+�3.�G�+%5

G<�3.�G�<%5

G=�3.�G�=%5

GH�3.�G�H%5

GI�3.�G�I%5

GJ�3.�G�J%5

�)7�L�>EM�5


� 1. TTL 138 (3-of-8 Decoder)� ���
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XYUNR� �)� Encoder � -c�� TTL 147 (Decimal-to-BCD Encoder)
d [-c 4]# �4. TTL Data Book� ���# i�s 1� ��4. $� 2
� VHDL � �)� TTL 147� ��<, �4.

����=��?@	
PQ����116��=J��7�,�RE�*�$*&�7��",$C��%

�)1(1D�����=J�(�

���1��

C�#�C+#�C<#�C=#�CH#�CI#�CJ#�CB#�CS�F�()� �C!�$4�,5

E0#�E�#�E+#�E<�F��K1� �C!�$4�,�%5

�)7�����=J5

8��2(1��1K���L�>EM�!�=J��-�����=J�(�

�(')86�C�F� �C!�$4�,!M�,�$��B�7�9)1��0%5

�(')86�E�F� �C!�$4�,!M�,�$��<�7�9)1��0%5

&�'()

C�3.�CS�O�CB�O�CJ�O�CI�O�CH�O�C=�O�C<�O�C+�O�C�5

E0�3.�E�0%5

E��3.�E��%5

E+�3.�E�+%5

E<�3.�E�<%5

9(12�C���6��1

E�3.

:����:�92�)�:���������:#

:���0:�92�)�:��������0:#

:��0�:�92�)�:�������0*:#

:��00:�92�)�:������0**:#

:�0��:�92�)�:�����0***:#

:�0�0:�92�)�:����0****:#

:�00�:�92�)�:���0*****:#

:�000:�92�)�:��0******:#

:0���:�92�)�:�0*******:#

:0��0:�92�)�:0********:#

:****:�92�)��12���5

�)7�L�>EM�!�=J5



ht
tp

://
www.c

sv
lsi

.k
yu

ng
he

e.
ac

.k
r


� 2. TTL 147(decimal-to-BCD Encoder)� �� �

3. Priority Encoder

Priority Encoder� MUX # �� n-E� AB�� 1E. CD?� Data
Selector. 789 : �~�4. n-E AB MUX . IF~ELSE IF~ELSE~END IF
UN	 VW9 KL Priority Encoder� KL` �~�4. ���R� IF UN
d  n�� 1ij�  n, � "TRUE" �d "FALSE"� �?@  AB �
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?S. CD�4. [-c 5]� MUX 78�� 2ij �T�  ngh� IF U
N	 VW ��� Priority Encoder̀  U�� KL�4.

����H�����$���G��",$C��

�)1(1D����!�",$C���(�

���1��

E#�L#�,�F�()� �C!�$4�,!M�,�$��<�7�9)1��0%5

 ���F�()� �C!�$4�,!M�,�$����7�9)1��0%5

$�F��K1� �C!�$4�,!M�,�$��<�7�9)1��0%�%5

�)7����!�",$C��5

8��2(1��1K���L�>EM���-����!�",$C���(�

&�'()

�������� ��%

&�'()

(-� ��.:00:�12�)

$�3.�E5

�6�(-� ��.:0�:�12�)

$�3.�L5

�6��

$�3.�,5

�)7�(-5

�)7��������5

�)7�L�>EM�5

[-c 5]� GW	 /01_ ��� IF Nd sel(0)� �?@ <r�v  �
�� IFNd sel(1)� �?@  n ��� ����4. �. 4q ��?_
45, �4.

PROCESS(sel)
BEGIN

IF sel(0)="0" THEN
o <= a;

ELSE
IF sel(1)="0" THEN

o <= b;
ELSE

o <= c;
END IF;

END IF;
END PROCESS;
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2ij CDgh sel� XY� AB ��m2 �} sel(1)� i?@ sel(0)�
CD� LCe
` �d �� 1"4� ��4. �� Sel="10"� KL o <= c
# o <= a � CD� Q�� LCe
` �d sel(0)='0'�  n� lm ; �
R� o <= a� 9�� ����4.

4. ¡�%� VHDL �)

¡�% o2¢� 2E� NOT M�j bp£� �� ��� 1ij �¤�]
� ¥¦�" §¨, �p©ª H«�� U��� &���` `�?4. $k
S VHDL � ¡�%. �)?� *+d ¬® ¯�?� xRv §¨� C
° ± ²³-²´ �d |}� �), µ�?M �� �4.  [-c 6]d
VHDL � �� Synchronous RAM	 �)?� *+�4. ¶�· AFB ¸j
` ¹% �� QRv º� ± »� µ¼� µ� ½¾� VW ��
Synchronous RAM�v �p©ª� |}` Q4. Altera� Flex 10Kq%¿ H
��ª� GÀ� EAB (Embeded Array Block)� ¡�%. ���R� �ÁÂ
� [�4. Altera� Flex 10K � EAB U � $� 3, �4.
[-c 6]� ¡�% �Á VHDL d �� `�?�� $ <,� ÃL iÄÅ�
�4. �� ¡�% Æ(Memory Cell)!� ²³ ²´R� ���� Çc�
FPGA� P&R9 KL 2Kbits ¡�%. U�?�¶ FLEX10K100 (10� M�
j�)� 90%� resource. VW?� <,. 1@È4. lm� ¡�% �d n-
ij �6�# �d Data Path É� KL iÄÅ�" M�j �]!, ²³
²´R� ��?� >g ����� cÊ?� �Á cË©�·(Model
Generator). �W?� [� �d _�	 f�9 Ì� ÍÎm &Ï� µ¼	
1À Ð	 P Q4. �k� *�R� cÊ�� m�Ñk%!	 LPM(Library
of Parameterized Modules )�m �4.

����I��T�UV��W��X��G",>�$"$� ��8�%��N276����

�"���G��8�+HI�B�� 

�$����

CE�E�F�()��17!6�'(�!N��1����J�C$Y"�$�0%5

ECC��F�()��17!6�'(�!N��1����J�C$Y"�$�0%5

Y��F�()��17!6�'(�5

�",�$,Z�F�()��17!6�'(�5

$��,�$,Z�F�()��17!6�'(�5

[�F��K1��17!6�'(�!N��1����J�C$Y"�$�0%�%5

�"C��8�+HI�B5

E�,>���,����� �ER!L�>EM�$���$A��8�+HI�B�� 

,$" �E"���$Y!ECC��  F�"E���E��F.�05

,$" �E"��>�4>!ECC��  F�"E���E��F.�+HH5
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 �L�G���LG���� � �C!�$4�,!M�,�$���J�C$Y"�$�0�%5

�G���R�R$�G!E��EG�� 

E��EG� �"E���E�� �E"4�� �$Y!ECC��  � �$� >�4>!ECC��  %� $A

LG��5

 �4"E��R�R�F�R�R$�G!E��EG5

 �4"E��ECC��  �F�"E���E���E"4���$Y!ECC��  ��$�>�4>!ECC��  5

L�4�"

ECC��  !�E�,>�F���$,�  ���ECC�#��",�$,Z%

L�4�"

�A���",�$,Z/�M�"��E"C��",�$,Z./�/%��>�"

ECC��  �3.��$!�"��4�����" �4"�C�ECC�%�%5

�"C��A5

�"C���$,�  5

R�R!Y�����F���$,�  ���ECC��  #�Y�%

L�4�"

�A��Y��.�/�/%��>�"

R�R��ECC��  �%�3.�CE�E�J�C$Y"�$�0%5

�"C��A5

�"C���$,�  5

R�R!��EC�F���$,�  ���ECC��  #�$��,�$,Z%

L�4�"

�A��$��,�$,Z/�M�"��E"C�$��,�$,Z./�/%��>�"

[�3.�R�R�ECC��  %5

�"C��A5

�"C���$,�  5

�"C� �ER!L�>EM�$��5
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� 3. Altera Flex 10K� EAB �� (Altera DataBook)

$� 3� EAB U �� ÒP QÓ� t�# AFB ¶�· Ôª� �<�
|}. VW?� x	 KL iµ� Õ� U�2 `�?4. [-c 6]d iµ�
Õ� �)� [�4.

����J��T�UV��\W��X�8 G",>�$"$� ��8�%��N276����

E�,>���,����� �ER!L�>EM�$���$A��8�+HI�B�� 

,$" �E"���$Y!ECC��  F�"E���E��F.�05

,$" �E"��>�4>!ECC��  F�"E���E��F.�+HH5

 �L�G���LG���� � �C!�$4�,!M�,�$���J�C$Y"�$�0�%5

�G���R�R$�G!E��EG�� 

E��EG� �"E���E�� �E"4�� �$Y!ECC��  � �$� >�4>!ECC��  %� $A

LG��5
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 �4"E��R�R�F�R�R$�G!E��EG5

 �4"E��ECC��  �F�"E���E���E"4���$Y!ECC��  ��$�>�4>!ECC��  5

L�4�"

ECC��  �3.��$!�"��4�����" �4"�C�ECC�%�%5

R�R!Y�����F���$,�  ���ECC��  #�Y�#�CE�E%

L�4�"

�A��Y��.�/�/%��>�"

R�R��ECC��  �%�3.�CE�E�J�C$Y"�$�0%5

�"C��A5

�"C���$,�  5

�"C� �ER!L�>EM�$��5

¡�% ��	 
s� H��ª Ö��� cÊ?� LPM	 �W?� *+d
ÃL ��?4. 4� ��	 
s� LPM	 VW?a� �# µ�?M ¼µ
?� [-c 6],  �d �� �Á	 l� Èi?@u �4. [-c 8]d Altera
Flex10K� ¡�% LPM	 �W� -c�4. entity� [-c 6], µ�?23
¼��� QRa� �� q×©�Ø��� [-c 6]� sram_behaviour 	, �
�9 :� [-c 7]� synthesis ÍÙÚÛ. �W�4. µ�� entity� ��
4Ü architecture. �<?� *+d VHDL � configuration UN	 �W9 P
Q4.
LPM� component HDL!d H��ª Ö�� P&RÝ, �Þ cÊ�a� �
. ß& �4. [-c 8]� LPM_RAM_DQ� Altera� ¡�% LPM �� ?S
�v �à�2 LPM_RAM_IO` Q4.

����B��6�� ]�^_�`ab���

�8�c8'���ER!,$" �E"� �(�

,$" �E"��877�!9(712F�()1�'���F.�B5

,$" �E"��7818!9(712F�()1�'���F.�B5

�)7��ER!,$" �E"� 5

�)1(1D��8�+HI�B�(�

���1�

CE�E�F�()��17!6�'(�!N��1����7818!9(712�*���C$Y"�$�0%5

ECC��F�()��17!6�'(�!N��1����877�!9(712�*���C$Y"�$�0%5

Y��F�()��17!6�'(�5

�",�$,Z�F�()��17!6�'(�5

$��,�$,Z�F�()��17!6�'(�5
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[�F��K1��17!6�'(�!N��1����7818!9(712�*���C$Y"�$�0%�%5

�)7��8�+HI�B5

8��2(1��1K��� G"�>� � ��-��8�+HI�B�(�

&�'()

�" �!��F�6��!�8�!7d

'�)��(���8���

��R!Y�C�>EC�.;�877�!9(712#

��R!Y�C�>�.;�7818!9(712%

���1��8���

CE�E�.;�CE�E#

ECC��  �.;�ECC�#

Y��.;�Y�#

�",�$,Z�.;��",�$,Z#

$��,�$,Z�.;�$��,�$,Z#

[�.;�[%5

�)7� G"�>� � 5

¡�% �á	 VW� VHDL � -� [-c 8], �4. â� -c�� �)
� ¡�% RAM VHDL 	 ãäåj� �W�4.

����S���8��ae�fgh^i

�)1(1D�1��!�ER+HI�B�(�

�$����

CE�EF��"� �C!�$4�,!M�,�$��J�C$Y"�$�0%5

ECC��  F��"� �C!�$4�,!M�,�$��J�C$Y"�$�0%5

Y�F��"� �C!�$4�,5

�",�$,ZF��"� �C!�$4�,5

$��,�$,ZF��"� �C!�$4�,5

[F�$��� �C!�$4�,!M�,�$��J�C$Y"�$�0%�%5

�)7�1��!�ER+HI�B5

8��2(1��1K���1��!E!�ER+HI�B��-�1��!�ER+HI�B�(�

,$R�$"�"���ER+HI�B

�$����

CE�E�F�()��17!6�'(�!N��1����J�C$Y"�$�0%5

ECC��F�()��17!6�'(�!N��1����J�C$Y"�$�0%5
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Y��F�()��17!6�'(�5

�",�$,Z�F�()��17!6�'(�5

$��,�$,Z�F�()��17!6�'(�5

[�F��K1��17!6�'(�!N��1����J�C$Y"�$�0%�%5

�"C�,$R�$"�"�5

&�'()

�R�R�F��ER+HI�B

�$���RE���

CE�E�.;�CE�E#

ECC��.;�ECC��  #

Y��.;�Y�#

�",�$,Z�.;��",�$,Z#

$��,�$,Z�.;�$��,�$,Z#

[�.;�[�%5

�)7�1��!E!�ER+HI�B5

&�� ���� KL  �d Ö�m ?�m2 H��ª� U � lm �(
?M ��	 sG� KL` Q�¶ -. !_ [-c 6]� Õ VHDL 	 ¡�
% æ3	 l� `�& Q� xd CPLD. çèR� ��?� KL# ¡�
% EAB. GÀ� FPGA� ��?� KL ��<,` �� 4é4. �k�
Device Architecture Specific Synthesizer!d VHDL �ª�ê· ]µR� LPM
m�Ñk%. ëìsG� ��	 `�& Q� :N�4. �� LPM	 ]µ
R� ëFsG� í?� ���. �W?� KL T
 H]"� ��?&
Ö�� P&RÝ�� LPMæ¾	 �rs t_ �4. Altera� P&R Ý"
MaxPlus II# LPMëF��� �� ���" ¡ç��(Metamor)V� ���
. �W9 KL ¡�% LPM	 ��s Gî_ [-c 9]� ¡�% "·ï�
ª VHDL �	 ��?23 �4. �: ���� RAM256x8 � s�?�
Sub-Module � �4� ¡q�("component : umem : No Entity bound to this
instance."). FB?& T
 �á�	 ��?@ EDIF ð�	 FB�4.
�: ~�� EDIF ð�	 �Ws� P&R ?î_ [-c 8], �� LPM 	
�)� VHDL �ª` T
 �á� �� <," EDIF# �Þ ¯�?_ �4.
� KL opq ¡�% Sub-Module� entityñ, VHDL ð�ñ� �}?@
u �4. ExemplarV� ���!d �(� çè H��ª(target device). �r
s t_ RTL PÈ� VHDL �ê· LPM�á	 ëFsò P Q4. RTL PÈ
� VHDL 	 ��?@ =�� EDIF� GW	 /01_ LPM� GW� !�
Q5	 Ò P Q4. 45d LPM	 RTL PÈ� VHDL 	 ��� <,� �
ê¹�4.

(cell lpm_ram_dq_4_8_8 (cellType GENERIC)
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   (view INTERFACE  (viewType NETLIST)
    (interface
     (port (array (rename data "data(7:0)") 8 )(direction INPUT))
     (port (array (rename address "address(7:0)") 8 )(direction INPUT))
     (port we (direction INPUT))
     (port (array (rename q "q(7:0)") 8 )(direction OUTPUT)))
    (property lpm_width (string "8"))
    (property lpm_widthad (string "8"))
    (property lpm_numwords (string "256"))
    (property lpm_type (string "LPM_RAM_DQ"))
    (property lpm_indata (string "UNREGISTERED"))
    (property lpm_address_control (string "UNREGISTERED"))
    (property lpm_outdata (string "UNREGISTERED")))))
 (external PRIMITIVES
(edifLevel 0)

$� 4� 2Kbit ¡�% �á	 ��� ó 10� M�j�� Flex10K100 H�
�ª� P&R� ²�� ²ô(Floor Plan)�4. LPMR� ��� <,# ²³-²
´R� ��� <, õ4� f�` Q5	 ÒP Q4. çè H��ª� U 
� ��� LPM R� ��� KL $� 4� (a)# �� � 1E� EAB�	
f�?� o_ ²³ ²´R� ��� KL(b) ö� �� H��ª %�ª.
VW?& Q4.

(a) LPM � ��� �� �
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(b) �� ��� ��� ��


� 4. ��� ��� �� � P&R � Floor Plan

5. PLA

J%��� ��	 J%�R� ��?_ J%÷, � (Sum of Product term)R
� Sçò P Q4. PLA(Programmable Logic Array)� ø�$|ùæ J% ��
�]� `À ���" �ú�� J%�� ÷ê¹ (AND plane), �� ê¹
(OR plane)	 ûû AND ª
} # OR ª
}� §¨� U�� [�4. AND
# OR� ª
} ¨(Array)!d M�j ê¹� Charge# Dis-charge ̀  `�
� jô�ª·!� �!�ü Q4. ROMd AND Plane ê¹�  � `��
�� J%÷	 ��?� �p©ª H«�� U�?& OR ê¹	 ø�$Õ�
`�?23 �!�� PLD(Programmable Logic Device) m 9 P Q4. $� 5
� PLA� U . ��?M SçGý4. Pþ-Pÿ� #��` �f?� ê
¹� jô�ª· ª
}` ¯�?v �! ª
}� ¼µ`� Tú. 7r?
� [	 PLA ø�$|� �m �4.
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(a) ���� PLA ��

(b)  !" F/F # $% PLA

(c) CPLD � ����


� 5. PLA/CPLD� &'��
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[-c 10]d PLA. VHDL �� ��� [�4. PLA � U � ROM ¡�%
# �� jô�ª·� §¨� U�?v & ���` `�?� ?�� VHDL
� ��?@ ��?_ <� J% �]!� '`��` �4. 4� @k E�
PLA U . Ã�� æ3R� ���� CPLD � KL Ä,�" ���P
Q4. CPLD �d FPGA!d c V �4 GêU ` �� 4év �� lm
Ä,�" 78� ��� cq�� Q� [� 1��a� �. � �W?_
	T� 78<,. =	 P Q	 [�4. VHDL� 78� ó ��	 ö}_
<� çè H��ª� �(� �ú� '` J% ��. =M �� [�4.
[-c 10]d PLA. VHDL � �)� -c�� AND plane�� AB 
·�
� ‘1’� 
}. �F� ó 
}. OR plane	 �?@ FB�4. PLA�
Junction Map	 VHDL � §¨� ��?�Rv AND # OR� ��d
Procedure� �)�ý4. $� 6d -c� PLA map	 SçGý4. [-c 10]
� VHDL � ��� PLA VHDLd �ê ������ r� ��<, 1@
t� í?a� t� ?23 �4. Çc� [-c 10]	 ¡ç�� ��� 3.0.x
# ��ª(Vantis) Mach5 H��ª. çèR� ��� <, ��`� ?�R

S ��Ü µ¼ <,. =� í�4.  Exemplar ���� r� ��<,.
=	 P Qý4. $� 7d [-c 10]� �� <,�4.
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� 6. [() 10] PLA ()� junction map


� 7. PLA �� �


