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��� �� VHDL Coding Style 3

���

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

��� �� VHDL Coding Style � �� 	
�� 
��� Finite State
Machine� ��� ��� �� ��� ��. State Machine� ���� ��
� (Control Unit)� !"#$% &'( ) *+ � �� ,-�(instruction
sequencer). /#01� ��23 4� 5 &67 8� ��� 9�� :;
<=�>? 
@ A�. /#01� B� FSM� �C>� D
E >F�.

1. FSM (Finite State Machine) 	
 ��

State Machine� G�>� HI J�� K
 LMN O
(Transition)P �Q
LM 5� .RS� LM(State), O
 TU� VWX YZ [\] ^ LM�
_`X a` 5 
�. &67 8�� State Machine� �b �� LM c2
(FSM:Finite State Machine) 
E] >d LMO
� e$� fE g+h] L
Mi .Rj klkmX O
 TU VW  ) ^ LM� fn a`� oK>
� T� 8�� G� A�. FSM� pq GT� [r 1X s�. FSM� ��
P t LM O
 o(State Table) u� O
 �(State Diagram)i v�>? A�.
LM O
�� �� w; [xyz{� oK� @
� |} LM ~z� �
]\�� z@P t�� LM �
�� v�>�� ��. ~� EDA �J�
LM o u� LM O
�� �� FSM� �� _` Y�� �� 6� >]
9�� @
>? FSM� ��P � 9�. ��z ]�� �J��� LMo
u� LM�i �� 6� >6� LM��� 6�>� �J
 ��z �z
{� ��. PC L�� �@P � 9� ��� Summit Design�� VisualHDL

. Mentor � Renoir� LM�N LMoi �� 6�>d StateCAD,
AdctiveVHDL5� LM� �� 6���. 
� �J� LM�i _`>}

i �\>� VHDL I"i 4�� ��.
FSM � �M� Mealy�X Moore� [\] 
J� ��� �M� 9�.
FSM� pq GT� K
 LM(Current State)i ��>� �6"�� G�A
�� 8�, �Q LM�� O
i � (Next State Logic)>p �>� ��p
5� ¡¢>� T�8�, [\] K
 LM�� a`� .RSp �� T�
8�� G�h� 9�. FSM� a`
 _`X K
 LM� �>� � h�
w; Mealy Machine
E >d, Moor Machine� _`� £¤ �Q LM� O

i � >], a`� K
LM� ����  �6� w;
�.
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� 1. Mealy/Moore ������(FSM: Finite State Machine)� 	
��

VHDL � FSM� ��>� Y¥
 f� ¦
>� D� §¨�. �� VHDL
'© "Rª� 9�� �I «�P ¬
 9�. VHDL�� State Machine� if
­� �� e$ #\®N case ­� �>� p¯A�.

if (clock’event and clock=’1’) then
case current_state is

when S0 =>
…..
current_state <= S1;

when S1 =>
…..

current_state <= S2;
end case;

end if;

�� 8�i p¯P t�� ��z \°(reset)� oK>� D
 ±�. ²³
FSM� ~´ LMi � >µ} \° TU� |(, ¡¢>�� >�� �
�. FSM�� \°� ¶pz(synchronous) u� �¶pz(asynchronous)! Y¥

 9{. ��z �¶p \°� ·>�� ¢{�� 8� O¸z{� ´p
�� 
¹� 6�� >� D
 ±�. [º6 »� w; ´p 6	� �� �
� ¼� a`
 ½4>? h� �n 8�� ¾Z� C¿®. &ÀÁ� �µ
Â� ´xP � 9�. �¶p \°� ¡¢>� FSM� p¯� �QX s�.

If reset=’0’ then
Current_state <= S_INIT;

elsif (clock’event and clock=’1’) then
case current_state is

when S_INIT =>
…..
current_state <= S0;

when S0 =>
…..
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current_state <= S1;
when S1 =>

…..
current_state <= S2;

end case;
end if;

FSM� ��P t LM� Ã��  �Ä 9�. fE� LM� oK� VHDL
� enumeration type� 
@��. �QX  s� Åi 4^� ��� >Æ.

type MONTH is (jan, feb, mar, apr, may, jun, jul, aug, sep, oct, nov, dec);

���  � A MONTH� 12�6� w;�� Ç� D{�� 
i B
È
\ �M� .RSµ} 4�#� ÉH>�. [1. 4�#� oKP � 9�
w;� �� 16�6
Ê� “0000” �� “1011” Ë6� �@>] .c6 w
;� �@>6 »Q� �C��. 
1� B
È\ oK� ] A ��Ã�
Ã� oK
 §¨d Ì@A �# � S�� 2� nÍ Ã �Î� w;i �
g�. FSM�� ^ LM� Ã��  �Ä 9{d [ 
Ï� LM� 9� �
¼�. Ð� FSM��� ^ LMÑ �� ÒRz! Ó�� 9{d LMi .
RS� ,[ÔJ� Õ�� 	Ö� ×�P � ¼�. FSM�� LMi .Rj
t� �b One-Hot� !'©(One-Hot Encoding) ��. One-Hot� ^^� w;
� �>� �#i PØ>� D{� �� Å�Ù MONTH� w; 12�#�
ÉH�g�. FSM� LMi .RS� Y¥{� B
È\ N One-Hot encoding
� o 1� �Ú�. One-Hot Y¥� B
È\ Y¥� �>� Û �� klk
m� ÉH� >6� LM� oK
 ÜÝ>] Þ�� LM &'©P ÉH�
¼? hd 
� fn 6	
 ¼�.

� 1. FSM� ����  � One-Hot Encoding �
MONTH Binary One-Hot
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011

000000000001
000000000010
000000000100
000000001000
000000010000
000000100000
000001000000
000010000000
000100000000
001000000000
010000000000
100000000000

ß� à�á6� FSM� /#01� W�Þ ¶v� ��>p �� 23i
½4>� ,-�� 
@hÊ� �Ù LM�� a`� 6	
 ª �� ��.
²  LM� a`
 �n LM� w;�� 6.¿? â? .N�� ±6 »
�. fE� e$� �� LM� O
N 
� fn a`
 T� 8�i b>
� 
¹�g�� ¬� ãä>� a` �¤� W�� åæ kç�(MUX,
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Multiplexer). &'Û(Decoder)i �@>�� ��. K
 LMN _`� fn
a` �¤(output logic)� p¯� �QX s
 case ­� 
@>� èW>?
p¯ h�� ��. 
t «� P D� �Ù LMN �Ù a`� éê¼
 p
¯ ¢{�ë ÉH ¼� x¿(latch)� 4p6 »�� «� �� >d [º6
»� w; t� fE FSM
 ìí� ¶v� ª{î �� 9�.  Ý� FSM
� p¯>p ���� [r 2� FSM GTi ï*>? fð�� >� D

ñò ��� óH>�.

2. FSM �� : �� ��� � 	

�Q� FSM� � Å�� ª| �� (High-Way)N ôâ(Farm-Road)
 ��>
� ���� 235 ��p(Traffic Light Controller)
�. Å�� �b 235

�¿A ���� TU� ^ ��� õ-ö-z÷ 5
 �¿h� 9] ôâ��
�bø ã6p� �¿ h� 9� ���
�. b+ ;ù��� ª| ��

Ê� ôâ�� �bø
 ã6ú w;� �>� b+� Ì@��. 235

õ÷�� z÷{� Bûp O� Å� 23�� ü,¶ä ö÷5
 ýg�.
ôâ��� �bø
 ã6 hþÛE� ª pè ÿ� b+� ��>�� >
� ª| ��� b+� Y�>� ª
 ¼�� ��. Å� 1� “235 ��
p”��� ö÷5
 ý6� pèX ôâ b+ Ì@ pè�  >p �>�
�Ã� R
c/���i �@��. ,��
% �X� [r 2N s�. State
Machine (sm_tlc)� ôâ��� �bø HG� fE 235 On-OffLM� O
�h] �Ã� R
ci �� ��. “highway_green” LM�� ôâ� �bø

 9� w; (farmroad_traffic=’1’) R
c ��i ,v>] ö÷5 LM
(highway_yellow)� O�, “highway_yellow” LM��� ö÷5� GèR
c�
�� P t(short_timeout=’1’)Ë6 �p� ÿ ôâ� õ÷ 5�i ��. ôâ
� õ÷5� LM(farmroad_green)� ôâ� �bø
 ¼®.(not
farmroad_traffic=’1’) ª pè
 6� ÿ (long_timeout=’1’) ö÷5 LM
(farmroad_yellow)� Bû] �, ��� õ÷5 LM� O�A�. ^ ���
�¿A 235� ý] 	� D� ��p� LM� fn a`{� case ­�

@� &'Û(out_tlc)� p¯hþ�.

[�� 1] ��� � 	 (TLC:Traffic Light Controller)

entity tlc is
port ( clk, reset, farm_traffic: in std_logic;
       farmroad_green_on,
       farmroad_yellow_on,
       farmroad_red_on,
       highway_green_on,
       highway_yellow_on,
       highway_red_on: out std_logic);
end tlc;

architecture a_classic of tlc is
    type states is (highway_green, highway_yellow, farmroad_green, farmroad_yellow);
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    signal tlc_state: states;
    signal short_timer, long_timer: unsigned(7 downto 0);
    signal set_timer, short_timeout, long_timeout: std_logic;

    procedure timer ( signal   set, clk, set_timer : std_logic;
                      signal   timer : inout unsigned(7 downto 0);
                      constant load : unsigned(7 downto 0);
                      signal   timeout : out std_logic) is
    begin
        if set='0' or set_timer='1' then     -- gated reset !!
            timer <= load;
            timeout <= '0';
        elsif clk'event and clk='1' then
            if timer = 0 then
                timeout <= '1';
            else
                timer <= timer - 1;
            end if;
        end if;
    end;

begin

    timer ( reset, clk, set_timer, short_timer, "00011111", short_timeout);
    timer ( reset, clk, set_timer, long_timer, "11111111", long_timeout);

    sm_tlc : process ( clk )
    begin
        if clk'event and clk='1' then
            if reset='0' then
                tlc_state <= highway_green;
                set_timer <= '0';
            else
                set_timer <= '0';
                case tlc_state is
                    when highway_green  =>
                        if farm_traffic='1' and long_timeout='1' then
                            tlc_state <= highway_yellow;
                            set_timer <= '1';
                        end if;

                    when highway_yellow =>
                        if short_timeout='1' then
                            tlc_state <= farmroad_green;
                            set_timer <= '1';
                        end if;

                    when farmroad_green =>
                        if not farm_traffic='1' or long_timeout='1' then
                            tlc_state <= farmroad_yellow;
                            set_timer <= '1';
                        end if;

                    when farmroad_yellow =>
                        if short_timeout='1' then
                            tlc_state <= highway_green;
                            set_timer <= '1';
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                        end if;
                    when others =>
                end case;
            end if;
        end if;
    end process;
     
    -- Decode states and drive lights.
    out_tlc : process(tlc_state)
    begin
        case tlc_state is
            when highway_green  =>
                farmroad_green_on  <= '0';
                farmroad_yellow_on <= '0';
                farmroad_red_on    <= '1';
                highway_green_on   <= '1';
                highway_yellow_on  <= '0';
                highway_red_on     <= '0';

            when highway_yellow =>
                farmroad_green_on  <= '0';
                farmroad_yellow_on <= '0';
                farmroad_red_on    <= '1';
                highway_green_on   <= '0';
                highway_yellow_on  <= '1';
                highway_red_on     <= '0';

            when farmroad_green =>
                farmroad_green_on  <= '1';
                farmroad_yellow_on <= '0';
                farmroad_red_on    <= '0';
                highway_green_on   <= '0';
                highway_yellow_on  <= '0';
                highway_red_on     <= '1';

            when farmroad_yellow =>
                farmroad_green_on  <= '0';
                farmroad_yellow_on <= '1';
                farmroad_red_on    <= '0';
                highway_green_on   <= '0';
                highway_yellow_on  <= '0';
                highway_red_on     <= '1';

            when others =>
                farmroad_green_on  <= '-';
                farmroad_yellow_on <= '-';
                farmroad_red_on    <= '-';
                highway_green_on   <= '-';
                highway_yellow_on  <= '-';
                highway_red_on     <= '-';

        end case;

    end process;
     
end a_classic;
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� 2. [�� 1] TLC � !"#�$ %&

[r 3� [Å� 1]� �� �Xi .R
 D
�. [r 3(a)� w; ���
FSM �� �%� 
@� w;
] (b)� �%� «6 ä] ��� w;
�.
�Ã� �Xi ��� �} FSM �%� � w; One-Hot � !'©>� L
Mi .RS� 23! tlc_state� ^^ 4�#� ��h� 9],  FSM ��
�%� «6 »� w; LM O
� ÉH� LM &'© �¤
 ¡¢h�
9� D� � � 9�.

(a) Binary Encoding
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(b) One-Hot Encoding


� 3. [�� 1] TLC � �� %&

3. FSM �� :  '( )*	

�Q� [Å� 2]� ª�� 
� ½4@ FSM� Å�� National Semiconductor
�� �� (E
À �! LMD18245i 
@� "�� �� (E
�@ L
(Phase)½4p 
�. FSM� 
@>� «pz! 23i ½4 ,î � 9Q�
��«� ÅE >F�. FSM �� �%� �@>� D� ��Æ� ù�
�.
��>} One-Hot� >� D
 ±{. ��A >(��� �p� Èñ ��
�>� &B
"� Fitting
 äú w; Binary Encoding{� ��� � �
9� D
�. �� 
t ��A 8�� �>� ��N ¶v� >�6 ���
�§� ��. 2Ã� [Å� 2]i One-Hot Y�{� ��� w; Altera 7032
CPLD� Fittingh6 »�{.  Binary Encoding {� ��>Ú�� "��
�� G¶23� �� ���� v¶>p t­� Þ�n ­�i ª{�6�
»��. [r 4(a)� LMD18245� :�� L� .N9� G¶ 
�
d (b)
� [Å� 2]� ,��
% �X 
�.

[�� 2] +,- ./ �01 �(Phase))* FSM

entity PulseGen is
port (

dir         : in std_logic;
clk         : in std_logic;
reset       : in std_logic;
direction_a : out std_logic;
m_a421      : out std_logic;
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m_a3        : out std_logic;
direction_b : out std_logic;
m_b421      : out std_logic;
m_b3        : out std_logic );

end PulseGen;

architecture behave of PulseGen is
    type states is (S0, S1, S2, S3, S4, S5, S6, S7, S8);
    signal current_state : states;
    signal t_a421, t_b421 : std_logic;
     
begin

process(clk, reset)
begin

if (reset='0') then
current_state <= S0;

elsif (clk'event and clk='1') then
case current_state is

when S0 =>
current_state <= S1;

when S1 =>
current_state <= S2;

when S2 =>
current_state <= S3;

when S3 =>
current_state <= S4;

when S4 =>
current_state <= S5;

when S5 =>
current_state <= S6;

when S6 =>
current_state <= S7;

when S7 =>
current_state <= S8;

when S8 =>
current_state <= S1;

end case;
end if;

end process;

process(current_state, dir, t_a421, t_b421)
begin

case current_state is
when S0 =>

direction_a <= '1';
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direction_b <= '1';
t_a421      <= '1';
t_b421      <= '1';

when S1 =>
if dir='1' then

direction_a <= '0';
direction_b <= '1';
t_a421      <= '0';
t_b421      <= '1';

else
direction_a <= '1';
direction_b <= '0';
t_a421      <= '1';
t_b421      <= '0';

end if;

when S2 =>
if dir='1' then

direction_a <= '0';
direction_b <= '1';
t_a421      <= '1';
t_b421      <= '1';

else
direction_a <= '1';
direction_b <= '0';
t_a421      <= '1';
t_b421      <= '1';

end if;

when S3 =>
if dir='1' then

direction_a <= '0';
direction_b <= '0';
t_a421      <= '1';
t_b421      <= '0';

else
direction_a <= '0';
direction_b <= '0';
t_a421      <= '0';
t_b421      <= '1';

end if;

when S4 =>
if dir='1' then

direction_a <= '0';
direction_b <= '0';
t_a421      <= '1';
t_b421      <= '1';

else
direction_a <= '0';
direction_b <= '0';
t_a421      <= '1';
t_b421      <= '1';

end if;

when S5 =>
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if dir='1' then
direction_a <= '1';
direction_b <= '0';
t_a421      <= '0';
t_b421      <= '1';

else
direction_a <= '0';
direction_b <= '1';
t_a421      <= '1';
t_b421      <= '0';

end if;

when S6 =>
if dir='1' then

direction_a <= '1';
direction_b <= '0';
t_a421      <= '1';
t_b421      <= '1';

else
direction_a <= '0';
direction_b <= '1';
t_a421      <= '1';
t_b421      <= '1';

end if;

when S7 =>
if dir='1' then

direction_a <= '1';
direction_b <= '1';
t_a421      <= '1';
t_b421      <= '0';

else
direction_a <= '1';
direction_b <= '1';
t_a421      <= '0';
t_b421      <= '1';

end if;

when S8 =>
if dir='1' then

direction_a <= '1';
direction_b <= '1';
t_a421      <= '1';
t_b421      <= '1';

else
direction_a <= '1';
direction_b <= '1';
t_a421      <= '1';
t_b421      <= '1';

end if;

end case;

m_a421 <= t_a421;
m_b3   <= not t_a421;
m_b421 <= t_b421;
m_a3   <= not t_b421;
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end process;

end behave;

(a)

(b)


� 4. [�� 2] +,- ./ �01 �)* FSM� !"#�$ %&

4. 
23 FSM 456�

/#01� FSM� ��>� ª� �è  !� D
 §¨�. ÛG. "#
²�� >(��i ��z! �\� $%� à��M� �G�� ����
� D
 &� ª� §¨�. 
1� ¬� ãä>� ~�� [xy �J
 �
� ½oh] 9� '�
�. 
� ]Oz! "�() 8�� v� �X� �
ð? ^ ��W�� �*JX �
�� +,(data flow)� �-� 
.P �
9�� >� 5 ,"/ 0}� �� �J
 «�� 
¹] 9�.
O¸z! /#0 X � �-� �§� � 9� [xy �J� 
@>} 1
? FSM� ��P � 9�. [r 5� Aldec�� ActiveVHDL� S�h�
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9� FSM 23p� v�� BlackJack ?4� LM�
�.  BlackJack Game�
��� Æ�³ � ÉH� ¼F{. Å�Ù LM�N 
�5� 4�A VHDL
I"i 
�>p ��� èW³ �Ü>p� ��. BlackJack � ª�� �(
6
�� 71�5� 8� �(� 9Æ � ó �� v� �:
 
p� ?
4
�. W Ace �(i 8� w; Æ2� �( ;��� 10� < � 9�.
�ª Æ2� �( ;�
 21� ={} [ ?4�� g�.
BlackJack Game� g+� 8Ã� LM� ¦
>d 8� �(� 9ÆN [ �
� TU� fE 
¹� g�. LM��� 
N  s� ^ LM� O
 ) O

 TU
 oK h� 9{d ^ LM��� �\S@ [\] _a`� ��
 �� .R. 9�. [r 5� LM��5� 4�A VHDL I"� �QX
s�. 4�A BlackJack ?4� VHDL I"i �} ^ LM�  � h� 9
] 
J� One-Hot {� Encoding h� 9Q� � � 9�.  ^ LM� a`
� "# PØ­� �>� p¯ hþ�.

entity bjack_c is
  port (CARD: in STD_LOGIC_VECTOR (3 downto 0);
        CLOCK: in STD_LOGIC;
        NEW_C: in STD_LOGIC;
        NEW_G: in STD_LOGIC;
        BUST: out STD_LOGIC;
        HAND: out STD_LOGIC_VECTOR (4 downto 0);
        HOLD: out STD_LOGIC;
        NEXT_C: out STD_LOGIC);
end;

architecture bjack_c_arch of bjack_c is

--diagram signal declarations
signal Total: STD_LOGIC_VECTOR (4 downto 0);

-- ONE HOT ENCODED state machine: BlackJack
type BlackJack_type is (Begin_g, BustState, Got_im, Hit_me, HoldState, TenBack, test16,
Test21);

attribute enum_encoding of BlackJack_type: type is
"00000001 " & -- Begin_g
"00000010 " & -- BustState
"00000100 " & -- Got_im
"00001000 " & -- Hit_me
"00010000 " & -- HoldState
"00100000 " & -- TenBack
"01000000 " & -- test16
"10000000"; -- Test21

signal BlackJack: BlackJack_type;

begin
--concurrent signal assignments
--ACTION
DiagramActions:
HAND <= Total;
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BlackJack_machine: process (CLOCK)
--machine variables declarations
variable Ace: BOOLEAN;

begin

if CLOCK'event and CLOCK = '1' then
if NEW_G='1' then

BlackJack <= Begin_g;
Total <= "00000";
Ace := false;

else
case BlackJack is

when Begin_g =>
BlackJack <= Hit_me;

when BustState =>
when Got_im =>

if NEW_C='0' then
BlackJack <= test16;

end if;
when Hit_me =>

if NEW_C='1' then
BlackJack <= Got_im;
Total <= Total + CARD;
Ace :=  (CARD=11) or Ace;

end if;
when HoldState =>
when TenBack =>

BlackJack <= test16;
when test16 =>

if Total > 16 then
BlackJack <= Test21;

else
BlackJack <= Hit_me;

end if;
when Test21 =>

if Total < 21 then
BlackJack <= HoldState;

elsif Ace then
BlackJack <= TenBack;
Total <= Total - 10;
Ace :=  FALSE;

else
BlackJack <= BustState;

end if;
when others =>

null;
end case;
end if;

end if;
end process;

-- signal assignment statements for combinatorial outputs
NEXT_C_assignment:
NEXT_C <= '1' when (BlackJack = Hit_me) else
          '0';
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BUST_assignment:
BUST <= '1' when (BlackJack = BustState) else
        '0';

HOLD_assignment:
HOLD <= '1' when (BlackJack = HoldState) else
        '0';

end bjack_c_arch;


� 5. State Machine� � (Black Jack Game)


