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    bits  
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  FSM
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  FSM     

   .
    
  FSM   :

PROCESS (reset, clock)
BEGIN
IF (reset='1') THEN
pr_state <= state0;
ELSIF (clock'EVENT AND clock='1')
THEN
pr_state <= nx_state;
END IF;
END PROCESS;

     .
    reset 
    

 (state0)    
  nx_state (    

)     pr_state  
output   .  
        

     
 .

     
      

     
.      flip-

flops      
      

 bits    
   FMS  (    
      
    pr_state).  ,  

   ( )
,    [log2n] flip-

flops,  n    .

     
     .

      .  
  , 

  ,  
 CASE     .

PROCESS (input, pr_state)
BEGIN
CASE pr_state IS
WHEN state0 =>
IF (input = ...) THEN
output <= <value>;
nx_state <= state1;
ELSE ...
END IF;
WHEN state1 =>
IF (input = ...) THEN
output <= <value>;
nx_state <= state2;
ELSE ...
END IF;
WHEN state2 =>
IF (input = ...) THEN
output <= <value>;
nx_state <= state2;
ELSE ...
END IF;
...
END CASE;
END PROCESS;

      
  : ,  

output      
.     

      
/   . 

      
     , 
  flip-flops.

    
     :

LIBRARY ieee;
USE ieee.std_logic_1164.all;

ENTITY <entity_name> IS
PORT ( input: IN <data_type>;
reset, clock: IN STD_LOGIC;
output: OUT <data_type>);
END <entity_name>;

ARCHITECTURE <arch_name> OF
<entity_name> IS
TYPE state IS (state0, state1,
state2, state3, ...);
SIGNAL pr_state, nx_state: state;
BEGIN
---------- Lower section: ----------
PROCESS (reset, clock)
BEGIN
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IF (reset='1') THEN
pr_state <= state0;
ELSIF (clock'EVENT AND clock='1')
THEN
pr_state <= nx_state;
END IF;
END PROCESS;
---------- Upper section: ----------
PROCESS (input, pr_state)
BEGIN
CASE pr_state IS
WHEN state0 =>
IF (input = ...) THEN
output <= <value>;
nx_state <= state1;
ELSE ...
END IF;
WHEN state1 =>
IF (input = ...) THEN
output <= <value>;
nx_state <= state2;
ELSE ...
END IF;
WHEN state2 =>
IF (input = ...) THEN
output <= <value>;
nx_state <= state3;
ELSE ...
END IF;
...
END CASE;
END PROCESS;
END <arch_name>;

  BCD  
 

    
Moore        

 .
    

:

  VHDL   :
LIBRARY ieee;
USE ieee.std_logic_1164.all;

ENTITY counter IS
PORT ( clk, rst: IN STD_LOGIC;
count: OUT
STD_LOGIC_VECTOR (3 DOWNTO 0));

END counter;

ARCHITECTURE state_machine OF
counter IS
TYPE state IS (zero, one, two,
three, four,five, six, seven, eight,
nine);
SIGNAL pr_state, nx_state: state;
BEGIN

PROCESS (rst, clk)
BEGIN
IF (rst='1') THEN
pr_state <= zero;
ELSIF (clk'EVENT AND clk='1') THEN
pr_state <= nx_state;
END IF;
END PROCESS;

PROCESS (pr_state)
BEGIN
CASE pr_state IS
WHEN zero =>
count <= "0000";
nx_state <= one;
WHEN one =>
count <= "0001";
nx_state <= two;
WHEN two =>
count <= "0010";
nx_state <= three;
WHEN three =>
count <= "0011";
nx_state <= four;
WHEN four =>
count <= "0100";
nx_state <= five;
WHEN five =>
count <= "0101";
nx_state <= six;
WHEN six =>
count <= "0110";
nx_state <= seven;
WHEN seven =>
count <= "0111";
nx_state <= eight;
WHEN eight =>
count <= "1000";
nx_state <= nine;
WHEN nine =>
count <= "1001";
nx_state <= zero;
END CASE;
END PROCESS;
END state_machine;

  FSM

     FSM
   :
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PORT ( a, b, d, clk, rst: IN BIT;
x: OUT BIT);
END simple_fsm;

ARCHITECTURE simple_fsm OF
simple_fsm IS
TYPE state IS (stateA, stateB);
SIGNAL pr_state, nx_state: state;
BEGIN

PROCESS (rst, clk)
BEGIN
IF (rst='1') THEN
pr_state <= stateA;
ELSIF (clk'EVENT AND clk='1') THEN
pr_state <= nx_state;
END IF;
END PROCESS;

PROCESS (a, b, d, pr_state)
BEGIN
CASE pr_state IS
WHEN stateA => x <= a;
IF (d='1') THEN nx_state <= stateB;
ELSE nx_state <= stateA;
END IF;
WHEN stateB => x <= b;
IF (d='1') THEN nx_state <= stateA;
ELSE nx_state <= stateB;
END IF;
END CASE;
END PROCESS;
END simple_fsm;

 FSM   

   
   pr_state   .
      

:

   Mealy (    
     
),       
   (  ).
  ,  
   ,    

      
.      Mealy
,      

    :

   
  :

LIBRARY ieee;
USE ieee.std_logic_1164.all;

ENTITY <ent_name> IS
PORT (input: IN <data_type>;
reset, clock: IN STD_LOGIC;
output: OUT <data_type>);
END <ent_name>;

ARCHITECTURE <arch_name> OF
<ent_name> IS
TYPE states IS (state0, state1,
state2, state3, ...);
SIGNAL pr_state, nx_state: states;
SIGNAL temp: <data_type>;
BEGIN
---------- Lower section: ----------
PROCESS (reset, clock)
BEGIN
IF (reset='1') THEN
pr_state <= state0;
ELSIF (clock'EVENT AND clock='1')
THEN
output <= temp;
pr_state <= nx_state;
END IF;
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END PROCESS;
---------- Upper section: ----------
PROCESS (pr_state)
BEGIN
CASE pr_state IS
WHEN state0 =>
temp <= <value>;
IF (condition) THEN nx_state <=
state1;
...
END IF;
WHEN state1 =>
temp <= <value>;
IF (condition) THEN nx_state <=
state2;
...
END IF;
WHEN state2 =>
temp <= <value>;
IF (condition) THEN nx_state <=
state3;
...
END IF;
...
END CASE;
END PROCESS;
END <arch_name>;

      
     temp.
      
       
     

clk/EVENT.

  FSM   

     FSM
   ,   
    ,  
      .

    
:

ENTITY simple_fsm IS
PORT ( a, b, d, clk, rst: IN BIT;

x: OUT BIT);
END simple_fsm;

ARCHITECTURE simple_fsm OF
simple_fsm IS
TYPE state IS (stateA, stateB);
SIGNAL pr_state, nx_state: state;
SIGNAL temp: BIT;
BEGIN
----- Lower section: ---------------
PROCESS (rst, clk)
BEGIN
IF (rst='1') THEN
pr_state <= stateA;
ELSIF (clk'EVENT AND clk='1') THEN
x <= temp;
pr_state <= nx_state;
END IF;
END PROCESS;
---------- Upper section: ----------
PROCESS (a, b, d, pr_state)
BEGIN
CASE pr_state IS
WHEN stateA =>
temp <= a;
IF (d='1') THEN nx_state <= stateB;
ELSE nx_state <= stateA;
END IF;
WHEN stateB =>
temp <= b;
IF (d='1') THEN nx_state <= stateA;
ELSE nx_state <= stateB;
END IF;
END CASE;
END PROCESS;
END simple_fsm;

    
      
 flip-flops,      

       
  .

   
 (string detector)

   VHDL  
    
   111.   

    1    
  111,     0.

    
   :
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     :
LIBRARY ieee;
USE ieee.std_logic_1164.all;

ENTITY string_detector IS
PORT ( d, clk, rst: IN BIT;
q: OUT BIT);
END string_detector;

ARCHITECTURE my_arch OF
string_detector IS
TYPE state IS (zero, one, two,
three);
SIGNAL pr_state, nx_state: state;
BEGIN
----- Lower section: ------------
PROCESS (rst, clk)
BEGIN
IF (rst='1') THEN
pr_state <= zero;
ELSIF (clk'EVENT AND clk='1') THEN
pr_state <= nx_state;
END IF;
END PROCESS;
---------- Upper section: -------
PROCESS (d, pr_state)
BEGIN
CASE pr_state IS
WHEN zero =>
q <= '0';
IF (d='1') THEN nx_state <= one;
ELSE nx_state <= zero;
END IF;
WHEN one =>
q <= '0';
IF (d='1') THEN nx_state <= two;
ELSE nx_state <= zero;
END IF;
WHEN two =>
q <= '0';
39 IF (d='1') THEN nx_state <=
three;
40 ELSE nx_state <= zero;
41 END IF;
42 WHEN three =>
43 q <= '1';

44 IF (d='0') THEN nx_state <= zero;
45 ELSE nx_state <= three;
46 END IF;
47 END CASE;
48 END PROCESS;
49 END my_arch;

  ,  
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