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module xor_gate (out, a, b);
  input     a, b;
  output    out;
  wire      abar, bbar, t1, t2;

  inverter invA (abar, a);
  inverter invB (bbar, b);
  and_gate and1 (t1, a, bbar);
  and_gate and2 (t2, b, abar);
  or_gate  or1 (out, t1, t2);

endmodule

����	�������
���



CSE 370 - Spring 2000 - Hardware Description Languages - 5

module xor_gate (out, a, b);
  input         a, b;
  output        out;
  reg           out;

  assign #6 out = a ^ b;

endmodule
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module xor_gate (out, a, b);
  input         a, b;
  output        out;
  reg           out;

  always @(a or b) begin
     #6 out = a ^ b;
  end

endmodule
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module stimulus (x, y);
  output        x, y;
  reg [1:0]     cnt;

  initial begin
    cnt = 0;
    repeat (4) begin
      #10 cnt = cnt + 1;
      $display ("@ time=%d, x=%b, y=%b, cnt=%b",
        $time, x, y, cnt); end
    #10 $finish;
  end

  assign x = cnt[1];
  assign y = cnt[0];
endmodule
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module Compare1 (A, B, Equal, Alarger, Blarger);
  input     A, B;
  output    Equal, Alarger, Blarger;

  assign #5 Equal = (A & B) | (~A & ~B);
  assign #3 Alarger = (A & ~B);
  assign #3 Blarger = (~A & B);
endmodule
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module life (n0, n1, n2, n3, n4, n5, n6, n7, self, out);
  input     n0, n1, n2, n3, n4, n5, n6, n7, self;
  output    out;
  reg       out;
  reg [7:0] neighbors;
  reg [3:0] count;
  reg [3:0] i;

  assign neighbors = {n7, n6, n5, n4, n3, n2, n1, n0};

  always @(neighbors or self) begin
    count = 0;
    for (i = 0; i < 8; i = i+1) count = count + neighbors[i];
    out = (count == 3);
    out = out | ((self == 1) & (count == 2));
  end

endmodule
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module dff (clk, d, q);

input  clk, d;
output q;
reg    q;

always @(posedge clk)
q = d;

endmodule
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module dff (clk, s, r, d, q);
input  clk, s, r, d;
output q;
reg    q;

always @(posedge clk)
if (reset)    q = 1’b0;
else if (set) q = 1’b1;
else          q = d;

endmodule

module dff (clk, s, r, d, q);
input  clk, s, r, d;
output q;
reg    q;

always @(posedge reset)
q = 1’b0;

always @(posedge set)
q = 1’b1;

always @(posedge clk)
q = d;

endmodule
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module FSM (HL, FL, ST, clk, C, TS, TL);
output [2:0] HL, FL;     reg    [2:0] HL, FL; 
output ST;               reg    ST;
input  clk;
input  C, TS, TL;

    reg    [1:0] present_state;
reg    [1:0] next_state;

initial begin HL = 3’b001; FL = 3’b100; present_state = 2’b00; end

always @(posedge clk) // registers
present_state = next_state;

always @(present_state or C or TS or TL)
// compute next-state and output logic whenever state or inputs change
// put equations here for next_state[1:0], HL[2:0], FL[2:0], and ST
// as functions of C, TS, TL, and present_state[1:0]

endmodule
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module FSM(HR, HY, HG, FR, FY, FG, ST, TS, TL, C, reset, Clk);
  output HR;
  output HY;
  output HG;
  output FR;
  output FY;
  output FG;
  output ST;
  input TS;
  input TL;
  input C;
  input reset;
  input Clk;
  
  reg [6:1] state;
  reg ST;
  

  ‘define highwaygreen   6’b001100
  ‘define highwayyellow  6’b010100
  ‘define farmroadgreen  6’b100001
  ‘define farmroadyellow 6’b100010

  assign HR = state[6];
  assign HY = state[5];
  assign HG = state[4];
  assign FR = state[3];
  assign FY = state[2];
  assign FG = state[1];

VSHFLI\�VWDWH�ELWV�DQG�FRGHV�
IRU�HDFK�VWDWH�DV�ZHOO�DV�
FRQQHFWLRQV�WR�RXWSXWV
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  initial begin state = ‘highwaygreen; ST = 0; end
  
  always @(posedge Clk)
    begin
      if (reset)
        begin state = ‘highwaygreen; ST = 1; end
      else
        begin
          ST = 0;
          case (state)
            ‘highwaygreen:
              if (TL & C) begin state = ‘highwayyellow; ST = 1; end
            ‘highwayyellow:
              if (TS) begin state = ‘farmroadgreen; ST = 1; end
            ‘farmroadgreen:
              if (TL | !C) begin state = ‘farmroadyellow; ST = 1; end
            ‘farmroadyellow:
              if (TS) begin state = ‘highwaygreen; ST = 1; end
          endcase
        end
    end
endmodule
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module Timer(TS, TL, ST, Clk);
  output TS;
  output TL;
  input    ST;
  input    Clk;
  integer   value;
  
  assign TS = (value >=  4); //  5 cycles after reset
  assign TL = (value >= 14); // 15 cycles after reset

  always @(posedge ST) value = 0; // async reset
  
  always @(posedge Clk) value = value + 1;
  
endmodule
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module main(HR, HY, HG, FR, FY, FG, reset, C, Clk);
 output HR, HY, HG, FR, FY, FG; 
 input  reset, C, Clk;

  Timer part1(TS, TL, ST, Clk);
  FSM   part2(HR, HY, HG, FR, FY, FG, ST, TS, TL, C, reset, Clk);
endmodule
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‘define zero  0
‘define one1  1
‘define two1s 2

module reduce (clk, reset, in, out);
  input clk, reset, in;
  output out;
  reg out;
  reg [2:1] state; // state variables
  reg [2:1] next_state;

  always @(posedge clk)
    if (reset) state = ‘zero;
    else       state = next_state;
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  always @(in or state)

    case (state)
      ‘zero:

// last input was a zero
 begin
   if (in) next_state = ‘one1;
   else    next_state = ‘zero;
 end

      ‘one1:
// we’ve seen one 1
 begin
   if (in) next_state = ‘two1s;
   else    next_state = ‘zero;
 end

      ‘two1s:
// we’ve seen at least 2 ones
 begin
   if (in) next_state = ‘two1s;
   else    next_state = ‘zero;
 end

    endcase

FUXFLDO�WR�LQFOXGH�

DOO�VLJQDOV�WKDW�DUH�

LQSXW�WR�VWDWH�DQG�

RXWSXW�HTXDWLRQV
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GHSHQGV�RQ�VWDWH

  always @(state)
    case (state)
      ‘zero: out = 0;

  ‘one1: out = 0;
 ‘two1s: out = 1;

    endcase

endmodule
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module reduce (clk, reset, in, out);
  input clk, reset, in;
  output out;
  reg out;
  ‘register state; // state variables
  reg next_state;

  always @(posedge clk)
    if (reset) state = ‘zero;
    else       state = next_state;

  always @(in or state)
    case (state)
      ‘zero: // last input was a zero

 begin
   out = 0;
   if (in) next_state = ‘one;
   else    next_state = ‘zero;
 end

      ‘one: // we’ve seen one 1
 if (in) begin

next_state = ‘one; out = 1;
 end else begin

next_state = ‘zero; out = 0;
 end

    endcase
endmodule
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module reduce (clk, reset, in, out);
  input clk, reset, in;
  output out;
  reg out;
  reg state; // state variables

  always @(posedge clk)
    if (reset) state = ‘zero;
    else 
     case (state)
      ‘zero: // last input was a zero

 begin
   out = 0;
   if (in) state = ‘one;
   else    state = ‘zero;
 end

      ‘one: // we’ve seen one 1
 if (in) begin

state = ‘one; out = 1;
 end else begin

state = ‘zero; out = 0;
 end

    endcase
endmodule
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