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+DUGZDUH�GHVFULSWLRQ�ODQJXDJHV

❚ 'HVFULEH�KDUGZDUH�DW�YDU\LQJ�OHYHOV�RI�DEVWUDFWLRQ

❚ 6WUXFWXUDO�GHVFULSWLRQ
❙ WH[WXDO�UHSODFHPHQW�IRU�VFKHPDWLF
❙ KLHUDUFKLFDO�FRPSRVLWLRQ�RI�PRGXOHV�IURP�SULPLWLYHV

❚ %HKDYLRUDO�IXQFWLRQDO�GHVFULSWLRQ
❙ GHVFULEH�ZKDW�PRGXOH�GRHV��QRW�KRZ
❙ V\QWKHVLV�JHQHUDWHV�FLUFXLW�IRU�PRGXOH

❚ 6LPXODWLRQ�VHPDQWLFV
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+'/V

❚ $EHO��FLUFD���������GHYHORSHG�E\�'DWD�,�2
❙ WDUJHWHG�WR�SURJUDPPDEOH�ORJLF�GHYLFHV
❙ QRW�JRRG�IRU�PXFK�PRUH�WKDQ�VWDWH�PDFKLQHV

❚ ,63��FLUFD���������UHVHDUFK�SURMHFW�DW�&08
❙ VLPXODWLRQ��EXW�QR�V\QWKHVLV

❚ 9HULORJ��FLUFD���������GHYHORSHG�E\�*DWHZD\��DEVRUEHG�E\�&DGHQFH�
❙ VLPLODU�WR�3DVFDO�DQG�&
❙ GHOD\V�LV�RQO\�LQWHUDFWLRQ�ZLWK�VLPXODWRU
❙ IDLUO\�HIILFLHQW�DQG�HDV\�WR�ZULWH
❙ ,(((�VWDQGDUG

❚ 9+'/��FLUFD���������'R'�VSRQVRUHG�VWDQGDUG
❙ VLPLODU�WR�$GD��HPSKDVLV�RQ�UH�XVH�DQG�PDLQWDLQDELOLW\�
❙ VLPXODWLRQ�VHPDQWLFV�YLVLEOH
❙ YHU\�JHQHUDO�EXW�YHUERVH
❙ ,(((�VWDQGDUG
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9HULORJ

❚ 6XSSRUWV�VWUXFWXUDO�DQG�EHKDYLRUDO�GHVFULSWLRQV

❚ 6WUXFWXUDO
❙ H[SOLFLW�VWUXFWXUH�RI�WKH�FLUFXLW
❙ H�J���HDFK�ORJLF�JDWH�LQVWDQWLDWHG�DQG�FRQQHFWHG�WR�RWKHUV

❚ %HKDYLRUDO
❙ SURJUDP�GHVFULEHV�LQSXW�RXWSXW�EHKDYLRU�RI�FLUFXLW
❙ PDQ\�VWUXFWXUDO�LPSOHPHQWDWLRQV�FRXOG�KDYH�VDPH�EHKDYLRU
❙ H�J���GLIIHUHQW�LPSOHPHQWDWLRQ�RI�RQH�%RROHDQ�IXQFWLRQ

❚ :H¶OO�RQO\�EH�XVLQJ�EHKDYLRUDO�9HULORJ�LQ�'HVLJQ:RUNV
❙ UHO\�RQ�VFKHPDWLF�ZKHQ�ZH�ZDQW�VWUXFWXUDO�GHVFULSWLRQV
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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

6WUXFWXUDO�PRGHO
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module xor_gate (out, a, b);
  input         a, b;
  output        out;
  reg           out;

  assign #6 out = a ^ b;

endmodule

6LPSOH�EHKDYLRUDO�PRGHO

❚ &RQWLQXRXV�DVVLJQPHQW

GHOD\�IURP�LQSXW�FKDQJH
WR�RXWSXW�FKDQJH

VLPXODWLRQ�UHJLVWHU��
NHHSV�WUDFN�RI
YDOXH�RI�VLJQDO
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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

6LPSOH�EHKDYLRUDO�PRGHO

❚ DOZD\V�EORFN

VSHFLILHV�ZKHQ�EORFN�LV�H[HFXWHG
LH��WULJJHUHG�E\�ZKLFK�VLJQDOV
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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

'ULYLQJ�D�VLPXODWLRQ

��ELW�YHFWRU

LQLWLDO�EORFN�H[HFXWHG
RQO\�RQFH�DW�VWDUW
RI�VLPXODWLRQ

GLUHFWLYH�WR�VWRS
VLPXODWLRQ

SULQW�WR�D�FRQVROH
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&RPSOHWH�6LPXODWLRQ

❚ ,QVWDQWLDWH�VWLPXOXV�FRPSRQHQW�DQG�GHYLFH�WR�WHVW�LQ�D�VFKHPDWLF
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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

 

&RPSDUDWRU�([DPSOH
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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

0RUH�&RPSOH[�%HKDYLRUDO�0RGHO
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+DUGZDUH�'HVFULSWLRQ�/DQJXDJHV�YV�
3URJUDPPLQJ�/DQJXDJHV

❚ 3URJUDP�VWUXFWXUH
❙ LQVWDQWLDWLRQ�RI�PXOWLSOH�FRPSRQHQWV�RI�WKH�VDPH�W\SH
❙ VSHFLI\�LQWHUFRQQHFWLRQV�EHWZHHQ�PRGXOHV�YLD�VFKHPDWLF
❙ KLHUDUFK\�RI�PRGXOHV��RQO\�OHDYHV�FDQ�EH�+'/�LQ�'HVLJQ:RUNV�

❚ $VVLJQPHQW
❙ FRQWLQXRXV�DVVLJQPHQW��ORJLF�DOZD\V�FRPSXWHV�
❙ SURSDJDWLRQ�GHOD\��FRPSXWDWLRQ�WDNHV�WLPH�
❙ WLPLQJ�RI�VLJQDOV�LV�LPSRUWDQW��ZKHQ�GRHV�FRPSXWDWLRQ�KDYH�LWV�HIIHFW�

❚ 'DWD�VWUXFWXUHV
❙ VL]H�H[SOLFLWO\�VSHOOHG�RXW���QR�G\QDPLF�VWUXFWXUHV
❙ QR�SRLQWHUV

❚ 3DUDOOHOLVP
❙ KDUGZDUH�LV�QDWXUDOO\�SDUDOOHO��PXVW�VXSSRUW�PXOWLSOH�WKUHDGV�
❙ DVVLJQPHQWV�FDQ�RFFXU�LQ�SDUDOOHO��QRW�MXVW�VHTXHQWLDOO\�
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+DUGZDUH�'HVFULSWLRQ�/DQJXDJHV�DQG
&RPELQDWLRQDO�/RJLF

❚ 0RGXOHV���VSHFLILFDWLRQ�RI�LQSXWV��RXWSXWV��ELGLUHFWLRQDO��DQG�LQWHUQDO�VLJQDOV

❚ &RQWLQXRXV�DVVLJQPHQW���D�JDWH
V�RXWSXW�LV�D�IXQFWLRQ�RI�LWV�LQSXWV�DW�DOO
WLPHV��GRHVQ
W�QHHG�WR�ZDLW�WR�EH��FDOOHG��

❚ 3URSDJDWLRQ�GHOD\��FRQFHSW�RI�WLPH�DQG�GHOD\�LQ�LQSXW�DIIHFWLQJ�JDWH�RXWSXW

❚ &RPSRVLWLRQ���FRQQHFWLQJ�PRGXOHV�WRJHWKHU�ZLWK�ZLUHV

❚ +LHUDUFK\���PRGXOHV�HQFDSVXODWH�IXQFWLRQDO�EORFNV

❚ 6SHFLILFDWLRQ�RI�GRQ
W�FDUH�FRQGLWLRQV��DFFRPSOLVKHG�E\�VHWWLQJ�RXWSXW�WR�³[´�
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+DUGZDUH�'HVFULSWLRQ�/DQJXDJHV�DQG
6HTXHQWLDO�/RJLF

❚ )OLS�IORSV
❙ UHSUHVHQWDWLRQ�RI�FORFNV���WLPLQJ�RI�VWDWH�FKDQJHV
❙ DV\QFKURQRXV�YV��V\QFKURQRXV

❚ )60V
❙ VWUXFWXUDO�YLHZ��))V�VHSDUDWH�IURP�FRPELQDWLRQDO�ORJLF�
❙ EHKDYLRUDO�YLHZ��V\QWKHVLV�RI�VHTXHQFHUV�

❚ 'DWD�SDWKV� �$/8V���UHJLVWHUV
❙ XVH�RI�DULWKPHWLF�ORJLFDO�RSHUDWRUV
❙ FRQWURO�RI�VWRUDJH�HOHPHQWV

❚ 3DUDOOHOLVP
❙ PXOWLSOH�VWDWH�PDFKLQHV�UXQQLQJ�LQ�SDUDOOHO

❚ 6HTXHQWLDO�GRQ
W�FDUHV
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module dff (clk, d, q);

input  clk, d;
output q;
reg    q;

always @(posedge clk)
q = d;

endmodule

)OLS�IORS�LQ�9HULORJ

❚ 8VH�DOZD\V�EORFN
V�VHQVLWLYLW\�OLVW�WR�ZDLW�IRU�FORFN�HGJH
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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

0RUH�)OLS�IORSV

❚ 6\QFKURQRXV�DV\QFKURQRXV�UHVHW�VHW
❙ VLQJOH�WKUHDG�WKDW�ZDLWV�IRU�WKH�FORFN
❙ WKUHH�SDUDOOHO�WKUHDGV�±�RQO\�RQH�RI�ZKLFK�ZDLWV�IRU�WKH�FORFN
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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

6WUXFWXUDO�9LHZ�RI�DQ�)60

❚ 7UDIILF�OLJKW�FRQWUROOHU��WZR�DOZD\V�EORFNV���IOLS�IORSV�VHSDUDWH�IURP�ORJLF
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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

%HKDYLRUDO�9LHZ�RI�DQ�)60

❚ 6SHFLILFDWLRQ�RI�LQSXWV��RXWSXWV��DQG�VWDWH�HOHPHQWV

CSE 370 - Spring 1999 - Hardware Description Languages - 18

  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

%HKDYLRUDO�9LHZ�RI�DQ�)60��FRQW·G�

FDVH�VWDWHPHQW
WULJJHUUHG�E\
FORFN�HGJH
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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

7LPHU�IRU�7UDIILF�/LJKW�&RQWUROOHU

❚ $QRWKHU�)60
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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

&RPSOHWH�7UDIILF�/LJKW�&RQWUROOHU

❚ 7\LQJ�LW�DOO�WRJHWKHU��)60���WLPHU�
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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;

VWDWH�DVVLJQPHQW

9HULORJ�)60���5HGXFH��V�H[DPSOH

❚ 0RRUH�PDFKLQH
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WZR�V
>�@
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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

0RRUH�9HULORJ�)60��FRQW·G�

QRWH�WKDW�RXWSXW�RQO\

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

0HDO\�9HULORJ�)60
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>�@

CSE 370 - Spring 1999 - Hardware Description Languages - 24

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

6\QFKURQRXV�0HDO\�0DFKLQH


