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Exit conditions from S1:
recognizes
strings of form …0 (no 1 seen)

loop back to S1 if input is 0
Exit conditions from S4:
recognizes
strings of form …1 (no 0 seen)

loop back to S4 if input is 1
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module string (clk, X, rst, Q0, Q1, Q2, Z);

input clk, X, rst;

output Q0, Q1, Q2, Z;

reg state[0:2];

‘define S0 = [0,0,0]; //reset state

‘define S1 = [0,0,1]; //strings ending in   ...0

‘define S2 = [0,1,0]; //strings ending in  ...01

‘define S3 = [0,1,1]; //strings ending in ...010

‘define S4 = [1,0,0]; //strings ending in   ...1

‘define S5 = [1,0,1]; //strings ending in  ...10

‘define S6 = [1,1,0]; //strings ending in ...100

assign Q0 = state[0];

assign Q1 = state[1];

assign Q2 = state[2];

assign Z = (state == ‘S3);

always @(posedge clk) begin

  if rst state = ‘S0;

  else

    case (state)

      ‘S0: if (X) state = ‘S4 else state = ‘S1;

      ‘S1: if (X) state = ‘S2 else state = ‘S1;

      ‘S2: if (X) state = ‘S4 else state = ‘S3;

      ‘S3: if (X) state = ‘S2 else state = ‘S6;

      ‘S4: if (X) state = ‘S4 else state = ‘S5;

      ‘S5: if (X) state = ‘S2 else state = ‘S6;

 ‘S6: state = ‘S6;

      default: begin

        $display (“invalid state reached”);

        state = 3’bxxx;

    endcase

end

endmodule
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module string (clk, M, rst, Z0, Z1, Z2);

input clk, X, rst;

output Z0, Z1, Z2;

reg state[0:2];

‘define S0 = [0,0,0]; 

‘define S1 = [0,0,1]; 

‘define S2 = [0,1,0]; 

‘define S3 = [0,1,1]; 

‘define S4 = [1,0,0]; 

‘define S5 = [1,0,1]; 

‘define S6 = [1,1,0]; 

‘define S7 = [1,1,1]; 

assign Z0 = state[0];

assign Z1 = state[1];

assign Z2 = state[2];

always @(posedge clk) begin

  if rst state = ‘S0;

  else

    case (state)

      ‘S0: state = ‘S1;

      ‘S1: if (M) state = ‘S3 else state = ‘S2;

      ‘S2: if (M) state = ‘S6 else state = ‘S3;

      ‘S3: if (M) state = ‘S2 else state = ‘S4;

      ‘S4: if (M) state = ‘S0 else state = ‘S5;

      ‘S5: if (M) state = ‘S4 else state = ‘S6;

 ‘S5: if (M) state = ‘S7 else state = ‘S7;

 ‘S5: if (M) state = ‘S5 else state = ‘S0;

 endcase

end

endmodule
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integer combination_lock ( ) {
integer v1, v2, v3;
integer error = 0;
static integer c[3] = 3, 4, 2;

while (!new_value( ));
v1 = read_value( );
if (v1 != c[1]) then error = 1;

while (!new_value( ));
v2 = read_value( );
if (v2 != c[2]) then error = 1;

while (!new_value( ));
v3 = read_value( );
if (v2 != c[3]) then error = 1;

if (error == 1) then return(0); else return (1);
}
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VSDUNV�FRXOG�IO\�

,Q 2XW
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ZKHQ�6HOHFW�LV�KLJK
,QSXW��LV�FRQQHFWHG�WR�)

ZKHQ�6HOHFW�LV�ORZ
,QSXW��LV�FRQQHFWHG�WR�)

WKLV�LV�HVVHQWLDOO\�D�����PX[
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RSHQ�FROOHFWRU�

1$1'�JDWHV

ZLWK�RXSXWV�ZLUHG�WRJHWKHU

XVLQJ��ZLUHG�$1'�

WR�IRUP��$%�
�&'�


*���%
�		�
���
�����
���
#����%+,$

❚ 2SHQ�FROOHFWRU��DQRWKHU�ZD\�WR�FRQQHFW�JDWH�RXWSXWV�WR�WKH�VDPH�ZLUH

❙ JDWH�RQO\�KDV�WKH�DELOLW\�WR�SXOO�LWV�RXWSXW�ORZ

❙ LW�FDQQRW�DFWLYHO\�GULYH�WKH�ZLUH�KLJK��GHIDXOW�±�SXOOHG�KLJK�WKURXJK�UHVLVWRU�

❚ :LUHG�$1'�FDQ�EH�LPSOHPHQWHG�ZLWK�RSHQ�FROOHFWRU�ORJLF

❙ LI�$�DQG�%�DUH������RXWSXW�LV�DFWLYHO\�SXOOHG�ORZ

❙ LI�&�DQG�'�DUH������RXWSXW�LV�DFWLYHO\�SXOOHG�ORZ

❙ LI�RQH�JDWH�RXWSXW�LV�ORZ�DQG�WKH�RWKHU�KLJK��WKHQ�ORZ�ZLQV

❙ LI�ERWK�JDWH�RXWSXWV�DUH������WKH�ZLUH�YDOXH��IORDWV���SXOOHG�KLJK�E\�UHVLVWRU

❘ ORZ�WR�KLJK�WUDQVLWLRQ�XVXDOO\�VORZHU�WKDQ�LW�ZRXOG�KDYH�EHHQ�ZLWK�D�JDWH�SXOOLQJ
KLJK

❙ KHQFH��WKH�WZR�1$1'�IXQFWLRQV�DUH�$1'HG�WRJHWKHU
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C1 C2 C3
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equal
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control
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