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Hardware Description Languages
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HDLs
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Simulation vs. Synthesis
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“execution”

functional
validation

synthesis circuit

simulation

functional/timing
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Verilog vs. VHDL
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Simulation

Synthesis and Simulation
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(Specification)

Circuit Description
(Synthesizeable)
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Verilog
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Verilog Introduction
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module and_gate (out, in1, in2);
input         in1, in2;
output        out;

assign out = in1 & in2;

endmodule

Simple Behavioral Model
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Verilog Module
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module full_addr (A, B, Cin, S, Cout);
input A, B, Cin;
output S, Cout;

assign {Cout, S} = A + B + Cin;
endmodule

��������	��


����
�������


����


Verilog - 10

Verilog Data Types and Values
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Verilog Numbers
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Verilog Operators
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Verilog Variables
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assign A = X | (Y & ~Z);

assign B[3:0] = 4'b01XX;

assign C[15:0] = 4'h00ff;

assign #3 {Cout, S[3:0]} = A[3:0] + B[3:0] + Cin;

�
�����	�
�����
������	���

����
����	


������������	���	�
���

���	������������
���������	�
����������
������

���	���������
�����




�
����������	������	���

��������
���

������������
�	�����	�
���

�
�
��	���	������������	���

� ��!��"��#�

�	�
	���
��	��������
�
��
��
�$%�&'%��

Verilog Continuous Assignment

� �

���� �����
���������
�� �	�������

� assign �����

���
����������������������
�� 
������ 
������� ��������
��
���������������

� ��������
���� ����� 	�������

Verilog - 15

module Compare1 (A, B, Equal, Alarger, Blarger);
input     A, B;
output    Equal, Alarger, Blarger;

assign Equal = (A & B) | (~A & ~B);
assign Alarger = (A & ~B);
assign Blarger = (~A & B);

endmodule

Comparator Example
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// Make a 4-bit comparator from 4 1-bit comparators

module Compare4(A4, B4, Equal, Alarger, Blarger);
input [3:0] A4, B4;
output Equal, Alarger, Blarger;
wire e0, e1, e2, e3, Al0, Al1, Al2, Al3, B10, Bl1, Bl2, Bl3;

Compare1 cp0(A4[0], B4[0], e0, Al0, Bl0);
Compare1 cp1(A4[1], B4[1], e1, Al1, Bl1);
Compare1 cp2(A4[2], B4[2], e2, Al2, Bl2);
Compare1 cp3(A4[3], B4[3], e3, Al3, Bl3);

assign Equal = (e0 & e1 & e2 & e3);
assign Alarger = (Al3 | (Al2 & e3) | 

(Al1 & e3 & e2) | 
(Al0 & e3 & e2 & e1));

assign Blarger = (~Alarger & ~Equal);
endmodule

Comparator Example
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module and_gate (out, in1, in2);
input in1, in2;
output out;
reg out;

always @(in1 or in2) begin
out = in1 & in2;

end
endmodule

Simple Behavioral Model - the always block
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always Block
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“Complete” Assignments
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module and_gate (out, in1, in2);
input         in1, in2;
output        out;
reg out;

always @(in1) begin
out = in1 & in2;

end

endmodule

Triggers
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Verilog if
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// Simple 4-1 mux
module mux4 (sel, A, B, C, D, Y);
input [1:0] sel; // 2-bit control signal
input A, B, C, D;
output Y;
reg Y; // target of assignment

always @(sel or A or B or C or D)
if (sel == 2’b00) Y = A;
else if (sel == 2’b01) Y = B;
else if (sel == 2’b10) Y = C;
else if (sel == 2’b11) Y = D;

endmodule
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Verilog if
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// Simple 4-1 mux
module mux4 (sel, A, B, C, D, Y);
input [1:0] sel; // 2-bit control signal
input A, B, C, D;
output Y;
reg Y; // target of assignment

always @(sel or A or B or C or D)
if (sel[0] == 0)
if (sel[1] == 0) Y = A;
else             Y = B;

else
if (sel[1] == 0) Y = C;
else             Y = D;

endmodule
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Verilog case
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// Simple 4-1 mux
module mux4 (sel, A, B, C, D, Y);
input [1:0] sel; // 2-bit control signal
input A, B, C, D;
output Y;
reg Y; // target of assignment

always @(sel or A or B or C or D)
case (sel)
2’b00: Y = A;
2’b01: Y = B;
2’b10: Y = C;
2’b11: Y = D;

endcase
endmodule
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Verilog case
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// Simple binary encoder (input is 1-hot)
module encode (A, Y);
input  [7:0] A; // 8-bit input vector
output [2:0] Y; // 3-bit encoded output
reg [2:0] Y; // target of assignment

always @(A)
case (A)

8’b00000001: Y = 0;
8’b00000010: Y = 1;
8’b00000100: Y = 2;
8’b00001000: Y = 3;
8’b00010000: Y = 4;
8’b00100000: Y = 5;
8’b01000000: Y = 6;
8’b10000000: Y = 7;
default:  Y = 3’bX; // Don’t care when input is not 1-hot

endcase
endmodule
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Verilog case (cont)
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// Priority encoder
module encode (A, Y);
input  [7:0] A; // 8-bit input vector
output [2:0] Y; // 3-bit encoded output
reg [2:0] Y; // target of assignment

always @(A)
case (1’b1)

A[0]: Y = 0;
A[1]: Y = 1;
A[2]: Y = 2;
A[3]: Y = 3;
A[4]: Y = 4;
A[5]: Y = 5;
A[6]: Y = 6;
A[7]: Y = 7;
default:  Y = 3’bX; // Don’t care when input is all 0’s

endcase
endmodule
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Parallel Case
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// simple encoder
module encode (A, Y);
input  [7:0] A; // 8-bit input vector
output [2:0] Y; // 3-bit encoded output
reg [2:0] Y; // target of assignment

always @(A)
case (1’b1) // synopsys parallel-case

A[0]: Y = 0;
A[1]: Y = 1;
A[2]: Y = 2;
A[3]: Y = 3;
A[4]: Y = 4;
A[5]: Y = 5;
A[6]: Y = 6;
A[7]: Y = 7;
default:  Y = 3’bX; // Don’t care when input is all 0’s

endcase
endmodule
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Verilog casex

� 6�<����
�-�������
�
�������������HG =

� G ����
������
���� �����	���������������
�


Verilog - 28

casex Example

// Priority encoder
module encode (A, valid, Y);
input  [7:0] A; // 8-bit input vector
output [2:0] Y; // 3-bit encoded output
output valid; // Asserted when an input is not all 0’s
reg [2:0] Y; // target of assignment
reg valid;

always @(A) begin
valid = 1;
casex (A)

8’bXXXXXXX1: Y = 0;
8’bXXXXXX10: Y = 1;
8’bXXXXX100: Y = 2;
8’bXXXX1000: Y = 3;
8’bXXX10000: Y = 4;
8’bXX100000: Y = 5;
8’bX1000000: Y = 6;
8’b10000000: Y = 7;
default:  begin

valid = 0;
Y = 3’bX; // Don’t care when input is all 0’s

end
endcase

end
endmodule
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Verilog for
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// simple encoder
module encode (A, Y);
input  [7:0] A; // 8-bit input vector
output [2:0] Y; // 3-bit encoded output
reg [2:0] Y; // target of assignment

integer i; // Temporary variables for program only
reg [7:0] test;

always @(A) begin
test = 8b’00000001;
Y = 3’bX;
for (i = 0; i < 8; i = i + 1) begin

if (A == test) Y = i;
test = test << 1;

end
end

endmodule
Verilog - 30

module life (neighbors, self, out);
input         self;
input [7:0]   neighbors;
output        out;
reg out;
integer       count;
integer       i;

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

end
endmodule

Another Behavioral Example
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Verilog while/repeat/forever
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