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Comparadores
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Figure 4.22 A four-bit comparator circuit. 2



figure4.40.v

1 module compare (A, B, AegB, AgtB, AltB);
2 input [3:0] A, B;

3 output reg AeqB, AgtB, AltB;
4

5 always Q(A, B)

6 begin

7 AegB = 0;

8 AgtB = 0;

9 AltB = 0;

10 if (A == B)

11 AegB = 1;

12 else if (A > B)

13 AgtB = 1;

14 else

15 AltB = 1;

16 end

17

18 endmodule



Comparador por subtracao
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figure3.46.v

1 module comparator (X, Y, V, N, Z);
2 input [3:0] X, Y;
3 output V, N, Z;
4 wire [3:0] S;
wire [4:1] C;

5

6

7 fulladd stageO (1'bi, X[0], ~Y[0], S[0], C[11);
8 fulladd stagel (C[1], X[1], ~Y[i], S[il, C[2]1);
9 fulladd stage2 (C[2], X[2], "Y[2], S[2], C[31);
10 fulladd stage3 (C[3], X[3], ~Y[3], S[3], C[4]);
11 assign V = C[4] -~ C[3];

12 assign N = S[3];

13 assign Z = !S;

15 endmodule

17 module fulladd (Cin, x, y, s, Cout);
18 input Cin, x, y;

19 output s, Cout;

20

21 assign s = x ~ y ~ Cin,

22 Cout = (x & y) | (x & Cin) | (y & Cin);
23

24 endmodule



figure3.47.v

1 module comparator (X, Y, V, N, Z);
2 parameter n = 32;

3 input [n-1:0] X, Y;

4 output reg V, N, Z;

5 reg [n-1:0] S;

6 reg [n:0] C;

7 integer k;

8

9 always @(X, Y)

10 begin

11 clo]l = 1'b1;

12 for (k = 0; k <n; k=k+ 1)
13 begin

14 Skl = X[kl ~ "Y[k] -~ C[k];
15 Clk+1] = (X[k] & “Y[k]) | (X[k] & C[k]) | (CY[k] & Clk]l);
16 end

17 V = Cln] - Cln-1];

18 N = S[n-11;

19 Z = 18;

20 end

21

22  endmodule



Deslocadores



Deslocamento (shift)
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Figure 4.50 A shiffer circuit.



figure4.53.v
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module shifter (W, Shift, Y , k);
input [3:0] W;
input Shift;
output reg [3:0] Y;
output reg k;

always @(W, Shift)
begin
if (Shift)
begin
Y[3] = 0;
Y[2:0] = W[3:1];
k = W[0];

endmodule



figure4.54.v

1 module shifter (W, Shift, Y , k);
2 input [3:0] W;
3 input Shift;
4 output reg [3:0] Y;
output reg k;

5
6
7 always @(W, Shift)
8

begin
9 if (Shift)
10 begin
11 Y=W> 1;
12 k = W[0];
13 end
14 else
15 begin
16 Y =W
17 k = 0;
18 end
19 end
20

21 endmodule



Deslocamento (rotate)
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Figure 4.51  Abarrel shifter circuit. 10



figure4.55.v

1 module barrel (W, S, Y);
2 input [3:0] W;

3 input [1:0] S;

4 output [3:0] Y;

5 wire [3:0] T;
6
7
8
9

assign {T, Y} = {w, W} >> S;

endmodule

11



ULA




ULA

Table 4.1  The functionality

of the 74381
ALU.
Inputs Outputs

Operation $2 51 80 F
Clear 000 0000
B—A 001 B—A
A—B 010 A—-B
ADD 011 A+B
XOR 100 AXOR B
OR 101 AORB
AND 110 A AND B

Preset 111 1111

12



ULA

. . 1 // 74381 ALU
Table 4.1 The functionality 2 [
Of the 7438] 3 input [2:0] S;
ALU. 4 input [3:0] A, B;
5 output reg [3:0] F;
Inputs Outputs 6
Operation 52 851 S0 F 7 always @(S, A, B)
8 case (S)
Clear 000 0000 0 0: F = 4'b0000;
B—A 001 B—A 10 1: F =B - A;
A—B 010 A—B 11 2: F=A-B;
ADD 011 A+B ' e e
13 4: F = A B;
XOR 100 A XOR B 14 5: F = A | B;
OR 101 AORB 15 6: F=A&B;
AND 110 AANDB ¢ R
17 endcase
Preset 111 1111 18

19 endmodule 12
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Operadores em Verilog (1/2)

Table 4.2  Verilog operators.

Operator type Operator symbols Operation performed Number of operands
Bitwise A 1’s complement 1
& Bitwise AND 2
| Bitwise OR 2
A Bitwise XOR 2
~A o A~ Bitwise XNOR 2
Logical ! NOT 1
&& AND 2
I OR 2
Reduction & Reduction AND 1
~& Reduction NAND 1
| Reduction OR 1
~ | Reduction NOR 1
A Reduction XOR 1
~N or N~ Reduction XNOR 1

13



Operadores em Verilog (2/2)

Arithmetic

Addition
Subtraction

2’s complement
Multiplication
Division

Relational

Greater than

Less than

Greater than or equal to
Less than or equal to

Equality

Logical equality
Logical inequality

Shift

Right shift
Left shift

(NI (SR SR (S (SR NS (ST N (S S I ST S )

\S]

Concatenation

Concatenation

Any number

Replication

Replication

Any number

Conditional

Conditional

3

14



Precedencia dos Operadores em Verilog

Table 4.3  Precedence of Verilog operators.

Operator type Operator symbols Precedence
Complement I~ — Highest precedence
Arithmetic *

+ —
Shift << >>
Relational < <= > >=
Equality == |=
Reduction & ~&

A YA

| ~I
Logical &&

l

Conditional 7 Lowest precedence

15



Erros comuns




Especificacdo Incompleta

1  module mux3tol(a, b, c, sel, out);

2 input [1:0] sel;
3 input a, b, c;
4 output out;
00 5 reg out;
6
01 out 7 always @(a or b or c or sel)
c 10 8 begin
9 case (sel)
2 10 2'b00: out = a;
sel 11 2'b01: out = b;
12 2'b10: out = c;
13 endcase
14 end

15 endmodule

16



Perigo!: Especificacdo Incompleta

01 D Q- out

17



Evitando a Especificacdo Incompleta

1 always @(a or b or c or sel)

2 begin

3 out = 1'bx 1 always @(a or b or c or sel)

4 case (sel) 2 begin

5 2'b00: out = a; 3 case (sel)

6 2'b01: out = b; 4 2'b00: out = a;

7 2'b10: out = c; 5 2'b01: out = b;

8 endcase 6 2'b10: out = c;

9 end 7 default: out = 1'bx
8 endcase
9 end

18



Perigo!: Prioridade Indesejada

o o -0

all others

Gl W N =

module binary_encoder(i, e);
input [3:0] i;
output [1:0] e;

reg e;

always @(i)

begin
if (i[0])
e = 2'b00;
else if (i[1])
e = 2'b01;
else if (i[2])
e = 2'b10;
else if (i[3])
e = 2'bll;
else

e = 2'bxx;
end

endmodule 19



Perigo!: Prioridade Indesejada
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Evitando Prioridade Indesejada
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ot

module binary_encoder(i, e);
input [3:0] i;
output [1:0] e;

reg e;

always @(i)
begin
if (i == 4'b0001)
e = 2'b00;
else if (i == 4'b0010)
e = 2'b01;
else if (i == 4'b0100)
e = 2'b10;
else if (i == 4'b1000)
e = 2'bll;
else
e = 2'bxx;
end

endmodule 21
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