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A linguagem Verilog



A linguagem Verilog

• Verilog é uma linguagem complexa, mas neste curso não vamos abordar todas as

suas potencialidades;

• O que vamos aprender será suficiente para projetar e testar uma grande variedade

de circuitos, incluindo processadores;

• Iremos abordar as funcionalidades da linguagem a medida que avançarmos com os

circuitos digitais;

• A principal habilidade desejada neste curso é a capacidade de traduzir com

facilidade um circuito para Verilog e vice-versa;

• Isso só pode ser alcançado com a prática, pois assim como na programação,

estudar problemas resolvidos não ajuda muito.
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A linguagem Verilog

• Em Verilog há várias maneiras de se descrever um mesmo circuito, por exemplo, a
partir:

• Funcional ou Lógica: de funções ou portas básicas;

• Estrutural: de uma hierarquia de componentes;

• Comportamental: da descrição de seu comportamento;

• Pode-se usar combinações das metodologias.
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Como NÃO escrever Verilog

• NÃO escrever código que se assemelhe a um programa de computador, contendo
muitas variáveis e loops;

• É dif́ıcil determinar qual circuito lógico as ferramentas CAD produzirão ao sintetizar

código assim;

• Neste curso veremos exemplos completos de código Verilog que representam uma
ampla gama de circuitos lógicos;

• Neles o código é facilmente relacionado ao circuito lógico descrito;

• Procure adotar o mesmo estilo de código;

• Se não for posśıvel determinar prontamente qual circuito lógico é descrito pelo

código Verilog, então as ferramentas CAD provavelmente não sintetizarão o

circuito que o projetista está tentando modelar;

• Analise o circuito resultante produzido pelas ferramentas de śıntese;
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Exemplos de circuitos

combinacionais



Exemplo: multiplexador
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Figure 2.36 The logic circuit for a multiplexer.

module example1 (x1, x2, s, f);
input x1, x2, s;
output f;

not (k, s);
and (g, k, x1);
and (h, s, x2);
or (f, g, h);

endmodule

Figure 2.37 Verilog code for the circuit in Figure 2.36.

while f is the output. The actual structure of the circuit is specified in the four statements
that follow. The NOT gate gives k = s. The AND gates produce g = sx1 and h = sx2. The
outputs of AND gates are combined in the OR gate to form

f = g + h
= sx1 + sx2

The module ends with the endmodule statement. We have written the Verilog keywords
in bold type to make the text easier to read. We will continue this practice throughout the
book.

A second example of Verilog code is given in Figure 2.38. It defines a circuit that has
four input signals, x1, x2, x3, and x4, and three output signals, f, g , and h . It implements the
logic functions

g = x1x3 + x2x4

h = (x1 + x3)(x2 + x4)

f = g + h

1 // Behavioral specification

2 module example3(input x1, x2, s,

3 output reg f);

4 always @(x1, x2, s)

5 if (s==0)

6 f = x1;

7 else

8 f = x2;

9 endmodule

1 module example2(input x1, x2, s, output f);

2 assign f = (x1 & ~s) | (x2 & s);

3 endmodule

1 module example1(x1, x2, s, f);

2 input x1, x2, s;

3 output f;

4

5 not (k, s);

6 and (g, k, x1);

7 and (h, s, x2);

8 or (f, g, h);

9 endmodule

1 module mux2to1 (w0, w1, s, f);

2 input w0, w1, s;

3 output f;

4 assign f = s ? w1 : w0;

5 endmodule
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Exemplo: combinando funções lógicas

1 module example2 (x1, x2, x3, x4,

2 f, g, h);

3 input x1, x2, x3, x4;

4 output f, g, h;

5

6 and (z1, x1, x3);

7 and (z2, x2, x4);

8 or (g, z1, z2);

9 or (z3, x1, ~x3);

10 or (z4, ~x2, x4);

11 and (h, z3, z4);

12 or (f, g, h);

13 endmodule

1 module example2 (x1, x2, x3, x4,

2 f, g, h);

3 input x1, x2, x3, x4;

4 output f, g, h;

5

6 assign g = (x1 & x3)|(x2 & x4);

7 assign h = (x1 | ~x3)&(~x2 | x4);

8 assign f = g | h;

9 endmodule
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Figure 2.39 Logic circuit for the code in Figure 2.38.

module example3 (x1, x2, s, f);
input x1, x2, s;
output f;

assig n f = ( s & x1) | (s & x2);

endmodule

Figure 2.40 Using the continuous assignment to specify the
circuit in Figure 2.36.

stems from the use of Verilog for simulation; whenever any signal on the right-hand side
changes its state, the value of f will be re-evaluated. The effect is equivalent to using the
gate-level primitives in Figure 2.37. Following this approach, the circuit in Figure 2.39 can
be specified as shown in Figure 2.41.

Using logic expressions makes it easier to write Verilog code. But even higher levels
of abstraction can often be used to advantage. Consider again the multiplexer circuit of
Figure 2.36. The circuit can be described in words by saying that f = x1 if s = 0 and f = x2

if s = 1. In Verilog, this behavior can be defined with the if-else statement

if (s == 0)
f = x1;

else
f = x2;
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Hierarquia de componentes
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2.10.3 Hierarchical Verilog Code

The examples of Verilog code given so far include just a single module. For larger designs,
it is often convenient to create a hierarchical structure in the Verilog code, in which there
is a top-level module that includes multiple instances of lower-level modules. To see how
hierarchical Verilog code can be written consider the circuit in Figure 2.44. This circuit
comprises two lower-level modules: the adder module that we described in Figure 2.12, and
the module that drives a 7-segment display which we showed in Figure 2.34. The purpose
of the circuit is to generate the arithmetic sum of the two inputs x and y, using the adder
module, and then to show the resulting decimal value on the 7-segment display.

Verilog code for the adder module from Figure 2.12 and the display module from
Figure 2.34 is given in Figures 2.45 and 2.46, respectively. For the adder module con-
tinuous assignment statements are used to specify the two-bit sum s1s0. The assignment
statement for s0 uses the Verilog XOR operator, which is specified as s0 = a ∧ b. The code
for the display module includes continuous assignment statements that correspond to the

s0

a

s1

b
c
d
e
f
g

Adder module Display module

a

b

Top-level module

x

y

s0

s1

w0

w1

a
b
c
d
e
f
g

Figure 2.44 A logic circuit with two modules.

// An adder module
module adder (a, b, s1, s0);

input a, b;
output s1, s0;

assig n s1 = a & b;
assig n s0 = a b;

endmodule

Figure 2.45 Verilog specification of the circuit in
Figure 2.12.
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Hierarquia de componentes

1 // Top-level module

2 module adder_display(x, y, a, b,

3 c, d, e, f, g);

4 input x, y;

5 output a, b, c, d, e, f, g;

6 wire w1, w0;

7

8 adder U1 (x, y, w1, w0);

9 display U2 (w1, w0, a, b, c,

10 d, e, f, g);

11 endmodule

1 // An adder module

2 module adder (a, b, s1, s0);

3 input a, b;

4 output s1, s0;

5

6 assign s1 = a & b;

7 assign s0 = a ^ b;

8 endmodule

1 // A module for driving a 7-segment display

(0, 1 or 2)↪→

2 module display(s1, s0, a, b,

3 c, d, e, f, g);

4 input s1, s0;

5 output a, b, c, d, e, f, g;

6

7 assign a = ~s0;

8 assign b = 1;

9 assign c = ~s1;

10 assign d = ~s0;

11 assign e = ~s0;

12 assign f = ~s1 & ~s0;

13 assign g = s1 & ~s0;

14 endmodule
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Exemplos com aritmética

computacional



Exemplo: somador completo (full adder)
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Figure 3.3 Full-adder.

1 module fulladd (Cin, x, y, s, Cout);

2 input Cin, x, y;

3 output s, Cout;

4

5 xor (s, x, y, Cin);

6 and (z1, x, y);

7 and (z2, x, Cin);

8 and (z3, y, Cin);

9 or (Cout, z1, z2, z3);

10 endmodule

10



Exemplo: somador completo (sintaxe alternativa)
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Figure 3.3 Full-adder.

1 module fulladd (Cin, x, y, s, Cout);

2 input Cin, x, y;

3 output s, Cout;

4

5 xor (s, x, y, Cin);

6 and (z1, x, y),

7 (z2, x, Cin),

8 (z3, y, Cin);

9 or (Cout, z1, z2, z3);

10 endmodule

11



Exemplo: somador completo (atribuições cont́ınuas)
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Figure 3.3 Full-adder.

1 module fulladd (Cin, x, y, s, Cout);

2 input Cin, x, y;

3 output s, Cout;

4

5 assign s = x ^ y ^ Cin;

6 assign Cout = (x & y) | (x & Cin) | (y &

Cin);↪→

7 endmodule
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Exemplo: somador completo (sintaxe alternativa)
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Figure 3.3 Full-adder.

1 module fulladd (Cin, x, y, s, Cout);

2 input Cin, x, y;

3 output s, Cout;

4

5 assign s = x ^ y ^ Cin,

6 Cout = (x & y) | (x & Cin) | (y &

Cin);↪→

7 endmodule
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Somador de 4 bits

1 module adder4 (carryin, x3, x2, x1, x0,

2 y3, y2, y1, y0,

3 s3, s2, s1, s0, carryout);

4 input carryin, x3, x2, x1, x0, y3, y2, y1, y0;

5 output s3, s2, s1, s0, carryout;

6

7 fulladd stage0 (carryin, x0, y0, s0, c1);

8 fulladd stage1 (c1, x1, y1, s1, c2);

9 fulladd stage2 (c2, x2, y2, s2, c3);

10 fulladd stage3 (c3, x3, y3, s3, carryout);

11 endmodule
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Somador de 4 bits

1 module adder4 (carryin, x3, x2, x1, x0,

2 y3, y2, y1, y0,

3 s3, s2, s1, s0, carryout);

4 input carryin, x3, x2, x1, x0, y3, y2, y1, y0;

5 output s3, s2, s1, s0, carryout;

6

7 fulladd stage0 (.x(x0), .y(y0), .s(s0), .Cout(c1));

8 fulladd stage1 (c1, x1, y1, s1, c2);

9 fulladd stage2 (c2, x2, y2, s2, c3);

10 fulladd stage3 (c3, x3, y3, s3, carryout);

11 endmodule
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Usando vetores

1 module adder4 (carryin, X, Y, S, carryout);

2 input carryin;

3 input [3:0] X, Y;

4 output [3:0] S;

5 output carryout;

6 wire [3:1] C;

7

8 fulladd stage0 (carryin, X[0], Y[0], S[0], C[1]);

9 fulladd stage1 (C[1], X[1], Y[1], S[1], C[2]);

10 fulladd stage2 (C[2], X[2], Y[2], S[2], C[3]);

11 fulladd stage3 (C[3], X[3], Y[3], S[3], carryout);

12 endmodule
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Especificação parametrizada (genérica quanto ao tamanho)

1 module addern (carryin, X, Y, S, carryout);

2 parameter n = 32;

3 input carryin;

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

5 output [n-1:0] S;

6 output carryout;

7 reg[n-1:0]S;

8 reg carryout;

9 reg [n:0] C;

10 integer k;

11

12 always @(X or Y or carryin)

13 begin

14 C[0] = carryin;

15 for (k = 0; k < n; k = k+1)

16 begin

17 S[k] = X[k] ^ Y[k] ^ C[k];

18 C[k+1] = (X[k] & Y[k]) | (X[k] & C[k]) | (Y[k] & C[k]);

19 end

20 carryout = C[n];

21 end

22 endmodule
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Usando atribuição aritmética

1 module addern (carryin, X, Y, S);

2 parameter n = 32;

3 input carryin;

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

5 output [n-1:0] S;

6 reg [n-1:0] S;

7

8 always @(X or Y or carryin)

9 S = X + Y + carryin;

10 endmodule
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Calculando Carry-out e Overflow

1 module addern (carryin, X, Y, S, carryout, overflow);

2 parameter n = 32;

3 input carryin;

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

5 output [n-1:0] S;

6 output carryout, overflow;

7 reg[n-1:0]S;

8 reg carryout, overflow;

9

10 always @(X or Y or carryin)

11 begin

12 S = X + Y + carryin;

13 carryout=(X[n-1] & Y[n-1]) | (X[n-1] & S[n-1])

14 | (Y[n-1] & S[n-1]);

15 overflow = carryout ^ X[n-1] ^ Y[n-1] ^ S[n-1];

16 end

17 endmodule
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Sintaxe alternativa

1 module addern (carryin, X, Y, S, carryout, overflow);

2 parameter n = 32;

3 input carryin;

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

5 output [n-1:0] S;

6 output carryout, overflow;

7 reg [n-1:0] S;

8 reg carryout, overflow;

9

10 always @(X or Y or carryin)

11 begin

12 {carryout, S} = X + Y + carryin;

13 overflow = carryout ^ X[n-1] ^ Y[n-1] ^ S[n-1];

14 end

15 endmodule
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Uma unidade lógica e artimética (ALU)

function to perform. Control signals will generally be shown in blue to
distinguish them from the data. Table 5.1 lists typical functions that the
ALU can perform. The SLT function is used for magnitude comparison
and will be discussed later in this section.

Figure 5.15 shows an implementation of the ALU. The ALU con-
tains an N-bit adder and N two-input AND and OR gates. It also
contains an inverter and a multiplexer to optionally invert input B when
the F2 control signal is asserted. A 4:1 multiplexer chooses the desired
function based on the F1:0 control signals.
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Figure 5.15 N-bit ALU

Table 5.1 ALU operations

F2:0 Function

000 A AND B

001 A OR B

010 A ! B

011 not used

100 A AND 

101 A OR 

110 A " B

111 SLT

B

B
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Uma unidade lógica e artimética (ALU)

1 module alu(input logic [31:0] a, b,

2 input logic [ 2:0] f,

3 output logic [31:0] y,

4 output logic zero);

5

6 logic [31:0] bb, b2, add_res, and_res, or_res, slt_res;

7

8 assign bb = ~b;

9 assign b2 = f[2] ? bb : b;

10 assign add_res = a + b2 + f[2]; // handle 2's complement

11 assign and_res = a & b2;

12 assign or_res = a | b2;

13 assign slt_res = add_res[31] ? 32'b1 : 32'b0;

14

15 always_comb

16 case (f[1:0])

17 2'b00: y = and_res;

18 2'b01: y = or_res;

19 2'b10: y = add_res;

20 2'b11: y = slt_res;

21 endcase

22

23 assign zero = (y == 32'b0);

24 endmodule
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Test bench

1 module talu();

2 logic clk;

3 logic [31:0] a, b, y, y_expected;

4 logic [ 2:0] f;

5 logic zero, zero_expected;

6

7 logic [31:0] vectornum, errors;

8 logic [103:0] testvectors[10000:0];

9

10 alu dut(a, b, f, y, zero);

11

12 always begin

13 clk = 1; #50; clk = 0; #50;

14 end

15

16 initial begin

17 $readmemh("talu.tv", testvectors);

18 vectornum = 0; errors = 0;

19 end
23



Test bench

21 always @(posedge clk)

22 begin

23 #1;

24 f = testvectors[vectornum][102:100];

25 a = testvectors[vectornum][99:68];

26 b = testvectors[vectornum][67:36];

27 y_expected = testvectors[vectornum][35:4];

28 zero_expected = testvectors[vectornum][0];

29 end

30

31 always @(negedge clk)

32 begin

33 if (y !== y_expected || zero !== zero_expected) begin

34 $display("Error in vector %d", vectornum);

35 $display(" Inputs : a = %h, b = %h, f = %b", a, b, f);

36 $display(" Outputs: y = %h (%h expected), zero = %h (%h expected)",

37 y, y_expected, zero, zero_expected);

38 errors = errors+1;

39 end

40 vectornum = vectornum + 1;

41 if (testvectors[vectornum][0] === 1'bx) begin

42 $display("%d tests completed with %d errors", vectornum, errors);

43 $stop;

44 end

45 end

46 endmodule

1 2_00000000_00000000_00000000_1

2 2_00000000_FFFFFFFF_FFFFFFFF_0

3 2_00000001_FFFFFFFF_00000000_1

4 2_000000FF_00000001_00000100_0

5 6_00000000_00000000_00000000_1

6 6_00000000_FFFFFFFF_00000001_0

7 6_00000001_00000001_00000000_1

8 6_00000100_00000001_000000FF_0

9 7_00000000_00000000_00000000_1

10 7_00000000_00000001_00000001_0

11 7_00000000_FFFFFFFF_00000000_1

12 7_00000001_00000000_00000000_1

13 7_FFFFFFFF_00000000_00000001_0

14 0_FFFFFFFF_FFFFFFFF_FFFFFFFF_0

15 0_FFFFFFFF_12345678_12345678_0

16 0_12345678_87654321_02244220_0

17 0_00000000_FFFFFFFF_00000000_1

18 1_FFFFFFFF_FFFFFFFF_FFFFFFFF_0

19 1_12345678_87654321_97755779_0

20 1_00000000_FFFFFFFF_FFFFFFFF_0

21 1_00000000_00000000_00000000_1

24



Exemplos com circuitos sequenciais



Latch D com enable
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an awkward way of dealing with the problem, and it is preferable to use the gated D latches
instead.

Figure 7.8a shows the circuit for a gated D latch. It is based on the gated SR latch, but
instead of using the S and R inputs separately, it has just one data input, D. For convenience
we have labeled the points in the circuit that are equivalent to the S and R inputs. If D = 1,
then S = 1 and R = 0, which forces the latch into the state Q = 1. If D = 0, then S = 0
and R = 1, which causes Q = 0. Of course, the changes in state occur only when Clk = 1.

Q

S

R

Clk

D
(Data)

D Q

QClk

Clk D

0
1
1

x
0
1

0
1

Q t 1+( )

Q t( )

(a) Circuit

(b) Truth table (c) Graphical symbol

t1 t2 t3 t4

Time

Clk

D

Q

(d) Timing diagram

Q

Figure 7.8 Gated D latch.

1 module D_latch (D, Clk, Q);

2 input D, Clk;

3 output Q;

4 reg Q;

5

6 always @(D or Clk)

7 if (Clk)

8 Q = D;

9 endmodule
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D

Clock

P4

P3

P1

P2

5

6

1

2

3

4

D Q

Q

(a) Circuit

(b) Graphical symbol

Clock

Q

Q

Figure 7.11 A positive-edge-triggered D flip-flop.

It requires only six NAND gates and, hence, fewer transistors. The operation of the circuit
is as follows. When Clock = 0, the outputs of gates 2 and 3 are high. Thus P1 = P2 = 1,
which maintains the output latch, comprising gates 5 and 6, in its present state. At the same
time, the signal P3 is equal to D, and P4 is equal to its complement D. When Clock changes
to 1, the following changes take place. The values of P3 and P4 are transmitted through
gates 2 and 3 to cause P1 = D and P2 = D, which sets Q = D and Q = D. To operate
reliably, P3 and P4 must be stable when Clock changes from 0 to 1. Hence the setup time
of the flip-flop is equal to the delay from the D input through gates 4 and 1 to P3. The hold
time is given by the delay through gate 3 because once P2 is stable, the changes in D no
longer matter.

For proper operation it is necessary to show that, after Clock changes to 1, any further
changes in D will not affect the output latch as long as Clock = 1. We have to consider two
cases. Suppose first that D = 0 at the positive edge of the clock. Then P2 = 0, which will

1 module flipflop(D, Clock, Q);

2 input D, Clock;

3 output Q;

4 reg Q;

5

6 always @(posedge Clock)

7 Q = D;

8 endmodule
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Q2 = Q1;

which results in Q2 = Q1 = D. The synthesized circuit has two parallel flip-flops, as illustrated
in Figure 7.38. A synthesis tool will likely delete one of these redundant flip-flops as an
optimization step.

Verilog also provides a non-blocking assignment, denoted with <=. All non-blocking
assignment statements in an always block are evaluated using the values that the variables
have when the always block is entered. Thus, a given variable has the same value for all
statements in the block. The meaning of non-blocking is that the result of each assignment
is not seen until the end of the always block.

Example 7.4Figure 7.39 gives the same code as in Figure 7.37, but using non-blocking assignments. In
the two statements

Q1 <= D;
Q2 <= Q1;

the variables Q1 and Q2 have some value at the start of evaluating the always block, and
then they change to a new value concurrently at the end of the always block. This code
generates a cascaded connection between flip-flops, which implements the shift register
depicted in Figure 7.40.

The differences between blocking and non-blocking assignments are illustrated further
by the following two examples.

D Q

Q

D Q

Q

D

Clock

Q2

Q1

Figure 7.38 Circuit for Example 7.3.

1 module example7_3 (D, Clock, Q1, Q2);

2 input D, Clock;

3 output Q1, Q2;

4 reg Q1, Q2;

5

6 always @(posedge Clock)

7 begin

8 Q1 = D;

9 Q2 = Q1;

10 end

11 endmodule
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module example7 4 (D, Clock, Q1, Q2);
input D, Clock;
output Q1, Q2;
reg Q1, Q2;

always @(posedge Clock)
begin

Q1 <= D;
Q2 <= Q1;

end

endmodule

Figure 7.39 Code for two cascaded flip-flops.

D Q

QClock

D Q

Q

D
Q1 Q2

Figure 7.40 Circuit defined in Figure 7.39.

Example 7.5 Code that involves some gates in addition to flip-flops is defined in Figure 7.41 using
blocking assignment statements. The resulting circuit is given in Figure 7.42. Both f and
g are implemented as the outputs of D flip-flops, because the sensitivity list of the always
block specifies the event posedge Clock. Since blocking assignments are used, the updated
value of f generated by the statement f = x1 & x2 has to be seen immediately by the
following statement g = f | x3. Thus, the AND gate that produces x1 & x2 is connected to
the OR gate that feeds the g flip-flop, as shown in Figure 7.42.

Example 7.6 If non-blocking assignments are used, as given in Figure 7.43, then both f and g are updated
simultaneously. Hence, the previous value of f is used in updating the value of g, which
means that the output of the flip-flop that generates f is connected to the OR gate that feeds
the g flip-flop. This gives rise to the circuit in Figure 7.44.

It is interesting to consider what circuit would be synthesized if the statements that
specify f and g were reversed. For the code in Figure 7.41 the impact would be significant.
If g is evaluated first, then the second statement does not depend on the first one, because
f does not depend on g. The resulting circuit would be the same as the one in Figure 7.44.

1 module example7_4 (D, Clock, Q1, Q2);

2 input D, Clock;

3 output Q1, Q2;

4 reg Q1, Q2;

5

6 always @(posedge Clock)

7 begin

8 Q1 <= D;

9 Q2 <= Q1;

10 end

11 endmodule
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Processador - uP1’

uP1'
Processador

Memória

Instrução
Instrução

Instrução

Dados
Dados
Dados

MAR

MBR

IR(opcode) IR(address)

PC

+

ACC

Experimente ele aqui!

0 41 0100 0001 LOAD A

1 52 0101 0010 ADD B

2 33 0011 0011 STORE C

3 42 0100 0010 LOAD B

4 31 0011 0001 STORE A

5 43 0100 0011 LOAD C

6 32 0011 0010 STORE B

7 80 1000 0000 JUMP 0

...

240 FF 1111 1111 // Dados

241 00 0000 0000 // A

242 01 0000 0001 // B

243 00 0000 0000 // C
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Conjunto de instruções (ISA) do uP1’ - 8 bits - 4 instruções - 2 formatos

• Formato M

• Endereço: 0x1111 endereço D

7 6 5 4 3 2 1 0 bits

0 0 0 0 endereço D não usada

0 0 0 1 endereço D não usada

0 0 1 0 endereço D não usada

0 0 1 1 endereço D STORE

0 1 0 0 endereço D LOAD

0 1 0 1 endereço D ADD

0 1 1 0 endereço D não usada

0 1 1 1 endereço D não usada

• Formato J

• Endereço: 0x0 endereço I

7 6 5 4 3 2 1 0 bits

1 endereço I (+7 bits) JUMP
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Organização de memória do uP1’

• Instruções

endereço palavras

0 0 0 0 0 0 0 0

27 = 128

.

.

.

0 1 1 1 1 1 1 1

• Não usada

endereço palavras

1 0 0 0 0 0 0 0

27 − 24 = 112.

1 1 1 0 1 1 1 1

• Dados

endereço palavras

1 1 1 1 0 0 0 0

24 = 16.

1 1 1 1 1 1 1 1
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Processador - uP1’

1 module uP(

2 input clock, reset,

3 inout [7:0] mbr,

4 output logic we,

5 output logic [7:0] mar, pc, ir);

6

7 typedef enum logic [1:0] {FETCH, DECODE, EXECUTE}

statetype;↪→
8 statetype state, nextstate;

9

10 logic [7:0] acc;

11

12 always @(posedge clock or posedge reset)

13 begin

14 if (reset) begin

15 pc = 'b0;

16 state <= FETCH;

17 end

18 else begin

19 case(state)

20 FETCH: begin

21 we <= 0;

22 pc <= pc + 1;

23 mar <= pc;

24 end

25 DECODE: begin

26 ir = mbr;

27 mar <= {4'b1111, ir[3:0]};

28 end

29 EXECUTE: begin

30 if (ir[7] == 1'b1) // jump

31 pc <= {1'b0, ir[6:0]};

32 else if (ir[7:4] == 4'b0100) // indirect load

33 acc <= mbr;

34 else if (ir[7:4] == 4'b0101) // add acc + data

35 acc <= acc + mbr;

36 else if (ir[7:4] == 4'b0011) // store

37 we <= 1'b1;

38 end

39 endcase

40 state <= nextstate;

41 end

42 end

32



Processador - uP1’

44 always_comb

45 casex(state)

46 FETCH: nextstate = DECODE;

47 DECODE: nextstate = EXECUTE;

48 EXECUTE: nextstate = FETCH;

49 default: nextstate = FETCH;

50 endcase

51

52 assign mbr = we ? acc : 'bz;

53 endmodule

56 module mem #(parameter filename = "ram.hex")

57 (input clock, we,

58 input [7:0] address,

59 inout [7:0] data);

60

61 logic [7:0] RAM[255:0];

62

63 initial

64 $readmemh(filename, RAM);

65

66 assign data = we ? 'bz : RAM[address];

67

68 always @(posedge clock)

69 if (we) RAM[address] <= data;

70 endmodule
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Para saber mais e praticar...

• https://hdlbits.01xz.net/

• http://digitaljs.tilk.eu/

• http://hamblen.ece.gatech.edu/

• http://www.asic-world.com/verilog/

• https://www.edaplayground.com/x/sNSX
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