
EEC 485 Computer Organization

Introduction to Verilog

Reading: Appendix B.4, 5.8
Note: “For More Practice” problems are on the CDROM

Some slides come from
Prof. John Nestor, 

Lafayette College, PA
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Quick Tutorial (alu.v)

module alu (ALUctl, A, B, ALUOut, Zero); // file “alu .v”

input [3:0] ALUctl;
input [31:0] A,B;
output [31:0] ALUOut;
output Zero;

reg [31:0] ALUOut;
assign Zero = (ALUOut==0); //Zero is true if ALUOut is 0

always @(ALUctl, A, B) begin //reevaluate if these change
case (ALUctl)

0: ALUOut <= A & B;
1: ALUOut <= A | B;
2: ALUOut <= A + B;
6: ALUOut <= A - B;
7: ALUOut <= A < B ? 1 : 0;
12: ALUOut <= ~(A | B); // result is nor
default: ALUOut <= 0;

endcase
end

endmodule
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Quick Tutorial (sim_alu.v)

module sim_alu; // file “sim_alu.v”

reg [3:0] ALUctl;
reg [31:0] A,B;
wire [31:0] ALUOut;
wire Zero;

alu ALU1 (ALUctl, A, B, ALUOut, Zero);

initial begin
ALUctl = 4'd2;
A = 32'd20;
B = 32'd12;
#1;
$display("ALUOut = ", ALUOut);
$display("Zero = ", Zero);
$finish;

end

endmodule
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Outline - Introduction to Verilog� What is HDL-Based Design?� A First Example� Operators in Verilog� Data Types in Verilog� Structure of a Verilog Program� Module and Port Declarations� Modeling with Hierarchy� Modeling with Continuous Assignments� Modeling with always blocks� Project #2
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What is HDL-Based Design?� Model hardware for� Simulation - predict how hardware will behave� Synthesis - generate optimized hardware� Provide a concise text description of circuits� Support design of very large systems
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What is HDL-Based Design?� Verilog can specify both behavioral and structural 
definition of a digital system� Behavioral specification describes how a digital sy stem 

functionally operates (but cannot be used for synth esis) 
(see Fig. 5.8.1)� Structural specification describes the detailed org anization 
of a digital system usually using a hierarchical de scription 
(see Figs. 5.8.2 & 5.8.3)
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A First Example� Full Adder :

module fulladder(a, b, cin, sum, cout);
input a, b, cin;
output sum, cout;

assign sum = a ^ b ^ cin;
assign cout = a & b | a & cin | b & cin;

endmodule

Ports

Port Declarations

Semicolon

NO Semicolon Continuous Assignment
Statements
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Comments about the First Example� Verilog describes a circuit as a set of modules� Each module has input and output ports� Single bit� Multiple bit - array syntax� Each port can take on a digital value (0, 1, X, Z)
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Operators in Verilog� Supports most of C operators� Bitwise operators� Bitwise reduction operators (&, |, ^)� Conditional operators� Others
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Operators in Verilog - Bitwise Operators� Basic bitwise operators: identical to C/C++/Java

module inv(a, y);
input [3:0] a;
output [3:0] y;

assign y = ~a;
endmodule

Unary Operator: NOT

4-bit Ports
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Operators in Verilog - Reduction Operators� Apply a single logic function to multiple-bit input s

module and8(a, y);
input [7:0] a;
output y;

assign y = &a;
endmodule

Reduction Operator: AND
equivalent to:
a[7] & a[6] & a[5] & a[4] & a[3] & a[2] & a[2] & a[ 2] & a[0]
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Operators in Verilog - Conditional Operators� Like C/C++/Java Conditional Operator

module mux2(d0, d1, s, y);
input [3:0] d0, d1;
input s;
output [3:0] y;

assign y = s ? d1 : d0;
// output d1 when s=1, else d0

endmodule
Comment

Yes, this is a MUX implementation!
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Operators in Verilog - More Operators� Equivalent to C/C++/Java Operators� Arithmetic: +     - *     /     &� Comparison: ==   !=    <     <=    >   >=� Shifting: << >>� Example:
module adder(a, b, y);

input [31:0] a, b;
output [31:0] y;

assign y = a + b;
endmodule� Warning: small expressions can make big hardware 

if complex operators are used!
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Operators in Verilog - Concatenation� { } is the concatenation operator

module adder(a, b, y, cout);
input [31:0] a, b;
output [31:0] y;

output            cout;

assign {cout,y} = a + b;
endmodule

Concatenation (33 bits)
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Operators in Verilog - Replication� { n {pattern} } replicates a pattern n times

module signextend(a, y);
input [15:0] a;
output [31:0] y;

assign y = {16{a[15]}, a[15:0]};
endmodule

Copies sign bit 16 times Lower 16 Bits
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Data Types in Verilog� Internal signals can be declared using wire and reg� “wire” specifies a combination signal, e.g. wire [31: 0] X� “reg” holds a value, which can vary with time , e.g. reg
[31:0] Y� Possible values for a register or a wire are 0, 1, x, z� Constant values can be specified as follows� 4’b0100 : 4-bit data with binary value of 0100� -8’h4 : 8-bit data with hexa value of -4
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Data Types – Example

module fulladder(a, b, cin, s, cout);
input a, b, cin;
output s, cout;

wire prop ;

assign prop = a ^ b;
assign s = prop ^ cin;
assign cout = (a & b) | (cin & (a | b));

endmodule

Important point: these statements “execute” in paral lel
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Structure of a Verilog Program� Consists of a set of modules, each of which 
specifies its input and output ports (incoming and 
outgoing signals)� The body of a module consists of� “initial” constructs (initialize “reg” variable)� Instances of other modules (hierarchy)� Continuous assignments using “assign”� “always” construct
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Structure - Modeling with Hierarchy� Create instances of submodules� Example: Create a 4-input Mux using mux2 module� Original mux2 module:

module mux2(d0, d1, s, y);
input [3:0] d0, d1;
input s;
output [3:0] y;
assign y = s ? d1 : d0;

endmodule
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Structure - Modeling with Hierarchy� Example: Create a 4-input Mux using mux2 module
(continued)

module mux4(d0, d1, d2, d3, s, y);
input [3:0] d0, d1, d2, d3;
input [1:0] s;
output [3:0] y;

wire [3:0] low, high;

mux2 lowmux ( d0, d1, s[0], low );
mux2 highmux ( d2, d3, s[0], high );
mux2 finalmux ( low, high, s[1], y );

endmodule

Instance Names Connections
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Structure - Larger Hierarchy Example� Use full adder to create an n-bit adder
module add8(a, b, sum, cout);

input [7:0] a, b;
output [7:0] sum;
output cout;

wire [7:0] c;  // used for carry connections

assign c[0]=0;
fulladder f0(a[0], b[0], c[0], sum[0], c[1]);
fulladder f1(a[1], b[1], c[1], sum[1], c[2]);
fulladder f2(a[2], b[2], c[2], sum[2], c[3]);
fulladder f3(a[3], b[3], c[3], sum[3], c[4]);
fulladder f4(a[4], b[4], c[4], sum[4], c[5]);
fulladder f5(a[5], b[5], c[5], sum[5], c[6]);
fulladder f6(a[6], b[6], c[6], sum[6], c[7]);
fulladder f7(a[7], b[7], c[7], sum[7], cout);

endmodule

New internal variable as
in general C programming.

Here, they are used to make
Connections among fulladder’s.
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Structure of a Verilog Program� The body of a module consists of� “initial” constructs, which initializes reg variables� Instances of other modules, which are used to imple ment 
the module being defined (hierarchy)� Continuous assignments using “assign”, which define 
only combinational logic� “always” construct, which can define either sequentia l or 
combination logic

Generally, sequential.
But it can be implemented 

by combination circuit 
if no registers on the RHS.

But why? – modular programming
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Structure – “assign” vs “always”� “assign”� Output is continuously assigned the value, and a ch ange in the 
input values is reflected immediately in the output  value� Combination logic modeling with “assign”

module fulladder(a, b, cin, sum, cout);
input a, b, cin;
output sum, cout;

assign sum = a ^ b ^ cin;
assign cout = a & b | a & cin | b & cin;

endmodule
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Structure – “assign” vs “always”� “always”: Procedural modeling� Allowed to include control constructs such as if-th en-else, case, 
for, and repeat statements� Reevaluated if any of the listed signals changes va lues� Basic syntax:

always @( sensitivity-list ) 

statement

or
always @( sensitivity-list )

begin

statement-sequence

end

Signal list - change activates block

Procedural statement ( =, if/else , etc.)

Compound Statement -
sequence of procedural statements
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“always” – Examples (Flip-Flop, Register)

module flipflop_1(d, clk, q);
input     d;
input     clk;
output    q;
reg q;
always @(posedge clk)

q <= d;
endmodule

module register_4(clk, d, q);
input clk;
input [3:0] d;
output [3:0] q;
reg [3:0] q;
always @(posedge clk)

q <= d;
endmodule

D

CLK

Q

D

CLK

Q4 4

for positive edge-trigger
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“always” – Example (Register with Reset)� Synchronous - resets on clock edge if reset=1

module register_4(clk, reset, d, q);
input clk;
input reset;
input [3:0] d;
output [3:0] q;

reg [3:0] q;

always @(posedge clk)
if ( reset ) q <= 4’b0;
else q <= d;

endmodule

D

CLK

Q4 4

RESET
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“always” – Example (Register with Reset)� Asynchronous - resets immediately if reset=1

module register_4(clk, reset, d, q);
input clk;
input reset;
input [3:0] d;
output [3:0] q;

reg [3:0] q;

always @(posedge clk or posedge reset )
if ( reset ) q <= 4’b0;
else q <= d;

endmodule

D

CLK

Q4 4

RESET
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“always”� reg variables may only be assigned inside an 
“always” block � using procedural assignment statement� either blocking (=) or non-blocking (<=)

“wire” specifies a combination signal and “reg” hol ds 
a value as a register. Therefore, we need to initia lize 
"reg" variable but not necessarily the case with "w ire"
variable. Also, "reg" variables may only be assigned  
inside an “always” block because it is important fo r
“reg" variables to know when they can get updated.

All control signals such as ALUSrc may be declared
as "wire" variable while all internal registers suc h as
MDR and IR (in multicycle implementation) should be
defined as "reg" variables.
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“always” – Example (Shift Register)

module shiftreg(clk, sin, q);
input clk;
input sin;
output [3:0] q;

reg [3:0] q;

always @(posedge clk)
begin

q[3] <= q[2];
q[2] <= q[1];
q[1] <= q[0];
q[0] <= sin;

end
endmodule

Non-blocking assignments
(immediate update)
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Review : Verilog Module Declaration� Describes the external interface of a single module� Name� Ports - inputs and outputs� General Syntax:
module modulename ( port1 , port2 , ... );

port1 direction declaration;

port2 direction declaration;

reg declarations;

module body - “parallel” statements

endmodule // note no semicolon (;) here!
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Review : Combinational Logic in Verilog� Combinational Logic in assign
assign output = expression ;� Combinational Logic specified in always
always @( sensitivity-list ) 
begin

out1 = expr1 ;
. . .
out2 = expr2 ;
. . .

end

Comb.
LogicInputs Outputs
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Review : Comb. Design with always� Example: 4-input mux behavioral model
module mux4(d0, d1, d2, d3, s, y);

input         d0, d1, d2, d3;
input  [1:0]  s;
output        y;
reg y;

always @(d0 or d1 or d2 or d3 or s)
case (s)

2'd0 : y = d0;
2'd1 : y = d1;
2'd2 : y = d2;
2'd3 : y = d3;
default : y = 1'bx;

endcase
endmodule

Blocking assignments
(immediate update)
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Review : Sequential Design with always� Describe edge-triggered behavior using:� always block with“edge event”
always @( posedge clock-signal )

always @( negedge clock-signal )� Nonblocking assignments ( <=)
@always( posedge clock-signal ) 
begin

output1 <= expression1;
. . .
output2 <= expression2 ; 
. . .

end

Comb.
Logic

D Q

D Q

Inputs Outputs

clock

Non-Blocking
Assignments

Registered
Outputs

for positive edge-trigger

for negative edge-trigger
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What is HDL-Based Design? (Revisited)� Verilog can specify both behavioral and structural 
definition of a digital system� Behavioral specification describes how a digital sy stem 

functionally operates (but cannot be used for synth esis) 
(see Fig. 5.8.1)� Structural specification describes the detailed org anization 
of a digital system usually using a hierarchical de scription 
(see Figs. 5.8.2 & 5.8.3)
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Behavioral Specification (Fig. 5.8.1)

…

…
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Structural Specification (Fig. 5.8.3)
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Structural Specification (Fig. 5.8.2)
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Project #1 (Due: September 18)� Goal: Implement ALU, ALU control and main control c ircuit of MIPS 
CPU that performs add, sub, slt, and, or, nor, lw, sw, beq, bne, and j 
instructions using the Icarus Verilog HDL. Their desi gns are shown 
in Figs. B.5.12, B.5.13 and 5.18, respectively. � Modules (all combinational)� ALU module (alu.v)� ALU control (aluctrl.v)� Main control (control.v)� Test program is defined in sim modules� A simulation module (sim_alu.v) instantiates an ALU  with appropriate 

inputs� Another simulation module (sim_aluctrl.v) instantia tes an ALU control 
with appropriate inputs� A third simulation module (sim_control.v) instantia tes a main control with 
appropriate inputs� The last simulation module (sim_three.v) instantiat es an ALU, an ALU 
control and a main control, connect them, and provi de appropriate inputs 
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Project #1 (Due: September 18)� Simulation steps� To compile the design with the test file:
C:\> iverilog –o sim.o alu.v sim_alu.v� To run (simulate) the executable file “sim.o”:
C:\> vvp sim.o� Repeat with aluctrl.v and control.v instead of alu.v� Finally
C:\> iverilog –o sim.o alu.v aluctrl.v control.v sim_thr ee.v
C:\> vvp sim.o� sim.v uses “$display” and “$monitor” commands


