Verilog supports four values:

	Value Level
	Condition in Hardware Circuits

	0
	Logic zero, false condition

	1
	Logic one, true condition

	x
	Unknown logic value

	z
	High impedance, floating state


Data Types:
The data handled in Verilog fall into two categories:
1. Net data type

2. Register data type (according to 1995 standardization), but according to 2001 language standardization it is Variable data type.
Nets (sometimes called wires) are the most common data object in Verilog. Nets are used to interconnect modules and primitives
Net types are listed in the following Table 1c-A
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Table 1c-A

wire is the default net type
wire and tri are the same type of net. The reason for having two names for this type of net is that to

distinguish designs those nets that are expected to tri-state from those that do not.

wand and triand are wires that represent wired AND logic. Wired AND logic is similar to open-collector TTL logic. If any driver on the net is 0, the resulting value is 0. Verilog does not distinguish between wand and triand. The different names are only for use in documenting your model.

Wired OR logic is represented with the wor and trior net types. With these net types, if any driver is a 1, the result is 1. As with the previous net types, wor and trior are equivalent.
If nothing is driving a wire in TTL logic, the inputs default to 1. You can use the tril net type to model this situation. If nothing is driving a net of type tril, the default value is 1. As with tril, if nothing is driving a net of type tri0, the value is 0.
Use the supply1 and supply0 net types to model power supply nets. These nets are always 1 or 0 with a strength of supply. Even if you drive something onto these nets, they always retain their distinct values.
The trireg net type is used in switch-level modeling for storage nodes. The trireg net has a capacitive size associated with it. Because trireg is an abstraction of a storage node, the capacitors never decay.
In Verilog, a wire can be 1 bit wide or much wider. A wire that is more than 1 bit wide is called a vector in Verilog.
Register data type or Variable data type:

Registers represent data storage elements. Registers retain value until another value is placed onto them. Do not confuse the term registers in Verilog with hardware registers built from edge-triggered flipflops in real circuits. In Verilog, the term register merely means a variable that can hold a value. Unlike a net, a register does not need a driver. Verilog registers do not need a clock as hardware registers do. Values of registers can be changed anytime in a simulation by assigning a new value to the register.

1. reg
2. time, 
3. integer, 
4. real, 
5. realtime
reg data type:
Regs are used for modeling in procedural blocks.

The reg data type does not always imply modeling of a flip-flop, latch, or other form of register.
 The reg data type can also be used to model combinatorial logic. 
A register can be 1 bit wide or declared a vector, just as with nets.
Example 1c-1:

reg a, b, c; // Three 1-bit registers.

reg [8:15] d, e, f; // Three 8-bit registers.

NOTE:
Part of a reg can be referenced or assigned to by using a bit- or part-select notation.

Remember that the leftmost bit is the most significant, regardless of how the range is declared. 
When you select a part or slice of a register, be sure the range of the part matches the range direction (ascending or descending) of the original register.
Also, if you select a range that is not within the original register, the result will be x, and is not an error.
Example 1c-2:  Selecting Bits and Parts of a Reg
e[15]    // Refers to the least significant bit of e.

d[8:ll]   // Refers to the four most significant bits of d.
Initial Value of Regs
The initial value of a reg or array of regs is 'bx (unknown).
 IEEE1364-2001 defines a method to initialize a reg as part of the declaration. 
Example 1c-3 shows the declaration of five regs, a, b, c, d, and e:
 Regs a and c are not given initial values and default to unknown. 
As with the other IEEE1364-2001 changes tool support for these language features may not be immediate or complete. 
The standard does not specify an order of evaluation of these initial values versus an initial block with a

procedural assignment to the same reg.
Example 1c-3:  Reg Declaration with Initialization

reg [7:0] a;   // initial value will be 8'bx;

reg [7:0] b = 8'd3;    // initial value will be 3

reg [3:0] c, d=3, e=4;
Integers and Reals:

Integers in Verilog are usually 32 bits wide. Strictly speaking, the number of bits in an integer is machine-dependent.
 Verilog was created when 36-bit machines were common, so a 36-bit machine would have an integer of 36 bits. 
Today most machines work with 32-bit integers. So the  integers are 32 bits wide.
A real holds a floating-point number in IEEE format.
Integers are declared with the integer keyword
Reals are declared with the real keyword.
Example 1c-4: Declaring Integers and Reals

integer i, j, k;

real x, y;

Integer:
An integer is a general purpose register data type used for manipulating quantities. 
Integers are declared by the keyword integer. 
Although it is possible to use reg as a general-purpose variable, it is more convenient to declare an integer variable for purposes such as counting. 
The default width for an integer is the host-machine word size, which is implementation-specific but is at least 32 bits.
 Registers declared as data type reg store values as unsigned quantities, whereas integers store values as signed quantities.

integer counter;         // general purpose variable used as a counter.


initial

    counter = -1;        // A negative one is stored in the counter

Real:
Real number constants and real register data types are declared with the keyword real. 
They can be specified in decimal notation
e.g., 3.14
 or in scientific notation 
e.g., 3e6, which is 3 x 106 .
 Real numbers cannot have a range declaration, and their default value is 0. 
When a real value is assigned to an integer, the real number is rounded off to the nearest integer.
real delta;                  //  Define a real variable called delta

initial

begin

    delta = 4e10;        // delta is assigned in scientific notation

    delta = 2.13;       // delta is assigned a value 2.13

end

integer i;              // Define an integer i

initial

    i = delta;        // i gets the value 2 (rounded value of 2.13)
Time and Realtime:
Verilog uses the time keyword to represent the current simulation time. 
time is double the size of an integer (usually 64 bits) and is unsigned. 
If your model uses a timescale you can use realtime to store the simulation time and time units. 
You can declare variables of type time or realtime in your models for timing checks, or in any other operations you need to do with time.
Example 1c-5 : Declaring Variables of Type time

time t1, t2;

realtime rt1, rt2;
MODULES
Any Verilog program begins with a keyword – called a “module.” A module is the name given to any system considering it as a black box with input and output terminals as shown in Figure 1c-1. The terminals of the module are referred to as ‘ports’. The ports attached to a module can be of three types:
· input ports through which one gets entry into the module; they signify the input signal terminals of the module.

· output ports through which one exits the module; these signify the output signal terminals of the module.

· inout ports: These represent ports through which one gets entry into the module or exits the module; These are terminals through which signals are input to the module sometimes; at some other times signals are output from the module through these.
[image: image2.emf] 
Figure 1c-1
Whether a module has any of the above ports and how many of each type are present depend solely on the functional nature of the module. 
Thus one module may not have any port at all; another may have only input ports, while a third may have only output ports, and so on.
GATE-LEVEL MODELING
At gate level, the circuit is described in terms of gates e.g., and, nand.
A logic circuit can be designed by use of logic gates. Verilog supports basic logic gates as predefined primitives.
Multiple input, single output  Gate Primitives 
Syntax: keyword unique_name (output, in1, in2… inN);
The 1st terminal in the list of gate terminals is an output and the other terminals are inputs.
The gates have one scalar output and multiple scalar inputs. 
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	Gate
	Description

	and 
	N-input AND gate

	nand 
	N-input NAND gate

	or 
	N-input OR gate

	nor 
	N-input NOR gate

	xor 
	N-input XOR gate

	xnor 
	N-input XNOR gate 


Tristate Gate Primitives 
  
Syntax: keyword unique_name (out, in, control);
   

    

	Gate
	Description

	
	

	
	

	bufif0 
	Tri-state buffer, Active low en.

	bufif1 
	Tri-state buffer, Active high en.

	notif0 
	Tristate inverter, Low en.

	notif1 
	Tristate inverter, High en.
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The truth tables of multiple input gate primitives are as follows:
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Gate primitives are predefined in Verilog, which are ready to use. They are instantiated like modules. There are two classes of gate primitives: Multiple input gate primitives and Single input gate primitives.
Multiple input gate primitives include and, nand, or, nor, xor, and xnor. These can have multiple inputs and a single output. They are instantiated as follows:

// Two input AND gate.
and  and_1 (out, in0, in1);

// Three input NAND gate.
nand  nand_1 (out, in0, in1, in2); 

// Two input OR gate.
or  or_1 (out, in0, in1);

// Four input NOR gate.
nor  nor_1 (out, in0, in1, in2, in3);

// Five input XOR gate.
xor  xor_1 (out, in0, in1, in2, in3, in4);

// Two input XNOR gate.
xnor  xnor_1 (out, in0, in1);
Note that instance name is not mandatory for gate primitive instantiation.

Single input gate primitives include not, buf, notif1, bufif1, notif0, and bufif0. These have a single input and one or more outputs. 
Gate primitives notif1, bufif1, notif0, and bufif0 have a control signal. The gates propagate if only control signal is asserted; else the output will be high impedance state (z). They are instantiated as follows:

// Inverting gate.
not  not_1 (out, in);

// Two output buffer gate.
buf   buf_1 (out0, out1, in);

// Single output Inverting gate with active-high control signal.
notif1  notif1_1 (out, in, ctrl);

// Double output buffer gate with active-high control signal.
bufif1  bufif1_1 (out0, out1, in, ctrl);

// Single output Inverting gate with active-low control signal.
notif0  notif0_1 (out, in, ctrl);

// Single output buffer gate with active-low control signal.
bufif0  bufif1_0 (out, in, ctrl);
The truth tables are as follows:
[image: image6.png]not notifl notif0

input | oupue | (NS0 [ 1|~ ]2 [N o
R oz [ [ulu| [o]r
] e Tz o]t o

buf bufift bufifo

tnput [ oupue | [N o [ 1] x[2] [No
o] o o ofc]e o [o
o 1 [ ]n 3D





