GATE DELAYS
Verilog has the facility to account for different types of propagation delays of circuit elements.
 Any connection can cause a delay due to the distributed nature of its resistance and capacitance.
 Due to the manufacturing tolerances, these can vary over a range in any given circuit. 
Similar delays are present in gates too. These manifest as propagation delays in the 0 to 1 transitions and 1 to 0 transitions from input to the output. Such propagation delays can differ for the two types of transitions.
 A variety of such delays can be accommodated in Verilog. Sometimes manufacturers adjust input and output impedances of circuit elements to specific levels and exploit them to reduce interface hardware. These too can be accommodated in Verilog design descriptions.
There are three types of delays from the inputs to the output of a primitive gate.
1. Rise Delay

2.  Fall Delay

3. Turn-off Delay
Rise delay

The rise delay is associated with a gate output transition to a 1 from another value.
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Fall delay

The fall delay is associated with a gate output transition to a 0 from another value.
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Turn-off delay

The turn-off delay is associated with a gate output transition to the high impedance value (z) from another value.

If the value changes to x, the minimum of the three delays is considered.
NOTE:

Three types of delay specifications are allowed. 
If only one delay is specified, this value is used for all transitions. 
If two delays are specified, they refer to the rise and fall delay values. 
The turn-off delay is the minimum of the two delays.
 If all three delays are specified, they refer to rise, fall, and turn-off delay values. 
If no delays are specified, the default value is zero.

Example 1d-1   Types of Delay Specification

// Delay of delay_time for all transitions

and # (delay_time) a1 (out, i1, i2);

// Rise and Fall Delay Specification.

and # (rise_val, fall_val) a2 (out, i1, i2);

// Rise, Fall, and Turn-off Delay Specification

bufif0 # (rise_val, fall_val, turnoff_val) b1 (out, in, control);

Examples of delay specification are shown below.

and #(5) a1(out, i1, i2);               //Delay of 5 for all transitions; a1 is instantiation name
and #(4,6) a2(out, i1, i2);           // Rise = 4, Fall = 6 ; a2 is instantiation name
bufif0 # (3, 4, 5) b1 (out, in, control); // Rise = 3, Fall = 4, Turn-off = 5; b1 is instantiation name
Normally the delay time of any IC varies over a range for ICs from different production batches (as well as in any one batch). 
It is customary for manufacturers to specify delays and their range in the following manner:
· Max delay: The maximum value of the delay in a batch; that is, the delay encountered in practice is guaranteed to be less than this in the worst case.
· Min. delay: Minimum value of delay in a batch; that is, the specified signal is guaranteed to be available only after a minimum of time specified.
· Typ. delay: Typical or representative value of the delay.
Min, Max, and Typical Delay Values:

Verilog provides an additional level of control for each type of delay mentioned above. 
For each type of delay—rise, fall, and turn-off—three values, min, typ, and max, can be specified. 
Any one value can be chosen at the start of the simulation.
Min value

The min value is the minimum delay value that the designer expects the gate to have.

Typ val

The typ value is the typical delay value that the designer expects the gate to have.

Max value

The max value is the maximum delay value that the designer expects the gate to have.
NOTE:

Min, typ, or max values can be chosen at Verilog run time.
This allows the designers the flexibility of building three delay values for each transition into their design. 
The designer can experiment with delay values without modifying the design.
Note that the colon that separates the numbers signifies that the timings specified are the minimum, typical, and maximum values. 
At the time of simulation, one can specify the simulation to be carried out with any of these three delay values. If the same is not specified, the simulation is carried out with the typical delay value.
The group of minimum, typical, and maximum delay values for the propagation delays can be specified separately for any gate primitive. 
Thus an AND gate primitive can be specified as
and #(1:2:3, 2:4:6) g2(b0, b1, b2);
Here for the 0 to 1 transition of the output (rise time) the gate has a minimum

delay value of 1 ns, a typical value of 2 ns, and a maximum value of 3 ns.

Similarly, for the 1 to 0 transition (fall time) the gate has a minimum delay value

of 2 ns, a typical delay value of 4 ns, and a maximum delay value of 6 ns.
SYSTEM TASKS AND COMPILER DIRECTIVES
System Tasks
Verilog has a number of System Tasks and Functions . They are for taking 
1. output from simulation, 

2. control simulation, 

3. debugging design modules, 

4. testing modules for specifications, etc.

 A “$” sign preceding a word or a word group signifies a system task or a system function.
All system tasks or a system function  appear in the form $<keyword>. 
Operations such as displaying on the screen, monitoring values of nets, stopping, and finishing are done by system tasks.
Displaying information

$display is the main system task for displaying values of variables or strings or expressions. This is one of the most useful tasks in Verilog.

Usage: $display(p1, p2, p3,....., pn);
p1, p2, p3,..., pn can be quoted strings or variables or expressions.
Monitoring information

Verilog provides a mechanism to monitor a signal when its value changes. This facility is provided by the $monitor task.

Usage: $monitor(p1,p2,p3,....,pn);
The parameters p1, p2... pn can be variables, signal names, or quoted strings.
 A format similar to the $display task is used in the $monitor task.
 $monitor continuously monitors the values of the variables or signals specified in the parameter list and displays all parameters in the list whenever the value of any one variable or signal changes. 
Unlike $display, $monitor needs to be invoked only once.

Only one monitoring list can be active at a time. If there is more than one $monitor statement in your simulation, the last $monitor statement will be the active statement. The earlier $monitor statements will be overridden.
$stop and $finish Tasks
The $stop task suspends simulation. The compiled design remains active; simulation can be resumed through commands available in the simulator. 
In contrast $finish stops simulation, closes the simulation environment, and reverts to the operating system.
Compiler Directives

A number of compiler directives are available in Verilog. They allow for macros, inclusion of files, and timescale-related parameters for simulation. 
All compiler directives are preceded by the ‘`’ (accent grave or backquote) character. 
All compiler directives are defined by using the `<keyword> construct. 
`define
The `define directive is used to define text macros in Verilog 

`define Directive

//define a text macro that defines default word size

`define WORD_SIZE  32       //Used as ` WORD_SIZE in the code

`define S  $stop   //define an alias. A $stop will be substituted wherever `S appears
`include

The `include directive allows you to include entire contents of a Verilog source file in another Verilog file during compilation. This directive is typically used to include header files, which typically contain global or commonly used definitions.

`include Directive

// Include the file header.v, which contains declarations in the

// main verilog file design.v.

'include header.v

...

...

<Verilog code in file design.v>
...

...
`timescale

The `timescale compiler directive allows the time scale to be specified for the design.
· `timescale 1 ms/100 μs

    implies that in the following design all the time values specified are in ms and they have a precision of    100 μs. 
   Thus

   3, 3.0, 3.022 are all interpreted as 3 ms;

   3.1, 3.12,3.199 are all interpreted as 3.1 ms; and

   0.1, 0.12 are interpreted as 100 μs.
· `timescale 10 ms/100 μs

   implies that in the following design all the timescales are specified as multiples of 10 ms with a   precision of 100 μs. 
  Thus

 3 and 3.0 are interpreted as 30 ms;

 3.022 is interpreted as 30.2 ms;

 3.1 is interpreted as 31 ms;

3.12 is interpreted as 31.2 ms;

3.199 is interpreted as 31.9 ms;

0.1 is interpreted as 1 ms and
0.12 is interpreted as 1.2 ms.
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Form of specifying timescale: s, ms, us, ns, ps, and fs stand for seconds, milliseconds, microseconds, picoseconds and femtoseconds, respectively.
