
Multiple process execution

 Each of the components of the full adder can be modeled using 
a process

 Processes execute concurrently
 In this sense they behave exactly like concurrent signal 

assignment statements
 Processes communicate via signals
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Multiple process execution (Cont.)
library IEEE;
use IEEE.std_logic_1164.all;

entity full_adder is
port (In1, c_in, In2: in std_logic;

sum, c_out: out std_logic);
end entity full_adder;

architecture behavioral of full_adder is
signal s1, s2, s3: std_logic;
constant delay:Time:= 5 ns;
begin

HA1: process (In1, In2) is
begin
s1 <= (In1 xor In2) after delay;
s3 <= (In1 and In2) after delay;
end process HA1;

HA2: process(s1,c_in) is
begin
sum <= (s1 xor c_in) after delay;
s2 <= (s1 and c_in) after delay;
end process HA2;

OR1: process (s2, s3) -- process
describing the two-input OR gate
begin
c_out <= (s2 or s3) after delay;
end process OR1;

end architecture behavioral;



Conditional Statement in Process
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VHDL Delay Models
• Delay is created by scheduling a signal assignment for a 
future time.

•Delta delay

• Inertial

• Transport





Inertial Delay ( for gate)
Signal <= [ [reject pulse limit] inertial ] expression after inertial delay value;
If no pulse limit specified then default pulse rejection limit is the inertial delay
value.



Inertial Delay
Signal <= [ [reject pulse limit] inertial ] expression after inertial delay value;
If no pulse limit specified then default pulse rejection limit is the inertial delay
value.

5 8 10                25 28 30  

A Z<= reject 4ns inertial A after 10ns

20                     40   
ZRejected

Initial value + 10ns



Transport Delay ( for wire )
Signal <= transport signal name after transport delay value;
It is nothing but propagation delay.

What will happen if I write 
b<= a after 20ns;

Inertial delay === 20ns is
pulse rejection limit



Transport Delay

Signal <= transport signal name after transport delay value;
It is nothing but propagation delay.

5 8 10                25 28 30  

A Z<= transport A after 10ns

15 18 20                      35 38 40  

Z



Delta Delay

• Delta delay needed to provide support for concurrent 
operations with zero delay

– The order of execution for components with zero delay is 
not clear

• Scheduling of zero delay devices requires the delta 
delay

– A delta delay is necessary if no other delay is specified
– A delta delay does not advance simulator time
– One delta delay is an infinitesimal amount of time
– The delta is a scheduling device to ensure repeatability



Delta Delay
 Δ does not have to be given a value, but is used within the simulator

to order events.
 The simulator organizes and processes events in time order of occurrence. 

Events that occur Δ seconds later are followed by events that occur 2 Δ
seconds later, etc.

 Delta delays are used to enforce dependencies between events
and thereby ensure correct simulation.

 The statement     sum <= (a xor b); is given implicitly a time 
expression   “after 0 ns”  after the value expression.

So the component is effectively given a delay value of Δ.



Delta Delay
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library IEEE;
use IEEE.std_logic_1164.all;
entity combinational is
port(in1, in2:in std_logic;

z: out std_logic);
end combinational 

architecture behavior of combinational is
signal s1, s2, s3, s4:std_logic:= ‘0’;
begin
s1 <= not in1;
s2 <= not in2;
s3 <= not (s1 and in2);
s4 <= not (s2 and in1);
z <= not (s3 and s4);
end behavior;
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Implementation of Signals

 Driver is set of future signal values: current signal value is provided 
by the transaction at the head of the list

 We can specify multiple waveform elements in a single assignment 
statement
 Specifying multiple future values for a signal

 Rules for maintaining the driver
 Conflicting transactions

01
@24ns

10
@30ns

01
@20ns

10
@18ns

driver



Example: Waveform Generation

 Multiple waveform elements can be specified in a single signal 
assignment statement

 Describe the signal transitions at future point in time
 Each transition is specified as a waveform element

10 4020 30

signal <= ‘0’,‘1’ after 10 ns,‘0’ after 20 ns,‘1’ after 40 ns;

signal



Signal Driver
process

begin 

………

r<= 3 after 5ns,21 after 10ns, 14 after 17ns;

end process;

Current 3@T+5ns 21@T+10ns 14@T+17nsr

time



Cont







A problem with inertial delay

Output has propagation delay of 4ns



Effect of transport delay on drivers

Current 11@T+10ns 20@T+22ns
signal rx_data : natural;

…….

process
begin 

…. 

rx_data<= trasport 11 after 10ns;                                   
rx_data<= trasport 20 after 22ns; 
rx_data<= trasport 35 after 18ns; 
end process

Current 11@T+10ns 35@T+18ns

20@T+22ns



Effect of Inertial Delay on Driver
process 
begin 
data <= 11 after 10ns;
data <= reject 15ns inertial 22 after 20ns;
data <= 33 after 15ns;
wait;
end process;

Current 11@10ns

Calculate the window: 
F and F- pulse rejection limit
If the value within window is 
different with previous value then
Discard the previous valueF= 20 and F-15 = 20-15= 5

Value within this is 11@10 and 22 @20
( between 5 to 20ns)
So previous 11@10 be removed

Current 22@20ns

Current 33@15Finally
22@20ns



Cont..
process 
begin 
data <= 1 after 5ns,21 after 9ns, 6 after 10ns, 12 after 19ns;
data <= reject 4ns inertial 6 after 12ns, 20 after 19ns;
wait;
end process; Current 1@5 21@9 6@10 12@19

F= 12 and F-4 = 12-4= 8 ( my range is 8 to 12)
Value within this is 21@9, 6 @10, 6 @12, So previous 21@9 be removed

Second statement 6 after 12ns  < 12 after 19ns :  delete 12 after 19ns;

Current 1@5 6@10 6@12 20@19



Unconstrained array



Array Attributes



Difference
 A constrained array is an array where the

index is specified (and hence the number
of components is specified), we say that
the bounds are static, hence constrained
arrays are sometimes referred to
as static arrays.

 When an unconstrained array is declared
the index type is a specified but there is no
need to state the limit of the index.



Multiple Driver ( Concurrent)

AND

NOT

A

B

C

Z

architecture xx of legal is
begin
Z<= A and B after 10ns;
Z<=not C after 5ns;
end xx;

architecture xx of legal is
begin
Z<= ‘1’ after 2n,’0’ after 5ns, ‘1’ after 10ns;
Z<=  ‘0’ after 4ns, ‘1’ after 5ns, ‘0’ after 20ns;
Z<= ‘1’ after 10ns, ‘0’ after 20ns;
end xx

Resolution function

In this example, there are two
gates driving the output signal
Z. How is the value of Z
determined?



Resolved Function o/p

Current 1@10 0@5 1@2

Current 0@20 1@5 0@4

Current 0@20 1@10

Resolution
Function Z

Driver -1

Driver -2

Driver -3

T

1         1           0            1             1

0         0           1            1             0

2ns      4ns      5ns         10ns      20ns

0         0           0            1             0

1         1          1            1             1



 The value of each driver is an input to the
resolution function and based on the
computation performed within the resolution
function, the value returned by this function
becomes the resolved value for the signal. The
resolution function is user-written and it may
perform any function.

 A signal with more than one driver must have a
resolution function associated with it, otherwise,
it is an error. Such a signal is called a resolved
signal. A resolution function is associated with a
signal by specifying its name in the signal
declaration.



Sub Program- Function
A subprogram defines a sequential algorithm that performs a certain computation and 
executes in zero simulation time.
A subprogram is defined using a subprogram body. The typical format for a subprogram 
body is  

The subprogram-specification specifies the name of a subprogram and defines its
interface, that is, it defines the formal parameter names, their class (i.e., signal, variable,
or constant), their type, and their mode (whether they are in, out, or inout).

A return statement, which is also a sequential statement, is a special statement that is
allowed only within subprograms. The format of a return statement is
return { expression];
The return statement causes the subprogram to terminate and control is returned back to
the calling object.



Function
 Functions are used to describe frequently used sequential algorithms that

return a single value. This value is returned to the calling program using a
return statement. Some of their common uses are as resolution functions





Resolution function for driver

No arguments need be specified, since by default, the arguments for the 
function are the current values of all the drivers for that signal. 



 Whenever an event occurs on a resolved
signal, the resolution function associated
with that signal is called with the values of
all its drivers.

 The return value from the resolution
function becomes the value for the
resolved signal.

 The resolution function has only one input
parameter, which is a one dimensional
unconstrained array. The input parameter
type and the return type are the same type
as the signal.



 A function is recognized as a resolution function
if it is associated with a signal in the signal
declaration.

 we introduced a predefined attribute of an array
object called RANGE. This attribute returns the
range of the number of elements of the specified
array object.

 For example, if there are four drivers when the
WIRED_OR function is called, INPUTS'RANGE
returns the range "0 to 3".



Wired logic
A wired logic connection is a logic
gate that implements boolean algebra
(logic) using only active and passive
components such as diodes and resistors.
A wired logic connection can create
an AND or an OR gate.

The wired AND connection is a form
of AND gate. It uses a pull up resistor and
one diode per input to create this function.

The wired OR connection electrically 
performs the Boolean logic operation of an 
OR gate, using a pull down resistor and 
one diode per input.





Package declaration
 Used to store a common declaration
Components, types, procedure, function

 Can be imported as a single unit with use
clause.

 Behavior of function does not appear in 
package.



A package declaration contains a set of declarations that may possibly be shared
by many design units. It defines the interface to the package, that is, it defines
items that can be made visible to other design units,

Items declared in a package declaration can be accessed by other design units by 
using the library and use context clauses. 



A package body primarily contains the behavior of the subprograms and the 
values of the deferred constants declared in a package declaration. It may 
contain other declarations as well, as shown by the following syntax of a package 
body. 



A compiled VHDL description is stored in a design library. A design library is an
area of storage in the file system of the host environment. The format of this
storage is not defined by the language. Typically, a design library is implemented
on a host system as a file directory and the compiled descriptions are stored as
files in this directory. The management of the design libraries is also not defined
by the language and is again tool implementation-specific.



A design library consists of a number of compiled design units. Design units are 
further classified as 
1. Primary units: These units allow items to be exported out of the design unit. 
They are 
a. entity declaration: The items declared in an entity declaration are implicitly 
visible within the associated architecture bodies. 
b. package declaration: Items declared within a package declaration can be 
exported to other design units using context clauses. 

Secondary units: These units do not allow items declared within them to be 
exported out of the design unit, that is, these items cannot be referenced in other 
design units. These are 
a. architecture body: A signal declared in an architecture body, for example, 
cannot be referenced in other design units. 
b. package body. 



Package example
library design_lib;

use design_lib. my_package.all;

entity……

my_package is a package 
which is compiled under 
design_lib library.

Package :

Package my_package is

type sum is(‘May’, ‘June’, ‘July’, Áug’);
component d_ff

port (d, clk: in bit; q, out bit);

end component;
constant pin_delay: time:=125ns;

End my_package

All types 
combined in a 
single package 
body.



Package example (cont.)
library design_lib;

use design_lib. my_package.all;

use design_lib. my_package.d_ff;

use design_lib. my_package.pin_delay;

entity……

library IEEE;
use IEEE.std_logic_1164.all;

Header file : - a package





VHDL Test Bench
 VHDL test bench is VHDL code 

that produces stimuli to test your 
design correctness

 It can automatically verify 
accuracy of the VHDL code
 Given a known input, does the 

system generate the expected 
output

 Verifies that the VHDL code 
meets the circuits specifications

 Test benches should be easily 
modified, allowing for future use 
with other code

 Should be Easy to understand the 
behavior of the test bench



Cont

• Test Bench is a program that verifies the functional correctness of the hardware 
design.

• The test bench program checks whether the hardware model does what it is 
supposed to do and is not doing what it is not supposed to do. 



Cont.

Generating
Input

Stimuli
Design Under 

Test (DUT)

Comparing
Generated 

Outputs
and 

Expected 
Outputs

• Generate stimulus for testing the 
hardware block.

• Apply the stimulus.
• Compare the generated outputs 

against the expected outputs.



A typical test bench

entity entity-name is
end entity-name;
architecture testbench-architecture-
name of entity-name is
begin

UUT: UUT instantiation;
stimulus-gen: process
begin

test vector generation;
end process;

end testbench-architecture-name;

Main programme

library ieee;
use ieee.std_logic_1164.all;

--ENTITY DECLARATION: name, inputs, 
outputs
entity andGate is

port( A, B : in std_logic;
F : out std_logic);

end andGate;

--FUNCTIONAL DESCRIPTION: how the 
AND Gate works
architecture func of andGate is 
begin

F <= A and B;
end func;



Test Bench
library ieee;
use ieee.std_logic_1164.all;

--ENTITY DECLARATION: no inputs, no 
outputs
entity andGate_tb is
end andGate_tb;

-- Describe how to test the AND Gate
architecture tb of andGate_tb is

component andGate is
port( A, B : in std_logic;

F : out std_logic);
end component;

signal  inA, inB, outF : std_logic;
begin 

--map the testbench signals to the ports 
of the andGate

mapping: andGate port map(inA, inB, 
outF);

Process 
--TEST 1

begin
inA <= '0';
inB <= '0';
wait for 15 ns;

--TEST 2
inA <= '0';
inB <= '1';
wait for 15 ns;

--TEST 3
inA <= '1';
inB <= '1';
wait for 15 ns;

end process;

end tb;







Variations with version


