Commonly Used VHDL Operators 

   Highest precedence first,

   left to right within same precedence group,

   use parenthesis to control order.

   Unary operators take an operand on the right.

   "result same" means the result is the same as the right operand.

   Binary operators take an operand on the left and right.

   "result same" means the result is the same as the left operand.

**   exponentiation,  numeric ** integer,  result numeric

abs  absolute value,  abs numeric,  result numeric

not  complement,      not logic or boolean,  result same

*    multiplication,  numeric * numeric,  result numeric

/    division,        numeric / numeric,  result numeric

mod  modulo,          integer mod integer,  result integer

rem  remainder,       integer rem integer,  result integer

+    unary plus,      + numeric,  result numeric

-    unary minus,     - numeric,  result numeric

+    addition,        numeric + numeric,  result numeric

-    subtraction,     numeric - numeric,  result numeric

&    concatenation,   array or element & array or element,

                        result array

sll  shift left logical,     logical array sll integer,  result same

srl  shift right logical,    logical array srl integer,  result same

sla  shift left arithmetic,  logical array sla integer,  result same

sra  shift right arithmetic, logical array sra integer,  result same

rol  rotate left,            logical array rol integer,  result same

ror  rotate right,           logical array ror integer,  result same

=    test for equality, result is boolean

/=   test for inequality, result is boolean

<    test for less than, result is boolean

<=   test for less than or equal, result is boolean

>    test for greater than, result is boolean

>=   test for greater than or equal, result is boolean

and  logical and,                logical array or boolean,  result is same

or   logical or,                 logical array or boolean,  result is same

nand logical complement of and,  logical array or boolean,  result is same

nor  logical complement of or,   logical array or boolean,  result is same

xor  logical exclusive or,       logical array or boolean,  result is same

xnor logical complement of exclusive or,  logical array or boolean,  result is same

process statement 

Used to do have sequential statements be a part of concurrent processing.

  label : process [ ( sensitivity_list ) ] [ is ]

             [ process_declarative_items ]

          begin
             sequential statements

          end process [ label ] ;

         -- input and output are defined a type 'word' signals

  reg_32: process(clk, clear)

          begin
            if clear='1' then
              output <= (others=>'0');

            elsif clk='1' then
              output <= input after 250 ps;

            end if;

          end process reg_32;

           -- assumes  use IEEE.std_logic_textio.all

  printout:  process(clk) -- used to show state when clock raises

               variable my_line : LINE;   -- not part of working circuit

             begin
               if clk='1' then
                 write(my_line, string'("at clock "));

                 write(my_line, counter);

                 write(my_line, string'("  PC="));

                 write(my_line, IF_PC);

                 writeline(output, my_line);

                 counter <= counter+1;

               end if;

             end process printout;

if statement 

Conditional structure.

 [ label: ] if  condition1  then
                 sequence-of-statements

            elsif  condition2  then      \_ optional

                 sequence-of-statements  /

            elsif  condition3  then      \_ optional

                 sequence-of-statements  /

            ...

            else                         \_ optional

                 sequence-of-statements  /

            end if [ label ] ;

 if a=b then
     c:=a;

 elsif b<c then
     d:=b;

     b:=c;

 else
     do_it;

 end if;

case statement 

Execute one specific case of an expression equal to a choice.

The choices must be constants of the same discrete type as the expression.

 [ label: ] case  expression  is
              when choice1 =>

                 sequence-of-statements

              when choice2 =>            \_ optional

                 sequence-of-statements  /

              ...

              when others =>             \_ optional if all choices covered

                 sequence-of-statements  /

            end case [ label ] ;

  case  my_val  is
    when 1 =>

      a:=b;

    when 3 =>

      c:=d;

      do_it;

    when others =>

      null;

  end case;

loop statement 

Three kinds of iteration statements.

 [ label: ] loop
                 sequence-of-statements -- use exit statement to get out

            end loop [ label ] ;

 [ label: ] for variable in range loop
                 sequence-of-statements

            end loop [ label ] ;

 [ label: ] while  condition  loop
                 sequence-of-statements

            end loop [ label ] ;

  loop
    input_something;

    exit when end_file;

  end loop;

  for I in 1 to 10 loop
    AA(I) := 0;

  end loop;

  while not end_file loop
    input_something;

  end loop;

wait statement 

Cause execution of sequential statements to wait.

 [ label: ] wait [ sensitivity clause ] [ condition clause ] ;

 wait for 10 ns;              -- timeout clause, specific time delay.

 wait until clk='1';          -- condition clause, Boolean condition

 wait until A>B and S1 or S2; -- condition clause, Boolean condition

 wait on sig1, sig2;          -- sensitivity clause, any event on any

                              -- signal terminates wait

Standard VHDL Packages 

VHDL standard packages and types 

  The following packages should be installed along with the VHDL

  compiler and simulator.  The packages that you need,

  except for "standard", must be specifically accessed by each of

  your source files with statements such as:

        library IEEE;

        use IEEE.std_logic_1164.all;

        use IEEE.std_logic_textio.all;

        use IEEE.std_logic_arith.all;

        use IEEE.numeric_bit.all;

        use IEEE.numeric_std.all;

        use IEEE.std_logic_signed.all;

        use IEEE.std_logic_unsigned.all;

        use IEEE.math_real.all;

        use IEEE.math_complex.all;

component instantiation statement 

Get a specific architecture-entity instantiated component.

  part_name: entity  library_name.entity_name(architecture_name)

             port map ( actual arguments ) ;

                                              optional (architecture_name)

  part_name: component_name

             port map ( actual arguments ) ;

  Given  entity gate is
            port (in1  : in  std_logic ;

                  in2  : in  std_logic ;

                  out1 : out std_logic) ;

         end entity gate;

         architecture circuit of gate is ...

         architecture behavior of gate is ...

  A101: entity WORK.gate(circuit)

            port map ( in1 => a, in2 => b, out1 => c );

        -- when gate has only one architecture

  A102: entity WORK.gate

            port map ( in1 => a, in2 => b, out1 => c );

        -- when order of actual arguments is used

  A103: entity WORK.gate

            port map ( a, b, c );

  Given an entity

  entity add_32 is -- could have several architectures

      port (a    : in  std_logic_vector (31 downto 0);

            b    : in  std_logic_vector (31 downto 0);

            cin  : in  std_logic;

            sum  : out std_logic_vector (31 downto 0);

            cout : out std_logic);

  end entity add_32;

  Create a simple component interface

  component add_32 -- use same port as entity

      port (a    : in  std_logic_vector (31 downto 0);

            b    : in  std_logic_vector (31 downto 0);

            cin  : in  std_logic;

            sum  : out std_logic_vector (31 downto 0);

            cout : out std_logic);

  end component add_32;

  Instantiate the component 'add_32' to part name 'PC_incr'

  PC_incr : add_32 port map (PC, four, zero, PC_next, nc1);

  Create a component interface, changing name and renaming arguments

  component adder  -- can have any name but same types in port

      port (in1  : in  std_logic_vector (31 downto 0);

            in2  : in  std_logic_vector (31 downto 0);

            cin  : in  std_logic;

            sum  : out std_logic_vector (31 downto 0);

            cout : out std_logic);

  end component adder;

  Instantiate the component 'adder' to part name 'PC_incr'

  PC_incr : adder  -- configuration may associate a specific architecture

            port map (in1  => PC,

                      in2  => four,

                      cin  => zero,

                      sum  => PC_next,

                      cout => nc1);

Data Objects: Signals, Variables and Constants

A data object is created by an object declaration and has a value and type associated with it. An object can be a Constant, Variable, Signal or a File. Up to now we have seen signals that were used as input or output ports or internal nets. Signals can be considered wires in a schematic that can have a current value and future values, and that are a function of the signal assignment statements. On the other hand, Variables and Constants are used to model the behavior of a circuit and are used in processes, procedures and functions, similarly as they would be in a programming language. Following is a brief discussion of each class of objects. 

Constant

A constant can have a single value of a given type and cannot be changed during the simulation. A constant is declared as follows,

constant list_of_name_of_constant: type [ := initial value] ;   

where the initial value is optional. Constants can be declared at the start of an architecture and can then be used anywhere within the architecture. Constants declared within a process can only be used inside that specific process. 

constant  RISE_FALL_TME: time := 2 ns;

constant  DELAY1: time := 4 ns;

constant  RISE_TIME, FALL_TIME: time:= 1 ns;

constant  DATA_BUS: integer:= 16;

Variable

A variable can have a single value, as with a constant, but a variable can be updated using a variable assignment statement. The variable is updated without any delay as soon as the statement is executed. Variables must be declared inside a process (and are local to the process). The variable declaration is as follows:

variable list_of_variable_names: type [ := initial value] ;

A few examples follow:

            

            variable CNTR_BIT: bit :=0;

     variable VAR1: boolean :=FALSE;

            variable SUM: integer range 0 to 256 :=16;

            variable STS_BIT: bit_vector (7 downto 0);

The variable SUM, in the example above, is an integer that has a range from 0 to 256 with initial value of 16 at the start of the simulation. The fourth example defines a bit vector or 8 elements: STS_BIT(7), STS_BIT(6),… STS_BIT(0).

A variable can be updated using a variable assignment statement such as 

     Variable_name := expression;

As soon as the expression is executed, the variable is updated without any delay.

Signal

Signals are declared outside the process using the following statement:

signal list_of_signal_names: type [ := initial value] ;

           signal SUM, CARRY: std_logic;

           signal CLOCK: bit;

     signal TRIGGER: integer :=0;

     signal DATA_BUS: bit_vector (0 to 7);

     signal VALUE: integer range 0 to 100;

Signals are updated when their signal assignment statement is executed, after a certain delay, as illustrated below,

           SUM <= (A xor B) after 2 ns;

If no delay is specified, the signal will be updated after a delta delay. One can also specify multiple waveforms using multiple events as illustrated below,

signal wavefrm : std_logic;

wavefrm <= ‘0’, ‘1’ after 5ns, ‘0’ after 10ns, ‘1’ after 20 ns;

It is important to understand the difference between variables and signals, particularly how it relates to when their value changes. A variable changes instantaneously when the variable assignment is executed. On the other hand, a signal changes a delay after the assignment expression is evaluated. If no delay is specified, the signal will change after a delta delay. This has important consequences for the updated values of variables and signals. Lets compare the two files in which a process is used to calculate the signal RESULT [7].

	Example of a process using Variables

	architecture VAR of EXAMPLE is

     signal TRIGGER, RESULT: integer := 0; 

begin
     process
           variable variable1: integer :=1;

           variable variable2: integer :=2;

           variable variable3: integer :=3;

     begin
           wait on TRIGGER;

           variable1 := variable2;

           variable2 := variable1 + variable3;

           variable3 := variable2;

           RESULT <= variable1 + variable2 + variable3;

     end process;

end VAR


	Example of a process using Signals

	architecture SIGN of EXAMPLE is

     signal TRIGGER, RESULT: integer := 0; 

signal signal1: integer :=1;

     signal signal2: integer :=2;

     signal signal3: integer :=3;

begin
     process    

     begin
           wait on TRIGGER;

           signal1 <= signal2;

           signal2 <= signal1 + signal3;

           signal3 <= signal2;

           RESULT  <= signal1 + signal2 + signal3;

     end process;

end SIGN;


In the first case, the variables “variable1, variable2 and variable3” are computed sequentially and their values updated instantaneously after the TRIGGER signal arrives. Next, the RESULT, which is a signal, is computed using the new values of the variables and updated a time delta after TRIGGER arrives. This results in the following values (after a time TRIGGER): variable1 = 2, variable2 = 5 (=2+3), variable3= 5. Since RESULT is a signal it will be computed at the time TRIGGER and updated at the time TRIGGER + Delta. Its value will be RESULT=12.

On the other hand, in the second example, the signals will be computed at the time TRIGGER. All of these signals are computed at the same time, using the old values of signal1, 2 and 3. All the signals will be updated at Delta time after the TRIGGER has arrived. Thus the signals will have these values: signal1= 2, signal2= 4 (=1+3), signal3=2 and RESULT=6.

6. Data types

Each data object has a type associated with it. The type defines the set of values that the object can have and the set of operations that are allowed on it. The notion of type is key to VHDL since it is a strongly typed language that requires each object to be of a certain type. In general one is not allowed to assign a value of one type to an object of another data type (e.g. assigning an integer to a bit type is not allowed). There are four classes of data types: scalar, composite, access and file types. The scalar types represent a single value and are ordered so that relational operations can be performed on them. The scalar type includes integer, real, and enumerated types of Boolean and Character. Examples of these will be given further on.

a. Data Types defined in the Standard Package
VHDL has several predefined types in the standard package as shown in the table below.  To use this package one has to include the following clause:

            library std, work;

     use std.standard.all;

	Types defined in the Package Standard of the std Library

	Type
	Range of values
	Example

	bit
	 ‘0’, ‘1’
	signal A: bit :=1;

	bit_vector
	an array with each element of type bit
	signal INBUS: bit_vector(7 downto 0);

	boolean
	FALSE, TRUE
	variable TEST: Boolean :=FALSE’

	character
	any legal VHDL character (see package standard); printable characters must be placed between single quotes (e.g. ‘#’)
	variable VAL: character :=’$’;

	file_open_kind*
	read_mode, write_mode, append_mode
	

	file_open_status*
	open_ok, status_error, name_error, mode_error
	

	integer
	range is implementation dependent but includes at least –(231 – 1) to +(231 – 1)
	constant CONST1: integer :=129; 

	natural
	integer starting with 0 up to the max specified in the implementation
	variable VAR1: natural :=2;

	positive
	integer starting from 1 up the max specified in the implementation
	variable VAR2: positive :=2;

	real*
	floating point number in the range of –1.0 x 1038 to +1.0x 1038 (can be implementation dependent. Not supported by the Foundation synthesis program.
	variable VAR3: real :=+64.2E12;

	severity_level
	note, warning, error, failure
	

	string
	array of which each element is of the type character
	variable VAR4: string(1 to 12):= “@$#ABC*()_%Z”;

	time*
	an integer number of which the range is implementation defined; units can be expressed in sec, ms, us, ns, ps, fs, min and hr. . Not supported by the Foundation synthesis program
	variable DELAY: time :=5 ns;


* Not supported by the Foundation synthesis program
Generic Parameters

Generic is a parameter used  within the architecture that can be set upon instantiation of a module. It is declared in the entity block. By use of generic parameters, VHDL allows a design to be parameterized such that the specific timing, the number of bits and even wiring can be determined by the user.

generic: generic declarations are optional and determine the local constants used for timing and sizing (e.g. bus widths) the entity. A generic can have a default value. The syntax for a generic follows,

generic (

constant_name: type [:=value] ;

constant_name: type [:=value] ;
:

constant_name: type [:=value] );

The general form of entity with generic parameters is as follows,

entity NAME_OF_ENTITY is [ generic generic_declarations);]

     port (signal_names: mode type;

            signal_names: mode type;

                :

            signal_names: mode type);

end [NAME_OF_ENTITY] ; 

