
10 – Predefined and Standard Packages

A.Carini – Progettazione di sistemi elettronici



IEEE Standard Packages
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• The IEEE has published standard packages that define some data types and 
common operations much used. 

• The use of these packages can save user time.
• Moreover, many tool developers provide optimized implementations for the 

standard packages.
• We will see: 

• Math_real

• Math_complex

• Std_logic_1164

• Numeric_bit, numeric_std

• Fixed_generic_pkg

• (Float_generic_pkg)



Math_real
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Math_real
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Math_real

A. Carini - Progettazione di sistemi elettronici

• The procedure generates values in [0, 1]. Seed1 and Seed2 are updated at each 
procedure call and are integers. 

• Seed1 in [1 .. 2,147,483,562], Seed2 in [1 .. 2,147,483,398]   (~=2^31)



Math_complex
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Constants:



Math_complex
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Math_complex
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Std_Logic_1164 Multivalue Logic
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• Defines types and overloaded operators.
• The types it defines:

• Moreover, it defines the subtypes X01, X01Z, UX01, UX01Z.



Std_Logic_1164 Multivalue Logic

A. Carini - Progettazione di sistemi elettronici

• Three logic states: ‘0’, ‘1’, unknown.
• Three level of driver strength: ‘forced’, ‘weak’, ‘Z’.

• ‘forced’ level: represents an active driver             
(a transistor in strong conduction or a switch).

• ‘weak level’: represents a resistive driver               
(a pull-up, a pull-down, or a pass-transistor).

• ‘z’ or high-impedance-state: represents a switched off driver.
• Moreover, there is an uninitialized state ‘U’ and a ‘don’t care state’, ‘-’.



Std_Logic_1164 Multivalue Logic
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• It provides the overloaded version of the logic operators AND, NAND, OR, NOR, 
XOR, XNOR, NOT for scalar and vectors, and other functions, like:



Std_Logic_1164 Multivalue Logic
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Standard integer numeric packages
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• The packages numeric_bit and numeric_std provide arithmetic operations 
between integer represented by arrays of bit or std_logic elements, 
respectively.

• Each package defines two types: signed and unsigned.
• In numeric_bit:

• In numeric_std:
type UNSIGNED is array ( NATURAL range <> ) of STD_LOGIC;

type SIGNED is array ( NATURAL range <> ) of STD_LOGIC;



Standard integer numeric packages
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• In VHDL-2008, the definition changed as follows



Standard integer numeric packages

A. Carini - Progettazione di sistemi elettronici

• Whichever the package used, the leftmost element is the most-significant digit, 
the rightmost element is the least-significant digit.

• Example:



Overloaded operators on unsigned and signed
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The two operands could 
also have different length.



Other functions
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Example:
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• Addition with carry:

• Addition with carry in:



Std_logic_unsigned and std_logic_signed
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• Many tools provide in IEEE library two “non-standard” packages called 
std_logic_unsigned and std_logic_signed.

• The package  std_logic_signed provides signed numerical computation on type 
std_logic_vector.

• The package  std_logic_unsigned provides unsigned numerical computation on 
type std_logic_vector.



Standard fixed point packages
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• Many signal processing operations require operations on non integer data. 
These could be floating points operations, but they are costly. More often, fixed 
point operations are used.

• VHDL 2008 has introduced a certain number of packages for fixed point 
arithmetic, which is an integer arithmetic with a power of 2 scaling.

• Together with scaling, we must take into account the possibility of rounding, 
and of saturation in additions.

• The principal package for fixed-point arithmetic is fixed_generic_pkg.
• It allows to select the rounding and saturation most suitable for our application.
• It uses some generic constants to control the behavior.
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Standard fixed point packages
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• The package defines types for unsigned and signed fixed point numbers.
• For unsigned:

• Indexes are always descending. The positive indexes are for the whole part, the 
negatives are for the fractional part.

• But also:

0110,100     6.5



Standard fixed point packages
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• For signed:

• Same rules for indexes, leftmost bit is the sign bit.
• Operations are performed at maximum precision:

• The integer part is one bit larger that the largest integer part of operands, the 
fractional part is as large and the largest fractional part. 



Standard fixed point packages
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• Signal and variables of these types can be assigned using strings or the 
conversion functions to_ufixed, to_sfixed



Standard fixed point packages
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• The use of string literals in expressions is problematic, see workaround:



Standard fixed point packages
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• If we need to change size:



Standard fixed point packages
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• Note that some unexpected results we can be found in multiple operations:
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See:

• Peter Ashenden, «The designers’ guide to VHDL» Morgan Kaufmann, 
• Chapter 9: 9.1-9.2.4


