
Scalar data types and their operations

A.Carini – Progettazione di sistemi elettronici



VHDL objects
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• VHDL objects are items that have a value of a specified type. 
• The are four classes of objects:

• Constants
• Variables
• Signals
• Files 

• Constants cannot change, while variables change with assignments. 
• In VHDL, variables are used to implement memory elements.



Constants’ declaration
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• Example:



Variables’ declaration
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• Example:



Example of declarations
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Assignment Statements
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• Example:



Difference between variables and signals
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• In variables, the assignment modifies immediately the value of the variable.
• In signals, the assignment plans a new value that will be applied in some future 

moment.
• For this reason different symbols are used:

• := for variables.
• <= for signals.



Scalar types 
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• The VHDL is strongly typed
• Each object can assume only values of its declared type!

• Declaration of a new type:

• Types with the same declaration but different names are distinct and 
incompatible.

• Example:



Example of use in entity ports 
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Integer types 
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• Assume only integer values.
• Predefined type : integer
• Contains at least the interval (-2^31+1, 2^31-1) 
• Syntax for defining a new integer type:

• TO used for ascending ranges
• DOWNTO used for descending ranges



Examples of integer types 
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• Example:

• Illegal assignment:



Ranges and expressions 
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• The expressions that provide the range limits must be locally static
• They can depend from constant but not from variables!



Operations on integer types 
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REM
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• It is the remainder of the division and it is defined such that:

• A rem B has the same sign of A and absolute value lower than that of B.
• Examples:



MOD
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• It is the module operation and it is defined such that:

• A mod B has the same sign of B and absolute value lower than that of B.
• Examples:



Floating point types 
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• Used for approximating the real numbers with an mantissa-exponent 
representation.

• Predefined type: real
• Contains at least the interval (-1.0E+38, +1.0E+38) with at least 6 precision 

digits.
• Syntax for defining a new floating point type: 



Operations on floating point types 
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• The exponent must be an integer. 



Physical types 
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• Used for representing physical quantities (like the length, the current, the 
voltage, etc.)

• We will always have a primary unit and we could have also some secondary 
units.



Example: a resistance 
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• Its values are written as:



Example: a resistance 
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• By introducing also some secondary units:



Example: a length 
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• Secondary units does not need to be a power of 10:



Operations on physical types 
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• Note:



Time
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• Predefined physical type, used for delays



Enumeration types 
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• Syntax:

• Examples:



Overloading of identifiers 
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• In case of overloading of identifiers, the context determines the kind of 
identifier.



Predefined enumeration types
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• Character

• Boolean

• Bit



Predefined type character 
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Predefined type Boolean 
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• Operators:
• Relational

• =, /=
• <, >, <=, >=

• Logical 

• and, or, nand, nor are “short-circuit” operators 
• They evaluate the right term only if the left term is insufficient to compute the 

result



Predefined type Bit 
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• We can apply also the logical operators

• ‘0’ corresponds to false
• ‘1’ corresponds to true
• But we can not mix bits and Booleans

• It is illegal:



IEEE standard logic 1164 
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IEEE standard logic 1164 
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• We can apply the logic operators, which are optimistic, i.e., ‘0’ and ‘Z’ = ‘0’
• From VHDL 2008 there are relational operators that neglect the force:



Type classification 
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Subtypes 

A. Carini - Progettazione di sistemi elettronici

Example:



Predefined subtypes  

A. Carini - Progettazione di sistemi elettronici



Type qualification 
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Type_name’(value)

Example:



Type conversion 
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Type_name(value)

Example:



Attributes of scalar types 
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Type_name’attribute

For all scalar types:



Example of attributes 
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Example of attributes 
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Attributes for discrete types and physical types 
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Example:



Example of area computation 
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See:

• Peter Ashenden, «The designers’ guide to VHDL» Morgan Kaufmann, 
• Chapter 2


