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Lecture 4

VHDL Parallel Code
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Lecture 4

Parallel ≡ Concurrent
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Objectives of this Lecture
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• To understand what is the Parallel (Concurrent) VHDL code.

• This lecture is very important, for it allows a better understanding

of where the parallel VHDL code or sequential VHDL code, as

well as the consequences of using one or the other.



Contents of this Lecture
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• Introduction about Parallel VHDL code.

• Parallel VHDL code using Operators .

• Parallel VHDL code using WHEN .

• Parallel VHDL code using GENERATE.



Introduction about Parallel VHDL code

• VHDL code can be concurrent (parallel) or sequential.

• The concurrent statements in VHDL are WHEN and GENERATE . Besides them,

assignments using only operators (AND, NOT, +, *, etc.) can also be used to construct 

concurrent code .

• VHDL code is inherently concurrent (parallel). Only statements placed inside a

PROCESS, FUNCTION, or PROCEDURE are sequential. Still, though within these

blocks the execution is sequential, the block, as a whole, is concurrent with any

other (external) statements .

• concurrent code only can be used  outside PROCESSES, FUNCTIONS, or 

PROCEDURE.
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Parallel VHDL code using Operators
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Operators

Logical: AND, 
OR, NOT, XOR, 

XNOR, …

Mathematical: + 
, - , * , /



Parallel VHDL code using Operators
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Example 5.1



Parallel VHDL code using Operators
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Parallel VHDL code using Operators
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Multiplexer



Parallel VHDL code using WHEN
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• As mentioned above, WHEN is one of the fundamental concurrent 
statements (along with operators and GENERATE). 

• It appears in two forms: WHEN / ELSE (simple WHEN) and 
WITH/SELECT / WHEN (selected WHEN). 



Parallel VHDL code using WHEN
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Parallel VHDL code using WHEN
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Example 5.2



Parallel VHDL code using WHEN
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Parallel code



Parallel VHDL code using WHEN
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Parallel code



Parallel VHDL code using WHEN
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Parallel VHDL code using WHEN
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Parallel VHDL code using WHEN
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Parallel VHDL code using WHEN
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Parallel VHDL code using WHEN
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Tri-state Buffer



Parallel VHDL code using WHEN
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n = 8

m = 3



Parallel VHDL code using WHEN
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END encoder1;



Parallel VHDL code using WHEN
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Parallel VHDL code using WHEN
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Encoder



Parallel VHDL code using WHEN

25
Figure: ALU (Arithmetic Logic Unit) of Example 5.5 



Parallel VHDL code using WHEN
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Table:  ALU operation of Example 5.5 



Parallel VHDL code using WHEN
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Parallel VHDL code using WHEN
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ALU



Parallel VHDL code using GENERATE
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• GENERATE is another concurrent statement (along with operators and

WHEN) .

• It is equivalent to the sequential statement LOOP (chapter 6) in the sense that it 

allows a section of code to be repeated a number of times, thus creating several 

instances of the same assignments. 

• Its regular form is the   FOR / GENERATE construct, with the syntax shown 

below. Notice that GENERATE must be labeled. 



Parallel VHDL code using GENERATE
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• An irregular form is also available, which uses IF/GENERATE (with an IF

equivalent; recall that originally IF is a sequential statement). Here ELSE is

not allowed. In the same way that IF/GENERATE can be nested inside

FOR/GENERATE (syntax below), the opposite can also be done.



Parallel VHDL code using GENERATE
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Example 5.6: Vector Shifter 



Parallel VHDL code using GENERATE
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Parallel VHDL code using GENERATE
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Vector Shifter 



Assignments
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• The assignments will be attached in your class room.



End of lecture 4

Any Questions ?
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