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Models in VHDL architecture

• The behavior of the digital circuit is modelled in the VHDL 

architecture through concurrent statements 

• There are three main approaches to model a circuit in VHDL 

architecture

• Data-flow style

• Behavioral style

• Structural style (not for this course)
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Data flow style

• Describes the circuit as a representation of how the data flows in 

it

• Statements describe the relationship between input and output 

signals with VHDL operators (e.g. AND, OR, NOT) 

• Uses concurrent, conditional, selected signal assignment 

statements

• All the exercises seen up to now are data flow style architectures

• Works well for small circuits where you have an idea of the 

underlying hardware
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Behavioral style

• Higher circuit abstraction level

• Models how the circuit should behave

• Leaves the details of the implementation to the synthesis tool

• Used for complex circuits

• Uses process statement
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Process statement
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Data flow vs behavioral
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Sequential statements

• There are three types of sequential statements

• Sequential signal assignment statement (see previous slide)

• if statement

• case statement
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if statement
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case statement
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VHDL for sequential circuits

• All examples seen so far are combinational circuits

• They produce outputs based only on the current inputs

• A sequential circuit is a type of digital logic circuit whose output 

depends not only on the current inputs but also on the previous 

states of the circuit

• Sequential circuits have memory elements (e.g. flip-flop) that store 

information about previous states

• They are often controlled by a clock signal that synchronizes state 

changes

• In VHDL sequential circuits are typically modelled with behavioral 

style architecture 

• In general, a certain logic circuit can be modelled in different ways, that 

will result in the same hardware

• But for synchronous memory elements, behavioral style is the optimal 

method
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D-FF
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Test bench of D-FF
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Test bench of D-FF
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Exercise 6

• Simulate the D-FF in EDA playground
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Exercise 7

• Write the code for a D-FF with asynchrounous reset and simulate it 

in EDA playground

• Instructions

• Use behavioral style architecture with process statement

• Use the if statement

• For sequential logic, a process can have at most two signals in the 

sensitivity list

• Clock and reset, if the reset is asynchrououns

• Clock, if there is no reset or the reset is synchronous 
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Exercise 8

• Write the code for a D-FF with synchrounous reset and simulate it 

in EDA playground

• Instructions

• Use behavioral style architecture with process statement

• Use the if statement

• Tip: if statements can be nested
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Component declaration
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• Here we have a module called 

“d_flip_flop_tb”

• Within this module we use 

another module “d_flip_flop”

• To do this we used this syntax 
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Entity declaration

• We could have done the same (use a module within a module) with 

this syntax
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Exercise 9

• Write the code for a 4-bit SISO shift register in VHDL using D flip-

flops, a clocked process, and asynchronous reset

• Instruction

• Syntax to access individual bit of a bus

• one_bit_signal <= my_bus(n)

• one_bit_signal gets the value of the n
th

 bit in the bus called my_bus
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Summary part 2

• VHDL modeling styles

• Data-flow style 

• Uses concurrent, conditional, sequential signal assignment 

statements

• Behavioral style

• Uses process statements

• Process statements

• Process is a concurrent statement

• Statements appearing within process are sequential statements

• Sequential statements

• Sequential signal assignment statement 

• if statement

• case statement
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Summary part 2

• Sequential circuits are modelled with behavioral style architecture

• Memory is induced in VHDL by not specifying output conditions for 

every possible input condition

• So, unless you want to model a memory, always specify all conditions

• Unintended generation of memory is flagged by the synthesis tool

• Memory adds complexity to the synthesized circuit 

• Constants

• Declared in declarative part of architecture 

• Constants are assigned a value at declaration that cannot be changed 

afterwards

• This is done using the assignment operator :=
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Summary part 2

• Exercises

• 6: D-FF

• 7: D-FF with asynchronous reset

• 8: D-FF with synchronous reset

• 9: 4-bit SISO shift reset with asynchronous reset
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