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Lecture 2

 FPGA Development Flow
 VHDL Basics

 Concurrent Design
 Sequential Design
 Coding Style Issues



FPGA Development Flow

 Specification & modeling 
(algorithm investigation 
with high-level languages)

 System design (coding)
 Hardware description 

(HDL)
 Simulation (functional 

simulation or pre-
simulation)

 Constraints (timing, 
location assignments, ...)

 Synthesis & 
Implementation (timing 
simulation or post-
simulation)

 System verification & final 
products

Modeling

Specification

Final Products



 Design Entry:
 Create your design files using:

 hardware description (Verilog, VHDL)
 Design “implementation” on FPGA:

 Synthesis, map, place, and route to create bit-stream file
 Divide into CLB-sized pieces, place into blocks, route to blocks

 Design verification:
 Use Simulator to check functionality
 check max clock frequency
 Load into FPGA device (cable connects PC to board)

 check operation at full speed in real environment.

Simplified Development Flow



Related Softwares

 C or SystemC compilers for modeling (for 
complicated algorithms, can be neglected for simple 
designs)

 Editors for coding: Emacs, etc..
 Simulation software: Modelsim
 Synthesis & Implementation software: Xilinx ISE
 Other useful tools in the Xilinx software package, 

such as EDK, Chipscope, FPGA editor, ...



VHDL Basics

 VHSIC Hardware Description Language
    (Very High Speed Integrated Circuit)
 Synthesizable (for implementation) & unsynthesizable 

subset (for simulation)
 Detailed syntax: 

• An entity declaration 
describes the interface of 
the component
• PORT clause indicates 
input and output ports
• An entity can be though 
of as a symbol for a 
component



VHDL Basics

• PORT declaration 
establishes the 
interface of the object 
to the outside world
• Three parts
 - Name
 - Mode (in, out)
 - Data type (std_logic, 
std_logic_vector, ...)

• Architecture declarations 
describe the operation of 
the component
• Many architectures may 
exist for one entity, but only 
one may be active at a time
• An architecture is similar 
to a schematic of the 
component



VHDL Basics

entity user_logic is
    generic (DATA_WIDTH : integer := 16);
    port(
        data_in : in std_logic_vector(DATA_WIDTH – 1 downto 0);
        ......
    );
end entity user_logic;

architecture arc of user_logic is
    signal counter : std_logic_vector(DATA_WIDTH – 1 downto 0);
......
end arc;

Example 1:

Example 2:



VHDL Basics – Concurrent Design

• Signals can be assigned 
either in the behavioral style 
or in the structural style

• Signals are used for 
communication between 
components
• Signals can be seen as 
real, physical signals
• Some delay must be 
incurred in a signal 
assignment



VHDL Basics – Concurrent Design



VHDL Basics – Concurrent Design



VHDL Basics – Sequential Design
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VHDL Basics – Sequential Design

 Finite State Machine (FSM)
 Mealy Machine & Moore Machine

Moore

Moore machine: The output has only to do with 
the current state. 

Mealy

current state

next state

Mealy machine: The output has not only to do 
with the current state, but also with the input. 



VHDL Basics – Sequential Design



 Structure of initially generated hardware is determined by the VHDL 
code itself
 Synthesis optimizes that initially generated hardware, but cannot 

do dramatic changes
 Therefore, coding style matters!

process(A, B, C, SEL)
begin
  if (SEL=‘1’) then
    Z <= A + B;
  else
    Z <= A + C
  end if;
end process;

process(A, B, C, SEL)
  variable TMP : bit;
begin
  if (SEL=‘1’) then
    TMP := B;
  else
    TMP := C;
  end if;
  Z <= A + TMP;
end process;
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process(A, B, C, D, X, Y, Z)
begin
  X <= a * b;
  Y <= X + C;
  Z <= Y + D;
end process;

process(A, B, C, D, X, Y, Z)
begin
  X <= a * b;
  Y <= C + D;
  Z <= X + Y;
end process;
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CP = Mul + Add + Add CP = Mul + Add



Coding Style Issues

 Some more words on comparing VHDL with C
C VHDL

sw description language hw description language
sequential execution parallel architecture
single core multiple processing elements
machine codes on CPUs logic elements on FPGAs  
high clk frequency (GHz) low clk frequency (MHz)
limited parallelism massive parallelism

...... ......

    So don't use the sw programming concepts in VHDL. A good 

VHDL coding style is to Think In Hardware!!!
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