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In the fast-paced world of electronics, creating efficient and reliable circuits is a
crucial task. With the ever-increasing complexity of electronic systems, engineers
are constantly seeking ways to streamline the design process. One
groundbreaking approach is the automatic design of electronic circuits in
reconfigurable hardware. This cutting-edge technique combines the power of
reconfigurable hardware with advanced algorithms to create circuits with
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unprecedented efficiency. In this article, we will explore the ins and outs of
automatic design in reconfigurable hardware, its advantages, and its implications
for the future of electronics.

What is Automatic Design of Electronic Circuits?

Automatic design, also known as automated design or electronic design
automation (EDA),refers to the process of using algorithms and software tools to
design electronic circuits. This approach aims to minimize human involvement
and accelerate the design process by automating various tasks, such as circuit
synthesis, optimization, and verification. Automatic design in reconfigurable
hardware takes this concept a step further by utilizing reconfigurable devices,
such as Field-Programmable Gate Arrays (FPGAs),to implement the designed
circuits. FPGAs offer unparalleled flexibility and can be reprogrammed to perform
different functions, allowing for dynamic circuit reconfiguration.

Advantages of Automatic Design in Reconfigurable Hardware:

1. Speed and Efficiency: By automating the design process, engineers can
significantly reduce the time required to create complex circuits. The algorithms
used in automatic design can explore a vast design space and find optimal
solutions, resulting in highly efficient circuits that meet specific requirements.

2. Flexibility: Reconfigurable hardware, such as FPGAs, provides the advantage
of flexibility. Unlike dedicated integrated circuits (ICs),which are fixed and limited
in functionality, FPGAs can be reprogrammed to adapt to changing design needs.
This flexibility enables designers to experiment with different configurations and
functionalities without the need for physical modifications.



3. Cost-Effectiveness: The use of reconfigurable hardware can lead to cost
savings in various aspects of the design process. With FPGAs, designers can
avoid the high costs associated with fabricating custom ICs for every design
iteration. Additionally, FPGAs offer the possibility of hardware reuse, as the same
device can be programmed for different applications, reducing the need for new
components.

4. Error Reduction: Human errors during the design process can have significant
consequences, leading to faulty circuits or design flaws. The automation provided
by automatic design minimizes the risk of human errors, resulting in more reliable
and robust circuit designs.

Implementing Automatic Design in Reconfigurable Hardware:

To implement automatic design in reconfigurable hardware, several steps are
involved. These steps can vary depending on the specific design flow and the
tools used, but generally include the following:

1. Design Entry: The designer specifies the circuit requirements and the desired
functionality using a high-level hardware description language (HDL) or a
graphical design tool.

2. Synthesis: The specified design is converted into a register transfer level (RTL)
representation, which describes the circuit's behavior at a lower level of
abstraction. During synthesis, the RTL description is transformed into a netlist,
which represents the circuit in terms of primitive logic gates.

3. Optimization: The netlist undergoes optimization processes aimed at reducing
area, power consumption, or delay. Advanced algorithms explore different design
alternatives and trade-offs, resulting in an optimized netlist.



4. Placement and Routing: The optimized netlist is mapped onto the target
reconfigurable hardware, such as an FPGA. This step involves determining the
placement of logic elements and routing the interconnections between them. The
goal is to minimize delays and ensure efficient resource utilization.

5. Configuration: Once the placement and routing are completed, the designed
circuit is configured onto the reconfigurable hardware. This step involves
programming the FPGA with the appropriate bitstream generated from the
optimized netlist.

6. Verification: After configuration, the designed circuit is subjected to thorough
verification to ensure correct functionality. Simulation tools and hardware testing
techniques are used to validate the circuit's performance and behavior.

Implications for the Future of Electronics:

Automatic design in reconfigurable hardware has the potential to revolutionize the
field of electronics. As technology continues to advance, the complexity of
electronic systems will only increase. Traditional design methods may become
insufficient to meet the demands of these complex systems. Automatic design
offers a scalable and efficient solution.

Furthermore, reconfigurable hardware, such as FPGAs, is evolving rapidly,
becoming more powerful and capable with each generation. This opens up new
possibilities for dynamic and adaptive circuits that can be reconfigured on-the-fly
to optimize performance or accommodate changing requirements.

:



Automatic design of electronic circuits in reconfigurable hardware represents a
significant advancement in the field of electronics. By automating the design
process and leveraging the flexibility of reconfigurable devices, engineers can
create efficient, reliable, and cost-effective circuits. With the continuous evolution
of technology, the future holds exciting prospects for automatic design, paving the
way for more innovative and complex electronic systems.
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Evolution through natural selection has been going on for a very long time.
Evolution through artificial selection has been practiced by humans for a large
part of our history, in the breeding of plants and livestock. Artificial evolution,
where we evolve an artifact through artificial selection, has been around since
electronic computers became common: about 30 years. Right from the beginning,
people have suggested using artificial evolution to design electronics
automatically.l Only recently, though, have suitable re  configurable silicon chips
become available that make it easy for artificial evolution to work with a real,
physical, electronic medium: before them, ex  periments had to be done entirely in
software simulations. Early research concentrated on the potential applications
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opened-up by the raw speed ad  vantage of dedicated digital hardware over
software simulation on a general  purpose computer. This book is an attempt to
show that there is more to it than that. In fact, a radically new viewpoint is
possible, with fascinating consequences. This book was written as a doctoral
thesis, submitted in September 1996. As such, it was a rather daring exercise in
ruthless brevity. Believing that the contribution I had to make was essentially a
simple one, I resisted being drawn into peripheral discussions. In the places
where I deliberately drop a subject, this implies neither that it's not interesting, nor
that it's not relevant: just that it's not a crucial part of the tale I want to tell here.
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