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Abstract

Advances this decade in silicon technology have enabled
design engineers to examine new methods of generating
circuit designs. One such method has become known,
which considers the automated design of digital systems
using both software simulation and programmable
hardware technologies. Automated circuit design attempts
to redefine the methodology by which electrical circuits
are developed. Traditional techniques utilize a top down
or compartmentalized design methodology by which
complex systems are broken down into small sub-systems
and assigned to a number of design groups. A distinct
feature of the algorithm is its ability to directly evolve and
evaluate circuits in a VHDL (Very High Speed Integrated
Hardware Description Language, within a environment
termed the Virtual Chip. Because the Virtual Chip evolves
circuit structures within a VHDL, detailed simulation and
analysis of each circuit is possible with any technology
specific component library. This feature allows accurate
analysis of performance issues such as timing and area.

The paper describes the genetic algorithm and the hardware
evaluation environment, and provides results with a number
of benchmark arithmetic circuits evolved under different
performance driven timing and area constraints. Our
study reveal that the genetic algorithm is able to exploit
the flexibility provided by a novel chromo some
architecture, and utilize a combination of primitive gates
and macro components from a component library, in order
to produce circuits which operate well within timing
restrictions.
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1. Scope of the Study

Traditional circuit design methodologies rely on rules that
have been developed over many decades. However the
need for human input to the increasingly complex design
process means that modern circuit production takes one of
two paths.

The first is to employ more designers with greater
expertise. This is expensive. The second is to simplify
circuit design by imposing greater and greater abstraction
to the design space. Recently a new field applying

Evolutionary techniques to hardware design and synthesis
has emerged. These techniques give us a third option - to
use evolution to design the circuits for us. Advances this
decade in silicon technology have enabled design
engineers to examine new methods of generating circuit
designs. One such method has become known as evolvable
hardware, which considers the automated design of digital
systems using both software simulation and programmable
hardware technologies. Automated circuit design attempts
to redefine the methodology by which electrical circuits
are developed.

2. Genetic Algorithms

Genetic Algorithms (GAs) are adaptive heuristic search
algorithm based on the evolutionary ideas of natural
selection and genetics. As such they represent an
intelligent exploitation of a random search used to solve
optimization problems. Although randomised, GAs are by
no means random, instead they exploit historical
information to direct the search into the region of better
performance within the search space. The basic techniques
of the GAs are designed to simulate processes in natural
systems necessary for evolution.

2.1 Basics of GA

In general, the step of GA operations consists of 6 main
steps: population initialization, fitness calculation,
selection, crossover, mutation and termination judgment.
In the beginning, the initial population of a GA is
generated randomly. Then, the evaluation values of the
fitness function for the individuals in the current
population are calculated. And then, the 3 steps of GA
operators:  selection, crossover, and mutation are
performed. Finally, the termination criterion is checked,
and the whole GA procedure stops if the termination
criterion is reached. Our design and develop hardware in
the GA process conclude RNG operation, crossover
operation, and mutation operations.

2.2 Encoding a circuit within a chromosome

Genetic algorithms for evolvable hardware are used to
develop chromosomes which then encode the functional
description of a given circuit. As with many applications
which utilise genetic algorithms, the resulting circuit is
termed a phenotype as it comprises numerous smaller logic
cells or genotypes. The terminologies used are designed
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to reflect the conceptual similarity between genetic
algorithms, natural evolution, and genetics. The genetic
algorithm presented here uses a permutation-based
encoding of fixed-length. As such only a specified number
of logic elements are presented to the framework. From
this, the desired circuit functionality must be generated.
Using a fixed-length encoding is standard practice and is
one of the main restrictions within which a genetic
algorithm operates. Specific sections of each chromosome
are reserved for de- scribing the inputs and outputs
required for the desired circuit. Logic elements are
referenced by position within the chromosome.

Circuit inputs are encoded in the first section of
chromosome. If a circuit has | inputs, then the first I
elements in the chromosome will describe these inputs.
This description includes the input pin number in addition
to which logic element the input pin is connected. Outputs
are similarly defined at the end of the chromosome, where
position relates to the identification of an output pin
connected to a logic element. Total chromosome length,
N, is then defined as the number of logic elements
summed with the number of circuit inputs. Therefore, if a
circuit has two outputs, whatever logic elements are at N
and N-1 are connected to output pin one and output pin
two respectively.

The encoding ensures that the number of inputs and
outputs described by a chromosome remains consistent
after operations such as crossover. The genetic algorithm
presented in this paper utilises a range of functional
elements or macro blocks, along with simple gate
primitives with which to generate various circuit
structures. Macro blocks particularly suited to more
complex arithmetic circuits were chosen such as a half-
adder and full-adder. Other macro cells included small
combinational logic blocks, in addition to simple through-
connects.

3. Benefits of FPGA Technology

Performance—Taking advantage of hardware parallelism,
FPGAs exceed the computing power of digital signal
processors (DSPs) by breaking the paradigm of sequential
execution and accomplishing more per clock cycle.

Time to market—FPGA technology offers flexibility and
rapid prototyping capabilities in the face of increased time-
to-market concerns. You can test an idea or concept and
verify it in hardware without going through the long
fabrication process of custom ASIC design.

Cost—The nonrecurring engineering (NRE) expense of
custom ASIC design far exceeds that of FPGA-based
hardware solutions. The large initial investment in ASICs
is easy to justify for OEMs shipping thousands of chips per
year, but many end users need custom hardware
functionality for the tens to hundreds of systems in
development.

Reliability—while  software  tools  provide the
programming environment, FPGA circuitry is truly a
“hard” implementation of program execution. Processor-
based systems often involve several layers of abstraction to
help schedule tasks and share resources among multiple
processes.

Long-term maintenance—As mentioned earlier, FPGA
chips are field-upgradable and do not require the time and
expense involved with ASIC redesign. Digital
communication protocols, for example, have specifications
that can change over time, and ASIC-based interfaces may
cause maintenance and forward-compatibility challenges.

4. Future Work & Conclusion

The use of a genetic algorithm leads to a significant
saving in design time whilst taking into consideration
timing issues crucial to today deep sub-micron
technologies. The problems of electronic circuit design are
increasing as demand for improvements increases. This
emerging field exists at the intersection of electronics
engineering, computer technology. The benefits brought
about by Genetic algorithms are particularly suited to a
number of applications, including the design of low cost
hardware, poorly specified problems, creation of adaptive
systems, fault tolerant systems and innovation.

As research in this field accelerates, new methods of
classifying the many strands of research must be found.
Here we identified three viewpoints: the level of
abstraction, the bias implementation and the hardware
evaluation process. With these in mind, current research
trends in evolvable hardware were reviewed and analyzed.
In particular, the research focusing on innovation,
resolvability and platforms were described. Nevertheless,
these new ideas may be one of the brightest and best hopes
for the future of electronics.
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