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Abstract
Now a days space vehicles and other electronic hardware
also demands that the architectures should be small,
speed in operation, low power consumption, small in
area and be reconfigurable in unexpected environments.
The evolvable hardware (EHW) or evolutionary
algorithm used to design the desired circuit
automatically. Genetic algorithm is the commonly used
evolutionary algorithm. EHW, because of its binary
representation, which matches perfectly with the
configuration bits used in FPGA. The use of
reconfigurable FPGA system will reduce the time
required to re-design the system each and every time.
The paper discuss about the Cartesian genetic
programming for the proposed adder evolvable unit.
Key words: Evolvable hardware (EHW),
Adder,
genetic algorithm, reconfigurable FPGA

1. Introduction
Evolvable hardware is the combination of
artificial intelligence, reconfigurable hardware,
autonomous system and fault tolerance, and also it
uses to improve performance of the circuits [1].
Evolution of the circuits can be achieved by using
different stochastic algorithm. Genetic algorithm is
most commonly used evolutionary algorithm [2].
Genetic algorithm can be applied to EHW because
of its binary representation. FPGA configuration
bits are perfectly matches with the EHW binary
representation.
Evolvable hardware is mainly used in two
areas (i) new solutions can be automatically
generated (ii) autonomous adaptive devices can be
implemented [3] .for case (i), in design phase we
are using evolutionary algorithm and this will be
applied in this paper [4]. For case (ii), evolvable
hardware is automatically adopted for changing
environments .EHW can be implemented by using
two methods (i) Intrinsic Evolution: every
configuration bits are downloaded and each bits are
tested physically. (ii) Extrinsic Evolution: In this
every bits are tested by using software. Intrinsic
evolvable hardware is performed more accurately
in real world applications.

Genetic algorithm is a solution that is point in
the search space is represented by zeros and ones.
Each zero’s or one’s called as string. The set of
strings are called as the chromosomes. The
combination of chromosomes called the individuals
or population [5].The population size is depending
upon the length of the string and problem being
optimized. The evolution process is usually starts
from the generation of random numbers. Objective
function value is used to evaluate the strings. In GA
terminology the string objective function value is
referred the fitness of the string. Based on the
fitness value we select the combination of random
numbers [6].
Reconfigurable FPGA is used as an evolvable
hardware. Now a day Xilinx is the most popular
model for evolvable hardware [7]. The FPGA can
be divided into two parts. i.e. (i) programmable
area,(ii) non programmable area [8]. Case (i)
includes the parts of configuration interface and
configuration logic. Case (ii) includes the parts of
routing resources, portion of IOB’s and CLB’s etc.
In reconfiguration mode interface circuits helps to
give configuration bits to configuration logic and
write them into proper locations in configuration
memory.
Virtual reconfigurable circuit is implemented
on the top layer of FPGA for speed evolution [9].
Once VRC is uploaded on FPGA, the following
units are created at specified positions. They are (i)
Programmable Interconnection Network (PIN), (ii)
Configuration memory, (iii) Configuration port and
(iv)an Array of Programmable Elements
(PE).Based on our requirement; we can use the
programmable elements [10].
This paper structured as follows. The
following section discuss about the GA and an
Evolvable Hardware. In section 3 we will discuss
about the Virtual reconfigurable circuit. Section 4
deals about proposed unit for adder. Section 5
describes about the results and discussion. In
section 6 deals with the conclusion and future
work.

79

IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 3 Issue 2, February 2016.
www.ijiset.com
ISSN 2348 – 7968

2. GA and an Evolvable Hardware
Genetic algorithm is first introduced by
“JOHN HOLLAND” in 1975. Genetic algorithm is
inspired by the biological evolution process.
Generally it uses the concepts of “genetic
inheritance” and “natural selection”. Genetic
algorithm is one of the populations of candidate
solution. To solve the problem it is evolved good
solutions. Each candidate solution has a different
set of properties, which can be altered and mutated.
The evolution process is generally starts by using
the generation of random numbers for individuals,
and it is an iterative process. To achieve the good
solution for our problem we use the following
steps.

2.1 Random number generation
Random number generator (RNG) is a
device it is used to generate the sequence of
numbers or symbols that does not have any pattern
[11]. We can generate the random numbers by
using two methods (i).True random number
generator (ii).Pseudo random number generator. In
case (i) we generate the random numbers by using
the some physical phenomenon for case (ii) we use
the algorithms for generation.

2.3 Selection
Roulette wheel selection is used to select the
best chromosome. In this method the chromosomes
or individuals are placed in roulette wheel
according to their fitness. Virtual roulette wheel is
stopped when we select the corresponding segment.
The process is repeated until we select the desired
segments.

2.4 Cross over
Crossover operator is one of the genetic
algorithm operators. In this two individual
chromosomes (parents) are combined and produced
a new off springs (child) [12].This new off spring is
one of the better one if it is take the better
characteristics from chromosomes.

2.5 Mutation
Mutation is the process of random change of
genes in chromosome [13].If we get the perfect
solution of our problem mutation will help to stop
the random number generation.

Fig. 1 Flow chart for Genetic algorithm
Reconfigurable hardware is manufactured by
using the evolvable hardware .By using this
hardware; we can get the efficient desired circuit
automatically if the program is failure. Evolvable
hardware is controlled by under the evolutionary
algorithm.
To speed up the operation we implement the
evolvable hardware in FPGA (Field Programmable
Gate Array) [14]. We have three types of evolution
to implement the evolution phase in evolvable
hardware [15]. (i) Intrinsic evolution (ii) Extrinsic
evolution (iii) Complete evolution. Intrinsic
evolution is on–line evolution. In this design each
individual tested by outside of the hardware. In
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extrinsic evolution we use off-line evolution. In this
each individual is tested by using the software [16].
Whole evolvable design is implemented in
complete hardware evolution.
In our paper we are going to use the intrinsic
evolution because it was very suitable for real
world applications.

Fig. 2 Intrinsic evolution model

3. Virtual Reconfigurable Circuit
Virtual
Reconfigurable
circuit
was
introduced by Sekanina.L in 2006. VRC is the
combination of software reconfigurable devices
and genetic algorithm [17]. The structure of the
VRC circuit is determined by downloading the
binary bit strings called architecture bits. This is
one of the new kinds of reconfigurable platform
using the conventional FPGA. Once VRC is
uploaded into FPGA the following parts are created
at specified positions. (i)An array of programmable
elements,
(ii)
Configuration
port,
(iii)
Configuration memory and (iv) programmable
interconnection network. VRC architecture is
similar to the Cartesian genetic programming
architecture. Multiplexers are used as routing
elements. Programmable elements have a number
of registers to store the information. Programmable
interconnection network is used to connect the
programmable elements. Bits are treated as
chromosomes and these are downloading the
device. Based on the bits the device structure will
be change. The performance of the device is
improved as the chromosomes are evolved by
calculating the fitness. The process is repeated until
reach the desired function. In VRC configuration
memory is controlled by a genetic unit. The
advantage of VRC is that the routing circuits,
arrays and the configuration memory can be
exactly designed as requirement of application.

Fig. 3 Virtual Reconfigurable circuit

4. Proposed Unit for Adder
Evolvable hardware is used to increase
the speed and performance. Evolvable hardware is
mainly suitable for the space missions. The
commonly used evolutionary algorithm is genetic
algorithm. By using genetic algorithm we can get
the desired circuit automatically if the circuit is
failure. Evolutionary algorithm works based on the
principle of natural evolution and self-adoption.
Evolvable hardware is worked based on genetic
algorithm because of its binary representation.
Fig.4 shows 2-bit adder circuit and its configuration
In (CSG) Cartesian genetic programming with
Parameter X={X1, X2, X3, X4, X5}, nc=4, nr=4,
ni=4,no=3,nf=5.The configuration information’s
:a0,b0,1a1,b1,4,a0,b1,3,a1,b1,6,1,8,2,1,b1,1,
a1,b1,2,a0,b0,8,3,3,5,4,a1,2,7,5,2,3,11,3,9,8,3,12,1
0,6.TheLast integers determined the connection of
outputs. Gates 13, 14, 15 are not utilized.

Fig.4 proposed circuit
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The length of the chromosome measured in the
gene is
∇= 𝑛𝑐. 𝑛𝑟(𝑛𝑛 + 1) + 𝑛𝑜

(1)

Where nr is the number of rows, nc is the number
of columns, no is the number of outputs, nn is the
node of inputs. The length of the chromosome
measured in genes, Λ =51.

5. Results and Discussion
5.1 Random number generation
Fig 5 shows Top level random number
generation module.clk is an input signal giving to
the module and random_num[175:0] is the output

4.1 Design considerations
All most all Boolean functions are designed
by using Shannon’s effect. The circuit is
implemented by using a minimum number of gates
at least 2𝑛𝑖 𝑛𝑖 −1 . The size of the design circuit is
measured by following expression.
𝐻 = 2𝑛𝑜2𝑛𝑖
𝑛𝑐.𝑛𝑟
(𝑛𝑖 + 𝑛𝑟)𝑛𝑛.𝑛𝑟(𝑛𝑐−1) 𝑛𝑖 𝑛𝑛.𝑛𝑟
(2)
𝐶 = 𝑛𝑓
Where C is in the fact the size in searches
In proposed circuit logic functions are
expressed in terms of functions.F1 is represents the
XOR funcition.X2 shows the AND function. OR
function is showed by X3. X4 represent the NOT
function.X5 showed as wire. The combinations of
inputs and outputs for 2 bit adder are showed below

Fig.5 Top level random number generation module
view
.

Table.1: combinations of inputs and outputs
Case

I/P1

I/P2

C2

C1

Sum

a0 a1

b0 b1

0

0

0

0

0

0

0

0

1

0

0

0

1

0

0

1

2

0

0

1

0

0

1

0

3

0

0

1

1

0

1

1

4

0

1

0

0

0

0

1

5

0

1

0

1

0

1

0

6

0

1

1

0

0

1

1

7

0

1

1

1

1

0

0

8

1

0

0

0

0

1

0

9

1

0

0

1

0

1

1

10

1

0

1

0

1

0

0

11

1

0

1

1

1

0

1

12

1

1

0

0

0

1

1

13

1

1

0

1

1

0

0

14

1

1

1

0

1

0

1

15

1

1

1

1

1

1

0

Fig.6 Schematic diagram for random number
generation
The different 44x4 bits outputs are generated
for every rising edge clock by using XOR logic
.The simulated waveform is shown in fig.7. This
random number we considered as initial population
of individuals. This random number generation
process until termination of Genetic Algorithm
(sufficient fitness achieved).One more new
reproduction generator single point Crossover is
shown in fig 5.Best_indv is taken as an input &
random- pattern O is an getting output for single
point crossover.
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Fig.7 Simulation result for random number
generation

5.2 Crossover
Crossover is an alternative method to
generate random numbers. Crossover simulated
result shown in fig 8. best_indv signal represents
input data and random_pattern represents output
data. Single point crossover technique used for to
generate random numbers.

Fig.10 Schematic diagram for fitness calculation
Schematic Diagram for Fitness calculation is
shown in fig 10. Fitness Calculation Simulated
output window is shown in fig 11, here best_indv
considered as an input and best_fit representing
output, it shows each and every best_indv’s fitness
status. Pe_indv[15:0] representing Programmable
Elements input status. pe_indv_out representing
pe_indv output status, inputs[3:0] representing
a0,a1,b0,b1 status. Fns [15:0] represents Logical
Function condition.

Fig .8 Simulation result for crossover

5.3 Fitness calculation
Fig 9 shows Top level fitness calculation
module. Here best_indv (175 bits) is an input signal
and best_fit (3 bits) is an output signal

Fig.9 Top level fitness calculation module view

Fig 11 Simulation result for fitness calculation
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6. Conclusion
Proposed 2-bit adder is designed by using
16 number of PEs. The configuration of every PE is
represented in the chromosomes as input1, input2,
and function. 11 bits are needed to configure a
single PE. The length of the chromosome is Λ=51
and size of the search space is up to |C| =1011 . For
dynamic adaption EHW using bio-inspired
techniques like Genetic Algorithm (GA). Hsclone
GA, Roulette GA, and Compact GA this are the
different
genetic
algorithms
used
for
implementation. Here, Hsclone GA is used for
implementation.
Implementation of Evolvable
system using FPGA is cost-effective and flexible.
There are various approaches for Xilinx FPGA to
use it for re-configuration. The use of proposed
intrinsic run-time configurations will allow
overcoming the redesign the circuit every time if
the circuit is failure.
FPGA based EHW
development and proposed evolution unit set-up
can be applied for future space application.
Random Number generation was used to
get individual genes .The coding was done in
VHDL and successfully verified using Isim
simulator. Fitness value is obtained using counter
witch increments if selection outputs and referred
outputs are equal for a given input combination of
2-bit adder. The coding was done in VHDL and
successfully verified using Isim simulator. SpartanII forms the genetic unit. The genetic operators
were used for getting configuration bits. These
configuration bits are sent from Spartan to Virtex.
FPGA-Based Run-Time Configuration System is
used for implementing EHW

6.1 Future Work
The use of proposed intrinsic run-time
configurations will allow one to overcome at the
certain level of the scalability problems and
reduced to re-manufactured the system every time.
FPGA based EHW development and proposed
evolution unit set-up can be applied for future
application.
Moreover with the logic complexity, the
configuration bits number increases, Cartesian
Genetic Algorithm structure cannot be used for
representing the reconfiguration bits. Other way of
representation will be searched and developed at a
later stage.
Hsclone GA, roulette algorithms are used
in
Evolvable
Hardware,
for
evolving
Combinational Circuits. Time requirement for this
Genetic Algorithms is more .The future work as
carried out as to reduce time requirement.
The design of Evolvable system on
FPGAs can be made easier by using CAD tools. In

that case user can specify the target application at a
higher level of abstraction and the design system
will automatically generate the VHDL code of the
application. Code can be subsequently synthesized
for various target flat forms. Hence the Proposed
evolvable unit can be redesign according the needs
of the given application.
Once a 2-bit adder is evolved using
genetic algorithm, other combinational logic and
sequential logic circuits will be the next step to
evolve.
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