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Abstract
Particle Swarm Optimization (PSO) is an evolutionary computation technique
which is used for optimization in several applications. In this paper, PSO is
used for the optimization of digital combinational circuits. The result obtained
after the implementation of the optimization algorithm is shown to have
minimum number of gates as compared to human design method such as KMap conventional technique. For the purpose VHDL code has been used to
implement all the requisite blocks of the algorithm.
Index Terms Digital combinational circuit, VHDL, Particle Swarm
Optimization, Human methods.

1.

INTRODUCTION

Designing of optimized digital circuits is targeted with smaller area of Integrated
Circuits. It directly leads to the requirement of reducing the hardware components
needed to achieve the functionality of the system. At the synthesis level of digital
circuits, gate count of the design is the most important parameter during its design
phase. If the gate count is reduced, it ultimately helps in reducing the area[4]. Certain
minimization techniques have been designed such as K-MAP and Boolean Algebra
etc. These techniques cannot be utilized for the designing of larger systems. Hence, an
automatic technique using Particle Swarm Optimization is being proposed in this
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paper to design the optimized combinational circuits. A code has been developed in
VHDL which has successfully implemented PSO technique to optimize digital
circuit’s gate count.

2.

THEORY OF PSO

As the name says, Particle Swarm Optimisation simulates the behaviour of swarm of
birds. It is a computational method that optimizes a problem by running several
iterations until the optimal solution is achieved. This evolutionary computation
technique based on population was developed by Dr. Eberhart and Dr. Kennedy in
1995 [1,3,4]. To understand the simulation, let us suppose a large group of birds are
searching for food in the field. There is only one piece of food in the area. All the
birds do not know where the food is but they know the distance of food from their
position in each movement. So the best strategy to find the food is to follow the bird
which is nearest to the food [1].
PSO learned from the scenario and used it to solve the optimization problems [7]. In
PSO, each single solution is a bird in the search space termed as particles. These
particles are moved around in the search space according to simple mathematical
formulae over position and velocity. Each particle’s movement is influenced by two
best values. Firstly the pbest i.e. particle’s best position and secondly the gbest i.e.
global best position among all the particles achieved until the current iteration. All the
particles have their own fitness value in each iteration. Fitness value has been
explained in the next section.

3.

FITNESS VALUE OF THE PARTICLES

Fitness value helps us to achieve the desired circuit. A desired circuit is the one whose
output matches with the output of the actual circuit by human design method, for all
the possible input combinations. It is calculated by comparing the output of each
circuit obtained in every iteration with the outputs of the actual circuit. For example if
4 output values are matched, then the fitness achieved is 4. Desired circuit is obtained
if fitness value of 8 is obtained. Hence, the maximum fitness achieved in every
iteration helps in finding the optimal solution.

4.

IMPLEMENTATION OF MATRIX TO DEVELOP CIRCUITS

In our optimization application, we have taken the different combination of gates as
the particles. Such circuits are developed with the help of matrix.7x3 matrix is used in
our optimization application. In Fig. 4.1, it can be see that inputs to each gate are
obtained from the outputs of previous column. In our circuits, we have taken A, B and
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C as the primary inputs from the truth table of the human design method. R0, R1 and
R2 are the outputs obtained from the gates in the first column. Similarly S0, S1 and
S2 are the outputs obtained from the gates in the second column. F is the final output
of the circuit obtained from PSO algorithm. This output is calculated for all the
possible values of A, B and C. And then compared with the corresponding outputs of
digital circuit and used for calculating fitness.

Fig.4.1 Structure of Random Matrix

In the 7 x 3 matrix, the values in the first and third column represent the inputs to the
gates. For example, 1 is used to represent A, 2 is used to represent B, 4 is used to
represent R0 etc. Similarly second column represents the type of gate. For example 0
is used to represent WIRE, 1 for AND etc. Other representations can be seen in
Fig.4.2.

Fig.4.2 Gate/Input Interconnectivity representation

Ila Chaudhary, Garima Grover and Prerna Kakkar

2398

Fig.4.3 Initial Random Matrix
For the Full Adder’s implementation, the initial circuits were presented in matrix
form. The matrix in Figure 3 is one of the initial random matrix taken to represent the
circuit. In this matrix (Figure 4.3), we can see that X (0, 0) = 1 indicates the input to
the gate is A since 1 represents A. X (0, 2) = 3 indicates that the second input to the
same gate is C since 3 represents C. X (0, 1) means that gate is AND since 1 in the
second column represents AND gate. Similarly values of X(1,0) , X(1,1) and X(1,2)
indicate that B and C are the inputs to the AND gate.

Fig.4.4 Circuit Evolution from Matrix Implementation


To calculate the fitness, first convert the matrix above into circuit. Example
conversion of X results in Fig.4.4.



F calculated is compared with the output of the circuit obtained from human
design method. The comparison can be seen in the table 1.

From the below table, we can see that after the comparison of actual output and
matrix output, the Fitness calculated is 1

Table 1. Comparison of the Outputs of two Circuits
S.No.

A

B

C

Actual output
of Carry

Matrix
Output

1

0

0

0

0

1

2

0

0

1

0

1

3

0

1

0

0

1
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0

1

1

1

0

5

1

0

0

0

1

6

1

0

1

1

0

7

1

1

0

1

1

8

1

1

1

1

0
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5. USE OF PSO TO EVOLVE OPTIMIZED DIGITAL CIRCUITS

 A Population of particles i.e. in our optimization application, 5 random
matrices are being used. They represent 5 initial position matrices. Similarly 5
Random velocity matrices have been taken.
 The fitness of each particle is used to obtain pbest and gbest.
 In each iteration, comparison of each particle’s fitness with previous fitness is
done. If the current value is better, then set the pbest equal to the current
position of the particle. Else pbest remains the same as in previous iteration.
 Fitness of all particles is compared with each other. The gbest i.e global best
of all the particles is updated with the pbest of the particle having highest
fitness value.
 Change velocity and position of the particle according to the equations below.
 Repeat the above steps until the optimal solution is reached. Example, in 2
input digital circuits, the target is to achieve the maximum fitness value of 4.
The equations for updating particle’s velocity and position are [3,4]:

 Vi+1 = W* Vi + C1* rand1 * (pbest – X1) + C2 * rand2 * (gbest – X1)
 Xi+1 = Vi+1 + Xi
Where Vi and Xi represent the particle’s velocity and position of previous
iteration; Vi+1 and Xi+1 represent the particle’s velocity and position of current
iteration. W is the weight that controls the exploration and exploitation of search
space and i is the iteration number pbest and gbest have been explained before. C1
and C2 are acceleration constants that change the velocity of particle towards pbest
and gbest.rand1 and rand2 are the two uniformly distributed random functions
whose value lies in {0,1} [6]. The value of W has been taken as 1.50. Values of
acceleration constants C1 and C2 have been taken as 1.5. Selection of parameters
play a very important role in the optimization applications associated with PSO
[2]. Parameters hold different values depending on the application for which
Particle Swarm Optimization technique is being used.
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6. PROPOSED FLOW MODEL

Fig. 6.1 Flow Model to optimize digital circuits using PSO

The above flow model has been used to write the code in VHDL for the optimization
of digital circuits [5]. The code has been divided into several parts, each part having
its own functionality. Firstly, Fitness value is calculated for all five random circuits
evolved from the random matrices taken. Secondly, once the fitness value is
calculated, pbest of all the particles is calculated by comparing the previous and
current fitness value. Also gbest is calculated by comparing the fitness values of all
the particles in the current iteration. Thirdly random values are calculated using
Linear Congruential Method. The random functions are taken in the form of 7x3
matrix. Fourthly, equations of velocity and position are used to update the velocity
and position for the current iteration. All the parts of the block work in
synchronization with each other, which result in successful optimization.
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7. RESULTS AND CONCLUSION

FIRST ITERATION FOR CARRY

Fig.7.1. Fitness Value of Carry in First Iteration

The above waveform shows the fitness value for the five particles in the first iteration
as shown in table 2.

Table 2. Fitness values of five particles

These fitness values will be used for calculating maximum fitness, pbest of all
particles and gbest in the current iteration. It can be seen in Fig.7.2.
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Fig.7.2 Waveform of pbest and gbest in first iteration of carry

Fig.7.3. Gbest Matrix of first iteration of Carry Circuit

Fig.7.4 Updated velocity in first iteration of carry
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Fig.7.5 Updated position in first iteration of carry

Once pbest and gbest are calculated, updated positions and velocities can be
calculated. The above waveforms in Fig.7.4 and Fig.7.5 show the updated velocity
and position in the first iteration. Updated position matrices of first iteration are
shown in Fig.7.6

Fig.7.6 Updated Matrix of first iteration
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LAST ITERATION FOR CARRY

Fig.7.7. Maximum Fitness of 8

Above waveform (Fig.7.6) show that fitness value of 8 is achieved, that gives its
optimal solution. Final position matrices in the last iteration is shown in Fig.7.8.

Fig, 7.8 Final position Matrices
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Final Fitness values are shown in the following Table 3:
Table 3. Fitness Values of Last Iteration of Carry

Fig.7.9. Final Gbest Matrix

Above is the gbest of the final iteration of carry is shown in Fig.7.9 since it led to the
optimal solution i.e. fitness value of 8.

RESULTS OF SUM

Fig.7.10. Fitness Value of First Iteration of Sum
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During first iteration, fitness value is shown in the following table 4:

Table 4. Fitness Value of First Iteration of Sum

Hence Maximum Fitness of 5 is achieved, as can be seen in the Fig.7.11. Iterations
are run till the fitness value is equal to 8.

Fig.7.11. Updated positions of 30th iteration
During 30th iteration, updated position matrices are shown in Fig.7.12:
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Fig. 7.12. 30th iteration updated position Matrix

Fig.7.13. Updated Velocities of 30th iteration of Sum
In 30th iteration, Maximum fitness of 6 is achieved as, can be seen in Fig.7.14.

Fig.7. 14. Maximum Fitness Value of 30th Iteration of Sum
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Fig.7.15. Maximum Fitness of 8 in Sum
In 32nd iteration, fitness value is equal to 8 (Fig.7.15). Hence optimal solution is
achieved. Gbest of final iteration of sum, which led to the optimal solution of 8 is
shown below.

Fig.7.16. Full Adder Circuit using PSO technique

Final Gbest of sum and carry led to the evolution of above circuit in Fig.7.16. This is
the optimized circuit consisting of 6 gates obtained using PSO technique.
Fig. 7.17 and Fig. 7.18 show the K-map for the full adder Carry and sum computation
respectively. Fig. 7.19 shows the full adder circuit obtaiuned from K-map which is
consisting of 7 gates.
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Fig.7.17. K-MAP of Carry

Carry = AB + BC + CA

Fig.7.18 K-MAP of Sum

Fig.7.19. Full Adder Circuit obtained using K-MAP

Hence it can be concluded that the circuit developed using PSO has lesser number of
gates as compared to the circuit developed from K-Map Technique. Hence full adder
circuit has been designed and optimized using Particle Swarm Optimization.
Similarly, the technique can be further generalised for optimizing various digital
circuits. In a simple full adder circuit the technique has been able to produce a most
optimized circuit which is helpful in reducing the gate count of such a simple circuit
by 1. It can lead to the reduction of large number of gates when scaled for larger
circuits.
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