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Abstract: In VLSI system design, Floorplanning is a vital 

step because it is going to decide the quality of the entire 

system. The design involves embedding of enormous number 

of transistors onto a single silicon chip. The target of an 

efficient chip design is the reduction of total chip area and 

the usage of minimum wiring between the components. 

Floorplanning refers to the planning of technical location of 

all components on a rectangular chip without the 

overlapping phenomenon. The main motto of VLSI 

Floorplanning is to reduce the chip area to the maximum 

extent which will directly decide the quality and 

performance of chip. The work will be aiming at reducing 

the Floorplan area using optimization algorithms. Generally 

optimization is a NP-hard problem where the exact results 

cannot be predicted. Here Bio-inspired algorithms like 

Particle Swarm Optimization (PSO) Algorithm are used 

which have some drawbacks of their own. So, the proposed 

method is genetic algorithm (GA) which overcomes them 

and optimizes the floorplan area in VLSI Physical Design 

Automation. The main objective of design automation is to 

minimize the manual involvement during the system design.  

MATLAB can be used to analyze the results and view the 

optimized floorplan with reference to the MCNC 

(Microelectronics Centre of North Carolina) benchmark 

circuit. 

Keywords: Floorplanning, bio-inspired algorithms, vlsi 

physical design. 

1. Introduction:  

In VLSI Physical Design process, Floorplanning is an 

essential step because it provides the estimation of chip area, 

wiring congestion and the delay.  Floorplanning yields a 

ground work for efficient layout.  Computationally, it can be 

considered as a NP-hard problem.  In order to solve VLSI 

Floorplan problem many researchers followed several   

heuristics and meta-heuristic   approaches. The main motto of 

VLSI Floorplanning is to reduce the chip area and wiring 

among components which will directly decide the quality and 

performance of chip. The other problematic issue in 

Floorplanning is the packing density of the modules which 

will lead to increase in temperature and interconnection 

problem. These issues must be resolved efficiently for the 

successful deployment of the intelligent VLSI floorplan 

representation. For this purpose, the CAD algorithms provide 

an ample of solutions based on the requirement and 

specifications of the designer as well as the customer. The 

usage of EDA tools helps in visualizing the effects of design 

algorithms on the floorplan design. Floorplanning  decides the 

arrangement of  the  modules  on  a rectangular  chip  while  

controlling  the  area,  wire  length,  and  other performance 

parameters to be optimal. Partitioning is the first step towards 

the production of chip from a design and it is done prior to 

the process of Floorplanning to achieve the clarity about the 

mechanism of the system. 

2. Problem Statement: 

Floorplanning is a considerable big problem in very large 

scale integrated-circuit (VLSI) Physical Design Automation 

as it judges the performance, size, yield, and reliability of 

application specific chips.  Modern VLSI technology is based 

on fixed-outline floorplan constraints, generally with an 

objective of reducing area and wire length between the 

modules. One of the most vital stages in the physical design 

of VLSI circuits is floorplan design: the placement of a set of 

rectangular circuit modules on a chip so as to reduce the final 

area and the ultimate wire length. While placing system 

modules, many of the modules are  themselves  not  yet  fully  

designed  and  frequently  have  some  flexibility in their 

shape. For example a circuit module made up from 12 

identical components may have them placed in one row of 12 

components, 2 rows of 6 components, 3 rows of 4 

components etc [1]. 

3. Existing Method:  

3.1 Particle Swarm Optimization (PSO) Algorithm: 

PSO is a stochastic optimization method inspired by the 

natural phenomenon of bird flocking.  It  has  the  advantage  

of  quick  convergence  and  simplicity  in  implementation 

when  compared  to  the  other  optimization  algorithms.  In 

it, each bird in the search space represents a single solution 

named as particle. Each particle in the N-dimensional 

solution space adjusts  its  flying  position  based  on  its  own  

experience  in  addition  to  the  flying  experience  of other  

neighbouring  particles.  Each  particle  has  its  own  fitness  

value  evaluated  by  the  objective function  to  be  

optimized. PSO is a simple and efficient optimization method 

which was proposed by Eberhart and Kennedy in the year 

1995. It is a new methodology in evolutionary computation 

and a population based optimization tool similar to Genetic 

algorithm. It has been motivated by the behaviour of 

organisms such as fish schooling and bird flocking. Each 

particle represents a potential solution of optimization 

problem. PSO works in accordance with the swarming theory 

and is directly inspired by the social behaviour of some 

animal’s natural phenomena like bird flocking and fish 

schooling. Each  particle  in  PSO  has  its  own  position  and  

velocity which are the updating parameters of this algorithm. 

Better solution can be obtained by simulating the algorithm 

for relatively more number of iterations.  
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The algorithm starts after the definition of initial population 

of candidate solutions randomly. The individual elements of 

the population are known as particles [2]. For individual 

particles the fitness value is calculated. Beside other 

evolutionary algorithms, this is a simpler one and it has faster 

convergence rate. We start algorithms by set of random 

answers and search is done in parallel to get best answers. 

Efficiency of each particle is influenced by two factors: 

1. Best state that particle has been achieved or Pbest. 

2. Best state that is achieved by all of the particles or 

Gbest. 

3.2 Flow chart of PSO algorithm:  

Each  particle  in  the  solution  space  communicates  with  

every  other  particle and shares its best experience. Only the 

best locations are remembered by the swarm. A set of 

potential solutions referred to as population is randomly 

generated. An objective function called as fitness function is 

defined to determine whether a potential solution is good or 

bad. Best solution for each particle and best position of the 

population are remembered while all the other solutions are 

forgotten. The below figure represents the flowchart of PSO 

algorithm: 

 
                  Fig 1: flowchart of PSO Algorithm 

                  

3.3 Steps of standard PSO algorithm: 

1. Generate the population randomly. 

2. Give the particle values randomly as initial solutions. 

3. Evaluate the objective function and estimate the fitness 

value. 

 4. Update the position and velocity of particles. 

 5. Compare the objective function of each particle. 

 6. Choose the better value as the fittest value. 

 7. Repeat the steps until the convergence criterion is reached.  

4. Proposed Method: 

4.1. Genetic Algorithm: 

Genetic Algorithm is a natural search technique used to 

compute the approximate solutions to optimization and 

solution search problems. Genetic Algorithm is recognized as 

the global search heuristic technique. It is a particular class of 

evolutionary algorithms that uses processes inspired by 

natural biology such as inheritance, mutation, selection, and 

crossover. The evolution usually starts from a population of 

randomly generated individuals [3]. In each generation, the 

fitness of each individual in the population is estimated; 

multiple individuals are selected from the current population 

and updated to form a new population. The new population is 

forwarded to the next iteration of the algorithm. The algorithm 

reaches the stopping criterion if it obtains the satisfactory 

fitness level for desired application. 

4.2 Flow Chart: 

 

              Fig 2: flowchart of Genetic Algorithm 

The figure above represents the fundamental steps involved in 

Genetic algorithm and the key steps here are Selection, 

Crossover and Mutation. Selection involves the selection of 

the fitter chromosomes from the initial population for further 

process. The pointed chromosomes are known as parent 

chromosomes. The selection is done based on particular 

fitness criteria. This criterion is usually depends on the type of 

optimization problem. In case of Travelling salesman problem 

the fitter chromosome can be the one whose value of the 

genes would be minimized. Crossover is another fundamental 

step where the combination of two parent chromosomes is 

performed to produce a new duo of child chromosomes. The 

point at which the chromosomes are changed is called the 

crossover site and finally the Mutation is performed after 

crossover operation. It is utilized to preserve the genetic 

diversity of chromosomes at each generation of population. It 

is done by changing the genes of the chromosomes. Here we 
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randomly choose some genes to maintain diversity or we can 

also exchange some genes present in a chromosome.  

5. RESULTS & DISCUSSION: 

The  optimized  floor  plan  can  be  obtained  by simulating  

the  MATLAB  code  for  PSO with  reference  to  the  

standard  values  of  MCNC  (Microelectronics  Centre  of  

North  Carolina) bench mark circuits[4]. 

Table 1: MCNC benchmark circuits-characteristics 

Benchmark 

circuits 

No.of 

cells 

No.of 

nets 

Standard 

area 

APTE 9 97 46.5616 

XEROX 10 203 19.3503 

HP 11 83 08.8301 

AMI33 33 123 1.1564 

AMI49 49 408 35.4454 

 

               The graphical accommodation of desired number of 

blocks for Floorplanning between the two coordinate axes 

with the range of each axis specified is shown below: 

 

            
Fig 3: simulation result of GA for APTE 

           
Fig 4: simulation result of GA for XEROX. 

 

 
                Fig 5: simulation result of GA for HP. 

 

 

 
              Fig 6: simulation result of GA for AMI33. 
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Fig 7: simulation result of GA for AMI49 

 

Table 2 : Comparison of GA with standard values 

Benchmark 

circuit. 

No.of cells Standard 

area(mm2) 

Obtained 

area(mm2) 

Apte 9 46.56 46.05 

Xerox 10 19.35 21.45 

Hp 11 08.83 9.71 

Ami33 33 1.15 1.75 

Ami49 49 35.44 63.96 

Table 3: Comparison of proposed method (GA) with 

existing method (PSO) 

Bench 

mark 

circuit 

Standard 

are(mm2) 

Obtained 

are(mm2) 

PSO 

Obtained 

area(mm2)with 

GA 

Apte 46.56 48.27 46.85 

Xerox 19.35 21.67 21.45 

Hp 08.83 10.16 9.71 

Ami33 1.15 1.82 1.75 

Ami 49 35.44 68.60 63.96 

 

 

 

 

 

 

 

 

 

 

 

 

6. Conclusion: 

From this paper we can conclude that the genetic algorithm 

(GA) is very faster than the Particle Swarm Optimization 

(PSO) algorithm in terms of execution and operation. Genetic 

algorithm has very fast convergence rate when compared to 

the convergence rate of PSO during the process of respective 

code simulation. Area minimization can be done optimally by 

using GA in the field of physical design automation under the 

section of floor planning as the objective of floor planning 

will be direction the same. The betterment in the area 

optimization through GA can be illustrated from the 

respective tabular columns shown above. Here only area 

miniaturization in floor plan is the point of interest and with 

the help of only genetic algorithm. The work can further be 

evaluated by increasing the performance defining parameters 

in floor planning like wire length, temperature etc along with 

essential parameters which is area and choosing the other 

optimization algorithms than GA among the bio-inspired 

optimization algorithms in the same area of  research the area 

minimization and cost reduction are the desired characteristics 

in any particular arena. 
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