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Abstract: Floorplan is an essential phase in the physical 

design process of VLSI circuits. Floorplanning is used to 

plan the location of all circuit modules on a rectangular 

silicon chip without overlapping each other. The goal of 

floor planning is to optimize a predefined cost metric such as 

a combination of area and wire length. In this paper, how 

the goal of Floorplanning can be achieved by using nature 

inspired optimization algorithms is investigated. Most of the 

real-world applications are often highly non-linear; they 

require sophisticated optimization tools to tackle. Nowadays, 

computer simulations become an indispensable tool for 

solving such optimization problems with various efficient 

search algorithms. The field of nature inspired computing 

and optimization techniques have evolved to solve difficult 

optimization problems in diverse fields of engineering, 

science and technology. Nature inspired meta-heuristics are 

currently among the most powerful tools for optimization of 

many NP-hard combinatorial problems. VLSI 

Floorplanning is one among the NP-hard combinatorial 

optimization problem. Some of the nature inspired 

algorithms are reviewed that are expected to do the floor 

plan very optimally, thereby increasing the performance 

level of VLSI physical design automation process. 
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I. Introduction: 

In VLSI Physical Design process, Floorplanning is an 

important step, because it is an operative resource to bring 

about circuit design complexity, in which there is an ebbing 

increase with the development in technology. Floorplanning 

comprises with defining places, size, and shape of the 

modules in a chip and can estimate the chip area, wiring 

congestion as well as the delay. Actually, Floorplanning is a 

ground work for the layout phase. Computationally, 

Floorplanning is considered to be a NP-hard problem. In 

order to solve VLSI Floorplanning problem, many 

researchers recommended several heuristics as well as meta-

heuristic approaches. In Floorplanning stage the Floorplan 

illustration is one of the important phases. The existing 

challenges and limited solutions to the different issues under 

VLSI Floorplanning like placing a set of circuit modules on a 

chip to minimize the total area and interconnect cost are 

addressed. And adding constraints such as alignment and 

performance blocks will make the Floorplanning problem 

more critical. Also, more packing density of the modules 

inside the Floorplanning will lead to increase the temperature 

and interconnection problem. All these issues must be 

addressed fully for the successful deployment of the 

intelligent VLSI floorplan representation. Area 

miniaturization is the core of compaction of any application 

circuit in a chip design [1]. The physical design stages 

involve virtual design realizations iterated for their efficiency 

[2]. For this purpose, the CAD algorithms offer a variety of 

solutions depending on the needs and specifications of the 

designer. The uses of EDA tools help in visualize the effects 

of design algorithms on the circuits’ performance and the 

dimensions of the floor area occupied. Floorplanning decides 

how to arrange the modules on a chip under the constraint 

that no two modules are overlapped while controlling the area 

expansion, wire length extension, and other performance 

indices to be optimally maintained [3]. 

Real-world optimization problems are very often challenging 

to examine, tackle, and solve, and most of the applications 

have to deal with NP-hard problems. To resolve such 

problems, definitely optimization tools come in handy, 

although there is no guarantee that the obtained solution can 

be optimal. In fact, for NP-hard problems, there are no 

definite algorithms which can deliver efficient result. Hence, 

many problems have to be solved by trial and errors using 

various optimization techniques [4]. In addition, new 

algorithms or modifications have been developed or 

incorporated in order to cope with these challenging 

optimization problems [5]. Among these new algorithms, 

many algorithms such as particle swarm optimization, ant 

colony, cuckoo search, bat, honey bee and Firefly algorithm, 

have gained popularity due to their efficiencyand computation 

speed [6]. In the current literature, there are about 40 different 

such algorithms exist. It is highly difficult task to divide or 

classify these algorithms technically. It is clear that the 

classifications are heavily relying on the criteria and it is not 

easy to explain every criterion under the literature.Researchers 

have drawn various inspirations to develop a diverse range of 

algorithms with different degrees of success.  

II.Objective: 

Floorplanning is a mapping between the logical description 

(the netlist) and the physical description (the floorplan). The 

goal of Floorplanning is to optimize the area of the layout. 

The area of a floorplan is obtained by the minimum bounding 

rectangle encompassing the floorplan region. The floorplan 

area directly correlates the chip cost. So, the increase in area 

results in high cost and overall system size also increases. 

The unused space which is not covered by any module in the 

floorplan is considered white or dead space. Hence, 

minimizing the dead space is the main objective of Floorplan 

in VLSI design process. 

Goals of Floorplanning: 

 Arrange the blocks on a chip. 

 Decide the location of the I/O pads. 

 Decide the location and number of the power pads. 

 Decide the type of power distribution. 

 Decide the location and type of clock distribution. 

Objectives of Floorplanning: 
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 To minimize the chip area. 

 To minimize the system delay. 

III. Nature Inspired Algorithms: 

Nature has inspired many researchers in many ways to tackle 

real-world problems and thus is said to be a rich source of 

inspiration. Nowadays, most of the new computing algorithms 

developed are nature-inspired, because they have been 

developed by drawing inspiration from nature [7]. Even with 

the emphasis on the source of inspiration, we can still have 

different levels of classifications, depending on how much in 

detail and how many sub sourceswish to use. By far the 

majority of nature-inspired algorithms are based on some of 

the successful characteristics of a biological system [8]. 

Therefore, the largest segment of nature-inspired algorithms is 

biology-inspired, or bio-inspired for short. Among the bio-

inspired algorithms, a special class of algorithms has been 

developed by drawing inspiration from swarm intelligence. 

Therefore, some of the bio-inspired algorithms can be called 

swarm-intelligence based algorithms. In reality, the swarm 

intelligence based algorithms are one of the most familiar 

algorithms. Some nature inspired rather bio-inspired 

algorithms are discussed in brief: 

1. Genetic Algorithm (GA): The Genetic algorithms (GA), 

developed by John Holland, essentially form the foundations 

of modern evolutionary computing. Basically, GA has three 

key genetic operators: crossover, mutation, and selection. 

Though there are no explicit mathematical expressions are 

derived in the original genetic algorithm, and it did provide 

detailed procedures and steps on how to generate offspring 

from the parent. The exploitation and the enhancement of the 

algorithm can be done with the help of crossover. These 

values correspond to a high degree of mixing and exploitation, 

and are natively lower degree of exploration. In fact, the 

convergence of Genetic Algorithms is seen to be good and the 

achievement of global optima is easy. The selection or 

survival of the fittest provides a good mechanism to select the 

best solution; elitism can guarantee that the best solution will 

remain in the population, which will enhance the convergence 

of the algorithm [9].  

2. Differential Evolution (DE): Differential evolution (DE) 

was developed by R. Storn and K. Price in 1996 and 1997. In 

reality, the modern DE is very similar to the traditional 

mutation operator in the traditional pattern search. In addition, 

the selection is also used when the condition in the preceding 

equation is checked. Practically all the variants of DE use 

crossover, mutation, and selection, and the main differences 

seen are in the steps of mutation and the crossover [9]. 

3. Ant Colony Optimization (ACO):Ant algorithms, 

especially the ant colony optimizationdeveloped by M. Dorigo 

mimic the foraging behavior of social ants. Primarily, all ant 

algorithms use pheromone as a chemical messenger and the 

pheromone concentration as the indicator of quality solutions 

to a problem of interest. From an implementation point of 

view, solutions are related to the pheromone concentration, 

leading to routes and paths marked by the higher pheromone 

concentrations as better solutions to questions such as discrete 

combinatorial problems. Most of real-world solutions by 

using this algorithm have been obtained by deriving the 

problem through travelling salesman problem. It can be 

observed from ACO that the random route generation is 

primarily mutation and the mechanism for the selection of 

shorter routes can be provided by pheromone concentration 

based selection [9]. 

4. Artificial Bee Colony Algorithm (ABC): Bee algorithms 

do not use pheromone as in the case of ACO. Whereas in the 

Artificial Bee Colony (ABC) optimization algorithm, the bees 

in a colony are subjugated into three groups: employed bees 

(forager bees), onlooker bees (observer bees), and scouts. 

Randomization is carried out by scout bees and employed 

bees, and both are mainly doing mutation process. The 

Selection process is related to honey or the objective of the 

problem. Again, there is no explicit crossover process. Both 

ACO and ABC use only mutation and fitness-related selection 

processes, and have very good global searchability. In general, 

they can explore the search space effectively, but convergence 

may be slow because it lacks crossover, and thus the subspace 

exploitation ability is very limited [9]. This optimization 

process has to perform large number of function evaluations, 

thus computational effort is very high. 

5. Particle Swarm Optimization (PSO): the particle Swarm 

Optimization is a stochastic optimization technique inspired 

by the social behavior of bird flocking. The main advantage of 

this technique is quick convergence and simple to implement 

when compared with 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 the other neighboring 

particles. Each particle has its own fitness value evaluated by 

the objective function to be optimized. It is a new 

methodology in evolutionary computing and is similar to 

population based optimization technique like Genetic 

algorithm. It has been motivated by the behavior of organisms 

such as fish schooling and bird flocking [10]. Each particle 

represents a potential solution of optimization task. 

6. Firefly Algorithm (FA): The Firefly Algorithm (FA) is 

based on the flashing patterns and behavior of tropical fire 

flies. Firefly Algorithm is simple, flexible, and easy to 

implement. One novel feature of FA is that attraction is used, 

the first of its kind in any SI based algorithm. Since local 

attraction is stronger than long-distance attraction, the 

population in FA can automatically subdivide into multiple 

subgroups, and each group can potentially swarm around a 

local mode. Among all the local modes, there is always a 

global best solution that is the true optimality of the problem 

[9]. FA can deal with multimodal problems naturally and 

efficiently [11]. 

7. Cuckoo Search Algorithm (CS): Cuckoo Search (CS) is 

one of the latest nature-inspired meta-heuristic algorithms. CS 

is based on the brood parasitism of some cuckoo species [12]. 

In addition, this algorithm is enhanced by the so-called Lévy 

flights rather than by simple isotropic random walks [13]. The 

CS found to be highly efficient than PSO and GA or modified 

GA. The experimental analysis shows CS uses a balanced 

combination of a local random walk and the global 

explorative random walk, controlled by a switching 

parameter. In spirit, CS has strong mutation at both local and 
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global scales, while good mixing is carried out by using 

solution similarity, which also plays the role of equivalent 

crossover. 

8. Bat Algorithm (BA): The bat algorithm (BA) is a meta-

heuristic algorithm developed by Xin-She Yang. It was 

inspired by the echo location behavior of micro bats. The 

algorithm is first of its kind to use frequency tuning in to its 

process. In BA, frequency tuning essentially acts as mutation, 

whereas selection pressure is relatively constant via the use of 

the current best solution. There is no explicit crossover; 

however, mutation varies due to the variations of loudness and 

pulse emission [9].  

IV. Nature Inspired Algorithms For Floor Planning: 

The VLSI design step, Floorplanning is an NP-Hard problem 

and it can be solved using heuristic and/or meta-heuristic 

algorithm. The NP-hard problem may be solved, consuming a 

considerable amount of time using algorithms such as 

exponential, special case, approximation and heuristic 

algorithms. Of all these algorithms, the heuristic algorithms 

are highly suitable for research on VLSI physical domain 

automation. The reasons are low time, space complexity and 

produces optimal or near optimal solutions. The following 

algorithms can be primarily implemented to do a floorplan 

optimization in VLSI Physical Design Automation because of 

their invariable efficiency and a good convergence rate.  

They are: 

 Genetic Algorithm (GA) 

 Particle Swarm Optimization (PSO) 

 Harmony Search Algorithm (HS) 

 Firefly Algorithm (FA) 

Procedure of Floorplanning using optimization 

algorithms: 

1. Initial sequence generation 

2. Representation of floorplan using Corner List 

Representation algorithm 

3. Evaluation of fitness function 

4. Incorporation of nature inspired optimization 

algorithm 

5. Updation of optimization parameters 

6. Repetition of steps for better solution 

Initially a random sequence can be generated for any 

optimization algorithm that sequence is given as an input to 

the corner list floorplan representation algorithm. The output 

generated is a floorplan of particular number of modules 

between the specified x- and y-limits under some standard 

constraints. From the obtained floorplan, the fitness function 

can be calculated which can be either single objective or 

multi-objective based on the selected area of application. The 

values can be manipulated and updated based on the 

evaluation of fitness function. Now the updated sequence can 

be given to any nature inspired optimization algorithm for 

better and optimal results. The process can be repeated until 

the convergence criterion is reached. 

V. Sample Results: 

The experimental results by implementing the above process 

are the optimized floorplans and the optimized area is 

constrained with the other selected parameter of fixation as 

discussed earlier. The main objective here is the reduction of 

white space or dead space, which one can achieve effectively 

from any of the above discussed optimization algorithms. The 

sample results of floorplan obtained by simulating in 

MATLAB are shown below:  

 
Fig 1: Floorplan representation for 9 blocks 

 

 
Fig 2: Floorplan representation for 10 blocks 

 
Fig 3: Floorplan representation for 11 blocks 

 

 
Fig 4: Floorplan representation for 33 blocks 

The figures above show the simulation results of a nature 

inspired algorithm for different blocks for Floorplan.  
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Fig 5: 

Floorplan representation for 49 blocks 

 

VI. Conclusion: 

In this paper, the selected nature inspired algorithms are 

worked with the corner list representation algorithm to 

achieve the goal of floorplan in VLSI physical design 

automation.The floorplan area minimization and wirelength 

optimization are achieved. All the selected algorithms upon 

simulation have shown good and optimal results by reducing 

the area and wire length. The algorithms like FA and CS are 

found to be fast while simulating but produces just 

satisfactory results, while the algorithms like GA and PSO 

are slow due large computations but optimal results are 

obtained. All the algorithms are comparatively good and best 

under the trade-off criterion of computation and efficiency. 

The work can be extended from single objective to multi-

objective with nature inspired algorithms for floorplan in the 

field of VLSI system design. There is another possibility of 

using the above said algorithms for partitioning and 

allocation process. 
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