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Abstract: The paper presents a new performance and area optimization algorithm for complex VLSI systems.  The Floor 

planning affords early response that evaluates architectural choices, approximation of chip space, estimates delay, 

interconnect length and congestion caused by wiring. As technology advances, style complexness is also increasing and 

hence the circuit size is obtaining larger. Thus, the space of the circuit gets increased and tougher to minimizing the 

interconnect length. The VLSI necessary design estimates the chip area before the optimized placement of digital blocks 

and their interconnections. Since VLSI floor planning is an NP-hard problem, several improvement techniques were 

adopted to find optimal solution. The present research work harnesses a hybrid optimization technique in Ant Colony 

Optimization (ACO) algorithm is employed for the fixed die outline constrained floor planning, with the ultimate aim of 

reducing the full chip area. Ant Colony Optimization (ACO) is applied in any stage in genetic algorithm to get an optimum 

solution for the economical floorplan. The experimental results to achieve global solution for fixed outline constraints took 

MCNC and GSRC benchmark circuits 
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I. INTRODUCTION 

Several meta-heuristic algorithms are proposed for solving hard and complex optimization problems. The effectiveness of 

this algorithm gives satisfaction  in solving the most difficult problems for many algorithms relating to various optimization 

problems. The proposed architecture is tested with various benchmarks functions. Moreover, we have analyzed the operators of 

GAs for describing how the performance of each one can be enhanced by incorporating some features of the other. Besides, 

standard benchmarks functions were used for making comparison between the two algorithms. In fact, PSO algorithm uses the 

technique [1] that explores all the search space for fixing parameters which minimize or maximize a problem. Hence, the ability 

and the simplicity for solving complex problems make the studies active in this area compared with many others optimization 

techniques [2] [3].  

 

Power consumption, area and speed are the major design issues in the design of VLSI circuit and power dissipation has 

emerged as an immensely important design parameter in the design of VLSI circuits, especially in portable computing and 

personal communication. Rapid advances in integration technology have tremendously increased the design complexity of very 

large scale integrated (VLSI) circuits, necessitating robust optimization techniques in many stages of VLSI design. A genetic 

algorithm (GA) is a stochastic optimization technique that harnesses principles derived from the evolutionary process in nature. 

 

The present paper proposes an application of the Ant System (AS) for optimizing combinational logic circuits at the gate 

level [4]. A measure of quality improvement is defined in partially built circuits for computing the distances required by the AS, 

and those solutions which represent functional circuits with a minimum number of gates are considered as optimal. The proposed 

methodology is described together with some examples taken from the literature that illustrates the feasibility of the approach. 

 

There are number of methods for generating a feasible placement to the given set of modules. Most of the methods use 

specific structures like a B-Tree [5], polish notation or Corner Intersection Sequence (CIS) [6] to internally represent a valid 

placement. These structures can represent a slicing floor planning where the rectangular area of placement can be recursively 

divided into two parts by a horizontal or vertical line, while each of the modules is within the boundary of the final rectangles 

produced by an algorithm. 
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The algorithm is similar to the ant colony best path search simulation described [7]. On every step the new module can be 

placed either to the right or bottom relatively to any module from the set built using an ant simulation. The new module is placed 

according to the minimal value of the distance function, i.e. from all the distance values chosen the module corresponding to the 

minimal value. To solve the problem of placement on the plane the interior structure is used that on every step determines the 

position of the new module. This can be performed in log (N) number of operations using a binary search. 

 

II. REVIEW OF RECENT RESEARCHES 

 

Of late, many Ant Colony based approaches have been suggested for VLSI routing. Some of these use ACO algorithms for 

constructing Steiner trees: a minimum-weight tree connecting a designated set of vertices, called terminals, in an undirected graph 

or points in a space [8] use numerical model simulation to determine Steiner points [9]. An ACO approach was suggested for 

constructing rectilinear Steiner trees by using the heuristic that requires ants to start at each cell to be connected and meets as 

quickly as possible. This 'make ants meet soon' heuristic, achieves better wire minimization [10] than non-rectilinear Steiner tree 

algorithm which also uses ACO approach. However, these Steiner trees are hinted to routing within a single plane, so they are 

unable to utilise multiple layers that are available for routing on VLSI chips. 

 

The IPIFAN algorithm for partitioning proposed by Shaer et al. is based on the primary input cone N based on the 

primary and fan out based on the F values of each node in the circuit. Since the integration level trends in VLSI are growing 

rapidly, the number of gates and the number of (N, F) values are very large. As an alternative to setting the values of N and F, the 

algorithm implements an exhaustive test of all the permutations of N and F, over some specified range. The algorithm partitions 

the circuit completely for each combination of N and F. A table of possible circuit partitions is then generated, enabling the 

selection of best results [11]. The disadvantages of this approach are the increased computation time owing to deterministic 

exhaustive search and less optimal results. Moreover, optimal results are found only if N and F values lie in the specified range. 

IPIFAN considers the optimization of constraints either due to partitioning points or due to CPD. This approach does not propose 

the optimization of several combinations of deign constraints. Hence, intelligent directed search approach by using ACO is 

investigated in the present optimization process. The existing literature proves that ACO techniques are competent in solving 

combinatorial optimization problems and other engineering problems as explained below. In a deregulated electricity market, 

generating companies resort to profit maximization by committing to a suitable generation schedule termed as profit-based unit 

commitment (PBUC). A nodal ant colony optimization (NACO)-based methodology with sound convergence characteristic is 

proposed for solving the PBUC problem [12]. A hybrid of genetic algorithm (GA) with ant colony optimization for multiple 

sequence alignment (MSA) is proposed. MSA is a NP-complete problem and always results in exponential complexity. The 

proposed GA-ACO algorithm largely enhances the performance by incorporating ACO for local search [13]. Chiang successfully 

used ACO for solving the VLSI floor planning problem with clustering constraints and layout area as the minimization criterion 

[14]. 

 

The non-slicing floor planning is crystal clearly clarifies that the children of every single composite cell can't be acquired 

by bisecting the cell horizontal or vertical direction the floorplan is named non-slicing floorplan. Not all the floor plans range unit 

slicing for example, inside the wheel or winding floorplan. Here the children of the given cell can't be acquired by division. The 

composite cell must be made out of at least five cells in order to not cut [15]. 

 

Many researchers have found that optimization algorithms are the best in solving many complex problems in various 

fields of science and engineering. Researchers have used different algorithms like genetic algorithm, integer linear programming 

for power reduction in the area of VLSI. The Genetic algorithm is used by several researchers for determine the minimum leakage 

vector as the best solution [17 and 18]. In the earlier works, the author [16] used genetic algorithm but implemented in Verilog 

HDL and comparison is performed [19]. In this paper, an attempt is made to implement Particle Swarm Optimization algorithm in 

the field of low power VLSI to search for MLV as an optimum solution. To the best of the author’s knowledge, PSO algorithm is 

used for the first time in IVC approach for finding MLV in the leakage power reduction.  

 

Floor-planning is the first stage of the very large scale integrated-circuit (VLSI).  The physical design technique, in this 

the resultant quality of this stage, is very important for successive design stages. If we see this from the computational point of 

view, we can conclude that VLSI floor-planning is an NP-hard problem. In this paper, a hybrid genetic algorithm (HGA) for a 

non-slicing and hard-module VLSI floor-planning problem is presented. The HGA uses an effective genetic search method for 

exploring the search space and an efficient local search method for exploiting information in the search domain. The experimental 

results on MCNC benchmarks show that the HGA is effective and promising in building block layout application [20]. 
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III. PROBLEM DEFINITION 

 

The floor planning problem comprises a set of modules on an integral circuit to be arranged on a planar area in such a 

way that they will not overlap each other while the occupied areas’ measurements, which are given by their formulas, are to be 

optimized. We solve the problem where the total space unoccupied by the modules is minimized with a non-overlapping constraint 

by an experimental algorithm. The minimization function is given as a ratio. This can be better defined with an equation 

 

( )
min (1)

( )

m M
Area m

Area R

  


 

Where, M is a set of placed modules and R is a rectangle bounding the placement. The function Area (m) is the total area occupied 

by the module m, whereas the Area (R) is the total area of the rectangular board. In our problem, the module is given by its bound-

ing box, here it does not actually matter what is the physical shape of the element. We also consider the total area to be the area of 

the bounding box containing all the placed modules. The minimization of the function equation (1) is achieved by minimizing the 

total dead space, which in experimental purposes is measured as a percentage ratio of the part of the bounding box containing all 

the modules. In can be better represented as: 

 

Area (R):  

R = Bounding Box(Union {each m in M})),     (2) 

 

 Target function (1) → min,  

iff “Dead space” (%) → min,                (3)  

 

IV. PROPOSED METHOD 

 

In the present research work, an efficient global optimization algorithm will be proposed for optimization of several parameters 

like power consumption, area and speed. In the initial phase, one of the recently proposed global optimization algorithms, 

Modified Genetic Algorithm (MGA) will be used. The MGA combines the good methodologies of the two algorithms like global 

minimum converging property of GA algorithm and fast convergence rate of Hamming scan algorithm. The GA has the drawback 

of premature convergence. The demerit of Hamming scan algorithm is that it gets stuck at the local minimum point, because it 

cannot distinguish between local minimum point and a global minimum point. Hence, it is sub-optimal. The MGA overcomes 

these drawbacks. The MGA is used as a statistical technique for the synthesis of optimal VLSI circuit design. In this work, a 

multi-objective Modified genetic algorithm was used for optimizing the area, power dissipation and speed. 

 

Slicing floorplan:-A slicing floorplan is obtained by cutting the floorplan either horizontally or vertically repetitively. Fig.1 (a) 

represents slicing floorplan. A slicing tree could be a binary tree. The pre-placed module could be a one during which modules 

coordinates’ area unit given by the floor planner. Let ‘H’ denotes set of hard modules, ‘S’ denotes set of soft modules and ‘P’ 

denotes set of preplaced modules. Let ‘M’ be the union of those three sets of modules. The illustration of floor planning will be 

exhausted into two layout forms, specifically the slicing structure and non-slicing is used to represent a slicing floorplan. 

Generally, there are two cut sorts, + and -. The + (-) represents floorplan horizontal (vertical) cut. Fig.1 (b) shows a slicing tree  

 

 
 

            Figure.1. (a) slicing floor planning 
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                           (b) Slicing tree 

 

Non slicing floorplan:-Non slicing floorplan is more common than slicing floorplan. All the children of the given cell cannot be 

obtained by bisecting the floorplan. This is called non-slicing floorplan. Horizontal constraint graph and vertical constraint graph 

can be used to model a non-slicing floorplan. In a constraint graph, a node represents a module. 

 

 
 

                          Figure2(a). Non slicing         

 

(b) floorplan Vertical and Horizontal Constraint  

 

The main aim of this paper is to minimize the dead space (white space) and fix the module in a fixed outline constraint. In this 

paper we dealt with slicing floor planning. 

 

(i). Ant Colony Optimization 

Ant colony optimization (ACO) is a populace based metaheuristic that can be utilized for discovering ideal answer for 

troublesome optimization issues. A standout amongst the most seriously examined issues in the range of optimization is travelling 

salesman problem (TSP). The travelling salesman problem representative issue is an issue in combinational optimization. It is a 

NP-hard problem. 

 

The ant-based meta-heuristic calculation consists of three phases, which are the initialization, the construction and the 

feedback. The essential stage, i.e. initialization arrange includes the parameters settings, for example, the quantity of states and the 

quantity of ants. The following stage, i.e. construction organize includes the construction of way on the premise of 

pheromonefocus. VOAS changes parameter ˇ in Ant Framework (AS) to a variable and these fluctuating nearby and worldwide 

elements empower the ant to settle on the most ideal decision. Exploratory outcomes by utilizing MCNC and GSRC benchmark 

circuits demonstrate that VOAS gives improved outcomes as far as zone and composited capacity of region and wire length, when 

contrasted with other best in class and late floor planning/situation calculations. The general system of the ACO calculation deals 

with the planning of different stages 

 

Step 1: Initialization. Initialize the ACO parameters and the initial positions of the ants.  

 

Step 2: Solution construction. Each ant constructs a complete solution to the problem according  

to a probabilistic state transition rule. The state transition rule depends mainly on the state of the pheromone and visibility of ants.  
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Step 3: Pheromone updating rule. When every ant has constructed a solution, the intensity of  

pheromone trails on each edge is updated by the pheromone updating rule. 

 

Step 4: Terminating criterion controlling. Steps 2 and 3 are iterated until a terminating criterion. 

 

Figure 3. Flowchart for Ant Colony Optimization 

V. EXPERIMENTAL RESULTS 

The proposed method of ant colony optimization of modules to be arranged without overlaps. The benchmark tests included test 

cases from CompaSSsoftware package (CompaSS, 2004–2005). Below are graphical plots of the algorithm results for the cases 

AMI33 and AMI49 presented on Fig. 6 and Fig.7. 

The practical observations show that algorithm gives better results if the number of artificial ants and number of outer 

iterations is increased. This can be better analyzed from the results presented in Table 1and 2. The results are visualized in every 

iteration (one line for each value) in the Figs. 4 and 5. The ants count values are on horizontal axis by 5 ants per unit and dead 

space percentage values are on vertical axis. 

 
Fig. 4. Physical placement of AMI33, 

Unused area = 6.888%. 

 

 
Fig. 5. Physical placement of AMI49, 

http://www.jetir.org/


© 2019 JETIR April 2019, Volume 6, Issue 4                                                            www.jetir.org (ISSN-2349-5162) 

JETIRBC06050 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 330 
 

Unused area = 10.621%. 

 

Table1. Comparisons for Existing method and proposed method 

Benchmark 

Circuit 

Proposed method Existing Method 

Area 

(mm2) 

Time 

(s) 

Area 

(mm2) 

Time 

(s) 

Apte 46.33 26.15 47.25 28.15 

Ami 33 1.18 116.21 9.01 26.19 

Hp 08.99 23.17 19.91 25.42 

Xerox 17.98 24.52 01.20 117.36 

N10 21.21 25.24 38.89 28.63 

N30 19.48 78.29 22.95 25.64 

N50 20.22 102.54 20.74 102.88 

N100 17.26 248.19 18.87 256.29 

Table 2. The results of the proposed HPSB method  

using different α and β 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Graph 1, 2 and Graph 3 represent the different benchmark circuits value wire length, area and run times 

 

 

 
Graph 1. Area Comparisons for Existing and  Proposed method 

 

 

 

Bench

mark 
Circuit 

Hybrid Particle Swarm-Bat Algorithm 

α = 0.2 and β = 0.2 α = 0.5 and β = 0.5 

Area 
(mm2) 

Wirelength 
(e-06)m 

Time (s) Area 

(mm2) 

Wirelength 
(e-06)m 

Time 
(s) 

Apte 47.32 1189.23 27.36 48.09 1256.59 28.98 

Hp 10.22 5512.99 26.09 09.22 5445.45 26.45 

Xerox 20.11 7325.21 25.12 20.18 7223.53 26.26 

Ami 33 01.42 2233.29 107.45 01.49 2322.64 111.32 

Ami 49 35.59 1506.84 94.58 38.68 1489.89 92.56 

N 10 23.98 1098.26 22.26 24.61 1098.92 23.87 

N50 25.33 1149.29 102.49 25.12 1132.12 109.23 

N100 21.98 1102.25 248.25 20.51 1112.82 245.25 
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Graph 2. Run time comparisons for Existing and Proposed method. 

 

 
Graph3. Wire length Comparisons for Existing and Proposed method 

 

VI. CONCLUSION 

 

The paper presents the first automatic framework successfully for the analysis of circuits for a multitude of design constraints 

during the partitioning stage of the VLSI design process enabling the design of fault tolerant/testable VLSI systems. Moreover, 

reliability driven design approach makes the present approach quite useful in the design of VLSI systems for safety-critical 

applications. The use of ACO method and IPIFAN algorithm for optimizing the partitioning process with multiple performance 

characteristics was studied and reported in this article. Several experimental results based on well known benchmark circuits, and 

comparisons with previously reported results are provided. It was found that solutions obtained by ACO-IPIFAN are competitive 

to the best results obtained hitherto. The efficiency of the novel approach is verified by hardware implementation of the partitioned 

system onVirtex-6E FPGA. The unique contributions are as follow:(i) Successful application of ACO to optimize five different 

combinations of performance parameters of the testable VLSI system, (ii) For all five fitness functions, the present approach 

exhibits better results than those obtained in the earlier approaches and (iii) The studies are analyzed with reliability as a major 

design metric.  

 

We have successfully verified our approach on very large circuits at the module level. Besides the accuracy and 

scalability, another distinguishing feature of the proposed approach is its generic nature as they can be applied to any system. To 

the best of our knowledge, no generally available analysis and optimization approach provide these features and hence is very 

promising for the microelectronic design community. In future, potential extension of this approach to sequential and more 

complex circuits will be analyzed and studied. 
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