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ABSTRACT 
 
 Partitioning and placement are the  significant areas of VLSI Physical design. In this paper, we have 
elaborated four  main design  issues in VLSI circuit partitioning  and placement. The objective of study in VLSI 
physical design is to optimize the chip area and to maintain chip performance 
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Introduction 
 
 Phenomenal achievements have happened in the field of electronics in the recent past, mainly because of 
the advent of Very-Large-Scale Integration (VLSI). The VLSI technology came with Computer Aided Design 
(CAD) that enables the constant growth in the complexity and performance of integrated circuits.Many new 
applications and innovations powered by transistors  are introduced almost daily in the market. They provide 
new opportunities in high-performance computing, telecommunications and consumer electronics. The current 
design flow typically proceeds in the following sequence. Behavioral level design creates the functional 
specification models of integrated circuit in terms of input, output and timing of each block, without describing 
its internal implementation. The area, power and other parameters are assigned to each block and should be 
maintained further. Such high level of abstraction allows to employ sophisticated data and control 
representations for inspection  of the correct functioning of the circuit. Logic design converts the behavioral 
specification into a register transfer level (RTL) description including the control flow, word widths, register 
allocation, arithmetic and logic operations. The logic design is simulated and tested with the goal of 
minimization on the number of Boolean expressions. Circuit design transforms the logic expressions into a 
circuit representation with components like cells, macros, gates, transistors, and interconnections along them 
which are collected in a netlist. Circuit simulation is used to verify the correctness and timing of each 
component. Physical design generates geometrical layout of the chip by representing circuit elements as 
rectangular shapes, and interconnections along them – as wires in multiple metal layers. Compact arrangement 
of area and accurate routing of wires evaluate the final performance of the circuit. The objective of physical 
design is to optimize the chip area and to maintain chip performance. The study has investigated the two vital 
steps of VLSI Physical design namely partitioning and placement.( Alpert, C.J., Huang, J.H. and Kahng, 
A.B,1997)( Bui, T. and Jones, C,1993) 
 
Need for Study: 
 
 The challenge of the VLSI Physical design is to place the million of transistors on a silicon layout, connect 
them with  wires  and make it work in perfect synchronization .Hypergraph partitioning within VLSI Physical 
design is longstanding and has well addressed in data mining approaches ,utility function and markov renewal. 
Problem domain information explores the search space effectively.  More over we have to optimize the layout 
under various design goals of area, timing, power, reliability among others while meeting all the design rules 
imposed by the fabrication process technology. 
 
Issues in Vlsi Circuit Partition and Placement: 
 
 VLSI physical design is an important problem in VLSI design automation as it determines the performance, 
size, yield and reliability of VLSI chips. The four main issues addressed here are 
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 Hypergraph Partitioning  
 Data Clustering 
 Markov Chain and Renewal Rewards 
 Utility theory 
 
Hypergraph Partitioning Method: 
 
 The hypergraph partitioning problem most commonly arises in the context of dividing a circuit specification 
into clusters of components , such that the cluster interconnect is minimised. Each subcircuit can then be 
assembled independently, speeding up the design and integration processes. A circuit specification includes 
cells, which are pre-designed integrated circuit modules that implement a specific function and have input and 
output terminals. A net is a collection of input and output terminals connected together and is used to connect a 
group of cells together. Each connection between a cell and a net occurs at a pin. Cell connectivity information 
for the entire circuit is provided by the netlist, which specifies all the nets for a given circuit. A hypergraph is 
used to represent the connectivity information from the circuit specification. Each vertex in the hypergraph 
represents a cell in the circuit and each hyperedge represents a net from the circuit’s netlist. The weights on the 
vertices and hyperedges can, for example, convey information about the physical size of the cells and signal 
delay in the nets respectively. The equivalence between a circuit specification and its hypergraph representation 
is exact if each net in the circuit has almost one pin on any cell.

  
Data Clustering Method: 
 
 Clustering is the task of assigning a set of objects into groups  so that the objects in the same cluster are 
more similar to each other than to those in other clusters. Clustering is a main task of explorative data mining, 
and a common technique for statistical data analysis used in many fields, including machine learning, pattern 
recognition, image analysis, information retrieval, and bioinformatics. Cluster analysis itself is not one specific 
algorithm, but the general task to be solved. It can be achieved by various algorithms that differ significantly in 
their notion of what constitutes a cluster and how to efficiently find them. Popular notions of clusters include 
groups with low distances among the cluster members, dense areas of the data space, intervals or particular 
statistical distributions. Clustering can therefore be formulated as a multi-objective optimization problem. The 
appropriate clustering algorithm and parameter settings depend on the individual data set and intended use of the 
results. Cluster analysis as such is not an automatic task, but an iterative process of knowledge discovery or 
interactive multi-objective optimization that involves trial and failure. It will often be necessary to modify 
preprocessing and parameters until the result achieves the desired properties. Three major algorithms for VLSI 
Circuit partitioning are discussed: Two step clustering method, Hierarchical clustering method and K-Means 
clustering method. The performance of all the approaches is compared using benchmark data. (K. A. Sumitra 
Devi, N. P. Banashree, and Annamma Abraham,2007) 
 
Two Step Cluster Method: 
 
 Two step clusters is an algorithm mainly designed to analyze the large datasets. There are a number of 
features employed by the Two-step clustering methods which differentiate it from traditional clustering 
algorithms. The features include ability to handle very large datasets, ability to handle both continuous and 
categorical variables, and ability to automatically determine the optimum number of clusters. The Two-step 
clustering is based upon a sequential approach of creating clusters and then sub-clusters. The name ‘Two-step 
clustering’ is already an indication that the method is based on a two-stage approach: Firstly, the algorithm 
undertakes a procedure that is very similar to the K-means algorithm. Secondly, the algorithm conducts a 
modified Hierarchical agglomerative clustering procedure by combining the objects sequentially to form 
homogenous clusters. This is done by building a so-called cluster feature tree whose “leaves” represent distinct 
objects in the dataset. 
 
Hierarchical clustering method: 
 

  

Hierarchical methods combine or divide existing groups, creating a hierarchical structure that reflects the 
order in which groups are merged or divided. In data mining, hierarchical cluster is a method of cluster analysis 
which seeks to build a hierarchy of clusters. Strategies for hierarchical clustering generally fall into two types: 
 Agglomerative: This is a "bottom up" approach: each observation starts in its own cluster, and pairs of 
clusters are merged as one moves up the hierarchy. 
 Divisive: This is a "top down" approach: all observations start in one cluster, and splits are performed 
recursively as one moves down the hierarchy. 
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K Means clustering method: 
 
 The k-means method uses centroid to represent the cluster and it is sensitive to outliers. This means, a data 
object with an extremely large value may disrupt the distribution of data. K-medoids method overcomes this 
problem by using medoids to represent the cluster rather than centroid. A medoid is the most centrally located 
data object in a cluster. 
 Here, k data objects are selected randomly as medoids to represent k cluster and remaining all data objects 
are placed in a cluster having medoid nearest (or most similar) to that data object. After processing all data 
objects, new medoid is determined which can represent cluster in a better way and the entire process is repeated. 
Again all data objects are bound to the clusters based on the new medoids. In each iteration, medoids change 
their location step bystep. Or in other words, medoids move in each iteration. This process is continued until no 
any medoid move. As a result, k clusters are found representing a set of n data objects. 
 
Markov Chain: 
 
 A Markov chain, named after Andrey Markov, is a mathematical system that undergoes transitions from 
one state to another, between a finite or countable number of possible states. It is a random process usually 
characterized as memoryless: the next state depends only on the current state and not on the sequence of events 
that preceded it. This specific kind of "memorylessness" is called the Markov property. Markov chains have 
many applications as statistical models of real-world processes.Formally, a Markov chain is a random process 
with the Markov property. Often, the term "Markov chain" is used to mean a Markov process which has a 
discrete state-space. Usually a Markov chain is defined for a discrete set of times although some authors use the 
same terminology where "time" can take continuous values.  (DAI Hui, ZHOU Qiang, BIAN Jinian,2011)( 
RManikandan, Jaladhanki Sindura, M.D.L. SriRavali and P.Swaminathan,2012)( R.Manikandan ,S. Sathvi, C. 
Thenmozhi, R. Sujitha,2012) 
 
Renewal reward process: 
 
 A renewal process is a generalization of the Poisson process. In essence, the Poisson process is a 
continuous-time Markov process on the positive integers which has independent identically distributed holding 
times at each integer  before advancing  to the next integer: . In the same informal spirit, we may define a 
renewal process to be the same thing, except that the holding times take on a more general distribution. 
 Stochastic methods are  used for combinatorial optimization. It is a concept of renewal reward process 
following specified parameters of poison process. The reward is stimulated to give Asymptotic result of the 
random walk on a line. This method is compared with utilization function based channel router suggested by 
Hussein. A.Y. Etawil (A.Y. Hussein, and Etwail,1999 ) . Each mark suggested by them help us to estimate the 
parameters. We divide the channel routing problem domain information and algorithm description using initial 
solution and merging phase with the renewal reward. The algorithm is implemented with decided coding and 
results are compared. The routing consists of three possibilities one parallel to horizontal, two standing in same 
position and third along the vertical. We consider the three processes as random walk which horizontal motion 
being evaluated with poisson rate lamda and vertical mu. In this approach at every turning we identify that the 
reward is attributed explaining the process as completed a course indicating the reward is received. Thus the 
channel routing problem can be studied through the renewal reward process. The detailed analysis for large 
value of asymptotic behavior  of the process explains VLSI Channel routing for cell placement. An alternative 
method based on renewal reward process has been proposed, which is a stochastic process under continuous 
time and discrete value. An asymptotic behavior of this process helps us to solve the cell placement on VLSI 
physical design. 
 
Utility Theory in Vlsi Cell Placement: 
 
 Utility theory is an attempt to infer utility, from choices. Utility theory can be used in both decision making 
under risk and in decision making under uncertainty. Extensions of utility theory include subjective probability 
as well as distortions of probability. There are three traditions in utility theory: One attempts to describe 
people’s utility functions. Another attempts to use utility in the construction of a rational model of decision 
making. The third attempts to bridge the two points above by considering the limitations people have with the 
goal they would like to reach. Utility is a measure of the relative satisfaction from, or desirability of, 
consumption of various goods and services. Often, one speak about rational users. That means that the users try 
to maximize their utility. 
 In decision-making theory, multi-attribute utility functions order preferences of different decision 
outcomes. The ordering of the classification preferences is prescribed by the estimates and assumptions in the 



103 
J. Appl. Sci. Res., 9(1): 100-103, 2013 

 

decision model. The type of calculation, where a choice is made by maximizing a function is typical of the 
analytical models of managerial decision in management science. Using the utility function approach to the cell 
placement problem, we have given an alternative  methods on VLSI Cell placement. 
 
Conclusion: 
 
 VLSI physical Design consists of floor planning, partitioning, placement and routing. In the present study, 
we investigate the idea of partitioning and placement. Cell partitioning can be attempted as stochastic function 
defined on  hypergraph for improving network partitions. An alternative method based on renewal reward 
process for VLSI Circuit partitioning gives better result in comparison to earlier methods. The three major 
clustering algorithms for VLSI circuit partitioning are discussed in this paper. Analysis of the investigation 
results shows that K-medoid model achieves greater performance. Utility theory can be used in both decision 
making under risk and uncertainty. In this direction, we have stated our cell placement problem. 
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