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Abstract- In this paper, different net weighting schemes are examined for a new method of min-cut partitioning for VLSI 
placement. Traditional min-cut placers use equal sized partitioning at each level for VLSI placement. They use either bisection 
or quadrisection to divide the circuit. This paper gives an introduction to a new method of partitioning called unequal sized 
partitioning. In this method of unequal sized min-cut partitioning the circuit is divided into unequal sized partitions at each 
level. This paper analyses the placement results of different net weighting schemes for unequal sized partitioning to minimize 
the total wire length. Firstly an introduction to unequal sized recursive partitioning and net weighting schemes are presented. 
Then these schemes are applied to MCNC benchmark circuits for different partition ratios ranging from 0.1 to 0.9. The results 
prove that all the net weighting schemes do not give optimal wire lengths for balanced partitioning. Each circuit has optimal 
wire length at different partition ratio for a different net weighting scheme. Finally this paper suggests the need for unequal 
sized partitioning which improves the wire length significantly as compared to the conventional balanced partitioning.  
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I. INTRODUCTION 
 
Many algorithms were proposed to solve the problem 
of VLSI placement. Broadly these algorithms are 
classified into two types namely constructive and 
iterative algorithms. While the constructive algorithms 
are good at creating good initial placements, the 
iterative algorithms are good at improving the 
placements generated by constructive placers.  
Min-cut, Numerical optimization [1], Force-directed [  
HYPERLINK "" \l "Han72"   2 ] are the most widely 
used constructive placers. Among them Min-cut 
placers are widely accepted in the industry for their 
generation of good initial placements.  
 
In this Min-cut method, the circuit is divided 
recursively into equal sized sub-circuits with 
minimum interconnections at each level of 
partitioning till each module of the circuit is mapped to 
unique location of the chip. Weighting of the 
constituent modules and nets of the circuit provide the 
designers a great freedom to choose the different 
factors to optimize such as wire length, congestion and 
timing. For example, during the global placement 
since the main goal of placement is wire length 
minimization, the net weighting is done on the basis of 
net length. Because the placer gives higher weights to 
longer nets, those nets with higher weights are 
optimized. 
 
Meeting the timing constraints is given higher 
preference for some of the circuits. The process of net 
weighting for those circuits is to be done entirely on 
different emphasis. The paths which increase the 
timing of the circuit are selected and are given higher 
weightage. This process of placement driven for the 

minimisation of timing is called timing-driven 
placement and can be done both at global and detailed 
placement stages. These algorithms can be broadly 
classified into two types namely net-based and 
path-based. The net-based approach is based on giving 
higher weightage to nets on the critical paths thus 
minimizing implicitly the critical path delay. Net 
weighting 3] [  HYPERLINK "" \l "Dun84"   4 ]5] [  
HYPERLINK "" \l "Ren05"   6 ] and net constraints 7] 
[  HYPERLINK "" \l "Tsa91"   8 ]9] [  HYPERLINK 
"" \l "Raj03"   10 ]11] [  HYPERLINK "" \l "Hur00"   
12 ] are the two methods used for net-based 
optimizations. On the other hand, the path-based 
approach works on all or a subset of paths13] [  
HYPERLINK "" \l "Sri911"   14 ]15] [  HYPERLINK 
"" \l "Cho051"   16 ] using some form of mathematical 
formulation. 
 
Net-weighting based approach for VLSI placement is 
simple to implement and computationally less intense. 
Finding optimal net weights is an important issue in 
Net-weighting based placements. Assigning higher net 
weights to some nets which are critical may disturb 
other paths in the circuit making them critical. 
Depending upon the assignment of net weights, the net 
weighting algorithms can be grouped into static net 
weighting and dynamic net weighting. In the static net 
weighting method, before the placement process 
begins the weights are assigned once and are not 
allowed to change over the time. While the dynamic 
net weighing approach allows the net weights vary 
during the placement process. 
 
Further the static net weighting can be classified into 
empirical net weighting and sensitivity based net 
weighting. While the former method estimates the 
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weights based on factors such as fan-out, slack and 
cycle time, the later estimates weights based on the 
analysis of sensitivity of net weights to factors such as 
worst negative slack and figure of merit. The 
sensitivity based net weighting can be viewed as a 
look ahead methods since the net weights are 
estimated depending upon the influence of key factors. 
 
The conventional min-cut placers such as Dragon17], 
FengShui, NTUPlace2 [  HYPERLINK "" \l "Jia06"   
18 ] and Capo19] use this min-cut algorithm. They 
divide the circuit into two sub-circuits or four 
sub-circuits [ HYPERLINK "" \l "Hua"   20 ] of equal 
size at each partitioning level. All of this placement 
tools ignore the unequal sized partitioning and assume 
that the balanced min-cut partitioning give an optimal 
partitioning at all times for all the circuits.  
 

 
 
This paper employs a new method of partitioning 
called unequal sized partitioning to solve VLSI 
placement problem21]. Since the problem of VSLI 
placement problem is NP complete [  HYPERLINK "" 
\l "Don80"   22 ], it cannot be denied that unequal sized 
partitioning may provide better optimal solution. The 
objective of this work is to examine the effect of net 
weighting for unequal sized recursive partitioning. 
  
II. UNEQUAL SIZED RECURSIVE 

PARTITIONING  
 
Traditional min-cut placers divide the given circuit 
recursively into equal sized partitions till each module 
is mapped to a particular location of the chip. The 
Error! Reference source not found.  REF 
_Ref397248834 \h shows a typical example of min-cut 
placement by equal sized partitioning. The circuit is 
partitioned with equal number of modules and equal 
areas with minimum net cut at each level of 

partitioning. The cutline C1 divides the modules into 
two sets of eight modules each with the number of 
interconnections between them as 6. This is the first 
level of partitioning. In the second of level of 
partitioning the horizontal cut-lines C2 and C3 divide 
the blocks obtained in the previous level into blocks of 
four modules each. The process of division is 
continued to these sub-blocks further till each module 
is mapped to unique location.  
 

 
 

Contrary to the traditional method of equal sized 
partitioning, the modules are divided into unequal 
sized partitions and mapped to unequal sized chip 
areas as shown in Error! Reference source not 
found.Error! Reference source not found. for 
unequal sized recursive partitioning. The number of 
modules allotted to the block B1 is shown as 
N(B)×partition ratio. If partition ratio is defined as 0.4, 
then the left smaller block B1 gets 0.4×N(B) ,while the 
right bigger block gets 0.6×N(B).  In the next 
partitioning level, the block B2 is considered for 
partitioning leaving its complementary block B1. The 
algorithm recursively apply the same partition ratio to 
this block B2 and divides into B21 and B22, where 
B21 gets 0.4×N(B2) modules and B22 gets 0.6×N(B2) 
modules. This process is repeated recursively till all 
the modules are allotted to unique locations of the 
chip.  
 

 
 
The Error! Reference source not found. represents a 
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typical layout region with alternate vertical and 
horizontal cut-lines for unequal sized partitioning. 
Each of the cut-lines divides the partition area 
repeatedly into two partitions of areas of 40% and 
60%. At each partitioning step, the total number of 
modules is divided into partitioning sizes of 40% and 
60% and the modules are assigned to the respective 
partitioning areas. From this figure, it can be observed 
that we reached a stage where the circuit to be 
partitioned have total number of ten modules. The 
vertical cut line C7 cuts the partitioning area into two 
partitions of areas of 40% and 60% of total area. The 
modules are divided into two partitions of four 
modules and six modules each such that the cut size is 
two nets. 
 

 
 
The Error! Reference source not found. represents 
different unequal partitioning strategies for a circuit 
having ten modules. The Error! Reference source 
not found.(a)Error! Reference source not found. 
shows conventional partitioning for VLSI cell 
placement where partition areas and sizes are equal 
sized. The Error! Reference source not found. (b) 
represents a typical sub-circuit of unequal partition 
sized placement. Here the sub-circuit area is divided 
into two partitions such that the left one has 40% of the 
total number of modules of the sub-circuit and the 
right one accommodates the remaining 60% of the 
modules. The cut line is placed at 0.4 times the length 
of x-axis of the sub-circuit from left most bottom 
corner. Here the cut size is two nets. And for a 
horizontal cut the cutline is placed at 0.4 times the 
length of the y-axis of the sub-circuit from the left 
most bottom corner. The Error! Reference source 

not found. (c),(d) represent 30-70 partition and 20-80 
partition, and the process of placement is  same as 
above with variation in partition ratios. 
 
III. IMPLEMENTATION DETAILS 
 
The objective of min-cut partitioning for a given graph 
with a set of vertices and edges is to cut the vertices 
into partitions such that the number of edges between 
them is minimum. The same process can be done 
effectively with the use of hypergraphs, which can 
model net lists with weighted vertices as modules and 
edges as wires. The net list is modelled as a 
hypergraph G = (V, E), where V is a set of modules 
and E is a set of signal nets. A hyperedge e ϵ E can 
connect any number of vertices in V. Now the goal of 
partitioning becomes minimization of total weighted 
cutsize of the hyperedges while allowing total vertex 
weight between partitions being equal with an allowed 
imbalance.  
 

 

 
Fig 1. A simple circuit with seven logic gates and its hypergraph 
 
The Fig 1 shows a circuit with seven logic gates and 
five edges and its hypergraph. The gates are 
represented as a set vertices V = {A,B,C,D,E,F} with 
each vertex v ϵ  V having a size s(v) and the 
interconnection wires are represented as a set of 
hyperedges E= {e1,e2,e3,e4,e5} with each hyperedge  
e ϵ E  having a weight w(e). 
 
The process of partitioning takes place at different 
levels in a top-down fashion called multilevel 
partitioning.  
 
This algorithm has three phases, namely, coarsening 
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phase, initial partitioning phase, and uncoarsening and 
refinement phase. In the coarsening phase, a sequence 
of coarser graphs is constructed. And in the the initial 
partitioning phase, the coarsest graph is bisected; and 
finally in the uncoarsening and refinement phase, the 
bisected graph is mapped to the next level finer graph.  
A fast and scalable multilevel hypergraph partitioning 
software package called Hmetis [  HYPERLINK "" \l 
"Kar98"   22 ] is used for partitioning.  
 
UBfactor is one of the command line arguments to 
hmetis program, which is used to modify the allowed 
imbalance between the partitions. This argument is 
used to specify different partition ratios ranging from 
0.1 to 0.9.  
 

 
Fig 6. Min-cut Algorithm for net weighting 

 
This parameter is used to specify the allowed 
imbalance between the partitions during recursive 
bisection. This is an integer number between 1 and 49. 
By varying the UBfactor, the partition ratio can be 
varied.  

 
Table 1. Characteristics of MCNC benchmark circuits 

 
  

The Half-Perimeter Wirelength (HPWL) is the one of 
the important net model widely used in placement. 
This method estimates the wirelength by the 
half-perimeter of the bounding box of a net. This 
method is especially efficient for 2-pin and 3-pin nets. 
However, it can significantly underestimate 
wirelength for multi-pin nets. Since the major parts of 

nets are either 2-pin or 3-pin, this method is widely 
accepted. 
      
The algorithm in Error! Reference source not found. is 
implemented in C++. Eclipse, an integrated 
development environment (IDE) is used to develop 
and carry the experiment. The operating system 
Ubuntu 12.04.4 LTS is used to run Eclipse. The 
hardware used include a processor of 4x Intel(R) 
Core(TM) i5-2410M CPU @ 2.30GHz with memory
 of 4041MB. MCNC benchmark circuits fract, 
primary1, industry1 and biomed are used to test our 
hypothesis. The Table 1 shows the characteristics of 
the benchmark circuits used. 
 
IV. EXPERIMENTAL RESULTS 
 

Table 2. Comparison of different net weighting 
methods for "fract" 

 
 

Table 3. Comparison of different net weighting 
methods for "Primary1" 

 
 
In  
Table 2 the total wire lengths of MCNC benchmark 
circuit fract for various partition ratios are compared 
for different net weighting methods. It clearly shows 
that the three different net weighting methods yield 
optimal wire lengths at unequal sized partitioning. The  
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Table 3 compares the wire lengths for benchmark 
primary1, the results show that optimal wire lengths 
vary with the net weighting method and partition 
ratios. The Table 4 the wire lengths for benchmark 
industry1, the results show that optimal wire lengths 
vary with the net weighting methods and partition 
ratios.  Similar is the case with biomed in Table 5. 
Also from the tables, it can be observed that the 
improvement in wire length is significant with all of 
the benchmark circuits with an average improvement 
of 4%. 
 

Table 4. Comparison of different net weighting 
methods for "industry 1" 

 
 
Table 5. Comparison of different net weighting 

methods for "biomed" 

 
 

CONCLUSION 
 
This paper examines the behaviour of the circuits with 
different net weighting schemes for unequal sized 
recursive partitioning. Firstly modelling of unequal 
sized partitioning is discussed and then these models 
are applied to MCNC benchmark circuits. These 
results show that equal sized partitioning do not 
always give optimal placement results. The minimal 
wire length can occur at any partition ratio and purely 
a characteristic of the circuit topology.  These results 

necessitate checking all the partition ratios to find 
which partitioning strategy gives optimal solution.                                          
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