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Abstract 

Analyzing and evaluating various noise avoidance techniques such as driver sizing, wire 

sizing, wire spacing and layer assignment. This paper presents an approach to solve the VLSI 

(very large scale integration) layer assignment problems that will leads to minimization of 

crosstalk noise. Our approach is based on Genetic Algorithm (GA) with introduction of 

modified GA operator, which is used to solve our problem that is formulated in a graph-

coloring problem. In this paper, we study the problem of crosstalk minimization in 3-layer 

HVH channel routing without considering dogleg.  
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1. Introduction 

 
Horizontal and Vertical wire segments are assigned in respective layers for interconnecting 

the nets in VLSI designing. Coupling capacitance between neighboring nets is a dominant 

component in today’s deep submicron designs as taller and narrower lines are being laid out 

closer to each other. Considering the case of long overlapping wire segments on adjacent 

layers, there is a possibility of signal interference that may cause electrical hazards; termed as 

Crosstalk noise. The net on which noise is being induced is called the victim net whereas the 

net that induces this noise is called the aggressor net. Crosstalk noise affects a circuit in at 

least three ways: 1. inducing undesired signals in noisy environment, 2. changing the signal 

delay due to a switching transition and 3. increasing the switching power dissipation. 

Crosstalk depends on the routing of the lines, and hence the routing algorithms take this into 

consideration. Crosstalk distortion between two adjacent nets is determined by several factors 

like coupling capacitance between the nets, driving capacity of the nets, and timing of the 

signals. 

Two adjacent wires form a coupling capacitor. In fact, the ratio of coupling capacitance is 

reported to be even as high as 70% ~ 80% of the total wiring capacitance, even in 0.25m 

technology.  
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The coupling capacitance between a pair of parallel wires is proportional to their coupling 

length, and is inversely proportional to their separating distance. The coupling capacitance 

between parts of orthogonal wires is negligible in comparison with the coupling capacitance 

between a pair of parallel wires for current technology. Given two wire segments i and j, the 

coupling capacitance between them, can be expressed as follows [2]: 
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where wi and wj are the sizes of wires i and j (wi,wj > 0),fij is the unit length fringing 

capacitance between wires i and j, lij is the overlap length of wires i and j and dij is the 

distance from the center line of wire i to the center of wire j. 

We are trying to minimize the coupling. During routing, we can control lij, dij, wi and wj. 

By avoiding overlap between two wires using optimized layer assignment. 

A routing solution will not fail due to coupled noise if for all nets i [3] 
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Let introduce the notation used in the above sufficient condition for any grouting solution 

to be free of coupled noise problems. A(i) is the set of aggressor nets for net i and comprises 

all nets routed adjacent to it. Xij is the coupling capacitance between nets i and j, Cg is the 

line-to-ground capacitance per unit length, li is the length  of net i, Rio is the output 

resistance of the driver for net i, Ri is the driver resistance for net i, expression, Ci is the sum 

of the line-to-ground capacitance and all the line-to-line couplings from lines adjacent to line 

i and Ξi is the maximum tolerable amplitude function. 

We find different previous work related to minimized crosstalk routing in [17] to [20]. The 

Crosstalk minimization problem in Channel Routing is modeled as a Layer Constraint Graph 

(LCG), where each node represents a net and two nodes in the LCG have an edge between 

them if corresponding net segments of same orientation (horizontally in same layer) share at 

least one tile in the routing grid. The channel routing problem is NP –complete [6] and 

therefore, there is no known deterministic algorithm to solve it in a polynomial time. New 

approaches are necessary to solve this problem.  

Figure (1) shows an example of assigning wire segments a, b, c, d, e and f to the tracks of a 

horizontal panel with capacity Kp=4, and the constraint graph for the track assignment 

example is given. 
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Let us proceed to the formal statement of the problem. A channel is described by two 

sequences, Top and Bottom, in which the top and the bottom rows of the channel are placed 

respectively. The size of the both sequences is C (the number of columns in the channel). The 

set of nets is defined as Net = {N1,…..,Nn}, where n is the number of nets. E.g. Top= 

{1,0,3,1,4,2,3,2}; Bottom = {6,4,6,6,3,0,5,5}, where C=8, n=6, Net={1,2,3,4,5,6}, the 

element 0 in Top or in Bottom denotes empty contact. The layout of the channel with 

connected nets is shown in Fig. 1. 

The proposed approach to crosstalk minimization problem is based on few assumptions: (i) 

Vertical constraints are ignored partially, means we consider this constraint during track 

assignment but not at the time of crosstalk calculation, (ii) Number of terminal in a net may 

vary, (iii) Total number of tracks is not fixed. Consequently, it is reasonable to assume that 

there is crosstalk only between adjacent parallel wires because the horizontal capacitance can 

be several times larger than the vertical capacitance. Here we applied the solution of graph 

coloring problem to solve this. We find different previous work related to Graph Coloring in 

[6] to [15]. To solve the classical graph coloring problem we have used soft computing 

technique (Hybrid Modified GA). 

2. Graph coloring solutions using soft computing and crosstalk 

minimization 

 
In our approach we must identify the nets from the channel routing problem input that is 

upper boundary and lower boundary of the channel. Then consider every net as individual 

node of the graph. Connect the nodes through edges that will satisfy the constraints need to be 

taken care of. Thus we create a graph that represents the problem with constraint. When we 

are considering only Horizontal constraint at the time of plotting the edges, the resulting 

graph is called Horizontal Constraint Graph (HCG). It is a non-directed graph. Now we will 

consider vertical constraint to make a Vertical Constraint Graph, which is directed graph. 

Consider the effect of a directed path in the vertical constraint graph on the channel height. If 

doglegs are not allowed then the length of the longest path in VCG forms a lower bound on 

the channel height in the grid based model. 

List of Constraints Considered 

� Nets having horizontal constraint cannot be placed in same track. 

� Nets having vertical constraint cannot be placed in same track. 

� Nets having vertical constraints should be placed in higher track than the 

other, according to the order (direction) in VCG. 

a 

b 

f 

c 

d 

e 

Figure 1.  A channel layout and its constraint graph 
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Vertical constraint graph must be acyclic. Then we merge HCG and VCG to form a graph 

that represents all constraints. In brief our algorithm has four modules as listed below:  

a. Creating vertices and edges of a graph from the input considering the constraints  

b. Finding out the coloration of the created graph with the specified number of colors 

using soft computing approach  

 c. Select the best coloration based on crosstalk with minimum number of tracks 

required 

d. Preparing the final track assignment of nets from the above coloration  

a. Creating vertices and edges of a graph from the list of constraints: A net Ni, in a grid 

based model, has a vertical constraint with net Nj if there exists a column such that the top 

terminal of the column belongs to Ji and the bottom terminal belongs to Jj and i != j. Vertical 

constraints are described by the directed Vertical Constraints Graph Gv = (ENet EV), where 

ENet is the set of vertices, corresponding to the set of the nets and EV is the set of links. Edge 

(m,n) in E exists if and only if net n is located above net m to prevent crossings of the vertical 

segments of nets. We represent this constraint using VCG, a directed graph. Algorithm for 

creating graph from the input is given below: 

1. Identify nets  

2. Find the overlap portion among nets to find Horizontal constraints 

3. Create an adjacency matrix for HCG 

4. Identify vertical constraints among nets 

5. Create an adjacency matrix for VCG 

6. Put an order to every nets that satisfy Vertical constraint 

7. Merge HCG and VCG to make a single graph to operate on 

b. Coloration of the created graph using soft computing approach: Here we have 

considered the GA with some modifications, as evolutionary algorithm. This section 

describes the main components of the Genetic algorithm for graph coloring. Integer strings 

encode the chromosomes. 

This module starts taking the output of previous module that construct the constraint graph 

representing all the constraints.  

i. Representation and fitness: In our algorithm, we represent the chromosomes as a set of 

integers (1,2,3….n). These integers are nothing but the color of the nodes. The positions of 

these integers are the node numbers for which those particular colors have been assigned. An 

example of a chromosome for a graph of 5 vertices is shown below:  

1  4  3  2  1  

Here the nodes 1 and 5 have the same color 1. 2
nd 
, 3

rd 
and 4

th 
nodes have the colors 4, 3 and 

2 respectively. The fitness function is nothing but the total number of colors used, i.e., distinct 

integers in the chromosome. 
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ii. Initial population: The algorithm first builds an initial population, by randomly 

assigning colors to different nodes. In this pool, some chromosomes will denote valid 

coloration and some of them are invalid. But we have not discarded this invalid coloration. 

Instead, we use a repair operator rep_op, which coverts the invalid chromosome to a valid 

one. This rep_op checks whether two adjacent nodes have the same color or not. In that 

particular case, it replaces one such color by any randomly generated color. 

iii. Special mutation:  We have applied a special mutation operator to improve the 

chromosomes of the pool for a fixed number of iterations. Finally, the improved 

chromosomes are considered for the next generation. This process repeats for a prefixed 

number of iterations.  

Sp_mutation  

Step 1) Choose a particular chromosome  

Step 2) Reduce the number of colors in that chromosome by one (by 

replacing one of the used colors by another used color)  

Step 3) If the coloration is invalid then apply the rep_ op  

(Here it’ll try to repair the invalid coloration to valid coloration using the reduced number 

of colors available)  

Step 4) If it succeeds or the coloration is valid  

then place this chromosome in the pool  

Else  

goto step 1)  

iv. Algorithm for Graph Coloring: 

Steps of the Algorithm:  

INPUT : The adjacency matrix of the graph created by the algorithm construct_graph i. 

1. Create random initial pool of chromosomes (population) 

2. Call fitness( ) to calculate fitness of each individual 

3. Select best individuals based on fitness 

4. Apply Reproduction on invalid chromosomes 

4.1 Generate random value p[0,1] 

4.2  If the p <0.5 then 

4.2.1  Crossover( ) 

4.2.2  If new individual is fit then send to New population 

4.2.3 Send the new individual to new population 

4.3  Else 

4.3.1 Select some best population based on fitness value 

4.3.2 Call Special Mutation( ) for selected individual … 

5.  Calculate fitness of new population generated from Mutation 

6. Insert best offspring in population 

7. Evolution of stopping criteria 

c. Preparing the final Channel Routing for Crosstalk Minimization from the above 

coloration: Once the above algorithm has generated the coloration, the next objective is to 

finalize the track assignment from the coloration using the following algorithm: 

  

1. Calculate crosstalk for each coloration (chromosome in population) 
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2. Select best one with lowest crosstalk with lowest no of tracks needed to allocate the 

nets 

3. Allocate track satisfying the order assigned to the nets in previous module 

4. Optimized layer assignment with minimal crosstalk achieved 

3. Computational experiments  

In this section, we present experimental results in Table (1) obtained after executing the 

program on each graph 150 times as this number of execution gives near optimized result in 

average. The fundamental difference that makes this algorithm better than the normal Genetic 

Algorithm is use of Modified Mutation and Special Mutation instead of Normal Mutation in 

proper way. After implementation of these operators we found a abrupt change in result and it 

is positive. Here, the crossover operator remains same as the standard genetic algorithm’s 

blind crossover operator. In this section we present the results of our algorithm on some 

benchmark graphs given at different papers included in reference. It has been implemented in 

C on Linux operating system. We have considered the population size as 10. We have 

considered the crossover probability (p) <=0.5. The no_of_iteration for Sp_mutation was set 

to 150 after trial and error. The value of max_iteration depends on the density and number of 

nodes of the graph. 
 

Table 1. Results applying our algorithm on some benchmark Channel Routing Problem  

(after executing each graph 150 times) 

 

Example Dmax Vmax Minimum 

Track 

My 

Minimum 

Track 

Crosstal

k 

Optimized 

Crosstalk 

No. of 

Track 

RKPC1 3 3 4 4 15 1 7 

RKPC2 3 4 6 6 11 11 6 

RKPC3 4 3 5 5 11 7 6 

RKPC4 4 4 5 7 9 8 7 

RKPC5 4 4 6 6 12 10 7 

RKPC6 4 5 7 9 18 4 13 

RKPC7 5 3 7 8 17 17 8 

RKPC8 5 5 7 9 15 13 10 

RKPC9 6 6 10 12 40 11 18 

RKEX1 10 7 - 17 73 46 21 

RKEX2 14 4 - 25 118 86 30 

RKEX3B1 12 12 - 22 126 43 40 

RKEX3C 14 5 - 38 101 37 53 

RKEX3C1 14 6 - 35 98 74 52 

RKEX4B 17 13 - 38 361 224 55 

RKEXPG 12 7 - 17 94 76 21 

RANDOM1 19 6 - 39 380 112 73 

RANDOM2 14 5 - 33 181 70 19 

RANDOM3 16 7 - 36 240 60 74 
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Example Dmax Vmax Minimum 

Track 

My 

Minimum 

Track 

Crosstal

k 

Optimized 

Crosstalk 

No. of 

Track 

EX A 10 7 - 6 28 28 6 

EX B 6 3 - 9 14 4 13 

EX C 9 13 - 13 67 67 13 

EX D 5 3 - 6 22 22 6 

EX E 5 4 - 6 16 1 9 

EX F 4 3 - 4 9 3 6 

EX G 5 3 - 8 24 2 12 

EXYK1 10 7 - 17 70 53 20 

4. Conclusions 

We have presented experimental results on some of the benchmark Channel Routing 

Problem. We can not produce result compared with other algorithm’s performance on those 

Channel Routing Problems are not available. The main purpose of this paper is to study 

genetic algorithm on graph coloring problem with new operator. In the future, we intend to 

refine this algorithm and apply it to color large complex graphs in reasonable time. 
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