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Abstract -- This paper proposes a neural network for the 
channel routing problem. Neural network has been suc- 
cessfully applied to many combinatorial optimization 
problems. However, applying this technique to channel 
routing problem has not ever been reported. Typical ex- 
amples from published literature are taken for experi- 
ments. The theoretic lower bounds are achieved in all ex- 
amples. 

1. Introduction 

Sine Hopfield showed in 1982 that some types of 
neural network exhibit some important combinatorial 
properties, several applications of these networks have 
been reported in wide-spread areas[ 1-51. This paper will 
discuss the application of neural network on channel 
routing problem. 

Channel routing makes interconnections among ter- 
minals located on opposite sides of a rectangular channel 
and has been proven to be NP-complete[6]. Most of cur- 
rently available algorithms are based on heuristics[’l-lO]. 
However, heuristics are rather problem-specific. A 
general scheme for combinatorial optimization problem 
called simulated arznealing has been successfully applied 
to many NP-complete problems. However, its response 
time is inestimable. 

Neural networks are systems constructed by many in- 
terconnected processing elements operating in parallel. 
The operation characteristic of processing elements is 
very simple and the function of a neural network is 
primarily determined by the connectivity of processing 

elements. 

Hopfield network model is a fully interconnected 
recurrent network. Each neuron takes an integrative 

analog summation of the currents from other neurons as 
well as an external bias and its input-output relationship 
is described by a strictly increasing sigmoid function. 

If a neuron represents a hypothesis of solution of the 
problem to be solved, the interconnection matrix T be- 
tween these neurons will represent the interactive inhibi- 
tion and excitation of these hypotheses. The highly paral- 
lel structure of the network permit multiple hypotheses 
to be considered simultaneously. As network converges 
to a stable state, a possible solution will be found. 

2. Channel Routing Problem 

In a channel routing problem, terminal locations at 
top and bottom sides of a channel are specified and net- 
list specifying the interconnection of terminals is given. 
Each net is routed with horizontal segments in one layer 
and vertical segments in another. These two layers are 
made contacted by a via hole. The work of channel rout- 
ing is to connect the terminals of nets on these two sides 
with the channel width requirement minimized. A chan- 
nel with its netlist is shown in Fig. 1. 

Fig. 2 shows a special case of channel routing, which 
is called cycZic conflict. It can be observed that the routing 
requirement can not be realized without splitting some 
horizontal segments into more than one tracks as shown 
in Fig. 2(b). Usually, this condition can be avoided by a 
special consideration in the placement step. Thus, the 
problems considered here are assumed to not have this 
condition occurred. 

The algorithms proposed for channel routing can be 
categorized into two groups. The first is the restrictive 
routing[9], which aims for a solution that the number of 
horizontal tracks on which any net can be placed is 
limited to one. The other type is the doglegging router[8], 
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which allow doglegs to be inserted. Dogleg insertion will 
cause via introduced. The occurrence of vias in the layout 
is often a source of reliability problems. We will consider 
the restrictive routing problem here. 

Two graphs called vertical constraint graph (VCG) 
and horizontal constraint graph (HCG) are used to repre- 
sent the relationships among individual nets. 

The x-interval of a net i is the range between its 
leftrnost terminal and rightmost terminals. Two nets are 
called to be horizontal conflict if their x-intervals overlap. 
An undirected graph HCG is constructed as follows. 
Each vertex in HCG represents a specific net. If two nets 
i a n d j  are horizontal conflict, an edge is connected be- 
tween the vertices used for representing them. The HCG 
for the channel depicted in Fig. 1 is shown in Fig. 3. As 
in HCG, each net is represented as a vertex in VCG. On 
every column i within the channel to be routed, if its net 
number on top (mi) is different from the net number on 
bottom (BNJ and both are not 0, a directed edge is con- 
nected from mi to BNi. Shown in Fig. 4 is the VCG for 
the channel depicted in Fig. 1. 

If the longest path within VCG is nl- ...- nk, the lower 
bound of track requirement for channel routing will be k. 
In addition, the density of channel, which is the maximal 
number of horizontal segments crossing a vertical line, 
presents another lower bound of channel width. 

3. Neural Network Approach 

To solve a problem by neural networks, we first 
select an appropriate representation of the problem and 
find weights for connections and external bias. Then, im- 
plement or simulate the network and find its stable state. 

The requirements of a feasible solution for channel 
routing problem are listed below and their encoding into 
the network will be described: 

Every net should be assigned to exactly one track. 

Since a net can be assigned to one track only, each 
neuron has an inhibition to other neurons within the 
same column. This inhibition is shown in Fig. 5 as solid 
lines. Let the weighting of this inhibition is A, then, T 
matrix encoding by this inhibition is 

where is the Kronecker delta defined as 

6.. = 1, i f i  = j 
11 

= 0, otherwise. 

If nets i a n d j  are horizontal conflict, they should not 
be assigned to the same track. 

Define a function hcg(i, j )  as follows: 

hcg(i, j )  = 1, if nets i and j are horizontal conflict, 

= 0, otherwise. 

Then, according to the requirement, if two nets i and 
j satisfy the relationship hcg(i, j )  = 1, a horizontal inhibi- 
tion is enforced to each other. This inhibition is shown in 
Fig. 5 as dashed lines and its T matrix encoding (with 
weighting B) is 

T,j,kr = -Bhcg(k,i)d( 

If there exists a directed path from net i to j in VCG, 
the track assigned to net i should be above that as- 
signed to net j .  

Define functions vcg(i, j )  and @(i, j )  as follows: 

Based on the representation of problem, a local optimum 
of the problem is found. 

vcg(i,j) = 1, if a directed path from net i to j exists 

in VCG, 

A doubly-indexed neuron N,i is used to represent the = 0, otherwise. 
hypothesis of assigning net i to track j .  If N 9 with value 1, 
we say that net i is assigned to track j .  Otherwise, it is 
assigned to other track. 

gt(i, j )  = 1, if i > j ,  

= 0, otherwise. 
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In summary, the connection matrix T is constructed 

by 
B C 

Note that T has been indexed with two sets of sub- 
scripts. cj,kl means the connection weight from neuron 
Nkr to neuron N.. . 'I 

Only inhibition without excitation will make all 
hypotheses vanish and network will converge to a state 
with each neuron zero. Therefore, a global excitation is 
added. 

T.. = T.. A gkl y,kI + q j k l  + c j ,k l  

I.. = Dt 
11 

where t is the number of tracks available within the chan- 
nel. 

For each vertex i in VCG, its level denoted as li is 
defined as follows: 

1. If vertex i has no incoming link, it is in level 1. 

2. If vertex i is one link reachable from a set of ver- 
tices {nl, ..., nk}  whose corresponding levels are {II, ..., 
lk} respectively, the level of vertex i is 

li = m u  (11, ... lk) + 1 

The maximum level of a VCG denoted as lm" is the 
maximum of these level values. 

The track ti assigned to a vertex i with level li must 
satisfy the following equations: 

ti z li, and 

ti 5 (t - l=) + li 
These requirements are independent of the track assign- 
ment of any net. Thus, its enforcement can be completed 
by a fixed external inhibitory bias to each vertex out of 
the ranges listed above. Now, the external bias I.. should 
be modified as follows: 

I/ 

Iii = Dt - l l x  (1 - in-runge(i, j))Dt 

where in-range is a range checking function: 

in-runge(i, j )  = 1, if assigning net i to track; satisfies 

the requirements of level, 

= 0, otherwise. 

An iterative trial-and-error routine is used to find the 
minimum number of tracks required: 

S1. Assign t with the theoretical lower bound. 

S2. Use the neural network to route n nets within a 
channel with t tracks. 

S3. If S2 can not converge to a feasible solution, in- 
crease t by one and go back to S2. Otherwise, the 
minimum number of tracks required is t. 

4. Simulation And Results 

A software is implemented to verify the performance 
of this network. All the programs are implemented in C 
language and run on a SUN/386i workstation. Typical ex- 
amples from published literature are taken for experi- 
ments. For each example, several runs of simulation loop 
are carried out and the best results are kept. The 
theoretic lower bounds are achieved in all examples. The 
detail results of these experiments are listed in Table 1. 
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5. Conclusions 

Neural network is gathering widespread attention as 
a potential candidate for the sixth generation computer. 
In this paper, one type of neural network, Hopfield net- 
work, is applied to solve the channel routing problem. 
The positive results indicate that it may also be suitable 
for other combinatorial optimization problems. 
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Fig. 3 Horizontal constraint graph. 

Fig. 4 Vertical constraint graph. 
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0 0 0 0  d 0 0 0 0  2 0  0 0 0 
3 0  0 0 0 
4 6 0  0 0 6600 

0 0 0 0  
6 0 . 0  0 0 00.00 
7 0 0  0 0 0 0 0 0  
8 0 . 0  5 0 * 0  0 0 00.00 
9 0 . 0  0 0 0.0 0 0  0 

Fig. 5 Network architecture for channel routing. 

Reference Problem # nets # columns channel our 

1 9 13 5 5 

data density solution 

2 10 12 5 5 [7]Fig.l 
3 4 7 4 4 [ll]Fig.3 

4 3 10 3 3 [ll]Fig.lO 

5 5 10 3 4* [ I  1lFig.11 
6 4 7 3 3 [ I  2lFig.8 

7 10 13 5 5 [12]Fig.9 

8 10 12 5 5 [12]Fig.l1 

9 10 12 6 6 [12]Fig. 12 

10 13 15 7 7 [I 2lFig.13 

* length of longest path in VCG is 4. 

Table 1 Experimental results. 
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