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Problem formulation

Input: Cxi = cost of arc x→ i

Bx = cost of node x

γxi =

{
1 arc x→ i does not exist
0 otherwise

source node s and destination d

•

•

•

•



Problem formulation

Output:

   will indicate a cycle consisting of the 
shortest path from    to     and the arc 
from     to   .

V
s d

d s

Vxi =

{
1 arc x→ i is on output cycle
0 otherwise



the stable state when none of the neuron’s output voltage
changes by 1023.

Here the application of neural networks to the routing
problem has been motivated by the idea of taking advantage
of the powerful computational ability of the neural network
and the fact that a hard-ware implemented neural network
achieve high response speeds. Hence the maximum number
of nodes to obtain feasible solutions cannot be determined

exactly unless neural networks are hardware implemented
and tested. In our simulation experiment, when the number
of nodes are more then 30, the execution time for the
simulation to converge to feasible solution is high. The
reason is that the neural network simulation program run on
a sequential machine, which otherwise will take less time, if
neural networks are implemented using hard-ware, which is
beyond the scope of this work.

The value of l is varied to see the effect on the network
computation time and the quality of the solution. In case of
8-node network a value of 1 was adequate. In case of 30-
node network it was found that for a compromise between
the speed and the quality of the solution l should be in the
range [10,…,30]. Any value outside this range degraded the
performance or the speed of computation. Thus the value of
l is dependent on the number of nodes. The value must be
tuned by the application requirement in terms of the quality
of the solution and the speed of the application.

7. Conclusion

The shortest path algorithm working on the well defined
neural net architecture of Hopfield and Tank is simulated,
with a different energy function formulation. The guidelines

Fig. 5. First example of eight node SP problem solved numerically.

Fig. 6. Second example of eight node SP problem solved numerically.

Fig. 7. First example of 30 node SP problem.
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A⇒EMinimize

A⇒ solve SP!



Parameter requirements

2α4 > α5

α2 = α6 ! α1Cmax + α3Bmax

α1 < 2
α4

Cmax

α3 < 2
α4

Bmax



Network formulation

• Hopfield net

• Each ordered pair of input vertices 
(possible directed edge) gets a network 
node



Network formulation
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output of node
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bias of node
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α3
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(Vxy − Vyx) + α4
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duxi

dt
= −uxi

τxi
− α1
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Cxi(1− δxdδis)−

α2
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γxi(1− δxdδis)−

α3

2
Bx(1− δxdδis)− α4

n∑

y=1,y !=x

(Vxy − Vyx) + α4
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y=1,y !=i

(Viy − Vyi)−
α5

2
(1− 2Vxi) +

α6
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duxi

dt
= −uxi

τxi
+

n∑

y=1

n∑

j=1,j !=y

Txi,yjVyj + Ixi



Txi,yj = α5δxyδij − α4δxy − α4δij + α4δjx + α4δiy

Ixi =

{
α6−α5

2 if (x, i) = (d, s)
−α1

2 Cxi − α2
2 γxi − α3

2 Bx − α5
2 otherwise
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Simulations

• Always “valid solutions” within 4-8k 
iterations



Simulations

• Always “valid solutions” within 4-8k 
iterations

• No real-time performance metrics…




