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The implementation of the classical simulated annealing algorithm on neural networks has given
rise to Boltzmann machines, a model that finds its major applications in a variety of learning [1] and
combinatorial optimization [2| tasks. We present a new connectionist model based on the algorithm
known as microcanonical annealing [3] which is efficient and easy to implement.

The basis of microcanonical annealing is the Creutz criterion [4]. This algorithm introduces
an extra degree of freedom, a “demon”, carrying a variable amount of energy Ep. At every time
t =0,1,2,..., a transition to a new state s’ is proposed. If the change AE = E(s") — E(s) in
the energy of the system is negative, then the transition is accepted and Ep is increased by |AE|.
Otherwise, the transition is accepted only if Ep > AE; in this case Ep is decreased by |AE|.
This procedure amounts to a random walk through a surface of costant energy Ep = E(s)+ Ep. To
approximate the uniform distribution on this surface, the Creutz criterion satisfies a form of detailed.
balance. Microcanonical annealing is accomplished by a procedure that periodically removes energy
from the demon. The resulting process can be modeled by a Markov chain whose transition matrix
depends upon Ep. Because of the deterministic character of the Creutz algorithm, the annealing
process causes an increasing number of transitions to occur with zero probability. This prevents
the probabilistic convergence of microcanonical annealing on the global minima of E. In the neural
implementation, at every time t the demon chooses randomly an unit and attemps to flip its state
following the Creutz criterion. The change in energy AE, for-unit u;, is given by the usual formula:

AE = (23,' - 1) (2": W85 — T.')

where w;; are the (symmetrical) weights, 7; is the threshold and s; € {0,1} for i =1,2,...n.

As a test bed for the algorithm, we have given a 0-1 formulation of the (NP-complete) graph
bipartition problem. Every graph of m vertices is mapped on a net of 2m units, where each vertex v,
is represented by an ordered couple (u;,u!) of units. A configuration of the net is a feasible solution
to the problem only when the following three conditions are simultaneously satisfied:

() Yosish=0, (i) Yos=T, (i) Yosi=13.

Some weights of the nets are fixed by the problem instance, the remaining ones are chosen in order
to assure that: (P1) every solution of the problem corresponds to a local minimum of the energy
function of the net; (P2) the lower the cost of a solution, the lower the energy of the corresponding
configuration. For this combinatorial problem, simulations show that microcanonical models and
Boltzmann machines obtain similar results on networks of 128 units. However, w.r.t. the Metropolis
criterion, which is the basis of classical simulated annealing, Creutz algorithm is computationally
less expensive and therefore faster and suitable for an implementation on fine-grained architectures
like the Connection machine.
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