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Inversion of Geophysical Data via Simulated Annealing

Hee Joon Kim*

ABSTRACT : There is a deep and useful connection between thermodynamics (the behavior of systems with many degrees
of freedom in thermal equilibrium at a finite temperature) and combinational or continuous optimization (finding the
minimum of a given multiparameter function). At the heart of the method of simulated annealing is an analogy with
the way that liquids freeze and crystallize, or metals cool and anneal. This paper provides a detailed description of
simulated annealing. Although computationaly intensive, when it is carefully implemented, simulated annealing is found
to give superior results to more traditional methods of nonlinear optimization.
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Fig. 1. A slice through a 55-dimensional seismic objective
function associated with the problem of statics estimation.
It was made by fixing all but two unknowns with correct
value and allowing with their correct value and allowing the
remaining two to vary in a neighborhood of the true model
(after Scales et al., 1992).
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Fig. 2. Metropolis criterion shows the probability of the
energy of a system changing by an amount AE. It can be
seen that changes that lead to lower energies (AE <0) are
always accepted, but there is also a finite probability of the
system moving to higher energy states.
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Fig. 3. Simulated annealing test function exhibiting many
local minima and one good global one.
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Fig. 4. Simulated annealing test result showing all the values
the algorithm attempted starting at (1,1) before locating the
global minimum at (0,0). The diamonds indicate the coor-
dinates the algorithm followed toward the global minimum.
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Fig. 5. Particle locations during the first six stages of the
simulated annealing process in the 100 particle two-dime-
nsional system. These stages are common to both the slow
and rapid cooling processes. The initial configuration is ra-
ndom. Temperature parameters range from T*=35 to T*=10
(see Fig. 7, after Silverman and Adler, 1992).
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Fig. 6. Particle locations during the later six stages of the
slow cooling simulated annealing process. The last step is
a defect-free triangular lattice which is a global minimum
of energy density. The temperatures and number of Monte
Carlo steps per particle at each stage are given in Fig. 7 (after
Silverman and Adler, 1992).
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Fig. 7. The temperature as a function of the number of Monte
Carlo steps per particle for the later stages of both cooling
schedules. The asterisks indicate the slowly cooled system
and open circles the rapidly cooled system. The numbers
above the symbols correspond to the stages shown in Figs.
6 and 8 (after Silverman and Adler, 1992).
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Fig. 8. Particle locations during the later six stages of the
rapid cooling simulated annealing process. The last step is
a defective triangular lattice that is one of the many local
minima in energy. The temperatures and number of iterations
at each stage are given in Fig. 7 (after Silverman and Adler,
1992).
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