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1 Introduction

Physical annealing is the process of heating a metal until it melts, then
cooling it slowly. The purpose of physical annealing is to produce a strong,
defect-free crystal with regular structure. When the material is hot, the
atoms are in a higher energy state and rearrange themselves more easily.
As the temperature drops, the atomic energy decreases, and the atoms do
not rearrange as easily. Slow cooling allows the material to reach a state of
minimum energy, which is its crystalline form.

Simulated annealing(SA) is a random search technique which exploits an
analogy between physical annealing and solving an optimization problem. A
solution to the optimization problem corresponds to a state of the material,
the value of the objective function for a particular solution corresponds to
the energy associated with a particular state, and the optimal solution to
the problem corresponds to the minimum energy state.

Simulated annealing is an iterative algorithm. During each iteration the
current solution is randomly changed to create an alternative solution in
the neighborhood of the current solution. If the value of the objective
function for the new solution is less than the value of the objective
function for the current solution, then the new solution becomes
the current solution. If the value of the objective function for
the new solution is greater than the value of the objective func-
tion for the current solution, then the new solution becomes the
current solution with probability e 2/7, where A is the difference
between the values of the objective functions and T is the current
”temperature”.

Why would we want to move to a solution that is inferior to one we have
already found? The reason is that the solution space usually have local
minima. We don’t want the algorithm to settle too quickly into a local
minimum. When the temperature is higher, the algorithm can easily ”climb
out of” local minima. When the temperature decreases, the probability of
doing so is reduced (refer to the following figure).

2 The Traveling Salesman Problem TSP- using SA

A C program which randomly generates coordinates of points (cities) and
computes the shortest tour is used to illustrate simulated annealing. This






program uses the OpenGL and the GLUT for visualizing the progress of the
algorithm.

A screen shot showing the initial configuration of the problem with 200
points appears below.

Simulated annealing is not guaranteed to find optimal solution. In fact,
the same algorithm using different streams of random numbers may con-
verge on to different solutions. A second screen shot after the algorithm has
progressed somewhat shows clear improvement.

It should be emphasized that the choice of cooling function can have much
effect on the performance of the algorithm. A poor function may cause a
simulated annealing algorithm to find a poor solution. In this implementa-
tion we are using a very simple geometric cooling function:

Tyr1 = 0.999 + T,



3 Room Assignment using SA

Given n, an even number of college freshmen, our goal is to assign them to
n/2 rooms in a residence hall so that interpersonal conflicts are minimized.
Every student has completed a survey, and a computer program has pro-
duced a table of ”dislikes” -in other words, the value of entry (i,j) of the
table indicates the extent to which students ¢ and j are likely to get on each
other’s nerves. The value of entry [i, j| equals the value of entry [j,].

double dislike[N][N] = {

0.00, 4.42, 2.63, 6.54, 4.21, 0.23, 7.65, 9.92, 0.53, 1.17,
4.38, 6.95, 8.10, 1.56, 5.45, 8.55, 2.60, 2.53, 8.03, 5.16,
4.42, 0.00, 9.14, 9.47, 9.16, 6.98, 0.74, 1.92, 0.70, 5.15,
3.01, 0.72, 6.38, 7.12, 9.24, 5.70, 1.11, 4.14, 3.62, 1.42,
2.63, 9.14, 0.00, 2.50, 5.38, 0.55, 6.74, 0.75, 8.18, 5.46,
1.46, 6.86, 5.10, 7.69, 9.47, 1.41, 6.69, 7.54, 7.66, 0.32,



6.54, 9.47, 2.50, 0.00, 2.80, 3.44, 4.76, 6.57, 1.35, 8.74,
6.67, 3.72, 9.58, 9.65, 9.78, 0.68, 1.85, 4.83, 0.76, 4.97,
4.21, 9.16, 5.38, 2.80, 0.00, 7.84, 4.21, 8.69, 3.43, 3.41,
7.90, 0.30, 2.86, 1.79, 1.55, 2.64, 5.81, 8.76, 7.66, 4.58,
0.23, 6.98, 0.55, 3.44, 7.84, 0.00, 7.27, 9.87, 4.80, 3.54,
0.92, 0.32, 2.63, 8.71, 8.60, 6.38, 4.43, 4.54, 5.23, 6.64,
7.65, 0.74, 6.74, 4.76, 4.21, 7.27, 0.00, 6.23, 8.14, 4.34,
9.47, 8.50, 1.66, 5.62, 0.96, 9.07, 3.74, 6.74, 2.78, 4.36,
9.92, 1.92, 0.75, 6.57, 8.69, 9.87, 6.23, 0.00, 5.24, 2.99,
8.60, 4.27, 0.05, 3.85, 8.33, 0.22, 6.84, 6.08, 4.26, 6.90,
0.53, 0.70, 8.18, 1.35, 3.43, 4.80, 8.14, 5.24, 0.00, 6.08,
5.23, 8.95, 7.78, 7.13, 7.96, 0.05, 2.29, 3.55, 5.21, 9.86,
1.17, 5.15, 5.46, 8.74, 3.41, 3.54, 4.34, 2.99, 6.08, 0.00,
3.65, 3.01, 3.41, 9.64, 0.19, 9.85, 8.86, 9.79, 8.63, 7.63,
4.38, 3.01, 1.46, 6.67, 7.90, 0.92, 9.47, 8.60, 5.23, 3.65,
0.00, 7.35, 4.76, 3.83, 3.98, 0.08, 4.33, 8.08, 5.21, 3.40,
6.95, 0.72, 6.86, 3.72, 0.30, 0.32, 8.50, 4.27, 8.95, 3.01,
7.35, 0.00, 5.11, 3.21, 1.83, 7.06, 5.54, 6.32, 3.86, 6.91,
8.10, 6.38, 5.10, 9.58, 2.86, 2.63, 1.66, 0.05, 7.78, 3.41,
4.76, 5.11, 0.00, 4.30, 1.82, 3.80, 7.64, 4.74, 0.48, 3.27,
1.56, 7.12, 7.69, 9.65, 1.79, 8.71, 5.62, 3.85, 7.13, 9.64,
3.83, 3.21, 4.30, 0.00, 8.40, 0.10, 4.91, 1.45, 5.98, 7.40,
5.45, 9.24, 9.47, 9.78, 1.55, 8.60, 0.96, 8.33, 7.96, 0.19,
3.98, 1.83, 1.82, 8.40, 0.00, 6.44, 1.06, 2.25, 9.04, 5.05,
8.55, 5.70, 1.41, 0.68, 2.64, 6.38, 9.07, 0.22, 0.05, 9.85,
0.08, 7.06, 3.80, 0.10, 6.44, 0.00, 2.13, 2.21, 2.37, 0.91,
2.60, 1.11, 6.69, 1.85, 5.81, 4.43, 3.74, 6.84, 2.29, 8.86,
4.33, 5.54, 7.64, 4.91, 1.06, 2.13, 0.00, 1.04, 9.82, 2.25,
2.53, 4.14, 7.54, 4.83, 8.76, 4.54, 6.74, 6.08, 3.55, 9.79,
8.08, 6.32, 4.74, 1.45, 2.25, 2.21, 1.04, 0.00, 7.95, 9.86,
8.03, 3.62, 7.66, 0.76, 7.66, 5.23, 2.78, 4.26, 5.21, 8.63,
5.21, 3.86, 0.48, 5.98, 9.04, 2.37, 9.82, 7.95, 0.00, 9.17,
5.16, 1.42, 0.32, 4.97, 4.58, 6.64, 4.36, 6.90, 9.86, 7.63,
3.40, 6.91, 3.27, 7.40, 5.05, 0.91, 2.25, 9.86, 9.17, 0.00

-
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