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L e n g t h ( u m )    W i d t h ( u m )     A n g l e

B e a m  1          5       2  0   

B e a m  2          1 0                  2                     9 0        

B e a m  3          5                    2                      0

B e a m  4          1 0                  2  9 0

B e a m  5          5                    2  0

B e a m  6          1 0                  2  9 0
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Figure 3: Flow chart for our evolutionary MEMS approach
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�� ��� of the elites (individuals
with rank 1) in the total population are directly copied to the new generation.
As the complementary mechanism of mutation, randomly generated immigrants
which are ��� in the total population, are introduced into population to preserve
diversity. The remaining �� ���� ��� individuals are generated from genetic
operations of selection/crossover. This MOGA loop iteratively searches for func-
tional designs that meet constraints and optimize performance. The concept of
Pareto optimality (Fonseca and Fleming, 1995) eliminates the use of pre-specified
or explicit weightings and makes it possible to provide multiple optimal solutions
to the decision maker. Pareto optimality also provide designers with a family



of ‘equally best’ or ’non-dominated’ solutions therefore providing more design
flexibility.

���������	 
������ 
��������� ��	 
������ �������
A fitness value is assigned to every solution to measure its quality. In MOGA,

the smaller the rank, the better the performance. We define the fitness to be the
inverse of the rank.

Since the number of beams � is a design variable in this problem, designs
with less beams have a smaller design space and thus converge faster. Designs
with more beams have a larger design space with more free variables and may
converge slower, although they may find better solutions. Given the same limited
computing time and computing power (as we let them evolve in the same run),
we found that the population tends to drift to the solutions with less beams
because these solutions converge faster. This imbalance can be accumulated with
the evolutions such that it is impossible eventually to find a better solution with
more beams. We counteract this drift by using Fitness sharing to re-distribute
the fitness among the candidate solutions with the same rank. In this paper, the
sharing function is defined as
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N   =  2

K x=  2 .00  N /m  

K y=  2 .00  N /m

S olu tion  1

N   =  2

K x=  2 .00  N /m  

K y=  2 .00  N /m

S olu tion  1

N   =  3

K x =  2 .0 0  N /m  

K y =  2 .0 0  N /m

S o l u t io n  2

N   =  3

K x =  2 .0 0  N /m  

K y =  2 .0 0  N /m

S o l u t io n  2

N   =  2

K x  =  1 .9 6  N / m

K y =  1 .9 9  N / m

S o l u t i o n  3

N   =  2

K x  =  1 .9 6  N / m

K y =  1 .9 9  N / m

S o l u t i o n  3

S o lu ti o n  4

N   =  3

K x =  1 .9 9  N /m  

K y =  2 .0 3  N /m

S o lu ti o n  4

N   =  3

K x =  1 .9 9  N /m  

K y =  2 .0 3  N /m

S o l u t io n  5

N   =  5

K x  =  1 .9 2  N /m  

K y =  2 .0 0  N /m

S o l u t io n  5

N   =  5

K x  =  1 .9 2  N /m  

K y =  2 .0 0  N /m

N   =  5

K x =  1 .9 9  N /m  

K y =  1 .9 8  N /m

S o l u t io n  6

N   =  5

K x =  1 .9 9  N /m  

K y =  1 .9 8  N /m

S o l u t io n  6
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We illustrate our approach on a design problem with a meandering spring
composed of one anchor and N beams.
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