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Genetic Programming with Weighted Linear Associative Memories and
its Application to Engineering Problems

Yun-Seog, Yeun*

ABSTRACT

Genetic programming (GP) is an extension of a genetic algoriths paradigm, deals with tree
structures representing computer programs as individuals. In recent, there have been many
research activities on applications of GP to various engineering problems including system iden-
tification, data mining, function approximation, and so forth, However, standard GP suffers from
the lack of the estimation techniques for numerical parameters of the GP tree that is an essential
element in treating various engineering applications involving reai-valued function approximations.
Unlike the other research activities, where nonlinear optimization methods are employed, I adopt
the use of a weighted lincar associative memory for estimation of these parameters under GP al-
gorithm. This approach can significantly reduce computational cost while the reasonable accurate
value for parameters can be obtained. Due to the fact that the GP algorithm is likely to fall into a
local minimum, the GP algorithm often fails to generate the tree with the desired accuracy. This
motivates to devise a group of additive genetic programming trees (GAGPT) which consists of a
primary tree and a set of auxiliary trees. The output of the GAGPT is the summation of outputs
of the primary tree and all auxiliary trees. The addition of auxiliary trees makes it possible to im-
prove both the leamning and generalization capability of the GAGPT, since the auxiliary tree
evolves toward refining the quality of the GAGPT by optimizing its fitness function. The ef-
fectiveness of this approach is verified by applying the GAGPT to the estimation of the principal
dimensions of bulk cargo ships and engine torque of the passenger car.

Key words : Genetic programming, Weighted linear associative memory, Primasy tree, Auxiliary
tree, Group of additive GP trees
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Table 1. Parameters used in GP algorithm for the prin-
cipal dimensions of bulk cargo ships

population size 2000
initial depth of trees 2-3
Casel 10
allowable maximum nodes of trees Case2 30
Case3 60

maximum generation for primary trees 40
maximum generation for auxiliary tree 40

selection method ::il:hmazlgc?rtees
reproduction  probability 0.3
crossover probability 0.65
mutation probability 0.05

d (See section 4.) 15

g (See section 4.) 15

D, in equation (5} 0.001

a, in equation (10) 09

maximum allowable iteration number
for recursively modifying matrix M(See 4
equation (8).)
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(C) Ermror landscapes of the GAGPT for depth D of bulk cargo ships.
Fig. 3. Ermor landscapes of the GAGPT for the principal
dimensions of bulk carge ships. Here, the meas-
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Table 2. The results of GAGPTS that are found as the best ones in the perspective of the generalization capability

Principal The Primary Tree in the GAGPT The GAGPT with Auxiliary Trees
Dimensions Learning Error Test Error #Auxiliary Trees Learning Error Test Etror
Ly (Case2) 0.017539 0.024897 2 0.012836 0.021502
B(Case3) 0.018843 0.032048 4 0.011786 0.028071
D(Casel) 0.019775 0.024044 14 0.00448}) 0.018340
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Fig. 4. Static engine torque curves. Note the curve
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Fig. 5. Learning results of the GAGPT with two aux-
iliary trees for the estimation of engine forque.
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