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Automatic Circuit Design by Multi-Objective Genetic Programming
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An efficient genetic programming (GP) method which synthesizes circuits automatically for multi-objective
problem is proposed. Conventional methods like the weighting method of multiple objective functions find only one
solution which is often not enough to balance trade-offs between the functions. The proposed method finds a set of
optimal solutions which can be selected for user’s choice. The SPEA2 (Strength Pareto Evolutionary Algorithm 2) is
used to find possible optimal solutions called Pareto solutions which give no further improvement without violating
at least one objective function. Furthermore a parallel computing process using a PC cluster system with MPI is
used to reduce its processing time. The DRMOGA (Divided Range Multi-Objective Genetic Algorithm) is used to
divide the process to find Pareto solutions systematically by allocating one sub-group for each CPU. The proposed
method is applied to one test function and four circuit design examples. The results of the test function example
validated basic behaviors of the proposed method which finds a set of Pareto solutions. The results of the circuit
design examples validated applicability of the proposed method to practical problems and showed how users can

select their best solutions out of the Pareto sets.
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Fig. 1. Topology modification trees.
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Fig. 2. Element generation and parameter evalua-
tion trees.
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Fig. 4. Example tree structure and its correspond-

ing synthesized circuit.
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Fig. 5. Pareto optimal solutions.
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Fig. 8.
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Fig. 10. Division scheme by DRMOGA.
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Fig. 12. Pareto optimal solutions of the passive low-

pass filter circuit design example.
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Fig. 13.
by the proposed method.
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Fig. 15. Frequency characteristics of the synthe-
sized passive lowpass filter circuits (detail).
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Fig. 16. Pareto optimal solutions of the active low-

pass filter circuit design example.
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Fig. 17. Active lowpass filter circuits synthesized by
the proposed method.
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Fig. 18. Frequency characteristics of the synthe-

sized active lowpass filter circuits.
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Fig. 19. Test pulse signal for the NAND circuit.
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Fig. 21. NAND circuits synthesized by the pro-

posed method.
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Fig. 22. Time domain characteristics of the synthe-

sized NAND circuits.
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posed method.
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