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Figure 2. Effect of placing a resistor with move-to-new and cast-to-ground instructions.
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Figure 3. Evolved low-pass filter design.

“active’’ node is the current location of the cc-
bot). The newly created node then becomes the
active node. The cast-to instructions place one end
of the component at the active node and the other
at either the ground, input, output, or previously
created node. After executing a cast-to instruc-
tion, the cc-bot remains at its current location.
Illustrations of two instructions that place resistors
are shown in Figure 2.

Using a hybrid of a standard genetic algorithm
and a genetic program, we performed three experi-
ments in which the goals were to evolve low-pass
filters. A low-pass filter is a circuit that allows low
frequencies to pass through it, but stops high fre-
quencies from doing so. Below the “passband’’ fre-
quency the input signal is passed to the output,
potentially reduced (attenuated) by a specified
number of decibels (dB). Above the “stopband”’
frequency, the input signal is markedly decreased.
Between the passband and stopband the frequency
response curve transitions from low to high attenu-
ation. Filter design is a well-understood discipline
within circuit design. Its “design space’ has been

widely explored [2], which allows us to compare our

Figure 4. Frequency response of evolved low-pass filter.

evolved designs to existing designs.

In general, evolutionary algorithms are well-
suited for parallelization. In our system, circuit
simulations run as parallel processes on a network
of workstations. A host computer maintains the
population of individuals and distributes them to
worker nodes using socket connections. The worker
nodes decode the individuals into representations
suitable for the circuit simulator. The circuits are
then simulated and fitness values are calculated.
Hundreds of individuals and fitness scores are
packaged into a single message so that network
congestion delays are minimized.

The design tasks posed in our three experiments
increased in difficulty, starting first with a low-
pass filter found in an electronic stethoscope
design. Our system found a suitable circuit after
evaluating approximately 10,000 circuits. The goal
of the second experiment was to find a filter with
more stringent specifications called a 3rd-order
Butterworth filter. A circuit was found during a run
that evaluated roughly 400,000 circuits and lasted
approximately four hours using six workstations.

The third experiment had the most stringent
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specifications. We required the passband to have a
very small attenuation of 0.01dB, the stopband to
have a very high attenuation of 60dB, and the transi-
tion to occur between 1kHz and 2kHz. In other words,
the output signal should be roughly 99.8% of the
input in the passband, and 1000 times smaller than
the input in the stopband. After running for six hours
on five workstations, and completing roughly 930,000
circuit evaluations, an evolved circuit that met the
specifications was found. The evolved circuit and its
frequency response are shown in Figures 3 and 4.

Our experimental results using a new circuit-con-
structing language were encouraging. Although our
technique is topology-limited, the ability of our sys-
tem to produce useful circuits was demonstrated.
Recently we extended our circuit-constructing lan-
guage to incorporate transistors. The initial experi-
mental results were encouraging: amplifiers, which
are very common in analog design, having high gain
values were found in under six million circuit evalua-
tions. With the previous successes in evolving analog
circuits, and the encouraging results of our system,
we are optimistic that a subset of analog circuit
design tasks may be routinely accomplished by means

of evolutionary computation in the future.
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