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Abstract—In this article, we discuss an automated cir-
cuit design procedure for an analog circuit by means of ge-
netic programming. A novel analog circuit topology can
be emerged by our proposed design procedure. In our
proposed design procedure, the circuit is represented by a
netlist which uses the circuit simulator SPICE. The SPICE
netlist can be regarded as a program. Therefore, if we can
make an appropriate program, an analog circuit can be de-
signed. In order to create an appropiate program, genetic
programming method is proposed. By using the genetic
programming, we will propose an automated circuit design
procedure for an analog circuit. In this article, we will show
two experiments results that our system generates a low-
pass filter circuit and high-pass filter circuit.

1. Introduction

Analog electronic circuit design involves a complex
problem which is the design of their input-output charac-
teristic and the selection of suitable elements. The de-
sign of analog electronic circuits is difficult, and in gen-
eral, there has been no general automated synthesis pro-
cedure. Therefore, some automated synthesis algorithm
have been proposed[1]: for example heuristics, knowledge
bases, simulated annealing, genetic algorithm, genetic pro-
gramming, and other algorithm. (please refer Ref.[1].)
Koza et al. proposed an automated synthesis procedure
that used genetic programming[2],[3]. The synthesis pro-
cedure can automatically create parameterized topologies
of the desired analog circuits without circuit design theory.
The genetic programming creates a kind of program in the
LISP programming language in the form of S-expressions.
This symbolic expression has a tree structure, but electri-
cal circuits ordinarily have a cyclic graph structure. In or-
der to simulate the created circuit using a circuit simulator,

Figure 1: Objective analog filter

Type n Node#1 Node#2 Value

Figure 2: The arrangement of each row of the netlist

the symbolic expression is translated into a netlist which is
used on SPICE simulator. The SPICE simulator is the most
famous circuit simulator. The procedure, however, uses an
infinite number of devices, and therefore the scale of the
generated circuits is very large in many cases[2],[3].

Lohn et al. proposed similar automated circuit design
procedure that used genetic algorithm[4],[5],[6]. In this
procedure, the circuit is represented by a bytecode, and the
code must be decoded into the corresponding netlist. This
procedure is wanted to minimize computer time during the
genetic algorithm runs. However, the decoding process can
not be skipped, this algorithm required a large computa-
tional capacity.

In a real circuit design process, only the finite number
device can be used. In order to emerge a desired analog
circuit that uses the minimum number of actual discrete de-
vices, we have proposed an automated synthesis procedure
that uses a genetic algorithm for a simple nonlinear analog
circuit[7]. Each gene of the genetic algorithm corresponds
to a device in the analog circuit. Multiple genes are con-
nected to represent a circuit and these are called a chromo-
some. The chromosome is represented by a binary code. In
order to evaluate generated circuit, the binary code must be
translated into SPICE netlist[7]. If the gene is represented
by the component of the netlist, the decoding process is
not required. In this article, we propose an improved auto-
mated analog circuit design procedure. The procedure out-
puts SPICE netlist directly. The netlist can be regarded as
a kind of computer programming language, therefore, our
novel procedure can be classified into ”Genetic Program-
ming”. In order to confirm the performance of our novel
procedure, we try to generate some simple analog filters by
means of genetic programming.

2. System

In this article, we propose the system can emerge some
simple analog filter circuits. The objective simple analog
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Figure 3: Conceptual diagram of our proposed GA system

filter circuit is represented by a two-port circuit which is
composed of two voltage input terminals and two voltage
output terminals, as shown in Fig.1.

Since the generated circuit is simulated on SPICE in or-
der to evaluate the circuit properties, the circuit must be
described by the SPICE netlist. The SPICE netlist spec-
ifies the kind of device, the node number, and the device
characteristics. Therefore, the gene describes the SPICE
netlist. Each row of the netlist is equivalent to device as
shown in Fig.2. The circuits are composed of some de-
vices, then the coressponding devices represents into the
netlist. The SPICE netlist is regarded as a gene for our
genetic programming algorithm. In Fig.2, ”Type” denotes
a kind of device, ”n” means a serial number of the device,
”Node#1” and ”Node#2” denote the connecting node of the
device, and ”Value” represents the value of the device.

Our automated synthesis procedure is based on a class of
genetic programming. The fundamental searching ability
of the genetic programming is equivalent to genetic algo-
rithms. The genetic algorithm can be classified into one of
the most effective tools for searching for an optimal solu-
tion.

The propose system generates a desired analog circuit
topology in the following way.
Step 1 The system generates a population of initial circuits
which can be regarded as ”gene” in genetic programming.
The initial circuit has a topology and contains some devices
which are randomly selected. It is possible to generate ef-
fectively if the population has many numbers of circuits.
The system, however, requires a large computational ca-
pacity to simulate circuit property in the numerical simula-
tion. Therefore, the number of circuits within the popula-
tion is 10 in the following experiments.
Step 2 We implement an alternation of generations. In the
alternation of generation, the system computes the evalua-
tion value of each generated circuit. Each generated circuit
is described by the SPICE netlist. We analyze the charac-
teristic of the generated circuit by using a SPICE simulator,
and we calculate the evaluation value of each generated cir-
cuit by our defined fitness function. By using the evaluation
value, it fixes the ranking of the generated circuit.
Step 3 Based on the ranking result, the system generates
a new population. The circuits with high evaluation val-
ues are left, and the circuits with low evaluation values are
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Figure 4: An ideal response of a low-pass filter

eliminated. The new generation circuits are created from
the left circuits. At this moment, mutation operations are
occurred in some of generated circuits. In this article, the
mutation operations are classified into three types. One is
the operation to change the length for an elastic gene. This
operation is equivalent to fluctuating the number of compo-
nents in the circuits. When an elastic gene is stretched, the
component which is selected randomly, is added. When
an elastic gene is shortened, the component which is se-
lected randomly, is deleted. Note that the maximum and the
minimum number of components in the circuit is given, so
that the above operations occur within the range of possible
number of components. In the following our experiments,
the maximum number of components is set to 40.

The second mutation operation is changing a kind of the
randomly selected component. The value of the changed
component sets to the defined initial value. For example, In
the case where the changed component is resistor, it makes
the value of this resistor 1[KΩ].

The third mutation operation is to change the value of
the randomly selected device. It chooses the nearest value
within the E24 series.

Repeating the above procedures from ”Step 2” to ”Step
3”, the system can generate a suitable circuit. The concep-
tual diagram of the above proposed system is illustrated in
Fig.3.

Table 1: Initial configuration of experiments

Number of genes in a population 10
Number of elastic genes 3
Number of mutable genes 3
Number of left genes 2
Initial number of components 10
Maximum number of components 40
Minimum number of components 5
Number of alternation of generation 2000
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Figure 5: A specification of the desired low-pass filter. fp =

950[Hz], fs = 3200[Hz], Kp = 3.0[dB], and Ks = 20.0[dB]

3. Experiments

In this section, we introduce some experimental results.
First, a low-pass filter is generated. A low-pass filter has
the property that low-frequency excitation signal compo-
nents down to and including direct current, are transmit-
ted, while high-frequency components, up to and includ-
ing infinite ones are blocked. The ideal response of a low-
pass filter is shown in Fig.4. The range of low frequencies,
which are passed, is called the pass band. It extends from
0[Hz] to fc[Hz]. The highest frequency to be transmitted is
fc[Hz], which is also called the cutoff frequency. Frequen-
cies above cutoff are prevented from passing through the
filter and they constitute the filter stopband.

In order to design a low-pass filter, we assume that the
desired low-pass filter satisfies the following specification
as shown in Fig.5. This design specification is introduced
in Ref.[4]. The specification has some margin. The fre-
quency fp means the highest frequency that the input signal
is passed to the output potentially reduced by Kp decibels.
The band region which extends from 0[Hz] to fp[Hz], is
called the pass band. The frequency fs means the lowest
frequency that the input signal is decreased by Ks decibels.
Above the frequency fs band region is called the stop band.
In this experiment, these parameters set as fp = 950[Hz],
fs = 3200[Hz], Kp = 3.0[dB], and Ks = 20.0[dB].

In order to evaluate the property of the generated circuit,
an evaluation function is defined as

S core = − 1
N
{

∑

fi∈pass band
(Kp − g( fi))2

+
∑

fi∈stop band
(g( fi) − Ks)2},

(1)

where fi represents the frequency of the input signal, g( fi)
represents the gain which is calculated from the SPICE
simulation result. Kp and Ks are given specification, and
N denotes the number of the observation points.

The initial configuration is given as shown in Table.1.
In order to search for a suitable circuit topology efficiently,

Figure 6: The transition of evaluation value

Figure 7: The generated low-pass filter circuit

there should be a small number of left circuits upon the
alternation of generations. The operation to change the
length of an elastic gene is also for searching for a suit-
able circuit topology. The number of left genes is 2, and
the number of elastic genes is 3. Therefore, a half in the
population searches for a suitable circuit topology, and the
remainder corresponds to the optimization operation for the
circuit. Figure 6 shows the transition of evaluation value.
The horizontal axis represents the generation, and the ver-
tical axis denotes the evaluation value.

In this case, the system can discover an excellent circuit
within short term. Figure 7 shows the generated analog
low-pass filter circuit which indicates the best evaluation
value in this experiment. And, its frequency response is
shown in Fig.8.

Figure 8: Frequency response of the circuit is shown in
Fig.7
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Figure 9: A specification of the desired high-pass filter fp =

1050[Hz], fs = 320[Hz], Kp = 3.0[dB], and Ks = 20.0[dB]

Figure 10: The transition of evaluation value.

Next, we carry out other experiment which a high-pass
filter is generated. We assume that the desired high-pass
filter satisfies the following specification as shown in Fig.9.
In this case, we set the parameters as fp = 1050[Hz], fs =

320[Hz], Kp = 3.0[dB], and Ks = 20.0[dB].
Figure 10 shows the transition of evaluation value.

Figure 11 shows the generated high-pass filter circuit, and
Fig.12 shows its frequency response.

4. Conclusions

We introduced an automated synthesis procedure of an
analog circuits. The synthesis procedure can emerge the
desired analog circuit topology by using our genetic pro-
gramming. In this article, we showed two experiments re-
sults that our system generated a low-pass filter circuit and
high-pass filter circuit. The filter circuit is a kind of fun-

Figure 11: The generated high-pass filter circuit.

Figure 12: high-pass circuit050118 frequency.eps

damental functional circuit. Therefore, an analog circuit
expert designer could create a more sophisticated circuit.
However, our system can automatically create desired ana-
log circuit without circuit design knowledge.
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