Analog Circuit Design with a Variable Length Chromosome

Shin Ando Hitoshi Iba

Un iv. of Tokyo , Un iv. ofTokyo ,

Bunkyo - ku Hon go , Bunkyo - ku H o n g o ,

Tokyo, Japan Tokyo, Japan

an do@miv.t.u - tokyo.ac.jp iba@miv.t.u - tokyo.ac.jp

Abstract - T his paper proposes a system of evolving

analog circuit s based on a variable length chromosome.

M ethods featured here are the chromosome of a

component list, the multi - stage evolution , and the

pressure on the circuit size . A s et of experiments are

described in this paper � to confirm the system ´ s

robustness, t he scalability as to a circuit , and the

effieciency on time and the memory comsumption . The

first experiment shows the robustness supplied by the

evolutionary method. The second one compares several

types of chromosome implementation schemes . We also

provide experiments to evaluate the multi - stage and

scaling method s .

1 Introduction

This paper describes a system of analog circuit evolution

using a variable length chromosome. The feature of this

system will be verified thr ough a set of simulated

experiments .

The re are several reasons why the evolutional method has

been introduced to circuit design problems. One is to utilize

its creativity to derive a new function or topology . Also, the

adaptation through the adjustment of circuit parameters is

very useful in the field of analog circuit design because of

the reason described below.

One of the largest defects of the analog system is its

inaccuracy. When an analog circuit is implemented as an

integrated circuit, circuit compo nent values inevitably differ

from the designed specification. This is caused by the error

in the component producing process and a number of

environmental factors such as temprature, which is quite a

large obstacle for designing and manufacturing a precis e

analog device. To realize a strict specification for analog

devices, complicated and empirical designing processes are

required. The countermeasures for the above variation, such

as redundant implementation and linear adaptive filters,

require complicate d method and much human experience.

We expect to solve this robustness issue and add

efficiency to the analog circuit design using Evolutionary

Analog Circuit. It is an analog Evolvable Hardware, (i.e.,

EHW) system includ ing a linear chromosome implementat ion , which can also make possible the circuit

scalability and multi - stage evolution.

In evolving a circuit with EHW system, only its

response is evaluated and the variance in each compone n t ´ s

value is supposed to be absorbed through the adjustment of

topol ogy and parameters. In this manner , the robustness

against the component variance can be achieved.

Forthe sake ofthe application of the evolutionary method

to the circuit design, s everal chromosome representaion

schemes have been proposed for the circuit structure.

Genetic Programming uses a tree - representation. J. Koza

evolved a circuit creating program for a series of

complicated circuits using GP [4] . A matrix representation

for the circuit structure was proposed by Kitamu ra et al. and

they succeeded in evolving several analog filters [6] . Its

defects are the requirement of preliminary knowledge as to

the objective circuit size and complexity. A linear circuit

creating program implementation was used by J.D.Lohn for

analog circuit synthesis [13] .

In the study of EHW, many analog chips have been

developed. One developed by ETL is an analog EHW chip

for IF filter, which is designed for the specific purpose, and

is capable of precisely correcting the preliminary error of

the chips. There are also chips whose topological creation

is allowed. TRAC chips and MPAA are examples of

programmable series ofoperational amplifiers [9][15].

Based upon these conventional approaches , we take the

method s bellow to feature an automatic circuit design and

manufacture in Evolutionary Analog Circuit :

· List based chromosomes .

· Multi - stage evolution .

· Size reduction .

We conduct the following experiments, in order to show

the effectiveness of the above methods:

· Noise and error absorption .

· Comparison with other representations .

· Division of topology and parameter evolution.

· Pressurizing Circuit Size.

2 System Architecure

In the anlalog circuit evolution by EHW, the topology and values of circuit compo nents are adjusted through genetic operations. GA will evaluate each circuit and find the closest responsewith avalilable components.

The system of Evolutionary Analog Circuit is shown in

Fig. 1 .

Fig. 1 :St ructureof EvolutionaryAnalog Circuit

It consists of reconfigurable hardwaresand GA simulator.

Hardwares are resistors and capacitors with programmable value and layout. The evolution proceeds asfollows:

1. I nitial population is prepared.

2. Circuits are modi fied using genetic operation.

3. The phenotype is implemented on the hardware.

4. Responsewith noise isobserved.

5. Responseis evaluated based on the spec ification .

6. Inferior individuals are excluded fromthe population.

7. Return to 2.

These are basic steps for gen etic algorithms. Through the repetition of adjustment and feedback, the precise specification can be achieved .

3 GA Simulator

This section describes the details of the GA simulator.

3.1 Chromosome Implementation

Our chromosome is a component - list representation .

This chromosome consisits of genes which represent circuit components and are variable in length. Th e phenotype and the genotype are shown in Fig. 2 .

The components are described with type, value, and location. In describing the location of a component, we have used MessyGA method which was proposed by

Goldberg to prevent GA from falling into a local solution [2] . Zebulum also used this representation in the synthesis of active filters. [10]

Each gene holds an allele for type, location and value parameter. The location is described by a pair of integers,

representing a pair of nodes that the component is connected to. Alleles for components ´ types areR, C, L, N, and O which represent resisitors, capacitors reactances, connected nodes, and open nodes, respectively.