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Abstract  This paper presents a novel approach to analog module placement with genetic algo-
rithm. The bit-matrix encoding is employed to improve search efficiency. It uses the principle of
the divide-and-conquer technique, which allows the genetic algorithm to generate new configura-
tions faster without degrading its search result. The idea of module slide is adopted to transform
the absolute placement to the relative placement. It drastically decreases the configuration space
without degrading search opportunities. Inspired by natural phenomena, similarity checks be-
tween the mating parents and between either parent and offspring are performed to improve the
quality of evolution. They prevent the search from premature during the reproduction. The dedi-
cated cost function covers the special requirements of analog integrated circuits. A fractional fac-
torial experiment is conducted using an orthogonal array to study the algorithm parameters. A
meta-GA is applied to determine the optimal parameter values. The fractional factorial experi-
ment shrinks the configuration space so that the meta-GA can complete a search more efficiently.
The Algorithm with optimized parameters is tested with several local benchmark circuits. The ex-
perimental results show this promising algorithm makes the better performance than the conven-

tional simulated annealing approach with the satisfactory results comparable to manual place-
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ment. It considerably improves the design efficiency.
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BMGA Dy ACRS S35 JAE R BT,
Algorithm BMGA.
(M the population size)
Begin
1 input module geometry and net-list;
2 initialize the first population randomly;
3 slide each member and evaluate the fitness;
/% fitness 2 WF N H B o B 1B 5L % /
4 while not (stopCriterion()) / * J Wi 5% 0 @2k A6 L
T A5 45 0, 45 1 2 I R AE — A FIUE 3R 10 3
SEARH A R B A Bk AR e 1 A A B AT
e %/
5 foreach (M % crossoverRate)
6 while (similarityl (two chosen parents)) / * #f
LR AT 1, B A 7 5 AN Bl R R e A
I3 AARL, A5 2 W B AT 3 T IR R ) Bkt x /
7 choose the first parent based on the rank selec-
tion; / « 55— XUR AL I H A5 45 2%
PR H AR« /

8 choose the second parent randomly;
9 endwhile

10 do crossover operation to generate one offspring;

11 do mutation operation on the generated offspring;

12 do inversion operation on the generated offspring;

13 slide and evaluate the fitness of the generated off-

spring;

14 if (similarity2(offspring and each parent)) / *
AHALPEAS B 2, BAS o A2 15 A XS i 4 AH
8L, 3 H H b o6 B /N T B8« /

15 replace the similar parent with the offspring;

16 endif

17 endfor

18 choose the best M members among the former

members & new generated offsprings and
set them as the new generation;

19 endwhile

20 output the best member;

End
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Algorithm meta-GA ()

(M ; the population size)
Begin
1 set the generation sum as 100,and M as 20;
2 initialize the first population randomly;
3 evaluate the fitness; / »* fitness 2 XN H ¥x 6 2
UERIORETE- '
4 while not (stopCriterion())
/o JA T SVE IR A R A A R, S A R A —
ANTHLSE F8 5 I 3 R A K A 48 R e Ak e B3R T
1 BEA AR ERAT 58 5 = /
foreach (M)

6 make two random trials and select two parents

al

from the population with the probability pro-
portional to fitness;

7 perform crossover by selecting each parameter
randomly from either parent with equal prob-
ability;

8 mutate offspring with the probability of 0. 8 by
selecting a parameter at random and adding
to it a random number within the range of
[0,10];

9  endfor

10  choose M individuals with the largest fitness a-
mong the combined set of parents and off-

spring;
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11 endwhile

12 select the fittest set of parameters from the final
population;

End
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