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Calculation of optimal trajectories for fermentation processes by genetic algorithm. Kazuo
Martsuura,'* Hirovukl SuiBa,! Yataro Nunokawa,! HirosHl SHimizu,? SUTEAKI
Suiova,? and Kenicu1 Suca? (General Research Laboratory, Ozeki Corporation, 4-9 Imazu
Dezatke-cho, Nishinomiya-shi, Hyogo 663'; Department of Biotechnology, Faculty of Engineering,
Osaka University, 2-1 Yamadaoka, Suita-shi, Osaka 565%) Seibutsu-kogaku 71: 171-178,
1993. ‘

A genetic algorithm (GA) was improved in terms of mutation and was applied to obtain-
ing optimal trajectories which gave the solutions to three problems: (1) finding the optimal
trajectory of the specific growth rate for the maximum production of glutathion (GSH) in
yeast fed-batch culture at a given operation time; (2) the same as (1), but with the additional
constraint that the concentration of GSH should be higher than a certain value; (3) finding
the optimal temperature trajectory for isoamylacetate formation in batch sake brewing.
Problems (1) and (2) have been already solved by the Maximum Principle (MP), and pro-
blem (3) by Dynamic Programing (DP). GA gave sufficiently practical solutions that
correlated with the solutions obtained by MP and DP, and GA was shown to be useful for
finding the optimal trajectory with a shorter calculation time.
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(1 .Coding of control variables]
1

2.Initialization of N chromosomes
by random number generation

4
——-|3.Calculation of fitness for each chronosm;‘

l4.Selection and reproduction ’

5.Crossover

I 6’. Intrachromosomal translocation I

Fig. 1. Genetic algorithm calculation procedure.
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Fig. 2. Method of coding control variables. The

fermentation time from ¢, to { was divided into M
stages.
initialized by the generation of random numbers
and chromosomes as genes were made from the data
set of {;}. The chromosomes were altered by the
genetic algorithm, that is, by decoding the control
variables and substitution in the model, and the
fitness of individual chromosomes was evaluated.

Discrete data (1) of control variables were
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Fig. 3. Effect of intrachromosomal mutation by in-

termediate value on the optimization procedure.
The problem of the maximization of total glutathion
production was solved at various numbers of
intrachromosomal mutation by the intermediate
values indicated in the figure. The value of the
objective function by MP was taken as 100%.
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Fig. 4. Effect of intrachromosomal translocation on the
optimization procedure. Dotted lines indicate
results by MP. Solid line A shows the result by the
genetic algorithm with translocation, and solid line
B without translocation.
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Fig. 5. Effect of intrachromosomal translocation on the
maximization of isoamylacetate. Dotted lines in-
dicate results by dynamic programing (DP). Solid
lines show the results by the genetic algorithm: A,
with translocation and intrachromosomal muta-
tion by intermediate value; B with intrachromo-
somal mutation by intermediate value and without
translocation; and C without both mutation by
intermediate value and translocation.
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L Fig. 7. Calculation results of two-point boundary value
P t problem of GSH production. Solid and dotted lines
max have the same indications as those in figure 6.
e Mg (~ Fitness was defined by egs. (12)-(15).
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Fig. 6. Calculation results of two-point boundary value
problem of GSH production. Dotted lines indicate
results by MP. Solid lines indicate the results by
GA, in which fitness was defined as f=],—Cg,
where C was fixed at the values indicated in the
figure.
location were employed in this calculation.
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BRI A FF VEEYREBCTAREEHEDD
LB ERYREAET S AR RERE, BLKy
AW BEOREE 7 &« A\ TRER T SO/
1 V7 I VBEYRARTAMEYHE, BERH7
NI ) X ADERAEERE L.
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A V7 IANDOMEDFAF I 270753 VIR
IR LT, BEH7T AT XATIIVTRY
BIERBOBEYEARRACER TE .

3. EEMTATY XALEWT, HEEETFOH
OHEE R Y, WHOREGTF OROHEER O PHEIE
ERDTRBERRERYEA LI L Z A, HERRM
AR, KA2RE L ehRERAERYFE 7
P ADBHELERWTERTHEZ EBXFBEIH
toe ZA8FA VOB TREE WS —D2DLEMA
L CEREFH AR L 2BIELfTofcZ Lind D,
IDELWEENELh. L L, SEERS Y
7 IADBBETIINZ > CEBRTH 7.

C =

C : coefficients, —

f  : function represented relation between state vector
and control variable vector

Ji: fo f; ¢ fitness, —

G : generation, —

IA4 : isoamylacetate concentration, g-IAA/l-sake

J  :objective function

J1 : objective function on optimization procedure of
glutathion, g-GSH

J2 :objective function on optimization procedure of

isoamylacetate, g-isoamylacetate/!

M : number of stage, —

n  :number of reproduced individuals, —

N  : number of total individual, —

p  : glutathion concentration in cell, g-GSH/g-cell
P : ethanol concentration in sake, g//

~

:time, h

u  :control variable

V  :volume of broth on fed-batch culture, [
x  :cell concentration, g/

X . state vector

&, Bo, ka, k4, Yiaap : constants

tion in yeast and the set value, g-GSH/g-cell
¢ : specific growth rate, h™!
f. :optimum specific growth rate for maximum specific

glutathion production rate, h™!

0c : specific glutathion production rate, g-GSH/g-
cell.h™!

< subscripts)

i, j : counter variable

0  :initial

f : final

max, m : maximum

min : minimum
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