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Process Optimization Formulated in GDP/MINLP
Using Hybrid Genetic Algorithm
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(Sang-Oak Song, YoungJung Chang, Kuhoi Kim and En Sup Yoon)

Abstract : A new algorithm based on Genetic Algorithms is proposed for solving process optimization problems formulated in MINLP, GDP and
hybrid MINLP/GDP. This work is focused especially on the design of the Genetic Algorithm suitable to handle disjunctive programming with the
same level of MINLP handling capability. Hybridization with the Simulated Annealing is experimented and many heuristics are adopted. Real and
binary coded Genetic Algorithm initiates the global search in the entire search space and at every stage Simulated Annealing makes the candidates to
climb up the local hills. Multi-Niche Crowding method is adopted as the multimodal function optimization technique, and the adaptation of
probabilistic parameters and dynamic penalty systems are also implemented. New strategies to take the logical variables and constraints into
consideration are proposed, as well. Various test problems selected from many fields of process systems engineering are tried and satisfactory results

are obtained.

Keywords : genetic algorithms, simulated annealing, MINLP, GDP
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X, —0.8x,<0, x,-04x,20, x,-5x,<0, x,-2x,20

¥y e
{exp( x,)— x,l-O}v!},mﬁ:O:i
¢ =5 ¢ =0
v -,
exp(x,/1.2)-x,-1=0 v[xszxézol
{ ¢, =8 ‘| ¢, =0
¥, -l
{145% =X+ X, ~0:'v[xv =0, x,= x,l
=6 ¢, =0
4 Y
{1.25(% 3, )%, —Oijv{xm =X, =X, —0}
¢, =10 ¢, =0
Y, —¥
{xﬁ =2, —O]v{x‘ﬁ =X —0}
¢, =6 ¢, =0
¥ -
{exp(xz,,/lj)x,., -1 =0}v{xm =X, :0}
¢, =7 Co =
Y, -,
{exp(x )-xy, -1= O}V{XZ X, —0}
¢, =4 ¢, =0

% -k
CXp(xlx)~xm~xl,—|:O V| Xy =X, =X, =0
=5 ¢ =0

= [0, 1,-10,1,-15,0,0,0, 40,15,0,0,0,15,0,0,80, —65,25, 60,35, -80,0,0, -35]
x,¢, 20,7, e{True,False},i =1,2,..,25,j =1,2,...8
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o] FAl= tg3} Zo] w-MIP crteria S #-835ta] 3 79
disjunction & Ao 2 vl 4= 9k o] u ol FFa}
= 3709) Boolean MFE-L binary BTEE v A 1, 2
A#RZ dolxe A= GDP ¢ MINLP 7 2¢e e
UERAl "lri21].

[.5x, —x, +x,0 = 0;¢, =6,
1.25(x, +x,)—x,; =0;c, =10y,
X5 ~2x,, =050 =6y,
v, e{0,1}.i=1,2,.,25;=12,..8
VAV Yty 20, —y, by, +ys20
NV =vi20, v+y,-y,20, y+y,—-ys20
=¥+ 320, -y, +y,20
Vit Y+, 20, v,—y,20, y,—y,20
Ay =l ytye=1l yo+y, =1

23
GA/SA T[2[a]E] :  Population Size: 500

Generation Number: 100

Number of runs: 30

SA Tteration Number: 50
Z™M5 : Y=FT,ETETET)
X=(4.428, 0, 0, 4.428, 2.03, 0.787, 0.444, 0.343, 0, 0.343,
1.243,1.243,2.011, 0.366, 0, 0, 0.598, 0.663, 2.011, 1.653,
0,0, 1.653, 1.287, 0.598)
Z=71.485
Y=FETETETET)
X *=(4.294, 0, 0, 4.294, 2, 0.667, 0.203, 0.464,0, 0.464,
1.333, 1.333, 2, 0.267, 0, 0, 0.58, 0.715, 2, 1.648, 0, 0,
1.648, 1.381, 0.58)
Z*=68.01
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