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Abstract

In terms of waste load allocation, inequality of waste load discharge must be considered as well
as economic aspects such as minimization of waste load abatement. The inequality of waste load
discharge between areas was calculated with Gini coefficient and was included as one of the
objective functions of the multi-objective waste load allocation. In the past, multi-objective functions
were usually weighted and then transformed into a single objective optimization problem.
Recently, however, due to the difficulties of applying weighting factors, multi-objective genetic
algorithms (GA) that require only one execution for optimization is being developed. This study
analyzes multi-objective waste load allocation using NSGA-II-aJG that applies Pareto-dominance
theory and it's adaptation of jumping gene. A sensitivity analysis was conducted for the parameters
that have significant influence on the solution of multi-objective GA such as population size,
crossover probability, mutation probability, length of chromosome, jumping gene probability.
Among the five aforementioned parameters, mutation probability turned out to be the most
sensitive parameter towards the objective function of minimization of waste load abatement.
Spacing and maximum spread are indexes that show the distribution and range of optimum
solution, and these two values were the optimum or near optimal values for the selected parameter
values to minimize waste load abatement.

Keywords : waste load allocation, Gini coefficient, multi-objective genetic algorithm, sensitivity
analysis, spacing

Corresponding Author: Jae-Heon Cho, Department of Health and Environment, Kwandong University, 522 Naegok-Dong, Gangneung, Gangwon-
Do 210-701  Tel: +82-33-649-7534  Fax: +82-33-647-7539  E-mail: jhcho@kd.ac kr



74 HAFSYIL H22H M 6E

LAZE
AEA0 2 shHeA Y ARk (Waste
Load Allocation, WLA)S ¢J8l|A AdA S, B4

FADH, FAAYH 59 o7 7k A 57|H o]
oj-g&o] gk, Ffoll= FHAL e FE (Genetic
Algorithm, GA)&= 317 o] &5 ek (@A E,
2013; Cho et al., 2004; Kerachian and Karamouz,
2007). FAGLZo A= FALISH HAYH 27
WA 25 A=gtef s FREAAE AE
staL, e} sAHolof| osf A=A 7 HEof A
ot At A8 ] 18 U A ZiAlE =EA
AA 2L A7 ThEolA] AL, ol Al $of 7}
% $0 QAR S0l AAalE 72 5 ek
o] THoIH TolEE, Eeluo] B, A o]
of whetx) 7k RIS HEhw st Sepn Hashe] o
3RS o EA AL o]AE 2009; Gen and Cheng,
1997). ol2|gk A3 4% Tt EAF
of wAIAY, B thEa] FA4go] wAotlet
T 7S AEeA de5A HAsheA = Hek
oF v A8ttt o|FA A= thEA] 2%
£ FAgste 4ol A8l 72171 rlA|
9gko| ATt tA o] 9L, JMEAE HED
(normalize)sh= W Q] A AAX = o HTH(F+HEY
5 2006). o= shute] ARkl tisiA 71
gt slE ok Wl Al Hloju of 2] 7HA] £
5 o Aoz HAgIsh= thgA] GAZLH
o, 7470 HAZeE = ARE-SH
APSE AT 9 (rank) & A5to] HA|
3 a w} 2| = ParetoA] s
283t 7|50l
=3 oA Hiss 5, 2007; Van Veldhuizen and
Lamont, 2000). & %l 4= Deb(2001) ©] 7%
s1o] T2 GA FolH QA OE Bol FeED
9= NSGA-II S 7§48 A jumping gene HH-S
et NSGA-1I-aJG(Bhat et al., 2006)& ©]&
A thEA] 22 shEAlE s A sttt NSGA-TT=
TR FEAMAE BAA71 L, e} B
£ FoiA AR AR AT

rr —1>

SEuete] A e A7
1ol 2012)01%1 Xﬂ*l }—t—

W
)
)
4
At
r {
o,

101'

n&

-

of

ol
>k
oft

iy

z

rE

o flo

oZ;

ol
=
E
o?d,

R
e lo ot
>

2 N

1o
)

ot me mv oft {1 kL

R
n
iy o
>
el
Lo
%
=

d
i)
o
=
e
ot
=2
=
)
%
S
é
)
o
[11}{e3
ol
oft
_(?L
rir
=
o

>
N
N

R
)
=L
)
o
ok
oft
iz
rlot
o,
op
ot
o
0
oX
of
ol
ALY
il

S
>
=)
2 o
=
)
o
2

. By o

of

> \‘3 ok
-

=
b
b

do fr o
12 ok

T=Z

wE o R
i)
)
oo
jiatd)
ol
o
9%
=
;
>
)

1 Jo i d

i
e 4
B
Jo
:
oL
N
2
1
o
offt
ne
et
=
o

oyl
ofr
ol
Ir
©,

ok
T
> T
OI[‘I E:L = il
o o nf
o Ty
L > W
T E
offt o
Z e
a2
ol
T
oE
te do
o 12
o £
ol
N
w1
2%
Boox

e of
ofd
jus)
N
)
o
ek
oft
jiatd)
o
(ot

o offl
ol
o

re 4
oh

v
et
oft

of
ol

1o

o

E ©

o

fu
rE o

—Hz

O

re
-
=
S
rlr
>
[2ad

o 2 o2

1o
<
off

_|OL'

e
2o S

=
%,
_O‘L
ot
o,
B}
o
ol o
N

B
12

&Y

d 2]

%B‘HH ot
348 2 2ol

J
d

oo (o ox
_—Q‘ Hr o rix
ol
1o o ne
it
',

O

tlo
o
o2
—{m
ol
_ﬁ
m°"

<
=0
H @f'ﬂJ

l.o (<
ol
i
Hu
-
°
_Z:
}o
of
i‘(:
;q?.
m°1'

X;
Mo
é
l

B>

b

. o mg

°H** el 01&‘741% A eARIFIY =
2 YA FARA G Mgt A GA
ol HH7H%¢7P 22 efo]) 2 47 Lé 1 HH—‘EOﬂ wizk

1. GiniAl$:
Gini A4t oletg]ote] £A 514} Corrado Gini



P
el
re

/ LY 2ol UM TH=EH

RULT2IF M Yol #E A 715

100%

Cumulated percentage
of total income

0 Cumulated percentage 100%

of income recipients

Figure 1. Lorenz curve
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Figure 2. Schematic diagram for the study area
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Table 1. Characteristics of optimal solution distribution according to the variation of population size

Population size Max. spread Spacing Min. waste load | Max. inequality | Max. waste load | Min. inequality
30 0.296 0.0048 979.17 0.3661 3230.7 0.175
50 0.289 0.0042 938.65 0.3606 31582 0.176
70 0.225 0.050 1003.6 0.3597 2644.1 0.206
100 0.296 0.0019 959.13 0.3602 3209.7 0.168
150 0.320 0.0026 927.31 0.3603 3506.1 0.170

Table 2. Characteristics of optimal solution distribution according to the variation of crossover probability

Crossover probability | Max. spread Spacing Min. waste load | Max. inequality | Max. waste load | Min. inequality
0.5 0.274 0.0011 929.19 0.3594 3056.3 0.186
0.6 0.305 0.0012 909.18 0.3600 3277.0 0.167
0.7 0.336 0.0038 933.03 0.3604 3687.1 0.169
0.8 0.289 0.0013 945.7 0.3607 31414 0.173
0.9 0.320 0.0026 92731 0.3603 3506.1 0.170
0.95 0.298 0.0011 938.18 0.3599 3231.0 0.167

Table 3. Characteristics of optimal solution distribution according to the variation of mutation probability

Mutation probability | Max. spread Spacing Min. waste load | Max. inequality | Max. waste load | Min. inequality
1/ichrom 0.305 0.00122 909.18 0.3600 3277.0 0.1675
0.005 0.326 0.00124 912.58 0.3605 3536.0 0.16776
0.01 0.307 0.00140 1009.2 0.3604 3396.7 0.16801
0.02 0.328 0.00186 939.23 0.3613 3594.3 0.1684
0.1 0.331 0.00181 1171.5 0.3747 3848.9 0.17896

Table 4. Characteristics of optimal solution distribution according to the variation of chromosome length

Length of chromosome | Max. spread Spacing Min. waste load | Max. inequality | Max. waste load | Min. inequality
1100 0.129 0.00064 981.13 0.3729 1920.9 0.2838
1320 0.305 0.00122 909.18 0.3600 3277.0 0.1675
1540 0.305 0.00138 920.92 0.3603 32843 0.1679
1760 0.305 0.00140 916.37 0.3616 3296.4 0.1703

Table 5. Characteristics of optimal solution distribution according to the variation of jumping gene probability

Jumping gene probability | Max. spread Spacing | Min. waste load | Max. inequality | Max. waste load | Min. inequality
0.1 0.249 0.00121 93421 0.3587 2815.9 0.1962
0.2 0.296 0.00122 955.70 0.3607 32129 0.1685
03 0.279 0.00144 915.40 0.3598 3066.1 0.1818
0.4 0.261 0.00095 939.69 0.3581 2987.8 0.1959
0.5 0.305 0.00122 909.18 0.3600 3277.0 0.1675
0.6 0.304 0.00125 929.57 0.3627 3265.6 0.1675
0.7 0.302 0.00888 949.55 0.3599 3274.6 0.1676
0.8 0.297 0.00124 913.46 0.3603 3200.9 0.1715
0.9 0.320 0.00156 920.30 0.3603 34822 0.1690

0.95 0313 0.00133 911.93 0.3602 3390.4 0.1691
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Table 6. Waste load allocation results for pollution sources

Pollution Allocated BOD loads (kg/day)
— Least waste load removal allocation Least waste load removal allocation Compromise solution
(single objective GA) (multiobjective GA, point A) (multiobjective GA, point B)
Wi 295 0.01 0.01
W4 188.36 168.35 168.43
Wo6 1.38 0.001 -
w7 0.74 1.27 1.28
W8 19.02 19.33 19.33
W9 71.07 91.19 91.19
Wil 0.95 0.008 0.008
W12 2.18 0.01 0.01
W13 10.82 .002 0.002
Gl 238 - -
G2 0.25 0.004 0.004
G3 0.16 0.01 0.001
G4 2.00 0.01 0.01
G5 331 - 19.20
Y1 29.80 60.28 60.28
Y2 3.13 0.01 0.12
Y3 12.09 0.01 0.56
Y4 2.83 0.09 0.12
Y5 0.86 0.20 0.20
Y6 422 0.80 0.85
Y7 6.93 0.17 0.17
Y8 396.67 316.53 316.04
Y9 16.68 0.32 0.32
Y10 13.29 0.32 031
Y1l 3.93 0.02 0.02
Y12 0.46 0.07 0.14
Y13 1.87 0.007 0.003
Y14 9.04 0.02 0.019
Y15 10.92 0.02 0.13
Y17 1.50 1.49 819.73
Y18 45.52 0.79 0.90
Y20 51.06 243.90 351.64
Y21 8.55 3.88 35.99
Y22 1991 .02 0.02
Y23 542 .02 0.053
Y24 87.57 .001 0.02
Y25 20.96 .004 0.01
Total 1064.8 909.2 1887.1
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