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APPENDIX A

An example of m-GA’s programming in MATLAB

An example of small problem.

¢le

clear ail

Pop = 5(;
MaxGen = 20,
Xov = 0.9
Mut = 0.5
seed = 3333

0% %% % Y %% Yo Ve % % YT % %e % %% % %o % % % Yo % % % %

Chainl = 24;
Chain2 = 36;
Chaind = 24,
Nvar = Chainl+Chain2+Chain3;
GGAP = 1)
10 = clock]

rand('seed’ sead)
%Chain
initPopt1 = rand(Chain’,Pop);
[vpt.ordert] = sort{initPopl);
chroml = orderl’,

fori = 1:Pop
CS1= {1000 1000 1000 1000];

CP1= [1000 1000 1000 1000 1000 1000):

D = 3000,
forj = 1:Chainl
chromi(i;

r= fioor{{chromi{i))-1)/6+1%
it chrom1{i j)==1, © = l,end
if chrom1(i,j)==7, ¢ = 1:end
if chrom i jy==13, ¢ = liend
if chrom1(j j)==18, ¢ = l.end
it chrom1{i j}==2, ¢ = 2:end
if chrom1{,)==8, ¢ = Zend

it chrom1{ij)==14, c = Z;and

if chromi(i,j)==21, ¢ = 3;end
if chrom1{ij)==4, ¢=4end
if chrom1(,)==10, ¢ = 4;end
if chremt(i,)==16, ¢ = 4;end
if chrom1{i j)==22, © = 4,end
if chrem1{ij)==5, ¢ =&end
if ghrom i j)==11, ¢ = &end
if chrom1{i,))==17, ¢ = S:end
if chrom1{i,j}=223, ¢ = Slend
if chrom1(ij)==6, ¢ = 6;end
it chrom1{ij}==12, ¢ = 6end
if chrom1{i[)==18, ¢ = 6;end

if carom 14l )==24, ¢ = Bend

#TD > 0
vi = min{{CS1(1.5), CP1{(1,c). TOIL
xstlrg) = vl;

csiin = Csi{ia-vh
CPi{1,c) = CPI(1.ov
TO= TOv};
eise
xslire) = 0
end

end

%x51;

x1(,1:8) = =si(i,;h

xi(,7:12) = xs42.)%

x1(5,13:18) = xs1(3.%

%1{,19:24) = xs1(4..);
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
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if chrom1(ij}==20, ¢ = 2:end
if chrom1{ij}==3, ¢ = 3diend
~if chrom1{i,)==8, ¢~ 3end
if chrom1{i,j)==15, ¢ = 3;end
%Chain2
IntPop2 = rand{Chain2,Pop):
[vp2.order2]= sort{InitPop2),
chrom2 = order2’
P1 = [sum{c1{i, 1)+x10, 7)+x1(, 13)+x1(, 194);
P2 = [sum(x1(, 2)+x10, 8)+x1{i, 14)+x1(, 260k
P3 = [sumixifi, 34x14, M1, 150+, 21)h
P4 = [sum{x1{i, 4)+x10, 10)+x 1, 16)+x1(, 2201
P5 = fsum{x1(, Sprx1{, 11)+x1( 17)+x16, 2301
P&

[H

[sum{x1{i, B)+x (i, 12)+x1(i, 18)+x 14, 2405

Piants = {P1P2 P3P4 PS5 PEL

GHCs = [1000 1000 1000 1006 1000 1660);
forj = 1:Chain2
chrom2(Li);
r1 = floori{chrom2(ig)-1)/8+1);
if chrom2{ij)==1, ¢1= 1end
i chrom2(ij)==7, ¢1= T.end
it chrom2(i j}==13, c1 = tend
if chrom2{ij}==19, ¢1 = lend
if ghrom2{ij)==25, ¢1 = Liend
if chrom2(L)}==31, ¢1= lend
if chrom2(i,j)==2, ¢1=2end
if chrom2(i,j}==8, ct=2end
it chrom2(i,j)==14, c1 = 2;end
if chrom2{i,j}==20, ¢t = 2:end
if chrom2(i,j)==26, ¢1 = 2;end
if chrom2{i })==32, ¢1 = Ziend
if chrom2{i J)==3, c1 = 3;end
if chrom2{ij)==8, c¢1 = 3iend
if chrom2(,j)==15, ¢1 = 3.end
if chrom2{i,j)==21, c1 = 3iend
if chrom2(i.jy==27, ¢1 = 3:end
if chrom2(ij)==33, ¢1 = 3iend
it chrom2{ij)==4, ¢1 = 4.end

if chrem2(ij)==10, ¢1=4end

if chrom2{i,j)==5, ¢1 = Send
if chrom2(i)==11, ¢1 = 5;end
if chrom2(l,}==17, ¢1 = 5;end
if chrom2(i j==23, ¢1 = 5end
if chrom2{i )==29, c¢1 = 5end
if chrom2(ij}==35, ¢1 = bend
if chrom2(i )==6, ¢1 = 6:end
if chrom2{i )==12, ¢l = 6;end
if chrom2(i,))==18, c1 = g,end
if chrom2(i,j)==24, ¢1 = Gend
if chrom2(i,}==30, ¢1= 6;end
if chrom2(i j}==36, ¢1 = Gend
v2 = min{[Plants(1,r1}, CDCs(1.c1)]}
xs2{r1,c1) = vZ,
if xs2(r1,c1)>0
Plants{1,71) = Plants(1.r1) -v2;
CDCs(1,61) = CDCs{1,c1)v2;
glse
xs2ir1,c1) = 0,
end
end
%82,
x2(1,1:6) = xs2(1.);
x2(i,7:12) = xs2(2,%
x2(1,13:18) = xs2(3.),
x2(i,19:24) = xs2{4.:};
x2(1.26:30) = xs2(6.);
x2{1,31:368) = xs2{B,:);
046955 % % % % % % %% % %% Yt 6 %% % Yo % % % % % Yo%
%Chaind
InitPop3 = rand(Chain3,Pop);
[vp3,0rder3l=  sort{initPop3);
chrom3 = orderd",
DCt = [sum{x2(i, 1)+x2(, 7)+x2(, 13)4+x2(, 19)+x2{,
26)+x2(, 311
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if chrom2(i )==16, ¢1 = 4;end

if chrom2(i })==22, ¢1 = 4,end

if chrom2{i j}==28, ¢1 = 4;end

if chrom2(t.j}==34, ¢1 = 4;end
DC4 = [sumix2(i, 4)+x2(, 10)+x2(, 16)+x2(, 22)+x%2(1,
28)+x20, 3405
DCE = [sum(x2{, 5)+x2{i, 11)+x2(, 17)+x2{i, 28)+x2(,
29)+x2(i, 38N
DC6 = Isum(x2(i, 8)+x2(i, 12)+x2(i, 18)+x2(, 24)+x24,
30)+x2(, 36))%:
ChCs? = [DC1DC2 OC3 DC4 DCS DCB];

Cust = [BOO 700 650 850};

forj= 1:Chain3

chrom3(ij);

2 = fleor{(chrom3(i,i)-1)4+1);

if chrom3(ij}==1, ¢2= Tlend

if chrom3{i.j)==86, ¢2 = 1end

if chroma(ij)==9, ¢2 = t,end

if chrom3(i,jj==13, ¢2 = 1,end

if chrom3(i,j)==17, €2 = 1;end

i chrom3(i J==21, ¢2 = Yiend

if chrom3({i j}==2, ¢2 = 2end

if shrom3(i,j}==6, ¢2=Zend

i chrom3(i,j)==10, ¢2 = 2Ziend

if chrom3(i,j}==14, ¢2 = 2iend

if chrom3({i j)==18, €2 = 2,end

i chrom3( j)==22, c2 = Zend

if chrom3({i j}==3, c2 = 3;end

if chrom3(i j)==7, ¢2 = 3;end

if chrom3(ij}==11, ¢2 = 3;end

if chrom3(i,)==15, ¢2 = 3;end

if chrom3(i,j)==19, c2 = 3;end

it chrom3{i.j}==23, ¢2 = 3iend

if chrom3(i,j)==4, ¢2=4end

i chrom3(i )==8, c2 = 4.end

if chrom3{i j)==12, c2 = 4;end

if chrom3{i,j}==16, c2 = 4;end

if chrom3(i,j)==20, ¢2 = 4.end

if chrom3(j,jy==24, c2 = 4end

BC2 = [sumix2(, 2)+x2(i, 8)+x2(, 141+x2{, 201+x2(,
26)+x2(i, 3217,
DC3 = [sumix2§i, 3)+x2(, Orrx2{i, 15)+x2(, 21)+x2{i,
27)+x2{, 33)]:

Cusi{1,c2}) = Cust(1,c2}-v3;

else
xs3(r2,c2) = O
end
end
x83;
x3(1, 14} = xs3{1:)
%3(1,5:8) = xs3(2;)

x3(1,9:12) = xs3(3.);
x3(1,13:16) = xs3(4.:);
x3(i.17:20) = xs3(5.);
x3(1,21:24) = xs3{6,:);

end
x1;
X2,
X3,
x= (10,0 %200 x30:00%
Chrom = x;
%% % Y% 7 % % % % % % % % % % % % % % % % % % % %% % Y%
%Chesk
fori=1:Pop

§1 = [x(1,1:6); x(1,7:12); x{(1,18:18); x(1,19:24)1;

82 = [x(1,25:30); x(1,31:36): x(1,37:42); x(1,43:48}%
x(i,49:54}; x{i,55:60)];

83 = [x(|,61,64); x(1,65:68); x(1,69:72), ®(i,73:76};
x(,77:80); x{1,81:84)};
End
%969 %% %% % Yo % %% % %% %% % % % % % %% % Yo % %%
%Evaluate

[2537564213253545625636347);

it

a
b
365435157634}

ii

[65434543562343221235432495

¢ = [456563374268364525254534];
[222222333333444444665655%

[H

T
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v3 = min{[CDCs1(1.52), Cust{t,c2)l);
xs83{rz,c2) = v3;
if xs3(r2,c2)>0
CDCs1(1,r2) = CDCs¥{1,r2)-v3
Fi = {100 200 300 200 400 300];
Fik =  [300 200 200 100 300 400];

A = atr

B = Dbtm

C = coth
fori = 1:Pop

TiH) = [sum{x(,1)+x(.7)+x(,13)+x 0,190

Ti2) = [sum{x(i,2)+x{i,8)+x(i,14)+x(i.20))];
Ti3liy = Isum(x(i,33+x(,8)+x{1,15)+x(i.21))]:
T = [sumix{i4)+x(i,100+x(1,16)+x(,22))];
75 = fsum(x(i,E1x(,11)+xG,17)+x(,230]
B = [sum{x(,6)+x(,12)+x(i, 18 +x{i,24)}];
ifTH{) > 0
T = 1;
else
Ty =0
end
i Ti2{) > ©
Tj2dy = 1
glse
Ti240) = 0;
and
if Tj3(i) = 0
TR =1
else
Tjat = 0;
end
if Ti(i) > 0
Tk =1
else
Tja(i; = O;
end
1B > 0
Tis(= 1,
else

m = [161515151515 16 181616161614 14
14141414131313 131313 14 14 14 14 14 141515
1515 15 15];

h = [333344445555444466663333%

else
Tiglh = &

end
TRIM = [sum{x2{i, 1)+x2{i, 7)+x2(, 13)+x20,
19)+x2{, 26)+x2(], 31k

TR2() = [sum{x2(i, 2)+x2(1, B)y+x2(, 14)+x2(,
20)+x2(1, 26)+x2(i, 320

TK3() = [sum(x2(, 3)+x20, 9)+x2{i, 15+x2{i,
21)+x2(, 27 +=x2(i, 33))%

TRAG) = [suen(x20, 4)+x2{, 101+x2(, 18)+x2(,
22)+x2(1, 28)+x2(, 3L

TR5() = [sum(x2(i, 53+x2(, 142, 17)+x2(,
23)+x2(i, 28)+x24, 35))];

TkE() = [sumix2{, 6)+x20, 12)+x20, 18)+x2{,
24)+x2(, 30y+x2{i, 36))];.

if TK1(G) » 0
Tki(iy=1;
alse
Tki() = 0;
end
#Tk2() = 0
TR2() = 4
eise
Tk2{) = 0;
end
if T3(i} = 0
Tk3{) = 1;
eise
Tk3(i) = 0
end
if Tra(i} > 0
Tk4(H) = 1;
else
Tka(i} = 0;

end
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Tj5(i) = 0;
end
if Tigli} = 0
Ti66) = 1,
end
if Tk6{i) > 0
Tk6(i} = 1;
clse
Tk6{) = 0,
end
Tai;) = [Ti4), 7)20), T30}, Ti4d), TiSG, Tielk
TR = [T1(), Tx2(0), TRS(), Tha(i), TRS(}, TR
end
for i=1:Pop

OBV = A1) 1)+AT2) {20+ A01,3)%(1,3)+
ALY AYxGA)+ALT B i, B) AL 1.6)" X1 B) A, TIX(LT)+
AU1,BY (. 83+A(T,9)* (5,3 +A(1,10)"x(1,10)+A{T, 11150, 11)+
A2 2) A 13 %G1 3)+A(1,14) %(,14)+
AL B X(LB) AL 18 %1 6)+A(1,17)°%(,17)+
AT I8, 18)+A(1,19)"x(1,193+A(1,20) x(i, 20+
A1,210%(, 21 HA(22) %01, 225 A0 ,23) {1, 23)+
A{1,24)%0,24)+ B(1,1)"x{1,25)+ 81 2}x{],26)+
B(1,3)"x(L.27)+B(1,4)"x(1,28)+ B(1,6)"x(1,29)+
B(1.6)*x(i,30)+8{1,7)"x[,31)+B(1,8)"x{i.32)+
B(1,9y*x(1,33)+B{(1,10)"x(i,34)+B(1,11)*x(1,35)+
B(1,12)x(1,36)+ B(1,13)"x(1,37)+B(1,14)"x(i,38)+
BU1,15)%(1,39)+ B(1,18)"x(1,40)+B(1,17) (1,4 1)+
B{1,18)x(i, 420+ B(1,19)*x(1.43}+B{1,20)"x{i,44) +
B{1,21) (i 451+ B(1,22)%(i,46)+B{1,23)%{,47)+
B{%, 241 %{1,48)+B(1,25)x(1,49)+B(%,26)"x(1.50)+
B(1,27)x(i.51)+B(1,28)"{,52)+B(1,29)"x(,53)+
B(1,30)*x(1,64)+B(1,31)*x(1,66)+B{1,32)"x{i,56)+
B(1,33)"x(I,67)+B(1,34)"x(1,58) + B(1,35)"x(1,59)+
B(1,36)*x(5,60)+C{1,1)**{L81)+C(1,2"%{i,62)+
C(1,3)"%(1,63)+C(1.4)*x{1,843+C{1,5)x{i,68)+
C(1,8)*x{1.66)+C(3,7)"x(1.67)+C(1,8)"x(i, 68)+
C(1,0)"x{1,69)+C(3,10)*x{i, FO)+C{1,11)"x(,7 1)+
Ci1,120%0,72)+C (1,1 3)'x(i,73)«¥0(1 4yl 74)+

if TkG(1) > 0
TS{) = 1;
else
Tk5(i) = ;
THIL3VFH, 3+ TIAFI{1 4 THIB)F(1.5)+
TJ.BYFi(1,8)+ TR (1) FR{L, D+ TKE2Y FR(1.2)+
TK{,3Y FR{1,3FTK{1 4 Fk(1,4)+TK(E, 5 Fk(1,5)+
TR 8) Fx{1.8);
end
Obiv=0bjV',
InitPop = [InitPop 1’ InitPop2’ initPopd'y;
%Loop Crossover
gen=0;
while gen < MaxGen,
FitnV = ranking(Objv}
SelCh = select('sus' InitPop,FitnV,GGAP}
n=1{;
while n < (Xov*Pop)/2
at = floor(rand*Pop*GGAP+1);
b1 = floor{rand*Pop*GGAP+1);
parent! = SelCh{al,:);
parent? = SelCh(b1,:);
ot = floos(rand*83+1);
offspring1 = fparent1(1,1:c1) parent2(1,c1+1:84)};
offspring2 = {parent2(1,1:c1)
parent1{1,c1+1:84)];
SeiCh(al,)) = offspring1;
SelChib1,:} = offspring2;
n=n+l,
end
%Loop Mutation
n=0;
while n < (Mut"Pop)
. q1 = floor(rand"Pop+1}):
parent = SelCh{d1,:);
el = floor(rand*83+1);
mutt = parent(1,e1}
mut? = parent(1,81+1);

parent(1,e1) = mut2;
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C{1, 1811, 76)+ C{1, 18" x{L,76)+C(1,17y*x(i,77)+
C{1,18)"x(1, 781+ C(1,19)x(i,79}+C(1,20)"x(i,80)+
C(1,21)"%(1,811+C(1,22)*x(1,82)+C{1,23)"x(1,83) +
C(1,24)x(,84)+ TIE1)Fi(1,1)+TIE.2) Fi{1.2)+
InitPop1New = SelCh{:,1:24);
[vpiNew,oderiNew] = son{initPop1New’);
chromiNew = oderiNew';
%New Chromosome
fori = tPop
CS1= [1000 1000 1000 1000}
CP1 = {1000 1000 1006 1000 1000 1000];
TD = 3000,
forj = 1.Chaint
chromiNew(i]);
r= fioor({chromiNew{i,j}-1/6+1};
if chromiNew(i.jj==1, © = 1end
if chrom1New(i)==7, ¢ = lend
if chrom1hew(iJ==13, ¢ = fend
if chromiNew{ij}==19, ¢ = lend
if chromiNew(i j)==2, c = 2;end
if chromiNew(i,j)==8, ¢ =Zend
if chromiNew(ij}=%14, ¢ = Z:end

if chrom1New(i,))==20, ¢ = 2;end

i

if chrom1New(i,))==3, ¢ = 3;end
if chrom1New(ij}==8. ¢ = 3end
if chromINew(i j}==15, ¢ = 3;end
if chromiNew(i,j)==21, ¢ = 3,end
if chromiNew(ij)==4, ¢ =4.end
if chrom1New(i,j)==10, ¢ = d;end
if chrom1New(i ji==18, ¢ = 4;end
if chrom1New(i j}==22, ¢ = 4.end
if chrom1New(i,j)==5, ¢ = 5end
if chromiNew(ij)==11, ¢ = biend
if chrom1New(i }==17, ¢ = S,end
if chrom1New(l,))==23, ¢ = 5;end
if chrom1New(i j)J==8, ¢ = 6end
if chrom1New(i j}==12, ¢ = §,end
if chrom1New{i j)==18, ¢ = 6;end

if chrom1New(i,j)==24, ¢ = 6;end

parent{1,e1+1} = mut1;
SelCh{d1,) = parent;
n=nt+i;
end
CS1{ty) = C811,n - viNew;
CPH{1,c) = CPH{1.c)-viNew,
TD = TD-viNew,
else
xsINew(rc)= O
end
end
%51 New,;
xINew(i,1:6) = xsiNew{1.:}:
xINew(i,7:12} = xs1New(2,));
x1New(i,13:18) = xs1New(3,);
¥INew!i,19:24) = xs1New(4,:);
%Chain2
InitPop2New = SelCh(:,25:60);
[vp2New,oderzNew] = sot(initPopZNew');
chromZNew = odergNew';
P1 = [sum{xINew(, 1)+xiNew(, 7)+xiNew(,
13)+x1New(i, 1910];
P2 = [sum{x1MNew(i, 2)+x1Newli, 8)+x1New(,
14)+x1New(l, 2001
P3 = fsum(xINew(, 3)+x1Newli, 8)+x1Newdl,
18 x1Newli, 2101
P4 = [sum(xiNew(, 4)+x1New(i, 10)+x1New(i,
16)+x1New(i, 22))1;
P5 = [sum{x1New(, SHxiNew(, 11)+x1New(,
17)+x1Newli, 2301
P8 = fsum(x1Newd, 8)+x1New(i, 12}+x1New(,
18)+x1New(i, 24)];
Plants = [P1 P2 P3 P4 P5 P&},
CDCs = [1000 1000 1000 1{}(}_0 1000 10001,
forj = 1:.Chain2
chrom2New (i)
r1 = fleor({chrom2New(i,j)-1/6+1);
if chrom2New(i.jj==1, ¢t = 1,end

if chrom2New(i j}==7, ¢t = T.end
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TDIx

ifTD>8
viNew = min{[CS1{1.1), CPI{1.¢),
xs1New(r,c) = viNew;

if chrom2New(i j}==2, ¢1 = 2iend
if chromZNewl{i,j}==8, ¢1 = 2:end
if chromZNew{i,j)==14, ¢1 = Z;end
if chrom2New(i,j)==20, ¢1 = Z:end
if chrom2New(i j)==26, ¢1 = 2;end
if chrom2New(i j)==32, ¢1 = 2;end
if chrom2New{ij)==3, c1 = 3end
if chrom2New(ij)==8, c¢1=3end
if chrom2New(i })==15, ¢1 = 3;end
if chrom2New(i j}==21, ¢1 = 3;end
if chrom2ZNew(i.j)==27, ¢1 = 3;end
if chrom2New(i,)==33, ¢1 = 3;end
if chrom2New(i,j}==4, ©1 = 4:end
if chrom2New( j)==10, ¢t = 4;end
if chrom2hew(i J)==18, ¢1 = 4;end
if chrom2iewl(i,)J==22, ¢1=4;end
if chrom2New(l,i}==28, ¢1 = 4,end
if chromZNew(i,j}==34, ¢1 = 4;end
if chrom2Newli,j)==5, c¢1 =5end
if chrom2New(i,j)==11, c1 =5end
i chrom2New(i.j)==17, ¢1 = 5;end
if chrom2iew(i j}==23, ¢1 = 5end
if chrem2New(i j)==28, ¢1 = &end
if chrom2New(i )==35, ¢t = 5end
if chrom2New(l,j}==6, ¢1=6end
if chrom2New(i,j}==12, ¢1 = 6end
if chrom2New(i.j)==18, c1 = 6:end
if chrom2New(i,jj==24, ¢1 = §end

if chrom2New(i,j)==30, ¢1 = 6;end

. if chrom2New(i,))==36, ¢t = 6;end

v2New = min{[Plants{1,r1}, COCs(1,c1)]h
xs2New(r1,c1) = v2New,
if xs2New{r1,c1}>0

Plants(1,r1) = Plants{1,r1) - vZNew;

CDCs{1.c1) = CDCs(1.c1)-vZNew,;

if chrom2ZNew(i,}==13, ¢1 = 1iend
i chrom2New(ij}==19, ¢1 = 1end
if chrom2New(i,j}==25, ¢1 = 1;end
if chrom2New(i.j)==31, c1 = 1.end
XSZNew,

x2New(i,1:6) = xsZNew(i,);

X2New(i,7:12} = xs2New(2.);

x2New(i,13:18) = xs2New(3,:);
x2Newl(i,19:24) = xs2New(4,:);
x2New(1,26:30) = xs2New(5,!);
x2New{i,31:38) = xs2New(6,:);

%Chain3
InitPop3New = SelCh(:,61:84);
[vp3New oderdNew] = sort{initPop3New’);
chrom3New = ader3New’;
DCT = [sumbaiew(, 1)+x2New(, 7)+x2New(,
13)+x2Newli, 191+x2New(i, 25)+x2Newl(i, 31)k
DC2 = [sum{x2New(i, 2}+x2Newli, 8)+x2Newdi,
14)+x2New(i, 20)+x2New(i, 26} +x2New(l, 32))3;
DC3 = {sum{x2New(l, 3)+x2New(i, }+x2New(i,
15)+x2Newll, 21)+x2New(l, 27)+x2New(i, 33))];
DC4 = [sum(x2New(, 4)+x2New(i, 10y+x2New(i,
16)+x2Newli, 22)+xZNew(i, 28)+x2New(i, 34))];
DC5 = [sum(x2Newli, 5)+x2New{i, 11)+x2New(,
17 x2New(l, 23)rx2Newli, 29)+x2New(i, 3811
DC6 = [sum{x2Newl(i, 6)+x2New(i, 12)+x2New(i,
18)+x2Newl, 24)+x2Newl(i, 30)+x2New(i, 36)}];
CDCst = [DC1DC2DC3 DC4 DCS DCel;
Cust = [800 700 650 850}
forj = 1:Chain3
chrom3New(ij);
12 = fioor({chrom3New(ij)-1)i4+1);
if chrom3New(i,)==1, ¢2= 1end
if chrom3New(ij)==5, ¢2=1l.end
if chrom3New(ij)==9, ¢ = l:end
if chrom3New(i j)==13, ¢2 = 1;end
if chrom3New(ij)==17, ¢2 = 1:end
if chrom3New(i j==21, ¢2 = 1:end

if chrom3New(i}}==2, <2 =2end
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aise
*s2Newlri,c1) = 0
end
end

if chrom3New(i,j)==22, c2 = 2;end
if chrom3nNew(i,j)==3, c¢2 = 3;end
if chrom3New(i,j)==7, ¢2 = 3,end
if chrom3New(ij}==11, ¢2 = 3;end
if chrom3New{i )==15, ¢2 = 3;end
if chrom3Newl(i,j)==19, ¢2 = Jend
if chrom3Mew(i }==23, c2 = 3;end
¥ chrom3New(ij)==4, ¢2 = 4.end
if chrom3New{i,j}==8, ¢2 = 4;end
i chrom3New(i)==12, c2 = 4;end
if chrom3New(i,j)j==16, c2 = 4;end
i chrom3Newli j)==20, <2 = 4lend
if chromSNew(i,j}=:24._ c2 = 4.end

v3New = min{[CDCs1(1,r2), Cust(1,c2)])

x53New(r2,c2) = v3New,
if xs3New(r2,¢2)=0

CDCs3(1,r2) = CDCs1{1,r2) - v3New,

Cust{1,62) = Cusl(1,c2}-v3New,
else
xs3New{r2,c2} = O
end
end
xs3New,
x3New(i 1:4) = xs3New(1.:);
#3New(i.5:8} = xs3New(2,);
x3New(i 8:12) = xs3New(3.);
x3New(i,13:16) = xs3New(4,:);
x3Newl(i,17:20} = xs3New{5.};
x3New{i,21:24) = xs3New(6,:);

end
x1New,;
x2ZNew;

x3New;

xNew=[x1New(:,)) x2New(;,:} x3New(;.)];

Chrom = xNew;

if chrom3New(ij}==6, ¢2 = 2;end
if chrem3New(i,j}==10, ¢2 = Ziend
if chrom3New(i,j))==14, ¢2 = Z2;end
if chrom3New(i )==18, ¢2 = Z;end

S2New = [xNew{i,25:30); xNew(i,31:38);
xNew(i,37:42}; xNew(i,43:48); xNewli 49:54),
xNew(i,55:60}];

S3New = [xNew(i,61:64); xNew(i,65:68}
xNew(i,68:72); xNew(,73:76); xNew(i,77:80),
xNew(;,81:84)%
end
%Evaluate%

a = [263756421325354662536347)

n = (65434654352343221235643245
3654356157634}

c = [456563374268364625254534];
r= [222222333333444444555555];
m = [15151515151516 16 16 16 16 16 14 14

1414141413 13131313 1314 14 14 14 14 14 1515

1515 15 18];
h = [23333444455556444466663333),
Fi =  [100 200 300 200 400 3001,
Fk = [300 200 200 100 300 400}
A = atn
B = bitm
C = c+h
fori= j:Pop
TiiNew(l) =

{sum(xNewll,1)+xNew(i.7)+xNew(l, 13} +xNew(i, 18]
Ti2New(i) =

[sum{cNew(i,2)+xNew(i,8)+xNewli,14)+xNew(i,20))];
TidNew{) =

{sum(xNew(i,3)+xNaw(i 9}+xNew(i,15)+xNew(i,21))L
TidNew(l) =

[sum{xNew(i,4)+xNew(i, 10)+xNew(i,168)+xNew(1,22))];
TisNew(i}y =

[sum{xNew(i,5}+xNew(i,11)+xNew(i,17)+xNew(i.23)}];
TieNewl) =

[sum(xNew(i,6)+xNew(i, 12-+xNaw{i, 18)+xNew(i,24))1;
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%Check
fori= 1:Pop

S1New = [xNew(i,1:6); xNew(i,7:12); xNew(i,13:18);
*New(i,18:24)%

end
if TizNewli) > 0
Ti2New(i} = 1;
else
TizNewii) = 0;
end

if Ti3New(i} = 0

Ti3hNew(i) = 1
alse

TidNewl{l) = 0;
end

if TiaNew(i > 0

TidNew(i) = 1;
slse

TidNew(i) = &;
end
if TiBNew(i) > 0

TisNew() = 1;
else

TjsNew(i) = 0;
and

if TigNew{i) > 0
TiBNew(} = 1,
‘else
TiBNew(i) = 0;
end
TkiNew() = [sum(x2New(i, 1)+x2New(i, 7)+x2New(,
13)tx2Newli, 19)+x2New(i, 25)+x2Newd, 31))];
TkeNewli) = [sumi{x2New(i, 2}+xZNewli,
8)+x2New(i, 14)+x2Naw{i, 20)+x2New(i, 26} +x2New(i,
32
Thk3Newl(l) = [sum{x2Newli, 3)+x2New(i,
9)+x2New(i, 15)tx2Newl:, 21)+x2New{i, 27 +x2Newli,
a/;

ThaNew(i} = [sum{x2New(i, 4)+x2New(i,

if TitNew(i) > 0

TitNew(i) = 1;
else
TiTNew(i) = O;
BN
Tk6New() = [sum{x2New(i, 8}+x2New(i,
12)+x2New(t, 18)+x2Newli, 24)+x2New(i, 30)+x2Nawli,
3600k
if Tk1New(i) = &
TkiNew(i) = 1;
else
TriNew(t) =
end

if Tk2New(i) >0
TkZNew{i} = 1,
alse
Tk2New(l) = §;
end
if Tk3New(i) » 0
Tk3New(i} = 1:
else
Tk3New(i) = 0;
end
if TkdNew(}) > 0
TkaNew(i} = 1;
else
ThdNew(i) = 0;
end

if TkoNew() > G

TkENew(i) = 1;
else

TkBNew(i) = §;
end )
if TkBNew(h) > 0

TkENew(i} = 1;
glse

TkBNew(}) = 0;
end

TINew(i:) = [Tj1Newdi), Ti2New(i), T3New(i),
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10)+x2New(l, 16)+x2New(i, 22)+x2New(l, 28}+x2New(],
34Nk
TeSNew(i) = [sum{x2New{i, 8}+x2ZNewli,
T3+x2New(l, 17)+x2New(i, 231+x2New(i, 29)+x2New],
xNew = [x1New(:,:) x2New(:.'} x3New(:,;}];

chromNew = xNew;

initPopiew = [InitPopiNew InitPop2New initPop3New];

for i=1:Pop
bivSel(i) = A{1, 1) xNewli, 1}+A(1.2 " xNew(i,2)+

A{1,3) xNew(i,3)+A{1,4) xNew(i,4}+A{1,5) xNew(i,5)+
Al1.8YxNew(,B) A, 7)xNew(i,7}+A1,8) xNew(i,8)+
A{1,9)" xNew(i,93+A{1,10)"xNew(i, 10)+
A1, 11 xNew(l, 11)+A1,12) xNew(i, 123+
A{1,13xNew(i, 12)+A{1, 14) xNew(i, 14)+
A(1, 15 xNewl(i, 15)+A(1,16) xNew{i, 16)+
AT xNew(i, 17)+A(1,18) xNew(1,18)+
A1, 19y %New{i, 18)+A(1, 200 xNew(i,20;+
AU1.21) xNewl] 21)+A(1,22) xNew(l,22)+
A(1,28)xNew(:,231+A1, 24 xNew(],24)+
B{1,1)"xNew(i,25}+B{1,2) xNew(i 26 )+
B{1.3"xNewli 27)+B{1 4) xNewi{i 28)+
B{1,5y xNew(i,29)+B(1,6)" xNewli,30)+
B(1,7)"xNew{i,31}+B(1,8) xNew(i 32}+
B(1.9)xNew(i,33)+B(1,10) xNew(i 34}
+8{1, 11" xNew(i,35)+8(1,12) xNew(i,36)+
B{1,13yxNew(i,37)+B(1,14) xNew(;,38)+
B(1,158)"xNew(i,38)+B(1,16) xNew(},40)+
B(1,17) " xNew(i,4 1)+B(1,18) xNew(i 42)+
B(1,19)*xNew(i,43)+B(1,20)" xNew{i 44)+
8{1,21)xNew(i,45)+B{1,22)" xNewli,46)+
B(1.23)*xNew(l,47)+B(1,24)"xNew(i,48}+
B{1,25)xNew(i,49)+B(1,26} xNew(i 50)+
B(1,27)"xNewli 51)+B{1,28) xNew{i 62)+
B{1,29)*xNewli,53)+B{1,30) xNew(i54)+
B(1,31)*xNew{i,55)+B(1,32) xNew(i,66}+
B(1,33) xNew(i,57)+B(1,34) xNew(i,58)+
B(1,35)"xNew(i,50)+B(1,36) xNew(i 60)+
C(1,1)"xNew(i,61)+C{1,2)"xNew{i,62)+
C{1,3)"xNew(i,63}+C(1,4) xNew(i 64)+

TidNew(i}, TisNew(i), TigNew(i)]:

TNew(l,) = [Tk1New(), Tk2Newl(), Tk3New(i),

ThaNew(l), TkENawli), TkéNew(i)};
end
C(1,13)" xNew(i, 73+ C(1,14) xNew(i,74)+
C(1,16 " xNewli, 75)+C(1,16)xNew(i 76+
C{1, 171" xNew{i,77)+C(1,18)"xNew(i,78)+
C{1,19)"xNewl(i,79)+C({1,20) xNew(],80)+
C(1,21)"xNew(i,81)+C(1,22) " xNewli 82)+
C(1,23)"xNew(i,83)+C(1,24) xNew(i,84)+
TJNew{i,1)*Fj(1,1)+TINaew(i,2) Fi{1,2}+
TJINew(l,3)*Fj{1.3)+TINewli 4) Fi(14)+
TINew(i,5)*Fj(1,5+ TuNew(i,6)Fj(1.6)+
THNewdi, 1 FR(1, 13+ TKNew(i,2)*FK(1,2)+
TKNew(i,3)*Fk(1,3)+TKNew{i 4)*Fk(1.4)+
TKNew(i,5) Fk(1,5)+TKNew(i,6)"Fk{1.,6);
end

% Reinser! offspring into population

ChivVNew = ObivSel’,

In#tPop =

[ShowV ShowP]= min{ObjVNew);

InitPopNew;

2ASHOWMINX = chromNew{ShowP .}
Best(gen+1} = min(ObjVNew); '
subplot(3,1,1}
ployBest,'m:p)xiabel'generation’); yiabel{(f(x)'):
text(0.5,0.95 [ Best = ',

numgsir{Best{gen+1))1,'Units', normalized”),

drawnow;

gen = gent+ 1,
SHOWMINX{gen,:) = chromNew{ShowP,.);
ShowvalueX(gen) = ShowV,
meanChrom{gen) = sur{CbjVSel)}/Pop;
SB(gen) = std(ObjvSet);
xd=1:MaxGen,

end

subplot(3,1,3)
errorbar{xd,meanChrom, 3D}
subplot(3,1,2}
good = Best(1) ;
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C{1,5)"xNewli 65)+C(1,6)"xNew(i,66)+

C(1,7)*xNew(i,67)+C(1,8)"xNew(i,68)+

C{1,9)xNew(i,B9H+C(1,10) xNew(}, 70+

C(1,11)"xNew(i,7 11+ C(1,12)"xNew(i,72)+
good=geod,

end

plat(i,good)xiabei(’generation’); ylabel(f{x)'};

drawnow,

hold on

nn(i}= good;
end
plotf(1:MaxGen),nn,'g:d’)
lext{0.5,0.95.['Bast =,

num2str(good)i, Units', normalized’);

[q,wl=sort(ShowVaiueX);
SHOWMINX(w{t,1}.)
tima = etime(clock.t0)
MinTotai = min(Best);
MinTolal
% End of GA

fori = 1:MaxGen
if Best(f)<good
good = Best(i);

else




APPENDIX B

The best result for small problem in the experiments



APPENDIX B

The best result for small problem in the experiments

The experiment 1~ Smali problem,

Warghouses and
digkibution cenlers Customers

Suppliers Plants

860

100

650

859

Tlatzalil ABFL CSuls TTeansiviation costy Franyirlaion sl

Figure 29 The best results of logistics chain networks with minimum total transportation

cost by LP at 25750 Bant.

Watghousus ang

Suppisrg Plains SatribUbion cantsrs Cusiomars
pme— [ e

%

Tronsputas conty Trau spottahion Oosts TranspoRaton Lot
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Figure 31 The best resuits of logistics chain networks with minimum total cost by LP

at 87500 Baht.
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Figure 32 The best results of logistics chain networks with minimum total cost by GA

at 88150 Baht.
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Figure 33 The best results of logistics chain networks with minimum total cost by LP

at 187800 Baht.
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Figure 34 The best results of logistics chain networks with minimum total cost by GA

at 198600 Baht.
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The experiment 2- Large problem.
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Figure 35 The best results of logistics chain networks with minimum total cost by GA

at 674300 Baht,





