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PHLGA iM% s o 5o alins K53 025,801 1= Y 5,581

{p1, s Ppop—size } := GENERATE INITIAL POPULATION
repeat
r(.) := random permutation of 1, ..., pop — size
for all i = 1 to pop-size do
Py = P and Pp = Pt
(P}, Py) = RENUMBER HUBS (Py, Pp)
01 := CROSSOVER (P4, Py)
0y := CROSSOVER (P}, Pg)
forall j =1to2do
P =rand (0,1)
if p < mutation probability then
0j—mut := MUTATION (0;)
0; == SELECT BEST (0j_put, 0;)
end if
end for
SELECT BEST (o1, 09, P4)
end for
until temination condition is satisfied
return the best individual
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Nodes Hubs

Pao2u 20 2 Unit

P3o3u 30 3 Unit

Papay 40 4 Unit

Paoopu 200 2 Unit

P3oo3u 300 3 Unit

Pagoau 400 4 Unit

P22k 20 2 Uniform(1,10)
P3p3r 30 3 Uniform(1,10)
Paoar 40 4 Uniform(1,10)
P2002.k 200 2 Uniform(1,10)
P3003,r 300 3 Uniform(1,10)
Pagoar 400 4 Uniform(1,10)
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Problem instance Objective function Value

Weiszfeld PHLGA*
Paoau 5928.0927 5928.0928
P30y 11,613.7768 11,613.7849
Pagay 18,919.6466 18,919.6467
Pago2.u 6,023,955.0065 6,023,955.0066
Ps003.0 14,104,948.6421 14,104,948.6422
Pagoau 24,807,083.6291 24,807,083.6295
Pk 33,324.6079 33,324.6081
P3o3r 64,257.6231 64,257.6233
Paoar 102,901.8776 102,901.8996
Pooo2r 33,120,562.6691 33,120,562.6691
P3003.R 77,602,426.6896 77,602,426.6897
Paoo.ar 136,372,901.7916 136,372,901.7924
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Problem instance Computation time (s)
Weiszfeld PHLGA®

Proou 0.0140 30.7447
Pyo2u 0.0246 109.7641
Pyo2u 0.0339 271.1754
P02y 0.4230 1076.9538
Pyoau 0.9365 1909.1330
Pyoou 1.6966 3030.3800
Py 0.2953 29.6056
Paoau 0.0292 109.4154
Pyoou 0.0462 271.5367
Pyopou 0.4260 1075.9186
Propu 0.9461 1907.5554
Pyo2u 1.7523 3030.1109
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function D = computeD(X,idx,hubs)
/4 M. Amintoost
N = size(X,1);
NCluster = size(hubs,1);
D = zeros(N,N,NCluster,NCluster);
d = pdist2(X,hubs);
dp = pdist2(hubs,hubs);
for i=1:N
for j=1:N
g= idx(i);
h=idx (j);
D(i,j,g,h) = d(i,g) + dp(g,h) + d(j,h);
end
end

Kijgh ﬂju.a WL>=A LY ZY—T ML:J.’

function K = computeK(X,idx,hubs)
4 M. Amintoost
N = size(X,1);
NCluster = size (hubs,1);
K = zeros(N,N,NCluster ,NCluster);
for i=1:N

for j=1:N
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k = idx (i) ;
h = idx(j);
K(l,J:k,h) = 1;

end
end

function T = objfun(X,hubs,W,K,D)
/4 M.Amintoos<

N = size(X,1);

NCluster = size(hubs,1);

T = 0;
for i=1:N
for j=1:N
t = 0;
for g=1:NCluster
for h=1:NCluster
t =t + K(i,j,g,h)*D(i,j,g,h);
end
end
T = W(i,j)*t;
end
end

Gl adog> US 1 F-T sl

4 M.Amintoost;

“ e v e e
[
N e

-

-
-

W NP WNPWNMA

W ww NN

1;

NCluster = 3;

4 [idz,C] = kmeans (X,kC);
% [X idz]

-

idx = [1 12212333 3]"';

N
W

size(X,1);
zeros (N) ;
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for i=1:N
for j=1:N
W(i,j) = i+j;
end
end
for i=1:N
for j=1:i
x1 = X(i,1);
yl = X(i,2);
x2 = X(G,0;
y2 = X(j,2);

d(i,j)=round(sqrt ((x1-x2) 2+(yl-y2)~2));
d(j,i)=d(i,]j);
end
end
hubs = zeros(NCluster,size(X,2));
for k=1:NCluster
hub = mean (X(idx==k,:),1);
hubs(k,:) = hub;

end

maxIter = 10;

figure(1l); clf

markers = {'or','og','ob'};

cMarkers = {'<r','sg','pb'};
for r=1:maxIter

K = computeK(X,idx,hubs);
4
hold on;
for k=1:NCluster

plot (X(idx==k,1) ,X(idx==k,2) ,markers{k}) ;

plot (hubs(k,1) ,hubs(k,2),cMarkers{k}, 'MarkerSize

', 12+2%71) ;

end
hold off;
drawnow
pause (.5);
D = computeD(X,idx,hubs);
T = objfun(X,hubs,W,K,D);
title(sprintf('T = %f',T));
4
a = zeros(1,NCluster);
for k=1:NCluster

for h=1:NCluster

for i=1:N
for j=1:N
a(k) = a(k)+W(i,j)*(K(i,],k,h)+K(1i,]
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end

for

end

aa
A=

SX
for

end

SY
for

,h,k));
end
end
end

zeros (NCluster ,NCluster) ;
k=1:NCluster
for h=1:NCluster
for i=1:N
for j=1:N
b(k,h) = b(k,h)+W(i,j)*(K(i,j,k,h)+K
(i,j,h,k));
end
end
end

= diag(2x*a);
aa-b;

= zeros (NCluster,1);
k=1:NCluster
for i=1:N
for j=1:N
tl1 = 0;
for h=1:NCluster
tl = t1+K(i,j,k,h)*X(i,1);
end
t2 = 0;
for g=1:NCluster
t2 = t2+K(i,j,g,k)*X(j,1);
end
SX(k) = SX(k)+W(i,j)*(t1+t2);
end
end

= zeros (NCluster,1);
k=1:NCluster
for i=1:N
for j=1:N
tl = 0;
for h=1:NCluster
tl = t1+K(i,j,k,h)*X(i,2);
end
t2 = 0;
for g=1:NCluster
t2 = t2+K(i,j,g,k)*X(j,2);

A




WY end

MA SY(k) = SY(k)+W(i,j)*(t1+t2);
4 end
VYo end
'Y end
\YY
\YY x = pinv (A)*SX;
\YY y = pinv(A)*SY;
YO hubs = [x,y];
\Y$ idx = reallocation(X,hubs,W,idx);
\YV | end
3o yamass U 0-T asb ,
\ |function bestIdx = reallocation(X,hubs,W,idx)
Y|4 M.Amintoos1
Y |N = size(X,1);
¥ |[NCluster = size(hubs,1);
0 |idx01d = idx;
# |minT = inf;
YV |bestIdx = idx;
A |for i=1:N
q listNewCIndices = setdiff (1:NCluster,idx(i));
\o for ind = listNewCIndices
AR idx = idx014d;
VY idx(i) = ind;
\Y K = computeK(X,idx,hubs);
VY D = computeD(X,idx,hubs);
\0 T = objfun(W,K,D);
\& if T<minT
\V minT = T;
A bestIdx = idx;
4 end
Yo end
Y\ |end

\Al
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