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#include<iostream.h>
#include<stdlib.h>
#include<conio.h>
#include<math.h>

#include<time.h>

#define n 199
#define m 199

int gl[n],A[m] [n},ones[n]={0},zeros[n]={0},q_dij[n+11={0},

pathestimate_i[n+1],pathestimate_c[n+1],fac[n+1],

alpha,beta;
int graph[n+1][n+1]; // adjacent matrix of the network
int source_i,source_c; //invador vertex , core vertex

int num_of_vertices;

float blm];

YY
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void rand_q();

void read();

int feasible(int *);

void change(int *,int *,int);
int one_enumerator{(int *);
int zero_enumerator{int *);

void make_feasible{int#,intx*);



void modification(int*,int#);

void first_improvement (int#*,int#);
void rand_q_k{(int*,int*,int);

int inequality_check(int*,int);

long int f(int =*);

class dijkstra /# Dijkstra algorithm used in calculating

the objective function value */

private:

int predecessor_i[n+1] ,predecessor_c[n+1] ,mark_i[n+1],
mark_c[n+1];

public:

int minimum_i();

int minimum_c();

void initialize();

void printpath_i(int);

void printpath_c(int);

void algorithm();

void output();
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void dijkstra::initialize()} /#* initializing Dijkstra

algorithm */

{
for(int i=0;i<num_of_vertices;i++)
{
mark_i[i]=mark_c[i]=fac[i]=0;
pathestimate_i[i]=pathestimate_c[i]=999;
predecessor_i[i]=predecessor_c[i]=0;
}

pathestimate_i[source_i]=0;
pathestimate_c[source_c]=0;
}
void dijkstra::algorithm() /* main procedure of Dijkstra
algorihtm x/

initialize();
int count=0;
int i,u_i,u_c;
while {count<num_of_vertices)
{
w_i=minimum_i();
u_c=minimum_c() ;
++count;
mark_i[u_i)=1;

mark_c[u_cl=1;



for(i=0;i<num_of_vertices,i++)

{
if(graph[u_i] [1]>0)  // labeling verteices
// considering the invader
// vertex as the source vertex
{
if (mark_i[i]1=1)
{
if (pathestimate_i[i]l>pathestimate_il[u_il+
graph[u_i] [i])
{
pathestimate_i[i]=pathestimate_i[u_i]+
graph[u_i] [i];
predecessor_i[i]=u_i;
}
}
}
if (graph[u_cl[i]>0) // labeling verteices
// considering the core vertex
// as the source vertex
{

if (mark_c[i]!=1)
{
if (pathestimate_c[i]>pathestimate_c[u_c]+

graph[u_c] [i])



{
pathestimate_c[i]=pathestimate_c{u_c]l+
graph[u_c][i];
predecessor_c[i]l=u_c;

}

}
fac[u_i]=fac[predecessor_ilu_il]l+
g_dijlu_il; // counting the number of defensive
// facilities in the path from

// the invader to each vertex

int dijkstra::minimum_i()
{
int min=999;
int i,t;
for(i=0;i<num_of_vertices;i++)
{
if (mark_i[i]!=1)
{
if (min>=pathestimate_i[i])

{
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min=pathestimate_i[i];

t=1i;

}
return t;
}
int dijkstra::minimum_c ()

{

int min=999;
int i,t;
for(i=0;i<num_of_vertices;i++)
{

if (mark_c[i] !=1)

{
if (min>=pathestimate_c[i])
{
min=pathestimate_c[i];
t=1i;
}
b
}
return t;

} // End of Dijkstra algorithm

w_sﬁ’




void main() /* Main frame of the VNS method */
{
time_t timel,time2;
int feas_out[n] ,mod_out[n],rand_out[n],
main_g[n] ,first_imp_out[n];
int nei_counter,kmax,sum,duration;
int timemax=60;
clrscr();
for(int row=0;row<m;row++) // entering the matrix A of

// restrictions

{
cout<<" row " <<row+l<<" of matrix A:\n";
for(int column=0;column<n;column++)
cin>>Afrow] [column];
}
cout<<"\nenter vector b:\n"; // entering the right-hand

// vector "b"
for(int scaler=0;scaler<m;scaler++)

cin>>b[scaler];

read(); // entering the adjacent matrix of the network
// and the initial energy of the invader and
// the defensive capacity of each defensive
// facility

rand_q(); // generating the first solution randomly
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for(int j=0;j<n;j++)
main_q[jl=qljl;
if (1feasible(q)) // checking the feasiblity of
// the first randomly generated solution

// and making it feasible if it’s not

{
make_feasible(q,feas_out);
for(int i=0;i<n;i++)

main_g[il=feas_out[i];

}

modification(main_qg,mod_out); // modifying the first
// feasible solution
for(int 1=0;i<n;i++)

main_q[il=mod_out[i];

timel=time (NULL);

duration=0;
while(duration<timemax) // checking the calculation

// time as termination criteria

nei_counter=1;
kmax=one_enumerator (main_q) ;
while(nei_counter<kmax+l) // neighborhood change

// procedure
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}

rand_q_k{main_q,rand_out,nei_counter);
// choosing a random solution in
// the '"nei_counter"th neighborhood
// of the current solution
if(!feasible(rand_out)) // making feasible
{
make_feasible(rand_out,feas_out);
for(int i=0;i<n;i++)
rand_out{i]=feas_out[i];
}
first_improvement (rand_out,first_imp_out);
// finding the first better solution
// in the first neighborhood
// of the current solution

if(f(main_q)<f(first_imp_out))

{
for(int i=0;i<n;i++)
main_q[i]=first_imp_out[il];
nei_counter=1;
}
else

nei_counter++;

time2=time (NULL);
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}

i

W

duration=time2-timel;
}
modification(main_q,mod_out); // modifying the current

// solution

for(int 1=0;1<n;1l++)

main_q[1ll=mod_out[1];
clrscr(); /* printing the outputs */
cout<<"Best Location is:";
for(int s=0;s<n;s++)

cout<<main_q[s];
cout<<"\n";
cout<<"Best Objective Function Value is:",
cout<<f (main_q) ;
cout<<"\n";
cout<<'"Calculation Time is =";
cout<<duration;
cout<<"g";

getch();

void rand_q() /* generating the first solution randomly */

{

randomize();
for(int i=0;i<n;i++)

qlil=random(2);



int feasible(int *p) /* checking the feasiblity of a vector */
{
int s;

for(int j=0;j<m;j++)

{
5=0;
for(int i=0;i<n;i++)
s=s+A[j]1[1]1*p[i];
if(s>b[j1)
return 0;
}
return 1;

}

long int f(int *p) /* calculating the objective function

value of a solution */

int left_energy[n],min;
dijkstra dij;
for(int i=0;i<n;i++)
gq_dijlil=plil;
dij.algorithm() ;
for(i=0;i<n;i++) // calculating the remained energy for
// the invader
left_energy[il=alpha- (pathestimate_i[i]+betaxfac[i]);
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1=0;
while(left_energyl[i]<0 &% i<n)
i++;
if (i==n)
return pathestimate_c[i];
min=pathestimate_c[i];

for(int j=i;j<n;j++)

{
if (left_energy[j1>=0)
if (pathestimate_c[jl<min)
min=pathestimate_c[j];
}

return min;

void change(int *in,int *out,int t) /* inverting the

¥

for{int i=0;i<n;i++)
out[i]=in[i];

out[tl='out[t];

"t'"th component of

a vector */

int zero_enumerator{int *p) /* enumerating zero-components

of a vector */
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int i=0, j=0;
for(int 1=0;1<n;1++)
zeros [1]=0;
while(i<n)
{
if(plil)
zeros [j++]=1;
i++;
}
return j;
}
int one_enumerator(int #*p) /+ enumerating one-components

of a vector */

int i=0,j=0;
for{int 1=0;1l<n;1++)
ones[11=0;

while (i<n)

{
if(plil)
ones[j++]=1;
i++;
}
return j;



void make_feasible(int *in,int *out) /* making an unfeasible

solution feasible */

double £_out,max=0;
int j,change_out[n],q_max[n],q_temp[n];
for{int 1=0;1<n;l++)
g_max[1]=in[1];
while(feasible(q_max)==0)
{
max=0;
j=one_enumerator (q_max) ;
for(int i=0;i<j;i++)
{
change(q_max,change_out,ones[i]);
f_out=f (change_out) ;
if (f_out>=max)
{
for(1=0;1<n;1++)
q_temp[l]l=change_out[1];

max=f_out;

}
for(1=0;1<n;1++)
q-max[1]=q_temp[1];
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for(1=0;1<n;1++)
out [1]=q_max[1];
}

void modification(int *in,int *out) /* modifying a solution

int t=0,s,change_out{n],q_mod[nl;
s=zero_enumerator (in) ;
for(int k=0;k<n;k++)
g_mod [k]=in[k];
while(t<s)
{
change (q_mod, change_out,zeros[t]);

if(feasible{change_out))

{
for{int 1=0;1<n;1++)
q_mod[1]=change_out[1];
t++;
+
else
t++;

}
for(int d=0:d<n;d++)
out [d]=q_mod[d];

(adding facilities

if possible) */
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void first_improvement(int *in,int *out)
/* finding the first better solutiom in

the first neighborhood if there’s any */

int i=0,q_imp[n],change_out[n];

long int cur_f;

for(int 1=0;1<n;1++)
q_imp[1l=in[1];

cur_f=f (q_imp);

while(i<n)

{
change(q_imp, change_out,i);

if ((feasible(change_out))&& (f (change_out)>cur_£))

{
for(int k=0;k<n;k++)
out [k]=change_out [k];
break;
+
else
P+

}
for(int j=0;j<n;j++)

out [j1=q_imp[j];



void rand_g_k(int *in,int *out,int k)
/* generating a random solution in the

"k'"th neighbourhood the current vector */

int ran[n];
int index[n]={0};
for(int i=0;i<n;i++)
ran[il=in[i];
randomize();
index[0]=random(n+1);
int 1=1;
while(1<k)
{
randomize() ;
index[1]=random(n+1) ;
while ((inequality_check(index,1))==0)
index[1]=random(n+1) ;
1++;

}

for(i=0;i<k;i++)
ran[index([i]]=!ran[index[il];

for(i=0;i<n;i++)

out [i]=ran[i];



int inequality_check(int *in,int s)
{
int j=0,ieq[n];
for(int i=0;i<n;i++)
ieq[i]=in[i];
while(j<s)
{
if (ieqls]l==ieq[j1)
return 0;
else
j++;
}

return 1;

}

void read() /* getting the adjacent matrix of the network,
the initial energy of the invader and

the defensive capacity of each facility */

num_of_vertices = n+l1;
cout<<'"enter the adjacent matrix of the network:\n",
for(int i=0;i<num_of _vertices;i++)
{
cout<<"\nenter the weights for the row"<<i+i<<":\n";
for(int j=0;j<num_of _vertices;j++)

{
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cin>>graph[i] [j];
while(graph[il [j1<0)

{
cout<<"\nu should enter the positive valued
weights only\nenter the value again\n";
cin>>graph(il [j];
}

}

cout<<"\n enter the initial energy of the invader:\n";
cin>>alpha;

cout<<”\n enter the defensive capacity of each facility:\n";
cin>>beta;

source_i=n;

source_c=0;
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#include <stdio.h>
#include <string.h>
#include <time.h>

#include <math.h>

// This file contains the EM class layout.
#include "EM.h"

// This file is used insted of the weak random number
// generator of C++

#include "randnum.h"

// Auxiliary Vector Functions

#include "auxiliary.h"

// These files contain the functions used in
// ’func’ method below.

#include "dixonszegofnc.h"

// The RAND is a random number generated by
// the function genrand() in file randnum.h

#define RAND gearand()



// Constructor
EM::EM O
{
GLOBALCOUNT = 0;
best.objvalue = 1.0e+100;
0;
0;

best.index

best.count

// Destructor
EM::"EM ()
{
delete (Par.LB);
delete (Par.UB);

for (int i = 0; i < Par.M; i++)
{
delete (ions[i].coord);

delete (iomns[i].Fi);

delete best.coord;



// Input
// The lines of the .in file is read and the parameters
// are assigned.

// The explanation of the parameters are given in file EM.h

int
EM: :Input (char *infilename)
{

int 1i;

char str[80];

FILE *fin;

if ((fin = fopen (infilename, "r")) == NULL)

{
printf ("ERROR: INPUT FILE IS NOT ACCESSIBLE!");

strepy (str, " ");
while (strcmp (str, "FunctionNo:"))
{
facanf (fin, "¥s", str);
}
fscanf (fin, "%s", str);

Par .FUNCNO = atoi {(str);
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while (strcmp (str, "NumberOfIteratioms:"))
{
fscanf (fin, "¥%s", str);
}
fscanf (fin, "Ys", str);

Par .MAXGEN = atoi (str);

while (strcmp (str, "NumberOfRuns:"))
{
fscanf (fin, "¥s", str);
+

fscanf (fin, "Y%s", str);

Par .NUMOFRUNS = atoi (str);

while (strcmp (str, "NumberOfDimensions:"))
{
fscanf (fin, "Y%s", str);
}
fscanf (fin, "%s", str);

Par.N = atoi {str);

Par.UB
Par.LB

new long double[Par.N];

new long double[Par.N];
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while (strcmp (str, "LowerBounds:"))

{

fscanf (fin, "%s", str);

}
for (i = 0; i < Par.N; i++)
{
fscanf (fin, "%s", str);
Par.LB[i] = (long double) atof (str);
}

while (strcmp (str, "UpperBounds:"))
{
fscanf (fin, "%s", str);
}
for (i = 0; i < Par.N; i++)
{
fscanf (fin, "%s", str);

Par .UB[i] = (long double) atof (str);
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while (stremp (str, "Optimum:"))
{

fscanf (fin, "¥s", str);

}
fscanf (fin, "¥s", str);

Par.0PTIMUM = (long double) atof (str);

while (strcmp (str, "NumberOfIons:"))
{

facanf (fin, "Y%s", str);

}
fscanf (fin, "¥%s", str);

Par.M = atoi (str);

while (strcmp (str, "LocalCount:"))

{

fscanf (fin, "%s", str);

}
facanf (fin, "%s", str);

Par.LS = atoi (str);

while (strcmp (str, "Delta:"))
{

fscanf (fin, "¥s", str);
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fscanf (fin, "¥s", str);

Par .DELTA = (long double) atof (str);

while (strcmp (str, "PertPar:"))
{
fscanf (fin, "%s", str);
}
fscanf (fin, "%s", str);

Par .PERTPAR = (long double) atof (str);

Reserve ();

fclose (fin);

return (1);

// Initialize m points are generated randomly
// from the feasible region.
int
EM::Initialize ()
{
GLOBALCOUNT = O;
best.objvalue = 1.0e+100;
0;
0;

best.index

best.count



for (dint i = 0; 1 < Par.M; i++)
{
for (int j = 0; j < Par.N; j++)

ions[il.coord[j] = Par.LB{j] + (Par.UB[j] - Par.LB[j]1)*
RAND;

ions{i] .Fi[j] = 0.0;

ions[i].Q = 0.0;

ions[i] .objvalue = func (ions[i].coord, i);

// One point among m points is selected to be the
// perturbed point.
p = rand () % Par.M;

return (1);

// CalcF

// The total force on each point is calculated here.
int

EM::CalcF ()

{
int i, j, k;
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long double totdif = 0.0;

long double temp, dist, farthest = -1.0e+l10;
long double *tempvec;

long double *aij;

aij = new long double[Par.N];

tempvec = new long double[Par.N];

// The point which is the farthest from the current best
// point is selected to be the perturbed point. (Proof)
for (i = 0; i < Par.M; i++)
{
// The total deviation from the current best objective
// function value. This is used in the calculation of
// charges below.

totdif += ions[i].objvalue - best.objvalue;

if (i '= best.index)

VECSUB (aij, ions[best.index].coord, ions[i].coord,
Par.N);

VECNORM (&dist, aij, Par.N);

if (dist > farthest)
{

farthest = dist;

P =i
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for (i = 0; i < Par.M; i++)
{
// The charge of each point is calculated.
ions[il .Q =
exp (1.0 * (Par.N * (ions[i].objvalue - best.objvalue)/
totdif));

// Total force on each point is initialized.
for (k = 0; k < Par.N; k++)
ions[i) .Filk] = 0.0;
}

for (i = 0; i < Par.M; i++)

{
for (j = 0; j < Par.M; j++)

// Attraction
if ((ions[j].objvalue < ioms[i].objvalue) && (i != j))
{
VECSUB (aij, ioms[j].coord, ionms[i].coord, Par.N);



VECNORM (&dist, aij, Par.N);
temp = ions[i].Q * ions[j]l.Q *
(1.0 / (pow (dist, 2.0))),

SCAMUL (temp, aij, Par.N);

// The total force on the perturbed point

// is reversed with certain probability.

if (i != p)
{
VECADD (tempvec, ions[i].Fi, aij, Par.N);
¥
else
{

if (RAND < Par.PERTPAR)

{
SCAMUL (RAND, aij, Par.N);
VECADD (tempvec, ions[i].Fi, aij, Par.N);

else

SCAMUL (RAND, aij, Par.N);
VECSUB (tempvec, ions[i].Fi, aij, Par.N);



VECASGN (ions([i] .Fi, tempvec, Par.N);

// Repulsion
else if ((i != best index) && (i '= j))
{
VECSUB (aij, ionsf[j].coord, iomsli].coord, Par.N);
VECNORM (&dist, aij, Par.N);

temp = ions[i].Q * ions[j].Q *
(1.0 / (pow (dist, 2.0)));
SCAMUL (temp, aij, Par.N);

// The total force on the perturbed point

// is reversed with certain probability.

if (i !'=p)
{
VECSUB (tempvec, ioms[il.Fi, aij, Par.N);
}
else
{

if (RAND < Par.PERTPAR)

{
SCAMUL (RAND, aij, Par.N);
VECSUB (tempvec, ions[i].Fi, aij, Par.N);
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else

SCAMUL (RAND, aij, Par.N),
VECADD (tempvec, ions[i].Fi, aij, Par.N);

VECASGN (ions[i].Fi, tempvec, Par.N);

} //i

delete (tempvec);

delete (aij);

return (1);

// Move

// Each point except the current best point

// is moved in the direction of total force
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int
EM: :Move ()
{

int i, j;

long double norm, Tiny;

for (i = 0; i < Par.M; i++)
{

if {i !'= best.index)

Tiny = RAND;

// Normalize the total force on each point
// to maintain the feasibility.

VECNORM (&norm, ions[i].Fi, Par.N);

SCAMUL ({1.0 / norm), ions[i] .Fi, Par.N);

for (j = 0; j < Par.N; j++)
{
if (ions[i].Fil[j] >= 0}

ions[i] .coord[j} = ions[i].coord[j] +
Tiny * ions[i].Fi{j] *
(Par .UB[j] - ions[il.coord[jl};



else

ions[i].coord[j] = ions([il.coord[j] +
Tiny * ions[i] .Fi[j] *
(ions[il].coord[j] - Par.LB[jl);

¥ /7]

} //i

for (i=0; i < Par.M; i++)
ions[i].objvalue = func (ions[i].coord, i);

return (1);

// Local
// Simple random local search algorithm.
void
EM: :Local ()
{
TON TempTon;

Templon.coord = new long double[Par .NJ;
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TempIon.Fi = new long double[Par.N];

long double ThresHold, Tiny, Tinyl;
long double *TempVec;
int count;

TempVec = new long double[Par.N];

VECSUB (TempVec, Par.UB, Par.LB, Par.N);
VECMAX (&ThresHold, TempVec, Par.N);

ThresHold *= Par DELTA;

int i, j;

int FLAG;

// The current best point is assigned to be point i.
// Local search is applied only to
// the current best point.

i = best.index;

for (j = 0; j < Par.l; j++)
{
count = 0;

RAND;

Tiny1l
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while (count < Par.LS)

ionasgn (&TempIon, &ions[i]);
Tiny = RAND;
FLAG = 1;

// Make a tiny increment in
// the corresponding dimension.
if (Tinyl > 0.5)
{
if (TempIon.coord[j] + Tiny #* ThresHold < Par UB[jI)
TempIon.coord[j] += Tiny * ThresHold;
else
FLAG = 0;
s
// Make a tiny decrement in

// the corresponding dimension.

else
{
if (TempIon.coord[j] - Tiny * ThresHold > Par.LB[jl)
TempIon.coord[j] -= Tiny * ThresHold;
else
FLAG = 0;

}



VA Y

if (FLAG)
{

Templon.objvalue = func (Templon.coord, Par.M + 1);

// Update the best values.

if (TempIlon.objvalue < best.objvalue)
ionasgn (&ions[i], &TempIlom);
best.objvalue = Templon.objvalue;
best.count = GLOBALCOUNT;

else

count = Par.LS - 1;

}

count++;

delete (TempVec);

delete (TempIon.coord);

delete (TempIon.Fi);



// Output

// Write the best objective function value
// and the best number of iterations to the
// output file, .out.

void

EM: :Output (char *outfilename)

{

FILE #*fout;
if ((fout = fopen (outfilename, "a"))} == NULL)

{
printf ("ERROR: OUTPUT FILE IS NOT ACCESSIBLE!");

fprintf (fout, "%f \t %d \n", (float) best.objvalue,

(int) best.count);

fclose (fout);

JFAEZITE I T EPE

// Auxiliary Functions
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// Reserve

// This function is used to make necessary
// memory allocations.

int

EM: :Reserve ()

{

ions = new ION[Par.M];

for (int i = 0; 1 < Par.M; i++)
{
ions[i].coord = new long double[Par.N];

ions[i].Fi = new long double[Par.N];

best.coord = new long double[Par.NJ;

return (1);

// ionasgn

// Assignment of two ions
void

EM: :ionasgn (ION * A, ION * B)
{
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// A =38
for (int i = 0; i < Par.N; i++)
{
A->coord[i] = B->coord[i];

A->Fifi] = B->Filil;

A->objvalue = B->objvalue;

A->[) = B->Q);

void EM::Basic(char *outstr)

{
int runno = 0;
int iteration = O;

time_t t;

while (runno < Par.NUMOFRUNS)
{

sgenrand ((unsigned long) time (&t) + runno);

Initialize ();
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// The termination criterion is
// the maximum number of iterations
iteration = 0;
while (iteration < Par.MAXGEN)
{
if (Par.LS != 0)
Local ();
CalcF ();
Move ();
// This part is used to compare the algorithm
// with other methods. They use the following
// termination criterion for the functions with
// known global optima.
if (Par.OPTIMUM!= 0.0)
{
if ((best.objvalue - Par.OPTIMUM) /
fabs (Par.0PTIHUM) < 0.0001)
iteration = Par.MAXGEN - 1;

else

if ((best.objvalue - Par.0PTIMUM) < 0.0001)
iteration = Par.MAXGEN - 1;



iteration+t+;

Output (outstr);

runno++;

long double EM::func(long double *x, int particleno)

{
long double val;

GLOBALCOUNT++;
val = Fval (Par.FUNCNO, x, Par.N};

if (val < best.objvalue && particleno < Par.M)
{

best.objvalue = val;

GLOBALCOUNT;

best.count

best.index = particleno;
YECASGN (best.coord, ions[best.index] coord, Par.N);
}

return val;
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#include <stdio.h>
#include <string.h>

#include <math.h>
#include "EM.h"

// The file that contains the list of input files
// for the functions

#define ALLFILE "dixonszegofnc.in"

int main(int argc, char* argv[])
{
char instr[50], outstr[50];
FILE *allin;
int NUMOFFILES, filecounter;

EM *EMCPP:

// A new instance of EM class is created.

EMCPP = new EM;
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// File is opened.
if ((allin = fopen (ALLFILE, "r")) == NULL)
{
printf ("ERROR: INPUT FILE IS NOT ACCESSIBLE'");

fscanf (allin, "%s", instr);
// The first character in ALLFILE shows the number of
// functions that are going to be solved

NUMOFFILES = atoi (instr);

filecounter = 0,

while (filecounter < NUMOFFILES)
{
fscanf (allin, "%s", instr);
strcpy (outstr, instr);
// Corresponding .in file for the function.
strcat (instr, ".in");
// Corresponding .out file for the function.

strcat {outstr, ".out"):

EMCPP->Input (instr);
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// try - catch block is used to detect errors.

try
{
EMCPP->Basic(outstr);
b
catch (char #*str)
{
delete (EMCPP);
printf ("Exception raised: ¥%s \n", str);
throw;
}
filecounter++;
} //big while
delete (EMCPP);
fclose (allin);

return 0;



Abstract

This dissertation considers a fairly new location problem called
Defensive Location Problem (DLP). In DLPs, a decision maker locates
defensive facilities in order to prevent her/his enemies from reaching an
important site, called a core; for example, “a government of a country
locates self-defense bases in order to prevent her/his aggressors from
reaching the capital of the country.” It is assumed that the region where
the decision maker locates her/his defensive facilities is represented as a
network and the core is a vertex in the network, and that the facility
locater and her/his enemy are an upper and a lower level of decision
makers, respectively. It is also assumed that all defensive facilities have
equal defensive capacities, so DLPs are formulated as bi-level 0-1
programming problems [28]. Then, tow heuristic solving methods are
proposed to solve DLP. One of them, which was introduced by Uno and
Katagiri [28], is an algorithm based on Tabu Search Method while the
other is based on Variable Neighborhood Search Method. A comparison
between the efficiency of these tow solving algorithms is done by
applying them on several numerical examples of DLPs. Next, we
introduce a new development of DLP, named Continuous Defensive
Location Problem (CDLP). In CDLPs, we assume that defensive
facilities do not have equal defensive capacities necessarily and they can
be equipped by the defender to have a capacity which is a real number in
a continuous interval. We, therefore, can formulate CDLPs as
continuous programming problems. Then we propose a heuristic solving
algorithm in order to solve CDLPs, which is based on electromagnetism-
like mechanism (EM). The efficiency of the proposed solving method is
then shown by applying to some examples of the CDLPs.



