//check to see if all cities are v

sited or taken

bool vistitedAll(List<int> visited, int n)

{
for (int j=0 ;j<n;j++)
if (visited[j]==0)
return fal se;
return true

//check to see if all cities are v
bool vistitedAll (List<bool> visite
{
for (int j =0; j <visited.Co
if (visited[j] == fal se)
return fal se;
return true

//find index of a given gene
i nt Fi ndi ndexof Gene( Sol ution tenps

for (int i =1; i <n; i++)
{
if (tenps.Chronosone[i] ==
return i;
}
return O;

}

/Il compare two solutions if matched
bool isMatch(Sol ution s1, Solution
{

for (int i =1; i <n; i++)
{
if (sl.Chronmosone[i] != s2
return false;

}

return true;

isited or taken
d)

unt; j++)

, int n, int gene)

gene)

s2, int n)

. Chronosone[i])



/lcalculate cost for a solution if distances are taken froma matrex (not used so far)
ul ong Cal cCost (Sol ution tenps, int n)

{
ul ong suntost = O0;
/1 Solution tenmps = Singl eTSPPup[sl];
for (int i =0; i <n - 1; i++)
{
suntost = sunctost + (ulong) Cities[tenps. Chronosone[i]][tenps. Chronpbsone[i + 1]];//dstanc(i,i+1)
}
/ladding the last city distance to the first
suncost = sunctost + (ulong) Cities[tenps.Chronosonme[n - 1]][tenps. Chronposone[0]];
return suncost;
}

[/ clacul ate eucl eadi an di stance between 2 points
doubl e ED(Poi nt pl, Point p2) {
doubl e xx = (double) (pl.X - p2.X);
doubl e yy = (double) (pl.Y - p2.Y);
XX = XX * XX;
Yy =yy *yy;
xx=Mat h. Sqrt (xx+yy) ;

return Xxx;

}

[/ clacul ate eucl eadi an di stance between 2 points
doubl e ED(doubl ePoi nt pl, doubl ePoi nt p2)

{
doubl e xx = (double)(pl. X - p2.X);
doubl e yy = (double)(pl.Y - p2.Y);
XX = XX * XX;
Yy =yy * vy,
XX = Math.Sqrt(xx + yy);
return xx;

}

double ED(int x, int y)

{

Point pl = CitiesXY[X];



Point p2 = CitiesXY[y];
doubl e xx = (double)(pl. X - p2.X);
doubl e yy = (double)(pl.Y - p2.Y);

XX = XX * XX;

Yy =yy *yy;

xx = Math.Sgrt(xx + yy):
return xx;

}

/lcalculate cost for a solution if distances are taken froma array of xy points (used)
doubl e Cal cCost ED( Sol uti on tenps, int n)

{
doubl e suntost = 0.0;
/1 Solution tenmps = Singl eTSPPup[sl];
Poi nt P1, P2;
for (int i =0; i <n - 1; i++)
{
P1=Ci ti esXY[tenps. Chronmosone[i]];
P2=Ci ti esXY[tenps. Chronosone[i +1]];
double ed = ED(P1, P2);
suntost += ed;//ED dstanc(CITY i AND i +1)
}
/ladding the last city distance to the first
P1 = CitiesXY[tenps. Chronmpsone[n-1]];
P2 = CitiesXY[tenps. Chronpsone[0]];
suncost += ED(P1, P2);
return suncost;
}

/1do mutation on random sol ution of a given popul ati on (pup)
Sol ution mutation(List<Solution> pup)

{

int index = rand. Next (0, pup.Count);//get the randomindex of a solution

Solution tenmp = new Sol ution();
tenmp. Chronmosone = new List<int>(CityNum);//create enpty solution



for (int j =0; j < CtyNum j++)
{

}

i nt whi chgenel rand. Next (1, CityNum);//select random |l ocation for nutation

i nt whi chgene2 rand. Next (1, CityNum);//select randomlocation tp swap the nutated gene
int vall = tenp. Chronosone[ whi chgenel];//to be repl aced

int val 2 = tenp. Chronosone[ whi chgene?];//to be repl aced

t enp. Chr onosone[ whi chgenel] = val 2;//swaped

t enp. Chr onbsone[ whi chgene2] = val 1

tenp. Cost = (ulong)Cal cCostED(tenp, CityNum;//calc the cost of the new nutated sol ution

t enp. Chr onpsome. Add( pup[ i ndex] . Chronpsomne[j]);//copy the selected solution to the enpty one

return tenp;

//1find the city of the furthest distance fromits previous nei ghbor
i nt Fi ndl ndxWor st Gene( Sol uti on temnp)

{
ulong max = 0, distance; int indx = O;
for (int i = 0; i < tenp.Chronmobsone. Count - 1; i++)
{
di stance = (ulong)ED(CitiesXY[tenp. Chronpsone[i]], CitiesXY[tenp.Chronmosone[i + 1]]);
if (distance > nax)
{
max = di stance;
indx =i + 1;
} }
di stance = (ul ong) ED(Citi esXY[tenp. Chronbsone[tenp. Chronmobsone. Count - 1]], CitiesXY[tenp. Chronosonme[0]]);
if (distance > nax)
{
max = di stance;
i ndx = tenp. Chronmosone. Count - 1;
}
return indx;
}

//1find the city of the farthest distance fromits previous and next nei ghbors
i nt Fi ndl ndxWor st GeneLR( Sol uti on tenp)



ulong max = 0, distance, distancel, distanceR

int indx = 0;
for (int i =1; i < tenp.Chronmobsone. Count - 1; i++)
{
di stanceL = (ulong) ED(Citi esXY[tenp. Chromosone[i]], CitiesXY[tenp. Chronosone[i - 1]]);
di stanceR = (ulong) ED(Citi esXY[tenp. Chromosone[i]], CitiesXY[tenp. Chronosonme[i + 1]]);
di stance = distanceL + di stanceR
i f (distance > nax)
{
max = di stance;
indx =1i;
}
}

di stanceL = (ulong) ED(Citi esXY[tenp. Chronpsone[t enp. Chr onpbsone. Count

CitiesXY[tenmp. Chronpbsone[tenp. Chronosone. Count - 2]]);

di stanceR = (ul ong) ED(Ci ti esXY[t enp. Chromosone[t enp. Chr onpbsone. Count

di stance = di stanceL + di stanceR
if (distance > nax)
{
max = di st ance;
i ndx = tenp. Chronmosone. Count - 1

}

return indx;

}

/1find 2 indexes of the maximum di stances fromthier prev cities
Poi nt Fi ndl ndxesWbr st Genes( Sol uti on tenp)
{

ulong max = 0, distance; int indx = 0, indx2 = O;

ul ong second_nax = 0;

for (int i = 0; i < tenp.Chronmosone. Count - 1; i++)

{

- 1117,
- 1]], CitiesXY[tenp. Chronpsone[0]]);

di stance = (ulong) ED(Ci ti esXY[tenp. Chronosone[i]], CitiesXY[tenp.Chronosone[i + 1]]);

i f (distance > nax)

{
second_max = max;
i ndx2 = i ndx;



max = di st ance;
indx =i + 1;

el se if (distance > second_max)

{

second_nmax = di stance;
indx2 =i + 1;
}

o -

i stance = (ul ong) ED(CitiesXY[tenp. Chronpbsone[tenp. Chronobsone. Count - 1]], CitiesXY[tenp. Chronpbsone[0]]);
if (distance > nax)

_——

second_max = max;

i ndx2 = indx;

max = di stance;

i ndx = tenp. Chronpbsone. Count - 1

el se if (distance > second_max)

{

second_max = di stance;

i ndx2 = tenp. Chronmosone. Count - 1;
}
Point p = new Point (indx, indx2);
return p;

}

//do mutation on worst gene and swap it with rand gene
Sol ution nutati onEnhanced(Li st<Sol uti on> pup)

{

int index = rand. Next (0, pup.Count);//get the randomindex of a solution
Solution tenmp = new Sol ution();

tenmp. Chronpsome = new List<int>(CtyNum);//create enpty sol ution

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

t enp. Chr onosone. Add( pup[i ndex] . Chronbsone[j]);//copy the selected solution to the enpty one



i nt whi chgenel = Fi ndl ndxWr st Gene(tenp);//sel ect worst gene for nutation

/1 i nt whi chgenel = rand. Next (1, CityNunm);//select random | ocation for nutation

i nt whi chgene2 = rand. Next (1, CityNun);//select random | ocation tp swap the mnutated gene
int vall = tenp. Chronosone[ whi chgenel];//to be replaced

int val 2 = tenp. Chronosone[ whi chgene2];//to be repl aced

t emp. Chr onbsone[ whi chgenel] = val 2;//swaped

t emrp. Chr onosone[ whi chgene2] = val 1;

tenmp. Cost = (ul ong) Cal cCost ED(tenp, CityNun);//calc the cost of the new nmutated sol ution

return tenp;

}

//do mutation on worst gene and swap it localy with its right nei ghbour
/1 or swap the previous gene with its previous, return the best chronosone
Sol uti on mutati onEnhancedWr st SwapLocal y(Li st <Sol uti on> pup)

{

int index = rand. Next (0, pup.Count);//get the randomindex of a solution

Solution tenpl = new Sol ution();

tenmpl. Chronmosonme = new List<int>(CityNum);//create enpty solution
for (int j =0; j < CtyNum j++)

{

}

Solution tenp2 = new Sol ution();
tenmp2. Chronmosonme = new List<int>(CityNum);//create enpty solution
for (int j =0; j < GtyNunm |j++)

temrpl. Chr onosone. Add( pup[ i ndex] . Chronmosone[j]);//copy the selected solution to the enpty one

t emp2. Chr onosone. Add( pup[ i ndex] . Chronmpsone[j]);//copy the selected solution to the enpty one
}

i nt whi chgenel = Fi ndl ndxWr st Gene(tenpl);//sel ect worst gene for mutation
i nt indexM nusl = whi chgenel - 1;
i nt indexM nus2 = whichgenel - 2;
i nt indexPlusl = whichgenel + 1;
if (indexMnusl < 1)
i ndexM nusl = i ndexM nusl + tenpl. Chronosone. Count - 1;
if (indexM nus2 < 1)



i ndexM nus2 = i ndexM nus2 + tenpl. Chronmosone. Count - 1;
if (indexPlusl > tenpl. Chronosone. Count - 1)
i ndexPlusl = 1;
/1 i nt whi chgenel = rand. Next (1, CityNum);//select random | ocation for nutation
/1int whichgene2 = rand. Next (1, CityNum);//select randomlocation tp swap the nmutated gene
//solution 1 : swap previous points
int vall = tenpl. Chronosomre[i ndexM nusl];//to be repl aced
int val 2 = tenpl. Chronosomre[i ndexM nus2];//to be repl aced
templ. Chronosone[ i ndexM nusl] = val 2;// swaped
t empl. Chr onosone[ i ndexM nus2] = val 1;
tenmpl. Cost = (ulong)Cal cCostED(tenpl, CityNum;//calc the cost of the new nutated sol ution
//solution 2 : swap worst with its next
val 1 = tenmp2. Chr onosone[ whi chgenel];//to be repl aced
val 2 = tenp2. Chronosone[ i ndexPlusl];//to be repl aced
t emp2. Chr onosone[ whi chgenel] = val 2;// swaped
temp2. Chr onmosone[ i ndexPl usl] = val 1;
tenmp2. Cost = (ul ong) Cal cCost ED(tenp2, CityNum);//calc the cost of the new nmutated sol ution
if (tenpl. Cost < tenp2. Cost)
return tenpl;
el se
return tenp2;
}
//do mutation on worst gene fromleft nad right and swap with rand
Sol ution rnutati onEnhancedWor st LR(Li st <Sol uti on> pup)

{

int index = rand. Next (0, pup.Count);//get the randomindex of a solution

Solution tenmp = new Sol ution();
tenmp. Chronobsone = new List<int>(CityNum);//create enpty solution
for (int j =0; j < CtyNum j++)

t emrp. Chr onosone. Add( pup[ i ndex]. Chronmosone[j]);//copy the selected solution to the enpty one

i nt whi chgenel Fi ndl ndxWor st GeneLR(tenp);//sel ect worst gene for nutation

i nt whi chgene2 rand. Next (1, CityNum);//select randomlocation tp swap the nutated gene
int vall t emrp. Chr omosone[ whi chgenel];//to be repl aced

int val2 t emrp. Chr omosone[ whi chgene2];//to be repl aced



}

t emrp. Chr onbsone[ whi chgenel] val 2; // swaped
t emrp. Chr onbsone[ whi chgene?2] val 1;
temp. Cost = (ul ong) Cal cCost ED(tenp, CityNun);//calc the cost of the new nmutated sol ution

return tenp;

//do mutation on worst gene fromleft nad right and swap with random gene

/1in NNRange around its nearest neigbour city

Sol uti on mutati onEnhancedWbr st LRNNci ty(Li st <Sol uti on> pup)

{

int index = rand. Next (0, pup.Count);//get the randomindex of a solution
/ 1 NNRange=5;

Solution temp = new Sol ution();

tenmp. Chronobsone = new List<int>(CityNum);//create enpty solution

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

{

}

i nt whi chgenel = Fi ndl ndxWr st GeneLR(tenp);//sel ect index of worst gene for nutation
//1find the worst city of index worst gen

int Worst City=tenp. Chronosome[ whi chgenel];

/1find the nearest city to the worst city

int NNcty=NearestCity[WrstCity];

/1find the index of the nearest city in the nutated sol ution

int indexNNcity = tenp. Chronosone. | ndexOf (NNcty) ;

//set the range for the random city to be swapped w the the worst gen

int rl = indexNNcity - NNRange;

int r2 = indexNNcity + NNRange;

t emrp. Chr onosone. Add( pup[ i ndex]. Chronmosone[j]);//copy the selected solution to the enpty one

i nt whi chgene2 rand. Next (r1, r2);//select random |l ocation to swap the nmutated gene in the best

range

i f (whichgene2
whi chgene?2

0)
whi chgene2 + tenp. Chronpsone. Count ;
i f (whichgene2 t emp. Chr onbsone. Count - 1)

whi chgene?2 whi chgene2 - tenp. Chronposone. Count ;
i f (whichgene2 == 0)

v I A

nei gbour hod



whi chgene2++;
/1 swap
int vall = tenp. Chronosone[ whi chgenel];//to be replaced
int val 2 = tenp. Chronosone[ whi chgene2];//to be repl aced
t emp. Chr onosone[ whi chgenel] = val 2;//swaped
t emrp. Chr onbsone[ whi chgene2] = val 1;
temp. Cost = (ul ong) Cal cCost ED(tenp, CityNun);//calc the cost of the new nutated sol ution

return tenp;

}

//do mutation on worst gene fromleft and right, find its nearest neigbour city then
/land | ocate a range around nearest neigbour city NNRange
/1find the furthest city fromthe NNcity in this Range to be swaped witht he worst gene
Sol uti on mutati onEnhancedWr st LRFurt hest NNci ty(Li st <Sol uti on> pup)
{

int index = rand. Next (0, pup.Count);//get the randomindex of a solution

Solution temp = new Sol ution();

tenmp. Chronobsone = new List<int>(CityNum);//create enpty solution

for (int j =0; ] < CtyNum j++)

{

}

i nt whi chgenel = Fi ndl ndxWr st GeneLR(tenp);//select index of worst gene for nutation
/[/find the worst city of index worst gen
int WrstCity = tenp. Chronosone[ whi chgenel];
//1find the nearest city to the worst city
int NNcty = NearestCity[WrstCity];
//1find the index of the nearest city in the nmutated sol ution
int indexNNcity = tenp. Chronpsone. | ndexOf (NNcty) ;
//set the range for the random city to be swapped w the the worst gen
int rl = indexNNcity - NNRange;
int r2 = indexNNcity + NNRange;
int indxg = indexNNcity;//default val ue
doubl e maxdi stance = -1;
for (int g =rl1; g <=7r2; g++) {
int gg=g;

t emrp. Chr onosone. Add( pup[ i ndex]. Chronmosone[j]);//copy the selected solution to the enpty one



if (gg < 0)//to get red of negative index nd rotte to the right of array
gg = gg + tenp. Chronosone. Count ;
if (gg > tenp. Chronosone. Count - 1)//if index outside array rotate to the left of array

gg gg - tenp. Chronosomne. Count;
if (gg == 0)

continue;// to prevent swapping with the start point the (0)
if (gg == whi chgenel)

continue;// to prevent swapping with the sane worst gene

double D = ED(CitiesXY[tenp. Chromosone[gg]], CitiesXY[tenp. Chronosone[indexNNcity]]);
if (D> maxdi stance) {
maxdi st ance = D

i ndxg = gg;
}
}
/* if (indxg == 0)// to prevent swapping with the start point the (0)
i ndxg++; */
i nt whi chgene2 = indxg;//select random |l ocation to swap the nutated gene in the best neigbourhod range
/*int whichgene2 = rand. Next(rl, r2);//select randomlocation to swap the nmutated gene in the best nei gbourhod
range

i f (whichgene2 < 0)

whi chgene2 = whi chgene2 + tenp. Chronposone. Count ;
i f (whichgene2 > tenp. Chronpsone. Count - 1)

whi chgene2 = whi chgene2 - tenp. Chronosone. Count ;
i f (whichgene2 == 0)

whi chgene2++;

*/

/1 swap

int vall = tenp. Chronosone[ whi chgenel];//to be repl aced
int val 2 = tenp. Chronosone[ whi chgene2];//to be repl aced

t emp. Chr onbsone[ whi chgenel] = val 2;//swaped
t emrp. Chr onosone[ whi chgene2] = val 1;
temp. Cost = (ul ong) Cal cCost ED(tenp, CityNun);//calc the cost of the new nmutated sol ution

return tenp;

}

//do mutation on worst gene fromleft and right, find its nearest neigbour city then



/linsert worst near the nearest neigbour city NNRange
Sol ution mutationEnhancedWr st LRI nsert NNci ty(Li st<Sol uti on> pup)
{
int index = rand. Next (0, pup.Count);//get the randomindex of a solution
Solution temp = new Sol ution();
tenp. Chronosonme = new List<int>(CtyNun);//create enpty sol ution
for (int j =0; j < GtyNum |j++)
{

}

i nt whi chgenel = Fi ndl ndxWr st GeneLR(tenp);//select index of worst gene for mnutation
//1find the worst city of index worst gen

int WorstCity = tenp. Chronosone[ whi chgenel];

/1find the nearest city to the worst city

int NNcty = NearestCity[WrstCity];

//1find the index of the nearest city in the nmutated sol ution

int indexNNcity = tenp. Chronosone. | ndexOf (NNcty) ;

t enp. Chr onosone. Add( pup[i ndex] . Chronbsone[j]);//copy the selected solution to the enpty one

if (indexNNcity < whichgenel) {
for (int g = whichgenel; g > indexNNcity; g--) {
tenp. Chr onbsone[ g] = tenp. Chronosone[g - 1];
}
t enp. Chr onpsone[i ndexNNcity + 1] = WrstCity;
}
if (indexNNcity > whichgenel)

for (int g = whichgenel; g < indexNNcity; g++)
{

}
tenp. Chronpsomre[i ndexNNcity - 1] = WrstCity;

tenp. Chr onosone[ g] = tenp. Chronosone[g + 1];

}
int rnd = rand. Next (0, 2);
if (rnd == 0) {
if (indexNNcity > 1 &% indexNNcity != tenp. Chronpsone. Count - 1) {
int vall t emp. Chr onosome[ i ndexNNcity-1];//to be repl aced
int val2 t enp. Chr onosome[ i ndexNNcity+1];//to be repl aced



tenmp. Chronosone[i ndexNNcity - 1]
tenmp. Chronmosone[ i ndexNNcity + 1]

val 2; // swaped
val 1;

} }
tenmp. Cost = (ul ong)Cal cCost ED(tenp, CityNunj);//calc the cost of the new nutated sol ution

return tenp;

}

//do mutation on random gene, find its nearest neigbour city then
/linsert it near its nearest neigbour city NNRange
Sol uti on mutati onEnhancedRandl nsert NNci ty(Li st<Sol uti on> pup)
{
int index = rand. Next (0, pup.Count);//get the randomindex of a solution
Solution temp = new Sol ution();
tenmp. Chronobsone = new List<int>(CityNum;//create enpty solution
for (int j =0; j < GtyNunm |j++)
{

}

i nt whi chgenel = rand. Next (1, tenp. Chronmosone. Count);//select index randomy for mutation
//1find the city of the random i ndex

int RandCity = tenp. Chronpsone[ whi chgenel];

//1find the nearest city to the rnd city

int NNcty = NearestCty[ RandCity];

//1find the index of the nearest city in the nmutated sol ution

int indexNNcity = tenp. Chronosone. | ndexOf (NNcty) ;

t emrp. Chr onbsone. Add( pup[ i ndex]. Chronosone[j]);//copy the selected solution to the enpty one

if (indexNNcity < whichgenel)

{
for (int g = whichgenel; g > indexNNcity; g--)
{
tenmp. Chronosone[ g] = tenp. Chronosone[g - 1];
}

tenmp. Chronpsone[i ndexNNcity + 1] = RandCity;

}
if (indexNNcity > whichgenel)



for (int g = whichgenel; g < indexNNcity; g++)

{
tenp. Chronosone[ g] = tenp. Chronosone[g + 1];
}
tenp. Chronosone[i ndexNNcity - 1] = RandCity;
}
int rnd = rand. Next (0, 2);
if (rnd == 0)
{
if (indexNNcity > 1 &% indexNNcity < tenp. Chronmosone. Count - 1)
{
int vall = tenp. Chronosone[i ndexNNcity - 1];//to be repl aced
int val2 = tenp. Chronosone[i ndexNNcity + 1];//to be repl aced
t enp. Chronosone[i ndexNNcity - 1] = val 2;//swaped
tenp. Chronosone[i ndexNNcity + 1] = vall
}
}

tenp. Cost = (ulong)Cal cCostED(tenp, CityNum;//calc the cost of the new nutated sol ution

return tenp;

}

//do mutation on worst gene, find the nearest city fromrandomcities and
/linsert it between worst city and its previous neighbour, the nearest is the mn distance fromboth worst and its

previ ous
Sol uti on mutati onEnhancedWr st | nsert RandBef or e( Li st <Sol uti on> pup)
{

int index = rand. Next (0, pup.Count);//get the randomindex of a solution
Solution temp = new Sol ution();

tenp. Chronosonme = new List<int>(CityNun);//create enpty sol ution

for (int j =0; j < GCtyNunm |j++)

{

}

i nt whi chgenel = Fi ndl ndxWr st Gene(tenp);//sel ect worst gene for nutation
i nt prevlndex = whichgenel - 1;

t enp. Chr onosone. Add( pup[i ndex] . Chronosone[j]);//copy the selected solution to the enpty one



/lselect randomcitites
List<int> RandonCities = new List<int>();
int NumRndCities = tenp. Chronosone. Count / 10;
/1int NunRndCities = tenp. Chronosone. Count;// / 10;
int RndCity;
for (int r1 =0; rl < NunRndCities; rl++) {
next Rand:
RndCi t y=r and. Next (1, tenp. Chronosone. Count);
i f (RndGi ty==whi chgenel || RndCity==prevl ndex)
got o next Rand;
RandonCiti es. Add(RndCi ty);

/1find the nearest city to both worst and its previous to be inserted in between.
int RandCity = 1;//default value
doubl e m n=doubl e. MaxVal ue;

for (int rl1 =0; rl < NunRndGities; rl++) {
double D = ED(CitiesXY[tenp. Chronmosone[ whi chgenel]], CGtiesXY[RandonCities[r1]]) +
ED(Citi esXY[tenp. Chronosone[ prevl ndex]], CGtiesXY[RandonCities[r1]]);
if (D<mn) {
mn = D
RandCity = RandonCities[r1];

}

int indexRndCity = tenp. Chronosone. | ndextf (RandCity);
/1 int PrevCity = tenp. Chronosone[ prevl ndex];
/1 int WrstCity = tenp. Chronposone[ whi chgenel];
if (indexRndCity < prevlndex)

for (int g = indexRndCity; g < prevlndex; g++)
{

}
t enp. Chr onosone[ prevl ndex] = RandCity;

temp. Chr onosone[ g] = tenp. Chronosone[g + 1];

}
if (indexRndCity > whi chgenel)
{



}

for (int g = indexRndCity; g > whichgenel; g--)
{

}
t emp. Chr onosone[ whi chgenel] = RandCity;

t emrp. Chr onmosone[ g] = tenp. Chronosone[g - 1];

}
/lrotate right

int t = tenp.Chronosone[tenp. Chronmosone. Count - 1];
for (int g = temp. Chronobsone. Count - 1; g > 1; g--)
{

}
temp. Chronmosone[ 1] = t;

tenmp. Chronosone[ g] = tenp. Chronosone[g - 1];

tenmp. Cost = (ul ong)Cal cCost ED(tenp, CityNun);//calc the cost of the new nutated sol ution

return tenp;

//do mutation on random gene, select random genes, callc the distance between the selected gene and all the selected
cities, find the nearest city and

/linsert it between the selected randomcity and its previ ous nei ghbour,

the selected gene and its previous

Sol uti on mut ati onEnhancedRandl nsert RandBef ore( Li st <Sol uti on> pup)

{

t he nearest

int index = rand. Next (0, pup.Count);//get the randomindex of a solution

Solution tenp = new Sol ution();

tenmp. Chronmosone = new List<int>(CityNum);//create enpty solution

for (int j =0; j < CityNum |j++)
{

is the mn distance from both

t emp. Chr onosone. Add( pup[ i ndex]. Chronosone[j]);//copy the selected solution to the enpty one

}

i nt whi chgenel = rand. Next (1, CityNun);//select random | ocation for

i nt prevlndex = whichgenel - 1;

/lselect randomcitites

Li st<int> RandonCities = new List<int>();

int NumRndCities = tenp. Chronosomne. Count / 10;
/1int NunRndCities = tenp. Chronmosone. Count;// / 10;

nmut ati on



int RndCity;
for (int r1 =0; rl < NunmRndCities; rl++)
{
next Rand:
RndCity = rand. Next (1, tenp. Chronosone. Count);
if (RNdCity == whichgenel || RndCty == prevlndex)
got o next Rand;
RandonCiti es. Add(RndCi ty);

/1find the nearest city to both worst and its previous to be inserted in between.
int RandCity = 1;//default value
doubl e m n = doubl e. MaxVal ue;

for (int r1 =0; rl < NunRndCities; rl++)

double D = ED(Citi esXY[tenp. Chronpsone[ whi chgenel]], CtiesXY[RandonCities[r1]]) +
ED(Citi esXY[tenp. Chronpsomre[ prevl ndex]], G tiesXY[RandonCities[r1]]);

if (D< mn)
L

mn = D

RandCity = RandonCities[r1];
}

}

int indexRndCity t enp. Chr onpsone. | ndextf (RandCity);
/1 int PrevCity = tenp. Chronosone[ prevl ndex];

/1 int WrstCity = tenp. Chronosone[ whi chgenel];

if (indexRndCity < prevlndex)

{

for (int g = indexRndCity; g < prevlndex; g++)

t enp. Chr onbsone[ g] = tenp. Chronosone[g + 1];

}
t enp. Chr onosone[ prevl ndex] = RandCity;

}
if (indexRndCity > whi chgenel)

{
for (int g = indexRndCity; g > whichgenel; g--)



{

}
t emp. Chr onosone[ whi chgenel] = RandCity;

t emp. Chr onosone[ g] = tenp. Chronosone[g - 1];

}
/lrotate right

int t = tenp.Chronosone[tenp. Chronmosone. Count - 1];
for (int g = tenmp. Chronosone. Count - 1; g > 1; g--)

tenmp. Chronosone[ g] = tenp. Chronosone[g - 1];
}
temp. Chronosone[ 1] = t;
temp. Cost = (ul ong) Cal cCost ED(tenp, CityNun);//calc the cost of the new nmutated solution

return tenp;
}
//do mutation on worst gene best of 3
Sol ution mutati onEnhancedBo3(Li st<Sol uti on> pup)

{

int index = rand. Next (0, pup.Count);//get the randomindex of a solution

new Sol ution();

new Sol ution();

new Sol ution();

new List<int>(CityNum);//create enpty solution
t emp2. Chr onosone new List<int>(CityNum);//create enpty solution
t emp3. Chr onosone new List<int>(CityNum);//create enpty solution
for (int j =0; j < GtyNunm |j++)

{

Solution tenmpl
Sol ution tenmp2
Sol ution tenp3
t empl. Chr onosone

templ. Chr onosone. Add( pup[ i ndex] . Chronmpsone[j]);//copy the selected solution to the enpty one
t emp2. Chr onobsone. Add( pup[ i ndex] . Chronmpsone[j]);//copy the selected solution to the enpty one
t emp3. Chr omosone. Add( pup[ i ndex] . Chronmosone[j]);//copy the selected solution to the enpty one

}

i nt whi chgenel = Fi ndl ndxWr st Gene(tenpl);//sel ect worst gene for nutation
/1 i nt whi chgenel = rand. Next (1, CityNum);//select random | ocation for nutation
int third = tenpl. Chronosone. Count / 3;



i nt whi chgene2 = rand. Next (1, third);//select random | ocation tp swap the nmutated gene
int vall = tenpl. Chronposomre[ whi chgenel];//to be replaced
int val 2 = tenpl. Chronosome[ whi chgene2];//to be replaced
t enpl. Chr onosone[ whi chgenel] = val 2;// swaped
tenpl. Chr onosone[ whi chgene2] = vall
tenpl. Cost = (ul ong)Cal cCost ED(tenpl, CityNum);//calc the cost of the new nutated sol ution
//solution 2
whi chgene2 = rand. Next (third, 2 * third);//select randomlocation tp swap the nutated gene
val 1 = tenp2. Chronosone[ whi chgenel];//to be repl aced
val 2 = tenp2. Chronosone[ whi chgene2];//to be repl aced
t enp2. Chr onosone[ whi chgenel] = val 2;// swaped
t emp2. Chr onosone[ whi chgene?2] = val 1l
temp2. Cost = (ul ong) Cal cCost ED(tenp2, CityNum);//calc the cost of the new nutated sol ution
//solution 3
whi chgene2 = rand. Next (2 * third, CityNum;//select random | ocation tp swap the nmutated gene
val 1 = tenp3. Chronpbsone[ whi chgenel];//to be repl aced
val 2 = tenmp3. Chr onbsone[ whi chgene?];//to be repl aced
t enp3. Chr onosone[ whi chgenel] = val 2;// swaped
t enp3. Chr onosone[ whi chgene2] = val l
tenp3. Cost = (ul ong) Cal cCost ED(tenmp3, CityNum);//calc the cost of the new nutated sol ution
if ((tenpl.Cost > tenp2.Cost) && (tenpl.Cost > tenp3.Cost))

return tenpl,
else if (temp2.Cost > tenp3. Cost)

return

tenp2;

el se

return tenps3;

}

//do mutation on worst gene and swap it with the next worst gene

Sol uti on mutati onEnhancedWbW Li st <Sol uti on> pup)

{

int index = rand. Next (0, pup.Count);//get the randomindex of a solution

Solution temp =
t enp. Chr onosone
for (int j = 0;
{

new Sol ution();
= new List<int>(CityNum);//create enpty sol ution
j < GityNuny | ++)



t emrp. Chr onbsone. Add( pup[ i ndex]. Chronosone[j]);//copy the selected solution to the enpty one

}
Poi nt pl = Fi ndl ndxesWr st Genes(tenp);

i nt whi chgenel = pl.X;//select worst gene for nutation

/1 i nt whi chgenel = rand. Next (1, CityNum);//select random | ocation for nutation

i nt whi chgene2 = pl.Y;//select next worst gene for nutation

int vall = tenp. Chronosone[ whi chgenel];//to be replaced

int val2 = tenp. Chronosone[ whi chgene2];//to be repl aced

t emp. Chr onbsone[ whi chgenel] = val 2;//swaped

t emrp. Chr onosone[ whi chgene2] = val 1;

tenmp. Cost = (ul ong) Cal cCost ED(tenp, CityNun);//calc the cost of the new nmutated sol ution

return tenp;

}

/1 do enhanced mutation for a sanple of solution
voi d mut ati onEnhanced(i nt type)

{
float MutRatio = (float)this.trackBarl.Value / (float)trackBar1. Maxi mum

int Muitations = (int)(MitRatio * PopSize);//number of Miutation per generation

//dynam c nutation ratio
if (this.checkBox4. Checked)
{
doubl e MR = (doubl e) progressBar 1. Val ue / (doubl e)progressBar 1. Maxi mum
Mutations = (int)(MR * PopSize);
}
Li st<Sol ution> mut = new List<Solution>();//creat a list for the sanple of nutated solutions
Li st <Sol ution> BestMutation;//tenporary solutions to get the best and add to mnut
for (int i =0; i < Mutations; i++)
{
if (type == 1)

mut . Add( mut at i onEnhanced( Si ngl eTSPPup) ) ;//add new nut at ed sol utions
else if (type == 2)



nmut
else if
mut .
else if
nmut
else if
mut .
else if
nmut
else if
mut .
else if
mut .
else if
mut .
else if
mut .
else if
mut .
el se
{ I'/try all
Best Mut at i
Best Mut at i
Best Mut at i
Best Mut at i
Best Mut at i
Best Mut at i
Best Mut at i
Best Mut at i
Best Mut at i
Best Mut at i
Best Mut at i
Best Mut at i
bool
Best Mut at i

(type

(type
(type
(type
(type
(type
(type

(type

f ound

on
on
on

on.
on.

on

on.
on.
on.

on

on.
on.

on

3)

5)
6)
7)
8)
9)
10)

11)

mut ati ons and get the best solution and not
new Li st<Sol ution>();

.Add(mut at i
Add(nmut ati
Add( nmut at i
Add( nut at i
.Add(mut at i
Add( mut at i
Add( nut at i
Add( nut at i
Add(nmut ati
Add( mut at i
Add( mut at i
fal se;
.Sort((sl1,

. Add( nmut ati onEnhancedWwW Si ngl eTSPPup) ) ;
Add( mut at i onEnhancedBo3( Si ngl eTSPPup) ) ;
(type == 4)
. Add( nmut ati onEnhancedWr st LR( Si ngl eTSPPup) ) ;

Add( mut at i onEnhancedWor st LRNNci t y( Si ngl eTSPPup) ) ;

. Add( mut ati onEnhancedWr st LRFurt hest NNci t y( Si ngl eTSPPup) ) ;
Add( nmut at i onEnhancedWor st LRI nsert NNci t y( Si ngl eTSPPup) ) ;
Add( mut at i onEnhancedRandl nsert NNci t y( Si ngl eTSPPup) ) ;

Add( nut at i onEnhancedWor st SwapLocal y( Si ngl eTSPPup) ) ;

Add( mut at i onEnhancedWor st | nsert RandBef or e( Si ngl eTSPPup) ) ;

Add( mut at i onEnhancedRandl nser t RandBef or e( Si ngl eTSPPup) ) ;

i n popul ation

onEnhanced( Si ngl eTSPPup) ) ;

onEnhancedWW Si ngl eTSPPup) ) ;

onEnhancedBo3( Si ngl eTSPPup) ) ;

onEnhancedWor st LR( Si ngl eTSPPup) ) ;
onEnhancedWr st LRNNci t y( Si ngl eTSPPup) ) ;
onEnhancedWr st LRFurt hest NNci t y( Si ngl eTSPPup) ) ;
onEnhancedWor st LRI nsert NNci t y( Si ngl eTSPPup) ) ;
onEnhancedRandl nsert NNci t y( Si ngl eTSPPup) ) ;
onEnhancedWor st SwapLocal y(Si ngl eTSPPup) ) ;
onEnhancedWbr st | nsert RandBef or e( Si ngl eTSPPup) ) ;
onEnhancedRandl nsert RandBef or e( Si ngl eTSPPup) ) ;

s2) => sl. Cost. ConpareTo(s2. Cost));

whil e (BestMitation.Count > 0 && !found)

{



}

if (!inPopulation(BestMitation[0]))

{
found = true;
nmut . Add( Best Mut ati on[ 0] );
break;//you can add a counter for each nutation here

}

el se

{
Best Mut ati on. RenoveAt (0) ;

}

Y/ I while
}/ lelse
}/ I for

for (int k = 0; k < nmut.Count; k++)
{//copy the mutated solutions list to the popul ation
if (linPopulation(nut[k]))//nake sure no repetition
Si ngl eTSPPup. Add(nut [ k] ) ;
}

nmut . Cl ear ();//garbage collection

//do mutation for a sanmple of solution
void nutation(){

float MutRatio = (float)this.trackBarl.Value / (float)trackBar1. Maxi mum

int Muitations = (int)(MitRatio * PopSize);//number of Miutation per generation
//dynamic mutation start small end 100%
if (this.checkBox4. Checked){
doubl e MR = (doubl e) progressBar 1. Val ue / (doubl e)progressBar 1. Maxi mum
Mutations = (int) (MR * PopSize);
}

//dynam c nmutation start 100% end snal



if (this.checkBox5. Checked)

double MR = 1 - ((doubl e)progressBarl. Val ue / (doubl e)progressBar 1. Maxi mum ;
Mutations = (int) (MR * PopSize);
}
Li st<Sol ution> mut = new List<Solution>();//creat a list for the sanple of nutated solutions
for (int i = 0; i < Mutations; i++)
{

nmut . Add( mut ati on( Si ngl eTSPPup) ) ;//add new nut ated sol utions
}

for (int k=0;k<mut. Count; k++){//copy the nmutated solutions list to the popul ation
if (linPopulation(nut[k]))//nmake sure no repetition
Si ngl eTSPPup. Add(nut [ k] ) ;
}

nmut . Cl ear ();//garbage collection



