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5 52 C++ 23X

B2 TSP GA (BFFIARTES - 85155 ~ OX ~ iR + RERE ~ FR) ~ Held Karp HIRRE - &
B/ REXDHITH - B8 GA (LTS + 1218) HIE DP - fF==

gt++ -std=c++17 -02 -Wall -Wextra -o genetic_algorithm genetic_algorithm.cpp

1 // genetic_algorithm. cpp
2 [ e ity
5 // Genetic Algorithm (BEEHE) W TSP REBHNZEE®E

F // FBE = H B (permutation encoding)

s /) B = $RIZHEEE (tournament selection)

o // R = BB 0x (Order Crossover  fRIFHFI & %)
v /) R = X|EE + REEE (2-0pt R)

s // 0 BR - BRRERBRITFHNERE

ol S/

o // B cA BB oo/ BE (NXTFHERB + EEREY ~HZAM

| //

12 // Compile: g++ -std=c++17 -02 -Wall -Wextra -o genetic_algorithm
genetic_algorithm. cpp

13 [ e e e

14 #include <iostream>

15 #include <vector>

16 #include <algorithm>

17 #include <numeric>

18 #include <cmath>

19 #include <random>

20 #include <iomanip>

21

22 using namespace std;

24 [/ ================= (GA for TSP =================
25 class GATSP {

26 public:

27 struct Params {

28 int populationSize = 200;

29 int generations = 500;

30 double crossoverRate = 0.9;
31 double mutationRate = 0.25;
32 int tournamentk = 4;

33 int eliteCount = 4,

34 };

36 GATSP(const vector<vector<double>>& dist, unsigned seed)
37 : d(dist), n((int)dist.size()), rng(seed) {}
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39 // AT GA> log BB logEvery RENH BHAI & E

10 pair<double, vector<int>> run(const Params& p, int logEvery = 0) {
1 // --- WIIRTREE  BEMHES] -

12 vector<vector<int>> pop(p.populationSize) ;

13 for (auto& c : pop) {

14 c.resize(n);

15 iota(c.begin(), c.end(), 0);

16 shuffle(c.begin() + 1, c.end(), rng); // BEWT 0 &I E,
17 }

18 vector<double> fit(p.populationSize);

19 auto evalAll = [&]() {

50 for (int i = 0; i < p.populationSize; ++1i)

51 fit[i] tourLength (pop[i]);

52 };

53 evalAll () ;

55 for (int gen = 1; gen <= p.generations; ++gen) {

56 /S - BEFHBEFR -

57 vector<int> order (p.populationSize) ;

58 iota(order.begin(), order.end(), 0);

59 sort (order .begin(), order.end(),

60 [&] (int a, int b) { return fitl[al < fit[bl; });

62 vector<vector<int>> next;

63 next.reserve (p.populationSize);

64 for (int e = 0; e < p.eliteCount; ++e) /S BREB
65 next.push_back(poplorder[e]]);

67 uniform_real_distribution<double> u01(0, 1);

68 while ((int)next.size() < p.populationSize) {

69 const auto& pa = popl[tournament(fit, p.tournamentK)];
70 const auto& pb = popl[tournament(fit, p.tournamentkK)];
71 vector<int> child = (u01(rng) < p.crossoverRate)

72 ? orderCrossover(pa, pb) : pa;

73 if (u01(rng) < p.mutationRate) mutate(child);

74 next.push_back(std::move(child));

75 }

76 pop = std::move(next);

77 evalAll () ;

79 if (logEvery && gen % logEvery == 0) {

80 double best = *min_element(fit.begin(), fit.end());

81 cout << " gen " << setw(4) << gen

82 << " Dbest = " << fixed << setprecision(2) << best
<< "\n";

83 }

84 }

85 int bi = min_element(fit.begin(), fit.end()) - fit.begin();

86 return {fit[bil, popl[bil};

87 }

89 double tourLength(const vector<int>& t) const {

90 double len = O;

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

92 len += d[t[i]]1[t[(i + 1) % nll;

93 return len;

94 }

o5 private:

96 const vector<vector<double>>& d;
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int n;
mt19937 rng;

int tournament (const vector<double>& fit, int k) {

uniform_int_distribution<int> pick(0, (int)fit.size() - 1);

int best = pick(rng);
for (int i = 1; i < k; ++i) {
int ¢ = pick(rng);
if (fit[c] < fit[best]) best = c;
¥
return best;

3

/70X BT AM—KR ATHHTR B NIEF#EE

vector<int> orderCrossover (const vector<int>& A, const vector<int>&

B) {
uniform_int_distribution<int> pos(l, n - 1);
BERBT 0
int 1 = pos(rng), r = pos(rng);
if (1 > r) swap(l, r);
vector<int> child(n, -1);
vector<bool> used(n, false);
child[0] = O;
used [0] = true;
for (int i = 1; i <= r; ++i) {
child[i] = A[il;
used[A[i]] = true;

}
int idx = 1;
for (int i = 0; i < n; ++i) {
int city = B[il;
if (used[city]) continue;
while (idx < n && child[idx] !'= -1) ++idx;
child [idx] = city;
used[city] = true;
}

return child;

void mutate(vector<int>& c) {

uniform_int_distribution<int> pos(l, n - 1);
uniform_real_distribution<double> u01(0, 1);
if (u01(rng) < 0.5) {

swap (c[pos(rng)], clpos(rng)l);
} else {

REESE (2-0pt 1)

int 1 = pos(rng), r = pos(rng);

if (1 > r) swap(l, r);

reverse(c.begin() + 1, c.begin() + r + 1);

—————————— Held-Karp (ERERERHEMW > n N)  ------

115 double heldKarp(const vector<vector<double>>& d) {

149
150
151

152

int n = (int)d.size();

const double INF = 1el18;

vector<vector<double>> dp(l << n, vector<double>(n,
dp[1]1[0] = 0;

// LB o

/A MR R

// &k B JIE Fr 4 R

INF));
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153 for (int S = 1; S < (1 << n); ++S) {
154 if (!(S & 1)) continue;

155 for (int v = 0; v < n; ++v) {

156 if (dp[S][v] >= INF) continue;
157 for (int u = 0; u < n; ++u) {
158 if (S & (1 << u)) continue;

159 dp[S | (1 << w)][u] =
160 min(dp[S | (1 << w)][ul, dp[s]lv] + dlv][ul);

161 }

162 }

163 }

164 double best = INF;

165 for (int v = 1; v < n; ++v)

166 best = min(best, dp[(1 << n) - 1]1[v] + d[v][0]);
167 return best;

168 |}

169

o KA

170 // ================= G4 for 0/1 Knapsack (RELZE _FELR)

o/ RBEE - UnFE,  BENH ELERERERYR] BE

172 int gaKnapsack(const vector<int>& w, const vector<int>& v, int W,
173 unsigned seed, int generations = 300) {

174 int n = (int)w.size();

175 mt19937 rng(seed);

176 uniform_int_distribution<int> bit(0, 1), pos(0, n - 1);

177 uniform_real_distribution<double> u01(0, 1);

178 int POP = 100;

179

180 auto repairAndValue = [&](vector<int>& c) {

181 int tw = 0, tv = 0;

182 for (int i = 0; i < n; ++1i)

183 if (c[il]) { tw += w[il; tv += v[il; }

184 while (tw > W) { //
EBE: EBRERE

185 int worst = -1;

186 double worstDensity = 1el8;

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

188 if (c[i]) {

189 double dens = (double)v([i] / wl[il;

190 if (dens < worstDemnsity) { worstDensity = dens; worst

= dg ¥

191 }

192 clworst] = 0;

193 tw -= wlworst];

194 tv -= v[worst];

195 }

196 return tv;

197 };

198

199 vector<vector<int>> pop(POP, vector<int>(n));
200 vector<int> fit (POP);

201 for (int i = 0; i < POP; ++i) {

202 for (int& g : poplil) g = bit(rng);

203 fit[i] = repairAndValue(popl[il);

204 }

205 for (int gen = 0; gen < generations; ++gen) {

206 vector<vector<int>> next;

207 // %%3@ 2

208 int bl = max_element(fit.begin(), fit.end()) - fit.begin();



NP ERE/EE LR Genetic Algorithm : BEEEHE X

int

int

next.push_back (pop[bl]);
next.push_back (pop[bl]);
auto tourn = [&]() {
int a = pos(rng) % POP, b = pos(rng) % POP;
return fit[a] > fit[b]l] ? a : b;
3
while ((int)next.size() < POP) {
const auto& A = popl[tourn()];
const auto& B = popl[tourn()];
vector<int> child(n);

int cut = pos(rng); // BRI
for (int i = 0; i < n; ++i)

child[i] = 1 <= cut 7 A[i] : B[i];
if (u01(rng) < 0.3) child[pos(rng)] ~= 1; // LT B i oE &

next.push_back(std::move(child));
}
pop = std::move(next);
for (int i = 0; i < POP; ++i) fit[i] = repairAndValue(popl[i]);
}

return *max_element (fit.begin(), fit.end());

knapsackDP (const vector<int>& w, const vector<int>& v, int W) {
vector<int> dp(W + 1, 0);
for (size_t i = 0; i < w.size(); ++i)
for (int ¢ = W; ¢ >= w[i]; --c)
dplc] = max(dplcl, dplc - wlill + v[il);
return dp[W];

main () {

cout << fixed << setprecision(2);

mt19937 rng(20260724) ;

uniform_real _distribution<double> coord(0, 100);

// ---- &Bl 1:64 B TSP (n=15) > EILBRE + HEREE ----
cout << "=== Example 1: GA on 15-city TSP (watch it evolve) ===\n";

int n = 15;
vector<pair<double,double>> pts;
for (int i = 0; i < n; ++i) pts.push_back({coord(rng), coord(rng)l});
vector<vector<double>> d(n, vector<double>(n));
for (int 1 = 0; i < n; ++1i)

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

d[il[j] = hypot(pts[i].first - pts[jl.first,
pts[il].second - pts[j].second);

GATSP ga(d, 12345);
GATSP::Params p;
auto [galen, gaTour] = ga.run(p, 100);
double opt = heldKarp(d);
cout << "GA best = " << galen << "\n";
cout << "true OPT " << opt << " (Held-Karp)\n";
cout << '"gap +" << 100 * (galen / opt - 1) << "Y\n";
cout << "GA tour L
for (int c : gaTour) cout << c << " ";
cout << "\n\n";

//o---- EB 2 BRBRNANEE -
cout << "=== Example 2: does population size matter? ===\n";

for (int popSize : {20, 100, 400}) {
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268 GATSP::Params q;

269 q.populationSize = popSize;

270 q.generations = 300;

271 GATSP g2(d, 999);

272 auto [len, t] = g2.run(q);

273 (void)t;

274 cout << "population " << setw(3) << popSize

275 << " -> best " << len

276 << " (gap +" << 100 * (len / opt - 1) << "%)\n";

277 }

278 cout << "\n"

279

280 //o---- Eifl 3 REXNFE (KEER - KS#ElE) ----

281 cout << "=== Example 3: mutation rate sweep ===\n";

282 for (double mr : {0.0, 0.05, 0.25, 0.8}) {

283 GATSP::Params q;

284 q.mutationRate = mr;

85 q.generations = 300;

)86 GATSP g3(d, 777);

287 auto [len, t] = g3.run(q);

288 (void)t;

289 cout << "mutation " << setw(4) << mr << " -> best " << len

290 << " (gap +" << 100 * (len / opt - 1) << "/)\n";

291 }

292 cout << "\n";

293

294 /- Bl 4 B—F ¢4 BEBRBEFEERSE -—-—-

295 cout << "=== Example 4: GA on 0/1 knapsack (bit-string encoding)
===\n";

296 mt19937 rng2(42);

297 uniform_int_distribution<int> wd(5, 60), vd(10, 100);

298 vector<int> w, v;

299 for (int i = 0; i < 30; ++i) { w.push_back(wd(rng2));
v.push_back(vd(rng2)); }

300 int W = 500;

301 int gaVal = gaKnapsack(w, v, W, 31337);

302 int dpVal = knapsackDP(w, v, W);

303 cout << "n=30, W=500 | GA = " << gaVal << ", DP optimal = " << dpVal

304 << " (gap " << 100.0 * (dpVal - gaVal) / dpVal << "%)\n";

305 return O;

306 | }

FEIUHS 1 genetic_algorithm.cpp — EEHEREZE (TSP HEH) TEEHE
6 HITHREMRE

=== Example 1: GA on 15-city TSP (watch it evolve)
gen 100 best = 316.32

GA best = 316.32

true OPT = 316.32 (Held-Karp)
gap = +0.00%

=== Example 2: does population size matter? ===
population 20 -> best 316.32 (gap +0.00%)
population 100 -> best 316.32 (gap +0.00%)
population 400 -> best 316.32 (gap +0.00%)

=== Example 3: mutation rate sweep ===
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E S
=
R

ZE

R LB FHRBHEBEZE -

mutation 0.00 -> best 318.84 (gap +0.80%)
mutation 0.05 -> best 316.32 (gap +0.00%)
mutation 0.25 -> best 316.32 (gap +0.00%)
mutation 0.80 -> best 316.32 (gap +0.00%)

= Example 4: GA on 0/1 knapsack (bit-string encoding) ===
30, W=500 | GA = 1345, DP optimal = 1345 (gap 0.00%)

n
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