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| bool dfs(int u) {

if (u == n) return true; /S EER
3 for (int ¢ = 0; ¢ < k; ++c) {
4 if (!feasible(u, c)) continue; // B MEE R c
5 color[u] = c;
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color[u]l = -1; // [ i
}

9 return false;
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gt++ -std=c++17 -02 -Wall -Wextra -o graph_coloring graph_coloring.cpp

// graph_coloring.cpp

e

// Graph Coloring (B ZE &) :

/7 1. B+ B HE k BHUTEEHEEE

// 2. B (chromatic number) : i k=1 IE %A

// 3. BB ES® (Welsh-Powell : HEKEEL) — RE LR

/7

// Comptile: g++ -std=c++17 -02 -Wall -Wextra -o graph_coloring
graph_coloring. cpp

/e s

#include <iostream>

#include <vector>

#include <algorithm>

#include <numeric>

using namespace std;

A — PR RS- S —
class ColoringBacktrack {
const vector<vector<int>>& adj;
int n, k;
vector<int> color;
public:
long long nodes = 0;
ColoringBacktrack(const vector<vector<int>>& g)
adj(g), n((int)g.size()) {}

// BfE {fiT?, EEHER}

pair<bool, vector<int>> solve(int k_) {

k = k_;
color.assign(n, -1);
nodes = 0;

bool ok = dfs(0);
return {ok, color};

}

private:

bool feasible(int u, int c) {

for (int v : adjl[ul)
if (color[v] == c) return false;

return true;
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bool dfs(int u) {

++nodes;
if (u == n) return true;
for (int ¢ = 0; ¢ < k; ++c) {
if (!feasible(u, c)) continue; // B
color[u] = c;
if (dfs(u + 1)) return true;
color[u] = -1;
}
return false;
}
i
A 2. B EE bk —---------

int chromaticNumber (const vector<vector<int>>& g) {
ColoringBacktrack cb(g);
for (int k = 1; k <= (int)g.size(); ++k)
if (cb.solve(k).first) return k;
return (int)g.size();

}
/) —mmmmmmm - 3. B ESB (Welsh-Powell JEF) ----------
pair<int, vector<int>> greedyColoring(const vector<vector<int>>& g) {
int n = (int)g.size();
vector<int> order(n);
iota(order.begin(), order.end(), 0);
sort (order.begin(), order.end(), [&](int a, int b) {
return glal.size() > glbl.size(); /7 EER R
b;
vector<int> color(n, -1);
int used = 0;
for (int u : order) {
vector<bool> ban(n, false);
for (int v : glul)
if (color[v] != -1) ban[color[v]] = true;
int ¢ = 0;
while (banf[c]) ++c;
color[u] = c;
used = max(used, c + 1);
}
return {used, color};
}

static vector<vector<int>> buildGraph(int n, const vector<pair<int,int>>&
edges) A
vector<vector<int>> g(n);
for (auto [u, v] : edges) {
glul . push_back(v);
glv].push_back(u);
}
return g;

}

static void report(const string& name, const vector<vector<int>>& g) {
ColoringBacktrack cb(g);
int chi = chromaticNumber (g);
auto [greedyK, gc] = greedyColoring(g);
auto [ok, col]l] = cb.solve(chi);
cout << mname << ": chromatic number = " << chi
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}

<< " | greedy used = " << greedyK
<< (greedyK > chi ? " (greedy overshoots!)" : "") << "\n";
if (ok) {
cout << " optimal coloring:";
for (int i = 0; i < (int)col.size(); ++i)

cout << " y" << i << "=c¢" << coll[i];
cout << "\n";
}
(void)gc;

int main() {

/) ---- Ehl 1 =ZAK k3 (B8 3) ----

cout << "=== Example 1: triangle K3 ===\n";
report ("K3", buildGraph(3, {{0,1},{1,2},{2,0}}));
cout << "\n";

/) ———- #fl 2. BR c4 vs FIR 5 --—-—-

report ("C4", buildGraph(4, {{0,1},{1,2},{2,3},{3,0}}));
report ("C5", buildGraph(5, {{0,1},{1,2},{2,33},{3,4},{4,03}));
cout << "\n";

// --—- &l 3: Petersen (Z2Rp/lF> B8 3) ----

cout << "=== Example 3: Petersen graph ===\n";

vector<pair<int,int>> pet = {
{0,1},{1,2},{2,3},{3,4},{4,0}, // 5V B
{5,7},{7,9},{9,6},{6,8},{8,5}, // RAEAE
{0,5},{1,6},{2,7},{3,8},{4,9} // BBAF

i

report ("Petersen", buildGraph (10, pet));
cout << "\n";

//o---- Efl 4 BERERE (EREEE - BRROBE) ----
cout << "=== Example 4: exam scheduling as coloring ===\n";

// 6 MR B = ARHERE (FERKR)
// HRTE =S 1=K 2=V 3=tE 4=FEH 5K X
vector<pair<int,int>> conflicts = {

L0 5 1lp 100 2 2L 20 DL o &l o) A L8] 48 (8 3 el B

i
auto g = buildGraph(6, conflicts);
int chi = chromaticNumber (g);

ColoringBacktrack cb(g);

auto [ok, col] = cb.solve(chi);

const char* names[] =
{"Calculus","LinAlg","Physics","Chem","Prog","English"};

Example 2: even cycle C4 (bipartite) vs odd cycle C5

cout << "6 courses, 8 conflicts -> minimum time slots = " << chi <<
Il\nll 2
if (ok)
for (int i = 0; i < 6; ++1i)
cout << " slot " << col[i] << ": " << names[i] << "\n";

return O;

#2308 1. graph_coloring.cpp — BElE®OHEE O TEEE
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=== Example 1: triangle K3 ===
K3: chromatic number = 3 | greedy used = 3
optimal coloring: vO=cO vli=cl v2=c2

=== Example 2: even cycle C4 (bipartite) vs odd cycle C5 ===

C4: chromatic number = 2 | greedy used = 2
optimal coloring: vO=cO vi=cl v2=c0 v3=cl
C5: chromatic number = 3 | greedy used = 3

optimal coloring: vO=cO vli=cl v2=cO0 v3=cl vé4=c2

=== Example 3: Petersen graph ===
Petersen: chromatic number = 3 | greedy used = 3
optimal coloring: vO=cO vi=cl v2=cO0 v3=cl v4=c2 vb=cl v6=cO v7=c2 v8=c2 v9=cl

=== Example 4: exam scheduling as coloring ==

6 courses, 8 conflicts -> minimum time slots &
slot 0: Calculus slot 1: LinAlg slot 2: Physics
slot O0: Chem slot 1: Prog slot 2: English
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