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g++ -std=c++17 -02 -Wall -Wextra -o bin_packing bin_packing.cpp

1 // bin_packing.cpp

2 (W e e e L
3 // Bin Packing (553 &)

1 // 1. Next Fit (NF): RER#E —HEHET 2-Ef4l

5 // 2. First Fit (FF) . RBHEZ2ZBEFRE—BESTHW > ~1.7 oPT

¢ // 3. First Fit Decreasing (FFD) : SeH KB /INHFH FF:> <= 11/9 OPT + 6/9
T/ 4. TR ceil (B / BE) UKRBHER NEHIME)

s //

9o // Compile: g++ -std=c++17 -02 -Wall -Weztra -o bin_packing
bin_packing.cpp

10 (28 e i

11 #include <iostream>

12 #include <vector>

13 #include <algorithm>

14 #include <numeric>

15 #include <functional>

17 using namespace std;

19 struct Packing {

20 vector<vector<int>> bins; // BREEN MamEE)] BE
21 int count() const { return (int)bins.size(); }

22 | };

23

24 (W/ZZRSEEEEEELEE 1. Wedt s —ooooo=sso

25 Packing nextFit(const vector<int>& items, int cap) {

26 Packing p;

27 int space = -1;

28 for (int w : items) {

20 if (space < w) { // A (BRKAHA)
30 p.bins.push_back ({});

31 space = cap;

32 }

33 p-bins.back() .push_back(w) ;

34 space —-= Ww;

35 }

36 return p;

37 }

38

39 (WZZRSEEEEEEE Bo FIP8G PP —omoooooos

1w Packing firstFit(const vector<int>& items, int cap) {

41 Packing p;

12 vector<int> space; // SBREGEB
43 for (int w : items) {

14 int placed = -1;

a5 for (int b = 0; b < (int)space.size(); ++b)
16 if (space[b] >= w) { placed = b; break; }

a7 if (placed == -1) {

48 p.bins.push_back ({});

49 space.push_back (cap) ;

50 placed = (int)space.size() - 1;
51 }

52 p-bins[placed].push_back(w);

53 space[placed] -= w;

54 }

55 return p;
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55 [ 3. First Fit Decreasing --—--------

50 Packing firstFitDecreasing(vector<int> items, int cap) {
60 sort (items.begin(), items.end(), greater<int>());

61 return firstFit(items, cap);

62 }

63

64| /) ————-———-——- 4a. TH -———---——-

65 int lowerBound(const vector<int>& items, int cap) {

66 int total = accumulate(items.begin(), items.end(), 0);

67 return (total + cap - 1) / cap;

68 |}

69

w [ = VIR 12 B0 - IR pe—

71 class BinPackExact {

72 vector<int> items;

73 int cap, best;

74 public:

75 long long nodes = O0;

76 int solve(vector<int> its, int cap_) {

77 items = std::move(its);

78 sort (items.begin(), items.end(), greater<int>()); //
AWM HREER

79 cap = cap_;

80 best = (int)items.size();

81 nodes = 0;

82 vector<int> space;

83 dfs (0, space);

84 return best;

85 }

g6 private:

87 void dfs(int idx, vector<int>& space) {

88 ++nodes;

89 if ((int)space.size() >= best) return; //
WAy AW E A

90 if (idx == (int)items.size()) {

91 best = (int)space.size();

92 return;

93 T

94 int w = items[idx];

95 for (int b = 0; b < (int)space.size(); ++b) {

96 if (spacel[b] < w) continue;

o7 // BRER: MR TEHERNETFRA —@

98 bool dup = false;

99 for (int b2 = 0; b2 < b; ++b2)

100 if (space[b2] == space[b]) { dup = true; break; }

101 if (dup) continue;

102 space[b] -= w;

103 dfs(idx + 1, space);

104 space [b] += w;

105 }

106 space.push_back(cap - w); // REFE

107 dfs(idx + 1, space);

108 space.pop_back();

109 }

110 | };

112 static void show(const string& tag, const Packing& p, int cap) {
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113 cout << tag << ": " << p.count() << " bins\n";

114 for (int b = 0; b < p.count(); ++b) {

115 int sum = accumulate(p.bins[b].begin(), p.bins[b]l.end(), 0);

116 cout << " bin" << b << " [";

117 for (size_t i = 0; i < p.bins[b].size(); ++i)

18 cout << p.bins[b][i] << (i + 1 < p.bins[bl.size() 7 "," : "");
119 cout << "] used " << sum << "/" << cap << "\n";

123 int main() {

124 // -—-- &l  —REEEE—FHR --—-

125 cout << '"=== Example 1: NF vs FF vs FFD ===\n";

126 vector<int> a = {4, 8, 1, 4, 2, 1};

127 int cap = 10;

128 cout << "items {4,8,1,4,2,1}, capacity 10, lower bound = "
129 << lowerBound(a, cap) << "\n";

130 show ("NextFit ", nextFit(a, cap), cap);

131 show ("FirstFit", firstFit(a, cap), cap);

132 show ("FFD ", firstFitDecreasing(a, cap), cap);
133 cout << "\n";

135 /- EBl 2 BEFME I ——FFD ¥E FF IR F -—--

136 cout << "=== Example 2: why sorting helps ===\n”'

137 vector<int> b = {5, 5, 4, 4, 3, 3, 2, 2, 2}; / #F 30 cap 10 ->
5 3

138 cout << "items {5,5,4,4,3,3,2,2,2}, capacity 10, lower bound = "

139 << lowerBound (b, 10) << "\n";

140 cout << "FF bins = " << firstFit(b, 10).count() << "\n";

141 cout << "FFD bins = " << firstFitDecreasing(b, 10).count() << "\n";

142 show ("FFD detail", firstFitDecreasing(b, 10), 10);

143 cout << "\n";

144

145 // --—- &%l 3: FFD WIEBER —ZF oPT —FHWBIF -——-

146 cout << "=== Example 3: FFD is not optimal either ===\n";

147 // K cap=100, OPT=2 1B FFD=3 ZTEBEKF ; A 6&% i AR

148 vector<int> ¢ = {51, 27, 26, 23, 22, 21, 50, 50, 30}; / #F 300

149 BinPackExact ex;
150 int opt = ex.solve(c, 100);

151 cout << "items sum=300, capacity 100, lower bound = "

152 << lowerBound(c, 100) << "\n";

153 cout << "FFD bins = " << firstFitDecreasing(c, 100).count() << "\n";
154 cout << "exact bins = " << opt << " (nodes=" << ex.nodes << ")\n";
155 show ("FFD detail", firstFitDecreasing(c, 100), 100);

156 cout << "\n";

157

158 /) ---- #f 4 - MEHEBHKs—FFD FEBZF —---

159 cout << "=== Example 4: FFD quality on random instances ===\n";

160 unsigned seed = 20260724;

161 auto nextRand = [&seed] () {

162 seed = seed * 1103515245 + 12345;

163 return (seed >> 16) & Ox7fff;

164 T;

165 int trials = 100, ffdTotal = O, optTotal = 0, ffdOptimal = O;
166 for (int t = 0; t < trials; ++t) {

167 vector<int> items;
168 for (int i = 0; i < 12; ++i) items.push_back(10 + nextRand() %
61) ;

169 int f = firstFitDecreasing(items, 100).count();
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170 int o = ex.solve(items, 100);

171 ffdTotal += f£f;

172 optTotal += o;

173 if (£ == o) ++ffdOptimal;

174 }

175 cout << trials << " random instances (12 items, size 10-70, cap
100) :\n";

176 cout << "FFD optimal " << ffdOptimal << "/" << trials << " times, "

177 << "avg FFD=" << (double)ffdTotal / trials

178 << " vs avg OPT=" << (double)optTotal / trials << "\n";

179 cout << "theory: FFD <= (11/9) OPT + 6/9, in practice usually
spot-on\n";
180 return O;

181 }
23085 1: bin_packing.cpp — BB = BEE A HEEHETEEE

5 HITHEREMERE

=== Example 1: NF vs FF vs FFD ===

items {4,8,1,4,2,1}, capacity 10, lower bound = 2
NextFit : 3 bins (41 [8,1] [4,2,1]

FirstFit: 2 bins [4,1,4,1] [8,2]

FFD : 2 bins [8,2] [4,4,1,1]

=== Example 3: FFD is not optimal either ===

items sum=300, capacity 100, lower bound = 3

FFD bins = 4 [61,30] [50,50] [27,26,23,22] [21]
exact bins = 3 (nodes=26)

=== Example 4: FFD quality on random instances ===

100 random instances (12 items, size 10-70, cap 100):

FFD optimal 91/100 times, avg FFD=5.52 vs avg O0PT=5.43
theory: FFD <= (11/9) OPT + 6/9, in practice usually spot-on

Example 4 RIS FFD MBHEMAERT T © 100 ﬂa%%gm 91 REERE  FHRZE 0.09
°11/9 ~ 1.22 WIERAE IRk HERBRELOST EREERAEERFAESELRER
%:/fﬁ']}?—\. o Example 3 BIREE(RFITHY 9% Eﬁﬁﬂ%
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