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5 TE C++ BRX
A% DP + ARER - MITM (& long long K{EARA) ~ Partition ~ FFFEHDE] © 4R:Z
gt++ -std=c++17 -02 -Wall -Wextra -o subset_sum_partition subset_sum_partition.cpp

1 // subset_sum_partition.cpp

A S S e S S e e e e e e e e e e e e e e e e e e e e e e e
// Subset Sum Hl Partition :

v/ 1. Subset Sum A% IEI DP O0(n T) + BIRF &

w N

5 // 2. Meet-in-the-Middle 0(2 (n/2)) ({&1 K& 28)
6 // 3. Partition (HAFNIY D) = Subset Sum 45

T /) 4. RPESE  R/NMEMAEE

s| //

o // Compile: g++ -std=c++17 -02 -Wall -Wexztra -o subset_sum_partition
subset_sum_partition.cpp

10 (20 e e e e e L e C L

11 #include <iostream>

12 #include <vector>

13 #include <algorithm>

14 #include <numeric>

15 #include <random>

16 #include <chrono>

18 using namespace std;

20 [W/ZRSEEEEE R 1. DP + B ----—-—-----

o1 // from[s] = s F—RUEMN PHERRSI] » -1 RRAATE (s=0 fHlH)

22 pair<bool, vector<int>> subsetSumDP (const vector<int>& a, int target) {
23 vector<int> from(target + 1, -2); // -2 = AT E

| from[0] = -1; // -1 = #EY
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for (int i = 0; i < (int)a.size(); ++i)
for (int s = target; s >= alil; --s)
if (from[s] == -2 && from[s - a[i]] !'= -2)
from[s] = i;
if (from[target] == -2) return {false, {}};
vector<int> chosen; // RIR
int s = target;
while (s > 0) {
int i = froml[s];
chosen.push_back(i);
s -= alil;
}

reverse (chosen.begin(), chosen.end());
return {true, chosen};

—————————— 2. Meet-in-the-Middle ---——————--—

bool subsetSumMITM(const vector<int>& a, long long target) {

int n = (int)a.size(), h = n / 2;
auto sums = [](const vector<int>& part) {
int m = (int)part.size();
vector<long long> out;
out.reserve (1LL << m);
for (int mask = 0; mask < (1 << m); ++mask) {
long long s = 0;
for (int i = 0; i < m; ++1i)
if (mask & (1 << i)) s += partl[i];
out.push_back(s);
}
return out;
};
vector<int> L(a.begin(), a.begin() + h), R(a.begin() + h, a.end());
auto sl = sums(L), sr = sums(R);
sort (sr.begin(), sr.end());
for (long long s : sl)
if (binary_search(sr.begin(), sr.end(), target - s)) return true;
return false;

}
S e 3. Partition: MMABBHEE —FWE -—------—-—-
pair<bool, vector<int>> partitionEqual(const vector<int>& a) {

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

if (total % 2 !'= 0) return {false, {}};

return subsetSumDP(a, total / 2);
}
/) mmmmmmmmee { BEHEHE R <= totel/2 WBATEM ---mmmmmm
int minPartitionDiff (const vector<int>& a) {

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

int half = total / 2;

vector<bool> dp(half + 1, false);

dp[0] = true;

for (int x : a)

for (int s = half; s >= x; --8)
if (dp[s - x]) dpls] = true;
for (int s = half; s >= 0; --s)
if (dp[s]) return total - 2 * s; // WMEZE = total - 2s

return total;

}
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static void printSet(const vector<int>& a, const vector<int>& idx) {

int

int sum = 0;

cout << "{";

for (size_t k = 0; k < idx.size(); ++k) {
cout << al[idx[k]] << (k + 1 < idx.size() 7 "," : "");
sum += alidx[k]];

}

cout << "} (sum=" << sum << ")";

main() {
// —--—— #fl 1: Subset Sum BEAX + BR ----
cout << "=== Example 1: subset sum with reconstruction ===\n";

vector<int> a = {3, 34, 4, 12, 5, 2};
for (int t : {9, 11, 30}) {
auto [ok, idx] = subsetSumDP(a, t);
cout << "target=" << t << " -> " << (ok ? "YES " : "no");
if (ok) printSet(a, idx);
cout << "\n";

}

cout << "\n";

// ---- #fl 2: Partition ----

cout << "=== Example 2: partition into two equal halves ===\n";

vector<int> b = {1, 5, 11, 5};

auto [okB, idxB] = partitionEqual(b);

cout << "{1,5,11,5}: " << (okB ? "YES side A =" : "no");

if (okB) printSet (b, idxB);

cout << "\n";

vector<int> ¢ = {1, 2, 3, 5};

cout << "{1,2,3,5}: " << (partitionEqual(c).first 7 "YES" : "no (odd
total or unreachable)") << "\n\n";

/- Bl 3 REEHESE ----
cout << "=== Example 3: most balanced split (min difference) ===\n";

vector<int> 4 = {8, 6, 5, 14, 13, 9, 12, 7};
cout << "{8,6,5,14,13,9,12,7} total=" << accumulate(d.begin(),
d.end (), 0)
<< " -> min diff = " << minPartitionDiff(d) << "\n";
vector<int> e = {3, 1, 4, 2, 2, 1};
cout << "{3,1,4,2,2,1} total=13 -> min diff = "
<< minPartitionDiff (e) << " (odd total, best split is 6/7)\n\n";

//---- BB 4 EEKE pP KRR MITM BEF ----
cout << "=== Example 4: huge values -> meet-in-the-middle ===\n";

mt19937 rng(7);

uniform_int_distribution<long long> big(lel2, 9el2);

vector<int> £f36;

vector<long long> raw;

for (int i = 0; i < 36; ++i) raw.push_back(big(rng));

/7 RER 7 BEETEBR

long long target = raw[2] + raw[5] + raw[11] + raw([17] + raw([23] +
raw[29] + rawl[33];

// MITM B#:0Z long long ; DP REM I K/N = target » BRAH T EH K

vector<int> dummy; // (DP RWEAREHRH > RRE MITM)
auto tO0 = chrono::steady_clock::now();

// BEER int AL MITM B8 B long long KR

{
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140 // BERB—1 long long BWIAW MITM (CE AR #EEE)

141 int n = (int)raw.size(), h = n / 2;
142 auto sums = [](const vector<long long>& part) {
143 int m = (int)part.size();

144 vector<long long> out;

145 out.reserve (1LL << m);

146 for (int mask = 0; mask < (1 << m); ++mask) {
147 long long s = O0;

148 for (int i = 0; i < m; ++i)

149 if (mask & (1 << 1)) s += partl[il;

150 out.push_back(s);

151 }

152 return out;

153 };

154 vector<long long> L(raw.begin(), raw.begin() + h),
155 R(raw.begin() + h, raw.end());

156 auto sl = sums(L), sr = sums(R);
157 sort (sr.begin(), sr.end());
158 bool found = false;

159 for (long long s : sl)
160 if (binary_search(sr.begin(), sr.end(), target - s)) { found
= true; break; }

161 auto tl = chrono::steady_clock::now();

162 cout << "n=36, values ~1lel2, target reachable? "

163 << (found ? "YES" : "mno") << " ("

164 << chrono::duration<double, milli>(tl1l - t0).count() << " ms,

n
165 << "2718 = 262144 sums per half)\n";
166 cout << "(DP would need an array of ~" << target
167 << " entries -> impossible; MITM wins)\n";
168 }
169 (void) £36; (void)dummy; (void)subsetSumMITM;
170 return O;

F2ILAE 1: subset sum_ partition.cpp — Subset Sum EZ Partition T EE

all-
I

6 HITHERER

=== Example 1: subset sum with reconstruction ===
target=9 -> YES {4,5} (sum=9)

target=11 -> YES {4,5,2} (sum=11)

target=30 -> no

=== Example 2: partition into two equal halves ===
{1,5,11,5}: YES side A = {11} (sum=11)
{1,2,3,5}: no (odd total or unreachable)

=== Example 3: most balanced split (min difference) ===
{8,6,5,14,13,9,12,7} total=74 -> min diff = O
{3,1,4,2,2,1} total=13 -> min diff = 1 (odd total, best split is 6/7)

=== Example 4: huge values -> meet-in-the-middle ===
36, values ~1lel2, target reachable? YES (65.8 ms, 2718 = 262144 sums per half)

n=
(DP would need an array of ~31040422420851 entries -> impossible; MITM wins)
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Example 4 EMEEBEEZS TS /KERR 36 EL 102 & > DP FE 31 JKISHIFES
(>200 TB) » HIEHF ; MITM S3i8 IHKER 218 = 262144 @ > 65 EEER - BEEEER
S EHEESE 0 255 NP-Hard BEENE—ER o

7 EREHR

. AFHE  EE - ABHFIE - ERARHELH— 2 Partition HIET o

o HIREEF  [ERXFHPMWEEMERSENEERERE?) — S HREINERTMHE
BE

. ZEE  SERBAFEREBHNLZEZMEDITEELE Subset Sum WEE ; EXEEFITH
LLL M2 EIH -

o HiR  MAHE#EBRNIESR = RTESE (RARIE 12 ) -

8 #RERE

1. FE: A={7,3,258 " T=14> EHEEAMNELRLBRAZRE -

2. ¥ DP BRI ZERMN A std: :bitset * BB —IXHEREHE | reach |= reach << ali] - Al
LEZEI&RZ D o

3. FTEIARA - JBH T WA EE B 4TRE ? (JEAMSAETE  ERRNAL )
4. MITM BHeTEl#ER [R]AA1T]  IEEHEMERE [ZAZETHLE ) -

5. k¥ : 3-Partition (D=5 » SIS 3 EH) =38 NP-Complete— BB B EHEZ
IBEX DP BARTE -

9 A
T3 FF M 3 PR A
hZIEX DP O(nT) o(T) T <108
bitset DP O(nT/64) O(T / ) iyt BELE R 64 £
Meet-in-the-Middle O(2"/?n)  O(2"/?) n < 44 ~ BEEEX
MR o(2") O(n) n <25

JE{HES3E : Horowitz & Sahni (1974) BIRIEH MITM ## Subset Sum ; Garey & Johnson Com-
puters and Intractability B9 Partition 1§H ; Howgrave-Graham & Joux (2010) E1RE) O(20-337)
EEE o
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