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Analiza Algoritmilor - CB L0. 3 Problems Challenge 2
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VERTEX COVER



CLIQUE
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Friendship

Is there a 4-person friends group (clique)?
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The Travelling Salesman Problem (TSP)



COLORING
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1 2

3 5
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4

9 10

Can we use 5 colors to color the vertices such that no 
two adjacent vertices are the same color?

YES

Can we use 4 colors to color the vertices such that no 
two adjacent vertices are the same color?

NO



COLORING
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Can we use 3 colors to color the vertices such that no 
two adjacent vertices are the same color?

YES



COLORING – Register allocation

Analiza Algoritmilor - CB L9 "Hard?" problems 6

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

sum += v[i];

for (k = 0; k < m; k++)
sum -= u[k];

int res = sum / m;

print(sum)

print(res)

sumi k

mn res

v u

4 registers needed: RAX, RBX, RCX, RDX



KNAPSACK
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Weight: 523
Value: 104

Weight: 560
Value: 93

Weight: 504
Value: 90

Weight: 579
Value: 56

Weight: 1312
Value: 140

Weight: 3168
Value: 361

Capacity: 2000

Can we place items in the 
knapsack such that the total 
value is greater than 260?

Knapsack image: https://openclipart.org/detail/332879/knapsack

https://openclipart.org/detail/332879/knapsack


SUBSET SUM
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𝑆 = { 4, 11, 16, 21, 11, 14, 4, 23} 𝐾 = 40

Is there 𝑺𝟏 ⊆ 𝑺, such that:



𝑒∈𝑆1

𝑒 = 𝐾



SUBSET SUM – Solution
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1. 𝐺𝐸𝑁𝐸𝑅𝐴𝑇𝐸_𝐴𝑁𝐷_𝐶𝐻𝐸𝐶𝐾 𝑆1, 𝑖, 𝑐ℎ𝑜𝑜𝑠𝑒 :
2. 𝒊𝒇 𝑐ℎ𝑜𝑜𝑠𝑒
3. 𝑆1 ← 𝑆1 ∪ 𝑆 𝑖

4. 𝒊𝒇 𝑉𝐴𝐿𝐼𝐷𝐴𝑇𝐸_𝑆𝑈𝐵𝑆𝐸𝑇 𝑆1
5. 𝒓𝒆𝒕𝒖𝒓𝒏 𝑇𝑅𝑈𝐸

6. 𝑟1 ← 𝐺𝐸𝑁𝐸𝑅𝐴𝑇𝐸_𝐴𝑁𝐷_𝐶𝐻𝐸𝐶𝐾 𝑆1, 𝑖 + 1, 𝐹𝐴𝐿𝑆𝐸
7. 𝑟2 ← 𝐺𝐸𝑁𝐸𝑅𝐴𝑇𝐸_𝐴𝑁𝐷_𝐶𝐻𝐸𝐶𝐾 𝑆1, 𝑖 + 1, 𝑇𝑅𝑈𝐸
8. 𝒓𝒆𝒕𝒖𝒓𝒏 𝑟1 ∨ 𝑟2

1. 𝑉𝐴𝐿𝐼𝐷𝐴𝑇𝐸_𝑆𝑈𝐵𝑆𝐸𝑇 𝑆1 :
2. 𝑠𝑢𝑚 ← 0
3. 𝒇𝒐𝒓 𝒆𝒂𝒄𝒉 𝑒 ∈ 𝑆1
4. 𝑠𝑢𝑚 ← 𝑠𝑢𝑚 + 𝑒

5. 𝒓𝒆𝒕𝒖𝒓𝒏 𝑠𝑢𝑚 = 𝐾

1. 𝑆𝑂𝐿𝑉𝐸_𝑆𝑈𝐵𝑆𝐸𝑇_𝑆𝑈𝑀 𝑆, 𝐾 :
2. 𝑟1 ← 𝐺𝐸𝑁𝐸𝑅𝐴𝑇𝐸_𝐴𝑁𝐷_𝐶𝐻𝐸𝐶𝐾 ∅, 1, 𝐹𝐴𝐿𝑆𝐸
3. 𝑟2 ← 𝐺𝐸𝑁𝐸𝑅𝐴𝑇𝐸_𝐴𝑁𝐷_𝐶𝐻𝐸𝐶𝐾 ∅, 1, 𝑇𝑅𝑈𝐸

4. 𝒓𝒆𝒕𝒖𝒓𝒏 𝑟1 ∨ 𝑟2



PARTITIONING

Analiza Algoritmilor - CB L9 "Hard?" problems 10

𝑆 = { 4, 11, 16, 21, 11, 14, 4, 23}

Is there 𝑺𝟏 ⊆ 𝑺, such that:



𝑥∈𝑆1

𝑥 = 

𝑦∈𝑆∖𝑆1

𝑦



PARTITIONING – Solution
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1. 𝑉𝐴𝐿𝐼𝐷𝐴𝑇𝐸_𝑆𝑈𝐵𝑆𝐸𝑇 𝑆1 :
2. 𝑠𝑢𝑚1 ← 0
3. 𝑠𝑢𝑚2 ← 0
4. 𝒇𝒐𝒓 𝒆𝒂𝒄𝒉 𝑥 ∈ 𝑆
5. 𝒊𝒇 𝑥 ∈ 𝑆1
6. 𝑠𝑢𝑚1 ← 𝑠𝑢𝑚1 + 𝑥
7. 𝒆𝒍𝒔𝒆
8. 𝑠𝑢𝑚2 ← 𝑠𝑢𝑚2 + 𝑥

9. 𝒓𝒆𝒕𝒖𝒓𝒏 𝑠𝑢𝑚1 = 𝑠𝑢𝑚2

1. 𝐺𝐸𝑁𝐸𝑅𝐴𝑇𝐸_𝐴𝑁𝐷_𝐶𝐻𝐸𝐶𝐾 𝑆1, 𝑖, 𝑐ℎ𝑜𝑜𝑠𝑒 :
2. 𝒊𝒇 𝑐ℎ𝑜𝑜𝑠𝑒
3. 𝑆1 ← 𝑆1 ∪ 𝑆 𝑖

4. 𝒊𝒇 𝑉𝐴𝐿𝐼𝐷𝐴𝑇𝐸_𝑆𝑈𝐵𝑆𝐸𝑇 𝑆1
5. 𝒓𝒆𝒕𝒖𝒓𝒏 𝑇𝑅𝑈𝐸

6. 𝑟1 ← 𝐺𝐸𝑁𝐸𝑅𝐴𝑇𝐸_𝐴𝑁𝐷_𝐶𝐻𝐸𝐶𝐾 𝑆1, 𝑖 + 1, 𝐹𝐴𝐿𝑆𝐸
7. 𝑟2 ← 𝐺𝐸𝑁𝐸𝑅𝐴𝑇𝐸_𝐴𝑁𝐷_𝐶𝐻𝐸𝐶𝐾 𝑆1, 𝑖 + 1, 𝑇𝑅𝑈𝐸
8. 𝒓𝒆𝒕𝒖𝒓𝒏 𝑟1 ∨ 𝑟2

1. 𝑆𝑂𝐿𝑉𝐸_𝑆𝑈𝐵𝑆𝐸𝑇_𝑆𝑈𝑀 𝑆, 𝐾 :
2. 𝑟1 ← 𝐺𝐸𝑁𝐸𝑅𝐴𝑇𝐸_𝐴𝑁𝐷_𝐶𝐻𝐸𝐶𝐾 ∅, 1, 𝐹𝐴𝐿𝑆𝐸
3. 𝑟2 ← 𝐺𝐸𝑁𝐸𝑅𝐴𝑇𝐸_𝐴𝑁𝐷_𝐶𝐻𝐸𝐶𝐾 ∅, 1, 𝑇𝑅𝑈𝐸

4. 𝒓𝒆𝒕𝒖𝒓𝒏 𝑟1 ∨ 𝑟2



SAT
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𝜙 = 𝑥 ∨ ത𝑦 ∨ ҧ𝑧 ∧ 𝑦 ∧ ҧ𝑡 ∨ (𝑡 ∧ ҧ𝑥)

𝑇𝑅𝑈𝐸 ∨ 𝑇𝑅𝑈𝐸 ∨ 𝑇𝑅𝑈𝐸 ∧ 𝑇𝑅𝑈𝐸 ∧ 𝑇𝑅𝑈𝐸 ∨ (𝑇𝑅𝑈𝐸 ∧ 𝑇𝑅𝑈𝐸)

𝑇 𝑥 = 𝑇𝑅𝑈𝐸

𝑇 𝑦 = 𝑇𝑅𝑈𝐸

𝑇 𝑧 = 𝑇𝑅𝑈𝐸

𝑇 𝑡 = 𝑇𝑅𝑈𝐸



SAT
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𝜙 = 𝑥 ∨ ത𝑦 ∨ ҧ𝑧 ∧ 𝑦 ∧ ҧ𝑡 ∨ (𝑡 ∧ ҧ𝑥)

𝐹𝐴𝐿𝑆𝐸

𝑇 𝑥 = 𝑇𝑅𝑈𝐸

𝑇 𝑦 = 𝑇𝑅𝑈𝐸

𝑇 𝑧 = 𝑇𝑅𝑈𝐸

𝑇 𝑡 = 𝑇𝑅𝑈𝐸



SAT
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𝜙 = 𝑥 ∨ ത𝑦 ∨ ҧ𝑧 ∧ 𝑦 ∧ ҧ𝑡 ∨ (𝑡 ∧ ҧ𝑥)

𝑇 𝑥 = 𝑇𝑅𝑈𝐸

𝑇 𝑦 = 𝑇𝑅𝑈𝐸

𝑇 𝑧 = 𝑇𝑅𝑈𝐸

𝑇 𝑡 = 𝐹𝐴𝐿𝑆𝐸

𝑇𝑅𝑈𝐸 ∨ 𝑇𝑅𝑈𝐸 ∨ 𝑇𝑅𝑈𝐸 ∧ 𝑇𝑅𝑈𝐸 ∧ 𝐹𝐴𝐿𝑆𝐸 ∨ (𝐹𝐴𝐿𝑆𝐸 ∧ 𝑇𝑅𝑈𝐸)



SAT
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𝜙 = 𝑥 ∨ ത𝑦 ∨ ҧ𝑧 ∧ 𝑦 ∧ ҧ𝑡 ∨ (𝑡 ∧ ҧ𝑥)

𝑇 𝑥 = 𝑇𝑅𝑈𝐸

𝑇 𝑦 = 𝑇𝑅𝑈𝐸

𝑇 𝑧 = 𝑇𝑅𝑈𝐸

𝑇 𝑡 = 𝐹𝐴𝐿𝑆𝐸

𝑇𝑅𝑈𝐸



CNF SAT
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𝜙 = (𝑥 ∨ 𝑦 ∨ ҧ𝑡) ∧ 𝑦 ∨ ҧ𝑧 ∧ (ത𝑦 ∨ 𝑧 ∨ 𝑡) ∧ (ത𝑦 ∨ ҧ𝑡)



3SAT
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𝜙 = ( 𝑥 ∨ 𝑦 ∨ ҧ𝑡
3 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠

) ∧ ( 𝑦 ∨ ҧ𝑧 ∨ 𝑡
3 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠

) ∧ ( ത𝑦 ∨ 𝑧 ∨ 𝑡
3 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠

)


