
11

𝑷 vs. 𝑵𝑷

Analiza Algoritmilor

Drawing by Ilya Yodovsky Jr., from Decision Procedures: An Algorithmic Point of View by Daniel Kroening and Ofer Strichman
Source: https://decomposition.al/CSE290Q-2019-09/

https://decomposition.al/CSE290Q-2019-09/


Nondeterminism

Analiza Algoritmilor - CB L11. P versus NP 2

1 0 0 1 1 11 0 0 1 1 1

qq



Nondeterminism

Analiza Algoritmilor - CB L11. P versus NP 2

1 0 0 1 1 1

1 0 0 1 1 11

q

qt

s



Computational histories
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Computational histories
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If any leaf is an accepting configuration, the machine accepts

If all leaves are rejecting configurations, the machine rejects



Running time for an NTM
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Running time for an NTM
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𝑡𝑁 𝑤 = 8



Address of a node
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The class 𝑷

𝑷 ≝ ራ

𝑘∈ℕ

𝐷𝑇𝐼𝑀𝐸(𝑛𝑘)

Analiza Algoritmilor - CB L11. P versus NP 7

The class of tractable problems



The class 𝑵𝑷

𝑵𝑷 ≝ ራ

𝑘∈ℕ

𝑁𝑇𝐼𝑀𝐸(𝑛𝑘)
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The class of … ?



Polynomial certificates
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Polynomial certificate for CLIQUE
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𝑇𝑅𝑈𝐸𝑀

Clique size: 3



Polynomial certificate for SAT
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𝑇𝑅𝑈𝐸𝑀

𝜙 = 𝑥 ∨ ത𝑦 ∨ ҧ𝑧 ∧ 𝑦 ∧ ҧ𝑡 ∨ (𝑡 ∧ ҧ𝑥)

𝑇 𝑥 = 𝑇𝑅𝑈𝐸

𝑇 𝑦 = 𝑇𝑅𝑈𝐸

𝑇 𝑧 = 𝑇𝑅𝑈𝐸

𝑇 𝑡 = 𝐹𝐴𝐿𝑆𝐸



Polynomial certificate for PARTITIONING
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𝑇𝑅𝑈𝐸𝑀

𝑆1 = {4, 11, 16, 23}

𝑆 = { 4, 11, 16, 21, 11, 14, 4, 23}



PARTITIONING – Solution

Analiza Algoritmilor - CB 13L11. P versus NP

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



The class 𝑵𝑷 – alternative definition

𝑵𝑷 ≝ {problems with polynomial-sized certificates}
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The class of problems with a usable solution
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𝑷 ⊆ 𝑵𝑷

𝑷 = 𝑵𝑷 ?

𝑷 ≠ 𝑵𝑷 ?

It is currently unknown whether 𝑷 = 𝑵𝑷…


