























































































































P solvable in polynomial time

NP Yes instances can be confirmed in polytime

A problem X is NP had

Formally If X can besolvedinpolytime then F NP
Practical X cannot be solved in poly time

CookLevin CIRCUITSAT is NP hard

To prove X is NP had
Reduce a k NP hadprobhem.to X in polytime

Circuit SAT MaxIndset
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NP hadnessproof Reduce Z to X

Describe a poly time algo that
transforms arbitrary input to 2into a special input to X

Prove if input to 2 is good
then input to X is also good

Prove if input to X is good
then input to E is also good


























































































































NP hard NP had NP hard
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Given G IV E
Build new graph G V E

E nu luv E3

3 Color X 0 avbvdrcaucvdtn.io
Reduction from 3SAT

Truth gadget µ
Variable gadget
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