
CS 310: Algorithms

Instructor: Naveed Anwar Bhatti

Lecture 25

Few Slides taken from Dr. Imdad’s  CS 510 course
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Chapter 8:
NP and Computational Intractability

Section 8.3 :
NP-hard and NP-Complete
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NP-Complete vs NP-Hard
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What is Circuit SAT problem?
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Circuit-SAT is the decision problem of determining whether a given 
Boolean circuit has an assignment of its inputs that makes the output 
TRUE
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Circuit-SAT is the decision problem of determining whether a given 
Boolean circuit has an assignment of its inputs that makes the output 
TRUE
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Claim: 3-Sat is NP-Complete
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1) 3-SAT є NP
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1) 3-SAT є NP

Certificate: 

Verifier: 

T or F for each variable

• Check cert has the right format

• Check that formula evaluates to T
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1) 3-SAT є NP

2) NP-Complete ≤𝐩 3-SAT

Circuit-SAT ≤p 3-SAT
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2) NP-Complete ≤𝐩 3-SAT Circuit-SAT ≤p 3-SAT

Inputs Outputs

Assign variable for every gate
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2) NP-Complete ≤𝐩 3-SAT Circuit-SAT ≤p 3-SAT

Assign variable for every gate

For each NOT gate:

For each OR gate:

For each AND gate:

(𝑥𝑢 ˅ 𝑥𝑣) ˄ (𝑥𝑢 ˅ 𝑥𝑣)

(𝑥𝑣 ˅ 𝑥𝑢) ˄ (𝑥𝑣 ˅ 𝑥𝑤) ˄ (𝑥𝑣 ˅ 𝑥𝑢 ˅ 𝑥𝑤)

(𝑥𝑣 ˅ 𝑥𝑢) ˄ (𝑥𝑣 ˅ 𝑥𝑤) ˄ (𝑥𝑣˅ 𝑥𝑢 ˅ 𝑥𝑤)
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2) NP-Complete ≤𝐩 3-SAT Circuit-SAT ≤p 3-SAT

Assign variable for every gate

For each NOT gate:

For each OR gate:

For each AND gate:

(𝑥𝑢 ˅ 𝑥𝑣) ˄ (𝑥𝑢 ˅ 𝑥𝑣)

(𝑥𝑣 ˅ 𝑥𝑢) ˄ (𝑥𝑣 ˅ 𝑥𝑤) ˄ (𝑥𝑣 ˅ 𝑥𝑢 ˅ 𝑥𝑤)

(𝑥𝑣 ˅ 𝑥𝑢) ˄ (𝑥𝑣 ˅ 𝑥𝑤) ˄ (𝑥𝑣˅ 𝑥𝑢 ˅ 𝑥𝑤)

AND together clauses for 
every gate
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2) NP-Complete ≤𝐩 3-SAT Circuit-SAT ≤p 3-SAT

Assign variable for every gate

For each NOT gate:

For each OR gate:

For each AND gate:

(𝑥𝑢 ˅ 𝑥𝑣 ˅ FALSE) ˄ (𝑥𝑢 ˅ 𝑥𝑣 ˅ FALSE)

(𝑥𝑣 ˅ 𝑥𝑢 ˅ FALSE) ˄ (𝑥𝑣 ˅ 𝑥𝑤 ˅ FALSE) ˄ (𝑥𝑣 ˅ 𝑥𝑢 ˅ 𝑥𝑤)

(𝑥𝑣 ˅ 𝑥𝑢 ˅ FALSE) ˄ (𝑥𝑣 ˅ 𝑥𝑤 ˅ FALSE) ˄ (𝑥𝑣˅ 𝑥𝑢 ˅ 𝑥𝑤)

AND together clauses for 
every gate
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2) NP-Complete ≤𝐩 3-SAT Circuit-SAT ≤p 3-SAT

(𝑥4 ˅ 𝑥6 ˅ FALSE) ˄ (𝑥4 ˅ 𝑥6 ˅ FALSE)

(𝑥4 ˅ 𝑥1 ˅ FALSE) ˄ (𝑥4 ˅ 𝑥2 ˅ FALSE) ˄ (𝑥4 ˅ 𝑥1 ˅ 𝑥2)

(𝑥5 ˅ 𝑥2 ˅ FALSE) ˄ (𝑥5 ˅ 3 ˅ FALSE) ˄ (𝑥5˅ 𝑥2 ˅ 𝑥3)

(𝑥7 ˅ 𝑥6 ˅ FALSE) ˄ (𝑥7 ˅ 𝑥5 ˅ FALSE) ˄ (𝑥7 ˅ 𝑥6 ˅ 𝑥5)

˄

˄

˄



Thanks a lot

“In case I don’t see you again, 
Good Morning, Good Afternoon and Good Evening” – Jim Carry


	Slide 1: CS 310: Algorithms
	Slide 2: Chapter 8: NP and Computational Intractability  Section 8.3 : NP-hard and NP-Complete
	Slide 3: NP-Complete vs NP-Hard
	Slide 4: NP-Complete vs NP-Hard
	Slide 5: NP-Complete vs NP-Hard
	Slide 6: NP-Complete Problems
	Slide 7: NP-Complete Problems
	Slide 8: NP-Complete Problems
	Slide 9: NP-Complete Problems
	Slide 10: NP-Complete Problems
	Slide 11: NP-Complete Problems
	Slide 12: NP-Complete Problems
	Slide 13: NP-Complete Problems
	Slide 14: NP-Complete Problems
	Slide 15: NP-Complete Problems
	Slide 16: NP-Complete Problems
	Slide 17: Proving NP-Complete Problems
	Slide 18: Proving NP-Complete Problems
	Slide 19: Proving NP-Complete Problems
	Slide 20: Proving NP-Complete Problems
	Slide 21: Proving NP-Complete Problems
	Slide 22: Proving NP-Complete Problems
	Slide 23: Proving NP-Complete Problems
	Slide 24: What is Circuit SAT problem?
	Slide 25: What is Circuit SAT problem?
	Slide 26: Claim: 3-Sat is NP-Complete
	Slide 27: Claim 3-Sat is NP-Complete
	Slide 28: Claim 3-Sat is NP-Complete
	Slide 29: Claim 3-Sat is NP-Complete
	Slide 30: Claim 3-Sat is NP-Complete
	Slide 31: Claim 3-Sat is NP-Complete
	Slide 32: Claim 3-Sat is NP-Complete
	Slide 33: Claim 3-Sat is NP-Complete
	Slide 34: Claim 3-Sat is NP-Complete
	Slide 35: Thanks a lot

