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Reduction
• So far we have shown:


• There are problems that are not tractable 
algorithmically


• Halting Problem


• We defined a class  of problems that are considered 
computationally tractable, even as the instance size 
scales up


• We have defined a class  of problems where we 
can verify a solution effectively

𝒫

𝒩𝒫



Reduction
• Fundamental Conjecture in Complexity


• 


• Reason why people believe in this conjecture


• There are problems that are -complete


• A problem  is -complete if 


•

𝒫 ≠ 𝒩𝒫

𝒩𝒫

P ∈ 𝒩𝒫 𝒩𝒫

(P ∈ 𝒫) ⇒ (𝒫 = 𝒩𝒫)



Reduction
• Can use the solution of one problem to solve another problem


• Example: Matrix multiplication and Matrix Squaring


• If you can solve matrix multiplication, you can certainly solve 
matrix squaring


• However, it also works the other way around:


• Multiply square matrix  with square matrix 


• Calculate left side of  


• From the algorithmic standpoint: squaring a matrix is exactly as 
complicated as multiplying two matrices

A B

(0 A
B 0)

2

= (AB 0
0 BA)



Reduction
• Formally, problem X reduces to problem Y if there is a 

reduction that converts instances of X to instances of Y 
and a translation that takes a solution of Y and makes it 
into a solution for X that solves the original instance.

Instance I 
of X Reduction Instance I’ 

of Y ReductionAlgorithm of Y Solution 
for I’

Solution 
to I

Algorithm for X



Reduction
• Matrix multiplication reduces to matrix squaring


• Reduce:  Given , construct 


• calculate the square


• translate result  

A, B (0 A
B 0)

(AB 0
0 BA) ⟶ AB

Instance I 
of X Reduction Instance I’ 

of Y ReductionAlgorithm of Y Solution 
for I’

Solution 
to I

Algorithm for X



Reduction
• We usually apply reduction to existence problems


• Answer is True/False


• No translation is needed

Instance I 
of X Reduction Instance I’ 

of Y ReductionAlgorithm of Y Solution 
for I’

Solution 
to I

Algorithm for X



Reduction
• X reduces polynomially to Y


• Reduction works in polynomial time


• Write 


• Read( Y is at least as hard as X)

X ≤P Y

Instance I 
of X Reduction Instance I’ 

of Y ReductionAlgorithm of Y Solution 
for I’

Solution 
to I

Algorithm for X



Reduction
• Assume  and . Then . 


• Proof: if we have a polynomial reduction, then the 
diagram below explains how we get a polynomial time 
algorithm for X 

X ≤p Y Y ∈ 𝒫 X ∈ 𝒫

Instance I 
of X Reduction Instance I’ 

of Y ReductionAlgorithm of Y Solution 
for I’

Solution 
to I

Algorithm for X



A New Formal Definition of  
 - complete𝒩𝒫

•  is 


• IF AND ONLY IF


•

X ∈ 𝒩𝒫 𝒩𝒫−complete

∀Y ∈ 𝒩𝒫 : Y ≤P X



A New Formal Definition of  
 - complete𝒩𝒫

• Theorem: 


•  -complete AND  


• IMPLIES


•

X ∈ 𝒩𝒫 X ∈ 𝒫

𝒫 = 𝒩𝒫



A New Formal Definition of  
 - complete𝒩𝒫

• Proof: 


• If , then by completeness


• 


• Thus:


• There is a polynomial time algorithm for Y


• Thus: 

Y ∈ 𝒩𝒫

Y ≤P X

Y ∈ 𝒫

Instance I 
of Y

Reduction 
Polynomial

Instance I’ 
of X

Algorithm of X
(polynomial)

Solution 
for I’

Solution 
to I

Algorithm for Y



A New Formal Definition of  
 - complete𝒩𝒫

• Circuit Satisfiability is  - complete


• We have argued that we can express any problem in 
 using a circuit

𝒩𝒫

𝒩𝒫

Algorithm as a program PC machine state input x solution y working storage

M

Algorithm as a program PC machine state input x solution y working storage

M

Algorithm as a program PC machine state input x solution y working storage

M

Algorithm as a program PC machine state input x solution y working storage

M

Algorithm as a program PC machine state input x solution y working storage

M

Algorithm as a program PC machine state input x solution y working storage

Guessed Solution
V
e
r
i
f
i
e
r

• This reduces the 
problem to Circuit 
Satisfiability


• Therefore: 


• Circuit Satisfiability 
remains 
𝒩𝒫−complete



Family of -complete 
problems

𝒩𝒫

• Boolean Formula Satisfiability:


• Given a boolean formula, determine whether there is an 
assignment to the variables such that the formula 
becomes true 


• Given an assignment, can check the truth value of the 
formula in polynomial time


• Thus, Boolean Formula Satisfiability is in 𝒩𝒫

(x ⇒ ȳ) ∨ (x ∧ y ∨ z) ∨ (x ∧ ȳ ∧ z̄ ∧ (x ⊕ y))



Family of -complete 
problems

𝒩𝒫

• We can reduce boolean formula satisfiability to boolean 
circuit satisfiability


• Need to show that boolean circuit satisfiability is at 
least as hard as boolean formula satisfiability


• Given an instance of boolean circuit satisfiability, show 
that it can be reduced to boolean formula satisfiability



Family of -complete 
problems

𝒩𝒫

• Need to "translate" a boolean circuit into a formula


• Each circuit element becomes part of a Boolean formula


• , , ,  



• Make this into a single formula


•

x1 = b̄ x2 = c ∨ x1 x3 = a ⊕ c x4 = x2 ∧ x3
x5 = ¬(x4 ∨ a)

x1 = (¬b) ∧ (x2 = c ∨ x1) ∧ …

OR

AND

NOT

XOR

NOR

a
b

c

x1 x2

x3
x4 x5



Family of -complete 
problems

𝒩𝒫

• Final formula is satisfiable exactly if the circuit is 
satisfiable


• Translation is in polynomial time



Family of -complete 
problems

𝒩𝒫

• 3-SAT : Satisfiability of a boolean formula in conjunctive 
normal form with clauses with three literals

(a ∨ b̄ ∨ c) ∧ (a ∨ a ∨ c) ∧ (b ∨ d̄ ∨ d) ∧ (ā ∨ d̄ ∨ f̄ )…



Family of -complete 
problems

𝒩𝒫

• Reduction to Boolean Formula Satisfiability


• Need to transform the boolean circuit satisfiability 
problem to 3-SAT


• Reduction: 


• As before, describe the circuit in a boolean formula


• However, now each gate can be expressed with only 
three-clause conditions:

3−SAT ≤P Boolean Circuit Sat



Family of -complete 
problems

𝒩𝒫

• Translate the circuit into one with two-entry boolean gates

(x5 = x1 ∧ x2) ∧ (x6 = x3 ⊕ x4) ∧ (x7 = ¬(y ∧ x5)) ∧ (x8 = x6 ∨ x7) ∧ x8

(x1 = ¬(v ∧ y)) ∧ ((x2 = ¬(z ∨ y))) ∧ (x3 = x1 ∧ w) ∧ (x4 = ¬(x ∨ z) ∧

OR

NAND

XOR

AND

NOR

AND

NOR

NAND

x

y

z

w

v

x1

x2

x3

x4

x5

x6

x7

x8



Family of -complete 
problems

𝒩𝒫

• Clauses directly represent gates


• Transform the clauses into conjunctive normal form with 
three literals


• Trick


• 


• 


• This blows up the representation, but only by a constant 
amount

x = (x ∨ p ∨ q) ∧ (x ∨ ¬p ∨ q) ∧ (x ∨ p ∨ ¬q) ∧ (x ∨ ¬p ∨ ¬q)

x ∨ y = (x ∨ y ∨ p) ∧ (x ∨ y ∨ ¬p)



Family of -complete 
problems

𝒩𝒫

• As before, the circuit is satisfiable if and only if the 
formula is satisfiable


• Ergo: We can solve 3-SAT implies we can solve Boolean 
Circuit Satisfiability



Family of -complete 
problems

𝒩𝒫

• What about 2-SAT


• Clauses are of the form , which is equivalent to 



• Create a graph:


• Vertices are variables and their negation

(a ∨ b)
¬a ⇒ b

a

<latexit sha1_base64="PGuTgdY4+vjnJk/eSSs88w+eM6s=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJh2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDwweM4w==</latexit>

a

<latexit sha1_base64="PGuTgdY4+vjnJk/eSSs88w+eM6s=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJh2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDwweM4w==</latexit>

ā

<latexit sha1_base64="0sZZWW7ZMlxPrgDGvqFgwUfMTr8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqgzzYbXm1t0FyDrxClKDAq1h9WswimkaMWmoQK37npsYP0NlOBUsrwxSzRKkUxyzvqUSI6b9bHFuTi6sMiJhrGxJQxbq74kMI61nUWA7IzQTverNxf+8fmrCGz/jMkkNk3S5KEwFMTGZ/05GXDFqxMwSpIrbWwmdoEJqbEIVG4K3+vI66VzVvUb99qFRazaKOMpwBudwCR5cQxPuoQVtoDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB4Cvj6g=</latexit>

ā

<latexit sha1_base64="0sZZWW7ZMlxPrgDGvqFgwUfMTr8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqgzzYbXm1t0FyDrxClKDAq1h9WswimkaMWmoQK37npsYP0NlOBUsrwxSzRKkUxyzvqUSI6b9bHFuTi6sMiJhrGxJQxbq74kMI61nUWA7IzQTverNxf+8fmrCGz/jMkkNk3S5KEwFMTGZ/05GXDFqxMwSpIrbWwmdoEJqbEIVG4K3+vI66VzVvUb99qFRazaKOMpwBudwCR5cQxPuoQVtoDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB4Cvj6g=</latexit>

b̄

<latexit sha1_base64="Wy5GzvzjEO+Qd4eRMYqERjNKOP8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhrLZbtqlm03YnQgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dkobm1vbO+Xdyt7+weFR9fikY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeY3s397hPXRsTqEWcJ9yM6ViIUjKKVuoOA6izIh9WaW3cXIOvEK0gNCrSG1a/BKGZpxBUySY3pe26CfkY1CiZ5XhmkhieUTemY9y1VNOLGzxbn5uTCKiMSxtqWQrJQf09kNDJmFgW2M6I4MaveXPzP66cY3viZUEmKXLHlojCVBGMy/52MhOYM5cwSyrSwtxI2oZoytAlVbAje6svrpHNV9xr124dGrdko4ijDGZzDJXhwDU24hxa0gcEUnuEV3pzEeXHenY9la8kpZk7hD5zPH4I0j6k=</latexit>

b̄

<latexit sha1_base64="Wy5GzvzjEO+Qd4eRMYqERjNKOP8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhrLZbtqlm03YnQgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dkobm1vbO+Xdyt7+weFR9fikY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeY3s397hPXRsTqEWcJ9yM6ViIUjKKVuoOA6izIh9WaW3cXIOvEK0gNCrSG1a/BKGZpxBUySY3pe26CfkY1CiZ5XhmkhieUTemY9y1VNOLGzxbn5uTCKiMSxtqWQrJQf09kNDJmFgW2M6I4MaveXPzP66cY3viZUEmKXLHlojCVBGMy/52MhOYM5cwSyrSwtxI2oZoytAlVbAje6svrpHNV9xr124dGrdko4ijDGZzDJXhwDU24hxa0gcEUnuEV3pzEeXHenY9la8kpZk7hD5zPH4I0j6k=</latexit>

b

<latexit sha1_base64="u0fXF9z/XUVw3OZQZU6HNTbl1qg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX1atXbZq1Sr+VxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHxIuM5A==</latexit>

b

<latexit sha1_base64="u0fXF9z/XUVw3OZQZU6HNTbl1qg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX1atXbZq1Sr+VxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHxIuM5A==</latexit>

c

<latexit sha1_base64="5r1UG6QinZzP+JcSaCVs+ZglWxw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJhuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDxg+M5Q==</latexit>

c

<latexit sha1_base64="5r1UG6QinZzP+JcSaCVs+ZglWxw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJhuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDxg+M5Q==</latexit>

d

<latexit sha1_base64="P9Y7o33oREqih2eLqIeyP00HlMw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWzmbZrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkg85o8ZKzXBQrrhVdwGyTrycVCBHY1D+6ocxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YJyTBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91Axv/IzLJDUo2XLRMBXExGT+NQm5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rq1aq3zVqlXsvjKMIZnMMleHANdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPx5OM5g==</latexit>

d

<latexit sha1_base64="P9Y7o33oREqih2eLqIeyP00HlMw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWzmbZrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkg85o8ZKzXBQrrhVdwGyTrycVCBHY1D+6ocxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YJyTBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91Axv/IzLJDUo2XLRMBXExGT+NQm5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rq1aq3zVqlXsvjKMIZnMMleHANdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPx5OM5g==</latexit>

c̄

<latexit sha1_base64="IlHc2/rx4FMBlGOgMx4vBQ7/9gk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqozmw2rNrbsLkHXiFaQGBVrD6tdgFNM0YtJQgVr3PTcxfobKcCpYXhmkmiVIpzhmfUslRkz72eLcnFxYZUTCWNmShizU3xMZRlrPosB2RmgmetWbi/95/dSEN37GZZIaJulyUZgKYmIy/52MuGLUiJklSBW3txI6QYXU2IQqNgRv9eV10rmqe4367UOj1mwUcZThDM7hEjy4hibcQwvaQGEKz/AKb07ivDjvzseyteQUM6fwB87nD4O5j6o=</latexit>

c̄

<latexit sha1_base64="IlHc2/rx4FMBlGOgMx4vBQ7/9gk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqozmw2rNrbsLkHXiFaQGBVrD6tdgFNM0YtJQgVr3PTcxfobKcCpYXhmkmiVIpzhmfUslRkz72eLcnFxYZUTCWNmShizU3xMZRlrPosB2RmgmetWbi/95/dSEN37GZZIaJulyUZgKYmIy/52MuGLUiJklSBW3txI6QYXU2IQqNgRv9eV10rmqe4367UOj1mwUcZThDM7hEjy4hibcQwvaQGEKz/AKb07ivDjvzseyteQUM6fwB87nD4O5j6o=</latexit>

d̄

<latexit sha1_base64="VFIaBqBN3EJE9y9gsuBwmHIBdNE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhrLZbNqlm03YnQgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkobm1vbO+Xdyt7+weFR9fikY5JMM95miUx0L6CGS6F4GwVK3ks1p3EgeTeY3M397hPXRiTqEacp92M6UiISjKKVuoOA6jycDas1t+4uQNaJV5AaFGgNq1+DMGFZzBUySY3pe26Kfk41Cib5rDLIDE8pm9AR71uqaMyNny/OnZELq4QkSrQthWSh/p7IaWzMNA5sZ0xxbFa9ufif188wuvFzodIMuWLLRVEmCSZk/jsJheYM5dQSyrSwtxI2ppoytAlVbAje6svrpHNV9xr124dGrdko4ijDGZzDJXhwDU24hxa0gcEEnuEV3pzUeXHenY9la8kpZk7hD5zPH4U+j6s=</latexit>

d̄

<latexit sha1_base64="VFIaBqBN3EJE9y9gsuBwmHIBdNE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhrLZbNqlm03YnQgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkobm1vbO+Xdyt7+weFR9fikY5JMM95miUx0L6CGS6F4GwVK3ks1p3EgeTeY3M397hPXRiTqEacp92M6UiISjKKVuoOA6jycDas1t+4uQNaJV5AaFGgNq1+DMGFZzBUySY3pe26Kfk41Cib5rDLIDE8pm9AR71uqaMyNny/OnZELq4QkSrQthWSh/p7IaWzMNA5sZ0xxbFa9ufif188wuvFzodIMuWLLRVEmCSZk/jsJheYM5dQSyrSwtxI2ppoytAlVbAje6svrpHNV9xr124dGrdko4ijDGZzDJXhwDU24hxa0gcEEnuEV3pzUeXHenY9la8kpZk7hD5zPH4U+j6s=</latexit>



Family of -complete 
problems

𝒩𝒫

• Draw an edge if there is a clause equivalent to  in 
the formula

x ⇒ y

a

<latexit sha1_base64="PGuTgdY4+vjnJk/eSSs88w+eM6s=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJh2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDwweM4w==</latexit>

a

<latexit sha1_base64="PGuTgdY4+vjnJk/eSSs88w+eM6s=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJh2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDwweM4w==</latexit>

ā

<latexit sha1_base64="0sZZWW7ZMlxPrgDGvqFgwUfMTr8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqgzzYbXm1t0FyDrxClKDAq1h9WswimkaMWmoQK37npsYP0NlOBUsrwxSzRKkUxyzvqUSI6b9bHFuTi6sMiJhrGxJQxbq74kMI61nUWA7IzQTverNxf+8fmrCGz/jMkkNk3S5KEwFMTGZ/05GXDFqxMwSpIrbWwmdoEJqbEIVG4K3+vI66VzVvUb99qFRazaKOMpwBudwCR5cQxPuoQVtoDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB4Cvj6g=</latexit>

ā

<latexit sha1_base64="0sZZWW7ZMlxPrgDGvqFgwUfMTr8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqgzzYbXm1t0FyDrxClKDAq1h9WswimkaMWmoQK37npsYP0NlOBUsrwxSzRKkUxyzvqUSI6b9bHFuTi6sMiJhrGxJQxbq74kMI61nUWA7IzQTverNxf+8fmrCGz/jMkkNk3S5KEwFMTGZ/05GXDFqxMwSpIrbWwmdoEJqbEIVG4K3+vI66VzVvUb99qFRazaKOMpwBudwCR5cQxPuoQVtoDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB4Cvj6g=</latexit>

b̄

<latexit sha1_base64="Wy5GzvzjEO+Qd4eRMYqERjNKOP8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhrLZbtqlm03YnQgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dkobm1vbO+Xdyt7+weFR9fikY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeY3s397hPXRsTqEWcJ9yM6ViIUjKKVuoOA6izIh9WaW3cXIOvEK0gNCrSG1a/BKGZpxBUySY3pe26CfkY1CiZ5XhmkhieUTemY9y1VNOLGzxbn5uTCKiMSxtqWQrJQf09kNDJmFgW2M6I4MaveXPzP66cY3viZUEmKXLHlojCVBGMy/52MhOYM5cwSyrSwtxI2oZoytAlVbAje6svrpHNV9xr124dGrdko4ijDGZzDJXhwDU24hxa0gcEUnuEV3pzEeXHenY9la8kpZk7hD5zPH4I0j6k=</latexit>

b̄

<latexit sha1_base64="Wy5GzvzjEO+Qd4eRMYqERjNKOP8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhrLZbtqlm03YnQgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dkobm1vbO+Xdyt7+weFR9fikY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeY3s397hPXRsTqEWcJ9yM6ViIUjKKVuoOA6izIh9WaW3cXIOvEK0gNCrSG1a/BKGZpxBUySY3pe26CfkY1CiZ5XhmkhieUTemY9y1VNOLGzxbn5uTCKiMSxtqWQrJQf09kNDJmFgW2M6I4MaveXPzP66cY3viZUEmKXLHlojCVBGMy/52MhOYM5cwSyrSwtxI2oZoytAlVbAje6svrpHNV9xr124dGrdko4ijDGZzDJXhwDU24hxa0gcEUnuEV3pzEeXHenY9la8kpZk7hD5zPH4I0j6k=</latexit>

b

<latexit sha1_base64="u0fXF9z/XUVw3OZQZU6HNTbl1qg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX1atXbZq1Sr+VxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHxIuM5A==</latexit>

b

<latexit sha1_base64="u0fXF9z/XUVw3OZQZU6HNTbl1qg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX1atXbZq1Sr+VxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHxIuM5A==</latexit>

c

<latexit sha1_base64="5r1UG6QinZzP+JcSaCVs+ZglWxw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJhuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDxg+M5Q==</latexit>

c

<latexit sha1_base64="5r1UG6QinZzP+JcSaCVs+ZglWxw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJhuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDxg+M5Q==</latexit>

d

<latexit sha1_base64="P9Y7o33oREqih2eLqIeyP00HlMw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWzmbZrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkg85o8ZKzXBQrrhVdwGyTrycVCBHY1D+6ocxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YJyTBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91Axv/IzLJDUo2XLRMBXExGT+NQm5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rq1aq3zVqlXsvjKMIZnMMleHANdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPx5OM5g==</latexit>

d

<latexit sha1_base64="P9Y7o33oREqih2eLqIeyP00HlMw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWzmbZrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkg85o8ZKzXBQrrhVdwGyTrycVCBHY1D+6ocxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YJyTBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91Axv/IzLJDUo2XLRMBXExGT+NQm5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rq1aq3zVqlXsvjKMIZnMMleHANdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPx5OM5g==</latexit>

c̄

<latexit sha1_base64="IlHc2/rx4FMBlGOgMx4vBQ7/9gk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqozmw2rNrbsLkHXiFaQGBVrD6tdgFNM0YtJQgVr3PTcxfobKcCpYXhmkmiVIpzhmfUslRkz72eLcnFxYZUTCWNmShizU3xMZRlrPosB2RmgmetWbi/95/dSEN37GZZIaJulyUZgKYmIy/52MuGLUiJklSBW3txI6QYXU2IQqNgRv9eV10rmqe4367UOj1mwUcZThDM7hEjy4hibcQwvaQGEKz/AKb07ivDjvzseyteQUM6fwB87nD4O5j6o=</latexit>

c̄

<latexit sha1_base64="IlHc2/rx4FMBlGOgMx4vBQ7/9gk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqozmw2rNrbsLkHXiFaQGBVrD6tdgFNM0YtJQgVr3PTcxfobKcCpYXhmkmiVIpzhmfUslRkz72eLcnFxYZUTCWNmShizU3xMZRlrPosB2RmgmetWbi/95/dSEN37GZZIaJulyUZgKYmIy/52MuGLUiJklSBW3txI6QYXU2IQqNgRv9eV10rmqe4367UOj1mwUcZThDM7hEjy4hibcQwvaQGEKz/AKb07ivDjvzseyteQUM6fwB87nD4O5j6o=</latexit>

d̄

<latexit sha1_base64="VFIaBqBN3EJE9y9gsuBwmHIBdNE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhrLZbNqlm03YnQgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkobm1vbO+Xdyt7+weFR9fikY5JMM95miUx0L6CGS6F4GwVK3ks1p3EgeTeY3M397hPXRiTqEacp92M6UiISjKKVuoOA6jycDas1t+4uQNaJV5AaFGgNq1+DMGFZzBUySY3pe26Kfk41Cib5rDLIDE8pm9AR71uqaMyNny/OnZELq4QkSrQthWSh/p7IaWzMNA5sZ0xxbFa9ufif188wuvFzodIMuWLLRVEmCSZk/jsJheYM5dQSyrSwtxI2ppoytAlVbAje6svrpHNV9xr124dGrdko4ijDGZzDJXhwDU24hxa0gcEEnuEV3pzUeXHenY9la8kpZk7hD5zPH4U+j6s=</latexit>

d̄

<latexit sha1_base64="VFIaBqBN3EJE9y9gsuBwmHIBdNE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhrLZbNqlm03YnQgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkobm1vbO+Xdyt7+weFR9fikY5JMM95miUx0L6CGS6F4GwVK3ks1p3EgeTeY3M397hPXRiTqEacp92M6UiISjKKVuoOA6jycDas1t+4uQNaJV5AaFGgNq1+DMGFZzBUySY3pe26Kfk41Cib5rDLIDE8pm9AR71uqaMyNny/OnZELq4QkSrQthWSh/p7IaWzMNA5sZ0xxbFa9ufif188wuvFzodIMuWLLRVEmCSZk/jsJheYM5dQSyrSwtxI2ppoytAlVbAje6svrpHNV9xr124dGrdko4ijDGZzDJXhwDU24hxa0gcEEnuEV3pzUeXHenY9la8kpZk7hD5zPH4U+j6s=</latexit>

  is equivalent to b ⇒ ¬c (¬b ∨ ¬c)



Family of -complete 
problems

𝒩𝒫

• Draw an edge if there is a clause equivalent to  in 
the formula

x ⇒ y

  is equivalent to  
which is equivalent also to 

b ⇒ ¬c (¬b ∨ ¬c)
c ⇒ ¬b

a

<latexit sha1_base64="PGuTgdY4+vjnJk/eSSs88w+eM6s=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJh2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDwweM4w==</latexit>

a

<latexit sha1_base64="PGuTgdY4+vjnJk/eSSs88w+eM6s=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJh2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDwweM4w==</latexit>

ā

<latexit sha1_base64="0sZZWW7ZMlxPrgDGvqFgwUfMTr8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqgzzYbXm1t0FyDrxClKDAq1h9WswimkaMWmoQK37npsYP0NlOBUsrwxSzRKkUxyzvqUSI6b9bHFuTi6sMiJhrGxJQxbq74kMI61nUWA7IzQTverNxf+8fmrCGz/jMkkNk3S5KEwFMTGZ/05GXDFqxMwSpIrbWwmdoEJqbEIVG4K3+vI66VzVvUb99qFRazaKOMpwBudwCR5cQxPuoQVtoDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB4Cvj6g=</latexit>

ā

<latexit sha1_base64="0sZZWW7ZMlxPrgDGvqFgwUfMTr8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqgzzYbXm1t0FyDrxClKDAq1h9WswimkaMWmoQK37npsYP0NlOBUsrwxSzRKkUxyzvqUSI6b9bHFuTi6sMiJhrGxJQxbq74kMI61nUWA7IzQTverNxf+8fmrCGz/jMkkNk3S5KEwFMTGZ/05GXDFqxMwSpIrbWwmdoEJqbEIVG4K3+vI66VzVvUb99qFRazaKOMpwBudwCR5cQxPuoQVtoDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB4Cvj6g=</latexit>

b̄

<latexit sha1_base64="Wy5GzvzjEO+Qd4eRMYqERjNKOP8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhrLZbtqlm03YnQgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dkobm1vbO+Xdyt7+weFR9fikY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeY3s397hPXRsTqEWcJ9yM6ViIUjKKVuoOA6izIh9WaW3cXIOvEK0gNCrSG1a/BKGZpxBUySY3pe26CfkY1CiZ5XhmkhieUTemY9y1VNOLGzxbn5uTCKiMSxtqWQrJQf09kNDJmFgW2M6I4MaveXPzP66cY3viZUEmKXLHlojCVBGMy/52MhOYM5cwSyrSwtxI2oZoytAlVbAje6svrpHNV9xr124dGrdko4ijDGZzDJXhwDU24hxa0gcEUnuEV3pzEeXHenY9la8kpZk7hD5zPH4I0j6k=</latexit>

b̄

<latexit sha1_base64="Wy5GzvzjEO+Qd4eRMYqERjNKOP8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhrLZbtqlm03YnQgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dkobm1vbO+Xdyt7+weFR9fikY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeY3s397hPXRsTqEWcJ9yM6ViIUjKKVuoOA6izIh9WaW3cXIOvEK0gNCrSG1a/BKGZpxBUySY3pe26CfkY1CiZ5XhmkhieUTemY9y1VNOLGzxbn5uTCKiMSxtqWQrJQf09kNDJmFgW2M6I4MaveXPzP66cY3viZUEmKXLHlojCVBGMy/52MhOYM5cwSyrSwtxI2oZoytAlVbAje6svrpHNV9xr124dGrdko4ijDGZzDJXhwDU24hxa0gcEUnuEV3pzEeXHenY9la8kpZk7hD5zPH4I0j6k=</latexit>

b

<latexit sha1_base64="u0fXF9z/XUVw3OZQZU6HNTbl1qg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX1atXbZq1Sr+VxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHxIuM5A==</latexit>

b

<latexit sha1_base64="u0fXF9z/XUVw3OZQZU6HNTbl1qg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX1atXbZq1Sr+VxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHxIuM5A==</latexit>

c

<latexit sha1_base64="5r1UG6QinZzP+JcSaCVs+ZglWxw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJhuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDxg+M5Q==</latexit>

c

<latexit sha1_base64="5r1UG6QinZzP+JcSaCVs+ZglWxw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJhuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDxg+M5Q==</latexit>

d

<latexit sha1_base64="P9Y7o33oREqih2eLqIeyP00HlMw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWzmbZrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkg85o8ZKzXBQrrhVdwGyTrycVCBHY1D+6ocxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YJyTBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91Axv/IzLJDUo2XLRMBXExGT+NQm5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rq1aq3zVqlXsvjKMIZnMMleHANdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPx5OM5g==</latexit>

d

<latexit sha1_base64="P9Y7o33oREqih2eLqIeyP00HlMw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWzmbZrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkg85o8ZKzXBQrrhVdwGyTrycVCBHY1D+6ocxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YJyTBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91Axv/IzLJDUo2XLRMBXExGT+NQm5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rq1aq3zVqlXsvjKMIZnMMleHANdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPx5OM5g==</latexit>

c̄

<latexit sha1_base64="IlHc2/rx4FMBlGOgMx4vBQ7/9gk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqozmw2rNrbsLkHXiFaQGBVrD6tdgFNM0YtJQgVr3PTcxfobKcCpYXhmkmiVIpzhmfUslRkz72eLcnFxYZUTCWNmShizU3xMZRlrPosB2RmgmetWbi/95/dSEN37GZZIaJulyUZgKYmIy/52MuGLUiJklSBW3txI6QYXU2IQqNgRv9eV10rmqe4367UOj1mwUcZThDM7hEjy4hibcQwvaQGEKz/AKb07ivDjvzseyteQUM6fwB87nD4O5j6o=</latexit>

c̄

<latexit sha1_base64="IlHc2/rx4FMBlGOgMx4vBQ7/9gk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqozmw2rNrbsLkHXiFaQGBVrD6tdgFNM0YtJQgVr3PTcxfobKcCpYXhmkmiVIpzhmfUslRkz72eLcnFxYZUTCWNmShizU3xMZRlrPosB2RmgmetWbi/95/dSEN37GZZIaJulyUZgKYmIy/52MuGLUiJklSBW3txI6QYXU2IQqNgRv9eV10rmqe4367UOj1mwUcZThDM7hEjy4hibcQwvaQGEKz/AKb07ivDjvzseyteQUM6fwB87nD4O5j6o=</latexit>

d̄

<latexit sha1_base64="VFIaBqBN3EJE9y9gsuBwmHIBdNE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhrLZbNqlm03YnQgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkobm1vbO+Xdyt7+weFR9fikY5JMM95miUx0L6CGS6F4GwVK3ks1p3EgeTeY3M397hPXRiTqEacp92M6UiISjKKVuoOA6jycDas1t+4uQNaJV5AaFGgNq1+DMGFZzBUySY3pe26Kfk41Cib5rDLIDE8pm9AR71uqaMyNny/OnZELq4QkSrQthWSh/p7IaWzMNA5sZ0xxbFa9ufif188wuvFzodIMuWLLRVEmCSZk/jsJheYM5dQSyrSwtxI2ppoytAlVbAje6svrpHNV9xr124dGrdko4ijDGZzDJXhwDU24hxa0gcEEnuEV3pzUeXHenY9la8kpZk7hD5zPH4U+j6s=</latexit>

d̄

<latexit sha1_base64="VFIaBqBN3EJE9y9gsuBwmHIBdNE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhrLZbNqlm03YnQgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkobm1vbO+Xdyt7+weFR9fikY5JMM95miUx0L6CGS6F4GwVK3ks1p3EgeTeY3M397hPXRiTqEacp92M6UiISjKKVuoOA6jycDas1t+4uQNaJV5AaFGgNq1+DMGFZzBUySY3pe26Kfk41Cib5rDLIDE8pm9AR71uqaMyNny/OnZELq4QkSrQthWSh/p7IaWzMNA5sZ0xxbFa9ufif188wuvFzodIMuWLLRVEmCSZk/jsJheYM5dQSyrSwtxI2ppoytAlVbAje6svrpHNV9xr124dGrdko4ijDGZzDJXhwDU24hxa0gcEEnuEV3pzUeXHenY9la8kpZk7hD5zPH4U+j6s=</latexit>



Family of -complete 
problems

𝒩𝒫

• Draw an edge if there is a clause equivalent to  in 
the formula

x ⇒ y

 means  
which also means 

a ⇒ b (¬a ∨ b)
¬b ⇒ ¬a

a

<latexit sha1_base64="PGuTgdY4+vjnJk/eSSs88w+eM6s=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJh2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDwweM4w==</latexit>

a

<latexit sha1_base64="PGuTgdY4+vjnJk/eSSs88w+eM6s=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJh2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDwweM4w==</latexit>

ā

<latexit sha1_base64="0sZZWW7ZMlxPrgDGvqFgwUfMTr8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqgzzYbXm1t0FyDrxClKDAq1h9WswimkaMWmoQK37npsYP0NlOBUsrwxSzRKkUxyzvqUSI6b9bHFuTi6sMiJhrGxJQxbq74kMI61nUWA7IzQTverNxf+8fmrCGz/jMkkNk3S5KEwFMTGZ/05GXDFqxMwSpIrbWwmdoEJqbEIVG4K3+vI66VzVvUb99qFRazaKOMpwBudwCR5cQxPuoQVtoDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB4Cvj6g=</latexit>

ā

<latexit sha1_base64="0sZZWW7ZMlxPrgDGvqFgwUfMTr8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqgzzYbXm1t0FyDrxClKDAq1h9WswimkaMWmoQK37npsYP0NlOBUsrwxSzRKkUxyzvqUSI6b9bHFuTi6sMiJhrGxJQxbq74kMI61nUWA7IzQTverNxf+8fmrCGz/jMkkNk3S5KEwFMTGZ/05GXDFqxMwSpIrbWwmdoEJqbEIVG4K3+vI66VzVvUb99qFRazaKOMpwBudwCR5cQxPuoQVtoDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB4Cvj6g=</latexit>

b̄

<latexit sha1_base64="Wy5GzvzjEO+Qd4eRMYqERjNKOP8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhrLZbtqlm03YnQgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dkobm1vbO+Xdyt7+weFR9fikY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeY3s397hPXRsTqEWcJ9yM6ViIUjKKVuoOA6izIh9WaW3cXIOvEK0gNCrSG1a/BKGZpxBUySY3pe26CfkY1CiZ5XhmkhieUTemY9y1VNOLGzxbn5uTCKiMSxtqWQrJQf09kNDJmFgW2M6I4MaveXPzP66cY3viZUEmKXLHlojCVBGMy/52MhOYM5cwSyrSwtxI2oZoytAlVbAje6svrpHNV9xr124dGrdko4ijDGZzDJXhwDU24hxa0gcEUnuEV3pzEeXHenY9la8kpZk7hD5zPH4I0j6k=</latexit>

b̄

<latexit sha1_base64="Wy5GzvzjEO+Qd4eRMYqERjNKOP8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhrLZbtqlm03YnQgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dkobm1vbO+Xdyt7+weFR9fikY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeY3s397hPXRsTqEWcJ9yM6ViIUjKKVuoOA6izIh9WaW3cXIOvEK0gNCrSG1a/BKGZpxBUySY3pe26CfkY1CiZ5XhmkhieUTemY9y1VNOLGzxbn5uTCKiMSxtqWQrJQf09kNDJmFgW2M6I4MaveXPzP66cY3viZUEmKXLHlojCVBGMy/52MhOYM5cwSyrSwtxI2oZoytAlVbAje6svrpHNV9xr124dGrdko4ijDGZzDJXhwDU24hxa0gcEUnuEV3pzEeXHenY9la8kpZk7hD5zPH4I0j6k=</latexit>

b

<latexit sha1_base64="u0fXF9z/XUVw3OZQZU6HNTbl1qg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX1atXbZq1Sr+VxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHxIuM5A==</latexit>

b

<latexit sha1_base64="u0fXF9z/XUVw3OZQZU6HNTbl1qg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX1atXbZq1Sr+VxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHxIuM5A==</latexit>

c

<latexit sha1_base64="5r1UG6QinZzP+JcSaCVs+ZglWxw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJhuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDxg+M5Q==</latexit>

c

<latexit sha1_base64="5r1UG6QinZzP+JcSaCVs+ZglWxw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJhuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDxg+M5Q==</latexit>

d

<latexit sha1_base64="P9Y7o33oREqih2eLqIeyP00HlMw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWzmbZrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkg85o8ZKzXBQrrhVdwGyTrycVCBHY1D+6ocxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YJyTBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91Axv/IzLJDUo2XLRMBXExGT+NQm5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rq1aq3zVqlXsvjKMIZnMMleHANdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPx5OM5g==</latexit>

d

<latexit sha1_base64="P9Y7o33oREqih2eLqIeyP00HlMw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWzmbZrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkg85o8ZKzXBQrrhVdwGyTrycVCBHY1D+6ocxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YJyTBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91Axv/IzLJDUo2XLRMBXExGT+NQm5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rq1aq3zVqlXsvjKMIZnMMleHANdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPx5OM5g==</latexit>

c̄

<latexit sha1_base64="IlHc2/rx4FMBlGOgMx4vBQ7/9gk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqozmw2rNrbsLkHXiFaQGBVrD6tdgFNM0YtJQgVr3PTcxfobKcCpYXhmkmiVIpzhmfUslRkz72eLcnFxYZUTCWNmShizU3xMZRlrPosB2RmgmetWbi/95/dSEN37GZZIaJulyUZgKYmIy/52MuGLUiJklSBW3txI6QYXU2IQqNgRv9eV10rmqe4367UOj1mwUcZThDM7hEjy4hibcQwvaQGEKz/AKb07ivDjvzseyteQUM6fwB87nD4O5j6o=</latexit>

c̄

<latexit sha1_base64="IlHc2/rx4FMBlGOgMx4vBQ7/9gk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqozmw2rNrbsLkHXiFaQGBVrD6tdgFNM0YtJQgVr3PTcxfobKcCpYXhmkmiVIpzhmfUslRkz72eLcnFxYZUTCWNmShizU3xMZRlrPosB2RmgmetWbi/95/dSEN37GZZIaJulyUZgKYmIy/52MuGLUiJklSBW3txI6QYXU2IQqNgRv9eV10rmqe4367UOj1mwUcZThDM7hEjy4hibcQwvaQGEKz/AKb07ivDjvzseyteQUM6fwB87nD4O5j6o=</latexit>

d̄

<latexit sha1_base64="VFIaBqBN3EJE9y9gsuBwmHIBdNE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhrLZbNqlm03YnQgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkobm1vbO+Xdyt7+weFR9fikY5JMM95miUx0L6CGS6F4GwVK3ks1p3EgeTeY3M397hPXRiTqEacp92M6UiISjKKVuoOA6jycDas1t+4uQNaJV5AaFGgNq1+DMGFZzBUySY3pe26Kfk41Cib5rDLIDE8pm9AR71uqaMyNny/OnZELq4QkSrQthWSh/p7IaWzMNA5sZ0xxbFa9ufif188wuvFzodIMuWLLRVEmCSZk/jsJheYM5dQSyrSwtxI2ppoytAlVbAje6svrpHNV9xr124dGrdko4ijDGZzDJXhwDU24hxa0gcEEnuEV3pzUeXHenY9la8kpZk7hD5zPH4U+j6s=</latexit>

d̄

<latexit sha1_base64="VFIaBqBN3EJE9y9gsuBwmHIBdNE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhrLZbNqlm03YnQgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkobm1vbO+Xdyt7+weFR9fikY5JMM95miUx0L6CGS6F4GwVK3ks1p3EgeTeY3M397hPXRiTqEacp92M6UiISjKKVuoOA6jycDas1t+4uQNaJV5AaFGgNq1+DMGFZzBUySY3pe26Kfk41Cib5rDLIDE8pm9AR71uqaMyNny/OnZELq4QkSrQthWSh/p7IaWzMNA5sZ0xxbFa9ufif188wuvFzodIMuWLLRVEmCSZk/jsJheYM5dQSyrSwtxI2ppoytAlVbAje6svrpHNV9xr124dGrdko4ijDGZzDJXhwDU24hxa0gcEEnuEV3pzUeXHenY9la8kpZk7hD5zPH4U+j6s=</latexit>



Family of -complete 
problems

𝒩𝒫

• Assume that  and  are in a cycle. Then we can 
conclude that  implies  that implies .


• Thus, there is no possibility to find a truth assignment that 
works


• If there is never such a cycle, then we just start with one 
variable and assign it true, then we follow the implications 
et cet. 

x ¬x
x ¬x x



Family of -complete 
problems

𝒩𝒫

• Example:


• Assign b=True


• Then a=False


• Then c=True


• Then d=False

a

<latexit sha1_base64="PGuTgdY4+vjnJk/eSSs88w+eM6s=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJh2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDwweM4w==</latexit>

a

<latexit sha1_base64="PGuTgdY4+vjnJk/eSSs88w+eM6s=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJh2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDwweM4w==</latexit>

ā

<latexit sha1_base64="0sZZWW7ZMlxPrgDGvqFgwUfMTr8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqgzzYbXm1t0FyDrxClKDAq1h9WswimkaMWmoQK37npsYP0NlOBUsrwxSzRKkUxyzvqUSI6b9bHFuTi6sMiJhrGxJQxbq74kMI61nUWA7IzQTverNxf+8fmrCGz/jMkkNk3S5KEwFMTGZ/05GXDFqxMwSpIrbWwmdoEJqbEIVG4K3+vI66VzVvUb99qFRazaKOMpwBudwCR5cQxPuoQVtoDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB4Cvj6g=</latexit>

ā

<latexit sha1_base64="0sZZWW7ZMlxPrgDGvqFgwUfMTr8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqgzzYbXm1t0FyDrxClKDAq1h9WswimkaMWmoQK37npsYP0NlOBUsrwxSzRKkUxyzvqUSI6b9bHFuTi6sMiJhrGxJQxbq74kMI61nUWA7IzQTverNxf+8fmrCGz/jMkkNk3S5KEwFMTGZ/05GXDFqxMwSpIrbWwmdoEJqbEIVG4K3+vI66VzVvUb99qFRazaKOMpwBudwCR5cQxPuoQVtoDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB4Cvj6g=</latexit>

b̄

<latexit sha1_base64="Wy5GzvzjEO+Qd4eRMYqERjNKOP8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhrLZbtqlm03YnQgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dkobm1vbO+Xdyt7+weFR9fikY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeY3s397hPXRsTqEWcJ9yM6ViIUjKKVuoOA6izIh9WaW3cXIOvEK0gNCrSG1a/BKGZpxBUySY3pe26CfkY1CiZ5XhmkhieUTemY9y1VNOLGzxbn5uTCKiMSxtqWQrJQf09kNDJmFgW2M6I4MaveXPzP66cY3viZUEmKXLHlojCVBGMy/52MhOYM5cwSyrSwtxI2oZoytAlVbAje6svrpHNV9xr124dGrdko4ijDGZzDJXhwDU24hxa0gcEUnuEV3pzEeXHenY9la8kpZk7hD5zPH4I0j6k=</latexit>

b̄

<latexit sha1_base64="Wy5GzvzjEO+Qd4eRMYqERjNKOP8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhrLZbtqlm03YnQgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dkobm1vbO+Xdyt7+weFR9fikY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeY3s397hPXRsTqEWcJ9yM6ViIUjKKVuoOA6izIh9WaW3cXIOvEK0gNCrSG1a/BKGZpxBUySY3pe26CfkY1CiZ5XhmkhieUTemY9y1VNOLGzxbn5uTCKiMSxtqWQrJQf09kNDJmFgW2M6I4MaveXPzP66cY3viZUEmKXLHlojCVBGMy/52MhOYM5cwSyrSwtxI2oZoytAlVbAje6svrpHNV9xr124dGrdko4ijDGZzDJXhwDU24hxa0gcEUnuEV3pzEeXHenY9la8kpZk7hD5zPH4I0j6k=</latexit>

b

<latexit sha1_base64="u0fXF9z/XUVw3OZQZU6HNTbl1qg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX1atXbZq1Sr+VxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHxIuM5A==</latexit>

b

<latexit sha1_base64="u0fXF9z/XUVw3OZQZU6HNTbl1qg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX1atXbZq1Sr+VxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHxIuM5A==</latexit>

c

<latexit sha1_base64="5r1UG6QinZzP+JcSaCVs+ZglWxw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJhuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDxg+M5Q==</latexit>

c

<latexit sha1_base64="5r1UG6QinZzP+JcSaCVs+ZglWxw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJhuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDxg+M5Q==</latexit>

d

<latexit sha1_base64="P9Y7o33oREqih2eLqIeyP00HlMw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWzmbZrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkg85o8ZKzXBQrrhVdwGyTrycVCBHY1D+6ocxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YJyTBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91Axv/IzLJDUo2XLRMBXExGT+NQm5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rq1aq3zVqlXsvjKMIZnMMleHANdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPx5OM5g==</latexit>

d

<latexit sha1_base64="P9Y7o33oREqih2eLqIeyP00HlMw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWzmbZrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkg85o8ZKzXBQrrhVdwGyTrycVCBHY1D+6ocxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YJyTBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91Axv/IzLJDUo2XLRMBXExGT+NQm5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rq1aq3zVqlXsvjKMIZnMMleHANdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPx5OM5g==</latexit>

c̄

<latexit sha1_base64="IlHc2/rx4FMBlGOgMx4vBQ7/9gk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqozmw2rNrbsLkHXiFaQGBVrD6tdgFNM0YtJQgVr3PTcxfobKcCpYXhmkmiVIpzhmfUslRkz72eLcnFxYZUTCWNmShizU3xMZRlrPosB2RmgmetWbi/95/dSEN37GZZIaJulyUZgKYmIy/52MuGLUiJklSBW3txI6QYXU2IQqNgRv9eV10rmqe4367UOj1mwUcZThDM7hEjy4hibcQwvaQGEKz/AKb07ivDjvzseyteQUM6fwB87nD4O5j6o=</latexit>

c̄

<latexit sha1_base64="IlHc2/rx4FMBlGOgMx4vBQ7/9gk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqozmw2rNrbsLkHXiFaQGBVrD6tdgFNM0YtJQgVr3PTcxfobKcCpYXhmkmiVIpzhmfUslRkz72eLcnFxYZUTCWNmShizU3xMZRlrPosB2RmgmetWbi/95/dSEN37GZZIaJulyUZgKYmIy/52MuGLUiJklSBW3txI6QYXU2IQqNgRv9eV10rmqe4367UOj1mwUcZThDM7hEjy4hibcQwvaQGEKz/AKb07ivDjvzseyteQUM6fwB87nD4O5j6o=</latexit>

d̄

<latexit sha1_base64="VFIaBqBN3EJE9y9gsuBwmHIBdNE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhrLZbNqlm03YnQgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkobm1vbO+Xdyt7+weFR9fikY5JMM95miUx0L6CGS6F4GwVK3ks1p3EgeTeY3M397hPXRiTqEacp92M6UiISjKKVuoOA6jycDas1t+4uQNaJV5AaFGgNq1+DMGFZzBUySY3pe26Kfk41Cib5rDLIDE8pm9AR71uqaMyNny/OnZELq4QkSrQthWSh/p7IaWzMNA5sZ0xxbFa9ufif188wuvFzodIMuWLLRVEmCSZk/jsJheYM5dQSyrSwtxI2ppoytAlVbAje6svrpHNV9xr124dGrdko4ijDGZzDJXhwDU24hxa0gcEEnuEV3pzUeXHenY9la8kpZk7hD5zPH4U+j6s=</latexit>

d̄

<latexit sha1_base64="VFIaBqBN3EJE9y9gsuBwmHIBdNE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhrLZbNqlm03YnQgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkobm1vbO+Xdyt7+weFR9fikY5JMM95miUx0L6CGS6F4GwVK3ks1p3EgeTeY3M397hPXRiTqEacp92M6UiISjKKVuoOA6jycDas1t+4uQNaJV5AaFGgNq1+DMGFZzBUySY3pe26Kfk41Cib5rDLIDE8pm9AR71uqaMyNny/OnZELq4QkSrQthWSh/p7IaWzMNA5sZ0xxbFa9ufif188wuvFzodIMuWLLRVEmCSZk/jsJheYM5dQSyrSwtxI2ppoytAlVbAje6svrpHNV9xr124dGrdko4ijDGZzDJXhwDU24hxa0gcEEnuEV3pzUeXHenY9la8kpZk7hD5zPH4U+j6s=</latexit>



Family of -complete 
problems

𝒩𝒫

• To calculate this, we calculate the strongly connected 
components


• If there is a component that contains at most one of a 
variable and its negation, then assign those literals True


• By working through all the components, we obtain a 
satisfiable assignment


• If there is a component that contains both a variable and 
its negative, then the formula is not satisfiable


• ERGO: we can solve 2-SAT with DFS in polynomial time



Graph 3-Colorability
• Graph 3-colorability


• Given a graph, can we color its vertices with three 
colors such that no edge is between vertices with the 
same color

3 colorable not 3 colorable



Graph 3-Colorability
• Claim: 


• Given a  instance, we construct (in polynomial 
time) an instance of  such that the graph is 
colorable if and only if the boolean formula is satisfiable

3−SAT ≤P 3−color

3−SAT
3−color



Graph 3-Colorability
• We create a node for each variable and its negation


• We also create a triangle with labels B, False, and True


• Connect as shown below

a

<latexit sha1_base64="PGuTgdY4+vjnJk/eSSs88w+eM6s=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJh2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDwweM4w==</latexit>

a

<latexit sha1_base64="PGuTgdY4+vjnJk/eSSs88w+eM6s=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJh2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDwweM4w==</latexit>

ā

<latexit sha1_base64="0sZZWW7ZMlxPrgDGvqFgwUfMTr8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqgzzYbXm1t0FyDrxClKDAq1h9WswimkaMWmoQK37npsYP0NlOBUsrwxSzRKkUxyzvqUSI6b9bHFuTi6sMiJhrGxJQxbq74kMI61nUWA7IzQTverNxf+8fmrCGz/jMkkNk3S5KEwFMTGZ/05GXDFqxMwSpIrbWwmdoEJqbEIVG4K3+vI66VzVvUb99qFRazaKOMpwBudwCR5cQxPuoQVtoDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB4Cvj6g=</latexit>

ā

<latexit sha1_base64="0sZZWW7ZMlxPrgDGvqFgwUfMTr8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqgzzYbXm1t0FyDrxClKDAq1h9WswimkaMWmoQK37npsYP0NlOBUsrwxSzRKkUxyzvqUSI6b9bHFuTi6sMiJhrGxJQxbq74kMI61nUWA7IzQTverNxf+8fmrCGz/jMkkNk3S5KEwFMTGZ/05GXDFqxMwSpIrbWwmdoEJqbEIVG4K3+vI66VzVvUb99qFRazaKOMpwBudwCR5cQxPuoQVtoDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB4Cvj6g=</latexit>

b̄

<latexit sha1_base64="Wy5GzvzjEO+Qd4eRMYqERjNKOP8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhrLZbtqlm03YnQgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dkobm1vbO+Xdyt7+weFR9fikY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeY3s397hPXRsTqEWcJ9yM6ViIUjKKVuoOA6izIh9WaW3cXIOvEK0gNCrSG1a/BKGZpxBUySY3pe26CfkY1CiZ5XhmkhieUTemY9y1VNOLGzxbn5uTCKiMSxtqWQrJQf09kNDJmFgW2M6I4MaveXPzP66cY3viZUEmKXLHlojCVBGMy/52MhOYM5cwSyrSwtxI2oZoytAlVbAje6svrpHNV9xr124dGrdko4ijDGZzDJXhwDU24hxa0gcEUnuEV3pzEeXHenY9la8kpZk7hD5zPH4I0j6k=</latexit>

b̄

<latexit sha1_base64="Wy5GzvzjEO+Qd4eRMYqERjNKOP8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhrLZbtqlm03YnQgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dkobm1vbO+Xdyt7+weFR9fikY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeY3s397hPXRsTqEWcJ9yM6ViIUjKKVuoOA6izIh9WaW3cXIOvEK0gNCrSG1a/BKGZpxBUySY3pe26CfkY1CiZ5XhmkhieUTemY9y1VNOLGzxbn5uTCKiMSxtqWQrJQf09kNDJmFgW2M6I4MaveXPzP66cY3viZUEmKXLHlojCVBGMy/52MhOYM5cwSyrSwtxI2oZoytAlVbAje6svrpHNV9xr124dGrdko4ijDGZzDJXhwDU24hxa0gcEUnuEV3pzEeXHenY9la8kpZk7hD5zPH4I0j6k=</latexit>

b

<latexit sha1_base64="u0fXF9z/XUVw3OZQZU6HNTbl1qg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX1atXbZq1Sr+VxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHxIuM5A==</latexit>

b

<latexit sha1_base64="u0fXF9z/XUVw3OZQZU6HNTbl1qg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX1atXbZq1Sr+VxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHxIuM5A==</latexit>

c

<latexit sha1_base64="5r1UG6QinZzP+JcSaCVs+ZglWxw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJhuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDxg+M5Q==</latexit>

c

<latexit sha1_base64="5r1UG6QinZzP+JcSaCVs+ZglWxw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJhuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDxg+M5Q==</latexit>

d

<latexit sha1_base64="P9Y7o33oREqih2eLqIeyP00HlMw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWzmbZrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkg85o8ZKzXBQrrhVdwGyTrycVCBHY1D+6ocxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YJyTBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91Axv/IzLJDUo2XLRMBXExGT+NQm5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rq1aq3zVqlXsvjKMIZnMMleHANdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPx5OM5g==</latexit>

d

<latexit sha1_base64="P9Y7o33oREqih2eLqIeyP00HlMw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWzmbZrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkg85o8ZKzXBQrrhVdwGyTrycVCBHY1D+6ocxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YJyTBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91Axv/IzLJDUo2XLRMBXExGT+NQm5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rq1aq3zVqlXsvjKMIZnMMleHANdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPx5OM5g==</latexit>

c̄

<latexit sha1_base64="IlHc2/rx4FMBlGOgMx4vBQ7/9gk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqozmw2rNrbsLkHXiFaQGBVrD6tdgFNM0YtJQgVr3PTcxfobKcCpYXhmkmiVIpzhmfUslRkz72eLcnFxYZUTCWNmShizU3xMZRlrPosB2RmgmetWbi/95/dSEN37GZZIaJulyUZgKYmIy/52MuGLUiJklSBW3txI6QYXU2IQqNgRv9eV10rmqe4367UOj1mwUcZThDM7hEjy4hibcQwvaQGEKz/AKb07ivDjvzseyteQUM6fwB87nD4O5j6o=</latexit>

c̄

<latexit sha1_base64="IlHc2/rx4FMBlGOgMx4vBQ7/9gk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqozmw2rNrbsLkHXiFaQGBVrD6tdgFNM0YtJQgVr3PTcxfobKcCpYXhmkmiVIpzhmfUslRkz72eLcnFxYZUTCWNmShizU3xMZRlrPosB2RmgmetWbi/95/dSEN37GZZIaJulyUZgKYmIy/52MuGLUiJklSBW3txI6QYXU2IQqNgRv9eV10rmqe4367UOj1mwUcZThDM7hEjy4hibcQwvaQGEKz/AKb07ivDjvzseyteQUM6fwB87nD4O5j6o=</latexit>

d̄

<latexit sha1_base64="VFIaBqBN3EJE9y9gsuBwmHIBdNE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhrLZbNqlm03YnQgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkobm1vbO+Xdyt7+weFR9fikY5JMM95miUx0L6CGS6F4GwVK3ks1p3EgeTeY3M397hPXRiTqEacp92M6UiISjKKVuoOA6jycDas1t+4uQNaJV5AaFGgNq1+DMGFZzBUySY3pe26Kfk41Cib5rDLIDE8pm9AR71uqaMyNny/OnZELq4QkSrQthWSh/p7IaWzMNA5sZ0xxbFa9ufif188wuvFzodIMuWLLRVEmCSZk/jsJheYM5dQSyrSwtxI2ppoytAlVbAje6svrpHNV9xr124dGrdko4ijDGZzDJXhwDU24hxa0gcEEnuEV3pzUeXHenY9la8kpZk7hD5zPH4U+j6s=</latexit>

d̄

<latexit sha1_base64="VFIaBqBN3EJE9y9gsuBwmHIBdNE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhrLZbNqlm03YnQgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkobm1vbO+Xdyt7+weFR9fikY5JMM95miUx0L6CGS6F4GwVK3ks1p3EgeTeY3M397hPXRiTqEacp92M6UiISjKKVuoOA6jycDas1t+4uQNaJV5AaFGgNq1+DMGFZzBUySY3pe26Kfk41Cib5rDLIDE8pm9AR71uqaMyNny/OnZELq4QkSrQthWSh/p7IaWzMNA5sZ0xxbFa9ufif188wuvFzodIMuWLLRVEmCSZk/jsJheYM5dQSyrSwtxI2ppoytAlVbAje6svrpHNV9xr124dGrdko4ijDGZzDJXhwDU24hxa0gcEEnuEV3pzUeXHenY9la8kpZk7hD5zPH4U+j6s=</latexit>

B

T F



Graph 3-Colorability
• This graph is clearly colorable


• Start with the upper triangle

a

<latexit sha1_base64="PGuTgdY4+vjnJk/eSSs88w+eM6s=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJh2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDwweM4w==</latexit>

a

<latexit sha1_base64="PGuTgdY4+vjnJk/eSSs88w+eM6s=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJh2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDwweM4w==</latexit>

ā

<latexit sha1_base64="0sZZWW7ZMlxPrgDGvqFgwUfMTr8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqgzzYbXm1t0FyDrxClKDAq1h9WswimkaMWmoQK37npsYP0NlOBUsrwxSzRKkUxyzvqUSI6b9bHFuTi6sMiJhrGxJQxbq74kMI61nUWA7IzQTverNxf+8fmrCGz/jMkkNk3S5KEwFMTGZ/05GXDFqxMwSpIrbWwmdoEJqbEIVG4K3+vI66VzVvUb99qFRazaKOMpwBudwCR5cQxPuoQVtoDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB4Cvj6g=</latexit>

ā

<latexit sha1_base64="0sZZWW7ZMlxPrgDGvqFgwUfMTr8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqgzzYbXm1t0FyDrxClKDAq1h9WswimkaMWmoQK37npsYP0NlOBUsrwxSzRKkUxyzvqUSI6b9bHFuTi6sMiJhrGxJQxbq74kMI61nUWA7IzQTverNxf+8fmrCGz/jMkkNk3S5KEwFMTGZ/05GXDFqxMwSpIrbWwmdoEJqbEIVG4K3+vI66VzVvUb99qFRazaKOMpwBudwCR5cQxPuoQVtoDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB4Cvj6g=</latexit>

b̄

<latexit sha1_base64="Wy5GzvzjEO+Qd4eRMYqERjNKOP8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhrLZbtqlm03YnQgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dkobm1vbO+Xdyt7+weFR9fikY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeY3s397hPXRsTqEWcJ9yM6ViIUjKKVuoOA6izIh9WaW3cXIOvEK0gNCrSG1a/BKGZpxBUySY3pe26CfkY1CiZ5XhmkhieUTemY9y1VNOLGzxbn5uTCKiMSxtqWQrJQf09kNDJmFgW2M6I4MaveXPzP66cY3viZUEmKXLHlojCVBGMy/52MhOYM5cwSyrSwtxI2oZoytAlVbAje6svrpHNV9xr124dGrdko4ijDGZzDJXhwDU24hxa0gcEUnuEV3pzEeXHenY9la8kpZk7hD5zPH4I0j6k=</latexit>

b̄

<latexit sha1_base64="Wy5GzvzjEO+Qd4eRMYqERjNKOP8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhrLZbtqlm03YnQgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dkobm1vbO+Xdyt7+weFR9fikY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeY3s397hPXRsTqEWcJ9yM6ViIUjKKVuoOA6izIh9WaW3cXIOvEK0gNCrSG1a/BKGZpxBUySY3pe26CfkY1CiZ5XhmkhieUTemY9y1VNOLGzxbn5uTCKiMSxtqWQrJQf09kNDJmFgW2M6I4MaveXPzP66cY3viZUEmKXLHlojCVBGMy/52MhOYM5cwSyrSwtxI2oZoytAlVbAje6svrpHNV9xr124dGrdko4ijDGZzDJXhwDU24hxa0gcEUnuEV3pzEeXHenY9la8kpZk7hD5zPH4I0j6k=</latexit>

b

<latexit sha1_base64="u0fXF9z/XUVw3OZQZU6HNTbl1qg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX1atXbZq1Sr+VxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHxIuM5A==</latexit>

b

<latexit sha1_base64="u0fXF9z/XUVw3OZQZU6HNTbl1qg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX1atXbZq1Sr+VxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHxIuM5A==</latexit>

c

<latexit sha1_base64="5r1UG6QinZzP+JcSaCVs+ZglWxw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJhuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDxg+M5Q==</latexit>

c

<latexit sha1_base64="5r1UG6QinZzP+JcSaCVs+ZglWxw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJhuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDxg+M5Q==</latexit>

d

<latexit sha1_base64="P9Y7o33oREqih2eLqIeyP00HlMw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWzmbZrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkg85o8ZKzXBQrrhVdwGyTrycVCBHY1D+6ocxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YJyTBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91Axv/IzLJDUo2XLRMBXExGT+NQm5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rq1aq3zVqlXsvjKMIZnMMleHANdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPx5OM5g==</latexit>

d

<latexit sha1_base64="P9Y7o33oREqih2eLqIeyP00HlMw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWzmbZrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkg85o8ZKzXBQrrhVdwGyTrycVCBHY1D+6ocxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YJyTBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91Axv/IzLJDUo2XLRMBXExGT+NQm5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rq1aq3zVqlXsvjKMIZnMMleHANdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPx5OM5g==</latexit>

c̄

<latexit sha1_base64="IlHc2/rx4FMBlGOgMx4vBQ7/9gk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqozmw2rNrbsLkHXiFaQGBVrD6tdgFNM0YtJQgVr3PTcxfobKcCpYXhmkmiVIpzhmfUslRkz72eLcnFxYZUTCWNmShizU3xMZRlrPosB2RmgmetWbi/95/dSEN37GZZIaJulyUZgKYmIy/52MuGLUiJklSBW3txI6QYXU2IQqNgRv9eV10rmqe4367UOj1mwUcZThDM7hEjy4hibcQwvaQGEKz/AKb07ivDjvzseyteQUM6fwB87nD4O5j6o=</latexit>

c̄

<latexit sha1_base64="IlHc2/rx4FMBlGOgMx4vBQ7/9gk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqozmw2rNrbsLkHXiFaQGBVrD6tdgFNM0YtJQgVr3PTcxfobKcCpYXhmkmiVIpzhmfUslRkz72eLcnFxYZUTCWNmShizU3xMZRlrPosB2RmgmetWbi/95/dSEN37GZZIaJulyUZgKYmIy/52MuGLUiJklSBW3txI6QYXU2IQqNgRv9eV10rmqe4367UOj1mwUcZThDM7hEjy4hibcQwvaQGEKz/AKb07ivDjvzseyteQUM6fwB87nD4O5j6o=</latexit>

d̄

<latexit sha1_base64="VFIaBqBN3EJE9y9gsuBwmHIBdNE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhrLZbNqlm03YnQgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkobm1vbO+Xdyt7+weFR9fikY5JMM95miUx0L6CGS6F4GwVK3ks1p3EgeTeY3M397hPXRiTqEacp92M6UiISjKKVuoOA6jycDas1t+4uQNaJV5AaFGgNq1+DMGFZzBUySY3pe26Kfk41Cib5rDLIDE8pm9AR71uqaMyNny/OnZELq4QkSrQthWSh/p7IaWzMNA5sZ0xxbFa9ufif188wuvFzodIMuWLLRVEmCSZk/jsJheYM5dQSyrSwtxI2ppoytAlVbAje6svrpHNV9xr124dGrdko4ijDGZzDJXhwDU24hxa0gcEEnuEV3pzUeXHenY9la8kpZk7hD5zPH4U+j6s=</latexit>

d̄

<latexit sha1_base64="VFIaBqBN3EJE9y9gsuBwmHIBdNE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhrLZbNqlm03YnQgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkobm1vbO+Xdyt7+weFR9fikY5JMM95miUx0L6CGS6F4GwVK3ks1p3EgeTeY3M397hPXRiTqEacp92M6UiISjKKVuoOA6jycDas1t+4uQNaJV5AaFGgNq1+DMGFZzBUySY3pe26Kfk41Cib5rDLIDE8pm9AR71uqaMyNny/OnZELq4QkSrQthWSh/p7IaWzMNA5sZ0xxbFa9ufif188wuvFzodIMuWLLRVEmCSZk/jsJheYM5dQSyrSwtxI2ppoytAlVbAje6svrpHNV9xr124dGrdko4ijDGZzDJXhwDU24hxa0gcEEnuEV3pzUeXHenY9la8kpZk7hD5zPH4U+j6s=</latexit>

B
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Graph 3-Colorability
• Then for each variable, we get to decide whether we want 

to color the variable or its negation with the same color as 
True


• This "encodes" a truth assignment to the variables

a

<latexit sha1_base64="PGuTgdY4+vjnJk/eSSs88w+eM6s=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJh2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDwweM4w==</latexit>

a

<latexit sha1_base64="PGuTgdY4+vjnJk/eSSs88w+eM6s=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJh2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDwweM4w==</latexit>

ā

<latexit sha1_base64="0sZZWW7ZMlxPrgDGvqFgwUfMTr8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqgzzYbXm1t0FyDrxClKDAq1h9WswimkaMWmoQK37npsYP0NlOBUsrwxSzRKkUxyzvqUSI6b9bHFuTi6sMiJhrGxJQxbq74kMI61nUWA7IzQTverNxf+8fmrCGz/jMkkNk3S5KEwFMTGZ/05GXDFqxMwSpIrbWwmdoEJqbEIVG4K3+vI66VzVvUb99qFRazaKOMpwBudwCR5cQxPuoQVtoDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB4Cvj6g=</latexit>

ā

<latexit sha1_base64="0sZZWW7ZMlxPrgDGvqFgwUfMTr8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqgzzYbXm1t0FyDrxClKDAq1h9WswimkaMWmoQK37npsYP0NlOBUsrwxSzRKkUxyzvqUSI6b9bHFuTi6sMiJhrGxJQxbq74kMI61nUWA7IzQTverNxf+8fmrCGz/jMkkNk3S5KEwFMTGZ/05GXDFqxMwSpIrbWwmdoEJqbEIVG4K3+vI66VzVvUb99qFRazaKOMpwBudwCR5cQxPuoQVtoDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB4Cvj6g=</latexit>

b̄

<latexit sha1_base64="Wy5GzvzjEO+Qd4eRMYqERjNKOP8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhrLZbtqlm03YnQgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dkobm1vbO+Xdyt7+weFR9fikY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeY3s397hPXRsTqEWcJ9yM6ViIUjKKVuoOA6izIh9WaW3cXIOvEK0gNCrSG1a/BKGZpxBUySY3pe26CfkY1CiZ5XhmkhieUTemY9y1VNOLGzxbn5uTCKiMSxtqWQrJQf09kNDJmFgW2M6I4MaveXPzP66cY3viZUEmKXLHlojCVBGMy/52MhOYM5cwSyrSwtxI2oZoytAlVbAje6svrpHNV9xr124dGrdko4ijDGZzDJXhwDU24hxa0gcEUnuEV3pzEeXHenY9la8kpZk7hD5zPH4I0j6k=</latexit>

b̄

<latexit sha1_base64="Wy5GzvzjEO+Qd4eRMYqERjNKOP8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhrLZbtqlm03YnQgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dkobm1vbO+Xdyt7+weFR9fikY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeY3s397hPXRsTqEWcJ9yM6ViIUjKKVuoOA6izIh9WaW3cXIOvEK0gNCrSG1a/BKGZpxBUySY3pe26CfkY1CiZ5XhmkhieUTemY9y1VNOLGzxbn5uTCKiMSxtqWQrJQf09kNDJmFgW2M6I4MaveXPzP66cY3viZUEmKXLHlojCVBGMy/52MhOYM5cwSyrSwtxI2oZoytAlVbAje6svrpHNV9xr124dGrdko4ijDGZzDJXhwDU24hxa0gcEUnuEV3pzEeXHenY9la8kpZk7hD5zPH4I0j6k=</latexit>

b

<latexit sha1_base64="u0fXF9z/XUVw3OZQZU6HNTbl1qg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX1atXbZq1Sr+VxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHxIuM5A==</latexit>

b

<latexit sha1_base64="u0fXF9z/XUVw3OZQZU6HNTbl1qg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX1atXbZq1Sr+VxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHxIuM5A==</latexit>

c

<latexit sha1_base64="5r1UG6QinZzP+JcSaCVs+ZglWxw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJhuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDxg+M5Q==</latexit>

c

<latexit sha1_base64="5r1UG6QinZzP+JcSaCVs+ZglWxw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJhuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDxg+M5Q==</latexit>

d

<latexit sha1_base64="P9Y7o33oREqih2eLqIeyP00HlMw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWzmbZrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkg85o8ZKzXBQrrhVdwGyTrycVCBHY1D+6ocxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YJyTBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91Axv/IzLJDUo2XLRMBXExGT+NQm5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rq1aq3zVqlXsvjKMIZnMMleHANdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPx5OM5g==</latexit>

d

<latexit sha1_base64="P9Y7o33oREqih2eLqIeyP00HlMw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWzmbZrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkg85o8ZKzXBQrrhVdwGyTrycVCBHY1D+6ocxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YJyTBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91Axv/IzLJDUo2XLRMBXExGT+NQm5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rq1aq3zVqlXsvjKMIZnMMleHANdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPx5OM5g==</latexit>

c̄

<latexit sha1_base64="IlHc2/rx4FMBlGOgMx4vBQ7/9gk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqozmw2rNrbsLkHXiFaQGBVrD6tdgFNM0YtJQgVr3PTcxfobKcCpYXhmkmiVIpzhmfUslRkz72eLcnFxYZUTCWNmShizU3xMZRlrPosB2RmgmetWbi/95/dSEN37GZZIaJulyUZgKYmIy/52MuGLUiJklSBW3txI6QYXU2IQqNgRv9eV10rmqe4367UOj1mwUcZThDM7hEjy4hibcQwvaQGEKz/AKb07ivDjvzseyteQUM6fwB87nD4O5j6o=</latexit>

c̄

<latexit sha1_base64="IlHc2/rx4FMBlGOgMx4vBQ7/9gk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqozmw2rNrbsLkHXiFaQGBVrD6tdgFNM0YtJQgVr3PTcxfobKcCpYXhmkmiVIpzhmfUslRkz72eLcnFxYZUTCWNmShizU3xMZRlrPosB2RmgmetWbi/95/dSEN37GZZIaJulyUZgKYmIy/52MuGLUiJklSBW3txI6QYXU2IQqNgRv9eV10rmqe4367UOj1mwUcZThDM7hEjy4hibcQwvaQGEKz/AKb07ivDjvzseyteQUM6fwB87nD4O5j6o=</latexit>

d̄

<latexit sha1_base64="VFIaBqBN3EJE9y9gsuBwmHIBdNE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhrLZbNqlm03YnQgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkobm1vbO+Xdyt7+weFR9fikY5JMM95miUx0L6CGS6F4GwVK3ks1p3EgeTeY3M397hPXRiTqEacp92M6UiISjKKVuoOA6jycDas1t+4uQNaJV5AaFGgNq1+DMGFZzBUySY3pe26Kfk41Cib5rDLIDE8pm9AR71uqaMyNny/OnZELq4QkSrQthWSh/p7IaWzMNA5sZ0xxbFa9ufif188wuvFzodIMuWLLRVEmCSZk/jsJheYM5dQSyrSwtxI2ppoytAlVbAje6svrpHNV9xr124dGrdko4ijDGZzDJXhwDU24hxa0gcEEnuEV3pzUeXHenY9la8kpZk7hD5zPH4U+j6s=</latexit>

d̄

<latexit sha1_base64="VFIaBqBN3EJE9y9gsuBwmHIBdNE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhrLZbNqlm03YnQgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkobm1vbO+Xdyt7+weFR9fikY5JMM95miUx0L6CGS6F4GwVK3ks1p3EgeTeY3M397hPXRiTqEacp92M6UiISjKKVuoOA6jycDas1t+4uQNaJV5AaFGgNq1+DMGFZzBUySY3pe26Kfk41Cib5rDLIDE8pm9AR71uqaMyNny/OnZELq4QkSrQthWSh/p7IaWzMNA5sZ0xxbFa9ufif188wuvFzodIMuWLLRVEmCSZk/jsJheYM5dQSyrSwtxI2ppoytAlVbAje6svrpHNV9xr124dGrdko4ijDGZzDJXhwDU24hxa0gcEEnuEV3pzUeXHenY9la8kpZk7hD5zPH4U+j6s=</latexit>

B

T F



Graph 3-Colorability
• Add for each clause in the formula a 6-node 13-edge 

gadget


• Add the six nodes, then add edges as shown below


• Example: ¬a ∨ b ∨ c

T F

ā

<latexit sha1_base64="0sZZWW7ZMlxPrgDGvqFgwUfMTr8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqgzzYbXm1t0FyDrxClKDAq1h9WswimkaMWmoQK37npsYP0NlOBUsrwxSzRKkUxyzvqUSI6b9bHFuTi6sMiJhrGxJQxbq74kMI61nUWA7IzQTverNxf+8fmrCGz/jMkkNk3S5KEwFMTGZ/05GXDFqxMwSpIrbWwmdoEJqbEIVG4K3+vI66VzVvUb99qFRazaKOMpwBudwCR5cQxPuoQVtoDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB4Cvj6g=</latexit>

ā

<latexit sha1_base64="0sZZWW7ZMlxPrgDGvqFgwUfMTr8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqgzzYbXm1t0FyDrxClKDAq1h9WswimkaMWmoQK37npsYP0NlOBUsrwxSzRKkUxyzvqUSI6b9bHFuTi6sMiJhrGxJQxbq74kMI61nUWA7IzQTverNxf+8fmrCGz/jMkkNk3S5KEwFMTGZ/05GXDFqxMwSpIrbWwmdoEJqbEIVG4K3+vI66VzVvUb99qFRazaKOMpwBudwCR5cQxPuoQVtoDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB4Cvj6g=</latexit>

b

<latexit sha1_base64="u0fXF9z/XUVw3OZQZU6HNTbl1qg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX1atXbZq1Sr+VxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHxIuM5A==</latexit>

b

<latexit sha1_base64="u0fXF9z/XUVw3OZQZU6HNTbl1qg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX1atXbZq1Sr+VxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHxIuM5A==</latexit>

c

<latexit sha1_base64="5r1UG6QinZzP+JcSaCVs+ZglWxw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJhuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDxg+M5Q==</latexit>

c

<latexit sha1_base64="5r1UG6QinZzP+JcSaCVs+ZglWxw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJhuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDxg+M5Q==</latexit>

B



Graph 3-Colorability
• If the graph is three colorable, then:


• The gadget ensures that at least one element in the 
clause is True


• Example: ¬a ∨ b ∨ c

T F

ā

<latexit sha1_base64="0sZZWW7ZMlxPrgDGvqFgwUfMTr8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqgzzYbXm1t0FyDrxClKDAq1h9WswimkaMWmoQK37npsYP0NlOBUsrwxSzRKkUxyzvqUSI6b9bHFuTi6sMiJhrGxJQxbq74kMI61nUWA7IzQTverNxf+8fmrCGz/jMkkNk3S5KEwFMTGZ/05GXDFqxMwSpIrbWwmdoEJqbEIVG4K3+vI66VzVvUb99qFRazaKOMpwBudwCR5cQxPuoQVtoDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB4Cvj6g=</latexit>

ā

<latexit sha1_base64="0sZZWW7ZMlxPrgDGvqFgwUfMTr8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqgzzYbXm1t0FyDrxClKDAq1h9WswimkaMWmoQK37npsYP0NlOBUsrwxSzRKkUxyzvqUSI6b9bHFuTi6sMiJhrGxJQxbq74kMI61nUWA7IzQTverNxf+8fmrCGz/jMkkNk3S5KEwFMTGZ/05GXDFqxMwSpIrbWwmdoEJqbEIVG4K3+vI66VzVvUb99qFRazaKOMpwBudwCR5cQxPuoQVtoDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB4Cvj6g=</latexit>

b

<latexit sha1_base64="u0fXF9z/XUVw3OZQZU6HNTbl1qg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX1atXbZq1Sr+VxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHxIuM5A==</latexit>

b

<latexit sha1_base64="u0fXF9z/XUVw3OZQZU6HNTbl1qg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX1atXbZq1Sr+VxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHxIuM5A==</latexit>

c

<latexit sha1_base64="5r1UG6QinZzP+JcSaCVs+ZglWxw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJhuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDxg+M5Q==</latexit>

c

<latexit sha1_base64="5r1UG6QinZzP+JcSaCVs+ZglWxw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJhuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDxg+M5Q==</latexit>

B



Graph 3-Colorability
• Assume that we have an assignment to the variables that 

satisfies the formula and all of the clauses


• Clause is   and  and  are true and  is 
false


• Color the variable nodes accordingly:

¬a ∨ b ∨ c a b c

T F

ā

<latexit sha1_base64="0sZZWW7ZMlxPrgDGvqFgwUfMTr8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqgzzYbXm1t0FyDrxClKDAq1h9WswimkaMWmoQK37npsYP0NlOBUsrwxSzRKkUxyzvqUSI6b9bHFuTi6sMiJhrGxJQxbq74kMI61nUWA7IzQTverNxf+8fmrCGz/jMkkNk3S5KEwFMTGZ/05GXDFqxMwSpIrbWwmdoEJqbEIVG4K3+vI66VzVvUb99qFRazaKOMpwBudwCR5cQxPuoQVtoDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB4Cvj6g=</latexit>

ā

<latexit sha1_base64="0sZZWW7ZMlxPrgDGvqFgwUfMTr8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqgzzYbXm1t0FyDrxClKDAq1h9WswimkaMWmoQK37npsYP0NlOBUsrwxSzRKkUxyzvqUSI6b9bHFuTi6sMiJhrGxJQxbq74kMI61nUWA7IzQTverNxf+8fmrCGz/jMkkNk3S5KEwFMTGZ/05GXDFqxMwSpIrbWwmdoEJqbEIVG4K3+vI66VzVvUb99qFRazaKOMpwBudwCR5cQxPuoQVtoDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB4Cvj6g=</latexit>

b

<latexit sha1_base64="u0fXF9z/XUVw3OZQZU6HNTbl1qg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX1atXbZq1Sr+VxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHxIuM5A==</latexit>

b

<latexit sha1_base64="u0fXF9z/XUVw3OZQZU6HNTbl1qg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX1atXbZq1Sr+VxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHxIuM5A==</latexit>

c

<latexit sha1_base64="5r1UG6QinZzP+JcSaCVs+ZglWxw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJhuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDxg+M5Q==</latexit>

c

<latexit sha1_base64="5r1UG6QinZzP+JcSaCVs+ZglWxw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJhuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDxg+M5Q==</latexit>

B



Graph 3-Colorability
• Some node colors now follow by necessity

T F

ā

<latexit sha1_base64="0sZZWW7ZMlxPrgDGvqFgwUfMTr8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqgzzYbXm1t0FyDrxClKDAq1h9WswimkaMWmoQK37npsYP0NlOBUsrwxSzRKkUxyzvqUSI6b9bHFuTi6sMiJhrGxJQxbq74kMI61nUWA7IzQTverNxf+8fmrCGz/jMkkNk3S5KEwFMTGZ/05GXDFqxMwSpIrbWwmdoEJqbEIVG4K3+vI66VzVvUb99qFRazaKOMpwBudwCR5cQxPuoQVtoDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB4Cvj6g=</latexit>

ā

<latexit sha1_base64="0sZZWW7ZMlxPrgDGvqFgwUfMTr8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqgzzYbXm1t0FyDrxClKDAq1h9WswimkaMWmoQK37npsYP0NlOBUsrwxSzRKkUxyzvqUSI6b9bHFuTi6sMiJhrGxJQxbq74kMI61nUWA7IzQTverNxf+8fmrCGz/jMkkNk3S5KEwFMTGZ/05GXDFqxMwSpIrbWwmdoEJqbEIVG4K3+vI66VzVvUb99qFRazaKOMpwBudwCR5cQxPuoQVtoDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB4Cvj6g=</latexit>

b

<latexit sha1_base64="u0fXF9z/XUVw3OZQZU6HNTbl1qg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX1atXbZq1Sr+VxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHxIuM5A==</latexit>

b

<latexit sha1_base64="u0fXF9z/XUVw3OZQZU6HNTbl1qg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX1atXbZq1Sr+VxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHxIuM5A==</latexit>

c

<latexit sha1_base64="5r1UG6QinZzP+JcSaCVs+ZglWxw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJhuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDxg+M5Q==</latexit>

c

<latexit sha1_base64="5r1UG6QinZzP+JcSaCVs+ZglWxw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJhuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDxg+M5Q==</latexit>

B



Graph 3-Colorability
• Color the node under a True-colored vertex with the False 

color and the one underneath with Blue

T F

ā

<latexit sha1_base64="0sZZWW7ZMlxPrgDGvqFgwUfMTr8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqgzzYbXm1t0FyDrxClKDAq1h9WswimkaMWmoQK37npsYP0NlOBUsrwxSzRKkUxyzvqUSI6b9bHFuTi6sMiJhrGxJQxbq74kMI61nUWA7IzQTverNxf+8fmrCGz/jMkkNk3S5KEwFMTGZ/05GXDFqxMwSpIrbWwmdoEJqbEIVG4K3+vI66VzVvUb99qFRazaKOMpwBudwCR5cQxPuoQVtoDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB4Cvj6g=</latexit>

ā

<latexit sha1_base64="0sZZWW7ZMlxPrgDGvqFgwUfMTr8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqgzzYbXm1t0FyDrxClKDAq1h9WswimkaMWmoQK37npsYP0NlOBUsrwxSzRKkUxyzvqUSI6b9bHFuTi6sMiJhrGxJQxbq74kMI61nUWA7IzQTverNxf+8fmrCGz/jMkkNk3S5KEwFMTGZ/05GXDFqxMwSpIrbWwmdoEJqbEIVG4K3+vI66VzVvUb99qFRazaKOMpwBudwCR5cQxPuoQVtoDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB4Cvj6g=</latexit>

b

<latexit sha1_base64="u0fXF9z/XUVw3OZQZU6HNTbl1qg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX1atXbZq1Sr+VxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHxIuM5A==</latexit>

b

<latexit sha1_base64="u0fXF9z/XUVw3OZQZU6HNTbl1qg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX1atXbZq1Sr+VxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHxIuM5A==</latexit>

c

<latexit sha1_base64="5r1UG6QinZzP+JcSaCVs+ZglWxw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJhuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDxg+M5Q==</latexit>

c

<latexit sha1_base64="5r1UG6QinZzP+JcSaCVs+ZglWxw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJhuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDxg+M5Q==</latexit>

B



Graph 3-Colorability
• The last vertex color follows

T F

ā

<latexit sha1_base64="0sZZWW7ZMlxPrgDGvqFgwUfMTr8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqgzzYbXm1t0FyDrxClKDAq1h9WswimkaMWmoQK37npsYP0NlOBUsrwxSzRKkUxyzvqUSI6b9bHFuTi6sMiJhrGxJQxbq74kMI61nUWA7IzQTverNxf+8fmrCGz/jMkkNk3S5KEwFMTGZ/05GXDFqxMwSpIrbWwmdoEJqbEIVG4K3+vI66VzVvUb99qFRazaKOMpwBudwCR5cQxPuoQVtoDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB4Cvj6g=</latexit>

ā

<latexit sha1_base64="0sZZWW7ZMlxPrgDGvqFgwUfMTr8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqgzzYbXm1t0FyDrxClKDAq1h9WswimkaMWmoQK37npsYP0NlOBUsrwxSzRKkUxyzvqUSI6b9bHFuTi6sMiJhrGxJQxbq74kMI61nUWA7IzQTverNxf+8fmrCGz/jMkkNk3S5KEwFMTGZ/05GXDFqxMwSpIrbWwmdoEJqbEIVG4K3+vI66VzVvUb99qFRazaKOMpwBudwCR5cQxPuoQVtoDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB4Cvj6g=</latexit>

b

<latexit sha1_base64="u0fXF9z/XUVw3OZQZU6HNTbl1qg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX1atXbZq1Sr+VxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHxIuM5A==</latexit>

b

<latexit sha1_base64="u0fXF9z/XUVw3OZQZU6HNTbl1qg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX1atXbZq1Sr+VxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHxIuM5A==</latexit>

c

<latexit sha1_base64="5r1UG6QinZzP+JcSaCVs+ZglWxw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJhuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDxg+M5Q==</latexit>

c

<latexit sha1_base64="5r1UG6QinZzP+JcSaCVs+ZglWxw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJhuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDxg+M5Q==</latexit>

B



Graph 3-Colorability
• This gadget is now three-colored


• Do the same thing for all gadgets


• Get a three coloring of the graph



Graph 3-Colorability
• Vice versa, assume that you have a three coloring


• The base part of the graph assures that each literal is 
colored either with Red (for True) or with Green (for False)

a

<latexit sha1_base64="PGuTgdY4+vjnJk/eSSs88w+eM6s=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJh2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDwweM4w==</latexit>

a

<latexit sha1_base64="PGuTgdY4+vjnJk/eSSs88w+eM6s=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJh2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDwweM4w==</latexit>

ā

<latexit sha1_base64="0sZZWW7ZMlxPrgDGvqFgwUfMTr8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqgzzYbXm1t0FyDrxClKDAq1h9WswimkaMWmoQK37npsYP0NlOBUsrwxSzRKkUxyzvqUSI6b9bHFuTi6sMiJhrGxJQxbq74kMI61nUWA7IzQTverNxf+8fmrCGz/jMkkNk3S5KEwFMTGZ/05GXDFqxMwSpIrbWwmdoEJqbEIVG4K3+vI66VzVvUb99qFRazaKOMpwBudwCR5cQxPuoQVtoDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB4Cvj6g=</latexit>

ā

<latexit sha1_base64="0sZZWW7ZMlxPrgDGvqFgwUfMTr8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqgzzYbXm1t0FyDrxClKDAq1h9WswimkaMWmoQK37npsYP0NlOBUsrwxSzRKkUxyzvqUSI6b9bHFuTi6sMiJhrGxJQxbq74kMI61nUWA7IzQTverNxf+8fmrCGz/jMkkNk3S5KEwFMTGZ/05GXDFqxMwSpIrbWwmdoEJqbEIVG4K3+vI66VzVvUb99qFRazaKOMpwBudwCR5cQxPuoQVtoDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB4Cvj6g=</latexit>

b̄

<latexit sha1_base64="Wy5GzvzjEO+Qd4eRMYqERjNKOP8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhrLZbtqlm03YnQgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dkobm1vbO+Xdyt7+weFR9fikY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeY3s397hPXRsTqEWcJ9yM6ViIUjKKVuoOA6izIh9WaW3cXIOvEK0gNCrSG1a/BKGZpxBUySY3pe26CfkY1CiZ5XhmkhieUTemY9y1VNOLGzxbn5uTCKiMSxtqWQrJQf09kNDJmFgW2M6I4MaveXPzP66cY3viZUEmKXLHlojCVBGMy/52MhOYM5cwSyrSwtxI2oZoytAlVbAje6svrpHNV9xr124dGrdko4ijDGZzDJXhwDU24hxa0gcEUnuEV3pzEeXHenY9la8kpZk7hD5zPH4I0j6k=</latexit>

b̄

<latexit sha1_base64="Wy5GzvzjEO+Qd4eRMYqERjNKOP8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhrLZbtqlm03YnQgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dkobm1vbO+Xdyt7+weFR9fikY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeY3s397hPXRsTqEWcJ9yM6ViIUjKKVuoOA6izIh9WaW3cXIOvEK0gNCrSG1a/BKGZpxBUySY3pe26CfkY1CiZ5XhmkhieUTemY9y1VNOLGzxbn5uTCKiMSxtqWQrJQf09kNDJmFgW2M6I4MaveXPzP66cY3viZUEmKXLHlojCVBGMy/52MhOYM5cwSyrSwtxI2oZoytAlVbAje6svrpHNV9xr124dGrdko4ijDGZzDJXhwDU24hxa0gcEUnuEV3pzEeXHenY9la8kpZk7hD5zPH4I0j6k=</latexit>

b

<latexit sha1_base64="u0fXF9z/XUVw3OZQZU6HNTbl1qg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX1atXbZq1Sr+VxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHxIuM5A==</latexit>

b

<latexit sha1_base64="u0fXF9z/XUVw3OZQZU6HNTbl1qg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX1atXbZq1Sr+VxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHxIuM5A==</latexit>

c

<latexit sha1_base64="5r1UG6QinZzP+JcSaCVs+ZglWxw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJhuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDxg+M5Q==</latexit>

c

<latexit sha1_base64="5r1UG6QinZzP+JcSaCVs+ZglWxw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJhuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDxg+M5Q==</latexit>

d

<latexit sha1_base64="P9Y7o33oREqih2eLqIeyP00HlMw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWzmbZrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkg85o8ZKzXBQrrhVdwGyTrycVCBHY1D+6ocxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YJyTBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91Axv/IzLJDUo2XLRMBXExGT+NQm5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rq1aq3zVqlXsvjKMIZnMMleHANdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPx5OM5g==</latexit>

d

<latexit sha1_base64="P9Y7o33oREqih2eLqIeyP00HlMw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWzmbZrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkg85o8ZKzXBQrrhVdwGyTrycVCBHY1D+6ocxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YJyTBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91Axv/IzLJDUo2XLRMBXExGT+NQm5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rq1aq3zVqlXsvjKMIZnMMleHANdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPx5OM5g==</latexit>

c̄

<latexit sha1_base64="IlHc2/rx4FMBlGOgMx4vBQ7/9gk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqozmw2rNrbsLkHXiFaQGBVrD6tdgFNM0YtJQgVr3PTcxfobKcCpYXhmkmiVIpzhmfUslRkz72eLcnFxYZUTCWNmShizU3xMZRlrPosB2RmgmetWbi/95/dSEN37GZZIaJulyUZgKYmIy/52MuGLUiJklSBW3txI6QYXU2IQqNgRv9eV10rmqe4367UOj1mwUcZThDM7hEjy4hibcQwvaQGEKz/AKb07ivDjvzseyteQUM6fwB87nD4O5j6o=</latexit>

c̄

<latexit sha1_base64="IlHc2/rx4FMBlGOgMx4vBQ7/9gk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqozmw2rNrbsLkHXiFaQGBVrD6tdgFNM0YtJQgVr3PTcxfobKcCpYXhmkmiVIpzhmfUslRkz72eLcnFxYZUTCWNmShizU3xMZRlrPosB2RmgmetWbi/95/dSEN37GZZIaJulyUZgKYmIy/52MuGLUiJklSBW3txI6QYXU2IQqNgRv9eV10rmqe4367UOj1mwUcZThDM7hEjy4hibcQwvaQGEKz/AKb07ivDjvzseyteQUM6fwB87nD4O5j6o=</latexit>

d̄

<latexit sha1_base64="VFIaBqBN3EJE9y9gsuBwmHIBdNE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhrLZbNqlm03YnQgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkobm1vbO+Xdyt7+weFR9fikY5JMM95miUx0L6CGS6F4GwVK3ks1p3EgeTeY3M397hPXRiTqEacp92M6UiISjKKVuoOA6jycDas1t+4uQNaJV5AaFGgNq1+DMGFZzBUySY3pe26Kfk41Cib5rDLIDE8pm9AR71uqaMyNny/OnZELq4QkSrQthWSh/p7IaWzMNA5sZ0xxbFa9ufif188wuvFzodIMuWLLRVEmCSZk/jsJheYM5dQSyrSwtxI2ppoytAlVbAje6svrpHNV9xr124dGrdko4ijDGZzDJXhwDU24hxa0gcEEnuEV3pzUeXHenY9la8kpZk7hD5zPH4U+j6s=</latexit>

d̄

<latexit sha1_base64="VFIaBqBN3EJE9y9gsuBwmHIBdNE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhrLZbNqlm03YnQgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSqFQdf9dkobm1vbO+Xdyt7+weFR9fikY5JMM95miUx0L6CGS6F4GwVK3ks1p3EgeTeY3M397hPXRiTqEacp92M6UiISjKKVuoOA6jycDas1t+4uQNaJV5AaFGgNq1+DMGFZzBUySY3pe26Kfk41Cib5rDLIDE8pm9AR71uqaMyNny/OnZELq4QkSrQthWSh/p7IaWzMNA5sZ0xxbFa9ufif188wuvFzodIMuWLLRVEmCSZk/jsJheYM5dQSyrSwtxI2ppoytAlVbAje6svrpHNV9xr124dGrdko4ijDGZzDJXhwDU24hxa0gcEEnuEV3pzUeXHenY9la8kpZk7hD5zPH4U+j6s=</latexit>

B

T F



Graph 3-Colorability
• If the three coloring where to assign Green (the color of 

Falsehood) to the literal nodes, then what would happen

T F

ā

<latexit sha1_base64="0sZZWW7ZMlxPrgDGvqFgwUfMTr8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqgzzYbXm1t0FyDrxClKDAq1h9WswimkaMWmoQK37npsYP0NlOBUsrwxSzRKkUxyzvqUSI6b9bHFuTi6sMiJhrGxJQxbq74kMI61nUWA7IzQTverNxf+8fmrCGz/jMkkNk3S5KEwFMTGZ/05GXDFqxMwSpIrbWwmdoEJqbEIVG4K3+vI66VzVvUb99qFRazaKOMpwBudwCR5cQxPuoQVtoDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB4Cvj6g=</latexit>

ā

<latexit sha1_base64="0sZZWW7ZMlxPrgDGvqFgwUfMTr8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqgzzYbXm1t0FyDrxClKDAq1h9WswimkaMWmoQK37npsYP0NlOBUsrwxSzRKkUxyzvqUSI6b9bHFuTi6sMiJhrGxJQxbq74kMI61nUWA7IzQTverNxf+8fmrCGz/jMkkNk3S5KEwFMTGZ/05GXDFqxMwSpIrbWwmdoEJqbEIVG4K3+vI66VzVvUb99qFRazaKOMpwBudwCR5cQxPuoQVtoDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB4Cvj6g=</latexit>

b

<latexit sha1_base64="u0fXF9z/XUVw3OZQZU6HNTbl1qg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX1atXbZq1Sr+VxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHxIuM5A==</latexit>

b

<latexit sha1_base64="u0fXF9z/XUVw3OZQZU6HNTbl1qg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX1atXbZq1Sr+VxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHxIuM5A==</latexit>

c

<latexit sha1_base64="5r1UG6QinZzP+JcSaCVs+ZglWxw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJhuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDxg+M5Q==</latexit>

c

<latexit sha1_base64="5r1UG6QinZzP+JcSaCVs+ZglWxw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJhuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDxg+M5Q==</latexit>

B



Graph 3-Colorability
• We can deduce some colors


• The middle layer of nodes has to be blue, because they 
have a Red neighbor (the true node) and a Green 
neighbor

T F

ā

<latexit sha1_base64="0sZZWW7ZMlxPrgDGvqFgwUfMTr8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqgzzYbXm1t0FyDrxClKDAq1h9WswimkaMWmoQK37npsYP0NlOBUsrwxSzRKkUxyzvqUSI6b9bHFuTi6sMiJhrGxJQxbq74kMI61nUWA7IzQTverNxf+8fmrCGz/jMkkNk3S5KEwFMTGZ/05GXDFqxMwSpIrbWwmdoEJqbEIVG4K3+vI66VzVvUb99qFRazaKOMpwBudwCR5cQxPuoQVtoDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB4Cvj6g=</latexit>

ā

<latexit sha1_base64="0sZZWW7ZMlxPrgDGvqFgwUfMTr8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqgzzYbXm1t0FyDrxClKDAq1h9WswimkaMWmoQK37npsYP0NlOBUsrwxSzRKkUxyzvqUSI6b9bHFuTi6sMiJhrGxJQxbq74kMI61nUWA7IzQTverNxf+8fmrCGz/jMkkNk3S5KEwFMTGZ/05GXDFqxMwSpIrbWwmdoEJqbEIVG4K3+vI66VzVvUb99qFRazaKOMpwBudwCR5cQxPuoQVtoDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB4Cvj6g=</latexit>

b

<latexit sha1_base64="u0fXF9z/XUVw3OZQZU6HNTbl1qg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX1atXbZq1Sr+VxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHxIuM5A==</latexit>

b

<latexit sha1_base64="u0fXF9z/XUVw3OZQZU6HNTbl1qg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX1atXbZq1Sr+VxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHxIuM5A==</latexit>

c

<latexit sha1_base64="5r1UG6QinZzP+JcSaCVs+ZglWxw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJhuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDxg+M5Q==</latexit>

c

<latexit sha1_base64="5r1UG6QinZzP+JcSaCVs+ZglWxw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJhuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDxg+M5Q==</latexit>

B



Graph 3-Colorability
• The vertex on the lower row and to the left needs to be 

Green because it has a Blue and a Red neighbor

T F

ā

<latexit sha1_base64="0sZZWW7ZMlxPrgDGvqFgwUfMTr8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqgzzYbXm1t0FyDrxClKDAq1h9WswimkaMWmoQK37npsYP0NlOBUsrwxSzRKkUxyzvqUSI6b9bHFuTi6sMiJhrGxJQxbq74kMI61nUWA7IzQTverNxf+8fmrCGz/jMkkNk3S5KEwFMTGZ/05GXDFqxMwSpIrbWwmdoEJqbEIVG4K3+vI66VzVvUb99qFRazaKOMpwBudwCR5cQxPuoQVtoDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB4Cvj6g=</latexit>

ā

<latexit sha1_base64="0sZZWW7ZMlxPrgDGvqFgwUfMTr8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqgzzYbXm1t0FyDrxClKDAq1h9WswimkaMWmoQK37npsYP0NlOBUsrwxSzRKkUxyzvqUSI6b9bHFuTi6sMiJhrGxJQxbq74kMI61nUWA7IzQTverNxf+8fmrCGz/jMkkNk3S5KEwFMTGZ/05GXDFqxMwSpIrbWwmdoEJqbEIVG4K3+vI66VzVvUb99qFRazaKOMpwBudwCR5cQxPuoQVtoDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB4Cvj6g=</latexit>

b

<latexit sha1_base64="u0fXF9z/XUVw3OZQZU6HNTbl1qg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX1atXbZq1Sr+VxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHxIuM5A==</latexit>

b

<latexit sha1_base64="u0fXF9z/XUVw3OZQZU6HNTbl1qg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX1atXbZq1Sr+VxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHxIuM5A==</latexit>

c

<latexit sha1_base64="5r1UG6QinZzP+JcSaCVs+ZglWxw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJhuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDxg+M5Q==</latexit>

c

<latexit sha1_base64="5r1UG6QinZzP+JcSaCVs+ZglWxw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJhuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDxg+M5Q==</latexit>

B



Graph 3-Colorability
• The vertex on the lower row on the right has to be Red

T F

ā

<latexit sha1_base64="0sZZWW7ZMlxPrgDGvqFgwUfMTr8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqgzzYbXm1t0FyDrxClKDAq1h9WswimkaMWmoQK37npsYP0NlOBUsrwxSzRKkUxyzvqUSI6b9bHFuTi6sMiJhrGxJQxbq74kMI61nUWA7IzQTverNxf+8fmrCGz/jMkkNk3S5KEwFMTGZ/05GXDFqxMwSpIrbWwmdoEJqbEIVG4K3+vI66VzVvUb99qFRazaKOMpwBudwCR5cQxPuoQVtoDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB4Cvj6g=</latexit>

ā

<latexit sha1_base64="0sZZWW7ZMlxPrgDGvqFgwUfMTr8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWsB/QhjLZbtqlm03Y3Qgl5Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epoqxNYxGrXoCaCS5Z23AjWC9RDKNAsG4wvZv73SemNI/lo5klzI9wLHnIKRordQcBqgzzYbXm1t0FyDrxClKDAq1h9WswimkaMWmoQK37npsYP0NlOBUsrwxSzRKkUxyzvqUSI6b9bHFuTi6sMiJhrGxJQxbq74kMI61nUWA7IzQTverNxf+8fmrCGz/jMkkNk3S5KEwFMTGZ/05GXDFqxMwSpIrbWwmdoEJqbEIVG4K3+vI66VzVvUb99qFRazaKOMpwBudwCR5cQxPuoQVtoDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB4Cvj6g=</latexit>

b

<latexit sha1_base64="u0fXF9z/XUVw3OZQZU6HNTbl1qg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX1atXbZq1Sr+VxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHxIuM5A==</latexit>

b

<latexit sha1_base64="u0fXF9z/XUVw3OZQZU6HNTbl1qg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX1atXbZq1Sr+VxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHxIuM5A==</latexit>

c

<latexit sha1_base64="5r1UG6QinZzP+JcSaCVs+ZglWxw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJhuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDxg+M5Q==</latexit>

c

<latexit sha1_base64="5r1UG6QinZzP+JcSaCVs+ZglWxw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlJhuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tepts1ap1/I4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDxg+M5Q==</latexit>
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Graph 3-Colorability
• But now the middle node has a Red, a Green, and a Blue 

neighbor


• Thus the graph is not 3-colorable


• Therefore: The graph is 3-colorable implies that in the 
gadget, one vertex is colored Red (the color of Truth)


• Not to be confused with https://www.youtube.com/
watch?v=8epG4AezdYg which is just propaganda but 
the color of the Holy Spirit



Graph 3-Colorability
• So, the complete graph is 3-colorable if in all gadgets at 

least one of the literal nodes is colored Red


• Then all clauses are satisfied


• Then the formula is satisfied



Consequences
• There is a large set of known NP-complete problems


• Many problems that appear in practice can be shown to be NP-
complete 


• You look through the catalogue of NP-complete problems and 
reduce your problem to one of them


• (If I can solve my problem polynomially, then I can solve that 
problem polynomially, but that would mean that , which 
we believe to be false)


• If this is the case:


• You cannot expect a solution that scales well


• But it might be perfectly solvable for the instance sizes that you 
need to solve

𝒫 = 𝒩𝒫


