
Coloring Hints 
You need to combine the different components of the graph.  Here are the vertices and most of 
the edges of a graph with two clauses:




What is lacking is connecting the literals in the second row from the top to the nodes on the 
third row, which is how you encode the exact 3SAT clause. For example, we have the following 
graph for the 3-literal conjunctive normal form


.





(a ∨ b ∨ c) ∧ (¬a ∨ ¬b ∨ ¬c)

B

T F

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>

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>

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>

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>

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



Let's see whether we can satisfy this.  We can use a Boolean table


0 0 0 0 1 0

0 0 1 1 1 1

0 1 0 1 1 1

0 1 1 1 1 1

1 0 0 1 1 1

1 0 1 1 1 1

1 1 0 1 1 1

1 1 1 1 0 0

a (a ∨ b ∨ c)c (a ∨ b ∨ c) ∧ (¬a ∨ ¬b ∨ ¬c)b (¬a ∨ ¬b ∨ ¬c)

B

T F

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>

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>

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>

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>

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>

ā _ b̄ _ c̄

<latexit sha1_base64="BhhJzhAiWmV5m/ENA3/nhhTE6v8=">AAACCnicbVC7TsNAEDyHVwgvAyXNQRSJKrJRJKCLBAVlkMhDiq1ofTknp5wfujsjRZZrGn6FhgKEaPkCOv6Gi+MiJEw1O7Or3R0v5kwqy/oxSmvrG5tb5e3Kzu7e/oF5eNSRUSIIbZOIR6LngaSchbStmOK0FwsKgcdp15vczPzuIxWSReGDmsbUDWAUMp8RUFoamKeOByKFDDu6E+eFt1iQbGBWrbqVA68SuyBVVKA1ML+dYUSSgIaKcJCyb1uxclMQihFOs4qTSBoDmcCI9jUNIaDSTfNXMlzTyhD7er0fhQrn6uJECoGU00DfWAtAjeWyNxP/8/qJ8q/clIVxomhI5ov8hGMV4VkueMgEJYpPNQEimL4VkzEIIEqnV9Eh2Msvr5LORd1u1K/vG9XmbRFHGZ2gM3SObHSJmugOtVAbEfSEXtAbejeejVfjw/ict5aMYuYY/YHx9Qsms5qW</latexit>

a _ b _ c

<latexit sha1_base64="K+N49+uREkmP0S5Me61j98Qb8fw=">AAAB+HicbVC7SgNBFL0bXzE+smppMxgEq7ArgtoFtLCMYB6QLOHuZDYZMju7zMwKMeRLbCwUsfVT7PwbJ8kWmniaOZxzLvfOCVPBtfG8b6ewtr6xuVXcLu3s7u2X3YPDpk4yRVmDJiJR7RA1E1yyhuFGsHaqGMahYK1wdDPzW49MaZ7IBzNOWRDjQPKIUzRW6rllJF2bIeHioT234lW9Ocgq8XNSgRz1nvvV7Sc0i5k0VKDWHd9LTTBBZTgVbFrqZpqlSEc4YB1LJcZMB5P54VNyapU+ieziKJGGzNXfExOMtR7HoU3GaIZ62ZuJ/3mdzERXwYTLNDNM0sWiKBPEJGTWAulzxagRY0uQKm5vJXSICqmxXZVsCf7yl1dJ87zqX1Sv7y8qtdu8jiIcwwmcgQ+XUIM7qEMDKGTwDK/w5jw5L86787GIFpx85gj+wPn8AVyhkkc=</latexit>



As you can see, there are lots of assignments that make this work.  Let's use , , 
.


We color the literal nodes red and green accordingly. (Notice, they cannot be blue because of B 
being a neighbor and because the literals are connected in a triangle with B, one literal has to 
be red and the other one green. 


This forces a number of node colors in the second row.  If the literal is green, then the 
corresponding node in the second row has to be blue, because they have T as a neighbor. 


a = 1 b = 1
c = 0

B

T F

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>

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>

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>

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>

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>

ā _ b̄ _ c̄

<latexit sha1_base64="BhhJzhAiWmV5m/ENA3/nhhTE6v8=">AAACCnicbVC7TsNAEDyHVwgvAyXNQRSJKrJRJKCLBAVlkMhDiq1ofTknp5wfujsjRZZrGn6FhgKEaPkCOv6Gi+MiJEw1O7Or3R0v5kwqy/oxSmvrG5tb5e3Kzu7e/oF5eNSRUSIIbZOIR6LngaSchbStmOK0FwsKgcdp15vczPzuIxWSReGDmsbUDWAUMp8RUFoamKeOByKFDDu6E+eFt1iQbGBWrbqVA68SuyBVVKA1ML+dYUSSgIaKcJCyb1uxclMQihFOs4qTSBoDmcCI9jUNIaDSTfNXMlzTyhD7er0fhQrn6uJECoGU00DfWAtAjeWyNxP/8/qJ8q/clIVxomhI5ov8hGMV4VkueMgEJYpPNQEimL4VkzEIIEqnV9Eh2Msvr5LORd1u1K/vG9XmbRFHGZ2gM3SObHSJmugOtVAbEfSEXtAbejeejVfjw/ict5aMYuYY/YHx9Qsms5qW</latexit>

a _ b _ c

<latexit sha1_base64="K+N49+uREkmP0S5Me61j98Qb8fw=">AAAB+HicbVC7SgNBFL0bXzE+smppMxgEq7ArgtoFtLCMYB6QLOHuZDYZMju7zMwKMeRLbCwUsfVT7PwbJ8kWmniaOZxzLvfOCVPBtfG8b6ewtr6xuVXcLu3s7u2X3YPDpk4yRVmDJiJR7RA1E1yyhuFGsHaqGMahYK1wdDPzW49MaZ7IBzNOWRDjQPKIUzRW6rllJF2bIeHioT234lW9Ocgq8XNSgRz1nvvV7Sc0i5k0VKDWHd9LTTBBZTgVbFrqZpqlSEc4YB1LJcZMB5P54VNyapU+ieziKJGGzNXfExOMtR7HoU3GaIZ62ZuJ/3mdzERXwYTLNDNM0sWiKBPEJGTWAulzxagRY0uQKm5vJXSICqmxXZVsCf7yl1dJ87zqX1Sv7y8qtdu8jiIcwwmcgQ+XUIM7qEMDKGTwDK/w5jw5L86787GIFpx85gj+wPn8AVyhkkc=</latexit>



On the right, we have a white node connected to a blue node and the F-node, that has to be 
red.


B

T F

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>

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>

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>

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>

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>

ā _ b̄ _ c̄

<latexit sha1_base64="BhhJzhAiWmV5m/ENA3/nhhTE6v8=">AAACCnicbVC7TsNAEDyHVwgvAyXNQRSJKrJRJKCLBAVlkMhDiq1ofTknp5wfujsjRZZrGn6FhgKEaPkCOv6Gi+MiJEw1O7Or3R0v5kwqy/oxSmvrG5tb5e3Kzu7e/oF5eNSRUSIIbZOIR6LngaSchbStmOK0FwsKgcdp15vczPzuIxWSReGDmsbUDWAUMp8RUFoamKeOByKFDDu6E+eFt1iQbGBWrbqVA68SuyBVVKA1ML+dYUSSgIaKcJCyb1uxclMQihFOs4qTSBoDmcCI9jUNIaDSTfNXMlzTyhD7er0fhQrn6uJECoGU00DfWAtAjeWyNxP/8/qJ8q/clIVxomhI5ov8hGMV4VkueMgEJYpPNQEimL4VkzEIIEqnV9Eh2Msvr5LORd1u1K/vG9XmbRFHGZ2gM3SObHSJmugOtVAbEfSEXtAbejeejVfjw/ict5aMYuYY/YHx9Qsms5qW</latexit>

a _ b _ c

<latexit sha1_base64="K+N49+uREkmP0S5Me61j98Qb8fw=">AAAB+HicbVC7SgNBFL0bXzE+smppMxgEq7ArgtoFtLCMYB6QLOHuZDYZMju7zMwKMeRLbCwUsfVT7PwbJ8kWmniaOZxzLvfOCVPBtfG8b6ewtr6xuVXcLu3s7u2X3YPDpk4yRVmDJiJR7RA1E1yyhuFGsHaqGMahYK1wdDPzW49MaZ7IBzNOWRDjQPKIUzRW6rllJF2bIeHioT234lW9Ocgq8XNSgRz1nvvV7Sc0i5k0VKDWHd9LTTBBZTgVbFrqZpqlSEc4YB1LJcZMB5P54VNyapU+ieziKJGGzNXfExOMtR7HoU3GaIZ62ZuJ/3mdzERXwYTLNDNM0sWiKBPEJGTWAulzxagRY0uQKm5vJXSICqmxXZVsCf7yl1dJ87zqX1Sv7y8qtdu8jiIcwwmcgQ+XUIM7qEMDKGTwDK/w5jw5L86787GIFpx85gj+wPn8AVyhkkc=</latexit>






The other nodes need to be filled in. The second row cannot be red and has to be filled in with 
green and blue.  This leaves only a few cases, and we can come up with a coloring that fulfills 
the rules.  


B

T F

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>

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>

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>

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>

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>

ā _ b̄ _ c̄

<latexit sha1_base64="BhhJzhAiWmV5m/ENA3/nhhTE6v8=">AAACCnicbVC7TsNAEDyHVwgvAyXNQRSJKrJRJKCLBAVlkMhDiq1ofTknp5wfujsjRZZrGn6FhgKEaPkCOv6Gi+MiJEw1O7Or3R0v5kwqy/oxSmvrG5tb5e3Kzu7e/oF5eNSRUSIIbZOIR6LngaSchbStmOK0FwsKgcdp15vczPzuIxWSReGDmsbUDWAUMp8RUFoamKeOByKFDDu6E+eFt1iQbGBWrbqVA68SuyBVVKA1ML+dYUSSgIaKcJCyb1uxclMQihFOs4qTSBoDmcCI9jUNIaDSTfNXMlzTyhD7er0fhQrn6uJECoGU00DfWAtAjeWyNxP/8/qJ8q/clIVxomhI5ov8hGMV4VkueMgEJYpPNQEimL4VkzEIIEqnV9Eh2Msvr5LORd1u1K/vG9XmbRFHGZ2gM3SObHSJmugOtVAbEfSEXtAbejeejVfjw/ict5aMYuYY/YHx9Qsms5qW</latexit>

a _ b _ c

<latexit sha1_base64="K+N49+uREkmP0S5Me61j98Qb8fw=">AAAB+HicbVC7SgNBFL0bXzE+smppMxgEq7ArgtoFtLCMYB6QLOHuZDYZMju7zMwKMeRLbCwUsfVT7PwbJ8kWmniaOZxzLvfOCVPBtfG8b6ewtr6xuVXcLu3s7u2X3YPDpk4yRVmDJiJR7RA1E1yyhuFGsHaqGMahYK1wdDPzW49MaZ7IBzNOWRDjQPKIUzRW6rllJF2bIeHioT234lW9Ocgq8XNSgRz1nvvV7Sc0i5k0VKDWHd9LTTBBZTgVbFrqZpqlSEc4YB1LJcZMB5P54VNyapU+ieziKJGGzNXfExOMtR7HoU3GaIZ62ZuJ/3mdzERXwYTLNDNM0sWiKBPEJGTWAulzxagRY0uQKm5vJXSICqmxXZVsCf7yl1dJ87zqX1Sv7y8qtdu8jiIcwwmcgQ+XUIM7qEMDKGTwDK/w5jw5L86787GIFpx85gj+wPn8AVyhkkc=</latexit>



So, this is our final coloring, which is not uniquely determined. 




The point of coloring is not to find a way to satisfy a 3-literal conjunctive normal form.  Our 
exponential algorithm of filling in a truth table is so much better. It is to illustrate that if we can 
determine whether a graph is three-colorable, then we can determine whether the 
corresponding 3-SAT problem is solvable.  The graph is larger than the 3-SAT problem, but it 
has 3 + 2*(number of variables) + 6*(number of clauses) nodes and a similar linear number of 
edges. Thus, if I have a 3-SAT problem and if I can solve 3-colorable in poly-time, then I can 
construct the graph of the 3-SAT problem with a linear blow-up, use the poly-time 3-colorable 
algorithm, and then deduce the solution of the 3-SAT problem from the coloring. I read the 
solution in the first row, where the coloring of the literals tells me which assignment makes the 
formula true. In our case, a and b are red and so is .¬c

B

T F

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>

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>

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>

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>

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>

ā _ b̄ _ c̄

<latexit sha1_base64="BhhJzhAiWmV5m/ENA3/nhhTE6v8=">AAACCnicbVC7TsNAEDyHVwgvAyXNQRSJKrJRJKCLBAVlkMhDiq1ofTknp5wfujsjRZZrGn6FhgKEaPkCOv6Gi+MiJEw1O7Or3R0v5kwqy/oxSmvrG5tb5e3Kzu7e/oF5eNSRUSIIbZOIR6LngaSchbStmOK0FwsKgcdp15vczPzuIxWSReGDmsbUDWAUMp8RUFoamKeOByKFDDu6E+eFt1iQbGBWrbqVA68SuyBVVKA1ML+dYUSSgIaKcJCyb1uxclMQihFOs4qTSBoDmcCI9jUNIaDSTfNXMlzTyhD7er0fhQrn6uJECoGU00DfWAtAjeWyNxP/8/qJ8q/clIVxomhI5ov8hGMV4VkueMgEJYpPNQEimL4VkzEIIEqnV9Eh2Msvr5LORd1u1K/vG9XmbRFHGZ2gM3SObHSJmugOtVAbEfSEXtAbejeejVfjw/ict5aMYuYY/YHx9Qsms5qW</latexit>

a _ b _ c

<latexit sha1_base64="K+N49+uREkmP0S5Me61j98Qb8fw=">AAAB+HicbVC7SgNBFL0bXzE+smppMxgEq7ArgtoFtLCMYB6QLOHuZDYZMju7zMwKMeRLbCwUsfVT7PwbJ8kWmniaOZxzLvfOCVPBtfG8b6ewtr6xuVXcLu3s7u2X3YPDpk4yRVmDJiJR7RA1E1yyhuFGsHaqGMahYK1wdDPzW49MaZ7IBzNOWRDjQPKIUzRW6rllJF2bIeHioT234lW9Ocgq8XNSgRz1nvvV7Sc0i5k0VKDWHd9LTTBBZTgVbFrqZpqlSEc4YB1LJcZMB5P54VNyapU+ieziKJGGzNXfExOMtR7HoU3GaIZ62ZuJ/3mdzERXwYTLNDNM0sWiKBPEJGTWAulzxagRY0uQKm5vJXSICqmxXZVsCf7yl1dJ87zqX1Sv7y8qtdu8jiIcwwmcgQ+XUIM7qEMDKGTwDK/w5jw5L86787GIFpx85gj+wPn8AVyhkkc=</latexit>


