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0 0 0 0
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r $ (a _ b)

(¬r _ a _ b) ^ (r _ ¬a) ^ (r _ ¬b)
<latexit sha1_base64="xFUa1ZURGu3HmkqPF1SUIoNYEYg="></latexit><latexit sha1_base64="xFUa1ZURGu3HmkqPF1SUIoNYEYg="></latexit><latexit sha1_base64="xFUa1ZURGu3HmkqPF1SUIoNYEYg="></latexit><latexit sha1_base64="xFUa1ZURGu3HmkqPF1SUIoNYEYg="></latexit>

BR A G



1 0 0 0
1 1 0 0
0 1 1 1
0 0 1 1

RB

AG

3

00 
01 
11 
10

4 atoms:16 states:  64Ki subsets

Karnaugh Maps to produce a CNF / POS 
identify blocks of 0s 

and write a sum for each

(Rʹ+A+G)(B+A+Gʹ)(R+Aʹ)

00 01 11 10

(¬R _A _G) ^ (B _A _ ¬G) ^ (R _ ¬A)B

R

A

G



b 00 01 11 10
00 1 0 0 0
01 0 1 1 1
11 0 1 0 1
10 1 0 1 0

a 00 01 11 10
00 0 0 0 0
01 1 1 0 1
11 1 1 1 0
10 1 0 0 0

c 00 01 11 10
00 0 0 0 1
01 0 0 1 1
11 0 0 1 1
10 1 0 1 1

e 00 01 11 10
00 1 0 1 1
01 1 0 0 1
11 0 0 0 1
10 0 0 0 0

d 00 01 11 10
00 1 1 1 1
01 1 1 1 1
11 1 1 0 0
10 0 0 0 0

f 00 01 11 10
00 0 0 0 0
01 0 0 1 1
11 1 0 0 1
10 0 0 1 0

B
R

A G



�, a ✏ a,�
(I)

� ✏ a,� � ✏ b,�

�, a ! b ✏ �
(! L)

�a,✏ b,�

� ✏ a ! b,�
(! R)

�, a, b ✏ �

�, a ^ b ✏ �
(^L)

� ✏ a,� � ✏ b,�

� ✏ a ^ b,�
(^R)

�, a ✏ � �, b ✏ �

a _ b ✏ �
(_L)

� ✏ a, b,�

� ✏ a _ b,�
(_R)

� ✏ a,�

�,¬a ✏ �
(¬L)

�, a ✏ �

� ✏ ¬a,� (¬R)
<latexit sha1_base64="/QSZbScfbYgI2QTq6ZzM+jKc/2s="></latexit>



�, a ✏ �, a
(I)

�, a, b ✏ �

�, a ^ b ✏ �
(^L)

� ✏ a, b,�

� ✏ a _ b,�
(_R)

�, a ✏ � �, b ✏ �

�, a _ b ✏ �
(_L)

� ✏ a,� � ✏ b,�

� ✏ a ^ b,�
(^R)

� ✏ a,�

�,¬a ✏ �
(¬L)

�, a ✏ �

� ✏ ¬a,� (¬R)
<latexit sha1_base64="KKtKn43i5E6OICpJzwLv8ep0fcw="></latexit>

¬a,¬c _ b ✏ ¬a, c I

a, b ✏ c

b,✏ ¬a, c ¬R

b,¬c ✏ ¬a, c ¬L
a, b ✏ c

b, b ✏ ¬a, c ¬R

b,¬c _ b ✏ ¬a, c _L

¬a _ b,¬c _ b ✏ ¬a, c _L

(¬a _ b) ^ (¬c _ b) ✏ ¬a _ c
^L;_R

✏ ¬((¬a _ b) ^ (¬c _ b)), (¬a _ c)
¬R

✏ ¬((¬a _ b) ^ (¬c _ b)) _ (¬a _ c)
_R

<latexit sha1_base64="wDI4hDHW+HjuuO7AXR2XB+yk5FQ="></latexit>



these are valid

in some universe, U

iff this is valid in U

a, b ✏ c a, b ✏ c

✏ ¬((¬a _ b) ^ (¬c _ b)) _ (¬a _ c)
<latexit sha1_base64="7Qu9Vc+cUjSzfOMiCdleSfePnqQ="></latexit>

¬a,¬c _ b ✏ ¬a, c

b,✏ ¬a, c

b,¬c ✏ ¬a, c b, b ✏ ¬a, c

b,¬c _ b ✏ ¬a, c

¬a _ b,¬c _ b ✏ ¬a, c

(¬a _ b) ^ (¬c _ b) ✏ ¬a _ c

✏ ¬((¬a _ b) ^ (¬c _ b)), (¬a _ c)

✏ ¬((¬a _ b) ^ (¬c _ b)) _ (¬a _ c)
<latexit sha1_base64="X9Vqd/KOIkNwbIyT1j8FgE/UCZE="></latexit>

a, b ✏ c
<latexit sha1_base64="4sE5gsMoGbCuK1ZgG9NYYbX25sE="></latexit>

a, b ✏ c
<latexit sha1_base64="4sE5gsMoGbCuK1ZgG9NYYbX25sE="></latexit>



p ✏ q, p

✏ ¬p, q, p

✏ ¬p _ q, p

p ✏ p

✏ ¬p, p

✏ (¬p _ q) ^ ¬p, p

✏ ((¬p _ q) ^ ¬p) _ p
<latexit sha1_base64="nMrVlz72DogkEbFQqAXZ0gyKqoU="></latexit>

¬a,¬c _ b ✏ ¬a, c

b,✏ ¬a, c

b,¬c ✏ ¬a, c b, b ✏ ¬a, c

b,¬c _ b ✏ ¬a, c

¬a _ b,¬c _ b ✏ ¬a, c

(¬a _ b) ^ (¬c _ b) ✏ ¬a _ c

✏ ¬((¬a _ b) ^ (¬c _ b)), (¬a _ c)

✏ ¬((¬a _ b) ^ (¬c _ b)) _ (¬a _ c)
<latexit sha1_base64="X9Vqd/KOIkNwbIyT1j8FgE/UCZE="></latexit>

a, b ✏ c
<latexit sha1_base64="4sE5gsMoGbCuK1ZgG9NYYbX25sE="></latexit>

a, b ✏ c
<latexit sha1_base64="4sE5gsMoGbCuK1ZgG9NYYbX25sE="></latexit>

Our two inference trees 

tell two different stories …

Every branch is 
terminated by an 
immediate rule.


The sequent we 
started from is 
valid in every 

universe!

Some branches lead to leaves, 
sequences with only atoms, 


in which no atom occurs on both 
sides of the turnstile.


Our starting sequent is valid in 
some universe U iff each of these 

leaves is valid.

It is easy to construct a 

counterexample to any one of 
these leaves.



�, a ` a,�
(I)

� ` a,� �, b ` �

�, a ! b ` �
(! L)

�, a ` b,�

� ` a ! b,�
(! R)

�, a, b ` �

�, a ^ b ` �
(^L) � ` a,� � ` b,�

� ` a ^ b,�
(^R)

�, a ` � �, b ` �

a _ b ` �
(_L) � ` a, b,�

� ` a _ b,�
(_R)

� ` a,�

�,¬a ` �
(¬L) �, a ` �

� ` ¬a,� (¬R)
<latexit sha1_base64="CQjcrYxrC3ZGgb5KtIfONL1TXuo="></latexit>



P ` Q,P

` ¬P,Q, P

` ¬P _Q,P
P ` P
` ¬P, P

` (¬P _Q) ^ ¬P, P
` ((¬P _Q) ^ ¬P ) _ P

<latexit sha1_base64="IjpC8v1v6lwEJ8KaRhTovbY89Rs="></latexit>

p ✏ q, p

✏ ¬p, q, p

✏ ¬p _ q, p

p ✏ p

✏ ¬p, p

✏ (¬p _ q) ^ ¬p, p

✏ ((¬p _ q) ^ ¬p) _ p
<latexit sha1_base64="nMrVlz72DogkEbFQqAXZ0gyKqoU="></latexit>

P ! (Q _R), (Q ^R) ! S ` P ! S
<latexit sha1_base64="8mGMMqEqCrFLsx3qdyl2EBbT4ic="></latexit>

Prove the following entailment or if it not provable provide a counterexample

A proof is a tree of inferences,

starting with immediate rules.



�, a ` a,�
(I)

�, A[y/x] ` �

�, 9x. ` �
(9L)

� ` A[t/x],�

� ` 9x.A,�
(9R)

�, A[t/x] ` �

�, 8x. ` �
(8L)

� ` A[y/x],�

� ` 8x.A,�
(8R)

� ` a,� �, b ` �

�, a ! b ` �
(! L)

�, a ` b,�

� ` a ! b,�
(! R)

�, a, b ` �

�, a ^ b ` �
(^L) � ` a,� � ` b,�

� ` a ^ b,�
(^R)

�, a ` � �, b ` �

a _ b ` �
(_L) � ` a, b,�

� ` a _ b,�
(_R)

� ` a,�

�,¬a ` �
(¬L) �, a ` �

� ` ¬a,� (¬R)
<latexit sha1_base64="UodTFJ1qjO7NYzUppTK90NLkneQ="></latexit>



a ^ b _ c ^ d _ e ^ f _ g ^ h _ j ^ k _m ^ n

(a ^ b) _ (c ^ d) _ (e ^ f) _ (g ^ h) _ (j ^ k) _ (m ^ n)
<latexit sha1_base64="R2NlwU2DJGV9nz3/FzbPat+C3dM="></latexit>

How many clauses in the CNF?


26 = 64


How many clauses to describe the circuit? 



If we start from an expression then 

we can draw an equivalent circuit with:


 a wire for each subexpression,

  a logic gate for each operator,

and an input for each variable.

c

b

a x
r

r = (a ^ b) _ c
<latexit sha1_base64="BERxjzzV4GcoDVTMmEAg6y9m7fk="></latexit>



If we start from an expression then 

we can draw an equivalent circuit with:


 a wire for each subexpression,

  a logic gate for each operator,

and an input for each variable.

c
b
a x

r

r $ (a ^ b)

(r _ ¬a _ ¬b) ^ (¬r _ a) ^ (¬r _ b)
<latexit sha1_base64="Wsz5CSh0Fsa+JETyOWL7SkZj/ms="></latexit><latexit sha1_base64="Wsz5CSh0Fsa+JETyOWL7SkZj/ms="></latexit><latexit sha1_base64="Wsz5CSh0Fsa+JETyOWL7SkZj/ms="></latexit><latexit sha1_base64="Wsz5CSh0Fsa+JETyOWL7SkZj/ms="></latexit>

r $ (a _ b)

(¬r _ a _ b) ^ (r _ ¬a) ^ (r _ ¬b)
<latexit sha1_base64="xFUa1ZURGu3HmkqPF1SUIoNYEYg="></latexit><latexit sha1_base64="xFUa1ZURGu3HmkqPF1SUIoNYEYg="></latexit><latexit sha1_base64="xFUa1ZURGu3HmkqPF1SUIoNYEYg="></latexit><latexit sha1_base64="xFUa1ZURGu3HmkqPF1SUIoNYEYg="></latexit>

r = (a ^ b) _ c
<latexit sha1_base64="BERxjzzV4GcoDVTMmEAg6y9m7fk="></latexit>



If we start from an expression then 

we can draw an equivalent circuit with:


 a wire for each subexpression,

  a logic gate for each operator,

and an input for each variable.r

x $ (a ^ b)
<latexit sha1_base64="kQx55CvGwAaA6cTcOpcnFaI/aCU="></latexit><latexit sha1_base64="kQx55CvGwAaA6cTcOpcnFaI/aCU="></latexit><latexit sha1_base64="kQx55CvGwAaA6cTcOpcnFaI/aCU="></latexit><latexit sha1_base64="kQx55CvGwAaA6cTcOpcnFaI/aCU="></latexit>

c
b
a x

r

r $ (a ^ b)

(r _ ¬a _ ¬b) ^ (¬r _ a) ^ (¬r _ b)
<latexit sha1_base64="Wsz5CSh0Fsa+JETyOWL7SkZj/ms="></latexit><latexit sha1_base64="Wsz5CSh0Fsa+JETyOWL7SkZj/ms="></latexit><latexit sha1_base64="Wsz5CSh0Fsa+JETyOWL7SkZj/ms="></latexit><latexit sha1_base64="Wsz5CSh0Fsa+JETyOWL7SkZj/ms="></latexit>

r $ (a _ b)

(¬r _ a _ b) ^ (r _ ¬a) ^ (r _ ¬b)
<latexit sha1_base64="xFUa1ZURGu3HmkqPF1SUIoNYEYg="></latexit><latexit sha1_base64="xFUa1ZURGu3HmkqPF1SUIoNYEYg="></latexit><latexit sha1_base64="xFUa1ZURGu3HmkqPF1SUIoNYEYg="></latexit><latexit sha1_base64="xFUa1ZURGu3HmkqPF1SUIoNYEYg="></latexit>

from km from km

r = (a ^ b) _ c
<latexit sha1_base64="BERxjzzV4GcoDVTMmEAg6y9m7fk="></latexit>



If we start from an expression then 

we can draw an equivalent circuit with:


 a wire for each subexpression,

  a logic gate for each operator,

and an input for each variable.r

x $ (a ^ b)
<latexit sha1_base64="kQx55CvGwAaA6cTcOpcnFaI/aCU="></latexit><latexit sha1_base64="kQx55CvGwAaA6cTcOpcnFaI/aCU="></latexit><latexit sha1_base64="kQx55CvGwAaA6cTcOpcnFaI/aCU="></latexit><latexit sha1_base64="kQx55CvGwAaA6cTcOpcnFaI/aCU="></latexit>

c
b
a x

r

r $ (a ^ b)

(r _ ¬a _ ¬b) ^ (¬r _ a) ^ (¬r _ b)
<latexit sha1_base64="Wsz5CSh0Fsa+JETyOWL7SkZj/ms="></latexit><latexit sha1_base64="Wsz5CSh0Fsa+JETyOWL7SkZj/ms="></latexit><latexit sha1_base64="Wsz5CSh0Fsa+JETyOWL7SkZj/ms="></latexit><latexit sha1_base64="Wsz5CSh0Fsa+JETyOWL7SkZj/ms="></latexit>

r $ (a _ b)

(¬r _ a _ b) ^ (r _ ¬a) ^ (r _ ¬b)
<latexit sha1_base64="xFUa1ZURGu3HmkqPF1SUIoNYEYg="></latexit><latexit sha1_base64="xFUa1ZURGu3HmkqPF1SUIoNYEYg="></latexit><latexit sha1_base64="xFUa1ZURGu3HmkqPF1SUIoNYEYg="></latexit><latexit sha1_base64="xFUa1ZURGu3HmkqPF1SUIoNYEYg="></latexit>

from km from km

r := x a := a b := b
<latexit sha1_base64="DJgvdETehSgRHEKYlnY5QbY8mOQ="></latexit>

substitute


to give:

r $ (a ^ b)

(r _ ¬a _ ¬b) ^ (¬r _ a) ^ (¬r _ b)
<latexit sha1_base64="Wsz5CSh0Fsa+JETyOWL7SkZj/ms="></latexit><latexit sha1_base64="Wsz5CSh0Fsa+JETyOWL7SkZj/ms="></latexit><latexit sha1_base64="Wsz5CSh0Fsa+JETyOWL7SkZj/ms="></latexit><latexit sha1_base64="Wsz5CSh0Fsa+JETyOWL7SkZj/ms="></latexit>

r = (a ^ b) _ c
<latexit sha1_base64="BERxjzzV4GcoDVTMmEAg6y9m7fk="></latexit>



If we start from an expression then 

we can draw an equivalent circuit with:


 a wire for each subexpression,

  a logic gate for each operator,

and an input for each variable.

x $ (a ^ b)

(x _ ¬a _ ¬b) ^ (¬x _ a) ^ (¬x _ b)
<latexit sha1_base64="s4z2DUhBcUR4d7rUVT+4w/iiRgE="></latexit><latexit sha1_base64="s4z2DUhBcUR4d7rUVT+4w/iiRgE="></latexit><latexit sha1_base64="s4z2DUhBcUR4d7rUVT+4w/iiRgE="></latexit><latexit sha1_base64="1HBwd9q5t+z4J/N9u9oVdn2xPKo="></latexit><latexit sha1_base64="eqeX92nwKFfivzfBK01PT79JSTE="></latexit><latexit sha1_base64="eqeX92nwKFfivzfBK01PT79JSTE="></latexit><latexit sha1_base64="j2v5YEhIglNIi/NmoRjjKTelVSE="></latexit><latexit sha1_base64="s4z2DUhBcUR4d7rUVT+4w/iiRgE="></latexit><latexit sha1_base64="s4z2DUhBcUR4d7rUVT+4w/iiRgE="></latexit><latexit sha1_base64="s4z2DUhBcUR4d7rUVT+4w/iiRgE="></latexit><latexit sha1_base64="s4z2DUhBcUR4d7rUVT+4w/iiRgE="></latexit><latexit sha1_base64="s4z2DUhBcUR4d7rUVT+4w/iiRgE="></latexit><latexit sha1_base64="s4z2DUhBcUR4d7rUVT+4w/iiRgE="></latexit>

r $ (a ^ b)

(r _ ¬a _ ¬b) ^ (¬r _ a) ^ (¬r _ b)
<latexit sha1_base64="Wsz5CSh0Fsa+JETyOWL7SkZj/ms="></latexit><latexit sha1_base64="Wsz5CSh0Fsa+JETyOWL7SkZj/ms="></latexit><latexit sha1_base64="Wsz5CSh0Fsa+JETyOWL7SkZj/ms="></latexit><latexit sha1_base64="Wsz5CSh0Fsa+JETyOWL7SkZj/ms="></latexit>

r $ (a _ b)

(¬r _ a _ b) ^ (r _ ¬a) ^ (r _ ¬b)
<latexit sha1_base64="xFUa1ZURGu3HmkqPF1SUIoNYEYg="></latexit><latexit sha1_base64="xFUa1ZURGu3HmkqPF1SUIoNYEYg="></latexit><latexit sha1_base64="xFUa1ZURGu3HmkqPF1SUIoNYEYg="></latexit><latexit sha1_base64="xFUa1ZURGu3HmkqPF1SUIoNYEYg="></latexit>

r $ (x _ c)

(¬r _ x _ c) ^ (r _ ¬x) ^ (r _ ¬c)
<latexit sha1_base64="PrWUAZRrIfmNjFfHgiDfej/9f6w="></latexit><latexit sha1_base64="PrWUAZRrIfmNjFfHgiDfej/9f6w="></latexit><latexit sha1_base64="PrWUAZRrIfmNjFfHgiDfej/9f6w="></latexit><latexit sha1_base64="PrWUAZRrIfmNjFfHgiDfej/9f6w="></latexit>

from km from km

r := x a := a b := b
<latexit sha1_base64="DJgvdETehSgRHEKYlnY5QbY8mOQ="></latexit>

r := r a := x b := c
<latexit sha1_base64="rMXsvjkRrx8FC/vHpy9UU+3EqKI="></latexit>

substitute


to give:

substitute


to give:

c
b
a x

r

r = (a ^ b) _ c
<latexit sha1_base64="BERxjzzV4GcoDVTMmEAg6y9m7fk="></latexit>



If we start from an expression then 

we can draw an equivalent circuit with:


 a wire for each subexpression,

  a logic gate for each operator,

and an input for each variable.c

b
a x

r

x $ (a ^ b)

(x _ ¬a _ ¬b) ^ (¬x _ a) ^ (¬x _ b)
<latexit sha1_base64="s4z2DUhBcUR4d7rUVT+4w/iiRgE="></latexit><latexit sha1_base64="s4z2DUhBcUR4d7rUVT+4w/iiRgE="></latexit><latexit sha1_base64="s4z2DUhBcUR4d7rUVT+4w/iiRgE="></latexit><latexit sha1_base64="1HBwd9q5t+z4J/N9u9oVdn2xPKo="></latexit><latexit sha1_base64="eqeX92nwKFfivzfBK01PT79JSTE="></latexit><latexit sha1_base64="eqeX92nwKFfivzfBK01PT79JSTE="></latexit><latexit sha1_base64="j2v5YEhIglNIi/NmoRjjKTelVSE="></latexit><latexit sha1_base64="s4z2DUhBcUR4d7rUVT+4w/iiRgE="></latexit><latexit sha1_base64="s4z2DUhBcUR4d7rUVT+4w/iiRgE="></latexit><latexit sha1_base64="s4z2DUhBcUR4d7rUVT+4w/iiRgE="></latexit><latexit sha1_base64="s4z2DUhBcUR4d7rUVT+4w/iiRgE="></latexit><latexit sha1_base64="s4z2DUhBcUR4d7rUVT+4w/iiRgE="></latexit><latexit sha1_base64="s4z2DUhBcUR4d7rUVT+4w/iiRgE="></latexit>

r $ (a ^ b)

(r _ ¬a _ ¬b) ^ (¬r _ a) ^ (¬r _ b)
<latexit sha1_base64="Wsz5CSh0Fsa+JETyOWL7SkZj/ms="></latexit><latexit sha1_base64="Wsz5CSh0Fsa+JETyOWL7SkZj/ms="></latexit><latexit sha1_base64="Wsz5CSh0Fsa+JETyOWL7SkZj/ms="></latexit><latexit sha1_base64="Wsz5CSh0Fsa+JETyOWL7SkZj/ms="></latexit>

r $ (a _ b)

(¬r _ a _ b) ^ (r _ ¬a) ^ (r _ ¬b)
<latexit sha1_base64="xFUa1ZURGu3HmkqPF1SUIoNYEYg="></latexit><latexit sha1_base64="xFUa1ZURGu3HmkqPF1SUIoNYEYg="></latexit><latexit sha1_base64="xFUa1ZURGu3HmkqPF1SUIoNYEYg="></latexit><latexit sha1_base64="xFUa1ZURGu3HmkqPF1SUIoNYEYg="></latexit>

r $ (x _ c)

(¬r _ x _ c) ^ (r _ ¬x) ^ (r _ ¬c)
<latexit sha1_base64="PrWUAZRrIfmNjFfHgiDfej/9f6w="></latexit><latexit sha1_base64="PrWUAZRrIfmNjFfHgiDfej/9f6w="></latexit><latexit sha1_base64="PrWUAZRrIfmNjFfHgiDfej/9f6w="></latexit><latexit sha1_base64="PrWUAZRrIfmNjFfHgiDfej/9f6w="></latexit>

from km from km

r := x a := a b := b
<latexit sha1_base64="DJgvdETehSgRHEKYlnY5QbY8mOQ="></latexit>

r := r a := x b := c
<latexit sha1_base64="rMXsvjkRrx8FC/vHpy9UU+3EqKI="></latexit>

substitute


to give:

substitute


to give:

r = (a ^ b) _ c
<latexit sha1_base64="BERxjzzV4GcoDVTMmEAg6y9m7fk="></latexit>



If we start from an expression then 

we can draw an equivalent circuit with:


 a wire for each subexpression,

  a logic gate for each operator,

and an input for each variable.c

b
a x

r

Combine the two CNF, with R = True

x $ (a ^ b)

(x _ ¬a _ ¬b) ^ (¬x _ a) ^ (¬x _ b)
<latexit sha1_base64="s4z2DUhBcUR4d7rUVT+4w/iiRgE="></latexit><latexit sha1_base64="s4z2DUhBcUR4d7rUVT+4w/iiRgE="></latexit><latexit sha1_base64="s4z2DUhBcUR4d7rUVT+4w/iiRgE="></latexit><latexit sha1_base64="1HBwd9q5t+z4J/N9u9oVdn2xPKo="></latexit><latexit sha1_base64="eqeX92nwKFfivzfBK01PT79JSTE="></latexit><latexit sha1_base64="eqeX92nwKFfivzfBK01PT79JSTE="></latexit><latexit sha1_base64="j2v5YEhIglNIi/NmoRjjKTelVSE="></latexit><latexit sha1_base64="s4z2DUhBcUR4d7rUVT+4w/iiRgE="></latexit><latexit sha1_base64="s4z2DUhBcUR4d7rUVT+4w/iiRgE="></latexit><latexit sha1_base64="s4z2DUhBcUR4d7rUVT+4w/iiRgE="></latexit><latexit sha1_base64="s4z2DUhBcUR4d7rUVT+4w/iiRgE="></latexit><latexit sha1_base64="s4z2DUhBcUR4d7rUVT+4w/iiRgE="></latexit><latexit sha1_base64="s4z2DUhBcUR4d7rUVT+4w/iiRgE="></latexit>

r $ (a ^ b)

(r _ ¬a _ ¬b) ^ (¬r _ a) ^ (¬r _ b)
<latexit sha1_base64="Wsz5CSh0Fsa+JETyOWL7SkZj/ms="></latexit><latexit sha1_base64="Wsz5CSh0Fsa+JETyOWL7SkZj/ms="></latexit><latexit sha1_base64="Wsz5CSh0Fsa+JETyOWL7SkZj/ms="></latexit><latexit sha1_base64="Wsz5CSh0Fsa+JETyOWL7SkZj/ms="></latexit>

r $ (a _ b)

(¬r _ a _ b) ^ (r _ ¬a) ^ (r _ ¬b)
<latexit sha1_base64="xFUa1ZURGu3HmkqPF1SUIoNYEYg="></latexit><latexit sha1_base64="xFUa1ZURGu3HmkqPF1SUIoNYEYg="></latexit><latexit sha1_base64="xFUa1ZURGu3HmkqPF1SUIoNYEYg="></latexit><latexit sha1_base64="xFUa1ZURGu3HmkqPF1SUIoNYEYg="></latexit>

r $ (x _ c)

(¬r _ x _ c) ^ (r _ ¬x) ^ (r _ ¬c)
<latexit sha1_base64="PrWUAZRrIfmNjFfHgiDfej/9f6w="></latexit><latexit sha1_base64="PrWUAZRrIfmNjFfHgiDfej/9f6w="></latexit><latexit sha1_base64="PrWUAZRrIfmNjFfHgiDfej/9f6w="></latexit><latexit sha1_base64="PrWUAZRrIfmNjFfHgiDfej/9f6w="></latexit>

(x _ ¬a _ ¬b) ^ (¬x _ a) ^ (¬x _ b) ^ (x _ c)
<latexit sha1_base64="2sqlfn/oaAfXWg4oFwndzCA+kdU="></latexit><latexit sha1_base64="2sqlfn/oaAfXWg4oFwndzCA+kdU="></latexit><latexit sha1_base64="2sqlfn/oaAfXWg4oFwndzCA+kdU="></latexit><latexit sha1_base64="2sqlfn/oaAfXWg4oFwndzCA+kdU="></latexit>

r = (a ^ b) _ c
<latexit sha1_base64="BERxjzzV4GcoDVTMmEAg6y9m7fk="></latexit>
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1 1 1 1
0 0 1 1

0 0 1 1
1 1 1 1
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0 0 0 0
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01 
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00 01 11 10
00 
01 
11 
10

AG

00 
01 
11 
10

r $ (a _ b)

(¬r _ a _ b) ^ (r _ ¬a) ^ (r _ ¬b)
<latexit sha1_base64="xFUa1ZURGu3HmkqPF1SUIoNYEYg="></latexit><latexit sha1_base64="xFUa1ZURGu3HmkqPF1SUIoNYEYg="></latexit><latexit sha1_base64="xFUa1ZURGu3HmkqPF1SUIoNYEYg="></latexit><latexit sha1_base64="xFUa1ZURGu3HmkqPF1SUIoNYEYg="></latexit>

BR A G



1 1 1 1
1 1 0 0
0 0 1 1
0 0 0 0

0 0 0 0
0 0 1 1
0 0 1 1
0 0 0 0
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0 0 0 0
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1 1 1 1

AG
00 01 11 10
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11 
10

00 01 11 10
00 
01 
11 
10

AG

00 
01 
11 
10

r $ (a ^ b)

(r _ ¬a _ ¬b) ^ (¬r _ a) ^ (¬r _ b)
<latexit sha1_base64="Wsz5CSh0Fsa+JETyOWL7SkZj/ms="></latexit><latexit sha1_base64="Wsz5CSh0Fsa+JETyOWL7SkZj/ms="></latexit><latexit sha1_base64="Wsz5CSh0Fsa+JETyOWL7SkZj/ms="></latexit><latexit sha1_base64="Wsz5CSh0Fsa+JETyOWL7SkZj/ms="></latexit>

BR A G



a ^ b _ c ^ d _ e ^ f _ g ^ h _ j ^ k _m ^ n

(a ^ b) _ (c ^ d) _ (e ^ f) _ (g ^ h) _ (j ^ k) _ (m ^ n)
<latexit sha1_base64="R2NlwU2DJGV9nz3/FzbPat+C3dM="></latexit>

How many clauses in the CNF?


26 = 64


How many clauses to describe the circuit?


11 x 3 = 33 (before simplification) 


