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Tseytin-Satisfaction-DPLL



�, 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>



3

if R then A else G
(R?A:G)

✔

✔

✔

✔

!

!
!

!



multiplexer – ITE

(B?A:G)
=

(B⋀A)⋁(¬B⋀G)
=

(B→A)⋀(¬B→G)



Use Tseytin to give a CNF for  ( W ⋁ X ? Y : Z )

RZ
Y

X

W
V

V = W ⋁ X

R = ( V ? Y : Z )

( R ↔ ( V ? Y : Z ) )

where ( V ↔ W ⋁ X )

R ↔ ( W ⋁ X ? Y : Z )       ≡



Use Tseytin to give a CNF equisatisfiable with  ( W ⋁ X ? Y : Z )

RZ
Y

X

W
V V = W ⋁ X


R = ( V ? Y : Z )

R = (W _X ? Y : Z) i↵
R $ (V ? Y : Z))

where V = W _X

> = (W _X ? Y : Z) i↵
> $ (V ? Y : Z))

where V = W _X

(W _X ? Y : Z) is satisfiable i↵ ^
(> $ (V ? Y : Z))

V = W _X
is satisfiable

<latexit sha1_base64="dNUdLYhao1NyEGks4CTQUo6L2MU="></latexit>
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00 01 11 10
0 0 0 0
0 0 0 0
1 1 1 1
1 1 1 1

AG
00 01 11 10

00 
01 
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="xFUa1ZURGu3HmkqPF1SUIoNYEYg="></latexit><latexit sha1_base64="xFUa1ZURGu3HmkqPF1SUIoNYEYg="></latexit><latexit sha1_base64="xFUa1ZURGu3HmkqPF1SUIoNYEYg="></latexit><latexit sha1_base64="xFUa1ZURGu3HmkqPF1SUIoNYEYg="></latexit>
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0 1 1 0
0 0 1 1
0 0 1 1
0 1 1 0
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AG
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00 01 11 10
0 0 0 0
0 0 0 0
1 1 1 1
1 1 1 1

AG
00 01 11 10

00 
01 
11 
10

00 01 11 10
00 
01 
11 
10

AG

00 
01 
11 
10

BR A G

r $ (b ? a : g)

(r _ b _ ¬g) ^ (r _ ¬b _ ¬a) ^ (¬r _ ¬b _ a) ^ (r _ ¬b _ g)
<latexit sha1_base64="P5UGv1lAbcJAbyQHY1xqXE98qJo="></latexit>
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0 0 0 0
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1 1 1 1
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00 
01 
11 
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BR A G

r $ (b ? a : g)

(r _ b _ ¬g) ^ (r _ ¬b _ ¬a) ^ (¬r _ ¬b _ a) ^ (r _ ¬b _ g)
<latexit sha1_base64="P5UGv1lAbcJAbyQHY1xqXE98qJo="></latexit>



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

00 
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00 
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AG

00 
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BR A G

r $ (b ? a : g)

(r _ b _ ¬g) ^ (r _ ¬b _ ¬a) ^ (¬r _ ¬b _ a) ^ (r _ ¬b _ g)
<latexit sha1_base64="P5UGv1lAbcJAbyQHY1xqXE98qJo="></latexit>



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

AG
00 01 11 10

00 
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11 
10

00 01 11 10
00 
01 
11 
10

AG

00 
01 
11 
10

BR A G

r $ (b ? a : g)

(r _ b _ ¬g) ^ (r _ ¬b _ ¬a) ^ (¬r _ ¬b _ a) ^ (¬r _ b _ g)
<latexit sha1_base64="vD2yM51Ld+Ie0cD5T/KFpYl8+vM="></latexit>
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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>

> $ (V ?Y : Z)

(((((((
(> _ V _ ¬Z)^((((((((

(> _ ¬V _ ¬Y )^(⇠⇠⇠¬>_¬V _ Y )(((((((^(> _ ¬V _ Z)
<latexit sha1_base64="f4M3mh/DEyT4vbmdt/K7BAiQ1eE="></latexit>

V $ (W _X)

(¬V _W _X) ^ (V _ ¬W ) ^ (V _ ¬X)
<latexit sha1_base64="agKJgJgHWdqnyhPztweL2fgSol8="></latexit>

(W _X ? Y : Z)
⇠= (¬V _ Y ) ^ (¬V _W _X) ^ (V _ ¬W ) ^ (V _ ¬X)

<latexit sha1_base64="TcFFgUFmsAmd4ozcTOmDjTz4gwY="></latexit>

r $ (b ? a : g)

(r _ b _ ¬g) ^ (r _ ¬b _ ¬a) ^ (¬r _ ¬b _ a) ^ (¬r _ b _ g)
<latexit sha1_base64="vD2yM51Ld+Ie0cD5T/KFpYl8+vM="></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>

V $ (W _X)

(¬V _W _X) ^ (V _ ¬W ) ^ (V _ ¬X)
<latexit sha1_base64="agKJgJgHWdqnyhPztweL2fgSol8="></latexit>

r $ (b ? a : g)

(r _ b _ ¬g) ^ (r _ ¬b _ ¬a) ^ (¬r _ ¬b _ a) ^ (¬r _ b _ g)
<latexit sha1_base64="vD2yM51Ld+Ie0cD5T/KFpYl8+vM="></latexit>

> $ (V ?Y : Z)

(((((((
(> _ V _ ¬Z)^((((((((

(> _ ¬V _ ¬Y )^(⇠⇠⇠¬>_ ¬V _ Y ) ^ (⇠⇠⇠¬>_ V _ Z)
<latexit sha1_base64="VIA+b5UE5VloTQ3uxc7vf2r5IF4="></latexit>

(W _X ? Y : Z)
⇠= (¬V _ Y ) ^ (V _ Z) ^ (¬V _W _X) ^ (V _ ¬W ) ^ (V _ ¬X)

<latexit sha1_base64="oiHUuipV/9tqLDNb3L3obFGUHwM="></latexit>

(W _X ? Y : Z) is satisfiable i↵ ^
(> $ (V ? Y : Z))

V $ W _X
is satisfiable

<latexit sha1_base64="3GaORsKd6R4W9xUA9mmWJg3XFqI="></latexit>
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V $ (W _X)

(¬V _W _X) ^ (V _ ¬W ) ^ (V _ ¬X)
<latexit sha1_base64="agKJgJgHWdqnyhPztweL2fgSol8="></latexit>

(W _X ? Y : Z)
⇠= (¬V _ Y ) ^ (¬V _W _X) ^ (V _ ¬W ) ^ (V _ ¬X)

<latexit sha1_base64="TcFFgUFmsAmd4ozcTOmDjTz4gwY="></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>

V $ (W _X)

(¬V _W _X) ^ (V _ ¬W ) ^ (V _ ¬X)
<latexit sha1_base64="agKJgJgHWdqnyhPztweL2fgSol8="></latexit>

r $ (b ? a : g)

(r _ b _ ¬g) ^ (r _ ¬b _ ¬a) ^ (¬r _ ¬b _ a) ^ (¬r _ b _ g)
<latexit sha1_base64="vD2yM51Ld+Ie0cD5T/KFpYl8+vM="></latexit>

> $ (V ?Y : Z)

(((((((
(> _ V _ ¬Z)^((((((((

(> _ ¬V _ ¬Y )^(⇠⇠⇠¬>_ ¬V _ Y ) ^ (⇠⇠⇠¬>_ V _ Z)
<latexit sha1_base64="VIA+b5UE5VloTQ3uxc7vf2r5IF4="></latexit>

(W _X ? Y : Z)
⇠= (¬V _ Y ) ^ (V _ Z) ^ (¬V _W _X) ^ (V _ ¬W ) ^ (V _ ¬X)

<latexit sha1_base64="oiHUuipV/9tqLDNb3L3obFGUHwM="></latexit>

(W _X ? Y : Z) is satisfiable i↵ ^
(> $ (V ? Y : Z))

V $ W _X
is satisfiable

<latexit sha1_base64="3GaORsKd6R4W9xUA9mmWJg3XFqI="></latexit>
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(W _X ? Y : Z)
⇠= (¬V _ Y ) ^ (¬V _W _X) ^ (V _ ¬W ) ^ (V _ ¬X)

<latexit sha1_base64="TcFFgUFmsAmd4ozcTOmDjTz4gwY="></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>

V $ (W _X)

(¬V _W _X) ^ (V _ ¬W ) ^ (V _ ¬X)
<latexit sha1_base64="agKJgJgHWdqnyhPztweL2fgSol8="></latexit>

r $ (b ? a : g)

(r _ b _ ¬g) ^ (r _ ¬b _ ¬a) ^ (¬r _ ¬b _ a) ^ (¬r _ b _ g)
<latexit sha1_base64="vD2yM51Ld+Ie0cD5T/KFpYl8+vM="></latexit>

> $ (V ?Y : Z)

(((((((
(> _ V _ ¬Z)^((((((((

(> _ ¬V _ ¬Y )^(⇠⇠⇠¬>_ ¬V _ Y ) ^ (⇠⇠⇠¬>_ V _ Z)
<latexit sha1_base64="VIA+b5UE5VloTQ3uxc7vf2r5IF4="></latexit>

(W _X ? Y : Z)
⇠= (¬V _ Y ) ^ (V _ Z) ^ (¬V _W _X) ^ (V _ ¬W ) ^ (V _ ¬X)

<latexit sha1_base64="oiHUuipV/9tqLDNb3L3obFGUHwM="></latexit>

(W _X ? Y : Z) is satisfiable i↵ ^
(> $ (V ? Y : Z))

V $ W _X
is satisfiable

<latexit sha1_base64="3GaORsKd6R4W9xUA9mmWJg3XFqI="></latexit>
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(W _X ? Y : Z)
⇠= (¬V _ Y ) ^ (¬V _W _X) ^ (V _ ¬W ) ^ (V _ ¬X)

<latexit sha1_base64="TcFFgUFmsAmd4ozcTOmDjTz4gwY="></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>

V $ (W _X)

(¬V _W _X) ^ (V _ ¬W ) ^ (V _ ¬X)
<latexit sha1_base64="agKJgJgHWdqnyhPztweL2fgSol8="></latexit>

r $ (b ? a : g)

(r _ b _ ¬g) ^ (r _ ¬b _ ¬a) ^ (¬r _ ¬b _ a) ^ (¬r _ b _ g)
<latexit sha1_base64="vD2yM51Ld+Ie0cD5T/KFpYl8+vM="></latexit>

> $ (V ?Y : Z)

(((((((
(> _ V _ ¬Z)^((((((((

(> _ ¬V _ ¬Y )^(⇠⇠⇠¬>_ ¬V _ Y ) ^ (⇠⇠⇠¬>_ V _ Z)
<latexit sha1_base64="VIA+b5UE5VloTQ3uxc7vf2r5IF4="></latexit>

(W _X ? Y : Z)
⇠= (¬V _ Y ) ^ (V _ Z) ^ (¬V _W _X) ^ (V _ ¬W ) ^ (V _ ¬X)

<latexit sha1_base64="oiHUuipV/9tqLDNb3L3obFGUHwM="></latexit>

(W _X ? Y : Z) is satisfiable i↵ ^
(> $ (V ? Y : Z))

V $ W _X
is satisfiable

<latexit sha1_base64="3GaORsKd6R4W9xUA9mmWJg3XFqI="></latexit>
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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>

V $ (W _X)

(¬V _W _X) ^ (V _ ¬W ) ^ (V _ ¬X)
<latexit sha1_base64="agKJgJgHWdqnyhPztweL2fgSol8="></latexit>

r $ (b ? a : g)

(r _ b _ ¬g) ^ (r _ ¬b _ ¬a) ^ (¬r _ ¬b _ a) ^ (¬r _ b _ g)
<latexit sha1_base64="vD2yM51Ld+Ie0cD5T/KFpYl8+vM="></latexit>

> $ (V ?Y : Z)

(((((((
(> _ V _ ¬Z)^((((((((

(> _ ¬V _ ¬Y )^(⇠⇠⇠¬>_ ¬V _ Y ) ^ (⇠⇠⇠¬>_ V _ Z)
<latexit sha1_base64="VIA+b5UE5VloTQ3uxc7vf2r5IF4="></latexit>

(W _X ? Y : Z)
⇠= (¬V _ Y ) ^ (V _ Z) ^ (¬V _W _X) ^ (V _ ¬W ) ^ (V _ ¬X)

<latexit sha1_base64="oiHUuipV/9tqLDNb3L3obFGUHwM="></latexit>

(W _X ? Y : Z) is satisfiable i↵ ^
(> $ (V ? Y : Z))

V $ W _X
is satisfiable

<latexit sha1_base64="3GaORsKd6R4W9xUA9mmWJg3XFqI="></latexit>



Consider the following clauses:

• {A,¬B,¬C,¬D}

• {¬B,¬C,D}

• {¬A,¬B,C}

• {¬A,B,¬C}

Explain how the dpll algorithm would
search for a satisfying valuation.

<latexit sha1_base64="aQ7yqn/TAzk8o/NioR9iKtEQCoA="></latexit>



models :: Eq a => [Clause a] -> [[Literal a]]

-- returns the list of satisfying valuations
models clauses =

case prioritise clauses of

[ ] -> [[]] -- trivially satisfied
Or [ ] : _ -> [ ] -- never satisfied
Or [x] : _ -> -- unit clause
[ x : m | m <- models (cs << x) ]

Or (x : xs): cs ->

[ x : m | m <- models (cs << x) ]

++

[ neg x : m | m <- models (Or xs :(cs << neg x)) ]

where prioritise =

sortOn (\(Or xs) -> length xs)
<latexit sha1_base64="v3/U7omQ5qtHJKuEpM4zQYf6Nb4="></latexit>



[[P A, N B, N C, N D], [N B, N C, P D], [N A, N B, P C], [ N A, P B, N C ]] << P A
<latexit sha1_base64="vmauYmlzZG2m+t3c2y6IOGhJQeY="></latexit>

Unit clauses

Search Tree



Universal Turing Machine 
1937

Alan Turing 1912-1954

https://www.google.com/doodles/alan-turings-100th-birthday


