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e Resolution uses unification to chain meta-implications
together

Lutz Schroder: Isabelle; January 18, 2005

3

nn



Resolution

Resolution

e Resolution uses unification to chain meta-implications
together

e Less poetically put:

(120 = @10);

the constraint 190 = @10 requires unification.
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Resolution

A simple example

Want to derive new rule
R—-P—-Q R P
0 :
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Resolution

A simple example

Want to derive new rule
R—-P—-Q R P
0 :

Associated proof tree:

R—P—({ R
P — Q)

(—E)

0 (

>E)
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Resolution

A simple example

Want to derive new rule
R—-P—-Q R P
0 :

Associated proof tree:

R—P—-Q R
P — @ (
@

Try this in Isabelle

>E) P
(—F)
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Another example
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Resolution

Another example

Have
Vo y. Suc(x) = Suc(y) — x = y;
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Resolution

Another example

Have
Vo y. Suc(x) = Suc(y) — x = y;

Want to derive rule

Suc(m) = Suc(n)

)

m —=n
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Resolution

Another example

Have
Vo y. Suc(x) = Suc(y) — x = y;

Want to derive rule

Suc(m) = Suc(n)

)

m —=n

1.e.

Suc(?m) = Suc(?n) ="T7m ="n.

Lutz Schroder: Isabelle; January 18, 2005

MiS
MlS



Resolution

Another example (cont’d)
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Another example (cont’d)

‘Paper’ proof:

Vo y. Suc(x) = Suc(y) — x =y

Vy. Suc(?m) = Suc(y) —=™m =y
Suc(?m) = Suc(™n) —=?m ="n  Suc(?m) = Suc(n)

"m ="n

(—E)

(first two steps by VE)
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Another example (cont’d)

‘Paper’ proof:

Vo y. Suc(x) = Suc(y) — x =y

Vy. Suc(?m) = Suc(y) —=™m =y
Suc(?m) = Suc(™n) —=?m ="n  Suc(?m) = Suc(n)

"m ="n

(—E)

(first two steps by VE)

Check it out!
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Lifting

Lutz Schroder: Isabelle; January 18, 2005

3

nn



Resolution

Lifting

What about resolution with

P = Q

(1) oL Nz. P

7
V. P

or (VI)

Problem: The premises contain meta-logical symbols (=,
/), hence do not match conclusion of any other rule!
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Lifting over assumptions
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Resolution

Lifting over assumptions

Solution for (—1): introduce additional assumption in
premise and conclusion;
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Resolution

Lifting over assumptions

Solution for (—1): introduce additional assumption in
premise and conclusion;

Meta-rule:

¢ = ¢
(0 = ¢) = (0 = )
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Example
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Resolution

Example

Want to resolve —I with A, i.e. [?7P;7Q] ="7PA?Q.
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Resolution

Example

Want to resolve —I with A, i.e. [?7P;7Q] ="7PA?Q.

Lifting over an unknown assumption 7R yields

[7TR ="P;?7R ="Q] = (TR ="7PAN?Q).
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Resolution

Example

Want to resolve —I with A, i.e. [?7P;7Q] ="7PA?Q.

Lifting over an unknown assumption 7R yields

[7TR ="P;?7R ="Q] = (TR ="7PAN?Q).

Resolution with —/

e, with (7P ="7Q) ="7P —7Q:

7R =7P;7R =7Q)| = (TR —?7PA?Q)
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Lifting over parameters
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Lifting over parameters

Solution for VI and the like:
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Lifting over parameters

Solution for VI and the like:

e Introduce quantification over parameter x in premises and
conclusion

Lutz Schroder: Isabelle; January 18, 2005

3

nn



Resolution 10

Lifting over parameters

Solution for VI and the like:

e Introduce quantification over parameter x in premises and
conclusion

e Make all unknowns 7a depend on x: replace by 7a(x).
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Resolution

10

Lifting over parameters

Solution for VI and the like:

e Introduce quantification over parameter x in premises and
conclusion

e Make all unknowns 7a depend on x: replace by 7a(x).

¢ = P
Nz ¢ = N\ x.Y*

(¢" is ¢ with parametrized unknowns)

e Meta-rule:
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An example
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Resolution 11

An example

Want to resolve AE1, i.e. 7TPA?Q) =7 P, with VI, i.e.
Nz.?P(x) = Vz.7P(x).

Lift AE1 over parameter x:

/\az.?P( INTQ(x /\x TP(x

Resolve with VI |

Nz ?2P(z)A\?7Q(x) = V. 7P (x)
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