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Overview

© General Idea
© EvalGraphs as Model of Computation
© Meaningful Observations

@ Current and Future Work
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General ldea

General Idea

@ Generates lemmas for helping proving theorems that state the equality
between terms.

(defthm thl (equal (f x) (g x)))

@ Selects a ground term a
© Observes the computations of (£ a) and (g a)

@ Suggests lemmas based on the observation.
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General ldea

Three Fundamental Questions:

Finding Ground Terms: How do we find interesting examples?
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General ldea

Three Fundamental Questions:

Finding Ground Terms: How do we find interesting examples? So far, by
hand.

Computational Model: Where to observe computations? We introduce the
concept of Evaluation Graphs.

Meaningful Observations: What are we looking for on this models? We
look for a specific pattern while comparing Evaluation
Graphs.

Infante-Lopez, Gabriel Building Lemmas Using Examples



EvalGraphs as Model of Computation

Basic Intuitions on EvalGraphs

EvalGraphs are directed graphs where
Vertices are pairs of terms. One of them is boolean.

23] C2.3]
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EvalGraphs as Model of Computation

Basic Intuitions on EvalGraphs

EvalGraphs are directed graphs where
Vertices are pairs of terms. One of them is boolean.
Labeled Arcs (A, B) is an arc, if vertex B is the result of expanding or
rewritting A

Rewrite I
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EvalGraphs as Model of Computation

Basic Intuitions on EvalGraphs

EvalGraphs are directed graphs where
Vertices are pairs of terms. One of them is boolean.
Labeled Arcs (A, B) is an arc, if vertex B is the result of expanding or
rewritting A

Extract .

23] C.2.3]

Infante-Lopez, Gabriel Building Lemmas Using Examples



EvalGraphs as Model of Computation

Operations on Terms: Rewrite

The rewrite operation introduces a new definiton:
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EvalGraphs as Model of Computation

Operations on Terms: Rewrite

The rewrite operation introduces a new definiton:

[Ratten] [atom] [iist]  [append]

'((1.2).3) flatten| [flatten

58
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EvalGraphs as Model of Computation

Operations on Terms: Rewrite

The rewrite operation introduces a new definiton:

"(1 ..2) . 3)

[ atom |

[list |

[append|

[flatten| [flatten |

B8
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EvalGraphs as Model of Computation

Operations on Terms: Rewrite

The rewrite operation introduces a new definiton:

23] [T2.3]
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EvalGraphs as Model of Computation

Operations on Terms: Rewrite

The rewrite operation introduces a new definiton:

atom list append

1.2).3) flatten | |flatten

car cdr

23] [T2.3]
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EvalGraphs as Model of Computation

Operations on Terms: Rewrite

The rewrite operation introduces a new definiton:
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EvalGraphs as Model of Computation

Operations on Terms: Extract

The extract operation extracts a subterm:

(23] [@.2.3]
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EvalGraphs as Model of Computation

Operations on Terms: Extract

The extract operation extracts a subterm:

flatten
car cdr
| '(1.2).3) )| '(1.2).3)]
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EvalGraphs as Model of Computation

Operations on Terms: Extract

The extract operation extracts a subterm:

flatten
car cdr
| '(1.2).3) )| '(1.2).3)]
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Meaningful Observations

Meaningful Observations

(equal (flatten '((1 . 2) . 3)) (flatten '(1 . (2. 3)))) (samefringe '((1.2).3)(1.(2.3)))
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Meaningful Observations

—
@ atten (1. 2) . 3)) (flatten (1. (2. 3)))) ‘
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Meaningful Observations

Meaningful Observations

‘@. atten '((1.2) . 3)) (flatten (1. (2. 3))))
r
1

: (not (consp '((1.2).3))
'

(and (eql (car (flatten '((1 . 2) . 3)))
(car (flatten '(1 . (2. 3)))))

(equal (cdr (flatten '((1 . 2) . 3)))

(cdr (flatten (1. (2 . 3))))))

__
i r

(and (equal (car (gopher '((1. 2) . 3)))

(car (gopher ‘(1. (2. 3))))
(samefringe (cdr (gopher '((1 . 2) . 3)))
(cdr (gopher '(1. (2. 3))))))
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Meaningful Observations

‘@. atten '((1.2) . 3)) (flatten (1. (2. 3))))
r

| (not (consp (1. 2) . 3))) i
H }

€ql (car (flatten '((1 . 2)
car (flatten '(1 . (2
(equal (cdr
(cdr (flatte

-3)
.3)
-2).3)
-(2.3M)

en
en '(1

__
i r

(and gequal (car (gopher '((1 . 2) . 3)))
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Meaningful Observations

Meaningful Observations

‘@. atten '((1.2) . 3)) (flatten (1. (2. 3))))

——
< eametrnge)(1.2).31 0. @ ) >
Lr
equal (car (gopher '((1. 2) . 3)))
car (gopher (1. (2. 3))

(samefringe (cdr (gopher ((1 . 2) . 3))
(cdr (gopher (1. (2 . 3))))))

€ql (car (flatten '((1 . 2) . 3))) Uittt s
car (flatten ‘(1 (2.3)
(equal (cdr .2).3)
(cdr (ﬂatten (1.(2.3)))

(and

(eql (car (flatten '((1 . 2) . 3))) (car (flatten '(1 . (2. 3))))) (equal (car (gopher '((1 . 2) . 3))) (car (gopher '(1. (2. 3)))))
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Meaningful Observations

Meaningful Observations

——
~—— l p
equal (car (gopher '((1. 2) . 3)))
car (gopher '(1. (2. 3)),
er'((1.2).3))

(samefringe (cdr (gop!
(cdr (gopher (1. (2. 3)))

atten '((1.2) . 3)) (flatten (1. (2. 3))))

T
| (not (consp (1. 2) . 3))) i
}

(and

-3)
.3)
-2).3)

-(2.3M)

€ql (car (flatten '((1 . 2)
car (flatten '(1 . (2

(equal (cdr en
(cdr (flatten '(1

: e: 0
—
(eql (car (flatten '((1 . 2) . 3))) (car (flatten (1. (2 . 3))))) ‘w car (gopher '((1. 2) . 3))) (car (gopher '(1. (2. 3)))))
=
Lr:

(eql (car (gopher '((1 . 2) . 3))) (car (gopher (1. (2. 3)))))
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Meaningful Observations

Meaningful Observations

atten '((1.2) . 3)) (flatten (1. (2. 3))))
r

€ql (car (flatten '((1 . 2) . 3)))
car (flatten '(1. (2 . 3).
(equal (cdr .2).3)
(cdr (flatts (2.3

en
en (1
e: 0
<(eql Gar (flatten (1. 2) . 3D) (car (fatten (1. (2 . 3)))

e 0

(car (flatten '((1. 2) . 3)))

P—

ometinge) @230 @ 3>
i r

car (gopher (1. (2. 3))
(samefringe (cdr (gopher ((1 - 2) . 3)))
(cdr (gopher (1. (2. 3)))))

(and

e: 0
—
‘m car (gopher '((1. 2) . 3))) (car (gopher '(1. (2. 3)))))
Lr:
r (gopher (1. 2

) . 3))Xcar (gopher '(1 . (2 . 3)))))

e:0
(car (gopher '((1 . 2) . 3)))

|
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Meaningful Observations

Meaningful Observations

—
atten ‘(1. 2) . 3)) (flatten (1. (2. 3)))) (samefring
™ ~——
R , i r
| (not (consp (1. 2) . 3)

€ql (car (flatten '((1 . 2) . 3))) Uittt s
car (flatten '(1. (2 . 3).
(equal (cdr en .2).3)

(cdr (flatten (1. (2 . 3))))))

(and

car (gopher (1. (2. 3))
(samefringe (cdr (gopher (1 - 2) . 3)))
(cdr (gopher (1. (2. 3)))))

e: 0
r

—
r (flatten '((1 . 2) . 3))) (car (flatten '(1. (2. 3))))) ‘m car (gopher '((1. 2) . 3))) (car (gopher '(1. (2. 3)))))
—
e 0 L
@ r (gopher '((1 . 2) . 3))Xcar (gopher ‘(1. (2. 3)))))
e 0 e:0
0

e:

V

(gopher '((1. 2) . 3))
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Meaningful Observations

P—

@ atten (1. 2) . 3)) (flatten (1. (2. 3)))) ‘
L . i r
;
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(samefringe (cdr (gopher ((1 - 2) . 3)))
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: e: 0
—
r (flatten '((1 . 2) . 3))) (car (flatten '(1. (2. 3))))) ‘m car (gopher '((1. 2) . 3))) (car (gopher '(1. (2. 3)))))
—
Lr:
(@» r (gopher (1. 2

e:0
corgopher (1..2).
e

(gopher '((1. 2) . 3)) _

€ql (car (flatten '((1 . 2) . 3))) Uit~ (and
car (flatten '(1. (2 . 3).

(equal (cdr en ©2).3))
(cdr (flatten (1. (2 . 3))))))

) . 3))Xcar (gopher '(1 . (2 . 3)))))

|

<~
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Meaningful Observations

Building Lemmas
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Building Lemmas
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Meaningful Observations

Building Lemmas

(car (flatten '((1 . 2) . 3))) (car (gopher '((1 . 2) . 3)))

(not (consp x)) A (not (consp x)) => (car (flatten x)) = (car (gopher x))
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Meaningful Observations

Building Lemmas

(car (flatten '((1 . 2) . 3))) (car (gopher '((1 . 2) . 3)))

(not (consp x)) A (not (consp x)) => (car (flatten x)) = (car (gopher x))

Our new lemma:

(implies (consp x)
(equal (car (flatten x))
(car (gopher x))))
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Current and Future Work

Current and Future Work

@ New patterns.

@ Heuristics for helping applying induction.
© Filtering out lemmas.

Q Graphical interface.

© Empirical evaluation of lemma discovery strategies.
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