
Separation Logic exercises, lecture 2

Exercise 1. Give the instantiation of the frame rule in the proof of mlength

Frame
tH1u t tλx.H 1

1u

tH1 ˚ H2u t tλx.H 1
1 ˚ H2u

H1 “

H 1
1 “

H2 “

Exercise 2. Proof sketch for in-place increment, case p ‰ null.

tp⇝ MList px :: L1qu
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tλ . p⇝ MList pmap p`1q px :: L1qqu

Exercise 3. Specify the tree copy function.

Exercise 4. Proof sketch for tree copy.
tp⇝ MtreeT u
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Exercise 5. For each heap implication below, say whether it is true or false.

1. pr ÞÑ 3q ˚ ps ÞÑ 4q Ź ps ÞÑ 4q ˚ pr ÞÑ 3q

2. pr ÞÑ 3q Ź ps ÞÑ 4q ˚ pr ÞÑ 3q

3. ps ÞÑ 4q ˚ pr ÞÑ 3q Ź pr ÞÑ 4q

4. ps ÞÑ 4q ˚ pr ÞÑ 3q Ź pr ÞÑ 3q

5. xFalsey ˚ pr ÞÑ 3q Ź ps ÞÑ 4q ˚ pr ÞÑ 4q

6. pr ÞÑ 4q ˚ ps ÞÑ 3q Ź xFalsey

7. pr ÞÑ 4q ˚ pr ÞÑ 3q Ź xFalsey

8. pr ÞÑ 3q ˚ pr ÞÑ 3q Ź xFalsey

Exercise 6. For each heap implication below, say whether it is true or false.

1. pr ÞÑ 3q Ź DDn. pr ÞÑ nq

2. DDn. pr ÞÑ nq Ź pr ÞÑ 3q

3. DDn. pr ÞÑ nq ˚ xn ą 0y Ź DDn. xn ą 1y ˚ pr ÞÑ pn ´ 1qq

4. pr ÞÑ 3q ˚ ps ÞÑ 3q Ź DDn. pr ÞÑ nq ˚ ps ÞÑ nq

5. DDn. pr ÞÑ nq ˚ xn ą 0y ˚ xn ă 0y Ź pr ÞÑ nq ˚ pr ÞÑ nq

Exercise 7. show that gc-pre is derivable from gc-post and frame.

tHu t tQu

tH ˚ GCu t tQu

Exercise 8. give a specification of copy in terms of MtreeComplete;
which rules are used to derive this specification?

Exercise 9. complete the rule for sequences.

t u t1 t u t u t2 t u

tHu pt1 ; t2q tQu

Exercise 10. complete the reasoning rule for let-bindings.

t u t1 t u @x. t u t2 t u

tHu pletx “ t1 in t2q tQu



Exercise 11. instantiate the rule for let-bindings on the following code.

tr ÞÑ 3u plet a = !r in a+1q tQu

H ”

Q ”

Q1 ”

Exercise 12. Reasoning rule for values:

Ź

tHu v tQu

Exercise 13. give a proof sketch for the induction for mlength.

Exercise 14. give two specifications for the function refapply.
In the first, assume f to be pure, and introduce a predicate P x y.
In the second, assume that f also modifies the state from H to H 1.

@rfxHH 1P. t u pf xq tλ . u ñ

t u prefapply r fq tλ . u

Exercise 15. specify repeat, using an invariant I, of type int Ñ Hprop.

Exercise 16. specify iter, using an invariant I, of type listα Ñ Hprop.

Exercise 17. Give an example where Iter-Past is insufficient



Exercise 18. Show Iter-Future implies Iter-Past


