
Figure 5 An annotated code of a simplified retire() procedure.

1 {V � p 7!
m

⇤ Ftid ^ H ⇤ 9y. C 7! y ⇤ y 7! ⇤ true ^ p 7!
e

⇤ true }
2 void retire(int* p) {

3 {V � p 7!
m

⇤ 9A. detached 7! A ⇤D(A) ^ H ⇤ 9y. C 7! y ⇤ y 7! ⇤ true ^ p 7!
e

⇤ true }
4 insert(detached ,p);

5 {V � 9A. detached 7! A ⇤D(A) ^ H ⇤ 9y. C 7! y ⇤ y 7! ⇤ true }
6 if (nondet ())

7 {V � Ftid ^ H ⇤ 9y. C 7! y ⇤ y 7! ⇤ true }
8 return;
9 Set used;

10 {V � 9A. detached 7! A ⇤D(A) ^ used = ; ^ H ⇤ 9y. C 7! y ⇤ y 7! ⇤ true }
11 while (! isEmpty(detached )) {

12 {V � 9A. detached 7! A ⇤D(A) ⇤D(used) ^A 6= ; ^ H ⇤ 9y. C 7! y ⇤ y 7! ⇤ true }
13 bool my = true;
14 Node *n = pop(detached );

15 {V � my ^ 9A. detached 7! A ⇤D(A) ⇤D(used) ⇤ n 7!
m

⇤ n 7!
e

⇤ true ⇤ H ⇤ 9y. y 6= n ^ C 7! y ⇤ y 7! ⇤ true }
16 for (int i = 0; i < N && my; i++) {

17 {V � my ^ 0  i < N ^ 9A. detached 7! A ⇤D(A) ⇤D(used) ⇤ n 7!
m

⇤ n 7!
e

⇤ true ⇤
18 H ⇤ 9y. y 6= n ^ C 7! y ⇤ y 7! ⇤ true ^ 80  j < i. 9y. y 6= n ^ C 7! y ⇤ y 7! ⇤ true since HP[i] 6= n ⇤ true }
19 if (hHP[i] == niId)
20 my = false;

21 {V � 0  i < N ^ 9A. detached 7! A ⇤D(A) ⇤D(used) ⇤ n 7!
m

⇤ n 7!
e

⇤ true ⇤
22 H ⇤ 9y. y 6= n ^ C 7! y ⇤ y 7! ⇤ true ^ (my ) 80  j  i. 9y. y 6= n ^ C 7! y ⇤ y 7! ⇤ true since HP[j] 6= n ⇤ true )}
23 }

24 {V � 9A. detached 7! A ⇤D(A) ⇤D(used) ⇤ n 7!
m

⇤ n 7!
e

⇤ true ^
25 H ⇤ 9y. C 7! y ⇤ y 7! ⇤ true ^ (my ) 80  j  N. 9y. y 6= n ^ C 7! y ⇤ y 7! ⇤ true since HP[j] 6= n ⇤ true )}
26 if (my) {
27 h ; iTake;
28 {V � 9A. detached 7! A ⇤D(A) ⇤D(used) ⇤ n 7! ⇤ H ⇤ 9y. C 7! y ⇤ y 7! ⇤ true }
29 free(n);
30 } else {
31 insert(used , n);
32 }

33 {V � 9A. detached 7! A ⇤D(A) ⇤D(used) ^ H ⇤ 9y. C 7! y ⇤ y 7! ⇤ true }
34 }

35 {V � detached 7! ; ⇤D(used) ^ H ⇤ 9y. C 7! y ⇤ y 7! ⇤ true }
36 moveAll(detached , used);

37 {V � Ftid ^ H ⇤ 9y. C 7! y ⇤ y 7! ⇤ true }
38 }

Figure 3 The spec of an abstract set with master permission to
elements in the shared state.

{9A. s 7! A ⇤D(A) ⇤ p 7!
m

^ p 7!
e

}
insert(s, p) {9A. s 7! A ⇤D(A)}

{9A. s 7! A ⇤D(A)} b = isEmpty(s)

{9A. s 7! A ⇤D(A) ^ ((b ^A = ;) _ (¬b ^A 6= ;))}

{9A. s 7! A ⇤D(A) ^A 6= ;} retval = pop(s)

{9A. s 7! A ⇤D(A) ⇤ retval 7!
m

^ retval 7!
e

}

{P} sync {8t. P since ¬rcu[t]}

{P} sync {8t.¬(rcu[t] since ¬P )}

P = ¬(C 7! x ⇤ true)
P is stable

I = 8t. (rcu[t] ⇤ true since C 7! x ⇤ true) ) x 7!
e

⇤ true

5.4 Epoch

I = 8t. (LEpoch[t] = k since C 7! x ⇤ true) ) x 7!
e

⇤ true
(note that the since clause is equivalent to LEpoch[t] =

k since LEpoch[t] = k ^ C 7! x ⇤ true. So, if I saw something
when I was in a certain epoch, it will not disappear while I’m in the
same epoch. In particular, you might try to recast the invariant in
terms of the global epoch.

This invariant is analogous to the ones in hazard/RCU algo-
rithms, so the reader doesn’t have to do much to establish the since
clause. However, it puts a lot of proof burden on the reclaimer. It
might be that there are other formulations that spread the proof bur-
den in a different way.

Inc: need to ensure the cell c is still there when I dereference it
Establish the premiss of I: requires establishing that the epoch

can’t change more than 1 ahead of where you are
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