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lib/memory-range/collect-locs.ath

1 load "random-access-iterator"

D e e e e e e e e e e e e e e e e e e
3 extend-module Random-Access-Iterator {

4 define join := List.join

5 define in := List.in

6

7 declare collect-locs: (S, X) [(Range X S)] -> (List (Memory.Loc S3))
8

9 module collect-locs {

10 define [< <=] := [N.< N.<=]

1

12 define axioms :=

13 (fun

14 [ (collect-locs stop h) = nil

15 (collect-locs back r) = (deref start back r :: (collect-locs r))])
16 define [of-stop of-back] := axioms

17

18 (add-axioms theory axioms)

19

20 define [r’’] := [?r" :(Range 'X 'S)]

21

2 define (split-range-prop n) :=

23 (forall i j r

24 (range 1 j) = SOME r & n <= length r

25 ==>

26 exists r’ r’’ .

27 (range i i + n) = SOME r’ &

28 (range i + n j) = SOME r'’ &

29 (collect-locs r) = (collect-locs r’) join (collect-locs r’’))
30

31 define split-range := (forall n . split-range-prop n)

32

33 define xin-relation :=

34 (forall r i . i *in r <==> deref i1 in collect-locs r)
35

36 define all-*in :=

37 (forall n i j r .

38 (range 1 j) = SOME r & n < length r ==> (i + n) =in r)
39

40 define xin-whole-range :=

41 (forall ni 3 kr r .

Y] (range i j) = SOME r &

43 n < length r &

44 (range i i + n) = SOME r’ &

45 (k #in r’ | k =1 + n)

46 ==> k *xin r)

47

48 define xin-whole-range-2 :=

49 (forallni j kr r’

50 (range i j) = SOME r &

51 n <= length r &

52 (range i + n j) = SOME r’ &

53 (k *in r’ | k = 9)

54 ==>k xin r | k = J)

55

sc define [n0 r0 r0’'] := [?2n0 2r0 2r0’]

57

58 define proofs :=

59 method (theorem adapt)

60 let {[get prove chain chain-> chain<-] := (proof-tools adapt theory);
61 [successor *in predecessor I+N I-N I-I] :=

62 (adapt [successor xin predecessor I+N I-N I-I]);
63 DAO := (datatype-axioms "Option") }

64 match theorem {

65 (val-of split-range) =>

66 by-induction (adapt theorem) {

67 zero =>
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S) j: (It 'X ’S) r:(Range ’'X
let {Al := ((range i j) = SOME r);
A2 := (zero <= length r)}
assume (Al & A2)
let {goal := (exists r r
(range 1 i + zero)
(range i + zero j) =
(collect-locs r) =
(collect-locs r’)
(!prove empty-range);
(!chain
[(range 1 i + zero)
= (range i 1i)
= (SOME stop 1)
(!chain
[ (range 1 + zero j)
= (range 1 7j)
= (SOME r)
(!sym
(!chain
[ ((collect-locs stop i) join
= (nil join (collect-locs r))
= (collect-locs r)
[ (Bl & B2 & B3) ==> goal

pick-any i: (It ’'X

SOME r’

join
EL :=
Bl :

B2 :=

B3 :=

(!chain—->
(n as (S n')) =>
pick-any i: (It 'X
let {Al := ((range i j) = SOME r);
A2 := (n <= length r)}
assume (Al & A2)
let {goal := (exists r’ r
(range i 1 + n) =
(range (i + n) 3Jj) =
(collect-locs r) =
(collect-locs r’) join
ind-hyp := (split-range-prop n’);
Bl := (!chain—>
[A2
==> (exists n0 length r =
pick-witness n0 for Bl Bl-w

s s s

S) J:(It X ’S) r:(Range ’'X

sy

SOME r’ &

'y

S n0)

S)

= SOME r’ &

S)

SOME r &

(collect-locs r'’));

[I+0]
[EL1D);

[I+0]
[A1]1);

(collect—-locs r))

[of-stop]

[List.join.left-emptyl]))}
[existence]])

(collect-locs r'’));

[N.Less=.54]])}

let {NL := (!prove nonzero-length);
Cl := (!chain->
[true ==> (S n0 =/= zero) [N.S—not-zero]
==> (length r =/= zero) [Bl-w]
==> (exists r0
r = (back r0)) [NL]])}
pick-witness r0 for Cl Cl-w
let {LB := (!prove range-back);
D1 := (!chain->
[ (range 1 3J)
= (SOME r) [Al]
= (SOME (back r0)) [Cl-w]
==> ((range (successor i) j) =
SOME r0) [LB]]);
D2 := (!chain->
[A2 ==> (n <= length back r0) [Cl-w]
==> (n <= S length r0) [length.of-back]
==> (n’ <= length r0)
[N.Less=.injectivel]);
D3 := (!chain->
[ (D1 & D2)
==>
(exists r0 r”’
(range (successor i) (successor i) + n’) =
SOME r0’ &
(range (successor i) + n’ j) = SOME r’’ &
(collect-locs r0) =
(collect—locs r0’) join (collect-locs r'’))

for D3 D3-w
(successor i)

pick-witnesses r0 r
let {D3-wl := ((range

(successor i)

[ind-hyp]])}

+ n’)
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= SOME r0’);
D3-w2 := ((range (successor i) + n’ j) = SOME r’'’);
D3-w3
((collect-locs r0) =
(collect-locs r0’') join (collect-locs r'’'));
El := (!chain->
[D3-wl
==> ((range (successor i) i + n) =
SOME r0’) [I+pos]
==> ((range i i + n) =
SOME back r0’) [LB11);
E2 := (!chain->
[D3-w2
==> ((range i + n j) =
SOME r'’) [IT+pos]]);
E3 := 1let {(Fl := (!chain->
[El ==> (i = start back r0’)
[range.start-backl]]);
F2 := (!chain->
[ (range 1 7j)
= (SOME r) [Al]
= (SOME (back r0)) [Cl-w]
==> (1 = start back r0)
[range.start-back]]);
F3 := (!chain
[ (start back r0)
=1 [F2]
= (start back r0’) [F111)}
(!chain
[ (collect-locs r)
= (collect-locs (back r0)) [Cl-w]
= ((deref start back r0)
(collect-locs x0)) [of-back]
= ((deref start back r0)
((collect—locs r0’) Jjoin
(collect-locs r’'’))) [D3-w3]
= (((deref start back r0)
(collect-locs r0’)) join
(collect-locs r'’))
[List.join.left-nonempty]
= (((deref start back r0’)
(collect-locs r0’)) Jjoin
(collect-locs r’’)) [F3]
= ((collect—-locs back r0’) join
(collect-locs r'’)) [of-back]])}
(!chain-> [(E1 & E2 & E3) ==> goal [existence]])

}
| (val=of xin-relation) =>
by-induction (adapt theorem) {

(stop h) =>
pick-any i
let {B1 := (!chain—->
[true ==> (~ i *xin stop h) [*in.of-stop]
==> (1 xin stop h <==> false) [prop-taut]ll]);
B2 := (!chain—->
[true ==> (~ deref i in nil) [List.in.empty]
==> (deref 1 in nil <==> false)
[prop-taut]])}
(!chain
[(1 xin stop h)
<==> false [B1]
<==> (deref i in nil) [B2]
<==> (deref i1 in (collect-locs stop h)) [of-stop]l])
| (r as (back r’)) =>
let {ind-hyp := (forall i
i %in r’ <==> deref i in (collect-locs r’))}
pick-any i
(!'chain
[(1 *in r) <==> (deref i = deref start r |
i xin r’) [*in.of-back]
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[ind-hyp]

[List.in.nonempty]

<==> (deref i = deref start r |
deref i in (collect-locs r’))

<==> (deref i in (deref start r)
collect-locs r’)

<==> (deref i in (collect-locs r))

}

| (val-of all-xin) =>

by-induction (adapt theorem) {

[of-back]])

zero =>
pick-any i: (It 'X ’S) j: (It 'X ’'S) r:(Range 'X ’'S)
let {Al : ((range i j) = SOME r);
A2 := (zero < length r);
NL := (!prove nonzero-length) }
assume (Al & A2)
let {Bl1 := (!chain->
[A2
==> (zero =/= length r) [N.Less.not-equal]
==> (length r =/= zero) [sym]
==> (exists r0 . r = back r0) [NL]])}
pick-witness r0 for Bl Bl-w
let {Cl := (!chain->
[ (range i j)
= (SOME r) [Al]
= (SOME back r0) [Bl-w]
==> (i = start back r0) [range.start-back]]);
C2 := (!chain—>
[ (deref i) = (deref start back r0) [C1]1)}
(!chain—>
[C2 ==> (C2 | 1 *in r0) [alternate]
==> (1 *in back r0) [*in.of-back]
==> (1 *in r) [Bl-w]
==> ((i + zero) =*in r) [IT+0]1)
| (n as (S n’)) =>
let {ind-hyp := (forall i j r
(range i j) = SOME r & n’ < length r
==> (i + n’) *in r)}
pick-any i: (It 'X ’S) j: (It 'X ’S) r:(Range 'X ’S)
let {Al := ((range i j) = SOME r);
A2 := (S n’ < length r)}
assume (Al & A2)
conclude (i + n %in r)
let {NL := (!prove nonzero-length);
Bl := (!chain->
[true ==> (zero < n) [N.Less.zero<S]
==> (zero < n & A2) [augment]
==> (zero < length r) [N.Less.transitive]
==> (zero =/= length r) [N.Less.not-equal]
==> (length r =/= zero) [sym]
==> (exists r0
r = back r0) [NL]])}

pick-witness

r0 for Bl Bl-w

let {LB := (!prove range-back);
Cl := (!chain->
[Al ==> ((range i j) = SOME back r0) [Bl-w]
==> ((range (successor i) Jj) =
SOME r0) [LB]]);
C2 := (!chain->
[A2 ==> (n < length back r0) [Bl-w]
==> (n < S length r0) [length.of-back]
==> (n’ < length r0) [N.Less.injectivell);
RE := (!prove xin.range-expand) }
(!chain->
[(C1 & C2)
==> (((successor i) + n’) xin r0) [ind-hyp]
==> ((1 + n) *in rO0) [I+pos]
==> ((1i + n) =*in back r0) [RE]
==> ((1 + n) *in r) [B1-w]])
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| (val-of xin-whole-range) =>
pick-any n i: (It 'X ’'S) J: (It 'X ’S) k:(It 'X ’'S)
r: (Range 'X 'S) r’:(Range 'X ’'S)

let {Al := ((range i j) = SOME r);
A2 := (n < length r);
A3 := ((range i i + n) = SOME r’);
A4 := (k *in ¥’ | k =i + n)}
assume (Al & A2 & A3 & A4)
let {B1l := (!chain-> [A2 ==> (n <= length r)
[N.Less=.Implied-by-<11);
SR := (!prove split-range);
B2 := (!chain—>
[(Al & Bl)
==> (exists r  r’’
(range i i + n) = SOME r’ &
(range i + n j) = SOME r’’ &

(collect-locs r) =
(collect-locs r’) join (collect-locs r'’))

[SRI])}
pick-witnesses rl r2 for B2 B2-w
let {B2-wl := ((range i i + n) = SOME rl);
B2-w2 := ((range i + n j) = SOME r2);
B2-w3 := ((collect-locs r) =
(collect-locs rl) join (collect-locs r2));
Cl := (!chain->
[ (SOME r’)
= (range i1 i + n) [A3]
= (SOME rl) [B2-wl]
==> (r' = rl) [DAO]]);
ICL := (!prove xin-relation)}
(!'cases A4
(!chain
[(k *in r’)
<==> (k *xin rl) [C1]
<==> (deref k in (collect-locs rl)) [ICL]
==> (deref k in (collect-locs rl) |
deref k in (collect-locs r2)) [alternate]
==> (deref k in ((collect-locs rl) join
(collect-locs r2))) [List.in.of-join]
<==> (deref k in (collect-locs r)) [B2-w3]
<==> (k xin r) [ICL]])
assume (k = i + n)
let {AI := (!prove all-xin)}
(!chain—>
[(Al & A2) ==> (1 + n *in r) [AT]
==> (k *in r) [(k =1+ n)1]))
| (val-of xin-whole-range-2) =>

3

pick-any n i: (It 'X ’S) j: (It 'X ’S) k:(It 'X ’'S)
r: (Range 'X 'S) r’:(Range 'X ’'S)

let {Al := ((range i j) = SOME r);
A2 := (n <= length r);
A3 := ((range i + n j) = SOME r’);
A4 := (k xin r’ | k = )}
assume (Al & A2 & A3 & A4)
let {SR := (!prove split-range);
B2 := (!chain—->
[ (Al & A2)
==> (exists r’' r’ .
(range i i + n) = SOME r’ &
range i + n j) = SOME r’’ &

(
(collect-locs r) =
(collect-locs r’) join (collect-locs r'’))

[SR11)}
pick-witnesses rl r2 for B2 B2-w
let {B2-wl := ((range i i + n) = SOME rl);
B2-w2 := ((range i + n j) = SOME r2);
B2-w3 := ((collect-locs r) =

(collect-locs rl) join (collect-locs r2));
Cl := (!chain->
[ (SOME r’)
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(range 1 + n j)

(SOME r2)
==> (r’ = r2)
ICL := (!prove xin-relation)}

(!cases A4
(!chain

[(k *in ")

<==> (k *in r2) [C1]

<==> (deref k in (collect-locs r2))

==> (deref k in (collect-locs rl) |

deref k in (collect-locs r2))

==> (deref k in ((collect-locs rl)
(collect-locs r2)))
<==> (deref k in (collect-locs r))
<==> (k *in r)
==> (k xin r | k = jJ)
(!chain
[(k = 3) ==> (k *in ¢ | k = J)

(add-theorems theory

[A3]
[B2-w2]
[DAO]]);

[ICL]

[alternate]

join

[List.in.of-join]
[B2-w3]

[ICL]
[alternate]])

[alternate]]))

| {[split-range =xin-relation all-xin *xin-whole-range

*in-whole-range-2] := proofs}|)

} # collect-locs
} # Random-Access—Iterator



