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1 Right Reduction Rules

val retV
r v i

verify i (return @ v) r
bnd retV

verify i (e @ v) r

verify i ((return @ v); e) r

val readV
r v (` 7→ v • i)

verify (` 7→ v • i) (read @ l) r
bnd readV

verify (` 7→ v • i) (e @ v) r

verify (` 7→ v • i) ((read @ l); e) r

val writeV
r () (` 7→ v • i)

verify (` 7→ w • i) (write @ (l, v)) r

bnd writeV
verify (` 7→ v • i) (e @ ()) r

verify (` 7→ w • i) ((write @ (l, v)); e) r
val lallocV

∀` : ptr.r ` (` 7→ v • i)

verify i (lalloc @ v) r

bnd lallocV
∀` : ptr.verify (` 7→ v • i) (e @ `) r

verify i ((lalloc @ v); e) r

val hallocV
∀` : ptr.even `⇒ r ` (` 7→ v • i)

verify i (alloc @ v) r

bnd hallocV
∀` : ptr.verify (` 7→ v • i) (e @ `) (fun y m. even `⇒ r y m)

verify i ((alloc @ v); e) r

val deallocV
r () i

verify (` 7→ v • i) (dealloc @ `) r

bnd deallocV
verify i (e @ ()) r

verify (` 7→ v • i) ((dealloc @ l); e) r
val instV

verify i (e1 @ (fa)) r

verify i (e1 @ f @ a) r

bnd pushV
verify i ((e1 @ a); (e2 @1 (fun y. (y, a)))) r

verify i ((e1; e2) @ a) r
bnd instV

verify i ((e1 @ (fa)); e2) r

verify i ((e1 @ f @ a); e2) r

Figure 1: Right reduction rules
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2 Both Ways Reduction Rules

val ret
r(v1, v2)(i1, i2)

verify2 i1 i2 (return @ v1) (return @ v2) r

bnd ret
verify2 i1 i2 (e1 @ v1) (e2 @ v2) r

verify2 i1 i2 ((return @ v1); e1) ((return @ v2); e2) r

val read
r (v1, v2) (l1 7→ v1 • i1, l2 7→ v2 • i2)

verify2 (l1 7→ v1 • i1) (l2 7→ v2 • i2) (read @ l1) (read @ l2) r

bnd read
verify2 (l1 7→ v1 • i1) (l2 7→ v2 • i2) (e1 @ v1) (e2 @ v2) r

verify2 (l1 7→ v1 • i1) (l2 7→ v2 • i2) ((read @ l1); e1) ((read @ l2); e2) r

val write
r ((), ()) (l1 7→ v1 • i1, l2 7→ v2 • i2)

verify2 (l1 7→ w1 • i1) (l2 7→ w2 • i2) (write @ (l1, v1)) (write @ (l2, v2)) r

bnd write
verify2 (l1 7→ v1 • i1) (l2 7→ v2 • i2) (e1 @ ()) (e2 @ ()) r

verify2 (l1 7→ v1 • i1) (l2 7→ v2 • i2) ((write @ (l1, v1)); e1) ((write @ (l2, v2)); e2) r

val lalloc

∀`1, `2 : ptr.i1 ∼= i2 ⇒ (`1 = `2) ∧ (`1 7→ v1 • i1 ∼= `2 7→ v2 • i2)
∀`1, `2 : ptr.r (`1, `2) (`1 7→ v1 • i1, `2 7→ v2 • i2)

verify2 i1 i2 (lalloc @ v1) (lalloc @ v2) r

bnd lalloc

∀`1, `2 : ptr.verify2 (`1 7→ v1 • i1) (`2 7→ v2 • i2) (e1 @ `1) (e2 @ `2) r
′

r′ = fun y m. (i1 ∼= i2 ∧ `1 = `2 ∧ `1 7→ v1 • i1 ∼= `2 7→ v2 • i2)⇒ r y m

verify2 i1 i2 ((lalloc @ v1); e1) ((lalloc @ v2); e2) r

Figure 2: Both ways reduction rules: 1 of 2
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val halloc
∀`1, `2 : ptr.even `1 ∧ even `2 ⇒ r (`1, `2) (`1 7→ v1 • i1, `2 7→ v2 • i2)

verify2 i1 i2 (alloc @ v1) (alloc @ v2) r

bnd halloc

∀`1, `2 : ptr.verify2 (`1 7→ v1 • i1) (`2 7→ v2 • i2) (e1 @ `1) (e2 @ `2) r
′

r′ = fun yy mm. (even `1 ∧ even `2)⇒ r yy mm

verify2 i1 i2 ((alloc @ v1); e1) ((alloc @ v2); e2) r

val dealloc
r ((), ()) (i1, i2)

verify2 (`1 7→ v1 • i1) (`2 7→ v2 • i2) (dealloc @ `1) (dealloc @ `2) r

bnd dealloc
verify2 i1 i2 (e1 @ ()) (e2 @ ()) r

verify2 (`1 7→ v1 • i1) (`2 7→ v2 • i2) ((dealloc @ `1); e1) ((dealloc @ `2); e2) r

val instR
verify2 i j e2 (e1 @ (f a)) r

verify2 i j e2 (e1 @ f @ a) r

bnd pushR
verify2 i j e3 ((e1 @ a); (e2 @1 (fun y. (y, a)))) r

verify2 i j e3 ((e1; e2) @ a) r

bnd instR
verify2 i j e3 ((e1 @ (f a)); e2) r

verify2 i j e3 ((e1 @ f @ a); e2) r

Figure 3: Both ways reduction rules: 2 of 2
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