1)

{x:a—int, y:a}-x: a—int {x:a—int, y:a}y: a
{x:a—int, y:a}-x(y): int {x:a—int, y:a}1: int
{x:a—sint, y:a}-x(y)+1: int {x:Va.a—int}x: int—int {x:Va.a—int}1: int
{x:a—int}—fun y —5x(y)+1: a—int {x:Va.a—int}x(1): int
Dlet rec x = funy —x(y)+1in x(1) : int
2)
{f:-Va.a—a}-f : (int—int)—(int—int) {f:-Va.a—a}-f: int—int
{x:a}-x: a {f:Va.a—a}-(f f): int—int {f:Va.a—a}-1:int
DHfun x =X : a—a {f:-Va.a—a}—(ff)1:int

DHlet f=funx —xin (ff)1:int



3) {y:3},y{3 {y:3},101

c={y:3},y+1l4

{y: 2}y U2

{y:2},101

n, f U<(funy - y+1), o> n 242 {y:2}, y+1 U3

B=r],(f2)U3

n, f l<(funy —y+1), o> B c

@, (fun f — f(f 2)) U <(fun f — f(f 2)), D> @, (funy > y+1) I <(funy - y+1), &>

{f: <(funy > y+1), D>}, f(f2) V4

@, (fun f — f(f 2))(funy > y+1) l 4

To reduce notational clutter, use n as an abbreviation for the environment {f: <(funy —y+1), &>}.



4)

{2—0},{x:2}x J 2,{2—0} {2—0}(2)=0

{2—0},{x:2}—x  0,{2—0} {2—0},{x:2}—1 U 1,{2—0}

{2—0},{x:2}x J 2,{2—0} {2—0},{x:2}—1x+1 | 1,{2—0}

D = {—0},{x:2}x:=Ix+1 | (),{2—1}

aa+o0lo0, &

D, D (fun x = x:=Ix+1) I <(fun x = x:=Ix+1) ,&>, @,Drref0 g, {2—0} D

@, Dk (fun x = x:=Ix+1)(ref 0) I (),{—1}
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