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Functional Programming

(a) | explanation

(Azyz.z z (y 2)) (Aey.z) (Az.z) (Az.x) —g (Ayz.(Azy.2) z (y 2)) (Az.x) (Az.x)
—3g (A\yz.(M\y.2) (y 2)) (A\z.z) (Az.x)
—g (A\yz.2) (Az.z) (Az.x)

—g (A2.2) (Az.2)

—3 AT.T

(b) | explanation

(Azyz.xz z (y 2)) (Azy.x) (Az.x) (Ar.z) —g (Ayz.(Azy.x) z (y 2)) (Az.z) (Az.x)
—5 (Az.(Azy.x) z (A\z.2) 2)) (A\z.2)
—g (Azy.x) (Az.x) (A\zr.z) (Az.x))

—p5 Ay-(Ae.z)) (Az.z) (Ae.x))

—3 AT.T

(a) |base case

Let t = E. The base case concludes by the derivation

sum (preorder t) = sum (preorder E) (since t = E)
= sunm ([1) (by definition of preorder)
=0 (by definition of sum)
= sum_tree E (by definition of sum_tree)

= sum_tree t

(b) |step case
Let t =N (t1,v,t2). By IH it holds that

sum (preorder ¢1) = sum_tree t;

sum (preorder t9) = sum_tree to.
The step case concludes by the derivation

t=N (tl,’U tQ))
def. of preorder)

sum (preorder t) = sum (preorder (N (t1,v,t2)))

um (
um (

v :: (preorder t; @preorder t3))

= v + (sum (preorder t; @ preorder t3)) def. of sum)
= v + (sum (preorder t;) + sum (preorder t3)) (%))
= v + (sum_tree ¢; + sum_tree t3) by IH)

(
(
(
(by
(
(

= sum_tree (N (t1,v,t2)) def. of sum_tree)

= sum_tree t




implementation
let unique xs =
let rec rev acc = function
| [ —> acc
| x :: xs -> rev (x :: acc) xs
in
let rec unique acc = function
| [1 -> rev []1 acc
| x :: xs —>
if mem x xs then unique acc xs else unique (x :: acc) xs
in
unique [] xs

A

implementation
let percentage x ys =
let rec p x = function
| [1 -> (0, O
'y :: ys —>
let (i, j) = p x ys in
if x =y then (i + 1, j + 1) else (i, j + 1)
in
if ys = [] then 0.0 else let (i, j) = p x ys in
float of int i /. float_of_int j

)

explanation
t—py (A\yz.zy) w

explanation

FVar(t) ={w,y}

explanation

BVar(t) = {x,y, z}

explanation
Sub(t) ={y,z,y z, \e.y x,z,2 y, A\z.z2 y, \yz.z y, Az.y x) (A\yz.z y),w,t}




ceplanation E,z:intk p:int — int — pair(int,int) E,z :intF x :int
. . — (app)
E,z:intkp x:int — pair(int,int) (o0}
a
EF1:int Ba:intip (v +x): pair(int,int) oP
€
Erlet x=1inp z (v + z) : pair(int,int)
and * is
E,z:intk(+):int —int —int E,z:intk x:int (s55)
a
E,z:inthk (+) x:int — int oP E,z:inthk z:int
(app)

E,z:inthk (z+x):int

explanation
Evletz=1inpz (x+z):a
let
=
Ecl:apExz:a>pz(x+z):a
con
int~ap E,r:a>px(z+z):a
a
2P
int~ayB,r:ap>pa:ay—apBx:ap>(@+x): as
20
intxajF,r:ag>pias—as—apEBr:a>br:agsEx:oar > (x+2):a

con

int & aq;int — int — pair(int, int) & ag — as — ap;

Ezxz:oa>rx:ap;Eix:oi>(z+2):ay

con
=

int & aq;int — int — pair(int, int) & ag — as — ap;

ap~asg; Eix o> (x+x) o
int & aq;int — int — pair(int, int) & ag — as — ap;
agrag; Bixa>(+)ziayg —asByriag>a:ay

app

y:

int & aq;int — int — pair(int, int) & ag — as — ap;
aragBiria>(+) a5 mag—ag Eyxiap>ras B, ia >a:ay
con
=
int & aq;int — int — pair(int, int) & ag — as — ap;
ar~agjint > int—intxas oo —aBr:abras;E,x:oai>a: oy
con
=
int & aq;int — int — pair(int, int) & ag — as — ap;
ar ~agint = int—intxray; a4 a0 ~as E,xiap >xiag
con
=
int & aq;int — int — pair(int, int) & ag — as — ap;

ap & ag;int > int s intxag — aq — a0 a0 oy




