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type env = (string * value) list (¥ environment *)
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let lookup env x =
let rec eval env
Const n -> n
Var x -> lookup env x
Add (el, e2) ->
Sub (el, e2) ->
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» OCaml program is expression without free-variables

» call by value strategy

| EXERCISE |

call by value strategy
» (0+(2%2))—(3+4)
> (funxz — 1) (14 (4%3))

Reductions

in call by value strategy distinguish two reductions
» [ reduces (fun x — e) v (function application)

» 0 reduces cv -+ v (primitive operation)

EXAMPLE

(funz — (funy — + 2z y)) 12
—g (funy —+1y) 2
12
—s 3

funxz — +01

is irreducible in call by value strategy



Fixed Point Combinators

PROBLEM |

core ML does not contain let rec. how to implement recursion?

Define Missing Parts call-by-value Y-combinator

let rec f = ey in ey s equivalent to let f = fix (fun f— ey ) in ey

$ ocaml
# let fix =
fun £ -> (fun x > f (fun y -> x x y))
(fun x > f (fun y > x x y));;
This expression has type ’a -> ’b -> ’c
but is here used with type ’a

Fixed Point Combinator

$ ocaml -rectypes
# let fix =
fun £ -> (fun x > f (fun y -> x x y))
(fun x > f (fun y -> x x y))3;;
val fix : ((’a -> ’b) -> ’a -> ’b) -> ’a -> ’b = <fun>

Fixed Point Combinators

do not use let rec but use fix to implement sum

# let rec sum =
fun sum n -> if n = 0 then 0 else n + sum (n - 1) in
sum 10;;

# let sum =
fix (fun sum n -> if n = 0 then O else n + sum (n - 1))
in
sum 10;;
- : int = 55

10 12



Evaluator
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Values, Environments and Closures

| GOAL |

eval env e returns value v such that e —* v in call by value strategy
under env

let rec eval env = function

| Const ¢ ->

| Var x -> lookup env x
| Fun (x, e) ->

| App (el, e2) ->

|

Let (x, el, e2) —>
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Environments

type env = (string * value) list

let rec eval env = function

| Const c¢ ->

| Var x -> lookup env X

| Fun (x, e) ->

| App (el, e2) ->

| Let (x, el, e2) -> eval (extend env x (eval env el)) e2

PROBLEM

what is value?

| SOLUTION |

eval [] (Const (Int 1)) =17
eval [] (Const (Prim ("47,2))) = 777
eval [(z,1)] (Fun (y,+ zy)) =777

introduce closures as well as values for constants
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Values

type value = Constant of const * value list

| Closure of string * expr * env

and env = (string * value) list

let rec eval env = function

| Const c
| Var x

| Fun (x,
| App (el
| Let (x,

| PROBLEM |

how to apply?

-> Constant (c,[])

-> lookup env x
e) -> Closure (x, e, env)
, €2) ->

el, e2) —> eval (extend env x (eval env el)) e2
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Apply Apply

v1 o wg = apply v1 v2
type value = Constant of const * value list

| Closure of string * expr * env
and env = (string * value) list eval [| (funz —funy — +xy) 12)

(
=eval [] (funz —funy — + xy) 1) o eval [] 2
let rec eval env = function
| Const c “> Comstant (c,[]) = (eval [] (funxz — funy — 4+ 2z y) o (eval [] 1)) o 2
| Var x -> lookup env x = (Closure(z,funy — + z y,[]) o 1) o 2
| Fun (x, e) -> Closure (x, e, env) =eval [(z,1)] (funy =+ zy) o 2
: i\pz Eel, TQ) ” —i appiy((e;raldenv el)((evil env i?; , = eval [(1,2); (z,1)] (+ 2 )
et (x, el, e2) -> eval (extend env x (eval env e e
— eval [(5,2); (2, 1)] (+ @) o eval [(3,2); (z,1)] )

and apply vi v2 = (eval [(y,2); (z,1)] (+) o eval [(y,2);(z,1)] z) o 2

= (Constant(+,[]) o 1) o 2

PROBLEM
PrOBLEM | = Constant(+,[1]) o 2

2
how to apply? = 0(+,[1;2])
=3

17 18 — a lot of constructors are omitted here



