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type rec expr =

Cst (int) // 1

Add (expr,expr) // a +
Mul (expr,expr) // a x




R

type env = list<(string, int)>

let rec eval = (expr, env) => {
switch expr {

Cst (i) => 1

Add(a,b) => eval (a, env) + eval (b, env)

Mul(a,b) => eval (a, env) x eval (b, env)

Var(x) => assoc (x, env)

Let(x,el,e2) => eval(e2, list{(x,eval(el,env)), ...env})
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RAESRE—ME, ERNNEEFIES B — B

terms : e ::= Cst(7) | Add(eq,es) | Mul(eq, e2)
values : v =1 € Int32
SRAEFRI]
e1 | vy ez | vo e1 | vy ez | vo

E-mul

——E-const E-add
Cst(z) | ¢ Add(eq, es) | (v1 + v2) Mul(ei, es2) |} (v1 * v2)
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Cst (int) | Add | Mul

type 1instr

let rec eval = (instrs,stk) => {
switch (instrs,stk) {
| (list{ Cst (i), ... rest},_) =>
eval(rest, list{i,...stk})
| (list{Add, ... rest}, list{a,b,...stk}) =>
eval(rest, list{a+b, ...stk})
| (list{Mul, ... rest}, list{a,b,...stk}) =>
eval(rest, list{axb, ...stk})
| _ => assert false
+
s
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code : CUu=€|3:0
stack : S:—=€|v:s
Transition of the machine:
(Cst(i);¢,8) — (c, ) (I-Cst)

(Add;c,n9 :: nq 2 8) — (¢, (1 + ng) :: 8) (I-Add)
(Mul; ¢,ng :: nq 2 8) — (¢, (n1 X ng) :: s) (I-Mul)

The execution of a sequence of instructions terminates when the code pointer reaches the
end and returns the value on the top of the stack

(c,€) =™ (€,v :: 8)

clv
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[Cst(2)] =
Add(ey, e2)]
IMuI(el, e2) |

—
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Invariant: stack balanced property
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INEFIES

type rec expr =

Var (string)
Let (string , expr , expr)
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type env = list<(string, int)>

let rec eval = (expr, env) => {
switch expr {

Cst (1) => 1

Add(a,b) => eval (a, env) + eval (b, env)

Mul(a,b) => eval (a, env) x eval (b, env)

Var(x) => assoc (x, env)

Let(x,el,e2) => eval(e2, list{(x,eval(el,env)), ...env})

¥



| N1

terms : e ::= Cst(7) | Add(eq,ez) | Mul(eq,es) | Var(z) | Let(z, ey, es)

envs : ['i:=¢€¢|(x,v)::s
Notations for the environment:

variable access: I'|x| variable update: I'|x := v

The evaluation rules:

F—61UU1 F"Gzll’l)z Fl—elle F|_62~U«’U2
E-const E-add E-mul
'+ Cst(z) | 7 ' Add(eq,es) | (v1 + v2) ' - Mul(eq,es) | (v1 * vs)
x| =v I'e; | vy [x:=vi|Fes v

E-var E-let

I' - Var(z) | v '+ Let(xz,eq1,e2) | v
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modu le Nameless
type rec expr

Var (int)
Let (expr, expr)
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KRIEER

type env = list<int>

let rec eval = (Nameless.expr, env) => {
switch expr {
Es ==
Add(a,b) => eval (a, env) + eval (b, env)
Mul(a,b) => eval (a, env) *x eval (b, env)
(n) => List.nth (env, n)
Let(el,e2) => eval(e2, list{eval(el,env), ...env})




X

Terms and values are the same.
Environments become sequence of values v1 :: vg :: - - - :: € accessed by position s|n|

envs : sut=¢€|v:is
Evaluation rules:

I' = I' = I' = I' =
B-const er | v e2 b V2 0o e1 | v €2 | v

st Cst(z) | 2 [' - Add(eq,es2) | (v1 + v2) [' - Mul(eq,es) || (v1 *v2)

E-mul

sli| = v ste; | vy vi-LEey v
E-var
st Var(i) | v s Let(xz,eq,eq) | v

E-let
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#:1% expr 2] Nameless.expr

type cenv = list<string>

let rec comp = (expr : expr , cenv : cenv): Nameless.expr => {
switch expr {
| Cst(i) => Cst(i)
| Add(a,b) => Add(comp(a, cenv), comp(b, cenv))
| Mul(a,b) => Mul(comp(a, cenv), comp(b, cenv))
| Var(x) => Var(index(cenv, x))
| (



713 Nameless.expr

type instr = ... | Var (int) | Pop | Swap

o SHTHYTE AN -

(Var(z);c, s) — (c, sli] :: s) (I-Var)
(Pop;c,n :: s) — (c, s) (I-Pop)
(Swap;c,ng i nq 2 8) — (¢,ng i nq i1 8) (I-Swap)
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Let(x, Cstl(17), Add(Var(z), Var(z)))
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