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Semantics

A semantics Is equivalent to a
function that maps a program to its meaning.




Interpreters

An Interpreter IS a program
that computes a programOs meaning.




The difference?




Side effects!




Interpreter v. compller

Are they equivalent?
Is there a language whiohust be compiled?

Is there a language whiachust be Interpreted?




Equivalence

Interpreter = Program! Input! Output

Compiler = Program  (Input! Output)




Interpreter styles

¥ Substitution v. environment
¥ Denotational v. operational
¥ Big-step v. small-step rules

¥ Continuation-passing V. dire




Substitution-based

¥I\/Iachine conbguration Is program text

¥Execution IS program transformation




Example: Substitutiol

(let ((f lambda (x) X))) (f 3))




Environment-based

¥ Conbguration is program text, env.
¥ Environment maps variable to valu

¥ Program text is never transformed




Example

(fx) ,[f ! ((lambda (x)z), [z ! 3]),
X 1 10])




Denotational semantic

¥ Computes OdenotationO of program terr

¥ Mutually recursive functions over domair




Typical functions

: Num! Z

. Exp" Env ! Value

. Def! Var" Value

. Stmt ! State!  State

: Lambda" Env! (Value! Value)




Example: Arithmetic

e" Exp =t+elt
t" Term =1 *t|f
f " Factor::= ( e)
e
c" Const IS a set of constants




Example: Lambda

d! D=D" D
' Env=Var" D




Example: Lambda

E:Exp# Env" D




Example: Lambda

E([v],!) = T(v)
E([(Te)],!)=CE(, !))(E(e,!))
E([(A (v) ©],!) = #d.E(e,! [v— d])




Operational semantic




O
pe
rati
10
nal sem
antl
IC

Pr




Operational semantic




Operational semantic

¥ Conbguration (state) space

¥ Transition relation/function




State-space



Transition relation

(1 )" 1 # |

(rH): " P()




Small-step

Given one state, subsequent states are computable




Big-step

Gliven one state, subsequent states may be iIncompute




Big-step relation

(1)" | #




Example: Small-stef

(l[V .= e]l : B,") ' (S," [V "4




Example: Big-step

(D) ¢ @ eD] )
(e,!)! cl
(' 'o"# cl]) ! cl

[(f 1. cl




Extended example:

Small-step miniSchen




Grammar

l Atom = Lam+ Const+ Prim+ Var

' Lam = (! (vi...Vn) €

' Var {Ix1, [v] [fool, ...}

| Const Int + Bool

| Prim = {[+],[*].[halt ],...}

1! Int {....[-11.1O0, 1], . - .}
I Bool ::= #t | #f

L EXp = Y

(fei---e)

(let ( V €ug)) Evody)

(letrec (( vy lamy) --- (v, lam,)) e€)
(if €cond Etrue efalse)

(set! v e

(begin e;---€&,).




State-space

g! | = ValExp" Env" Store” KontPtr " Time

p! Env Var — Addr
o | Store Addr — D
a! Addr IS an inPnite set of addresses

p ! KontPtr # Addr

d! D Val
val! Val Proc + Bas + Kont
proc ! Proc Clo + Prim
bas! Bas = 7+ Bool
1 Kont VaI@Exp" Env" KontPtr
{halt }




Value expressions

VI ValeExp::= d
Ya
(di...dn e128éy)
(let (( v V)) enody)
(letrec (( v lamy) aad@, lamg)) e)
(if V' etrue efalse)
(set! v V)
(begin d,aad@, e1addy).




contexts

2N Val‘iExp::z | ,
(di...dn Meadé)

(let (v ™) epoay)
(letrec ((  v1 lamy) aawn lamy)) e)

(set! v M)

|
|
|
‘ ('f M Etrue efalse)
|
| (begin d;aédéd, Meiadd,).




Helpers
A : Atom" Env" Store — D

A(lam, p, o) = ( lam, p)

AV, p,0) = a(p(V))
A(C,p,0) = K(C)

A(op, p, o) = oOp.




Return

(d,p,o,p,t) ! (M[d], 0, 0,0, t'), where:

(M0, p) = o(p)
t' = tick ().




Atomic expressions

(V[#, p,0,p, ) (A3 p, o), p,0,p,t'), where:
t' = tick (t).




Non-atomics

Y .
(\W[e] L") (e, p,t), where:
# = (\¥,1,p)

6 = alloc (9

= "[p $%#]
t' = tick (t).




Procedure call
If (lam,!") = do:

([(do d 28&.)],!, ,p,t)! (e,!”, ', p,t), where:
t' = tick (t)

am = [(! (v;44%) €)]
a; = alloc(v;,t')
= v $%a]
= [a $%d].




Primitives

([(do diaa&)],!.",p.)! (d',!.",p,t), where:
t' = tick(t)
d = O(op)&y, ..., dy" .




Letrec

([(letrec (  aa@v lam)) aake],!,",p,t)! (e!',"" p,t), where:
t' = tick (t)




Conditionals

T Crue efalse)]I, | ’ ) , 61 t) | (etrue, | , ) , 6, tick (t))

f etrue efalse)]l, I y ! 9 61 t) I (efalse, I ’ ! y 61 tICk (t))




Set!

([(set vd)I,!,",p,t)! (dia,',"",p,t), where:
t' = tick (t)
d= A(3!,")
"= (V) "# d].




