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Goals

¥ Reduction-based

¥ Denotational

¥ Operational: Big-step

¥ Operational: Small-step
¥ Metacircular

¥ Run-time macros




Reduction semantics

¥ Program state is syntax

¥ Transform text to text




A-calculus

f,e! EXp .= v|lam | app
app ! App:=fe
lam ! Lam:=lv.e

v ! Var.




B-reduction

L ("Vv.e) €




Substitution

Vv #' elv=e
V#' elv =V ifv & v
Vv #" e[ \v.e] = [\v.6)]
v #" e[ \V.e] =[\V.g]if V& v where €, = [Vv#" e/]e,
v#" e][fe] =[f' €] where f' = |[v#" e]f and e = [v#" e e




Call-by-value

Oullf el = [f ¢l wheree' = By(¢) e ¢ Lam
! [/’ e] where f' = 5,(f) e € lLamand f ¢ Lam

Bul(Av.ep) eal = Bl(Av.ep) ea] If ea € Lam

3 (e) = B,(Bu(e)) €™ App

e otherwise




Denotational semantic

Computes denotation of a expression.




Domains

d! D=D" D

'l Env =Var™ D




Semantic functions

E:Exp# Env"™ D




Function debnitions

E([v],!) = T(v)
E(ICS e)l,T) =CE(/, 1))(E(e, 1))
EJ(! (v) )],') = #d.E(e,! [v $" d])




Big-step

Reduces directly to the answer.




State-space

1 ¥ = Exp" Env
"1 Env = Var# X.




Big-step relation

() T X x X




Big-step reduction

(f:") # ([Sv.e'],")
(e,") #
(e, v %&]) # !

(Lf el,™) # 17




Small-step semantic

Each reduction is computable.




State-space

1 Y = ValExp" Env" Kont
"I ' Env=Var# D
d! D=Clo
clo! Clo=Lam" Env
$! Kont = RetCont + {halt }

RetCont = ValExp" Env" Kont




Value expressions

V € ValExp::=v|lam | d
| V e
- dV




Value-expression
contexts

W ¢ Val"FExp::: (]

|\¢'e
| dW




Transition

(=) C! x|







Metacircular

Interpreters




Metacircular
Interpreter

Interprets constructs using themselves.

(Often also a self-interpreter.)




