Elements of Programming Languages
Lecture Notes: Lgec

1 Abstract Syntax

Exproe == meN]e +es|er Xey LArith
| beB|eg==ey|if ethene; elsees Ly
| x|letx=e;iney Liet
| €1 €2 ‘ AL:T. € I—La\m
| recf(x:m):mm.e LRec
Type > T u= int L Arith
| bool L|f
| T — T2 I—Lam
' = x1:71,...,2, : Tn
Valuesv == neN L Arith
| beB Ly
| AT. e I—Lam
|  rec f(x).e LRrec

1.1 Free variables

In the following, @ stands for any binary operator.

FV(n) = 0
(61 D es = FV(el) UFV(GQ)
Fv(p) = 0

)

)

)
FV(if ethene; elsees) = FV(e)UFV(e1)UFV(ea)

FV(z) = {x}

FV(letz =e; ines) Vie1) U (FV(ea) — {z})
FV(e; e2)
FV()\JCT e)
FV(rec f(z:r): 7. €)

(

= FV(el)UFV(eg)
Vie) = {z}
(e) = {f =}

|
o

= FV(e



1.2 Substitution
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(Ay:T. eo)[e/z]

(e1 e2)[e/x]
(rec f(y:m):T" = eg)le/x]

exle/x] @ esle/x]

b

if (egle/x]) then (e1[e/z]) else (eale/x])
y (z#v)

let y = er[e/x] in esle/x]

(where y # ¢)

Ay:T.egle/x]

(where y # ¢)

(ex[e/x]) (e2[e/x])

rec f(y:7):7" = egle/x]

(where f,y # e)



2 Evaluation

for Lavith

etd v exd v erdvi el vy
viv e1+ ez v +nvo e1 X ez |} v1 Xy v
et v exllw etlvy eadlva v # w2
e1 == ey || true e1 == ey |} false
el true e; | v e |l false e | vs
if e theneq elsees || 11 if e then ey else e || v

er I v 62[’01/1‘} o
letx =e1ines | vg

for Liam

erd Axe ey v efva/z] v
Ax.el Az.e e1 ez v

for LRec
er |} rec f(z).e ex Jva elrec f(x).e/f va/x] v

rec f(x). el rec f(x). e ereg v




3 Types

for L

I'kFey:int I'Fey:int I'key:int I'kFey:int
I'n:int I'Fe; +e3:int I'Fe; Xesy:int

for Ly

I'kFe:7 T'hey: T I'Fe:bool T'key:7 I'key:T

I'Fb:bool I'e; ==ey:bool I'if ethene; elseey: T

for Lie

I(z)="71 I'kter:mp Tyx:mber:m

I'tax:7 I'Hletx=e1iney: 7
[TEe:r]forLiam
Tembe:m I'tey:mm—>mm T'kFey:m
'EXzim.e:m —m F'Feley:m

for Low

Of:m—omx:mbe:n

I'Frec f(zm):Te.e:71 — T




