1 Abstract Syntax
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neN|e+ex|er Xen

beB|eg ==ey | if ethene; else ey

z|letx=-e iney

e1 e | Azt e

rec f(x:711): 72 €

(e1,e2) | fst e | snd e | let pair (z,y) = ey ines | ()

left(e) | right(e) | case e of {left(z) = ey ; right(y) = ea}

int
bool

T — T2

71 X T | unit | 71 + 72 | empty
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rec f(z). e
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L Arith
Lif
Liet
Liam
LRec

LData

L Arith
Lif

I—La\m
I—Data

L Arith
Lif
I—La\m
I—Rec
I—Data



1.1 Fresh variables

In the following, @ stands for any binary operator.

T H#e
neN z#He z#e
THN T H# e Desy

beB z#He x#He zHe
r#b xF if etheney else ey

T #y T # e £y THe xH#He
THY xHletx=e iney; xH#lety=e1iney
zH#He xHe T4y xHe
T # e ey T # AriTe x # AyTe
r#fy x#e

x#rec f(er):7.e fH#Hrec f(w:r):7.e xx#Hrec f(y:r): 7. ¢

rH#He xFHes rH#e T#He
x # (e1,e2) T # fste x# snde

T # e2 y # e zH# e z# e
x # let (z,y) =e;ines y # let (z,y) =e1ines 2z # let (x,y) =e1 ines
r#He rH#e
x # left(e) x # right(e)
r#e xH#e y#e y#e

x # case e of {left(x) = e1 ; right(y) = e2} y # caseeof {left(z) = e;1; right(y) = ea}

zH#He zH#He zFHes
z # case e of {left(x) = e; ; right(y) = ea}




1.2 Substitution
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(left(eg))[e/x]
(right(eo))[e/]
case eg of {left(y) = e1; right(z) = ea})[e/x]

erle/z] @ ezle/x]
b
if (egle/x]) then (ei[e/z]) else (eale/x])

y (z#y)

= lety=ei[e/z] in esle/x]

(where y & FV (e))
eole/z)

(wherey & F'V(e))
(ex[e/x]) (e2le/x])

= eole/x]

(where f,y & FV(e))
(exle/a], e2le/a])

fst (egle/x])

snd (egle/x])

let (y,2) = e1le/z] in esle/x]
(where y,z & F'V (e))
left(egle/x])

= right(egle/x])

case (egle/z]) of {left(y) = ei1le/x]; right(z) = eazle/x]}

(where y,z ¢ FV (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 v

62[’01/1‘} o

letx =e1ines | vg

for Liam

erd Axe ey v efva/z] v
Ax.el Az.e erex 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
fOI‘ LData
er v ezl v el (v1,v2) el (v1,v2) er 4 (vi,v2) ealvi/z,v2/y] v
(e1,e2) I (v1,v2) fste | vy snd e | v let pair (z,y) =e; ines v
el v el v

left(e) | left(v)
e | left(vy) eyfvy/z] o

right(e) || right(v)

e | right(vy) eafva/y] v

case e of {left(z) = e ; right(y) = e2} J v

case e of {left(z) = e ; right(y) = e2} J 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'Fe; ==e5 : bool I'if etheney 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'Fe:mm—m T'kFey:my
'EXzim.e:m —m F'Feley:m

for Low

Of:m—omx:mbe:n

I'Frec f(zm):Te.e:71 — T

for Loacs

ke :mm Dhey:m The:m X F'ke:m X1 F'Fep:mixm Txim,y:mbe:T
Tk (e1,e2) : 71 X T I'Ffste:m I'Fsnde:m 'k let pair (z,y) = ey iney: 7
I'Fe:m I'Fe:m F'Fe:m+m Die:mbe 7 Diy:mbey:T

'k left(e):m + 7

I'Fright(e) :m + 7 'k caseeof {left(z) = ey ; right(y) = ex}: 7




