s ; L
epsilon

|
|
| e . i:=¢e
| {L73}
| while e do { L }
| if e then { L } else { L }
| skip
= e * e
| e >= e
|l e (e)
l e . 1
| v | ol i
| if e then e else e
| Ce)
=n | bl f |1
::= (number)
::= true | false
i= [ M ]
::=m ; M | epsilon
=1i=v
::=fun i : T \{ L \}
::= (label)
::= (identifier)
::= (type)

H P HFHRB R0 OB <
]

skip and 1 exist only in the semantics, not in the user language.



Boring rules:

<Lv{}v{}> —" <€’*a*> <Lv{}v{}> —¢
L—"¢ L —*
(s1,01,51) = (82,09,32) x €vVx=skip
<51;L701721>*> <52702722> <I;L707Z> 4)<L507Z>
(e1,0,%) = (e2,0,%) (e2,0,%) — (e3,0,%)
(i:=e1,0,%) = (i :=eq,0,%) (e1.1:= €9,0,%) — (e3.1 := €9,0,%)
(e2,0,%) = (e4,0,%) (Ly,01,%1) = (L2,02,%2)
<’U.’i = €9,0, E> — <’UZ = €4,0, 2> <{L1},O’1, El> — <{L2},O’2, EQ>
(e1,0,%) = (e2,0,%)
({e},0,%) = (skip,0,%) (if e1 then{L,} else{Ls},0,%3) — (if ea then{L } else{L2}, 0, %)
<617Ua E> — <€3707E> <627U7E> — <e4,U, E>
(€1 % €2,0,%) — (eg x €2,0,%) (v*e2,0,8) = (V*eq,0,%)
<617Ua Z> — <€3a072> <€270'7E> - <64,0’, E>
(e1 >=e3,0,%) — (e3 >=e2,0,%) (v >=e9,0,%) = (v >=e4,0,%)
<8170-a Z> — <€3a072> <6250'72> — <€470'7 Z>
(e1(e2),0,%) — (es(e2),0,%) (v(ea),0,%) — (v(eq), 0, %)
(e1,0,%) = (e2,0,%) (e1,0,%) — (e4,0,%)
(e1.1,0,%) — (eg.i,0,%) (if e theneg else es, 0, X) — (if e4 theneg else es, o, 2)

(e1,0,%) = (e2,0,%)
<(61)a07 2> — <(62)707 Z> <(U)7072> — <1)7J, E>




Interesting rules:

09 = 01 + {Z — ’U}
<Z = ’070-172> - <8klp7 0'232>

M2:M1+{i'—>U2}

El(l) = [Ml] Ml(l) =1

(l.i :=vg,0,%1) — (skip,o,Xs)

(whileedo{L},0,%) — (if e then{L; while e do{ L} } else{skip}, o, X)

(if true then{ L, } else{ L2}, 0, %) — ({L1},0,%)

ng = nNi xnNg

(ny *ng,0,%) = (n3, 0, %)

ny >= ng
(n1 >=ng,0,%) — (true, o, %)

(funi : T{e}(v),0, %) — ({v/i}te,0,%)

(if false then{ Ly } else{ L2}, 0, %) — ({L2},0, %)

ny < ng
(n1 >=mng,0, %) — (false, 0, %)

(1) = [M] M(i) =wv
(l.i,0,%) = (v,0,%)

(if false then e; else g, 0, X) — (2,0, %)

(if true then e else ez, 0, 3) — (e1,0, %)

lfreshinZl 22:21+{l»—>[M]}
<[M]’0121> — <170322>

22=E1+{l'—>Mg}



Typing language and judgment (subtyping not shown). Note that this type system will reject quite a few
programs that would run, some of which are potentially useful!

T ::= Top
| number
| boolean
| T->T
| [ T™™ ]
{}FL:T
L:T
I'te:Top
'ke:T T'EL:Top
I'e; L:Top
I'ke: Ty L) =T T <: Ty I'-L:Top
- (i:=eL): Top
'Ly :Top I'FLy:Top
TH{Li};Ly:Top
't e: boolean I'Ly:Top 'Ly :Top

I'Fifethen{L;}else{Ly}: Top

I' F e; : number I' F es : number

I'F eq % ey : number

F|_613T1*>T2 F}_GQITg
Fl‘@l(eg)ZTQ

T3 <:TY

TM = {i: T|T'+ M(i): T}
T+ [M]: [TM]

I' - e; : boolean
I'bey:Th I'tes3: Ty T <: 15
I'if e; thenes elsees : Ts

F'e:T
T'k(e): T

I'Fb: boolean

™ ::=1 : T ; TM
| epsilon
'ke:T i¢T T+{i=>T}HFL:Top
I'k(i:=eL):Top
F|_€11T1
T'key: Ty T <:[i:Ty] I'EL:Top

'+ (e1.i:=e9; L) : Top

I'+ e : boolean 'L :Top
I'F whileedo{L} : Top

I' F e; : number I' ey : number

I'F ey >=es : boolean

F'ke: [TM] TM(3)
I'kFei: T

=T

r)=T

I't4é:T
I'F e; : boolean
F|_€21T1 F}—engQ

I'tif eq theneselsees :

Ty <: T4
T

I' F n : number

PrHfuni: TW{L}: Ty = T




