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prog =t (program)
cl = class ¢ (inherits ¢)’ (t 2)* m* (class definition)
d == c|clel | int[e] (class and arrays)
t o= int|c|intl] |c0] (data type)
y == x|xlel (variable identifiers)
m == method ¢t x, ..., tx) s (method)
s = y O=e|ly<=>y (assignment)
| if e then selse s fie (conditional)

| from e do s loop s until e (loop)

| construct cxz s destruct z (object block)

| localt x=e¢ s delocaltz=¢ (local variable block)

| new d y | delete d y (object con- and destruction)

| copy dy y | uncopy d y y (reference con- and destruction)

| call g(z, ..., ©) | uncall ¢(z, ..., x) (local method invocation)

| call z::q(z, ..., ) |uncall z::q(x, ..., x) (method invocation)

| skip | s s (statement sequence)

e = Tnlz|zled |nil]e ® e (expression)
© == +|-|" (operator)
® u= Of*[/[h]&]1[&&[I1[<[>]=]1=]<=]>= (operator)

prog € Programs
cl € Classes

s € Statements

e € Expressions

® € Operators

n € Constants
x € VarlDs

q € MethodIDs
¢ € ClassIDs
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t € Types ® € ModOps
m € Methods
l :Locs =Ny
~ :Envs = (VarIDs — Locs)
i :Stores = (Locs — Values)
I :ClassEnvs = (ClassIDs — (fs X ms) )
fs :Fields ={t1 f1 - tn fu}
ms :Methods = {method ¢; (---) s; --- method g, (---
 :Stores = (Locs — Values)
Objects = { (cy, v¢) | ¢y € ClassIDs N ~y € Envs
v:Values  =7ZU Objects U Locs U [Locs]
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& : Expressions — (Envs x Stores) — Values
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P : Programs — (Envs x Stores)
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Eln)(v,p) =7
Elz] (v, 1) = p(v(z))
Enil] (v, ) =0
Eler @ e2] (v, ) = [@1(Eer] (v p), E[e2] (v, 1)
E[z el (v, 1) = u(l' [v])

where v = E[e] (v, 1), I = p(y(z))
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[+](v1, v2) = w1 + w2
[%](vi, v2) = v1 mod vo
(0, v2) = v — v
[&] (vi, v2) = v1 and vo
[l(or, v2) = 01 x v,
[, v2) = v or v,
_u
[[/]](Ula U2) - Vg
["](v1, v2) = vy wor ve
B 0 ifvy =0V vy =20
[&&] (v1, v2) = {1 otherwise
_ B 1 ifv; < vy
[<=](v1, v2) = {0 otherwise
O ifvy = vy =0
[H](v1, v2) = {1 otherwise
_ B 1 ifv; > vy
[>=](v1, v2) = {0 otherwise
1 v < v
[<I(v1; v2) = {0 otherwise
. . 1 if V1 = Vg
[=](v1, v2) = {0 otherwise
1 i > v
101, v2) = {0 otherwise
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S[skip],,r(p) = p

S[z © = €]y r(n) = ply(z) — v]
where v = [O]( p(y(x)), ELe] (v, 1) )

Slzi<=>z2], v (1) = ply(w1) = v2, v(22) = v1]
where v1 = p(y(z1)), v2 = p(y(x2))

S[from e; do s; loop sy until es], ()

= L[(e1, 51,52, €2)].r(p') if E[ex] (v, 1) #0
where ¢ = S[s1],r(1)

L[(e1,51,52,€2)]y,r(1)

1 if Efe2] (v, 1) # 0
= 5[[(61751’32752)]]77F(M”) if 5[[62]]( ) ) = O/\g[[el]](rWN/) =0
where 1" = S[s1],r (1), 1" = S[s2]5,r(n)

S[if e; then s, else s, fi ea], r(1)

p b (Elea] (v, ) # 0) A (E]ea] (v, 1) # 0)
where p/ = S[s1],r(1)

p' it (Elea] (v, p) = 0) A (E[e2](v, 1) = 0)
where p/ = S[sa],,r(1)

Sleall qCy1, ..., y)]r(p) = S[slyr(n)
where
p(y(this)) = (¢, v') T(c) = ( fields, methods )
( method q(t; z1, ..., tp 2n) S ) € methods

~v' = 7’[ this — y(this), z1 — v(y1),-.., 2k — Y(yx) ]

Sluncall ¢(y1, ..., yd ]y r(p) =4’
where S[call q(y1, ---, yn)]yr(W) =u
Slcall zg :: ¢y, ..., yn) ]y r(p) = S[sly.r(1)
where
l=v(xo) U'=upl) wl)={,vy) T(c)= ( fields, methods )
(method q(ty z1, <.y ty zZpn) s) € methods
"= [ this = y(zo), 21 (W), 20 () |
Sfcall zlel :: gy, ..., Y]y r(p) = S[s]y.r(w)
where

v=_E[e](v,p) 1= p(y(z)) ] "= p)
p(ly ={e, v, T(c) = ( fields, methods )

(method qty z1, <oy ty zZpn) s) € methods
V' = [ this = y(w0), 21 = Y(W1), -5 20— Y(uk) |
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Sfuncall y :: gy, ..., y) ]y r(p) =p

where Sfcall y :: q(y1, -, yn)]yr(W) =1
S[construct c z s destruct z], r(p) = p"[l5 — 0, ..., I, — 0]
where
fields
F(C):< {<t17 f1>7 LR <tn7 fn>}7 mEthOdS) 7/: [fl = llla AR fn = l;v]
{0, .,y ndom(u) =0 W=plf = 0,....0 — 0,1 =1 1w ()]
W' = Slshyr (W) p"(1) =0, ..., p"(l,) =0

Slzler] ® = ea]yr(p) = pll' = w']
where vy = E[e1] (v, ), v2 = Ele2] (v, ), I = p(y(2)) 1], w = pl’), v’ = [O](w,v2)

S[[newcx]]%r(,u)zu[l ooy lo = (e, Y o= 0, oy Ly e 0}
where
fields
F(C):( {<t17 f1>v ey <tma fm>}7 methOds) '7/: [fl — lo, ey fm — lO]
Y(@)=1 {lo, ..., b } N dom(p) =0
S[[newcx[e]}]%r(u)zu[l = lo, o= (e, ), I = 0, oo, Ly = O}
where
fields
F(C):( {<t17 f1>7 ceey <tma fm>}7 methods) ’y/: [fl — lOa sty fm — lO]
v=_E[e](v, 1) 1=p((z)] {lo, ..., ln} N dom(p) =0

Sldelete ¢ y], r(n) = 1
where S[new c y], r(y') = p

S[new alel ], r(p) = p[l—{l1, ..., 0}, 1 —0, ..., I, —0]
where n = E[e](v, ), L =~(x), {1}, ..., I, } N dom(p) =10

S[delete alel z],r(p) =i
where S[new alel z], r(1') =p

Sleopy ¢z 2'],,r (k) = pll' = 2]
where v(z) =1, y(2") =1, p(l) =v
Sluncopy ¢ & 'Ly r(i) =
where Scopy c z '], r(1) = p
/

Sflocal cx =e; s delocal z = es],r(p) =

where
vy = Elea] (v, ), v2 = E[ea] (v, 1), 7 ¢ dom(p)
= Slslypsr,r(plr = v1]), 0" = p'r—=wo], p’(z) = v2
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Plely ...clp] = (v, 1)

where

Fields
P =gen(cly, ..., cn) (@)= ( Ut fi)s oy (tiy fi)}, methods )
(mﬁhﬂnmmOS)ezmdM% N=1fi = 1, .o, fi v, this — i+ 1]
p=1—=0,...,0—0,i+1 = i+2 i+2 — (c, )] = S[s]y.r(w)
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