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[z = ¢(s)5,
get =¢(s)s.x
putIC(S)/\iL’ s <= (),

move = ¢(s)Adx.s.put (s.get + dz)]
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p.move 2 — ([s — p|Adz.s.put(s.get + dx)) 2

= (Adz.p.put (p.get +dx)) 2

— p.put (p.get + 2)

— p.put (p.x + 2)

— p.put (5+ 2)

— pput7

— (M px<=g(s)) T

— pax <87

— [z =¢(s)7, get =¢(s)s.x,.. ]
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FV([li = c(xi)ti 47) = Usern ((# 7 a [ #2, e FV ()} U {#y | #y € FV () &y # 2i})
FV(t.) = FV(t)
FV(t1.l <= ¢(x)ts) = FV(h)U{# 1z |#z e FV(t)}U{#Wy |#Hyec FV(t) &y # x}
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(t = [l = s(xo)t; <))

t.lj — [.%'j g t]tj

(E-OBJSELECT)

(t = [l; = s(;)t; *€-"))
tlj = (@)t — [l; = ¢(zp)t; €I L = g(a)t],

(E-OBJUPDATE)

tj — t;.
I = ()t €L L — (2t €ld—Litlon | — ()¢ (E-OBJECT)
[li = <(@:)ti ] — [l = s(zi)ti 7J—§(1')J]
t—t
tl—st'1 (E-SELECT)
t1 — t’l

(E-UpPDATEL)
t1.l <= (x)te — t).1 < g(z)t2

tQ —)té

E-UPDATE2
t1.l < (x)te — t1.0 < g(z)th ( )

2.2.1 00 [0 OO, confluence]: t; —>}i to &t —>}5 t3 = Jty.to —>’} ty & t3 —>’} ty.

2.220 [000O0000, uniqueness of normal forms]: ¢t —3 ¢ 00 ¢t —%¢" 00 ¢,¢" [
Ooooooo¢Y=¢"o00oad

2.2300: ¢
3 00O
3.1 OO

— % [l =<zt €ln) gooo0t — [l = s(2))t, i€-m.

0000 mO0O0O0O0O00O0OO
() = z.arg
At) = [arg = <(z)r.arg, app = o(x){(t))]
(tita) = (tr.arg:=ty).app



3.2 UUoobobooodn

00 = [pred = ¢(z)z, add = (x)\y.y]
[pred = oy, add = ¢(x)\y.x.pred := (x.pred.plus y)]
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4.1 00000

411 00: 0700 ¢00 o, 000 'ODO0O0b0OoboOobDobDOoD

T:o= [I:T,...,0:T]

tu= #a|ll=c@Dt, ..., l=clx:T)t]|tl]tl<c(x)t
vi= [l=¢(@:T)t,...,l =¢(x:T)t]

= eo|x:T

[l :Ty,....01,:T,] 0 [;: ;" 0o0o0o00ag

4.1.200: 00000 I'¢:70000DO0OOOCOOO

(T-VAR)
Oo:TH#%:T
'#"2:T
(T-WEAK]1)
| A A L
F'F#"x:T x
Gkl (T-WEAK2)
D,y:T'+#"x:T
Dx:TrHt:TY DT, T, (T = [l; : T; €+"))
, (T-OBJECT)
'k [lz = §($Z‘: T)ti Zel"n] :T
Dt [l T; €bn]
(T-SELECT)
't Ty
T=][l;:T;€tn I'¢t:T DT Ht:t
( i T D i (T-UPDATE)

PEtly<=c(e:T)t : T



4.2 000

4.2.3 00 [Uniquness of Typing]: T'+¢: 7T 00 T'H¢: 7000 T=7'"0000

4.2.4 00 [Type Preservation|: '+¢t:T 00 ¢t —, ¢ O00OTHY:TOO0OO

4.2.5 00 [Progress|: o-¢t: T 00 +00000000000 ¢00000 t—,¢ 0000

A O0O0O0O0O0
ﬂgc #x
ﬂ% #ix
Molle = s(xp)ty, #€8m]

ra(t.0)
ﬂ%(tl.l A §($)t2)
19 (t1.l <= c(z)ta)

Ui #a
W #a

Ve = (ap)ty Felm]
V()

V(1 < o(2)ta)
U3 (t1.1 <= o(z)ta)

— #i+1l'
= #iz

[l = <(2p) 12 () F€L1

= (Mht)d

(1 t1).0 < s(a) (15 ta)

= ()L < (@) (M) t2)

= #71y
= #iz

[l = o(ax) U2 (1) ¥

= (W)l A
= (lat)l <= g(a:)(u;“ t2)
= (Wt)d < (@)U t2)

iti>j
ifi<joraxz#y

)i+l ifr =1
= Jj if x # xp

iti>j&i>0
ifti<joraz#y

g+ if £ = xy,
k= j if x # xy,

[t/# x])#ix = t
[t/# z]#]y = #y ifi#£jorx#y
t/# ][l = c(@p)tf< "] = [k = o(aw) (ft/#ra]ty) €] Jk = { iJF 1 ii 7:'5 i:

[t/#'x](to.1) = ([t/#'x]to).1
(t/#z)(t ] < o(z)ts) = ([t/#z]t1).] < o(2)([t/#H z]t)
t/#a](td < <(y)t) = (t/#alt)d < o(y)([t/#iylts) Loy

[z t1]ts = WO([Y t1/x]te)



