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A. Proof Appendix
A.1 Type Safety
We write 3; ¥ F o; 7 to signify that
V(ia:0) eV .%W;0;mka:6
We also write I'c; 3; W - p to signify that

V(iz:0) el .50 Fp(x):0xAp(x) #0

Moreover, we write I'c; ¥ - A to signify that
Vs € range(Xe). Te; X F s
Proposition 8 (safety for lvalue evaluation).

1. Progress: if
I3 kp
X Ubko;m
cI';XHC:0
then
(a) ;050 F (o, m, 0) EN (¢, 7', a) or
b) Z; 05 pkF (0,7, ) Le
2. Preservation: if
I kp
X Uko;m
T, SF(:0
c S gipk (om0 S (o) 7 a)
then for some U’ D ¥
(@ I'e; %5 L P
b) ;0 o7’
©) ;9 Fa:0x

err.

Proposition 9 (safety for expression evaluation).

1. Progress: if
T30 kp
X VUbkom
*I'e;XFe: 6
then
@ Z;p:pF (o,m,e) S (o, 7', v) or
) T pipk (o,me) Se
2. Preservation: if
T30 kp
X VUhko;m
*I'e;XFe: 6
S pipk(o,me) S (o, 7, v)
then for some &' O ¥
(@) Te; 359" - p
b) ;U o'’
) ;¥ Fv:6

Proposition 10 (safety for statement evaluation).

err.

1. Progress: if
I3 kp
X VUbko;m
‘T Xk s
;X F A
then
@ Z;Xe; psp b (o,m,s) = (o, 7', ") or
b) Z;Ae; pip b (0,7, 8) 2 error
(c) s = return.
2. Preservation: if
*I';X ks

* XA pip <0’,7T,S> = <U/77T,75,>
T30 kp
X VUhko;m

then for some &' O ¥

(@ To; 30 F p

b) ;0 o7’

(ORI

Proposition 11 (safety for function definitions).

1. Progress: if
—_— —

* E '_ f($ : 0)<y : 6’717)\Caj>
* 3 )\C,p pt (o, m (D)) 2*(o’, 7', return)
'FC:{m:G,y:G}
T30 kp
VU hkoym

then

@) 5 Ae; 55 p b (o, Ae(D)) 2%’ 7, return) or

®) Ty Ae; pip F o, m Ae(l)) S *err (we assume this sub-

sumes divergence).
2. Preservation: if .
LS GUITENR )
* 3% )\C,p pt (o, m (D)) 2*(o’, 7', return)
'FC:{m:G,y:G}
I3 kp
VU koym
then for some &' O ¥
(@) T30+ p
(b) ;¥ - o'; 7’

Proof 1. Propositions 8, 9, 10 and 11 proved together by mutual

structural induction on the typing judgements for ¢, e, s and d..

* By case analysis on I'c; ¥ + ¢ : 6 in Fig. 4. To show 1b or
conversely la, 2a, 2b and 2c hold for proposition 8. Observe

that 2a holds if ¥/ D .

1. Let £ = z. By rule l-var 3; 55p F (o, 7, ) EN (o,7,a)
where a = p(z) hence la holds. Put ¥’ = . Since
;30 F pit follows 3; U - p(z) : 6% and 2c holds.

Moreover ¥; ¥’ |- o; 7 and 2b holds.

2. Letf : 0 = xx : 7. Since ['¢;3; ¥ - p it follows a =

p(x) # 0. By rule l-ptr ¥; 5 p b (o, 7, *x) 4 (0,7, 0(a))
thus 1a holds. Put ¥/ = W. By rule t-ptr I'c; 2 - = @ 7%
and by I'c; 3; ¥ F p it follows ;¥ F a : 7 % %. By
rule vt-addr (a : 7%) € ¥ and by X; ¥ F o; it follows
3, U057 F a: T+ Byrule st-comp X; U - o(a) : 7+ thus
;0" F o(a) : 7 and 2c holds. Moreover 3; ¥’ + o; 7
and 2b holds.

3.Letl : 0 =z — ¢ : 0. Since ['c; ;0 F p let

a = p(x) # 0andletv = o(a) +1. c. If p(z) = 0 or
v & Um then 1b holds. Otherwise ;g5 p F (o, m, 2 —
o 5 {(o,7,v) and la holds. Put ¥ = . By rule t-fld
I'e;X F 2 : Nx and by rule t-var (z : Nx) € I'c and
by I'¢; ;W + pit follows ;¥ - p(z) : N x % By
rule vt-addr (p(z) : N*) € U and by 3; ¥ I o; 7 it follows
Y;U;0;m b p(z) : Nx* and by rule st-comp ;¥
o(p(z)) : Nx. By rule vt-addr (o(p(z)) : N) € ¥ and by
Ie; ;0 F pitfollows X; Us oy F o(p(x)) : N and by
rule st-fid 3; ¥ F o(o(p(z)) + ¢) : 6. By rule st-comp
50051 Foo(p(x)) +c : 0. and by I'; ;0 F p
it follows (o (p(x)) + ¢ : 6.) € ¥ and by rule vt-addr



YT NeX

',
X0 > | short Y F long Y F 7% YXFN
3(N)=L1LVN ¢ dom(X)
Y =Yo{N w0}
V0, € 0.(X' +6,) N¢dom(¥X) Y =%o{Nw~— 1}
’ d 7 ’ d 7
5 F decls & 5 : X Fdecls—)Z . % Fdecls—)Zd
Yhe= X ¥ | struct N(6); decls — X" Y | struct N;decls — %"

Figure 13: Well-formed type declarations of MINC programs

;0 F o(p(x)) + ¢ : O and 2¢ holds since ¥/ = ¥,
Moreover ; ¥’ |- o; 7 and 2b holds.

4. Let ¢ = z[e']. By rule t-ar T'c; X €’ : ¢ hence by mutual

induction:

= Either X; 05 p + (0,7, ¢/) % err. By rule e-lval-err
s g p b (o, 7, x[e']) <> err. Hence 1b.

"Or i 75p F {o,me) S (o, 7', v). If p(z) = 0

then la holds by rule e-lval-err. Otherwise let a =
o'(p(z)) +1L v. If a € Un’ then la holds. Otherwise
by rule l-ar 3; 55 p b (o, 7, z[€']) EN (¢, 7', a). Hence
1a holds.
By induction there exists ¥ D W such that X; ¥’ +
o';m'. By rule t-ar T'e; ¥ + z : 0[]* and by rule t-var
(z: 0[]%) € Tcand by T'c; 3; ¥’ F pit follows Z; ¥’ -
p(x) : 0[] x . By rule vt-addr (p(z) : 0[]*) € ¥’ and by
0 oy n it follows 35050/ = p(z) @ 0])*
and by rule st-comp X; U’ F o'(p(x)) : O[]x. By
rule vt-addr (o'(p(z)) : 0]) € ¥’ and by 'e; 3; ¥’ +
p it follows 3;U';0'; 7' F o'(p(x)) : 0] and by
rule st-ar 3; U’ + o’ (¢’ (p(z)) +v) : 0. By rule st-comp
500w o' (p(x)) +v:@and by Te; 3550 | p
it follows (¢’ (p(z)) + v : 6) € ¥’ and by rule vt-addr
0 F o'(p(z)) + v : 6% and 2c holds. Moreover
¥: ¥’ I o; 7 and 2b holds.

* By case analysis on I'c; ¥ + e : 6 in Fig. 4. To show that
either 1b or conversely 1a, 2a 2b and 2c of Proposition 9 hold.
Observe that 2a holds if ¥/ D .

1.

.Lete : 0 = c4

.Lete : 0 = new T

Lete : 0 = &z : 7. By rule t-amp I'c; X + x : 7 thus
(x : 7) € T¢and by I'¢; ;¥ F p it follows X; ¥ +
a : 7« where a = p(x) # 0. By rule e-amp X; 7 p +
(0,7, &) = (0,7, a) hence 1a holds. Put U’ = ¥ thus
;W' | a : 7+ and 2c holds whilst 2b is immediate.

. Lete: 0 = ¢ : long. By rule e-const X; o p - (o, 7, ¢;) =

(o, 7, c1). Hence 1la.

Let ¥/ = . By rule vt-1 3; ¥ |- ¢; : long. Hence 2c. Also
2b.

short. By rule e-const X; g;p +
(0,7, cs) = (0,7, cs). Hence la.

Let U’ = U. By rule vt-s ; ¥ |- ¢, : short. Hence 2¢. Also
2b.

.Lete: @ =0 : 7 By rule e-const X; 5 p - (o, 7,0;) =

(o, m,0;). Hence 1la.

Let ¥/ = . By rule vt-null 3; ¥ + ¢, : 7. Hence 2c.
Also 2b.

: 7. By rule e-new ¥;pp +
(o,m,new 7) 5 (0/,7,a) where 0’ = oo {a — L}.
Hence la.

Let ¢ = Uo {a + 7}. By rule vt-addr ;¥ + a : 7
hence 2c. Also by rule vt-bot ¥; ¥’ - L : 7 by and rule
st-comp X;¥’';0’;m - a : 7 hence ¥; ¥’ - o';7 and 2b
holds.

.Lete : & = new struct N : Nx and n = |X(N)|. By

rule e-str 3; 05 p F (0,7, new struct N)Y 5 (o', 7', a)
where 0/ = co{a — 1,...,a+n—1+ 1} and
' =nU{la,a+n—1]}Pu¥ =V U{a: Na+1:
01,...,a+n—1:0,_1} Byrule vt-addr 3; V' - a : Nx
hence 2c¢ holds.

Leti € [0,n—1]. Theno’(a+i) = Lhence &; ¥’ + o' (a+
i) : 0; by rule vt-bot therefore 3; U'; 0’; ' - a+1i : 0;. By
rule st-fid 3; ¥’; o’; 7’ I a : N hence 2b holds.

.Lete: 0 =new f[e] : O[]*. By rule t-new-ar I'c; X e : ¢

hence by induction:
= Either Z;0:p F (0,m,¢e) = err. By rule e-ar-err
;g pF (o, m new Oe]) = err. Hence 1b.
"Or 3;05p F {(o,me) = (0,7, v). By rule e-ar

i gip (o, 7, new 0le]) % (0", 7" a) where ¢” =

o’o{a— 1,...,a+v—1+ L}. Hence la.
By induction there exists ® O @ such that 3; ¥’
o' . Put 0’ =W of{ar 0[],...,a+v—1— 0]}

By rule vt-addr it follows 3; U” F a : 6[]* hence 2c. By
rule vt-bot it follows ¥; ¥” = L : (] and by st-comp it
follows X; ;0" 7" Fa+1i: 0] forall ¢ € [0,v—1]
hence 2b.

8. Lete:0 = (e1®ez):t.Byrulet-® I'c; X F e; : t and

I'c; 2 - e2 : t. Hence by induction:
= Either ¥;0:p F (0,7, e1) <= err. By rule e-op-err;
S gip b (o, m, (e1 ® ea)) <> err. Hence 1b.
= OrX;pipk (0,7, e2) > err. Like previous case.
"Or Z;0ip F (o,me1) = (o), 7', v1) and ;05 p F
(o' 7' e2) = (0", 7", va).
— Either v1 @ v2 = err. By rule e-op-errs 3; p; p -
(o,, (e1 @ e2)) = err. Hence 1b.
— Orv1 @rv2 =v.Byrulee-op 3; 05 p F (0,7, (e1®
e2)) = (¢/, 7, v). Hence la.
By induction ;0" I vy : t and X; 9" F vy : t.
If t = shortthenv = L orv = ns where n €
[—2'5,2'% — 1]. If v = L then X; ¥” + v : short.
by rule vt-bot. Otherwise if v = ns then X; ¥” +
v : short by rule vt-s. An analgous argument holds
if t = long hence 2c. Also 2b trivially by induction.

9. Lete: 0 = (e1 @ e2) : 7[]*. Similar to previous case.



10. Lete : 0 = f(€) : ;. By rule tcall T¢; 3 | e; : 0] where
—A N —
d(f) = flx:0)(y:0" 1, X,j) and = F 0" <: 6. With
respect to e; there are two possibilities:
= Either for some i: ¥; 0 p F (01, mi—1,€:) — err.
Then by rule e-call-err it follows that 1b holds.
= Or for all 4: Z;ﬁ; P = <O‘i71, Ti—1, 6i> i) <0‘¢,7Ti7’l)1‘>
and by the inductive hypothesis 3; ¥; + 6; : v; and
0, oy Let U =0, U {a: g,a’ : 0'}. Then it
is easy to verify X; ¥’ + o’;mp, and T'e; ;0 = p’. By
the progress induction hypothesis we then have for s:

— Either 35 A\e; 3, p; 0" F (07, 7, Ae(1)) 37 (c”, 7', return)

Hence la.
— Otherwise 1b.

Preservation follows from the induction hyptheses for
all e; and s.

* By case analysis on I'c; 3 = s in Fig. 4. To show that either 1b
or conversely 1a, 2a, 2b and 2c of Proposition 10 hold. Observe
that 2a holds if U/ D W.

1. Let I';; X F (€ := e);s. From the induction hypothesis

for ¢, either ;0 p F (o, m,£) EN err, and hence 1b, or
S pp B oy, L) AN (¢, 7', a). In the latter case, we

have either 3; 55 p F (¢/,7’,¢e) % err, and hence 1b, or
Sigip (o), e) S (0", 7", v). By s-assn we then
have ; \e; 95 p - (o, 7, (0 :=e);8) = (¢”, 7", s) where
"' = 0" o {a — v} and hence 1a.
We get I'c; % s from t-assn. Hence 2c. From the in-
duction hypotheses for ¢ and e we get type preservations
0”7 F oa : 61x and 3;9” F v : 62 and type con-
sistency X; ¥” + ¢”; ", Hence, through rule vt-addr we
know that (a : 1) € ¥". From rule t-assn we know %
02 <: 1. Hence, through rule vt-subt we have ;¥ +
v : 61. Since 0’ (a) = v we have hence by rule st-comp
;0" 0" 7" - a: 601. Hence ;9" F ¢’ ", Thus 2b.
2. LetT'c; X F (if e goto 1); s. Then
= Either &; 55 p F (o, 7, €) = err. Hence 1b.
=OrX;piphk (o,me) S (o, 7', v). Then
— Either v = L. Hence 1b.
— Or v = 0. Then by rule s-if-false 3; A¢;p5p F
(o, 7, (if e goto 1);s) = (o, s, ). Hence 1a. We
call this scenario 1.
— Orv#0Awv# L. Then
* Either I € dom(\c). Then 1b.
+ Or s’ = \c(1). Then by rule s-if-true ; \c; 75 p F
(o,m, (if e goto 1);8) 2 (o, 7s’,”). Hence la.
We call this scenario 2.
In scenario 1 we have from t-if I'.; ¥ F s. Hence 2c. In
scenario 2 we have that s € range(A:). Hence I'c; S F s'.
Hence 2c. In both scenarios we have from the induction
hypthesis for e that 3; ¥’ I ¢’; /. Hence 2b.

3. Let I'c; ¥ F goto [. Then either I ¢ dom(A.) and thus
Y Ae;pip F {o,m goto 1) = err. Hence 1b. Alter-
natively Ac(!) = s. Then by rule s-goto X; Ac;p0;p b
(o, goto 1) = (o, m, s). Hence la.

From I'c; 2 F A, it follows that I';; 3 F s. Hence 2c. Let
U’ = U, Then 2b.
4. LetI'c; ¥ F return. Hence 1c. Also vacuously 2c and 2b.

* Proposition 11 follows by the repeated application of Proposi-
tion 10 combining progress and preservation at every step.
Besides the givens of Proposition ??, Proposition 10 also re-
quires I'c; ¥ + Ac. This is given by rule t-def which is the

only possible way that the well-typing of the function defini-
tion could have been constructed.

A.2 Well-Typed Decompilation

Proposition 12 (well-typed instruction decompilation). If pur;I'c; 3

¢ ~ £ := e then for some 6; and 6>

1.
2.
3.

I'e;XH4:64
I'e;X ke
YE0; <04

Proof 2. The proof proceeds by case analysis on the inference
rules of the instruction translation relation.

1.

10.

Case tr-@-r*;. Let 01 = 62 = 6[]*. From tr-@®-r*1 we have
(x : 0[]*) € I'c. Then by rule t-var I'c; ¥ F 2 : §[]*. Hence 1.
From tr-®-r*; we have I'c; X F m : long. From tr-®-r*; we
have (y : long) € T'c. Then by rule t-var I'c; X F y : long.
From both of these we get by rule t-® I'c; ¥ F y « m : long.
From that and the type of x we get through rule t-ptr- ['c; X +
x @ (y * m) : O[]*. Hence 2. From rule sub-refl 3.

. Case tr-@®-r*s. Let 61 = 02 = t. From tr-®-r*; we have

(z : t) € T'c. Then by rule t-var I';; X F z : ¢. Hence 1.
From tr-&-r*2 we have I'c; 2 F ¢ : t. From tr-&-r*; we have
(y : t) € [¢. Then by rule t-var I'c; X F y : ¢. From both of
these we get by rule t-® I'¢; X F y * ¢ : ¢t. From that and the
type of x we get through rule t-® I'c; ¥ F 2 ® (y*c) : ¢. Hence
2. From rule sub-refl 3.

. Case tr-®-rc. Let 61 = 0 = t. From tr-®-rc we have (z : t) €

I'c. Then by rule t-var I'¢; ¥ F « : ¢. Hence 1. From tr-®-rc we
have I'c; ¥ F ¢ : t. From that and the previous I'c; X F z : ¢t we
have by rule t-® I'c; ¥ - x ® ¢ : t. Hence 2. From rule sub-refl
3.

. Case tr-®-1r. Let 61 = 02 = t. From tr-®-rr we have (z :

t) € Ic. Then by rule t-var I'c; ¥ = z : t. Hence 1. From
tr-®-rr we have (y : t) € I'c. Then by rule t-var I'e; X F y : ¢.
From that and the previous I'¢; ¥ F x : ¢ we have by rule t-®
I'e; ¥ F 2 ®y:t. Hence 2. From rule sub-refl 3.

. Case tr-@-rc. Let 6, = 6 = 6[]*. From tr-&-rc we have

(z : 0]]x) € T.. Then by rule t-var I'c; X F z : 0[]
Hence 1. From tr-@-rc we have I'c; ¥ = m : t. From that
and the previous I'c; X + z : 0[] we have by rule t-ptr-&®
Ie; X F 2 @ m: 0] Hence 2. From rule sub-refl 3.

. Case tr-mov-rc. Let #; = 02 = t. From tr-mov-rc we have

(z : t) € I'c. Then by rule t-var I'c; ¥ - « : ¢. Hence 1. From
tr-mov-rc we have ['c; X = ¢ : ¢t. Hence 2. From rule sub-refl 3.

. Case tr-mov-10. Let 81 = 65 = 7*. From tr-mov-rQ0 we have

(z : 7%) € I'c. Then by rule t-var I';; ¥ = x : 7. Hence
1. From t-null we have I'¢; % F 0 : 7. Hence 2. From rule
sub-refl 3.

. Case tr-mov-rr. From tr-mov-rr we have (:r : 91) € I'c. Then

by rule t-var I'c; 3 F x : 1. Hence 1. From tr-mov-rr we have
(y : 02) € T¢. Then by rule t-var I'c; X + y : 02. Hence 2.
From tr-mov-1r we have ¥ - 62 <: 6;. Hence 3.

. Case tr-mov-ri;. From tr-mov-ri; we have (z : 61) € I'c. Then

by rule t-var I'.; 3  « : 61. Hence 1. From tr-mov-ri; we have
(y : 02%) € T'c. Then by rule t-var ['c; X F y : 2. Then by
rule t-ptr I'c; 3 F xy : 03. Hence 2. From tr-mov-ri; we have
> F 62 <: 61. Hence 3.

Case tr-mov-ir;. From tr-mov-ir; we have (z : 61%) € T..
Then by rule t-var I'c; ¥ - x : 61x. Then by rule t-ptr I'c; 3
*x : 01. Hence 1. From tr-mov-ir; we have (y : 62) € I'c. Then
by rule t-var I'c; 3 F y : 62. Hence 1. From tr-mov-ir; we have
Y F 6 <: 61. Hence 3.



12.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. Case tr-mov-riz. From tr-mov-riz we have (z : 61) € I'c. Then

by rule t-var I';; ¥ - « : 6;. Hence 1. From tr-mov-riz we have
(y : 62[]*) € I'c. Then by rule t-var I'c; 3 F y : 6a[]*. Also
by rule t-1:; X F 0 : long. Then by rule t-arl'¢; 3 F y[0] : 0.
Hence 2. From tr-mov-ri; we have ¥ - 6> <: 61. Hence 3.
Case tr-mov-irz. From tr-mov-iry we have (z : 61[]x) € T..
Then by rule t-var I'c; ¥ F x : 61[]*. Also by rule t-1I'¢; ¥ +
0 : long. Then by rule t-ar I'c; ¥ + z[0] : 6:. Hence 1. From
tr-mov-iry we have (y : 02) € I'c. Then by rule t-var I'c; 3
y : 02. Hence 2. From tr-mov-irs we have ¥ - 02 <: 01. Hence
3.

. Case tr-mov-riz. From tr-mov-rig we have (z : §) € T'c. Then

by rule t-var I'c; ¥ F x : 6. Hence 1. From tr-mov-riz we have
(y : Nx) € T'c. Then by rule t-var I';; X F y : Nx. Then by
rule t-fldl:; X + y — 0 : 6p. Hence 2. From tr-mov-riz we
have ¥ - 6y <: 6. Hence 3.

Case tr-mov-irs. From tr-mov-irs we have (z : Nx) € T..
Then by rule t-var I'c; ¥ = x : N*. Then by rule t-fidl'¢; ¥ +
x — 0 : 6p. Hence 1. From tr-mov-irs we have (y : 0) € T..
Then by rule t-var I'c; 3 F y : 6. Hence 2. From tr-mov-irs we
have X F 0 <: 6y. Hence 3.

Case tr-mov-ri+:. From tr-mov-ri+; we have (z : 61) € T..
Then by rule t-var I'c; 3 F x : 61. Hence 1. From tr-mov-ri+;
we have (y : 02[]*) € I'.. Then by rule t-var I'c; ¥ F y : 62]*.
Also from tr-mov-ri+; we have I'c; ¥ F m : t. Then by rule
t-arl'c; X F y[m] : 62. Hence 2. From tr-mov-ri+; we have
3+ 62 <: 0. Hence 3.

Case tr-mov-i+r1. From tr-mov-i+r; we have (z : 01[]%) € T..
Then by rule t-var I'c; ¥ x : 61[]*. Also from tr-mov-i+r;
we have I'c; ¥ F m : t. Then by rule t-arl'c; X F x[m] : 6;.
Hence 1. From tr-mov-i+r; we have (y : 02) € T'c. Then by
rule t-var [';; ¥ F y : 02. Hence 2. From tr-mov-i+r; we have
> I 62 <: 6:1. Hence 3.

Case tr-mov-ri+z. From tr-mov-ri+2 we have (z : 0) € T..
Then by rule t-var I'c; ¥ F z : 6. Hence 1. From tr-mov-ri+o we
have (y : N*) € T'c. Then by rule t-var I'c; X F y : Nx. Then
by rule t-fidl’c; ¥ + y — m : 0,,. Hence 2. From tr-mov-ri+2
we have ¥ - 60,,, <: 6. Hence 3.

Case tr-mov-i+r2. From tr-mov-i+ra we have (z : Nx*) € T..
Then by rule t-var I'c; ¥ F 2 : Nx. Then by rule t-fldl’c; ¥ +
x — m : O,. Hence 1. From tr-mov-i+ro we have (y :
02) € I'c. Then by rule t-var I'c; 3 + y : 62. Hence 2. From
tr-mov-i+rs we have X + 0 <: 0,,,. Hence 3.

Case tr-alloc-r*. From tr-alloc-r* we have (z : 0[]x) € T..
Then by rule t-var I'c; ¥ F z : []*. Hence 1. From tr-alloc-r*
we have I'c; ¥ - m : t. From tr-alloc-r* we have (y : t) € T..
Then by rule t-var I'c; 3 + y : ¢. From both of these we get
by rule t-® I'c; ¥ F y * m : t. Then from t-new-ar we get
Ie; X+ new Oy * m] : 6])+. Hence 2. From rule sub-refl 3.
Case tr-alloc-rci. From tr-alloc-rc; we have (x : 0%) € T..
Then by rule t-var I'c; X - x : 6. Hence 1. From t-new we get
T'c; X F new 6 : 0*. Hence 2. From rule sub-refl 3.

Case tr-alloc-rce. From tr-alloc-rca we have (z : Nx*) € T..
Then by rule t-var I';; ¥ F x : Nx*. Hence 1. From t-new-str
we get ['c; X - new N : Nx. Hence 2. From rule sub-refl 3.
Case tr-alloc-rcz. From tr-alloc-rcs we have (z : 0[]x) € L.
Then by rule t-var I'c; ¥ F x : 0[]*. Hence 1. From tr-alloc-rcs
we have I'¢; %X + m : t. Then from rule t-new-ar we have
I¢; X F new 6[m] : 0[]*. Hence 2. From rule sub-refl 3.

Case tr-call. From tr-call we have (u : 6,) € I'c. Then by rule
t-var I'c; X F u : 6. Hence 1. We have:

=
* From tr-call we have ¢.(f) = f(z : 0){(y : 0',1, X, 5).

* From tr-call we have (v:6,) € T.. Then by rule t-var
;X F 70,

* From tr-call we have & I 0, <: .

* By rule sub-reflwe have ¥ - 0 <: 0}.

Hence by rule t-call we have I'¢; 3 +: 6. Hence 2. From tr-call
we have ¥ + 6} <: 6,,. Hence 3.

Proposition 13 (well-typed block decompilation). If px; pr;Te; X F
b sthen'c; X F s.

Proof 3. This proof proceeds by structural induction on the block
translation relation.

1. Case tr-instr. From tr-instrwe have pur;Te; X F o~ £ = e.
Hence, by Proposition 12 we havel'c; ¥ F ¢ : 01, I'c; % F
e : 0 and ¥ F 02 <: 6;. Also by rule tr-instr we have
pa;pur; Lo X b 2, 5. Hence by the induction hypothesis we
have I'¢c; X F s. Then by rule t-assn we have I'c; X F £ :=e; s

2. Case tr-if. From tr-if we have (x : §) € I'c. Then by rule t-var
Te; X F a6, Also from tr-if we have py; ur; T'e; X F b 2 s,
Hence, from the induction hypothesis we have I'.; ¥ I s Then
the proposition follows from rule t-if.

3. Case tr-goto. This follows from rule t-goto.

4. Case tr-ret. This follows from rule t-ret.

Proposition 14 (well-typed definition decompilation). If ¥

dz ~ d. then X F d..

Proof 4. We show that the four preconditions to rule t-def are
satisfied:

_—

1. From rule tr-def we know that . = {z : 0,y : 6’}

2. From rule tr-def we know that a € dom(\:) and I = px(a).
Hence | € range(py). From the rule we also know that
range(px) = dom(Xc). Hence | € dom(Ac).

3. From rule tr-def we know that r,. € ﬁ We also know that
yj = pr(ry;) and that Y = pr(ry). Hence y; € /.

4. From rule tr-def we know that V(a +— 1) € px : px;pr;Te; 2
Az (a) RS Ac(l). From Proposition 13 we then know that
VI € range(px) : T'e; X = Ac(l). From rule tr-def we know
that range(ux) = dom(A.). Hence VI € dom(Ac) : T'e; X F

—
Hence by rule t-def we conclude ¥ - f(x : 5)<y 20" 1, ey 7).

A.3 Semantics Preservation

Instructions 'We prove Propositions 7 and 6 together.

Proof 5. The proof proceeds by case analysis on the derivation of
the judgement pur;Te; D F o~ £ :=e.

1. Case tr-@-r*1. Then ¢ = (op¥ ri,7j *¢), £ = z and e =

z @ (y*m).

(a) This case is not possible. Rule ex-®-r* always applies.

(b) In this case rules ex-@-r* is used for progress on ¢: R+
(H,R,0p® ri,rj*c) = (H,R'). Here R = Roy {r; —
gi D4 (I;J *q C)} where g@ = R0;4(’I“i) and gj = R0;4(Tj).
Similarly, through rule l-var 33; g5 p F (o, 7, x) EN (o,7,a)
with a = p(z). Also through rules e-op, e-lval, l-var and
e-const we obtain ;05 p F (0,7, (z @ (y *x m))) >
{o,7,v) where v = vV, ®r (Vy*rm), vz = o(a),a’ = p(y)
and v, = o(a’).

From rule tr-®-r*; we know (r; : x)a € pr. Hence from
the related registers we know g H bi e~ Vg Similarly,
we know o b b; v wv,. Then from (z : O[]%) €



I'. and the store typing of o it follows that v, = n.
and from the success of the addition, it also follows that
[14, N ® (vy xm)] C€ 7. Hence, also from the store typing
all m values at the addresses in this range have type 6. From
the related heaps it then follows with ¢/m = sizeof (9) that

pra b (b @4 (b; %4 ¢)) « (v @x (vy * m)). Hence, the

update registers are still relaged. reasoning we know pu, F b; «~ vy. Then from (z :
2. Case tr-@-r*;. Then ¢« = (opy 73,7 *¢), { = z and e = £) € Te, (y : t) € Te and w = sizeof (t) it follows that
v (y * ). . . . fta b (bi®@uwb;) « (v, ®xv,). Hence, the update registers
(a) This case is not possible. Rule ex-®-r* always applies. . are still related.
(b) In this case rules ex-@-r* is used for progress on ¢: R F 6. Case tr-mov-rc. Then ¢ = (mov,, 75,¢),{ =z ande = c.

o ¢ —
QH’ R, opy, 7,7 * c) - (H,R'). Here R/: Roy {ri— (a) This case is not possible. Rule ex-mov-rc always applies.
bi Pw (b] * C)} where b; = Ro;w(’r’i) and b; = Ro;w(Tj).

Similarly, through rule l-var 3; g5 p F (o, 7, x) AN (o,7,a)
with a = p(x). Also through rules e-op, e-lval and I-var
we obtain 3;0ip F (0,7, (z ® y)) = (0,7, v) where
V= Uy Qn Uy, Uz = 0(a),a’ = p(y) and vy, = o(a’).

From rule tr-®-rr we know (r; : x), € ur. Hence from
the related registers we know__,ua F by e v By similar

(b) In this case rules ex-mov-rc is used for progress on ¢: R+

Similarly, through rule l-var 3; 55 p b (o, 7, x) EN (o,7,a)
with a = p(x). Also through rules e-op, e-lval, I-var and
e-const we obtain ;05 p F (0,7, (x @ (y *x m))) =
{o,7,v) where v = v, By (Vy*xm), vz = o(a),a’ = p(y)

(H,R,movy, 75,¢) ~ (H,R). Here R' = R o, {r; —
c}.

Similarly, through rule l-var 3; g5 p F (o, 7, x) LN (o,7,a)
with @ = p(x). Also through rule e-const we obtain

o /
;I;gr;l}yru_leatr(-(éa)-.r* we know (7; : )y € pr. Hence from B0 p b {o,m,¢) = (o, ¢).

2 i T & HT o We know that pq - ¢ «~ c. Hence, the update registers are
the related registers we know p, F b; e~ v,. Similarly, still related.

we know po l_;j «~ vy, It then follows that p, F

(b ®uw (b *w €)) « (v ®r (vy * ¢)). Hence, the update
registers are still related.

3. Case tr-®-rc. Then ¢ = (op® r;,¢), f =zande =2z @ c.

(a) This case is not possible. Rule ex-®-rc always applies.

7. Case tr-mov-r0. Then ¢ = (movy ;,0), £ = x and e = 0.
(a) This case is not possible. Rule ex-mov-rc always applies.
(b) In this case rules ex-mov-rc is used for progress on ¢: R+
(H,R,mov4 74,0) = (H, R'). Here R' = Roy{r; — 0}.
o ., ¢
(b) In this case rules ex-®-rc is used for progress on ¢: R F Slmllarly,_through rule l-var 3; i p I (o, 7, ) = (0, T, L.l>
2 . , ;o with a = p(x). Also through rule e-const we obtain
(H,R,op,, ri,c) — (H,R'). Here R' = R oy {r; — ~ e
7 w T Evpap}_ <O',7T,0> — <U’7T70>'
b ®q ¢} where b = Ro. (7). ) We know that i, F 0 «~ 0. Hence, the update registers are
Similarly, through rule l-var 3; g5 p b (o, w, x) = (o, 7, a) still related.
with a = p(z). Also through rules e-op, e-lval, l-var and 8. Case tr-mov-ir. Then ¢ = (mov,, 74, 7;), £ = r and e = y.
e-const we obtain ;0 p F (0,7, (z ® ¢)) = (o,m,0") (a) This case is not possible. Rule ex-mov-rr always applies.
/ —
where v' = v @ cand v = o(a). (b) In this case rules ex-mov-rr is used for progress on ¢: R
From rule tr-®_—rc we know (r; : T_)w"e ur. Hence from (H,R,movy ri,7;) % (H,R'). Here R' = R oy {r; —
the related registers we know fiq b e~ wv. Then from b} where b = Rosw (7).

(x : t) € Tc and w = sizeof (¢) it follows that e + Similarly, through rule Lvar : 7: p - ( > ¢ ( >
o . . imilarly, through rule I-var >; p; p o,m,r) — (0, T,a
(b®w c) & (v ®r c). Hence, the update registers are still with a = p(x). Also through rules e-lval and 1-var we obtain

related. e

4. Case tr-@-rc. Then ¢ = (op{ 74,¢),f =z and e = z & m. Ej p;p(F) (o,my) = (o,m,v) where v = o(a’) and
. . ) . . a =p(y).

(a) This case is not possible. Rule ex-®-rc always applies. ~ From rule tr-mov-rr we know (r; : y)w € pir. Hence from

(b) In this caig rules exb-®-rc 18 /used for p 1;0gress on v R the related registers we know pq b e v. Also from rule
£H7 R, opy Ti’_,c> — (H,R'). Here R' = R o4 {r; — tr-mov-rr we know (r; : x), € pr. Hence, the registers
b @4 c} where b = Ro.(r:). are related. After the update we can see that they are still
Similarly, through rule l-var 33; p; p (o, 7, ) EN (o, 7, a) related.
with a = p(x). Also through rules e-op, e-lval, l-var and 9. Case tr-mov-ri;. Then ¢ = (mov,, 73, [r5]), £ = z and e = *y.
e-const we obtain ¥; g p - (0,7, (x @ m)) S (0,7, 0) (a) This case is possible iff R(r;) = 0 or R(r;) = L. Because
where v’ = v ®r mand v = o(a). of the related registers and, from rule tr-mov-riy, (7 : y)s4 €
From rule tr-@-rc we know (r; : z)4 € pr. Hence from pr, we have pq = R(r;) «~ o(p(y)). In either of the cases
the related registers we know u, F b e~ v. Then from for R(r;) we also have 3; 7 p (o, m,y) = err.
(z : 0[]*) € T'c and the store typing of o it follows that
v = n. and from the success of the addition, it also follows
that [n., n. & m] C€ 7. Hence, also from the store typing
all m values at the addresses in this range have type 6. From
the related heaps it then follows with ¢/m = sizeof (0) that
fta b (b @4 ¢) e~ (v @x m). Hence, the update registers
are still related.
5. Case tr-®-11. Then ¢ = (0p® r;,7;), L =zrande =z ® y.
(a) This case is not possible. Rule ex-®-rr always applies.

(b) In this case rules ex-mov-ri is used for progress on ¢: Rt
(H, R,movy, 74, [r;]) = (H,R'). Here R = Roy, {r; —
52} where 52 = Hw(gl) and 51 = R(’I“j).

Similarly, through rule l-var 3; g5 p F (o, 7, x) EN (o,7,a)
with a = p(z). Also through rules e-lval, I-ptr and I-var
we obtain ¥; g p F (o, 7, *y) = (0,7, va) where ve =
o(v1),v1 = o(a’) and a’ = p(y).

From rule tr-mov-ri;y we know (r; : y)i € pr. Hence

(b) In this case rules ex-®-rc is used for progress on ¢: R from the related registers we knovx fa £ b1 e v1. From
related stores, we also know g, | b2 <~ v2. Also from rule

(H,R,0p% r;,7;) = (H,R'). Here " = Roy {r; — . o Lo
b B Z;J} where b; — Rows(rs) and gj — Row(r;). tr-mov-ri; we know (r; : =), € pr. Hence, the registers



are related. After the update we can see that they are still
related.

10. Case tr-mov-riz. Then ¢ = (movy, 7i,[r;]), £ = z and e =

y[0].

(a) This case is possible iff R(r;) = 0 or R(r;) = L. Because
of the related registers and, from rule tr-mov-riz, (75 : ¥)4 €
pr, we have g = R(rj) e~ o(p(y)). In either of the cases
for R(r;) we also have X; 35 p = (o, 7, y) <> err.

(b) In this case rules ex- mov -ri is used for progress on ¢: R+
(H, R, movy, 7i, [rj]) (H,R').Here R' = Roy {r; —
bg} where bg HY (bl) and b1 R(Tj).

Similarly, through rule I-var 3; g5 p F (o, 7, x) LN (o,7,a)
with a = p(z). Also through rules e-lval, l-ar and e-const
we obtain X; p: p (o, 7, y[0]) = (0,7, v2) where va =
o(v1),v1 = o(a’) and a’ = p(y).

From rule tr-mov-ri; we know (r; : y)a € pur. Hence
from the related registers we know pq 51 «~~ 1. From
related stores, we also know pi, 52 « v2. Also from rule
tr-mov-ri we know (ri : :r)w € ur. Hence, the registers
are related. After the update we can see that they are still
related.

11. Case tr-mov-rig. Then ¢ = (movy, 74, [r;]), ¢ = x and e =

y — 0.

(a) This case is possible iff R(r;) = 0 or R(r;) = L. Because
of the related registers and, from rule tr-mov-ris, (7 : y)4 €
pr, we have g = R(rj) e~ o(p(y)). In either of the cases
for R(r;) we also have X; 35 p = (o, 7, y) <> err.

(b) In this case rules ex- mov -ri is used for progress on ¢: R+
(H, R, movy, 7i, [rj]) (H, R’} Here R’ = Roy, {r; —
b} where by = H™ (by) and by = R(ry).

Similarly, through rule l-var 3; g5 p F (o, 7, x) EN (o,7,a)
with a = p(z). Also through rules e-Ival and I-fldwe obtain
Yo F (o,my — 0) S (0,7, v2) where va = o(v1),
v1 = o(a’) and a’ = p(y).

From rule tr-mov-riz we know (r; : y)a € pr. Hence
from the related registers we know pq 51 «~ v1. From
related stores, we also know pi, 52 «~ V2. Also from rule
tr-mov-ris we know (r; : =), € ur. Hence, the registers
are related. After the update we can see that they are still
related.

12. Case tr-mov-ir;. Then ¢ = (movy, [ri],7;), £ = *x and e = y.

(a) This case is possible iff R(r;) = 0 or R(r;) = L. Because
of the related registers and, from rule tr-mov-irq, (75 : )4 €
ur, we have g F R(r;) «~ o(p(x)). In either of the cases
for R(r;) we also have X; g5 p - (o, , z) L err.

(b) In this case rules ex-mov-ir is used for progress on ¢:
R + (H,R,mov, [r],7;) - (H',R). Here H' =
Ho{bi,...,b1 + (w — 1) — by} where by = R(r:)
and b = Ro.w (r5)-

Similarly, through rule l-ptr 33; 3; p - (o, 7, *z) EN (o, m,v1)
with v1 = o(a) and a = p(z). Also through rules e-lval
and I-varwe obtain 3; 5 p - (o, 7,y) = (0,7, v2) where
ve = o(a’) and a’ = p(y).

From rule tr-mov-ir; we know (7 : y)w € pr. Hence
from the related registers we know g by e~ vo. From
related stores, we also know i, gg «~~s vg. Also from rule
tr-mov-ir; we know (r; : x), € pr. Hence, g F 51 ns
v1. Since (z : 61%) € T'c, we know that v; is an address.
Because of related heaps, we then know that (b1, v1)in/ia.
After the update we can see that they are still related.

13.

14.

15.

Case tr-mov-irz. Then ¢ = (mov,, [ri],7;), £ = z[0] and

e=y.

(a) This case is possible iff R(r;) = 0 or R(r;) = L. Because
of the related registers and, from rule tr-mov-ira, (ri : x)4 S
ur, we have g F R(r;) «~ o(p(x)). In either of the cases
for R(r;) we also have 3; g p - (0, 7, z) L err.

(b) In this case rules ex-mov-ir is used for progress on ¢:
R + {H,R,mov., [ri],r;) % (H',R). Here H' =
Ho {bl,.. b1 + (w — 1) — by} where by = R(r)
and b = Ro:w(15).

Similarly, through rule l-ar and e-const X; 55 p b (o, 7, z[0])
(o, m,v1) withv, = o(a) and a = p(z). Also through rules
e-lval and l-varwe obtain ;0 p - (o, 7,y) = (0,7, v2)
where vo = o(a’) and @’ = p(y).

From rule tr-mov-irp we know (7; : y)w € ur. Hence
from the related registers we know pq by «~ vy. From
related stores, we also know i, by e~ va. Also from rule
tr-mov-irs we know (ri : oc)w € ur. Hence, pq F 51 o
v1. Since (x : 01[]*) € T'c, we know that v; is an address.
Because of related heaps, we then know that (b1, v1)inia.
After the update we can see that they are still related.

Case tr-mov-irs. Then ¢ = (movy, [ri],7;), £ = z — 0 and

e=y.

(a) This case is possible iff R(r;) = 0 or R(r;) = L. Because
of the related registers and, from rule tr-mov-irs, (r; : x)4 €
pr, we have g = R(r;) «~ o(p(x)). In either of the cases
for R(r;) we also have X; g p - (o, 7, x) L err.

(b) In this case rules ex-mov-ir is used for progress on ¢:
R + (H,R,movy, [r],7;) ~ (H',R). Here H' =
H o {gl,...,gl + (U) — 1) — b2} where b1 = R(Tl)
and 6 = Ro;w (Tj).

Similarly, through rule 1-fid 3; 5;p F (o, 7,2 — 0) EN
(o, m,v1) withv, = o(a) and a = p(z). Also through rules
e-lval and 1-varwe obtain ¥; g: p F (o, 7,y) =
where v2 = o(a’) and @’ = p(y).

From rule tr-mov-irg we know (7

(o,m,v2)

: Y)w € pr. Hence
from the related registers we know o 52 «~s Vo, From
related stores, we also know p, 52 «~ v2. Also from rule
tr-mov-irs we know (7; : ). € ur. Hence, pq by e
v1. Since (z : Nx) € I'c, we know that v1 is an address.
Because of related heaps, we then know that (51, v1)iNflq.
After the update we can see that they are still related.

Case tr-mov-ri+1. Then ¢ = (movy, 74, [r; + ], £ = z and

e = y[m].

(a) This case is possible iff R(r;) = 0, R(r;) = L or (R(r;)+
c) & dom(H). Because of the related registers and heaps,
and from rule tr-mov-ri+1(r; : y)a € ur, we have p,
R(r;) e~ o(p(y)). In either of the first two cases for
R(r;) we also have X; 3 p (o, 7, y[m]) % err. In the
last case, because of related heaps, it also has to be that
X pip (o, 7, y[m]) L err.

(b) In this case rules ex-mov-r+ is used for progress on ¢: R
(H, R,mov., ri,[r; + c]) (H, R'). Here R = R oy,
{ri — b} where b = H"(b') and b = R(r;) +4 c.
Similarly, through rule l-var 3; g5 p F (o, 7, x) LN (o,7,a)
with @ = p(x). Also through rules e-lval, l-arand e-const
we obtain ¥; p,p H <0’ , y[m}) (o, m,v) where v =
U(a”—i—m),a =o(a )anda = p(y).



From rule tr-mov-ri+; we know (rj : y)4 € ur. Hence
from the related registers we know i - b «~ a”. From
the translation rule we also have (y : 0[]x) € I'.. Because
of the progress, it means that [a”, a” + m] C€ 7. Because
of the related heaps and well-typed store it follows that
Ma b e v. Also from rule tr-mov-ri+; we know (rs -
Z)w € pr. After the update we can see that they are still
related.

16. Case tr-mov-ri+2. Then ¢ = (movy, 74, [r; + ¢], £ = z and

e=y—m.

(a) This case is possible iff R(r;) = 0, R(r;) = Lor (R(r;)+
¢) & dom(H). Because of the related registers and heaps,
and from rule tr-mov-ri+2(r; : y)4 € pr, we have p,
R(r;) e~ o(p(y)). In either of the first two cases for
R(r;) we also have X; g p b (o, m,y[m]) % err. In the
last case, because of related heaps, it also has to be that
S0 p b o, my — m) L err.

(b) In this case rules ex-mov-r+ is used for progress on ¢: R+

(H,R,movy, r;,[r; +¢c|) = (H,R'). Here ' = R o,
{ri ~ b} where b = H"(b') and b = R(r;) +4 c.
Similarly, through rule l-var 3; 5 p F (o, 7, x) EN (o,7,a)
with a = p(z). Also through rules e-lval and 1-fld we
obtain 3; 55 p F (o, 7,y — m) = (o,7,v) where v =
o(a” +m),a" = o(a’) and @’ = p(y).
From rule tr-mov-ri+2 we know (rj : y)4 € pr. Hence
from the related registers we know i - b e~ a”. From
the translation rule we also have (y : Nx) € T'. and
Y(N) = (bo,...,0,). Because of the progress, it means
that [a”, a” + m] C€ 7. Because of the related heaps and
well-typed store it follows that p, F b «~ v. Also from
rule tr-mov-ri+; we know (7; : z)w € ur. After the update
we can see that they are still related.

17. Case tr-mov-i+r;. Then ¢ = (movy, [ri + ¢], 7, £ = x[m] and

e=y.

(a) This case is possible iff R(r;) = 0, R(r;) = L or (R(r:)+
¢) & dom(H). Because of the related registers and heaps,
and from rule tr-mov-i+r1 (r; : )4 € pr, we have g b
R(r;) e~ o(p(z)). In either of the first two cases for
R(r;) we also have X; 0 p (o, 7, xz[m]) % err. In the
last case, because of related heaps, it also has to be that
20 p ko, 7, x[m]) L oerr.

(b) In this case rules ex-mov-+r is used for progress on ¢: R+
(H, R,movy, [r; +c|,r;) = (H',R). Here H' = H o
{H(R(r:)) +a ¢ +an = Ruins1(rj) 11
Similarly, through rule l-ar ¥;55p b (o, 7, xz[m])
{(o,7,a) witha = a’ + m and @’ = p(x). Also through
rules e-lval and l-var we obtain ;05 p F (o7, y) =
{o,7,v) where v = o(a”) and a” = p(y).

From rule tr-mov-i+r1 we know (r; : x)s € ur. Hence
from the related registers we know p, F R(r;) «~ a’.
From the translation rule we also have (z : 0[]x) € T’
Because of the progress, it means that [a’, a’ +m] Ce 7.
Because of the related heaps and well-typed store it follows
that (R(r;) + ¢,a’ +m) € pq. Also from rule tr-mov-ri+;
we know (7; : y)w € pr. Hence, pa F Rouw(r;) e v.
After the update we can see that (R(r;) +c) and a’ +m are
still related.

18. Case tr-mov-i+rz. Then ¢ = (movy, [r; + ¢], 7, L =z — m

and e = y.
(a) This case is possible iff R(r;) = 0, R(r;) = L or (R(r;) +
¢) & dom(H). Because of the related registers and heaps,

19.

20.

21.

22.

and from rule tr-mov-i+r2(r; : )4 € pr, we have p, b
R(ri) e~ o(p(x)). In either of the first two cases for
R(r;) we also have X; g5 p F (o,m,2 — m) L err.In
the last case, because of related heaps, it also has to be that
S0 p b (o,m,x — m) L err.

(b) In this case rules ex-mov-+r is used for progress on ¢: R+
(H,R,mov,, [r; + c],7;) = (H',R). Here H =Ho
{H(R(r:)) +a ¢ +an = Runs1 ()}

Similarly, through rule l-ar X; p} P F (o,m,2 — m) EN
(o,m,a) witha = a’ +m and o’ = p(zx). Also through
rules e-lval and l-var we obtaln Sipip b o(oymy) S
(o, 7,v) where v = o(a”) and a” = p(y).

From rule tr-mov-i+rz we know (r; : x)a € ur. Hence
from the related registers we know o = R(r;) «~ a'.
From the translation rule we also have (z : Nx) € T..
Because of the progress, it means that [a’,a’ + m] C€ .
Because of the related heaps and well-typed store it follows
that (R(r;) + ¢,a’ + m) € pq. Also from rule tr-mov-ri+
we know (7 : y)w € pr. Hence, pia F Ro:w (1)) o v.
After the update we can see that (R(r;) + ¢) and a’ +m are
still related.

Case tr-alloc-r*. Then ¢ =

e = new Oy x m).

(a) Rule ex-alloc-* only fails iff R(r;) = L. Similarly, while
rules l-var, e-const and e-op do not fail, rule e-ar fails iff
o(p(y)) = L. Since (r; : y) € pr, both failures coincide.

(b) This case is similar to that of tr-alloc-rco.

Case tr-alloc-rc;. Then ¢ = (alloc 75, ¢, £ = x and e = new 6.

(a) Rule ex-alloc cannot fail. Similarly, rules l-var and e-new do
not fail.

(b) In this case rules ex-alloc is used for progress on ¢: R F
(H,R,alloc r,¢) = (H',R'). Here R' = Ro4r; + a.
Also H = Ho{a+iw L}Z)

Similarly, through rule l-var 3; g% p = (o, 7, ) LN (o,m,a)
where @' = p(z). Also through rule e-new we obtain
Sipip F o (o,monew 0) 5 (o' m a”’) where ¢/ =
go{a’— L}

Then choose p;, = prqa 0 {(a : a@’’)c}. Since pg B L e~s |
these fresh addresses are related. Also pick v, = v 0 {a +
i (a,0)},-

Case tr-alloc-rco. Then ¢+ =

new struct N.

(a) Rule ex-alloc cannot fail. Similarly, rules 1-var and e-str do
not fail.

(b) In this case rules ex-alloc is used for progress on ¢: R+
(H, R,alloc r;,¢) < (H',R'). Here R’ = Rosr; + a.
Also H = Ho{a+ir L}

Similarly, through rule l-var ; g5 p b (o, 7, z) AN (o,7,a)
where a’ = p(z). Also through rule e-str we obtain
Sipip F {o,mnew struct 6) = (o, 7w, a”) where
o' = ogo{d +iw— 1}'7) with n is the number of
fields in the struct.

The new memory relations are straightforward.

Case tr-alloc-rcg. Then ¢« = (alloc r5,¢, £ = z and e =

new [m).

(a) Rule ex-alloc cannot fail. Similarly, rules 1-var,e-str and
e-const do not fail.

(b) In this case rules ex-alloc is used for progress on ¢: R+
(H, R,alloc r;,¢) < (H',R'). Here R’ = Rosr; + a.
Also H = Ho {a+ir L}

(alloc r5,7; % ¢, £ = x and

(alloc ri,¢, £ = z and e =



Similarly, through rule l-var ; g% p b (o, 7, x) EN (o,7,a) s pr = {1z — Z, Ty = ?/}
s —

where @’ = p(z). Also through rule e-ar we obtain cT.={z:0,y:6}
Sijip b {o,mnew Ofm]) S (o', 7m,a") where o’ =« Py op
gofa” +im L} X Ukoym

The new memory relations are straightforward.

* HaiVa; T pp H e o
23. Case tr-call. This case follows coinductively.

* a; i, pr; o R, R« flp
Basic Blocks The two propositions for basic blocks are the fol- W BE (H,R, \z(a)) LN (H',R',b)
lowing. S he; B pk (o, m AD) S (0!, 7, 8.

Proposition 15 (Preservation of Progress for Basic Blocks). If then for some ¢, D i and v/, D vg:

STIRYTINS RS Sy /R oyl it pr; o’ F Ry R e 5 p
*V(a:l) € px:pasprs T X F As(a) 2 Ac(l) * HaiVas ™ pyp - H e o
I3 kp
X VUbkom
* paiVaimi Pop H e o
* ta; fibs pr; o R, R e flp
* Ao RE (H RbY % (H', R, V)

then

Proof 7. The proof is straightforward.

* i de; pipk (0,7, 8) 2 error

* EvACaﬁvp '_ <0',71',S> i> <O'/,7F/,S/>.
Proposition 16 (Preservation of Related Memory for Basic Blocks).
If

“ paipri T Db s

*V(a:l) € px:pr;pur;Te; X Az(a) & Ac(l)

T30 kp

X VUhko;m

* faiVa; T Py pE H o o

* fa; BT, pr;o = R, R e plp

*Ae; RE(H,R,b) % (H' | R, V)

S he; pipk (o,m,8) = (o), 7, 8)
then for some pl, D pq and v}, D vg:

* o it pr; 0’ F Ry R e~ i p

* pa;Vas s pyp bt H e o’
Proof 6. The proof is straightforward.

Function Definitions The two propositions for function defini-
tions are the following.

Proposition 17 (Preservation of Progress for Function Definitions).
If

* E|_<f7ﬁ7ﬁ7a7>\x7j> Wf('r—é

_z )
)(y : 9 7l7)‘c,.]>

X Ulko;m

* paiVa; T Py p H e o

* fai fit, prio B R, R e f,p

* \o; R+ (H,R, M\ (a)) 2 (H', R, V)
then

S he; pipk (o, A(D)) 2 error

S he; ip (o, m AD)) S (o, 7!, 8).
Proposition 18 (Preservation of Related Memory for Function
Definitions). If

“ paipri T T b s



