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(2) Let CM € €.#,,,, and p € LiRg(BCM). Without loss of generality we
can assume the code motion candidate in Dy, to be replaced, i.e., Reply,( Pa, )
holds. Hence, due to the admissibility of CM we have

Correctcy (p,)- (8)

Moreover, according to Lemma 3.11(2) the earliestness of p, yields
Vn € pred(p,). - Transp(n) Vv — Safe(n)
and therefore together with Lemma 3.5
Vn € pred(p,). = Transp(n) V = Correctyy(n)

which immediately delivers by means of the definition of correctness (Def.
3.1(2)):

Vi < A,. Correctyy (p,) = 3j <i. Insertcy (p,).
Exploiting (8) this delivers as desired:

Insertz  (p).

(3) Let CM & % #¢,,,0,:» P €Pls,el and i be an index such that
Compcy (p,) is valid. Then the assumption

Vj<i<l plj,ll & FU-LtRg(BCM)
would contradict the computational optimality of CM:
[{i|Compy ( p)}]
(Lemmas 3.9 and 3.12(2)) > {i[3j. pli, j]l € FU-LtRg(BCM)}| + 1
(Lemmas 3.9 and 3.12(1)) ={i|Insertgcy (p,)} + 1
> {ilInsert e ()}
={i|Compgey (p)} O

A.5 Proof of Lemma 3.14

Let CM € €.y, 0, and p € P[s, e] such that pli,jl e LtRg(CM). Then
the definition of plz, j] as a lifetime range implies

— Insertzy, (pli, j1),
and according to Lemma 3.12(2) we have:
— Insertgcy (pli, j1).

Moreover, the third part of Lemma 3.12 yields an index [/ < i such that pl/, 1]
is a subpath of a first-use-lifetime range in FU-LtRg(BCM), i.e., in particular
we have

Insertyoy (n)) A — Insertdcy (plL, il).
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Summarizing, for p[/, j] we obtain

(1) pll,jl € LtRg(BCM) and

(2) pli,jlcpll,jl O

A.6 Proof of the Delayabllity Lemma 3.16

The first part is a consequence of the following sequence of implications:

Delayed(n)
(Def. 3.15) = Vp € Pls,n] 3i < A,. Earliest(p,)
A = Comp?( pli, A,D)
(Lemma 3.11(2)) = 3p € Pls,n] 3i < A,. D-Safe(p,)
A = Comp3(pli, A0
(Def. 3.2(2)) = D-Safe(n)

For the second part, let p € P[s, e] and i be an index such that Delayed(p,)
is satisfied. Then according to the definition of delayability there exists an
index j < i with

Earliest(p,) A - Comp?(plj,il).

Thus, Lemma 3.12(1) guarantees the required existence of an index [ > i
with
plj,l] € FU-LtRg(BCM).
Finally, the third part is proved by
CompCM(n)

(Lemma 3.12(3)) = (Vp € P[s,e] Vi < Ap-(p,=n) =
3j<i<l plj,ll € FU-LtRg(BCM))
(Def. FU-LtRg(BCM)) = V¥p € P[s,n] 3j < A,. Earliest(p,)
A = Comp?(plj, A0
(Def. 3.15) = Delayed(n) O

A.7 Proof of the Latestness Lemma 3.17

The first part directly follows from the slightly more general proposition
below, which can be proved by means of a simple induction on A, — @

Vi < A,. Delayed(p,) = 3j > i. Latest(p,).

For the proof of the second part, let p € LtRg(BCM) and i be an index
satisfying Latest(p,). If i = = A, the lemma is trivial. Thus we are left with the
case that 7 <A, Due to the definition of a lifetime range we have in
particular:

wwEarliesta(p]i,)\p]). 9)
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To show that Latest(p,) implies — Delayed(p,,,) we have to examine two
cases according to the definition of latestness: provided the case that
Latest(p,) is due to Comp(p,) the definition of delayability together with
— Earliest(p,. ;) implies — Delayed(p,, ) as desired; if Latest(p,) is due to
= Delayed(m) for some successor m of p,, we have nothing to show if
m = p,,, otherwise the Control Flow Lemma 2.1(2) and the definition of
delayability (Def. 3.15) deliver Comp(p,) like in the first case. Thus, we have

= Delayed(p,, ).
In the presence of property (9) the definition of delayability finally implies:

— Delayed?( pli, j]). O

A.8 Proof of the Isolation Lemma 3.20

Since the first part is a trivial consequence of the definitions of isolation and
lifetime ranges, we are left with the proof of the second part. Thus let
CM € 4,0, and n € N such that Latest(n) holds. Then it remains to
show:

Isolated oy (n) e Isolated oy (n)

For the proof of “= ” we show the contrapositive. Here — Isolatedgq,(n)
delivers:

dp € Pln,el i > 1. Replgey(p,) A — Inserthey(pll,i])
which, according to the admissibility of BCM, implies
dp € Pln,e] 3i > 13qg € LtRg(BCM). pl1,i] C q.

Since Latest(n) holds, we are able to apply the Latestness Lemma 3.17(2),
yielding

Ap € P[n,e] i > 1. = Delayed?(p]1,i]).
Thus, the third part of the Delayability Lemma 3.16 delivers
Ap € Pln,el 3i > 1. Reploy(p) A — Insertdy (pll,il)

which proves — Isolated .;,(n) as desired.
For the converse implication “ <", we have according to the definition of
isolation:

Vp € Pln,el Vi > 1. Replycy(p,) = Insertic, (pll,il).
Obviously, this can be rewritten:

Vp € Pln,el Vi > 1. Replgey(p,) = A1 <j <i.plj,i]l € LtRg(BCM).
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Using the Busy-Code-Motion Lemma 3.12(2) and the fact that Repl.,, im-
plies Replycyr, we obtain:

Vp € Pln,el Vi > 1. Replyy, (n,) = Insertd(pll,i])

which shows Isolated,(n) by definition. O
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