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Speculative Partial Redundancy Elimination
Based on Question Propagation

MUNEHIRO TAKIMOTOT!

Partial redundancy elimination (PRE) is the code optimization which not
only removes redundant expressions but also moves loop-invariant expressions
out of a loop, and therefore it is known as one of the strongest optimizations.
Since the program transformation performed by PRE guarantees that it never
makes the number of expressions increase on any execution path, it is a safe
code optimization. On the other hand, frequently executed expressions such
as ones inside a loop may contribute to efficient execution of the program due
to moving them out of it even if they make the number of expressions in-
crease on some execution paths. In this paper, we propose a new PRE moving
only loop-invariant expressions out of the loop based on speculation. Previ-
ously, PRE could not distinguish loop-invariant expressions from the partially
redundant expressions which are redundant on some execution paths. Our ap-

proach achieves such a speculative loop-invariant code motion on any control
flow graphs using demand-driven method which is called question propagation.
We implemented our approach on a C compiler, and evaluated it for some
benchmarks. As a result, we found that some programs were more than 17%
improved in efficiency.
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11: v =y
12:  return (true,v’)
13: else

14:  return (false, L)

15: Function local(e, v)

16: if (v = s) return (false, 1)
17: if (querylv] # 1)

18:  if (query[v] =€)

19: if (answer[v] # L) return answer|[v]
20: else return (true,v)
21: else return (false, L)
22: querylv] :=e

23: let rit := L

24: if (isComp(e,v))

25:  rlt := (true,v)

26: else if (isMod(e,v))

27:  rlt := (false, 1)

28: else
29:  rlt := propagate(e,v)
30: answer[v] := rlt

31: return rit
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7 var[v] := insert(link[v])
8: else

000000000 OoooOoood Vol 2 No.o 5 15-27 (Nov. 2009)

9: var[v] := createNewVar()

10:  let args:=0

11:  foreach v} € link[v]

12: let var; := insert(v})

13: add var; to args

14:  add [var[v] ’=" "¢ ”(” args ”)” |

to the entry of v
15: return var[v]
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Fig.5 Query propagation within a loop.
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(6) O0OODODOOOOO1401B0000000 (2)00000O0O

(7) 0D0DO0ODOOOOOO0OOO03000000sCompOO00000D0OO00OOOOO
goboboooooooooooobooooboooooooooooooooooonn
goood

gooooo 3oooooooooooa
input : SSAOOO CrGOOOOOOO
output : 00 queryd linkO answerd insertCand

1: Function propagate(e,v)

2: let linkedCand := () and v’ := v

3 and isDownSafe := antqp(e,v)

4: foreach p € pred(v)

5: ep = transPhi(e,v,p)

6: let (isAwvaily,isRealp,isSel fp, vp) := local(ep, p)
7 if (isAvaily)

8 add v, to link[v]

9

: else
10: insertCand[p] := ep
11: add p to link[v]
12: let isReal := Zpepred(v) isRealp
13:  and isSelf := EpGp'red(v) isSel fp
14: if (Hp cpred(y) $AVailp
15: VisReal A (isDownSafeV isSelf)
16:  if (Jup € link[v].vp Zdom v Aep =€)
17: link[v] :== {vp}
18: v =
19:  return (true,isReal,isSelf,v")
20: else

21:  return (false, false, false, 1)

22: Function local(e,v)

23: if (v = s) return (false, false, false, L)

24: if (query[v] # 1)

25:  if (query[v] = e)

26: if (answer[v] # 1) return answer[v]

27: else return (true, false, false,v)

28:  else return (false, false, falsel)

29: querylv] :=e

30: let rit := L and (isAvail,isSelf) := isComp(e,v)
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31:
32:
33:
34:
35:
36:
37:
38:
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if (isAvail)

rlt := (true, true, isSel f, v)
else if (isMod(e,v))

rlt .= (false, false, false, 1)
else

rlt := propagate(e, v)
answer|[v] := rlt
return rlt

5.3 ODOOOOOOOOOO
SPREQPOO0OIODOOODOOOODOOOCOD 20 PREDODOOOOOOOOOOODO

goboooooooooooobo 200000

(1)
(2)
SPREQPD0O0ODODOOOODODD 40000

gooooooooon
ooboooobooooboocoooo

goboobo4000000000

input : SSA 000 CFGOOO queryd linkd answerO insertCand
output : SSA OO0 CFG

1
2
3
4:
5:
6
7
8
9

10:
11:
12:

: Function insert(v)

if (var[v] # 1)
return var|v]
else if (isComp(query[v],v))
var[v] := lhs(query[v],v)
else if (insertCand[v] # 1)
var[v] := createNewVar()
add [var[v] 7 =" insertCand[v]] to the exit of v
else if (#1(answer([v]) = false)
return L
else if (|link[v]| = 1)
var[v] := insert(link[v])
else
var[v] := createNewVar()
let args := 0
foreach v} € link[v]
let var; := insert(v})
if (var; = 1) return L

add var; to args
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Fig.6 Inconsistent answers.

20: add [,Ua,r[v] ” o ” 77¢’7 ” (77 a/,,gs 77)77]
to the entry of v
21: return var[v]
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