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Partial Redundancy Elimination beyond Exception Dependency
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REI ODAIRAT and KEI HIRAKIt

Exception mechanism guarantees runtime robustness, but results in performance degrada-
tion. Thus, it is effective to remove redundant excepting instructions by Partial Redundancy
Elimination (PRE), which uses hoisting of instructions. However, we must preserve ordering
constraints between excepting instructions, which we call exception dependencies, in order to
keep the semantics of the program. Therefore, existing PRE algorithms cannot hoist many
excepting instructions. In this work, we propose Sentinel PRE, a PRE algorithm which over-
comes exception dependencies and at the same time keeps the semantics. Sentinel PRE first
hoists excepting instructions without considering exception dependencies, and then detects
exception reordering by fast analysis. If exception occurs at a reordered instruction, it de-
optimizes the code into the one before hoisting. Since we rarely encounter exception in real
programs, the optimized code is executed in almost all cases. Sentinel PRE does not rely on
special hardware support, and performs deoptimization by runtime code patching. We imple-
mented Sentinel PRE in a Java just-in-time compiler and conducted experiments. The results
show 8.4% performance improvement in “heapsort” program in Java Grande Benchmark.
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Fig.1 Example of exceptions in Java.
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Fig.2 Example of optimization by PRE.
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Fig.3 Example of exception dependency and exception

reordering.
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(a) Before deoptimization
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Fig.4 Example behavior of Sentinel PRE.
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(3) Recursive case
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Fig.5 Hoisting beyond exception dependency.

1 SpeculativeEzcps := 0

2 for each h € HoistedEzcps do
3 h.Region := ()

4 h.InnerHoisted := ()

5 h.Sentinels := ()

6 W := Succ(h)

7 while W # () do

8 neW;, W:=W\n

9 if n € h.Region then

10 continue

11 else

12 h.Region U:=n

13 end

14 if FquivalentInPRE(n,h) then
15 h.Sentinels U:=n

16 continue

17 else if n € HoistedExcps then
18 h.InnerHoisted U:= n

19 else if n is excp. insn. or memory write then
20 SpeculativeExcps U:= h

21 end

22 W U:= Succ(n)

23 end

24 end

06 OD0O0O0OOOOOOOOOOOOOOOO PEIDOOO
sentinel 00000000000
Fig.6 Algorithm for identifying hoisting region, other
excp. insns. hoisted into the hoisting region and sen-
tinels.
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1 for each h € HoistedExcps do

2 if h € SpeculativeExzcps then

3 continue

4 end

5 for each e € h.InnerHoisted do
6 if 3s € e.Sentinels s.t. s € h.Region then
7 SpeculativeExcps U:= h

8 end

9 end

10 end

11 do

12 changed := false

13 for each h € HoistedExcps do
14 if h € SpeculativeExcps then

15 continue

16 end

17 for each ¢ € SpeculativeEzcps do

18 if s € i.Sentinels s.t. s € h.Region then
19 SpeculativeExcps U:= h

20 changed := true

21 end

22 end

23 end

24 while changed end

07 0000O0OO0O0O0O0OOOOOOOOOOOOODOOOO
Fig.7 Algorithm to find hoisting beyond exception
dependency.
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(1) Hoisting by PRE

chk b

a
\
|
1
hk J/
7

M__/

(3) Exception at hoisted insn. (4) After exception

S

chkb |/ I chk b

chk a<- chk a

(2) Normal execution

chk b

08 0J00O0O0O0OOOOO
Fig.8 Algorithm of deoptimization.
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/i jump to Trampoline
3 X (PEI) Rl
4 nop ( sentinelf| Sentinel trampoline

5 y:=t

> Trampoline:
if a is not null then
jumpto 5
else
throw NullPointerException
end

09 O0OoOoDOoOOoOoOooOoO
Fig.9 Runtime code patching.
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Fig.10 Optimization of load from array element.
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1 class T {
2 int f1, £2;
3
4 static int meth(T objl, T obj2, int iter) {
5 int i, ret;
6 for (i = 0, ret = 0; i < iter; i++) {
7 obj2.f2 = iter;
8 ret += objl.f1;
9 }
10 return ret;
11 }
12
13 public static void main(String args([]) {
14 T objl, obj2;
15 objl = new T(); objl.f1 =1; obj1l.f2 = 0;
16 obj2 = new T(); obj2.f1 =0; obj2.f2 = 0;
17
18 meth(objl, obj2, 2000000000); // 100
19 try { meth(null, obj2, 1); }
20 catch (NullPointerException ex) {}
21 meth(objl, obj2, 2000000000); // 200
22 )
23 }

011 000000ooooo
Fig.11 Micro benchmark.
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Table 1 Result of the micro benchmark.
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