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Effective Null Pointer Check Optimization for Java

MoTOHIRO KAWAHITO," HIDEAKI KOMATSUt and TOSHIO NAKATANT!

We present a new algorithm for optimizing null pointer checks from programs written in
Java. The same approach should work for any languages requiring null checking. Our new
algorithm moves null checks backwards and eliminates redundant null checks. This increases
the opportunities for other optimizations to be applied by eliminating many null checks that
impede code motion. This also greatly improves the effect of optimizations by means of
teaming up with other optimizations. In a separate pass, it moves null checks forwards and
converts many null checks to hardware traps in order to minimize the execution costs for the
remaining null checks. This algorithm has been implemented in the IBM Java Just-in-Time
(JIT) compiler. Our experimental results show that our approach improves performance by
up to 71% for jJBY TEmark and up to 10% for SPECjvm98 over previously known algorithms.
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Fig.1 High-level flow diagram of null check optimization.
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Fig.2 Optimization of partially-redundant null check.
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Table 1 Performance for jBY TEmark v.0.9 (Larger numbers are better).

(BAT : index) Numeric  String  powld FPEmul  Fourier  Assign.  °0%  Huffman O Lu
Sort Sort encrypt. Net Decomp.
Ny %= ) B NVN 201.96 54.41 258.86 219.64 22.75 207.41 67.46 159.33 200.50 205.90
CLRTOFE 160.78 49.87 245.25 186.12 22.74 130.10 63.27 156.08 130.82 158.31

i b L, Implicit | 157.01 49.58 245.13 170.18
o {vi#E L, Explicit | 156.94 49.08 27.85 163.87
HotSpot 207.13 44.73 34.00  206.56

2
2

22,74 125.31 63.14 151.88 130.42 119.91
22.68 107.87 62.99 134.40 116.81 112.57
8.06 114.74 25.69 145.24 88.87 106.62

02 SPECjvm98000000000000000O0OO
Table 2 Performance for SPECjvm98 (Smaller numbers are better).

(BAT : D) mtrt jess compress db mpegaudio jack javac
AKTNAY XA 6.44 7.67 17.38 24.42 11.32 9.39 14.18
CLRTOFE 7.05 7.86 17.49 24.70 11.33 9.77 14.30
Boidf L, Implicit 7.09 7.95 17.55 24.71 11.39 9.80 14.33
Bi#{b% L, Explicit 7.38 8.25 18.70 25.33 12.00 10.02 15.17
HotSpot 5.73 6.53 20.13 24.61 14.78 9.25 17.50
AT LAY X A ATNAY X LEBAL, N— KU =7 trap ZFH LT 5.
CLRT O FE: Whaley ®7 LT Y AL%E@EAL, ~— KU =7 trap #FH LT3,
B U Implicit: Null F = v 7 Ot & T+ 528, /~N— Ko =7 trap (ZFIHT 5.
b L Explicit: Null F = v 7 Ok & B L, ~— R =7 trap HFIH LA,
HotSpot: HotSpot Server VM 2.0 beta
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Table 3 JIT compilation time.
goooooo mtrt jess compress db mpegaudio jack javac
ooooooo 9.47 10.37 17.43 24.62 12.56 11.95 22.33
ooo ooooooo 6.44 7.67 17.38 24.42 11.32 9.39 14.18
JIT ooooooo 3.03 2.70 0.05 0.20 1.24 2.56 8.15
gooooooooo 32.00%  26.04% 0.29% 0.81% 9.87% 21.42%  36.50%
ooooooo 11.50 18.06 20.75 26.80 19.23 21.88 57.38
HotSpot ooooooo 5.73 6.53 20.13 24.61 14.78 9.25 17.50
Server ooooooo 5.77 11.53 0.62 2.19 4.45 12.63 39.88
gooooooooo 50.17%  63.84% 2.99% 8.17% 23.14% 57.22%  69.50%
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04 JITOOOODDOOOOO

BJTOA /A )UBSRE B7aySL0OETER Table 4 Breakdown of our JIT compilation times.
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90% Tk € Ot
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30% . KT AT RN | 0.06(2.34%)  2.50(97.66%)
20% jack V.
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10%
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Fig.12 Percentage of our JIT compilation time
(100% = time spent for the first run).

000000 HotSpot Server 0 00O OOO0ODOO
0000000oooooooooooooooooo
0000000000000 00 100%000000
oooOooooooOoUOOoOoDoOOoOooUOOooo
oooooOooOoooooooooooJiIrtoooo
00 HotSpot Server 00D O ODODOOOOOOODO
O000oooooooooooo

01200 3000000000000000000
0JITOOODOOOOOODOODODOOOOOO javac
oooJITOOODDODOODOODDOOOOoOOOoOoO
oooooooooooooog

000o00DooAIXOOOOoODooooooooao
JITOODOOOOOOOOUODODOoOoooooooo
oooo0ooooUooOoOooooooooooooo
0400 130000000000 400 1300000
00oooooUuooooooouoooogoooo
o0oooo 100%00 000000000000 130
0000 90% 00000000000 00compress(
dbOmpegaudio0 00000000 OOOOOOO
0000000000000 0oooooooooog
ONulOO0000D00000000o0o0oooooo
0000000000 o0ooooooo3000oao
gooooooooOoOo0ooOooooooooooo
oooooUooooopoooooooooUooDoooo
NullO OO0 000000 Oscalar replacement 00 O
00000ooo0ooooooooouooooooo

Os50000000000000000O0O0ODOO
O0000o00ooooooooooooooooog
0000000000 23%00000000000
oooooooooooooo

(100%=K7 LT X L) ’ mETDMm @ NuIFf':l:‘y?U)ﬁiﬁ{b‘
100%
99%

98%

97%

96%

95%

94%

93%

92%

91%

0% “

013 JITOOODOOODODOOOO
Onew =000000000ld=000000
Fig.13 Breakdown of JIT compilation times
(new = our apploach, old = previous apploach).
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Table 5 Increases in JIT compilation time in our

approach.
goooooono gooooood
pooood o000 %o
mtrt 0.07 2.31%
jess 0.06 2.22%
jack 0.05 1.95%
javac 0.23 2.82%

5.4 Speculation 0 Implicit Nullcheck O O
oooo

33.1000000000000 AIXO PowerPCO
oo JIThooo0ooo NulOOOoooogooooo
0 Oconditional trap 000 000 00O 00O Oscalar
replacement 0 00 0000000COOO0OOO spec-
ulation0 000 O O Ospeculationd O 00 O 600 7
00 Speculation 0 OO0 O 0 OO O scalar replace-
ment [0 0 speculation 00000000000 0O 60
0 700 No Speculation[IT] 0 O OImplicit Nullcheck
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Table 6 Performance for jJBY TEmark v.0.9 on AIX (Larger numbers are better).

(B4 : index) N“ST:tﬂc S;’:r“tg BitField EnFll:l_ Fourier  Assign. eilzfy:t_ Huffman Nle\lueial D:C‘ilp_
Implicit Nullcheck 183.28 29.91 84.40 86.62 13.25 95.66 45.60 100.74 77.35 92.66
Speculation 186.12 30.01 84.45 87.46 13.26 96.47 45.14 97.35 86.03 92.08
No Speculation 181.09 29.77 83.65 86.16 13.25 94.76 45.14 97.20 75.94 91.66
Bk L, Explicit 173.92 28.17 83.42 79.89 13.23 81.71 44.68 97.14 73.93 79.98
07 AIXOOOOOO SPECjvm9800000000000DOO0OODOOD
Table 7 Performance for SPECjvm98 on AIX (Smaller numbers are better).

(BT ) mtrt jess compress db mpegaudio jack javac

Implicit Nullcheck 19.94 26.09 43.75 71.86 19.87 44.71 46.90

Speculation 20.34 25.92 43.80 72.08 20.16 44.56 47.14

No Speculation 20.56 26.28 44.21 72.39 20.33 44.66 47.26

Feii{b# L, Explicit 21.00 26.28 44.25 72.85 20.42 45.36 47.34

Implicit Nullcheck:
Speculation:
No Speculation:

Bl b U Explicit:  Null F = v 7 OR#{b 2 EHic L,

Intel EIZH# AL T\ 5 42810 [7—%7 7 F v {REFEOFwE ) 4 AIX EC#A L.

Speculation Z BN L7=Fx OBRO JIT 222234 F. Null F= v 7 [Zid conditional trap fi &~ T 5.
Fx O JIT =22734 F 76 Speculation 721} % 52 L=,

N— R =7 trap HFIH L7220
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