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Abstract Java specification states that all accesses to an object must be checked at runtime if
object refers to null. Since Java is an object-oriented language, object accesses are frequent enough
to make null pointer checks affect the performance significantly. In order to reduce the performance
degradation, there have been attempts to remove redundant null pointer checks. For example, in a Java
environment where a just-in-time (JIT) compiler is used, the JIT compiler removes redundant null
pointer check code via code analysis.

This paper proposes a technique to remove additional null pointer check code that could not be
removed by previous JIT compilation techngiues, via early null pointer check using an architectural
feature called predication. Generally, null pointe check code consists of two instructions: a compare and
a branch. Our idea is moving the compare instruction that is usually located just before an use of an
object, to the point right after the object is defined so that the total number of compare instructions
is reduced. This results in reduction of dynamic and static compare instructions by 3.21% and 1.98%,
respectively, in SPECjvm98 bechmarks, compared to the code that has already been optimized by
previous null pointer check elimination techniques. Its performance impact on an Itanium machine is
an improvement of 0.32%.
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(a) Al vlo]EmE=
getfield (foo, x)

(b) gAtsis
if (foo == null)
throw NuliPointerException
else
read foo.x
end if
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201_compress 3,646 631 82.69 3,208,133,589 1,195,263,793 62.74
202_jess 6,578 1651 7490 500,586,042 185,017,019 63.04
209_db 3,803 713 81.25 899,006,829 429,828,448 52,19
213_javac 12,084 3,067 74.62 677,451,932 163,497,341 75.87
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void foo(X x)
{ dot
xfunc();
} while (some condition);

void foo(X x)
{ dod
nulicheck x
x.func();
} } while (some condition);
}
(a) Av} ZE, (b) 3¢ @A Z=

a2 3 71E XUH AR @AY 9 1
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T ool oy RRAow BE8d d EUH AAITh
29 49 2 3§ a¥Trt JIoa Ak

a = funcA()

Nullcheck a
a.funcB(

Nullcheck a
a.funcCO
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pl = cmp.eq x, 0
———————————————————————— (1) (W B3)
(pl) call throw_null_pointer_exception
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49 £zt IE=(IR: high-level instruction repre-
sentation)= Al vlolE =} {AISE Wz ¥d
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FAEME RolA W HHolgx XL JE &
o] A4 wd x9] 1A 94E 9o Q& iaload (x, i)
e wolERE A9 7 Z=2 o Ase o
63 2t 2£7] 9 XUAH FAbe od B9 F
FEE Y¥HoE werh

nullcheck x
boundscheck x, i
arrayload x, i

iaload x, i

a) Wlo)E == b) 49 3 == (HR)
a9 6 HolE 2] A9 £ SR WY 4

Z71 4 ¥1H AARE 71EY 9 EIH AAE 7]
B g F7HAHQ d& Jth 7iEe d EQH AAlE
dojel & HAAS drE duelZF(iterative algori-
thm).[12,13]& F& Waoz £33k I g 27|
d I HARE 93 74 AY ol dis] Jod 3
F(numDefine)® d E<E HAL 3AF(numNC) 59
F7HRE UlHe g reth Y HARE o8I
Aeld 3ert 1ojx d AL 357t 10139 4 2
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procedure fg_earlyNullCheck (fg, vinfo)

// fg: flowgraph
// Wvinfo: array for local variable information

Gt Al duEES

for i = 0 while (i < fg’'s max local) do
IvInfolil.defineNum = 0
/O iRA AR Ao 34
Ivinfoli]l.numNC =0
/1A AgEe d 2QAE HA AF
IvInfolil.definelnstr = NULL
/1A G9Eg Ao HHo 94X
IvInfolil.predicate = not assigned
/1A A 27 9 A A A3
MedlA Y '
i=i+1
end for

for each basic block bb in fg do
bhb_earlyNullCheck(bb, IvInfo)
end for

// AGES Aol Hol ulagHe) U]
for i = 0 while (i < fg's max local) do
if (lvinfolilnumNC > 0) and (lvInfolil.numDefine
= 1) then
allocate a predicate register pr for local
variable #
Ivinfolil.predicate = pr
insert compare
IvInfoli].definelnstr
i=i+1
end if
end for

instruction after

/A 27 d QY HAF 712 dA"8 A9
W o g
/8 ERJE HAE

871
for each basic block bb in fg do
for (each instr from the first to the last
instruction in bb)
if (instr is nullcheck) then
if (src is local) and (tvinfollocalNol.
predicate is assigned) then
mark nullcheck as early nulicheck
instr.predicate =
IvInfo[localNo].predicate
/21 d 2UH AR vlad wHEe
/0l & ZE A (emit) TA A
Bl HEo] glo] £7] HHolgt
A3 23 gtet,
end if
end if
end for
end for

z7) 4 TAAH PAg: /2

end of fg_earlyNullCheck;

procedure bb_earlyNullCheck (bb, lvInfo)
// bb: basic block
// Winfo: array for local variable information
for (each instr from the first to the last instruction
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in bb)
if (instr is copy and operand type is reference)
then
if (dst is local variable) then
localNo = dst’s local variable number
if (vInfo[localNo].definelnstr = NULL)
then // first -definition
IvinfollocalNo].numDefine = 1 -
lvInfollocalNo).definelnstr = instr
// olul Ao waolrt gl
/&, ol AE W 27 o]
o} A7t At
/A9 gk FrAAZIT
IvInfollocalNo].numDefine++
end if
end if
else if (instr is nullcheck) then
if (src is local variable) then
localNo = sr¢’s local variable number
IvInfollocalNo].numNC++
end if
end for
end of bb_earlyNullCheck;

else
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e defa
defb pI it
pZ=cmpb

nullcheck a

use a (p1) throw

nullcheck b use a
use b (p2) throw

use b
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a = funcAQ
/ \
pl=cmpa
(p1) ﬂmro(\)av
a.funcB
- /
pl=cmpa
(pD) throw
a.funcC(
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pl=cmpa
(p1) throw
a.funcCO
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pl=cmpa

/\

(p1) throw
a.funcB(

\/

(p1) throw
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defa defa defa
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