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A Method for Speculative Memory Access Optimizations for Java

MoOTOHIRO KAWAHITO,! HIDEAKI KOMATSUT and TOSHIO NAKATANIt

This paper presents a new algorithm for optimizing memory accesses using control spec-
ulation for Java by applying partial redundancy elimination (PRE) techniques. First, for
reducing as many barriers as possible for enhancing code motions, we perform alias analy-
sis to identify all the regions in which each object reference is not aliased. Secondly, using
the regions computed by the alias analysis, we find all the possible barriers including those
unidentified by the previous work. Finally, we perform code motions in three steps. For the
first step, we apply a non-speculative PRE algorithm to move load instructions and their
following instructions in the backward direction of the control flow graph. For the second
step, we apply a speculative PRE algorithm to move some of them aggressively before the
conditional branches. For the third step, we apply our modified version of a non-speculative
PRE algorithm to move store instructions in the forward direction of the control flow graph
and move some of them even after the merge points. Our approach does not require any
special instructions, such as speculative load, and thus it can apply to all architectures. The
same approach should work for any type-safety languages. We implemented the algorithm in
the IBM Java Just-in-Time (JIT) compiler. Our experimental results show that our approach
significantly improves performance over previously known algorithms.
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(1) (1) T = a->f1;

(2) do { (2) do {
3 if (...){ 3 if (...
(4) b += a->f1; (4) b +=T;
6 ¥ 5}

(6) } while(...); (6) } while(...);
01 0O0O0oooOooOoooOooOoboooooooo
Fig.1 Example where speculative scalar replacement

produces an incorrect result.
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a) TOFTOTS L

class sumup {
int total;
int num;
static Object pointer;

void f(int index) [ total += index; }
static void test()
{

sumup a = (sumup)pointer;
for (int i =0; i <anum i++)(

goooooooo

b) Devirtualization &

Loop inversion &
Null check elimination

static void test()
{

sumup a = (sumup)pointer;
nul Icheck a: - M
if (0 < anum(
do |
if (af==sumup.H{ - (2

T_total = a.total; - - - -~~~

T_total += i: // Frequent
a.total = T_total; < _
} else { ~

Mar. 2003

c) FRICkHJR™ALR

static void test()
{

sumup a = (sumup)pointer;
nul lcheck a:

int T_num = a. num;

i (0 < T_num) {

_-wint T_total = a.total:

do {
if (a.f == sumup. f) {
T_total += i:
} else {

// Frequent

a f(i);
}

} } while(++i < a.num);

]
]

(T_THRFHERITI A FHAER L0 —HILER)

a f(i); // Rare\\\ a. total = T_total;
AN a f(i): V\ﬁ(ﬁ:!—ll
. Tnum = a.num; <~

\ T_total = a. total;

}
while (++i < T_num):

J
a. total = T_total:

02 0O00OO00OODOoOOOoDbOboO
Fig.2 Example of our optimization.
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01 0000000000004000000000000

Table 1 Meaning of each field of quadruple for memory access.
opcode srcl src2 misc
static ¥ | StaticAccess ET FL 2 0 (ERET) T —Fx% LA
field %% | FieldAccess #*7 v x2 MEHK EA 7'y b T =Fx LA
iRl ArrayAccess A7Vl NEH A Tvy b (EBEELITER #l(int, byte, ...)

1: ScalarReplacement() {
: dummy exception check OO0 ();
NoAliasPos = 0000000 ();
/$000000000 */

X-INSERT}, = LazyCodeMotion(TRANSP,, N-COMP},, X~COMPy );

HIGHLEVEL-TGT = { 00000000000000000 };

2
3
4:
5:  NoAliasPos 0 000 TRANSPp,, N—~COMP,, X—COMP 00000
6
7
8

if (HIGHLEVEL-TGT != ¢)

9: X—INSERT], 0= CostBenefitPRE(TRANSP,, N-COMPy,, X—-COMPy,, HHGHLEVEL-TGT);
10: N-REACH], = ComputeReachForward(TRANSP},, X—INSERTY,);

11: /000000000 */

12:  NoAliasPos 0000 TRANSPg, N-COMPg, X-COMPgU 0000
13: N-INSERTg = StoreOptimization(TRANSPg, N-COMPg, X-~COMPg, X—-INSERTY,);
14: X-REACHg = ComputeReachBackward(TRANSPg, N-INSERTg);

15: /000000 */

16:  CodeTransformation(X—INSERTT,, N-NREACH[ , N-INSERTg, X—REACHg);

04 0O0OO0O0DOOOOODODOO
Fig.4 Algorithm of our scalar replacement.
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Fig.3 Flow diagram of our scalar replacement algorithm.
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IsAliasPos(q, pos) { a=mev ...; - (1)

if (q.src1000) return TRUE; for (. . .

return !'(00 q.srcl 00 NoAliasPos(pos)); t+=a.l; -(2)//albb0000ODOOOD
} £(1); - @)

05 OO IsAliasPos() ¥
Fig.5 Function IsAliasPos(). b.obj =a; - (4) // 0000 a0 aliasO0000000D0DO
for (. . . )4
t+=a.I; - (5) //a.l000000000OOOO

MayAlias(q, r, pos) {
if (q.opcode == r.opcode && q.misc == r.misc){
if (q.srcl == r.srcl && q.src2 == r.src2)
return FALSE; /x 00000 400 =/
if ((q.opcode == FieldAccess ||
q.opcode == ArrayAccess) &&

((q.srcl == r.srcl ||
(IsAliasPos(q, pos) && IsAliasPos(r, pos))) &&
(q.src2 == r.src2 ||

q.src2000 || r.src2000)))
return TRUE;
}
return FALSE;
}
06 00O MayAlias()
Fig.6 Function MayAlias().

000000000 volatile 0 00O shared memory
000o00oooooooooooouoooooood
000000oooooo0oooooon volatile O
00 synchronization O scalar replacement 0 0O 00
0000000 0o00oooooDoooooooooo
0000000 0O0ooooooooooooooon
resolve 1000000000 O0O0OO0O volatileO
0000000000000o0o0oo0o0oooooo
resolve DO OOODOODOO volatile D OOOOOO
oooog
3.1.1 OO00O0O0O0OOOOUOoOOOOo
00000000 Oscalar replacement 0 0 000
O0000000ooooooooooooooodg
0000o0o0ooo0oo 2200000000040
IsAliasPos(q, pos) 0000000 qO posO0O
000D000000oooooooooa
MayAlias(q, r, pos) 2000000000 qOr
Opos00000000D00OOOOOOOOOO
ooooo
oooo0oOooocooOoOdOdOnODOOOOoOO
oo00oo0ooOooUoooOooooooooUooooo
0O NoAlias(n) 00000 O00OOOOOO forward
dataflow analysisO0O0 0000000000000

NoAliss(n) = H (NoAlizii(Gn;l(—mI)(ill(m)) )

mePred(n)

OO0O00OGenOKillOOOOOOOOOOOOODO

£(t); - (6)

07 O0O0O0OO0O0OOO0ODOO
Fig.7 Example where our alias analysis is effective.
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a)Null ¥ = v 7 BREICEET HMHEE

if (a != null){ )
nulleheeka; —Q)

t=a.fl; --(3)

}
b) BBIERF v IV BREICEAT &

nullcheck a;
boundcheck 0, a[];
a[0]=0;
if (0 <=1 && i < a.arraylength){--- (4)
nulleheek-a: --(5)
-t - (6)

t=alil; — ()

}
08 O0O000O0O0OOO0OO0OOOCOOOOOOOOCOOOO00O0

Fig.8 Exception checks eliminated because an equivalent
test statement precedes them.
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Fig.9 Example of handling an ifnonnull.
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private int scanToken(int startPos) {
int position = startPos;
while (position < this.maxPosition) {
char c¢ = this.str.charAt(position);
if ((c <= this.maxDelimChar) &&
(this.delimiters.indexOf(c) >= 0))
break;
position++;

o BEHMICREL LGRS
private int scanToken(int startPos) {
int position = startPos;
T_maxPosition = this.maxPosition;
if (position < T_maxPosition) {
T_str = this.str;
nullcheck T_str;

do {
char c;
if ((position < 0) Il (position >= T_str.count)) {  --- (1)
throw new StringIndexOutOfBoundsException(position);
}else {

¢ = T_str.value[position + T_str.offset]

if ((c <= this.maxDelimChar) &&
(this.delimiters.indexOf(c) >= 0))
break;

position++;

} while (position < T_maxPosition);

Java0OOOOOOO0O0O0OO0O0OOOOOOOOCOO 891

b) charAt %4 >S54 > L, Loopinversion &M 3 %
private int scanToken(int startPos) {
int position = startPos;
if (position < this.maxPosition) {
do {
char c;
nullcheck this.str; // * %y F charAt @ =& ® nullcheck
if ((position < 0) Il (position >= this.str.count)) {
throw new StringIndexOutOfBoundsException(position);
) else {
¢ = this.str.value[position + this.str.offset]
if ((c <= this.maxDelimChar) & &
(this.delimiters.indexOf(c) >=0))
break;
position++;

} while (position < this.maxPosition);

d) BHMICEEE LIRS

private int scanToken(int startPos) {

int position = startPos;

T_maxPosition = this.maxPosition;

if (position < T_maxPosition) {
T_str = this.str;
nullcheck T_str;
T_value = T_str.value;
T_offset = T_str.offset;
T_count = T_str.count;
T_maxDelimChar = this.maxDelimChar;

do {
charc;
if ((position < 0) Il (position >= T_count)) { ---(1)
throw new StringIndexOutOfBoundsException(position);
}else {

c = T_value[position + T_offset]
if ((c <= T_maxDelimChar) & &
(this.delimiters.indexOf(c) >= 0)) ---(2)
break;
position++;

}
} while (position < T_maxPosition);

010 0J0000000000000000 scalar replacement
Fig.10 Scalar replacement for loop invariant memory access.
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Fig.11 Example of our speculative store optimization.
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1. Safety Analysis: (Forward Dataflow Analysis)
N-DSAFEg(n) = H X—DSAFEg(m)

mePred(n)

X—COMPg(n) + (N-DSAFEg(n) * TRANSPg(n)) (n : frequent)

X-DSAFEg(n) = X—COMPg(n) + (N-DSAFEg(n) * TRANSPg(n))+ (otherwise)
X-INSERTY, (n)

2. Computation of Latestness: (No dataflow analysis)
N-LATESTg(n) = N-DSAFEg(n) * TRANSPg (n)
X-LATESTg(n) = X-DSAFEg(n) * Z N-_DSAFEg(m)

meSucc(n)

3. Anticipatable Analysis: (Backward Dataflow Analysis)
N—ANTICg(n) = N-LATESTg(n) + X—ANTICg(n) * X—COMPg (n)
X—ANTICg(n) = X-LATESTg (n) + H N—ANTICg (m) + N-~COMPg (m)

meSucc(n)

4. Computation of Earliestness: (No dataflow analysis)

N-EARLIESTg(n) = N-ANTICg (n) * (N-COMPg (n) + H X—ANTICg(m))
mePred(n)
X-EARLIESTg(n) = X—ANTICg (n) * X-COMPg (n)

5. Isolation Analysis: (Forward Dataflow Analysis)

N-ISOLATEDg (n) = H X-LATESTg(m) + (X—=COMPg (m) * X—~ISOLATEDg (m))

mePred(n)
X—-ISOLATEDg(n) = N-ISOLATEDg(n) + N-LATESTg(n)

6. Insertion Points of Store Optimization: (No dataflow analysis)
N-INSERTg(n) = (N-EARLIESTg(n) * NNISOLATEDg (n)) +
(X—EARLIESTg(n) * X_ISOLATEDg(n) * TRANSPg(n))

7. Reachability Analysis: (Backward dataflow analysis)
N-REACHg(n) = N-INSERTg(n) + (X—~REACHg(n) * TRANSPg(n))
X-REACHg (n) = H N-REACHg (m)

meSucc(n)

012 000000000000 O00O0
Fig.12 Algorithm of our store optimization.
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Fig.13 High-level flow diagram of our optimizations.
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