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Eliminating Redundant Boxing by a Dynamic Compiler for Java

YuJ1 CHIBAY

Programming using auto-boxing makes it unnecessary to write code that converts a primi-
tive value into an instance of the wrapper class because auto-boxing inserts the code implicitly.
The implicit code is sometimes redundant, and we propose an optimization that eliminates
the redundant code to improve performance. Our optimization also makes the implicit code
redundant by null test elimination, redundant reference comparision elimination, member
variable reference elimination, and unwinding execution when an interpreter takes over the
execution. Evaluation using SPECjbb2005 showed that our optimization improved the per-
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formance by 3.6%.
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1: import java.util.Map; 1: Integer tmp = Integer.valueOf(i);
2: import java.util.HashMap; 2: return (map.get(tmp));
3: 0 3 javac 000 valueOf() 000
4: class MapStorage{ Fig.3 Insertion of valueOf () by javac.
5: Map map;
6:
7 MapStorage () { 1: package java.lang;
8: map = new HashMap(); 2:
9: } 3: public class Integer{
10: 4: private final int value;
11: 5:
12: 6: public Integer(int v){
13: Object get(int i){ 7. this.value = v;
14: return (map.get(i)); 8: )
15: } 9:
16:  } 10:  public int hashCode(){
0 1 Auto-Boxing 0000000000000 11: return value;
Fig.1 Sample source code using auto-boxing. 12 }
14: public boolean equals(Object obj){
1: package java.util; 15: if (obj instanceof Integer)
2: 16: return value==((Integer)obj).value;
3: public interface Map{ 17: return false;
4: e 18: }
5: Object get(Object key); 19:
6: 20:
7: 21:
8: public class HashMap implements Map{ 22: private static class IntegerCache {
9: static class Entry{ 23: static final Integer cache[];
10: final Object key; 24: static {
11: final int hash; 25: cache = new Integer[256];
12: Object value; 26: for(int i = 0; i < 256; i++)
13: Entry next; 27: cache[i] = new Integer(i - 128);
14: e 28: }
15: } 29: }
16: transient Entry[] table; 30:
17: static final Object NULLKEY = 31: public static Integer valueOf (int i) {
18: new Object(); 32: if (1 >= -128 && i < 128) {
19: e 33: return IntegerCache.cache[i + 128];
20: public Object get(Object key){ 34: }
21: Object k = 35: return new Integer(i);
22: (key == null) ? NULLKEY : key; 36: }
23: int hash = k.hashCode(); 37:  }
24: Entry e =
25: table[hash & (table.length-1)]; Fig . 4 Joo I,nt.eger oo D
26: while(true){ ig.4 An implementation of class Integer.
27: if (e == null)
28: _return null; 000000000000000000000000
29: if ((e.hash == hash) &&
30: ((k == e.key) || k.equals(e.key))) gobooooobboooooboooboobooog
8L return e.value; 000010 140000000 300000000
32: e = e.next;
33: } Jo000o0o0o0obooobooboobgJavadnDOg
ggz }} 0000000000 0Auto-BoxingOOOQOQOOO

02 0000000 MapOO OO HashMap OO0
Fig.2 Implementation of interface Map and class HashMap.
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if (map!=NULL && map->klass==HashMap)
HashMap: :get (map, tmp);
else{
ooooOooooooo
030200000000

o U WN -

05 O0O0O0O0O0OOO
Fig.5 A guarded call.
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Integer tmp = Integer::valueOf(i);
if (map!=NULL && map->klass==HashMap){
Object k =
(tmp == NULL) ? NULLKEY : tmp;
int hash = k->hashCode();
if (map->table == NULL){
ooooooooooo:
020200000000
}
unsigned index = (unsigned)
(hash & (map->table->length-1));
if (index >= map->table->length){
ooooooooooo:
020200000000

0 N O O WN -

el
W NN - O ©

15: }
16: Entry e = map->table[index];
17: while(true){

[ure
[oe]

if (e == NULL)
return NULL;
if ((e->hash == hash) &&
((k == e->key) ||
(k->equals(e->key))))
return e->value;

N NN
N = O ©

NN
& o

e = e->next;
ooog:
Oooooooooooooooboo

}
}

else{
gooooooooobog:
030200000000
}

0 6 HashMap::get() DO0DO0O0O00O0O0OO0OO
Fig.6 Code after inlining HashMap: :get ().
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1: Integer tmp = Integer::valueOf(i); 1: Integer tmp = Integer::valueOf(i);
2: if (map!=NULL && map->klass==HashMap){ 2: if (map!=NULL && map->klass==HashMap){
3: int hash = tmp->hashCode(); 3: int hash = tmp->value;

4: if (map->table == NULL){ 4: if (map->table == NULL){

5: ooooooooooo: 5: ooooooooooo:

6: 020200000000 6: 020200000000

7: } 7: }

8: unsigned index = (unsigned) 8: unsigned index = (unsigned)

9: (hash & (map->table->length-1)); 9: (hash & (map->table->length-1));

10: if (index >= map->table->length){ 10: if (index >= map->table->length){

11: ooooooooooo: 11: ooooooooooo:

12: 020200000000 12: 020200000000

13: } 13: }

14: Entry e = map->table[index]; 14: Entry e = map->table[index];

15: while(true){ 15: while(true){

16: if (e == NULL) 16: if (e == NULL)

17: return NULL; 17: return NULL;

18: if ((e->hash == hash) && 18: if ((e->hash == hash) &&

19: ((tmp == e->key) || 19: ((e->key instanceof Integer) &&

20: (tmp->equals(e->key)))) 20: (tmp->value==e->key->value)))

21: return e->value; 21: return e->value;

22: e = e—->next; 22: e = e—->next;

23: ooo: 23: ooog:

24: oooo0oooooooooooo 24: ooooooooooooooooo

25: } 25: }

26: } 26: }

27:  else{ 27:  else{

28: ooooooooooo: 28: ooooooooooo:

29: 030200000000 29: 030200000000

30: } 30: }

07 mullO0D0O0000O00ODO
Fig.7 Code after null test elimination.
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Fig.8 Code after redundant comparison elimination.
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1 if (map!=NULL && map->klass==HashMap){ 1: Integer tmp;
2 int hash = i; 2: if (1 >= -128 && i < 128) {
3 if (map->table == NULL){ 3: tmp = IntegerCache.cache[i + 128];
4: goooooooooo: 4: }
5: 030100000000 5: else{
6: } 6: tmp = new Integer(i);
7 unsigned index = (unsigned) 7: }
8: (hash & (map->table->length-1)); 8: return (map.get(tmp));
9: if (index >= map->table->length){ () 0000000000
10: goooooooooo:
11: 030100000000 1: Integer tmp;
12: } 2:  if (i >= -128 &% i < 128) {
13: En1.:ry e = map->table[index]; 3: tmp = IntegerCache.cache[i + 128];
14: while(true){ 4: return (map.get(tmp));
15: if (e == NULL) 50}
16: return NULL; 6: else{
17: if ((e->hash == hash) && 7. tmp = new Integer(i);
18: ((e->key instanceof Integer) && 8- return (map.get(tmp));
19: (i==e->key->value))) 9: 1}
20: return e->value;
(b) 0000000000
21: e = e->next;
29 ooo: 010 0OO0OO0ODOOOO
23: 0o0000o0o0o0oo00ooooooon Fig. 10 Partial redundancy elimination.
24: }
25} 0000000000000000000 tmp OO
26:  else{
27: 00000000000 : Oi000000000 IntegerDOOOOOOOO
28: 030100000000 oo0o0o0o0o0obOobobDd tmp 000 nul1 OOO
2: ) D0000000000000 00000000

09 valueOf() DOO0DOO0OO0DOO
Fig.9 Code after eliminating value0f ().
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1: Integer tmp; 1: Integer tmp;

2:  if (i >= -128 && i < 128) { 2:  if (i >= -128 &% i < 128) {

3: tmp = IntegerCache.cache[i + 128]; 3: tmp = IntegerCache.cache[i + 128];
4: return (map.get(tmp)); 4: return (map.get(tmp));

5: } 5: }

6: else{ 6: else{

7: tmp = new Integer(i); 7: tmp = new Integer(i);

8: if (map!=NULL && map->klass==HashMap){ 8: if (map!=NULL && map->klass==HashMap){
9: Object k = 9: int hash = tmp->hashCode();

10: (tmp == NULL) ? NULLKEY : tmp; 10: if (map->table == NULL){

11: int hash = k->hashCode(); 11: ooooOooooooO:

12: if (map->table == NULL){ 12: 020200000000

13: goooooooooo: 13: }

14: 020200000000 14: unsigned index = (unsigned)

15: } 15: (hash & (map->table->length-1));
16: unsigned index = (unsigned) 16: if (index >= map->table->length){
17: (hash & (map->table->length-1)); 17: ooooOooooooo:

18: if (index >= map->table->length){ 18: 020200000000

19: goooooooooo: 19: }
20: 020200000000 20: Entry e = map->table[index];
21: } 21: while(true){
22: Entry e = map->table[index]; 22: if (e == NULL)
23: while (true){ 23: return NULL;
24: if (e == NULL) 24: if ((e->hash == hash) &&
25: return NULL; 25: ((tmp == e->key) ||
26: if ((e->hash == hash) && 26: (tmp->equals(e->key))))
27: ((k == e->key) || 27: return e->value;
28: (k->equals(e->key)))) 28: e = e->next;
29: return e->value; 29: ooo:
30: e = e->next; 30: goooooobooooobboooD
31: oog: 31: }
32: goooooooooooboooDb 32: }
33: } 33: else{
34: } 34: gooooDoooooono:
35: else{ 35: 030200000000
36: goooooooooo: 36: }
37: 030200000000 37: }
38: } 012 000000O0O000O0D
39: ) Fig. 12 Code after copy propagation.

0 11 map.get(tmp) 0000000000000
Fig.11 Code after inlining map.get (tmp).
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1: Integer tmp; 1: Integer tmp;

2:  if (i >= -128 && i < 128) { 2:  if (i >= -128 && i < 128) {

3: tmp = IntegerCache.cache[i + 128]; 3: tmp = IntegerCache.cache[i + 128];
4: return (map.get(tmp)); 4: return (map.get(tmp));

5: } 5: }

6: else{ 6: else{

7: tmp = new Integer(i); 7: if (map!=NULL && map->klass==HashMap){
8: if (map!=NULL && map->klass==HashMap){ 8: if (map->table == NULL){

9: if (map->table == NULL){ 9: oooooooooOooooon:

10: ooooooooooo: 10: 020200000000

11: 020200000000 11: }

12: } 12: unsigned index = (unsigned)

13: unsigned index = (unsigned) 13: (i & (map->table->length-1));
14: (i & (map->table->length-1)); 14: if (index >= map->table->length){
15: if (index >= map->table->length){ 15: goooooooooooooo:

16: ooooooooooo: 16: 020200000000

17: 020200000000 17: }

18: } 18: Entry e = map->table[index];

19: Entry e = map->table[index]; 19: while(true){

20: while(true){ 20: if (e == NULL)

21: if (e == NULL) 21: return NULL;

22: return NULL; 22: if ((e->hash == i) &&

23: if ((e->hash == i) && 23: ((e->key instanceof Integer)
24: ((tmp == e->key) || 24: && (i == e->key->value)))
25: ((e->key instanceof Integer) 25: return e->value;

26: && (i == e->key->value)))) 26: e = e->next;

27: return e->value; 27: ooo:

28: e = e->next; 28: goo0odododoooooooooo
29: ooo: 29: }

30: 0ooopoooooooooooDoon 30: }

31: } 31: else{

32: } 32: ooooooooooooooo:

33: else{ 33: 030200000000

34: oooooooooon: 34: }

35: 030200000000 35:  }

36: } 014 0O0O0O0O0O0OOOODOOOOD

37: } Fig.14 Code after instance allocation elimination.

013 0000000000000O0

Fig. 13 Code after member variable reference elimination.
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