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A Method for Elimination of Redundant Sign Extensions

MoTOHIRO KAWAHITO,! HIDEAKI KOMATSUT and TOSHIO NAKATANT!

Recently, 32 bit architectures are being shifted to 64 bit architectures. However, a program
designed for a 32-bit architecture still uses many 32-bit data. For example, Java specifies “int”
(which is the most frequently used type) as 32 bits. If such programs are executed on 64-bit
architecture, many 32-bit data are necessary to be sign-extended to 64-bit data for integer
type instructions. It causes performance degradation. At first, we implemented sign exten-
sion elimination based on data-flow analysis to improve performance. However, this approach
could hardly eliminate sign extensions for array indices. Moreover, it could not selectively
eliminate sign extensions from frequently executed points. In this paper, we present an effec-
tive new algorithm for eliminating and moving sign extensions. The same approach should
work for any language and architecture requiring sign extensions. Our approach utilizes the
dependencies on a variable to selectively eliminate sign extensions in order of frequently exe-
cuted points. Additionally, it utilizes a language specification of the array type to eliminate
more sign extensions, and moves sign extensions to rarely executed points. We implemented
the algorithm in the IBM Java Just-in-Time (JIT) compiler for 64-bit architectures, which is
under development. Our experimental results show that the execution count of sign exten-
sions can be eliminated by 87% on average. To the best of our knowledge, this is the first
algorithm for sign extension elimination.

obode40000D00D0O0OOOOOOO 3201608

1. 0o oo
oboobooooooooe4000000O0CDODOO
gboooboboooooooboboobooooboao gooboooooooboooooobooooboon
gbooooboooobooooooooooooboo gbooooboOoooboob 20000000000
gooooboooooobooooooooboooo O00oooO0ooO0O0O00O0000000 JavaODOO
ubobooooooooooooboooboooooboobo 00Y00000000000 int00 320000
ooobOde4000000O0O0O0O0DOOOOOOO gobooboooooobooobooobocoobooooan

0ddoddo 32000000000000000
+000000000000000000000 0do0odoooooooooobooobooooDoo
Tokyo Research Laboratory, IBM Japan, Ltd. oooooooo

60



Vol. 43 No. SIG 1(PRO 13)

o0o0o0o0oooUooooOoooooooooOooo
O000oooooo0ooopoooooooooooo
JO0000DOCO00OoOoO0Od PowerPCO Instruction
Set Reference®0 000000000000 DOOO
00o0o0oooooooooooooooooon
000000000000 DO00DDOO PPCe4 O
000000D0O0DO00000o0oooooprPpCe4d
odooooOoooooooooooOogooooo
Oooooooooooooooooooooooo
oddooooooopoooooooooooooo
oooooUooOoUooooooOoUOOoDOoooooo
gdooooOoooooooooooooooooo
Jddde40000OCODOODODODOOOOOOOO
oodoooooOooDooooooooooooog
000000000000 O0TIA640 Instruction Set
Reference’000000000000000000O0
00000000000000o00ooooooooo
odooo0oooUdOooooooooooooooo
goooOooOoooooooooooooooooo
0000 IAe40000000OD0OOOCOCODODOOOO
ooo0oooooOoooOooooooooooog
000oo00mooUoooooooouoooooo
00000000 o0oDoooooooooooooo
O000oOooOooDooOoOooOOoooooooog
000000o0o0o0oooO00ooooooDoooooo
00000000 ooooooooooooooog
0000000000000 ooooooooooao
0000000 backward data-flow analysis(d00 O O
oo0oooDoooooooooooooo 1000
oooooooooo()o (s)ooooooooo
go0oboOooOooooboOoo3oboooobooooo
goooooo
1000000000000000000O0Ooooo
Jd0o00o0o00o0o0o0o0ooOooooooooooo
00000000000 10000 3)oooooo
000000ooooooooooogoooooon
00000o0o0o0o0ooooooooooooooog
ooooOoOoUoooooOoUoUoooooOooUoUooo
oooooooooooooopoooOoooooog
000o0ooo00oooooooooooOooooo
00000o0ooooooooooooooooooo
00000o0ooU0ooUooooooooooooooo
20000000000000000000000OO
000000000000 0ooooooooooon
000o0o0oDoooooo0ooooooooog
00000000o00ooooooooooooooo

gooooooooooooo 61

int j; //j 1& 32bit 228
intt=0;//t i3 32bit £
inti=mem; /i3 32bit Z5%
i = extend(i); -(1) (BrZemTg
do {
i=i-1; -

i= extend(i); -3)
j=ali]; -4
j = extend(j); NORCEI )
t+=j; -6
t = extend(t); -7
} while(i > start);
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d = (double)t; -(®
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Fig.1 Drawbacks of the sign extension elimination using
data-flow analysis.
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Fig.2 Flow diagram of sign extension optimization.
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intj; //j i 32bit 255
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int i=mem; /il 32bit 25
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do {

i=i-1; -
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(b) AL
intj; //j 1% 32bit 2584
int t=0; // t I 32bit 228
int i = mem; /i 13 32bit 2534
i = extend(i); -
do {

i=i-1; NP

i= extend(i); -(3) i = extend(i); -3)
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j = extend(j); -5 j = extend(j); -(5)
t+=j; -(6) t+=j; -(6)
t = extend(t); -(7) t = extend(t); -(7)

} while(i > start); } while(i > start);
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d = (double)t; -(8) t = extend(1); -9
d = (double)t; -(8)
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Fig.3 An effective example by inserting sign extension.
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Fig.4 An elimination result to Fig. 3.
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int j; //j i 32bit 255

intt=0; //t 1& 32bit 2554

int i =mem; // i i3 32bit Z5%

i= extend(i); -

/I 2T i=Oxfffff80000000 L ARET 5.
do {

i=i-2; -(2)
/1 i == OxfIFffr7fifttfe & % 5.
i= extend(i); -3)

//i==0x7ffffffe &£ % YEFIOKE SIZLoTIT 7 L AWHE
j=a[i]; -4
j = extend(j); -5
t+=j; -(6)
t = extend(t); -7
} while(i > start);
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d = (double)t; -(8)
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Fig.5 A removable sign extension depending on array

size.
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EliminateOneExtend (EXT) {
0000 USE,DEF,ARRAYO OO DODOOOOOOO
required = FALSE
/* DU-chainO 00 =*/
for (I 0 EXTOOOOOOOOODDOOOOOON
required = AnalyzeUSE(EXT, I, TRUE)
if (required) break;
}
if (required){
/* UD-chainO OO */
for (I 0 EXTOOOODOOOOOOOOOOON
required = AnalyzeDEF(I)
if (required) break;
}
}
if (!lrequired) EXTO OO

06 10000000000000000O0

Fig.6 An elimination algorithm of one sign extension.
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/* FALSEOOOO 10000000000
TRUEDOOD 10000000000 %/
AnalyzeDEF(I) {
if (IO DEFOUOOOOOO) return FALSE;
IODEFODO0O0OD0OODOOODDOD
switch(I){
case I0000000OD0DODOODODOOOOOO
O Oooboooo
return FALSE;

case I10000000DO0OO0O0ODOOOO0 100000
goooooooooooooooooo
/* UD-chain OO 0O %/
for J U I000O0O0OODOODOOOOOOO)N
if ( AnalyzeDEF(J) ) return TRUE;
}
return FALSE;
}
return TRUE;
}
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Fig.7 Analysis for an input variable of a sign extension.
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/* FALSEOOOO 10000000000
TRUEDOOD 10000000000 %/
AnalyzeUSE(EXT, I, DO_ARRAY) {
if (IO USEDOOOOOODO) return FALSE;
IJUSEDDOO0ODO0ODOOODDOOD
switch(I){
case I000000O0O0O0ODO 320000
gooooooooo
return FALSE;

case JOODOOOOOODO
if (DO_ARRAY){
return AnalyzeARRAY(EXT, I);
}

break;

case I000OO0DODO0OO0OODODOODOOOOODOOOO
0000 1gbooooo0oooooooboooono
if (100000000000 OoooOooooo
goooooH{
DO_ARRAY = FALSE;
}
/* DU-chain 000 */
for J U I00000DODOODOOOOOO)N
if ( AnalyzeUSE(EXT, J, DO_ARRAY) ){
return TRUE;
}
}
return FALSE;
}
return TRUE;
}
08 ODOO0ODODOOOOODOOoOoOooOon
Fig.8 Analysis for an output variable of a sign extension.
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/* FALSEO OOO AcPO0O0O0OOOOOOO
TRUEDOODO ACPOODODOOOOOOO =/
AnalyzeARRAY (EXT, AOP) {
if (00000000000 APOOOOOO
gooopooooooooooooo)d{
for (DO EXTUOOODOOODOOOOODO)N{
if (DO ARRAYOOOODOODOOODOOOOO)N{
DO ARRAYO O ODDOOODODODOODO
required = TRUE;
switch(D){
case DO OUOOODODO 32000000
ooooOoOooogo: /« 00 1 %/
required = FALSE;
break;

case JOOODO:
case O OODO:
if (0 o0o0ooooooooo 2,3,4
Joooooooooooool{
required = FALSE;
}
break;

case DO OODO:
/* UD-chain 0 00O */
for (J O DOOOOODODODOO
goooo){
if ( AnalyzeARRAY(J, AOP) )
return TRUE;

}
required = FALSE;
break;
}
if (required) return TRUE;
}
}
return FALSE;
}
return TRUE;

}
09 0O00O0O0OOOOOOOOOOO

Fig.9 Analysis for an address computation of an array.
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Table 1 Dynamic counts of sign extension for IA64 type architecture.
mtrt jess compress db mpegaudio jack javac average
no opt 19250992 179631874 1868243993 426564035 798778870 99985664 262613889
(100.00%) (100.00%) (100.00%) (100.00%) (100.00%) (100.00%) (100.00%) (100.00%)
bwd flow 9000995 70530009 612671881 239128908 337814900 47605052 120233896
(46.76 %) (39.26%) (32.79%) (56.06%) (42.29%) (47.61%) (45.78%) (44.37%)
basic ud/du 7969878 63483505 573217891 239120133 251217797 41580830 108608624
(41.40%) (35.34%) (30.68 %) (56.06%) (31.45%) (41.59%) (41.36%) (39.70%)
. 7969516 63486640 573217977 239120301 251217875 41775843 108408170
sert (4140%)  (35.34%) (0.68%)  (56.06%)  (3145%)  (41.78%)  (4128%) (39.71%)
sort 7969944 63483515 573217883 239120142 251217797 41580830 104748269
(41.40%) (35.34%) (30.68%) (56.06%) (31.45%) (41.59%) (39.89%) (39.49%)
insert. sort 7969003 61583292 572322509 239118911 251124104 41459594 104358917
’ (41.40%) (34.28 %) (30.63%) (56.06%) (31.44%) (41.47%) (39.74%) (39.29%)
array 2143804 17874189 253160692 39160707 69832670 25187404 52252046
(11.14%) (9.95%) (13.55%) (9.18%) (8.74%) (25.19%) (19.90%) (13.95%)
array, insert 2117381 17603047 243279665 15041791 69479431 23603592 51859996
’ (11.00%) (9.80%) (13.02%) (3.53%) (8.70%) (23.61%) (19.75%) (12.77%)
array, sort 2089200 17771713 243277265 27399025 68204510 22887294 44567388
(10.85%) (9.89%) (13.02%) (6.42%) (8.54%) (22.89%) (16.97%) (12.66%)
all 2087591 15689329 242381415 14001494 67170924 22671298 42136962
(10.84%) (8.73%) (12.97 %) (3.28%) (8.41%) (22.67 %) (16.05%) (11.85%)
no opt: pooooooooooooooo
bwd flow: Jjoob0do0OOoD0oDO0o00oboboOobOoOo0oboDbOoOoOooo
basic ud/du: insertOsortCarray0 300 00000000000000000O0COO0OOOOOOOODOOOO
insert:  basic ud/du0000000000D0000DOOOOO
sort: basic ud/du00000000000000O0O0OO0O
insert[ sort: insertdsort 0 0000
array: basic ud/du0000000000D00000DODOOOOODOOOOOO

array[] insert:

arrayl]
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Fig.10 Dynamic counts of sign extension for IA64 type architecture (no opt=100%).

average



70

goooooooooooooooo Jan. 2002

02 PrPCe400000DO0ODODOODOOOOODODODO
OboldO00OOODDODODODODOMtalic0DOD0OOOOOOOODO
Table 2 Dynamic counts of sign extension for PPC64 type architecture.

mtrt jess compress db mpegaudio jack javac average

10184366 61680302 1129361408 298096782 596966915 51039079 164627134

o opt (100.00%)  (100.00%) (100.00%)  (100.00%)  (100.00%)  (100.00%)  (100.00%) (100.00%)

bwd flow 6999825 43525896 374167659 184965495 281212081 34455413 82930355
(68.73%) (70.57%) (33.13%) (62.05%) 47.11%) (67.51%) (50.37%) (57.07%)

basic ud/du 6958445 36463524 334712555 184954438 194891006 29521432 73134631
(68.32%) (59.12%) (29.64%) (62.05%) (32.65%) (57.84%) (44.42%)  (50.58%)

insert 6958369 36466662 334712641 184954597 194891092 29840358 73088437
(68.32%) (59.12%) (29.64%) (62.05%) (32.65%) (58.47%) (44.40%)  (50.66%)

sort 6957530 36463533 334712562 184954438 194890992 29521432 73091713
(68.32%) (59.12%) (29.64%) (62.05%) (32.65%) (57.84%) (44.40%) (50.57%)

insert. sort 6957037 34564422 333817355 184954278 194882706 29501422 73074060
’ (68.31%) (56.04%) (29.56%) (62.05%) (32.65%) (57.80%) (44.39%)  (50.11%)

array 1733140 9732235 232511044 38957089 41620474 14068685 27435057

(17.02%) (15.78%) (20.59%) 13.07%) (6.97%) (27.56%) (16.66%) (16.81%)

array, insert

1709668 9468276 222632017 14849434 41419770 14252864 27033074
(16.79%) (15.35%) (19.71%) (4.98%) (6.94%) (27.93%) (16.42%) (15.45%)

1707518 9635530 222629317 27206733 39993422 14024407 23603420

, sort
ST (1677%)  (15.62%)  (1971%)  (9.43%)  (670%)  (27.48%)  (14.34%) (15.68%)
all 1706261 7557208 221733992 13810486 39196650 13910407 23369001
(16.75%) (12.25%) (19.63%) (4.63%) (6.57%) (27.25%) (14.20%) (14.47%)
100%
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90% Fi basic ud/du
insert
80% B sort
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Fig.11 Dynamic counts of sign extension for PPC64 type architecture (no opt=100%).
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Table 3 Dynamic counts of eliminated sign extension and estimated performance

improvements for IA64 type architecture.

mtrt jess compress db mpegaudio jack javac
bwd flow FREE 10249997 109101865 1255572112 187435127 460963970 52380612 142379993
TAER % 0.102 1.091 12.556 1.874 4610 0.524 1.424
all FrEK 17163401 163942545 1625862578 412562541 731607946 77314366 220476927
TR 0.172 1.639 16.259 4.126 7.316 0.773 2205
04 PPC6400000000O0OOONOONDOOOOOOOOO 100MHzOOOOOOO
goooooooodg
Table 4 Dynamic counts of eliminated sign extension and estimated performance
improvements for PPC64 type architecture.
mitrt jess compress db mpegaudio jack javac
bwd flow FrEH 3184541 18154406 755193749 113131287 315754834 16583666 81696779
TAERE 0.032 0.182 7.552 1.131 3.158 0.166 0.817
all FrEE 8478105 54123094 907627416 284286296 557770265 37128672 141258133
TR 0.085 0.541 9.076 2.843 5.578 0.371 1413
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Table 5 Breakdown of JIT compilation times for IA64
type architecture.

oooooo

0000 (al) UD/DUOD OO0
mtrt 0.20% 2.11% 97.68%
jess 0.22% 1.67% 98.11%
compress 0.17% 2.40% 97.42%
db 0.15% 3.32% 96.53%
mpegaudio 0.15% 1.73% 98.12%
jack 0.11% 2.83% 97.06%
javac 0.21% 1.68% 98.12%
oooo 0.17% 2.25% 97.58%
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Fig.12 Breakdown of JIT compilation times for TA64
type architecture.
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(a) L<fEHN S countup L—7

(IR (Ri#E1{L# (1A64,PPC64 3t))
1=mem; 1=mem;
i=extend(i);
do { do {
a[i] = 0; a[i] = 0;
i=i+1; i=i+1;
i=extend(i);

} while(i < end); } while(i < end);

(b) QN LELINT 7 ADILEZE X T-BE

(RIE1LAD) (RE{L: (1A64 DHA))
1=mem; 1=mem,;
i=extend(i); i=extend(i); (PPC64 iZFETTRE)
do { do {

i=i+1; i=i+1;

i=extend(i);

ali] = 0; ali] = 0;

} while(i < end); } while(i < end);

(©) EHA Ty MtxOEEOES T 7 &R

(FE{ L) (Fo#{bt% (1A64,PPC64 3t))
t=i+j; t=i+j;
t=extend(t); t=extend(t);
tl=t-1; tl=t-1;
t1 = extend( t1);
a[tl ]=0; a[tl ]=0;
a[t]=0; a[t]=0;
tl=t+1; tl=t+1;
t1 = extend( t1 );
a[tl ]1=0; a[tl ]=0;
@) MYMTTRMEEZFOGEA
(FE{ LA (Rl (1A64,PPC64 k)
t=i+j; t=i+j;
t =extend( t); if (t < u){
if (t < u)f t = extend( t);
d = (double) t; d = (double) t;

} }
013 0OO0O0OO0O0O0ODoOood
Fig.13 Examples of our sign extension elimination.
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