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Accelerating Technique of Java for
Hand-held Devices and Its Evaluation

KATSUHIDE TAKAHASHI' and RYyozo KIYOHARAt

The recent spread of java-enabled handheld devices (e.g., cellular phones) has led to in-
creasing interest in improving execution speed of java programs (particularly shooting games).
Just-in-time (JIT) compilation and HotSpot acceleration technology, widely used solutions,
compile java byte codes into native codes at runtime. These existing solutions, however, are
not suited to memory-limited devices, due to lack of memory space needed for compilation
and profiling. Furthermore, because of unexpected runtime invocation of the compiler, these
methods can deteriorate real time response in interactive applications such as shooting games.
In this paper we propose a new acceleration technique to compile java bytecodes, while assur-
ing quick response to user interaction. In this technique, when a class file is loaded, application
programs are analyzed and then determinable frequently executed methods are compiled, at
runtime, only frequently executed small methods. Our evaluation results show the compiler
memory size is small, and that JIT compilation is almost same a performance.
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Fig.1 Playing screen in a game.

Feb. 2007

oooooooooooooboboooobo3booa
goobooooooobbo4000D0O0O00O0DO
oobooooso00oboooooooooooooon
ooooobooooooooooooocoonoooon
ObobeOO0O0OO0OO0O0O0OOOOOOODOOOOODOO
ooo

2. 0000000000

goobooobooooooooooooooooon
goooboooodoooooooooooooooon
oobodooboooooooooooon

2.1 OO00O0OO0O0O0DOO0

gbooooooboobooooobooooooooDo
PDAODCODOOY 00000Javal0O000
oooobooooooooooobooooonoooo
ooooooooooobobooobooOobObObODbDbObODbo0oo
gooobooooooOoooooooooooooo
OoooboooO000Javab0OO0OOO0OO0OODOOO
ooooooboooooobooooonD 1 00Java
gooobbooooooooooooooooooon
oooooooboobooobocooobooobooobooa
glbo000o0oooOoOb0cboOo0ooocoooooooo
oooobooooooooooobooooooooo
or7000g8O00000000O0COOOCOOOO

gobooooooobooooooboooooooo
gboboooooobOOoobooooobobooooooon
goboooobooooooooooooog JavalO
oooooboooooooooboooooobooooon
oooooboooooooooboooooobooooon
odooobobooooooooooooooooooo
gooooboboooooooooobooooooooo
ooooooooooooooobooooooooo
oooooobooooooo

ooboobooooooooooobooooooooo
gbooooooobOOoooooooooboobooon
goooboooobooooooooobooooooooo
0b00000000000000000000000
ooooboobooooooooobooooooooon
oooobobooooooobooboooooboooboon

01 00D0ooOOoooooooo
Table 1 Size of the compiled code.
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java.io 3.9 34.8 8.90

java.lang 1.5 11.8 7.80

java.util 3.0 26.6 8.5 0
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Fig.2 Analyzing and profiling.
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Table 2 Compile methods in static analyzing.
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Table 3 Profiling methods in dynamic analyzing.

oooo ooooo goooooo goooo
oooo ooooo
ooo ooo ooooooo O
ooooo ooooooooo
oooo X
ooo - X
ooo - goooooo O
ooooo goooooooo
oooo X

goboooooooooobobooboooooooooo
gboooooobooooooooocooooooboo
gooooooooobooobooocoooooooboooo
goooooooooooooooooooDbonoo
goooobooooooobooboooon

oobooooboboooooooooooooooon
goboooboooooooooooooooood
gbooooboooobooooooooo

goboboooboooooooboobocooooooo
goboooooooooooooocoooooboooo
goo0boo3sboboooooooooooboooooo
gboooobooooooo

4.2.1 OO000O0OOO0ODOOOOOOODOO

gooboooooooobooooooooooo
gobooooooooooooboobooooboooboo
gobooobooooooooooooooooood
gooooooooooooooboooooooooo
gobooooooooooocoOooooboooboooo
goooooooooooobobobooboobOoonoooo
goboooooboboooooOoocooooOooboooo
goooooooooooobooooooooboooo
oooo

4.2.2 O000000O0O0OOCOODO

gobooooboboooobobooooooboo



672 goooooooo

goooooooooOobObOObOOO0o0o0o0o0ooooaa
goooooboooooooooooooooooo
goooooooooooooooooooooon
goooooooooobooooooobooooooon
gooooooooooboooobocoooonoooon
goooboboooooooboboooooooooo
goboooooooobooooooobbooooboo
4.2.3 0O0O0O0O0OOOOO0OO
ooboooooooobooooooooooooon
gooobooooooooboooooooboooobo
gooooooboooooooooboooooooooo
goooobooooooooooooooooooo
goooooooooboooooboboooboobo
ooooooooooobooobooooooooobobo
goooooooooboocooooon

5. 0O O

5.1 000000000000000D00000
00000D000000000000000000
000000000O0Java VM® 00000000
000000000000000000000700
000000000000000000000000
0000000 30000000000000000
000000000000000000000000
0000000000003/40000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000

5.1.1 00000000000000
04000000000000000049000
0000D00000000000000000000
0000 50%000000000000000000
0000000000

(1) oooo
00000000000000000000000
0000000000000000000000000
000D00000D0000000000000000
000000D000000000000000000
000000000000000000000000
0000000000000

(2) O0OOOOO
000000000000000000000000
000000000000000000000000
000000000000000000000000
JavaD000D000000000100000000

Feb. 2007

__ Jjava/lang

Graphics
VMt

03 OD00O0OO0O0obDOoObDOoOooOOOooOoOooo
Fig.3 Execution time of methods in shooting game.
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Table 4 Execution time of functions.
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Table 5 Game A, B, C: size and execution times of the
selected methods.
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Table 6 The determinaton in framework analyzing.
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Table 7 Ratio of accelerating from interpreter.
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Table 8 GameA: Size and execution time of methods.
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Table 10 GameC: Size and execution time of methods.
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