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A Code Representation for Heterogeneous
Mobile Computation and Its Implementation

TATSUROU SEKIGUCHIt and AKINORI YONEZAWAT

Mobile computation is getting popular on the Internet, which is a form of computation
where running programs are moved among distributed computers in a network. This pa-
per proposes a code representation called MIC that is designed for mobile computation on
heterogeneous computers. MIC consists of a RISC instruction set of three address format.
A MIC code can run on a computer of various architecture as fast as code produced by a
native compiler for the architecture. This feature of MIC allows us to run an application on a
heterogeneous mobile environment that requires high execution performance. MIC is suitable
for mobile computation since a native code with high efficiency can be generated by the least
optimizations from a MIC code. In a mobile environment, a code is usually transmitted and
available just before the code is executed. MIC is a low-level code representation like assembly
languages, which encourages that a program in a various high-level programming language
can be compiled into a MIC code without losing important features of the programming lan-
guage. A translator from a MIC code into SPARC and IA32 native code is implemented. In
addition, a C and C++ compiler is implemented that produces MIC code.

Feb. 2001

00 CardelliD U0 5) 0000000000000

0000000000 0000000000000
000000000000 000000000000
000000000000000000000000
000000000000000000000000
0000000000000 0000D0000000
0000000000000 0000D000000
ooo*0o0000000000000OoOonOn
PDAODOODODODODOOOOOOOODOO
000000000000 00000000000

t0000000000000000000
Department of Information Science, Faculty of Science,
the University of Tokyo

000000 mobile computationO0 0O 0 O00O0O
OO00Q0O0O0OO0OO00000 mobile computingd 00O
00000000000 mobile computing [0 mobile
computation 1 000000 000000000
JO0000D00OD0O0000 mobile computation OO
0ooo0oOoooo
00000000000000000000000
000000000000000000000000
000000000000 00000000000
0000000000000 00000000000
00000000000000000000000
000000000000 00000D0D00O0
000000000000 000D0O0000O0n?g



2 goooooooooooooooo

WWwWOOoOooooooo®ooooooo®oon
000 oo00oooooo”?ooo0oo0oo
000000000000 0000O0 WWwWOOO
000000000000000000000000
0000000 WWWOOOOOOO0OD0O0oOo0o0o
000000000000000000000000
000000000000000000000000
0000000O00oo0on
00000000000000000000000
000000000000000000000000
000000000000 000000000000
000000000000000000000000
0000000000000 O000O0000000
0000000000000 0000000000
000000000000 0O00000000000
000000000000000000000000
ool ggooooo00000Donoon
0000000000
00000000000000000000000
0000000000000 00000000000
0000000000000000000000000
000000000000000000000000
000000000000 00O00O00O0002Y3
ooooooDo
00000000000000000000000
000000000000 0000%01980000
UNIXOODOOODOOO0OO00O000000000a0
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000 00000000000
00000000000000000000000
0000000000000 0000D00O0D0OO
000000000 0O0O0?® 0000000000
02 0000000000000 00Donon
0000000000000 000O00000000
0000000000000 00000000000
000000000000000000
0000000000000000000000 0
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000000000 00 MIC
000000000000000000000 MIC
00000 CO0O0C++ 00000000000
ooo

Feb. 2001

00000000000000000000000
000000000000000000000000
000000000000000000000000
OoOoO0*00SFI*® 0o00000000o0no
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000
00000000000000000002000
000000000000000000000300
00000000000000000000000O0
0000000000000000004000 MIC
000000000000 MICOOODOOOOOO
00000000000O0050000000000
000O000000060000000000000
007000000000000

2. 0000000 ODbOOoO0OO

uoboooooooooooooooooooo

ooo

2.1 OO00O0O0OOOOOOOOO
gboboooooooooooboooboooooo

gooooooooon

0o00oooOdo Ooooocoooooooooo
goooooooooooo

goooooo Ooooooooooooooooon
oooooooooooboooooboooao
gbtboooobooodoooooobooooooa
gobooooobooobooboboboooooboo
oobooboobooooooobooooooooo
gooooooooooooooocoooooo
oobooooobooooooooboooonon
goooooooooobooboooo

goooob0 OoooobooooobDOobOoooOoboo
ooobooooooooboobooooooooon
goobobooooooooooboooobobooon
gobooodobooooooboooobooooon
gboodoboboooobobooOoooobobooo
gooooooboooooboooooooooa
gobooobOoooboooooooobobooobooon
oooobooooboooboooocooooboo
goooooooooooooooooboooon
gobooboooooobooobooooobooobo
oooooooooooobooooboooo



Vol. 42 No. SIG 2(PRO 9)

00000000000 000000000000
0000000000000000000000
0ooo

00000 00000O0000000000000
0000000D000000000000000
000000000000000000000

00000000000000000000000

000000000000000000000000

0000000000000000000293 00

oooooo

2.2 000000000000
0000000000 MICOOOOOOOOOO

00000000000000000000000O0

200000

e 0000O0000DOOOOOOOOOODOO
0000000000000000000000
0000000000000000000000
0000000000000000000000
0oooooon

e 1000O000O0OOOOOOOOOOOOOMO
0oooooooo

0000000000000000000000

000000000000 0000000O0000O0

000000000000000000000000

0000000000000000000

3. bOoOoouooboooobooboooaoon
go

0000000000000000000000
0000000000000000000000
0000 vs.00OO0DOOO0 O0O000D0O0O0O0OO0
0000000000000000000000
0000000000000000000000
Ooo0o0O0ooo?®3 gooooonoooon
0000000000000000000000
0000000000000000000000
00D00000000000000000000
0000000000000000000000
0000000000000 D000000000
0000000000000 000000000
oooooooo

RISC vs. CISC 000000000O0000OO
0000000000000000000000
0000000000000000000000
0000000000000000000000
0OoD000000000D

oooo0oooooooooooooboooboobooobooo 3

0000000 vs.0OOOOODO OO0OO0OO0DO
0000000000000 O00000000
000000000000 0000O00

0000000000 0000000000000
0000000000000 000000000
000000000000 0000000000
0000000000DOo0n

0000000000 0000000000000
0000000000000000000000
00000000000 000000000

00000000 DO0O0OO0OO0OD0O0O00000D000
OSO0000000000000DDONOOgnO
0000000000000000000000

3.1 0000 vs. 000000
00000000 000000000000000
000D000000000000000000000

00000000000 o000000000n

00000000000000000000%® 00

0D0000000000000000000000

000000000000 000000000000

000000000000 00000000O0

0000000000000 00000000000

e 00DODDONDDDOOOOODOOOODOOO
0000000000000000000000
oDoooooooo®o

e CODODODDODDODODODOOODDOODOD

0000000000 0000000000000
00000000000000000000OSFI3®

O PLANET?Y 00 000000000000 O0OO0

000000000000 000000000000

000000000000 000000000000

00000000000 00000000000000
00000000000000000000000

000000000 D000000D00D0000000

0000000000000 D00 EmacsLisp 00 O

000000 m

3.2 RISC vs. CISC
00000000000000000000000
00o00oOooooooooooYY oo RISCOO

00000000 1)0000 1A3200000000

000000 RISCOOOOOOOOOOODOOO

CISCOO0O00D0O00O RISCOOODOOOOOOO

00D000000000000000000000
00000000000000000000000

00000000000 0000D00DO00000

0000000000000000000000 10



4 goooooooooooooooo

00000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000 000000000000
ooo

00000000000 000DO00D000000
00000000 C++0Modula-30 Java 0O OO
0000000000 ooooooooooooo
000000000000000000000000
000000000000000000000000
00 1000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000 O0oDO0O0ooooooon
000000000000000000000000
oooo

3.3 0000000 vs.00D000D0O

000000000000 00000000000
000000000000000000000000
oooo

00000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000 00000000000
0000000000000 00000000000
00000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000 00000000000
0000000 ®ooo00o00000o0oooooo
000000000 0000D00000000000
0YWoDooDoDOoDOO0O0O0O0O00OO00O00000
00r0000000000000000000 Java
JITOOO0O0000000000000000000
0ooo0ooooo0o00o

00000000000000000000000
000000000000000000000000
000000000000000000000000
00000000D0000000000000000

Yoo 14)0000000000000000000DO0O0O0OD
oo0oo0o0ooo0oo0o00 1000000000

Feb. 2001

000000000000000000000000
000000000000000000000000
oooo'™*)ooooo000000000oono
000000000000000 1000 2000
0000000000000000 JavaOOOOD
000000000000000000000% O
0000000000000 000000000O00n
JavaOOODODOOO 40000000
3.4 0000000000
000000000000000000000000
3.4.1 0000000000 OO0O00
00000000000000000000000
000000000000000000000000
oooon
Chaitin000% 0O0OOOOOOOO 100000
000000000000 0000000000
00000000000000000000d live
range 0000000000000 000000
0000000000000000000000
0000000000000000000000
00000000D00000000000000
0000000000000000000000
000000000000 0000000000
0000000000000000000000
0000000000000000000000
000000000000 0000000000
000000000000 000000000O0
0000000000000000000000
0000000000000000000000
0000000000000000000000
0000000000000000000000
0000000000000000000000
0000000000000000000000
0000000000000000000000
ooooooooo
ChowODO® 00000 Chaitin0O00O0DO0O
000000000000 000O00O0oOoOoo
0000000000000000000000
0000000000000000000000
0000000000000000000000
0000000000000000000000
0000000000000000000000
0000000000000 000000
3.4.2 00000DO0OO0O0OO0ODDOO
00000000000 000000000000
0000000000 000000000000OO



Vol. 42 No. SIG 2(PRO 9)

0 1 TA3200 Omniware 0 gecc 0 ODOO00O0O00ODO
Table 1 Relative elapsed time of Omniware on IA32
compared with gcc.
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Fig.1 The effect of register allocation on TA32.
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