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An Executable File Format for Embedded Virtual Machine
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ABSTRACT

A virtual machine is a conceptual computer with a logical system configuration, made of software
unlike physical systems made of hardware. Virtual machine technology for embedded systems is a
requisite software technology for download solutions such as mobile devices, digital TVs, etc. At present,
a research of virtual machines for embedded systems named EVM(Embedded Virtual Machine) is in
progress. As a part of the research, we define the EFF(Executable File Format) as a file format for
embedded systems. We also prove completeness of EFF by structurally mapping class file widely used

to EFF.
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2@~ 59e JAVA &2 RET} JAVA #H9Y
2ol o8 A stz FZA7E = classol™
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Ao SHIE ©@eo] ZEFO R o]Fojx glom, 16
HlE 328 E, 4BE =75 7Hx Hio|H &L 8BlE

w r2

gholg Jrolxd B vlErVE wiA Yyo=d qid
(Big-Endian)?] £M2 AZEch & 12 Sg294
o] T2E C dole] TzA FelE Jehd Aotk
magice JAVA 32 F499< veliFe 4
W21z 84 0CAFEBABE® & 7Hth. minor_
version® major_version® Z2 FHPe HAHAS
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Webdtt this_classe &2 3
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ClassFile {
ud magic;
u2 minor_version;
u2 major_version;
u2 constant_pool_count;
cp_info  constant_pool[constant_pool_count- K
uz access_flags;
u2 this_class;
u2 super_class;
u2 interfaces_count;
u2 fields_count;
field_info fields{fields_count];
u2 methods_count;
method_info methods{methods_count];
u2 attributes_count;
attribute_info  attributeslattributes_count};
}
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OE054DFF 3t 7Rt} majorVersion® minor-
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# 3. EFF TAH 7=

<EvmFile>
U4_magic
U2_majorVersion
U2Z_minorVersion
U2_module
U2_language
U2_entryPoint
U2_VMCodesCount
{<VMCodelnfo>}VMCodesCount
{<Metadatalnfo>}

</EvmFile>

A AR SILEH 5] AFETE <VMCodelnfo>
9] 2z2E 3324 A 293l <Metadatalnfo>2
el ol g HolZ ARE AFstE dEE]H
o] glol&o] Mt FFE Bl19] EAof wet 24
At} <Metadatalnfo>9] 7B 72 34-dAA A
==

3.3 VMCodelnfo

zZzade) A3 98 HHNES AAse
olBoln WHEL EVME 9% 57 Z=121 SIL
2 o]FojA Ut} ¥ 45 VMCodelnfod] 7+2E

b Holdh

methodlndexe H#HolE T vi=e ARE
A& MDTMethod index® @< Ze=th
codeLength= A4 Z=7} A4 vHlo]E ~2EY
Zo]Z Uelfith bytesE codeLength¥rE el uvfol
ESZ ZAEY o5& SIL HHER Y3t=
evA=gR FAE

3.4 MetadataTable (MDT)

MDTE 329 vgleo|8l & st FEo]
MDTE] 7z} Ho)B £ 159 g9} 2zt a7 JE
Sz o]FoA Utk Hlo|EY wAe A JA
orov glolge Fa g uj vir} 43k "ok ThA

Mo

# 4. VMCodelnfo #+Z

QYICIS Jhat JIWE 8 Al mIEW 726

osie, S o8] A7) glow Y el Ho]
2ol 248X 2Lt ¥ 52 HegwHolg Hol&9
B 2859 HEE YeEbA Holth

z} vlgdolE] HolBE o M2 ZEE T
ol@] AH&EE o] wEHolE Eo]E JAYAMDT
index)©1Th MDT index: 31 Hlol&] B9} @
A= W57 o2l o] MDT indexit Holx o]
 glo|82e Fxsn YA & F Atk dE &Y,
MDT index®] #re] 0x20000004¢]™, MDTString
(Ox2000)9) ThA WA =T FxEE Aotk
3 Zxz3e dE7 1o none(0x0000) Bl 1E
ALg-ghet

# 62 Metadatalnfod] Bl S Wb Ro|H. tag
= g% etslolEl o] Bl(E 5F2)E UEdT.
metaCounts W EltolE] Ho| 29 & g IZE FE
ekl <MetaDataTable>+ #WEHH o E o FF/
of we} Z+ glo] 82 7HAA =™ 7+ "olEvit =2
719t A £ 24 4.

¥ 7<& MetaDataTable®] Hejolth [T2 BAH
= dEFe 24T £5 U3 s 75 Utk F,
one or zero®]th. MDTRefClass= J&3te Fd>
=9 RS ARt HolBolth &, APl FH&
AR Eo] 7o) HAHA "k MDTDefClass=
ZzaHest Fo3 FA2E5Y FRE APste

E 5. ojEttlolg] Eo|& B

azog | a2 | Azes |93

MDTRefClass 0x0100 | MDTString 0%4000
MDTDefClass 0x0300 | MDTUserString | 0x4500
MDTNestedClass | 0x0500 | MDTlInteger 0x5300
MDTinterface 0x0600 | MDTFloat 0x5400
MDTRefMember | 0x0700 | MDTLong 0x5500
MDTField 0%x1000 { MDTDouble 0x5600
MDTMethod 0%2000 | MDTException | 0xe000
MDTDescriptor | 0x3000

¥ 6. Metadatainfo =

<VMCodelnfo>
U4_methodIndex
U2_codel.ength
{U1_bytes)}codeLength

</VMCodelnfo>

<Metadatalnfo>
U2Z_tag
U2_metaCount
{<MetaDataTable>}metaCount
</Metadatalnof>
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# 7. MetaDataTable #+&=

<MetaDataTable>
[<MDTRefClass>]
[<MDTDefClass>]
[<MDTNestedClass>]
[<MDTInterface>]
[<MDTRefMember>]
[<MDTField>]
[<MDTMethod>]
[<MDTDescriptor>]
[<MDTString>]
[<MDTUserString>]
[<MDTInteger>]
[<MDTFloat>]
[<MDTLong>]
[<MDTDouble>]
[<MDTException>]

</MetaDataTable>

<]

go] o]t} MDTNestedClasst == 959}
Wi gz AHE AT HolEolth
MDTInterface= UAEI#H o] HH e} o] F &el=
g2 Ex IHIHE HEHE  AFE
MDTRefMember= #ZFsle S48 W&
BRE AHZst= HolEolth, MDTFielde £
ol M3 EEo AHE AA3t= slo] ol
MDTMethode Fel2 o] Ho3k vjAs=e] gu
2 AA3tE "HeolEo|tt. MDTDescriptores ¥=9]
el E WA= Al FEE ARste HolE
o]t} MDTlInteger, MDTFloat, MDTLong, 28] 3L
MDTDouble Z} B©18 A+ %E& AZToh
MDTString& Al2H A AHE-ste 2EH S A%
3t MDTUserStringe T2 187} Aojst ~E
28 A3t MDTExceptiont® o9 g 93
ARE AFsnh 7} golEol we} dE-E] A9
Hol glon I 844 MDTDefClassE RZH o2
ellla ot ¥ 8L ZEadnr) 3 S~
9 ARE AR HolEo|th

accessFlage €29 2 ATAZ el 1,

o
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2

#* 8. MDTDefClass °#=

<MDTDefClass>
U2_accessFlag
U4_className
U4_superClass
U4_fieldIndex
U4_methodIndex

</MDTDefClass>

className2 E#l29] ©o|&& ey e
MDTString 91928 zr=t) superClass®E 3 &
20 ARG AZ3) o] A9 gk MDTRefClass
¥l T MDTDefClass 192F zteth
fieldIndex= & 27F 313 e BEEY AR
£ AR ge MDTField 9928 ziet)
methodindexe E#47F 2833 e HA=E9
ARE AAsY & MDTMethod Y28 2te
t}. mdthodIndex$} fielndex7} 178 o)A} ZA-$-<l& ot
& MDTDefClass Ho|&29] o4& A2 & 5= 9l

4. EFFQ| gHd A

At e 28-S A3 HYsIIN(EFFS A
A %o e}t Aolslg eyt Akt EFFe ¢8 A
Zo] 979} webr, EFFe) 84S Z93}7)

o] Fol2 Y-S ol g TR T
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S AAZgoz T 3 wfsy BA ) i)
11, I'n, nil, 28]132 nme A9 E57 whg} 34138}
At

1

o

be

o

3 S fd=HE EFFE9 W3d& v
bl Aol FEs e Uy EFHa a9z T
A= EFFE 1) o9 &3228 2§33} o)g
g olf ol Fej2 g g RE-Eo] EFFY
MDT=Z "33 H2 &S BoFy It Fejx o
el A EFFR e} wjgo] $d3] o]RoA= A&
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Constant Pool

CONSTANT_Class _————
CONSTANT_Fieldref .
CONSTANT_Methodref .

((CONSTANT_IntertaceMethodref )}

(CONSTANT.Strng =
(CONSTANT ragor )
(CoRSTART Fioa )
(CONSTANT tong )
(CONSTANT Do )~
(CONSTANT RameAneType )
(CconsTant ums '
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Iy 38 FIA
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o] visg-& el A
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MetadataTable
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MetatableRefClass
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‘B MetatableMethod

Metatablsinterface

" MetatableString
(" Metatablsinteger
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[vmetscenn]
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i od
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Attributes

ConstantValue _attribute
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(G _swmmae )

AL 1Y 401 B
Faeie gydo] £ 4 EFFe] MDTZ
9 22 U} H40A

2 Yehd Rolth. EFF9 MDTE uj 3o

d F2olA vhgol

$pe gYsd 54 P2

z 5

ATt

AE o] EFFe MDT=E ¢
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2ol
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| JlgRA geRE &
AXE J)golr}
NELY 714 71AE A% Hdgad
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HARE AAs A3o] o Hiho UL A
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ZM EFFe ¢AAL 2oz 2yt 72
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5 dolefol g wjF & THEIH . EFFe 7H4
AL A% dymdzdozyy 1 d48s & 5
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[*)

)

32

ozl A3 FA A CLR Ao A £A)
si2st7] Aste] EFFe] et} 7go] B asA
EFFE 23 43T & sl 718 714 720
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