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Design and Implementation of the MSIL-to-Bytecode Translator
to Execute .NET Programs in JVM Platform

Yang-Sun Lee*, Dae~-Hoon Whang”, Seungwon Na'™

ABSTRACT

C# and .NET platform in Microsoft Corp. has been developed to meet the needs of programmers, and
cope with Java and JVM platform of Sun Microsystems. After compiling, a program written in .NET
language is converted to MSIL code, and also executed by NET platform but not in JVM platform.
Java, one of the most widely used programming languages recently, is the language invented by James
Gosling at Sun Microsystems, which is the next generation language independent of operating systems
and hardware platforms. Java source code is compiled into bytecode as intermediate code independent
of each platform by compiler, and also executed by JVM. This paper presents the MSIL-to-Bytecode
intermediate language translator which enables the execution of the program written in NET language
such as C or C# in JVM(Java Virtual Machine) environment, translating MSIL code produced by compiling
NET program into java bytecode. This work provides an environment for programmers to develop
application programs without limitations of programming languages.
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# 1. Hlo|g] Etel oHE eol@

2412|E 1. MSIL-to-Oolong 2E HY ATEIEF

MSIL Oolong Description

bool bool true/false value
char char  {unicode 16-bit char.
object oject |object or boxed value type
string String |unicode string
float32 float [IEC 60559:1989 32-bit float
floatt4 double |IEC 60559:1989 64-bit float
int8 signed 8-bit integer

. ; byte ) T
unsigned int8 unsigned 8-bit integer
int16 unsigned 16-bit integer

; X short X "
unsigned intl6 unsSigned 16-bit integer
int32 int signed 32-bit integer

ini

unsigned int32| unsigned 32-bit integer |
int64 signed 64-bit integer
—————long

unsigned int64 unsigned 64-bit integer

E 2. HYo oid EjolE

offsel | MSIL | Oolong
0x00 | nop nop | No Operation

Description

public static void main()
{
String[] classNames = getClassNames();
//the names for classes
numClasses = getNumClasses();
//the number of classes
for (int 1 = 0; i < numClasses; i++)
{
if (has an extended class)
add ‘super’ and a super class’ id
to the class declaration part;
if (has an interface)
add ‘interface’ and a class' id
to the class declaration part;
String strLine;
while ((strLine =className.readLine()) != EOF)
{
if (has(strLine, “.class”) == true)
translate the class declaration part;
else if (has(strLine, “.method”) == true)
translate the method declaration part;
else if {is an instruction)
translate the MSIL instruction
into Qolong instructions,
} // translate a MSIL file and make Oolong files
as many as classes

0x06 |Idloc.0| iload_1 | Load First local variable onto the stack

0x07 | idloc.1 | iload_2 | Load Second local variable onto the stack

0x0a | stloc.0 listore_1 | Pop value from stack into first local variable

0x0b | stloc.] |istore 2} Pop value from stack into second local variable

0x17 |ldc.i4.] |iconst_1}| Push 1 onto the stack as i4
0x18 |ldc.i4.2iconst_2| Push 2 onto the stack as i4

Ox2a | ret | retumn {Retumn from method

0x58 | add jadd | Add values, retuming a new value

0x59 | sub isub | Subtract values, returning a new value

Ox5a | mul imul | Multiply values, returning a new value

Ox5b | div idiv | Divide values, returning a new value
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# 3. Eala AEREe| HA
public class Counter { ... }
MSIL code QOolong code
.class public auto ansi beforefieldinit .class public super Counter
Counter extends [mscorlib] .super java/lang/Object
System.Object
{
IL_0017: newobj instance void [mscorlib]
System.Threading. Thread::.ctor
(classmscorlib] System.
Threading. ThreadStart)
IL_001c: stloc.d
o WY AR & bl Aot S YE RELS g7} A ojE-& MSIL 2= A Qolong ZEE

MSIL Z =AM Oolong FE2 ¥d & of 1:12 M g o 1115 vigo] Hr] g Fol e adjg
m)go] 5 7] g Y4 g o] &3l WP olg3lm Wyt Oolong =2 HWAEH Aot

% Qolong FEE H4E3ld Fu} ¥ 4= g2 1 E 62 widy WdAFE Ve Rolth

=o HdaRg el Rojr), MSIL ZEdME AAE 4= AHS 3]

A= AR MSILZE ¢ Oolong =7+ Ni1 %31 local A=l F & AAE AAse] AHE-st L,
E2dYgo) HEZ P HE BEL ZAST Had) newobj W#H & At&-3ted AAE 273 @}, 1
AEY Oolong ZEF WYl o) X5 W4 2}, Oolong ZEN A& new B E ol 9} dup B 2ol
Al ZHE R MRS Ve Rl g oj &3t AXE A8t BALG Fof Q1A

£ 4. Bl M2 $22e| Hof

static int i = 3;
System.Console. WriteLine(i);

MSIL code QOolong code

field private static int32 1 field private static i1
11._0000: getstatic java/lang/System/out
Ljava/io/PrintStream
getstatic FieldTest/i I
IL._0005: invokevirtual
java/io/PrintStream/println (HV

IL_0000: 1dsfld int32 FieldTest::i
IL_0005: call void [mscorlib]
System.Console::WriteLine(int32)

E 5. Ol4S ARRRo) MY

public int sum(int a, int b) { .. }

MSIL code Oolong code

.method public hidebysig instance int32 .method public sum (IDI
sum(int32 a, int32 b) cil managed

¥ 6. uigdel HY
stringl] s = new stringl4];
MBSIL code Oolong code
1L._0000: 1dc.i4.4 IL_0000: iconst_4
IL_0001: newarr [mscorliblSystem.String IL_0001: anewarray java/lang/String
IL._0006: stloc.0 IL_0006: astore_1
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T} 9tH o], Qolong L ENA = o &) X&) 7S catch
A AAE AFS-ste eErdnh HAEE O oy B o
& H.314 Qolong =9 catch AAIAHE AF&-3
of HAgth

2# =9 MR L gH Hoh ChAAMe
System.Threading©| 2}= g o|AE A
Fo2 M AYEE A&urs) 18] 3 ThreadStart
dAAEE A 2y =2 AP WA=E 3
A gt

olof Wi A, utell M= 2

= 29
20l Thread B EE A& E’:"IL, A3 E i
run() MAE7F AZEth g o= MSIL 229
ThreadStart @2 Ale]E7FA] X3 Qolong Z =9

28 = AHE

2713 o

4.2 &3 Zella =2Oe) Hdnf da ofx

F2Choz A g S ZR2OYWS T
3 3t MSIL to-Bytecode ¥ H71E £3) W93l
AP dAoltk TEW (S CHEZRIPF
BUln, Z23Y 25 F2I MSIL 2= MY E
Z& AAE Oolong Z=E YEpdL}

using System:
class SuperClass {
public int a = 1;

class SubClass : SuperClass {
public new double a = 2.4,
public void output() {
Console.WriteLine("Base class: a="+base.a):
Console Writeline("Extended class: a=" +a);

public bool isPositive(int a) {
it (a>=0) return true:
else return false:

public int sum(int &, int b)

int j =0

for (int i=a a<=baH)|=]+a
return j;

public class Counter {
public static void Main() {
SubCiass obj = new SubClass(};
obj.output ();
Console WriteLine("result: " +obj.isPositive(5, 9));
Console.Writeline("Sum 1 through 10: " +obj.sum{1, 10)):

Z2OW 1, C# TEIY

09 62 C# ZE220 S 7ARYde MSIL =9
¥ =®oA 7ES HY71E 53 ol WYty
Z23% Oolong Z=8 47 NET E#Z3 JVM
EQEANA YT Ao}

28 6. MSILTH YYE Oolong BE9| &Y Hy

MSIL Z =2 7489 NameConflict.exe?] 482
H2} HEH® NameConflictjS Oolong &2
ZYgx udg HEo] VM SR FAM A3 23
7} 2e&E BAFET

5.4 B

B =EdAME MSIL REE nlojeatz 9y
gted NET o2 A" 221 o] NET EHE
of A3k P‘%?Jr Ak ERZTAA AP 5 9=
FAA W7 A 2" e FRSHAT MATE =
#oj uj g 101“ gojngle v 2 AL F&
o} &3t @A, WAz HAY S AHE-3)
.

Hod 77 MSIL ZEE vlolEge g Hos)y)
A8 NET ddojlz A4¢ Z2 W& AR dsd
ARE A 3A(xexe)ZHE] Foj4lE 2 (ldasm.
exe)E o|l&sld MSIL ZEE FZ8l1 23
MSIL 2= & zjupe] FHARA Bl EXERZ W
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.class private auto ansi beforefieldinit SuperClass
extends [mscorlib]System.Object

{

'ﬂ

LI
\L .class super SuperClass

.super java/lang/Object // e AR ¥

Jfield public int32 a
.method public hidebysig specialname rtspecialname
instance void .ctor() cil managed

{

} // end of method SuperClass::.ctor e
} // end of class SuperClass

] -field public al // D= AAR A

A .end method // £ F85 U4

IIL,OOOOI getstatic java/lang/System/out

1L_0000: ldstr "Base class:a ="

IL_0005: idarg.0

IL_0006: 1dfld int32 SuperClass::a

IL_000b: box [mscorlib]System.Int32

IL_0010: call string [mscorlib]System
.String::Concat(object,object)

IL_0015: call void [mscorlib]System. Console
“WriteLine(string)

newobj instance void SubClassltlctor()<
stloc.0

Idloc.0

callvirt instance void SubClass::output()

IL._0000:
IL_0005:
IL_0006:
IL_0007:

[L_0044:
}

ret

Lijava/io/PrintStream;
new java/lang/StringBuffer
dup
invokespecial java/lang/StringBuffer/<init> QV
ldc "Base class: a="
invokevirtual java/lang/StringBuffer/append
(Liava/lang/String;) Ljava/lang/StringBuffer;

| J 1..0000: new SubClass
dup
invokespecial SubClass/<init> OV
IL_0005: astore_1
1L_0006: aload_1
IL_0007: invokevirtual SubClass/output )V
[ BARAY R L2 EEF A

Z23¥ 2. F2€ MSIL =9} MY

ZEORS ANEY F Juh

Qo2 NET SHE z2 e dojdl A xs

N LEESS AN EHAE EHAANE BY5}

W7 g Bgsty, MSIL 22

Aatel 43S T8 2o gy
Az} % AFE 58
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