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Annex A. Informative: Sample Programs

This Annex shows several complete examples. Unlike the integrated examples, these examples have many
features of the CLR merged into a program.

The examples can be saved to afile, assembled and are ready to run.
The first two examples show small programs. The last example shows a rather large program.

A.1.Mutually Recursive Program (with tail calls)

The following is an example of a mutually recursive program that uses tail calls. The
methods below determine whether a number is even or odd.

.assenbly test.exe { }
.class EvenQdd
{ .nmethod private static bool IsEven(int32 N) il managed
{ . maxstack 2
I darg. 0 /1 N
ldc.i4.0
bne. un NonZer o
ldc.i4.1
ret
NonZer o:
I darg. 0
ldc.i4.1
sub
tail.
call bool Even(Qdd::|sQdd(int32)
ret
} // end of method ‘ Even(dd: : | sEven’

.method private static bool IsQdd(int32 N) il managed
{ . maxstack 2
/1 Denobnstrates use of argument nanes and | abel s
/1 Notice that the assenbl er does not covert these
/1 automatically to their short versions
| darg N
[dc.i4.0
bne. un NonZer o
[dc.i4.0
ret
NonZer o:
| darg N
[dc.i4.1
sub
tail.
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call bool EvenQdd::|IsEven(int32)
ret

} // end of nethod ‘ EvenOdd: : | sCQdd’

.method public static void Test(int32 N) il managed
{ . maxstack 1
| darg N
cal | voi d System Console:: Wite(int32)
| dstr "is "
cal | voi d System Consol e:: Wite(class System String)
| darg N
cal | bool EvenQdd::|sEven(int32)
brfal se LoadCdd
[ dstr "even"
Print:
cal | voi d System Consol e:: WiteLine(class System String)
ret
Load(dd:
| dstr "odd"
br Pri nt

} // end of nethod ‘' EvenQdd:: Test’
} // end of class ‘EvenQdd’

// d obal met hod

.method public static void main() il nanaged
{ .entrypoint
. maxst ack 1
ldc.i4.5
cal | voi d EvenQdd: : Test (i nt 32)
ldc.i4.2
cal | voi d EvenQdd: : Test (i nt 32)
ldc.i4 100
cal | voi d EvenQdd: : Test (i nt 32)
[dc.i4 1000001
cal | voi d EvenQdd: : Test (i nt 32)
ret

} // end of global nethod *‘nmain’

A.2.Using Value Types
The following program shows how rational numbers can be implemented using value
types.
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.assenbly rational.exe { }
.class private value seal ed Rational extends System Val ueType

{ . f
f

i mpl ements System | Conpar abl e
ield public int32 Nunerator
ield public int32 Denom nator

.method virtual public int32 ConpareTo(class System Cbject 0)

/1
{

| mpl enent s | Conpar abl e: : Conpar eTo( Obj ect)
| darg. 0 /1 this as managed pointer
Idfld i nt 32 val ue class Rational:: Nunerat or
[ darg. 1 /1 o as object
unbox val ue cl ass Rati onal
[dfld int 32 val ue class Rational :: Nunerat or
beq.s TryDenom

Idc.i4.0
ret
TryDenom
I darg. 0 /1 this as nmanaged pointer
Idfld i nt32 val ue cl ass Rational :: Denoni nat or
ldarg. 1 /1 o as object

unbox val ue cl ass Rati onal

Idfld int32 class Rational::Denom nator
ceq

ret

.method virtual public class System String ToString()

/1

{

| mpl enents Obj ect::ToString
.locals init (class System Text. StringBuil der SB,
class System String S,
cl ass System hject N,
cl ass System bject D)
newobj void System Text. StringBuilder::.ctor()
stloc.s SB
| dstr "The value is: {0}/{1}"
stloc.s S
| darg. 0 /1 Managed pointer to self
dup
| df I da i nt 32 val ue cl ass Rational :: Numer at or
box System I nt 32
stloc.s N
I df | da int32 val ue class Rational:: Denom nat or
box System I nt 32
stloc.s D
I dloc.s SB
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}

Idloc.s S

Idloc.s N

Idloc.s D

call instance class System Text. StringBuil der

System Text. StringBuil der:: AppendFor mat (cl ass System Stri ng,

cl ass System bj ect,
cl ass System bj ect)

callvirt instance class System String System Cbject:: ToString()

ret

.met hod public value class Rational Ml (value class Rational)

{

}

. et

.locals init (value class Rational Result)

| dl oca.s Result

dup

I darg. 0 /1 this

Idfld i nt 32 val ue class Rational :: Nunerat or

| darga. s 1 /1 arg

Idfld i nt 32 val ue class Rational :: Nunerat or
mul

stfld int32 val ue class Rational:: Numerator

| darg. 0 /1 this

Idfld i nt 32 val ue cl ass Rati onal : : Denom nat or
| darga. s 1 /Il arg

Idfld i nt 32 val ue cl ass Rati onal :: Denom nat or
mul

stfld int32 value class Rational:: Denoni nat or
| dl oc. s Result
ret

hod voi d mai n()

{ .entrypoint

ocals init (value class Rational Half,
val ue class Rational Third,
val ue cl ass Rational Tenporary,
cl ass System bject H
cl ass System nject T)

/!l Initialize Half, Third, H and T

| dl oca.s Hal f

dup

ldc.i4.1

stfld int32 value class Rational:: Numerator
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ldc.i4.2

stfld int32 value class Rational::Denom nator
I dloca.s Third
dup
ldc.i4.1
stfld int32 value class Rational:: Nunerator
[dc.i4.3
stfld int32 val ue class Rational:: Denom nat or
I dl oca.s Hal f
box val ue class Rationa
stloc.s H
I dl oca.s Third
box val ue class Rationa
stloc.s T
/1 WiteLine(H. | Conparabl e:: ConpareTo(H))
/1 Call ConpareTo via interface using boxed instance
ldloc H
dup
callvirt int32 System | Conpar abl e:: CompareTo(cl ass Syst em Cbj ect)
call void System Consol e:: WiteLine(bool)
/1 WiteLine(Hal f.ConmpareTo(T))
/1 Call ConpareTo via value type directly
| dl oca.s Hal f
[dloc T
call instance int32
val ue cl ass Rational :: ConpareTo(cl ass System Obj ect)
call void System Consol e:: WitelLine(bool)
/1 WiteLine(Half.ToString())
/1 Call virtual nethod via value type directly
I dl oca.s Hal f
call instance class System String class Rational::ToString()
call void System Consol e:: WitelLine(class System String)
/1 WiteLine(T.ToString)
/1 Call virtual nethod inherited from Cbject, via boxed instance
ldloc T
callvirt class System String System Object::ToString()
call void System Consol e:: WiteLine(class System String)
/1 WiteLine((Half.Ml(T)).ToString())
/1 Mul is called on two value types, returning a value type
/1 ToString is then called directly on that val ue type
/1 Note that we are required to introduce a tenporary variable
/1 since the call to ToString requires a nmanaged poi nter (address)
| dl oca.s Half
I dloc.s Third
call instance value class Rationa
Rational : : Mul (val ue cl ass Rational)
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stloc.s Tenporary

| dl oca.s Tenporary

call instance class System String Rational::ToString()
call void System Consol e:: WiteLine(class System String)
ret

A.3.User Interface Sample

This section shows a larger application written in the IL assembly language. It shows
many features of the CLR discussed in this document and interoperation with C# and
managed C++.

Parts of this sample were used in integrated samples in the document. Some of the
integrated samples were modified to fit the context better.

Motivated by waiting for the release date of the CLR, it seemed appropriate to write an
application that counts down the seconds left. It is called Microsoft .NET CountDown.
The following application has the following features:

» Displays the seconds left in a window (not the console) with appropriate
labeling and updates the display every second until zero is reached.

e Hasastart/stop button that allows the count down to halt or resume.

* Well, let’s be honest ship dates do move. So, we need functionality to enter a
new value for the seconds left using the GUI.

* Rejects values entered for the number of seconds that are not positive and valid
integers.

» Hasresizing behavior for all elements.
» Produces a beep every second and a final sound when the count reaches zero.

The following is a screen shot of the application:
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:H CountDown !E

12345673901 2345

Figure A.1: Screenshot of Microsoft.NET CountDown. The user just entered the value shown and
clicked Start.

Even though the program could have been written as one monolithic piece, it is split into
components and modules. This way the various pieces become usable, independent of
each other.

The window itself, the text box, the button, and the two labels form the Ul components.
In addition, there are components in the backend that represent the application, the
counter, the count value, the exceptions, the error values, and the various events
happening in the application. The application forms one assembly that consists of three
modules written in the IL assembly language:

e CountDown.exe
e« CountDownComponents.dll
e Counter.dll

The component displaying the text “Seconds left” is written in C# and comes from the
module CountDownSecondsLabel.dll. The component displaying the error messages at
the top of the window, one of which is shown in the screenshot above, is available both
in managed C++ and C#. The module is called CountDownErrorLabel.dll. The beeps
are produced using native code from the Windows library user32.dll (if Windows9x is
used, replace the reference to the DLL by user.dll). (Since C++ does not produce
verifiable code, you may need to alter your security settings to run the program.)

The following graph gives an overview of the design of the application:
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Figure A.2: Overview of the design of Microsoft .NET CountDown.

The following subsections show each module of the sample. To compile and execute the
program, each section needs to be Copied into a file that has the same name as the
section itself. Section[A.3.1] to[A.3.3 show IL assembly language source code. Sections
jA.3.4 and |A.3.5| show C# source code. And section [A.3.6[shows managed C++ source

code.

Two of the sections contain the source code for batch files. The file compile.bat can be

used to compile the files. The syntax is:

compile [C++]

If the option C++ is specified, the error label will be compiled with the C++ compiler. If

Srarc It oplrent

no option is specified, C# version of the error label will be compiled.

The program is called CountDown.exe.

A.3.1. CountDown.il
M crosoft . Net Count Down

This is the main file of the assenbl

y.

It defines the assenbly and contains the entrypoint.

This file declares the cl asses
- Count Down
- Dount DownFor m

Timallplrens
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* This files declares the enuneration

* - ErrorCodes

*

*/

/********************************************/

/* I nformati on about the assenbly */

/********************************************/

/* The assenbly decaration. */

.assenbly Count Down {
. hash al gorithm 32772 /1 selected algorithmis SHA1l
.ver 1:0:0:0 /1 version 1.0

/* The assenbly decaration. */

.assenbly Count Down {
. hash al gorithm 32772 /1 selected algorithmis SHA1
.ver 1:0:0:0 /1 version 1.0
/1 may al so add origi nator key

/* The assenbly references. */

.assenbly extern nscorlib {
.originator = (03 68 91 16 D3 A4 AE 33)
/1 may al so add hash val ue and version

.assenbly extern System W nFornms {
.originator = (03 68 91 16 D3 A4 AE 33)

.assenbly extern System Drawi ng {
.originator = (03 68 91 16 D3 A4 AE 33)

.assenbly extern System Tiners {
.originator = (03 68 91 16 D3 A4 AE 33)

/* Files referenced by the assenbly, all DLLs need to appear here.
Al'l references by nodules need to be listed here, too. */

.file Count DownConponents. dl

.file Counter.dll

.fil e Count DownSecondslLabel . di

.file Count DownErrorLabel . dl
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/********************************************/

/* I nformati on about this nodul e */

/********************************************/

/* The nodul e declaration. */
. nobdul e Count Down. exe

/* The nodul e references.
Al'l these nodul es becone part of this assenbly. */
. nodul e extern Count DownConponents. dl
. modul e extern Counter. dl
. modul e ext ern Count DownSecondsLabel . dl
. modul e extern Count DownError Label . dl

/********************************************/

/* Cl ass: Count Down */

/********************************************/

/* This is the main class of the application. It contains
* the entrypoint. */
.class public auto autochar Count Down extends [nmscorlib] System Object {

/* constructor */
. met hod public rtgp?cialnanE speci al nane hi debysi g i nstance void

.ctor() Il manage
.maxstack 1
| darg. 0 /1 load this pointer
/1 call super constructor
call instance void [nscorlib] System Cbject::.ctor()
ret

/* entrypoint to the application
* (can have any nane)
*/
.met hod public static hidebysig int32 Main() il nmanaged {
. entrypoi nt
. maxst ack 1
.zeroinit /1 initialize all locals
/1 declare |ocals
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.locals (class Count DownFor m count DownFor nj

// GC will run finalizers
call void [mscorlib] System GC: : Request Fi nal i zeOnShut down()
/!l instantiate Count DownFrom

newobj i nstance voi d Count DownForm :.ctor()

stl oc count DownForm /! store instance

| dl oc count DownFor m /1 load formonto stack

// start the Formon a new t hread

call void [ System W nForns] Syst em W nFor ms. Appl i cati on:: Run(cl ass
[ System W nFor ns] Syst em W nFor irs. For n)

ldc.i4.0 /'l successful return

ret

}
} // end of class Count Down

/********************************************/

/* Cl ass: Count DownFor m */

/********************************************/

/* Represents the formdisplayed on the screen. Contains and nanages all

the controls
* of the application */

.cl ass Pri vat e _aut o_ aut ochar . Count DownFor m ext ends
[ System W nFor nms] Syst em W nFor ms. Form {

/* the instance fields */

.field private class [.npdul e Count DownSecondsLabel . dl | ] SecondsLabel

secondslLabel

.field private class [.nmodul e Count DownConponents. dl | ] Count er Text Box

count er Box

.field private class [.npdul e Count DownConponents.dl|] Start StopButton

button
.field private class [.nmpdul e Count DownErrorLabel . dl|]ErrorLabel
error Label

.field private class [.nmodul e Counter.dlIl]Counter counter
.field private class System String[] errorStrings

/* constructor */

.met hod public rtspecial nane speci al nane hi debysi g i nstance void
.ctor() Il managed ({

. maxstack 3
.locals init (class [.nmodul e Counter.dll]Count count)

/1 call super constructor
| darg. 0

call instance void [System W nFor ns] System W nFornms. Form : . ctor ()

[/l initialize error strings
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I darg. 0

callvirt instance void CountDownForm:InitializeErrorStrings()
/1 setup form
| darg. 0

callvirt instance void CountDownForm:Initialize()

/] create the button and store in an instance vari abl e

I darg. 0
dup
newobj i nstance_void g nodul e
Count DownCorrponents dil]Start topButton .ctor(class

[ System W nFor ns] Syst em W nFor s.

stfld class L nodul e Count DownCorrponent s.dll]Start St opButton
Count DownFor m : button

// create the text | abel and store in an instance variable, the
| abel initializes itself

I darg. 0
dup
newobj i nstance voi d nodul e
Count DownSecondsLabeI dl {/\1' econdsLabeI .ctor(class
Forns. Form

[ System W nFor ns] Syst em
e

stfld class [.npdule Co

nt DownSecondsLabel . dl I ] SecondsLabel
Count DownFor m : secondsLabe

i
S
n
u
]
// create the tinme box and store in an instance vari able
| darg. 0

dup

i nstan

wobj ce void [.nodul e

Oount DownConponent s. dl |
I
r

] Count er Text Box: : . ctor(cl ass Count DownFor m

Co
stfld class [.nodu % Count DownComnponent s. dl | ] Count er Text Box
0X

Count DownForm : count e

/1l create the count object
I darg. 0

Idfld class [.

nodu Count DownConponent s. dl | ] Count er Text Box
Count DownFor m : count e

nst an

dli ']

nodul e Counter.dll]Count::.ctor(class

I e
r Box
ewobj ce [
[. rmdul e Count er I Oo Di spl ay)
stloc count

// create the counter
| darg. 0
dup

[dfl d cl ass L nodul e Count DownConponents. dl ] Start St opButton
Count DownFor m : butt on

| dl oc count
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i nstance void [.nodul e
Counter dII Beepi ngCounter: ;. ctor(class [.nodul e
Counter.dll]I'Start StopEvent Source, class |. nndule Counter.dl ] Count)

stfld class [.nodul e Counter.dl|]Counter CountDownForm : counter

/1 add button to the time up event

| darg. 0

Idfl d cl ass L nodul e Count DownConponents. dl | ] Start St opButton
u

Count DownFor m : but t on
I darg. 0
Idfld class [.nodul e Counter.dll] Counter CountDownForm :counter

call instance void {.nudule i
Count DownCorponent s, dl | [ Start St opButt on: : AddToTi neUp(cl ass [. nodul e
Counter.dl '] Counter)

/Il create the error label and store in an instance vari able

I darg. 0

dup

newobj i nstance_void [.nodul e
Count DownEr ror Label . dl | ] Error Label : ctor(class
[ Syst em W nFor ms] Syst em W nFor ns. For m)

stfld class [ nodul e Count DownError Label . dl | ] ErrorLabe
Count DownFor m : error Labe

ret

/* Initializes the formby setting the title, size,
and background col or */

.method virtual newslot fanily hidebysig instance void Initialize()
il managed ({

. maxstack 3

. .50cals init (value class [System Draw ng] System Drawi ng. Si ze
si ze

/] set the title

| darg. 0 /1 load this pointer

[ dstr " Count Down" // load window title onto stack
/1 call the setter of the property

callvirt instance void Count DownForm :set Text(cl ass
System Stri ng)

/] set the size

I dl oca si ze
i nitobj val ue cl ass [ System Drawi ng] System Draw ng. Si ze
I dl oca si ze
[dc.i4 425 /] width
Idc.i4 300 // height
call _instance void ] ]
[ System Drawi ng] System Drawi ng. Si ze: :.ctor(int32, int32)
| darg. 0
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| dl oc size

callvirt instance void Count DownForm : set_Si ze(val ue cl ass
[ System Draw ng] Syst em Drawi ng. Si ze)

/1 set the background

| darg. 0

call _value class [Sﬁt em Dr awi ng] Syst em Dr awi ng. Col or
[ Syst em Dr awi ng] Syst em Drawi ng. Col or': : get _Cadet Bl ue()

callvirt instance void Count DownForm : set BackCol or (val ue cl ass
[ System Dr awi ng] Syst em Dr awi ng. Col or)

ret

/* Initializes the error strings displayed in case of errors. */

.method virtual newslot famly hidebysig instance void
InitializeErrorStrings() il managed¥

/] create the array

I darg. 0

ldc.i4.4 /1 nunber of error strings + 1

newar r class System String

stfld class System String[] Count DownForm :errorStrings

| darg. 0
Idfl d class System String[] CountDownForm :errorStrings
Idc.i4.0
ldstr "" // the enpty string, used to display no error

stel emref

/! add the first error string to the array

| darg. 0

Idfld class System String[] Count DownForm :errorStrings
ldc.i4.1

I dstr "Please enter an integer!"”

stel emref

/1 add the next error string to the array

I darg. 0

Idfld class System String[] CountDownForm :errorStrings
Idc.i4.2

[ dstr "Number is out of range!"

stel emref

/! add the next error string to the array
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darg. 0

I dfld class System String[] Count DownForm :errorStrings
ldc.i4.3

| dstr "Nunmber nust be positive!"

stel emref

ret

/* Displays the error string according to the passed in error code.

. Error code nmust be one of the values declared by the enunmeration

.method virtual newsl ot fanorassem hi debysig instance void
ShowEraoEText(value cl ass ErrorCodes errorCode) synchronized i
manage

/1 load the appropriate error string
I darg. 0

Idfld class [.nodul e
Count DownFor m : error Labe

I darg. 0

Idfl d class System String[] CountDownForm :errorStrings
| darg error Code /1 load the value of the enuneration
| del em r ef

/1 error string on stack, display

callvirt instance void class [.nodul e ,
Count DownError Label . dl | ] ErrorLabel ::set_Text(class System String)

ret

FountDownErrorLabel.dII]ErrorLabe

}

} // end of class Count DownForm

/********************************************/

| * Enuner ati on: Error Codes */

/********************************************/

/* This enuneration defines the valid error codes
* Must be seal ed, since value type. */

.class val ue_seal ed serializable auto autochar public ErrorCodes extends
[mscorlib] System Enum {

/1 the field of the enunmeration, underlying type is unsigned int8
.field public special name rtspecial nane unsigned int8 val ue__

//dhmtadata fields docunenting the | egal values of the enumeration
an

/1 giving them names.
/1 This fields are accessible only with reflection

.field public static literal value class ErrorCodes no_error =
i nt 8(0)

: %g%g)public static literal value class ErrorCodes format_error =
in
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f{ I(g)public static literal value class ErrorCodes overflow error =
in
i {g(gsjblic static literal value class ErrorCodes nonpositive_error
=1in

} // end of enuneration ErrorCodes

e
8
e

A.3.2. CountDownComponents.il

* M crosoft .Net Count Down

* This is file contains U conponents for Mcrosoft .NET Count Down.
* This file declares the classes

* - Count er Text Box

* - StartStopButton

* This file declares the exception

* - NonPosi tiveNunber Excepti on

* This file declares the event

* - StartStopEvent (in StartStopButton)

*

*/

/* This nodul e does not declare an assenbly.

* As a consequence, it nust be referenced by another assenbly to
* be usable. This nodul e does not have an entrypoint

*/

/********************************************/

/* I nformati on about this nodul e */
/********************************************/

/* The modul e declaration. conpiles into a dll*/
. modul e Count DownConponents. dl |

/* Assenbly references */
.assenbly extern nmscorlib {
.originator = (03 68 91 16 D3 A4 AE 33)

.assenbly extern System W nFornms {
.originator = (03 68 91 16 D3 A4 AE 33)

.assenbly extern System Drawi ng {
.originator = (03 68 91 16 D3 A4 AE 33)
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/* Files referenced by the nodule, all DLLs need to appear here. */
.file Count Down. exe
.file Counter.dll

/* Modul e references. */
. modul e extern Count Down. exe
. nodul e extern Counter.dl

/********************************************/

/* Cl ass: Count er Text Box */

/********************************************/

/* Inplenents the text box that shows the seconds. Accepts val ues
* fromthe user. Validates enered val ues.
* The CounterTextBox is an | CountDisplay. */

.cl ass Frivate aut o_ aut ochar _  Count er Text Box ext ends
Egys em W nFor ns] Syst em W nFor ns. Text Box i nmpl enents [.nodul e
unter.dl ]I CountDi spl ay {

/* Nested class. Declares the NegativeNunber Exception */

. cl ass nested assenbly NonPositiveNurmber Excepti on extends
[ mscorlib] Syst em Exception {

/* constructor */
.met hod public rtspecial nane special nane void .ctor() il managed {
. maxstack 1

| darg. 0 /1 load this pointer

/1 call super constructor

call instance void [nmscorlib] System Exception::.ctor()
ret

}
} // end of exception NegativeNunber Exception

/* The instance fields */
.field private class [.nmodul e Count Down. exe] Count DownFor m par ent

/* constructor */

. nmet hod fanorassem rtspeci al name speci al name _hi debysi g
.ctor(class [.nmodul e Count Down. exe] Count DownFor m par en

. maxstack 2

nst ance void
il managed ({

i
t)

| darg. 0 /1 load this pointer
/1 call super constructor
call instance void

[ System W nFor ns] Syst em W nFor ns. Text Box: : . ctor()
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/1l set parent field
| darg. 0
| darg parent

stfld class [.npdul e Count Down. exe] Count DownFor m
Count er Text Box: : par ent

/1 initialize
I darg. 0
callvirt instance void CounterTextBox::Ilnitialize()

/! add the text box to the form
| darg parent

call instance class
Syst em W nFor nms] Syst em W nFor ms. Cont r ol $Cont r ol Col |
Syst em W nFor nms] Syst em W nFor ms. Form : get _Cont r ol s(

I darg. 0

callvirt instance void. ]
Syst em W nFor nms] Syst em W nFor nms. Cont r o]l $Cont r ol Col | ecti on: : Add(cl ass
System W nFor nms] Syst em W nFor ms. Control)

)ecti on

ret

/* Initializes this text box */

.method virtual newslot private hidebysig instance void Initialize()
il managed {

. maxstack 3

_ .locals init (value class [System Draw ng] System Drawi ng. Si ze
si ze,

nt) val ue cl ass [ System Draw ng] Syst em Dr awi ng. Poi nt
poi n

/1 set position

I dl oca poi nt
i nitobj val ue cl ass [ System Dr awi ng] Syst em Dr awi ng. Poi nt
I dl oca poi nt
ldc.i4 75 /Il x
ldc.i4 100 /] vy
call _instance void ) ) ) ]
[ System Drawi ng] System Drawi ng. Point::.ctor(int32, int32)
| darg. 0
| dl oc point
call instance void

System W nFor ns] Syst em W nFor ns. Text Box: : set _Location(val ue cl ass
Syst em Dr awi ng] Syst em Dr awi ng. Poi nt)
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set anchor

| darg. 0
I dc.i 4. /1 TopBottom

3
cal lvirt |nstance voi d
Syst em W nFor ns] Syst em W nFor ns. Text Box: : set _Anchor (val ue cl ass
Syst em W nFor ns]| Syst em W nFor ms. Anchor St yl esT

I/l set the size of the text box

I dl oca si ze
i nitobj val ue cl ass [ System Drawi ng] System Draw ng. Si ze
I dl oca si ze
[dc.i4 115 // width
Idc.i4 20 /1 hei ght
call _instance void ] ]
[ System Drawi ng] System Drawi ng. Si ze: : . ctor(int32, int32)
I darg. 0
I dl oc size

callvirt instance void )
System W nF ornsg Syst em W nFor s, Text Box: : set _Si ze(val ue cl ass
Syst em Dr awi ng] Syst em Drawi ng. Si ze)

[/l set the text of the text box, should be set to a different
val ue by counter

I darg. 0
| dstr "0"

callvirt instance void
E ﬁmanFrmHthanmnm'mmb set _Text (cl ass
yStem String)

ret

/* Sets the value of the count to be displayed */

met hod, virtual newsl ot public hidebysig i nstance void Set Count (i nt32
count) il nanaged

. maxst ack 2

| darg. 0

| darg count

/1 convert count to string

call class System String [nscorlib]SystemInt32:: ToString(int32)
/1 set teh display

callvirt instance void
E st em W nFor ns] Syst em W nFor ns. Text Box: : set _Text (cl ass
yStem String)

ret

/* Retrieves the value currently displayed.
* This includes entries maid by the user.

* Val idates the nunber displayed. |If the nunber is invalid request
Count DownForm t o di spl ay
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* an appropriate error message

*/

.method virtual newsl ot public hidebysig instance int32 GetCount() il
managed {

. maxstack 4

/1 local rvalue contains the value to return
/1 rvalue is initialized to zero

.locals init (int32 rval ue,

val ue cl ass [.nodul e Count Down. exe] Err or Codes
err or Code)

// initialize error code
ldc.i4.0 /1l no_error
stl oc errorCode // store into enuneration

| darg. 0

callvirt instance class System String Counter Text Box:: get_ Text ()
/1 string representing displayed val ue on stack

/1 two catch clauses, need two try declarations
try {
try {
/1l try to convert into integer
callvirt instance int32 [nscorlib]System String:: Tolnt32()
/'l integer on stack
stloc rval ue
/1l leave the try and continue with processing
| eave is_integer
} catch [nscorlib] System For mat Exception {
/1 entered value is not an integer
/1 pop the exception object

pop

ldc.i4.1 /1l format_error
stl oc errorCode

| eave done // |eave the catch

}} catch [nscorlib] System Overfl owException {
/1 entered value is nunber but does not fit into int32
/1 pop the exception object

pop

ldc.i4.2 /1 overflow error
stloc errorCode
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| eave done [// |eave the catch

}
i s_integer:

try {
/1 check whether value is positive
I dl oc rval ue
ldc.i4.0
bgt i n_range
/1 not positive, throw an exception

newobj i nstance void )
Count er Text Box/ NonPosi ti veNunber Exception::.ctor()

t hr ow

i n_range:
/1 value is positive, |eave the try
| eave done

} catch Counter Text Box/ NonPosi ti veNurber Excepti on {

/1 catch exception thrown in try block
/1 nunber is not positive
/1 pop the exception object
pop

ldc.i4.3 /1 nonpositive_error
stloc errorCode

| eave done // |eave the catch

done:
/] set the error text
I darg. 0

I df I d class [.nodul e Count Down. exe] Count DownFor m
Count er Text Box: : par ent

| dl oc errorCode

callvirt instance void [.npdul e
Count Down. exe] Count DownFor m : Showkr r or Text (val ue cl ass [.nodul e
Count Down. exe] Er r or Codes)

[/ return with rval ue
| dl oc rval ue
ret

}

} // end of class Counter Text Box

/********************************************/

/* Class: Start StopButton */

/********************************************/
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/* Represents the start stop button. The button starts or stops the
counter.

* The button displays the appropriate [abel and changes state if the
counter stops.

* Declares the Start StopEvent.
* The StartStopButton is an | Sart StopEvent Source. */

.cl ass Frivate aut o_aut ochar Start St opButton extends
System W nFor ns] Sgst em WnForns. Button i nplenents [.nodul e
unter.dl ]I StartSt opEvent Source {

/* The instance fields */

.field private class [nBcorlib] System Event Handl er
onCl i ckEvent Handl er

.field private class [.nmodul e Counter.dl|]Ti neUpEvent Handl er
ti meUpEvent Handl er

i
.field private class [.nmodul e Counter.dl|]Start St opEvent Handl er
start St opEvent Handl er

.field private bool state // 0 = counter stopped, 1 = counter
started

/* contructor */

.method public rtspecia
n

g instance void
{ctor(cl ass [ Syste

i
m parent) il nmanaged

3
=

. maxstack 2

| darg. 0 /1 load this pointer
/1 call super constructor
call instance void

[ System W nFor ns] System W nFor nms. Button::.ctor()

/1 intialize state

| darg. 0

ldc.i4.0 /1l counter stopped
stfld bool StartStopButton::state

/1 initialize the button
| darg. 0
callvirt instance void StartStopButton::Initialize()

// add the button to the form
| darg parent

call instance class
System W nFor ns] Syst em W nFor nms. Cont r ol $Cont r ol Col |
System W nFor nms] Syst em W nFor nms. Form : get _Cont rol s(

| darg. 0

ection
)
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callvirt instance void. .
Syst em W nFor ns] Syst em W nFor ns. Cont r ol $Cont r ol Col | ecti on: : Add(cl ass
Syst em W nFor ns] Syst em W nFor ns. Cont r ol )

/1 setup dick event

| darg. 0

call instance void StartStopButton:: AddTod i ck()
ret

[* finalizer */
{mat hod virtual family hidebysig instance void Finalize() il managed

. maxstack 3

/'l renpove the Ondick event

I darg. 0
dup
Idfld class [nscorli b]ESyst em Event Handl er
Start St opButton::ond ickEvent Handl er
call instance void ] ]
stem W nFor ns] Syst em W nFor ns. Button: : renove_C ick(cl ass
nscorl i b] Syst em Event Handl er)
ret

/* Initializes this button */

.method virtual newslot private hidebysig instance void Initialize()
il managed ({

. maxstack 3

. .locals init (value class [System Draw ng] System Dr awi ng. Si ze
si ze,

i nt) val ue cl ass [ System Dr awi ng] Syst em Dr awi ng. Poi nt
poi n

/1l set position

I dl oca poi nt
i nitobj val ue cl ass [ System Draw ng] Syst em Dr awi ng. Poi nt
I dl oca poi nt
ldc.i4 100 // x
ldc.i4 200 /Iy
call _instance void ) ) ) )
[ System Drawi ng] System Drawi ng. Point::.ctor(int32, int32)
| darg. 0
[ dl oc point
call instance void

System W nFor msgsyst em W nForns. Button: :set_Location(val ue cl ass
Syst em Dr awi ng] Syst em Dr awi ng. Poi nt)
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/'l set anchor

| darg. 0
ldc.i4 15 /1 TopBottom
callvirt instance void.

t
System W nFor ns] Syst em W nFor ns. Butt on;: set Anchor (val ue cl ass
Syst em W nFor nms] Syst em W nFor nms. Anchor St yl eS)

/] set the size of the button

I dl oca si ze
i nitobj val ue cl ass [ System Drawi ng] System Draw ng. Si ze
I dl oca si ze
Idc.i4 200 // width
ldc.i4 50 /1 hei ght
call _instance void . . . .
[ System Drawi ng] System Drawi ng. Si ze: :.ctor(int32, int32)
| darg. 0
I dl oc size

callvirt instance void. ]
System W nFor ng] System W nFor ns, Button: : set _Si ze(val ue cl ass
Syst em Dr awi ng] Syst em Dr awi ng. Si ze)

!/l set the col or
I darg. 0

call value class [System Draw n
[ System Dr awi ng] Syst em Dr awi ng. Col of:
n

callvirt instance void.
System W nFor ns] Syst em W nFor ns. Bi
Syst em Dr awi ng] I

S

Stem Dr awi ng.

/] set the text color
| darg. 0

call value class [System Draw ng] Syst em Draw ng. Col or
[ System Dr awi ng] Syst em Drawi ng. Col of: : get _Navy()
n

callvirt instance void.
System W
System

For ns] Syst em W nFor ns. Fut
0

ton::set ForeCol or (val ue cl ass
Dr awi ng] Syst em Dr awi ng. Col or)

/1 set the font height

I darg. 0

I dstr "Arial"

ldc.r4 20

newobi:)r ~ instance void . )
hs;(gg% grzn) awi ng] System Draw ng. Font::.ctor(class System String,

callvirt instance void.
System W nFor ns] Syst em W nFor ns. Butt on: : set _Font (cl ass
Syst em Dr awi ng] Syst em Dr awi ng. Font)

/1 set the text of the button
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| darg. 0

ldstr "Start"

callvirt instance void.
gSysten1VVnForns]Systen1VVnForns.Button::set_Text(cIass
yStem String)

ret

/* Sets the state of the button and updates the | abe
* 0 = counter stopped
* 1 = counter started */
.met hod virtual newsl ot fannrassen1h%debysig i nstance voi d

Set State(int32 newState) il nanaged
/1 set the state
I darg. 0

| darg newSt at e
stfld bool StartStopButton::state

/1 set the |abel
| darg newSt at e

ldc.i4.0

beq stop_state

/1l state is counter started, set l|label to "Stop"
I darg. 0

| dstr " Stop"

callvirt instance void StartStopButton::set_Text(class
System String)

br done
stop_state:
/l state is counter stopped, set label to "Start"
I darg. 0
[dstr "Start"”

callvirt instance void StartStopButton::set_ Text(class
System Stri ng)

done:
ret

/* adds this button to the Cick event */
. met hod public hidebysig i nstance void AddTod i ck() il managed {
. maxstack 3

/1 load nethod pointer to handler and create a delegate for it
| darg. 0

dup /1 duplicate top of stack

dup /1 need three version of this
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Idvirtftn instance void St rtSt opButton::OnCdick(class
System Obj ect, class [mscorlib] System Event Args)

nemobt i nstance void ]
[mscorlib] System Event Handl er::.ctor(class System bj ect, int32)

stfld class [nscorl|b£Systen1Evenchndler
Start St opButton::ondickEvent Hand

/1 load del egate and pass to event source

I darg. 0

dup

| dfld class [mscorli bLSy tem Ev entkhndler
Start St opButton::onC ickEvent Handl

call instance void ]
System W nFor nms] Syst em W nFor nms. Button: : add_Cl i ck(cl ass

nscorl i b] Syst em Event Handl er)

/* Event handler for dick events.

* Cick events are fired for this component when the user presses
the button

* Declaration foll ows EventHandl er del egate */

.met hod virtual newsl ot publlc hi debysi g i nstance_void CnCI|ck(cIass
System Obj ect, class [nscorlib] System Event Args) il managed

. maxstack 3

/1l fire the start stop event, counter nust be started or stopped
| darg. 0

callvirt instance void StartStopButton::fire_Start StopEvent ()
ret

/* Adds this button to the TineUp event.
* called by Count DownForm */

nmet hod public hidebysig i nstance void AddToTlnEUp(cIass [. nodul e
Counter.dl ] Counter counter) il managed

. maxstack 3

/1 load pointer to handler and create a del egate for it
| darg. 0

dup /1 duplicate top of stack

[dftn instance void Start StopButton:: OnTi neUp()

wobj i nstance void [.nodul e _
Counter dII]TlneUpEventhndler ctor(class System Obj ect, int32)

stfld class [.npdule CDunter dl | ] Ti meUpEvent Handl er
Start StopButton::ti meUpEvent Handl er

| darg counter
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/1 load del egate and pass to event source
I darg. 0

| dfld class [.npdul e Counter. dII]TlneUpEvenchndIer
Start St opButton::timeUpEvent Handl er

call instance void [.nodule Cbunter dl '] Counter::add Ti meUp(cl ass
[. nodul e Counter. dII]T|neUpEventhnd er)
ret

/* Event handler for time up events.
* The TinmeUp event signals that the counter has stopped.
* The state of the button needs to be updated. */

.method virtual newsl ot fanobrassem hidebysig instance void OnTi neUp()
il managed ({

/1 timer stopped, so set state to timer stopped

| darg. 0

ldc.i4.0

callvirt instance void StartStopButton:: Set State(int32)
ret

[*** Definition of the StartStopEvent ***/

[/ BEvent is inplemented using del egate Start St opEvent Handl er from
Counter . dl |

/* Declaration of the StartStopEvent */
.event [.nmodule Counter.dll]Start StopEvent Handl er Start St opEvent {

addon i nstance void add StartStopEvent(cIass [. nodul e
Counter.dl|]Start St opEvent Handl er ' handl er")

. renmoveon instance void renmove_Start St opEvent (class [.nodul e
Counter.dl '] Start St opEvent Handl er —' handl er

.fire instance void fire_Start StopEvent ()

/* Add a listener to the Start StopEvent */

met hod virtual newslot public speC|aInane h de by % i nstance voi d
add StartStoPEvent(class [.nodul e Counter.dll]StartStopEvent Handl er
"handl er managed

. maxstack 4

/1 conbine with the multicast del egate
| darg. 0

dup

Idfld class [.nodul e Cbunter.dlI]StartStopEventhndler
Start St opButton!:startStopEvent Handl er

| darg ' handl er’

cal | class[nscorliblSystenlDelegate _
[mscorli b] Syst em Del egat e; : Conbi ne(cl ass [nscorl i b] Syst em Del egat e,
class [nscorlib] System Del egat e)
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castclass [.nbdul e Counter.dll]StartStopEvent Handl er

stfld class [.npdul e Counter.dll l St art St opEvent Handl er
Start StopButton::start St opEvent Handl er

ret

/* Renpve a listener fromthe StartStopEvent */

.nmethod virtual newsl ot public special nane hidebysig instance void
renove_Start St opEvent (cl ass [.nodul e ,
Counter.dll]Start St opeEvent Handl er ' handler') il managed {

. maxst ack 4

/1 renpove fromthe nulticast del egate
I darg. 0

dup

Idfld class [.nodul e Cbunter.dlI]StartStopEvenchndIer
Start StopButton!:startStopEvent Handl er

| darg ' handl er’

cal | . class[nscorliblSystenlDele ate ,
[mecorlib] Syst em Del egat e; : Renove(class [nscorli b] System Del egat e,
class [nscorlib] System Del egat e)

castclass [.npdul e Counter.dll]StartStopEvent Handl er

stfld class [.npdul e Cbunter.dlI]StartStopEventhndler
Start StopButton::start St opEvent Handl er

ret

/* Fire the Start StopEvent */

.method virtual news|ot fam ly special nane hi debysig instance void
fire _StartStopEvent() il nmanaged {

. maxstack 3
/1 if state is counter stopped, fire start argunent
/] if state is counter started, fire stop argument

| darg. 0
I dfl d bool StartStopButton::state
brtrue stop_it
| darg. 0
ldc.i4.1 /] start counter
callvirt instance void StartStopButton:: Set State(int32)
br conti nue
stop_it:
| darg. 0

ldc.i4.0 /1 stop counter

callvirt instance void StartStopButton:: SetState(int32)
conti nue:

/1 invoke the mutlicast del egate

| darg. 0
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I dfld class [.nodul e Counter.dll l St art St opEvent Handl er
Start StopButton::startStopEvent Handl er

| darg. 0
| df I d bool StartStopButton::state

callvirt_instance void [.nodule ,
Counter.dlI']Start St opEvent Handl er: : I nvoke(i nt 32)

ret

/*** End of the definition of the StartStopEvent ***/

} // end of class Start StopButton
A.3.3. Counter.il
/*
* Mcrosoft . Net CountDown

*

* This is file defines the counter functionality for Mcrosoft .NET
Count Down.

* This file declares the cl asses

* - Count

* - Counter

* Beepi ngCount er

* - User32

* This file declares the interfaces
* - | Count Di spl ay

* - | Start St opEvent Sour ce

* This file declares the del egates
* - Start St opEvent Handl er

* - Ti nmeUpEvent Handl er

* This file declares the event

* - TineUpEvent (in Counter)

*

*/

/* This nodul e does not declare an assenbly.

* As a consequence, it must be referenced by another assenbly to
* be usable. This npbdul e does not have an entrypoint

*/

/********************************************/

| * I nformati on about this nodul e */
/********************************************/

/* Modul e decl aration, conpiles into a dll. */
. nodul e Count DownConponent s. dl |

/* The assenbly references. */
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.assenbly extern nscorlib {

.originator = (03 68 91 16 D3 A4 AE 33)

.assenbly extern System Tiners {
.originator = (03 68 91 16 D3 A4 AE 33)

/********************************************/

/* d obal Data enbedded in PEFile */

/********************************************/

/! the default value of the counter
. dat a COUNTER_DEFAULT = int32(10) /1 10 seconds

/*****************~k~k~k~k***********************/

[ * Interface: |CountDisplay */

/********************************************/

/* Inplenenter is able to display a count val ue */
.class interface abstract public auto autochar | CountDi splay {

.met hod virtual abstract public hidebysig instance void
Set Count (i nt32 count) il nmanaged {}

.method virtual abstract public hidebysig instance int32 GetCount ()
il managed {}

} // end of interface |ICountDi splay

/********************************************/

/* Interface: |StartStopEvent Source */
/********************************************/

/* 1nplenenter defines a Start SopEvent */
.class interface abstract auto autochar public |IStartStopEvent Source {

.method virtual abstract gublic hi debysi g i nstance void
add_Start St opEvent (cl ass Start St opEvent Handl er) il managed {}

.method virtual abstract public hidebysig instance void
renove_Start St opEvent (cl ass Start St opevent Handl er) il managed {}

} // end of interface |IStartStopEvent Source

/********************************************/

/* Cl ass: Count */
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* * % %

******************************/

/* Represents a count value. Defines a Count property.
* |nteracts with an I CountDisplay to display the val ue
* It is not appropriate for Count to be a value type because an
* instances of it is shared between cl asses.
*/
.class public auto autochar Count extends [nscorlib] System bject {

/* Instance fields */
.field private int32 count

.field static famly int32 counterDefault at COUNTER DEFAULT //
defined at gl obal data

.field famly class | CountDi spl ay display

/* constructor */
.met hod public rtspecial nane speci al nanme hideb¥sig i nstance void

.ctor(class | CountDisplay display) il nmanaged
/1 make super cal
I darg. 0
call instance void [nscorlib] System Cbject::.ctor()

/1 set display

I darg. 0

| darg displ ay

stfld class | CountDi splay Count::display

/1 initialize count with counterDefault from gl obal data
/1 must come after diplay is set

| darg. 0

ldsfld i nt 32 Count: : count er Def aul t

callvirt instance void Count::set_ Count (int32)

ret

[*** Property Count ***/

/* Declaration of property */
.property int32 Count() {
. backi ng i nt32 count
.get instance int32 get_ Count()
.set instance void set_Count (int32)
.other instance void refresh_Count ()

/* Getter of Count property */
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.method virtual newsl ot public hidebysig instance int32 get Count()
il managed ({

| darg. 0
Idfld i nt 32 Count::count
r et

/* Setter of Count property */

.method virtual newsl ot public hidebysig instance void
set _Count (i nt 32 nemCDuntE synchroni zed il managed {

I darg. 0

| dar g newCount

stfld int32 Count::count

| darg. 0

I dfl d class | CountDi splay Count::display

| dar g newCount

callvirt instance void | CountDisplay:: Set Count (i nt32)
ret

/* OQther nmethod of Count property.

* Updates the count val ue reading the value at the display.
* This way user entered val ues are considered. */

.method virtual news|ot public hidebysig instance void

refresh_Count () synchronized il nanaged
| darg. 0
dup

[ df I d class | CountDi splay Count::display

callvirt instance int32 | CountDi spl ay:: Get Count ()
stfld int32 Count::count

ret

[*** End of property Count ***/

} // end of class Count

/********************************************/

/* Cl ass: Counter */

/********************************************/

/* Represents a counter. Uses a Count object and decrenents its val ue
until zero is reached.
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* Stops when the count has reached zero. Fires a Ti meUpEvent when count
has reached zero.

* Defines the Ti neUpEvent */
.class public auto autochar Counter extends [nscorlib] System Object {

/*

Cfi
i
Cfi
i
Cfi
i

/*

.method public rtspecial name speci al name hi debysi g
.ctor(class |Start StopEvent Source start St opEvent SO

Instance fields */

eld private class [System Ti ners] System Ti mers. Ti ner timer

eld private class [mscorlib] System Event Handl er ti nmer Event Handl er
eld fam |y class Count count

eld private class |IStart StopEvent Source start St opEvent Sour ce

eld private class StartStopEvent Handl er start St opEvent Handl er

eld private class Ti neUpEvent Handl er ti neUpEvent Handl er

constructor */

i nstance void
urce, class Count

count) il nanaged
/1 call super constructor
| darg. 0
call instance void [nscorlib] System Cbject::.ctor()

/1 set start StopEvent Source

| darg. 0

| darg start St opEvent Sour ce

stfld class | Start St opEvent Source Counter::startStopEvent Source

/1l set count

I darg. 0

| darg count

stfld class Count Counter::count

/1 setup the tine
| darg. 0
callvirt instance void Counter:: SetupTinmer()

/1 listen to the Start StopEvent

| darg. 0

callvirt instance void Counter::SetupStart StopEvent ()
ret

}
/[* finalizer */
{nethod virtual famly hidebysig instance void Finalize() il nanaged

. maxstack 3

/1 renove the StartStop event
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I darg. 0

Idfld class |Start St opEvent Source Counter::startStopEvent Source
| darg. 0
[dfl d class Start St opEvent Handl er Counter::start St opEvent Handl er

callvirt instance void
| St art St opEvent Source; : renove_Start St opEvent (cl ass
St art St opEvent Handl er)

/1 renpve the tinmer event

| darg. 0

Idfl d class [System Ti mers] System Ti ners. Ti mer Counter::tiner
| darg. 0

I dfl d cl ass [nsc orlib] Syst em Event Handl er
Counter::timer Event Handl er

call _instance void ]
System Ti mer s] System Ti ners. Ti mer: :renove_Ti ck(cl ass
nmscor | i b] Syst em Event Handl er)

ret

/* setup the timer and start listening to the OnTick event */

nmet hod vi rtual nemslot f anor assem hi debysi g i nstance void
SetupTinmer() il managed

. maxstack 3

/1 setup the tiner
| darg. 0
Idc.r8 1000

nemnb%_ i nstance_ void
[ System Ti ners] System Ti ners. Ti ner::.ctor(fl oat 64)

stfld cl ass [Systeanlners]Systen1Tiners.Tiner Counter::timer

/1 set auto reset property of tiner

| darg. 0

Idfl d class [System Ti mers] System Ti ners. Ti mer Counter::timer
ldc.i4.1

call _instance void . )
[ System Ti ners] System Ti mers. Ti ner: : set _Aut oReset (bool)

/1 load nmethod pointer to event handl er and create del egate
| darg. 0

dup /1 duplicate top of stack

dup /1 duplicate top of stack again

Idvirtftn instance voi d Counter::OnTick(class System hject, class

[mscorli b] Syst em Event Ar gs)
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nemobh i nstance void ]
[mecorlib] System Event Handl er::.ctor(class System bj ect, int32)

stfld class [mscorlib] System Event Handl er
Count er: :ti mer Event Handl er

/1 start listening OnTick event

| darg. 0
Idfld class [System Ti mers] System Ti ners. Ti mer Counter::tiner
| darg. 0
I dfld class [nscorlib] System Event Handl er

Counter::timer Event Handl er
call _instance void_ i

System Ti mer s] System Ti ners. Ti ner::add_Ti ck(cl ass

nscorl i b] System Event Handl er)

ret

/* start listening to the Start StopEvent
* fired when user want to start or stop the counter */

.method virtual news| ot fanorassem hidebysig instance instance void
Set upSt art St opEvent () il nmanaged {

. maxstack 3

/1 load nethod pointer to event handl er and create del egate
I darg. 0

dup /1 duplicate top of stack

Idftn instance void Counter::OnStart Stop(int32)

nemoEL_ i nstance void Start StopEventHandl er::.ctor(cl ass
System bj ect, int32)

stfld class StartStopEvent Handl er Counter::startStopEvent Handl er

/] start listening to StartStopEvent

I darg. 0

Idfld class | StartStopEvent Source Counter::start StopEvent Source
I darg. 0

Idfl d class Start St opEvent Handl er Counter:: start St opEvent Handl er

callvirt instance void
| St art St opEvent Sour ce; : add_St art St opEvent (cl ass
St art St opEvent Handl er)

ret

/* Event handler for the Start StopEvent
* action = 0, stop counter
* action = 1, start counter */

. met hod public hidebysig instance void OnStart Stop(int32 action) i
managed F

| darg action
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brtrue start
/1 stop the counter
| darg. 0
call instance void Counter:: Stop()
br done
start:
/] start the counter
| darg. 0
call instance void Counter::Start()
done:
ret
}
/* starts the counter */
.met hod private hidebysig instance void Start() il managed {
/1 refresh
I darg. 0

I dfld class Count Counter::count
callvirt instance void Count::refresh_Count()

/1l check if >0

/1 0 indicates sone error

I darg. 0

I dfld cl ass Count Counter::count

callvirt instance int32 Count::get Count()
ldc.i4.0

bl e do_not_start

[/l start the tiner

| darg. 0

Idfl d class [System Ti mers] System Ti ners. Ti mer Counter::tiner
call instance void [System Tiners]System Tiners. Tiner:: Start()
br done

do_not_start:

) {/ fire the TineUpEvent to nake sure all listeners are in stop
state
I darg. 0

callvirt instance void Counter::fire_Ti meUpEvent ()
done:
ret
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/* stops the counter */

.method private hidebysig instance void Stop() il nanaged {
/1 stop the tiner
I darg. 0
Idfld class [System Ti mers] System Ti ners. Ti mer Counter::timer
call instance void [System Ti ners] System Tinmers. Ti mer:: Stop()
r et

}

/* Event handler for the Tick event.
* Subcl asses may override event handler. */

.met hod virtual newsl ot fani!% hi debysi g i nstance_ voi d OnTi ck(cl ass
System Obj ect, class [nmscorlib] System Event Args) il managed {

. maxst ack 3

/! subtract one from counter

I darg. 0

I dfld class Count Counter::count

dup

callvirt instance int32 Count::get_Count()
ldc.i4.1

sub

callvirt instance void Count::set_Count (int32)

/1l check whether to stop

I darg. 0

I df I d class Count Counter::count

callvirt instance int32 Count::get_Count()
ldc.i4.0

bl e time_up

br done
time_up:
/] stop tiner
| darg. 0
call instance void Counter:: Stop()
I darg. 0
callvirt instance void Counter::fire_Ti meUpEvent ()
done:
ret
}

[*** Definition of the TimeUp event ***/
/1 Event is inplenmented using del egate Ti neUpEvent Handl er

/* Declaration of the event */
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.event Ti meUpEvent Handl er Ti meUpEvent {

.addon_i nstance voi d add_Ti meUp(cl ass Ti neUpEvent Handl er
handl er')

h .aFnDyeon i nstance void renmove_Ti neUp(cl ass Ti neUpEvent Handl er
andl er

.fire instance void fire_Ti meUpEvent ()

/* add a |istener */

.nmethod virtual newsl ot public special nane hi debysig instance void
add_Ti meUp(cl ass Ti meUpEvent Handl er "handler’) il managed

. maxstack 4

I darg. 0

dup

I df I d class Ti neUpEvent Handl er Counter::ti neUpEvent Handl er

| darg ' handl er’

call class[nscorliblSygtenlpel
[mscorli b] Syst em Del egat e: : Comnbi ne
class [nscorlib] System Del egat e)

castcl ass Ti neUpEvent Handl er

stfld class TineUpEvent Handl er Counter::tinmeUpEvent Handl er

ret

egate ,
(class [mscorlib] System Del egat e,

/* renove a |istener */

.met hod_virtual newsl| ot Bublic speci al nape hi debysi g i nstance void
renove_Ti meUp(cl ass Ti neUpEvent Handl er andler'y i I managed {

. maxstack 4

| darg. 0

dup

I df I d class Ti neUpEvent Handl er Counter::ti neUpEvent Handl er
| darg ' handl er’

cal | class[nscorliblSystenlDele ate )
[mscorlib] Syst em Del egat e} : Rembve(class [nscorli b] Syst em Del egat e,
class [nscorlib] System Del egat e)

castcl ass Ti neUpEvent Handl er
stfld class TineUpEvent Handl er Counter::tinmeUpEvent Handl er
ret

/* fire the event */

.method virtual newslot fam |y special nane hi debysig instance void
fire TimeUpEvent () il nanaged {

. maxstack 3

| darg. 0

[ df I d cl ass Ti meUpEvent Handl er Counter::ti meUpEvent Handl er
callvirt instance void Ti neUpEvent Handl er: : | nvoke()
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ret
}

/*** End of the definition of the TimeUp event ***/

} // end of class Counter

/********************************************/

/* Cl ass: Beepi ngCount er */

/********************************************/

/* Modifies the behavior of the counter to beep every seconds and play
final time up sound

* Uses Wndows DLL user32 to create the beeps. */
.class public auto autochar Beepi ngCounter extends Counter {

/* constructor */

. method public rtspecial name speci al name hi debysi g
0

nst ance void
.ctor(class |Start StopEvent Source start St opEvent S

i
urce, class Count

count) il managed ({
/1 call super constructor
| darg. 0

| darg start St opEvent Sour ce
| darg count

call_ instance void Counter::.ctor(class |IStartStopEvent Source,
cl ass Count)
ret

/* Overrides Counter::OnTick
* Creates beeps when the tick is handl ed */

.method virtual famly hidebysig i nstance void OnTick(cl ass )
SystenhC?Ject obj ect, “cl ass Ynscorl|b]Systen1EventArgs event Args) i
nanage

/'l super cal

| darg. 0

| dar g obj ect

| darg event Args

call_ instance void Counter::OnTick(class System Object, class
[ mscorli b] Syst em Event Ar gs)

/1 check whether tinme is up and create appropriate beep
I darg. 0

dup /1 for beep cal

[ df I d class Count Counter::count

callvirt instance int32 Count::get_Count()

ldc.i4.0

bl e final _beep
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/1 normal beep

[dc.i4.0
br beep_ it
final _beep:
/1 final beep
ldc.i4.1
beep_it:
/1 call the beep nethod
callvirt instance void Beepi ngCount er: : Beep(bool)
ret

/* Uses User32 to create a beep. May be overriden by subcl asses to
* have better beeps.

* final Beep = 0, counter is still counting

* final Beep = 1, counter is done, final beep */

.method virtual newslot private hidebysig instance voi d Beep(boo

final Beep) il managed {
| darg final Beep
brtrue "final’
ldc.i4.0 /1 load value for nornmal beep
br conti nue
"final":
ldc.i4 48 /1 load value for final beep
conti nue:
call int8 User32:: MessageBeep(unsigned int32)
pop
ret
}

} // end of class Beepi ngCounter

/********************************************/

/* Cl ass: User32 */

/********************************************/

/* Uses Plnvoke to call functionality in user32.dll
* (change to "user.dll" if Wndows9x is used).

* Class is abstract such that no i nstances can be created. Al nethods
are static.

* Class is sealed to prevent subtyping */

.cl ass abstract seal ed public auto autochar User32 extends
[mscorli b] Syst em Obj ect
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/* declaration of the method MessageBeep in user32.dl | */

. method _public static. pinvokeinpl ("user32.dll" cdecl) int8
MessageBeep(unsi gned i nt32) native unmanaged {}

/********************************************/

/* Del egate: Start St opEvent Handl er */

/********************************************/

/* Defines delegate for StartStopEvent */

.class private seal ed auto autochar Start StopEvent Handl er extends
[mscorlib] System Mul ti cast Del egate {

. met hod public speci_al nane
c

| g instance void
.ctor(class System Obj e unt

i me managed {}

.met hod virtual newsl ot public hidebysig instance void Invoke(int32
action) runtime managed ?}

. met hod virtual newslot public hidebysig instance class
["necorlib']System | AsyncResult Begi hl nvoke(int32 action

cl ass L{nscorlib‘]SystenlAsyncCallback cal | back, class
System Obj ect object) runtine managed {}

. method virtual newsl ot _Bublic hi debysi g i nstance void )
Endlnvgkeiclass ["nmecorlib']System | AsyncResult result) runtinme
manage

} // end of delegate Start StopEvent Handl er

/********************************************/

/* Del egat e: Ti meUpHandl er */

/********************************************/

/* Defines del egate for Ti neUpEvent */

.class private seal ed auto autochar Ti meUpEvent Handl er extends
[mscorlib] System Mul ti cast Del egate {

. met hod public special nane rtspecia
c i

I | ig instance void
.ctor(class System Obj ect object, t

i
) “runtime managed {}

.method virtual newslot public hidebysig instance void |Invoke()
runtine nmanaged

. met hod virtual newslot public news|lot hidebysig instance class
['nmecorlib']System | AsyncResult Begi nl nvoke(

cl ass Linscorlib']SystenlAsyncCallback cal | back, class
System Obj ect object) runtinme managed {
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. met hod virtual newsl ot pbllc hi debysi g tac voi d ,
Endl nvokeicl ass ['nscorlib']System | As ync sult result) runtine
managed

} // end of del egate Ti meUpEvent Handl er
A.3.4. CountDownSecondsL abel.cs

usi ng System W nFor ns;

usi ng System Drawi ng;

/* Represents a | abel that displays the text "Seconds left" */
cl ass SecondsLabel : System W nFor ns. Label {

/* constructor */

i nternal SecondsLabel (System W nForns. Form parent) {
Initialize();
/1 add to form
parent. Control s. Add(this);

/* initializes this |abel */
private void Initialize() {

/1 set the position

Locati on = new Poi nt (200, 100);

/1 set anchor
Anchor = System W nFor nms. Anchor St yl es. TopBott om

/] set the size of the | abel
Si ze = new Si ze(200, 30);

/] set the color
For eCol or = System Draw ng. Col or. Dar kRed;

/1 set the font height
Font = new System Draw ng. Font (" Ver dana", 15);

/1 set the text of the |abel
Text = "Seconds left";

A.3.5. CountDownErrorLabel.cs
usi ng System W nFor ns;

usi ng System Draw ng;
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/* Label that shows errpr message at top of windowin big, red
characters */

class ErrorLabel : System W nFormns. Label {

/* constructor */

i nternal ErrorlLabel (System W nForns. Form parent) {
Initialize();
/] add to form
parent. Control s. Add(this);

/* initializes this |abel */
private void Initialize() {
/1 set the position
Locati on = new Poi nt (10, 25);

/1 set anchor
Anchor = System W nFor ns. Anchor Styl es. TopBott om

/1 set the size of the |abel
Si ze = new Si ze(400, 50);

/1l set the color
ForeCol or = System Draw ng. Col or. Red;

/1 set the font height
Font = new System Drawi ng. Font ("Arial Bl ack", 20);

/] set the text of the | abel
Text = "";

A.3.6. CountDownErrorLabel.cpp
#usi ng <nscorlib.dl >

#usi ng <Systemdl | >

#usi ng <System W nForns. dl | >

#usi ng <System Drawi ng. dl | >

#using <M crosoft.Wn32.Interop.dll>

/* Label that shows errpr nessage at top of window in big, red
characters

gc declares that instances of the class will be garbage coll ected
__gc public class ErrorLabel : public System:WnForns:: Label {
publi c:

/* constructor */
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ns: : Fornt parent)
System : W nFor ns: : Label {
Initialize();
/] add to form

par ent - >get _Control s()->Add(this);

ErrorLabel (System : W nFt(n;

private:
/* initializes this |abel */
virtual void Initialize() {
/1 set position
set _Location(System : Draw ng: : Poi nt (10, 25));

/1 set anchor
set _Anchor (System : W nFor ns: : Anchor Styl es: : TopBotton;

/] set the size of the |abel
set _Size(System : Drawi ng:: Si ze(400, 50));

/1l set the color
set _ForeCol or (System : Drawi ng:: Col or::get_Red());

/1l set the font height
set _Font (new System : Drawi ng:: Font ("Arial Black", 20));

/] set the text of the | abel
set _Text("");

s
A.3.7. compile.bat
@cho off

csc /t:nodul e Count DownSecondsLabel .cs /r: System dl |
[r:System WnForns.dl| /r:System Draw ng-dl|I
/r:Mcrosoft. Wn32. I nterop.dll

remif C++ is specified, create C++ DLL, otherw se create C# DLL

if "C++"=="09%" (cl. /CLR /LD Count DownErrorLabeI.cpP /1ink
/ OUT: Count DownErrorLabel .dl ) else (csc /[t:nodul e
Count DownEr ror Label . cs /r:Systemdl[ /r:System W nForns. dl |
/r:System Drawi ng.dll /r:McCrosoft. Wn32.Tnterop.dll)

ilasm Counter.il /dll
i | asm Count DownConponents.il /dll
i | asm Count Down. i |
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Annex B. Informative: List of ILASM Keywords

This annex presents al keywords of the hypothetical CIL assembler ilasm. Note that ILASM is case-

sensitive.

.addon .override ann.live bne.un
.algorithm .pack ann.phi bne.un.s
.assembly .param ann.ref bool
.backing .permission ann.ref.s box
.blob .processor ansi br
.capability .property any br.s
.cctor .removeon arglist break
.class .set array brfalse
.comtype .size as brfalse.s
.corflags .Ssubsystem assembly brtrue
.ctor .title assert brtrue.s
.custom .try at bstr
.data .ver auto bytearray
.data .vtable autochar byvalstr
.emitbyte .vtentry beq call
.entrypoint vtfixup beq.s calli
.event .zeroinit bge callvirt
field #line bge.s castclass
fire abstract bge.un catch
.get add bge.un.s cdecl
.hash add.ovf bgt cdecl
.implicitcom add.ovf.un bgt.s ceq

Jdine and bgt.un cf
.locale ann.arg bgt.un.s cgt
.locals ann.call ble cgt.un
.manifestres ann.catch ble.s char
.maxstack ann.data ble.un ckfinite
.method ann.data.s ble.un.s class
.module ann.dead blob clsid
.namespace ann.def blt clt
.originator ann.hoisted blt.s clt.un
.0s ann.hoisted_call blt.un const
.other ann.lab blt.un.s conv.i
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conv.i
conv.i
conv.i

conv.i

conv.
conv.
conv.
conv.
conv.
conv.
conv.
conv.
conv.
conv.
conv.
conv.
conv.
conv.
conv.
conv.
conv.
conv.
conv.
conv.
conv.
conv.
conv.
conv.
conv.
conv.
conv.
conv.
cpblk

ovf.i
ovf.i.un
ovf.il
ovf.il.un
ovf.i2
ovf.i2.un
ovf.i4
ovf.i4.un
ovf.i8
ovf.i8.un
ovf.u
ovf.u.un
ovf.ul
ovf.ul.un
ovf.u2
ovf.u2.un
ovf.u4
ovf.u4.un
ovf.u8
ovf.u8.un
r.un

r4

r8

u

ul

u22

u4

u8

cpobj
currency
decimal
default
demand
deny

div

div.un
dup
endfilter
endfinally
enum
error
explicit
extends
famandassem
family
famorassem
fastcall
fastcall
fault

file
filetime
filter
finally
finaly
float
float32
float64

forwardref
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fromunmanaged

fullorigin

handler

hidebysig
hresult
idispatch

il
implements
implicitres
import
import

in
inheritcheck
init

initblk
initobj
initonly
instance
int

intl6
int32
int64

int8
interface
internalcall
isinst
iunkown
jmp

jmpi
lateinit
Icid

Idarg
Idarg.O
Idarg.1
Idarg.2
Idarg.3

Idarg.s

Idarga

Idarga.s

Idc.
Idc.
Idc.
Idc.
Idc.
Idc.
Idc.
Idc.
Idc.
Idc.
Idc.
Idc.
Idc.
Idc.
Idc.

i4
i4.0
i4.1
i4.2
i4.3
i4.4
i4.5
i4.6
i4.7
i4.8
i4.m1
i4.s
i8
r4
r8

Idelem.i

Idelem.il

Idelem.i2

Idelem.i4

Idelem.i8

Idelem.r4

Idelem.r8

Idelem.ref

Idelem.ul

Idelem.u2

Idelema
Idfld
Idflda
Idftn
Idind.i
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Idind.il

Idind.i2
Idind.i4
Idind.i8
Idind.r4
Idind.r8
Idind.ref
Idind.ul
Idind.u2
Idlen
Idloc
Idloc.O0
Idloc.1
Idloc.2
Idloc.3
Idloc.s
Idloca
Idloca.s
Idnull
Idobj
Idsfld
Idsflda
Idstr
Idtoken
ldvirtftn
leave
leave.s
linkcheck
literal
localloc
Ipstr
Ipstruct
Iptstr
Ipvoid

Ipwstr

managed
marshal
method
mkrefany
modopt
modreq

mul

mul.ovf
mul.ovf.un
native

neg

nested
newarr
newobj
newslot
noappdomain
noinlining
nomachine
nomangle
nometadata
nop
noprocess
not
not_in_gc_heap
notserialized
null
objectref
ole

opt

optil

or

out
permitonly
pinbokeimpl

pinned

pop
prejitdeny
prejitgrant
private
privatescope
public
record
refanytype
refanyval
rem

rem.un
regmin
reqopt
regrefuse
request

ret

rethrow
retval
rtspecialname
runtime
safearray
sealed
sequential
serializable
shl

shr

shr.un
sizeof
specialname
starg
starg.s
static
stdcall
stdcall

stelem.i

Beta 1 Release
stelem.il

stelem.i2
stelem.i4
stelem.i8
stelem.r4
stelem.r8
stelem.ref
stfld
stind.i
stind.il
stind.i2
stind.i4
stind.i8
stind.r4
stind.r8
stind.ref
stloc
stloc.O
stloc.1
stloc.2
stloc.3
stloc.s
stobj
storage
stream
struct
stsfld

sub
sub.ovf
sub.ovf.un

switch

synchronized

syschar
sysstring

tail.
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tbstr
thiscall
thiscall
throw

tls

to
typedref
unaligned.
unbox
unicode
unmanaged
unmanagedexp
unsigned
value
vararg
variant
vector
virtual
void
volatile.
wchar
winapi
with

Xor
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Annex C. Informative: ILASM Complete Grammar

Lexical tokens
ID - C style alphaNumeric identifier (e.g. Hello_There2)
QSTRING - C style quoted string (e.g. "hi\n")
SQSTRING - C style singlely quoted string(e.g. 'hi")
INT32 - Cstyle32 hitinteger (e.g. 235, 03423, 0x34FFF)
INT64 - C style 64 bit integer (e.g. -2353453636235234, Ox34FFFFFFFFFF)
FLOAT64 - C stylefloating point number (e.g. -0.2323, 354.3423, 3435.34E-5)
INSTR_* - IL instructions of a particular class (see opcode.def).

START : decls

decl s © Y EMPTY */
| decls decl

decl : classHead '{' classDecls '}’
naneSpaceHead ' {' decls '}’

met hodHead net hodDecls '}

fiel dDecl

dat abDecl

vt abl eDecl

vt fi xupDecl

ext Sour ceSpec

fil eDecl

exel ocDecl

assenbl yHead ' {' assenbl yDecls '}’
assenbl yRef Head ' {' assenbl yRef Decls '}’
comtypeHead '{' contypeDecls '}’

mani f est ResHead '{' nmanifestResDecls '}’
nodul eHead

secDecl

cust omAt t r Decl

' .subsystem int32

".corflags' int32

comp@string : QSTRI NG
| compstring '+ QSTRI NG

cust omAt t r Decl : '.customl custoniType
| '.custom custonilype '='" conp@string
| custonHead bytes ')’

nmodul eHead ;. nodul e'
' . modul ' nanel
| '.nodule' 'extern' nanel

vt fi xupDecl Dotavtfixup' ‘[ int32 '] vtfixupAttr 'at'



vt fi XupAttr

vt abl eDecl

vt abl eHead

naneSpaceHead

cl assHead

classAttr

ext endsC ause

i mpl G ause

cl assNanes

cl assDecl s

/* EMPTY
vt fi xupAt
vt fi XupAt
vt fi XupAt
vt fi XupAt

*/
tr 'int32
tr 'int64

tr ' fromunnmanaged'
tr 'call nostderived

vt abl eHead bytes ')’

".vtable' "= '('

' . nanmespace' nanel

".class' classAttr id extendsC ause
[* EMPTY */

classAttr 'public'

classAttr 'private'

classAttr 'val ue'

classAttr 'unmanaged'
classAttr 'not_in_gc_heap'
classAttr 'interface'
classAttr 'seal ed

classAttr 'abstract'’
classAttr 'auto'

classAttr 'sequential’
classAttr "explicit'
classAttr 'ansi'

classAttr 'uni code'

classAttr 'autochar'
classAttr 'inport'

classAttr 'serializable'
classAttr 'nested' 'public’
classAttr 'nested' 'private'
classAttr 'nested' 'famly'
classAttr 'nested' 'assenbly'
classAttr 'nested' 'fanandasseni
classAttr 'nested' 'fanorasseni
classAttr 'lateinit’
classAttr 'special nane'
classAttr 'rtspecial nane'

/* EMPTY */

"extends' classNane

/* EMPTY */

"inplements' classNanes

cl assNanes ',

cl assNane

[* EMPTY */
cl assDecl s cl assDecl

cl assNane

i mpl Cl ause



cl assDecl

typeSpec '

fiel dDecl

at Opt

i nitOpt

r epeat Opt

cust onHead

cust onilype

event Head

event Attr

event Decl s

event Decl
si gArgsO

si gArgsO

oy

Y

met hodNanme

met hodHead net hodDecls '}’

classHead '{' classDecls '}
event Head '{' eventDecls '}’
propHead '{' propDecls '}"'
fiel dDecl

dat aDecl

secDecl

ext Sour ceSpec
cust omAt t r Decl
".size' int32
'.pack' int32
cont ypeHead ' {'
exportHead ' {'
'.override' typeSpec '
(' sigArgs0 ')’

contypeDecls '}’
contypeDecls '}’

".field repeatOpt fieldAttr type id atOpt initOpt
/* EMPTY */
"at' id
/* EMPTY */
"= fieldlnit
: Y EMPTY */
"' int32 ']
'.custom custonType '=" "'('
typeSpec
cal |l Conv type typeSpec ' met hodNanme ' (' si gArgsO
cal |l Conv type nethodNane ' (' sigArgs0 ')’

'.event' eventAttr typeSpec id
‘.event' eventAttr id
/* EMPTY */

event Attr 'rtspecial nane' [**/

event Attr 'speci al nane'

[* ENMPTY */
event Decl s event Decl

'.addon' call Conv type typeSpec '

‘. addon' call Conv type nethodNanme ' ('
‘. renoveon' call Conv type typeSpec '

‘. renoveon' call Conv type net hodName
".fire' call Conv type typeSpec '

.fire' call Conv type nethodNanme ' ('

met hodNanme 'with'

met hodName ' ('

sigArgs0 ')’

I(I
met hodNanme ' ('

nmet hodNanme

si gArgsO

sigArgs0 ')’

cal | Conv type

oy

¥

oy

si gArgsO



| '.other' call Conv type typeSpec '::' nmethodNanme ' ('
sigArgs0 ')’

| '.other' call Conv type nethodNane ' (' sigArgsO ')’

| ext SourceSpec

| customAttr Decl
pr opHead . '.property' propAttr callConv type id '(' sigArgsO ')’
propAttr . 1 * EMPTY */

| propAttr 'rtspecial name' [**/

| propAttr 'special nane'
propDecl s . 1 * EMPTY */

| propDecls propDecl
pr opDecl '.set' call Conv type typeSpec '::' nethodNane ' (' sigArgs0
I)I

| '.set' call Conv type nmethodNane ' (' sigArgs0O ')’

| '.get' callConv type typeSpec '::' nethodNane ' (' sigArgsO
I)I

| '.get' call Conv type nmethodNane ' (' sigArgs0O ')’

| '.other' call Conv type typeSpec '::' nmethodNanme ' ('
sigArgs0 ')’

| '.other' call Conv type nethodNane ' (' sigArgsO ')’

| '.backing' type id

| customAttr Decl

| ext SourceSpec
net hodHeadPart 1 ;' nmethod'
met hodHead . methodHeadPart1l nethAttr call Conv paramAttr type net hodNane

"('" sigArgsO ') inmplAttr '{'
| methodHeadPartl nmethAttr call Conv paramAttr type 'marshal’
"('" nativeType ')' nmethodNane ' (' sigArgsO ')' inplAttr '{'

met hAttr . [ * EMPTY */

nmet hAttr 'static'
met hAttr ' public’
nmet hAttr 'private'
met hAttr 'famly'

|

|

|

| methAttr 'final'

| methAttr 'special nane'

| methAttr 'virtual'

| methAttr 'abstract'’

| methAttr 'assenbly'

| methAttr ' famandasseni

| methAttr ' fanorasseni

| methAttr ' privatescope'

| methAttr ' hidebysig'

| methAttr ' newslot'

| methAttr 'rtspecial name' /[**/
| methAttr 'unmanagedexp'

| methAttr ' pinvokeinmpl' '(' conpQstring 'as' conmpQstring

pi nvAttr ')’



| methAttr 'pinvokeinpl' '(' conpQstring pinvAttr ')’

| nmethAttr 'pinvokeinpl' '(' pinvAttr ')’
pi nvAttr o [* EMPTY */
| pinvAttr 'nonangl e’
| pinvAttr 'ansi'
| pinvAttr 'unicode'
| pinvAttr 'autochar'
| pinvAttr 'ole'
| pinvAttr 'lasterr’
| pinvAttr 'w napi'
| pinvAttr 'cdecl’
| pinvAttr 'stdcall'’
| pinvAttr 'thiscall’
| pinvAttr 'fastcall’
met hodName : '.ctor'
| '.cctor'
| nanel
paramAttr . [* EMPTY */
| paramAttr '['" "in" ']'
| paramAttr '[' 'out' ']’
| paramAttr '[' 'opt' ']’
| paramAttr '[' 'lcid ']’
| paramAttr '[' 'retval' ']’
| paramAttr '[' int32 ']’
fiel dAttr ©I* EMPTY */
| fieldAttr 'static'
| fieldAttr 'public'
| fieldAttr 'private'
| fieldAttr 'famly'
| fieldAttr "initonly'
| fieldAttr 'rtspecial name' [**/
| fieldAttr 'special nane'

/* comented out because Plnvoke for fields is
not supported by EE
| fieldAttr 'pinvokeinpl' '(' conpQ@string 'as' conpQstring

ol e'

pi nvAttr ')’
| fieldAttr 'pinvokeinpl' '(' conp(string pinvAttr ')’
| fieldAttr 'pinvokeinpl' '(' pinvAttr ')’
*/
| fieldAttr 'marshal' ' (' nativeType ')’
| fieldAttr 'assenbly'
| fieldAttr 'famandasseni
| fieldAttr 'fanorassen
| fieldAttr 'privatescope'
| fieldAttr "literal’
| fieldAttr 'notserialized
i mpl Attr © Y EMPTY */
| inmpl Attr 'native'
| inmplAttr "il’
| impl Attr 'optil'
| inmplAttr 'nmanaged'
| inmplAttr 'unmanaged'
| inmplAttr 'forwardref'
| ;

i mpl Attr



| ocal sHead

nmet hodDecl

scopeBl ock

scopeQpen

sehBl ock

sehd auses

tryBl ock

t ryHead

sehC ause

filterd ause

i mpl Attr 'runtine'
impl Attr '"internalcall’
i mpl Attr 'synchronized'
i mpl Attr 'noinlining'
".locals'

'.emtbyte' int32

sehBl ock

' . maxstack' int32

| ocal sHead ' (' sigArgs0O ')’

| ocal sHead '"init' ' (' sigArgs0O ')’
'.entrypoint'

'.zeroinit'

dat aDecl

instr

id "t

secDecl

ext Sour ceSpec

cust omAt t r Decl

".vtentry' int32 ':' int32
".override' typeSpec '::' nethodNane
scopeBl ock

".param '[' int32 ']’

".param '[' int32 ']" "= fieldlnit

scopeCpen net hodDecls '}
l{l
tryBl ock sehd auses

sehCl ause sehC auses
sehd ause

tryHead scopeBl ock
tryHead id '"to' id
tryHead int32 'to' int32

Jtry

cat chCl ause handl er Bl ock
filterC ause handl er Bl ock
finall yQ ause handl er Bl ock
faul t d ause handl er Bl ock

filterHead scopeBl ock
filterHead id
filterHead int32



filterHead

cat chCl ause

finallyd ause

faul td ause

handl er Bl ock

met hodDecl s

dat aDecl

ddHead

ddBody

ddl t enli st

ddl t enCount

ddl tem

fieldlnit

"filter'

"catch' cl assNanme

"finally'

"faul t'

scopeBl ock
"handler' id '"to" id
"handler' int32 '"to' int32

[ * ENPTY */
met hodDecl s net hodDecl

ddHead ddBody

'.data' tlsid'=
‘.data' tls

[* EMPTY */
"tls

'{' ddltenList '}

ddl tem

ddltem',' ddltenList
ddl tem

[* ENMPTY */

"T' int32 ']

‘char' '*' ' (' conpQstring ')

"wechar' '"*' ' (' conpQstring ')

& (' id ")

byt earrayhead bytes ')

"float32' '(' float64 ')' ddltenCount
"float64' '(' float64 ')' ddltenCount
"int64" '(' int64 ')' ddltenCount
"int32" "(' int32 ')" ddltenCount
"intl6' '(' int32 ')"' ddltenCount
"int8 '(' int32 ')' ddltemCount
"float32' ddltenCount

"float64' ddltenCount

"int64' ddltenmCount

"int32" ddltenCount

"int16' ddltenCount

"int8 ddltemCount

"float32' '(' float64 ')’



byt ear rayhead

byt es

instr_r_head

met hodSpec

instr

sigArgs0 ')’

"('" sigArgs0O ')’
Hy

si gArgso

si gArgsl

"float64' '(' float64 ')’
"float32' '(' int64 ')’
"float64' '(' int64 ')’
"inté4' '(' int64 ')’
"int32' '(' int64 ')’
"intl6' '(' int64 ')’
"int8 '(' int64 ')’
conpQstring

"wehar' "*'" ' (' compQstring
byt earrayhead bytes ')’

"bytearray' ' ('

HEXBYTE
byt es HEXBYTE

INSTR R "' ('
' et hod'

| NSTR_NONE

I NSTR_VAR i nt 32
INSTR_ VAR id

I NSTR_| int32

I NSTR_I 8 int 64

I NSTR_R f | oat 64

I NSTR_R i nt 64
instr_r_head bytes ')’
| NSTR_BRTARGET i nt 32

| NSTR_BRTARGET i d

e

I NSTR_METHOD cal | Conv type typeSpec '

| NSTR_METHOD cal | Conv type net hodNane

I NSTR_FI ELD type typeSpec '
| NSTR_FI ELD type id

I NSTR_TYPE t ypeSpec

| NSTR_STRI NG conpQstri ng

id

I NSTR_STRI NG byt earrayhead bytes ')’

I NSTR_SI G cal | Conv type ' ('
INSTR RVA id
I NSTR_RVA int 32

| NSTR_TOK met hodSpec cal | Conv type typeSpec *

I NSTR_TCK net hodSpec cal | Conv type net hodNane

sigArgs0 ')’

INSTR TOK 'field type typeSpec '::' id

INSTR TOK 'field type id

I NSTR_TCK t ypeSpec

INSTR_ SWTCH ' (' labels ')’
I NSTR_PHI int16s

[* EMPTY */
si gArgsl

si gArg
sigArgsl ',' sigArg

e

e

net hodNane ' (*

sigArgso ')

nmet hodName

si gAr gsO



si gArg

namel

cl assNane

sl ashedName

t ypeSpec
cal | Conv
cal | Ki nd

nativeType

,' conpQstring ')

pé}émmtr type
paramittr type id
paramittr type 'marshal' ' (' nativeType ')

paramittr type 'marshal’' ' (' nativeType ')' id
id

DOTTEDNAME

namel '.' nanel

"[' nanel ']' sl ashedNane

"' '.nmodule' nanel ']' sl ashedNane
sl ashedNane

namel

sl ashedNarme '/' nanel

cl assNanme

"[' nanel ']’

"' '.nodul e nanel ']

type

"instance' call Conv

"explicit' call Conv

call Kind

/* EMPTY */

"def aul t

‘vararg

"unnmanaged' ' cdecl

"unmanaged' ' stdcall

"unmanaged' 'thiscall

"unmanaged' ' fastcall

/* EMPTY */

"custom ' (' conpQstring ',' conpQstring ',' conmpQstring

"fixed' 'sysstring' '[' int32 ']
"fixed '"array' '[' int32 ']
"variant'
‘currency
' syschar'
"void

" bool '
"int8
"intl6'
"int32
"int64'
"float 32'
'fl oat 64'
"error'
"unsi gned'
" unsi gned'
" unsi gned'
"unsi gned'
nativeType

int8

intl6'
int32'
i nt 64'



vari ant Type
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int32 ']
'.size'
.Size'

nativeType
nativeType
nativeType
nativeType
" deci mal'

' dat e’
"bstr'

"l pstr'’

"l pwstr'

| ptstr'
obj ectref’
i unknown'
i di spatch’
struct'’
interface'
saf earray'
int'

unsi gned' 'int'
nested' 'struct'
byval str'

ansi' 'bstr'
"tbstr'
"variant'
nmet hodSpec
"I pvoi d'
"as' 'any'
"float'

"l pstruct'

—————

vari ant Type

" bool*

[* ENMPTY */
"nul |’

"vari ant'
'currency'
"voi d'

" bool*
"int8
"intl6'
"int32
"int 64'

'fl oat 32

' fl oat 64'
'unsi gned'
'unsi gned'
'unsi gned'
'unsi gned'
Ve

variant Type '[" ']’
vari ant Type 'vector'
vari ant Type ' &
"deci nal '

' dat e’
"bstr'

"l pstr'’

| pwstr'

i unknown'
i di spatch’
saf earray'
int'

unsi gned'
error'
hresul t'
carray'
user defi ned'

i nt8'

int16'
i nt32'
i nt 64'

i nt

. par am
. par am

int32 ']’
int32 ' *

int32 ']’



type

bounds1

bound

| abel s
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"record
"filetine'

" bl ob’

'streant

' storage'

' st reaned_obj ect
' stored_object’

" bl ob_obj ect

Cof

‘clsid

‘class' classNane

"value' 'class' classNane
type "[" *?" ']

type '
type '
type '
type '
type '%

type ' pinned'

type 'nodreq’ '(' classNane ')
type 'nodopt' '(' classNane ')
"1 int32

met hodSpec cal |l Conv type "*' ' (' sigArgsO
'typedref

"wchar'

" char'

"void'

" bool '

"int8

"intl6'

"int32

"int64

"fl oat 32'

"fl oat 64"

"unsigned' 'int8
"unsigned' 'intl6
‘unsigned 'int32

"unsi gned' 'int64
"native' 'int'

"native' 'unsigned 'int
"native' 'float

I]I
boundsl ']’

* Ror—r—r—

bound
bounds1 ',' bound

[ * EMPTY */

i nt 32

int32 '..."' int32
int32 ' '

[* empty */
id'," |abels
int32 ',' |abels
id

int32



i nt 16s

i nt32

i nt 64

fl oat 64

secDecl

capHead

nanmeVal Pairs

nanmeVal Pai r

secAction

ext Sour ceSpec

fil eDecl

fileAttr

12 -

I D
SQSTRI NG

[* EMPTY */
int16s int32

| NT64
| NT64

FLOAT64
"float32' '(' int32 ')’
"float64' '(' int64 ')’

'.perm ssion' secAction classNane ' ('
'.capability' secAction SQSTRI NG
capHead bytes ')’

'.capability' secAction

=

nameVal Pai r

nanmeVal Pair ',' naneVal Pairs
SQSTRI NG ' =' SQSTRI NG

'request’

" demand’

'assert’

' deny'
"permtonly’

"l'i nkcheck'

i nheritcheck'
reqmn'

reqopt’
reqr ef use'
prejitgrant’
prejitdeny'
noncasdemand’
noncasl i nkdenmand'
noncasi nheritance

".line' int32 SQSTRI NG
".line' int32
P_LINE int32 QSTRI NG

naneVal Pairs ')’

".file' fileAttr namel hashHead bytes ')’

.file" fileAttr nanel

[* EMPTY */
fileAttr 'readonly
fileAttr 'nonetadata'



hashHead

exel ocDecl

assenbl yHead

asmittr

assenbl yDecl s

assenbl yDecl

asnr Ref Decl

ori gi nat or Head

| ocal eHead

confi gHead

assenbl yRef Head

asnRef At tr

assenbl yRef Decl s

assenbl yRef Decl

- 13 -

' hash' ‘= ("

.exeloc' namel '(' conpQstring ')' 'at

.exeloc' nanmel 'at' conpQstring

compQstring

.assenbly' asmAttr nanel 'as' conpQstring
.assenbly' asmAttr nanel

/* EMPTY */

asmAttr "inplicitcon
asmAttr '"inplicitres'
asmAttr ' noappdonai n'
asmAttr ' noprocess'
asmAttr ' nomachi ne'

/* EMPTY */
assenbl yDecl s assenbl yDecl

".title'" conpQstring '(' conpQstring ')’
".title' conpQstring

".hash' "algorithm int32

secDecl

asnOr Ref Decl

ori gi nat or Head bytes ')

“.ver' int32 ':' int32 ':'" int32 ':' int32
".locale'" conpQstring

| ocal eHead bytes ')

' . processor' int32

‘.os' int32 '".ver' int32 ':' int32
".config" conpQstring

configHead bytes ')

cust omAt t r Decl

‘.originator' '=" "'('
".locale" '=" "('
‘.config' '=" ('

.assenbly' 'extern' asnRefAttr nanel

I* EMPTY */
asnRef Attr 'fullorigin'

I* EMPTY */
assenbl yRef Decl s assenbl yRef Decl

hashHead bytes ')

.assenbly' 'extern' asnRefAttr namel 'as' conpQstring



cont ypeHead

export Head

contAttr

cont ypeDecl s

cont ypeDecl

mani f est ResHead

manr esAttr

mani f est ResDecl s

mani f est ResDecl

m meHead

- 14 -

'.exel oc' nanel

asnOr Ref Decl

'.contype' contAttr nanmel ' ('
'.contype' contAttr nanel
'.export' contAttr nanmel ' ('
'.export' contAttr nanel

[* EMPTY */

contAttr 'private'
contAttr 'public’

compQstring ')’

conpQstring ')’

contAttr 'nested' ' public'
contAttr 'nested' 'private'
contAttr 'nested 'famly'
contAttr 'nested' 'assenbly’
contAttr 'nested' 'fanmandasseni
contAttr 'nested' 'fanorasseni
[ * EMPTY */

cont ypeDecl s cont ypeDecl

.file" nanel
.assenbly' 'extern'
.contype' nanel
.class' int32

. exel oc' nanel
cust omAt t r Decl

nanel

" mani festres'
" mani festres'

[ * EMPTY */
manresAttr ' public'
manresAttr 'private'

[* EMPTY */

manresAttr nanel ' ('
manr esAttr nanel

mani f est ResDecl s mani f est ResDecl

".mne' comp@string

nm neHead bytes ')’

".file' namel 'at' int32
'.assenbly' 'extern' nanel
".locale" conpQstring

| ocal eHead bytes ')’
cust omAt t r Decl

conpQstring ')’
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Annex D. Informative: ILASM Instruction Syntax

While each section specifies the exact list of instructions that are included in a grammar class, this information is
subject to change over time. The precise format of an instruction can be determined can be found by combining the
information in the file opcode.def with the information in the following table:

Table 1: Instruction Syntax classes

Grammar Class Format(s) Specified in opcode.def
<instr_brtarget> I nlineBrTarget, ShortlnlineBrTarget
<instr_field> InlineField

<instr_i> Inlinel, Shortlnlinel
<instr_i8> Inlinel8

<instr_method> I nl'i neMet hod

<instr_none> I nl i neNone

<instr_phi> I nl'i nePhi

<instr_r> InlineR, ShortlnlineR
<ingtr_rva> I nl'i neRVA

<instr_sig> InlineSig

<instr_string> InlineString

<instr_switch> InlineSwi tch

<instr_tok> I nlineTok

<instr_type> I nlineType

<instr_var> InlinevVar, ShortlnlineVar

D.1. Top-level Instruction Syntax
<instr> ::=

<instr_brtarget> <int32>
nstr_brtarget> <l abel >
nstr_field> <type> [ <typeSpec> :: ] <id>
nstr_i> <int32>
nstr_i 8> <int64>
nstr_met hod>
<cal | Conv> <type> [ <typeSpec> :: ]| <methodNane> ( <paraneters> )
i nstr_none>
i nstr_phi > <int16>*
nstr_r> ( <bytes> ) // <bytes> represent the binary inmage of

/1 float or double (4 or 8 bytes, respectively)
instr_r> <fl oat 64>
instr_r> <int64> // integer is converted to float with possible
/'l 1oss of precision

nstr_sig> <cal |l Conv> <type> ( <paraneters> )
nstr_string> bytearray ( <bytes> )
nstr_string> <QSTRI NG
nstr_switch> ( <labels>)

<

<
<

<
<i

A AA A

| <

AA

<

<
<

<i
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| <instr_tok> field <type> [ <typeSpec> :
nstr_t ok> net hod

<cal | Conv> <type> [ <typeSpec> :
nstr_t ok> <typeSpec>

nstr_type> <typeSpec>

nstr_var> <int 32>

nstr_var> <l ocal nane>

] <id>

| <
] <nmet hodNane> ( <paraneters> )
<

<

<

<

D.2. Instructions with no operand
These instructions require no operands, so they simply appear by themselves.

<instr> ::= <instr_none>

<instr_none> ::=// Derived from opcode. def
add | add. ovf | add. ovf.un | and |
ann. catch | ann. def | ann. hoi st ed | ann.lab
argli st | break | ceq | cgt
cgt.un | ckfinite | clt | clt.un
conv. i | conv.il | conv.i2 | conv.i4
conv.i8 | conv.ovf.i | conv.ovf.i.un | conv.ovf.il
conv.ovf.il.un | conv.ovf.i2 | conv.ovf.i2. un | conv.ovf.id4|
conv.ovf.i4.un | conv.ovf.i8 | conv.ovf.i8. un | conv.ovf.u
conv.ovf.u.un | conv.ovf.ul | conv.ovf.ul.un | conv.ovf.u2
conv.ovf.u2.un | conv.ovf.u4 | conv.ovf.u4.un | conv.ovf.u8
conv.ovf.u8.un | conv.r.un | conv.r4 | conv.r8
conv. u | conv.ul | conv.u2 | conv.u4
conv. u8 | cpblk | div | div.un
dup | endfault | endfilter | endfinally
i nitblk | | ldarg.0 | ldarg.1 |
| darg. 2 | ldarg.3 | Idc.i4.0 | Idc.i4.1
ldc.i4.2 | Idc.i4.3 | Idc.i4.4 | Idc.i4.5
ldc.i4.6 | Idc.i4.7 | Idc.i4.8 | Idc.id4. M
| del em i | ldelemil | ldelemi?2 | Idelemid |
[ delemi 8 | ldelemr4 | Idelemr8 | Idelemref
| del em ul | 1del emu2 | Idelemu4 | 1dind.i
Idind.il | Idind.i2 | Idind.i4 | Idind.i8
Idind. r4 | 1dind.r8 | 1dind.ref | 1dind.ul
[ di nd. u2 | 1dind. u4 | Idlen | Idloc.0
[dloc.1 | Idloc.2 | Idloc.3 | 1dnull |
| ocal | oc | mul | mul.ovf | mul.ovf.un
neg | nop | not | or |
pop | refanytype | rem | remun |
ret | rethrow | shl | shr |
shr. un | stelemi | stelemil | stelemi2 |
stelemi4 | stelemi8 | stelemr4 | stelemr8 |
stel emref | stind.i | stind.il | stind.i2 |
stind.i4 | stind.i8 | stind. r4 | stind.r8 |
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stind.ref | stloc.O | stloc.1 | stloc.2

stloc.3 | sub | sub. ovf | sub.ovf.un

tail. | throw | volatile. | xor
Examples:

I dl en

not

D.3. Instructions that Refer to Parameters or Local Variables

These instructions take one operand, which references a parameter or local variable of the current
method. The variable can be referenced by its number (starting with variable 0) or by name (if the
names are supplied as part of a signature using the form that supplies both a type and a name).

<instr> ::= <instr_var> <int32> |
<instr_var> <l ocal nane>

<instr_var> ::=// Derived from opcode. def

ann.dead | ann.live | ann.ref
ann.ref.s | ldarg | ldarg.s | ldarga
I darga.s | ldloc | Idloc.s | |dloca
Idloca.s | starg | starg.s | stloc
stloc.s
Examples:
stloc 0 /] store into O'" | oca
| darg X3 /1 load from argunent naned X3

D.4. Instructions that Take a Single 32-bit Integer Argument
These instructions take one operand, which must be a 32-bit integer.

<instr> ::= <instr_i> <int32>

<instr_i> ::=// Derived from opcode. def
Idc.i4 | lIdc.id.s | unaligned.

Examples:
I dc.i4 123456 // Load the nunber 123456
ldc.id.s 10 /1 Load the nunber 10

D.5. Instructions that Take a Single 64-bit Integer Argument
These instructions take one operand, which must be a 64-bit integer.

<instr> ::= <instr_i8> <int64>

<instr_i8> ::=// Derived from opcode. def
Idc.i8

Examples:

I dc.i8 0x123456789AB
ldc.i8 12
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D.6. Instructions that Take a Single Floating Point Argument
These instructions take one operand, which must be a floating point number.

<instr> ::= <instr_r> <fl oat 64>
<instr_r> <int64>
<instr_r> ( <bytes>) [/ <bytes> is binary inmage
<instr_r> ::=// Derived from opcode. def
ldc.rd4 | Idc.r8

Examples:

ldc.r4 10.2

ldc.r4 10

I dc.r4 0x123456789ABCDEF

Idc.r8 (00 00 00 00 00 00 F8 FF)

D.7. Branch instructions

The assembler does not optimize branches. The branch must be specified explicitly as using either the
short or long form of the instruction. If the displacement is too large for the short form, then the
assembler will display an error.

<instr> ::=
<instr_brtarget> <int32> |
<instr_brtarget> <l abel >

<instr_brtarget> ::=// Derived from opcode. def
ann.data | ann.data.s | beq | beg.s | bge | bge.s
bge. un | bge.un.s | bgt | bgt.s | bgt.un | bgt.un.s
bl e | ble.s | ble.un | ble.un.s | blt | blt.s
bl t.un | blt.un.s | bne.un | bne.un.s | br | br.s |
brfal se | brfalse.s | brtrue | brtrue.s | leave | leave.s
Example:
br.s 22
br foo

D.8. Instructions that Take a Method as an Argument
These instructions reference a method, either in another class (first instruction format) or in the current
class (second instruction format).
<instr> ::=
<i nstr_net hod>

<cal | Conv> <type> [ <typeSpec> :: ] <methodName> ( <paraneters> )
<instr_nethod> ::=// Derived from opcode. def
ann.call | ann.hoisted_call | call | callvirt | jmp |
ldftn | ldvirtftn | newobj

Examples:
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call instance int32 C.D.E :X(class W native int)
|dftn vararg char F(...) /1 d obal Function F

D.9. Instructions that Take a Field of a Class as an Argument
These instructions reference a field of a class.

<instr> ::=
<instr_field> <type> <typeSpec> :: <id>
<instr_field> ::=1// Derived from opcode. def

Idfid | Idfida | Idsfld | Idsflda | stfld | stsfld

Examples:

ldfld native int X:IntField
stsfld int32 Y:: AnotherField

D.10. Instructions that Take a Type as an Argument
These instructions reference a type.

<instr> ::= <instr_type> <typeSpec>

<instr_type> ::=// Derived from opcode. def
box | castclass | cpobj | initobj | isinst |
| del ema | | dobj | nkrefany | newarr | refanyval |
sizeof | stobj | unbox

Examples:

i nitobj System Consol e
si zeof class X

D.11. Instructions that Take a String as an Argument
These instructions take a string as an argument.

<instr> ::= <instr_string> <QSTRI NG

<instr_string> ::=// Derived from opcode. def
| dstr

Examples:

| dstr “This is a string”
ldstr “This has a\nnewine in it”

D.12. Instructions that Take a Signature as an Argument
These instructions take a stand-alone signature as an argument.

<instr> ::= <instr_sig> <call Conv> <type> ( <paraneters> )
<instr_sig> ::=// Derived from opcode. def
calli

Examples:
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calli class A B(wchar *)

calli vararg bool (int32[,] X ...)
/1 Returns a bool ean, takes at |east one argunent. The first
/1 argument, named X, nust be a two-dinmensional array of
/1 32-bit ints

D.13. Instructions that Take a Metadata Token as an Argument
This instruction takes a metadata token as an argument. The token can reference a type, a method, or a
field of aclass.
<instr> ::= <instr_tok> <typeSpec> |
<i nstr_t ok> net hod
<cal | Conv> <type> <typeSpec> :: <nethodNane>
( <paraneters> ) |
<i nstr_tok> net hod
<cal | Conv> <type> <met hodNane>
( <paraneters> ) |

<instr_tok> field <type> <typeSpec> :: <id>
<instr_tok> ::=// Derived from opcode. def
| dt oken
Examples:

| dt oken cl ass System Consol e

| dt oken method int32 X :Fn()

| dt oken met hod bool d obal Fn(int32 &)
| dtoken field class XY Class::Field

D.14. The SSA ®-Node Instruction
This instruction embeds a static single assignment (SSA) ®-Node into the instruction stream as an

annotation.
<instr> ::= <instr_phi> <intl1l6>*
<instr_phi> ::=// Derived from opcode. def
ann. phi
Examples:

ann. phi 10 3 15
ann. phi 3 -2 0x3

D.15. Switch instruction
The switch instruction takes a set of |abels or decimal relative values.

<instr> ::= <instr_switch> ( <l abel s> )
<instr_switch> ::=// Derived from opcode. def

switch
Examples:

switch (0x3, -14, Label 1)



switch (5,

Label 2)
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Annex E. Normative: Opcode Definitions

#i fndef __ OPCODE_DEF_

#define __ OPCODE_DEF_

#def i ne MOOT 0x00 /1 Marks unused second byte when encoding single
#defi ne STP1 OXFE /1 Prefix code 1 for Standard Map

#defi ne REFPRE OxFF /1 Prefix for Reference Code Encodi ng

#def i ne RESERVED_PREFI X_START 0xF7

#endi f

/1 1f the first byte of the standard encoding is OxFF, then

/1 the second byte can be used as 1 byte encoding. O herw se

/1 the encoding is two bytes.

/1 | b b

/1 e y y

1 n t t

/1 g e e

/1 t

/1 Canoni cal Name h String Nane St ack Behavi our Operand Par ans
Opcode Kind 1 2 Control Flow
R e T

OPDEF( CEE_NOP, "nop", PopO, Pusho, I nl'i neNone,
IPrimtive, 1, OxFF, 0x00, NEXT)

OPDEF( CEE_BREAK, "break", PopO, Pusho, I nl'i neNone,
IPrimtive, 1, OxFF, 0x01, BREAK)

OPDEF( CEE_LDARG 0, "l darg. 0", PopO, Pushi, I nl'i neNone,

| Macr o, 1, OxFF, 0x02, NEXT)

OPDEF( CEE_LDARG 1, "l darg. 1", PopO, Pushi, I nl'i neNone,

| Macr o, 1, OxFF, 0x03, NEXT)

OPDEF( CEE_LDARG 2, "l darg. 2", PopO, Pushi, I nl'i neNone,

| Macr o, 1, OxFF, 0x04, NEXT)

OPDEF( CEE_LDARG 3, "l darg. 3", PopO, Pushi, I nl'i neNone,

| Macr o, 1, OxFF, 0x05, NEXT)

OPDEF( CEE_LDLOC 0, "1dloc. 0", PopO, Pushi, I nl'i neNone,

| Macr o, 1, OxFF, 0x06, NEXT)

OPDEF( CEE_LDLOC 1, "ldloc. 1", PopO, Pushi, I nl'i neNone,

| Macr o, 1, OxFF, 0x07, NEXT)

OPDEF( CEE_LDLOC 2, "1dloc. 2", PopO, Pushi, I nl'i neNone,

| Macr o, 1, OxFF, 0x08, NEXT)

OPDEF( CEE_LDLOC 3, "ldloc. 3", PopO, Pushil, I nli neNone,

| Macr o, 1, OxFF, 0x09, NEXT)

OPDEF( CEE_STLOC 0, "stloc.0", Pop1, PushO, I nli neNone,

| Macr o, 1, OxFF, Ox0A, NEXT)

OPDEF( CEE_STLOC 1, "stloc.1", Pop1, PushO, I nli neNone,

| Macr o, 1, OxFF, 0x0B, NEXT)

OPDEF( CEE_STLOC 2, "stloc.2", Pop1, PushO, I nl'i neNone,

| Macr o, 1, OxFF, 0x0C, NEXT)

OPDEF( CEE_STLOC 3, "stloc. 3", Pop1, PushO, I nli neNone,

| Macr o, 1, OxFF, 0x0D, NEXT)

OPDEF( CEE_LDARG S, "ldarg.s", PopO, Pushil, ShortlnlineVar,
| Macr o, 1, OxFF, 0xOE, NEXT)

OPDEF( CEE_LDARGA_S, "l darga. s", PopO, Pushl , ShortlnlineVar,
| Macr o, 1, OxFF, OxO0F, NEXT)

OPDEF( CEE_STARG S, "starg.s", Pop1, PushO, ShortlnlineVar,
| Macr o, 1, OxFF, 0x10, NEXT)

OPDEF( CEE_LDLCOC_S, "ldloc.s", PopO, Pushil, ShortlnlineVar,
| Macr o, 1, OxFF, Ox11, NEXT)

OPDEF( CEE_LDLOCA_S, "l dl oca. s", PopO, Pushl , ShortlnlineVar,
| Macr o, 1, OxFF, 0x12, NEXT)

OPDEF( CEE_STLOC_S, "stloc.s", Pop1, PushO, ShortlnlineVar,
| Macr o, 1, OxFF, 0x13, NEXT)

OPDEF( CEE_LDNULL, "ldnul 1", PopO, PushRef, I nl'i neNone,
IPrimitive, 1, OxFF, 0x14, NEXT)

OPDEF(CEE_LDC | 4_ML, "ldc.i4. m", PopO, Pushl , I nl'i neNone,

| Macr o, 1, OxFF, 0x15, NEXT)

OPDEF(CEE_LDC 14_0, "ldc.i4.0", PopO, Pushl , I nl'i neNone,

| Macr o, 1, OxFF, 0x16, NEXT)

OPDEF(CEE_LDC 14_1, "ldc.i4. 1", PopO, Pushl , I nl'i neNone,

| Macr o, 1, OxFF, 0x17, NEXT)

OPDEF(CEE_LDC 14_2, "ldc.i4.2", PopO, Pushl , I nl'i neNone,

| Macr o, 1, OxFF, 0x18, NEXT)

OPDEF(CEE_LDC | 4_3, "ldc.i4.3", PopO, Pushl , I nl'i neNone,

| Macr o, 1, OxFF, 0x19, NEXT)

OPDEF(CEE_LDC | 4_4, "ldc.i4. 4", PopO, Pushl , I nl'i neNone,

| Macr o, 1, OxFF, Ox1A, NEXT)

OPDEF(CEE_LDC | 4_5, "ldc.i4.5", PopO, Pushl , I nl'i neNone,

| Macr o, 1, OxFF, 0x1B, NEXT)
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OPDEF( CEE_LDC | 4_6, “ldc.i4. 6", PopO, Pushl , I nl'i neNone,

| Macr o, 1, OxFF, 0x1C, NEXT)

OPDEF(CEE_LDC 14 7, "“ldc.i4. 7", PopO, Pushl , I nl'i neNone,

| Macr o, 1, OxFF, 0x1D, NEXT)

OPDEF( CEE_LDC |4_38, “ldc.i4. 8", PopO, Pushl , I nl'i neNone,

| Macr o, 1, OxFF, Ox1E, NEXT)

OPDEF(CEE_LDC |14_S, "ldc.id4.s", PopO, Pushl , Shortlnlinel,

| Macr o, 1, OxFF, Ox1F, NEXT)

OPDEF( CEE_LDC | 4, "ldc.id4", PopoO, Pushl , Inlinel,
IPrimtive, 1, OxFF, 0x20, NEXT)

OPDEF( CEE_LDC | 8, "ldc.i8", PopO, Pushl 8, Inlinel8,
IPrimtive, 1, OxFF, 0x21, NEXT)

OPDEF( CEE_LDC R4, "ldc.r4", PopoO, PushR4, ShortlnlineR,
IPrimtive, 1, OxFF, 0x22, NEXT)

OPDEF( CEE_LDC RS, "ldc.r8", PopoO, PushR8, InlineR
IPrimtive, 1, OxFF, 0x23, NEXT)

OPDEF( CEE_LDPTR, “ldptr", PopO, Pushl ,

I nl'i neRVA, IPrimtive, 1, OxFF, 0x24, NEXT)

OPDEF( CEE_DUP, "dup", Pop1, Pushl+Pushl, |nlineNone,
IPrimtive, 1, OxFF, 0x25, NEXT)

OPDEF( CEE_POP, "pop", Pop1, PushoO, I nl'i neNone,
IPrimtive, 1, OxFF, 0x26, NEXT)

OPDEF( CEE_JMP, "jp", PopO, PushO, I nli neMet hod,
IPrimtive, 1, OxFF, 0x27, CALL)

OPDEF( CEE_CALL, "cal " Var Pop, Var Push, I nl'i neMet hod,
IPrimtive, 1, OxFF, 0x28, CALL)

OPDEF( CEE_CALLI , "calli", Var Pop, Var Push, InlineSig,
IPrimtive, 1, OxFF, 0x29, CALL)

OPDEF( CEE_RET, "ret", Var Pop, PushoO, I nl'i neNone,
IPrimitive, 1, OxFF, 0x2A, RETU

OPDEF( CEE_BR_S, "br.s", PopO, PushO,

Short | nlineBrTarget, | Macro, 1, OxFF, 0x2B, BRANCH)

OPDEF( CEE_BRFALSE_S, "brfal se.s", Popl , Pusho,

Short | nlineBrTarget, | Macro, 1, OxFF, 0x2C, COND_BRANCH)

OPDEF( CEE_BRTRUE_S, "brtrue.s", Popl , PushO,

Short | nlineBrTarget, | Macro, 1, OxFF, 0x2D, COND_B|

OPDEF( CEE_BEQ S, "beq. s", Popl+Popl, Pusho,

Short | nlineBrTarget, | Macro, 1, OxFF, O0x2E, COND_BRANCH)

OPDEF( CEE_BGE_S, "bge. s", Popl+Popl, PushoO,

Short | nlineBrTarget, | Macro, 1, OxFF, 0x2F, COND_BRANCH)

OPDEF( CEE_BGT_S, "bgt.s", Popl+Popl, Pusho,

Short | nlineBrTarget, | Macro, 1, OxFF, 0x30, COND_B|

OPDEF( CEE_BLE_S, "ble.s", Popl+Popl, PushO,

Short | nlineBrTarget, | Macro, 1, OxFF, 0x31, COND_BRANCH)

OPDEF( CEE_BLT_S, "blt.s", Popl+Popl, Pusho,

Short | nlineBrTarget, | Macro, 1, OxFF, 0x32, COND_BRANCH)

OPDEF( CEE_BNE_UN_S, "bne. un. s", Popl+Popl, PushO,

Short | nlineBrTarget, | Macro, 1, OxFF, 0x33, COND_B|

OPDEF( CEE_BGE_UN_S, "bge. un. s", Popl+Popl, PushO,

Short | nlineBrTarget, | Macro, 1, OxFF, 0x34, COND_BRANCH)

OPDEF( CEE_BGT_UN_S, "bgt.un.s", Popl+Pop1l, PushO,

Short | nlineBrTarget, | Macro, 1, OxFF, 0x35, COND_BRANCH)

OPDEF( CEE_BLE_UN_S, "bl e.un.s", Popl+Popl, Pusho,

Short | nlineBrTarget, | Macro, 1, OxFF, 0x36, COND_B

OPDEF( CEE_BLT_UN_S, "blt.un.s", Popl+Popl, Pusho,

Short | nlineBrTarget, | Macro, 1, OxFF, 0x37, COND_BRANCH)

OPDEF( CEE_BR, "br", PopO, PushO, I nlineBrTarget,
IPrimitive, 1, OxFF, 0x38, B

OPDEF( CEE_BRFALSE, "brfal se", Popl , Pusho, I nlineBrTarget,
IPrimtive, 1, OxFF, 0x39, COND_BRANCH)

OPDEF( CEE_BRTRUE, "brtrue", Popl , Pusho, I nlineBrTarget,
IPrimtive, 1, OxFF, 0x3A, COND_BRANCH)

OPDEF( CEE_BEQ "beq", Popl+Popl, Pusho, I nlineBrTarget,
| Macr o, 1, OxFF, 0x3B, COND_BRANCH)

OPDEF( CEE_BGE, "bge", Popl+Popl, PushoO, I nl'i neBrTarget,
| Macr o, 1, OxFF, 0x3C, COND_BRANCH)

OPDEF( CEE_BGT, "bgt", Popl+Popl, PushoO, I nl'i neBrTar get,
| Macr o, 1, OxFF, 0x3D, COND_BRANCH)

OPDEF( CEE_BLE, "ble", Popl+Popl, PushoO, I nl'i neBrTarget,
| Macr o, 1, OxFF, 0x3E, COND_BRANCH)

OPDEF( CEE_BLT, "blt", Popl+Popl, PushoO, I nl'i neBrTarget,
| Macr o, 1, OxFF, Ox3F, COND_BRANCH)

OPDEF( CEE_BNE_UN, "bne. un", Popl+Pop1l, PushoO, I nl'i neBrTarget,
| Macr o, 1, OxFF, 0x40, COND_BRANCH)

OPDEF( CEE_BGE_UN, "bge. un", Popl+Pop1, PushO, I nlineBrTarget,
| Macr o, 1, OxFF, 0x41, COND_BRANCH)

OPDEF( CEE_BGT_UN, "bgt.un", Popl+Pop1l, PushO, I nli neBrTarget,
| Macr o, 1, OxFF, 0x42, COND_BRANCH)



OPDEF( CEE_BLE_UN,

| Macr o, 1, OxFF,
OPDEF( CEE_BLT_UN,
| Macr o, 1, OxFF,

OPDEF( CEE_SW TCH,
IPrimtive, 1, OxFF,
OPDEF( CEE_LDI ND_| 1,
IPrimtive, 1, OxFF,
OPDEF( CEE_LDI ND_U1,
IPrimtive, 1, OxFF,
OPDEF( CEE_LDI ND _| 2,
IPrimtive, 1, OxFF,
OPDEF( CEE_LDI ND_U2,
IPrimtive, 1, OxFF,
OPDEF( CEE_LDI ND _| 4,
IPrimtive, 1, OxFF,
OPDEF( CEE_LDI ND_U4,
IPrimtive, 1, OxFF,
OPDEF( CEE_LDI ND _| 8,
IPrimtive, 1, OxFF,
OPDEF( CEE_LDI ND |,
IPrimtive, 1, OxFF,
OPDEF( CEE_LDI ND_R4,
IPrimtive, 1, OxFF,
OPDEF( CEE_LDI ND_R8,
IPrimtive, 1, OxFF,
OPDEF( CEE_LDI ND_REF,
IPrimtive, 1, OxFF,
OPDEF( CEE_STI ND_REF,
IPrimtive, 1, OxFF,
OPDEF( CEE_STI ND_| 1,
IPrimtive, 1, OxFF,
OPDEF( CEE_STI ND _| 2,
IPrimtive, 1, OxFF,
OPDEF( CEE_STI ND _| 4,
IPrimtive, 1, OxFF,
OPDEF( CEE_STI ND _| 8,
IPrimtive, 1, OxFF,
OPDEF( CEE_STI ND_R4,
IPrimtive, 1, OxFF,
OPDEF( CEE_STI ND_R8,
IPrimtive, 1, OxFF,
OPDEF( CEE_ADD,
IPrimtive, 1, OxFF,
OPDEF( CEE_SUB,
IPrimtive, 1, OxFF,
OPDEF( CEE_MUL,
IPrimtive, 1, OxFF,
OPDEF( CEE_DI V,
IPrimtive, 1, OxFF,
OPDEF( CEE_DI V_UN,
IPrimtive, 1, OxFF,
OPDEF( CEE_REM
IPrimtive, 1, OxFF,
OPDEF( CEE_REM _UN,
IPrimtive, 1, OxFF,
OPDEF( CEE_AND,
IPrimtive, 1, OxFF,
OPDEF( CEE_OR,
IPrimtive, 1, OxFF,
OPDEF( CEE_XOR,
IPrimtive, 1, OxFF,
OPDEF( CEE_SHL,
IPrimtive, 1, OxFF,
OPDEF( CEE_SHR,
IPrimtive, 1, OxFF,
OPDEF( CEE_SHR _UN,
IPrimtive, 1, OxFF,
OPDEF( CEE_NEG,
IPrimtive, 1, OxFF,
OPDEF( CEE_NOT,
IPrimtive, 1, OxFF,
OPDEF(CEE_CONV_I 1,
IPrimtive, 1, OxFF,
OPDEF( CEE_CONV_I 2,
IPrimtive, 1, OxFF,
OPDEF( CEE_CONV_I 4,
IPrimtive, 1, OxFF,

0x43,
0x44,
0x45,
0x46,
0x47,
0x48,
0x49,
Ox4A,
0x4B,
0x4C,
0x4D,
OX4E,
Ox4F,
0x50,
0x51,
0x52,
0x53,
0x54,
0x55,
0x56,
0x57,
0x58,
0x59,
Ox5A,
0x5B,
0x5C,
0x5D,
Ox5E,
Ox5F,
0x60,
0x61,
0x62,
0x63,
0x64,
0x65,
0x66,
0x67,
0x68,
0x69,

"bl e.un",
COND_BRANCH)

"blt.un",
COND_BRANCH)

"switch",
COND_BRANCH)

"lIdind.i1",
NEXT)

"1 dind. ul",
NEXT)

"ldind.i2",
NEXT)

"1 di nd. u2",
NEXT)

"ldind.i4",
NEXT)

"1 di nd. ug",
NEXT)

"ldind.i8",
NEXT)

"ldind.i",
NEXT)

"1 dind. r4",
NEXT)

"1 dind. r8",
NEXT)

"ldind. ref",
NEXT)

"stind.ref",
NEXT)

"stind.i1l",
NEXT)

"stind.i2",
NEXT)

"stind.i4",
NEXT)

"stind.i8",
NEXT)

"stind.r4",
NEXT)

"stind.r8",
NEXT)

"add",
NEXT)

"sub",

"l "
NEXT

NEXT)

- 24 -

Popl+Pop1l,
Popl+Pop1l,
Popl ,

Popl ,

Popl ,

Popl ,

Popl ,

Popl ,

Popl ,

Popl ,

Popl ,

Popl ,

Popl ,

Popl ,

Popl +Popl ,
Popl +Popl ,
Popl +Popl ,
Popl +Popl ,
Popl +Popl 8,
Popl +PopR4,
Popl +PopR8,
Popl+Popl,
Popl+Popl,
Popl+Popl,
Popl+Popl,
Popl+Popl,
Popl+Popl,
Popl+Popl,
Popl+Popl,
Popl+Popl,
Popl+Popl,
Pop1+Popl,
Pop1+Popl,
Pop1+Popl,
Popl,

Popl,

Pop1l,

Pop1l,

Popl,

Pusho, I nl'i neBr Tar get ,
Pusho, I nl'i neBr Tar get ,
Pusho, I'nlineSw tch,
Pushl , I nli neNone,
Pushl , I nli neNone,
Pushl , I nli neNone,
Pushl , I nl'i neNone,
Pushl , I nli neNone,
Pushl , I nli neNone,
Pushl 8, I nli neNone,
Pushl , I nli neNone,
PushR4, I nli neNone,
PushR8, I nli neNone,
PushRef, I nli neNone,
PushO, I nli neNone,
Pusho, I nli neNone,
Pusho, I nli neNone,
Pusho, I nli neNone,
Pusho, I nli neNone,
Pusho, I nli neNone,
PushO, I nli neNone,
Pushl, I nli neNone,
Pushl, I nli neNone,
Pushl, I nl'i neNone,
Pushl, I nl'i neNone,
Pushl, I nl'i neNone,
Pushl, I nl'i neNone,
Pushl, I nl'i neNone,
Pushl, I nli neNone,
Pushl, I nli neNone,
Pushl, I nli neNone,
Pushi, I nl'i neNone,
Pushi, I nl'i neNone,
Pushi, I nl'i neNone,
Pushi, I nl'i neNone,
Pushi, I nl'i neNone,
Pushl , I nl'i neNone,
Pushl , I nl'i neNone,
Pushl , I nl'i neNone,



OPDEF( CEE_CONV_I 8,
IPrimtive, 1, OxFF,
OPDEF( CEE_CONV_R4,
IPrimtive, 1, OxFF,
OPDEF( CEE_CONV_R8,
IPrimtive, 1, OxFF,
OPDEF( CEE_CONV_WUA4,
IPrimtive, 1, OxFF,
OPDEF( CEE_CONV_U8,
IPrimtive, 1, OxFF,
OPDEF( CEE_CALLVI RT,

| Cbj Model , 1, OxFF,
OPDEF( CEE_CPOBJ,
| Cbj Model , 1,
OPDEF( CEE_LDOBJ,
| Cbj Model , 1,
OPDEF( CEE_LDSTR,

| Cbj Model , 1,
OPDEF( CEE_NEWOBJ,
| Cbj Model , 1, OxFF,
OPDEF( CEE_CASTCLASS,

| Cbj Model , 1, OxFF,
OPDEF( CEE_| SI NST,

| Cbj Model , 1, OxFF,
OPDEF( CEE_CONV_R_UN,
IPrimtive, 1, OxFF,
OPDEF( CEE_ANN_DATA S,

OxFF,
OxFF,

OxFF,

Short | nlineBrTarget, | Annotati on,

OPDEF( CEE_BOX,
IPrimtive, 1,
OPDEF( CEE_UNBOX,
IPrimtive, 1,
OPDEF( CEE_THROW
| Cbj Model , 1,
OPDEF( CEE_LDFLD,

| Cbj Model , 1,
OPDEF( CEE_LDFLDA,
| Cbj Model , 1,
OPDEF( CEE_STFLD,

| Cbj Model , 1,
OPDEF( CEE_LDSFLD,
| Cbj Model , 1, OxFF,
OPDEF( CEE_LDSFLDA,

| Cbj Model , 1, OxFF,
OPDEF( CEE_STSFLD,
| Cbj Model , 1,
OPDEF( CEE_STORJ,
IPrimtive, 1,

OxFF,
OxFF,
OxFF,
OxFF,
OxFF,

OxFF,

OxFF,

OxFF,

OPDEF( CEE_CONV_OVF_I 1_UN,

IPrimtive, 1, OxFF,

OPDEF( CEE_CON_OVF_I 2_UN,

IPrimtive, 1, OxFF,

OPDEF( CEE_CONV_OVF_| 4_UN,

IPrimtive, 1, OxFF,

OPDEF( CEE_COWV_OVF_| 8_UN,

IPrimtive, 1, OxFF,

OPDEF( CEE_CONV_OVF_UL_UN,

IPrimtive, 1, OxFF,

OPDEF( CEE_CONV_OVF_U2_UN,

IPrimtive, 1, OxFF,

OPDEF( CEE_CONV_OVF_U4_UN,

IPrimtive, 1, OxFF,

OPDEF( CEE_CONV_OVF_US_UN,

IPrimtive, 1, OxFF,

OPDEF( CEE_CONV_OVF_| _UN,

IPrimtive, 1, OxFF,

OPDEF( CEE_CONV._OVF_U_UN,

IPrimtive, 1, OxFF,
OPDEF( CEE_UNUSED49,
IPrimtive, 1, OxFF,
OPDEF( CEE_NEWARR,
| Cbj Model , 1,
OPDEF( CEE_LDLEN,

| Cbj Model , 1, OxFF,
OPDEF( CEE_LDELEMA,

| Cbj Model , 1, OxFF,
OPDEF( CEE_LDELEM | 1,

| Gbj Model 1, OxFF,

OXFF,

OX6A,
0x6B,
0x6C,
0x6D,
Ox6E,
Ox6F,
0x70,
0x71,
0x72,
0x73,
0x74,
0x75,

0x76,

0x78,
0x79,
OX7A,
0xX7B,
0x7C,
0x7D,
OX7E,
OX7F,
0x80,
0x81,
0x82,
0x83,
0x84,
0x85,
0x86,
0x87,
0x88,
0x89,
Ox8A,
0x8B,
0x8C,
0x8D,
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IPrimtive, 2, OxFE,
OPDEF( CEE_REFANYTYPE,
IPrimtive, 2, OxFE,
OPDEF( CEE_UNUSED52,
IPrimtive, 2, OxFE,
OPDEF( CEE_UNUSED53,
IPrimtive, 2, OxFE,
OPDEF( CEE_UNUSED54,
IPrimtive, 2, OxFE,
OPDEF( CEE_UNUSEDS5,
IPrimtive, 2, OxFE,
OPDEF( CEE_ANN_DATA,

| Annot ation, 2, OxFE,

#i f ndef OPALI AS

#define _OPALI AS_DEFI NED_
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#defi ne OPALI AS(canoni cal Nane, stringNane, real Cpcode)

#endi f

OPALI AS( CEE_BRNULL,
OPALI AS( CEE_BRNULL_S,
OPALI AS( CEE_BRZERQ,
OPALI| AS( CEE_BRZERO S,
OPALI AS( CEE_BRI NST,
OPALI| AS( CEE_BRI NST_S,
OPALI AS( CEE_LDI ND_US,
OPALI| AS( CEE_LDELEM US,
OPALI AS( CEE_LDC | 4_MLx,
OPALI| AS( CEE_ENDFAULT,

#i fdef _OPALI AS_DEFI NED_

#undef OPALI AS

#undef _OPALI AS_DEFI NED_

#endi f

"ldftn", PopO,
0x086, NEXT)
"ldvirtftn", PopRef,
0x07, NEXT)
tjpit, Popl ,
0x08, CALL)
"l darg", PopO,
0x09, NEXT)
"l darga", PopoO,
0x0A, NEXT)
"starg", Pop1l,
0x0B, NEXT)
"1dloc", PopoO,
0x0C, NEXT)
"1dl oca", PopoO,
0x0D, NEXT)
"stloc", Pop1,
0xOE, NEXT)
"l ocal | oc", Popl ,
OxOF, NEXT)
"unused", PopoO,
0x10, NEXT)
"endfilter", Popl ,
0x11, RETURN)
"unal i gned. ", PopoO,
0x12, VETA)
"volatile.", PopoO,
0x13, VETA)
"tail.", PopoO,
0x14, META
"initobj", Popl ,
0x15, NEXT)
"ann.live", Pop1,
0x186, NEXT)
"cpbl k", Popl +Popl +Popl ,
0x17, NEXT)
"initbl k", Popl +Popl +Popl ,
0x18, NEXT)
"ann. ref" PopoO,
0x19, NEXT)
"rethrow', PopoO,
Ox1A, THROW
"unused" PopO,
0x1B, NEXT)
"sizeof ", PopO,
0x1C, NEXT)
"refanytype", Pop1,
0x1D, NEXT
"unused", PopO,
Ox1E, NEXT)
"unused", PopO,
Ox1F, NEXT)
"unused", PopO,
0x20, NEXT)
"unused", PopO,
0x21, NEXT)
"ann. dat a", PopO,
0x22, BRANCH)
“brnul ", CEE_BRFALSE)
"brnull.s", CEE_BRFALSE_S)
“brzero", CEE_BRFALSE)
"brzero.s", CEE_BRFALSE_S)
“brinst", CEE_BRTRUE)
"brinst.s", CEE_BRTRUE_S)
"1 di nd. ug", CEE_LDIND 18)
"1 del em u8", CEE_LDELEM | 8)
“ldc.i4. M", CEE_LDC |4 M)
"endfaul t", CEE_ENDFI NALLY)

Pushl ,
Pushl ,
Pusho,
Pushi,
Pushl ,
Pusho,
Pushi,
Pushl ,
Pusho,
Pushl ,
PushO,
PushO,
PushO,
PushO,
Pusho,
Pusho,
Pushi,
PushO,
Pusho,
Pusho,
Pusho,
PushO,
Pushl ,
Pushl ,
Pusho,
Pusho,
Pusho,
Pusho,
Pusho,

Inli
Inli
Inli
Inli
Inli
Inli
Inli
Inli
Inli
Inli
Inli

Inli

Inli
Inli
Inli
Inli
Inli
Inli
Inli
Inli
Inli
Inli
Inli
Inli
Inli
Inli
Inli

Inli

neMet hod,
neMet hod,
neNone,
nevar,
neVar,
neVar,
neVvar,
nevar,
neVar,
neNone,
neNone,

neNone,

Shortlnlinel,

neNone,
neNone,
neType,
nevar,

neNone,
neNone,
nevar,

neNone,
neNone,
neType,
neNone,
neNone,
neNone,
neNone,
neNone,

neBr Tar get,
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Annex F. Normative: Values for .subsystem

Below isthe list of possible values accepted by the ILASM .subsystem keyword. These are defined in the Windows WinNT.h
header file. Note that .subsystem does not accept the symbolic name — you must supply the numeric value:

#def i ne | MAGE_SUBSYSTEM_ UNKNOWN
#defi ne | MAGE_SUBSYSTEM NATI VE
#defi ne | MAGE_SUBSYSTEM W NDOWS_GUI
#defi ne | MAGE_SUBSYSTEM W NDOWE_CUI
subsystem

#defi ne | MAGE_SUBSYSTEM OS2_CU
#def i ne | MAGE_SUBSYSTEM POSI X_CUI
subsystem

#def i ne | MAGE_SUBSYSTEM NATI VE_W NDOW5

0

1
2
3

#def i ne | MAGE_SUBSYSTEM W NDOW5_CE_GUI

/1 Unknown subsystem

/1 1mage doesn't require a subsystem

/1 1mage runs in the Wndows GJ subsystem
/1 1mage runs in the Wndows character

/1 image runs in the OS/2 character subsystem
/1 image runs in the Posix character

8 // image is a native Wn9x driver.
9 // Image runs in the Wndows CE subsystem
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Annex G. Normative: Values for .corflags

Below is the list of possible values accepted by the ILASM .subsystem keyword. These are defined in the CLR CorHdr.h
header file. Note that .subsystem does not accept the symbolic name — you must supply the numeric value:

/1 CLR Header entry point flags.

COM MAGE_FLAGS_| LONLY = 0x00000001,
COM MAGE_FLAGS_32BI TREQUI RED = 0x00000002,
COM MAGE_FLAGS_| L_LI BRARY = 0x00000004,
COM MAGE_FLAGS_TRACKDEBUGDATA = 0x00010000,
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Annex H. Normative: Values for Hash Algorithm ID

Below isthe list of possible values accepted by ILASM for Hash Algorithm ID. These are defined in the Windows WinCrypt.h
header file. Notethat ILASM does not accept the symbolic name — you must supply the numeric value;

/1 algorithmidentifier definitions

#defi ne CALG_MD2 (ALG CLASS HASH | ALG TYPE_ANY | ALG SI D M)

#defi ne CALG_MD4 (ALG CLASS HASH | ALG TYPE_ANY | ALG SI D_MM)

#define CALG MD5 (ALG CLASS HASH | ALG TYPE_ANY | ALG _SI D_MD5)

#defi ne CALG_SHA (ALG CLASS HASH | ALG TYPE_ANY | ALG SID_SHA)

#define CALG SHAL (ALG CLASS HASH | ALG TYPE_ANY | ALG SI D SHA1)

#defi ne CALG_MAC (ALG CLASS HASH | ALG TYPE_ANY | ALG SID_MAC)

#define CALG RSA SI GN (ALG_CLASS_SI GNATURE | ALG TYPE_RSA | ALG SI D_RSA_ANY)
#defi ne CALG DSS_SI GN (ALG_CLASS_SI GNATURE | ALG TYPE DSS | ALG S| D_DSS_ANY)
#defi ne CALG_RSA KEYX (ALG_CLASS_KEY_EXCHANGE| ALG _TYPE_RSA| ALG_SI D_RSA_ANY)
#def i ne CALG_DES (ALG_CLASS_DATA_ENCRYPT| ALG TYPE_BLOCK| ALG_SI D_DES)

#define CALG 3DES_ 112
(ALG_CLASS_DATA_ENCRYPT| ALG TYPE_BLOCK| ALG_SI D_3DES_112)

#defi ne CALG 3DES (ALG_CLASS_DATA_ENCRYPT| ALG TYPE_BLOCK| ALG_SI D_3DES)
#defi ne CALG RC2 (ALG_CLASS_DATA_ENCRYPT| ALG TYPE_BLOCK| ALG_SI D_RC2)
#defi ne CALG_RC4 (ALG_CLASS_DATA_ENCRYPT| ALG TYPE_STREAM ALG_SI D_RC4)
#def i ne CALG_SEAL (ALG_CLASS_DATA_ENCRYPT| ALG TYPE_STREAM ALG_SI D_SEAL)
#define CALG DH_SF (ALG_CLASS_KEY_EXCHANGE| ALG_TYPE_DH| ALG_SI D_DH_SANDF)
#defi ne CALG DH_EPHEM (ALG_CLASS_KEY_EXCHANGE| ALG TYPE_DH| ALG_SI D_DH_EPHEM

#def i ne CALG_AGREEDKEY ANY
(ALG_CLASS_KEY_EXCHANGE| ALG TYPE_DH| ALG_SI D_AGREED _KEY_ANY)
#def i ne CALG_KEA KEYX (ALG_CLASS_KEY_EXCHANGE| ALG _TYPE_DH| ALG_SI D_KEA)
#def i ne CALG_HUGHES MD5 (ALG_CLASS_KEY_EXCHANGE| ALG _TYPE_ANY| ALG S| D_MD5)
#defi ne CALG_SKI PJACK
(ALG_CLASS_DATA_ENCRYPT| ALG TYPE_BLOCK| ALG_SI D_SKI PJACK)
#def i ne CALG_TEK (ALG_CLASS_DATA_ENCRYPT| ALG_TYPE_BLOCK| ALG_SI D_TEK)
#def i ne CALG_CYLI NK_MEK
(ALG_CLASS_DATA_ENCRYPT| ALG_TYPE_BLOCK| ALG_SI D_CYLI NK_NEK)
#def i ne CALG_SSL3_SHAMD5 (ALG CLASS HASH | ALG TYPE_ANY | ALG SI D_SSL3SHAMD5)
#define CALG SSL3_MASTER
(ALG_CLASS_MSG_ENCRYPT| ALG TYPE_SECURECHANNEL| ALG S| D_SSL3_MASTER)
#def i ne CALG_SCHANNEL_MASTER HASH
(ALG_CLASS_MSG_ENCRYPT| ALG TYPE_SECURECHANNEL| ALG S| D_SCHANNEL_MASTER HASH)
#def i ne CALG_SCHANNEL_MAC_KEY
(ALG_CLASS_MSG_ENCRYPT| ALG TYPE_SECURECHANNEL| ALG S| D_SCHANNEL_MAC_KEY)
#def i ne CALG_SCHANNEL_ENC_KEY
(ALG_CLASS_MSG_ENCRYPT| ALG TYPE_SECURECHANNEL| ALG Sl D_SCHANNEL_ENC_KEY)
#define CALG PCT1_MASTER
(ALG_CLASS_MSG_ENCRYPT| ALG TYPE_SECURECHANNEL| ALG S| D_PCT1_MASTER)
#define CALG SSL2_MASTER
(ALG_CLASS_MSG_ENCRYPT| ALG TYPE_SECURECHANNEL| ALG S| D_SSL2_MASTER)
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#define CALG TLS1_MASTER

(ALG_CLASS_MSG_ENCRYPT| ALG_TYPE_SECURECHANNEL| ALG SI D_TLS1_MASTER)

#define CALG RC5 (ALG_CLASS_DATA_ENCRYPT| ALG_TYPE_BLOCK| ALG_SI D_RC5)
#def i ne CALG_HVAC (ALG CLASS_HASH | ALG TYPE_ANY | ALG SI D_HVAC)

These definitions, in-turn, depend upon the following, also drawn from the same header file --

11
/1 Al gorithmIDs and Fl ags
11

/1 ALG_ID crackers

#def i ne GET_ALG_CLASS(x) (x & (7 << 13))
#def i ne GET_ALG TYPE(x) (x & (15 << 9))
#defi ne GET_ALG_SI D( x) (x & (511))

/1 Al gorithmcl asses

#define ALG CLASS_ANY (0)

#define ALG CLASS_SI GNATURE (1 << 13)
#define ALG CLASS_MSG_ENCRYPT (2 << 13)
#define ALG CLASS_DATA_ENCRYPT (3 << 13)
#define ALG CLASS_ HASH (4 << 13)
#define ALG CLASS_KEY_EXCHANGE (5 << 13)

/1 Al gorithmtypes

#define ALG TYPE_ANY (0)

#define ALG TYPE_DSS (1 << 9)
#define ALG TYPE_RSA (2 << 9)
#define ALG TYPE_BLOCK (3 << 9)
#define ALG TYPE_STREAM (4 << 9)
#define ALG TYPE_DH (5 << 9)
#defi ne ALG_TYPE_SECURECHANNEL (6 << 9)

|/l CGeneric sub-ids
#define ALG SI D ANY (0)

/1l Some RSA sub-ids

#defi ne ALG SI D RSA ANY
#define ALG SI D RSA PKCS
#defi ne ALG SI D RSA MSATWORK
#define ALG SI D RSA ENTRUST
#define ALG SI D RSA PGP

A W NP O

!/l Some DSS sub-ids
/1



#define ALG SI D DSS ANY
#define ALG SI D _DSS_PKCS
#define ALG SI D DSS DWVs

/1 Block cipher sub ids

/1 DES sub_ids

#define ALG SI D DES
#define ALG S| D_3DES
#define ALG S| D_DESX
#define ALG S| D_I DEA
#define ALG SI D CAST

#defi ne ALG_ S| D_SAFERSK64
#define ALG SI D SAFERSK128
#define ALG SI D_3DES 112
#define ALG SI D _CYLI NK_MEK
#define ALG SI D_RC5

// Fortezza sub-ids
#defi ne ALG SI D SKI PJACK
#define ALG SI D TEK

/1 KP_MODE

#def i ne CRYPT_MODE_CBC
#def i ne CRYPT_MODE_CFBP
#def i ne CRYPT_MODE_OFBP
#def i ne CRYPT_MODE CBCOFM
#def i ne CRYPT_MODE_CBCOFM

/1 RC2 sub-ids
#defi ne ALG SI D RC2

/1 Stream ci pher sub-ids
#define ALG SI D RC4
#defi ne ALG SI D SEAL

// Diffie-Hellmn sub-ids
#defi ne ALG SI D DH SANDF
#define ALG SI D DH EPHEM

#define ALG S| D AGREED KEY_ANY

#define ALG SI D _KEA

/1 Hash sub ids

#define ALG SI D MD2
#define ALG SID MM
#define ALG SI D M5
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/1
/1
/1
/1
/1

ANSI
ANS|
ANSI
ANS|
ANSI

CBC Interl eaved

CFB Pi pel i ned

OFB Pi pel i ned

CBC + OF Maski ng

CBC + OFM I nterl eaved



#def i
#def i
#def i
#def i
#def i
#def i
#def i

ne
ne
ne
ne
ne
ne
ne

ALG_SI D_SHA

ALG S| D_SHA1
ALG S| D_MAC

ALG_SI D_RI PEMD
ALG_SI D_RI PEMD160
ALG_SI D_SSL3SHAMD5
ALG_SI D_HVAC

/'l secure channel sub ids

#def i
#def i
#def i
#def i
#def i
#def i
#def i

ne
ne
ne
ne
ne
ne
ne

ALG SI D_SSL3_MASTER
ALG_S| D_SCHANNEL_MASTER HASH
ALG_SI D_SCHANNEL_MAC_KEY
ALG_SI D_PCT1_MASTER

ALG SI D_SSL2_MASTER

ALG SI D_TLS1_MASTER

ALG_SI D_SCHANNEL_ENC_KEY
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Annex |. Normative: Values for .os

Below is the list of possible values accepted by ILASM for the .os keyword. These are defined in the Windows WinBase.h
header file. Notethat ILASM does not accept the symbolic name — you must supply the numeric value;

#defi ne VER_PLATFORM W N32s 0
#defi ne VER_PLATFORM W N32_\W NDOWS 1
#defi ne VER_PLATFORM W N32_NT 2
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Annex J.Normative: Values for .processor

Below is the list of possible values accepted by ILASM for the .processor keyword. These are defined in the Windows
WinNT.h header file. Notethat ILASM does not accept the symbolic name — you must supply the numeric value:

#def i ne PROCESSOR_| NTEL_386 386

#def i ne PROCESSOR_| NTEL_486 486

#def i ne PROCESSOR_I NTEL_PENTI UM 586

#def i ne PROCESSOR_M PS_R4000 4000 /1 incl R4101 & R3910 for Wndows CE
#def i ne PROCESSOR_ALPHA 21064 21064

#def i ne PROCESSOR_PPC 601 601

#defi ne PROCESSOR_PPC 603 603

#def i ne PROCESSOR_PPC 604 604

#defi ne PROCESSOR_PPC 620 620

#def i ne PROCESSOR_HI TACHI _SH3 10003 // Wndows CE

#defi ne PROCESSOR_HI TACH _SH3E 10004 // Wndows CE

#defi ne PROCESSOR _HI TACHI _SH4 10005 // Wndows CE

#defi ne PROCESSOR_MOTOROLA 821 821 /1 Wndows CE

#def i ne PROCESSOR_SHx_ SH3 103 /1 W ndows CE

#def i ne PROCESSOR _SHx_SH4 104 /1 W ndows CE

#defi ne PROCESSOR_STRONGARM 2577 /1 Wndows CE - OxAll
#def i ne PROCESSOR _ARM720 1824 /1 Wndows CE - 0x720
#defi ne PROCESSOR_ARMB20 2080 /1 Wndows CE - 0x820
#def i ne PROCESSOR _ARMB20 2336 /1 Wndows CE - 0x920
#defi ne PROCESSOR_ARM 7TDM 70001 // Wndows CE
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Normative: Default Marshalling - Unmanaged to M anaged

Is imported as the

Built-in Language

following  Element With the following B
Thefollowing typelibrary type — Type MarshalAs Attribute  System Type VB Mgd C
char, boolean, small 11 System.SByte n/a byte
wchar_t, short 12 System.Int16 short short
long, int 14 System.Int32 integer long
hyper 18 System.Int64 long __int6
unsigned char, byte ull System.Byte byte byte
unsigned short ul2 System.UInt16 N/A unsign
short
unsigned long, unsigned int ul4 System.UInt32 N/A unsign
long
unsigned hyper ul8 System.UInt64 N/A unsign
__int6
single R4 System.Single single float
double R8 System.Double double double
VARIANT_BOOL Boolean VariantBool boolean  bool
void * 14 n/a n/a
change to Ul4 post Add MashalAs attrib
Beta 1 post Beta 1
HRESULT ul4 Error n/a unsign
long
SCODE ul4 Error n/a unsign
long
BSTR STRING BStr System.String string n/a
LPSTR or STRING LPStr System.String string n/a
[string, ...] char *
LPWSTR or STRING LPWStr System.String string n/a
[string, ...] wchar_t*
VARIANT OBJECT System.Object
DECIMAL VALUETYPE System.Decimal
<System.Decimal>
DATE VALUETYPE System.DateTime

<System.DateTime>

L All entries in this column are from the System.Runtime.InteropServices.UnmanagedType enum. The
unmanaged type is supplied with the Marshal As attribute.

2 Blanks in this column indicate that the language has no built-in type that maps to that type.

cases, the types from the System namespace can be used directly.

In such
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Is imported as the Built-in Lang
following  Element With the following * -
Thefollowing typelibrary type  Type MarshalAsAttribute  System Type VB M
GUID VALUETYPE System.Guid
<System.Guid>
CURRENCY VALUETYPE System.Currency
<System.Currency>
IUnknown * OBJECT IlUnknown System.Object
IDispatch * OBJECT IDispatch System.Object
SAFEARRAY (type) SZARRAY(type) SAFEARRAY typel]
typedef BaseType MyType BaseType
MyStruct VALUETYPE
<MyStruct>
MyEnum VALUETYPE
<MyEnum>
MylInterface * CLASS Interface
<MyInterface>
MyCoClass CLASS A Interface
< Class>
Pointer Types
char *, boolean *, small * ByRef 11 System.SByte n/a b
wchar_t *, short * ByRef 12 System.Int16 short s
long *, int * ByRef 14 System.Int32 integer I
hyper * ByRef 18 System.Int64 long _
unsigned char *, byte * ByRef Ul1 System.Byte byte b
unsigned short * ByRef UI2 System.UInt16 N/A u
s
unsigned long *, unsigned int *  ByRef Ul4 System.UInt32 N/A u
I
unsigned hyper * ByRef UI8 System.UInt64 N/A u
single * ByRef R4 System.Single single f
double * ByRef R8 System.Double double d
VARIANT_BOOL * ByRef Boolean VariantBool boolean b
void ** ByRef 14 n/a n

changeto Ul4 post Beta Add MashalAs attrib
1 post Beta 1

% If a coclass is used as a parameter type in a type library, the coclass's default interface is used in its

place. Inthistable, theinterface Classisassumed to be the default interface for the coclass MyClass.
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Is imported as the

Built-in Language

following Element With the following *
Thefollowing typelibrary type  Type MarshalAs Attribute  System Type VB Mgd C
HRESULT * ByRef 14 Error n/a unsign
change to U14 post Beta short
1
SCODE * ByRef 14 Error n/a unsign
change to U14 post Beta short
1
BSTR * ByRef STRING BStr System.String string n/a
LPSTR * ByRef STRING LPStr System.String string n/a
LPWSTR * ByRef STRING LPWStr System.String string n/a
VARIANT * ByRef OBJECT System.Object
DECIMAL * ByRef VALUETYPE System.Decimal
<System.Decimal>
DATE * ByRef VALUETYPE System.DateTime
<System.DateTime>
GUID * ByRef VALUETYPE System.Guid
<System.Guid>
CURRENCY * ByRef VALUETYPE System.Currency
<System.Currency>
IlUnknown ** ByRef OBJECT IUnknown System.Object
IDispatch ** ByRef OBJECT IDispatch System.Object
SAFEARRAY (type) * ByRef SAFEARRAY type[]
SZARRAY (type)
typedef BaseType MyType ByRef BaseType
MyStruct * ByRef VALUETYPE
<MyStruct>
MyEnum * ByRef VALUETYPE
<MyEnum>
Mylnterface ** ByRef CLASS Interface
<MyInterface>
MyCoClass * ByRef o CLASS Interface
< Class>

“ If a coclass is used as a parameter type in a type library, the coclass's default interface is used in its

place. Inthistable, theinterface Classisassumed to be the default interface for the coclass MyClass.



Annex L.

- 41 -

Normative: Default Marshalling - Managed to Unmanaged

The following Element
Type

With the following
M arshalAs Attribute

Is converted to the
following Type library

type

System Type

Built-in Language Typ

VB Mgd C++

Boolean VARIANT_BOOL System.Boolean boolean  bool
Boolean ‘ Bool boolean ] System.Boolean boolean bool
(Add post betal)
11 char System.SByte n/a byte
12 short System.Int16 short short
14 long System.Int32 integer long
18 hyper System.Int64 long __int64
ull unsigned char System.Byte byte byte
Ul2, CHAR unsigned short System.UInt16 n/a unsigned
System.Char short,
CHAR Char char System.Char n/a char
ul2 Error SCODE System.UInt16 n/a unsigned
short
ul4 unsigned long, System.UInt32 N/A unsigned
unsigned int long
ul4 Error SCODE n/a n/a
ul4 ‘ Void void * n/a n/a
(Add post beta 1)
ul8 unsigned hyper System.UInt64 N/A unsigned
__inté4
R4 single System.Single single float
R8 double System.Double double double
STRING BSTR System.String string n/a
STRING BStr BSTR System.String string n/a
STRING LPStr LPSTR System.String string n/a
STRING LPWStr LPWSTR System.String string n/a
OBJECT VARIANT System.Object
OBJECT Struct VARIANT System.Object
OBJECT LPStruct VARIANT * System.Object

> All entries in this column are from the System.Runtime.InteropServices.UnmanagedType enum. The
unmanaged type is supplied with the Marshal As attribute.

® Blanks in this column indicate that the language has no built-in type that maps to that type.

cases, the types from the BCL can be used directly.

In such

L
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The following Element  With the following °

Is converted to the
following Type library

Built-in Language Type®

Type MarshalAsAttribute  type System Type VB Mgd C++ C
OBJECT IUnknown IUnknown * System.Object
OBJECT IDispatch IDispatch * System.Object
VALUETYPE DECIMAL System.Decimal
<System.Decimal>
VALUETYPE DATE System.DateTime
<System.DateTime>
VALUETYPE GUID System.Guid
<System.Guid>
VALUETYPE CURRENCY System.Currency
<System.Currency>
SZARRAY (type) SAFEARRAY SAFEARRAY (type) typel]
BaseType typedef BaseType

MyType
VALUETYPE MyStruct
<MyStruct>
VALUETYPE MyEnum
<MyEnum>
CLASS Interface MyInterface
<MyInterface>
CLASS Interface _MyClass
<MyClass>
Reference Types
ByRef 14 | Void void * N/A Void ?
(Add post beta 1)
ByRef Boolean VARIANT_BOOL * System.Boolean boolean  bool b
ByRef Boolean ‘ Bool boolean System.Boolean boolean | bool b
(Add post beta 1)
ByRef 11 char * System.SByte boolean  byte S
ByRef 12 short * System.Int16 short short S
ByRef 14 long * System.Int32 integer long in
ByRef 18 hyper * System.Int64 long __int64 lo
ByRef Ul1 unsigned char * System.Byte byte byte b
ByRef ul2, unsigned short * System.UInt16 N/A unsigned u
ByRef CHAR short
ByRef CHAR Char char * System.Char N/A char c
ByRef 12 | Error SCODE * System.Int16 N/A short u

(not supported until
post betal)
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The following Element  With the following °

Is converted to the
following Type library

Built-in Language Typ

Type MarshalAs Attribute  type System Type VB Mgd C++

ByRef Ul4 unsigned long * System.UInt32 N/A unsigned
long

ByRef 14 Error HRESULT * System.UInt32 N/A unsigned
long

ByRef  UI8  (not ‘ unsigned hyper * System.UInt64 N/A unsigned

supported until post __int64

betal)

ByRef R4 single * System.Single single float

ByRef R8 double * System.Double double double

ByRef STRING BSTR * System.String string n/a

ByRef STRING BStr BSTR * System.String string n/a

ByRef STRING LPStr LPSTR * System.String string n/a

ByRef STRING LPWStr LPWSTR * System.String string n/a

ByRef OBJECT VARIANT * System.Object

ByRef OBJECT Struct VARIANT * System.Object

ByRef OBJECT [lUnknown IUnknown ** System.Object

ByRef OBJECT IDispatch IDispatch ** System.Object

ByRef VALUETYPE DECIMAL * System.Decimal

<System.Decimal>

ByRef VALUETYPE DATE * System.DateTime

<System.DateTime>

ByRef VALUETYPE GUID * System.Guid

<System.Guid>

ByRef VALUETYPE CURRENCY * System.Currency

<System.Currency>

ByRef SAFEARRAY SAFEARRAY (type) *  typell

SZARRAY (type)

ByRef BaseType typedef BaseType

MyType

ByRef VALUETYPE MyStruct *

<MyStruct>

ByRef VALUETYPE MyEnum *

<MyEnum>

ByRef CLASS Interface Mylnterface *

<MyInterface>

ByRef q CLASS Interface _MyClass *

<MyClass>

" If a coclass is used as a parameter type in a type library, the coclass's default interface is used in its
place. Inthistable, theinterface Classisassumed to be the default interface for the coclass MyCoClass.



- 44 -

Below is the list of possible values accepted by |ILASM for the .processor keyword.
These are defined in the Wndows WnNT. h header file. Note that |LASM does not
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Annex M. Informative: Metadata Validation Rules
To be supplied.

Annex N. Normative: Explicit Class Layout Rules
To be supplied.

Annex O. Informative: Class Library Design Guidelines
To be supplied.
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