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Annex A Scope

Annex B contains a number of sample programs written in CIL Assembly Language (ILAsm)

Annex C contains information about a particular implementation of an assembler, which
provides a superset of the functionality of the syntax described in Partition I1. It also provides a
machine-readable description of the CIL instruction set which may be used to derive parts of the
grammar used by this assembler as well as other tools that manipulate CIL.

Annex D contains a set of guidelines used in the design of the libraries of Partition 1V. The rules
are provided here since they have proven themselves effective in designing cross-language APIs.
They also serve as guidelines for those intending to supply additional functionality in away that
meshes seamlessly with the standardized libraries.
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Annex B Sample Programs

This chapter contains only informative text

This Annex shows several complete examples written using ilasm.

B.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.

.assenmbly extern mscorlib { }
.assenbly test.exe { }
.class EvenCdd
{ .method private static bool |sEven(int32 N) cil 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 EvenCdd::|sCdd(int32)
ret

} /1 end of method ‘ EvenQdd: :|sEven’

.nethod private static bool 1sQdd(int32 N) cil managed
{ . maxstack 2
/1 Denonstrates use of argunent nanes and | abels
/1 Notice that the assenbl er does not convert these
/] automatically to their short versions
I darg N
Idc.i4.0
bne. un NonZer o
ldc.i4.0
ret
NonZer o:
| darg N
ldc.i4.1
sub
tail.
call bool EvenQdd::|sEven(int32)
ret

} /1 end of method ‘EvenQdd: : | sCQdd’
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B.2.

.nmethod public static void Test(int32 N) ci

{ . maxstack

I darg

cal |

| dstr

call

I darg

cal |

brfal se

I dstr

Print:

call

ret

LoadCdd:

I dstr
br

1
N

voi d [nmscorlib] System Consol e: :

is "

voi d [nmscorlib] System Consol e: :

N

bool EvenQdd:

LoadCdd

"even"

voi d [nmscorlib] System Consol e: :

"odd"
Print

-4 -

s 1 sEven(int 32)

} /1 end of method ‘ EvenQdd: : Test’
} /1 end of class ‘EvenQdd’

/1 d obal nethod

.nmethod public static void main() cil nmanaged

{

} /1 end of gl obal

The following program shows how rational humbers can be implemented using value types.

.assenmbly extern nmscorlib { }

.entrypoint
. maxst ack
Idc.i4.5
call
ldc.i4.2
cal |

Idc.i4

call

ldc.i4

cal |

ret

voi d EvenCdd:

voi d Even(dd:

100

voi d EvenCdd:

1000001

voi d Even(dd:

Using Value Types

.assenbly rational.exe { }

.class private seal ed Rational

{

: Test (i nt32)

: Test (i nt32)

: Test (i nt32)

: Test (i nt32)

met hod ‘ mai n’

i mpl enents [nscorlib] System | Conpar abl e

.field public int32 Nurerator

.field public int32 Denom nator

managed

Wite(int32)

Wite(string)

Wi teLi ne(string)

extends [nscorlib] System Val ueType
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.method virtual public int32 ConpareTo(object 0)

/1 1 npl enents | Conparabl e: : Conpar eTo( Obj ect)

{ Idarg.0 /1 ‘this’ as a managed pointer
Idfld int32 value class Rational::Nunerator
I darg. 1 /1 0o’ as an object
unbox val ue cl ass Rational
I dfld int32 value class Rational:: Nunerator
beq.s TryDenom
Idc.i4.0
ret

TryDenom

I darg. 0 /1 ‘this’ as a managed pointer
I dfId int32 val ue class Rational::Denon nat or
I darg. 1 /1 ‘0o’ as an object
unbox val ue cl ass Rati onal
Idfld int32 class Rational::Denoni nator
ceq

ret

.method virtual public string ToString()
/1 1mplenents Object::ToString
{ .locals init (class [nscorlib]System Text. StringBuil der SB,
string S, object N, object D
newobj void [mscorlib] System Text. StringBuilder::.ctor()
stloc.s SB
Idstr "The value is: {0}/{1}"
stloc.s S
I darg. 0 /1 Managed pointer to self
dup
I dfld int32 value class Rational::Nunerator
box [nscorlib] System | nt 32
stloc.s N
I dfId int32 val ue class Rational :: Denoni nat or
box [nmscorlib] System | nt 32
stloc.s D
Idloc.s SB
Idloc.s S
Idloc.s N
Idloc.s D
call instance class [nscorlib] System Text. StringBuil der
[mscorlib] System Text. StringBuil der:: AppendFor mat (string,
obj ect, object)
callvirt instance string [nscorlib]System Object::ToString()

ret
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.nmethod public value class Rational Ml (value class Rational)

{
.locals init (value class Rational Result)
| dl oca.s Result
dup
| darg. 0 /1 ‘this’
I dfld int32 value class Rational:: Nunerator
| darga. s 1 /] arg
I dfId int32 value class Rational::Nunerator
m

stfld int32 val ue class Rational::Nunerator

I darg. 0 /1 this

Idfld int32 val ue class Rational::Denoni nator

| darga. s 1 Il arg

Idfld i nt32 val ue cl ass Rational::Denoni nat or

mu

stfld int32 val ue cl ass Rational:: Denom nator

Idloc.s Result

ret

.nmethod static void nain()

.entrypoint

.locals init (value class Rationa
val ue cl ass Rationa
val ue class Rationa

object H, object T)

Hal f,
Third
Tenporary,

/1 Initialize Half, Third, H and T

I dloca.s Half
dup
ldc.i4.1

stfld int32 val ue cl ass Rational

ldc.i4.2

> Nurrer at or

stfld int32 value class Rational::Denon nator

Idloca.s Third
dup
ldc.id. 1

stfld int32 value class Rational

ldc.i4.3

stfld int32 val ue cl ass Rational

I dloc.s Half

box val ue class Rationa
stloc.s H

Idloc.s Third

box val ue class Rationa

> Nurer at or

: Denomi nat or
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stloc.s T

/1 WiteLine(H. | Conparabl e:: ConpareTo(H))

[/ Call ConpareTo via interface using boxed instance
I dloc H

dup

callvirt int32 [nscorlib] System | Conpar abl e: : Conpar eTo( obj ect)
call void [nscorlib] System Consol e:: WiteLine(bool)
/1 WiteLine(Hal f.ConpareTo(T))

/1 Call ConpareTo via value type directly

| dl oca.s Hal f

ldloc T

call instance int32

val ue class Rational:: ConpareTo(obj ect)

call void [mscorlib] System Consol e: : Wi teLine(bool)
/1 WiteLine(Half.ToString())

/] Call virtual method via value type directly

| dl oca.s Hal f

call instance string class Rational::ToString()

call void [nscorlib] System Consol e:: WiteLine(string)
/1 WiteLine(T. ToString)

/1 Call virtual method inherited from Cbject, via boxed instance

ldloc T
callvirt string [nscorlib] System Qbject::ToString()
call void [nscorlib] System Consol e:: WitelLine(string)
/1 WiteLine((Half.Ml(T)).ToString())
/1 Mul is called on two value types, returning a val ue 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
/1 a nanaged pointer (address)
| dloca.s Half
Idloc.s Third
call instance value class Rationa
Rational : : Mul (val ue cl ass Rational)
stloc.s Tenporary
I dl oca. s Tenporary
call instance string Rational::ToString()
call void [mscorlib] System Consol e: : WiteLine(string)

ret
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Annex CCIL Assembler Implementation

This chapter contains only informative text

C.1.

This section provides information about a particular assembler for CIL, called ILASM. It
supports a superset of the syntax defined normatively in Partition |1, and provides a concrete
syntax for the CIL instructions specified in Partition I11.

Even for those who have no interest in this particular assembler, Section C.1 and Section 0 may
prove of interest. The former is a machine-readable file (ready for input to a C or C++
preprocessor) that partialy describes the CIL instructions. It can be used to generate tables for
use by awide variety of toolsthat dea with CIL. The latter contains a concrete syntax for CIL
instructions, which is not described elsewhere.

ILAsm Keywords

This Section provides a complete list of the keywords used by ILASM. If users wish to use any
of these as simple identifiers within programs they just make use of the appropriate escape
notation (single or double quotation marks as specified in the grammar). This assembler is case-
sensitive.
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#line .pdirect beq brzero
.addon .permission beg.s brzero.s
.assembly .permissionset bge bstr

.cctor .property bges bytearray
.class .publickey bge.un byvalstr
.corflags .publickeytoken bge.un.s cal

.ctor .removeon bgt calli
.custom .set bot.s callmostderived
.data Size bgt.un calvirt
.emitbyte .Subsystem bgt.un.s carray
.entrypoint try ble castclass
.event ver bles catch
.export vtable ble.un cdecl

field vientry ble.un.s ceq

file vifixup blob cf

fire .zeroinit blob_object cgt

.get ATHE_END* bit cgt.un
.hash abstract blt.s char
.Imagebase add bit.un cil

.import add.ovf bit.un.s ckfinite
Janguage add.ovf.un bne.un class

line algorithm bne.un.s clsid
Jocae alignment bool clt
Jocalized and box clt.un
Jocals ansi br const
.manifestres any br.s conv.i
.maxstack arglist break conv.il
.method array brfalse conv.i2
.module as brfalse.s conv.i4
.mresource assembly brinst conv.i8
.namespace assert brinst.s conv.ovf.i
.other at brnull conv.ovf.i.un
.override auto brnull.s conv.ovf.il
.pack autochar brtrue conv.ovf.il.un
param beforefieldinit brtrue.s conv.ovf.i2
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conv.ovf.i2.un dup implicitcom Idc.i4.4
conv.ovf.i4 endfault implicitres Idc.i4.5
conv.ovf.id.un endfilter import Idc.i4.6
conv.ovf.i8 endfinally in Idc.i4.7
conv.ovf.i8.un endmac inheritcheck ldc.i4.8
conv.ovf.u enum init ldc.i4a.M1
conv.ovf.u.un error initblk ldc.i4.ml
conv.ovf.ul explicit initobj Idc.id.s
conv.ovf.ul.un extends initonly Idc.i8
conv.ovf.u2 extern instance ldc.r4
conv.ovf.u2.un false int Idc.r8
conv.ovf.u4 famandassem int16 [delem.i
conv.ovf.ud.un family int32 Idelem.il
conv.ovf.u8 famorassem int64 Idelem.i2
conv.ovf.u8.un fastcall int8 Idelem.i4
conv.r.un fastcall interface Idelem.i8
conv.r4 fault internalcall Idelem.r4
conv.r8 field isinst Idelem.r8
conv.u filetime iunknown [delem.ref
conv.ul filter jmp Idelem.ul
conv.u2 final lasterr Idelem.u2
conv.u4 finaly Icid Idelem.ud
conv.u8 fixed Idarg Idelem.u8
cpblk float Idarg.0 Idelema
cpobj float32 Idarg.1 [dfld
currency float64 Idarg.2 [dflda
custom forwardref Idarg.3 [dftn

date fromunmanaged Idarg.s Idind.i
decimal handler Idarga Idind.il
default hidebysig Idarga.s Idind.i2
default hresult ldc.i4 ldind.i4
demand idispatch Idc.i4.0 Idind.i8
deny il Idc.i4.1 Idind.r4
div illegal ldc.i4.2 ldind.r8
div.un implements Idc.i4.3 Idind.ref
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Idind.ul modreq pop sequential
Idind.u2 mul prefix1 seriadlizable
Idind.u4 mul.ovf prefix2 shl
Idind.u8 mul.ovf.un prefix3 shr

Idlen native prefix4 shr.un
Idloc neg prefix5 sizeof
Idloc.0 nested prefix6 special
Idloc.1 newarr prefix7 specialname
Idloc.2 newobj prefixref starg
Idloc.3 newslot prejitdeny starg.s
Idloc.s noappdomain prejitgrant static
Idloca noinlining preservesig stdcall
Idlocas nomachine private stdcall
Idnull nomangle privatescope stelem.i
Idobj nometadata protected stelem.il
Idsfld noncasdemand public stelem.i2
|dsflda noncasinheritance readonly stelem.i4
Idstr noncaslinkdemand record stelem.i8
|dtoken nop refany stelem.r4
Idvirtftn noprocess refanytype stelem.r8
leave not refanyval stelem.ref
leave.s not_in_gc_heap rem stfld
linkcheck notremotable rem.un stind.i
literal notserialized regmin stind.il
localloc null reqopt stind.i2
|pstr nullref regrefuse stind.i4
|pstruct object regsecobj stind.i8
Iptstr objectref request stind.r4
Ipvoid opt ret stind.r8

I pwstr optil rethrow stind.ref
managed or retval stloc
marshal out rtspecialname stloc.0
method permitonly runtime stloc.1
mkrefany pinned safearray stloc.2
modopt pinvokeimpl sealed stloc.3
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stloc.s

vararg

stobj

variant

storage

vector

stored_object

virtua

stream

void

streamed_object

volatile.

string

wchar

struct

winapi

stsfld

with

sub

wrapper

sub.ovf

Xor

sub.ovf.un

switch

synchronized

syschar

sysstring

tail.

thstr

thiscall

thiscall

throw

tls

to

true

typedref

unaligned.

unbox

unicode

unmanaged

unmanagedexp

unsigned

unused

userdefined

value

valuetype
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CIL Opcode Descriptions

This Section contains text, which isintended for use with the C or C++ preprocessor. By
appropriately defining the macros oPDEF and OPALI AS before including this text, it is possible to
use this to produce tables or code for handling CIL instructions.

The oPDEF macro is passed 10 arguments, in the following order:

1. A symbolic name for the opcode, beginning with CEE_

2. A string that constitutes the name of the opcode and corresponds to the names given
in Partition I11.

3. Dataremoved from the stack to compute this operations result. The possible values
here are the following:

a

b
c
d.
e

g.

Pop0 - no inputs

Pop1l - one value type specified by data flow

Pop1+Popl - two input values, types specified by data flow
Popl - one machine-sized integer

Popl+Pop1l - Top of stack is described by data flow, next item is a native
pointer

Popl+Popl - Top two items on stack are integers (size may vary by instruction)
Popl +Popl+Popl - Top three items on stack are machine-sized integers
Popl8+Pop8 - Top of stack is an 8-byte integer, next is a native pointer

Popl+PopR4 - Top of stack is a 4-byte floating point number, next is a native
pointer

Popl+PopR8 - Top of stack is an 8-byte floating point number, next is a native
pointer

PopRef - Top of stack is an object reference

PopRef+Popl - Top of stack is an integer (size may vary by instruction), next
is an object reference

PopRef+Popl+Popl - Top of stack has two integers (size may vary by
instruction), next is an object reference

PopRef+Popl+Popl8 - Top of stack is an 8-byte integer, then a native-sized
integer, then an object reference

PopRef+Popl+PopR4 - Top of stack is an 4-byte floating point number, then a
native-sized integer, then an object reference

PopRef+Popl+PopR8 - Top of stack is an 8-byte floating point number, then a
native-sized integer, then an object reference

VarPop - variable number of items used, see Partition 111 for details

4.  Amount and type of data pushed as aresult of the instruction. The possible values
here are the following:

a

b
C.
d.
e
f

PushO - no output value

Pushl - one output value, type defined by data flow.
Push1+Pushl - two output values, type defined by data flow
Pushl - push one native integer or pointer

PushlI8 - push one 8-byte integer

PushR4 - push one 4-byte floating point number




O N Ooh W N

B
= O

e
w N

e e e
o N o g N

N =
o ©

NN
N -

N
w

N N
[N

N NN
o N O

W N
o ©

bbbwwwwwgwww
N P O © 0 N O O w N P

g.
h.

- 15 -
PushR8 - push one 8-byte floating point number

PushRef - push one object reference

VarPush - variable number of items pushed, see Partition |1l for details

5.  Type of in-line argument to instruction. The in-line argument is stored with least
significant byte first (“little endian”). The possible values here are the following:

a

p.
g.

InlineBrTarget - Branch target, represented as a 4-byte signed integer from the
beginning of the instruction following the current instruction.

InlineField - Metadata token (4 bytes) representing a FieldRef (i.e. a
MemberRef to afield) or FieldDef

Inlinel - 4-byte integer
Inlinel 8 - 8-byte integer

InlineMethod - Metadata token (4 bytes) representing a MethodRef (i.e. a
MemberRef to a method) or MethodDef

InlineNone - No in-line argument

InlineR - 8-byte floating point number

InlineSig - Metadata token (4 bytes) representing a standalone signature
InlineString - Metadata token (4 bytes) representing a UserString
InlineSwitch - Special for the switch instructions, see Partition |1l for details

InlineTok - Arbitrary metadata token (4 bytes) , used for Idtoken instruction,
see Partition |11 for details

InlineType - Metadata token (4 bytes) representing a TypeDef, TypeRef, or
TypeSpec

InlineVar - 2-byte integer representing an argument or local variable

ShortlnlineBrTarget - Short branch target, represented as 1 signed byte from
the beginning of the instruction following the current instruction.

Shortlnlinel - 1-byte integer, signed or unsigned depending on instruction
ShortlnlineR - 4-byte floating point number

ShortlnlineVar - 1-byte integer representing an argument or local variable

6. Type of opcode. The current classification is of no current value, but is retained for
historical reasons.

Number of bytes for the opcode. Currently 1 or 2, can be 4 in future

8.  First byte of two byte encoding, or OxFF if single byte instruction.

One byte encoding, or second byte of two-byte encoding.

10. Control flow implications of instruction. The possible values here are the following:

a
b
C.
d
e
f.

g.

BRANCH - unconditional branch

CALL - method call

COND_BRANCH - conditional branch

META - unused operation or prefix code
NEXT - control flow unaltered (“fall through”)
RETURN - return from method

THROW - throw or rethrow an exception

The oPALI AS macro takes three arguments:
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1. A symbolic name for a“new instruction” which is simply an alias (renaming for the
assembler) of an existing instruction.

2. A string name for the “new instruction.”

3. The symbolic name for an instruction introduced using the oPDEF macro. The “new
instruction” isreally just an alternative name for this instruction.

#i f ndef __OPCODE_DEF_
#define __ OPCODE_DEF_

#defi ne MOOT
#defi ne STP1

0x00
OxXFE

#def i ne REFPRE OxFF

/1 Marks unused second byte when encodi ng single
/1 Prefix code 1 for Standard Map
/1 Prefix for Reference Code Encodi ng

#def i ne RESERVED_PREFI X_START OxF7

#endi f

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

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

| b b

/1 the encoding is two bytes.

e 'y y

I/

n t t

I

g e e

I/

(unused) t

/1 Canoni cal Name String Nane St ack Behavi our
Oper and Par ans Opcode Ki nd h 1 2 Control Flow

N e e e
OPDEF( CEE_NOP, "nop", PopO,

PushO, I nl'i neNone, IPrimtive, 1, OxFF, 0x00, NEXT)
OPDEF( CEE_BREAK, "break", PopoO,

PushO, I nl'i neNone, IPrimtive, 1, OxFF, 0x01, BREAK)
OPDEF( CEE_LDARG 0, "l darg. 0", PopO,

Pushil, I nl'i neNone, | Macr o, 1, OxFF, 0x02, NEXT)
OPDEF( CEE_LDARG 1, "l darg. 1", PopO,

Pushil, I nl'i neNone, | Macr o, 1, OxFF, 0x03, NEXT)
OPDEF( CEE_LDARG 2, "l darg. 2", PopO,

Pushil, I nl'i neNone, | Macr o, 1, OxFF, 0x04, NEXT)
OPDEF( CEE_LDARG 3, "l darg. 3", PopO,

Pushil, I nl'i neNone, | Macr o, 1, OxFF, 0x05, NEXT)
OPDEF( CEE_LDLCC 0, "l dloc. 0", PopO,

Pushil, I nl'i neNone, | Macr o, 1, OxFF, 0x06, NEXT)
OPDEF( CEE_LDLOC 1, "ldloc.1", PopO,

Pushil, I nl'i neNone, | Macr o, 1, OxFF, 0x07, NEXT)
OPDEF( CEE_LDLCC 2, "l dloc. 2", PopO,

Pushi, I nl'i neNone, | Macr o, 1, OxFF, 0x08, NEXT)
OPDEF( CEE_LDLOC 3, "ldloc. 3", PopO,

Pushil, I nl'i neNone, | Macr o, 1, OxFF, 0x09, NEXT)
OPDEF( CEE_STLCC 0, "stloc.0", Pop1,

Pusho, I nl'i neNone, | Macr o, 1, OxFF, 0x0A, NEXT)
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OPDEF( CEE_STLCC 1,
PushO, I nl'i neNone,

OPDEF( CEE_STLCC 2,
PushoO, I nl i neNone,

OPDEF( CEE_STLCC 3,
PushO, I nl'i neNone,

OPDEF( CEE_LDARG S,
Pushi,

OPDEF( CEE_LDARGA_S,
Pushl ,

OPDEF( CEE_STARG S,
PushoO,

OPDEF( CEE_LDLOC S,
Pushil,

OPDEF( CEE_LDLOCA_S,
Pushl ,

OPDEF( CEE_STLOC S,
PushO,

OPDEF( CEE_LDNULL,
PushRef , I nl'i neNone,

OPDEF( CEE_LDC | 4_M,
Pushl , I nl'i neNone,

OPDEF(CEE_LDC |1 4_0,
Pushl , I nl'i neNone,

OPDEF(CEE_LDC 14_1,
Pushl , I nl'i neNone,

OPDEF(CEE_LDC 14_2,
Pushl , I nl'i neNone,

OPDEF( CEE_LDC |4_3,
Pushl , I nl'i neNone,

OPDEF(CEE_LDC | 4_4,
Pushl , I nl'i neNone,

OPDEF( CEE_LDC 14_5,
Pushl , I nl'i neNone,

OPDEF(CEE_LDC | 4_6,
Pushl , I nl'i neNone,

OPDEF(CEE_LDC 14_7,
Pushl , I nl'i neNone,

OPDEF( CEE_LDC | 4_8,
Pushl , I nl'i neNone,

OPDEF(CEE_LDC 14_S,
Pushl , ShortlInlinel,

OPDEF( CEE_LDC | 4,
Pushl , Inlinel,

OPDEF( CEE_LDC | 8,
Pushl 8, Inlinel8,

OPDEF( CEE_LDC R4,
PushR4, ShortlnlineR,

OPDEF( CEE_LDC_R8,
PushR8, InlineR,

OPDEF( CEE_UNUSED49,
PushO, I nl'i neNone,

OPDEF( CEE_DUP,
Push1+Pushl, |nlineNone,

OPDEF( CEE_PCP,
PushO, I nl'i neNone,

ShortlInlineVar,

ShortlnlineVar,

ShortlnlineVar,

ShortlnlineVar,

ShortlnlineVar,

ShortlnlineVar,
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"stloc.1",
| Macr o, 1,

"stloc.2",
| Macr o, 1,

"stloc.3",
| Macr o, 1,

"l darg.s",
| Macr o, 1,

"| darga. s",
| Macr o, 1,

"starg.s",
| Macr o, 1,

"lIdloc.s",
| Macr o, 1,

"l dl oca. s",
| Macr o, 1,

"stloc.s",
| Macr o, 1,

"I dnul "
IPrimtive,

"ldc.id4.
| Macr o,

"ldc.i4.
| Macr o,

"ldc.id4.
| Macr o,

"ldc.i4.
| Macr o,

"ldc.id4.
| Macr o,

"ldc.i4.
| Macr o,

"ldc.id4.
| Macr o,

"ldc.i4.
| Macr o,

"ldc.id4.
| Macr o,

"ldc.i4.
| Macr o,

"ldc.id.s
| Macr o, 1,

“ldc.id4",
IPrimtive, 1,

"ldc.i8",
IPrimtive, 1,

"ldc.r4",
IPrimtive, 1,

"ldc.r8",
IPrimtive, 1,

! ! ! ! ! ! ! ! ! =

P® RPN PO PO PR PW PN PR PO P

"unused",
IPrimtive, 1,

" dup",
IPrimtive, 1,

PO,
IPrimtive, 1,

2

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

Pop1l,
0x0B,

Pop1l,
0x0C,

Pop1l,
0x0D,

PopO,
O0xOE,

PopO,
O0xOF,

Pop1l,
0x10,

PopO,
0x11,

PopO,
0x12,

Pop1l,
0x13,

PopO,
0x14,

PopO,
0x15,

PopO,
0x16,

PopO,
0x17,

PopO,
0x18,

PopO,
0x19,

PopO,
Ox1A,

PopO,
0x1B,

PopO,
0x1C,

PopO,
0x1D,

PopO,
OXx1E,

PopO,
Ox1F,

PopO,
0x20,

PopO,
0x21,

PopO,
0x22,

PopO,
0x23,

0x24,

Pop1l,
0x25,

Pop1l,
0x26,

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

PopO,

NEXT)

NEXT)

NEXT)
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OPDEF( CEE_JMP,
PushO,

OPDEF( CEE_CALL,
Var Push,

OPDEF( CEE_CALLI ,

I nli neMet hod,

I nl i neMet hod,
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S
IPrimtive, 1,
"call",
IPrimtive, 1,

"calli",
IPrimtive, 1,

Var Push, InlineSig,

OPDEF( CEE_RET,

PushO, I nl'i neNone,

OPDEF( CEE_BR_S,

PushO, ShortlnlineBrTarget,
OPDEF( CEE_BRFALSE_S,

PushO, ShortlnlineBrTarget,
OPDEF( CEE_BRTRUE_S,

PushoO,

ShortlnlineBrTarget,

OPDEF( CEE_BEQ S,
PushoO,

OPDEF( CEE_BCE_S,
PushO,

OPDEF( CEE_BGT_S,
PushoO,

OPDEF( CEE_BLE_S,
PushO,

OPDEF( CEE_BLT_S,

ShortlnlineBrTarget,

ShortlnlineBrTarget,
Short | nlineBrTarget,

Short | nlineBrTarget,

Pusho,

OPDEF( CEE_

PushO,

OPDEF( CEE_

Pusho,

OPDEF( CEE_

PushO,

OPDEF( CEE_

Pusho,

OPDEF( CEE_

PushO,

OPDEF( CEE_

Pusho,

OPDEF( CEE_

PushO,

OPDEF( CEE_

Pusho,

ShortlnlineBrTarget,

BNE_UN_S,

Short | nlineBrTarget,

BGE_UN_S,

ShortlnlineBrTarget,

BGT_UN_S,
Short I nl

BLE_UN_S,
Short I nl

BLT_UN_S,

Short | nlineBrTarget,

BR,

I nlineBrTarget,

BRFALSE,

I nl'ineBrTarget,

BRTRUE,

I nlineBrTarget,

neBr Tar get ,

neBr Tar get,

OPDEF( CEE_BEQ
PushO, I nl

OPDEF( CEE_BGE,
PushO, I nl

OPDEF( CEE_BGT,
PushoO, I nl

OPDEF( CEE_BLE,
PushO, I nl

OPDEF( CEE_BLT,

neBr Tar get ,

neBr Tar get,

neBr Tar get,

neBr Tar get ,

PushoO,

OPDEF( CEE_

PushO,

OPDEF( CEE_

PushoO,

OPDEF( CEE_

PushO,

I nlineBrTarget,

BNE_UN,

I nlineBrTarget,

BGE_UN,

I nlineBrTarget,

BGT_UN,

I nlineBrTarget,

"ret",

IPrimtive, 1
"br.s",

| Macr o, 1
"brfal se.s",

| Macr o, 1,
"brtrue.s"

| Macr o, 1
"beq. s",

| Macr o, 1,
"bge. s",

| Macr o, 1
"bgt.s",

| Macr o, 1,
"ble.s",

| Macr o, 1
"blt.s",

| Macr o, 1,
"bne. un. s"

| Macr o, 1
"bge. un. s"

| Macr o, 1,
"bgt. un.s"

| Macr o, 1
"ble.un.s"

| Macr o, 1,
"blt.un.s"

| Macr o, 1
“br*,

IPrimtive, 1
"brfal se",

IPrimtive, 1
“brtrue",

IPrimtive, 1
"beq",

| Macr o, 1,
"bge",

| Macr o, 1,
"bgt",

| Macr o, 1,
"bl e",

| Macr o, 1
"blt",

| Macr o, 1,
"bne. un",

| Macr o, 1
"bge. un",

| Macr o, 1,
"bgt.un",

| Macr o, 1

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

PopO,
0x27,

Var Pop,
0x28,

Var Pop,
0x29,

Var Pop,
0x2A,

PopO,
0x2B,

Popl ,
0x2C,

Popl ,
0x2D,

Popl+Popl,
0x2E,

Popl+Popl,
O0x2F,

Popl+Popl,
0x30,

Popl+Popl,
0x31,

Popl+Pop1l,
0x32,

Popl+Popl,
0x33,

Popl+Popl,
0x34,

Popl+Popl,
0x35,

Popl+Popl,
0x36,

Popl+Popl,
0x37,

PopO,
0x38,

Popl ,
0x39,

Popl ,
0x3A,

Popl+Popl,
0x3B,

Popl+Popl,
0x3C,

Popl+Popl,
0x3D,

Popl+Popl,
O0x3E,

Popl+Popl,
O0x3F,

Popl+Popl,
0x40,

Popl+Popl,
0x41,

Popl+Popl,
0x42,

CALL)

CALL)

CALL)

RETURN)

BRANCH)

COND_BRANCH)

COND_BRANCH)

COND_BRANCH)

COND_BRANCH)

COND_BRANCH)

COND_BRANCH)

COND_BRANCH)

COND_BRANCH)

COND_BRANCH)

COND_BRANCH)

COND_BRANCH)

COND_BRANCH)

BRANCH)

COND_BRANCH)

COND_BRANCH)

COND_BRANCH)

COND_BRANCH)

COND_BRANCH)

COND_BRANCH)

COND_BRANCH)

COND_BRANCH)

COND_BRANCH)

COND_BRANCH)
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OPDEF( CEE_BLE_UN,

PushO, I nlineBrTarget,

OPDEF( CEE_BLT_UN,

PushO, I nlineBrTarget,

OPDEF( CEE_SW TCH,

PushO, InlineSwitch,

OPDEF( CEE_LDI ND_1I 1,
Pushl , I nl i neNone,

OPDEF( CEE_LDI ND_U1,
Pushl , I nl'i neNone,

OPDEF( CEE_LDI ND_1I 2,
Pushl , I nl i neNone,

OPDEF( CEE_LDI ND_U2,
Pushl , I nl'i neNone,

OPDEF( CEE_LDI ND_| 4,
Pushl , I nli neNone,

OPDEF( CEE_LDI ND_U4,
Pushl , I nl'i neNone,

OPDEF( CEE_LDI ND_1 8,
Pushl 8, I nl'i neNone,

OPDEF( CEE_LDI ND_I,
Pushl , I nl'i neNone,

OPDEF( CEE_LDI ND_R4,
PushR4, I nl'i neNone,

OPDEF( CEE_LDI ND_R8,
PushRs8, I nl'i neNone,

OPDEF( CEE_LDI ND_REF,
PushRef , I nl'i neNone,

OPDEF( CEE_STI ND_REF,

PushO, I nl'i neNone,
OPDEF( CEE_STIND_I 1,
PushO, I nl'i neNone,
OPDEF( CEE_STI ND_|I 2,
PushO, I nl'i neNone,
OPDEF( CEE_STI ND_1I 4,
PushO, I nl'i neNone,
OPDEF( CEE_STI ND _I 8,
PushO, I nl'i neNone,
OPDEF( CEE_STI ND_R4,
PushO, I nl'i neNone,
OPDEF( CEE_STI ND_R8,
PushO, I nl'i neNone,
OPDEF( CEE_ADD,

Pushi, I nl'i neNone,
OPDEF( CEE_SUB,

Pushi, I nl'i neNone,
OPDEF( CEE_MUL,

Pushil, I nl'i neNone,
OPDEF( CEE_DI V,

Pushi, I nl'i neNone,
OPDEF( CEE_DI V_UN,

Pushil, I nl'i neNone,
OPDEF( CEE_REM

Pushi, I nl'i neNone,
OPDEF( CEE_REM UN,

Pushil, I nl'i neNone,
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"bl e.un",
| Macr o, 1,

"blt.un",
| Macr o, 1,
"switch",
IPrimtive, 1,
"ldind.i1",
IPrimtive, 1,
"I di nd. ul",
IPrimtive, 1,
"l dind.i2",
IPrimtive, 1,
"I di nd. u2",
IPrimtive, 1,
"l dind.i4",
IPrimtive, 1,
"I di nd. ug",
IPrimtive, 1,
"l dind.i8",
IPrimtive, 1,

“ldind.i",
IPrimtive, 1,

"l dind.r4",
IPrimtive, 1,

"Idind. r8",
IPrimtive, 1,

"“ldind. ref"

IPrimtive, 1,

"stind.
IPrimtive,

bl

"stind.
IPrimitive,

"stind.
IPrimtive,

"stind.
IPrimitive,

"stind.
IPrimtive,

"stind.
IPrimitive,

-

"stind.
IPrimtive,

"add",
IPrimtive, 1,

_‘
PO PR PO RPA BN PR PO

"sub",
IPrimtive, 1,
“mul ",
IPrimtive, 1,
"di v,
IPrimtive, 1,
"div.un",
IPrimtive, 1,
"rent,
IPrimtive, 1,

"remun",
IPrimtive, 1,

—

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

Popl+Popl,

0x43, COND_BRANCH)
Popl+Popl,

0x44, COND_BRANCH)
Popl ,

0x45, COND_BRANCH)
Popl ,

0x46, NEXT)
Popl ,

0x47, NEXT)
Popl ,

0x48, NEXT)
Popl ,

0x49, NEXT)
Popl ,

Ox4A, NEXT)
Popl ,

0x4B, NEXT)
Popl ,

0x4C, NEXT)
Popl ,

0x4D, NEXT)
Popl ,

Ox4E, NEXT)
Popl ,

Ox4F, NEXT)
Popl ,

0x50, NEXT)
Popl +Popl ,

0x51, NEXT)
Popl +Popl ,

0x52, NEXT)
Popl +Popl ,

0x53, NEXT)
Popl +Popl ,

0x54, NEXT)
Popl +Popl 8,

0x55, NEXT)
Popl +PopR4,

0x56, NEXT)
Popl +PopR8,

0x57, NEXT)
Popl+Popl,

0x58, NEXT)
Popl+Popl,

0x59, NEXT)
Popl+Popl,

Ox5A, NEXT)
Popl+Popl,

0x5B, NEXT)
Popl+Popl,

0x5C, NEXT)
Popl+Popl,

0x5D, NEXT)
Popl+Popl,

OX5E, NEXT)
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OPDEF( CEE_AND
Pushil, I nl'i neNone,

OPDEF( CEE_OR,
Pushi, I nl i neNone,

OPDEF( CEE_XOR,
Pushil, I nl'i neNone,

OPDEF( CEE_SHL,
Pushi, I nl i neNone,

OPDEF( CEE_SHR
Pushil, I nl'i neNone,

OPDEF( CEE_SHR_UN,
Pushi, I nl i neNone,

OPDEF( CEE_NEG,
Pushil, I nl'i neNone,

OPDEF( CEE_NOT,
Pushi, I nli neNone,

OPDEF( CEE_CONV_I 1,
Pushl , I nl'i neNone,

OPDEF( CEE_CONV_|I 2,
Pushl , I nl'i neNone,

OPDEF( CEE_CONV_| 4,
Pushl , I nl'i neNone,

OPDEF( CEE_CONV_I 8,
Pushl 8, I nl'i neNone,

OPDEF( CEE_CONV_R4,
PushR4, I nl'i neNone,

OPDEF( CEE_CONV_RS8,
PushR8, I nl'i neNone,

OPDEF( CEE_CONV_WA4,
Pushl , I nl'i neNone,

OPDEF( CEE_CONV_U8,
Pushl 8, I nl'i neNone,

OPDEF( CEE_CALLVI RT,
Var Push,

OPDEF( CEE_CPOBJ,

Pusho, I nlineType,
OPDEF( CEE_LDOBJ,

Pushil, I nl'ineType,
OPDEF( CEE_LDSTR,

PushRef , InlineString,
OPDEF( CEE_NEWOBJ,

PushRef , I nl i neMet hod,

OPDEF( CEE_CASTCLASS,
PushRef , I nlineType,

OPDEF( CEE_| SI NST,
Pushl , I nl'ineType,

OPDEF( CEE_CONV_R_UN,
PushR8, I nl'i neNone,

OPDEF( CEE_UNUSEDS58,
PushoO, I nl'i neNone,

OPDEF( CEE_UNUSEDL,
PushO, I nl'i neNone,

OPDEF( CEE_UNBOX,
Pushl , I nl'ineType,

OPDEF( CEE_THROW
PushO, I nl'i neNone,

I nl i neMet hod,
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"and",
IPrimtive, 1,
"or,
IPrimtive, 1,
"xor",
IPrimtive, 1,

"shi ",
IPrimtive, 1,

"shr",
IPrimtive, 1,

"shr.un",
IPrimtive, 1,

"neg",
IPrimtive, 1,

"not ",
IPrimtive, 1,

"conv.il",
IPrimtive, 1,

"conv.i2",
IPrimtive, 1,

"conv.i4",
IPrimtive, 1,

“conv.i 8",
IPrimtive, 1,

"conv.r4",
IPrimtive, 1,

"conv.r8",
IPrimtive, 1,

"conv. u4",
IPrimtive, 1,

"conv. u8",
IPrimtive, 1,

"callvirt"

| Cbj Model , 1,
" cpobj ",

| Obj Model 1,
"1 dobj ",

| Cbj Model , 1,
“ldstr",

| Obj Model 1,
"newobj ",

| Cbj Model , 1,
"castcl ass"

| Obj Model 1,
"isinst",

| Cbj Model , 1,
"conv.r.un"

IPrimtive, 1,
"unused",

IPrimtive, 1,
"unused",

IPrimtive, 1,
"unbox",

IPrimtive, 1,
"throw',

| Obj Model 1,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

Popl+Popl,
Ox5F,

Popl+Popl,
0x60,

Popl+Popl,
0x61,

Popl+Popl,
0x62,

Popl+Popl,
0x63,

Popl+Popl,
0x64,

Pop1l,
0x65,

Pop1l,
0x66,

Pop1l,
0x67,

Pop1l,
0x68,

Pop1l,
0x69,

Popl,
OX6A,

Pop1l,
0x6B,

Popl,
0x6C,

Pop1l,
0x6D,

Popl,
OX6E,

Var Pop,
Ox6F,

Popl +Popl ,
0x70,

Popl ,
0x71,

PopO,
0x72,

Var Pop,
0x73,

PopRef,
0x74,

PopRef,
0x75,

Pop1l,
0x76,

PopO,
0x77,

PopO,
0x78,

PopRef,
0x79,

PopRef,
OX7A,

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

CALL)

NEXT)

NEXT)

NEXT)

CALL)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

THROW
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OPDEF( CEE_LDFLD,
Pushil, InlineField,

OPDEF( CEE_LDFLDA,
Pushl , InlineField,

OPDEF( CEE_STFLD,
PushO, InlineField,

OPDEF( CEE_LDSFLD,
Pushi, InlineField,

OPDEF( CEE_LDSFLDA,
Pushl , InlineField,

OPDEF( CEE_STSFLD,
PushoO, InlineField,

OPDEF( CEE_STOBJ,
PushO, I nlineType,

OPDEF( CEE_CONV_OVF_| 1_UN,
Pushl , I nli neNone,

OPDEF( CEE_CONV_OVF_| 2_UN,
Pushl , I nl'i neNone,

OPDEF( CEE_CONV_OVF_| 4_UN,
Pushl , I nl'i neNone,

OPDEF( CEE_CONV_OVF_| 8_UN,
Pushl 8, I nl'i neNone,

OPDEF( CEE_CONV_OVF_U1_UN,
Pushl , I nl'i neNone,

OPDEF( CEE_CONV_OVF_U2_UN,
Pushl , I nl'i neNone,

OPDEF( CEE_CONV_OVF_U4_UN,
Pushl , I nl'i neNone,

OPDEF( CEE_CONV_OVF_U8_UN,
Pushl 8, I nl'i neNone,

OPDEF( CEE_CONV_OVF_| _UN,
Pushl , I nl'i neNone,

OPDEF( CEE_CONV_OVF_U_UN,
Pushl , I nl'i neNone,

OPDEF( CEE_BOX,
PushRef, I nlineType,

OPDEF( CEE_NEWARR,
PushRef, I nl'ineType,

OPDEF( CEE_LDLEN,
Pushl , I nl'i neNone,

OPDEF( CEE_LDELEMA,
Pushl , I nl'ineType,

OPDEF( CEE_LDELEM | 1,
Pushl , I nl'i neNone,

OPDEF( CEE_LDELEM U1,
Pushl , I nl'i neNone,

OPDEF( CEE_LDELEM | 2,
Pushl , I nl'i neNone,

OPDEF( CEE_LDELEM U2,
Pushl , I nl'i neNone,

OPDEF( CEE_LDELEM | 4,
Pushl , I nl'i neNone,

OPDEF( CEE_LDELEM U4,
Pushl , I nl'i neNone,

OPDEF( CEE_LDELEM | 8,
Pushl 8, I nl'i neNone,
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"l dfld",

| Obj Model 1,
"l dfl da",

| Cbj Model , 1,
“stfld",

| Obj Model 1,
"ldsfld",

| Cbj Model , 1,
"l dsfl da",

| Obj Model 1,
"stsfld",

| Cbj Model , 1,
"stobj",

IPrimtive, 1,

"conv. ovf.
IPrimtive, 1,

"conv. ovf.
IPrimtive, 1,

"conv. ovf.
IPrimtive, 1,

"conv. ovf.
IPrimtive, 1,

“conv. ovf.
IPrimtive, 1,

"conv. ovf.
IPrimtive, 1,

“conv. ovf.
IPrimtive, 1,

"conv. ovf.
IPrimtive, 1,

“conv. ovf.
IPrimtive, 1,

"conv. ovf.
IPrimtive, 1,

"box",
IPrimtive, 1,

"newarr",
| Gbj Model 1,

“ldlen",
| Cbj Model , 1,

"I del ema",
| Cbj Model , 1,

"l del emi 1",

| Obj Model , 1,

"l del em ul",

| Obj Model , 1,

"l del emi 2",

| Obj Mbdel , 1,

"I del em u2",

| Obj Model , 1,

"l del emi 4",

| bj Model , 1,

"I del em u4",

| Obj Model , 1,

"l del emi 8",

| bj Model , 1,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

il.un",

OxFF,

i2.un",

OXFF,

i4.un",

OxFF,

i8.un",

OXFF,

ul.un",

OxFF,

uz2.un",

OXFF,

u4.un",

OxFF,

u8. un",

OXFF,

.un",

OxFF,

.un",

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

PopRef,

0x7B, NEXT)
PopRef,

0x7C, NEXT)
PopRef +Pop1,

0x7D, NEXT)
PopO,

Ox7E, NEXT)
PopO,

Ox7F, NEXT)
Pop1l,

0x80, NEXT)
Popl +Popl,

0x81, NEXT)
Pop1l,

0x82, NEXT)
Pop1l,

0x83, NEXT)
Pop1l,

0x84, NEXT)
Pop1l,

0x85, NEXT)
Popl,

0x86, NEXT)
Pop1l,

0x87, NEXT)
Popl,

0x88, NEXT)
Pop1l,

0x89, NEXT)
Popl,

Ox8A, NEXT)
Pop1l,

0x8B, NEXT)
Popl,

0x8C, NEXT)
Popl ,

0x8D, NEXT)
PopRef,

Ox8E, NEXT)
PopRef +Popl ,

Ox8F, NEXT)
PopRef +Popl ,

0x90, NEXT)
PopRef +Popl ,

0x91, NEXT)
PopRef +Popl ,

0x92, NEXT)
PopRef +Popl ,

0x93, NEXT)
PopRef +Popl ,

0x94, NEXT)
PopRef +Popl ,

0x95, NEXT)
PopRef +Popl ,

0x96, NEXT)
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OPDEF( CEE_LDELEM I,
Pushl , I nl'i neNone,

OPDEF( CEE_LDELEM R4,
PushR4, I nl i neNone,

OPDEF( CEE_LDELEM R8,
PushR8, I nl'i neNone,

OPDEF( CEE_LDELEM REF,
PushRef , I nl i neNone,

OPDEF( CEE_STELEM I,
PushO, I nl'i neNone,

OPDEF( CEE_STELEM | 1,
PushoO, I nl i neNone,

OPDEF( CEE_STELEM | 2,
PushO, I nl'i neNone,

OPDEF( CEE_STELEM | 4,
PushoO, I nli neNone,

OPDEF( CEE_STELEM | 8,
PushO, I nl'i neNone,

OPDEF( CEE_STELEM R4,
PushoO, I nl'i neNone,

OPDEF( CEE_STELEM R8,
PushO, I nl'i neNone,

OPDEF( CEE_STELEM REF,
PushO, I nl'i neNone,

OPDEF( CEE_UNUSED2,
PushO, I nl'i neNone,

OPDEF( CEE_UNUSEDS,
PushO, I nl'i neNone,

OPDEF( CEE_UNUSED4,
PushO, I nl'i neNone,

OPDEF( CEE_UNUSEDS,
PushO, I nl'i neNone,

OPDEF( CEE_UNUSEDS,
PushO, I nl'i neNone,

OPDEF( CEE_UNUSED?,
PushO, I nl'i neNone,

OPDEF( CEE_UNUSEDS,
PushO, I nl'i neNone,

OPDEF( CEE_UNUSED9,
PushO, I nl'i neNone,

OPDEF( CEE_UNUSED10,
PushO, I nl'i neNone,

OPDEF( CEE_UNUSEDL11,
PushO, I nl'i neNone,

OPDEF( CEE_UNUSED12,
PushoO, I nl'i neNone,

OPDEF( CEE_UNUSEDL13,
PushO, I nl'i neNone,

OPDEF( CEE_UNUSEDL14,
PushoO, I nl'i neNone,

OPDEF( CEE_UNUSEDL1S5,
PushO, I nl'i neNone,

OPDEF( CEE_UNUSEDL16,
PushoO, I nl'i neNone,

OPDEF( CEE_UNUSEDL17,
PushO, I nl'i neNone,
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"I delemi",

| Cbj Model , 1, OxFF,
"l del emr4",

| Cbj Model , 1, OxFF,
"l del emr8",

| Cbj Model , 1, OxFF,
"I delemref",

| Cbj Model , 1, OxFF,
"stelemi",

| Cbj Model , 1, OxFF,
"stelemi 1",

| Cbj Model , 1, OxFF,
"stelemi 2",

| Cbj Model , 1, OxFF,
"stelemi 4",

| Cbj Model , 1, OxFF,
"stelemi 8",

| Cbj Model , 1, OxFF,
"stelemr4",

| Cbj Model , 1, OxFF,
"stelemr8",

| Cbj Model , 1, OxFF,
"stelemref",

| Cbj Model , 1, OxFF,
"unused",

IPrimtive, 1, OxFF,

"unused",
IPrimtive, 1, OxFF,

"unused",
IPrimtive, 1, OxFF,

"unused",
IPrimtive, 1, OxFF,

"unused",
IPrimtive, 1, OxFF,

"unused",
IPrimtive, 1, OxFF,

"unused",
IPrimtive, 1, OxFF,

"unused",
IPrimtive, 1, OxFF,

"unused",
IPrimtive, 1, OxFF,

"unused",
IPrimtive, 1, OxFF,

"unused",
IPrimtive, 1, OxFF,

"unused",
IPrimtive, 1, OxFF,

unused",
IPrimtive, 1, OxFF,

"unused",
IPrimtive, 1, OxFF,

unused",
IPrimtive, 1, OxFF,

"unused",
IPrimtive, 1, OxFF,

PopRef +Popl ,

0x97, NEXT)
PopRef +Popl ,

0x98, NEXT)
PopRef +Popl ,

0x99, NEXT)
PopRef +Popl ,

0x9A, NEXT)
PopRef +Popl +Popl ,

0x9B, NEXT)
PopRef +Popl +Popl ,

0x9C, NEXT)
PopRef +Popl +Popl ,

0x9D, NEXT)
PopRef +Popl +Popl ,

O0x9E, NEXT)
PopRef +Popl +Popl 8,

Ox9F, NEXT)
PopRef +Popl +PopR4,

0xAO0, NEXT)
PopRef +Popl +PopR8,

OxA1, NEXT)
PopRef +Popl +PopRef ,

0xA2, NEXT)
PopO,

O0xA3, NEXT)
PopO,

OxA4, NEXT)
PopO,

OxA5, NEXT)
PopO,

0xA6, NEXT)
PopO,

OxA7, NEXT)
PopO,

0xA8, NEXT)
PopO,

O0xA9, NEXT)
PopO,

OxAA, NEXT)
PopO,

O0xAB, NEXT)
PopO,

O0xAC, NEXT)
PopO,

0xAD, NEXT)
PopO,

OxAE, NEXT)
PopO,

OxAF, NEXT)
PopO,

0xBO, NEXT)
PopO,

0xB1, NEXT)
PopO,

0xB2, NEXT)
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OPDEF( CEE_CONV_OVF | 1,
Pushl , I nl'i neNone,

OPDEF( CEE_CONV_OVF_U1,
Pushl , I nl i neNone,

OPDEF( CEE_CONV_OVF _| 2,
Pushl , I nl'i neNone,

OPDEF( CEE_CONV_OVF_2,
Pushl , I nl i neNone,

OPDEF( CEE_CONV_OVF _| 4,
Pushl , I nl'i neNone,

OPDEF( CEE_CONV_OVF_WA4,
Pushl , I nl i neNone,

OPDEF( CEE_CONV_OVF _| 8,
Pushl 8, I nl'i neNone,

OPDEF( CEE_CONV_OVF_U8,
Pushl 8, I nli neNone,

OPDEF( CEE_UNUSED50,
PushO, I nl'i neNone,

OPDEF( CEE_UNUSEDL18,
PushoO, I nl'i neNone,

OPDEF( CEE_UNUSED19,
PushO, I nl'i neNone,

OPDEF( CEE_UNUSED20,
PushO, I nl'i neNone,

OPDEF( CEE_UNUSED21,
PushO, I nl'i neNone,

OPDEF( CEE_UNUSED22,
PushO, I nl'i neNone,

OPDEF( CEE_UNUSED23,
PushO, I nl'i neNone,

OPDEF( CEE_REFANYVAL,
Pushl , I nlineType,

OPDEF( CEE_CKFI NI TE,
PushR8, I nl'i neNone,

OPDEF( CEE_UNUSED24,
PushO, I nl'i neNone,

OPDEF( CEE_UNUSED25,
PushO, I nl'i neNone,

OPDEF( CEE_MKREFANY,
Pushi, I nlineType,

OPDEF( CEE_UNUSED59,
PushO, I nl'i neNone,

OPDEF( CEE_UNUSED60,
PushO, I nl'i neNone,

OPDEF( CEE_UNUSED61,
PushoO, I nl'i neNone,

OPDEF( CEE_UNUSED62,
PushO, I nl'i neNone,

OPDEF( CEE_UNUSED63,
PushoO, I nl'i neNone,

OPDEF( CEE_UNUSED64,
PushO, I nl'i neNone,

OPDEF( CEE_UNUSEDE65,
PushoO, I nl'i neNone,

OPDEF( CEE_UNUSED66,
PushO, I nl'i neNone,

- 23 -

| Pri

| Pri

| Pri

| Pri

| Pri

| Pri

| Pri

| Pri

| Pri

| Pri

I Pri

| Pri

I Pri

| Pri

I Pri

| Pri

I Pri

| Pri

I Pri

| Pri

I Pri

| Pri

| Pri

| Pri

| Pri

| Pri

| Pri

| Pri

‘conv. ovf.
mtive, 1,

conv. ovf .
mtive, 1,

"conv. ovf.
mtive, 1,

conv. ovf .
mtive, 1,

"conv. ovf.
mtive, 1,

conv. ovf .
mtive, 1,

"conv. ovf.
mtive, 1,

conv. ovf .
mtive, 1,

"unused",
mtive, 1,

unused",
mtive, 1,

"unused",
mtive, 1,

"unused",
mtive, 1,

"unused",
mtive, 1,

"unused",
mtive, 1,

"unused",
mtive, 1,

“refanyval "

mtive, 1,

"ckfinite"

mtive, 1,

"unused",
mtive, 1,

"unused",
mtive, 1,

" kr ef any"

mtive, 1,

"unused",
mtive, 1,

"unused",
mtive, 1,

"unused",
mtive, 1,

"unused",
mtive, 1,

unused",
mtive, 1,

"unused",
mtive, 1,

unused",
mtive, 1,

"unused",
mtive, 1,

i1,
OXFF,

ul”
OxFF,

i2",
OXFF,

u2"
OxFF,

i4",
OXFF,

u4",
OxFF,

i8",

OXFF,

us",

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

Pop1l,
0xB3,

Pop1l,
0xB4,

Pop1l,
0xB5,

Pop1l,
0xB6,

Pop1l,
0xB7,

Pop1l,
0xB8,

Pop1l,
0xB9,

Pop1l,
O0xBA,

PopO,
0xBB,

PopO,
0xBC,

PopO,
0xBD,

PopO,
OxBE,

PopO,
O0xBF,

PopO,
0xCo,

PopO,
0xC1,

Popl,
0oxC2,

Pop1l,
0xC3,

PopO,
0xC4,

PopO,
0xCs5,

Popl ,
0xCs6,

PopO,
0xC7,

PopO,
0xC8,

PopO,
0xC9,

PopO,
OxCA,

PopO,
0xCB,

PopO,
0xCC,

PopO,
0xCD,

PopO,
OxCE,

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)
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OPDEF( CEE_UNUSED67,
PushO, I nl'i neNone,

OPDEF( CEE_LDTOKEN,
Pushl , I nlineTok,

OPDEF( CEE_CONV_U2,
Pushl , I nl'i neNone,

OPDEF( CEE_CONV_UL1,
Pushl , I nl i neNone,

OPDEF( CEE_CONV_I ,
Pushl , I nl'i neNone,

OPDEF( CEE_CONV_OVF I,
Pushl , I nl i neNone,

OPDEF( CEE_CONV_OVF_U,
Pushl , I nl'i neNone,

OPDEF( CEE_ADD_OVF,
Pushi, I nli neNone,

OPDEF( CEE_ADD_OVF_UN,
Pushil, I nl'i neNone,

OPDEF( CEE_MJL_OVF,
Pushi, I nl'i neNone,

OPDEF( CEE_MJL_OVF_UN,
Pushi, I nl'i neNone,

OPDEF( CEE_SUB_OVF,
Pushi, I nl'i neNone,

OPDEF( CEE_SUB_OVF_UN,
Pushi, I nl'i neNone,

OPDEF( CEE_ENDFI NALLY,
PushO, I nl'i neNone,

OPDEF( CEE_LEAVE,

PushO, I nl'ineBrTarget,

OPDEF( CEE_LEAVE_S,

Pusho, ShortlnlineBrTarget,

OPDEF( CEE_STI ND I,
PushO, I nl'i neNone,

OPDEF( CEE_CONV_U,
Pushl , I nl'i neNone,

OPDEF( CEE_UNUSED26,
PushO, I nl'i neNone,

OPDEF( CEE_UNUSED27,
PushO, I nl'i neNone,

OPDEF( CEE_UNUSED28,
PushO, I nl'i neNone,

OPDEF( CEE_UNUSED29,
PushO, I nl'i neNone,

OPDEF( CEE_UNUSED30,
PushoO, I nl'i neNone,

OPDEF( CEE_UNUSED31,
PushO, I nl'i neNone,

OPDEF( CEE_UNUSED32,
PushoO, I nl'i neNone,

OPDEF( CEE_UNUSED33,
PushO, I nl'i neNone,

OPDEF( CEE_UNUSED34,
PushoO, I nl'i neNone,

OPDEF( CEE_UNUSEDS5,
PushO, I nl'i neNone,
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| Pri

| Pri

| Pri

| Pri

| Pri

| Pri

| Pri

| Pri

| Pri

| Pri

I Pri

| Pri

I Pri

| Pri

I Pri

| Pri

I Pri

| Pri

I Pri

| Pri

I Pri

| Pri

| Pri

| Pri

| Pri

| Pri

| Pri

| Pri

"unused",
mtive, 1,

'| dt oken",
mtive, 1,

"conv. u2",
mtive, 1,

conv. ul",
mtive, 1,

"conv.i",
mtive, 1,

conv. ovf .
mtive, 1,

"conv. ovf.u"
mtive, 1,

"add. ovf",
mtive, 1,

"add. ovf.un"
mtive, 1,

"mul . ovf",
mtive, 1,

"mul . ovf.un"
mtive, 1,

"sub. ovf",
mtive, 1,

"sub. ovf.un"
mtive, 1,

"“endfinally"
mtive, 1,

"l eave",
mtive, 1,

"| eave. s",
mtive, 1,

"stind.i",
mtive, 1,

"conv.u",
mtive, 1,

"unused",
mtive, 1,

"unused",
mtive, 1,

"unused",
mtive, 1,

"unused",
mtive, 1,

"unused",
mtive, 1,

"unused",
mtive, 1,

unused",
mtive, 1,

"unused",
mtive, 1,

unused",
mtive, 1,

"unused",
mtive, 1,

OxFF,
OXFF,
OxFF,
OXFF,
OxFF,
OXFF,
bx FF,
OXFF,
bx FF,
OXFF,
bxFF,
OxFF,

OxFF,
bx FF,
OxFF,
OxFF,
OxFF,
OxFF,
OxFF,
OxFF,
OxFF,
OxFF,
OXFF,
OxFF,
OXFF,
OxFF,

OxFF,

OXFF,

PopO,
OxCF,

PopO,
0xDO0,

Pop1l,
0xD1,

Pop1l,
0xD2,

Pop1l,
0xD3,

Pop1l,
oxD4,

Pop1l,
0xD5,

Popl+Popl,
0xD6,

Popl+Popl,
0xD7,

Popl+Popl,
0xD8,

Popl+Popl,
0xD9,

Popl+Popl,
Ox DA,

Popl+Popl,
0xDB,

PopO,
0xDC,

PopO,
0xDD,

PopO,
OxDE,

Popl +Popl ,
OxDF,

Popl,
OxEO,

PopO,
OxE1,

PopO,
OxE2,

PopO,
OxE3,

PopO,
OxE4,

PopO,
OxE5,

PopO,
OxES6,

PopO,
OxE7,

PopO,
OxES8,

PopO,
0xE9,

PopO,
OXEA,

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

RETURN)

BRANCH)

BRANCH)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)
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OPDEF( CEE_UNUSED36,
PushO, I nl'i neNone,

OPDEF( CEE_UNUSED37,
PushoO, I nl i neNone,

OPDEF( CEE_UNUSED38,
PushO, I nl'i neNone,

OPDEF( CEE_UNUSED39,
PushoO, I nl i neNone,

OPDEF( CEE_UNUSEDA40,
PushO, I nl'i neNone,

OPDEF( CEE_UNUSED41,
PushoO, I nl i neNone,

OPDEF( CEE_UNUSED42,
PushO, I nl'i neNone,

OPDEF( CEE_UNUSED43,
PushoO, I nli neNone,

OPDEF( CEE_UNUSED44,
PushO, I nl'i neNone,

OPDEF( CEE_UNUSED45,
PushoO, I nl'i neNone,

OPDEF( CEE_UNUSED46,
PushO, I nl'i neNone,

OPDEF( CEE_UNUSEDA47,
PushO, I nl'i neNone,

OPDEF( CEE_UNUSED48,
PushO, I nl'i neNone,

OPDEF( CEE_PREFI X7,
PushO, I nl'i neNone,

OPDEF( CEE_PREFI X6,
PushO, I nl'i neNone,

OPDEF( CEE_PREFI X5,
PushO, I nl'i neNone,

OPDEF( CEE_PREFI X4,
PushO, I nl'i neNone,

OPDEF( CEE_PREFI X3,
PushO, I nl'i neNone,

OPDEF( CEE_PREFI X2,
PushO, I nl'i neNone,

OPDEF( CEE_PREFI X1,
PushO, I nl'i neNone,

OPDEF( CEE_PREFI XREF,
PushO, I nl'i neNone,

OPDEF( CEE_ARGLI ST,
Pushl , I nl'i neNone,

OPDEF( CEE_CEQ
Pushl , I nl'i neNone,

OPDEF( CEE_CGT,
Pushl , I nl'i neNone,

OPDEF( CEE_CGT_UN,
Pushl , I nl'i neNone,

OPDEF( CEE_CLT,
Pushl , I nl'i neNone,

OPDEF( CEE_CLT_UN,
Pushl , I nl'i neNone,

OPDEF( CEE_LDFTN,
Pushl ,

I nl i neMet hod,
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"unused",
IPrimtive, 1,

"unused",
IPrimtive, 1,

"unused",
IPrimtive, 1,

"unused",
IPrimtive, 1,

"unused",
IPrimtive, 1,

"unused",
IPrimtive, 1,

"unused",
IPrimtive, 1,

"unused",
IPrimtive, 1,

"unused",
IPrimtive, 1,

"unused",
IPrimtive, 1,

"unused",
IPrimtive, 1,

"unused",
IPrimtive, 1,

"unused",
IPrimtive, 1,

“prefix7",
Il nternal, 1,

"prefix6",
Il nternal, 1,

“prefixs",
Il nternal, 1,

"prefix4",
Il nternal, 1,

“prefix3",
Il nternal, 1,

"prefix2",
Il nternal, 1,

“prefix1",
Il nternal, 1,

"prefixref"

Il nternal, 1,

"arglist",
IPrimtive, 2,
"ceq",
IPrimtive, 2,

"cgt”,
IPrimtive, 2,

"cgt.un",
IPrimtive, 2,

“clt",
IPrimtive, 2,

"clt.un",
IPrimtive, 2,

“ldftn",
IPrimtive, 2,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFF,

OXFF,

OxFE,

OXFE,

OXFE,

OXFE,

OXFE,

OXFE,

OXFE,

PopO,
OxEB,

PopO,
OxEC,

PopO,
OXED,

PopO,
OxEE,

PopO,
OxXEF,

PopO,
0xFO,

PopO,
OxF1,

PopO,
0xF2,

PopO,
OxF3,

PopO,
0xF4,

PopO,
OxF5,

PopO,
0xF®6,

PopO,
OxF7,

PopO,
0xF8,

PopO,
0xF9,

PopO,
OXFA,

PopO,
OxFB,

PopO,
OxFC,

PopO,
OxFD,

PopO,
OXFE,

PopO,
OxFF,

PopO,
0x00,

Popl+Popl,
0x01,

Popl+Popl,
0x02,

Popl+Popl,
0x03,

Popl+Popl,
0x04,

Popl+Popl,
0x05,

PopO,
0x06,

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

META)

NETA)

META)

NETA)

META)

NETA)

META)

NETA)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)

NEXT)
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OPDEF( CEE_LDVI RTFTN,

Pushl , I nli neMet hod,

OPDEF( CEE_UNUSEDS56,
PushoO, I nl i neNone,

OPDEF( CEE_LDARG,
Pushil, I nlineVar,

OPDEF( CEE_LDARGA,
Pushl , I nlineVvar,

OPDEF( CEE_STARG,
PushO, I nlineVar,

OPDEF( CEE_LDLCC,
Pushi, I nlineVar,

OPDEF( CEE_LDLOCA,
Pushl , I nlineVar,

OPDEF( CEE_STLCC,
PushoO, I nlineVar,

OPDEF( CEE_LOCALLCC,
Pushl , I nl'i neNone,

OPDEF( CEE_UNUSED57,
PushoO, I nl'i neNone,

OPDEF( CEE_ENDFI LTER,
PushO, I nl'i neNone,

OPDEF( CEE_UNAL| GNED,

PushO, ShortlInlinel,

OPDEF( CEE_VOLATI LE,
PushO, I nl'i neNone,

OPDEF( CEE_TAI LCALL,
PushO, I nl'i neNone,

OPDEF( CEE_| NI TOBJ,
PushO, I nl'ineType,

OPDEF( CEE_UNUSED68,
PushO, I nl'i neNone,

OPDEF( CEE_CPBLK,
PushO, I nl'i neNone,

OPDEF( CEE_I NI TBLK,
PushO, I nl'i neNone,

OPDEF( CEE_UNUSED69,
PushO, I nl'i neNone,

OPDEF( CEE_RETHROW
PushO, I nl'i neNone,

OPDEF( CEE_UNUSED51,
PushO, I nl'i neNone,

OPDEF( CEE_SI ZECF,
Pushl , I nlineType,

OPDEF( CEE_REFANYTYPE,
Pushl , I nl'i neNone,

OPDEF( CEE_UNUSED52,
PushO, I nl'i neNone,

OPDEF( CEE_UNUSED53,
PushoO, I nl'i neNone,

OPDEF( CEE_UNUSED54,
PushO, I nl'i neNone,

OPDEF( CEE_UNUSEDS55,
PushoO, I nl'i neNone,

OPDEF( CEE_UNUSED?70,
PushO, I nl'i neNone,

- 26 -

"Idvirtftn"

IPrimtive, 2,

"unused",
IPrimtive, 2,

"l darg",
IPrimtive, 2,

"| darga",
IPrimtive, 2,

"starg",
IPrimtive, 2,

"1 dloc",
IPrimtive, 2,

"I dl oca",
IPrimtive, 2,

"stloc",
IPrimtive, 2,

"l ocal | oc",
IPrimtive, 2,

"unused",
IPrimtive, 2,

"endfilter"

IPrimtive, 2,

"unal i gned. "’

I Prefix, 2,
"vol atile."

I Prefix, 2,
“tail.",

I Prefix, 2,
"initobj",

| Cbj Model , 2,
"unused",

IPrimtive, 2,
"cpbl k",

IPrimtive, 2,
"initbl k",

IPrimtive, 2,
"unused",

IPrimtive, 2,
“rethrow',

| Obj Model 2,
"unused",

IPrimtive, 2,

"sizeof",
IPrimtive, 2,

"refanytype"

IPrimtive, 2,

"unused",
IPrimtive, 2,

"unused",
IPrimtive, 2,

"unused",
IPrimtive, 2,

"unused",
IPrimtive, 2,

"unused",
IPrimtive, 2,

OXFE,

OxFE,

OXFE,

OxFE,

OXFE,

OxFE,

OXFE,

OxFE,

OXFE,

OxFE,

OXFE,

OXFE,

OXFE,

OXFE,

OXFE,

OXFE,

OXFE,

OXFE,

OXFE,

OXFE,

OXFE,

OXFE,

OxFE,

OXFE,

OxFE,

OXFE,

OxFE,

OXFE,

PopRef,

0x07, NEXT)
PopO,

0x08, NEXT)
PopO,

0x09, NEXT)
PopO,

0x0A, NEXT)
Pop1l,

0x0B, NEXT)
PopO,

0x0C, NEXT)
PopO,

0x0D, NEXT)
Pop1l,

O0xOE, NEXT)
Popl ,

O0xOF, NEXT)
PopO,

0x10, NEXT)
Popl ,

0x11, RETURN)
PopO,

0x12, META)
PopO,

0x13, MVETA)
PopO,

0x14, META)
Popl ,

0x15, NEXT)
PopO,

0x16, NEXT)
Popl +Popl +Popl ,

0x17, NEXT)
Popl +Popl +Popl ,

0x18, NEXT)
PopO,

0x19, NEXT)
PopO,

Ox1A, THROW
PopO,

0x1B, NEXT)
PopO,

0x1C, NEXT)
Pop1l,

0x1D, NEXT)
PopO,

Ox1E, NEXT)
PopO,

Ox1F, NEXT)
PopO,

0x20, NEXT)
PopO,

0x21, NEXT)
PopO,

0x22, NEXT)
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31

32
33

35
36

37
38
39
40
41
42
43

45

46
47

48

C.3.

- 27 -

/1l These are not real opcodes, but they are handy internally in the EE

OPDEF( CEE_| LLEGAL, "illegal", PopO,
PushoO, I nl i neNone, Il nternal, 0, MOOT, MOOT
OPDEF( CEE_MACRO_END, "endmac"”, Pop0
PushO, I nl'i neNone, Il nternal, 0, MOOT, MOCT,

#i f ndef OPALI AS

#define _OPALI AS DEFI NED_

#defi ne OPALI AS(canoni cal Nane, stringNane, real Opcode)
#endi f

OPALI AS( CEE_BRNULL, "brnul ", CEE_BRFALSE)
OPALI AS( CEE_BRNULL_S, “brnull.s", CEE_BRFALSE_S)
OPALI AS( CEE_BRZERO, "brzero", CEE_BRFALSE)
OPALI AS( CEE_BRZERO S, "brzero.s", CEE_BRFALSE_S)
OPALI AS( CEE_BRI NST, "brinst", CEE_BRTRUE)
OPALI AS( CEE_BRI NST_S, "brinst.s", CEE_BRTRUE_S)
OPALI AS( CEE_LDI ND_Us, "I di nd. us", CEE_LDI ND_I 8)
OPALI| AS( CEE_LDELEM US, "I del em u8", CEE_LDELEM | 8)
OPALI AS( CEE_LDC_| 4_Mix, "ldc.i4. M", CEE_LDC |4 ML)
OPALI AS( CEE_ENDFAULT, "endfaul t", CEE_ENDFI NALLY)

#i fdef _OPALI AS_DEFI NED_
#undef OPALI AS

#undef _OPALI AS DEFI NED_
#endi f

Complete Grammar

META)

NETA)

This grammar provides a number of ease-of-use features not provided in the grammar of
Partition 11, as well as supporting some features which are not portable across implementations
and hence are not part of this standard. Unlike the grammar of Partition |1, this oneis designed
for ease of programming rather than ease of reading; it can be converted directly intoaYACC

grammar.

Lexi cal tokens
ID- Cstyle alphaNuneric identifier (e.g. Hello_There2)
QSTRING - C style quoted string (e.g. "hi\n")

SQSTRING - C style singlely quoted string(e.g. 'hi')
I NT32 - Cstyle 32 bit integer (e.g. 235, 03423, O0x34FFF)
| NT64 - Cstyle 64 bit integer (e.g. -2353453636235234, O0x34FFFFFFFFFF)
FLOAT64 - C style floating point number (e.g. -0.2323, 354.3423, 3435. 34E-
5)
INSTR.* - IL instructions of a particular class (see opcode. def).
START decl s
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decl s :1* EMPTY */
| decls decl
decl : classHead '{' classDecls '}’

| nameSpaceHead '{' decls '}’
| methodHead nethodDecls '}’
| fieldDecl
| dat aDecl
| vtabl eDecl
| vtfixupDecl
| ext SourceSpec
| fileDecl
| assenblyHead '{' assenblyDecls '}’
| assenbl yRef Head ' {' assenbl yRefDecls '}’
| contypeHead '{' contypeDecls '}'
| manifestResHead '{' manifestResDecls '}’
| modul eHead
| secDecl
| customAttr Decl
| '.subsystenm int32
| ".corflags' int32
| ".file" "alignment' int32
| '.inmagebase' int64

| I anguageDecl

conpQ@string : QSTRING
| conpQstring '+ QSTRI NG

| anguageDecl : '.language' SQSTRI NG
| '.language' SQSTRING ',' SQSTRI NG
| '.language' SQSTRING ',' SQSTRING ',' SQSTRI NG

cust omAt t r Decl : '.custom custonmlype
| '.customi custoniType '='" conpQstring
| custonHead bytes ')’
| ".custom ' (' ownerType ')"' custonilype
| *.customt '(' ownerType ')' custoniType '='" conpQstring
| custonHeadWthOmer bytes ')’
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nmodul eHead

vt fi xupDecl

vtfixupAttr

vt abl eDecl

vt abl eHead

naneSpaceHead

cl assHead

classAttr

- 29 -

' . nmodul e'
‘. nodul e nanel

| '.nodule' 'extern' nanel

tovtfixup' [' int32 ']' vtfixupAttr 'at' id

[* EMPTY */

vt fixupAttr 'int32
vtfixupAttr 'int64'
vtfixupAttr 'fromnmanaged

vtfixupAttr 'callnostderived'

vt abl eHead bytes ')'

‘.vtable "=" '('

' . nanespace' nanel

‘.class' classAttr id extendsd ause inpl C ause

[* EMPTY */

classAttr 'public’
classAttr 'private'
classAttr 'val ue'
classAttr 'enumn
classAttr 'interface'

classAttr 'seal ed'

classAttr 'abstract'
classAttr 'auto'
classAttr 'sequential’
classAttr 'explicit'
classAttr 'ansi'
classAttr 'unicode'
classAttr 'autochar’

classAttr '"inport'

classAttr 'serializable'
classAttr 'nested' 'public’

classAttr 'nested' 'private'
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ext endsd ause

i mpl Cl ause

cl assNanes

cl assDecl s

cl assDecl

type typeSpec '

fiel dDecl

- 30 -

classAttr 'nested 'fanily’
classAttr 'nested' 'assenbly'
classAttr 'nested' 'fanmandasseni
classAttr 'nested' ' fanorasseni
classAttr 'beforefieldinit’
classAttr 'special nang'

classAttr 'rtspecial nang'

[* EMPTY */

"extends' classNane

[* EMPTY */

"inmplements' classNanes

cl assNames ',' cl assNane

cl assName

[* EMPTY */

cl assDecl s cl assDecl

met hodHead nethodDecls '}’
classHead '{' classDecls '}'
eventHead '{' eventDecls '}'
propHead '{' propDecls '}’
fiel dDecl

dat aDecl

secDecl

ext Sour ceSpec

cust omAt t r Decl

'.size' int32

'.pack' int32

exportHead '{' contypeDecls '}’

‘.override' typeSpec '::' methodNane 'w th'
met hodNane ' (' sigArgs0 ')’

| 1 anguageDecl

‘.field repeatOpt fieldAttr type id atOpt

cal | Conv

i nitOpt
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at Opt

i ni t Opt

repeat Opt

cust ontHead

cust onHeadW t hOaner

menber Ref

met hodNanme ' (' sigArgsO '

cust onType

owner Type

event Head

event Attr

event Decl s

- 31 -
[* EMPTY */

at' id

[* EMPTY */
‘= fieldlnit

/* EMPTY */
“[* int32 ']

‘.custom custoniType '=" "' ('

‘.custom ' (' ownerType ')' customlype '=" "'('

net hodSpec cal | Conv type typeSpec '::'

met hodSpec cal | Conv type nethodName ' (' sigArgs0
‘field type typeSpec '::' id
‘field type id

cal | Conv type typeSpec '::' '.ctor' '(' sigArgsO
call Conv type '.ctor' '(' sigArgsO ')’

typeSpec
nenber Ref

'.event' eventAttr typeSpec id

‘.event' eventAttr id

[ * EMPTY */
event Attr 'rtspecial nane' [**/

event Attr 'special nane'

/* EMPTY */

event Decl s event Decl

oy

oy
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event Decl
sigArgs0 ')’

sigArgs0 ')’

si gArgs0 ')’

si gArgs0

oy

pr opHead
i ni t Opt

propAttr

propDecl s

pr opDecl

si gArgso

si gArgs0

oy

oy

sigArgs0 ')’

met hodHeadPart 1

' . addon’

' . addon'

- 32 -

cal | Conv type typeSpec '

cal | Conv type net hodNane

e

‘. renoveon' call Conv type typeSpec '

' . renmoveon'

‘.fire' callConv type typeSpec '

*.fire' call Conv type nethodNane

' .ot her'

cal | Conv type typeSpec ':

cal | Conv type net hodNane ' ('

e

met hodNane

si gArgs0

met hodNane

met hodNane

e

oy

e

sigArgs0 ')’

e

sigArgs0 ')’

;' met hodNare ' ('

' .ot her'

cal | Conv type net hodNane

e

si gArgso

oy

ext Sour ceSpec
cust omAt t r Decl
| 1 anguageDecl

‘.property' propAttr callConv type id '(' sigArgs0O ')’

[* EMPTY */
propAttr 'rtspecial name' /**/

propAttr 'special nane'

[* EMPTY */
propDecl s propDecl

'.set' callConv type typeSpec '

met hodNane ' ('

‘.set' call Conv type nethodNane ' (' sigArgs0O ')*
'.get' callConv type typeSpec '::' nethodNane ' ('
‘.get' callConv type nethodNane ' (' sigArgsO ')’
‘.other' call Conv type typeSpec ' met hodNane * ('
‘.other' callConv type nethodNanme ' (' sigArgs0 ')’

cust omAt t r Decl
ext Sour ceSpec

' . met hod'

| anguageDecl
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met hodHead

met hodNanme ' ('

"marshal '

met hAttr

pi nvAttr

pi nvAttr

e

oy

- 33 -

met hodHeadPart1 methAttr call Conv paramAttr type

SigArgs0 ') inmplAttr ' {’

nati veType

met hodHeadPart1 met hAttr call Conv paramAttr type

)" methodNanme ' (' sigArgsO ')" inmplAttr '{'

[* EMPTY */

nmethAttr 'static'

met hAttr ' public'

met hAttr 'private'

met hAttr 'famly'
nethAttr 'final'

met hAttr ' speci al nane'
nethAttr 'virtual'
nethAttr 'abstract’
nethAttr 'assenbly’
nethAttr ' famandassen
nethAttr 'fanorassen
met hAttr ' privatescope'
met hAttr ' hi debysig'
methAttr ' newslot'

met hAttr 'rtspecial name' /**/
met hAttr ' unnmanagedexp’

met hAttr 'reqgsecobj’

met hAttr ' pinvokeinpl' '(' compQstring 'as' compQstring

met hAttr ' pinvokeinpl' '(' conmpQstring pinvAttr
nethAttr ' pinvokeinpl' ' (' pinvAttr ")’

[* EMPTY */

pi nvAttr 'nomangl e’
pinvAttr 'ansi'

pi nvAttr ' uni code'
pi nvAttr 'autochar'
pinvAttr 'lasterr'
pi nvAttr 'wi napi'
pi nvAttr 'cdecl’

pi nvAttr 'stdcall’
pinvAttr 'thiscall’

nvAttr 'fastcall’

p

"y
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met hodNane '.ctor'
| *.cctor'

| nanel

paramAttr /* EMPTY
| paramAttr
| paramAttr
| paramAttr

| paramAttr

fiel dAttr /* EMPTY
| fieldAttr
| fieldAttr
| fieldAttr
| fieldAttr
| fieldAttr
| fieldAttr

| fieldAttr

fields is not supported by EE

| fieldAttr
comp@string pinvAttr ')’

| fieldAttr
| fieldAttr

| f
| f
| f
| f
| f
| f
| f

el dAttr
el dAttr

el dAttr

el dAttr
el dAttr
el dAttr

el dAttr

inpl Attr /* EMPTY
| inmplAttr
| inplAttr
| inplAttr
| inmplAttr
| inmplAttr
| inplAttr
| inplAttr
| inmplAttr
| inmplAttr
| inmplAttr

- 34 -

*/

Totin ]
"[' "out' ']
[otoptt ]
[t int32 ']
*/

‘static'

" public’
"private'
‘fam ly'
"initonly'

rtspeci al nane' /**/
' speci al nane'

/* comment ed out

' pi nvokei npl ' ' ('

' pi nvokei npl " ' ('
' pi nvokei npl ' ' ("
*/

marshal ' ' ('
'assenbl y'
' f amandasseni

' fanorasseni

pri vat escope’
"literal'

'notserialized

*/

‘native'

‘cil!

"optil'

' managed'

' unmanaged'

' forwardref’

' preservesig'
"runtime'
"internalcall’

' synchroni zed'

because Pl nvoke for

conp@string 'as'

conp@string pinvAttr
pi nvAttr ')'

nati veType ')’

oy
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| ocal sHead

met hodDecl

scopeBl ock

scopeOpen

sehBl ock

sehd auses

tryBl ock

- 35 -
impl Attr 'noinlining

'.locals'

‘.emthyte' int32

sehBl ock

' . maxstack' int32

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

'.zeroinit'

dat aDecl

instr

id"’

secDecl

ext Sour ceSpec

| 1 anguageDecl
cust omAt t r Decl

| '.export' '['" int32 ']’

| ".export' '['" int32 ']’ ‘as'
‘.vtentry' int32 ':' int32
‘.override' typeSpec '::' methodName

scopeBl ock

‘.param ‘[' int32 ']' initOpt

scopeQpen nethodDecls '}’

tryBl ock sehd auses

sehd ause sehd auses

sehd ause

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

sehd ause

filterd ause

filterHead

cat chCl ause

finallyd ause

faul t d ause

handl er Bl ock

met hodDecl s

dat aDecl

ddHead

- 36 -

Cotry

cat chC ause handl er Bl ock
filterd ause handl er Bl ock
finallyd ause handl er Bl ock

faul t d ause handl er Bl ock

filterHead scopeBl ock
filterHead id
filterHead int32

“filter'

‘catch' cl assNane

‘finally'

‘faul t'

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

[* EMPTY */
met hodDecl s net hodDecl

ddHead ddBody

‘.data' tls id"'='

‘.data' tls




© 0 N O Ol b W N P

5P BN RS YLWRRRLAYRYNENRENRNNNRNNBEERERREEB RS
o O DR O o N G DN P OO ONO0 R DONPOO®OWMNOOaNWNDNIPRP O

tls

ddBody

ddl t enli st

ddl t emCount

ddl tem

fieldlnit

- 37 -
I* EMPTY */

"tls'

“{" dditentiist '}

ddltem

ddltem',"' ddltenList
ddltem

/* EMPTY */

' int32 ']

‘char' '"*' ' (' compQstring ')’

Y& (T id )Y

byt earrayhead bytes ')’

"float32' '(' float64 ')' ddltenCount
‘float64' ' (' float64 ')"' ddltenCount
"int64' (" int64 ')' ddltenCount
"int32" ‘(" int32 ')' ddltenCount
intle' '(' int32 ')' ddltenmCount
"int8 (' int32 ")' ddltenmCount
'float32'" ddltenCount

'float64' ddltenCount

i nt64' ddltenmCount

"int32" ddltenCount

"int16' ddltenCount

"int8 ddltenmCount

"float32" ' (' float64 ')’
"float64' '(' float6d ')’
"float32'" '(' int64 ')’
"float64' ' (' int64 ')’

"int64" (' int64 ")’
"int32" (' int64 ')’
intle' (' int64 ')
‘char' '(' int64 ")’
"int8 (' int64 ")

"bool' '(' truefalse ')’
comp@string
byt earrayhead bytes ")’

| "nullref’
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byt ear r ayhead

byt es

hexbyt es
|

instr_r_head

instr_tok_head

met hodSpec

instr

|
sigArgso ')’

|
typeSpec */

- 38 -

'bytearray' ' ('

/* EMPTY */
| hexbytes

HEXBYTE
hexbyt es HEXBYTE

INSTRR ' ("

| NSTR_TOK

' met hod'

| NSTR_NONE

I NSTR_VAR i nt 32

I NSTR_VAR i d

INSTR_I int32

I NSTR_I 8 i nt 64

I NSTR_R f | oat 64
INSTR_R i nt 64
instr_r_head bytes ")’
| NSTR_BRTARGET i nt 32

| NSTR_BRTARCET id

I NSTR_METHOD cal | Conv type typeSpec ' met hodNane ' ('

I NSTR_METHOD cal | Conv type nethodNanme ' (' sigArgs0 ')’
I NSTR_FI ELD type typeSpec '::' id

I NSTR_FIELD type id

I NSTR_TYPE t ypeSpec

I NSTR_STRI NG compQstri ng

I NSTR_STRI NG byt earrayhead bytes ')’

INSTR_SI G cal | Conv type ' (' sigArgs0O ')’

I NSTR_RVA i d

I NSTR_RVA i nt 32

i nstr_tok_head owner Type /* owner Type ::= nmenberRef |

INSTR SWTCH ' (' labels ')
INSTR_PH i nt 16s
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si gArgs0

si gArgsl

si gArg

namel

cl assName

sl ashedNane

typeSpec

cal | Conv

cal I Ki nd

-39 -

[* EMPTY */
si gArgsl

si gArg

sigArgsl ','

paramAttr t
paramittr t
paramAttr t
paramAttr t

id
DOTTEDNAME

namel '.' n

'[* nanel
‘[ . nodul

sl ashedNane

nanel

sl ashedNane

cl assName
'[' nanel
‘[ . nodul

type

"instance'
"explicit'

cal | Ki nd

/* EMPTY */
" defaul t'
'vararg

' unmanaged

si gArg

ype
ype id
ype 'marshal' ' (' nativeType ')

ype 'marshal' ' (' nativeType ')

amel

'] sl ashedName

e' namel ']' sl ashedNane

"/" nanel

3k

e' namel ']’

cal | Conv

cal | Conv

' cdecl’

id
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nati veType

|
conp@stri

conp@string ',

- 40 -

'unmanaged' 'stdcal |’
‘unmanaged' 'thiscall’

‘unmanaged' 'fastcall'

[* EMPTY */
‘custom ' (' compQstring ',' conmp(string

ng ")’

‘custom ' (' conpQstring ',' comp(string

‘fixed' ‘'sysstring' '[' int32 ']’

fixed ‘'array' '[' int32 ']'
‘variant'

‘currency’

'syschar'

‘voi d'

' bool '

"int8

"intle

i nt32'

"int 64

' float 32
' fl oat 64'

‘error’

unsi gned' 'int8'
‘unsigned' 'intl6'
‘unsigned' 'int32'
‘unsi gned' 'int64'
nati veType '*'

nati veType D

" int32 ']’
int32 '+ int32 ']
"'+ int32 ']

[
nati veType '[
nati veType '[
nativeType '[

| ' deciml’
‘dat e’

"bstr'

| pstr'
"l pwstr'
"I ptstr’

' objectref’

i unknown'
"idispatch’
'struct’

"interface'

saf earray' variant Type

‘safearray' variantType ',' compstring

oy
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int'
‘unsigned' 'int'

'nested' 'struct'

" byval str'
‘ansi' 'bstr'
"tbstr'

"variant' 'bool’
met hodSpec
‘as' "any'

"l pstruct’

[* EMPTY */

"null’

variant'
'currency’
‘voi d'

' bool '
"int8
"int16'
"int32
"int64
'float32'
f1 oat 64'

'unsigned' 'int8'
‘unsigned' 'intl6'
‘unsigned' 'int32'
'unsi gned' 'int64'
o

variantType '[' ']’
vari ant Type 'vector'
variant Type ' &

' deci mal '

‘dat e’

"bstr'

| pstr'
"l pwstr'
" i unknown'

"idispatch’

saf earray
“int'
‘unsigned 'int'

‘error’

hresul t'
‘carray'

"userdefi ned'
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supported by the Runtine
|

*/
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‘record’
"filetime'
" bl ob’

' strean

' storage'

' streaned_obj ect’

st ored_obj ect’
' bl ob_obj ect"’
Cef

‘clsid

‘class' classNanme

| 'object’

| "string'
‘value' 'class' classNanme
‘val uetype' cl assNane
type '[' ']
type '[' boundsl ']’

/* uncomment when and if this type is

type 'value' '[' int32 ']"

| type '&
type '*'
type ' pi nned'
type 'nodreq’ ' (' className ')’
type 'modopt' ' (' className ')’
"It int32
met hodSpec cal | Conv type "*' ' (' sigArgs0O ')’
' typedref’
' char'
‘voi d'
' bool
"int8
i nt16'
"int32

'int 64’
' fl oat 32
f I oat 64"

'unsigned' 'int8'
‘unsigned' 'intl6'

‘unsigned' 'int32'

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

"native' 'unsigned ‘'int'
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bounds1

bound

| abel s

intl6s

int32

int64

fl oat 64

secDec
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"native' 'float

. bound

boundsl ',"' bound

CI* EMPTY */

int32
int32 '..." int32
int32 '

:1* enpty */

id"'," labels
int32 '," |abels
id

int32

I D
SQSTRI NG

o 1* EMPTY */

int1l6s int32

| NT64

| NT64

. FLOAT64

“float32' (' int32 ')’
“float64' (' int64 ')’

: '.permssion' secAction typeSpec

‘. perm ssion' secAction typeSpec

pset Head bytes ')

e

naneVal Pai rs

oy
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pset Head

naneVal Pai rs

naneVal Pai r

truefal se

caVal ue

secAction

ext Sour ceSpec
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'.permssionset' secAction '=" "'('

naneVal Pai r

naneVal Pair ',' naneVal Pairs

conp@string '=' caVal ue

"true'

| 'fal se'

truefal se

int32
"int32

(" int32 ')

conp@string

cl assName

cl assNanme

cl assNanme

(
cl assName ' (
(
(

Cint8 ‘it int32 ')
©int16' ':' int32 ')
Coint32 ': int32 ')
Cint32 ')

' request’

' dermand'
‘assert’

' deny'

"pernmitonly’

"lI'i nkcheck'

"inheritcheck’

regmn'

' reqopt’

'reqrefuse’

‘prejitgrant’

prejitdeny'

' noncasdenmand'

' noncasl

' noncasi

. line'
‘. line'
‘. line'
".line'

P_LINE i

i nkdemand'

nheritance'

i nt 32 SQSTRI NG

int32
int32 ':' int32 SQSTRI NG
int32 ':' int32

nt 32 QSTRI NG
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fil eDecl
fileEntry
fileAttr
fileEntry
hashHead
assenbl yHead
asmattr

assenbl yDecl s

assenbl yDecl

asnOr Ref Decl

publ i cKeyHead
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".file" fileAttr nanmel fileEntry hashHead bytes ')’

“.file fileAttr nanmel fileEntry

[* EMPTY */

fileAttr 'nonetadata’

[* EMPTY */

‘.entrypoint’

' hash' ‘= ('

'.assenbly' asmAttr nanel

/* EMPTY */
asmAttr ' noappdonmin'
asmAttr ' noprocess'

asmAttr ' nonachi ne'

[* EMPTY */
assenbl yDecl s assenbl yDecl

‘. hash' "algorithm int32
secDecl

asnOr Ref Decl

publ i ckeyHead bytes ')’

‘.ver' int32 ':' int32 '":' int32 ':' int32
'.locale compQstring

| ocal eHead bytes ')’

cust omAt t r Decl

'.publickey' '=" "'('
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publ i ckeyTokenHead

| ocal eHead

assenbl yRef Head

assenbl yRef Decl s

assenbl yRef Decl

cont ypeHead

export Head

contAttr

cont ypeDecl s

cont ypeDecl

- 46 -

‘. publickeytoken' '=" ‘('

“.locale '= '('

'.assenbly' 'extern' nanel

'.assenbly' 'extern' nanel 'as' nanel

[* EMPTY */
assenbl yRef Decl s assenbl yRef Decl

hashHead bytes ')’
asnOr Ref Decl
publ i ckeyTokenHead bytes ')’

'.class' 'extern' contAttr nanel

‘.export' contAttr nanel

[* EMPTY */

contAttr 'private'

contAttr 'public’

contAttr 'nested 'public’
contAttr 'nested' 'private'
contAttr 'nested' ‘'famly'
contAttr 'nested' 'assenbly'
cont Attr 'nested ' famandasseni

contAttr 'nested' 'fanorassem

[* EMPTY */
cont ypeDecl s cont ypeDecl

".file' nanel

'.class' 'extern' nanel
'.class' int32
cust omAt t r Decl
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27
28
29

mani f est ResHead

manr esAttr

mani f est ResDecl s

mani f est ResDec

C.4.

Instruction Syntax

47 -

‘. nresource' manresAttr

[* EMPTY */

manresAttr ‘public

manresAttr 'private

[* EMPTY */

namel

mani f est ResDecl s mani f est ResDecl

‘.file' nanel 'at

'.assenbly' 'extern

cust omAt t r Decl

nanel

While each section specifies the exact list of instructions that are included in agrammar class,
this information is subject to change over time. The precise format of an instruction can be found
by combining the information in Section C.1 with the information in the following table:

Grammar Class

Table 1: Instruction Syntax classes

Format(s) Specified in Section C.1

<

<

<
<

<

<

<

<

<

<

<

<

<

<

<

C.4.1.

<

nstr_brtarget>

nstr_field>
nstr_i>
nstr_i 8>
nstr_net hod>
nstr_none>
nstr_phi >
nstr_r>
nstr_rva>
nstr_sig>
nstr_string>
nstr_swtch>
nstr_tok>
nstr_type>

nstr_var>

I nl'ineBrTarget,

InlineField

Short | nlineBr Tar get

Inlinel, Shortlnline

Inlinel8
I nl i neMet hod
I nl i neNone

I nl i nePhi

InlineR, ShortlnlineR

I nli neRVA
InlineSig
InlineString
InlineSwitch
I nl'i neTok

InlineType

I nlinevVar, ShortlnlineVar

Top-level Instruction Syntax

nstr> ::=

<instr_brtarget> <int32>

| <instr_brtarget> <l abel >




© 00 N O Ol & W N P

NNNNNNNNNREREREREERRREPRPR R
® NS WNRP O OO®NOOMWNINLEPRO

29

30
31
32
33

35
36
37
38
39
40
41
42
43

45

- 48 -
instr_field> <type> [ <typeSpec> :: ] <id>

A

| <instr_i> <int32>

| <instr_i8> <int64>

| <instr_method>
<cal | Conv> <type> [ <typeSpec> :: ]

<met hodNane> ( <paraneters> )

A

i nstr_none>

A

i nstr_phi > <int16>*
| <instr_r> ( <bytes>) /'l <bytes> represent the binary inage of
// float or double (4 or 8 bytes

/'l respectively)

| <instr_r> <float64>
| <instr_r> <int64> /1 integer is converted to fl oat
/1 with possible

/'l 1oss of precision

| <instr_sig> <call Conv> <type> ( <paraneters> )

| <instr_string> bytearray ( <bytes> )

| <

nstr_string> <QSTRI NG

| <instr_switch> ( <l abels>)

| <instr_tok> field <type> [ <typeSpec> :: ] <id>

| <instr_tok> b
<cal | Conv> <type> [ <typeSpec> :: ]

<met hodNane> ( <paraneters> )

| <instr_tok> <typeSpec>

| <instr_type> <typeSpec>

| <instr_var> <int32>

| <instr_var> <l ocal nane>

C.4.2. 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
argli st | break | ceq | cot [
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.i4

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.ud4 | 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
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initblk | | Idarg.0 | Idarg.1
| darg. 2 | Idarg.3 | I'dc.i4.0 | Idc.i4. 1 |
ldc.i4.2 | lIdc.i4.3 | lIdc.i4. 4 | Idc.id4.5 |
Idc.i4.6 | Idc.id.7 | Idc.i4.8 | Idc.id. M |
| del emi | Idelemi1l | Idelemi?2 | Idelemi4
| delemi 8 | Idelemr4 | Idelemr8 | I'delemref
| del em ul | I'del emu2 | I'delemu4 | I'dind.i |
Idind.il | Idind.i2 | Idind.i4 | Idind.i8 |
Idind.r4 | Idind.r8 | 1dind.ref | Idind. ul
| di nd. u2 | I'dind. u4 | Idlen | I'dloc.0O |
Idloc.1 | Idloc.2 | Idloc.3 | Idnull |
| ocal | oc |l | 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
stind. ref | stloc.0 | stloc.1 | stloc.2 |
stloc. 3 | sub | sub. ovf | sub.ovf.un
tail. | throw | volatile. | xor
Exanpl es:
I dl en
not
C.4.3. 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 atype and a

name).
<instr> ::= <instr_var> <int32>
<instr_var> <l ocal nane>
<instr_var> ::=// Derived from opcode. def
| Idarg | Idarg.s | ldarga
ldarga.s | Idloc | Idloc.s | Idloca
Idloca.s | starg | starg.s | stloc
stloc.s
Exanpl es:
stloc O /] store into Oth |oca
| darg X3 /1 load fromargunent naned X3
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C.4.4. 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

ldc.i4 | ldc.i4.s | unaligned

Exanpl es:
Idc.i4 123456 // Load the number 123456

ldc.id4.s 10 /1 Load the nunber 10

C.4.5. Instructions that Take a Single 64-bit Integer Argument
These instructions take one operand, which must be a 64-bit integer.
<instr> ::= <instr_i 8> <int64>
<instr_i8> ::=// Derived from opcode. def
ldc.i8
Exanpl es:
I dc.i8 0x123456789AB
ldc.i8 12
C.4.6. 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 image
<instr_r> ::=// Derived from opcode. def

ldc.r4 | Idc.r8

Exanpl es:
ldc.r4 10.2

ldc.r4 10
I dc.r4 0x123456789ABCDEF
Idc.r8 (00 00 00 OO0 00 00 F8 FF)

cC.4.7. 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 istoo 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
| beqg | beq.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
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1 blt.un | blt.un.s | bne.un | bne.un.s | br | br.s [

2 brfal se | brfalse.s | brtrue | brtrue.s | leave | leave.s

3

4 Exanpl e:

5 br.s 22

6 br foo

7

8 C.4.8. Instructions that Take a Method as an Argument
These instructions reference a method, either in another class (first instruction format) or in the

10 current class (second instruction format).

11 <instr> ::=

12 <i nstr_net hod>

13 <cal | Conv> <type> [ <typeSpec> :: ] <methodName> ( <paraneters> )

14 <instr_nethod> ::=// Derived from opcode. def

15 call | callvirt | jnp | ldftn | ldvirtftn | newobj

16

17 Exanpl es:

18 call instance int32 C.D.E :X(class W native int)

19 Idftn vararg char F(...) /1 dobal Function F

20

21 C.4.9. Instructions that Take a Field of a Class as an Argument

22 These instructions reference afield of aclass.

23 <instr> ::=

24 <instr_field> <type> <typeSpec> :: <id>

25 <instr_field> ::=// Derived from opcode. def

26 Idfid | Idfida | Idsfid | Idsflda | stfld | stsfld

27

28 Exanpl es:

29 Idfld native int X :IntField

30 stsfld int32 Y::AnotherField

31

32 C.4.10. Instructions that Take a Type as an Argument

33 These instructions reference atype.

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

35 <instr_type> ::=// Derived from opcode. def

36 box | castclass | cpobj | initobj | isinst |

37 | del ema | | dobj | mkrefany | newarr | refanyval |

38 sizeof | stobj | unbox

39

40 Exanpl es:

41 initobj [mscorlib] System Consol e

42 si zeof class X

43
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C.4.11. 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
I dstr

Exanpl es:

ldstr “This is a string”

ldstr “This has a\nnewline init”

C.4.12. 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
Exanpl es:

calli class A B(wchar *)

calli vararg bool (int32[,] X ...)

/! Returns a bool ean, takes at |east one argunent. The first
[/ argurment, named X, nust be a two-dimensional array of
/1 32-bit ints

C.4.13. Instructions that Take a Metadata Token as an Argument

Thisinstruction takes a metadata token as an argument. The token can reference atype, a
method, or afield of aclass.
<instr> ::= <instr_tok> <typeSpec> |
<i nstr_t ok> net hod
<cal | Conv> <type> <typeSpec> :: <met hodNane>
( <paraneters> ) |
<instr_tok> net hod
<cal | Conv> <type> <nmet hodNane>
( <parameters> ) |
<instr_tok> field <type> <typeSpec> :: <id>
<instr_tok> ::=// Derived from opcode. def

| dt oken

Exanpl es:

| dt oken cl ass [nscorlib] System Consol e
| dt oken nmethod int32 X :Fn()

| dt oken net hod bool d obal Fn(int32 &)

| dt oken field class X Y Class::Field

C.4.14. Switch instruction
The switch instruction takes a set of |abels or decimal relative values.
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<instr> ::= <instr_switch> ( <l abels>)

<instr_switch> ::=// Derived from opcode. def
switch

Exanpl es:

switch (0x3, -14, Label 1)
switch (5, Label2)
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Annex D Class Library Design Guidelines

This chapter contains only informative text

D.1.

This chapter describes the guidelines that were used in the design of the class libraries, including
naming conventions and coding patterns. They are intended to give guidance to anyonewho is
extending the libraries, including:

. Implementers of the CLI who wish to extend the libraries beyond those specified in
this Standard
. Implementers of libraries that will run on top of the CLI and wish their libraries to

be consistent with the standard libraries

. Future standards efforts aimed at refining the existing libraries or defining additional
libraries.

Aswith any set of guidelines, they should be applied with an eye toward the end goal of
consistency but understanding that for functionality, performance, or external compatibility
reasons they may require modification or ssmply prove inappropriate in particular cases. The
guidelines should not be applied blindly, and they should be revisited periodically to ensure that
they remain viable.

Throughout this chapter, we use the following convention:
. Do means that the described practice should be followed where possible
. Do not means that the described practice should be avoided where possible

. Consider means that the described practice is often helpful but there are common
cases where it isimpractical or inadvisable; thus, the practice should be carefully
considered but may not be appropriate.

Naming Guidelines

One of the most important elements of predictability and discoverability in a managed class
library isthe use of a consistent naming pattern. Many of the most common user questions
should not arise once these conventions are understood and widely used.

There are three elements of naming guidelines.

. Case: Use the correct capitalization style.

. M echanics: Use nouns for classes, verbs for methods, etc.
. Word Choice: Use terms consistently across libraries.

The following section describes rules for case and mechanics, and some philosophy regarding
word choice.

D.1.1. Capitalization Styles

The following section describes different ways of capitalizing identifiers. These terms will be
referred to throughout the rest of this document.

D.1.1.1. Pascal Casing

This convention capitalizes the first character of each word as in the following example.
BackCol or

D.1.1.2. Camel Casing

This convention capitalizes the first character of each word except the first word asin the
following example. backCol or
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D.1.1.3.

Only use all upper case lettersfor identifiersif it contains an abbreviation that is two characters
long or less. Identifiers of three or more characters should us Pascal Casing.

Upper Case

o U~ WN P

~

10
11
12
13
14
15
16

17

D.1.1.4.

System | O
System Web. Ul
Syst em CodeDom

Capitalization summary

The following table describes the capitalization rules for different types of identifiers.

. Do avoid using class names duplicated in heavily used namespaces. For example, do
not use any of the following for a class name.

System
Collections
Forms

ul

. Do avoid using identifiers that conflict with the following keywords.

Type Case Notes
Class Pascal Case
Enum values Pascal Case
Enum type Pascal Case
Events Pascal Case
Exception class PascalCase Ends with the suffix Exception.
Final Static field Pascal Case
Interface Pascal Case Begins with the prefix I.
Method Pascal Case
Namespace Pascal Case
Property Pascal Case
Public Instance Field Pascal Case Rarely used, prefer properties.
Protected Instance Field camelCase Rarely used, prefer properties.
Parameter camelCase
D.1.2. Word Choice

alias and ansi as assenbly
aut o base bool bool ean byte
cal | case catch char cl ass
const current date deci mal decl are
def aul t del egate di m do doubl e
each el se el sei f end enum
erase error eval event exit

ext ends finalize finally fl oat for
friend function get got o handl es
i f i mpl enent s i mport i mports in

i nherit inherits i nst anceof int i nt eger
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interface is | et lib l'i ke

| ock | ong | oop me nod

nodul e nanespace new next not

not hi ng nul | obj ect on or

over | oads override overrides package private
property prot ect ed public rai se readonl y
redim rem resume return sel ect
sel f set shar ed short singl e
static step st op string structure
sub synchroni ze synchroni zed t hen this

t hr ow to try t ypeof unl ock
unti | use uses usi ng var

void vol atile when whil e with

xor FALSE TRUE

. Do not use abbreviations in identifiers (including parameter names).

. If you must use abbreviations, do use camelCasing for any abbreviation over two

characters long, even if thisis not the standard abbreviation.

D.1.3. Case Sensitivity

Do not use names that require case sensitivity. Components must be fully usable from both case-
sensitive and case-insensitive languages. Since case-insensitive languages cannot distinguish

between two names within the same context that differ only by case, components must avoid this

situation.

. Do not have two namespaces whose names differ only by case

D.1.4.

nanespace ee.cunm ngs;

nanmespace Ee. Cunmmi ngs;

Do not have a function with two parameters whose names differ only by case.
void foo(string a, string A

Do not have a namespace with two types whose names differ only by case.
System Dr awi ng. Poi nt p;

System Drawi ng. PO NT pp;

Do not have a type with two properties whose names differ only by case.
int Foo {get, set};

int FOO {get, set}

Do not have a type with two methods whose names differ only by case.
void foo();

voi d Foo();

Avoiding Type Name Confusion

Different languages use different terms to identify the fundamental managed types. Designers
must avoid using language-specific terminology. Follow the rules described in this section to
avoid type name confusion.

Do use semantically interesting names rather than type names.
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. In the rare case that a parameter has no semantic meaning beyond its type, use a
generic name. For example, a class that supports writing a variety of data types into
a stream might have the following methods.

void Wite(doubl e val ue);

void Wite(float value);

void Wite(long val ue);

void Wite(int value);

void Wite(short value);

The above example is preferred to the following language-specific alternative.
void Wite(doubl e doubl eval ue);
void Wite(float fl oatValue);
void Wite(long |ongVal ue);
void Wite(int intValue);

void Wite(short shortVal ue);

In the extremely rare case that it is necessary to have a uniquely-named method for each
fundamental data type, do use the following universal type names.

C#type ILAsm _ Universal
name representation type name
shyte int8 SByte
byte unsigned int8 Byte
short int16 Int16
ushort unsigned int16 uint16
int int32 Int32
uint unsigned int32 uint32
long int64 Int64
ulong unsigned int64 uUint64
float float32 Single
double float64 Double
bool int32 Boolean
char unsigned int16 Char
string System.String String
object System.Object Object

A class that supports reading a variety of data types from a stream might have the following
methods.

doubl e ReadDoubl e();

float ReadSingle();

| ong Readl nt64();

int Readl nt32();

short Readl nt 16();

The above example is preferred to the following language-specific alternative.
doubl e ReadDoubl e();

float ReadFl oat ();

| ong ReadLong();
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int Readlnt();

short ReadShort();

D.1.5. Namespaces

The following example illustrates the general rule for naming namespaces.
ConpanyNane. Technol ogyNane

Therefore, we should expect to see namespaces like the following.
M crosoft. O fice

Power Sof t . Power Bui | der

. Do avoid the possibility of two published namespaces having the same name, by
prefixing namespace names with a company name or other well-established brand.
For example, M cr osof t . Of f i ce for the Office Automation Classes provided by
Microsoft.

. Do use Pascal Casing, and separate logical components with periods (For example,
M crosoft. Of fi ce. Power Poi nt) . If your brand employs non-traditional
casing, do follow the casing defined by your brand, even if it deviates from normal
namespace casing (For example, NeXT. WebCbj ect s, and ee. cunm ngs).

. Do use plural namespace hames where appropriate. For example, use
System Col | ecti ons not Syst em Col | ecti on. Exceptions to this rule are brand
names and abbreviations. For example, use Syst em | Onot Syst em | Os.

. Do not specify the same name for namespaces and classes. For example, do not use
Debug for a namespace name and also provide a class named Debug.

D.1.6. Classes

. Do name classes with nouns or noun phrases.

. Do use Pascal Casing.

w)

0 use abbreviations in class names sparingly.

. Do not use any type of class prefix (such as C).
. Do not use the underscore character.

. Occasionally, it is necessary to have a class name that begins with I, that is not an
interface. Thisis acceptable as long as the character that follows | islower case (For
example, IdentityStore).

The following are examples of correctly named classes.

public class FileStream

{

}

public class Button

{

}

public class String

{

}

D.1.7. Interfaces

. Do name interfaces with nouns or noun phrases, or adjectives describing behaviour.
For example, | Conponent (descriptive noun), | Cust omAtt ri but eProvi der (noun
phrase), and | Per si st abl e (adjective) are appropriate interface names.
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o Do use Pascal Casi ng.

. Do use abbreviations in interface names sparingly.
. Do not use the underscore character.
. Do prefix interface names with the letter |, to indicate that the type is an interface.

. Do use similar names when defining a class/interface pair where the classis a
standard implementation of the interface. The names should differ only by the letter
| prefix on the interface name.

The following example illustrates these guidelines for the interface | Conponent and its standard
implementation, the class Conponent .
public interface | Conponent

{

}

public class Conponent : | Conponent
{

}

public interface |ServiceProvider

{

}

public interface | Formattable

{

}

D.1.8. Attributes

. Do add the Attribute suffix to custom attribute classes as in the following example.
public class ObsoleteAttribute
{
}

D.1.9. Enums

. Do use Pascal Casing for an enumtype.
. Do use PascalCasing for an enumvalue name.
. Do use abbreviations in enumnames sparingly.

. Do not use a prefix on enumnames (For example, adX XX for ADO enums, rtf XXX
for rich text enums, etc.).

. Do not use an Enum suffix on enumtypes.
. Do use a singular name for an enum

. Do use aplural name for bit fields.

D.1.10. Fields

. Do use camel Casing (except for static fields, see clause D.1.10.1).
. Do not abbreviate field names.

Spell out all the words used in afield name. Only use abbreviations if developers generally
understand them. Do not use uppercase letters for field names. For example:

cl ass Foo

{
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string url;
string destinationUl;
}

Do not use Hungarian notation for field names. Good names describe semantics, not
type.

Do not use a prefix for field names.
Do not include a prefix on afield name, for example 'g_' or 's_' to distinguish static
VS. non-static fields.
Static Fields
Do name static fields with nouns, noun phrases, or abbreviations for nouns.
Do not use a prefix for static field names.
Do name static fields with Pascal Casing.

Do not prefix static field names with Hungarian type notation.

Parameter Names

Do use descriptive parameter names. Parameter names should be descriptive enough
that in most scenarios the name of the parameter and its type can be used to
determine its meaning.

Do name parameters with camel Casing.

Do use names based on a parameter’ s meaning rather than names based on the
parameter’ s type. We expect development tools to provide the information about
type in a useful manner, so the parameter name can be put to better use describing
semantics rather than type. Occasional use of type-based parameter names is entirely

appropriate.

Do not use reserved parameters. If more data is needed in the next version, a new
overload can be added.

Do not prefix parameter names with Hungarian type notation.
Type Get Type (string typeNane)
string Format (string format, object [] args)

Method Names

Do name methods with Pascal Casing as in the following examples.
RenmoveAl | ()
Get Char Array()

I nvoke()
Do not use Hungarian notation.

Do name methods with verbs or verb phrases.

Property Names
Do name properties using a noun or noun phrase.
Do name properties with Pascal Casing.

Do not use Hungarian notation.

Event Names

Do name events using Pascal Casing.
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Do not use Hungarian notation.
Do name event handlers (delegate types) with the Event Handl er suffix asin the
following example.

publ i c del egate void MuseEvent Handl er (obj ect sender, MuseEvent e);
Consider using two parameters named sender and e.

The sender parameter represents the object that raised the event. The sender parameter is
aways of type obj ect , eveniif it is possible to employ a more specific type.
The state associated with the event is encapsulated in an instance of an event class named
e. Use an appropriate and specific event class for its type.
publ i c del egate void MuseEvent Handl er (obj ect sender, MuseEvent e);
Do name event argument classes with the Event Ar gs suffix asin the following
example.
public class MyuseEvent Args : Event Args
{

int x;

int vy;

public MouseEvent Args(int x, int y)
{ this.x = x; this.y =vy; }

public int X { get { return x; } }
public int Y { get { returny; } }
}

Do name event names that have a concept of pre and post using the present and past
tense (do not use the BeforeXxx\AfterXxx pattern). For example, a close event that
can be canceled would have a Closing and Closed event.

Consider naming events with a verb.

Type Member Usage Guidelines

Property Usage Guidelines
Do see clause D.2.1.1 on choosing between properties and methods.
Do not use properties and types with the same name.

Defining a property with the same name as a type can cause ambiguity in some
programming languages. It is best to avoid this ambiguity unlessthereis aclear
justification for not doing so.

Do preserve the previous value if a property set throws an exception.

Do allow properties to be set in any order. Properties should be stateless with
respect to other properties.

It is often the case that a particular feature of an object will not take effect until the
developer specifies a particular set of properties, or until an object has a particular state.
Until the object isin the correct state, the feature is not active. When the object isin the
correct state, the feature automatically activates itself without requiring an explicit call.
The semantics are the same regardless of the order in which the devel oper sets the property
values or how the developer gets the object into the active state.

Properties vs. Methods

Library designers sometimes face a decision between a property and a method. Use the following
guidelines to help you choose between these options. The philosophy hereis that users will think
of properties as though they were fields, hence methods are preferred where the intuitive
semantics or performance differ from those of fields.
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Do use a property if the member has alogical backing store.

Do use a method in the following situations.
0 The operation is a conversion (such as Obj ect . ToString())

0 The operation is expensive (orders of magnitude slower than afield set would
be).

0 Obtaining a property value using the Get accessor has an observable side
effect.

Calling the member twice in succession results in different results.
The order of execution relative to other properties is important.

The member is static but returns a mutable value.

O O o o

The member returns an array.

Properties that return arrays can be very misleading. Usually it is hecessary to return
acopy of theinternal array so that the user cannot change internal state. This,
coupled with the fact that a user could easily assume it is an indexed property, leads
to inefficient code. In the following example, each call to the Methods property
creates a copy of the array. That would be 2n+1 copies for this |oop.

Type type = //get a type sonehow
for (int i =0; i < type.Mthods. Length; i++)

{
if (type. Methods[i].Nane. Equals ("foo"))

(...}

Read-Only and Write-Only Properties

Do use Read-only properties when the user cannot change the logical backing data
field.

Do not use Write-only properties.

Indexed Property Usage

Do use only one indexed property per class and make it the default indexed property
for that class.

Do not use non-default indexed properties.

Do use the name | t emfor indexed properties unless there is an obviously better
name (for example, a Chars property onstring is better than 1 t em).

Do use indexed properties when the logical backing storeis an array.

Do not provide both indexed properties and methods that are semantically equivalent
to two or more overloaded methods.

Met hodl nf o Type. Met hod[ stri ng nane] ;7 Shoul d be net hod
Met hodl nf o Type. Get Met hod (string nane, bool ean ignoreCase)

Event Usage Guidelines
Do use the "raise" terminology for events rather than "fire" or “trigger” terminology.
Do use areturn type of void for event handlers.

Do make Event classes extend the class Syst em Event Ar gs

Do implement Addon<Event Name> and RemoveOn<Event Name> for each event.
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Douseafanmly virtual method to raise each event.

Thisis not appropriate for sealed classes, because classes cannot be derived from them.
The purpose of the method is to provide away for a derived class to handle the event using
an override. Thisis more natural than using delegates in the case where the developer is
creating a derived class.

The derived class can choose not to call the base during the processing of ocn<Event Narre>.
Be prepared for this by not including any processing in the on<Event Name> method that is
required for the base class to work correctly.

Do assume that anything can go in an event handler.

Classes are ready for the handler of the event to do almost anything, and in all casesthe
object isleft in agood state after the event has been raised. Consider using atry/finally
block at the point where the event is raised. Since the developer can call back on the object
to perform other actions, do not assume anything about the object state when control
returns to the point at which the event was raised

Method Usage Guidelines

Do use non-virtual methods unless overriding is intended by the design. Providing
the ability to override a method (i.e. making the method virtual) implies that the
design of the type is independent of details of the method’ s implementation; thisis
rarely true without careful design of the type.

Do use method overloading when you provide different methods that do
semantically the same thing.

Do favor method overloading to default arguments. Default arguments are not
allowed in the common language specification (CLS).

int String.IndexXf (String nane);

int String.lndexOF (String nane, int startlndex);

Do use default values correctly.

In afamily of overloaded methods the complex method should use parameter names
that indicate a change from the default state assumed in the simple method.

For example, in the code below, the first method assumes the look-up will not be
case sensitive. In method two we use the name ignoreCase rather than caseSensitive
because the former indicates how we are changing the default behavior.

Met hodl nf o Type. Get Met hod(String name); //ignoreCase = false
Met hodl nf o Type. Get Met hod (String name, bool ean ignoreCase);

It is very common to use a zero’ ed state for the default value (such as: 0, 0.0, false, “”,
€tc).

Do be consistent in the ordering and naming of method parameters.

It is common to have a set of overloaded methods with an increasing number of parameters
to allow the devel oper to specify a desired level of information. The more parameters
specified, the more detail that is specified. All the related methods have a consistent
parameter order and naming pattern. Each of the method variations has the same semantics
for their shared set of parameters.

This consistency is useful even if the parameters have different types.

The only method in such agroup that should be virtual is the one that has the most
parameters.

Do use method overloading for variable numbers of parameters.

Where it is appropriate to have variable numbers of parameters to a method, use the
convention of declaring N methods with increasing numbers of parameters, and also
provide a method which takes an array of values for numbers greater than N. N=3 or N=4
is appropriate for most cases. Only the method that takes the array should be virtual.
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Do make only the most complete overload virtual (if extensibility is needed) and
define the other operations in terms of it.

public int IndexO (string s)

{ return Indexd (s, 0); }

public int IndexOh (string s, int start)

{ return IndexOF (s, startlndex, s.Length); }

public virtual int IndexOF (string s, int start, int count)

{ //do real work }

Do usethe ParansAt tri but e pattern for defining methods with a variable number of
arguments.

void Format (string formatString, paranms object [] args)

Consider using the varargs (“...”) calling convention to provide variable number of

arguments, but do not use this without providing an alternate mechanism to
accomplish the same thing since it is not CLS compliant.

Consider providing special-case code for a small number of arguments to a method

that takes a variable number of arguments, but only where the performance gained is

significant. When this approach is taken it becomes difficult to allow the method to

be overridden because all the special cases must be overridden as well.
Constructor Usage Guidelines

Do have only adefault pri vat e constructor (or no constructor at all) if there are
only static methods and properties on a class.

Do minimal work in the constructor.

Do provide af ami | y constructor that can be used by typesin a derived class.
Do not provide an empty default constructor for value types.

Do use parameters in constructors as shortcuts for setting properties.

There should be no difference in semantics between using the empty constructor followed
by some calls to property setters, and using a constructor with multiple arguments.

Do be consistent in the ordering and naming of constructor parameters.

A common pattern for constructor parameters isto provide an increasing number of
parameters to allow the devel oper to specify a desired level of information. The more
parameters that are specified, the more detail that is specified. For all of the following
constructors, there is a consistent order and naming of the parameters.

Field Usage Guidelines

Do not use instance fields that are publ i c or fam | y.

Consider providing get and set property accessors for fields instead of making them
public.

Do useafani |y property that returns the value of aprivat e field to expose afield
to aderived class. By not exposing fields directly to the developer, the class can be
versioned more easily for the following reasons:

a. A field cannot be changed to a property while maintaining binary
compatibility.

b.  The presence of executable codein get and set property accessors allows later
improvements, such as demand-creation of an object upon usage of the
property, or a property change notification.

Do usereadonly static fieldsinstead of properties where the value is a global
constant.
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Donotuseliteral static fieldsif the value can change between versions.

Do usepublic static readonly fieldsfor predefined object instances.

Parameter Usage Guidelines
Do check arguments for validity.

Perform argument validation for every publ i ¢ or f ani | y method and property set
accessor, and throw meaningful exceptions to the developer. The
Syst em Ar gunent Except i on exception, or one of its subclasses, is used in these cases.

Note that the actual checking does not necessarily have to happen in the publ i c/f ami 1y
method itself. It could happen at alower level in some pri vat e routines. The main point is
that the entire surface area that is exposed to developers checks for valid arguments.

Parameter validation should occur before any side-effects are performed.

Type Usage Guidelines

Class Usage Guidelines

Do favor using classes over any other type (i.e. interfaces or value types)

Base Class Usage Guidelines

Base classes are a useful way to group objects that share a common set of functionality. Base
classes can provide a default set of functionality, while allowing customization though extension.

Add extensibility or polymorphism to your design only if you have aclear customer scenario for

it.

Do use base classes rather than interfaces.

From a versioning perspective, interfaces are less flexible than classes. With a class, you
can ship Version 1.0 and then in Version 2.0 decide to add another method. Aslong asthe
method is not abstract (that is, aslong as you provide a default implementation of the
method), any existing derived classes continue to function unchanged.

Because interfaces do not support implementation inheritance, the pattern that applies to
classes does not apply to interfaces. Adding a method to an interfaceis like adding an
abstract method to a base class.any class that implements the interface will break because
the class does not implement the interface's new method.

Interfaces are appropriate in the following situations:

0 Several unrelated classes want to support the protocol.
0 These classes already have established base classes.

0 Aggregation is not appropriate or practical.

For all other cases, class inheritance is a better model. For example, make | Byt eSt r eaman
interface so a class can implement multiple stream types. Make val ueEdi t or an abstract
class because classes derived from val ueEdi t or have no other purpose than to edit values.

Do provide customization through f ami | y methods.

The public interface of abase class should provide arich set of functionality for the
consumer of that class. However, customizers of that class often want to implement the
fewest methods possible to provide that rich set of functionality to the consumer. To meet
this goal, provide a set of non-virtual or final public methods that call through to asingle
family method with the | npl suffix that provides implementations for such a method. This
pattern is also known as the “Template Method”.

Publ i c Control
{ public void SetBounds(int x, int y, int width, int height)
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.Sei B.oundsl mpl (.);
}

public void SetBounds(int x, int vy,
int width, int height,
BoundsSpeci fi ed specified)

.Sei Bbundsl mpl (.);
}

protected virtual void SetBoundsl npl
(int x, int vy,
int width, int height,
BoundsSpeci fi ed specified)
{ I/ Do the real work here.
}
}
Do define afani |y constructor on all abstract classes. Many compilers will insert
apubl i ¢ constructor if you do not. This can be very misleading to users as it can
only be called from derived classes.
Sealed Class Usage Guidelines
Do useseal ed classesif creating derived classes will not be required.

Do useseal ed classesif there are only st at i ¢ methods and properties on a class.

Value Type Usage Guidelines
Do use avalue type for types that meet all of the following criteria.
0 Act like built-in types.
0 Have an instance size under 16 bytes.
0 Value semantics are desirable.
Do not provide a default constructor.

Do program assuming a state where all instance data is set to zero, false, or null (as
appropriate) is valid, since this will be the state if no constructor is run and thereis
no guarantee that a constructor will be run (unlike for classes).

Enum Usage Guidelines

Do use an Enumto strongly type parameters, property and return type. This allows
development tools to know the possible values for a property or parameter.

Do use the syst em Fl ags custom attribute for an enumif a bitwise OR operation is
to be performed on the numeric values.

Do usei nt 32 as the underlying type of an enum

An exception to thisrule isif the enumrepresents flags and there are many flags
(>32) or the enummay grow to many flags in the future or the type needs to be
different than typei nt 32 for backwards compatibility.

Do use an enumwith flags attribute only if the value can be completely expressed as
a set of bitflags. Do not use an enumfor open sets (eg., a version number).

Do not assume enumarguments will be in the defined range Do argument validation.

Do favor using an enumover static final constants.
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. Do usei nt 32 as the underlying type of an enumunless either of the following is true.

a.  Theenumrepresents flags, and there are currently many flags (>32), or the
enummay grow to many flagsin the future.

b.  Thetype needsto be different than i nt for backward compatibility.
. Do not use a non-integral enumtype. Only usei nt 8, i nt 16, i nt 32, Or i nt 64.
. Do not define methods, properties or events on an enum

. Do not use any suffix on enumtypes.

D.3.3. Interface Usage Guidelines

See introductory paragraph of clause D.3.1.
. Do use a class or abstract class in preference to an interface, where possible.
. Do use interfaces to provide extensibility and the ability to customize.

. Do provide a default implementation of an interface where it is appropriate. For
example, System Col | ecti ons. Di cti onaryBase isthe default implementation of
the System Col | ections. I Di ctionary interface.

. Do see clause D.3.1.1 on the versioning issues with interfaces and abstract classes.
. Do not use interfaces as empty markers. Use Custom Attributes instead.

If you need to mark a class as having a specific attribute (such asimmutable or
serializable) use a custom attribute rather than an interface.

. Do implement interfaces using “method impls” (see Partition I1) and pri vat e
vi rtual methods if you only want the interface methods available when cast to that
interface. Thisis particularly useful when a class or value type implements an
internal interface that is of no interest to a consumer of the class or value type.

D.3.4. Delegate Usage Guidelines

Delegates are a powerful tool that allow the managed code object model designer to encapsulate
method calls. They are used in two basic areas.

Event notifications
See clause D.2.2 on event usage guidelines.
Cal | backs

Passed to amethod so that user code can be called multiple times during execution to provide
customization. The classic example of thisis passing a Compare callback to a sort routine. These
methods should use the Callback conventions

. Do use an Event design pattern for events (even if it is not user interface related).

D.3.5. Attribute Classes

The CLI enables developers to invent new kinds of declarative information, to specify
declarative information for various program entities, and to retrieve attribute information in a
runtime environment. New kinds of declarative information are defined through the declaration
of attribute classes, which may have positional and named parameters.

. Do specify an At t ri but eUsage on your attributes to define their usage precisely.
. Do seal attribute classes if possible.
. Do provide a single constructor for the attribute.

. Do use a parameter to the attribute’s constructor when the value of that parameter is
always required to make the attribute.
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. Do use afield on an attribute when the value of that property can be optionally
specified to make the attribute.

. Do not name a parameter to the constructor with the same name as a field or
property of the attribute.

. Do provide aread-only property with the same name (different casing) as each
parameter to the constructor.

. Do provide aread-write property with the same name (different casing) as each field
of the attribute.

D.3.6. Nested Types

D.4.

A nested type is atype defined within the scope of another type. They are very useful for
encapsulating implementation details of atype, such as an enumerator over a collection, because
they can have access to private state. Public nested types are rarely used.

Do not use public nested types unless all of the following are true.
. The nested type logically belongs to the containing type.
. The nested type is not used very often, or at least not directly.

Error Raising and Handling
. Do end Exception class names with the Exception suffix.

. Do use these common constructors.
public class XxxException : Exception
{
XxxException() { }
XxxException(string message) { }
XxxException(string message, Exception inner) { }

}

. Do use the predefined exception types. Only define new exception types for
programmatic scenarios, meaning you expect users of you library to catch
exceptions of this new type and perform a programmatic action based on the
exception type..

. Do not derive new exceptions directly from the base class Except i on. Use one of its
predefined subclasses instead.

. Do use alocalized description string. When the user sees an error message, it will
be derived from the description string of the exception that was thrown, and never
from the exception class. Include a description string in every exception.

. Do use grammatically correct error messages including ending punctuation.

Each sentence in a description string of an exception should end in a period. Thisway code
that generically displays an exception message to the user does not have to handle the case
where a developer forgot the final period, which is relatively cumbersome and expensive.

. Do provide exception properties for programmatic access. Include extrainformation
(besides the description string) in an exception only when there is a programmatic
scenario where that additional information is useful.

. Do throw exceptions only in exceptional cases.
0 Do not use exceptions for normal or expected errors.
0 Do not use exceptions for normal flow of control.

. Do return null for extremely common error cases. For example, Fi | e. Open returns a
null if the file is not found, but throws an exception if the file is locked.
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Do design classes such that in the normal course of use there will never be an
exception thrown. For example, aFi | eSt r eamclass might expose a way of
determining if the end of the file has been reached to avoid the exception that will be
thrown if the developer reads past the end of the file.

Do throw an I nval i dOper ati onExcepti on if in an inappropriate state.

The system I nval i dOper at i onExcept i on exception should be thrown if the property set
or method call is not appropriate given the object's current state.

Do throw an Ar gunent Except i on Or create an exception derived from this class if
bad parameters are passed or detected.

Do realize that the stack trace starts at the point where an exception is thrown, not
where it is created with the new operator. Y ou should consider this when deciding
where to throw an exception.

Do throw Exceptions rather than return an error code.
Do throw the most specific exception possible.

Do set all the fields on the exception you use.

Do use Inner exceptions (chained exceptions).

Do cleanup side effects when throwing an exception. Clearly document cases where

an exception may occur after a side-effect has already taken place and cannot be

retracted.

. Do not assume that side-effects do not occur before an exception is thrown, but
rather that the state is restored if one isthrown. That is, another thread may see the
side-effect, but will then see an addition one to restore the state.

D.4.1.

Standard Exception Types

The following table breaks down the standard exceptions and the conditions for which you

should create aderived class.

Exception Type Base Type Description Example
Exception Object Base classfor all None (use a
Exceptions. derived class of
this exception).
SystemException Exception Base classfor all None (usea
runtime generated errors. | derived class of
this exception).
IndexOutOf RangeException SystemException Thrown only by the Indexing an
runtime when an array is | array outside of
indexed improperly. itsvalid range:
arr[arr.Length+1
]
NullReferenceException SystemException Thrown only by the object o = null;
runtime when anull 0.ToString();
object isreferenced.
InvalidOperationException SystemException Thrown by methods Calling
when in an invalid state. | Enumerator.Get
Next() after
removing an
Item from the
underlying
collection.
ArgumentException SystemException Base classfor all None (use a




© 00N U ~AW N P

=
o

N N <
N~ o b wN R

18
19

20
21

22
23

24

25
26
27
28

29
30

31

D.5.

D.6.

- 71 -

Argument Exceptions.
Derived classes of this
exception should be

derived class of
this exception).

thrown where
applicable.

ArgumentNull Exception ArgumentException | Thrown by methodsthat | String s = null;
do not alow an "foo” .IndexOf
argument to be null. (9);

ArgumentOutOf RangeException | ArgumentException | Thrown by methodsthat | String s=
verify that arguments are | “string”;
inagiven range. s.Chard[9];

I nteropException SystemException Base class for exceptions | None (use a

that occur or are targeted
at environments outside
of the runtime.

derived class of
this exception).

Array Usage Guidelines

. Do use a collection when Add, Renove or other methods for manipulating the
collection are supported. This scopes all related methods to the collection.

. Do use collections to add read-only wrappers around internal arrays.

. Do use collections to avoid the inefficiencies in the following code.

for (int i = 0;

i < obj.myQbj.Count; i++)

DoSonet hi ng(obj . myOhj[i])

Alsoseeclause D.2.1.1.

. Do return an Empty array instead of a null.

Users assume that the following code will work:

public voi d DoSoret hi ng(..)
{ int a[] = SoneQ herFunc();

if (a.Length > 0)
{ /1 do sonething

}
}

// Don’t expect NULL here!

Operator Overloading Usage Guidelines

. Do define operators on Value types that are logically a built-in language type.

. Do provide operator-overloading methods only involving the class in which the

methods are defined.

. Do use the names and signature conventions described in the common language

specification.

. Do not be cute.

Operator overloading is useful in cases where it isimmediately obvious what the result of
the operation will be. For example, it makes sense to be able to subtract one Ti ne value
from another Ti me value and get a Ti meSpan. However, it is not appropriate to use shi ft to

write to a stream.

. Do overload operators in a symmetric fashion. For example, if you overload the
Equal operator (==), you should also overload not equals (! =) operator.

. Do provide alternate signatures.
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Most languages do not support operator overloading. For thisreasonitisaCLS
requirement that you include a method with an appropriate domain-specific name that has
the equivalent functionality asin the following example.

class Tinme {
Ti meSpan operator -(Time t1, Time t2) { }
TimeSpan Difference(Time t1, Time t2) { }

}
See Partition | (Operator Overloading)

D.6.1. Implementing Equals and Operator==

Do see the section on implementing the Equal s method in Section D.7.

Do implement Get HashCode() Whenever you implement Equal s() . This keeps Equal s() and
Get HashCode() Synchronized.

Do override Equal s whenever you implement oper at or == and make them do the same thing.
This allows infrastructure code such as Hasht abl e and Ar r ayLi st which use Equal s() to behave
the same way as user code written using oper at or ==.

Do override Equal s anytime you implement | Conpar abl e.

Consider implementing operator overloading for ==, ! =, <, and > when you implement
| Conpar abl e.

Do not throw exceptions from Equal s() , Get HashCode() , OF oper at or == methods.

D.6.1.1. Implementing operator== on Value Types

Do overload oper at or == anytime equality is meaningful, because in most programming
languages there is no default implementation of oper at or == for value types.

Consider implementing Equal s() on VaueTypes because the default implementation on
Syst em Val ueType will not perform as well as your custom implementation.

Do implement oper at or == anytime you override Equal s()

D.6.1.2. Implementing operator== on Reference Types

Do use care when implementing oper at or == on reference types. Most languages do provide a
default implementation of oper at or == for reference types, therefore overriding the default
implementation should be done with care. Most reference types, even those that implement
Equal s() should not override oper at or ==.

Do override oper at or == if your type has value semantics (that is, if it looks like a base type such
asaPoint, String, BigNumber, etc.). Anytime you are tempted to overload + and - you also
should consider overloading oper at or ==.

D.6.2. Cast Operations (op_Explicit and op_Implicit)

. Do not lose precision in implicit casts.

For example, there should not be an implicit cast from Doubl e to I nt 32, but there may be
onefromint 32 to I nt 64.

. Do not throw exceptions from implicit casts because it is very difficult for the
developer to understand what is happening.

. Do provide cast operations that operate on the whole object. The value that is cast
represents the whole value being cast, not one sub part. For example, it is not
appropriate for a Button to cast to a string by returning its caption.

. Do not generate a semantically different value.
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For example, it is appropriate to convert aTi me or Ti mreSpan into an I nt. Thel nt still
represents the time or duration. It does not make sense to convert afile name string such
as, "c:\mybitmap.gif" into a Bitmap object.

. Do not provide cast operations for values between different semantic domains. For
example, it makes sense that an | nt 32 can cast to aDoubl e. It does not make sense
for an I nt to cast to astring, because they are in different domains.

Equals
Do see clause D.6.1 on implementing operator==.
Do override Get HashCode() in order for the type to behave correctly in a hashtable.
Do not throw an exception in your Equal s implementation. Return false for anull argument, etc.
Do follow the contract defined on Obj ect . Equal s.
. x.Equals(x) returns true.
. x.Equals(y) returns the same value as y.Equal s(x).
. (x.Equals(y) && y.Equals(z)) returns true if and only if x.Equals(z) returns true.

. Successive invocations of x.Equals(y) return the same value as long as the objects
referenced by x and y are not modified.

. x.Equals(null) returns false.

For some kinds of objects, it is desirable to have Equal s test for value equality instead of
referential equality. Such implementations of Equal s return trueif the two objects have the same
value, even if they are not the same instance. The definition of what constitutes an object’s value
is up to the implementer of the type, but it istypically some or all of the data stored in the
instance variables of the object. For example, the value of a string is based on the characters of
the string; the Equal s method of the St ri ng class returns true for any two string instances that
contain exactly the same characters in the same order.

When the Equal s method of abase class provides value equality, an override of Equal s in aclass
derived from that base class should invoke the inherited implementation of Equal s.

If you choose to overload the equality operator for a given type, that type should override the
Equal s method. Such implementations of the Equal s method should return the same results as
the equality operator. Following this guideline will help ensure that class library code using
Equal s (such asArrayLi st and Hasht abl e) behaves in amanner that is consistent with the way
the equality operator is used by application code.

If you are implementing a value type, you should follow these guidelines.

. Consider overriding Equal s to gain increased performance over that provided by the
default implementation of Equal s On Syst em Val ueType.

. If you override Equal s and the language supports operator overloading, you should
overload the equality operator for your value type.

If you are implementing reference types, you should follow these guidelines.

. Consider overriding Equal s on areference type if the semantics of the type are
based on the fact that the type represents some value(s). For example, reference
types such as Point and BigNumber should override Equal s.

. Most reference types should not overload the equality operator, even if they override
Equal s. However, if you are implementing a reference type that is intended to have
value semantics, such as a complex number type, you should override the equality
operator.

If you implement | Conpar abl e on agiven type, you should override Equal s on that type.
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Callbacks

Delegates, Interfaces and Events can each be used to provide callback functionality. Each hasits
own specific usage characteristics that make it better suited to particular situations.

Use Eventsif the following are true.

. One signs up for the callback up front (typically through separate Add and Rermove
methods).

. Typically more than one object will care.

Use aDelegate if the following are true.

. Y ou want a C style function pointer.

. Single callback.

. Registered in the call or at construction time (not through separate Add method)
Use an Interface if the following is true.

. The callback entails complex behavior.

Security in Class Libraries

Class library authors need to consider two perspectives with respect to security.Whether these
perspectives are applicable will depend upon the class itself. Some classes, such as

System | O Fi | eStream represent objects that need protection with permissions; the
implementation of these classes is responsible for checking the appropriate permissions of the
caller required for each action and only allowing authorized callers to perform the actions for
which they have permission. The Syst em Secur i t y hamespace contains some classesto help
make these checks easier. Additionally, class library code often is fully-trusted or at least highly-
trusted code. Any flaws in the code represent a serious threat to the integrity of the entire security
system. Therefore, extra careis required when writing class library code as detailed below.

. Do access protected resources only after checking the permissions of your callers,
either through a declarative security attribute or an explicit call to bemand on an
appropriate security permission object.

. Do assert a permission only when necessary, and always precede it by the necessary
checks.

. Do not assume that code will only be called by callers with certain permissions.
. Do not define non-type-safe interfaces that might be used to bypass security.

. Do not expose functionality that allows a semi-trusted caller to take advantage of
higher trust of the class.

D.10. Threading Design Guidelines

. Do not provide static methods that mutate static state.

In common server scenarios, static state is shared across requests, which means multiple
threads can execute that code at the same time. This opens up the possibility for threading
bugs. Consider using a design pattern that encapsulates data into instances that are not
shared.

. Do not normally provide thread safe instance state.

By default, thelibrary is not thread safe. Adding locksto create thread safe code decreases
performance and increases lock contention (as well as opening up deadlock bugs). In
common application models, only one thread at a time executes user code, which
minimizes the need for thread safety. In cases where it is interesting to provide a thread
safe version aGet Synchroni zed() method can be used to return athread safe instance of
that type. (See Syst em Col | ect i ons for examples).
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Do make all static state thread safe.

If you must use static state, make it thread safe. In common server scenarios, static datais
shared across requests, which means multiple threads can execute that code at the same
time. For this reason it is necessary to protect static state.

Do be aware of non-atomic operations.

Vaue types whose underlying representations are greater than 32 bits may have non-
atomic operations. Specifically, because value types are copied bitwise (by value as
opposed to by reference), race conditions can occur in what appears to be straightforward
assignments within code.

For example, consider the following code (executing on two separate threads) where the
variable x has been declared astype | nt 64.

/1 Code executing on Thread "A".
X = 54343343433;

/1 Code executing on Thread "B".
X = 934343434343,

At first glance it seems to indicate that there is no possibility of race conditions (since each
line looks like a straight assignment operation). However, because the underlying variable
is a 64-bit value type, the actual code is not doing an atomic assignment operation. Instead,
it is doing a bitwise copy of two 32 bit halves. In the event of a context switch, halfway
during the value type assignment operation on one of the threads, the resulting x variable
can have corrupt data (for example, the resulting value will be composed of 32 bits of the
first number, and 32 bits of the second number).

Do be aware of method calls in locked sections.

Deadlocks can result when a static method in class A calls static methods in class B and
viceversa. If A and B both synchronize their static methods, this will cause a deadlock.
Y ou might only discover this deadlock under heavy threading stress.

Performance issues can result when a static method in class A calls a static method in class
A. If these methods are not factored correctly, performance will suffer because there will
be alarge amount of redundant synchronization. Excessive use of fine-grained
synchronization might negatively impact performance. In addition, it might have a
significant negative impact on scalability.

Do be aware of issues with the | ock statement and consider using
Syst em Threadi ng. I nterl ocked instead.

It's tempting to use the | ock statement in C# to solve al threading problems. But the
Syst em Threadi ng. I nt erl ocked classis superior for updates that must be made
automically

Do avoid the need for synchronization if possible.

Obviougly for high traffic pathways it is nice to avoid synchronization. Sometimes the
agorithm can be adjusted to tolerate races rather than eliminating them.
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Annex E Portability Considerations

This chapter contains only informative text

E.1.

E.2.

E.3.

This Chapter gathers together information about areas where this Standard deliberately leaves
|leeway to implementations. Thisleeway isintended to allow compliant implementations to make
choicesthat provide better performance or add value in other ways. But this |leeway inherently
makes programs non-portable. This chapter describes the techniques that can be used to ensure
that programs operate the same way independent of the particular implementation of the CLI.

Note that code may be portable even though the datais not, both due to size of integer type and

direction of bytesin words. Read/write invariance holds provided the read method corresponds to

the write method (i.e. write asint read as int works, but write as string read as int might not).
Uncontrollable Behavior

The following aspects of program behavior are implementation dependent. Many of theseitems
will be familiar to programmers used to writing code designed for portability (for example, the
fact that the CLI does not impose a minimum size for heap or stack).

1.  Size of heap and stack aren't required to have minimum sizes
2. Behavior relative to asynchronous exceptions (see Syst em Thr ead. Abort)

3.  Globalization is not supported, so every implementation specifies its culture
information including such user-visible features as sort order for strings.

4.  Threads cannot be assumed to be either pre-emptively or non-pre-emptively
scheduled. This decision is implementation specific.

L ocating assemblies is an implementati on-specific mechanism.
Security policy is an implemenation-specific mechanism.

File names are implementation-specific.

© N o O

Timer resolution (granularity) is implementation-specific, although the unit is
specified.

Language- and Compiler-Controllable Behavior

The following aspects of program behavior can be controlled through language design or careful
generation of CIL by alanguage-specific compiler. The CLI provides all the support necessary to
control the behavior, but the default isto allow implementation-specific optimizations.

1.  Unverifiable code can access arbitrary memory and cannot be guaranteed to be
portable

2. Floating point — compiler can force all intermediate values to known precision
Integer overflow — compiler can force overflow checking

Native integer type need not be exposed, or can be exposed for opaque handles only,
or can reliably recast with overflow check to known size values before use. Note
that "free conversion" between native integer and fixed-size integer without
overflow checks will not be portable.

5.  Deterministic initialization of types is portable, but "before first reference to static
variable" is not. Language design can either force all initialization to be
deterministic (cf. Java) or can restrict initialization to deterministic cases (i.e. simple
static assignments).

Programmer-Controllable Behavior

The following aspects of program behavior can be controlled directly by the programmer.
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Code that is not thread-safe may operate differently even on a single
implementation. In particular, the atomicity guarantees around 64-bit must be
adhered to and testing on 64-bit implementations may not be sufficient to find all
such problems. The key is never to use both normal read/write and interlocked
access to the same 64-bit datum.

Calls to unmanaged code or calls to non-standardized extensions to libraries
Do not depend on the relative order of finalization of objects.
Do not use explicit layout of data.

Do not rely on the relative order of exceptions within asingle CIL instruction or a
given library method call.
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