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Metadata (recall)
• d a t a  d es c r i b i n g  m a n a g ed  d a t a  a n d  c o d e
• a s s o c i a t ed  w i t h  a l l  l a n g u a g e el em en t s
• s t o r ed  t o g et h er  w i t h  c o d e a n d d a t a  i n  o n e f i l e

• c o m p i l er s  u n d er s t a n d  m et a d a t a
– n o  n e e d  f o r  C -l i k e  h e a d e r s  i n  m a n a g e d  l a n g u a g e s

• p r o g r a m m er  c a n
– d e f i n e  a n d  u s e  h i s / h e r  c u s t o m  m e t a d a t a
– q u e r y  o n  m e t a d a t a  b y  r e f l e c t i o n  A P I

• t o o l s  u n d er s t a n d  m et a d a t a a s  w el l
– I L D A S M ,  V i s u a l  S t u d i o  .N E T ,  …
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A s s em b li es
• a s s e m b l y

– d ep l o y m ent u ni t
– s et o f  o ne o r  m o r e f i l es  
– d es c r i b ed  b y  m a ni f es t ( c o ntent +  a d d i ti o na l  i nf o )

• f i l e s  l o g i c a l l y  c o n t a i n e d  i n  a n  a s s e m b l y
– m o d u l es  ( c o nta i n I L  c o d e)
– r es o u r c es
– o ther  f i l es

• p r i m a r y  m o d u l e
– m o d u l e c o nta i ni ng  m a ni f es t
– a s s em b l y  c o nta i ns  a t m o s t o ne p r i m a r y  m o d u l e

• m o d u l e s h a s  P E / C O F F  s t r u c t u r e
– . tex t s ec ti o n c o nta i ns  I L  c o d e,  m a na g ed  r es o u r c es ,  m eta d a ta
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Metadata O rg an i z ati o n
• m et a d a t a  o f  ea c h  m o d u l e s t o r ed  i n s t r ea m s

– h e a p s  a n d  s e r i a l i z e d  t a b l e s

• h ea p s
– c o n t i g u o u s  s e q u e n c e s  o f  i t e m s
– t y p e s :

• s tr i ng  hea p – z er o  ter m i na ted  U T F -8  enc o d ed s tr i ng s
• G U I D  hea p – 1 6 B  l o ng  G U I D s
• b l o b  hea p – b i na r y  d a ta ,  ea c h d a tu m  p r ec ed ed  b y  i ts  l eng th

• t a b l es
– f o r m s  a  r e l a t i o n a l  s c h e m a
– e n t i t i e s :  t y p e s ,  m e t h o d s ,  f i e l d s ,  p a r a m e t e r s ,  …
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S tream s

• a  p e r s i s t e n t  m o d u l e  c o n t a i n s  t h e  # ~  s t r e a m  ( t a b l e s  a r e  o p t i m i z e d )
• a  d y n a m i c  m o d u l e  c o n t a i n s  t h e  # – s t r e a m  ( t a b l e s  a r e  n o t  o p t i m i z e d )

u no p ti m i z ed  m eta d a ta  ta b l esta b l es#–
o p ti m i z ed  m eta d a ta  ta b l esta b l es#~

c on t e n t  d e s c r i p t i ont y p en a me

U ni c o d e s tr i ng  l i ter a l s  ( a k a u s er  s tr i ng s )b l o b  hea p#U S
G U I D s  ( ea c h m o d u l e ha s  a  G U I D  a s s i g ned )G U I D  hea p#G U I D
s i g na tu r es ,  d ef a u l t v a l u es  f o r  f i el d s  a nd  p a r a m s ,  …b l o b  hea p#B l o b
na m es  o f  l a ng u a g e el em ents  ( ty p es ,  f i el d s ,  … )s tr i ng  hea p#S tr i ng s
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S ch em a o f  Metadata T ab les
• h a r d c o d e d  i n  C L R
• d e f i n e s  c o l u m n s  o f  e a c h  t a b l e  ( t y p e ,  o r d e r  a n d  c o u n t )
• e a c h  t a b l e  i d e n t i f i e d  b y  a  n u m b e r  ( 0 … 6 3 )

• c o l u m n  t y p e s :
– R I D <ta b l eI d > – a n i nd ex  o f  a  r ec o r d  i n ex p l i c i tl y  s p ec i f i ed  ta b l e
– to k en – a  p a i r  [ta b l eI d ,  i nd ex ]
– o f f s et i n #S tr i ng s ,  #B l o b o r #G U I D  s tr ea m
– i nteg er  nu m b er  ty p e

• R I D s  u s e d  i n t e r n a l l y
• t o k e n s  a r e  p a r t s  o f  i n s t r u c t i o n s  a n d  u s e d  b y  m e t a d a t a  A P I s

– e. g .  a  p a r t o f  a  c a l l i ns tr u c ti o n i s  to k en o f  the m etho d  to  b e c a l l ed
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Metadata E n ti ty  H i erarch i es
• p a r en t -c h i l d r en  l i s t s

– a  l i s t  o f  a l l  f i e l d s  i n  a  t y p e
– a  l i s t  o f  a l l  m e t h o d s  i n  a  t y p e
– a  l i s t  o f  a l l  p a r a m e t e r s  o f  a  m e t h o d

• o p t i m i z ed  t a b l es  ( # ~  s t r ea m )
– c h i l d r e n  t a b l e s  a r e  s o r t e d  b y  t h e i r  p a r e n t  r o w  i n d e x
– p a r e n t  e n t i t y  p o i n t s  t o  t h e  f i r s t  c h i l d
– t h e  l a s t  c h i l d  d e t e r m i n e d  b y  t h e  n e x t  p a r e n t ’ s  f i r s t  c h i l d

• u n o p t i m i z ed  t a b l es  ( # – s t r ea m )
– e d i t -a n d -c o n t i n u e  s c e n a r i o
– i n t e r m e d i a t e  i n d e x i n g  t a b l e
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T ab le N am e S u f f i x es
• -D ef  t a b l es

– e n t i t i e s  d e f i n e d  i n  a  m o d u l e  c o n t a i n i n g  t h e  t a b l e

• -R ef  t a b l es
– e n t i t i e s  r e f e r r e d  i n  t h e  m o d u l e  b u t  d e f i n e d  i n  a n o t h e r  o n e

• -P t r  t a b l es
– i n d e x i n g  t a b l e s  ( o n l y  i n  # ~  s t r e a m )
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Metadata T ab les

… w h o l e  s c h e ma  c o n s i s ts  o f 4 4  ta b l e s  ( s o me  a r e  n o t u s e d i n  th e  C L R  1 .0 )  …

s i g na tu r esS i g na tu r e

i nf o r m a ti o n c o nta i ned  i n the m a ni f es t 
• a  s i n g l e  r e c o r d ,  o n l y  i n  t h e  p r i m a r y  m o d u l e

A s s em b l y

a  l i s t o f  r ef er enc ed  a s s em b l i es  ( s tr o ng  na m es )A s s em b l y R ef

u s er  d ef i ned  m eta d a taC u s to m A ttr i b u te

m etho d s  d ef i ned  i n the m o d u l eM etho d D ef

c on t a i n sn a me

f i el d s  d ef i ned  i n the m o d u l eF i el d D ef
ty p es  d ef i ned  i n the m o d u l eT y p eD ef
m a na g ed  r es o u r c es  c o nta i ned  i n the m o d u l eM a ni f es tR es o u r c e

m o d u l e na m e,  G U I DM o d u l e
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A ddi n g  C u s to m  Metadata
• p r o b l em :

– w e  w a n t  t o  a d d  a  n e w  c o l u m n  t o  a n  e x i s t i n g  m e t a d a t a  t a b l e
– b u t  t a b l e s  c a n ’ t  b e  c h a n g e d  ( s c h e m a  i s  h a r d c o d e d )

• s o l u t i o n :
– C u s t o m A t t r i b u t e  t a b l e  c o n t a i n s  c u s t o m  m e t a d a t a
– t a k e s  a d v a n t a g e  o f  t o k e n s :

• to k en c a n r ef er enc e i tem s  i n o ther  ta b l es
• ea c h r o w  i s  b o u nd  to  s o m e ta b l e
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C u s to m A ttri b u te T ab le
• c o n s i s t s  o f  t h r ee c o l u m n s :

– p a r e n t  ( t o k e n )
• m eta d a ta  to  w hi c h the a ttr i b u te i s  a s s i g ned  
• r ef er es  to  a  ta b l e:  A s s em b l y ,  T y p eD ef ,  M etho d D ef ,  …

– t y p e  ( t o k e n )
• d ef i nes  the a ttr i b u te c o ns tr u c to r  
• r ef er s  to  M etho d  o r  M em b er R ef  ta b l e

– v a l u e  ( o f f s e t  i n  # B l o b  s t r e a m )
• s er i a l i z ed  d a ta

– c o n s tr u c to r ’ s  a r g u me n ts  ( p o s i ti o n a l  p a r a me te r s )
– n a me -v a l u e  p a i r s  ( n a me d p a r a me te r s )
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D ef i n i n g  C u s to m  A ttri b u te i n  C #
// custom CLR attribute used on new attribute definition:

[AttributeUsage(AttributeTargets.All, AllowMultiple = true, Inherited = false)]

public class MyAttribute : Attribute

{

// public constructor (defines attribute's positional parameters):

public MyAttribute(string s,int i) { this.s = s; this.i = i; }

// yet another public constructor:

public MyAttribute(string s) { this.s = s; this.i = 10; }

// read-write property (defines attribute's named parameters):

public string X { get { return x; } set { x = value; } }

// public read-write field defines named parameter:

public string Y;

// attribute’s private data:

private string x,y,s;

private int i;

}

• a ttr i b u te ’ s  p a r a me te r s
– p o s i t i o n a l ,  m a n d a t o r y :  s
– p o s i t i o n a l ,  o p t i o n a l :  i
– n a m e d ,  o p t i o n a l :  X ,  Y
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S y s tem . A ttri b u teU s ag eA ttri b u te
• u s ed  o n  t h e c l a s s  d ef i n i n g  c u s t o m  a t t r i b u t e

• t h r ee p a r a m et er s :
– V a l i d O n ( m a n d a t o r y ,  o f  e n u m e r a t e d  t y p e  A t t r i b u t e T a r g e t s )

• l a ng u a g e el em ents  o n w hi c h the a ttr i b u te c a n b e u s ed

– A l l o w M u l t i p l e ( o p t i o n a l ,  o f  t y p e b o o l )
• w hether  m o r e i ns ta nc es  o f  the a ttr i b u te c a n b e u s ed  o n o ne 
l a ng u a g e el em ent

– I n h e r i t e d  ( o p t i o n a l ,  o f  t y p e b o o l )
• w hether  the a ttr i b u te a p p l i es  a l s o  o n d er i v ed  c l a s s es  a nd  
o v er r i d i ng  m etho d s
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P s eu do cu s to m A ttri b u tes
• n o t  s t o r ed  i n  C u s t o m A t t r i b u t e t a b l e
• ex i s t i n g  m et a d a t a  i t em s  m o d i f i ed  i n s t ea d
• h o w ev er ,  u s ed  w i t h  t h e s a m e s y n t a x  a s  C A s

• ex a m p l es
– D l l I m p o r tA ttr i b u te ( o n m etho d s )
– S er i a l i z a b l eA ttr i b u te ( o n ty p es )
– N o nS er i a l i z ed A ttr i b u te ( o n f i el d s )

• tr a n s i e n t k e y w o r d i n  J a v a
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I n s p ecti n g  Metadata
• t w o  w a y s  h o w  t o  i n s p ec t  m et a d a t a  p r o g r a m m a t i c a l l y

• v i a  u n m a n a g ed  A P I s  
– l o w  l e v e l  – w o r k i n g  d i r e c t l y  w i t h  m e t a d a t a  t a b l e s
– u s e d  b y  c o m p i l e r s  a n d  t o o l s  ( I L D A S M )

• v i a  S y s t em . R ef l ec t i o n c l a s s es  i n  B C L
– h i g h e r  l e v e l  o f  a b s t r a c t i o n  

• c l a s s es  r ep r es enti ng  ty p es ,  m etho d s ,  f i el d s ,  …
– u s e s  r u n t i m e  m e t a d a t a  r e p r e s e n t a t i o n ( r e c a l l  EEClass)

• s o m e s tr u c tu r es  c r ea ted  b y  l o a d er
• o ther  s tr u c tu r es  c r ea ted  l a z i l y  w hen r eq u es ted  f o r  the f i r s t ti m e

– n o  a c c e s s  t o  I L  b e f o r e  F W  2 .0
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R u n ti m e Metadata R ep res en tati o n
• s t r u c t u r e s  r e p r e s e n t i n g  t y p e s ,  f i e l d s  a n d  m e t h o d s  r e s p e c t i v e l y

– S y s tem . R u nti m eT y p eH a nd l e ( ho l d s  a  p o i nter  to  Ty p e H a n d l e )
– S y s tem . R u nti m eF i el d H a nd l e ( ho l d s  a  p o i nter  to  F i e l d D e s c )
– S y s tem . R u nti m eM etho d H a nd l e ( ho l d s  a  p o i nter  to  M e t h od D e s c )

• ld t o k e n I L  i n s t r u c t i o n
– l o a d s  a  r u nti m e r ep r es enta ti o n o f  a n enti ty  i d enti f i ed  b y  a  to k en
– i m p l em enta ti o n o f  the C # o p er a to r  ty p eo f ( … )
ldtoken <type token>

call class Type Type::GetTypeFromHandle(valuetype RuntimeTypeHandle)

runtime*.c s
ty p eh a nd l e.h
f iel d .h
meth o d .h p p
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B C L  R ef lecti o n  C las s es  H i erarch y

• R u n t i m e < m e m b e r > I n f o  c l a s s e s  h a s  a  c o u n t e r p a r t  c l a s s  i n  E E
– R e f l e c t B a s e O b j e c t c l a s s

MethodBase

MethodInfo

FieldInfo

ConstructorInfo

PropertyInfoEventInfo

ParameterInfo

RuntimeFieldInfo

RuntimeMethodInfo

RuntimePropertyInfoRuntimeEventInfo

RuntimeConstructorInfo

MemberInfo



Advanced C #  and . N E T  p r o g r am m i ng

Metadata E m i s s i o n  (R ef lecti o n . E m i t)
• e n a b l e s  p r o g r a m  t o  c r e a t e  n e w  a s s e m b l i e s ,  t y p e s ,  m e t h o d s ,  …

– s to r ed  i n d y na m i c  i n-m em o r y  s tr u c tu r es
– c a n b e p er s i s ted

• b u i l d e r  c l a s s e s
– o ne f o r  ea c h m eta d a ta  enti ty  
– r ep r es ent enti ti es  b ei ng  b u i l t
– i nher i ted  f r o m  * I nf o  c l a s s es

• A s s e mb l y B u i l de r , M o du l e B u i l de r , T y p e B u i l de r , F i e l dB u i l de r , 
M e th o dB u i l de r , P a r a me te r B u i l de r , P r o p e r ty B u i l de r , E v e n tB u i l de r , …

• b u i l d i n g  s t a r t s  w i t h  A p p D o m a i n .C r e a t e D y n a m i c A s s e m b l y ( )
• I L  c o d e  e m i s s i o n  v i a  I L G e n e r a t o r  c l a s s

– i ns ta nc es  a s s o c i a ted  w i th M etho d B u i l d er s

Emit


