
COMPILING FOR THE COMMON INTERMEDIATE LANGUAGE

The Common Int e rmed ia t e  Language

The  Common In t e rmed i a t e  Language  (CIL  – a l s o  known as
Micro so f t  In t e rmed i a t e  Language ,  or  MSIL)  i s  an  in t e rmed i a t e
rep r e s e n t a t i o n  deve l o p e d  by  Micro so f t  to  be  the  cor e  l anguage
of  the  .NET f r amework .  Al l  the  .NET language s  such  as  C#,
VB .NET of  VC++ are  compi l e d  to  CIL,  which  i s  the  on ly
l anguage  accep t e d  by  the  Common Language  Runt ime  (CLR)  of  .
NET. 1  

CIL Ins t ru c t i o n  Set  Arch i t e c t u r e

The  CIL i s  a  s t a c k - based  arch i t e c t u r e  (hav i ng  a  by t e c ode
fo rma t ,  l i k e  JAVA by te c od e  i t s  in s t r u c t i o n s  are  a l s o  of
vary i n g  leng t h s ) .  As i t  was  mean t  to  suppo r t  many  fea t u r e s  of
advanced  language s ,  i t  has  many  ded i c a t e d  in s t r u c t i o n s ,  such
as  thos e  needed  to  hand l e  the  cre a t i o n  and  manipu l a t i o n  of
ob je c t s  and  the  invoc a t i o n  of  ob j e c t  methods .

In  th i s  documen t  we desc r i b e  a  subs e t  of  the  l anguage
tha t  co r r e s p o nd s  to  a  bas i c  s t a c k - based  arch i t e c t u r e ,  bu t  a
use f u l  subs e t  tha t  s imp l e  l anguage s  can  be  compi l e d  to .  

The  co lumns  in  the  nex t  th r e e  sec t i o n s  show the  ass emb ly
fo rma t ,  desc r i p t i o n  and  t r a n s i t i o n  of  the  s t a c k  con t e n t s  fo r
the  in s t r u c t i o n s  in  th i s  subse t .   A typ i c a l  s t a c k  t r a n s i t i o n
i s  shown  as :  ..,val1,val2 ­> ..,result.  Thi s  desc r i b e s  an
in s t r u c t i o n  remov ing  the  top  two  va lu e s  on  the  s t a c k  (va l 2  i s
the  top  va lu e ) ,  and  push i n g  the  “re s u l t ” .

1 For  more  de t a i l e d  in f o rma t i o n ,  see :
h t t p : / / m s dn .m i c r o s o f t . c om / n e t / e cma



CIL Ins t ru c t i o n s :  Ari thmet i c  Ins t ru c t i o n s

Assemb l y    Descr i p t i o n Stac k  Trans i t i o n
add adds  two  va lu e s  on  top  of  s t a c k ..,val1,val2 ­> ..,result

and ands  two  va lu e s  on  top  of  s t a c k ..,val1,val2 ­> ..,result

ceq compare s  top  two  s t a c k  va lu e s ,  pushe s  1 ..,val1,val2 ­> ..,result

i f  they  are  equa l ,  0  i f  e l s e

cgt compare s  top  two  s t a c k  va lu e s ,  pushe s  1  ..,val1,val2 ­> ..,result

i f  va l1  i s  grea t e r  than  va l2 ,  0  i f  e l s e

clt compare s  top  two  s t a c k  va lu e s ,  pushe s  1 ..,val1,val2 ­> ..,result

i f  va l1  i s  l e s s  than  va l2 ,  0  i f  e l s e

div div i d e s  va l1  by  va l2 ..,val1,val2 ­> ..,result

dup dup l i c a t e s  top  va lu e  on  the  s t a c k ..,val1 ­> ..,val1,val1

mul mul t i p l i e s  two  va lu e s  on  top  of  the  s t a c k ..,val1,val2 ­> ..,result

neg nega t e s  top  va lu e  on  the  s t a c k ..,val1 ­> ..,result

not bi tw i s e  complemen t  of  top  va lu e  on  s t a c k ..,val1 ­> ..,result

or bi tw i s e  OR of  two  va lu e s  on  top  of  s t a c k ..,val1,val2 ­> ..,result

rem rema inde r  of  va l1  by  va l2  (va l 1  % va l2 ) ..,val1,val2 ­> ..,result

shl Shi f t  va l1  le f t  by  va l2  b i t s ..,val1,val2 ­> ..,result

shr sh i f t  va l1  r i g h t  by  va l2  b i t s ..,val1,val2 ­> ..,result

sub sub t r a c t  va l2  f rom  va l1 ..,val1,val2 ­> ..,result

xor bi tw i s e  XOR of  top  two  s t a c k  va lu e s ..,val1,val2 ­> ..,result

CIL Ins t ru c t i o n s :  Contro l  Ins t ru c t i o n s

Assemb l y   Descr i p t i o n Stac k  Trans i t i o n
beq targ branch  to  ta r g  i f  top  s t a c k  va lu e s  equa l ..,val1,val2 ­> ..

bge targ branch  to  ta r g  i f  va l1  (2nd  s t a c k  va lu e ) ..,val1,val2 ­> ..

>= va l2  ( t o p  s t a c k  va lu e )  
bgt targ branch  to  ta r g  i f  va l1  > va l2 ..,val1,val2 ­> ..

ble targ branch  to  ta r g  i f  va l1  <= va l2  ..,val1,val2 ­> ..

blt targ branch  to  ta r g  i f  va l1  < va l2 ..,val1,val2 ­> ..

br targ uncond i t i o n a l  branch  to  ta r g e t .. ­> ..
brfalse targ branch  to  ta r g  i f  va l1  i s  fa l s e  or  nu l l ..,val1 ­> ..

brtrue targ branch  to  ta r g  i f  va l1  i s  fa l s e  or  ze ro ..,val1 ­> ..

call method ca l l  a  method ..,arg1..argn ­> ..,retval(if any)

nop no  oper a t i o n  .. ­> ..

ret re t u r n  f rom  method retval2 ­> ..,retval(if any)

2 The  ca l l e e ’ s  s t a c k  shou l d  be  empty  excep t  fo r  the  re t u r n
va lu e  ( i f  any) ,  which  i s  pushed  to  the  top  of  the  ca l l e r ’ s
s t a c k .



CIL Ins t ru c t i o n s :  Memory/S ta ck  Ins t ru c t i o n s

Assemb l y   Descr i p t i o n   Stac k  Trans i t i o n
ldarg num push  numt h  a rgumen t  onto  top  of  the  s t a c k .. ­> ..,argnum

ldc.i4 num push  number  num onto  top  of   the  s t a c k .. ­> ..,num

ldloc indx push  indx t h  lo ca l  va r i a b l e  onto  top  of  the  s t a c k .. ­> ..,val1

pop pop  top  va lu e  f r om  the  s t a c k ..,val­>..

stloc indx pop  top  va lu e  f r om  s t a c k  to  indx t h  lo c .  va r i a b l e ..,val1 ­> ..

Compi l i n g  the  ICS142  Language  For  CIL

Cons i de r  a  s imp l e  whi l e  s t a t emen t  in s i d e  an  i f -
s t a t emen t ,  such  as  the  one  be low .  A CIL  by te code  sequenc e
tha t  imp lemen t s  i t  ( i n e f f i c i e n t l y ,  bu t  co r r e c t l y )  i s  shown
be low  i t ,  a long  wi th  the  s t a c k  con t e n t s  fo r  each  l i n e  in  the
nex t  co lumn .

   { int a = Read();                
       if ((a > 0) && (a < 20)){      
           while (a > 0){              
              WriteHex(a);             
              WriteLn();               
              a = a ­ 1;               
           }                           
       }                               
   }                               
    
  Bytecode assembly                      Stack contents after instruction  
+­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­+­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­+
| {                                     | $                             | 
|         call Test4::Read()            | $a                            |
|         stloc 1                       | $                             |
|         ldloc 1                       | $a                            |
|         ldc.i4 0                      | $a, 0                         |
|         ble IL_B                      | $                             |
|         ldloc 1                       | $a                            |
|         ldc.i4 14                     | $a, 14                        |
|         bgt IL_B                      | $                             |
|  IL_A:  ldloc 1                       | $a                            |
|         ldc.i4 0                      | $a, 0                         |
|         ble IL_B                      | $                             |
|         ldloc 1                       | $a                            |
|         call Wrapper::WriteHex(int32) | $                             |
|         call Wrapper::WriteLn()       | $                             |
|         ldloc 1                       | $a                            |
|         ldc.i4.1                      | $a, 1                         |
|         sub                           | $(a­1)                        |
|         stloc 1                       | $                             |
|         br IL_A                       | $                             |
|  IL_B:  ret                           | $                             |
| }                                     |                               |
+­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­+­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­+



Importan t  poin t s :

Procedu r e s  accep t  argumen t s  on  the  s t a c k ,  wi th  the  f i r s t
argumen t  pushed  f i r s t .  On re t u r n  a l l  a rgumen t s  wi l l  have  been  popped
and  rep l a c e d  wi th  a  re t u r n  va lu e  ( i f  the r e  i s  one ) .

Stack  con t e n t s :  At  the  re t u r n  of  a  procedu r e  the r e  mus t  be  the
same  number  of  en t r i e s  on  the  s t a c k  as  in  the  en t r y ,  minus  the
number  of  argumen t s  ( i f  any ) ,  plu s  any  re t u r n  va lu e  ( i f  any) .  Thi s
i s  ano t he r  way of  say i n g  each  procedu r e ’ s  s t a c k  has  to  be  empty  when
re t u r n i n g  f r om  tha t  procedu r e ,  wi th  the  poss i b l e  pre s e n c e  of  a
re t u r n  va lu e  on  top  of  the  s t a c k .  

Loca l  Var i a b l e s :  CIL a l l ows  acce s s i n g  up  to  65535  loca l
var i a b l e s  to  push / p op  f r om  the  s t a c k .  Ins t r u c t i o n  stloc num pops  a
va lu e  and  load s  i t  to  loc a l  var i a b l e  num  ( num = 0 . .  65534 ) ,  and
ldloc num pushe s  a  va lu e  in  loca l  var i a b l e  num to  the  top  of  the
s t a c k .  Whil e  emi t t i n g  code  fo r  procedu r e s ,  you  wi l l  have  the
oppor t u n i t y  to  dec l a r e  how many  loc a l  var i a b l e s  each  procedu r e  wi l l
have .

Sto r i n g  each  ass i g nmen t  to  a  var i a b l e  wi th  the  stloc
in s t r u c t i o n  (and  load i n g  each  usage  of  a  var i a b l e  in  an  expr e s s i o n
wi th  the  ldloc in s t r u c t i o n )  shou l d  re su l t  code  tha t  au toma t i c a l l y
fu l f i l l s  the  s t a c k  con t e n t s  cons t r a i n t .  Whil e  th i s  i s  no t  very
ef f i c i e n t ,  i t  save s  the  compi l e r  f r om  hav i ng  to  keep i ng  t r a c k  of
s t a c k  s t a t e .  

Using  the  Wrapper  Class  to  Creat e  Output  Fi l e s

The  ou tpu t  fo r  th i s  as s i g nmen t  wi l l  be  in  as s emb ly  f i l e
fo rma t .  To  produce  ou tpu t  f i l e s ,  you  wi l l  use  the  Wrappe r
c l a s s  tha t  wi l l  be  made  ava i l a b l e  as  a  DLL f i l e  th r ough  the
TA’s  webs i t e .  The  Wrappe r  c l a s s  makes  the  fo l l ow i ng  pub l i c
methods  ava i l a b l e :

public void    insertMain(string[] code);
public void    insertMain(string[] code, 
                          int      localVarNum,
                          int      maxStackNum);



These  methods  in s e r t  a  code  sequenc e  as  the  body  of  the  Main( )
method .  The  f i r s t  one  as sumes  a  maximum loca l  var i a b l e  number  and
s t a c k  s i z e  of  8 ,  in  the  second  one  the s e  are  supp l i e d  exp l i c i t l y .
The  CIL in s t r u c t i o n s  are  to  be  en t e r e d  as  an  ar r a y  of  s t r i n g s ,
pre f e r a b l y  wi th  one  s t r i n g  per  in s t r u c t i o n  (a l t h o u gh  s t r i n g s  of  the
fo rm  “ ldc . i 4  10 \ndup \ n ”  are  a l s o  permis s i b l e ) .

public void    WriteFile(string fileName); 

Thi s  method  crea t e s  a  CIL as s emb ly  f i l e  <f i l eName>  wi th  a l l  the
con t e n t s  (a  Main( )  and  procedu r e s )  tha t  have  been  en t e r e d  so  fa r .

 

public void    insertProcedure(string   procedureName, 
             string[] code,
                               bool     returnsVal,
                               int      argNum,
                               int      localVarNum,
                               int      maxStackNum);

Thi s  method  i s  s imi l a r  to  in s e r tMa i n ( ) ,  excep t  tha t  i t  in s e r t s
a  code  sequenc e  fo r  a  procedu r e  <proc edu r eName>,  spec i f y i n g  the
number  of  argumen t s  (on l y  of  in t 32  type  fo r  ou t  inpu t  l anguage ) ,
whethe r  a  va lu e  i s  re t u r n e d ,  and  the  maximum number  of  loca l
var i a b l e s  and  s t a c k  leng t h .  The  in s t r u c t i o n s  are  en t e r e d  as  s t r i n g s
in  an  ar r a y .   

public string  getProcedureCall(string procedureName,
                                bool   returnsVal,
                                int    argNum);

Thi s  method  re t u r n s  the  s t r i n g  argumen t  fo r  a  ca l l  in s t r u c t i o n .
I t  gene r a t e s  a  va l i d  argumen t  recogn i z a b l e  by  an  ass emb l e r  fo r  a
proc edu r e  wi th  the  given  name ,  argumen t s  and  re t u r n  type .

Prede f i n ed  Methods

The  fo l l ow i ng  procedu r e s  are  a l r e a d y  bu i l t - in ,  you  can  in s e r t
ca l l s  to  them  f r om  the  body  of  your  compi l e d  CIL code  wi th  the
ge tP r o c e du r eCa l l ( )  method  of  the  Wrappe r  c l a s s .

void  WriteLn();        // prints new line
void  Write(int32);     // prints an integer in decimal form
void  WriteHex(int32);  // prints an integer in hexadecimal form
int32 Read();           // reads an integer from the command line

 



An example  of  th i s  i s  given  her e  in  th i s  C# code  segmen t .  

string[] main = new string [4];
main[0] = "ldc.i4 10";
main[1] = getProcedureCall("WriteHex",false,1);
main[2] = getProcedureCall("WriteLn",false,0);
main[3] = "ret";
insertMain(main);

The  ou tpu t  of  th i s  code  i s  a  CIL ass emb ly  segmen t  fo r  a  Main( )
method :

 
.method static void Main() cil managed {
    .entrypoint
    .maxstack 8
    ldc.i4 10
    call void class Wrapper::WriteHex(int32)
    call void class Wrapper::WriteLn()
    ret
}


