
PA5: Last Hints on Symbol Table: 
Other Info to Keep

For each VarSTE: 
          is it a local variable or a member variable?
         
For each class: what will the object size be?
        
For each method:
    - a VarSTE for "this" parameter
    - how many parameters including the implicit "this" 
parameter?
    - how many local variables
    - mangled method name, e.g. classname_method



PA5: Last Type Checking Hints

Possible Type Errors in PA5:

-  AssignStatement LHS and RHS
-  Checking the return value – already done
-  Checking type of receiver in a method call – 
see Tuesday’s slides



Generating Code for Classes



Generating Code �
for member variables

outIdExp:	  
	  	  	  	  1)	  Lookup	  id	  in	  symbol	  table	  to	  get	  VarSTE	  
	  	  	  	  	  	  	  	  	  	  	  	  	  
	  	  	  	  2)	  If	  the	  VarSTE	  is	  a	  member	  variable:	  
	  	  	  	  	  	  	  	  	  	  	  	  	  
	  	  	  	  	  	  	  	  2a)	  Look	  up	  VarSTE	  for	  "this"	  and	  generate	  code	  
	  	  	  	  	  	  	  	  	  	  	  	  that	  loads	  the	  value	  of	  "this"	  into	  registers	  r31:r30.	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  	  	  	  3)	  load	  variable	  into	  a	  register(s)	  using	  the	  base+offset	  store	  	  in	  the	  VarSTE.	  
	  	  	  	  	  
	  	  	  	  4)	  Push	  the	  variable	  value	  on	  the	  stack.	  
	  	  	  	  	  
	  	  



Generating Code �
for an Assignment Statement

outAssignStatement:	  
	  	  	  	  	  
	  	  	  	  1)	  Lookup	  id	  in	  symbol	  table	  to	  get	  VarSTE	  
	  	  	  	  	  	  	  	  	  	  	  	  	  
	  	  	  	  2)	  If	  the	  VarSTE	  is	  a	  member	  variable	  
	  	  	  	  	  	  	  	  	  	  	  	  	  
	  	  	  	  	  	  	  	  2a)	  Look	  up	  VarSTE	  for	  "this"	  and	  generate	  code	  that	  loads	  the	  value	  of	  
"this"	  into	  registers	  r31:r30.	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  	  	  	  	  	  	  	  	  
	  	  	  	  3)	  store	  value	  of	  expression	  on	  top	  of	  run-‐Lme	  stack	  into	  base+offset	  for	  
VarSTE	  



Review: Object Memory 
Layout with Inheritance 

Consider  th e  follow ing  OOP code:  
class Base { 

int x; 

int y; 

} 

class Derived extends Base { 

int z; 

} 

W h a t w ill Derived look  like in  m e m o ry? 



class Base { 
int x; 
int y; 

}; 

4  Byte s  4  Byte s  

class Derived extends Base { 
int z; 

}; 

4 Bytes 4 Bytes 4 Bytes 

Review: Object Memory 
Layout with Inheritance 

Assuming	  4	  bytes	  per	  int	  in	  this	  architecture	  



Member Lookup  With  
Inhe r ita nce 

Base 
ms.x 
ms.y 

Base 
ms.x 
ms.y 

ms = new Base; 
= 137;  store 
= 42;  store 

ms 
= 137; 
= 42; 

= new Derived; 

class Base { 
int x; 
int y; 

}; 

4  Byte s  4  Byte s  
class Derived extends Base { 

int z; 
}; 

store 
store 

137 0 bytes 
42  4 bytes 

after ms 
after ms 

137 0 bytes 
42  4 bytes 

after ms 
after ms 

4 Bytes 4 Bytes 4 Bytes 



Share your Object Layout 
Examples



Single Inhe r ita nce  Object 
Memory Layout Summary

•  Derived class layout after Base class layout, 
etc.

Ra t ion a le : A p oin te r  of typ e  B p oin tin g  a t  a  D 
ob je c t  s till s e e s  th e  B ob je c t  a t  t h e  b e g in n in g . 
 
 
Op e r a t ion s  d on e  on  a  D ob je c t  th ro u g h  th e  B 
r efe r e n c e  g u a r a n t e e d  t o b e  sa fe ; n o n e e d  
to  ch e ck  w h a t  B p oin t s  a t  d yna m ic a lly. 



W ha t  Abou t  M e t h o d s  a n d  
M e t h o d  c a l l s  ( w i t h  

i n h e r i t a n c e ) ? 

•  H ow do we  know wha t  r e ce iver  ob je c t to use ?

•  H ow do we  know wh ich  func tion  to ca ll a t  
r un t im e  (dynam ic  d ispa tch)?

●  

M e t h o d s  a r e  m ost ly like r e g u la r  
fu n c t ions , b u t  w ith  tw o com plica t ions : 



Implementing this

●  In s ide  a  m em b e r  fun c t ion , t h e  n a m e  this 
r e fe r s  t o  t h e  cu r r e n t  r e ce ive r  ob jec t . 
This  in for m a tion  (pu n  in t e n d e d ) n e e d s  t o  b e  
co m m un ica t e d  in t o  t h e  fun c t ion . 
I d e a : Tre a t  this a s  a n  im plicit  fir s t  
p a r a m et e r. 

Eve r y n -a r g u m e n t  m em b e r  fun c t ion  is  r e ally 
a n  (n+ 1)-ar g u m e n t  m em b e r  fun c t ion  w hose  
firs t  p a r a m e te r  is  t h e  this p oin t e r. 

●  

●  

●  

Receiver.memberfunc;on(actual	  parameters)	  



this is  Cleve r  

class MyClass { 
int x; 
void myFunction(int arg) { 

this.x = arg; 
} 

} 
	  
MyClass m = new MyClass; 
m.myFunction(137); 



this is Cleve r 
class MyClass { 

int x; 
} 
void MyClass_myFunction(MyClass this, int arg){ 

this.x = arg; 
} 
	  
MyClass m = new MyClass; 
m.myFunction(137); 



this is Cleve r 
class MyClass { 

int x; 
} 
void MyClass_myFunction(MyClass this, int arg){ 

this.x = arg; 
} 
	  
MyClass m = new MyClass; 
MyClass_myFunction(m, 137); 

The	  mangled	  func;on	  name	  



this Rules 

•  Wh e n  g en er a ting  cod e  to ca ll a  m e m b er  
funct ion : p ass  an  obje c t  a s  t he  this p a r a m e te r  
r e p r e sent ing  th e  r ece ive r  obje c t.
 

•  In s ide m e m b e r function : t r e a t  this a s  ju s t  
a no th e r  p a r a m e te r  to th e  m e m b er  funct ion.
 

•  Wh e n  im plicitly r efe r r ing  to  a  field of this: u se  
th is  e xt ra  p a r a m e t e r  a s  the  objec t  in  which  th e  
field  sh ould  b e  looke d  up. 



Generating Code for Method Calls

Need	  to	  pass	  in	  the	  receiver	  reference	  as	  the	  	  first	  parameter.	  
	  	  	  	  	  
	  	  	  	  	  	  	  	  	  
	  	  	  	  outCallExp	  
	  	  	  	  	  	  	  	  1)	  Look	  up	  the	  ClassSTE	  from	  the	  receiver	  type.	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  Then	  lookup	  the	  MethodSTE	  from	  the	  ClassSTE	  scope.	  	  	  	  	  	  	  
	  	  	  	  	  	  	  	  2)	  Generate	  code	  that	  pops	  parameters	  off	  the	  stack	  and	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  into	  the	  appropriate	  registers	  from	  right	  to	  leP.	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Don't	  forget	  the	  "this"	  parameter.	  	  	  	  	  	  	  
	  	  	  	  	  	  	  	  3)	  Generate	  code	  that	  calls	  the	  mangled	  method	  name.	  	  	  	  	  	  	  	  
	  	  	  	  	  	  	  	  4)	  Generate	  code	  that	  pushes	  the	  return	  value	  back	  on	  the	  stack	  
	  
	  	  	  	  outThisExp	  
	  	  	  	  	  	  	  	  1)	  Push	  the	  value	  of	  the	  "this"	  parameter	  onto	  the	  run-‐Lme	  stack	  
	  	  	  	  	  	  	  	  	  	  	  	  The	  "this"	  parameter	  is	  stored	  in	  r31:r30.	  
	  

Receiver.memberfunc;on(actual	  parameters)	  



Im p le m e n tin g  Dyna m ic Dis p a tch 

D y n am ic  d is p a tc h  m e a n s  calling  a  fu n c t ion  a t  
ru n time  b a s e d  on  th e  dyn a m ic t yp e  of a n  obje c t , 
r a th e r  t h a n  its  s t a t ic  t yp e . 
 
 
Question: 
H ow  do  w e  se t  u p  ou r  ru n tim e  environm e n t 
so th a t  w e  ca n  effic ien tly su p p o rt  t his? 



An Initia l Idea 

● At  com p ile-t ime , g e t  a  lis t  of e ver y d e fin e d  c la s s . 
To com p ile  a  d yna mic d isp a tch , e m it IR cod e  fo r  
th e  follow in g  logic: 

● 

if (the object has type A) 

of the call A's version function 

else if (the object has type B) 

call B's version of the function 

… 

else if (the object has type N) 

call N's version of the function. 



Ana lyzing  o u r Approach 

What are  the problems with this strategy?

N u m be r  of ch e cks is  O(C), w he r e  C is  t h e  n u m b e r  
of c la s se s  t h e  d isp a t ch  m ig h t  r e fe r  t o. 
Ge t s  s low e r  th e  m o r e  c la s s e s  th e r e  a r e . 

It's  i n fe a s ib le  in  m o s t  la n g u a g e s .  
Wh a t  if w e lin k a cross  m u ltip le  sou r c e  file s?  
Wh a t  if w e su p p or t  d yn a m ic  c la s s  lo ad in g ? 

Slow!  



A dispatch  ta b le  (or  vta b le ) –
a r ray  of po inte r s  to each m em b er  fun ct ion ’s  
code fo r a  p a r t icu la r  c lass . 
To invoke  a  m em b er  fu nct ion:

1.  De te r m in e  (s ta t ica lly) it s  in d e x in  t h e  dispatch 
t a b le . 

2.  Follow  p oin te r  a t  t h a t  in d e x in  t h e  ob je c t 's  
d i spa tch  t o  t h e  cod e  for  t h e  fun c tion . 

3.  In voke  t h a t  fu n c tion . 

Introducing 
Dispatch Tables 



An Ob se r vation 
•  Wh e n  laying  ou t  fields  in  an  ob jec t ,  w e 

g ave  e ve r y field  an  offse t .
•  De r ive d  c lasse s  h ave  th e  b ase  c la ss  

fie lds  in  th e  sa m e  or d e r  a t  th e  b eginn in g .

Ca n  w e d o so m et h ing  s imila r  w i th  fun c t ion s? 

Base.x Base.y Layou t  of Base 

Layou t  of Derived Base.x Base.y Derived.z 



Dispatch Ta ble s  
class Base { class 

int 
Derived extends 
y; 

Base { 
int x; 
void sayHi() { void sayHi() { 

Print("Base"); Print("Derived"); 
} } 

} } 

Cod e  for  
Base.sayHi 

Cod e  for  
Derived.sayHi 

Derived.y 

sayHi Base.x 

sayHi  Base.x 



Dispatch Tables 
class Base { class 

int 
Derived extends 
y; 

Base { 
int x; 
void sayHi() { void sayHi() { 

Print("Base"); Print("Derived"); 
} } 

} } 

Cod e  for  
Base.sayHi 

Cod e  for  
Derived.sayHi 

Derived.y 

Base b = new 
b.sayHi(); 

Base; 

Let fn = the 
Call fn(b) 

pointer 0 bytes after b 

sayHi Base.x 

sayHi  Base.x 

Genera4ng	  code	  for	  b.sayHi():	  

b	  



Dispatch Ta ble s  
class Base { class 

int 
Derived extends 
y; 

Base { 
int x; 
void sayHi() { void sayHi() { 

Print("Base"); Print("Derived"); 
} } 

} } 

Cod e  for  
Base.sayHi 

Cod e  for  
Derived.sayHi 

Derived.y 

Base b = new 
b.sayHi(); 

Derived; 

Let fn = the 
Call fn(b) 

pointer 0 bytes after b 

sayHi Base.x 

sayHi  Base.x 

Genera4ng	  code	  for	  b.sayHi():	  

b	  



M o r e  o n  D i s p a t c h  Ta b l e s  
class Base { 

int x; 
void sayHi() 

Print("Hi 
} 
Base clone() 

class Derived extends Base 
{ int y; 

{ 
Mom!"); 

{ Derived clone() { 
return new Base; return new Derived; 

} 
} 

} 
} 



M or e  Virtu a l F unc t ion  Ta bles  
class Base { 

int x; 
void sayHi() 

Print("Hi 
} 
Base clone() 

class Derived extends Base 
{ int y; 

{ 
Mom!"); 

{ Derived clone() { 
return new Base; return new Derived; 

} 
} 

Cod e  for  
Base.sayHi 

Cod e  for  
Base.clone 

} 
} 

Cod e  for  
Derived.clone 

sayHi 

clone 

Base.x 

M o r e  o n  D i s p a t c h  Ta b l e s  



M or e  Virtu a l F unc t ion  Ta bles  
class Base { 

int x; 
void sayHi() 

Print("Hi 
} 
Base clone() 

class Derived extends Base 
{ int y; 

{ 
Mom!"); 

{ Derived clone() { 
return new Base; return new Derived; 

} } 
} } 

Cod e  for  
Base.sayHi 

Cod e  for  
Base.clone 

Cod e  for  
Derived.clone 

Base.x 

Derived.y 

sayHi 

clone 

sayHi 

clone 

Base.x 

M o r e  o n  D i s p a t c h  Ta b l e s  



Advan ta g e s  
Tim e  t o  d e t e rm in e  fun c t ion  t o  ca ll is  O(1 ). 
(a n d  a  g ood  O(1 ) to o!) 

Disadvantages 
 
Objec t  s i z e s  are  ?  

Ea ch  ob jec t  n e e d s  to  h a ve  s p a c e  for ? .  

Objec t  cre a t io n  i s  s l o w e r.  W h y ?  

Ana lyzing  o u r Approach 



A Com m o n Opt im iza t ion :   
F r o m  t h i s …  

class Base { 
int x; 
void sayHi() { 

class Derived extends Base 
{ int y; 

Print("Base"); 
} 
Base clone() { Derived clone() { 

return new Base; return new Derived; 
} } 

} } 

Cod e  for  
Base.sayHi 

Cod e  for  
Base.clone 

Cod e  for  
Derived.clone 

Base.x 

Derived.y 

sayHi 

clone 

sayHi 

clone 

Base.x 



A Com m o n Opt im iza t ion :  
To  T h i s …  

class Base { 
int x; 
void sayHi() { 

class Derived extends Base 
{ int y; 

Print("Base"); 
} 
Base clone() { Derived clone() { 

return new Base; return new Derived; 
} } 

} } 

Cod e  for  
Base.sayHi 

Cod e  for  
Base.clone 

Cod e  for  
Derived.clone 

sayHi 

sayHi 

clone 

clone 

Base.x 

Vtable* 

Vtable* 

Base.x 

Derived.y 

Object	  instances	  

● 

Per	  class	  



Thus,  object s  in  M e m or y 

Cod e  for  
Base.sayHi 

Cod e  for  
Base.clone 

Cod e  for  
Derived.clone 

sayHi 

sayHi 

clone 

clone 

Base.x 

Vtable* 

Base.x 

Vtable* 

Vtable* 

Base.x 

Derived.y 

Vtable* 

Base.x 

Derived.y 

Object	  instances	  
One	  dispatch	  table	  
per	  class	  



Generalized Objec t Layout 
Method 0 
Method 1 

... 
Method K 
	  

	  
	  
Method 0 
Method 1 

... 
Method K 
Method 0 

... 
Method L 

Vtable* 

Field 0 
... 

Field N 

Vtable* 

Field 0 
... 

Field N 
Field 0 

... 
Field M 



Summary: Dyna m ic 
Dispatch  in O(1)

-  Cr e a te  a  s ingle  in s ta n ce  dispatch t ab le  for e a c h  c la s s . 
-  E a c h  obje c t  s t o re s  a  po in t e r  to  th e   dispatch ta b le .   

-  Ca n  follow  t h e  po in t e r  t o  t h e  t ab le  in  O(1). 
-  Ca n  in dex  in to  t h e  t ab le  in  O(1 ). 

-  Ca n  s e t  th e   dispatch t a b le  po int e r  of n ew  obje c t  in  
O(1). 

-  In c r e a s e s  th e  s ize  of e a c h  obje c t  by O(1 ). 
 

Th i s  i s  t h e  s o lu t io n  u s e d  in  m o s t  C+ +  a n d  Ja va  
im p le m e n ta t io n s . 



Your Turn to Draw Pictures

•  Draw the objects, dispatch tables

Class A { Class C extends B {
  a: Int <- 0;    c: Int <- 3;
  d: Int <- 1;    h(): Int {a <- a * c};
  f(): Int };
     {a <- a+d};
}; Suppose the following ops occur:
Class B extends A { A x = new A();
  b: Int <- 2; B y = new B();
  f(): Int { a } ; A z = new A();
  g(): Int { a<- a – b}; C w = new C();
}; C t = new C();


