
Class 11�
Type Checking�

Continued with PA3




Thus, a Simple Type Checker


Type checking E1 op E2:


1.  TypeCheck(E1)  return inferred type(E1)

2.  TypeCheck(E2)  return inferred type(E2)

3.  Type rule: Are these what are expected?


1.  CheckCompatibility(E1, E2)

2.  CheckCompatibility(E1,E2,op)

3.  Emit type errors appropriately


4.  InferType(E1 op E2)




Type	 Rules 	 for	 	 
Function	 Cal ls


S	 ⊢	 f(e	 ,	 ...,	 e 	 )
:	 U 
1 
n


f is an identifier. 
f is a non-member function in scope S. 

f has type (T , …, T ) → U 
      1        n 

S ⊢	 ei  : Ti for 1 ≤ i ≤ n 

Where	
  is	
  the	
  type	
  signature?	
  	
  	
  
What	
  the	
  the	
  checks	
  to	
  be	
  done	
  here?	
  
Inference	
  to	
  be	
  done?	
  



Rules	 for	 Array	 
Indexing


S	 ⊢	 e	 [e	 ]	 :	 T
1 
2


S ⊢	 e1  : T[] 
S ⊢	 e2  : int 

How	
  do	
  I	
  read	
  this?	
  	
  
What	
  the	
  the	
  checks	
  to	
  be	
  done	
  here?	
  
Inference	
  to	
  be	
  done?	
  



Rule	 for	 Assignment


S	 ⊢	 e	 = 	 e 
 :	 T

1 
2


S ⊢	 e1  : T 
S ⊢	 e2  : T 

If	 Derived extends	 Base,	 will	 this	 rule	 work	 for	 this	 
c ode?


Base 
Derived 

myBase; 
myDerived; 

myBase = myDerived; 

What	
  the	
  the	
  checks	
  to	
  be	
  done	
  here?	
  
Inference	
  to	
  be	
  done?	
  



Inheritance Properties


Any	 type	 is	 convertible	 to 	 itse lf.	 (re f le xivit y)	 
If	 A	 is	 convertib le 	 to	 B	 and	 B	 is	 c onvertib le 	 to

C,	 then	 A	 is	 convertib le 	 to 	 C.	 (t ran s it iv it y)

	
  

If	 A	 is	 convertib le 	 to	 B	 and	 B	 is	 c onvertib le 	 to 	 
A,	 then	 A	 and	 B	 are 	 the 	 same	 type .	 
(a n t is ym m e t ry)

	
  

This	 de fine s	 a	 p a rt ia l  o rd e r over	 types.


C	
  
|	
  
B	
  	
  
|	
  
A	
  
	
  

Animal	
  
|	
  
Mammal	
  
|	
  
Person	
  
	
  



Types	 and	 Partial	 Orders


We	 say	 that	 A	 ≤	 B	 if	 A	 is	 c onvertible 	 to 	 B.	 
We	 have	 that


A	 ≤	 A

A	 ≤	 B	 and	 B	 ≤	 C	 implie s	 A	 ≤	 C	 
A	 ≤	 B	 and	 B	 ≤	 A	 implie s	 A	 = 	 B


C	
  
|	
  
B	
  	
  
|	
  
A	
  
	
  



Updating the Assignment Rule


S	 ⊢	 e	 = 	 e 
 :	 ??

1 
2


S ⊢	 e1  :?  
S ⊢	 e2  :? 



How	 do	 we	 fix	 Type	 Rules 	 for	 	 
Function	 Cal ls?


S	 ⊢	 f(e	 ,	 ...,	 e 	 )
:	 U 
1 
n


f is an identifier. 
f is a non-member function in scope S. 

f has type (T , …, T ) → U 
      1        n 

S ⊢	 ei  : ? for 1 ≤ i ≤ n 
 



Conditionals


•  S ⊢	 cond : bool 
•  S ⊢	 e1  : T1 

•  S ⊢	 e2  : T2 

•   


•                                               WHAT GOES HERE?


•  S	 ⊢	 con d  ? e1  : e 2	 :	 and	 here?? 



Does this work?


T  ≤ T  or T  ≤ T 
1  2  2  1 

	
  
	
  

S	 ⊢	 con d  ?	 e1  :	 e 2	 :	 max(T1, T2) 

S ⊢	 e1  : T1 

S ⊢	 e2  : T2 

Derived1
 Derived2


Base = random()? 
new Derived1 : new Derived2; 

Super


Base




How about this?


 
 T is lub(T1,T2) 

	
  
	
  

S	 ⊢	 con d  ?	 e1  :	 e 2	 :	 T 

S ⊢	 e1  : T1 

S ⊢	 e2  : T2 

Derived1
 Derived2


Base = random()? 
new Derived1 : new Derived2; 

Super


Base




Consider type checking this

int x, y, z; 
if (((x == y) 

/* … */ 
> 5 && x + y < z) || x == z) { 

} 

What	
  happens?	
  
	
  
How	
  do	
  we	
  stop	
  from	
  propagaAng	
  type	
  errors	
  
during	
  type	
  checking?	
  



PA3 and the Big Picture




Your Code Structure



