CS 321 Prog Lang and Compilers                                                                            Project 3

Assigned: Monday, March 5, 2007                                      Due:  Monday, March 19, 2007
The Type Checker

In this project you will build the next phase of the MINI compiler: the type checker.  

A type checker skeleton can be found at http://www.cs.pdx.edu/~sheard/course/Cs321/project/proj3Base.  Use this as the starting point.  From this initial program, you will need to do the following

1) Construct the class access method classHasMethod. For More information study the function lookupVar and see the type given for the stub of classHasMethod in the skeleton program. 
2) Complete the type checker for expressions and statements, by adding additional clauses to TCExp and TCStmt.  Uses the rules below and the revised lecture 14 as a guide. Be sure and cover every missing case.
3) You will need to implement implicit coercion of int expressions to real expressions for the BINOP and RELOP expressions. This means you must write the functions coerce, and coerceRel  which are just stubs in the skeleton file. 
4) The function subsumes, checks if a computed type is a subtype of an expected type. If so it returns the expression whose type has been computed. In actuality it must also add a coercion if possible to the expression before it returns it. You must add the code for coercions of integer expressions to real expressions.

5) The type checker always handles errors by raising an exception. It is the duty of the functions that call the type checker to catch any exceptions raised. You may add new exceptions in addition to the ones I have declared in the skeleton files if you desire.
6) You must thoroughly test your completed program.

Type Inference Rules for MINI

Notation: As discussed in detail in the lecture, there are several kinds of type judgments, each correlating with a syntactical component of MINI.  We use the same notation we used in the lecture notes where TE refers to a Type Environment, R refers to the Return Mode, C refers to the Class Hierarchy, and Th refers to the type of the self object “this”, (http://www.cs.pdx.edu/~sheard/course/Cs321/notes/S15MiniJavaTypes.ppt). NOTE:  These lecture slides have been updated since the lecture.  Please get current version. These take the following forms:
TcExp:



Th, C, TE ├ exp : type
TcStmt:


R, Th, C, TE ╞ stmt
subtype:


C |~ t1 ≤ t2
subsumes:


(i . C |~ t1 ≤ t2
typeEqual:


t1 = t2
ClassDefined:

            C defines x
ClassHasMethod:

Th, C, TE ├ Y.f : (s1,...,sn) → t
ClassHasVar:


Th, C, TE |-  Y.x : t 

TCOp:



Op <+> : (t1,t2) → t3
isBasicType:


t is basic
Is not in TE:
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Is in TE:


TE(x) = t
Each of these will correspond to an ML function in the type checker. In each function there are inputs and outputs. Sometimes the output is only a Boolean, sometimes the judgment can fail. We always write the ML function with the convention that inputs are passed as parameters, outputs are returned, and failures (including false) are encoded by raising an exception. Multiple outputs are returned as a tuple. The ML functions that implement these judgments often take an expression as a first argument. This expression is there only to enable the function to refer to the expression when an error occurs.

MINI Types:

MINI has four types: Basic Types, Array Types, Object Types, and Void Types.  The Basic Types are “int”, “double”, “boolean”.  Integer constants have type “int”, real constants have type “double”, and the built-in values true and false have type “boolean”.   Array Types refer to structures which contain zero or more elements of the same Basic Type.   A class object is an Object Type.  An Object Type is recognized as an ID, which represents a class name.  The Void Type is only used in the special case of indicating that a method does not return a value.  In this case, the return type of the method is given as “void” in the method declaration, and the return statement(s) within the method body does/do not contain any expression.  
Expression Rules:

· Simple Expressions
Th, C, TE ├ n : int    (where n is an integer constant)

Th, C, TE ├ r : double (where r is a real constant)

Th, C, TE ├ this : Th

Th, C, TE ├ true : boolean
Th, C, TE ├ false : Boolean
· Variables

TE (x) = t

----------------------------

R, Th, C, TE |=  x : t

x ( TE 

C defines Th

Th, C, TE |-  Th.x : t

-------------------------------

R, Th, C, TE |=  x : t

Th, C, TE |-  e1  : Y

C defines Y

Th, C, TE |-  Y.x : t 

-----------------------------------

R, Th, C, TE |=  e1 . x  : t

· Arithmetic Operators

Th, C, TE ├ e1: t1   Th, C, TE ├ e2: t2
Op <+> : (t1,t2) → t3
----------------------------------------

Th, C, TE ├ e1 <+> e2 : t3
Th, C, TE ├ e1: t1   Th, C, TE ├ e2: t2
Op <-> : (t1,t2) → t3
----------------------------------------

Th, C, TE ├ e1 <-> e2 : t3
Th, C, TE ├ e1: t1   Th, C, TE ├ e2: t2
Op <*> : (t1,t2) → t3
----------------------------------------

Th, C, TE ├ e1 <*> e2 : t3
Th, C, TE ├ e1: t1   Th, C, TE ├ e2: t2
Op </> : (t1,t2) → t3
----------------------------------------

Th, C, TE ├ e1 </> e2 : t3
· Logical Operators

Th, C, TE ├ e1 : boolean

--------------------

Th, C, TE ├ !e1 : boolean
Th, C, TE ├ e1 : boolean    Th, C, TE ├ e2 : boolean
-----------------------------------------------------

Th, C, TE ├ e1 && e2 : boolean

Th, C, TE ├ e1 : boolean    Th, C, TE ├ e2 : boolean
-----------------------------------------------------

Th, C, TE ├ e1 || e2 : boolean

· Relational Operators

Th, C, TE ├ e1 : t  TE ├ e2 : t

--------------------------------
Th, C, TE ├ e1 == e2 : boolean
Th, C, TE ├ e1 : t  TE ├ e2 : t

--------------------------------

Th, C, TE ├ e1 != e2 : boolean
Th, C, TE ├ e1 : int or double   
Th, C, TE ├ e2 : int or double
------------------------------
Th, C, TE ├ e1 < e2 : boolean

Th, C, TE ├ e1 : int or double   
Th, C, TE ├ e2 : int or double

------------------------------

Th, C, TE ├ e1 ≤ e2 : boolean
Th, C, TE ├ e1 : int or double   
Th, C, TE ├ e2 : int or double

------------------------------

Th, C, TE ├ e1 > e2 : boolean
Th, C, TE ├ e1 : int or double   
Th, C, TE ├ e2 : int or double

------------------------------

Th, C, TE ├ e1 ≥ e2 : boolean
· Arrays 

Th, C, TE ├ e1 : t[]   Th, C, TE ├ e2 : int

--------------------------------------------

Th, C, TE ├ e1[e2] : t

Th, C, TE ├ e : t[]

-----------------------------
Th, C, TE ├ e.length() : int

· New Arrays and Objects

Th, C, TE ├ e : int
t is basic

--------------------------
Th, C, TE ├ new t[e] : t[]

C defines x

------------------------
Th, C, TE ├ new x() : x

· Method Call Expressions (note that f(x) is shorthand for this.f(x))
Th, C, TE ├ ei : ti
C defines Th
Th, C, TE ├ Th.f : (s1,...,sn) → t
(i . C |~ ti ≤ si
-----------------------------------------
Th, C, TE ├ f(e1,...,en) : t

Th, C, TE ├ exp : X

C defines X 

Th, C, TE ├ ei : ti
Th, C, TE ├ X.f : (s1,...,sn) → t
(i . C |~ ti ≤ si
----------------------------------------
Th, C, TE ├ exp.f(e1,...,en) : t
Statement Rules:
A different judgment notation is used for statements:  The environment from which we derive judgments includes a Return Mode, R;  Statements do not have a return type; and a different turnstile symbol, ╞, is used.

· Assignment (Static implicit)

This means that the variable, x, is in the type environment and that it is either a parameter or a local variable to the current method.

TE (x) = t[]

TE ├ e2 : int

Th, C, TE ├ e3 : t

--------------------------

R, Th, C, TE ╞ x[e2] = e3
TE (X) = t
Th, C, TE ├ e2 : t

-----------------------
R, Th, C, TE ╞  x = e2
· Assignment (explicit hierarchical)

This means that the object for containing the variable, x, is explicit in the code.

Th, C, TE ├ e1 : Y
C defines Y

Th, C, TE ├ Y.x : t[]

Th, C, TE ├ e2 : int

Th, C, TE ├ e3 : t

-----------------------------

R, Th, C, TE ╞  e1.x[e2] = e3
Th, C, TE ├ e1 : Y

C defines Y

Th, C, TE ├ Y.x : t

Th, C, TE ├ e2 : t

-------------------------
R, Th, C, TE ╞  e1.x = e2
· Assignment (implicit hierarchical)
This means that the object containing the variable is not in the code and that the variable is not in the immediate type environment.
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C defines Th

Th, C, TE ├ Th.x : t[]

Th, C, TE ├ e2 : int

Th, C, TE ├ e3 : t

-----------------------------

R, Th, C, TE ╞  x[e2] = e3
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C defines Th

Th, C, TE ├ Th.x : t
Th, C, TE ├ e2 : t

-------------------------
R, Th, C, TE ╞  x = e2
· If

R, Th, C, TE ╞ s1 
Th, C, TE ├ e1 : boolean
--------------------------

R, Th, C, TE ╞ if (e1) s1 

R, Th, C, TE ╞ s1 
R, Th, C, TE ╞ s2 
Th, C, TE ├ e1 : boolean
--------------------------

R, Th, C, TE ╞ if (e1) s1 else s2
· While

R, Th, C, TE ╞ s1 
Th, C, TE ├ e1 : boolean
------------------------------(while)

R, Th, C, TE ╞ while (e1) s1
· Print

t is basic

Th, C, TE ├ x : t
-------------------------------------

R, Th, C, TE ╞ System.out.println (x)
R, Th, C, TE ╞ System.out.println (“literal string”)
· Return

Void, Th, C, TE ╞ return

C |~ t ≤ s

Th, C, TE ├ e : s
------------------------------
Explicit t, Th, C, TE ╞ return e

· Block

R, Th, C, TE ╞ si
-------------------------

R, Th, C, TE ╞ {s1,...sn}
· Method Call Statements
C defines Th 

Th, C, TE ├ Th.f : (s1,...sn) → Void
Th, C, TE ├ ei : ti
(i . C |~ ti ≤ si
-------------------------------------------

R, Th, C, TE ╞ f(e1,...,en)
Th, C, TE ├ exp : X
C defines X  
Th, C, TE ├ X.f : (s1,...sn) → Void
Th, C, TE ├ ei : ti
(i . C |~ ti ≤ si
-------------------------------------------

R, Th, C, TE ╞ exp.f(e1,...,en)
Note: The purpose of the type checker is to check the program, and to rebuild the syntax tree filling in missing information. Most of the missing information has been declared as (x TC) in the datatype in ProgramTypes.sml.  Most of this information has to do with filling in implicit class information. 
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