Chapter 6 Data Types



Algorithm + Data Structures = Program
6.1 Data types and type information 
6.1 Data types and type information


What is a data type ?
·  Consider a declaration



var x: integer

· what does a data type mean in a declaration ?
· the possible values that a variable of that type can hold

A data type is a set of values.

· A set of values of a data type generally also has 
· a set of operations that can be applied to the values. 
· These operations are often not mentioned explicitly with the type, but are part of its definition
A data type is a set of values, together with a set of operations on those values.

· Mathematical meaning of type

· an algebra (S, Op) where 
· S is a set of values
· Op is a set of operations on S
Type information in programs

· implicit information
· types of constants, values
· 2, 3.14, “a string”

· types inferred from name conventions, and contexts
· 2*3.14
· x*(y+z)
· explicit information

- by declararion

 var x: array[1..10] of integer;
b: boolean;
How to use type information in compilers

· type checking

· check for the validity of operations
· type inference

· infer types of expression
· allocate space for variables

· 2 bytes for integer
· 4 bytes for real
· n bytes for array
· predefined types

· integer, real, boolean, char, ...
·  simple types 

- types that have no other structure than their inherent arithmetic or  sequential structure


-  predefined types are usually simple types

·  simple type that are not predefined
· enumerated types
type colors = (red, blue, green)

· subrange types
type digit = 0 .. 9;



      byte = 0..255;

6.3 Type Constructors


How to make complex types from simple types ?

Record
· Example


type IntBoolReal = record

 i  : integer;

 b : boolean;

 r : real;

    end;

We define a new type IntBoolReal using a type constructor record from integer, boolean, and real types.

- struct in C

- record in Pascal, Ada, ...

· Memory allocation for record type
var  x : IntBoolReal


·  Mathmatical meaning
-  What does a record type mean ?
integer  : Int

boolean : Bool    

IntBoolReal : ?

real
 : Real

- Cartesian Product U ( V = { (a,b) | a( U, b (V }
- Cartesian product can be extended to more than two sets
- What is an operation corresponding to the projection ?
Union or Variant record

· Examples 
· In Pascal

type  IntOrReal = record




case IsInt :boolean of

true : i : integer;

false: r : real;

end;

end;

· In C

typedef union {



int i;



float r;


} utype;

· Two kinds of union
· discriminated 
a tag field exists to distinguish which type the element is 

variant record in Algol, Pascal, Modula

- undiscriminated 



union in C
· Mathematical meaning

· the set union of sets
· Memory allocation for union type ?
How to specify a subset of a known type ?
·  Subrange of ordinal types 
- specifying a lower and upper bound ( in Pascal, Modula-2)
type digit = 0 .. 9
·  Subset of an array type 
- specifying a subrange for the index set  in 
Ada
type digit is range 0 .. 9;

type ar1 is array(digit) of integer;

subtype ar2 is ar1(2..5)

Powerset
·  What is an element of the power set of a set S ?
type digit = 0 .. 9;

digitSet = SET OF digit

· In Pascal, Modula

SET OF ordinal type 

Functions

· the set of all functions f : U ( V

· what type does it mean in programming languages ?

Array type

· Example

type digit = 0..9;

digitToInt = ARRAY[digit]of INTEGER;

IntMatrix = ARRAY[1..3,1..2] of INTEGER


var

x : digitToInt;



 M : IntMatrix;


· Memory allocation for arrays
· allocation for one-dimensional array 


 

· address of x[i] = base + (i-1)*w 
· row-major order allocation for multi-dimensional array 
M[1,1]
M[1,2]
  . . . 
 M[1,n]
M[2,1]
M[2,2]
 . . .
M[m,n]

- var M : array[1 .. m, 1 ..n] of integer

  address of M[i,j] = base + (i-1)*n*w+ (j-1)*w

= base + ( (i-1)*n + (j-1) )*w
- var M :array[low1 .. high1, low2 .. high2] of integer
   address of M[i,j] = 
· column-major order allocation for multi-dimensional array 
· Mathematical meaning
· What does the type digitToInt  represent ?
Int ( Int ( ... ( Int = Int10
· (i1, i2, ..., i10 ) ( Int10  means 
1 ( i1
2 ( i2
 . . .

10( i10
· digitToInt = the set of all functions from digit to Int
=  digit ( Int       
· How about multi-dimensional array ? 
· TYPE IntMatrix = ARRAY[digit,digit] of INTEGER

A comparison between arrays and records


arrays
records

Components type
homogeneous
heterogeneous

Component

Selectors
expressions evaluated

at runtime
names known

at compile time

Function and procedure types

· Pascal
· function and procedure types only in parameters to other functions and procedures

procedure p(function f(integer):integer, i:integer);


begin



if f(i+1) = 0 then



...


end
· Modula-2

TYPE intFunction = PROCEDURE(INTEGER): INTEGER;


VAR   x: intFunction;



what does x have as a value ?

Pointers and Recursive Types
·  What is a pointer or reference type ?

 - the set of all addresses of a specified type
- Pascal, Modula-2



TYPE IntPtr = ^INTEGER;



VAR   x: IntPtr;




x^ : value of the location specified by x

dereferencing

- C



int *x;



*x = 10;
Recursive type

·  A type that uses itself in its declaration
· Consider the following declaration

 TYPE charlist = RECORD





data: CHAR;





next: charlist;





END;

· What is a problem in the definition ?

·  What is a solution for this problem  ?


- Pascal, Modula



TYPE charlist = ^charlistrec;



      charlistrec = RECORD






data: CHAR






next: charlist;






END

· C



typedef struct charlistrec { 

char data;

struct charlistrec * next;




} * charlist

6.4 Type Nomenclature in Pascal-like Languages

· Figure 6.1 The type structure of Pascal
· Figure 6.2 The type structure of Ada
6.5 Type Equivalence


Type Equivalence

· What is a type equivalence rule ?

- A rule to determine when two types are the same
· Type equivalence rules 


· structural equivalence
· name equivalence
· declaration equivalence

Structural Equivalence

Two data types are the same if they have the same structure: they are built in exactly the same way using the same type constructors from the same simple types

Wiil they contain the same values if they are structurally equivalent ?

· Example

type 

range = 1 .. 10;

ar = array [range] of boolean;

rec1 = record

x: boolean;

y: integer;

z: ar;

end;


rec2 = record

x: boolean;

y: integer;

z: array [1 .. 10] of boolean;

end;

rec3 = record

x: integer;

y: boolean;

z: ar;

end;



· Implementation

· represent types as tree and check equivalence recursively on subtrees
· Questions

· index set


t1 = array [-1 .. 9] of integer;



t2 = array [0 .. 10] of integer;


- field names
reca = record




x: boolean;




y: integer;



end;
recb = record




a: boolean;




b: integer;



end;

Name Equivalence
Two named types are equivalent if they have the same name
· Example



type ar1 = array [1 .. 10] of integer;



      ar2 = ar1;

  age = integer; 
· Questions



var x: array [1 .. 10] of integer;



    y: array [1 .. 10] of integer;



var x,y: array [1 .. 10] of integer

Declaration Equivalence


Type names that lead back to the same original structure declaration by a series of redeclarations are considered to be equivalent types

· Example
type t1 = array [1 .. 10] of integer;



  t2 = t1;



  t3 = t2;
type ar3 = array [1 .. 10] of integer;



   ar4 = array [1 .. 10] of integer;
·  used in Pascal and Modula-2

6.6 Type Checking


What is type checking ?

·  Check whether the type information in a program is consistent 
·  Examples
· e1 + e2
typing rule  + : T  ( T ( T
· e1 and e2 are either sets of the same type, or are of type integer or  real or a subrange of integer  (type checking)
·  infer the the result type of the expression (type inference)

· float func(int x, int y)               
typing rule   func: Int ( Int ( Float

· tht types of actual parameters must match the types of the formal parameters (type checking)
· the result type of the call is the result type of the function (type inference)
· Type inference 

· the types of expressions are inferred from the types of their subexpressions.
Type checking
· Static checking
· the types of expressions and objects are determined from the text of the program, and 
· type checking is performed by compiler

· Dynamic checking
· type information is maintained and checked at runtime
· required when the types of objects cann’t be determined at compile-time
· Examples
Pascal

· violations that must be detected by a compiler
- most type errors in assignment, expression and etc.


- errors that are detected at runtime

· accessing variant record fields that are not active
· indexing an array with a value that is not in the index range

C

· static type checking is done, but many type inconsistencies don't cause compilation errors.
·  many automatic type conversions by C compiler
Type compatibility
· 
Why type compatibility ?
- to relax type correctness rules
·  Example

Pascal and Modula-2

· any two subranges of the same base type are compatible 
· this can result in errors in execution

· Assignment compatibility

x :=e 


when x and e have the same type


when x is of type real and e is of type integer in Pascal

· Compatibility

Two different types that still may be correct when combined in certain ways are called compatible

Shared(Overloaded)  operations
· Overloaded operator
· A operator is overloaded, if its name is used for eassentially different operations
·  Example

+ for integer, or real addition or set union

· Implementation
· A compiler must decide which operation is meant from the types of its operands.
· what happened  if 3.14 + 1 ?
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