
Type checkingTypes help identify� errors, if an operator is applied to anincompatible operand.� dereferencing of pointers only� adding a function name to something� the correct number of parameters to aprocedure� which operation to use for overloaded namesand operators (polymorphism)
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Type systemsEach operator and expression in a program has a typebasic types: integer, real, character, etc.constructed types: arrays, records, sets, pointers,functionsA type system is a collection of rules forassigning type expressions to variables.A type checker implements the type system.Example type rules� If both operands of the arithmetic operators ofaddition, subtraction, and multiplication are oftype integer, then the result is of type integer.(Pascal de�nition)� The result of the unary & operator is a pointerto the object referred to by the operand. If theoperand is of type \foo", then the type of theresult is a \pointer to foo".(C and C++ de�nition)CPSC 434 Lecture 14, Page 2



Type expressions1. The type of a language construct.2. A basic type is a type expression. A specialbasic type, typeError will signal an error. Abasic type void denotes an untyped statement.3. Since type expressions may be named, a typename is a type expression.4. Type expressions may contain variables whosevalues are type expressions.5. A type constructor applied to type expressions isa type expression. Examples:(a) arrays(b) products(c) records(d) pointers(e) functionsCPSC 434 Lecture 14, Page 3



Type constructorsType constructions include the following:� ArraysIf T is a type expression, then array(I,T) is atype expression denoting the type of an arraywith elements of type T and index set I. I isoften a range, e.g.,var A: array[1: : :10] of integerassociates the type expressionarray(1: : :10, integer)with A� ProductsIf T1 and T2 are type expressions, then theircartesian product T1 � T2 is a type expression.
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Type constructors (cont.)� RecordsThe di�erence between a record and a productis that the �elds of a record have names. Therecord type constructor will be applied to a tupleformed from �eld names and �eld types. e.g.,type row = recordaddress: integerlexemem: array [1: : :15] of charendvar table: array[1: : :101] of rowdeclares the type name row representing thetype expression:record((address � integer) �(lexeme � array(1: : :15, char)))and the variable table to be an array of recordsof this type
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Type constructors (cont.)� PointersIf T is a type expression, then pointer(T ) is atype expression denoting the type \pointer toan object of type T .� FunctionsFunctions map elements of one set, the domain,into another set, the range.E.g., Pascal's mod maps a pair of integers,int � int into an integer, type intint � int ! intNote that type constructors are recursiveCan construct types such as:1. pointer to pointer to integer2. pointer to array of integer3. array of pointer to integer4. array of record of pointer to integerCPSC 434 Lecture 14, Page 6



Type checking� static� dynamictable: array[0: : :255] of char;i: integertable[i] cannot be guaranteed at compile time tofall in the range of 0 to 255A sound type system eliminates the need fordynamic checking for type errors, because itdetermines statically that these errors cannot occur.A strongly typed language guarantees that thecompiler will accept only program that executewithout type errors.
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A simple type checkerUsing a synthesized attribute grammar, we willdescribe a type checker for arrays, pointers,statements, and functions.Grammar for source language:P ::= D ; ED ::= D ; E j id: TT ::= char j integer j array [num] of T j " TE ::= literal j num j id j E mod E j E[E] j E "� Basic types char, integer, typeError� assume all arrays start at 1, e.g.,array [256] of charresults in the type expressionarray(1: : :256,char)� " builds a pointer type, so " integerresults in the type expression pointer(integer)CPSC 434 Lecture 14, Page 8



A simple type checker (cont.)Partial attribute grammar for the type systemD ::= id: T f addtype(id.entry, T.type) gT ::= char f T.type  char gT ::= integer f T.type  integer gT ::= " T1 f T.type  pointer(T1.type) gT ::= array [num] of T f T.type  array(1: : :num.val, T1.type) g
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A simple type checker (cont.)Type checking of expressionsE ::= literal f E.type  char gE ::= num f E.type  integer gE ::= id f E.type  lookup(id.entry) gE ::= E1 mod E2 f E.type  if E1.type = integer andE2.type = integer then integerelse typeError gE ::= E1[E2] f E.type  if E2.type = integer andE1.type = array(s,t) then telse typeError gE ::= E1 " f E.type  if E1.type = pointer then telse typeError g
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Type checking statementsStatements do not typically have values, thereforewe assign them the type void. If an error is detectedwithin the statement, it gets type typeError.S ::= id  E f S.type  if id.type = E.typethen voidelse typeError gS ::= if E then S1 f S.type  if E.type = booleanthen S1.typeelse typeError gS ::= while E do S1 f S.type  if E.type = booleanthen S1.typeelse typeError gS ::= S1 ; S2 f S.type  if S1.type = voidthen voidelse typeError g
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Type checking functionsWe add two new productions to the grammar torepresent function declarations and applicationsT ::= T \!" T declarationE ::= E ( E ) applicationTo capture the argument and return type, we useT ::= T1 `!' T2 f T.type  (T1.type ! T2.type) gE ::= E1 ( E2 ) f E.type  if E2.type = s andE1.type = s ! t then telse typeError g
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Type equivalence� easy for basic types, e.g.,integer is equivalent to integer� passing arrays to proceduresmay not want to include array bounds� structural equivalence can be used to testequivalence, if we represent types as dags takenfrom the typed parse tree
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Type equivalence algorithmfunction sequiv (s,t): boolean;beginif s and t are the same basic type thenreturn trueelse if s = array (s1, s2) and array (t1, t2) thenreturn sequiv (s1, t1) and sequiv (s2, t2)else if s = s1 � s2 and and t = t1 � t2 thenreturn sequiv (s1, t1) and sequiv (s2, t2)else if s = pointer (s1) and t = pointer (t1) thenreturn sequiv (s1, t1)else if s = s1 ! s2 and t = t1 ! t2 thenreturn sequiv (s1, t1) and sequiv (s2, t2)else return falseendCPSC 434 Lecture 14, Page 14


