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Type CheckingType Checking

•• Type equivalenceType equivalence
–– When are the types of two values the same?When are the types of two values the same?

•• Type compatibilityType compatibility
–– When can a value of type A be used in a context that When can a value of type A be used in a context that 

expects type B?expects type B?

•• Type inferenceType inference
–– What is the type of an expression, given the types of the What is the type of an expression, given the types of the 

operands?operands?
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Type CheckingType Checking

•• Type equivalenceType equivalence
–– When are the types of two values the same?When are the types of two values the same?

•• Type compatibilityType compatibility
–– When can a value of type A be used in a context that When can a value of type A be used in a context that 

expects type B?expects type B?

•• Type inferenceType inference
–– What is the type of an expression, given the types of the What is the type of an expression, given the types of the 

operands?operands?
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Type EquivalenceType Equivalence

•• Type equivalence is defined in two principal waysType equivalence is defined in two principal ways
–– Structural equivalenceStructural equivalence
–– Name equivalenceName equivalence

•• Two types are Two types are structurally equivalentstructurally equivalent if they have if they have 
identical type structuresidentical type structures

–– They must have the same componentsThey must have the same components
–– E.g.E.g. CC

•• Two type are Two type are nominally equivalentnominally equivalent if they have the if they have the 
same namesame name

–– It may or may not include aliasIt may or may not include alias
–– E.g.E.g. JavaJava
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Type EquivalenceType Equivalence
Structural EquivalenceStructural Equivalence

•• Does the format of the declaration matter?Does the format of the declaration matter?

typedef structtypedef struct {{
intint a, b;a, b;

} foo2;} foo2;

typedef structtypedef struct {{ intint a, b; } foo1;a, b; } foo1;

•• All languages consider these two types structurally All languages consider these two types structurally 
equivalentequivalent
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Type EquivalenceType Equivalence
Structural EquivalenceStructural Equivalence

•• Is the order in the declaration relevant?Is the order in the declaration relevant?

typedef structtypedef struct {{
intint a;a;
intint b;b;

} foo1;} foo1;

typedef structtypedef struct {{
intint b;b;
intint a;a;

} foo2;} foo2;

•• Most languages consider these two types structurally Most languages consider these two types structurally 
equivalentequivalent
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Type EquivalenceType Equivalence
Structural Equivalence PitfallStructural Equivalence Pitfall

•• Are these two types structurally equivalent?Are these two types structurally equivalent?

typedef structtypedef struct {{
char *name; char *name; 
char *address;char *address;
intint age;age;

} student;} student;

typedef structtypedef struct {{
char *name; char *name; 
char *address;char *address;
intint age;age;

} school;} school;

•• They are, and it is unlikely that the programmer They are, and it is unlikely that the programmer 
intended to make these two types equivalentintended to make these two types equivalent
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Type EquivalenceType Equivalence
Name EquivalenceName Equivalence

•• Assumes type definitions with different names are Assumes type definitions with different names are 
not equivalentnot equivalent

–– Otherwise, why did the programmer create two Otherwise, why did the programmer create two 
definitions?definitions?

•• It solves the previous problemIt solves the previous problem
–– studentstudent and and schoolschool are not nominally equivalentare not nominally equivalent

•• Aliases:Aliases:
–– Under Under strict name equivalencestrict name equivalence, aliases are not equivalent, aliases are not equivalent

»» type A = Btype A = B is a definition (is a definition (i.e. i.e. new object)new object)

–– Under Under loose name equivalenceloose name equivalence, aliases are equivalent, aliases are equivalent
»» type A = Btype A = B is a declaration (is a declaration (i.e.i.e. binding)binding)
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Type EquivalenceType Equivalence
Name Equivalence and AliasesName Equivalence and Aliases

•• Loose name equivalence may introduce undesired Loose name equivalence may introduce undesired 
type equivalencestype equivalences

1010

Type ConversionType Conversion

•• A values of one type can be used in a context of A values of one type can be used in a context of 
another type using another type using type conversiontype conversion or or type casttype cast

•• Two flavors:Two flavors:
–– Converting type castConverting type cast: underlying bits are changed: underlying bits are changed

»» E.g.E.g. In C,In C,
intint i; float f = 3.4 ;i; float f = 3.4 ;
i = (i = (intint) f ;  ) f ;  /* at runtime  *//* at runtime  */

–– Nonconverting Nonconverting type casttype cast: underlying bits are not altered: underlying bits are not altered
»» E.g.E.g. In C,In C,
intint i; float f = 3.4;i; float f = 3.4;
i = *((i = *((intint *) &f);   *) &f);   /* at compile time *//* at compile time */



COMP 144
Programming Language Concepts
Type Checking and Data Type Implementation

Spring 2003

Felix Hernandez-Campos 6

1111

Type CheckingType Checking

•• Type equivalenceType equivalence
–– When are the types of two values the same?When are the types of two values the same?

•• Type compatibilityType compatibility
–– When can a value of type A be used in a context that When can a value of type A be used in a context that 

expects type B?expects type B?

•• Type inferenceType inference
–– What is the type of an expression, given the types of the What is the type of an expression, given the types of the 

operands?operands?

1212

Type CompatibilityType Compatibility

•• Most languages do not require type equivalence in Most languages do not require type equivalence in 
every contextevery context

•• Two types T and S are compatible in Two types T and S are compatible in AdaAda if any of if any of 
the following conditions is true:the following conditions is true:

–– T and S are equivalentT and S are equivalent
–– T is a subtype of ST is a subtype of S
–– S is a subtype of TS is a subtype of T
–– T and S are arrays with the same number of elements and T and S are arrays with the same number of elements and 

the same type of elementsthe same type of elements
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Type CompatibilityType Compatibility

•• Implicit type conversion due to type compatibility Implicit type conversion due to type compatibility 
are known as are known as type coercionstype coercions

–– They may involved lowThey may involved low--level conversionslevel conversions

•• ExampleExample
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Type CompatibilityType Compatibility

•• Type coercions make type systems weakerType coercions make type systems weaker

•• Example:Example:
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Type CompatibilityType Compatibility

•• Generic container objects require a Generic container objects require a generic reference generic reference 
typetype

•• ExampleExample
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Type CheckingType Checking

•• Type equivalenceType equivalence
–– When are the types of two values the same?When are the types of two values the same?

•• Type compatibilityType compatibility
–– When can a value of type A be used in a context that When can a value of type A be used in a context that 

expects type B?expects type B?

•• Type inferenceType inference
–– What is the type of an expression, given the types of the What is the type of an expression, given the types of the 

operands?operands?
–– Generally easy, but Generally easy, but subranges subranges and composites may and composites may 

complicate this issuecomplicate this issue
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RecordsRecords
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RecordsRecords
Memory LayoutMemory Layout

•• Basic layout in 32Basic layout in 32--bit machinesbit machines
–– There may be There may be holesholes in the allocation of memoryin the allocation of memory
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RecordsRecords
Memory LayoutMemory Layout

•• Packed layoutPacked layout

•• Rearranging record fieldRearranging record field
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RecordsRecords
Implications of Memory LayoutImplications of Memory Layout

•• More memory efficient layouts have several More memory efficient layouts have several 
drawbacksdrawbacks

–– Assignments require multiple instructionsAssignments require multiple instructions
»» Masking and shifting operationsMasking and shifting operations

–– Access to record elements requires multiple instructionsAccess to record elements requires multiple instructions
»» Masking and shifting operationsMasking and shifting operations

•• Holes complicate record equality Holes complicate record equality 
–– Requires field by field comparison or default values in Requires field by field comparison or default values in 

holesholes
–– Some languages forbid record comparisonSome languages forbid record comparison

»» E.g.E.g. Pascal, CPascal, C
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Variant RecordsVariant Records

•• A variant record A variant record 
provides two or provides two or 
more alternative more alternative 
fields or collections fields or collections 
of fields, of fields, butbut only only 
one bit is valid at one bit is valid at 
any given timeany given time

–– They are called They are called 
unions in C/C++unions in C/C++
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Variant RecordsVariant Records
Memory LayoutMemory Layout

•• Some languages, like C, do not check whether Some languages, like C, do not check whether 
variant records are properly accessvariant records are properly access

•• Other languages keep track of the value in an Other languages keep track of the value in an 
additional field, increasing safetyadditional field, increasing safety
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ArraysArrays
Memory LayoutMemory Layout

•• Arrays are usually stored in contiguous locationsArrays are usually stored in contiguous locations

•• Two common ordersTwo common orders
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ArraysArrays
Memory LayoutMemory Layout

•• Contiguous allocation vs. row pointersContiguous allocation vs. row pointers
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ArraysArrays
Address CalculationsAddress Calculations

•• Code generation for a 3D arrayCode generation for a 3D array
–– A: array [LA: array [L11..U..U11] of array [L] of array [L22..U..U22] of array [L] of array [L33..U..U33] of ] of 

elemelem_type_type
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ArraysArrays
Address CalculationsAddress Calculations

RowRow--MajorMajor
OrderOrder

CompileCompile--Time Time 
ConstantConstant

OptimizationOptimization
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Reading AssignmentReading Assignment

•• Scott’s chapter 7Scott’s chapter 7
–– Section 7.2 except 7.2.4 and 7.2.5Section 7.2 except 7.2.4 and 7.2.5
–– Section 7.3 except 7.3.3Section 7.3 except 7.3.3
–– Section 7.4.3Section 7.4.3


