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Data TypesData Types

•• Computers manipulate sequences of bitsComputers manipulate sequences of bits

•• But most programs manipulate more general dataBut most programs manipulate more general data
–– NumbersNumbers
–– StringString
–– ListsLists
–– ……

•• Programming languages provide data types that raise Programming languages provide data types that raise 
the level of abstraction from bits to datathe level of abstraction from bits to data

–– But computer hardware only knows about bits!But computer hardware only knows about bits!
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Data TypesData Types
The Purpose of TypesThe Purpose of Types

•• Types provide Types provide implicit contextimplicit context
–– Compilers can infer more information, so programmers Compilers can infer more information, so programmers 

write less codewrite less code
–– E.g. E.g. the expression a+b in Java may be adding two integer, the expression a+b in Java may be adding two integer, 

two floats or two strings depending on the contexttwo floats or two strings depending on the context

•• Types provides a set of semantically Types provides a set of semantically valid valid 
operationsoperations

–– Compilers can detect semantic mistakesCompilers can detect semantic mistakes
–– E.g.E.g. Python’s lists support Python’s lists support append()append() and and pop()pop(), but , but 

complex numbers do not.complex numbers do not.
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Type SystemsType Systems

•• HighHigh--level languages have level languages have type systemstype systems
–– All objects and expressions have a typeAll objects and expressions have a type
–– E.g.E.g. intint (*)(const void *)(*)(const void *) is the type of a C++ is the type of a C++ 

functionfunction

•• A type system consists ofA type system consists of
–– A mechanism for defining types and associating them with A mechanism for defining types and associating them with 

certain language constructscertain language constructs
–– A set of rules for A set of rules for type checkingtype checking

»» Type equivalenceType equivalence
»» Type compatibilityType compatibility
»» Type inferenceType inference
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Type SystemsType Systems
Type CheckingType Checking

•• Type checking is the process of ensuring that a Type checking is the process of ensuring that a 
program obeys the language’s program obeys the language’s type compatibility type compatibility 
rulesrules

•• Strongly typed languagesStrongly typed languages always detect types errorsalways detect types errors
–– Weakly typed languagesWeakly typed languages do notdo not
–– All expressions and objects must have a typeAll expressions and objects must have a type
–– All operations must be applied in appropriate type contextsAll operations must be applied in appropriate type contexts

•• Statically typed languagesStatically typed languages are strongly typed are strongly typed 
language in which all type checking occurs at language in which all type checking occurs at 
compile typecompile type

–– Dynamically typed languagesDynamically typed languages: some checking at run: some checking at run--timetime
–– E.g.E.g. Haskell vs. JavaHaskell vs. Java
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What is a type?What is a type?

•• Three points of view:Three points of view:
–– Denotational: Denotational: a set of valuesa set of values
–– Constructive: Constructive: a type is builta type is built--in type or a composite typein type or a composite type

»» Composite types are created using type constructorsComposite types are created using type constructors
»» E.g.E.g. In Java,In Java, booleanboolean is a builtis a built--in type, while in type, while booleanboolean[][] is a is a 

composite typecomposite type
–– AbstractionAbstraction--based: based: a type is an interface that defines a set a type is an interface that defines a set 

of consistent operationof consistent operation

•• These points of view complement each otherThese points of view complement each other
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Classification of TypesClassification of Types
BuiltBuilt--in Typesin Types

•• BuiltBuilt--in/Primitive/Elementary typesin/Primitive/Elementary types
–– Mimic hardware unitsMimic hardware units
–– E.g.E.g. booleanboolean, character, integer, real (float), character, integer, real (float)

•• Their implementation varies across languagesTheir implementation varies across languages

•• CharactersCharacters are traditionally oneare traditionally one--byte quantities byte quantities 
using the ASCII character setusing the ASCII character set

–– Early computers had a different byte sizesEarly computers had a different byte sizes
»» Byte = 8 bits standardized by Fred Brooks Byte = 8 bits standardized by Fred Brooks et al.et al. thanks to the thanks to the 

IBM System/360IBM System/360
–– Other character sets have also been usedOther character sets have also been used
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BuiltBuilt--in Typesin Types
Unicode CharactersUnicode Characters

•• Newer languages have builtNewer languages have built--in characters that in characters that 
support the Unicode character setsupport the Unicode character set

–– http://www.unicode.org/unicode/standard/WhatIsUnicode.http://www.unicode.org/unicode/standard/WhatIsUnicode.
htmlhtml

–– Unicode is implemented using twoUnicode is implemented using two--byte quantitiesbyte quantities
–– E.g.E.g. JavaJava

»» http://java.sun.com/docs/books/tutorial/java/nutsandbolts/datatyhttp://java.sun.com/docs/books/tutorial/java/nutsandbolts/datatypes.htmlpes.html
–– E.g.E.g. Python Python 

»» u”¡u”¡HolaHola!”!”
»» http://www.python.org/doc/current/tut/node5.html#SECTION00513000http://www.python.org/doc/current/tut/node5.html#SECTION0051300000

000000000000000000000000
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BuiltBuilt--in Typesin Types
Numeric TypesNumeric Types

•• Most languages support integers and floatsMost languages support integers and floats
–– The range of value is implementation dependentThe range of value is implementation dependent

•• Some languages support other numeric typesSome languages support other numeric types
–– Complex numbers (Complex numbers (e.g. e.g. Fortran, Python)Fortran, Python)
–– Rational numbers (Rational numbers (e.g.e.g. Scheme, Common Lisp)Scheme, Common Lisp)
–– Signed and unsigned integers (Signed and unsigned integers (e.g.e.g. C, ModulaC, Modula--2)2)
–– Fixed point numbers (Fixed point numbers (e.g.e.g. AdaAda))
–– Bignums Bignums ((intint Python, Python, int int vs. Integer in Haskell)vs. Integer in Haskell)

•• Some languages distinguish numeric types depending Some languages distinguish numeric types depending 
on their precisionon their precision

–– Single vs. double precision numbersSingle vs. double precision numbers
»» C’s C’s intint (4 bytes) and (4 bytes) and longlong (8 bytes)(8 bytes)
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BuiltBuilt--in Typesin Types
BignumBignum

•• Python examplePython example

i = 0
k = 2
while i < 10:

print k*k
print “   \n”
k = k*k
i = i+1
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BuiltBuilt--in Typesin Types
BignumBignum??

•• Try the same in Try the same in PerlPerl

$i = 0;
$k = 2;

while ($i < 10) {
print $k*$k, “ \n”;
$i++;
$k *= $k;

}
Need a Perl module for this…
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Classification of TypesClassification of Types
EnumerationsEnumerations

•• Enumerations improve program readability and error Enumerations improve program readability and error 
checkingchecking

•• They were first introduced in PascalThey were first introduced in Pascal
–– type weekday = (sun,type weekday = (sun,monmon,,tuetue,wed,,wed,thuthu,,frifri,sat);,sat);
–– They define an order, so they can be used in enumerationThey define an order, so they can be used in enumeration--

controlled loopscontrolled loops
–– The same feature is available in CThe same feature is available in C

»» enumenum weekday {sun, weekday {sun, monmon, , tuetue, wed, , wed, thuthu, , frifri, sat};, sat};
–– Other languages use constants to define enumerationOther languages use constants to define enumeration
–– Pascal’s approach is more complete: integers and Pascal’s approach is more complete: integers and 

enumerations are not compatibleenumerations are not compatible
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Classification of TypesClassification of Types
SubrangesSubranges

•• SubrangesSubranges improve program readability and error improve program readability and error 
checkingchecking

•• They were first introduced in PascalThey were first introduced in Pascal
–– E.g. E.g. 
type test_score = 0..100; type test_score = 0..100; 

workday = workday = monmon....frifri;;
–– They define an order, so they can be used in enumerationThey define an order, so they can be used in enumeration--

controlled loopscontrolled loops
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Classification of TypesClassification of Types
Composite TypesComposite Types

•• Composite/Constructed types are created applying a Composite/Constructed types are created applying a 
constructor to one or more simpler typesconstructor to one or more simpler types

•• ExamplesExamples
–– RecordsRecords
–– Variant RecordsVariant Records
–– ArraysArrays
–– SetsSets
–– PointersPointers
–– ListsLists
–– FilesFiles
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Classification of TypesClassification of Types
OrthogonalityOrthogonality

•• Orthogonality is an important property in the design Orthogonality is an important property in the design 
of type systemsof type systems

•• More orthogonal languages support have more More orthogonal languages support have more 
flexible composite typesflexible composite types
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Reading AssignmentReading Assignment

•• Scott’s chapter 7Scott’s chapter 7
–– IntroIntro
–– Section 7.1Section 7.1


