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Preface

This book describes the programming language C# (pronaufwsharp”), version 2.0. It is a quick
reference for the reader who has already learnt or is legqu@ihfrom a standard textbook and who wants
to know the language in more detail. It should be particyladeful for readers who know the Java
programming language and who want to learn C#.

C# is a class-based single-inheritance object-orientegramming language designed for the Com-
mon Language Runtime of Microsoft’s .Net platform, a mamhgeecution environment with a typesafe
intermediate language and automatic memory managemeus. G# is similar to the Java programming
language in many respects, but it is different in almost athds. In general, C# favors programmer
convenience over language simplicity. It was designed bgle#s Hejlsberg, Scott Wiltamuth and Peter
Golde from Microsoft Corporation.

C# includes many useful features not found in Java: stry@dyoperator overloading, reference pa-
rameters, rectangular multi-dimensional arrays, usénalele conversions, properties and indexers (styl-
ized methods) and delegates (methods as values), but cewmés Jnner classes. See section 29 for a
summary of the main differences.

C# may appear similar to C++, but its type safety is much batid its machine model is very different
because of managed execution. In particular, there is nd tewrite destructors and finalizers, nor to
aggressively copy objects or keep track of object ownership

This book presents C# version 2.0 as used in Microsoft ViStiadiio 2005, including generics, itera-
tors, anonymous methods and partial type declarationgXalitding most of Microsoft’s .Net Framework
class libraries except threads, input-output, and gewretlection classes. The book does not cover un-
safe code, destructors, finalization, reflection, pre-@semg directives#flef i ne, #i f, ...) or details of
IEEE754 floating-point numbers.

General rules of the language are given on left-hand pagelsc@responding examples are shown
on the facing right-hand page for easy reference. All examplre fragments of legal C# programs,
available from<http://www.itu.dk/people/sestoft/csharppreciselyFor instance, you will find the code
for example 17 in fileexanpl el7. cs.

This second printing has been updated for the November 2085 &lease of Microsoft Visual Studio.

Acknowledgements. Thanks to a stay at Microsoft Research in Cambridge, Englaadcould exper-
iment with a very early version of Generic C#. Later, the .Retmework Alpha Program provided an
implementation of all the new C# 2.0 features, and Ecmamaténal provided C# standards documents.
Special thanks to Andrew Kennedy, Don Syme, Claudio RusdoSamon Peyton Jones for directly or
indirectly making this possible. The Mono project develgpprovided another neat C# compiler and
run-time environment, and rapid bug fixes. Thanks to Hanskizgh Jgrgen Steensgaard-Madsen, Jon
Jagger and Niels Peter Svenningsen for comments and siaggesh draft manuscripts, and to Carsten
Jorgensen, Lawrence Berg and Ken Friis Larsen for correstimthe published book. It was a pleasure to
work with Robert Prior, Valerie Geary and Deborah Cantoa#d at The MIT Press. Thanks also to the
Royal Veterinary and Agricultural University, Denmark atheé IT University of Copenhagen, Denmark,
for their support.
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5 Dataand Types

A typeis a set of data values and operations on them. Every varipétameter, and field has a declared
type, every method has a declared return type, and so on.drhgiler will infer a type for every expres-
sion based on this information. Thismpile-time typeetermines which operations can be performed on
the value of the expression.

Types are used in declarations of local variables; in datitars of classes, interfaces, struct types,
and their members; in delegate types; in object and arratioreexpressions (sections 9 and 12.9); in
type cast expressions (section 12.18); and in instancexpstssions (section 12.11).

A type is either a value type (section 5.1) or a reference (gpetion 5.2).

5.1 Value Typesand Simple Types

A value typss either a simple type (this section), a struct type (sactid), or an enum type (section 16).
A variable of value type directly contains a value of thatdypot just a reference to it. Assigning a value
of value type to a variable or field or array element of valysetynakes a copy of the value.

A simple types eitherbool or one of the numeric types. Aumerictype is a signed or unsigned
integer type, including the character type, or a floating¥ptype, or the fixed-point typdeci mal which
is useful for exact calculations such as financial accogntirhe tables opposite show the simple types,
some example constants, value range, kind, and size (is)byEer escape sequences suchu#$00 in
character constants, see page 16. Integer constants majttea w decimal or hexadecimal notation:

Notation Base Distinction Example Integer Constants
Decimal 10 1234567890, 0127, - 127
Hexadecimal 16  Leadingx Ox12ABCDEF, 0x7F,-0x7F

Two’s complement representation is used for the signedyémteypes gbyt e, short, i nt, andl ong).
The integer types are exact. The floating-point types areaicteand follow thaeee754 floating point
standard, with the number of significant digits indicatepagite.

For each simple type there is a predefined struct type (inyb®e8) namespace), also shown opposite.
The simple type is an alias for the struct type and therefaserhembers:

e int.Parse(String s) of typeint is the integer obtained by parsisgsee example 1. It throws
ArgumentNullException ifs is nul | , FormatException i§ cannot be parsed as an integer, and
OverflowException if the parsed number cannot be repredeagean nt. All simple types have
similar Par se methods. The floating-poiffar se methods are culture sensitive; see section 7.2.

e The smallest and greatest possible values of each numegcate represented by constant fields
M nVal ue andMaxVal ue, such as nt. M nVal ue andi nt . MaxVal ue.

e Thefl oat anddoubl e types define several constantgiubl e. Epsi | on is the smallest number
of typedoubl e greater than zerajoubl e. Posi ti vel nfinity anddoubl e. Negativelnfinity
represent positive and negative infinity, atalbl e. NaN is adoubl e value that is not a number.
These values are determined by thee754 standard.

e Thedeci mal type defines the constanténusOne, Zer 0, andOne of type deci mal along with
methods for computing with and converting numbers of typa nmal .
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Example 7 Three Equivalent Declarations of an Integer Variable
using System

int il;

Int32 i2;

System Int32 i3;

Simple Types. Constants, Default Value, and Range

Type Example Constants Default Value Rangen{/al ue...MaxVal ue)

bool true fal se fal se,true

char "A,\u0041 "\ u00oo’ "\u0000’ ..."\UFFFF

shyte -119 0 —128...127

byte 219 0 0...255

short - 30319 0 —32768..32767

ushort 60319 0 0...65535

int -2111222319 0 —2147483648..2147483647

ui nt 4111222319 0 0...4294967295

[ ong -411122319L 0 —9223372036854775808 9223372036854775807
ul ong 411122319UL 0 0...18446744073709551615

f1 oat -1. 99F, 3E8F 0.0 +10%4...+10%, 7 significant digits

double  -1.99,3E8 0.0 +10°323. .. +£10°°8 15-16 significant digits
decimal -1.99M 0.0 +10728. ..+ 1078, 28-29 significant digits (*)

(*) May be changed to range10-6143. .+ 105144 and 34 significant digits €EE754 decimal128).

Simple Types: Kind, Size, and Struct Name

Type Alias  Kind Size Struct Type

bool logical 1 System.Boolean
char unsigned integer 2 System.Char
shyte integer 1 System.SByte
byte unsigned integer 1 System.Byte
short integer 2 System.Int16
ushort unsigned integer 2 System.UInt16
i nt integer 4 System.Int32

ui nt unsigned integer 4 System.UInt32
| ong integer 8 System.Int64

ul ong unsigned integer 8 System.UInt64
fl oat floating-point 4 System.Single
doubl e floating-point 8 System.Double
deci mal fixed-point 16 System.Decimal

Whent is one of these types, thanzeof (t) is a compile-time constant expression whose value is Size.
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9.3 ClassArray

All array types are derived from class Array, and the membéemn array type are those inherited from
class Array. Let be a reference of array typean object of any type, and i 1, ...,i nintegers. Then:

e a.Length of typeint is the length ofa, that is, the total number of elementsanif a is a one-
dimensional or a rectangular multi-dimensional arrayherriumber of elements in the first dimen-
sion ofa, if a is a jagged array.

e a. Rank of typei nt is the rank ofa; see sections 9 and 9.2.2.

e a. Get Enunerat or () of type IEnumerator is a non-generic enumerator (sectio)2dr iterating
througha. This enables théor each statement to iterate over an array; see section 13.6.2 and
example 37. Ia is a one-dimensional array of typg] , one can get a type-safe generic enumerator
of type IEnumerator> by computing( (| Li st <t >)a). Get Enunerator ().

e a. GetLength(i) of typeint is the number of elements in dimensiorsee examples 24 and 36.

e a. SetValue(o, il,..,in) of typevoi d performs the same assignmenta#sl,...,in] = o0
whena has rankn; anda. Get Val ue(i 1, ...,in) of type Object is the same ai 1,...,in].
More precisely, ifa[i 1, ...,in] has reference type, thedt Val ue returns the same reference;
otherwise it returns a boxed copy of the valuapif1,...,in].

e a. Equal s( o) of typebool returns true ifa ando refer to the same array object, otherwise false.

Class Array provides static utility methods, some of whidghlessted below. These methods can be used on
the ordinary array typeld | which derive from class Array. The methods throw Argumertiiiskception
if the given arraya is nul | , and throw RankException & is not one-dimensional.

e static int BinarySearch(Array a, Object k) searches the one-dimensional areafor k
using binary search. Returns an index0 for whicha[i]. ConpareTo(k) == 0, if any; other-
wise returns <0 such thati would be the proper position fér. The arraya must be sorted, as by
Sort(a), or else the result is undefined; and its elements must imgrielComparable.

e static int BinarySearch(Array a, Object k, |Conparer cnp) works as above, but com-
pares array elements using the methog. Conpar e; see section 24.3. The array must be sorted,
as bySort(a, cnp), or else the result is undefined.

e static void Reverse(Array a) reverses the contents of one-dimensional aaray
e static void Reverse(Array a, int i, int n) reversesthe contentsaffi..(i+n-1)].

e static void Sort(Array a) sortsthe one-dimensional arraysing quicksort, comparing array
elements using thei€onpar eTo method; see section 24.3. The array elements must implement
IComparable. The sort is not stable: elements that are egaypbe swapped.

e static void Sort(Array a, |Conparer cnp) works as above, but compares array elements
using the methodnp. Conpar e; see section 24.3.

e static void Sort(Array a, int i, int n) worksas above butsora§i.. (i+n-1)].

e static void Sort(Array a, int i, int n, |Conparer cnp) sortsa[i..(i+n-1)] using
cnp. Conpare.
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Expression Meaning Section Assoc’ty Argument(s) Resplety
al...] array access 9 t[], Integer t

of...] indexer access 12.17 object t

o.f field or property access 12.13,12.16 object typ€ of

Cf static field or property 12.13,12.16 class/struct typ€ of
0.M...) method call 12.15 object return type Mdf
CM...) static method call 12.15 class/struct return typ&of
newt[...] create array 9 type t[]

new t(...) create object/struct/delegate  12.9, 17 class/struegded t

defaul t (t) default value for type 6.2 type t

si zeof (t) size in bytes 5.1 (simple) type int

typeof (t) type determination 12.19 typai d System.Type
checked(e) overflow checking 12.3 integer integer
unchecked(e) no overflow checking 12.3 integer integer

del egate ... anonymous method 12.20 delegate

X++ postincrement 12.2 numeric numeric

X- - postdecrement 12.2 numeric numeric

++X preincrement 12.2 numeric numeric

--X predecrement 12.2 numeric numeric

-X negation (minus sign) 12.2 right numeric int/l ong

~e bitwise complement 125 right integer (u)int/(u)long
le logical negation 12.4 right bool bool

(t)e type cast 12.18 type, any t

el * e2 multiplication 12.2 left numeric, numeric numeric

el / e2 division 12.2 left numeric, numeric numeric

el %e2 remainder 12.2 left numeric, numeric numeric

el + e2 addition 12.2 left numeric, numeric numeric

el + e2 string concatenation 7 left String, any String

el + e2 string concatenation 7 left any, String String

el + e2 delegate combination 17 left delegate, delegate delegate
el - e2 subtraction 12.2 left numeric numeric

el - e2 delegate removal 17 left delegates delegate
el << e2 left shift 125 left integer nt (u)int/(u)Tong
el >> e2 right shift 12.5 left integer, nt (u)int/(u)long
el <e2 less than 12.6 numeric bool

el <= e2 less than or equal to 12.6 numeric bool

el >= e2 greater than or equal to 12.6 numeric bool

el > e2 greater than 12.6 numeric bool

eist instance test 12.11 any, type bool

east instance test and cast 12.12 any, type t

el == e2 equal 12.6 left compatible bool

el I=e2 not equal 12.6 left compatible bool

el & e2 bitwise and 125 left integer, integer (u)int/{u)Tong
el & e2 logical strict and 12.4 left bool , bool bool

el ~ e2 bitwise exclusive-or 125 left integer, integer (u)int/(u)Tong
el N e2 logical strict exclusive-or 12.4 left bool , bool bool

el | e2 bitwise or 125 left integer (u)int/{u)Tong
el | e2 logical strict or 12.4 left bool bool

el && e2 logical and 124 left bool bool

el J] ez logical or 124 left bool bool

el 77 e2 null-coalescing 18 right nullable/reftype, any any

el ? e2 : e3 conditional 12.8 right bool , any, any any

X =€ assignment 12.7 right e impl. conv. tox type ofx

X += e compound assignment 12.7 right compatible type of

X += e event assignment 10.17 right event, delegate  void

X -=e event assignment 10.17 right event, delegate  void
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12.5 Bitwise Operatorsand Shift Operators

The operators (bitwise complement) andl (bitwise and) and (bitwise exclusive-or) anfl (bitwise or)
may be used on operands of enum type or integer type. Thetopereork in parallel on all bits of the
operands and never cause overflow, not even in a checkedtonite two's complement representation
is used for signed integer types,-aoequalq - n) - 1 and also equals- 1) *n.

The shift operators< and>> shift the bits of the two’s complement representation offtret argu-
ment; they never cause overflow, not even in a checked corithgttwo operands are promoted (page 56)
separately, and the result type is the promotion type of teedrgument.

Thus the shift operation is always performed on a 32ibit (or ui nt) or a 64-bit { ong or ul ong)
value. Inthe former case, the length of the shift is betweamd31 as determined by the 5 least significant
bits of the second argument; in the latter case, the lengtiedghift is between 0 and 63 as determined by
the 6 least significant bits of the second argument. Thissallsb when the second argument is negative:
the length of the shift is the non-negative number deterchinethe 5 or 6 least significant bits of its two’s
complement representation.

Thus the left shifin<<s equalsn*2*2*. . . *2 where the number of multiplications is determined by
the 5 or 6 least significant bits ef according as was promoted to a 32-bit value or to a 64-bit value.

For signed integer types, the operatorperforms right shift with sign-bit extension: the right fhi
n>>s of a non-negativa equals/ 2/ 2/ . . . | 2 where the number of divisions is determined by the 5 or 6
least significant bits of. The right shift of a negativie equals-( (~n) >>s) . In other words, the low-order
s bits of n are discarded, the remaining bits are shifted right, anchitjle-order empty bit positions are
set to zero i is non-negative and set to onenifs negative.

For unsigned integer types, the operatorperforms right shift with zero extension: the right shift
n>>s equalsn/ 2/ 2/ . . . | 2 where the number of divisions is determined by the 5 or 6 keigsificant bits
of s. In other words, the low-order bits afare discarded, the remaining bits are shifted right, and the
high-order empty bit positions are set to zero.

See example 205 for clever and intricate use of bitwise apexaThis may be efficient and good style
on a tiny embedded processor, but not in general programming

12.6 Comparison Operators

Thecomparison operators= and! = require the operand types to bempatible one must be implicitly
convertible to the other. Operand types that are generie pgrameters must be constrained to be refer-
ence types (section 23.4), unless one operandlis. Two values of simple type are equal (by) if they
represent the same value after conversion. For instanand @0.0 are equal. Two values of a reference
type that does not override the default implementation efaperators are equal (by) if both arenul |,

or both are references to the same object or array, creattitblsame execution of tiew-operator.

Class String redefines the= and! = operators so that they compare the characters in the strings
Hence two strings1 ands2 may be equal bg1==s2, yet be distinct objects and therefore unequal by
(Obj ect) s1==(hj ect) s2; see example 15.

Values of struct type can be compared usizgand! = only if the operators have been explicitly
defined for that struct type. The defabtfual s method (section 5.2) compares struct values field by field.
The operators <= >= > can be used on numeric types (and on user-defined typesprsd€tils).

They perform signed comparison on signed integer typesuasigned comparison on unsigned ones.
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13.9 Thechecked and unchecked Statements

An operation on integral numeric values may produce a réisaltis too large. In ahecked contextun-
time integer overflow will throw an OverflowException, anchmaile-time integer overflow will produce
a compile-time error. In aanchecked contexdpoth compile-time and run-time integer overflow will wrap
around (discard the most significant bits), not throw anyegekion nor produce a compile-time error.

A checked statement creates a checked context fologk-statemerand has the form

checked
block-statement

An unchecked statement creates an unchecked context filoek-statemerand has the form

unchecked
block-statement

In both cases, only arithmetic operations textually inshasblock-statemerdre affected. Thus arithmetic
operations performed in methods called from theck-statemenare not affected, whereas arithmetic
operations in anonymous delegate expressions textuailyartheblock-statemerdre affected. Checked
and unchecked statements are analogous to checked andketexpressions; see section 12.3.

13.10 Theusi ng Statement

The purpose of thesi ng statement is to ensure that a resource, such as a file hanifi¢atyase connec-
tion, is released as soon as possible after its useuJingy statement may have the form

using (t res = initializer)
body

This declares variablees to have type which must be implicitly convertible to IDisposable, iiti
izesr es with the result of evaluating thimitializer expression, and executes thedy Finally method
Di spose() is called orr es, regardless of whethéodyterminates normally, throws an exception, or exits
byreturn orbreak orcontinue orgot 0. Thebodymust be a statement but not a declaration statement
or a labeled statement. Variahles is read-only; its scope isodywhere it cannot be assigned to, nor
used as a ref or out argument. Tl ng statement is equivalent to this block statement:
{
t res = initializer;
try { body}
finally { if (res !=null) ((IDisposable)res).Dispose(); }
}

The IDisposable interface from namespace System deseribiegle method:

e voi d Dispose() is called to close or release resources, such as files, sreatgatabase connec-
tions, held by an object. Calling this method multiple tinmegst not throw an exception; all calls
after the first one may just do nothing.

13.11 Thel ock Statement

Thel ock statement is described in section 20.2.
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18 Nullable Typesover Value Types (C# 2.0)

A nullable typet ? is used to represent possibly missing values of typeheret is a value type such
asi nt, a non-nullable struct type, or a type parameter that t&ts act constraint. A value of type?
either is non-null and contains a proper value of typer is the unique null value. The default value of a
nullable type is null. The nullable tyge is an alias for System.Nullablés and is itself a value type.
A nullable type such aisnt ? is useful because the custom of usingj| to represent a missing value
of reference type does not carry over to value types! is not a legal value of the plain value typet .
Valuesv1 andv?2 of nullable type support the following operations:

e Read-only propertyl. HasVal ue of typebool returns true ifv1 is non-null; false if it is null.

e Read-only propertyl. Val ue of typet returns a copy of the proper valuevt if v1 is non-null
and has typé?; it throws InvalidOperationException ¥l is null.

e Standard implicit conversions: The implicit conversioorfrv of typet tot ? gives a non-null value
containing a copy of. The implicit coercion frommul | tot ? gives the null value.

e Standard explicit conversionét ) v1 coerces fromt ? tot and is equivalent tel. Val ue.

¢ Lifted conversions: Whenever there is an implicit (or egjpjicoercion from value types to value
typet t, there is an implicit (or explicit) coercion frobs? tott ?.

e Boxing and unboxing conversions: Boxing of a non-rill value gives a boxetl value (not a
boxedt ? value), and boxing of a null? value gives awl | reference. Unboxing of a nomil | t
reference gives a non-nulP value; and unboxing of aul | reference gives a null? value.

e Lifted unary operators+ ++ - -- | ~ :If argument type and result type of an existing operator
are non-nullable value types, then an additional liftedrajme is automatically defined for the
corresponding nullable types. If the argument is null, tguit is null; otherwise the underlying
operator is applied to the proper value in the argument.

e Lifted binary operators+ - * /| % & | * << >> : If the argument types and the result type of
an existing operator are non-nullable value types, therddiiianal lifted operator is automatically
defined for the corresponding nullable types. If any argurisemull, the result is null; otherwise the
underlying operator is applied to the proper values in tigeients. The corresponding compound
assignment operator, such+as is automatically defined for nullable types also.

e Equality comparisonsv1==v2 is true if bothvl andv2 are null or both are non-null and contain
the same value, false otherwiset! =v2 is the negation of1==v2. Unless other definitions are
applicabley1! =nul | means/1. HasVal ue andvl==nul | meand v1. HasVal ue,

e Ordering comparisonsz1<v2 andvl<=v2 andv1>v2 andv1>=v2 have typebool . A comparison
evaluates to false if1 orv2 is nul | ; otherwise it compares the proper values Inandv?2.

e Thenull-coalescingoperatovl ?? v2 evaluates to the proper valuenith if it has one; otherwise
evaluates?2. It can be used on reference types also, and then is equitaleit =nul | ? v1 : v2.

The nullable typebool ? has values null, false and true as in the three-valued loigiheo SQL query
language. The operatogsand| have special definitions that compute a proper truth valuernwgossible:

x& | nul'l false true x|y | null false true
nul I nul | false null nul | nul T null true
false | false false false false | null false true
true nul | false true true true true true
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Example 138 Partial Function with Nullable Return Type
Instead of throwing an exception, a computation that fadgy meturn the null value of a nullable type.

public static int? Sgrt(int? x) {
if (x.HasValue && x.Value >= 0)
return (int)(Math.Sgrt(x. Value));
el se
return nul l;

}

tﬁﬁsole.VViteLine(":{O}:{l}:{Z}:", Sqrt(5), Sgrt(null), Sgrt(-5)); // Prints :2::

Example 139 Computing with Nullable Integers

Arithmetic operators such asand+= are automatically lifted to nullable numbers. Ordering pamisons
such as are false if any argument is null; the equality comparisaeswat. The null-coalescing operator
?? gets the proper value or provides a default: note that viargalmhas plain type nt .

int? i1 =11, i2 =22, i3 =null, i4=1i1+42, i5=1i1+3

/1 Values: 11 22 null 33 nul

int i6 = (int)il, /1l Legal
[l int i7 = (int)i5; /] Legal but fails at run-tine
[l int i8 =il /1 11lega
Ghject o1 =il1, 03 =i3; /1 Boxing of int? gives boxed int
Consol e. WiteLine(ol. Get Type()); /1 System|nt32
int? iil = (int?)ol, ii3 = (int?)o3; /1 Unboxi ng of boxed int gives int?
Console. WiteLine("[{0}] [{1}]", iild, ii3); // [11] [null]
int?[] iarr ={ i1, i2, i3, i4, i5};
i2 +=1il;
i2+=1i4
Consol e. WitelLine("i2 = {0}", i2); /] 66 = 11+22+33
int sum= 0;
for (int i=0; i<iarr.Length; i++)
sum+=iarr[i] ?? 0
Consol e. WiteLine("sum= {0}", sum; /] 66 = 11+22+33

for (int i=0; i<iarr.Length; i++)
if (farr[i] > 11)
Console. Wite("[{0}] ", iarr[i]); Il 22 33
for (int i=0; i<iarr.Length; i++)
if (iarr[i] '=1i1)
Console. Wite("[{0}] ", iarr[i]); /1 22 null 33 null

Example 140 The Nullable Bool Type
Like other lifted operators, thigool ? operatord and” return null when an argument is null. The opera-
tors&and| are special and can produce a non-null result although @uareent is null.

bool? bl = null, b2 = false, b3 = true
bool ? b4 = b17b2, b5 = bl&b2, b6 = bl|b2; [l null false nul
bool ? b7 = b1*b3, b8 = bl&b3, b9 = bl|b3; [l null null true
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Example 168 Declaration of a Generic Class

An object of generic class LinkedList<T> is a linked list végoelements have type T; it implements
interface IMyList<T> from example 173. The generic classldetion has a nested class, an indexer
with result type T, methods that take arguments of type Eqaral s method that checks that its argument
can be cast to IMyList<T>, an explicit conversion from ar@fyT to LinkedList<T>, an overloaded
operator ) for list concatenation, and methods that return enumesagee also examples 177 and 188.

public class LinkedList<T> : |MList<T> {
protected int size; /1 Nunber of elenents in the |ist
protected Node first, |ast; [l Invariant: first==null iff |ast==null
protected class Node {
public Node prev, next;
public T item

}
public LinkedList() { first = last = null; size =0; }
public LinkedList(params T[] elens) : this() { ... }
public int Count { get { return size; } }
public T this[int i] { get { ... } set { ...} }
public void Add(T item) { Insert(size, item; }
public void Insert(int i, Titem { ...}
public void RenoveAt(int i) { ...}
public override bool Equal s(Cbject that) {
if (that is I MList<T> & this.size == ((IMList<T>)that).Count) ...

}

public override int CGetHashCode() { ... }

public static explicit operator LinkedList<T>(T[] arr) { ... }

public static LinkedList<T> operator +(LinkedList<T> xs1, LinkedList<T> xs2) { ... }

public | Enumerator<T> Get Enunerator() { return new Li nkedLi st Enunerator(this); }
| Enunerat or | Enunerabl e. Get Enunerator() { return GetEnunerator(); }

Example 169 Subclass Relations between Generic Classes and Interfaces
The constructed type Point<String> is implicitly convilgito IMovable, and both ColorPoint<String,uint>
and ColorPoint<String,Color> are implicitly convertilite Point<String> and IMovable.

interface I Mvable { void Mve(int dx, int dy); }
cl ass Poi nt<Label > : | Mvable {
protected internal int x, vy;
private Label [ab;
public Point(int x, int y, Label lab) { this.x = x; this.y =y; this.lab = lab; }
public void Mwve(int dx, int dy) { x += dx; y += dy; }
}
cl ass Col or Poi nt <Label , Col or> : Point<Label > {
private Color c;
public ColorPoint(int x, int y, Label lab, Color c) : base(x, y, lab) { ...}
}
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23.4 Constraintson Type Parameters

A declaration of a generic clagsTl, . .., Tn> may have type parameter constraints:
class-modifierscl ass C<T1,..., Tn> subtype-clause parameter-constraints
class-body

The parameter-constraintss a list of constraint-clausgsach of this form:

where T: €1, C2, ..., Cm
In the constraint clausé,is one of the type parameters, . . ., Tn and eaclt; is aconstraint A given
type parametefi can have at most one constraint clause; that clause may@wak or more constraints
C1, C2, ..., Cm. The order of the constraint clausesTdr . . ., Tn does not matter.

A constraintc must have one of these four forms:

c is a type expression: a non-sealed class or an interfaceygeaprameter. The type expres-
sion may be a constructed type and involve the type paragigter. ., Tn and type parameters of
enclosing generic classes and struct types. An array type,type parameter that hastr uct
constraint, cannot be used as a constraint. Nor can theesl&sject, System.ValueType, Sys-
tem.Delegate, System.Array, or System.Enum. At most ornlkeeo€onstraints on a type parameter
can be a class, and that constraint must appear first. Thetgecny number of constraints that are
interfaces or type parameters.

e C is the speciatl ass constraint. This means that the type parameter must benireted by a
reference type. The specidlass constraint can appear only first in a constraint list, anchoan
appear together with a constraint that is a class or togetttlerthe speciat r uct constraint.

e cisthe speciadtruct constraint. This means that the type parameter must bentrested by a non-
nullable value type: a simple type suchiag , or a non-nullable struct type. The spedat uct
constraint can appear only first in a constraint list, anchodappear together with a constraint that
is a class or together with the speaiabss constraint.

e C is the speciahew() constraint. This means that the type parameter must benireted by a
type that has an argumentless constructor. If a type paesihas st r uct constraint it is thereby
guaranteed to have an argumentless constructor; in thattetasew() constraint is redundant and
illegal. Example 174 illustrates the use of tiex() constraint.

It is illegal for constraints to be circular as itl ass C<T,U> where T : Uwhere U: T { ... }.

The typed 1, ..., tn used when constructing a type must satisfy pheameter-constraintsf type
parametefTi is replaced by typei throughout in theparameter-constraintsthen for each resulting
constraintt : ¢ wherec is a type expression, it must hold thiatis convertible toc by an implicit
reference conversion or a boxing conversion.

An override method or explicit interface implementationthoel gets its constraints from the base
class method or the interface method, and cannot have éxaitstraints of its own. A generic method
that implements a method described by a base interface raustthe same constraints as the interface
method.
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Example 170 Type Parameter Constraints
Interface IPrintable describes a metherd nt that will print an object on a TextWriter. The generic
PrintableLinkedList<T> can implement IPrintable providée list elements (of type T) do.

class Printabl eLi nkedLi st<T> : LinkedList<T>, [|Printable where T : IPrintable {
public void Print(TextWiter fs) {
foreach (T x in this)
X.Print(fs);
}

}
interface IPrintable { void Print(TextWiter fs); }

Example 171 Constraints Involving Type Parameters. Multiple Consitisai

The elements of a type T are mutually comparable if any Tevalgan be compared to any T-valye

usingx. Conmpar eTo(y) . This is the case if type T implements IComparable<T>; seti@e24.3. The

requirement that T implements IComparable<T> is expréséip the constraint : | Conpar abl e<T>.
Type ComparablePair<T,U> is a type of ordered pairs of (‘Malyes. For (T,U)-pairs to support

comparison, both T and U must support comparison, so comistiere required on both T and U.

struct Conparabl ePai r<T, U> : | Conpar abl e<Conpar abl ePai r <T, U>>
where T : | Conparabl e<T>
where U : | Conparabl e<U>

{
public readonly T Fst;

public readonly U Snd;

public int ConpareTo(Conparabl ePair<T, U> that) { /| Lexi cographic ordering
int firstCmp = this.Fst. ConpareTo(that.Fst);
return firstCmp !'=0 ? firstCop : this. Snd. ConpareTo(that. Snd);

}

Example 172 Thecl ass andst ruct Constraints

Without thecl ass constraint, type parameter T €1 might be instantiated with a value type, and then
nul | would not be a legal value of fielfd Conversely, without thet r uct constraint, type parameter U
in D1 might be instantiated with a reference type or with a nulalaiue type, and then the nullable type
U? would be illegal. Thus either class declaration would beatgjd by the compiler if its constraint were
left out.

class CI<T> where T : class {

Tf =null; Il Legal: T is areference type
1
class D1<U> where U : struct {
w f; /1 Legal: Uis a non-nullable value type

}
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24 Generic Collections. Listsand Dictionaries (C# 2.0)

Namespace System.Collections.Generic provides efficemmvenient and typesafe data structures for
representing collections of related data. These datatateginclude lists, stacks, queues, and dictionaries
(also called maps). A list is an ordered sequence where alsntan be added and removed at any
position; a stack is an ordered sequence where elementsecadded and removed only at one end; a
gueue is an ordered sequence where elements can be addedeicdband removed at the other end;
and a dictionary associates values with keys. The collectiasses are not thread-safe; using the same
collection instance from two concurrent threads producgsedictable results.
The most important generic collection interfaces and elasse related as follows:

g g IEnumerable<T> IEnumerable<KeyValuePair<K,V>p
38
%5 ! !
SE
o ICollection<T> ICollection<KeyValuePair<K,V>>
A7 N

B
& \
"5 IList<T> N IDictionary<K,V>
E T \\\ 7 A S

j

B i

I \ - - I
g Queue<T> Stack<T>| List<T> LinkedList<T>| Dictionary<K,V>| | SortedDictionary<K,V?> | SortedList<K,V>
(@)

24.1 ThelCollection<T> Interface

The generic interface ICollection<T> extends IEnumerable so its elements can be enumerated. In
addition, it describes the following members:

e Read-only propertynt Count returns the number of elements in the collection.

e Read-only propertypool |sReadOnly returns true if the collection is read-only and cannot be
modified; otherwise false.

e voi d Add(T x) adds element to the collection. Throws NotSupportedException if thdection
is read-only.

e void Cear() removes all elements from the collection. Throws NotSufgatiException if the
collection is read-only.

e bool Contains(T x) returns true if element is in the collection; false otherwise.

e void CopyTo(T[] arr, int i) copies the collection’s members to arrayr, starting at ar-
ray indexi . Throws ArgumentOutOfRangeExceptioni €0, and throws ArgumentException if

i +Count >arr. Lengt h. Throws InvalidCastException if some collection elemamat convertible
to the array’s element type.

e bool Renove(T x) removes an occurrence of elemanfrom the collection. Returns true if an
element was removed, else false. Throws NotSupportedBgodpthe collection is read-only.
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Example 185 Using Generic Collections
ThePrint methods are defined in examples 186 and 187.

using System Col | ections. Generic; // IList, IDictionary, List, Dictionary, ...

I Li st<bool > Iistl = new List<bool >();

listl. Add(true); listl. Add(false); listl.Add(true); listl. Add(false);
Print(listl); [l Mist print: true false true false

bool bl = list1[3]; Il false

IDictionary<String, int> dictl = new Dictionary<String, int>();

dict 1. Add(" Sweden", 46); dictl. Add("CGermany", 49); dictl. Add("Japan", 81);

Print(dictl.Keys); /1 May print: Japan Sweden Germany
Print(dictl.Val ues); /1 May print: 81 46 49

int il =dictl["Japan"]; /] 81

Print(dictl); Il Print key/value pairs in sone order

IDictionary<String, int> dict2 = new SortedDictionary<String, int>();
di ct 2. Add(" Sweden", 46); dict2. Add("Gernany", 49); dict2. Add("Japan", 81);

Print(dict2.Keys); Il Mist print: CGermany Japan Sweden
Print(dict2.Val ues); /1 Must print: 49 81 46
Print(dict2); /1 Print key/value pairs in sorted key order

Choosing an Appropriate Collection Class The running time or time complexity of an operation on a
collection is usually given it© notation, as a function of the sireof the collection. Thu©(1) means
constant timgO(logn) meandogarithmic time(time at most proportional to the logarithmmyf andO(n)
meandinear time(time at most proportional tn). For accessing, adding, or removing an element, these
roughly correspond teery fast fast andslow.

In the tablen is the number of elements in the collection and an integer index. Thus adding or
removing an element of a List is fast only near the end of thie Wwheren—i is small. The subscript
a indicatesamortized complexityover a long sequence of operations, the average time peatapeis
0O(1), although any single operation could take tid@).

Operation List Dictionary  SortedDictionary SortedList
Add( o) O(1)a

Insert(i,o) O(n—i)a

Add(k, v) 0O(1)a O(logn) O(n)
Rermove( o) O(n) 0O(1) O(logn) O(n)
RermoveAt (i) O(n—i) O(n—i)
Cont ai ns( 0) Oo(n)

Cont ai nsKey( 0) 0(1) O(logn) O(logn)
Cont ai nsVal ue( o) O(n) O(n) O(n)

I ndexCf (o) O(n)

I ndexCf Key(k) O(logn)
this[i] 0o(1)

Keys[i] 0(1)

Val ues[i] 0O(1)
this[k] get/set 0(1) O(logn) O(logn)/0O(n)
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24.2 Enumeratorsand Enumerables
24.2.1 ThelEnumerator and | Enumerator<T> Interfaces

An enumerator is an object that enumerates (produces) ansiné elements, such as the elements of a
collection. A class or struct type that has a meti@tEnuner at or with return type IEnumerator or
IEnumerator<T> can be used iff ar each statement (section 13.6.2).

Interface System.Collections.IEnumerator describesgtineembers:

e Read-only propertyobj ect Current returns the enumerator’'s current value, or throws Invalid-
OperationException if the enumerator has not reached gtefement or is beyond the last element.

e bool MveNext () advances the enumerator to the next (or first) element, Bibles returns true
if it succeeded so th&urrent is valid; false otherwise. Throws InvalidOperationExéemptf the
underlying collection has been modified since the enumeveds created.

e voi d Reset () resets the enumerator so that the next callttoeNext will advance it to the first
element, if any. Should throw NotSupportedException if sigaported.

The generic interface System.Collections.Generic.|Egmamor<T> extends interfaces IEnumerator and
IDisposable (section 13.10) and describes these members:

e Read-only propertyl Current returns the enumerator’s current value, or throws Invghei@-
tionException if the enumerator has not reached the first@fe or is beyond the last element.

e bool MveNext () isjust as for IEnumerator above.

e voi d Di spose() is called by the consumer (for instancd,a@ each statement) when the enumer-
ator is no longer needed. It should release the resourcdsbigehe enumerator. Subsequently,
Cur rent should throw InvalidOperationException akioveNext should return false.

A user type that implements IEnumerator<T> must also impleniEnumerator, using explicit interface
member implementation (section 15.3) to declareQive ent property twice as in example 188.

24.2.2 ThelEnumerable and |Enumerable<T> Interfaces

An enumerable type is one that implements interface |IEnabieror IEnumerable<T>. This means that
it has a methodet Enuner at or that can produce an enumerator; see example 168.
Interface System.Collections.IEnumerable describesiigthod:

e | Enunerat or Get Enunerator () returns a non-generic enumerator.
The generic interface System.Collections.Generic.|Egraile<T> describes this method:
e | Enuner at or <T> Get Enurer at or () returns a generic enumerator.

A collection type with element type T implements IEnumeeatil> and IEnumerable. Type Array (sec-
tion 9.3) implements IEnumerable. For a given typearray typet [] also implements IListt> and
therefore IEnumerable<s> and IEnumerable. A user type that implements IEnumerditexust also
implement IEnumerable, using explicit interface membeplementation (section 15.3) to declare the
Get Enurrer at or method twice with different return types, as in example 168.
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Example 186 Traversing a Collection
The prototypical traversal of a collectiarol | (which implements IEnumerable<T>) uses$ @ each
statement:

public static void Print<T>(1Collection<T> coll) {
foreach (T x in coll)
Console. Wite("{0} ", x);
Consol e. WiteLine();
}

Example 187 Traversing a Dictionary
Adictionarydi ct implements IEnumerable<KeyValuePair<K,V>> so its keljuegairs (see section 24.8)
can be printed like this:

public static void Print<K V>(1Dictionary<K, V> dict) {
foreach (KeyVal uePair<K V> entry in dict)
Consol e. WiteLine("{0} --> {1}", entry.Key, entry.Value);
Consol e. WiteLine();

}

Example 188 An Enumerator Class for LinkedList<T>

Class LinkedListEnumerator is a member class of and imphésran enumerator for class LinkedList<T>
from example 168. Th& spose method releases any data and list nodes reachable throeglurient
element. The non-genei@r r ent property and th®set method are required by interface IEnumerator,
which IEnumerator<T> extends. Theel d statement (section 13.12) provides an alternative simydgr

to define enumerators.

private class LinkedListEnumerator : |Enunerator<T> {
T curr; /1 The enumerator’s current elenent
bool valid; /1 1s the current element valid?
Node next; /1 Node hol ding the next element, or null
public LinkedLi st Enunerat or (Li nkedLi st <T> |st) {
next = Ist.first; valid = fal se;
1

public T Current {
get { if (valid) return curr; else throw new | nvalidQOperationException(); }

public bool MveNext() {

if (next '=null) {
curr = next.item next = next.next; valid = true;
} else

valid = fal se;
return valid,
}
public void Dispose() { curr = default(T); next = null; valid = false; }
(oj ect |Enunerator. Current { get { return Current; } }
voi d | Enurmerator. Reset () { throw new Not SupportedException(); }
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24.3 Comparables, Equatables, Comparersand EqualityComparers

Some values can be compared for ordering (such as less-#mh3ome values only for equality. A type
may implement interfaces that describe methods for ordepesison and equality comparison.

An order comparison method such@spar eTo returns a negative number to indicate less-than, zero
to indicate equality, and a positive number to indicate gnethan. The method must defingartial
ordering it must be reflexive, anti-symmetric, and transitive. Letdefine that negative is the opposite
sign of positive and vice versa, and that zero is the oppegjteof zero. Then the requirements are:

e X. Conpar eTo(x) must be zero.
e Xx. ConpareTo(y) andy. Conpar eTo(x) must be have opposite signs.
e If one of x. Conpar eTo(y) andy. ConpareTo(z) is zero, therx. Conpar eTo(z) must have the

sign of the other one; and if both have the same signth€npar eTo(z) must have that sign too.
24.3.1 ThelComparable, |Comparable<T> and | Equatable<T> Interfaces
The non-generic interface System.IComparable desciitiestethod:

e int ConpareTo(bj ect that) mustreturn a negative number when the current objedts() is
less thart hat , zero when they are equal, and a positive number when is greater thatnhat .

The generic interface System.IComparable<T> describesritbthod:

e int ConpareTo(T that) must return a negative number when the current objdtats is less
thant hat , zero when they are equal, and a positive number when is greater thamhat .

The generic interface System.|Equatable<T> describesibihod:

e bool Equal s(T that) mustreturn true if the current objec¢th| s) is equal tat hat , else false.
Typei nt implements IComparable, IComparahilet> and IEquatableint >, and similarly for the other
numeric types, for the String class (section 7), and for etypes.

24.3.2 ThelComparer, |IComparer<T>, and | EqualityComparer<T> Interfaces
The non-generic interface System.Collections.ICompaescribes this method:

e int Conpare(Cbject ol, Object 02) mustreturn a negative number whehis less tharo2,
zero when they are equal, and a positive number vatids greater than?2.

The generic interface System.Collections.Generic.|CamenxT> describes these methods:

e int Conpare(T vl, T v2) mustreturn a negative number wheh s less tharnv2, zero when
they are equal, and a positive number whéns greater than?2.

The generic interface System.Collections.Generic.|Ey@omparer<T> describes these methods:

e bool Equal s(T v1, T v2) mustreturn true if’lis equal tov2, else false.
e int GetHashCode(T v) must return a hashcode foy see section 5.2.
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Example 189 A Class of Comparable Points in Time

A Time object represents the time of day 00:00-23:59. Thehatktallt 1. Conpar eTo(t 2) returns a
negative number if 1 is beforet 2, a positive number if 1 is aftert 2, and zero if they are the same
time. By defining two overloads @onpar eTo, the class implements both the non-generic IComparable
interface and the constructed interface IComparable<¥ime

using System /I 1 Conparabl e, |Conparabl e<T>, |Equatabl e<T>
public class Time : |Conparable, |Conparable<Tinme>, |Equatable<Tine> {
private readonly int hh, mm /1 24-hour clock
public Time(int hh, int nmm { this.hh = hh; this.rm= nm }
public int ConpareTo(Chject that) { /1 For | Conparabl e
return ConpareTo((Time)that);
}
public int ConpareTo(Tinme that) { /'l For | Conparabl e<T>
return hh !'=that.hh ? hh - that.hh : Mm- that.mm
}
public bool Equal s(Tine that) { /'l For |Equatabl e<T>
return hh == that.hh & & nm == that.nmm
}

public override String ToString() { return String.Format("{0:00}:{1:00}", hh, mj; }

Example 190 A Comparer for Integer Pairs
Integer pairs are ordered lexicographically by this corapavhich has features from examples 73 and 189.

using System Col | ecti ons; /'l | Conparer
using System Col | ecti ons. Generi c; Il | Conparer<T>, |EqualityConparer<T>

public struct IntPair {
public readonly int Fst, Snd;
public IntPair(int fst, int snd) { this.Fst = fst; this.Snd = snd; }
}
public class IntPairConparer : |Conparer, |Conparer<IntPair>, |EqualityConparer<intPair> {
public int Conpare(Chject ol, Cbject 02) { // For |Conparer
return Conpare((IntPair)ol, (IntPair)o2);
}
public int Conpare(IntPair v1, IntPair v2) { // For I|Conparer<T>
return vl.Fst<v2.Fst ? -1 : vl1.Fst>v2. Fst ? +1
: vl1.Snd<v2.Snd ? -1 : v1.Snd>v2.Snd ? +1 : O;

public bool Equals(IntPair vi, IntPair v2) { // For |EqualityConparer<T>
return vl. Fst==v2. Fst && v1.Snd==v2. Snd;

}

public int GetHashCode(lntPair v) { /'l For |EqualityConparer<T>
return v.Fst ~ v.Snd;

}

}
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244 ThelList<T> Interface

The generic interface IList<T> extends ICollection<T> alescribes lists with elements of type T. It has
the following members in addition to those of ICollectiorn<T

e Read-write indexef this[int i] returns or sets list element numlbeicounting from 0. Throws
ArgumentOutOfRangeExceptioniik0 or i >=Count . Throws NotSupportedException if used to
set an element on a read-only list.

e void Add(T x) adds element at the end of the list.
e int IndexOf (T x) returns the least position whose element equaisany; otherwise—1.

e void Insert(int i, T x) insertsx atposition . Existing elements at positionand higher have
their position incremented by one. Throws ArgumentOut@igReException ifi <0 or i >Count .
Throws NotSupportedException if the list is read-only.

e bool Renmove(T x) removes the first element of the list that equalsf any. Returns true if an
element was removed. All elements at higher positions hiagi position decremented by one.
Throws NotSupportedException if the list is read-only.

e voi d RenoveAt(int i) removes the element at indéex All elements at higher positions have
their position decremented by one. Throws ArgumentOut@fR&xception if <0 ori >=Count .
Throws NotSupportedException if the list is read-only.

Interface IList<T> is implemented by class List<T> whiclpresents a list using an array; see sec-
tion 24.6. The .Net collection library also includes a clagskedList<T> of doubly-linked lists, but
it does not implement IList<T>, so class LinkedList<T> ig further described here.

245 ThelDictionary<K,V> Interface

The generic interface IDictionary<K,V> extends ICollectkKeyValuePair<K,V>>, so it can be seen as
a collection of key/value pairs (entries), where the keygehtgpe K and the values have type V. Since a
dictionary implements also IEnumerable<KeyValuePaii&ks, the key/value pairs can be enumerated.
There can be no two entries with the same key, and a key okrafertype cannot baul | .
The interface describes these members in addition to tHdSmbection<KeyValuePair<K,V>>:

e Read-only propertyCol | ecti on<K> Keys returns a collection of the keys in the dictionary.
e Read-only propertyCol | ecti on<V> Val ues returns a collection of the values in the dictionary.

e Read-write indexeY t hi s[ K k] gets or sets the value at dictionary KeyThrows ArgumentEx-
ception when getting (but not when setting) if Keis not in the dictionary. Throws NotSupported-
Exception if used to set an element in a read-only dictionary

e void Add(K k, V v) inserts value at keyk in the dictionary. Throws ArgumentException if key
k is already in the dictionary. Throws NotSupportedExcepifahe dictionary is read-only .

e bool ContainsKey(K k) returns true if the dictionary contains an entry for kelse false.
e bool Renove(K k) removes the entry for kdy, if any. Returns true if a key was removed.
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24.7 TheDictionary<K,V> Class

The generic class Dictionary<K,V> implements IDictional§}V> and is used to represent dictionaries
or maps with keys of type K and associated values of type V.ciahary is implemented as a hash table,
so the keys should have a go@et HashCode method but need not be ordered. In an unordered dictionary
any key can be looked up, inserted, updated, or deleted imteex constant time.

Objects used as dictionary keys should be treated as imfautatelse subtle errors may be encoun-
tered. If an object is used as key in a dictionary, and theabbgesubsequently modified so that its
hashcode changes, then the key and its entry may be lost dicti@nary.

Class Dictionary<K,V> has the members described by IDiztig<K,V> as well as these:

e ConstructoiDi ctionary() creates an empty dictionary.

e ConstructoDi ctionary(int capacity) creates an empty dictionary with given initial capacity.

e ConstructoDi ctionary(int capacity, |EqualityConparer<K> cnp) creates an empty dic-
tionary with the given initial capacity and the given eqtyatiomparer.

e Constructobi ctionary(1Dictionary<K, V> dict) creates anew dictionary that contaiist ’s
key/value pairs.

e Constructobi ctionary(1Dictionary<K, V> dict, |EqualityConparer<K> cnp) createsanew
dictionary fromdi ct 's key/value pairs, using the given equality comparer.

e bool ContainsVal ue(V v) returns true if the dictionary contains an entry with valudn con-
trast toCont ai nsKey(k), this is slow: it requires a linear search of all key/valuega

e bool TryGetValue(K k, out V v) bindsv to the value associated with kkyand returns true if
the dictionary contains an entry for otherwise binds to def aul t (V) and returns false.

24.8 TheKeyValuePair<K,V> Struct Type

A struct of generic type KeyValuePair<K,V> is used to holdeyialue pair, or entry, from a dictio-
nary (sections 24.5 and 24.7). See example 187. The Key®alueK,V> struct type has the following
members:

e ConstructoiKeyVal uePai r (K k, V v) creates a pair of kely and valuev.
e Read-only propert Key returns the key in the key/value pair.
e Read-only property Val ue returns the value in the key/value pair.

24.9 The SortedDictionary<K,V> and SortedList<K,V> Classes

The generic classes SortedDictionary<K,V> and SortegKisf> implement IDictionary<K,V> and rep-
resent a dictionary with ordered keys of type K and assatieddues of type V. The former dictionary
class is implemented by a binary tree and the latter by adare@y. The key type K must implement
IComparable<K> or IComparable (section 24.3) or else am@arer<K> or an IComparer must be pro-
vided when the dictionary is created. This determines tlyeokéer and the enumeration order.

These classes have the same methods as Dictionary<K,Vhdiutonstructors take nmapaci ty
argument and take an IComparer<K> argument instead of amlEgComparer<kK> argument.
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IList<T>, 164
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