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The shapes a bright container can contain!
— Theodore Roethke

Not by age but by capacity is wisdom acquired

— Titus Maccius Plautus

It is a riddle wrapped in a mystery inside an enigt
— Winston Churchill

| think this is the most extraordinary collection of talent,
of human knowledge, that has ever been gathered together
at the White House—uwith the possible exception of when

Thomas Jefferson dined alone
— John F. Kennedy

[0 2006 Pearson Education, Inc. All rights reserved.



In this chapter you will learn:

The non-generic and generic collections that are
provided by the .NET Framework.

To use class Array's static methods to
manipulate arrays.

To use enumerators to "walk through" a collection.

To use the foreach statement with the .NET
collections.

To use non-generic collection classes ArrayList,
Stack, and Hashtable.

To use generic collection classes
SortedDictionary and LinkedList.

To use synchronization wrappers to make
collections safe in multithreaded applications.

<4 >
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Introduction
Collections Overview
Class Array and Enumerators
Non-Generic Collections
Class ArrayList
Class stack
Class Hashtable
Generic Collections
Generic Class sortedbictionary
Generic Class LinkedList
Synchronized Collections
Wrap-Up
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« NET Framework Collections

- Prepackaged data-structure classes
« Known as collection classes
« Store collections of data
- Collection classes
» Enable programmers to store sets of items by using existimata structures
- Need not concern how they are implemented

« Example of code reus

* Programmers can code faster and expect excellentpf@rmance, maximizing
execution speed and minimizing memory consumption

- The .NET Framework provides three namespaces dedicated toltections:

e System.Collections namespace

- Contains collections that store references to objex
e« System.Collections.Gener1ic namespace

- Contains generic classes to store collections ofegjified types
e« System.Collections.Specialized namespace

- Contains several collections that support specifitypes

» EXx: strings and bits

<4 >
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e Collections Overview

Implements some combination of the collection interfaces

» Declare the operations to be performed genericallgn various types of
collections

Store any object in a collection
Retrieving object references from a collection

» Object references obtained from a collection typidéy need to be downcast to
an appropriate type

- Allow the application to process the objects corrdty

Many of these new classes froBystem.Collections.Generic

namespace are simply generic counterparts of the classesi@mespace
System.Collections

» Specify the type stored in a collection and any ite retrieved from the
collection will have the correct type

- Eliminates the need for explicit type casts
- Eliminates the overhead of explicit casting
* Improve efficiency

<4 >
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Interface

Description

ICollection

IList

IDictionary

IEnumerable

The root interface in the collections hierarchy fran which
interfacesIList and ID1ctionary inherit. Contains a
Count property to determine the size of a collection and
CopyTo method for copying a collection’s contents into a
traditional array.

An ordered collection that can be manipulated likean array.
Provides an indexer for accessing elements with amt
index. Also has methods for searching and modifying
collection, including Add, Remove, Contains and
Indexof.

A collection of values, indexed by an arbitrary “ke/” object.
Provides an indexer for accessing elements with abject
index and methods for modifying the collection (e.cAdd,
Remove). IDictionary property Keys contains the
objects used as indices, and propertyalues contains all
the storedobjects.

An object that can be enumerated. This interface adains
exactly one methodGetEnumerator, which returns an
IEnumerator object (discussed in Section 27.3).
ICollection implementsIEnumerable, so all collection
classes implemenIEnumerable directly or indirectly.

Fig. 27.1 | Some common collection interfaces.
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Implements Description
Sys temnamespace:
Array IList The base class of all conventional arrays. See
Section 27.3.
System.Collections namespace:
ArrayList IList Mimics conventional arrays, but will grow or shrink as

needed to accommodate the number of elements. See
Section 27.4.1.

BitArray ICollection A memory-efficient array of booTs.

Hashtable IDictionary An unordered collection of key-value pairs that can be
accessed by key. See Section 27.4.3.

Queue ICollection A first-in first-out collection. See Section 25.6.

SortedList IDictionary A genericHashtab1e that sorts data by keys and can

be accessed either by key or by index.

Stack ICollection A last-in, first-out collection. See Section 27.4.2.

Fig. 27.2 | Some collection classes of the .NET Framework. (Part 1 of 2.)
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Implements Description

System.cCollections.Genericnamespace:

Dictionary<K, E> IDictionary<K, E A generic, unordered collection of key—value pairghat

> can be accessed by key.
LinkedList<E> ICollection<E> A doubly linked list. See Section 27.5.2.
List<E> IList<E> A genericArrayList.
Queue<E > ICollection<E> A genericQueue.

sortedDictionary<  IDictionary<K, E A Dictionary that sorts the data by the keys in a
K, E> > binary tree. See Section 27.5.1.

SortedList<K, E> IDictionary<K, E A genericSortedList.
>

Stack<E > ICollection<E> A genericStack.

[Note: All collection classes directly or indirectignplementzCo’7ectionand IEnumerab]e (or the
equivalent generic interfacegCol1ection< E >and IEnumerable< E >for generic collections).]

Fig. 27.2 | Some collection classes of the .NET Framework. (Part 2 of 2.)
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e ClassArray

- All arrays implicitly inherit from this abstract ba se class
» Defines propertyLength
- Specifies the number of elements in the array

* Providesstatic methods that provide algorithms for
processing array:

- For a complete list of clas®\rray 's methods visit:
msdn2.microsoft.com/en-us/library/system.array.aspx

<4 >
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// Fig. 27.3: UsingArray.cs
// Array class static methods for common array manipulations. Outline
using System; [
using System.Collections;

// demonstrate algorithms of class Array
public class UsingArray

{

11

UsingArray.cs

private static int[] intvalues = { 1, 2, 3, 4, 5, 6 }; (1 of 4)
private static double[] doublevalues = { 8.4, 9.3, 0.2, 7.9, 3.4 };

private static int[] intvaluesCopy; -
\ Declare threestatic

// method Main demonstrates class Array's methods
public static void Main( string[] args )

{

intvaluesCopy = new int[ intvalues.Length ]; ¢/ defaults to zeroes Initialize

array variables

Console.writeLine( "Initial array values:\n" );
PrintArrays(); // output initial array contents

intvaluesCopy
as the same size as
intvalues

// sort doublevalues

Array.sort( doublevalues ); — |

Sort the array
doublevalues
in ascending order

// copy intvalues into intvaluesCopy

Array.Copy( intvalues, intvaluesCopy, intvalues.Length );

console.writeLine( "\nArray values after Sort and Copy:\n" ); intvalues to array

PrintArrays(); // output array contents
console.writeLine();

Copy elements from array

)

intvaluesCopy
4 )

[1 2006 Pearson Education,
Inc. All rights reserved.
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31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

// search for 5 in intvalues
int result = Array.BinarySearch( intvalues, 5 );
if ( result >= 0 )
Console.writeLine( "5 found at element {0} in Y
result );

else

12
Qutline

UsingArray.cs

console.writeLine( "5 not found in intvalues" );

// search for 8763 in intvalues
result = Array.BinarySearch( intvalues, 8763 );

Perform binary
searches on array
intvalues

if ( result >= 0 )
console.writeLine( "8763 found at element {0} in intvalues",
result );
else
console.writeLine( "8763 not found in intvalues" );

} // end method Main

<4 >
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48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74

// output array content with enumerators
private static void PrintArrays(Q

{

console.write( "doublevalues: " );

// iterate through the double array with an enumerator
IEnumerator enumerator = doublevalues.GetEnumerator();

while ( enumerator.MoveNext() )
console.write( enumerator.Current + "

console.write( "\nintvalues: " );

// iterate through the int array with an
enumerator = intvalues.GetEnumerator();

while ( enumerator.MoveNext() )
console.write( enumerator.Current + " " );

console.write( "\nintvaluesCopy: " );

// iterate through the second int array with a foreach
foreach ( int element in intvaluesCopy )

13
Qutline

UsingArray.cs

S

Obtains an enumerator fo
the corresponding array

<

Advances the enumerator fo
the corresponding array

=

Obtains and output tt
current array element

statement

Console.write( element + " " ); — ]

console.writeLine();

Iterate over the collection
elements like an enumeratar

} // end method PrintArrays

75 } // end class UsingArray

<4 >
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Initial array values:

doublevalues: 8.4 9.3 0.2 7.9 3.4
intvalues: 1 2 3456
intvaluesCopy: 0000 00

Array values after Sort and Copy:

doublevalues: 0.2 3.4 7.9 8.4 9.3
intvalues: 1 2 345 6
intvaluesCopy: 1 2 345 6

5 found at element 4 in intvalues

8763 not found in intvalues

14
Qutline

UsingArray.cs

(4 of 4)

<4 >
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e Array Methods

Sort

e Sortarray

* Returns the array containing its original elemesaited in ascending order
Copy

» Copy elements from an array to another

» 1stargumentis the array to copy

» 2nd argument is the destination array

« 3rd argument is amnt representing the number of elements to copy
BinarySearch

» Perform binary searches on array

* Receives gorted array in which to search and the key for whichdarsh

* Returns the index in the array at which it finde key
Clear

e Set arange of elements to Onarl 1
CreateInstance

» Create a new array of a specified type
Indexof

» Locate the first occurrence of an object in amor portion of an array
LastIndexof

» Locate the last occurrence of an object in anyasrgortion of an array
Reverse

» Reverse the contents of an array or portion cdraay

<4 >
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Passing an unsorted array t81narySearch
IS a logic error—the value returned is undefined.

<4 >
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e Enumerators

- GetEnumerator method
« Obtains an enumerator for an array
- Array implements theIEnumerable interface

- Interface IEnumerator:
 Method MoveNext
- Moves the enumerator to the next element in the dektion
- Returns true if there is at least one more element in the colleon
 Method Reset
- Positions the enumerator before the first elementfdhe collection
 Method Current
- Returns the object at the current location in the ollection
* Note on methodsMoveNext and Reset
- Throws anInvalidOperationException

 If the contents of the collection are modified in ay way after the
enumerator is created

<4 >
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e foreach Statement

- Implicitly obtains an enumerator
e Viathe GetEnumerator method

- Uses the enumerator'smoveNext method and
Current property to traverse the collectior

- Able to iterate overany collection that implements the
TEnumerable interface

<4 >

[0 2006 Pearson Education, Inc. All rights reserved.



19

If a collection 1s modified after an enumerator

IS created for that collection, the enumerator
Immediately becomes invalid—any methods
called with the enumerator after this point throw
InvalidOperationExceptions. For this
reason, enumerators are said to be “fail fast.”

<4 >
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e ClassArrayList

- Mimics the functionality of conventional arrays

- Provides dynamic resizing of the collection througtthe
class’s methods
e Property Capacity
- Manipulate the capacity of theArrayList
- When ArrayL1ist needs to grow, it by default doubles
its Capacity
- Store references to objects
 All classes derive from clasgbject
- Can contain objects of any type

<4 >
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As with linked lists, inserting additional
elements into anArrayL1st whose current
size Is less than its capacity Is a fast operation.

<4 >
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It Is a slow operation to insert an element into

an ArrayL1ist that needs to grow larger to
accommodate a new element. AArrayList
that Is at its capacity must have its memon
reallocated and the existing values copied into It.

<4 >
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If storage Is at a premium, use method
TrimToS1ize of classArrayList to trim an
ArrayList to its exact size. This will optimize
an ArrayList’'s memory use. Be carefi—if
the application needs to insert additional

elements, the process wi
ArrayLi1st must grow c
leaves no room for growt

| be slower because the
ynamically (trimming

N).

<4 >
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The default capacity increment, doubling the
size of theArrayL1ist, may seem to waste
storage, but doubling is an efficient way for an
ArrayList to grow quickly to “about the right
size.” This is a much more efficient use of time
than growing the ArrayL1ist by one element at
a time In response to insert operations.

<4 >
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Method or
Property

25

Description

Add
Capacity

Clear

contains
Count
Indexof

Insert
Remove
RemoveAt

RemoveRange

Sort

TrimToS1ize

Adds anobject to theArrayList and returns anint
specifying the index at which theobject was added.

Property that gets and sets the number of elementer
which space is currently reserved in théArrayList.

Removes all the elements from thArrayList.

Returns true if the specifiedobject is in the
ArrayList; otherwise, returnsfalse.

Read-only property that gets the number of elements
stored in theArrayList.

Returns the index of the first occurrence of the sgcified
object inthe ArrayList.

Inserts anobject at the specified index
Removes the first occurrence of the specifiedbject.
Removes an object at the specified index.

Removes a specified number of elements starting at
specified index in theArrayList.

Sorts theArrayList.

Sets theCapacity of the ArrayList to the number of
elements theArrayL1ist currently contains (Count).

Fig. 27.4 | Some methods and properties of class ArrayList.

[0 2006 Pearson Education, Inc. All rights reserved.



> Declare two arrays aftrings

26
Qutline

ArrayListTest.cs

Create am\rrayList with an
Initial capacity of one element

/

Add the five elements of
arraycolorstolist

Use overloaded constructor to
create a newrrayList
initialized with the contents of 4 )

arrayremoveCo1 ors 0 2006 Pearson Education,

Inc. All rights reserved.
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ArrayListTest.cs

(2 of 3)

lterate througlarrayList

/ to output its elements

|
Display the current number of
elements and the maximum
number of elements that can pe
stored without allocating mor
memory

(D

/

Determine the position of the
string “Blue” in arrayList

<4 >

0 2006 Pearson Education,

Inc. All rights reserved.



28
Qutline

ArrayListTest.cs

(3 of 3)

Use the indexer to obtain each pf
secondList’s elements ang
remove it fromfirstList

<4 >
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ArrayList methodsIndexOf and Contains
each perform a linear search, which is a costly
operation for large ArrayLists. If the
ArrayListis sorted, useArrayList method
BinarySearch to perform a more efficient
search. MethodB1narySearch returns the
Index of the element, or a negative number if the
element is not found.

<4 >
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ClassStack

- Contains methodsPush and Pop to perform the basic stack operations
Method Push

« Takes and inserts an object to the top of thetack

« Grows to accommodate more objects

- When the number of items on thestack (the Count property) is
equal to the capacity at the time of thé°ush operation

« Can store only references to objects
- Value types are implicitly boxed before they are aded

- Method Pop

« Removes and returns the object current on the topfahe Stack
- Method Peek

* Returns the value of the top stack element

» Does not remove the element from thetack
- Note on methodsPop and Peek

« Throws InvalidOperationException if the Stack is empty
- Property Count

* Obtain the number of elements instack

<4 >
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// Fig. 27.6: StackTest.cs 31
//-Demonstrat1ng class Stack. C)LJtHr1EB

using System; -

using System.Collections;

public class StackTest
{ StackTest.cs

public static void Main( string[] args )

{ (1 of 3)
Stack stack = new Stack(); // default Capacity of 10

// create objects to storm Create a stack with the defaull

bool aBoolean = true; initial capacity of 10 elements
char acharacter = '$';

int anInteger = 34567;
string astring = "hello";

U7

// use method Push to add items to (the top of) the stack
stack.Push( aBoolean );
PrintStack( stack );
stack.Push( aCharacter );
PrintStack( stack );
stack.Push( anInteger );
PrintStack( stack );
stack.Push( astring );
PrintStack( stack );

Add four elements to the stack

// check the top element of the stack
console.writeLine( "The top element of the stack is {0}\n",
stack.Peek() );

<4 >
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35
36
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42
43
44
45
46
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48
49
50
51
52
53
54
55
56
57
58
59
60

32
// remove items from stack C)LJtHr1EB
try —_—
{
while ( true )
{
object removedobject = stack.Pop(); StackTest.cs
Console.writeLine( removedobj + " popped" );
ERINESTEC ST Obtain and remove the valug(2 °f 3)
} // end while
} // end try of the top stack element
catch ( InvalidoperationException exception )
{
// if exception occurs, print stack trace
Cconsole.Error.writeLine( exception );
} // end catch
} // end Main
// print the contents of a stack
private static void PrintStack( Stack stack )
{
if ( stack.Count == 0 )
console.writeLine( "stack is empty\n" ); // the stack is empty
else
. Useforeach statement to
Console.write( "The stack is: " ); iterate over the stack and

output its contents
// iterate through the stack with a foreac atement

foreach ( object element in stack )
console.write( "{0} ", element ); // invokes ToString 4 )

[1 2006 Pearson Education,
Inc. All rights reserved.
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62 console.writeLine( "\n" );
63 } // end else

64 } // end method PrintStack

65 } // end class StackTest

The stack is: True

The stack is: $ True

The stack is: 34567 $ True

The stack is: hello 34567 $ True

The top element of the stack is hello

hello popped
The stack is: 34567 $ True

34567 popped
The stack is: $ True

$ popped
The stack is: True

True popped
stack is empty

System.InvalidOperationException: Stack empty.
at System.Collections.Stack.Pop()
at StackTest.Main(String[] args) in C:\examples\ch27\
fig27_06\StackTest\StackTest.cs:1ine 37

33
Qutline

StackTest.cs

(3 of 3)

<4 >
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Attempting to Peek or Pop an empty Stack
(a Stack whoseCount property is 0) causes
an InvalidOperationException.

<4 >
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e ClassHashTable

- Hashing

« Convert the application key rapidly to an index andthe
iInformation could be store/retrieve at that location in the
array

 The data is stored in a data structure called a hawstable
* Convert a key into an array subscript
- Literally scramble the bits
 Makes a “hash” of the number

<4 >
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e Collisions

- Problem: Two different keys “hash into” the same cell inlhe array
« Solution 1: “Hash Again”
- Hashing process is designed to be quite random
« Assumption that within a few hashes, an availableatl will be found

» Solution 2: Uses one hash to locate the first carutdite cell. If the cell is
occupied, successive cells are searched linearlytiian available cell is found

- Retrieval works the same wa

* The key is hashed once, the resulting cell is chexakto determine
whether it contains the desired data

- If it does, the search is complete

- If it does not, successive cells are searched largy until
the desired data is found

» Solution 3: Have each cell of the table be a haslbtcket” of all the key—value
pairs that hash to that cell

- Typically as a linked list
- .NET Framework’'s Hashtab'le class implements this solution

<4 >
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- The load factor

* The ratio of the number of objects stored in the hah table to
the total number of cells of the hash table

» Affects the performance of hashing schemes

- The chance of collisions tends to increase as thetio
gets higher

- A hash function

» Performs a calculation that determines where to plee data in
the hash table

» Applied to the key in a key—value pair of objects
- ClassHashtable can accept any object as a key

» Classobject defines methodGetHashCode that all objects
iInherit

<4 >
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The load factor in a hash table is a classic exan®l
of aspace/time trade-off By increasing the load
factor, we get better memory utilization, but the
application runs slower due to increased hashin
collisions. By decreasing the load factor, we get
better application speed because of reduced
hashing collisions, but we get poorer memory
utilization because a larger portion of the hash
table remains empty.

<4 >
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// Fig. 27.7: HashtableTest.cs
// Application counts the number of occurrences of each word in a string C)LJtHr1EB
// and stores them in a hash table. -
using System;

using System.Text.RegularExpressions;
using System.Collections;

public class HashtableTest

{

public static void Main( string[] args )

{

// create hash table based on user input
Hashtable table = Collectwords(Q);

// display hash table content
DisplayHashtable( table );

} // end method Main

// create hash table from user 1input
private static Hashtable Collectwords()

{

Hashtable table = new Hashtable(); // create a new hash table

39

HashtableTest.cs

(1 of 3)

CreateHashtables

console.writeLine( "Enter a string: " ); // prompt for user input

string input = Console.ReadLine(); // get 1input

// split input text into tokens
string[] words = Regex.Split( input, @"\s+" );

Divide the user’s input by it
whitespace characters

J7

4
==

<4 >
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40
// processing input words Convert each word to lowercase
foreach ( string word in words )
{ Determine if the word
string wordkey = word.ToLower(); // get word in Towercase is in the hash table
// if the hash table contains the word HashtableTest.cs

if ( table.cContainskey( wordkey ) )

{ (2 of 3)
table[ wordkey ] = ( ( int ) table[ wordkey ] ) + 1;
} // end if “—— | Use indexer to obtain and sé¢t
Elise _ the key’s associated valug
// add new word with a count of 1 to hash table

table.Add( wordkey, 1 );

} // end foreach | Create a new entry in the hash
table and set its value t

return table;
} // end method Collectwords

// display hash table content
private static void DisplayHashtable( Hashtable table )

{
console.writeLine( "\nHashtable contains:\n{0,-12}{1,-12}",
"Key:", "value:" );

<4 >
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54 // generate output for each key in hash table C)l]t”f]f?
55 // by iterating through the Keys property with a foreach statement —
56 foreach ( object key in table.Keys )

57 Console.writeLine( "{0,-12}{1,-12}", , table[ key ] );

58
59 console.writeLine( "\nsize: {0FY
60 } // end method DisplayHashtable

61 } // end class HashtableTest

table.Count ); HashtableTest.cs

Get anICollection that
contains all the keys

Enter a string:
As idle as a painted ship upon a painted ocean

A= E @R Iterate through the hash table

Key: value: and output its elements
painted
a

upon

as

ship
idle
ocean

RRRNRNN

size: 7

<4 >
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Using theAdd method to add a key that
already exists in the hash table causes an
ArgumentException.

<4 >
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e ClassHashtable

Method ContainsKey
* Determine whether the word is in the hash table
Property Keys

« GetanICollectionthat contains all the keys in the hash
table

Property Value

e GetsanICollection of all the values stored in the hash
table

Property Count
» Get the number of key-value pairs in the hash table

<4 >
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e Problems with Non-Generic Collections

- Hashtable stores its keys and data asbject references
e Say we store onlystring keys andint values by convention
- Inefficient!
- Cannot control what is being put into theHashtable
e« InvalidCastException might be thrown at execution time

<4 >
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e Generic ClassSortedDictionary

- Dictionary
» A general term for a collection of key—value pairs
- A hash table is one way to implement a dictionary

- Does not use a hash table

» Stores its key—value pairs in a binary search tree
- Entries are sorted in the tree by key
e Using theIComparable interface

- Use the sameub11c methods, properties and indexers with
classeddashtable and SortedDictionary

- Takes two type arguments delimited by < >
» The first specifies the type of key
* The second specifies the type of value

<4 >
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// Fig. 27.8: sSortedDictionaryTest.cs 46
// Application counts the number of occurrences of each word in a string C)LJtHr1EB
// and stores them in a generic sorted dictionary. —
using System;
using System.Text.RegulareExpressions;
using System.Collections.Generic; «— | Namespace that contains class
SortedDictionary SortedDictionary
public class SortedDictionaryTest Test.cCs
{
public static void Main( string[] args ) (1 of 3)

{

// create sorted dictionary based on user input

SortedDictionary< string, int > dictionary = Collectwords(Q;

// display sorted dictionary content
DisplayDictionary( dictionary );
} // end method Main

// create sorted dictionary from user input

private static SortedDictionary< string, int > Collectwords()

{

// create a new sorted dictionary
SortedDictionary< string, int > dictionary =
new SortedDictionary< string, int >(Q);

Create a dictionary aofnt
values keyed witlstrings

Console.writeLine( "Enter a string: " ); // prompt for user input

string input = Console.ReadLine(); // get input

// split input text into tokens
string[] words = Regex.Split( input, @"\s+" );

/

Divide the user’s input by it
whitespace characters

J7

<4 >
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47
// processing input words Convert each word to lowercasge
foreach ( string word in words )
{ Determine if the word
string wordkey = word.ToLower(); // get word in Tlowercase is in the dictionary
// if the dictionary contains the word SortedDictionary

Test.cs

if ( dictionary.Containskey( wordkey™) )
{
dicti dK ; . 5 2 f

} /J/r+e:1§ lﬁnar” wordkey 1i ~—__ | Use indexer to obtain and set (20t 3)
else the key’s associated valug

// add new word with a count of 1 to the dictionary

dictionary.Add( wordkey, 1 );

} // end foreach — Create a new entry in the

dictionary and set its value t

return dictionary;
} // end method Collectwords

// display dictionary content
private static void DisplayDictionary< K, V >( —
SortedDictionary< K, V > dictionary )

Modified to be completely
generic; takes type
parameter& andv

{

console.writeLine( "\nSorted dictionary contains:\n{0,-12}{1,-12}",

"Key:", "value:" );

<4 >
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57 // generate output for each key in the sorted dictionary C)l]t”f]f?
58 // by iterating through the Keys property with a foreach statement —
59 foreach ( K key in dictionary.Keys )

60 console.writeLine( "{0,-12}{1,-12}", , dictionary[ key ] );

61
62 Console.writeLine( "\nsize:
63 } // end method DisplayDictiona
64 } // end class SortedDictionaryTest

{0}", dictionary.Count SortedDictionary

e PGP Y —

Get anICollection that
contains all the keys

Enter a string:
We few, we happy few, we band of brothers

Output the number of

Sorted dictionary contains: ,
different words

Key: value:
band 1
brothers 1
few, 2
happy 1

1

3

Iterate through the dictionan
and output its elemer

T~

of
we

size: 6

<4 >
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Because clasSortedDictionary keeps its
elements sorted in a binary tree, obtaining or
Inserting a key—value pair takes O(log n) time,
which Is fast compared to linear searching thel
Inserting.

<4 >
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Invoking the get accessor of a
SortedD1ictionary indexer with a key
that does not exist in the collection causes
aKeyNotFoundException. This behavior
is different from that of the Hashtable
iIndexer’s get accessor, which would return
nul 1.

<4 >
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Generic ClassLinkedList

Doubly-linked list
Each node contains:
e Property value
- MatchesLinkedL1st’s single type parameter
» Contains the data stored in the node
» Read-only property Previous
- Gets a reference to the preceding node (@ru11 if the node is the first of the list)
* Read-only property Next
- Gets a reference to the subsequent reference (ou'l1 if the node is the last of the list)
Method AddLast
e Creates a newLinkedListNode
* Appends this node to the end of the list
Method AddFirst
* Inserts a node at the beginning of the list
Method Find
» Performs a linear search on the list
* Returns the first node that contains a value equdb the passed argument
- Returns nulT if the value is not found
Method Remove
» Splices that node out of the.inkedList
» Fixes the references of the surrounding nodes
OneLinkedL1istNode cannot be a member of more than oneinkedList
« Generates antnvalidOperationException

<4 >
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// Fig. 27.9: LinkedListTest.cs
// Using LinkedLists.

using System;

using System.Collections.Generic;

public class LinkedListTest
{

private static readonly string[] colors = { "black", "yellow",

"green", "blue", "violet", "silver" };

private static readonly string[] colors2 = { "gold"”, "white",

"brown", ub-luen’ ugr,ayu };

52
Qutline

LinkedListTest.cs

Declare two arrays aftrings

// set up and manipulate LinkedList objects

Create a genericinkedList
of typestring

public static void Main( string[] args %*////,/”,,,,,,,/
{

LinkedList< string > 1listl = new LinkedList< string >(Q);

// add elements to first linked 1list
foreach ( string color in colors )

Tistl.AddLast( color );
is BRErY e—_ | create and append nodes df

arraycolor’s elements to
the end of the linked list

<4 >
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// add elements to second linked 1list via constructor

LinkedList< string > list2 = new LinkedList< string >( colors2 );

concatenate( listl, 1ist2 ); // concatenate 1list2 onto list
PrintList( 1istl ); // print Tlistl elements

Cconsole.writeLine( "\nConverting strings in listl to uppercase\n"

ToUppercasestrings( listl ); // convert to uppercase string
PrintList( 1listl ); // print Tistl elements

53
Qutline

Use overloaded constructor o
create a newinkedList
initialized with the content

of arraycolor?2

(2 of 5)

console.writeLine( "\nDeleting strings between BLACK and BROWN\n" );

RemoveItemsBetween( 1listl, "BLACK", "BROWN" );

PrintList( 1istl ); // print Tistl elements
PrintReversedList( 1listl ); // print Tlist in reverse order
} // end method Main

// output list contents
private static void PrintList< E >( LinkedList< E > 1list )

{

console.writeLine( "Linked Tist: " );

foreach ( E value in 1list )
console.write( "{0} ", value );

console.writeLine();
} // end method PrintList

The generic method iterates
and outputs the values of
theLinkedList

<4 >
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// concatenate the second 1ist on the end of the first 1list

private static void Concatenate< E >( LinkedList< E >
LinkedList< E > Tlist2 )

{

// concatenate lists by copying element values
// in order from the second 1list to the first list
foreach ( E value in 1ist2 )

Tistl.AddLast( value ); // add new node
} // end method Concatenate

// locate string objects and convert to uppercase

private static void TouUppercaseStrings( LinkedList< string > Tlist )

{

// iterate over the list by using the nodes
LinkedListNode< string > currentNode = Tlist.First;

while ( currentNode != null )

{

currentNode.value = color.Toupper(); // convert

string color = currentNode.value; // get value in node 4/’//////

Tistl,

54
Qutline

Append each value dfist?2

tothe end oflistl

LinkedListTest.cs

(3 of 5)

Tak

esindinkedList
of typestring

SR

Property to obtain the firgt

LinkedListNode

Convert each of the
strings to uppercase

to uppercase

currentNode = currentNode.Next; // get next node

} // end while
} // end method TouUppercaseStrings

Traverse to the next
LinkedL1stNode

<4 >
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55
// delete Tist items between two given 1items C)LJtHr1EB
private static void RemoveItemsBetween< E >( LinkedList< E > Tist, -
E startItem, E endItem ) Obtain the “boundaries”
{
// get the nodes corresponding to the start and end item nodes of the range
LinkedListNode< E > currentNode = 1list.Find( startItep Y~ LinkedListTest.cs

LinkedListNode< E > endNode = 1list.Find( endItem );

// remove items after the start item
// until we find the last item or the end of the linked 1list
while ( ( currentNode.Next != null ) &&

( currentNode.Next != endNode ) )

Tist.Remove( currentNode.Next ); // remove next node
} // end while
} // end method RemoveItemsBetween

// print reversed list
private static void PrintReversedList< E >( LinkedList< E > 1list )

{

console.writeLine( "Reversed List:" );

(4 of 5)

Remove one element nogle

at a time and fix the
references of the

surrounding nodes

<4 >
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// iterate over the 1list by using the nodes
LinkedListNode< E > currentNode = Tist.Last;

while ( currentNode != null )

{

console.write( "{0} ", currentNode.value );

56
Property to obtain the last
/ . .
LinkedL1stNode
LinkedListTest.cs

currentNode = currentNode.Previous; // get previous node

(5 of 5)

} // end while ‘K\\\\\\\\\\\
console.writeLine();

Traverse to the previou:s

U7

} // end method PrintReversedList

LinkedL1istNode

108} // end class LinkedListTest

Linked Tist:
 black yellow green blue violet silver gold white brown blue gray

% Converting strings in listl to uppercase

Linked Tist:
§ BLACK YELLOW GREEN BLUE VIOLET SILVER GOLD WHITE BROWN BLUE GRAY

% Deleting strings between BLACK and BROWN

- Linked Tist:

. BLACK BROWN BLUE GRAY
~ Reversed List:

. GRAY BLUE BROWN BLACK

<4 >
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Synchronization with Collections

- Most non-generic collections are unsynchronized

» Concurrent access to a collection by multiple threds may cause errors
Synchronization wrappers

* Prevent potential threading problems

« Used for many of the collections that might be acesed by multiple threads

» Wrapper object receives method calls, adds thread sghronization, and passes the
calls to the wrapped collection object

- Most of the_norageneric collection classes providstatic method
Synchronize

* Returns a synchronized wrapping object for the spefied object
ArrayList notSafelList =new ArrayL1ist();
ArrayList threadSafeList =ArrayList.Synchronized( notSafeList);

- The collections in the .NET Framework do not all provide wrajpers for safe
performance under multiple threads

- Using an enumerator is not thread-safe
» Other threads may change the collection
« foreach statement is not thread-safe either
« Use thelock keyword to prevent other threads from using the cdéction
« Use atry statement to catch thetnvalidOperationException 4 )
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