Table of Contents

Preface
WELCOME = AN THANK YOU! ...ttt ae e s s s s s s sne vii
TARGET AUCIENCE ...ttt s s s s se s s s se s s s s s ses s asassesenesesenesesanes vii
SUPPORTSITEM™ WEDSITE .....cuvveiecticictetcc ettt st sae s st se s s s s s sssassesas s s sssassessasaes vii
PRODIEM REPORTING ...vvveiereceeeceetetcieteiiccee ettt se s s b s s s sas s e s s s s snenanes vii
ADOUT THE AUTHOR ..ottt seas s s s s s s s s ssss s s sesesssesesensssnsasasasssenes vii
ACKNOWIEAGMENTS ...ttt b s st s st s s asaesese s senenasanes viii
1 Collecrions Quick Starr
INTROAUCTION ...eeevvvtteeseeeete ettt be b s ae bbb s s s s s b b es s esesesasasaesesesesesnesanes 2
WHY USE A COlECTIONT ..ottt ssssssessssssesessssssesssssssssssssssssssssessssssssnnss 2
ARRAYLIST CLASS ....eeviececieisecieicsiesessie s ssastesseesesss s esss st sssssesss s s ssssssessssssssessssssessssssessssssasansns
POLYMORDPHIC BEHAVIOR <...ueveeiericeieicieeieisisiesesss sttt st essss s st ssss s sesssssssssssssssssssssessssassassnsanen
Casting 10 A Specific Type
QUICK REVIEW ..ttt sttt ae bbbt s e e b e st se s sasaesesesesesasasasassesessasasasseassnas
LISTSTS CIASS ..ottt ae bbb s ae bbb s s s bbb s ssesesasassesesesesesnesanes
QUICK REVIEW ...ttt ve et s s s s st s st sasse s sass s saeses et esassssasaessassesassesasassesassesasaesesassnn
IMANIPUIATING LISTS ..vcveveeeeiiecieieieecieteieiessesassssssssesssssessssesessssssesssssssssssssssssssssssssssesssssssesssnssessnans
SortinG, SEARCHING, AN REVERSING A LISTST> COUECTION ....ucveveceeieecieiesieisietese et seses s ssas s sassesesessens 7
Delaulr Sorring Behavior 7
Sorr Before Calling The BinarySearch() Methiod 7
QUICK REVIEW ...ttt s s s st s s s s s sassssasaeses et esassssnsaessassesassesasasssassesasaesesansen 8
WHERE TO GO FROM HERE ...ttt se s ese e s s s s s sns 9
SUMMARY  ...voviuiteueieteietsteneteseietssesestssssesesteseststesesastesentssesesessesensntesesessesensstesesessesenestesesesesenetesenes 9
REFERENCES ....vveveveveteeeieeeeeetetesesete e s s sesesese bbb ss s esasesesesesesesesessasasasesesesesesesesessasesasesesesesesesens 9
INNOTES o.vvitieieeteeett et et eete et esteeteessesseesbesssebesss e seesbessserseessessessanssenseessanssensaessenseessasssensesssenseensensrn 10

2 Collecrions Framework Overview

INTROQUCTION ettt ettt e et e e e e s eeaeeaesseeseeneeneeneeneenseneensenseaseaseateseaaeneens et esteeseeseeseesennen 12

The Microsofr Developer Nerwork Documentation
THe MSDN WEDSITE — WAOV.MSAN.COM ...erverrereierinriserisinsiesessssseeseesessssssssssasssssssssssssssens
Using Google 1o Quickly Locate Documentation
WHERE TO GO fROM HERE ..ccvuvrreieirieeiisisieeesststss sttt ss st es st sas s s enssssssessesssssssnssnsssanssnsssnsas
QUICK REVIEW .ottt s s sss s s s s s ss s bt se s s s s s s s s s sensebas s s sesssssnsensesasssnsnsnses

NAVIGATING AN INHERITANCE HIERARCHY ...ttt
EXTENSION IMIETHOMS ..ottt sttt ss st s s st st sn s s sssssessssssssnses
QUICK REVIEW ..eoveeriaieee et esse sttt sss st sss s s s s s s s st se s s sssesssssessssssssssssssasssssssssssssasessssssnsnns

The .NET Collections FRAMEWORK NAMESPACES .......ccueveeeuririreeieiensinssesessesssssssssssssssssssessssssssnnes
SYSTEM.COLECTIONS ...evvveiecriecieiseeie sttt s esas st b et sas b et sas b e b s st e s s e bases b sasbebssbebesssbesasbesasassessssesensntans
System.Collections.GeNeRiC ...............

System.Collections.ObjectModel
SYSTEM. COLECTIONS. SPECIALIZEA ......veveveiereereiecrersie ettt ettt ss bbb sas b s s b esssbesasbesssas b sassesensnsans
MAPPING NON-GENERIC TO GENERIC COLECTIONS ....vuvevrereerieciercieisesiesesiesesiesess e ssesssssssesssssessssesssssssssssessssessssesens

C# Collections: A Detailed Presentation © 2012 Rick Miller — All Rights Reserved

ix



Table of Contents

QUICK REVIEW ..ottt sttt b bbb bbb bbb e b b e b e bes e b b e b basbebesasbesasbebasaebesassesansesenantene 20
SUMMARY  ...voveuireneieteietesesetesesesessesestssesesessesestssesesessesensssesesssesesssesesessesensnsesesssesenesesesessesenesseseses 20
REFERENCES ....vevveveteteeeeeeeeeetesete st s s ses s s s b se s s seseseseseseseseseasasasassesesesesesesessasasasesesesesesesens 20
INOTES .veueeriteteuenteeetesteestestesesse e ssa st et sse st e e ssaseesa s aseesassesesse st ssasansesessasessansasassassssansesessansensssansesanes 21

% ARRAYS
INTROAUCTION «.evveveceeiieseeieiseietetcee et sse e sss st s sss st s s s ssssesessssssessssssesssssssssssssssssssssssssesessssssesssans 24
WHAT IS AN ARRAY? .....ocuvverecteisecsesesesasssssssssessssssessassessssssssesassesssssssessssssessssssesssssesssssssessssssessans 24

SPECHYING ARRAY TYPES <.uvvueeeeieriseesesssstesessessstessesssssssssssassssessssassssssssssssssssssssassessessssasssssesassassnsssssssassnssessssassnssnss 25

QUICK REVIEW ..ottt e s e s a bbb e s b b s s s se s s b s s s e s s s s s s s s et s sensses 26
Funcrionality PROVIdEd By C# ARRAY TYPES .....cucuevevieeeeeeeererereiesesssssesesesessssssssssesesesesessssanes 26

Array-Type INHeriTance Hierarchy
Special Properties Of C# Arrays
QUICK REVIEW <.eoceoeitciieice ettt sttt sttt st ettt b bbb sensntas
CRreaTiNGg ANd USING SINGIEDIMENSIONAL ARRAYS ......vuvureevieceeiereisieisssssessaesesssssesssssessssssesssassns
ARRAYS OF VAIUE TYPES ovvorereeierieierinsieeneesesisessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssens
How ValueType Array Objects Are Arranged IN Memory
Finding AN Array’s Type, Rank, And Toral Number of Elements
Creating SingleDimensional Arrays USING ARRAY LITERAL VAIUES .........vuverurereenieiseeeisieisceesssssesesssssssessssssssssenssns
Differences Berween Arrays OF Value Types And Arrays OF Reference Types
SINGLE-IMENSIONAL ARRAYS IN ACTION ...ocveeveiecteieietcee sttt bes b seae
Message Array
Calculating Averages
Histogram: Lerier Fre@uency COUNTER
QUICK REVIEW ..ecvoerieieieiessesessisssss s ssseese s sss s ssssssassssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssassssssssssssnsnns
Creating ANd USING MUITIAIMENSIONAL ARRAYS ......cvveveeerreiceeiesisieisssasseseaesssssssesssssessssssesssssns
RECTANGUIAR ARRAYS ....voveeecviecieisectesesieseseesessstessaesessssesassessssesessssessssssesssssssssesessssesassssassssessssssssssessssessssssssssessssnsans
Inirializing Rectangular Arrays Wit Array Literals
RAGGEA ARRAYS ...cevveceereeeeteisteseseesessseesssessessssesssssssssssessssssssesessssessssssasssssssssesassssessssesssssassssesssesessssessssssassssassssasns
MUITIIMENSTONAL ARRAYS IN ACTION ...cecvevereerieeeessceesssesiesssisssssssessseesssssesssssssssssessssessssssessssessssssessssessssessssssssssessssasns
Weighted Grade Tool
QUICK REVIEW ..eoeeerieieeieseesesessissss s sssesse s sss s ssssssassssssssssssssssssssssssssssssssssssssssssnssssssssnsssssssssssnssssssssassasssssssssssnns
THE MAIN() METHOA'S STRING ARRAY .....o.vecrveeeerresreeseeneaesseessesssesseesssssessaes s sessasssassss s ssssasssns
Purpose AN Use OF THe MAIN() METHOA'S STRING ARRAY .....ucvveervenrreeeerenssenessaessesssssssaesssssssssssesssssssssssssssssnssassses
Manipulating ArrAys With THE SYSTEMARRAY CIASS .......ccveururerinririerireeieinisisesssessssesssssssssssasens
NON SUPPORTEA ILIST OPERATIONS ......cucvverecuerereceesesssesesssesessassesssessesssssessassesessssssessssssessassesssans
SUMMARY  ..oviviuiteuetereietetesetessietstesestesssestste et et sse st e se et e s et e se et esese b ese st st eseneateseneateseneasesenentesens
REFERENCES ....cecvveeeceeteiecietescetessee et sss s ss st s s s st s s st sss s sesssassessssssessssssesssassssessssesssssssesssassasasans
INOTES .ottt ettt ettt ettt ettt sttt bbbt b et b et e b et esesetesenentes

4 Fundamental DatA STRUCTURES

INTROAUCTION ..ottt sttt a st s s bt sassssenssessat st ssesssesins 48
ARRAY PERFORMANCE CHARACTERISTICS ....vveveceeveinreeiescaeseicsiesssesesssssessssssesssssssssssssssessssssessssssssnnsns 48
Linked List PERFORMANCE CHARACTERISTICS .......cvevviveieiereiireeeeesesesesesesse s sesesesesssesssssssesesesesssesens 49
Hash Table PERFORMANCE CHARACTERISTICS .......cvcvivivieceieieiiieieecee et ee s essssss s s sssens 721
Chained Hashi Table vs. Open-Address Hash Table. sl
RedBlack TRee PERFORMANCE CHARACTERISTICS .......voveuivivieieireniierceceesesetesesesesesessesesessesesessesesenses 22
STACKS AN QUUEUES ...ttt tetess s s st esssesessssasasasesesesesssessssasasasasesene 2%
SUMMARY  ...voveuireueinreieteseseteseeessesestssesesassesestssesesessesensssesessnsesessstesesessesensnsesesesesenesesesensesenesseseses 24

X © 2012 Rick Miller — All Rights Reserved C# Collections: A Detailed Presentation



Table of Contents

RETERENCES <. e e e e e e e e e eeeeeeeeneeneeeemeeneeneeeeeeneet et etesteme et et eaaeanenseneeanennen %4
INOTES «evetieeeteieeteteiteeeeteeeeteeeesseesesstesesstesesatesesstesesstesesssesssssessesstssesstesesstesesstesssstesssssesssssessesssesssees 29

2 Undersianding Generics

INTROQUCTION ettt e et e e e e e e e e e e e e eeaeenee e e eeneene e eeaseasetesteateate e et et esteeeeeseeseeseanen

CREATING GENERIC TYPES ...eveveireeeeeseetsesiesesestesesveseeesaesaeseeens
Using A Single Type Paramerer
Using Mulriple Type Paramerers
Unbounded Type PARAMETERS .......verververeeeriarennenes
QUICK REVIEW .o sseees

Creating Generic Methods

GENERIC TYPE INFERENCE .vvevveceececieriieeiesiesiesee st sesss e sss s sessss st s s s s sasssesssssssssssssssessessssssssssasssssassnsanssnsassnses
QUICK REVIEW ..eoererieieieceeieese st eese et sssess st s s s s s st ss s s s s s s sasses e b s srssasessessnssnsans
GENERIC TYPE CONSTRAINTS <....uueuiuitreetrieteueueaeetststeeessseseueseeestststetesssesesesenesetststeseseseseseneasasnsssns
DEFAULT CONSTRUCTOR CONSTRAINT ...evvevvueeceriaeseeessesssseesessssssssssessssssssssesssssssssssssssssssssssssasssssssnssssssssssssssssssssssssssssses
REFERENCE/VAIUE TYPE CONSTRAINTS ....o.vecvecvecreeeteressesseceeese s sessssaesassaesassessessessaesaesasses s ssssessasssesssssssassassassasansens
Relerence Type Constrain.
Value Type ConsTrainT.
Class/INTERfACE DERIVATION/IMPIEMENTATION CONSTRAINTS <....vvvvevernsvsnssennsessssnnsssssssssssssssssssssssnsssnssssssssnssssnsssnsssnsssans
Interface Implementation Constraint
Class Derivation CONSTRAINT,
INAKEA CONSTRAINT <...eoveoveriereeesiasesessssssseesssssssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssasssssssasssssessesssssssessessssassssnss
Limited Uriliry of the Naked Constraint
CONSTRAINT SUMMARY TADIE ....coviieceiiieciecct ettt b st as et as b as bbb sas b as b b s sntens
QUICK REVIEW .ottt a st st bbb as st b bbb senstns
BENEFiTs OF USING GENERIC TYPES ...vuvereeuereecieieciesessessssssesessassssssssssssssssssssssssesssssssssssssessssssessas
INCREASEA TYPE SATETY ..cveeeieceieeieieie ittt ettt ettt s bbbkttt
GENERICS SAVE SPACE ....ecvueuiiinciicriencrecritieeseeseiesesseaenes
Generics Ivprove Performance
Generics Eliminare Work and Improve Code Quality

QUICK REVIEW ..ottt sseeessss s senssssssensenans
SUMMARY ...ttt ettt st se sttt bbb e e e et et s s b s e e se ettt et s e s eaeseseneasaeatsse
REFERENCES .....vevveeeceeieineieieieetetseese s sse et s sssssss st ssssssssssse et sssssessssssssssssssssssssssssssssssssssessssssessnns
INOTES ..ttt ettt ettt et bttt bbbt b s et b et neneaten
6 Lists
INTROAUCTION ..ottt e e e 78
Array-Based List Collections — HOW THEY WORK  .......ovvuiuiiiciciceeete ettt 78
A HOME-GROWN DYNAMIC ARRAY ....evuvvvieenineiinintsisieseieseeeestststesssesssesesesesestssssssesesesesesesssttssssesssssssssessassssssssssesenes 78
EVAIUATING DYNAMICARRAY ....ecveverieresecsesteseesasssssesessassssessssasssssessssasssssessssassssssssssassssessssasssssesassassnssesassassssesassassnsanss 80
THE ARRAYLIST CASS TO THE RESCUE ....ovucvveciecveeesecistesessests s sesses s sessesessassessessssassessessssassessessssssssssesassassssesans 80
QUICK REVIEW ..eoveeeieieieiessesessissss s sssesse s sss s ssssssassssssssssssssssssssssssssssssssssssssssssssssssssssnssssssssssssssssssssassssssssssssnsnns 8l
The Non-Generic ArrayList: Objects IN — ODBJECTS OUT ... 8l
ARRAYLIST INHERITANCE HIERARCHY ....eveievieciciceciei sttt s et s bbb s s s s as b s s e sa e s sasbesassesssensnanens 81
Funcrionality Provided by the IEnumerable and IEnumeratoR INTERIACES 82
Funcrionality Provided by the ICollection Interface 84
Funcrionality Provided by the IList Interface 84
Funcrionality Provided by the ICloneable Interface 84
Funcrionality Provided by the SerializableArribure 84
Functionality Provided by the ComVisibleAmribure (irue) 84
Exiension Merhods 84

C# Collections: A Detailed Presentation © 2012 Rick Miller — All Rights Reserved

Xi



Table of Contents

Defensive Coding UsiNG THE FACADE SOMWARE PATTERN .......c..cuieririierieeiciesensesissesssssssssssssssssssssssssssssssssssssssssessnes
QUICK REVIEW ..oeoieierieeisisiseeseeiestesessstestesssss s sssss s sessssssssssesssnssssssssssnans
The Generic List<T> Collecrion
LiST<T> INHERITANCE HIERARCHY ....cvuveieiececeiieisieie ettt sas et ss st sttt ssssasessssssns
Funcrionality Provided by the IEnumerable<T> and IEnumerator<T> Interfaces
Funcrionality Provided by the ICollection<T> Inrerface
Funcrionality Provided by the IList<T> Interface
BENEFiTs OF USING LISTST> US. ARRAYLIST <...ocvuvecverrieriecieisieseeesessessessesssasssssssesas e sasessesassessssssessssessssessssssssssessssssens
QUICK REVIEW .ottt sttt sttt s ss b n s e s en st st senssas
Linked List Collections = HOW THEY WORK .......cuveeeiecieiiecteieeteiecseecs et sesenens
LINKEA LisTS S, ARRAY-BASEA LISTS ....vuvueeeeceneeriineieineineeeeis sttt tssessease et ssesssssssss st s s ssssssessesssssssassssssssssesnssns
Linked List OpEeRATION - THE CIRCUIAR LINKEA LIST +..uceuveeneenreneineieineieseicieiseiseieeaeteses st besessesssessesssssesssssessssssesseens
QUICK REVIEW ...ttt ve st se s s bbb bbb e s st eses e s b e sesasae s sassebassesasaesesassesasaesesansene
The Generic LINKEdLISTST> COllECTION .....cevecerreceererirnerisernrinnns
LinkedList<T> is NON-CIRCUIAR! ......ovvuveneeierrerririeisesseseeesississsssseseeeens
The LinkedLis<T> Inheritance Hierarchy

Funcrionality Provided By The IEnumerable and IEnumerable<T> Interfaces
Funcrionality Provided by the ICollection and ICollection<T> Interfaces

Funcrionality Provided by the ISerializable and IDeserializarionCallback Interfaces 98
LinkedList<T> Collecrion in Action
QUICK REVIEW ..o
SUMMARY  ...vveuivenetereietnsesetesesesssesestssesesessesestssesesessesensssesesssesensnsesessssesenensesesssesesesesesessesenesseseses
REFERENCES ....vevveveveteeeeeeceeeteseseseae e s st s s sebe e s s sesesesesesesesessasasasasesesesesesesesessasesasesesesesesenens 100
INOTES .vueeveeteteuenteeetesteesteste e teeesa st e e sse st e e ssaseese st eseesassesessasessesassesessasessantasarsessssensessssansessssansesenes 100

7 Siacks

INTROGUCTION .ottt ettt sttt st sttt bttt b st 102
STACK OPERATIONS ....ecvverereeviaceesesesaesessessesssassssssssesesassssessssssesssassessssssesssssssssssssesassssssessssssesnsassens 102
CHARACTERISTIC STACK OPERATIONS ....eovevververeieciisieseessisiesie s isessse s sasssssssssssssss s sassss s sessssassssssssssssensesasssssassnses 102
Push 102
Pop. 102
Peek 102
AN TUSTRATION Wil HEID ..ottt sttt s bbb e b e asbes st sa e b e s esassessnensnanans 102
WHhaT's Actually BEING PUSHED AN POPPEA? ......cveeeiveicicieecieicte ettt esas s s s s s e s sesenes 103
Pushing a Value Type Objecr onto a Stack 103
Pushing A Reference Type Object onto a Siack 103
Value Type Boxing in Action 103
Disassembling Example 7.1 104
QUICK REVIEW ..ottt ses e s sasae s sesanaens
A Home Grown Stack
QUICK REVIEW ..eovrreeieieiesersesessisss s sssesse st sssssssasssssssesssssssssssssssssssssssssssssssssssssssssssnssssssssssssssssssssassasssssssssnsnns
THE STACK CLASS ..ottt ettt st ss s s s s s st ssssssessnsssesansns
STACK Class INHERITANCE HIERARCHY .....vvucucviecieiciciecteicet ettt bbb sas bbb sas bbb sas b e s ssanbens 109
Funcrionality Provided by the IEnumerable Interface. 109
Funcrionality Provided by the ICollection Interface 109
Funcrionality Provided by the ICloneable Interface 109
BAIANCEA SYMBOL CHECKER ...ecveveeeiecieicieiciste sttt sass bt sssss s s sas s s s sas s s essssassasasanen
QUICK REVIEW ..eoererieieieceeestss it cese et sssess bbb s as s s st s b as s es s b bsss s s ses st ses s ssesasessessnssnsans
THE STACKSTS CIASS ..ttt er e s s
Stack<T> Class Inheritance Hierarchy
Funcrionality Provided by the IEnumerable Interface. n2
Funcrionality Provided by the ICollection Interface 1174
Funcrionality Provided by the IENumerable<T> Interface. 1174

Xii © 2012 Rick Miller — All Rights Reserved C# Collections: A Detailed Presentation



Table of Contents

Whar Happened 1o ICollection<T>?

12
COMMANA LINE POSTFIX CAICUIATOR ......vveveeeeeceerctctee ettt sttt st s s s bbb sesesasassesesenesesasasaenesnes 3
QUICK REVIEW ..ttt sttt ettt s b bt b s a et s et se b sasaebebesesesesasasaesesessasasassesesenen 1y
SUMMARY  ...venireueteseietesesetessseessesestssssesessesestssssesessesensssesessssesensntesesessesensstesesesesenesesesesesenesseseses 117
REFERENCES ...ttt ettt bbb s st a et b st sas st sasseasesssensesessasesenensesssensas 116
INNOTES .vretiiteeireete et et eete et este e teessesteesbesssebeessesseesbessserseessessersaessenseessanssessasssenssessanssensesnsenssensenssn 116
8 OQueues
INTROAUCTION ..ttt s sttt s st se et ssse s essne st essssasessnsssessnsasesensasessnsnsas 118
QUEUE OPERATIONS .....cuievreniteieiniesesinteseestesetsteseessesesestesesessesesstesesessesensssesesssesensssesesesssenesseseses 18
CHARACTERISTIC QUEUE OPERATIONS <..evveevereenetseeseiseassseesessesssssessessssssessessessessessssssssssssesssssssssssssssesssssssssssssasssssssssssnes na
Enoueue
Deoueve

AN lllustration Will Help
Quick Review

A Home GROWN QUEUE BASEd ON A CIRCUIAR ARRAY .......cucvvereeeeieeciniescieseseseessssessesssassesssassesnens ne
QUICK REVIEW ...ttt ve st se s s bbb bbb e s st eses e s b e sesasae s sassebassesasaesesassesasaesesansene 125
THE QUEUE ClASS ..ottt ettt b s s s s sas s bbb s s s s s se s sasassesssansesanans 125

Queue Class Inheritance Hierarchy

......................................................................................................................... 125
Funcrionality Provided by the IEnumerable Interface. 125
Funcrionality Provided by the ICollection Inrerface 125
Funcrionality Provided by the ICloneable Interface 125

PAINAROME CHECKER .....evereeeiericeicicieceeetete sttt st ssss s s s s s st ss s s sessssssssssssssssssasssanen 126

Quick Review
The Queue<T> Class

...................................................................................................................... 127
QUEUEST> Class INHERITANCE HIERARCHY .......vucvuieieeieciceeieiciciesiess s st sss s sas s sssss s sassssssssensssasssnsessnses 127
Funcrionality Provided by the ICollection Inrerface 127
Funcrionality Provided by the IEnumerable Interface. 128
Funcrionality Provided by the IEnumerable<T> Interface. 128
Whar Happened 1o ICollecrion<T>? 128
STORE SIMUIATION uvvevreeiariiereasiasieeeeieeisteeesesesessess e ssessess st s s st ssess st sessessbasseessess b s sesseasbesssesssassssssessssssassnesnen 128
QUICK REVIEW .ottt st ettt s e ensntas 129
SUMMARY  ..vvevenriueeresssiesteestesteessestesessesessessesessessesassesessessesessessesessensssensesessessesessesessessesessessssensesenes 10
REFERENCES ...eevveeeeiiieicitee sttt sttt sttt sttt sttt bsbeaes 130
INOTES .ttt ettt ettt ettt ettt ettt sttt s st e b e et e b e st ebeseateseneatesenentes 11
9 Hashmables and Dicrionaries
INTROAUCTION ettt sttt s st et s s st ss s sssessssssssssesssssssssssssssessnnssssnnans 134
HASHTADLE OPERATIONS ......covevereeeerercteiiiccee ettt et s bt se s s s s s sas e s s s s nnenanes 134

Hashmble Collisions ........
HomeGrownHashTable ...
QUICK REVIEW .ttt ettt ettt e st st e s s s s sesess sttt et et et sssssssseseasat st esesesesesesessasasasasans

HASHTADLE CIASS ...ttt ee e e e e s eee e st e eeee e eseseeeeneaeeneeneseeneenenaeneanenenns

Funcrionality Provided by the IEnumerable Interface.

140
Funcrionality Provided by he ICollecrion Interface 141
Funcrionality Provided by he IDictionary Interface 11
Funcrionality Provided by the ISerializable and IDeserializarionCallBack Interfaces 41
Funcrionality Provided by the ICloneable Interface 141

Hashmable In Acrion
Quick Review

Dicrionary<TKey, TValue> Clas

C# Collections: A Detailed Presentation

© 2012 Rick Miller — All Rights Reserved

xiii



Table of Contents

Funcrionality Provided by the IEnumerable and IEnumerable<KeyValuePair<TKey, TValue>> Interfaces 143
Funcrionality Provided by the ICollection and ICollection<KeyValuePair<TKey, TValue>> Interfaces 143
Funcrionality Provided by the IDictionary and IDicrionary<KeyValuePair<TKey, TValue>> Interfaces 144
Funcrionality Provided by the ISerializable and IDeserializarionCallback Interfaces. 144
Dicrionary<TKey, TValue> Exaviple 144
QUICK REVIEW ..oecveieeieeiesiceesicis sttt s s s s s s s sssssbss s s s s s s s s s s s st essesas b s sesssssssensesanssnsnsnsas 145
SUMMARY  ...vviuivereieteietnsesetesesetssesessssesasessesessssesessssesensnsesesssesenssesessssesessnsesesessesesensesessssesesesseseses 145
REFERENCES .....veveveeeceeieiesieieeeetetsestesssse e ssessssssssssesessssssstsssesesssssssssssssssssssssssssssssssssssssssesessssssessnss 145
INOTES .ttt ettt ettt bbbt st b et b e et sb et nsnenten 146

10 Coding For Collecrions

INTROGUCTION <.ccveeoieeinitesicisieis ittt sttt bbbt ss st b s s s s sesnsssnnnens 148
CodiNG [OR EQUALITY OPERATIONS ......vveeecrerrecieirectesessaesesessssessssesesassesesssesssssassesasassesssassesssassens 148
RefERENCE EQUALITY VS, VAIUE EQUALITY ..ottt ae s sas e s sas s e sann 148
Overriding Object.EQuals() ANd ObJECT.GETHASHCOME() .......ouveveeeereeeeeceeeee et 149

Rules For Overriding The Objecr.Euals() Mertiod 149
Rules For Overriding The Object. GerHashCode() Mertiod. 149
Blocl’s Hash Code Generation AlGorithm 50
Ashmore’s Hash Code Generation AlGorithm 50
AN EXAMPIE: THE PERSON CIASS ....ouceverecvrecicieeicteisieicist sttt st s s sesasbesss e b s s sessesesasbessssesssassssassessssessssnsasaneas 151

Overloading the == and != Operators

................................................................................................................... 17
QUICK REVIEW .ottt sttt s st bbb st s en s st senstas 159
CodiNG [OR COMPARISON OPERATIONS ......vvereceerereceeseiseesessssssesssassessssssesesssssssssssssessssssssssssesssssens 126
INATURAL ORAERING v.vvvevvareererieriasisensessssessesssssssesssssssssssssssssessssssssssssssssssssssssssssssssssssssssssssesssssssssesssssssessessssassessess 126
IComparable and IComparable<T> Interfaces 16
Custom ORderinG: CREATING SEPARATE COMPARER ODJECTS .....uuvuieieieriisisieeieieiciese ettt ssssnsens 179
IComparer and ICoMpAReR<T> INTerfaces 159
AN Example: PersonAGeComparer 160
QUICK REVIEW .ottt ettt sttt et ettt b bbb enantas 161
USING ODJECTS AS KEYS ...vcveveceeiincicieicieieisesissseseesessassssss e sessssssessssssssssssssssssssssessssesessssssessssssessnans 161
RULES FOR ODJECTS USEA AS KEYS ...uvueuiiveieieeieireietneiiseis ettt ssetseessease et sss bbb s sasesses s ssesasessesssns 161
ODJECT IMMUTADILITY ..ottt sttt ettt eb sttt eb s bbbttt bbbt 162
EXAMPIE: PERSONKEY CIASS ....uvuriereieririeeesiesistesisissssessse st sssssssssssssssssssssssssssssssssssssssssssssssasssssnssssssssssssesassassssnes 163
QUICK REVIEW .ottt sttt ae st ss s s ss s bt en s s s s ensssas st s sssassensesssssssensssasssnsnsnses 166
SUMMARY  ...vvenirenetereietssesetesesesessesestssesesassesestssesesessesensssesesssesensntesessnsesensnsesesesesenesesesessesesesseseses 166
REFERENCES ...ovevvereeerieieeieieeee ettt ettt s st ss s et s s st ssssssssasasssssssssssssssssssssssessnsssssnnnns 166
INOTES <.ttt ettt e ettt ettt bbbttt n s sesesenene 167

11 Sorted Collections

INTROAUCTION ...ttt es st e s eae
REABIACK TREE ...eoveeieiieciieieeieie ettt st ss s s s sss s s sssssnsens
WHy REA-BIACK TREES? ..ottt s s as s s bbb ss e st s s s s s s s e s s sensses
RedBlack Tree Operation
The Rules of the Game
RedBlack Tree Code
Quick Review
SortedDicrionary<TKey, TValue>
IEnumerable<KeyValuePAiR<TKey, TValue>> and IEnumerable Interfaces
ICollecrion<KeyValuePair<TKey, TValue>> and ICollecrion Interfaces
IDicrionary<TKey, TValue> and IDicrionary Interfaces
SortedDicrionary<TKey, TValue> Example ProGram

Xiv © 2012 Rick Miller — All Rights Reserved C# Collections: A Detailed Presentation



Table of Contents

QUICK REVIEW .ttt sttt ettt st st se e esess sttt et et et esssssesess sttt etetesesesesesessasasasasans 189
SORTEALISTSTKEY, TVAIUE> ...ttt s s s s s s aes 190
Performance Differences Berween SORTEALIST ANA SORTEADICTIONARY ......veveveriericenienisiseessssessessessseessssssssensanes 190
SORTEALISTSTKEY, TVAIUES EXAMPLE .....vevoeeeeiicececice sttt ss s s s sas s s sas s sasaen 190
QUICK REVIEW ..ttt ettt as st sttt a s s s s st asasassesesssssasasasassessssasasasssnssses 191
SUMMARY  ...vviuiveueieteeetesesetesssessssesessssssessesesesssesessssesessssesesssesesstesesssesesssesessssesessssesesessesesesseseses 191
REFERENCES ...ttt ettt st s et st s et e s et ssse s esssestesensssessssasesensasesenessesensnsas 192
N[ (S 192

12 Sers
INTROAUCTION vttt et st s et s et et esesessesesesesesesseseneasessnsssesensssesessnsesenesesesensa 194
HASHSETST> US. SORTEASETSTS ...ttt ettt st e e sseseesestesessestesessestesessensssessensane 194
HASHSETST> INHERITANCE HIERARCHY .....vvuceeveiecieicieteeicietcssse et ettt s s s s sss e sas s ssstessssssesessesassssssessessssessnsnsans 194
IEnumEerable<T> and IEnumerable 194
ICollecrion<T> 194
1Ser<> 195
ISerializable and IDeserializationCallback 195
SORTEASETST> INHERITANCE HIERARCHY ....eoeoeietciii ittt s s st nsssas s ssessen 19%
IEnumEerable<T> and IEnumerable 195
ICollection<T> and ICollecrion 195
1Ser<T> 195
ISerializable and IDeserializationCallback 195
QUICK REVIEW ..ttt ettt sttt sttt s s s e s sssssasasassesesssssasasasassessssasasassssssnes

SET OPERATIONS <..ecueutieeeueueueueuetetsteeeseeeseseseaesestststesesesesese e e et stetstessseseseseneatteteteteseseneueneasasntssses
INTERSECTIVTH() oottt ettt et e teeaseee e eeaeaseseaeeeeaeeseseasesensaseseaseseneeseaeaseseassseasaseseaseseeaseaeaseseaseseseasenen
UnionWith()

IsSubserOF()

IsProperSUbserOF()

ISSUPERSETON) ..vevvereveeeeceecteeeseese st sss st sasssssses s s s ssssssssss s sassssss s sessasssasssnssssssssssassasssssssasssasssssasssnnees

IsProperSUpERSETOF()

OVERIAPS() cvvvvvoveerveeeeceteee et sses e s s s s ss s sas s s s s sas st sssss st s s s e e st s sassasssssssessasssassssssanssansssnsans

SYMMETRICEXCEPTWITH() evveoveee ettt ettt sss s sss st ssss s sassssss s sassass s sassasssnssanees 208

QUICK REVIEW ..ttt ae s s st s b ae bbb s s sasaebesesensesasasaesesesssasasassesesnes 209
SUMMARY  ..veevenreueeressiesteestestesessestesessesessessesessassesassesessessesessessesessenessensesessessesessesessessesessessssensesanes 209
REFERENCES ...ttt ettt s et s st s e s s s ess s esessasesessasesessasesessasesesennes 209
INNOTES o.vvetiiieeteeetteteetreeteeeesseeteeseesseesbesssesesssesseessesssersaessessessanssenseessanssessaessensaessenseensesssensesnsenseen 209

17 Thread ProGRAMMING

INTROAUCTION ...ttt ettt sttt b b s s se s s b e s s s ssssassssesesesessnsnanes 212
Mulrithreading Overview: THE TAlE OF TWO VACATIONS .......c.cvcvevevererrercererereiesessss e sesessenenes 212
SINGIETHREAGEA VACATION ....ovevierecriecieiecectiete et seses et bbb b sas s s s b esas e bes b sasbesesaebesasbesassebesassesansesesansene 212
Mulrithreaded Vacation
The Relationship BETWEEN A PROCESS ANA 115 THREAS ........c.cvvvcvieiieirieieiectesciesee s sesas s s s seses s s s sesanaas 213
VACATION GONE BAG ...ttt sttt ettt s s ss s sssasbas s st sessssssensenssssnssnsenans 214
QUICK REVIEW .eoceoeieeieeisicie ettt st ss st ss s ss s st sssss s ensssas st ensesassenssssssessensesssssnsnsnsas 215
Creating Managed THrReads With THE THREA CIASS .......vvveeeieeeeeecterceteeeeeeeeee e 217
SINGIETHREAED VACATION EXAMPLE ....ccveveeeeeieciecicieci sttt sss e st se s s sas s s s sss s s ssssassanssanen
MULTITHREAEA VACATION EXAMPLE .....oecveveeeieciciecicesicte sttt sas s bt ss s s sas s s s sas s sasssssassanasanen
THREAA STATES ..ot eseesessneenens
Creating And Starting Managed Threads
ThreadSmarr Delegare

C# Collections: A Detailed Presentation © 2012 Rick Miller — All Rights Reserved

XV



Table of Contents

ParaviererizedThreadStarT Delegare: Passing ArGuments To Threads 220
Blocking A THREAd With THREAD.SIEEP() ...vuvvveveeeeeceeeeeeecee ettt es s s s ssss s ssssses s sssssnsssnees 221
Blocking A THREAd With THREADJOIN() ..ecveveveeeeceeceeeeeecee et seses st sssssss s ssssssss s sssssss s sssssassnees 222
FOREGROUNA VS, BACKGROUNA THREAGS ......v.vecvieceeiiecieiecietce ettt sttt e sas bt b sas e sas e sssas s sassesenansens 224
QUICK REVIEW <...ecveveteierieicesiecsie ettt et et b st a bbb et b e b s s et s as b e b s e b s esbebasbe b s astesasbebaseebasastesassebansntans 225

Crearing Threads With The BACKGROUNAWORKER CIASS .......cvveeecueirececieicieieecieieeeeie e 226
QUICK REVIEW ..ttt ettt sttt sttt a s s b st ss s sasassesesetesasasasassessssasasassesssnas 229
THREAA POOIS ...ttt b s a st s s s as s s s s senenesanas 229
QUICK REVIEW ..ottt s bbb e bbb as e ae s bbb ae b et se s e b s s s s s et s sensnsas 230
ASYNCHRONOUS METHOA CAlS .......cvvieiiccieieicicie ettt st s s s ssssesessssssesnnans 230
Obmaining Results FRom AN ASyNCHRONOUS METHOA CAll ........cvuvevrereciiciicicee et se s senessens 232
Providing A CallBack METHOd To BEGININVOKE() ..vucveevvecivenriiesiessiee st ses st saess s sessssesnnes 232
QUICK REVIEW ..ottt ettt et ettt b s b e bbb as b bas e b s e s s et ebas e b s asbebasbe b s aebebasbesaseebasassesastebensntans 233
SUMMARY  ...vinireneieteietesesetesesetssesestssesesessesestssssesessesensssesesessesensstesesessesensstesesesesenesesesesesenesseseses 234
REFERENCES ...eveveveveveteeeeeeeetetetesesete e s s ses s s bbb s s esesesesesesesesessasasasasesesesesesesesessasasesesesesesesesens 235
INOTES ...eveeteeteeteeeeeeeeeetetetesesesesesessesassesassassassassassassassassassesssessessessessessessessessessensensensensensansen 256

14 Collecrions And Threads
INTROAUCTION ..ottt ettt s b s s s es s se s s s s s st esesesesessasasasassesesesesenens 238
The Need FOR THREA SYNCHRONIZATION ......cvvuceeveviecieieeecisiessiesessetess e sesssasssssssssssessssssessssssesanens 238
QUICK REVIEW ..ttt sttt sttt s s s b st ss s sasassesesessasasasassesssssasasasseassnas 240
USING THE C# LOCK KEYWORM ...ttt sa s s 240
QUICK REVIEW ..ottt s s ae s a bbb a s b e s s s s s ae bbb s e b et a s e s b s b s et s senansas 241
ANATOMY OF NET THREAD SYNCHRONIZATION .....ovuvvvrececreirerieiesesessessssssssssssssssssssssssessssssessssssssnses 242
Old School - SyncRoor, IsSynchronized, ANd SYNCHRONIZEA() .....ecvevveerverreeeeeeeriere e 242
QUICK REVIEW ..ttt sttt sttt s s s b st ss s sasassesesessasasasassesssssasasasseassnas 245
MONITOR.ENTER() ANA MONITOREXIT() we.vovevveeeeeeeeecee et seeee e sssessseassesaessassassssasens 246
UsiNG MONITOR.ENTER() AND MONITOREXIT() +..vocvvvveecveeeeceeceestee et saessses s sssssnes s sassass s sssssasssnees 248
Using OVerloaded MONITOR.ENTER() METHOD .......ouoeeeeeceeeceeeeeeee ettt sa s ssss s senees 249
NON-BLOCKING MONITORTRYENTER() ...vovvveeveecreeeeceesteetcseee st ess et ssssssessssses s ssss s ssssssss s sssssssssnsssessssssassanees 251
QUICK REVIEW ..ottt sae st sas e s a st a s b et s s a s s s bbb s e b e b s s s s s b s b s et s senssas 293
SYNCHRONIZING ENTIRE METHOS ...ttt s s sens 294
QUICK REVIEW ..ottt ettt ettt b s st b st as b b st bs e b b st e b s e b s e b e basbe b s aebebasbebaseebasastesastesensntans 299
Synchronized Collections In The System.CollecTions. GENERIC NAMESPACE .......cueveverecrereecrennanenss 297
Thread SynchrONiZATION — RECOMMENAATIONS FOR USAGE .....cucucveierecrereieieieceteeeese et senenens 299
THREAd SYNCHRONIZATION USAGE TADIE ......cevviececieiccicieecce ettt sennens 296
SUMMARY  ...vvenivenentetiietesesetesesetssesestssssesessesesestesesessesensssesessssesensstesesessesensntesesesesenensesesessesenesseseses 259
REFERENCE ..evevveveveteteeeeeeeteeetet et st s s e be e s s s s s s s esesesesessasasasesesesesesesesessasasesesesesesesesans 260
INOTES ...eveeteeteeteeeeteeetetetetesesesesesessesassessassessassassassassassassesssessessessessessessessassessessensensensensensansen 260
12 Events and Event Processing
INTROAUCTION ..ottt ettt se bt s et s s s s s s s s s s sesesesesesessasasassesesesesenens 262
C# Event PROCESSING MOAEL: AN OVERVIEW ......eeerrrerereeeeeee et sesesesesesesas e senes 262
QUICK REVIEW ..ttt sttt sttt st s s sa b sesenssasasassesesessasasasassessssasasasseassnes 263
Custom EVENTS EXAMPIE: MINUTE TICK .eoveeieiicicccsrie ettt 263
Custom Events Example: AUToMATED WATER TANK SYSTEM .....ocevieeecieiieieicceieeeeieseeie e essseaes 266
INAMING CONVENTIONS ....veuveuiereeteeesesteeesesseessesesessessesassesessessesessessesessassssenssesessessesensessesensessssensesenes 271
Final Thoughts ON EXTENAING THE EVENTARGS CIASS .....eevvrvreveeeeeeeevctereteteee e 272

XVi

© 2012 Rick Miller — All Rights Reserved

C# Collections: A Detailed Presentation



Table of Contents

SUMMARY  ...vovenireneiereietsseseteseseessesestssesesessesestssesesassesensssssesssesessntesesessesensnsesessssesesesesesessesenesseseses 272
REFERENCES <.ttt e e et e e e eueeeeeaeeeeeeeeaeeneeneeneeneeneesesese et e st et eatee et et eateaseeseaseesaanen 273
INOTES .eveieeietteeeeeetteeteeetteete et essseesatessseesssessseesssesssessssessssssnsessssesssssssseessessnsesssesnsesnssesssessnsesssesnns 273

16 Collecrions ANd Events

INTROGUCTION .ottt sttt sttt bbbt b et 276
ODbSERVADIECOLECTIONST> ..ottt st s s s s sssssesasens 276
Funcrionality Provided by THE COIECTIONSTS CIASS ......uvurveieieririeeeisisieseesesis s ssesssssassssssssssessssassasssanes 276
Funcrionality Provided by the INotifyCollecIONCHANGED INTERIACE .......vuvveeeeeieriecirsiriseeeceseissiseie e 277
Funcrionality Provided by the INoTifyPROPERTYCHANGEA INTERIACE ....eocvveeeeieieceee et 277

ObservableCollecrion<T> Example ProGram
QUICK REVIEW ..eoererieieieceeieese st eese et sssess st s s s s s st ss s s s s s s sasses e b s srssasessessnssnsans
BINGINGLISTST> ...ttt ettt s s s s e b s s sas s s s s s s s nsnanes
Funcrionality Provided by the CollECTIONST> CIASS ......cucvveeverreereeeieeee e
Funcrionality Provided by the ICancelAddNew Interface
Funcrionality Provided by the IRaiselremChangedEvents Interface
OnNeWay Dambinding Example
Two-Way Damabinding Example
QUick REVIEW ...eeeeeeeieireeieieaeee
SUMMARY  c.cveeventiieeretsiesseesseteessestesessessssessesessassesessesessessesensessesessenessessesessessesessessssessssessessssensesanes
References

Nortes

17 Collecrions And 1/0O

INTROAUCTION «.ecveveieeiieeeeieieieieiceeie ettt ss e es s st ss s s sssasasssssssssssssssssessssssessnssssssnnns
Manipulating Direcrories And Files

Files, DIRECTORIES, ANA PATHS ......vivveieececectctctee ettt se st se bbbt s sas s st et esenasasasane
Manipulating Directories And Files
Verbatim StriNG Literals
QUICK REVIEW .ottt sss s st s s s st sss s ensssas st ensssassensssssssssensesasssnsnsnsas
Serializing Objecrts To Disk
SERIALZADIE ATTRIDUTE ....ooveeeecieri sttt sttt s st ss s bbb s b s s s s s s s sassasasanen
Serializing Objects With BinaryFormATTER
Serializing Objects With XMLSerializer ...............
QUICK REVIEW ..eoeeerieieeeceeestss it cese et ssssss st s es st as s s s bbb a s s se s e s e b sresasessassnssnsas
WORKING WITH TEXT FilES ...ttt a e b s aees
Some Issues You Must Consider
Saving Dog Dara To A Texr File
QUICK REVIEW oottt st et bttt ensseas
Working With Binary Dara
QUICK REVIEW .eoeoeieeeesisicee sttt st ss st ss s s ss s st es s sss s essssss s sessesassensssssssssensesanssnsnsnsas

Random Access File I/0O

TowArds AN APPROACH TO THE AdAPTER PROJECT .....vuvvuveeerieririeciesisessiesesseseesesssssessesssssssessssssssssesssssssssssssssssssssessesans Al
Siarr Small Avd Take Baby Sreps 30
OTHER PROJECT CONSIAERATIONS ....evueeuecercereineireineiseesstesessesssasesessesassssesssse e ssssssssssssesssssssssssssssesssssssasssssassssssssssans 312
Locking A Record For Updares And Deleres 312
Moniror.Enter()/Moniror.Exit() vs. The lock Keyword. 313
Translating Low-Level Exceprions Into Higher-Level Exceprion Absiracrions 313
WHERE TO GO FROM HERE ...ttt sttt bbbt senastas 313
Cowmplere RandomAccessFile Legacy Datafile AdAPTER SOURCE COAE LISTING ..v.vuvecveververeeenieiesieseseessensesesesssessesessns 313

C# Collections: A Detailed Presentation © 2012 Rick Miller — All Rights Reserved

Xvii



Table of Contents

QUICK REVIEW ..ottt sttt b bbb bbb bbb e b b e b e bes e b b e b basbebesasbesasbebasaebesassesansesenantene 329
WORKING WITH LOG FILES ...ttt s s n s 326

QUICK REVIEW ..ottt see st sas s a bbb s s b s s s s e s s s s s b e s s s s s s s s sesasssnsanstes 328
USING FILEDIALOGS +...vvvevereeiineeeirineieisicieistsesiseseese s sesssssesesessssssssssssssssssssssssssssssssssssssssssesssnssessnnns 328

QUICK REVIEW <...ecverecveiecieicisieisie sttt sss e sss s s s st ss s s s s b sssbesssbesssessessssessssesesssbessssesssassessssessssssassssassssesansnsans 330
PersistinG A BINDINGLISTST> COILECTION .....cucvevirerereireieeeceetetetese v s s 731
SUMMARY  ...vviuireneieteietesesetssesesessesestssesesassesestssesesessesensssesesssesensstesesensesensnsesesessesesensesesessesesesseseses 337
REFERENCES ....eeeeeeeeeeteteteieisceeiete ettt s sttt se s se bbb s s as s s sesesesessssssssasassesesesesesnananes 738
INOTES .ottt ettt ettt ettt ettt st ettt st se et b et e s et e s ese st esesestesesastesenentesenentes %38

18 Creating Custom Collecrions

INTROGUCTION .ccveiieiiaiiieicis ettt ettt sttt bttt s et b st 340
Deciding WHeN To Create A Custom COlIECTION CIASS ......vvveveveereeererererereeeeee e 740
EXTENAING AN EXISTING COIECTION ...veceereeeciriiicieieicieieecieetseetsssesstssssseae s ssssssssssssssensssssessnans 340
EXTENAING NON-GENERIC ARRAYLIST ....cecvevereereiecuessseesssssiessssessssssessssesssssesssssssssesessssessssssessssessssesessssessssessssssssssessssesns 41
SUPERSEAEA By GENERICS ...vuvuvvereerieriesssensessssessesssssssessssssssssessssessssssesssssssssesessssessssssassssessssssssssessssessssesessssessssasns 342
GAiNiNG MORE CONTROl OVER THE CUSTOM COLECTION .....vcveierrecveieceeisisieisie e eses e ssses e sesss s sessssessssssessnsens 342
QUICK REVIEW <.eoceoeieieiceces ettt ettt sttt et ettt bbb enstas 347
CRreating A Custom COlIECTION FROM SCRATCH .......cucuiviveiiiieeeccvceee e 347
EVAIUATING REABIACKTREE .....oveveriereieeicieeesecisiesises st tsassssss s s ssss s ssssssssssssssssssssssssssssssssssnssssssssssssessssassssnes 326
SElECTING THE ADPROPRIATE INTERFACE .....voveoveiereieriesisesiesisiseseessstsesssssstssessssssssssssssssssssssssssssssssssssssssssssssssassssnes 326
IMplemenTting IENUMERADIE ANA TENUMERADIESTS ..ottt s s sss st nsssassssssaen 326
Named herators 356
SERIALIZATION CONSIAERATIONS <...vuvererreiereeieriasisessssissssesesssssssssssssssssssssssssssssssssssssessssssssssssssssssnssessssssssssesssssssssesssss 397
The Need for Custom Serialization 357
RespoNdiNG TO COllECTION CHANGING EVENTS .....ecveeiveiecieiietescieirsestesssissssessesss e ssesssssssessssssessssesssssssssssessssessssnsens 397
Extended Example: THe REABIACKTREE COLECTION .....cecvveieerieeieicicieesieisisiesies e sessstessassessssesssessssessessssesessnsens 397
QUICK REVIEW .ottt st et bbbt s e enantas 378
Custom Collection IMplEMENTATION SUMMARY TADIE .........cvveeeeueiicirieeeieeceie et 378
SUMMARY  ...vveuireuetereietseeseteseseessesestssesesassesestssesesessesensssesessssesensntesesessesensnsesesesesenesesesessesesesseseses 379
REFERENCES ....eeeeeeeeeeteteteieiccee ettt ettt s s be bbb s s s se s s e s easbssssssasassesesesesesnananes 379
INOTES .ottt sttt ettt ettt ettt et e b et e s et b e st e s et e s ese st esenestesesastesenentesenentes %80

19 Specialized Collecrions

INTROAUCTION ..ttt ettt st s st s st ssse s essnessesensssesensssesensasessnessesensnsas 382
SysTEM. COLlECTIONS. SPECIAZEA NAMESPACE ....ecvovereceriecieieisieietes et se s s s s sss s essassns 382
QUICK REVIEW ettt sttt sttt st st s s s s s s s st s asassesessssasasasassessssasasassssssnes 384
INAMEVALUECOIECTION ettt ettt ettt esse st s e sse e ssestesessestesesensssessenssnensensans %84
QUICK REVIEW .ottt sttt as s sttt s st b s essss st sttt et et et sasasasasasas ettt esesesessnsssasasanasans 389
HYDRIADICTIONARY ......vvvveierececeeretetesessssseesesesese s ses s s sesesesesesssasasassssesesesssesssssasassesesesesesnsssanes 386
QUICK REVIEW .ottt sttt et e st st e s s s s e sess st e bt et et et sssssssseseasastetesesesesessaessasasasasans 386
[T AV o1 (01727 A 387
QUICK REVIEW ettt ettt as sttt st s s s s s st s asassesesstsasasasasssssssasasassssssnes 388
COllECTIONCHANGEAEVENTIIANAGER ...cvuveeevieecerisnessisssssssssssssesseasssssssssssssssssssssssssssssssssssssssssssssns 388
QUICK REVIEW .ottt sttt as s sttt s st be s sssas s s s st et et st sasasnsasasas st ebesesesessssssasasanasans 392
SUMMARY  ..veeveteieereteienteessesteessestesessesessessesessassesessesessessesessessesassenessessesessessesessessssessssessessssensesanes 392
REFERENCES ...ttt ettt se st e st e e se st saessensesessensssensentssensensssensosessensosensoneans %93
INOTES w.eeieieeeieetceteet et et et esat et e st e se et esasesesstesseentessteseastessesrseassesseensenseesseastessesnsesseensesnsessesnsessean %97%

XVviii © 2012 Rick Miller — All Rights Reserved C# Collections: A Detailed Presentation



Table of Contents

20 Collecrions In Acrion

INTROGUCTION .ccveerieeincitesicis ettt sttt bbbt s ss bt s s s ssssssnsssnnens
Whar You Are Going To Build
PREUMINARIES ......cueviveveritiiecicte ettt sttt s s s e bbb s s s s s bbb ess s sesssasassesesesesesnananes
Installing SOL Server 2008 Express EAITON ......c.ccvveeveververnennne
Installing Microsofr SQL Server Management Studio Express
Installing Microsofr Enterprise Library
A SIMPLE TEST APPLICATION ...ecveveviececiieteisie ettt et st st s s s bbb b e b s s asbesssbesssasbssastenassesesensasaneas
Inrroduction To Relational Darabases And SQL
TERMINOLOGY +uvuvereeuncenerneeeieisiseeisttse it esae s sttt es bbbt ekttt bbbttt s et en
Structured Query Language (SOL)
DATA DEFINTION LANGUAGE (DDL) <..oveveveverveeereneseeeseesesssees e s sass s sasss s saessssssasssssssasssssssasssssnssasssssnssessses
Creating The EwployeeTraining Damabase
Creating A Damabase With A Scripr
Crearing Tables
SOL Server Darabase Types.
Dara Manipulation Language (DML)
Using The Inserr Command
Using The Selecr Command.
Using The Updare Command
Using The Delere Command
QUICK REVIEW .ottt s sttt bbb bbb st s s en s st senstas

COMPLEX SOL QUERIES .....vvevereerereeieiersaetesssssssesssssesssesesssssessassessssssessssssessssssesesssssssssssssesssssens
CRreaTinG A RelaTed TADBIE With A FOREIGN KEY ...vuvevervceiieisicinisisiesesssisissss s sss s sssssssssssssssssssssssssssssssssssessnses
Inserting Test Dara Into The 1bl_employee_training Table
Selecting Dara From Muliiple Tables

Join Operations
Testing The Cascade Delere Constraint
QUICK REVIEW .ottt st st st s s ss s st en s sss s ensssas s ssssssassensssssssssensesasssnsnsnses

THE SERVER APPLICATION ....oocuvverecteisesietessetessiesesssassesssasassesassesesss st ssssssesssassessssssesessssssessssssesasans
PROJECT FOIAER ORGANIZATION ...ccveeeveiericeriesistesessasssessee st sasssssss s ssesssssssssssssssssssssesssssssssesasssssnsssssssassnssessssassnsanss
Using Microsofr Build To Manage And Build the Project
FIRST ITERATION ..ottt sttt sttt e sttt e bbbt ssn s sescncsene

Coding The EmployeeVO And EmployeeDAO
Applicarion ConfiGuration File
Creating Test Application
SECONA ERATION ..vevoeeieieceeesiasieseeseststeeesesessteess s sssssess s bt sssssss s st sesssassesssesssassesssssssassessesssssssessssssssssssssassasssanen

Testing The Code - Second Ieration
Reality Check
THIRA TERATION .vevvereeeeectsiaeiseeeseeseeseasassssssss s ssss s sssssssssess st s s sssssssssesssssssssssssssssssssesssssssasssssssssssssssssssssassssssnssnnes

THE CLENT APPLICATION ...oveeeieieeieieicicteisstetce ettt sesss et ess s sss et sse st ssnsssssessssssessssssesnnsns

Third Ireration (continued)
Fourth Ireration

Fifth heration ........

SIXTH TERATION .eveeetvttecececte ettt b b s s se bbb s s st s essasasassesene

Compiling And Running The Modified EMplOyeeTRAININGCIENT PROJECT ......uvuvueucereerieicineesieiseeseseeisessssssessnaens 483

WHERE TO GO FROM HERE ...ttt ettt se s s s se s s s s as s s b et enssasasassesesessasassesesnes 485
SUMMARY  ...vviuireneteteietnsesetetsseessesestssesesessesestssesesessesensssesessssesensntesesessesensstesesesssenensesesesesenesseseses 486
REFERENCES ...evveveveveveeeeeeeteetetese st s s st s s bbb s s esesesesesesesesesessasasasesesesesesesesessasasasesesesesesesens 486
INNOTES o.vretieeectteete et et et et este e teessesbeesbesssebeessesseesbessserseessenssersaessenseessenssensaessenseessanssenseesseseensensran 486

C# Collections: A Detailed Presentation © 2012 Rick Miller — All Rights Reserved Xix



Table of Contents

Appendices

Appendix A: Numeric StrinGg FOrRmATTing

INUMERIC FORMATTING .evuiuitiieiieieieieieteteietet ettt ettt st st es et se et eb et sse et esenenees 489

XX © 2012 Rick Miller — All Rights Reserved C# Collections: A Detailed Presentation



