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— Xt& T (Data Structure)
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C HH%(Array)
« E|AE (List)

S Eﬂ(Map)
SEVS[EL
(Dictionary)

o Tt (set)

e EB|(Tree)

2

H cyp B

HH%, ArrayList,
Stack, Queue,
List<T>,
LinkedList<T>,

Stack<T>, Queue<T>

Hashtable,
SortedList,
NameValueCollectio
n

Dictionary<T, V>,

SortedList<T, V>,
KeyValuePair<T, V>

HashSet<T>,
SortedSet<T>




— XIZ T X (Data Structure)2| 2

. AtE FEE 0|83H MY YE ARES SYT P
O|EL=2 MAXc=z MYSIL AEY = UZ

- HiES 0|80l Z€2 B O[F2=2 o e NEE
Mot elEAs O[8dHM 4 At=0| B2 7ts
© o2 Jio| Ha O HIEu BEES O[8otH ZEE =€ &+ US
intx0 = 1; int[] X = new int[5];

intx1=2;
int x2 = 3; ‘ for (inti=0;i<5; i++) {
int x3 = 4; X[i]=i+1;

int x4 =5; }
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“SBS” 6

“KBS2” 7

“KBS1” 9

“EBS1” 10

“MBC” 11

.22 B

int SBS = 6;
int KBS2 = 7;
int KBS1 =09;
int EBS1 = 10;
int MBC = 11;
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Console.WriteLine("television networks: {0}, channel number: {1}", "SBS", SBS);

O TH| £

Console.WriteLine("television networks: {0}, channel number: {1}", "SBS", SBS);
Console.WriteLine("television networks: {0}, channel number: {1}", "KBS2", KBS2);

Console.WriteLine("television networks: {0}, channel number: {1}", "MBC", MBC);
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channels['SBS"] = 6;

I'4E= 01ES 0|88 ME H=E ROtLIA 20| £

Console.WriteLine("television networks: {0}, channel number: {1}", "SBS", channels['SBS']);
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— ZEHM (Collections)= K| Z & CHE = UA=ZE 27X
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« ;MO Z ArraylList, SortedList, Hashtable, Stack,
Queue, NameValueCollection 60| AS
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C#Collections

— NET 2 Cist Hase X2
« System.Collections =eiA

* System.Collections.Generic A

* System.Collections.Concurrent =i




System.Collections

O Object 21X Z2MH SfA

ArrayList 220 M 377t sH2z S7tot= JiN B E
ME|

Hashtable 7|0| SHA|ZEO| et A=l 7|/ Ao ZMAM
Queue FIFO RAIOl JHA| ZzHM
Stack LIFO RAIO| JHK| ZHEM

SortedList 710 et HBE 7|4 Ao| HEM




System.Collections.
Generic

(= {2 = A
O HUlE ZAM e
SE
Dictionary
<TKey, 7)o wat PAE 7|3t Wol BN
TValue>
HashSet<T> i rlst
LinkedList<T
: ojF ¢z ==
List<r>  2AI%H UOIA QA ANAY 4 Yk N 2=
Queue<T> FIFO BHAIO| 7N Z=HM
SortedList A=l Icomparer<T> TS 7Z[|Hto=Z 7|0 w2t HEE 7|/
<TKey, o
TValue> Mol ZEiM
H

Stack<T> LIFO RAIOl ZHA| Z2HM




System.Collections.

concurrent

O NET4.00|2 A& A2 20| CHXSH ZHe M SefjA
S

BlockingCollection IProducerConsumerCollection<T>E& TaTI= A E
<T> £E QHNTH HMM

ConcurrentBag<T> AHEEEE OHNSH MEI|X| S22 7N ZH=M

= LS = —

ConcurrentDictiona O A ENA SAIH dBMHAZ = JAe 7|/4F Ao
ry<TKey, TValue> ZizHM

=
fe)

ConcurrentQueue<T> AHEZEH QM pr

F
ConcurrentStack<T> AMEZREE QHFSH r1ro HHAIOl JK| ZH)




— System.Collections2| S22} QIHEH O A
* ArrayList
* Hashtable
* SortedList
* Stack, Queue
* BitArray
* NameValueCollections
* TEnumerable, IEnumerator
e ICollection
* TList
* IDictionary, IDictionaryEnumerator
* TCloneable

* TSerializable
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Collections

N\

- System.Collections2| S22 A 2} QIHEH O A

ArrayLis
I

IEnumerable S

TCollection St§Ck
‘///’///,/,/"\\\\\\\\\\\\ BitArray
: IDiction

IList
a
ListDictiona e

Array o HashTable -




SortedList

Class

_I_

— SortedList= Hashtablel} ArrayLlstOI =9

- L§EO| HO|E= 7| (Key) 2t 2t (Value)E O|FO{X QoM
712 7|1z FEEED 7|t Az HIIts

public class SortedList: IDictionary, ICollection, IEnumerable, ICloneable




SortedList

Class

- SortedList 5

EX |
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SortedList

Class

— SortedList |2~ E

Add() - 7|2k @22 HO|HE &Y

Clear() - BE QAE XA

Contains () - §78 7|7t 20 U=X] EE =20

ContainsKey (), ContainsValue() - 5738 7Z|/4t0|

S0 A=K & =20

GetByIndex (), GetKey () - A|Egt QIEIANAM Zf/7|E

7t =

GetKeyList () - 7| E|2EE 7IM&

Remove (), RemoveAt () - X|&eh Z|/Q8AZ QAE XA
Ht

GetEnumerator () - IDictionaryEnumerator% h 2t




Queue Class

— Queuet FIFO(First-In, First-Out) Z 2
- FIFO - AN Z0{Zt HO[H7F MY TXN Lis HEZZ
TRE Srs

public class Queue: ICollection, IEnumerable, ICloneable

= Queue HAE

e Enqueue () HAEE= 7o A {X|0 248 ¢

* Dequeue () HAEE= Fo| ORX[H 2[X[o] @AF ©rLSt
A A (BtetEl= OIO|HYE2 objectd)

« Peek () HAEE DL |2

O|K|o] @AE N|HSHK| U Hist
e

(Htztr|= HIO|HAE 2 obj cty)




Queue 0l Al

Queue queue = new Queue(new object[] {10, 20, 30});
queue.Enqueue(l); // 7H& OFX|2fof =7}
queue.Enqueue(“abc”); // 7HE OFx|atod| =7}
queue.Enqueue(3.4); // 7HE OFX|2Hoi| &7t

foreach(object obj in queue)
Console.WriteLine(obj);
Console.WriteLine();

while (queue.Count > 0) {
Console.WriteLine(“Dequeue: {0} Count: {1}”,
gueue.Dequeue(), queue.Count);

10

20

30

1

abc

3.4

Dequeue: 10 Count: 5
Dequeue: 20 Count: 4
Dequeue: 30 Count: 3
Dequeue: 1 Count: 2

Dequeue: abc Count:

Dequeue:

3.4 Count:




— Stack= LIFO(Last-In, First-Out) Z M

- LIFO - M€ ObX|Ef0| =017 HO|H 7} HE HHA L=
HZ2Z F=5 St

public class Stack: ICollection, IEnumerable, ICloneable

— Stack H2~E
» Push() HaE& AEO] G 20 245 &
* Pop () OaEE= AEO] W 20f QU= BAF AHSt HIO[H

L
CIO|EH = object_?'_é)
EH
=H

o
of o 2o U= [AEE MAHSHA| 21
HO|HYE objectdd)




Stack stack = new Stack(new object[] {10, 20, 30});
stack.Push(1); // 7}& OFx[2foi| 7}
stack.Push(“abc”); // 7}& OFX|2hof F7}
stack.Push(3.4); // 7}& OFx|2tof £7}

foreach(object obj in stack)
Console.WriteLine(obj);

Console.WriteLine();

while (stack.Count > 0) {

Console.WriteLine(“Pop: {0} Count: {1},
stack.Pop(), stack.Count);

3.4
abc

30
20
10

Pop:
Pop:
Pop:
Pop:
Pop:
Pop:

3.4 Count:
abc Count:
1 Count: 3
30 Count: 2
20 Count: 1
10 Count: O

5
4




ArraylList
Class

— ArrayList= ILISTE Toict CHEH 2l SefA

. ArrayListE COIHE MYUM=S If =AMCi2 &A=
S RIOILE MA ESE Ths

public class ArrayList: IList, ICollection, IEnumerable, ICloneable

— ArrayList & E
* Add (), AddRange () H2E= HO|E /4Ol Z[2E ¢
Insert () HAEE= S0 GOy ¢

* Remove (), RemoveAt (), RemoveRange () HAEE ST
24 MAH Es QHUAE 24 XA Es HRTUE 224 XA
e Sort () Dﬂﬁ\-EE Q4 HE

GetEnumerator () HAEE IEnumerator& et




ArraylList Ol Al

ArrayList list = new ArrayList();
list. Add(10); // 7H& OFX[=2hod| F=7¢
list. Add(20); // 7+& OFX|2roi| F=7} 10
list. Add(30); // 7+% Ot x|2koil F=7¢ 20
foreach(object obj in list)

Console.WriteLine(obj); 30
Console.WriteLine();

list. RemoveAt(1); // 181 QI A O] @ A& M| 7 10
foreach(object obj in list) 30
Console.WriteLine(obj);
10
Console.WriteLine(); ) 25
list.Insert(1, 25); // 1/ QUHA| M LAE F7}
foreach(object obj in list) 30

Console.WriteLine(obj);
Console.WriteLine();




Hashtable

Class

— Hashtable IDictionaryS 7+t CHEXN QI SeijA
- E2Q| HO|H= 7| (key) 2t &

public class Hashtable: IDictionary, ICollection, IEnumerable,
ISerializable, IDeserializationCallback, ICloneable




Hashtable

Class

— Hashtable H| A E

Add () HAEs (7], W) E E HolH &Y
Clear() HaEE EE 24 HA

Remove () HAEE 7|8 =2QISIH @4 AR
ContainsKey (), ContainsValue() HAEE= EH™ 7|/4=
Zstst=X| =0l

CopyTo () HIAEE= S4[HIO|E0] U= AFLE 152 HIE=Z
= At

Keys, Values {82 ICollectionlZ Hizt
GetEnumerator () HAEE IDictionaryEnumerator =

H} 3}




Hashtable Ol Al

Hashtable ht = new Hashtable();
ht.Add(1, “Dooly”);
ht.Add(3, “Heedong”);
ht.Add(2, “Gildong”);
ht[4] = “Tochi”;
if ('ht.ContainsKey(5))
ht.Add(5, “Douner”);
foreach(DictionaryEntry de in ht)
Console.WriteLine(“Key={0} Value={1}", de.Key, de.Value.ToString());

Console.WriteLine(“After remove Dooly”);
ht.Remove(l); // Key=12l E2| At A
foreach(DictionaryEntry de in ht)
Console.WriteLine(“Key={0} Value={1}", de.Key, de.Value.ToString());
Console.WriteLine();

Key=5
Key=4
Key=3
Key=2
Key=1
After
Key=5
Key=4
Key=3
Key=2

Value=Douner
Value=Tochi
Value=Heedong
Value=Gildong
Value=Dooly
remove Dooly
Value=Douner
Value=Tochi
Value=Heedong
Value=Gildong




Collections

Interface

— |Enumerable QE{H 0| A
* GetEnumerator () - IEnumerator ZHAE Btz=t

— |Enumerator 9 E{m| 0| A
* LH-‘T'-OHH IEnumerable% M%ﬁm I:'||O|E‘| ?:]M—ﬂ 7|% X'”

* Current Z—H\‘g - ?24_"—'1*._40“*1 _CI’EXH 7_|1X1|01| EH_CEF jé"—jlc—% 'f'i

* MoveNext () - L_-|'2 RAE O|E

e Reset () - Current EQIHE ZEiMNMOo| HZ YO =

OH

F

1ot

Uz

X~
o




Collections

Interface
— |Collection Q! E{H| 0| A

« count HY - HHMO| AKX £5 gt
* IsSynchronized =4 - s 2y EE HMAZE RS
AN ot HMAE S71=tet 82 true it
* SyncRoot &Hd - Ot} 0|2 AE FHO| A0 ot
A 02 HAE= AS ZESHA SH7 28 HaAALE SiA
« CopyTo () - A%t BIE {IXFE ZHE Q45 HIE=R

AL




Collections

Interface

— |List QIE{I{O| A

ICollection O|E‘|1L|O|A0“k| |')k £ o=z IEnumerableJ_-'f
ICollection /|62 B5F =%

IsFixedSize ——'Tk| - E|)\E7|' 7 7IO| E|AEO|X| gPol
IsReadonly &£8 - 2[A2E7I Y7[HEQX] =0l

OlEN &M - QHA ZIOZ HO|HE YHLE FI}

add() - g2[£E £0| Ho|HE F7t

Clear() - 2|2E WO EE= HO|[HE M

Contains() - Of@ GIO|E7} 2|AE Ljo| ZXSHEX| ofx
2t0l

IndexOf () - E|&E W9l 54 O[O|H2S| fX|& Eiet
Insert () - E2|2E We| 5§ X0 HIOIHE &€
Remove () - OS2 RHE HHZF 2[2E LHO|AM HA

1 —
RemoveAt () - 7(|I—|_C".; Elglﬁ9| I:‘||O|E'|§ X'||7'|




Collections
Interface
— |Dictionary 2/EH 0|A
« =A0f °|£6+“ IListlt "2l 7|t 22 HSA|FH
IOIHE ==
e IsFixedsize HY - ZEMOo| J7|7} FHolH U=X] HA
Q17| MEOIX| &9l

L
* IsReadOnly =8 - MO

* Keys %*o" - 942

24
e Values %AO-I - 9E'|E—I1N| LH9| 2= 3}'\'; |—|'024

« Add () - 7|2 22 TEHESIH OIO|HE ZHAMMO| =7}
e Clear () - ;’SEH*JQ D= '||O|E‘|E X'||7'|
e Contains () - §73 7|7 lO|H2t HIE[O] JU=X] AAL

* GetEnumerator () - IDictionaryEnumerator t.'i%

* Remove () - AT gfel 7|& TESIO HOEHE ZAI0AM
A A




Collections
Interface

— |DictionaryEnumerator Q! E{IH| O] A
e DictionaryEntry &8 - €H 24 UO| 7|e &2 7IHZ
e Key 8 - @A 24 Ul 7|8 M=

e Value =48 - d9H @2 WO 4= 7IHZ




Collection 1}
Autoboxing Autounboxing

— C# Collections 22l 2 (ArrayList, Hashtable, Queue, Stack)0||
HOlE Y==0| A2 H AWOIC XAp-& 2 2 boxingdt
unboxingO| Al 53l A 2
« Collections =22f& (ArrayList, Hashtable, Queue,

Stack) &=
HE object EIRLZE XMFSH7| M0 HO[E0 HId
[ o Cf
=i EfY2Zo ¥4
. GlOJEI7} HOPE 42 HEE M50 ATIS 287 A
- d5 &9 O|x7t ZM7t ECtH, collections ZEfAELD}
s= AMESHOF &

Generic Collection




Collection1}

Generics

— X4l ZaME2 KUl 2! (Generics) 7|HEE F1oiE

— A4 =
- 5§ ErRTE CHREX| B4, o2 RO Efgez BHAd =+
UESF SdiaH HaES 2ERA7|= 7|8

v<T>, <K>, <v> : Et® Oi7f B4 24 ERs Yttetot
Efol
« MUlE Safx A
vHUYlE Z2IAE . pist<T>
vTO| 58 EtRLE X3t

vESD OHRE 2|AE : List<int>
vaEAgoh LR 2|AE . List<string>

vpPersondt CEE= 2|AE . List<Person>




— UL e XY N & ol Lukstel Efe) 0j)
M52 FYALL HACS ZHYHs 7|

e c++2| EHEZE (template)dt ¢




void Push(int element) { ... }
int Pop() { ...}

class Stack<T> {
A

;/.c.)id Push(T element){ ... }
TPop(){...}

void Push(string element) { ... }
M= AEH EXEIQoZ string Pop() { ...}

T A =t

SxrE A




O MUEH2 AES AH=HS /-2 EES

public class IntStack { public class Stack<T> {
int[] items; T[] items;
int count; int count;
public void Push(int item) { ... } public void Push(T item) { ... }
public int Pop() { ... } public T Pop(){ ... }

} }

public class StringStack { Stack<int> istack = new Stack<int>();
string[] items; istack.Push(3);
int count; int x = istack.Pop();
public void Push(string item){ ... } Stack<string> sstack = new Stack<string>();
public string Pop() { ... } sstack.Push(“C#");

} string s = sstack.Pop();




— HUE 2~

« SiALE QIHEO[A WA Lot

ol
=

Ef

public class MyClass<T>
T val;

G
EHel e =@
T Get() {

return val;

}

Zt
HA

val c|H

%7

J

ECEEERS E‘*EH
MyClass ._._,
OI |:|H7H A




RIUIE ORI A4 A

— 2 Xl 3t (Specialization)

— TN 2}
« MU= ErRiel FafiA0 FHZAEQ EfYES CHRSHH x| d-d
- Ao 0 25 O|FO{H

/1 MU 2] EFY TOf string XI7H

MyClass<string> s = new MyClass<string>();

s.Set("hello");
Console.WriteLine(s.Get()); // "hello" & &

/MU= EFY TOf intX|E
MyClass<int>n = new MyClass<int>();
n.Set(5);

Console.WriteLine(n.Get()); // =Xt 5 &




RIUIE ORI A4 A

— 32X st (Specialization)
— X 3}

« TX|2tEl MyCclass<string>Q| &4 IFE

public class MyClass<T> {
T val,
void Set(T a) {val =a; }
T Get() { return val; }

}

public class MyClass<string> { ; T7|' Stringgi
string val; // 'H== val2| Et Q2 string K| 3t
void Set(string a) {

val = a; // string EF 2| 2} aE valoi| X|73

}
string Get() {

return val; // string Et 2 2| gt val2 2| H

}
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— HUEIYS BT O, X EIYUS N T
« Value Type@X| Reference Type®lX| E= O £H Base
EEH*E—'T'—1 Ol =l EFRICIX] e O QIHI|O|AF Foich

r0|0|7(|
* where T : I'||9,|=_7F_7,j




NG

EFR Al <
O 0|/l

/I T= Value Type
class MyClass<T> where T : struct

/Il T= Reference Type
class MyClass<T> where T : class

/I T= default constructor?t 21 0{OF &t
class MyClass<T> where T : new()




NG

EFR Al <
O 0|/l

/I T= MyBaseClass2| It Z2f A 0|0{0f &t
class MyClass<T> where T : MyBaseClass

/| TE IComparable Q/E{I{|O|AE 74X OF &
class MyClass<T> where T : IComparable

/5= EFY m2tolE K<
class MyClass<T, V>where T : struct
where V: class

110421 7 A <F
class PersonManager<T>where T : Person, IComparable<T>, new()




INEI=

=8d/0tHd

= C# 3.07HX| M4|&2 =% 3 (Invariance) 2t x| &

« =M (Invariance) = &Y EIRTH AR

=
— C# 4.0 H XY &2 =9Hd (invariance)2t 7o
(variance) & 25 X| &

« /tHd (variance) 0|2t EFHQ HEHEA B2t (implicit
(&) L = L L
reference conversion)= /&0 |‘ | 0|‘t 7|6
e JMHNEE ZHM (covariance) 2t
HtS H (contravarlance) 2 L=
o ILE{ A
O - O

(covarlance 2 OEIYOA MIAEIRCZE HEHTHAS

L) =i —i—] ol =1

IEnumerabIe<Der|ved> d = new List<Derived>();
IEnumerable<Base> b = d;




INEI=

=8d/JtE o

— C#4.0%H HUY 22 2 (invariance) 2t 7+
(variance)E 25+ X| &
. HFDHE A

Ht 5 H M (contravariance) = HIHE 2
SIREIYCE HHEAE Hatd = s A

Action<Base> b =t => { Console.WriteLine(t.GetType().Name); }
Action<Derived> d = b;




INEI=
=8d/ItH

interface IDepositor<T> { void Store(T t); }
interface IRetriever<T> { IEnumerable<T>
Retrieve (); }
class Storage<T> : IDepositor<T>,
IRetriever<T>
(Invarianc Storage<Dog> d = new Storage<Dog> () ;
e) //Storage<Animal> a = d; // Dog ElTt 7}5

//d.Store (new Animal()); // Dog EITt 75
IRetriever<Dog> dogs = d;
//IRetriever<Animal> dogs = d; // Dog ElYTt

7ts
. SHY (covariance) interface IRetriever<out T>
- out 7|HEZ X|H { IEnumerable<T> Retrieve(); }
. = /2| EFQO| T A} Storage<Dog> d = new Storage<Dog> () ;
2 IRetriever<Animal> dogs = d; // Dog $%IEIY
« DogELCH &2E0 s
assign “ts
Thet eeion IS
(Variance) o HFZHM interface IDepositor<in T> { void Store(T
(contravariance) t); 1}
- in 7|} ER X|H IDepositor<Animal> a = new

o Ol /A O|XIY Storage<Animal>() -



DM /U2 A

O —- O o

Altl= Q1 & H

Ol A
o
o

M M (covariance) = X| ¥st= M U2l QIE{ I 0| A
* IEnumerable<out T>

e TEnumerator<out T>

IQueryable<out T>

IGrouping<out TKey, out TValue>

— HIZ 5 d (contravariance) 2 X| ¥ ot= M U2 QIEHEHO|A
* IComparer<in T>

* IComparable<in T>

* TEqualityCompararer<in T>




Generic

Collection

List<T>
Dictionary<TKey,
HashSet<T>
LinkedList<T>
Stack<T>
Queue<T>
SortedList<TKey,

TValue>

TValue>

—— System.Collections.Generic2| 22 A2} Q&I 0| A

IEnumerable<T>, IEnumerator<T>
ICollection<T>
IList<T>

IDictionary<TKey, TValue>,
IDictionaryEnumerator<TKey,
TValue>

ISet<T>




O Az AMaT = s A =

O 5E9| AM(Find), & (Sort) X E&FOH A&

public class List<T>: ICollection<T>, IEnumerable<T>, IList<T>,
IReadOnlyCollection<T>, IReadOnlyList<T>, IList




— |ist<T> H|AE

* public void Sort()
* public void Sort (Comparison<T> comparison)
* public void Sort (IComparer<T> comparer)

* public void Sort(int index, int count,
IComparer<T> comparer)

* public List<TOutput> ConvertAll<TOutput>
deprzenfjer <f 2 AQulpidr BOBV IS T) 2|AER gt




— |ist<T> H|AE

* public T Find(Predicate<T> match)

© 2250 Y= BE A2 F natch ZAS UEEHE AT ALES v

* public List<T> FindAll (Predicate<T> match)

©2AE0 Yt ZE AL F march ZUZS UEGE ZE UAS FAER Ui

* public int FindIndex (Predicate<T> match)

© 220 Y= BE AL B patcn ZAS WESE HUR Y49l O

* public int FindLastIndex (Predicate<T> match)

©Z|2E0 U= BE= ¥ F match TS UHRSH= OHX[E 40| QIHAS Hist




— |ist<T> H|AE

* public void ForEach (Action<T> action)

©22E0 s BE= A0 S actions T

* public bool TrueForAll (Predicate<T> match)

©ZAE0 Qe BE AAT} natch ZAUES TESI=E X| (R E dizt

| My —




List<Part> parts = new List<Part>(); ID: 1234 Name: arm
parts.Add(new Part { Name = arm [d=12341}); ID: 567 Name: leg
parts.Add(new Part { Name = “leg”, |d=567 });
parts.Add(new Part { Name = “foot”, |[d=12345 }); ID: 12345 Name: foot
parts.Add(new Part { Name = “hand”, 1d=7890 }); ID: 7890 Name: hand
foreach(Part p in parts)

Console.WriteLine(p);
Console.WriteLine( LEGE

parts.Contains(new Part { Name = “leg”, I[d=567 }));

parts.Insert(2, new Part { Name = “knee”, |[d=78 }); ID: 1234 Name: arm
foreach(Part p in parts) ID: 567 Name: leg

Console.WriteLine(p); . .
parts.RemoveAt(3); ID: 78 Name: knee
foreach(Part p in parts) ID: 12345 Name: foot

Console.WriteLine(p); ID: 7890 Name: hand
Console.WriteLine();

ID: 1234 Name: arm
ID: 567 Name: leg
ID: 78 Name: knee
ID: 7890 Name: hand




class Part {

public string Name { get; set; }

public int Id { get; set; }

public override string ToString() {
return"ID: " +Id +" Name: " + Name;

}

public override bool Equals(object obj) {
if (obj == null) return false;
Part objAsPart = obj as Part;
if (objAsPart == null) return false;
else return Equals(objAsPart);

}

public override int GetHashCode() {
return Id;

}

public bool Equals(Part other) {
if (other == null) return false;
return (this.ld.Equals(other.Id));

}




Remove elements
from a list while iterating

O List<T>= RemoveAt(int index) == Remove(T item)
HAEF HSE

(4] List01|)\1 DE QNS X[HOF & %2, for-loopOi| A
= Remove 7Lt list. ToList() AHE® Remove

var list = new List<int>(Enumerable.Range(1, 10));
foreach (intiin list)
Console.WriteLine(i);
for (inti=list.Count-1;i>=0; i--)
list.RemoveAt(i);
foreach (intiin list)
Console.WriteLine(i);

var list = new List<int>(Enumerable.Range(1, 10));
foreach (intiin list)
Console.WriteLine(i);
foreach (int item in list.ToList())
list.Remove(item);
foreach (intiin list)
Console.WriteLine(i);




Remove elements

from a list while iterating

var list = new List<int>(Enumerable.Range(1, 10));
for (inti =0; i < list.Count; i++) {

list. RemoveAt(i); // | AAKE M list AFO| =7 ZHA CHE @A index ™ HFE
}

foreach (int i in list) Console.WriteLine(i);

var list = new List<int>(Enumerable.Range(1, 10));
foreach (int item in list) {
list. Remove(item); // throws “InvalidOperationException & 44

}

foreach (inti in list) Console.WriteLine(i);

var list = new List<int>(Enumerable.Range(1, 10));
IEnumerator<int> iter = ilist. GetEnumerator();
while (iter.MoveNext()) { // throws “InvalidOperationException ‘244
int item = iter.Current;
list. Remove(item);

}

foreach (int i in list) Console.WriteLine(i);




Dictionary
Class

O Dictionary<TKey, TValue>2 Hashtable A| |2 H
O DictionaryEntry CH4! XU 2 =X 2
KeyValuePair<TKey, TValue>E E {0 At

public class Dictionary<TKey, TValue>: ICollection<KeyValuePair<TKey, TValue>>,
IDictionary<TKey, TValue>,
IEnumerable<KeyValuePair<TKey, TValue>>,
IReadOnlyCollection<KeyValuePair<TKey, TValue>>,
IReadOnlyDictionary<TKey, TValue>,
IDeserializationCallback, I1Serializable




Dictionary
04l Al

Dictionary<int, string> dict = new Dictionary<int, string>();
dict.Add(1, “Dooly”);
dict.Add(3, “Heedong”);
dict.Add(2, “Gildong”);
dict[4] = “Tochi”;
if (dict.ContainsKey(5))
dict. Add(5, “Douner”);
foreach(KeyValuePair<int, string> d in dict)
Console.WriteLine(“Key={0} Value={1}", d.Key, d.Value.ToString());
Console.WriteLine(“After remove Dooly”);
dict. Remove(1); // Key=12! E2| At A

foreach(KeyValuePair<int, string> d in dict)

Key=1
Key=3
Key=2
Key=4
Key=5
After
Key=3
Key=2
Key=4
Key=5

Value=Dooly

Value=Heedong
Value=Gildong
Value=Tochi

Value=Douner
remove Dooly
Value=Heedong
Value=Gildong
Value=Tochi

Value=Douner

Console.WriteLine(“Key={0} Value={1}", d.Key, d.Value.ToString());
Console.WriteLine();
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public class HashSet<T>: ICollection<T>, IEnumerable<T>, ISet<T>,
IReadOnlyCollection<T>, IReadOnlyList<T>,
IDeserializationCallback, ISerializable




HashSet
04l Al

HashSet<int>even = new HashSet<int>(new int[] { 2, 4, 6});
HashSet<int> odd = new HashSet<int>(new int[] {1, 3, 5, 7});
foreach(inti in even)

Console.WriteLine(i); // 2 4 6
foreach(int i in odd)

Console.WriteLine(i); // 1 357

HashSet<int> all = new HashSet<int>(even);
all.UnionWith(odd);
foreach(intiin all)

Console.WriteLine(i); /246 1357

all.IntersectWith(odd);
foreach(intiin all)
Console.WriteLine(i); // 1 357
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O yield return EE= yield break2| 27tX| BiAlO 2 AtE
« yield returne Z:M H[O|EHF StLIY 2|HSI= O A&

e yield breake E2|HZ2 SX[|SILD iteration FZE HPA
12 M Al
public class YieldTest {
static IEnumerable<int> GetNumber() {
yield return 10; // {HmM| F XM 2|HE|= 2L

L— HA

yield return 20; // T R ZoM 2[EHEl= &

L— HA

yield return 30; // M| Lol 2|HElE= 2

- HA

}
public static void Main(string[] args) {
foreach(int num in GetNumber()) 10
Console.WriteLine(num); 20
Console.WriteLine(); 30
}
}




O yield return =+ yield break2| 27tX| BAIO 2 AtE
* yield returne Z=M HO[HEF oSt E|EHSH=

« yield breakes E2|HZ SX|StLD iteration FZEE HHA

public class YieldTest {
static IEnumerable<int> GetNumber() {

int num = 0;

while (true) {
num-++;
yield return num; // £ Z 0| M 2|HE|= 2k
if (num >=100) {

yield break; // F Z& Sio{d

}
} 1
} 2
public static void Main(string[] args) { 3
foreach(int num in GetNumber())
Console.WriteLine(num);
Console.WriteLine(); 100

}
}
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O JolXo 2 OtE SefA0 CHsiA ZHM0f| =75,
SortE O|&d{A &St D & LA IComparable 2/ EH L O|AF
A F0{0F ¢
interface IComparable<T> {

int CompareTo(T o);
}
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Custom 2 A0l

sk Sort AIE

class A : IComparable<A> {
public string str { get; set; }
public int num { get; set; }

public A(String str, int num) {
this.str = str;
this.num = num;

}

public override string ToString() {

return this.str + “,” + this.num;

}




Custom 2 A0l

sk Sort AIE

}

}

public int CompareTo(A a) {

if (this.str.CompareTo(a.str) == 0) {
if (this.num > a.num)
return 1;
else if (this.num < a.num)
return -1;
else
return O;
}
else {
return this.str.CompareTo(a.str);

}
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sk Sort AIE

List<A> list = new List<A>();
list. Add(new A("Kim", 30));
list. Add(new A("Cho", 25));
list. Add(new A("Cho", 15));
list. Add(new A("Lee", 20));
foreach (A a in list)
Console.WriteLine(a);

Console.WriteLine("After sorting");

list.Sort();

foreach (A ain list)
Console.WriteLine(a);

After sorting
Cho, 15
Cho, 25
Kim, 30
Lee, 20




== & Equals &

Hash code
O Equalse F+ 21K 2| L§ 80| Z2X| 554 (Equality)=
H| 1w St= A AR}

Person p1 = new Person(“Jason”, 10);
Person p2 = new Person(“Jason”, 10);
Person p3 =pl;

/] ==

if (p1 == p2) Console.WriteLine(“p1 == p2”);

else Console.WriteLine(“p1 1= p2”); //S Y&t ref OFLIE R p1 1= p2

if (p1 == p3) Console.WriteLine(“p1 == p3”); // SLEt refBE p1 ==p3
else Console.WriteLine(“p1 = p3”);

/[ Equals

/Il Equals override 2tE|0] RIS H false

if (p1.Equals(p2)) Console.WriteLine(“p1 equals p2”);
else Console.WriteLine(“p1 is not equal to p2”);




== & Equals &

Hash code

class Person : |IEquatable<Person> {
public string Name { get; set; }
public int Age { get; set; }

public override string ToString() {
return Name + ", " + Age;

}

public override bool Equals(object obj) {
if (obj == null) return false;
Person p = obj as Person;
if (p == null) return false;
else return Equals(p);

}

public bool Equals(Person other) {
if (other == null) return false;
return (this.Name.Equals(other.Name) && (this.Age == other.Age));

}




== & Equals &

Hash code

Il ==
public static bool operator == (Person p, Person q) {
return p.Equals(q);

}

=
public static bool operator != (Person p, Person q) {
return !p.Equals(q);

}

public override int GetHashCode() {
return base.GetHashCode();

}




== & Equals &

Hash code
O [Equtable & == & != operator overriding St LI true

Person p1 = new Person(“Jason”, 10);
Person p2 = new Person(“Jason”, 10);
Person p3 = p1;

/] ==

Il |IEquatableD} == & 1= LHEZEE p2 true

if (p1 == p2) Console.WriteLine(“p1 == p2”); // true

else Console.WriteLine(“p1 != p2”);

if (p1 == p3) Console.WriteLine(“p1 == p3”); /| S Let ref2 £ pl ==p3
else Console.WriteLine(“p1 = p3”);

/l Equals

/| Equals RLHHEZF p1 Equals p2 true

if (p1.Equals(p2)) Console.WriteLine(“p1 equals p2”);
else Console.WriteLine(“p1 is not equal to p2”);




— C# 3.5 LINQ(Language Integrated Query) T 2|
- H2l= OOl AA0A HIO|EHE ZAMSH=E A
« B /LIO|EHHO|A0A ZAHO| S= XEE H= J|s2 MS
« IEnumerable<T> (instance) = from (X}SHT)
in (Hi¥/DB)
where (Z=7)
select (2|81

// 1. Data source

int[] numbers = new int[7] {0, 1, 2, 3,4,5,6 };
/1 2. Query creation (%48t AEH)

var numQuery = from num in numbers

where (num % 2) == 0 select num;

/I 3. Query execution

foreach (int num in numQuery)

Console.WriteLine(“{0,1}", num);
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— [|O|H A (DataSource)

« OO|HAA+E IEnumerable<T>L} IQueryable<T>
Ol O| AN L=l AO|H rINngE AFESIY FHE| 7tsT
'<'5=|)\|

- HOJE|&A 2| 7tsot SAHCR EMOHK| Be= 8% LINg

—_— = 1 =1 L1 1l a1l

/] Create a data source from an XML document using System.Xml.Ling
XElement contacts = XElement.Load(@"C:\myContactList.xml");

/I LINQ to SQL
Northwnd db = new Northwnd(@”C:\northwnd.mdf”);
IQueryable<Customer> custQuery =
from cust in db.Customers
where cust.City == “London” select cust;




|
H

Y xS 10

ol F2| HYUES boolean FALE EHE

J_-'fE where Ié'% *|'%5|'O;| g“g

S HAMXE AFESHY where HO| ER9F THEO| EH
HE7ts

&
&
>+

Il
U
o

o =

. orderby™2 HHSIEl A|EAO| QA7 ML Uk HAlQ
J)% HlmAto| et HEE

var queryLondonCustomers =
from cust in db.Customers
where cust.City == “London” && cust.Name == “Devon”
orderby cust.Name ascending
select cust;
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var queryCustomers =
from cust in db.Customers
group cust by cust.City into custGroup
where custGroup.Count() > 2 // 3Z0| 49| 1S = 3t5t= 1T Htet
orderby custGroup.Key
select custGroup;
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Where, Select, GroupBy, Join, Max o Average A =

int[] numbers = new int[7] {0, 1, 2,3,4,5,6};
/I Query Syntax
var numQueryl = from num in numbers

where (num % 2) == 0 orderby num select num;
/I Method Syntax

o BN O

var numQuery2 = numbers.Where(num => num%?2 != 0).OrderBy(n=>n);

w =




PaTrs where =

< b

int[] numbersA={0,2,4,5,6,8,9};

int[] numbersB={1,3,5,7,8};

var pairs = from a in numbersA from b in numbersB
where a<b selectnew {a, b };

Console.WriteLine(“Pairs where a < b”);

foreach (var pair in pairs) {

Console.WriteLine(“{0} is less then {1}’, pair.a, pair.b);
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varnl=newint[]{1,2}
varn2 =new int[]{3,4};
var queryl = nl1.Concat(n2);
var query2 = n2.Concat(nl);
var query3 = nl1.Concat(n2).Concat(nl);
foreach (var n in queryl) {
Console.WriteLine(n); // enumerates 1, 2, 3, 4
}
Console.WriteLine();
foreach (var n in query?2) {
Console.WriteLine(n); // enumerates 3, 4, 1, 2

}
Console.WriteLine();
n1[0] = 0;

foreach (var n in queryl) {
Console.WriteLine(n); // enumerates 0, 2, 3, 4
}
Console.WriteLine();
foreach (var nin query3) {
Console.WriteLine(n); // enumerates 0, 2, 3, 4, 0, 2
}

Console.WriteLine();
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Blue is owned by Dooly
Pink is owned by Heedong

Person dooly = new Person("Dooly", 1000); Red is owned by Gildong
Person heedong = new Person("Heedong", 3); Green is owned by Tochi

Person gildong = new Person("Gildong", 50); :
Person tochi = new Person("Tochi", 100); vellon 8 ewnscl 1oy et

Person douner = new Person("Douner”, 200);
List<Person> people = new List<Person>() { dooly, heedong, gildong, tochi, douner },

Pet blue = new Pet("Blue", dooly);
Pet pink = new Pet("Pink", heedong);
Pet red = new Pet("Red", gildong);
Pet green = new Pet("Green", tochi);
Pet yellow = new Pet("Yellow", douner);
List<Pet> pets = new List<Pet>() { yellow, green, blue, red, pink};
var query = from person in people
join petin pets on person equals pet.Owner
select new { OwnerName = person.Name, PetName = pet.Name };
foreach (var petOwner in query) {
Console.WriteLine($"{petOwner.PetName} is owned by {petOwner.OwnerName}");

}




