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Binary Tree

% Binary Tree
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Binary Tree

% Binary Tree
v' Binary Tree 2| 37
® Full Binary Tree(Z3} O|Zl E&])
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Binary Tree

% Binary Tree
v’ Binary Tree 2| &F
® Complete Binary Tree(2t™ O|ZI EZ))
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Binary Tree

% Binary Tree
v' Binary Tree 2| 37
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Binary Tree

% Binary Tree 7%
v' TreeNode
class TreeNode {
int data;

TreeNode left;
TreeNode right;

}
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Binary Tree

% Binary Tree 7%
v LinkedTree

class LinkedTree {
private TreeNode root;

public LinkedTree(int data) {
root = new TreeNode();
root.data = data;
root.left = null;
root.right = null;

}

public TreeNode getRootNode() {
return rooft;

}
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Binary Tree

% Binary Tree 7%
v LinkedTree

public void insertLeftChildNode(TreeNode pParentNode, int element) {
if (pParentNode.left == null) {
pParentNode.left = new TreeNode();
pParentNode.left.data = element;
} else {
System.out.printin("2 5, 00| = E7} ZEXfgL(Ct");

}
public void insertRightChildNode(TreeNode pParentNode, int element) {

if (pParentNode.right == null) {
pParentNode.right = new TreeNode();
pParentNode.right.data = element;

} else {
System.out.printin("2 &, 0|0 =7} EXfFLICE");
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Binary Tree

% Binary Tree 7%
v LinkedTree

public TreeNode getLeftChildNode(TreeNode pNode)

{
TreeNode pReturn = pNode.left;

return pReturn;

}

public TreeNode getRightChildNode(TreeNode pNode)

{
TreeNode pReturn = pNode.right;

return pReturn;
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Binary Tree

% Binary Tree 7%
v LinkedTreeMain
public class LinkedTreeMain {

public static void main(String[] args) {
LinkedTree tree = new LinkedTree(100);

TreeNode root = tree.getRootNode();
System.out.printin(root.data);

tree.insertLeftChildNode(root, 200);
tree.insertRightChildNode(root, 300);

System.out.printIn(tree.getLeftChildNode(root).data);
System.out.printin(tree.getRightChildNode(root).data);
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Binary Tree

< Binary Tree =3
v ™ =2|(preorder traversal)
o DM E) - L(EZ ME EZ|) - RREZ ME Ed|) =M Z NE|
O 2 D : §ixl = nS X2ISiCt,
O 2 L oiXl = n2| IF AME E2|Z 0|SSiCt
(3

AR : §IXl| LE no| REXZ ME E2|Z 0|SFIC
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Binary Tree

< Binary Tree =3|
v %] &=3|(preorder traversal)
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Binary Tree

< Binary Tree =2
v &% =32|(Inorder traversal)
® | >D—-R&=ME AN LEE WES= &Y DE Y LA Y Re| 5710 =
O = L : 8ixf .= ne| 2% AME E2|Z O|SSITt
@ = D : 8l .= ngS X2|8lCt,

O =4 R : 8iXf L= nQ| QEXE ME E2|Z 0|S3IC},
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Binary Tree

< Binary Tree =2
v &% &=2|(Inorder traversal)
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Binary Tree

< Binary Tree =3

v 28| &=2|(Postorder traversal)
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Binary Tree

< Binary Tree =3
v 22| £3|(Postorder traversal)
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Binary Tree

< Binary Tree =3| 3
v LinkedTree Of A= F=7}
public void preorder(TreeNode root){
if(root = null){
System.out.print(root.data + " ");

preorder(root.left);
preorder(root.right);
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Binary Tree

< Binary Tree =3| 3
v' LinkedTree O HIME 7}t
public void inorder(TreeNode root){
if(root = null){
inorder(root.left);

System.out.print(root.data + " ");
inorder(root.right);
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Binary Tree

< Binary Tree =3| 3
v LinkedTree Of M E 7}

public void postorder(TreeNode root){
if(root = null){
postorder(root.left);

postorder(root.right);
System.out.print(root.data + " ");
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Binary Tree

< Binary Tree =3| 3
v LinkedTreeMain =7

public class LinkedTreeMain {

public static void main(String[] args) {
LinkedTree tree = new LinkedTree(100);

TreeNode root = tree.getRootNode();
tree.insertLeftChildNode(root, 200);
tree.insertRightChildNode(root, 300);

TreeNode node = tree.getLeftChildNode(root);

tree.insertLeftChildNode(node, 400);
tree.insertRightChildNode(node, 500);
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Binary Tree

< Binary Tree =3| 3
v LinkedTreeMain =7

tree.inorder(root);
System.out.printIn();

tree.preorder(root);
System.out.printIn();

tree.postorder(root);
System.out.printIn();
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Binary Tree

< Binary Tree =E 7= FeiFE& HME +H
v LinkedTree O .= E9| 7f=9t Tt L E Jj=E P& HAME FIt
//=E Jl+E M= HME
public int getNodeCount()

{
int ret = getNodeCountNode(root);

return ret;

private int getNodeCountNode(TreeNode node)
{

int ret = O;
if(node !'= null) {
ret = getNodeCountNode(node.left) +
getNodeCountNode(node.right) + 1;

}

return ret;
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Binary Tree

< Binary Tree =& 7= FoliF= HME +3H
v LinkedTree O .= E9| 7f=9t Tt L E Jj=E P& HAME FIt
/T L E JEE MFE HME

public int getLeafNodeCount()
{

int ret = 0O;
if (root != null) {
ret = getLeafNodeCountNode(root);

}

return ret;
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Binary Tree

< Binary Tree =& 7= FoliF= HME +3H
v LinkedTree O l==0| 7lj4=0t T L= Jf4=& T = HME 74

private int getLeafNodeCountNode(TreeNode pSource)
{
int ret = 0;
if (pSource != null) {
if (pSource.left == null && pSource.right == null) {
ret = 1;
}
else {
ret = getLeafNodeCountNode(pSource.left) +
getLeafNodeCountNode(pSource.right);
}
}

return ret;
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Binary Tree

< Binary Tree =3| 3
v LinkedTreeMain 222 2| main HME SITHO| =7t

System.out.printin("'= & 7§=" + tree.getNodeCount() + "");
System.out.printin("Et2 == 7" + tree.getLeafNodeCount() + "");
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% Heap

v
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% Heap
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% Heap
v HEAP2| & ¢ A4t
e EZ|Oof OrX|E Xt2|off /Al MFH
e FI Qo7 gfHu A Ol
& M2 F7Iot 29| 7] gf0| 2 LEHDH AC0HEH M2 Wt
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s Heap

v Heap 222

class Heap{
private int heapSize;
private int itemHeap(];

public Heap(){
heapSize = 0;
itemHeap = new int [50];

}

public void insertHeap(int item){
int i = ++heapSize;
while((i '= 1) && (item > itemHeap[i/2])){
itemHeapli] = itemHeapl[i/2];
i/=2;
}
itemHeapli] = item;

}

public int getHeapSize(){
return this.heapSize;
}
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< Heap
v Heap 222

public int deleteHeap(){

int parent, child;
int item, temp;
item = itemHeap[1];

temp = itemHeap[heapSize--];

parent = 1; child = 2;

while(child <= heapSize){

if((child < heapSize) && (itemHeap[child] < itemHeap[child+1]))
child++;
if(temp >= itemHeap][child]) break;

itemHeap[parent]

parent = child;
child *= 2;
}
itemHeap[parent] = temp;
return item;

itemHeap[child];



< Heap
v Heap 222

public void printHeap(){
System.out.printf("#nHeap >>> ");
for(int i=1; i<=heapSize; i++)
System.out.printf("[%d] ", itemHeapli]);
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< Heap
v HeapMain 222

public class HeapMain {
public static void main(String[] args) {
int n, item;
Heap h = new Heap();

h.insertHeap(13);
h.insertHeap(8);

h.insertHeap(10);
h.insertHeap(15);
h.insertHeap(20);
h.insertHeap(19);

h.printHeap();
n = h.getHeapSize();
for(int i=1; i<=n; i++){

item = h.deleteHeap();
System.out.printf("#n deleted Item : [%d]", item);
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% Graph
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% Graph
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% Graph
v gzl J3F
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% Graph
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% Graph

v &

Adjacent(Q1H): & Q] =EE H&Ast= 7tH0| EXdt= 8%
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oo
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gz

Loop: AZHZO| Qlo|o| =0 M Xt7| KFAIS 2 O|OfX|&= ZHA
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% Graph 7%
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% Graph 7+%
v =X XX E 0|8% A= o 719 - AdjMatrix e

class AdjMatrix{

//Higel s MEY Hi g
private int matrix[][];
[/ o] ¥iokd S MY B
private boolean isDirect;
//ARHEL| 27|15 MY B

private int size;

[/ 8GR - = o] A7|of Wekd S
public AdjMatrix(int size, boolean isDirect) {
matrix = new int[size][size];

this.isDirect = isDirect;
this.size = size;

-
0x

O§ 70 == BHOFN
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% Graph 7+&

v X REREE 0188 1| T - AdjMatrix S~
/1S FIM5HE HME
public void insertEdge(int v1, int v2){
if(v1>=size || v2>=size) {
System.out.printin(" 120 Q=
}

else {
if(isDirect == true) {
matrix[v1][v2] = 1;
lelse {
matrix[v1][v2] = 1;
matrix[v2][v1] = 1;

ZEYULTHM;
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< Graph 7+3
v =X AETARE 0|80 Aa=o| 313 - AdjMatrix =Ej&
/1S MASHE HME
public void removeEdge(int v1, int v2){
if(v1>=size || v2>=size) {
System.out.printin(" 2 =0 Si= & LICHM);

}
else {
if(isDirect == true) {
matrix[v1][v2] = O;
lelse {
matrix[v1][v2] = O;
matrix[v2][v1] = O;
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% Graph 7+&
v &k XARTEE 0|83 A= o| 13 — AdjMatrix S22
/Bl W8S E8ot= HME
public void printAdjMarix() {
for(int i=0; i<size; i++) {
for(int j=0; j<size; j++) {
System.out.print(matrix[i][j] + " ");

)
System.out.printIn();
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% Graph 7+%
v =X XX E 0|8% A= o 719 - AdjMatrix e

public class AdjMatrixMain {
public static void main(String[] args) {
System.out.println("----&&kA J2f=Z----");
AdjMatrix graph = new AdjMatrix(5, true);
graph.printAdjMarix();
System.out.printin();

graph.insertEdge(0, 1);
graph.insertEdge(2, 3);
graph.printAdjMarix();
System.out.printin();

graph.removeEdge(2, 3);

graph.printAdjMarix();
System.out.printIn();
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% Graph 7+&

v 2% XNHETEES 03 12| 7Y - AdiMatrix S22
System.out.printin("---- £ JefzZ----");
graph = new AdjMatrix(5, false);
graph.printAdjMarix();

System.out.printIn();

graph.insertEdge(0, 1);
graph.insertEdge(2, 3);
graph.printAdjMarix();
System.out.printIn();

graph.removeEdge(2, 3);

graph.printAdjMarix();
System.out.printin();
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% Graph 7+®
v AZ Z|AEEZ 0|8% A2fZo| ¥ — GraphNode S22

class GraphNode {
int vertex;
GraphNode link;
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% Graph 7+®
v OlZA Z|AEE 0|83 dEjZol & — AdjList 2EHA

class AdjList {
private GraphNode head(];;
private int size;
private boolean isDirect;

public AdjList(int size, boolean isDirect) {
head = new GraphNode[size];
for (inti =0;i < size; i++) {
head[i] = new GraphNode();
}
this.isDirect = isDirect;
this.size = size;
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< Graph T3

v 4 g[2EF O|8%h daZ=of 33 — AdjList el
public void insertEdge(int v1, int v2) {

if (v1 >= size || v2 >= size) {
System.out.printin(" 2 =0 Si= & LICHM);

} else {

if (head[v1].link == null) {

} else {

GraphNode next = new GraphNode();
next.vertex = v2;
head[v1].link = next;

GraphNode next = new GraphNode();
next.vertex = v2;

GraphNode temp = head[v1].link;
GraphNode prev = head[v1];

boolean flag = false;
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% Graph 7+®
v OlZA Z|AEE 0|83 dEjZol & — AdjList 2EHA
while (true) {

if (v2 == temp.vertex) {
System.out.printin("0| 0]

return;
} else if (v2 > temp.vertex) {
if (temp.link == null) {

break;
}
prev = temp;
temp = temp.link;
} else {
flag = true;
break;
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% Graph 7+®
v OlZA Z|AEE 0|83 dEjZol & — AdjList 2EHA

if (flag == false) {
next.link = temp.link;
temp.link = next;

} else {
prev.link = next;
next.link = temp;
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% Graph 7%
v 04 2[A2EZ 0|8%t A= 7+ — AdjList 224
if (isDirect == false) {

int imsi = v1;
vl = v2;
v2 = imsi;

if (head[v1].link == null) {
GraphNode next = new GraphNode();
next.vertex = v2;
head[v1].link = next;

} else {
GraphNode next = new GraphNode();
next.vertex = v2;
GraphNode temp = head[v1].link;
GraphNode prev = head[v1];
boolean flag = false;
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% Graph 7+®
v OlZA Z|AEE 0|83 dEjZol & — AdjList 2EHA
while (true) {

if (v2 == temp.vertex) {
System.out.printin("0| 0]

return;
} else if (v2 > temp.vertex) {
if (temp.link == null) {

break;
}
prev = temp;
temp = temp.link;
} else {
flag = true;
break;
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% Graph 7+®
v OlZA Z|AEE 0|83 dEjZol & — AdjList 2EHA

if (flag == false) {
next.link = temp.link;
temp.link = next;

} else {
prev.link = next;
next.link = temp;
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% Graph 7+®
v OlZA Z|AEE 0|83 dEjZol & — AdjList 2EHA

public void removeEdge(int v1, int v2) {
if (v1 >= size || v2 >= size) {
System.out.printin(" 2 =0 Si= & LICHM);
} else {
if (head[v1].link == null) {
System.out.printin("ZtM 0] G101 AR =
s L BRI,
} else {
GraphNode temp = head[v1].link;
GraphNode prev = head[v1];
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% Graph 7+®
v OlZA Z|AEE 0|83 dEjZol & — AdjList 2EHA

while (true) {
if (v2 == temp.vertex) {
prev.link = temp.link;
temp = null;
break;
} else {
if (temp.link == null) {

System.out.printin("ZX{5tA| = ZHM QI LICE");
break;
}

prev = temp;
temp = temp.link;

65



% Graph 7%
v 04 2[A2EZ 0|8%t A= 7+ — AdjList 224
if(isDirect == false) {

int imsi = v1;
vl = v2;
v2 = imsi;

if (head[v1].link == null) {
System.out.printin("Z+ 0] QLO{A| AbK|E
&= lE LTy,
} else {
temp = head[v1].link;
prev = head[v1];
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% Graph 7+®
v OlZA Z|AEE 0|83 dEjZol & — AdjList 2EHA

while (true) {
if (v2 == temp.vertex) {
prev.link = temp.link;
temp = null;
return;
} else {
if (temp.link == null){
System.out.printin("EX{5tXA| = ZFM QILICE");
return;
}
prev = temp;
temp = temp.link;
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% Graph 7+®
v OlZA Z|AEE 0|83 dEjZol & — AdjList 2EHA
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% Graph 7+®
v OlZA Z|AEE 0|83 dEjZol & — AdjList 2EHA

public void printAdjList() {
for (inti =0;i < size; i++) {
if (headli].link == null) {
break;
} else {
GraphNode temp = head][i].link;
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% Graph 7+®
v OlZA Z|AEE 0|83 dEjZol & — AdjList 2EHA

while (true) {
System.out.print("(" + i + "," + temp.vertex

+ )",
if (temp.link == null) {
break;
} else {
System.out.print(",");
temp = temp.link;
}
}
System.out.printin();
}
}
}
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< Graph T3
v AZ f|2ES 0[8% A= 1 — AdjlistMain S22~
public class AdjListMain {

System.out.printIn("------ b i = S— "):
AdjList graph = new AdjList(5, true);
graph.printAdjList();
graph.insertEdge(0, 0);
graph.insertEdge(0, 2);
graph.insertEdge(0, 1);
graph.insertEdge(1, 2);
graph.insertEdge(2, 3);
graph.insertEdge(2, 2);
graph.insertEdge(2, 1);
graph.printAdjList();
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% Graph 7+®
v 9Z 2|AEZ 0|83t d2fZo| 115 — AdjListMain 22fA
System.out.printIn("------ e A - ");
graph.removeEdge(0, 1);
graph.printAdjList();
System.out.printin();
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% Graph 7+®
v AZ Z|AEE 0|8% AgfZo| ¥ — AdjListMain S22

System.out.printin("---F2FgF -,

System.out.printIn("------ HM FET ");
graph = new AdjList(5, false);
graph.printAdjList();

graph.insertEdge(0, 0);
graph.insertEdge(0, 2);
graph.insertEdge(0, 1);
graph.insertkEdge(1, 2);
graph.insertEdge(2, 3);
graph.insertEdge(2, 2);
graph.insertEdge(2, 1);
graph.printAdjList();
System.out.printIn("------ P 2N RN < I— "):

graph.removekdge(0, 1);
graph.printAdjList();
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< Graph EfAH
v 70| M EHM(DFS — Depth First Search)
o ATZ|E0 et de= G9E AO0| M &=3|st= 1Y
L 4

2= G92| #O| R4 HHMS fIet 27| JEff: i E visited £ false2
7|55t B AEK MY
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visited[A] - true;

AHYE;

visited

stack

GO
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Z10] M EHM(DFS - Depth First Search)
o ATZ|ZF0f et d2fZ G9E 20| M =3|5t= 1ty
¢ T A0 HESIK| 42 HA B, CIt A2 BE AE AE0| pushst

BOf C ZOJA QXA fet B2 MEHBIO] IS A%

push(stack, A);
visited[B] - true;
B &=;"
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push(stack, B);
visited[D] - true;
D &&;
B2| 2Ky &H
v v v
HE A B C D E F G
(0] [1] [2] [3] [4] [5] [6]
T|T|F|T|F|F|F
B visited
A
stack
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GE M EHO|.0:I EFANS H &

push(stack, D);
visited[G] — true;

G &=;

v v
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D T T F T F F T
B visited
A
stack
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push(stack, G);
visited[E] - true;

E &=;
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push(stack, E);
visited[C] = true;
CYE;
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pop(stack);
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pop(stack);

EFAH (DFS - Depth First Search)
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push(stack, G);

visited[F] - true;
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< Graph ErAf
v Z0| &M EHM(DFS — Depth First Search) 7+ — Node 2F Stack 222

class GraphNode {
int vertex;
GraphNode link;

}

class StackNode{
int data;
StackNode link;
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< Graph &AM
v 70| M EFM(DFS - Depth First Search) 713 — DFS HIAMEZ AdjList 224201 27}

public void DFS(int v){
GraphNode w = new GraphNode();
LinkedStack S = new LinkedStack();;
boolean visited[] = new boolean[size];
S.push(v);
visited[v] = true;
System.out.print(v + " ");
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% Graph

v 70| &M EFM(DFS - Depth First Search) 713 — DFS HMEZ AdjList 22§ A0] 27}

while(S.top != null){
w = head[v];
while(w = null){
if(visited[w.vertex]==false){
S.push(w.vertex);
visited[w.vertex]=true;
System.out.print(w.vertex +" ");
vV = w.vertex;
w = head[v];
}
else w = w.link;
}
v = S.pop();
}
System.out.printin();
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< Graph &AM
v 20| M EHM(DFS — Depth First Search) 7181 — main HA =0 =7}

System.out.printin("---Z 0| &4 EFAH___),
graph.DFS(0);
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< Graph EfAH

A (BFS — Breadth First Search)
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=051 70| enQueue
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v L4H| @M EFA(BFS - Breadth First Search)
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< Graph EfAH
v L4H| @M EFA(BFS - Breadth First Search)
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< Graph EfAH
v L4H| @M EFA(BFS - Breadth First Search)
2 O 2t J2i= G9E HH| M &=2|5t= 1t
MG
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v L4H| @M EFA(BFS - Breadth First Search)
o UNZ|=of et A= G9E HH| @AM £&3|8t= Y
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HES &7] o FE deQueuedstd GE 2
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v L4H| @M EFA(BFS - Breadth First Search)
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o A1Z|E0 et A2 E G9E HH| M &=3|st= 1Y
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v — deQueue(Q);
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< Graph ErAf
v 48| 24 EH(BFS — Breadth First Search) 7+ — Node 222
class QNode{

int data;
QNode link;
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< Graph &AM
v L{H| &4 EFM(BFS — Breadth First Search) 7+ — LinkedQueue= 2

class LinkedQueue{
QNode front;
QNode rear;

public LinkedQueue(){
front = null;
rear = null;

}

public boolean isEmpty(){
return (front == null);

}

105



< Graph &AM
v 4H| &M EFA(BFS — Breadth First Search) +¥1 — LinkedQueue= 22

public void enQueue(int item){
QNode newNode = new QNode();
newNode.data = item;
newNode.link = null;
if(iSEmpty(){
front = newNode;
rear = newNode;
}
else {
rear.link = newNode;
rear = newNode;
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< Graph EfM
v HH| 4 B (BFS - Breadth First Search) & — LinkedQueue= 2

public int deQueue(){

if(isEmpty()) {
System.out.printIn("Deleting fail! Linked Queue is empty!!");

return O;

}

else{
int item = front.data;
front = front.link;
if(front == null)

rear = null;

return item;

}
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% Graph
v

ElAH
[ ey

IHH| M EFM(BFS — Breadth First Search) 7t% — LinkedQueueZ A

public void BFS(int v){
GraphNode w = new GraphNode();
LinkedQueue Q = new LinkedQueue();
boolean visited[] = new boolean[10];
visited[v] = true;
System.out.print(v + " "),
Q.enQueue(v);
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< Graph &AM
v HH| M EFA(BFS — Breadth First Search) +91 — LinkedQueue= 22

while(! Q.isEmpty()){
v = Q.deQueue();
for(w=head[v]; w != null; w=w.link){
if(visited[w.vertex] == false){
visited[w.vertex] = true;
System.out.print(w.vertex + " ");
Q.enQueue(w.vertex);

}

)
System.out.printin();
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< Graph EHA
v L{H| M EHM(BFS — Breadth First Search) 79 — main HIA| =0 7t

System.out.printIn("---LH4H| $44 EFAH-__m).
graph.BFS(0);
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