COSE213: Data Structure

Lecture 12 - J12HZ (Graph)

Minseok Jeon
2024 Fall
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o 12T XEFXE L (vertex)2t ZHM (edge)=2| EleHY

L= (V) ={0,1,2,3)
ZH3 (E) ={(0, 1), (0,2),(0,3), (1,2), (2, 3)}
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o FHtTF 2T (undirected graph): Zt

. ZtZHMe QEBoR 2 4 9122 O|0|3 (A, B)E (B, )2 SUTH ZHIQ)

== (V) ={0, 1,2, 3}

o o M9 (E) ={(0, 1), (0,2),(0,3), (1,2), (2,3)}
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D=2

rsX| 2 G = (V,E)
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Ge| 22 12X (subgraphs of G)
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°1™ L E (adjacent vertex): ZHM0f| Q|5 2 HEE L E=

o o LE Q2 QIF - : {3, 1, 2}

LE19| Q™ LE : {0, 2}

LE29|QI™ LE - {0, 1, 3}

o o LE 39 2IF LE: {0, 2}
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& J2ljI(connected graph): X8| = L E S AJO|0f| B=7F EX

M T2l T (disconnected graph): 22{Zo| B E L. E 5 ALO|0| ZZ7}
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FEH 1 QI A E (Adjacency Matrix)
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Oz ol Foddttd 1: 01" = (Adjacency Matrix)
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1: 219 Si= (Adjacency Matrix)

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||




Jefmol Ut 1: Q17 WA (Adjacency Matrix)

F L& Ao[of| ZHI0] ZXot=X] F = 0(1) AlZE 2Holl SA| ZOrE &= U5

procedure edgeExist(1, j)
o 1 1 1 : r
....................... if M[i][j] = 1 then
_________ 1@11 return true
1 1 o 1 else:
""""" 111@ return false
5 end procedure
O|X @Eﬂ V]



Jefmo| EEH Y 1: o # (Adjacency Matrix)

O(1) Azt ot ZA| ot 4 9IS

g
=
o LLOXirS QBAZS AWMO|LE B= ZASIH O(n)2H0l|l & = US

. . . procedure outDegree(M, 1)
o 1 1 1 degree « 0
""""" 1 o 1 1 for k=0 to n—lo do
--------- 1T 1 e |1 degree « M]J1][k]
....................... end for
1 1 1 6© return degree
JESESIEENY end procedure
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Jafmo| EHUH 2: 1 2| AE (Adjacency List)
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24T G|O|E

o 2iZ O|O|EZ 22[5t7] fI8H L2229 7| s&E& MSdlofet

o insertnode: 12X H|O|EO| MER2 EE Aflgt

o insertedge: Je| I H|O|E{Of| MER2 ZHAS =71

e delete node: J2{ZE C|O|E{0]] Y= EE AMK|eh

o delete edge: 2 G|O|E{0]| Q= ZHM S APA| e

o search: J2HZ G|O|E{0)| M FO{Tl 7|15 71T L. E S Hiatel




O T AR RAELE CH2 1 262 MEE JHX|= H|0|E EF

#define MAX _NODES 100

typedef struct {
int adjacencyMatrix [MAX_NODES] [MAX_NODES];
bool nodePresent[MAX NODES];
char data[MAX NODES];

¥ Graph;




JI X2 OEd €2 825 71X = H|0[E EtY

create: H{O{U= 2 G|O|H (=E7107H)E ME = dizh

#define MAX _NODES 100

typedef struct {
int adjacencyMatrix [MAX_NODES] [MAX_NODES];
bool nodePresent[MAX NODES];
char data[MAX NODES];

¥ Graph;

procedure create()
graph <« allocateGraph()
for 1 =0 to MaxNodes()-1 do
graph.nodePresent[1] = false
for j = 0 to MaxNodes()-1 do
graph.adjacencyMatrix[i][j] =
end for
return graph
end procedure




Insert node

o insert node: 12X H[O|E{0| MER2 =EE &Id

o [ [2]

A~ ——

graph

D
data

procedure insertNode(graph, data)
1dx « -1
for 1 = MaxNodes() to O do
if (graph.nodePresent[1] = false) then
1dx <1
end if
end for
if idx = -1 then
return
end if
graph.nodePresent[1dX] « true
graph.data[idx] < data
end procedure

o [ 2 [3]

— (AW~ ©

graph



e insert node: 12X H|O|E{0| M2

(e 10 06
10168
© 100 [TTTEF|][aBC
© 90 0 0 —
————— nodePresent data
adjacencyMatrix
N/
0] [1] 2]
—
graph
D
data

~N

iInsert node

. . )
9 1 0 ©
L 1 ©0:1:60
— = AFOIGH R _ -
—= BHO @ 1 e @ [TTTT|][ABCD
O 0.0 .0
————— nodePresent data
adjacencyMatrix
\ y

procedure insertNode(graph, data)
1dx « -1
for 1 = MaxNodes() to O do
if (graph.nodePresent[1] = false) then
1dx <1
end if
end for
if idx = -1 then
return
end if
graph.nodePresent[1dX] « true
graph.data[idx] < data
end procedure

o [ 2 [3]

— (AW~ ©

graph




o [ [

A-H —

graph

0

from

2, ——>

to

procedure insertEdge(graph, from, to)
if invalidIndices(graph, from, to) then
return
end if
graph.adjacencyMatrix[from][to] < 1
if 1sUndirected() then
graph.adjacencyMatrix[to][from] « 1
end if
end procedure

—>

[O]

[1]

graph

2]



e 108 e 118
11 . L 16018
© 0 0 0 6 6 0 6
——————  nodePresent data ——————  nodePresent data
adjacencyMatrix adjacencyMatrix
N \/
o] [ [2]
; procedure insertEdge(graph, from, to) 1)
if invalidIndices(graph, from, to) then o
graph return —> [0] e
end if QG
0 graph.adjacencyMatrix[from][to] < 1
. if 1sUndirected() then graph
rom graph.adjacencyMatrix[to][from] « 1
) ————y | endif
end procedure

to



delete node

o delete node: J2HZ H|O|E{0f| R/l =EE AlK|gh

[1]

[3]
[0] e [2]
0»@ (D) .

graph

0

nodeldx

procedure deleteNode(graph, nodeldx)
if invalidIndex(graph, nodeldx) then
return
end if
for 1 =0 to MaxNodes() do
graph.adjacencyMatrix[nodeldx|[1] « O
graph.adjacencyMatrix[1][nodeldx] « O
end for
graph.nodePresent[nodeldx] « false
end procedure

—>

1 21 [3]
graph



10186 [e o 6 o
1 1 0 1 T T T T| |AIB C D|||l= = oF | |lo 92 1 0
———— nodePresent data e rtety [FTTT B CbD
adjacencyMatrix © 0. 1:0
N y —————— nodePresent data
\/ adjacencyMatrix
1] 3 procedure deleteNode(graph, nodeldx)
if invalidIndex(graph, nodeldx) then
return
end if 1] 21 [3]

graph for 1 =0 to MaxNodes() do e

graph.adjacencyMatrix[nodeldx|[1] « O

0 graph.adjacencyMatrix[i][nodeldx] < O graph
end for
nodeldx graph.nodePresent[nodeldx] « false

end procedure




delete edge

o delete edge: T2 |O|E{0| A ZEM S AbK|e

[1]

[3]
0] e [2]
Q»G (D) .

graph

0

from

2 —>

to

procedure deleteEdge(graph, from, to)
if invalidIndices(graph, from, to) then
return
end if
graph.adjacencyMatrix[from][to] < O
if 1sUndirected() then
graph.adjacencyMatrix[to][from] < O
end if
end procedure

o 01 2 [3]

— @~

graph



Example

nodePresent data

adjacencyMatrix

insertNode(g,B) s insertNode(g,C)
insertEdge(g,0,1) insertEdge(g,1,2)

¥

deleteNode(g,2) € deleteEdge(g,1,2) €« deleteNode(g,0)

create() = insertNode(g,A) —>
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Example Code

#include "Stack.h”
int DFS(Graph *graph, int startNode, int targetValue) {

if (startNode >= MAX NODES || !(graph->nodePresent[startNode])) {
return -1; // No such node

}
bool visited[MAX NODES] = { false };
Stack* stack = create();
push(stack, startNode);
while (!isEmpty(stack)) {
int current = pop(stack);
if (!visited[current]) {
visited[current] = true;
if (graph->data[current] == targetValue) {
return current;

}
for (int i = MAX NODES - 1; i >= 0; i--) {
if (graph->adjacencyMatrix[current][i] && graph->nodePresent[i] && !(visited[i])) {

push(stack, 1);
}

¥
¥

return -1; // No such node
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(1) A& =E & 70| enqueue &

(2)

(3) dequeue ¥ dequeuett =EQ| QN

(4)
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9| fronte| =ETL A 10X} 6= EEQIX| 2olet (AUSE BR MG ES U T IR).

I

S 5 WRIX QAN Foll gl =SS R0 Hel(enqueue)?!
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Example Code

#include "Queue.h"
int BFS(Graph *graph, int startNode, int targetValue) {

if (startNode >= MAX NODES || !graph->nodePresent[startNode]) {
return -1;

}
bool visited[MAX NODES] = { false };

Queue* queue = create();
enqueue(queue, startNode);
while (!isEmpty(queue)) {
int current = dequeue(queue);
if (lvisited[current]) {
visited[current] = true;
if (graph->data[current] == targetValue) {
return current;

¥
for (int i = ©; i < MAX_NODES; i++) {
if (graph->adjacencyMatrix[current][i] && graph->nodePresent[i] && !visited[i]) f{

enqueue(queue, 1i);

¥

¥
¥

return -1; // No such node
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