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CHAPTER 2
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Graph Theory
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** What is the Graph?
%* Digraph, Subgraph, Connected graph, Path, Cycle
+* Graph i
phs presentation
%* Breadth First Search

o Depth First Search
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What is a graph?
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syracuse
ochisier.
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Graph ld!

* graph: A data structure containing:
* asetof vertices V, (sometimes called nodes) °
* asetof edges £, where an edge @
represents a connection between 2 vertices.
* Graph G=(V/ )

® anedge is a pair (v, w) where v, ware in V/

® the graph atright:
* \V={a, b, d}

* £={(a ), (b,c), (b,d), (c,d)}

* degree: number of edges touching a given vertex.
® atright:a=1,b=2, c=3,d=2
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Graph LI
D (VE) il 50 G oLl O
aiall ol (980l (o Aegema 2V -
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Jlie O

» V={1,234,5}

> E={(1,2),(1,3),(1,4),(1,5),(2,3), (34), (4,5),(5.2)}
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Graph ld!
V] 5006 Ol & ddall suad 5a5
£ oledle (V=0 o8 13)
[E] 30,00 oled) @ cosdl suat 50

0O O 0O O O

V=5
[E|=8
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DiGraph 4>gl! oLl
il 44d Any ST Ol 92 42l (Ll O
i15j G < <y, V> 1= v, v ol LI O

vV={1.2345} a

Jis O

E-{2, 13, 14, 15, 23, 34, 45, 52} ‘
()
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Graph examples
Uror each, what are the vertices and what are the edges?
* Web pages with links
* Methodsin a program that call each other

* Road maps (e.g., Google maps)

® Airline routes

® Facebook friends

/®
@m
®

® Course pre-requisites

* Family trees

&
=

® Paths through a maze
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Subgraph =)l oLl

e AegemaV' Cum Gl 58 6= (EV) oladl o0 6= (EV) 32ll oLl ©
o &b degama B 9V (00

o ©
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Graph Subgraph
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Path_)t—a«l‘
ddall e Adlize ga Wsaaall JIVaaaall oo jludl (ol g? (o]

(V1,V2), (V2,V3),... (Vk-2,Vk-1), (Vk-1,VK)

Q W=Vkg. V=VI:5l coxy

:JSCEdL Bole Hledl 1 Joay O
\ V1,V2,V3,. Vk
6 0 k &Ll ;Ludl length Jsb O
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o Total of 14 paths (Work out the rest yourself)

o V,V, V,is shortest

e Distance between vertices is minimum number of

edges on all paths

Loy

Path )Lwl‘
15t)

e Cycle is path staring and ending on same vertex

Eg. V,V,V,V,

https://manara.edu.sy/ 1"
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Adjacent Edges 5 yglzil| <logl!
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Connected Graph oyl All oLed!
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Strongly Connected Graph 3445 oyl ALl Ll
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Cycle 4al=/

Amsll S Circuit 5,155 (A skl pe) Al SLL! § 3al> sy O
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Weighted Graph Jaill oL

24050 Ui Ed edlog I of iz Olo 52 G=(VEW) Jatll oLl ©
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Graphs presentation obled! Jdied

List of edges <)o gll 4xi¥ O

Adjacency Matrix yylzid| 4dsi4ae O

Adjacency list jgl=ill 4x3¥ O

Incidence Matrix 394! 499400 O
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List of Edges oMo ol dxs¥
AsY Al solxll oldl Jies ©

1,2
a 1,3

1,4

\\ 1,5

.

2,5

34

4,5
O(JE]) &)y oo Jutarld a3 @zl ©
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Adjacency Matrix ygled| 489d.a0

1 if V;Vg € (thatisif V Vg isan edge)
JK= -
0 otherwise

5 p5lall Lgiially 5 olll J2es O

N~

Vi | W N[ =

—_—
—_—

ol =~ o~ -] w
—_—

ol = o = = wv
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Adjacency Matrix ygle=i| 489das

Vi V3 Vi V, Vs Vg

V3
vifo 1 1 1 0o o]
V6 V|1 0 1 1 o0 0
Vi1 1 0 1 1 1
v Vil 1 1 0 1 0
l Vs [0 0 1 1 0 1
\z Vs Ve [0 0 1 0 1 0
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Adjacency Matrix ygled| 489d.a0

wivi, vj) if (vi,vj) € E syl sl U 3 O
aij=14 0 if i =j i
oo otherwise
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Adjacency Matrix ygle=i| 489das

Vi | wv2]|v3|V4]|vs | Ve

V1 0 2 5 1 oo )

V2 3 0 3 2 ) o

V3 8 6 0 3 1 5

V4 7 2 3 0 1 i

V5 L oo 1 1 0 2

V6 oo ) 8 ) 4 0
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Adjacency Matrix ygle=i| 489da4

V6 5 V1 oLl Jlsbls wilaludl cows! O

Path Distances and Lengths V,
to V;

Distance  Length
11

8

10

10

7

16
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4
3
5
4
5
D)
3
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Adjacency List jol=i| d=s¥

359kl AL ¥ oled! Jies O

2 3 4 5

: : ‘ S

i d Byglell adall e LinkedList [i] 4= cpainis Cy> O

LinkedList
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Example 1 )
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Example 2 tooin

BY\ESA| TS
1 2 25
2 3 10 4 |14
3 1 5 6 |16
4 2 6 3|18
5
6 1 | 4 32 5|42 7 |14
7 4+—»| 6 1
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Incidence Matrix 39 ¢! 43 gi4a0

0 otherwise

{1 if the vertix Jis an end of edge K
JK =

39kl 4898 L1 g?;b’\ oldl Jis O

AlB|c|DlEe]|cFr H
T 1T(10(f0(O0()1]1 0
21100} 0]|O0 1
301 1({O0(|0]"1 0
40011 (0}|O0 0
s50fjO0fO0O|1|1]0 1
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‘:‘Depth—First Search
+*Breadth-First Search
‘:‘Single—Sou rce Shortest path
+* All-Pairs Shortest path

R/ .. .
%*Minimum Spanning Tree
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Breadth First Search ¥si Lo ,2Jl Eexd!
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Breadth First Search ¥gi Lo ,aJl Eoxy|

Breadth-first(Graph, startNode)

forX=1to|V|do

Type[X] = unvisited;
Create(Queue);
Type[startNode] = inQueue;
Insert(startNode, Queue);

visitOrder=1;

)

while not IsEmpty(Queue) do

nextNode = GetFirst(Queue);

List[nextNode] = visitOrder;

visitOrder++;

Type[nextNode] = visited;

for each node adjacent to nextNode do
if Type[node] == unvisited then

Type[node] =inQueue;

Insert(node, Queue);

end if;
end for;
end while;

return List;
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Breadth First Search Ysi o2adl el
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Breadth First Search: Example
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Breadth First Search: Example

r u
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Breadth First Search: Example

Y
Q| r t x
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Breadth First Search: Example
u
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Breadth First Search: Example
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Breadth First Search: Example
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Breadth First Search: Example

Q| u |y
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Breadth First Search: Example
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Breadth First Search: Example
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Breadth First Search: Example
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Depth First Search ¥si geally |
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Depth First Search: Example
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Depth First Search: Example

w
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Depth First Search: Example
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Depth First Search: Example
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Depth First Search: Example

w
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Depth First Search: Example
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Depth First Search: Example
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Depth First Search: Example
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Depth First Search: Example
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Depth First Search: Example
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Depth First Search: Example
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Depth First Search: Example
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Depth First Search: Example
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Depth First Search: Example
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Depth First Search: Example
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Depth First Search: Example
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Example
O
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Example: BFS

OL
B C D E 1
O t
%G % 81 e

[ABC]
[ABCD]
[ABCDE]
[ABCDEF]
[ABCDEFG]
[ABCDEFG H]
[ABCDEFGHI]
[ABCDEFGHIJ]

[A]
[B]
[c
[D]
[E]
[F]
(6]
[H]
[m
1]
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Example: DFS

Ok
B C D E 1
O u
F G H I J n

[ABF]
[ABFG]
[ABFGC]
[ABFGCH]
[ABFGCHI]
[ABFGCHID]
[ABFGCHIDJ]
[ABFGCHIDJE]

[A]
[B]
[F]
[G]
[d]
[H]
[m
[D]
1]
[E]

@
&
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