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Chapter 1: Graph

Learning outcome

+* Whatis the Graph?
o Digraph, Subgraph, Connected graph, Path, Cycle
+$* Graph i
phs presentation
+%* Breadth First Search

o Depth First Search
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What s a graph?
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Graphs
* graph: A data structure containing:
* asetof vertices V, (sometimes called nodes)
* asetof edges £, where an edge
represents a connection between 2 vertices. o
* Graph G=(V} §)
* an edge is a pair (v, w) where v, ware in V/
® the graph atright: o 0
* IV={a,b,c, 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

https://manara.edu.sy/ 6
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» V={1,234,5}

» E={(1,2),(1,3),(1,4),(1,5),(2,3), (3/4), (4,5).(5.2)}
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E={2, 13, 14, 15, 23, 34, 45 52}
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Graph examples
® For each, what are the vertices and what are the edges?

* Web pages with links

* Methods in a program that call each other

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

® Airline routes /®®

* Facebook friends @ \%\@f
® Course pre-requisites \ ‘®'
* Family trees /_

* Paths through a maze

https://manara.edu.sy/ 10
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Graph Subgraph
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(V1,V2), (V2,V3),... (Vk-2,Vk-1), (Vk-1,Vk)

W=Vk g V=V1:5i doxs
©) &)
—
ISl sale Sl lda Joay O
&

k &:ludl 5Lull length Job O

V1V2V3,.Vk
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o From Vo ¥(incomplete list) Pathj L

_ 4

o Total of 14 paths (Work out the rest yourself)

oV, V, V,is shortest
e Distance between vertices is minimum number of
edges on all paths

e Cycle is path staring and ending on same vertex
Eg. V.V, V,V,

https://manara.edu.sy/ 13

[

é)liall

Adjacent Nodes 8y5lzil| azall

s obyleie ViV, obuasll O
(b Ol > B E 3555250 (v, v> 9) <, v> Aol ciE13 O

N Lese oldl 05 13] ©

€> @ Vi}l:ﬁvj o

https://manara.edu.sy/ 14



Y

6)lioJl

Adjacent Edges‘éﬁl,xﬁ.\ RN |
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Graphs presentation SLLJ! Jdas

@ List of edges oMo gll 4xs¥ O

_/
@ @ Adjacency Matrix jglz=d| 4890 O
o 4 Adjacency list jolzd| 43¥ O
O—®

Incidence Matrix 394! 4894400 O
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Adjacency Matrix ygl=ill 4994 4na
{1 if VjVg&E (thatisif V;Vg isanedge)
JK=

0 otherwise
10203 ]4]s :@5@\@%4@@?\&\14\&50
vlof1l1l11 @
2101|0101 @ @
311(1j0f1)0 <<
+]1]o]1]o0]1 /
s{11]o]1]o0 @@
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Adjacency Matrix yglz=ill 484440

Vi Vi Vi Vi Vs Vg

V3 _ .

vifo 1 1 1 o o

Ve V{1t 0o 1 1 o0 o

Vit 1 0 1 1 1

Vel 11 0 1 0

Vi

Vs [0 0 1 1 0 1

Yy Vs Ve |00 1 0 1 0
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Adjacency Matrix gLzl 48 9.4m0
kel otld dl- 3 0
w(v, vj) if (vi,vj) e E
ai ;= 0 if i=j

o otherwise

1012 (31| 41|35

[ol1]3]2]2 1@32

21]0]2]=]|3 (1) 3 (3)
3131201 2 2 1
+|2]wl1]o0]5 (5)5(2)
51213 |=|5]0
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Adjacency Matrix ygl=il| 4894 ma

V4

A% V2 V3 V5 V6

Vil of|2§|S>5 1| o | o

V2 3 0 3 2 0 00

31 8|6 |0 |3 ]|1]|5

va |7 2 | 3]0 1| o

V5 | o | o 1 1 0 2

V6 | oo || o | 8 | | 4 | O
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Adjacency Matrix yslz=)l 48 94m0
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Path Distances and Lengths V,

Distance  Length
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4
5
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Example 2

35

&_vj_tjal‘ ®

.)5L;zﬁ| ?Q}w ..L?ji A

BTIES |- PN ..\_‘g-ji 2

https://manara.edu.sy/

36



P

deola
Stiall
slontll Ry Example 2
10234567 @ 25 @
0250 |o|o|ofo 5 10 14 6
oo 01014 oo | | o 18
BD—®
5[0 |0f|w|w|l6|w
16
| 6[18]0 |w|w|owo 32
0 | oo foofoof Of cof o @ > @ 11 @
o || oo | oo || 3242 14
o0 oo oofoofoofllf 0 14
https://manara.edu.sy/ 37
doola
o)l
slntll s Example 2
25
2E (D——(2)
3 | 10 4 |14 5 10 14
18
1 5 6 |16 @ @
2 | s 3|18 16 30
6 Jerr-(7)
4 4| = 5 |22 7 |14 <942 Q 1
——>| 6 11
14

https://manara.edu.sy/

38



Y

Incidence Matrix 39 54| 4894400
{1 if the vertix Jis an end of edge K
S K =

0 otherwise
Bygleell W398 ally ¥ Ll Jias O

F
C/ H

w
O|Oo|O|kFr |k
OOk, |O
OFRr|Fk,|[O|O
R, [|[O|OC|O
R |O|lOC|O|F
OO, |[O|F
O|rRr[|O|OC|rF
R | O[|O|Fr|O

https://manara.edu.sy/ 39

[

é)liall

Oled! e wladay
% Depth-First Search
*3* Breadth-First Search
’:’Single—Source Shortest path
*$* All-Pairs Shortest path

)/ .. .
** Minimum Spannlng Tree
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Breadth First Séarch: Example
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Breadth First Search: Example
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Breadth First Search: Example
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Breadth First Séarch: Example
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Breadth First Search: Example
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Breadth First Séarch: Example
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Breadth First Séarch: Example
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Breadth First Séarch: Example
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Breadth First Séarch: Example
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Breadth First Séarch: Example
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Depth First S(:,I'airch: 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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A

B
F G
L bl
1]

[A]

[AB]
[ABC]
[ABCD]
[ABCDE]
[ABCDEF]
[ABCDEFG]
[ABCDEFGH]
[ABCDEFGHI]
[ABCDEFGHIJ]

Example: DFS

C
I

H
BN

[A]
[B]
[c]
[D]
[E]
[F]
[G]
[H]
[1
1]
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[A]

[AB]
[ABF]
[ABFG]
[ABFGC]
[ABFGCH]
[ABFGCHI]
[ABFGCHID]
[ABFGCHIDJ]
[ABEGCHIDJE]

[A]
[B]
[F]
[G]
[c]
[H]
[1
[D]
1]}
[E]
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