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CHAPTER 2
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Graph Theory
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+* Whatis 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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Graph Led!
* 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, ), (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 Ll
D> (VE) wilid 9a G oLl O
diall ol w98l e degama AV >
s o099l O Lasd Lanys G0l cHlogl (0 Ao goma (LB -

Jlie O

> V={1,2,34,5)

» E={(1,2),(1,3),(1,4),(1,5), (2,3), (3.4), (4,5).(52)}
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Graph Led!
V| 50,0L Oledl @ daall suad 500
Lo oledls ¢ [V[=0 o813
JE] 3a3L Oledl 3 eDlogdl suad 500

Aaaidl u9d,ll e Aegazma Oledle [E[=0 (13

0O O 0O O O

V=5
[E|=8
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DiGraph 4> gl oLed!
il dd Aoy I Gl g8 4>l oLl O
il=j G« <V, V> 1= v, v ol IO

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

®
;

® Course pre-requisites

®
®
®

* Family trees

® Paths through a maze
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Subgraph =l (led!

Lii> AegazmaV' > Gl 5 G = (EV) oledl o0 G'= (V) Gl olesdl ©
E e & dsgama B 9V (0

o ©
\a*a ©

Graph Subgraph
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Path)‘—w.l‘
diall e Al g Waadall IV sadall e sladl (oldl § ©

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

Q W=Vk g V=V1:5i doxy

:JSl 3ole sLudl 1da Jany O
\ V1V2,V3,..Vk
6 0 k @Ludl sLudl length Job ©
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o Total of 14 paths (Work out the rest yourself)

e V,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,

Loy

Path)Lwl‘
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Adjacent Edges 5 ,glzil | &Yool

olyglee  ge olilogll O

EJ LK e =<v,, vj> 9e =<v,v.> RV
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Connected Graph lyl AL oLed!

bude e odde 41 o sl Il O 13) baylie 451 ol e Jgas O
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Strongly Connected Graph 344y lay| ALl Ll
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Cycle dalx=

Az sl bl @ Circuit 85109 (sl A2) Aarudl SLLd) 3 Aal> sy O
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Weighted Graph Jail| oled!

24 30y G E dedlog JSI of Bam Ole 92 G=(VEW) Jatll oLl ©
W(e)

ol il J1 edosll Oligl ggezme 32 L Glo 039 ©
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Graphs presentation SULed!| Jdias

List of edges oo gll 4xs¥ O

Adjacency Matrix jsl=il| 4d9ia0 O

Adjacency list jolzd| 43¥ O

Incidence Matrix 39 ;4| 439400 O
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List of Edges oMo oJ| dxs¥
291 LUl bkl oLl Jies ©

1,2
a 1,3

1,4

\ 1 , 5
\0 23

2,5

34

4,5
O(E]) 45y ¢vo Jutotll a1 ol O
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Adjacency Matrix yglzil| 48 gi4ns

{1 if VjVy € (thatisif V;Vgisanedge)
JK=

0 otherwise

3y9lel] A85i4ally Y1 oL J2os O

N~

Vi | WIN| =

—_—
—_—

ol =~ o~ -] w
—_—

ol = o = = wv

https://manara.edu.sy/ 20



Py

Adjacency Matrix yglz=i| 48 4o400

V3

vifo 1 1 1 0o o]
V6 V, [1 0 1 1 0 0
Vi [t 1 0 1 1 1
Vq [T 1 1 0 1 0

Vi
Vs [0 0 1 1 0 1
V4 Vs Ve [0 0 1 0 1 0
https://manara.edu.sy/ 2
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Adjacency Matrix yglzil| 48 gi4ns

wivi, vj) if (vi,vj) € E Al ol Ul § O
aij=14 0 if i =j )
oo otherwise

https://manara.edu.sy/



[Z\

Adjacency Matrix yglz=i| 48 4o400

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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V6 9 V1 oy sladl Jlgbls cilalud) cowsl ©

Path Distances and Lengths V,

Distance  Length
=l 5 1
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Adjacency List yolzi| a3

Syolall AL Y1 oLl Jies ©

2 3 4 5

: : ‘ S

cid Byglell udall arex LinkedList [i] &M osats c> O

LinkedList
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iz

uj.“al‘ ®
9leill 4898 m0 ..\.‘g-ji N
Dol=ddl asy .L?ﬂ 2

https://manara.edu.sy/



P

Example 1 iz
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Example 2 Z
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olell Adgaimn o e
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Example 2 tooin

bl 2t
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 —| 6 1"
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Incidence Matrix 39 ¢! 438 98400

1 if the vertix J is an end of edge K

Arp =
S K {0 otherwise

Byglll Adgaally ¥ Gledl Jies O

AlB|c|Ple|F|c|H
T 1100 fO0 1|11 0
201110000 O0¢|A"1
3foj|1yp1fo0ofoj|1)0¢)O0
4fo0fo0of1)1fofo|f1y)oO0
500100 (1T|1T]|0])]O0¢(A"1
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‘:‘Depth—First Search
+*Breadth-First Search
‘:‘Single—Sou rce Shortest path
+* All-Pairs Shortest path

/ .. .
%*Minimum Spanning Tree
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Breadth First Search ¥si L alls el
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Breadth First Search ¥gi L ,alls el

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 ¥si L alls 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

https://manara.edu.sy/



[Z\

Breadth First Search: Example
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Breadth First Search: Example
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Breadth First Search: Example
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Breadth First Search: Example

https://manara.edu.sy/



Y

Breadth First Search: Example
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Breadth First Search: Example
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Depth First Search ¥si geally Ee !
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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
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Example: BFS
OL bbbl Ll el
B C 80 OE I - N
Q% Q%\ A O
] ¢ LR U ’ A ® [coEra
(B @ [DEFGHI
(ABCD] o1 [EFGHY
(ABCDE e ECHIIN
(ABCDER] ;o eH
[ABCDEFG] (6] I
[ABCDEFGH] m A
[ABCDEFGHI] m . wm
[ABCDEFGHIJ] 0 0

@
&
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Example: DFS

OL BN WISTE PR R PV R
e e o O e
[ W EEEN
F ¢ : ! ) [AB] B [FGCDE]
[ABF GEE O
[ABFG] e EHNN
[ABFGC] @ ERER
(ABFGCH] r ERE
[ABFGCHI] [ - pE
[ABFGCHID] o E
[ABFGCHID]] 0 - ®\m
[ABFGCHIDJE] [E] 0

https://manara.edu.sy/



