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GraphTh 6 = (VE) is an ordered pair
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V = vanices = Ev ,2: Un3 rv
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,
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no embedding

Why?

Internet &
ML -> graphs
Road network⑲Biological

relationship
o

objects
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Drawing or embedding-

m : V-
2



Dednitions : See book !
e = Su, u)

- Vertices (nodes) , V
V

U e
- Edges S

E = Equivil ... ]
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- endpaints of an edge ett ·oN
U

- head a tall : u-> v or (u, v)k=e
is in
E&

-every par
nu
at most

imple :

no parallel edges or 1-edge once

V

loops
not:% E=E, SriSus3&
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Freel loop
- adjacent :now are add if n EE
- degree(v) : of edges with was on endpoint

ped(e) = u
- predecessor a successor - succes= v
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->↳ ev
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More !

graph :
6'EGIVE) : 6= (VIEY

· Sub VEVE'cE
Ve, Verses

...

· Walk : ordering VE VzVzES usuguets inV

· Path : no repected votices or edges
-

Note : If you have a walk
umov can make a path.
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①
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And more :
19 raph
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a connected : every connecting
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· closed(walk) :St Patter-end verte
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: closed poth : statuet = end,
path otherse
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- EZ()=futuLemma
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=O(vz)

If : each edge is a par
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"Handshaking lenna"
Lemma ↑ Edu=2

YV atorofv 1ov
If 3+4+2+4 +3

Ed() = for
each verter, -I6

VEV all incident edge

K
O

In
twice in that sum

pers
= 2 . E

vater veach
Why care? forfor all edges

ve
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Firstquestion
Computers don't do

well with images !
-

So pictures won't help them.

We need to sore this info (somehow).

Ideas from data structures :

. lists
· arovs
· frees

shashing
i



Ana(or verter

liste⑪ : V , Vs
-

V : V
,
V
,
Vs

Us : Ve ,Vy,
Y

V : V,s
V : V

., VzVz , Vy
Size : ON + Ed()) = O(u +E)

lookup : time to check
if how are

time to lookup in
neighbors :

my
list date

structure



Implementations :

More buried date structures !

Could use :

*

↑u
W
* D lookup :

-Ollog v) binarysearch
Ei

Insert:O(V) Cif sortvertices)

↓
ch

-

lookpN) insertion of new edge: OCK



AdjacencyMatrix

Ydges·E[VJ[V]
check nbr : OGD



Implementation-



Which is better?
-

!Depends

# &

↑



Really- might depend on input !

-size of graph ↑

- freg of changes
- representation : usually some

"Word problem" is handed
to

you ! You'll have to build the

graph
.
-

indset
↓

Ex : Given a set of overlapping
circles

,
find

2 intersect :
the largest Set where

no

Build G O



Even more :
-

-Space available
- language used
-

I "legacy" codeprevious

- other developers.
%
&

To repeat - too keep it simple
here :

E



GraphSearching
How can we tell if 2 vertices are

connected 3 V2

Remember the computer only has :v
depth! &

-1/1/) aea p -

111/
b
! Noh
I - / foco 9
e "breadth"
-b BFS
Ob Begangerquestion : can we tell if all
96 the vertices are in a singleI connected component ?

Breadth first search
↓ depth first

search


