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Recaps
- Lab 10 - extended until

tonight
- HW 9- next wed .

- no class Thurs
,

Fri
,

a Mon
.

- Hw 10 over graphs
↳

up next week
,

due last Fri .
of classes

- Review session on final day
- Final exam : Wed .

of
finals at 2pm

• Conflicts or a connotations
,

let me know ASAP !



Graphed
A graph 6=0

, E) '

is an

ordered pair of 2 sets :

✓ = vertices = { Y
,

Va ,V3
, Vy }

E -

- edges={Envy
,

Evans
,

- - }
\

View :

'
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orKjv. it
w z Vy
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:* :Vi

Vs



Whyi
They model

everything
!

Example T
non - hee radical

,

non - linear↳ road networks

Social connection

Internet

:
O



Moredfis :

G is undirected if edges
are unordered pairs
So { u ,v3= Ev ,

u3
end Pb

*
G is directed if edges

are ordered pairs
so ( u ,v ) f- ( Yu ) Luis



DAS cont .#
The degree of a vertex

,
dad

,

IS the number of
adjacent edges.

-

A path P -

- v. ;
 

, Ya Is a

set of vertices with
{ Vi

,
Viti ) E E

( or Cui , Vin ) EE if directed )
,

A path is simple if all
vertices artists not

A cycle is a path which
is simple .

except u = Vk .

→ 8 - cycle



Lemmy : (

deg
formula )

feudal
= 21 El

A

Nra
pI :

/

¥ Few
2 endpoints

every edge adds t

I
So Sum on left

exactly twice .



Size of G-
2 parameters :

IVI -

-

ri
I El =

inHow big canm be in

terms of n ?

.

Er every
2 vertices

,

could have I edge .

(E) =nc=0CnD

Worst case : kn

÷**¥¥¥



Treat"

connected graph with
no cycles

( Not :

Sopot
here ! )

It
←

⇒
.

":*
Iki

H0¥¥¥HAE
.



Represenhnggr.ph#

How do we make this
data structure ?

Build it from oneswe'veseen already ,



Adjusts

In ↳ or vector
V

,
: V2 , Vs

Vz : Vi
, Vs ← d C vz )

vz : vz
,

Vu , vs
←

d%%%↳v
,

'

,

ra .
.

. d.¥Vs :

Vy
in terms of n am

← 1*+5vertexsize
: n

+2M
= Ocmth )

Lookup: Time toch.e.de if ve tug- are hbrs
-

O ( n ) → dare ) or dcvj )

but -¥y? list or
vector .



Implementation :

We call these vertex lists
,but don't have to

use lists
.

Options i

-
- vector

- list .

- BST C ? )

Trade-offs-

Binary search
OG ) - insertion



Adjaanagthatnxuf.mu#

v ,
x a 01 v . !↳z* : ÷ .x. Vy

-

space : Otr )
and
,



whichisbe.lt?-

Depends !



Pfe :
-

- G is connected if Hu
,

v
,

There F path from u to v .

- The distance from u to v
,

dlu
,

u ) ,
is equal to the

# of edges on the

minimum
u

,
v - path

2-
u

"
I¥÷i

✓
v I



AIgorithmsongraphs-Basic.IS#ueshon
:

Given any
2 vertices

,
are

they connected ?

Also : what is their distance ?
↳ minimumpath

How to solve ?



Suggestion :

Suppose we're in a maze
,

Searching for something .

What do
you

do ?

right hand rule -

Search until

reach previously
Seen .

room

↳ depth frst search



Pseudocode : two versions

-

.

A runtime !
.

Really , building a

"

tree
"

:

'

I
↳

v ,DF.su#:*→

Hrs:*.¥:÷¥
.

¥
.

9
,

vs .

.

↳ v "



General traversal strategy :

Q_ : Can we use a different
"

bag
"

?



BFI : use a queue

÷¥¥*¥in



BFS vs. DFS '

.


