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,

Ovariants



Recap
· Oral grading-starts today

(No office
hours tomorrow)

· Exam next Tuesday
- review Session Monday
- practice exam posted

· Reading
due Friday , then

next Wednesday
-



GraphSearching
How can we tell if 2
vertices are connected ?

Remember, the computer only has :↓
v=
Q

: 3 SounaSUBEE-

Begangerquestion : can we tell
If a the vertices are
in a Le connected
component ?



Possibly you saw depth first
search (DFS) and breadth

first search (BFS) in
date structures :

-O
-[

O

- ↑-
These are essentially justsearch strategies :

How canwedecideonnected

Q :What "bag" ?
-

-

lots of date structures!



Can use this to build a
tree :stanning
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DFS: BFS :
-

All non-free All non-tree

edges must edges must
connect a connect vertices

vortex to an either atthe

ancestor in same level, or
-

the tree · 1 level apart-



Runtime : =obol
-

Foll)

Eag

Think of each edge :
out on theonly 1

steck/queue -2
time voy

each edges cos
O(1) over lifetime of

algo
If we have connected, OCUTE)



Correctness :
-

Claim : WFS will mark all
-

reachable votices.

#f : induction on distance
to the source :

d=0 : Then vortex = source!
-

we know this
ismicked

of beginning-see
first lines!

d >0 : Consider v at distance

↓, sosirT
In G .

assume anyS
worfet

dist B: know va is
is
marked marked



That means

Vd- was

marked!-
S

started unmarked, so

This live of code ran

with v =Va-

At this point, edge
Eva,as is added

to bog.

When dy terminates,
Va will have

been popped
I marked .

⑮



Claim : marked v's + parents
form a spanning

tree
·

(see demos... (
-post later ,

roof o E
For each marked Vertex :

marked one,↑ at which point
V [v

, p) is added
to tree

Cexcept s! because (5,b)ice
n votes , not edges , connected ⑭

- free



In a disconnected graph :

Often want to count or

labelthecomponents
(WFI)pilly

belongs to .)
YnotmarkedM h

& N

O A

a

j
~

Solution : Call it more
than one time !

un mark all vertices
For all Vertices v:

↑

Wall WFS (v)
w

whileany Vertex is umarked

WFLW)



Modification : Might want to
count the # of connected
components :

Xo( across
⑮T

alg .

- OurE)
-

⑭I count =2
f

VEz

·
=>Comps)E
E



even recordFinally, wha sonent eachvertexYongs to :

-

-

--

↳
WES

marked:Th for
each voted

Compl ..V]
array

111122

I 112

1 ↓ 2

O(1) : comp[n]= compCv] ?



Ifr : Reduction
A reduction is a method
-

of solving a problemtransforming it to&
Another problem.

I

Note : you've seen/done this
in other classes!

We'll see a ton of
these !

(Especially common in graphss ...)

Ley : describe how to

build a grop



First example :

I

Givenapixel maptheseration lets

youselectof it
a all the pixels in its
region.

rxn grid,+val
at

N

cell

· PEn][n]

How?

Converttoage
DFS

BFS
lookat marked votes



So : Build a graph from pixels :

⑭· unt·min
- n2 one vortex
Bgraph : Van Make

per
cell.

Algorithm Add 14 ubrs as

edge
If pixel p Is selected :

call WFS (p's verter)
· reset color on

marked vertex's
anxelI

Runtime : in terms of input!
-> O(n

Y)



Arguably , these reductions(are the most important
thing in graphs !
Like data structures - you
won't usually have to

re-code everything.
Insted :
-Set up graph : Out

-Call some algorithm : Oria)
O(v+E) =0(n2 + 4ue)

= 0(uz)
So runtime/correctness :

Butcorrectgra
right object



NextChapter :
-

All about directed graphs !

First , though , some things to
recall: graph traversals.

- Pre-order : Visit v

E visit children

- Post-order : visit all cultien
visit v

En-order : (binary free
left
self
right



Searchin a directed graphs :gRecall : post order
traversal

-

1x

⑤r
-

·

.
[ ,

9) ↳
⑪
·

- imagine a
"clock" incrementing

each timemedgeis traversed :

-



Result :

-

>

[
24

8-: in DFS, this "lifespan"
represents how long a
vertex is on the stack.

Notation :

pre, vost]



Note : In general graphs,
cost order traversal IS
I
Hot unique

!

It was in BSTS : 19
19 No

%
In graphs :
Just use adj . list order.

&



#Su: - tree edge
- forward edge
-back edge
-cross edge

Picture : Sor
-

DFS
tree
↓At
->

↑
Clock reference :



Finding cycles
-

In general , cyclesfend to
be important.
-

Sometimes bad :

- topological ordering in
a DAG (see next slides

- longer run time
↳See Dyn .

Pro

Sometimes good :

(Taken from

a talk on

- high freg .

-

trading)


