
If O in an upper bound (not fight
and can apply to both worst case
and best case , why do we say

①"Insertionsort is OCu2)" ?
Iin the

worst case)

Insertion sort is E (12) in the
worst case

Insertion sort E(n) in best case.



undirected graphs

⑨
G = (VIE)③⑮

V = 21 ,
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93

E = 351 ,23, 31 , 33, 52 , 33, 33 , 53 , 33 , 43 , 32, 63,
54 , 73

, 58 , 933

/simple) paths connected
- -

(simple) Leus
=> pathbetweanodes

-

An undirected graph is a tree if[ 2it is connected and it does not contain
a cycle

③ ⑧#0-
⑳ ⑲



Claim In a tree , for any pair of nodes
- u , V , there is a unique path fromn to v .

Proof by contradiction boilerplate .

Claim All I have property Y.-
All trees have a unique path between
any two vertices.

All trees have[ is a uniqueMeanpropercentratthere

pairs of verts .

# of Suppose that not all X have
propertyY

Then there is an X without property
Y.

:
examples

:

that X must
have

actually &

Contradiction ! ⑨

property Y.

·1= 0

SoA must be the case that all X
have property Y



#of suppose that not all trees have
the property that there is a unique
path between all verts .

I Let T be such a tree.

let u,v be the vertices that do
not have a unique path in

T

.

Let P , and P2 be the distinct
pats between u and V.

I -
a-0-a

Q ↓ ①
...

-p

But following P
, fromu to r and

P2 backwards from to a forms
a cycle in T

This contradicts that T is a tree ,

S · in a tree , we must have thatI all pairs of modes have a
unique patr .



Zaphtraversasearch :

dig down
as deep

as possible
Breadth-first search : flood nodes

To① Let's think about BFS⑫ defining layers.
↳: starting mode
↳ : nodes connected⑪ by edges to nodes

in Lo
↑

=
G

,
S = 7

Li : nodes connected byedges to nodes in
Li-1 land not in

Q ↳= 513
anylaya

① v = [2 , 3)
/

⑨ ⑮ ⑯ 12 =34 .5 , 7, 83

⑤ Ly = 563
are layers alterministic

?



is the BFS free deterministic ?


