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Exam review

Editdistance en DIA sequenced

Lets denote the set of finite strings of the letters ATC G

e.g ATTGG c S CTAGGES

An elementary operations on S
Replace a letter e.g TTT TAG
Insert a letter e g TTT TCTT
Remove a letter e.g ATC AC

the edit distance is the metric deceit on 5 given by
dedit X Y minimum of elementary ops needed to transform
X into Y

Exercise l
AffATTA What is deceit YI

ATAT TAT TATA Answeris



Metric Spaces t Open Sets

A metric on a set 5 is a function d Sis 0,0
satisfying
I day O iff y
Z dLxy dly x
3 dLx 2 s okay tdly 2

A metric space is a pair S d where S is a set and
d is a metric on S

Examplei 3 metrics on 112

da Euclidean distance dixD

do Manhattan distance dishy Iti Yi

Imax dmaxcxid
yyq.sn xi

yil.Remark

1fM S d is a metric space we often
abuse notation1terminology slightly and conflate M with its
underlying set 5



Examplesi X C M means f ES
U M means Vcs

If M S d is a second metric space a function
f M M is understood to be a function f S S

subspaeesofmctricspac.es
For M CS d a metric space and S cM
we can define a metric d on S by
d Lxy day t t yes

In this way we can regard any SCM as a metric
space

Open Sets in a metric Space

Let M be a metric space w metric dm
For XEM and r 0 define

BG D yen 1dm r

BG r is calledthe open ball of radius r centered at Xp
or simply an open ball



Exercise What does the openball of radios 1 centered at
0 look like for the metric climax on RZ

cni f s

Unies Possiblyinfinite LetA be any set and
supposethat for each xEA we have a set Sx
Theunion of the sets Sx yet denoted 5 is

the set containing an element y iff

y c for some KEA

Exemple A El 2,33 Si a b Si Eb c 5 4,43
Then

1
Sx fx Si U Ssu s

a b 30 b c u c d a b c d

Definition For M a metric space an openset in M is
a union of open balls

Moreformally UCM is open iff there exists a set
M and a number of 0 for each xeA such that
U 136 rx



Example Let's write 112 as a union of balls in a coupleofways
ways

IR Blk 1 there 1 27
To c

c fj.gl s

sc

slRUBG.I
xEIR

Proposition If 0 is an openset ofM then for each
ke U BGur CU for some r O

y
i i r

i Bk r
I I

u

Boundaries

Let U be a subset of a metricspaceM XeM is a
boundary point if every openball centered at x contains at least



1 I l P c al n

one point in U and one point not in U

Proposition For any metric space M UCM is open
iff U contains none of its boundary points

Def Theboundary of V is the set of all of its boundary
points

HW I

For each of the followingsets5412 give the boundary
ofsand state whether S is open

a s s

c µ s

If yes and r O BCt r contains yes and
a point yet54 Boundary S1 a S
S is not open
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