


































































































Lecture6
CS 17 525

KatyCraig 2025

Announcements
Makeup lecture this FridayApr 25 11 1215
Midterm 1 in one week on Tues Apr 29
No office hours on Mon Apr 28
DSP
Recall
Im limit of sum is sum of limitsIf sn and th are convergent
sequences then talent th Line Sn

things getweird if limnsnto.im
hE to

Sn n t n n Snttn 70

Sn m tn n Sttn to

Sn n tri ntt Snttn
Thm limit ofproduct is
productof limits If sn and th
are convergent sequenceshad Sntn limo Sn no tm












































































































Thingsgetweird if snita two
Sn n tn tn Sntn 1
Sn m tn h Sntm to

limit ofquotient is quotient
of limits If Sn and th are

convergent sequences andMash 0

has f tantn
Sn

Defdiverges to
to or o A

sequence on detergent if
MSO NER so that

n N ensures snam
We write Kd Sn d

OTOH sn diverges to n if
Mao FNER so that

non ensures snam
We write Isn o












































































































Remark We will say snhas a limit or the limit exists
if either
Sn converges Hasner
Sn diverges to hasnt to of

Them Suppose his sn tn and
limoth 0 Then lingsnth too

Them Suppose Sn is a
sequence

of positive numbers Then
Iso Sn a time In 0

End of Material
for Midterm 1

chrelated fact you will prove
on HWY

Hmo Sm N limo Sn D












































































































FFquence sn is
increasingifsnsntitnacreasingifsnesnti.tnmonotone if either

increasing or decreasing
If Sn is increasingFff sm whenever n m

MAJOR THM 3

Tmt All bounded monotone

sequence converge
Mental picture S snine INsmi

n

riflsh
a

w



Rf Casts suppose Sn is
a bounded

increasing sequence
Define S snine N which is a

bounded set We will show
limo sn sup1st

Fix so We have snesup s supest
for all n EIN Since sup s is the
least upper bound of S sup s E

is not an upper bound ofSThus not NS.t.sn sup S E

Therefore ns no we have

sups Csn sup5 Isn sup s ke

Thus 1mnSn sup 5

casellSuppose Sn is a bounded

decreasing sequence Let tn sn
Then tn is a bounded increasing
sequence so byCase 1 it converges



Since sn th fil t.nl
and the sequences
4 t t t and th convergesince the limit of the productis the product of the limits
Sn converges
In fact even unbounded
monotone segue Thavea
limit
Sn

Sn

i

it
unbounded notmonotone n

bounded M s.t Isn EM n

unbounded VM Ine NS.t Isn M



The If sn is an unbounded

increasing sequence
hosn to

If Sn is an unbounded decreasing
sequence Limon o

Pf Case1supposesnisunboundedincreasing.FixMO.Sincesn

is increasing
it is bounded

below Sn 51 n EIN
Thus the sequence cannot bebounded above otherwise Ms
s Sn m M sit Isnk Ml
Hence M is not an upper bound
for the

sequence
so n EIN

Sit Sno M Since Sn is

increasing n'no sn M
Thus limgsnto.case
Supposesnisunboundedanddecreasing.then tri sn



is unbounded and

increasing sn sn Sne Sn
ByCase

1
Io tn to

By
fact his Sn ko th d

unbounded Msr Ine NS.t 15hPM
unbold increasing

In summary if Sn is monotone
to if Sn Labored

Isnsnfs for stR if Sn is bold
if Sn unddbelow

T
unbold decreasingThus the limit ofanymonotonesequence always exists

In general we can reduce the

studyofarbitrary sequences
to

components that are monotone



Even forarbitrarysequencesthere is a generalizationofthe notion of limit that

always exist

supgeneralizesmaxl

Deflli.msup liming For anysequences

lmspsn kgsupeh.mn

Whydoes assn always exist
Since sn n N sn n N I

sup sn n N sup sn n N I
an Anti so an is decreasing



Sn
1

f fair
ok
91 92 a

o a
0

0

0 0

n
s i lilies

a1 sup sn n 1
az sup 5min32

Warning it ispossible that an to

However the only possibilitiesare always be thosehero

an to for NENG.at Ijiin
we use usual defn for limit of realsequence

an to for all N we
sayIN AN N












