
 Sol a 110 1 10 fix is OM with C 1 k 10

b 13 11 13 441 1 for 7 fix is 0k with 4 k

c flex 17 1 1444 314 for I fis ocx not ox

d fix 5logx 151 511 for I fix is ox with c 5 k

e fix LX HX for 0 fix is ok with C I k O

f If HX for 2 fix is O x when 1 kz

Sol fix x 9
3
4 71 1 4 9 444941 121 4 21141 xs

fix is 01 4 with 0 21 k 1

Sd 4k
1

1 1 1 21 1 forest

4 is O x with 1 2 k 1



51 a fix 2 3 logos kg
1 1 3 1 3131 I

fix is 01 3 with 3 4 1

b fix 133 logx 133 131 41 31 1

login x

fix is 01 3 with C 4 K 1

c Had 14 44 31 41 31 1 I

2 4 12 4 thusthenumeratorgetslarger
3 1 3 3 thus the denominatorgets smaller

fix is 0 x's with 3 K 1

d HMF 5 6141 6 I

logixxx4

fix is 0 l with C 6 K 1



Sol show that 74 17 is 0 3

1 74 17 1 44717
2
2214 22131 31

74 17 is 01 3 with C 22 k 1

show is NOT 0 XT4 17

sx xT gg
moaE4iEs is and

418

it means that we cannot find a C and K such that

131 174 11 for xok is NOT 01 4 19

Sol show that 341 is 0 XI
1341 13 4 4 41 41 8 1 1

14 1 is 0 X2 with 0 8 k 1

show that is 0 3 4 1

1 1 4 1341 13 4 11 1
is 0 3 4 1 with CII k 1

Sol show that 2h is 0 3
12 1391 not 2 is 013 with C 1 K 1

To show 3 is not 0 2n we assume 3 is 0 2n it

means that there is a C 0 such that



3 c 2 for a nsk

It implies that 3 c for a nsk

However since 3 1 there is no upperbound for E and
such C won'texist a contradiction

3 is not 012h

If a functionfanis OCI it means that there is a Csk sit

fin c 1 for nok

It implies that fins is bounded for sufficiently largen

Sol If fix is Orgex thenthere is a CG K such that

Ifx c Igel for K 0

If gex is O hex then there is a cca.kz

such that get Cathal for xskz
Then by wehaveC1 Ca and Ka such that

Ifex c Igel ci.ca hexl xskz

Ifa cicz has x kz
Therefore fix is ochex with GCC and k k

For 2 1 we have 12h 122 1 2121 not

It is 012 wien C 2 k 1

For 22h we have 2 2 14 since 4 2 then



4 2 which implies 22 is not 062

51 1000logn In nlogn 1000012 3 2h

Since logn nt then n logn a n

Thus when n gets larger thefirst algorithm uses fewer
operations than the second one

Sol a nF8 ntl h n t8nt8 ntntsntsn.la18in't

48 ntl is O m

b nlogn th n2 164m entail kn 2m 41h51

align th ht is o n

c n t2ⁿ n log nti chith nth 4 hint

hit 2 n logentis is 0 him



a Let fin n log ntl n'logn we have

fins n log nin n logn n log an align

4 nlogz nlogn n logn

nloga anlogn align
nlogn anlogn align 4 Align

fin is O n logn

b Let fin nlogn 15 logn 1 1h41

m logn anlogn 1 align n logn 1

Ifn m logn analogn n logn n logn nylognitilogning

8 hllognil
fin is 0 n lognJ

c Let fin 2ⁿᵈ 22
since 2 is strictly increasing and n 2 for n L

Then 2m 22 for n 4

If in 12 2 I 22 22 1 2122
fins is O 22



Sol Let f 3 4 1

9 To find a big 0 estimate of fix we have

Ifx 3 4 11 134 4 4 514 1

fix is O X with 9 5 K 1

To find a big I estimate of fix we have

If 134 11 13
2

314 1

fix is r x with Ca 3 k 1

By0,20 fax is x2
b



Let fin be RC It means that

Ifinil C 11 for a sufficiently large n

It implies that fan has a lower bound

Letfont be I It means that there exists ci.cz

such that call fans C 111 for a sufficientlylargen

Thus fin is bounded between Ci and ca

Let fcn 1.3.5.7 2n 1

We have fans 2.4.6.8 2h 12hnil not

fam is 0 2nn with Cal 1 1

SinceFox is Ocgex it means that thereexists c K such

that fix cigex for ok then

Fifita treat
I chight for 7k

It means that fix is 0 gnss with C and K



since logbX Lng and logax h where In b ena
are twoconstant

Then if fix is O logpx we have

If c logbx for x K

C last thathas c that Ellogax
which implies fex is O logax

Since logx is strictly increasing then x x2
implieslogxclogxz

Since fix is Orgex it means thereexists Cik suchthat

fax e gel for x k
Then putting fail cigel in logx we have

log fail log c 19 1 log logget
F a constant

E logigest I loge 1

logtext is O log igel



NO For example let fex 2X We have

Ifx 4 1 I for is O x so gex x

Then 2M 2x 2 4X and 29 2X


