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Ql.

* For each of the following pairs of functions, say whether f(n) =
O(g(n)) and/or f(n) = Q(g(n)). Justify your answers.

f(n) gn)
(a) 100n + logn  n + (logn)*

(b) n2* 3"




Ql.

e 1(a)
e f(n) =100n + logn, g(n) = n + (logn)?
« S x =lognn= 2% H| f'(x) =100 % 2% +x, g'(x) = 2% + x?
* JEH f(n) = Q(g())
o« REIREFAE c BN HEATE x = NI (x) = cg’' ()
o« HUx>1,c=10F, f'(x) >1xg'(x)
o HEEDFRN =2 c = Uiign =N, f(n) = cg(n)
« Al f(n) = Q(g(m))
* J5H f(n) = 0(g(n))

« RIZEmMEFATE c N EEFTA x = N, K f'(x) < cg'(x)
« H{x>2,c=100HF, f'(x) < 100%g'(x)

o HELREIPIFRN = 2%,¢ =100 En = N, f(n) < cg(n)
« FrBLf(n) = 0(g(n))



Ql.

* 1(b)
* f(n) =n2" gn) =3"
« WRERRL2" - BEf'M) =n,g' M) = )"
 EHH f(n) = Q(g(n))
o RIVEHRTFAE c BN {(18F7E n = N,Ef'(n) = cg'(n)
o FSEUER EILE— 2O » RLESERE] ¢ BN R B
« FBLf(n) = Q(g())
« J5H f(n) =0(g(n))
o RIVEHRTFAE c BN (18F7E n = N,Ef'(n) < cg'(n)
e Hin>1,c=1HKF, f/(n) < 1xg'(n)
o« HPFLFTLIRN = 1,c = LHEENR = N, f(n) < cg(n)
* Ll f(n) = 0(g(n))




Q2.

* Use Equation 1, to prove tt\lat, for every positive integer k,

z ik = 0(nk+1)

i=1
Bounding a summation by an integral If f(x) is a monotonically
increasing continuous function, then

if(x) <[ T rdx.

x=1
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Thus, it’s 0 (n**1).



Q3.

* Find the asymptotic behavior of the function T'(n) defined by the
recurrence relation

T(n) =T (g) Ly T() =1

You can consider only values of n that are powers of 2.



Q3.

°T(n)=T(§)+\/ﬁ,n=2m
=(r(5)+ 3)+ v
- (((T (zlm) + 2£_1)+---)+\/§>+\/ﬁ

= T() +VASI (%) = 0w




Q4.

* What is the time complexity of the following program segment? Your
answer should be as tight as possible.
forifrom1lton
forjfrom1ltoi
for k from1ton
-+« ( constant — time operations)
end for
end for
end for
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Q4.

c(1+2+3+-+n)n

_ (1+4n)n
2

n

n3+n?

2

Thus, we get time complexity is 0(n?).



Q5.

* Consider the following procedure of insertion sort. In order to sort a
list of n elements, we remove the maximum element from the list,
recursively sort therestn — 1 elements, and then append the
maximum element to the sorted n — 1 elements. Assume (1) the
running time of removing the maximum element in a list of n
elements is nn, and (2) the running time of appending one element to
a list is 1. Write a recurrence relation for the running time of this
version of insertion sort. Give an exact solution for the recurrence

relation.



Q5.

e InsertSort(n) = InsertSort(n—1)+ (n+ 1)
= (InsertSort(n — 2) + ((n - 1) + 1) + (n+1)
= ((...InsertSort(0) + (1 + 1)) +3)+..) + (n + 1)
InsertSort(0) = 0

0+(2+3+4+5+-+n+n+1))
2+n+1)(n+1)—-1)

2

=0+
_n2+3n
2

Thus, 0(n?)



