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Problem 1.

. 10 .
a) mnt 4 10n% + 10002 4 101" = (r + 10 4 102 4 100 ypd < 7 for p > k = [V10107]
(since for such n’s all the three fractions inside the parenthesis are less than 1).

b) 1-24+2-3+--+(n—-1)n<(n—1)n+(n—-1)n+--+n—-1)n=(n-172-n<n
¢) 12014 4 92014 4 4 2014 < 2014 | 2014 4y 2014 _ 2015
d) Using the identities |z] <z and [z] <z + 1 we can write,
4+ V7] [n® = V2| + [n* + V3] < (n+ VT +1)(n* = V2) + (n* + V3)
=nt 40+ (VT+ D)% = Von+ (V3 - V2 - VTV2)
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< 11n4, for n > 1.

Problem 2. It is clear that the first algorithm uses fewer operations as n grows. In fact it can
easily checked that lim, o % = limy, 400 m =0.

Problem 3. Each execution of line 4 involves 2 additions. Consequently each round of the inner
for loop requires 2¢ additions. Thus, the total number of additions performed in the algorithm
is

n

1
222' =2x §n2(n2 +1) =n*(n*+1).
i=1

Furthermore n?(n? + 1) = ©(n*) because,
nt < 712(712 +1)< ont

for all n > 1.

Problem 4.

a) We need n — 1 additions to compute the sum of the elements of a length n vectors and
n—1=06(n).

b) For multiplying each row by the vector, we need n multiplications and n — 1 additions. Thus,
in total we need n? multiplications and n(n — 1) additions which means in total 2n? — n
operations. 2n% — n = O(n?).

c) We need to repeat the task of b) n times. Hence we need n® —n? = ©(n3) operations in

total.



d) The result is a n X n matrix. To compute each element of the result, we need [/n] mul-
tiplications and [v/n] — 1 additions. Thus, in total, we need n?(2[y/n] — 1) = ©(n?\/n)
operations.

Problem 5.

a) True. - zn%fornzl.

n2

b) False. lim,, ;o %Z: =n’"?% = 400 (since b > a).
c) True.
log(1 4+ n) < log(2n) = 2log(v/2n)
<2V2n=2vV2-\/n
forn > 1.

. 4 n . n
d) True. lim, 400 ls—‘én = lim,,_, oo n° (%) =0.

n

n? . 2 .
e) False. lim,, 4 4,7;7103“ = limy, 400 27 —2n—logy(3)nlogn — 4o This means for every C' >

n2
0, there exists ng = ng(M) such that for n > no, 43271% > C. That is, 2> > C4n3nlogn
for n > ng(C). Thus, it is impossible to find & and C such that on® < C4n3nlosn for n > k
(since for n > max{k,no(C)}, on® > cyngn logn)
f) True. For n > 4,

nl nmxn-—-1)x---x4x3x2x1

2n 2n
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g) True. For n > 2,

(M2 =nxn—-2)x(n—4)x---x2x[nx(n—2)x(n—4)x- - x2|
>nxn—2)x(n—4)---x2]x[(n—=1)x(n—3)x (n—>5) x - x 1]

Problem 6.
e 10013 4+ n2? and n2 + n3 have the same order.

e 313 + 2™ and n? + 2™ have the same order.



