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Problem 1 Solution
Let S be a statement before the loop 1.

e S: currentMax is the maximum of the first elementffsince currentMax A[0];
e S_;: assume currentMax is the maximum of the firstements of;

e In thei-th loop, currentMax is compared withi], it will be replaced byA[i] if less thanA[i]. Therefore after
thei-th loop, we have§: currentMax is the maximum of the first- 1 elements oA,

e When the entire for-loop finishes, currentMax will be the max of theffiedements oA, which is the maximum
element ofA.

Problem 2 Solution
The inner for-loop uses the following number of primitive operations:

1+(i+1)+2i+2i=5+2

The outer for-loop uses the following:

n . n(n+1
1+1+ Zl[1+(5|+2)+2+1+2] =2+8n+5 ( 3 )
i=
The total number of primitive operations is therefore:

5, 21
-n“+—n+4
2 + 2 +

Problem 3 Solution
See Algorithm 1.

¢ In the worst case, the exact number of primitive operations are:

4, n=1
T(n):{ T(n/2)+12, n>1

T(n) = T(n/2)+12 (1)
T(n/2) = T(n/4)+12 )
T(n/4) = T(n/8)+12 3)
%)
T(n/2%") = 4 (5)

Sum both sides uf, (n) = 4+ 12logn.

e SinceT(n) is the worst case number of primitive operatiofign) is O(logn).



Algorithm 1 Binary-Searchy, A)

1: INPUT: a numbel, a sorted sequendeof n > 0 numbers in non-decreasing order

2: OUTPUT: anindex0<i<n-1or-1
3: if n==1then

4:  if x==A[0] then

5: return O

6: else

7: return -1

8: endif

9: end if

10: i — [ 5]

11: if x==A]i] then

12:  return i

13: else ifx < Ai] then

14:  return Binary-Search{, A[0...(i —1)])
15: else

16: if i <n—1then

17: k — Binary-Search{, A[(i +1)...(n—1)])
18: if k> 0then

19: return i +1+k

20: end if

21:  endif

22:  return -1

23: end if

Problem 4 Solution
(G&T R-1.15)
Since
f(n) <cig(n) forn>m

and
d(n) < czh(n) forn>ny

Takec = max{cy, c2} andng = max{ny,nz}, we have:
f(n)+d(n) < c(g(n)+h(n)) for n > ny

Therefore,f(n) +d(n) is O(g(n) + h(n)).

Problem 5 Solution
(G&T R-1.15)
(n+1)° < (n+n)®>=32n°

We can take & such that
3n° <cr

For examplec = 43. Forng, it can be any value greater or equal to 1.
Therefore(n+1)% is O(n°).

Problem 6 Solution
(G&T R-1.22)



To show the little-omega bound is true, we need to fing@for any givenc > 0.
n?>cn

n > c will work in the above case. So we can choose anhich is greater thao. Then we have shown thaf is
w(n).

Problem 7 Solution
(G&T C-1.10)

n
Zli2:12+22+32+-~~+n2§n2+n2+n2+---+n2=n3

Therefore, we can take= 1 andng = 1. Then the following satisfies:

n
Ziz <cn*forn>ng
i=

Thatisy! ;i?is O(n%).

Problem 8 Solution

(G&T C-1.27)

Intuition: the algorithm works row by row but it doesn't inspect all the elements in a row. Once a zero is came
across, the algorithm jumps to the next row, but stays at the same column and continues to scan the current row until a
zero is found. It is like walking down stairs, except that the stairs may have different width.

In this way, the algorithm inspects at most-21 elements irA. Therefore, the complexity ©(n). The following
is the pseudo-code of the algorithm.

Algorithm 2 Find the row with the maximum number of 1's
INPUT n x nmatrix A containing only 0’'s or 1's. In each row all 1's come before 0's.
OUTPUT the row index that contains the most number of 1's.
j<0
imax < 0
while i <ndo

if Ali,j] =1then
imax < |
while j < nandA[i, j] =1do
j—i+1
end while
if j =nthen
return imax
end if
end if
i—i+1
end while
return imax




