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FindMax: Three Versions

FindMax-Basic FindMax-Query @

* Input: Array A of sizen * Input: Array A of sizen <
* Qutput: Find largest in 4 * Query:1<i<j<n
* Naive Iterative solution " #queries, k, may be large

. Time Complexity? Output: Find largest in A[i.. ]

= Naive solution: 0(n) Time Complexity per query?
= |tis optimal = Naive solution: 0(n)

= Improved solution: O(1)

_ FindMax-Basic | FindMax-Query-vl | FindMax-Query-v2

Preprocessing Time 0(1) 0(n?)
Preprocessing Space - 0(1) 0(n?)
Query Time (per query) - 0(n) 0(1)

Total Time 0(n) 0(kn) 0(k +n?)



Example

Input array A Preprocessed 2D array B
Iﬂﬂﬂﬂﬂ.ﬂﬂ Iﬂﬂﬂﬂﬂ.ﬂﬂ
14 41 19 23 11 29 14 41 41 41

41 41 41 41 41 41 41 41
19 19 23 23 29 29 31

2 23 23 29 29 31

23 23 29 29 31

11 29 29 31

29 29 31

6 31

31



Preprocessing Algorithm

How to fill in 2D array B Time Complexity
Forp = 1tondo * Preprocessing Time to “Compute
Forgq = 1tondo Blp,q]”?

= Naive: 0(n%)
 Time for k queries:
= 0(k +n?)
* Improved preprocessing to
“Compute B[p,q]” in 0(1) time
" Blp,q] = max{Blp,q — 1], A[q]}
 Time for k queries:
= 0(k +n?)

Compute B|p, q]



FindMax-Query

Query-v3
-vl -v2
_ﬂ Lev | e (Tree)

Preprocessing Time 0(1) 0(n?)

Preprocessing Space - 0(1) 0(n?)

Query Time (per query) - 0(n) 0(1)
Total Time  0(n) 0(kn) 0(k +n?)

How about a better tradeoff between Preprocessing time and Query time?



FindMax-Query: Improved Version

IDEA 1:
IDEA 3: Organize as a
Intermediate nodes balanced
store useful inf to binary tree.
answer gueries Height =?
IDEA 4: Store
max in subtree

IDEA 2: Leaves
contain original
array contents

IDEA 5: BST,
but on array

1 2 3 4 5 6 7
indexes 219 |36 1117




Additional Node Info: MAX

[lm]| + 1, b]




How to answer FindMax-Query(i, j)

* Always start at the root and then ...

FindMax-Query(i, j, u)

* If (u.Interval == [i, j]) then
Report u. MaxValue

* Else if (u. Interval. Rt == [i, k])&(k < j) then
FindMax-Query(i, j, u. LeftChild)

* Else if (u. Interval. Lt == [k, j])&(k > j) then
FindMax-Query (i, j, u. RightChild)



Search Path in Tree

Q> mE
lm
(% (%




FindMax-Query

Query-v3
_m (Tree)

Preprocessing Time 0(1) 0(n?) 0(n)
Preprocessing Space - 0(1) 0(n?) o(n)
Query Time (per query) - 0(n) 0(1) O(logn)
Total Time  0(n) 0 (kn) 0(k + n?) O(klogn + n)

How about a better tradeoff between Preprocessing time and Query time?



Sorted array with repeats

110303 /3/3/619]9 ]9 1524 24]2 39

FindMode: Find most frequent item (mode)

Time Complexity: O(n)



FindMode in range [i,j]

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
110303 /3/3/619]9 ]9 1524 24]2 39

FindMode: Find most frequent item (mode)

—m—

Preprocessing Time 0(1) 0(n?)
Preprocessing Space - 0(1) 0(n?)
Query Time (per query) - 0(n) 0(1)

Total Time  O(n) 0(kn) 0(k +n?)



FindMode in range [i,j]

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
110303 /3/3/619]9 ]9 1524 24]2 39

FindMode: Find most frequent item (mode)

Query-v3
_m
0(1)

Preprocessing Time 0(n?) 0(n)
Preprocessing Space - 0(1) 0(n?) o(n)
Query Time (per query) - 0(n) 0(1) O(logn)

Total Time  0(n) 0(kn) 0(k +n?) O(klogn +n)



FindMode in range [i,j]

[1,15]
(3,4)
[1,10] [11,15]
(3,4) (24,3)
|
[1 6] [7 10] [11 14] [15,15]
(3 4) (9 3) (24 3) (39,1)
[1,2] [8,10] [11, 11] [12,14] [15,15]
55| E] | I I S

[1,2] [3,6] [7,7] [8,10] [11,11] [12,14] [15,15]

_(12) | (34) | (61 | (93) | (151 | (23) | (33,1)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
113313/ 3 /6199 9 ]15/24/24]2a]39



FindMode in range [i,j]

[1,10] [11,15]

(3,4) (24,3)
[1,6] [7,10] [11,14] [15,15]
(3,4) (9,3) (24,3) (39,1)

[1,2]} [3,6]} [7,7]} [8,10]} [11,111} [12,14]J [15'15]“ NULL}

(1,2) (3,4) (6,1) (9,3) (15,1) (24,3) (39,1)

[1,2] [3,6] [7,7] [8,10] [11,11] ([12,14] [15,15]

_(12) | (34) | (61 | (93) | (151 | (243) | (33,1)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1|1 /3]3]3/3[/6)9]09|9]15]/2424[24]39




FindMaxSum

174 13039 7 6909 1901524 2[-20]39

FindMaxSum: Find index range with highest sum
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