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Objectives

» Use sqrt decomposition to improve the time complexity of large
problems.
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Running Example

» Consider the following array:
O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
o5 15550 o 310 72 o] [3 30

» What is an algorithm, given i and j, of returning the sum between
these numbers (inclusive)?

» What is an algorithm, given i and j, of returning the max between
these numbers (inclusive)?
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Code for Sum

1 Vi run;
2 int a = 0;

4 run.push_back(0); // sentinel
s for(int i: data) {

6 a += data;

7 run.push_back(a);

s }

10 int sum(int i, int j) {
7 return run[j+1] - run[i];

» We can’t do a “running max” though.
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Kotlin Version

readln() .toInt ()

> val data = readln().split(' ').map { it.toInt() }
3 val run = data.runningFold(0) { acc, num ->

4 acc + num }.drop(1)

1 val size

¢ fun sum(run : List<Int>, i : Int, j : Int) : Int {
7 return run[j+1] - run[i]
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Solution

> We can create a separa’re array fo handle each block of ﬁ size.
10 11 12 14

[85161 175159149164150137151 120173170169157138140]
s | &4 | 0w | e |

» What is the max number between...
» Oand2?
» 4and 117
» 3and8?

» What is the resulting time complexity?




Introduction and Objectives The Intuition
o] 0000@000

Preprocessing Code

P sq contains the sqrt decompositions.
» data contains the raw data.

1 vi data, sq;

2 int n,a,d;

4 cin >> n;
s int s = sqrt(n);
6 sq = vi(s+l);

g for(int i=0,j=0; i < s && j < n; ++i ) {
9 cin >> d; data.push_back(d);

10 sqlil = d;

1 for(k=1; k<s; ++j, ++k) {

12 cin >> d; data.push_back(d);
13 sqli] = max(sql[i],d);
14 }



Introduction and Objectives The Intuition
o] 00000e00
:

Preprocessing Code, Kotlin

1 import kotlin.math.sqrt

3 val size = readln().toInt()
4+ val data : List<Int> = readln().split(' ').map {
5 it.toInt() }

7 val nsq = sqrt(data.size.toDouble()).toInt()
s val chunk = data.chunked(nsq)
s val sq = chunk.map { sublist -> sublist.max() }
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Search

Note this ignores some edge cases
1 int findMax(int i, int j, vi &data, vi &sq, int s) {
2 int a;

3 a = datalil;

4 while (i % s > 0 && i <= j) {
5 a = max(a,datali]);

6 ++1;

7 }

8

9 while ( (j+1) % s > 0) {

10 a = max(a,dataljl);

n -=J;

12 }

14 for(k = i/s; k<=j/s§ ++k)
15 a = max(a,sqlk]);
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Kotlin Version

1 fun findMax(i: Int , j : Int, data : List<Int>, sq : List<:
2 var a = datalil

3 val iup = min0f(j, i + s - (1 % s) - 1)

4 val jdown = j - (j % s)

5 val bl =i/ s

6 val b2 = j / s

8 if (bl == b2) { // Same block

9 return max0f (a,data.slice(i..j).max())}

10 if (i % s > 0) {a = max0f(a,data.slice(i..iup).max())}

7 if (jdown <= j) {a = max0f(a,data.slice(jdown..j).max())]
12 if (b1+l < b2) {a = max0f(a,sq.slice(bl+l..b2-1) .max())}
13 return a
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