COMPLEXITY

Examples and practice
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Sum of cubes. What Is complexity?

INt sumOfCubes(int n) {
INt partialSum = O;
for (int 1 = 1; 1 <= n; ++1) {
partralSum += 1 * 1 * 1;
}

return partialSum;
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INt sumOfCubes(int n) {
INt partialSum = O;
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Time complexity: O(n)



Sum of 2D array. What Is complexity?

INt twoDArraySum(std: :vector<std: :vector<int>> a) {
InNt result = 0O;
for (int i = 0; 1 < a.size(); i++) {
std: :vector<int> row = afi];
for (int j = 0; j < a[i]-sizeQ; j++) {
result = result + row|j}l};
¥
}

return result;



Sum of 2D array. What Is complexity?

INt twoDArraySum(std: :vector<std: :vector<int>> a) {
INt result = O;
for (int i = 0; i < a.size(); i++) {
std: :vector<int> row = alij};
for (int j = 0; J < ai]-size(Q); j++) {



Maximum Subseguence Sum



Max Sub Sum: Algorithm #1

1INt maxSubSuml(const std::vector<int> &a) {

InNt maxSum = O;
for (int 1 = 0; 1 < a.size(); ++1) { // left boundary
for (int J = 1; J < a.size(); ++t3) { /7 right boundary
INt thisSum = O;

for (int k = 1; k <= j; ++tk) {
thisSum += afk];
1

IT (thisSum > maxSum) {
maxSum = thisSum;
+

L
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return maxsumsj;



Max Sub Sum: Algorithm #1

1INt maxSubSuml(const std::vector<int> &a) {
INt maxSum
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O; 1 < 1ze(); ++1) { // left boundary

for (int a.s
for (int jJ = 1; J < a.size(); ++jJ) { 7/ right boundary
int thisSum = O;

for (int k = 1; k <= j; ++tk) {
thisSum += afk];
1

IT (thisSum > maxSum) {
maxSum = thisSum;
+
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return maxsumsj;

Time complexity: O(n3)



Max Sub Sum: Algorithm #2

1INt maxSubSum2(const std::vector<int> &a) {



Max Sub Sum: Algorithm #2

INt maxSubSum2(const std::vector<int> &a) {
INt maxSum = O;
for (int 1 = 0; 1 <

InNt thisSum = 0O;
for (int jJ = 1; J < a.size(); ++)) {
thisSum += afjl};
It (thisSum > maxSum) {
maxSum = thisSum;
}

a.size(); ++i1) {
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return maxsSum;

Time complexity: O(n?)



Max Sub Sum: Algorithm #3

Int maxSumRec(const std::vector<int> &a, Int left, Int right) {
1T (left == right) {
It (alleft] > 0) {
return ajleft];
} else {
return O;
}

iInt center = (left + right) /7 2; // divide 1nto two halves
Int maxLeftSum = maxSumRec(a, left, center); // recursive call

Int maxRightSum = maxSumRec(a, center + 1, right); // recursive call
Int maxLeftBorderSum = 0, leftBorderSum = 0O;

for (int 1 = center; 1 >= left; —-1) {
leftBorderSum += a[i];
It (leftBorderSum > maxLeftBorderSum) {
maxLeftBorderSum = leftBorderSum;
}









Max Sub Sum: Comparison



Different Kinds of complexity

Time Complexity
How does run time vary with input?

Auxiliary complexity
Auxiliary complexity measures the amount of temporary memory needed by

the algorithm — not including inputs. How do auxiliary requirements vary
with input?

Space Complexity

How does space requirement vary with input? Space complexity does
Include the input variables.



What iIs complexity?

InNt sun(int a, Int b, Int c) {
INt sum = a + b + C;
return sum;



What Is complexity?

InNt sun(int a, Int b, Int c) {
INt sum = a + b + C;
return sum;

Time complexity: O(1)
Auxiliary complexity: O(1)
Space complexity: O(1)



What iIs complexity?

INt sum(std::vector<int> nums) {
INt sum = 0O;
for (int 1 = 0; 1 < nums.si1ze(); ++i1){
sum += numsji];
}

return sum,;



What Is complexity?

INt sum(std::vector<int> nums) {
INt sum = 0O;
for (int 1 = 0; 1 < nums.si1ze(); ++i1){
sum += numsji];
}

return sum;
}
Time complexity: O(n)
Auxiliary complexity: O(1)

Space complexity: O(n)



Complexities with Multiple Variables

Sometimes there are two independent variables at play that will affect the
complexity of the algorithm. For example, having two vectors of different
Sizes.

In this case, you will need two variables to describe the complexity, e.g.
O(N + K), O



What Is complexity?

vector<vector<int>> mult(vector<int> numsl, vector<int> nums2) {
vector<vector<int>> product;
product.resize(numsl.size());



Example

Here's an example. Let

numsl = {1, 2, 3, 4} and
nums2 = {5, 0, 2}

then product



What Is complexity?



What Is complexity?

vector<vector<int>> mult(vector<int> numsl, vector<int> nums2) {
vector<vector<int>> product;
product.resize(numsl.size());
for (int 1 = 0; 1 < numsl.size(); ++1) {
product]i].resize(nums2.si1ze());

for (int J = 0; J < nums2.si1ze(); ++)) {
product|i]ij] = numsiji] * nums2|j}l;
}
}

return product; | |
1 Time complexity: O(m X n)

Auxiliary complexity: O(m X n)

Space complexity: O(m X n)



