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Inhkooluchion,

Dynamic programming is a technique to solve problems by breaking it down into a colle
ction of sub-problems, solving each of those sub-problems just once and storing these
solutions inside the cache memory in case the same problem occurs the next time.

Dynamic Programming is mainly an optimization over plain recursion .

Wherever we see a recursive solution that has repeated calls for same inputs, we can o
ptimize it using Dynamic Programming.

This simple optimization reduces the time complexities from exponential to polynomial.

There are two different ways to store our values so that they can be reused at a later |
nstance. They are as follows:

1. Memoization or the Top Down Approach.

2. Tabulation or the Bottom Up approach.

In Memoization we start from the extreme state and compute result by using values th
at can reach the destination state i.e the base state.

In Tabulation we start from the base state and then compute results all the way till the

extreme state.

Note: To store the intermediate results we can use Array, Matrix, Hashmap etc., all we
need is data storage and retrieval with a specific key.

How to find the use case of Dynamic Programming?

You can use DP if the problem can be,
1. Divided into sub-problems

2. Solved using a recursive solution
3. Containing repetitive sub-problems
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Solution {
totalWays( currentStair, targetStair, unordered map<
if(currentStair==targetStair){

return 1;

if(currentStair > targetStair){
return 0;
currentKey = currentStair;
if(memo.find(currentKey)!=memo.end()){
return memo[currentKey];
oneStep totalWays(currentStair+l, targetStair, memo);
twoStep totalWays(currentStair+2, targetStair, memo);

memo[currentKey] = oneStep+twoStep;

return oneStep+twoStep;

climbStairs(int n) {
unordered_map< ,int> memo;
return totalWays(@,n,memo);
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Solution {
helper(int n, unordered_map<int,int>&memo){

if(n<=1){
return n;

}

currentKey = n;

if(memo.find(currentKey)!=memo.end()){
return memo[currentKey];

}

a = helper(n-1,memo);
b = helper(n-2,memo);

memo[currentKey] = a+b;

return memo[currentKey];

fib( n) {
unordered_map< 3 >memo;
return helper(n,memo);
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Solution {

minCost(vector« >&cost, currentIndex, unordered_map<
if(currentIndex == cost.size()){

return 0;

if(currentIndex > cost.size()){
return 1000;

if(m.find(currentIndex)!=m.end()){
return m[currentIndex];

oneJump cost[currentIndex] + minCost(cost,currentIndex+1, m);
twoJump cost[currentIndex] + minCost(cost,currentIndex+2, m);

m[currentIndex] = min(oneJump, twoJump);
return m[currentlIndex];

minCostClimbingStairs(vector« >& cost) {
unordered_map<int, > m;
return min( minCost(cost,®,m), minCost(cost,1,m));
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Solution {

helper(vector< >&nums, currentIndex, unordered_map<

if(currentIndex >= nums.size()){

return 0;

currentKey = currentlIndex;

if(m.find(currentKey)!=m.end()){
return m[currentKey];

rob = nums[currentKey] + helper(nums, currentIndex+2, m);
noRob = helper(nums, currentIndex+1l, m);

m[currentIndex] = max(rob, noRob);

return m[currentIndex];

rob(vector< >& nums) {

unordered_map<int,int> m;
return helper(nums,9,m);
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Solution {

helper(vector< >&nums, currentIndex, lastIndex, unordered_map<

if(currentIndex > lastIndex){
return 0;
}

currentKey = currentIndex;

if(m.find(currentKey)!=m.end()){
return m[currentKey];

}

rob = nums[currentKey] + helper(nums, currentIndex+2, lastIndex, m);
noRob = helper(nums, currentIndex+l, lastIndex, m);

m[currentIndex] = max(rob, noRob);

return m[currentIndex];

rob(vector< >& nums) {

n = nums.size();
if(n==1) return nums[0];

unordered_map< i > memol,memo2;
firstHouse = helper(nums, @, n-2, memol);

secondHouse = helper(nums, 1, n-1, memo2);
return max(firstHouse, secondHouse);
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Solution {

helper( n, unordered_map<
if(n<=1){
return n;

}

if(n==2)
return 1;

}

currentNum = n;

if(m.find(currentNum)'!=m.end()){
return m[currentNum];

}

helper(n-1,m);
helper(n-2,m);
helper(n-3,m);

m[currentNum] = a+b+c;

return m[currentNum];

tribonacci( n) {
unordered_map<int, >m;
return helper(n,m);
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Solution

helper( W, wt[], val[], n, CHPT: .
unordered_map<string, > &memo){

if(curr==n) return 0;

string currKey = to_string(curr)+"” "+to_string(W);

if(memo.find(currKey)!=memo.end()) return memo[currKey];

currlWt = wt[curr];
currvVal = val[curr];

selected = 0;
if(currWt<=W){
selected = currVal + helper(W-currWt, wt, val, n, curr+l, memo);

notSelected = helper(W, wt, val, n, curr+l, memo);

memo[currKey] = max(selected, notSelected);
return memo[currKey];

knapSack ( W, wt[], val[], n)

unordered_map<string, > memo;
return helper(W, wt, val, n, 0, memo);
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isPossible( targetSum, currentIndex,

unordered map<strins

if(targetSum == 0)

ot urt .
recul N

if(currentIndex >= nums.size())
return

>
string currentKey = to_string(currentlIndex)+" "+to_string(targetSum);
if(memo.find(currentKey)!=memo.end()){

return memo[currentKey];

possible =

if(nums[currentIndex]<=targetSum)
possible = isPossible(targetSum-nums[currentIndex], currentIndex+l, nums, memo);

if(possible){
memo[currentKey] = possible;
notPossible isPossible(targetSum, currentIndex+1l, nums, memo);

memo[ currentKey] possible| |notPossible;
return memo[currentKey];

canPartition(vector« >& nums) {

total = 0;
for( it:nums) total+= it;

if(total%2!=0) retur

unordered_map<string, > memo;
return isPossible(total/2,0, nums,memo);
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totalWays( currentIndex, vector« >&nums, int target, unordered _map<string,
if(target==0 and currentIndex==nums.size()){

return 1;

if(currentIndex>=nums.size() and target!=0){
returt 9.

>

string key = to string(currentIndex)+" "+to string(target);
if(memo.find(key) !=memo.end()){

return memo[key];

plus = totalWays(currentIndex+1l, nums, target-nums[currentIndex],memo);

minus totalWays(currentIndex+1, nums, target+nums[currentIndex],memo);
memo[ key ] plus+minus;

return plus+minus;

findTargetSumWays(vector< >& nums, target) {
unordered_map<string, > memo;

return totalWays(@,nums,target,memo);
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You are given an integer array nums . You want to maximize the number of points
you get by performing the following operation any number of times:

e Pick any nums[i] and delete it to earn nums[i] points. Afterwards, you
must delete every element equalto nums[(i] - 1 and every element
equal to nums[i] + 1.

Return the maximum number of points you can earn by applying the above
operation some number of times.
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Solution {

maxPoints(vector<int>& freq,
if(currentIndex >= freq.size()) retur

key = currentlIndex;

if(memo.find(key) != memo.end()) retui

currentIndex, un

M:Lo

T
CI

JEEI

CL+]

ordered_map<

n o;

'n memo[key];

Delete = currentIndex*freq[currentIndex] + maxPoints(freq, currentIndex+2, memo);

NotDelete =
memo[key] = max(Delete, NotDelete);

return memo[key];

deleteAndEarn(vector«< >& nums) {

maxi = *max_element(nums.begin(),
> freq(maxi+l, 0);

vector«

for( i: nums) freq[i]++;

unordered_map< 3 > memo;

return maxPoints(freq, 0, memo);

maxPoints(freq, currentIndex+1l, memo);

nums.end());
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Solution{

helper( W, wt[], val[], N, vector<vector< >>&memo) {

if(W==0) return 0;
if(curr==N) return 0;

if(memo[curr][W]!=-1)  return memo[curr][W];

currWt = wt[curr];
currVal = val[curr];

selected = 0;

if(curriWt<=W){
selected = currVal + helper(W-currWt, wt, val, N, curr, memo);

}

notSelected = helper(W, wt, val, N, curr+l, memo);
memo[curr][W] = max(selected, notSelected);
return memo[curr][W];
knapSack( N, W, val[], wt[])

vector<vector« >> memo( N , vector< > (W+1, -1));
return helper(W, wt, val, N, 06, memo);
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totalWays( currentIndex, vector<int>& coins, amount,vector<vector« >>
if(amount == @) return 1;
if(currentIndex >= coins.size()) return 0;

if(memo[currentIndex][amount]!=-1) return memo[currentIndex][amount];

consider = 0;
if(coins[currentIndex]<=amount){
consider = totalWays(currentIndex,coins,amount-coins[currentIndex],memo);

}

notConsider = totalWays(currentIndex+1,coins,amount,memo);

memo[ currentIndex][amount] = consider+notConsider;
return memo[currentIndex][amount];

change(int amount,vector<int>& coins) {
vector<vector< >>memo(coins.size()+1,vector« >(amount+1,-1));
return totalWays(®,coins,amount,memo);
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minimumCoins(int currentIndex, vector<int>& coins, i amount,vector<vector<int>>&memo){
if(amount == 0) return 0;
if(currentIndex >= coins.size()) eturn 100000;

if(memo[currentIndex][amount]!=-1) return memo[currentIndex][amount];
consider = 100000;

if(coins[currentIndex]<=amount){
consider = 1 + minimumCoins(currentIndex, coins, amount-coins[currentIndex], memo);

notConsider = minimumCoins(currentIndex+1, coins, amount, memo);

memo[ currentIndex][amount]= min(consider,notConsider);
return memo[currentIndex][amount];

coinChange(vector<int>& coins, i amount) {

vector<vector« >>memo(coins.size()+1,vector< >(amount+1,-1));
ans = minimumCoins(®, coins, amount, memo);

irn (ans==100000)? -1 : ans;
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n{

maxProfit( price[], currentIndex, n, vector<vector« >>&memo) {
if(n==0) return 0;
if(currentIndex>=n) return 0;

if(memo[currentIndex][n]!=-1) return memo[currentIndex][n];

selected = 0;
if(currentIndex+1<=n){

selected = price[currentIndex]+maxProfit(price, currentIndex, n-(currentIndex+1), memo);

notSelected = maxProfit(price, currentIndex+l, n, memo);

memo[currentIndex][n] = max(selected, notSelected);
return memo[currentIndex][n];

cutRod( price[], n) {
vector<vector« >> memo(n+1l, vector< >(n+1,-1));
return maxProfit(price,®,n,memo);
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