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Syllabus

Dynamic Programming- General Method, applications- Chained matrix 

multiplication, All pairs shortest path problem, 0/1 knapsack problem, 

Traveling sales person problem.



Dynamic ProgrammingDefinition

 Dynamic programming is a technique. 
 It is breaks the problems into sub-problems, and saves the result for future purposes so 

that we do not need to compute the result again. 
 The sub problems are optimized to optimize the overall solution is known as optimal 

substructure property. 
 The main use of dynamic programming is to solve optimization problems. 
 we are trying to find out the minimum or the maximum solution of a problem. 

It is a technique for solving a complex problem by first breaking into a
collection of simpler sub problems, solving each sub problem just once, and
then storing their solutions to avoid repetitive computations.



Dynamic ProgrammingDefinition

 The principle of optimality is the basic principle of dynamic programming, which was
developed by Richard Bellman: that an optimal path has the property that whatever the
initial conditions and control variables (choices) over some initial period, the control (or
decision variables) chosen over the remaining period must be optimal for the remaining
problem, with the state resulting from the early decisions taken to be the initial condition.

PRINCIPLE OF OPTIMALITY



Dynamic Programming

Consider an example of the Fibonacci series. The following series 

is the Fibonacci series:



Dynamic Programming
The solution, 

• we calculate F(16) and F(17) and save

their values in an array.

• The F(18) is calculated by summing

the values of F(17) and F(16), which

are already saved in an array.

• The computed value of F(18) is saved

in an array.

• The value of F(19) is calculated using

the sum of F(18), and F(17), and their

values are already saved in an array.

• The computed value of F(19) is stored

in an array.

• The value of F(20) can be calculated

by adding the values of F(19) and

F(18), and the values of both F(19)

and F(18) are stored in an array.

• The final computed value of F(20) is

stored in an array.
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Approaches of dynamic programming

There are two approaches to dynamic programming:

1. Top-down approach

2. Bottom-up approach

Top-down approach

The top-down approach follows the memorization technique, while bottom-up approach follows the 

tabulation method. Here memorization is equal to the sum of recursion and caching. Recursion means 

calling the function itself, while caching means storing the intermediate results.

Advantages

 It is very easy to understand and implement.

 It solves the sub problems only when it is required.

 It is easy to debug.

Disadvantages

 It uses the recursion technique that occupies more memory in the call stack. 

 Sometimes when the recursion is too deep, the stack overflow condition will occur.

 It occupies more memory that degrades the overall performance.



Dynamic Programming

Let's understand dynamic programming through an example.

 In this code, we have used the recursive approach to find out the Fibonacci

series.

 When the value of 'n' increases, the function calls will also increase, and

computations will also increase.

 In this case, the time complexity increases exponentially, and it becomes

2n.
 One solution to this problem is to use the dynamic programming approach.

 Rather than generating the recursive tree again and again,

 we can reuse the previously calculated value.

 If we use the dynamic programming approach, then the time complexity

would be O(n).



Dynamic Programming Bottom-Up approach

 It uses the tabulation technique to implement the dynamic programming approach. 

 It solves the same kind of problems but it removes the recursion. 

 If we remove the recursion, there is no stack overflow issue and no overhead of the recursive 

functions. 

 In this tabulation technique, we solve the problems and store the results in a matrix.
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DIFFERENCES BETWEEN GREEDY METHOD AND DYNAMIC PROGRAMMING



Dynamic Programming : Applications

The various applications of Dynamic Programming are :

1. Longest Common Subsequence.

2. Finding Shortest Path.

3. Finding Maximum Profit with other Fixed Constraints.

4. Job Scheduling in Processor.

5. Bio Informatics.

6. Optimal search solutions.
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Dynamic Programming : Matrix Chain Multiplication

No of Scalar multiplication in Case 1 will be:

Number of ways for parenthesizing the matrices:

There are very large numbers of ways of parenthesizing these matrices. If there are n items, there are (n-1) ways in 

which the outer most pair of parenthesis can place.
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TRAVELLING SALES PERSON PROBLEM















How this problem can be solved by using the Dynamic programming approach?

First,

we create a matrix shown as below:
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