
COMP-202: Foundations of 
Programming 

Lecture 25: Advanced Topics 

Jackie Cheung, Winter 2015 



Announcements 

Quiz 6 due Tue Apr 7 at 11:59pm 

Assignment 6 due Tue Apr 14 at 11:59pm 

Final is scheduled for Apr 29, 6pm – 9pm 
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Recursion 

Recursive functions have two typical 
components: 

1. Base case(s) 
Easy to solve directly. e.g., factorial(1) 

 

2. Recursive or inductive step 

Solve an easier version of this problem first, then use that 
result to solve the overall problem. 

e.g., n * factorial(n – 1) 
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recursive call 



This Class 

Perform the calculations in a "smart" way to 
save computation 

 

Note: The material in this class is not testable on 
the final exam. 
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DYNAMIC PROGRAMMING 

Excited coding? 
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Problems with Recursion 

Remember how slow recursive fibonacci was? 
public static int fibonacci(int n) { 

    if (n == 1 || n == 2) { 

      return 1; 

    } 

    return fibonacci(n - 1) + fibonacci(n - 2); 

} 
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Tree of Method Calls 
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fibonacci(5) 

fibonacci(3) fibonacci(4) 

fibonacci(3) fibonacci(2) 

fibonacci(1) fibonacci(0) 

fibonacci(2) fibonacci(1) 

fibonacci(1) fibonacci(0) 

fibonacci(2) fibonacci(1) 

fibonacci(1) fibonacci(0) 

Many duplications! 



Idea 

Rather than compute things backwards from 
fibonacci(n) down to fibonacci(0) and 
fibonacci(1), let's go forwards. Store results in an 
array. 

• Set fibonacci(0), fibonacci(1) [Base cases] 

• Compute fibonacci(2) 

• Compute fibonacci(3) 

• … 

• Compute fibonacci(n) 
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Let's Implement It 

Use an int[] to store intermediate results. 

9 



Dynamic Programming 

This procedure of computing then storing values 
in a smart order to prevent duplicate 
computations is called dynamic programming. 

Prerequisites: 
• Problem is recursive in nature (can be reduced to 

simpler version of itself) 

• The problem reduces to overlapping 
subproblems. (e.g., Fibonacci duplicate 
calculations) 
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Making Change 

We are using some currency system with coins 
of several denominations. 

• e.g., Canadian: 1, 5, 10, 25, 100, 200 

• Artificial one: 1, 6, 10 

 

You need to make x cents in change. What is the 
fewest number of coins you could use? 
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Heuristic: Use Best Coin Left 

e.g., 67 cents in Canadian coins: 
1. 67 – 25 (quarter) = 42 
2. 42 – 25 (quarter) = 17 
3. 17 – 10 (dime) = 7 
4. 7 – 5 (nickel) = 2 
5. 2 – 1 (penny) = 1 
6. 1 – 1 (penny) = 0 

 
• 6 coins in total 

This method works for the Canadian system. 
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This Doesn’t Work In General 

Make 12 cents in change with the set {1, 6, 10} 
1. 12 – 10 = 2 

2. 2 – 1 = 1 

3. 1 – 1 = 0 

• 3 coins 

 

Better: 6 + 6 = 12 
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Exercise 

How do we break down the change making 
problem into a smaller change making problem? 

• Base case 

 

• Recursive step 
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Implement It 

Let's implement the change making program 
using recursion. 

 

Draw out the tree for the computation of several 
simple cases. Do you see overlaps? 
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Implement It 2 

Notice that we can use the same trick as before. 
Store an array of size N for change(N). 

 

Compute values of change(N) from 0 to N 
• Rely on previous cells in the array to compute the 

value of the current cell. 
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Aside: Getting the Actual Coins 

The previous program gives us the number of 
coins, but not the coins themselves. How do we 
also get the coins that make up the change? 

 

Idea: keep track of which coin was used at each 
step of the calculation in a separate array. Then, 
we can reconstruct the series of coins that were 
used at the end of the computation. 
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Implement It 3 

Extend the previous code to print out the coins 
that are used to make the change. 

 

e.g., makeChange(12, {1, 6, 10})  

should print 6 6 and return 2. 
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Challenge Exercise 

How do we implement edit distance with 
dynamic programming? 

Notice that the method dist takes two arguments. 

We'll need a 2D int array to store the intermediate 
computations! 
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