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The power of realizing it’s the same problem at a different scale
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Recursive case:
The sum of an array is its first element plus the sum of the rest of the array

𝑠𝑢𝑚 𝑎𝑟𝑟 0. . 𝑁 = 𝑎𝑟𝑟 0 + 𝑠𝑢𝑚 𝑎𝑟𝑟 1. . 𝑁
Base case:
The sum of an empty array is zero

int sum_arr(int *arr, size_t len) {
  if (len == 0) return 0; // base case
  return arr[0] + sum_arr(arr + 1, len - 1); // recursive case
}

The problem is getting smaller
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int sum_arr(int *arr, size_t len) {
  if (len == 0) return 0;
  return arr[0] + sum_arr(arr + 1, len - 1);
}

arr=&A[0]; len=7

arr

Call stack

A

1 + 
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int sum_arr(int *arr, size_t len) {
  if (len == 0) return 0;
  return arr[0] + sum_arr(arr + 1, len - 1);
}

arr=&A[0]; len=7

arr

arr=&A[1]; len=6

Call stack

A

1 + 

2 + 
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int sum_arr(int *arr, size_t len) {
  if (len == 0) return 0;
  return arr[0] + sum_arr(arr + 1, len - 1);
}

arr=&A[0]; len=7

arr

arr=&A[1]; len=6

arr=&A[2]; len=5

Call stack

A

1 + 

2 + 

3 + 
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int sum_arr(int *arr, size_t len) {
  if (len == 0) return 0;
  return arr[0] + sum_arr(arr + 1, len - 1);
}

arr=&A[0]; len=7

arr

arr=&A[1]; len=6

arr=&A[2]; len=5

arr=&A[3]; len=4

Call stack

A

1 + 

2 + 

3 + 

4 + 
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int sum_arr(int *arr, size_t len) {
  if (len == 0) return 0;
  return arr[0] + sum_arr(arr + 1, len - 1);
}

arr=&A[0]; len=7

arr

arr=&A[1]; len=6

arr=&A[2]; len=5

arr=&A[3]; len=4

arr=&A[4]; len=3

Call stack

A

1 + 

2 + 

3 + 

4 + 

5 + 
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int sum_arr(int *arr, size_t len) {
  if (len == 0) return 0;
  return arr[0] + sum_arr(arr + 1, len - 1);
}

arr=&A[0]; len=7

arr

arr=&A[1]; len=6

arr=&A[2]; len=5

arr=&A[3]; len=4

arr=&A[4]; len=3

arr=&A[5]; len=2

Call stack

A

1 + 

2 + 

3 + 

4 + 

5 + 

6 + 
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int sum_arr(int *arr, size_t len) {
  if (len == 0) return 0;
  return arr[0] + sum_arr(arr + 1, len - 1);
}

arr=&A[0]; len=7

arr

arr=&A[1]; len=6

arr=&A[2]; len=5

arr=&A[3]; len=4

arr=&A[4]; len=3

arr=&A[5]; len=2

arr=&A[6]; len=1

Call stack

A

1 + 

2 + 

3 + 

4 + 

5 + 

6 + 

7 + 
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int sum_arr(int *arr, size_t len) {
  if (len == 0) return 0;
  return arr[0] + sum_arr(arr + 1, len - 1);
}

arr=&A[0]; len=7

arr

arr=&A[1]; len=6

arr=&A[2]; len=5

arr=&A[3]; len=4

arr=&A[4]; len=3

arr=&A[5]; len=2

arr=&A[6]; len=1

arr=&A[7]; len=0

Call stack

A

1 + 

2 + 

3 + 

4 + 

5 + 

6 + 

7 + 
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int sum_arr(int *arr, size_t len) {
  if (len == 0) return 0;
  return arr[0] + sum_arr(arr + 1, len - 1);
}

arr=&A[0]; len=7

arr

arr=&A[1]; len=6

arr=&A[2]; len=5

arr=&A[3]; len=4

arr=&A[4]; len=3

arr=&A[5]; len=2

arr=&A[6]; len=1

arr=&A[7]; len=0

Call stack

A

1 + 

2 + 

3 + 

4 + 

5 + 

6 + 

7 + 0
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int sum_arr(int *arr, size_t len) {
  if (len == 0) return 0;
  return arr[0] + sum_arr(arr + 1, len - 1);
}

arr=&A[0]; len=7

arr

arr=&A[1]; len=6

arr=&A[2]; len=5

arr=&A[3]; len=4

arr=&A[4]; len=3

arr=&A[5]; len=2

arr=&A[6]; len=1

Call stack

A

1 + 

2 + 

3 + 

4 + 

5 + 

6 + 

7 + 0

7
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int sum_arr(int *arr, size_t len) {
  if (len == 0) return 0;
  return arr[0] + sum_arr(arr + 1, len - 1);
}

arr=&A[0]; len=7

arr

arr=&A[1]; len=6

arr=&A[2]; len=5

arr=&A[3]; len=4

arr=&A[4]; len=3

arr=&A[5]; len=2

Call stack

A

1 + 

2 + 

3 + 

4 + 

5 + 

6 + 7

13
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int sum_arr(int *arr, size_t len) {
  if (len == 0) return 0;
  return arr[0] + sum_arr(arr + 1, len - 1);
}

arr=&A[0]; len=7

arr

arr=&A[1]; len=6

arr=&A[2]; len=5

arr=&A[3]; len=4

arr=&A[4]; len=3

Call stack

A

1 + 

2 + 

3 + 

4 + 

5 + 13

18
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int sum_arr(int *arr, size_t len) {
  if (len == 0) return 0;
  return arr[0] + sum_arr(arr + 1, len - 1);
}

arr=&A[0]; len=7

arr

arr=&A[1]; len=6

arr=&A[2]; len=5

arr=&A[3]; len=4

Call stack

A

1 + 

2 + 

3 + 

4 + 18

22
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int sum_arr(int *arr, size_t len) {
  if (len == 0) return 0;
  return arr[0] + sum_arr(arr + 1, len - 1);
}

arr=&A[0]; len=7

arr

arr=&A[1]; len=6

arr=&A[2]; len=5

Call stack

A

1 + 

2 + 

3 + 22

25
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int sum_arr(int *arr, size_t len) {
  if (len == 0) return 0;
  return arr[0] + sum_arr(arr + 1, len - 1);
}

arr=&A[0]; len=7

arr

arr=&A[1]; len=6

Call stack

A

1 + 

2 + 25

27
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int sum_arr(int *arr, size_t len) {
  if (len == 0) return 0;
  return arr[0] + sum_arr(arr + 1, len - 1);
}

arr=&A[0]; len=7

arr

Call stack

A

1 + 27

28



Knapsack Problem (0/1)
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Loots

Value

Weight

Diamond

1000

10

Gold

300

100

Hammer

10

500

Sword

100

200

…

…

…

Suppose you can only carry X units of weight, what’s the maximum value you can take?

Recursive case:
  max_value(items, X) =
 MAX(
  value(items[0]) + max_value(remaining items, X – weight[items[0]]),
   max_value(remaining items, X)
 )



Flooding

34


	Slide 1: Recursion
	Slide 2: Recursion
	Slide 3: Quick Sort
	Slide 4: Quick Sort
	Slide 5: Quick Sort
	Slide 6: Quick Sort
	Slide 7: Quick Sort
	Slide 8: Quick Sort
	Slide 9: Quick Sort
	Slide 10: Quick Sort
	Slide 11: Quick Sort
	Slide 12: Quick Sort
	Slide 13: Quick Sort
	Slide 14: Quick Sort
	Slide 15: Quick Sort
	Slide 16: Example: Sum an Array
	Slide 17: Example: Sum an Array
	Slide 18: Example: Sum an Array
	Slide 19: Example: Sum an Array
	Slide 20: Example: Sum an Array
	Slide 21: Example: Sum an Array
	Slide 22: Example: Sum an Array
	Slide 23: Example: Sum an Array
	Slide 24: Example: Sum an Array
	Slide 25: Example: Sum an Array
	Slide 26: Example: Sum an Array
	Slide 27: Example: Sum an Array
	Slide 28: Example: Sum an Array
	Slide 29: Example: Sum an Array
	Slide 30: Example: Sum an Array
	Slide 31: Example: Sum an Array
	Slide 32: Example: Sum an Array
	Slide 33: Knapsack Problem (0/1)
	Slide 34: Flooding

