
Week 4 Tutorial
By Yufei Tao’s Teaching Team

1 of 17



Outline
• Review recursion principle
• Review merge sort
• A variant of binary search
• A variant of merge sort
• Closest pair problem
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Review – Recursion Principle
• When dealing with a subproblem (same problem 

but with a smaller input)

1. Consider it solved;

2. Use its output to design the rest of the algorithm.
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Review – Merge Sort

4 of 17

28 38 17 41 88 26

28 38 17 88 2641

• Identify the subproblems:
• Sort the first half of the array S.
• Sort the second half of S.

The original array S:

17 28 38 26 41 88

Subproblems:

Output:

35 9

35 9

35 9



Review - Merge Operation
• Merge 2 sorted arrays into a single sorted array

5 of 17

17 28 3835 26 41 889



Review - Merge Operation

6 of 17

• Set i, j to 1
• Compare 17 and 9
• 9 is smaller
• Place 9 into the new array and increase j by 1

   

17 28 3835 26 41 889

9



Review - Merge Operation 
• Compare 17 and 26
• 17 is smaller
• Place 17 into the new array and increase i by 1

7 of 17

   

17 28 3835 26 41 889

9 17



Review - Merge Operation
• Compare 28 and 26
• 26 is smaller
• Place 26 into the new array and increase j by 1

8 of 17

   

17 28 3835 26 41 889

9 17 26



•  

Review - Merge Operation

9 of 17

17 28 3835 26 41 889

9 17 26 28 35 38 41 88



Execution Trace - Merge Sort

10 of 17

28 38 17 88 264135 9



Execution Trace - Merge Sort

11 of 17

28 38 17

28 38 17 88 264135 9

35



Execution Trace - Merge Sort

12 of 17

28 38 17

28 38 17 88 264135 9

35

2835



Execution Trace - Merge Sort

13 of 17

28 38 17

28 38 17 88 264135 9

35

2835

35



Execution Trace - Merge Sort

14 of 17

28 38 17

28 38 17 88 264135 9

35

2835

35 28



Execution Trace - Merge Sort

15 of 17

28 38 17

28 38 17 88 264135 9

35

3528



Execution Trace - Merge Sort

16 of 17

28 38 17

28 38 17 88 264135 9

35

3528 38 17



Execution Trace - Merge Sort

17 of 17

28 38 17

28 38 17 88 264135 9

35

3528 38 17

38



Execution Trace - Merge Sort

18 of 17

28 38 17

28 38 17 88 264135 9

35

3528 38 17

38 17



Execution Trace - Merge Sort

19 of 17

28 38 17

28 38 17 88 264135 9

35

3528 17 38



Execution Trace - Merge Sort

20 of 17

28 35 38

28 38 17 88 264135 9

17



Execution Trace - Merge Sort

21 of 17

28 35 38

28 38 17 88 264135 9

17 88 2641 9

8841

41



Execution Trace - Merge Sort

22 of 17

28 38 17

28 38 17 88 264135 9

35 28 35 3817 88 2641 926 419 88



Execution Trace - Merge Sort

23 of 17

28 38 17 88 264135 917 26 28 38 41359 88



A Variant of Binary Search
•  

24 of 17

2 3 5 8 13 21 34 55  

 



Time Complexity
•  
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Time Complexity
•  
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Generalized Merge 
Operation
•  

27 of 17

35 38 26 41 889

9

28 17

   

   



Generalized Merge 
Operation
• Repeat the process until we have put all the 

elements of one input array into the new array.

28 of 17

1728 3835 26 41 889

   

   

17 26 28 35 389



Generalized Merge 
Operation
•  

29 of 17

17 28 35 38 399 41 88

 

41 88

 

   

28 3835 17 269



A Variant of Merge Sort

30 of 17

28 38 17 41 88 26

28 38 17 88 2641

 

The original array S:

Subproblems:

35 9

35 9



Time Complexity
•  
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A Bonus Problem: Closest 
Pair
•  

32 of 17

1 20 9 23 2 20

11 8 7 12 13

Sequence A

Sequence B



A Bonus Problem: Closest 
Pair

33 of 17

1 20 9 23 2 20

7 8 11 12 13

Sequence A

Sorted Sequence B

•  
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