
Problem Solving Task

Prompt:

Given the following description of the problem and program code, identify where in the

program the error is occurring. Be sure to include 1) a classification of the type of error,

2) a description of where the error is occurring and why, and 3) what debugging strategies

you used to find the error and the reason for choosing each strategy.

Description of the Problem:

When you go to run the LetterSort program on the input list ["c", "b", "e", "A", "M", "i"],

it runs to completion but outputs the list [“c”, “c”, “c”, “c”].
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Problem Solving Task Program Code for Unit 10: Debugging

LetterSorter.java

1 package lettersort;

2

3 import java.util.ArrayList;

4 import java.util.Arrays;

5 import java.util.List;

6

7 public class LetterSorter {

8 public final List<String> CHAR_LIST = Arrays.asList(

9 "a", "b", "c", "d", "e", "f", "g", "h", "i", "j", "k", "l", "m",

10 "n", "o", "p", "q", "r", "s", "t", "u", "v", "w", "x", "y", "z",

11 "A", "B", "C", "D", "E", "F", "G", "H", "I", "J", "K", "L", "M",

12 "N", "O", "P", "Q", "R", "S", "T", "U", "V", "W", "X", "Y", "Z");

13

14 public List<Integer> convertLettersToNumbers(List<String> letterList) {

15 List<Integer> numberList = new ArrayList<Integer>();

16 // Loop through the letters and convert it to a number.

17 for (int index = 0; index < letterList.size(); index++) {

18 for (int charIndex = 0; charIndex < CHAR_LIST.size(); charIndex++) {

19 // If the character in the CHAR_LIST matches, add the index to the numberList.

20 if (CHAR_LIST.get(charIndex) == letterList.get(index)) {

21 numberList.add(charIndex);

22 continue;

23 }



24 }

25

26 // The character was not found so throw an error.

27 if (numberList.size() != index + 1) {

28 throw new RuntimeException(

29 String.format("Invalid character: %s cannot be converted to a number.",

30 letterList.get(index)));

31 }

32 }

33

34 return numberList;

35 }

36

37 public List<String> convertNumbersToLetters(List<Integer> numberList) {

38 List<String> letterList = new ArrayList<String>();

39 for (int index = 0; index < numberList.size(); index++) {

40 // The number does not match a character so throw an error.

41 if (numberList.get(index) > CHAR_LIST.size() || numberList.get(index) < 0) {

42 throw new RuntimeException(

43 String.format("Invalid number: %d cannot be converted to a letter.",

44 numberList.get(index)));

45 }

46 // Look up the character that matches the number in the CHAR_LIST.

47 letterList.add(CHAR_LIST.get(numberList.get(index)));

48 }

49 return letterList;

50 }

51 }

MergeSorter.java
1 package mergesort;

2

3 import java.util.ArrayList;

4 import java.util.Arrays;

5 import java.util.List;

6

7 public class MergeSorter {

8

9 public List<Integer> mergeSort(List<Integer> inputArray) {

10 // There's only 1 element so return the array.

11 if (inputArray.size() < 2){

12 return inputArray;

13 }

14

15 // Find the midpoint and split into two lists.

16 int midpoint = inputArray.size() / 2;



17 List<Integer> left = inputArray.subList(0, midpoint);

18 List<Integer> right = inputArray.subList(midpoint, inputArray.size());

19

20 // Sort both lists.

21 List<Integer> leftSorted = mergeSort(left);

22 List<Integer> rightSorted = mergeSort(left);

23

24 // Merge the sorted lists by keeping a pointer to the first unused number in each list.

25 // Compare the first unused item in each list and add the lowest to the combined list.

26 // Stop when the end of either list has been reached.

27 ArrayList<Integer> combinedSorted = new ArrayList<Integer>();

28 int leftIndex = 0;

29 int rightIndex = 0;

30 while (leftIndex < leftSorted.size() && rightIndex < rightSorted.size()) {

31 if (leftSorted.get(leftIndex) <= rightSorted.get(rightIndex)){

32 combinedSorted.add(leftSorted.get(leftIndex));

33 leftIndex++;

34 } else {

35 combinedSorted.add(rightSorted.get(rightIndex));

36 rightIndex++;

37 }

38 }

39

40 // Add the remaining items in the list where the end was not reached.

41 if (leftIndex == leftSorted.size()) {

42 combinedSorted.addAll(rightSorted.subList(rightIndex, rightSorted.size()));

43 } else {

44 combinedSorted.addAll(leftSorted.subList(leftIndex, leftSorted.size()));

45 }

46

47 return combinedSorted;

48 }

49 }

Main.java
1 import java.util.ArrayList;

2 import java.util.Arrays;

3 import java.util.List;

4 import lettersort.LetterSorter;

5 import mergesort.MergeSorter;

6

7 class Main {

8 public static void main(String args[]) {

9

10 List<String> input = Arrays.asList("c", "b", "e", "A", "M", "i");

11



12 LetterSorter letterSorter = new LetterSorter();

13 MergeSorter mergeSorter = new MergeSorter();

14

15 List<Integer> numberList = letterSorter.convertLettersToNumbers(input);

16 List<Integer> sortedList = mergeSorter.mergeSort(numberList);

17 List<String> sortedLetterList = letterSorter.convertNumbersToLetters(sortedList);

18

19 System.out.println("Sorted Array:");

20 System.out.println(sortedLetterList.toString());

21 }

22 }

Example Solution:

This error is a logic error. On line number 22, the code passes the left half of the array

into the mergesort function instead of the right half. I could tell it’s a logic error because the

program runs to completion but the output is not what I would expect. Additionally, there is no

error message like we would find with a build error or a runtime error. When looking at the

output from the error, there are a couple of things I noticed right away. First, the output is all the

same letter. Second, the number of elements returned are not the same as there were in the

original list. This suggests that something is going wrong around where the code splits the list

and sorts the two halves. Since this is a multi-file program, I decided to break the problem down

into three parts based on the different files, Main.java which starts the program and passes the

arrays between the different functions, LetterSorter.java which converts back and forth

between letters and numbers, and MergeSorter.java which splits the list and sorts it.

Therefore, I knew the error was occuring in MergeSorter.java. Once I knew which file the

error was occurring in, I wanted to narrow it down to a specific line. Since there was no error

message that gave a line number, I chose to step through the program with the input array from

the description of the problem. When I got to line number 21, I had left=[“c”, “b”, “e”]



and right=[“A”, “M”, “i”] written down as intermediate values. This meant that when I

got to lines 21 and 22 the code would need to sort each of these lists. However, I noticed that line

number 22 calls the method on left instead of right.


