
CSCI 201: Data Structures

Spring 2025

Lecture 5M: Recursion
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Goals for today:

Associate a call to a method with a frame.

Use recursion to solve problems by building a solution from solutions to smaller problems.

Ensure we always have a base case in our recursive solutions.

Use tail recursion so that there are no pending operations a�er the recursive call.

Practice some more with big-O notation.

Rules: (also play here! )

1. Move one disk at a time.

2. Every move displaces a disk from the top of one stack to the top of another (or empty rod).

3. No larger disk can ever be placed on top of a smaller one.

https://www.mathsisfun.com/games/towerofhanoi.html
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https://www.mathsisfun.com/games/towerofhanoi.html










The downsides of recursion.

Performance might not be great.

Recursion depth is limited by the stack size.

Go back to GoBackExample.java (remove breakpoints) and try .

 

n = 100000

public static void goBack(int n) {
  if (n == 0) {
    System.out.println("Stop");
  } else {
    System.out.println("Go " + n);
    goBack(n - 1);
    System.out.println("Back " + n);
  }
}
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Go
Go
Go
Exception in thread "main" java.lang.StackOverflowError
        at java.base/java.io.FileOutputStream.write(FileOutputStream.java:349)
        at java.base/java.io.BufferedOutputStream.flushBuffer(BufferedOutputStream.java:81)
        at java.base/java.io.BufferedOutputStream.flush(BufferedOutputStream.java:142)
        at java.base/java.io.PrintStream.write(PrintStream.java:570)
        at java.base/sun.nio.cs.StreamEncoder.writeBytes(StreamEncoder.java:234)
        at java.base/sun.nio.cs.StreamEncoder.implFlushBuffer(StreamEncoder.java:313)
        at java.base/sun.nio.cs.StreamEncoder.flushBuffer(StreamEncoder.java:111)
        at java.base/java.io.OutputStreamWriter.flushBuffer(OutputStreamWriter.java:178)
        at java.base/java.io.PrintStream.writeln(PrintStream.java:723)
        at java.base/java.io.PrintStream.println(PrintStream.java:1028)
        at GoBackExample.goBack(GoBackExample.java:8)
        at GoBackExample.goBack(GoBackExample.java:9)
        at GoBackExample.goBack(GoBackExample.java:9)
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Back to GoBackExample.java.

Try to pinpoint exactly the value of n that gives a stack overflow.

Design your own algorithm!
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This is the algorithm binary search.

 public static int binarySearch(int value, int[] sortedArray) {
   return binarySearch(value, sortedArray, 0, sortedArray.length - 1);
 }
 
 private static int binarySearch(int value, int[] sortedArray, int left, int right) {
  if (right < left) {
    return -1;
  }
 
  int mid = left + (right - left) / 2;
  if (sortedArray[mid] == value) {
     return mid;
  } else if (sortedArray[mid] < value) {
     return binarySearch(value, sortedArray, mid + 1, right); // search right half
  } else {
     return binarySearch(value, sortedArray, left, mid - 1); // search left half
  }
}
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More practice

Convert the following (recursive) string reversal method to use tail recursion.

public static String reverse(String message) {
  if (message.length() < 2) return message;
  return message.charAt(message.length() - 1) + reverse(message.substring(0, message.length() - 1));
}
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public static String reverseTail(String message) {
  return reverseHelper(message, "");
}
 
private static String reverseHelper(String message, String result) {
  if (message.length() == 0) {
    return result;
  }
  int end = message.length() - 1;
  return reverseHelper(message.substring(0, end), result + message.charAt(end));
}
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See you on Wednesday!

 (Bucket Sort) due tonight at 11:59pm.

Work on !

1. Implement Radix Sort.

2. Derive number of = for DIYList add method with a different growth technique.

Reminder that Noah ( ) and Smith ( ) have office hours throughout the week

and the 201 Course Assistants have drop-in hours in the late a�ernoons/evenings ( ).

Lab 4

Homework 4

go/noah go/smith

go/cshelp
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https://middcs.github.io/csci201s25/lab04
https://middcs.github.io/csci201s25/homework04
https://go.middlebury.edu/noah
https://go.middlebury.edu/smith
https://go.middlebury.edu/cshelp

