H a2 1t java-fundamentals 1t oop

Comparable and Comparator: Ordering Objects in
Java

TCSS 305 Programming Practicum

This guide explains how Java collections determine the order of objects. You'll learn when to
use Comparable for natural ordering versus Comparator for flexible, external sorting
strategies. These concepts are fundamental to sorting, searching, and organizing data in
professional Java applications.

E) The Ordering Problem

When you sort a list of numbers or alphabetize strings, the ordering seems obvious. But what
about a list of Student objects? Should they be sorted by ID, name, GPA, or enroliment date?

Collections need to answer one question: "Should A come before, after, or in the same
position as B?"

Java expresses this answer with an integer:

Return Value Meaning

Negative (e.g., -1) A comes before B

Zero A and B are equal (same position)
Positive (e.g., 1) A comes after B

This convention appears in both Comparable and Comparator . Understanding it is key to
implementing either interface correctly.
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@ Note

You don't need to return exactly -1 or 1. Any negative or positive integer works. However, some
implementations use -1, 0, 1 for clarity, while others use the result of subtraction directly. Both
approaches are valid.

B3 Natural Ordering with Comparable

Some types have an obvious, intrinsic way to be ordered:

o Strings: alphabetical order
o Numbers: numeric order
» Dates: chronological order

This is called natural ordering—the one obvious way to sort objects of that type. Java
represents natural ordering through the Comparable<T> interface.

(2.1) The Comparable Interface

public interface Comparable<T> {
int compareTo(T other);

}

A class that implements Comparable<T> can compare itself to another object of type T. The
compareTo() method answers: "How do | relate to this other object?”

(2.2) Standard Library Examples

Many Java classes already implement Comparable :

// String comparison (alphabetical)
"apple".compareTo("banana"); // negative (apple < banana)
"cherry" .compareTo("banana"); // positive (cherry > banana)
"banana".compareTo("banana"); // zero (equal)

// Integer comparison (numeric)
Integer.valueOf(5).compareTo(10); // negative (5 < 10)
Integer.valueOf(10).compareTo(5); // positive (10 > 5)
Integer.valueOf(5).compareTo(5); // zero (equal)



Because these classes implement Comparable, you can sort them directly:

List<String> names = new ArraylList<>(List.of("Charlie", "Alice", "Bob"));
Collections.sort(names); // Uses String's natural ordering
// Result: [Alice, Bob, Charlie]

E) Implementing Comparable

When your own class has a natural ordering, implement Comparable . Considera Student
class where the natural ordering is by student ID:

public class Student implements Comparable<Student> {
private final int myId;
private final String myName;
private final double myGpa;

public Student(int theId, String theName, double theGpa) {
myId = theld;
myName = theName;
myGpa = theGpa;

}

public int getId() { return myId; }
public String getName() { return myName; }
public double getGpa() { return myGpa; }

@Override
public int compareTo(Student other) {
// Natural ordering: by student ID
return Integer.compare(myId, other.myId);

Now students can be sorted by ID:

List<Student> roster = new ArraylList<>();
roster.add(new Student(1003, "Alice", 3.8));
roster.add(new Student(1001, "Bob", 3.5));
roster.add(new Student(1002, "Charlie", 3.9));

Collections.sort(roster); // Uses Student's compareTo()
// Result: Bob (1001), Charlie (1002), Alice (1003)

(3.1) The Comparable Contract

The compareTo() method must satisfy these properties:



1. Antisymmetry: If a.compareTo(b) > 8,then b.compareTo(a) < @ (and vice versa).

2. Transitivity: If a.compareTo(b) > @ and b.compareTo(c) > 0,then a.compareTo(c) >
0.

3. Consistency with equals (strongly recommended): If a.compareTo(b) == 0, then
a.equals(b) should return true.

A\ Consistency with equals

While not strictly required, violating consistency with equals() can cause subtle bugs. For
example, TreeSet uses compareTo() forequality checking, not equals() . If two objects are
"equal” by compareTo() butnotby equals(), one might be silently dropped froma TreeSet .

Real-world example: BigDecimal

BigDecimal famously violates this guideline:

BigDecimal a = new BigDecimal("1.0");
BigDecimal b = new BigDecimal("1.00");

a.compareTo(b); // Returns 0 (numerically equal)
a.equals(b); // Returns false (different scales: 1 vs 2)

// Consequence: Different behavior in different collections
Set<BigDecimal> treeSet = new TreeSet<>(); // Uses compareTo()
treeSet.add(a);

treeSet.add(b);

/] treeSet.size() == 1 (compareTo says they're equal)

Set<BigDecimal> hashSet = new HashSet<>(); // Uses equals()
hashSet.add(a);
hashSet.add(b);

// hashSet.size() == 2 (equals says they're different)

This behavior is documented in the BigDecimal Javadoc as intentional—numeric equality for
ordering was prioritized over exact representation equality. See the BigDecimal guide for more
details.

(3.2) Implementation Tips

Use helper methods for primitive comparisons:

// GOOD: Use Integer.compare() to avoid overflow issues
@0verride
public int compareTo(Student other) {



return Integer.compare(myId, other.myId);

// BAD: Direct subtraction can overflow for large values
@0verride
public int compareTo(Student other) {

return myId - other.myId; // Dangerous with extreme values!

}
Handle null defensively:

@Override

public int compareTo(Student other) {
Objects.requireNonNull(other, "Cannot compare to null");
return Integer.compare(myId, other.myId);

@ Null Handling: compareTo() vs equals()

Notice the different philosophies for null handling:
e equals() :Returns false fornull (lenient)—calling obj.equals(null) neverthrows an
exception
e compareTo() : Throws NullPointerException for null (fail-fast)—comparing to null is a

programming error

The Comparable contract explicitly states: "Note that null is not aninstance of any class, and
e.compareTo(null) shouldthrow a NullPointerException eventhough e.equals(null)
returns false .

This fail-fast approach helps catch bugs early rather than silently producing incorrect orderings.

@ Why Comparators?

Comparable works well when there's one natural ordering. But what if you need:

o Multiple orderings? Students sorted by name for one report, by GPA for another.

» Ordering a class you can't modify? The class doesn't implement Comparable, or its
natural ordering isn't what you need.

» Temporary or context-specific ordering? Different sorting for different situations.

This is where Comparator becomes essential.



& When to Use Which

e Use Comparable when there's one "natural” ordering everyone agrees on.

e Use Comparator when you need flexibility, multiple orderings, or cant modify the class.

B The Comparator Interface

Comparator<T> is a separate class (or lambda) that compares two objects externally:

public interface Comparator<T> {
int compare(T o1, T 02);

}

Unlike comparable wherethe object compares itself to another, Comparator is an external
judge that compares two objects. Thereturn value convention is identical:

Return Value Meaning

Negative o1 comes before 02
Zero o1 and 02 are equal
Positive o1 comes after 02

B mplementing Comparators (Old School)

Before Java 8, there were two main approaches to creating comparators.

| Separate Class

Create a dedicated class implementing Comparator :

public class StudentNameComparator implements Comparator<Student> {
@0Override
public int compare(Student s1, Student s2) {



return s1.getName().compareTo(s2.getName());

}

public class StudentGpaComparator implements Comparator<Student> {
@0verride
public int compare(Student s1, Student s2) {
// Higher GPA first (descending order)
return Double.compare(s2.getGpa(), s1.getGpa());

Usage:

List<Student> roster = getStudents();

// Sort by name
Collections.sort(roster, new StudentNameComparator());

// Sort by GPA (descending)
Collections.sort(roster, new StudentGpaComparator());

Anonymous Inner Class
For one-time use, an anonymous inner class avoids creating a separate file:

Collections.sort(roster, new Comparator<Student>() {
@0verride
public int compare(Student s1, Student s2) {
return s1.getName().compareTo(s2.getName());
}
1)

While this works, the syntax is verbose. Java 8 introduced much cleaner alternatives.

Modern Comparators (Java 8+)

Java 8 revolutionized how we create comparators with lambda expressions and factory
methods.

| Lambda Expressions

A comparator is a functional interface (one abstract method), so we can use lambda syntax:



// Anonymous inner class (old way)
Comparator<Student> byName = new Comparator<Student>() {
@0verride
public int compare(Student s1, Student s2) {
return s1.getName().compareTo(s2.getName());

}
s

// Lambda expression (modern way)
Comparator<Student> byName = (s1, s2) -> s1.getName().compareTo(s2.getName());

The lambda version is much more readable—it focuses on the comparison logic without
boilerplate.

Comparator.comparing() Factory Method

Even better, use the Comparator.comparing() factory method with a method reference:

// Using Comparator.comparing() with method reference
Comparator<Student> byName = Comparator.comparing(Student::getName);
Comparator<Student> byId = Comparator.comparing(Student::getld);
Comparator<Student> byGpa = Comparator.comparing(Student: :getGpa);

This reads almost like English: "Compare students by name."

Chaining with thenComparing()
What if two students have the same name? Use thenComparing() for secondary sorting:

// Sort by name, then by ID if names are equal

Comparator<Student> byNameThenId = Comparator
.comparing(Student: :getName)
.thenComparing(Student: :getld);

// Sort by GPA (descending), then by name (ascending)
Comparator<Student> byGpaThenName = Comparator
.comparing(Student: :getGpa)
.reversed()
.thenComparing(Student: :getName) ;

Reversing Order

Use reversed() toinvert any comparator:

// Ascending by GPA
Comparator<Student> byGpaAsc = Comparator.comparing(Student: :getGpa);



// Descending by GPA
Comparator<Student> byGpaDesc =
Comparator.comparing(Student: :getGpa).reversed();

// Or use Comparator.reverseOrder() for natural ordering
List<Integer> numbers = List.of(3, 1, 4, 1, 5);
numbers.stream()

.sorted(Comparator.reverseOrder())

.toList(); // [5, 4, 3, 1, 1]

Null Handling

Real-world data often contains nulls. Handle them explicitly. The nullsFirst() and
nullsLast() methods group all null values together—placing them either at the beginning or
end of the sorted sequence:

// Nulls first, then sort by name
Comparator<Student> nullsFirst = Comparator
.nullsFirst(Comparator.comparing(Student::getName)) ;

// Nulls last, then sort by name
Comparator<Student> nullslLast = Comparator
.nullslLast(Comparator.comparing(Student::getName));

Two Types of Null Handling

There are two distinct null scenarios when sorting:

1. Null objects in the collection (the Student object itself is null):

List<Student> roster = Arrays.asList(
new Student(1, "Alice", 3.5),
null, // Null Student object!
new Student(2, "Bob", 3.2)

Ji s

// Put null Students at the end
Comparator<Student> nullslLast = Comparator
.nullslLast(Comparator.comparing(Student::getName));

roster.sort(nullslLast);
// Result: Alice, Bob, null

2. Null field values (the Student exists, but getName() returns null):

List<Student> roster = Arrays.aslList(
new Student(1, "Alice", 3.5),
new Student(2, null, 3.8), // Student exists, but name is null!
new Student(3, "Bob", 3.2)
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// Put students with null names at the end

Comparator<Student> safeByName = Comparator.comparing(
Student: :getName,
Comparator.nullsLast(Comparator.naturalOrder())

)5

roster.sort(safeByName) ;
// Result: Alice, Bob, [student with null name]

Notice the difference: - First case: nullslLast() wraps the entire comparator—handles null
Student objects - Second case: nullsLast() is passed asthe second argument to
comparing() —handles null return values from getName()

You may need both if your data can have null objects AND null fields!

E) A2 Connection: Collision Comparators

In Assignment 2 (Road Rage), the GUI uses comparators to determine collision winners. The
CollisionComparators class provides different collision resolution strategies:

// Mass-based comparison (heavier wins)
Comparator<Vehicle> byMass = Comparator.comparing(Vehicle: :getMass);

// Random comparison (chaos mode)
Comparator<Vehicle> random = (v1, v2) -> RANDOM.nextInt(3) - 1;

// Inverted mass (underdog mode - lighter wins)
Comparator<Vehicle> invertedMass =
Comparator.comparing(Vehicle: :getMass).reversed();

The GUI's collision resolution code doesn't know which strategy is active—it just uses the
current comparator:

private void resolveCollision(Vehicle v1, Vehicle v2) {
int result = myCollisionComparator.compare(vl, v2);
if (result > 0) {
v2.collide(); // v1 wins, v2 is disabled
} else if (result < 0) {
vl.collide(); // v2 wins, v1 is disabled

} else {
// Equal: randomly pick a loser
/7

}



Q Strategy Pattern Connection

This is an example of the Strategy Pattern: the collision behavior changes based on which
comparator is selected, but the code using the comparator doesn't change. Each comparator
encapsulates a different collision resolution algorithm. You can swap strategies at runtime
without modifying the collision resolution logic.

The key insight: Comparator.comparing(Vehicle: :getMass) createsa comparator that
extracts the mass from each vehicle and compares those values. This declarative style is
more readable than writing the comparison logic manually.

) Common Mistakes

Forgetting to Handle Edge Cases

Problem: Subtraction overflow with extreme values.

// DANGEROUS: Can overflow with Integer.MIN_VALUE or MAX_VALUE
public int compareTo(Student other) {
return myId - other.myId;

}
Solution: Use Integer.compare(), Double.compare(), etc.

public int compareTo(Student other) {
return Integer.compare(myId, other.myId);

}

Inconsistent Ordering

Problem: Comparator doesn't satisfy transitivity.

// BROKEN: Not transitive if values are close
(s1, s2) -> (int) (s1.getGpa() - s2.getGpa()) // Truncates decimals!

Solution: Use Double.compare() for floating-point values.

Comparator.comparingDouble(Student: :getGpa)



Mixing Up Comparable and Comparator

Problem: Implementing the wrong interface.

// WRONG: compareTo takes one parameter, compare takes two
public class Student implements Comparator<Student> { // Should be
Comparable!

public int compare(Student s1, Student s2) { ... }

}

Solution: Remember the distinction: - Comparable<T> :implement in the class itself, use
compareTo(T other) - Comparator<T>:separate class/lambda, use compare(T o1, T 02)

Not Considering Null

Problem: NullPointerException when comparing objects with null fields.

// CRASHES if getName() returns null
Comparator.comparing(Student: :getName)

Solution: Use null-safe comparators.

Comparator.comparing(Student: :getName,
Comparator.nullsLast(Comparator.naturalOrder()))

Summary
Aspect Comparable Comparator
Package java.lang java.util
Method compareTo(T other) compare(T o1, T 02)
Implementation Inside the class being External class, lambda, or method

compared reference

Number of One (natural ordering) Unlimited (create as many as
orderings needed)

Modifying class Required Not required



Aspect Comparable Comparator
Use case Single, obvious ordering Multiple orderings, external sorting

Java 8+ syntax N/A Comparator.comparing(),
lambdas, chaining

Key takeaways:

e Use Comparable when a class has one natural ordering that everyone agrees on.

o Use Comparator when you need flexibility: multiple orderings, can't modify the class, or
need context-specific sorting.

» Modern Java (8+) makes comparators concise with Comparator.comparing() , method
references, and chaining.

» Both use the samereturn value convention: negative (before), zero (equal), positive
(after).

Further Reading

i External Resources

¢ Oracle Java Tutorial: Object Ordering - Official tutorial on Comparable and Comparator
e Baeldung: Comparator and Comparable in Java - Comprehensive tutorial with examples

¢ Baeldung: Java 8 Comparator.comparing - Modern comparator techniques
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