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For This Assignment, You Will Create A Function To Calculate The Maximum
Length Of The Third Side Of a Triangle. This task involves understanding the
fundamental properties of triangles, specifically the triangle inequality theorem, and
translating that understanding into a functional programming solution. Whether you are a
student learning about geometry and programming or a developer looking to implement
geometric calculations, this guide will help you develop a clear and efficient function that
determines the maximum possible length of the third side of a triangle given two sides.

Understanding the Triangle Inequality Theorem

What Is the Triangle Inequality Theorem?
The triangle inequality theorem states that for any triangle, the length of any one side must
be less than the sum of the lengths of the other two sides and greater than their difference.
In mathematical terms, if a, b, and c are the sides of a triangle, then:

a + b > c

a + c > b

b + c > a

When considering the maximum possible length of the third side, this theorem helps
establish the upper bound based on the other two sides.

Implications of the Theorem for Calculating the Third
Side
Given two sides of a triangle, say a and b, the maximum length for the third side c depends
on these inequalities. Specifically:

c must be less than the sum of a and b (c < a + b)

c must be greater than the absolute difference of a and b (c > |a - b|)



To find the maximum length of the third side, we focus on the upper limit, which is just less
than a + b.

Developing the Function to Calculate the
Maximum Length

Defining the Function Parameters
The function will need to accept two numerical inputs representing the known sides of the
triangle:

side1

side2

The goal is to calculate the maximum length of the third side, c, that can still form a valid
triangle with these two sides.

Implementing the Logic in Code
The core logic of the function is straightforward:

1. Calculate the sum of side1 and side2.
2. Subtract a small epsilon (a tiny value) to ensure the length is strictly less than the sum,
as per the triangle inequality.
3. Return this value as the maximum length.

Here's an example in Python:

```python
def maximum_third_side_length(side1, side2):
epsilon = 1e-9 A very small number to stay just below the limit
max_length = side1 + side2 - epsilon
return max_length
```

This function ensures that the returned length is just less than the sum of the two sides,
respecting the inequality constraints.

Edge Cases and Validation



Handling Invalid Inputs
Before calculating, the function should validate the inputs:

Ensure that side1 and side2 are positive numbers.

Handle cases where the inputs are zero or negative, which cannot form a triangle.

Here's an improved version with validation:

```python
def maximum_third_side_length(side1, side2):
if side1 <= 0 or side2 <= 0:
raise ValueError("Side lengths must be positive numbers.")
epsilon = 1e-9
max_length = side1 + side2 - epsilon
return max_length
```

Consideration of Floating-Point Precision
Using a small epsilon helps prevent floating-point precision issues and ensures the length is
strictly less than the sum, which is essential for real-world calculations and avoiding invalid
triangles.

Practical Applications of the Function

Educational Tools
Teachers and students can use this function to explore triangle properties, visualize
possible third side lengths, and deepen understanding of geometric principles.

Game Development and Simulations
In computer graphics or physics simulations, ensuring that objects can form valid triangles
is crucial. This function can be integrated into algorithms that generate or validate mesh
geometries.

Engineering and Design
Engineers designing structures that involve triangular components can use such functions
to verify the feasibility of certain dimensions before physical implementation.



Extending the Functionality

Calculating the Minimum Length of the Third Side
Similarly, you might want a function to determine the minimum length of the third side that
still forms a valid triangle:

```python
def minimum_third_side_length(side1, side2):
min_length = abs(side1 - side2) + 1e-9 Slightly above the difference
return min_length
```

Creating a General Triangle Validation Function
You can also develop a comprehensive function that, given three sides, checks if they can
form a valid triangle:

```python
def is_valid_triangle(a, b, c):
return (a + b > c) and (a + c > b) and (b + c > a)
```

This allows for more versatile geometric calculations and validations.

Summary and Best Practices

Always validate input values to ensure they are positive numbers.

Use a small epsilon to handle floating-point precision and strict inequalities.

Leverage the triangle inequality theorem to determine feasible side lengths.

Consider extending your functions to handle other related calculations, such as
minimum side lengths or triangle validation.

Implementing a function to calculate the maximum length of the third side of a triangle is a
fundamental skill that combines understanding of geometry with programming logic. By
carefully applying the triangle inequality theorem and handling practical considerations like
input validation and floating-point precision, you can create robust, reliable functions
suitable for educational, computational, or engineering purposes.

Whether you're coding in Python, JavaScript, Java, or another language, the core logic



remains similar—calculate just below the sum of the known sides to determine the
maximum possible third side length that still allows a valid triangle to be formed.
Developing such functions enhances your ability to work with geometric algorithms and
supports various applications across disciplines.

Frequently Asked Questions

What is the main goal when creating a function to
determine the maximum length of the third side in a
triangle?
The main goal is to implement a function that calculates the maximum possible length of
the third side based on the lengths of the other two sides, adhering to the triangle
inequality theorem.

How does the triangle inequality theorem help in
calculating the maximum length of the third side?
The triangle inequality theorem states that the sum of the lengths of any two sides must be
greater than the length of the remaining side. To find the maximum length of the third side,
you subtract the length of the shorter side from the sum of the other two sides.

What inputs should the function take to compute the
maximum length of the third side?
The function should take two numeric inputs representing the lengths of the known sides of
the triangle.

Can the function handle non-integer side lengths, and
how should it be implemented?
Yes, the function can handle non-integer (float) side lengths. It should be implemented
using floating-point arithmetic to accurately compute the maximum length.

What edge cases should be considered when designing
this function?
Edge cases include non-positive side lengths, zero or negative inputs, and cases where the
sum of the two sides equals or is less than the other side, which would not form a valid
triangle.

How can the function be tested to ensure it correctly



calculates the maximum third side length?
Test the function with various input pairs, including typical, boundary, and invalid cases,
verifying that the outputs match the expected maximum lengths based on the triangle
inequality theorem.

What is the formula used within the function to
determine the maximum length of the third side?
The maximum length of the third side is calculated as the sum of the two known sides
minus a small epsilon to prevent equality, typically: max_third_side = side1 + side2 - ε, or
simply side1 + side2 - a tiny value to stay within the triangle inequality bounds.

Additional Resources
For This Assignment, You Will Create A Function To Calculate The Maximum
Length Of The Third Side Of—a task that combines mathematical understanding with
programming prowess—is a classic problem in computational geometry and algorithm
design. This challenge invites developers and students alike to explore the properties of
triangles, boundary conditions, and programming logic to craft an efficient solution. In this
article, we'll delve into the mathematical principles underpinning the problem, discuss how
to translate these principles into code, analyze potential approaches and their efficiencies,
and provide practical insights for implementation.

---

Understanding the Mathematical Foundations

The Triangle Inequality Theorem

The core mathematical concept underlying this problem is the triangle inequality theorem.
It states that, for any triangle with sides of lengths \( a \), \( b \), and \( c \), the following
inequalities must hold true:

- \( a + b > c \)
- \( a + c > b \)
- \( b + c > a \)

Focusing on the maximum length of the third side, suppose you are given two sides, \( a \)
and \( b \). The question becomes: What is the maximum length \( c \) can have while still
forming a valid triangle?

Applying the inequalities to \( c \), the most restrictive condition is:

\[



a + b > c
\]

This indicates that the maximum possible length of side \( c \) is just less than \( a + b \).
Since side lengths are typically considered as positive real numbers, the maximum length \(
c_{max} \) approaches \( a + b \) from below.

Key Point:
\[
c_{max} = a + b - \varepsilon
\]
where \( \varepsilon \) is an arbitrarily small positive number to ensure the inequality holds
strictly.

In practical programming, since floating-point precision is limited, it's common to consider
the maximum as:

\[
c_{max} = a + b - \text{smallest\_delta}
\]

or simply:

\[
c_{max} = a + b - \text{epsilon}
\]

---

Designing the Function: Step-by-Step

Input Parameters

The function's inputs typically include:

- Two sides of the triangle, say \( a \) and \( b \). These are positive real numbers.
- Optional parameters like precision or a small delta to account for floating-point
inaccuracies.

Output

The function should output:

- The maximum length \( c_{max} \) that can form a valid triangle with the given sides.
- Or, if the sides cannot form a triangle (e.g., if \( a + b \leq c \) for some \( c \)), it should



indicate that no such \( c \) exists.

Algorithmic Approach

Given the mathematical foundation, the algorithm simplifies to:

1. Check if the given sides \( a \) and \( b \) are positive.
2. Determine the maximum length \( c \) as just less than \( a + b \).
3. Return this value, potentially subtracting a small epsilon for computational safety.

Pseudocode:

```
function max_third_side(a, b):
if a <= 0 or b <= 0:
return "Invalid sides. Must be positive."
epsilon = 1e-9 Small delta to ensure strict inequality
c_max = a + b - epsilon
return c_max
```

---

Handling Edge Cases and Validity Checks

While the core logic appears straightforward, real-world applications necessitate careful
consideration of edge cases.

Negative or Zero Lengths

- If either side is zero or negative, forming a triangle is impossible.
- The function should validate inputs and handle such cases gracefully, perhaps returning
an error or a specific message.

Extremely Large Values

- When dealing with very large numbers, floating-point precision can introduce errors.
- Use data types with sufficient precision (like `double` in C++, `float` or `decimal` in
Python with appropriate libraries).



Floating-Point Precision

- Subtracting a tiny epsilon ensures the result respects the strict inequality.
- The choice of epsilon depends on the precision level and application context.

Example:

Suppose \( a = 3.0 \), \( b = 4.0 \).
Maximum \( c \) would be just less than \( 7.0 \), say \( 6.999999999 \).

---

Implementation in Popular Programming
Languages

Python Implementation

```python
def max_third_side(a, b):
Validate inputs
if a <= 0 or b <= 0:
raise ValueError("Side lengths must be positive.")
epsilon = 1e-9
c_max = a + b - epsilon
return c_max

Example usage
a = 3.0
b = 4.0
print(f"The maximum length of the third side is: {max_third_side(a, b)}")
```

JavaScript Implementation

```javascript
function maxThirdSide(a, b) {
if (a <= 0 || b <= 0) {
throw new Error("Side lengths must be positive.");
}
const epsilon = 1e-9;
const cMax = a + b - epsilon;
return cMax;
}



// Example usage
const a = 3.0;
const b = 4.0;
console.log(`Maximum third side: ${maxThirdSide(a, b)}`);
```

Considerations for Other Languages

- In strongly typed languages like Java or C++, ensure the data types can handle floating-
point calculations.
- For extremely precise calculations, consider using arbitrary-precision libraries or data
types.

---

Applications and Broader Implications

While this problem might seem purely academic, its applications reach into various fields:

- Computer Graphics & Game Development: Calculating feasible triangle sides for mesh
generation.
- Structural Engineering: Ensuring the physical feasibility of truss designs.
- Robotics & Path Planning: Validating possible linkages and joint configurations.
- Mathematical Modeling & Simulations: Generating valid geometric shapes under
constraints.

Furthermore, understanding the maximum side length is essential in optimization problems
where resource constraints or design limitations are critical.

---

Extending the Problem: Beyond Two Sides

While the current formulation considers two fixed sides and calculates the maximum third,
more complex problems involve:

- Given three sides, checking if they form a valid triangle.
- Finding the maximum or minimum possible perimeter under certain constraints.
- Extending to three-dimensional shapes like tetrahedra, where analogous inequalities
apply.

The key takeaway remains: the triangle inequality theorem is fundamental in all these
scenarios.

---



Conclusion: The Significance of the Problem and
Its Solution

Creating a function to determine the maximum length of the third side of a triangle, given
two sides, encapsulates an elegant intersection of geometric principles and programming
techniques. It exemplifies how mathematical theorems translate into practical algorithms,
ensuring the integrity of geometric constructs in computational applications. By
understanding the underlying inequalities, handling edge cases thoughtfully, and
implementing efficient code, developers can solve this classic problem reliably and
accurately.

In a broader context, mastering such fundamental problems enhances one's ability to
approach more complex geometric and computational challenges, fostering skills that are
highly valued in disciplines ranging from computer graphics to structural engineering. As
computational geometry continues to evolve, solutions grounded in rigorous mathematical
understanding will remain essential cornerstones of innovation and problem-solving.

---
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---

Author's Note:
This article aims to provide a comprehensive understanding of a seemingly simple
geometric problem, highlighting its mathematical foundations, practical implementations,
and broader significance. Whether you're a student, developer, or researcher, grasping
these core concepts will enhance your problem-solving toolkit in computational geometry
and beyond.
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