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Develop A Program To Draw A Circle Inscribed In A Square, Generate Random Points Inside
The Square Using a variety of programming languages and graphical libraries is a fundamental task
in computer graphics, simulations, and geometric computations. Whether you're creating
visualizations, performing statistical sampling, or developing interactive applications, understanding
how to programmatically draw inscribed shapes and generate random points within a defined
boundary is a crucial skill. This article explores the step-by-step process to develop such a program,
emphasizing both the drawing of geometric shapes and the randomness involved in point generation.

Understanding the Geometry: Square and Inscribed
Circle

Before diving into coding, it's essential to grasp the geometric relationship between a square and its
inscribed circle.

What Is an Inscribed Circle?

An inscribed circle in a square is a circle that fits perfectly inside the square, touching all four sides.
Its diameter equals the length of the square's side, and its center coincides with the square's center.

Geometric Properties

- Side length of square (s): Defines the size of the square.
- Radius of inscribed circle (r): r = s/2
- Center point (cx, cy): Located at the midpoint of the square, i.e., (s/2, 5/2).

Understanding these properties helps in correctly drawing the circle and generating points.

Setting Up Your Programming Environment

The choice of programming language and library significantly influences your implementation. Popular
options include:

- Python with libraries like Tkinter, Matplotlib, or Pygame



- JavaScript with HTML5 Canvas
- Java with Swing or JavaFX
- C++ with SFML or OpenGL

For the purposes of this guide, we'll focus primarily on Python with Matplotlib for visualization, given
its simplicity and widespread use.

Drawing the Square and the Inscribed Circle

Creating a visual representation involves plotting both the square and the circle inside it.

Step 1: Define the Square

Determine the size and position of your square. For simplicity, consider the square to be axis-aligned
and positioned at the origin.

““python

import matplotlib.pyplot as plt

Define square side length
s=10

Coordinates of the square corners
square_coords = [
(0, 0),

Plot the square
X_Sq, y_sq = zip(square_coords)
plt.plot(x_sq, y_sq, 'b-', linewidth=2)

Step 2: Draw the Inscribed Circle

Since the circle is inscribed, its center is at (s/2, s/2) and radius is s/2.

" “python
import numpy as np

Calculate circle parameters
center x, center y=s/2,s/2



radius =s/2

Generate points for the circle

theta = np.linspace(0, 2 np.pi, 100)
X_circle = center_x + radius np.cos(theta)
y_circle = center_y + radius np.sin(theta)

Plot the circle
plt.plot(x_circle, y_circle, 'r-', linewidth=2)

Step 3: Finalize the Plot

Set axes limits and aspect ratio for better visualization.

" “python
plt.gca().set_aspect(‘equal’)
plt.xlim(-1, s + 1)

plt.ylim(-1, s + 1)

plt.title('Square with Inscribed Circle')
plt.xlabel('X")

plt.ylabel("Y")

plt.grid(True)

plt.show()

Generating Random Points Inside the Square

Once the geometric shapes are visualized, the next step is to generate random points uniformly
within the square. This is fundamental in simulations, statistical sampling, and graphical effects.

Method 1: Using Uniform Random Distribution

The simplest way is to generate x and y coordinates independently using a uniform distribution
between 0 and s.

" python
import random

Number of points to generate
num_points = 100

Generate random points
points x = [random.uniform(0, s) for _in range(num_points)]
points_y = [random.uniform(0, s) for _in range(num_points)]



Plot points

plt.plot(x_sq, y_sq, 'b-', linewidth=2)
plt.plot(x_circle, y circle, 'r-', linewidth=2)
plt.scatter(points_x, points_y, color="'green', s=10, alpha=0.6)
plt.gca().set_aspect(‘equal’)

plt.xlim(-1, s + 1)

plt.ylim(-1, s + 1)

plt.title('Random Points Inside Square')
plt.xlabel('X")

plt.ylabel('Y")

plt.grid(True)

plt.show()

Method 2: Using NumPy for Efficiency

NumPy offers vectorized operations for efficient random number generation.

" python
import numpy as np

points_x = np.random.uniform(0, s, size=num_points)
points_y = np.random.uniform(0, s, size=num_points)

plt.plot(x_sq, y_sq, 'b-', linewidth=2)
plt.plot(x_circle, y circle, 'r-', linewidth=2)
plt.scatter(points_x, points_y, color="'purple’, s=10, alpha=0.6)
plt.gca().set_aspect(‘equal’)

plt.xlim(-1, s + 1)

plt.ylim(-1, s + 1)

plt.title('Random Points Inside Square with NumPy')
plt.xlabel('X")

plt.ylabel("Y")

plt.grid(True)

plt.show()

Filtering Points Inside the Inscribed Circle

Generating points inside the square is straightforward, but sometimes you need points specifically
inside the inscribed circle—for example, for Monte Carlo integration.

Method: Distance Check

Calculate the distance from each point to the circle's center. Keep only points where the distance <



radius.

" “python

Generate random points inside the square

points_x = np.random.uniform(0, s, size=num_points)
points_y = np.random.uniform(0, s, size=num_points)

Calculate distances from the circle's center
distances = np.sqrt((points_x - center_x)2 + (points_y - center_y)2)

Filter points inside the circle
inside_circle_x = points_x[distances <= radius]
inside_circle_y = points_y[distances <= radius]

Plot

plt.plot(x_sq, y_sq, 'b-', linewidth=2)
plt.plot(x_circle, y circle, 'r-', linewidth=2)
plt.scatter(inside_circle_x, inside_circle_y, color="'orange', s=10, label="Inside Circle')
plt.gca().set_aspect(‘equal’)

plt.xlim(-1, s + 1)

plt.ylim(-1, s + 1)

plt.title('Random Points Inside Inscribed Circle')
plt.xlabel('X")

plt.ylabel("Y")

plt.legend()

plt.grid(True)

plt.show()

Advanced: Generating Points Directly Inside the Circle

Instead of generating points in the square and filtering, you can generate points uniformly within the
circle directly.

Method: Polar Coordinates

- Generate a random angle 6 between 0 and 2m.

- Generate a random radius r with a distribution proportional to r (to ensure uniformity), i.e., r =
sgrt(random.uniform(0, 1)) radius.

" python
num_points_circle = 100

Generate random angles
angles = np.random.uniform(0, 2 np.pi, num_points_circle)



Generate radii with correct distribution
radii = np.sqrt(np.random.uniform(0, 1, num_points_circle)) radius

Convert polar to Cartesian coordinates
circle_points_x = center_x + radii np.cos(angles)
circle_points_y = center_y + radii np.sin(angles)

Plot

plt.plot(x_sq, y_sq, 'b-', linewidth=2)
plt.plot(x_circle, y circle, 'r-', linewidth=2)
plt.scatter(circle_points_x, circle_points_y, color="magenta’, s=10, alpha=0.7)
plt.gca().set aspect('equal’)

plt.xlim(-1, s + 1)

plt.ylim(-1, s + 1)

plt.title('Points Uniformly Inside the Circle')
plt.xlabel('X")

plt.ylabel('Y")

plt.grid(True)

plt.show()

Putting It All Together: Complete Program Example

Here's a comprehensive Python script that combines drawing the square, inscribed circle, and
generating both random points inside the square and circle.

" python

import matplotlib.pyplot as plt
import numpy as np

import random

Define square size
s=10

Square coordinates
square_coords = [(0, 0), (s, 0), (s, s), (0, s), (0, 0)]

X_SQ, Y_sq = zip(square_coords)

Center and radius of inscribed circle
center _x

Frequently Asked Questions



How can | develop a program to draw a circle inscribed in a
square using Python?

You can use a graphics library like Matplotlib or Pygame. Calculate the center and radius of the circle
based on the square's dimensions, then draw both shapes using the library's drawing functions.

What is the best way to generate random points inside a
square in Python?

Use the random module's random.uniform() function to generate x and y coordinates within the
square's bounds, ensuring all points lie inside the square's coordinate range.

How do | ensure that randomly generated points lie inside the
inscribed circle within the square?

Generate random points within the square's bounds, then check if the point satisfies the circle's
equation (x - cx)”™2 + (y - cy)™2 <= r"2). Only keep points that satisfy this condition.

Can I visualize the inscribed circle, square, and random points
together in a program?

Yes, using visualization libraries like Matplotlib, you can plot the square, draw the inscribed circle, and
scatter plot the random points to visualize all elements together.

What algorithms can | use to efficiently generate points inside
the circle inscribed in a square?

One approach is rejection sampling: generate random points in the square, then accept only those
inside the circle. Alternatively, directly generate points using polar coordinates within the circle's
radius for more efficiency.

How can | calculate the radius and center of the inscribed
circle in a square programmatically?

The center of the circle is the same as the square's center. The radius is half the length of the
square's side. For a square with side length s, radius r = /2, centered at (x + s/2, y + 5/2).

What are common pitfalls to avoid when developing such a
program?

Ensure that random points are correctly generated within bounds, accurately check whether points lie
inside the circle, and properly handle coordinate systems and scaling in your visualization. Also, avoid
off-by-one errors in loops and coordinate calculations.



Additional Resources

Develop A Program To Draw A Circle Inscribed In A Square, Generate Random Points Inside The
Square Using is a fundamental task in computational graphics and geometric programming. Whether
you're designing a simulation, working on a graphical user interface, or exploring algorithms related
to shapes and randomness, understanding how to programmatically create inscribed circles and
generate points uniformly within a square is essential. This guide offers a detailed walkthrough,
covering the core concepts, step-by-step implementation, and practical considerations to help you
develop a robust program for these geometric tasks.

Introduction to Inscribed Circles and Random Point Generation

In geometric contexts, an inscribed circle (or incircle) of a polygon—particularly a square—is the
largest circle that fits perfectly inside the shape, touching all sides. For a square, this circle is
centered at the same point as the square and has a radius equal to half the length of the square's
side.

Simultaneously, generating random points inside a square is a common task in simulations, graphical

visualizations, and probabilistic algorithms. Ensuring these points are uniformly distributed within the
square is crucial for accuracy and fairness in sampling.

Why Develop a Program for These Tasks?
- Educational Purposes: To understand geometric relationships and coordinate transformations.
- Graphics and Visualization: To create visual representations of shapes and distributions.

- Simulation and Modeling: To simulate phenomena that involve randomness within bounded areas.
- Algorithm Development: To test algorithms related to geometric optimization and spatial analysis.

Mathematical Foundations

Drawing an Inscribed Circle in a Square

Suppose you have a square with side length "L’. Its properties are:
- Center at coordinates "(cx, cy)

- Bottom-left corner at “(cx - L/2, cy - L/2)°

- Top-right corner at “(cx + L/2, cy + L/2)

Inscribed circle parameters:

- Center: Same as the square's center “(cx, cy)
- Radius: ‘r = L/2°

This circle touches all four sides of the square at exactly one point each, making it the largest circle
that can fit inside.



Generating Uniform Random Points Inside a Square
To generate points uniformly inside a square, the simplest method involves:
- Generating two independent uniform random numbers “x* and "y  within "[cx - L/2, cx + L/2] and

ey - L/2, cy + L/2T.
- The pair “(x, y)" is then a uniformly random point inside the square.

Step-by-Step Implementation Guide
1. Setting Up the Environment

Choose your programming language—common options include Python, JavaScript, Java, or C++.
Python is popular for its simplicity and libraries like “matplotlib™ and “random".

Example:

" python

import matplotlib.pyplot as plt

import random

2. Define Parameters for the Square
Set the size and position of the square:
““python

Square parameters

L = 10 length of the side

cx, cy = 0, 0 center of the square

3. Draw the Square and the Inscribed Circle

- Use plotting functions to visualize the shapes.
- Calculate circle parameters:

““python

radius =L/ 2

- For drawing:

““python

Square corners

square x = [cx - L/2, cx + L/2, cx + L/2, cx - L/2, cx - L/2]
square y =[cy-L/2,cy-L/2,cy + L/2, cy + L/2, cy - L/2]

Circle



circle = plt.Circle((cx, cy), radius, fill=False, color='blue', linewidth=2)

4. Generate Random Points Inside the Square

To generate "n" points:

" python
n_points = 1000 number of points
points x =[]
points y =[]

for _in range(n_points):

x = random.uniform(cx - L/2, cx + L/2)
y = random.uniform(cy - L/2, cy + L/2)
points_x.append(x)
points_y.append(y)

5. Plot the Points and Shapes

" “python

plt.figure(figsize=(8,8))

plt.plot(square_x, square_y, 'k-', linewidth=2) square outline
plt.gca().add_patch(circle) inscribed circle

plt.scatter(points_x, points_y, color="red', s=10, alpha=0.5) random points

plt.xlim(cx - L, cx + L)

plt.ylim(cy - L, cy + L)

plt.gca().set_aspect(‘equal’, adjustable="'box')
plt.title('Square with Inscribed Circle and Random Points')
plt.xlabel('X-axis')

plt.ylabel('Y-axis')

plt.show()

Practical Considerations and Enhancements

Ensuring Uniformity of Points

- Generating points independently within the bounds of the square ensures uniform distribution.

- Do not use polar coordinates with random radius and angle, as that introduces bias unless properly
weighted.

Efficient Sampling

- For large numbers of points, vectorized operations (e.g., using NumPy in Python) improve

performance.
- Example:



*“python

import numpy as np

points_x = np.random.uniform(cx - L/2, cx + L/2, size=n_points)
points_y = np.random.uniform(cx - L/2, cx + L/2, size=n_points)

Additional Features

- Filtering points inside the circle: To analyze points inside the inscribed circle, check if “distance <=
r:

*“python
distances = np.sqrt((points_x - cx)2 + (points_y - cy)2)
inside_circle = distances <= radius

- Color-coding points: Use different colors for points inside and outside the circle for visualization.
Extending to Other Shapes

- For polygons or irregular shapes, more advanced algorithms like ray casting or winding number
methods are needed to determine if points are inside.

Applications and Use Cases

- Monte Carlo simulations: Estimating areas or probabilities.

- Graphics rendering: Creating randomized textures or patterns.

- Educational tools: Demonstrating geometric properties visually.

- Game development: Procedural generation of objects within bounded areas.
- Data analysis: Sampling points within a defined boundary for spatial analysis.

Summary and Best Practices

- The inscribed circle in a square is straightforward: center at the square's centroid, radius half the
side length.

- Generating random points uniformly is achieved by sampling independent uniform distributions
within the square's bounds.

- Visualization helps verify correctness and provides insight into the geometric relationships.

- For performance, leverage array operations and vectorized computations where possible.

- Always validate your points if critical: check that they stay within bounds or inside the circle as
needed.

Final Thoughts

Developing a program to draw a circle inscribed in a square and generate random points inside the



square combines fundamental geometry with programming best practices. Mastering these
techniques provides a strong foundation for more complex geometric algorithms and visualizations.
Whether you're creating educational demonstrations or developing advanced simulations,
understanding how to accurately model and visualize these shapes is invaluable.

Happy coding!
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