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Case Study: Digit Classification with MNIST
In this case study, we focus on the problem of digit classification using the MNIST dataset, a commonly used benchmark in machine learning, particularly in fields like logistics where automatic postal code recognition is crucial for efficient deliveries.
What is MNIST?
The MNIST (Modified National Institute of Standards and Technology) dataset consists of 70,000 images of handwritten digits, each labeled with its corresponding digit (0-9). The dataset is split into 60,000 training images and 10,000 test images. Each image is 28x28 pixels, representing a small, grayscale, and centered handwritten digit. The goal is to train a model that can recognize these digits and correctly classify them.
The Problem
The problem at hand is classification: given an image of a handwritten digit, we need to predict which digit (from 0 to 9) it represents. In the context of logistics systems, such as postal code reading, this task is essential for automating sorting and delivery processes.
While the MNIST dataset may seem simple at first glance, it presents various challenges:
· Variation in handwriting styles: Different people write digits in various ways, which can make recognition more difficult.
· Noise and distortions: Handwritten digits may have variations like noise, slant, or other distortions that could affect accuracy.
· Generalization: The model must generalize well to unseen data, which is evaluated on the test set.
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Packages to Use
To solve this problem, we will use the following key packages in R:
· keras: A high-level neural networks API that runs on top of TensorFlow. It provides simple and easy-to-use methods for building deep learning models.
· tensorflow: The underlying backend for Keras, providing powerful tools for model training and computation.
· reticulate: A package that allows for easy integration between R and Python, necessary for utilizing TensorFlow efficiently.
These packages allow us to efficiently implement deep learning models such as feedforward neural networks (DNNs) and convolutional neural networks (CNNs) for digit classification.
Procedure to Follow
To solve the MNIST classification problem, the general procedure is as follows:
1. Load and Preprocess the Data:
· Load the MNIST dataset using the dataset_mnist() function from Keras.
· Reshape the images into vectors (784-dimensional) since the model expects a flat input.
· Normalize the pixel values to a range between 0 and 1 for better performance.
· One-hot encode the labels to match the network's output format.
2. Define the Model:
· Build a deep neural network using Keras' keras_model_sequential() function.
· Add dense layers with ReLU activation for hidden layers and a softmax activation for the output layer, which is suitable for multi-class classification.
3. Compile the Model:
· Use the categorical_crossentropy loss function, which is standard for multi-class classification problems.
· Choose an optimizer (e.g., RMSprop) to update model weights during training.
4. Train the Model:
· Train the model using the training dataset, typically using 80% of the data for training and 20% for validation.
· Track performance metrics such as accuracy to evaluate how well the model is learning.
5. Evaluate the Model:
· After training, evaluate the model's performance on the test set to determine how well it generalizes to new, unseen data.
6. Visualize and Interpret Results:
· Visualize the training and validation loss and accuracy over epochs.
· Use the trained model to make predictions on new images and analyze the results.
The MNIST problem, while a standard benchmark in machine learning, still offers valuable insights into training deep learning models for image classification. The process involves key tasks such as data preprocessing, model building, training, evaluation, and interpretation, which are crucial skills for anyone working with machine learning in logistics or other real-world applications.
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