Pretraining in Machine Learning

Introduction

Pretraining refers to the process of training a machine learning model on a large dataset before fine-
tuning it on a specific task. The goal of pretraining is to learn general patterns and representations that
can be transferred to downstream tasks, improving efficiency and performance.

Why Pretrain a Model?

¢ Learn General Features: Pretraining allows the model to learn general patterns (e.g., edges,
textures, or word embeddings) that are useful across many tasks.

¢ Reduce Data Requirements: Pretrained models can be fine-tuned on smaller datasets, reducing
the need for large amounts of labeled data for the target task.

e Improve Performance: Pretrained models often perform better on downstream tasks because
they start with a strong initialization.

e Save Time and Resources: Pretraining is computationally expensive, but it only needs to be
done once. Fine-tuning a pretrained model is much faster and cheaper than training from scratch.

How Pretraining Works

1. Choose a Source Task

The source task is typically a large-scale, general task that allows the model to learn broadly applicable
features. Examples include:

e Computer Vision: Image classification on ImageNet.
e Natural Language Processing (NLP): Language modeling on Wikipedia or BooksCorpus.

e Speech Recognition: Training on large audio datasets like LibriSpeech.

2. Train the Model

The model is trained on the source task using a large dataset. The training objective depends on the
task:

e Supervised Learning: The model is trained with labeled data (e.g., image classification).

e Self-Supervised Learning: The model learns from unlabeled data by predicting missing parts
of the input (e.g., masked language modeling in BERT).

3. Save the Pretrained Model

After training, the model’s weights are saved and can be reused for downstream tasks.



Pretraining in Different Domains

1. Computer Vision
¢ Example: Pretraining a convolutional neural network (CNN) like ResNet on ImageNet.
e Source Task: Image classification (predicting one of 1,000 classes in ImageNet).
e Learned Features: Low-level features (e.g., edges, textures) and high-level features (e.g., object

parts).

2. Natural Language Processing (NLP)

e Example: Pretraining a transformer model like BERT or GPT on a large text corpus.
e Source Task: Language modeling (predicting the next word or filling in missing words).

e Learned Features: Word embeddings, sentence representations, and contextual understanding.

3. Speech Recognition

e Example: Pretraining a model like wav2vec 2.0 on a large audio dataset.
e Source Task: Self-supervised learning (predicting masked parts of audio signals).

e Learned Features: Acoustic features, phoneme representations, and contextual speech patterns.

Pretraining vs. Fine-Tuning

e Pretraining: Train a model on a large, general dataset to learn general features.

e Fine-Tuning: Adapt the pretrained model to a specific task by updating some or all of its weights.

Pretraining Techniques

1. Supervised Pretraining

e The model is trained on labeled data for a specific task.

¢ Example: Pretraining ResNet on ImageNet for image classification.

2. Self-Supervised Pretraining

e The model learns from unlabeled data by solving a pretext task (e.g., predicting missing parts of
the input).

e Example: Pretraining BERT using masked language modeling.

3. Unsupervised Pretraining

e The model learns patterns from unlabeled data without a specific pretext task.

e Example: Pretraining autoencoders to reconstruct input data.



Mathematical Explanation of Pretraining

1. Pretraining Objective
Let the model be f(x; W), where:

e X is the input.
e W are the model’s weights.

The pretraining objective is to minimize the loss Lpretrain(W) on the source task:
W = arg II’\I}\i]Il ‘Cprctrain (W)

where W™ are the pretrained weights.

2. Fine-Tuning Objective

For the target task, the pretrained weights W* are used as initialization, and the model is fine-tuned to
minimize the target task loss Liarget (W, Whead):

W, Wicaq = arg Wmin Ltarget (W7 Whead)

s Whead

where Wye.q are the weights of the task-specific head.

Example: Pretraining BERT

1. Source Task

Train BERT on a large text corpus (e.g., Wikipedia) using masked language modeling. The objective is
to predict missing words in a sentence.

2. Pretrained Model
After pretraining, BERT learns:

e Word embeddings.

e Contextual representations of words and sentences.

3. Target Task

Fine-tune BERT on a downstream task like sentiment analysis or question answering.

Key Takeaways

e Pretraining refers to training a model on a large dataset to learn general patterns and representa-
tions before fine-tuning it on a specific task.

e Pretrained models serve as a strong starting point for solving specific tasks through fine-tuning or
feature extraction.

e Pretraining is commonly used in computer vision, NLP, and speech recognition.

e Techniques include supervised, self-supervised, and unsupervised pretraining.



