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Project Proposal
Advanced Machine Learning, 2024 Fall

Due: 2024-10-20 11.59 PM. You should submit a PDF format proposal to Tsinghua Web
Learning and Openview written by LATEX in NeurlPS conference paper format (which is
inline with the final report’s requirement. Visit NeurlPS official website or Overleaf for
templates). The proposal should be no longer than 2 pages (excluding references) and every
team (2-4 students) only needs to submit one proposal. The proposal can be in either Chinese or

English.

1 Requirements

In this assignment, you should propose a research proposal based on Advanced Machine
Learning. You need to develop new machine learning methods for established problems or
newly defined topics. Specifically, the following suggestions may be helpful to your proposal
writing:

1. Background: What's the background of the problem? Is it theory-driven, or deeply rooted in
some useful application situations? Is it important or necessary? What impact will it bring
if you finally solve it?

2. Definition: Is there any formal or mathematical definition for your problem? Explain the
symbols you may want to use in the proposal writing.

3. Related Work: Is your problem a well-established one? If so, review existing approaches
and discuss their advantages and disadvantages; if not, survey and describe related
problems in the field and list some potentially applicable baseline methods. Remember to
cite related work properly.

4. Proposed Method: What are the motivations for you to choose it? Which datasets do you
propose to experiment on? What baseline approaches do you plan to compare with? How
do you implement your proposed method based on the dataset? It is ok to change and
improve it later but now try to describe it as detailed as possible.

Additionally, the proposal PDF should include your team member’s name(s) and student ID(s).

Plagiarism is strictly prohibited, or you will fail the course.

2 Examples and Resources

Some potential directions for your reference:

1. Alignment, particularly Reinforcement Learning-based Alignment: In existing research,
the application of reinforcement learning methods to alignment tasks has sparked wide
discussions. However, these works usually make only slight adjustments to the loss function,
and their experimental results have not shown significant improvements. Therefore, exploring
more effective reward models becomes a key issue. Research directions can include defining
what constitutes a "good reward" and how to provide more fine-grained and accurate rewards,
rather than merely focusing on the dimensions of usefulness and toxicity.

2. Long Text Modeling: Long text modeling is currently a core opportunity for the
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commercialization of large language models (LLMs), but this field has not yet reached an
optimal level. Research can seek breakthroughs in methodology, such as optimizing attention
mechanisms and ROPE (Relative Position Encoding). Furthermore, there are many
unresolved issues regarding long text modeling of Retrieval-Augmented Generation (RAG).
Both academia and industry lack sufficient research and benchmarking in this field, making it
a promising area for development.

Retrieval-Augmented Generation (RAG): Retrieval-Augmented Generation (RAG)
improves Al system performance by combining information retrieval and text generation. Its
core advantage is the use of external knowledge bases to assist the generation process,
enhancing the accuracy and robustness of the content. Research focuses include efficiently
integrating retrievers with generators, exploring cross-modal applications, and knowledge
updates. Current challenges are mainly concentrated on improving retrieval efficiency,
enhancing generation quality, and achieving cross-domain applications.

Agents: With the extensive use of large models in complex application scenarios, building
intelligent agents relying on large models has become a trend. For instance, Microsoft
researchers have explored the importance of Agent Al, particularly in the aspects of physical,
virtual reality, and sensory interactions. Research directions include multi-task learning,
commonsense reasoning, and continual learning, aiming to improve the performance and
adaptability of agents across various tasks.

Mamba: Mamba is a Selective Structured State Space Model that excels in linear-time
reasoning, parallel training, and robust performance for long-context tasks. Proposed by
CMU, this model alleviates the limitations of convolutional neural networks through global
receptive fields and dynamic weighting, while providing advanced modeling capabilities
similar to Transformers but avoiding the computational complexity associated with them.
Research directions focus on enhancing the ability to process long-sequence data,
multi-modal data handling, and computational efficiency.

MoE (Mixture of Experts): MoE, or Mixture of Experts Models, was initially proposed by
researchers at the University of Cambridge in 1991. However, with the development of
large-scale models and multi-task applications, MoE has once again become a research
hotspot. Exploring the applications of MoE in current large model frameworks, especially in
dealing with complex tasks and improving model efficiency, is of significant research value.
Training or Fine-tuning Image Understanding Based on Pre-trained Language Models:
With the rapid development of large-scale pre-trained text models, researchers have
gradually extended pre-training to more modalities. One subfield is image understanding,
including tasks such as image question answering and image caption generation. A common
approach is to align images to the text feature space to fully leverage pre-trained text models.
Thus, research can focus on how to effectively align images with text features to improve the
performance of image understanding tasks.

Research on Recommendation Algorithms Based on Large Language Models (LLM):
Due to their excellent language understanding, reasoning, and planning capabilities, large
language models have shown great potential in various fields, driving new developments in
information retrieval and recommendation systems. Key techniques include triggering the
recommendation capabilities of LLMs through context learning and aligning LLMs for
recommendation tasks based on instruction fine-tuning. Students can choose a subfield
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related to their life or research and explore applying pre-trained language models to improve
the performance of recommendation systems.

Fine-tuning and Applications of Open-Source Image Generation and Diffusion Models:
Diffusion models are common pre-trained image generation models and have performed
excellently in research and application fields. Training a text-to-image generation diffusion
model from scratch is extremely costly; however, open-source models (such as Stable
Diffusion) offer the opportunity to fine-tune pre-trained model parameters to endow the model
with new capabilities or further enhance performance in certain aspects. Research can focus
on how to effectively fine-tune these models to achieve task-specific improvements.
Applications of Large Language Models (LLMs): In recent years, the rise of LLMs such as
ChatGPT has garnered widespread attention. Unlike traditional end-to-end supervised
learning, most applications created by LLMs are based on zero-shot or few-shot learning via
APIs and do not require local GPUs. If ample resources are available, attempting to develop
other LLM applications or improve LLMs, such as through acceleration and fine-tuning, can
be explored.

Kaggle or Other Public Competitions: Kaggle offers many datasets and established
benchmarks, though their quality may vary. The competition tracks at NeurlPS 2022 are also
a challenging option. These competitions provide students with opportunities to tackle
real-world problems and solutions, helping them enhance their skills through practical
applications.

Publishing in Journals or Conferences: Track some recently published machine learning
papers (e.g., from ICML, NeurlPS, ICLR, KDD, ACL, CVPR). These papers usually provide
detailed datasets and benchmark results. Students can attempt to replicate these papers’
results and then try to make improvements to add value to their final project.
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