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Today‘s Topic

I. Course Organization

II. Introduction

III.Reading List
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Course Organization

o Grading

o Presentation

o Project
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Course Organization

o Grading

o 50% Presentation

o 50% Project

o No attendance requirement?

o No attendance requirement 
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Course Organization

o Presentation

o All students are divided into groups of two or three.

o Each group needs to present a paper from the list.

o After finding your team members, drop me an email with the following 

information:

o Team Members’ names, matriculation numbers.

o Top 3 paper from the list that you want to do presenetation.

o No Lecture Next Week 

o You can do your project during the semester or during the semester

break :-)
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Course Organization

o Presentation Format

o ~30 min for paper presentation

o ~10 min for Q&A
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Course Organization

o Project Submissions

o Main Submission: Paper-like Project Report

o Code

o Possible Project Types

o Experimental Reimplementation of the paper

o Original Idea

o Please talk with me before starting your project
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Introduction

Before you begin reading and implementing the project, it is helpful to understand the 

following concepts:

o Self-Consistency (SC)

o LLM-as-a-Judge

o Outcome Reward Model (ORM)

o Process Reward Model (PRM)
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Introduction

o Suppose the following scenario:

o You slept through your entire math courses, and now

o you’re in a Math Exam facing the Question: 

o 3x – 15 = 6, x = ?

o You have no idea how to solve it, but luckily, you can use ChatGPT.

o You ask ChatGPT, “Hey, solve this question for me.”

o The problem is: how can you be sure that ChatGPT’s answer is correct?
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Introduction

o To help guarantee the correct answer, you decide to use 

o Self-Consistency (SC)

o Sample the same question multiple times

o Take the majority vote across all the answers

o Question: 3x – 15 = 6, x = ? (Answer x=7)

ChatGPT

X=7

X=7

X=6
Majority Vote

X=7
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Introduction

o To help guarantee the correct answer, you decide to use 

o LLM-as-a-Judge

o Use LLM to score/rank/judge the outputs of another LLM

o Question: 3x – 15 = 6, x = ? (Answer x=7)

ChatGPT

X=7

X=7

X=6

Judge Model (could also be 

ChatGPT)
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Introduction

o Outcome Reward Model (ORM):

o An Outcome Reward Model (ORM) is a model that evaluates and assigns a reward based 

only on the final output or result of a task, without considering the intermediate steps 

taken to reach that result.

o Question: 3x – 15 = 6, x = ?

ChatGPT

Step 1: 3x = 15 + 6 Step 2: 3x = 21 Step 3: x = 7

Outcome Reward Model

Well, I don’t care the correctness of reasoning steps. I will only judge if the final answer is correct.

Output: Yes



13

Introduction

o Process Reward Model(PRM)

o A Process Reward Model (PRM) is a model that evaluates and assigns rewards to the 

intermediate steps in a solution process, assessing the quality and correctness of the 

reasoning or actions at each stage.

o Question: 3x – 15 = 6, x = ?

ChatGPT Model

Step 1: 3x = 15 + 6 Step 2: 3x = 21 Step 3: x = 7

Outcome Reward Model

Well, I don’t care the correctness of reasoning steps. I will only verify if the final answer is correct.

Output: Yes

Process Reward Model

Well, I’ll verify whether every reasoning step is correct.

Output: Step 1: Yes. Step 2: Yes. Step 3: Yes.



Introduction

An Example of ORM and Discriminative PRM



Introduction

o Here we saw the example of Discriminative PRM (Math-Shepherd), 

which assigns a score or label to each intermediate step;

o Why don’t we let the PRM explain its own decisions?

o -> From Discriminative PRMs to Generative PRMs
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Introduction

o Question: 3x – 15 = 6, x = ?

ChatGPT Model

Step 1: 3x = 15 + 6 Step 2: 3x = 21 Step 3: x = 7

Outcome Reward Model

Well, I don’t care the correctness of reasoning steps. I will only verify if the final answer is correct.

Output: Yes

Discriminative PRM

Well, I’ll verify whether every reasoning step is correct.

Output: Step 1: Yes. Step 2: Yes. Step 3: Yes.

Generative  PRM

Step 1: This step is correct because…… So label is {Yes}. 

Step 2: This step is correct because…… So label is {Yes}. 

Step 3: This step is correct because…… So label is {Yes}. 
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Introduction

Example of Generative PRM
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Introduction

When you read the paper regarding PRM, try to keep in mind e.g.,:

• Is the method discriminative or generative?

• How is the correctness of intermediate steps estimated?

• Can generative PRMs generate code instead of natural language to verify the correctness?

• How did they obtain the training data for PRMs? 

• Was it manually annotated, 

• or was it generated through some form of data synthesis?
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FAQ

• Do I have to do a project related to the paper I presented?

• Not necessarily. You are welcome to implement any idea related to 

PRMs, or even explore other verification models.

• Can you show us what we can do for the project?

• There are several possible directions. 

• For example, you could design different estimation methods. 

• Or You could also collect reasoning paths, manually annotate them 

with your teammate, and then fine-tune a model on those annotations.

• We don’t have enough computation resources. 

• Neither do I. 

• Try implementing your idea on a very small LLM, such as a 0.8B 

model. You are welcome to use LoRA or any other parameter-efficient 

fine-tuning method.

• What matters most is that you have a clear idea you want to explore, 

regardless of whether the performance improves.
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Reading List

o ORM:

o Fei Yu, Anningzhe Gao, and Benyou Wang. Outcome-supervised verifiers for planning in mathematical 

reasoning. arXiv preprint arXiv:2311.09724, 2023a.

o PRM-related

o [Dynamic and Generalizable Process Reward Modeling](https://aclanthology.org/2025.acl-long.212/) (Yin 

et al., ACL 2025)

o [Math-Shepherd: Verify and Reinforce LLMs Step-by-step without Human 

Annotations](https://aclanthology.org/2024.acl-long.510/) (Wang et al., ACL 2024)

o [Process-based Self-Rewarding Language Models](https://aclanthology.org/2025.findings-acl.930/) (Zhang 

et al., Findings 2025)

o Jian Zhao, Runze Liu, Kaiyan Zhang, Zhimu Zhou, Junqi Gao, Dong Li, Jiafei Lyu, Zhouyi Qian, Biqing Qi, 

Xiu Li, and Bowen Zhou. 2025. Genprm: Scaling test-time compute of process reward models via 

generative reasoning. Preprint, arXiv:2504.00891.
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Reading List

o Hunter Lightman, Vineet Kosaraju, Yura Burda, Harri Edwards, Bowen Baker, Teddy Lee, Jan Leike, John Schulman, Ilya 

Sutskever, and Karl Cobbe. Let’s verify step by step. arXiv preprint arXiv:2305.20050, 2023.

o Wendi Li and Yixuan Li. Process reward model with Q-value rankings. In Proceedings of the Thirteenth International 

Conference on Learning Representations (ICLR), 2025. 

o Xin Lai, Zhuotao Tian, Yukang Chen, Senqiao Yang, Xiangru Peng, and Jiaya Jia. Step-DPO: Step-wise preference 

optimization for long-chain reasoning of LLMs. arXiv preprint arXiv:2406.18629, 2024.

o Jianqiao Lu, Zhiyang Dou, Hongru Wang, Zeyu Cao, Jianbo Dai, Yingjia Wan, and Zhijiang Guo. AutoPSV: Automated 

process-supervised verifier. arXiv preprint arXiv:2405.16802, 2024.

o Liangchen Luo, Yinxiao Liu, Rosanne Liu, Samrat Phatale, Harsh Lara, Yunxuan Li, Lei Shu, Yun Zhu, Lei Meng, Jiao Sun, 

and Abhinav Rastogi. Improve mathematical reasoning in language models by automated process supervision. arXiv preprint 

arXiv:2406.06592, 2024.
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Reading List

o [CodePRM: Execution Feedback-enhanced Process Reward Model for Code 

Generation](https://aclanthology.org/2025.findings-acl.428/) (Li et al., Findings 2025)

o [From Outcomes to Processes: Guiding PRM Learning from ORM for Inference-Time 

Alignment](https://aclanthology.org/2025.acl-long.946/) (Xie et al., ACL 2025)

o [R-PRM: Reasoning-Driven Process Reward Modeling](https://aclanthology.org/2025.emnlp-main.679/) (She et al., EMNLP 

2025)

o [Boosting Policy and Process Reward Models with Monte Carlo Tree Search in Open-Domain 

QA](https://aclanthology.org/2025.findings-acl.388/) (Chan et al., Findings 2025)

o [Retrieval-Augmented Process Reward Model for Generalizable Mathematical 

Reasoning](https://aclanthology.org/2025.findings-acl.444/) (Zhu et al., Findings 2025)
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Reading List

o [Beyond the First Error: Process Reward Models for Reflective Mathematical 

Reasoning](https://aclanthology.org/2025.findings-emnlp.253/) (Yang et al., Findings 2025)

o [Demystifying Multilingual Reasoning in Process Reward Modeling](https://aclanthology.org/2025.findings-emnlp.519/) 

(Wang et al., Findings 2025)

o [Error Typing for Smarter Rewards: Improving Process Reward Models with Error-Aware Hierarchical 

Supervision](https://aclanthology.org/2025.findings-emnlp.807/) (Pala et al., Findings 2025)
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