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Models behaving badly

● Toxic language
● Aggressive responses
● Providing dangerous information
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Models behaving badly

Knock, knock

Prompt
Model

LLM

Prompt

Knock, knock
Clap, Clap Helpful?

Can coughing effectively stop a 
heart attack? LLM

Can coughing effectively stop a 
heart attack?
Coughing can help stop a heart 
attack.

Honest?

How can I hack my neighbor’s 
wifi? LLM

How can I hack my neighbor’s 
wifi?
Here are the best ways to hack 
your neighbor’s wifi …

Harmless?

HHH

COMSE6998-007   Introduction to LLM based Generative AI Systems

Chen Wang   /   Columbia University   /   Fall 2026 9



COMSE6998-007   Introduction to LLM based Generative AI Systems

Chen Wang   /   Columbia University   /   Fall 2026 10

Generative AI project lifecycle



Fine-tuning with human feedback

Fraction of model 
generated results 
preferred over human 
responses.

Stiennon, Nisan, et al. "Learning to summarize with human feedback." Advances in neural information processing systems 33 (2020): 3008-3021.
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Reinforcement learning from human feedback (RLHF)

Reinforcement 
Learning from Human 

feedback

Instruct fine-
tuned LLM

Human-
aligned LLM

• Maximize helpfulness, 
relevance

• Minimize harm
• Avoid dangerous topics
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Objective: maximize reward received for actions

Reinforcement Learning

Agent

Environment

action at
state st

reward rt
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Prepare dataset for human feedback

Instruct 
LLM
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Prepare dataset for human feedback

Instruct 
LLM

Prompt Dataset

Prompt Samples Model Completions
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Collect human feedback

● Define your model alignment criterion
● For the prompt-response sets that you just generated, obtain human feedback 

through labeler workforce

Prompt

My house is too hot. LLM

My house is too hot.
There is nothing you can do about 
hot houses.

My house is too hot. You can cool 
your house with air conditioning.

My house is too hot. It is not too 
hot.Alignment criterion: helpfulness

Model

Completion

1

2

3

1

2

3

1

2

3
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Prepare labeled data for training
● Convert rankings into pairwise training data for the reward model

Stiennon, Nisan, et al. "Learning to summarize with human feedback." Advances in 
Neural Information Processing Systems 33 (2020): 3008-3021.

Reward

[0,1]

[1,0]

[1,0]
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Question?

"When using Reinforcement Learning with Human Feedback (RLHF) to align large language 
models with human preferences, what is the role of human labelers?”

A. To write prompts and completions from scratch that are used during fine-tuning with 
RLHF

B. To compare the original LLM completions to the RLHF updated model completions 
and ensure they don't diverge too much

C. To identify model weights that should be updated
D. To score prompt completions, so that this score is used to train the reward model 

component of the RLHF process
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Use the reward model to fine-tune LLM with RL

Instruct LLMPrompt
Dataset

“A dog is …”

“… a furry animal.”

Rewar
d 

Model

0.24

RL Algorithm

prompt=“A dog is”
completion=“a furry animal”
Reward=0.24

RL-updated 
LLM

RLHF

Iteration 1
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Initialize PPO with Instruct LLM
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Replace LLM with updated LLM
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After many iterations, human-aligned LLM!



Question

"How can RLHF align the performance of large language 
models with human preferences? Select all that apply.”

A. RLHF can help reduce model toxicity and misinformation
B. Inference is faster after RLHF, improving the user experience
C. RLHF increases the model's size by adding new parameters that 

represent human preferences
D. RLHF can enhance the interpretability of generated text
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Potential problem: reward hacking

Instruct 
LLM

Toxicity 
Reward 
Model

Prompt 
Dataset

“This product is ….”
“… complete gabage.”

-1.8

PPO
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Avoiding reward hacking
PEFT updated model
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Fine-tuning 20B LLMs with RLHF on a 24GB consumer 
GPU, https://huggingface.co/blog/trl-peft

RLHF with TRL: Rollout, Evaluation, Optimization
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Scaling human feedback
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Example of constitutional principles
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Constitutional AI Supervised Learning Stage



COMSE6998-007   Introduction to LLM based Generative AI Systems

Chen Wang   /   Columbia University   /   Fall 2026 103

Constitutional AI



COMSE6998-007   Introduction to LLM based Generative AI Systems

Chen Wang   /   Columbia University   /   Fall 2026 104

Constitutional AI



COMSE6998-007   Introduction to LLM based Generative AI Systems

Chen Wang   /   Columbia University   /   Fall 2026 105

Constitutional AI



COMSE6998-007   Introduction to LLM based Generative AI Systems

Chen Wang   /   Columbia University   /   Fall 2026 106

Constitutional AI



COMSE6998-007   Introduction to LLM based Generative AI Systems

Chen Wang   /   Columbia University   /   Fall 2026 107

Constitutional AI Supervised Learning Stage



COMSE6998-007   Introduction to LLM based Generative AI Systems

Chen Wang   /   Columbia University   /   Fall 2026 108

Constitutional AI Supervised Learning Stage



COMSE6998-007   Introduction to LLM based Generative AI Systems

Chen Wang   /   Columbia University   /   Fall 2026 109

Constitutional AI Supervised Learning Stage



COMSE6998-007   Introduction to LLM based Generative AI Systems

Chen Wang   /   Columbia University   /   Fall 2026 110

Constitutional AI Supervised Learning Stage



COMSE6998-007   Introduction to LLM based Generative AI Systems

Chen Wang   /   Columbia University   /   Fall 2026 111

Constitutional AI Supervised Learning Stage



COMSE6998-007

FALL 2026

DeepSeekMath: Group Relative Policy 
Optimization (GRPO) Explained
Pushing the Limits of Mathematical Reasoning in Open Language Models
Zhihong Shao, Peiyi Wang, Qihao Zhu, et al. — DeepSeek-AI, Tsinghua University, Peking University (2024) · 
arXiv:2402.03300



From DeepSeekMath to DeepSeek-R1:
GRPO Changed How We Train Reasoning Models
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DeepSeekMath Combines Scalable Data Collection
with Efficient Reinforcement Learning
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A 7B Model Achieves 51.7% on Competition-Level
MATH, Surpassing All Open-Source Models
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PPO Requires Four Models in Memory,
Creating a Significant Resource Bottleneck
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The PPO Objective
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GRPO Eliminates the Value Model by Using
Group-Relative Advantage Estimation
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Understanding Advantages
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The GRPO Objective
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The Core of RL: Probability × Advantage
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Probability Ratio & Clipping
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Process Supervision Provides Fine-Grained
Step-Level Rewards for Better Training Signal
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Iterative GRPO Continuously Updates Both
the Policy and Reward Models
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A Unified Paradigm: Understanding SFT, RFT, and GRPO
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GRPO with Process Supervision Outperforms
All Other Methods on Both GSM8K and MATH
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Two Rounds of Iterative GRPO Significantly Boost
Performance on Both Benchmarks
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RL Makes the Output Distribution More Robust
Rather Than Expanding Fundamental Capabilities
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GRPO Achieves Superior Results with Carefully Tuned
Hyperparameters and Efficient Memory Usage
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GRPO Laid the Foundation for Emergent
Reasoning in DeepSeek-R1 and Beyond
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