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1. Introduction 
This manual provides detailed configuration and implementation guidelines for 

reproducing the Large Language Model (LLM) bias evaluation and mitigation project. It 

covers hardware requirements, software dependencies, datasets, and implementation steps 

for conducting bias detection using benchmark datasets (e.g., CrowS-Pairs, 

RealToxicityPrompts) and applying mitigation techniques such as Counterfactual Data 

Augmentation (CDA) with LoRA fine-tuning. 

2. Hardware Configuration 
The experiments were conducted in a cloud-based GPU environment with the following 

specifications: 

Component Specification 
Processor Intel Xeon (Cloud Instance) 
GPU NVIDIA Tesla T4 / A100 (16–40 GB VRAM) 
RAM 16–64 GB 

3. Technologies and Software Used 
Software / Library Version 
Python 3.11 
Transformers 4.40.0 
Datasets 2.19.0 
PEFT 0.11.1 
PyTorch 2.2.0 

4. Other Requirements 
The following datasets and model checkpoints were used in this project: 

- CrowS-Pairs (Bias detection) 

- RealToxicityPrompts (Toxicity evaluation) 

- GPT-2 (base model) 

- LoRA adapter weights (generated during mitigation) 

 



5. Implementation Steps 
The implementation consists of three main stages: bias detection, bias mitigation, and re-

evaluation. 

 

 

Step 1: Load GPT-2 model and benchmark datasets (CrowS-Pairs, RealToxicityPrompts). 

 

 

Step 2: Evaluate baseline bias by comparing stereotypical vs. anti-stereotypical completions. 



 
Step 3: Apply Counterfactual Data Augmentation (CDA) by generating gender-swapped and 

neutral templates. 

 



 

Step 4: Fine-tune GPT-2 using LoRA on augmented data. 

Step 5: Re-evaluate model bias post-mitigation. 

 
Step 6: Compare pre- and post-mitigation bias scores and visualize results. 
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