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Motivation

All RAG methods, regardless of their variations, share a common characteristic: 

they inject external knowledge by directly adding passages or documents into the 

input context of LLMs, which we refer to as the in-context knowledge injection

Lewis, et al. "Retrieval-augmented generation for knowledge-intensive nlp tasks." Advances in Neural 
Information Processing Systems 33 (2020): 9459-9474.



Motivation

• Long context not only introduces extra computational overhead and latency for 

LLM inference, but also hurts the performance of LLMs in understanding and 

utilizing external knowledge

• Adding passages in the input context could only affect the online computation of 

key-value pairs in the attention networks of LLMs, but not the model's stored 

parameters, where its knowledge is encoded



Motivation

LLMs may never be able to utilize external knowledge as effectively as they use their 

internal knowledge in in-context RAG methods

SFT-based methods?

require substantial resources, may affect original ability, lack of flexibility

Is it possible to inject external knowledge into LLM parameters effectively, 

efficiently, and flexibly for retrieval-augmented generation?



Overview

• offline document parameterization

      converts each document into its corresponding parametric representation

• online inference with a Retrieve-Update-Generate workflow

      merges the parametric representations and then plugs the merged parameters into the LLM



Offline Document Parameterization

Document Augmentation

• Document Rewriting

• QA Pair Generation



Offline Document Parameterization

Parametric Document Encoding

• initialize parametric representations as low-rank matrices corresponding to FFN, 

following the LoRA approach

• each document is associated with independently trained low-rank parameters



Online Inference

• Retrieve

      select the top-k documents with the highest relevance scores

• Update

      merge the low-rank matrices from the top-k retrieved documents to form a single plug-in module for 

the LLM, and then update the original feed-forward weight

• Generate

      directly generate the final response to the query



Experimental Results



Experimental Results

LoRA initialization: random or pretrained using sampled QA pairs



Experimental Results



Efficiency

• Parametric RAG is more cost-friendly than in-context RAG when the number of queries is 

more than twice that of documents in the life cycle of the service

• The access of information in real user traffic follows a longtail distribution, creating 

parametric representations for a tiny set of head documents can serve the majority of user 

requests


