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What is Memory Decoder ? 

A plug-and-play memory that brings domain knowledge to 
any LLM — without retraining.
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One 0.5B Memory Decoder consistently improves all Qwen models ranging from 0.5B to 
72B on the finance domain.



Why Domain adaptation is still hard for LLMs ?

LLMs are powerful, but domain adaptation is still inefficient.

Existing methods are either:

• Domain Adaptive Pre-training(DAPT) – costly training & catastrophic forgetting.

• Retrieval Augmented Generation(RAG) – w/o training but slow inference.
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Can we have the best of both worlds?

What we want:

• No retraining of multiple models (like RAG)

• No additional inference latency (like DAPT)

Qwen2-7B

Qwen2-72B

DAPT

Retrieve

Finance

Datastore

RAG

Pre-train

Pre-train

Pre-train

Qwen2-0.5B

Finance

LLM

Qwen2-7B

Qwen2-72B

Qwen2-0.5B

Interpolate

Finance

MemDec

MemDec (Ours)

Qwen2-7B

Qwen2-72B

Qwen2-0.5B

Core idea: 

Replace the external retriever 
with a small parametric model



Plug and Play integration of Memory Decoder

Works with any base LLM sharing the same tokenizer.

The output of Memory Decoder is interpolated with base LLM in the following way:

𝑝𝑓𝑖𝑛𝑎𝑙 𝑦 𝑥 = 𝛼 ⋅ 𝑝𝑚𝑒𝑚 𝑦 𝑥 + 1 − 𝛼 ⋅ 𝑝𝑝𝑙𝑚(𝑦 ∣ 𝑥)
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—— Trained once, reuse everywhere !



Inference Efficiency of Memory Decoder

Inference latency is comparable to base LLM, showing great improvement compared to 
𝑘NN-LM and RAG method.

These measurements were conducted on Qwen2.5-1.5B, augmented by a 0.5B Memory Decoder.



How to train Memory Decoder ?

We use KL divergence to encode retrieval-like knowledge in a compact parametric form.

To prevent excessive deviation from the underlying corpus distribution, we integrate a 
complementary CE loss in the following way:

𝐿 = 𝛽𝐾𝐿(𝑝𝑘𝑁𝑁 ∣∣ 𝑝𝑚𝑒𝑚) + (1 − 𝛽)𝐶𝐸
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Experiments: Language modeling on Wikitext-103

——1+1 > 2 !

An important observation is that augmenting gpt2-med with memdec-
small achieves better performance than direct DAPT of gpt2-med, 
which has nearly 3 times the parameter of memdec-small !



Experiments: Performance on basic NLP tasks

——To preserve the general abilities, you better not modify the parameters

Performance on Nine diverse NLP tasks including sentiment analysis, textual 
entailment, and text classification. Memory Decoder achieves domain adaptation 
without sacrificing general capabilities. 



Experiments: One Memory Decoder for ALL models

——One model to rule them all

Performance on biomedicine, finance and law domains of two most 
popular open-source model families (Qwen and Llama). 



Case study: Bridging Parametric and Non-Parametric Methods

——Learning long-tail knowledge from non-parametric methods and maintain 
semantic coherence as a parametric model.



Thank you for watching !


