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Memorization
Close-book Exam Strategy

Memorize Data

Not Seen
(Similar to Close-book Exam)

- What is the location of Zhejiang University?
- What is the motto of Zhejiang University?

A Large-scale Database

Zhejiang University is in Hangzhou, 
Zhejiang Province.

Qiushi Academy is the forerunner of the 
modern-day Zhejiang University.

The motto of Zhejiang University is 
“Seeking Truth, Pursuing Innovation.”

Answer 
Question



Copy
Open-book Exam Strategy

Answer 
Question

Zhejiang University is in Hangzhou, 
Zhejiang Province.

Qiushi Academy is the forerunner of the 
modern-day Zhejiang University.

The motto of Zhejiang University is 
“Seeking Truth, Pursuing Innovation.”

The motto of Zhejiang University is 
“Seeking Truth, Pursuing Innovation.”

Retrieve Relevant 
Information

Zhejiang University is in Hangzhou, 
Zhejiang Province.

Copy Data
(Similar to Open-book Exam) - What is the location of Zhejiang University?

- What is the motto of Zhejiang University?

A Large-scale Database



Copy, not Memorization!
Open-book Exam is Easier than Close-book

Memorization-based Method: Models have 
to memorize data and knowledge

Harder

Memorize 
Data

Not Seen

A Large-scale 
Database

A Given Question

Answer 
Question

Copy-based Method: Models only need to 
retrieve and search for relevant information

Easier

A Large-scale 
Database

Answer 
Question

Retrieve Relevant 
Information

Copy
Data

A Given QuestionRelevant Info.



Input Context Encoding

Input 
Context 

࢚ࢉ
The movie is

Base LM

௧ࢎ

ܿሺଵሻǣ This movie is great .
ܿሺଶሻǣ Those movies are bad .
ܿሺଷሻǣ This movie is what I like.

Neighbor 
Contexts 

The movie is

movies is what

movie is great

movies are bad

Graph Construction (࢒ ൌ ࢘ ൌ ૚)

Training
Datastore

Inter-context edge

Intra-context edge

Input 
query
࢚ࢉ ܽ௢ ܽ௢ ܽ௢

ܽ௡ ܽ௡ ܽ௡ ܽ௡ ܽ௡ ܽ௡

ܽ௡ ܽ௡ ܽ௡

ܽ௢

ܽ௡

Node from the 
original context

Node from the 
neighbor context

GNN-LM

- A vanilla language model        is used to encode a given input sequence 
<latexit sha1_base64="mCyguGWv4xxyKNdKMBlkNdjxHI8="></latexit>

ct = (w1, w2, ..., wt�1)
<latexit sha1_base64="quRUCS/au2SbCTD2vVCx3AsjRfs=">AAAB73icbVC7SgNBFL0bXzG+YixtBoMQm7CbQi0DNpYRzAOyIczOziZDZmfWmVkhLPkGwcZCEVt/w0+w80PsnTwKTTxw4XDOvdx7T5Bwpo3rfjm5tfWNza38dmFnd2//oHhYammZKkKbRHKpOgHWlDNBm4YZTjuJojgOOG0Ho6up376nSjMpbs04ob0YDwSLGMHGSp2o4pNQmrN+sexW3RnQKvEWpFwv+ZXvjwe/0S9++qEkaUyFIRxr3fXcxPQyrAwjnE4KfqppgskID2jXUoFjqnvZ7N4JOrVKiCKpbAmDZurviQzHWo/jwHbG2Az1sjcV//O6qYkuexkTSWqoIPNFUcqRkWj6PAqZosTwsSWYKGZvRWSIFSbGRlSwIXjLL6+SVq3qnVe9G5tGDebIwzGcQAU8uIA6XEMDmkCAwyM8w4tz5zw5r87bvDXnLGaO4A+c9x8Ho5Lx</latexit>

f(·)
<latexit sha1_base64="bPMmEGiBC/Pe9UG79CVZJWT7lmI="></latexit>

ht = f(ct) 2 Rd
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Graph Construction (࢒ ൌ ࢘ ൌ ૚)

Training
Datastore

Inter-context edge

Intra-context edge
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Node from the 
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Node from the 
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GNN-LM

Graph Construction and Message Passing
- is used to query neighbor contexts and build a directed heterogeneous graph
- A self-attention augmented GNN is applied to update     and get an estimate for 

<latexit sha1_base64="2KiXMVQJHtCod+AEXWtApebWOPM=">AAAB/3icbVC7TsMwFHUKlBJeASQWlogKialKOgBjJRbGVqIPqY0ix3Vaq85D9g2iChn4BBY+gKUDCLHyC4xsiJ/BTTtAy5EsH51zj3x9vJgzCZb1pRVWVteK66UNfXNre2fX2NtvySgRhDZJxCPR8bCknIW0CQw47cSC4sDjtO2NLqd++4YKyaLwGsYxdQI8CJnPCAYlucah3gN6q4Jpfnt+OswyF1yjbFWsHOYyseekXCs2vj8eHyZ11/js9SOSBDQEwrGUXduKwUmxAEY4zfReImmMyQgPaFfREAdUOmm+f2aeKKVv+pFQJwQzV38nUhxIOQ48NRlgGMpFbyr+53UT8C+clIVxAjQks4f8hJsQmdMyzD4TlAAfK4KJYGpXkwyxwARUZboqwV788jJpVSv2WcVuqDaqaIYSOkLH6BTZ6BzV0BWqoyYi6A49oWf0ot1rE+1Ve5uNFrR55gD9gfb+A0Pvmp8=</latexit>

ht
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pLM(wt|ct)

Additional information from reference tokens are incorporated via GNN



Next Token Prediction
Probability for the next token is estimated by the linear interpolation of                    and 
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pkNN(wt|ct)
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p(wt|ct) = �pkNN(wt|ct) + (1� �)pLM(wt|ct)
kNN-LM (Khandelwal et al., 2019) GNN-LM
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Experimental Results
WikiText-103 Dataset

- GNN-LM reduces the base LM perplexity from 18.7 to 16.8
- Combining GNN and kNN leads to a new SOTA result of 14.8



Experimental Results
One Billion Word Dataset

GNN-LM helps base LM reduce 0.5 perplexity with 
only 27M additional parameters



Experimental Results
Enwik8 Dataset

GNN-kNN-LM outperforms base LM by 0.03 Bit per Character 
(BPC), achieving 1.03 BPC with only 48M parameters



Take Away

• We propose GNN-LM, a new paradigm for language modeling
• Enable a LM model to reference similar contexts from the entire 

training corpus as cues for prediction

• Our method outperforms strong baselines in benchmark datasets
• Achieve the state-of-the-art results on WikiText-103 with a test

perplexity of 14.8

Code is publicly available at:
https://github.com/ShannonAI/GNN-LM


