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Core Limitations of Parametric LLMs

• Hallucinations

• Verifiability issues

• Copyright issues

• Knowledge cut-offs

• Learning failures
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How do you search in a book?
• Inverted index at the end?
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Retrieval Methods
• Sparse retrieval

• Document-level dense retrieval

• Token-level dense retrieval

• Cross-encoder reranking

• Differentiable search index (DSI)

• Table of Contents based search

• Black-box retrieval (just ask Google/Bing)

Slide source: https://phontron.com/class/anlp2024/assets/slides/anlp-10-rag.pdf
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Sparse Retrieval
• Express the query and document as a sparse word frequency vector (usually normalized by length)

Slide source: https://phontron.com/class/anlp2024/assets/slides/anlp-10-rag.pdf
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Sparse Retrieval
• Express the query and document as a sparse word frequency vector (usually normalized by length)

• Find the document with the highest inner-product or cosine similarity in the document 
collection
Slide source: https://phontron.com/class/anlp2024/assets/slides/anlp-10-rag.pdf
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Term Weighting (see Manning et al. 2009)
• Some terms are more important than others; Low-frequency words (NLP, 

Candy) are often more important than (the, a, for, then, them…)

• Term frequency - in-document frequency (TF-IDF)

• BM25: TF term similar to smoothed count-based LMS

50
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• Some terms are more important than others; Low-frequency words (NLP, 
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• BM25: TF term similar to smoothed count-based LMs
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Inverted Index
• A data structure that allows for efficient sparse lookup of vectors

• Example software: Apache Lucene

Slide source: https://phontron.com/class/anlp2024/assets/slides/anlp-10-rag.pdf
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Dense Embeddings
• Encode all documents using a LM and index 

them (one time task). Can use:
✓ Out-of-the-box embeddings. E.g. 

BERT
✓ Learned embeddings (covered later)

• At test time:
▪ Encode Query
▪ Find similar documents

Slide source: https://phontron.com/class/anlp2024/assets/slides/anlp-10-rag.pdf
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Query Text chunks

Inner Product Similarity

Training Dense Embeddings
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Query Encoder Doc Encoder

Karpukhin et al. Dense Passage Retrieval for Open-

Domain Question Answering. EMNLP 2020.

Slide source: https://drive.google.com/file/d/1YUpp7L1SCK6jgdfFObsqHKXrq6HC-TLp/view
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Query Text chunks

Inner Product Similarity

L(q, p+ , p− , p− , …, p−)
1 2 n

= − log
exp(sim(q, p+))

exp(sim(q +, p )) + ∑
n

j=1
exp(sim( −

jq, p ))

Training Dense Embeddings
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Query Text chunks

Inner Product Similarity

L(q, p+ , p− , p− , … , p−)
1 2 n

= − log
exp(sim(q, p+))

exp(sim(q +, p )) + ∑
n

j=1
exp(sim( −

jq, p ))

Positive passage

Training Dense Embeddings
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Inner Product Similarity

L(q, p+ , p− , p− , …, p−)
1 2 n

= − log
exp(sim(q, p+))

exp(sim(q +, p )) + ∑
n

j=1
exp(sim( −

jq, p ))

Positive passage

Negative passages
Too expensive to consider all negatives!

Query Text chunks
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Query Text chunks

Inner Product Similarity

L(q, p+ , p− , p− , …, p−)
1 2 n

= − log
exp(sim(q, p+))

+exp(sim(q, p )) + ∑
n

j=1
exp(sim( −

jq, p ))
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Query Text chunks

Inner Product Similarity

L(q, p+ , p− , p− , … , p−)
1 2 n

= − log
exp(sim(q, p+))

+exp(sim(q, p )) + ∑
n

j=1
exp(sim( −

jq, p ))

Positive

Negative

Positive

Negative
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Training Dense Embeddings
• Select positive and negative documents, train using a contrastive loss

• DPR (Karpukhin et al. 2020): learn encoders based on a BM25 hard negatives and 
in-batch negatives.

• Contriever (Izacard et al. 2022): contrastive learning using two random spans as 
positive pairs - Unsupervised dense retrieval model.
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Independent Cropping in Contriever (Izacard et al. 
2022):
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In 1997, Apple merged with NeXT, 
and Steve Jobs became CEO of 
his former company. He became 
the saviour of his company and 

was largely responsible …

Positives
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Dense Embeddings
• Encode all documents using a LM and index 

them (one time task). Can use:
✓ Out-of-the-box embeddings. E.g. 

BERT
✓ Learned embeddings (covered later)

• At test time:
▪ Encode Query
▪ Find similar documents

Slide source: https://phontron.com/class/anlp2024/assets/slides/anlp-10-rag.pdf
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Dense Embeddings
• Encode all documents using a LM and index 

them (one time task). Can use:
✓ Out-of-the-box embeddings. E.g. 

BERT
✓ Learned embeddings (covered later)

• At test time:
▪ Encode Query
▪ Use Nearest Neighbor Search to find 

similar documents
Slide source: https://phontron.com/class/anlp2024/assets/slides/anlp-10-rag.pdf
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