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• Developer Advocate Lead @ 
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W H AT  W A S  T H E  N A M E  O F  
T H E  1 S T  I N T E R N E T  
S E A R C H  E N G I N E ?

• Google 

• Archie 

• Jeeves 

• Jughead
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Source: Geoffrey Moffett on Unsplash
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GET /_analyze 

{ 

  "char_filter": [ "html_strip" ], 

  "tokenizer": "standard", 

  "filter": [ "lowercase", "stop", "snowball" ], 

  "text": "These are <em>not</em> the droids 
           you’re looking for." 

}
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{ “tokens": [{ 

      "token": "droid", 

      "start_offset": 27, "end_offset": 33, 

      "type": "<ALPHANUM>", 

      "position": 4 

    },{ 

      "token": "you", 

      "start_offset": 34, "end_offset": 37, 

      "type": "<ALPHANUM>", 

      "position": 5 

    }, { 

      "token": "look", 

      "start_offset": 42, "end_offset": 49, 

      "type": "<ALPHANUM>", 

      "position": 7 

    } 

  ] 

}
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D O C U M E N T

Source: Elastic Web Crawler
Alternative: Web Crawling Python | Machine Learning Mastery

carlyrichmond.bsky.social

https://www.elastic.co/web-crawler
http://www.apple.com/uk
https://machinelearningmastery.com/web-crawling-in-python/
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K E Y W O R D  S E A R C H

GET search-star-wars-films/_search 
{ 
  "query": { 
    "match": { 

   "body_content": "Rise of Skywalker" 
    } 
  } 
}

Elasticsearch Query DSL | Elastic carlyrichmond.bsky.social

https://www.elastic.co/guide/en/elasticsearch/reference/current/query-dsl.html


Y E S !

Source: Elastic Web Crawler
Alternative: Web Crawling Python | Machine Learning Mastery

carlyrichmond.bsky.social

https://www.elastic.co/web-crawler
https://machinelearningmastery.com/web-crawling-in-python/
http://www.apple.com/uk


K E Y W O R D  S E A R C H

GET search-star-wars-films/_search 
{ 
  "query": { 
    "match": { 

   "body_content": "The latest Star Wars  
film in the Skywalker series" 

    } 
  } 
}

Elasticsearch Query DSL | Elastic carlyrichmond.bsky.social

https://www.elastic.co/guide/en/elasticsearch/reference/current/query-dsl.html


N O T  Q U I T E  R I G H T ?
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TOMORROW

What ships and crews do I 
need to destroy an almost 
finished death star? 
Or is there a secret weakness?

TODAY

X-wing starfighter squadron

Source: Amy Hirschi on Unsplash
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W H AT  I S  A  V E C T O R ?
B A G  O F  W O R D S

$ eland_import_hub_model  
--url https://Cluster_URL --hub-
model-id bert_model --task-type 
text_embedding --start

These are not the droids you’re looking for. 

No. I am your father. 

these: 1, are: 2, not: 1, the: 1, droid: 1, you: 1, look: 1, for: 1 
no: 1, i: 1, am: 1, you: 1, father: 1 

[these, are, not, the, droid, you, look, for, no, i, am, father] 
[1,   2,   1,   1,   1,   1,   1,   1,   0,   0,   0,   0] 
[0,   0,   0,   0,   0,   1,   0,   0,   1,   1,   1,   1]
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V E C T O R  S E A R C H
V E C T O R  S E A R C H
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W H E R E  D O  E M B E D D I N G S  C O M E  F R O M ?

Credit: What is Context Engineering | Data Science Dojo

https://datasciencedojo.com/blog/what-is-context-engineering/


Start with Off-the Shelf Models

C H O I C E  O F  E M B E D D I N G  M O D E L

Extend to Higher Relevance 

• Apply hybrid scoring 

• Bring Your Own Model: 
requires expertise + labeled data

carlyrichmond.bsky.social
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M U LT I P L E  D I M E N S I O N S  R E P R E S E N T  D I F F E R E N T  D ATA  A S P E C T S  
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V E C T O R  S E A R C H  R A N K S  O B J E C T S  B Y  
S I M I L A R I T Y  ( R E L E VA N C E )  T O  T H E  Q U E R Y

REALISTIC
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HUMAN

MACHINE

  θ

carlyrichmond.bsky.social

COSINE  S I M I L A R I T Y

  θ ≈ 0
  cos(θ) ≈ 1
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ORTHOGONALITY

  θ ≈ 90∘

  cos(θ) ≈ 0

  θ
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OPPOSITE

  θ ≈ 180∘

  cos(θ) ≈ − 1

  θ
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DOT_PRODUCT

  
→q ×

→
d = | →q | × cos(θ) × |

→
d |

  _scorefloat =
1 + dot_product(q, d)
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Source: Anton Filatov on Unsplash

https://images.unsplash.com/photo-1649182325585-27a7d33563b5?q=80&w=3132&auto=format&fit=crop&ixlib=rb-4.1.0&ixid=M3wxMjA3fDB8MHxwaG90by1wYWdlfHx8fGVufDB8fHx8fA==


REALISTIC CARTOON

HUMAN

MACHINE
carlyrichmond.bsky.social

EUCLIDEAN DISTANCE

  l2_normq,d =
n

∑
i=1

(xi − yi)2

  _score =
1

1 + (l2_normq,d)2

Source: Anton Filatov on Unsplash
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S I M I L A R I T Y

PUT my-dot-product-movie—index 
{ 
  "mappings": { 
    "properties": { 
      "text_embedding.predicted_value": { 
        "type": "dense_vector", 
        "dims": 384, 
        "similarity": "dot_product", 
        "index": true, 
        "index_options": { 
          "type": "bbq_hnsw" 
        } 
      } 
    } 
  } 
}

Elasticsearch Dense Vector Field Type | Elastic

https://www.elastic.co/docs/reference/elasticsearch/mapping-reference/dense-vector#dense-vector-params


H O W  V E C TO R S  A R E  I N D E X E D  F O R  S E A R C H :  
G R A P H S

Speed: Excellent query latency on 
large scale indices

Balance: Bartering a little accuracy 
for a lot of scalability

Hierarchical Navigable Small Worlds: 
a layered approach that simplifies 
access to the nearest neighbour

Tiered: from coarse to fine 
approximation over a few steps

carlyrichmond.bsky.social



V E C T O R  S E A R C H

Elasticsearch kNN search | Elastic

GET vector-search-star-wars-films/_search 
{ 
  "size" : 3, 
  "query" : { 
      "knn": { 
        "field": "text_embedding.predicted_value", 
        "k": 10, 
        "num_candidates": 100, 
        "query_vector": [-0.0078373895958599, -0.215008884668022], 
        "filter": { 
          "match": { 
            "domains": "https://en.wikipedia.org" 
        } 
      } 
    } 
  } 
}

carlyrichmond.bsky.social

https://www.elastic.co/guide/en/elasticsearch/reference/current/knn-search.html
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Y E S !



V E C T O R  S E A R C H  C O N S I D E R AT I O N S

• Needs lots of memory 
• Indexing is slower 
• Merging is slow

carlyrichmond.bsky.social



V E C T O R  S E A R C H  B E S T  P R A C T I C E S

• Avoid searches during indexing 
• Exclude vectors from _source 
• Reduce vector dimensionality 
• Use byte rather than float 
• Quantization (BBQ and others)

carlyrichmond.bsky.social



P R O D U C T  Q U A N T I Z AT I O N

carlyrichmond.bsky.socialProduct Quantization | Insightful Savant on Medium

https://ai.gopubby.com/product-quantization-a2779ace565


B E T T E R  B I N A R Y  Q U A N T I Z AT I O N

carlyrichmond.bsky.socialBetter Binary Quantization (BBQ) in Lucene and Elasticsearch | Elasticsearch Labs

https://www.elastic.co/search-labs/blog/better-binary-quantization-lucene-elasticsearch
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S O M E T I M E S  W E  N E E D  E X A C T  M AT C H E S !

REALISTIC
Han Solo Enterprises

Source: Anton Filatov on Unsplash
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S O M E T I M E S  W E  N E E D  B O T H !

REALISTIC

Recommend me a reliable ship 
captain

Source: Anton Filatov on Unsplash
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H Y B R I D  S C O R I N G

Linear Combination 

Manual boosting 

or  
Reciprocal Rank Fusion (RRF) 

Blending multiple ranking 
methods
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GET vector-search-star-wars-films/_search 
{ 
  "size" : 10, 
  "query": { 
    "bool": { 
      "should": [ 
        { 
          "match": { 
            "body_content": { 
              "query": "The latest Star Wars film in the Skywalker series”, 
              "boost": 0.4 
            } 
          } 
        }, 
        { 
          "knn": { 
            "field": "text_embedding.predicted_value", 
            "query_vector": [-0.007837389595806599, -0.21500888466835022, 0.11815926432609558], 
            "k": 5, 
            "num_candidates": 50, 
            "boost": 0.6        
          } 
        } 
      ] 
    } 
  } 
}

carlyrichmond.bsky.social



R E C I P R O C A L  R A N K  F U S I O N  ( R R F )

D - set of docs 
R - set of rankings as permutation on 1..|D| 
K - typically set to 60 by default
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R E C I P R O C A L  R A N K  F U S I O N  ( R R F )
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GET vector-search-star-wars-films/_search 
{ 
   "retriever": { 
      "rrf": { 
         "retrievers": [ 
            { 
               "standard": { 
                  "query": { 
                     "match": { 
                        "body_content": { 
                           "query": "The latest Star Wars film in the Skywalker series” 
                        } 
                     } 
                  } 
               } 
            }, 
            { 
               "knn": { 
                  "field": "text_embedding.predicted_value", 
                  "query_vector": [-0.007837389595806599, -0.21500888466835022, 0.11815926432609558], 
                  "k": 5, 
                  "num_candidates": 50, 
                  "filter": { 
                     "match": { 
                        "domains": "https://en.wikipedia.org" 
                     } 
                  } 
               } 
            } 
         ], 
         "rank_window_size": 50, # Defaults to 100 
         "rank_constant": 20 # Defaults to 60 
      } 
   } 
} carlyrichmond.bsky.social



Lexical Vector
Hybrid Reranking
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R E R A N K I N G
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Archie

Lexical Vector
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https://www.researchgate.net/publication/389315501_Multimodal_Large_Language_Models_for_Text-rich_Image_Understanding_A_Comprehensive_Review




W H Y  D O  L L M S  H A L L U C I N AT E ?

Frozen or Limited 
Knowledge

Overfitting Biases Language 
Ambiguity
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Source: OpenAI | Why Language Models Hallucinate

https://cdn.openai.com/pdf/d04913be-3f6f-4d2b-b283-ff432ef4aaa5/why-language-models-hallucinate.pdf


C O N T E X T  E N G I N E E R I N G

Credit: What is Context Engineering | Data Science Dojo
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https://datasciencedojo.com/blog/what-is-context-engineering/


R E T R I E VA L  A U G M E N T E D  G E N E R AT I O N

The best 
answer

Customer Question

+

Public Internet Data 

Business Data

Customer Question

Most relevant results

documents images audio
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M C P  A N D  A 2 A

Credit: A Visual Guide to Agent2Agent (A2A) Protocol | Daily Dose of Data Science

carlyrichmond.bsky.social
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F I N

Source: Anton Filatov on Unsplash
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