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Bektopbl (Embeddings)

TekcT, Buaeo, aygmo,
Cbipble AaHHble

BekTopbl
donkcnpoBaHHOW ANMUHGI

OO0OBbeKT 1

(0.6, 0.3, 0.1]

OO0OBbEKT 2 Mouen =

0.8, 0.5, 0.3]

aHKoAep

O0OBbekT 3

(0.4, 0.2, 0.9]
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BeKTopHOEe nNpoCTPaHCTBO

Uem Onuxke cemaHTU4yecku, Tem onmxe
B BEKTOPHOM MPOCTPAHCTBE

-
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BexkTopHaa 6a3a paHHbIX

BekTopHasa 6a3za gaHHbIX

l

NHoekcupyemble IcKOMBbIV
BEKTOPbI BEKTOP
0.6, 0.3, 0.1] =——> Eggj <¢—————-Ul4,0£L(LT]-———————"Iiiliil'ﬁ
0.8, 0.5, 0.3
0.4,0.2,0.9
0.4,0.3,0.7
0.5,0.2,0.7 0.4,0.3,0.7
0.5,0.2, 0.7’
HangoeHHble
BEKTOpbI
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Hepoctatkm 6onbuimx

A3bIKOBbIX moaeneu (LLM)

1

3arpaTtbl Ha oby4yeHune
[Topsagok 100 Teicay GPU-gHen
TeHOoeHUMA K KpaTHOMY POCTY

2

YcTtapeBLlne gaHHble

CBeXeCTb AJaHHbIX orpaHn4veHa
He MOXET 3HaTb TekyLine doakThbl
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( UTO camoe
CTpaHHoEe

HaLINW Ha OHe
LLaXTbl NMngTa”?
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IcTouHUK: creHepupoBaHo B LLiegeBpyme.



Retrieval-Augmented Generation

What can
| see in Paris?

LLM

Saint

L
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Retrieval-Augmented Generation

What can
| see in Paris?

Enhanced
Prompt Prompt LLM
A
+
Chat
History

o
o

E:

What is the 3
cinema poster r -
in Paris tomorrow? 'S 00
NI
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Retrieval-Augmented Generation

What can
| see in Paris?

Enhanced Embedding
Prompt

A

-

\ 4
Chat Prompt
History Embedding

Similarity Search

What is the 8
cinema poster

In Paris tomorrow? Vector

Database
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Retrieval-Augmented Generation

What can
| see in Paris?

Promot Enhanced
P Prompt
+
Chat
History
What is the

cinema poster
In Paris tomorrow?

Embedding Augmented
Model Prompt > LLM

What is the
cinema poster
In Paris tomorrow?

Prompt Relevant
Embedding Facts

*  The Shawshank Redemption
*  The Godfather
* The Lord of the Rings

Similarity Search Lookup Docs *  Pulp Fiction
8 8 %
> 1]
Vector IDs - %
Vector Relational ‘a0
Database Database (/=
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NMpumep NoNb30BaTENbCKOro
cueHapusa

FonocoBo NOMOLULHMUK

[TOMHUT TONMbKO OrpaHNYEHHbIN KOHTEKCT gmanora

*  He NOMHUT paKTbl NoNnb3oBaTeNs

t
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NMpumep NoNb30BaTENbCKOro
cueHapusa

TunndHein npumep RAG-TexHonormm XpaHeHne munnuapaoB oakToB

CepBuC NaMATU XpaHUT CUHXPOHHbIN BEKTOPHbLIN MHOEKC
doaKTbl O NONb30BaTene

[TpnONMXEHHBIN NOUCK

[loarpyxaeT akThl No BEKTOpPaAM
B MOMEHT Agmanora

OborawaeT nonb3oBaTebCcKkue
3arnpochl

Saint
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CoctosHMe pbIHKAa B obnactm

BEeKTOPHOro nomcka

PostgreSQL
Lucene™
OpenSearch
Redis™
Cassandra®
ClickHouse®
MariaDB
YDB

2021
2021
2022
2022
2023
2023
2023
2024

Elasticsearch
Oracle

MongoDB

2019
2023
2023

Pinecone

Amazon OpenSearch
Google Cloud SQL
Alibaba

Microsoft Azure
Amazon DocumentDB
Cloudflare

Google LangChain

2019

2020
2023
2023
2023
2023
2023
2024
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NMounckoBbIM MHAEKC Tpebyer
MHPPACTPYKTYPbLI

MacwrtabupoaHme dKcnnyaraumna NMoasuru Nepkyneca
- |lapanpoBaHune - ObOHOBNEHNE BEPCUU

* Pennukauuns * J[lonroBe4yHOCTb

* MynbTUTEHAHTHOCTb - CornacoBaHHOCTb

* [1nKkn Harpysok * AnepTtbl

* HecKonbko * [loppgepxkka

aTa-UeHTpOoB
- HEHTP * MOHUTOPUHT

IcTouHUK: creHepupoBaHo B LLiegeBpyme.
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YDB kak nnarcpopma

PacnpegeneHHoe ACID-TtpaH3aKkuun
XpaHunuLie
- &
&
Ouepean CTpoKoBble KONOHOYHbIE
Tadnuubl Tadbnuubl

Y S

denepatmBHbIE
3anpochbl

BeKkTOpHbIN
MOWUCK

i

O

Saint
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HanpaBneHue
PA3BUTUAR

pacnpeneneHHas
OTKa3oycTon4mBas
TpaH3akumoHHass SQL
C PYHKLMAMMN BEKTOPHOIO
noucka

Mbl He dpoKycupyemcsa Ha:

KIiiacCu4Yeckmnx 0onbLUnX
MOMNCKOBbIX CUCTemMax

OTAESNbHbIX Y3KOHAaNPaBieHHbIX
npoeKkTax

BCTpanBaeMbIX OMbrnmnortekax

Saint
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YDB: TOUHbIN
BEKTOPHbIN NMOUCK

YacTtb 2
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Co3spaHume Tabnuupbi

CREATE TABLE facts (
id Uinte64,
text String,
user 1d Uinté64,
vector Bytes,

PRIMARY KEY (id)
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HaumBHbLIN NoaAXon K NOUCKY

STargetVector — MCKOMEIM BEKTOP

SELECT 1d, text FROM facts

WHERE user id =1

ORDER BY Knn: :CosineDistance (vector, $TargetVector)
LIMIT 10;
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Mopbopka paHHbLIX

AHOHUMUN3M pOBaHHbIE noru 3an pOCOB
300mnH 1.2 Th
4YMCI10 BEKTOPOB O0BbEM OaHHbIX

1024 float * 32 bit

pa3MepHOCTb BEKTOPOB

t
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Bpema BeKTOpHOro nomcka

HUucno cTpok Bpemsa, Cc
1000 0,005
10 000 0,02
100 000 0,3
1 000 000 1,5
10 000 000 7,5
100 000 000 /8
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HaumBHbLIN NoaAXon K NOUCKY

HepoctTatTknm

HeobxogmmocTb nonHoro nepebopa AaHHbIX HeT JononHUTENBHBIX CTPYKTYP AaHHbIX

[lonHas nogaepxka TpaH3akuum

MrHoBeHHOE NpUMEHEHMe onepaumnii
MoamnduKaLum AaHHbIX

Saint
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YDB: npnonmxeHHbIU
BEKTOPHbIN NMOUCK

YacTtb 3
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CraTnueckKkoe KBaHTOBaHuMme

Tuyn gaHHbIX

Yucno omur

Float

UInt8

Bit

32
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Tabnuua ana npmbNnM>XeHHoro Nnomcka

CREATE TABLE table (
id Uinté64,
text String,
BitEmbedding Bytes,
FloatEmbedding Bytes,

PRIMARY KEY (id)
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Mpubnun>XeéHHbIN NOUCK

lar 1: rpybbin nomck
no 6MToBLIM BEeKTopam

SBitIds =

SELECT 1id

FROM table —>

ORDER BY Knn: :ManhattanDistance (
BitEmbedding
STargetBitEmbedding)

LIMIT 100

llar 2: yrouHaeM pe3ynbTarthl
Nno BelecTBeHHbIM BeKTopam

SELECT i1d, text, embedding
FFROM table
WHERE id IN $ BitIds

ORDER BY Knn: :CosineDistance (

FloatEmbedding,
$TargetFloatEmbedding) +
T
LIMIT 10 ,§
.E;w
T
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Mpubnun>XeéHHbLIN NOUCK

Yucno
BEKTOpPOB,
MIH

Bpemsa
TOYHOro
nOMCKa, C

Bpemsa
npubnu>XeHHoro
noumcka, C

100

1,5

/8

0,15
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YDB: BeKTOpHbIN
NMHOEKC

UacTtb 4
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Tpu nonynapHbIX MeToaa

Annoy Faiss* HNSW

Tnn Random Projections Inverted Index Graph
McnonbayeTcs ClickHouse® - PostgreSQL «  ClickHouse®
- Oracle *  PostgreSQL

* OpraHmnsauns Meta npusHaHa 3KCTPEMUCTCKOM U 3anpeLleHa Ha Tepputopumn PO.

* QOracle
* MongoDB Atlas
 Redis Stack ™

* Lucene™

Elasticsearch
OpenSearch

Cassandra®
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[lMouemy cywecTBylowume

anropmTmMbl He NOAOCLUNW

1

Y Hac

pacnpeneneHHas
cucrtema

2

ABTOMAaTU4eckoe
MacLuTabupoBaHue

3

KOHCUCTEeHTHas

TpaH3aKLUMNOHHAaS
BCTaBKa

HighLoad++
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TpeboBaHusa

* NHpekc rmobanbHbIN

* IHOekc obHOBNAETCH CUHXPOHHO C AaHHbIMMW

* Yucno cTpok: mnpAa

» 3anpochkl Ha BbIDOPKY BHYTpK oaHoro AL: aecatkm mc

» Bpems co3ganusa = O(pasmep tabnuubl)

» 3aHumMmaemoe mecto = O(pasmep Tabnuubl)

= Hy>XHO NMHEeMHOo
Macwrtabuposarbcn
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BeKTOpHbIM MHAEKC KaK UHBepTUPOBaHHbLIN CNMUCOK

Knactep

oo Q-0 o o

QS -0 o o

D -0 o o o

LleHTponabl —T
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CokpaweHue
NnPOCTPaHCTBA
nOoOMUCKa

R-Tree
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Mepapxua KnacrepoB BEeKTOPHOIro MHAeKca

Main Table
(PK), Embedding, Covered

Saint

L
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Mepapxua KnactepoB BEKTOPHOro MHAeKca

- 0 Level

Level Table

Main Table
(Parent, ID), Centroid

(PK), Embedding, Covered
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L

HighLoad++

{



Mepapxua KnactepoB BEKTOPHOro MHAeKca

O R - B olLevel
T

| | |
oD EE - S - B 1Leve

Level Table

Main Table
(Parent, ID), Centroid

(PK), Embedding, Covered

Saint

HL

HighLoad++

{



Mepapxua KnactepoB BEKTOPHOro MHAeKca

O R - B olLevel
T

N NCH

I~ |
Level Table Posting Table Main Table
(Parent, ID), Centroid (Parent, PK), Covered

(PK), Embedding, Covered

S0
®
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Co3paHue BeKTOpHOro MHaekKca

CREATE TABLE table (
id Uint32,
embedding Bytes,
INDEX 1dx vector
GLOBAL USING vector kmeans tree
ON (embedding)
WITH (

similarity = inner product,
vector type = float,

vector dimension = 1024

) ,
PRIMARY KEY (id)
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SQL: nomck ¢ mcnonb30BaHUMemM
BEKTOPHOIro MHOeKca

SELECT * FROM table
VIEW idx_vector

ORDER BY Knn: :CosineDistance (embedding, S$Target)
LIMIT Sk
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NpepaBaputenbHble 3amMepbl
NMPON3BOAUTESNIbHOCTM BEKTOPHOIro nHAaeKca

Mopabopka Paamep Bpemsa nomcka
Tabnuubli Ton-100

Wikipedia 0,6Ib 13 MC

paragraphs

Query logs 1,2 Th 29 Mc
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BeKTOpHbIM MHAEKC
c bmnbTpaumen

SELECT * FROM table VIEW idx_yector

WHERE user id = $TargetUserId

ORDER BY Knn: :CosineDistance (embedding, S$TargetEmbedding)
LIMIT SK;
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BeKTOpHbIM MHAEKC
c bmnbTpaumen

Henb3a domnbTpoBaTth

» Ilo BEKTOPHOIro nHoekca —
HEOOXOOMMOCTb NOSTHOIO
CKaHNPOBaHUS

» [locne BEKTOPHOro MHAeKca —
HeobXoaANMOCTb

MOBTOPHbIX 3arpoCcoB

Hy>xHo cbunbTpoBaTh

BHyTpu nHaekca

S
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BeKTOpHbIN MHAEKC ¢ dbunbTpaumem

Knaccunyecknn BTOpUYHbLIM MHAEKC Anga npedoukca

sn a=

\4

| ? |

\4

v
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N R I e N
BeKTOpHbIN MHAEKC 1 BekTopHbIN nHaekc N nI
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HoBbiM ypoBeHb € npedmuKkcHOM Tabnuuen

" =

-

1 Level

|
11
| I_T_TT .

), Embedding, Covered

Prefix Table Level Table Posting Table Main Table
(Prefixt Column, ID) (Parent, ID), Centroid (Parent, PK), Covered (PK '
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YDB: BeKTOpHbIN
MHOEKC (8 npouecce)

Uactb 5

Saint
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Jo6aBneHune B BEeKTOPHbLIM MHAEKC

l— HoBbIV BEKTOP —l

Qe S -0 o o o

QS -0 o o

D -0 o o o

TonbKko LeHTpoua oaHOro Knacrtepa oyaet nameHeH = O(1)
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[Jo6baBneHMme B AepeBO BEKTOPHOINoO MHAEeKca

IameHeHne HYy>XHO NPOTOSNKHYTh
BBepX No ypoBHAM = O(log)

O R - W oLeve
\

|
BN EE - - B e
\

H

Level Table Posting Table Main Table
(Parent, ID), Centroid (Parent, PK), Covered (PK), Embedding, Covered
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Mtorwm

* TOYHbIN BEKTOPHbLIA MOUCK
paboTaeT Henmnoxo

 MoXkHO caenaTtb ero nNPUoNMXXeHHbIM
* [NobarnbHbIN BEKTOPHbLIN NMHOEKC

* CO BCTPOEHHOU punbTPaLIEN
MO NMPOWU3BOSIbHBLIM KOJTOHKaM

» JloctynHo B Open source

AnekcaHap 3eBaukuvH
PykoBoauTenb rpynnbl paspadoTku,

KaHOWAAT TEXHUYECKMX HayK, JOLEHT,
YDB

HL

2025
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