'I DATA FUSION 2025

Meumarom sau aHOpoudul
.0 60/16WIOM U YUCMOM
IKCNAUYUMHOM 3HAHUU?




O fJoKJag4yHuKe

® AneKkcen AHapeeBndy HesaHaHOB
® K.T.H., AOUEHT
® YneH IEEE, PAUN, HEM3
® Senior Data Scientist 8 OO0 TKL
® [loueHT PKH HWNY BLUS (http://cs.hse.ru/ai/)

® KOHCY/NIbTaHT «MasIeHbKOro rmaa rno 601blWUM AaHHbIMY
Ha MNocTHayke (http://postnauka.ru/author/a neznanov)

® ABTOp yyebHMKa, y4ebHbix Nocobuit, 11 aBTOPCKUX KYypCOB
n 6onee 65 HayuyHbIX Nyb6AMKaLUA



http://cs.hse.ru/ai/
http://postnauka.ru/author/a_neznanov

OCHOBHBbIE aOOpeBUATYPhI

® NN — UckyccTBeHHbIN UHTENNEKT
® MO — MawunHHoe Oby4yeHune

® b/l — ba3a [laHHbIX
® CYb/[] — Cuctema YnpasneHua b/i

® b3 — ba3a 3HaHUMH
® CYBb3 — Cuctema YnpasneHusa b3

® bAM — bonabluaa A3bikoBaa Moaenb

® UM — UHTepdenc c Monb3oBaTtenem
® [10 — NMNporpammHoe ObecneyeHmne



Yrto onpenenano 2023 roa?

1. bbicTpoe nameHeHmne naH,u,u.lacha cneuynannsnpoBaHHbIX CpeacTs BbiICOKOMPOMUssoauUTE/NIbHbIX BbIYMUC/IEHUMN

2. Xaunn BOKpyr 60abLUNX A3bIKOBbIX Moaenein (LLM)
® BoBsneyeHMe 60NbLIOTO YMCa NoNb30BaTeNeN MHCTPyMmeHToB MO 13 pa3HOObpa3HbIX NPUKNAAHbIX obnacTei
3. JanbHenwmnit oTpbiB AMAEPOB PbIHKA KaK OT «MPOCTbIX CMEPTHbLIX», TaK U OT «aKaZeMUn» B LUIMPOKOM CMbIC/e

4. YYéT TpeboBaHUN KU3HEHHOIO LIMKAA MOAENEN MALLMHHOIO 0by4yeHua B ETL-npoueccax
e Cneumanusauma xpaHmnuuy, gaHHoix ans MO (BektopHblie CYBA u ap.)

5. BcnnecK nHTepeca K KayecTBy JIOrM4YecKoro Bbisoga u m6pu.qu3au,uu cpeactB CTaTUCTU4eCKOro aHasaim3a C
OHTOJIOTMYECKMMU CpeactBamu

6. I'Iepeou,eHKa 3HAYMMOCTU KavecCTBa AdHHDbIX, C y‘-IéTOM 3a4a4 Pa3sMEeTKU AaHHbIX A4 o6yquvm
® /SO/IEC 8183 (Data life cycle framework), ISO/IEC DIS 5259 (Data quality for analytics and machine learning), ...

7. HaKonneHue onbiTa BbiABNAEHUA apeinda JaHHbIX

8. [1aBHO oXXnaoaemoe p,o6aBneHme B KOpnopaTtnBHblE peweHnA 3a4a4, CBA3aHHbIX C 3TUKOM U CABUTOM TOYKU 3PEHUA
MCKYCCTBEHHOTIO MHTENNIEKTA

9.  Oco3HaHMe 3penoCTh HEKOTOPbIX KNAaCCUYECKUX PELLEHUIM U BbICTPAUBAHME CUCTEMbI pedepPEeHCHbIX peanmsauum
10. MoNbITKM NPUMEHEHUA MHCTPYMEHTOB UCKYCCTBEHHOTO MHTEN/IEKTA B MPOEKTUPOBAHMK U pa3paboTke MO
11. [MosBneHue yaobHbIX KOMMNOHEHTOB MHTepPdeENCca C NoNb3oBaTeIeM ANAa AocTyna K MU



Yrto onpenenano 2024 ron?

1. Ha xanne 6eHUmapKuHr! Bce BCE CpaBHUBAIOT M HE MOTYT CpaBHUTL... ObnacTtu MapeTo pacTyT, KpUTeEPUn
MHOXaTCA

2. ﬂaH,D,LLIaCI)T cneunanmnsnpoBaHHbIX CpeacTB BbICOKONMPOU3BOAUTENIbHbIX BbIYUC/IEHUIA MEHAETCA BCE 6b|CTpee
® Google Ironwood (http://blog.google/products/google-cloud/ironwood-tpu-age-of-inference/), Quantum Machine Learning (QML), ...

3. Xaun paccyXaeHuni 6onblinx A3bIKOBbIX MOAeNEN, 0OepHYBLLUMNCA OKOHYaTeIbHOM rMbpuansaumnen cpeacTts
CTaTUCTMYECKOTO aHa/n3a C OHTOJIOTUYECKMMU CPEeACTBAMM, K PACCYKAEHUE» PACCYHKAEHMIO PO3Hb...

4, NN-AreHTbl U pebpeHanHr RPA — nepBble 3KOCUCTEMbI HOBOTO NMOKOJIEHUA, KaK CNeaCcTBME — KOPNOPATUBHDIN
prompt-engineering B MHOMoareHTHbIX CUCTEMAX
5. [MonbITKa «MNPOCTbIX CMEPTHbLIX» N «aKagemumn» npubansntbca K amaepam B reHepatnsHom U
® DeepSeek (http://github.com/deepseek-ai) U 6OPbHA 3@ KOTKPLITOCTb» C YYETOM MYHKTa 2
ETL-npoueccbl OKOHYaTeNbHO M 06A3aTesIbHO yunTbiBatoT MLOpS, BKAOYAsA Pa3MeTKY AaHHbIX U GUYA-UHKUHUPUHT
7.  OuepenHaa nepeoueHKa 3HAYMMOCTM KavyecTBa AaHHbIX, C Y4ETOM Npobaem Ncnonb3oBaHMA CUHTETUYECKUX

AaHHbIX U CBOMCTB MCKVCCTBEHHOCTM/CMHTETML-IHOCTM reHepaTtnBHOro nn
® Data-Efficient LLMs

8. [lepesopoT (pa3sopoT Ha 180!) B uccnepoBaHmem aTUKKU, CABUTOB TOUYKMN 3PEHUA U TOKCUUHOCTU NI
® BbisiBNeHMe cBA3M LUEH3Ypbl U KaYecTBa — BCE Nepepyraimce...

9. HakonneHue onbiTa npumeHeHua N B npoeKTupoBaHuM U paspaborke MO
® ‘“vibe coding”, cursor.ai Kak nma HapuuatenoHoe, NVIDIA OpenCodeReasoning (http://huggingface.co/datasets/nvidia/OpenCodeReasoning)

10. CraHpgapTtusaumua y,EI,O6HbIX KOMMNOHEHTOB MHTEpCI)ElZCE] C NoNb30oBaTenemM “ huggingface-aKOCMCTema
® Hugging Face Spaces (http://huggingface.co/spaces)



http://blog.google/products/google-cloud/ironwood-tpu-age-of-inference/
http://github.com/deepseek-ai
https://huggingface.co/datasets/nvidia/OpenCodeReasoning
http://huggingface.co/spaces
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[IpakTKa RAG ¥ 3KCIUVIMIIMTHOE 3HAHHUE

Cmblicn

YCTOMYMBOCTb M KAaYeCTBO TPAANLNOHHbIX peLlleHnin
Knaccudpukaums

Yto cmornm BAM B 3TOM roay B CMbIC/IE « PaCcCyXXAEHNNY
CeMaHTMYeCKNI NOUCK

OHTONIOTMKN M CEMAHTMYECKOEe oboralleHmne
UHCTpYMEHTDI

DN N N N N NN



RAG Kak KOHLIENILIUA U €€ 0000111eHUe

® RAG — 3TO He TONbKO «JIOCKYT BeTowun» (cm. google-nepesoa), HO N TPU-
YyeTblpe MeToA0N0MMN reHepaunm, 4ONOSTHEHHOMN U3BIEYEHNEM AAHHbIX U
3HAaHWUM N3 BHELWHMUX NCTOYHUKOB 3TUX CaMbIX AAaHHbIX U 3HAHUW ANA
ynyyweHma pabotol BAM

® AKUEHTbI:

1. He xouetca meHAaTb 6a3oByl0 BAM

2. Xo4yeTcAa MUHUMAIMCTUYHYIO HAACTPOMKY Haj, CYLLECTBYOLWMMMN XPaHUAULLAMU
3. Xopolo 6bl NOBbICUTb KAYECTBO «MOUCKa» (peseBaHTHOCTb)
4

Hy 1 yyecTb AMHAMUKY




RAG y ceMaHTUYeCKUU IIOUCK

® Retrieval-Augmented Generation (RAG) — nogmelwinsaHume Ko sxoay bAM
NPOBEPEHHbIX AAHHbIX B TEKCTOBOW MIU MY/IbTUMOAA/IbHON popme

® /1na HopmasnbHOM paboTbl TpebyeTcsa noobyuyeHmne bAM, B/l u cemaHTUYECKUIN MOUCK

® What is Retrieval Augmented Generation (RAG)?
(http://pureinsights.com/blog/2023/what-is-retrieval-augmented-generation-rag/)
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http://pureinsights.com/blog/2023/what-is-retrieval-augmented-generation-rag/

0630p RAG v yyTh mupe (1)

® Retrieval Augmented Generation (RAG) and Beyond: A Comprehensive Survey on How to
Make your LLMs use External Data More Wisely. 2024 (http://arxiv.org/abs/2409.14924)
® Four levels of queries:

Level 4:

S

External Examples

Level 3:
Interpretable Rational

!
24-point Game
Numbers: 1, 2, 3, 4 Solution: (4x3)x(2x1) =24

Numbers: 1, 5, 5, 5 Solution: 5x(5-(1/5)) = 24

f
I
i |
I

I
Level 2: I External Knowledge Library :
Impliqt Fqct Querie : ?a:Lt;Arithmetic Operations: :

. ition

LeUeI 1: : Definition: Combining two numbers to get |
. . . their total. I
EXplICIt Fact Querles External Facts I\ 2. Multiplication I

External Facts I
] i
| [ Chunk ][ Fact ][ Chunk ]' I
1
\ ! which are closer to 24.

____________ 1_ _—————
—> gAY
How to locate explicit fact? How to connect series of implicit facts? How to follow external rationale? How to discover hidden rationale?

Hidden Rationales

1. Break Down the Problem: Start by trying
to form intermediate results like 12 or 8,



http://arxiv.org/abs/2409.14924

0630p RAG v 4yTh miupe (2)

® Three Types of Query-Document Alignment:

/ Traditional Y\ _ / DocDomain A ¢/~ Query Domain ™,

» . I == - . jImTmETEEETES ~ - . | B ~
/N Alignment N, /7N Alignment N, N Alignment s
/ \ \ \
| i il !
1 11 11 1
| @ Query |l @ Query |l Query l
! WHAT? bl WHAT? H WHAT? !
1 (| 11 1
1 (| 11 1
1 11 11 1
| l | LLM | \l’ i
: l | l e |
! i _ I Query i
1 11 11 . . 1
! Query i i Synthetic Doc : i [ e J \ SyrithetlcQuerles :
i Encoder Doc | = Doc ] - i
i Il Encoder | 11 — Encoder | 1|1 li @ Query |
i 1 1l WHAT? 1
I . 1 Synthetic Doc [ . i 1
i Query Embedding 11 . [ Query Embedding !
I — 11 Embedding [ I
i H B i E “H B i i H N ‘l’ i
! p L - N = Indexed |i
| Q | Indexed |[i i i
] Indexed B E i . Database :
E Vector Search Database |!! Vector Search Database P Vector Searc :
: ‘ i ) N | :
| 11 11 1
1 11 ——— —— 11 — — 1
| — — 11 — - — [ | — - — ]
\ = |= 1 =1 |== - =l |= !
\ = = Q_J !y < 2] GJ AN < (4 !




Microsoft GraphRAG

® The Future of Al: GraphRAG — A better way to query interlinked documents

(http://techcommunity.microsoft.com/blog/aiplatformblog/the-future-of-ai-graphrag-%E2%80%93-a-better-wav-to-querv-interlinked-documents/4287182)

® GraphRAG docs (http://microsoft.github.io/graphrag/)

® GraphRAG repository (http://github.com/microsoft/graphrag?ysclid=m6bwexmusj863175340)

® GraphRAG is a technique that combines the power of knowledge graphs and large language models
(LLMs) to improve the accuracy and relevance of responses to user queries

Conversation History

Global Search Dataflow

RIR

Shuffled Community
Report Batch 1
e
Shuffled Community

Report Batch 2

Ranking +
) Filtering

—
Shuffled Community i
Report Batch N {1..N}



http://techcommunity.microsoft.com/blog/aiplatformblog/the-future-of-ai-graphrag-%E2%80%93-a-better-way-to-query-interlinked-documents/4287182
https://microsoft.github.io/graphrag/
http://github.com/microsoft/graphrag?ysclid=m6bwexmusj863175340

HeceMaHTU4YeCcKUU NMOUCK - Lucene

® Apache Lucene (http://lucene.apache.org)
® CtaHpapT ae-Ppakro!

® Lucene query syntax

® Apache Lucene — Query Parser Syntax
(http://lucene.apache.org/core/2 9 4/queryparsersyntax.html)

® Lucene query syntax in Azure Al Search
(http://learn.microsoft.com/en-us/azure/search/query-lucene-syntax)



http://lucene.apache.org/
http://lucene.apache.org/core/2_9_4/queryparsersyntax.html
https://learn.microsoft.com/en-us/azure/search/query-lucene-syntax

Lucene Query Syntax Cheat Sheet

Keyword MatChing: Fuzzy Searches:
title: foo Search for the word “foo” in the title field. e — Lucene supports fuzzy searches based kBytesIn Host (Impacted) KBytes Received.

on the Levenshtein Distance.

title: “foo bar” Search for the phrase “foo bar” in the title zoam~0.8 Starting with Lucene 1.9 an additional kBytesOut Host (Impacted) KBytes Sent
: field. . parameter can specify required similarity.
title:foo -title:bar Search for word “foo” and not "bar” in the . impactedHostTotalKBytes | Host (Impacted) KBytes Total
title field Grouping
) ) (jakarta OR apache) AND | To search for either “jakarta” or “apache” itemsPacketsIn Host (Impacted) Packets Received.
Wildcard Matching: website and “website” use the query.
Search for any word that starts with “foo” title: (+return +“pink Search for a title that contains “return” itemsPacketsOut Host (Impacted) Packets Sent

o
R in the title field. panther”)

Search for any word that starts with “foo” Host (Impacted) Packets Total

itle: foo™ . . i tedHostTotalPacket
Bt and ends with bar in the title field. LOQ mpacteciostiota’rackats
. . . normalMsgDate First Log Date KBytes Inbound.
Proximity Matching: EEYERS
“foo bar”~4 Search for “foo bar” within 4 words from normalDateMax Last Log Date outboundKBytes KBytes Outbound.
each other.
count Log Count

Range Searches: Applications

mod date: To match documents whose field(s) nermalDate Log Date action Action
[20020101 TO 20030101] values are between lower/upper bound.
logSourceName Log Source amount Amount.
Boosts:
(title:foo OR title:bar) The higher the boost factor, the more entityName Log Source Entity command Command.

*1.5 (bedy:foo
relevant the term will be.
OR body:bar) eleve e term will be,

Log Source Host Parent Process ID

logSourceHostName parentProcessId
Boolean Operators:
Log Message Parent Process Path.
NOT type: mysal To search for all transactions except logMessage parentProcessPath
: MySQL transactions.
Log Source Type Process Name.
mysql.method: SELECT AND | To search for all MySQL SELECT queries logScurceTypeNane process
mysql.size: [10000 TO *] | with large attachments.
. Log Sequence Number Process ID
(mysql.method: INSERT OR | )., o DISTINGT clause to get back only ssquencelunber processId
mysqgl .method: UPDATE) field values
AND reaponsatim: [30 TO ‘] unique field values.
. Known Application
serviceName

Created by ¥ logit.io



«CeMaHTHUUYeCKUHU NOUCK» — Elastic search '.o

® Elasticsearch (http://www.elastic.co/elasticsearch)

® The most widely deployed vector database?
® The heart of the Elastic Stack



https://www.elastic.co/elasticsearch

«CeMaHTHYeCKHI OUCK» — Opensearch \}

® Opensearch (http://opensearch.org)

® Open-source, enterprise-grade search and observability suite that brings order to
unstructured data at scale

® Mostly compatible with Elasticsearch OSS
® Query domain-specific language (http://docs.opensearch.org/docs/latest/query-dsl/)

® Top Tips for Querying OpenSearch (http://logit.io/blog/post/top-tips-for-querying-opensearch/)



http://opensearch.org/
http://docs.opensearch.org/docs/latest/query-dsl/
http://logit.io/blog/post/top-tips-for-querying-opensearch/

«CeMaHTHYeCKHUU MOUCK» — Open Semantic Search

® Open Semantic Search (OSS) (http://opensemanticsearch.org)
® Open-Source Search Engine with Apache Lucene / Solr

® Flowchart of document processing and data flow
(http://github.com/opensemanticsearch/open-semantic-search/blob/master/docs/doc/modules/README.md)

New search Newest documen ts Advance d searc! h Alert Search by list Manage structure Datasources Help

Search options
annotate P

openseman ticsearcl h.org (42) -
_— P g(42)
—
2018 (42)
Page 1 of 5 (results 1to 10 of 42) Next =»
Tags
Faceted search (42) -
Hypothesis (42) -
How to search, explore, analyze, structure, filter and visualize large document collections or many search Open Source (42) -
results | Open Semantic Search = ;
oW |ess (-) | more (+)
2018-03-01710:04:027
search

Persons
» Search About About News Download Usage Usage Getting started Search operators Interactive fiters (faceted search) Fuzzy search Tagging and annotation Analyze and

explore (Analytics) Analyze and explore (Analytics) Aggregated overview of named

Markus Mandalka (2) -
« can tag and annotate documents manually: Just click “Tagging and annotation™ for this document in the search results to annotate this document.

Show less (-] | more (+)

Tags: Hypothesis Faceted searcch  Open Source  Persons: Markus Mandaka Organizations: Debian
Open | Tagging & annotation | Preview

Organizations

Debian (10} -


http://opensemanticsearch.org/
https://github.com/opensemanticsearch/open-semantic-search/blob/master/docs/doc/modules/README.md

0SS: apxuTeKTypa U KOMIIOHEHTEI

User Interface: Client and user interface

. Search query forms: Search query form for full text search
. Explorer and navigator: Search with full text search and navigate (exploratory search) the index or search results with interactive filters (facets)
+  Viewers: Parts of the Ul to show different views
«  Code: /solr-php-ui/templates/
. Annotators: Web Apps for tagging documents or CMS with forms and fields to manage meta data like tags or annotations
. Search Apps: Applications and user interfaces for search like search with lists tool or named entities manager
Index and search server (Solr or Elastic Search)
. Datamodel/Schema: src/solr.deb/var/solr/data/opensemanticsearch/conf/managed-schema
. Storage: /var/solr/data
. Log: /var/solr/logs/
Open Semantic ETL: Framework for data integration, data analysis, data enrichment and ETL

. Connectors, importers, ingestors or crawlers: Import data from a data sources

. Parsers: Apache Tika to extract text and metadata from different file formats and document formats
. Entity extraction and entity linking: Open Semantic Entity Search API

. Data enrichment plugins and enhancer: Enhancing content with additional data like meta data (i.e. tagging or annotations) or analytics (i.e. OCR)
. ETL Exporter or Loader for Solr or Elastic Search: Indexing the data to search index

Trigger: Your CMS or your file system will notify the web service (API) when there is new data or when content changed

Web services (REST-API): Available via standard network protocol HTTP and waiting until you or another service demands actions
like crawling a directory or a webpage and starting this actions

Queue manager (Celery on RabbitMQ): Managing task queue and starting of text extraction, analysis, data enrichment and
indexing jobs by the right balance of parallel workers

Scheduler: Managing starting of scheduled indexing jobs

Filesystem monitoring File directory crawier

Immediatelly 3dd task if chi 4dd task for each new or ch
— 7

Calery task manager

Farallel processing of files £

Open Semantic ETL viorker

Running configured plugins

+
Apache Tika for text exiract
__Document fle__| | Image fles or images InPOF__ |
Elovinglliveia |, | bmscheThaserer Y Iesenao
" Extracted text “Recognized plain text

Added recognized named er

t
Get tags and anntations fo

ETL sacichment plugin gt fe———|

BB with tags and annotatior

Added tags and annotations
*

ETL data analysis plugin like

Added extracted amounts o
.

Other configured ETL Plugin
Plain text and strucured dat

Exporter plugins
_— e -
Index dota for full text sear Indes data for fulltext e Index linked data for gragh
.

#igache Solr document inder Alternate Flastic Search Heod) Grash Datahase

.

Search results  Solr search query

Ve user interface for searc


https://github.com/opensemanticsearch/open-semantic-search/blob/master/docs/doc/search/README.md
https://github.com/opensemanticsearch/open-semantic-search/blob/master/docs/etl
https://github.com/opensemanticsearch/open-semantic-search/blob/master/docs/doc/admin/connectors
https://github.com/opensemanticsearch/open-semantic-entity-search-api/blob/master/README.md
https://github.com/opensemanticsearch/open-semantic-search/blob/master/docs/doc/data_enrichment
https://github.com/opensemanticsearch/open-semantic-search/blob/master/docs/etl/elasticsearch
https://github.com/opensemanticsearch/open-semantic-search/blob/master/docs/doc/admin/rest-api
https://github.com/opensemanticsearch/open-semantic-search/blob/master/docs/doc/admin/queue/README.md
https://github.com/opensemanticsearch/open-semantic-search/blob/master/docs/doc/admin/config/scheduler

«CeMaHTU4YeCKHUU IOUCK» — Typesense

® Typesense (http://typesense.org)

S

® Modern, privacy-friendly, open source search engine built from the ground up using

cutting-edge search algorithms

Q car Q Tom Q 1-shint
Rolls-Royce Motor Car IC] ©dd Thomas @ Color Black Cotton Combed Uniglo
Pretium felis portt
Tesla Car ] Thomas Jetferson: The Art of Power «“ Eiﬂz’sﬁﬂff‘g ’;‘”
Search As You Type Autocomplete Faceted Navigation
Q &

Q Brain Q ocean
&) S &8 8

Fuzzy Search Vector Search Semantic Search

Typesense is a modern, absurdly fast, developer-friendly, open source search
engine. Under the hood, cutting-edge algorithms squeeze every drop of
performance from today's modern hardware and machine learning advances.

( Typesense's use cases — ( Our Mission -

Built-In RAG

Geo Search

Q) talian Food
Pizza [

Spaghetti ]

Recommendations

Geo-Distributed Cache


http://typesense.org/

[lnatdpopma Azure Al (Cognitive) Search

® Microsoft Azure Cognitive Search - Azure Al Search
(http://azure.microsoft.com/en-us/products/ai-services/ai-search/)

® “Deliver better Al experiences with a knowledge retrieval system built for advanced
retrieval augmented generation (RAG) and modern search”

® Uses Azure Al Foundry and Al Data enrichment components

" Query
Full indexing requests
Refresh indexing Indexing Indexes and Query
engine other structures engine Query
Al enrichment responses



http://azure.microsoft.com/en-us/products/ai-services/ai-search/

Ucxopnasa unesa Microsoft Al Search

Knowledge mining with Azure Search

Documents Cognitive skills Fully text-searchable
rich index
Key Phrase extraction Location entity extraction Sentiment analysis
— Organization entity extraction Persons entity extraction Language detection \“O

9 # oo
O

Face detection Celebrity recognition Tag extraction

i iy

Custom skills Landmark detection Printed text recognition



«BekTopa» B Azure Al Search

® Vectors in Azure Al Search (http://Iearn.microsoft.com/en-ca/Azure/search/vector-search-overview)
® Supports hybrid multilanguage search

® Stores the data that you query over in pure vector store — use it any time you need

long-term memory or a knowledge base, or grounding data for Retrieval Augmented
Generation (RAG) architecture

Vector Approximate Vector
representation nearest neighbor representation

App/UX
@ Images —»p

Azure Cognitive Transform into ——
0 Search [ 2345 ] embedding
g Audio  —» . [ =it ]
Transform into
embeddings —* [ 2345 ]

Data sources

[ 67809 ] :E Results



http://learn.microsoft.com/en-ca/Azure/search/vector-search-overview

OHTOJIOTUYECKU-KOHTPOJIMPYEMBIN ITOUCK

® ,ﬂ,aBHFIFI nagea ¢ MHOrovynciaeHHbimm noasoaHbiMn KaMHAMMU
® [naBHaa npobnema CTOMMOCTU KaK CO3aHUA, TaK U BHEAPEHUA

® MHoro BapunaHToB npeanoxeHo B 2010-e, a cenyac nepenenbliBaeTcs
C npumeHeHnem bAM

® Nnn FOCTPAaTUBHOE CTyAEHYECKOE:

® Ontology Based Meaningful Search Using Semantic Web and Natural Language Processing Techniques.
2013 (http://ictactjournals.in/paper/IJSC Vol4lss1 P6 662 666.pdf)

® /13 cBexero:

® FENIX: A Semantic Search Engine Based on an Ontology and a Model Trained with Machine Learning to
Support Research. 2021 (http://www.aircconline.com/csit/papers/vol11/csit110709.pdf)



https://ictactjournals.in/paper/IJSC_Vol4Iss1_P6_662_666.pdf
https://www.aircconline.com/csit/papers/vol11/csit110709.pdf

«CeMaHTHUYeCKUHU nmouck» — ulNaice .=

® uNaice Semantic Search (http://unaice.com/semantic-search-engine/)
® The product search function that understands what your customers are looking for
® Explicit ontology
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http://unaice.com/semantic-search-engine/

KopnopatuBHbie KMS - PoolParty poolparty

A Graphwise Company

® Semantic Web Company PoolParty Semantic Suite

(http://semantic-web.com/poolparty-semantic-suite/)

® How PoolParty and ISO 25964 fit together
(http://semantic-web.com/2016/03/04/how-poolparty-and-iso-25964-fit-together/)

[ ]
0(2 SEMANTIC WEB COMPANY
] CONTACT US

WHAT WE CAN BUILD TOGETHER
PRODUCT

SEARCH . X
Grow your business with better systems.

N
‘ Altogether, our semantic capabilities allow you to transform outdated, siloed systems into intelligent applications that use your data more effectively. Benefit
f / from a more productive workforce and a happier customer base.
Ay ¢ ¢ r
R i: I 2) i/d_/ ;
® = -
-

: i

‘ . “%l == a
j]iﬁg ... poolparty %E \ cee ' He
9 TAXONOMIES TEXT MINING KNOWLEDGE GRAPHS ENTERPRISE SEARCH

Build the foundations of your Use natural language Connect business assets and Access information more

'i o knowledge model with a processing to extract the most data silos in a context-rich easily and get tailored
H H structure that your machine valuable pieces of your data ecosystem. Generate holistic content recommendations.
The Most Complete Semantic Middleware y . ! yerem e ' ' o
— can understand. and content. views.
W k read more —
e . . .
— PoolParty Semantic Suite is world-class technology for your read more — read more — read more —

data.
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http://semantic-web.com/2016/03/04/how-poolparty-and-iso-25964-fit-together/

PoolParty Semantic Search poolparty

A Graphwise Company

® 33 CYET Yero:
® PoolParty Taxonomy Manager + Ontology Management
® Combine the power of graph databases and SPARQL engines
® PoolParty Extractor
® Transform and harmonize documents/data into RDF
® PoolParty Recommendor

® PoolParty GraphSearch API podfparty
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ESG Frameworks - £

024.01-10
e I etLife Inc - 2021-sustainability-report.pdf - page=151/1
. a ﬂ b H O C e M a H I M q e C K M e a e I b I Fisks = Ganeral Account AUM (GA AUM) is used by MeiLile to describe assats in iis general account (A} Investment portiolio that
L] are actively managed and staled at estmated fair value. GA AUM is comprised of the GA fotal investments, tha partion of
| et st mammarment | Poritets § rivoney | entstsin it | Acts worpesent | dovet

FR

® filter and narrow down search queries

20240110
pclors and INdusiries - MetLife Inc - 2021-sustainability-report.pdf - page=15/1
ructure takes ic grid,

.
wit h agcets t h at are b ase d oh a taxonom e e e e
wwwwwww - energy sources and away from carbon-imensive fueis, the nature of our anengy consumption is fundamentally changing
Pacple aling solar panels, batteries
s and s = -
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poolparty

A Graphwise Company

PoolParty Semantic Recommender

® Recommender Systems (http://www.poolparty.biz/recommender-systems)
® Traceable recommendation workflow of the PoolParty recommendation system

ANNOTATE

02

FOOTPRINT

03

()

EXPAND

04

MATCH

05

RECOMMEND

06

https:ilproperty.picc.comjcx_gywm/shzr/shzrbg/202304/P020230410666400182301. pdf#page=294seq=1

The Company promated the construction of the "risk management engineers + risk managers + expert base” triple risk control service while
improving the professicnal ability of the internal services. We formulated risk contral service rules and regulatians, operating specifications

and risk control templates, organized and carried out normalized risk reduction management services accarding to regulatery requirements
and customer needs, strengthened service process and quality control, and improved service quality and efficiency, focusing on fields, such

as safety liability insurance, inherent defects insurance (IDI), and property insurance.

Recommendations

MetLife Inc - 2021-sustainability-report.pdf -
page=15111
General Account AUM (GA AUM) s used by MetLIfe to describe assets
in its general account (GA) investment portfolio that are actively

Thesaurus Recommendations =

MetLife Inc - 2021-sustainability-report.pdf -
page=15/1
Energy infrastructure takes many forms. From the perspective of our
electric grid, as our society moves to lower-emitting energy sources and

managed and stated at estimated fair value, GA AUM the
GA total invastments, the portion of GA investment portfelio classified
hi , and cash and cash lents, excluding

policy loans, contract-hakder-directed equity..

ATCO Ltd - 2021-sustainability-report.pdf - page=15/2
Matural gas has an important role to play in the transition to cleaner
fuels, Natural gas storage s critical to resolving seasanal demand
swings and ensuring stable supply during winter months in Alberta, Last

away fuels, the nature of our energy consumption
is fundamentally changing. Peaple are incarporating solar panels,
batteries, electric vehicles (EVs), on-site charging equipment and ther
distributed energy sources into their hames...

Amazon com, Inc - 2021-sustainability-report.pdf -
page=16/1
HIPPo Harvest is an agricultural company using plant science, machine
I@arning, and robotics 1o grow leafy gréens and other proauce In

year, we announced the acquisition of the Alberta Hub
natural gas storage facility near Edson, Alberta, The facility has a
capacity of approximately 48 petajoules (PJ) and...

s, Hippo Harvest's technology addresses the

‘emissions and waste that result from traditional produce farming. These

Include tertilizer and land use, transportation, and landt|ll methane from
wasted produce, which account far roughly 30% of.

Created: 2024-01-10

Regulatory framework

More concepts

Roles and stakeholders
Models, data, saftware
Sectors and Industries

ESG

ESG Frameworks
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LLM-based Research Agents

® OpenAl Deep research

(http://openai.com/index/introducing-deep-research/)
® Perplexity (http://www.perplexity.ai) [%]
o .

® BmeHsemoe ynpaBsieHUe NCTOYHUKaMMU!



http://openai.com/index/introducing-deep-research/
http://www.perplexity.ai/

[Ipumep Deep Research B Perplexity

7R perplexity 1«
New Thread Ctrl I
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$+ Spaces

@ Library

Semantic search methods

Try Pro

Upgrade for image upload,
smarter Al, and more Pro
Search.

A Learn More

)
r’]‘ alexneznan31.. ~ &
ser

B Download X @

\#. alexneznan31372 (1) Now + Space Semantic search methods, algorithms, and tools

Semantic search methods, algorithms, and
tools

29 sources v

83 Deep Research

Semantic Search | NLP What is Semantic Search ~ Best Semantic Search PLOOOD
Definition + Example -... and How Does It Work?... APIs in 2025 - Eden Al
& wallstreetprep © techtarget :‘ edenai Hide sources

lﬁﬁ Answer

Semantic Search: Methods, Algorithms, and Tools

Semantic search represents a paradigm shift in information retrieval, moving beyond
traditional keyword matching to understand the intent and contextual meaning behind
user queries. By leveraging natural language processing (NLP), machine learning (ML),
and advanced algorithms like vector embeddings and k-nearest neighbors (kNN),
semantic search systems deliver more accurate and contextually relevant results. This
report explores the methodologies, algorithmic foundations, and technological tools
driving semantic search, offering a comprehensive analysis of its applications,
challenges, and future trajectories.

Fundamentals of Semantic Search

Defining Semantic Search
Sre

i' =B \_w Ask follow-up &

analyze relationships between words, concepts, and entities 1 2 . For example, a query

..

o 29 sources X

|
What is Semantic Search? - Elastic
%@ elastic - 5
Define semantic search and learn how it
works. See how it differs from keyword
search, its benefits, and how to get started
using semantic search. ...

Semantic Search Algorithms -
Deepgram
9 deepgram - 6

This article delves into the essence of
semantic search algorithms, explaining how
they enhance search engine functionality by
prioritizing context and user ...

What is semantic search, and how
does it work? - Google Cloud

& cloud.google - 7

Understand semantic search. Learn how this
advanced search technology goes beyond

keywords to understand your intent and
deliver superior results.

The definitive guide to semantic
search engines - Algolia Blog

Remove source



Microsoft RDAgent

® Microsoft RDAgent (http://github.com/microsoft/RD-Agent)

® Data Science Agent aims to automate the most critical and valuable aspects of the
industrial R&D process

® The advent of RDAgent can be your Data Mining Agent!
® /teratively proposing data & models and implementing them by gaining knowledge from data

Application

Data Science

Al Drives Data-Driven Al



http://github.com/microsoft/RD-Agent

Kak 6bICcTpO co6paTh caMOMYy?

® BbibpaTb cTeK

® Biobpatb
® XpaHunuue
® DKCTPaKTOpbLI
® BanunpgaTtopbl
® HaeKcaTopbl

® Hauntu TyTopuan
® OpraHn3oBaTb AaTanpoBOA N NPOCTPAHCTBO A1 SKCNEPUMEHTOB

® [lpoBepuTb rMNOTe3y o0 NOJHOTE U COrNacOBaHHOCTU SKCMANLMUTHOTO 3HaHUA
N1 KOHKPEeTHbIX 3a4a4



'nmaBHas oTkpeiTas CYB3 :,.0604]

® Neodj Graph Database (http://neo4j.com/product/neo4j-graph-database/)
® Enterprise Edition for scalability, availability, and fine-grained access controls!

® + Neo4dj Graph Data Science (http://neo4j.com/product/graph-data-science/)

® Analytics and machine learning (ML) solution that analyzes relationships in data to improve predictions
and discover insights



http://neo4j.com/product/neo4j-graph-database/
http://neo4j.com/product/graph-data-science/

Nios

neosemantics

Neo4j Neosemantics

é‘;ﬁ

® neosemantics (n10s): Neo4j RDF & Semantics toolkit
(http://neodj.com/labs/neosemantics/)

® Plugin that enables the use of RDF and its associated vocabularies
like (OWL,RDFS,SKOS and others) in Neo4j

® Barrasa J. QuickGraph#9 The fashion Knowledge Graph.
Inferencing with Ontologies in Neo4j. 2019

(http://ibarrasa.com/2019/11/25/quickgraph9-the-fashion-knowledge-graph-inferencing-with-ontologies-in-neo4j/)



http://neo4j.com/labs/neosemantics/
http://jbarrasa.com/2019/11/25/quickgraph9-the-fashion-knowledge-graph-inferencing-with-ontologies-in-neo4j/

Example from QuickGraph#9
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O6befrHEHUE C «KBEKTOPAMHU» U IOKYMEHTAMMU

® neodj Vectors & Semantic Search. 2023 (http://riino.site/blog/2023-11-26-neo4j |Im)
® B o4HY CTOPOHY...

® neo4j Knowledge Graph Builder App (http://github.com/neo4j-labs/llm-graph-builder)

® B opyryto CTOPOHY...
® Uses ML algorithms to turn unstructured data into actionable knowledge graphs

® CTbIKOBKA C METAOHTONOMMAMM U CANAHNE npeamMmeTHbIX OHTOJIOTUMN — oTAe/IbHAA TEMa...

® Ho bAM yxe 300p0BO NomoraroT
® Agent-OM: Leveraging LLM Agents for Ontology Matching. 2025 (http://arxiv.org/abs/2312.00326v10)
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® OtaenbHo — OntoGPT (http://github.com/monarch-initiative/ontogpt) {::j@‘é‘.
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http://arxiv.org/abs/2312.00326v10
http://github.com/monarch-initiative/ontogpt

Neo4j vs. Elasticsearch

® Neodj vs. Elasticsearch: Vector Search, RAG, and LLM Integration

(http://www.Iangchain.ca/bIog/neo4j-vs—e|asticsea rch-navigating-the-world-of-vector-sea rch-and-IIm-integration/)

® Neodj: The Graph Database Powerhouse
o VS
® Flasticsearch: The Search and Analytics Engine

® Recommendations:

® Choose Neodj if your data is highly interconnected
and you need to leverage complex relationships
in your queries or recommendations

® Opt for Elasticsearch if your primary focus is on " o
full-text search, document-based recommendations, T e
or handling large volumes of textual data

Database

Mistral-7b-Instruct
Sagemaker endpoint


http://www.langchain.ca/blog/neo4j-vs-elasticsearch-navigating-the-world-of-vector-search-and-llm-integration/

BcTparvBaHUe XpaHUJIUIA B YI0OHBIU CTEK

® Haystack (http://docs.haystack.deepset.ai)
® “open-source framework for building production-ready LLM applications, retrieval-
augmented generative pipelines and state-of-the-art search systems that work
intelligently over large document collections”
® neodj-haystack (http://github.com/prosto/neo4j-haystack)
® Using Vector search index!
® for documents collection



http://docs.haystack.deepset.ai/
http://github.com/prosto/neo4j-haystack

Y10 B TpeHgax

® Yno6cTBO BaAmgauuu

® CelM4yac 04YeHb CNOXKHO dBTOMATU3UNPYETCA becnaaTHbIMU cpeacrBamu
® YYET AMHAMMKM HA OCHOBE TEMMNOPAJIbHOM NOTUKMU

® CBA3b C BpeMEHHbIMU PAAAMU ANSA MOUCKA «COObITUINY

® beHYMapKUHT
® KaK pa3 Ha xaune




Ho aToO emie He KOoHel?!

Bonpocbl? 3ameyvaHuna? NpepnoxkeHuna?
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