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OTKypna 6epyTtcs 3HaHUA y LLM
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300 pepakTopoB
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13 MIHTepHeTa OTBETHbIX Nap
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Kak no6asutb 3HaHusa B LLM?

[1ooby4yeHue mopgenu

Full Fine-Tuning

&

MHoro o6y4varoLLmX NPUMEPOB
MHoro pecypcoB Ha oby4yeHne
N3MeHsaoTCa BeCa MCXOOHO MOAenu

I'Ionyqaech HOBad A3blIKOBadA MO EJ1b
¢ 601bLLIMM YMCNOM NnapaMeTpoB

PiterPy 2024

LoRA Fine-Tuning

BmecTo 06y4eHns Bcex NapaMeTpoB
obyyaeTcs «gobaBka» K BecaM, KoTopas
PACK1aabIBAETCA HAa MaTPULLbl MEHbLLIEN
Pa3MepPHOCTU

N3-3a MeHbLLEero Kkonm4yecTea
NapamMeTPOB HY>KHO MeHbLLIE AaHHbIX
N MeHbLLIE BbIYMCNINTENBHbIX PECYPCOB

j.'

P-Tuning

[MapamMeTpbl MOOENN HE MEHSIOTCS,

HO noobupaeTcsa continuous prompt
embedding, KOTOPbIM NOMOraeT AOCTUYb
HY>XHbIX pe3ybTaToOB

Tpe6yeT MeHbLLe BCEro Bbl4MNCITUTENbHbIX
pecypCcoB U OaHHbIX ONA o6yquV|;|

Xopoluo paboTaeT Ha U3MeHeHne
dopMaTa OTBETa, HO He 3HaHWU MoJenu



Kak no6aButb 3HaHua B LLM: RAG

Retrieval-Augmented Generation

Lewis, Patrick, et al. «Retrieval-augmented generation for knowledge-intensive nlp

tasks.» Advances in Neural Information Processing Systems 33 (2020): 9459-9474.

RAG-Seguence: ons reHepauuy Bcem nocneaoBaTeibHOCTU UCMOMb3YIOTCA OJHU U Te YKe AOKYMEHTbI
RAG-Token: onga reHepaumm KaXkgoro ToOKeHa MOryT UCMOsb30BaTbCH Pa3Hble JOKYMEHTHI

e 2 e A

Define The middle ear includes
"middle ear” (x) End-to-End Backdrop through g and p, the tympanic cavity and
T e T s s s s s s s s s s s s s s the three ossicles (y)

Question Answering:

Question Query Question Answering:
Answer Generation
N e N [ ~
Barack Obama was Retriever p, Generator py 4 )
born in Hawaii (x) (Non-Parametric) (Parametric) Supports (v)
Query Document
Fact Verification: Encoder Index Fact Verification:
Fact Query d(z) Label Generation
. S
1
™ :.- ' N

The Divine
Comedy (x)

Marginalize This 14th century work
is divided into 3 sections:

A\ 4

N 7

"Inferno”, "Purgatorio”,
& "Paradiso” (y)

Jeopardy Question
Generation:
Answer Query

L

Question Generation




RAG Ha npakTuke (Naive RAG)

YandexGPT API

Prompt Engineering

3anpoc
nonb3oBaTrens

Embedding

Be|<TopHa;| 6a3a AadHHbIX

D B




RAG Ha npakTuke (Naive RAG)

MMnepnapameTpbil: YandexGPT AP
. Pa3mep pparmMeHTa TeKCTa
= Pa3mep overlap Sarboc Prompt Engineering (5 (Y—
- [MpomnT noJsib3oBaTens
Embedding

=  Anroputm noucka

pparMeHToB
= KonuyecTtso $pparMeHTOB BexTOpHas 633a AAHHbIX

B 3aMpoce

=  Wcnonb3yemble sMOenauHrm

& PiterPy2024 9
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github.com/
vandex-datasphere/
advanced rag



http://github.com/yandex-datasphere/advanced_rag

[lpogBUHYTbIE CTpaTerumn

MHOEeKCauumn

Parent Retriever

= PazbuBaeM pparMeHTbl QOKYMEHTOB
Ha eLLé 6onee menkne pparMeHTbI

= Parent-Child Relationship

=  Menkne gOKYMEHTbI YTOYHSAIOT KOHKPETHbIE
NOHATUSA, poanTeNnbCcKne — 3apatoT bonee
KPYMHbIA KOHTEKCT

= Haxogum pebeHka,
BOpaACbIBaEM B KOHTEKCT pOaMNTENS

& PiterPy2024

PparmMeHT

A 4 \ 4

NoHaTne 1 NoHaTne 2

"



[lpoaBUHYTbIE CTpaTEerun
NMHOEeKCaunn

[MnoTteTnyeckune Bon POChbI

PparmMeHT

* 13 pparMeHTOB JOKYMEHTOB U3BEKAIOTCS
BOMPOCbHI, Ha KOTOPbIE 3TN PPArMeHTbl OTBEYAIOT

. MH,D,eI(CI/IpyI-OTCﬂ rmnotTeTnyeckme BornpocChl,
B6paCbIBaI-OTCﬂ B KOHTEKCT NCXOOHble AOKYMEHTDbI

Bonpoc 1
Bonpoc?2 -«

‘b PiterPy 2024 1



[lpoaBUHYTbIE CTpaTEerun
NMHOEeKCaunn

dparmMeHT
CyMmapu3saums

NHpeKkcnpyroTcs CyMMapM30BaHHbIE
dparMeHTbl TEKCTa, BOPACbIBalOTCH B KOHTEKCT
NCXOOHblE JOKYMEHTbI

NHpekc

& PiterPy2024 13



Yandex 2 Cloud

CepBucbl  Pewennsa lMouyemy Yandex Cloud  Pecypcbl  Tapudsl

MNowck
JokymeHTauusa  bnor

bnor / Hosoctn /

YandexGPT nomoxeTt

aburtypuneHtam HAY BLLUS BbIOpaThb
npodeccuto

YandexGPT BHepopwunu B 4aT-60T Ha camTe 1 B Tenerpam-kaHane HAY BLU3. AButypueHTbl MoryT

NoAEeJINTbCA C boToM VIHCI)ODME!LI,VIEH o cebe 1 cBOUX MHTEepecax, 4TOObI nonyyYmnThb peKkoMeHOaaumnmn
no nogxogAanm 06paBOBaTeﬂbelM nporpamMmmamM.

24Man2024r. @ 5Smunytutenmns U MopenuTtbes 1

Poccus



OpHa 3 npobnemMm HauBHoro RAG

Mepno

Mepno XxopoLuo coveTaeTcs
C CbipoM bpwu

KabepHe

KabepHe xopoLLo co4yeTaeTcs
C CbipoM bpwu

Cupa

Cbip bpn oTnn4yHO nopgxoguT
K BUHY copTa Cunpa

&

PiterPy 2024

\

Bonpoc:

Kakne BMHa XopoLLo
noaxonsar K cbipy bpu?

15



Pa3nun4yHble Bapuauum RAG

1/ Nepepaya Retrieval-Generator:

= Query-based
= [atent Representation
= Logit-based
=  Speculative
2/ YnyJwieHns
3/ HetekctoBbin RAG

c
829,
Users Modalities
Input
@ @ Encode @ % | Hugging Face
& Index
e
E* @:B Q '—STM @ OpenAl
Data +
Diffusion Gemlnl
GAN stability.ai
Sparse Dense
- oo
Retriever Generator

Zhao, Penghao, et al. «Retrieval-augmented generation for ai-generated content:
A survey.» arXiv preprint arXiv:2402.19473 (2024).

& PiterPy2024

Text

iE

Audio

g

Science

AN

Knowledge

Result



Pa3nunyHble nogxoapil
K ynyJvwieHuto RAG

RAG
Enhancements
Input Retriever Generator Result RAG Pipeline
Enhancements Enhancements Enhancements Enhancements Enhancements
Query Transformations — Recursive Retrieval y Hybrid Retrieval Prompt Enginering Output Rewrite — Adaptive Retrieval
HyDE, TOC, etc. LLMACS, RAT, ReAct, etc. N—p RAP-Gen, ReACC, ) StepBack-Prompting, SARGAM, RING,
Rencos, etc. Active Prompt, Chain CBR-KBQA, etc.
of Thought Prompt, etc. Rule-based
Data Augmentation Chunk Optimization FLARE,
Removing irrelevant Sentence-window retrieval, y Re-ranking Iterative RAG Efficient-KNNLM, etc.
information, — Auto-merge retrieval, —— Re2G, AceCoder, Decoding Tuning RepoCoder, Iter-RETGEN, «—
Eliminatig ambiguity, RAPTOR, etc. XRICL, etc. N—p InferFix, SelfMemory, etc.
Updating outdated SYNCHROMESH, etc. Model-based
documents, etc. Self-RAG, SKR,
Retriever Finetunung \ Retrieval Transformation Rowen, etc.
REPLUG, APICoder, <« FILCO, FiD-Light, RRR, etc. Generator Finetuning
EDITSUM, etc. —> RETRO, APICoder,
RetDream, etc.
Others
“—3>  Pinecone, GENREAD,
GRG, etc.

‘b PiterPy 2024 7
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GrathAG github.com/microsoft/graphra

Edge, Darren, et al. <From local to global: A graph rag approach
to query-focused summarization.» arXiv preprint
arXiv:2404.16130 (2024) — Microsoft Research

Source Documents Global Answer
F 3
Text extraction Query-focused
and chunking summarization
y
Text Chunks Community Answers
F 3
Domain-trailored Query-focused
summarization summarization
Element Instances Community Summari ies
h
Domain-trailored Domain-tailored
summarization summarization
Community
detection

Element Summaries R Graph Communities

. ’ Pipeline
Indexing Time Stage Query Time

& PiterPy2024 18


https://github.com/microsoft/graphrag

Ha cTbiKe 9BHOIo npeacTaBieHus
3HaHU u ML

=  Allemang, Dean, and Juan Sequeda. «Increasing the LLM Accuracy for Question Answering:
Ontologies to the Rescuel.» arXiv preprint arXiv:2405.11706 (2024)

D Martino, Ariana, Michael lannelli, and Coleen Truong. «Knowledge injection to counter large
language model (LLM) hallucination.» European Semantic Web Conference. Cham: Springer
Nature Switzerland, 2023

& PiterPy2024 19



Ha cTbike 9BHOIro npeacraBneHuns
3HaHUU u ML

=  Allemang, Dean, and Juan Sequeda. «Increasing the LLM Accuracy for Question Answering:
Ontologies to the Rescuel.» arXiv preprint arXiv:2405.11706 (2024)

D Martino, Ariana, Michael lannelli, and Coleen Truong. «Knowledge injection to counter large
language model (LLM) hallucination.» European Semantic Web Conference. Cham: Springer
Nature Switzerland, 2023
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Food + Wine Ontology

<owl:Class rdf:ID="Merlot"> <owl:Class rdf:ID="PastaWithSpicyRedSauceCourse">

<rdfs:subClassO0f>
<owl:Restriction>
<owl:onProperty rdf:resource="#hasColor" />
<owl:hasValue rdf:resource="#Red" />
</owl:Restriction>
</rdfs:subClass0f>
<rdfs:subClass0f>
<owl:Restriction>
<owl:onProperty rdf:resource="#hasSugar" />
<owl:hasValue rdf:resource="#Dry" />
</owl:Restriction>
</rdfs:subClass0f>
<rdfs:subClass0f>
<owl:Restriction>
<owl:onProperty rdf:resource="#hasFlavor" />
<owl:allValuesFrom>
<owl:Class>
<owl:one0f rdf:parseType="Collection">
<owl:Thing rdf:about="#Moderate" />
<owl:Thing rdf:about="#Delicate" />
</owl:one0f>
</owl:Class>
</owl:allValuesFrom>
</owl:Restriction>

& PiterPy2024

<owl:intersection0f rdf:parseType="Collection">
<owl:Class rdf:about="#MealCourse" />
<owl:Restriction>
<owl:onProperty rdf:resource="#hasFood" />
<owl:allValuesFrom rdf:resource="#PastaWithSpicyRedSauce" />
</owl:Restriction>
</owl:intersection0f>
<rdfs:subClass0f>
<owl:Restriction>
<owl:onProperty rdf:resource="#hasDrink" />
<owl:allValuesFrom>
<owl:Restriction>
<owl:onProperty rdf:resource="&vin;hasColor" />
<owl:hasValue rdf:resource="#Red" />
</owl:Restriction>
</owl:allValuesFrom>
</owl:Restriction>
</rdfs:subClass0f>
<rdfs:subClass0f>
<owl:Restriction>
<owl:onProperty rdf:resource="#hasDrink" />
<owl:allValuesFrom>
<owl:Restriction>
<owl:onProperty rdf:resource="&vin;hasBody" />
<owl:hasValue rdf:resource="#Full" />
</owl:Restriction>
</owl:allValuesFrom>
</owl:Restriction>
</rdfs:subClass0f>

21



MHoOroareHTHble CucTtembl

=  YT1oO nopaBaTtb K Mepno?
= CKoJfibKO cTouT nnTtp Mepno?
= /I3 kakoro BnHorpapa genatot Mepno?

paccy>KaeHus

‘b PiterPy 2024
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KnaccudpukaTtopnl S
Ha 6a3e YandexGPTAPI =

"string",

= [lpomT gna YandexGPT API e
= Zero-shot Endpoint bindPia il
{

= Few-shot Endpoint "text": “string",

"label": "string"
=  JloobyyeHune KnaccndpumkaTopa h

*textt: Sstring';
"label": "string"

7 Ao }'
[MpumMep HanonHeHnsa ¢anna aona odbyyeHmnsa GUHapPHOM KnaccndukaLnm: o
{
"text": "string",
{"text":"y MeHs Bce B nopsapgke","HenTpanbHbIn":1, " 3MOLMOHaNbHLIN" 1 0} “label®: "string
{"text":"y MeHa Bce knaccHo nony4unockb ',"HenTpanbHbIn":0,"3MoUMOHANbHLIA" : 1} }
{"text":"BaM He MOHATb KaK TAXeno ObBAaET KaXObli OeHb BCTaBaTb Ha paboTy B WECTb yTpa M [Ba 4Yaca TauuT ]
{"text":"Bce kak Bcerpga paboTta OoM cembs",''HeWTpanbHbiA" 1, " 3MOLMOHANbHLIA' 10} }

& PiterPy2024
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[Tpobnema ¢ paccy)kxaeHnaSMn
y LLM

Sébastien Bubeck, Varun Chandrasekaran, et.al. Sparks of Artificial General Intelligence:
Early experiments with GPT-4 arXiv:2303.12712 [cs.CL]

OcHoBHas npobrieMa — NMHENHbIN XapaKTep Moaenu NpeackasaHns ClioB, OTCYTCTBUE BO3MOYKHOCTU
Pa3MbILLNATb C BO3BPATaMu, B CTUNME «reHepaLms U NpoBepKa»

LLM-reHepaTop LLM-npoBepsanbLLnK

v

& PiterPy2024 24


https://arxiv.org/search/cs?searchtype=author&query=Bubeck,+S
https://arxiv.org/search/cs?searchtype=author&query=Chandrasekaran,+V
https://arxiv.org/abs/2303.12712

MHoOroareHTHble CucTtembl
C Bepudukaumnemn

A

paccyXKoeHs




ApXUTeKTypa

BubnuoTeka
NPOMTOB VandexGPT
andex
SpeechKit YandexGPT YandexGPT API P .
o ASR/STT O Classification API l o [naorsera o (r:llaSS|f|cat|on API o SpeechKit TTS
Ona oueHku
Mpoeepka
Mepesog, TekcT . OnpepnenexHue MoproTtoeka ObpaueHue ! afleKBaTHOCTH | MepeBog, B HyXHYIO
B TEKCT 3anpoca WHTEHTa 3anpoca B MOgenb oTBETa MOQaNEHOCTL
- Mowuck penesaHTHLIX pparMeHToB ~
% e Vision OCR | ——» @ o YandexGPT APl Embeddings RAG
{7 ) PeneeaHTHble
®parmeHT } — | Panxwvposanne | —» DOKYMEHTBI
\_
' ™
| Managed Service Managed Service Managed Service | J
for OpenSearch for ClickHouse® for MongoDB
L A
& PiterPy2024




ApXUTeKTypa

Hooby4nTb

Few-shot nnu Clas-
sifier Finetuning

. . Few-shot unu Clas- .
pacnosHagaHue Finetuning sifier Finetuning Brand Voice

BubnuoTeka

npomTOoB

SpeechKit
ASR/STT

MNepeeog,

B TEKCT

& PiterPy2024

YandexGPT
Classification API

Tekct
3anpoca

OnpegeneHue
WHTEHTa

[ JoobyqeHne j

3anpoca

YandexGPT API
l OnaoTteera

MogroToeka

Ona oueHKK

YandexGPT
o Classification API

Mpoeepka
ObpaleHue
5 Elomenb e aAeKBaTHOCTM
A oTeeTa

o SpeechKit TTS

—_—

¥

MNepesog, B HYKHYO
MOQaNEHOCTL

-

Mowuck penesaHTHLIX pparMeHToB

e Vision OCR | ——» @ o YandexGPT APl Embeddings

=

.’f?—_

N

MparmeHT }—P ParxupoBaHne |————p

-

109

A

RAG

PeneeaHTHble
OOKYMEHTbI

Managed Service Managed Service
for OpenSearch for ClickHouse®

Managed Service
for MongoDB

~

S
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Function Calling

Y10 NyuLle ecTb € cCaMbiM U3BECTHbIM BUHOM 13 ABCTpanumn?

CnncoK BO3MOXKHbIX
- DOyHKUMS
PyHKUNN

&

PiterPy 2024

> LLM

v
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[1Ba noaxopna
K opkecTpauun MAC

LLM-opkecTtpauus (Function Calling) Py4yHas opkecTpauus




O630p pa3HbiX NOOxXoaoB
K ayrMeHTupoBaHuto LLM

01/

02/ 03/

Reasoning Using Tools Learning to Reason
[=Problem Decomposition] = Information Retrieval and Use Tools
= CoT = Navigating the Web " Suprevision

= Recursive Prompting

‘b PiterPy 2024

= Symbolic Models = Reinforcement Learning

and Code Interpreters
= Acting
= Calling Other Models

Mialon G. et al. Augmented language models: a survey //arXiv preprint arXiv:2302.07842. — 2023

30



DBONIOLMOHHas KNbepHeTUKa

an/IHLI,VII'I MeTaCUCTEMHOI O nepexoga n sMepo>KeHTHOCTb

OPEHOMEH
HAYKHU

“ PiterPy 2024 TypunH, BaneHTuH ®epopoBuny. «deHomMeH HayKkn: KnbepHetnyeckmin nogxop K 3sontounmy. (1993): 2000rr.
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DBONIOLMOHHas KNbepHeTUKa

anIHLI,VII'I METaCUCTEMHOI O nepexona n sMmepaXKeHTHOCTDb

OPEHOMEH
HAYKHU

“ PiterPy 2024 TypunH, BaneHTuH ®epopoBuny. «deHomMeH HayKkn: KnbepHetnyeckmin nogxop K 3sontounmy. (1993): 2000rr.
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DBONIOLMOHHas KNbepHeTUKa

anIHLI,VII'I METaCUCTEMHOIO nepexona U sMepo>KeHTHOCTb

OPEHOMEH
HAYKHU

“ PiterPy 2024 TypunH, BaneHTuH ®epopoBuny. «deHomMeH HayKkn: KnbepHetnyeckmin nogxop K 3sontounmy. (1993): 2000rr.
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Mopanb

01/

Pa3nunyHble noaxoapl

K oborawgeHuio LLM

C MOMOLLbO BHELLIHUX 3HAHUN
no3BonsalT NnogobpaTb Nnoaxon,
OMNMTUMarbHbIN 09 PeLLeHns
KOHKPETHOW 3afau4u

&

PiterPy 2024

02/

Graph RAG — 310 gBm>XKeHue
B CTOPOHY 06beauHeHus
HesBHoro (LLM) n aBHoro
(rpadbl, oHTONOrMMN,
ceMaHTn4yeckume cetu)
npencTaBneHns 3HaHUN,

B 6ornbLLeln
NHTEPNPETUPYEMOCTHU

03/

LLM BOpbIXatOT HOBYIO YKU3Hb

B TEOPUIO MYJIbTUAreHTHbIX
CUCTEM. 3a CHET CUHepreTnyec-
koro a¢dpekta MAC no3sonatoT
ynyJLlaThb pe3ynbTaTtbl LLM,
XOTSl MHOrda 3a cYyeT
CYLLIECTBEHHOI O YBESIMYEHUS
CTOMMOCTM

34



Cnacnb6o 3a BHUMaHue

NmMmutpum CoLLHUKOB

JoueHT HAY BLUS/MAW, KOHCYNbTaHT
Yandex Cloud, Tex. pykoBoauTtenb nabopatopum
"en M Wkonbl pn3anHa HAY BLUD

t.me/shwarsico ol
oo
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