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B cmamwe onucvieaemcsa memodonrozus coddanus RAG-cucmemvt anaiuda 0annoix ¢ ucnoav308aruem 2padosots

6asv. dannwvir Neodj u 6ubauomexu LangChain. Paccmampuaromces smanve NOCMPOEHUs U NPUMEHEHUA KOHBETUEDA

08 paspabomru u ucnoavdosarus RAG-modenet, opueHmuposaHHuT Ha 00PabOMKY U AHAAU3 TEKCMOBBIT OGHHDVIT.

IIpusodamesa npumepv, pabomovL cucmemsvl, JeEMOHCTPUPYOWUE €€ CNOCOOHOCTD HATOOUMD OMBEMBL HA BONPOCHL HA,

0CHOBE KOHMEKCIMH020 NOUCKA U BEKIMOPHO20 ca:odcmea, a makxasHce urnmezpayuro C LLM 0as nosviuerus mouHocmu

U 2ubkoCmu aAHAAU3A.

BBEJIEHUE

CoBpeMeHHBII 00bEM U CJI0KHOCTH TAHHBIX, C
KOTOPBIMHU PAabOTAIOT OPraHU3aInd, OBICTPO PACTYT,
Jesiasi AHAJIM3 JTAHHBIX KJIIOYEBBIM HHCTPYMEHTOM
JIJIsI IPUHSTHUSI PEIIeHnii U TOBBIIeHnsT 3P HEKTUB-
HOCTH. AHANU3 JAHHBIX MO3BOJISIET BBISIBJISITH 38KO0-
HOMEPHOCTH U MPOTHO3UPOBATH COOBITHUSI, OTHAKO
0OCTAIOTCs TIPODBJIEMBI, TaKKMe KaK OOBINOi 00bEM 1
HEOTHOPOIHOCTD JTAHHBIX.

MeTo/pl HCKYCCTBEHHOI'O MHTEJIJIEKTA PENIAloT
9TH POOJIEMBI, YCKOPsist 00paOOTKY JTAHHDBIX U BHISB-
JIsisl CKPBITBIE TIATTEPHBI. AJITOPUTMBI MAIITTHHOT'O
00y4eHUs TIO3BOJISIIOT AHAJIM3UPOBATH KAK CTPYKTY-
PUpOBaHHBIE, TAK U HECTPYKTYPHUPOBAHHBIE JIAHHBIE.

Bosbmue si3pikosbie Mojien (LLM), Takue kak
GPT, obpabaThiBaloT TEKCTOBYIO WH(MOPMAIAIO U
PEHEPUPYIOT OTBETHI, YTO MOJE3HO JIJIsT 38181 KJ1ac-
cudukanyuy u cymmapusanuu. Texnosorus Retrieval
Augmented Generation (RAG) obbeuHsIeT MOMCK
U TEHEPAIUIO, U3BJIEKAs PEJIEBAHTHBIE JAHHBIE U CO-
37]aBasi Ha UX OCHOBE OTBETHI, MTOBBIIIAT TOYHOCTD U
cKopocTh 06paborkn mHbOopManuu [1].

I. KOHoUTYPALIMS I'PA®OBOI BA3BI JTAHHBIX
1 3ATPY3KA JAHHBIX

ﬂﬂﬂ JAEMOHCTpaIllU aHaJIn3a JJaHHBIX C UCIIOJIb-
soBanneM RAG-TexHoOrnll OBLIN HCIOJIB30BAHBI
nokymentsl ¢ ardopmbl Wikipedia [2], nocssien-
Hble TpadOBbIM Da3aMm maHHBIX. i XpaneHus u
CTPYKTYpUPOBaHUsT HHMOPMAIAN TPUMEHSLIACH TPa-
dosas 6aza mannbix Neodj [3]|, koTopas oTamaHO
CIIPABJISIETCSI C 387]a9aMU OPTAHU3AIUN U AHAJIN34
CTPYKTYPUPOBAHHBIX JAHHBIX B Ipuiokenusx RAG.
Baxxno ormerutrs, uro Neodj momaepKuBaeT MOUCK
10 BEKTOPHOMY HHJIEKCY, 9TO JIeJaeT €€ IOIXO/IsIIei
s upuioxkernii RAG, 0CHOBaHHBIX Ha HECTPYKTY-
PUPOBAHHOM TEKCTE.

st paborel ¢ BeKTOpHBIMU HHAEKcaMu Neodj
ncnosb3yercst 6ubmmoreka LangChain [4] — Be-
aymiast mwrardopMa s CO3JaHusl TPUJIOXKEHUIH,
ocHoBanubix Ha LLM (Large Language Models).
LangChain o6beuHsieT BOSMOYKHOCTU PA3JIMIHBIX

noctaBmukoB LLM, 6a3 JaHHBIX U JAPYTUX UHCTPY-
MEHTOB, 9TO JIeJIaeT €€ YHUBEPCAJbHBIM PeIleHueM
JUIsI TOCTPOEHUsI CUCTEM aHa/n3a JaHubix. OHa moj-
JIEPKUBAET TPOIECCHI TPUEMA JAHHBIX, UX WHJIEKCH-
pPOBaHWsI, ITEHUST U CO3/aHUsT paboOdNX MPOIECCOB,
9TO OCODEHHO TI0JIE3HO TIPU pa3paboTKe 4aT-00TOB U
CHCTEeM, OTBEYAIOMMUX Ha BOIPOCHI Ha ocHoBe RAG-
APXUTEKTYPHI.

B mpoekTe 6p11a co3mana rpadoBas 6a3a gaH-
HBIX ¢ TTOMOITbIo pusokenns Neodj Desktop, a Tak-
JKe yCTaHOBJIEHBI HeobxoauMble miaruasl — APOC
(Awesome Procedures on Cypher) u Graph Data
Science Library. IIporecc urenust u pasbuenust cra-
Teil ¢ caiita Wikipedia, cBazanubix ¢ rpadoBbIMU
b6azaMu JIAHHDBIX, OBLT peaJn30BaH C MOMOIIbIO 61O-
smorexku WikipedialLoader. JIjist moc/ie Iy fommero mm-
OpTa TMOJIYYeHHBIX JaHHBIX B Neod] M UX WHJIEK-
CHUPOBAHUsl C MCIOJb30BAHIEM BEKTOPHOIO MHIEKCA
npuMmensiiach oubsmoreka NeodjVector.

B pesysibrare B 6a3€e IaHHBIX [TOSIBUIUCH Y3JIbI,
MIPEJICTABJISIONAE CTaThU O IpadOBBIX Oazax JaH-
HBIX, TOTOBBIE JIJIsI JAJbHEHIero anaan3a. Heckorb-
KO TIOJIy9YEeHHBIX y3JIOB U CBONCTBA OJIHOTO U3 HUX
[IpeJICTaBIeHbl Ha PUCYHKe 1.
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II. RAG CHUCTEMA AHAJIN3A JTAHHBIX
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Ha pucynke 2 mpejicraBiieH mpuMep UCIOJIb30-
Banust RAG-cucrembl JJIst IOUCKA U IIPEIOCTABJIE-
HUsI OTBETa HAa OCHOBE BEKTOPHOTO CXOJICTBA. JTOT
METO/I U3MEPSIET CXOXKECTh MEXK Iy BEKTOPaMU B MHO-
TOMEPHOM ITPOCTPAHCTBE, TO3BOJIsisI aHAJIU3UPOBATD
U CPABHMBATH OOHEKTHI Ha OCHOBE MX YHMCJIOBBIX Xa-
pakTepucTUK. B manHOM mpmMepe ObLI HOJyYeH OT-
BeT Ha 3ampoc: «UTo Takoe rpadoBas 6a3a TAHHBIX
Neodj?s.

query = "What is Neodj graph database?”
results = neo4]_vector.similarity_search(query, k=1)
print(results[@].page_content)

Neodj is a graph database management system (GDBMS) developed by Neod4j, Inc.
The data elements Neodj stores are nodes, edges connecting them, and attributes
of nodes and edges. Described by its developers as an ACID-compliant transactio
nal database with native graph storage and processing, Neod4j is available in a
non-open-source "community edition” licensed with a modification of the GNU Gen
eral Public License, with online backup and high availability extensions licens
ed under a closed-source commercial license. Neo also licenses Neodj with these
extensions under closed-source commercial terms.Neo4i is implemented in Java an
d accessible from software written in other languages using the Cypher query la
ngusge through a transactional HTTP endpoint, or through the binary "Bolt" prot
ocol. The "4j" in Neod4j is a reference to its being built in Java, however is n
ow largely viewed as an anachronism.

Puc. 2 — ®opmynuposanue 3anpoca U IIOUCK
BEKTOPHOI'O CXOJCTBa

Bubsmoreka LangChain ucnosb3osana Mozesn
OpenAl ang BeTpamBaHWs 3ampoca W HAXOXKIIE-
HUsl HamboJiee PEJIEBAHTHBIX JOKYMEHTOB ITyTEM
CpaBHEHUsI KOCHHYCHOTO CXOJICTBA MEXKJTy BEKTOPOM
BOIIPOCA U IPOUHIEKCUPOBAHHBIMY JIOKYMEHTAMHU.
LangChain rakxke momuepkuBaeT paboduii mporecc
«BOIPOC-OTBET», TIO3BOJISASI CO3/IABATH CUCTEMBI, KO-
TOpBIE HE TOJILKO MEHEPUPYIOT OTBETHI HA OCHOBE
[IPEJIOCTABIIEHHOIO KOHTEKCTA, HO M YKA3bIBAIOT, Ka-
KHUe JIOKYMEHTBI MCIIOJIb30BAJINCH B IIPOIIECCE.

Kpome Toro, 6ubsmoreka mo3BOJISIET BOCCO-
z3narek narepdeiic B crute ChatGPT. Ilpu nobas-
JIEHUU MOJLYJIsl TAMSITH CHCTEMA TIOJIy9aeT BO3MOXK-
HOCTB 3aIIOMUHATEH UCTOPUIO JMAJIOTOB, UTO ITO3BOJISI-
€T HOJIL30BATENIO 33/[aBaTh YTOYHSIONINE WU TI0CIIe-
JIYIOIIUE BOIPOCHI, OCHOBBIBASCH HA IIPEJIBIILYIIEM
KOHTEKCTE.

Ha pucynke 3 npomemoncrpupoBana pabora
CUCTeMbBI: CHadaJia Ha 3amnpoc «dro rakoe ACID?»
OBLT TIOJIYYEeH OTBET, 3aTeM Ha MOCJIEYIONINN 3aIIpoC
«B kakux 6a3ax JAHHBIX OH UCIOJL3YETCA!»> CHCTE-
Ma TaK»Ke JIaJla TOYHBINA OTBET, PACIIOZHAB KOHTEKCT
U CBSI3b C MPEIBIIYIIAM BOIIPOCOM.

print(qa.invoke({"question”: "What is ACID?"})["answer"])

ACID stands for Atomicity, Consistency, Isolation, and Durability. It is a set
of properties that gusrantee that database transactiens are processed reliably.
Atomicity ensures that either all operations in a transaction are completed sue
cessfully, or none are. Consistency ensures that the database remains in a cons
istent state before and after the transaction. Isolation ensures that the execu
tion of transactions concurrently does not interfere with each other. Durabilit
y ensures that once a transaction is committed, the changes made by the transac
tion are permanent and will not be lost, even in the event of a system failure.

print(qa.invoke({"question”: "What databases is it used in?"})["answer"])

ACID (Atomicity, Consistency, Isolation, Durability) properties are commonly us
ed in relstional databases like MySQL, PostgresSQL, Oracle Datsbase, SQL Server
etc. These databases are designed to ensure data integrity and reliability by f
ollowing the ACID principles. Graph databases like Neod4j also implement ACID gu
arantees, making them suitable for transactional applications.

Puc. 3 — Pabora cucreMbl ¢ MOJyIeM maMsTH

Takum 06pa3zoM, BEKTOPHBINT MHIEKC, BCTPO-
ennbiit B Neodj, adpdexkTuBHO 0OpabaTbiBaeT Kak
CTPYKTYPUPOBAHHBIE, TAK U HECTPYKTYPUPOBAHHBIE
JIAHHBIE, YTO JIeJIAeT €ro OITUMAJIbHBIM PelleHreM
Jutst RAG-tipuiioskeHuii.

III. 3AKJIIOYEHUE

B nmannoit pabore OBLIO pACCMOTPEHO apXUTEK-
TypHOe perrenue st ocrpoernss RAG-cucreMbr
aHAIN3a JAHHBIX C UCIOJIb30BaHHEM IpadoBOil Oa3bI
nmanabix Neodj n 6ubamorekn LangChain. Onucansr
OCHOBHBIE TTPODJIEMbI, BOSHUKAOIIIYE IPU AHAJI3Ee
JAHHBIX, W MOAXOJbl UX PEIIeHUs] C MPUMEHEHUEM
METOJ[OB UCKYCCTBEHHOI'O MHTEJIJIEKTa W OOIBIITIX
A3BIKOBBIX MOJEJICH.

Paszpaborka RAG-cucrembl HeobxoauMma, J1JIs
moBbIIIeHnsT 3OMOEKTUBHOCTH 00PAOOTKY U AHAIA3A
60JIbIIINX 00HEMOB JIAHHBIX, UTO CTAHOBUTCH OCO-
GEHHO aKTYAJILHBIM B YCJIOBHSX MTOCTOSTHHOTO POCTA
MHOOPMAIMOHHDBIX TOTOKOB. VCcmob30BaHme TeXHO-
soruit RAG mosBoJisier u3BJjieKaTh 1MoJe3Hy 0 HHQMOP-
MAaIAIO U3 Pa3HOOOPA3HBIX UCTOYHUKOB, YJIyUIast
KAIeCTBO MPUHSITUST PEIIEHUH B Pa3JIMIHBIX 00J1a-
CTSIX, TAKUX KaK OM3HEC, HAyKa, MEJIUIIMHA U JIPDYTHe.
[Ipuseiennbie TpUMEPH PAGOTHI CUCTEMBI TIOKA3AIIH,
kak mHTerpanus Neodj u LangChain criocoberByer
YCKODEHUIO MOJIYYEeHUsI OTBETOB Ha 3aIlPOChI, ITO
SIBJISIETCS] BAYKHBIM JIJTsl TIPUJIOYKEHUI, TPeOYOmux
OBICTPOI peakIny Ha U3MEHEHUsI JTAHHBIX.

Taxkum obpasom, paspaboTaHHasT METOIOIOTHS
[IPEIOCTABJISIET MOIIHBIE HHCTPYMEHTHI JJIsi CO3/a~
HUsI aHAJTUTUIECKAX CHCTEM, CIIOCOOHBIX aallTUPO-
BAThCs K PA3JIUIHBIM TUIIAM JAHHBIX U 3aIIPOCOB,
obecmeunBas 60see TTybOKOe MOHUMAaHNE UHMOPMa-
U U TOJJIEPXKKY IIPUHATUS PEIIeHUN B CJIOKHBIX
U IMHAMWYHBIX YCJIOBUSIX. DTO IMO3BOJISIET OPraHU3a-
M 3P HEKTUBHO pearnpoBaTh Ha BHI3OBHI COBPE-
MEHHOCTHU U U3BJIEKATH MAKCHMAJBLHYIO [EHHOCTH U3
UMEIOIINAXCST JIAHHBIX.

CHHUCOK JINTEPATYPHI
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[DuexTponusiii  pecypc]. —  Pexum
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ma: 15.10.24.

2. Wikipedia [QuekTponnsii pecypc|. — Pexkum mocryma:
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3. Neo4j [Duexkrponusiii pecypc|. — Pexum mocryna:
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