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CBepneHusa o HEPIX

[TpeacTtaBfieHHble KPYnHble 3apybeXHble
nabopartopun

KOMMNbIOTUHI. COCTOSAHME, TEHAEHU NN,
npoonemsbl, bnmxanwiee éyayuiee

TexHonormy MmallunHHOro obydyeHusa 1 Hawa
RAG apxutektypa, gasibHeuLune
NnPUMeHeHns.



Uto ecTb HEPIX

* The HEPIX forum brings together worldwide
Information Technology staff, including
system administrators, system engineers,
and managers from the High Energy
Physics and Nuclear Physics laboratories
and Institutes, to foster a learning and
sharing experience between sites facing
scientific computing and data challenges. Its
semi-annual meetings are an excellent
source of information and sharing for |
experts in scientific computing.




Hay4dHaa nporpamma
Hepix Spring 2025

HOBOCTU KPYMNHbIX BbIYUC/IUTESIbHbIX YCTAHOBOK
CeTb 1 6e30nacHoOCTb
XpaHeHne n ynpasneHne AaHHbIMU

O6navyHble TEXHOMOINKU, BUPTYaUIn3aLms n OPKECTPOBKA,
onepaumnoHHbIe CUCTEMBI

BbluncnuntenbHble CUCTEMbI U MAaKeTHast 06paboTka AaHHbIX
3konornyeckasa yCcToinunmBoCTb, HENPEPLIBHOCTb BbIUNC/IEHNIA

[porpammHoe obecneveHne 1 ycryru ans aKenayataumm
BbIUMCIUTENbHBIX CUCTEM

CpenHe-aonrocpoyvHas 3B0/1H0UNA BbIYUCTUTENbHBLIX CUCTEM
Pa3Hoe



<@  HEPIX Spring 2025 - Lugano

124

participants




OpraHunsartop: Swiss National
Supercomputing Centre

il




SNSC

 SNSC operates a Tier-2 grid site for the Large Hadron Collider (LHC)
* at CERN for three experiments: ATLAS, CMS and LHCDb.
* Over 10'000 cores and 10 PB of data at SNSC

Alps

= Alpsis an HPE Cray EX supercomputer
= Multi-phase installation, started in 2020

= Some specs

= 2688x GH200 nodes

= 1024x MC nodes (AMD Rome 7742)
256/512GB RAM

= 144x nVIDIA A100 GPU nodes

= 128 AMD Mi300A CPU+GPU nodes

= 24x AMD Mi250x GPU nodes

= Slingshot network

= Two availably zones (HA, non-HA)

= 100% liquid cooled (to the chips
themselves)




KpynHble nadopatopun

KEK (wTat ~1100) - LHC, Belle-2 n gpyrue

DESY (wtar 6onee 3000) - Cherenkov Telescope Array
Observatory (CTAO), LHC, apyrue

BNL (wtaTt ~3000) — ATLAS, sPhenix+STAR,
future Electron-lon Collider (EIC) n apyrne

IHEP (wTaTt ~1000) — LHC + 6onee 10 gpyrux
3KCMEPUMEHTOB.

CERN (45K accounts) — LHC
RAL (wTar ~1200) - LHC
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PocT 06bEMOB COXPaHEHHbIX AaHHbIX

* CERN — pocturno
— 1000 PB (1 EB) in EOS (guckn)
— about 1 EB (neHTbI)

* BNL — pgocturno
- ~300 PB (anckn)
— JleHTbl 345 PB

Seminar HEPD: Andrey Shevel



MoaepHusaunm annapaTHbiX pecypcos

* BNL
* 555 servers for sPHENIX
* 75 servers for ATLAS Tier-1

* IHEP — BHewWwHAA ceTeBas
KOHHeKTUBHOCTb 100 Gbit, BHyTpU IHEP
ceTeBasi KOHHEKTUBHOCTb MexXay
Kopnycamu/yctaHoBkamu aoctursia 800

Ghit.

* MoaepHusauma cuctem pacnpeneneHms
aNeKTponuTaHna Bo Bcex KpynHbix LIOax

Seminar HEPD: Andrey Shevel
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MoaepHusauma MOHUTOPUHIa

* BNL - BHeapeHne HOBOW CUCTEMBI
MOHUTOPUHIa KOMMNbIOTEPHOW

MHOQPPACTPYKTYPbI C UCMNOSIb30BaAHUEM
* Prometheus, Grafana Mimir,Opensearch,
Opensearch Dashboards
* Testing Mattermost integration for alerting

* Testing BNL ITD Gravwell for integration to reduce
storage overhead and data duplication

Seminar HEPD: Andrey Shevel
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TexHndyeckme TeHaeHuUnn

Cetn

» [lepexog Bcex nabopatopuii Ha IPv6

. Ski'l(%gs.?rg (TernpoBaHue CeTeBbIX NAKETOB B Nepeaaye AaHHbIX Mexay n1abopaTtopusamy B MeX1yHapoAHOM
Tpadike

XpaHI/IﬂI/ILLI,a OaHHbIX
CEPH — DESY, SNSC, RAL
* Lustre — BNL, IHEP, SNSC
» EOS - CERN, IHEP
e ZFS—BNL
* FAIR (Findable, Accessible, Interoperable, Reusable) — CERN (Zenodo), BNL (InvenioRDM)

Machlne Learning
CERN
» DESY
* |HEP
* BNL

KOHTGVIHGpI/IS&LI,I/IFl MO (Rancher,Helm, Kuberflow, Harvester, LongHorn) -> Hyperconvergence
e CERN
* BNL

ABTOMatm3auns passéptbiBaHnA MO n pa3paboTkm Ha ocHose Gitlab (GitOps, Git Duo, Gitea)
« CERN
« BNL

Seminar HEPD: Andrey Shevel 12



CocTosHMe n byayliee ANCTPUOYTUBOB

LInux

C E R N — https://indico.cern.ch/event/1477299/contributions/6366311/
* AlmaLinux, RedHat, Debian

B N L = https://indico.cern.ch/event/1477299/contributions/6425485/
* AlmaLinux

DESY — cmecb RedHat, Debian, gpyrue.

KEK — RedHat
RAL — Rocky9

Seminar HEPD: Andrey Shevel
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Problems

CERN = AlmaLinux 9 storage nodes experiencing XFS corruption
(EOSCMS and EOSLHCb — data corruption and slow restoration)

* BeyHada npobsiema ceteBas 6e30nacHOCTb -
* https://cern.ch/forensics
* CosgaHue nokasibHbIX XpaHunuuy (gitlab.cern.ch)
* Zeek for monitoring and analysis network traffic

* BHMMaHME K 9KOHOMMUM PECYPCOB BCSAKOro poaa

(3M1EKTPO3HEPrK, BOAbI, NPOYEro) — 6 BbICTYMIEHUN
(Hanpumep, https://indico.cern.ch/event/1477299/contributions/6381818/).

Seminar HEPD: Andrey Shevel
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 Updates on CPUs, GPUs and Al accelerators
— https://indico.cern.ch/event/1477299/contributions/6381816/

Data Center Al Chip roadmap

2023 2024 2025 2026 2027

A100 HBM2E $10.811

H100 N5 |HBM3 |96 b
GH200 N5 [HBM3 |96 $11,048
H20 [Ns [HBM3 9 $10,486
H200 [N5  [HBM3E 141 | Y
D 8200 [NPHBME 192 | $ 1,
( GB200 NP [HBM3E |192x2 $9.
B200A [N4P|HBM3E (96 |

nv|DI B200 Ultra jN/lP :HBMEL '_l.m
e B20 NP [HBM3E |96
GB200Ulra |N4P |HBM3E |288
GB200A NP~ |HBM3E 144
Rubin | [HBM4 |
RubinUlra | [HBM4

9475F “Zens
9455 ‘Zens”
9455P “Zen5"

‘Zens” 414.;: 3
“Zens" 3.8/ 320w
*Zen5" 55/ 4. 280W
‘Zens” I 4, 280W
0/4 210w

MI250X HBM2E
MI300X N5/N6 |HBM3

AMD‘1M\325)€ NS/NG [HBM3E |288

MI350 N3 HBM3E |288

24 cores
Gaudi2 HBM2E 24 cores

Gaudia HBM2E
Falcon Shor

9175F
16 cores 9135 :
9115 “Zen5" 125W

2015 “Zens” 5 /4.1 125W
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AMD GPU

AMD - GPUs

m Instinct MI350 series available later in 2025.
Based on 3nm node, added support for FP4/FP6
(like in Blackwell GPUs).

m Based on CDNA 4 architecture

m Instinct MI400 will follow MI350, and will be
based on «CDNA next» architecture

m CDNA 3 architecture is expected to bring an 8x
increase over CDNA 2

m CDNA 4 architecture is expected to offer around
a 35x increase in Al inference performance over
CDNA 3GPUs.

m Software stack seems to be the major weak
point, compared to NVidia

Seminar HEPD: Andrey Shevel
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O)I(I/I,EllaeMble KPYIMNHbIE NCTOYHUKH
IKCMNeEPNMEHTaJ1bHbIX AAHHbIX

HL LHC ~2030
Sqguare Kilometre Array (SKA) ~2029

Cherenkov Teleskope Array Observatory
(CTAO) ~2028

Facility for Antiproton and lon Research
(FAIR) ~2028

17



3aknwyeHue o rotoeHoctn K HL LHC

« Technology tracking essential to make cost-efficient choices for HEP computing
* Done in different contexts in our community

* Many server hardware components are rising in price due to the Al boom
+ Memory, GPUs, flash, HDD are all affected

« AMD, Arm and Intel show healthy competition
+ Alot of attention to performance/Watt

« Evolution of GPUs is not going in a direction very useful for us
+ FP32/64 performance not increasing

« Shipped storage capacity increasingly driven by the global trend

+ SSDs, HDDs and tape all still relevant and making progress

* Network bandwidth correspondingly increasing on LAN and WAN
* To cope with increase in cores and storage/server

* For LHC, driven by HL-LHC data rates

« Sustainability is more important than ever
+ CO2 emissions, liquid cooling, electricity costs and distribution

* HEPIX Technology Watch Working Group Report
~ https://indico.cern.ch/event/1477299/contributions/6373271/

* From the experiment plots, with a flat budget, a 15%/year price reduction
IS required even in the most optimistic case (for CPU and disk).

— Situation much better than in the past, but still at the limit!

Seminar HEPD: Andrey Shevel



[onynspHbie 60MbLUME A3bIKOBbIE MOAEY

LLMs in 2025

LLM Developer Multimodal? Reasoning? Access

GPT-40 Openhl Yes No Chatbot and API

03 and ol Openhl No Yes Chatbot and API

Gemini Google Yes No Chatbot and API

Gemma Google No No Open

Llama Meta No No Chatbot and open

R1 DeepSeek No Yes Ehatbuf i e
open

v3 Dewpisel No No Chatbot, API, and
open

Claude Anthropic Yes Yes Chatbot and API

Command Cohere No No AP1

Nova Amazon Yes No API

Large 2 Mistral Al Yes (Pixtral) No AFI

wen Alibaba Cloud Yes (Qwen2.5-VL) | No S::;b"" o
Phi Microsoft No No Open
Grok xAl No Yes Chatbot and open

From «HEPiX Technology Watch Working Group Report» https://indico.cern.ch/event/1477299/contributions/6373271/
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One page from Lugano Wrap-up

e Ricardo presented the CERN’s Microsoft SQL Server infrastructure, detailing server
management, database solutions, high availability, backup strategies, and data
integrity measures for critical applications

e The evolution of PIC's Big Data Analysis Facility was shown by Francesc, detailing its
Hadoop-based architecture, key services like CosmoHub and SciPIC, integration with
PIC’s computing ecosystem, and future plans for interoperability, identity federation,
and multi-messenger astronomy support

e Andrey showed that Machine Learning, particularly Retrieval Augmented Generation
(RAG) with a large language model (LLM), aids developers and administrators in
managing complex computing systems

e Ruben introduced the Transcription and Translation as a Service (TTaaS) project at
CERN, which leverages Automated Speech Recognition (ASR) and translation
technologies to enhance accessibility, diversity, and searchability of CERN's
audiovisual content

Seminar HEPD: Andrey Shevel
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L LM NVIDIA GPU
pacnpeneneHme
NnocTaBokK in 2024
cpeamn 3aka3vunkoB

Large Language Model (LLM) — T1n cuctemsl
MalLUNHHOIO 06Yy4YeHMs, KOTOPbIA NCMNO/Mb3YOTCH
AN4 3a4a4 reHepauum nocsegosaTesibHOCTU Ha
KakOM-TO A3blke B OTBET Ha BBOA 3arnpoca Ha
TOM e NN APYrom A3blKe.

One natural language to another natural
language (NL)

NL to mathematic/physics formulas

NL to multimedia object

etc

Hopper shipments (2024)

Nvidia

https://regmedia.co.uk/2024/12/20/
nvidia_omdia_estimates_2024.png

Seminar HEPD: Andrey Shevel
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Hallue npumeHeHmne TeXHON0rnm
Machine Learning (ML)

* HavanbHasa ngea cocrtosna B peasmsalnn
UCKYyCCMmBEHHO20 accucmeHma, rae paspaboTuuk
(nnn agMMHNCTPATOP) 3a4aET UCKYCCMBEHHOMY
accucmemy BONpPOC Ha eCTeCTBEHHOM fA3bIlKe U Ha
HEM Xe MoJsiy4yaeT OTBET.

B KayecTBe NepBoro wara: 6bia1 pa3pabotaH chatbot
0149 06LIEeHNs C /IoKa/lbHbIM orucaHuemM CerMmeHTa
CEPBEPHON CETW.

Seminar HEPD: Andrey Shevel
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BbiOOp apXUTEKTYpPbI

(5£K1§)Bb|6paHa apxutektypa Retrieval Augmented Generation

Retrieval - B /iokasibHOW 6a3e JaHHbIX, KOTOpas COAEPXUT onncaHne
JIOK&UTbHOTO CEerMeHTa CepBepHO CETU, NPON3BOANTCS MOUCK
doparmeHTOB TEKCTa, KOTOPblE CEMAaHTUYECKM O/IN3KN K BBEAEHHOMY
BOMpocy.

Augmented Generation 03Ha4aeT reHepaLuto ¢ NCro/Ib30BaHNEM
nmeroulencs pre-trained LLM ¢ ncnonb3oBaHMeM HaeHHbIX TEKCTOBbIX
doparmeHTOB.

[TpenmyLlecTsa:
* Pre-trained LLM — “nepegava 3HaHWiA".

* Bce onepauum (Mouck, reHepaumsi) NpoM3BOAATCA Ha IOKaUTbHOM cepBepe Un
KnacTepe, T. . HUKakne AOoKYMEHTbl He nepeaatoTcs 3a npeaenbl 10KasibHOl CeTu.

* [1ns nokasibHbIX 3a7a4 Pa3paboTunKkoB (UM aIMUHUCTPATOPOB) HE TPebyroTCs
OFPOMHbIE BbIYNCNTENbHbIE PECYPCHI.

Seminar HEPD: Andrey Shevel
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Testbed setup

The Linux server Intel(R Xeon‘zR) CPU E5-2630 v4 @ 2.20GHz,
128GB, four simple GPUs “Gelorce GTX 1080 Ti”, python3.12.

[epBOHaYasIbHbIV BapuaHT nporpaMmmbl Ha python ans
apxntektypbl RAG nonyyeHa no ccolfke https://gitlab.com/rahasa
k-labs/iollama (3HaunTenbHO nepepa60TaHa§).

lIcnonib30Ba/INCL HECKO/ILKO CBOOOAHO pacnpocTpaHaemMblx LLM
(II?maB.Z, mixtral, aya:35b, qwen2.5:32b, etc) Ha nnatdopme
ollama.

,ﬂ,]’lﬂ BbINOJ/THEHUA embedding (T. e. Npeo6pa3oBaHNE TEKCTA B BEKTOPHOE
npeactasnedne) NCIMOJTIb30BaAJ10Cb HECKOJ1bKO CBO60,£I,HO N
R/laCI'IpOCT aHaembIx mogenen (LaBSE, paraphrase-multilingual-

INILM-L12-v2, sbert_large_nlu_ru, etc.) AOCTYMHbIX Ha canTe
huggingface.co.

®OPOHT-3HL, OblN peann3oBaH Ha ocHoBe nakeTta streamlit
https://github.com/streamlit

TeKCT onucaHna 10KasibHOro CerMeHTa cepsepHol cemu
cocTtaBsidn okosio 150 cTpaHuL.

Seminar HEPD: Andrey Shevel 24
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Basic (naive) Retrieval Augmented Generation (RAG) - emerged in 2021

Conversion to vectors = embedding

I [ Human ]
.............. Conversion | qguestion
l' ——————— to vectors T~ __
. \Qc&u_ments J S —==_
\/ .. -_— -— "~ ~
Ve - - \
—_——_———— / N

| conversion | : / N\
\ [ovectors J : " Retrieve from database most \\
T . close vectors (i.e. fragments of |
text) . |
I
|

Generation
with

Seminar HEPD: Andrey Shevel
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HayasibHOe TecTupoBaHue

* OKOJ10 gecsaTr BONPOCOB ObI/IM NOArOTOB/EHbI U
BBEEHbl OANH 3a APYTUM.

* OTBeThI He BbIrNAae I MHOroooteLllarLLMu:
— HeKOoTopble Obl/IM NOSTHOCTLIH0 HEBEPHbLIMU,
— apyrue obian paHTasuamu (ransirounHaumuamn),
— 4acTb Obl/IM HE COBCEM BEPHbLIMW.

* AHanus onucaHuda cerMmeHTa cepBepHOn CeTu

MNoKa3aJl, HTO HEKOTOPbIE HaCThN OINMnUCaHuA OblIN He
CTOJ1b ACHbIMU N NOJIHbIMN, KaK C/1e40BaJ10 Obl.

* Hawe pelueHne: onucaHme CUCTEMbl HEOOXOANUMO Y/TyULLIUTD.

Seminar HEPD: Andrey Shevel
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LInkn yny4lueHmnsa onmcaHnus CEPBEPHOro CETEBOIO
CerMeHTa

( Correction of the

—>

(Convert the )
system
description
into vector

\_database /

| system description

}

-

\

Prepare or

N

correct
the set of

uestions
i J

- N
Receive and

analyse the
answers

All answers are
sufficient ?

from RAG
% rom )

Seminar HEPD: Andrey Shevel

YES

\J

Complete
testing
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Pesynerar

* B umkne B3anmogenctema 6110 caenaHo
cneayollee:
* YTOUYHEHbI (POPMYINPOBKM U N0O6aBNEHbI HECKO/LKO
NONOMHUTENbHbIX Pa3fenoB B TEKCTOBOE onucaHue.

* Pa3paboTynkm Heo4HOKPAaTHO 06CYXAasiIn YTO eCTb
4YTO N OTKyAa 31O bepeTcs...

* ipyrnumm cnosamu, apxutektypa RAG
MCMosb30Ba/laCb B KAYECTBE TEXHNYECKOro
NoMOLLHNKA pa3paboTHnKoB.

e Pe3ynbrar - 3HaunTENbHO Y/yylleHHasA BEPCUS onncaHus
CermeHTa cepBepHON CeTu.

Seminar HEPD: Andrey Shevel 28



ycnosusa ycnexa

* bnnsoctb Tematunkm LLM K TemaTuke
NOKYMEHTOB.

* bnnsoctb embedding K ncnonb3yemomy A3blky /
XXaProHy.

* TOYHOCTb MHCTPYKUNUK (prompt) ana mogenu LLM.

* [MonHOTa U ACHOCTb UCXOAHOro TEKCTOBOIO
AOKYMEHTA.

* KBanndmkaumsa KomaHabl pa3padoTynKoB
[AOKYMEHTA.

Seminar HEPD: Andrey Shevel
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[10CTOMHCTBA NPUMEHEHNS

* ilcnonb3oBaHne apxutektypbl RAG B pa3paboTke
NN aaMUHUCTPUPOBAaHNK yrnipoLlaeT/cokpallaerT:
* Bpemsa Ha pa3paboTky onvcaHus.

* INpunBneyeHne HOBbIX Y4aCTHUKOB pa3paboTku /
afMUHUCTPUPOBaHUS.

* ConpoBoxaeHue pa3paboTaHHON CUCTEMBI.
* JanbHenwyo MoaepHM3auuno B nNpoLlecce akcnayaraumn.

* Co3pgaHve LMdpoBoro ABoOWHNKa paspabaTbiBaemont (v
pa3paboTaHHOWN) CUCTEMBI.

* O6Cy)XOeHUA BHYTPU KOMaHabl pa3pabdoTymkos (Unn )
MWHUCTPAaTOPOB) AN NPOACHEHUA apxntekTypbl RAG co3gaéeTt
60blLUee B3anMONoHNUMaHue BHYTPU KOMaHAabl.

Seminar HEPD: Andrey Shevel
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[TprmMmep PPOHT-3HaA

The history of your questions and
RAG answers

You: 2025-03-19 12:00:25 -- batch processing: which is
difference in between 'GE' and 'SGE'?

RAG: 2025-03-19 12:03:45 -- { "answer": "<think> Okay, |
need to explain the differences between Grid Engine
(GE) and Sun Grid Engine (SGE) based on the provided
context. Let me go through each page to gather relevant
information.

On page 34, it mentions that Open Grid Scheduler GE-
2011.11plisinstalled on pcfarm-old. It also notes that
this version is quite different from the old SGE 5.3 for
administrators but remains almost the same for users.
The commands for starting and stopping are
Jetc/init.d/sgemaster and sgeexecd.

Page 40 talks about Sun Grid Engine (SGE) 8.1.10
installed on pcfarm with AlmaLinux 9.3. It uses systemct|
commands for service management, which is different
from the init scripts used in GE. The configuration
directory is also mentioned as
Jusr/gridengine/default/spool/gmaster;.

Looking at page 10, it explains that GE (Grid Engine) is
on pcfarm-sl6 with SL 6.7, while SGE 8.1.10 is on pcfarm
with AlmaLinux 9.4. This indicates different operating
environments.

High Energy Physics Division

Computing Systems Department:

The platform prototype for developers and administrators
to search the answers

in the description for server network for HEPD

RAG_model: deepseek-r1:32b

RAG_embed_model: multilingual-e5

RAG_template: csd_template_eng.txt

RAG_work_dir: /Users/andreyshevel/IOLAAMA-2024-07-25/iollama

RAG_docs: csd

You entered: 2025-03-19 12:00:25 -- batch processing: which is difference in between 'GE' and 'SGE'?

-- services-notes-2025-03-18.pdf

Seminar HEPD: Andrey Shevel 31



The answer from the prototype

Please check any answer from RAG!

2025-03-19 12:03:45 -- The RAG answer: { "answer"; "<think> Okay, | need to explain the differences
between Grid Engine (GE) and Sun Grid Engine (SGE) based on the provided context. Let me go through
each page to gather relevant information.

On page 34, it mentions that Open Grid Scheduler GE-2011.11p1 is installed on pcfarm-old. It also notes
that this version is quite different from the old SGE 5.3 for administrators but remains almost the same for
users. The commands for starting and stopping are /etc/init.d/sgemaster and sgeexecd.

Page 40 talks about Sun Grid Engine (SGE) 8.1.10 installed on pcfarm with AlmaLinux 9.3. It uses systemctl
commands for service management, which is different from the init scripts used in GE. The configuration
directory is also mentioned as /usr/gridengine/default/spool/gmaster/.

Looking at page 10, it explains that GE (Grid Engine) is on pcfarm-sl6 with SL 6.7, while SGE 8.1.101is on
pcfarm with AlmaLinux 9.4. This indicates different operating environments.

From these points, | can outline the differences in versions, 0S compatibility, service management
commands, and configuration directories between GE and SGE. </think>

The differences between Grid Engine (GE) and Sun Grid Engine (SGE) based on the provided context are as
follows:

1. Version Differences:

o GE:Version GE-2011.11p1 s installed on pcfarm-old, which is significantly different from the
older SGE 5.3 for administrators but remains largely unchanged for users.

o SGE: Version 8.1.10 of Sun Grid Engine is installed on pcfarm with AlmaLinux 9.3.

2. Operating System Compatibility:

o GE: Runs on Scientific Linux (SL) 6.7 on the server pcfarm-slé.
o SGE: Installed on AlmaLinux 9.4 on the server pcfarm.

3. Service Management Commands:

o GE: Uses init scripts for service management, suchas /etc/init.d/sgenaster start and
/etc/init.d/sgeexecd stop .
o SGE: Utilizes systemctl commands, like systenctl restart autofs , for managing services.

4. Configuration Directories:

o Both systems have their configuration files in the directory
fusr/gridengine/default/spool/gmaster/ .
In summary, while both GE and SGE serve similar purposes in batch processing, they differ in versioning,

operating system support, service management methods, and specific configurations tailored to their
respective environments." }
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3ak/iroyeHue

* B 0603pumMmom byayLlem onmcaHHas
TEXHOJIOTNSA CTAaHET CTaHAaPTHbLIM

3Tarnom B CO3gaHUM OOKYMEeHTaunn
nns paspadarbiBaeMblX CUCTEM.

* Pa3paboTtka apxuTtekTypbl RAG
ABNAETCH HEU30EXHbIM LLIarom Ha
NyTW K CO34aHUI0 NMO/IHOMAaCLUTabHOro
LdoPOBOro ABOVHMKA 60/MbLLION
pa3pabarbiBaeMON CUCTEMBI.

Seminar HEPD: Andrey Shevel
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[lopoxxHaa KapTa gasibHeunllen pa3padoTku

Text description
database - B1

uestion from
administrator

—

— —

\
Y
|

| Monitorig data

database - B2 |
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e

— —
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—~—

Answer to
administrator

— —

—

-
e ~
e 1 DEEN
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Cnacmnoo 3a BHUMmaHue!
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Embedding

* Embedding — 310 npeobpa3oBaHue
TeKcTa JOKYyMeHTa (onucaHue
CUCTEMbI) B BEKTOPHYIO 6a3y AaHHbIX.

* Embedding BbinosiHAETCA
cneunasibHbIMW NPOrpaMmMHbIMU

cpefcTBaMu, KOTOPble peasin30BaHbl
Ha OCHOBE TPEHUPOBAHHbIX

NCKYCCTBEHHbIX HEUPOHHbIX CETEMN.
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Distribution of mentions of technical terms in Nature.com publications by year interval
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Accuracy (%)

https://agi.safe.ai/ Humanity's Last Exam

Accuracy of LLMs Across Benchmarks

100
80 —
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A % F7A A
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Models

Compared against the saturation of some existing benchmarks, Humanity's Last Exam accuracy
remains low across several frontier models, demonstrating its effectiveness for measuring advanced,
closed-ended, academic capabilities.
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