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PekoMeHgaTenbHble CUCTEMDbI



Bugbl pekommeHgepoB. [MpuHUUN NOCTPOEHUA

Recommender systems
|

. . ‘

Content based methods Collaborative filtering methods Hybrid methods
Define a model for user-item | Mix content based and
interactions where users and/or l l collaborative filtering
items representations are given approaches.

(explicit features).
Model based Memory based

Define a model for user-item Define no model for user-item
interactions where users interactions and rely on
and items representations similarities between users
have to be learned from or items in terms of
interactions matrix. observed interactions. 0



Bugbl pekommeHgepoB. HasHayeHue

user-item
item-item
item-user
user-user (?)

WD



My3bikanbHbi item2item pekomeHgep B OK
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OnucaHue 3apauu

- item2item recommender

- [lybnunyHbin gaTtacer
https://www.kaggle.com/datasets/pcbreviglieri/lastfm-mu
sic-artist-scrobbles

- Java
- kNN anroputm



KonnabopatuneHasa ¢punbTpaums
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Bbi6bop 6Mb6IMOTEKN



bnénmnoteku nuHenHon anrebpbl Ha Java

Python - Numpy (pandas)

Period: 1 month v

September 8, 2023 — October 8, 2023

Overview

121 Active pull requests 158 Active issues

fo 94 1927 ©ns ©40

Merged pull requests Open pull requests Closed issues New issues

30
Excluding merges, 31 authors have pushed 155 commits to

main and 195 commits to all branches. On main, 327 files have
changed and there have been 4,642 additions and

| . » | : III
9,763 deletions. g II....--.---

L leELE] o [ X o s

o

© 1 Release published by 1 person

1

® dwh2io

u

O 0 D DO DD

Scala - Breeze (Spark internal)

github/workflows Create scalayml

benchmark Bump dev.ludovic.netlib to 3.0.0

macros bump spire to 0.18.0

math bump spire to 0.18.0

natives clean up natives

project bump scala 3.1 version

viz more making tests happy

gitignore Update git ignore for VScode / metals settings

scalafmt.conf Scalafmt

DEVELOP.md notes the new codegen framework

LICENSE Refactor ADMM based ProximalMinimizer to breeze.optimize.quadratic f...
NOTICE infinitelteration API in FirstOrderMinimizer takes initialState;PQN b..
README.md 210

v 28cfesa on Aug 22,2022 {93,725 commits

2 years ago
last year
last year
last year

2 years ago
last year

2 years ago

2 years ago

6 years ago

2 years ago

9 years ago

9 years ago

last year



bnénmnotekn nnHenHom anrebpbl Ha Java

e Colt
E e Commons Math

v B « Efficient Java Matrix Library (EJML)
e Jama
e jblas
» JScience (Older benchmarks only)
¢ Matrix Toolkit Java (MTJ)

« OjAlgo

e Parallel Colt
¢ Universal Java Matrix Package (UJMP)
» Elegant Linear Algebra for Java (la4j)

Works in Process

e ND4J working through documentation and missing features issues TICKET

https://lessthanoptimal.github.io/Java-Matrix-Benchmark/
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IPPeKTUBHOE XpaHeHMe sparse MaTpuL,

Pointer
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© Matt Eding

101 Ways to Store a Sparse Matrix

CSC

Index Pointers

Indices

Data

https://medium.com/@jmaxg3/101-ways-to-store-a-sparse-matrix-c7f2bf15a229
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PaccTosiHua MeXay BeKTopamu

Cosine Distance/Similarity

Item 2
X,
Item 1
L
T- \
B’ Cosine Distance
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PekoMeHaaTesIbHble CUCTEeMbI
Ha 60/IbLUUX AAaHHbIX



UHpacTpyKTypa gaHHbIX

17 Kafka clusters Compute + 13kcabauT
J'7z 10k+batch jobs / day
180 servers Spqﬂ( Mepaua
540 TB 160TB RAM, 60k cores B OOBbEeKTHOM
1.5 PB NVME
XpaHunuuie
7 200 PB Inserting into 72 servers
" + 35PB/ year - 1,5TB/day
WA + 10 TB raw new / day 1 - 50,000,000,000 rows / day

HDD 150/600 TB
NVME 60/210 TB
RAM 5.5

[elweBne, HagéxHee, npouie. XpaHeHne netabantos ¢poTo 1 Bngeo B OK
https://youtu.be/uuGbbJhS708?si=tG44sFrOKB_r6DxF
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[ToTOKOBaA obpaboTKa. Samza

- Samza - CTpUMUHroBbIn Java-
dpenmBopK OT Linkedin

- Tacku 3anyckaroTca B
KOHTenHepax Yarn

- CocTofiHME MOXET XpaHUTbCA
B KV-cTopagxax (in-memory,
HDFS, Kafka)

- YeK-NMoWHTbI B OTAENbHbIN
Tonnk Kapku

Stream A

Restores consistent
state by consuming
from its changelog
partition

A BN,

|
Task 1 E Task 2 E } Restored .
] g

Stream B Changelog Stream

17
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BeKTOPHbIN NOUCK



3apavya BEKTOPHOro noucka

Default Representation "Good" Semantic Representation
w2
=.’:i-—./1 @ i:&:\: @ i::\: Deep Neural
@ Fal B3 5] S Network
<A Bl RS R
5 o & [

Nwem Hanbonee 61nskne o6 beKTbl B MHOTOMEPHOM BEKTOPHOM
NPOCTPaHCTBE
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BekTopHbIY nouck. FAISS

B 3agauye BEKTOPHOrro rnomnckKa ecTb ABa OCHOBHbIX
TpeboBaHUA: UCKaTb ObICTPO N XPaHUTb 3P PEeKTUBHO.

FAISS ncnonb3yeTt HECKOJIbKO MOAXOA0B:
1.  Asymmetric distance computation (ADC)

2. Inverted file (IVF)
3. Product quantization (PQ)

Faiss is a library for efficient similarity search
https://github.com/facebookresearch/faiss
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BekTopHbIY nouck: FAISS. ADC

1. Bocnonb3yemMcsa ngeemn KoOp3nHoOK U
pasfennm Halle NPoCTPaHCTBO Ha
KnacTtepbl ¢ noMolbio K-Means

2. na pernpe3eHTaunn KOp3nHbl BO3bMEM
BEKTOP UEHTPAJZIbHOIO 3JIEMEHTA

3. [lpu 3anpoce HaxoauM 6nXXanLnin LEHTP
4. [1ocTaeM aneMeHThbl knacTepa yepes IVF

MeTopfbl NPUBANXKXEHHOrO NoMcka 6nmxannx cocenen
https://habr.com/ru/companies/vk/articles/338360/
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BekTopHbIN nouck. FAISS. IVF

[na UeHTpOoB KnacTepa NpocTo
XPaHUM CMUCOK 3/1EMEHTOB B HEM

9neMeHTbl BblgaeM gnas 4ecTHOro
pacyeTa 61130CTU

22




BekTopHbIn nouck: FAISS. PQ

BbluMTaeM aNneMeHTbl LileHTpounaa N3 BeKTopa
[lenvm nony4YeHHbI BEKTOP Ha KOP3UHKN
Kaayro 13 yacTen KnactepusyemM n 3aMmeHsem

NWHOEKCOM LEHTPa

Product Quantizers for k-NN

Original

vector “ 4,096 bytes
0 1 2 7

Sliced into .

cubveotore Rl RER REXd - EEEEEDN 4006 bytes

Replaced with id of
nearest centroid

8 bytes

https://mccormickml.com/2017/10/13/product-quantizer-tutorial-part-1/
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OK ANN

Cepsuc ons 6bICTPOro noncka 6anmxanwmx
cocefemn B BbICOKOPA3MEPHbIX BEKTOPHbIX
npocTpaHcTBax

[MoTokoBO YnTaem 13 Kapkm obbekTbl Ans
XpaHeHua u nuwem B FAISS nHgekc

YMeeM B N3MeHsAieMble MHOEKCHI
Yek-nonHTbl coxpaHaem B HDFS

OBy4YeHHble MHOEKCHI CEPBUM 1 BEPCUOHUPYEM
¢ nomoLbto MLflow

one-nio is a library for building high performance Java servers
https://github.com/odnoklassniki/one-nio

Vector database built for scalable similarity search
https://milvus.io/
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§€ kafka. Kafka topics

4 L)
FAISS
Production pe
services . Java
®»  one-nio wrapper
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mli/c @Fll%ﬁsdaap



Bugbl pekoMMeHpepoB

Recommender systems

.

Content based methods

Define a model for user-item
interactions where users and/or
items representations are given
(explicit features).

.

Collaborative filtering methods

l

‘

Model based

Define a model for user-item
interactions where users
and items representations
have to be learned from
interactions matrix.

25

‘

Memory based

Define no model for user-item
interactions and rely on
similarities between users

or items in terms of

observed interactions.

‘

Hybrid methods

Mix content based and
collaborative filtering
approaches.



KOHTEeHTHble HenpoceTu

Frequency Convolution

Ny
R V'j vy

Ty

T vy

ALY

TV

Fully

B Neural content-aware collaborative filtering for cold-start music
recommendation https://arxiv.org/pdf/2102.12369.pdf
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KOHTeHTHble HenpoceTu

Ob6oxato PeBaluob B 370 Bpems roaa

Text
Embedder

@ aemka
Cepreii KupbsiHoB | BaaamBocTok

Collab

Encoder = OKANN

Multimodal embeddings at Google
https://cloud.google.com/vertex-ai/docs/generative-ai/embeddings/get-multimodal-embeddings
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Henponnatdpopma OK

1. [1ennovm UHCTaHcbl s §‘gk°fk°‘“ Kafka topics

NHpepeHca B HaweM obnake ¥
2. [NpnmeHsaeM nannnanHbl Mogenen
K 0ObeKTaMm
Python
3. [lnwem pesynbTaTbl B Kadky inference
process
ACUHXPOHHO NN OTBEeYaeM no ,
Production -
PEMOYTUHIY NN REST CUMHXPOHHO services REST
=» one-hio

The Triton Inference Server
https://github.com/triton-inference-server/server

28
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Knaccunyeckue
peKoMMeHaepbl BCe eLle
pynaT (Mnun HeT)?



ChatGPT recommender

VS

> (o)

P \%4

Recommend me artist if | like Long Distance Calling, Pelican and
Cpyb 22:45

- If you like Long Distance Calling, you might also enjoy albums by
Toundra, Collapse Under the Empire, or God Is An Astronaut.

- If you enjoy Pelican, you might also like albums by Russian
Circles, Red Sparowes, or Cult of Luna.

- If you're a fan of Cpy6, you might enjoy albums by Molchat
Doma, Kino, or Motorama (all of whom are Russian bands with a
similar sound).

A Survey on Large Language Models for Recommendation
https://arxiv.org/abs/2305.19860
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ChatGPT recommender

Recommend me an similar artist to Sum 41 with explanation why
0:55 v
3. Lyrical Themes: Both Blink-182 and Sum 41 explore themes of
An artist similar to Sum 41 would be Blink-182. Both bands youth, rebellion, and self-identity, which resonate with listeners
emerged in the late 1990s and became prominent in the early going through similar experiences. Their lyrics often touch upon
2000s pop punk scene. Here's why Blink-182 is a recommended personal struggles, growing up, and the challenges of navigating
choice: the complexities of teenage life.

1. Catchy Pop Punk Sound: Both Blink-182 and Sum 41 are known 4. Popularity and Influence: Both bands have had a significant

for their infectious and energetic pop punk sound that combines impact on the pop punk genre and gained a substantial fan
catchy melodies, fast-paced guitar riffs, and relatable lyrics. This following over the years. Their music has resonated with a wide

similarity in style ensures that fans of Sum 41 would find familiar audience, making them influential figures in the punk rock scene.
elements in Blink-182's music.

Overall, if you enjoy the energetic pop punk sound, catchy
2. Humor and Wit: Both bands incorporate humor and wit into melodies, humor-infused lyrics, and relatable themes of Sum 41,

their lyrics, often addressing teenage angst, relationships, and Blink-182 would be a great artist to explore as they share many of
everyday struggles with a light-hearted and self-aware approach. these characteristics.

This shared element adds an entertaining dimension to their
music, making their songs relatable and enjoyable for fans.

A Survey on Large Language Models for Recommendation
https://arxiv.org/abs/2305.19860
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BbiBOAbI

—

HanuncaTb NpUMUTUBHLIN peKoMeHaep Ha Java NnpocTo

2. CnoXKHble peKkcucTeMbl TPeEOYIOT NHPPACTPYKTYpPbI, KOTOpada Moo
HanucaHa Ha Java, nmbo ee ygobHo o6epHyThb B Java.

3. bonblne A3bIKOBbIE MOAENN MOKa YCTYNaroT KNaCCUYECKUM

peKCcUcTemMam.

Kop npumepa
https://github.com/netcitizenrus/Joker_2023_ex
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Cnacunbo 3a
BHUMaHue!

AHppen KysHeuos, ML Team Lead, OgHOKIaCcCHUKMN
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