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What?

e \Who?
e Product side
e Engineering and research side

e Questions (after each section)



Why product and engineering side?
e RecSys

o context is important

o implementation and infrastructure is important

e bad infrastructure — expensive/impossible experiments
and analysis

e good engineering— good research

e engineering + research — ability to do things right

e good product management — ability to do right things <



Who?

e Ondrej Javornicky
o In Seznam.cz from 2011
o 2013 - 2016 responsible for advertising system and ad targeting
o In 2014 he set up the Recommender Systems Department

e Matej Jakimov
o Completed this course at 2014
o Research and engineering on recommender systems at
GaussAlgo — Seznam
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Internet  Firmy ~ Mapy  Zbozi  Obrazky

Stream.cz Zaviit x

Nova epizoda serialu Pfijela pout: Pavlinka
Intelektualni slusna divka na navitévé u svétskych. Béhem
jediného dne se stane svédkem nevéry, Zhafstvi a
vyhroZovani se zbrani. A tim jeji souZeni zdaleka nekonéi!

S Seznam Zpravy - Pondéli 29. fijna. Svatek ma Silvie.

B

St'astné pondéli: Prosba &inskému vedeni:
Nechovejte se zase k Zemanovi tak, jak se chova
on k nam

Prezili jsme 28. fijen. Premiér Babi$ se potkaval s
evropskymi statniky, prezident Zeman odménil sve..
Zakulisi ceremonie na Hradé: David upustil medaili, Kubera se nedostal do salu

Merkelova oznamila konec v éele CDU. Kancléfkou zustane maximainé uz jen tfi roky

@ Novinky

y i . Meteorologové rozsifili vystrahu pred
silnym vétrem

Varovani Ceského hydrometeorologického ustavu (CHMU)
pred silnym vétrem plati nové na celém uzemi republiky...

Nové hlavni nadrazi se ma jmenovat Salingrad, rozhodli Briané

V Ralsku nasli mrtvou vi€ici. Zabilo ji zfejmé divoké prase

Milované i nenavidéné boty zvané kacenky jsou opét v modeé

Osm vét, které muze dési dfive, nez je Zena vyslovi

Jen 99 kusu a ani o jeden vic. Alpina pfedstavila paradné upravené BMW

@ Super

Ukazala odhalené télo bez podprsenky a dockala
se hejta: Fandové byli na Terezu Kerndlovou
hodné sprosti

Chtéla potésit svoje fanousky, ale do¢kala se pravého
opaku. Zpévacka Tereza Kerndlova na Instagram..

Chtéla by maminku, ktera vypada jako princezna? Mahulena Bo¢anova dcefi pfivedia jako
nahradnici Katefinu BroZzovou

Ve 14 letech se dostala do semifinale modelingové soutéze! Jedna z nejkrasnéjsich herecek

Slovnik  Jizdni fady Video

< Email Email Profi Zalozit novy e-mail

Zobrazit pfinlaseni do Emailu
v

Sluzby
Akce/Letaky Dovolena Lide Prohlize¢
Auto/Moto Email Profi Mapy Reality
Bazar Hry Mobilni aplikace  Volna mista
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Web - Trasa - 571 613 343
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Piihlasit se | Seznam

Novinky.cz

InternetaPC AutoMoto MuZi Védaaskoly Bydleni Cestovani Téma Specidly Pofasi Horoskop IV program Dennitisk Video

Zpravy dne

Meteorologové rozsifili

, v o v
vystrahu pied silnym vétrem
29. 10. Aktualizovano Varovani Ceského
hydrometeorologického tstavu (CHMU) pred
silnym vétrem plati nové na celém tizemi
republiky od pondélnich 17 hodin. Na hiebenech
hor miize vitr v narazech dosahovat rychlosti az
110 kilometrt v hodiné. Cel nek »

FOTO: Profimedia.cz

8
1 \a ,Q
Policejni prezident Tuhy konéi ve Nové hlavni niddrazi se ma V Ralsku nasli mrtvou v Zabilo
funkei, ma nahradit Klausovou jmenovat Salingrad, rozhodli jizfejmé divoké prase P Video
v Bratislavé Briiané 29.10. Mrtvé télo mladé viice nadli lesnici
29. 10. Spekulace o tom, Ze se piisobeni 29. 10. Brno - Salingrad. Pravé tak by se podle vlesich byvalého vojenského djezdu Ralsko na
Tomége Tuhého (46) ve funkei policejniho Britand, kteff se zapojili do ankety, mélo Ceskolipsku, nedaleko obce Hradéany. Podle
prezidenta po étyfech a pil letech chyli ke jmenovat nové Zeleznini nadrazi. Fadni ochréncii...
konci, jsou nyni... pojmenovini...
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stream.cz

Videa

ONE MAN SHOW

Tohle je ta nejvétsi SHOW na ceském internetu!
Nic podobného tady nikdy nebylo.

Internetovy diktator Kazma Kazmitch

spole¢né se svou bandou zlosynu dobyva svét.

% Odebirat )

Epizody Vse 2. generace 1. generace

I 29. Odhaleni zakulisi nataéeni
| v ONE MAN SHOW 1/10
k472,245 zhiédnuti

i 26. Nejdiskutovanéjsi kauza
Kazma vs. Mare$ bude mit
necekané odhaleni

403,356 zhlédnuti

I}  23. Novy dil je na spadnuti a
. \‘ { piekvapi celou Ceskou republiku
687,598 zhlédnuti

J 20. Kazma je zpatky a bude to
zase velky!

362,006 zhlédnuti

ﬂ 17. Dacjukova brusle — Teaser
l RQ?2 Q42 7hlédnuti

Porady Pohadky

Bonusy

[ T 28. Song Cizi zed' od Kazmovy
ONEMANSHOW Foundation

629,061 zhlédnuti

!; 25. Prostieno! Making of:
B Zakulisi nejvétsiho televizniho
. skandalu v Cesku

1,199,352 zhlednuti

22. Takto v Praze probihalo

3 nataceni nejvétsiho podvodu na
Justina Biebera
681,783 zhlednuti

| 19. Dacjukova brusle — Making of
‘ 438,348 Zhlédnuti

m 16. MS v hokeji 2016 — Making of
Y ana 703 Fhisdnti

Hledat porad, serial nebo epizodu B

celkem zhlédnuti

78,135,897

27. Odhaleni skandalu prohrané
sazky o Ferrari za 8 000 000 K¢
1,982,933 zhlédnuti

! 24. Prostfeno! Odhaleni
o nejvétsiho televizniho skandalu v
wL Cesku

4,367,320 zhiédnuti

21. Novy dil pIny neuvéritelnych
zvratli skongéil Zalobou od Justina
Biebera

2,334,105 zhlédnuti

% 18. Dacjukova brusle
1,414,436 zhlédnuti

m 15. MS v hokeji 2016
2 4R7 ANR 7hlédniiti

Prfihlasit se

Seznam.cz



SPORT.CZ Fotbal Hokej Tenis Motorsport Ostatnisporty Sport+ Béhani Videa Prihlasit se | Seznam

@ MS 2018 @ Tipsport extraliga ## Reprezentace SOSEAVHE MADICLTY DIGH

@ NHL ‘3'# Kontinentalni liga Q Prvni liga

2 Euro Hockey Tour ° Ostatni Q ) N ej I e pgl’
svétovy fotbal

Sparta - Brno 4:2 5 IS
Sparta slavila pfed nejvyssi
navstévou sezony vyhru nad Brnem

Premier SERIEA 7
League BUNDESLIGA Laliga

Chci objednat DIGI TV >

Minuta Tym  Hraé Akce
Kohler 0:1 %
Mueller 0:2

Delisle 1:2
Smejkal 2:2
Blain 3:2
Kumstat 4:2

Zaznam online reportaze »

21. fijna 2018 17:54 - Praha

Hokejisté Sparty diky dokonalému obratu zdolali ve 12. kole
extraligy mistrovskou Kometu Brno 4:2 a pripsali si tvrtou
vyhru v fadé. Hosté naopak poprvé v sezéné vysli ve dvou
duelech za sebou bodové naprazdno. Teprve druhé vitézstvi
Sparty z poslednich deviti vzajemnych duelt s Kometou
sledovala v O2 arené nejvy$si navstéva této sezony
extraligy 15 471 divaku.




LM MY .. & PROZENY
Firmrcz KU SUPERE! S PARAR..C2

S Televize Seznam

LIDE SBLAG

a ;
ot ovinky.cz 2 PORT.LZ

Mapv.ce Shoiics SREALITY.C2
stream.cz SKLIK .c2

5wm.ca POCA‘S'.CZ S ZPRAVY

GARAZ.CZ

S



About Seznam.cz

The most visited web on Czech internet
« 35 milions PV / day
« 3,2 milions RU / day

In November 2017, 6.2 million real users visited
Seznam.cz. That same month, the entire Czech
internet population was 7.22 RUs.

Eminent Publisher

Daily publish over

« 300 own articles / videos
* 400 external articles
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Indie plénuje riskantni misi na jizni pél Mésice.
Proé je nebezpe&na?

Indické kosmické agentura plénuje jiZ v druné poloving
letosniho roku podniknout riskantni vysazeni svél.

© Maminka

la
vstavani. Ne k.i«mu s
Jednim  Castjch davodd, |
fakt, Ze mu vypadne dudlik. L

s s e s
& Sport

Morava pi*o &i Suprlezba. Helmu Panochové
zdobi originalni napisy

S helmou od svého hlavniho sponzora na olympiadé
zévodit nemdZe, a tak aspoft Sarka Panéochové mohla...

Ukrutna kosa! vydésil se v Korej pionik. $ manzelkou Naganu
‘Smrt na prejezdu. Chtdl si zpestiit trénink, zaplati Zivotem

Manzelstyi pro ostudu: |
Zahrédkai, uZ je Gas! Co i pravé ted p‘mp‘!mvll ajai

© Novinky

hiete si obliGej! Jednoduché cviky, které vam zpevn
s o i T Na Strahové se Sikuji taxikaFi, chystaji
protestni jizdu Prahou

‘Taxikafi se ve Etvrtek seli na prazském Strahov, odkud
hodlaji pfed polednem vyjet do centra metropole na...

u Stream

Dalsi vzpoura v GSSD. Vedeni strany se postavili odbornici

Meteorologove varuji pred naledim

Zemrel noviné Kar . Kery v

Hyundai Santa Fe odhaleno, chce zaujmout obfi maskou a dzkymi svétiomety
Co nidi doveru v jinak fungujicim vztahu

Mor, Ktery néKolikrat Nejvétsi hanba naseho Upiné jiné €

Evropu,je  sportu ponodii o
stéle nebezpecny Lodn
Tisic I zajim.. Siay S Seznam Zpravy - Cvrtek 8. Gnora. Svétek mé Miada

To nechcete zait. Dvé a pal hodiny na Gfadé a
dozvite se: ,Nevim. Neznam. Vyjadfim se do
30 dni
Nabizime vém bonusovy materidlk nové epizodé

¥
Snih uz se v Gesku neudr2i, teploty zistanou pfes den nad bodem mrazu
Al Okamura Celi pfimé demokracii. etech, tar
mini $éf Piratd

10 nejy
vie, e

Jan Werch pat K nasim neiznéméjéim a nmmnqum
dwadalnlm a fimovym legendém, i presto, 2e d

Téchhle pét automobilovych klasik ndm

bude chybét

Prvni Skoda Octavia RS pomalu ale jsts mizi z Seskych
sinic.

5 dvod, fruw s manserens pary prossavas
libat ,po francouzsku®

Polibky, zviast ty vasnivé a milenecké, jsou pfimou
rozbuskou Kk lasce, a to nejen fyzické, ale | duSew..
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Indie planuje
Pro¢ je nebez

gy, ok kosmic
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Maminka

Maminka sdilela
vstavani. Ne kazdému s
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Sport
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P Ukrutna kosa! vydésil se v Koreji cesky olympionik. S manzelke
g
o Smrtna prejezdu. Chtél si zpestt rénink, zaplati Zvotem
Manzelstyi pro ostudu: Které celebrity spolu vydrZely jen par hodin nebo @ni2 m

Zahradkafi, uZ je Gas! Co si préva ted predpéstovat a jal
Jednoduché cviky, které vam zpevn

© Novinky
Vyzehlete si oblice

Ean
protest
Taxian

hodiajip

u Stream m
Dalsi vzpoura v 6SSD. Vedeni strany se

Meteorologove varuji pred néledim
Zemel novina Karel Slezak, ktery v Zem
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Pre-recommender era

Based on real-time statistic of each article and
manuali positioning articles on homepage.

« teams of editors

* real-time statistic

» operation 24/7

* manually selecting each article

* manually positioning each article

1 - Babi$ pfinesl na Hrad demisi a odnesl si povéreni k sesta...
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3 - Oc¢ima Sasi Mitrofanova: Duel: detaily, zasahy, fauly

4000 fé?
35004
30004 »@
£ 25001 &
§ 50
gzoom
15004
1000 &
5004
RS © o o o o o o o o O O O O O O O O o

mmmmmmmmmmmmmmmmmmmmmmmm
T T EWL 99 - - 8888 YRE S Q9 s - dd8® 8
________________________



[i denikPlus

plénuje riskantni misi na jizni pél Mésice.
Prot je nebezpecna?

Indické kosmické agentura plénuje jiz v druhé poloving
letodniho roku podniknout riskantni vysazeni svél.

© Maminka

la
vstavani. Ne k.idomu se to libi
Jednim 2 Eastjch davodu, prot se dit
fakt, Ze mu vypadne dudlik. Zatimco vatsi

Morava pi*o & Suprlezba. Helmu Pangochové
zdobi originalni napisy

S helmou od svého hlavniho sponzora na olympiddé
zévodit nemize, a tak aspoft Sérka Pantochové mohla..

— (A
Poctiva Seska cibulagki 4
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Evaluation

AB testing

e no offline evaluation will tell you what one AB test can
e you have to know what exactly you want to test and

how you can measure it
e at Seznam we run about 10 AB tests on RecSys in
same moment and 2-3 test of Ul
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Evaluation

User experience

e ask users
o use forms and user testing

Excellent



Current goals

e cookie — registered user
o for user identification
o GDPR

e more interactive elements in Ul
o like / dislike, comment, following...

e new metrics
o oriented on user satisfaction



Time for questions

NY



Engineering and research
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Technical point of view

e Primary problem is not an algorithm, but:

System must respond

~1000 reqg/sec/box

~50ms avg latency (100ms max latency)

All components - tens of physical machines - High Availability
Data are noisy and big

O O O O O



Our stack

e Python, Docker, Kubernetes, Git, CI/CD, Spark, Scala

o Ability to quickly develop something is the most important
e MariaDB Galler, Couchbase, Kafka, Elasticsearch,
Memcache, Swift Object Store

e Monitoring and alerting
o Prometheus, Grafana, Influxdb

e — Lot of engineering :) 8 developers + 2 researchers +
admins + many other teams
e Scrum ... Constantly under construction



Architecture

e very simplified, ignoring some important subsystems
e forked for each content service (e.g. Novinky, Stream)
e no precomputed recommendations

ltem-source
[ RSS feed H Feedserver H Index Contentserver Web

|

[ Model [ Features
trainers storage

Kafka

Event storage
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Architecture

e (almost) everything quickly reconfigurable (AB testable)
e Controlserver - key ingredient

ltem-source
[ RSS feed H Feedserver H Index Contentserver Web

|

[ Model [ Features
trainers storage

Kafka

Event storage




Data collection

e C(Clean data, get to know your data

unittests, integration tests

post deployment analysis - do not trust (your) code
beware of JavaScripts

beware of bots (good, harmless, evil)

garbage in-garbage out, misleading measurements

O O O O O



Deployed algorithms

e Matrix Factorization

o Alternating Least Squares
m faster than SGD
m parallelize better

o Each 10-50 minutes - one run of ALS from scratch -> Couchbase
o Now - single machine computation

m 10 min instead of 50 min

m ~30-100GB RAM, 32 CPU

m online, more flexible for experiments, need some additional infrastructure



Deployed algorithms

2.5 a=p=05 —
e Not every user have vector \ T
e New items do not have vector Vit
e Cold start
o Beta distribution - CTR 05 H
o Thompson sampling |
o Explore-exploit dillema % oz oa

o Clustering on CF vectors (demo)

e Cold start - logistic regression
o next slide



Deployed algorithms

e Logistic regression - Vowpal Wabbit
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Deployed algorithms

e Logistic regression - Vowpal Wabbit

©)
@)
@)

©)

Reranking of top few hundreds of candidates from CF/CTR-clu
many signals/features (ML terminology)

user ID, item ID, content tags, vector of interests from targeting
department (~hundreds of categories), estimation of age/sex, item
IDs user clicked in past ... + combinations of those

score(u, i) ~ user CTR + item CTR + user-tags CTR + item-age
CTR + itemH-item CTR + ...

not enough time to explain in detail

intro: Wide & Deep Learning for Recommender Systems

for those who know ML.:

log features in time of request - add labels later



https://arxiv.org/pdf/1606.07792.pdf

Time for questions

NY



Diversity / callibration

e |Intra List Similarity
o LDA vectors
o similar articles have similar vector
o titles + perex from RSS feed
o content - from fulltext robot department
o curse of dimensionality
e Most papers
o for each position p:
m arg max {relevancy(u, i) - A*avg(similarity(i, j) for j on position < p)}
o  O(num_positions*2 * num_candidates)
o infinite feed - no research



Diversity / callibration

e Product view
o feed is supposed to substitute
missing boxes on HP (originally)
o — some degree of low diversity

is intended
o — diversify just in cases if diversity
becomes an issue — ILS treshold
o simple formula:

score(pos) = 1/ topics_seen(pos) / articles_topic_seen(topic, pos)

o topics - LDA vectors clusters




Offline evaluation

e always use time-based train-test split

e for regression problems (price prediction)
o RMSE

e for logistic regression problems (CTR prediction)
o use LogLoss or RMSE

e for ranking problems
o use ranking metrics, nDCG, MRR
o clicks should be high in recommendation list

o use of RMSE for ranking problem is wrong
m just multiply score by some constant
m creators of MovielLens are saying it too



Offline evaluation

offline results - weak results
infinite feed and ranking metrics
strong position bias

many other biases

Inverse Propensity Score (multi-armed bandits)
o promising solution

o many assumptions, limited usability so far

e Offline evaluation of diversity

o alpha-nDCG = nonsense in practice
o nDCG-ILS curve?



Online evaluation

e Long-term effects are hard to measure
o Too good recommender example
o Complex feedback loops - research needed (simulations)
e |[solation of variants
o AB variants are affecting each other through training data
o FB, Netflix, ... - ignoring this issue
o preparing infrastructure to make experiments possible
(log AB variant for each interaction)
o evaluation of explore strategies will be possible
m some portion of randomness is beneficial for algorithms
m how big portion?
o simulations - promising area of research



Time for questions

NY



Research aspects In industry

e “To make great products: do machine learning like the
great engineer you are, not like the great machine
learning expert you aren’t.” Rules of ML, Google



Research aspects In industry

e Performance vs. simplicity vs. explainability

e Common scenario:

o researcher suggest new algorithm

o 3 days of work = 100 lines of code + 1000 lines of code for proof of
concept (offline evaluation)

o 6 months of work for 4 developers

o many thousands of lines of production code, 10 components that
requires care (monitoring, maintenance)

o black box for others

e Every nonstationary hyperparameter is problematic
o never ending story



RecSys research

e RecSys research is not easily portable
o different use case - different results for same solution
O many use cases:
m Spotify/Netflix - millions of songs, week
m Seznam.cz - 2000 articles, 50ms
m Booking.com - lot of domain constraints



RecSys research

e Almost no academic work is useful in practice:

o RMSE do not count, still lot of research based on it
item-based CF - Amazon
Matrix factorization - Netflix prize (Simon Funk’s blog!)
ALS - people from Yahoo
Factorization Machines - Kaggle competitions winners
m Criteo
m Avazu
m Outbrain
o Neural nets, Deep and Wide - Google, Gravity, YouTube
Facebook ... - logistic regression
o Where is academia? ... practical field indeed

O O O O

O



Last questions



Thanks



