@ owx

Learning-To-Rank

Framework
How to create an army of models?

30.09.2024

Image by pch.vector on Freepik
XXXXXXXXXXXKXRXERXXXR XN

XXXXXXXXXXXKXKXXKRNRX NN

XXXXXXXXXXXXXKRKRNXR NN
. S e
XXXXXXXXXXXXXKXKENR® NN

. . . XXXXXXXXXKXXK KKK KRS NN R
Catarina Goncalves Marcin Gumkowski XXXXXXXKXKXXXXKKKXKX KKK XN R
Data Scientist, OLX Group ML Engineer, OLX Group XXXXXXXKXXKXKKKK KKK XR R

XXXXXXXXXRXKX XXX N NNNR
XXXXXXXXXXXXXKXKRNR NN


https://www.freepik.com/free-vector/business-team-putting-together-jigsaw-puzzle-isolated-flat-vector-illustration-cartoon-partners-working-connection-teamwork-partnership-cooperation-concept_10606197.htm#fromView=keyword&page=1&position=3&uuid=91733708-1e3a-47bf-bad1-c10ac26a4646

About us

[N,

From Olhéo, Portugal BSc and MSc in Computer Catarina Gongalves

Science and Engineering Junior Data Scientist

@ Instituto Superior Técnico (2017-2022) Lisbon, Portugal



About us

BSc and MSc in Computer Marcin Gumkowski

Science Senior Machine
@ Poznan University of Technology Learning Engineer
(2009-2014)

Poznan, Poland



TR Tramework
Meet the team

llan Dubois Marcin Gumkowski Catarina Katarzyna Cristian Martinez
Gongalves Wagner-Wojciska
Senior Machine Senior Machine Junior Data Scientist Senior Data Data Science

Learning Engineer Learning Engineer Product Manager Manager



Agenda

W OLX Group

W Learning to rank - algorithm intro (OLX use case)
W OLX Group challenges

W LTR Framework

W Status Quo

W Next Steps and Q&A

OLX







OLX 10D

-

e . N O I
million million

+ Markets monthly active
app users Ilstlngs

\ J

e T Y N

-—— %
4 Customer
® satisfaction**

Average OLX app rating*/ \ /
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https://triton.olxgroup.bi/#/site/europe/views/CustomerEngagementBarometer-OLXv2_9_1/Weighted?:iid=2

We empower millions of people in making key life

Starts their career >10M . Starts a family

found a
car with our
platforms

new home
with our

>4M y 0.5M found a

found a Wedding planner on

o0 0.6M found
Moves away Get a car baby stroller on OLX

>2M found a video game
or console on OLX

*Data from OLX platforms in Europe, based on unique repliers in the given (sub)category within entire FY23. 8
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Learning to Rank
Algorithm
Introduction




Learning to Rank

Ranked documents

iphone 128GB

l : 1.
queries
- >
Search Engine
l extracts 2.
documents




We could ask our users what ads are
relevant for each query

Is it relevant for you? - Btk | B W aodade V

Iphone 15 pro 256gb 3,900 PLN

Used

Warsaw, Biatoteka - Today at 08:37

iPhone 15 Pro Natural Titanium | Warranty 2025

Used

Warsaw, Mokotow - Today at 1153

Iphone 15 Pro Max, 256GB, PL Showroom + accessories 3,800 PLN

Used

o Warsaw, Mokotow - Today at 1519 (V)

(D 3,800 PLN

for

© Service with OLX Shipping

w, Biatoleka - September 20, 2024
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We could ask our users what ads are
relevant for each query
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(D 3,800 PLN

for

© Service with OLX Shipping
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w, Biatoleka - September 20, 2024
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We could ask our users what ads are
relevant for each query

Is it relevant for you? —— A | S g V

Iphone 15 pro 256gb 3,900 PLN

Used

no

Warsaw, Biatoteka - Today at 08:37

iPhone 15 Pro Natural Titanium | Warranty 2025

Used

yes

Warsaw, Mokotow - Today at 1153

Iphone 15 Pro Max, 256GB, PL Showroom + accessories 3,800 PLN

Used

yes

o Warsaw, Mokotow - Today at 1519 (V)

(D 3,800 PLN

for

© Service with OLX Shipping

no

w, Biatoleka - September 20, 2024
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What are the characteristics that make an
ad relevant?

Iphone 14 128GB 95% battery MIDNIGHT BLACK G5 PLN 1,900

Used @ Service service with OLX Parcel

Just an item
PLN 3,249

User Signals - clickstream events

OLX



Learning to Rank

How we build the
dataset




Learning to Rank

How we build the
datase

Q iphone 15 pro X @ Warszawa, Mazowieckie X +0km v

Iphone 15 pro 256gb 3,900 PLN
Used

Warsaw, Biatoleka - Today at 08:37 V)

iPhone 15 Pro Natural Titanium | Warr. 1,300 PLN

Used

Warsaw, Mokotow - Today at 1153

Iphone 15 Pro Max, 256GB, PL Showroom + accessories

Used

- Today at 1519

OLX




Learning to Rank

How we build the
datase

Q iphone 15 pro X @ Warszawa, Mazowieckie X +0km v

Iphone 15 pro 256gb 3,900 PLN
Used

Warsaw, Bialoteka - Today at 08:37 V)

iPhone 15 Pro Natural Titanium | Warr.

Used

Warsaw, Mokotow - Today at 1153

Iphone 15 Pro Max, 256GB, PL Showroom + accessories

Used

- Today at 1519
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Learning to Rank

How we build the
datase

Q iphone 15 pro X @ Warszawa, Mazowieckie X +0km v

Iphone 15 pro 256gb 3,900 PLN
Used

Warsaw, Bialoteka - Today at 08:37 V)

iPhone 15 Pro Natural Titanium | Warr. 1,300 PLN

Used

Warsaw, Mokotow - Today at 1153

Iphone 15 Pro Max, 256GB, PL Showroom + accessories

Used

- Today at 1519
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Learning to Rank

How we build the
dataset

Q iphone 15 pro X @ Warszawa, Mazowieckie X +0km v

Iphone 15 pro 256gb 3,900 PLN
Used

Warsaw, Bialoteka - Today at 08:37

iPhone 15 Pro Natural Titanium | Warranty 2025

Used

tow - Today at 1153

Iphone 15 Pro Max, 256GB, PL Showroom + accessories 3,800 PLN

iatio

- Today at 1519
0

e.g. ad price

OLX



Learning to Rank

How we build the
dataset

Q iphone 15 pro X @ Warszawa, Mazowieckie X +0km v

Iphone 15 pro 256gb 3,900 PLN
Used

Warsaw, Bialoteka - Today at 08:37

iPhone 15 Pro Natural Titanium | Warranty 2025

Used

e

Iphone 15 Pro Max, 256GB, PL Showroom + accessories

Used

Warsaw, Mokotow - Today at 15:19
- - fO f1

e.g. ad freshness

OLX



Learning to Rank

How we build the
dataset

Q iphone 15 pro X @ Warszawa, Mazowieckie X +0km v

Iphone 15 pro 256gb 3,900 PLN
Used

Iphone 15 Pro Max, 256GB, PL Showroom + accessories 3,800 PLN

Warsaw, Bialoteka - Today at 08:37 V)

iPhone 15 Pro Natural Titanium | Warranty 2025 1,300 PLN

Used

e.g. Click Through Rate

OLX



Learning to Rank

How we build the
dataset

Q iphone 15 pro X @ Warszawa, Mazowieckie X +0km v

Iphone 15 pro 256gb 3,900 PLN
Used

relevance

feka - Today at 08:37

iPhone 15 Pro Natural Titanium | Warranty 2025

o

Iphone 15 Pro Max, 256GB, PL Showroom + accessories

Used

OLX 22



Usual LTR pipeline

Train Model

XGBoost

miflow

DATA Lake @ tri o CatBoost Model
aka S3 registry

(click stream)

>~ LightGBM

OLX

Sol

d’/é

K
Search
engine
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Challenges in
OLX Group




H#1challenge

Many Targets to optimize...

Organicad ==y

*VAS - value added-service

OLX

Iphone 14 pro max 512GB idream insurance gold gold set

Used

LR
o | todz, Batuty - Refreshed on June 9, 2024 _ VAS ty p e # 2

iPhone 14 pro black, battery 92%, proof of purchase

Used

Scarves - June 9, 2024

| will sell an iPhone 14 pro max, 256GB memory, Space Black

New

Brenna - June 10, 2024

Delivery ad

&5 PLN 4,500
@ Service service with OLX Parcel
v

5 PLN 3,300

@ Service service with OLX Parcel

Y

PLN 1,800

25



Multi objective-optimization

Best Models Frontier
(NDCG@32)

paodel bumpup_moltrnew_0.8 @® MOLTR model
odel_bumpup_moltrnew_0.925

N
(52}
@ 0.26

e YR D S R0 B5000880688868801 Frontier
Line

(Pareto Solutions)

o
N
w

AE8EIDEIREERMRBMEMLOPIE9

prodel_bumpup_moltriew_0.

- Smgﬁppup_fm: oltri

IR

o

N

rS
s

NDCG VAS_Ads

Credit goes to: 006 0.07 0.08

@Andrii Rohovyi NDCG Organic_Ads@32

@Enderson Santos




#2 challenge

Multiple models

Ad category
(e.g. electronics)

Keyword Search Category Browsing

Delivery

VAS target




#2 challenge

Multiple models
ol e fuln o

Ads Cat .
(6.9, eloctronics) ~18 Categories on L1 level

Keyword Search Category Browsing

Delivery

VAS target




The pipelines hell

Dataset

processing Training Deploying

OLX Core data

Raw Data y
otors data
Motors Search Engine
>, ’ ’
]
obs catego!

RE Search Engine

* ,/ — U —

OLX Core Search Engine

OTOMOTO




Problems summary

OLX Core Motors Real Jobs in OLX
Estate
countries 7 (3 P&S, 4 non P&S) & & 7
repos to 3 1 1 1
maintain

optimization

Delivery, VASes,
Successful Events

VASes, Successful
Events

VASes, Successful
Events

VASes, Successful
Events

targets

mOfieIs. to 11+ 3+ 3+ 7+
maintain

duplicated YES YES NOT YET NOT YET

.eode
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Can we do better?

Dataset

- Training Deploying Inference
processing

OLX Core data

—>

OLX Core Search Engine

—>

Motors Search Engine

Motors data

NS

Jobs data

RE Search Engine

s

—>

OLX Core Search Engine

OLX 32



| TR Framework motivation

e stop duplicating efforts for rankings

ls

e stop growing technical debt ¥
e add synergy to the LTR projects %

e enable rapid experimentation *

e reduce costs across teams &

OLX 33
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LTR Framework

=)




LTR Framework

Dataset
processing

OLX data
q
Raw Data G}
OLX Core Search Engine

} E Motors Search Engine

Real Estat;
Qﬂess data @ .
oLX Jobs& RE Search Engine
q
OLX Core Search Engine

OLX 35

Framework Deploying Inference




Dataset unification

Query ID Doc ID Rank f_* r_* e_* Partition
Unique ID of the ad Position of the Features Relevance Extra country,
identifier of the | displayed to the | ad on the result relative to the signals features not platform, date,
user query user page document or (# clicks, # previously
the user replies, ...) classified
Required Required Required At least 1 At least 1 Optional At least 1
g_id | doc_id | rank | f_price | f_ctr | r_replied r_click e_source | country | year | month | day
ﬁ %_ 42 19 0 10 0.98 true true promoted pl 2024 09 30
s £
T ©
a b 42 57 1 89 0.95 false false promoted pl 2024 09 30
42 102 2 43 0.95 false true organic pl 2024 09 30
Y Y - Y
features relevance extra 36




Configuration Setup

3 unlts @ox = £ 1+ mOdeI
3+ countries 1+ target
3 environments

GOAL

Increase Flexibility Enhance Experimentation Better Organization



Configuration Setup

YDRA

Hierarchical
Configuration

defaults:
- environment:
- model_type:
- target:
- evaluation:

_self

brand:
[TolliAsaiAlanother country

Modularity
Scalability
Reusability

¢%’ Hydra

OLX 38


https://hydra.cc/

Scaling with Hydra

Runtime CLI
Overrides

e Flexibility

° Customization

e Dynamic
Adjustments /home /path_to_project/ $ p




Deployment [LogIC

OLX

40



Monitoring

LTR Framework’s setup

WHYLABS

g —> WHYLABS — Q% —> mlfI)W

Fetch, process
and clean data

Log dataset Train Model Save run and log
metrics



Monitoring
WHY LABS LTR_FWK_ {unit}_{country}

Key Features Benefits

Data Quality Observation e Enhanced Project Organization
Performance Monitoring e Improve Model Reliability
Customizable Dashboards e Reduce Downtime

Detect and root cause MLissues

Supports Ranking Projects

¢’ Whylabs

OLX 42


https://whylabs.ai/ml-monitoring

Monitoring
WHYLABS

Overview

Select resource

LTR_FWK_RE_PL

Summary Monitor M

Profiles \puts

Outputs

Data Profiles ?

2024-06-07 00:00:00 UTC

2024-06-11 00:00:00 UTC

Explore profiles

Resource Details

LTR_FWK_RE_PL

Daily

Model
Model typ

Ranking model

el ID

Integration Health ?
Profiles in range
Anomalies in range

0

Data health, la lays in range
& Not monitored

s ed:

About 2 hours ago
2024-06-07 00:00:00 UTC

Last profile in range

2024-06-11 00:00:00 UTC

Monitoring Coverage ?

Total coverage
0,
50%
Integration monitc
Not configured

Drift monitorir
v

Input Health ? X
Features

Anomalies, previous day

0

3 -Lvs. 7-day averag

Data volume, previous day

883k

A +2203% vs. 7-day average

About 2 hours ago

View model inputs

Model Health ?
Output Features

Anomalies, previous day

0

No changes vs. 7-day average

Data volume, previous day

14k

Model Performance ?
No data in range
2024/06/04 - 2024/06/12

Ground truth can be delayed
Check the Performance page.

Learn how to log performance data

Segments ?

No segments

ntyour data

Anomaly Summary ?

Total anomalies, previous day

0

\ -1anomalies vs. 7

Active monitors

3

No anomalies

Last profile analyze

About 2 hours ago

View anomaly feed

Explainability ?




Monitoring
WHYLABS

Monitors Preset monitors

Enable monitoring with one-click

Drift
R Data drift in model inputs Data drift in model inputs
New monitor; famous-blue-hawk-3562
| All discrete inputs [ | All non-discrete inputs
Menttor|D: famous bluehawk 3562 » Compared to a trailing 7 Compared to a trailing
7-day baseline 7-day baseline
1. Selectthe use case @ Monitor type Group:
® Drift O Bothinput and output columns | Enablewithoneclick | | Configure | | Enable with oneclick | | Configure
O Data quality @® Input columns
O Model performance
QO Output columns
Data quality
2. Select the type of analysis () 2 Outlier detection (stddev) A [.\ Duplicate changes Detect mixed schema
\/\;/\ Compared to a trailing E \\:/‘ Compared to a trailing 4 # nec Compared to a trailing
7-day baseline 7-day baseline 7-day baseline
3. Set the baseline ()
‘ Enable with one click Configure ‘ ‘ Enable with one click ‘ ‘ Configure Enable with one click Configure

4. Actions ()



Monitoring
WHYLABS

Monitors Alerts

Example of message
DS Buyer notification app A% 703 P\ received in dedicated
J Alert: Your monitor Eval-Train NDCGs Drift Check on GSIGCk ChCI n nel 6

low severity issues

- 6 alerts
Top Alerted Features
ut e 10 - 1 alerts
10 - 1 alerts
32 - 1 alerts
-1 alerts

| ndcg - 1 alerts

-1 alerts

Top Alerted Segments

- 6 alerts

LTR_FWK_RE_PL Monitor Manager Notification Settings

Model
LTR Overview with
n- modetected anomalies

Freshness

2024-09-11

Resource type
Ranking model

Anomalies in range

Last profile with anomalies

2024-09-11 00:00:00 UTC

Batch frequency

Daily

Shortcuts

35 inputs | 28 outputs | 0 segments

Reference profiles

0

Batch profile lineage

2024-06-07 to 2024-09-11

View summary dashboard

2024-09-11
Ingestion:

0

[l Data quality: 0

Data drift:

6

Performance: 0

Total

6




\elalitelgly

Key Features

Experiment Tracking
Reproducibility
Up-to-date Model Storage

Customizable

¢’ MLFlow

OLX

m I (96 Experiments  Models

pl example name ~ Runname

re_ltr_non_binary_train > pl example name

Date: 2024-09-19 15:43:32

Duration: 1.5s

» Notes [%
Model information

» Parameters
» Metrics

» Tags
Output storage
v Artifacts

v @8 model
model.json
B solr_model.json
B config.yaml
B model_card.pdf

46


https://mlflow.org/

\Yilelglitelqligle

Model Cards™

Ranking insights

feature_1

feature_2
Avg position Before After
Bumped ads 14.6  14.0
Clicks 14.6 139
Replies 14.1 13.0

feature_3
feature_4

feature_5

We present here the offline NDCG metrics.

feature_6

feature_7

o
=
©
>
e
-]
=1
h:

Dataset figures are the performance that actually happened. Evaluation
values represent the theorical performance on new data.

feature_8

feature_9

feature_10

NDCG@10 NDCG@32
Dataset  0.277 0.396
Evaluation 0.317 [14.6%] 0.424 [7.0%]

feature_11

-2 -1 0 1 2 3
SHAP value (impact on model output)

example

OLX Y
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Status Quo




Releases

Motors Planned

OLX Core 30% Progress

@ owx

Real Estate Integrated

. . LTR Models
storia otodom imovirtual



Real Estate Release

Automated Pipelines MLFlow Integration WhyLabs Monitoring

storia otodom imovirtual

aaaaaa Poland Portugal



Real Estate Reclease

Apache
ALItO m ated P i pe I i n es () odyn_dag_Itr_framework_ranking_dataset_re_pl T

Itr_framework  ranking_dataset_re_pl

Daily automated pipelines for
efficient dataset creation and
model training, ensuring
continuous  tracking and
up-to-dateness of models.

0 odyn_dag_Itr_framework_ranking_dataset_re_pt

Itr_framework
Itr_framework ranking_dataset_re_pt

o odyn_dag_Itr_framework_ranking_dataset_re_ro

Itr_framework ranking_dataset_re_ro

Itr_framework

Example

odyn__ltr_framework__dag_ranking_dataset_re_pt.start (A A R RN N RRRRRRR RO RO RENRERUREOB)]
odyn__ltr_framework__dag_ranking_dataset_re_pt.create_dataset (LA AR RN R R R NRRRRRARENRAORUN N

OLX 51



Real Estate Reclease

ul

MLflow Integration &
Automation

After training, the resulting
trained models, features,
parameters, and

performance metrics, all

complemented by detailed
model cards, are stored in

the desired MLflow

experiment.

OLX

Start Time Run Name

@ 3 hours ago plv0.5

© 3 hours ago 10 v0.5
@ 1day ago pIv0.5
© 1 day ago rov0.5

© 2 days ago plv0.5

v Artifacts

v = model
modeljson "
B o) Model files
solr_model.json
B config.yam!
1B model_card.pdf

Performance Metrics

0 Motrcs >

Us Sc Ve M eval_ndcg
0.451
0.441
0.446
0.429

0.434

Full Path:
Size: 50.95KB

eval_ndcg_10| eval_ndcg_32| allow_writing_{ boosting_type bootstrap_type

0.332 0.444 False
0.331 0.433 False
0.333 0.44 False
0.322 False

0.316 False

112 >

Model card pl v0.9

This ranking model was trained for OTODOM in PL.
Dataset

so

Dates ique Avg clicked per

20240918 or 7
i 6603 a1s

Model

Type: CatBoostRanker

Plain
Plain
Plain
Plain

Plain

Model Parameter

Parameters >

Bernoulli
Bernoulli
Bernoulli
Bernoulli

Bernoulli

Tags

developer

python_scr...
python_scr...
python_scr...

python_scr...

python_scr...




Real Estate Reclease

WHY LABS

WhyLabs Monitoring

For each country, there is a
WhyLabs resource to track
training data and model
outputs, utilizing  both
WhyLabs' and  custom
metrics for comprehensive
performance evaluation and

data quality observation.

OLX

Comparison with other WhyLabs resources

Select resource Compare with

LTR_FWK_RE_PL LTR_PWK_RE_RO|

Performance  Explainability Tracing

Segment Segment comparison

All data

Total input and output count

Performance  Explainability  Tracing
Search features 7 Show top features Model comparison 7

Q Ran! LTR_FWK_RE_RO

LTRFWK_RE_PL LTR_FWK_RE_RO

Rank Feature Name Global feature importance ? Rank  Feature Name

Global feature importance ?




TR framework speeding
up the development

OLD WAY FRAMEWORK

scaling scaling
Nr of weeks needed to conduct each step adding new featuresto addingnew features to
feature other feature other
country country

Calculate new feature
Add new feature to the dataset
Train new models and select the best one
Run AB test

Analyse results & evaluate acceptance criteria

TOTAL # weeks

Adding new features Training a model

~25% faster ~50-75% faster



TR framework speeding
up the development

Adding new features Adding new features .
to dataset Model Training
UP TO
15% 25% 15%
o o o
faster faster faster

O]\ VS LTR FRAMEWORK

Percentual impact on time needed to conclude each step



TR fTramework Motivation
Overview

MOTIVATION = Status

Stop duplicating efforts
Stop growing technical debt
Add synergy to the LTR projects

Enable rapid experimentation

NSNS N

Reduce costs across teams
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Next Steps %




What's Next?

OLX

Migrations

Migrate the
remaining units into
the Framework.

30% Motors

Feature
Engineering

Take advantage of
cross-project
synergies to identify
features that proved
value in other
contexts.

=

Scaling Up

Accommodate
growth, ensure
performance, and
meet the increasing
demands of the
system.

W
It v

Well,, why nbt':"l -

58



TALKING ABouT!

UNDERSTAND WHAT WE'RE
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THE PUBLIC ARE STARTING To

L SYE{YE0) Xy SO0 &

?

Any questions
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OLX
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