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What is ETL?
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What is ETL? — traditional approach

Extract Transform

Load

OLTP

Recent operational data
Size in GBs, TBs

Simple queries

Low latency
Read/write operations
Row-store

Day-to-day operations

OLAP

Historical data

Size in TBs, PBs

Complex queries

High latency

Read operations
Column-store

Analytics, decision-making

=
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Operational data sources Data Staging Area (DSA)
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Challenges (take #1)

* Design aspects
* Schema mappings

* Data integration, data exchange
Data cleansing and data quality

* Rules based on integrity constraints

* Duplicate/error detection

* ML to improve accuracy of cleansing
e Additional complex transformations

* Data lineage, 1-N mappings,
generating new values and new fields (e.g., SK),
analytics, UDFs, ...

* Hard or infeasible to express most ETL
transformations w/ traditional relational ops

e Data and control flow
 How do we measure how ‘good’ an ETL flow is?
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* Engineering aspects

Decide cadence
* When, how often, ...?
* Batch, micro-batches, streaming?
Data extraction
e Without impacting the sources significantly
* Without losing on freshness
Various data types

* Structured, semi-structured, unstructured, flexible
schema

Many data sources, targets, engines

* Heterogeneous, federated, distributed
Programming heterogeneity

e Complex, multi-fragment flows

e Scripts, SQL constructs, UDFs, lambda, workflows —all in
the same flow

Conflicting objectives

* Performance, maintenance, fault-tolerance
Optimization

* End-to-end / individual transformations



A trip down history lane
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ETL research: a 20-year recap

* ETL Design

Logical model [DMDW’02] && Conceptual design [DOLAP’02] —first work on ETL conceptual modeling
UML, BPMN, BPEL modeling

Business process models, Web services, Hypercubes

Semantic Web, ontologies to automate ETL design creation

Graph-based logical ETL design

Automated mapping from conceptual to logical models

* End-to-end ETL Optimization

3\

Optimization as a state-space problem [ICDE’05] —first work on ETL optimization
Multiple optimization objectives: performance, maintainability, fault-tolerance
Intermediate results materialization

Parallelization and partition-based workload scheduling

Physical design and scheduling

Data flows with MapReduce-like UDFs

Multi-engine flow optimization
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ETL research: a 20-year recap

e Optimization of ETL operations

3\

Efficient extraction of delta values
Schema transformations
» data mappers, pivot/unpivot
Data cleansing transformations
Lineage of data transformations
Efficient resumption of interrupted data flows

Change-table techniques for incremental view
maintenance

Efficient data cubes

Cardinality estimation in ETL processes
ETL tasks in the context of Map-Reduce
Real-time processing of ETL operations

Simitsis, Skiadopoulos, Vassiliadis - The History, Present, and Future of ETL Technology — March 2023

e ETL lifecycle & governance

Monitoring/testing through regression tests
Explaining ETL processes with NL descriptions
Managing ETL evolution

Cataloguing frequent ETL patterns

ETL benchmarks

10+ research system prototypes



#papers

~400 publication

s avg #pubs/year

ETL research timeline [20-years: 2002-2022] [2ropapers 000
. » 100 articles 11-21: 26
Spark
Hadoop YARN, caching, staging,
Hadoop HTAP statistics, ETL for
Hive, OpenData,
UML design, ETL design: ETL tuning, partitioning, BPMN design, and geospatial, Incremental ETLand
logical models, business process, incr. loading, fault-tolerance, metadata, quality measures, multi-flow blockchain
design quality web services, conc2log active DW multi-engine IR-based ETL processing
semantic web ETL flows orchestration
40 /
/ W #journals M #papers M #Hother
e m B _ H = m B l l i =
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
conceptual model ETL optimization near-real time, ETL-MapReduce, multi-engine, on-demand ETL UDFs Delta Lake,
[DOLAP’02] [ICDE’05] multi-objective requirement optimization, ETL, parallelization Lakehouse
Logical model optimization, driven design, physical design ETL security, and cost model
[DMDW’02] card estimation, hypercubes, scheduling, SPARQL ETL
ETL evolution, parallelization graph ETL —
ETL benchmark, NoDB In-situ
BPEL design Data lakes HFMS polystore processing
|| ETLtechnology
— [ | infrastructure
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ETL research publications [20-years: 02-22]

' computer science bibliography

~ @ Stop the war! ~B ET X |®

Search query: ETLS - —
.; Search dblp for Publications e
[pa pe rS With ETL in the powered by CompleteSearch, courtesy of Hannah East, University of Freiburg p—

title —i.e., not all ETL > Home > Search e ] [B

related pa pe rS] [-] Publication search results & [-] Refine list -
found 394 matches 30 . =
2023 Ih imll& —
B B 8%« vuan Peng, Elisa Henke, Ines Reinecke, Michéle Zoch, Martin Sedimayr, Franziska Bathelt: e o Femee
An ETL-process design for data harmonization to participate in international research with refine by author n -
| German real-world data based on FHIR and OMOP CDM. Int. |. Medical Informatics 169: 104925 (2023) Alkds Simitsis (37) o - g

Orlando Belo (27) i .- A~

~4OO p u bl icatio n S B E & ® < vijayalakshmi Manickam ®, Minu Rajasekaran Indra ©: E;;z\ii::”ii.:;;o;z(g]g} -

Dynamic multi-variant relational scheme-based intelligent ETL framework for healthcare

. Christian Thomsen o (11

management. Soft Comput. 27(1): 605-614 (2023) Torben Bach Pedersen E1 1; - e AN |
2022 Alberto Abellé (10) | TR r
B 2 & ® « salmaDammak, Faiza Ghozzi, Asma Sellami, Faiez Gargouri @®: ;?:::,.,c:io(ug? B

Managing vulnerabilities during the development of a secure ETL processes. Int. ]. Inf. Comput. Stefan Delloch (3) e e

Secur. 18(1/2): 75-104 (2022) 755 more options F—— -
B E & R« vuevu®, NansuZong, Andrew Wen, Sijia Liu @, Daniel |. Stone, David Knaack, Alanna M. Chamberlain, refine by venue [ -

Emily R. Pfaff, Davera Gabriel, Christopher G. Chute @, Nilay Shah, Guoqgian Jiang: LNCS (61) b

Developing an ETL tool for converting the PCORnet CDM into the OMOP CDM to facilitate the ESULQE;:‘}SM Proceedings (1) £

COVID-19 data integration. |. Biomed. Informatics 127: 104002 (2022) ccis (17) F g e S
W B &8 ® < Erum Mehmood, Tayyaba Anees: gD&ISE{?}z} —— [

Distributed real-time ETL architecture for unstructured big data. Knowl. Inf. Syst. 64(12): 3419-3445 C:RREH 1) e .

(2022) ICEIS () —_— .
B B & ® «¢ Rudra Pratap Deb Nath, Oscar R Torben B P .

p Deb Nath, Oscar Romero, Torben Bac| ICDE (7) |- fe-

High-level ETL for semantic data warehouses. S 219 more options

B E & ® <« Bruno Oliveira ®, Mario Leite, Oscar Oliveira @, Orl
A Service-Oriented Framework for ETL Impleme

refine by type SR
Conference and Workshop Papers (276)
- Journal Articles (95)

B E & X< vivian 5. Silva, Lautaro Matas, Tales Moreira, Washi Informal Publications (11) . =

An ETL strategy for integrating the LA Referencia platform and VIVO for the Brazilian CRIS. CRIS Reference Works (7) = -~

2022: 111-117 Books and Theses (2) NS
Parts in Books or Collections (2) o
B E & ® « KaYung Cheng, Santiago Pazmino, Bjérn Schreiweis: Data and Artifacts (1) .
: ; TRRTREYVoN —
[ source: DBLP - https://dblp.uni-trier.de | o S
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... but how did we start? ...



Real-world ETL scenarios

Conceptual data model

Collection Type - (Tech)

Document - (Spec)

RDBMS, Flat Files.

ETL Design Process

Define Target
Activities

Create Load Target Craate Data ?:‘f}"_:"
Target Data hems i Mapping - -

Collection in COMAfom [= ¥ Groups in [ each Daca
COMA Data Model COMA

Enter Targat

Facets Model, Wellpoint Business
Definition

Capture

Mapping Group - (Project)
Facats 3 IDS

Contact — (Person)
Knowledge Stewards, BDA, CIS
System Experts

Collection — (System)

Facats, IDS

}_4

K led,

Resources

Define Source &
Target Collections

;l

Category - (Subject Area)

Claims, Member

Define Data Items & |

Sub Category — (Table/File)

Claims Header, Provider Address

Code Set Mapping —

Facels Gender < IDS.Gender

Data Item Mapping

Data Item — (Field/Column)

Facats CLM_NUM = IDS Claim_No

Define ETL Mappings &

Transformations

Claim Number, Provider Name

Code Set

Claims Status, Gendar

[

Code — (Cde Value
A - Active
| - Incative

Code Mapping
Active ~ ACT

Define Source &

Target Codes & Integrate

]_

Code Integration
Activities
e Corshuct Enter Targat Code Logic ource Map Sourcs Magpings ard Set
. v odes i o on-direct Codes for il and Target
Bt from Irtmgration - Codes Complsts IND in
c Masting OMA Code A
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ETL technology — 20 years ago

e ETL was flourishing in the industry...
* 200+ commercial ETL tools in 2003

[src: https://web.imsi.athenarc.gr/~alkis/publications/ETLTools.htm]
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ETL technology — 20 years ago

:

e ... but research wasn’t particularly thrilled

Reviewer #3
| 1: Is the paper relevant to VLDE Conference?: Yes

|I am unable to grasp the novelty in the 1dea

. IeCHOIICAr U Viodho TUTOL L

6: Presentation: Weak accept
7: Overall rating: Weak reject
8 Reviewer confidence: High

|the entlre effort seems identical to query optimization

The paper pmpo B techmques for uptumzatmn of ETL w orkﬂm'.s in data W arehousmg env 1mnments

I am unable to grasp The nov elrj, i the 1dea th-: enttre effort seems 1dent1|:al to query apnm1zat10n Ma} be the d1ﬂ"er-:nt1al 15 u1

lMaybe the differential 1s in a slightly richer set of operatlonsl

Hnors.

gea above

h
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Data Warehouses # collections of materialized views!!

ETL workﬂows # “bi1g” queries!

DS.PS,.PKEY
DS.PS NEW, .PKEY, t !
S.PS_ LOOKUP PS.SKEY,

SUPPKEY=1 —
DS.PS_NEW DS.PS_ OEDl PREY SUPPKEY
1
g
S L
—————]
DS.PS_OLD j

C > DS.PS_NEW,.PKEY, DS.PS,.PKEY,

DS.PS_OLD,.PKEY SUPPKEY=2 LOOKUP_PS . SKEY,
2
v
DS.PS_OLD

~—
‘ S, PARTSU I > Fre,
" PP
This has
S, PARTSU FTP,
always been B8

the vision

PKEY, DAY
MIN (§OST)

-
> Aggregat:
PKEY, MONTH

AVG (§OST)
-
Aggregat
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Data Warehouses # collections of materialized viewsl!!

ETL workflows # “big” queries!

AddSPkey>

\§>
has
always been

the vision

|
ATHENA



Arktos Il — Our in-house ETL design project

[circa 2000-2005]

=
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@ ARKTOS I - Graph - [Scenario_2]

g:]‘-tFiIe Modes Edges Zoom  Twpes  ‘Window  Help

— e —— '
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Drawing
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LookUp.5Key,
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Core Arktos team

P. Georgantas

N. Karayannidis
G. Papastefanatos
A. Simitsis

T. Sellis

S. Skiadopoulos
M. Terrovitis

Z. Vagena

P. Vassiliadis

Y. Vassiliou
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ETL research publications |[circa 2002]

W [ & ¢ % UIdr BOUssdid, Fauimd BETIIYED, JETOITE UAarTmior ry
A multi-agent system-based ETL approach for complex data. ISPE CE 2003: 49-52

B B &L ®« Alkis Simitsis:
Modeling and managing ETL processes. VLDBE PhD Workshop 2003
2002

mEL

A
&

Panos Vassiliadis, Alkis Simitsis, Spiros Skiadopoulos:

On the Logical Modeling of ETL Processes. CAISE 2002: 782-786
DOLAP 2002

Panos Vassiliadis, Alkis Simitsis, Spiros Skiadopoulos:
Modeling ETL activities as graphs. DMDW 2002: 52-61

RS

A
&

mELC

o
i

Panos Vassiliadis, Alkis Simitsis, Spiros Skiadopoulos @:
Conceptual modeling for ETL processes. DOLAP 2002: 14-21

2001

B E & ® < Panos Vassiliadis ®, Zografoula Vagena, Spiros Skiadopoulos @, Nikos Karayannidis, Timos K. Sellis @:
ARKTOS: towards the modeling, design, control and execution of ETL processes. Inf. Syst. 26(8): 537-561 (2001)

B E 8 ®« Akihiko Nagakubo, Yasuo Kuniyoshi, Gordon Cheng;
ETL-Humanoid-A high-performance full body humanoid system for versatile actions. IROS 2001: 1087-1092

m
(i
[
e
Ho

Yasuo Kuniyoshi, Gordon Cheng, Akihiko Nagakubo:
ETL-Humanoid: A Research Vehicle for Open-Ended Action Imitation. ISRR 2001: 67-82

B E & ® <« vasuhiro Nakamura, Akio Fukushima, Yasuhiko Sakamoto, Tadashi Endo, Greig W. Small:
A multifrequency quadrature bridge for realization of the capacitance standard at ETL. IEEE Trans. Instrum. Meas. 48(2): 351-355 (1999)

]
m
]
A
&

Kazuhiko Yamamoto:
Future directions in computer vision and image understanding; ETL perspectives. ICPR (1) 1990: 32-37

e

A
&

Kazuyo Tanaka, Satoru Hayamizu, Kozo Ohta:
The ETL speech database for speech analysis and recognition research. ICSLP 1990

1962
m[&c

pe
&y

S. Takahashi, H. Nishino, K. Yoshihiro, Kazuhiro Fuchi:
System Design of the ETL Mk-6 Computer. IFIP Congress 1962: 690-693

1958
mEd

A
&

Ichiro Honda:
News [from Ichiro Honda on ETL research]. Mech. Transl. Comput. Linguistics 5(2): 43-50 (1958)

[ source: DBLP - https://dblp.uni-trier.de |
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Why a conceptual model?

DOES HE UNDERSTAND
LWHAT HE SAID OR
IS IT SOMETHING
HE SAW IN A TRADE
MAGATINE AD?

T THINK WE SHOULD
BUILD AM SEL
° Task DATABASE.

* Given fixed OLTP and OLAP schemas )

* Develop an efficient and scalable design to ..
propagate data from the former to the latter i-,
2

(WHAT COLOR DO YOU “II-
L

ANT THAT DATABASET )

E-mnil: BCOTTADAMS 2 ADL.COM

itfew @ 1958 United Fonters Syndicats, Inc [NVE]

* Challenges
« Different audiences: business users (the what) and IT professionals (the how)

* Lack of any kind of methodology, formalism, standard, or even recorded collective experience
* Ad hoc, in-house built solutions = hard to maintain, difficult to reuse

» Scalable design to capture schema mappings, data/schema lineage, evolution
* Provide a path to logical and physical models

e State-of-the-art in early 2000
e Research: n/a
* Industry: ad hoc, tedious, overcomplex, customized methods employing multiple documents, sheets, forms

h
é Simitsis, Skiadopoulos, Vassiliadis - The History, Present, and Future of ETL Technology — March 2023 19
ATHENA



Conceptual modeling for ETL
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Conceptual Modeling for ETL Processes

Panos Vassiliadis

Alkis Simitsis

Spiros Skiadopoulos

National Technical University of Athens,
Dept. of Electrical and Computer Eng.,
Iroon Polytechniou 9, 157 73, Athens, Greece,
Tel: +30-10-772-1602

pvassil@dbnet.ece.ntua.gr

ABSTRACT

Extraction-Transformation-Leading (ETL) tools are pileces of
software responsible for the extacton of data from several
sources, their cleansing, custonmuzation and inserfion inte a data
warehouse. In this paper, we focus on the problem of the
defimition of ETL activities and provide formal foundafions for
their conceptual representafion. The proposed conceptual model iz
(a) custonuzed for the tracmg of mier-atinbute mlationships and
the respective ETL activifies in the early stages of a data
warehouse project; (b) ennched with a 'palette’ of a set of
frequently used ETL activities, hke the assizmment of sunogate
keys, the check for null values, ete; and (¢) constructed m a
custormzable and extensible manner, so that the designer can
enrich it with his own re-occwmng patterns for ETL activities.

Categories and Subject Descriptors
H?21 [Databaze Management]: Logical design - data models,
schema and subschema.

General Terms

Design

Kevwords

Data warehousing, ETL, conceptual modelng

1. INTRODUCTION

Extraction-Trangformation-Loading (ETL) tools iz a category of
speciahzed tools with the task of dealmgz with data warehouse
homogeneity, cleaning and loading problems. [29] reports that
ETL and Data Cleamng tocls are eshmated to cost at least one
third of effort and expenses in the budzet of the data warehouse
while [8] menfions that this number can rise up to 80% of the
development tume in 2 data warshouse project. [14] mentions that
the ETL process costs 53% of the tofal costs of data warehouse
runfime. Stll, due to the complexity and the long learmms cumve
of these tools, many organizations prefer fo tum fo in-house
development to perform ETL and data cleaming tasks In fact,
while data warehouse expenses are to come up to 14
bilbion dollars worldwide, projected sales for ETL and data
cleaning tools are expected to nise to onty (1) 300 millon dollars.

Permission to mske digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or dismibwted for profit or commerdal advantage and that
copies bear this notice and the full citation on the first page. To copy
otherwise, or republish, to post on servers or to redistribute to lists,
Tequires prior specific permmission snd/or 2 fes.

DOLAPD2, Wovember 8, 2002, McLean, Virginia, USA.

Copyright 2002 ACM 1-58113-300-4/02/10011. . $5.00.

asimi@dbnet.ece.ntua.gr

spiros@dbnet.ece.ntua.gr

Thus, 1f is apparent that the design, development and deployment
of ETL processes, wiuch is cumrently performed in an ad-hoe, m
house fashion npeeds modelng, design and methodological
foundations. Unforhmately, a5 we shall show m the sequel, the
research comwmmmty has a lot of work to do to confromt this
shortcoming. In the rest of the paper, we will not discnmunate
between the tasks of ETL and Data Cleaning and adopt the name
ETL for both these kinds of activities.

In Fig 1, we abstractly describe the general framewaork for ETL
processes. [n the bottom layer we depict the data stores that are
wvolved m the overall process. On the left side, we can observe
the original data providers (typically, relational databases and
files). The data from these sowmces are extracted (as shown in the
upper left part of Fig. 1) by extraction routines which provide
either complste snapshots or differsmfials of the data sources.
Then, these data are propagated to the Dara Staging drea (DSA)
where they are transformed and cleaned before being loaded to
the data warehouse. The datz warshouse 15 depicted m the night
part of Fig. | and comprises the target data stores, 1.e., fact tables
and dimension tables. Eventually, the loadmg of the central
warebouse 15 performed through the leading activities depicted on
the upper night part of the figure.

Figure 1. The environment of ETL processes

In thes paper, we focus on the conceptual part of the defimition of
the ETL process. More specifically, we are dealmg with the
earliest stages of the datz warehouse desipn. Dhing this period,
the data warehouse desizner is concerned with fwo tasks which
are practically executed m parallel The first of these tasks
involves the collection of requirements from the part of the wsers.
The second task, which i of equal mportance for the success of
the data warehousing project, mvolves the amalysic of the
structure and comtent of the existing data sources and their
intentional mapping to the common data warchouse modsl

Conceptual modeling for ETL processes

[ACM DOLAP 2002]

Conceptual Modeling

for E'TL. processes

Panos Vassiliadis, Alkis Simitsis, Spiros Skiadopoulos

{pvassil, asimi,spiros}@dblab.ece.ntua.gr

National Technical University of Athens

KDBS Laboratory
http://www.dbnet.ece.ntua.gr

Graph Modeling [DMDW’02]
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Conceptual Model for ETL

Due to acccuracy
and small size

L

(< update window)

Annual
PartSupp’s N

S2.PARTSUPP

Recent L’ {XOR}
PartSupp’s
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S1and S2

L

Necessary providers: ﬁ {Duration<4h}

DW.PARTSUPP

S1.PARTSUPP

American to ﬁ Date = SysDate()

European Date

0

SuppKey

Qty

Early stages of design

Schema mappings: Trace the mapping of the
attributes of the data sources to the attributes
of the DW tables ...

... along with the necessary constraints and
transformations for the ETL process...

... as well as provision alternatives,
transformation composition, and an extensible
palette of transformations

Rather surprising to have attributes and
transformations as core concepts of the model

Conceptual Model

concept attribute "a“m“ ><:> Note

ETL constraint

—O— Xz

provider provider sertal
1:1 N:M composition

active canditate

™~
<> candidate, ~— E—> target

part of
candidate, -~ {XOR}
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Conceptual modeling for ETL processes

[ACM DOLAP 2002]

Instantiation & Spectalization Layers
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Instantiation & Specialization Layers
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Filters

Selection (o)

Not null (NN)

Primary key violation (PK)
Foreign key violation (FK)
Unique value (UN)

Domain mismatch DM)

Unary transformations

Push

Aggregation (y)

Projection (m)

Function application (f)
Surrogate key assignment (SK)
Tuple normalization (N)
Tuple denormalization (DN)

Binary transformations

Union (U)
Join (p<)
Diff (A)

Update Detection (Ay)

Vassiliadis, Simitsis,Skiadopoulos - DOLAP'02

Composite transformations

Slowly changing dimension (Type
1,2,3) (SDCc-1/2/3)

Format mismatch (FM)

Data type conversion (DTC)

Switch (o*)

Extended union (U)

File operations

EBCDIC to ASCII conversion (EB2AS)

Sort file (Sort)

Transfer operations

Ftp (FTP)

Compress/Decompress (Z/dZ)

Encrypt/Decrypt (Cr/dCr)
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Evolution of the ETL architecture

— ETL

staging area

— CDC

A 4

Ltf“ﬁ

get deltas

staging area

=
ATHENA
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Change Data Capture optimizations

* Apply trnx in the same order

* Batch-optimized

* Load w/ native perf, use MPP

* Capture and stream data changes into msg
broker (e.g., Kafka)



Evolution of the ETL architecture

— ELT

- o ||

staging tables | data tables

N— g

ELT particularly popular in cloud deployments There are other flavors too
* Often “EL” - data replication o ETLT, ELTL, ...

* Cheaper storage on-prem / cloud

Cheaper compute: Spark, Hadoop, Beam, cloud engines

Streaming data, ready for analysis at target
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Trends in ETL processing

e Streaming ETL

* Various sources, larger volumes, high speeds
» Data sources/consumers should connect/disconnect w/o interrupting the systems (horizontal scaling)

* Exactly-once semantics, in-memory, distributed processing

e Cloud ELT

3\

elastic scalability

massively parallel processing jobs
ability of routinely start/stop jobs fast
horizontal/vertical autoscaling

run serverless pipelines

dynamic work rebalancing

flexible resource scheduling

on premises

sql tables flat files
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cloud

data warehouse

»
L

staging tables  data tables

analytics




Trends in ETL processing

=

Reverse ETL
* Operational stores have isolated views of the domain
* DW has a global view
* Treat DW as an operational store that pushes insights back into the data sources

e Challenges
* schema validation,
 efficient sync, low overhead at the sources, optimized pipeline
* accuracy, consistency, privacy
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Trends in ETL infrastructure

— Traditional ETL

Bl, analytics

T

DW

T

ETL

|

sources

Two-tier DW — Data Lake

Bl, analytics ML, data science

A A
DW
f
ETL
X
Data Lake
souTrces

Lakehouse architecture

Bl, analytics ML, data science

1 i

Lakehouse

DW Data Lake

ETL

T

sources
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Alternatives to ETL

* Hybrid OLTP — OLAP or HTAP

* Running transactional processing and scalable analytics on the same database

* Accommodate very different workloads
* operational (many small trnx, many updates)
* analytical (complex, long running, resource demanding queries)
* Hybrid column and row store setups, multi-version concurrency control

* |n-situ processing

=
ATHENA

* Avoid ETL, while still offering the features set of databases
* Raw data files as a first-class citizen fully integrated with the query engine
* Flexible caching and adaptive indexing to keep positional information and provide efficient access to raw files
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ETL — the future

=
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Next gen ETL — challenges (take #2)

New ETL pipelines
* Modern business intelligence, multimodal data processing, Al/ML ETL pipelines

UDF-fueled in-engine ETL
* Impedance mismatch between UDF and SQL is no more

Learning ETL
* Exploit learning techniques toward self-managed ETL

Privacy preserving ETL
» So far, focus on data protection and security (CCPA, HIPAA, GDPR, etc.)
* Next: anonymization, differential privacy, homomorphic encryption, secure multi-party computation

Personal ETL
» Self-service data preparation

ML pipelines as ETL
» Data exploration, data discovery, feature engineering, observability, ML model auditing
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Conclusions
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Conclusions

* ETL technology

* The cornerstone of business intelligence, decision making, and data analytics for over 25 years
* Initial focus on design and optimization

* Evolved to other forms: ELT, streaming, cloud, reverse

* Evolving infrastructure: DW, Data lakes, Lakehouses, Multi-engine environments

e Qur take

* The ETL technology will remain relevant as long as it adapts to the modern business needs and data technology
advancements

* Big to

=
ATHENA

* The Test-of-Time award committee
* The large and strong DOLAP community
e Our many colleagues in this 20-year journey in the ETL-land and beyond
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