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MoTmBaLMG: o4eHb bonblwme Tabnmubl B data lake

(1) LIST

(1) LIST

Imytable/date=20240908

file

file

file

file

Imytable/date=20240909

file

file

file

file

SQL K oueHb 6onbunM Hive Tabnuuam us
Spark u Presto:

1.  Odonroe naaHuUpoBaHUe 13-3a 06muna
onepaumnm LIST



MoTmBaLMG: o4eHb bonblwme Tabnmubl B data lake

(1) LIST

(1) LIST

Imytable/date=20240908

file

file

file

file
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file

file

file

file

(2) HeaTomapHbiIit
update

SQL K oueHb 6onbunM Hive Tabnuuam us
Spark u Presto:

1.  Jonroe mnaHMpoBaHMe U3-3a 06Mnmng
onepaumnm LIST

2. HeBO3MOYXXHOCTb aTOMapPHOTIo
n006aBNEeHUSA MM M3MEHEHUS
HeCKOMbKMX GanioB



MoTmBaLMG: o4eHb bonblwme Tabnmubl B data lake

(1) LIST

(1) LIST

Imytable/date=20240908

file

file

file

file

Imytable/date=20240909

file

file

file

(2) HeaTomapHbiIit
update

(3) Eventual
consistency

SQL K oueHb 6onbunM Hive Tabnuuam us
Spark u Presto:

1.  Jonroe mnaHMpoBaHMe U3-3a 06Mnmng
onepaumnm LIST

2. HeBO3MOYXXHOCTb aTOMapPHOTIo
n006aBNEeHUSA MM M3MEHEHUS
HeCKOMbKMX GanioB

3. Cnabble rapaHTUM KOHCUCTEHTHOCTM
CO CTOPOHbI storage, KOTopble MOryT
NPEUBOOUNTb K HEMPABWUIbHbIM
pe3yfbraTam



MoTumBauUma: nepexon K shared storage

Compute Compute Compute Compute Compute Compute
Storage Storage Storage Storage

’
.

Shared-nothing

Shared storage

YMeHbLueHue CTOMMOCTM U time-to-market:

e MeHblle oy6nmMpoBaHMSA OaHHbIX
e DacTUYHOE MaclITabUpoBaHME BblYUCNTENbHbBIX MOLLHOCTEW
e MHOXEeCTBEHHbIe OBMXKKWM MO[ Pa3Hble HAarpy3Km



TabnnyHble popmaThl

o [lopooep)XMBaeET TpaH3aKUMKM
e [logaep)XMBaET 3BOMOLMIO CXEMDI
e Bbicokada Npon3BOAUNTENBHOCTb NPW pPaboTe ¢ BoNbLLUNMUK TabnnLLaMm

A HGa ICEBERG (P /\ DELTA LAKE

Open-source, Open-source, Pa3MblITble rpaHuLbl
NePBOMPOXOALLb, aKTUBHOE pa3BUTME KOMMepPYEeCKMX
CIOXKHbI nHTepecoB Databricks
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TabnnyHbl popmaT Apache Iceberg

Imytable/datal[partitioning]

data files

delete files

Imytable/metadata

snapshots

manifest lists

manifest

stats

[laHHble N AENbTbI

Kak yntatb faHHble U
NenbTbl, YTO Obl
NOMYy4YnNTb
KOHCUCTEHTHbIN
pesynbrar
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KypHanumpoBaHume B CYB/1

V2

XypHan — anHerHag Mctopma M3MeHeHMM
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ApxnTekTypa lceberg: metadata

mytable

metadata 3

metadata 1 [€—— metadata 2

Ha kaxkgoe nameHeHuMe Tabnuubl Apache Iceberg co3gaeTt HoBbIM metadata file, KoTopbI
MOMHOCTbIO OMUCbLIBAET TabnuMLLy.



ApxnTeKkTypa lceberg: rpaHmubl TpaH3aKLLM

Table A

metadata v1 metadata v2 metadata v3
Table B

metadata v1 metadata v2 metadata v3

Moaaep>XXMBatoTCa TpaH3aKUMKM B paMKax 04HOW TabauLibl

e bBanaHc NpakTn4eckowm Nonb3bl U CIOXHOCTU peanm3aumnm
e B HacToAawWMM MOMEHT naeT paboTa Ha Mmulti-table TpaH3akUMaMm
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ApxnTeKkTypa lceberg: otcnexxmBaHMe M3MeHEHN

Table A

—_— metadata v1 metadata v2 metadata v3

! !

Snapshot #1 Snapshot #1
Snapshot #2
Snapshot #3 Snapshot #3
Snapshot #4 Snapshot #4

Metadata - 3anucb B XKypHasie, KoTopada OMMCbIBAeT BCE M3BECTHbIE COCTOAHMSA TabNMLLbI:

o N3MeHeHna OaHHbIX
o N3MeHeHna MeTagaHHbIX (CXGMa, CTaTUCTUKWN, N T.,EI,.)



ApxnTeKkTypa lceberg: nsonaumsa TpaH3akumm ¢ noMoLlbo MVCC

— metadata v3 metadata v4

Y
READER ——— » Snapshot #3 Snapshot #3
READER ——— Snapshot #4 Snapshot #4

Snapshot #5 WRITER

e MHOXeCTBEHHbIe BEPCUUM AaHHbIX MO3BONAKOT YNTATb M MMUCATb AaHHble 6e3 6TOKNPOBOK
e Crapble CHaMLWOTbl HEOHBXOOAMMO MepunoaMYecKM yaoanaTb
o YcnosBHaga aHanorma — PG vacuum
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ApxmnTekTypa lceberg: snapshot

snapshot 1

shapshot 4

mytag

[
snapshot 2

snapshot 3 |ty

snapshot 5 plieleley

4

/mytable/date=20240909/filel : schemal

/mytable/date=20240909/file2 : schema2

Metadata cooep»XmT CNMCOK
snapshot

Snapshot-bl opraHM3oBaHbI B
6paHy4YM — IMHENHbIEe NCTOPUU
M3IMeHeHUN. o yMon4YaHmIo
Tabnuua nmeeTt ogmH Main
6paHYy

C otoenbHbIM snapshot MoxkeT
ObITb COMOCTABNEH TAr
Snapshot cogep»XmT CNMCcokK
$annoB faHHbIX, 113 KOTOPbIX
cocTosa/ia Tabnumua Ha MOMeHT
ero cosgaHud

17



Bce MeTagaHHble Iceberg

Iceberg Catalog

dbl.tablel
current metadata pointer

metadata layer

metadata file

®

manifest
list

metadata file

sO s1

manifest
list

manifest
file

manifest
file

manifest
file

data layer i

data files

data files

data files

Metadata - kntoueBon damn MeTagaHHbIX B
Apache Iceberg.

Bce ocTanbHoOe — 3TO onTuMm3aLLmMu aa4
YMEHbLLUEHUSA KOMUPOBAHUSA:

e Manifest list (Avro)
e Manifest (JSON)
e Cratuctmku (Puffin)*

*He NMoKa3aHbl Ha PNCyHKe
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PelwleHne npobnem Hive

Imytable/path/date=20240908

(1) LIST
He HYX€eH

file

file

file

file

Imytable/path/date=20240909

(1) LIST
He HYXeH

file

file

file

(2) ATomapHbIit
update

(3) TouHO 3Haewm,

4TO 34EeCb CKOPO
nosiButca cpaiin
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ATOMapHOG NM3IMeHeHMe MeTalaHHDbIX

mytable

~
~
~
~

~

*.._ CAS (oK)

~
~

metadata 3

metadata 1 [€—— metadata 2

[1na obecnevyeHMa NTIMHEMHOW UCTOPUN U3MEHEHMM TabNMLLbl HEOGXOAMMa BO3MOXXHOCTb
aTOMapHOro mepek/tYeHmMa Tabnnubl Ha HOBble MeTagaHHble. 3a 3To B Apache Iceberg
OTBeYaeT KaTanor

e CemaHTmyeckmn: compare_and_set(old_metadata_file_path, new_metadata_file_path)
e KaKk3To caoenatb?

o Yepes storage. Hanpumep, atoMapHbIK rename B HDFS

o Yepe3 CTOPOHHUMIM CEPBUC, KOTOPbIN MO3BONAeT cMoaennpoBaTb CAS.

Hanpumep, Postgres :-) 20



Tynbl KaTasioros

e Hive Catalog - genervpyem atomapHoCTb B Hive Metastore
e JDBC Catalog - atToMapHO M3MeHseM MeTadaHHble Yepe3 CYB
e REST Catalog — abCcTpaKTHbIN cepBep, KOTOPbIM MPUHMMAET 3anpocChl Ha U3MEeHeH e
MeTadaHHbIX Mo PUKcMpoBaHHOMY REST npoTtokony. PeanmsaLumnto cepBepa Bbl OOMKHbI
BblOpaTbh caMu
o [Mpwumepsbl: Tabular, Polaris, CedrusData
o [lpyrue:
o Hadoop Catalog (atoMapHbI rename)
Glue Catalog
Snowflake Catalog

o O O



OaHHble: INSERT/CTAS

INSERT INTO mytable
VALUES ...

record O

record 1

record 2

record 3

record 4

record 5

record 6

record 7

Data File 1
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INSERT INTO mytable

HaHHble: COPY-ON-WRITE, DELETE

VALUES ...

DELETE FROM mytable
WHERE Xx=5 AND y=10

record O

record O

record 1

record 2

record 2

record 3

record 4

record 4

record 5

record 5

record 6

record 6

record 7

record 7

Data File 1

Data File 2
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HaHHble: MERGE-ON-READ, DELETE

INSERT INTO mytable DELETE FROM mytable
VALUES ... WHERE Xx=5 AND y=10
record O Data File 1, position 1

record 1 7 Data File 1, position 3

record 2 Position Delete
record 3

nnn
record 4
record 5 =5
record 6 y=10
record 7 Equality Delete

Data File Delete File



HaHHble: MERGE-ON-READ, UPDATE

INSERT INTO mytable

UPDATE mytable

VALUES ... SET z=15
WHERE x=5 AND y=10

record O / Data File 1, position 1 —> record 1
record 1 Data File 1, position 3 —> record 3
record 2 / Position Delete
record 3

nnn
record 4
record 5 X=5
record 6 y=10
record 7 Equality Delete

Data File 1 Delete File Data File 2
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HaHHbIE: MNapTMumMoHMpPOBaHME

Imytable/data/sales_year=2024/city bucket=2

file

_ sales_year
file

Imytable/data/sales year=2024/city bucket=3 city_bucket

e Partitioning transform — QyHKUMS, KOTOPYIO HYXXHO MPUMEHUTb K OO4HOW UM HECKOSTbKMM

file

file

KONOoHKaM. Co34aeT HOBYIO BUPTYasIbHYIO KOJTOHKY.
e CxeMa NapTULUMOHMPOBaHMSA — CNKMCOK partitioning transform
e [eHepanusauua Hive partitioning/bucketing

O

O

Hive partition == Iceberg identity(col) transform
Hive bucketing == Iceberg bucket(col, N) transform

year(sales_date)

bucket(city, 16)
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INaHHbIE: CTAaTUCTUKU

e TouHble cTaTUCTUKM ana data skipping
o  Min, max, null count
o XpaHaTtca B manifest files
e MpubnusurtenbHble CTaTUCTUKKM ONa cost-based optimization
o NDV (theta sketches)
o XpaHATCcsa B OTOENbHbIM BMHapPHbIX pannax B popmaTte Puffin

27



NaHHble: identifier v sort

e Identifier fields — yHKanbHbIN KMtOY B paMKax TabauLibl
o 3anpeweHbl NULL 3HaueHnqa
o MogenunpyeT PRIMARY KEY CONSTRAINT

o Uenb: noMo4yb onTuMmM3aTopy (OLEeHKa KapaAunHanbHOCTEN, aggregate elimination, 1 T.

o)
e Sort fields - kakM 06pa3oM JaHHblE OTCOPTUPOBAHbI B paMKax dainia
o [loppaepxuBaeT partition transforms. Hanpumep, ORDER BY day (sales date)
o Llenb: NOMOYb ONTUMM3ATOPY M ABMKKY (YCKOpEHMe npeankaTtoB, merge join, 1 T.4.)
e Iceberg He MpoBepsEeT, OTBEYatoT MM OaHHbIE 3adaHHbIM TpeboBaHMaM identifier/sort!

28



CTpyKTypa 6MbnnoTeKn

Iceberg Core

YnpaBneHue mMmeTafilaHHbIMK

! Storage {  Catalog
| ?7?? o 2?7
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CTpyKTypa 6MbnnoTeKn

Iceberg Core Engine

O6paboTka KoMaH[
YnpaeneHue metagaHHbIMU
nonb3oBartens

Engine’s Engine’s Pa6oTa ¢ JJaHHbIM B Storage
FilelO Catalog & )

KOHKpETHbII KOHKpEeTHbIl
Storage Catalog

A
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I BUYKKU

e Apache Spark: https://iceberg.apache.org/docs/1.51/spark-getting-started/
e Apache Flink: https://iceberg.apache.org/docs/1.5.1/flink/
e Trino: https://trino.io/docs/current/connector/iceberg.html

31
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Trino: CREATE TABLE AS SELECT

Iceberg Trino 1. [OBWXXOK MapcuT 3anpoc

Iceberg API

Trino Trino
Catalog FilelO

(1) CuHTakcuyeckui

aHa/113

<empty> <empty>

Catalog Storage



Trino: CREATE TABLE AS SELECT

Iceberg Trino

Iceberg API

Trino Trino
Catalog FilelO

(2) CemaHTMYeCKMi

aHa/113

<empty> <empty>

Catalog Storage

1.
2.

[ BM>XOK NMapcuT 3anpoc
[MpoBepKa HaNM4YMNa OOGbEKTOB B
KaTanore

33



Trino: CREATE TABLE AS SELECT

Iceberg Trino 1. JBWXXOK MapcuT 3anpoc
2. TpoBepkKa HanMunsg o6beKToB B

3.  3anuvcb OaHHbIX B LilenieBoM popmaTe

(3) 3anucb gaHHbIX

Trino Trino
Catalog FilelO

Parquet

Parquet
<empty>
Parquet

Parquet

Catalog Storage



Trino: CREATE TABLE AS SELECT

Iceberg Trino 1. JBWXXOK MapcuT 3anpoc
2. TpoBepkKa HanMunsg o6beKToB B

(4) 3anuch 3. 3anucb gaHHbIX B LlenieBoM popmarte

NPUGN3NTENbHbIX .
P 4. 3anwucb Puffin ctatnctmk

Trino Trino CTaTUCTUK
Catalog FilelO

B

uffin stats | | Parquet

Parquet

<empty>
Parquet

Parquet

Catalog Storage
35



Trino: CREATE TABLE AS SELECT

Iceberg Trino 1. JBWXXOK MapcuT 3anpoc
2. TpoBepkKa HanMunsg o6beKToB B

(5) 3anmch 3. 3anucb AaHHbIX B LLeneBoM dopmaTte

MeTaZaHHbIX 4. 3anucb Puffin ctatnctuk

Trino Trino
Catalog FilelO 5. 3anucb MeTagaHHbIX lceberg

Puffin stats | | Parquet |
Manifest || Parquet |
< ty>
empty Manifestlist|| Parquet |
Metadatavl | | Parquet |
Catalog Storage
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Trino: CREATE TABLE AS SELECT

Iceberg Trino

Iceberg API

Trino Trino
Catalog FilelO

J—|

[ BM>XOK NMapcuT 3anpoc

MNpoBepKa HaNMM4YMa O6bEKTOB B
KaTanore

3anuncb JaHHbIX B LilefieBoM popmaTe
3anucb Puffin ctatnctuk

3anmcb MeTagaHHbIX Iceberg
ATOMapHasa NyénmkKauma MaMeHeHnm

N

(6) AToMapHbIi

commit

QNGRS

| Puffin stats | | Parquet |

A 4 | Manifest | | Parquet |
tablel -> CAS(null, v1)

| Manifest list | | Parquet |

|

Metadata v1 | | Parquet

Catalog Storage
37



Trino: UPDATE/DELETE

Iceberg Trino

3anncb AaHHbIX U

MeTagaHHbIX

Trino Trino
Catalog FilelO

/L{ Metadata v1 | | Data File |

tablel -> vl //
—H Metadata v2 | | Data File |
Catalog Storage

CUMHTaAKCUMYECKNI U CEMAHTUYECKUNI
aHanms3

[IBMXKOK M Iceberg co3gatoT
HeobxoouMMble dannbl
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Trino: UPDATE/DELETE

Iceberg

Iceberg API

Trino Trino
Catalog FilelO

Trino

ATOMapHbIi1
commit

\ 4

tablel -> CAS(v1, v2)

[~

! |Metadatav1 | | Data File |

Data File
\| Metadata v2 | | Data File |
Delete File

Catalog

Storage

CUHTAKCUYECKUM N CEMAHTUYECKNI
aHanm3

[IBMXKOK M Iceberg co3gatoT
HeobxoauMmble dannbl

ATOMapHasa NyénmKauma MUaMeHeHnm
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Trino: K1ro4YeBble BO3MOXXHOCTU

MNopoep»kka kaTtanoros: REST, JIDBC, Hive Metastore, Nessie, Glue, Snowflake
[NogaepyKKa UTEHUS KN 3aMNCK
Data skipping Ha ocHoBe cTaTUCTUK lceberg n Parquet/ORC
Predicate pushdown Ha ocHoBe partitioning transform
BbicTpaga ¢unbTpauma Ha ocHoBe sort fields
Time travel
Maintenance:
o YpaneHue yCTapeBLUMX M HEHY>XHbIX danoB
o ObbegMHeHne Menkmnx damnos
o Peructpaumnsg nmeroumxca damnoB B KaTasiore

40



Trino: yero He xBartaeT

OnTnMmsauma shuffle Ha ocHoBe partitioning transform

Data skipping Ha ocHoBe Parquet column index / bloom filter

Ncnonb3oBaHue sort fields onga merge join / streaming aggregation
cnonb3oBaHuMe identifier fields oaa HaxoxxageHma 6oiee oNTMManbHOIo NaaHa

41



Koroa xpoMaet caM popmart: Trino Materialized Views

MHorpoa OBUMXXOK YMeeT Aenath 6onblue, YeM Mo3BoAdaeT cneundmkauma popmaTta

e Trino Materialized views:
o [1o3BONAKOT M36aABUTLCA OT MOBTOPSAOLLMXCA BbIUMCIEHNN
o Iceberg - oTnMYHbIN KaHOWMOAT 19 TPaH3aKUMOHHOro refresh!
o Materialized views oTCyTCTBYIOT B cneumndmkaumm lceberg!

42



Koroa xpoMaet caM popmart: Trino Materialized Views

MHorpoa OBUMXXOK YMeeT Aenath 6onblue, YeM Mo3BoAdaeT cneundmkauma popmaTta

e Trino Materialized views:
o [1o3BONAKOT M36aABUTLCA OT MOBTOPSAOLLMXCA BbIUMCIEHNN

o lceberg - oTNMYHbLIN KaHOMOAT ANd TPaH3aKuUMoHHoro refresh!
o Materialized views oTCyTCTBYIOT B cneumndmkaumm lceberg!
e PelleHMe: 3aKOCTbINTUM!

o Katanorom gomxeH aBnaTbca Hive Metastore

o TMunweM dpannbl, Kak ecnum 6bl 37O 6blla 0bbl4Haga Iceberg Tabnumua

o CoxpaHaeM MeTagaHHble materialized view B ckpblToM MecTe B HMS BMecTe ¢
OONONHUTENbHOW MeTanHdbdopMaumen (HanpmuMep, opuUrimHanbHbiM SQL, Bpem4a
nocnegHero refresh), ytobbl gpyrme ABMXKM He pacno3HaBanu dannibl materialized

view Kak Tabnuuy

43



Trino Materialized Views

Iceberg

Iceberg API

Trino Trino

Catalog FilelO

Trino

ATOMapHbIi
commit
Tabnuupl

Iceberg

Iceberg API

Trino Trino
Catalog FilelO

Trino

ATOMapHbIi
commit
materialized view

l I Puffin stats | | Parquet |
| Manifest | | Parquet |
tablel -> CAS(null, v1)
| Manifest list | | Parquet |
Metadata v1 | | Parquet |
Catalog Storage

/ | Puffin stats | | Parquet |
| Manifest | | Parquet |
mview -> CAS(null, v1)
— | Manifest list | | Parquet |
Metadata v1 | | Parquet |
HMS Catalog Storage
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Bo3MOXXHOCTU Iceberg n oBuM»Ka

Iceberg Engine

45



3aK/ryeHme

e Apache Iceberg - Ta6nM4HbIM GOPMAT, KOTOPbIM OMMCbIBAET NPOTOKO/ TPaH3aKLMOHHbIX
M3IMEHEHMIM OaHHbIX B data lake
o TpaH3aKUMKM B paMKax OgHOW Tabnunubl
o [MpuaoepxmBaetca napagmrmMmbl MVCC: ynTtaTtenm He BNOKMPYIOT NMcaTenem
o [apaHTMpyeT aTOMapPHOCTb 1 N30NALNIO MSMEHEHNI
o HyXeH KaTanor ang aToMapHOro NepektoveHms XXy pHana
e Trino — OBMXXOK, KOTOPbIM MOXXET MCMOMb30BaTb Iceberg ana peanbHoM paboTbl C AaHHBbIMM
o bbicTpble NnapannenbHble YTEHUA M 3aNNCK
o 2ddekTMBHbIM data skipping
o 2ddeKTMBHOE MCMNOMNb30BaHME CTAaTUCTMK M MeTafdaHHbIX Iceberg ana Bbibopa
OMNTMMaNbHOIO MNiaHa 3anpoca
e Apache Iceberg + Trino + kaTtanor
o CoBpeMEHHbIV CTeK OS19 aHaANUTUYECKOM MIaTGOPMbI
o AKTMBHOE pPa3BUTUE MHTEMPaLLMM MPOOYKTOB
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Cnacumbo

Tenerpam: https://t.me/cedrusdatachat
YouTube: https://mwww.youtube.com/@cedrusdata

CauT: https://cedrusdata.ru
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