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PacnpeneneHHble SQL-aBMKKK

Presto: SOL on Everything

Dremel: Interactive Analysis of Web-Scale Datasets

Dremel is a scalable, interactive ad-hoc query system for analysis of Presto is an open source distributed query engine that supports much of
the SQL analytics workload at Facebook. Presto is designed to be adaptive,

read-only nested data. By combining multi-level execution trees and

columnar data layout, it is capable of running aggregation queries over flexible, and extensible. It supports a wide variety of use cases with diverse

trillion-row tables in seconds. The system scales to thousands of CPUs and characteristics. These range from user-facing reporting applications with

petabytes of data, and has thousands of users at Google. subsecond latency requirements to multi-hour ETL jobs that aggregate or
join terabytes of data.
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https://static.googleusercontent.com/media/research.google.com/en//pubs/archive/36632.pdf
https://trino.io/Presto_SQL_on_Everything.pdf

PacnpeneneHHble SQL-aBMKKK

OCHOBHbIE XapPaKTEPUCTUKW:

OToeneHne compute ot storage

PaboTaeT C OTKPbITbIMK dopMaTaMmM OaHHbIX
PacnpeneneHHbI
MaccmBHO-MapannenbHbIn

BblumcneHmna B NaMaT (MperMyLLLIECTBEHHO)
KonoHOUYHbIN

KoMnunnunpyembin



PacnpeneneHHble SQL-aBMKKK

\ OCHOBHbIE XapPaKTEPUCTUKW:

OToeneHme compute ot storage
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Kakune noaxonbl MCMOb3YyOT Trino U
cxoxkme SQL-ABUMXKKKM Ana 6bICTpOoro
UTEeHMA OAaHHbIX N3 03€epa



1. Jenatb MeHbllue 6ecnone3Hon paboThbl
2. JenaTb 60nblUe None3Honm paboThl



ApxutekTtypa Trino

e OnNTMMM3ATOP 3anpocoB
e PacnpeneneHHbIM OBUKOK
e YnpaBleHue pecypcamMmm

SPI:

° NHTerpauma ¢ MCTOYHUKaMM AaHHbIX
L] .. M MHOIoe gpyroe

PaboTa c 03epaMun OaHHbIX BO3MOXXHa Yepe3
KOHHeKTopbl Hive, Iceberg, Hudi, Delta Lake

SPI
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Jlormyecknn nnax

SELECT c.name, SUM(s.amount)
FROM datalake.sales s
JOIN postgres.customer cC
WHERE s.customer 1d = c.id
AND s.date = '2023-03-22"
AND c.city = 'MSK'
GROUP BY c.name

Aggregate

c.name, SUM(s.amount)

¢

Join

s.customer_id = c.id

/
Filter

date ='2023-03-22'

1

TableScan
sales

s3://datalake

COLUMNS: <all>
PARTITIONS:

/sales/date=20230321
/sales/date=20230322
/sales/date=20230323

~.

Filter
city = 'MSK'

1

TableScan
customer

SELECT *
FROM customer
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Projection (Column) Pushdown

SELECT SUM(s.amount)
FROM datalake.sales

WHERE s.date =

'2023-03-22"

Aggregate
SUM(amount)

Filter
date = '2023-03-22'

)

TableScan
sales

s3://datalake

COLUMNS: <all>
PARTITIONS:

/sales/date=20230321
/sales/date=20230322
/sales/date=20230323
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Projection (Column) Pushdown

SELECT SUM(s.amount)
FROM datalake.sales
WHERE s.date = '2023-03-22"

MNponHuWn:

e CoCTaBUTb CMMUCOK aTpUBYTOB,
HEOB6XOAUMBbIX ONA BbINOHEHN]
3anpoca

e YBeOOMUTb KOHHEKTOP

Koa: HiveMetadata.applyProjection

Aggregate
SUM(amount)

Filter
date = '2023-03-22'

)

TableScan
sales

s3://datalake

COLUMNS: <all>
PARTITIONS:

/sales/date=20230321
/sales/date=20230322
/sales/date=20230323

=)

Aggregate
SUM(amount)

Filter
date = '2023-03-22'

T

TableScan
sales

s3://datalake

COLUMNS:
amount
date

PARTITIONS:

/sales/date=20230321
/sales/date=20230322
/sales/date=20230323
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https://github.com/trinodb/trino/blob/426/plugin/trino-hive/src/main/java/io/trino/plugin/hive/HiveMetadata.java#L3034-L3119

Filter Pushdown

SELECT SUM (amount)

FROM datalake.sales CONSTRAINTS :
WHERE date = '2023-03-22" # e oo
AND city = 'MSK' city = 'MSK'
AND amount * commission >
1000

° BbiBecTtu OorpaHmM4yeHun4d, HakJlaablBaeMble Ha OTAe/IbHble KOJTOHKUN

14



Filter Pushdown

Filter
date = '2023-03-22'
city = 'MSK'
amount * commission > 1000

1

CONSTRAINTS :

TableScan
date = '2023-03-22" - sales
city = 'MSK'

s3://datalake

PARTITIONS:

/sales/date=20230321
/sales/date=20230322

e BblBeCTM orpaHunyeHMs, HaknagblBaeMble Ha OTOEbHbIE KONTOHKM
e YBEeOOMUTb KOHHEKTOP

15



Filter Pushdown

Filter Filter
date = '2023-03-22' = ]
city = 'MSK' city = 'MSK'

amount * commission > 1000 amount * commission > 1000

CONSTRAINTS : TableScan TableScan
date = '2023-03-22" sales sales
city = 'MSK'

s3://datalake s3://datalake

PARTITIONS: PARTITIONS:
e /sales/date=20230322
/sales/date=20230321 FILTERS:
/sales/date=20230322 city = 'MSK'

BbiBecTn OorpaHmM4yeHun4d, HakJlaablBaeMble Ha OTAe/IbHble KOJTOHKUN

YBEAOMUTb KOHHEKTOP
KOHHEeKTOp NPpUMEHAET HEKOTOPbIE OrPaHNYEHUS, N BO3BPALLAET OrpaHMNYeHNS, KOTOPbIEe OBUMXOK
LOO/MKEH MPUMEHUTb CaMOCTOATESNTbHO

16

Koa: ConnectorMetadata.applyFilter, HiveMetadata.applyFilter


https://github.com/trinodb/trino/blob/426/core/trino-spi/src/main/java/io/trino/spi/connector/ConnectorMetadata.java#L1174-L1204
https://github.com/trinodb/trino/blob/426/plugin/trino-hive/src/main/java/io/trino/plugin/hive/HiveMetadata.java#L2988-L3012

Dynamic Filters

Join
s.customer_id = c.id

SELECT ... / \

JOIN postgres.customer c I TableScan TableScan

| customer
WHERE s.customer 1d = c.id S
AND s.date = '2023-03-22"

AND c.city = 'MSK' s3://datalake Postgres
PARTITIONS: SELECT id, name
/sales/date=20230322 FROM customer

WHERE city ='MSK'

17



Dynamic Filters

Join

s.customer_id = c.id

/’

TableScan
sales

s3://datalake

PARTITIONS:
/sales/date=20230322

T~

TableScan
customer

Join

s.customer_id = c.id

/'

Postgres

SELECT id, name
FROM customer
WHERE city ='MSK'

TableScan
sales

e BbinonHWTL Npasyto YacTtb JOIN
e [loNy4ymMTb CNMCOK 3HAYEHMM KItOYa equi-join crpaBa (customer.id)

e [lepenaTb 3HAYEHMA B Ka4ecTBe OOMONMHUTENBbHOIO GUNLTPA KtoYa equi-join cnesa (sales.customer_id)

s3://datalake

PARTITIONS:
/sales/date=20230322
FILTERS:
customer_id IN (?)

>~

TableScan

JokyMeHTauus: https:/trino.io/docs/current/admin/dynamic-filtering.html

MoppobHee: https://habr.com/ru/companies/cedrusdata/articles/740274/

customer

Postgres

SELECT id, name
FROM customer
WHERE city ='MSK'



https://trino.io/docs/current/admin/dynamic-filtering.html
https://habr.com/ru/companies/cedrusdata/articles/740274/

CnnuTbl

Split1 /sales/date=20230321/filel.parquet

Split 2 Split 3 /sales/date=20230322/filel.parquet

Split 4 Split5 | /sales/date=20230322/file2.parquet

Split 6 Split 7 /sales/date=20230323/file2.parquet

[na napannenbHOro YtTeHusa gaHHbIxX Trino pa3buBaeT gaHHble Ha crnuTbl (Split). Kaxxabi cnnut
OMMCbIBAOT 3a4a4y Ha YTeHMe MOAMHOXEeCTBa AaHHbIX TabnuLbl. O6paboTKka Cr/IUTOB MPOUCXOAUT
napannenbHO Ha worker-ysnax.

MNpwu pa6OTe C O03epaMUM OaHHbIX CIMJTUMTOM ABJTAETCH 3ada4a Ha YTEHWME HYaCTn cba|7|na.

Koga: HiveSplit
19


https://github.com/trinodb/trino/blob/426/plugin/trino-hive/src/main/java/io/trino/plugin/hive/HiveSplit.java

PacnpeneneHHble onepauum

Aggregate FINAL HekoTopble onepaTtopbl TpebytoT
date -> SUM(amount)
T onpepeneHHoe pacrnpegeneHme
peomtmcsrscssdescmsansmnay . OaHHbIX B Kf1acTepe
; Exchange '
' hashBy: date
T ------------- e Hanpumep, onga
Aggregate PARTIAL BbinonHeHna GROUP BY
SELECT date, date -> SUM(amount) HeobxoaMMo y6e,EI,I/ITbCS?I, 4TO
SUM (amount) - A BCe 3HaYeHUd rpynmnbl
FROM datalake.sales TableScan HaXoOATCA Ha OOHOM y3ne

sales

i Onepatop Exchange
s3://datalake obecneymBaeT Heobxogmmoe
COLUMNS: <all>

PARTITIONS: pacripegeneHme daHHbIX OJ149
BblLLIECTOALLLENO OnepaTopa

GROUP BRY date

/sales/date=20230321
/sales/date=20230322
/sales/date=20230323

Koa: AddExchanges

20


https://github.com/trinodb/trino/blob/426/core/trino-main/src/main/java/io/trino/sql/planner/optimizations/AddExchanges.java

[TnaHnpoBaHne YTeHU

Aggregate FINAL
date -> SUM(amount)

; Exchange :
' hashBy: date

Aggregate PARTIAL
date -> SUM(amount)

T

TableScan
sales

s3://datalake

COLUMNS: <all>
PARTITIONS:

/sales/date=20230321
/sales/date=20230322
/sales/date=20230323

[l
L0

Worker 1

Coordinator

L]

]

Worker 2

s3://datalake

KoopguHaTtop Trino
pacnpenensgeT CNAMTbl MO y31aM B
3aBUCMMOCTU OT HarpysKkMu,
cTpemMdacb obecneymTb
MaKCKMMarbHbIN YPOBEHb
napannenmsmMa

Kopn:

e HiveSplitSource
e BackaroundHiveSplitloader

21


https://github.com/trinodb/trino/blob/426/plugin/trino-hive/src/main/java/io/trino/plugin/hive/HiveSplitSource.java
https://github.com/trinodb/trino/blob/426/plugin/trino-hive/src/main/java/io/trino/plugin/hive/BackgroundHiveSplitLoader.java

[ pynnupoBKa CNimMTOB

Aggregate FINAL
date -> SUM(amount)

Exchange
hashBy: date

)

Aggregate PARTIAL
date -> SUM(amount)

T

TableScan
sales

s3://datalake

COLUMNS: <all>
PARTITIONS:

/sales/date=20230321
/sales/date=20230322
/sales/date=20230323

=)

Aggregate FINAL
date -> SUM(amount)

)

TableScan
sales

s3://datalake

COLUMNS: <all>
PARTITIONS:

/sales/date=20230321
/sales/date=20230322
/sales/date=20230323

B HeKOTOpbIX Cy4Yaax rpynnmMpoBKa
CMNMTOB MO onpeneneHHoOMy Mpur3HaKy
Mo3BoNgeT Trin0 YMEHbLLUNTb KOMMYECTBO
Exchange B nnaHe

Hanpumep, ecnm Tabnuua sales
napTuumpoBaHa no date, To MOXXHO
pacnpenennTb CNAMTbl C OAUHAKOBbIMM
3HadyeHMamMu date Mo ogHMM 1 TeM Xe
y3n1aMm. TaknMM 06pa3oM MOXKHO
BbIMO/HUTb arperaumto 6e3
OOMONHUTENbHOrO NepepacnpeneneHns
OaHHbIX

22



[ pynnupoBKa CNimMTOB

Split1 /date=20230321/file
T splitz I split3 i /date=20230322/file1
___________________________________________________ Bucket N —>»{ Node M
: Split 4 [ Split5 | /date=20230322/file2 — ’
Split 6 Split 7 /date=20230323/file

1.  KOHHeKTOop onpenender:
o KonunyectBo 6akeToB (bucket), Ha kKoTopble ByayT Pa3buTbl AaHHble
o  @YHKLUMIO COMOCTaBNEHUSA CMNINTA C OaKeTOM
2. 9dopo Trino rapaHTUPYET, 4TO BCE CMN/IUTbI, MONaBLUKMe B OAMH 6aKeT ByayT BbIMOMHEHbI CTPOro Ha O4HOM
y3ne

Mpw paboTe C 03epaMm gaHHbIX, CNMTbl MOXHO FpynnNMpoBaTb Mo bucketing 1 partitioning™.

* moka Tonbko B CedrusData
23



YTeHune crpynnmpoBaHHbIX CIJIUTOB

Coordinator [PynnuMpoBKa CNINTOB yrNpoLuLaeT
e e nnaH
da‘}g‘_’;‘*g@‘h‘jgﬂjﬁ;g L] e  O6bIYHO 3TO ycKopsaeT
T Worker 1 o Worker 2 3anpocsi
TableScan e HO MOXEeT 1 3aMednTb, N3-33
sales : SRR R TOrO, YTO Mbl MeHee T’MBKo

6anaHcupyeM CcnnnTbl Mo
y3nam

4

s3://datalake

COLUMNS: <all>

PARTITIONS: KoHdurypaums:

[ T e L e 0 |

/sales/date=20230321
/sales/date=20230322

/sales/date=20230323 ° hive.bucket-execution

Kopa:

s3://datalake e HiveNodePartitioningProvider

24


https://github.com/trinodb/trino/blob/426/plugin/trino-hive/src/main/java/io/trino/plugin/hive/HiveNodePartitioningProvider.java

ObpaboTka Split

Sk

PATH: /sales/date=20230321, offset 100, length 512
COLUMNS:

amount

date
CONSTRAINTS:

static: city = 'MSK'

dynamic: customer_id IN (?)

1.  TMonpo6oBaTb MPUMEHUTb ANHAMMYECKME GUNLTPLI, YTOObl OTOPOCUTL partition
2. TMony4unTb MeTagaHHble
o  Parquet: footer, cMeLLEeHMa row groups U KOJTOHOK B HMX, U T.M.
3.  OT6bpocuTb Henoaxoaalime Amana3oHbl CTPOK
o Parquet: Ha OCHOBE CTaTUCTUK, MHOEKCOB, PUNLTPOB Biyma
4.  CnnaHupoBaTb YTeHMe TpebyeMbixX AMana3oHOB CTPOK

25



Late materialization

SELECT SUM (amount)
FROM datalake.sales
WHERE city = 'MSK'

NopanoK YTEHUSA KOTOHOK MMEET 3HaYeHMe:

city

SPB —  » 0
SPB — »{ 0
SPB —  » 0
MSK —»| 1
MSK —>»{ 1
SPB — » 0

1.  TMpounTaTb City 1 NOCTPOUTb BUTOBYIO Macky

26



Late materialization

city amount

SELECT SUM(amount) SPB. ——»0 150

FROM datalake.sales SPB — > 0 300

WHERE city = 'MSK' SPB —— 30 250
MSK » 1 > 200 from: 104
MSK > 1 » 1000 to: 120
sPB —— 30 700

NopanoK YTEHUSA KOTOHOK MMEET 3HaYeHMe:

1.  TMpounTaTb City 1 NOCTPOUTb BUTOBYIO Macky
2. TMpouynTaTb amount B COOTBETCTBMIU C BUTOBOM MaCKOW

27



Remote yteHuns

Raw Data >

Raw Data Decoded Data - Endinie
(RAM) > (RAM) > =

PaboTa ¢ gaHHbIMK B data lake NpmMBOAUT K HAaKMaOHbIM pacxodaM:

1. lNepenayva OaHHbIX MO CETU
2.  [deKoauHr gaHHbIX U3 dopmaTa o3epa B dopmMaT ABMIKKA

28



[lnckoBbIN KaLWU: noaxon 1

q Raw Data > Decoded Data > Engine
(RAM) (RAM)
A
\ 4
Raw Data
(SSD)

JToKanbHbIM ANCKOBbIN K3LL, KOTOPbIN NepexBaTbiBAE€T BbI30BbI K pacrpeneneHHom damnosomn cucrteme (HDFS,
Ozone, 1 T.N.) M S3:

e [INOCbI: NPOCT B peannsaumm; He MPUBA3aH K OBUXKKY
e  MUHYCbI: COXpaHAeT HakNadHble PacXodbl Ha OEKOAMHT; MOXET XPaHUTb 6oMblUe OaHHbIX, YeM HYXKHO, TaK
KaK rpaHuLbl 6510K0B $GanIoBOM CUCTEMbI O6bIYHO HE COBMadatoT C BHYTPEHHEM CTPYKTypoi dannos

MpunmMmep: Presto RaptorX Alluxio Data Cache

29


https://prestodb.io/blog/2021/02/04/raptorx#alluxio-data-cache

[1ncKOoBbIN K3LU: noaxon 2

Decoded Data N :
> > (RAM) > Engine

A

v

Decoded Data
(SSD)

JTOKanbHbIN OMCKOBbIN K3LW, KOTOprl;I COXpPaHAET aeKoampoBaHHbIE OMaMNa30Hbl AaHHbIX

e [Intocbl: NO3BONAET U36eXKaTb AeKoAMHIa; oddeKTUBHOE pacxoooBaHMe MecTa; No3BonaeT o6aBNaTb
OOMNONMHUTENbHbIE CTPYKTYPbI AaHHbIX (HanpuMep, MHOEKCDI)
e  MUHYCbI: BbICOKAA CITOXHOCTb peanmsaumm

MpwumMepbl: anckoBbiM kaw CedrusData (Hive, Iceberq), Starburst Warp Speed (ex-Varada)

30


https://docs.cedrusdata.ru/latest/connector/hive.html#hive-data-cache
https://docs.cedrusdata.ru/latest/connector/iceberg.html#iceberg-data-cache
https://docs.starburst.io/latest/connector/starburst-warp-speed.html

[nckoBbin KaLw: soft affinity

Consistent Hashing

YTOoObl AMCKOBbLIN K3LW 6bl1 OCTAaTOYHO
23bDEKTUBHDLIM, HEOBXOOANMO CTPEMUTLCH
OTNPABAATb CMINTblI HA OOQHMW U Te »Ke y3bl

[1na 3Toro ABMXXKM 06bIYHO peanm3ytoT “soft
affinity”: BO3MOX>XHOCTb OTAaBaTb NpegnoyTeHme
OOHOMY M TOMY e y3My O19 OQHOIO U TOro e
cnnmTa

MonynapHbI anropuT™M: Consistent hashing

31


https://en.wikipedia.org/wiki/Consistent_hashing

K3l pe3ynsraToB 3anpocoB

Plan ID

Split ID

RESULT

Aggregate
date -> SUM(amount)

¢

TableScan
sales

HabnwpoeHue:

° JaHHblE B o3epe NSMEHAKTCA peKOo
° Mbl npomsBogmMM MHOXeCTBO OAMNHAKOBbIX
BblYMCMIEHUI Ha OOHUMU U TEMU XKe OaHHbIMU

PeweHune:

e BbluMCNAaTb YHUKaMNbHbIM X3l Napbl {nnaH, cnamT}
e KaWMpoBaTb MPOMEXKYTOUYHbIN pPe3ybTaT a/e
OAaHHOMo X3la

NMpumMep: Presto RaptorX Fragment Result Cache

32


https://prestodb.io/blog/2021/02/04/raptorx#fragment-result-cache

MaTepuanunsoBaHHble NPeacTaBneHus

HabnogeHwne:

e MHOXXeCTBO OAMHAKOBbIX BbIYMCIEHUI HAd OOHUMU LN TEMU XKe AaHHbIMU
PelueHune:

e CoxpaHAaTb pe3ynbTaThbl PaboTbl 3aMNPOCOB B BUAE MaTepMann3oBaHHbIX MpeacTaBieHni
CoobparkeHMs:

FapaHTM POBaTb aKTyaJ/IbHOCTb AaHHDbIX, UM MO3BOJTIATb MOJ/1Ib30BaTEs1t0O YNTATb YCTapeBLUNEe OaHHblEe?
3acTaBNAaTb Mofib30BaTeNlen 9BHO MCMNOb30BaTb MaTepUMain3oBaHHbIE MpeacTaBeHNA, NN
nepernnmcbiBaTb 3arpocChbl aBTOMATUYECKN?

° BO3MOXHOCTb 4YaCTUYHOIo OOHOBNEHUA?

MNpurMepbl:

e Trino: Ilceberg Materialized Views
e Dremio: Reflections

33


https://trino.io/docs/current/connector/iceberg.html#materialized-views
https://docs.dremio.com/24.0.x/sonar/reflections/

e bonblwe nonesHom paboThl:

@)

[NapannenbHoe YTeHMe CrINTOB

e MeHblie 6ecnonesHom paboTbl:

e H

o o o p © OO0 O O 0 O

Column pushdown

Filter pushdown n dynamic filtering

MoynnumpoBKa CrNMTOB ONF YMeHbLUeHMAa KonmyecTtBa Exchange

TwaTenbHbIM aHaNM3 MeTagaHHbIX GaMNoB A9 MPYHUHIA HEHYXKHbIX CEFMEHTOB
YTeHMe KOMTOHOK B NpaBu/ibHOM nopsaake (late materialization)

JTokanbHbIN KaLW

MaTepuanmsoBaHHble NpeacTaBNeHMs

XBaTaeT B Trino:;:

Cost-based onTnMmsaTtop 419 ganbHeENLIEro yMeHblLleHMa konmyectBa Exchange
MpoaBUHYTbIN NOKaNbHbIN K3LL

ABTOMATUYeCKoe NnepeHanpaBneHme 3anpocoB K MOAXO4SWMM MaTepmaim30BaHHbIM
npencraBleHnam

34
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https://t. me/cedrusdatachat
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https://t.me/cedrusdatachat

