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Kak ycTpoeHo BbinoriHeHue SQL-
3anpocoB B Presto/Trino

Brnagumup O3sepos
Querify Labs



Querify Labs

Querify Labs ~ cedrusdata

e PaspaboTka HoBbix aHanuTuyeckux CYB/[ n data management cuctem anst TEXHONONMYECKMX CTapTanoB
no BceMy Mupy (cTek - Java/C++, Apache Calcite, Apache Arrow, Velox).
PaspaboTka poccuiickon aHanmtndeckon nnatdopmbl CedrusData Ha ocHoBe Presto.
KoHTpubbtoTuM B Apache Calcite n Apache Arrow.



https://calcite.apache.org/
https://arrow.apache.org/
https://engineering.fb.com/2022/08/31/open-source/velox/
https://www.cedrusdata.ru/
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Presto/Trino - 310 pacnpegeneHHbin SQL-
ABUXOK.

[MoakntoyaeTcs K UICTOYHUKAM AaHHbIX C
NMOMOLLbKO KOHHEKTOPOB:

e (O3epa pgaHHbIX Mo ynpasseHueMm Hive
Metastore n Apache Iceberg.

e XpaHunuua gaHHbix: Greenplum,
ClickHouse, Apache Druid, Apache Pinot.

e PensauuoHHble CYB/: Postgres, MySQL,
Oracle, SQL Server, MariaDB.

e HepensaunoHHble NCToYHMKK: Cassandra,
MongoDB, Redis, Kafka, ...

OTtpaet paHHble yepes JDBC.


https://prestodb.io/docs/current/connector.html

ApXUTEKTYypa: nnarvHbl U KOHHEKTOPbI

e Plugin - Habop pacwmnpenuni pyHkumoHana Presto.
Connector - onuMoHanbHbI KOMMAOHEHT NJlarnHa, KOTopbli ONUCbIBAET IOTMKY paboThl
C UCTOYHUKAaMM AaHHbIX OnpegesieHHoro Tuna.
o [lpumep: Postgres.
e Catalog - NHCTaHC KOHHEKTOpPA, KOTOPbIN paboTaeT ¢ KOHKPETHbIM UCTOYHUKOM.
o [lpumep: KOHKPEeTHbIN MHCTaHC Postgres.



Apxuntektypa: shared storage
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Shared-nothing

Shared storage

Shared-nothing: BbluncneHus n gaHHble
COBMeLLEHbI.

BbicTpo pa6oTaer.

N3MeHeHMe TONoIorumn BAnseT 1
B/IMSIET HA AOCTYMHOCTb JaHHbIX.
Taxeno MacluTabupyeTtcs.

Mnoxo noaxoAuT Ans o6naka.

Shared storage: BbluMcneHns U AaHHble
pasfienieHbl.

N3meHeHMe TOoNonorumn He BAMsieT Ha
LOCTYMHOCTb AaHHbIX.

OTnMyHO MacwTabupyeTcs.

OTnnYHO NnoaxoauT Ansa obnaka.
BbicTpo paboTaeT 3a cueT
rMrabUTHbIX CETEN U NIOKANbHOMO
K3LLUMPOBaHWS.



Apxuntektypa: shared storage
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Shared-nothing

Shared storage

Shared-nothing:

TeHOeHUUSA K LeHTpanmMsaumm n
vendor lock-in 3a cyeT goporom
3KcCnyaTaumm U XpaHeHus
JAaHHbIX B NPONpUeTapHbIX
dbopmarax.

Shared storage:

e LleHTpanusauus He siBnsieTcs
06a3aTeNIbHOM, TaK Kak KjacTepbl
He B/IMSIOT Ha LieIOCTHOCTb
LaHHbIX.

e C OAHVMMMU M TEMM XKe AAHHbIMU
MOXET paboTaTb MHOIO CUCTEM
(Hanp. Presto + Spark).



ApXUTEKTYypa: TUMbI Y3I10B
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Coordinator:

e [lonyyaert, nnaHMpyeT U KOOPAMHMPYET
3anpochl.

e MoXeT BbINOMHATb 3anpochl, ECNN CTOUT
COOTBETCTBYHOLWMIA dnar.

e [Ipn HEOHBXOANMMOCTM KNlacTep MOXeET
CcoAep)aTb HECKOMbKO KOOPANHATOPOB.

Worker:

e BbinonHsaeT 3anpocobl.



[TnaHnpoBaHWE: NapPCUHT

Attributes e 3apava: npeBpatuTb SQL-CTPOKY B CUHTaKCcH4yeckoe
GROUP BY
name JepeBo.
SELECT
G| — f—>{ Lname ] e PeanusosaH c nomoLybto ANTLR.

Cm. SalBase.qg4.

emp.dept_id

dept.id

SELECT dept.name, COUNT(*)
FROM emp, dept
WHERE

emp.dept_id = dept.id
GROUP BY dept.name



https://github.com/prestodb/presto/blob/4d6bb7cb67c2fa76f4cc14ed266f8bc3912d859e/presto-parser/src/main/antlr4/com/facebook/presto/sql/parser/SqlBase.g4

[TnaHnpoBaHMe: cemaHTUn4Yeckasa Banuaauus

_ Cotumm e 3apaya: onpefennTb 06bEKTbI, y4acTBYHOLLME B

AtDUES 77 deptname [T, 3anpoca; y6eiMTbCa B CEMaHTUYECKOWN KOPPEKTHOCTM.
M e B oTnM4yMe OT CMHTAKCUYEeCKOro aHannsa,
«—(SELECT}—> CEMaHTUYECKUII aHanM3 He NnogaeTcs

J aBTOMaTu3auun. PeannsoBaH 60/1bLIMM KOIMYECTBOM

, JOIN “cnaretTn’-Kopa.
E&c’mn e | e KOHHeKTOpbI onpeaensoT, Kakme 06beKTbl AOCTYMHbI
,‘ cucteme (table, column, ...).

emp.dept_id

; ' — e [naruHbl MOryT OnNpefensaTb AONOSIHUTENbHbIE
Table = . RREEE
emp . dept.id | dept CIJYH KUnin. .
: : : e CM. Analyzer.java.

/ : ../ Column
Coumn | " | Function dept.id

emp.dept_id | =



https://github.com/prestodb/presto/blob/4d6bb7cb67c2fa76f4cc14ed266f8bc3912d859e/presto-main/src/main/java/com/facebook/presto/sql/analyzer/Analyzer.java

[TnaHnpoBaHue: TpaHcnAuuns

Attributes
name, COUNT(*)
COUNT(*)
\ 4

JO‘:N Join
emp.dept_id = dept.id
Cemp |
emp.dept_id Scan Scan
= emp dept

dept.id

e CoBpeMeHHble NNaHMpPOBLUNKNM SQL-ABMXKOB Yalle BCero paboTatoT C pensiluOHHbIM
npeacTaBieHNEM.

e Presto ncnonbsyet pensaumMoHHoOe npeacTaB/ieHME:
o  Scan, Project, Filter, Aggregation, Join, SetOp (Union, Minus, Intersect), ...
e CM. PlanNode.java, RelationPlanner.java.
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https://github.com/prestodb/presto/blob/4d6bb7cb67c2fa76f4cc14ed266f8bc3912d859e/presto-spi/src/main/java/com/facebook/presto/spi/plan/PlanNode.java
https://github.com/prestodb/presto/blob/4d6bb7cb67c2fa76f4cc14ed266f8bc3912d859e/presto-main/src/main/java/com/facebook/presto/sql/planner/RelationPlanner.java

[TnaHnpoBaHue: gasbl

Q

Initial Optimized
plan plan

Phase A Phase B

NnaHMpoBaHWe opraHM3oBaHO B NOC/eA0BaTE/IbHOCTb LIAroB.

Ha Ka)xgoM ware Mbl NoslyYaeM Ha BXOZ, OAMH MaH, U NpON3BOAUM LpYroMn.
lMnaHnpoBaHue B Presto coctouTt ns npumepHo 80 waros.

CMm. PlanOptimizer.java, PlanOptimizers.java.
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https://github.com/prestodb/presto/blob/4d6bb7cb67c2fa76f4cc14ed266f8bc3912d859e/presto-main/src/main/java/com/facebook/presto/sql/planner/optimizations/PlanOptimizer.java
https://github.com/prestodb/presto/blob/4d6bb7cb67c2fa76f4cc14ed266f8bc3912d859e/presto-main/src/main/java/com/facebook/presto/sql/planner/PlanOptimizers.java

[TnaHnpoBaHme: nTepaTtMBHbLIN ONTUMU3ATOP

C}

Initial Optimized
plan plan

IterativeOptimizer

e OnTMMM3aTOp NPUHUMAET HaYvasibHbIW NAaH U HAabop NpaBwui, OTAAET HOBbIM NiaH. PaboTaeT noka ecTb
BO3MOXHOCTb NPMMEHATb npaBuna. He siBnsetca cost-based.

e [IpaBnno npeactaBneHo NaTTEPHOM M NOrMKon TpaHchopmauuu. Mpumepsl: ynpoLueHre BbipaxxeHnn, filter
pushdown, pushdown BbluncneHunin B KOHHEKTOP.

e CM. lterativeOptimizer.java.
12


https://github.com/prestodb/presto/blob/4d6bb7cb67c2fa76f4cc14ed266f8bc3912d859e/presto-main/src/main/java/com/facebook/presto/sql/planner/iterative/IterativeOptimizer.java

[TnaHnpoBaHue: join order

[ABCD]
[D] x [ABC]
[AB] [CD] [ABC] [D]
[B] x [A] <cross join> [C] x [AB] [D]
[AB] [C] [AC] [B]
<cached> [C] <cross join> [C]

Knacc aKBMBaneHTHOCTN [ABCD] 3TO Bce
BO3MOXHble nepectaHoBKM oTHoweHun A, B, C, D.
MNpoxop BHM3: pa3buBaeM Knacchbl
9KBMBANIEHTHOCTM Ha 60J1ee Mesikue napbi:
[ABCD]->[ABC]x[D].

NMpoxoa BBEPX: HAXOAUM ONTUMalbHbIN NOPAAOK
ONe Knacca 9KBMBaNIEHTHOCTN Ha OCHOBAHUM
CTOUMOCTMW.

CTOMMOCTb 3TO (PyHKLMA CTAaTUCTUK (row count,
min, max, null count, ndv).

[na Scan onepaTopoB CTaTUCTUKMU
NpeAoCcTaBIATCA KOHHeEKTOopamu. [na
OCTaJIbHbIX ONEpPaTOpPOB CTAaTUCTUKMU
BbIYNCNAOTCA C MOMOLLbIO 9BPUCTUYECKNX
dopmyn.

CM. ReorderJoins.java.
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https://github.com/prestodb/presto/blob/4d6bb7cb67c2fa76f4cc14ed266f8bc3912d859e/presto-main/src/main/java/com/facebook/presto/sql/planner/iterative/rule/ReorderJoins.java

[TnaHmnpoBaHue: exchanges

Aggregate 1

COUNT(b) GROUP BY a

Exchange

partition by [a]

________ e

Aggregate 2

GROUP BY a, b

Exchange

partition by [a,b]

powerSet(a)

[a]

powerSet(a,b)
[a,b], [b,a], [a], [b]

OI'IepaTOpr MOryT TpGGOBaTb onpeneneHHble pacrnpegeneHna 'y CBoux
BXoAoB Anda obecrneyeHus KOPPEKTHOCTMN. Tunn4yHble npuMepbI:

e Hash Aggregate - napTMUMOHMpOBaHME COrNacHO KUy
rPyNMUpPOBKM:
o GROUP BY a, b -> [a,b]
e Hash Join - naptTuymoHmpoBaHue cornacHo equi-Kouy.
o A.al=B.bl AND A.a2=B.b2 -> [al,a2] [bl,b2]
e Window - napTuynmoHmMpoBaHue cornacHo PARTITION BY.
o PARTITION BY a, b -> [a,b]

Ecnn 3ane6OBaHO pacnpepeneHune [a,b], TO HAac yCTPOUT noboe
pacnpepgeneHne U3 powersSet (a, b), KpoMe NycToro.

Onepatop Exchange Monenupyet nepepacnpegeneHve gaHHbIX Mexay
MOTOKaMM COrMIaCHO KoYy NapTUUMOHMpPOBaHnsa. OnTumMmsaTop obs3saH
paccTtaBuTb Exchange-u ans obecnevyeHnss KOPPEKTHOCTW.

14



[TnaHmnpoBaHue: exchanges

Aggregate 1

GROUP BY a COUNT(b)

Exchange

partition by [a]

________ e

Aggregate 2

GROUPBY a, b

Exchange

partition by [a,b]

Aggregate 1

COUNT(b) GROUP BY a

v

Aggregate 2

GROUP BY a, b

Exchange

partition by [a]

powerSet(a)

[a]

powerSet(a,b)
[a,b], [b,a], [a], [b]

SELECT a, COUNT(DISTINCT b) GROUP BY a

MOXXHO YMeHbLIMTb KonmyecTBo Exchange, ecnu
nouckaTb obwue kntoum (“overlapping exchanges”).

NaoeanbHbIM Noaxon:

e [lepebop BCcex BO3MOXHbIX NopsaaKoe Join u
BCEX BO3MOXHbIX paccTaHOBOK Exchange B
epvHom cost-based (dase.

Moaxop Presto:

e  OTaenbHO nNnaHMpyeM nopsaaok Join ¢
9BPUCTMYECKOW paccTaHoBKOM Exchange.

e  OTAenbHO NAaHUpyeM aBPUCTUYECKYHO
paccTaHoBKy Exchange.

e  PesynbTraT: 4OCTAaTOYHO XopoLuas
paccTaHoBKa Exchange, HO MOXHO nyyLue!

15



[TnaHnpoBaHue: QguHaAMMNYeckmne PUNLTPLI

Join Join
a=b a=b

/N ARNE

Input (right) Build Dyn. Filter

10
20

Scan (left)

a.min=10, a.max=20 Input (right)

Scan (left)

e Mpesa: nocuntatb B runtime npegmkaTbl 0Og4HON CTOPOHbI JOin, U MPUMEHUTb UX K ApYyrou
CTOpPOHE.
e Hanbonblini BbIUIPbILW NPOUCXOAUT 3a cyeT pushdown anHamumyeckoro punbTpa B Scan.

e B Presto NPUCYTCTBYET ABa TUNa AUHaMU4YE€CKUX CI)VIJ'IprOBI
o  JlokanbHble - BblYMCNEHNE U MPUMEHEHWNE MPOUCXOAUT Ha OQHOM Yy3Jle.
o PacnpepgeneHHble - BblYMC/IEHNE Ha KOOpAMHATOPe, MPUMEHEHEe Ha BOPKepax. 16



[TnaHnpoBaHue: connector pushdown

Join

sales.city_id= city.id

RN

Filter
date = 2022-10-29

Filter
name = 'SPB'

Join

sales.city_id= city.id

RN

Parquet Scan
/data/sales/2022-10-29

Postgres Scan
SELECT * FROM dept
WHERE name = 'SPB'

Parquet Scan
/data/sales

Postgres Scan
SELECT * FROM dept

e KOHHEKTOpbl MOryT NpeaocTaBNATb CBOKO NNOrUKy A8 opraHndaummn pushdown:
o Hive: filter pushdown, partition pruning, partial aggregation (Hanp. MIN/MAX).
o JDBC: MOXHO 3anyLUnTb NPaKkTUYeCKU BCE, YTO YrOAHO.

CmMm. ConnectorPlanOptimizerProvider (Presto), ConnectorMetadata (Trino)

17


https://github.com/prestodb/presto/blob/4d6bb7cb67c2fa76f4cc14ed266f8bc3912d859e/presto-spi/src/main/java/com/facebook/presto/spi/connector/ConnectorPlanOptimizerProvider.java
https://github.com/trinodb/trino/blob/99cb6cc70ce83f46c4133faf2c4d7f6e4b02883f/core/trino-spi/src/main/java/io/trino/spi/connector/ConnectorMetadata.java%20https://github.com/querifylabs/trino/blob/99cb6cc70ce83f46c4133faf2c4d7f6e4b02883f/core/trino-spi/src/main/java/io/trino/spi/connector/ConnectorMetadata.java

BbinonHeHue: stages

Join

Scan A

Scan B

—

Send Join
Scan A Receive Scan B
Stage 1 Stage 2

e KoopauHaTop pasgensieT NorMyeckuin NiaH Ha nocregoBaTeNibHOCTL stages.
e Stage - 3T0 NocnenoBaTeNlbHOCTb ONEPaATOPOB, KOTOPbIE MOTYT 6bITb BbINOSIHEHbI JTOKAJIbHO Ha

BOpKepe.

18



BoinonHeHne: MPP vs MR

Massively Parallel Processing (Presto) Map-reduce (Hadoop, Spark)
Send Join Write Join
Scan A 1A Receive Scan B ScanA | A Read Scan B
\“ 14

Stage 1 Stage 2 Stage 1 e ! Stage 2
=

® MPP - JaHHble nepenaroTca no CeTU, XpaHATCA B NMNaMATU.

o BbICTPO, HO MOXET He XBaTUTb MaMSATU U Xy>Ke 0TKa30yCTONUYNBOCTb.
[ MR - JaHHble nepenaroTca 4epes NnepcucTeHTHoOeE XpaHUnLLE.

o  MeAaneHHo, HO MOXXHO 0bpabaTbiBaTb O4YEeHb 60/bLUNE OOBEMDI.
e Presto ato MPP ¢ 3auaTtkamu MR:

o  YMmeeT cbpacbiBaTb AaHHbIe Ha AUCK, HO HE AienaeT 3TOro No YMOMYaHUIo.
o  WHnuymatuea Presto-on-Spark.

19


https://prestodb.io/docs/current/installation/spark.html

BoinonHeHue: Task

Coordinator

"n

Scan A

Worker 1

Receive | | Scan B |

Scan A

Worker 2

e Stage - 370 “WwabnoH” pparmeHTa 3anpoca. Y Kkaxgoro Stage ecTb HA6OpP UCTOYHMKOB AaHHbIX.
e Task - 370 MHCTaHC stage Ha KOHKpPeTHOM y3ne. KoopamHaTop onpeaenseT Ha Kakux ysnax BbINoMHATb stage B

3aBUCUMOCTHN OT Tpe6OBaHVIl7I MCTOYHUKOB AaHHbIX
20



BoinonHeHue: Split

Worker 1 Worker 2

Filter Filter

Parquet Scan

Parquet Scan

Task 1 Task 2
o] [+] [¢]
Splits % Splits
1 2 3 4 /sales/2022-01
5 6 7 8 /sales/2022-02
Hive

e  Split - 370 YacTb AaHHbIX UCTOUYHMKA. KaXKabl UCTOYHUK
[JaHHbIX NpeAcTaB/ieH KOHEYHOW NocneaoBaTenbHOCTbIO Split-
OB.

o  Tabnuubl Hive pazbuBatoTcsa no dannam 1M 4yacTsam
dannos.

o  JDBC-UCTOYHMKM BCerga COCTOAT U3 OAHOIo CMJInTa,
npeacTaBnsawoLLero cobomn result set BbinonHeHUs
3anpoca.

e  Split MmoXeT 3apaBaTb TpeboBaHMA K TOMY, Fae AOHKHA
NPOUCXOAUTb ero obpaboTKa:

o 06sA3aTeNbHO Ha KOHKPETHOM y3ne.

o  )XenaTenbHO Ha KOHKPETHOM Yy3rie.

o bes orpaHnyeHun.

CMm. ConnectorSplitManager, ConnectorSplit.

21


https://github.com/prestodb/presto/blob/4d6bb7cb67c2fa76f4cc14ed266f8bc3912d859e/presto-spi/src/main/java/com/facebook/presto/spi/connector/ConnectorSplitManager.java
https://github.com/prestodb/presto/blob/4d6bb7cb67c2fa76f4cc14ed266f8bc3912d859e/presto-spi/src/main/java/com/facebook/presto/spi/ConnectorSplit.java

BoinonHeHue: Page

OnepaTopbl NoAy4aroT U NPOU3BOAAT Page - HAbOp KOpTEXeN B
KOJNIOHOYHOM dopMmare.

Page Kaxkabi aTpmbyT npeactaBneH o6bekTom Block, koTopbin
A NOMHOCTbIO NHKANCYNNPYeT AOCTYN K AaHHbIM MO MHAEKCY.
Mpumep IntArrayBlock:
row
count e int[] -MaccuB 3HaYEHUN.
e Dbool[] -mapkep NULL.
\/

CM. Page, Block.

int float str
block block block

22


https://github.com/prestodb/presto/blob/4d6bb7cb67c2fa76f4cc14ed266f8bc3912d859e/presto-common/src/main/java/com/facebook/presto/common/Page.java
https://github.com/prestodb/presto/blob/4d6bb7cb67c2fa76f4cc14ed266f8bc3912d859e/presto-common/src/main/java/com/facebook/presto/common/block/Block.java

BbinonHeHue: push

Page

Page

Splits

Page

Presto peanusyet He6nokupytoulyto push Mogenb BbINOTHEHNS:

e Source onepatop nony4yaer split(bl).
e OnepaTtop npoussoauT Page.
e Page nepepnaetca cneayrouwemy onepatopy (push).

CospaHue n nornoweHne page-en oTaeneHo Apyr ot gpyra:.

e OnepaTop MOXeT 6bITb He roToB NponssecTun Page.
Hanpumep, Sort eLle He Nony4Ynn Bce BXOAHbIE AaHHbIE.

e OnepaTtop MOXeT 6bITb He roTOB NpUHATL Page. Hanpumep,
Hash Join He npuHMMaeT AaHHble U3 probe CTOPOHbI, NOKa He
NonyyeHbl Bce gaHHble n3 build ctopoHbl.

23



BbinosiHeEHUE: yrpaBsJi€eHNne NnNaMAaTbio

Query

Normal
Memory

Page

Page

Reclaimable
Memory

Page

Page

Page Page

Page Page

Page

Page

o

MHOF0ypOBHeBoe ynpasJieHNUE NaMATbIO:

e  JIUMWUT Ha ypOBHe y3na.
e JluMuT Ha ypoBHe 3anpoca.

OnepaTtopbl NCMOSIb3YyIOT Page He TOJIbKO AJis 06MeHa AlaHHbIMMU,
HO 1 ONA BHYTPEHHETNO COCTOAHUA:

e XaW-Tabnuubl.
e CopTMpOBaHHble CTPYKTYPbI.

Spilling:

e [lo yMon4aHuto, Npy OCTMXKEHUN TIMMUTA NaMSATH 3anpoc
6yaeT OTMEHEH.

e OnepaTopbl MOryT 3anpalLMBaTh NaMsATb CBEPX
JAOCTYMHOro Ansa 3anpoca nmmMuta. lNpy Heo6XxoANMOCTH
3Ta NamMaTb 6yAeT 0CBO6OXKAEeHa NyTeM BbIrPy3KU AaHHbIX

Ha AMUCK.
24



BbinonHeHne: KoMnunsauus

hash (interpreted)

HashAggregation

for row in page:
// HaliTu rpynny no K4y
int hash = hash(row)
Group rowGroup = null

for group in groups[hash]:

if equal(group, row):
rowGroup = group
break

// O06GHOBWUTbL arperarhl
rowGroup.consume (row)

int hash = 0;
for idx : columns:
if type[idx] is Int:
hash = intHash(hash, row, idx);
else if value is String:
hash = strHash(hash, row, idx);

hash (compiled)

hash
hash

strHash(hash, row, 2);
intHash(hash, row, 3);

NHTepnpeTupyembin Koa
BHOCMUT HaknagHble

pacxopfbl:
e Llnknbl.
YcnoBHble
nepexoapl.
e BupTtyanbHblie
BbI30BblI.

CkoMnununpoBaHHbIN Kof,
No3BONAET N36aBUTLCA OT
3Ha4YUTENbHOM YacTun
HaKNaZHbIX pacxoos.

25



BbinonHeHne: KoMnunsauus

e OnepaTtopbl coaepXxaT ykasatenu Ha pyHKumnn. Hanpumep:
o) Projection/Filter- Bbl4YUC/1IEHUE Bblpa)i(eHMVI.
O Aggregation- BblMUCNIEHUE aKKYMYJIATOPOB.
o Join - BblY4MUCNIeHME GUNBbTPOB.

e  DyHKUMM KOMNUNUPYIOTCS C NoMoLLbio ASM B npoLecce BbIMNOSTHEHUS
3anpoca, Ucnonb3ysa MHPopmMaL Mo 0 KOHKPETHOM onepaTope.

26



Presto/Trino - aTo pacnpegeneHHas MPP cuctema, kotopas BbinosiHAaeT SQL-3anpochbl, HO He
XpaHWUT AaHHble (aka shared storage).
O O6ecneynBaeT BbICOKYHO rMOKOCTb pa3BepPTbiBaHNA MO CpaBHEHUIO C shared-nothing cucremamm
npu coxpaHeHnn NPoON3BOANTENIbBHOCTH.
[MnaHUpOBLINK peanuayeT BCe KioveBble onTuMmuaauum (join order planning, exchange
planning, dynamic filters, connector pushdown).

o bonbwon noteHumnan gnas AganbHenWmnX ynyyLeHnn 3a c4eT BHeapeHus cost-based ontummnsaunu.
Runtime peanunayet push-moaensb nepegadn gaHHbIX B KOTOHOYHOM (popmMaTe C YaCTUYHOM
KOMMUIALUMen onepaTopos.

O  bonbluoi noTeHUMan ANna AanbHerWnX ynyylleHnin 3a cHeT BHeApeHMs native execution (cm.

Velox/Prestissimo).
Nonpo6oBaTb:
o  Presto: https://prestodb.io/

o  Trino: https://trino.io/

o CedrusData: https://www.cedrusdata.ru/
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https://www.google.com/search?q=velox+Prestissimo&oq=velox+Prestissimo&aqs=chrome..69i57j0i22i30.898j0j4&sourceid=chrome&ie=UTF-8
https://prestodb.io/
https://trino.io/
https://www.cedrusdata.ru/

