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O Hac

e Komnanwusa Querify Labs [1]

o  Paspa6otka HoBbix CYB/, n data management cuctemM: ABUXKM, ONTUMMU3ATOPbI, Storage, NPOTOKOSIbI.
e Pab6oTtanu MHoro net Hag pacnpegeneHHbIMU in-memory ABMXKaMMU:

o  Apache Ignite

o  Hazelcast
e KoHTpu6bloTOpbl B Apache Calcite [2] n Apache Ignite


https://calcite.apache.org/

PacnpegeneHHbin SQL

e PenauuoHHble CYB/:
o  CockroachDB, TiDB, YugaByte
e BigData/Analytics:
o Hive, Snowflake, Dremio, Clickhouse, Presto
e NoSQL:
o DataStax, Couchbase
e Compute/streaming:
o  Spark, ksqlDB, Apache Flink

e |IMDG:
o  Apache Ignite, Hazelcast, Gigaspaces

Report 3rd party

—— integrations

Reporting
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Storage
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ApXUTEKTYpa

SQL [MnaH Pe3ynbtar

|:> Optimizer |:{> Executor |::>

e  Optimizer - HaxoaWT (NPeANONOXNTENIbHO) ONTMMasbHbIN NJ1aH BbINOMHEHNS 3anpoca C y4eToM
pacnpefeneHns faHHbIX B KnacTepe.
e Executor - BbINOMHAET MNNaH, LOMNOHAET U KOPPEKTUPYET peLEeHUss ONTUMMU3aTopa.



OcCHOBbI Nf1aHMpPOBaHUA 3anpocoB

MpomexyTouHoe npeacTtasneHue (IR)
Rule-based ontummnzauums

NtepaTnBHOE U cost-based nnaHuposaHue
MpuMepbl NpaBun



[TnaHnpoBaHue

Syntax ans Semantic Intermediate .
i ’ SQL - geknapaTuBHbIN A3bIK.
Analysis Representation
A e  3anpoc MOXeT 6bITb
{Tame ) SROUPEY : NCMNOJIHEH MHOXXECTBOM
name Project l Project
e = e | Croco6oB.

e 3apaya nnaHUpoOBLLMKA -
HaWTU ONTUMASIbHbIW NNaH.

L)
JOIN
> | o [rne
e “OnTumManbHOCTbL” 3aBUCUT

emp.dept_id Scan Scan
= em dept
‘ deptid ] o | [ 5 OT 3a4auu:

o  CkopocTb
o JeHbru

;

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

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

Query Backend



Intermediate Representation

Attributes

¢ name, COUNT(*)
<« sELECT (name | l -

\
Join
JOIN r;:> Lamp.dept_id = dept.id

COUNT(*)

Scan

emp.dept_id
— dept

dept.id

ONTUMM3NpoBaTb CUHTaKCU4eCcKoe fiepeBo Npo6aeMaTMyHO 13-3a BbICOKOWM CNOXHOCTU SQL-cuHTakcuca.
Ypo6Hee npeAcTaBUTb 3anpoc B BUAE AepeBa (OTHOCUTENIbHO) NPOCTbIX PENALMOHHbIX ONepaTopoB.
PensiuMoHHble onepaTopbl - TUMMYHOE NPOMEXYToUHOoe npeacTasneHue (IR) BO MHOMMX ABUXKaX:
o  Apache Calcite (Apache Flink, Apache Hive, Dremio) [3], Apache Spark [4], Presto [5], Greenplum, CockroachDB, ...
e [IpaBunbHbIN An3anH IR KpUTUYECKM BaXKeH AN PaCKpbITUA BO3MOXHOCTEN onTuMmnasaTopa
o  NMpwumep: Apache Calcite ¢ 60blINM TpyAOM NNaHUpyeT NopAaAok Join ns-3a ocobeHHocTel ero IR [6].


https://github.com/apache/calcite/tree/calcite-1.27.0/core/src/main/java/org/apache/calcite/rel/core
https://github.com/apache/spark/blob/v3.1.2/sql/catalyst/src/main/scala/org/apache/spark/sql/catalyst/plans/logical/basicLogicalOperators.scala
https://github.com/prestodb/presto/blob/0.263/presto-spi/src/main/java/com/facebook/presto/spi/plan/PlanNode.java
https://www.mail-archive.com/dev@calcite.apache.org/msg16220.html

Intermediate Representation

Onepatop HasHaueHue

Scan CkaHnpoBaHMe UCTOYHMKA AaHHbIX
Project TpaHcdhopmaums aTpubyToB
Filter WHERE, HAVING

Sort ORDER BY

Aggregate GROUP BY

Window Window-dyHkunn

Join CoegnHeHne OBYX NCTOYHUKOB
Union/Minus/Intersect SET-onepatopbl




Rule-based TpaHcdopmaumm

Pattern _ )
Project
[ name, COUNT(*) J
—
Aggregate
L name, COUNT(*J y
= Join
Transformation {agg_dept_id =dept.id}
p .
Join
emp.dept_id = depﬂj] l:_> /
. \ L Aggregate Y
dept_id, COUNT(*)

Scan Scan

emp dept
Scan Scan
emp dept

MpaBuKno - 3TO eAMHULIA ONTUMU3ALIMK, COCTOALLLAA U3 NAaTTepHa W NOTMKK TpaHchopMaLmK.
3HauUNTENbHO YNpoLLLaeT 3BOOLMNIO U MOAAEPKKY NaHUPOBLIMKA 33 CYET AEKOMMO3ULINN.
PacnpepneneHHble SQL-ABUXKM MOTyT coep)XaTb COTHMU TpaHCchopMaLuii.

Mpumepbl: Apache Calcite (Apache Flink, Apache Hive) [7], Apache Spark [8], Presto [9], CockroachDB [13].



https://github.com/apache/calcite/tree/calcite-1.27.0/core/src/main/java/org/apache/calcite/rel/rules
https://github.com/apache/spark/blob/v3.1.2/sql/catalyst/src/main/scala/org/apache/spark/sql/catalyst/rules/Rule.scala
https://github.com/prestodb/presto/tree/0.263/presto-main/src/main/java/com/facebook/presto/sql/planner/iterative/rule
https://github.com/cockroachdb/cockroach/tree/v21.1.10/pkg/sql/opt/norm/rules

MTepaTmBHoe nnaHmpoBaHue

- N
Project Project
name, COUNT(*) name, COUNT(*)
1
[ Aggregate
name, COUNT(*) 5 , 8
P
Join Join
. AggregateJoinTranspose emp.dept_id = dept.id JoinCommute emp.dept_id = dept.id
Join
emp.dept_id = dept.id

Aggregate Aggregate
dept_id, COUNT(*) dept_id, COUNT(*)
Scan Scan
emp dept v
Scan Scan Scan Scan
emp dept dept emp

MocnepoBaTenbHO NPUMEHSIET NpaBuna K naHy.

PaccmaTpuBaeT OAMH MaH B KaXKAblii MOMEHT BPEMEHMU.

BbICTpbIiA, NPOCTOW, HO HE MOXET rapaHTUPOBaTb ONTUMabHOCTb.

Mpumepbi: Apache Spark [10], Presto [11], Apache Calcite (Apache Flink, Apache Hive) [12] 10
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https://github.com/apache/spark/blob/v3.1.2/sql/catalyst/src/main/scala/org/apache/spark/sql/catalyst/rules/RuleExecutor.scala
https://github.com/prestodb/presto/blob/0.263/presto-main/src/main/java/com/facebook/presto/sql/planner/iterative/IterativeOptimizer.java
https://github.com/apache/calcite/blob/calcite-1.27.0/core/src/main/java/org/apache/calcite/plan/hep/HepPlanner.java
https://www.notion.so/querifylabs/12-a7e603a377684c66816ec1f49030f1c2

Cost-based nnaHupoBaHue

Gz e [lnaHupoBLKK paccMaTpuBaeT
565 s - HEeCKO/bKO MaHoB 3anpocoB
7 )
o nar:\\g,g(;?&tﬁrﬂ (ﬁm:rggggw) J OAHOBpPEMEHHO. [151A aToro
G4 l \ orepaTopbl, BO3BpaLlatoLme
200 Yy N
o G6, NOEHTUYHble pe3ynbTaTbl,
name, COUNT() L OpraHusyoT B rpynnbl
475 Join
Join agg.dept_id = deptid 9KBUBANIEHTHOCTW.

mp.dept_id = dept.id|

e [lnaHWpOBLUKNK UCNOMb3yeT COost-

475 MoJefb 418 Ha3HaYeHUs

Join 3 75
CTOMMOCTM OrnepaTopam.
B / dept_id, COUNT(*

e B ob6uwem cnyyae, paccmatpmnBaeT
60/bllee KOIMYeCTBO NIaHoB, YEM
UTepaTUBHbIE NTAHUPOBLLMKW.

e [pumepbl: Apache Calcite [14],
Greenplum [15], CockroachDB [16].

----

11


https://github.com/apache/calcite/tree/calcite-1.27.0/core/src/main/java/org/apache/calcite/plan/volcano
https://github.com/greenplum-db/gporca
https://github.com/cockroachdb/cockroach/blob/v21.1.10/pkg/sql/opt/xform/optimizer.go

UTto Takoe “ctoumMocTb’ ?

® YcnoBHas BeNYMHA, KOTOpad Nno3BondeT
CpaBHWUBATb onepaTtopbl Apyr C APYyrom.

e Teopus:

o  ToyHas oueHKa 3aTpaT “XenesHblx”
pecypcoB Ha BbIMOJIHEHUNE
onepaTtopa.

e [pakTuka:

o [py6as mogenb, nonaratowiasncs Ha
HEeTOYHble CTAaTUCTUKN, Marn4yeckune
KOHCTaHTbI 1 “xakun” [17][18].

o  Ckansap [19]. Unu BekTop [20] [21],
KOTOpbI BCe paBHO CpaBHMBaeTCS

Kak ckanap [22] [23].

e CoBeT: “noBepsan, Ho NpoBepan”. Yaensante
BHMMaHMe CTaTUCTUKAM U XMHTaM.
12


https://github.com/apache/calcite/blob/calcite-1.27.0/core/src/main/java/org/apache/calcite/rel/metadata/RelMdRowCount.java#L201-L215
https://github.com/prestodb/presto/blob/0.263/presto-main/src/main/java/com/facebook/presto/cost/CostCalculatorWithEstimatedExchanges.java#L248-L284
https://github.com/cockroachdb/cockroach/blob/f26d7ad68a6f3b36f662262fe0cdc900ca4ed81f/pkg/sql/opt/memo/cost.go#L18
https://github.com/apache/calcite/blob/calcite-1.27.0/core/src/main/java/org/apache/calcite/plan/RelOptCost.java#L32-L41
https://github.com/prestodb/presto/blob/0.263/presto-main/src/main/java/com/facebook/presto/cost/PlanCostEstimate.java#L33-L36
https://github.com/apache/calcite/blob/calcite-1.27.0/core/src/main/java/org/apache/calcite/plan/volcano/VolcanoCost.java#L103-L104
https://github.com/prestodb/presto/blob/0.263/presto-main/src/main/java/com/facebook/presto/cost/CostComparator.java#L64-L72

TUNMYHbIE TpaHcOopMaL K

YnpoueHue onepaTopos.

[NepemelleHne onepaTopoB.

NnaHMpoBaHMe Nopsiaka join-oB.
lNnaHMpoBaHWe pacnpegeneHHbIX onepaTopos.

13



YnpolLlieHne onepaTtopos

Filter Aggregate Project
alS NULL a, SUM(b) a, b
| = | e I = ]
Scan Scan Scan
[a: NOT NULL] [a: UNIQUE]

e YnpolieHune onepaTopos:
o OnpepfeneHue, YTo ornepaTop BCerfa BO3BpaLlaeT NycTon peaynbraT (npeavkar) [24].
o YpaneHue HeHy>Hbix onepauuii (Hanp. GROUP BY Haf yHUKanbHOM KOIOHKOM) [25].

14


https://github.com/apache/calcite/blob/calcite-1.27.0/core/src/main/java/org/apache/calcite/rel/rules/ReduceExpressionsRule.java
https://github.com/apache/calcite/blob/calcite-1.27.0/core/src/main/java/org/apache/calcite/rel/rules/AggregateRemoveRule.java

[lepemelleHne onepaTopoB

Filter Aggregate
a>5 a, SUM(b)

T T Join Join
Aggregate Filter / \
a, SUM(b) a>5

T T A B B A

Scan Scan

e [lepemelleHne onepaTopos.:
o Filter: pushdown [26], pull-up.
o  Aggregate pushdown (Hanp. nomectutb GROUP BY nog Join [27]).
o Join: commute [28], associate [29].
15


https://github.com/apache/calcite/blob/calcite-1.27.0/core/src/main/java/org/apache/calcite/rel/rules/FilterAggregateTransposeRule.java
https://github.com/apache/calcite/blob/calcite-1.27.0/core/src/main/java/org/apache/calcite/rel/rules/AggregateJoinTransposeRule.java
https://github.com/apache/calcite/blob/calcite-1.27.0/core/src/main/java/org/apache/calcite/rel/rules/JoinCommuteRule.java
https://github.com/apache/calcite/blob/calcite-1.27.0/core/src/main/java/org/apache/calcite/rel/rules/JoinAssociateRule.java

[TnaHnpoBaHue nopgagka join-oB

ABC
>
x

2]
x
w

F =

. 4 g

> @) [

2 Bx€ CxB
2 D Q| BRAXE ExA 2 Y
e AxB BxA

e Bbigenaem nogaepeBo onepaTtopos Join.

e [lepebupaem gonycTUMble BapuaHThbl
o Dynamic programming: Teopus [30], CockroachDB [31], Presto [32].

o  Top-down enumeration with memoization: Teopus [33]. 16


https://dl.acm.org/doi/10.1145/2463676.2465314
https://github.com/cockroachdb/cockroach/blob/d42e42802d3d287bc69acfe86fa31ccf64728eae/pkg/sql/opt/xform/join_order_builder.go
https://github.com/prestodb/presto/blob/0.263/presto-main/src/main/java/com/facebook/presto/sql/planner/iterative/rule/ReorderJoins.java
https://dl.acm.org/doi/10.14778/2556549.2556565

[TnaHnpoBaHue pacnpeneneHHbIX onepaTopoB

e Kntouesble noHaTus: distribution, exchange.
e [lnaHupoBaHue Join.
e [lnaHupoBaHue Aggregate.

17



PacnpeneneHne aaHHbIX

PARTITIONED

[

REPLICATED

SINGLETON

OnepaTtopy NpUcBOEHO pacnpeaeneHue:
o  SHARDED - gaHHble pacnpegeneHbl no ys3nam.
o  REPLICATED - nonHas konusa AaHHbIX Ha BCEX y3nax.
o  SINGLETON - naHHble Ha O HOM Y3re.
o  Apache Flink [34], Presto [35].

OnepaTop 3afaeT TpeboBaHue K pacrnpenefneHuto
CBOMX BXOA0B.

Ha ocHoBe 3TMX TpeboBaHUI NAHUPOBLLMK
BCcTaBnseT onepatopbl Exchange, koTopble

MOJENNPYIOT NepecblsiKy AaHHbIX MeXAy y3/1aMn.
o  Apache Flink [36].

O6bI4YHO eCTb HECKOJIbKO a/lbTePHATUBHbIX
Crnoco60B BbIMO/HUTbL pacnpeaeneHHbIn

onepaTtop. lMoaTomy yvalle ncnonb3ytoT cost-based
ONTUMMU3ALMUIO.

18


https://github.com/apache/flink/blob/release-1.14.0/flink-table/flink-table-planner/src/main/scala/org/apache/flink/table/planner/plan/trait/FlinkRelDistribution.scala
https://github.com/prestodb/presto/blob/0.263/presto-main/src/main/java/com/facebook/presto/sql/planner/plan/SpatialJoinNode.java#L78-L82
https://github.com/apache/flink/blob/release-1.14.0/flink-table/flink-table-planner/src/main/scala/org/apache/flink/table/planner/plan/nodes/physical/batch/BatchPhysicalExchange.scala

Join: unicast

SHARDED[CITY]

Join

e.dept_id = d.id

SHARDED(dept _id] SHARDEDid]
Exchange Exchange
[dept_id] [id]
A A
SHARDED SHARDED
Scan Scan
[Employee] [Department]

e [lnA equi-join MOXXHO pellapanpoBaTh faHHble Mo equi-yCNoBUIO.

VBaH Mocksa
AHHa Mocksa
Makcum | Mocksa
Mapua | Mocksa
VBaH 1 il Mocksa
Makcum 1
Mapus il
AHHa il
VBaH 1 2 Crie
Cepreii 2 Department
Makcum 1
Mapus 1
Employee

Cepreii Crne
Metp Cri6
Enena Crie
Cepreii 2 Cre
Metp
Enena
AHHa il 1 Mocksa
Metp 2 Department
Enena 2
Employee

19



Join: broadcast

SHARDED VBaH Mocksa AHHa Mocksa

Cepreit Ccrne MeTp Ccrne
Makcum | Mocksa Enena Cr6

Mapusi | Mocksa

SHARDED REPLICATED VBaH i i Mocksa 1 Mocksa AHHa i
( < B ehanee Cepreit 2 cne6 2 cne Metp 2
[Employee] [broadcast] Mapuisi i Enexa 2

A AHHa i T\ /?A Employee

Employee >§

SHARDED | 2 | cne | | 1 | Mocksa |
Scan Department Department
[Department]

(] AJ‘IbTepHaTIABHO, MOX>XXHO d)OpCMpOBaHHO pennnunpoBaTtb OOMH N3 BXOO40B.
o BbIrogHO, ecnu pennvumpyeMbiii BXO4 UMeeT HebOoNbLIOW pa3mep.
o  06s3aTenbHO ANs outer join 1 non-equi join.

e [Ipumep:

o table.optimizer.join.broadcast-threshold B Apache Flink [37].
20


https://github.com/apache/flink/blob/release-1.14.0/flink-table/flink-table-planner/src/main/scala/org/apache/flink/table/planner/plan/rules/physical/batch/BatchPhysicalHashJoinRule.scala#L161-L192

Arperatbl

e Ecnu paHHble WapanpoBaHbl Mo KUY
Aggregate
[CITY, SUM] Mockas 4 | | crne 3 rpPynnupoBKKU, TO arperat MOXXHO
A A A nocunTaTh Ha KaXK oM yase
He3aBUCUMO.
Exchange MockBa 3 Cri6 2
[CITY] rr— i e - e B npoTMBHOM cnyyae, faHHble
A A A Heob6xoANMO pellapAnpoBaThb.
>< e bonbwuHCcTBO cucTeM pgenaet
NIOKanbHYyo Npe-arperaumio ans
PreAggregate MockBa 3 MockBa 1 MMHMMM3aL|,V|V| KOﬂquCTBa
[CITY, COUNT(*)] Cre 1 Crie 2 nepefiaBaeMblX MO CETU AAHHbIX.
A A A y
e CoBeT 1: 419 yCKOpPEHUA arperauuim
VBaH Mocksa AHHa Mocksa mapp,wpyﬂTe Ta6J'IVILI,bI o knrody
A Cepreit crié Metp crié rpynNnMpoBKM (MM YacTu KNKoYa).
Makcym Mocksa Enena Crio e CoBeT 2: y6eanTecb, YTO CUCTEMA YMEET
Mapwus Mocksa .
pellapamMpoBaTh AaHHbIE;

O3HaKOMbTECbLb C OrpaHN4YeHNAMMN.
21



[TpoOBUHYTbIE TEXHUKA

e [lnaHupoBaHue HU3NYECKNX CBOUCTB.
e MHorodasHoe nnaHUpoBaHue.

22



duandyeckme cBomCTBa

_____ HashJoin ) HashJoin
e w4 e [a2 = b1}
/ :‘\ / A
Exchange Exchange R Aggregate Exchange
[a2] ] [b1] e groupBy=[al, a2] [b1]
Aggregate Scan ' Exchange Scan
groupBy=[al, a2] B [b1, ..] 1‘ [a2] B [bl, ..]
Exchange ) L™ - Scan
[a1, a2] Alal, az, ..]
Scan
Alal, a2, ..]

Ha6ntogeHue: Sort u Exchange MeHSIOT TOIbKO CBOWCTBA OTHOLLEHWUI (COPTUPOBKA U pacnpefiefieHne), HO He

MEHAKT CaMUn KOPTEXMWN.

MpoABMHYTbIE ONTUMM3ATOPbI NbITAOTCA HAUTU ONTMMAabHYHO KOMGUHALMIO ONEepaTOpPoOB Ha OCHOBE UX CBOWCTB.

o YnpolueHHble anroputMmbl: Apache Flink [38].
o  Anroputm Cascades [40] [41] [42]: Apache Calcite [39], Pivotal Greenplum [15].
KaTacTpoduyeckass KoMOMHATOPHAsA CIIOXHOCTb!

23


https://github.com/apache/flink/blob/release-1.14.0/flink-table/flink-table-planner/src/main/scala/org/apache/flink/table/planner/plan/rules/physical/FlinkExpandConversionRule.scala
https://www.semanticscholar.org/paper/The-Cascades-Framework-for-Query-Optimization-Graefe/0674b42911bfcb13650fb9f11ea940471f9c8e19
http://web.cecs.pdx.edu/~len/Columbia/
https://www.youtube.com/watch?v=pQe1LQJiXN0
https://github.com/apache/calcite/blob/calcite-1.27.0/core/src/main/java/org/apache/calcite/plan/volcano/TopDownRuleDriver.java
https://github.com/greenplum-db/gporca

MHorogpasHoe nnaHupoBaHue

@

Initial
plan

Optimized
plan

Phase 1 Phase 2
(heuristic) (cost-based)

[ ) 3an,aqa HaxXoXXaAeHuna onTuMasibHOro njiaHa ABNAeTCA NP'CJ'IO)KHOﬁ, nB 06IJJ,eM CJly4ae He pellaeTca 3a
afeKBaTHOE BpeMA. |_|O3TOMy onTuMmnsaTopbl 06bIYHO p336MBaI'OT niaaHMUpoBaHMe Ha HECKOJ1IbKO
nocneanoBaTesiIbHbIX 3TAloOB.

o Apache Flink [43] [44], Apache Spark [45], Dremio [46].
) CoseT : BHMMaTenbHO 03HaKOMbTECH C XUHTaMU, TaK KakK OHU 06bIYHO NOABNAKOTCA B TEX MecCTax, rge OLLUNOKMU

onTMMM3aTopa Hanbosiee BeposATHbI (NaHNpoBaHue join-o0B, BbIGOp UHAEKCOB, Bbl6op broadcast, n T.4.).
24


https://github.com/apache/flink/blob/release-1.14.0/flink-table/flink-table-planner/src/main/scala/org/apache/flink/table/planner/plan/optimize/program/FlinkBatchProgram.scala
https://github.com/apache/flink/blob/release-1.14.0/flink-table/flink-table-planner/src/main/scala/org/apache/flink/table/planner/plan/optimize/program/FlinkStreamProgram.scala
https://github.com/apache/spark/blob/v3.1.2/sql/catalyst/src/main/scala/org/apache/spark/sql/catalyst/optimizer/Optimizer.scala#L134-L232
https://github.com/dremio/dremio-oss/blob/5a22a0401f346e3168281ccb586a82d187660336/sabot/kernel/src/main/java/com/dremio/exec/planner/sql/handlers/PrelTransformer.java#L222-L264

MHorodgpasHoe nnaHupoBaHue B Apache Flink

Join Order
Planning

Logical
Planning

Physical

Rewrite 1 J----- Planning

o dasbl [43]:

o  Rewrite 1 - subquery unnesting, simplification, predicate pushdown, ...

Join Order Planning - aBpucT1yeckoe niaHnMpoBaHune nopsaka join-oB (OTKNHOYEHO MO YMOYaHMIo).
Rewrite 2 - transient predicates pushdown, ynpouieHue Join, ...

Logical Planning - cost-based, nnaHnpoBaHue nopsinka onepaTopoB aggregate pushdown, etc).
Rewrite 3 - panbHenwee ynpoLyeHne onepaTopos.

Physical Planning - cost-based, Bbi6op anroputmMoB ans onepaTopos.

o  Rewrite 4 - aBpucTnyeckoe gob6aBneHne NoKanbHbIX arperaTos.

e “Join Order Planning” + “Logical Planning” + “Physical Planning” He rapaHTupytoT onTUManbHbIi nnax!

o O O O O

25


https://github.com/apache/flink/blob/release-1.14.0/flink-table/flink-table-planner/src/main/scala/org/apache/flink/table/planner/plan/optimize/program/FlinkBatchProgram.scala

3anyck 3anpocoB

e @parMeHTbI.
e  AKTOpbI: KOOpAUHATOP, Y4aCTHUK.

26



dparmMeHThb!

Join
e e Send Join
Exchange \ Scan B |:> - / \
Scan A Receive Scan B
Scan A
Template 1 Template 2

e [lnaH pa36uBaeTcs Ha HECKOJIbKO parmMeHTOoB (LLab/I0HOB), KOTOPble 6yAyT OTMpaB/eHbl Ha Y3/bl.
e PasHble y3/5ibl MOryT BbINOSIHATb pa3Hble hparMeHTbl, B 3aBUCUMOCTU OT 0COBEHHOCTEN peannsawumm:

o  BepTuKanbHbI Y TOPU3OHTANIbHBIN Napassienmsm.

o  Tpe6oBaHus K onepatopam (Hanpumep, ckaH MOXeT Tpe6oBaTb HafMuMe KOHKPETHOTO LapAa Ha y3ne).
27



AKTOpPbI

Coordinator

| Receive

LS

Receive | Scan B
- 4 \
‘\
\

e KoopauHaTop yrnpaBnsieT XXM3HEHHbIM LMKJIOM 3anpoca B KilacTepe: niaHMpoBaHue, 3anyck, oTMeHa, fault

tolerance.

Y3nbl BbINOMAHAOT onepartopbl, 06MeHMBaloTCA OJaHHbIMN.

Scan A

Node 1

TODO: NpakTuka - ynpaBneHue napannenimimom

Node 2
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Runtime onTumunsauuu

o [IpyHUHr
e [lnHamun4yeckue onepartopbl
e 3amMmeHa u peonTMMKU3aLmMA naaHa BO BpeMs UCTOSTHEHUSA
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Runtime onTumunsauuu

o OI'ITMMVI3aTOp MOXXET NpUHNMaTb HEONTUMaJIbHblE PELLUEHUA

e CobGpaHHy0 BO BpeMs UCMOMNHEeHNs MHAOPMaLMI0 MOXKHO UCMONb30BaTh AN Yy4lleHns
NPOV3BOANTENBHOCTM BbIMOMHALLErOCA 3anpoca

e MoXeT 6bITb BbIFOAHO NOMEHSATh MIiaH UCMOMHEHUS UCXOOS U3 UMEIOLLIMXCA Ha AaHHbIN
MOMEHT pPecypcoB
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Pruning

Partition Pruning

Column Pruning

Block Pruning

[ Iy B N S C T T 7| | =17
[ Iy B N S /T 7| |C=|C—1
N I I ) S I N N [ Y (I I
N I B N S C T TT 7| |1

e Wpes: nrHopmpoBaTb YaCTM UCTOYHMKA, KOTOPble 3aBe40MO He coaep)KaT HE06X0AMMbIX AaHHbIX.
o Partition pruning - nrHopupyem HeHyXHble wapapbl [47], [48].
o Column pruning - UITHOPUPYEM HEHY>XHbl€ KOMOHKM (601bLle NPUMEHUMO AJ151 KONIOHOYHbIX cucTeM) [49].
o Block pruning - urHopupyem otzenbHble 6510KM UCTOYHMKaA [50]
m  Vcnonb3ysa cTaTUCTUKM 610KOB B KONTOHOYHbIX CYB/[],
m  Bitmap Scan B Postgres [51]
e Peanusauus:
o MnaHupoBaHue - coBMeLyaem Scan, Filter (npegukatbl) n Project (3anpoLleHHble KOMIOHKK), BbIBOAWM OFpaHUYeHUs.
o BbIinonHeHwue - ecnu orpaHWYeHne AMHaMM4eckoe, NpuMeHsiem ero B runtime (block pruning).
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https://github.com/apache/flink/blob/2d38d8bd72d9b80227071dde77dcad688d78a47f/flink-table/flink-table-common/src/main/java/org/apache/flink/table/sources/PartitionableTableSource.java#L60
https://github.com/apache/spark/blob/ebfc6bbe0e9200f87ebb52fb71d009b2d71b956d/sql/hive/src/main/scala/org/apache/spark/sql/hive/execution/PruneHiveTablePartitions.scala
https://github.com/apache/spark/blob/ebfc6bbe0e9200f87ebb52fb71d009b2d71b956d/sql/hive/src/main/scala/org/apache/spark/sql/hive/execution/HiveTableScanExec.scala#L54
https://db.in.tum.de/downloads/publications/datablocks.pdf
https://www.postgresql.org/docs/13/indexes-bitmap-scans.html

Pruning

e [lpumep: partition pruning

e) PARTITION BY month (ts)

o SELECT sum(amount) FROM orders WHERE ts BETWEEN ‘2020-10-01’' and ‘2021-02-01'
e [laHHble ONTUMMU3ALMM OBbIYHO TPEBYIOT, YTOObI NpeaunKaT 6bin sargable!

o  CpaBHeHue, AND/OR, LIKE ¢ pukcnpoBaHHbIM npeduKkcom, u T.4.

2020-09 2020-11 2021-04
F7z77777777%

2021-08 2021-05 2021-02
A S—

2021-03 2020-12 2021-07

Ll

2021-06 2021-01 2020-10

—_
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Runtime: [No3gHaa maTtepunanusauus

SELECT coll,.., coll00 from table where coll = “SelectiveId”

®dunbTpyeM nNo ManeHbKOMY YMCITy KONOHOK, BO3BpaLLlaeM 60J/1bLLI0e YNCIO KOSTIOHOK
Bornbluas YacTb AaHHbIX 6yAeT UrHOpMPOBaHa

Column store + rowld: YynTaem TONbKO HY)KHYO KOJIOHKY M OYNTbIBAEM OCTaBLUMECS KOMOHKM Y)Ke
nocne dpunbTpaumnn
e [lpumep: VectorWise, Vertica [52]

10M Rows x

100 Columns
Scan [col1, col2, ...] Filter [col1=?] |————1000R x 100 C———>
10M Rows x
1 Column
Scan [col1, rowld] | Filter [col1=7?] —13(:°CR-> Fetch [rowld, col2, ...] —1000Rx1C®»
1Gb
1000 Rx 99 C 4

10 Mb
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https://stratos.seas.harvard.edu/files/stratos/files/columnstoresfntdbs.pdf

Runtime: dlMHammnyeckaa dounsrpaumna B Join

e Mcnonbsyem cocTosiHUE Xell-Tabnuubl AN paHHel GunbTpauun faHHbIX B probe nneve

e Probe Hy>HO HayaTb BbINOMNHATbL TOIbKO NOC/E TOro, KakK NO/IHOCTbIO BbinonHunacs hash build
o  TpebyeTcs noaaep)Kka cCoO CTOPOHbI N1aHMPOBLLMKA

Mpumep: Presto [53], Spark [54], Dremio [55], Snowflake [56]

Hash Probe Hash Probe
/
Hash Build Hash Build
T T
Filter Filter Filter
1 ; il 7
Scan Scan Scan Scan
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https://github.com/prestodb/presto/blob/22d5489dcc9154efc6cc855d39d0e3bc64d39d86/presto-main/src/main/java/com/facebook/presto/operator/DynamicFilterSourceOperator.java
https://github.com/apache/spark/blob/ebfc6bbe0e9200f87ebb52fb71d009b2d71b956d/sql/core/src/main/scala/org/apache/spark/sql/execution/dynamicpruning/PartitionPruning.scala
https://docs.dremio.com/data-sources/runtime-filtering/
https://www.youtube.com/watch?v=CPWn1SZUZqE

Runtime: dlMHammnyeckaa dounsrpaumna B Join

e [locTpoeHue punbTpa TpedbyeT AONONHUTENbHbIX PECYPCOB
e CoBeT: npoBepbTe 3HayeHue threshold ana BbikntoyeHUs guHammndeckom dunbTpaumm
e Presto/Trino [57]:

o dynamic-filtering.large-broadcast.*
o dynamic-filtering.large-partitioned.*

Hash Probe Hash Probe
/;;;#7*
Hash Build Hash Build
T T
Filter Filter Filter
T ; i3
Scan Scan Scan Scan
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https://trino.io/docs/current/admin/dynamic-filtering.html#dynamic-filter-collection-thresholds

Runtime: Aggregate pushdown

ArperaTt MOXHO Npoay6aMpoBaTh U 3anyLMTb 3a Join AN CHUXEHUSA KapAWHaIbHOCTH
BbIroIHO TONBbKO €C/M MPOMEXXYTOUHbIN arperaT CHUXaeT KapAnHanbHOCTb
“OTKNHOYEHNE” MPOMEXYTOUYHOrO arperata He BAUAET Ha KOPPEKTHOCTb

Mpumep: Snowflake [56]

Agg Agg
[type, sum(amount)] [type, sum(amount)]

1 )

Join [id] E Join [id]

' DynamiéAgg
' [id, sum(amount)]

)

Scan [type, id] Scan [id, amount] Scan [type, id] Scan [id, amount]

36


https://www.youtube.com/watch?v=CPWn1SZUZqE

Runtime: npe-arperauung

YacTo eCTb BOBMOXXHOCTb YNTaTb AaHHble napanfefibHo faxke u3 OgHoro wapga
Pasz6uBaeM wapa Ha YyacTu, ANs KaKA0oW YacTu AenaeM JIoKasnbHyo Npe-arperaumto
PesynbTaT arperaumm Kaxaow n3 yactem KOMOGMHUPYeM

KonnyecTBO YacTei MOXXHO BblbupaTb B 3aBUCUMOCTU OT AOCTYMHOCTU PECYPCOB
KomneHcupyeT data skew [58],[59]

Agg Agg Agg Agg

1

37


https://www.youtube.com/watch?v=Zk5_RcRg3nA
https://trino.io/Presto_SQL_on_Everything.pdf

Runtime: JuHamnyeckoe KonnyecTeo LLapaoB

e [lpu nepepacnpeneneHmmn AaHHbIX KOJIMYECTBO LapA0B OCHOBAHO Ha KapAWHaNbHOCTH

L OwunbKK B OoUEeHKe KapaAnHallbHOCTU => HernpeancKasyemMoe BpemMa NCMNOJIHEHUA
o Mcnonb3oBaHme CANWLKOM ManeHbKUX WaphoB yBENNYUBAET HaKJTaHblE€ pacxoabl
o Ncnonb3oBaHue CNULLIKOM 60/bLUNX CHUXKAET napannennsm

Scan ¥ Exchange > Aggregate
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Runtime: JuHamnyeckoe KonnyecTeo LLapaoB

) ManeHbkune wapAabl - COBMECTUTb
e Spark[60],[61]
o spark.sgl.adaptive.enabled
O PeonTtumusauma NnpoucxoaumTt Mexay Toukamu MaTepuanusaumm

| VA W7/
| I
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https://github.com/apache/spark/blob/ebfc6bbe0e9200f87ebb52fb71d009b2d71b956d/sql/core/src/main/scala/org/apache/spark/sql/execution/adaptive/AdaptiveSparkPlanExec.scala
https://databricks.com/blog/2020/05/29/adaptive-query-execution-speeding-up-spark-sql-at-runtime.html

Runtime: JuHamnyeckoe KonnyecTeo LLapaoB

e bonbluve Wwapabl - pasaenuntb
e BigQuery [58]

O KoHTposnb pa3smepa Liapaa BO BPeMS UCMONTHEHUS
o  [epepacnpefeneHune y)xe HaKoMIeHHOro pesynbTaTa B Clydae NpeBbilleHns nopora
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https://www.youtube.com/watch?v=Zk5_RcRg3nA

Runtime: 3ameHa anroputma join

e OwwnbKa B OLIEHKE KapAMHabHOCTH, 0fiHa U3 CTOPOH Join oKasbiBaeTcs MeHblle, YeM broadcast

threshold
el Jon e Spark[60], [61]:
:> o spark.sgl.adaptive.
enabled
Exchange Exchange Broadcast Scan © Merge => Broadcast
? r —f o  Materialization
' e BigQuery [58]:
Es::::;edDIIl Filter Scan Filter o  Shuffle => Broadcast
' 5 i o  Cancel & Re-Execute
Scan Scan
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https://github.com/apache/spark/blob/ebfc6bbe0e9200f87ebb52fb71d009b2d71b956d/sql/core/src/main/scala/org/apache/spark/sql/execution/adaptive/AdaptiveSparkPlanExec.scala
https://databricks.com/blog/2020/05/29/adaptive-query-execution-speeding-up-spark-sql-at-runtime.html
https://www.youtube.com/watch?v=Zk5_RcRg3nA

IPPeKTUBHOE UCMNONHEHNE

e BekTOopusauus
e KomMnunauusa sanpocos
e Operator fusion
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Advanced: adpdeKkTMBHOE NUCMNONHEHNE

e OLTP: ToyeyHble 3anpocChbl, LUMPOKUIA HABOP KOSTOHOK
o OTHOCMTENbHO HEHObLLOE KONIMYECTBO CTPOK U TpaHchopMaLmi

KpVITVIqu Bbl60p onTnMasibHOro MetToga goctyna (CKaH VS Index, Bbl60p onTnMalbHOIro VIH,D,eKca)
e OLAP: “anuHHbIe” 3anpochbl, y3K1iA HABOP KOJTOHOK

CEQ

+
7 | \

v | ;

o
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Advanced: BekTopu3saLns

e OLAP - KpuTnyecku BaxkHa apdekTUBHas yTuansaumnsa pecypcon

e (06paboTKa AaHHbIX B KOMMAKTHOM LinKe 6110KaMu, NOMELLArLWLNMMUCA B K3LW NpoLeccopa
e BekTopuaupoBaHHbIit onepaTtop [52]

9nemMeHT 06paboTKM - HABOP KOPTEXEN

MNpuMUTMBHaA onepauma paboTaeT Hag OfHON KONOHKOM

ClickHouse, Actian Vector (ex. VectorWise), Vertica, Presto/Trino, CockroachDB [62],[63]

Apache Arrow-based (Dremio, Flink)[64]

O O O O

Scan — e : O

Project HashTable

-

44


https://stratos.seas.harvard.edu/files/stratos/files/columnstoresfntdbs.pdf
https://www.youtube.com/watch?v=DvhqgmRQuAk
https://www.cockroachlabs.com/blog/how-we-built-a-vectorized-execution-engine/
https://arrow.apache.org/docs/cpp/compute.html

Advanced: komnunauus

e WHTepnpeTauus: 60/blUNe HaKTaHble pacxofbl Ha KOHTPOJb TUMOB U BUPTYyasibHble BbI30BbI
e Cneunanusauus: ansi KOHKPETHON CXeMbl KOA, KaXKA0ro onepaTopa MOXHO CYLLECTBEHHO
ynpocTtuTtb [65]
e Cxema onpegenseTcs nosib3oBaTesieM => NPOU3BOJIbHOE KOJIMYECTBO creuuannsaumm
o FeHepau,Mﬂ KoAda rnpu ncrnoJiHeHnn
e Bpems KOMNUIALMU MOXET 6bITb 60/IbLLIE BPEMEHM UCMOJTHEHUA 3anpoca
¢) K3LL|VIpOBaHV|e, coBMeLWleHNe nHTepnpeTaunn 1 Komnunaumn

Ak

User-defined Static Runtime

Schema A A Specialization

Schema B 7 Operator Template B Specialization

Schema C C Specialization
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https://www.vldb.org/pvldb/vol4/p539-neumann.pdf

KoMnunauua: noaxoasbl

[eHepypoBaTb UCXOAHbIV KOZ

e e.g.Janino, clang
o  Apache Spark [66], MS Hekaton,
MemSQL, [62]

+ bonee npmBbIYHOE NpeacTaBieHne
+ Jlerye otnagka
- CyLecTBeHHOE BpeMs KOMNUAALUMn

Op

void process (Block in) {
Filfess
}

ompiled
Op

[eHepupoBaTb IR KoMnunaTopa

LLVM

o Apache Arrow [67], MemSQL (2016+) [62]
Truffle
ASM

o  Splice Machine, Presto
+ lMoTeHunanbHO 6onee 6bICTpas
KoMnunauua
- BbicOKas CNOXXHOCTb NogAep>KKu

Op

Compiled

&
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https://github.com/apache/spark/blob/ebfc6bbe0e9200f87ebb52fb71d009b2d71b956d/sql/core/src/main/scala/org/apache/spark/sql/execution/WholeStageCodegenExec.scala#L46
https://www.youtube.com/watch?v=DvhqgmRQuAk
https://github.com/apache/arrow/blob/39875f1c9581226c38f24ad3515f831b729fe4d6/cpp/src/gandiva/tree_expr_builder.h
https://www.youtube.com/watch?v=DvhqgmRQuAk

Advanced: Operator Fusion

cambiv 3 dEeKTUBHBIN NOAXOA
e [lannnarHWHI: BEKTOPHOE BbINOSIHEHNE “HENPEPBIBHOIO

e lcnonb3oBaHuWe abCTpaKLMUM OTAE/BHOIO onepaTopa - He * | HashProbe X
t

e 1
Habopa onepaTtopoB” [68] ' '
+ | HashBuild | !
e Llenb - AepXxaTb cogepXXMMoe KopTexka B permcrpax : : . 3
npoLeccopa Kak MOXHO Aosblue : 1 S
. ' cesssnyuenee ‘ pe
< Filter b 9 e, :
. 7 ' | HashBuild | ¢
v Scan 8 o8 ? :
e S I
g Scan g
;... ........ J
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http://www.vldb.org/pvldb/vol11/p1-menon.pdf

maBHasn ocobeHHocTb distributed SQL-ABMXKOB - HE06X0ANMOCTb 3¢ (PEKTUBHOIO BbIMOSIHEHNUSA
pacnpeneneHHbIX 0rnepaTopos.

OnTumusartop:
o TnaHupoBaHWe KNacCUYECKUX pensiMoHHbIX onepaTopoB (rule-based, iterative/cost-based, Heckonbko ¢as).
o  MnaHupoBaHue Exchange onepaTopos.

Executor:

KoppekTupoBKa peLueHuit onTumMuaaTtopa (nepemeLleHne onepaTopos, repartitioning, broadcast).

Pruning ansa yMeHbLUeHUs1 KonnyecTsa CKaHUPYeMbIX AaHHbIX.

ArpeccuBHble MPOMEXYTOYHble arperaunv AN yMeHbLUeHUs KonnyecTsa nepefaBaeMbliX MO CETU AaHHbIX.
KomMnunsauns n BekTopusauusa ans nyywien yTunmsaumum xenesa.

o

o O O

Ccbinku: https://www.notion.so/querifylabs/SQL-0dbb77b8964d4eb6933349eb2b07ac32
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https://www.notion.so/querifylabs/SQL-0dbb77b8964d4eb6933349eb2b07ac32

