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O Hac

e Komnanus Querify Labs [1]

o  Paspa6otka HoBbix CYB/, n data management cuctemM: ABUXKM, ONTUMMU3ATOPbI, Storage, NPOTOKOSIbI.
e Pa6otan 8 net Hapg pacnpegeneHHbIMU in-Mmemory ABMXKaMMU:

o  Apache Ignite

o  Hazelcast
e KoHTpu6bloTOp B Apache Calcite [2] n Apache Ignite


https://www.querifylabs.com/
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
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Uto oenaet ontummnsaTtop?

Syntax ans Semantic Intermediate
Analysis Representation
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[“em 1
emp.dept_id Scan Scan
= emp dept
dept.id

I

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

emp.dept_id = dept.id
GROUP BY dept.name
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[TpoekTbl, KOTOpPbIE Ucnonb3ytoT Apache Calcite

e Data Management:
o  Apache Hive

o  Apache Flink
o  Dremio
o VoltDB
o  IMDGs (Apache Ignite, Hazelcast, Gigaspaces)
o
e Applied:
o  Alibaba/ Ant Group

o Uber
o LinkedIn
O



O yem pgoknaan?

e UYTO
o KntoyeBble anroputmbl 1 Npo6aemMbl onTummuadatopoB SQL-3anpocos.
o  Kak oHu pelweHbl B Apache Calcite.
e Komy
o  [1paKTUKYIOLWMM UHXeHepaM, KOTopble UCNoNb3yoT SQL-NpoayKTbl.
o  Ecnu BamM nHTepecHo BHYTpeHHee ycTporncTeo CYB/], nnm Bbl XOTUTe cTaTb paspaboTumkom CYB/.
o  Ecnu Bbl xoTWUTe NopajoBaTtbcs 3a Java.



OcCHOBHbIE CTaguu

e AHanus
o  [lapcuHr.
o  CemaHTuyeckas Banngauus.
o  TpaHcnsaumsa B IR (intermediate representation).
e OnTMMmnsaums
o Jlornuyeckas - noMck abCTpaKTHbIX onepaTopoB (Hanp, Join(AxB) vs Join(BxA)).
o dusnyeckas - BbI6op peanusaumm onepatopos (Hanp, hash join vs nested loop join).



[TapcuHr

e 3ajaya: NnpeBpaTUTb CTPOKY B CUHTAKCMYECKOE [1ePEBO.

e [lapcuHr c Apache Calcite:
o  Wcnonbayet JavaCC ansa reHepauuv napcepa [3].
o MMeeT roToBbIil K UICNONb30BaHMIO CreHepupoBaHHbIii napcep [4].

o  [onyckaeT pacluMpeHnsa cuHTakcuca (Hanp., DDL [5]). SROUF By

)

Attributes

var sgl = "SELECT ..."; m

var parser = SqglParser.create(sqgl);
SglNode ast =parser. parseQuery();

emp.dept_id

dept.id
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https://github.com/apache/calcite/blob/calcite-1.26.0/core/src/main/codegen/templates/Parser.jj
https://github.com/apache/calcite/blob/calcite-1.26.0/core/src/main/java/org/apache/calcite/sql/parser/SqlParser.java
https://github.com/apache/calcite/tree/calcite-1.26.0/server/src/main/codegen

CemMaHTMn4YecKkmnn aHanms

e 3apava: y6eauTbCsi B CEMaHTUYECKOWM KOPPEKTHOCTH a7
CUHTaKCUYeCKOro fepe.a: Ates [ deptname | .
o  PaspeuweHne o6bekToB CYB/[, (TabnuLbl, KOJIOHKY, ...). ,-‘VEROUP B
o  PaspelueHue GyHKLMI. <—L§EECT
o  BbiBog TUNOB. COUNT(*)
o  [poBepkKa pensiuuoHHON CEMaHTUKM. A v
e CemaHTnyecknin aHanus B Apache Calcite: JOIN [
o  [pepocTaBbTe CXeMy. ’ Operator '
dept
o  TpepocTtaBbTe KaCTOMHble GyHKLMM (ONuMOHanbHo). | COUNT | m £
o 3anycTuTe BCTPOEHHbI BanuaaTtop [6]. e ’ ——
. emp.dept_id Table
Table = %, T dept
emp K dept.id } ;

.| Column
L Column |/ Operator ] oy
e

mp.dept_id
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https://github.com/apache/calcite/blob/calcite-1.26.0/core/src/main/java/org/apache/calcite/sql/validate/SqlValidatorImpl.java

TpaHcnauua B pendunoHHoe OepeBO

Attributes

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

\
Join
Joml_L l;:> me Soph. k= dept

= oo )
Scan
dept

emp.dept_id
OnNTMMKN3MpPOBaTb CMHTAKCUYECKOe AiepeBO NPo6/1eMaTUYHO M3-3a BbICOKOWM CNOXHOCTM SQL-cuMHTakcuca.
[lna 3agauym onTuMM3aumK, yaobHee nNpeacTaBuTb 3anpoc B BUAe AepeBa pensaumoHHbIX onepaTtopos [BLOG2] [7] [8].
Apache Calcite umeeT BCTpOeHHbI TpaHcnaTop us AST B AiepeBo pensALMOHHbIX onepaTopos [9].
BonbwuHcTBO TpaHchopmauyuin Apache Calcite paboTatoT ¢ pensiuMoHHbIMK onepaTopamu.
B apyrux cuctemax: Apache Spark [37], Presto/Trino [38].

COUNT(*)

dept.id
~
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https://www.querifylabs.com/blog/relational-operators-in-apache-calcite
https://github.com/apache/calcite/blob/calcite-1.27.0/core/src/main/java/org/apache/calcite/rel/RelNode.java
https://github.com/apache/calcite/tree/calcite-1.27.0/core/src/main/java/org/apache/calcite/rel/core
https://github.com/apache/calcite/blob/calcite-1.26.0/core/src/main/java/org/apache/calcite/sql2rel/SqlToRelConverter.java
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

RelNode

abstract class AbstractRelNode {
// IoCTyn K IOUEPHUM y3JIaM.
RelNode getInput (int 1i);

// Cnucok aTtpubytToB (“mojen”) ys3ja.
RelDataType getRowType () ;

// CKOHCTPYMPOBATH YHUKAJbHYI CUTHATYPY Yy3Ja.
RelWriter explainTerms (RelWriter pw);

// TlocumMTaTh CTOMMOCTL y3Jjla (0e3 yueTa IOOUYEepHUX Y3JIOB) .

RelOptCost computeSelfCost (RelOptPlanner planner,

RelMetadataQuery mq) ;

13



PendaunoHHbIe onepaTopbl

Onepatop OnucaHue

Scan CkaHupoBaTb abCTpaKTHbIN MCTOYHUK AaHHbIX
Project TpaHcdhopMmnpoBaTb KopTex (Hanp., a+b)
Filter Otdpunerposateb kopTexu (WHERE, HAVING)
Sort ORDER BY / LIMIT / OFFSET

Aggregate Arperauus

Window OkoHHag arperauus

Join Knaccuyeckui join aByx ornepaTopoB
Union/Minus/Intersect Set-onepaTtopbl

14



OnTuMmn3saums

Rule-based ontumusayus.
MoHaTue “ctoumocTn”.
NTepaTMBHbIM ONTUMMIATOP.
Cost-based ontnmmnszaTtop.

15



Rule-based ontnummnsauus

Project
name, COUNT(*)

{7 Aggregate j

name, COUNT(*) 2
Transformation Dy dept_i;j
gp.dep.t]fi:jt depﬂj] l:_> /

. \ Aggregate
dept_id, COUNT(¥)

Scan Scan

emp dept
Scan Scan
emp dept

MpaBunno - 3TO eAMHULA ONTUMU3ALMK, COCTOALLLASA U3 NaTTepHa U Nornku TpaHchopmaumm [BLOG3].
3Ha4YnTENbHO YNpoLLaeT 3BOJIIOLMIO U NOAAEPXKKY NNaHUPOBLIMKA 3@ CHET AEKOMMO3ULINMN.
SQL-ABWMXKM MOTYT COAEpXKaTb COTHM TpaHchOpMaL M.

MNpumepbi: Apache Calcite [17], Apache Spark [18], Presto [19], CockroachDB [20].

Pattern Jn

16


https://www.querifylabs.com/blog/rule-based-query-optimization
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

[Tpnumep npaBuna

public class AggregatedJoinTransposeRule extends RelRule {
// Jloruka
public void onMatch (RelOptRuleCall call) {
Join newJoin = ... // 400 CcTpoOK CJIOXHOTO KOIa
call.transformTo (newJoin); // CooBmmTh ONTUMMUI3ATOPY O HOBOM Yy3JIe

// TlaTTepH
public interface Config extends RelRule.Config {
Config DEFAULT = EMPTY.as (Config.class)

.withOperandSupplier (
b0 -> b0.operand (Aggregateclass) // Aggregate
.oneInput (bl -> bl.operand(Joinclass) // ... uan Join
.anyInputs () // ... a ;majblie BCe pPaBHO!

) .as (Config.class)

17



[lpaBuna: ynpollieHue 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 OnpepgeneHue, YTo ornepaTop BCerfa Bo3BpaLlaeT NycTon peaynbraT (npeavkar) [25].
o YpaneHue HeHy>Hbix onepauuii (Hanp. GROUP BY Haf yHUKanbHOM KOIOHKOM) [26].

18


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

[lpaBuna: nepemMelleHne onepaTopos

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 [27], pull-up.
o  Aggregate pushdown (Hanp. nomectutb GROUP BY nog Join [28]).
o Join: commute [29], associate [30].
19


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

UTto menartb ¢ npaBunamm?

e [lpuMeHsaA NnpaBuna, Mbl reHepMpyeM aKBUBaNEHTHbIE MaHbl. [lBa nnaHa HasbiBatOTCA 9KBUBANIEHTHbIMU, €CNN
OHU NOPOXAaloT OANHAKOBbIE pe3yNibTaTbl Ha NHO6bIX BXOAHbIX AaHHbIX (NB: 6e3 yyeTa copTupoBku!)
e 3ajaya onTMMm3aTopa - NOMNbITaTbCA HANTU ONTUMAalbHbIV NAaH. [NpobnemMbl:
o  Kak noHsTb, YTO NnaH onTuMasneH?
o Kak “pobpartbca” A0 onTUManbHOro nnaHa? 20



UTto Takoe “ctoumMocTb’ ?

® YcnoBHas BeNYMHA, KOTOpad Nno3BondeT
CpaBHUBATbL onepaTtopbl ApYyr C APpYyrom
[BLOG4].

e Teopus:
o  To4yHas oLeHKa 3aTpaT pecypcoB Ha
BbIMOJSIHEHWE OnepaTopa.
e [pakTuka:
o [py6as mogenb, nonaratowiasncs Ha
HETOYHble CTaTUCTUKM, YNPOLLEHUS
N Marnyeckune KoHcTtaHTbl [10] [11].
Ckansp [12].
... unn BekTop [13] [14], koTOpbIN BCE
paBHO CpaBHMBAETCA KaK cKansap

[1s][16l.

21


https://www.querifylabs.com/blog/what-is-cost-based-optimization
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

RelOptCostimpl

class RelOptCostImpl implements RelOptCost
private final double wvalue;

public boolean isLe (RelOptCost other)

{

{

22



MTepaTtuBHbIV NNaHUPOBLLNK

e PaccmaTtpuBaeT oAuH NnaH B KaXAbli MOMEHT BpeMeHMU, NocnefoBaTe/IbHO NPUMeHsAs npasuna.
e  BbICTPbIi, NPOCTOMI, HO He rapaHTUPYeT ONTUMasIbHOCTb M MOABEPXEH 3aLMKIIMBAHMUIO.
e Mpumepbi: Apache Spark [21], Presto [22], Apache Calcite (Apache Flink, Apache Hive) [23]
23


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

Cost-based nnaHnUpoBLUUK

e PaccmaTpuBaeT MHOIO MJ1aHOB OAHOBPEMEHHO.
e BbibupaeT Hanbonee onTUMasnbHbIA HA OCHOBE CTOMMOCTM.
e [pumepbl: Apache Calcite [24], Pivotal Greenplum/Orca [31], CockroachDB [32].
24


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

Memoization

Aggregate Multi-
name, COUNT(*) expression

Aggregate ;
' name, COUNT() lExpress:on

Join

Scan Scan
emp dept

; b
N

Expression - onepaTtop, BxogamMu KOTOPOro SABASOTCS ApYyrue ornepaTopbl.

Group - Habop 3KBUBAJIEHTHbIX ONEpPaTOPOB.

Multi-expression - onepaTop, BxogaMun KOTOPOro ABASAKOTCA rpynnbl.

MEMO - Ha6op groups un multi-expressions. 25




Memoization

/G4‘ Group

Aggregate Multi-
name, COUNT(*) expression

Join

[ Scan } [ Scan ]
emp dept
G1. (el 'G2)
{ y v

Scan Scan Scan Scan
emp dept emp dept

Join Join
emp.dept_id = dept.id emp.dept_id = dept.id

° [To3BOSISET KOMMAKTHO KoanpoBaTb 60/1bLLOEe KOIMYECTBO MJ1aHOB.

e [epynnuumupyet O4MHAKOBbIE Y3Jibl.
e [logpo6Hee: [BLOGS] 26


https://www.querifylabs.com/blog/memoization-in-cost-based-optimizers

Cost-based onTummnsaumus

+ 100 Aggregate + 100 Aggregate
+ 150 name, COUNT(*) + 150 name, COUNT(*)

l,’ ‘*‘\\
' W
1 G3!
|:lJ> +300 / o \ +200
+100 +100
+ 150 Join + 150 Join Join +150
=====|emp.dept_id = dept.id =====|emp.dept_id = dept.id emp.dept_id = dept.id| =====
550 550 L 450
/ \V_}‘ v v
+100 - 7\ +150 +100 77 4 ., +150
_____ ' \ k e e ' )
————— G1! G2 === === | 1 ; G2 )
100 /4 N 150 100 .. 150

Scan Scan Scan Scan
emp dept emp dept

Y Kax[Joro ornepaTtopa eCTb CTOMMOCTb: CyMMa CO6CTBEHHOW CTOMMOCTU M CTOMMOCTU BXO/0B.
Ecnu B rpynne nosiBnsieTcs onepaTop ¢ MeHblUe CTOMMOCTbIO, OH 06bABNSETCA Winner, CTOMMOCTb
BEPXHUX ONnepaTopOB NepecyYmTbiBaETCH. 27




Ontummnsatopsbl B Apache Calcite

e HepPlanner - uTepaTuBHbI ONTUMKU3ATOP, C UTEPALIMAMM U LiMKIamm [23].
e VolcanoPlanner - cost-based onTumusatop, c MEMO u koctamu [24].

28


https://github.com/apache/calcite/blob/calcite-1.27.0/core/src/main/java/org/apache/calcite/plan/hep/HepPlanner.java
https://github.com/apache/calcite/tree/calcite-1.27.0/core/src/main/java/org/apache/calcite/plan/volcano

[TpoOBUHYTbIE TEXHUKA

e dusnmyeckue ceomcTBa
e (Cascades
e MHorodasHas onTMmMmnsaumsa

29



duandyeckme cBomCTBa

HashJoin MergeJom
mp dept_id = dept.id emp.dept_id = dept.id

¢—-~

Sorted Index |
emp.dept_id

e Onepatopy MergeJoin Heo6xoaMMO, YTO6bI ero BxoAbl 6b1/I1 OTCOPTUPOBAHbI B COOTBETCTBMM C YCIIOBUEM.
e Kak cpenatb Tak, 4To6bl MergeJoin yuntbiBan TOIbKO NOAXOASALLME OnepaTopbl?
e EcnuonepaTtop He NOAXOAUT, TO MOXHO /TN ero Kak-To npeobpasoBaThb, YTO Obl OH CTas NOAXOAALWMM?

30



duandyeckme cBomCTBa

) e dusnyeckoe CBOUCTBO OrepaTopa - BeIMYnHa, Kotopas He
BNUSIET Ha HAabop BO3BpaLLaeMbIX 3anmcen, Ho KoTopas
MOXXET OKasblBaTb BANAHME Ha apyrue onepaTopsbl (RelTrait

L MergeJoin ] [ HashJoin ] I3_1) .
e d e d

mp.dept_id = dept.i

mp.dept_id = dept.i

e OnepaTop MOXeT NOTpeboBaTb, YTOObI €ro BXoAbl
YOOBNETBOPSNIN onpefesieHHbIM cBovicTBaM (RelSubset
[34)).

e Ecnu onepatop He yaoBneTBopsieT Tpe60BaHUAM, MOXHO
aBTOMaTu4yeckun BCTaBuTb enforcer, KOTopble NpeobpasyeT
dbunsnyeckme cBoncTea onepaTopa.

e CsolicTtBa (M ux enforcer-bl) B Apache Calcite [BLOG6]:

o  Collation (Sort) - copTupoBka no aTpuéyTam.

o  Distribution (Exchange) - pacnpefeneHve gaHHbIX B KlacTepe
(sharded, replicated, singleton)

o Convention (???) - MmapKep, yKa3sblBaloLLMI, B KaKOW cucTeme
UcnonHseTca onepaTop.

'
Enforces

I
’
’

Enforcer /
i

Sort Table
emp.dept_id emp

Sorted Index
emp.dept_id

31


https://github.com/apache/calcite/blob/calcite-1.27.0/core/src/main/java/org/apache/calcite/plan/RelTrait.java
https://github.com/apache/calcite/blob/calcite-1.27.0/core/src/main/java/org/apache/calcite/plan/volcano/RelSubset.java
https://www.querifylabs.com/blog/custom-traits-in-apache-calcite

Convention

LocalProject LocalProject
name, COUNT(*) name, COUNT(*)
X A4

LocalJoin LocalJoin
\ agg.dept_id = dept.id agg.dept_id = dept.id

Join
emp.dept_id = dept.id

N
Aggregate
name, COUNT(*) )

MongoProject PgAggregate ‘ db.dept.find({ | SELECT
id, name dept_id, COUNT(*) ‘ id: 1 I dept_id,
' : | nar;le"1 !J COUNT(*)
Scan 1 ' | FROM emp
dept v : GROUP BY dept_id
B ——
MongoScan PgScan Mongo Postgres
dept \ emp
—J

Kaxgomy onepaTopy npucBanBaeTcs convention [35], T.e. ueneBasi cucteMa BbINOSHEHNS.
Mpu nepexofe Mexay convention BCTaBNSOTCA crelmanbHble orepaTopbl-koHBepTepb! [36] (He
rMoKasaHo).
e [losBonsiet cTpouThb federated aBuxxKu. 32


https://github.com/apache/calcite/blob/calcite-1.27.0/core/src/main/java/org/apache/calcite/plan/Convention.java
https://github.com/apache/calcite/blob/calcite-1.27.0/spark/src/main/java/org/apache/calcite/adapter/spark/JdbcToSparkConverter.java

YnpaBneHne cBoUCTBamu

______ HashJoin ) HashJoin
e [2=b1} | e [a2 = b1}
¥ / 3 Mool ‘/ x
! Exchange Exchange il Aggregate Exchange
5 [a2] [b1] e groupBy=[al, a2] [b1]
b Aggregate Scan Exchange Scan
groupBy=[al, a2] B[b1,..] ' [a2] B[bl, ..]
. v ; v
: Exchange B, Scan
' [al, a2] Alal, a2, ..]
Scan
Alal, a2, ..]

e [lpogBUHYTblE ONTUMM3ATOPbI MbITAKOTCA HANTU ONMTUMAasIbHYHO KOM6MHaLMIO ONepaToOpPoB Ha OCHOBE X CBOMCTB.
o YnpolueHHble anroputMmbl: Apache Flink [39].
o  Anroputm Cascades [41] [42] [43]: Apache Calcite [40], Pivotal Greenplum [31].
e KaTacTpoduyeckas KOMOMHATOPHAsA CIIOXHOCTb!

33


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

Cascades: Tunbl onepaTtopoB 1 NMpaBuIs

LogicalJoin
AxB

A 4

LogicalJoin
BxA

[SORTED]

[SORTED]

HashJoin o
AxB

O

e Tunbl onepaTopoB

Logical - He uMetoT CBOMCTB.
Physical - umetoT cBoncTBa.

e  TpaHcdopmauumu:

O

MergeJoin
AxB

HashJoin
BxA

MergeJoin
BxA

Logical-Logical (exploration) -
nepe6upaeM Bce anbTePHATUBDI,
TaK KaK OHM MOTyT NOPOAMUTbL 6osee
onTUMarnbHble puanyeckue
UMNAEMEHTaLMN.

Logical-Physical (implementation) -
nepebupaemM TONbKO Te, YTO
3anpoLLUeHbl.
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Cascades: onTMuMmn3aLumnoHHble 3anpochl

MergeAggregateRule
LogicalAggregate MergeAggregate
[city, COUNT(*)] [city, COUNT(*)]
SORTED SORTED
[city] : : [city ASC]
LogicalFilter Filter
[name = HR] [name = HR]
SORTED SORTED
[city] ] ; [city ASC]
LogicalScan IndexScan
[dept] [dept.city]
SORTED
[city]

dunsnyeckunm onepatop “‘ornpasnseT”
ONTUMM3ALMOHHbIN 3aMNpoC BHUS.
[loyepHune onepaTopbl ULWYT CNOCO6
YOOBNETBOPUTL 3TOT 3anpoc.

CnepcrtBue: nepebrpaem TONbKO Te
dbnsnyeckmne onepartopbl, KOTOpblie KOMY-TO
HY>KHbI.

B Apache Calcite: TopDownRuleDriver [55].
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https://github.com/apache/calcite/blob/calcite-1.27.0/core/src/main/java/org/apache/calcite/plan/volcano/TopDownRuleDriver.java

Cascades: accumulated cost bounding

HashAggregateRule
300 400 PRUNED!

LogicalAggregate MergeAggregate HashAggregate
[city, COU NT(*)] [city, COUNT(*)] [city, COUNT(*)]

LoglcaIFllter Fllter
[name HR] [name HR]

[ANY]

100

LogicalScan IndexScan
[dept] [dept.city]

MpaBnno xo4yet caenatb Gpusnyecknin onepatop HashAggregate.

CnepcTBue: UTHOPMPYEM 3aBeAO0MO Aoporue Gusnyeckme onepaTopbi.
PaboTaeT Ha NnpaKTUKe.

Ho y Hac yxe ecTb 60onee aeweBbii MergeAggregate, nostoMy nrHopupyem HashAggregate.
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Cascades

predicted cost bounding

lower: 200

LogicalJoin
AxB

lower: 400 st

LogicalJoin
BxA

PRUNED!

AxB

AxB

HashJoin ]

MergeJoin J

BxA

....................

BxA

Lower bound - Bce dunsunyeckme onepaTopsbl, Co3aaHHble U3
[aHHOro NIorM4yeckoro onepartopa 6yayT UMeTb CTOUMOCTb He
MeHbLUEe flaHHOMN.
MO>XHO UrHOpUpoOBaTb NOrMYecKme onepaTopbl, y KOTopbIx lower
bound Bbliwwe, YeM CTOMMOCTb NyyLlero Gu3nyYeckoro onepaTopa.
MNpumep:
o [Ons (AxB) y>xe HalaeH GpU3NYECKUii onepaTop co
ctonmocTbio 300.
o [Ons (BxA) Bce ¢puanyeckue onepatopbl 3aBeOMO UMetoT
cTonmocTb BbiLwe 400.

o W3 (BxA) HUKOrfa He Nosy4ymTCa ONTUMAsbHbIN NnaH.
CnepcrBume: UTHOPUPYEM 3aBeOMO AOPOrMe rpynnbl
onepaTopos.

Pa6oTaeT B Teopumn.
Ha npakTuke - HENOHATHO, Kak nocunTaTb lower bound.
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MHorogpasHoe nnaHupoBaHue

Q

Initial
plan

Optimized
plan

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

e 3ajava HaxoXAeHus onTMMasnbHOro nnaHa asnsetTcss NP-cno)XHoM, 1 B 06LLEM Clyvyae He pellaeTcs 3a
afiekBaTHoe BpeMsi. [103TOMy ONTUMMU3ATOPbl 06bIYHO Pa3bMBaOT MNSTAaHMPOBAHUE HAa HECKOJbKO
nocneaoBaTeslbHbIX 3TarnoB..

e [lpumepsbl: Apache Flink [44] [45], Apache Spark [46], Dremio [47].
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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 [44]:

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
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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

UTo ocTtanock 3a Kagpom?

e Subquery unnesting/decorrelation [48] [49] [50] - MmowHana TexHMKa, KOTOpas NO3BOJISIET NEPENUCHIBATb
NMPOn3BOJibHble NOA3anpoChl (CKanspHble, KOPPEIMPOBaHHbIe) Ha Nocef0BaTeIbHOCTb ONepPaTopoB
Join/Aggregate.

e Metadata [BLOG1] [51] - uHdpacTpykTypa Ana o6MeHa MeTaflaHHbIM MeXly onepaTtopamu A/ OLLeHKU Ux
CTOMMOCTMU: KapANHaNbHOCTU, CENEKTUBHOCTU, U T.N..

e Enumerable [52] [53] - BCTpOEHHbI ABUXOK BbIMOSIHEHWSA 3aNpOCOB C MOMOLLbIO KogoreHepaumm (Janino).
He nogonpgeT ons cepbesHblX MPOEKTOB, HO Ha “nounrpaTtb’ - OT/IMYHO!

e Avatica [54] - dpeitmBopk ansa noctpoeHns JDBC apaiisepos.
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https://cs.emis.de/LNI/Proceedings/Proceedings241/383.pdf
https://github.com/apache/calcite/blob/calcite-1.27.0/core/src/main/java/org/apache/calcite/rel/rules/SubQueryRemoveRule.java
https://github.com/apache/calcite/blob/calcite-1.27.0/core/src/main/java/org/apache/calcite/sql2rel/RelDecorrelator.java
https://www.querifylabs.com/blog/metadata-management-in-apache-calcite
https://github.com/apache/calcite/blob/calcite-1.27.0/core/src/main/java/org/apache/calcite/rel/metadata/RelMetadataQuery.java
https://github.com/apache/calcite/blob/calcite-1.27.0/core/src/main/java/org/apache/calcite/adapter/enumerable/EnumerableConvention.java
https://github.com/apache/calcite/tree/calcite-1.27.0/linq4j
https://github.com/apache/calcite-avatica

Apache Calcite - nnatdopma gns noctpoeHnsa SQL-ABUXKKOB.
o  Copep>XuT napcep, CEMaHTUYECKWUIA aHann3aTop, oNTUMmn3aTop.
OnTumMusartop:
o  OcHoBHoM noaxoa: rule-based onTumMmsauus.
o MnaHuposwmkm: (1) utepatusHbii, (2) cost-based.
MNpakTuyeckn 6esanbTepHaTUBHbIN BbI6Op AN HOBbIX SQL-ABUXKOB.
o  Hepenu po npoTtoTtuna.
o Mecsubl go MVP.
o  HeT npepena coBepLUEHCTRY.

Ccbinku: https://querifylabs.notion.site/Apache-Calcite-SQL-Java-be85ad4f6b5d41c48a484ad3f57d1e22

Mopa6oTtatb ¢ Apache Calcite: https://career.habr.com/companies/querify-labs/vacancies
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https://querifylabs.notion.site/Apache-Calcite-SQL-Java-be85ad4f6b5d41c48a484ad3f57d1e22
https://career.habr.com/companies/querify-labs/vacancies

