&, YecTHbit 3HAK
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ETL - npoueccoB

Beptnnb OMUTpuUii d.vertlib@crpt.ru



&) YecTHbin 3HAK

[1naH AoKnaaa.

1. NpobnemaTtuka

2. lcnonb3oBaHue perynspHbiX CTPYKTYP

3. YTO Takoe BEepOATHOCTHbIE CTPYKTYpbI
NaHHbIX

4. cnonb3oBaHne punbTpoB bnyma

5. JIeHuBbIN CErMEeHTHbIN PUNbLTP

6. BbiBOAbI
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ObHoBNEeHMEe AaHHbIX

Tabnuua HasHayeHud

Apache Iceberg

Apache Parquet

ZSTD

600 mnpa, cTpok

100 T6auT

BxoagHble AaQHHbIE

Apache Iceberg
Apache Parquet
ZSTD

1,6 (4) Mmnppa, CTpok

160(400) r6aiT

SLA Ha obHoBNeHMe 4 yaca
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O6HoBNeHne AAaHHbIX

merge into dst

using src

on dst.id = src.id

when matched then update x
when not matched then x

Merge-On-Read
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ObHoBNEeHUEe AaHHbIX

== Physical Plan ==
WriteDelta (16)
+- Sort (15)
+- Exchange (14)
+- MergeRows (13)
+- Project (12)
+- SortMergeloin RightOuter (11)
;- * Sort (6)
: +- Exchange (5)
+- * Filter (4)
+- * Project (3)
+- * ColumnarToRow (2)
; +- BatchScan dst (1)
+- Sort (10)
+- Exchange (9)
+- Project (8)
+- BatchScan src (7)

Merge-On-Read



&, YecTHbit 3HAK

ObHoBNEeHUEe AaHHbIX

== Physical Plan ==
WriteDelta (16)
+- Sort (15)
+- Exchange (14)
+- MergeRows (13)
+- Project (12)
+- SortMergeJoin RightOuter (11)
- * Sort (6)
: +- Exchange (5)
+- * Filter (4)
+- * Project (3)
+- * ColumnarToRow (2)
; +- BatchScan dst (1)
+- Sort (10)
+- Exchange (9)
+- Project (8)
+- BatchScan src (7)

Merge-On-Read

RightOuter (SortMergeloin)
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ObHoBNEeHUEe AaHHbIX

== Physical Plan ==
WriteDelta (16)
+- Sort (15) Merge
+- Exchange (14) yaaneHnsa n nobaBneHuns
+- MergeRows (13) <

+- Project (12)
+- SortMergeloin RightOuter (11)
:- * Sort (6)
: +- Exchange (5)
+- * Filter (4)
+- * Project (3)
+- * ColumnarToRow (2)
: +- BatchScan dst (1)
+- Sort (10)
+- Exchange (9)
+- Project (8)
+- BatchScan src (7)

Merge-On-Read
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ObHoBNEeHUEe AaHHbIX

== Physical Plan ==
WriteDelta (16)
+- Sort (15)
+- Exchange (14)
+- MergeRows (13)
+- Project (12)
+- SortMergeloin RightOuter (11)
;- * Sort (6)
: +- Exchange (5)
+- * Filter (4)
+- * Project (3)
+- * ColumnarToRow (2)

+- BatchScan dst (1)
+- Sort (10) YTeHune
+- Exchange (9) 100 TG

+- Project (8)
+- BatchScan src (7)

Merge-On-Read
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ObHoBNEeHUEe AaHHbIX

== Physical Plan ==
WriteDelta (16)
+- Sort (15)
+- Exchange (14)
+- MergeRows (13)
+- Project (12)
+- SortMergeloin RightOuter (11)
;- * Sort (6)
: +- Exchange (5)
+- * Filter (4)
+- * Project (3)
+- * ColumnarToRow (2)
: +- BatchScan dst (1)
+- Sort (10)
+- Exchange (9)
+- Project (8)
+- BatchScan src (7)

dunbTpaymns

I/O 1000 Thb

Merge-On-Read
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O6HoB/IEHME AaHHbIX

== Physical Plan ==
WriteDelta (15)
+- Exchange (14)
+- MergeRows (13)
+- * Project (12)
+- * SortMergeloin RightOuter (11)
- * Sort (6)

: +- Exchange (5) «
: +- * Project (4) Shuffle:
.+~ * Filter (3) e

+- * ColumnarToRow (2)
+- BatchScan dst (1)

e G Shuffle:
+- Exchange (9) ) — B ERE

+- * ColumnarToRow (8)
+- BatchScan src (7)

Merge-On-Read
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ObHoBNEeHUEe AaHHbIX

== Physical Plan ==
WriteDelta (15)
+- Exchange (14)
+- MergeRows (13)
+- * Project (12)
+- * SortMergeloin RightOuter (11)

;- * Sort (6) «
+- Exchange (5)
+- * Project (4) CopTupoBKa:
+- * Filter (3) 1000 TB

+- * ColumnarToRow (2)
; +- BatchScan dst (1)
+- * Sort (10) -« CopTupoBka:
+- Exchange (9) 1716
+- * ColumnarToRow (8)
+- BatchScan src (7)

Merge-On-Read

101
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ObHoBNEeHUEe AaHHbIX

== Physical Plan ==
WriteDelta (16)
+- Sort (15)
+- Exchange (14)
+- MergeRows (13)
+- Project (12)
+- SortMergeJoin RightOuter (11)

.- * Sort (6)
: +- Exchange (5) JOIN
+- * Filter (4) I-1000TH
+- * Project (3) O - 2 T

+- * ColumnarToRow (2)
: +- BatchScan dst (1)
+- Sort (10)
+- Exchange (9)
+- Project (8)
+- BatchScan src (7)

Merge-On-Read
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ObHoBNEeHUEe AaHHbIX

== Physical Plan ==
WriteDelta (16)
+- Sort (15)
+- Exchange (14)
+- MergeRows (13)
+- Project (12)
+- SortMergeloin RightOuter (11)
;- * Sort (6)
: +- Exchange (5)
+- * Filter (4)
+- * Project (3)
+- * ColumnarToRow (2)
: +- BatchScan dst (1)
+- Sort (10)
+- Exchange (9)
+- Project (8)
+- BatchScan src (7)

Merge
I/0

2 Thb

Merge-On-Read
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ObHoBNEeHMe faHHbIX

KonnyectBo AaHHbIX (TH)

1000 1000

SMJ

500

100

YTeHue CopTupoBka Shuffle Join Merge
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13

[TpobnemMaTunka
Yntaem 100 Tb O3Y ansa copTMpoBOK
Shuffle 500 Tb LIITY ansa copTnpoBokK
CopTupyem 1000 Th CeTb ansa shuffle
OuneTpyem 1000 Th LMY ansa shuffle
CeTb 500 Tb I0 ana shuffle
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14

[TpobnemaTunka

Hauano

JKcnnyartauus

Executors 150

Executors 100

RAM 64 I'b

Vcore 6

RAMS 9600 I'b

Vcores 900

Bpems bonee 12 yacos

RAM 32 Tb
Vcore 10
RAMS 3200 b
Vcores 1000
BpeMms 2 yaca
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[1naH AOKJ1d[ad:. 1. npo6nemaruka

2. Micnonb3oBaHue perysisipHbiX CTPYKTYp

3. YTo Takoe BEepOSATHOCTHbIE CTPYKTYPbI
NaHHbIX

4. Ncnonb3oBaHne punbTpoB bayma

5. JIeHnBbIN CerMeHTHbIN PUIbTP

6. BbiBOAbI
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dOunnbTpaunsa cnnckamm

merge into dst

using src

on dst.id = src.id
and dst.id in (2000000,2000001,....)
when matched then update x
when not matched then &

Merge-On-Read

16
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OunnbTpauna cnuckamm

[[eHepauund

Cnucok Knryen

merge into dst

using src

on dst.id = src.id
and dst.id in (2000000,2000001,....)
when matched then update x
when not matched then insert *

Merge-On-Read

17
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dOunnbTpayumnga cnnuckamm

== Physical Plan ==
WriteDelta (15)
+- Exchange (14)
+- MergeRows (13)
+- * Project (12)
+- * SortMergeloin RightOuter (11)
- * Sort (6)
+- Exchange (5)
+- * Project (4)
+- * Filter (3)
+- * ColumnarToRow (2)
: +- BatchScan dst (1)
+- * Sort (10)
+- Exchange (9)
+- * ColumnarToRow (8)
+- BatchScan src (7)

Merge-On-Read

18
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dunbTpaunga cnnckamm

== Physical Plan ==
WriteDelta (15)
+- Exchange (14) (1) BatchScan dst
+- Me*rgeR_OWS (13) Output [5]: [id, _file, _pos,
+- * Project (12) spec_id, _partition]
+- * SortMergeJoin RightOuter (11) = “w
.- * Sort (6) dst (branch=null)
+- * Project (4) 2000001), groupedBy=]
+- * Filter (3)

+- * ColumnarToRow (2)
; +- BatchScan dst (1)
+- * Sort (10)
+- Exchange (9)
+- * ColumnarToRow (8)
+- BatchScan src (7)

Merge-On-Read



&, YecTHbit 3HAK

dunbTpaunga cnnckamm

== Physical Plan ==
WriteDelta (15)
+- Exchange (14) _ _
+- MergeRows (13) (3) Filter [codegen id : 1]
+- * Project (12) Input [5]: [id, _file, _pos,
+- * SortMergeJoin RightOuter (11) _spec_id, _partition]
:- * Sort (6) Condition : id IN
1 +- Exchange (5) (2000000,2000001)
: _+-* Project (4)

+- * Filter (3)
+- * ColumnarToRow (2)
: +- BatchScan dst (1)
+- * Sort (10)
+- Exchange (9)
+- * ColumnarToRow (8)
+- BatchScan src (7)

Merge-On-Read

20
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[TpobnemaTunka

DD PEKTUBHO NPUMEHAETCH Ha
cTopoHe DataSource

OrpaHnyeHme Ha KOJINYeCcTBO
kntoden (2000)

Ncnonb3yeTca onTMMMU3aTopoM

OTAenbHbIM 3anpoc AN co3aaHus
Cnmncka

CTaHaapTHOE pelieHune

[eHepauna SQL Ha «neTy»
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Broadcast Hash Join

SELECT
/*+ BROADCAST(src) */
Xk

FROM

dst
JOIN src ON dst.id = src.id

22
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Broadcast Hash Join

SELECT
/*+ BROADCAST(src) */
X

FROM

dst
JOIN src ON dst.id = src.id

Hint

O6bsaBuTb Tabnuuy SRC
KaK LUMPOKOBELLATEbHYIO

23
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Broadcast Hash Join

== Physical Plan ==

* HashAggregate (10)

+- Exchange (9)

+- * HashAggregate (8)
+- * Project (7)
+- * BroadcastHashloin Inner BuildRight (6)
;- * ColumnarToRow (2)
: +- BatchScan iceberg.smart.dst (1)
+- BroadcastExchange (5)
+- * ColumnarToRow (4)
+- BatchScan iceberg.smart.src (3)

24
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Broadcast Hash Join

== Physical Plan ==
* HashAggregate (10)
+- Exchange (9)
+- * HashAggregate (8)
+- * Project (7)
+- * BroadcastHashloin Inner BuildRight (6)
;- * ColumnarToRow (2)
: +- BatchScan iceberg.smart.dst (1)
+- BroadcastExchange (5)
+- * ColumnarToRow (4)
+- BatchScan iceberg.smart.src (3)

A

25

(5) BroadcastExchange
Input [1]: [id]
Arguments:

HashedRelationBroadcastMo
de(List(input[0, bigint,
false]),false)
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Broadcast Hash Join

== Physical Plan ==

* HashAggregate (10)

+- Exchange (9)

+- * HashAggregate (8)
+- * Project (7)
+- * BroadcastHashloin Inner BuildRight (6)
- * ColumnarToRow (2)
: +- BatchScan iceberg.smart.dst (1)
+- BroadcastExchange (5)
+- * ColumnarToRow (4)
+- BatchScan iceberg.smart.src (3)

(6) BroadcastHashloin
Left keys [1]: [id]

Right keys [1]: [id]
Join type: Inner
Join condition: None

26



&) YecTHbln 3HAK 27

Broadcast Hash Join

HeT CopTMPOBKM Pasmep orpaHuyeH 8 6 (1 MAH

Kfro4uen)

HeT BO3MOXHOCTU MCNOJ1b30BaTb
HeT shuffle 5 MERGE
CTaHaapTHOE pelleHune [MoBblIWEHHbLIN pacxoa O3Y
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28

[lononHuTenbHasa npobneMatuka

IN — BbICcOKa4

3P PEKTUBHOCTb, HO OYEHb
Masiasgd NMPUMEHUMOCTb U3 3a
OrpaHN4YeHns KoJiInyecTBa
\KJ'IPOl-Ieﬁ

~

BroadcatHashloin — 6onee
HMU3Kast 9aPPEKTUBHOCTb, HO
6osiee BbICOKOE KOTMYECTBO
Kn4yen. He Besage MOXHO
MCMNOJSIb30BATh.

SortMergeloin — 6onblwoe
notpebneHmne pecypcos,
HU3Kas 3PPeKTUBHOCTb. HeT
orpaHWYyeHns Ha pa3Mep

a4 N

HeobxoanMbl CTPYKTYpbl
KoTopble 60s1ee naoTHbIE,
BO3MOXHO C ownbKkamMu npwu
dbunbTpaunu.

" /
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[171aH AOK/1a4dad: 1. Npo6nematnka

2. Mcnonb3oBaHue perysisipHbiX CTPYKTYp

3. UTOo Takoe BepOSATHOCTHbIE CTPYKTYPbl
AAaHHbIX

4. cnonb3oBaHne punbTpoB bayma

5. JIeHUBbIN CErMEeHTHbIN PUNbLTP

6. BbiBOAbI
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BepoATHOCTHbIE CTPYKTYpbI

CTpYKTypr AOAHHbIX U1 aJIFTOPpUTMbl, PE3YJIbTATOM KOTOPbIX ABJTAETCAH
HE AeTEPMUNHUPOBAHHOE «KOa>» UJIN <KHET>», a BEPOATHOCTHbIE OTBETHI,
HalipnMmep, «To4HO HET» U KBO3MOXXHO>

BloomFilter — knaccmnyeckasa

FPP — owmnbka HenpaBuibHOIo pP€ajinsauns,

NOJSIOXUTENbHOIO OTBETA - .
XorFilter, XorPlusFilter — 6onee

N — KonnyecTtBo yHUKaNbHbIX COBPEMEHHAsA peanmsaumns, HE
KIouei paboTaeT Ha NOTOKOBbIX AAHHbIX.

https://arxiv.org/pdf/1912.08258
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|_|J'IaH AO0KJiala. 1. MpobnemarTnka

2. Mcnonb3oBaHue peryssipHbiX CTPYKTYp

3. UTOo Takoe BepOSATHOCTHbIE CTPYKTYPbl
AAaHHbIX

4. Acnonb3oBaHune punbrpoB banyma

5. JIeHUBbIN CErMEeHTHbIN PUNbLTP

6. BbiBOAbI
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32

Bloom Filter Join

spark.sql.optimizer.runtime

Spark 3 v Bbllwe

bloomFilter.enabled

Tonbko Tabnuubl

bloomFilter.maxNumItems

Hannyme CctTaTUCTUKU

bloomFilter.creationSideThreshold

ABTOMaTM4yeckKkoe co3agaHue

bloomFilter.maxNumBits
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Bloom Filter Join

analyze table src compute statistics for columns id

analyze table dst compute statistics for columns id

Select *

from dst

join src

on dst.id = src.id
where src.id > 0

33
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Bloom Filter Join

analyze table src compute statistics for columns id

analyze table dst compute statistics for columns id

Select * fpeankar
Ycnosue cpabaTbiBaHUS
from dst OnNTUMM3ALUN

join src
on dst.id = src.id
where src.id > 0

34
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Bloom Filter Join

== Physical Plan ==
* HashAggregate (15)
+- Exchange (14)
+- * HashAggregate (13)
+- * Project (12)
+- * SortMergeJoin Inner (11)
- * Sort (5)
+- Exchange (4)
+- * Filter (3)
+- * ColumnarToRow (2)
; +- Scan parquet spark_catalog.default.dst (1)
+- * Sort (10)
+- Exchange (9)
+- * Filter (8)
+- * ColumnarToRow (7)
+- Scan parquet spark_catalog.default.src (6)

Filter

Condition : (((id> 0)
AND isnotnull(id)) AND

might_contain(Subq
uery scalar-
subquery, [id=],
xxhash64(id, 42)))

35
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Bloom Filter Join

Subquery:1 Hosting operator id = 3 Hosting Expression
= Subquery scalar-subquery, [id]
ObjectHashAggregate (21)
+- Exchange (20)
+- ObjectHashAggregate (19)
+- * Filter (18)
+- * ColumnarToRow (17)

+- Scan parquet spark_catalog.default.src (16)

36
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Bloom Filter Join

Subquery:1 Hosting operator id = 3 Hosting
Expression = Subquery scalar-subquery, [id]
ObjectHashAggregate (21)
+- Exchange (20)
+- ObjectHashAggregate (19) -
+- * Filter (18)
+- * ColumnarToRow (17)

+- Scan parquet spark_catalog.default.src (16)

ObjectHashAggregate
Input [1]: [id]

Keys: []

Functions [1]:

[partial_bloom_filter_agg(xx
hash64(id, 42), 1000000,
8388608, 0, 0)]

Aggregate Attributes [1]: [buf]
Results [1]: [buf]
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Bloom Filter Join

Subquery:1 Hosting operator id = 3 Hosting
Expression = Subquery scalar-subquery, [id]
ObjectHashAggregate (21) [
+- Exchange (20)
+- ObjectHashAggregate (19)
+- * Filter (18)
+- * ColumnarToRow (17)
+- Scan parquet spark_catalog.default.src (16)

(21) ObjectHashAggregate

Input [1]: [buf]

Keys: []

Functions [1]:
[bloom_filter_agg(xxhash64(id, 42),
1000000, 8388608, 0, 0)]

Aggregate Attributes [1]:
[bloom_filter_agg(xxhash64(id, 42),
1000000, 8388608, 0, 0)]

Results [1]:
[bloom_filter_agg(xxhash64(id, 42),
1000000, 8388608, 0, 0) AS
bloomFilter#2439]

38
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Bloom Filter Join

== Physical Plan ==
* HashAggregate (15)
+- Exchange (14)
+- * HashAggregate (13)
+- * Project (12)
+- * SortMergeloin Inner (11)
:- * Sort (5)
: +- Exchange (4)
+- * Filter (3)
+- * ColumnarToRow (2)
: +- Scan parquet spark_catalog.default.dst (1)
+- * Sort (10)
+- Exchange (9)
+- * Filter (8)
+- * ColumnarToRow (7)
+- Scan parquet spark_catalog.default.src (6)

39

Filter

Condition : (((id> 0) AND
isnotnull(id)) AND

might_contain(Subquer
y scalar-subquery,
[id=], xxhash64(id, 42)))
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Bloom Filter Join

40

anMeHHETCH dBTOMATUYECKHU

Tonbko Ha Tabnuuax

TpebyeTcsa cTaTUCTUKA

EcTb napaMeTpbl AJ19 HAaCTPONKM

HeobxoanM npeankaTt no K4y

BxoauT B mMocTaBKy

He paboTaeT ¢ Apache Iceberg
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|_|J'IaH AO0KJiala. 1. MpobnemarTnka

2. Mcnonb3oBaHue peryssipHbiX CTPYKTYp

3. UTOo Takoe BepOSATHOCTHbIE CTPYKTYPbl
AAaHHbIX

4. Acnonb3oBaHune punbrpoB banyma

5. JIeHUBbIN CErMEeHTHbIN PUNbLTP

6. BbiBOAbI
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Bloom Filter Join

anIMEHFITb C Nt06bIMN UCTOYHMKAMUN AAHHbIX

MNcnonb3oBaTb B /1t0ObIX onepaumsax
Bonee yHuBepcasibHble HACTPOUKN
KoOMM/IeKCHble KK4yu

OunbTpaunda He TO/IbKO MO K4daMm Join

42
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Bloom Filter Join

Co3pgaHune BloomfFilter

val bf = spark.read.table("src")
.stat.bloomFilter(col("id"), 400000000,0.02)

val bbf = spark.sparkContext.Broadcast(bf)

43
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Bloom Filter Join

Co3pgaHune BloomfFilter

val bf = spark.read.table("src")
.stat.bloomFilter(col("id"), 400000000,0.02)

val bbf = spark.sparkContext.Broadcast(bf)

MeTopn Spark 2

43
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Bloom Filter Join

43

Co3pgaHune BloomfFilter

val bf = spark.read.table("stc")
.stat.bloomFilter(col("id"), 400000000,0.02)

val bbf = spark.sparkContext.Broadcast(bf)

Ctonb6eu angd
KJ1ro4uen
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Bloom Filter Join

Ctonb6eu angd
Co3pgaHune BloomfFilter KJ1rouen

KonnyecTtBo

YHUKANbHbIX
KJro4uen

val bf = spark.read.table("stc")
.stat.bloomFilter(col("id"), 400000000,0.02)

val bbf = spark.sparkContext.Broadcast(bf)
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Bloom Filter Join

3

Ctonb6eu angd

Co3pgaHune BloomfFilter

val bf = spark.read.table("stc")
.stat.bloomFilter(col("id"), 400000000,0.02

val bbf = spark.sparkContext.Broadcast(bf)

| o

KJ1ro4uen

KonnyecTtBo

YHUKANbHbIX
KJro4uen

R oo

Owwunbka FPP 2%
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Bloom Filter Join

Ctonb6eu angd

Co3zgaHmne BloomFilter

val bf = spark.read.table("stc")
.stat.bloomFilter(col("id"), 400000000,0.02

val bbf = spark.sparkContext.Broadcast(bf)

| o

KJ1ro4uen

KonnyecTtBo
YHUKANbHbIX
KJro4uen

Owwunbka FPP 2%

PacnpocTtpaHaeM
Ha 3K3eKyTopbl

3
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Bloom Filter Join

Co3pgaHune BloomfFilter

val bf = spark.read.table("src")
.stat.bloomFilter(col("id"), 400000000,0.02)

val bbf = spark.sparkContext.Broadcast(bf)

Co3zgaHne UserDefinedFunction

spark.udf.register("filter", (id: Long) =
bbf.value.mightContainLong(id), BooleanType)

43
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Bloom Filter Join

Co3pgaHune BloomfFilter

val bf = spark.read.table("src")
.stat.bloomFilter(col("id"), 400000000,0.02)

43

val bbf = spark.sparkContext:Broadcast(bf)

Co3zgaHne UserDefinedFunction

spark.udf.register("filter", (id: Long) =
bbf.value.mightContainLong(id), BooleanType)

Nma dyHkuunum filter
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Bloom Filter Join

Co3pgaHune BloomfFilter

val bf = spark.read.table("src")
.stat.bloomFilter(col("id"), 400000000,0.02)

val bbf = spark.sparkContext:Broadcast(bf)

Co3zgaHne UserDefinedFunction

spark.udf.register("filter", (id: Long)-=
bbf.value.mightContainLong(id), BooleanType)

Nma dyHkuunum filter

[MapameTp
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Bloom Filter Join

Co3pgaHune BloomfFilter

val bf = spark.read.table("src")
.stat.bloomFilter(col("id"), 400000000,0.02)

val bbf = spark.sparkContext:Broadcast(bf)

Co3zgaHne UserDefinedFunction

spark.udf.register(“filter", (id: Lon
bbf: -mightContainLong(id), BooleanType)

Nma dyHkuunum filter

[MapameTp

BloomFilter
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Bloom Filter Join

Co3pgaHune BloomfFilter

val bf = spark.read.table("src")
.stat.bloomFilter(col("id"), 400000000,0.02)

val bbf = spark.sparkContext:Broadcast(bf)

Co3zgaHne UserDefinedFunction

spark.udf.register("filter", (id: Long

Nma dyHkuunum filter

[TapameTp

BloomFilter

bbfaatue-mightContainLong(id), BooleanType)-—

Bo3Bpallaemoe
3HayeHue

4
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Bloom Filter Join

Co3pgaHune BloomfFilter

val bf = spark.read.table("src")
.stat.bloomFilter(col("id"), 400000000,0.02)

val bbf = spark.sparkContext.Broadcast(bf)

Co3zgaHne UserDefinedFunction

spark.udf.register("filter", (id: Long) =
bbf.value.mightContainLong(id), BooleanType)

43
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Bloom Filter Join

merge into dst

using src

on dst.id = src.id and filter(dst.id)
when matched then update x
when not matched then &

Merge-On-Read

54
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Bloom Filter Join

NMsa dyHKLUU
] filter
merge into dst
using src

on dst.id = src.id and filter(dst.id)
when matched then update x
when not matched then &

Merge-On-Read

55



Vv, YecTHbii 3HAK

Bloom Filter Join

== Physical Plan ==
WriteDelta (15)
+- Exchange (14)
+- MergeRows (13)
+- * Project (12)
+- * SortMergeloin RightOuter (11)
- * Sort (6)
+- Exchange (5)
+- * Project (4)
+- * Filter (3)
+- * ColumnarToRow (2)
: +- BatchScan dst (1)
+- * Sort (10)
+- Exchange (9)
+- * ColumnarToRow (8)
+- BatchScan src (7)

Merge-On-Read
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Bloom Filter Join

== Physical Plan ==
WriteDelta (15)
+- Exchange (14)
+- MergeRows (13) dunbTpaumns AaHHbIX
+- * Project (12) (3) Filter [codegen id : 1]
+- * SortMergeloin RightOuter (11) Input [5]: [id, _file, _pos,
.- * Sort (6) _spec_id, _partition]

Condition : filter(id)

+- Exchange (5)
+- * Project (4)
+- * Filter (3)
+- * ColumnarToRow (2)
; +- BatchScan dst (1)
+- * Sort (10)
+- Exchange (9)
+- * ColumnarToRow (8)
+- BatchScan src (7)

Merge-On-Read
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Bloom Filter Join

== Physical Plan ==
WriteDelta (15)
+- Exchange (14)
+- MergeRows (13)
+- * Project (12)
+- * SortMergeloin RightOuter (11)
- * Sort (6)
+- Exchange (5)
+- * Project (4) YreHne DST:
+- * Filter (3) 100 TB
+- * ColumnarToRow (2)
+- BatchScan dst (1)

+- * Sort (10)
+- Exchange (9) YreHne SRC:
+- * ColumnarToRow (8) 0.150 Tb
+- BatchScan src (7)

4

Merge-On-Read
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Bloom Filter Join

== Physical Plan ==
WriteDelta (15)
+- Exchange (14)
+- MergeRows (13)
+- * Project (12)
+- * SortMergeloin RightOuter (11)
- * Sort (6)
+- Exchange (5)
+- * Project (4)
+- * Filter (3)
+- * ColumnarToRow (2)
; +- BatchScan dst (1)
+- * Sort (10)
+- Exchange (9)
+- * ColumnarToRow (8)
+- BatchScan src (7)

Merge-On-Read

OunbTpaumna:

Bxoa 1000 TB
Bbixopn, 20 Tb

59
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Bloom Filter Join

== Physical Plan ==
WriteDelta (15)
+- Exchange (14)
+- MergeRows (13)
+- * Project (12)
+- * SortMergeloin RightOuter (11)
- * Sort (6)

+- Exchange (5) -«
+- * Project (4)
+- * Filter (3)

+- * ColumnarToRow (2)
+- BatchScan dst (1)

e G Shuffle:
+- Exchange (9) < S

+- * ColumnarToRow (8)
+- BatchScan src (7)

Merge-On-Read
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Bloom Filter Join

== Physical Plan ==
WriteDelta (15)
+- Exchange (14)
+- MergeRows (13)
+- * Project (12)
+- * SortMergeloin RightOuter (11)
- * Sort (6)
+- Exchange (5)
+- * Project (4)
+- * Filter (3)
+- * ColumnarToRow (2)
; +- BatchScan dst (1)
+- * Sort (10) «
+- Exchange (9)
+- * ColumnarToRow (8)
+- BatchScan src (7)

A

Merge-On-Read

CopTupoBKa:
20 Tb

CopTupoBKa:

1TH
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Bloom Filter Join

== Physical Plan ==
WriteDelta (15)
+- Exchange (14)
+- MergeRows (13)
+- * Project (12)
+- * SortMergeloin RightOuter (11)
- * Sort (6)
+- Exchange (5)
+- * Project (4)
+- * Filter (3)
+- * ColumnarToRow (2)
; +- BatchScan dst (1)
+- * Sort (10)
+- Exchange (9)
+- * ColumnarToRow (8)
+- BatchScan src (7)

A

Merge-On-Read

Bxoa 21 TB
Beixon 2 TB
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Bloom Filter Join

== Physical Plan ==
WriteDelta (15)
+- Exchange (14)

+- MergeRows (13) 4 === ]
+- * Project (12)
+- * SortMergeloin RightOuter (11)
- * Sort (6)
+- Exchange (5)
+- * Project (4)
+- * Filter (3)
+- * ColumnarToRow (2)
: +- BatchScan dst (1)
+- * Sort (10)
+- Exchange (9)
+- * ColumnarToRow (8)
+- BatchScan src (7)

Merge-On-Read
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100 100

YTteHune

64

Bloom Filter Join

KonmyecTtBo AaHHbIX (TH)

1000 1000

500

21 3,5 21 2 2

CopTupoBka Shuffle Join Merge 4
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65

Bloom Filter Join

KapanHanbHOe CHUXeHune KosinvyecTBa
AaHHbIX

He Tonbko SQL

YHMBEpPCa/IbHOCTb MPUMEHEHUS

ba3oBble MexaHn3Mbl CTaHAa PTHbI

MNoTpebneHne NamMsaTn Ha
ncnonHutensax, 1 6

PacnpeaneneHHoe co3aaHmne punbTpa

YMeHbleHne notpebneHne pecypcos
KnacTtepa

BpeMsa paboTbl 3-4 4aca

ECTb orpaHnyeHne Ha OoNnTUMasibHbIW
pa3Mep KJ4yeu
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Bloom Filter Join

[Mo3BoNdeT KapAnHaibHO CHU3UTb KOJIMYECTBO
obpabaTbiBaeMbIX AaHHbIX.

v IKnwun > 400 mnH. Fpp » 100%

| Mlpn uenesoM 3HaveHun knoden B 4000 MAH., Ka4yecTBO

v
bunbTpaLMKM 3HAYUTENBHO yXYyALLIaeTcs

66



&) YecTHbln 3HAK 67

[1naH AOKJiada. 1. NMpo6bnemaTuka

2. Mcnonb3oBaHue peryssipHbiX CTPYKTYp

3. UTOo Takoe BepOSATHOCTHbIE CTPYKTYPbl
AAaHHbIX

4. Acnonb3oBaHune punbrpoB banyma

5. JlIeHnBbIN CEerMeHTHbIN PUnbLTp

6. BbiBOAbI
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JleHnBbI CerMeHTHbIN OUNbTP

cnonb3oBaHMeE pa3HbIX CTPYKTYP

MaKcmnManbHO 6bICTpble CTPYKTYPbl

BO3MOXHOCTb 3arpy>aTb TOJIbKO 4YacCTb

MakcMManbHO KOMMNAKTHbIE CTPYKTYPb!

XpaHeHne Ha PansioBon CUCTEME

PacnpeneneHHoe NOCTPOEHUE CTPYKTYp
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JleHnBbIn CerMeHTHbIN PUIbLTP

Array|[Filter](Int)

01 --> Filter pna cermeHTa AaHHbIX 1

02 --> Filter pna cerMmeHTa AaHHbIX 2

03 --> Filter pna cermeHTa AaHHbLIX 3

04 --> Filter ona cermeHTa AaHHbIX 4

N --> Filter anga cermeHTa AaHHbIX N
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JleHnBbI CerMeHTHbIN OUNbTP

Array[Filter](Int)

01 --> Filter AN CerMeHTa AaHHbIX 1

02 --> Filter pna cerMmeHTa AaHHbIX 2

03 --> Filter pna cermeHTa AaHHbLIX 3

04 --> Filter ona cermeHTa AaHHbIX 4

N --> Filter pna cermeHTa gaHHbIX N

XFilter(1,1000000)
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JleHnBbI CerMeHTHbIN OUNbTP

Array[Filter](Int)

XFilter(1,1000000)

01 --> Filter AN CerMeHTa AaHHbIX 1

02 --> Filter pna cerMmeHTa AaHHbIX 2

03 --> Filter pna cermeHTa AaHHbLIX 3

04‘:> Filter pna cermeHTa gaHHbIX 4

N --> Filter pna cermeHTa gaHHbIX N

XFilter(4,1400000)
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JleHnBbI CerMeHTHbIN OUNbTP

Array[Filter](Int) JleHnBoCTb
XFilter(1,1000000)
01--> NULL

02 --> NULL

03 --> NULL

04 --> NULL

N --> NULL
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JleHnBbI CerMeHTHbIN OUNbTP

Array|[Filter](Int) JleHnBOCTb

XFiltert -, -000000)

01 --> NULL

02 --> NULL

03 --> NULL

04 --> NULL

N --> NULL
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JleHnBbI CerMeHTHbIN OUNbTP

Array|[Filter](Int) JleHnBOCTb

XFiltert -, -100000)

01 --> NULL

02 --> NULL

03 --> NULL

04 --> NULL

N --> NULL
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JleHnBbI CerMeHTHbIN OUNbTP

Array|[Filter](Int) JleHnBOCTb

XFiltert -, -100000)

01--> NULL

02 --> NULL 3arpyska

03 --> NULL

04 --> NULL decepuanusaumnd
N --> NULL
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JleHnBbI CerMeHTHbIN OUNbTP

Array|[Filter](Int) JleHnBOCTb

XFiltert -, -100000)

01 --> Filter ONSA cerMeHTa AaHHbIX 1
\

02 --> NULL \ 3arpyska

03 --> NULL

04 --> NULL decepuanusaumnd
N --> NULL
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JleHnBbI CerMeHTHbIN OUNbTP
Array[Filter](Int) JleHnBoCTb
01"--> Filter ans cermeHTa AaHHbIX 1

02 --> NULL

03 --> NULL

04 --> NULL

N --> NULL
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JleHnBbln CerMeHTHbIN PUNbTP

XpaHeHune

Filter 1 Filter 2

Filter 2 Filter 3

Filter 3 Filter 4
Filter N
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JleHnBbin CerMeHTHbIN PUNbTP

XpaHeHune
Filter 1 Filter 2
Filter 2 Filter 3
Filter 3 Filter 4
Filter N
1 |CmeweHne |Pa3mep |hash64 CmeweHue |Pasmep |hash64 3 CmelweHune
\
\N CmeweHne |Pasmep |hash64
I —

MeTaagaHHbIe

79



&, YecTHbit 3HAK

JleHnBbln CerMeHTHbIN PUNbTP

XpaHeHune

Filter 1 Filter 2

Filter 2 Filter 3

Filter 3 Filter 4

Filter N

1 |CmeweHue |Pasmep |hash64 (2 CmeweHue |Pasmep |hash64 3 CMeleHune

\

\ N CMeweHne Pasmep |hash64
Pasmep MeTafaHHbIX —

MeTaagaHHbIe
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JleHnBbl CerMeHTHbIN PUNbTP

XpaHeHue

Filter 1 Filter 2

Filter 2 Filter 3

Filter 3 Filter 4

Filter N

1 CmeweHne |Pasmep |'hash64 |2 CmeweHue |Pasmep  hash64 3 CMeweHne
N CmeweHne |Pasmep |hash64

Pazmep MeTagaHHbIX

81



&) YecTHbln 3HAK

XpaHeHue

JleHnBbIN CerMeHTHbIN PUNbTP

Filter 1

Filter 2

Filter 3

Filter 3

Filter N

1 CMmeweHue

PasmMep

hash64

CMmeLweH!

Pazmep MeTagaHHbIX

OTkpbiBaeM Stream
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XpaHeHue

JleHnBbln CerMeHTHbIN PUNbLTP

Filter 1

Filter 2

Filter 3

Filter 3

Filter N

1 CMmeweHue

PasmMep

hash64

CMmeLweH!

Pazmep MeTagaHHbIX

OTkpbiBaeM Stream

Yntaem pasmep
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XpaHeHune

JleHnBbIN CerMeHTHbIN PUNbTP

Filter 1

Filter 2

Filter 3

Filter 3

Filter N

1 CMmeweHune

hash64

CMmeLweH!

Pa3smMep MeTagaHHbIX
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XpaHeHune

JleHnBbIN CerMeHTHbIN PUNbTP

Filter 1

Filter 2

Filter 3

Filter 3

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Filter N

1

CMmeweHune

hash64

CMmeLweH!

Pa3smMep MeTagaHHbIX
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XpaHeHune

JleHnBbln CerMeHTHbIN PUNbTP

Filter 1

Filter 2

Filter 3

Filter 3

Filter N

1

CMmeweHune

hash64

CMmeLweH!

Pa3smMep MeTagaHHbIX
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JleHnBbln CerMeHTHbIN PUNbLTP

3anpoc gn4
CospaHune co3faHus

Habopa AaHHbIX

val request =
"select id, iceberg.bucket(100,id)
from iceberg.smart.src"
val file = "/tmp/smart_filter.bin"

val segments = 100

XFilter.collect(request, file, segments)
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JleHnBbln CerMeHTHbIN PUNbLTP

Co3gaHue Kntod dunbTtpa

val request =
"select id, iceberg.bucket(100,id)
from iceberg.smart.src"
val file = "/tmp/smart_filter.bin"

val segments = 100

XFilter.collect(request, file, segments)
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JleHnBbln CerMeHTHbIN PUNbLTP

Co3aaHue

val request =
"select id, iceberg.bucket(100,id)
from iceberg.smart.src"
val file = "/tmp/smart_filter.bin"

val segments = 100

XFilter.collect(request, file, segments)

HoMep cermeHTa
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JleHnBbln CerMeHTHbIN PUNbLTP

Co3aaHue

val request =
"select id, iceberg.bucket(100,id)
from iceberg.smart.src"
val file = "/tmp/smart_filter.bin"

val segments = 100

XFilter.collect(request, file, segments)

Nmsa panna

90
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JleHnBbln CerMeHTHbIN PUNbLTP

Co3aaHue

val request =
"select id, iceberg.bucket(100,id)
from iceberg.smart.src"

Konnyecrtso

val file = "/tmp/smart_filter.bin" CerMeHToB

val segments = 100

XFilter.collect(request, file, segments)
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JleHnBbln CerMeHTHbIN PUNbLTP

Co3aaHue

val request =
"select id, iceberg.bucket(100,id)
from iceberg.smart.src"
val file = "/tmp/smart_filter.bin"

val segments = 100

XFilter.collect(request, file, segments)

Co3paHune JICO
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JleHnBbln CerMeHTHbIN PUNbLTP

cnonb3oBaHue

XFilter.load(file, segments, "smartFilter")"

3arpyska

merge into dst MeTafaHHbIX 1
using src cdopmumposaHue UDF
on dst.id = src.id
and smartFilter(iceberg.bucket(100,dst.id), string(dst.id))
when matched then update x
when not matched then &

Merge-On-Read
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JleHnBbln CerMeHTHbIN PUNbLTP

cnonb3oBaHue

XFilter.load(file, segments, "smartFilter")"

merge into dst Ncnonb3oBaHmne UDF
using src
on dst.id = src.id
and smartFilter(iceberg.bucket(100,dst.id), string(dst.id))
when matched then update x
when not matched then &

Merge-On-Read >
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JleHnBbln CerMeHTHbIN PUNbLTP
cnonb3oBaHue

XFilter.load(file, segments, "smartFilter")"

OyHKUNA
merge into dst chopMUpOBaHMS
using src HOMEPOB CErMEHTOB

on dst.id = src.id

and smartFilter(iceberg.bucket(100,dst.id), string(dst.id))
when matched then update x

when not matched then &

Merge-On-Read >
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JleHnBbI CerMeHTHbIN OUNbTP

== Physical Plan ==
WriteDelta (15)
+- Exchange (14)
+- MergeRows (13)
+- * Project (12)
+- * SortMergeloin RightOuter (11)
- * Sort (6)
+- Exchange (5)
+- * Project (4)
+- * Filter (3)
+- * ColumnarToRow (2)
: +- BatchScan dst (1)
+- * Sort (10)
+- Exchange (9)
+- * ColumnarToRow (8)
+- BatchScan src (7)

Merge-On-Read
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JleHnBbI CerMeHTHbIN OUNbTP

== Physical Plan ==
WriteDelta (15)
+- Exchange (14)
+- MergeRows (13)
+- * Project (12)
+- * SortMergeloin RightOuter (11)
- * Sort (6)
+- Exchange (5)
+- * Project (4)
+- * Filter (3)
+- * ColumnarToRow (2)
; +- BatchScan dst (1)
+- * Sort (10)
+- Exchange (9)
+- * ColumnarToRow (8)
+- BatchScan src (7)

A

Merge-On-Read

Filter [codegen id : 1]

Input [5]: [id, _file, _pos,
_spec_id, _partition]
Condition :
smartFilter(staticinvoke(cla
ss org.apache

.iceberg.spark.functions.Buc
ketFunction$BucketLong,
IntegerType, invoke, 100,
id, IntegerType,

LongType, false, true, true),
cast(id as string))
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JleHnBbI CerMeHTHbIN OUNbTP

== Physical Plan ==
WriteDelta (15)
+- Exchange (14)
+- MergeRows (13)
+- * Project (12)
+- * SortMergeloin RightOuter (11)
- * Sort (6)
: +- Exchange (5)
+- * Project (4) YreHne DST:
+- * Filter (3) 100 TB
+- * ColumnarToRow (2)
+- BatchScan dst (1)

+- * Sort (10)
+- Exchange (9) YreHne SRC:
+- * ColumnarToRow (8) 0.150 Tb
+- BatchScan src (7)

5

Merge-On-Read
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JleHnBbI CerMeHTHbIN OUNbTP

== Physical Plan ==
WriteDelta (15)
+- Exchange (14)

+- MergeRows (13) OunbTpaums:
+- * Project (12) Bxog 1000 TH
+- * SortMergeJoin RightOuter (11) Boixop 17Tb
- * Sort (6)

: +- Exchange (5)
+- * Project (4)
+- * Filter (3)
+- * ColumnarToRow (2)
; +- BatchScan dst (1)
+- * Sort (10)
+- Exchange (9)
+- * ColumnarToRow (8)
+- BatchScan src (7)

Merge-On-Read
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JleHnBbI CerMeHTHbIN OUNbTP

== Physical Plan ==
WriteDelta (15)
+- Exchange (14)
+- MergeRows (13)
+- * Project (12)
+- * SortMergeloin RightOuter (11)
- * Sort (6)

: +- Exchange (5) <«
; +- * Project (4) Shuffle:
: +- * Filter (3) 0,5Tb

+- * ColumnarToRow (2)
+- BatchScan dst (1)

+- Exchange (9) -« — 0,5 TB

+- * ColumnarToRow (8)
+- BatchScan src (7)

Merge-On-Read >
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JleHnBbI CerMeHTHbIN OUNbTP

== Physical Plan ==
WriteDelta (15)
+- Exchange (14)
+- MergeRows (13)
+- * Project (12)
+- * SortMergeloin RightOuter (11)
- * Sort (6)
: +- Exchange (5)
+- * Project (4) CopTMpPOBKa:
+- * Filter (3) 1TB
+- * ColumnarToRow (2)
; +- BatchScan dst (1)
+- * Sort (10) -« CopTupoBka:
+- Exchange (9) 1716
+- * ColumnarToRow (8)
+- BatchScan src (7)

A

Merge-On-Read >
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JleHnBbI CerMeHTHbIN OUNbTP

== Physical Plan ==
WriteDelta (15)
+- Exchange (14)
+- MergeRows (13)
+- * Project (12) Bxon 2Tb
+- * SortMergeloin RightOuter (11) Boixogq 2 TB
- * Sort (6)
: +- Exchange (5)
+- * Project (4)
+- * Filter (3)
+- * ColumnarToRow (2)
: +- BatchScan dst (1)
+- * Sort (10)
+- Exchange (9)
+- * ColumnarToRow (8)
+- BatchScan src (7)

Merge-On-Read >
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JleHnBbI CerMeHTHbIN OUNbTP

== Physical Plan ==
WriteDelta (15)
+- Exchange (14) Merge:
+- MergeRows (13) « — 2 Tb
+- * Project (12)
+- * SortMergeloin RightOuter (11)
- * Sort (6)
+- Exchange (5)
+- * Project (4)
+- * Filter (3)
+- * ColumnarToRow (2)
: +- BatchScan dst (1)
+- * Sort (10)
+- Exchange (9)
+- * ColumnarToRow (8)
+- BatchScan src (7)

Merge-On-Read >
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JleHnBbIN CerMeHTHbIN PUNbTP

KonnyectBo gaHHbIX (Th)

1000 1000
500
100 100 100
] 21 2 35 1 21 > 2 2 2
YTeHune CopTtnpoBka Shuffle Join Merge
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JleHnBbIn CerMeHTHbIN PUNLTP

KapanHanbHOe CHUXeHune KosinvyecTBa
AaHHbIX

He Tonbko SQL

YHUBEpCanbHOCTb NPUMEHEHUSA

YMeHblueHne notpebneHne pecypcos
Knacrepa

MoTpebneHne namMaTn Ha
ncnonHutensx, Ao 2 e

PacnpeneneHHoe co3aaHue puibTpa

Bpems paboTbl 1-2 yaca

HeT orpaHMYeHns Ha KOJIMYECTBO K/ltoUel

CBOM Me&xaHU3M co3aaHud



Vv, YecTHbii 3HAK

[1naH poknaaa:

106

1. Mpo6nemaTunka

2. Mcnonb3oBaHue perysisipHbiX CTPYKTYp

3. UTOo Takoe BepOSATHOCTHbIE CTPYKTYPbl
AAaHHbIX

4. Acnonb3oBaHune punbrpoB banyma

5. JlIeHnBbIN CEerMeHTHbIN PUNbLTp

6. BbiBOAbI
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BbiBOAbI
HanMeHoBaHue CraHpapTt Csou Bloom JleHnBbIN PesynbTaTr
HbIN Filter CEerMeHTHbIN
noaxon bunbTp
YTeHne gaHHbIX, T6 100 100 100 MaputeT
CopTnpoBKa AaHHbIX, T6 1000 20 2 JICO
Shuffle, T6 500 2 1 JICO
Join, T6 1000 20 2 J1ICO
Bpems paboThbl, 4 > 12 3—4 1,5-2 vaca JICO
Bpemsa dopMmmnpoBaHus - 10 16 BF
dunbTpa, MUH.
Pasmep punbTpa, T6 - 0.001 0.002 BF
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[TyTb

Hauano JKcnnyartauus
Executors 150 Executors 100
RAM 64 I'b RAM 32 Tb
Vcore 6 Vcore 10
RAMS 9600 I'b RAMS 3200 B
Vcores 900 Vcores 1000
Bpems bonee 12 yacos Bpems 2 vyaca
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BbiBOAbI

BeicBo60oannun pecypcos no executors 50%

CaKOHOMUAM NaMAaTK B 3 pa3a

Bpems BbinonHeHUsa cHmM3nnu 6onee yeMm B 6 pas

BcTpoeHHble MeEXaHM3Mbl HE B MOJTHOW Mepe NoaAxXoAsT K HAWWUM YCITOBUSAM
BO3MOXHO MCMOMb30BaHME BCTPOEHHbIX MEXaHWU3MOB

MNonyyeHHble MeToAbl YHUBEpPCASIbHbI

< <« £ < <K < X

Mo>xHO ucrnonb3oBaTb B SQL
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YTO ganbLie

JICO Kak Kak BHelluHee BblpaxeHue
Peanusauna 4ONONHUTENbHbLIX CTPYKTYp B JICD
OnTMmMsaumsa oMcKoBoro xpaHeHusa JICO
CraHgapTmsaumsa ucnosib3oBaHus

OumncTka Hencnonblyembix CTpyKTyp JICO

Peannsauunsa ontMMmlaumnm Ans aBToOMaTUYECKOro ncnosib3osaHua JICO

C € € < < < X

[Mpy onTMMM3auUMKM 3aNpOCOB NUCMNOJIb30BaTb Cpa3y HECKO/IbKO NOAXO0A40B U METOA0B
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Bonpochkl
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Beptnuné AMuntpuni

Beaywunmn
NpoOrpaMmMnCT
pa3paboTyuk,

YecTHbin 3HAK

d.vertlib@crpt.ru
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