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TekcToBas pacwumppoBKa BNAEO:

BBEAEHWE
NAPTULUNOHWPOBAHWE, SPARK STREAMING

Ha 3Tom ypoke Mbl y3HaeMm:

e Kak NocMoTpeTb Nornyeckmnii n Gprsnyeckunii niaH 3anpoca;

Kak ynyulnTb pasmeLlieHne AaHHbIX Ha KnacTepe;

MOXHO N COXPaHATb MPOMEXYTOUHble pe3y/ibTaTbl BblYMCIEHWI;

Kak adaHaM3npoBaTb NMNOTOKOBbIE AdHHblE C MOMOLbH Spark.

MNJ1AH BbINMOJHEHWA

MNnaH:
e BcnomHMM o npoekTax;
e BCNOMHWM OCHOBBbI;
e MHOrocTyneH4aTbI NpoLece;
e Kelc - cxofHble JaHHble;
e CMOTpPUM 3anpoc;
o Pusnyecknin NnaH;
e Jlormyeckun nnax;

BcnoMHKMM o0 npoekTax

PaccMOTpUM AaHHble MPOeKThl:
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https://edu.slurm.io/courses/data-engineer-p3?from=step
https://edu.slurm.io/courses/data-engineer-p3?from=step
https://disk.yandex.ru/i/mejx170-UCJ-XQ
https://databricks.com/blog/2015/04/28/project-tungsten-bringing-spark-closer-to-bare-metal.html

Catalyst Optimizer;

Whole-Stage Java Code Generation;
Bce OHWM CyLLecTBYHOT COBMECTHO CO Spark v peluatoT pasHble 3aja4l, Kacaemble BblUYNCIeHN Ha HeM.

Mbl y>kKe yOMUHaNM o H1X, B YacTHoCcTK o0 Catalyst Optimizer. MmeHHo Catalyst Optimizer peluaeT, Kak IMEHHO
6yAyT 3anycKaTbCsA BblYMCIEHNSA Ha KnacTepe. Ha ocHoBe Koza Ansa Spark, KOTopbI Mbl NULLEM, OH co3jaeT
LLernoyKy TOro, Yto 1 rae AOKHO 3anyCTUTbCSA, @ TakKe OTAaeT AaNbHelLlvie NprKasbl MeHeaXepy knacrepa.

Bnarogaps 3ToMy Mbl MoayyYaeM BO3MOXHOCTb 3G GEKTMBHO CUMTaTb Ha KiacTepe.

BcnoMHMM OCHOBBI

RDD 1 Dataframe - 370 knaccbl-abcTpakLnm Haj KOANEKLMUAMMWN AAHHbIX.
Konnekuwnun pa3butel Ha 6510Kku (partitions).

Korga mMbl nuwem Koa, UTOb6bI MOCUYMNTATb UTO-IMOO Ha 3TUX AdHHbIX, OH pacCkKi1aiblBae€TCA Ha p,pa|7|Bepb| B rpac|>

NCMOHEHUSA. DTO TO, YTO Ha3biBaeTcs «Spark Job».
e Job - rpad uenrkom, oT MOMeHTa co3gaHus DF 10 npuMeHeHUs action K Hemy.
e Stage - KOMNoHeHT Job. Co3aaeTca kKaxabli pa3 npu shuffle.
e Task - komnoHeHT Stage. 510 6a30Bas onepauus Haj LAHHBIMU.

Bonee nogpobHyto nHPopmaumto o shuffle Bbl MoxeTe npoumnTath, Neperias rno CCbiike:

https://sparkbyexamples.com/spark/spark-shuffle-partitions/

MHorocTyneH4aTbli npouecc

Korga mbl 3aKNHYNN AaHHbIE Ha KN1acTep W 3anyCTuanm Ko4, noj «KarnotomM» MHOroe rnnpon3oLuno:

° OﬂTI/IMl/I3aTOp nojy4daeT OT HaC KOA 1 COCTaBAAET Lernoyky rnjiaHoB. CHauana coctaBnsieT 6a3oBble

MPpUKNAKN.
e B npouecce TeCtnpoBaHnNA rMNOTeE3 MJjiaH YTOYHAETCA, ONTUMU3UNPYETCA.

e Ha OCHOBe NOrnMYecKoro rnjaHa onTUMM3aToOpP COCTaBASAET PU3NYECKNI MJaH (MAaH, ONVCbIBaKOLLMIA
nepeaBmXXeHMNe JaHHbIX Ha onpejeneHHbIX MalmnHax 1 T.4.). Mpwn coctaBneHnn pr3mnyeckoro rniaHa
ncrnonb3yeTcs cost based optimization. To ecTb kKaxzgoe gencTere, KOTOpoe Mbl XOTUM BbINONHUTL Ha
Knactepe, TpebyeT onpefe/ieHHbIX PecypcoB (NamMATb, BbIYNCANTEIbHbIE MOLLHOCTU U T.4.). Ha ocHoBe
3TOro peLlaeTcs, rae MMeHHO Bce byaeT 3anyckaTbcs. PU3nyeckmx niaHoB MOXET bbITb HECKOBbKO, B
3aBUCKMOCTN OT KOHPUTypaLMKM Knactepa, OT AOCTYMHbIX PeCypCcoB W T.4. 3a Te CeKYH/AbI, MOKa

onTnMMm3aTop 0b6CcUnTbIBaAET, OH AOJDKeEH Bbl6paTb OoAVH N3 (I)I/I3I/N€CKI/IX Mn1aHoOB.

o dusnyecknin NnaH 13 obLero Habopa PUsNYeCcKX NAAHOB, PACCUNTAHHbBIX ONTUMKN3ATOPOM, BblbpaeTcH
no MeToAy BeTBeW U rpaHuL,. MNpriMepHO NPOCYNTLIBAETCA 3aTPATHOCTb €ro BbIMOJIHEHUS, a INLIHNE

BETBU (TO, UTO HaM He I'IO,CI,XO,CI,I/IT) o6pe3ar0Tc9|. Tak, ocTtaeTtcs O4NH N3 KOHKPETHbIX M/1aHOB.

Kenc - ncxogHble gaHHbIe

PaccMOTpuM peasnbHbIn Kenc:
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https://www.bigdataschool.ru/blog/spark-sql-about-catalyst-optimizer.html
https://jaceklaskowski.gitbooks.io/mastering-spark-sql/content/spark-sql-whole-stage-codegen.html
https://sparkbyexamples.com/spark/spark-shuffle-partitions/
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from pyspark.sql.functions import sum
from decimal import Decimal

inventory_schema = ("id integer, name string, price decimal(20,2)"
orders_schema =("id integer, item_id integer, count integer"
items = spark.createDataFrame(|[[0, "Cheese", Decimal(2.1 \
1, "Wine", Decimal(6.2 \
2, "Bread", Decimal(0.8 \
schema=inventory_schema

. orders = spark.createDataFrame(|[[100, 0, 1
11.
12.
13.
14.

\
100, 1, 1 \
101, 2, 3 \

102, 2, 8 \
schema=orders_schema

Y Hac eCTb NCXOAHbIe AaHHble U HeckonbKo datafram’oB, KoTopble Mbl ByAeM IKOMHUTL MexXay CObow.

CmoTpuM 3anpoc

counts = (items.join(orders,items.id == orders.item_id, how="inner" \
where(items.id == 2) \
groupBy("name", "price").agg(sum("count").alias("units"

Monpobyem nocyuntaTb MO 3TOMY KoAy 6a30BbIl AKONH. O6befMHVIM MO aNANLLHMKAM AaTaceTbl, Bblbepem

O4HO 3HaueHue (c groupBy, arperaumen v T.4.) U Bbi30BeM QyHKLMIO «.explain»:

counts.explain()

Ecnw Bbl 6a30B0 3HaeTe SQL, To BaM 13BeCcTHO, UTo B B/l TOXe ecTb onepaTop explain, KOTOpbI NokasbiBaeT
naaH BbIMOJIHEHVA. B Spark nponcxoamT nouTy Tak xe, Tak Kak Spark 61130k no cxoxectu ¢ SQL.

dPusnyeckmii nnaH

Ecnn Bce NpoigeT ycneLwHo, TO A0/IXKHO NONYUNTbCA cneaytoLLee:

== Physical Plan ==
AdaptiveSparkPlan isFinalPlan=true

+- ==

Final Plan ==

*(6) HashAggregate(keys=[name#1, price#2], functions=[sum(count#8)])

4=

AQEShuffleRead coalesced
+- ShuffleQueryStage 2
+- Exchange hashpartitioning(name#1, price#2, 200), ENSURE_REQUIREMENTS, [plan_id=368]
+- *(5) HashAggregate(keys=[name#1, price#2], functions=[partial_sum(count#8)])
+- *(5) Project [name#1, price#2, count#8]
+- *(5) SortMergeJoin [id#@], [item_id#7], Inner
t- *(3) Sort [id#@ ASC NULLS FIRST], false, @
:  +- AQEShuffleRead coalesced
+- ShuffleQueryStage ©
+- Exchange hashpartitioning(id#0, 200), ENSURE_REQUIREMENTS, [plan_id=272]
+- *(1) Filter (isnotnull(id#@) AND (id#e = 2))
: +- *(1) Scan ExistingRDD[id#@,name#1,price#2]
+- *(4) Sort [item_id#7 ASC NULLS FIRST], false, ©
+- AQEShuffleRead coalesced
+- ShuffleQueryStage 1
+- Exchange hashpartitioning(item_id#7, 200), ENSURE_REQUIREMENTS, [plan_id=279]
+- *(2) Project [item id#7, count#8]
+- *(2) Filter ((item_id#7 = 2) AND isnotnull(item_id#7))
+- *(2) Scan ExistingRDD[id#6,item_id#7,count#8]

370 BbI6paHHbIA GU3NYECKNY MAaH, KOTOPbIV MOAYYUCS B pe3ysibTaTe npuMeHeHns Spark ontummsaTopa.

Bce orepaunmn, KoTopble Mbl Aenann, BbICTPaNBAKOTCA MO NMopAAKY. B aTom rnopAaake oHn v 6yAyT BbIMOJHATBLCA,

npuyeM 4acTb U3 HUX ByaeT 0bpabaTtbiBaTbCA B Mapannenb.

Mbl MOXeM NMPUCMOTPETLCA U penNTb, BEPHO 1IN ONTUMMN3ATOP Bbl6paf| I'IOAXOAFILLI,I/IVI nnaH.

BaXXHO MOHMMAaTbL, YTO Bbil nonyymnTe HEMHOrro oTan4yarowumecd rnaaHbl B 3aBUCMMOCTM OT TOlO, Ha KaKoMW

Bepcum Spark Bbl 3TO 3anyckaeTe. Hanpumep, AaHHbIV N1aH A8 O4HOW U3 nocneaHux Bepcuin Spark. B ctapbix

Bepcusax Spark BoobLue He cywectsoBasio AdaptiveSparkPlan. 3T1o 6onee NpoABUHYTLIV M1aH, UMEOLWWIA NOA

cobon AOMNO/IHUTENIbHbIE LWaru. OH MOXeT MeHATLCH B npouecce ncrnosiHeHnd, a MMeHHO B Warax, rge

HanuncaHo AQES. 3To 3HauWnT, YUTO B NpoLiecce BbINONHEHMA NaHa, Spark genaeT oAnH N3 HECKOIbKMX

—

O,ﬂ,ep,naVlH 07 nrons, 23:59 Mck



O6paTnTe BHMMaHWe Ha CieayroLmii Koz;

5 explain.ipynb % [® groupby_join.ipynb X [® skew.ipynb X A StructuredStreaming.ipx | [ DStreams.ipynb X |+
B+ X DO 0 » m C » Code v

from pyspark.sql.functions import col, lower, lit, length, split, explode, from_json

from decimal import Decimal

[ ]: inventory_schema = ("id integer, name string, price decimal(20,2)")
orders_schema =("id integer, item_id integer, count integer")
items = spark.createDataFrame([[@, "Cheese", Decimal(2.1)], \
[1, "Wine", Decimal(6.2)], \| I
[2, "Bread", Decimal(@.8)]], \
schema=inventory_schema)
orders = spark.createDataFrame([[100, @, 1], \
[100, 1, 1], \
[1e1, 2, 3], \
[102, 2, 8]],\
schema=orders_schema)

counts

n

(items.join(orders,items.id == orders.item_id, how="inner")) \
.where(items.id == 2) \

.groupBy("name"”, "price").agg(sum("count").alias("units"))
counts.toPandas()

counts.explain()

| | ]: counts.explain(mode="extended")

Y Hac eLe He 6bIN0o I'IO,£|,06HOFO CMHTaKCKCaA 3a4aHNS cXeMbl. MOXHO CO34aTb KOTOHKW yepes 3andaTyro, MOXXHO

CAeNaTb KpaCBYHO CXeMY C UMMNOPTaMN U T.A4., d MOXHO CHUNTEPUTb U CAENATb KOJIOHKW Yepe3 3alATyHo.

Mo>HO nonpo6oBaTh BbIrpy3nTb Bce B Pandas Dataframe gns Toro, 4to6bl NPOBEPUTL, UTO BCE BbIUNCNSETCS

n pa60TaeT. I‘IonyqaeTcsi caegyroulee:

[® explain.ipynb ® A groupby_join.ipynb X A skew.ipynb X A StructuredStreaming.ipX  [® DStreams.ipynb X +
B+ X O » m C » Code v
from decimal import Decimal

inventory_schema = ("id integer, name string, price decimal(2e,2)")
orders_schema =("id integer, item_id integer, count integer")
items = spark.createDataFrame([[@, "Cheese", Decimal(2.1)], \
[1, "Wine", Decimal(6.2)], \
[2, "Bread", Decimal(®.8)1], \
schema=inventory_ schema)
orders = spark.createDataFrame([[10@, @, 1], \
[16@, 1, 1], \
[1e1, 2, 3], \
[182, 2, 8]],\
schema=orders_schema)

counts = (items.join(orders,items.id == orders.item_id, how="inner")) \
.where(items.id == 2) \
.groupBy("name", "price").agg(sum("count").alias("units"))

counts.toPandas() I

name price units

0 Bread 0.80 m

I [ ]: counts.explain()

Tak MoJsiy4aeTcd, MOCKO/1bKY Mbl 6epeM 3HayeHne Nno ogHOMY KOHKPEeTHOMY aMAMMHMKy.

BbizoBeMm explain. Bugum cnegytolLee:

counts.explain()

== Physical Plan ==
AdaptiveSparkPlan isFinalPlan=true
+- == Final Plan ==
*(6) HashAggregate(keys=[name#l, price#2], functions=[sum(count#8)])
+- AQEShuffleRead coalesced
+- ShuffleQueryStage 2
+- Exchange hashpartitioning(name#1, price#2, 200), ENSURE_REQUIREMENTS, [plan_id=167]
+- *(5) HashAggregate(keys=[name#l, price#2], functions=[partial sum(count#8)])
+- *(5) Project [name#l, price#2, count#8]
+- *(5) SortMergeJoin [id#@], [item_id#7], Inner
1= *(3) Sort [id#@ ASC NULLS FIRST], false, @
+- AQEShuffleRead coalesced
+- ShuffleQueryStage ©
+- Exchange has%partitioning(id#@, 200), ENSURE_REQUIREMENTS, [plan_id=71]
+- *(1) Filter (isnotnull(id#e) AND (id#e = 2))
i +- *(1) Scan ExistingRDD[id#@,name#l,price#2]
+- *(4) Sort [item_id#7 ASC NULLS FIRST], false, ©
+- AQEShuffleRead coalesced
+- ShuffleQueryStage 1
+- Exchange hashpartitioning(item_id#7, 2@@), ENSURE_REQUIREMENTS, [plan_id=78]
+- *(2) Project [item_id#7, count#8]
+- *(2) Filter ((item_id#7 = 2) AND isnotnull(item_id#7))

Mbl nonyunnn dpusmnyecknin nnaH. MoxHo yeuaeTb, 4to ecTb Initial Plan - dunsnyeckmin nnaH, coctaBneHHbIn

Spark Ha nepBom 3Tane:
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+- == Initial Plan ==
HashAggregate(keys=[name#l, price#2], functions=[sum(count#8)])
+- Exchange hashpartitioning(name#1, price#2, 200), ENSURE_REQUIREMENTS, [plan_id=44]
+- HashAggregate(keys=[name#1, price#2], functions=[partial_sum(count#8)])
+- Projelt [name#l, price#2, count#8]
+- SortMergeloin [id#©], [item id#7], Inner
;- Sort [id#@ ASC NULLS FIRST], false, ©
+- Exchange hashpartitioning(id#e, 200), ENSURE_REQUIREMENTS, [plan_id=36]
+- Filter (isnotnull(id#@) AND (id#e = 2))
3 +- Scan ExistingRDD[id#@,name#l,price#2]
+- Sort [item id#7 ASC NULLS FIRST], false, ©
+- Exchange hashpartitioning(item_id#7, 200), ENSURE_REQUIREMENTS, [plan_id=37]
+- Project [item_id#7, count#8]
+- Filter ((item_id#7 = 2) AND isnotnull(item_id#7))
+- Scan ExistingRDD[id#6,item_id#7,count#8]

NMoMrMO dU3MYEeCKOro rnaaHa cyLwecTByeT U nornyecknin. B ctapbix Bepcnax Spark 66110 ABa BapuaHTa

MOCMOTPETb MJiaH:

e O6bIYHbIN

counts = (items.join(orders,items.id == orders.item_id, how="inner" \
where(items.id == 2) \
groupBy("name", "price").agg(sum("count").alias("units"

e extended

counts.explain(mode="extended"

Ha CeFO,D,HFILIJHI/IVI AeHb nodBnnachb LUesiad nadka BapnMaHTOB C Pa3HbIMW apryMmeHTaMn. MOXHO YKa3dTb

KOHKpeTHbI mode. Mbl MOAyYM He TONIbKO PU3NYECKMIA NAaH, HO 1 NOTUYECKUY B CAMOM Hadvane:

== Parsed Logical Plan ==
'Aggregate ['name, 'price], ['name, 'price, sum('count) AS units#82]
+- Filter (id#@ = 2)
+- Join Inner, (id#0 = item_id#7)
:- LogicalRDD [id#@, name#l, price#2], false
+- LogicalRDD [id#6, item_id#7, count#8], false

== Analyzed Logical Plan ==
name: string, price: decimal(20,2), units: bigint
Aggregate [name#l, price#2], [name#l, price#2, sum(count#8) AS units#82L]
+- Filter (id#@ = 2)
+- Join Inner, (id#0 = item_id#7)
:- LogicalRDD [id#@, name#l, price#2], false
+- LogicalRDD [id#6, item_id#7, count#8], false

== Optimized Logical Plan ==
Aggregate [name#l, price#2], [name#l, price#2, sum(count#8) AS units#82L]
+- Project [name#l, price#2, count#8]
+- Join Inner, (id#0 = item_id#7)
:- Filter (isnotnull(id#@) AND (id#e = 2))
+- LogicalRDD [id#@, name#l, price#2], false
+- Project [item_id#7, count#8]
+- Filter ((item_id#7 = 2) AND isnotnull(item_id#7))
+- LogicalRDD [id#6, item_id#7, count#8], false A

Jlornyeckui nnaH

Bo3moxHa CNTyaumnd, Korada Mbl, Ha OCHOBE HarNMmMcaHHOro HaMm Koja, nydlle noHMMaem, Kak Hy>KHO 3anycKaTb

arperatbl 1 T.A4.

[MoCcMOTPUM Ha TO, KaK BbIFIAANT NOrMYecknii nnaH. 3anyctmm explain ¢ mogom «Extended» 1 yBuanm nosHyto

KapTUHY:
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[9]: counts.explain(mode="extended")

== Parsed Logical Plan ==
'Aggregate ['name, ‘'price], ['name, ‘price, sum('count) AS units#31]
+- Filter (id#e = 2)
+- Join Inner, (id#6 = item_id#7)
:- LogicalRDD [id#@, name#l, price#2], false
+- LogicalRDD [id#6, item_id#7, count#8], false

== Analyzed Logical Plan ==
name: string, price: decimal(2e,2), units: bigint
Aggregate [name#1, price#2], [name#l, price#2, sum(count#8) AS units#31L]
+- Filter (id#e = 2)
+- Join Inner, (iMe = item_id#7)
:- LogicalRDD [id#@, name#tl, price#2], false
+- LogicalRDD [id#6, item_id#7, count#8], false

== Optimized Logical Plan ==
Aggregate [name#l, price#2], [name#l, price#2, sum(count#8) AS units#31L]
+- Project [name#l, price#2, count#8]
+- Join Inner, (id#® = item_ id#7)
:- Filter (isnotnull(id#®@) AND (id#e = 2))
+- LogicalRDD [id#©, name#l, price#2], false
+- Project [item id#7, count#8]

== Analyzed Logical Plan ==
name: string, price:[decimal(20,2), units: bigint
Aggregate [name#l, price#2], [name#1l, price#2, sum(count#8) AS units#31L]
+- Filter (id#® = 2)
+- Join Inner, (id#0 = item_id#7)
:- LogicalRDD [id#@, name#l, price#2], false
+- LogicalRDD [id#6, item_id#7, count#8], false

== Optimized Logical Plan ==
Aggregate [name#l, price#2], [name#l, price#2, sum(count#8) AS units#31L]
+- Project [name#l, price#2, count#8]
+- Join Inner, (id#@ = item_id#7)
1- Filter (isnotnull(id#@) AND (id#® = 2))
+- LogicalRDD [id#@, name#l, price#2], false
+- Project [item_id#7, count#8]
+- Filter ((item_id#7 = 2) AND isnotnull(item_id#7))
+- LogicalRDD [id#6, item_id#7, count#8], false

== Physical Plan ==
AdaptiveSparkPlan isFinalPlan=true
+- == Final Plan ==
*(6) HashAggregate(keys=[name#1, price#2], functions=[sum(count#8)], output=[name#l, price#2, units#31L])
+- AQEShuffleRead coalesced
+- ShuffleQueryStage 2
+- == Initial Plan ==
HashAggregate(keys=[name#l, price#2], functions=[sum(count#8)], output=[name#l, price#2, units#31L])
+- Exchange hashpartitioning(namettl, price#2, 20@), ENSURE_REQUIREMENTS, [plan_id=44]
+- HashAggregate(keys=[name#1, price#2], functions=[partial_sum(count#8)], output=[name#l, price#2, sum#36L])
+- Project [name#l; price#2, count#8]
+- SortMergeJoin [id#@], [item_id#7], Inner
:- Sort [id#@ ASC NULLS FIRST], false, @
+- Exchange hashpartitioning(id#@, 280), ENSURE_REQUIREMENTS, [plan_id=36]
+- Filter (isnotnull(id#@) AND (id#e = 2))
: +- Scan ExistingRDD[id#@,name#1,price#2]
+- Sort [item_id#7 ASC NULLS FIRST], false, @
+- Exchange hashpartitioning(item_id#7, 20@), ENSURE_REQUIREMENTS, [plan_id=37]
+- Project [item_id#7, count#8]
+- Filter ((item_id#7 = 2) AND isnotnull(item_id#7))
+- Scan ExistingRDD[id#6,item_id#7,count#8]

Y Hac byzeT He TONbKO GU3NYECKN MJ1aH, HO 1N OTNYeCcKnA (CO BCeM NPOMEXYTOUHbBIMU).

Korza Bbl paboTaete co Spark, LOBONbHO 60/bLUYHO A0/ BpeMeHW byayT 3aHMMaTb VIMEHHO 3TV MaHbI.
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