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Apache Spark A HY <8 F B

ZF5 1588 Spark EAHE S FMIFML AWS Glue for Apache Spark MAERI B ET, EiTiST St REHRE
KEEZH , TRXEBSHNETIIEEEE,

e

Spark B EFEEATHEMN Spark NARFIFD R ATEZN Worker TRRRHIES . Spark B2+
ERBELTER

o ELEMARBHIEZEIT main()

o ERBATITX

- EEBEERPRRNEREESRMETFE Spark ITREF
« 7 Spark MITRFRHESHERES

- EEESHENRE

B LAMEA SparkContext MR E Spark B EFRELE T,

Spark HITREF =R T REFHIENIZITM Spark W) F&IEAVESH Worker, Spark TR FHI K
B RS SRR AR 8 AR D

Worker node

Spark driver

Worker Node
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@® Note
Spark MITRERFEZ N EN , Rt UHTAEBZMES ., BRIAERT |, Spark XiEFMNERL
CPU ( VCPU ) & UMIT IS, flun , MEHRTEFEEA CPU &4 , ME AR IZET
HAMESS

T AARES

Spark W ITFME IR ERIS Spark MITREFAEKBEBENEZRTE, £ Spark FlLwERBE |, BF
EZEEMHNAT . Spark BEFM I HAANKIESE (RDD ) HRE , X2 —HUUHTRENTE ,
AT LA EER Spark MITREFH1TD KX,

TEE R Python BIZATE BEIRIFZE R R TE Spark 1R ( PySpark ) FE1TH , BEEAEFE#EAFXH
=57

Python Apache Spark
val  [1,2,3N] s rdd sc. [1,2,3-N]
RDD

. Node J— Partition

Record

* Python : 7 Python BIZA&AAF&E val = [1,2,3...N] iBEREESTRBHNEAITTEN LN
RNEH,

BUSHABES 3
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 PySpark : Spark 12 RDD ¥#E4£H , AT MEMULEEZA Spark MITERFRNES HHEE. &
AL rdd = sc.parallelize[1,2,3...N] SBLEMK RDD , M Spark AI LA Z 4 Spark
RITREFNANFE 2 X FMEREHE,

EARZ AWS Glue Bl & |, B 7&EIS AWS Glue DynamicFrame 1 Spark DataFrame £/ RDD,
XEHMREARTFEEN RDD FHHERY , AEAXERMNEERTESRERNES. BHTHEHER
ThfEA RDD , A EATRBH , BELFERAL S KHMBEZATA -

* DynamicFrame

dyf= glueContext.create_dynamic_frame.from_options(
's3', {"paths": [ "s3://<YourBucket>/<Prefix>/"1},
format="parquet",
transformation_ctx="dyf"

)

+ DataFrame

df = spark.read.format("parquet")
.load("s3://<YourBucket>/<Prefix>")

RDD EBE LA T Ih8E :

« RDD A# XD AZNED (BMADK ) WEIREK. B4 Spark MITREFEHMLENFEHEHE —I R
ENPD X BEBZIMITERD .

- ROD AAE |, XEKREEECRBELEER. EEH DataFrame , BRI LFERAT —THEX N
1,

- ROD B AT RE45UE , BETUEINT SMEFIRE,

BER{E

RDD X#EFMMRENEE : Bt (NIBRERUEFBES ) NEE (ENBESESTITEERRE
HREFIEEE) .

« B AT RDD AR, Fitt REEET A Rt TE R

fitn , map R—HER , EFEIMEBEELREEL —NEE , AFERE-—IMRRERNH RDD,
HER , map TETRER H, Spark FEMRERIERRKRER , MARUEBELERETRE, &
RRARIEZHE , Spark TN ERIITERE,

fEMERE 4
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o BE: FEREGR  BZULFHESBERITN. EBFITE , EE1T write. count. show =
collect &gk,

Spark FIVFTE AR BEMHN , TSV EITELE R, ¥k , Spark 212N A E Amazon
Simple Storage Service ( Amazon S3 ) W REF LEMBMIFEEN — Rk, NYBREERGLR
BRESERFN , FRITEER, XHRITAIUESMIEZEIT Spark. a0, RiZET map FHiR
BIEMBIFEENM reduce ERBRDITHRNWERFIER, BA , BULUFLKEXFIRFIRE N
BEERZELEHER , MTARERERANMEBIEE,

Spark M AERFRINRE

KA Spark NARFARE, Spark BHIRFAIENTITR , HESNMNAREBEFEHFNAREFNIT

Ao UTREBENTFEM Spark Ul #H1TH &, FidFMEsEAREIEEEE,

- MARER : BT Spark &% ( Spark LT3 ) . @i <application_XXX> &M— ID &R,

« Bl : EF 1 RDD BIEZMN#EE, FLITE—IHZIH K.

- MER : 2T RDD IEZMBENHEF. MBRIE—INHZNMES. BEHBEFR Spark BALE , ATFE
¥ o B HIELAE RDD 2 KN HBEBHITFRMNDH, join() ERERIGEEREIHEF, EHRILEE
HEFRAESSEPEF AN E T RENEEF.

- £5% : 5= Spark itRIN RN EE(N, HE RDD 7 XAIBES , FFHEM B AR INIT
R ABE.

Spark N AR FHRE
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Execution plan

join()

Stage1l

Spark application

Appld = application_12345

Shuffle

Stage2

(@ Note
ESRUEMAHATENTEZEZRNREERR, A5HES RDD HEKIEL

HAT
Spark AIBAHTAL R MR H BB ES

flan | RIZEBFEEI Amazon S3 EWIGRI BEI M (B accesslogl ... accesslogN) #1TH
HRLE, TRER? HRLERE.

FHAT 6
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. spark read.option('delimiter’, * ') schema(tableSchema) csv('s3:/Bucket/*
Driver

Worker Worker Worker Worker

Executor Executor Executor Executor

- Partl Part2

~ Partd
Worker Worker Worker

Executor Executor Executor

Worker

Executor

Part5 Part6 Worker Worker Worker

Executor Executor Executor

Part7 Part8 PartN

1. Spark EHEFRIZHITITX , B TERXZ Spark MITRERFHN DAL E,

2. Spark WHEFBREHITIHXIABMITEFIEES. BIMERT , Spark BARF N S3 X
R (Partl ... N)8|EZ RDD 7 X ( M2 XX N—4 Spark £%5 ) » &fF , Spark EFHEF2
FESIBAEBMITER.

3. 81 Spark EFHTHEDER S3XWR , AFEFHE RDD 7 XWAFH, XH , Z1 Spark
WATRF R AT A FIT TR B 5 B ES.

BEXVBESXBENRICNEZSFMRER , BSEHFTLEES -,
Catalyst {128

Spark EREBEF B F Catalyst L EEHI BIZRMILINTITXRI. Catalyst E—NEMMLILEE , BAIUE
1217 Spark SQL, DataFrame FZIEEE SR Spark API B ERZELEE , W TEFR.

Catalyst {£1t.25 !


https://www.databricks.com/glossary/catalyst-optimizer
https://spark.apache.org/docs/latest/sql-programming-guide.html#sql
https://spark.apache.org/docs/latest/sql-programming-guide.html#datasets-and-dataframes

Apache Spark {El tEERE AWS Glue SR {ESRE

Logical plan Optimized plan

Spark SQL

/

DataFrames

(@
Q)
~+
ol
<
0
~+
O
©
=h
3,
N
(1]
=

Datasets

BT Catalyst {E{LEBF T HEEES RDD API BE& R , Bt &SR API BE LK RDD APl 1R, XtTF
S 2B EE | Catalyst (ELB AT ABILCELIZITITRIKREZRFAMRE, B LUE Spark Ul B SQL %
£ & & Spark fEALHIEAL TR,

BENEARIT

Catalyst fE{LBR BN &N B ENEBWNITHRERIITETREL. BENERNITEASITHSIHE
BHEELSTHERLCERNNZETIL. BENEARTAMEREREHRTSHBRER , FEH#
BENEEF R 20 X, FHEEF & F BRIy BB R RRIBIEMAL | AT B TR,

B 3% R B HHITE AWS Glue 3.0 RESIRAR TR , £ AWS Glue 4.0 ( Spark 3.3.0 ) REEIRA
RINBR. AIAERBHER spark.conf.set("spark.sql.adaptive.enabled", "true")
FREMXABANERHIT,

BHENGEF RN X

LI EERYE map W HSIHERESRENIEFERL RDD 5 X (&3 ) . Bt TEITERRXIE
N F 2 XESHAL. ELRREESBREENENIEF D XES. EEERB ANNBENEFSD
X455 2fE , Spark AIAEZEITRBNEELMNBENIEF 2 XES.

Catalyst {£1t.25 8
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¥ spark.sql.adaptive.enabled #
spark.sql.adaptive.coalescePartitions.enabled €& R true Bt |, /5 A& HENIEF
EWDX, BXEZEER , 1SR Apache Spark X4,

RHEF & HERIRRION T BB

LIhEE AR B B MARHEER I B BATRNHESE , HERBEZEEXRATSMNWRKEZEEL, BXES
HHEE |, SR Apache Spark 1%, BRIBERBEEMRCEVIEF —TTHNA

RFM BRI

HERMR Spark AL &RERNAF 2 —. THRT —HHER , BIBERD4EE RDD 77X ( ARELL
FENBEMRS )  ZERNARFNELLENE. XBESBRERERFENMERE. RRBKEMLILD
REIRERNESHFD (HEFERNESH ) AAXPRBEENES , ISLEFFESHBRETNRE
#o

I IhEETE spark.sql.adaptive.skewJoin.enabled iR &N true RIEH. BEXEZSIFHAEE
2% Apache Spark X1, BERFFELCBENIEF —T F##—Fifie,

Catalyst {E1L.85 9


https://spark.apache.org/docs/latest/sql-performance-tuning.html#coalescing-post-shuffle-partitions
https://spark.apache.org/docs/latest/sql-performance-tuning.html#converting-sort-merge-join-to-broadcast-join
https://spark.apache.org/docs/latest/sql-performance-tuning.html#optimizing-skew-join

Apache Spark {El #EEREE AWS Glue Y S {E3REE

£/ Spark Ul AZE 4 REE B

N AR SAERERBML AWS Glue Rl tEgEZ BT , RATEZB UGS T EREHBERT, XHFH
BhIE&E T EHAVIT A

N T REZ M, Amazon CloudWatch FEFRRMHE TR ERYE |, Spark Ul MR H T HEEMR
BERANUE., EN Spark Ul 5 AWS Glue BLEER , SN AWS Glue 1E)l 5 A Spark Ul, #5&
Spark Ul J§ , FEEfEEIL Spark fEAl M EER KRS , IRIBENBERINR B HBREEITN 0,

£/ Spark Ul 1251 3E3

HIRITFF Spark Ul B , Spark NARFaERPIIEH, BRIAERT , AWS Glue LR FARF A
# A nativespark-<Job Name>-<Job Run ID>, iRIEMEIZET ID i£ZF B ¥5 Spark MARERF , LA
FHHELERF, RERPELIZIT (HIRELZET) IEERRARTERONARFD,

EllET R RN Spark MARFHABELHREE, EREEAMBEIESTRNK , EREES EB
ERIEM  ERFENEENEFEREE SRERY P ERIEE  RARBKERZTHFLHE
MWES.

Spark Jobs ()

User: spark

Total Uptime: 7.7 min
Scheduling Mode: FIFO
Completed Jobs: 7

» Event Timeline
~ Completed Jobs (7)

Page: 1

1Pages. Jump to 1 Show 100  items ina page. Go
- . . R o o ed ol Tacke (for ol etnces): Suscasdeditorat 1
Job Id Description Submitted Duration = IStages: Succeeded/Total Tasks (for all stages): Succeeded|/Total
|
3 parquet at NativeMethodAccessorimpl.java:0 2023/03/30 06:49:02 6.5 min 111 (1 skipped) 5/5 (799 skipped) |
parquet at NativeMethodAccessorimpl.java:0 | |
0 showString at NativeMethodAccessorlmpl java:0 2023/03/30 06:48:15 295 1 799/799 |
showString at NativeMethodAccessorimpl java:0 1 |
2 parquet at NativeMethodAccessorimpljava:0 2023/03/30 06:48:48 14s I 799/799 1
parquet at NativeMethodAccessorimpl.java:0 1

L FRESTEIEHZT MR, EREL , BUNEIEARE , flmFEntiE, RHESHEM
EFEH, MANMHBEUARENENENENEAR,

Details for Job 3

Status: SUCCEEDED

Submitted: 2023/03/30 06:49:02
Duration: 6.5 min

Associated SQL Query: 2
Completed Stages: 1

Skipped Stages: 1

» Event Timeline
» DAG Visualization

~ Completed Stages (1)

Page: 1 1Pages. Jumpto 1 . Show 100 items in a page. Go

Stage id + Description Submitted Duration | Tasks: Succeeded/Total I| Input Output Shuffle Read Shuffle Write :
|

5 parquet at NativeMethodAccessorimpl.java:0 +detalls 2023/03/30 06:40:02 6.5 min 1 5/5 Il 10.2 GiB 19 GiB

fEF Spark Ul IR 5133 10


https://docs.aws.amazon.com/glue/latest/dg/monitoring-awsglue-with-cloudwatch-metrics.html
https://docs.aws.amazon.com/glue/latest/dg/monitor-spark-ui.html
https://docs.aws.amazon.com/glue/latest/dg/monitor-spark-ui-jobs.html
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WITRFETFEME T Spark ERAE, BAUEEROEY, UTREBRTE RNERESS
316 NEFROMEH 512 MDD BRINBERT , MO ARG E —4 Spark £55

Executors
» Show Additional Metrics
Summary
RDD Blocks Storage Memory Disk Used : Cores -; Active Tasks Failed Tasks Complete Tasks Total Tasks
Active(80) 0 0.0 B/ 465.9 GiB 00B : 316 :0 0 2399 2399
Dead(49) 0 0.0 B/285.4 GiB 00B | 196 0 0 3 3
Total(129) 0 0.0 B/751.3 GiB 00B : 512 :0 0 2402 2402

BEELEAESAE LERGES/5 , EENBRBKNNE  BEREAT 512 Mba 54
Btr. BITFUMBMATERSE  BHERT ABNE , BEETGERSNET, NI
FEETRER, THATROMRSIARDE R AN SN | ESE IR Spark fll RS
B,

f# A Spark Ul iR Bl 3EH 11
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AL Spark &b 4 BERY KBS
HEEACSHE | WHRELFRERE -

- NESAWEMEBR , ARBTBREEMRERE,
- NEAERAERRBENE , ARBZHERMLLSE.

NHRELCAFLTRERE -BNER , NN TEHEEL KK,

PERE L AL RY B SRR
PEBEEALE THRBRET

1. BEMBER R,

2. BEIER.

3. IRAFES

4. BB FE

5. EEE 245, BERRBTMHMBIRAN L,

B, BESNMHEEER. fli, ZHNERZ—8ERE 3 MFTAZHK AWS Glue L, EXB#R
&, BEEL MR, RAERNBBIETUAIIEFR. 532 , iR5ATN THE, Wi
BIEBRNEE, 7€ Spark MAREFZ1THIE , Spark &7 Spark EH HEFIEZRENESHRES S
itEE,

£ AWS Glue , #RAI LB Spark 77 52 RS 2R12HHY Spark Web i R HEZEE Spark E#5. AWS
Glue for Spark 1£55 A LU Spark =4 HE K IEEIYRTE Amazon S3 FIEEME. AWS Glue izt
T —NRBIAWS CloudFormation 4 # Dockerfile , i F1E Amazon EC2 SEHIs & 2 it 1T EHl b
JB3 Spark IR , HLE A LU Spark AR REASSE4BE—EEA,

HEWE MR B AR REITAX L BRI IEIRG |, BRI ER LT &1 PR RIS IT 1RIR 31 AME E A

Spark {EML ¥ BERY LSS ER
B LAE R LA T ERBEXS Spark #E AWS Glue BE1THERELE1L -

« AWS Glue &R :

PRI L B B SR RE 12


https://spark.apache.org/docs/latest/web-ui.html
https://docs.aws.amazon.com/glue/latest/dg/monitor-spark-ui-jobs.html
https://docs.aws.amazon.com/glue/latest/dg/monitor-spark-ui-history.html#monitor-spark-ui-history-cfn
https://docs.aws.amazon.com/glue/latest/dg/monitor-spark-ui-history.html#monitor-spark-ui-history-local
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- TREHSE

- FERASH AWS Glue IR7A
* Spark R AR :

- BAOBEREE

. HAITAEES

o ALBENEEF

- RARER DT

- RILAFRENXHEEK

EEAX LRI ZA |, BYUREB LR Spark EAL K IEHRMEE. BAIAE AWS Glue X H K FIX
EiES.

M AWS Glue BRNAEXRE , BRI LUBER AWS Glue THEA B FEASKH AWS Glue RAFKR

= ERe.

M Apache Spark NARFMARE , B LAHRJLMEEBRA RN RE., NMENFFXENEEE MK
F| Spark &8 , N UCREBRUBD MBNBEE, MREWN Spark EFRBERBIERZSFA ,
HEBE /O BE , WAABHBEHTAENTES. IRKESEENBELZGRESZSERENE , I
ARER EEX EB TR, BB LUELIEL BRIt RIS RS2 Spark BB iTE & 24,

ESMNAXLEER  SUXNBLEMERRAEEMANER, BXEZHFAGE , BSANUTE
T XEFARTMGEATHEERE , & A THRRAR B | §l20 out-of-memory (OOM) £HiR.

FRERAE

MRENFELFENEK , BRITEFERT EBHNRIR , MA Spark IZMESEEXN T 7 A
MEZK, IRERY BERRE. ZIVNXRESE , BEANTIER.

CloudWatch }§#%x
- BE CPUABNANEANAR  LAEHTEFESEHETEBHNER,
s WEBEIWZEITTZEEE , NS E2EE KM L ESZMEEEE B Fro

EUTROIF , BMITEFE CPU AARER 97% WIBR TETT , BRA=ZMNMITEAENKRT
FXo



https://docs.aws.amazon.com/glue/latest/dg/etl-jobs-section.html
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CPU Load (%
%) @ Oriver
1.00 .
o —TT Tr @ Executor 1
: |
i ‘|.‘ \f @ Executor 2
|
II\ | @ Executor 3
0.80 @ Executor 4
060
040
BTG vt e e A 1 1t e
o ;
04-18.12:19
1200 T 1230 12:45 13:00 135 1330 13:45 1400 1415 14:30 14:45 15:00 1515 15:30
2023-04-18 12:20 UTC
1. 0 Executor 2 0.97689356023 —
Browse | Que > O Executor 1 0.97 19 Options | Source Add math v Add quer
3. O Executor 3 0.97639647207 query
4. O Executor 4 0.97330441311

(® Note

R CPU HRIK |, &7 8

RICH P S

FEAE LIRS/ BT+ £

DENT BEHBREFZ .

58100 MES.

, AR B S ML R RV ES T LT RHIF | Spark BI&2 T

Stages for All Jobs
Completed Stages: 1

~ Completed Stages (1)
Stage Id ~

Description

0 count at DynamicFrame.scala:1414

Submitted
+detalls 2023/04/18 10:59:10

Duration

Tasks: Succeeded/Total

5810058100

28.4 Gl

B

ERTREFETF L BUNBINTEFNESHNER. EUTREEBES ,
A AR B AT MESS

BEAMZLD

1 Spark TR F

Executors
Show 20 v | entries

j= ===
Executor ID Address Status RDD Blocks Storage Memory Disk Used , Cores!
driver 172.35.2290.149:37603 Active 0 00B/6.3GB 0.0B : 0 I
1
1 172.34.249.100:34733 Active 0 00B/63GB 008 LA
1
2 172.35.72.25:38029 Active 0 00B/63GB 008 : 4 |
3 172.34.49.138:39961 Active 0 00B/63GB 0.08B I a :

1
4 172.36.70.76:39323 Active 0 0.0B/6.3GB oo0B 1 4 :
P
XEAFRRE 14
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FEURBIF | Spark F5%58100) i K THITIEF AR LGERN 16 MESF (4 MUITER x4 4
B ) o

MRERAMRIR , FERY RER. EUNERUTETY BRERETE

« BB AWS Glue Auto Sc aling — £ 3.0 SE & AWS Glue hRZAH |, A uto Scaling W F AWS Glue
RER, FRAMNE (ETL) URARNLLEEL, AWS Glue BEE NN BN D XEESREIIZTE
R ENER B EEFFFIMNBRIEER.

MRERIAEMES AT BT 4ThEE , Worker BB B ARLEM , FERF IR Worker, B2 , &
AR, FITE- I BRUELSEIFSE Worker RN R TREBRE |, ERAAE MR
ARFHER.

J& A Auto Scaling /& , fRATAEIITEENRF EE CloudWatch HITENE. AU TERKSK
2 Spark NARFHFXNIMITEFHER :
* glue.driver.ExecutorAllocationManager.executors.numberAllExecutors

* glue.driver.ExecutorAllocationManager.executors.numberMaxNeededExecutors

EXEFRNEZEER , HSEAWS Glue £ Amazon CloudWatch fEFr#{TIA1E,

- HEOEY R : i AWS Glue Worker FIERE : B LAF 37380 AWS Glue Worker BVEIE, UMM
Worker , BEE| X WE Worker, LEAT , IINE 2 Worker FFB KA , MASBBLER, BXES
ER , BERAHTLELES.

- MLV R FAEARNI/ESREE — SR UFHER AWS Glue TERFHEFIEKE | UFEHER
FZAR, AENE#EZRNIERF. KA Worker XRFEULUEEY BMETHRERBIESE
BRAEL , I FEERBFEZR, RRNRESURSI R PB EBFEAZERILE,

ARy BIEBE TR Spark B BEFFEEABRENER , Hla0 , ELEBITRIFEEKRN, BX
THEARRBNAZRNESES , ESH AWS ABEEBEXEEAHP AR ITIESE AWS Glue 3£
# G.4X M G.8X k¥ B Apache Spark #Ei! .

ERABR A Worker B SUB D FTER Worker B3, MR BRESZERREDNRENERF , N
MR RE.

£ & ¥ AWS Glue hix4s

RINBWEAERH AWS Glue fRAS, FRABARE T ZTRACFASR , TLAEFREAEL4EE. Hi
i, AWS Glue 4.0 121 7 LLT#IhEE :

e & RA 15


https://docs.aws.amazon.com/glue/latest/dg/auto-scaling.html
https://docs.aws.amazon.com/glue/latest/dg/monitoring-awsglue-with-cloudwatch-metrics.html
https://aws.amazon.com/blogs/big-data/scale-your-aws-glue-for-apache-spark-jobs-with-new-larger-worker-types-g-4x-and-g-8x/
https://aws.amazon.com/blogs/big-data/scale-your-aws-glue-for-apache-spark-jobs-with-new-larger-worker-types-g-4x-and-g-8x/

Apache Spark fEl {£EE1HZ AWS Glue MY &£

- £¥{R{LH Apache Spark 3.0 i21TEF — AWS Glue 4.0 1£ Apache Spark 3.3.0 i=1TEHY E Rt 53
2 , WIFR Spark #3k T 5FFIR Spark MR # ., Spark 3.3.0 TR E T Spark 2.x K Z T
BRI E,

. 838H) Amazon Redshift E#85 : AWS Glue 4.0 X E S RAE#t Apache Spark B9 Amazon
Redshift €. ZERETHUEFREZSHE  HiER THUYENRZSM, ZERUBBNARE
FURIR 10 ENEENT. BXEZER , IHZH3<T Amazon Redshift integration with Apache
Spark HEEXE,

« EF SIMD #9#017 , A TR CSV M JSON BIEM XE{LiERE — AWS Glue 3.0 R E S MRA7Z 0
TARALEVIRENES , SETTHIREGEIELE , T EERSBAELMEE. BX CSVEENESE
B, BZHAFEADmE{ SIMD CSV S EEMLIEEUERE. BX JSON BIENEZER , BERNX
£1t SIMD JSON #E 855 Apache Arrow FIIERE S A,

8> AWS Glue RAEFSREURAR , SFEESR. BRIBRFNEEH. BXREZER , BS
FIAWS Glue R A< AWS Glue EFEB E| AWS Glue iR 4.0,

BOBFELARE

B , BFERMMBAFNEE. RFRLENBERFEMBE Spark EHTWHIEE | BIAERAM
fE. BETMMFEREBEE , BEANTER.

& A LAE Spark AP REHEEFEM Amazon S3 B F A CloudWatchfEir M EZFMES , W0
Spark A REEH PR,

CloudWatch §%r

BT LAE ETL 30dE83) ( T ) PEEM Amazon S3 BN ABBIER., ZEHRE RE LIRS
LARFFEHNITIRFEM Amazon S3 B Z T, S LMERA KSR B Amazon S3 /Y ETL #iE#®
3, WA BUHEEE 53R B A SBBIERRVIRIURRH# TR,
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https://aws.amazon.com/blogs/aws/new-amazon-redshift-integration-with-apache-spark/
https://aws.amazon.com/blogs/aws/new-amazon-redshift-integration-with-apache-spark/
https://docs.aws.amazon.com/glue/latest/dg/aws-glue-programming-etl-format-csv-home.html#aws-glue-programming-etl-format-simd-csv-reader
https://docs.aws.amazon.com/glue/latest/dg/aws-glue-programming-etl-format-json-home.html#aws-glue-programming-etl-format-simd-json-reader
https://docs.aws.amazon.com/glue/latest/dg/aws-glue-programming-etl-format-json-home.html#aws-glue-programming-etl-format-simd-json-reader
https://docs.aws.amazon.com/glue/latest/dg/release-notes.html
https://docs.aws.amazon.com/glue/latest/dg/migrating-version-40.html
https://docs.aws.amazon.com/glue/latest/dg/monitoring-awsglue-with-cloudwatch-metrics.html
https://docs.aws.amazon.com/glue/latest/dg/monitoring-awsglue-with-cloudwatch-metrics.html

Apache Spark {El tEERE AWS Glue SR {ESRE

ETL Data Movement (Bytes) . 2023-07-14 (05:03:00) > 2023-07-14 (05:10:00) [@ Line v | Actions ¥ ‘ ‘ C | = |
Count
oun I 53 Bytes Read
0,26 | oot e et e et e et @ 53 Bytes Written
80006
60006
40006
20006
0503 0503 05:04 05:04 05.05 nsns ﬂ?-'ldﬂé:ﬂi‘ ns0R 05:07 05:07 05:08 05:08 05:09
2023-07-14 05:06 UTC
1. O 53 Bytes Written 10,196,237,888
. . 2 ) S3BytesRead 10,176,349,586
Browse Query Graphed metrics (2) | Options Source Add math v | | Add query ¥ |
Add dynamic label * Info Statisticc | Sum ¥ | Period: 1minute ¥ Clear graph
Label Details Statistic Period Y axis Actions
u S3 Bytes Read ./ Sum - 1 minute v > A~ Q A ¥ X
u S3 Bytes Written & Region: ap-northeast-1 « Glue » glue. ALL. #  Sum - 1 minute v > A Q 4 A %

MRENEEN S3 FPHEMBBEAKATHE , EERUTHRE R,
KA H 5 m

£ for Spark AP A EMNES R+ L , {ROUUFRMANBMHA KD, AWS Glue ELTRHIF | E
R EREEL 47.4 GiB AR 47.7 GiB # |, M3 A EREL 61.2 MiB # ARl 56.6 MiB #i .

Stages for All Jobs
Completed Stages: 6
~ Completed Stages (6)
Page: 1 1Pages. Jumpto 1 . Sho
Stageld - Description Submitted Duration Tasks: Succeeded/Total Input Output
5 parquet at NativeMethodAccessorimpl.java:0 +details 2023/07/14 05:09:49 15s i 414/414 | 61.2MiB 56.6 MiB
4 load at NativeMethodAccessorimpl.java:0 +details 2023/07/14 05:09:47 06s i n |
3 Listing leaf files and directories for 43 paths: 2023/07/14 06:09:46 1s I 43/43 )
s3:/famazon-reviews-pds/parquet/product_category=Apparel, ...
load at NativeMethodAccessorimpl.java:0 +details
I2 parquet at NativeMethodAccessorimpl.java:0 +details 2023/07/14 05:04:36 3.1 min 414/414 . 474 GiB 477 GiB
M R R AR RS R TR e———————— A G v S S—"
1 load at NativeMethodAccessorimpl.java:0 +details 2023/07/14 05:04:31 2s il |
0 Listing leaf files and directories for 43 paths: 2023/07/14 05:04:13 6s 43/43 )
s3:/famazon-reviews-pds/parquet/product_category=Apparel, ...
load at NativeMethodAccessorimpl.java:0 +details
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Apache Spark {El #EEREE AWS Glue Y S {E3REE
LIRTE AWS Glue ¥l A Spark SQL = DataFrame 55 3%8¢F , SQL /D AtaFrame it M+ £ ERE
REXEMBRESRITER. EARGP , E-MEREREEA XA - 430, SEREBIXHRD 474
GiB ##mH 1T : 160,796,570,

Jobs Stages Storage Environment Executors SQL [ DataFrame

Details for Query O

Submitted Time: 2023/07/14 05:04:35
Duration: 3.1 min
Succeeded Jobs: 2

Show the Stage ID and Task ID that corresponds to the max metric

Scan parquet

number of files read: 430

scan time total (min, med, max (stageld: taskid))
107 h (2.2 5, 7.5 5, 29.4 5 (stage 2.0: task 198))
metadata time: 5 ms

size of files read: 47.4 GiB

number of output rows: 160,796,570

WholeStageCodegen (1)

duration: total (min, med, max (stageld: taskld))
1.63 h (5.4 5, 11.4 5, 38.6 s (stage 2.0: task 198))

ColumnarToRow

number of output rows: 160,796,570
number of input batches: 39,600

|
NREXREELROBEANEEEANRBEAL LEERRER , BRRAUTRASE,

Amazon S3

R DM Amazon S3 EBBER MBEFSHHBIEE  BERBEENIHF RN, ER. XHER
MXHHER (DX ). AWS Glue for Spark fElLBE A TRHELKIEN ETL , ER A TZISHN D/
RNAE |, BEEREBREREXNIEFIT.,

o NXHERD  BATEVCR AN X PNRBEERHSEER (Fl0 128 MB ) o XH>/PMRIX
I RE AL S HRE,

KFERFRE 18



Apache Spark {El #EEREE AWS Glue Y S {E3REE

RENXHFLSBUATERA

« Amazon S3 FIM 11 I/0 HBEKR , TRENEMFZHRAHER ( HlaiListGet, HHead ) FE
Fe (MHEZT , RELEXNREEERBKENTIE ) .

 Spark WHBEFEZEE /0 HAERY , RFERTFZSITENES , ASBHATER S,

R—HE , WREHTHLBTTHE (B0 gzip) | FEXHAK , W Spark HARFLANES
%, BEBMISEREREANTH,

ERDAEAND XL Apache Spark FFNFENT ZHTE , BEAXM DA,
DynamicFramesit 5 £FK T Spark WIEFHI OOM REW/LR, EREXHSAE , BiRE
groupFiles Ml groupSize 8. U TRBREEAFEXLESHE ETL BZAHE AWS Glue
DynamicFrame API,

dyf = glueContext.create_dynamic_frame_from_options("s3",
{'paths': ["s3://input-s3-path/"],
'recurse':True,
'groupFiles': 'inPartition',
'groupSize': '1048576'},
format="json")

o E4 MBREH S3XNRAPDEFHBEKET |, FEENERTESR. BEZHERBEN , KBS
S LE 3
« FAADEWERESN (I gzip) , EEH— Worker FBEREBN X4

« AIDEINEREEK (HIM bzip2 L LZO ( BERFSEl ) ) , AN XHRTEHOBRELS , NTIXI
FITAE,

3 F Spark ( AREMERN S HRLESIE ) | GEERHEXH S SRS ETTUHTLEN
R, XEBTEEMRN DT ET,. EENBBERATHRS KRG , 23K AWS Glue EEREE A
LB [ GetObject APl N RZBEXRARangeETIRE R S3 WRNIFD. BESETEL
TR ITERE,

XEAFRRE 19


https://docs.aws.amazon.com/glue/latest/dg/grouping-input-files.html

Apache Spark fEl {£EE1HZ AWS Glue MY &£

AWS Glue worker AWS Glue worker AWS Glue worker
4 Spark tasks 2 f ) B
AWS Glue
DynamicFrame
partitions . - - . - -
% N < : ~ ) \ N /
|
Y
| |
| |
g § Records: Records: Records: Records: Records: Records:
T;n- E 1,2,3,4, 5,6 7,8,9,10,11 12,13,14 15,16 17,18,19
o E
T <

REXHANRERPIREXGASE , EEBEETEZNMREARFNEE. RIOVWBEXR N

B M Amazon S3 M HIER LARM Amazon S3 | Spark £EEHNNERE, Z—FHE , EHMN
BERBREEEESZH CPU, MMENITEESEREELNERERIEL, FIEFATDEINERER
i, BEEXPNERS,

(® Note
SR gzip XHBERASE , BETUER gzip E4E £ parquet 3R , 3 BiX L3R T L5+
1TRER,

o XHER  FEAKXEX, Apache Parquet # Apache ORC B E MM HIXNHIEL K. Parquet
ORC BEXRAETIINESRE. RESIHBEREXNEH#THREBNES , NSV FHEE, &
X Parquet mRIBWE ZE L |, 155 Parquet encoding definitions, Parquet X4t Al 42|,

FXERNIRINERTOE , AFE-EFE#ERERY, EAFXERE | BT ABE X R FIT

EFEANSINEBIER, Spark RARFRERREEENS, BE , EFNERIFHITHIFERZR

BEM Amazon S IEMELWET , NTIRSEFHMHRE, XBMENEZIFUT THSEZFRBD I/

O:

s BETH  BRETHR—XRRNABRFHRIEEINREAR, BALE Spark NABRFHIERE
5|, AR RGIFTR

 DataFrame 7~fj| : df.select("star_rating")

KFERFRE 20


https://parquet.apache.org/
https://orc.apache.org/
https://github.com/apache/parquet-format/blob/master/Encodings.md

Apache Spark {El #EEREE AWS Glue Y S {E3REE

 Spark SQL ="l : spark.sql("select start_rating from <table>")

« A THE  BETHE—TS %A E WHERE 1 GROUP BY FHAME R, MR HFERRIEN
BER, SN BERBEEZRVFITER , fINERENZ/NME. RENAEFPERAPRFES
418 , Spark JAEAXERITEERBEMNIZEEE RS ZEBIER. EFEALIIEE , BESY
FRINE SRS Y , AT RABIFFR :

« DataFrame 7~fj] : df.select("star_rating").filter("star_rating < 2")
 Spark SQL 7=l : spark.sql("select * from <table> where star_rating < 2")
s XHmE  BIRBEHENFERA S G S3 HBEBFREITRBBHNRA , Bl R

KXBIE, BXEZEE | B5SH Amazon S3 XRFMFEATIRALNT R, AWS Glue T

key=value G ZAFEFM#E Amazon S3 BIZH , LB Amazon S3 BEXNHIEH T2 X,

BESX#HE , EUURSESENTEIMTNARFABNBIEEZ  NMIEAMEHBRERSR, BXE

ZELE , BESHEHTH AWS GlueBE ETL S HI 2 X,

DXFRDEUTENE D , AREF. ANBSFHEREXBERFESANXGESD , M T R
Ro

# Partitioning by /YYYY/MM/DD

s3://<YourBucket>/year=2023/month=03/day=31/0000.9z
s3://<YourBucket>/year=2023/month=03/day=01/0000.gz
s3://<YourBucket>/year=2023/month=03/day=02/0000.9gz
s3://<YourBucket>/year=2023/month=03/day=03/0000.gz

B LAE A AWS Glue Data CatalogHF I RH#ITEE , EXBBEBENIX, AT, BAUFERASX
EBIRRHEIBIELER , TR :

« X¥F AWS Glue DynamicFrame , %
Epush_down_predicate ( BicatalogPartitionPredicate ),

dyf = Glue_context.create_dynamic_frame.from_catalog(
database=src_database_name,
table_name=src_table_name,
push_down_predicate = "year='2023' and month ='03"'",
)

Z ;jﬁj\lzo

\

S

« XIF Spark DataFrame , &i% & — /1 NE E #I B2 KA

df = spark.read.format("json").load("s3://<YourBucket>/year=2023/month=03/*/*.gz")
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https://docs.aws.amazon.com/AmazonS3/latest/userguide/using-prefixes.html
https://docs.aws.amazon.com/glue/latest/dg/aws-glue-programming-etl-partitions.html#aws-glue-programming-etl-partitions-pushdowns.

Apache Spark {El #EEREE AWS Glue Y S {E3REE

« XF Spark SQL , &AL where FAIRBNNIEE &2 KX,

df = spark.sql("SELECT * FROM <Table> WHERE year= '2023' and month = 'Q3'")

- EEEARERZBB#EITS X AWS Glue , 17 DynamicFrame HiR & p artitionKeys 5
partitionBy () , %% DataFrame & B HHELS , M FFRo

* DynamicFrame

glue_context.write_dynamic_frame_from_options(
frame= dyf, connection_type='s3',format="'parquet'
connection_options= {
'partitionKeys': ["year", "month", "day"],
'path': 's3://<YourBucket>/<Prefix>/"'

)

+ DataFrame

df .write.mode( 'append')\
.partitionBy('year', 'month', 'day')\
.parquet('s3://<YourBucket>/<Prefix>/")

X A BALR /& el L SR B R MERE

MBEETNERUBAABBEENESL , WL EERES X, HR , BRLAFEA glob BXHBRTE
=/ S3 R, 7 DynamicFrameiE AR IR EHERRT, Hln , A TRBA2TE 2023 £1 AF9 A
Ol=R:

dyf = glueContext.create_dynamic_frame.from_catalog(
database=db,
table_name=table,
additional_options = { "exclusions":"[\"**year=2023/month=0[1-9]/**\"]1" 3},
transformation_ctx="dyf"'

AT ERTEE ZNRBEHEPIREDRIN :
« # : exclusions

« B : ["**year=2023/month=0[1-9]/**"]
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https://docs.aws.amazon.com/glue/latest/dg/aws-glue-programming-etl-partitions.html#aws-glue-programming-etl-partitions-writing
https://spark.apache.org/docs/latest/api/python/reference/pyspark.sql/api/pyspark.sql.DataFrameWriter.partitionBy.html
https://spark.apache.org/docs/latest/api/python/reference/pyspark.sql/api/pyspark.sql.DataFrameWriter.partitionBy.html
https://docs.aws.amazon.com/glue/latest/dg/aws-glue-programming-etl-connect-s3-home.html#aws-glue-programming-etl-connect-s3

Apache Spark {El #EEREE AWS Glue Y S {E3REE

« Amazon S3 A XT% : BRELEAREENH LI Amazon S3 HIEHITHX |, flMEESHFME
B ID %, XAEEAARKIEBNE#HETINIRBE K RATEND XBERED XFTENIEZR
HFER, ?XIZELSBUATER :

- NBEB PR RS X TR LR 80
o NXHEELEN , XEEE S Amazon S3 APl &R (List, Get # Head)

flan |, HBTE partitionBy = partitionKeys FiZiE HHIKERN |, yyyy/mm/dd ERBPH DX
ERTUHZERAEREM, BR , yyyy/mm/dd/<ID> AJEESERAZHN DX , LE TN BAKMRES &
SUE S,

S—FE , REEARS (HNKSLEBENARERF ) FE yyyy/mn/dd/hh FEZ 05X, RE
NEARMIFEERESKX , FERMEM AWS Glue 1 XZR5IKRFEMKIEER FRRD X THIENE
R,

HIEEN JDBC

ERONBRERZESNNBERRE | TUE SQL EWFIEE where Bl (HFT ) o TRAMA
SQL #EONFEFFRHE B SHERHIFEH.

£ H Java BIEEEE (JDBC ) HIEER , BREHETEUTSHNT where FAM select Eif :

« ¥¥F DynamicFrame , i&f£MA sampleQuery &I, A
create_dynamic_frame.from_catalog Bt , M T 5K EE additional_options S,

query = "SELECT * FROM <TableName> where id = 'XX' AND"
datasource® = glueContext.create_dynamic_frame.from_catalog(
database = db,
table_name = table,
additional_options={
"sampleQuery": query,
"hashexpression": key,
"hashpartitions": 10,
"enablePartitioningForSampleQuery": True
b
transformation_ctx = "datasource@"

)

using create_dynamic_frame.from_options i , WM T AREE connection_options
S8,
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https://docs.aws.amazon.com/glue/latest/dg/partition-indexes.html
https://docs.aws.amazon.com/glue/latest/dg/aws-glue-programming-etl-connect-jdbc-home.html#aws-glue-programming-etl-jdbc-samplequery

Apache Spark {El #EEREE AWS Glue Y S {E3REE

query = "SELECT * FROM <TableName> where id = 'XX' AND"
datasource® = glueContext.create_dynamic_frame.from_options(
connection_type = connection,
connection_options={
"url": url,
"user": user,
"password": password,
"dbtable": table,
"sampleQuery": query,
"hashexpression": key,
"hashpartitions": 10,
"enablePartitioningForSampleQuery": True

« X F DataFrame , i5{EHEHIET,

query = "SELECT * FROM <TableName> where id = 'XX'"
jdbcDF = spark.read \

.format('jdbc') \

.option('url', url) \

.option('user', user) \

.option('password', pwd) \

.option('query', query) \

.load()

« XN¥FIL G Redshift , IHEA AWS Glue 4.0 iESRARR AL S# Redshift Spark E#ESRFHT

R
dyf = glueContext.create_dynamic_frame.from_catalog(
database = "redshift-dc-database-name",
table_name = "redshift-table-name",
redshift_tmp_dir = args["temp-s3-dir"],
additional_options = {"aws_iam_role": "arn:aws:iam::role-account-id:role/rs-role-
name"}

)

- WTHMHBERE , BERZEERFN .

KFERFRE
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https://spark.apache.org/docs/latest/sql-data-sources-jdbc.html
https://docs.aws.amazon.com/redshift/latest/mgmt/spark-redshift-connector.html

Apache Spark {El #EEREE AWS Glue Y S {E3REE

AWS Glue 1&Ii
- EREXNAEEENFLZTHITLEARE , AMGE EXELZEITHRAFENERE  BRAKEL
#%,

- ERHFIZLENHABENRE  BERFLBEEERERNT. XAEPTEISSRELSITHER
BiEE.

HITAEES

BLtEee | SHEFTAOEREMBEMERES . EMEN]HE Apache Spark FHXEBEB PR |, 2
Mo mAEHIESE (RDD ) 2XWHEREE , RNEBRET HITE. Spark QIZBFMESE 1:1 XK
—/ RDD # X, BERBREMRE , EFETHENAHEE RDD 5 XHKE , IRMAELZHE.

MBEEEZBHNHITE , NPRECloudWatchiE¥RH Spark Ul Aig FEA TR

CloudWatch %5

KE CPU ABRNAFNAR, MREERITEFEFLHENNEBKBHTLE , WNREAFITE,
EABF , EAIACREBEER , FUTREF 1 EERIT—IES , BERNRTER (2. 3M4)
BB, BRI LM Spark WA EFRBNXERTEF DEES

CPU Load (%)
@or
@ Ex 1
® Executor 2
@ Ex 3
@ Executor 4
: 102
-
2023-04-19 10:20 UTC
oR:24 oasa 1. © Executor 1 0.12349642314
2. QO Driver 0.01471741881
— 3. 0 Exeeutor 2
. - 4. O Executor 3 -
Browse uer Graphed metrics (5/6 Options | Source
Uty P (5/6) 5. O Executor 4 Add math = | ‘ Add query ¥
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https://docs.aws.amazon.com/glue/latest/dg/monitor-continuations.html
https://docs.aws.amazon.com/glue/latest/dg/monitor-continuations.html
https://docs.aws.amazon.com/glue/latest/dg/bounded-execution.html
https://docs.aws.amazon.com/glue/latest/dg/monitoring-awsglue-with-cloudwatch-metrics.html

Apache Spark {El #EEREE AWS Glue Y S {E3REE

RICH F S

£ Spark Ul REYBT AR £ |, BAI LB R - ERPIESHE. ARSI , Spark 1T T —M
5.

~ Tasks (1)

Index a  ID  Attempt  Status Locality Level Executor ID Host Launch Time Duration  Task Deserialization Time GCTime  Result Serialization Time Input Size / Records Write Time Shuffle Write Size / Records

A, SHNELZERITERF 1| EELE-TES. XSEREZMBEHNITETEHA—MITERFT
B, MEARITREFLLL T ZRRES.

Executor Computing Tim
Shuffle Write Time
Result Serializat

19 April 1020

MREEMXLETR , FNEBNINEREZAUTHRAE,
HITAIESK B Amazon S3 HIEIE INE

EHITAIERB Amazon S3 WEENE , FERERINSEH. R, EAUFIREBRT XEK
B, K BS4BREIXEZ.

BEMRIND XEK

X F Amazon S3 , Spark RDD 7 Xy ¥ # & ( B0 XX R —I Spark 1155 ) &/ Amazon S3
BIEESA (BB, EBRMKD ) RE. HEBFEAEMETE Amazon S3 DataFrame HF ) CSV R
8l AWS Glue DynamicFrame&} Spark Bt , RDD 2 XK #I#A% & (NumPartitions) (A RBITE
mE

o FHRAK/ <=64 MB : NumPartitions = Number of Objects
o J&RA/N>64 MB : NumPartitions = Total Object Size / 64 MB
« FA%9E| (gzip) : NumPartitions = Number of Objects

WRLBIEEHHE —TANR , Spark AR S3WRD R AUHTLENDEIET, NRATHEE
FTR/NEY , Spark 2B ENZNR , FABR D EIGIZ -1 RDD 77X ( FMES ) o Spark D EIETK

PEURT ENBERANSTRRE , EXE-MSENEREMUE, BENKRERAT TS EINERE
3 (flan gzip ) #HITES , Bt Spark TAX Hi#t 175 &,

ZNumPartitions{EARESEFIFE , EABURFEMEBIERESN. EHE. AWS Glue fxA, AWS
Glue T/ESEE M Spark BELE,
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flan | MYRER Spark fNE— 10 GB Micsv. gz I RAY DataFrame , Spark Rz FRHF R eIE—H
RDD X (NumPartitions=1), A} gzip R A AHFDTH. XS —MFE Spark HITEFEZI
ENHAE , HEFSFBEAESsBEERNBITER , WTERMT.

£ Spark Web Ul BB BUE T+ L &= & ZM BRISERRES S ( NumPartitions ) |, REERBHIET
df.rdd.getNumPartitions() AR EHITE.,

IBF 10 GB MY gzip XAt , BREERZXHENREREWLLEEER N T DEINERN, NREEZ
‘I, MAREEEY EEHAERLEH, EXNENEESNz1TEGR  REEFHEHIXEE
FPHY Worker 2 [B] EFT¥# RDD,

FHEEBIRD XH

BEBFEAEEM Spark X RELINEENKE , REKEI/EMATUFTLE , BHRAKN
NumPartitions 8L RIK. R NumPartitions &/, Miz1T df.repartition(N) LA
o XHHE , METLURLEE 2 Spark TR 2 o

EXMERT , 81T df .repartition(100) ¥ NumPartitions M 1 38i0F 100 , M €IE 100
NP X |, BN XBEATUSEAREMBIITEFNES,

B4 repartition(N) FABEHIEFIHIF (10 GB/100 N5 X =100 MB/Z X ) , Ml e Bz R
A FEESX,

(@ Note

HIZ1T join EREVHEFRIEN , "X BMELRIE spark.sql.shuffle.partitions 5
spark.default.parallelism EZSEMH /ML, XETE Spark ITEFZRESK
hRI|BIE. BEXEZER , BSH Spark X1,

HBEBRD XHEN , ZENERREARELFHACEE AWS Glue W ITHFREF. AWS Glue T
EARNHEN Spark EFSFSHHEBET v HHBEMHKXCPUs, Spark XiFEA vCPU AT —IUE
%o £ 3.0 LES AWS Glue kA , BAIUFEAUT AR ITTE BirD0 X#,

# Calculate NumPartitions by WorkerType
numExecutors = (NumberOfWorkers - 1)
numSlotsPerExecutor =

4 if WorkerType is G.1X

8 if WorkerType is G.2X

16 if WorkerType is G.4X

32 if WorkerType is G.8X
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NumPartitions = numSlotsPerExecutor * numExecutors

# Example: Glue 4.0 / G.1X / 10 Workers

numExecutors = ( 10 - 1 ) 9 # 1 Worker reserved on Spark Driver
numSlotsPerExecutor 4 # G.1X has 4 vCpu core ( Glue 3.0 or later )
NumPartitions = 9 * 4 36

FELERBIFR |, B4 G.1X Worker [ Spark #11T#2F ( spark.executor.cores = 4 ) E#MEAN
VCPU #/r. Spark X#EFH84 vCPU #/ORIT—TUES , ALt G.1X Spark #1472 F AJ LAE AT iE1T AN
f£%5 ( numSlotPerExecutor ) . MREFHENREIEE , MEBEN I XAUZ S ALK, B
=, BEEFALEMESERERKNNE , NS R OLATFZRRS, MREEXMER , TUE
¥ numPartitions M 2 5 3, LUFD H Bt ZHRIAES,

TEXEZ

TEXBEITZSHCEIZSHENES. BTEIHALE (HINMEEESMN Spark FATEF Z[H
HIBIERR ) MR H , X2F 3 Spark BB EFABIE,

MRELFNTXBIZATERD RS, FERED D XHE, ERUERAULTEIRD DX

- MBEBWHRDIEED , EFER AWS Glue Group Files, A LUR A E B3 Apache Spark £5%
RUGCBENMNXHMESBHHTES K.

« £/ coalesce(N) FHXEHE -, XR—MERAWETE. B2 XEERN , coalesce(N)
£F repartition(N) , BN repartition(N) £WMTHENEEF , U FEE2EE /N2 XA HIEFK
B, XSEMRANMEETH,

« f£f Spark 3.x B5EMNEHNIT, @ Apache Spark FHIXEEXTBT—F R , BENEHARITER—
MENEHSIXBENTIEE, HEERTZRLREARES XKEN , BELERL A ZE.

HITAESRE JDBC MIZRIE NS
Spark RDD 2 KB BHEERE. BIE , RIAMBERT , B SELECT EHMIET—MESKAE
BANERIELE,

& AWS Glue DynamicFrames # Spark # DataFrames X ## ZMES H 1T JDBC g, X
=B EA where IBENF— SELECT ERAD BN SN ERRTHN. BEHITLEREB JDBC Y%
B, BB EL T ED ¢

« XF AWS Glue DynamicFrame , i&&hashfield ( Sithashexpression)fhashpartition,
ETHMEZER , B2 RN JDBC RHATIERL
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connection_mysql8_options = {
"url": "jdbc:mysqgl://XXXXXXXXXX.XXXXXXX.us-east-1.rds.amazonaws.com:3306/test",
"dbtable": "medicare_tb",
"user": "test",
"password": "XXXXXXXXX",
"hashexpression":"id",
"hashpartitions":"10"

}

datasource® = glueContext.create_dynamic_frame.from_options(
'mysql’,
connection_options=connection_mysql8_options,
transformation_ctx= "datasourced"

)

« XfF Spark DataFramenumPartitions , i§iREpartitionColumnlowerBound, .
MupperBound, ETHEZEL , 2 # JDBC To Other Databases.

df = spark.read \
.format("jdbc") \
option("url", "jdbc:mysqgl://XXXXXXXXXX.XXXXXXX.us-east-1.rds.amazonaws.com:3306/
test") \
.option("dbtable", "medicare_tb") \
.option("user", "test") \
.option("password", "XXXXXXXXXX") \
.option("partitionColumn™, "id") \
.option("numPartitions", "10") \
.option("lowerBound", "0") \
.option("upperBound", "1141455") \
.load()

df .write.format("json").save("s3://bucket_name/Tests/sparkjdbc/with_parallel/")

5/ ETL #8506 , H1TAERE DynamoDB KB IE tnE;

Spark RDD 7 X EH dynamodb.splits ZHURE. EH1TAERE Amazon DynamoDB HYis
B, EEE LA T

- 380 dynamodb.splits MY{E,
« M Spark B ETL BEZRBRIET P PIRHN AXRMECS T AWS Glue
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HITA ¥R B Kinesis Data Streams B9 #3E in#k

Spark RDD % XK # & HJR Amazon Kinesis Data Streams BIERHPHN 2 H BRERE, MREHEIE
RPRENADH , MRABJLA Spark 5. XARELSHTHERENHITERE. EHTLEXRE
Kinesis Data Streams BYREX , BHELE A T &N :

« M Kinesis Data Streams M #iEet , BN HEUREEZHHITE,

- MREHEHPULEBEFNZEEBES , BEZREMBRTETENY G , EHOCBABNNEERTE
o Xo

EXEZER , HSHMEL AWS Glue 45 ETL B AR M REN HIESLE,

BREMEBBHITULEES

EEBENSEFTLEES  BEMAULTIETUEM RDD 7 XHWHE :

c MRTEATLEMNSAS , NEFIXBEAERESHI X, LEHRENBMRZE.

fErepartition() DynamicFrame = _ti#f DataFrame , IEED X, BELE , ?XBEEATH
BROBENHEI=1F,

BR , EEASKXRN , XAHSSBHREREK (BN N2 XBARESNINRIEKPER —INX
%), IBEXFTER , B DataFrameiZ I EFH 7 X, LREFRARS XS , RLEEBEAZH
NEEHITEE, EUUEEESHENSX , MFARXERSXPREIXH. B2 , FEEBEEK
FERA , EERTREESXEKALTERBIHE , NMERESHERK.

- HIMFENLBERFRT | #8140 spark.sql.shuffle.partitions B, iXth ] LA#EBh#E R EE AL BE & A Y
RN FRE,

LB RENEEF o XEiE 2001 /Nt , Spark 2FEAERMNAFER. NREE — ML ZENK
F , MATREEEN spark.sql.shuffle.partitions BHiRERNBIZEFILIREESHH KRR

ﬂ:;:r: o

LALBERLHEF

R 4E (Bl join() # groupByKey() ) FBE Spark TRV EEF. BEVLHERF = Spark BIHLE |
BTEHPELHIELUE RDD 2 XN HEHITFRN DA, BHEFETEELERT. B2, BT
BENEEFBE S RE Spark MITREFZBRIEHEKE , AtENEFR—MEXRBERASBHERE. 6
m, BENHEF R E TR
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- W& 1/0:
- TERAE EERKREFE X
- ML 1/0 :
- EETSWEIERE (EERK =Mapper x Reducer ),
- HFIERARAE LR Spark MITREF LIEEMNFH RDD 2 X , HtBRBEBENRK -0 7
RELBI MLKTE Spark MITRRF 2B B3,
- CPU MINTFERE :
« XNEHITHFUREGHBES, XERERENTERLITNN , SEHTEFHERTINENR
H,

BENBEF RSB Spark I AREFHETRAKEERERY —. EF#EPEHEN , EUEEERNT
BEFAthEE FrZEE , M-S 3K Spark 4Bk 8 K,

YRATLAEE CloudWatch $8#5H Spark Ul SRiE(E4RAY shuffle R,

CloudWatch #E#x

MRBEHNEAFZTHNES THEVIEEZETE , WRE Spark AL aTaELERAREILEEFRAE |, Hlin
join() = groupByKey (),

Data Shuffle Across Executors (Bytes) B shuffle Bytes Read
uffle Bytes Rea

18.00G Shuffle Bytes Written

04-18 10:56
Ursh T 7 PSR IS8

1054 1
2023-04-18 10:57 UTC

Shuffie Bytes Written 18,295,197,303 —

n Cenmbad matrie 2. O Shuffie Bytes Read 0

VS22 D T
1 Spark Ul (9B BT+ £, B MEBMYEIRANCREE, ShTUERTRFEAFHRE

E,

CloudWatch $g#% 31
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EUATREFERYT , SMITEFSEIEFRERR T KL 18.6 GB/4020000 FicFk , EEEALREL
RNAH 75 GBo

BEHLEN (#E ) JIEFARERESHANFIME  XTRSSHHE SRR RE.

 Aggregated Metrics by Executor

Executor ID & Address : Eh;fﬂ_o l;e;d Eiz_e I_R;co_rd_s Tttt T T -I Shuffle Spill (Memory) : gtn:m-e S:pia(l;ls:] -|
1 172.35.205.23:46731 : 18.6 GB / 40210300 :!-lS,'I GB : 16.8 GB :
2 172.35.195.173:46185 | 18.7 GB / 40246767 : 117.2GB 117.3 GB :
3 172.36.135.106:35913 : 18.6 GB / 40253921 1101.6 GB : 16.6 GB :
4 172.34.131.223:46879 : lB_G (EB;NJ_G‘IEDEH_ ____________ :B‘JSGB : 'I_GiG_B_ o _I

MRERNFXLEER , HEZMEESEW B REEFENT K , HFEHI Out 0f Memory = No
space left on device i , BEZERUTHRE X,

LACBRE

BRIERM join() RERFREANBEIEFRE  BEEER NIRRT, ATHRER-TNSRNE
B, RUBRIFENEHLSHERERER , BNRNBUTEEAZRE, BRABLTRA , F4H%
EENBRELRERISHAA

- BREEEEMITEEHMTESERAMFL P BINITAIBEE ?

- BRERBELRINBENT VA HERERERNE?

BIAEHBRIERERNEHNLSEREZEREER , BEFUTEI , LUBEZERMNARRECIERIEREE,
BRIEZEGIERAT#
EMITE N DataFrame 281 , TEERFRXERNITMNG, LBREEFUTHS -

- BAOREHGFHRNBEECHE
« B Spark FUTEFHPHLEE
- BOBERHE

# Default
df_joined = dfl.join(df2, ["product_id"])

# Use Pushdown
dfl_select =
dfl.select("product_id","product_title","star_rating").filter(col("star_rating")>=4.0)
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df2_select
df_joined

df2.select("product_id","category_id")
dfl_select.join(df2_select, ["product_id"])

5 “ DataFrame tIA”

=i SparkSQL. DataFrameFIZIEEZE Spark @45 API K& RDD API & A,
DynamicFrame 7] LA f # & DynamicFrame 2 2 DataFrame B /52 AR N dyf. toDF(). MM
Apache Spark FHXEF B — TR | XEEREREENIPRA Catalyst {L{L BRI E AL,

BEALEEFEREE, [ B HEREMER

Spark XIFM MR | YSEFREN BRHRKE, T BEERETTERIEF , SRENHE
FREMLFENLEED, BR , ENEFPIREEIARNEM. ERETRNEA Spark 1T
BFAFNREN , TAERER BB BRE.

TEER BRFBREMENEFRENSRINEHNTR,

Broadcast join Shuffle join

Table Joined table

Joined table

Shuffle

BIOBRENEAGSSNT ¢
o BENLHEFBRER
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Apache Spark fEl #£ 4 8%E AWS Glue )8 £ X8
- BENBEFRERBEETHITHFNBER TRERNR , HERIMRZADEBRE. CERTIUE
¥ Spark TR AFHE/NEREE,
- BEFEABRERRORERENM K , AEREZNERTHF, HERTAERNEKE,
o JTRERFBBRE

o TR FRESFBR/NMN RDD SHKRHEIXEEAD Worker TR, REENIBRAR RDD HERAFN
7 XHATRFIHA S

HEN—ANH—NRAUBNERNTFH RDDs ALBRAREFREN |, ©EATERE, RAE#RT
ITBRARENABSETEAITEMEIF. ST AERBREIRTRM Spark FRI#B5KE , AT
FiRo

# DataFrame

from pySpark.sql.functions import broadcast

df_joined= df_big.join(broadcast(df_small), right_df[key] == left_df[key],
how='inner')

-- SparkSQL
SELECT /*+ BROADCAST(tl) / FROM tl1 INNER JOIN t2 ON tl.key = t2.key;

BXRBRERRNEZELR |, B35 Join hints,

£ AWS Glue 3.0 REEMATF , BAILUEREA B ENEARTNEMSER AT AT B0 HEK
B, SE-BERNSTHSTERNTEHEN BRFREREN , BENERRNTSREEF S HE
BN ERBERE.

£ AWS Glue 3.0 # , BRI BUBN & BB BEREIRR
fTspark.sql.adaptive.enabled=true, BENEBNITE AWS Glue 4.0 FERIAE B o

BRI RESEEEFAN R BRIEECNEMS ]
» spark.sql.adaptive.localShuffleReader.enabled

» spark.sql.adaptive.autoBroadcastJoinThreshold

BXHEXSHMEZEL | 1§21 Converting sort-merge join to broadcast join.

£ AWS Glue 3.0 RESRAES , {RATLAEEA shuffle B BB R RKBFEIRIITA

-- Join Hints for shuffle sort merge join
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SELECT /*+ SHUFFLE_MERGE(tl) / FROM tl1l INNER JOIN t2 ON tl.key = t2.key;
SELECT /*+ MERGEJOIN(t2) / FROM tl1 INNER JOIN t2 ON tl.key = t2.key;
SELECT /*+ MERGE(tl) / FROM tl1l INNER JOIN t2 ON tl.key = t2.key;

-- Join Hints for shuffle hash join
SELECT /*+ SHUFFLE_HASH(t1) / FROM t1 INNER JOIN t2 ON tl.key = t2.key;

-- Join Hints for shuffle-and-replicate nested loop join
SELECT /*+ SHUFFLE_REPLICATE_NL(tl) / FROM t1 INNER JOIN t2 ON tl.key = t2.key;

155 F 0 1

BFEHBREFTERIMNER  BISEFSHF  RE6H, Y- ERTEFESHMER S —LEHTER
PR , XA R AT RERE Spark HITREFIEH , #5H OOM MERERE, EXXBRT , RiF
TEIEAD BRESROEERE, IBRNRERNE ARITHENEFNTEEF , REREEFRRE
BEAREK, BEIMAENLSFERHREE , T ARRBRIZEXE R BT NBEF SRR,

Sort-merge join Bucket join

Sort Merge

{ SortMerge \

{ Scan table \ ’ Scan table ‘

{ Scan table \ ’ Scan table ‘

DRORTATUTAR

s BIELEBIR -1 (Bl account_id ) Briz
- MEBHRAR , SINTUETHAN BN EMRMNEER
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IERMER AT RBEIEDER,

df.write.bucketBy (50, "account_id").sortBy("age").saveAsTable("bucketed_table")

DataFrames TEMIA Z BI X BriZRFITEFH 2 X

EREBKEC A ERKIER DataFrames EXNFHERTEF 2 X , BEAUTIEA,

dfl_repartitioned
df2_repartitioned

dfl.repartition(N,"join_key")
df2.repartition(N, "join_key")
df_joined = dfl_repartitioned.join(df2_repartitioned, "product_id")

ERDERECH , XGEERERE RDDs LA (MARDFH ) . WREH RDDs &EFERAMERN 2
XRABER—IMBHLHTIX , RDD 2BFE—EBWITHRETREERAREZIVNTR—NIE
KL, XURESRBKERRNMEEDIMBERS , ATRAMEE

S AREIE R R

HERAR Spark EALAFBEANRER 2 —. HBWIEE RDD 2 XZA S HFEGIR , REREXM
B, XESHZIXNESHENNELEMY XKES , NTER T NARFH S EE,

E{NBIBIERA , BTE Spark Ul FiEN LA TR -

o 1£ Spark Ul I BOETI R £ , EFESBHNELNH, B EUATERRERFEIES 2 M T
g, M TENE KNES TEERBEFEERERR.

= Event Timeline
Enable zooming

Scheduler Delay Executor Computing Time Getting Result Time
Task Deserialization Time Shuffle Write Time
Shuifle Read Time B Result Senalization Time
19 [172.36.221.226
V77 j172.35.107.236 |
______________________________________ 4
T736.38701

102 f172.38.238.158

121 /172.36.250.95

16:49 06:50 06:51 06:52
Thu 30 March

c ZEANEENTHEFHERER , HE R Spark #FHNEITER. UATHEFEBEIE RELAE, GC Y
B, @t (RF) . B (B2 ) FERNE IV
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Summary Metrics for 5 Completed Tasks

Spill (memory) 00B 00B 008 j0.08B 16.7 GiB
Spill (disk) 00B 00B 008 loos 10.2 GiB 1
Output Size / Records 8.3 MiB /12651 9.4 MiB | 21462 36.1MiB | 63860 929 MiB / 2568067 10.1 GiB / 20370130 |
Shuffle Read Size [ Records 9.8 MiB [ 12651 1.7 MiB | 21462 43.4 MiB | 63860 I_IZZ.S MiB [ 258057 1.8GiB/ 2037[}130'

__________________

HSEFHInme , BRERFEI NP EIRCUNET. SHAKERRMN , SRESI DL
HHEIRERANE, ERlP , FSFENEERNME. F 25 MESHH. PAHME 75 4
B UHBPENT 138, EARARRKEESLENRFEERE 75 ME 7B 100 % , BEH 64 7
HEVRERREIHKT Y 30 F. XEREEDL —TUES (HNES 25% WES ) RTLLEMESKE
%

MRERDBHFERF , FEHAUTRE

- WMREEMH AWS Glue 3.0 , HBIRE R A BENERHR
fTspark.sql.adaptive.enabled=true, £ AWS Glue 4.0 ¥ , BENEBENITHEEER AL T
B RARZS.

FBRTLBRIRENTHXSH , A RENERANITRAERES| ANBERR
* spark.sql.adaptive.skewJoin.skewedPartitionFactor
» spark.sql.adaptive.skewJoin.skewedPartitionThresholdInBytes

* spark.sql.adaptive.advisoryPartitionSizeInBytes=128m (128 mebibytes or
larger should be good)

* spark.sql.adaptive.coalescePartitions.enabled=true (when you want to
coalesce partitions)

BXEZEE |, ESH Apache Spark X4,

- BREREAETERANE. EREVEFRED SN MRFERES X, MRKERNEYK
PR, NRFHAEFARTETRRIBBEIHREN DX, it , MREHNARFNLSEE
XF FEREARSEBNERESH

# Use Single Primary Key
df_joined = dfl_select.join(df2_select, ["primary_key"])

# Use Composite Key
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df_joined = dfl_select.join(df2_select, ["primary_key", "secondary_key"])

ERER

EES AR DataFrames , EEA AT . persist () FIHELEREFEE Spark MITRRFHRNEM
BiEE , N REIABENLL BT . cache ()1t HE, Spark ¥ RDDs FHiE FFALREZ
M RES (FEEH ).

fFlan | BT LA DataFrames @ R IIRR B df . persist(). BABEEERFN , B LAFEH
unpersist EFEFHEIE.

df = spark.read.parquet("s3://<Bucket>/parquet/product_category=Books/")
df_high_rate = df.filter(col("star_rating")>=4.0)
df_high_rate.persist()

df_joinedl = df_high_rate.join(<Tablel>, ["key"])
df_joined2 = df_high_rate.join(<Table2>, ["key"])
df_joined3 = df_high_rate.join(<Table3>, ["key"])

df_high_rate.unpersist()

BBRTEER Spark #1E

BRETTVENZRE , 0 count, show = collect, IEH Apache Spark < =B — TP
& , Spark BiEtE, BIANEMRGH RDD EZ1THRE , AN ERTEMNITE, HEEAFZ Spark
BEN , 2NBMRERASRBFERFE. ESITENENEEFZT.

WREFFEEBHULIERINIT collect() HEMIRHE , BERFEMER,

(® Note

Rujgel IR g EH Spark collect(). collect() B4ERF Spark TR F I
FIEITEL RIREIS Spark WeHEF , XATEES S B Spark Wz EFIRE OOM iR, AR
HI OOM £8i% , Spark BRINIRE N spark.driver.maxResultSize = 1GB , FiRE%
Spark W FHERABERDERFIHF 1 GB.
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B KPR D M X FF 45

IE#0 Apache Spark FHI<BEB —T AR | Spark BHIBFLERKIITITR. BEZITH , HESD
B4 Spark FUITREFH T HRLE., B2 , MERFEEKXE/NDXHH AWS Glue Data Catalog @& K
E5X , Spark BHEFARELHRNET . EWRESHHARNTE , BHIEMNLTER.

CloudWatch %5

KRELUTHERN CPU RBNAEFENAER

 Spark BzFEF CPU AHRFMNERARIEFZNE. BE , Spark ReFEFTALBENEE , Akt
CPU AFHMAERNAETLHIE, B2 , R Amazon S3 HFEFRFEIZ /X , MHHFRE S3
NEHAEBAEFSTHRSSBRRIARES,

« 1 Spark ITREFHRFBL B AFERKNZRNE. EUTREIREBEF , Spark T80
CPU AFTE 10:57 2B — B AR , RE AWS Glue F5 M 10:00 FF 8. XK Spark K25 AT HE
FERENBEFEERMITITR. ELRGHP , REBIIEE RPN RES XHE Spark BT
PRENDPXHEEZREKRE,

CPU Load (%)
‘ @ Driver
1.00 PR - H]Jll.. ] W Executor 1
| I | \ ' |'| | J(' k‘ @ Executor 2
050 |
i *I ! @ Executor 3
050 : W Executor 4
o |"
i
060 | |
| ;
AP "
LY
.40 1 .
111 JEnYLY) A A
a | !'I v jl‘«" A “'-.—-"Hlu
|
' |
I (A ﬂ'a A IiJ\ Ao b A NS Aa AR AR AN J\'iI-J,J\F'J.
| PAAAAANSAANAAANAAANAAASAAANANAAMAAAAANPMMAMAA
00 30 D4-18 )D5e 12:0 1230 o0
2023-04-18 10:57 UTC
1. © Driver 0.65067420809 =
2. © Exseutor 3 0.00050062578
irowse Query Grap! Source 1
3. Executor 4 0.00045885626 Add math v Add query v |

KIeR S

£ Spark Ul B9EMLIETRF £ |, BT AEBRRETE, FELA T RAIF |, Spark EEHFEFFE 10:56:46 ;5 3)
T job0 , RE MM 10:00:00 F#4. AWS Glue
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- Completed Jobs (1)
Descripion ~~ Submitted  Durath jon Stages: Succeeded/Total Tasks ffor all stages): Succeeded/Total
[ count at CynamicFrame.scaka: 1414 202304018 10:56:46 4.9 Ll 5810058100

R AEEL ST+ EEEES (EATHAEMER )  BI/ERE., EXHERT , FSHIEER
58100, MHITAMEFSTNEA Amazon S3 EBHFTIR , FFHEE S3 WRWEEBARBX N, XEK
7& Amazon S3 FEZ 58100 M R,

BREFELNSBLHNESFRES  FEBMRETF, MRERI Spark WHEFFERM , &
ZRUTHRER
* % Amazon S3 XTI At , FERAMTLEESNHS XS ZH P EXHITEILANIES.

« 2 Amazon S3 WA XT3 Zat , BEE A HIEHBEENHE Amazon S3 T XIZH oA EXD X
ZWEE., MRETZS,KX , BHEH AWS Glue 7 XZES| |, UBENKIEE ZRES X THIENIE
R, BXEZER , FSRFER AWS Glue 7 XES|IESEHMHEE,

- % JDBC B3 ZH Xt , EMRIK hashpartition {E,
+ 3 DynamoDB M7 X3 Zat , &K dynamodb.splits fE.
« BHRELHS XS S0, ERLDHFHKE,

AL P EX R BE

P E XK BEE (UDFs) #1 RDD.map in PySpark BE & S ERE MR, XR2E N Spark WEKE
Scala SRI A AR R RIEH Python RIBFEEF 4,

TERETRT PySpark fEAL B 2EH), HREEF AT PySpark , Spark WHIRFLEMA Py4J FEM Python
T H Java A%, @A Spark SQL = DataFrame BT , Python # Scala Z B JL & B 4EE
=7 , AAXERBEAECHRTITESMNMUITERN JVM £I1E1T,
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Workernode  pickte

Worker node

Workernode  pickte

MREEH B S Python 2% ( HlINEA map/ mapPartitions/ udf) , MIZESRAE Python
ETRTERIZET. EERMNMESFEFHEMR. WA, DI AFPEIER TR, SUH IvMm
BITHNHRENAEBRBER, Pickle 2 —fF5{LER , BRIART JVM F Python i21T78Y Z B I3
#, B , XMEILMRFICHRARIERES , BiLA Java = Scala UDFs fwERIEE LE Python
R, UDFs

R FHC MR F5{LFT 88 PySpark , IFERIATILR :

« EARER Spark SQL &%k — & E A Spark SQL = DataFrame N B R B /RE S # UDF Sk
HE#. EIE1T Spark SQL = DataFrame MEB AT , Python M Scala Z B HEEZRR/D , B
NESREBMITEN JVM LLE/,

« {£f Scala & Java 323 UDFs — Z[EfEM A Java = Scala %5 # UDF , B A E(1E JVM Liz
1T

- EAET Apache Arrow IREL TR — ZRFEHAE UDFs T Arrow AR, UDFsitIhgE
t# N EE{Y UDF ( Pandas UDF ) » Apache Arrow B —fSiEEXRXNAEEERRX , AWS

Glue JATFE JVM f Python #E ZE Sz mEdE. BEl , XX EMA Pandas 5 NumPy ¥#E
# Python AP &EF,

Arrow 2—f5IX (@2 ) K. HEAHIEE , JEFENRERNBH T LEMAMHMHNERS
BEEXPAAHBRREM, BEXEZIFAEEFBRE , HSEPH Apache Arrow, PySpark

BT ROILE B AR A Python Y E A8 UDF, @EZE1L UDF LAK Spark SQL HEYEAIEE UDF,
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https://arrow.apache.org/
https://spark.apache.org/docs/latest/api/python/tutorial/sql/arrow_pandas.html
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¥r & Python UDF
iletER 3.20 (¥ ) .

RIS

# DataSet
df = spark.range(10000000).selectExpr("id AS a","id AS b")

# UDF Example
def plus(a,b):

return a+b
spark.udf.register("plus",plus)

df.selectExpr("count(plus(a,b))").collect()
wATIERI

== Physical Plan ==

AdaptiveSparkPlan isFinalPlan=false

+- HashAggregate(keys=[], functions=[count(pythonUDFQ#124)])

+- Exchange SinglePartition, ENSURE_REQUIREMENTS, [id=#580]

+- HashAggregate(keys=[], functions=[partial_count(pythonUDF@#124)])
+- Project [pythonUDFO#124]

+- BatchEvalPython [plus(a#1l6L, b#117L)], [pythonUDFQ#124]

+- Project [id#114L AS a#l1l6L, id#114L AS b#117L]

+- Range (0, 10000000, step=1, splits=16)

b &1t UDF
~IEtE R 0.59 (#) .

mE{t UDF FEE L2 #1# UDF RAIMR 5 5, &F Physical Plan, &BALUEE
ArrowEvalPython , EXBE IR AR FET Apache Arrow BI£1t, EFAREL UDF , HTER
BHIEE spark.sql.execution.arrow.pyspark.enabled = true,

RS

# Vectorized UDF
from pyspark.sql.types import LongType
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from pyspark.sql.functions import count, pandas_udf

# Enable Apache Arrow Support
spark.conf.set("spark.sql.execution.arrow.pyspark.enabled", "true")

# DataSet
df = spark.range(10000000).selectExpr("id AS a","id AS b")

# Annotate pandas_udf to use Vectorized UDF
@pandas_udf(LongType())
def pandas_plus(a,b):

return a+b
spark.udf.register("pandas_plus",pandas_plus)

df.selectExpr("count(pandas_plus(a,b))").collect()
HATItRI

== Physical Plan ==

AdaptiveSparkPlan isFinalPlan=false

+- HashAggregate(keys=[], functions=[count(pythonUDFQ#1082L)],
output=[count(pandas_plus(a, b))#1080L])

+- Exchange SinglePartition, ENSURE_REQUIREMENTS, [id=#5985]

+- HashAggregate(keys=[], functions=[partial_count(pythonUDFQ#1082L)],
output=[count#1084L])

+- Project [pythonUDFQ#1082L]

+- ArrowEvalPython [pandas_plus(a#1074L, b#1075L)], [pythonUDFO#1082L], 200
+- Project [id#1072L AS a#1074L, id#1072L AS b#1075L]

+- Range (0, 10000000, step=1, splits=16)

Spark SQL
RBIEtES 0.087 (¥)

Spark SQL k@&t UDF RE%Z , RAESESMITEFEN JVM LiE{T , £ Python Z1TRY, 40
RIEEEANERBER UDF , BRATEWEXFEM.

IR

df.createOrReplaceTempView("test")
spark.sql("select count(a+b) from test").collect()
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5 pandas &4 18 KEHE

MRIREE BRI H AR Spark & KEHE |, YRATLIE Spark LEMAREN APl.  AWS Glue 4.0
RESRAXZFEE. EFRER , BALUEAE F£I1ER Quickstart: Pandas APl on Spark, BXi#
15 , S ® PySpark X%,
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https://pandas.pydata.org/docs/
https://spark.apache.org/docs/latest/api/python/getting_started/quickstart_ps.html
https://spark.apache.org/docs/latest/api/python/index.html
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7 R

+ AWS Glue
+ Performance Tuning ( Spark SQL #£& )
+ AWS Glue Optimization Workshop
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https://aws.amazon.com/glue/
https://spark.apache.org/docs/latest/sql-performance-tuning.html
https://catalog.us-east-1.prod.workshops.aws/workshops/3cf2db69-b022-4471-805a-f10daff4676e/en-US/section05
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MR R IE R

TRNMATAEEN - LEEF R, NREFLERINBERRKEHMABEA , ATLLITH RSS iR

TE i8R B

R R — 20241 H2H
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https://docs.aws.amazon.com/prescriptive-guidance/latest/tuning-aws-glue-for-apache-spark/tuning-aws-glue-for-apache-spark.rss
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AWS Fe g SRR

LT 2 AWS SSE i SRHENER, FRNEXPNERARNE, ®2EERRK , BEARERRE
RV R R IR B

Sz
D

7R

A

==

%

FRARFEIBIZTM 7 ELTIBERE, XLEREKL Gartner T 2011 £HERN 5 R HEAL |
SEUATAR :

- BER/ENRNY RO ANACREDRRESBEGE. N BYE , UEBNARFHEK

HEN, XBESRIBERERENBIERE. 76 : FAH#h Oracle BIEETH E Amazon
Aurora PostgreSQL # & .

- ERTA  BRARFIBHES HET-ERESNRL  URASDE. 6 R

Oracle BIEEIT B E AWS =H K Amazon Relational Database Service ( Amazon RDS ) for
Oracle,

- B  RRIBHMT M, BERMER T A SaaS B, Rl HEFXRERE

( CRM ) R %% Salesforce.com,

- ENRE (EEIR)  SRRAEFEIBIZS  EERTEAEXNTRARIIE, =6 &

Z#h Oracle ZHIBEIT B E AWS = EC2 324 EH Oracle,

- EFTHE (EPVEESFERERTIR ) REMREIBI =D , TEWXTFES, EENA

BEFSERIERE, BERZSSBEMNEBEETIBER —FENRSF. 76 : FHMicrosoft
Hyper-VR A2 FE#E AWS,

- RE (B )  FURABRFREERMESR, HHAeEEERTERENNNRAERF , 78

BHRENTHEHERIINGE , UREHFERENEZENAERF , ARNEBENRAEIL EHNER,

- FH FRAERBRRARFTEFTENNAERF.

ABAC

BFSRAETEMEA LIRS,
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MRS

BESREERS.

ACID

WSRETE, it BEE. SR,
3B

—MHBEEIBL L, EXNEES , REEENBERBEEARFRS (BIEANOEH TER
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—% SOL B , X —EMETRIEF T HRAN L NEEE, ARG RHDE SUM A
MAXo

Al
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AlOps
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KABBBIREEFMAGCENTE. EBCTUBBRPDMARBRL, EZCBEFBEANNAK
=
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—MATHRREHANFABENERBRAR , MEXRKEES , KBERSREGER. THHF
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RI T2 PRl
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R SRR

FEEIEHRFERANVE , HANRRATRENEEIR. S0 LUFEBEE MU EIE SRR S 6 2 2 b
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FH—NRENE AWS XiF |, FREMTAXKSEKENRE , HaRE—XEhr e A XREME
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AWS =R FEHESE (AWS CAF)
ZRERITERSHFHAMRESK AWS | ATEBALFHESHAEERNITR , URIIEBE =,
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ARNBEAEMETUSHEENRE ; T8, ZR2VNEEAENETRAKENRE. Hl, A
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https://docs.aws.amazon.com/prescriptive-guidance/latest/application-portfolio-assessment-guide/introduction.html
https://aws.amazon.com/what-is/artificial-intelligence/
https://docs.aws.amazon.com/prescriptive-guidance/latest/migration-operations-integration/aiops.html
https://docs.aws.amazon.com/IAM/latest/UserGuide/introduction_attribute-based-access-control.html
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Schema Conversion Tool (AWS SCT) 1, ERAXRZDHHRBEELELRFTRBNR. NAEFKB, &
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https://aws.amazon.com/cloud-adoption-framework/
https://d1.awsstatic.com/whitepapers/aws_cloud_adoption_framework.pdf
https://docs.aws.amazon.com/detective/latest/userguide/behavior-graph-data-about.html
https://docs.aws.amazon.com/detective/latest/userguide/behavior-graph-data-about.html
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https://docs.github.com/en/pull-requests/collaborating-with-pull-requests/proposing-changes-to-your-work-with-pull-requests/about-branches
https://docs.aws.amazon.com/wellarchitected/latest/devops-guidance/ag.sad.5-implement-break-glass-procedures.html
https://docs.aws.amazon.com//whitepapers/latest/running-containerized-microservices/welcome.html
https://docs.aws.amazon.com//whitepapers/latest/running-containerized-microservices/organized-around-business-capabilities.html
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https://docs.aws.amazon.com/fis/latest/userguide/what-is.html
https://docs.aws.amazon.com/fis/latest/userguide/what-is.html
https://aws.amazon.com/blogs/enterprise-strategy/tag/ccoe/
https://docs.aws.amazon.com/prescriptive-guidance/latest/strategy-cloud-operating-model/introduction.html
https://docs.aws.amazon.com/prescriptive-guidance/latest/strategy-cloud-operating-model/introduction.html
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https://aws.amazon.com/blogs/enterprise-strategy/the-journey-toward-cloud-first-the-stages-of-adoption/
https://docs.aws.amazon.com/prescriptive-guidance/latest/migration-readiness/
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https://docs.aws.amazon.com/config/latest/developerguide/conformance-packs.html
https://docs.aws.amazon.com/whitepapers/latest/practicing-continuous-integration-continuous-delivery/benefits-of-continuous-delivery.html
https://aws.amazon.com/devops/continuous-delivery/
https://aws.amazon.com/devops/continuous-delivery/
https://docs.aws.amazon.com/wellarchitected/latest/security-pillar/data-classification.html
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https://docs.aws.amazon.com/whitepapers/latest/building-a-data-perimeter-on-aws/building-a-data-perimeter-on-aws.html
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https://docs.aws.amazon.com/organizations/latest/userguide/orgs_integrate_services_list.html
https://docs.aws.amazon.com/prescriptive-guidance/latest/aws-security-controls/detective-controls.html
https://docs.aws.amazon.com/prescriptive-guidance/latest/aws-security-controls/detective-controls.html
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