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https://docs.aws.amazon.com/AmazonS3/latest/userguide/Welcome.html
https://docs.aws.amazon.com/cli/latest/userguide/cli-chap-welcome.html
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https://docs.aws.amazon.com/glue/latest/dg/etl-jobs-section.html
https://docs.aws.amazon.com/glue/latest/dg/etl-jobs-section.html
https://docs.aws.amazon.com/emr/latest/EMR-Serverless-UserGuide/jobs-spark.html
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« Spark SQAL VT VR Z >V BALFIIBXIZ—EMIT—ICOVTFHEE hd L, T2
1L BRILENET,

2. AR0O%Y —-Spark SQL &, F—2R—A, T—7I, B, N—=F 1423 BEQKENEZEIL—
2AFILIVT AT A DART—R%EE T S Apache Hive Metastore (HMS) = (- ZFEAL F
ER
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T RBILENIEREBET S ZERTRICF. LTEERITLET,

a. MoT7IN——T
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RANTZO0T14A

ZNEY> 3T, AmazonEMR 8 & T MSpark SQLY T 2FAEB T DO DUTORARNTS
974 AICDVWTEHBAL EFT AWS Glue,

- TOEAEE MO Spark SQL

* join 8 &V groupBy DD Y ICSQL T« RUBKEFERT S
s FYVIIROIEXDOER

« Spark3.0.0 TON—TFT1>3a=-2JEVMOFEAHR

+ Adaptive Query Execution Z R 9 %

s BN—F 143> IIN—2Y

« Spark JARR—ANATT 41X A4 DEH

s IIERDFEAICKD VTN #—X2ADEE

TOFEE> NOAER Spark SQL

Spark3.0 Tld., ETE(CSparkfEAT2EETIIVAXLDRA T RIEETEE T, REHEEY
N . . BROADCASTMERGESHUFFLE_HASH, # & 7' [XSHUFFLE_REPLICATE_NL., ¥ hni=&1
L—>3a>zaplo)L—23a IlEEed5EEIC., EVNEEZEFERATSSparkk SIC ICIERLUE
T, cOEISIVTR, BEHEOE NMIOVWTEHEULLLHEHBALET,

7O0—RFE¥ AN

Broadcast Hash &£& Tk, F—X Y MDD 1 DAMMEDF—XEY RKVWERBICNHELEYE
T PEVTF—REY NEXEVIZRED LD, VFAZ—AOIRNTOIITEF12—IC7
O—RFYRARENET, T—E2HFTO—RFYAREThDd e, BEQO/N\Y D IFEENRTENE
9, Broadcast Hash f£&8k 2 DOATY 7 TIIhhET,

« Broadcast-/NEVWTF—ZEY N, V9FAX—AOIXNTOII/EF1x—IC7/O—RF+ AN
ENET,

s NV AFE-PEVTF—EEY REIXRTOITEFIR—-T/\vZ1&dh, KELWF—Z
Y RNCREEENET,

sort £kl mergeARL =23 @ HYFEHA, RKEBTT7IORNT—TIL%E, AZ—AF—
NIEEDRTICFERAETNBNEBRTFAAD AV T—TITHE TS5BS, Broadcast Hash

EAeE N NOEA 6
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FBRECEETIDAVAXALATYE, XOFK, 7O0—-RF¥TANNYZ1FEEOREAERL

TVWET, eV NE2ETHEAMAIK, spark.sqgl.autoBroadcastJoinThresholdZ7' /Y
TATHREENEY A AFHRICEAREE<S/O—RFYRARNEhET, FEo@AICT7O—R
FYARNEY M BHEBHBEE, HA AN NEVED EFFICEI)HATO—RFYAREhE

9, spark.sql.autoBroadcastJoinThreshold Z7ANT 4 ®F 7 # )L NMEIX 10MB T9,
NCkY), BEDRTBICLIXNTOT—H—/—RIZTO—RFYARNENBZT—TILOFEBARHFAX
FINA NBENTREENET,

ROBITIE., 2T, YEEXPLAINT'S Y, BLROVITVUDETICANZERERLET. 2 %FB
wEXPLAINEJrﬁ{&IJL:a‘w“J:’; (. BROADCASTIOINE>Y hZFRALT/O—RF v ANEEEZBET
88, VIVOMEBREZEMTEET,

SQL Query : select tablel.id,tablel.col,table2.id,table2.int_col from tablel join
table2 on tablel.id = table2.id

== Physical Plan ==
AdaptiveSparkPlan isFinalPlan=false
+- SortMergeJoin [id#80L], [id#95L], Inner
:- Sort [id#80L ASC NULLS FIRST], false, 0
+- Exchange hashpartitioning(id#80@L, 36), ENSURE_REQUIREMENTS, [id=#725]
+- Filter isnotnull(id#80L)
+- Scan ExistingRDD[id#80L,col#81]
+- Sort [id#95L ASC NULLS FIRST], false, ©
+- Exchange hashpartitioning(id#95L, 36), ENSURE_REQUIREMENTS, [id=#726]
+- Filter isnotnull(id#95L)
+- Scan ExistingRDD[id#95L,int_col#96L]

Number of records processed: 799541
Querytime : 21.87715196 seconds

SQL Query :
select /*+ BROADCASTJOIN(tablel)*/ tablel.id,tablel.col,table2.id,table2.int_col from
tablel join table2 on tablel.id = table2.id

Physical Plan ==
AdaptiveSparkPlan isFinalPlan=false\n
+- BroadcastHashJoin [id#271L], [id#286L], Inner, BuildLeft, false
:- BroadcastExchange HashedRelationBroadcastMode(List(input[@, bigint,
false]),false), [id=#955]
+- Filter isnotnull(id#271L)
+- Scan ExistingRDD[id#271L,col#272]

70—RF¥ AN 7



AWS HREHA AR AWS Glue # & ¥ Amazon EMR Spark < 3 7 ® Spark S$L 9T U'Oj)‘
1—-—

+- Filter isnotnull(id#286L)
+- Scan ExistingRDD[id#286L,int_col#287L]

Number of records processed: 799541
Querytime : 15.35717314 seconds

MERGE

AAEDT—2EY NFRKEL, XFBUIZWESBVWFEE., v v 7Y —-RMNI—EENHES
£9, BEHINRTELDIIZ, COB/BICRIADI2OTI—ANEENET,

s YV INTI—RXR-BHEIVIVOAFEDTF—REY NI v Y T)IEhFET,

« YV=KR7I—X-LIO—REHAOEEF—TY—RENFET,

« NP7 I-X-HEZFBEOWAIF., BEF—ICEOVWVTIREEIET,

ROBEGEE, vy T7ILY—MNI—2HEOEMIEKET S 7 (DAG) DBREALZRLTVWERT, @
FOT—TILEHRAD 2 DDAT—I THRIFBSNET, KOAT—I (AT—T17) Tk, v v
ZIEn, Y—Kh&h, BREIY—EhET,

E: ZOAX—TD—HBORATF—IE, CRESODRATY THHOAF—ITRT Lkt AFY
TEAELTRTENET, TOF—RBF T Y15 ERBREE N, CNSORT—I THEA
EhET,

Stage 15 (skipped) Stage 16 (skipped) Stage 17 (skipped) Stage 18 (skipped) Stage 19

Scan json Scan json Exchange Exchange Exchange Exchange

$

WholeStaggCodegen (4) WholeStagdCodegen (6) WholeStaggCodegen (7)

WholeStaggCodegen (1) WholeStagg£odegen (2)

‘ Codegen (5), ShuffleRueryStage mapPartifionsinternal

L
Shuffle

3

ShuffleQueryStage QueryStage

ShuffleQuéryStage

TR, YV-MN—DESERIYET ST,

MERGE 8
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== Physical Plan ==
AdaptiveSparkPlan isFinalPlan=false
+- SortMergeJoin [id#320L], [id#335L], Inner
:- Sort [id#320L ASC NULLS FIRST], false, 0
+- Exchange hashpartitioning(id#320L, 36), ENSURE_REQUIREMENTS, [id=#1018]
+- Filter isnotnull(id#320L)
+- Scan ExistingRDD[id#320L,col#321]
+- Sort [id#335L ASC NULLS FIRST], false, 0
+- Exchange hashpartitioning(id#335L, 36), ENSURE_REQUIREMENTS,
[id=#1019]
+- Filter isnotnull(id#335L)
+- Scan ExistingRDD[id#335L,int_col#336L]

SHUFFLE_HASH

YV T7ILNYDIFEER. BRENFRITIRSIE, BHAOTF—REY NE v YT T5 & THeE

LET, MAIOBLF—E., BUN—FT 123 0FEEERAVIIRBYET, F—E2HFvv 7))L

nNd&, 22720F—REYRNDODSERNPOF—REY MINTYRNCINYZ2ENh, N\—F1423>
RNTN\Y D ABEENRTENET, T—2EY h2BEHFTO—RF¥YARENABVED, vV 7))L
NY 2 1B 7O—RFYANNYDIFEEGERERYET, v v 7NV 1EEE 22D

TI—=RIZDPNhTVET,

e vV 7)L7I—7\"_ﬁj)'50)5£—9t‘y I\h“‘:/'\"‘y ZIENhET,

s NYDABETI—AX-F—2OPEWVRAIFNYZ1Ech, XTY MMeEah, IXTON—TFT 1
avoREVMIENY S IREELET,

N=FA2aYAOT ¥ Y TLNY S IBATRY —NERES Y ELA. ROBE, ¥+ Y7L
NYYIRAOTI—XERLTVET, F—RREBACHIMSh, REZ vy Than, N\
YANERENTHRACERETNET,

SHUFFLE_HASH 9
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Dataset 1

Fa1-—9

Dataset 2

I I

Scan JSON read data Scan JSON read data

NMumber of output rows: 150,000 Mumber of output rows: 25
NMumber of files read: 4 Number of files read: 4

Size of files read: 385 MB Size of files read: 3.5kb

Exchange Exchange

Shuffle records written: 150,000 Shuffle records written: 25
Shuffle write time: 399 ms Shuffle write time: 203 ms
Records read: 150,000 Records read: 25
Remote bytes read total: 157.9 KiB Remote bytes read total: 472.0B
Data size total: 23MB Data size total: 400.0B

T | | g
N

ShuffledHashJoin

Number of output rows: 150,000
Data size of the build size total:  18.0 MiB

I

Time in aggregation build total: 818 ms
Number of output rows: 36

HashAggregate

SHUFFLE_HASH 10
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TF7AILRTR, FATTARAHFRER7TO—RFYANNYD IFEEGEFERATERVEEIC

SV ITINY I IFEEEBRLET, JO—RFYARNNYZIZEEOLEVEYAX
(spark.sql.autoBroadcastJoinThreshold) EBIRUL ¥y 7IN—F 123> 0O
(spark.sql.shuffle.partitions) ICEDWT, MESQLD® 1 2ON—FT1> 3> AO—Al
NY21T7—TIINEeRBETDOILTDBREETHDHE. YV 7NV 1EE&E2ERALET,

SHUFFLE_REPLICATE_NL

FHI NEFEE £ EFIFE N D Shuffle-and-Replicate R AR E NI —THEEK, F—FtEY "7
O—RFFYARENRTVWAVWREZRVWT, 7JO—RFFYANNY D IHFEEGEFEICELLSBUTVET,

) #AﬁijRATH BUF—ZFH 2L d—RAFBUN—TFT12a2ICEEEnBVIE

YV ILREDT Y Y TN ESZRLEEA, KDY, WADTF—E2EY hON—FT 1> 3
W#?JFU VBBETIAE—EIhET., F—2EY NON—FT 1 aVHERATREICED &,
FARNENIEIN—THENRITEIET, FPOT—XEY MILO—RXOBN BV, EIN—TFT 1
>avo2BBEOTF—2tEY MILO-RYOBN $25E. 2FBOTF—2EY hOKLI—R
&, BAOTF—REY hOIXTOLIO-RICHEEEINET, chiF, IXTON—-F1>3>T
L=7X x YRETREEINET,

\'8’-

join 8K T groupBy DDV ICSQL T 1> RUBEHBEFERTS

T4 ROBEE (Spark RFIX N K, BEOLI—RICEETDI VA RVEFENDTOT
IL—=TICRUTRHEZRITLET, L&A@F, BEOTERUN—FT12a>EEET7L—ARIC
METEEXT, V1 RUBEKIE Spark ICHHAIAFTIhTHY), EFBERELUTVERT, SUM X L
DEFBEHEE, TOTIL—T"TEHELMAX, JIL—7EIC1DORYEZFELET, V1 RD
BB, BBFEOTEY, REOTOMERMUEBICEIKTOEAOTIEABZE, ZATDOMEIC
‘IAIBET,

Spark groupBy Bk TF—R2E2 T IIL—FICREL, JI—TtenicT7—R WL TEFBEHER
TLET, 2FATD &groupBy. RFERAICT—XESparkEBoMICENL ., RICHEIHNEhizT—

BV RNZEYYIINLET, VAV RVEREFERATRIE, F—REY M2 vv T I)lEehE
T, DAV RIVBEABEFERATIE, UM LZGRILTEET,

FRBICKRERT—EEY RTE, SIOEBIKREVEZE, V12V RUBRNFHREIAET, LEL
SIQEBH DBEWVEE, T—RENEIEL, EFARREHEET/O—RFYARNTEET,

SHUFFLE_REPLICATE_NL 11


https://spark.apache.org/docs/latest/sql-ref-syntax-qry-select-window.html
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Spark SQL IZlE, 1 Y XEVEROT—7I)ILZ3EAERTEr v 192HENHY E
9, spark.catalog.cacheTable("tableName")E /(¢ dataFrame.cache( )%
CHULEFERALT, 1 XEVIERAERTT—7ILEF+ Y2 1TEEXRT, TNDHE. Spark
SQLIV D VRS EBIOAZAF YL, EMZEHBNICHAELTXED & CPU #H
LxEBMS LET, spark.catalog.uncacheTable("tableName") £zl ZFEAL
TdataFrame.unpersist(). XEUAST—T I ZHIBRTEET,

Spark3.0.0 TON—F 1> 3= Je> NOER

Spark N\—F7 4> 3a_ 0 &k, NT#—XRAEHABL, EHT774IL0EERSTOICEKIL
5% 9, (k. COALESCE, . REPARTITIONBEM/N—FT 1> 34> NSpark SQLZ H7R— K
L TWEFREPARTITION_BY_RANGE, chsOE> N, . . repartitionBENTF—ZtEY K
APIs coalescelc 8l T W E FrepartitionByRanges A TFOE N, THATZ7 7140z H
HID2OICKRIEET, chlkYSparkSQL, N7+ =X AZFABTEEXT,

« Coalesce - N\—FT 142 a>OBEEEENEN—FT1423a>oBIBsSLEST, N—F123>
ESE. COALESCEEY FNOE—DODNTAXA—RTT,

c BN—TFT423r-BEEhIN—TFT142a>XEeFEALT. EEEMEHON—FT1232ICH
N—T4>32ULFTF, REPARTITIONEY RNFX—=&F, N—F1> 3> FF, JE, £
TOMWMATT,

s EHICKDPBN—FT123>-BEEnEN—FT123a>KXz2FALT, BEEENEHO/N—T 1
AVICBN—TFT 14232 LFET, HIRIEREPARTITION_BY_RANGEE Y ROMBANTX—RTH
W, N—7423a>BEFR@EA73a>Td,
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Spark3.0 BARRICIE, EFENBDEMOKENL A4V —HFEFhTUVWETAdaptive Query Execution
(AQE)e #TUDEFHICREE X NI RACETVTIIUEBBEILET., SR/ LA
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ESHZHELET,

AZ—AF—IX TR, T—7NRET77IORT=TINETFAX2AVFTF—=TID2 ODOEELEZRA
TICRBEhET, T4X2aAVT—TIIE, 7798 T=TIL&LVEREZIHICNEWMEBAHY)
£, 77IORNT—TINEF4X2arT—TIIEERTDE, DPPRIIVT S 2HKE L
9, TAAIAVT=TINIBREEIAZ 7AIINEZ—HISHTIOTVEERLET, cOHTIT
DETFO—RFYARNL, TIASNYZAT—TINEBELET, X, 779 RT—TILOF—
REZIMDEIC, \Vv22AT—TINET77I9RT—TILOAF Y 7I—XICEBALET, Chi
&V, DPPRE&LYREBRT7IORT—TIDSHIMBDUENHDIT—2NDEEZRSTENTE
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ROV TIHIE, DPPABEL TWVWAZEZRLTVET, JIVEE (12 R)ASOEXH%E
WMBL, 77O9RT—=7IL () &TF1X>a>rF—7 ) (fact_orders) BOAZBEEZEHF
Jnation, fact_orders T—7ILEH (L& >TN—F 1> a3k hFEFo_nationkey,

- "select n.n_name as country, count(l) as no_of_orders from fact_orders o join nation
n on o.o_nationkey = n.n_nationkey where n.n_name = 'INDIA' group by n.n_name"

LT, EXPLAIN/ SV THERENBATY T TY,

1. hEWF A X223 FT—7) (nation) ZAF ¥ L, I TT74IINZVTLETn_name =
'INDIA',
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~PartitionFilter93&SIC., LTV 18I0 LET,

Z O DPP &iE{t27 I OEXPLAINSTEZXRICRLET,

== Physical Plan ==
AdaptiveSparkPlan isFinalPlan=true
+- == Final Plan ==

*(4) HashAggregate(keys=[], functions=[count(1l)], output=[count#208L])

+- ShuffleQueryStage 3

+- Exchange SinglePartition, ENSURE_REQUIREMENTS, [id=#353]
+- *(3) HashAggregate(keys=[], functions=[partial_count(1l)],

output=[count#212L])
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+- *(3) HashAggregate(keys=[n_name#31], functions=[], output=[])
+- ShuffleQueryStage 1
+- Exchange hashpartitioning(n_name#31, 36), ENSURE_REQUIREMENTS,
[id=#315]
+- *(2) HashAggregate(keys=[n_name#31], functions=[],
output=[n_name#31])
+- *(2) Project [n_name#31]
+- *(2) BroadcastHashJoin [cast(o_nationkey#145 as bigint)],
[n_nationkey#32L], Inner, BuildRight, false
:- *(2) ColumnarToRow
+- FileScan parquet [o_nationkey#145] Batched:
true, DataFilters: [], Format: Parquet, Location: InMemoryFileIndex[s3://
aws-spark-tuning/fact_orders], PartitionFilters: [isnotnull(o_nationkey#145),
dynamicpruningexpression(cast(o_nationkey#145 as bigint) IN dynamicp...,
PushedFilters: [], ReadSchema: struct<>
+- SubqueryBroadcast dynamicpruning#210, 0,
[n_nationkey#32L], [id=#200]
+- OQutputAdapter [n_name#31, n_nationkey#32L]
+- AdaptiveSparkPlan isFinalPlan=true
+- BroadcastQueryStage 2
+- ReusedExchange [n_name#31,
n_nationkey#32L], BroadcastExchange HashedRelationBroadcastMode(List(input[1l, bigint,
false]),false), [id=#233]
+- BroadcastQueryStage 0
+- BroadcastExchange
HashedRelationBroadcastMode(List(input[1l, bigint, false]),false), [id=#233]
+- *(1) Filter ((isnotnull(n_name#31) AND
(n_name#31 = INDIA)) AND isnotnull(n_nationkey#32L))
+- FileScan json [n_name#31,n_nationkey#32L]
Batched: false, DataFilters: [isnotnull(n_name#31), (n_name#31 = INDIA),
isnotnull(n_nationkey#32L)], Format: JSON, Location: InMemoryFileIndex[s3://
aws-spark-tuning/input/demo/json/nation], PartitionFilters: [], PushedFilters:
[IsNotNull(n_name), EqualTo(n_name,INDIA), IsNotNull(n_nationkey)], ReadSchema:
struct<n_name:string,n_nationkey:bigint>
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2HTREELS, BEBEN—T12320HSparkZBEHWICAF Y LET,

Spark JARNR—RADFA 7T 1N A Y DOEH

Spark /A= 3> 2.09 UBETE. JARK—RADFTF 1 I (Y (CBO) #EATEET, CBO
F, EXTEBT—TIHKFICEIVT, VIVORELMBERITS S ZBIRLET, CBO &
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https://docs.aws.amazon.com/prescriptive-guidance/latest/tuning-aws-glue-for-apache-spark
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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/wellarchitected/latest/devops-guidance/ag.sad.5-implement-break-glass-procedures.html
https://docs.aws.amazon.com/whitepapers/latest/running-containerized-microservices/welcome.html
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https://docs.aws.amazon.com/whitepapers/latest/running-containerized-microservices/organized-around-business-capabilities.html
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https://docs.aws.amazon.com/prescriptive-guidance/latest/strategy-cloud-operating-model/introduction.html
https://aws.amazon.com/blogs/enterprise-strategy/the-journey-toward-cloud-first-the-stages-of-adoption/
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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://docs.aws.amazon.com/wellarchitected/latest/security-pillar/data-classification.html
https://docs.aws.amazon.com/whitepapers/latest/building-a-data-perimeter-on-aws/building-a-data-perimeter-on-aws.html
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
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https://docs.aws.amazon.com/whitepapers/latest/disaster-recovery-workloads-on-aws/disaster-recovery-workloads-on-aws.html
https://docs.aws.amazon.com/whitepapers/latest/disaster-recovery-workloads-on-aws/disaster-recovery-workloads-on-aws.html
https://docs.aws.amazon.com/prescriptive-guidance/latest/modernization-aspnet-web-services/considerations.html
https://docs.aws.amazon.com/prescriptive-guidance/latest/modernization-aspnet-web-services/considerations.html
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https://docs.aws.amazon.com/AWSCloudFormation/latest/UserGuide/using-cfn-stack-drift.html
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