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* 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>")
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Execution plan

join()
Stage1l

Spark application

Appld = application_12345

Shuffle

Stage2
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Parallelism
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Parallelism 6
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. spark read. option('delimiter’, * ') schemal(tableSchema).cs
Driver
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Executor Executor Executor Executor
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Worker Worker Worker
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https://www.databricks.com/glossary/catalyst-optimizer
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https://spark.apache.org/docs/latest/sql-programming-guide.html#sql
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E Cttrue2 MHEE 42 ME 0|F TtE|M o] M8t ELICt spark.sql.adaptive.enabled
spark.sql.adaptive.coalescePartitions.enabled XtA|EH LI 2 Apache Spark MEME

HZESHAAIL.

HY-HE xS HEEIAE TR0 B
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https://spark.apache.org/docs/latest/sql-performance-tuning.html#coalescing-post-shuffle-partitions
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
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INE=RWNI-C|
oEFE T=

ik £ =242 ?/5H Amazon CloudWatch X| = & X|E2| 7|& E7[E MBS LICt Spark U= &S
T2 /et &lEHel 27|18 MBS ELCt o M Spark UIE AF&5tE{H 240l AWS GlueSpark UIE

2 dstsh ok #LICH AWS Glue Spark UI01| 238 X|Pd Spark 2/ A5 =8 TEFE et ZotE 7|gh
OF HE MO P2 AlHHsI 1 E0|MAIL.

Spark UIE AI&3104 55 Y S AHEFIAA|L.

Spark UIE @™ Spark o Z2|7i[0[M0| Fof LIFELICH 7|2XH2 2 AWS Glue 20| & 0|2 &
LICt. nativespark-<Job Name>-<Job Run ID> %] Al IDE 7|BtS 2 CH4 Spark Y&

5to 2hd g ALICH AEE|Y 2] AN 242 SFHE 2] A2 0|2 = ofZE 2|7 0| EAlo]
Lt EL(Ct.

stodH & 2 —’F% i—fo._|3|')\1|..?. HE HYE & ZtS AEH =| H ol £
Al 228 Hefstol 7| A S0l M HEE RAIS 4TEALR
Spark Jobs (7

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 in a page. Go

Job 1d Description Submitted Duration = Istages Succeeded/Total Tasks (for all stages): Succeeded/Total |
I

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 29s 1 799/799 |
showString at NativeMethodAccessorimpl java:0 1 |

2 parquet at NativeMethodAccessorimpljava:0 2023/03/30 06:48:48 14s I 799/799 |

parquet at NativeMethodAccessorimpljava:0 |

Job M5 &2 Ho[x|ol= BAI7H L EILICH O] HolXlolME 71ZH HT 8 shed £0 & &Yl £, 2
= 7t

HAEH e ME 7L MY HE S0 22 TRl HYEE = + U&LICH

_t

00

Spark UIE At&35tod H= 34
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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
https://docs.aws.amazon.com/glue/latest/dg/monitor-spark-ui-jobs.html
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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
I
5 parquet at NativeMethodAccessorimpl.java:0 +detalls 2023/03/30 06:49:02 6.5 min 1 5/5 I| 10.2 GiB N9 GiB
e e e

Executor B{0l|= Spark 2HAE 0| XtA|5| ZAIELICH & Z0o{ =& &Qle = ULt Os A&
o

F 2ol EAIE EFHAE= 316712 &4 Fo{2t & 512709 Zo{7} ZEE[o{ U&LICH 7|2
2 Zt 30{= Spark &2 StLIE SAlo| M2l = AU&LIC.

Executors
» Show Additional Metrics
Summary
RDD Blocks Storage Memory Disk Used :- ;:;e-s B -; 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 EO 0 3 3
Total(129) O 0.0B/751.3 GiB 00B : 512 10 0 2402 2402

[Job Details for Job] HO|X[0f| 5/5 EA|El 2t 7|E2E = [, 5EtA= 7+ 7! EHAO|X[EH 51270 &

5742 Zo{2F ALSEfLICE O] BHAH|e| SE = Ol I X I':'F Alztol Efol Ael7| 2o E= gz

AlEE + AELICH d52 7iddstzd™ 1 olf & olstiahofF gfLICH UEHMQl s 85 seS Q4
St 1 FEES £0[= Yol CHoH RHAIS| Yot E{™ Spark 2/ ds5 2 HEE HASHMUAIL.
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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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https://docs.aws.amazon.com/glue/latest/dg/etl-jobs-section.html
https://docs.aws.amazon.com/glue/latest/dg/etl-jobs-section.html
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CloudWatch X| &

« CPURE Y HEE| ASEE FHQlstod V|7t SE¢E 2l&AE AH|st UK HRUSHAH R
- ME| AlZhol 45 SEE Y7ol LIF dX| pf2X| #Qlste{™ 5fdo| HotLt 22 dHE[R=

x| EHelstM .

Ct2 oMol M= A7 47071 97% Ol el CPU Fst2 A-E|T QUKX|BH oF 3A|ZHO| X|LHE XHE|7}
22 E|X| AAELICH

CPU Load (%) @ Oriver
1.00 T TY @ Executor 1
‘l‘ \‘II @ Executor 2
I‘ ! @ Executor 3
@ Executor 4

VTS VI INEYIVY TN, At

04-18 12:19
12:00 . 12:20 12:45 13:00 1395 13:30 13:45 14:00 1415 14:30 14:45 15:00 1518 15:30
2023-04-18 12:20 UTC

1. Q Executor 2 0.97689356023 =
2. O Executor 1 0.97668588619
3. O Executor 3 0.97639647207
4. O Executor 4 0.97330441311

Browse | Que Options | Source Add math w H Add query

@ Note
CPURSI/t oM FE{AH

oo

u
mjo
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§I=|
H
Fol
el
N
0
mjo
als
30
Iy
r
[l

Stage B0l Zf ] EE= EA Ol &Y & e & U&LICH OHS oX|ol M Spark=

Stages for All Jobs

Completed Stages: 1

~ Completed Stages (1)

Stage Id ~ Description Submitted Duration Tasks: Succeeded/Total Input

0 count at DynamicFrame.scala:1414 +detalls  2023/04/18 10:59:10 48h 58100/58100 28.4GB
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Ct& A3 B0 M ZF Spark &=&7[= 4

AI%HX'. EHO-"A—'E zés /éléHﬂ. | Xtod _/I\_% 2tO|&t

2 o
el 2 o1& THX|1 o 4712 ZrdE SAlo| +

Executors

Show 20 v  entries
Executor ID Address Status RDD Blocks Storage Memory Disk Used : Cores-i
driver 172.35.229.149:37603 Active 0 0oB/63GE 008 : 0 |
1 172.34.249.100:34733 Active 0 00B/63GB 00B : 4 :
2 172.35.72.25:38920 Active 0 00B/63GB 00B : 4 :
3 172.34.49.138:39961 Active 0 00B/63GB 0.0B I 4 :
4 172.36.70.76:39323 Active 0 00B/63GB 0oB : 4 :
_—
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« AWS Glue Auto Scaling & 433}l - AWS Glue HH™ 3.0 O|&F0llA AWS Glue F& E'_%h ZC (ETL) &
AEZ|Y 240f Auto Scaling2 AEE = UA&LICEH AWS Glue & EH7A|2| TIE =3
& Al OlO[Z 2 HfX|7I Mkl S0 2t FEHAEM 2YXE RAISSE F rém M7
Ct.

4>

Auto Scaling2 &3 =0T &YX =7t E7I6HX| b= S &0| e lstH HUXE =522 F
7t5tE A2 neddll EAAIL. SHX|BE & AH|O|XIE 822 AFYUESHH O|F EHAHOIAM B2 &
WXt 7 AEN7 Elo A2 e 4 EX| oto™ HIO0| H Bto| & & QcteE Mol f2lsh4
Al2.

Auto ScalingE &3t etH At X|E 0| MR +=& &g = AU&LICH CloudWatch CHS X|
EE A-E38tod Spark OHE (A0 M-V CHE =2 & 2 LI
* glue.driver.ExecutorAllocationManager.executors.numberAllExecutors

* glue.driver.ExecutorAllocationManager.executors.numberMaxNeededExecutors
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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
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Spark 2.x2| Ct¥ st &4l 7|52 7|8t 2 FL|Ct.

>
P el
I
N
ﬁ
1A
o
rm
>
©
Q
(@]
0
(0]
w
©
Q
=
=
oa
w
O
r
L M
9

- &4 El Amazon Redshift Z{<lE{ — AWS Glue 4.0 0|4 HH2 ofut x| Amt3 E 28 Amazon
Redshift &2 M3 ELICH SE2 7|& LE &4 HHEE J([HC =R §tH ds5 & EoH2 2/5H
HEE ZAstELICH S&2 Sall ofZ2(AH 0|440] =ICH 108  WEH 2 ST = QU
LH& 2 Amazon Redshift?} Apache Sparkl| S &0 CHgF 821 HAIE S & ESIAAIL.

« SIMDCSVZ! JSON H|O|E{E Z &st HIE|SHE 2 7|01| CHEE 7|8k AS — AWS Glue B{7 3.0 0|4
o= & 7|8 ZrE7]oi HISH BRI 2d 52 I H 4 AIZ = U 2 ™MEHE +E7|7+ E
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SIMD JSON EH=7| AL 2 FHEFHAAIL.
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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/
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/migrating-version-40.html
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CloudWatch HIEEIA
Amazon S32| CHEFA1 0l
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&304 Amazon
Wt 2 olA| |},

L= T A=

ETL Data Movement (Bytes) £ 2023-07-14 (05:03:00) > 2023-07-14 (05:10:00) B Line v | Actions ¥ ‘ & | v
Count
o @ 53 Bytes Read
T 53 Bytes Written
50006
£.0006
40006
20006
05:08 05:08 050 05:04 0505 NS08, et B50R 0507 05:07 05:08 05:08 0509
2023-07-14 05:06 UTC
1. ) 53 Bytes Written 10,196,237,888
Browse Query Graphed metrics (2) Options Source 2. O S3Bytes Read  10,176,349,586 Add math ¥ | | Add query v |
Add dynamic label * Info Statistic: Sum ¥ | Period: 1minute ¥ Clear graph
Label Details Statistic Period Y axis Actions
u S3 Bytes Read £ Region: ap-northeast-1 » Glue « glue. ALL. .~ Sum v 1minute ¥ > A QA ¥ X
u 53 Bytes Written £ Region: ap-northeast-1 « Glue « glue. ALL. #  Sum v 1minute v > N QA 2 %
I:II.E7O I._°=H7 HitH{ = ;|=HI=IA I
S3H|'O|— E-|7| E”OlE'l ;‘I';o|_|57|' 01| }.-Ll: [ o=|‘|‘ Ct= o E=| oI- |=-|| = 1oqsh 2 :=!A 2.
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Spark UI2] AWS Glue AE{|0|X| EolM 124 2l &34 37|12 &0olg £ &

L|CH.

CHS ol Aol A

E T AR E
O|X| 2& 47.4GiB 231} 47.7GiB £283€ 211, AH|0|X| 50| HE 61.2MiB &/231} 56.6MiB £ 2
&LIC}
OOl AZMEE £E0|M2. 17


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
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Stages for All Jobs

Completed Stages: 6

~ Completed Stages (6)

Page: 1 1Pages. Jump to 1 . Sho
Stageld » Description Submitted Duration Tasks: Succeeded/Total Input Output
5 parquet at NativeMethodAccessorlmpl.java:0 +details 2023/07/14 05:09:49 15s 414/414 61.2 MiB 56.6 MiB
4 load at NativeMethodAccessorimpl.java:0 +details 2023/07/14 05:09:47 06s \ mn
3 Listing leaf files and directories for 43 paths: 2023/0714 05:09:46 1s | 43/43
s3:/famazon-reviews-pds/parquet/product_category=Apparel, ...
load at NativeMethodAccessorimpl.java:0 +details
I parquet at NativeMethodAccessorimpl.java:0 +details 2023/07/14 05:04:36 3.1 min 414/114 | 474 GiB 477 GiB
I ML N h————————— R B
1 load at NativeMethodAccessorimpl.java:0 +details 2023/07/14 05:04:31 2s mn
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

Xr40{| A Spark SQL === DataFrame M2 &AIE =
A7t ZAIELICH. AWS Glue SQL ataFrame 0| < 2EH M= 42 ot £:430, 2 WA 3 7|:
47.4 GiB, €3 & +=: 160,796,570 2 0{&L|C}.
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Jobs

iy

ages Storage Environment Executors SOL [/ DataFrame

Details for Query 0

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

Show the Stage |D 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 s, 7.5 5, 29.4 s (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, red, max (stageld: taskid))
1.563 h (5.4 5, 11.4 5, 38.5 s (stage 2.0: task 198))

ColumnarToRow

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

olm Q= dlo|E{et AFHE QI H|O|E ZHodl 3 717F 3 A *F 0|7t L= AR CHS s WS A6 &2
AMAIL.
Amazon S3

Amazon S30iM 2|E M ol === HO|E e &S £0|2{H TIOIEH MES| mtd 37|, &%, ot
U FA! 3 ot gfojotR (ZtE|4M) & TE{st Al Al2. AWS Glue Spark 22 HA| H|O|E{of| F£2 Al
x|t 22X 24 MElE lsiMdeE ClolE &4 HAo| 7|5E HAtstok JLICH ETL

- ot 37| — A &30l nte 3718 MEE M (of: 128MB) O[LHZ 7 X|stE Zdo| F&LICH
7 22 ot 4T 2 T2 EXME Yo = JaLct
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Apache Spark AWS Glue 20| d5 = 2 At

~—

o SUS LO| HIOIEIE XESHE Aol Ao HISH Bt 2 HXME 7 (Ml: ListGet, EE=Head
stedH QS ET 2R 5H7| IHE0 Amazon S30MM WIE Q|3 110 857} AlEHLICt.

. Spa E2tolHol 110 X MEl Fot7h MstE mhE|MT} 20| Bfo| W EdE[1 ¥ XEI7F st

e Ol 0| 2E = 311 (0 gzip) THYO| LH{F 2™ Spark S8 T2 a2 EHU Qjo 2
A md 7|71 =2 E kK| 7|cheqoF &hulct.

T} QI0}C} Apache Spark EfA TS AMAJEH I BHAYSHE THE 3 8928 X{2|E 0[P 1Y 0=
A &3t AIL. DynamicFrames O 282 A&t Spark E2FO|HHO| A 0i| 2|7} &dle Jts
Mo| E0{ELIct OOM T 2 E3SHE F435t2{™H groupFiles 2! groupSize D78 HHE

LIcH CtS ZE oMo M= ETL 23 B E oM Ol28t D7 #H==2F B4 & AFSELICH 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")

. -S3 A Q| 27|17t =8 HI7tHHO|EQ] B & &2 1add EMAR. &5 FA2 ChdsiH 2
AT 7HX REeE 2RE & el
- gzipTt ZO| 2HE = = LF Ao B &Axt B Fo| MA mAo| arEg Zofofk gLict
- bzip2 £ LZO (QHAE) I Z2 28 7tsH 4= HAS ASstH e FEMoR o &

Mstod 7St e 4 Ql&Lict

Spark (%! 7|Et Lgtx{ol B4k %{2| AZF) of AL A4 Co|E g AZFI0| HHE XMelE 5=
EH3E 2EELICH olp# RS &35 AE3/0letD gLCh HlOIE7t 28 JhsE EAlo|
E|H £|M3HE AWS Glue 2ZIHE off £ 252 HAMSHE Range SME2 X350 83 ZA|0fl M
GetObject API 28 S HAME = U&LICH o] WHO| A2 oL 2 Sst=X| 22{H ok tol

{1 E AHE A2
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https://docs.aws.amazon.com/glue/latest/dg/grouping-input-files.html
https://docs.aws.amazon.com/glue/latest/dg/grouping-input-files.html
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AWS Glue worker AWS Glue worker AWS Glue worker
4 Spark tasks \ f )
AWS Glue
DynamicFrame
partitions - - - . - -
\i \ NG G N N WX N - /
| \, . N . . N . . N .
Y a4 S “a “a -
I | ﬁ |
I J \‘ |
§ § 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 <

ot 37|7F 2|H0|AHL otU S 2eE = e &t S E OOIEHE AS5tH ofEEIFAOIM ST E
A = £ U&LICt dlolEf 27|7 22 4+5 Amazon S30{M A O|O|E{2F Amazon S304| A
Spark 2HAEHEZE ME L= Ul o{EL|ct. M, CIO|EHE &St &= x5S
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(® Note
gzip U2 YRt O 2 HE8 4= gIX|B gzip2 2 i I3 858 Y Fstod sy 25
HEste + A&t
- I FA — A FAS AR LICH ofut x| mpFL otmp x| = EE| AEE[= HEE HI0|E{ ORC ¥
MeULch & 7|8 A FE ALt olo|E R et 2 H2 el3E W AFStod HoIEE & &
Moz mIst 1 ORC MEELICH Parquet @13 Zoi| CHEF XEAMIEE LHE 2 Parquet 212E HO|E #
ZSAAL. T ol BEE 4+ &LICH
AP A2 U2 gLz 556t 2522 M MEELICH & A A8 Al ALE5tX| ot &
of siEst= HIolE 858 ZHUE = &L Spark OHEE|A0|M2 TR st ATt HME = &
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https://parquet.apache.org/
https://orc.apache.org/
https://orc.apache.org/
https://github.com/apache/parquet-format/blob/master/Encodings.md
https://github.com/apache/parquet-format/blob/master/Encodings.md
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 DataFrame 0i: df .select("star_rating")
« A3 SQL |Al: spark.sql("select start_rating from <table>")

- ZZ|C|AHO|E FAICHR — ZZ|C|AHO|E FAICHR22 AND 282 2 2Mo = x{2|5t7| 98 71
2ILICH WHERE GROUP BY T ¥4 25 & g2 LIEILi= CIO|E| E5& Z&&LICH Z EFod=
z|chZh & =40 242 EFo0f ciet SH 7t 01 U&LICH Spark= O|248F SHE A& 3504 of

[¢]
Z 270l M A8 El= EE Ztol et E52 elEX| ofL|H AL{F o{oF SHEX|IE AHE =+
A&LICH O] 7S E AH8stedH Ch3 oflet Z ol Z7ol|l HEE o F7tstM L.

 DataFrame 0i: df .select("star_rating").filter("star_rating < 2")
« AIl3 SQL M|Al: spark.sql("select * from <table> where star_rating < 2")

utd gi[o|otR — Ci|O|E] AtE g Alof| et ME CHE Z=2 2| Z4A|of S3 CIO|EE X% 6t ztE

ClIOIEE 2o 2 HME £ &LICt XM LHE 2 Amazon S3 B M| HFALE ALEEt

i S XA, AWS Glue Amazon S3 BZE 7|E2Z H|0|E{E 2&5tod 7

Amazon S3 MF A0l key=value Z2 H4|o 2 XY = UA&LICH CO|IEHHE 2&5tH 2 Ct

EZ M o EE|7| 0| Mol AZH5t= HIO|E{e] &2 MEtsto] Hs2 et HI82 Hae
AUELICH REMEF LI 2 £33 2|8 ETL TE|M 2tE[E A XS AI2. AWS Glue

OL- 2 1=

BUS 7IELE O

rlo

T

M2 El0|E2 oft] FELZ LI CHS ollet 20| 2, &, et &
stEl moi 234 H|o[E{E E & ErLCh.

on &

# Partitioning by /YYYY/MM/DD

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

msw

O| H|O|E & Ar&35to{ HIO|EMEE 2504 O
Glue Data Catalog ™ C}& Ch& 1t Z 0| ZtE|M
&Lct.

O|E{4lo| mE|ME H 9
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oty
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rot
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« For AWS Glue DynamicFrame, &% push_down_predicate (&£
=catalogPartitionPredicate).

dyf = Glue_context.create_dynamic_frame.from_catalog(
database=src_database_name,

Spark Ul 22


https://docs.aws.amazon.com/AmazonS3/latest/userguide/using-prefixes.html
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 AWS Glue %f49| 4

table_name=src_table_name,
push_down_predicate = "year='2023' and month ='03'",

=L
T o©

|K
ot
o
2
by
u
i
z
02
%
r
n

« DataFrameSpark2| 4< LIE|MHE
df = spark.read.format("json").load("s3://<YourBucket>/year=2023/month=03/*/*.gz")

£ delg + J&Lich

« Spark2| SQL Z<? where Mg A%5lo4 O|O|E] ZIE 21 0{| M THE|M

spark.sql("SELECT * FROM <Table> WHERE year= '2023' and month = '03'")

df =
« E A83I04 HIOIEE £ I dEZ TtE|ME AWS Gluelt 24 CHS I DataFrame Z- 0| 0|
It M2 E E§5H0 DynamicFrame or partitionBy() & A g LICtH partitionKeys.

* 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>/")

O|Z A 5t £ Cl|0|E] &H|XIS| Hs0| #4E & aLict
224 oo M E % MMstE IHo|ZEtRlE HAEE = )l HEHo| 9l 42 TEIME2 SMO|
oflLiCh CHAl 222 THEIS AME5t0{ EEQ 3 S3 B2 E Mg 4= USLICH 7Hx2 mf X2
£ 44 PA'AIO DynamicFrame 0I€ £04, C}2 ZE & 202340 01~097H & ol M E A 2l E
LICt.

dyf = glueContext.create_dynamic_frame.from_catalog(
database=db,

table_name=table,
additional_options = { "exclusions":"[\"**year=2023/month=0[1-9]/**\"]1" },
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transformation_ctx="dyf"'

ClOIE 7RI 29| H|O|2 S-0M XML& d¥E =& /JU&LICH
« 7|: exclusions
« b ["**year=2023/month=0[1-9]/**"]

« L7 B2 Amazon S3 THE|[M — =3 JH9| Zfo| /= ID Lt Zo| FHRE itE Tt g2
Amazon S3 CIO|EHE 2&6tX| OtMA|R. 758t THE|M == TE|ME LtE 2 EEE S5t7| M
=0i o[ A st HA ol mE[M 71 37 Eo{d = U&LICH TE[MO| LHF o™ CtS 1t
M7 e = U&Lch.

- O|O|E{ ZtE210{| M TE[M HIEIH|O|E{E AMste= ol A

dels X 3
« 4 B2 Amazon S3 APl 273 (ListGet, YHead) O| 3t AH I = &

o€ E0{partitionkKeys, partitionBy EEE= O & RS M
mm/dd ZIE|M'E2 B2 AFE Atzdof 2 gholct. St XIEH LT B2
Mol 28l &2 0/& yyyy/mm/dd/<ID> &= U&LICH

HhEd AA|ZE X 2| OHZZ|FH 0|} ZH2 LR AL AlElolE ChS O 242 mlE|M0| Bto| 2 8L
Clyyyy/mm/dd/hh. At Atedlof CHt 2 ZHE|MO| 2 FF B AWS Glue urEw OIHA S 5
01 ClO|Eq ZIEF 210 M mE|M HIEIH|O|E{E AMSHE Ol HE2ls XY AlZHE £0|= ZWol E&L
C}.

ol O|E{tH|o|A 2! JDBC

ClOIE{H 0| A0 HEE M

_|

/|
£ Q& LICE SQL SQLYIE{H 0
7{L|&E MN=2¢LC}.

e mi Cllo|lef AZHE ZE0[24H H2[0l where £0{ (= H) E
| A& MSstR| ef= ololEHolAE #El = HEEE Q¢

Java Ol|O|E{H|O|A 2173 (JDBC) @122 AME3t= A< CtZ 017 Bd==0il CHEt where b B 7H A4EH
2| MBtAAIR.
+ 9| DynamicFrame A< sampleQueryZ M AL SHAAIL. E AF85HE

create_dynamic_frame.from_catalog @< CtS1 Z 0| additional_options 2I+E F
I A AI2.

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

}I

transformation_ctx = "datasource@"

using create_dynamic_frame.from_options@< C}S1t 20| connection_options 2!
=& FHSMAIR.

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

fjo

AEtAA2

[e]]}

« 9| DataFrame A< #Z| M

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()

« Amazon Redshifte| ZA< AWS Glue 4.0 0|42 AF&3t0{ Amazon Redshift Spark 7{<E{2| & A|C}

2 XS BN,
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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"}

)

- CtE ololEHolA o] B2 i CIOIEH0| A0 HBME A ESHAARL.

. DE o4 5o AHS FH AHSHK 0T OFKITH A M Fofl QI HIOJEIRH 2I5HEIH At
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= 5t 2 £ AldHo| M AZHEH O|O|E{e| &S Z0|E o =30| ELuCt
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2ol E HEdst e L|C)
Hs2 z™3slsied™ HIo|e 2= 2 #Het 22 W5 5t= 20| L& LICH Apache Sparkl| &2
50 MYEFMZ 0| S=240| Q= 24 H|0|E| ME (RDD) ZHE|MO| &= HH 2| HEE A™StH
7| HE0| ZS2&LICH Sparkoi M M= 2 U2 1:1 Z|EL 2 TtE|Mof sHE & LICH RDD |4
ol M52 dop{dH IE|M =2 ZAXMSte Wednt RDD IHE|M £ %|X35t 6t &2 o|sHsHoF &L
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HE 27t SESHK| o2 32 oS 22 #40| CloudWatchH|
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CloudWatch HIEEIA

CPUZE 3 HIZE| AHSES HOItMI2. YR MR7I7H & B0l #alE 5tk St B By
*EIE HAsHE 20l ZSLICH O] S AIZSHE 7[7H Sot AR 12 SS +HRKIP LIHK| A
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CPU Load (%)

I —

war 118 1018

or2s 0754

Browse = Query @ Graphed metrics (5/6)

noe 1018 1w 119 1019 04-1910:19 IG.‘IO 1020 10:20 10:20
2023-04-19 10:20 UTC
824 08:54 1. © Executor 1 0.12349642314 0054
2. O Driver 0.01471741881
— 3 O Executor 2
4. O Executor 3
5. O Executor 4

Options Source

@ Executor 3
@ Executor 4
1021 10:21
1024
Add math = | ‘ Add query ¥
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Spark UI2| AE|0|X| R0 A AE|O|X[2| &Y & Qe = U&LICE 0| B2 Spark= & stLtof &

Executor D Host Launch Time Duration  Task Deserialization Time GCTime  Result Serialization Time Input Size / Records Write Time Shuffle Write Size / Records

1 172.34.235.123 2023/84/18 10:20.02 1.3 min 03s 0ds 1ms 2.0 GB /7135819

12ms 58.0B/1

HIE Bt UaHRlols Executor 10| LS| A1 #EIsHE 240l EAIELICH 5, of B2l &
MBROIMEF SYEIT CHE A¥YIE R EIRSLICH

20 25 30 35 0 a5 50 55 0

Ol2{8t 40| LIEFLHE 732 2t TlOJE] 2ol ChaH CHe 317 WS Al 2 A

Amazon S30{| A CI|O|E{ EE & ®¥izdst &Lt

Amazon S30{ M CI|O|E| 2E& EE3}tetedH HY 7|2 EPEI/E' +8 ISt O3 O3 e ot

E|M 42 2502 &

= T =

Ad8e =+ AKX TE|MO| LT BX| =5 StAAIL.
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Amazon S32| Z< & 7| Spark RDD I} E[M == (Z} T}HE|[42 Spark 2ol 3HE) = Amazon S3 G| 0|
E{MES| 7|5 (o: SA, &S, 37() of et 2 755' ZE|LIC}. Amazon S301 X{ZHEl DataFrame CSV Z4A|
oA AWS Glue DynamicFrame EE= SparkE 24438 i &=7| RDD Z}E|M 4= (NumPartitions) £
CH20F Z0| CHE Mo 2 AHAHE &= Ql&LCt

« ZHX| 27| <= 64MB: NumPartitions = Number of Objects
« 64MH|7IHIO|E O|& S| QEME 3 7|: NumPartitions = Total Object Size / 64 MB

- 28 =7} (gzip): NumPartitions = Number of Objects

F

7| Mo M MHEE X Sparke CHEE S3 A E HHE Molg = Ue 28
Z LhsLUch Zx7F 28 37|20t 2 42 Sparke A& E E2&5tD 2& 8 molct RDD ZHE[M (2
2Q]) 2 MMFLICE Sparke| & 3 7|= C|O|E FAIn HEMY 2t Foil et EetRIXIBE AlZE Al O]

Alnp 2
HEH HYELICH U7 A= gzipth 22 EE€E & ol 45 A2 AH8st0d A FE|2 2 Spark

NumPartitionszZt2 CIO|E{ &4l & AWS Glue HHE, AWS Glue A} 4=, Spark T30 k2t

St = A&LICH

0 € £04 DataFrame SparkE AF23t04 10GB csv.gz A 5lLIE ZESE B2 gzip2 EE £
Ao B8 2 Spark EEI0|HH= RDD ItE|M (NumPartitions=1) 2 stLtEF MM EHLICH O|2 CleH &7

Sp ark A&7| stLtol| otR o7 w5t T ChE O30 dBE JAME LIHX| A™d7[ol= 2ol §FE
x| et &Lt

Spark Web Ul Stage B0l A AE||0|X]|2] AIX]
504 df . rdd.getNumPartitions() tgiagg% %glap.;pqg_

12
O
’2
cC
3
3
Q
H
+
|_I
+
|_I
(@]
3
u
i
J\OI'
ro
Q'I_l
d
I
T
kU
[N
i
>
o

10GB2] gzip THO| Q= B9 ST THUS WASHE AL IUS Y TH5E BAloz May
£ QUEXI HOISHANL. Ol SMS ALY 4 9k B IS Masy| 9ok 2HAE ST S F
SHOF & 4 USLICH 228 OB HEE 2 8HMOR MHSHHH repartitionS AF&3Hod 2214
E1o] stedxt RDD 2ol F8S MZ Aok BrLict

ClO|E{Q| &1t Sparke| &7 7[5 730l M2t 7|2 &Ye HHESHE = Ut 23 "2
NumPartitions ZtO| L}& = QU&LICH NumPartitions3 7|7} L4F 2o ®™ X222 0421 S
df.repartition(N) &l&7|of B&teh = U T AR50 TtE|M =8 s2|AAI2.

O] 22 A& &7} NumPartitions 17H0{ A 10072 df .repartition(100) £04L} ClO|Eq m}
E|M 100747t M&E|D Zt otE|Moi|= CHE A™>7Iof €28 = e 2edo| Z&ELuICH
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S5t repartition(N) 28522 (10GB/100 IHE|AM = 100MB/T}E|
O 2 X|®x|X| et&LCt

® Note
S9| join ME =2 AH %P‘:'_ = grof et TE[M =7t SHMo 2 S7{Lt Eo{gLICt
spark.sql.shuffle.partitions spark.default.parallelism O|Z | 5t™ Spark
7| ztof CIo|EHE E-l 8 7‘—'.' E I’L%Q = A&LICH ApMIEH LHE 2 Spark dBME HZE

SHAAIL.

AWS Glue ZZ2H|ME & xto| A& S Soiatst= ALt
F= YAt f=of et FatELICH vCPUs Sparke Zf v CPU 2
WS Glue H{%1 3.0 O| &0l M= CHE S48 At835t0q CHef THE|

CHAN TDHE|M 8 2SS M =8
AWS Glue 24Xt =2 Spark &
o{of| CH&ll stLto| Etele x|fistLC}H,
M AEE HAFSE £ o)A LT}

>

# 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
NumPartitions = numSlotsPerExecutor * numExecutors

# Example: Glue 4.0 / G.1X / 1@ 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

—~

Ol Mo A Z G.1X 74 Spark A& 7|0l v CPU 201 47HE MBS ELICtH ().
spark.executor.cores = 4 SparkE v CPU Cored 5tLto| g X[52 2 G.1X Spark
*'°”7|" 4749| E S SAlof| A&E = U&LICt (). numSlotPerExecutor Eedof S8t Al
0| A2k|E A2 Ol =2 WE|ME AE35H SHAHE zICiE &3 = JU&LICt shx(et
= 5.*?;.% CHE ZMECt Alztol 22 ZEd Zo{7t RF HEi7t ELICH o|H Bz 2 E= 32
0% .

HAO| UASHE S BRET 28502 UNS T W0l EaL

numPartitions &35t0{ H5 344
Ct.
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Apache Spark AWS Glue 20| 85 = 2 Al

2 pfo™ 5t 47} LI2 BfobEILIT}. 0|2 Qs 2+l 5ed U Spark A%+ 7+ H|o|E]
& £l Q5| = 2 QI8H Spark =2+0|EHH| THE 57} W AYEHLICH

ol mE|M 7t S X mE|M s=ECt M Blo™ OtE|M =& £0|= [0l E&UCt CHs SMS

Ar&3stod TtE|ME EY &= U&Lct

- I+ 7|7t 04 B2 F A8 A A2 AWS Glue groupFiles. Apache Spark &g A&5to{ %
g Molg i YMStE e dt HWE Mg EY = UELIC

=
« IIE|ME coalesce(N) BHEst= Ol AFSELICEH Ol= HISO| MA E& Z2ZHAQLICH MES
repartition(N) =&3t0o{ 2 IE|MHO| B & E repartition(N) #S5tH EHistEZ 1}
E_
=

=
ElIM 8 £ = O] 2Ct coalesce(N) MZELICL O|2 I3l HI81 &2 LHIE=E7I Z7He
LICF.

. Spark3x 7‘—1%%5' 2o ASS AR
o

o 4 giE B2 ol Yy ASE

Q. Apache SparkQ| £ 50| HHE
L Jls8 NZELch Mg £8ist | Mk ohE|A

oM HiolE =2 & E=SHELICH JDBC

Spark RDD IHE|M == FMof| et Z™HELICH 7[2XHo R 228 S8l X AA HIO|HMEE A&
5= 22 8t B AELICH SELECT

£ Ct AWS Glue DynamicFrames Spark?t Spark= DataFrames 092{ &40l Z* 235} El JDBC O
O|F E=EE X[HELICL Ol= where ZZAAIE AFE5t0{ StLES| SELECT #HE[E 042] #HEIZ 285t

£ wAloZ o|R0o{ZEILICt oM 27|12 JDBC ¥&dslsiei™ Ce SMe T M5HAAIL.

« For AWS Glue DynamicFrame, &% hashfield (EE=hashexpression)). hashpartition Xt
MIS| 2otEEi™ JDBCH|O|EMM HEE 7|8 HAIIMAIL.

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,
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transformation_ctx= "datasourced"

)

 SparkQ| A< DataFrame, numPartitions partitionColumnlowerBound, % upperBound £
MLt RtAlS| JDBCYotE 2 CHE CIO|EHI0|AE S HERSHMAI.

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/")

FHLE{E At2E [ DynamoDBOIA] Cl|O|E{ EEE Wad5t gt ETL

LICt. dynamodb.splits Amazon DynamoDBO]|

mjo
Io
i
mo
e
L
Q'I_
>
>0
30) 11H1

« 9| 7I%|& =O0|MA|L. dynamodb.splits

« AWS Glue Spark& ETL in2] 914 & 3! SMoj| MHEI 2

1=

lof [k oH7HH & ZI1M 3t st M A2,

Kinesis Data Streams0i|A Cl|O|E{ 2E & 245 &FL|C},

Spark RDD ItE|M o| £ 8 Amazon Kinesis Data Streams H|O|E{ AEZ| 9| AFE ~0f 2 ZH
ELCH HIO|E AEZI0| AF=E7F 2 71D Q= B Spark 242 & 7H0F A E'L—||ZP. O|2 2I&H Ct2
AEE] iikll*ol I:HEEO-l | ot A& £ &LICtH Kinesis Data StreamsOllA &17|2 2235l 5t24H C}

= SME FHstMA2.

« Kinesis Data Streams0{|A{ G| O|E

- oto|= = Hix|el %o S35 S&E 3
CHAl IHE[M'EstE AE nedal EAAIL.
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KEMEt LHE2 2EE|Y Yol HIS & 85 2[M=HE P[EF 2 AtEl|E HZsHAlAI2. AWS Glue
ETL

ClOIE 25 # 3tdg WasEhLIch
CO|E| 2E % xtQ{2 w243l 5le{M OIS SME AI23510{ RDD IIE|M 22 S2|AA|I2.

« CIOIHE CHA| IHE|MTstod O BE 2 TE[ME dEELICE 53] 2= XA E SRS + gl 89
Z7| 2 X&o| o Bo| YogrLict

ItE|M =& X|H5t04 repartition() DynamicFrame onO|Lt DataFrame & = &5t &lAI2. it
Moz M8 7hsEh 204 2| 2~3Hi Lt
StX|Bt IE|ME LHz BO|ES 2HdE mf 0|2 Qls| mtelo| Z5E + U&LICH Zf THE|M2 EA)
Moz 7} B|o|E mtE|Mof mtdE dde + AU&LICH 0l YX|et7| f/sH DataFrame 7|& €&
CHAl 22 e & U&LICH 07(of= E|0|E THE|M Ho| AA8 =22 A 7| ™o Ho|E7t EElE L
Elo|S mE[Mof %2 mtels EX| tu e O B2 0| mtE[ME X[EE & A&Lch aL 7
ItE|M Zhol CHR 22| H[O|E{7F L& x|n %] 2t= 7t X[x(= Clo|E =& m|aHof gLt

« MEZ0| e ZBRolE e s2IMAI2. spark.sql.shuffle.partitions MZ2/& mf A5}

HZE 2Xolz =F0| & + AU&LICh

ME mHE|40]2,00171 0|2l B2 Sparke &5 HZE|l FAE MASELICH X7t ool 7Hk <
S X o

™
spark.sql.shuffle.paritions Z/2 O| 8t O|4 O 2 MM50{ { EEXMCE EHE = U&
L|Ct.
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o2 == CHE Spark 7|0l 24 E + 2= M RDD THE|M0| EA 22 HIO[EHME Q]
4 FE0| HERXZE Soll Spark A™A7| Zhof 0| =+~ JU&LICH

= Yot ol MEE SEELICE ol2{e X2 ™KoM A&E22 A-Xtof B2

JMEZ 2 Spark OHZ 2| 0lM Als X{5te] 7HE 2 @91 5 stLtQlLIch B2t CIOIEE XAt S0t Al
d7[ol 24 C|A3 S7H0] DL E|0] Spark &Y
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ﬂIII=I

&2 CloudWatch M E={1} Spark Ul A B7te = d&LICH

CloudWatch HIEEIA

JIE HHOIE 47| 2t0] 242 HHO|E 9} HIT 504 £ OB Spark A0 & 22 ME AN ASE

&= & LICEH join() groupByKey()

Data Shuffle Across Executors (Bytes) @ Shuffle Bytes Read
uffle Bytes Rea
18.00G Shuffle Bytes Written

ST 25 T e H .
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Shuffle Spill (Disk) @ollE CIA3 2 REE B2 2| Clo|E HZE|7F ZAIZ|0{ C|AF 7L 7HS &7

Lt M5 2H7F e 4 2

Il
r
ful

I Aggregated Metrics by Executor

Executor ID 4 Address | Shuffle Read Size /Records | Shuffle Spill (Memory) : Shuffle Spill (Disk) |
1 172352052346731 | 18.6G8/40210300 198.1GB ! 16.8G8 |
2 172.35.195.173:46185 | 18.7 GB/ 40246767 L1728 117.3GB |
3 172.36.135.106:35013 | 18.6 GB /40253921 1101.6 GB | 16.6GB |
4 172.34.131.223:46879 : 86GB/0TO074T 199568 : 16468 |

Olz{8t &4 0| LIEtLE D AE|O|X|7 45 SE0| H|5H L4F 22 Out 0f Memory ZZI74Lt No
o

space left on device 2Fet &7 AI{st= A CtE HE YHE Dofdal 2 AL,

Elol28 FOISHE join() MU 7HY UHHO R AL EIE ME T0IXT A5 HE Hato| &
Mahe Z9H BALICH 918 HISO0| B0l 2 Fef0|22 HIALIA T gl B Te st B2t
ObLIBY AF®SHX| SH= 210 FALICH ChE T2 S ClojE| THo|Zalolg 28 Mo R ASsn 3
SX| CHAI 3 SOISHAIR

« MAISE =+ U OHE HUUME +-ElE RIS CHA| Aldtstn /&L
- E3 Al AHIXL AL EEX] = o E Qe 7|18 diMste o #odstm H 7t R?

ZQlg +dst7| DataFrame 0 oA S E 28 &t B defHLIct. of7|ol= CtSat 22 0|HO0|
ol
AN

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

# Use Pushdown
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dfl_select =
dfl.select("product_id","product_title","star_rating").filter(col("star_rating")>=4.0)
df2_select = df2.select("product_id", "category_id")

df_joined dfl_select.join(df2_select, ["product_id"])

DataFrame Join AFS

= Z QI CH4l SparkSQL, DataFrame, Datasets 2t API Z2 Spark & | EI2 2 AHE35H EML. RDD
API| DynamicFrame DataFrame 2} Z'2 MM E DynamicFrame £ & & AF&3t0{ fHEHE = Q&LICH.
dyf.toDF() Apache Sparkl| 2 & =0 Mt ZdXH olz{8t =2l Y2 LHF ™Mo
Z| Mgl =230 | %[X5HE S ELIcH

Catalyst

ME Y ERCIHAE A ZQI 2 FIE

Sparke MZ X1t HZEIFIAE Al ZQIOIEtE F 7HX| &8l XI€ X
SHAl ZQ12 ME0| ERstXx| oM ME ZQIECH ME7t 2 ERE + /U&LICH o
xtol HZElof S04 = U
E&LICH

=
=2 Z Elo|Eoi =elst= B0t MSELICH B Spark &

=
E sllA| Z2lg AI8stE W0l £&

== T
22 xOIg M= BEECEIHA

Broadcast join Shuffle join

Table Joined table
Shuffle

Shuffle
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. HEEFHAE SAl ZQ/2 Cf &2 ROD OR El028 2 97 mER FAIZLICH 231 Ok o

2 OREfOlZ ol 2t THE|MI B & 2B S #EHLITH RDD
5|0l RDDs & B0l 5 3LHE HIZElol B 4 AL HZElol 7 2 4 o= B2
sl= 7

zolof MEFLIC HREINAE A ZQI2 MEO| HR5HX| g8z JHsstH +-A 5
ol E&LICH Ct23t Zro| =Q EIEE Al&510q Sparkol E2ZEIHAE XIS =

Ct.

# DataFrame

from pySpark.sql.functions import broadcast

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

-- SparksqQL
SELECT /*+ BROADCAST(tl) / FROM t1 INNER JOIN t2 ON tl.key = t2.key;

ZRI BIEO| CHEF REMIEH LI 2 ZRIFIEE HESHAAIR.

AWS Glue 3.0 0|40l A SS 3 72| A U £7} OH7HH4E T 4dststod SREIHAE SA| ZQ
2 502 ¥R £ UBLICH MSH 22| N¥L of= % £0lo| ety SHI} MSH B2 =)
AE Al 2O UAIZIEC &S 0 ME-HE Folg HEEHAE SAl RO HELIC

>
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fjo
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o
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o
>
L
o

AWS Glue 3.00iME dHE Sall MSE #E
spark.sql.adaptive.enabled=true M8 FZ| A2 AWS Glue 4.00{ 7|2XMo =2 &3}
Z|of A& LICH.

ME WHZCIHAE SAl 20 BT 7} IEHO0IEIE XY £ JaLich

=

* spark.sql.adaptive.localShuffleReader.enabled

» spark.sql.adaptive.autoBroadcastJoinThreshold
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AWS Glue 3.0 0| 0IM= MEE CtE =@l TIEE AME5I0 %2 ™Y &= /U&LICH

-- Join Hints for shuffle sort merge join

SELECT /*+ SHUFFLE_MERGE(tl) / FROM tl1l INNER JOIN t2 ON tl.key = t2.key;
SELECT /*+ MERGEJOIN(t2) / FROM t1 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(tl1) / 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;

HAE AL 3t7|

YH-Ee xQlols MED MY, HEolgte F AT 2o Lot o & B A= Spark A& 7(of 1t

BE5i7t deln L8 M™Y|7F EEtz|n ChE A™77 OOM SAlol HEE M Hs EXT| gt Mg £

A&LIC ol Zol= HAE S A85tol E2XMo = ROIE + lELICH HAE2 =2 7|9f &

£ 0|2] 42 0|2 E=E oS Y= E dlo|EE &zt elo|gol| 7|SELICh Y2E Szt Eloj22 0Ol
osto CHY Elo|E2 =QIE M ME X HHE 7ol HI8E EY =+ U&LICH

Sort-merge join Bucket join

Sort Merge

{ Scan table \ ’ Scan table ‘

== =

{ Scan table ’ Scan table
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Apache Spark AWS Glue 20| d5 = 2 At

HZ!lo| l= Elo|E22 Cha1t 22 320 38 LI

I3 ZQIEILICH account_id

IS =
oz XIHY 4 9t 712 U et o)) 2=

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

X0l XMoj =Q! 7|2 C}A| DataFrames IHE|MH S & L|C}.
Z QI ™of| =@l DataFrames 7|0{|A & 7|E CIA| E&35lciHH OIS WHES AIESHAAIR

dfl_repartitioned
df2_repartitioned
df_joined = dfl_repartitioned.join(df2_repartitioned, "product_id")

dfl.repartition(N,"join_key")
df2.repartition(N, "join_key")

O[=H st = QI Al%st7| Tof =QI RDDs 7|0l A & 7HS| IE|M (0i%15] 2E|=|01 18) ol 2&
ELICt. = RDDs B2 =7t S 7|2 SYUE TEIH'E ZEE A8t MEIMEE B2, & =
Ql5ted= RDD B2 =7H ZQ1E flsll 40[7| ol SUEE 2/7{of &2 2Ixlol HiX|E 7tsd0l &L
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= Event Timeline
Enable zooming

Scheduler Delay Executor Computing Time Getting Result Time
Task Deserialization Time Shuffle Write Time
Shuffle Read Time B Resull Senalization Time

19 /172.36.221.228

— e e e e e e e e e e e e e

102 f172.38.238.168

121 /172.36.250,95

1549 06:50 06:51 06:52
Thu 30 March

I CHE &% H0IX|= Spark 2ol CHEF SHE EoiFE 29 X|EJLICH CHE 23 BIX2 X
% AlZh, GC AlZH /& (HI2El), RE (Cl&3) S0 CiEh HELIs7t X e E HERIZ 2EoiFLIC
Summary Metrics for 5 Completed Tasks
I_ Metric . T~ T T T T T T Min T~ T T ﬁth_paTceFtll? TT T T T T T Wedian ~ ~ T T T T~ r".'-s'fﬁ-percenf'r ”””” ax
MQuatin | _ _ _ 9T _ _ ______ W _ o __Ms_________ s ____samn__ _|
GC Time 0.0ms 02s 03s :0‘45 1s
Spill (memory) 00B 00B 008 j0.08B 16.7 GiB

|
I
I
Spill (disk) 00B 00B 008 loos 10.2 GiB 1
Output Size [ Records 8.3 MiB [ 12651 9.4 MiB [ 21462 36.1 MiB [ 63860 929 MiB [ 258057 101 GiB / 20370130 |

I

Shuffle Read Size [ Records 9.8 MiB [ 12651 1.7 MiB | 21462 43.4 MiB | 63860 I_IZZ .6 MiB [ 258057 1.8GiB/ 2037[}130

51910| 2S5t RHIEIH DE HESIS0|M HIRE 22|18 B 4 USLICH ClOIE HA7t ol 2
S Zh wEolsol M D4R HYE 32 & 4 ?Aaucr ol &0l M 5Hed KI5 Alzhe 24, 255N
w2 Ql4 FUTL, TN HE LIS TOI2 13% O|BULICH Max Bl 75HRH W2 9142t 100
H B2 CIOIE{E REIZKIEH 6.420l2Hs A ﬂg of 30uH Cf ZILICH 3, StLt Ol4F0] &Hed (= 5t
219| £|TH 25%) Of LIHX| SH4i2Ch B Q) ZR&LICH

HiolEf &0l EO0|H IS E AlLS

fom )

E2A

kO

AWS Glue 3.02 AI83t= 39 M™E spark.sql.adaptive.enabled=true S5 MS& 2|
A g5t AAIR. M8 HE| A™2 AWS Glue 4.001M 7| E2XMo 2 & AMstELC

CtSot 22 2 of7iH & M35to] TRl = QIEt Co|E ef=of CHal M8 Y Hel A=dE ALS
=13 |_-_|.
=

* spark.sql.adaptive.skewJoin.skewedPartitionFactor
» spark.sql.adaptive.skewJoin.skewedPartitionThresholdInBytes

* spark.sql.adaptive.advisoryPartitionSizeInBytes=128m (128 mebibytes or
larger should be good)
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* spark.sql.adaptive.coalescePartitions.enabled=true (when you want to
coalesce partitions)

KEMIBH LI 2 Apache Spark MBEME H XS AAI2.

P2 7I1E A8stAIR. ME ZRlolME 712 Zf s Al Zroll CHal ZE[440]
o| ZIEI'LEIE7t LIF R 2B S Al &f =7} THE|M ZHol| CIO|EE E4tAIZIE &
HY S & 7tsd0l E&LCH ek o E 2|7 041t HIZ LA ZE0|M X|HstE B O =
ZtCId2lE| 7|l 5§ 7I1§ At8ste Z0| E&LICH

N Ho
N

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

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

FHAL AHE

HH=S %10 2 DataFrames At & [HE A4t AW E ZF Spark A~ 72| HE 2| C|AZ0
df.cache() FHAIGtHLE df . persist() AFESt0d FIF ME E= Hl¢H2 =&SHK| Ot AL, EE8
Sparki= RDDs C|A230f 2236t 7HLt o2 =0 X SAst=E 715 (A EEXI &) 2 I%E L|C.

0|2 S0f, F£7}5l04 X|&E 4= UELICH DataFrames df . persist() FHA|7} O O|&F =R 3IX| of2
AL E unpersist AL&35t04 FZHA|E CIO|EE ATXE = U&LICH.

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()

countshow, E= Z2 SER 8 22 A=-SIX| OFM[R. collect Apache Sparke| £ &= MM
Ol M AHEEH WX{H Sparke= H=Ct HEHE ZF HE2 ’5.*°.=1% e mfotct CHA| RDD H&HE =
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o8 280 B25HX| collect() SE7HLE CHE EHUol ls B¢ ol &Y E AMHst= ZHol £&
LICH.
(® Note

AAE collect() BHMME SparkE ZICHEH AL SHX| OFMIL. O] collect() H

M2 Spark A&7|o] 2E A4 ZAOHE Spark E2HO|HE HPSPoH:H 0|2 QI3l| Spark
EZlOo|Hol M LR/ 7t HHEHE == & LICH OOM OOMRF & Y X|5t7| 2|5 Sparke
spark.driver.maxResultSize = 1GB 7|2X S & Spark E20[HHof gr&tz|= Z|CH Ol O
Bl 37|& 1GBZ A|ghet= & HEELICH

Apache Spark2| £ =0 HdHst 7 EElo|He A HEE MgLct of A=
ek 22 =4 MEIE I8l Spark A 2 L—| Ch gLt 22 ool BE7HLE THE[ME =7} B
2 3% Spark E2tO|Ho|| H= T4 0| Llg = A&LICH AWS Glue Data Catalog =2 7| 23

EE AM¥sieid O s X2 & BtstM L.

CloudWatch X|E
Clet Z+e Abstol CHE CPURE L HEE| AFRES 20151 AN 2.

- Spark E2IO|HH CPUR St L HIZE| A E2 =2 RWo R 7| ELICH YPtMO 2 Spark EEFO[H
= OIo|E{E ®2lstx| ez cPU 2E 2 HZ 2| A E0| 255HK| &t&LICH 8HX|EH Amazon
S3 Clo|E| HEof 22 mlUo| L{F Bfo™ D E S3 HAE LIPstn B2 2 g #ElstH 2laa

ASEO0| Fot& =+ AU&LICH

« Spark A&7 M %27t AIZE|Z|77HK] 7] SE0| /U &LICt CHS oA A3 B0l M= 20|
10:0001| A|ZEIRASZOH| = = T35t Spark A=7|2| CPU 2517} 10:57 H K| LT K &LICH AWS
Glue O|= Spark E2tO|H7t A& H|&lg dM5t= Ol AlZtol 2ei Z& &= US2 LIEIHLICE o]
MMM E CIOIE FIEE2T0M BE 2 THE|MES M5t T Spark E2H0|HH0| Q= BE2 9| 22 1t
L2 LIFst= o Alztol 2 Z&Lct
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PU Load (%]
Erl Load By @ Driver
1.00
pa— - - - - | v I”]I| l|| @ Executor 1
\ | | \ @ Executor 2
050 ! ! | ! 1 HH I
! 1 i Executor 3
.80 £ B Executor 4
|
o B
I
080 | |
!
050 f

| ! "'l,‘.,ﬂ,/.'\f WM A

030 | | |

0.20 ‘I ' |
: | I'| i| A III L. 8 I"I ||' LA |.| AR
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04- 18 |U 56

10:00 10:30 i 130 12:00 12:30 1300 13:30 14:00 14:30
2023-04-18 10:57 UTC

1. © Oriver 0.69067420809 =
2. O Executor 3 0.00050062578
3. O Exescutor 4 0.,00045885826

3 G S
rowse | Query rap! ource Add math w || Add query w

Spark Ul

2 =Hols £ Q& LCt Ch2 ol Ao M Spark E2H0|HE Z40]
6 01 job0= AlZEFRH&LICE AWS Glue

Spark Ul2| Job B0 X E AlZtS &old
10:00:00 Of| A|EE[RAZSH T EF3t1 10:56:

N

- Completed Jobs (1)

Jobid ~ Description Submitted Duration Stages: Succeeded/ Total Tasks ffor all stages): SucceededTotal
[ count at DynamicFrame.scalka: 1414 2023704018 10:56:46 4.9 h ] 5810058100
count at Dyn:rﬂ:c!'-m.m scala:1414

KB Job RAOIM EiAT (R E EHAl): 83/F Alzts &eld = Ql&LICH ol 32 B =t 2
ol 7|%5.=.'I—IE+ 58100 4 HHst uiIOIXIOI Amazon S3 M4d0f BEICHE A = CHE S3 x|
w2t UR[FLICH &, Amazon S301E ©f 58,1007H2] Z4%i| 7} R\ & LICtH

Of Zednt ol Chet xtM|EH LIS 2 AE|O|X| ®iE =3t AIR. Spark EEIO[HOIM &= 40|
ddste Z2 oS sld YHE noish 2HAIR.
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Amazon S30 T} 0| L{F Bto ™ Had5} &
of cHEt X[EE DE{stMAIL.

» Amazon S301 I}E|MO| L{F Bfo ™ H|0|E{ AZHEF =0|7| HO|X|2| L{F B2 Amazon S3 I}E|M
Mo @)= ot 8 ThE|M ol CHEF X RIS TRt A AL, THE|MO| BE2 7R AWS Glue IHE|M

AN L—
QIEA S #4350 ClO|E FHE 2 T0d M THE[AM HIEIHIO|EHE AMSHE ol AE2le X[ AlZtS
ZE0|AMAI. REMIEH LI 2 AWS Glue ZHE|M QIHIA S ALS S FIE| M5 7HME &I ESHAAIR.
« JDBCIIE|MO| L{F B2 ™ hashpartition 22 S FAML.

« DynamoDBO]| TZHE|MO| L{F BIo™ g2 FFAAIL. dynamodb.splits
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A&Xt Hol &+ (UDFs) & RDD.map 0l M= PySpark 53 50| 3 A XSHEILICE Ol&= Sparkel 7|
& Scala 70| M Python ZEE &S E3st= O 2R3 U6 = HE & LCt.

Ct= Ctolo{a 2 & ol 7|B X E E0{ELICt PySpark € AL& 3t PySpark Spark E20[|H{7}
Py4J 2tO|E2HE|E AHE 510 PythonoﬂH Java IHI/\‘l':E E%E | P park SQL EE= DataFrame LY

StADE = =
yHTESEY

Workernode  pickte

Worker node

Workernode  pickte

E Ar&3st= Aot 20| XFAl| Python 222 A& 5t= map/ mapPartitions/ udf A< &2
Python ZHE}] Bt E0I M M ELICH F 2tEE #elstH Q6| = H|go| ehMErLICt EFt yvM ZE}
& o] LHE 4ol A2 StedT M2 2|2] oo|E{E dtsHoF & LIC}. Pickle Python ZHEI T}
JVM Python THELQ! Zto| mEto]| 7| B Mo 2 A &= st EAIL|Ct. 3HX|D o] Zl2dst 4 =3
3l HIE2 012 7| &0l JavaLt ScalaZ UDFs 2 M35l= Z10| Python2C} tHEL|CH UDFs

__

22435 U AX]~S Q| =EE I|Siei™ CHE AFe 2 125t M| L. PySpark

+ LH% Spark SQL B4 AH® — Rt#| &4 UDF i ¥ 48 Spark £ LI 842 CHHISH 2 Al
2. SQL DataFrame Spark SQL EE= DataFrame L& &8 AIME M= 28 A 7|0M LS X
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» Scala E= Java® T3 UDFs — Java == UDF ScalaZ 2 dE g+ oM A™EEE M2 1
2ot EAAIL. JVM

« HESE 2/ 2E0{= Apache Arrow 7|8 ALS — SHA E 7|EF AL8E UDFs Zt{dll 2AM|2. UDFs
0| 7|5 &€ HE{ElO|=E (Pandas) 2t 1= & LICt. UDF UDF Apache Arrow= Python ZZ |4 7Hof|
CIOIEE E2Mo 2 M&ste Ol AHSE AWS Glue = U= 1040l Fofetrx| ot = QM| 22| Ci|o|E
gHAllLCt JVM 0|12 #XH Pandas E== NumPy HIO|E{E AF8 3= Python AL XA 7HE |

StAFE = A A (HE{sH SAQULICH A XIS 2 0|F0{X|X| Ao 2 2|Cist &3t =
e 2 EEST| fla FHOo|Lt ZEE o7 A oF & = UELICH AEAIEH LIS 2 A& AHE 2
9| Apache ArrowE F &35t &l Al2. PySpark

CH2 olMlE EZ UDF Python2l| 7|2 S E & Vectorized?} Sparke| 7| UDF S2& H|m&L|ct

E Z Python UDF
ofl M| AlZhe 3.20 (X) Lch.

oA 2=

# 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()

Al
=

0%

A=

== 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 [pythonUDF0#124]

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

E Z Python UDF 44


https://spark.apache.org/docs/latest/api/python/user_guide/sql/arrow_pandas.html
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+- Project [id#114L AS a#116L, id#114L AS b#117L]
+- Range (0, 10000000, step=1, splits=16)

HE{S UDF
oflAl AlZH2 0.59 (&) LCH.

HE|5}E UDF ZIH= 0| of M2 CH 58 Cf #HE LICH UDF Physical PlanZQIsi=E o] ofZ 2|7
0| 0| Apache ArrowEvalPython ArrowZ HIE{SIE|ARS 2 & = UELICH VectorizedE & 3t5t
2{™ 2 =0i X|™Y3loF UDF & LICH spark.sql.execution.arrow.pyspark.enabled

true

oAl 2 E

# Vectorized UDF
from pyspark.sql.types import LongType
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()

Al
=

0%

A=

== 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 [pythonUDFO#1082L]

+- ArrowEvalPython [pandas_plus(a#1074L, b#1075L)], [pythonUDFQ#1082L], 200
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+- Project [id#1072L AS a#1074L, id#1072L AS b#1075L]
+- Range (0, 10000000, step=1, splits=16)

Ant3 SQL
ofl Al AlZH2 0.087 (X) &Lt

SQLSparkE Vectorized 2CH &M WS L|CH UDF Python THEFR @10 JVM ZF A= 7[0d| M Efedo| A
7| MEQ/ULICH E LY &2 &g = UDF IctH a2 A 5t= Zdo| E&LICH

oA 2 E

df.createOrReplaceTempView("test")
spark.sql("select count(a+b) from test").collect()

ECHE =OlolEof & &st7|

= SparkoﬂH TCHE AFRE £ &LCH
M 34 L ESR ZIAEE: Pandas APl on
5t & A|2. PySpark
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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/user_guide/pandas_on_spark/index.html
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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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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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https://docs.aws.amazon.com/prescriptive-guidance/latest/migration-portfolio-discovery/welcome.html
https://docs.aws.amazon.com/prescriptive-guidance/latest/migration-portfolio-discovery/welcome.html
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7HE AME[E £ e HE AAZ ZHRE|E 7|82 HEO| C|0|IEE XMESHE {IxILich g} ™
El = 71HEEe 242 OOIE ME| = Ho FMo 2 MEFE £ U= oo AA9| H|O|EHE
CIE QXIZ SAE &= A&LICH

78 8
CHE 718 YHo| HoZEE HE|Zlm SYUs X[ LH CHE 78 Yo X235t X[ Alzto| &
2 HER3 A4S MIste Hx ol 2x]. AWS 2™

ZZo| EEIRER H3Xo=R AWS Hetst7| /et 2ol M AEHS Jieste ol =8
Ol Bl RIE! & 28 Aty Z|U3 LICH AWS CAFE X|ES #tHol2tn st=67HX | B8 H Y
o & H|IZL|A, AFR HEHA, ESHE Hot RHo 2 BERFLICH HIELA, AFR & HEHEAA
ZH2 HELA 7|0t ZEMACN ZHE HFD, E3HE, Eot U 2 P2 ME 7(s0t =2
Mo 882 SUCH o & 04, AHE B2 QIAHR), 23 HiX| 7|5 & QI3 #E|§ Y=
O|SHEHKRIE CHA S Z Bt o|2{&t Er?goﬂﬁ AWS CA E =Zlo| MZX{0| Zalec AES

olO|E{H O|A Oto|ado|M T EEE LWotstn oto|ado]M M2Fg HAstH & of 4 x| 2 A
3ot 7 LCH AWS WQF= () ol Z & ElLICH AWS Schema Conversion Tool AWS ScTd(o|

E
|

E{H[O|A A7|0f & I = K| o EE|70|M ZE, SEH U Hds §HE M5t Wit EOME
X.”_l_ol'l__ll:l-

B

HE &2
Helolut Z&Ig Walst Lt IISHE slde o2& 7HE R luict

BCP



https://aws.amazon.com/cloud-adoption-framework/
https://aws.amazon.com/cloud-adoption-framework/
https://d1.awsstatic.com/whitepapers/aws_cloud_adoption_framework.pdf
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https://docs.aws.amazon.com/detective/latest/userguide/behavior-graph-data-about.html
https://docs.github.com/en/pull-requests/collaborating-with-pull-requests/proposing-changes-to-your-work-with-pull-requests/about-branches
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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
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://aws.amazon.com/blogs/enterprise-strategy/tag/ccoe/
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/
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://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/general/latest/gr/rande.html
https://aws.amazon.com/compliance/shared-responsibility-model/
https://aws.amazon.com/compliance/shared-responsibility-model/
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https://martinfowler.com/bliki/StranglerFigApplication.html
https://docs.aws.amazon.com/prescriptive-guidance/latest/modernization-aspnet-web-services/
https://docs.aws.amazon.com/prescriptive-guidance/latest/modernization-aspnet-web-services/
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https://docs.aws.amazon.com/AmazonCloudWatch/latest/monitoring/CloudWatch_Synthetics_Canaries.html
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https://docs.aws.amazon.com/vpc/latest/peering/what-is-vpc-peering.html
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