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https://docs.aws.amazon.com/emr/
https://docs.aws.amazon.com/athena/latest/ug/what-is.html
https://docs.aws.amazon.com/redshift/
https://docs.aws.amazon.com/glue/latest/dg/what-is-glue.html
https://docs.aws.amazon.com/glue/latest/dg/start-data-catalog.html
https://docs.aws.amazon.com/glue/latest/dg/start-data-catalog.html
https://docs.aws.amazon.com/firehose/latest/dev/what-is-this-service.html
https://docs.aws.amazon.com/managed-flink/latest/java/what-is.html
https://docs.aws.amazon.com/sagemaker/latest/dg/whatis.html

AWS HE 7t0|= 0{|A Apache Iceberg AHE AWS

« AWS Lake Formation= Athena EE = Amazon Redshiftol| A A& 5= Iceberg E|O|E 2 Z & 5l04 O
O|E{0f| HMAE = U= HE D HESHE HMA Mo HEHS MSELICE. Iceberg E|O|2 2| T8t
X|2doi| CHBF REMIEH LHE 2 Lake Formation MEAME XML

AWS Ol = IcebergE X|st= CHY S MH|ATL QJUX|BH 0|28 2& MB|AE CHR = W20| 7t0|=9]
HRIE Hlo{L|ct oS MM ME Amazon EMR 2! Athena SQL2| Spark(Hi x| & X35 El AEE]
) AWS Glueod| CHaH AHEEFLICH CHS MM M= Athena SQLS| Iceberg X3S 7t2

Ct.

AWS Apache Iceberg0il CiEtH x| 7


https://docs.aws.amazon.com/lake-formation/latest/dg/what-is-lake-formation.html
https://docs.aws.amazon.com/lake-formation/latest/dg/working-with-services.html

AWS H¥ 7t0|= ol M Apache Iceberg AHE AWS

Amazon Athena SQLO{| A Iceberg El|O|E A|%F5}7|

Amazon Athenat= Iceberg0ll CHEt 7|2 X|2E NS ELICt Athena MBAM | A|E 57| MMof| dHE
MHIA M Z7HE M5t 49E Melsta F71 EHA EE= 778 810] IcebergE MSE = U&L
Ct. O] MMoi M= AthenadllM EIO|E S ddst= WHE ZHEFSHAH ATHENLICH XEMIEH LI 2 0] oFLH
M 12 29| Athena SQLE A8 3109 Iceberg ElO|& 2 XML,

CHE ATIZ AE35H040{ A Iceberg El|O|& AWS & e = U&LICt. O[2{&t HIO|2 2 BESHAH &
SELIC AWS MH[A. Athena SQLE A& 35104 2 B Iceberg HIO|E 2 M 5te{H CIE E& 2¢t
ICE ME8E = A&LCH

CREATE TABLE <table_name> (

col_1 string,

col_2 string,

col_3 bigint,

col_ts timestamp)
PARTITIONED BY (col_1, <<<partition_transform>>>(col_ts))
LOCATION 's3://<bucket>/<folder>/<table_name>/"'
TBLPROPERTIES (

"table_type' ='ICEBERG'

Ct=2 MM M= AthenaOll M ZHE|AM'SEl Iceberg E| 0|21+ THE[M'E E|X| &2 Iceberg El|O|2 2 MN
St ol E MBS ELICH REMEE LHE 2 Athena A B A 0f| XM|S| HHEl Iceberg FE S EESHAMIR

mE|IMIE|X| i 2 E|o|2 dd

CtE o 22 AthenaOll M 2& E[X| %2 Iceberg EIO|E S MM EF
X|HELCt Athena 2£ 9| 2| HEZ|o0o]| 22 F7}5t0 E|O|E S &M

e

* r
o

m>

r

n

CREATE TABLE athena_iceberg_table (

color string,

date string,

name string,

price bigint,

product string,

ts timestamp)
LOCATION 's3://DOC_EXAMPLE_BUCKET/ice_warehouse/iceberg_db/athena_iceberg_table/'
TBLPROPERTIES (

DEIMIEIX| i 2 Elolg ¢y 8


https://docs.aws.amazon.com/athena/latest/ug/getting-started.html
https://docs.aws.amazon.com/athena/latest/ug/querying-iceberg-creating-tables.html#querying-iceberg-partitioning
https://console.aws.amazon.com/athena/

AWS H¥ 7t0|= ol M Apache Iceberg AHE AWS

'table_type' ='ICEBERG'

2| WE7| AL& 0| CHE step-by-step X|E2 Athena MHEMO| A% 5178 R ZFIMIL.

mE[MIE Eo|Z2 Y

CHS 22 Iceberg?| &74T! LEIME 7HEE AlE5tod EME V[ 2 TtE[MJE EHo|22 MAF
LICH day() BHEt2 A& 510 EFUARIE QoM dd-mm-yyyy A2 ALE5t0{ Y TE|ME F&
2rLICH. Iceberg=0| 2/ 2 CIIO|E MIES| M B2 XMHstX| ef&LICH CHAl HIOIHE =dst ALt 72|

& i 2ol FA| ot lELICH

CREATE TABLE athena_iceberg_table_partitioned (
color string,
date string,
name string,
price bigint,
product string,
ts timestamp)
PARTITIONED BY (day(ts))
LOCATION 's3://DOC_EXAMPLE_BUCKET/ice_warehouse/iceberg_db/athena_iceberg_table/'
TBLPROPERTIES (
'table_type' ='ICEBERG'

N

Tt CTAS 22 AFE5104 El|0|E MM 2 Mol 2=

Ol MMo| 2l of Mt EE E|X| ot 2 0 X0l A Iceberg EllO|E2 HlEfo|2Z MAELICH
INSERT EEE= MERGE € AF®3104 E|O|E0] CIO|EHE ZEE & U&LICH == CREATE TABLE
AS SELECT (CTAS) B2 AF835l04 §t £0]| Iceberg EllO|2 2 HIO|E{E M50 ZEE & &L
Ct.

CTASE Athenadl M E|O|E & ddstT Y Zof IOIEHE ECote= 7tE E2 WHQULICH CHS
M0l E CTASE AFHE 3104 Athenall 7|Z& Hive/Parquet Ef|O|E (iceberg_ctas_table)0iAd
Iceberg EllO|2(hive_table)2 d4st= WS Eo{FLIC}.

CREATE TABLE iceberg_ctas_table WITH (
table_type = 'ICEBERG',
is_external = false,

oEIMIE E0lE ¥y 9


https://docs.aws.amazon.com/athena/latest/ug/getting-started.html
https://iceberg.apache.org/docs/latest/partitioning/#icebergs-hidden-partitioning
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location = 's3://DOC_EXAMPLE_BUCKET/ice_warehouse/iceberg_db/iceberg_ctas_table/'
) AS
SELECT * FROM "iceberg_db"."hive_table" limit 20

SELECT * FROM "iceberg_db"."iceberg_ctas_table" limit 20

CTASO{| CH8t XEAIEH LI2 & Athena CTAS AEME 2 XA,

ClO|E] &2, 2dCl|0|E 4l AbK|

Athenat= INSERT INTO, UPDATE, MERGE INTOZ! DELETE FROM & AF83}04 Iceberg EllO|£ 0|
CIO|E{E M ChFsh dhedg K|EhL|ct.

@ Note
Athena SQL2 #4Xl copy-on-write M= & 4lE K|St X| et &LICt. UPDATE, MERGE
INTOZ! DELETE FROM 22 X|HE HO|E &0 2H|i0] #&x| A2t & 7H merge-
on-read HZ WAlg g4 APR%*LIEP copy-on-wrltewrite delete.mode& AIESIEE
write.merge.mode, & write.update.mode® Z2 E0|E £ 2 MH5IH 2|7t Ani
&t X| St X|BF Athenas FHEIE F AlStI merge-on-read2 Hl& AFZEFLICE.

CHZ 22 INSERT INTOE AtE3109 Iceberg ElO|E01 C|O|E{E F7I&LICEH

INSERT INTO "iceberg_db"."ice_table" VALUES (
'red', '222022-07-19T03:47:29', 'PersonNew',6 178, 'Tuna', now()

SELECT * FROM "iceberg_db"."ice_table"
where color = 'red' limit 10;

AH
(=]

a4

Mk

Results (1) Copy ‘ ‘ Download results

| Q, Search rows 1 &)

# v color v date v name v price v product v ts v

1 red 222022-07-19T03:47:29 PersonNew 178 Tuna 2023-10-1111:35:01.298000 UTC

KM LHE & Athena MEEME XA L.

o

clolE & ¢, Hdlo|E L &K 10


https://docs.aws.amazon.com/athena/latest/ug/ctas.html
https://docs.aws.amazon.com/athena/latest/ug/querying-iceberg-updating-iceberg-table-data.html

AWS H¥ 7t0|= ol M Apache Iceberg AHE AWS
Iceberg El|O|& # 2|

O of| M2t Z 0| Athena SQLE AF&310q Iceberg E|O|20f CHaH &t sQL HElE A3 = A&
Ct

Athena= YL@l 2|2| 2|0l T Iceberg E|O|2 0] CHEF AlZF O|F #E|T X|HELICH M dFE A
*& Iceberg E|0|= 2| UHIO|E E= MME Soll 7IE B|ZEE HEY + USLEZ A|ZF 0| #HE|
E A8510 EIUARMT = AL IDE 7|UC 2 HIO|E2| O|™ T2 CHA| #m{E = Zo| HElg
LICE.

& E0{CIS E2o MM ZIE2 YO|0|EFF CIS Person52023'H 18 4USFE O™ ZtS EAIEL

UPDATE ice_table SET color='new_color' WHERE name='Person5'

SELECT * FROM "iceberg_db"."ice_table" FOR TIMESTAMP AS OF TIMESTAMP '2023-01-04
12:00:00 UTC'

AHIZ =24.
A= =2 .
Results (15) Copy ‘ ‘ Download results
Q. search rows 1 (O]
# v color v date v name v price v product v v
1 cyan 222022-07-19T03:47:29 Person5 353 Keyboard 2023-01-03 10:15:52.268000 UTC
2 lime 222022-07-19T03:47:29 Person1 833 Towels 2023-01-03 10:15:52.268000 UTC
3 turquoise 222022-07-19T03:47:29 Person1 1319 Shirt 2023-01-03 10:15:52.268000 UTC
4 blue 222022-07-19T03:47:29 Person3 163 Sausages 2023-01-03 10:15:52.268000 UTC

Az O0|= E|e] 21 F7} of|H= Athena MAHME &X5HM|L.

Iceberg E[O|2 &

O|A| Iceberg EllO|& 22| 7|2 BHHIE ATHERJ 22 E Iceberg EO|E 2| SEEH HF HE 2t Ao
CHoHl REAIS| Ao 7 &L|CH

ok

o 7Hol=0| YR EIM T 7158 BB U8l lcebergs BIOIE] L HIELEIOIE] T H15
5 AsoR MAEIUALIL o2 AEE HEHIOEE XIisHoR Balstol 7zl A W Aye

Ct2 Clolo{a2 EO|E 2 XME 5= Bl AWS MH|A AF2 E|=2F Amazon S30i| IH HiX|2l= &
K| &2 &3l Iceberg EO|E 2| +42 E0o{ELILCH.

d
-

Iceberg El 0|2 Hz| 11


https://docs.aws.amazon.com/athena/latest/ug/querying-iceberg-table-data.html#querying-iceberg-time-travel-and-version-travel-queries
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AWS Iceberg table Storage
services anatomy layout

53://datalake/iceberg_table/

Iceberg =
catalog v db.iceberg_table

AWS Glue
Data Catalog

(current metadata pointer)

| - metadata/
| - vli.metadata.json

Metadata file Metadata file | -
@ @ @ @ | - v3.metadata.json
Metadata E e

|

files | - snap. 0]25 avro
| -
| -

..avro

Amazon S3 Manifestlist dg26 avro
Manifestfile Manifestfile
| - data/
Data ' | - partition_col=2023-08-10/
files Data Data Data Data | - 3dh3.parquet
file file file file .
| - jd73.parquet
Amazon S3 | - gs62d.parquet

Ctolo{2 24Tt Z0] Iceberg EIOIE 2 Ml 7HX| 7|2 HE2=2 FEELICH

+ lceberg 7}EF21: AWS Glue Data Catalog integrate= 72X 2 Z Iceberg®t S&EIH CHE 22| Al
E MM A™E[= KT EEo 7MY MEE SMULICH AWS. Iceberg El|O|E 3 &% 2 &3t=
MH[A(0: Athena)= FIEF 21 E ALE5t0{ CIO|E{E e{7{Lt £ El|o|=2 2| T ARHA HES
L|C}.

I)i

+ MECIOIE] H|E: HIEC|O|E o, & of
of, ZE|M T2, ool mhdol ffx|et 2

Holo 2 W 4F SHE FHELIC

MEE L

LIHAE e L OjLHAE S5 01U EH 0|22 AF|
2 M2t Z HIo|E ol MHEE HZ =] 2[4 I Z|CH
O|248t HIEIH|O|E] Y2 E|ol8 BZ LH2| Amazon S301|

« DHLHAE mtdolls fIx|, B4, 271, dlad A 7|t 224 2 E 23 sto] 2t o|ol& mhoi| CH

=
- DHLHAE S22 ojUHAE 10| QIMAE RS ELICH BlolZolM HLBAE T 47}
Shgtol wet i MEE LHe 2|2 AZsH0F st DHLIHAE THe
+8 Bol= ol £80 EL

nn
2
rlo
[e]]]
f
1z
Kol
|0 ru
Hu

- HEtCIO|E mtYUollE DHLHAE S5, A7|0f, ZhE|ME HEHOE, A48 ohd I B|o|= 2| MIE
HO|EHE ZElsts ol ArS |z 7IE IS E 8504 TR Iceberg ElO|E0f CHEF HEIF 2 EHE

LICE.

Iceberg EIO|E 7= 12



AWS HE 7to|=

ol M Apache Iceberg AHE& AWS

« HlolE AS

0| AlEoll=E 7t A E

HolH EZ=

Apache Parquet, Apache Avro, Apache ORC & C}2F

- O|0|E mtof= Elo|2 0 CHEH CIOIE BIZ =7t 2
* Iceberg E|O|E0|M & =& Al & YH|O|E 7}
BHMoi AHE CHE Icebergdl=

read 2 =

0

F 7K RE

E AEstod Fedoi| ofs dEE

7h QU= Tho| ZEEILIC O3 Tty
B HAoE MEE + UsLICH
grELIC
12 QIATSHE TS AMIBILICH Iceberg A
A THI0| Q& LICH Of2{3H T merge-on-

Iceberg EIO|E 7=


https://parquet.apache.org/
https://avro.apache.org/
https://orc.apache.org/
https://iceberg.apache.org/spec/#delete-formats
https://iceberg.apache.org/spec/#delete-formats

AWS HE 7t0|= 0{|A Apache Iceberg AHE AWS

Amazon EMRO{| A Iceberg & &4

Amazon EMR2 Apache Spark, Apache Hive, FIink TrinoQP 2 Q& AA I QURTE AME5t0d

(® Note
0| 7}0|=0{ M= Apache SparkE O Z At EFLICE.

Amazon EMR2 Amazon EMR on EC2, Amazon EMR on EKS, Amazon EMR Serverless, Amazon
EMRon S 0424 HIEZ SM& X|®ELICH AWS Outposts. KT Z =0 CHEt HHE SMHE ME4SE{H
Amazon EMR FAQE & X35lAM2.

Amazon EMR H{7 6.5.0 O|& 2 7|BXM 2 Z Apache IcebergE X[ &LICt ZF Amazon EMR 2 2|A&
of CHalH X[ E|E Iceberg HHH S &2 Amazon EMR AEAQ| Iceberg 2 E|A 7|52 R ZSML. E
8t ChFsh = |23 2| Amazon EMROIAM X[ E|= Iceberg 7|5 € 221524 Icebergdi| A 284
E{ A8 MME HESHMIR.

A
\_0 e

E|= %4l Iceberg HH S &835t24™ %4l Amazon EMR HHHE A8 35tE Z0| Z&LICEH Of Al
FC oA Y 72EH M= Amazon EMR &2|A emr-7.8.02 AFEStCt 7HEELICH

IcebergE AF23+04 Amazon EMR 22{AE 44

lceberg7} A x| El Amazon EC20{ A Amazon EMR 2BH{AEE MM32{™ Amazon EMR A& A 9| X|
2 MEMLR.

S5| BRAEIE O} 282 FAE/ofot LT

[{
"Classification": "iceberg-defaults",
"Properties": {
"iceberg.enabled": "true"
}
1]



https://aws.amazon.com/emr/faqs/
https://docs.aws.amazon.com/emr/latest/ReleaseGuide/Iceberg-release-history.html
https://docs.aws.amazon.com/emr/latest/ReleaseGuide/emr-iceberg-use-cluster.html
https://docs.aws.amazon.com/emr/latest/ReleaseGuide/emr-iceberg-use-cluster.html
https://docs.aws.amazon.com/emr/latest/ReleaseGuide/emr-iceberg-use-cluster.html

AWS H¥ 7t0|= ol M Apache Iceberg AHE AWS

Amazon EMR 6.6.05 E{ Amazon EMR Serverless &£ = Amazon EMR on EKSE Iceberg {32 E 9|
HiEZ SMHO 2 ALt S MEE = JU&LICH

Amazon EMRO{| A Iceberg O Z 2|7 0|44 7H&t

lceberg OHZZ|FH|0|MHE < Heh3ted™ Amazon EMR 22{A B A-EE 2 &
2|3 Jupyter ES S 2|8t ¢ 7|8t & 742t 2 Z(IDE)Q! Amazon EMR StudioS A& 4= Q&L
Ct.

Amazon EMR Studio = E £ Al

Amazon EMR Studio Workspace ‘= E S 0{|A Spark O Z Z|70|ME CHEIEo 2 7t st D ST - E
5 & Amazon EMR on EC2 22{AE EE= Amazon EMR on EKS 2|8 A EXZQIEN| AZ4E + QU
&LICH Amazon EMR on EC2 2! Amazon EMR on EKS& EMR Studio &0 CHF X|&S AWS M

HIA MBHME 2 XM L. https://docs.aws.amazon.com/emr/latest/ManagementGuide/emr-studio-
create-eks-cluster.html

EMR Studio®| A IcebergE AtE35t2d™M CtE HAHE [EAML.

1. Iceberg7t Ax|El 2HAE ALE 2| X[EH 2 IcebergZt & 4d3HE!l Amazon EMR EHAEHE AIE
grLich

2. EMR StudioE MA&tL|Ct X|&2 Amazon EMR Studio AAE & Z5HAM 2.

3. EMR Studio Workspace —tES2 @1 L ESO| 5 Hm| A2 CtF Z=E M-S0 IcebergE Al
23T 5 Spark MMHE FHEFLICE.

%%configure -f

-~

"conf": {
"spark.sqgl.catalog.<catalog_name>": "org.apache.iceberg.spark.SparkCatalog",
"spark.sqgl.catalog.<catalog_name>.warehouse": "s3://YOUR-BUCKET-NAME/YOUR-
FOLDER-NAME/",
"spark.sqgl.catalog.<catalog_name>.type": "glue",
"spark.sgl.extensions":
"org.apache.iceberg.spark.extensions.IcebergSparkSessionExtensions"

}

o17|M Z 52 o3 Z &Lt

Amazon EMRO{| A Iceberg OHZ 2|71 0] 44 7Hgf 15


https://docs.aws.amazon.com/emr/latest/ManagementGuide/emr-studio.html
https://docs.aws.amazon.com/emr/latest/ManagementGuide/emr-studio.html
https://docs.aws.amazon.com/emr/latest/ManagementGuide/emr-studio-set-up.html
https://docs.aws.amazon.com/emr/latest/ManagementGuide/emr-studio-create-eks-cluster.html
https://docs.aws.amazon.com/emr/latest/ManagementGuide/emr-studio-create-eks-cluster.html
https://docs.aws.amazon.com/emr/latest/ReleaseGuide/emr-iceberg-use-cluster.html
https://docs.aws.amazon.com/emr/latest/ManagementGuide/emr-studio-set-up.html
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 <catalog_name>= Iceberg Spark MM FtEF 2 O|F ILICH MEAS O|F2Z HR 10| 7HE
29t HAEE 2E T = E HEsHofF FLICH T =0l ChZot 20| Spark MM FHEIZ
11 O|§2 E&otod MetE E|O|Z O|§ 2 AF835H0q Iceberg EO|E2 EZE += /U&LICH

<catalog_name>.<database_name>.<table_name>

E=EFIHET O|F SR MHstod 7|2 7R 28 X Ol8t Iceberg 7HEIE
A x|

=
T WAS A ste

Jdspark.sql.defaultCatalogZ B1Z8%E 4 QU&LICH o] & #Hm T
EIHFAIGREEHOIES HZE = U2 & 7tL5E = JU&LC

« <catalog_name>.warehouset Ci|O|E{2} HIEIH|O|E{E XMEE Amazon S3 B2 E 7+2ZL
Ct.

- JIEt2OE Z BHEP{HE spark.sql.catalog.<catalog_name>.typeZ AWS Glue Data
Catalogd & gfLICtglue. O] 7|= AFSAL XY IR 20 73S QI8 731 A E 7t2/7|= O
ZIQ gLt o] 7tolEo| R Eof U= et B Ate| MMolM e Ctt Iceberg X|# FHER
J0of cHsH ALt

4. O|M| CHE Spark OHZE[AH| 0|41}t OFRHIFK|2 = E S0 M Iceberg® Spark OHE 2|710|MHE CHSHS

oz Jige + &Lt

Amazon EMR Studio& A& 3504 Apache Iceberg& SparkE T435t= 2ol CHEE RHMIEH LIS 2
213 HAIE Amazon EMRM|A Apache IcebergE AFE35H0{ Zl5t5lE 1 4ds ACID 38 Cl|0|E| ol 0]

3 752 HESML.

Amazon EMRO{|A{ Iceberg &4 A&

Iceberg YT E 0] CHEt Spark OHE 2|70 ZEE T U E F IcebergE X|25t= 2E Amazon
EMR BHE S0 A™AY £ A &LICHAmazon EMR FAQ & X).

CHE Spark 21t OFEHIFR|2 BAHE F7H5H7HLE Spark 242 OtAE = E0i CHSIE S 2 X|E 6t
04 Amazon EMR on EC2 2HAE| &S MEE £+ U&LICH Spark S A2 CHS
Amazon EMR A& A H O|X|& & Z35IM L.

» Amazon EMR on EC2 22{AE 0| Y2 M Eet= Cher S0l cHet 72k 2t Mo CHEh RtHA

=
g XIE2 2HLAEW XU MES HZTsHML.

« Amazon EMR on EKS2| B StartJobRunS AF235104 Spark 21 AlZHE XML

+ EMR Serverless| A< £¢] AlgHg XML,

Amazon EMROJA Iceberg &rd AlsH 16


https://aws.amazon.com/blogs/big-data/build-a-high-performance-acid-compliant-evolving-data-lake-using-apache-iceberg-on-amazon-emr/
https://aws.amazon.com/blogs/big-data/build-a-high-performance-acid-compliant-evolving-data-lake-using-apache-iceberg-on-amazon-emr/
https://aws.amazon.com/emr/faqs/#Deployment_options
https://docs.aws.amazon.com/emr/latest/ManagementGuide/emr-work-with-steps.html
https://docs.aws.amazon.com/emr/latest/EMR-on-EKS-DevelopmentGuide/job-runs.html
https://docs.aws.amazon.com/emr/latest/EMR-Serverless-UserGuide/jobs.html

AWS H¥ 7t0|= ol M Apache Iceberg AHE AWS

CtS MMo|MHE ZF Amazon EMR HHEZ SM9o| o & N2 &Lt
Amazon EMR on EC2
CHS EHAIE AF8310d Iceberg Spark 2 MEE 4+ U&LICH

1. Y AEO|Mol| CtS 2EIX7} emr_step_iceberg.json Z&E U MAErL|CtH

[{

"Name": "iceberg-test-job",
"Type": "spark",
"ActionOnFailure": "CONTINUE",
"Args": [

"--deploy-mode",

"client",

"--conf",

"spark.sql.extensions=oxrg.apache.iceberg.spark.extensions.IcebexrgSparkSessionExtensions",

"--conf",
"spark.sql.catalog.<catalog_name>=oxrg.apache.iceberg.spark.SparkCatalog",
"--conf",

"spark.sql.catalog.<catalog_name>.type=glue"”,

"--conf",

"spark.sql.catalog.<catalog_name>.warehouse=s3://YOUR-BUCKET-NAME/YOUR-
FOLDER-NAME/",
"s3://YOUR-BUCKET-NAME/code/iceberg-job.py"

]

2. mA E& EAIE Iceberg 78 SME MEX XHs0{ §7 Spark H Yol 74 mtdS ~He L
Ct.

3. AWS Command Line Interface ()& Al&35t0{ EtH|E AMZ & LICIAWS CLI.
emr_step_iceberg.json IIY0| Q= CIHEE|0AM B2 AMELICEH

aws emr add-steps --cluster-id <cluster_id> --steps file://emr_step_iceberg.json

Amazon EMR Serverless
£ A23+04 EMR Serverlesso Iceberg Spark 22 M&35t24™H AWS CLI:

1. Y AEO|Mol| CtS E2EI=Xemr_serverless_iceberg.json7t Z&E oS A L|C.

Amazon EMRO{M Iceberg ZHe] Al 17
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"applicationId": "<APPLICATION_ID>",
"executionRoleArn": "<ROLE_ARN>",
"name": "iceberg-test-job",
"jobDriver": {
"sparkSubmit": {
"entryPoint": "s3://YOUR-BUCKET-NAME/code/iceberg-job.py",
"entryPointArguments": []

1,
"configurationOverrides": {
"applicationConfiguration": [{
"classification": "spark-defaults",
"properties": {
"spark.sgl.extensions":
"org.apache.iceberg.spark.extensions.IcebergSparkSessionExtensions",
"spark.sqgl.catalog.<catalog_name>":
"org.apache.iceberg.spark.SparkCatalog",
"spark.sqgl.catalog.<catalog_name>.type": "glue",
"spark.sql.catalog.<catalog_name>.warehouse": "s3://YOUR-BUCKET-NAME/
YOUR-FOLDER-NAME/",
"spark.jars":"/usr/share/aws/iceberg/lib/iceberg-spark3-runtime.jar",

"spark.hadoop.hive.metastore.client.factory.class":"com.amazonaws.glue.catalog.metastore.AW:
}
11,
"monitoringConfiguration": {
"s3MonitoringConfiguration": {
"logUri": "s3://YOUR-BUCKET-NAME/emr-serverless/logs/"

[

2. A EE EAIE Iceberg 78 SME MER XHs50{ §7 Spark H Yol 74 mtdE ~HeL
CH.

3. E A835tod 2 YS MEEILICH AWS CLI. emr_serverless_iceberg.json Zt0| Q= C|=E
2l BES A->E LI

aws emr-serverless start-job-run --cli-input-json file://emr_serverless_iceberg. json
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EMR Studio 2£ & A& 3104 EMR ServerlessO Iceberg Spark 2 1& M E35t2{H:

1. EMR Serverless A A o| X|&lE mEL|C}.

2. & 40| A0l NS E Sparkoll CHB Iceberg S AFE 31 Icebergl CHEH Z X EAIE &
EE AWS CLI AFE X} XIF &L REM[EF X|&2 Amazon EMR AE M 2| EMR Serverless0i| A

Apache lceberg AHE 2 BRI Z5HMIQ.

Amazon EMR on EKS

AWS CLICIS & A2 3104 Amazon EMR on EKSO1| Iceberg Spark 242 A& 524

-

1. {3 AE|O|Mol| CtS EEI=7} emr_eks_iceberg.jsonZ & E mte MMEHLICEH

"name": "iceberg-test-job",
"virtualClusterId": "<VIRTUAL_CLUSTER_ID>",
"executionRoleArn": "<ROLE_ARN>",
"releaselabel": "emr-6.9.0-latest",
"jobDriver": {
"sparkSubmitJobDriver": {
"entryPoint": "s3://YOUR-BUCKET-NAME/code/iceberg-job.py",
"entryPointArguments": [],
"sparkSubmitParameters": "--jars local:///usr/share/aws/iceberg/lib/
iceberg-spark3-runtime.jar"
}
I
"configurationOverrides": {
"applicationConfiguration": [{
"classification": "spark-defaults",
"properties": {
"spark.sql.extensions":
"org.apache.iceberg.spark.extensions.IcebergSparkSessionExtensions",
"spark.sql.catalog.<catalog_name>":
"org.apache.iceberg.spark.SparkCatalog",
"spark.sqgl.catalog.<catalog_name>.type": "glue",
"spark.sqgl.catalog.<catalog_name>.warehouse": "s3://YOUR-BUCKET-NAME/
YOUR-FOLDER-NAME/",
"spark.hadoop.hive.metastore.client.factory.class":
""com.amazonaws.glue.catalog.metastore.AWSGlueDataCatalogHiveClientFactory"
}
1,

"monitoringConfiguration": {

Amazon EMROI| A Iceberg =91 A%l

=
-
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https://docs.aws.amazon.com/emr/latest/EMR-Serverless-UserGuide/jobs-studio.html
https://docs.aws.amazon.com/emr/latest/EMR-Serverless-UserGuide/using-iceberg.html
https://docs.aws.amazon.com/emr/latest/EMR-Serverless-UserGuide/using-iceberg.html
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"persistentAppUI": "ENABLED",
"s3MonitoringConfiguration": {
"logUri": "s3://YOUR-BUCKET-NAME/emr-serverless/logs/"

}
}
}
}
2. ZH ZE EAIE Iceberg T+ S M2 AEXE X604 Spark 2 do| 74 mUS F=HMELICH
3. E AI835t0d 2 MEFLICH AWS CLI emr_eks_iceberg. json Z+U0| Q= CIEE{Z|0I M
CtS HYEs M™ELCHL

aws emr-containers start-job-run --cli-input-json file://emr_eks_iceberg. json

XW|°F X|&l2 Amazon EMR on EKS A X 9| Amazon EMR on EKS0ilA Apache Iceberg AHE S &t

Amazon EMR 28 Abg|

O| MMof M= Iceberg EIO|E01 CHE CllO|E] 17| & M T|E %|X351617| 25 Amazon EMROA|A
Spark 22 F'Iot7| {Ft Lt x2S I-S-E. LICt. Iceberg &1 28 Atef|=0] 7t0|E SIE £ 9|
H AL MME HESAMR.

L

* Spark K ZE=0f CiEh £[Xo| QIZEt A - Spark HIAZEE %Mo 52 EFet7| flall CH¥
5 2] S4Mof chal CtY st Rl st=E 07 R E = &LICE Amazon EMRE CHY 8 QIAE
S(o: ZAFE 2Ms iz el 21M5, HE U AEZ(X| 2|M8hH2 X|@5I0{ ZE &
TAMEE SEFELICE M HIEEE RETE M= M5 E= M6eget 22 Uik QIAE
Z 0| Z&LICt Ganglia 2 Amazon CloudWatch2| 2 #|Af|(0S) &
o | 251 Al AIAR HE $44(CPU, HZE|, 2AEEIX| & 1/0)2 &olstm Xt

2 M

« B spark.sql.shuffle.partitions - spark.sql.shuffle.partitions £d&
E{9| & 7t4 F0{(vCores) &= =& SN 2ol Hi(LEX S 2 & vCores 2| 1~2H)Z M &L
Ch O] ME2 Al L HQ| TE|IMIES M7 HIEZ ZEZ AL E [l Spark| HE XZ|of FE2 &
LICH CIOIEE Fd5t7| @Il 7| ol MEE 5= 2 ntE|M Mol 2 ELCH.
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https://docs.aws.amazon.com/emr/latest/EMR-on-EKS-DevelopmentGuide/tutorial-iceberg.html
https://docs.aws.amazon.com/emr/latest/ManagementGuide/emr-supported-instance-types.html
https://docs.aws.amazon.com/emr/latest/ManagementGuide/emr-supported-instance-types.html
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- EIE 2 EY5- He  2E A MM BEE 2™ A M gY S EdststsE XAol E&L
Ct. 22Ut o & 7tsE HEO| e HAZET (e 4 IS 28 X SH E€EE Hg g&tst=
ol E&LICH e[S 20| 2 dstEl B9 AT AARAE AESt04 HIE2 E0|l= Kol E&5L
Ct. Z0{ E= OtAEH S E CHAM EfA T = 20| A% QIAEAE AISEILICH AT QIAEHAE ALE
St 42 ERT o4t QlAaHA RYO| UEs QAHA EBIE A8t AT 7H1EEE EFELICH
tsdt B2 HEEHAE RO A8 - EEEINAE(YALO|E) = Q10| 7HE %[Aof ZQIQIL|CE. E
EO|Z & stLi7t 7t 22 =2 M2 E|(MBs)oil &2 BFE %1 S4l(=) =2l sdst= B0
ShefLICH A 2F z=elg Mefet 2E ¢l 80| X|HELICH EREIHAE RQI2 HEEel 2
E HYxt =0l o 22 EH0|ZE2 SilAl Elo|2 2 EEEFNAEFLICE 22 HO|Z0| EZE7Y
A2EE 2ol HEE = G&LICH SHA| HIO|E2 Java 7t HAIUVM)O 2HE o2 =2 siA| =
RIE A83sto =l =7dof ek 2 Eo|2 0t &H See = UA&LICHL EZEIHAE ZRI2 MHE
PHIIEE 2|45t 2 1SS MSELICH
7HHIX] = &7 F'd - 7HHIX| = &(GC) F7|7t =&l 842 ds &¢ 2 /sl 7|8 E& 7HH|x| =&

7|
0AM G1GCE T™EtstE 20| E4LICH GC M5 zMstst7| @5 GC mi2t0IE{E O|M =-E
A& LICH GC M5E FM5I2dM Spark UIE AF235104 ZLIE{RE £ Q&LICH GC Azt o
HE} 2| 1% 0|sto{of g L|Ct.
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04| A Iceberg &2 AWS Glue

FE (ML) 2 OHZ 17014 TR S 2IH 042] AA0IM CIOIEIS o 7| A,
= MEHEIA ClOE S8 MEIAILICH of 34 7|5 5 shite 2Erstm b

1z
N
X
7‘0 J0||

= 3% HelgAoz £ HE U ZE(ETL) HHUE sdst= 71 AWS Glue LICH O|Z A ot
CIOIHE ER/st, Helst, 2 st 1, Chfet Hio|E AE0{et C|O|E 2E & 7ho 2HEM o= 0|

0l M Iceberg &

o4 & i ™ol AWS Gluelll2F AWS Glueld|O|E[E [ceberg S & EE= AFE A}
K|S Iceberg %

_|
[N -]
A& 3H0q Iceberg B&E2 2ol AZ2E = U&LICH

H|O|E|E Iceberg S & AIE

AWS Glue HH™ 3.0, 4.0 2! 5.02 7|22 2 2 9| Apache Iceberg, Apache Hudi &! Linux Foundation
Delta Lake AWS Glue for Spark@ Z2 EZHAM O|0|E{ glo|= EHAlg X|HELICH o]l §& 7|s20]
Molgel =BT A8 E AlEfste O]l st 718 HAHE 7hASHELICH AWS Glue.

AWS Glue Z40i| CHBt Iceberg XS EM35tsted™ 2rde MAELICH Edof CHs 2] ME
H Eis MEiStT 12 M0 2] ot2t0|E{2 AWS Glue A3 E8HCHS 7|2 --datalake
formats &, liE /2 2 AHEL

F

ticeberg.

L ESS A85t0 A Tsts FR ChS I 20| %%configure THEIS A5t & il L ES
Moj M 2t0|E|E FAE 4 laLich

%%configure

{
"--conf" : <job-specific Spark configuration discussed later>,
"--datalake-formats" : "iceberg"

}

--datalake-formats2| iceberg AWS Glue 782 HTO| [t2t £ Iceberg AWS Glue H{Z10]|
SHE & LICH.

AWS Glue HH 7|2 Iceberg HHH

5.0 1.7.1

HIOIE|E Iceberg S8 AFS 22


https://aws.amazon.com/glue/
https://docs.aws.amazon.com/glue/latest/dg/etl-jobs-section.html
https://spark.apache.org/

AWS H¥ 7t0|= ol M Apache Iceberg AHE AWS

AWS Glue H™ 7|€ lceberg HHH
4.0 1.0.0
3.0 0.13.1

AMEXF X Iceberg H AFE

Z<o0f et ZHdof| CHE Iceberg HHTIS RMoi3t D $5ts
Sof %A HXMoZ HadolEsiH MER 7|5 & A
%L.II:P. ol M E% Iceberg T2 AL 524 A& JAR THUS M Z & AWS Glues QL& LiCH

AEXE X Iceberg HHE 7345t7| Mol BM | AWS Glue HHE MM g &Ql5t04 &1 o] AWS
Glue Z 842 AWS Glue &QIEFLICt & £01, AWS Glue 5.02 Spark 3.5.42t2| $&MHo| ZEF

L|Ct.
0 & £01 Iceberg T 1.9.12 AFE5t= AWS Glue 2Hd2 Al&ste{H Ot BHAHE &L ch

1. 2% JAR Y& #5510 Amazon S301| Y2 = FFLICE.
a. Apache Maven 2| X X|E 2|0{| M iceberg-spark-runtime-3.5_2.12-1.9.1.jar & iceberg-aws-
bundle-1.9.1.jarg CtR2E§L|C}.
b. 0|48 mt e X|HE S3 HA! IxI(0d: s3://your-bucket-name/jars/)ol AZ=gfL|C}.
2. Ct21 Zro| =redof CHEt AWS Glue =] mtatO|E{E M ELICEH
a. --extra-jars It2tO/E Q| & JAR mHol| CHEt ™A S3 A2 E € E2 &8
&toq X|&gL|Chodl: s3://your-bucket-name/jars/iceberg-spark-
runtime-3.5_2.12-1.9.1.jar,s3://your-bucket-name/jars/iceberg-aws-
bundle-1.9.1.jar).

b. --datalake-formats Lt2t0|E{Q| Zt2 2 icebergE E & SHX| OMAMIL.
c. AWS Glue 5.02 M85t B --user-jars-first It2t0|E{E 2 ME3HoF & L|CHrue.

9| Icebergd| CHEt Spark 7+43 AWS Glue

O| MMl ME= Iceberg CIlO|E{ M E0f CHEF AWS Glue ETL 242 =H4d5t
CHOH AHEFLICEH 25 --conf Spark 7+ 7| & Zto| 22 FEE S5
504 O|zq8t 7t d8 MYE = U&LCH ES0|M %%configure O %
Studio 2£ 2| 24 mtZtO|E MME MEE £+ JU&LICH

FIF

Cll 228 Spark T+ 40]
I &7 Spark 7|1 AHE
AE3HHLE AWS Glue

|

fjo

MEX}F K| Iceberg HHA A 23


https://docs.aws.amazon.com/glue/latest/dg/release-notes.html
https://mvnrepository.com/artifact/org.apache.iceberg/iceberg-spark-runtime-3.5_2.12/1.9.1
https://mvnrepository.com/artifact/org.apache.iceberg/iceberg-aws-bundle/1.9.1
https://mvnrepository.com/artifact/org.apache.iceberg/iceberg-aws-bundle/1.9.1
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%glue_version 5.0

%%configure

{
"--conf" : "spark.sql.extensions=org.apache.iceberg.spark.extensions..."
"--datalake-formats" : "iceberg"

}

CtE £8& AL&5t04 Spark Ml41E TG &LICH

 <catalog_name>= Iceberg Spark MM 72 O|F 2| O|F &LICH MEHSt 0|22 HtF 10|
FHEI2 00t 1AE 2RE MM BZE HAEstoF & LICH I =0i|A{ CHS 3t 20| Spark M4 7HE
27 0|2 Z&sto{ HrtstE E|O|E O|&2 A835t0] Iceberg EIO|E2 &HZE + U&LICH

<catalog_name>.<database_name>.<table_name>

-

EEE Y20 0|§22 MYt 7|2 2238 HOlst Iceberg 7HE 2
Jspark.sql.defaultCatalog® HAE = JUELICE O] F Hm| M2 WA|Z AIESl0{ FIEE
O HFA7L I EHOIES &ZE £ U2 BB 7HASHE & &L
 <catalog_name>.<warehouse>= Cl|O|E{2} HIEIC|O|EE MEE Amazon S3 ZEE 7t21ZL
Ct.
- FIFE08 B2 PHEE{M™E spark.sql.catalog.<catalog_name>.typeZE AWS Glue Data
Catalog &g LICtglue. O] Z|= AFEXR X|H 720 TS I8t 72 242 E 7i2l7]= o E
QELICH Icebergt M X[ &et= ZIHE0=0] 7t0|E HEE | YU B Ate]| MEE FESHAML.

OE E0{ 2t FIE 27l U= B O3 20| 048] --conf 7|18 A& 30 &fde 7+ E
glue_icebergs {U&LICH

%%configure

{
"--datalake-formats" : "iceberg",
"--conf" :

"spark.sqgl.extensions=org.apache.iceberg.spark.extensions.IcebergSparkSessionExtensions
--conf spark.sql.catalog.glue_iceberg=org.apache.iceberg.spark.SparkCatalog --
conf spark.sql.catalog.glue_iceberg.warehouse=s3://<your-warehouse-dir>/ --conf
spark.sql.catalog.glue_iceberg.type=glue"

L= IEE ALE5t04 thEt 20| Spark A3 BIEO ?|o] T+ d8 Fte = JU&LICH

9| Iceberg0i| CHEt Spark 743 AWS Glue 24
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spark = SparkSession.builder\

.config("spark.sql.extensions", "org.apache.iceberg.spark.extensions.IcebergSparkSessionExtensi

.config("spark.sql.catalog.glue_iceberg",
"org.apache.iceberg.spark.SparkCatalog")\

.config("spark.sql.catalog.glue_iceberg.warehouse","s3://<your-
warehouse-dir>/")\

.config("spark.sql.catalog.glue_iceberg.type", "glue") \
.getOrCreate()

AWS Glue 24 & ALE|

M| M= Iceberg E|O|E 0] CHEF HIO|E{ 47| & M7|E %[Z48F AWS Glue 57| @810l M Spark
24 ok

|
Mg TSy flgt it XIEE MBELICH Iceberg 221 2 At2=0] 710|E HEE 2| 2 A
2 X
=

L]
d
-

58t 42 |4 HTO| AWS Glue 2! G 0|E A -o] M HEIR
7 A lue MZEHL|CH EE8F %A Iceberg T ERE 4 QU=
F AWS Glue ™ 2! X| 5= Spark HM S 52 AWS Glue AEAME 3t

rok

+ AWS Glue ] HIZ 2| 23 - AWS 220 AAIZ el HZ 2| 22| Z|%{31 0| AWS GlueHZ A
£ MSLch

0

« AWS Glue Auto Scaling At& - Auto Scaling2 &35t} IZ2E0 2t SHSE AWS Glue
ARt =& AWS Glue AtS2 2 ZHELICH O|FHA stH {IZST7 21 2AX7I K F SEAY
7} 2 AR =8 AU RS2 E AWS Glue ZICH 235t AWS Glue 50fl Y HIBES £ += QI
&LICH. AWS Glue Auto Scaling2 AtE5t2iH &g =88 = e 2] YKt =8 AWS Glue
XM LICH REME LI 2 B A2| of Auto Scaling AFHE S AWS Glue & Z35HAMI2 AWS Glue .

« 3= Iceberg HHT AFE - Icebergl| AWS Glue 7|2 S& 2 IcebergE AlZ 3t O 7HE E&LICH
Jojut Z2EHM I3 2E9| B2 Iceberg HEZ 2tF15| Mo{st2{H 2to|E2{2| 3&E(0] 7t0|=
O| R F0M HHE H2)E F7tet= K0l E&LICE O M2 Y42 24| x|l Iceberg 7|5 &
Ms Mg €835t ol ==20| E Lt AWS Glue .

« DLIEZ 2 C|HZE I8t Spark Ul &3} - o] Spark Ul AWS GlueE AF235t04 &t &M HIT=E 1
2HZ (DAG)0I| A Spark 40| CtY et HHAHE A2t &2 ME Mo 2 2 LIE 350
g HAE £ QU&LICH Spark UIE Iceberg 240 EX|E st 2[M35tstE A0l ¥

=
42 T ELICH OE 501, 2 ME E= ClAZ RE0| Y HES HY TS Algstol Fd 7|s
5 4

Iceberg

=H= o L-_O - | = o
E Al £ Ql&LICH AFM|ISH LHE 2 MHAM 2| Apache Spark & UIE AF25104 2 ZLIE|RIS
E XML AWS Glue .
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https://docs.aws.amazon.com/glue/latest/dg/release-notes.html
https://aws.amazon.com/blogs/big-data/optimize-memory-management-in-aws-glue/
https://docs.aws.amazon.com/glue/latest/dg/auto-scaling.html
https://docs.aws.amazon.com/glue/latest/dg/monitor-spark-ui.html
https://docs.aws.amazon.com/glue/latest/dg/monitor-spark-ui.html
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Apache SparkE A}&35t04 Iceberg El|0|= &

O MMof M= Apache SparkE At&3t04 Iceberg E|O|E 1 &5 &5t W0l CHE R E NS E
LICt. O] od|Ml= Amazon EMR E=0 M A& = = EFE 2o I=QILICH AWS Glue.

>

& 1: Iceberg ElO|E T &5 2 &38t7| @8t 7|2 QEHO|A= SQLOIEZ CHF E 2| oM = Spark

of
=

SQLE DataFrames APIQ} Z2&H&FL|LCl.

Iceberg Ei[O|2 M4 & =Fd

Spark SQL ! Spark DataFramesE AF235109 Iceberg E|O|E 0 CIIO|E{E MMstD FIHE = UEL
Ct.
Spark SQL A

lceberg ClO|E{ MIEE %f445l24T4 CREATE TABLE L%} Z2 EZ Spark SQL 22 AFS &L
CFINSERT INTO.

ItE|IMJE|X| et 2 H[o|=
CtS2 Spark SQLE At&35+04 THE|M'AE|X| £ 2 Iceberg EIO|2 2 M- &5t= o /LI

spark.sql(f"""
CREATE TABLE IF NOT EXISTS {CATALOG_NAME}.{DB_NAME}.{TABLE_NAME}_ nopartitions (

c_customer_sk int,

c_customer_id string,
c_first_name string,
c_last_name string,
c_birth_country string,
c_email_address string)

USING iceberg
OPTIONS ('format-version'='2")
IIIIII)

ItEIMIE|X| o2 E|o|20] CIOIE{E 4 l5tEd™ EZF INSERT INTO 22 AMErL|CH

spark.sql(f"""
INSERT INTO {CATALOG_NAME}.{DB_NAME}.{TABLE_NAME}_ nopartitions

Iceberg E|O|& A4 & =h 26
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SELECT c_customer_sk, c_customer_id, c_first_name, c_last_name, c_birth_country,
c_email_address

FROM another_table

IIIIII)

CI=2 Spark SQLE AF2 35104 IHE|MEEl Iceberg E|O|E & MM 5t= of &IL|C}.

spark.sql(f"""
CREATE TABLE IF NOT EXISTS {CATALOG_NAME}.{DB_NAME}.{TABLE_NAME}_ withpartitions (

c_customer_sk int,

c_customer_id string,
c_first_name string,
c_last_name string,
c_birth_country string,
c_email_address string)

USING iceberg

PARTITIONED BY (c_birth_country)

OPTIONS ('format-version'='2")
IIIIII)

Spark SQLZ A8 304 IHE|M'SEl Iceberg El|O|2 01| CI|O|E{E A Rl5t24™H & INSERT INTO &2
INE=3-1g i}

spark.sql(f"""

INSERT INTO {CATALOG_NAME}.{DB_NAME}.{TABLE_NAME}_ withpartitions

SELECT c_customer_sk, c_customer_id, c_first_name, c_last_name, c_birth_country,
c_email_address

FROM another_table

")

(® Note

Iceberg 1.5.02E= 28 E E|0[E0 HIO|HE & U M hash AT7| HIZE RETJ} 7|22l
Ch XEMISH LI 2 Iceberg MBEAMO| HiZ ZE M E & XM L.

0l

DataFrames API| A}

lceberg CIIO|E{ MIEE %5240 DataFrameWriterV2 APIE AF8E £ QU&LICH

DataFrames API At 27


https://iceberg.apache.org/docs/latest/spark-writes/#writing-distribution-modes
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Iceberg Ef0|2 2 AMAd6t T 047|0f C|O|E{E AME{H df .writeTo(t) &4+ AFEELICEH E|O[E0] Q!
= 8% . append() HrE AMSELUCH OZX| 42 FRE ASRLICH OS2 oAl . create(). 0l
ME2l .create() S8 H4% . createOrReplace()@1E AFEEILICICREATE OR REPLACE
TABLE AS SELECT.

mtE|M'JZX| 82 Elo|=

A< 24H:

|

DataFrameWriterV2 APIE AI&35104 THE|MEZ|X| 82 Iceberg ElO|E S MA3l

input_data.writeTo(f"{CATALOG_NAME}.{DB_NAME}.{TABLE_NAME}_nopartitions") \
.tableProperty("format-version", "2") \
.createOrReplace()

DataFrameWriterV2 APIE At&3t04 THE|IM'FE|X| &t 2 7|E Iceberg E|O|20f CIO|EE & lstEd
™:

input_data.writeTo(f"{CATALOG_NAME}.{DB_NAME}.{TABLE_NAME}_nopartitions") \
.append()

DataFrameWriterV2 APIE At&3t04 THE|M'FEl Iceberg EIO|2 2 MdstT A PE{H:

input_data.writeTo(f"{CATALOG_NAME}.{DB_NAME}.{TABLE_NAME}_withpartitions™) \
.tableProperty("format-version", "2") \
.partitionedBy("c_birth_country") \
.createOrReplace()

DataFrameWriterV2 APIE At&35t04 ItE|M'SEl Iceberg E|O|= 0 CO|EHE 4f &I5tE{™:

input_data.writeTo(f"{CATALOG_NAME}.{DB_NAME}.{TABLE_NAME} withpartitions") \
.append()

Iceberg E|O|= 2| Cl|0|E{ YCl0|E

Ct= MM = Iceberg EllO|E Q| CIIO|E{E UOIO|EStE WS o4& LICH Ol MM E
c_customer_sk Qo ®x71 QlE ZE 2 EFLICH

spark.sql(f"""

Iceberg EflO|= 2| C|O|E ¥HI0|E 28
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UPDATE {CATALOG_NAME}.{db.name}.{table.name}
SET c_email_address = 'even_row'

WHERE c_customer_sk % 2 =
IIIIII)

(e}
0

O| 22 7|2 copy-on-write 1= 2 AIESIEE JTE &= ZE O|O|E TS ChA| &LCH

Iceberg E|O|= 2| CI|O|E{ FMAE]

ClOIE YMES B ERNHMOIM A ClO|E{ BZEE A4St 7|Z HIOIE B|ZEE YO|0|ES
= A& o|0|&rLICt. Iceberg E|O|E 2 O|O|EHE YAMESIE{T™ SQL MERGE INTO &

rulo
>
oo
g'l_-
r
o

CtS oMol M Ello]2 L Elol8 {UPSERT_TABLE_NAME}S| EHIXE YMEFLICH
{TABLE_NAME}

spark.sql(f"""
MERGE INTO {CATALOG_NAME}.{DB_NAME}.{TABLE_NAME} t
USING {UPSERT_TABLE_NAME} s
ON t.c_customer_id = s.c_customer_id
WHEN MATCHED THEN UPDATE SET t.c_email_address = s.c_email_address
WHEN NOT MATCHED THEN INSERT *

")

. 0of Q)= 174 B|3 =7} {UPSERT_TABLE_NAME} O|0| S8t {TABLE_NAME} 20| /= H
c_customer_id {UPSERT_TABLE_NAME} B2 E c_email_address #t2 7|& ZH(Y¥HIO|E =
)2 MEelgLCt.

« 0o /= o8 B|Z =7}0f {UPSERT_TABLE_NAME} @i 739 {TABLE_NAME}
{UPSERT_TABLE_NAME} BlZ =7} {TABLE_NAME} (&¢d Atehyofl F=7HELICH

Iceberg E{|O|2 01| A Cl|O|E{ AHA]|

Iceberg E|O|2 0| A CI|O|E{& AfA|5l24™ DELETE FROM EFAIZ AL 35D AMA|E
E{E X|&gLich

0%
o]
e
Rall
ol
rr
5]

spark.sql(f"""

DELETE FROM {CATALOG_NAME}.{db.name}.{table.name}
WHERE c_customer_sk % 2 1= 0

IIIIII)
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LE{7H TA TEIND YR|sHs B2 Icebergls HIEFTIOIE] TS ARIE +85tn Clo|E U
2 SLICh 2% K| o™ WS ¥ Clo/Ef TURH ChAl &L

MK HIME= WHERE Ho| Jg & 2= O|0|H IS 7HMet AX|E B2 gio] SAHE S ddgL
Ct O3 oS M HlolE IS 7te|7|= M ElOlE aHMs dEELIcH et AXE BlZE= H

O|=2| O|™ &4r0l 0473 EXHELICH o€ S04 Ell0|ZE 2] 0| AHAEES HMstH U= AX|EH O
OlE{7} AIELICH HEIE flol &2 CIo|E TS A8 stod EE R O] &AM E MHsE &
of CHEr RtMIEr L8 20| 710lE IR 2o Y52 Ar8siod T RX| #E|IE BESAML.

ClOlE] 247

Spark SQL ! DataFrames& At8 3509 Spark0{| A Iceberg El|O|E 2| 2|4l 4EHE 242 = U&LICH
DataFrames

Spark SQL AH& 0iA:

spark.sql(f"""
SELECT * FROM {CATALOG_NAME}.{db.name}.{table.name} LIMIT 5
IIIIII)

DataFrames AP| A2 Of| K]

df = spark.table(f"{CATALOG_NAME}.{DB_NAME}.{TABLE_NAME}").limit(5)

AlZh ols AtE

lceberg E|O|= 2| Zt 27| (&, HOIOIE, YME, AA)2 M &-ME dEgL/ct O3/ Ch3 0ol
ciet AHAEE AlZE O|S ol AFEStod I 7HZ Sot7tA] It7H2f Bl|o|E2 HEE e &+ /U&LICH

snapshot—id 2 Eto|Y 2k 2 A8 stod El|o|E o] AHAE 7[5 S HMst= Yol CHEr RHAMIE LI 2
O| 7to|l= HE 29| MEHO[E HMA MME HZEsHML.

CtE AlZh 0|8 #HElz SEE 7IEtS 2 E|o|E2| 4EE EAIRLICI snapshot-id.

Spark SQL AFS:

spark.sql(f"""
SELECT * FROM {CATALOG_NAME}.{DB_NAME}.{TABLE_NAME} VERSION AS OF {snapshot_id}
IIIIII)
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DataFrames AP| Al 2:

df_1st_snapshot_id = spark.read.option("snapshot-id", snapshot_id) \
.format("iceberg") \
.load(f"{CATALOG_NAME}.{DB_NAME}.{TABLE_NAME}") \
1imit(5)

CHS AlZt o|S #Ele & EtHAEZ o|Tof| & dE Oix|e &S 7|gte = HO|=22| SEE &

2|1Z=() B2 EAIRLICtas-of-timestamp.

Spark SQL AFS:

spark.sql(f"""
SELECT * FROM dev.{db.name}.{table.name} TIMESTAMP AS OF '{snapshot_ts}"'

Illlll)

DataFrames AP| Al 2:

df_1st_snapshot_ts = spark.read.option("as-of-timestamp", snapshot_ts) \
.format("iceberg") \
.load(f"dev.{DB_NAME}.{TABLE_NAME}") \

.1imit(5)
= =
S& #Hel AHS
Iceberg 242 AFE5t0{ F7HE HIO|EE MM R g8 =& JU&LICt
3. ROl U2 append 2=IAF0| M HIO|H 7|8 X|RELICH replace, overwrite =2}
2 5 of| M [0l 7t X2 7|E KIH5tK| EQSL—IEFdelete. EESt Spark SQL TEHME &
7| 0| X|HE|X| ek & LICH.

CHS o AloME A 4Fstar
ol F7l=El 2E E1I_=.'_E% ELIEP

df_incremental = (spark.read.format("iceberg")
.option("start-snapshot-id", snapshot_id_start)
.option("end-snapshot-id", snapshot_id_end)
.load(f"glue_catalog.{DB_NAME}.{TABLE_NAME}")

napshot-id(XM2) end-snapshot-id (Z&) AFO|2] Iceberg Ei|

B& #HEIAME
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HEFE| OB M| A

lcebergE SQLEZ Sl HIEIC|O|E{o]| CHE BMAE MBELICH HYAHOIAE 2250 XIHE E|
O|E(<table_name>)2| HEIH|O|E{0f HMAE == U&LICt<table_name>.<metadata_table>.
HIEIHIO|E] Eflo|E o] M| S 2 Iceberg MBMO| Ef|0|2 HALE R EFHAIL.

Che oMol ME Iceberg El0lE 0| 73 (#Z) 7|8 & 204FE Iceberg 7|= HIEIH|O|E| B0 0] H
Haste weg 2oiELict

Amazon EMR Studio .= ES0{M Spark SQL(%%sqlOf = Z &) ALS:

ok

Spark.sql(f"""
SELECT * FROM {CATALOG_NAME}.{DB_NAME}.{TABLE_NAME}.history LIMIT 5
IIIIII)

DataFrames AP| Al 2:

spark.read.format("iceberg").load(" {CATALOG_NAME}.{DB_NAME}.
{TABLE_NAME}.history").show(5,False)

AH= =24.
A= =2 .
Type: Table Pie Scatter Line Area Bar

made_current_at shapshot_id parent_id is_current_ancestor
2023-01-09 02:50:17.5470004+00:00 7501027970051178613 6598755163776233735 True
2023-01-12 05:39:29.5667000+00:00 7069175828427777019 7501027970051178613 True
2023-01-12 05:39:58.807000+00:00 5173022175861138222 7069175828427777019 True
2023-01-12 05:40:18.499000+00:00 3703414997660223390 5173022175861138222 True
2023-01-12 05:40:41.827000+00:00 3807904412292252460 3703414997660223390 True
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https://iceberg.apache.org/docs/latest/spark-queries/#inspecting-tables
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TrinoE A& 3104 Iceberg E{| 0|8 2]

O| M40 M= Amazon EMROIAM TrinoE A& 5104 Iceberg 1|0|§% dYstn 2%
gfLict. o] of|XMl= Amazon EMR on EC2 28{AE{0{| M A%
o| A oAl & Mol AHE Amazon EMR & Z|A emr-7.9.

o Ool

1. CI30t 22 28 X2 iceberg.properties IS HMBLICE CREATE TABLE B0 &40
AXMo 2 X|HE|XK| o2 B2 iceberg.file-format=parquet A%oil 2t M Eflo|E 2| 7|2
AEEZ[X]| EAlo| AYELICH

connector.name=iceberg
iceberg.catalog.type=glue
iceberg.file-format=parquet
fs.native-s3.enabled=true

2. iceberg.properties IS S3 HZlo| Y= =g L|CY.
=

3. S3 H{Z!0iM iceberg.properties I AbStoq 4448 Amazon EMR £2{AE{0] Trino 7
Moe2 XMEste FEAEY 22 MYELICHE S3 HZ! 0|§ 22 <S3-bucket-name> Ht
T oF &LCt.

#!/bin/bash
set -ex

sudo aws s3 cp s3://<S3-bucket-name>/iceberg.properties /etc/trino/conf/catalog/
iceberg.properties

4. Trino7b Ax|El Amazon EMR 22{AEE MAM5tT | AT RIEQ AYMES EEAERM XQjoZ
X|-EgLct ctg2 EHAEE 4d357| 28t sample AWS Command Line In
FFLICH

aws emr create-cluster --release-label emr-7.9.0 \

--applications Name=Trino \

--region <region> \

--name Trino_Iceberg_Cluster \

--bootstrap-actions '[{"Path":"s3://<S3-bucket-name>/bootstrap.sh", "Name":"Add
iceberg.properties"}]' \

Amazon EMR on EC2 M™ 33


https://docs.aws.amazon.com/emr/
https://trino.io/docs/current/
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--instance-groups

'[{"InstanceGroupType":"MASTER", "InstanceCount":1,"InstanceType":"m5.xlarge"},
{"InstanceGroupType":"CORE", "InstanceCount":3,"InstanceType":"m5.xlarge"}]"' \

--service-role "<IAM-service-role>" \

--ec2-attributes '{"KeyName":'"<key-name>",6"InstanceProfile":"<EMR-EC2-instance-

profile>"}"'

047|M CtS & HtELICH
« <S3-bucket-name> S3 H{Z! 0|E Al

- <region> EHE A83t= AWS 2™

« <key-name>E& 7| mo{e} &7 ASELICE 7| Ho{7} gl= A< 7| Ho{7| ¥EE

L
« <IAM-service-role> %|A HeH HEIS 2= Amazon EMR MH|A &8 AFEEHLCE

5. Amazon EMR 2HAE{7} =7|3tE|H CF2 Ha 2 AlE510d Trino MAME

trino-cli

6. Trino CLIOIM CH& & M-St ZIHZOE £ + U&LICH

SHOW CATALOGS;

Iceberg E{|O|E& M

lceberg ElO|E 2 AMAI5t2474 CREATE TABLE B2 AF2E £ l&LICH OIS
M2 A83t= TtEIMEE Holg2 d4dst= ol Lot

CREATE TABLE iceberg.iceberg_db.iceberg_table (
userid int,
firstname varchar,
city varchar)
WITH (
format = 'PARQUET',
partitioning = ARRAY['city', 'bucket(userid, 16)'],
location = 's3://<S3-bucket>/<prefix>');

<EMR-EC2-instance-profile>& QAEA T Zutln} &4 AFEE

LICH.

2 Iceberg 74! THE|

Iceberg EflO|& MM
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https://aws.amazon.com/blogs/security/techniques-for-writing-least-privilege-iam-policies/
https://docs.aws.amazon.com/emr/latest/ManagementGuide/emr-ranger-iam-ec2.html
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A2 XIH5tK| ofo™ O™ MMM T8t iceberg.file-format 20| AHSELICE

HIO|E{E A U5t24d™ INSERT INTO BHEE ALSELICH Ch&2 1 of &lLich

INSERT INTO iceberg.iceberg_db.iceberg_table (userid, firstname, city)

VALUES
(1001, 'John', 'New York'),
(1002, 'Mary', 'Los Angeles'),
(1003, 'Mateo', 'Chicago'),
(1004, 'Shirley', 'Houston'),
(1005, 'Diego', 'Miami'),
(1006, 'Nikki', 'Seattle'),
(1007, 'Pat', 'Boston'),
(1008, 'Terry', 'San Francisco'),
(1009, 'Richard', 'Denver'),
(1010, 'Pat', 'Phoenix');

Iceberg Ei[O|=0{lA €{7|
C}2 3 20| SELECT 28 AF8 5104 Iceberg Bl 02 0] £/ AE}S

SELECT * FROM iceberg.iceberg_db.iceberg_table;

Iceberg E|0|2 £ Cl|0|E KFMAE

MERGE INTO £2 AF835t0{ YME U2 e = UESLICHA B[ZEE SAlo| &5t 7|E &

A E Ad|o|E). CtE2 1 o uct

MERGE INTO iceberg.iceberg_db.iceberg_table target

USING (
VALUES
(1001, '3John Updated', 'Boston'), -- Update
(1002, 'Mary Updated',6 'Seattle'), -- Update
(1011, 'Martha', 'Portland'), -- Insert
(1012, 'Paulo', 'Austin') -- Insert

) AS source (userid, firstname, city)

existing user
existing user
new user
new user

Iceberg E|O|Z 01| A 17|
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ON target.userid =

WHEN MATCHED THEN

UPDATE

firstname
city =

SET

source.userid

source.firstname,

source.city

WHEN NOT MATCHED THEN

INSERT (userid, firstname,

city)

VALUES (source.userid, source.firstname, source.city);

Iceberg E|O|E 0] M B2 = AFA|

Iceberg E|O|2 0| M CIO|E{E A X|6t2{™ DELETE FROM E3AIZ AHE5tD
E{E XIGELIct oS

1 o L|Ct.

[=3

AR

[/

02
Acl]
i
Q'I_l
rr
e

DELETE FROM iceberg.iceberg_db.iceberg_table WHERE userid IN (1003, 1004);

Iceberg E|0|2 M|EIC|O|E{ 2|

Iceberg= SQLS S35H HIEIH|O|E{0d| CHEF HMAE &
X|HEl Ell0|&(<table_name>)2| HIEIH|O|E{0d| HAM|A
$<metadata_table>". M|EIH|O|E] Ef|O|E

o

-l .

CH2 2 Iceberg HEIHHIO|E{E ZAAFst7| I8 22l

SELECT
SELECT
SELECT
SELECT
SELECT
SELECT
SELECT

o & £04, Hcl= Ot

FROM
FROM
FROM
FROM
FROM
FROM

iceberg.
iceberg.
iceberg.
iceberg.
iceberg.
iceberg.

iceberg_db.
iceberg_db."
iceberg_db.
iceberg_db."
iceberg_db.
iceberg_db."

IS eLlch HKAmHO|AE #E(5H04
%EI- ‘JI\‘ M.=.|-—|E|'"<table name>.

O ™A S8 2 Iceberg dBAM Q| E|O|E HAIE &=X

[= ]

Z Al

==o| oL},

"iceberg_table$snapshots";
iceberg_table$history";
"iceberg_table$partitions";
iceberg_table$files";
"iceberg_table$manifests";
iceberg_table$refs";

* FROM iceberg.iceberg_db."iceberg_table$metadata_log_entries";

&L

SELECT * FROM iceberg.iceberg_db."iceberg_table$snapshots";

Iceberg EflO|E0iAM B2 = AFA|
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SELECT * FROM iceberg.iceberg_db."iceberg_table$snapshots";
committed_at snapshot_id parent_id | operation | manifest_list

2025-05-28 16:05:41.801 UTC | 7785073462465010154 | NULL | append | s3://
2025-05-28 16:05:57.806 UTC | 5984821362426775846 | 7785073462465010154 | append | s3://
2025-05-28 16:09:40.268 UTC | 241938428756831817 | 5984821362426775846 | overwrite | s3://

2025-05-28 16:18:53.126 UTC | 1784832837567742464 | 241938428756831817 | delete | s3://
(4 rows)

Query 20250528_162032_00012_uhduz, FINISHED, 1 node
Splits: 1 total, 1 done (100.00%)
0.30 [4 rows, 3.11KiB] [13 rows/s, 10.3KiB/s]

Azt Ols ALS

Iceberg ElolZ 2ol Zt M 7| H (& e, HOIO|E, YME EE A2 M AHMES HEELICH a7 O
= OlHEh A4 E AlZh O|S0l| AAEStod IHZE Sot7HA Bt7Hel Bl|olE SEE &g +~ /&LCH

CtZ AlZt 0|8 Hiele E™HE 7|ete = Ho|E | 4 EHE EAIELICE snapshot_id

SELECT *
FROM iceberg.iceberg_db.iceberg_table FOR VERSION AS OF 241938428756831817;

CHS AlZt o|S #Ele ST EIHAHILE J|Ho = B|o|S 2| §EHE EAIELICH

SELECT *
FROM iceberg.iceberg_db.iceberg_table FOR TIMESTAMP AS OF TIMESTAMP '2025-05-28
16:09:40.268 UTC'

IcebergE Trino2t &7l AL E I T2 AME

Iceberg E{|O|2 2| Trino 27| 242 merge-on-read MH|E (222 UH|0|E E= AXo| g2 gt
= T dio|E ot CHA| M et= CHal RIR| A/ U S - LICH copy-on-write 2 HAlS
Ar&35ted™ A 7| 2Hdo SparkE A& ste 20| E2&LICH.
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https://docs.aws.amazon.com/prescriptive-guidance/latest/apache-iceberg-on-aws/best-practices-write.html#write-update-strategy
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Amazon Data Firehose& Al &75t04 Iceberg El|0|2 &

Amazon Data Firehose= AWS WAF Z£21, Amazon CloudWatch Logs, Amazon Amazon Kinesis Data
Streams AWS loT, Amazon Managed Streaming for Apache Kafka(Amazon MSK)2+ Z2 2071 0|4t
O| AA0{M Amazon S3, Amazon Redshift, Snowflake, Splunk@t Z2 CHA S Z C|O|E| AEZIE2 ™
53517 {8 MHEIA =3 E MH|AQL|CH

FirehoseZ Al83l04 AE 2|2 O|0|E{E Amazon S32| Apache Iceberg EllO|E2 2 X M&E =
LIC}. FirehoseE AI&35IH B AEZ|O| P|Z=Z CHE Apache Iceberg E|0|2 £ 22 &5t E| O]
olHZEof &, HHI0|E U AKX U2 ASCE MY 5= U&LICH Firehose= Iceberg EO|&
20| XMets| 3t H ME g HEELICH 0] 7|52 AH252{8 AWS Glue Data CatalogE A2 8HoF &
L|Ct.

Firehoset= £E21% B0|E{S Amazon S3 El0lE 0l 21X HaE +& RlaLch. ol2i#+ Eolz e o
e BM 3 2cof 2[MELE AER|XIE KB xlaxo
oo|E{e| AER|X| HIRS E0|= 7|58 %83

|EF
olO|E{E Apache Iceberg El0|2 £ M4t £ 2 Firehose 2AE 22 MA 5= dhedof CHEH REMIEH LHR
2 Firehose M MO| Firehose AE & MM ff= E 21 A A|Z Amazon Data FirehoseE Al-&5}04

Amazon S32| Apache Iceberg EllO|E 2 AA|Zt CI|OJE| AEE|YE XML,
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https://aws.amazon.com/blogs/big-data/stream-real-time-data-into-apache-iceberg-tables-in-amazon-s3-using-amazon-data-firehose/
https://aws.amazon.com/blogs/big-data/stream-real-time-data-into-apache-iceberg-tables-in-amazon-s3-using-amazon-data-firehose/
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Athena SQLZ At&3t0d Iceberg EIO|E &Y

Amazon Athena= Apache Iceberg0f Ciet 7|2 X|HE MI5tH FI7+ BHAH E= F+40| HL35HX| &
&LCt ol MMMz RIpEl= 7Isol cHEt REAIEH 7HR 2 AthenaE A& 5104 Iceberg EllO|E 1t 4

5 B st wilol chat JHErAel XIAS MBI

- O

HAM 2 7|5 58t
Iceberg EIO|& At X|H

Apache Iceberg El|O|2 AFZ2 Iceberg E|O|E 2| & WAlZ X|HELICH Athena= E|O|E 4] B
28 X|HEZ2 24, CLI EE= SDKZ M8t 2 E Iceberg EIOIE2 7|EMo 2 sHiY HHME AIEE
L|C}.

CHE 2dTlez M E Iceberg EIOIEE A8 st= B2 ElOlE
x4

o
35 oF AWS GluegfLICt 20| 7t0|= & 9] Iceberg

o 0

=
£ ALE5t0{ HO|E EAl HTE

=
ElO|E 48 & & MME HZstML.

Iceberg 715 x|

Athenag& At &35t0q Iceberg E|O|2 0| A e110 £ == Q/&LICt. UPDATE, MERGE INTOZ! DELETE

FROM 22 AI835104 C|O|E{ & A5l Z < AthenaE merge-on-read Z =0 X|HELICEH O] &
2 #HAE £ d&LICt copy-on-write2 Cl|O|E{E O|0|E 5t 7HLE 4F X528 Amazon EMR E= 2|
Apache Spark®t 22 CHE A EIS ALE35HOoF B LICH AWS Glue. CHS ZE 0= Athenadll 2| Iceberg 7|
S X0 e E[o] /& LICEH

DDL X|# DML K| AWS Lake
Formation
Hotg 9
SH(MEH A
&)
Elo|lE & Efo|2 M A7(0+ & Cllole ¢ CllO|E{ A2 &/ HA|
Al A 5} 7| 7| A m|of
Amazon ™ 2 v v v X Copy- v
Athena on-write

HE 2 7] s8h 39


https://iceberg.apache.org/docs/latest/configuration/#reserved-table-properties
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DDL X|# DML K| AWS Lake
Formation

v Merge- v
on-read

® Note

- Athenat= & FE|E XI5HK| ef&LICt

. Athena01|H AO|0|E, AtX|| 2! B8t 22 CoW7} X|E|X| o2 2 E|O
Al S AHCoW) Ao ZtAIi0| 4 17| Al HE(MoR)S 2 7|2 M™HEL

= 549 47|

|
|Ct.
Iceberg E|O|& =Y

AthenaOi| A Iceberg At 2 W2 H| AlZt5t2{T40| 7+0|= FE 2| Athena SQLO|A Iceberg E[O|=
AlZSHZ| MME EHERSHMR.

CHS Zol= Meh At A HE A o| LidE[of A& LICH

AlLtE|2 Mgt Y ALY

Ef0|2 DDL M CIE AZTIoZ MAMEl Iceberg  EllO|E22 MM A Zloi| A
E|O|Z 0= Athenadll =EE[X| SS8 Z(0d: Spark SHOW
o= ¢HO| A2 5= QU&LICE.  CREATE TABLE B)2 A2

51 E1|0| O| Z< DDLZ L|ct.

lceberg ElO|20]| 7|2 & Zix| 7|EXHOZ AthenaZ M 0| Sx+2 H|E M55t

O| F2r2| Amazon S3 HF A GEl Iceberg HIO|E0= Iceberg Ei|0|2 £4& 23]
write.object-stora M|013t2{™H Amazon EMR EE &
ge.enabled &40| &4 O| Spark2t €2 CHE 2dZEIS

3tz[o] AU &LICE.

Iceberg EflO|& =d 40
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AlLtE|2 Mgt oY M

A& 35109 Iceberg EllO|E2 S M
dEFLICH AWS Glue.

5& #el 247l AthenaO0l M= K| El K| SE FCIE AM83tod BE O
f&Lch. Ol =&l mto|zzielE &Y

3} 5t24™ Amazon EMR EE =
0l M Spark& ArE&fLICH AWS
Glue.

Iceberg EflO|& =d 41
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Pylceberg EIO|& =4

L —

O MMoi| M= PylcebergE

A8 35109 Iceberg EO|E1 &5 285t WS AFEELICH MSE o
XM= Amazon Linux 2023 EC2 QIAEIA AWS Lambda &% = X123 AWS S HO| SHI 2| A=
Python Bt A0 M AdE = Qe E&E 2ot I =Lt

A =7

(® Note

Ol oMol M= Pylceberg 1.9.12 AF&FLICEH

PylcebergE Ar&ste{H Pylceberg 27} AWS SDK for Python (Boto3) A x| /o Qlo{oF & LIC} CHS
2 Pylceberg 212t &7H 2 &S5t = 5 Python 7t4 #1832 MAst= WOl of /LICE AWS Glue Data
Catalog

1. pip python TH7|X| A x| #E|XtE AF&510{ PylcebergE CIRE2E=gfL|C} &= S
Boto37} R LIC AWS MH|A. CHS BHE AE5t0o{ HIAESIEE 2Z Python 7t 8182 7
Ct.

S = UEL

python3 -m venv my_env
cd my_env/bin/
source activate

pip install "pyiceberg[pyarrow, pandas,glue]"
pip install boto3

2. & A

Hpythonsto] Python A2 @11 HAHS EHAEF

Cio|E{ ZtEF 2 10i &

0| M Iceberg E|O|E A4S AlZH5tE4HH AWS Glue T X{ 0l 23Z435HoF & LICH AWS Glue Data Catalog.

load_cataloggf+&= 2E Iceberg 2ol CHEH 7|2 QIE{H| O|A 38t
C

{82 S S 2T HHE MY
5104 GlOJEf S22 0] CHE 94742 & 7ISHBfLICt

from pyiceberg.catalog import load_catalog

N ES:

|__I_I;1
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https://py.iceberg.apache.org/
https://aws.amazon.com/linux/amazon-linux-2023/
https://aws.amazon.com/lambda/
https://docs.aws.amazon.com/IAM/latest/UserGuide/security-creds.html
https://www.python.org/
https://github.com/apache/iceberg/releases/tag/apache-iceberg-1.9.1
https://pypi.org/project/pip/
https://pypi.org/project/pyiceberg/
https://boto3.amazonaws.com/v1/documentation/api/latest/index.html
https://py.iceberg.apache.org/reference/pyiceberg/catalog/
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region = "us-east-1"

glue_catalog = load_catal
'default’,
**{
'client.region':
},
type="'glue’

ClO[EH|O]& L & o

og(

region

-

7|Z& HIO|E{H|I0|AE LI¥3IEd™H 1ist_namespaces &4+ 8 AFSELICEH

databases = glue_catalog.list_namespaces()

print(databases)

M CllO|E{H|O| A E MAFlEd™ create_namespace & +E AL ErLICH.

database_name="mydb"

s3_db_path=f"s3://amzn-s3-

demo-bucket/{database_name}"

glue_catalog.create_namespace(database_name, properties={"location": s3_db_path})

Iceberg E{|O|& M
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CI22 create_table &+ & AIE35+0{ IE|M'IE|X| &2 Iceberg E|O|2 2 M

from pyiceberg.schema import Schema
from pyiceberg.types import NestedField, StringType, DoubleType

database_name="mydb"

table_name="pyiceberg_table"

s3_table_path=f"s3://amzn-

schema = Schema(

s3-demo-bucket/{database_name}/{table_namel}"

NestedField(1l, "city", StringType(), required=False),

NestedField(2, "lat",

DoubleType(), required=False),

déte ol M ULIch
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NestedField(3, "long", DoubleType(), required=False),

glue_catalog.create_table(f"{database_name}.{table_name}", schema=schema,

location=s3_table_path)
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list_tables &

tables = glue_catalog.list_tables(namespace=database_name)

print(tables)
£ afle 4 aLict

&t =2l PyArrowE append AF& 3104 Iceberg Ef|0|2 L{oi| o O|E]

==

import pyarrow as pa
df = pa.Table.from_pylist(

[
{"city": "Amsterdam", "lat": 52.371807, "long": 4.896029},
{"city": "San Francisco", "lat": 37.773972, "long": -122.431297},
{"city": "Drachten", "lat": 53.11254, "long": 6.0989},
{"city": "Paris", "lat": 48.864716, "long": 2.349014},

1,

table = glue_catalog.load_table(f"{database_name}.{table_name}")

table.append(df)

2t & AL8otod 24T HEIME0| = THE|MIE Iceberg EO|E2 2 H

CI2 2 create_table
MotE oM LICtPartitionSpec.

from pyiceberg.schema import Schema
from pyiceberg.types import (
NestedField,
StringType,
FloatType,
DoubleType,
TimestampType,

# Define the schema

=g E HOIE


https://iceberg.apache.org/docs/1.4.0/partitioning/#icebergs-hidden-partitioning
https://iceberg.apache.org/docs/1.4.0/partitioning/
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schema = Schema(
NestedField(field_id=1, name="datetime", field_type=TimestampType(),
required=True),

NestedField(field_id=2, name="drone_id", field_type=StringType(), required=True),

NestedField(field_id=3, name="lat", field_type=DoubleType(), required=False),
NestedField(field_id=4, name="lon", field_type=DoubleType(), required=False),
NestedField(field_id=5, name="height", field_type=FloatType(), required=False),

from pyiceberg.partitioning import PartitionSpec, PartitionField
from pyiceberg.transforms import DayTransform

partition_spec = PartitionSpec(
PartitionField(
source_id=1, # Refers to "datetime"
field_id=1000,
transform=DayTransform(),
name="datetime_day"

database_name="mydb"
partitioned_table_name="pyiceberg_table_partitioned"
s3_table_path=f"s3://amzn-s3-demo-bucket/{database_name}/{partitioned_table_name}"

glue_catalog.create_table(
identifier=f"{database_name}.{partitioned_table_name}",
schema=schema,
location=s3_table_path,
partition_spec=partition_spec

oE|MIEX] of2 Ho|E1 SYet Ao 2 mtE|M'IE H O[S0l HIO|HE & e = J&LICH

EIME2 RS2 2 Xe[ELIch

from datetime import datetime

arrow_schema = pa.schema([
pa.field("datetime", pa.timestamp("us"), nullable=False),
pa.field("drone_id", pa.string(), nullable=False),
pa.field("lat", pa.float64()),
pa.field("lon", pa.float64()),
pa.field("height", pa.float32()),

D
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data = [
{
"datetime": datetime(2024, 6, 1, 12, 0, 0),
"drone_id": "drone_001",
"lat": 52.371807,
"lon": 4.896029,
"height": 120.5,

},
{
"datetime": datetime(2024, 6, 1, 12, 5, 0),
"drone_id": "drone_002",
"lat": 37.773972,
"lon": -122.431297,
"height": 150.0,
.
{
"datetime": datetime(2024, 6, 2, 9, 0, 0),
"drone_id": "drone_001",
"lat": 53.11254,
"lon": 6.0989,
"height": 110.2,
},
{
"datetime": datetime(2024, 6, 2, 9, 30, 0),
"drone_id": "drone_003",
"lat": 48.864716,
"lon": 2.349014,
"height": 145.7,
.

df = pa.Table.from_pylist(data, schema=arrow_schema)

table = glue_catalog.load_table(f"{database_name}.{partitioned_table_name}")
table.append(df)
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table= glue_catalog.load_table(f"{database_name}.{table_name}")
scan_df = table.scan(
row_filter=(
f"city = 'Amsterdam'"

)
selected_fields=("city", "lat"),
limit=100,

) .to_pandas()

print(scan_df)

ClOJE AA|

Pylceberg delete &+ E AI25tH delete_filterE AIE35tod Eo|2oMH BHZEE MHE = A
&Lct.

table = glue_catalog.load_table(f"{database_name}.{table_name}")
table.delete(delete_filter="city == 'Paris'")
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#List of snapshots
table.snapshots()

#Current snapshot
table.current_snapshot()

#Take a previous snapshot
second_last_snapshot_id=table.snapshots()[-2].snapshot_id
print(f"Second last SnapshotID: {second_last_snapshot_id}")
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https://py.iceberg.apache.org/reference/pyiceberg/table/metadata/
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second_last_snapshot_id=table.snapshots()[-2].snapshot_id

time_travel_df = table.scan(

limit=100,
snapshot_id=second_last_snapshot_id
) .to_pandas()

print(time_travel_df)
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https://py.iceberg.apache.org/api/
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https://docs.aws.amazon.com/glue/latest/dg/connect-glu-iceberg-rest.html
https://docs.aws.amazon.com/next-generation-sagemaker/
https://docs.aws.amazon.com/AmazonS3/latest/userguide/s3-tables-integrating-open-source.html
https://docs.aws.amazon.com/AmazonS3/latest/userguide/s3-tables-maintenance-overview.html
https://docs.aws.amazon.com/AmazonS3/latest/userguide/s3-tables-maintenance-overview.html
https://docs.aws.amazon.com/athena/latest/ug/engine-versions-reference-0003.html
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Spark SQL A+S:

CREATE TABLE IF NOT EXISTS myns.orders_v3 (
order_id bigint,
customer_id string,
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order_date date,
total_amount decimal(10,2),
status string,

created_at timestamp

)

USING iceberg

TBLPROPERTIES (
'format-version' = '3’

%
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Spark SQL A+S:

ALTER TABLE myns.existing_table

SET TBLPROPERTIES ('format-version' = '3')
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Spark SQL A8

ALTER TABLE myns.orders_v3

SET TBLPROPERTIES ('format-version' = '3',
'write.delete.mode' = 'merge-on-read',

'write.update.mode' = 'merge-on-read',
'write.merge.mode' = 'merge-on-read'
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Spark SQL AFS:

# Query with parameter value provided
last_processed_sequence = 47

SELECT
id,
data,
_row_id,
_last_updated_sequence_number

FROM myns.orders_v3
WHERE _last_updated_sequence_number > :last_processed_sequence
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SET TBLPROPERTIES (

'write.delete.mode' = 'merge-on-read',
'write.update.mode' = 'merge-on-read',
'write.merge.mode' = 'merge-on-read'
)

- MMt ol 37[8 FEELICH

SET TBLPROPERTIES (
'write.target-file-size-bytes' = '536870912' - 512 MB
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https://docs.aws.amazon.com/AmazonS3/latest/userguide/s3-tables-monitoring-overview.html
https://docs.aws.amazon.com/AmazonS3/latest/userguide/s3-tables-monitoring-overview.html
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SET TBLPROPERTIES (

'write.delete.mode' = 'merge-on-read',
'write.update.mode' = 'merge-on-read',
'write.merge.mode' = 'merge-on-read'
)
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SELECT avg(file_size_in_bytes) as avg_file_size_bytes
FROM myns.orders_v3.files
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https://aws.amazon.com/contact-us/
https://iceberg.apache.org/community/
https://aws.amazon.com/big-data/datalakes-and-analytics/
https://aws.amazon.com/emr/pricing/
https://aws.amazon.com/sagemaker/pricing/
https://aws.amazon.com/glue/pricing/
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https://aws.amazon.com/s3/pricing/
https://aws.amazon.com/about-aws/global-infrastructure/regional-product-services/
https://iceberg.apache.org/docs/latest/
https://iceberg.apache.org/spec/
https://aws.amazon.com/solutions/guidance/migrating-tabular-data-from-amazon-s3-to-s3-tables/
https://docs.aws.amazon.com/AmazonS3/latest/userguide/s3-tables-getting-started.html
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https://parquet.apache.org/
https://orc.apache.org/
https://iceberg.apache.org/docs/latest/table-migration/
https://iceberg.apache.org/docs/latest/table-migration/
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CREATE EXTERNAL TABLE mydb.products (
product_id INT,
product_name STRING

)

PARTITIONED BY (category STRING)

STORED AS PARQUET

LOCATION 's3://amzn-s3-demo-bucket/products/';

INSERT INTO mydb.products

VALUES
(1001, 'Smartphone', 'electronics'),
(1002, 'Laptop', 'electronics'),
(2001, 'T-Shirt', 'clothing'),
(2002, 'Jeans', 'clothing');
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https://docs.aws.amazon.com/AmazonS3/latest/userguide/s3-tables.html
https://iceberg.apache.org/docs/latest/spark-procedures/#snapshot
https://iceberg.apache.org/docs/latest/table-migration/#snapshot-table
https://iceberg.apache.org/docs/latest/spark-procedures/#migrate
https://iceberg.apache.org/docs/latest/table-migration/#migrate-table
https://iceberg.apache.org/docs/latest/spark-procedures/#add_files
https://iceberg.apache.org/docs/latest/table-migration/#add-files

AWS H¥ 7t0|= ol M Apache Iceberg AHE AWS

SM1: AHAF I 2 A|X]

O| snapshot HRto A= O|F 0| CHE M Iceberg El0|E 2 45t K| A4 EH|O|E2| A7|0tet THE]
MEE SHMELICH o] 52 &Y 1 5t Foll &4 E|O|2 & 2tH35| HESHX| eL&LICH B0
o| &F EAI-E— ENMo R M2 E #elf o|EH AAE 783X 1 E AlLt2[R EE= E||O|E-|
= S =T
o =

at

ceberg Ef0|&
). EAET} gl-gﬂuq

| o
2Hol & A EILICHO| Aol Bol 2l 23 A &
144 EOIZ 2 OIS E 4 UKL

2 E 2to|Ee E[HE M E|0|E 2 HEF6tod M Iceberg ElOIEE Z2HM H|O

o b2

2 E Amazon EMR HiEZ 2 &(0i: Amazon EMR on EC2, Amazon EMR on EKS, EMR Serverless) 2!
0 A Spark& AF&3t0{ snapshot Z2A|ME A™ME = U&LICHAWS Glue.

o2

snapshot Spark MRl E AtE3504 QIZ0|A OrO|El|0|ME HIAESE{H CHE HAHE [MENML.

1. Spark O Z 2|7/|0| & Al T 2 MA O 2 Spark M4 FA8HLICEH
* "spark.sqgl.extensions":"org.apache.iceberg.spark.extensions.IcebergSparkSess:
* "spark.sqgl.catalog.spark_catalog":"org.apache.iceberg.spark.SparkSessionCata.
* "spark.sqgl.catalog.spark_catalog.type":"glue"
» "spark.hadoop.hive.metastore.client.factory.class":"com.amazonaws.glue.catal

2. snapshot Z2A|XE A&stod Rel E|O|= HIO|E U 7I2|7|= M Iceberg E|O|= S MM g
L|Ct.

spark.sql(f"""

CALL system.snapshot(

source_table => 'mydb.products’,

table => 'mydb.products_iceberg',

location => 's3://amzn-s3-demo-bucket/products_iceberg/'

)

) .show(truncate=False)

M
o
[nl

|O|E ZRi|ol= imported_files_count (F7HE ot )7} Z & ELICH.

3. HMCIE Sl M ElolE& AEELICHL

spark.sql(f"""
SELECT * FROM mydb.products_iceberg LIMIT 10
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) .show(truncate=False)

©
o2t
K

- ZEAXE A F 22 EHO|ZEMM HIO|E DU E +HetH MM E E|0|S0| S7(3HE
x| et&LIC FItet= M ZbU2 Iceberg E| 0|20 EA|E|X| &t M7{8 Tt U2 Iceberg
Ho|g2o| #2| 7|sol &2 o1& S7(8 2XME YX[ete{H
« M Iceberg E|0|E0| ZEHMERI B2

HO|IER Z|C|=MerLct,

« Mgh 7|zto| 22 38t7HLt M Iceberg El0|Z 0| EIAE 8 Rl B2 E|O|= S7I8 FX|oi| CHEF
X|ElS0| MM S

_|
S Eo 2E8 0|4 O1o|1 B0l ¥ Iceberg EllOlE S7|3 /XIE &X
StMl2.

+ snapshot ZZA|X{E ALE5tH M A El Iceberg E|O|E 2| E|O|& gc.enabled &
HfalseolA £40| 2 MYEELICH 0| dH2 5442 DROP TABLE At&35to4 C|o|H o

g ECIMoZ AX|PURGESHE ex 1re_sn pshotsremove_orphan_files, EEE §2
AU FXRIELICH &4 mHUof MMl B S FX| A= Iceberg &AM EE= HE 22
05| S ELICH

- Olo|H S E2|Mo = AFx|5t= 2Hdoll CHEt X[et @10] A Iceberg ElO|E 0| 2t 15| &
Sot=5 dt2i™ gc.enabled EIOIE &M82 2 HEE = U&uUcHtrue. a2{U0| M
H 0|20 CHEE HMAE =4 AIZ = 0|Xl=

—
S2 E |4 = U &4 HIO[H mhdof IS
HUE oISELICH ek el E1IOIE-—| 7ls& O old =Xl E27t 9ls Bl

gc.enabled &S HEELICH oA

spark.sql(f"""
ALTER TABLE mydb.products_iceberg
SET TBLPROPERTIES ('gc.enabled' = 'true');

")

SM 2: 0to|2do|M M|

Ol migrate HXI0|MH= A A HIO|ED O|F, &A7|0t & mtE|M'E0| S All Iceberg E|O|2 2 A
MAELICH O] ZE2AM7I AABE|H AA HO|ES 1 0|2 <table_name>_BACKUP_ (E=
backup_table_name ZZA|X ml2tO|EHZ X|HE A X X|H 0|8)2 2 HIZLICH

M 2: ool glold MRt 60
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® Note
drop_backup ZE2A|X Lt2t0|EHE 2 M5 truedch E|O[20| Yo 2 RX[EIX| i&
L|Ct

2t migrate E|O|E MRIOME ZUS 857 ol AA E|o|E0] WEE DIxlE ZE £ A
&2 S X|6HoF SfLICH migrate ZE2A|XK{E A&t 7| Mo

- AAHOIED 45 X5t ZE BHOIEE SXILICH

« 7|E2XOZ IcebergE X|H5HX| &b= Bl BHOIE{E 745109 Iceberg K|S & MSHELICH

o A:

« Athena= =4 Q10| Al & SELICEH
- Sparkol|= CHgO| e ghLct.

- 2oiA Z2oi ZEE Iceberg Java Archive(JAR) IH(0| 7t0|= FE 2o MMM Amazon
EMRO|M Iceberg 2t & Iceberg Xt24 AWS Glue & X).

 C}2 Spark MM 7IEF 230 FM(SparkSessionCatalogE AFHE35109 Iceberg7} ol Ef 02 2]
712 M3 2 7158 |RXISHEHA Iceberg X|[HE F74):

+ "spark.sql.extensions":"org.apache.iceberg.spark.extensions.IcebergSparkSes
» "spark.sqgl.catalog.spark_catalog":"org.apache.iceberg.spark.SparkSessionCat
* "spark.sqgl.catalog.spark_catalog.type":"glue"

* "spark.hadoop.hive.metastore.client.factory.class":"com.amazonaws.glue.cata

zZ A|KE A&st £ M Iceberg FA2 2 2IOIE{E CHA| A|RHE £~ Ql&LICH

M= ClO|E{ 7R 237t RENAME 24 E X|#45tX| AWS Glue Data Catalogt S22 migrate Z2
AX7tet 3 EtE|X| §f & LICt [ElAM Hive HIEFAEO0{2 2 Jst= ZoBho| HXHE ALEst= A0l
Z&LICH C|O|E 712208 Ar85te 42 CHA M2 LAI2 O AME FXstA L.

2 E Amazon EMR HiZ 2 E(EC22| Amazon EMR, EKS2| Amazon EMR, EMR Serverless) Z/01| A
migrate ZEA|XE AdE = AWS GlueUX|Bt Hive HEFAE 0{0f| CHEH FAEl 20| H g LCH
Amazon EMR on EC2& ™ SEEE %[4356tE 7|2 MS Hive HEIAEO| 2 HE HMSst22 H
el MEfQLC.

& 2: oto|2 ol Mt 61
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Hive HEFAEO{Z A E EC2 2{AE{ 2] Amazon EMROM|A migrate Spark MitE AI&35t04 QIE
oilO|A Oto|aB0|ME HAESE{H CHE BHAHIE [MEMS.

1. Spark OHZ 2|7|0| M2 A|ZF5t1 Iceberg Hive IR 20 732 AL 5I TS Spark MlMS F &L
Ct. ol & £04 pyspark CLIE A83te B2

pyspark --conf
spark.sql.extensions=org.apache.iceberg.spark.extensions.IcebergSparkSessionExtensions
--conf spark.sql.catalog.spark_catalog=org.apache.iceberg.spark.SparkSessionCatalog
--conf spark.sql.catalog.spark_catalog.type=hive

2. Hive MEfAE0{0{A] products EO|2& & LICH ol Ll oto|zefolMod o|O] EXHst
£ A4 Ho|E LT

a. Hive HIEFAE0{0{| M products 2[F Hive E|O|2 & 445t0{ Amazon S32| 7|& C|O|E{E 7}
2(ZLct.

spark.sql(f"""
CREATE EXTERNAL TABLE products (
product_id INT,
product_name STRING
)
PARTITIONED BY (category STRING)
STORED AS PARQUET
LOCATION 's3://amzn-s3-demo-bucket/products/';

)

b. MSCK REPAIR TABLE @& AI&35l04 7|&E TE|ME FIHELICE

spark.sql(f"""
MSCK REPAIR TABLE products

)

c. SELECT #E[E al&stod H|o|Z0i| dIo|E{7t & ko] U= K| & lgfL|ct

spark.sql(f"""
SELECT * FROM products

) .show(truncate=False)
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AHIEZ =24.
/= = .

spark.sgl(f"""
SELECT * FROM products

) .show(truncate=False)
| L — R S — +

|product_id|product_name |category

S Fmm e S . +
| Smartphone |electronics|
| Laptop |electronics |
| T-Shirt |clothing |

|clothing

. L R . +

3. Iceberg migrate MxIE AL & LICTH

df_res=spark.sql(f"""

CALL system.migrate(

table => 'default.products'
)

)

df_res.show()

£ M|o|E ZH¥olE migrated_files_count (Iceberg EflO|E0] F7IE Tt )7t £
L|C}.

o
i

4. W] B|o|S 0| HEEIRA=X] FH gLt

spark.sql("show tables").show()

>

H

2q.
(=]

= .

M|k
M3
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>>> gpark.sql("show tables").show()

ol s s s e — ———— P a——————

| namespace | tableName | isTemporary |

. I T———.,

| default| products | false|
| default|products backup | false|

A I —_——

5. Iceberg E|O|E 2 #H2|5t0{ 2y S HEFLICE

spark.sql(f"""
SELECT * FROM products

) .show(truncate=False)

® &z
- MXIE M-S F Iceberg X|HE MOIE L EEIX| A2 AR A4 HO|Z0d 2{2I5HHLt
ME D E HM Z2MA0 JES O|FLICH et o S EHAE 2= ZWo| E& L.

SXRIgLict

mw

1. Oto|a 0|5t 7| Mol AA HO|2S AFR5t0{ ZE T2 AHA
2. Oto|azfo|de +&gLIct
3. XI5t Iceberg A S AF2510d TEMAE CHA| #4451 8HLICH

- Oto|zefold Z2 M4 Fof Clo|E ot ol st (M oo %"—7PEI7-ILP ut ol A
7HE) ddE E1I0|='0| S7|2EIx| et&LICH S7I3t &M20| MM IR E 9| Q1= 0|4 Of

O[22i|0| M & Iceberg EIOIZ S7|5 RXIE &ZTsHML.

oA Ef|0|& oto|1zi[o|M &t S X AWS Glue Data Catalog

Ct= EtAlof h2tod| M oto|z22l|lo|M Mxtel ZuE =X &= U&LICH AWS Glue Data Catalog (&
Ef0]2 ©424 2! Iceberg E|O|E2 2 1 A).

1. AN HAE A3l HE Bl0lE2| Clo|E| THUE 7127l M lceberg B0 S MABHLICH
2. HOIE] S 220l M HE E0]E HIELEIO|EIE MetErLicH

a. GetTable APIE Al23510{ AA E|0|E Zo|E ZAAMistL|Ct.

b. GetPartitions APIE AI&3t0{ AA EH|O|E THE|M HolE AMELICE

oA Eflo|g oto|zzfo|M HRt S X AWS Glue Data Catalog 64


https://docs.aws.amazon.com/glue/latest/webapi/API_GetTable.html
https://docs.aws.amazon.com/glue/latest/webapi/API_GetPartitions.html

AWS H¥ 7t0|= ol M Apache Iceberg AHE AWS

c. CreateTable APIE AF&3510{ O|O|E| ZIEF 2101 8] E|0|E S M/ EELICEH

= OO

d. CreatePartition EE = BatchCreatePartition APIE Al &35}04 CI|O|E{ ZIEf 2 19| 8] Ef|o|E o T}
|A=|2 EEoI-L_||:|._

—_= o 14

3. gc.enabled Iceberg EIO|E &8 2 ¥4 falsestof TIA| E|O|2 22 &8 &LiCt.
4. Y HO|ES AAELICt

5. Elolg FE @|x|o|] HEHO|E] £C{0|M Iceberg El0|E€ MEIC|O|E| JSON TS BH&LICH,
6

. register_table Z2A|X{E el E0|Z O|& ™ snapshot Z2A|X{Z2 Y& metadata.json ot
Uo| 2|x|et &M AE35to{ LO|H ZIEHE 0] M El0|EE SSFELICHL

=2 o1 d

spark.sql(f"""
CALL system.register_table(
table => 'mydb.products"',
metadata_file => '{iceberg_metadata_file}'

)

).show(truncate=False)

QlZ¢tilo|A oto|ci 0|4 = Iceberg E|OlE S7|3t FX

Ol add_files Mxl= 7|Z HIO|E{Z Iceberg EllO|E0]| S&5tE fQist ¢S NI EHL
Iceberg2| HIEFE|O|E] H|Z 0l ML BZE & X304 7|E o0l T (0d: Parquet THY)
Ct. 7|2Mo 2 T2 AX{= ZE E|0|2 TtE|MO| U Iceberg El|O|E 0| F7I3FK[Et

I EX
=
Tg MEHSOE FIbE 4 ALITH O M T YA oz AILZIQ0IM S5 8

OH

5
S

=
o
ItE|M 9
3t
=

- Xx7|0to|zefold = M oHE[40| A4 El|O|20]| FIHEE B2

- oT.

- 7| oto[zelo|ld ¥ o|o|E mo| 7|& mHE|Mo| FIHE|7HL 7|& ZHE[MoM XHElE 3.2

oLt =88 TE[ME CHA| F7hsted™ HX ZtE[ME AfX[sof & LICH ofof CHer XiMIEr L& 20|
Mol IFE0f Lo AU&LCH.

CtS2 M Iceberg EIO|E 2 AA O|O|H It S7|5HEl 4EHE | X|5H7| @/5H 2IE 0|4 oto| 22
O|M(snapshot EE= migrate)2 +&88t £ add_file MxIE AFSE 1l Ted5loF & T2 J7FX| ALE
L|c.

« AA E|O|29| M ZHE|Mo| M CIO|E{7} F7HE[H S M1} 874 add_files T2 AIX
E partition_filter AI&35t04 0|28t F7I AFE 2 Iceberg El|O|20i| MEAMo 2 SFFErLICH

[ |
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https://docs.aws.amazon.com/glue/latest/webapi/API_CreateTable.html
https://docs.aws.amazon.com/glue/latest/webapi/API_CreatePartition.html
https://docs.aws.amazon.com/glue/latest/webapi/API_BatchCreatePartition.html
https://iceberg.apache.org/docs/latest/spark-procedures/#register_table
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spark.sql(f"""

CALL system.add_files(

source_table => 'mydb.products’,

table => 'mydb.products_iceberg',

partition_filter => map('category', 'electronics')
) .show(truncate=False)

CC
o

Hf

spark.sql(f"""

CALL system.add_files(

source_table => '‘parquet’. s3://amzn-s3-demo-bucket/products/ ",
table => 'mydb.products_iceberg"',

partition_filter => map('category', 'electronics')
).show(truncate=False)

« Ol add_files ZZA|X{E partition_filter SME X|HE W} MX AA E0|E == §H 1}

o
ElMO| mlUg AZHEI D 32 D E 0t UL Iceberg EllO|E0] £7I524D AT ELICEH 7|EXMS
check_duplicate_files ZEAM £42 E d™truekl2E Iceberg E|O|E0] 0| o|O] A
= 49 ZEAX7 A™>EIX]| et &LICH Ol= O[T F7iet S HUF = 72 M3 40| g
H|ZA3tcheck_duplicate_filesstt mto| & HH F7E|o S20| MMEE 2 2380

A HO|Z0 M Zt o] F7ixH oS BAHE mELCH

1. M THE|MO| 29l add_files &7 partition_filterE AFE35104 M| TFE[AMO| A mpUEH 7}
XL,

2. 7|& mE|Mo| A MK Iceberg EIO|E MM THE|ME AMX|E CHS E K| 5H04 S ZHE[Mo]
add_files CHaH CHA| A& & LICtpartition_filter. oA

# We initially perform in-place migration with snapshot
spark.sql(f"""

CALL system.snapshot(

source_table => 'mydb.products’,

table => 'mydb.products_iceberg',

location => 's3://amzn-s3-demo-bucket/products_iceberg/'

)

) .show(truncate=False)

# Then on the source table, some new files were generated under the
category='electronics' partition. Example:

ClZ 2ol oto|zElo|M F Iceberg ElO|E S7(3F 7K 66
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spark.sql("""

INSERT INTO mydb.products
'Tablet',

VALUES (1003,
Illlll)

# We delete the modified partition from the Iceberg table.

operation only
spark.sql("""

'electronics')

Note this is a metadata

DELETE FROM mydb.products_iceberg WHERE category = 'electronics'

Illlll)

# We add_files from the modified partition

spark.sql("""
CALL system.add_files(

source_table => 'mydb.products’,
table => 'mydb.products_iceberg"',

partition_filter => map('category’,

)

") show(truncate=False)

(@ Note
E add_files %

ro

SEESES

ok
mo

tE 2
&l Hive ElO|Z 2} Iceberg E|O|
E D50l HAMAE = AUTSF
S X|5tH M CIO|E{E CHA| &

MstR| ot wk= A ofo| =

O|M3tT Ao dTtR?

Zlo|A oto|dy|o|M

A2 FIHE CIo|E7t =&

Mare

= [ |

44

—

el

A

snapshot ZZ2A|X{ C}20f|

add_files

MEH 5}

'electronics')

OlZg|o|A oto|zio|M T2k AMEH

o O

2 A|X]

El M Iceberg El0|2 AHAFS

TE45HAMI2.

Ad04

A

9IDP%

mo ok m> mo mo

snapshot MiE At

A

23}01 S
EHoOIZ22 s™stx| &1 A&
Exstn E||0|E-| -
6%04 M Iceberg EllO|E
FLICH add_files
273504 oto|a 0| M
FE[HLE =-E & ohE|M

|Ch &&= ohE|M
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0z I*
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d

om 4
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S HE ALE MH
2 CHA| F7t5t24H M tE|
M ANIZE 2 ELICH
Hive HEIAEO{E AlE 50| migrate T2 A|X{ C}20f| migrate HiE A& 3504
H ClO|EE CtA| 2 M35tX[ &f add_files ZZA|X Iceberg E1|0|§% A5k, &
1 Hive EIO|E& F Al Iceberg A E1|0| = A5t el E
O[22 Ht D HoA7tR? O|E 2 Iceberg HHS 2 HIE

L EP.

£ 1:0| M2 Hive Metastore
ot ZBE|X[EF o= S BHE|

X| et&LICt AWS Glue Data
Catalog.

add_files HM&AIE AIE3
of Ofo|adold & F

Lt =dE IE|ME SEEL
Ct. =& & DtE[ME CHA| F7}
5249 BiX] ZE|M AFX|| 7 E
RErLICE
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FEF A Moy

%l
Eli
0ok

= O
E A §0|EI=| HIO|E{E CtAl  migrate ZEAIM ZH F SM migrate ZEA|X SE&:
2t M SHX| of 1 Hive Ef|O|22 add_files ZZA|X]
% Al Iceberg ElO| 22 Bt 1 1. snapshot & Ar &304
A2 AWS Glue Data Catalog Iceberg Ell0|E & SEHU
A7t2? .

2. APIE A2735l04 AWS Glue
¢leh Ello|& HIEtH|0lE{E
HHABTLICH APIs

3. Iceberg EO|Z &
Mgc.enabled HIME &
MstErLct.

4, Y& =HO|ES AAIELIC

5. register_table E Al
5104 cH O|E 22 A E|[O]

20|
—||=IE T
Glue API 3E8 852 = &

2|5 oF gfFL|C}.

add_files HRIE AIES
04 ofo|=zeflolMd

% 27hE17
Lt 48 nElME SEE
C. M E TGEIME CHA| 7}
sheA BIxd THEIM ARY7H E

et

A o|o|E oFo|=2 el o]

Al olole otolz2f|of42 Cilo|Ef mtnt HEIH|O|EE CHA| -8 'rLIct o] M2 g4l2 elEdol

HL- O 71
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oto|zgfo[M2 ElolE &&EE st Clo|H 2E 2K X HMA HEHE 2| Mty + Qe dEE

7|2|& MSELck.

A lolEf otolaalolM S0l PRI Herds B3st| I8 HlolE BB, B 27 g S o
2 BF57| QI3 4710 47, HE| M5 WS I8 IHEIM M XD 22 H kK| K88 TS
SHE & laLich T3 OIOIEE Ao YBHHOl MM A HEIS 2|Mststn, el 2E24S E
0l7| I8 Iceberg & T HHEIM'SE P35t D, st B T HA| B0l CSVOIM Parquet
2)2 ¥ + st

Ol2{#t 7|58 SaHl A Hl0IE] 0HO|ZLRI0IME Iceberg BAIC 2 MEHstT HlOE AE2|X| MEFS

U=
xZ™Mo 2 FA|&5tr 2[23H6HE Ol o|l&ML|CH A Ccl|o|E oto|g|olMoll= o BE2 Alzhnt
SlAAT EQEHXR|PH OO &4, =2 4 2| ¥s0| 7WMEH H7(XMel o|-HE ¥g = U&LICH.

Al ool oto|zefloldE Fedstedd OhE &M & stLEE AFSELICH

« Spark(Amazon EMR EE=) EE= AthenaOilA{ CREATE TABLE ... AS SELECT (CTAS AWS Glue)
28 A8%L|CH L TBLPROPERTIES M2 AFE35104 PARTITIONED BY AY Iceberg EflO|E0f| CHEH
OE|M ALY S EO|E S48 HdYE = &Lt AA EO|EWM A7|0F & ZHEIMHEE 4&5HE
CHal 2o w2t Af ElolE2] A7|0F & TE[M'ES HAE = U&Lch

o AA HO|E0|M 8111 Amazon EMR EE=2] Spark& A& 35104 G|O|E{E Al Iceberg EO|E £ &4
grLICH AWS Glue. AHAIEH LI 2 Iceberg MBEAMO| E{|0|E MM E EHZSIMIS.

X @/ x| oto|2el|lo|Mat A oto|2el|olM S| MEiStE ZJ0| &
X = x4 ;|

—
JhE BEE MT WAIS ST O D B AR 12

QELICH EY 2F ALE o 5 StA
2.
iz HE Ag
olo|E md &Al0d: CSV & - E{|O|E m 3 Al0| Parquet, ORC EE= AvroQ! AL #HXH 2Ik|
£ Apache Parquet)2 £31¢] oto|zilo|ME TE{shMlL.
Li7t2 - CSV, JSON 51} 2 2 &4|o| 72 Ml cllolef oto| 2

O|ME AtEELICH

ElO|E A7|0tE YUHIO|ESI7 -« Iceberg HIOIE|E 7|SE AHE5H04 EO|= A 7|0HE Y TA|F
Lt SEStAIZELIT? e QlE8|olA Oto|aefo|ME TE{stM|R2. ol & S04 010

otofzi|of4d = M= 70


https://iceberg.apache.org/docs/latest/spark-ddl/#create-table--as-select
https://iceberg.apache.org/docs/nightly/spark-getting-started/#creating-a-table
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https://iceberg.apache.org/docs/latest/aws/#optimistic-locking
https://docs.aws.amazon.com/athena/latest/ug/compression-support-zstd-levels.html
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https://iceberg.apache.org/spec/#partition-transforms
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TBC-H 3TB - Athena data scanned Parquet and Iceberg tables, sorted and unsorted
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spark.sql(f"""
CREATE TABLE IF NOT EXISTS glue_catalog.{DB_NAME}.{TABLE_NAME} (
Col_1 float,
<<<..other columns..>>
ts timestamp)
USING iceberg
PARTITIONED BY (days(ts))
OPTIONS (
'format-version'='2",
write.format.default'=parquet)

")

query = df \
.writeStream \
.format("iceberg") \
.option("write-format", "avro") \
.outputMode("append") \
.trigger(processingTime='60 seconds') \
.option("path", f"glue_catalog.{DB_NAME}.{TABLE_NAME}") \
.option("checkpointLocation", f"s3://{BUCKET_NAME}/checkpoints/iceberg/")
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Iceberg Catalog Update with Copy-on-Write Iceberg Catalog

S3://datalake/customer_iceberg/ $3://datalake/customer_iceberg/
| - metadata/

| - metadata/ : | - v1.metadata.json
|-v1 .metagata.J'son e | - v2.metadata.json
|- v2.meta' ata.json | - v3.metadata.json
| - snap.3ejn.avro | - snap.3ejn.avro
| - dbda?7.avro ¢ | - snap.hd62.avro

| - data/ | - dbda7.avro
| - c_birth_country=IRELAND/ | - hd72v.avro

| - 3dh3.parquet | - data/
| - c_birth_country=IRELAND/
ile | - 3dh3.parquet

| - jd73.parquet ——
Data file rewritten with the new records
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https://docs.aws.amazon.com/athena/latest/ug/vacuum-statement.html
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https://iceberg.apache.org/docs/latest/spark-procedures/#register_table
https://iceberg.apache.org/docs/latest/spark-procedures/#register_table
https://aws.amazon.com/blogs/big-data/improve-operational-efficiencies-of-apache-iceberg-tables-built-on-amazon-s3-data-lakes/
https://aws.amazon.com/blogs/big-data/improve-operational-efficiencies-of-apache-iceberg-tables-built-on-amazon-s3-data-lakes/
https://aws.amazon.com/blogs/big-data/improve-operational-efficiencies-of-apache-iceberg-tables-built-on-amazon-s3-data-lakes/
https://aws.amazon.com/blogs/big-data/improve-operational-efficiencies-of-apache-iceberg-tables-built-on-amazon-s3-data-lakes/
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Database.table
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Metadata I File group 1 | 100 GB
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. Filegroup2 | 78GR

Jyear=2022/month=02/
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40 MB X No file group

83 GB \ File group 3

Jyear=2022/month=04/

70 MB '\ File group4 | 70 MB
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https://iceberg.apache.org/javadoc/1.2.0/org/apache/iceberg/actions/RewriteDataFiles.html#MAX_FILE_GROUP_SIZE_BYTES
https://iceberg.apache.org/javadoc/1.2.0/org/apache/iceberg/actions/BinPackStrategy.html#MIN_FILE_SIZE_BYTES
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https://iceberg.apache.org/javadoc/1.2.0/org/apache/iceberg/actions/BinPackStrategy.html#MAX_FILE_SIZE_BYTES
https://iceberg.apache.org/javadoc/1.2.0/org/apache/iceberg/actions/BinPackStrategy.html#MAX_FILE_SIZE_DEFAULT_RATIO
https://iceberg.apache.org/javadoc/1.2.0/org/apache/iceberg/actions/BinPackStrategy.html#MIN_INPUT_FILES
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* spark.dynamicAllocation.enabled = FALSE
* spark.executor.memory =20 GB

* spark.executor.instances =5
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« MAX_CONCURRENT_FILE_GROUP_REWRITES = 4 (H|%)
 spark.executor.instances =5 (0i|A0o AFZE Zh) x 4 (A=) = 20
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https://docs.aws.amazon.com/emr/latest/EMR-Serverless-UserGuide/jobs-spark.html#spark-defaults
https://iceberg.apache.org/javadoc/1.2.0/org/apache/iceberg/actions/RewriteDataFiles.html#MAX_CONCURRENT_FILE_GROUP_REWRITES
https://docs.aws.amazon.com/athena/latest/ug/optimize-statement.html
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https://docs.aws.amazon.com/athena/latest/ug/querying-iceberg-creating-tables.html#querying-iceberg-table-properties
https://iceberg.apache.org/javadoc/1.2.0/org/apache/iceberg/actions/RewriteDataFiles.html#PARTIAL_PROGRESS_ENABLED
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https://iceberg.apache.org/docs/latest/configuration/#write-properties
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https://iceberg.apache.org/docs/latest/maintenance/#expire-snapshots
https://iceberg.apache.org/docs/latest/maintenance/#remove-old-metadata-files
https://iceberg.apache.org/docs/latest/maintenance/#delete-orphan-files
https://iceberg.apache.org/docs/latest/maintenance/#delete-orphan-files
https://docs.aws.amazon.com/AmazonS3/latest/userguide/replication.html
https://docs.aws.amazon.com/AmazonS3/latest/userguide/MultiRegionAccessPoints.html
https://docs.aws.amazon.com/AmazonS3/latest/userguide/MultiRegionAccessPoints.html
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https://github.com/aws-samples/lake-formation-pemissions-sync
https://iceberg.apache.org/docs/latest/spark-procedures/#register_table
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https://iceberg.apache.org/docs/latest/spark-queries/#inspecting-tables
https://iceberg.apache.org/javadoc/latest/index.html?org/apache/iceberg/metrics/MetricsReporter.html
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Query

select count(*)
from <catalog.database.
table_name>.all_files

select count(*)
from <catalog.database.
table_name>.files

select avg(file_
size_in_bytes)/100
0000

from <catalog.database.
table_name>.all_files

select avg(file_
size_in_bytes)/100
0000

from <catalog.database.
table_name>.files

select cast(sum(

case when file_size

_in_bytes < 100000000
then 1 else 0 end)*100/
count(*) as decimal(l
0,2))

from <catalog.database.
table_name>.files

select sum(file_
size_in_bytes)/100
0000

from <catalog.database.
table_name>.all_files
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https://docs.aws.amazon.com/quicksuite/latest/userguide/quick-bi.html
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https://aws.amazon.com/blogs/big-data/interact-with-apache-iceberg-tables-using-amazon-athena-and-cross-account-fine-grained-permissions-using-aws-lake-formation/
https://aws.amazon.com/blogs/big-data/interact-with-apache-iceberg-tables-using-amazon-athena-and-cross-account-fine-grained-permissions-using-aws-lake-formation/
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https://aws.amazon.com/blogs/big-data/build-a-transactional-data-lake-using-apache-iceberg-aws-glue-and-cross-account-data-shares-using-aws-lake-formation-and-amazon-athena/
https://aws.amazon.com/blogs/big-data/build-a-transactional-data-lake-using-apache-iceberg-aws-glue-and-cross-account-data-shares-using-aws-lake-formation-and-amazon-athena/
https://aws.amazon.com/blogs/big-data/build-a-transactional-data-lake-using-apache-iceberg-aws-glue-and-cross-account-data-shares-using-aws-lake-formation-and-amazon-athena/
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https://docs.aws.amazon.com/glue/latest/dg/aws-glue-programming-etl-format-iceberg.html
https://docs.aws.amazon.com/emr/latest/ReleaseGuide/emr-iceberg.html
https://docs.aws.amazon.com/athena/latest/ug/querying-iceberg.html
https://docs.aws.amazon.com/AmazonS3/latest/userguide/Welcome.html
https://docs.aws.amazon.com/quicksight/latest/user/welcome.html
https://github.com/aws-samples/lake-formation-pemissions-sync
https://iceberg.apache.org/docs/latest/
https://spark.apache.org/docs/latest/
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https://docs.aws.amazon.com/prescriptive-guidance/latest/apache-iceberg-on-aws/apache-iceberg-on-aws.rss
https://docs.aws.amazon.com/prescriptive-guidance/latest/apache-iceberg-on-aws/table-spec-v3
https://docs.aws.amazon.com/prescriptive-guidance/latest/apache-iceberg-on-aws/table-spec-v3
https://docs.aws.amazon.com/prescriptive-guidance/latest/apache-iceberg-on-aws/table-migration-inplace.html#in-place-snapshot
https://docs.aws.amazon.com/prescriptive-guidance/latest/apache-iceberg-on-aws/iceberg-trino.html
https://docs.aws.amazon.com/prescriptive-guidance/latest/apache-iceberg-on-aws/iceberg-pyiceberg.html
https://docs.aws.amazon.com/prescriptive-guidance/latest/apache-iceberg-on-aws/table-migration.html
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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
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https://docs.aws.amazon.com/fis/latest/userguide/what-is.html
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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://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://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
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/AmazonCloudFront/latest/DeveloperGuide/georestrictions.html
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https://docs.aws.amazon.com/prescriptive-guidance/latest/strategy-iiot-transformation/welcome.html
https://docs.aws.amazon.com/prescriptive-guidance/latest/security-reference-architecture/network.html
https://docs.aws.amazon.com/prescriptive-guidance/latest/security-reference-architecture/network.html
https://aws.amazon.com/what-is/iot/
https://docs.aws.amazon.com/prescriptive-guidance/latest/ml-model-interpretability/
https://docs.aws.amazon.com/prescriptive-guidance/latest/migration-operations-integration/tools-integration.html
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https://aws.amazon.com/what-is/large-language-model/
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https://aws.amazon.com/resilience/
https://aws.amazon.com/resilience/
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https://docs.aws.amazon.com/prescriptive-guidance/latest/aws-security-controls/responsive-controls.html
https://aws.amazon.com/what-is/retrieval-augmented-generation/
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https://docs.aws.amazon.com/IAM/latest/UserGuide/id_roles_providers_saml.html
https://docs.aws.amazon.com/secretsmanager/latest/userguide/whats-in-a-secret.html
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https://docs.aws.amazon.com/organizations/latest/userguide/orgs_manage_policies_scps.html
https://docs.aws.amazon.com/general/latest/gr/rande.html
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https://aws.amazon.com/compliance/shared-responsibility-model/
https://aws.amazon.com/compliance/shared-responsibility-model/
https://docs.aws.amazon.com/prescriptive-guidance/latest/modernization-phased-approach/step3.html
https://docs.aws.amazon.com/prescriptive-guidance/latest/modernization-phased-approach/step3.html
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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/
https://docs.aws.amazon.com/prescriptive-guidance/latest/modernization-aspnet-web-services/
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https://docs.aws.amazon.com/vpc/latest/tgw/what-is-transit-gateway.html
https://docs.aws.amazon.com/organizations/latest/userguide/orgs_integrate_services.html
https://docs.aws.amazon.com/organizations/latest/userguide/orgs_integrate_services.html
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https://docs.aws.amazon.com/prescriptive-guidance/latest/ml-quantifying-uncertainty/concepts.html
https://docs.aws.amazon.com/vpc/latest/peering/what-is-vpc-peering.html
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