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Data Lake vs Data Warehouse

Existing approaches require trade offs

Data Lake Centric Data Warehouse Centric

Lacks intelligent storage
optimization

Lacks open access to data
warehouse data

Takes away decades of databases
capabilities such as transactions
and deletes/updates

Apache Iceberg: Move from a "Data Lake" to a "Transactional Lakehouse"
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Challenges with a traditional
Datalake



Small files impact query performance

Data Lake
e— N Write :
© L
Ingestor job :
(Run 1) ~ [ <
Write L
E 2
©
Ingestor job
(Run 2)

Challenges

Streming jobs or frequently executed ingestion jobs often generate small files
Small files degrades performance on query/reader side (multiple files to open
Not trivial to build compaction jobs
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N O AC I D tra n S a Cti O n S What happens when jobs read and write simultaneously?

What is the impact of an ingestion job that fails half-way?

Query 3: Erroneous view of data

Query 2: Inconsistent view of data Query sees the files from the failed
Which files does this query see? ETL process.
) ,/'
v~ P

/7
@ v Time
e Ingestion Job 1 _-— Ingestion JOb 2 s Ingestion Job 3.1 _-_ Ingestion Job 3.2 >
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)

BEBE BEBB N BBEBB
=

: BBEBEB BB BB BEBB
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Query 1: Runs correctly

Query sees 8 files and nothing is

being added while it runs. Jobs can fail halway when writing We have to be carefull when re-
results leaving a dirty state attempting jobs as we have to
remove dirty state before
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Deletion and Updates not trival to implement

Data Lake

1. Detect files impacted - @
.  ' ] .
& : .

Delete/Update
Custom Job

Challenges

Multi-step, error-prone workflow: Requires custom orchestration with no built-in transaction log or

automatic rollback on failure

Lack of complete isolation: Brief windows where readers see inconsistent state
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Deletion and Updates not trival to implement

Data Lake

1. Detect files impacted - @

= ; ,

_u@ 2. Rewrite impacted files with E = = = = E

Delete/Update modifications E E

Custom Job S I S
Challenges

* Multi-step, error-prone workflow: Requires custom orchestration with no built-in transaction log or
automatic rollback on failure

» Lack of complete isolation: Brief windows where readers see inconsistent state
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Deletion and Updates not trival to implement

Data Lake

1. Detect files impacted - @

=N ; .
_a@ 2. Rewrite impacted files with E g = E
Delete/Update modifications ! :
Custom Job ] g = E
i X B
3. Delete old files E i
Challenges

* Multi-step, error-prone workflow: Requires custom orchestration with no built-in transaction log or
automatic rollback on failure
» Lack of complete isolation: Brief windows where readers see inconsistent state
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Schema Evolution on datalake tables

« Schema is fixed at table creation time

« Change schema means rewrite table data in case of renaming columns

db.1logs ( catalog.db.logs v2

id . parquet
(event year)

log_event string,
's3://BUCKET/db/logs v2/'

level string,
event time timestamp,

event date string SELECT

iel,
log event,

parquet
(event date) level AS log level,
's3://BUCKET/db/logs/" event time,
event date
catalog.db.logs
Challenges

« Entire table rewritten (expensive)
* Impact readers (e.g., to be redirected to a new table)
« Potentially need to re-grant access permissions to this table if permissions given at table and not

database level

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
p



No Rollbacks capabilities

Data Lake Data Lake

@‘ Initial State @’ After State

s3://<bucket>/mytable/day=20250402/ s3://<bucket ‘myta" (e/day=20250402/
= B
M b, . @ = A ST .
R wrong Daiy i <backelimy e any 3035010,
| pertons by itk B
s bacersfmytablejdny-20250404] | — ket day 30750404/
§ g
Challenges

» Not straightforward way to recover mistakes

* In many cases have to go back to source systems to take historical data (what if retention expired on source systems?)
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No Time Travel capabilities

Data Lake Data Lake

@ Initial State @ After State

i 53://<bucket>/mytable/day=20250402/E i s3://<bucket>/mytable/day=20250402/

2 g

Lo e R i R T i 1 R L o o O o 0 0 o o o o o o

| s3u//<bucket>/mytable/day=20250403/ | el | 53://<bucket>/mytable/day=20250403/

i | parttion and overvrie an i

TS e e, T ! existing partition) g -3

| s3u//<bucket>/mytable/day=20250404/ | ‘ | 53://<bucket>/mytable/day=20250404/

g g
Challenges

» Not straightforward way to retrieve table state in the past (e.g., before an ingestion job executed)

» Deep dive on files timestamps for append use cases, not possible for overwrite use cases
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Partition Evolution on datalake tables

« Partitioning is fixed at table creation time

« Change partitioning means rewrite table data

catalog.db.logs v2

: db.logs ( parquet
id ' . PARTITIONED BY (event year)
log_event string, 's3://BUCKET/db/logs_v2/'
level string, >
event time timestamp, SELECT
event date string iel,
) log event,
parquet level,
PARTITION}:ZD BY (event day) ' event time,
s3://BUCKET/db/logs/ YEAR (event time) AS event year

catalog.db.logs

Challenges

» Entire table rewritten (expensive)
* Impact readers (e.g., to be redirected to a new table)
» Potentially need to re-grant access permissions to this table if permissions given at table and not

database level
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Introduction to Apache Iceberg



Apache Iceberg: Table Format Architecture

How Iceberg organizes metadata and data files to enable ACID transactions, time travel, and efficient query planning

4-Layer Metadata Architecture .

Data Catalog

(D Metadata File (JSON)
Points to current snapshot, stores table schema,

partition spec, sort order, history of snapshots with related manifest

list location

Manifest List (Avro)

Lists all manifest files for a snapshot;
tracks for each manifest partition statistics (min/max) for query pruning

d

|
|
|

Manifest Files (Avro)

Contains metadata per data file: file paths,
partition values, record counts, column-level
min/max statistics for query pruning

d

Data Files (Parquet, ORC, Avro)

Stores actual table data in columnar format;
optimized for analytical reads and compression

a4 @ @

aws
~—
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Key Capabilities

ACID Transactions

Atomic commits via metadata file swap ensure readers never see partial
writes. Optimistic concurrency handles conflicts.

Time Travel & Rollbacks

Each commit creates an immutable snapshot. Query any historical state by
snapshot ID or timestamp. Rollback to a previous state.
Metadata-driven performance

Manifests files contain files locations, avoid S3 list operations.
Manifest files contain min/max statistics to skip irrelevant data files at
plan time, avoid getting files footers to get those statistics.

Schema & Partition Evolution

Schema changes and partition layout updates are metadata-only
operations. No data rewrite required.

Native UPDATE, DELETE, MERGE support

UPDATE, DELETE and MERGE statements are natively supported with
ACID transactions guarantees



Iceberg Tables — ACID Transactions

Current
Table
version

Table
storage

aws
p

Query 2: Runs correctly
,~Query sees last successfully
/ committed version — Version 1

Query 3: Runs correctly
Query sees last successfully
committed version — Version 2

|
l

Version O Version 1 (8 files)

Version 2 (12 files)

/
/

Version 3 (20 files)

-~ 7

CommitT Commit

~
= o

_____________

|
\ 4

e Ingestion Job 1 __— Ingestion JOb 2 s Ingestion Job 3.1 _-_ Ingestion Job 3.2
[

/
/

4

”-

-7 Commit

Time

{ N NN I NN BB PEBD
1
LN NI LN BEEl BEEE
Seooocooo oo OO oo AR N e e - ]

/ TR} SPBEBE

Query 1: Runs correctly

Query sees last successfully
committed version — Version 1
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Job fails halway when writing results.

No commit is performed

Job second attempt worked.
New commit performed.



Iceberg natively supports INSERT, UPDATE,

DELETE, MERGE

INSERT INTO sample_events
VALUES (1, 'alpha’, 'A’);

UPDATE sample_events
SET value = 'ALPHA_UPDATED’ .

WHERE id = 1;

DELETE FROM sample_events
WHERE category = 'C';

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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® Iceberg Table

MERGE INTO sample_events t

USING staging _events s

ON t.id = s.id

WHEN MATCHED THEN UPDATE SET *WHEN
NOT MATCHED THEN INSERT *;

MERGE INTO sample_events t
USING staging _events s
ON t.id =s.id
WHEN MATCHED AND s.op = 'D' THEN DELETE
WHEN MATCHED AND s.op = 'U' THEN
UPDATE SET t.value = s.value, t.category =
s.category
WHEN NOT MATCHED THEN
INSERT (id, value, category) VALUES (s.id,
s.value, s.category);

16




Iceberg natively supports Time Travel

SELECT * SELECT * SELECT *
FROM tablename FROM tablename FROM tablename
TIMESTAMP AS OF T1 VERSION AS OF 002

4 4 4

Snapshot 001
(T1) Snapshot 002
(T2) Snapshot 003

(T3) - Current
aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Iceberg natively supports Rollbacks &

A\

AWS Glue
Data Catalog

A\ 4
Current ICEBERG METADATA File @

Current table version:
Available versions:
« 001:

* Files: A1
+ 002:
* Files: A1, A2
+ 003:
* Files: A1, A2, A3

T

Snapshot 001
(T1) Snapshot 002
(T2) Snapshot 003

(T3) - Current
aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Iceberg natively supports Rollbacks &

&
AWS Glue
Data Catalog
CALL system.rollback_to_snapshot( Current ICEBERG METADATA File @
tablename ! Current table version:
001 Available versions:
) + 001:
* Files: A1
« 002:
* Files: A1, A2
+ 003:

* Files: A1, A2, A3

T

Snapshot 001
(T1) Snapshot 002
(T2) Snapshot 003

(T3) - Current
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Partitioning as a common technique to improve
performance on data lakes tables

customers ( Data Lake
id string, % |
born year int, (i%}

country string,

_____________________________________

(country)
parquet; -

I
//“. i
lo o

customers Only inspect data files i s3://<bucket>/customers/country=france/ E

Y in the partition folder : ; N [
country = 'italy’ e ]
AND born year > 1990 '

Partition tables on columns most used on query filters!

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Standard Data Lake tables partitioning

Challenges at write time

How to insert data

Source data lacks the

catalog.db.logs (

id p

log event string,
level string,

event time timestamp,
event date date

parquet;

event date partition
column

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.

N1

v

(event date)

The ingestion process extracts event date from the
event time timestamp for each record, adds the
computed column on-the-fly and perform the INSERT
operation



Standard Data Lake tables partitioning

Challenges at read time

SELECT level, Count(l) as count

FROM logs

WHERE event time BETWEEN
V2018=12=01 103003007

AND V'2018=12=01 10510s007

Data Lake /

i s3://<bucket>/customers/event_date=2018-1 1—31/5
; i
i s3://<bucket>/customers/event_date=2018—‘I2—01/5
; i
{<3://<bucket>fcustomers/event_date=2018-12-02/.t
i i
TR S R . S e O p

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Data Lake

SELECT lewvel, Ceume(ll) a8 Eebls

FROM logs

WHERE event time BETWEEN
'2018-12=-01 10300300

AND V'2018-12=01 10310300

AND event date = '2018-12-01’

[iry)
[P,
[l
[l
[P,
[l
[l

s3://<bucket>/customers/event_date=2018-12-01/

K%Vf-

—

Partition pruning
only if specifying
a filter on the
partition column

22



Iceberg Hidden Partitioning

CREATE TABLE catalog.db.logs (

id long,

log_event string,
level string,

event time timestamp

) PARTITIONED BY ( (event_time)) USTNG iceberg;

SELECT level, Count(l) as count
FROM logs

WHERE event_time BETWEEN

AND

No additional column for partitioning

Data Lake

> simplifies ingestion (no need to infer

additional columns at ingestion time)

v

Y2018=12-=01 10200300"
V2018=12=01 10s10:z00"”

© 2026, Amazon Web Services, Inc. or its Affiliates.

WS
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1s3://<bucket>/customers/ event_time_day=20181201/

[iry)
[P,
[l
[l

D
Qfp;

—

Partition pruning
works as partition
filters inferred
automatically



Iceberg Schema Evolution

Schema evolution changes are independent and free of side-effects without
rewriting files (metadata only operations)

Supported schema evolution changes (even in nested structures)

e Add column | ALTER TABLE prod.db.sample ADD COLUMN
™ new_column string;

Drop column  ’
Rename column ALTER TABLE prod.db.sample DROP COLUMN id;

Reorder column
Update column

/

Iceberg allows updating column types if the update is safe.
Safe updates are:

ALTER TABLE prod.db.sample RENAME COLUMN data
TO payload;

ALTER TABLE prod.db.sample ALTER COLUMN
category AFTER id;

inttobigint
floattodouble
decimal(P, S) todecimal (P2, S) when P2 > P (scale cannot change)

ALTER TABLE prod.db.sample ALTER COLUMN
measurement TYPE double;
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Iceberg Partition Evolution

s3://datalake/sales_table/

s3://datalake/sales_table/event_time_month=2023-01/
s3://datalake/sales_table/event_time_month=2023-02/

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Table sales

CREATE TABLE catalog.db.sales(
id long,
product string,
amount double,
event time timestamp
) PARTITIONED BY ( (event_time))
USING iceberg;

Partitioned by month(event_time)

2023-01 2023-02

<— Insert data January and February




Iceberg Partition Evolution

s3://datalake/sales_table/

s3://datalake/sales_table/event_time_month=2023-01/
s3://datalake/sales_table/event_time_month=2023-02/

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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ALTER TABLE sales REPLACE FIELD
months(event_time) WITH days(event_time)

Table sales

Partitioned by month(event_time)

2023-01 2023-02

2023-03-01




Iceberg Partition Evolution

Insert new data for 15t of March

Table sales |

Partitioned by month(event_time) | Partitioned by day(event_time)

s3://datalake/sales_table/ 2023-01 2023-02 | 2023-03

s3://datalake/sales_table/event_time_month=2023-01/
s3://datalake/sales_table/event_time_month=2023-02/
s3://datalake/sales_table/event_time_day=2023-03-01/

2023-03-01

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Iceberg Partition Evolution

There are no additional costs such as moving data, migrating tables, or

rewriting queries

Insert new data for each day of March
Table sales

Table Location Partitioned by month(event_time) Partitioned by day(event_time)

s3://datalake/sales_table/ 2023-01 2023-02 2023-03

1 P 3 4 )
Partitions 6 7 8 9 10
s3.//datalake/sales_table/event_time_month=2023-01/ 111121131 14| 15
s3://datalake/sales_table/event_time_month=2023-02/
s3://datalake/sales_table/event_time_day=2023-03-01/ 16 17 18 19 ZY
s3://datalake/sales_table/event_time_day=2023-03-02/ 21 22 | 23 | 24 | 25
s3://datalake/sales_table/event_time_day=2023-03-31/ e 27 e 2 =0

31

_T

aWS’ © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.



Iceberg Partition Evolution

SELECT * FROM sales
WHERE

event_time > 2023-02-11 AND
event_time < 2023-03-18

Table sales

s3://datalake/sales_table/ o ) iy
Partitioned by month(event_time) Partitioned by day(event_time)

2023-01 2023-02 2023-03
s3://datalake/sales_table/event_time_month=2023-01/ L 2 3 4 5
s3://datalake/sales_table/event_time_month=2023-02/ 6 7 8 9 10

s3://datalake/sales_table/event_time_day=2023-03-01/

s3://datalake/sales_table/event_time_day=2023-03-02/ n 12 13 14 15

s3://datalake/sales_table/event_time_day=2023-03-03/ 16 17 18 19 20
s3://datalake/sales_table/event_time_day=2023-03-04/ 21 22 23 24 25
s3://datalake/sales_table/event_time_day=2023-03-17/ 26 | 27 | 28 | 29 | 30
s3://datalake/sales_table/event_time_day=2023-03-18/ 31

s3://datalake/sales_table/event_time_day=2023-03-19/

s3://datalake/sales_table/event_time_day=2023-03-28/
s3://datalake/sales_table/event_time_day=2023-03-29/ I — T

s3://datalake/sales_table/event_time_day=2023-03-31/

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Iceberg Partition Evolution

SELECT * FROM sales
WHERE

event_time > 2023-02-11 AND
_— | event_time < 2023-03-18

Split plan 1 l

/ Split plan 2
Table sales { /

\4

s3://datalake/sales_table/
Partitioned by month(event_time) Partitioned by day(event_time)

2023-01 2023-02 2023-03

s3://datalake/sales_table/event_time_month=2023-01/ 1 2 3 4 5
s3://datalake/sales_table/event_time_month=2023-02/ 6 7 8 9 10
s3://datalake/sales_table/event_time_day=2023-03-01/

s3://datalake/sales_table/event_time_day=2023-03-02/ 11 12 13 14 15
s3://datalake/sales_table/event_time_day=2023-03-03/ 16 | 17 | 18 | 19 | 20
s3://datalake/sales_table/event_time_day=2023-03-04/ Y 22 23 4 )5
s3://datalake/sales_table/event_time_day=2023-03-17/ 26 27 28 29 30
s3://datalake/sales_table/event_time_day=2023-03-18/ 29

s3://datalake/sales_table/event_time_day=2023-03-19/

s3://datalake/sales_table/event_time_day=2023-03-28/

s3://datalake/sales_table/event_time_day=2023-03-29/ — T

s3://datalake/sales_table/event_time_day=2023-03-31/

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Iceberg Partition Evolution

SELECT * FROM sales

WHERE
Query example (partitions inspected) event_time > 2023-02-11 AND
_—— event_time <2023-03-18
Read data t
Read data
Table Location Table sales / /

s3://datalake/sales_table/
Partitioned by month(event_time) Partitioned by day(event_time)

Partitions 2023-01 2023-02 2023-03
s3://datalake/sales_table/event_time_month=2023-01/ 1 2 3 4 5
s3://datalake/sales_table/event_time_month=2023-02/

s3://datalake/sales_table/event_time_day=2023-03-01/ 6 7 8 S 10
s3://datalake/sales_table/event_time_day=2023-03-02/ 11 12 13 14 15
s3://datalake/sales_table/event_time_day=2023-03-03/ | v

16 | 17 18 | 19 | 20
21 22 | 23 | 24 | 25

s3://datalake/sales_table/event_time_day=2023-03-04/

s3://datalake/sales_table/event_time_day=2023-03-17/ 26 27 28 29 30
s3://datalake/sales_table/event_time_day=2023-03-18/
s3://datalake/sales_table/event_time_day=2023-03-19/ 31

s3://datalake/sales_table/event_time_day=2023-03-28/

s3://datalake/sales_table/event_time_day=2023-03-29/ — T

s3://datalake/sales_table/event_time_day=2023-03-31/
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Iceberg Compaction

Iceberg detects small files inside partitions and compact them

aws
p

Before Compaction

| s3://<bucket>/mytable/day=20250402/ |
' Al A4 A7

E A3 A6

| A2 A5 A8

. s3://<bucket>/mytable/day=20250403/

: BT B2 B3

s3://<bucket>/mytable/day=20250404/

Cc1

c4
c6

After Compaction

© 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.

A3

A6

A9 A10

s3://<bucket>/mytable/day=20250402/

B1

B2

s3://<bucket>/mytable/day=20250403/

B3

_______________________________________________




Compaction without Sorting

order_id product_id units_sold order_id product_id units_sold order_id product_id units_sold
9 PO1 80 8 P11 10 3 P89 15
5 P09 60 4 P90 1000 7 P67 600
1 P50 40 2 P16 50 6 P03 90
Spark SQL
spark.sql(f"""
CALL system.rewrite_data_files(
table =>'iceberg_db.orders_table’
)
Illlll)
aws

N1
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Compaction without Sorting

order_id product_id units_sold order_id product_id units_sold order_id product_id units_sold
9 PO1 80 8 P11 10 3 P89 15
5 P09 60 4 P90 1000 7 P67 600
1 P50 40 2 P16 50 6 P03 90
Compaction without sorting

order_id product_id units_sold order_id product_id units_sold

9 PO1 80 ) P16 50

) P09 60 3 P89 15

L 220 e 7 P67 600

8 P11 10 6 P03 90

4 P90 1000

aws

N1
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Compaction with Sorting

order_id product_id units_sold order_id product_id units_sold order_id product_id units_sold
9 PO1 80 8 P11 10 3 P89 15
5 P09 60 4 P90 1000 7 P67 (510]0)
1 P50 40 2 P16 50 6 P03 90
Spark SQL
spark.sqgl(f"""
CALL system.rewrite_data_files(
table =>'iceberg_db.orders_table’,
strategy => 'sort’,
sort_order =>"'order_id ASC NULLS LAST’
)
llllll)
aWs

N1
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Compaction with Sorting

order_id product_id units_sold order_id product_id units_sold order_id product_id units_sold
9 PO1 80 8 P11 10 3 P89 15

5 PO9 60 4 P90 1000 7 P67 600

1 P50 40 p P16 50 6 P03 90

\ compaction with sorting (by order_id)

File 1 File 2
: . - Iceberg Metadata
order_id product_id units_sold orderlia product_id e g
File1:
DL_Iring Cluery‘P_lanS we can L P50 e 6 PO3 90 * MIN order_id: 1
skip more efficiently data « MAX order id:5
files if we have a filter on 2 P16 50 v P67 600 oraer_ld .
order_id using column
stats (eg., MAX/MIN) 3 P89 15 File2:
8 P11 10 « MIN order_id :6
* MAX order_id :9
4 P90 1000 9 PO 80
o) P09 (510)
aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Compaction with Sorting

order_id product_id units_sold order_id product_id units_sold order_id product_id units_sold
9 PO1 80 8 P11 10 3 P89 15

5 PO9 60 4 P90 1000 7 P67 600

1 P50 40 p P16 50 6 P03 90

\ compaction with sorting (by order_id)

File 1 File 2
: . - Iceberg Metadata
order_id product_id units_sold orderlia product_id e g
1 P50 40 File1:
SELECT * 6 PO3 90 * MIN order_id: 1
FROM * MAXorder_id:5
iceberg_db.orders_table z FlE & 7 P67 600
WHERE order_id = 4 . P89 15 File2:
8 P11 10 « MIN order_id :6
* MAX order_id :9
4 P90 1000 9 PO 80
) P09 (510)
aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Compaction with Sorting

order_id product_id units_sold order_id product_id units_sold order_id product_id units_sold
9 PO1 80 8 P11 10 3 P89 15

5 PO9 60 4 P90 1000 7 P67 600

1 P50 40 p P16 50 6 P03 90

\ compaction with sorting (by order_id)

File 1 File 2
- o - Iceberg Metadata
order_id product_id units_sold orderlia product_id e g
1 P50 40 File1:
SELECT * 6 PO3 90 * MIN order_id: 1
FROM * MAXorder_id:5
iceberg_db.orders_table z FlE & 7 P67 600
WHERE order_id = 4 . P89 15 File2:
8 P11 10 « MIN order_id :6
* MAX order_id :9
4 P90 1000 9 PO 80
) P09 60

aws © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved. Only Flle 1 IS InspeCtEd (4 IS OutSlde MIN-MAX Of FILE 2)
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Iceberg tables need maintenance

/ Every write creates a new snapshot chain: \

Snap 0 » Snap 1 ® Snap 2 » Snap 3 ® Snap N
CREATE INSERT UPDATE DELETE

Snapshots accumulate rapidly in high-throughput environments consuming storage

v
e

Expire Snapshots

(impact on cost) and increasing Iceberg metadata (impact on performance)

o

AN

/Write operations often generate small files:

Time

\ 4
G

Compaction

Small files increase both S3 calls to open them as well as increase Iceberg
metadata (impact on performance)

7

AN

Remove Unreferenced Files

Failed jobs may leave unreferenced files:
— — - —Te
EBEB PEED PEED BEED =(
[ BB [ ] L
BEED
K Unreferenced files are unused files on storage (impact on costs) /

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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One Iceberg table, many engines

-

Amazon S3

e

Amazon EMR Amazon Redshift

‘

Amazon Athena

R |
Y

AWS Glue

D

Amazon
SageMaker

&

AWS Lake

Formation

-

Firehose

©

for Apache Flink

Amazon Data Amazon Managed Service Amazon

ECS/EKS

adWws
~—

© 2026, Amazon We

N/
"
/ 1T\

Iceberg Tables

"‘

AAAAAA

o

ervices, Inc. or its affiliates. All rights reserved.




Key Takeaways

Eight ideas to carry forward.

1 & AcID Compliance 5 ® Compaction
Atomic metadata commits ensure readers always see complete, valid A single command merges small files. With optional sorting to produce tight column
snapshots. No dirty reads, no partial writes statistics for better pruning

2 @ Iceberg Metadata Architecture 6 .” Hidden Partitioning
A layered metadata tree with two levels of indexing enables efficient Partition transforms automate partition routing at write time and partition pruning
query planning and minimal data scanning at read time. No extra columns or filters

3 N CRUD Operations 7 & schema & Partition Evolution
Native SQL operations rewrite only affected files. No partition rewrites, Column and partition changes are metadata-only operations. No data rewrites,
full reader/writer isolation no consumer disruption

4 @ Time Travel & Rollbacks 8 ¥ Multi-Engine Interoperability
Snapshot history enables querying any past version and reverting table One Iceberg table, many engines — Glue, Athena, and Amazon Quick all reading
state with a single metadata pointer swap from the same source of truth

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Building a fully managed data
lakehouse architecture with
AWS

© 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved. Amazon Confidential and Trademark.



Agenda

 Building the data lakehouse - Production-ready architecture patterns

« Demo

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
p



From self managed to AWS managed

Self-managed AWS Managed
Apache Iceberg Lakehouse Apache Iceberg Lakehouse

Amazon S3 tables

High operational overhead Zero operational overhead
Manual performance optimization 3X faster queries with auto optimizations
Manual & complex cost optimization 80% In-built cost-optimization
S3 throttling errors at large scale 10x higher transactions per second
Complex custom multi-region replication Native multi region replication

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
p



We take care of all of that for you...

Amazon S3 Tables

| Fully managed storage for Apache Iceberg Data Lake
[gAQ'D 10x Transactions per second compared to standard Amazon S3 buckets
EASY
ADOPTION APls to manage the tables
N ; o Managed Compaction - Binpack, sort, z-order
o<5 7 °
[ Yad
o“Y\te

o Data Governance and fine grained access control(FGACQ)

AUTOMATIC
STORAGE
OPTIMIZATION

O:, 3rd party Integrations

S3 Table MCP Servers

lceberg Rest Catalog Endpoint (IRC)

EASY DATA
RETENTION Variant data type support (Iceberg V3 spec)

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
p



Building the data lakehouse



5 Main Steps

Define access controls, Enable data driven
: : protect data from un- decision making using
Data ingestion from a authorized access while the data from data
variety of data sources ensuring data is lakes/ Use a variety of
into the data lake accessible easily for consumption tools for
authorized personnel various use-cases

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
p



Ingestion

Zero ETL Integrations

Low/No code solutions. Easy to setup and manage. Minimizes the
need to build ETL data pipelines

| Streaming Ingestion

—

Data Stream Reliable ingestion of high-speed data at scale

Producers Lakehouse

Batch Ingestion

Large datasets from a wide variety of sources

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
p



Zero-ETL supports ingestion to S3 Tables

Sources Target

AWS =

Databases DynamoDB
Amazon S3
EES)
Tables
Zrd Party Salesforce SAP ServiceNow Zendesk Zoho CRM
Applications Facebook Ads Salesforce Marketing Instagram Ads
aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Stream data into Iceberg tables

Streaming Storage

aws
~—

KDS MSK

Streaming Processor

Amazon Managed Service

: Amazon EMR
st sl (Spark Structured Streaming)
AWS Glue Amazon MSK Connect —
Streaming Iceberg Kafka Sink Connector
EKS/ECS AWS Lambda

Tasks

© 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.

Iceberg Table(s)

E Amazon S3

Tables

Self-managed Iceberg



New - Amazon MSK Express — streaming
tables for Apache Iceberg

» Continuously materializes Kafka topics as Iceberg

tables on S3 Tables - fully managed

No connectors, Flink jobs, or custom consumers
needed

* 30% lower downstream query costs via optimized

file sizing

» Auto-discoverable in Glue Data Catalog; enrichable

aws
p

with business context

© 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.

Amazon MSK Express Brokers

N

o aa
NN

Kafka Topic

>§ _ag Amazon S3

Tables



Stream CDC into Iceberg tables

Source RDBMs
N
‘gl
K N

Amazon RDS

Capture CDC

R

R

Amazon MSK Connect —

Streaming Processor

Amazon Managed Service

for Apache Flink AP [Eh IR

(Spark Structured Streaming)

R

R

Debezium Connector AWS Glue Amazon MSK Connect —
Streaming Iceberg Kafka Sink Connector
Send CDC . . .
MSK EKS/ECS AWS Lambda
Tasks
aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Stream data into S3 tables using Firehose

Fluentd
"
AWS SDK inesis ven
Agent Fluentbit

.........................................................................................................................................

18] .

- Amazon S3
WAF Logs  CloudWatch Logs Flow logs AWS IoT Events CloudWatch Tables
Metrics Amazon Data Firehose
@ . @ . Q Route one stream to many S3 tables
EventBridge Lambda Route53 Iesolver Pinpoint Automatic insert’ update & deletes
Ea + more

Exactly-once delivery semantics

Delivers data in seconds
aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Batch insert data into Iceberg tables

Batch Sources Batch Processor

= & e

<
S3 data
Amazon EMR
AWS Glue
ETL (Spark Batch Application)
3Ps
EKS/ECS Tasks AWS Lambda
(e.g., Pylceberg) (e.g., Pylceberg)
aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Integrate using Iceberg REST endpoint

O DuckDB Labs i“o:? snowflake’
f/dremio ngh Glue Iceberg REST endpoint
% trino v
aft S3 Tables Iceberg REST endpoint

=¥ Starburst

AAAAAA

S StreamNative Spr’(m

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
) —



Discover, govern, share, and collaborate on data and Al securely

Discover Govern Collaborate




Building a scalable foundation

ORGANIZE DATA, PEOPLE, AND TOOLS. DEFINE YOUR BUSINESS LANGUAGE.

N\
<i:§> Enterprise-wide business data catalog
v

Organizational Business glossary Metadata
domains curation

000

Build a common language to streamline communication and collaboration

© 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.



Scale your catalog with GenAl powered
business metadata generation

(D Discover v Build v Govern v Test Data Factory Project v

@
©)
I
>0

Home > Projects > Test Data Factory Project > Assets > stock_price_data

Overview K= A '
Automated Metadata Generation REJECT ALL ACCEPT ALL
Icons indicate automatically generated metadata suggestions for the data asset. Click on the icons to edit, accept, or reject each suggestion.

Project overview You also have the option to select ‘Accept All' or 'Reject All' for all auto-generated suggestions related to this asset. Learn more [ bl N
Data

N/
Compute
Members Stock Price Data

Technical name: stock_price_dataeAsset type: Glue Table

Project catalog ~
No description
Assets
Subscription requests BUSINESS METADATA SCHEMA ASSET FILTERS DATA QUALITY LINEAGE HISTORY

Data sources

Metadata entities SUMMARY GENERATE ASSET DETAILS
Use Al recommendations for descriptions in Amazon SageMaker Unified Studio to DESCRIPTIONS
generate a summary for the table and all columns, potential use cases and a security ~ .
assessment. Ensure the current metadata is accurate before generating a summary. - -

Data Asset contains Automatically
Generated Metadata Learn more

IREADLAE HIDE ~ PUBLISHED REVISION
Add a readme section No Published Revision
A A readme will help users understand this page better TN EEVEELEY
Hidden EDIT
i
LATEST INVENTORY REVISION
aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Capture and visualize data lineage
Help ensure GDPR compliance

Highlights

- APl driven

- OpenLineage compliant

- Interactive visualization

« Asset & column lineage w/ versioning

Common use cases:

- Track provenance, storage,
processing, and uses of data

- Impact analysis
- Troubleshooting
- Help identify and fix non-compliance

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
p

r
Q search displayed nodes = B - % 40

Sales_2024

Technical name : [Technical Name] « Domain unit : [Domain unit) =) + Asset type: § Glue Table

Data Lineage

Description of all the information and artifacts required for creation of Sales dataset for the organization.

BUSINESS METADATA SCHEMA DATA QUALITY  LINEAGE [

Sales_2024 w
Technical name : [Techaical Name) + Domain unit: [Domain unit] =) + Asset type: § Glue Table

Description of all the information and artifacts required for creation of Sales dataset for the organization.

Technical name : [Technical Name)
Event timestamp  Jan 21, 2024, 10:10:12 AM

v 3 Columns

ame : [Technical Name)
tamp: Jan 22, 2024, 12:10:12 AM

Event

v 6 Columns.

vvvvvvvv [Technical Name]

1p:Jan 21, 2024, 10:10:12 AM

59



Drive better insights and Al outcomes with data quality.

aws
p

Built on top of open-source DeeQu framework
APIs available for 3P and programmatic entry
Asset and column view of data quality scores

Leverage ML to detect anomalies

Technical data validation

Business-specific requirements and
regulatory compliance

Minimize potential for bias, hallucinations,
and inaccurate results

© 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.

Stock Price Data

Technical name: stock_price_datasAsset type: Glue Table

No description

BUSINESS METADATA  SCHEMA ASSET FILTERS DATA QUALITY LINEAGE  HISTORY
]
— Vs

SUMMARY

S

EDIT

The 'stock_price_data' table contains historical stock price informationYor varjus financial instruments. This data is crucial
for financial analysts and investors to understand the performance and behavior of different stocks over time.

The 'date’ column represents the specific trading day on which the stock price data was recorded. This information is
essential for analyzing stock price trends, identifying patterns, and making informed investment decisions.

Data quality scores overview [@Hawissveril sesre ealeilaia

ACTIONS ~ PUBLISH ASSET

New revision is available to publish.
Latest revision: 4

ASSET DETAILS

Data Asset contains Automatically
Generated Metadata Learn more (4

OVERALL SCORE COLUMNVALUES.COMPLIANCE COMPLETENESS MAXIMUM MAXIMUMLENGTH
100 Passed 100 Passed 100 Passed 100 Passed
0 ROWCOUNT STANDARDDEVIATION UNIQUENESS
100 passed 100 passed 100 passed
Last fetched results: Nov 26, 2024, 03:49:20 PM
Data quality run results
Q_ Search for rule set
Rule set Attribute Applicable column Result
@ base_ruleset_order_items Passed
16 rule(s) 16/16 have passed
Rule 1
19}
RowCount between 250 and 1000 RopCoNt Passed
Rule 2
ue o o o Completeness order_item_id © passed
IsComplete "order_item_id
Rule 3
s Unigueness order_item_id © passed

Uniqueness "order_item_id" > 0.95



Consumption

AWS Analytics services
Amazon SageMaker Unified Studio
Amazon QuickSuite

Any Apache Iceberg compatible engine
Machine learning (ML)

Generative Al

MCP Server

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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S3 Tables integration with AWS analytics

¥

i
e

aws
2



T

ICEBERG®

ICEBERG®

Materialized Views in AWS Glue

CREATE MATERIALIZED
VIEW AS
SELECT ...

O

>

AWS Glue Data Catalog

E

| —

@ Amazon Redshift

VIEW DEFINITION &

ICEBERG TABLES

COMPUTATION

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Amazon Athena

@g Amazon EMR

ICEBERG®

o

Amazon S3 Amazon
S3 Tables

PRECOMPUTED QUERY
DATA



Real time Analytics on AWS
With Apache Iceberg



Agenda
Core Concepts: CDC & Ingestion Patterns
Ingestion Patterns — Append & Upsert
Streaming Ingestion to Iceberg Tables with Streaming Frameworks
Low Code / No Code Streaming Ingestion to Iceberg Tables
Customer Use Cases

Resources



The value of data diminishes over time

Data has a short shelf life of actionability; real-time data lets you act as fast as the market dictates

Value of data to decision-making

75%0 of enterprise organizations
surveyed believe untimely data
inhibited business opportunities’

2

S —

© . .

2 The value of the data for insights

SN .

E , reduces by 50% in 8 hours?

<

T c

o
Gi-) "3 T InterSystems - Data management challenges survey
o < 2 Real-time analytics
Real time Seconds to Days to months. ..
minutes to
hours

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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https://www.intersystems.com/news/survey-reveals-real-time-data-disconnect-leading-to-lost-business-opportunity/
https://www.intersystems.com/news/survey-reveals-real-time-data-disconnect-leading-to-lost-business-opportunity/
https://www.intersystems.com/news/survey-reveals-real-time-data-disconnect-leading-to-lost-business-opportunity/
https://celerdata.com/blog/real-time-analytics-what-so-what-and-now-what
https://celerdata.com/blog/real-time-analytics-what-so-what-and-now-what
https://celerdata.com/blog/real-time-analytics-what-so-what-and-now-what

Streaming Architecture Basics

Source examples

Databases
@ 000000 @

SDK/libraries @
Stream storage Stream processors Alerting, Model Training,
I — Database(s), Data Lake
Log files
and agents

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Real-World Use Cases for Streaming Analytics

Real-Time Fraud Detection Predictive Customer 360°
Personalization Maintenance Analytics

Supply Chain Optimization

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
p



Streaming Into a Data Lake

= High-throughput, near real-time
ingestion

= Query your data instantly upon
arrival

» Streaming read - incremental data
processing

@Ej



Streaming With Apache Iceberg

" Scalability and

: , Perf
» High-throughput, near real-time i

ingestion Upsert and record-
level modifications

= Query your data instantly upon =
arrival Schema Evolution
= Streaming read - incremental data Snapshot Isolation
processing
Time Travel
N

aWS’ © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved



Streaming With Apache Iceberg

= CDC - Streaming data changes in a database
= Analytics with Stream processing frameworks

= Unifying Batch and Stream Processing



Core Concepts: CDC & Ingestion
Patterns



Streaming Data Changes in a Database

LOG-BASED CDC WITH DEBEZIUM

Source Database

¢DC Tool

Destination

ot

w Transaction
o7 |t
‘ I{U|D|[I|U|D

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.

N1

aue

Debezium

Log Capture /
Sna(aslo\o‘ts

Transaction Parsing

Transformation

-
§@kafka L >
—

Amazon MSK Amazon Kinesis
Data Streams

SN 2




Example: CDC to Iceberg with Debezium Kafka Source Connector

END-TO-END ARCHITECTURE Stream Processor
R
Amazon MSK
Connect - Iceberg ~ Amazon Data
o Kafka Sink Firehose
3 Connector
Amazon RDS ﬂ A
__ C D ’
Amazon MSK Amazon MSK
Connect, Amazon Managed Amazon EMR
Debezium Kafka Service for Apache
Amazon Source Connector Flink :
DocumentDB l
~ B —— R
raw/ ;
streaming tables for Apache iceberg
Amazon S3 Amazon Athena
aWS’ © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved. and

S3 Tables (Iceberq)



Ingestion Patterns — Append &
Upsert



Writing stream events to the target

—0Oon
—[do
—0
CREATE TABLE
iceberg catalog.db name.user clicks (
user STRING,
cnt BIGINT,
last updated TIMESTAMP
)
USING iceberg
PARTITIONED BY (bucket (128, user))
COMMENT
dWs © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Writing stream events to the target

Append Write

INSERT INTO user clicks

(user, cnt, last updated)
VALUES ('userl23', 5, '2024-09-08
12:34:56");

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
p

UPSERT Write

MERGE INTO user clicks uc
USING changes c

ON uc.user = c.user
WHEN MATCHED AND c.operation = 'D' THEN
DELETE
WHEN MATCHED THEN
UPDATE SET
uc.cnt = c.cnt,
uc.last updated = c.last updated
WHEN NOT MATCHED AND c.operation != 'D'

THEN INSERT (user, cnt, last updated)
VALUES (c.user, c.cnt, c.last updated);



Writing stream events to the target

Append Write UPSERT Write
user cnt op user cnt op
aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved
p



Writing stream events to the target

—[]o Alex, 1, |
—0

Append Write UPSERT Write
user cnt op user cnt op
Alex 1 I Alex 1 I
aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved
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Writing stream events to the target

—0O
—[Jo Frank, 1, | Alex, 1, |
— ]

Append Write UPSERT Write
user cnt op user cnt op
Alex 1 I Alex 1 I
Frank 1 I Frank 1 I

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Writing stream events to the target

—0O
—[Jo Alex, 2, U Frank, 1, | Alex, 1, |
— ]

Append Write UPSERT Write
user cnt op user cnt op
Alex 1 l Alex 2 U
Frank 1 I Frank 1 I
Alex 2 U

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Writing stream events to the target

aws
p

—0O
— (o Mary, 1, | Alex, 2, U Frank, 1, | Alex, 1, |
—

Append Write UPSERT Write
user cnt op user cnt op
Alex 1 l Alex 2 U
Frank 1 I Frank 1 I
Alex 2 U Mary 1 I
Mary 1 I

© 2026, Amazon Web Services, Inc. or its affiliates. All rights reserve



Writing stream events to the target

—0O

—[o Alex, 1, U Mary, 1, | Alex, 2, U Frank, 1, | Alex, 1, |
—0
Append Write UPSERT Write

user cnt op user cnt op
Alex 1 I Alex 1 U
Frank 1 I Frank 1 I
Alex 2 U Mary 1 I
Mary 1 I

Alex L U

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Append Only vs UPSERT - Trade-Offs

Append Only UPSERT

user cnt op . Captures all data changes user cnt op . Change history is lost
Alex 1 I Alex 1 U
Frank 1 I = Accurate History Frank 1 | - ComplicatEd write logiC =
Alex 2 u Mary 1 | double updates problem
Mary 1 I = Simple write logic
Alex 1 U = Efficiency vs latency dilema

= Requires additional "Merge”

step = Write amplification
= Complicated read logic = Simple to query

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Streaming Ingestion to Iceberg
Tables with Streaming
Frameworks



Streaming Frameworks

/
((ﬁé Event Data Routing
= Aggregotion Windowing
\! |
F I . k F| termg Cow\Ple_x Eve_y\t
IN .
i Processing (CeP)
Enrichment

Streawﬁng Jowns

[Yolo) .
rK ule Engine

Event Correlation

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Streaming from/to Iceberg Tables with Streaming Frameworks

]

Databases

<

[ aall
(g o

i

Wi

SDK/libraries

Amazon MSK Amazon Managed
@ 5 Service for Apache .
Flink
-l — B & ~
N

Amazon S3 Amazon S3  Amazon Athena

&— 7o
Log files Amazon Kinesis Amazon EMR
and agents Data Stream (Spark)

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Streaming with Apache Flink



Writing to Iceberg using Flink

aws
p

© 2026, Amazon

Web Services

, Inc. or its affiliates. All rights reserved.

( Schema Registry

4 N i

Generator Sink

R, @7 A

S
‘ Kafka Source | >{ DynamlcRecordJ »| Dynamic Iceberg |/

A\

Table3



Apache Iceberg Connector - Features

= Available for DataStream & SQL API

= Batch and Stream Processing

= Leverages Flink Checkpoints for Exactly Once Delivery
» Source / Sink Connectors (Read & Write)

= Streaming Queries for append only tables

= Append / Overwrite / Upsert Write Operations

=  Branch Writes

= Embedded Maintenance Operations

= Schema Evolution

90



Streaming with Apache Spark
Structured Streaming



APACHE

Apache Iceberg with Spark Structured Streaming Spqr’(m

Structured Streaming is a scalable and fault-tolerant stream processing
engine built on the Spark SQL engine

Iceberg Integration:

= Uses Apache Spark's DataSourceV2 API
= Reads: Supports reading data incrementally from an append only snapshots
= Writes: Uses DataStreamWriter to stream the writes to Iceberg tables

= Spark processes data streams in micro-batches, with Iceberg tables committed after each
trigger interval

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved. 92
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SEETKE

Flink

DDL

Snapshot Management (rollback,
set current snapshot and more)

Metadata Management ( snapshot
expiration, remove orphan files,
rewrite manifest and more)

Compact Data Files

Table Migration

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Streaming to lceberg - Caveats



#1 UPSERTS - Double Updates Problem

MERGE INTO user clicks uc
USING changes c

ON uc.user = c.user
WHEN MATCHED AND c.operation = 'D' THEN
DELETE

WHEN MATCHED THEN
UPDATE SET

UC.ENE =S C.CNT,
uc.last updated = c.last updated e los
WHEN NOT MATCHED AND c.operation != 'D' A“‘ update.s Wlthl.n d batCh neec' to
THEN INSERT (user, cnt, last updated) » be consolidated into a single
VALUES (c.user, c.cnt, c.last updated); nnodiﬁcatk3n|oerrovv

= deduplicate rows
= take the latest update

© 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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© 2026, Amazon

2 Small Files

High rates of commits

Merge-on-Read Update

No shuffle or sort before writing

Web Services, Inc. or its affiliates. All rights reserved.

——

Small Files Problem

96



3 Running table maintenance

Naively scheduling Data Compaction

always running Spark or Flink application for Streaming with Iceberg

< \

’ >

Compaction Compaction

N ephemeral applications for data compaction

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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#3 Running table maintenance

Workaround to schedule Data Compaction in Spark

Answer: sequential scheduling

@ —@ @

Spark Structured Streaming with:

* Micro batch set to 200M * Enough resources to process ¢ Compaction limited to the
records the micro batch asap last N partitions

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved. 98
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3 Running table maintenance

Data Compaction in Flink

Answer: New lIceberg 1.10 Sink Connector for Apache Flink Supports Embedded Table
Maintenance Operations

TableMaintenance

« Expire Snapshots « Rewrite Data Files * Delete Orphan Files

Lock Management

« Concurrent Access « Data Consistency * Resource Management

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Low Code / No Code Streaming
Ingestion to Iceberg Tables



Low Code Streaming Ingestion to Iceberg Tables

Other Data Sources:

A dﬁ,

B Amazon MSK

Amazon MSK Connect - Iceberg

AWS SDK/libraries Kafka Sink
Connector

v

l :— Amazon S3 Amazon Athena
@j . :
— > S3 tables
Log files e 1
and agents Amazon Kinesis Amazon Data
Data Streams Firehose
C

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Kafka Iceberg Sink Connector



Apache Kafka Connect

ﬂc;ﬂ
o _ Kafka
— Connect
Data Source Source
Connectors

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
p

- Kafk
% I(CIH(CI@ Cozneact ? @

Iceberg Tables
Apache Iceberg

Sink Connector



Ingesting with Kafka Connect and

https://iceberg.apache.org/docs/nightly/kafka-connect/

—_— D a)
-—[]o > A b r > @ R
— ] AN N\
Amazon MSK Amazon MSK Connect - Amazon S3 Amazon Athena
Iceberg Kafka Sink Connector and
S3 tables
AWS Glue

Data Catalog

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Ingesting with Kafka Connect and Apache Iceberg Sink Connector

= Commit coordination and special commit topic for centralized Iceberg commits
= Exactly Once Delivery Semantics

= Multi-table fan-out

= Row mutations (update/delete) and upsert mode

= Automatic table creation and schema evolution

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Low Code Ingestion to Iceberg
Tables with Amazon Data

Firehose



Low Code Streaming Ingestion to Iceberg Tables

Other Data Sources:

A dﬁ,

B Amazon MSK

Amazon MSK Connect - Iceberg

AWS SDK/libraries Kafka Sink
Connector

v

l :— Amazon S3 Amazon Athena
@j . :
— > S3 tables
Log files e 1
and agents Amazon Kinesis Amazon Data
Data Streams Firehose
C

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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What Amazon Data Firehose does for you

Capture @ Transform @ Deliver

From 20+ Sources To 15+ Destinations

I |
20+ AWS Service Logs I I
WAF, loT, CloudWatch, SNS, etc. Convert to Parquet Amazon S3/;S3 Tables :
1
. I
- . .
\ ‘ Compress and decompress Amazon Redshift / Redshift Serverless
% Amazon Kinesis Data Streams Output

Db‘w Amazon OpenSearch / OpenSearch

Add Delimiters 0= Serverless

E.g, new line

‘ Splunk
Batching

For optimal output file size HTTP Endpoint

AWS SDK
Put, PutBatch API

=

Client Agents
FluentD, FluentBit. Kinesis Agent

¥

(9+ partners such as Datadog, etc...)

0 < Q
SE——— \§}
& il K(} =g -

Create Dynamic Partitions for Jdb
Amazon S3 buckets >0&
,;@-,;, Amazon MSK A Snowflake

e Perform custom transformations i :
using AWS Lambda I I
: Iceberg I
I
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Ingesting with Amazon Data Firehose

<>
Apache Parquet

Destination S3 bucket

INUEVA R GESS
Data Streams

:_Dul:l B ‘

]
|
1
1
1
1
1
|
AWS SDK - Put APIs E Failure S3 bucket
1
1
|
1
1
1
1
1
|

Firehose
Delivery Stream

Transformation failure @
>

Source records

(optional) sﬁ
_______________________________ )

Amazon Managed Backup S3 bucket
Streaming for (optional)
Apache Kafka
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streaming tables for Apache
Iceberg on Amazon S3 Tables

A integration from
directly to



Low Code Streaming Ingestion to Iceberg Tables

Other Data Sources:

A dﬁ,

B Amazon MSK

Amazon MSK Connect - Iceberg

AWS SDK/libraries Kafka Sink
Connector

v

l :— Amazon S3 Amazon Athena
@j . :
— > S3 tables
Log files e 1
and agents Amazon Kinesis Amazon Data
Data Streams Firehose
C
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Amazon S3 Tables

Fully managed Apache Iceberg tables in 53
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Two Delivery Paths for the same streaming data

streaming tables for Apache Iceberg on
Amazon S3 Tables

Building Lakehouse

Dashboards & Bl — Query within minutes Data archival & retention

ML inference & model training Backup &-disasteiEREEE

Data analysis Audit & compliance (immutable)

Security analytics & threat reports Replay edrepisEs Sl

Ingest once, deliver everywhere

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Supported for both -

Amazon MSK
Express Brokers

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
p

Amazon Kinesis —
On-Demand and On-
Demand Advantage



Amazon MSK Express brokers

3x----20x----90% 5X

More Faster scaling Faster recovery Faster Partition Partition count
throughout per Rebalancing per broker
broker

aWS’ © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.



Streaming tables for Apache Iceberg
with Amazon MSK Express

g AWS Cloud Amazon MSK Express - streaming tables for Apache Iceberg

Query & Analytics

Storage

streaming tables for Apache Iceberg

B

Amazon Athena

Amazon MSK|Express Brokers 4 jauto-registered——

X

y | Apache Iceberg Tables
Lf publishevents 1 on Amazon S3 Tables V

Producers

Kafka Topic
AWS Glue Data Catalog

(Business Context)

data delivery for
general purpose S3 (raw data)
semantic search
(grounded discovery)

Amazon S3 (raw data)

-
>

Amazon Redshift

’-

Apache Spark
(Amazon EMR)

’.

Amazon Bedrock
Al Agents
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Amazon MSK - Getting Started in Minutes

2 Y 4
Amazon
Express
Broker
cluster

(U A U

Select
Topic

Record
Format

Destination
Details

aws
N1

Supported at Launch

Destinations: S3 Tables & S3 Buckets
Input format: JSON

Partitioning: Time-based

Data freshness: 5-15 minutes

Catalog: AWS Glue Data Catalog
Mode: Append-only (new rows only)
Monitoring: CloudWatch

Interfaces: Console, SDK, API/CLI, CDK

v
v
v
v
v
v
v
v

Amazor? RIGRSTHFIRAENSRATER [T LE BHIPBRER riohts reserved.

Freshness
interval

7/9




* 10 GB/s of write and 20 GB/s of read
throughput

+ Record sizes up to 10 MiB

* Auto-scales with demand, no shard
management

On-Demand Advantage Mode

« Set warm throughput for On-Demand streams

Amazon Kinesis

« Simpler, lower pricing (60% savings) , no
stream-hour charge

On-Demand

* No premium for Enhanced Fan-Out or
Extended Retention

* 50 EFO consumers/ stream

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Streaming tables for Apache Iceberg

with Amazon Kinesis Data Streams

',L“K“ AWS Cloud

Amazon Kinesis Data Streams - streaming tables for Apache Iceberg Query & Analytics

a

Amazon Athena

streaming tabies for Apache Icebarg-

Amazon Redshilt

Amazon Kinqus Dala Streams _ ——taulo-registered

Apache lcaberg Tables ca—
publish events—| on Amazon S3 Tables v

Producers On Demand Kinesis H
Dala Stream AWS Glue Data Catalog Apache Spark

(Business Context) (Amazon EMR)

dala delivery for
general purpose S3 (raw dala)
semantic search

7 : grounced dscovery)
Amazon S3 (raw data) g et £

Amazon Bedrock
AgentCore
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Amazon Kinesis - Getting Started in Minutes

p

AU

Amazon
Kinesis — On-
Demand and
On-Demand

Advantage

2N

aws

~—> Amazorf RIF& AT BT B EP Trr it THYPiSuaR ionts reserved.

Supported at Launch

v
v
v
v
v
v
v
v

Destinations: S3 Tables & S3 Buckets
Input format: JSON

Partitioning: Time-based

Data freshness: 5 -15 minutes
Catalog: AWS Glue Data Catalog
Mode: Append-only (new rows only)
Monitoring: CloudWatch

Interfaces: Console, SDK, API/CLI, CDK

Select
Stream

Record
Format

Destination
Details

Freshness
interval

7/9




Price-Performance

60% 30% !

>
Lower ingestion cost vs Lower downstream Egress cost
self-managed query cost
connectors

aWS’ © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.



Customer Use Cases
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Medidata Achieves 99% Performance
Improvement with Real-Time Lakehouse on AWS

Challenge

Medidata's legacy batch ETL architecture created significant latency—hours to days between data
ingestion and processing. Multiple fragmented pipelines increased maintenance burden exponentially as
data volume grew, with complex dependencies creating numerous failure points and requiring
coordinated scaling across the entire infrastructure stack.

Solution

Medidata built a unified real-time streaming Lakehouse using Apache Flink on Amazon EKS, Apache Kafka
on Amazon MSK, and Apache Iceberg tables backed by AWS Glue Data Catalog—eliminating fragmented
pipelines and creating a single source of truth accessible to all consumers without additional downstream
processing.

Result

* Reduced pipeline latency from hours/days to minutes—achieving 99% performance improvement
from data ingestion to analytics layers

* Decreased operational maintenance footprint by 5x through unified pipelines and consolidated
observability

. Elnablegcl real-time delivery of billions of clinical events to downstream consumers, applications, and
agents

A E S

"By modernizing our clinical data platform with Apache Iceberg on AWS, we transformed how we deliver
data to thousands of clinical trials worldwide, reducing pipeline latency from hours to minutes while
cutting operational maintenance by five times."

— Mike Araujo, Principal Engineer, Medidata Solutions

J— C]
— B
A Amazon MSK X * | Amazon S3 :J Amazon Redshift v AWS Glue
aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved. Read Blog Here N f
A — NN @


https://aws.amazon.com/blogs/big-data/medidatas-journey-to-a-modern-lakehouse-architecture-on-aws/

{ Customers
APls

e S Flink on EKS | Ptudio
& | Iceberg Glue Catalog

Kinesis Ve
Data
Stream

Data

Connect | \

@ MCP Tools —

Amazon Bedrock
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Orca Security Scales Cloud Security Platform with
Apache Iceberg on AWS, Eliminating Partition Limits

orcd

w SECURITY
Challenge s

Orca Security faced critical scaling constraints with partition limits across all tables. With 10,000+ customer
accounts and daily partitions, the partition explosion problem threatened their ability to onboard new customers
and scale their SaaS platform, directly impacting revenue growth and customer experience.

Solution

Orca Security built a modern data lake architecture on AWS centered on Apache Iceberg. The solution leverages
Amazon S3 for scalable storage, Amazon MSK for real-time data ingestion, Apache Spark on Amazon EMR for stream
processing, and Amazon Athena Version 3 for interactive queries. Iceberg's hidden partitioning eliminated per-
customer, per-day partitioning schemes while its metadata layer automatically tracks file-level statistics, removing
dependency on Glue Catalog partition limits.

Result

* Eliminated partition ceiling enabling unlimited customer onboarding without infrastructure constraints
* Dramatically reduced query execution time through intelligent file pruning and metadata-driven optimization
» Simplified operations with automated metadata management and self-optimizing storage

Benefits

"Apache Iceberg on AWS transformed our data infrastructure by eliminating the hard scaling limits that threatened
our business growth. The combination of Iceberg's intelligent metadata management with AWS managed services
gave us unlimited scalability, dramatically improved query performance, and simplified operations—enabling us to
focus on delivering security insights to our customers rather than managing data infrastructure."

— Miri Gorenshtein, Big Data Group Manager, Orca Security

C)
— Ba
fE Z NS
< SR v
aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved. NN Amazon MSK 6’:@ Amazon EMR K J Amazon S3 Erﬂ‘ p ALTEER SageMaker SRS G CataloQ
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https://aws.amazon.com/blogs/big-data/orca-securitys-journey-to-a-petabyte-scale-data-lake-with-apache-iceberg-and-aws-analytics/

g Al

Streaming
Analytics

Apache Spark
running on
Amazon EMR

Cloud | 5 : AWS Glue AWS IAM
resources ’ 4 Data Catalog

5 ORCA SECURITY DATA LAKE |
B3 B

Apache Iceberg ' Bl&
. | | Amazon Athena Reporting
Amazon | ' Version 3

, Apache Spark |
{ runningon |
+ Amazon EMR

M3K

Data
Amazon Science &
SageMaker
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Natural Intelligence Migrates from Apache Hive to
Iceberg on AWS, Achieving Zero-Touch Schema

Evolution
Challenge

Natural Intelligence, a leading comparison shopping platform processing billions of user interactions, faced critical
scaling challenges with their Apache Hive-based data lake. Schema evolution required rewriting entire tables causing
significant downtime, managing thousands of Hive partitions became increasingly complex and error-prone, and
Hive's lack of ACID transactions created data quality problems during concurrent writes.

Solution

Natural Intelligence migrated from Apache Hive to Apache Iceberg on AWS, building an event-driven architecture with
Amazon S3 for storage, Apache Spark on Amazon EMR for ETL processing, and AWS Glue Data Catalog for metadata
management. The solution leverages Amazon EventBridge to monitor schema changes and AWS Lambda to
automatically propagate updates to downstream systems including Snowflake, Tableau, and Amazon Athena.
Iceberg's hidden partitioning eliminated manual partition management while enabling seamless schema evolution
without table rewrites.

Result

* Achieved zero downtime for schema changes versus hours of table rewrites with Hive

Naturallntelligence.ai

* Automated 100% of schema propagation to downstream systems eliminating manual intervention EIER 10 Smarter RS
* Enabled near real-time CDC updates through automated snapshot-based change tracking "
Benefits
Migrating to Apache Iceberg on AWS transformed our data operations by eliminating the operational overhead of Natural Intelligence.ai

schema management and partition maintenance. The event-driven architecture with EventBridge and Lambda
automated what used to be manual, error-prone processes, allowing our engineering team to focus on delivering
insights to millions of consumers making purchase decisions rather than managing data infrastructure."

— Engineering Leadership, Natural Intelligence

c x|
“ JZ Amazon S3 ! Amazon Athena v AWS Glue Catalog

aWS’ © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved. Read Blog Here =

@



https://aws.amazon.com/blogs/big-data/melting-the-ice-how-natural-intelligence-simplified-a-data-lake-migration-to-apache-iceberg/

aws
p
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Resources

https://www.youtube.com/@Apachelceberq

https://aws.amazon.com/blogs/big-data/deliver-apache-kafka-data-to-
streaming-tables-for-apache-iceberg-with-amazon-msk-express-brokers/

https://aws.amazon.com/blogs/big-data/deliver-real-time-data-to-streaming-
tables-for-apache-iceberg-with-amazon-kinesis-data-streams/

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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From warehouse to Lakehouse:
Redshift Iceberg Integration




Agenda

- Amazon Redshift overview

- Why Lakehouse?

- Redshift Iceberg integration & Reference architecture
- Performance enhancements

- Data sharing for data lake tables

- SageMaker Lakehouse
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Fully managed provisioned and serverless
offerings, allowing you to pay-as-you-go
and optimise workloads for cost

‘ Scale to any sized workload seamlessly,
providing best in class price performance
for all analytics workloads

Low touch integration with other AWS

- . o a a
Amazon Redshift | oo

Secure by design with the ability to
implement role based access controls,
data masking, and cell level access

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Analytics on all data Analytics for all users

Auto-copy from
Amazon S3

Serverless Bl tools
Real-time :g
streaming ingestion 7ol Serverless %} Provisioned
Data APIs

NP4

Serverless

EAE;

Redshift Managed Storage,
open-source formats

¥

® @ @ ®

Zero-ETL ‘—)

Federated

query
Amazon Data
Exchange integration
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Open-source
analytics engines

Amazon Bedrock



Apache Iceberg and Amazon
Redshift Integration



High-performance
SQL for Lakehouse

Query and write to the Apache Iceberg
open table format from Amazon Redshift

@ Access to Apache Iceberg tables in
AWS Glue Data Catalog

Query and write to the data lake with
transactional consistency

@ Join data warehouse data and data lake
data easily

Powerful materialized view support

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Reference Architecture

Data Ingestion

_

Batch

Raw Storage

\ %

Streaming

}

Amazon Managed
Streaming for Apache
Kafka

aws
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Redshift Iceberg Integration

 Version Support
= V1: Manages large analytic tables with immutable data files

= V2: Row-level updates/deletes (copy-on-write & merge-on-read)

« Read and Write Access

= Transactional consistent select queries

= Schema management via AWS Glue/Amazon EMR/Amazon Athena
= INSERT INTO, CREATE TABLE AS (CTAS)

= Write directly via awsdatacatalog mount — no external schema needed (NEW - May 2026)

 Partition Management

= Automatic partition detection

aws = DNomanual pactition.updates needed
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Redshift Iceberg Integration

- Data Ingestion
= INSERT INTO, CREATE TABLE AS
= Writes via awsdatacatalog mount (NEW - May 2026)

= Lake Formation permissions supported for write operations

. Materialized Views

= |ncremental

= Auto-refresh

« Performance

= Glue column statistics required

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Redshift Iceberg Integration

 Security & Control
= AWS Lake Formation fine-grained access control
= Lake Formation permissions for Iceberg write operations

= Tables modified by Redshift remain compatible with EMR, Athena (cross-engine)
= User-defined data handling parameters

— invalid_char_handling, surplus_char_handling, numeric_overflow_handling

 Pricing Models

= Cluster access: Redshift Spectrum pricing

= Workgroup access: Redshift Serverless pricing

aws
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Latest data lake performance enhancements

DELIVERING improved performance for data lake queries in Amazon redshift

Amazon Redshift Serverless data lake performance
Benchmark derived from TPC-DS 3TB

Total TPC-DS runtime in seconds
(Lower is better)

Patch 180 w/ column statistics -

Patch 180

Patch 172

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Up to performance improvement for data lake
queries YoY

Optimizations include AWS Glue column statistics,
improved data and metadata filtering, dynamic

partition elimination, faster/parallel processing of
Iceberg manifest files, and scanner improvements

Incremental refresh support for materialized
views on data lake tables to eliminate the need
for rescanning already materialized data




New: (en
Data sharing support

for data lake tables

simplify data lake access using data sharing
in redshift

@ Eliminate setup for data lake access in
consumer DWs using data sharing

Authorization using producer identity or
federated user identity

Support for sharing late binding views on

data lake tables

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Demo
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o ® [ Jobs - AWS Glue Studio x  [E] s3buckets|S3|us-west-2 X  Editor | Redshift query editor X B Query editor tabs | Athena X |+ v
< c 23 us-west-2.console.aws.amazon.com/gluestudio/home?region=us-west-2#/jobs e Im} ®
Q_ Search [Option+S] Q @ @ United States (Oregon) ¥ Admil;v -IseTg;ard
e AWS Glue > Jobs ® ®
AWS Glue < AWS Glue Studio

Getting started

Create job i

ETL jobs
Visual ETL Author in a visual interface focused on data flow. Author using an interactive code notebook. Author code with a script editor.

Job run monitoring
Data Catalog tables
Data connections

4 1 Create e» le job
Workflows (orchestration) Example jObS e chicbdbocalls it ol b
Zero-ETL integrations New
v Data Catalog .
e Your jobs (1) fo @ Actions ¥ Run job
Tables Q_ Filter jobs by property 1 S
Stream schema registries [J | Jobname v | Type Created by Last modified v | AWS Glue version v | Action v
Schemas
" (] clickstream_iceberg_job Glue ETL Script 29/08/2025, 10:16:15 5.0 -
Connections —
Crawlers
Classifiers

Catalog settings
» Data Integration and ETL
» Legacy pages
What's New [3
Documentation [?

AWS Marketplace

@ Enable compact mode

@ Enable new navigation

CloudsShell Feedback

© 2025, Amazon Web Services, Inc. or its affiliates Privacy Terms Cookie preferences




Further Information
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https://docs.aws.amazon.com/redshift/latest/dg/querying-iceberg.html
https://aws.amazon.com/blogs/big-data/query-your-iceberg-tables-in-data-lake-using-amazon-redshift-preview/
https://aws.amazon.com/blogs/big-data/using-amazon-s3-tables-with-amazon-redshift-to-query-apache-iceberg-tables/
https://catalog.us-east-1.prod.workshops.aws/workshops/380e0b8a-5d4c-46e3-95a8-82d68cf5789a/en-US/integrations/lab22/

ICEBERG @@

Apache Iceberg
Migration Strategies & Guidance

In-place & full migration | Iceberg on Amazon S3 & Amazon S3 Tables | production patterns

© 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved. Amazon Confidential and Trademark.




Five chapters, thirty minutes

Why migrate to Iceberg?

Current challenges and Iceberg advantages

Typical migration paths & solutions

In-place, full migration, and Amazon S3 Tables

How to approach the migration

Cutover strategies and phased transitions

Ongoing maintenance

Keeping Iceberg tables performant

Recap and what to do next

The four takeaways, and the ask before you cut over

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Why Apache Iceberg?

Understanding the need for a transactional lakehouse

aWS’ © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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A transactional lakehouse foundation on open data

ACID (atomicity, consistency, isolation,
durability) transactions
No dirty reads while concurrent writes commit.

A write publishes a new snapshot, then the catalog pointer flips
in one atomic step. Readers see the table before or after, never
mid-write. A failed job leaves nothing to clean up.

=
Schema evolution
Add, drop, rename columns, with no data rewrite.

Columns are tracked by a unique field ID, not by position, so
inserting or renaming one can't silently shift values into the

wrong field.

&
One table, Amazon Athena Amazon EMR
many
engines

... and any Iceberg-compatible engine via the Apache Iceberg REST endpoint

Time travel
Query any snapshot; roll back instantly.
Old snapshots aren't deleted, so you can read the table as of a

timestamp or snapshot ID, and undo a bad write by re-pointing
at the previous one instead of restoring a backup.

i

Row-level operations
MERGE / UPDATE / DELETE for GDPR and CDC (change
data capture).

Delete one customer's rows without rewriting the partition. Copy-
on-write for read speed, merge-on-read for write speed.

Amazon Redshift AWS Glue

Amazon SageMaker

] % snowflake
DuckDB anr

Scalable metadata
Petabyte scale without slow file listings.

Manifests record every file with its value ranges, so the planner
skips files up front instead of listing Amazon S3 prefixes. Planning
time stops tracking table size.

3

Engine agnostic
One table, many engines, no lock-in.

Amazon Athena, Amazon EMR, Amazon Redshift, Apache Spark,
AWS Glue and Amazon SageMaker read and write the same table,
with no copies, no per-engine format.

= &

Amazon Data Firehose Amazon Quick

Pylceberg

Support differs by engine, by Iceberg format version, and by read vs write — confirm current capability for your own stack before you commit.

© 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Migration Paths & Solutions
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MIGRATION / MODERNIZATION PATTERNS

Every path lands on an Iceberg lakehouse

And the lakehouse is two deployment choices: self-managed Iceberg on Amazon S3, or fully managed Amazon S3 Tables

MIGRATE FROM MIGRATE TO

@ % Parquet| Data lake G Lakehouse

Apache Hive | Parquet, ORC, Avro Amazon S3 Tables or self-managed Iceberg on S3

Other open table formats Lakehouse
DELTA LAKE —l
DhUdl Hudi | Delta Amazon S3 Tables or self-managed Iceberg on S3

\CEBERG @ Self-managed Iceberg Y Lakehouse

Iceberg on S3 general-purpose buckets Amazon S3 Tables: full migration, data moves into the table bucket

Data warehouse Lakehouse

¥% snowflake <>
ar Snowflake | Amazon Redshift | etc. Amazon S3 Tables or self-managed Iceberg on S3

© 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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New metadata over the files you already have

1 - List the source data files
2 - Collect column statistics

Migration job

<

Existing table MIGRATE | SNAPSHOT | ADD_FILES

Migrated Iceberg table

______________ ¢ ~______ Metadata
s A
1 [ -
: Metadata file :
| & ) |
e |
hl Manifest lists I
1
3 - Write Iceberg metadata that : b -
o P . ( N\ |
points at the existing data files : Manifest files !
[ § S
l
N I
7/

v Minutes | zero data movement
Data Data Data

= = = Trade-off: the file layout is inherited, so small files stay small. Compact

afterwards, or do a full migration instead.

Parquet | ORC | Avro: footers read for stats, data never rewritten or moved

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Read the source, write a brand-new optimized table

1 -SELECT FROM
the existing table

Migration job
Existing table < T T S Migrated Iceberg table

____________________________ Metadata
|{ ( 2 :
[ Metadata file :
l :
| 1
| q q 1
Manifest lists
> J
2 -INSERT INTO the Iceberg table, . O
writing new files as it goes I Manifest files 1
| I
: :
| I
| 1
______________________________ /
Storage

Data Data Data v Optimized layout

files files files
Trade-off: you pay a full rewrite once (compute,

S3 requests, and duplicate storage), and it pays
back on every query after.

Brand-new files: uniform size, sorted, hidden partitions

Source files: read once, then left exactly as they were

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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CHOOSING BETWEEN THEM

Same destination, very different bill and payoff

(O Speed

& Cost

] Storage & layout

Reach for it when...

In-place | metadata only

Minutes
Scales with the number of files, not their size.

Lower, no data copy

No rewrite: lists files in Amazon S3 and reads Parquet footers for stats

(column sizes, row counts).

Tiered files (Glacier / IA) still get promoted (consider retrieval costs)

Same files, new metadata
Zero data movement, and the old layout is inherited.

o TB-PB where rewriting is cost-prohibitive

o You need minimal downtime

o Data is already Parquet/ORC/Avro

o Current partitioning and file sizes are acceptable

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.

N1

Full migration | rewrite

Hours to days
Scales with the volume of data you rewrite.

Higher: compute + S3 requests
A full read and a full write of the dataset.

New files, optimized layout

Right-sized, sorted, hidden partitioning from day one.

Required

¢ Source format unsupported (e.g. JSON)

* Moving to Amazon S3 Tables

Recommended

o Re-partitioning needed (hidden partitioning)
« File optimization needed

Preferred where feasible: it fixes the layout.

08
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Migration Paths & Solutions

Four paths. Here is where we are.

» In-place migration

Metadata only, nothing is rewritten

Full data migration

@)
Rewrite into a new, optimized table

o Self-managed Iceberg to Amazon S3 Tables
Full migration, because a table bucket owns its storage

o Datawarehouse to lakehouse

Modernization, not migration

G 10f4

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Hive, Delta and Hudi

)—|

Iceberg lakehouse

Hive, Delta and Hudi

Iceberg on general purpose S3

Amazon Redshift, Snowflake

Iceberg lakehouse

Amazon S3 Tables

Iceberg lakehouse
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IN-PLACE MIGRATION

Which sources qualify, and what you use for each

These are the common sources that support in-place, metadata-only migration.

Hive-style tables Delta Lake Apache Hudi

timeline metadata

Parquet | ORC | Avro transaction log

® = e
Spark Iceberg migration procedures Delta UniForm or Apache XTable Apache XTable
MIGRATE | SNAPSHOT | ADD_FILES metadata translation

metadata translation

While you run side by side, never delete data files

No expire_snapshots, no remove_orphan_files, no DROP TABLE ... PURGE, and do not enable the AWS Glue Data Catalog table optimizer on the Iceberg table. Both tables point at
the same files, so any of these corrupts the source you kept as your way back.

SNAPSHOT auto-sets gc.enabled=false to block exactly these operations. Flip it back to true only when you promote the Iceberg table to primary.

—_______“
T

N e e e e Y (Y (e (e e Y Y e L L 7
"’ : . - ‘.
! 0SS Delta UniForm writes no column statistics .
1
| It does not populate column stats in the Iceberg manifests, so Iceberg readers cannot do data skipping or min/max pruning, so queries scan far more than they need to (delta-io :
|
| #5469). Databricks Delta Lake is not affected. !
< 7

R T Ty

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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IN-PLACE MIGRATION - HIVE-STYLE TABLES

Three Spark procedures: none of them rewrite a file

Spark SQL procedures that build Iceberg metadata over the data you already have.

( ( (
MIGRATE SNAPSHOT ADD_FILES

Replaces the source table with an Iceberg table and Creates a new Iceberg table pointing at the same data files. Adds existing Parquet/ORC/Avro files from specific source
renames the original to <table>_backup_. The source table is left untouched. partitions into an existing Iceberg table.

Complete cutover from Hive to Iceberg. Side-by-side testing and validation before you commit. Incremental sync of new partitions, or partial migration.
A b

i Hive metastore only, not supported on the AWS Glue Data Catalog | Can reach the MIGRATE outcome with a few extra steps The one you schedule for external-sync cutovers
spark.sql(""" spark.sql(""" spark.sql("""

CALL system.migrate( CALL system.snapshot( CALL system.add_files(

table => 'mydb.my_table' source_table => 'mydb.my_table’, source_table =>'mydb.my_table',
) table =>'mydb.my_table_iceberg’, table => 'mydb.my_iceberg_table’,
) location =>'s3://my_lake/mydb/my_table_iceberg/' partition_filter => map('day’, '20250904')
) )
...... ) )

@ List the source table's data files

UNDER THE HOOD, ALL THREE DO THE SAME THREE THINGS

@ Collect column statistics for those files

No file is read for its contents and no file is rewritten, which is why this takes minutes, not hours.

© 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.

@ Write the Iceberg metadata that points at them
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Two tools translate the metadata: neither rewrites data

Your Delta or Hudi files stay exactly where they are. Only Iceberg metadata gets written over them.

(
I
I
I
I
I
I
I
I
I

==

Delta Lake UniForm

Apache XTable
REORG TABLE <table>
java -jar xtable-utilities_XXX-bundled.jar APPLY (UPGRADE UNIFORM(ICEBERG_COMPAT_VERSION=2))
First run does a full sync. Every run after uses incremental mode, so each new commit is Then sync is automatic: full table sync the first time, and after that every write is translated
translated into an Iceberg snapshot. to Iceberg as it lands.
(Read files + column stats from the Delta/Hudi metadata) (Write Iceberg metadata) -> CData files untouched)

Check the limitations before you promise a date

Hudi merge-on-read and Delta deletion vectors Iceberg V3 as a target

At Iceberg V2 both tools translate base files only, so Hudi MoR log files and Delta deletion Apache XTable does not target V3. Delta UniForm reaches V3 only on Databricks, not in OSS.
vectors are not carried across.

While your run Side by side: both formats point at the same files, so no expire_snapshots / remove_orphan_files / PURGE, and do not enable the AWS Glue table optimizer.

© 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Migration Paths & Solutions

Four paths. Here is where we are.

In-place migration

Metadata only, nothing is rewritten

» Full data migration

Rewrite into a new, optimized table

Self-managed Iceberg to Amazon S3 Tables

(@)
Full migration, because a table bucket owns its storage
o Data warehouse to lakehouse
Modernization, not migration
CGEEEED CGEEEED 20of4
aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Hive, Delta and Hudi

Iceberg lakehouse

Hive, Delta and Hudi

)—|

Iceberg lakehouse

Iceberg on general purpose S3

Amazon Redshift, Snowflake

—>

=

Amazon S3 Tables

Iceberg lakehouse

(17



FULL MIGRATION

Two ways to write the new table: pick by how you query it

Independent of the target: either approach writes to either destination, and only the catalog name changes.

é Y
Option 1 — CTAS (CREATE TABLE AS SELECT) Option 2 — Create + sort + insert
Amazon Athena or Apache Spark | one statement Apache Spark only | explicit write order
CREATE TABLE <catalog>.db.target CREATE TABLE <catalog>.db.target (...)
USING ICEBERG USING ICEBERG
PARTITIONED BY (days(event_ts)) PARTITIONED BY (days(event_ts));

AS SELECT * FROM source_db.source

) L. ALTER TABLE ... WRITE ORDERED BY customer_id;
Fastest path. But CTAS cannot apply a sort order. An orDER BY in the SELECT is ignored, so you get

the default layout. Fine when queries are mostly time-ranged.
v q y 9 INSERT INTO <catalog>.db.target

SELECT * FROM source_db.source;

WRITE ORDERED BY is an Apache Spark feature, so this path is Spark-only, Amazon Athena cannot set
it.

Choose this when queries filter on a high-cardinality column, because sorted files prune far better.

Both options above target either destination. The SQL is the same, you just point at a different catalog

Amazon S3 Tables — managed (catalog name differs by engine)
; ;a Apache Spark <your-catalog>.db.target (set to the table-bucket ARN)

. Iceberg on Amazon S3 — self-managed
Amazon Athena "s3tablescatalog/<table-bucket>".db.target

glue_catalog.db.target

Very large tables: seed with CTAS, then load the remainder in batches (e.g. one year per INSERT) to bound job size, cost, and blast radius.

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Migration Paths & Solutions

Four paths. Here is where we are.

In-place migration

Metadata only, nothing is rewritten

Full data migration

Rewrite into a new, optimized table

» Self-managed Iceberg to Amazon S3 Tables

Full migration, because a table bucket owns its storage

Data warehouse to lakehouse

©
Modernization, not migration
D G GEED 30f4
aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Hive, Delta and Hudi

Hive, Delta and Hudi

[ Iceberg on general purpose S3 ] — [

Amazon Redshift, Snowflake

=

Iceberg lakehouse

Iceberg lakehouse

Amazon S3 Tables

Iceberg lakehouse
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Two utilities will do this move for you

You do not have to hand-roll the move.

1  Clumio (Commvault)

Automates migration of Iceberg tables registered in the AWS Glue Data Catalog
into Amazon S3 Tables.

Clumio walkthrough

Commvault's write-up on simplifying the
move to Amazon S3 Tables.

aws

© 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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2 AWS Solution Library utility

Moves Iceberg and Hive tables from general-purpose Amazon S3 buckets into S3
table buckets.

(Eg@ AWS Step Functions | Amazon EMR with Apache Spark

AWS Solution Library guidance

Migrating tabular data from Amazon S3 to
Amazon S3 Tables: the reference
implementation.
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Migration Paths & Solutions

Four paths. Here is where we are.

In-place migration

v
Metadata only, nothing is rewritten
 Full data migration
Rewrite into a new, optimized table
_ Self-managed Iceberg to Amazon S3 Tables

Full migration, because a table bucket owns its storage

» Data warehouse to lakehouse

Modernization, not migration

CGEEED CGEEED CGEEED G 4 of 4

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
p
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Hive, Delta and Hudi e

Iceberg on general purpose S3 e

Iceberg lakehouse

Iceberg lakehouse

Amazon S3 Tables

[ Amazon Redshift, Snowflake ] e [

Iceberg lakehouse
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DATA WAREHOUSE — LAKEHOUSE

Iceberg extends the warehouse rather than replacing it

ngine interoperability, better data accessibility, while the

Keep the warehouse as the serving layer Two ways to land it in Iceberg

b flak 1 - The warehouse can write Iceberg

a‘o's showllaxke CTAS (CREATE TABLE AS SELECT) straight out of the warehouse, which is preferred. Amazon
Amazon Redshift Redshift writes an RMS table to Iceberg directly.

2 - It cannot write Iceberg
Export to Amazon S3 as Parquet/CSV via UNLOAD, external tables or a native connector, then
« Reporting & dashboards N 3 I

o Fast real-time analytics

Warehouse-grade latency stays where it belongs; Iceberg becomes the open, shared copy
underneath.

. Amazon Redshift — Iceberg on Amazon S3 Tables

CREATE TABLE "<table_bucket_name>@s3tablescatalog"."mydb"."iceberg_events_table"
USING ICEBERG PARTITIONED BY (day(event_timestamp))
AS SELECT * FROM dev.public.rms_events_table;

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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How to Approach the Migration

Direct cutover, phased transition, validation, and cutover strategies

aWS’ © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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CUTOVER - OPTION 1 OF 2

Direct cutover: one coordinated event

Migrate every component in a single window. Simplest to reason about. You just have to be able to afford the window.

T1 T2 T3 T4
Stop writers and readers Start the data migration Migration completes Restart readers and writers
Everything goes quiet. Your downtime Stage it for large tables — a subset of Validate before you let anyone back in. With Iceberg support enabled, pointing at
starts here, not when the migration does. partitions at a time, not one giant job. Row counts and key aggregations per the new table.
partition.

Best for

Simpler estates with limited downstream dependencies, and only after you have rehearsed the whole sequence end-to-end in a lower environment. If you cannot take the
window, the next two slides are your options.

© 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved. 16
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CUTOVER - OPTION 2 OF 2 - PATTERN 1

Phased dual writes: no downtime, but at a price

Keep both tables live so consumers can move across incrementally, on their own schedule. Two tables means two physical copies for as long as the
transition runs.

keep reading the legacy table read Iceberg, on their own schedule

Writers
How to write to both
1. Stop writers *
2. Initial migration to create the Iceberg table
(in stages for large tables: a subset of partitions at a time) Legacy table ® Iceberg table
. Parquet, ORC or Avro . a full second copy
3. Modify ingestion to write to both source and Iceberg
4. Restart writers T
,/ ———————————————————————— \\ l/ ~
| H 1 1 .
When to use gradual migration where downstream dependencies cannot all move at I SBITBIEEUTE E I I Consumers already migrated
1 1 |
\ ] \

the same time.

Read these before you commit

Needs error tracking and retry logic to stay Adds latency to every write. Often not feasible for Delta Lake UniForm gives you this for free:
consistent. A write that lands in one table but not the streaming workloads. downstreams read the same table as Delta or Iceberg,

other is a silent divergence. no dual-write plumbing to own.

———— e e

© 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.

D U

17



aws
~—

CUTOVER - OPTION 2 OF 2 - PATTERN 2

Phased external sync: leave the pipeline alone

The ingestion pipeline never changes. A scheduled job keeps the Iceberg copy current alongside it.

Writers untouched Sync job out-of-band
How to
+write +populate
1. Keep current ingestion unchanged
2. Initial migration to create the Iceberg table Original table serc@® lceberg table
still system of record kept current by the sync

3. Schedule sync jobs to keep the Iceberg table current

When to use when you cannot modify ingestion, because of a latency budget or { 1 {
resistance to changing a working process. : Consumers not yet migrated 1 : Consumers already migrated
] keep reading the original : I read Iceberg, on their own schedule
.~ S
The sync pattern follows from how you migrated
Hudi / Delta: in-place via XTable Hive-style: in-place via SNAPSHOT Any source: full migration
Re-run XTable periodically in incremental mode. Periodically add_files for the new partitions. Compute the delta since the last run, then MERGE INTO.

© 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Validate in four passes, then keep a way back

The migration is the easy part. Proving it is right, and being able to walk it back, is what makes it safe.

L
Data correctness Performance
Row counts match, and key aggregations Benchmark your real queries before and
agree to the cent. Compare per partition, after. Confirm partition and file pruning
not just the total. actually kicks in.

Phased readers

Point dashboards and business
intelligence (BI) at Iceberg first. Move
batch and downstream jobs after they
look clean.

Rollback window

Keep the legacy table readable until you
have run a full cycle, month-end included.

If a bad write lands, roll the table back to the previous snapshot instead of restoring from backup. CALL system.rollback_to_snapshot(...). Validate against a snapshot ID

so readers see a stable view while you check.

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Ongoing Maintenance

Keeping Iceberg tables performant over time

aWS’ © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.



DAY 2 - MAINTENANCE

Maintenance is three operations - plan for it from Day1

Every write creates a new snapshot chain:

Snap 0 Snap 1 Snap 2 Snap 3 Snap N
[ CREATE ].[ INSERT ].[ UPDATE . DELETE .
Snapshots accumulate rapidly in high-throughput environments consuming storage (impact
on cost) and increasing Iceberg metadata (impact on performance)

\

%

/Write operations often generate small files:

Time
PEBD BEED EEED EEB B PEBD
PEBD BEED EEED PEBD PEBD
BEBE EPEBED EEED FEBED
B PEBD PEEE
BEBD PEBD
PEBD
N PE B
Small files increase both S3 calls to open them as well as increase Iceberg metadata

(impact on performance)

{ Expire Snapshots

-

Failed jobs may leave unreferenced files:

Time
EEBEB BEBED rEBED BEBED FEBED
BEBE BEBEE EEBER EEBEB BEBEE
PEBE EPEBER pPEBEB EBEBER
ppER [ N N N
EEBE

\ Unreferenced files are unused files on storage (impact on costs)

N

ﬁ‘t Compaction

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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{ Remove Unreferenced Files
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DAY 2 . LET AWS RUN IT

You do not have to schedule any of this yourself

Managed maintenance exists for both deployment choices, not just Amazon S3 Tables.

Run for you: Expire snapshots Compaction (auto | binpack | sort | z-order) Remove unreferenced files

S % Amazon S3 Tables [ " ‘ AWS Glue Iceberg table optimizer
Maintenance is a property of the table bucket, so there is nothing to deploy. For self-managed Iceberg in general-purpose Amazon S3, registered in the AWS Glue Data
Catalog.

o Up to 10x higher transactions per second
« Native multi-Region replication, read-only replicas
« Intelligent-Tiering, compaction skips colder tiers

¢ Runs the same three operations for you
o Enable per table, no Spark job to own
¢ So self-managed storage # manual maintenance

© 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.

21



05

Recap and what to do next



RECAP

Four things to take away

If you remember nothing else from the last half hour, remember these.

Q,

Pick the method by what you
need to change

In-place writes metadata only and lands
in minutes, but you inherit the old
layout. Full migration rewrites the data
and fixes the layout. Size is not the
deciding factor.

O,

The target is a lakehouse
with two deployment choices

Self-managed Iceberg on Amazon S3, or
fully managed Amazon S3 Tables.
Moving to Amazon S3 Tables is a full
migration, because a table bucket owns
its storage.

®

Plan the migration to your
platform's readiness

Match the method and the pace to how
ready your engines and consumers are.
When they cannot all move at once,
phase the migration and cut consumers
over on their own schedule.

O,

Maintenance is not yours to
schedule, but the knobs are

Amazon S3 Tables and the AWS Glue
table optimizer both run expire, compact
and orphan removal. You still set
retention, and your time-travel window
is your snapshot retention.

Before you cut over: rehearse the whole sequence in a lower environment, and keep the legacy table readable through a full cycle

including month-end.

© 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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