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Y ou can quickly build on your past experience with SQL to analyze |ceberg tables.

From Hive or Impala, you run SQL queriesto create and query |ceberg tables. Impala queries are table-format
agnostic. For example, Impala options are supported in queries of Iceberg tables. Y ou can run nested, correlated, or
analytic queries on all supported table types. Most Hive queries are also table-format agnostic.

Y ou can use Impala for manipulating | ceberg tables. The provided examples show how to run queries on Iceberg
tables from Impala but do not list every supported Impala query.

If your environment uses HDFS HA, you must enable it before creating | ceberg tables. For instructions, see Enable
HDFS HA before you create | ceberg tables.

Starting with Cloudera Runtime 7.3.2 SP1, Apache Iceberg library version 1.10.0 is supported for Hive and Impala.
Existing Iceberg V1 and V2 table operations are unchanged; you do not need new SQL syntax for current workflows.

Hive supports the | ceberg variant data type on Iceberg V3 tables. In Hive, use PARSE_JSON to convert a JSON
string into avariant value and VARIANT_GET to extract anested field using a JSON path and return type.

For more information, see |ceberg data types.

Hive supports deletion vectors on Iceberg V 3 tables. Deletion vectors are the | ceberg V3 encoding for position
deletes. When you delete rows from a V3 table, Hive records which rows are deleted by position in the referenced
datafile.

Deletion vectors are a a bitmap of deleted row positions within a single data file. On V3 tables, Hive writes deletion
vectors instead of V2 position delete files for new del ete operations. Read operations merge active rows with the
deletion vectors to return query results. Y ou need not run a new SQL syntax to write deletion vectors. Create an

| ceberg table with ‘format-version'="3" and run a standard DELETE statement. Hive encodes the delete operation
using deletion vectors automatically.

For more information, see Delete data feature and Row-level operations.

Note: Thisfeatureisin Technical Preview and is not ready for production deployments. Cloudera
E recommends trying this feature in test or development environments and encourages you to provide feedback
on your experiences.

Impala supports deletion vectors on Iceberg V 3 tables. Deletion vectors are the | ceberg V3 encoding for position
deletes. When you delete rows from a V 3 table from Impala, Impal a records which rows are deleted by position in the
referenced datafile.

On V3 tables, Impalawrites deletion vectors instead of V2 position delete files for new delete operations. Read
operations merge active rows with the deletion vectors to return query results. Y ou need not run anew SQL syntax
to write deletion vectors. Create an Iceberg table with ‘format-version'="3"' and run a standard DEL ETE statement.
Impala encodes the del ete operation using deletion vectors automatically.

For more information, see Delete data feature and Row-level operations.
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Note: Thisfeatureisin Technical Preview and is not ready for production deployments. Cloudera
E recommends trying this feature in test or development environments and encourages you to provide feedback
on your experiences.

Impala supports row lineage tracking on Iceberg format version 3 (V3) tables. Row lineageis an Iceberg V3
capability that assigns a unique row identifier to each row and records which snapshot last updated arow. This
metadata supports change data capture (CDC) use cases. To use row lineage from Impala, create an Iceberg V3 table
by setting ‘format-version'="3'. When Impala writes to the table, Impala maintains the row lineage metadata required;
you need not run anew SQL syntax to enable row lineage. Row lineage applies to newly written rows on V3 tables. It
does not apply to rows updated using equality deletes.

For more information, see Row lineage feature.

Impala supports writing Puffin statistics files on Iceberg V3 tables. Puffin is alightweight container format that stores
binary metadata such as deletion vector sidecar files required by the I ceberg V3 specification. To use Puffin statistics
from Impala, create an Iceberg V3 table by setting ‘format-version'="3". When Impala performs supported V3 write
operations, Impalawrites Puffin files as required by the | ceberg V3 specification; you need not run anew SQL syntax
to enable Puffin statistics writes.

For more information, see Puffin statistics feature.

Impala supports the repair_metadata() function for | ceberg tables. Use this function to recover tables that are
inaccessible due to missing datafiles after manual file deletions in the underlying storage. The function synchronizes
| ceberg metadata by removing references to missing data files; it does not restore deleted content.

For more information, see Table repair feature.

Impala pushes eligible SQL LIKE predicates on Iceberg tables to Iceberg startswWith() and equal () expressions during
query planning. This optimization uses | ceberg manifest statistics for file and partition pruning.

For more information, see LIKE predicate pushdown feature.

| ceberg supports atomic and isol ated database transaction properties. Writers work in isolation, not affecting the live
table, and perform a metadata swap only when the write is complete, making the changes in one atomic commit.

| ceberg uses snapshots to guarantee isolated reads and writes. Y ou see a consistent version of table data without
locking the table. Readers always see a consistent version of the data without the need to lock the table. Writers work
in isolation, not affecting the live table, and perform a metadata swap only when the write is complete, making the
changes in one atomic commit.

The | ceberg partitioning technique has performance advantages over conventional partitioning, such as Apache Hive
partitioning. lceberg hidden partitioning is easier to use. Iceberg supports in-place partition evolution; to change a
partition, you do not rewrite the entire table to add a new partition column, and queries do not need to be rewritten
for the updated table. |ceberg continuously gathers data statistics, which supports additional optimizations, such as
partition pruning.

| ceberg uses multiple layers of metadata filesto find and prune data. Hive and Impala keep track of data at the folder
level and not at the file level, performing file list operations when working with datain a table. Performance problems
occur during the execution of multiple list operations. | ceberg keeps track of acomplete list of fileswithin atable
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using a persistent tree structure. Changes to an | ceberg table use an atomic object/file level commit to update the path
to a new snapshot file. The snapshot points to the individual data files through manifest files.

The manifest files track several datafiles across many partitions. These files store partition information and column
metrics for each datafile. A manifest list is an additional index for pruning entire manifests. File pruning increases
efficiency.

I ceberg relieves Hive metastore (HMS) pressure by storing partition information in metadata files on the file system/
object store instead of within the HMS. This architecture supports rapid scaling without performance hits.

In Hive or Impala, you can use ALTER TABLE to set table properties. From Impala, you can use ALTER TABLE
to rename atable, to change the table owner, or to change the role of the table owner. From Hive, you can alter the
metadata location of the table if the new metadata does not belong to another table; otherwise, an exception occurs.

Y ou can convert an Iceberg vl table to v2 by setting atable property as follows: format-version' = '2'.

ALTER TABLE t abl e_nane SET TBLPROPERTI ES t abl e _properti es;

« table properties

A list of properties and values using the following syntax:

("key' = 'value', '"key' = 'value', ... )

ALTER TABLE t abl e_name RENAME TO new_t abl e_nane;
ALTER TABLE t abl e nanme SET OMNER USER user _nane;

ALTER TABLE t abl e_name SET OMER ROLE rol e_nane;

ALTER TABLE test table SET TBLPROPERTI ES(' netadata | ocation' =" hdfs://ice_tab
| e/ met adat a/ vl. net adata.j son');
ALTER TABLE test_tabl e2 SET TBLPROPERTI ES(' format-version' = '2');

ALTER TABLE t1 RENAME TO t 2;
ALTER TABLE ice_tablel set OMER USER john_doe;

ALTER TABLE ice_tabl e2 set OMER ROLE sone_rol e;
ALTER TABLE i ce 8 SET TBLPROPERTIES ('read.split.target-size' ="' 268435456');

ALTER TABLE ice_tabl e3 SET TBLPROPERTIES(' f ormat -version' = '2");
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You use CREATE TABLE from Impalaor CREATE EXTERNAL TABLE from Hiveto create an external tablein
Iceberg. You learn the subtle differences in these features for creating | ceberg tables from Hive and Impala. You also
learn about partitioning.

Hive and Impala handle external table creation alittle differently, and that extendsto creating tablesin Iceberg. By
default, Iceberg tables you create are v1. To create an | ceberg v2 table from Hive or Impala, you need to set atable
property asfollows:'format-version' = '2'.

The VARIANT datatypeis an Iceberg format version 3 feature. To create a Hive | ceberg table that supports the
VARIANT datatype, set the table property ‘format-version'="3', similar to how ice_6 sets ‘format-version'="2" in the
Hive examples below.

Learn about how Apache | ceberg stores absolute paths in its metadata manifest files, and how HDFS HA ensures that
the table is accessible regardless of which NameNode is active.

Background

Apache | ceberg stores absolute paths in its metadata manifest files for Iceberg tables. Opposed to this, Apache
Hive writes the relative path to the table into the metadata, while building the absolute path based on the HDFS
configuration.

The format of these paths depends on your HDFS configuration at the time of table creation. Without HDFS HA,
| ceberg writes the paths using the specific hostname and port of the active NameNode. With HDFS HA, | ceberg
writes the paths using the logical nameservice. Using the HDFS nameservice ensures that the paths remain valid
regardless of which NameNode is active.

To avoid possible data loss when switching from one HDFS configuration to another, Cloudera highly recommends
enabling HDFS HA in the environment.

Explanation
Writing atable in Hadoop in either Hive or Iceberg format includes the dataitself and the metadata of the table.

While Cloudera stores the metadata in the Hive Metastore (HMS) for both Hive and I ceberg tables, the method that
table location is written in the metadata varies:

» Hiveusesarelative path, where the table location is concatenated with the relative path in the metadata and the
HDFS definition for the NameNode or NameService that is active.

 lceberg uses an absolute path in the table metadata to describe the location of the table at the time of its creation.
If HDFS runsin non-HA mode, the cluster uses either the Active NameNode and Standby NameNode, and the
used one is written to the table information in the hdfs://node4.cloudera.com:8020/warehouse/tabl espace/external /
hive/test.db/ice_table/ format.

That path is accessible as long as that NameNode ( noded.cloudera.com) is active. However, if the node becomes
unavailable, and the secondary (standby) node takes over, the table becomes inaccessible because the original
node that was used to write the table is not active. This appliesto both the table information itself and the manifest
JSON file associated with it, containing the absolute path to the table location.

When you enable HDFS HA, the service removes the NameNode references, and uses nameservice as the only
reference. The nameservice internally manages its NameNodes, such as Load Balancer, exposing only the
nameservice as the access point.

Tables created after HDFS HA is enabled use the following format (assuming the nameservice is named
nameservice0l): hdfs://nameservice0l/warehouse/tabl espace/external/hive/test.db/ice table/

Thisformat ensures that the table is accessible regardless of which NameNode is active, as the NameService takes
care of the path, thereby supporting the failover cases.
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Note: If the solution includes another cluster to which the primary cluster synchronizes data, such asin the
E case of Disaster Recovery, the same NameService name must be maintained on the destination cluster.

From Hive, CREATE EXTERNAL TABLE isrecommended to create an | ceberg table in Cloudera.

When you use the EXTERNAL keyword to create the Iceberg table, by default only the schemais dropped when you
drop the table. The actual datais not purged. Conversely, if you do not use EXTERNAL, by default the schema and
actual datais purged. Y ou can override the default behavior. For more information, see the Drop table feature.

From Hive, you can create atable that reuses existing metadata by setting the metadata |ocation table property to
the object store path of the metadata. The operation skips generation of new metadata and re-registers the existing
metadata. Use the following syntax:

CREATE EXTERNAL TABLE ice fmhive (i int) STORED BY | CEBERG TBLPROPERTI ES ('
nmet adat a_| ocation' =' <obj ect store or file system path>')

See examples below.

From Impala, CREATE TABLE isrecommended to create an I ceberg table in Cloudera. Impala creates the I ceberg
table metadata in the metastore and also initializes the actual 1ceberg table data in the abject store.

The difference between Hive and Impala with regard to creating an Iceberg table is related to Impala compatibility
with Kudu, HBase, and other tables. For more information, see the Apache documentation, "Using Impalawith
Iceberg Tables'.

From Impala, you can use CREATE TABLE LI KEwith STORED BY |ICEBERG to create an | ceberg table that
uses the column schema of an existing non-1ceberg table in the metastore. Supported source tables include HDFS-
backed formats such as Parquet, ORC, Avro, and Text.

The operation creates | ceberg table metadata only; it does not copy table data. Use | NSERT | NTOor | NSERT
OVERWRI TE to load datainto the new Iceberg table after you create it.

CREATE TABLE ny_ice thl LIKE functional parquet.conpl extypestbl STORED BY IC
EBERG,

When you create an I ceberg table using CREATE EXTERNAL TABLE in Hive or using CREATE TABLE in
Impala, HiveCatalog creates an HM S table and al so stores some metadata about the table on your object store, such
as S3. Creating an | ceberg table generates a metadata.json file, but not a snapshot. In the metadata.json, the snapshot-
id of anew tableis-1. Inserting, deleting, or updating table data generates a snapshot. The |ceberg metadata files and
datafiles are stored in the table directory under the warehouse folder. Any optional partition datais converted into

| ceberg partitionsinstead of creating partitions in the Hive Metastore, thereby removing the bottleneck.

To create an |ceberg table from Hive or from Impala, you associate the | ceberg storage handler with the table using
one of the following clauses, respectively:

* Hive: STORED BY ICEBERG
* Impala STORED ASICEBERG or STORED BY ICEBERG

Y ou can write | ceberg tables in the following formats:
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e From Hive: Parquet (default), Avro, ORC
e From Impala: Parquet

Impala supports writing Iceberg tablesin only Parquet format. Impala does not support defining both file format and
storage engine. For example, CREATE TABLE thl ... STORED ASPARQUET STORED BY ICEBERG works
from Hive, but not from Impala.

Y ou can read |ceberg tables in the following formats:

* From Hive: Parquet, Avro, ORC
e From Impala Parquet, Avro, ORC

Note: Reading Iceberg tablesin Avro format from Impalais available as atechnical preview. Cloudera
B recommends that you use this feature in test and development environments. It is not recommended for
production deployments.

CREATE [ EXTERNAL] TABLE [IF NOT EXI STS] [db_nane.]tabl e_nane
[(col _name data_type, ... )]
[ PARTI TI ONED BY [ SPEC] ([ col _nane][, spec(value)][, spec(value)]...)]]
STORED BY | CEBERG
[ STORED AS file_format]

[ TBLPROPERTI ES (' key' =" val ue', 'key'="value', ...)]

CREATE TABLE [I F NOT EXI STS] [db_nane.]tabl e_nane
[(col _name data_type, ... )]
[ PARTI TI ONED BY [ SPEC] ([ col _nane] [, spec(value)][, spec(value)]...)]]
STORED {AS | BY} | CEBERG
[ TBLPROPERTI ES (property_nane=property_value, ...)]

CREATE EXTERNAL TABLE ice_1 (i INT, t TIMESTAMP, j BI G NT) STORED BY | CEBERG
CREATE EXTERNAL TABLE ice_2 (i INT, t TIMESTAMP) PARTI TI ONED BY (j B
| @ NT) STORED BY | CEBERG
CREATE EXTERNAL TABLE ice_4 (i int) STORED BY | CEBERG STORED AS ORC
CREATE EXTERNAL TABLE ice_5 (i int) STORED BY | CEBERG TBLPROPERTI ES (
'nmetadata_| ocation' =" hdfs://ice_tabl e/ net adat a/ vl. met adata. j son')
CREATE EXTERNAL TABLE ice_6 (i int) STORED BY | CEBERG STORED AS ORC
TBLPROPERTI ES (' format-version' = "'2");

CREATE EXTERNAL TABLE ice_3 (v VARI ANT) STORED BY | CEBERG TBLPROPERTIES ('fo
rmat-version' = 3');

CREATE TABLE ice 7 (i INT, t TIMESTAMP, j BIG NT) STORED BY | CEBERG //creat

es only the schema

CREATE TABLE ice_8 (i INT, t TIMESTAMP) PARTI TI ONED BY (j BIG NT) STORED BY
| CEBERG //creates schena and initializes data

CREATE TABLE ice_v2 (i INT, t TIMESTAMP) PARTI TI ONED BY (j BI G NT) STORED BY
| CEBERG TBLPROPERTIES (' format-version' = '2'); //creates a v2 table
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Drop table feature
Partition transform feature

Y ou can create an | ceberg table based on an existing Hive or Impalatable.
The create table as select (CTAS) query can optionally include a partitioning spec for the table being created.

CREATE EXTERNAL TABLE ctas STORED BY | CEBERG AS SELECT i, t, j FROMice_1;

CREATE TABLE ctas STORED BY | CEBERG AS SELECT i, b FROMice_11;

Y ou can create a partitioned | ceberg table by selecting another table. Y ou see an example of how to use
PARTITIONED BY and TBLPROPERTIES to declare the partition spec and table properties for the new table.

Y ou see an example of using a partition transform with the PARTITIONED BY SPEC clause.

The newly created table does not inherit the partition spec and table properties from the source table in SELECT.
The I ceberg table and the corresponding Hive tableis created at the beginning of the query execution. The datais
inserted / committed when the query finishes. So for atransient period the table exists but contains no data.

CREATE [ EXTERNAL] TABLE prod. db. sanpl e
USI NG i ceberg
PARTI TI ONED BY (part)
TBLPROPERTI ES (' key' =' val ue')
AS SELECT ...

CREATE EXTERNAL TABLE ctas STORED BY | CEBERG AS SELECT i, t, j FROMice_1;

CREATE EXTERNAL TABLE ctas_part PARTI TI ONED BY(z) STORED BY | CEBERG TBLPROPE
RTIES (' format-version' =" 2")

AS SELECT x, ts, z FROM t;

CREATE EXTERNAL TABLE ctas_part_spec PARTI TI ONED BY SPEC (nonth(d)) STORED
BY | CEBERG TBLPROPERTI ES (' fornat-version' ='2")

AS SELECT x, ts, d FROM source_t;

CREATE TABLE ctas STORED BY | CEBERG AS SELECT i, b FROMice_11;

CREATE TABLE ctas_part PARTI TI ONED BY(b) STORED BY | CEBERG AS SELECT i, s, b
FROM ice 11;
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CREATE TABLE ctas_part _spec PARTI TI ONED BY SPEC (nmonth(d)) STORED BY | CEBERG
TBLPROPERTI ES (' format-version' = 2")
AS SELECT x, ts, d FROM source_t;

Y ou learn by example how to create an empty table based on another table.

From Hive or Impala, you can create an | ceberg table schema based on another table. The table contains no data. The
table properties of the original table are carried over to the new table definition. The following examples show how to
use this feature:

CREATE EXTERNAL TABLE target LIKE source STORED BY | CEBERG

CREATE TABLE target LIKE source STORED BY | CEBERG

From Hive and Impala, you can compact | ceberg tables and optimize them for read operations. Compaction is an
essential table maintenance activity that creates a new snapshot, which contains the table content in a compact form.

Hive Iceberg compaction supports WHERE clause predicates only on partition columns.

Frequent updates and row-level modifications on Iceberg tables can result in many small data files and delete files,
which have to be merged-on-read. This degrades the query performance over time. Y ou can use the following Hive
and Impala SQL statements to compact | ceberg tables and optimize the table for reading.

OPTI M ZE TABLE [db_nane.]tabl e_name (FILE_SI ZE_ THRESHOLD MB=<val ue>);

The FILE_SIZE THRESHOLD_MB enables you to specify the maximum size of files (in MB) that should be
considered for compaction. Datafiles larger than the specified limit are rewritten only if they are referenced from
deletefiles.

Note:

IE e If FILE_SIZE THRESHOLD_MB is specified, only the files meeting the file size criteria are rewritten
according to the latest schema and partition spec and the remaining data files might still have an older
schema or partition layout. Therefore, run the OPTIMIZE TABLE statement without the file size
threshold option to rewrite the entire table according to the latest schema and partititon layout.

e OPTIMIZE TABLE statement without a specified FILE_SIZE_THRESHOLD_MB rewrites the
entire table and the operation can take longer to complete depending on the table size. Therefore, it is
recommended that you specify afile size threshold for recurring table maintenance jobs to save compute
resources.

OPTIM ZE TABLE ice_table (FILE_SIZE THRESHOLD MB=128);
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ALTER TABLE [ dat abase_nane. ]t abl e_name COWACT ' conpaction_type' [AND WAI T];

OPTI M ZE TABLE [ dat abase_nane. ]t abl e_nane REWRI TE DATA,;

ALTER TABLE ice_tabl e COWACT ' MAIOR ;

OPTI M ZE TABLE ice_table REWRI TE DATA;

Important: When Cloudera Data Warehouse and Cloudera Data Hub are deployed in the same environment
and use the same Hive Metastore (HMS) instance, the Cloudera Data Hub compaction workers can
inadvertently pick up lceberg compaction tasks. Since Iceberg compaction is not yet supported in the latest
Cloudera Data Hub version, the compaction tasks will fail when they are processed by the Cloudera Data Hub
compaction workers.

In such a scenario where both Cloudera Data Warehouse and Cloudera Data Hub share the same HMS
instance and there is requirement to run both Hive ACID and I ceberg compaction jobs, it is recommended
that you use the Cloudera Data Warehouse environment for these jobs. If you want to run only Hive ACID
compaction tasks, you can choose to use either the Cloudera Data Warehouse or Cloudera Data Hub
environments.

If you want to run the compaction jobs without changing the environment, it is recommended that you use
Cloudera Data Warehouse. To avoid interference from Cloudera Data Hub, change the value of the hive
.compactor.worker.threads Hive Server (HS2) property in Cloudera Data Hub to '0'. This ensures that the
compaction jobs are not processed by Cloudera Data Hub. Y ou can find this property in Cloudera Manager
Hive Configuration .

This behavior is applicable only to the Hive Iceberg manual compaction and does not affect Cloudera
Lakehouse Optimizer.

To perform table optimization, ensure that the following prerequisites are met:

» The user performing compaction must have the 'ALL' permissions on the table, which can be set through Ranger.

« Impalacan only write Parquet files, therefore the write.format.default table property must be set to parquet. Hive
can write both Parquet and ORC file formats.

» Impala cannot compact tables with complex data types.
e |mpalacannot compact views.

The OPTIMIZE TABLE statement rewrites the entire table, performing the following tasks:

* Compact small filesinto larger files

« Mergedeletefiles created due to previously run DELETE and UPDATE operations
* Rewriteal files, converting them to the latest table schema

* Rewriteall partitions according to the latest partition specification

e Compact tables with partition evolution

When an |ceberg table is optimized, a new snapshot is created where all the old files of the table are replaced with
newly written files. Note that if the FILE_SIZE_THRESHOLD_MB option is specified, only the files meeting the file
size threshold limit are replaced. The old table state and old files can still be queried using time travel, because the
rewritten data and del ete files are not removed from the system. This can lead to the accumulation of unused files that
belong to old snapshots. Use the Expire Shapshots feature to permanently remove the old files from the file system.

Note: For full compaction, since the compaction process rewrites the entire table, the operation can take a
B long time to complete depending on the table size.
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Cloudera supports row-level deletesin Iceberg V2 tables.
From Hive and Impala, you can use the following formatting types defined by the Iceberg Spec:

e position deletes

e equality deletes
Note: The equality deletes featureisin technical preview and not recommended for use in production
deployments. Cloudera recommends that you try this feature in test and development environments.

* deletion vectors (Iceberg V 3 table format only)
For equality deletes, you must be aware of the following considerations:

» If you are using Apache Flink or Apache NiFi to write equality deletes, then ensure that you provide a PRIMARY
KEY for thetable. Thisis required for engines to know which columns to write into the equality delete files.

« |f thetableis partitioned then the partition columns have to be part of the PRIMARY KEY

« For Apache Flink, the table should be in 'upsert-mode' to write equality deletes

« Partition evolution is not allowed for Iceberg tables that have PRIMARY KEY's

Position delete files contain the following information:

« file_path, whichisafull URI
* pos, thefile position of the row

Deletefiles are sorted by file_path and pos. The following table shows an example of delete filesin a partitioned
table:

YEAR(ts)=2022 ts_year=2022/data-abcd. parquet ts_year=2022/del ete-wxyz.parquet
ts_year=2022/data-bcde.parquet

YEAR(ts)=2023 ts_year=2023/data-efgh.parquet ts_year=2023/del ete-hxkw.parquet
MONTH(ts)=2023-06 ts_month=2023-06/data-ijkl.parquet ts_month=2023-06/del ete-uzwd.parquet
MONTH(ts)=2023-07 ts_month=2023-07/data-mnop.parquet ts_month=2023-07/del ete-udgx.parquet

Inserting, deleting, or updating table data generates a snapshot.
Y ou use aWHERE clause in your DELETE statement. For example:

delete fromthl ice where a <= 2, 1;

Hive and Impala evaluate rows from one table against a WHERE clause, and delete all the rows that match WHERE
conditions. If you want delete al rows, use the Truncate feature. The WHERE expression is similar to the WHERE
expression used in SELECT. The conditions in the WHERE clause can refer to any columns.

Concurrent operations that include DELETE do not introduce inconsistent table states. |ceberg runs validation
checksto check for concurrent modifications, such as DELETE+INSERT. Only one will succeed. On the other hand,
DELETE+DELETE, and INSERT+INSERT can both succeed, but in the case of a concurrent DELETE+UPDATE,
UPDATE+UPDATE, DELETE+INSERT, UPDATE+INSERT from Hive, only the first operation will succeed.

From joined tables, you can delete all matching rows from one of the tables. Y ou can join tables of any kind, but
the table from which the rows are deleted must be an |ceberg table. The FROM keyword is required in this case, to
separate the name of the table whose rows are being deleted from the table names of the join clauses.

For deletion vectors, you need not run anew SQL syntax to write deletion vectors. Run a standard DELETE
statement on a V3 Iceberg table. Set 'format-version'="3' when you create the table. Hive encodes position deletes as
deletion vectors.
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For Impala:

Note: Thisfeatureisin Technical Preview and is not ready for production deployments. Cloudera
E recommends trying this feature in test or development environments and encourages you to provide feedback
on your experiences.

CREATE EXTERNAL TABLE ice 3 (i INT, s STRING STORED BY | CEBERG TBLPROPERTI E
S ('format-version' = 3");

I NSERT INTO ice 3 VALUES (1, 'one'), (2, '"two'), (3, 'three');

DELETE FROM i ce_3 WHERE i = 2;

del ete fromtabl enane [where expression]

del ete joined_tabl enanme from[joi ned_tabl ename, joined_tablename2, ...] [ wh
ere expression |

create external table tbhl _ice(a int, b string, ¢ int) stored by iceberg thlp
roperties ('format-version' = 2");

insert into tbl _ice values (1, 'one', 50), (2, '"tw', 51), (3, 'three', 5
2), (4, '"four', 53), (5, 'five', 54), (111, 'one', 55), (333, 'tw', 56);

delete fromthl ice where a <= 2, 1;
The following example deletes O, 1, or more rows of the table. If coll isaprimary key, O or 1 rows are deleted:

delete fromice_table where coll = 100;

Y ou can use certain Hive and Impala show and describe commands to get information about table metadata. Y ou can
also query metadata tables.

Note: Impaladoes not support COMPUTE INCREMENTAL STATS for Iceberg tables. If you run this
E command, |mpala defaults to performing a complete COMPUTE STATS operation on the entire table.

For large | ceberg tables where a complete scan is too resource-intensive, use the TABLESAMPLE clause to
compute statistics on a subset of the data.

The following table lists SHOW and DESCRIBE commands supported by Hive and Impala:

SHOW CREATE TABLE table_name Displays the schemathat created the table. Hive and Impala
SHOW FILESIN table_name Liststhefilesrelated to the table. Impala
SHOW PARTITIONS table_name Returns the | ceberg partition spec, just the Impala

column information, not actual partitions or

files.
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Command Syntax Description SQL engine support

DESCRIBE [EXTENDED] table_name EXTENDED: Displays all the metadata for the | Hive and Impala
tablein Thrift serialized form, which is useful
for debugging.
DESCRIBE [FORMATTED] table_name FORMATTED: Displays the metadatain Hive
tabular format.
DESCRIBE HISTORY table name [BET Limits the output history to aperiod of time, Impala
WEEN timestampl AND timestamp2] optionally.
SHOW FILESIN [db_name]table name|[ Liststhe datafiles related to the table or a Impala
PARTITION (key_col_expression [, ...])] specific partition.

Hive example
DESCRI BE t;

Hive output includes the following information:

col_name data_type comment

X int
y int

NULL NULL
# Partition Transform Information NULL NULL
# col_name transform_type NULL
y IDENTITY NULL

The output of DESCRIBE HISTORY includes the following columns about the snapshot. The first three are self-
explanatory. Theis_current_ancestor column value is TRUE if the snapshot is the ancestor of the table:

e cregtion_time

e snapshot_id

e parent_id

e is_current_ancestor

Impala examples

DESCRI BE HI STORY ice_t FROM'2022-01-04 10:00: 00';

DESCRI BE HI STORY ice_t FROM now() - interval 5 days;

DESCRI BE HI STORY ice_t BETWEEN ' 2022-01-04 10: 00: 00' AND ' 2022-01-05 10: 00: 0
0';

Drop table feature

The syntax you use to create the table determines the default behavior when you drop the I ceberg table from Hive or
Impala.

If you use CREATE TABLE, the external.table.purge flag is set to true. When the table is dropped, the contents

of the table directory (actual data) are removed. If you use CREATE EXTERNAL TABLE from Hive, the

external .table.purge flag is set to false. Dropping atable purges the schema only. The actual datais not removed. You
can explicitly set the external .table.purge property to true to drop the data as well as the schema.

To prevent data loss during migration of atable to I ceberg, do not drop or move the table during migration.
Exception: If you set the table property 'external .table.purge="FALSE', no data loss occurs if you drop the table.

16



Apache | ceberg features

DROP TABLE [I F EXI STS] tabl e_name

ALTER TABLE t SET TBLPROPERTI ES(' ext ernal . tabl e. purge' =" true');
DROP TABLE t;

Create table feature

Y ou can easily remove a partition from an Iceberg partition using an alter table statement from Hive or Impala.

Removing a partition does not affect the table schema. The column is not removed from the schema.

« Thefilter expression in the drop partition syntax below is a combination of, or at least one of, the following
predicates:
e Minimum of one binary predicate
e IN predicate
e ISNULL predicate

« Theargument of the predicate in the filter expression must be a partition transform, such as ‘Y EARS(col-name)’
or ‘column’.

e Any non-identity transform must be included in the select statement. For example, if you partition a column by
days, the filter must be days.

alter table table-name drop partition (<filter expression>)

The following operators are supported in the predicate: =, !=,<, >, <=, >=

CREATE TABLE ice_tabl e PARTI TI ONED BY SPEC (day(d)) STORED BY | CEBERG TBLPRO
PERTIES ('format-version'='2') AS SELECT x, ts, d FROM source_t;

I NSERT | NTO i ce_tabl e(d) VALUES ('2024-04-30');

ALTER TABLE ice_tabl e DROP PARTI TI ON (day(d) = '2024-04-30');

Y ou can expire snapshots that | ceberg generates when you create or modify atable. During the lifetime of atable the
number of snapshots of the table accumulate. Y ou learn how to remove snapshots you no longer need.

Cloudera recommends periodically expiring snapshots to delete data files that are no longer needed and to reduce
the size of table metadata. Each write to an Iceberg table from Hive creates a new snapshot, or version, of atable.
Snapshots accumulate until expired.
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Y ou can expire snapshots based on the following conditions:

* (For Hive and Impala) All snapshots older than atimestamp or timestamp expression
» (For Hive) A snapshot having agiven ID

e (For Hive) Snapshots having IDs matching agiven list of IDs

» (For Hive) Snapshots within the range of two timestamps

Y ou can keep snapshots you are likely to need, for example recent snapshots, and expire old snapshots. For example,
you can keep daily snapshots for the last 30 days, then weekly snapshots for the past year, then monthly snapshots for
thelast 10 years. Y ou can remove specific snapshots to meet GDPR “right to be forgotten” requirements.

ALTER TABLE <tabl e Nane> EXECUTE EXPlI RE_SNAPSHOTS( <t i nestanp expressi on>)
ALTER TABLE <t abl e Nanme> EXECUTE EXPl RE_SNAPSHOTS(' <Snapshot |d>")

ALTER TABLE <t abl e Name> EXECUTE EXPI RE_SNAPSHOTS(' <Snapshot |d1>, <Snapshot
1d2>. .. ')

ALTER TABLE <t abl e Nane> EXECUTE EXPI RE_SNAPSHOTS BETWEEN (<ti mestanp exp
ression>) AND (<tinmestanp expression>)

The first example removes snapshots having atimestamp older than August 15, 2022 1:50 pm. The second example
removes snapshots from 10 days ago and before.

ALTER TABLE i ce_11 EXECUTE EXPl RE_SNAPSHOTS(' 2022- 08- 15 13:50: 00');
ALTER TABLE i ce_t EXECUTE EXPl RE_SNAPSHOTS( CURRENT Tl MESTAMP - interval 10
days);

ALTER TABLE <tabl e Nane> EXECUTE EXPlI RE_SNAPSHOTS( <t i nestanp expressi on>)

The first example removes snapshots having a timestamp older than August 15, 2022 1:50 pm. The second example
removes snapshots from 10 days ago and before.

ALTER TABLE ice_11 EXECUTE EXPlI RE_SNAPSHOTS(' 2022-08-15 13:50: 00');
ALTER TABLE i ce_t EXECUTE EXPI RE_SNAPSHOTS(now() - interval 10 days);

Y ou can prevent expiration of recent snapshots by configuring the history.expire.min-snapshots-to-keep table
property. You can use the alter table feature to set a property. The history.expire.min-snapshots-to-keep property
refersto anumber of snapshots, not atime delta. For example, assume you always want to keep all snapshots of your
table for the last 24 hours. Y ou configure history.expire.min-snapshots-to-keep as a safety mechanism to enforce

this. If your table receives only one modification (insert / update / merge) per hour, then setting history.expire.min-
snapshots-to-keep = 24 is sufficient to meet your requirement. However, if your table was consistently receiving
updates every minute, then the last 24 hour period would entail 1440 snapshots, and the history.expire.min-snapshots-
to-keep setting would need to be configured appropriately.
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The contents of the table directory (actual data) might, or might not, be removed when you drop the table. An orphan
data file can remain when you drop an Iceberg table, depending on the external .table.purge flag table property. An
orphaned datafileis one that has contents in the table directory, but no snapshot.

Expiring a snapshot does not remove old metadata files by default. Y ou must clean up metadata files using writ
e.metadata.del ete-after-commit.enabled=true and write.metadata.previous-versions-max table properties. For more
information, see "lceberg table properties’ below. Setting this property controls automatic metadata file removal after
metadata operations, such as expiring snapshots or inserting data.

Expiring snapshots
| ceberg table properties

From Hive and Impala, you can insert data into | ceberg tables using the standard INSERT INTO asingle table.
INSERT statements work for V1 and V2 tables.

Y ou can replace data in the table with the result of aquery. To replace data, Hive and Impala dynamically overwrite
partitions that have rows returned by the SELECT query. Partitions that do not have rows returned by the SELECT
query, are not replaced. Using INSERT OVERWRITE on tables that use the BUCKET partition transform is not
recommended. Results are unpredictabl e because dynamic overwrite behavior would be too random in this case.

From Hive, Cloudera also supportsinserting into multiple tables as a technical preview; however, this operation is
not atomic, so data consistency of Iceberg tablesis equivalent to that of Hive external tables. Changes within asingle
table will remain atomic.

Inserting, deleting, or updating table data generates a snapshot. A hew snapshot corresponds to a new manifest list.
Manifest lists are named snap-*.avro.

| ceberg specification defines sort orders. At this point, Hive doesn’t support defining sort orders. But if there are sort
orders defined by using other engines Hive can utilize them on write operations. For more information about sorting,
see sort orders specification.

| NSERT | NTO TABLE t abl enanme VALUES val ues_row [, values_row ...]
I NSERT | NTO TABLE t abl enanel sel ect _statenentl FROM tabl enane2

I NSERT OVERWRI TE TABLE t abl enanel sel ect _statenent1l FROM t abl enane2

CREATE TABLE ice_10 (i INT, s STRING b BOOLEAN) STORED BY | CEBERG
I NSERT | NTO i ce_10 VALUES (1, 'asf', true);

CREATE TABLE ice_11 (i INT, s STRING b BOOLEAN) STORED BY | CEBERG
I NSERT INTO ice_11 VALUES (2, 'apache', false);

I NSERT INTO ice_11 SELECT * FROM ice_10;

SELECT * FROM ice_11;

| NSERT OVERWRI TE i ce_11 SELECT * FROM i ce_10;

FROM cust omer s
I NSERT | NTO targetl SELECT custonmer _id, first_naneg;
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I NSERT | NTO target2 SELECT | ast_nane, customer _id;

From Hive or Impala, you can load Parquet or ORC data from afile in adirectory on your file system or object store
into an Iceberg table. For Impala, you might need to set the mem_limit or pool configuration (max-query-mem-limit,
min-query-mem-limit) to accommodate the load.

LOAD DATA [LOCAL] | NPATH ' <path to file> [OVERWRI TE] | NTO TABLE t abl enane;

LOAD DATA LOCAL | NPATH '/tnp/sone_db/files/part.orc' |NTO TABLE ice_orc;

LOAD DATA LOCAL | NPATH '/tnp/sone_db/files/part.orc’ OVERWRI TE | NTO TABLE
i ce_orc;

Note:
IE e Specifying the LOCAL keyword looks for afile path in the local file system.

* The OVERWRITE keyword deletes the recordsin the target table and replaces it with the files specified in
the filepath, else, the command adds to the existing content in the target table.

LOAD DATA | NPATH ' <path to file>" | NTO TABLE tabl enane;

In this example, you create atable using the LIKE clause to point to atable stored as Parquet. Thisis required for
Iceberg to infer the schema. Y ou aso load data stored as ORC.

CREATE TABLE test_iceberg LIKE ny_parquet_table STORED AS | CEBERG
SET MEM_LI M T=1GB;

LOAD DATA | NPATH '/t np/ some_db/ parquet _files/' |INTO TABLE iceberg_tbl;

LOAD DATA | NPATH '/t np/ some_db/ orc_files/' I NTO TABLE iceberg2_tbl;

Thereis no difference in the way you insert data into a partitioned or unpartitioned |ceberg table.
Working with partitionsis easy because you write the query in the same way for the following operations:

e Insert into, or replace, an unpartitioned table
* Insertinto, or replace, an identity partitioned table
« Insertinto, or replace, atransform-partitioned table

Do not use INSERT OVERWRITE on tables that went through partition evolution. Truncate such tablesfirst, and
then INSERT the tables.
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CREATE TABLE ice_12 (i int, s string, t tinestanp, t2 tinmestanp) STORED BY |
CEBERG

I NSERT | NTO i ce_12 VALUES (42, 'inpala', now(), to_date(now()));
| NSERT OVERWRI TE ice_t VALUES (42, 'inpala', now(), to_date(now()));

Using a materialized view can accelerate query execution. Creating a materialized view on top of Iceberg tablesin
Cloudera can further accelerate the performance. Y ou can create a materialized view of an Iceberg V1 or V2 table
based on an existing Hive or Iceberg table.

The materialized view is stored in Hive ACID or Iceberg format. Materialized view source tables either must be
native ACID tables or must support table snapshots. Automatic rewriting of a materialized view occurs under the
following conditions:

* Theview definition contains the following operators only:

e TableScan
e Project
e Filter
e Join(inner)
e Aggregate
» Sourcetables are native ACID or |ceberg v1 or v2
» Theview isnot based on time travel queries because those views do not have up-to-date data by definition.

The following example creates a materialized view of an | ceberg table from Hive.

drop table if exists tbl_ice;
create external table tbl _ice(a int, b string, ¢ int) stored by iceberg st
ored as orc thlproperties ('format-version' ='2");

create materialized view matl as
select b, ¢ fromtbl ice for systemversion as of 5422037307753150798;

The following example creates a materialized view of two | ceberg tables. Joined tables must be in the same table
format, either Iceberg or Hive ACID.

drop table if exists thl_ice2;

create table tbhl _ice2(a int, b string, c int) stored as orc TBLPROPERTIES ('
transactional'="true');

I NSERT I NTO thbl _ice2 VALUES (2, 'apache', 3);

drop table if exists tbl_ice;

create external table tbl _ice(a int, b string, c¢c int) stored by iceberg sto
red as orc tblproperties ('format-version' = 2");

I NSERT | NTO tbl _acid VALUES (4, 'iceberg', 5);

create materialized view mat1l as

select tbl _ice2.b, tbl ice2.c fromtbl _ice join tbl _ice2 on thl _ice.a =tb
| ice2. a;
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The following example uses explain to examine a materialized view and then creates a materialized view of an
Iceberg V1 table from Hive.

drop materialized viewif exists matl;
drop table if exists tbl_ice;

create table tbl _ice(a int, b string, c int) stored by iceberg stored as orc
t bl properties (' format-version' ="1");

insert into tbl _ice values (1, 'one', 50), (2, "tw', 51), (3, 'three', 52),
(4, 'four', 53), (5, 'five', 54);

explain create materialized view matl stored by iceberg stored as orc tblpr
operties ('format-version' ='1') as

select thl _ice.b, tbl ice.c fromthl _ice where tbhl _ice.c > 52;

create materialized view mat1l stored by iceberg stored as orc tbl properties
('format-version'='1") as
select tbl _ice.b, tbl _ice.c fromtbl _ice where tbl _ice.c > 52;

Materialized view rebuild feature

Updates to materialized view contents when new data is added to the underlying table are critical; otherwise, queries
can return stale data.

An update can occur under the following conditions:
« Asarow-level incremental rebuild of the view after inserting data into atable

Source tables can be Iceberg V2 or Hive full ACID.
» Asafull rebuild of the view

A full rebuild can be expensive. Anincremental rebuild updates only the affected parts of the materialized view,
decreasing rebuild step execution time.

Anincremental rebuild occurs automatically when you insert (append) data into a source table; otherwise, after you
make some other type of change, for example a delete, you must manually start a full rebuild.

You use the ALTER command to manually start afull rebuild of the materialized view from Hive as follows:

ALTER MATERI ALI ZED VI EW <nane of vi ew> REBUI LD,

In this example, first you set required properties. Next, you create |Iceberg tables, aV1 table and a V2 table, from
Hive. You insert datainto the tables and create a materialized view of the joined tables. Y ou insert some new values
into one of the source tables, rendering the materialized view stale. Finally, you rebuild the materialized view using
explain cbo to show the rebuild plan The rebuild plan indicates afull rebuild will occur, which means the definition
query will be executed.

drop table if exists tbl_ice;

drop table if exists thl_ice_v2;

create external table tbl _ice(a int, b string, c int) stored by iceberg sto
red as orc tblproperties ('format-version' ='1"');

create external table tbl _ice v2(d int, e string, f int) stored by iceberg
stored as orc tblproperties ('format-version' = 2");
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insert into tbl _ice v2 values (1, 'one v2', 50), (4, 'four v2', 53), (5, 'f
ive v2', 54);

create materialized view matl as

select tbl _ice.b, thl _ice.c, tbl _ice v2.e fromthbl _ice

join tbl ice v2 on thl _ice.a=tbhl _ice_v2.d where tbl _ice.c > 52;
group by tbl ice.b tbl __ice.c;

-- view should be enpty
select * from nmat 1;

-- viewis up-to-date, use it

expl ain cbo

select tbl _ice.b, tbl_ice.c, tbl _ice_v2.e fromtbl_ice join tbl _ice_v2 on
tbl ice.a=tbl _ice v2.d where tbl _ice.c > 52;

-- insert sonme new val ues to one of the source tables
insert into tbl _ice values (1, 'one', 50), (2, "tw', 51), (3, 'three', 52),
(4, 'four', 53), (5, 'five', 54);

-- view is outdated, cannot be used

expl ain cbo

select tbl _ice.b, thl _ice.c, tbl ice v2.e fromthbl _ice join tbl _ice v2 ontb
| ice.a=tbl _ice v2.d where tbl _ice.c > 52;

expl ain cbho
alter materialized view matl rebuil d;

-- view should contain data
select * from mat 1;

-- viewis up-to-date again, use it

expl ain cbo

select thl _ice.b, thl ice.c, tbl ice v2.e fromtbl _ice join tbl _ice v2 ontbh
| ice.a=tbl _ice_v2.d where tbhl _ice.c > 52;

group by tbl ice.b tbl _ice.c;

In this example, you create an |ceberg table, insert some values, and create the materialized view. Theview is
partitioned using a partition specification and stored in the I ceberg ORC format. The v1 format version is specified
in this example (the v2 format is also supported). Y ou then look at a description of the view and see that the query
rewrite option is enabled by default. An automatic incremental rebuild is possible when this option is enabled.

drop table if exists tbl _ice;
create external table tbl _ice(a int, b string, c¢c int) stored by iceberg
stored as orc tblproperties ('format-version'="1");

-- insert sone new val ues into one of the source tables

insert into tbl _ice values (1, 'one', 50), (2, 'tw', 51), (3, "three', 5
2), (4, 'four', 53), (5, 'five', 54);

expl ai n

create materialized view natl partitioned on spec (bucket (16, b), trunc
ate(3, c)) stored by lceberg stored as orc thl properties(‘'format-version’ =1
")as

select tbl _ice.b, thl)ice.c fromtbl ice where tbl _ice.c > 52;

-- the output query plan query indicates a rewite is enabl ed
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POSTHOOK: query: explain
create materialized view matl ...

STAGE PLANS

-- In stage one, the nmaterialized viewis created by calling the Iceberg

APl to create the table object.
rewite enabl ed

Y ou use the DESCRIBE command to see the output query plan, which shows details about the view, including if it

can be used in automatic query rewrites.

-- check the materialized view details
describe formatted mat 1;

#col _nane data_t ype conment
b string
c i nt

#Partition Transform | nformation

#col _name transformtype
b bucket (16)
c TRUNCATE] 3]

#detail ed table i nformati on

Tabl e_t ype: MATERI ALI ZED VI EW
Tabl e Paraneters:

current-snapshot-id 563939E424367334713

Hét adat a_l ocati on
'.I:ébl e_type | ceberg

#Materi ali zed View I nformation
Original Qery: .

Expanded Query: ...

Rewrite Enabl ed: Ye

With the query rewrite option enabled, you insert data into the source table, and incremental rebuild occurs

automatically. Y ou do not need to rebuild the view manually before running queries.

Materialized view feature

From Hive and Impala, you can perform actions on an |ceberg table based on the results of ajoin between atarget and

source v2 | ceberg table.

The MERGE statement supports multiple WHEN clauses, where each clause can specify actions like UPDATE,
DELETE, or INSERT. Actions are applied based on the join conditions defined between the source and target tables.

MERGE | NTO <target table> AS T USI NG <source expression/table> AS S

ON <bool ean expressi onl>
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VHEN MATCHED [ AND <bool ean expression2>] THEN UPDATE SET <set clause |ist>
VHEN MATCHED [ AND <bool ean expressi on3>] THEN DELETE
VWHEN NOT MATCHED [ AND <bool ean expressi on4>] THEN | NSERT VALUES <val ue |i st>

Use the MERGE INTO statement to update an | ceberg table based on a staging table:

MERGE | NTO cust oner USI NG new _cust onmer _stage source ON source.id = custoner.
id

WHEN MATCHED THEN UPDATE SET nane = source. name, state = source.new_stat
e

WHEN NOT MATCHED THEN | NSERT VALUES (source.id, source.nane, source.s
tate);

Create an | ceberg table and merge it with a non-Iceberg table.

create external table target ice(a int, b string, c¢c int) partitioned by spec
(bucket (16, a), truncate(3, b)) stored by iceberg stored as orc tblproperti
es ('format-version' ='2");

create table source(a int, b string, ¢ int);

nerge into target _ice as t using source src ONt.a = src.a
when matched and t.a > 100 THEN DELETE

when mat ched then update set b = 'Merged', ¢ =t.c + 10
when not natched then insert values (src.a, src.b, src.c);

The ImpalaMERGE INTO statement supports the following capabilities:
« WHEN NOT MATCHED BY SOURCE merge clause - Useful in situations when a source tabl€e's rows do not

match the target table rows. For example:

MERGE INTO target _ice t using source sont.id =s.id
VWHEN NOT MATCHED BY SOURCE THEN UPDATE set t.colum = "a";

e Supports INSERT * syntax for the WHEN NOT MATCHED clause and UPDATE SET * syntax for the WHEN
MATCHED clause.

INSERT * enumerates al expressions from the source table or subquery to simplify inserting for target tables with
large number of columns. The semanticsis the same as the regular WHEN NOT MATCHED THEN INSERT
clause.

UPDATE SET * creates assignments for each target table column by enumerating the table columns and assigning
source expressions by index.

Cloudera supports Hive table migration from Hive to Iceberg tablesusing ALTER TABLE to set the table properties.

Note: Do not drop or move the old table during a migration operation. Doing so will delete the data files of
B the old and new tables. Exception: If you set the table property 'external.table.purge’="FAL SE', no dataloss
occurs when you drop the table.

In-place table migration saves time generating | ceberg tables. Thereis no need to regenerate data files. Only
metadata, which points to source datafiles, is regenerated.
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To convert aHive table to an Iceberg V1 table, use the following syntax:
ALTER TABLE t abl e_nane CONVERT TO | CEBERG
To convert a Hive table to an Iceberg V2 table, you must run two queries. Use the following syntax:

ALTER TABLE t abl e_name CONVERT TO | CEBERG

ALTER TABLE t abl e _nane SET TBLPROPERTIES (' format-version' = "'2'
ca)

In-place table migration saves time generating I ceberg tables. There is no need to regenerate data files. Only
metadata, which points to source datafiles, is regenerated.

Learn how to prevent Hive and Impala from reading data files from an | ceberg table that are outside of the table
location.

An unauthorized user who knows the underlying file layout of atable can gain access to the datain an Iceberg table in
the following way:

Userl owns atable, tablel, which User2 does not have permission to read. However, User2 could execute an attack as
follows: User2 creates a new table, table2, to which they have access rights. User2 then modifies the metadata files of
their own table (table2) to reference data files from Userl’ stable (tablel), effectively including these files as part of
table2. By accessing their own table (table2), User2 can then read the data files that belong to User1’stable (tablel).

Y ou can prevent this by configuring Hive and Impalato prevent reading data files that are outside of the Iceberg table
location.

Hive
Add the following property to HiveServer2 Advanced Configuration Snippet (Safety Valve) for
hive-site.xml and set the value to "true":
hi ve.iceberg.all ow datafiles.in.table.location.only
Impala

Ensure that the following Impala startup flag is set to "true". The value of thisflag is set to true by
default.

i ceberg_allow datafiles_in_table |ocation_only

| ceberg partition evolution, which is a unique Iceberg feature, and the partition transform feature, greatly simplify
partitioning tables and changing partitions.

Partitions based on transforms are stored in the | ceberg metadata layer, not in the directory structure. Y ou can change
the partitioning completely, or just refine existing partitioning, and write new data based on the new partition layout--
no need to rewrite existing data files. For example, change a partition by month to a partition by day.

Use partition transforms, such as IDENTITY, TRUNCATE, BUCKET, YEAR, MONTH, DAY, HOUR. Iceberg
solves scalability problems caused by having too many partitions. Partitioning can also include columns with alarge
number of distinct values. Partitioning is hidden in the Iceberg metadata layer, eliminating the need to explicitly write
partition columns (YEAR, MONTH for example) or to add extra predicates to queries for partition pruning.

SELECT * FROM tbl WHERE ts = ‘2023-04-21 20: 56: 08’
AND YEAR = 2023 AND MONTH = 4 AND DAY = 21

26



Apache | ceberg features

Y ear, month, and day can be automatically extracted from *2023-04-21 20:56:08' if the table is partitioned by
DAY (ts)

Partition evolution means you can change the partition layout of the table without rewriting existing data files. Old
data files can remain partitioned by the old partition layout, while newly added data files are partitioned based on the
new layout.

You can usethe ALTER TABLE SET PARTITION SPEC statement to change the partition layout of an Iceberg
table. A change to the partition spec results in a new metadata.json and a commit, but does not create a new snapshot.

The VOID transform might be used to replace the transform in an existing partition field so that the field is effectively
dropped in v1 tables.

ALTER TABLE t abl e_name SET PARTI TI ON SPEC ([ col _nane] [, spec(value)][, spec(
value)]...)]

spec: The specification for atransform listed in the next topic, "Partition transform feature”.

ALTER TABLE t

SET PARTI TI ON SPEC ( TRUNCATE(5, level), HOUR(event tine),

BUCKET( 15, nessage), price);

ALTER TABLE ice_p

SET PARTI TI ON SPEC (VO D(i), VA D(d), TRUNCATE(3, s), HOUR(t), i);

Partition transform feature

From Hive or Impala, you can use one or more partition transforms to partition your data. Each transform is applied
to a single column. Identity-transform means no transformation; the column values are used for partitioning. The
other transforms apply a function to the column values and the data is partitioned by the transformed values.

Using CREATE TABLE ... PARTITIONED BY you create identity-partitioned |ceberg tables. |dentity-partitioned

| ceberg tables are similar to the Hive or Impala partitioned tables, which are stored in the same directory structure
asthe datafiles. Iceberg stores the partitioning columns of identity-partitioned I ceberg tables in a different directory
structure from the datafilesif the tables are migrated to | ceberg from Hive external tables. Iceberg handles the tables
and files regardless of the location.

Hive and Impala support | ceberg advanced partitioning through the PARTITION BY SPEC clause. Using this clause,
you can define the I ceberg partition fields and partition transforms.

The following table shows the available partition transforms and their corresponding transform specifications:

Partition by year years(time_stamp) | year(time_stamp) Hive and Impala
Partition by month months(time_stamp) | month(time_stamp) Hive and Impala
Partition by a date value stored asint (dateint) | days(time_stamp) | date(time_stamp) Hive
Partition by hours hours(time_stamp) Hive
Partition by a dateint in hours date_hour(time_stamp) Hive
Partition by hashed value mod N buckets bucket(N, cal) Hive and Impala
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Partition by value truncated to L, whichisa truncate(L, col) Hive and Impala
number of characters

Partition by hashed value mod N buckets bucket(N, col) Hive and Impala
Partition by value truncated to L, whichisa truncate(L, col) Hive and Impala
number of characters

Partition by value identity(col) Impala

Partition by null values void(col) Impala

The BUCKET, TRUNCATE, IDENTITY, and VOID transforms now support the BINARY type.

The VOID transform might be used to replace the transform in an existing partition field so that the field is effectively

dropped in v1 tables.

Strings are truncated to length L. Integers and longs are truncated to bins. For example, truncate(10, i) yields

partitions 0, 10, 20, 30 ...

Theidea behind transformation partition by hashed value mod N buckets is the same as hash bucketing for Hive
tables. A hashing algorithm calculates the bucketed column value (modulus). For example, for 10 buckets, datais

stored in column value % 10, ranging from 0-9 (0 to n-1) buckets.
You use the PARTITIONED BY SPEC clause to partition atable by an identity transform.

CREATE [ EXTERNAL] TABLE [IF NOT EXI STS] [db_nane.]tabl e_nane
[ (col _nane data_type][, time_stanp TI MESTAMP] )]

[ PARTI TI ONED BY SPEC([ col nane][, spec(value)][, spec(value)]..

[ STORED AS file_format]
STORED BY | CEBERG
[ TBLPROPERTI ES (property_nane=property_value, ...)]

Where spec (value) represents one or more of the following transforms:

*  YEARS(col_name)

* MONTHS(col_name)

e DAY S(col_name)

* BUCKET(bucket_num,col_name)
* TRUNCATE(Iength, col_name)

CREATE TABLE [I F NOT EXI STS] [db_nane.]tabl e_nane
[ (col _name data_type,

[ PARTI TI ONED BY SPEC([ coI _)nama] [, spec(value)][, spec(value)]..

STORED (AS | BY) | CEBERG
[ TBLPROPERTI ES (property nanme=property value, ...)]

Where spec(value) represents one or more of the following transforms:

*  YEARS(col_name)

e MONTHS(col_name)

* DAY S(col_name)

*  BUCKET(bucket_num,col_name)
* TRUNCATE(Iength, col_name)

)

)
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The following example creates atop level partition based on column i, a second level partition based on the hour part
of the timestamp, and athird level partition based on the first 1000 charactersin column j.

CREATE EXTERNAL TABLE ice 3 (i INT, t TIMESTAMP, j BI G NT) PARTI TI ONED BY SP
EC (i, HOUR(t), TRUNCATE(1000, j)) STORED BY | CEBERG

CREATE TABLE ice_13 (i INT, t TIMESTAMP, j BI G NT) PARTITI ONED BY SPEC (i, H
OUR(t), TRUNCATE(1000, j)) STORED BY | CEBERG

The following examples show how to use the PARTITION BY SPEC clausein a CREATE TABLE query from
Impala.The same transforms are availablein a CREATE EXTERNAL TABLE query from Hive.

CREATE TABLE ice_t(id INT, name STRING dept STRI NG
PARTI TI ONED BY SPEC (bucket (19, id), dept)

STORED BY | CEBERG

TBLPROPERTI ES (' format-version' ='2");

CREATE TABLE ice_ctas

PARTI TI ONED BY SPEC (truncate(1000, id))

STORED BY | CEBERG

TBLPROPERTI ES (' fornmat-version'='2")

AS SELECT id, int_col, string_col FROM source_table;

Creating an I ceberg partitioned table
Create table feature
Partition evolution feature

From Hive you can insert into, or overwrite datain, Iceberg tables that are statically or dynamically partitioned.

Y ou can aso insert data into atable using static and dynamic partitions. INSERT OVERWRITE queries do not work
on tables that have undergone partition evolution.

| NSERT | NTQ OVERWRI TE TABLE nanme PARTI TI ON( col
I NSERT | NTQ OVERWRI TE TABLE nane PARTI TI ON( col

val ) VALUES (...)
val ) SELECT <expressi on>

| NSERT | NTQ OVERWRI TE TABLE nane PARTI Tl ON(col ) VALUES (...)
| NSERT | NTQ OVERWRI TE TABLE nanme PARTI TI ON(col ) SELECT <expressi on>

Insertion into the static partition must precede the insertion into the dynamic partition.

I NSERT | NTQ OVERWRI TE TABLE nane PARTI TION(col1 = val, col2) VALUES (...)
I NSERT | NTQ OVERWRI TE TABLE nane PARTI TION(col 1 = val, col 2) SELECT <expre
ssi on>
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Y ou can truncate | ceberg partitioning from Hive.

Y ou specify columnsin the TRUNCATE TABLE ... PARTITION command as shown in the following syntax. This
command does not support partitioning on columns that have partition transforms other than identity-transform.

TRUNCATE TABLE t PARTITION (parColl1l = Vall, parCol2 = Val2 ... );

file:/Users/nisha.sridhar/Sandbox/newco-docs/topi cs/iceberg-truncate-partition.xml

Apache | ceberg stores extensive metadata for its tables. From Hive and Impala, you can query the metadata tables as
you would query aregular table. For example, you can use projections, joins, filters, and so on.

| ceberg metadata tables include information that is useful for efficient table maintenance (about snapshots, manifests,
data, deletefiles, etc.) aswell as statistics that help query engines plan and execute queries more efficiently (value
count, min-max values, number of NULLS, etc.).

Note: |ceberg metadatatables are read-only. Y ou cannot add, remove, or modify recordsin the tables. Also,
you cannot drop or create new metadata tables.
For more information about the A pache | ceberg | ceberg metadata table types, see the Apache Iceberg
MetadataTableType enumeration.
For more information about querying | ceberg metadata, see the Apache |ceberg Spark documentation.

The following sections describe how you can interact with and query |ceberg metadata tables:

The SHOW METADATA TABLES statement lists all metadata tables belonging to an I ceberg table. Y ou can also
filter the tables according to a specific pattern.

Note: The SHOW METADATA TABLES statement is only available in Impalaand is not supported in
Hive.

Impala Syntax:
SHOW METADATA TABLES | N [ dat abase_name.]tabl e_nane [[LIKE] "pattern"];
Impala Example:

SHOW METADATA TABLES I N default.ice table;

Cut put

fooccoccococcocococoooooac +
| nane [
ocococococococococoooc +

| all _data files
| all _delete_files
| all _entries

| all _files

| all _manifests
| data files

| delete files
| entries

| files
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hi story [
mani f est s |
nmet adata_| og_entries |
partitions [
position_del etes |
refs |
shapshot s |

Y ou can use the regular SELECT statement from Hive or Impalato query Iceberg metadata tables. To reference a
metadata table, use the fully qualified path as shown in the syntax.

Hive or Impala Syntax:

SELECT ... FROM dat abase nane. t abl e_nane. net adat a_t abl e_nane;
Hive or Impala Example:

SELECT * FROM default.ice table.files;

Y ou can select any subset of the columns or all of them using **’. In comparison to regular tables, running a SELE
CT * from Impala on metadata tables always includes complex-typed columns in the result. The Impala query option,
EXPAND_COMPLEX_TY PES only appliesto regular tables. However, Hive always includes complex columns
irresepctive of whether SELECT queries are run on regular tables or metadata tabl es.

For Impala queries that have a mix of regular tables and metadata tables, a SELECT * expression where the sources
are metadata tables always includes complex types, whereas for SELECT * expressions where the sources are regular
tables, complex types are included only if the EXPAND_COMPLEX_TYPES query option is set to 'true'.

In the case of Hive, columns with complex types are aways included.

Y ou can aso filter the result set using a WHERE clause, use aggregate functions such as MAX or SUM, JOIN
metadata tables with other metadata tables or regular tables, and so on.

Example:

SELECT
s. operati on,
h.is_current_ancestor,
S. sunmary
FROM defaul t.ice_table. history h
JO N default.ice_tabl e.snapshots s
ON h. snapshot _id = s.snapshot _id
WHERE s. operation = 'append'
ORDER BY nmde_current _at;

* Impaladoes not support the DATE and BINARY datatypes. NULL isreturned instead of their actual values.
« Impaladoes not support unnesting collections from metadata tables.

Like regular tables, | ceberg metadata tables have schemas that can be explored using the DESCRIBE statement. The
DESCRIBE statement displays metadata about a table, such as the column names and their data types.

To reference the metadata table, use the fully qualified path as shown in the syntax.
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Note: DESCRIBE FORMATTED|EXTENDED is not available for metadata tables. In Impala, using this
statement results in an error whereas Hive displays the same output as the regular DESCRIBE statement.

Hiveor Impala Syntax:
DESCRI BE dat abase_nane. t abl e_nane. net adat a_t abl e_narne;
Hive or Impala Example:

DESCRI BE default.ice_table.history;

Cut put :

feccoococccocooccocooooe feccoococooc feccoocooc feccococooc +
| nane | type | comment | nullable |
feoccocococoococoococoocoocoe fecococoococooac feocococooooc feccocoocoooc +
| made_current _at | timestanp | | true |
| snapshot _id | bigint | | true |
| parent _id | bigint | | true |
| is_current_ancestor | bool ean | | true |
foccoococccooocococooooc foccoococooc foccooocooc foccococooc +

Apache |ceberg MetadataT ableType
Apache Spark documentation

In the event of a problem with your table, you can reset atable to a good state as long as the snapshot of the good
tableisavailable. Y ou can roll back the table data based on a snapshot id or a timestamp.

When you modify an Iceberg table, a new snapshot of the earlier version of the table is created. When you roll back a
table to a snapshot, a new snapshot is created. The creation date of the new snapshot is based on the Timezone of your
session. The snapshot id does not change.

ALTER TABLE test _tabl e EXECUTE rol | back(snapshot|D);
ALTER TABLE test_tabl e EXECUTE rol | back('timestanp');

The following example rolls back to an earlier table, creating a new snapshot having a new creation date timestamp,
but keeping the same snapshot id 3088747670581784990.

ALTER TABLE ice_t EXECUTE ROLLBACK(3088747670581784990);

The following example rolls the table back to the latest snapshot having a creation timestamp earlier than '2022-08-08
00:00:00.

ALTER TABLE ice_7 EXECUTE ROLLBACK('2022-08-08 00: 00: 00')

Hive supports the copy-on-write (COW) as well as merge-on-read (MOR) modes for handling | ceberg row-level
updates and deletes. Impala supports only the MOR mode and will fail if configured for copy-on-write. Impala does
support reading copy-on-write tables.
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Depending on the COW or MOR setting, Hive performs updates and deletes to | ceberg tables as follows:

e COW: Hive creates anew version of filesfor each update/delete. Use COW when updating/deleting alarge
number of rows, or when reading data frequently.

* MOR (default): Updates/deletes are logged to delta files, which tends to be faster than creating new versions of
thefiles. Later a compaction can eliminate the delete files and rewrite the affected data files.

Impala uses only the MOR method. Impala does not support copy-on-write and will fail if configured for copy-on-
write. Impala does support reading copy on write tables.

You use the CREATE TABLE or ALTER commands to set either COW or MOR mode in table properties as shown
in the following examples:

ALTER TABLE i ce01 SET TBLPROPERTIES ('wite.del ete. node' =' copy-on-wite');
ALTER TABLE i ce0l1 SET TBLPROPERTIES ('wite.update.node' =' copy-on-wite');

Set either COW or MOR based on your use case and rate of data change. Consider the following advantages and
disadvantages of the modes:

+ MOR

*  Writesare efficient.

* Readsareinefficient due to read amplification, but regularly scheduled compaction can reduce inefficiency.
* A good choice when streaming.

« A good choice when frequently writing or updating, such as running hourly batch jobs.

« A good choice when the percentage of data changeislow.

cow

* Readsareefficient.

« A good choice for bulk updates and deletes, such as running a daily batch job.

* Writes are inefficient due to write amplification, but the need for compaction is reduced.
« A good choice when the percentage of data changeis high.

By default, Hive and Impala delete | ceberg V 2 table data using position delete files. Hive and Impala can read
eguality deletes, which you might encounter in atable created and written to by Flink or another engine that supports
writing equality deletes. Hive and Impala cannot write equality deletes.

Starting with Cloudera Runtime 7.3.2 SP1, Hive and Impala [ Technical Preview] writes position deletes on Iceberg
V 3 tables as deletion vectors instead of position delete files. For more information, see Delete data feature.

Choose the MOR or COW mode based on your use case. The MOR mode keeps track of deleted rows, soit's
expensive when you're making many deletions.

The position and equality deletes are summarized below:

Position delete: DELETE operations find the data records that need to be deleted, then write out their file path and
position into delete files. Postponing the rewrite of the files speeds writes of updates/deletes. Read operations need to
merge the data and delete files to retrieve the active rows.

Equality delete: DELETE operations write out column values (for example, primary keys) that identify the records to
be deleted. If you aready know the column values of the records you want to delete, then there is no need to read the
whol e table, which means equality deletes can be written faster than position deletes. Read operations need to merge
the data and delete files to retrieve the active rows. Processing equality deletesistypically slower than processing
position deletes.
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Impala supports row lineage tracking on Iceberg V3 tables. Row lineage is an Iceberg V 3 capability. Row lineage
assigns a unique row identifier to each row and records which snapshot last updated a row. This metadata supports
change data capture (CDC) and row provenance use Cases.

Note: Thisfeatureisin Technical Preview and is not ready for production deployments. Cloudera
IE recommends trying this feature in test or devel opment environments and encourages you to provide feedback
on your experiences.

To userow lineage from Impala, create an Iceberg V 3 table by setting ‘format-version'="3'. When Impala writes to the
table, Impala maintains the row lineage metadata that the specification requires; you need not use new SQL syntax to
enable row lineage.

Row lineage applies to newly written rows on V3 tables. It does not apply to rows updated using equality deletes.

CREATE TABLE ice_3 (i INT, s STRING STORED BY | CEBERG TBLPROPERTI ES
('format-version' =" 3");

I NSERT I NTO i ce_3 VALUES (1, 'one'), (2, 'two');

Impala supports writing Puffin statistics files for Iceberg V3 tables. Puffin statistics files store deletion vectors as
sidecar files and provide a standardized container for column statistics metadata.

Puffinis alightweight container format for arbitrary binary blobs. Iceberg Puffin statistics support is a prerequisite for
Iceberg V3 capabilitiesin Impala.

To use Puffin statistics from Impala, create an | ceberg V3 table by setting 'format-version'="3". When Impala performs
supported V 3 write operations, Impala writes Puffin files as required by the Iceberg V 3 specification; you need not
run a new SQL syntax to enable Puffin statistics writes.

For deletion vectors on V3 tables, see Delete data feature.

CREATE TABLE ice_3 (i INT, s STRING STORED BY | CEBERG TBLPROPERTI ES
('format-version' =" 3");

I NSERT I NTO i ce_3 VALUES (1, 'one'), (2, 'two');

DELETE FROM i ce_3 WHERE i = 2;

Y ou can read | ceberg tables from Impala as you would any table. Joins, aggregations, and analytical queries, for
example, are supported.

Impala supports reading V2 tables with position deletes.

SELECT * FROM ice_t;
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SELECT count (*) FROMice_t i LEFT OQUTER JO N other_t b
ON (i.id = other_t.fid)
VWHERE i.col = 42;

Y ou learn that the Hive or Impala schema changes when the associated | ceberg table changes; Y ou see examples of
changing the schema.

Although you can change the schema of your table over time, you can still read old data files because | ceberg
uniquely identifies schema elements. A schema change results in a new metadata.json and a commit, but does not
create a new snapshot.

The | ceberg table schemais synchronized with the Hive/lmpal a table schema; A change to the schema of the | ceberg
table by an outside entity, such as Spark, changes the corresponding Hive/lmpalatable. Y ou can change the Iceberg
table using ALTER TABLE to make the following changes:

From Hive: dsdf
apples, tables and servers

e Addacolumn
e Replace acolumn
¢ Change acolumn type or its position in the table

From Impala

e Addacolumn

¢ Renameacolumn

* Dropacolumn

e Change acolumn type

An unsafe change to a column type, which would require updating each row of the table for example, is not allowed;
The following type changes are safe;

e inttolong
» float to double
e decimal(P, S) to decima (P, S) if precision isincreased

Y ou can drop a column by changing the old column to the new column.

ALTER TABLE t abl e_nane ADD COLUWNS (col nane type[, .])
ALTER TABLE t abl e_name CHANGE COLUWN col _ol d_nane col _new nanme type

ALTER TABLE t abl e _nanme CHANGE COLUWN col ol d_nane col new nane type [ Fl RST|
AFTER col _nane] [existing_col _nane

]
ALTER TABLE t abl e _nanme REPLACE COLUWNS (col nanme type)

ALTER TABLE t abl e_name ADD COLUWNS(col _nane type[, .])

ALTER TABLE t abl e nane CHANGE COLUWN col ol d nane col new nane type
ALTER TABLE t abl e_nanme DROP COLUWN col nane
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ALTER TABLE t ADD COLUWNS(nessage STRING price DECIMAL(8,1));

ALTER TABLE t REPLACE COLUWNS (i int comment ‘...’', a string, ...);
ALTER TABLE t CHANGE COLUMWN col _x col _x DECI MAL (22, 3) AFTER col _y;

ALTER TABLE ice_12 ADD COLUWNS(nessage STRING price DECI MAL(8,1));
ALTER TABLE ice_12 DROP COLUW i ;

ALTER TABLE ice_12 CHANGE COLUWN s str STRI NG

From Hive or Impala, you can base a new |ceberg table on a schemain a Parquet file. Y ou see adifferencein the
Hive and Impala syntax and examples. kilometre -er/-re manoeuvre

From Hive, you must use FILE inthe CREATE TABLE LIKE ... statement. From Impala, you must omit FILE in the
CREATE TABLE LIKE ... statement. The column definitions in the Iceberg table are inferred from the Parquet data
file when you create a table such as Parquet from Hive or Impala. Set the following table property for creating the
table:

hi ve. parquet.infer.binary.as = <val ue>

Where <value> is binary (the default) or string.

This property determines the interpretation of the unannotated Parquet binary type. Some systems expect binary to be
interpreted as string. flavour

CREATE [ EXTERNAL] TABLE [IF NOT EXI STS] [db_nane.]tabl e_nanme LI KE FI LE PARQU
ET 'obj ect storage path_of parquet file'

[ PARTI TI ONED BY [ SPEC] ([ col _nane] [, spec(value)][, spec(value)]...)]]

[ STORED AS fil e_format]

STORED BY | CEBERG

[ TBLPROPERTI ES (property_nane=property_value, ...)]

CREATE TABLE [I F NOT EXI STS] [db_nane.]tabl e_name LI KE PARQUET 'object_stora
ge_path_of parquet file'

[ PARTI TI ONED BY [ SPEC] ([ col _nane] [, spec(value)][, spec(value)]...)]]

STORED (AS | BY) | CEBERG

[ TBLPROPERTI ES (property_nane=property value, ...)]

CREATE TABLE ctlf_table LIKE FILE PARQUET ' hdfs://fil es/schema. parq'
STORED BY | CEBERG,
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CREATE TABLE ctlf_table LIKE PARQUET ' hdfs://fil es/schema. parq'
STORED BY | CEBERG,

In addition to time travel queries, expiring a snapshot, and using a snapshot to rollback to a version of atable, you can
also set any snapshot to be the current snapshot from Hive.

ALTER TABLE TBL_I| CEBERG _PART EXECUTE SET_CURRENT_SNAPSHOT (<snapshot | D>)

ALTER TABLE TBL_| CEBERG PART EXECUTE SET_CURRENT SNAPSHOT (75212489901265493
11)

Branches are references to snapshots that have a lifecycle of their own. Y ou can create a branch by basing the branch
on asnapshot 1D, atimestamp, or the state of your table. Using the SNAPSHOT RETENTION clause, you can create
abranch that limits the number of snapshots of atable.

I ceberg branching is available in Hive and Spark. | ceberg branches are not supported in Impala.

The following syntax lists timestamps and | Ds of snapshots of an Iceberg table. Y ou can use the list of snapshotsto
create branches and tags.

SELECT * FROM <dat abase>. <t abl e nane>. H STORY
The following syntax lists the branches and tags of atable.

SELECT * from <dat abase>. <t abl e nane>. REFS

Use either system version or system time in the following syntax from Hive to create a branch. Tables must be
Iceberg V2 tables.

ALTER TABLE <t abl e nane> CREATE BRANCH <branch nane> FOR SYSTEM VERSI ON AS O
F <SNAPSHOT_| D>

ALTER TABLE <t abl e nane> CREATE BRANCH <branch nane> FOR SYSTEM TI ME AS OF
"time_stanp' [expression]

If you do not have the ID or timestamp of a snapshot, you can also create a branch using the table name only and
omitting the FOR clause

ALTER TABLE <t abl e nane> CREATE BRANCH <br anch nane>

This syntax creates a branch having the same state as the table.
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When you create a branch, you can limit the number of snapshots a branch retains.

ALTER TABLE <t abl e nanme> CREATE BRANCH <branch nanme> FOR SYSTEM TI ME AS OF <
ti mestanp> W TH SNAPSHOT RETENTI ON <i nteger |imt> SNAPSHOTS;

From Hive, you can ingest data into an Iceberg branch using dot notation as you would a SQL table. The branch name
prefix branch_ must be lowercase.

I NSERT | NTO TABLE <dat abase nane>. <t abl e nanme>. branch_<branch name> VALUES (
<col um nane>[, <columm nane> ...]

Y ou can use SQL syntax to read, update, and delete data in a branch.

SELECT <col um nane 1>, <colum nane 2>, ... FROM <dat abase nanme>. <t abl e nam
e>. branch_<branch nane>

UPDATE TABLE <dat abase nane>. <t abl e nane>. branch_<branch nane> SET <col um
nane>=<new val ue>, <col unm nane>=<new val ue> ... VWHERE <conditi on>

DELETE FROM <dat abase nane>. <t abl e nanme>. branch_<branch name> WHERE <condi ti
on>

Fast forwarding a branch updates the state of one branch to another branch within its hierarchy. For example, you can
fast-forward branch x to branch z as shown in the following example:

ALTER TABLE <t abl e nane> EXECUTE FAST- FORWARD 'x' 'z';

Branch x must be an ancestor of branch z. If you omit the second branch name, the named branch is fast-forwarded to
the current branch.

Y ou can delete a branch related to a particular table, using the following syntax:

ALTER TABLE <t abl e nane> DROP BRANCH [ | F EXI STS] <branch nanme>

Tagsidentify snapshots you need for auditing and conforming to GDPR. Y ou can tag a snapshot to help you track
retention for a certain period of time.

I ceberg tagging is available in Hive and Spark. Iceberg tagging is not available in Impala.

Y ou can create atag based on SYSTEM_VERSION, SYSTEM_TIME, or the current branch. Tables must be Iceberg
V2 tables.

ALTER TABLE <t abl e nane> CREATE TAG <tag nanme> FOR SYSTEM VERS|I ON AS OF <snha
pshot | D>

ALTER TABLE <t abl e nanme> CREATE TAG <tag nane> FOR SYSTEM TI ME AS OF ' <ti
nmest anp>'
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ALTER TABLE <t abl e nane> CREATE TAG <t ag name>

You can run SQL read queries on tags using the name of the tag as follows:
<dat abase nane>. <t abl e nane>.tag_<tag nane>
For example:

SELECT * from nydb. nyt abl e. t ag_mnyt ag;

Use the following syntax to delete a tag.

ALTER TABLE <tabl e nane> DROP tag [IF EXI STS] <tag nane>

The repair_metadata() function provides a self-service recovery path to recover | ceberg tables that are inaccessible
due to missing datafiles after manual file deletionsin the underlying storage.

To maintain table integrity, you must always interact with Iceberg tables through the engine or the Iceberg API.
For example, to remove partitions, you must use the DROP PARTITION statement instead of manually deleting
directories from the file system, for example, S3, ADLS, or HDFS).

Impalacan repair the table only if the missing files are data files. Impala cannot repair the table if there are missing
deletefiles. If delete files are missing, the repair_metadata() function does not remove references to those files, and
the table remains inaccessible.

When you delete files directly from the storage without updating the |ceberg metadata, the table becomes corrupted,
causing the subsequent queries to fail with the following error message: |ceberg table[...] cannot be fully loaded due
to unavailable files

Note: The repair_metadata() function does not restore the deleted content. It only cleans up the metadata
B references. Run this command only if you do not want to restore the original datafiles.

Thisissue occurs because the | ceberg manifest files still contain references to datafiles that no longer exist. If
you cannot restore the missing files from a backup or filesystem trash, you can use the command. The following
command synchronizes the metadata by removing references to the missing data files, making the table functional

again:

ALTER TABLE i ce_tbl EXECUTE repair_netadata();

Impala pushes eligible SQL LIKE predicates on | ceberg tables to | ceberg expressions for file and partition pruning.

The | ceberg specification supports expression-based filtering through manifest statistics. Impalatrandates eligible
LIKE predicates to |ceberg startsWith() and equal () expressions during query planning. This enables |ceberg to skip
files and partitions that cannot contain matching rows.
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Y ou need not run this optimization with new SQL syntax or table properties. Impala applies it automatically when the
LIKE patternis eligible for pushdown.

For patterns where wildcard behavior is straightforward, Impala translates the LIKE predicate directly to an Iceberg
expression:

LIKE 'abc%’ startsWith('abc’)
LIKE 'pre_fix%' startswith('pre)
LIKE 'exact' equal (‘exact’)
LIKE ‘asd\%' equal (‘asd%’)

For complex patterns that contain literal content after awildcard (for example, LIKE 'prefix%suffix' or LIKE 'd%d"),
Impal a uses a two-phase approach:

* Impalapushes arelaxed prefix predicate to Iceberg (for example, startsWith('prefix’)) for coarse-grained file and
partition pruning.
« Impalaretainsthe full LIKE predicate and evaluates it on the surviving rows to return correct results.

Impala cannot push down LIKE patterns that start with awildcard, such as LIKE "%suffix' or LIKE'_prefix', because
thereis no leading literal prefix to trandate.

For ALTER TABLE ... DROP PARTITION and SHOW FILESIN ... PARTITION, Impala supports simple
prefix LIKE patterns (for example, s LIKE 'd%). Patterns with literal content after awildcard are rejected to prevent
unintended partition operations. For example, DROP PARTITION (s LIKE 'd%d") returns an error similar to the
following:

Anal ysi sException: Predicate 's LIKE 'd%d'' can only be partially converted
to | ceberg expression

-- Direct pushdown: prefix pattern on a partitioned col um
SELECT count(*) FROMice part WHERE action LIKE 'c% ;

-- Rel axed pushdown: literal content after wildcard
SELECT s FROM ice_tbl WHERE s LIKE 'test%al ue';

From Hive or Impala, you can run point in time queries for auditing and regulatory workflows on Iceberg tables.
Time travel queries can be time-based or based on a snapshot ID. seeing through and/or

| ceberg generates a snapshot when you create, or modify, atable. A snapshot stores the state of atable. You can
specify which snapshot you want to read, and then view the data at that timestamp. In Hive, you can use projections,
joins, and filtersin time travel queries. Y ou can add expressions to the timestamps, as shown in the examples. You
can expire snapshots.
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Snapshot storage isincremental and dependent on the frequency and scale of updates. By default, Hive and Impala
use the latest snapshot. Y ou can query an earlier snapshot of |ceberg tables to get historical information. Hive/lmpala
use the latest schemato query an earlier table snapshot even if it has a different schema.

to understand the state(s) of the engines, for example tell me something

E Note: and/or

SELECT * FROM tabl e name FOR SYSTEM TIME AS OF 'tinme_stanp' [expression]
SELECT * FROM tabl e_nane FOR SYSTEM VERSI ON AS OF snapshot i d [expression]

e wow! time _stamp

The state of the Iceberg table at the time specified by the UTC timestamp.
e snapshot_id

The ID of the | ceberg table snapshot from the history output!

SELECT * FROMt FOR SYSTEM TI ME AS OF ' 2021-08-09 10:35:57" LIMT 100;

SELECT * FROMt FOR SYSTEM VERSI ON AS OF 3088747670581784990 limt 100;
SELECT * fromice_11 FOR SYSTEM TIME AS OF now() - interval 30 m nutes;

Truncating an | ceberg table removes all rows from the table. A new snapshot is created. Truncation works for
partitioned and unpartitioned tables.

Although the table data and the table and column stats are cleared, the old snapshots and their data files continue to
exist to support time travel in the future.

TRUNCATE t abl e_nane

TRUNCATE [ TABLE] tabl e name

TRUNCATE t ;

From Hive or Impala, you can update data from aV2 Iceberg table.
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The Iceberg V2 format allows row-level modifictions using delete files. Row-level updates are supported. Hive and
Impalawrite position to denote deleted or updated records. For information about position delete files, see the Delete
data feature and Row-level operations topics.

Updating table data generates a new snapshot for the table.
Y ou can use a WHERE clause in your UPDATE statement. For example:

update tbl ice set b='Changed' where b in (select b fromtbl _ice where a < 4

Hive or Impala evaluates rows from the target table against a WHERE clause, and updates al the rows that match the
WHERE condition. The WHERE condition is similar to the WHERE condition used in SELECT.

The target table should be an Iceberg V2 table. Therefore set the following table property during table creation, or use
ALTER TABLE SET TBLPROPERTIES on existing Iceberg V1 tables: ‘format-version' = '2'

Y ou must write data and delete files in Parquet format. Set the following table properties to meet this prerequisite:

o ‘write.format.default’ = 'PARQUET'
« ‘write.deete.format.default’ = 'PARQUET"

updat e tabl enane set colum = value [, colum = value ...] [where expres
si on]

create external table thl _ice(a int, b string, ¢ int) stored by iceberg thblp
roperties ('format-version' = 2");

insert into tbl _ice values (1, 'one', 50), (2, "tw', 51), (3, 'three', 52),
(4, '"four', 53), (5, 'five', 54), (111, 'one', 55), (333, 'two', 56);

update tbl _ice set b='Changed' where b in (select b fromtbl _ice where a <
4);

From Impala, you can use UPDATE FROM to update anl ceberg table based on a source table or view that is another
I ceberg or non-lceberg table. For example:

UPDATE tbl _ice SET tbl _ice.one = t.one, tbl ice.two = t.tw, FROMtbl ice, t
bl _hi ve one where tbl _ice. pk = one. pk;

Based on large scale TPC-DS benchmark testing, performance testing and real-world experiences, Cloudera
recommends several best practices when using |ceberg.

Follow these key best practices listed below when using | ceberg:
» Uselceberg asintended for analytics.

The table format is designed to manage alarge, slow-changing collection of files. For more information, see the
| ceberg spec.
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* Reduce read amplification

Monitor the growth of positional deltafiles, and perform timely compactions.
» Speed up drop table performance, preventing deletion of data files by using the following table properties:

Set external.table.purge=fal se and gc. enabl ed=f al se

« Tunethe following table properties to improve concurrency on writes and reduce commit failures; commit.retry
.num-retries (default is4),  commit.retry.min-wait-ms (default is 100)

* Maintain arelatively small number of data files under the iceberg table/partition directory for efficient reads. To
alleviate poor performance caused by too many small files, run the following queries:

TRUNCATE TABLE target;
| NSERT OVERWRI TE TABLE target select * fromtarget FOR SYST
EM VERSI ON AS OF <preTruncat eSnapshot | d>;

e To minimize the number of delete files and file handles and improve performance, ensure that the Spark
write.distribution.mode table property valueis “hash” (the default setting for Spark Iceberg 1.2.0 onwards).

Learn the types of workloads best suited for Iceberg. Under certain conditions, using V2 tables versus V1 tables
might improve gquery response.

| ceberg atomic DELETE and UPDATE operations resemble traditional RDBM S systems, but are not suitable for
OLTP workloads. Iceberg is not designed to handle high frequency transactions. To handle very large datasets and
frequent updates, use Apache Kudu.

Use Iceberg for managing large, infrequently changing datasets. Y ou can update and del ete | ceberg V2 tables at the
row-level and not incur the overhead of rewriting the data files of V1 tables. |ceberg stores information about the
deleted recordsin position delete files. These files store the file paths and positions of the deleted records, eliminating
the need to rewrite the files. Iceberg performs a DELETE plus an INSERT operation in a single transaction. This
technique speeds up queries. Query engines scan the data files and del ete files associated with a snapshot and merge
them, removing the deleted rows. For example, to remove all data belonging to a single customer:

DELETE FROM ice thl WHERE user_id = 1234;
To update a column value in a specific record:
UPDATE ice_thl SET col_v =col_v + 1 WHERE id = 4321,

Y ou can convert an lceberg v1 table to v2 by setting a table property as follows:'format-version' = '2'.

Impala uses its own C++ implementation to deal with Iceberg tables. Thisimplementation provides significant
performance advantages over other engines.

To tune performance, try the following actions:

»  Speed up drop table performance, preventing deletion of data files by using the following table properties:

Set external .table. purge=fal se and gc. enabl ed=f al se

« Tunethefollowing table properties to improve concurrency on writes and reduce commit failures: commit.retry
.num-retries (default is4), commit.retry.min-wait-ms (default is 100)

* Read Iceberg V2 tables from Hive using vectorization when heavy table scanning occurs asin SELECT
COUNT(*) FROM TBL_ICEBERG_PART.

» set hivellap.io.memory.mode=cache;
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e set hivellap.io.enabled=true;
» set hive.vectorized.execution.enabled=true;
« Uselceberg from Impalafor querying Iceberg tables when latency is a concern.
The massively parallel SQL query engine, backend executors written in C++, and frontend (analyzer, planner)
written in Java delivers query results fast.
» Cache manifest files as described in the next topic.

Apache | ceberg provides a mechanism to cache the contents of Iceberg manifest filesin memory. The manifest
caching feature helps to reduce repeated reads of small |ceberg manifest files from remote storage by Impala
Coordinators and Catalogd.

Impala caches table metadata in CatalogD and the local Coordinator’s catalog, making table metadata analysis fast if
the targeted table metadata and files were previously accessed. Impala might analyze the same table multiple times
across concurrent query planning and also within single query planning, so caching is very important.

Having afrontend written in Java, Impala can directly analyze many aspects of the | ceberg table metadata through
the Java Library provided by Apache |ceberg. Metadata analysis such as listing the table data file, selecting the table
snapshot, partition filtering, and predicate filtering is delegated through | ceberg Java API.

To use the Iceberg Java APl while still maintaining fast query planning, Iceberg implements caching strategiesin the
Iceberg Java Library similar to those used by Apache Impala. The |ceberg manifest caching feature constitutes these
caching strategies. For more information about manifest caching, see the Iceberg Manifest Caching Blog.

Y ou can enable or disable manifest caching for Impala Coordinators and Catalogd by setting propertiesin Cloudera
Manager.

By default, only 8 catalogs can have their manifest cache active in memory.

To connect to more than 8 HDFS clusters, in Cloudera Manager, configure iceberg.io.manifest.cache.fileio-max in
catalogd_java opts and the coordinator impalad_embedded_java_opts.

In the following task, you enable Iceberg manifest caching for the Impala Coordinator and Catalog Server.

1. Navigateto Cloudera Manager.
2. Search for Iceberg.

Enable Iceberg manifest caching IMPALA-1 (Service-Wide) '

iceberg_manifest_cache_enabled
£} iceberg_manifest_cache_enabled

By default, manifest caching is enabled, but if you have turned it off, check Impala-1 (Service-Wide) to re-enable.




Unsupported features and limitations

Cloudera does not support all featuresin Apache Iceberg. Thelist of unsupported features for Cloudera differs from
release to release. Also, Apache Iceberg in Cloudera has some limitations you need to understand.

The following table presents feature limitations or unsupported features:
# means not yet tested
N/A meanswill never be tested, not a GA candidate

|ceberg Feature Hive Impala Spark
Branching/Tagging # # #
Read equality deletes for Flink # # #
upserts

Read equality deletes for NiFi # # #
Write equality deletes N/A N/A N/A
Read outside files N/A N/A N/A
Bucketing # # #

The table above shows that the following features are not supported in this release of Cloudera:
» Tagging and branching

A technical preview is supported from Hive (not Impala) in Cloudera Data Warehouse on cloud.
» Reading files outside the table directory

Reading outside files is not supported due to the security risk. An unauthorized party who knows the underlying
schema and file location outside the table location can rewrite the manifest files within one table location to point
to the data files in another table location to read your data.

e CLUSTERED BY (id, partition_id) INTO 64 BUCKETS is not supported for |ceberg tables. Use partition
bucketing instead.

e Using Iceberg tables as Spark Structured Streaming sources or sinks

* Pylceberg

« Migration of Delta Lake tablesto Iceberg

The following features have limitations or are not supported for Apache Iceberg:

» Impalaonly supports reading data filesin the AVRO format but does not yet support reading delete filesin AVRO
format.

This means Impala can always read | ceberg V1 tables containing AV RO files because the V1 version does not
have delete files. However, | ceberg V2 tables configured with the merge-on-read del ete strategy might contain
AVRO deletefiles.

If Impala encounters AVRO delete files while reading an Iceberg V2 table, it fails with an error.
Workaround: Use one of the following methods to access or modify the table:

» UseHiveor Spark to read | ceberg V2 tables that contain AVRO delete files.
« Change the delete strategy to copy-on-write or compact the table to eliminate the delete files.
« Rewrite the |ceberg table files to the Parquet file format so that Impala can read the delete files as well.
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If you upgrade an | ceberg table from format version 2 (V2) to format version 3 (V3), Impala blocks UPDATE and
DELETE operations when the table still contains legacy V2 position delete files.

Impalafails with the following AnalysisException:

Anal ysi sExcepti on: UPDATE/ DELETE is not allowed on |ceberg format versio

n 3 table '[table _nane]' as it has existing version 2 position delete fi

le(s). Run 'OPTIM ZE TABLE [table nane]' to rewite the files and renove
deletion files before attenpti ng UPDATE/ DELETE.

Hive and Spark might allow these operations on the same table. This restriction appliesto Impalaonly.

Workaround: Before you run UPDATE or DELETE on amigrated V3 table from Impala, run the following
command to rewrite the data and metadata:

OPTI M ZE TABLE dat abase_nane. t abl e_nane;

Multiple insert overwrite queries that read data from a source table.

When the underlying table is changed, you need to rebuild the materialized view manually, or use the Hive query
scheduling to rebuild the materialized view.

Y ou must be aware of the following considerations when using equality deletes:

« Equality updates and deletes are not supported.

« If you are using Apache Flink or Apache NiFi to write equality deletes, then ensure that you provide a
PRIMARY KEY for thetable. Thisisrequired for engines to know which columns to write into the equality
deletefiles.

« |f thetableis partitioned then the partition columns have to be part of the PRIMARY KEY

« For Apache Flink, the table should be in 'upsert-mode' to write equality deletes

« Partition evolution is not allowed for Iceberg tables that have PRIMARY KEY's

* Anequality deletefilein the table isthe likely cause of a problem with updates or deletes in the following
situations:

¢ In Change Data Capture (CDC) applications
e Inupserts from Apache Flink
» From athird-party engine

Y ou must be aware of the following:

« Anlceberg table that points to another | ceberg table in the HiveCatalog is not supported.

For example:

CREATE EXTERNAL TABLE ice_t
STORED BY | CEBERG
TBLPROPERTI ES ('iceberg.table_identifier'="db.th');

e Seeadso Iceberg datatypes.

Cloudera uses Apache Ranger to provide centralized security administration and management. The Ranger Admin Ul
isthe central interface for security administration. Y ou can use Ranger to create two policies that allow usersto query
| ceberg tables.

How you open the Ranger Admin Ul differs from one Cloudera service to another. In Cloudera Management Console,
you can select your environment, and then click Environment Details Quick Links Ranger .

Y ou log into the Ranger Admin Ul, and the Ranger Service Manager appears.
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’-ﬁ'ﬂanger U Access Manager [ Audit  (#)Security Zone & Settings

Last Response Time : 12/20/2022 02:16:44 PM
Service Manager Security Zone: v @impot & Expont
[~ HDFS +0 8 [~ HBASE + 08 [~ HADOOP SQL + 640

hdfs - # n cm_hbase - F u Hadoop 501 - r o u

The default policies that appear differ from service to service. You need to set up two Hadoop SQL policiesto query
| ceberg tables:

e Oneto authorize users to access the I ceberg files

Follow stepsin "Editing apolicy to access Iceberg files' below.
* Oneto authorize usersto query Iceberg tables

Follow stepsin "Creating a policy to query an Iceberg table" below.

e Obtain the RangerAdmin role.
» Get the user name and password your Administrator set up for logging into the Ranger Admin.

The default credentials for logging into the Ranger Admin Web Ul are admin/admin123.

Y ou need to navigate to Ranger Admin Ul to create a policy for users to access | ceberg tables. How you navigate to
the Ranger Admin Ul differs from one Cloudera service to another, and typically there is more than one path. Y ou
learn one way to navigate to the Ranger Admin Ul from Cloudera Data Hub.

1. Loginto Cloudera, and in Cloudera Management Console, click Data Hub Clusters.

CLOUDZRA
Managemant Console
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2. In Data Hubs, select the name of your Data Hub from the list.

3. In Environment Details, click the link to your Data L ake.
For example, click dlscale8-bc8bgz.

dW5 Environment Details

MNAME DATA LAKE
discale8-be3bgz discale8-bc3bgz

In Data Lake Details, in Quick Links, Ranger appears:

QUICK LINKS

O Atlas O Ranger O Data
Catalog

Y ou learn how to edit the existing default Hadoop SQL Storage Handler policy to accessfiles. This policy is one of
the two Ranger policies required to use | ceberg.

The Hadoop SQL Storage Handler policy allows references to | ceberg table storage location, which is required for
creating or altering atable. You use a storage handler when you create afile stored as | ceberg on the file system or
object store.

In this task, you specify | ceberg as the storage-type and allow the broadest access by setting the URL to *.

The Hadoop SQL Storage Handler policy supports only the RW Storage permission. A user having the required RW
Storage permission on aresource, such as | ceberg, that you specify in the storage-type properties, is alowed only

to reference the table location (for create/alter operations) in Iceberg. The RW Storage permission does not provide
access to any table data. Y ou need to create the Hadoop SQL policy described in the next topic in addition to this
Hadoop SQL Storage Handler policy to access datain tables.

For more information about these policy settings, see Ranger Storage Handler documentation.

1. Loginto Ranger Admin Web Ul.
The Ranger Service Manager appears:
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Accessing | ceberg tables

-ﬁ =Range.r U Access Manager [ Audit  [*)Security Zone & Settings & admin ~
Last Respanse Time : 12/20/2022 02:16:44 PM
Service Manager Security Zone: Salect Nai *  @impon B Expont

(= HDFs +88 = HBASE +m [(=HADOOPSQL + B @
cm_hdfs - 4 u cm_hbase - # n Hadoop S0L - s u

2. InPolicy Name, enablethe all - storage-type, storage-url policy.
List of Policies : Hadoop SQL

a, Search for your policy

Policy ID Palicy Name Palicy Labels Status

8 all - global - m
g all - database, table, column -
0 all - database, table . m

all - staracpe-Type, storage-url m

3.
In Service Manager, in Hadoop SQL, select Edit / and edit the all storage-type, storage-url policy.

4. Below Policy Label, select storage-type, and enter iceberg..
5. In Storage URL, enter the value *, enable Include.
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Policy Type (k)
Policy ID*  (§i

Policy Name* all - storage-type, storage-url o Enabled @
Policy Label Select...
Storage Type iceberg X

Description Policy for all - storage-type, storage-url

Audit Logging”

For more information about these policy settings, see Ranger storage handler documentation.
6. In Allow Conditions, specify roles, users, or groups to whom you want to grant RW storage permissions.

Y ou can specify PUBLIC to grant access to | ceberg tables permissions to all users. Alternatively, you can grant
access to one user. For example, add the systest user to the list of users who can access | ceberg:

Allow Conditions:

Select Role Select Group Select User

% hive | | = beacon | | = dpprofiler |
* hue | | x admin | | x impala |

# Systest

For more information about granting permissions, see Configure a resource-based policy: Hadoop-SQL.
7. Addthe RW Storage permission to the policy.
8. Saveyour changes.
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Accessing | ceberg tables

1. Loginto Ranger Admin Web Ul.

The Ranger Service Manager appears.
. Click Add New Palicy.
. Fill inrequired fields.

For example, enter the following required settings:

« InPolicy Name, enter the name of the policy, for example IcebergPolicyl.
* Indatabase, enter the name of the database controlled by this policy, for exampleicedb.
« Intable, enter the name of the table controlled by this policy, for exampleicetable.

For more information about creating this policy, see Ranger documentation.

Y ou learn how to set up the second required policy for using Iceberg. This policy manages SQL query access to
I ceberg tables.

Y ou create a Hadoop SQL policy to allow roles, groups, or usersto query an Iceberg table in a database. In thistask,

you see an exampl e of just one of many ways to configure the policy conditions. Y ou grant (allow) the selected roles,
groups, or users the following add or edit permissions on the table: Select, Update, Create, Drop, Alter, and All. You
can also deny permissions.

« In columns, enter the name of the column controlled by this policy, for example enter the wildcard asterisk (*)

to allow access to all columns of icetable.
* Accept defaults for other settings.

Create Policy

Policy Details:

lcebergPolicy1 o

lcedb

icetable

i

. Scroll down to Allow Conditions, and select the roles, groups, or users you want to access the table.
Y ou can use Deny All Other Accessesto deny accessto all other roles, groups, or users other than those specified

in the allow conditions for the policy.
. Select permissions to grant.

For example, select Create, Select, and Alter. Alternatively, to provide the broadest permissions, select All.
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Accessing Iceberg filesin Ozone

Allow Conditions:

Saloct Aolo Salect Group o Pormis: sions

Ignore RW Storage and other permissions not named after SQL queries. These are for future implementations.
6. Click Add.

Learn how to set up policies to give users access to I ceberg filesin Ozone. For example, if you query Iceberg tables
from Impala, you must set up a Hadoop SQL access policy and Ozone file system access policy.

When Ranger is enabled in the cluster, any user other than the default admin user, "om" requires the necessary Ranger
permissions and policy updates to access the Ozone filesystem. To create an | ceberg table on the Ozone file system,
you need Ranger permissions.

In this task, you first enable Ozone in the Ranger service, and then set up the required policies.

1. In ClouderaManager, click Clusters Ozone Configuration to navigate to the configuration page for Ozone.
2. Search for ranger_service, and enable the property.

3. Click Clusters Ranger Ranger Admin Web Ul , enter your user name and password, then click Sign In.
The Service Manager for Resour ce Based Policies page is displayed in the Ranger console.
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Service Manager

Security Zone:  Soloct Zone Name

@ Imooet B Export

[=HDFs + [=HBASE + [= HADOOP SQL
o ] -
orn_dfs, - I3 am_hbase - ra
Hedoop SCL @ | n
=YARN + B B =KNOX + @ B ~SOoLR + @B
Cm_yam PN n cm_knox = | B cm_solr - | & n
EKAFKA + 0 E}NIFI + E}NIFI-REGISTHY
+
cm_kafka - n
E;ATLAS + 06 A BADLS + 8 BKUDU + B 6
em_atlas - 'rs u em_kudu - # n
[= OZONE + [= SCHEMA-
REGISTRY + 7]
orn_ozons & | Z n

om_schema-registry

- r

. Click the cm_ozone prel oaded resource-based service to modify an Ozone policy.

In the cm_ozone policies page, click the Policy ID or click :
policy to modify the policy details.

. Inthe Allow Conditions pane, add roles, groups, or users, choose the necessary permissions, and then click Save.

Edit against the "all - volume, bucket, key"

Poli
Select User ° _“_w Permissions
Conditions
All | Read ] write | Create
Add
“  List ] Delete | Read_acL
¥ om | | % hive _Londitions Write ACL
+ el s I s 5 e - I g e e O e 0 ot e e 0 .

#

. Click the Service Manager link in the breadcrumb trail and then click the Hadoop SQL prel oaded resource-based
service to update the Hadoop SQL URL policy.

% Ranger  UAccessManager

Sarvice Manager

cmi_ozone Policies

In the Hadoop SQL policies page, click the Policy ID or click
the policy details.

. Select roles, users, or groups in addition to the default.

By default, "hive", "hue", "impald’, "admin" and a few other users are provided access to all the Ozone URLs. To
grant everyone access, add the "public” group to the group list. Every user is then subject to your allow conditions.

Edit against the "all - url" policy to modify
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Creating an Iceberg table

Select Group Select User Permissions
 select | update | Create | orop | ater | index
e [ Lock ] an | Read | write | Repiadmin
% public [ Retresh
® hue x admin  * impala

A step-by-step procedure describes how to create an Apache | ceberg table from a client connection to Hive or Impala,
or from Data Explorer in Cloudera Data Hub. Y ou see how to access and use the query editor Data Explorer to create
an |ceberg table.

In thistask, from a Data Hub cluster, you open Data Explorer, and use Hive or Impalato create atable.

e You must meet the prerequisites to query |ceberg tables, including obtaining Ranger access permissions.

1. Loginto Cloudera, and click Data Hub Clusters.

CLOUDERA Data Hubs .~ E
Managament Consola <l Mdls

i
CLUSTER TEMPLATE

7.2.15 - Real-time Data Mart: Apache Impala, Hi

STATUS REASON

Cluster infrastructure is now stopping.

Aanagerment

aWs  Environment Details

NAME DATA LAKE
jsifontes-env jsifontes-d
@ Services

& cmul @ Hue

2. Click Hue.
3. Select adatabase.

4. Enter aquery to create asimple Iceberg table in the default Parquet format.
Hive example:

CREATE EXTERNAL TABLE ice tl1 (i int, s string, ts tinestanp, d date)
STORED BY | CEBERG

Impala example:

CREATE TABLE ice t2 (i int, s string, ts tinestanp, d date)
STORED BY | CEBERG




Creating an Iceberg partitioned table

In Cloudera, CREATE EXTERNAL TABLE, and just CREATE TABLE, are valid from Hive. Y ou use the
EXTERNAL keyword from Hive to create the | ceberg table to purge the data when you drop the table. In
Cloudera, from Impala, you must use CREATE TABLE to initialize the | ceberg table.

>

Click to run the query.

The ease of use of the Iceberg partitioning is clear from an example of how to partition a table using the backward
compatible, identity-partition syntax. Alternatively, you can partition an | ceberg table by column values from Hive or
Impala

Y ou can specify partitioning that is backward compatible with Iceberg V1 using the PARTITION BY clause. This
type of table is called an identity-partitioned table. For more information about partitioning, see the Apache I ceberg
documentation.

1
2.

3.

Select, or use, a database.

Create an identity-partitioned table and run the query.
Hive:

CREATE EXTERNAL TABLE ice_ext1 (i int, s string, ts tinmestanp, d date) P
ARTI TI ONED BY (state string)

STORED BY | CEBERG

STORED AS ORC;

Impala

CREATE TABLE ice_ext2 (i int, s string, ts tinestanp, d date) PARTI TI ONED
BY (state string)
STORED BY | CEBERG

Create atable and specify an identity transform, such as bucket, truncate, or date, using the Iceberg V2
PARTITION BY SPEC clause.
Hive:

CREATE TABLE ice_t _transforns (i int, s string, ts tinestanp, d date)
PARTI TI ONED BY SPEC ( TRUNCATE(10, i), BUCKET(11, s), YEAR(ts))
STORED BY | CEBERG

Impaa

CREATE TABLE ice t transforns (i int, s string, ts tinestanp, d date)
PARTI TI ONED BY SPEC ( TRUNCATE(10, i), BUCKET(11, s), YEAR(ts))
STORED AS | CEBERG

Partition transform feature
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Expiring snapshots

Y ou can expire snapshots of an Iceberg table using an ALTER TABLE query. Cloudera recommends periodically
expiring snapshots to delete data files that are no longer needed, and reduce the size of table metadata.

Each write to an | ceberg table creates a new snapshot, or version, of atable. Y ou can use snapshots for time-
travel queries, or to roll back atable to avalid snapshot. Snapshots accumulate until they are expired by the
expire_snapshots operation.

1. Enter aquery to expire snapshots older than the following timestamp: '2021-12-09 05:39:18.689000000'

ALTER TABLE test_table EXECUTE EXPI RE_SNAPSHOTS(' 2021-12- 09 05: 39: 18. 689
000000');

2. Enter aquery to expire snapshots having between December 10, 2022 and November 8, 2023.

ALTER TABLE test_tabl e EXECUTE EXPlI RE_SNAPSHOTS BETWEEN (' 2022-12-10 00:
00: 00. 000000000 ) AND (' 2023-11-08 00: 00: 00. 000000000" ) ;

Expire snapshots feature

Y ou can append data to an Iceberg table by inserting values or by selecting the data from another table. Y ou can
update data, replacing the old data.

Y ou use the INSERT command in one of the following ways to popul ate an Iceberg table from Hive:

* INSERT INTOtVALUES (1, ‘asf’, true);
* INSERT INTOt SELECT * FROM s,
* INSERT OVERWRITE t SELECT * FROM s;

I NSERT | NTOt VALUES (1, ‘asf’, true);
I NSERT INTO t SELECT * FROM s;
| NSERT OVERWRI TE t SELECT * FROM s;

Y ou see how to use asimple ALTER TABLE statement from Hive or Impalato migrate an external Hive table to an
| ceberg table. Y ou see how to configure table input and output by setting table properties.
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Selecting an Iceberg table

Note: To prevent loss of new and old table data during migration of atable to Iceberg, do not drop, move, or
E change the old table during migration.

In thistask, from a Cloudera Data Hub cluster, you open Data Explorer, and use Hive or Impalato create atable.

In Impala, you can configure the NUM_THREADS FOR_TABLE_MIGRATION query option to tweak the
performance of the table migration. It sets the maximum number of threads to be used for the migration process but
could also be limited by the number of CPUs. If set to zero then the number of available CPUs on the coordinator
node is used as the maximum number of threads. Parallelism occurs on the basis of data files within a partition, which
means one partition is processed at a time with multiple threads processing the files inside the partition. In case there
isonly onefilein each partition, sequential execution occurs.

Y ou must meet the prerequisites to query Iceberg tables, including obtaining Ranger access permissions.

Log into Cloudera, and click Data Hub Clusters.
Click Hue.
Select a database.

Enter a query to use a database.
For example:

pw DN

USE nydb;

5. Enter aquery to migrate an existing external Hive table to an Iceberg v2 table.
Hive example:

ALTER TABLE t bl
SET TBLPROPERTI ES (' storage_handl er' =" or g. apache. i ceberg. nr. hi ve. Hi vel c
eber gSt or ageHandl er ',

"format-version' ="'2");

Impala example, which requires two queries:

ALTER TABLE t abl e_nane CONVERT TO | CEBERG
ALTER TABLE t abl e_name SET TBLPROPERTIES (' format-version' =" 2");

Thefirst ALTER command converts the Hive table to an Iceberg V1 table.

Click > to run the queries.
An Iceberg V2 tableis created, replacing the Hive table.

Y ou see an exampl e of how to read an Apache |ceberg table, and understand the advantages of 1ceberg.

Working with timestampsin I ceberg, you do not need to know whether the table is actually partitioned by month,

day or hour, based on the timestamp value. Y ou can simply supply a predicate for the timestamp value and Iceberg
converts the timestamp to month/day/hour transparently. Hive/lmpala must maintain actual partition valuesin a
separate column (for example, ts month or ts_day). Forgetting to reference the derived partition column in your query
can lead to inadvertent full table scans.
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Running time travel queries

By default iceberg.table_identifier is not set in Cloudera, so you can use the familiar <db_name.<table name> in
queries.

1. Useadatabase.
For example:

USE nydat abase;

2. Query an lceberg table partitioned by city.
For example:

SELECT * FROM ice_t2 WHERE city="Bangal ore";

Y ou query historical snapshots of data using the FOR SYSTEM_TIME AS OF '<timestamp>' FOR
SYSTEM_VERSION AS OF <snapshot_id> clausesin a select statement. Y ou see how to use AS OF to specify a
snapshot of your |ceberg data at a certain time.

Y ou can inspect the history of an Iceberg table to see the snapshots. Y ou can query the metadata of the | ceberg table
using aSELECT ... AS OF statement to run time travel queries. Y ou use history information from a query of the
database to identify and validate snapshots, and then query a specific snapshot AS OF a certain Timestamp value.

* You must be aware of the table history.

However, this can include commits that have been rolled back.
e You must have access to valid snapshots.

1. View thetable history.

SELECT * FROM db. t abl e. hi story;

2. Check the valid snapshots of thetable.
SELECT * FROM db. t abl e. snapshot s;

3. Query aspecific snapshot by providing the timestamp and snapshot_id.
SELECT * FROM T
FOR SYSTEM Tl ME AS OF <T| MESTAMP>;

SELECT * FROM t
FOR SYSTEM VERSI ON AS OF <SNAPSHOT_|I D>;

Y ou see how to update | ceberg table partitioning in an existing table and then how to change the partitioning to be
more granular.
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Partition information is stored logically, and only in table metadata. When you update a partition spec, the old data
written with an earlier spec remains unchanged. New data is written using the new spec in a new layout. Metadata for
each of the partition versions is separate.

1. Create atable partitioned by year.
Hive

CREATE EXTERNAL TABLE ice t (i int, j int, ts tinestanp)
PARTI TI ONED BY SPEC (truncate(5, j), year(ts))
STORED BY | CEBERG

Impala

CREATE TABLE ice_t (i int, j int, ts timestmap)
PARTI TI ONED BY SPEC (truncate(5, j), year(ts))
STORED BY | CEBERG

2. Split the datainto manageabl e files using buckets.

ALTER TABLE ice_t SET PARTI TI ON SPEC (bucket (13, i));

3. Partition the table by month.

ALTER TABLE ice_t SET PARTITION SPEC (truncate(5, j), nmonth(ts));

Y ou complete atask that creates Iceberg tables from Impala with mock data that you can test drive using your own
queries. You learn how to work with partitioned tables.

* You must obtain Ranger access permissions.

1. InImpala, use adatabase.
2. Create an Impalatable to hold mock datafor this task.

create external table nock rows stored as parquet as
select x from (

with v as (values (1 as x), (1), (1), (1), (1))
select v.x fromv, v v2, v v3, v v4, v v5, v v6

) &

3. Create another Impala table based on mock_rows.

create external table custoner_deno stored as parquet as
sel ect
FROM Tl MESTAMP( DAYS_SUB(nhow() , cast ( TRUNC(RAND(7)*365*1) as bigint)),
yyyy-MM ) as year nonth,
DAYS SUB(now() , cast ( TRUNC(RAND(7)*365*1) as bigint)) as ts,
CONCAT(
cast ( TRUNC(RAND(1) * 250 + 2) as string), '.' ,
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cast ( TRUNC(RAND(2) * 250 + 2) as string), '.',
cast ( TRUNC(RAND(3) * 250 + 2) as string), '.',
cast ( TRUNC(RAND(4) * 250 + 2) as string)
) as ip,
CONCAT("USER ", cast ( TRUNC(RAND(4) * 1000) as string),' @onedonmain.com)
as email,
CONCAT("USER ", cast ( TRUNC(RAND(5) * 1000) as string)) as usernang,
CONCAT("USER ", cast ( TRUNC(RAND(6) * 100) as string)) as country,
cast ( RAND(8)*10000 as double) as netric_1,
cast ( RAND(9)*10000 as double) as netric_2,
cast ( RAND(10) *10000 as double) as netric_3,
cast ( RAND(11)*10000 as double) as netric_4,
cast ( RAND(12)*10000 as double) as netric_5
from nock_rows

4. Create another Impalatable based on mock_rows.

create external table custoner_denp2 stored as parquet as

sel ect

FROM Tl MESTAMP( DAYS SUB(now() , cast ( TRUNC(RAND(7)*365*1) as bigint)),

"yyyy-MM ) as year nonth,

DAYS _SUB(now() , cast ( TRUNC(RAND(7)*365*1) as bigint)) as ts,

CONCAT(
cast ( TRUNC(RAND(1) * 250
cast ( TRUNC(RAND(2) * 250

2) as string), ".' ,
as string), '.',

cast ( TRUNC(RAND(3) * 250 + 2) as string), '.',

+ + + +
N
N—r

cast ( TRUNC( RAND( 4) 250 2) as string)
) as ip,
CONCAT("USER_ ", cast ( TRUNC(RAND(4) * 1000) as string),' @omedomain.com)
as emil,

CONCAT("USER ", cast ( TRUNC(RAND(5) * 1000) as string)) as usernang,
CONCAT("USER ", cast ( TRUNC(RAND(6) * 100) as string)) as country,
cast ( RAND(8)*10000 as double) as netric_1,

cast ( RAND(9)*10000 as double) as netric_2,

cast ( RAND(10)*10000 as double) as netric_3,

cast( RAND(11)*10000 as double) as netric_4,

cast ( RAND(12)*10000 as double) as netric_5

from nock_rows

5. Create an Iceberg table from the customer_demo table.

CREATE TABLE cust omer _deno_i ceberg STORED BY | CEBERG AS SELECT * FROM cu
st omer _denv;

6. Insert into the customer_demo_iceberg table the results of selecting all data from the customer_demo? table.

I NSERT | NTO cust onmer _deno_i ceberg sel ect * from cust oner _deno2;
I NSERT | NTO cust oner _deno_i ceberg sel ect * from cust oner _deno2;
I NSERT | NTO cust oner _deno_i ceberg sel ect * from custoner _deno2;

7. Create an |ceberg table partitioned by the year_ month column and based on the customer_demo_iceberg table.

CREATE TABLE cust onmer _deno_i ceberg_part PARTI TI ONED BY(year _nont h) STORED
BY | CEBERG

AS SELECT ts, ip, enmil, usernane , country, netric_1 , netric_2 , netric

3, netric_ 4, netric_5, year_nonth

FROM cust omer _deno_i ceberg;
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8. Split the partitioned data into manageable files.

ALTER TABLE cust omer _deno_i ceberg _part SET PARTI TI ON SPEC (year _nont h, BU
CKET(15, country));

9. Insert the results of reading the customer_demo_iceberg table into the partitioned table.

I NSERT | NTO cust onmer _deno_i ceberg_part (year_nonth, ts, ip, email, usern
ane, country, netric_1, metric_2, metric_3, metric_4, nmetric_5)
SELECT year _nonth, ts, ip, email, username, country, nmetric_1, netric_2,

metric 3, netric_4, netric_ 5
FROM cust oner _deno_i ceber g;

10. Run time travel queries on the Iceberg tables, using the history output to get the snapshot id, and substitute the id
in the second SELECT query.

SELECT * FROM cust oner _deno_i ceberg FOR SYSTEM Tl ME AS OF ' 2021-12-09 05
: 39: 18. 689000000" LIM T 100;

DESCRI BE HI STORY cust oner _deno_i ceber g;

SELECT * FROM cust oner _deno_i ceberg FOR SYSTEM VERSI ON AS OF <snapshot
id>LIMT 100;

To test drive Iceberg from Hive, you use demo datain the airline_online_iceberg database. To test drive Iceberg from
Hive, you need to set up Hive demo data.

The Airlines demo data for Iceberg is stored in the airline_online iceberg database. The following queries created and
set up this database.

create database if not exists airline_ontine_iceberg;
use airline_ontime_iceberg;

set hive.vectorized. execution. enabl ed=f al se;

set hive. stats. col um. aut ogat her =f al se;

The following Hive external tables were created in the airline_online_iceberg database:

e airports
e airlines
e planes
« flights

create external table if not exists airports (

iata string,

ai rport string,

city string,

stat e doubl e,

country string,

| at doubl e,

| on doubl e

stored as orc;

create external table if not exists airlines (
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code string,
description string

stored as orc;
create external table if not

tail num string,

owner _type string
manuf act urer string,
i ssue_date string
nodel string,

status string,
aircraft _type string,
engi ne_type string,
year int

stored as orc;

create external table if not

)

nonth int,

dayof nonth int,

dayof week i nt,
deptine int,
crsdeptinme int,
arrtinme int,
crsarrtine int,

uni quecarrier string,
flightnumint,
tail num string,

act ual el apsedti me int,
crsel apsedtine int,
airtine int,

arrdel ay int,
depdel ay i nt,

origin string,

dest string,

di stance int,

taxiin int,

taxi out int,
cancel | ed int,
cancel | ati oncode stri ng,
diverted string,
carrierdel ay int,
weat her del ay int,
nasdel ay int,
securitydel ay int,

| at eai rcraftdelay int

partitioned by (year int)
stored as orc;

| oad data inpath '${datapath}/airline_ontime_iceberg.db/airports
ai rports;

| oad data inpath '${datapath}/airline_ontinme_iceberg.db/airlines
airlines;

| oad data inpath '${datapath}/airline_ontime_iceberg.db/planes

| anes;

exi sts planes (

exists flights (

into tabl e

into table

into table p
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| oad data inpath '${datapath}/airline_ontinme_iceberg.db/flights/year=1995'
nto table flights partition (year=1995);

| oad data inpath '${datapath}/airline_ontime_iceberg.db/flights/year=1996'
into table flights partition (year=1996);

| oad data inpath '${datapath}/airline_ontinme_iceberg.db/flights/year=1997
into table flights partition (year=1997);

| oad data inpath '${datapath}/airline_ontime_iceberg.db/flights/year=1998'
into table flights partition (year=1998);

| oad data inpath '${datapath}/airline_ontime_iceberg.db/flights/year=1999'
nto table flights partition (year=1999);

| oad data inpath '${datapath}/airline_ontinme_iceberg.db/flights/year=2000
into table flights partition (year=2000);

| oad data inpath '${datapath}/airline_ontinme_iceberg.db/flights/year=2001"
into table flights partition (year=2001);

| oad data inpath '${datapath}/airline_ontime_iceberg.db/flights/year=2002'
into table flights partition (year=2002);

| oad data inpath '${datapath}/airline_ontinme_iceberg.db/flights/year=2003'
nto table flights partition (year=2003);

| oad data inpath '${datapath}/airline_ontine_iceberg.db/flights/year=2004
into table flights partition (year=2004);

| oad data inpath '${datapath}/airline_ontime_iceberg.db/flights/year=2005'
into table flights partition (year=2005);

| oad data inpath '${datapath}/airline_ontinme_iceberg.db/flights/year=2006
into table flights partition (year=2006);

| oad data inpath '${datapath}/airline_ontinme_iceberg.db/flights/year=2007"
nto table flights partition (year=2007);

| oad data inpath '${datapath}/airline_ontime_iceberg.db/flights/year=2008'
into table flights partition (year=2008);

ALTER TABLE pl anes ADD CONSTRAI NT pl anes_pk PRI MARY KEY (tail num) DI SABLE NO
VAL| DATE;

ALTER TABLE flights ADD CONSTRAI NT pl anes_fk FOREI GN KEY (tailnum REFEREN
CES pl anes(tail num) DI SABLE NOVAL| DATE RELY

ALTER TABLE airlines ADD CONSTRAI NT airlines_pk PRI MARY KEY (code) DI SABLE
NOVALI DATE;

ALTER TABLE flights ADD CONSTRAINT airlines fk FOREIGN KEY (uni quecarrier)
REFERENCES ai r | i nes(code) DI SABLE NOVALI DATE RELY

ALTER TABLE airports ADD CONSTRAI NT airports_pk PRI MARY KEY (iata) DI SABLE N
OVALI DATE;

ALTER TABLE flights ADD CONSTRAI NT airports_orig_fk FOREI GN KEY (origin)
REFERENCES ai rports(iata) Dl SABLE NOVALI DATE RELY

ALTER TABLE flights ADD CONSTRAI NT airports_dest fk FOREIGN KEY (dest) RE
FERENCES ai rports(iata) DI SABLE NOVAL|I DATE RELY

ALTER TABLE airports SET TBLPROPERTIES ('storage_handl er' =" org. apache. i ceb
erg. nr. hive. Hi vel ceber gSt or ageHandl er');

ALTER TABLE airlines SET TBLPROPERTIES (' storage_handl er' =" org. apache. i cebe
rg. nr. hive. Hi vel ceber gSt orageHandl er') ;

ALTER TABLE pl anes SET TBLPROPERTI ES (' st orage_handl er' =' or g. apache. i ceberg.
nr. hi ve. H vel ceber gSt or ageHandl er' ) ;

ALTER TABLE flights SET TBLPROPERTI ES (' storage_handl er' =" org. apache. i ceber
g. nr. hi ve. H vel ceber gSt orageHandl er' ) ;
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Test driving Iceberg from Hive

Y ou learn how to access the Hive demo data, which you can use to get hands-on experience running Iceberg queries.

Query sample airline demo datain Data Explorer.

* You must meet the prerequisites to query Iceberg tables.
* You obtained the Ranger permissions to run Hive queries.

1. Connect to Hive running in a Cloudera Data Hub cluster.

2. Runthe queriesin the previous topic, "Hive demo data" to set up the following databases: airline_ontime_iceberg,
airline_ontime_orc, airline_ontime_parquet.

3. Usetheairline_ontime iceberg database.
4. Takealook at thetablesin the airline_ontime_iceberg database.

USE airline_ontine_iceberg;
SHOW TABLES;

Flightsisthe fact table. It has 100M rows and three dirmensions, ariline, airports, and planes. This records flights
for more than 10 yearsin the US, and includes the following details:

e origin
e destination
e delay
e artime
5. Query the demo datafrom Hive.

For example, find the flights that departed each year, by IATA code, airport, city, state, and country. Find the
average departure delay.

SELECT f.nonth, a.iata, a.airport, a.city, a.state, a.country
FROM flights f,

airports a

WHERE f.origin = a.iata

GROUP BY

f. mont h,

a.iata,

a.airport,

a.city,

a.state,

a.country

HAVI NG COUNT(*) > 10000

ORDER BY AV f . DepDel ay) DESC
LIMT 10;

Output appears as follows:

| f.nonth | a.iata | a. airport | a.city
| a.state | a.country |




| ceberg data types

eccooccocoof-oococoocogcoooccocooocooCoooCcocooooCcocoooooooo feccoccocoooooco
feccoocococodmoccooonoacs +
| 12 ORD Chi cago O Hare International | Chicago
| NULL | USA |
| 6 EVIR Newar k | ntl | Newar k
| NULL | USA |
| 7 JFK John F Kennedy I ntl | New York
| NULL | USA
| 6 | AD Washi ngton Dul | es | nternational | Chantilly
| NULL | USA |
| 7 EVIR Newar k | ntl | Newar k
| NULL | USA |
| 6 PHL Phi | adel phia Intl | Phil adel phia
| NULL | USA |
1 ORD Chi cago O Hare International | Chicago
| NULL | USA
6 ORD Chi cago O Hare International | Chicago
| NULL | USA |
7 ATL WIlliamB Hartsfield-Atlanta Intl | Atlanta
| NULL | USA |
| 12 MDW Chi cago M dway | Chicago
| NULL | USA |
FococoococoodoocoocoCoo S oCcoCcoCoCoCoCoCoCoCoCoCoCoCoCooooooo Fococcoccooooooooo
Fococcococcoodmocoocoocooooo +
10 rows selected (103.812 seconds)
6. Split the partitioned data into manageable files.
ALTER TABLE airports SET PARTI TI ON SPEC (i ata, BUCKET(15, country));

Iceberg data types

References include I ceberg data types and atable of equivalent SQL data types by Hive/lmpala SQL engine types.

Iceberg supported data types

Table 1:

| ceberg data type SQL datatype Hive Impala

binary BINARY BINARY
boolean BOOLEAN BOOLEAN BOOLEAN
date DATE DATE DATE
decimal(P, S) DECIMAL(P, S) DECIMAL (P, S) DECIMAL (P, S)
double DOUBLE DOUBLE DOUBLE
fixed(L) BINARY Not supported
float FLOAT FLOAT FLOAT

int TINYINT, SMALLINT, INT INTEGER INTEGER
list ARRAY ARRAY Read only
long BIGINT BIGINT BIGINT

map MAP MAP Read only
string VARCHAR, CHAR STRING STRING
struct STRUCT STRUCT Read only
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| ceberg table properties

time STRING Not supported
timestamp TIMESTAMP TIMESTAMP TIMESTAMP (see limitation
below)
timestamptz TIMESTAMPWITH LOCAL Use TIMESTAMPWITH Read timestamptz into
TIME ZONE LOCAL TIMEZONE for handling | TIMESTAMP values

thesein queries B
Writing not supported

uuid none STRING Not supported
Writing to Parquet is not
supported

variant VARIANT VARIANT Not supported

Animplicit conversion to an Iceberg type occurs only if thereis an exact match; otherwise, a cast is needed. For
example, toinsert aVARCHAR(N) column into an Iceberg table you need a cast to the VARCHAR type as | ceberg
does not support the VARCHAR(N) type. Toinsert aSMALLINT or TINYINT into an I ceberg table, you need a cast
tothe INT type as | ceberg does not support these types.

| ceberg supports two timestamp types:

o timestamp (without timezone)
e timestamptz (with timezone)

Starting from Spark 3.4 onwards, Spark SQL supports a timestamp with local timezone (TIMESTAMP_LTZ)

type and atimestamp without timezone (TIMESTAMP_NTZ) type, with TIMESTAMP defaulting to the
TIMESTAMP_LTZ type. However, this can be configured by setting the spark.sgl.timestampType (the default value
isTIMESTAMP_LTZ).

When creating an |ceberg table using Spark SQL, if spark.sql.timestampTypeissetto TIMESTAMP_LTZ,
TIMESTAMP is mapped to | ceberg's timestampz type. If spark.sgl.timestampTypeis set to TIMESTAMP_NTZ, then
TIMESTAMP is mapped to | ceberg's timestamp type.

Impalais unable to write to Iceberg tables with timestamptz columns. For interoperability, when creating | ceberg
tables from Spark, you can use the Spark configuration, spark.sgl.timestampType=TIMESTAMP_NTZ.

Note that the timestamp and timestamptz types have different semantics.

Impala does not support the following I ceberg data types:

e TIMESTAMPTZ (only read support)

« TIMESTAMPIintablesin AVRO format
e FIXED

« UUID

The Cloudera environment for querying tables from Hive overrides some | ceberg table properties. Y ou learn which
table properties are supported for querying tables from Impala.

| ceberg documentation describes all the properties for configuring tables. This documentation focuses on key
properties for working with Iceberg tables in Cloudera.
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Cloudera L akehouse Optimizer for |ceberg table maintenance

| ceberg supports concurrent writes by default. Y ou can tune Iceberg v2 table properties for concurrent writes. Y ou set
the following properties if you plan to have concurrent writers on Iceberg v2 tables:

e commit.retry.min-wait-ms
e commit.retry.num-retries

Cloudera supports adding the Parquet compression type using table properties. For more information, see Iceberg
documentation about Compression Types.

Y ou can use the Alter Table feature to set a property. From Hive, the following | ceberg table property overrides arein
effect:

* iceberg.mr.split.size overrides read.split.target-size.
» read.split.open-file-cost is overridden.

Y ou can tune | ceberg v2 table properties for concurrent writes. From Impala, the following subset of Iceberg table
properties are supported:

* history.expire.min-snapshots-to-keep

Valid values: integers. Default = 1
« write.format.default

Valid value: Parquet
* write.metadata.del ete-after-commit.enabled

Valid values: true or false.
* write.metadata.previous-versions-max

Valid values: integers. Default = 100.
* write.parquet.compression-codec

Valid values. GZIP, LZ4, NONE, SNAPPY (default value), ZSTD
e write.parquet.compression-level

Validvaues: 1 - 22. Default =3
e write.parquet.row-group-size-bytes

Valid values: 8388608 (or 8 MB) - 2146435072 (or 2047MB). Overiden by PARQUET_FILE_SIZE.
* write.parquet.page-size-bytes

Valid values: 65536 (or 64KB) - 1073741824 (or 1GB).
e writeparquet.dict-size-bytes

Valid values: 65536 (or 64KB) - 1073741824 (or 1GB)

The Cloudera L akehouse Optimizer servicein Cloudera Base on premises 7.3.2 or higher versions cluster provides
automated | ceberg table maintenance, using Spark jobs, for |ceberg tablesin Cloudera Open Data Lakehouse. The
service simplifies table management, improves query performance, and reduces operational costs.

The Cloudera L akehouse Optimizer servicein Cloudera Base on premises 7.3.2 or higher versions cluster provides
automated | ceberg table maintenance, using Spark jobs, for |ceberg tablesin Cloudera Open Data L akehouse. The
service simplifies table management, improves query performance, and reduces operational costs.
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Cloudera L akehouse Optimizer for |ceberg table maintenance

Y ou can add the Cloudera L akehouse Optimizer service to an existing Cloudera Base on premises 7.3.2 or higher
versions cluster in Cloudera Manager 7.13.2 or higher versions, or you can create a dedicated cluster for Cloudera

L akehouse Optimizer and then add the service. Y ou must ensure that the cluster contains all the required services.
After you finish configuring the service, you can use the Cloudera L akehouse Optimizer service REST APIsto define
the Cloudera L akehouse Optimizer policies, perform policy management, and run other Iceberg table optimization
operations.

Cloudera L akehouse Optimizer improves the Cloudera Open Data L akehouse performance in the following ways:

« Simplifying the I ceberg table management by automating the optimization and maintenance activities, such as
data file compaction and snapshot expiration.

* Reducing the total cost of ownership (TCO) by lowering the storage and compute costs.

< Maintaining the health of Iceberg tablesto ensure high operational efficiency.

« Improving the query execution time on the Iceberg tables.

Y ou create Cloudera L akehouse Optimizer policies to perform Iceberg table maintenance. Y ou can manage and
monitor these policies as necessary, depending on your assigned role.

Y ou can define the policies, perform policy management, and | ceberg table optimization operations using REST
APIs. You can choose to trigger the table maintenance based on events, or schedule it to run at regular intervals. You
can also perform manual (ad hoc) maintenance when required. Ensure that you dry run the policy before manual
evaluation. During the dry run process, Cloudera L akehouse Optimizer only generates the table maintenance actions
but does not initiate any maintenance actions.

A Cloudera Lakehouse Optimizer policy consists of a JEXL script and JSON file, collectively referred to as policy
resources. The JEXL script is mandatory, and the JSON fileis optional. The default ClouderaAdaptive policy consists
of the ClouderaAdaptive.jex| script and the ClouderaAdaptive.json file. Cloudera L akehouse Optimizer uses the Clou
deraAdaptive policy as atemplate to help you create palicies.

Cloudera L akehouse Optimizer supports several features. Some features are available only through REST APIs.
Y ou can choose to create Cloudera L akehouse Optimizer policiesin the Ul or use REST APIs depending on your
reguirements.

Important: Ensure that you do not have any other optimization services enabled alongside Cloudera
L akehouse Optimizer, such as AWS S3 Table Optimization, to avoid conflicts during the optimization
process.

The following table lists the supported features and the supported methods to use these features:

Event-based policy « Ul —at table and namespace level Schedules the policies to be evaluated when
«  REST API —at table, namespace, and an HMS event istriggered, such as an insert,
catalog level ' ' update or delete operation on the table.

Y ou can create only one version of the policy
definition at the catalog level in the UI.
However, you can create multiple versions of
the policy definition at catalog, namespace, or
tablelevel using REST APIs.

For example, when you create policy P1in
the UI, the definition is defined at the catalog
level. However, using REST APIsyou can
create another definition for P1 at namespace
level or table level.
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Cloudera L akehouse Optimizer for |ceberg table maintenance

Features Available methods to use the feature Description

Schedule-based policy « Ul —at table and namespace level Schedules policies to be evaluated at regular
«  REST API —at table, namespace, and intervals.
catalog level Y ou can create only one version of the policy

definition at the catalog level in Ul. However,
you can create multiple versions of the policy
definition at catalog, namespace, or table level
using REST APIs.

For more information, see Creating a Cloudera
L akehouse Optimizer policy in Lakehouse
Optimizer Ul on page 105 and Defining
Cloudera L akehouse Optimizer resources
using REST APIson page 121.

Manual (ad hoc) evaluation « RESTAPI Runs the policies manually to optimize the
|ceberg tables when required.

For more information, see Performing manual
| ceberg table maintenance using Cloudera

L akehouse Optimizer REST APIs on page
123.

Note: Ensure that you perform a
E dry run on the policy before you
run it manually.

Dry-run policies « RESTAPI Generates the table maintenance actions but
does not initiate any maintenance actions. Dry
run the policies to ensure they run effectively
without failure.

For more information, see Preparing and
defining policiesusing REST APIs.

Small file compaction options include: . Ul Automates the | ceberg data file compaction
«  Targetfilesize « RESTAPI maintenance actions.

*  Minimum number of input files In Apache | ceberg documentation, this

« Ddetefilethreshold procedureis caled rewrite_data files, and

; . . it supports Table, Strategy (binpack or sort),

* Maxdimum goncurrent file group rewrites sort_order (zorder, sortDirection, NullOrder),

*  Endblepartial progress options, and where arguments which are also

*  Maximum number of commits during supported by Cloudera L akehouse Optimizer.
partial progress

e Usestarting sequence number of snapshot

¢ Rewriteal

Orphan file removal includes: . Ul Automates the | ceberg orphan file removal

. Delete older than . REST API malntenance action.

Snapshot expiration options include: . Ul Automates the | ceberg snapshot management
«  Maximum snapshot age « RESTAPI maintenance actions.

¢ Retainlast

«  Expire snapshot ID
¢ Clean expired files

Rewrite manifest optionsinclude: . Ul Automates the | ceberg manifest rewrite
. Target filesize . REST API mai ntenance actions.
¢ Usecaching
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Cloudera L akehouse Optimizer for |ceberg table maintenance

Available methods to use the feature Description
Positional delete rewrite options include: . Ul Automates the | ceberg positional delete
. Ra’\/ritejob order . REST API rewrite maintenance actions.

¢ Enable partia progress

e Maximum number of commits during
partial progress

e Minimum number of input files

¢ Maximum concurrent group rewrites

¢« Targetfilesize

Data file compression options include: « RESTAPI Re-encodes | ceberg data files that match a
SQL filter with amore efficient compression
codec to reduce storage costs without

’ changing query results. A filter isrequired
 Filter when compression is enabled. Create a
separate compression policy from compaction,
associate it at the namespace level, and run it
on an ad hoc basis or on a monthly cadence
because compression targets cold data.
Individual tables opt in with ALTER TABLE
... SET TBLPROPERTIES.

¢ Compression method
¢ Compression level

For more information, see Datafile
compression for Cloudera Lakehouse

Optimizer.
Pause and resume table maintenance manually |« Pauses table maintenance.
* RESTAPI The table maintenance is paused in the

following scenarios:

e You manualy paused the table
maintenance.

e Therecurring failures, during the
execution phase of the palicy, exceeded
theretry value.

Note: When you pause

E maintenance for atable or
namespace, al the associated
policies for that table or namespace
are not evaluated. Therefore,
you must be cautious before you
pause maintenance for atable or a
namespace.

For more information, see Pausing and
resuming table maintenance on page 132.

High availability Cloudera Manager configuration Runs multiple Cloudera L akehouse Optimizer
service instances with automatic leader
election and failover. At any time, one
instance is the leader that accepts API requests
and performs state-mutating operations.
Standby instances take over automatically
when the leader fails.

For more information, see High availability
for Cloudera L akehouse Optimizer and
Configuring high availability for Cloudera
L akehouse Optimizer.

Maintenance task prioritization e Ul - at catalog level Allows you to define a priority level for
« REST API - a catalog, namespace, and maintenance tasks that are configured for a
table level ' ' policy. Higher-priority tasks are scheduled

before lower-priority tasks when multiple
policies compete for cluster resources. Y ou
can set task priority when you create or edit a
policy in the Cloudera L akehouse Optimizer
Ul or define the priority value in the policy
JSON constants when you use REST APIs.
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Features Available methods to use the feature

State persistence

Cloudera Manager configuration (shared
PostgreSQL database)

Description

Persists scheduler and task state—including
dispatched tasks, event-based schedules, and
in-flight Livy task submission data—in a
shared database so maintenance work survives
restarts and high availability failover.

For more information, see State persistence
for Cloudera L akehouse Optimizer and
Cloudera L akehouse Optimizer persistence
configuration properties.

Puffin statistics

REST API

Allows you to create a custom policy that
computes NDV statistics for |ceberg table
columns and writes them to a Puffin statistics
file registered in the table metadata. Query
engines that read | ceberg Puffin files can use
these estimates for cost-based optimization.

For more information, see Puffin statistics for
Cloudera Lakehouse Optimizer.

Auditing

Cloudera Manager configuration

Provides an audit trail of user and system
activities on Cloudera L akehouse Optimizer,
including policy creation, editing, deletion,
association, namespace operations,
authentication events, and table maintenance
actions. Audit events are written as NDJSON
files to a configurable filesystem location.

For more information, see Auditing for
Cloudera Lakehouse Optimizer.

Cloudera L akehouse Optimizer event logging

REST API

Ingests the maintenance task metadata, also
called an event, into the sys.clo_events Iceberg
table. Y ou can use the table to analyze the
event logs, useit for troubleshooting purposes
and for root cause analysis, and to generate
reports.

For more information, see Viewing logs
for Cloudera L akehouse Optimizer on page
134.

Monitoring policy jobs

« Ul
« REST API
e Cloudera Consumption dashboard

Monitor the policy jobs using one of the
following methods:

*  View thelatest status for the recent tasks
that ran for the table or policy on the Ul.

e UsetheGET /tasks or GET /
tasks/id/{id} APIs.

*  Monitor the Spark jobs on the Cloudera
Consumption dashboard.

For more information, see Viewing table
maintenance status on page 133 and
Monitoring table maintenance tasks on
Cloudera Observability dashboard.

Manual (ad hoc) evaluation

e Ul (Availablein 7.3.2 and higher
versions)
* RESTAPI

Manually run the policies to optimize the
|ceberg tables when required.

Policy dry-run

e Ul (Availablein 7.3.2 and higher
versions)
e REST AP

Dry run existing policies to ensure they run
effectively without failure.
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Backup policies and association REST API Backs up dl the existing policies and
associationsto a TAR file. Y ou can restore it
to another Data Hub, when required.

Y ou can use this feature when you want

to delete the current Cloudera L akehouse
Optimizer Data Hub and provision another
Data Hub.

For more information, see Cloudera
Lakehouse Optimizer REST APIs on page
126.

Fine-grained access to namespaces (Availablein 7.3.2 and higher versions) Creates Ranger policies and provides
the required access to groups or users at
namespace level.

The following additional features are also available:

« Viewing the metrics such as data read and data written for each task on the Cloudera Consumption dashboard.

* Viewing the real-time analysis of the infrastructure, jobs, users, and services for the Data Hub hosting the
Cloudera L akehouse Optimizer service in Cloudera Management Console.

L akehouse Optimizer REST APIs

Cloudera recommends following afew best practices to ensure error-free |ceberg table maintenance while using
Cloudera L akehouse Optimizer.

Important: Ensurethat you do not have any other optimization services enabled alongside Cloudera
L akehouse Optimizer, such as AWS S3 Table Optimization, to avoid conflicts during the optimization
process.

The following are the recommended best practices:

« Enabling autoscaling for compute nodes.

¢ Using ClouderaAdaptive as atemplate to create your policies.

» Creating only one policy per table to avoid policy conflict.

« Creating an event-based schedule for frequent evaluation if your environment setup continuously generates small
files.

« Using policy names that show the actions the policies run, the tables they apply for, or both. This best practice
enhances policy management and governance.

« Ensuring the Cloudera L akehouse Optimizer policy file or policy template size does not exceed 10 MB.

» Scheduling policy runs so that they do not interfere with the Iceberg-related replication tasks.

When you have Iceberg replication policies running on the Iceberg tables that are also slated for Cloudera

L akehouse Optimizer table maintenance, you must ensure that the schedules for the replication policies and
Cloudera L akehouse Optimizer policies do not overlap. This is because these concurrent policy jobsinterfere with
each other, and one or both of the policies might fail or create issues.

* Reviewing and cross-checking the arguments and tabl e associations before you use or trigger the orphan file
removal, rewrite positional delete, and snapshot expiration maintenance operations. Cloudera recommends this
best practice because these operations might delete data.

« Using awhere clause to filter the data files when the number of data files to be compacted isvery large. The
where clause is part of the rewrite data file argument.

« Enabling partial progress for compaction to prevent out-of-memory issues.

» Performing adry run on the policies before you trigger manual evaluations.

« Performing manual table maintenance on a static Iceberg table using REST APIsinstead of includingitin a
Cloudera L akehouse Optimizer policy.
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Static tables are tables that have not undergone any modifications, such as insert, update, del ete operations, or
schema evolution, since the time of table creation.

Using event-based policies to prevent excessive evaluation for tables that are not updated frequently.

Cloudera L akehouse Optimizer is a service in Cloudera on cloud Management Console that automates | ceberg table
maintenance for Open Data L akehouse users, leveraging on al of the optimization actions available with Iceberg.
Y ou can use Cloudera L akehouse Optimizer for various use cases.

Some of the use cases where you can automate your | ceberg table maintenance tasks include:

Removing older and unnecessary snapshots from the table's metadata. This action helps to keep the metadata
compact and the query performance optimal.

Compacting small filesinto larger ones. This action optimizes storage and improves read performance.
Rewriting the manifest filesto remove entries for deleted data files. This action improves the metadata scan
performance.

Removing the data files that are no longer referenced by the table's metadata. This action reclaims storage space.

Compacting small positional delete files into larger ones, and filtering out the positional delete records that refer to
datafilesthat are no longer available. This action reclaims storage space.

Before you use Cloudera L akehouse Optimizer, you must understand how a policy works, the policy resources, and
the prerequisites you must complete before you create a policy.

Cloudera L akehouse Optimizer and its components perform several operations in the background after you create or
define apolicy to initiate, evaluate, and complete the | ceberg table maintenance.

After you create a policy, Cloudera Lakehouse Optimizer performs the following steps:

Initiates the schedule for each table based on the policies attached to the resource, such as catalog, namespace, and
table.

Consolidates the policies depending on the CRON schedule in all the active poalicies, and creates a schedule entry
for all the policies that share the same CRON trigger.

Initiates the evaluation phase when a CRON trigger is activated. The evaluation phase consists of the following
steps:

a) Initiating the evaluation of the policy script per table.

b) Determining the sequence of maintenance actions per table where the policy script:

1. comparesthe current | ceberg metadata and table statistics to the expected statistics to evaluate and
determine the table maintenance actions,

2. generatesalist of (potentially empty) maintenance actions, and then

3. queues up the generated maintenance actions.

Thislist of actionsis called atask, and the task has atask ID.

Sends the maintenance actions to the Spark Engine through Livy in the correct order of sequence. The Spark
engine performs each maintenance action as a Spark job.

Supervises the task execution, and collects all the relevant task execution information in the events logs.
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Cloudera L akehouse Optimizer captures every maintenance action, Spark job, and the job results as task metadata.
The task metadata includes the following elements:

e Thetask ID

* Themaintenance actions and its results

» The Spark computation metrics for the Spark jobs

* The current task status

The task metadatais stored in the sys.clo_eventstable.

The following diagram shows the high-level steps for Iceberg table maintenance by Cloudera Lakehouse
Optimizer:

Policy Definition

Policy Schedule
(Event-Based or
Scheduled)

Evaluation Against
Policy Parameters
Jobs Run Against Generate and

ualifying Tables Record Job Logs
—> Table 1 Qualifying J g

> Table 2 Table 2
Associated Tables Generate Tasks Generate Spark Jobs
e Table 3 Table 3

—> Table 4

o /

What to do next

Cloudera L akehouse Optimizer persists dispatched tasks and event-based triggersin a shared database. If the service
restarts, it reloads pending tasks and triggers and resumes scheduling. For more information, see State persistence for
Cloudera L akehouse Optimizer.

Related Information
Cloudera L akehouse Optimizer - Refining Optimizations through Apache |ceberg Table Properties blog

What are Cloudera Lakehouse Optimizer policy resources

A Cloudera Lakehouse Optimizer policy consists of a JEXL script and JSON file, collectively referred to as policy
resources. The JEXL script is mandatory, and the JSON fileis optional. The default ClouderaAdaptive policy consists
of the ClouderaAdaptive.jex| script and the ClouderaAdaptive.json file.

JEXL script

The Cloudera L akehouse Optimizer Data Hub contains the default ClouderaAdaptive.jex! file that isa policy script.

Y ou can use the script asis. Otherwise, you can use the default JEXL file as atemplate to add or modify the contents,
and then upload the file asanew JEXL file.

Important: You can define any maintenance action and condition in the JEXL script to trigger the required
maintenance action.

The following snippet shows a sample JEXL script:

/1 A sanple jexl-based policy definition to evaluate the need for expire sna
pshot and generate action argunent

#pragma dl m statistics true

/1l Stores the list of generated actions

const actions =[...]
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/| Fetch iceberg stats
|l et stats = statistics($table);
i f ($constants. expi reSnapshot. enabl ed) {

let mn = $tabl e[’ dl mexpireSnapshot.retainLast'] ?? $constants. expireS
napshot . r et ai nLast ?? 2;

| et snapshots = stats. nunber O Snapshot s;

| et snapshot Ti mest anpDelta = stats. snapshot Ti nest anpDel ta ?? 3600000;

| et del tabDurationThreshold = $tabl e[' dl m expi reSnapshot. snapshot sDur at i
onDel taMax'] ?? $constants. expireSnapshot. snapshot sDurati onDel t aMax ?? 0;

if (snapshots > nmin || snapshot Ti nestanpDel ta > del tabDurati onThreshol d)

/] create an expire snapshot action
acti ons. add(dl m expi reSnapshot s($t abl e, $constants));

}
[/ return the list of actions
actions

The JEXL script contains the following variables, out of which, some variables are predefined:

$table | ceberg table object for which the policy is being evaluated.

For example, $table[‘ dimproperty’] refers to the |ceberg table property
named dimproperty in the specified table.

$constants Set of action argument values and defaullts.

For example, $constants.expireSnapshot.retainL ast refers to the value
for the retainLast argument for the expireSnapshot action.

$catalog Iceberg catalog object.
The policy script supports retrieving the values from the table property or the policy constants. For example, let file

sCountDrop =$table]'dIm.rewriteDataFiles.filesCountDropT ?? $constants.rewriteDatakiles.filesCountDrop 7?0
15;.

For more information about modifying the JEXL script contents, see JEXL syntax.

The JSON fileis an optional component. Cloudera L akehouse Optimizer uses the threshold valuesin the file
during the evaluation phase to compare the current and expected stats. The action arguments are supported by a
corresponding Spark action.

Use the following list of action argumentsin the JSON file as required for your use case:

{

"expi reSnapshot ":
"expired der Than": 432000000,
"retainLast": 5,
"cl eanExpiredFil es": true

I

"rewiteMani fest” : {
"useCaching": true,
"fileCount Max": 100,
"mani f est Fil eSi ze": 8388608,
"smal | Fi | eRati oMax": 0.5

}

ewiteDataFiles" :

"targetFil eSi ze": 536870912,
"maxConcurrent RewiteFil eGoups": 5,
"mnlnputFiles": 5,

"partial ProgressEnabl ed": true,
"partial ProgressMaxConmi ts": 10,
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"del et eFi | eThreshol d*: 2000000,
"useSt arti ngSequenceNunber": fal se,

"rewiteA |l": fal se

}l

"rewritePositionDelete" : {
"enabl ed" : fal se,

"targetFil eSi ze": 67108864,
"maxConcurrent G oupRewite": 5,
"mnlnputFiles": 6

"parti
"parti

al ProgressMaxConmi ts": 10,
al ProgressEnabl ed": true

"del et eOr phanFi |l es" :
"ol der Than": 259200000

}l

"priority": "MED UM,

"description": "An exanple policy constant",
"cron": "0 4 * ? * *"

}

For data file compression on Cloudera Base on premises, include a compressDataFiles block in the JSON file:

"conpressDat aFil es": {
“enabl ed": true,

"met hod"

"l evel ":

: "zstd",
12,

"filter": "1 = 0"

}

For more information, see Data file compression for Cloudera L akehouse Optimizer.

The following table lists the action arguments to specify in the JISON file, which are then sent to the Spark engineto
use during the maintenance actions:

Action argument Value Description

Minimumis 1 KB
Maximum is 64 GB

expireSnapshot
enabled Default istrue Determines whether to evaluate tt
cleanExpiredFiles Default istrue Removes the expired snapshots pe
expireOlderThan Default is 120 * 3600 * 1000 ms, that is 5 days. Deletes the snapshot when the sne
Minimum is 10 seconds For example, a snapshot is deletec
retainLast Defaultis5 Deletes the last snapshot when the
Minimumis 1 For example, by default thefirst s
expireSnapshotld No default value Expires the specified snapshot.
rewriteManifest
enabled Default istrue Determines whether to evaluate tt
useCaching Default istrue Uses cache during the rewrite mar
targetFileSize Default is 8388608 bytes Specifies the target manifest file s
rewriteDataFiles
enabled Default istrue Determines whether to evaluate tf
targetFileSize Defaultis512 MB Determines the target output file s
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Action argument Value Description

maxConcurrentRewriteFileGroups

Defaultis5
Minimumis 1
Maximum is 1000

Defines the maximum number of

minlnputFiles Defaultis5 Rewrites afile group when the fil
Minimumis 1

partial ProgressMaxCommits Default is 10 Defines the maximum number of |
Minimumis 1

deleteFileThreshold

Default is 2000000

Defines the minimum number of

Minimumis 1
partial ProgressEnabled Default isfalse. Defines the maximum number of
rewrite operation isin progress. If
use-starting-sequence-number Default isfalse. Specifies the sequence number of
rewrite-all Default isfalse. Force rewrites al thefiles overrid
deleteOrphanFiles
enabled Default istrue Determines whether to evaluate tt

olderThanin ms

Default is 72 * 3600 * 1000 that is 3 days.

Minimum is 10 in seconds.

Removes orphan files created bef

Minimumis1 KB

rewritePositionDelete
enabled Default istrue Determines whether to evaluate tt
targetFileSize Default is64 MB Determines the target output file

maxConcurrentGroupRewrite

Default is5
Minimumis 1
Maximum is 1000

Defines the maximum number of

minlnputFiles Defaultis5 Rewrites afile group when the fil
Minimumis1
partial-progress.max-commits Default is 10 Defines the maximum number of |
rewrite operation isin progress.
partial ProgressEnabled Default istrue Enables committing groups of file
rewrite-job-order No default value Forces the rewrite job order basec

Y ou can choose one of the follow

e bytes (asc) rewrites the small
e bytes (desc) rewrites the large
» files(asc) rewritesthe job grc
e files(desc) rewritesthe job g
e nonerewrites the job groups|

computeTableStats
enabled No default; must be true to run the action Opt-in gate for the compute-table
columns No default; omit for all columns Array of column names to compul
schema. Maximum of 512 columr
snapshotld No default; omit for current snapshot Snapshot ID to compute statistics
compressDataFiles
enabled Default isfalse Must be true to run the data file cc
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filter No default; required when enabled

method Default isthe table format default

level Default is the codec default

validateFilterColumns Default istrue

priority Default is Medium
Valid values are Critical, Urgent, High, Medium, Low, and
Minimal.

SQL WHERE clause that scopes \
RTIES. Cloudera Lakehouse Opti

Compression codec. For supporte:

Codec-specific compression level

When true, Cloudera Lakehouse (
priority

Defines the priority level for mair
when multiple policies compete fc

Puffin statistics require a separate custom policy. Do not add computeT ableStats to the default ClouderaAdaptive

policy constants.

Use a dedicated JEXL script and JSON constants file. The action runs only when computeTableStats.enabled is true

in the JSON constants (the default is false for this action).
JEXL

/1 Dry-run policy: conpute table stats using the same nerge rules as the for

mer Cl ouder aAdapti ve. j exl bl ock.

/1 Opt-in via conputeTabl eStats. enabled in policy constants (default false

per PolicyConstants for this action).
#pragma dimcron "0 0 13 ?2 * *"
#pragma dl mstatistics fal se

const actions = [...]

i f ($constants. conput eTabl eSt at s. enabl ed)
const conputeStats = dl m conput eTabl eSt at s($t abl e) ;

| et col sTable = $tabl e[' dl m conput eTabl eSt ats. col utms' | ;
if (colsTable != null && colsTable !'="") {
conput eSt at s. addCol umms( col sTabl e) ;

} else if (colsTable == null && $constants.conputeTabl eStats. colums !=

nul 1) {

conput eSt at s. addCol utms( $const ant s. conput eTabl eSt at s. col umtms) ;

}

conput eSt at s. val i dat e( $t abl e) ;

| et resol vedSnapshot!|d = $tabl e[’ dl m conput eTabl eSt ats. snapshotld'] ??

$const ant s. conput eTabl eSt at s. snapshot | d;
if (resolvedSnapshotld !'= null)
conput eSt at s. snapshot (resol vedSnapshot | d) ;
}

actions. add(conputeStats);

}

actions

JSON

{
"conput eTabl eStats": {
"enabl ed": true,
"colums": ["id", "data"],
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"snapshot | d": 424242
}

escription": "Constants for conpute table stats"

}

Omit snapshotld to use the current snapshot. Upload the JEXL and JSON files when you define the policy resources.
For more information, see Defining Cloudera L akehouse Optimizer resources using REST APIs.

Use ClouderaAdaptive resources to create your policy. The resources include the ClouderaAdaptive.jex! script and
the ClouderaAdaptive,json file.

The Lakehouse Optimizer Data Hub contains the default ClouderaAdaptive.jex! file which isapolicy script.

Important: Define any maintenance action and condition in the JEXL script to trigger the required
mai ntenance action.

The following sections show:

e Curl command to fetch the default ClouderaAdaptive.jex! file contents

e Default ClouderaAdaptive.jex! file contents

* How to get the table statistics

« Using the policy constants to specify the maintenance type and the default action in the default JEXL file
* View thetable propertiesin the default JEXL file

Add or modify the script elements as necessary. Each action builder statement generates a maintenance action.

Curl command to fetch the default ClouderaAdaptive.jex! file contents

curl --location '"https://[*** LAKEHOUSE OPTI M ZER ENDPQO NT***]/ api / v1/ pol i
ci es/ resour ce?uri =dl nVBAYRFYR2Ft ps¥8Adef aul t ¥2FCl ouder aAdapt i ve'
\ --header 'Authorization: Bearer ey’

Default JEXL file contents
The following sample script displays the default ClouderaAdaptive.jex! file contents:

/*
* Description : Policy that evaluates if a certain maintenance action is to
be schedul ed based on iceberg stats.

*

* Schedul i ng

*

* Cron expressions are used to define the schedule for policy evaluation. T
his follows the Quartz cron syntax.

*00/10 * ?2* * will trigger the policy evaluation every 10 m nutes.

* Refer this for nore details : https://ww. quart z-schedul er. org/ docunent a
tion/quartz-2.3.0/tutorial s/crontrigger.htnl

*

* | ceberg statistics

*

* #pragnma dl mstatistics : If this is set to true stats will pre-conputed

before the eval uati on.

* statistics(Table, force) : Method defined in the jexl policy context to
retrieve the table stats from cache.

*

* Argunents

*

* $table : lceberg table object. This is used to retrieve the table proper
ties.
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$constants : Policy constants applicable on this table.
stats : lceberg table stats used for decision naking.
dlm: Builder instance used to create ActionBuil der objects.

Eval uati on of actions

L I T

* Expire Snapshot : Expires the iceberg table snapshots based on the crit
eria, trigger this action if nunber of snapshots is greater than the

* dl m expi reSnapshot . retai nLast defined in the policy constants or if the d
uration between current and ol dest snapshot is exceeding the dl m expireSnaps
hot . snapshot sDur ati onDel taMax (m | 1iseconds).

*

* Data file Conpaction/Rewite data file : Conpacts snall data files and rem

oves delete files.

* This action is triggered if there is an expected significant drop in the
nunmber of files.

* The conpaction operation is guided by statistics and the target file size
and small files to determ ne whet her conpaction should be perforned.

* The threshold for small files can be stored in table properties as (wite.

bi n- packi ng. nin-file-count) or mnlnputFiles fromjson file.

* The threshold for the reduction or drop can be either stored as an |ceberg
tabl e property (dimrewiteDataFiles.filesCountDrop)

* or as a policy property ($constants.rewiteDataFiles.filesCountDrop). If
none of these are specified, the

* value 0.15 is used; if a reduction in nunber of files greater that 15%is
expect ed, conpact the table.

* Note that the ratio is calculated based on the target file size wite.targ

et-file-size-hytes.

*

* Rewite mani fest/ Conpact manifests : Conpacts manifest files, trigger this
action based on table('wite. manifest.target-size-bytes') / json (manifes

tFileSize) property if

* 1) the manifest file count exceeds the table property dimrewiteMnifest.

smal | Fi | eRat i ovax.

* 2) the table property dimrewiteManifest.fileCountiMax / json (fileCoun

t Max) .

*

* This dimrewiteMnifest.snmallFileRati oMax rati o should by default is 0.5,
if kept |ower that neans rewite nanifest will aggressively act on table,

i f kept

* higher then rewite manifest will lazily act on table

*

* Delete orphan files : Delete the files ( manifest, netadata.json, data/

delete files ) which are not tracked by any snapshot, trigger this action we

ekly or nonthly.

* Data file conpression (Cl oudera Base on prenises only) : Re-encodes data
files that match the configured filter with a nore efficient conpression c

odec.

* Requires a non-enpty filter when enabl ed. Table properties override policy
const ant s.

* Create a separate conpression policy fromconpaction. Run conpression on
an ad hoc basis or on a nonthly cadence because conpression targets cold da

ta.

*

*/

/1l Set to true if iceberg table stats pre-conputation is required.

#pragma dl mstatistics true

#pragma dl m description "The tenpl ate eval uates whether a certain action m
ust be executed based on the conputed statistics that are derived fromthe

ceberg tabl e netadata. You can al so configure the action argunents using the
policy constants and the |ceberg table properties.”
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/1 Stores the list of generated actions
const actions = [...]

/'l Fetch iceberg stats
let stats = statistics($table);

/1 Eval uate conpaction
if ($constants.rewiteDataFiles.enabl ed) {

let filesCountDrop = $table['dimrewiteDataFiles.filesCountDrop'] ?? $
constants.rewiteDataFil es.filesCountDrop ?? 0.15;

/1 Target file size used to conpute the reduction is defined in the stat

conput ati on nodul e.

/'l use specified target file size or default if no policy specific

let targetFileSize = $table['wite.target-file-size-bytes'] ?? $constant
s.rewiteDataFiles.targetFil eSize ?? 512*1024*1024;

let minlnputFiles = $table['wite.bin-packing. mn-file-count'] ?? $consta
nts.rewitebDataFiles. mnlnputFiles ?? 5;

stats = stats.conpactionl nfo. fetchConpactionl nfo($table, stats, targetFi
| eSi ze, filesCountDrop, mnlnputFiles)

if (stats.conpactionlnfo.eligiblePartitionsCount > 0) {

| et partial ProgressEnabled = $table['dImrewiteDataFiles. partial Progr
essEnabl ed'] ?? $constants.rewiteDataFiles. partial ProgressEnabl ed ?? fal se;

l et partial ProgressMaxConmits = $table['dlmrewiteDataFiles.partialP
rogressvaxConmmits'] ?? $constants.rewiteDataFiles. partial ProgressMaxCommi ts

?? 10;

| et useStartingSequenceNunber = $table['dimrewiteDataFiles.useStarti
ngSequenceNunber'] ?? $constants.rewiteDataFil es.useStarti ngSequenceNunber
?? fal se;

let rewiteAll = $table['dimrewiteDataFiles.rewiteAl"'] ?? $const
ants.rewiteDataFiles.rewiteAll ?? false;

| et maxConcurrent RewriteFil eGoups = $table['dlmrewiteDataFiles. m
axConcurrent RewiteFil eGoups'] ?? $constants.rewiteDataFil es. maxConcurrent
RewriteFil eGoups ?? 5;

| et deleteFil eThreshold = $table['dimrewiteDataFiles.deleteFileThres
hold'] ?? $constants.rewiteDataFiles. del eteFil eThreshold ?? 2000000;

I et maxFil eG oupSize = $table['dlmrewiteDataFiles. maxFil eG oupSi ze
"] ?? $constants.rewiteDataFil es. maxFil eG oupSi ze ?? 3221225472,

const conpaction = dlmrewiteDataFil es($table)
.targetFil eSi ze(target Fil eSi ze)
. parti al ProgressEnabl ed(parti al ProgressEnabl ed)
. partial ProgressMaxConmit s(parti al ProgressiMaxConmits)
.useStartingSequenceNunber (useSt arti ngSequenceNunber)
.rewriteAll (rewiteAl)
. maxConcurrent RewriteFi|l eG oups(maxConcurrent RewiteFil eG oups)
.m nlnput Fi | es(m nlnput Fi |l es)
.del et eFi | eThreshol d(del et eFi | eThr eshol d)
. maxFi | eG oupSi ze( maxFi | eG oupSi ze) ;

/1l Comma separated colum nanes , Eg : a,b,c

let zOrderColums = $table['dlmrewiteDataFiles.zO derColums'] ??
$constants.rewiteDataFil es. zOr der Col umms;

/1 default strategy is binpack and default sort order is table's sort
or der

if (zOderColums !'= null) {

conmpaction. zOrder (zOrder Col ums. split(","));
}
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let where = $table['dimrewiteDataFiles.where'] ?? $constants.rew
riteDataFil es. where;
if (where !=null) {
conpact i on. wher e(where) ;
} else {
/Il rely on filter expression given by CLO Use threshol d-based p
artition filter to avoid performance issues with large filter expressions
| et maxPartitionsPerChunk = $table['dlmrewiteDataFiles. maxParti
tionsPer Chunk'] ?? $constants.rewiteDataFiles. maxPartiti onsPer Chunk ?? 100;
let partitionFilterThreshold = $table['dlmrewiteDataFiles.partit
ionFilterThreshold'] ?? $constants.rewiteDataFiles.partitionFilterThreshold
?? 0.7;
let partitionFilterExpr = stats.conpactionlnfo.createPartitionFilt
er Expressi on($tabl e, maxPartitionsPer Chunk, partitionFilterThreshol d);
if(partitionFilterExpr !'= null)
conmpaction. partitionFilter(partitionFilterExpr);

/1 Sort items (colummNane, orderAsc, nullFirst) , Eg : (a false tru
e), (b true false)
let sort = $table['dimrewiteDataFiles.sort'] ?? $constants.rewit
eDat aFi |l es. sort;
if (sort !'= null) {
let sortltemArray = sort.split(",")
for (let item: sortltemArray) {

let sortitem = itemsubstring(l, size(item - 1);
let arr = sortltemsplit(" ");
conmpaction.sort(arr[0], arr[1l] == "true', arr[2] == "true');

}

actions. add(conpacti on);

}
}

/1 Evaluate rewite manifest
if ($constants.rewiteMnifest.enabl ed) {

let manifestMax = $table['dimrewiteMnifest.fileCountMax'] ?? $constan
ts.rewiteManifest.fileCount Max ?? 1000;

let manifestFileSize = $table['wite. manifest.target-size-bytes'] ?? $co
nstants.rewiteManifest. mani festFil eSize ?? 8388608;

stats = stats.manifestlnfo.fetchManifestlnfo($table, stats, manifestFile
Si ze)

| et mani festCount = stats. manifestlnfo. manifestFilesCount;
let small Mani festRatio = stats. mani festlnfo.snall Mani f est Rati o;

let small Rati oThreshold =
$table['dimrewiteManifest.smallFileRati oMax']
?? $constants.rewiteMani fest.snall Fil eRati oMax
?? 0.5;

i f (manifestCount >= manifest Max && smal |l Mani festRati o >= snal | Rati oThres
hol d) {
actions.add(dl mrewiteManifests($table, $constants));
}

}

/| Delete orphan files
i f ($constants. del et eOr phanFil es. enabl ed) {
acti ons. add(dl m del et eOr phanFi | es($t abl e, $constants));
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/!l Rewrite positional delete files
if ($constants.rewitePositionDel ete.enabled) {
actions.add(dl mrewitePositionDel et es($table, $constants));

/1 Eval uate expire snapshot
i f ($constants. expi reSnapshot. enabl ed) {
let min = $tabl e[' dl m expi reSnapshot.retainLast'] ?? $constants. expireSna
pshot.retainLast ?? 2; // if null 1
| et snapshots = stats. nunber O Snapshot s;
| et snapshot Ti mest anpDelta = stats. snapshot Ti nest anpDel ta ?? 3600000; //
if null O
| et deltabDurationThreshold = $tabl e[’ dl m expi reSnapshot. snapshot sDur at i
onDel taMax'] ?? $constants. expi reSnapshot. snapshot sDur ati onDel t aMax ?? O;
if (snapshots > nin || snapshotTi nestanpDel ta > del tabDurationThreshol d) {
/] create an expire snapshot action
actions. add(dl m expi reSnapshot s($t abl e, $constants));

/1l Evaluate data file conpression (runs |ast)
i f ($constants. conpressDat aFi | es. enabl ed) {
acti ons. add(dl m conpr essDat aFi | es($t abl e, $constants));

}
[/ return the list of actions
actions

On Cloudera Base on premises, the default JEXL file also evaluates compressDataFiles when it is enabled in the
associated policy constants.

Table statistics

* The #pragma dim.statistics true statement ensures the pre-computation of statistics before the evaluation phase.
* Theconst stats = statistics($table) method gets the table statistics.

Q Tip: You can alsoview the table statisticsusingthe GET /t abl es/ {t abl el d}/ st at s API.

Important: ClouderaAdaptive policy does not generate computeTableStats action. To write Puffin statistics
filesto Iceberg table metadata, create a separate policy that uses the computeTableStats action. For more
information, see Puffin statistics for Cloudera L akehouse Optimizer.

Important: The default ClouderaAdaptive.jex! file on Cloudera Base on premises can evaluate datafile

& compression when compressDataFiles is enabled. Create a separate compression policy instead of combining
compression with compaction in the same policy. Run compression on atemporary basis or on amonthly
cadence because compression targets cold data. For more information, see Data file compression for Cloudera
Lakehouse Optimizer.

Using the policy constants to specify the maintenance type and the default action in the default JEXL file
Policy constants are maintenance operation types with their default action argument values.

Action builders can be used to generate the required action with the arguments defined in the policy constants. For
example, dlm:expireSnapshots($table, $constants).

The policy script supports retrieving the values from the table property or the policy constants. For example, let file
sCountDrop =$table['dim.rewriteDataFiles.filesCountDrop] ?? $constants.rewriteDataFiles.filesCountDrop ?? 0
A5; .
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For more information about modifying the JEXL script contents, see JEXL syntax.
Viewing the table propertiesin the default JEXL file
If you have configured the Iceberg table properties using DDL commands, use the table property valuesin the script.

f Important: Thetable properties are prioritized over the policy constants.

The following sections show:

e Curl command to fetch the default ClouderaAdaptive.json file contents
« Default ClouderaAdaptive.json file contents

e Action argumentsin the default JSON file

¢ CRON expression to schedule the table maintenance

Curl command to fetch the contents of the default ClouderaAdaptive.json file

curl --location 'https://[***LAKEHOUSE OPTI M ZER ENDPQO NT***]/api /v1/
pol i ci es/ resource?uri =dl mMBAYRFY2Ft pp¥BAdef aul t ¥2FCl ouder aAdapti ve'

\
--header 'Authorization: Bearer ey'

Use the default action arguments and values as-is. If your use case requires more arguments in addition to the default
action arguments or you want to tune the existing default arguments, then use the default JSON file as atemplate to
add or modify the arguments, upload the modified file as a new JSON file, and reschedul e the namespace.

ClouderaAdaptive.json file contents

The following snippet displays the default ClouderaAdaptive.json file contents:

{

"expi reSnapshot ":
"expired der Than": 432000000,
"retainLast": 50,
"snapshot sDur ati onDel t aMax": 432000000

I

"rewiteMani fest" : {
"useCaching": true,
"fil eCount Max": 100,
"mani festFil eSi ze": 8388608,
"smal | Fi |l eRati oMax": 0.5

I

"rewriteDataFiles" :
"targetFil eSi ze": 536870912,
"fil esCount Drop": O0.15,
"mnlnputFiles": 5,
"partial ProgressEnabl ed": fal se

I

"rewitePositionDelete" : {
"enabl ed" : true,
"targetFil eSi ze": 67108864,
"maxConcurrent G oupRewite": 10,
"mnlnputFiles": 6

I

"del et eOr phanFi | es" :
"ol der Than": 259200000

¥

"l abel ": "d oudera Adaptive policy"

}
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Action argumentsin the default JSON file

The following table lists the action arguments that are specific to the default ClouderaAdaptive JSON file, their
default values and ranges, and their description:

snapshotsDurationDeltaM ax Default is 600000 ms snapshotsDurationDeltaM ax
fileCountMax Defaultis5 fileCountMax

manifestFileSize Default is 8388608 write.manifest.target-size-bytes
smallFileRatioMax Default is0.5 smallFileRatioMax
filesCountDrop Default is0.15 filesCountDrop
zOrderColumns - zOrderColumns

where - where

sort - sort

CRON expression to schedule the table maintenance

The default ClouderaAdaptive.json file does not have a schedule. Upload a JSON file with the required CRON
expression to define the schedule of the evaluation phase. Alternatively, you can perform manual table maintenance.

For example, the"cron": "0 0 * * * ?' expression runs the evaluation phase every hour. For more information about
using CRON expressions, see CRON expression generator.

The following sample curl uploads a policy constant for ClouderaAdaptive at catalog level:

curl --location --request PUT 'https://[*** LAKEHOUSE OPTI M ZER ENDPO NT***]/
api / vl/ policies/resource?uri=dl mMBAYRFY2Ft pp¥2Fhi ve¥2FCl ouder aAdapti ve' \
--header 'Authorization: Bearer ey' \

--form ' resource=@/ Users/test/ Desktop/Cl ouderaAdapti ve. j son"

In this scenario, the ClouderaAdaptive.json file only contains the following CRON expression:

“cron": "0 2 * * *"

}

f Important: After you upload anew resource, ensure that you reschedul e the namespace.

High availability (HA) for Cloudera L akehouse Optimizer ensures that the service is running when a Cloudera

L akehouse Optimizer instance fails during planned maintenance. In an HA deployment, you can run multiple
Cloudera L akehouse Optimizer service instances within the same cluster or Data Hub, and the system elects one
leader instance to accept requests and modify shared state.

At any time, exactly one Cloudera L akehouse Optimizer instance is the leader. The leader is the only instance that
accepts API requests and performs state-mutating operations. Standby instances wait to take over if the leader fails.
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Leader election is coordinated through ZooK eeper, and database-level fencing tokens prevent split-brain writesif a
former leader triesto continue writing after losing leadership.

When multiple Cloudera L akehouse Optimizer instances run in parallel, HA uses three layers of protection:

1. Leader election (ZooK eeper): ZooK eeper elects one leader at atime. If the leader fails, a new leader is elected
automatically.

2. In-memory pre-check: Before a state-mutating operation, the instance verifiesthat it is still the leader. If
leadership was lost, the request is rejected immediately.

3. Database-level fencing: Each leader receives a unique fencing token. Every database write includes this token.
The database rejects writes from a stale token, even if aformer leader attempts to write after failover.

Cloudera L akehouse Optimizer can run in the following modes:

Full HA mode Multiple Cloudera L akehouse Optimizer HA isenabled and all Cloudera L akehouse Optimizer instances
instances participate in leader election through | can reach ZooK eeper at startup.
ZooK eeper.

Degraded mode Cloudera Lakehouse Optimizer started with ZooK eeper is unreachable when Cloudera Lakehouse

HA enabled but cannot reach ZooKeeper and | Optimizer starts, but HA was configured.
runs as a standal one instance without per-write
fencing protection.

Standalone mode A single Cloudera L akehouse Optimizer HA isnot configured, or only one Cloudera Lakehouse
instance runs without leader election or Optimizer instance is deployed.
fencing.

Important: If Cloudera Lakehouse Optimizer starts in degraded mode because ZooK eeper is unavailable,
& restore ZooK eeper and restart Cloudera L akehouse Optimizer to return to complete HA protection. Degraded
mode is intended for short-term outages only.

When the leader fails, ZooK eeper detects the failure, elects a new leader, and the new leader begins accepting
reguests. Failover is automatic and typically completesin less than 30 seconds. During failover, passive instances can
return HTTP 503 Service Unavailable or redirect clients to the leader, depending on your configuration.

When clients access Cloudera L akehouse Optimizer through Apache Knox, the elected leader can update the Knox
service descriptor so Knox routes traffic to the current leader automatically.

In an HA deployment, all Cloudera Lakehouse Optimizer instances share the same database that stores persisted
scheduler and task state. Only the elected leader writes to the database. On failover, the new leader reads current state
from the shared database without reloading from individual instances. For more information, see State persistence for
Cloudera L akehouse Optimizer.

Important: When you enable state persistence and HA together, configure /var/metering on each HA node.
State persistence introduces a metering dependency on the HA node.

Configure high availability (HA) for Cloudera Lakehouse Optimizer in Cloudera Manager by deploying multiple
Cloudera L akehouse Optimizer service instances and setting HA properties on each instance.
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Before you configure HA, ensure the following requirements are met:

ZooKeeper is running and healthy on at least three hostsin the cluster or Data Hub.

Multiple Cloudera L akehouse Optimizer service instances deployed on separate hosts within the same cluster or
Data Hub.

All Cloudera L akehouse Optimizer instances connect to the same shared database (PostgreSQL or MySQL).
All Cloudera L akehouse Optimizer instances can reach ZooK eeper and the shared database.
Apache Knox is configured if you use Knox for REST API access.

Tip: Provisioning one Cloudera L akehouse Optimizer Data Hub for each environment is separate from HA.
HA runs multiple Cloudera L akehouse Optimizer service instances within that single Data Hub or cluster.

Configure HA on every Cloudera L akehouse Optimizer instance in the cluster or Data Hub. All instances must use the
same ZooK egper connection string, leader latch path, and shared database settings.

To configure HA on a Cloudera L akehouse Optimizer instance:

. On Cloudera Base on premises, download, distribute, and activate the Cloudera L akehouse Optimizer parcel, and
deploy multiple service instances.
a) Download the Cloudera L akehouse Optimizer parcel from Cloudera.
b) In ClouderaManager Hosts Parcels, configure the remote parcel repository, download the parcel, distribute it
to the cluster hosts, and activate it.
For instructions, see Managing Parcels.
¢) Add the Cloudera L akehouse Optimizer service to an existing Cloudera Base on premises cluster, or create a
dedicated cluster and add the service.
Ensure that the cluster contains the required dependent services, including ZooK eeper and Knox.
d) In ClouderaManager Clusters [*** CLOUDERA LAKEHOUSE OPTIMIZER***] , assign Cloudera
L akehouse Optimizer rolesto at least two separate hosts so that multiple service instances are running.
. Navigateto Configuration conf/dim-client.properties role_safety valve.
a) Set dim.ha.enabled to true.

b) Set dim.ha.zookeeper.connect to the ZooK eeper connection string for your cluster. For example,
zk1.example.com:2181,zk2.example.com:2181,zk3.example.com:2181.

¢) Set dim.ha.zookeeper.latch.path to the ZooK eeper path for leader election. For example, /dim/leader.

If you access Cloudera L akehouse Optimizer through Apache Knox, configure the Knox discovery properties
so the elected leader updates the Knox service descriptor. For the complete list of HA properties, see Cloudera
Lakehouse Optimizer high availability configuration properties.

. Optionally, set dim.ha.advertise.address on each instance if the auto-detected APl URL is not reachable by other
Cloudera L akehouse Optimizer instances or API clients.

. Restart the Cloudera L akehouse Optimizer service on all instances.

. Verify HA statususing the GET / conf i g/ heal t h API with scope=full.

For instructions, see Verifying service health and viewing default Lakehouse Optimizer policy.

When HA is enabled, the health check response includes aHigh Availability entry that reports whether the
instance is the leader or a standby.

After you configure HA:

Test failover by stopping the leader instance and verifying that a standby instance becomes the leader.
Monitor Cloudera L akehouse Optimizer logs for leader el ection messages.

87


https://docs.cloudera.com/cloudera-manager/7.13.2/cloudera-manager-managing-clusters/topics/cm-managing-parcels.html
https://docs.cloudera.com/cdp-private-cloud-base/7.3.3/iceberg-how-to/topics/clo-ha-configuration-properties.html
https://docs.cloudera.com/cdp-private-cloud-base/7.3.3/iceberg-how-to/topics/clo-ha-configuration-properties.html
https://docs.cloudera.com/cdp-private-cloud-base/7.3.3/iceberg-how-to/topics/clo-verify-service-health.html

Cloudera L akehouse Optimizer for |ceberg table maintenance

* Restore ZooKeeper and restart Cloudera Lakehouse Optimizer if an instance starts in degraded mode.

Cloudera Lakehouse Optimizer high availability configuration properties
Use the following properties to configure high availability (HA) for Cloudera Lakehouse Optimizer.

Table 5: HA configuration properties

Property Description Default Example

dim.ha.advertise.address The base URL (scheme, host, and port) that this Auto-detected from | https://dim-

Cloudera L akehouse Optimizer instance advertisesto | the APl server nodel.example.com:8443
peers for leader redirection. Use this property when configuration and
the auto-detected APl URL is not reachable by other | local hostname
Cloudera L akehouse Optimizer instances or API
clients.

dim.ha.enabled Enables HA mode. When set to true, Cloudera false true
Lakehouse Optimizer participates in ZooK eeper
leader election and uses database fencing tokens for
state-mutating operations.

dim.ha.knox.discovery.path The ZooK eeper path of the Knox descriptor JSON Not set /knox/config/descriptors/cdp-
managed by Cloudera Manager. When set, the el ected proxy.json

leader reads this descriptor, updates the Cloudera
L akehouse Optimizer service URL in the services
array, and writes the modified JSON back so Knox
routes traffic to the current leader.

dim.ha.kknox.service.name The Knox service name in the descriptor services DLM DLM
array. Must match the name Knox exposes for
Cloudera L akehouse Optimizer.

dim.ha.knox.service.version The Knox service version in the descriptor services 1.00 1.0.0

array. Used when Cloudera L akehouse Optimizer is
not yet present in the descriptor.

dim.ha passive.redirect Controls passive-node behavior. When set to true, false true
passive instances redirect API clients to the leader
with HTTP 307 Temporary Redirect. When set to
false, passive instances return HTTP 503 Service

Unavailable.
dim.ha.retry-after-seconds The vaue for the HTTP Retry-After header returned | 5 5
to clients when a passive instance cannot serve the
request.
dim.ha.zookeeper.connect The ZooK eeper connection string used for leader Not set 7k1:2181,7k2:2181,7k3:2181

election. All Cloudera L akehouse Optimizer instances
must use the same connection string.

dim.ha.zookeeper.delay The retry delay in milliseconds when the leader 1000 1000
election service failsto connect to ZooK eeper.

dim.ha.zookeeper.latch.path The ZooK eeper path used for leader election. Not set /dim/leader

dim.ha.zookeeper.retries The number of retries when the leader election service | 3 3

failsto acquire the leader latch.

State persistence for Cloudera Lakehouse Optimizer
State persistence ensures that Cloudera L akehouse Optimizer operational state such as scheduled tasks, triggers,

and maintenance jobs handles service restarts, failures, and network issues. When you restart a Cloudera L akehouse
Optimizer instance, it resumes from persisted state in the shared database.

Cloudera L akehouse Optimizer stores scheduler and task state in a shared PostgreSQL database. On startup, the
service installs or migrates the database schema if needed, loads persisted triggers and tasks, and resumes scheduling.
Cloudera L akehouse Optimizer does not start without a reachabl e database.
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Configure the database connection for Cloudera L akehouse Optimizer in Cloudera Manager Clusters
[*** CLOUDERA LAKEHOUSE OPTIMIZER***] Configuration . Cloudera L akehouse Optimizer uses this database
connection to persist dispatched tasks, event-based triggers, trigger policies, and in-flight Livy task submission data.

Currently, only PostgreSQL is supported. Set dim_db_type to postgres. Configure the connection using individual
host, port, database, and credential properties, or provide a JDBC URL with user and password credentials. For the
complete list of properties, see Cloudera L akehouse Optimizer persistence configuration properties.

Important: All Cloudera Lakehouse Optimizer instancesin a high availability deployment must connect to
the same shared database. For more information, see Configuring high availability for Cloudera L akehouse
Optimizer.

Cloudera L akehouse Optimizer persists the following state in the database:

« Dispatched tasks. Maintenance jobs that have been scheduled, including tasks that have not yet started executing.
Dispatched tasks that are not yet executing survive a service restart.

« Event-based triggers: Custom event-based schedules, next fire times, and associated policies.

« Trigger policies: Maintenance policies attached to each trigger.

» In-flight Livy task submissions: Livy task submission data and session information for executing tasks, therefore
Cloudera L akehouse Optimizer can restore state after arestart and retrieve results from Livy.

Schedule-based (cron) triggers are rebuilt from Cloudera Lakehouse Optimizer configuration on restart and are not
persisted long term.

For the database tables that store persisted state, see Cloudera L akehouse Optimizer persistence database schema.

Rather than bulk-loading entire state on every change, Cloudera L akehouse Optimizer uses incremental database
operations. Each save, update, or delete runs in a database transaction.

On startup, Cloudera L akehouse Optimizer checks the database schema version and applies any pending schema
migrations automatically. Schema migrations run forward only. Back up the database before you upgrade Cloudera
L akehouse Optimizer.

On startup: The database schemaisinstalled or migrated if needed, existing triggers and tasks are loaded, and the
scheduler begins processing.

During runtime: Tasks and triggers are saved, updated, and deleted in the database because they are scheduled,
executed, and completed.

On restart: Pending tasks and triggers are reloaded from the database and scheduling resumes from persisted state.

In ahigh availability (HA) deployment, all Cloudera L akehouse Optimizer instances share the same database. Only
the elected leader writes scheduler state. Standby instances read state but do not modify it. On failover, the new leader
reads current state from the database without reloading from individual instances.

Important: High availability for Cloudera L akehouse Optimizer isin beta. When you enable state
persistence and HA together, configure /var/metering on each HA node. State persistence introduces a
metering dependency on the HA node.

For more information, see High availability for Cloudera L akehouse Optimizer.
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Limitations

» Cloudera Lakehouse Optimizer does not provide export or import tools for scheduler state. Use native database
backup tools such as pg_dump.

» Database must be reachable at startup.

« Database corruption or extended unavailability requires restore from backup or manual intervention.

*  Only PostgreSQL is supported for the persistence database.

Cloudera Lakehouse Optimizer persistence configuration properties
Use the following properties to configure state persistence for Cloudera Lakehouse Optimizer.

Table 6: Persistence configuration properties

dim_db_type Database type for state persistence. Currently, only Not set postgres
PostgreSQL is supported.

dim_db_name Name of the PostgreSQL database that stores Not set dim_persistence
persisted scheduler and task state.

dim_db_host Hostname or | P address of the PostgreSQL server. Not set postgres.example.com

dim_db_port Port number of the PostgreSQL server. 5432 5432

dim_db_user Database user name for the PostgreSQL connection. Not set dim_user

dim_db_password Password for dim_db_user. Not set Fokk Kk Kk

dim_db_jdbc_url Alternative to individual host, port, and database Not set jdbc:postgresql://
properties. When you use aJDBC URL, also set dim_ postgres.example.com:5432/
db_user and dim_db_password. dim_persistence

Cloudera Lakehouse Optimizer persistence database schema
Cloudera L akehouse Optimizer stores persisted scheduler and task state in a shared PostgreSQL database. The
following tables store state persistence data:

Table 7: Persistence database tables

Table Purpose

dispatched tasks Scheduled and in-flight maintenance jobs, including task status.
simple_triggers Event-based trigger schedules.

cron_triggers Static cron trigger definitions. Recreated from configuration on restart.
trigger_policies Policy assignments for triggers.

clo_fencing_token High availahility fencing token storage. Used when HA is enabled.
clo_node_ownership Standal one mode node coordination.

clo_schema version Schema version tracking for automatic database migrations.

tasks Executed tasks

tasks_actions Executed task actions

Auditing for Cloudera Lakehouse Optimizer

Cloudera L akehouse Optimizer auditing provides an audit trail of user and system activities on the service, including
policy changes, namespace operations, authentication events, and table maintenance actions. Audit events are written
as NDJSON files to a configurable filesystem location.

Cloudera L akehouse Optimizer emits an audit event for every state-changing REST API call and every authentication
attempt. Events are buffered in memory and periodically written to audit log files on a Hadoop-compatible filesystem
such as HDFS, S3, GCS, Azure Blob Storage, or local FS.
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Cloudera L akehouse Optimizer audits the following categories of activity:

» Policies: Create, update, delete, view, subscribe, unsubscribe, evaluate, dry-run, pause, and resume operations
including failed or denied requests.

* Namespaces. Declare, reschedule, delete, pause, resume, list, and view operations.

« Tables: Pause, unpause, list, statistics, and registry eviction operations.

e Tasks: View, list, and event-ingestion trigger operations.

» Configuration: Reconfigure, cache clear, health check, and backup or restore operations.

« Ul: Read-only browse operations performed through the Cloudera L akehouse Optimizer Ul.

Requests denied by validation or authorization checks are recorded with a FAILURE or DENY outcome before the
service returns aresponse.

Each audit event isa single-line JISON object (NDJSON). The following table describes the audit event fields

timestamp, hostName, serviceName Set when the audit event is published.

userName, clientlp, role Read from the authenticated user session. For login and authentication-failure events, these
values are supplied manually.

action Identifies the REST operation that was attempted (for example, CREATE_POLICY _DEFINI
TION or LOGIN).

outcome SUCCESS, FAILURE, or DENY.

message Human-readable description of the event.

Resource fields policies, namespaces, tables, catalog, resourceUri, and taskld when applicable.

Audit files are written to <basePath>/<prefix>.<sequence>, for example hdfs:///user/dim/audit-logs/clo-audit.l0g.42.
On HDFS and local filesystems, the defaullt file permission is 775. Filesroll over based on configured time and event-
count thresholds. On startup, Cloudera L akehouse Optimizer scans existing audit files and resumes writing to the
latest file when appropriate.

Cloudera L akehouse Optimizer does not delete old audit files. Configure external retention such as HDFS quotas,
object-store lifecycle policies, or alog-shipping pipeline.

Important: The default audit URI uses a path such as /tmp, which is not suitable for production.
Override dim.audit.fs.uri to adirectory owned by the Cloudera L akehouse Optimizer service principal. For
configuration instructions, see Configuring auditing for Cloudera L akehouse Optimizer.

Cloudera L akehouse Optimizer supports local, HDFS, and object-store locations through the Hadoop FileSystem API.
HDFS supports native append and POSI X file permissions. Object stores such as S3 do not support native append or
POSIX permissions; Cloudera L akehouse Optimizer falls back to read-and-rewrite and relies on bucket policies for
access control. Configure bucket versioning, object lock, and restrictive IAM policies for tamper-evident audit storage
on object stores.
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If audit initialization fails, Cloudera L akehouse Optimizer continues to serve requests. Subsequent audit events
are dropped, and the service logs a rate-limited warning with the drop count. Monitor the application log for audit
pipeline errors.

For the complete list of auditing configuration properties, see Cloudera L akehouse Optimizer auditing configuration
properties.

Y ou can configure auditing for Cloudera Lakehouse Optimizer in Cloudera Manager by setting auditing properties on
the Cloudera L akehouse Optimizer service.

Ensure that the target filesystem URI is reachable from all Cloudera L akehouse Optimizer service hosts and that the
Cloudera L akehouse Optimizer service principal has write access to the audit directory.

Configure auditing on every Cloudera L akehouse Optimizer instance in the cluster or Data Hub.

To configure auditing on a Cloudera L akehouse Optimizer instance;

1. In ClouderaManager Clusters[*** CLOUDERA LAKEHOUSE OPTIMIZER***] Configuration , set the

following auditing properties:

a) Set dim.audit.enabled to true to enable auditing.

b) Set dim.audit.fs.uri to a production audit directory that is owned by the Cloudera L akehouse Optimizer service
principal.
For example, hdfs:///user/dim/audit-logs.

¢) Optionally, configure dim.audit.push.interval.ms, dim.audit.fs.rollover.time.ms, dim.audit.fs.max.events.per.
file, and dim.audit.file.name.prefix based on your operationa requirements.

d) Optionally, configure dim.audit.fs.file.permission and dim.audit.fs.dir.permission for HDFS or local filesystem
deployments.
For the complete list of auditing properties, see Cloudera L akehouse Optimizer auditing configuration properties.
2. Restart the Cloudera L akehouse Optimizer service.

3. Verify that audit log files are created at the configured URI after you perform a Cloudera L akehouse Optimizer
operation.

After you configure auditing:

* Monitor the application log for audit pipeline warnings if events are dropped.
» Configure externa retention or log shipping for rolled audit files.
* On object stores, configure bucket versioning and restrictive IAM policies for tamper protection.

Use the following properties to configure auditing for Cloudera L akehouse Optimizer:

dim.audit.enabled Enables or disables Cloudera L akehouse Optimizer true true
auditing. When set to false, audit events are not
written.
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dim.audit.fs.uri The Hadoop-compatible URI where audit log files hdfs:///tmplclo- hdfs:///user/dim/audit-logs
are written. Override the default path for production audit-logs
deployments.
dim.audit.publisher The audit publisher type. Only fsis supported. fs fs
dim.audit.push.interval.ms The interval in milliseconds at which buffered audit 600000 (10 600000

events are written to the audit log. Events can also be | minutes)
written when the buffer reaches capacity.

dim.audit.fs.rollover.time.ms The time-based rollover threshold in milliseconds. 86400000 (24 86400000
When thisinterval elapses, Cloudera Lakehouse hours)
Optimizer starts anew audit log file.

dim.audit.fs.max.events.per.file | The maximum number of audit events per file before | 65536 65536
rollover. Set to O to disable event-count rollover.

dim.audit.file.name.prefix The filename prefix for audit log files. Cloudera clo-audit.log clo-audit.log
L akehouse Optimizer appends a period and sequence
number. Do not include atrailing period in the
property value.

dim.audit.fs.file.permission The POSIX permission mode (octal) appliedtoeach | 775 775
audit file on HDFS and local filesystems.

dim.audit.fs.dir.permission The POSIX permission mode (octal) applied to the 750 750
audit base directory on HDFS and local filesystems.

Y ou can create Cloudera Lakehouse Optimizer policies, view the |ceberg tables that are under maintenance, view the
policy details, and view the maintenance status for each table on the Lakehouse Optimizer Ul. Y ou can also pause and
resume table maintenance.

On Cloudera Base on premises, you can deploy the Lakehouse Ul parcel in Cloudera Manager, add the Lakehouse Ul
service to your cluster, and configure the Knox Gateway URL to access the Lakehouse Optimizer Ul.

Before you deploy the Lakehouse Ul parcel, ensure that the following requirements are met:

» ClouderaManager isinstalled and you can log in as a cluster administrator.

« Apache Knox isinstalled, running, and accessible on your cluster.

« The cluster contains the dependent services required by Cloudera L akehouse Optimizer, including HDFS, Hive,
Spark 3, YARN, Ranger, and Livy for Spark 3.

To deploy and configure the L akehouse Optimizer Ul on Cloudera Base on premises:

1. In Cloudera Manager Parcels Parcel Repositories & Network Settings, add the Lakehouse Ul parcel repository
URL.
a) In Remote Parcel Repository URLsfield, enter the following URL:
https.//archive.cloudera.com/p/lakehouse-ui/1.0.0/parcel
b) Click Save & Verify Configuration.
Cloudera Manager validates the repository and downloads the parcel manifest.

2. For the LAKEHOUSE Ul parcel, click Download, Distribute, and Activate in sequence.
The parcel status changes to Distributed, Activated.
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3. Add the Lakehouse Ul serviceto your cluster.
a) Onthe ClouderaManager Home page, select the three dots menu, and click Add Service.
b) Select Lakehouse Ul and click Continue.

4. Onthe Select Dependencies page, review the dependent services and click Continue.

5. Assign the Lakehouse Ul Server role to a host.
a) On the Assign Roles page, assign the Lakehouse Ul Server roleto ahost in your cluster.
b) Click Continue.

6. Configure the Knox Gateway Base URL.

a) Onthe Review Changes page, set Knox Gateway Base URL (knox_host) to the base URL of your Knox
Gateway instance.

For example, https://[*** knox-host.example.com®* * *]:8443.
b) Click Continue.
7. Complete the Lakehouse Ul service setup.

a) Onthe Command Details page, wait for the First Run Command to finish. The command deploys Knox
artifacts for Lakehouse UI.

b) Click Continue.
¢) Onthe Summary page, review the installation status and click Finish.
8. Start the Lakehouse Ul serviceif it is not aready running.

a) In ClouderaManager Clusters Lakehouse Ul , select the three dots menu, and click Start if the serviceis
stopped.

9. Access the Lakehouse Optimizer Ul through Knox Gateway.
a) Inabrowser, open the Lakehouse Optimizer Ul using the following Knox Gateway URL :
https://[*** knox-host.example.com* * *]:8443/gateway/cdp-proxy/lakehouse-ui/
b) Alternatively, in Cloudera Manager Clusters Lakehouse Ul , open the Lakehouse Ul quick link.

After you deploy the Lakehouse Ul parcel and access the Ul, complete the prerequisites in Preparing to create
Cloudera L akehouse Optimizer policiesin Ul before you create policies. For more information about managing
parcels, see Managing Parcels.

Access the Lakehouse Optimizer page on "Cloudera on cloud Management Console". Y ou can create Cloudera
L akehouse Optimizer policies, associate them with namespaces, and view the policy details in the L akehouse
Optimizer Ul.

Ij Note: Ensureto also have the EnvironmentUser role to access the Lakehouse Optimizer Ul.

The following image displays the L akehouse Optimizer page when you visit the page for the first time:
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kehouse Optimizer

Get started with Lakehouse Optimizer for Iceberg Tables X

These resources will help you learn about how to use Cloudera Lakehouse Optimizer.

When you access the Lakehouse Optimizer Ul for the first time, the following elements are displayed:

e Get Started banner: Provides links to various pages.

e Environment: Choose the environment where you configured the L akehouse Optimizer Data Hub. The current
Status of the environment and Quick linksto other services are displayed.

After you choose an environment, the following elements are displayed:

e CreatePalicy: Click to create anew Cloudera Lakehouse Optimizer policy. For more information, see Creating a
Cloudera L akehouse Optimizer policy in Lakehouse Optimizer Ul.

» Policies: Click to view thelist of existing policies for the chosen environment.

« Tables: Click to view the tables in the chosen namespace. Available only in Clouderaon cloud 7.3.1.500 and
higher versions.

« Associations: Click to view the tables associations and namespace associations. Available in Cloudera on cloud
7.3.2 and higher versions.

The Policies tab displaysthelist of existing policies for the chosen environment. Search for a policy, or filter the
policies based on the Policy Status.

The following image displays the Policies tab on the Lakehouse Optimize page:

Lakehouse Optimizer

Get started with Lakehouse Optimizer for Iceberg Tables X
These resources will help you learn about how to use Cloudera Lakehouse Optimizer.
Product Tour Videos Start Guide Explore Use Cases Discover Assets: Data Catalog  Monitor Lakehouse Optimizer: Observability
Environment Status Quick Links
w5 dim-env-731-500 . © Available Observability [2 Data Catalog [2
Tables | Policies
Policy Status ~ Create Policy

Status Policy Name + Number of Tables Number of Tasks Last Execut ition Actions
(] ClouderaAdaptive 0 8 07/28/2025 11:48 AM

View ]
[

When you open the Policies tab for the first time, before you create a policy, the default policy named ClouderaAdap
tive is displayed. Lakehouse Optimizer uses the default policy as atemplate to create the policies.

The Palicies tab displays the following details:

« The current Statusicon for the table maintenance activity of the tables associated with the policy.
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* TheNumber of Tablesthat are associated with the policy.
e TheNumber of Tasks or maintenance tasks that ran as aresult of policy evaluation on the associated tables.
e ThelLast Execution or thelast policy run timestamp.

The ™ iconfor each policy displays the actions menu. Select the View action to see the policy details on the
View Palicy page.

In Clouderaon cloud 7.3.1.500 and higher versions, the Tables tab in Cloudera L akehouse Optimizer provides the list
of al the Iceberg tables in the selected namespace, including tables undergoing table maintenance and tables in Pause
state, and the table maintenance details.

The namespaces that you declare for Cloudera L akehouse Optimizer populate the namespaces drop-down list,
allowing you to choose the required namespace to view itstables.

The following image shows the Tables tab on the L akehouse Optimizer page, which lists the tables in the default
namespace:

Lakehouse Optimizer

Get started with Lakehouse Optimizer for Iceberg Tables X
These resources will help you learn about how to use Cloudera Lakehouse Optimizer.
Product Tour Videos Start Guide Explore Use Cases Discover Assets: Data Catalog Monitor Lakehouse Optimizer: Observability

Environmen Status Quick Links

@5 dlm-env-731-500 © Available L lity [2 log [2
Tables  Policies

default - olicy Status ~

Status Table Name Policies Last Execution

© sample 07/29/2025 12:26 AM

Py atalog_return: : View Table Policies

Edit Policy Associations

Pause Table

The Tables tab displays the following details:

« The current table maintenance task Statusicon.
e TheTable Name.

* The Policiesthat the table is associated with.

e TheLast Execution timestamp for each table.

Y ou can select the following actions, when you click * for atable:

* View Table Palicies that showsthe list of policies associated with the table on the Table Policies side panel. The
panel is also displayed when you click the table name on the Tables tab.

» Edit Policy Associations that opens the Edit Policy Associations modal window. The option is also displayed on
the Table Policies side panel.

» Pause Table that pauses the maintenance tasks that are scheduled to be run on the table. Y ou can click Unpause
Table later to pause a table when required.

Important: When you pause maintenance for atable or namespace, al the policies for that table or
& namespace are paused automatically. Therefore, you must be cautious before you pause maintenance for a
table or a namespace.
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The following table describes the status icons displayed on the Tables tab:

Table 10: Status icon descriptions

Statusicon Status description

Thelast policy run for the table completed successfully.

The last policy run for the table failed.

One of the following conditionsis true:

e You paused the table maintenance.

*  Cloudera Lakehouse Optimizer paused the table maintenance
because the recurring failures during the execution phase for the
policy exceeded the retry value. For instructions about setting the
retry value, see Pause and resume table maintenance.

0 No tasks have run on the table.

Associations tab
In Clouderaon cloud 7.3.2 and higher versions, the Associations tab replaces the Tables tab and provides Tables
Associations and Namespaces A ssociations subtabs for managing maintenance tasks and policy links.

Tables Associations sub tab

The tab displays all the available namespaces. Select a NAMESPACE to view the total NUMBER OF TABLESIn
the namespace and the following details for each table in the namespace:

e Thecurrent Status icon of the maintenance task

» The Table Name. Click to open the Table Policies side panel.

» Policiesthat the table is associated with. Click to open the View Policy page.
e Last Runtimestamp

The following image shows the Table Associations tab:

Figure 3: Table Associations tab
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Pohc:es Recent Task Activity
Tables Associations || Namespace Associations

NAMESPACES (12)

Table Associations

‘ NAMESPACE: GONDOR.CENSUS NUMBER OF TABLES: 6
Search by name e

| Table associations in this namespace use Cloudera Lakehouse Optimizer policies to improve query performance and reduce cloud resource spending.

& gondor.census

& moria.mining l Q Status ~ | | Policy ~

© Iothlorien.nature Status | Table Name Policies Last Run

© Lorem Ipsum citizens_of_minas_tirith Kube.System  (Litware +2 Dec 13,2024 11:03:09
© barad_dur.security eye_of_sauron_logs Kube.System Dec 13,2024 11:03:09
@ mithril_exports ent_tracking_data Litware ' ‘Lorem Ipsum  +1 Dec 13,2024 11:03:09

© middleearth.weather elves.trade Lorem Ipsum Dec 13,2024 11:03:09

.

@ fangorn.wildlife climate_patterns Litware ' Lorem Ipsum Dec 13,2024 11:03:09

e 0 0 0 0 ©

© barad_dur.security mithril_output Kube.System Dec 13,2024 11:03:09

@ barad_dur.security

Optionally, you can search for tables using keywords, task Status, or Policy name.

Namespace Associations sub tab

Thetab displays all the available catalogs. Select one or more catalogs, or search for the required catalog to view the
total NUMBER OF NAMESPACES in the catalogs, and the following details about the namespace associationsin
it:

» The current Status icon of the maintenance tasks in the namespace
* The Namespace name
» Policiesthat are associated with the namespace. Click to open the View Policy page.

The following image shows the Namespace Associations tab:

Figure 4: Namespace Associations tab

Associations  Policies Recent Task Activity

Table Associations Namespace Associations

CATALOG (5)

Namespace Associations
NAMESPACE: GONDOR.CENSUS NUMBER OF NAMESPACES: 3

| <Description here... If you want to see the most recent namespace table activity, please see the Task Activity tab>

i, catalog_a
Q Status ~ Policy ~
@ catalog_b I
© catalog_c Status I Namespace Policies
© catalog.d [ cihzens,ﬂl,m&asjlmh Kube.System ' Litware +2
@ catalog_e o eye_of_sauron_logs Kube System
(-] ent_tracking_data Kube System
[} elves.trade Kube.System
[} climate_patterns Kube System

Optionally, you can search for the policy names using keywords, task Status, or Policy name.

Recent Task Activity tab
The Recent Task Activity tab lists amaximum of 100 recent tasks run by Cloudera L akehouse Optimizer.
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The tab displays the Status icon, Task 1D that you can copy, Policy name, Table name, and the Execution Time for
each task. You can goto Actions Task Details to view more details about the task in the Task Table Details side
panel.

The Recent Task Activity tab provides the following options:

* You can select a Namespace to view the recent maintenance tasks run on the Iceberg tablesin it.
e You can enter apolicy name or table name as a keyword in the Search field to view itstask details.
» Select either Status, Policy, or Table or acombination of these to display the required task details.

The following page shows the Recent Task Activity tab:

Tables Policies | Recent Task Activity

Namespace Search

Kube.System v

‘ Search by keywo Status v Policy ~ Table v C  REFRESHED: 20 October 2025 09:10:29 Refresh

See below for the latest task activities. For information about modifying the number of tasks, see Cloudera Lakehouse Optimizer documentation.

Status Task ID Policy Table Execution Time |

‘)k Submitted 3123 12 middle_earth_policy ent_tracking_data 24 April 2025 09:10:29
@ completed 123 1@ middle_earth_policy ent_tracking_data 24 April 2025 09:10:29 Task Details
Qk Failed abc123 1@ middle_earth_policy ent_tracking_data 24 April 2025 09:10:29
° abc123 1@ middle_earth_policy ent_tracking_data 24 April 2025 09:10:29
o abc123 1O middle_earth_policy ent_tracking_data 24 April 2025 09:10:29
° abc123 & middle_earth_policy ent_tracking_data 24 April 2025 09:10:29
o) abc123 1@ middle_earth_policy ent_tracking_data 24 April 2025 09:10:29
() abc123 1@ middle_earth_policy ent_tracking_data 24 April 2025 09:10:29
o abc123 1@ middle_earth_policy ent_tracking_data 24 April 2025 09:10:29
° abc123 1@ middle_earth_policy ent_tracking_data 24 April 2025 09:10:29
o abc123 10 middle_earth_policy ent_tracking_data 24 April 2025 09:10:29
° abc123 & middle_earth_policy ent_tracking_data 24 April 2025 09:10:29

The following image shows all the Status icons that are available at table level and namespace level on the Recent
Task Activity tab. These icons provide detailed information to help you understand the current status of the task and
to take appropriate action to mitigate any issues.
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Table Level Namespace Level
® - Unavailable ©® - Unavailable
® = Success @ = All Success
O -=rail © = Al Failed
@ = User manual pause @ = AllPaused by User
@ = System pause due to recurring failure @ = All Paused by Recurring Failure
@ = Some Success, Some Paused by User

= Some Success, Some Failed
= Some Success, Some Paused by Recurring Failure
© = Some Failed, Some Paused by User

© = Some Failed, Some Paused by Recurring Failure

Several modal windows or side panels are available in the L akehouse Optimizer Ul that provide more information
about the relevant components.

The side panel is displayed when you click one of the following options:

A table name on the Tables tab or Tables Associations subtab.
The Tablestab [***TABLE NAME***] Actions View Table Policies option.
A table on the View Palicy page.

The side panel displaysthe following details:

The table name and the list of policiesit is associated with.
The Edit Policy Associations button that opens the Edit Policy Associations modal window.

Policy details, including the Policy Name, the Policy Statusicon, the Number of Tasks that have run on the table,
the Last Execution timestamp, and the Policy Actions menu.

The Policy Actions menu in Clouderaon cloud 7.3.2 and higher versions displays the following options:

e TheDry Run & Execute action that opensthe Dry Run & Execution modal window or side panel.
» The Pause Table action to pause the maintenance tasks on the table.

Important: When you pause maintenance for atable or namespace, all the policies for that table or
namespace are paused automatically. Therefore, you must be cautious before you pause maintenance
for atable or a namespace.

* The Policy Details action that opens the View Policy page.
» The Remove From Policy action that removes the table from the chosen policy.

In Clouderaon cloud 7.3.1.500 and higher versions, the Policy Actions menu displays the View Policy action that
opensthe View Policy page, and the Remove From Policy action that removes the table from the chosen policy.

The following image shows the Table Policies side panel:
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>

Table Policies

‘ables B citizens_of_minas_tirith

dera’s Lakehouse

sre Use Cases Policies (3) Edit Policy Associations

Search by policy name
QUICK LI

Observi
Status 4+  Policy Name Number of Tables ~ Number of Tasks (© Last Execution

[ x ] Ent_Tracking 17 119 20 June 2024
(] <Policy Name= 17 119 20 June 2024
cy v

] Middle_Earth_CLO_Policy 17 119 20-duna-2024

Policies
Dry Run & Execute

(Kube.Sys
: Pause Table

(Kube.Sys Policy Details

(Kube.Sys Remove from Policy

(Kube.Sys

Kube.Sys
Kube Sys
Kube.Sys
(Kube Sys
(Kube Sys

Kube.Sys

Edit Policy Associations
The side panel is displayed when you click one of the following options:

e The Tablestab [***TABLE NAME***] Actions Edit Policy Associations option.

e The Associations tab Tables Associations sub tab [*** TABLE NAME***] Actions View Table Policies Edit
Policy Associations option.
e The Actions Edit Associations option on the View Policy page

On the Edit Policy Associations modal window, you can perform the following actions:

» Select one or more policiesto associate with the table.

* Remove policy associations from the table.

» Search for available policiesto create associate with the table.
« Search for poalicies currently associated with the table.
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» Savethe changes.

The following image shows the Edit Policy Associations modal window:

Edit Policy Associations X

Select one or more policies to associate or to remove the associations from the table.

Policies (1) Selected Policies (1)

ClouderaAdaptive ClouderaAdaptive

Cancel

The side panel is displayed when you click a namespace on the Namespace A ssoci ations subtab.
The side panel displaysthe following details:

« The namespace name, catalog hame, and the list of policiesit is associated with.
« The Edit Policy Associations option that opens the Edit Policy Associations modal window.

» The namespace details, including the Status icon, the Policy Name, the Number of Tablesin the policy, the
Number of Tasks that have run on the policy, and the Last Execution timestamp.

The " icon displaying the Namespace Policy Details option that opens the View Policy page.
The following image shows the Namespace Details side panel:
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»

Namespace Details

NAMESPACE
minas_tirith

CATALOG
ables catalog_a
era’s Lakeho

Namespace Policies
re Use Cases

<Description text>

Quif Status ¥  Policy Name
Obs
[ x ] Middle_Earth_CLO_Policy
(] <Policy Name>
(/] Ent_Tracking_Policy
JF NAMESPAC

View Policy page

Number of Tables

17

17

17

Edit Policy Associations

Number of Tasks @

Last Execution

119 [ 20 June 2024
119 Namespace Policy Details
19 20 June 2024 H

The View Policy page is displayed after you click apolicy on the Policies tab, or when you click View Policy for a

policy on the Table Policies side pandl.

The following image shows the Clouder aAdaptive policy page:

Figure 10: ClouderaAdaptive policy page

View Policy Q
@ / Policies / View Policy 1
& ClouderaAdaptive

Associations 2

Edit Associations

Delete Policy

Namespace (1)

Associations

NAMESPACE: default NUMBER OF TABLES: 2

default I

Status Table Name

(] catalog_returns

] sample

Total Task Run

2

8

Version Last Run

17/ 1

27b93fd7. & 07/17/2025 7:3
PM
07/31/202510:22

27093fd7... &
PM

The View Policy page displays the following sections:

1. The Policy banner section displaying the policy name and the Actions menu.

Click the Actions menu to access the following actions:

« Edit Associations— This action opens the Edit Associations side panel which displays the Policy name, the
Namespaces, and the tables associated with the policy. Y ou can choose one or more hamespaces to associate

with the policy.
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» Delete Policy — This action removes the policy permanently. Ensure that you have a backup plan to maintain
the tables that were associated with this policy.
2. The Associations section contains the following panels:

» The Namespace pane lists all the namespaces that contain the tables associated with the policy, which might
be an entire namespace in apolicy or afew tables in the namespace.

Search for a namespace name to verify whether the namespace or the tables in the namespace are associated
with the policy, or to view more details about the namespace in the Associations panel.

» TheAssociations panel displays all the tablesin the selected namespace that are associated with the policy; the
NAMESPACE name, and the NUMBER OF TABLES in the namespace that are associated with the policy.

The Associations panel includes the following table details:

The current task maintenance Status icon.
The Statusicon colors indicate the following statuses:

* Green, when the last policy run for the table completed successfully

* Red, when thelast policy run for the table failed

» Grey, when the table maintenance has been paused either by the user manually or because the recurring
failures during the execution phase for the policy exceeded the retry value

The Table Name

The Total Task Run

TheVersion

Click the download icon to download the policy definitions applicable to that table.
The Last Run timestamp.

Y ou can enter the namespace name in the Search field, or filter the list based on the Status or the Version to
view more details about the namespace-policy associations in the Associations panel.

Before you create the Cloudera L akehouse Optimizer policies, the administrator must complete afew prerequisites.
The administrator must perform the necessary steps to install the Cloudera L akehouse Optimizer Data Hub and
complete the other required configuration steps to initiate | ceberg table maintenance. Y ou can use the Lakehouse
Optimizer Ul or REST APIsto create and maintain the policies.

Consider the best practices before you create or define the policy.

The following section explains the steps to complete before you create Cloudera L akehouse Optimizer policies using
the Lakehouse Optimizer Ul.

1. Ensurethat you do not have any other optimization services enabled alongside Cloudera L akehouse Optimizer,
such as AWS S3 Table Optimization, to avoid conflicts during the optimization process.
2. The CDP Environment administrator must perform the following steps to install and configure Cloudera
L akehouse Optimizer:
a) Contact your Cloudera account team to enabl e the Cloudera L akehouse Optimizer service for your Cloudera
Open Data L akehouse environment.
b) Ensure that the environment has the following minimum configuration to support Cloudera L akehouse
Optimizer:

The AWS environment must have 1x m5.4xLarge (Master Node); 2x r5d.xLarge (Worker Nodes);
r5d.xLarge (Compute Nodes - 0 by default).
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* The Azure environment must have 1x Standard_D16d_v5 (Master Node)- 2x Standard_E8ds_v5 (Worker
Nodes)- Ox Standard_E8ds v5 (Compute Nodes - 0 by default).

f Important: Enable autoscaling on the compute node before you use Cloudera L akehouse Optimizer.

¢) Modify the default values for Spark Executor Memory and Spark Driver Memory. The default values are 8 GB
and 4 GB respectively. The default memory settings might be enough for a majority of the use cases. However,
for heavy workloads you might want to increase these values.

To modify the spark.driver.memory and spark.executor.memory settings, go to the Cloudera
Manager Clusters CLOUDERA_LAKEHOUSE_OPTIMIZER Configuration conf/dim-
client.properties role_safety valve property.
3. Cloudera Lakehouse Optimizer administrators must perform the following actions before creating the policies:

a) Verify whether you can access the Lakehouse Optimizer page in Cloudera Management Console.
b) Verify whether the ClouderaAdaptive default policy is available on the Cloudera Management Console
L akehouse Optimizer Palicies tab.

Create an event-based policy or a schedule-based policy to initiate |ceberg table maintenance. For more information,
see Creating a Cloudera Lakehouse Optimizer policy in Lakehouse Optimizer Ul.

After you complete the prerequisites, you can create the Cloudera L akehouse Optimizer policiesin the Lakehouse
Optimizer Ul. Y ou can create one or more policies for atable to perform I ceberg table maintenance.

To create apolicy in the Lakehouse Optimizer Ul, perform the following steps:

1. Ensure that you have completed the stepsin Preparing to create Cloudera Lakehouse Optimizer policiesin Ul on
page 104.

2. Gotothe Cloudera Management Console Lakehouse Optimizer page.
3. Click Create Policy to open the Create Policy wizard.

Lakehouse Optimizer
Get started with Lakehouse Optimizer for Iceberg Tables X
These resources will help you leam about how to use Cloudera Lakehouse Optimizer.
Start Guide [7  Explore Use Cases [4 Monitor Lakehouse Optimizer [

Policies Table Recent Task Activity

Policy Status ~ Create Policy

Status Policy Name * Number of Tables Number of Tasks Last Execution Actions

(7] ClouderaAdaptive 0 0
[} New_Policy_Creation_1 0 0

(7] New_Policy_Creation_3 1 0
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4. Enter the following details on the General Information tab:

Option Description

Catalog Choose the option to apply this palicy to all thetablesin al the
selected namespaces.

Namespace Choose the option to apply this policy to al the selected tablesin the
specified namespace.

Policy Name Enter a unique policy name so that you can identify it later when

required. Enter an underscore instead of spaces in the policy name.

name, the whitespace is automatically replaced with an

E Note: If you enter a space between words in the policy
underscore later on during the policy creation process.

Description Optional. Enter a brief description that describes the table
maintenance goal, and any other information that might help you and
other users.

The following image shows the General Information tab:

Create Policy ja

@ General Information

2  Catalog Associations

General Information

Policy Scope

3 Policy Actions
Select the scope of the policy

4 Review
(® Catalog (O Namespace

Triggers evaluation based on table events such as insert, update, Applies to the selected tables in the namespace.
and delete operations.

Describe Policy

* Policy Name

l Customer1_tables l

Description

[ Maintain customer tables at regular intervals. 1

5. Click Next.

6. Enter the detailsin the next tab; the tab details appear depending on whether you chose Catalog or Namespace on
the General Information tab:

Choice chosen on the General Information tab Optionsto select or choose

Catalog Choose one or more namespaces to associate with the
policy on the Catalog Associations tab.

Namespace Choose or Add Another Namespace to associate with
the policy. Y ou can choose the tables in the namespace
to associate with the policy.

The following image shows the Catalog Associations tab and the tab details:
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Create Policy

Q General Information

@ Catalog Associations

3 Policy Actions

4 Review

Catalog Associations

Select the namespace associations to your policy below. All tables within the selected namespaces will be evaluated for
Lakehouse Optimization.

B All Namespaces (3) Selected Namespaces (1)
‘ Search by namespace ‘ ‘ Search by namespace
[ default information_schema

information_schema

(] sys

< Previous Cancel

The following image shows the Namespace Associations tab and the tab details:
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Create Policy

° General Information

; Namespace Associations
@ Namespace Associations

Add Another Namespace

3 Policy Actions

Select the namespace associations to your policy below. All tables within the selected will be forL Optimizati

4 Review
v default 1 Tables selected. il

Namespace

default

Can't find the namespace? Make sure you register the namespace in XYZ page first

B default (2) Selected Namespaces (1)

Search by namespace ‘ [ Search by namespace

(] sample @ catalog_returns

. catalog_returns

> No namespace selected. 0 Tables selected. ii]

< Previous Cancel

7. Click Next.
8. Enter the following details on the Policy Actions tab:

Description

Select Policy Choose ClouderaAdaptive. Thisisthe default policy that you use as
atemplate to create the new policy.

Table Maintenance Schedule Choose Event Based to trigger the policy evaluation when the HMS
events, such asinsert, delete, and update operations complete.
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Option Description

Choose Schedule Based to trigger the policy evaluation at regular
intervals. Y ou can choose the following options to run the policy:

Y ou can choose the following options to run the policy:

¢ Select Frequency as Daily, Weekly on <current week day>,
Monthly on the first current <week day>, Yearly on <today’s
date>, Every weekday (Monday to Friday), or Custom CRON
scheduler.

Y ou can generate a CRON expression using the https:/
www.freeformatter.com/cron-expression-generator-quartz.html

page.

For example, the 0 */30 * ?* * expression schedules the policy
to run every 30 minutes; the 0 0 */4 ?* * expression schedules
the policy to run for every 4 hours; the0 0 0 * * ? expression
schedules the policy to run every day at midnight.

¢ Choosethe Time Zone.

e Select the Hour.

e Select the Minutes.

might be scenarios where two concurrent tasks on asingle
table might run at the same time which might create
issues. Therefore, ensure that you use only one policy for
atable, and no two policies are scheduled to run at the
same time.

E Note: When you use multiple policies for atable, there

Select and configure at least one of the maintenance tasks.

Task Priority Set how urgently a policy's maintenance tasks must run when they
compete with other policies for cluster resources. Higher priority
tasks are scheduled before lower priority tasks.

Y ou can select one of the following options from the Priority list:

« Critica
« Urgent
¢ High
¢ Medium (Default): Thisoption is selected by default.
¢ Low
e Minima
Automated Actions Choose Expire Snapshot, and configure the following options to

ensure compact metadata and optimal query performance. This
action allows you to time travel to a previous version of the table,
and allows you to control the snapshot retention settings for time
travel queries and rollback.

Note: Retaining too many snapshots impact the table
performance. Therefore, ensure that you retain only the
required number of snapshots.

«  Enter the Expire Older Than vaue in milliseconds. Cloudera
L akehouse Optimizer expires the snapshot older than the set
value. The default value is 432000000 ms (7200 minutes).

¢ Enter the Retain Last value to specify the number of snapshots
to retain. Cloudera Lakehouse Optimizer deletes the older
snapshots when the set value is reached. The default value
is 5. For example, by default the first snapshot gets deleted
automatically after the sixth snapshot is created.

¢ Optional. Enter the snapshot ID in the Expire Snapshot with
1D field. Cloudera Lakehouse Optimizer expires the specified
snapshot. There is no default value.

«  Toggle Clean Expired File to remove the expired snapshots
permanently. The default valueistrue.
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Choose Compaction settings, and configure the following options
to improve query performance. This action compacts small files
into larger ones, thereby optimizing storage and improving read
performance.

«  Enter the Target File Sizein bytes. Cloudera L akehouse
Optimizer merges the small filesinto alarger file of the
specified size. The default value is 536870912 bytes. Improves
the query performance because of larger optimally sized files.

«  Enter the Max Concurrent Rewrite File Groups value to specify
the maximum number of file groups to be simultaneously
rewritten. The default valueis 5. Improves the compaction
performance and rewrite operations.

but consumes alot of resources. Ensure that you
choose an optimal value for your environment.

¢ Enter the Minimum Input Files value to specify the minimum
number of filesin afile group. Any file group exceeding
the set number of filesisrewritten into alarger datafile
regardless of other criteria. The default value is 5. Optimizes
data management and improves query performance.

«  Enter the Partial Progress Max Commits value to specify the
maximum number of commits that are allowed during the
rewrite operation. This ensures that the changes are committed
and the snapshots are created even while the rewrite operation
isin progress. The default value is 10. Ensures that the longer
rewrite operation is chunked, and the commits are performed as
the operation proceeds.

B Note: A higher value speeds up the rewrite operation

Note: Thisaction might lead to alarge number of
snapshots, therefore Cloudera recommends specifying
an optimal value.

¢ Enter the Delete File Threshold value to specify the minimum
number of delete files that must be associated with a datafile,
after which those delete files are rewritten into alarger datafile.
The default value is 2000000. Optimizes the read operations.

¢ Choose Partial Progress Enabled to ensure that the completed
parts of the rewrite operation are committed. The default valueis
false. Improves performance, fault tolerance, and prevents out of
memory (OOM) issues.

¢ Choose Use Starting Sequence Number to use the sequence
number of the snapshot at compaction operation start time
instead of the newly produced snapshot. The default valueis
false. Optimizes the performance.

*  Choose Rewrite All to force rewrite all the files overriding other
options. The default value is false. Ensures full compaction of
the tables.

Choose Rewrite Manifest, and configure the following options to
consolidate multiple small manifest files (metadatafiles) into alarger
manifest file, remove the deleted data references, and ensure that the
manifest files are efficiently structured which in turn improves the
metadata scan performance.

¢ Enter the Target File Size value to specify the target manifest
file sizein bytes. The default value is 8388608. |mproves query
performance and opti mizes metadata management.

¢ Choose Use Caching to cache the manifest filesin memory. The
default valueis true. Improves query planning and performance.
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Option Description

Choose Delete Orphan Files, and configure the Remove Orphan
Files Older Than value to identify and remove the datafiles that are
no longer referenced by any table metadata. These files are called
orphan files, and might exist due to failed writes, manual deletions,
or schema changes.

Enter the Remove Orphan Files Older Than value to specify the time
duration in milliseconds to remove the orphan files that meet the
criteria. This action reclaims storage space, maintains data integrity,
and ensures the storage footprint of |ceberg tables are as efficient as
possible.

Choose Rewrite Position Delete Files, and configure the following
options to optimize the size and layout of the positional delete files
in the | ceberg tables by compacting small positional delete filesinto
larger ones, and filtering out positional delete records that refer to
datafilesthat are no longer available.

«  Enter the Target File Size value to specify the target positional
deletefile sizein bytes. Cloudera L akehouse Optimizer merges
the small positional delete filesinto alarger file of the specified
size. The default value is 67108864 bytes.

¢ Enter the Max Concurrent Group Rewrite value to specify the
maximum number of file groups to be simultaneously rewritten.
The default value is 5. Reduces rewrite operation time.

Note: A higher value speeds up the rewrite operation
E but consumes alot of resources. Ensure that you

choose an optimal vaue for your environment.

¢ Enter the Minimum Input Files value to specify the minimum
number of filesin afile group. Any file group exceeding this
number of filesisrewrittenin alarger datafile regardiess
of other criteria. The default valueis 5. Optimizes data
management.

«  Enter the Partial Progress Max Commits vaue to specify the
maximum number of commits that are allowed during the
rewrite operation. This ensures that the changes are committed
and the snapshots are created even while the rewrite operation
isin progress. The default value is 10. Ensures that the longer
rewrite operation is chunked, and the commits are performed as
the operation proceeds.

Note: Thisaction might lead to alarge number of
snapshots, therefore Cloudera recommends specifying
an optimal value.

*  Choose Partial Progress Enabled to ensure that the completed
parts of the rewrite operation are committed. The default valueis
true. Improves performance and fault tolerance.

¢ Choose one of the following Rewrite Job Older options to force
the rewrite job order based on the chosen value:

*  bytes (asc) rewrites the smallest job groups first.

*  bytes (desc) rewrites the largest job groupsfirst.

« files (asc) rewrites the job groups with the least number of
filesfirst.

« files(desc) rewrites the job groups with the most files first.

« none rewrites thejob groupsin the order they were planned.

The default value is none.

The following GIF shows the Policy Actions tab and the tab details:

111



Cloudera L akehouse Optimizer for |ceberg table maintenance

Create Policy

o General Information

|

@ Nemespace Associations
|

@ Policy Actions

4 Review

9. Click Next.

S General Information

Policy Actions Policy Name
Customer1_tables
Policy Template Description

Maintain customer tables at regular intervals.
Selectthe policy template you would like 10 use a5 a starting point. You can customize the schedule and thresholds depending on your requirements. 9!

Policy Scope

* Select Policy Template
Namespace

ClouderaAdaptive -
The template evaluates whether a certain action must be executed based on the computed statistics that are derived from the Iceberg table metadata. You

can also configure the action arguments using the policy constants and the Iceberg table properies.

Table Maintenance Schedule

Fully automated based on table activity.

@ *+ Event Based () @ Schedule Based
Triggers evaluation based on table events such as insert, update, Schedule how often to evaluate the tables for maintenance

and delete operations.

Task Priority
Set how urgently this policy’s tasks should run when competing with other policies for cluster resources. Higher priority tasks are scheduled before lower
priority tasks.

Priority

Medium (Default) -

Automated Actions

Select and configure at least one type of action that will automatically run when the policy runs at the scheduled time.

v @ Expire Snapshot
Configure the snapshot expiration settings to allow time travel to previous versions of the table. You can control the snapshot retention settings for time
travel queries and rollback. Note that retaining a large number of snapshot might impact table performance.

10. Verify the settings on the Review tab.
The following image shows the Review tab:
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Create Policy

@ General information

|

@ Nemespace Associations
|

@ Folicy Actions

|

(%) Review

11. Click Finish.

Review

General Information

Policy Name
Customer1_tables

Description
Maintain customer tables at regular intervals.

Policy Scope
Namespace
Namespace Associations

v default

Policy Actions

Schedule

Event Based

Fully automated based on table activity.
Task Priority
Medium

Automated Actions

Expire Snapshot

Expire Older Than Retain Last Expire Snapshot with ID
432000 5

Compaction

Target File Size Max Concurrent Rewrite File Groups Minimum Input Files
536870912 5 5

Delete File Threshold Partial Progress Enabled Use Starting Sequence Number

2000000 false false

Rewrite Manifest
Target File Size Use Caching

8388608 true

Delete Orphan Files
Remove Orphan Files Older Than

259200

Rewrite Position Delete Files

Target File Size (Bytes) Max Concurrent Group Rewrite Minimum Input Files

67108864 H 5
Partial Progress Enabled Rewrite Job Order

true None

< Previous Finish

1 Tables selected

Clean Expired Files

true

Partial Progress Max Commits
10
Rewite All

false

Partial Progress Max Commits

10

Cancel

22 General Information

Policy Name

Customer1_tables

Description

Maintain customer tables at regular intervals.

Policy Scope
Namespace

Depending on the Table M aintenance Schedule, Cloudera Lakehouse Optimizer initiates the table maintenance
tasks on the chosen tables.

To monitor the policies, use one of the following methods:

* View the policy run details on the Lakehouse Optimizer Ul Policies tab.
* View the chosen tables’ maintenance details on the Lakehouse Optimizer Ul Tables tab.
« Verify whether the table maintenance completed successfully on the Lakehouse Optimizer Ul Tables tab.

* Monitor the policy jobs as Spark jobs on the Cloudera Observahility dashboard. For more information, see
Monitoring table maintenance tasks on Cloudera Observability dashboard.

* View the various methods that are available to monitor the table maintenance tasks.

Additionally, you can pause and resume table maintenance on the Policies tab to manage policies.
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Important: When you pause maintenance for atable or namespace, all the policiesfor that table or
namespace are paused automatically. Therefore, you must be cautious before you pause maintenance for a
table or a namespace.

In Clouderaon cloud 7.3.2 and higher versions, dry run Cloudera L akehouse Optimizer policiesto preview generated
maintenance tasks and verify expected outcomes before initiating a manual or scheduled execution.

1. Gotothe Cloudera Management Console Lakehouse Optimizer page.
2. Select one of the following methods to open the Dry Run and Execution side panel:

Click ™ for atable on the Table Associations tab, and then click the Dry Run & Execute action.

Click " for atable on the Table Associations tab, and then click the View Policy action. On the View Policy

page, click “ for atable, and then click the Dry Run & Execute action.

3. Select one of the following options depending on your use case:

Dry Run Only — This option generates the maintenance tasks for the table, and performs adry run to ensure
they run without failure. No action is performed on the table.

After you choose this option, Cloudera L akehouse Optimizer initiates the dry run of the policy during which
it fetches and evaluates the policy definition on the table to generate the maintenance actions. The output is
provided in the side panel in JSON format.

Click JSON Details to view the output. Optionally, you can copy the JSON details, and save these detailsin a
file on your machine for future reference. After reviewing the generated output, you can decide whether to run
the policy on the table, or to modify the policy to meet your requirements. Y ou can close the side panel after
the dry run is complete or cancelled.

Ij Note: If you close the side panel during the dry run process, the dry run action is aborted.

Dry Run & Execute — This option performs a dry run and allows you to execute the policy immediately after
reviewing the results.

a. After you click Dry Run & Execute, Cloudera L akehouse Optimizer generates the maintenance tasks and
initiates adry run, providing the output in the side panel. Click JSON Details to view the output.
b. After you review the output, click Execute Table Policy. Cloudera L akehouse Optimizer then initiates the
policy run and displays the run details, which include the policy run status, task 1D, and task details.
c. Optionally, you can click See All Recent Task Activity to view more details about the policy run."
Note: The actions generated during the dry run and the actions that are generated during the execution

step might differ if the policy conditions change. For example, if there were changes made to the table or
if there was a customization in the | ceberg table parameters between the two steps.

4. Click Doneto close the side panel.

Y ou can use Cloudera Lakehouse Optimizer REST APIsto create, maintain, and monitor Cloudera L akehouse
Optimizer policies. You can perform several maintenance operations on the Iceberg tables using REST APIs.

114



Cloudera L akehouse Optimizer for |ceberg table maintenance

Before you create or define the Cloudera L akehouse Optimizer policies using REST APIs, the administrator
must complete the necessary prerequisites. After defining the policy, the administrator must onboard the required
namespace, associate the required tables to the policy, and reschedul e the namespace.

Consider the best practices before you create or define the policy.

The following section explains the prerequisites, defining the policy, and post-requisites that you must complete using
REST APIsfor Cloudera Lakehouse Optimizer to initiate table maintenance.

1. Contact your Cloudera account team to enable the Cloudera L akehouse Optimizer service for your Cloudera Open
Data L akehouse environment.

2. Usean existing Cloudera Base on premises cluster, or create a dedicated Cloudera L akehouse Optimizer cluster.

Ensure that the cluster contains the Zookeeper, HDFS, Hive, YARN, Spark3 on_yarn, Oozie, Hue,
Livy for_spark3, Ranger, Knox, and Meteringv2 services.

Add the Cloudera L akehouse Optimizer service to the cluster.

3. Assignrolesto Cloudera Lakehouse Optimizer users. For instructions, see Configuring roles for Lakehouse
Optimizer users.

4, 1f required, enable the Ranger service for Cloudera Lakehouse Optimizer, and then create the Ranger policies
to provide the fine-grained access to a user or group. For instructions, see Providing fine-grained access to
namespaces using Ranger.

5. Modify the default values for Spark Executor Memory and Spark Driver Memory. The default values are 8 GB
and 4 GB respectively. The default memory settings might be enough for a majority of the use cases. However,
for heavy workloads you might want to increase these values. For more information, see Troubleshooting:
Configuring the Spark engine to optimize the rewrite compaction job.

To modify the spark.driver.memory and spark.executor.memory settings, go to the Cloudera Manager Clusters
[***CLOUDERA LAKEHOUSE OPTIMIZER***] Configuration conf/dim-client.properties role_safety valve
property.

6. Optionaly, configure custom Y ARN queues to use for Cloudera Lakehouse Optimizer workloads. This ensures
that the policy runs do not overlap with other workloads.

7. For al node groups, configure the yarn.schedul er.maximume-allocation-mb and yarn.nodemanager.resource.me
mory-mb advanced configuration snippets on the ClouderaManager Clusters YARN SERVICE Configuration tab
to more than 8 GB depending on your requirements.

8. By default, the dim_admin, dim_operator, or dim_monitor groups are available that are assigned to the Cloudera
L akehouse Optimizer administrator, operator, or monitor role respectively. Y ou can add one or more comma-
separated groups to perform the administrator, operator, or monitor roles.

To view the default groups or to add more groups, perform the following steps:

a. Gotothe ClouderaManager Clusters[*** CLOUDERA LAKEHOUSE OPTIMIZER***] Configuration tab.

b. For the administrator role, search for the DLM Security Role Admin property. By default, the property
contains the dim_admin group. Y ou can append more groups that are comma separated. For example, dim_
admin, clo_admin.

c. For the operator role, search for the DLM Security Role Operator property. By default, the property contains
the dim_operator group. Y ou can append more groups that are comma separated.

For the monitor role, search for the DLM Security Role Monitor property. By default, the property contains the
dim_monitor group. Y ou can append more groups that are comma separated.

9. Complete the trusted-proxy authentication prerequisites for Cloudera L akehouse Optimizer REST APIson
Cloudera Base on premises.
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For more information, see Prerequisites for Cloudera L akehouse Optimizer REST API authentication (trusted
proxy).

10. Cloudera L akehouse Optimizer administrators must perform the following actions to verify whether the REST
APIs are accessible and the service is available:

a) Verify whether you can access Lakehouse Optimizer REST APIs after you generate an Apache Knox token.

b)

For more information, see Generating tokens and access L akehouse Optimizer.

Perform a health check, and then verify whether the ClouderaAdaptive default policy is available. For more
information, see Verifying Lakehouse Optimizer health and policy script.

11. Cloudera L akehouse Optimizer administrators must perform the following actions to initiate the |ceberg table
maintenance activity:

a)

b)
<)

d)

Onboard a namespace using the PUT / nanespaces/ { nanespace} API. The APl informs Cloudera

L akehouse Optimizer to include the associated tables in the namespace for maintenance.

Define or create the policy. For more information, see Defining L akehouse Optimizer resources.

Associate or subscribe the tables in the onboarded namespace to the required policy using the POST /

pol i cies/{policyNanme}/tabl es/{tabl eNane}/ subs API. The action modifies or appends the
mapping of the Iceberg tables to the policies in the association file.

You must runthe PUT / polici es/{policyNane}/tabl es/{tabl eNane}/ subs API for
subsequent associations. For more information, see Understanding table-policy associations.

For example, ALTER TABLE t1 SET TBLPROPERTIES ('dl mpolicies' =

"pl'); whereplisthe policy name. After you update the table properties, run a manual

evaluation on the IcebergPropertiesTable policy. Y ou must then run the POST / pol i ci es/

| ceber gProperti esTabl e/ tabl es/t 1/ eval uati on API, and reschedul e the namespace.
Reschedul e the namespace to update the policies for al the tables in an existing namespace using the
PATCH / nanespaces/ { nanespace} API.
Optionally, dry run the policy, during which Cloudera L akehouse Optimizer only generates the table
maintenance actions and does not initiate the maintenance actions. For instructions, see Step 2 of Performing
manual table maintenance.

Ij Note: A table can be associated with a set of policies using the dim_policies table property.

Wait for Cloudera Lakehouse Optimizer to initiate the table maintenance based on the CRON schedule in the policies.

Optionally, you can also initiate a manual table maintenance, when required. Ensure that you dry run the policy
before manual maintenance. For more information, see Performing manual table maintenance.

To monitor the poalicies, view the various methods that are available to manage and monitor the table maintenance

tasks.

Depending on your role, you can add the service to Cloudera Manager, create the Cloudera L akehouse Optimizer
policies, and monitor the policies. Cloudera Lakehouse Optimizer REST APIs uses Knox to infer authentication and
group membership.

To access the Cloudera L akehouse Optimizer features and REST APIs, you might require one or more of the
following roles:

Administrators Can access and use al the features including dim_admin

all the REST APIs.

Operators Have limited accessto REST APIs. They can | dim_operator

run certain tasks, and have no privileges to
modify the service configuration.
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Monitors Can only observe the health and status of the | dim_monitor
service and its running tasks.

The CLO Security Role Admin, CLO Security Role Operator, and CLO Security Role Monitor properties on the
Cloudera Manager Clusters [*** CLOUDERA LAKEHOUSE OPTIMIZER***] Configuration tab contain the group
names that define the user roles. By default, the properties contain the dim_admin, dim_operator, and dim_monitor
values respectively.

Note: You can change the default names with the names of the groupsin your cluster, and you can also add
multiple comma-separated group names.

Ensure that you are in the administrator, operator, or monitor group to use the Cloudera L akehouse Optimizer REST
APls.

Provide administrator, operator, or monitor role access for a user or agroup at namespace level. Enable the Ranger
service for Cloudera L akehouse Optimizer, and then create the Ranger policiesto provide the fine-grained accessto a
user or group.

Namespace-level permissions supersede universal permissions. Y ou can assign the namespace administrator
permissions to one or more groups, and then assign the required Ranger policies to those groups. For example, if clo_
userl group is assigned the all-database Ranger policy, the users within that group have access to al the Cloudera

L akehouse Optimizer policies. To deny accessto auser in the clo_userl group, you remove the user from the clo_
userl group, and then configure deny permission for the user.

1. Verify whether the Ranger serviceis enabled for Lakehouse Optimizer.

a) Gotothe Cloudera Manager Clusters[*** CLOUDERA LAKEHOUSE OPTIMIZER***] Configuration tab.
2. Search for Ranger.

The Ranger field must be selected as shown in the following image:

Cluster 1

® LAKEHOUSE_OPTIMIZER-1 st
Status  Instances  Configuration ~ Commands  Charts Library ~ Audits  Quick Links +
Q ranger @ Filters  Role Groups  History & Rollback
Filters Show All Descriptions
RANGER Service LAKEHOUSE_OPTIMIZER-1 (Service-Wide) 'O Undo 0]
v SCOPE # ranger_service RANGER-1

LAKEHOUSE_OPTIMIZER-1 (Se...5

The CLO SERVICE (cm_clo) resourceis displayed in Ranger as shown in the following image:

SCHEMA-REGISTRY i [= KAFKA-CONNECT E [ oPENsEARCH +

- B
s +08 [ cLo sErvice +08 >es +0a
o @ n o @ n o @ n
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Tip

Q The default al-database Ranger policy contains the dim_admin group and the usersin this group are
superusers. The following sample image shows dim_admin and clo_admin groups along with hive, admin,
and rangerlookup users as superusers:

Y ou can create Ranger policiesto provide fine-grained access to groups and users based on your reguirements.
3. Createthe required Ranger policy in Ranger.
a) Goto ClouderaManager Clusters Ranger Ranger Admin Web Ul .
The Ranger Ul isdisplayed in a new tab.
b) Goto cm clo Add New Policy .
c) Enter the following details in the Create Policy wizard:

1. Enter aunique Policy Name.

2. Optionally, enter a Description.

3. Select one or more names from the CLO Namespace Name list.

4. Inthe Allow Conditions section, select the Group, User, or both, and then select the Permissions.

Important: Cloudera highly recommends selecting Admin, Operator, or Monitor permissions
& in the Add/Edit Permissions list. Thisis because an incorrect or incompatible combination of
permissions might result in unpredictable behaviors.

Add/Edit Permissions
Allow Conditions: Reod
= S S — e [
=
aaaaaaaa u
s &

o Mornitor
el

ABxclude from Alow Conditions:

a .
5. Deny permissions to a specific group or user in the Deny Conditions section as described in the Allow
Conditions instruction step.
6. Click Save.

f Caution:
If the Ranger field in the Cloudera Manager Clusters[*** CLOUDERA LAKEHOUSE
OPTIMIZER***] Configuration tab is not selected, Cloudera L akehouse Optimizer does not
implement fine-grained permissions when running the Cloudera L akehouse Optimizer policies.

Cloudera L akehouse Optimizer checks the permissions before it runs a Cloudera L akehouse Optimizer policy.

On Cloudera Base on premises, trusted-proxy configuration, identity forwarding, and avalid signing key are required
before Cloudera L akehouse Optimizer REST API calls succeed through Apache Knox.

The topic describes adding users in the dim_admin group, generating a Knox token, and calling the APl with a
Bearer token. Ensure to the meet the following prerequisites to run API calls including the sample health check,
failing which, might return a 403 Forbidden or 401 Unauthorized errors through Knox with no corresponding error in
dim.log.
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» hadoop.proxyuser.knox.hosts and hadoop.proxyuser.knox.groups must be present in the cluster configuration that
the Cloudera L akehouse Optimizer server loads, such as core-site.xml or dim-cluster.properties. With dlm.security
trusted.proxy=true, Cloudera L akehouse Optimizer buildsits trusted-proxy allow list from hadoop.proxyuser.kno
x.hosts. If absent, the list is empty and every proxied request is rejected with the Rejecting doAs ... from untrusted
sender message.

Important: The core-site.xml that Cloudera L akehouse Optimizer loads is the same cluster-level file that
Cloudera Manager provides. Cloudera L akehouse Optimizer adds the core-site.xml file as a resource from
the hadoop-confservice directory to its classpath. For example, configuration.addResource(" core-site.xml
") and configuration.addResource("hdfs-sitexml™).

» The end-user identity must be forwarded as the doAs query parameter (?doAs=<user>). Groups must be
forwarded in the X-Knox-Actor-Groups-1 header. Cloudera L akehouse Optimizer maps the group to the role
through dim.security.role.admin (default mapping: dim_admin # admin). If the header is missing, Cloudera
L akehouse Optimizer logs doAs user <u>, groups null and returns 403 Forbidden.

o dim.security.authkey.path is optional. It applies only when Cloudera Lakehouse Optimizer must be authenticatd
directly with WTsinstead of through an Apache Knox gateway. Set the property to a WK (JSON) file that
contains an RSA key pair, including the private key. If the property is hot set or the fileis missing or unreadable,
Cloudera L akehouse Optimizer generates atemporary in-memory key. Tokens are invalidated on restart and
are not shared between HA nodes. If the file exists but cannot be parsed or contains only a public key, Cloudera
L akehouse Optimizer logs Failed to start security and continues running, but API calls are rejected (typically 403
Forbidden).

When you call REST APIsthrough Knox, use the Knox-proxied path (for example, https://<ENDPOINT>/cdp-proxy-
token/clo/api/v1/config/health) with the Authorization: Bearer header. In addition, Knox must forward the end-user
identity as the doAs query parameter and group membership in the X-Knox-Actor-Groups-1 header.

Without the trusted-proxy contract, the following call returns 403 Forbidden or 401 Unauthorized:

curl 'https://<ENDPO NT>/ cdp- proxy-token/cl o/ api /vl/config/health' -H'Autho
rization: Bearer <JW>'

Working call with the prerequisites met:

curl "http://<cl o-host>:8085/cl o/ api/vl/ confi g/ heal th?doAs=cl odenp" -H "X-Kn
ox- Act or- Groups-1: dl madni n"

403 Forbidden with no entry in dim.log Security failed to initialize (authentication key)
Rejecting doAs ... from untrusted sender Missing hadoop.proxyuser.knox.* properties
doAs user X, groups null Missing X-Knox-Actor-Groups-1 header

401 Unauthorized with Couldn't find bearer token Identity not forwarded as ?doAs=

Generate WT tokens through Apache Knox to authorize and access Cloudera L akehouse Optimizer REST APIsfor
service-level administrative tasks.

1. Goto Cloudera Manager Clusters Knox service Web Ul Knox Gateway Home .
2. Enter the credentials to access the Knox gateway.
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3. Obtain the token from Apache Knox to use the Cloudera L akehouse Optimizer REST APIs.

a) Click ClouderaManagement Console Data Hub Clusters [*** LAKEHOUSE OPTIMIZER DATA HUB***] .

b) Click Token Integration in the Services section.
Apache Knox appears in a new browser tab.
¢) Click Token Generation in the General Proxy Information section as shown in the following screenshot:

- General Proxy Information

Knox Version 7)
TLS Public Certificate PEM | JKS
Integration Tokens Token Management [ Token Generation

- Topologies

The Token Generation page appearsin anew browser tab.
d) Enter the required number of days, hours, and minutes for the token in the Lifetime (days, hours, mins) field
on the Token Gener ation page, and then click Generate Token as shown in the following screenshot:

Token Generation

Token management backend is properly configured for HA and production deployments.
i Token Generation enables integration and API invoca ations by using the token as an authorization bearer token. Copy the JWT token from the resulting text area and protect it securely from others as this token represents your identity and is active until expired.

i Configured maximum lifetime:
1days

© Lifetime (days, hours, mins)

The following screenshot shows the generated token details:

Token Generation

Token management backend is properly igt for HA and pi

iToken ion enables integration and API i ions by using the token as an authorization bearer token. Copy the JWT token from the resulting text area and protect it securely from others as this token represents
your identity and is active until expired.

4 Comment:

i Configured maximum lifetime:

1days
O Lifetime (days, hours, mins):
0 1 0
Generate Token
) JWT Token:
ey)qa3UiOijodHRwczovL 2RsbS11bnYtNzMxLTUWMC1kaC1tYXNOZXIwLr 1Mi04eThaLr i ndvemsvZGxtL) i ITAWLWRoL2hvbWvw! tub3h0b: q ia2lkljoi UEdIdVRq
ZnBLWWtweEFCNIJYZG1HX3RHbD« 161kpXVCl J2In0.eyjzdWIiOiJjc3N i 2RWLXByb3h5LXRy i 1ljoiaHROCHM6LY9kbGOtZWS52LTczMS01MD; y kbGOt: 2LnhjdTItOHk4eC5kZXYu
'Y2xkci53b3JrL2RsbS11bnYtNzMxLTUWMC1kaC90b21IcGFn: W4vYXBpL3Yyl hKQ\ 'UamZwS1IrcHhBQj: /GRtR190R2W3R2ciLCJpc3MiOIJLTkIYU1NPliwiZXhwljoxNzU2MTEzMjMwLCJtYWShZ2
VkLnRva2VuljoidH)1ZSIsimtub3guaWQiOiJINDE2YmU3MS1INDASLTQ20TEtOTBjZS040WR)! D) gifQ.Si 'QUt_e9tq Jt 1KA17dEgq0yYOUUQFi8wsKDhMVWZQGnAmeO0erh7Ze1gklcLa9VTQ-

skWglQgM_w47e71ZZCH_IZzugnwXLHgTfihldZp3n9i1W6UZSadrHthRllocj8jd_Y_67x8LIMdM6aS2 _\ 2BACRy4I2j) IET1 q Dr lqdeg-bY82BQg21S9q_luhi IdRDskjPyQ1386j ij9V2QFzxCABvjxt-
7BmzsMzbsj7_2Ju9T6qz_d8_IMgL--dvrgiw
) Passcode Token:
'WIRReES5tSmxOek! AVGA5TXpNdFpHRXhaRGMXWT)GbUSEbGg=
i Expiration:
25/08/2025, 14:43:50
iUser:

c s
) Target Base URL:

) Target Base URL:

hitps://di - -proxy-token
% Homepage:

Homepage URL

The JWT Token and the Target Base URL values are generated. Use the JWT Token to authorize the REST
APIs, and the Target Base URL asthe base URL for REST APIs.
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4. Accessthe REST APIsby clicking the Apache Knox browser tab Topologies APl Services Cloudera L akehouse

Optimizer - APl link. Alternatively, use the cdp-proxy-token section to get the base url to call the REST APIs
using the curl commands (with JWT).

E Note: Some Cloudera L akehouse Optimizer configuration parameters might use the dim prefix.

After you verify whether you can access Cloudera L akehouse Optimizer REST APIs, Cloudera recommends
following the best practice of performing a health check of the service, and then verifying whether the
ClouderaAdaptive default policy is available in the Cloudera L akehouse Optimizer Data Hub.

1. Ensurethat the Cloudera L akehouse Optimizer Data Hub and its components are available and healthy using the
CGET /confi g/ heal t h API.

curl --location "https://[***LAKEHOUSE OPTI M ZER ENDPO NT***]/ cdp- pr oxy-
token/cl o/ api /vl/config/health' \ --header 'Authorization: Bearer [**JW
TOKEN**] '

By default, Cloudera L akehouse Optimizer performs a partial health check. To perform afull health check,
append scope.

curl --location '"https://[*** LAKEHOUSE OPTI M ZER ENDPQO NT***] / cdp- pr oxy-t
oken/ cl o/ api / vl/ confi g/ heal t h?scope=full' \ --header 'Authorization: Bea
rer ey'

Tip: Cloudera Lakehouse Optimizer monitors the service components, service tasks, and maintenance
Q actions which include:

¢ Recent running tasks, task details, and task status.
e Livy connection status.

« Number of triggers available in the scheduler, the policy evaluation count, the ignore task count, and
the paused table count.

¢ Count of tasks sent to Livy and the pending tasks count.

When high availability (HA) is enabled, the full health check response also includes a High Availability entry
that reports the HA status of the instance. The entry indicates whether the instance is the leader or a standby,
and whether leader election isin progress. For more information, see High availability for Cloudera L akehouse
Optimizer.

2. Verify whether the ClouderaAdaptive default policy is available in the Cloudera L akehouse Optimizer Data Hub
using the GET / pol i ci es/resour ce API. The API fetchesthe default ClouderaAdaptive policy details.

curl --location '"https://[***LAKEHOUSE OPTI M ZER ENDPQO NT***]/api /v1/ pol i
ci es/resource?uri =cl 0%8AWRFY2Ft ps¥BAdef aul t ¥2FC ouder aAdapti ve' \ --header
" Aut hori zati on: Bearer ey'

For information about the URI to useinthe GET / pol i ci es/ r esour ce API, see Constructing the URI to
fetch, upload, and update policy resources.

When you use REST APIsto create or define a Cloudera L akehouse Optimizer policy, use the default policy called
"ClouderaAdaptive" as-is, or create anew policy. When you create a new policy or override an existing policy, you

define the policy in anew JEXL file, alternatively add the required constants in a new JSON file, and then upload the
resources.
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Perform the following steps to create a new policy or to override an existing policy by defining the policy in the new
JEXL file. Alternatively you can add the constants in the new JSON file.

1. Createthe JEXL file, and optionally the JSON file. Y ou can use the default policy resources as atemplate to
create the files, or you can create the files from scratch.

For more information about the JEXL file and JSON file, see Understanding policy resources.

Note: To create a Puffin statistics policy, include the computeTableStats action in the JEXL script and
E JSON constants file. For more information, see JEXL script, JSON file, and Puffin statistics for Cloudera
L akehouse Optimizer.

f Important:

¢ You cannot update the default ClouderaAdaptive policy resources at default scope or level. However,
override it at the catalog or namespace scope.

For example, if you want to override the definition of the default policy:

a. Define another ClouderaAdaptive.jex] and ClouderaAdaptive.json files.
b. Upload the definition at the catalog or namespace level using the PUT/ pol i cy/ r esour ce API.
c. Reschedule the namespace using the PATCH / nanespaces/ { nanespace} API.

« Create more than one policy for an Iceberg table, namespace, or catalog depending on your
requirements.

* Ensurethat the JEXL script and the JSON file share the same name, and the name is unique within
ascope. The scope or resource scope refers to catalog level, namespace level, or table level. For
example, daily.jexl and daily.json can be defined at table level.

« Define more than one policy at table, namespace, or catalog scope to associate with an Iceberg table.
2. Upload theresourcesusing the PUT / pol i ci es/ resour ce API.
Usethe PATCH / pol i ci es/ resour ce API to upload an updated policy resource.

Use the following curl command to upload the resources:

curl -X PUT --location '[*** LAKEHOUSE OPTI M ZER ENDPQO NT***]/ cdp- pr oxy-
t oken/ cl o/ api /vl/ policies/resource' --header 'Authorization: Bearer ey

Note: To create an event-based policy using REST APIs, ensure that the CRON expressionis00011?

2199 for the policy. When an event on the table completes, Cloudera Lakehouse Optimizer checks all the

event-based policies for that table and triggers the evaluation phase for that table. The policies without the
00011 7?2199 CRON expression are considered to be a schedule-based policy.

To construct an URI to fetch, upload, and update the policy resources, see URI to fetch, upload, and update policy
resources when using REST APIson page 122

The Cloudera Lakehouse Optimizer resources use URI for identification. The URI is used to fetch, upload, or update
the policy resources when you use REST APIs.

To construct a URI, for example the dim://tpp/product/hive/ClouderaAdaptive URI, you must provide the following
elements:

1. Thedim URI scheme.
2. Anauthority, such astpp for table policy property, tpsfor table policy script, or tpafor table policy association.

3. Thecatalog / namespace/ table/ policy in the given order. This determines the level at which the script and
properties have been defined, and also determines the scope of the resource. The default resource is dim://
tps.default/ClouderaAdaptive.
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Note: For tpa, the scope is the namespace. For example, dim://tpaltpcds/hive identifies the table and
policy association for the hive namespace in the tpcds catal og.
The following image shows the different components of a sample URI;

tpp - table policy property
tps - table policy script
tpa - table policy association

Authority

pa S
dim://tpp/product/hive/ClouderaAdaptive

Y

URIschema catalog/namespace/table/policy in the given order

Examples:

« The dim://tpp/product/hive/ClouderaAdaptive URI identifies the ClouderaAdaptive policy properties (JSON)
defined for al the tables in the hive namespace in the product catal og.

o Thedm://tpp/product/hive/customers/ClouderaAdaptive URI identifies the properties defined for the customers
table in the hive namespace of the product catalog.

To understand the policy resources and the policy structure, see Understanding policy resources.

Cloudera L akehouse Optimizer maintains atable-policy association JSON file for each namespace.

After you define the policies using REST APIsfor the first time, you must run the POST / pol i ci es/

{pol i cyNane}/t abl es/ {tabl eNane}/ subs API so that the Cloudera L akehouse Optimizer modifies
or appends the mapping of the Iceberg tables to the policies in the association file. Y ou must run the PUT /
pol i cies/{policyNane}/tabl es/{tabl eName}/ subs API for subsequent associations.

Alternatively, to do a bulk-update of table-policy associations, you must download the existing file which you
can update and then upload. If the file does not exist, create a JSON file, update it as required, and upload it using
the PUT / pol i ci es/ resour ce API, or use the curl --location --request PUT 'https://[*** LAKEHOUSE
OPTIMIZER ENDPOINT ***]/api/vl/policies/resource \ --form 'dim://tpa/hive/nl=@"/path/to/file" command.

The following example shows an entry in the association file:

“Catal og_sal es” : [“snapshot”, “manifests_orphan”, “conpact”] //
Catal og sales is the |Iceberg tabl e nane.

}

Y ou can use REST APIsto perform manual table maintenance as needed depending on your assigned role.

1. Get the current statistics for the required table using the GET /tables/{ tableld} /stats API.
Perform this step to view the current table statistics to compare them with the expected statistics after the
maintenance actions are compl ete.

2. Dry run the policy to determine whether the generated maintenance actions are as expected using the PUT /
pol i cies/{policyNane}/tabl es/{tabl eNane}/ dryrun APIl. The APl evaluates the statistics and
then generates only a set of maintenance actions.
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3. Initiate the evaluation phase using the POST / pol i ci es/ { pol i cyNane}/t abl es/{t abl eNane}/
eval uati on API.

The 200 response shows a unique task D that you can use to monitor the task and the task metadata.
4. Monitor the status of the task using the GET /tasks or GET /tasks/id/{id} API.

Tip: To fetch the task metadata for the task in the submitted state for a specific policy and table name,
Q usethe GET /tasks/ poli ci es/{policyNane}/tabl es/{tabl eNane}/subm ttedAPI.

5. Verify whether the task completed the maintenance actions as expected using the GET /t abl es/ {t abl el d}/
st at s API.

6. For aPuffin statistics policy, verify that the table metadata includes a new entry in statisticsFiles pointing to the
generated Puffinfile.

Y ou can use this workflow to run a Puffin statistics policy manually. For more information, see Puffin statistics for
Cloudera L akehouse Optimizer.

Y ou can create a custom Cloudera L akehouse Optimizer policy that computes NDV (number of distinct values)
statistics for | ceberg table columns and writes them to a Puffin statistics file registered in the table metadata.

The COMPUTE _TABLE_STATS action reads atarget | ceberg table, computes an NDV (theta-sketch) blob for each
regquested column, and writes those blobs to a Puffin statistics file. Cloudera Lakehouse Optimizer registersthefilein
the table metadata statisticsFiles list in metadata.json.

Query engines that read |ceberg Puffin files such as Spark cost-based optimizer, Hive CBO, Impala, and Trino can
use the NDV estimates to plan joins and aggregations.

Puffin statistics require a custom policy with a JEXL script and an optional JSON constants file that enable the comp
uteTableStats action.

When the policy job completes, Cloudera L akehouse Optimizer registers a Puffin statistics file in the | ceberg table
metadata. Query engines configured to read Puffin files can use the NDV estimates for cost-based optimization.

Important: In 7.3.2.10000 and later versions, Puffin statistics policies are available through REST APIs
only. Y ou cannot configure this feature in the Cloudera L akehouse Optimizer Ul.

Cloudera L akehouse Optimizer can automatically re-encode | ceberg data files that match a SQL filter with amore
efficient compression codec. This reduces storage costs without changing query results.

Datafile compression is distinct from data file compaction (rewriteDataFiles). Compaction is statistics-driven and
merges small files. Compression rewrites every file that matches the configured filter using a bin-pack strategy and
changes the encoding of existing files regardless of file size or count.

Create a separate compression policy. Do not combine data file compression with compaction or other maintenance
actions in the same policy. Because compression targets cold data, run the compression policy on an ad hoc basis
when possible, or on a monthly cadence.

Configure data file compression by adding a compressDataFiles block to the policy constants JSON file and
associating the policy at the namespace level. Individual tables opt in by setting the filter and other compression
propertieswith ALTER TABLE ... SET TBLPROPERTIES.

For compressDataFiles policy constants, supported codecs, per-table overrides, and configuration examples, see
JSON file.
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Configure data file compression at the namespace level

Associate a compression policy at the namespace level and use a default filter that matches no data until individual
tables opt in. Set filter to 1 = 0 in the policy constants JSON file:

"conpressDataFil es": {
"enabl ed": true,
"met hod": "zstd",
"l evel ": 12,
"filter": "1 = 0"

}

This value passes validation and produces a no-op for any table that does not have atable-level filter override. Iceberg
evaluates the filter against file metadata, finds no matching files, and exits without rewriting anything.

Opt in tables individually by setting the filter with ALTER TABLE ... SET TBLPROPERTIES:

ALTER TABLE cat al og. db. events SET TBLPROPERTI ES (
"dlmconpressDataFiles.filter' = 'event_date < ''2024-01-01"""

);

Important: The compression action is still dispatched to Spark for every associated table on each scheduled
& run, including tables that do not have atable-level filter override. For namespaces with many tables that will
never opt in, scope the policy to a narrower set of tablesinstead of using 1 = 0 as a permanent default.

Supported codecs for data file compression

Table 11: Compression codecs

Codec Level range Notes

zstd 1-22 Best compression ratio; recommended for cold data.
gzip 1-9 Wide compatibility.

brotli 0-11 —

snappy — No level; optimizes for speed.

1z4 — No level.

1zo — No level.

zlib — No level.

uncompressed — Removes compression.

none — Alias for uncompressed.

Codec availahility depends on the table file format (Parquet, ORC, or Avro). Cloudera L akehouse Optimizer accepts
any value from this list; format-specific filtering happens at execution time in Spark.

Per-table overrides for data file compression

Set the following Iceberg table propertieswith ALTER TABLE ... SET TBLPROPERTIES. Table properties
override namespace-level policy constants.

Table 12: compressDataFiles table properties

Table property Overrides Description

dim.compressDataFiles.method method Overrides the compression codec from policy constants.
dim.compressDataFiles.|evel level Overrides the compression level from policy constants.
dim.compressDataFiles.filter filter Overrides the SQL filter from policy constants.
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Table property Overrides Description

dim.compressDataFiles.validatefilter validateFilterColumns Set to false to skip pre-flight column validation for this table.
Columns

Column validation for data file compression

By default, Cloudera Lakehouse Optimizer validates that al column names referenced in thefilter exist in the table
schema before dispatching the task. If acolumn is missing, the action is skipped for that table and an error is logged.

Disable this pre-flight check when the filter is known-correct but references constructs the column extractor cannot
parse, such as quoted identifiers or complex sub-expressions. Spark still evaluates the filter at runtime. Set validateFilt
erColumnsto falsein policy constants or set dim.compressDataFiles.validateFilterColumns to false on the table.

Cloudera Lakehouse Optimizer REST APIs

Cloudera L akehouse Optimizer provides REST APIsthat you can use to create, manage, and monitor the Cloudera

L akehouse Optimizer policies. Y ou can aso use REST APIsto onboard namespaces, pause and resume maintenance,
perform manual table maintenance, view task status and metadata, and fetch the details of different policy-related
operations.

Y ou can use the following REST APIs, when necessary, to perform the maintenance tasks:

REST API Required parameters Rolerequired Description

config

GET / confi g/ backup Administrator Creates a back
nane
string
(query)

CGET /config/health Administrator Fetches the ful
Sfo_pe Operator By default, the
string Monitor . )
(query) When high av:

standby. Thec
e Active-L
¢ Passive- !
*  Noleader

POST /config/reconfigure Administrator Fetchesthe lat

POST /config/restore ) Administrator Restores the b
simul at e
bool ean
(query)

namespaces

GET / namespaces/ { namespace}/ policies Administrator Enter the requi
namespace Operator
string Monitor
(pat h)
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REST API

Required parameters Rolerequired Description

GET / nanespaces/ acti ve - «  Administrator Fetchesall the
e Operator
¢ Monitor

GET / nanmespaces «  Administrator Fetchesall the
fetch «  Operator maintained by
bool ean . Monitor
(query)

GET / nanmespaces/ { namespace} «  Administrator Enter the requi
namespace . Operator
string *  Monitor
(pat h)

PUT / nanespaces/ { nanespace} Administrator Enter the requi
namespace Optimizer.
string
(pat h)

DELETE / nanespaces/ { nanespace} Administrator Enter the requi
nanespace
string
(pat h)

PATCH / nanespaces/ { nanespace} «  Administrator Enter the requi
namespace . Operator
string
(pat h)

PUT / nanespaces/ { nanmespace}/ paused «  Administrator Enter the requi
namespace «  Operator namespace fro
string
(pat h)

DELETE / namespaces/ { nanmespace}/ paused «  Administrator Enter the requi
nanespace «  Operator namespace to |
string
(pat h)
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REST API

Required parameters Rolerequired Description

policies

PGST / polici es/{policynane}/
associ ation

pol i cyName
string
(pat h)

¢ Administrator
e Operator

Enter the polic
list of dot-sepe

For example, \
catalog a, and

GET /policies/{policyNane}/scope/
{resour ceScope}/ def

pol i cyName
string
(pat h)

r esour ceScope
string
(pat h)

sol ve
string
(query)

base64
bool ean

(query)

¢ Administrator
e Operator

Enter the polic
specified resot

PUT / policies/{policyNane}/scope/
{resourceScope}/ def

pol i cyName
string
(pat h)

resour ceScope
string
(pat h)

base64
bool ean

(query)

Administrator

Enter the polic
specified resot

PGST / policies/{policyNane}/scope/
{resourceScope}/ def

pol i cyName
string
(pat h)

resour ceScope
string
(pat h)

base64
bool ean

(query)

Administrator

Enter the polic

DELETE / polici es/ {pol i cyNanme}/ scope/
{resourceScope}/ def

pol i cyName
string
(pat h)

resour ceScope
string
(pat h)

Administrator

Enter the polic

CGET /policies/resource

uri
string

¢ Administrator
e Operator

(quées)

PP
v IVIOtor

Enter the URI

For example, t
The dim://tpp/
respectively.

tpsis the authc
Similarly, the
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REST API

Required parameters Rolerequired Description

DELETE / pol i ci es/ paused - «  Administrator Removesall tt
e Operator Cloudera Lake
GET /policies/{policyVersion}/paused ) ) «  Administrator Enter the polic
pol i cyVersi on *  Operator For example, t
string e Monitor
(pat h)
DELETE / pol i ci es/ {policyVersion}/ ) ) «  Administrator Enter the polic
paused pol i cyVersion . Operator Cloudera L ake
string
(pat h)
GET /policies/{policyNane}/tabl es/ «  Administrator Enter the polic
{tabl eName}/ desc pol i cyNane +  Operator
string ¢ Monitor
(pat h)
t abl eName
string
(pat h)
PCST / polici es/ {policyName}/ cat al ogs/ e Administrator Enter the polic
{ cat al ogNare}/ subs pol i cyName . Operator across al nam
string
(pat h)
cat al ogNane
string
(pat h)
DELETE / pol i ci es/ {pol i cyNane}/ «  Administrator Enter the polic
cat al ogs/ { cat al ogNane}/ subs pol i cyName «  Operator al the tablesir
string
(pat h)
cat al ogNane
string
(pat h)
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REST API Required parameters Rolerequired Description

tables

GET /tabl es/{tabl el d}/ paused o  Administrator Enter the table
tabl el d . Operator
string *  Monitor
(path)

PUT /tabl es/{tabl el d}/ paused «  Administrator Enter the table
tabl el d «  Operator
string
(pat h)

DELETE /t abl es/ {t abl el d}/ paused «  Administrator Enter the table
tab! eld *  Operator Cloudera L ake
string
(pat h)

GET /tables/{tabl el d}/policies o  Administrator Enter the table
tabl el d . Operator
string *  Monitor
(path)

GET /tables/{tableld}/stats «  Administrator Enter the table
t ?b! el d «  Operator Youcanalsos
string ¢ Monitor hi ve. def au
(pat h) .

If the specifiec
force
bool ean
(query)
GET /tabl es/ paused - o Administrator Fetchesthelis
e Operator
*  Monitor
DELETE /t abl es/ paused - «  Administrator Removesall tt
*  Operator Cloudera Lake
task details

GET /tasks/ingestlog - «  Administrator Fetches the evt

e Operator
¢ Monitor
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REST API

Required parameters Rolerequired Description

PCST /tasks/ingestlog «  Administrator Triggersthe L|
e Operator

GET /tasks/id/{id} ) «  Administrator Enter the task
id i e Operator
string *  Monitor
(pat h)

CGET /tasks o  Administrator Fetches the lis
policy . Operator Configuration
string Monitor Opti

. ptionally, yo

(query) :
the policy

tabl e + thetabler

stri ng the task st

(query) the sortBy
the count |

st at us

string

(query)

sort By

string

(query)

count

string

(query)

GET /tasks/policies/{policyNane}/ «  Administrator Enter the polic

tabl es/{tabl eNane}/ submi tt ed pol i cyNane « Operator
string *  Monitor
(pat h)

t abl eName
string
(path)

Manage and monitor Cloudera Lakehouse Optimizer table maintenance

tasks

Y ou can perform several policy managing activities, such as pausing and resuming table maintenance, associating
policies, and fetching maintenance task details. Y ou can also perform several monitoring tasks, such as verifying
whether the tasks completed successfully, monitoring the Spark jobs on the Cloudera Observability dashboard, and

viewing logs to troubleshoot issues.

For information about monitoring the Spark jobs on the Cloudera Observability dashboard, see Monitoring table

maintenance tasks on Cloudera Observability dashboard.

Associating policies and fetching details using Cloudera Lakehouse Optimizer REST

APlIs

Y ou can append or remove a policy association, fetch the list of policies associated with a specific policy, specific
table, or at catalog level, fetch the policy names associated with all the tables in a specific namespace using Cloudera

L akehouse Optimizer REST APIs.
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« Append or remove the association of a policy to the table in the association file using the following APIs:

» Definethe association using the POST / pol i ci es/ {pol i cyNane}/tabl es/ {t abl eNane}/ subs

API.

e Add or update the association using the PUT / pol i ci es/ { pol i cyNane}/t abl es/ {t abl eNane}/
subs API.

« Deletethe association using the DELETE / pol i ci es/ { pol i cyNane}/t abl es/ {t abl eNane}/
subs API.

« List the table names associated with a specific policy usingthe GET / pol i ci es/{pol i cyNanme}/t abl es
API.

» List the policy names associated with the specified table using the GET /t abl es/{t abl el d}/ polici es
API.

« Listthe policies associated with all thetablesin a catalog using the GET / pol i ci es/ acti ve API.

» Retrieve the policy names associated with al the tables in the specified namespace using the GET /
nanespaces/ { nanespace}/ pol i ci es API.

e List al the active onboarded namespaces available for table maintenance using the GET / nanmespaces/
acti ve API. When you set the fetch parameter for the GET / namespaces API to true, the API fetches
all the namespacesin the catalog. When you set it to false, the API fetches only the declared namespacesto be
maintained by Cloudera L akehouse Optimizer.

Y ou can pause or suspend the maintenance of atable, when required. For example, when there are alot of writes or
bulk ingestion. Cloudera L akehouse Optimizer also pauses the table maintenance when certain criteria are met. Y ou
can resume the table maintenance when required.

The following steps show how to pause or resume table maintenance, how to list the policiesin the paused list, and
how to retrieve the reason for placing a table or namespace in the paused list.

» Pause table maintenance using one of the following methods:

Go to the Cloudera Management Console L akehouse Optimizer Ul Tables tab, click * for atable, and then
click Pause Table.

« Useoneof thefollowing REST APIs:

e ThePUT /tabl es/{tabl el d}/ paused API pauses the maintenance of an Iceberg table.

« ThePUT /nanmespaces/ {nanespace}/ paused APl pauses the maintenance of Iceberg tablesin
the specified namespace.

When you or Cloudera L akehouse Optimizer places atable or namespace in the paused list, Cloudera L akehouse
Optimizer ignores the tables and namespaces in the paused list during the evaluation phase.

Important: When you pause maintenance for atable or namespace, all the policiesfor that table or
namespace are paused automatically. Therefore, you must be cautious before you pause maintenance for a
table or a namespace.
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& Important:
» Cloudera Lakehouse Optimizer places apolicy in the paused-policy list if the policy fails multiple
times during the evaluation phase.
¢ Cloudera L akehouse Optimizer places atable in the paused-table list if any policy for thistable fails
multiple times during the execution phase. This action is performed when the number of recurring
failures exceed the set retry value.

Y ou can configure the number of retries using the Cloudera Manager Clusters
CLOUDERA_LAKEHOUSE_OPTIMIZER Configuration dim.table.tolerable.errors.count property.
The default valueis 10.

* Resume table maintenance using one of the following methods:

Go to the Cloudera Management Console Lakehouse Optimizer Ul Tables tab, click * for atable, and then
click Unpause Table.
* Resume table maintenance by using one of the listed REST APIs:

* Removes atable from the paused list using the DELETE / t abl es/ {t abl el d}/ paused API.

« Removes the tables in the specified namespace from the paused list using the DELETE / nanmespaces/
{nanespace}/ paused API.

« Removesall the policies from the paused list using the DELETE / pol i ci es/ paused API.

* Removes the specified policy from the paused list using the DELETE / pol i ci es/
{pol i cyVersion}/ paused AFI.

* Removesal the tables from the paused list using the DELETE / t abl es/ paused API.

When you remove the table, policy, or namespace from the paused list, the evaluation phase resumes for the table
maintenance depending on the CRON schedule set in the policy.

« Listthe policiesin the paused list using the GET / pol i ci es/ paused API.

» Retrieve the reason for pausing the policy by using one of the following APIs:

e TheGET /policies/{policyVersion}/paused API getsthe reason for the specified paused policy.
e TheGET /tabl es/{tabl el d}/ paused API getsthe reason for the specified paused table.

Y ou can verify the table maintenance action status on the Lakehouse Optimizer Ul or using REST APIs.

1. Useone of the following methods to verify the table maintenance status on the Cloudera Management Console
L akehouse Optimizer Ul :

« GotothePaliciestab, and click ActionsView for the required policy.

The policy details appear on the View Policy page, and the Status column shows the current status for the
table.

* Onthe Tablestab, find the required table. The Status column shows the current status for the table.

2. Perform the following stepsto verify the table maintenance status using REST APIs:

a) Fetch the submitted task details for a specific policy and tablesusing the GET /t asks/ pol i ci es/
{pol i cyNanme}/tabl es/ {t abl eNanme}/ subni tted APFI.

b) Monitor the status of al thetasksusingthe GET /t asks API. You can fetch the task metadata of a specific
task ID usingthe GET /t asks/i d/{id} API.
The following sample snippet shows the response for the 019348e0-2d6f-7997-b117-8441d8d757a6 taskID.

{
"status": 200,

"action": "READ',
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"message": "Success",
"result": [
{
"taskld": "019348e0-2d6f-7997-b117-8441d8d757a6",
"createAt": "2024-11-20T09: 21: 11.534Z7",
"createdBy": 1,
"tabl ePath": "hive.default.itest",
"pol i cyNane": "Cl ouderaAdaptive",
"pol i cyVersion": "0be2a330-0282-56d6-bbc4-67c96ad7e9c0",
"current Action": "EXPI RE_SNAPSHOT",
"actions":
" EXPlI RE_SNAPSHOT" : {
"result":
"del et edDat aFi | esCount": 0.0,
"del et edEqual i t yDel et eFi | esCount": 0.0,
"del et edPosi ti onDel et eFi | esCount™: 0.0
"del et edMani f est sCount": 0.0,
"del et edMani f est Li stsCount": 4.0,
"del etedStatisticsFilesCount": 0.0

}1
"sparkMetrics": {
"jvmecTi me": 4637.0,
"t ot al Byt esRead": 65983. 0,
"total BytesWitten": 0.0,
"taskCount": 610. 0,
"execut or CpuTi ne": 3.4583323352E10

}

par kRuntinme": {
"applicationld": "application_1732084186181_00
15",
"joblds": [
9.0,
10. 0,
11. 0,
12. 0,
13. 0,
14.0

]

tatus": "Success"

}

}
} ’
"status": "SUBM TTED'

}

c) Verify whether the statistics improved after the maintenance actions completed using the GET /t abl es/
{tabl el d}/stats AFI.

Y ou can view the service log files and event logs for Cloudera L akehouse Optimizer.

e Event logs

By default, the Cloudera L akehouse Optimizer Data Hub contains a read-only Iceberg table named sys.clo_events
in the default namespace to host the task metadata or event logs which enables historical trend analysis through
queries. Cloudera L akehouse Optimizer automatically 1ogs the maintenance task metadata into this table every 20
minutes. Y ou can query the table for root cause analysis, troubleshooting, and reporting purposes.

Y ou can perform the following operations related to this table:
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» Configure the ingestion schedule in the Cloudera Manager Clusters
CLOUDERA LAKEHOUSE_OPTIMIZER Configuration dim.task.cleanup.and.ingestion.interval .seconds
advanced configuration snippet.

« Change the namespace from sys to another namespace in the Cloudera Manager Clusters
CLOUDERA_LAKEHOUSE_OPTIMIZER Configuration conf/dim-client.properties role_safety valve
dim.event.log.namespace=[*** ENTER NAMESPACE NAME***] property.

e Change the table name from task_eventsto another table name in the Cloudera Manager Clusters
CLOUDERA_LAKEHOUSE_OPTIMIZER Configuration dim.task.event.log.iceberg.table advanced
configuration snippet.

* Run querieson thetable. For example, thesel ect * from sys. cl o_events where
t abl enane="' deno_t abl e' ; query fetchesthe event log details for the demo_table Iceberg tablein the
default namespace; thesel ect count (*) as nmai ntenance_t asks, [***TABLE NANME***]
fromsys.clo_events group by [***TABLE NAME***]; query fetchesthe number of
maintenance tasks that ran on the specified table.

Servicelog files

The servicelog files are available in Cloudera Manager. Perform the following steps to view the service logs.

a) Click CLO Server onthe Cloudera Manager Clusters CLOUDERA LAKEHOUSE OPTIMIZER Instances

page.
b) Click the Log Files drop-down, and then click Role Log File to view the complete service log.

Optimize RewriteDatafiles (compaction) task in a Cloudera Lakehouse Optimizer policy by configuring the Spark
engine, identifying and removing an overloaded Y ARN Node Manager, and tuning policy parameters.

The Cloudera L akehouse Optimizer policy for the RewriteDatafiles (compaction) task failed on avery large
| ceberg table with the java.lang.RuntimeException: Failed while running parallel task error caused by the
javalang.OutOfMemoryEtrror: Java heap space error.

The I ceberg table in this use case has the following details:

Snapshots = 9,603

Total size=~708 GB

Datafiles = 2,728,148 (numerous very small files)
Partitions = 100 buckets

The RewriteDatafiles task failed because of the following cascade of errors:

The table contained millions of small datafiles, which generated alarge number of manifest files. During the
compaction process, the Spark driver had to scan and decompress these manifests to plan the file groups. This
process created a driver heap memory causing the out-of-memory (OOM) error.

One of the YARN nodes was running additional heavy services (HDFS NameNode, HBase RegionServer)
that consumed a lot of memory. This caused a cluster resource crunch, severely reducing the effective memory
available for Spark and Y ARN workloads.

Optimize driver memory by increasing the following parameters on the Cloudera Manager Clusters Cloudera
L akehouse Optimizer Configuration conf/dim-client.properties role safety valve property:

e gpark.driver.memory=16g
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» gpark.executor.cores=5
Increase in driver memory resulted in successful scan of table metadata and successful planning and rewriting of
file groups. Increase in executor cores resulted in increased concurrent tasks and improved compaction task speed.

2. Clean up YARN Node Managers by removing the overloaded NodeManager from the YARN pool for Cloudera
L akehouse Optimizer service.

3. Tunethefollowing rewriteDatafiles policy parameters in the Cloudera L akehouse Optimizer policy to keep each
file group reasonably large for efficiency, and to avoid overwhelming the resources with too many concurrent file
groups:

* max-file-group-size-bytes = 3g
* maxConcurrentRewriteFileGroups = 3

Applying these configurations has the following results:

» The service successfully scanned | ceberg metadata and planned file groups.
» The service started rewriting file groups.
* Inthis specific scenario, the optimization reduced the number of files from ~2.2M to ~0.7M.
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