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Introduction

Welcome to the Amazon Redshift Database Developer Guide. Amazon Redshift is a fully managed,
petabyte-scale data warehouse service in the cloud. Amazon Redshift Serverless lets you access
and analyze data without the usual configurations of a provisioned data warehouse. Resources

are automatically provisioned and data warehouse capacity is intelligently scaled to deliver fast
performance for even the most demanding and unpredictable workloads. You don't incur charges
when the data warehouse is idle, so you only pay for what you use. Regardless of the size of the
dataset, you can load data and start querying right away in the Amazon Redshift query editor v2 or
in your favorite business intelligence (BI) tool. Enjoy the best price performance and familiar SQL
features in an easy-to-use, zero administration environment.

This guide focuses on using Amazon Redshift to create and manage a data warehouse. If you work
with databases as a designer, software developer, or administrator, it gives you the information you
need to design, build, query, and maintain your data warehouse.

Topics

Prerequisites

Are you a database developer?

System and architecture overview

Sample database

Prerequisites

Before you use this guide, you should read Amazon Redshift Serverless, which goes over how to
complete the following tasks.

» Create a data warehouse with Amazon Redshift Serverless.
» Loading in sample data with Amazon Redshift query editor v2

« Loading in data from Amazon S3.

You should also know how to use your SQL client and should have a fundamental understanding of
the SQL language.

Prerequisites 1
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Are you a database developer?

If you are a first-time Amazon Redshift user, we recommend you read Amazon Redshift Serverless
to learn how to get started.

If you are a database user, database designer, database developer, or database administrator, the
following table will help you find what you're looking for.

If you want to... We recommend...

Learn about the
internal architect

The System and architecture overview gives a high-level overview of

Amazon Redshift's internal architecture.
ure of the Amazon
Redshift data
warehouse.

If you want a broader overview of the Amazon Redshift web service, go
to the Amazon Redshift product detail page.

Create databases Common database tasks is a quick introduction to the basics of SQL

development.

, tables, users, and
other database

objects The Amazon Redshift SQL has the syntax and examples for Amazon

Redshift SQL commands and functions and other SQL elements.

Amazon Redshift best practices for designing tables provides a
summary of our recommendations for choosing sort keys, distribution
keys, and compression encodings.

Learn how to design
tables for optimum
performance.

Load data.

Working with automatic table optimization details considerations

for applying compression to the data in table columns and choosing
distribution and sort keys.

Loading data explains the procedures for loading large datasets from
Amazon DynamoDB tables or from flat files stored in Amazon S3
buckets.

Amazon Redshift best practices for loading data provides for tips for
loading your data quickly and effectively.

Are you a database developer?
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If you want to...

Manage users,
groups, and database
security.

Monitor and optimize
system performance.

Analyze and report
information from
very large datasets.

Interact with Amazon
Redshift resources
and tables.

Follow a tutorial

to become more
familiar with Amazon
Redshift.

We recommend...

Managing database security covers database security topics.

The System tables and views reference details system tables and views

that you can query for the status of the database and monitor queries
and processes.

Also consult the Amazon Redshift Management Guide to learn how to

use the AWS Management Console to check the system health, monitor
metrics, and back up and restore clusters.

Many popular software vendors are certifying Amazon Redshift with
their offerings to enable you to continue to use the tools you use today.
For more information, see the Amazon Redshift partner page.

The SQL reference has all the details for the SQL expressions,
commands, and functions Amazon Redshift supports.

See the Amazon Redshift Serverless API guide, the Amazon Redshift
API guide, and the Amazon Redshift Data API guide to learn more
about how you can programmatically interact with resources and run
operations.

Follow a tutorial in Tutorials for Amazon Redshift to learn more about
Amazon Redshift features.

System and architecture overview

An Amazon Redshift data warehouse is an enterprise-class relational database query and

management system.

Amazon Redshift supports client connections with many types of applications, including business
intelligence (BI), reporting, data, and analytics tools.

System and architecture overview
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When you run analytic queries, you are retrieving, comparing, and evaluating large amounts of
data in multiple-stage operations to produce a final result.

Amazon Redshift achieves efficient storage and optimum query performance through a
combination of massively parallel processing, columnar data storage, and very efficient, targeted
data compression encoding schemes. This section presents an introduction to the Amazon Redshift
system architecture.

Topics

Data warehouse system architecture

Performance

Columnar storage

Workload management

Using Amazon Redshift with other services

Data warehouse system architecture

This section introduces the elements of the Amazon Redshift data warehouse architecture as
shown in the following figure.
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Amazon Redshift integrates with various data loading and ETL (extract, transform, and load) tools
and business intelligence (Bl) reporting, data mining, and analytics tools. Amazon Redshift is
based on open standard PostgreSQL, so most existing SQL client applications will work with only
minimal changes. For information about important differences between Amazon Redshift SQL and
PostgreSQL, see Amazon Redshift and PostgreSQL.

Clusters
The core infrastructure component of an Amazon Redshift data warehouse is a cluster.

A cluster is composed of one or more compute nodes. If a cluster is provisioned with two or more
compute nodes, an additional leader node coordinates the compute nodes and handles external
communication. Your client application interacts directly only with the leader node. The compute
nodes are transparent to external applications.

Leader node

The leader node manages communications with client programs and all communication with
compute nodes. It parses and develops execution plans to carry out database operations, in
particular, the series of steps necessary to obtain results for complex queries. Based on the
execution plan, the leader node compiles code, distributes the compiled code to the compute
nodes, and assigns a portion of the data to each compute node.

The leader node distributes SQL statements to the compute nodes only when a query references
tables that are stored on the compute nodes. All other queries run exclusively on the leader node.
Amazon Redshift is designed to implement certain SQL functions only on the leader node. A
query that uses any of these functions will return an error if it references tables that reside on the
compute nodes. For more information, see SQL functions supported on the leader node.

Compute nodes

The leader node compiles code for individual elements of the execution plan and assigns the code
to individual compute nodes. The compute nodes run the compiled code and send intermediate
results back to the leader node for final aggregation.

Each compute node has its own dedicated CPU and memory, which are determined by the node
type. As your workload grows, you can increase the compute capacity of a cluster by increasing the
number of nodes, upgrading the node type, or both.

Amazon Redshift provides several node types for your compute needs. For details of each node
type, see Amazon Redshift clusters in the Amazon Redshift Management Guide.

Data warehouse system architecture 5
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Redshift Managed Storage

Data warehouse data is stored in a separate storage tier Redshift Managed Storage (RMS). RMS
provides the ability to scale your storage to petabytes using Amazon S3 storage. RMS lets you scale
and pay for computing and storage independently, so that you can size your cluster based only on
your computing needs. It automatically uses high-performance SSD-based local storage as tier-1
cache. It also takes advantage of optimizations, such as data block temperature, data block age,
and workload patterns to deliver high performance while scaling storage automatically to Amazon
S3 when needed without requiring any action.

Node slices

A compute node is partitioned into slices. Each slice is allocated a portion of the node's memory
and disk space, where it processes a portion of the workload assigned to the node. The leader
node manages distributing data to the slices and apportions the workload for any queries or other
database operations to the slices. The slices then work in parallel to complete the operation.

The number of slices per node is determined by the node size of the cluster. For more information
about the number of slices for each node size, go to About clusters and nodes in the Amazon

Redshift Management Guide.

When you create a table, you can optionally specify one column as the distribution key. When the
table is loaded with data, the rows are distributed to the node slices according to the distribution
key that is defined for a table. Choosing a good distribution key enables Amazon Redshift to use
parallel processing to load data and run queries efficiently. For information about choosing a
distribution key, see Choose the best distribution style.

Internal network

Amazon Redshift takes advantage of high-bandwidth connections, close proximity, and custom
communication protocols to provide private, very high-speed network communication between
the leader node and compute nodes. The compute nodes run on a separate, isolated network that
client applications never access directly.

Databases

A cluster contains one or more databases. User data is stored on the compute nodes. Your SQL
client communicates with the leader node, which in turn coordinates query run with the compute
nodes.

Data warehouse system architecture 6
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Amazon Redshift is a relational database management system (RDBMS), so it is compatible with
other RDBMS applications. Although it provides the same functionality as a typical RDBMS,
including online transaction processing (OLTP) functions such as inserting and deleting data,
Amazon Redshift is optimized for high-performance analysis and reporting of very large datasets.

Amazon Redshift is based on PostgreSQL. Amazon Redshift and PostgreSQL have a number of
very important differences that you need to take into account as you design and develop your data
warehouse applications. For information about how Amazon Redshift SQL differs from PostgreSQL,
see Amazon Redshift and PostgreSQL.

Performance

Amazon Redshift achieves extremely fast query run by employing these performance features.

Topics

« Massively parallel processing

o Columnar data storage

« Data compression

o Query optimizer

» Result caching

o Compiled code

Massively parallel processing

Massively parallel processing (MPP) enables fast run of the most complex queries operating on
large amounts of data. Multiple compute nodes handle all query processing leading up to final
result aggregation, with each core of each node running the same compiled query segments on
portions of the entire data.

Amazon Redshift distributes the rows of a table to the compute nodes so that the data can be
processed in parallel. By selecting an appropriate distribution key for each table, you can optimize
the distribution of data to balance the workload and minimize movement of data from node to
node. For more information, see Choose the best distribution style.

Loading data from flat files takes advantage of parallel processing by spreading the workload
across multiple nodes while simultaneously reading from multiple files. For more information
about how to load data into tables, see Amazon Redshift best practices for loading data.

Performance 7
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Columnar data storage

Columnar storage for database tables drastically reduces the overall disk 1/0 requirements and is
an important factor in optimizing analytic query performance. Storing database table information
in a columnar fashion reduces the number of disk 1/0 requests and reduces the amount of data
you need to load from disk. Loading less data into memory enables Amazon Redshift to perform
more in-memory processing when executing queries. See Columnar storage for a more detailed

explanation.

When columns are sorted appropriately, the query processor is able to rapidly filter out a large
subset of data blocks. For more information, see Choose the best sort key.

Data compression

Data compression reduces storage requirements, thereby reducing disk I/O, which improves query
performance. When you run a query, the compressed data is read into memory, then uncompressed
during query run. Loading less data into memory enables Amazon Redshift to allocate more
memory to analyzing the data. Because columnar storage stores similar data sequentially, Amazon
Redshift is able to apply adaptive compression encodings specifically tied to columnar data types.
The best way to enable data compression on table columns is by allowing Amazon Redshift to
apply optimal compression encodings when you load the table with data. To learn more about
using automatic data compression, see Loading tables with automatic compression.

Query optimizer

The Amazon Redshift query run engine incorporates a query optimizer that is MPP-aware and also
takes advantage of the columnar-oriented data storage. The Amazon Redshift query optimizer
implements significant enhancements and extensions for processing complex analytic queries
that often include multi-table joins, subqueries, and aggregation. To learn more about optimizing
queries, see Tuning query performance.

Result caching

To reduce query runtime and improve system performance, Amazon Redshift caches the results
of certain types of queries in memory on the leader node. When a user submits a query, Amazon
Redshift checks the results cache for a valid, cached copy of the query results. If a match is found
in the result cache, Amazon Redshift uses the cached results and doesn't run the query. Result
caching is transparent to the user.

Performance 8
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Result caching is turned on by default. To turn off result caching for the current session, set the
enable_result_cache_for_session parameter to off.

Amazon Redshift uses cached results for a new query when all of the following are true:

» The user submitting the query has access permission to the objects used in the query.

« The table or views in the query haven't been modified.

» The query doesn't use a function that must be evaluated each time it's run, such as GETDATE.
» The query doesn't reference Amazon Redshift Spectrum external tables.

» Configuration parameters that might affect query results are unchanged.

« The query syntactically matches the cached query.

To maximize cache effectiveness and efficient use of resources, Amazon Redshift doesn't cache
some large query result sets. Amazon Redshift determines whether to cache query results based on
a number of factors. These factors include the number of entries in the cache and the instance type
of your Amazon Redshift cluster.

To determine whether a query used the result cache, query the SVL_QLOG system view. If a query
used the result cache, the source_query column returns the query ID of the source query. If result
caching wasn't used, the source_query column value is NULL.

The following example shows that queries submitted by userid 104 and userid 102 use the result
cache from queries run by userid 100.

select userid, query, elapsed, source_query from svl_qglog
where userid > 1
order by query desc;

userid | query | elapsed | source_query
——————— R e e
104 | 629035 | 27 | 628919
104 | 629034 | 60 | 628900
104 | 629033 | 23 | 628891
102 | 629017 | 1229393 |
102 | 628942 | 28 | 628919
102 | 628941 | 57 | 628900
102 | 628940 | 26 | 628891
100 | 628919 | 84295686 |
100 | 628900 | 87015637 |

Performance 9
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100 | 628891 | 58808694 |

Compiled code

The leader node distributes fully optimized compiled code across all of the nodes of a cluster.
Compiling the query decreases the overhead associated with an interpreter and therefore increases
the runtime speed, especially for complex queries. The compiled code is cached and shared across
sessions on the same cluster. As a result, future runs of the same query will be faster, often even
with different parameters.

The query run engine compiles different code for the JDBC and ODBC connection protocols, so two
clients using different protocols each incur the first-time cost of compiling the code. Clients that
use the same protocol, however, benefit from sharing the cached code.

Columnar storage

Columnar storage for database tables is an important factor in optimizing analytic query
performance, because it drastically reduces the overall disk 1/0 requirements. It reduces the
amount of data you need to load from disk.

The following series of illustrations describe how columnar data storage implements efficiencies,
and how that translates into efficiencies when retrieving data into memory.

This first illustration shows how records from database tables are typically stored into disk blocks

by row.
SSN Name Age Addr City st
101259797 SMITH 88 |899 FIRST ST JUNO AL
892375862 CHIN 37 (16137 MAIN ST POMONA CA
318370701 HANDU 12 [42 JUNE ST CHICAGD IC

101258787 |SMITH| 88| 898 FIRST ST|JUNO|AL |892375862 | CHIN |37 16137 MAIN ST|POMONA |CA |318370701 [HANDU |12 |42 JUNE ST|CHICAGO|IL

Block 1 Block 2 Block 2

In a typical relational database table, each row contains field values for a single record. In row-wise
database storage, data blocks store values sequentially for each consecutive column making up the
entire row. If block size is smaller than the size of a record, storage for an entire record may take
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more than one block. If block size is larger than the size of a record, storage for an entire record
may take less than one block, resulting in an inefficient use of disk space. In online transaction
processing (OLTP) applications, most transactions involve frequently reading and writing all of the
values for entire records, typically one record or a small number of records at a time. As a result,
row-wise storage is optimal for OLTP databases.

The next illustration shows how with columnar storage, the values for each column are stored
sequentially into disk blocks.

SSN Name Age Addr City 5t
101259797 SMITH 88 | 899 FIRST ST JUND AL
BO2375862 CHIN 37 16137 MAIN ST POMONA CA
318370701 HANDU 12 42 JUNE ST CHICAGO IL

101258787 | 8823756862 | 318370701 | 4662481680 | 378568310 | 2313466875 | 317346551 | 770336528 | 277332171 | 455124508 | 735885647 | 387586301

Block 1

Using columnar storage, each data block stores values of a single column for multiple rows. As
records enter the system, Amazon Redshift transparently converts the data to columnar storage for
each of the columns.

In this simplified example, using columnar storage, each data block holds column field values
for as many as three times as many records as row-based storage. This means that reading the
same number of column field values for the same number of records requires a third of the I/O
operations compared to row-wise storage. In practice, using tables with very large numbers of
columns and very large row counts, storage efficiency is even greater.

An added advantage is that, since each block holds the same type of data, block data can use a
compression scheme selected specifically for the column data type, further reducing disk space and
I/0. For more information about compression encodings based on data types, see Compression

encodings.

The savings in space for storing data on disk also carries over to retrieving and then storing that
data in memory. Since many database operations only need to access or operate on one or a small
number of columns at a time, you can save memory space by only retrieving blocks for columns
you actually need for a query. Where OLTP transactions typically involve most or all of the columns
in a row for a small number of records, data warehouse queries commonly read only a few columns
for a very large number of rows. This means that reading the same number of column field values

Columnar storage 11
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for the same number of rows requires a fraction of the 1/0 operations. It uses a fraction of the
memory that would be required for processing row-wise blocks. In practice, using tables with

very large numbers of columns and very large row counts, the efficiency gains are proportionally
greater. For example, suppose a table contains 100 columns. A query that uses five columns will
only need to read about five percent of the data contained in the table. This savings is repeated for
possibly billions or even trillions of records for large databases. In contrast, a row-wise database
would read the blocks that contain the 95 unneeded columns as well.

Typical database block sizes range from 2 KB to 32 KB. Amazon Redshift uses a block size of 1 MB,
which is more efficient and further reduces the number of I/O requests needed to perform any
database loading or other operations that are part of query run.

Workload management

Amazon Redshift workload management (WLM) enables users to flexibly manage priorities within
workloads so that short, fast-running queries won't get stuck in queues behind long-running
queries.

Amazon Redshift WLM creates query queues at runtime according to service classes, which define
the configuration parameters for various types of queues, including internal system queues and
user-accessible queues. From a user perspective, a user-accessible service class and a queue are
functionally equivalent. For consistency, this documentation uses the term queue to mean a user-
accessible service class as well as a runtime queue.

When you run a query, WLM assigns the query to a queue according to the user's user group or by
matching a query group that is listed in the queue configuration with a query group label that the
user sets at runtime.

Currently, the default for clusters using the default parameter group is to use automatic WLM.
Automatic WLM manages query concurrency and memory allocation. For more information, see
Implementing automatic WLM.

With manual WLM, Amazon Redshift configures one queue with a concurrency level of five, which
enables up to five queries to run concurrently, plus one predefined Superuser queue, with a
concurrency level of one. You can define up to eight queues. Each queue can be configured with
a maximum concurrency level of 50. The maximum total concurrency level for all user-defined
queues (not including the Superuser queue) is 50.

Workload management 12
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The easiest way to modify the WLM configuration is by using the Amazon Redshift Management
Console. You can also use the Amazon Redshift command line interface (CLI) or the Amazon
Redshift API.

For more information about implementing and using workload management, see Implementing
workload management.

Using Amazon Redshift with other services

Amazon Redshift integrates with other AWS services to enable you to move, transform, and load
your data quickly and reliably, using data security features.

Moving data between Amazon Redshift and Amazon S3

Amazon Simple Storage Service (Amazon S3) is a web service that stores data in the cloud. Amazon
Redshift leverages parallel processing to read and load data from multiple data files stored in
Amazon S3 buckets. For more information, see Loading data from Amazon S3.

You can also use parallel processing to export data from your Amazon Redshift data warehouse to
multiple data files on Amazon S3. For more information, see Unloading data.

Using Amazon Redshift with Amazon DynamoDB

Amazon DynamoDB is a fully managed NoSQL database service. You can use the COPY command
to load an Amazon Redshift table with data from a single Amazon DynamoDB table. For more
information, see Loading data from an Amazon DynamoDB table.

Importing data from remote hosts over SSH

You can use the COPY command in Amazon Redshift to load data from one or more remote hosts,
such as Amazon EMR clusters, Amazon EC2 instances, or other computers. COPY connects to

the remote hosts using SSH and runs commands on the remote hosts to generate data. Amazon
Redshift supports multiple simultaneous connections. The COPY command reads and loads the
output from multiple host sources in parallel. For more information, see Loading data from remote
hosts.

Automating data loads using AWS Data Pipeline

You can use AWS Data Pipeline to automate data movement and transformation into and out
of Amazon Redshift. By using the built-in scheduling capabilities of AWS Data Pipeline, you
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can schedule and run recurring jobs without having to write your own complex data transfer or
transformation logic. For example, you can set up a recurring job to automatically copy data from
Amazon DynamoDB into Amazon Redshift. For a tutorial that walks you through the process of
creating a pipeline that periodically moves data from Amazon S3 to Amazon Redshift, see Copy
data to Amazon Redshift using AWS Data Pipeline in the AWS Data Pipeline Developer Guide.

Migrating data using AWS Database Migration Service (AWS DMS)

You can migrate data to Amazon Redshift using AWS Database Migration Service. AWS DMS can
migrate your data to and from most widely used commercial and open-source databases such

as Oracle, PostgreSQL, Microsoft SQL Server, Amazon Redshift, Aurora DB cluster, DynamoDB,
Amazon S3, MariaDB, and MySQL. For more information, see Using an Amazon Redshift database

as a target for AWS Database Migration Service.

Sample database

Topics

« CATEGORY table

» DATE table

o EVENT table
« VENUE table
« USERS table
o LISTING table

o SALES table

Most of the examples in the Amazon Redshift documentation use a sample database called TICKIT.
This small database consists of seven tables: two fact tables and five dimensions. You can load the
TICKIT dataset by following the steps in Step 4: Load data from Amazon S3 to Amazon Redshift in
the Amazon Redshift Getting Started Guide.
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CATEGORY
DATE
SALES
|Iiiiiii|||||

USERS
LISTING

This sample database application helps analysts track sales activity for the fictional TICKIT web

site, where users buy and sell tickets online for sporting events, shows, and concerts. In particular,
analysts can identify ticket movement over time, success rates for sellers, and the best-selling
events, venues, and seasons. Analysts can use this information to provide incentives to buyers and
sellers who frequent the site, to attract new users, and to drive advertising and promotions.

For example, the following query finds the top five sellers in San Diego, based on the number of
tickets sold in 2008:

select sellerid, username, (firstname ||' '|| lastname) as name,
city, sum(qtysold)

from sales, date, users

where sales.sellerid = users.userid

and sales.dateid = date.dateid

and year = 2008

and city 'San Diego'

group by sellerid, username, name, city

order by 5 desc

limit 5;

sellerid | username name city | sum

Sample database 15
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—————————— R et ettt ittt ittt
49977 | JIK84WTE | Julie Hanson | San Diego | 22
19750 | AAS23BDR | Charity Zimmerman | San Diego | 21
29069 | SVL81IMEQ | Axel Grant | San Diego | 17
43632 | VAGO8HKW | Griffin Dodson | San Diego | 16
36712 | RXT4OMKU | Hiram Turner | San Diego | 14

(5 rows)

The database used for the examples in this guide contains a small data set; the two fact tables each

contain less than 200,000 rows, and the dimensions range from 11 rows in the CATEGORY table up
to about 50,000 rows in the USERS table.

In particular, the database examples in this guide demonstrate the key features of Amazon Redshift

table design:

« Data distribution
o Data sort

» Columnar compression

CATEGORY table

Column name Data type

CATID SMALLINT

CATGROUP VARCHAR(10)
CATNAME VARCHAR(10)
CATDESC VARCHAR(50)

Description

Primary key, a unique ID value for each row. Each row
represents a specific type of event for which tickets are
bought and sold.

Descriptive name for a group of events, such as Shows
and Sports.

Short descriptive name for a type of event within a group,
such as Opera and Musicals.

Longer descriptive name for the type of event, such as
Musical theatre.

CATEGORY table
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DATE table

Column name

DATEID

CALDATE
DAY
WEEK
MONTH
QTR
YEAR

HOLIDAY

EVENT table

Column name

EVENTID

VENUEID
CATID
DATEID

EVENTNAME

Data type

SMALLINT

DATE
CHAR(3)
SMALLINT
CHAR(5)
CHAR(5)
SMALLINT

BOOLEAN

Data type

INTEGER

SMALLINT
SMALLINT
SMALLINT

VARCHAR(200)

Description

Primary key, a unique ID value for each row. Each row
represents a day in the calendar year.

Calendar date, such as 2008-06-24 .
Day of week (short form), such as SA.
Week number, such as 26.

Month name (short form), such as JUN.
Quarter number (1 through 4).
Four-digit year (2008).

Flag that denotes whether the day is a public holiday
(U.S.).

Description

Primary key, a unique ID value for each row. Each
row represents a separate event that takes place at a
specific venue at a specific time.

Foreign-key reference to the VENUE table.
Foreign-key reference to the CATEGORY table.
Foreign-key reference to the DATE table.

Name of the event, such as Hamlet or La Traviata.

DATE table
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Column name Data type Description

STARTTIME TIMESTAMP Full date and start time for the event, such as
2008-10-10 19:30:00 .

VENUE table
Column name Data type Description
VENUEID SMALLINT Primary key, a unique ID value for each row. Each
row represents a specific venue where events take
place.
VENUENAME VARCHAR(100) Exact name of the venue, such as Cleveland
Browns Stadium.
VENUECITY VARCHAR(30) City name, such as Cleveland .
VENUESTATE CHAR(2) Two-letter state or province abbreviation (United
States and Canada), such as OH.
VENUESEATS INTEGER Maximum number of seats available at the venue
, if known, such as 73200. For demonstration
purposes, this column contains some null values
and zeroes.
USERS table
Column name Data type Description
USERID INTEGER Primary key, a unique ID value for each row. Each

row represents a registered user (a buyer or seller or
both) who has listed or bought tickets for at least
one event.

VENUE table 18
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Column name

USERNAME

FIRSTNAME

LASTNAME

CITYy

STATE

EMAIL

PHONE

LIKESPORTS, ...

LISTING table

Column name

LISTID

SELLERID

EVENTID

DATEID

Data type

CHAR(8)

VARCHAR(30)
VARCHAR(30)
VARCHAR(30)
CHAR(2)

VARCHAR(100)

CHAR(14)

BOOLEAN

Data type

INTEGER

INTEGER

INTEGER

SMALLINT

Description

An 8-character alphanumeric username, such as
PGLOSLII.

The user's first name, such as Victor.

The user's last name, such as Hexrnandez .
The user's home city, such as Naperville .
The user's home state, such as GA.

The user's email address; this column contains
random Latin values, such as turpiseac
cumsanlaoreet.oxg

The user's 14-character phone number, such as
(818) 765-4255.

A series of 10 different columns that identify the

user's likes and dislikes with true and false values.

Description

Primary key, a unique ID value for each row. Each row
represents a listing of a batch of tickets for a specific
event.

Foreign-key reference to the USERS table, identifying
the user who is selling the tickets.

Foreign-key reference to the EVENT table.

Foreign-key reference to the DATE table.

LISTING table
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Column name

NUMTICKETS

PRICEPERTICKET

TOTALPRICE

LISTTIME

SALES table

Column name

SALESID

LISTID

SELLERID

BUYERID

EVENTID
DATEID

QTYSOLD

Data type

SMALLINT

DECIMAL(8,2)

DECIMAL(8,2)

TIMESTAMP

Data type

INTEGER

INTEGER

INTEGER

INTEGER

INTEGER
SMALLINT

SMALLINT

Description

The number of tickets available for sale, such as 2 or
20.

The fixed price of an individual ticket, such as 27.00
or 206.00.

The total price for this listing (NUMTICKETS*PRICEPE
RTICKET).

The full date and time when the listing was posted,
such as 2008-03-18 07:19:35 .

Description

Primary key, a unique ID value for each row. Each row
represents a sale of one or more tickets for a specific
event, as offered in a specific listing.

Foreign-key reference to the LISTING table.

Foreign-key reference to the USERS table (the user who
sold the tickets).

Foreign-key reference to the USERS table (the user who
bought the tickets).

Foreign-key reference to the EVENT table.
Foreign-key reference to the DATE table.

The number of tickets that were sold, from 1 to 8. (A
maximum of 8 tickets can be sold in a single transacti
on.)

SALES table
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Column name

PRICEPAID

COMMISSION

SALETIME

Data type

DECIMAL(8,2)

DECIMAL(8,2)

TIMESTAMP

Description

The total price paid for the tickets, such as 75.00 or
488.00. The individual price of a ticket is PRICEPAID/
QTYSOLD.

The 15% commission that the business collects from
the sale, such as 11.25 or 73.20. The seller receives
85% of the PRICEPAID value.

The full date and time when the sale was completed,
such as 2008-05-24 06:21:47 .

SALES table
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Amazon Redshift best practices

Following, you can find best practices for planning a proof of concept, designing tables, loading
data into tables, and writing queries for Amazon Redshift, and also a discussion of working with
Amazon Redshift Advisor.

Amazon Redshift is not the same as other SQL database systems. To fully realize the benefits of
the Amazon Redshift architecture, you must specifically design, build, and load your tables to use
massively parallel processing, columnar data storage, and columnar data compression. If your data
loading and query execution times are longer than you expect, or longer than you want, you might
be overlooking key information.

If you are an experienced SQL database developer, we strongly recommend that you review this
topic before you begin developing your Amazon Redshift data warehouse.

If you are new to developing SQL databases, this topic is not the best place to start. We
recommend that you begin by reading Common database tasks and trying the examples yourself.

In this topic, you can find an overview of the most important development principles, along with
specific tips, examples, and best practices for implementing those principles. No single practice
can apply to every application. Evaluate all of your options before finishing a database design. For
more information, see Working with automatic table optimization, Loading data, Tuning query
performance, and the reference chapters.

Topics

» Conduct a proof of concept (POC) for Amazon Redshift

Amazon Redshift best practices for designing tables

Amazon Redshift best practices for loading data

Amazon Redshift best practices for designing queries

Working with recommendations from Amazon Redshift Advisor

Conduct a proof of concept (POC) for Amazon Redshift

Amazon Redshift is a popular cloud data warehouse, which offers a fully managed cloud-based
service that integrates with an organization’s Amazon Simple Storage Service data lake, real-time
streams, machine learning (ML) workflows, transactional workflows, and much more. The following
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sections guide you through the process of doing a proof of concept (POC) on Amazon Redshift. The
information here helps you set goals for your POC, and takes advantage of tools that can automate
the provisioning and configuration of services for your POC.

(® Note

For a copy of this information as a PDF, choose the link Run your own Redshift POC on the
Amazon Redshift resources page.

When doing a POC of Amazon Redshift, you test, prove out, and adopt features ranging from
best-in-class security capabilities, elastic scaling, easy integration and ingestion, and flexible
decentralized data architecture options.

DGR ©

Scope POC Launch Amazon Redshift Load Data Analyze Data Optimize

Follow the these steps to conduct a successful POC.

Step 1: Scope your POC

= =Rt

Scope POC Launch Amazon Redshift Load Data Analyze Data Optimize

©]

When conducting a POC, you can either choose to use your own data, or you can choose to use
benchmarking datasets. When you choose your own data you run your own queries against the
data. With benchmarking data, sample queries are provided with the benchmark. See Use sample
datasets for more details if you are not ready to conduct a POC with your own data just yet.

In general, we recommend using two weeks of data for an Amazon Redshift POC.

Start by doing the following:

Step 1: Scope your POC 23
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1.

Identify your business and functional requirements, then work backwards. Common examples
are: faster performance, lower costs, test a new workload or feature, or comparison between
Amazon Redshift and another data warehouse.

. Set specific targets which become the success criteria for the POC. For example, from faster

performance, come up with a list of the top five processes you wish to accelerate, and include
the current run times along with your required run time. These can be reports, queries, ETL
processes, data ingestion, or whatever your current pain points are.

. Identify the specific scope and artifacts needed to run the tests. What datasets do you need

to migrate or continuously ingest into Amazon Redshift, and what queries and processes are
needed to run the tests to measure against the success criteria? There are two ways to do this:

Bring your own data

» To test your own data, come up with the minimum viable list of data artifacts which is
required to test for your success criteria. For example, if your current data warehouse has 200
tables, but the reports you want to test only need 20, your POC can be run faster by using
only the smaller subset of tables.

Use sample datasets

« If you don't have your own datasets ready, you can still get started doing a POC on Amazon
Redshift by using the industry-standard benchmark datasets such as TPC-DS or TPC-H and run
sample benchmarking queries to harness the power of Amazon Redshift. These datasets can

be accessed from within your Amazon Redshift data warehouse after it is created. For detailed
instructions on how to access these datasets and sample queries, see Step 2: Launch Amazon
Redshift.

Step 2: Launch Amazon Redshift

B % 2= ®

Scope POC Launch Amazon Redshift Load Data Analyze Data Optimize
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Amazon Redshift accelerates your time to insights with fast, easy, and secure cloud data
warehousing at scale. You can start quickly by launching your warehouse on the Redshift Serverless
console and get from data to insights in seconds. With Redshift Serverless, you can focus on
delivering on your business outcomes without worrying about managing your data warehouse.

Set up Amazon Redshift Serverless

The first time you use Redshift Serverless, the console leads you through the steps required to
launch your warehouse. You might also be eligible for a credit towards your Redshift Serverless
usage in your account. For more information about choosing a free trial, see Amazon Redshift free

trial. Follow the steps in the Creating a data warehouse with Redshift Serverless in the Amazon
Redshift Getting Started Guide to create a data warehouse with Redshift Serverless. If you do not
have a dataset that you would like to load, the guide also contains steps on how to load a sample
data set.

If you have previously launched Redshift Serverless in your account, follow the steps in Creating
a workgroup with a namespace in the Amazon Redshift Management Guide. After your warehouse

is available, you can opt to load the sample data available in Amazon Redshift. For information
about using Amazon Redshift query editor v2 to load data, see Loading sample data in the Amazon
Redshift Management Guide.

If you are bringing your own data instead of loading the sample data set, see Step 3: Load your
data.

Step 3: Load your data

@ B @ = ®

Scope POC Launch Amazon Redshift Load Data Analyze Data Optimize

After launching Redshift Serverless, the next step is to load your data for the POC. Whether you
are uploading a simple CSV file, ingesting semi-structured data from S3, or streaming data directly,
Amazon Redshift provides the flexibility to quickly and easily move the data into Amazon Redshift
tables from the source.

Choose one of the following methods to load your data.
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Upload a local file

For quick ingestion and analysis, you can use Amazon Redshift query editor v2 to easily load data

files from your local desktop. It has the capability to process files in various formats such as CSV,
JSON, AVRO, PARQUET, ORC, and more. To enable your users, as an administrator, to load data
from a local desktop using query editor v2 you have to specify a common Amazon S3 bucket, and
the user account must be configured with the proper permissions. You can follow Data load made

easy and secure in Amazon Redshift using Query Editor V2 for step-by-step guidance.

Load an Amazon S3 file

To load data from an Amazon S3 bucket into Amazon Redshift, begin by using the COPY command,
specifying the source Amazon S3 location and target Amazon Redshift table. Ensure that the IAM
roles and permissions are properly configured to allow Amazon Redshift access to the designated
Amazon S3 bucket. Follow Tutorial: Loading data from Amazon S3 for step-by-step guidance. You
can also choose the Load data option in query editor v2 to directly load data from your S3 bucket.

Continuous data ingestion

Autocopy (in preview) is an extension of the COPY command and automates continuous data

loading from Amazon S3 buckets. When you create a copy job, Amazon Redshift detects when new
Amazon S3 files are created in a specified path, and then loads them automatically without your
intervention. Amazon Redshift keeps track of the loaded files to verify that they are loaded only
one time. For instructions on how to create copy jobs, see COPY JOB (preview)

® Note

Autocopy is currently in preview and supported only in provisioned clusters in specific
AWS Regions. To create a preview cluster for autocopy, see Continuous file ingestion from

Amazon S3 (preview).

Load your streaming data

Streaming ingestion provides low-latency, high-speed ingestion of stream data from Amazon
Kinesis Data Streams and Amazon Managed Streaming for Apache Kafka into Amazon Redshift.
Amazon Redshift streaming ingestion uses a materialized view, which is updated directly from

the stream utilizing auto refresh. The materialized view maps to the stream data source. You can
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perform filtering and aggregations on the stream data as part of the materialized view definition.
For step-by-step guidance to load data from a stream, see Getting started with Amazon Kinesis

Data Streams or an Getting started with Amazon Managed Streaming for Apache Kafka.

Step 4: Analyze your data

B

Scope POC Launch Amazon Redshift Load Data Analyze Data Optimize

After creating your Redshift Serverless workgroup and namespace, and loading your data, you can
immediately run queries by opening the Query editor v2 from the navigation panel of the Redshift
Serverless console. You can use query editor v2 to test query functionality or query performance
against your own datasets.

Query using Amazon Redshift query editor v2

You can access query editor v2 from the Amazon Redshift console. See Simplify your data analysis

with Amazon Redshift query editor v2 for a complete guide on how to configure, connect, and run

queries with query editor v2.

Alternatively, if you want to run a load test as part of your POC, you can do this by the following
steps to install and run Apache JMeter.

Run a load test using Apache JMeter

To perform a load test to simulate “N" users submitting queries concurrently to Amazon Redshift,
you can use Apache JMeter, an open-source Java based tool.

To install and configure Apache JMeter to run against your Redshift Serverless workgroup, follow
the instructions in Automate Amazon Redshift load testing with the AWS Analytics Automation
Toolkit. It uses the AWS Analytics Automation toolkit (AAA), an open source utility for dynamically
deploying Redshift solutions, to automatically launch these resources. If you have loaded your own
data into Amazon Redshift, be sure to perform the Step #5 — Customize SQL option, to make sure
you supply the appropriate SQL statements you would like to test against your tables. Test each of
these SQL statements one time using query editor v2 to make sure they run without errors.
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After you complete customizing your SQL statements and finalizing your test plan, save and run
your test plan against your Redshift Serverless workgroup. To monitor the progress of your test,
open the Redshift Serverless console, navigate to Query and database monitoring, choose the
Query history tab and view information about your queries.

For performance metrics, choose the Database performance tab on the Redshift Serverless
console, to monitor metrics such as Database Connections and CPU utilization. Here you can
view a graph to monitor the RPU capacity used and observe how Redshift Serverless automatically
scales to meet concurrent workload demands while the load test is running on your workgroup.

RPU capacity used

Overall capacity in Redshift processing units (RPUs).

Average capacity used
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Database connections is another useful metric to monitor while running the load test to see
how your workgroup is handling numerous concurrent connections at a given time to meet the
increasing workload demands.
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Database connections
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Amazon Redshift empowers tens of thousands of users to process exabytes of data every day and
power their analytics workloads by offering a variety of configurations and features to support
individual use cases. When choosing between these options, customers are looking for tools that
help them determine the most optimal data warehouse configuration to support their Amazon
Redshift workload.

Test drive

You can use Test Drive to automatically replay your existing workload on potential configurations
and analyze the corresponding outputs to evaluate the optimal target to migrate your workload to.
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See Find the best Amazon Redshift configuration for your workload using Redshift Test Drive for

information about using Test Drive to evaluate different Amazon Redshift configurations.

Amazon Redshift best practices for designing tables

As you plan your database, certain key table design decisions heavily influence overall query
performance. These design choices also have a significant effect on storage requirements, which
in turn affects query performance by reducing the number of I/O operations and minimizing the
memory required to process queries.

In this section, you can find a summary of the most important design decisions and best practices
for optimizing query performance. Working with automatic table optimization provides more

detailed explanations and examples of table design options.

Topics

o Choose the best sort key

» Choose the best distribution style

o Let COPY choose compression encodings

» Define primary key and foreign key constraints

o Use the smallest possible column size

» Use date/time data types for date columns

Choose the best sort key

Amazon Redshift stores your data on disk in sorted order according to the sort key. The Amazon
Redshift query optimizer uses sort order when it determines optimal query plans.

® Note

When you use automatic table optimization, you don't need to choose the sort key of your
table. For more information, see Working with automatic table optimization.

Some suggestions for the best approach follow:

» To have Amazon Redshift choose the appropriate sort order, specify AUTO for the sort key.
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« If recent data is queried most frequently, specify the timestamp column as the leading column
for the sort key.

Queries are more efficient because they can skip entire blocks that fall outside the time range.

« If you do frequent range filtering or equality filtering on one column, specify that column as the
sort key.

Amazon Redshift can skip reading entire blocks of data for that column. It can do so because it
tracks the minimum and maximum column values stored on each block and can skip blocks that
don't apply to the predicate range.

« If you frequently join a table, specify the join column as both the sort key and the distribution
key.

Doing this enables the query optimizer to choose a sort merge join instead of a slower hash join.
Because the data is already sorted on the join key, the query optimizer can bypass the sort phase
of the sort merge join.

Choose the best distribution style

When you run a query, the query optimizer redistributes the rows to the compute nodes as

needed to perform any joins and aggregations. The goal in selecting a table distribution style is to
minimize the impact of the redistribution step by locating the data where it needs to be before the
query is run.

(® Note

When you use automatic table optimization, you don't need to choose the distribution style
of your table. For more information, see Working with automatic table optimization.

Some suggestions for the best approach follow:
1. Distribute the fact table and one dimension table on their common columns.

Your fact table can have only one distribution key. Any tables that join on another key aren't
collocated with the fact table. Choose one dimension to collocate based on how frequently it is
joined and the size of the joining rows. Designate both the dimension table's primary key and
the fact table's corresponding foreign key as the DISTKEY.
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2. Choose the largest dimension based on the size of the filtered dataset.

Only the rows that are used in the join must be distributed, so consider the size of the dataset
after filtering, not the size of the table.

3. Choose a column with high cardinality in the filtered result set.

If you distribute a sales table on a date column, for example, you should probably get fairly
even data distribution, unless most of your sales are seasonal. However, if you commonly use a
range-restricted predicate to filter for a narrow date period, most of the filtered rows occur on a
limited set of slices and the query workload is skewed.

4. Change some dimension tables to use ALL distribution.

If a dimension table cannot be collocated with the fact table or other important joining tables,
you can improve query performance significantly by distributing the entire table to all of the
nodes. Using ALL distribution multiplies storage space requirements and increases load times
and maintenance operations, so you should weigh all factors before choosing ALL distribution.

To have Amazon Redshift choose the appropriate distribution style, specify AUTO for the
distribution style.

For more information about choosing distribution styles, see Working with data distribution styles.

Let COPY choose compression encodings

You can specify compression encodings when you create a table, but in most cases, automatic
compression produces the best results.

ENCODE AUTO is the default for tables. When a table is set to ENCODE AUTO, Amazon Redshift
automatically manages compression encoding for all columns in the table. For more information,
see CREATE TABLE and ALTER TABLE.

The COPY command analyzes your data and applies compression encodings to an empty table
automatically as part of the load operation.

Automatic compression balances overall performance when choosing compression encodings.
Range-restricted scans might perform poorly if sort key columns are compressed much more highly
than other columns in the same query. As a result, automatic compression chooses a less efficient
compression encoding to keep the sort key columns balanced with other columns.

Use automatic compression 32



Amazon Redshift Database Developer Guide

Suppose that your table's sort key is a date or timestamp and the table uses many large varchar
columns. In this case, you might get better performance by not compressing the sort key column
at all. Run the ANALYZE COMPRESSION command on the table, then use the encodings to create a
new table, but leave out the compression encoding for the sort key.

There is a performance cost for automatic compression encoding, but only if the table is empty
and does not already have compression encoding. For short-lived tables and tables that you
create frequently, such as staging tables, load the table once with automatic compression or run
the ANALYZE COMPRESSION command. Then use those encodings to create new tables. You can
add the encodings to the CREATE TABLE statement, or use CREATE TABLE LIKE to create a new
table with the same encoding.

For more information, see Loading tables with automatic compression.

Define primary key and foreign key constraints

Define primary key and foreign key constraints between tables wherever appropriate. Even though
they are informational only, the query optimizer uses those constraints to generate more efficient
query plans.

Do not define primary key and foreign key constraints unless your application enforces the
constraints. Amazon Redshift does not enforce unique, primary-key, and foreign-key constraints.

See Defining table constraints for additional information about how Amazon Redshift uses
constraints.

Use the smallest possible column size

Don't make it a practice to use the maximum column size for convenience.

Instead, consider the largest values you are likely to store in your columns and size them
accordingly. For instance, a CHAR column for storing chemical symbols from the periodic table
would only need to be CHAR(2).

Use date/time data types for date columns

Amazon Redshift stores DATE and TIMESTAMP data more efficiently than CHAR or VARCHAR, which
results in better query performance. Use the DATE or TIMESTAMP data type, depending on the
resolution you need, rather than a character type when storing date/time information. For more
information, see Datetime types.
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Amazon Redshift best practices for loading data

Topics

» Take the loading data tutorial

+ Use a COPY command to load data

» Use a single COPY command to load from multiple files

« Loading data files

« Compressing your data files

» Verify data files before and after a load

+ Use a multi-row insert

e Use a bulk insert

» Load data in sort key order

» Load data in sequential blocks

e Use time-series tables

« Schedule around maintenance windows

Loading very large datasets can take a long time and consume a lot of computing resources. How
your data is loaded can also affect query performance. This section presents best practices for
loading data efficiently using COPY commands, bulk inserts, and staging tables.

Take the loading data tutorial

Tutorial: Loading data from Amazon S3 walks you beginning to end through the steps to upload
data to an Amazon S3 bucket and then use the COPY command to load the data into your tables.
The tutorial includes help with troubleshooting load errors and compares the performance

difference between loading from a single file and loading from multiple files.

Use a COPY command to load data

The COPY command loads data in parallel from Amazon S3, Amazon EMR, Amazon DynamoDB, or
multiple data sources on remote hosts. COPY loads large amounts of data much more efficiently
than using INSERT statements, and stores the data more effectively as well.

For more information about using the COPY command, see Loading data from Amazon S3 and

Loading data from an Amazon DynamoDB table.
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Use a single COPY command to load from multiple files

Amazon Redshift can automatically load in parallel from multiple compressed data files. You can
specify the files to be loaded by using an Amazon S3 object prefix or by using a manifest file.

However, if you use multiple concurrent COPY commands to load one table from multiple files,
Amazon Redshift is forced to perform a serialized load. This type of load is much slower and
requires a VACUUM process at the end if the table has a sort column defined. For more information
about using COPY to load data in parallel, see Loading data from Amazon S3.

Loading data files

Source-data files come in different formats and use varying compression algorithms. When loading
data with the COPY command, Amazon Redshift loads all of the files referenced by the Amazon S3
bucket prefix. (The prefix is a string of characters at the beginning of the object key name.) If the
prefix refers to multiple files or files that can be split, Amazon Redshift loads the data in parallel,
taking advantage of Amazon Redshift's MPP architecture. This divides the workload among the
nodes in the cluster. In contrast, when you load data from a file that can't be split, Amazon Redshift
is forced to perform a serialized load, which is much slower. The following sections describe the
recommended way to load different file types into Amazon Redshift, depending on their format
and compression.

Loading data from files that can be split

The following files can be automatically split when their data is loaded:

« an uncompressed CSV file
» a CSV file compressed with BZIP
« a columnar file (Parquet/ORC)

Amazon Redshift automatically splits files 128MB or larger into chunks. Columnar files, specifically
Parquet and ORC, aren't split if they're less than 128MB. Redshift makes use of slices working in
parallel to load the data. This provides fast load performance.

Loading data from files that can't be split

File types such as JSON, or CSV, when compressed with other compression algorithms, such as
GZIP, aren't automatically split. For these we recommend manually splitting the data into multiple
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smaller files that are close in size, from 1 MB to 1 GB after compression. Additionally, make the
number of files a multiple of the number of slices in your cluster. For more information about how
to split your data into multiple files and examples of loading data using COPY, see Loading data
from Amazon S3.

Compressing your data files

When you want to compress large load files, we recommend that you use gzip, lzop, bzip2, or
Zstandard to compress them and split the data into multiple smaller files.

Specify the GZIP, LZOP, BZIP2, or ZSTD option with the COPY command. This example loads the
TIME table from a pipe-delimited lzop file.

copy time

from 's3://mybucket/data/timerows.lzo’

iam_role 'arn:aws:iam::0123456789012:role/MyRedshiftRole’
1zop

delimiter '|';

There are instances when you don't have to split uncompressed data files. For more information
about splitting your data and examples of using COPY to load data, see Loading data from Amazon
S3.

Verify data files before and after a load

Before you load data from Amazon S3, first verify that your Amazon S3 bucket contains all the
correct files, and only those files. For more information, see Verifying that the correct files are

present in your bucket.

After the load operation is complete, query the STL_LOAD_COMMITS system table to verify that
the expected files were loaded. For more information, see Verifying that the data loaded correctly.

Use a multi-row insert

If a COPY command is not an option and you require SQL inserts, use a multi-row insert whenever
possible. Data compression is inefficient when you add data only one row or a few rows at a time.

Multi-row inserts improve performance by batching up a series of inserts. The following example
inserts three rows into a four-column table using a single INSERT statement. This is still a small
insert, shown simply to illustrate the syntax of a multi-row insert.
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insert into category_stage values
(default, default, default, default),
(20, default, 'Country', default),
(21, 'Concerts', 'Rock', default);

For more details and examples, see INSERT.

Use a bulk insert

Use a bulk insert operation with a SELECT clause for high-performance data insertion.

Use the INSERT and CREATE TABLE AS commands when you need to move data or a subset of data
from one table into another.

For example, the following INSERT statement selects all of the rows from the CATEGORY table and
inserts them into the CATEGORY_STAGE table.

insert into category_stage
(select * from category);

The following example creates CATEGORY_STAGE as a copy of CATEGORY and inserts all of the
rows in CATEGORY into CATEGORY_STAGE.

create table category_stage as
select * from category;

Load data in sort key order

Load your data in sort key order to avoid needing to vacuum.

If each batch of new data follows the existing rows in your table, your data is properly stored in
sort order, and you don't need to run a vacuum. You don't need to presort the rows in each load
because COPY sorts each batch of incoming data as it loads.

For example, suppose that you load data every day based on the current day's activity. If your

sort key is a timestamp column, your data is stored in sort order. This order occurs because the
current day's data is always appended at the end of the previous day's data. For more information,
see Loading your data in sort key order. For more information about vacuum operations, see

Vacuuming tables.

Use a bulk insert 37


https://docs.aws.amazon.com/redshift/latest/dg/t_Reclaiming_storage_space202.html

Amazon Redshift Database Developer Guide

Load data in sequential blocks

If you need to add a large quantity of data, load the data in sequential blocks according to sort
order to eliminate the need to vacuum.

For example, suppose that you need to load a table with events from January 2017 to December
2017. Assuming each month is in a single file, load the rows for January, then February, and so on.
Your table is completely sorted when your load completes, and you don't need to run a vacuum.
For more information, see Use time-series tables.

When loading very large datasets, the space required to sort might exceed the total available
space. By loading data in smaller blocks, you use much less intermediate sort space during each
load. In addition, loading smaller blocks make it easier to restart if the COPY fails and is rolled
back.

Use time-series tables

If your data has a fixed retention period, you can organize your data as a sequence of time-series
tables. In such a sequence, each table is identical but contains data for different time ranges.

You can easily remove old data simply by running a DROP TABLE command on the corresponding
tables. This approach is much faster than running a large-scale DELETE process and saves you

from having to run a subsequent VACUUM process to reclaim space. To hide the fact that the data
is stored in different tables, you can create a UNION ALL view. When you delete old data, refine
your UNION ALL view to remove the dropped tables. Similarly, as you load new time periods into
new tables, add the new tables to the view. To signal the optimizer to skip the scan on tables that
don't match the query filter, your view definition filters for the date range that corresponds to each
table.

Avoid having too many tables in the UNION ALL view. Each additional table adds a small processing
time to the query. Tables don't need to use the same time frame. For example, you might have
tables for differing time periods, such as daily, monthly, and yearly.

If you use time-series tables with a timestamp column for the sort key, you effectively load your
data in sort key order. Doing this eliminates the need to vacuum to re-sort the data. For more
information, see Loading your data in sort key order.
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Schedule around maintenance windows

If a scheduled maintenance occurs while a query is running, the query is terminated and rolled
back and you need to restart it. Schedule long-running operations, such as large data loads or
VACUUM operation, to avoid maintenance windows. You can also minimize the risk, and make
restarts easier when they are needed, by performing data loads in smaller increments and
managing the size of your VACUUM operations. For more information, see Load data in sequential

blocks and Vacuuming tables.

Amazon Redshift best practices for designing queries

To maximize query performance, follow these recommendations when creating queries:

» Design tables according to best practices to provide a solid foundation for query performance.
For more information, see Amazon Redshift best practices for designing tables.

« Avoid using select *.Include only the columns you specifically need.

« Use a CASE conditional expression to perform complex aggregations instead of selecting from

the same table multiple times.

» Don't use cross-joins unless absolutely necessary. These joins without a join condition result in
the Cartesian product of two tables. Cross-joins are typically run as nested-loop joins, which are
the slowest of the possible join types.

» Use subqueries in cases where one table in the query is used only for predicate conditions and
the subquery returns a small number of rows (less than about 200). The following example uses
a subquery to avoid joining the LISTING table.

select sum(sales.qtysold)
from sales
where salesid in (select listid from listing where listtime > '2008-12-26');

» Use predicates to restrict the dataset as much as possible.

« In the predicate, use the least expensive operators that you can. Comparison condition operators
are preferable to LIKE operators. LIKE operators are still preferable to SIMILAR TO or POSIX
operators.

» Avoid using functions in query predicates. Using them can drive up the cost of the query by

requiring large numbers of rows to resolve the intermediate steps of the query.
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« If possible, use a WHERE clause to restrict the dataset. The query planner can then use row order
to help determine which records match the criteria, so it can skip scanning large numbers of disk
blocks. Without this, the query execution engine must scan participating columns entirely.

« Add predicates to filter tables that participate in joins, even if the predicates apply the same
filters. The query returns the same result set, but Amazon Redshift is able to filter the join tables
before the scan step and can then efficiently skip scanning blocks from those tables. Redundant
filters aren't needed if you filter on a column that's used in the join condition.

For example, suppose that you want to join SALES and LISTING to find ticket sales for tickets
listed after December, grouped by seller. Both tables are sorted by date. The following query
joins the tables on their common key and filters for 1isting.listtime values greater than
December 1.

select listing.sellerid, sum(sales.qtysold)
from sales, listing

where sales.salesid = listing.listid

and listing.listtime > '2008-12-01'

group by 1 order by 1;

The WHERE clause doesn't include a predicate for sales.saletime, so the execution engine
is forced to scan the entire SALES table. If you know the filter would result in fewer rows
participating in the join, then add that filter as well. The following example cuts execution time
significantly.

select listing.sellerid, sum(sales.qtysold)
from sales, listing

where sales.salesid = listing.listid

and listing.listtime > '2008-12-01'

and sales.saletime > '2008-12-01'

group by 1 order by 1;

» Use sort keys in the GROUP BY clause so the query planner can use more efficient aggregation.
A query might qualify for one-phase aggregation when its GROUP BY list contains only sort key
columns, one of which is also the distribution key. The sort key columns in the GROUP BY list
must include the first sort key, then other sort keys that you want to use in sort key order. For
example, it is valid to use the first sort key, the first and second sort keys, the first, second, and
third sort keys, and so on. It is not valid to use the first and third sort keys.
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You can confirm the use of one-phase aggregation by running the EXPLAIN command and
looking for XN GroupAggregate in the aggregation step of the query.

« If you use both GROUP BY and ORDER BY clauses, make sure that you put the columns in the
same order in both. That is, use the approach just following.

group by a, b, c
order by a, b, c

Don't use the following approach.

group by b, c, a
order by a, b, ¢

Working with recommendations from Amazon Redshift Advisor

To help you improve the performance and decrease the operating costs for your Amazon Redshift
cluster, Amazon Redshift Advisor offers you specific recommendations about changes to make.
Advisor develops its customized recommendations by analyzing performance and usage metrics for
your cluster. These tailored recommendations relate to operations and cluster settings. To help you
prioritize your optimizations, Advisor ranks recommendations by order of impact.

Advisor bases its recommendations on observations regarding performance statistics or operations
data. Advisor develops observations by running tests on your clusters to determine if a test value is
within a specified range. If the test result is outside of that range, Advisor generates an observation
for your cluster. At the same time, Advisor creates a recommendation about how to bring the
observed value back into the best-practice range. Advisor only displays recommendations that
should have a significant impact on performance and operations. When Advisor determines that a
recommendation has been addressed, it removes it from your recommendation list.

For example, suppose that your data warehouse contains a large number of uncompressed

table columns. In this case, you can save on cluster storage costs by rebuilding tables using the
ENCODE parameter to specify column compression. In another example, suppose that Advisor
observes that your cluster contains a significant amount of data in uncompressed table data. In
this case, it provides you with the SQL code block to find the table columns that are candidates for
compression and resources that describe how to compress those columns.
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Amazon Redshift Regions

The Amazon Redshift Advisor feature is available only in the following AWS Regions:

« US East (N. Virginia) Region (us-east-1)

« US East (Ohio) Region (us-east-2)

« US West (N. California) Region (us-west-1)

» US West (Oregon) Region (us-west-2)
 Africa (Cape Town) Region (af-south-1)

« Asia Pacific (Hong Kong) Region (ap-east-1)

« Asia Pacific (Hyderabad) Region (ap-south-2)
« Asia Pacific (Jakarta) Region (ap-southeast-3)
« Asia Pacific (Melbourne) Region (ap-southeast-4)
« Asia Pacific (Mumbai) Region (ap-south-1)

« Asia Pacific (Osaka) Region (ap-northeast-3)
« Asia Pacific (Seoul) Region (ap-northeast-2)

« Asia Pacific (Singapore) Region (ap-southeast-1)
« Asia Pacific (Sydney) Region (ap-southeast-2)
« Asia Pacific (Tokyo) Region (ap-northeast-1)
« Canada (Central) Region (ca-central-1)

» Canada West (Calgary) Region (ca-west-1)

« China (Beijing) Region (cn-north-1)

« China (Ningxia) Region (cn-northwest-1)

» Europe (Frankfurt) Region (eu-central-1)

» Europe (Ireland) Region (eu-west-1)

» Europe (London) Region (eu-west-2)

» Europe (Milan) Region (eu-south-1)

» Europe (Paris) Region (eu-west-3)

» Europe (Spain) Region (eu-south-2)

» Europe (Stockholm) Region (eu-north-1)
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» Europe (Zurich) Region (eu-central-2)

o Israel (Tel Aviv) Region (il-central-1)

» Middle East (Bahrain) Region (me-south-1)
» Middle East (UAE) Region (me-central-1)

» South America (Sao Paulo) Region (sa-east-1)

Topics

« Viewing Amazon Redshift Advisor recommendations

« Amazon Redshift Advisor recommendations

Viewing Amazon Redshift Advisor recommendations

You can access Amazon Redshift Advisor recommendations using the Amazon Redshift console,
Amazon Redshift API, or AWS CLI. To access recommendations you must have permission
redshift:ListRecommendations attached to your IAM role or identity.

Viewing Amazon Redshift Advisor recommendations on the Amazon Redshift
provisioned console

You can view Amazon Redshift Advisor recommendations on the AWS Management Console.

To view Amazon Redshift Advisor recommendations for Amazon Redshift clusters on the
console

1. Sign in to the AWS Management Console and open the Amazon Redshift console at https://
console.aws.amazon.com/redshiftv2/.

2. On the navigation menu, choose Advisor.

3. Expand each recommendation to see more details. On this page, you can sort and group
recommendations.

Viewing Amazon Redshift Advisor recommendations using Amazon Redshift API
operations

You can list Amazon Redshift Advisor recommendations for Amazon Redshift clusters using the
Amazon Redshift API. Typically, you develop and application in your programming language of
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your choice to call the redshift:ListRecommendations API using an AWS SDK. For more
information, see ListRecommendations in the Amazon Redshift APl Reference.

Viewing Amazon Redshift Advisor recommendations using AWS Command Line
Interface operations

You can list Amazon Redshift Advisor recommendations for Amazon Redshift clusters using the
AWS Command Line Interface. For more information, see list-recommendations in the AWS CLI

Command Reference.

Amazon Redshift Advisor recommendations

Amazon Redshift Advisor offers recommendations about how to optimize your Amazon Redshift
cluster to increase performance and save on operating costs. You can find explanations for each
recommendation in the console, as described preceding. You can find further details on these
recommendations in the following sections.

Topics

o Compress Amazon S3 file objects loaded by COPY

« Isolate multiple active databases

» Reallocate workload management (WLM) memory

» Skip compression analysis during COPY

« Split Amazon S3 objects loaded by COPY

« Update table statistics

« Enable short query acceleration

« Alter distribution keys on tables

« Alter sort keys on tables

« Alter compression encodings on columns

» Data type recommendations

Compress Amazon S3 file objects loaded by COPY

The COPY command takes advantage of the massively parallel processing (MPP) architecture in
Amazon Redshift to read and load data in parallel. It can read files from Amazon S3, DynamoDB
tables, and text output from one or more remote hosts.
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When loading large amounts of data, we strongly recommend using the COPY command to load
compressed data files from S3. Compressing large datasets saves time uploading the files to
Amazon S3. COPY can also speed up the load process by uncompressing the files as they are read.

Analysis

Long-running COPY commands that load large uncompressed datasets often have an opportunity
for considerable performance improvement. The Advisor analysis identifies COPY commands

that load large uncompressed datasets. In such a case, Advisor generates a recommendation to
implement compression on the source files in Amazon S3.

Recommendation

Ensure that each COPY that loads a significant amount of data, or runs for a significant duration,
ingests compressed data objects from Amazon S3. You can identify the COPY commands that
load large uncompressed datasets from Amazon S3 by running the following SQL command as a
superuser.

SELECT
wq.userid, query, exec_start_time AS starttime, COUNT(*) num_files,
ROUND(MAX(wq.total_exec_time/1000000.0),2) execution_secs,
ROUND(SUM(transfer_size)/(1024.0*1024.0),2) total_mb,
SUBSTRING(querytxt,1,60) copy_sql

FROM stl_s3client s

JOIN stl_query q USING (query)

JOIN stl_wlm_query wg USING (query)

WHERE s.userid>1 AND http_method = 'GET'
AND POSITION('COPY ANALYZE' IN querytxt) = 0
AND aborted = @ AND final_state='Completed'

GROUP BY 1, 2, 3, 7

HAVING SUM(transfer_size) = SUM(data_size)

AND SUM(transfer_size)/(1024*1024) >= 5

ORDER BY 6 DESC, 5 DESC;

If the staged data remains in Amazon S3 after you load it, which is common in data lake
architectures, storing this data in a compressed form can reduce your storage costs.

Implementation tips

« The ideal object size is 1-128 MB after compression.
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» You can compress files with gzip, lzop, or bzip2 format.

Isolate multiple active databases

As a best practice, we recommend isolating databases in Amazon Redshift from one another.
Queries run in a specific database and can't access data from any other database on the cluster.
However, the queries that you run in all databases of a cluster share the same underlying cluster
storage space and compute resources. When a single cluster contains multiple active databases,
their workloads are usually unrelated.

Analysis

The Advisor analysis reviews all databases on the cluster for active workloads running at the same
time. If there are active workloads running at the same time, Advisor generates a recommendation
to consider migrating databases to separate Amazon Redshift clusters.

Recommendation

Consider moving each actively queried database to a separate dedicated cluster. Using a separate
cluster can reduce resource contention and improve query performance. It can do so because

it allows you to set the size for each cluster for the storage, cost, and performance needs of

each workload. Also, unrelated workloads often benefit from different workload management
configurations.

To identify which databases are actively used, you can run this SQL command as a superuser.

SELECT database,
COUNT(*) as num_queries,
AVG(DATEDIFF(sec,starttime,endtime)) avg_duration,
MIN(starttime) as oldest_ts,
MAX(endtime) as latest_ts

FROM stl_query

WHERE userid > 1

GROUP BY database;

Implementation tips

« Because a user must connect to each database specifically, and queries can only access a single
database, moving databases to separate clusters has minimal impact for users.
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« One option to move a database is to take the following steps:
1. Temporarily restore a snapshot of the current cluster to a cluster of the same size.
2. Delete all databases from the new cluster except the target database to be moved.

3. Resize the cluster to an appropriate node type and count for the database's workload.

Reallocate workload management (WLM) memory

Amazon Redshift routes user queries to Implementing manual WLM for processing. Workload

management (WLM) defines how those queries are routed to the queues. Amazon Redshift
allocates each queue a portion of the cluster's available memory. A queue's memory is divided
among the queue's query slots.

When a queue is configured with more slots than the workload requires, the memory allocated to
these unused slots goes underutilized. Reducing the configured slots to match the peak workload
requirements redistributes the underutilized memory to active slots, and can result in improved
query performance.

Analysis

The Advisor analysis reviews workload concurrency requirements to identify query queues with
unused slots. Advisor generates a recommendation to reduce the number of slots in a queue when
it finds the following:

« A queue with slots that are completely inactive throughout the analysis.

« A queue with more than four slots that had at least two inactive slots throughout the analysis.

Recommendation

Reducing the configured slots to match peak workload requirements redistributes underutilized
memory to active slots. Consider reducing the configured slot count for queues where the slots
have never been fully used. To identify these queues, you can compare the peak hourly slot
requirements for each queue by running the following SQL command as a superuser.

WITH
generate_dt_series AS (select sysdate - (n * interval '5 second') as dt from (select
row_number() over () as n from stl_scan limit 17280)),
apex AS (
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SELECT iq.dt, iq.service_class, iq.num_query_tasks, count(ig.slot_count) as
service_class_queries, sum(iq.slot_count) as service_class_slots
FROM
(select gds.dt, wq.service_class, wscc.num_query_tasks, wqg.slot_count
FROM stl_wlm_query wq
JOIN stv_wlm_service_class_config wscc ON (wscc.service_class =
wqg.service_class AND wscc.service_class > 5)
JOIN generate_dt_series gds ON (wqg.service_class_start_time <= gds.dt AND
wq.service_class_end_time > gds.dt)
WHERE wq.userid > 1 AND wq.service_class > 5) iq
GROUP BY iqg.dt, iq.service_class, iqg.num_query_tasks),
maxes as (SELECT apex.service_class, trunc(apex.dt) as d, date_part(h,apex.dt) as
dt_h, max(service_class_slots) max_service_class_slots
from apex group by apex.service_class, apex.dt,
date_part(h,apex.dt))
SELECT apex.service_class - 5 AS queue, apex.service_class, apex.num_query_tasks AS

max_wlm_concurrency, maxes.d AS day, maxes.dt_h || ':00 - ' || maxes.dt_h || ':59' as
hour, MAX(apex.service_class_slots) as max_service_class_slots
FROM apex

JOIN maxes ON (apex.service_class = maxes.service_class AND apex.service_class_slots =
maxes.max_service_class_slots)

GROUP BY apex.service_class, apex.num_query_tasks, maxes.d, maxes.dt_h

ORDER BY apex.service_class, maxes.d, maxes.dt_h;

The max_service_class_slots column represents the maximum number of WLM query slots
in the query queue for that hour. If underutilized queues exist, implement the slot reduction
optimization by modifying a parameter group, as described in the Amazon Redshift Management
Guide.

Implementation tips

« If your workload is highly variable in volume, make sure that the analysis captured a peak
utilization period. If it didn't, run the preceding SQL repeatedly to monitor peak concurrency
requirements.

» For more details on interpreting the query results from the preceding SQL code, see the
wlm_apex_hourly.sgl script on GitHub.
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Skip compression analysis during COPY

When you load data into an empty table with compression encoding declared with the COPY
command, Amazon Redshift applies storage compression. This optimization ensures that data in
your cluster is stored efficiently even when loaded by end users. The analysis required to apply
compression can require significant time.

Analysis

The Advisor analysis checks for COPY operations that were delayed by automatic compression
analysis. The analysis determines the compression encodings by sampling the data while it's being
loaded. This sampling is similar to that performed by the ANALYZE COMPRESSION command.

When you load data as part of a structured process, such as in an overnight extract, transform,
load (ETL) batch, you can define the compression beforehand. You can also optimize your table
definitions to skip this phase permanently without any negative impacts.

Recommendation

To improve COPY responsiveness by skipping the compression analysis phase, implement either of
the following two options:

» Use the column ENCODE parameter when creating any tables that you load using the COPY
command.

« Turn off compression altogether by supplying the COMPUPDATE OFF parameter in the COPY
command.

The best solution is generally to use column encoding during table creation, because this
approach also maintains the benefit of storing compressed data on disk. You can use the ANALYZE
COMPRESSION command to suggest compression encodings, but you must recreate the table to
apply these encodings. To automate this process, you can use the AWSColumnEncodingUrtility,
found on GitHub.

To identify recent COPY operations that triggered automatic compression analysis, run the
following SQL command.

WITH xids AS (
SELECT xid FROM stl_query WHERE userid>1 AND aborted=0
AND querytxt = 'analyze compression phase 1' GROUP BY xid
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INTERSECT SELECT xid FROM stl_commit_stats WHERE node=-1)

SELECT a.userid, a.query, a.xid, a.starttime, b.complyze_sec,
a.copy_sec, a.copy_sql

FROM (SELECT q.userid, g.query, q.xid, date_trunc('s',qg.starttime)
starttime, substring(querytxt,1,100) as copy_sql,
ROUND(datediff(ms,starttime,endtime): :numeric / 1000.0, 2) copy_sec
FROM stl_query g JOIN xids USING (xid)
WHERE (querytxt ilike 'copy %from%' OR querytxt ilike '$% copy %from%')
AND querytxt not like 'COPY ANALYZE %') a

LEFT JOIN (SELECT xid,
ROUND(sum(datediff(ms,starttime,endtime)): :numeric / 1000.0,2) complyze_sec
FROM stl_query g JOIN xids USING (xid)
WHERE (querytxt like 'COPY ANALYZE %'
OR querytxt like 'analyze compression phase %')
GROUP BY xid ) b ON a.xid = b.xid

WHERE b.complyze_sec IS NOT NULL ORDER BY a.copy_sql, a.starttime;

Implementation tips

« Ensure that all tables of significant size created during your ETL processes (for example, staging
tables and temporary tables) declare a compression encoding for all columns except the first sort
key.

» Estimate the expected lifetime size of the table being loaded for each of the COPY commands
identified by the SQL command preceding. If you are confident that the table will remain
extremely small, turn off compression altogether with the COMPUPDATE OFF parameter.
Otherwise, create the table with explicit compression before loading it with the COPY command.

Split Amazon S3 objects loaded by COPY

The COPY command takes advantage of the massively parallel processing (MPP) architecture in
Amazon Redshift to read and load data from files on Amazon S3. The COPY command loads the
data in parallel from multiple files, dividing the workload among the nodes in your cluster. To
achieve optimal throughput, we strongly recommend that you divide your data into multiple files
to take advantage of parallel processing.

Analysis

The Advisor analysis identifies COPY commands that load large datasets contained in a small
number of files staged in Amazon S3. Long-running COPY commands that load large datasets
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from a few files often have an opportunity for considerable performance improvement. When
Advisor identifies that these COPY commands are taking a significant amount of time, it creates a
recommendation to increase parallelism by splitting the data into additional files in Amazon S3.

Recommendation

In this case, we recommend the following actions, listed in priority order:

1. Optimize COPY commands that load fewer files than the number of cluster nodes.
2. Optimize COPY commands that load fewer files than the number of cluster slices.

3. Optimize COPY commands where the number of files is not a multiple of the number of cluster
slices.

Certain COPY commands load a significant amount of data or run for a significant duration. For
these commands, we recommend that you load a number of data objects from Amazon S3 that
is equivalent to a multiple of the number of slices in the cluster. To identify how many S3 objects
each COPY command has loaded, run the following SQL code as a superuser.

SELECT
query, COUNT(*) num_files,
ROUND(MAX(wq.total_exec_time/1000000.0),2) execution_secs,
ROUND(SUM(transfer_size)/(1024.0*1024.0),2) total_mb,
SUBSTRING(querytxt,1,60) copy_sql

FROM stl_s3client s

JOIN stl_query q USING (query)

JOIN stl_wlm_query wg USING (query)

WHERE s.userid>1 AND http_method = 'GET'
AND POSITION('COPY ANALYZE' IN querytxt) = 0
AND aborted = @ AND final_state='Completed'

GROUP BY query, querytxt

HAVING (SUM(transfer_size)/(1024*1024))/COUNT(*) >= 2

ORDER BY CASE

WHEN COUNT(*) < (SELECT max(node)+1 FROM stv_slices) THEN 1

WHEN COUNT(*) < (SELECT COUNT(*) FROM stv_slices WHERE node=@) THEN 2

ELSE 2+((COUNT(*) % (SELECT COUNT(*) FROM stv_slices))/(SELECT COUNT(*)::DECIMAL FROM

stv_slices))

END, (SUM(transfer_size)/(1024.0*1024.0))/COUNT(*) DESC;
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Implementation tips

« The number of slices in a node depends on the node size of the cluster. For more information
about the number of slices in the various node types, see Clusters and Nodes in Amazon Redshift
in the Amazon Redshift Management Guide.

» You can load multiple files by specifying a common prefix, or prefix key, for the set, or by
explicitly listing the files in a manifest file. For more information about loading files, see Loading
data from compressed and uncompressed files.

« Amazon Redshift doesn't take file size into account when dividing the workload. Split your load
data files so that the files are about equal size, between 1 MB and 1 GB after compression.

Update table statistics

Amazon Redshift uses a cost-based query optimizer to choose the optimum execution plan for
queries. The cost estimates are based on table statistics gathered using the ANALYZE command.
When statistics are out of date or missing, the database might choose a less efficient plan for query
execution, especially for complex queries. Maintaining current statistics helps complex queries run
in the shortest possible time.

Analysis

The Advisor analysis tracks tables whose statistics are out-of-date or missing. It reviews table
access metadata associated with complex queries. If tables that are frequently accessed with
complex patterns are missing statistics, Advisor creates a critical recommendation to run ANALYZE.
If tables that are frequently accessed with complex patterns have out-of-date statistics, Advisor
creates a suggested recommendation to run ANALYZE.

Recommendation

Whenever table content changes significantly, update statistics with ANALYZE. We recommend
running ANALYZE whenever a significant number of new data rows are loaded into an existing
table with COPY or INSERT commands. We also recommend running ANALYZE whenever a
significant number of rows are modified using UPDATE or DELETE commands. To identify tables
with missing or out-of-date statistics, run the following SQL command as a superuser. The results
are ordered from largest to smallest table.

To identify tables with missing or out-of-date statistics, run the following SQL command as a
superuser. The results are ordered from largest to smallest table.
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SELECT
ti.schema||'.'||ti."table" tablename,
ti.size table_size_mb,
ti.stats_off statistics_accuracy
FROM svv_table_info ti
WHERE ti.stats_off > 5.00
ORDER BY ti.size DESC;

Implementation tips

The default ANALYZE threshold is 10 percent. This default means that the ANALYZE command
skips a given table if fewer than 10 percent of the table's rows have changed since the last
ANALYZE. As a result, you might choose to issue ANALYZE commands at the end of each ETL
process. Taking this approach means that ANALYZE is often skipped but also ensures that ANALYZE
runs when needed.

ANALYZE statistics have the most impact for columns that are used in joins (for example, JOIN
tbl_a ON col_b) or as predicates (for example, WHERE col_b = 'xyz'). By default, ANALYZE
collects statistics for all columns in the table specified. If needed, you can reduce the time required
to run ANALYZE by running ANALYZE only for the columns where it has the most impact. You can
run the following SQL command to identify columns used as predicates. You can also let Amazon
Redshift choose which columns to analyze by specifying ANALYZE PREDICATE COLUMNS.

WITH predicate_column_info as (
SELECT ns.nspname AS schema_name, c.relname AS table_name, a.attnum as col_num,
a.attname as col_name,

CASE
WHEN 10002 = s.stakindl THEN array_to_string(stavaluesl, '|]|')
WHEN 10002 = s.stakind2 THEN array_to_string(stavalues2, '||')
WHEN 10002 = s.stakind3 THEN array_to_string(stavalues3, '||')
WHEN 10002 = s.stakind4 THEN array_to_string(stavalues4, '||')

ELSE NULL::varchar

END AS pred_ts
FROM pg_statistic s
JOIN pg_class c ON c.oid = s.starelid
JOIN pg_namespace ns ON c.relnamespace = ns.oid
JOIN pg_attribute a ON c.oid = a.attrelid AND a.attnum = s.staattnum)

SELECT schema_name, table_name, col_num, col_name,
pred_ts NOT LIKE '2000-01-01%' AS is_predicate,
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CASE WHEN pred_ts NOT LIKE '2000-01-01%' THEN (split_part(pred_ts,
"|]',1))::timestamp ELSE NULL::timestamp END as first_predicate_use,
CASE WHEN pred_ts NOT LIKE '%]||2000-01-01%' THEN (split_part(pred_ts,
"I1',2))::timestamp ELSE NULL::timestamp END as last_analyze
FROM predicate_column_info;

For more information, see Analyzing tables.

Enable short query acceleration

Short query acceleration (SQA) prioritizes selected short-running queries ahead of longer-running
queries. SQA runs short-running queries in a dedicated space, so that SQA queries aren't forced to
wait in queues behind longer queries. SQA only prioritizes queries that are short-running and are in
a user-defined queue. With SQA, short-running queries begin running more quickly and users see
results sooner.

If you turn on SQA, you can reduce or eliminate workload management (WLM) queues that are
dedicated to running short queries. In addition, long-running queries don't need to contend with
short queries for slots in a queue, so you can configure your WLM queues to use fewer query slots.
When you use lower concurrency, query throughput is increased and overall system performance is
improved for most workloads. For more information, see Working with short query acceleration.

Analysis

Advisor checks for workload patterns and reports the number of recent queries where SQA would
reduce latency and the daily queue time for SQA-eligible queries.

Recommendation

Modify the WLM configuration to turn on SQA. Amazon Redshift uses a machine learning algorithm
to analyze each eligible query. Predictions improve as SQA learns from your query patterns. For
more information, see Configuring Workload Management.

When you turn on SQA, WLM sets the maximum runtime for short queries to dynamic by default.
We recommend keeping the dynamic setting for SQA maximum runtime.

Implementation tips

To check whether SQA is turned on, run the following query. If the query returns a row, then SQA is
turned on.

select * from stv_wlm_service_class_config
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where service_class = 14;

For more information, see Monitoring SQA.

Alter distribution keys on tables

Amazon Redshift distributes table rows throughout the cluster according to the table distribution
style. Tables with KEY distribution require a column as the distribution key (DISTKEY). A table row
is assigned to a node slice of a cluster based on its DISTKEY column value.

An appropriate DISTKEY places a similar number of rows on each node slice and is frequently
referenced in join conditions. An optimized join occurs when tables are joined on their DISTKEY
columns, accelerating query performance.

Analysis

Advisor analyzes your cluster’s workload to identify the most appropriate distribution key for the
tables that can significantly benefit from a KEY distribution style.

Recommendation

Advisor provides ALTER TABLE statements that alter the DISTSTYLE and DISTKEY of a table based
on its analysis. To realize a significant performance benefit, make sure to implement all SQL
statements within a recommendation group.

Redistributing a large table with ALTER TABLE consumes cluster resources and requires temporary
table locks at various times. Implement each recommendation group when other cluster workload
is light. For more details on optimizing table distribution properties, see the Amazon Redshift
Engineering's Advanced Table Design Playbook: Distribution Styles and Distribution Keys.

For more information about ALTER DISTSYLE and DISTKEY, see ALTER TABLE.

(® Note

If you don't see a recommendation that doesn't necessarily mean that the current
distribution styles are the most appropriate. Advisor doesn't provide recommendations
when there isn't enough data or the expected benefit of redistribution is small.

Advisor recommendations apply to a particular table and don't necessarily apply to a table
that contains a column with the same name. Tables that share a column name can have
different characteristics for those columns unless data inside the tables is the same.
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If you see recommendations for staging tables that are created or dropped by ETL jobs,
modify your ETL processes to use the Advisor recommended distribution keys.

Alter sort keys on tables

Amazon Redshift sorts table rows according to the table sort key. The sorting of table rows is
based on the sort key column values.

Sorting a table on an appropriate sort key can accelerate performance of queries, especially those
with range-restricted predicates, by requiring fewer table blocks to be read from disk.

Analysis

Advisor analyzes your cluster's workload over several days to identify a beneficial sort key for your
tables.

Recommendation

Advisor provides two groups of ALTER TABLE statements that alter the sort key of a table based on
its analysis:

« Statements that alter a table that currently doesn't have a sort key to add a COMPOUND sort
key.

» Statements that alter a sort key from INTERLEAVED to COMPOUND or no sort key.

Using compound sort keys significantly reduces maintenance overhead. Tables with compound
sort keys don't need the expensive VACUUM REINDEX operations that are necessary for
interleaved sorts. In practice, compound sort keys are more effective than interleaved sort
keys for the vast majority of Amazon Redshift workloads. However, if a table is small, it's more
efficient not to have a sort key to avoid sort key storage overhead.

When sorting a large table with the ALTER TABLE, cluster resources are consumed and table locks
are required at various times. Implement each recommendation when a cluster's workload is
moderate. More details on optimizing table sort key configurations can be found in the Amazon
Redshift Engineering's Advanced Table Design Playbook: Compound and Interleaved Sort Keys.

For more information about ALTER SORTKEY, see ALTER TABLE.
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® Note

If you don't see a recommendation for a table, that doesn't necessarily mean that the
current configuration is the best. Advisor doesn't provide recommendations when there
isn't enough data or the expected benefit of sorting is small.

Advisor recommendations apply to a particular table and don't necessarily apply to a table
that contains a column with the same name and data type. Tables that share column names
can have different recommendations based on the data in the tables and the workload.

Alter compression encodings on columns

Compression is a column-level operation that reduces the size of data when it's stored.
Compression is used in Amazon Redshift to conserve storage space and improve query
performance by reducing the amount of disk I/O. We recommend an optimal compression
encoding for each column based on its data type and on query patterns. With optimal
compression, queries can run more efficiently and the database can take up minimal storage space.

Analysis

Advisor performs analysis of your cluster's workload and database schema continually to identify
the optimal compression encoding for each table column.

Recommendation

Advisor provides ALTER TABLE statements that change the compression encoding of particular
columns, based on its analysis.

Changing column compression encodings with ALTER TABLE consumes cluster resources and
requires table locks at various times. It's best to implement recommendations when the cluster
workload is light.

For reference, ALTER TABLE examples shows several statements that change the encoding for a

column.

(® Note

Advisor doesn't provide recommendations when there isn't enough data or the expected
benefit of changing the encoding is small.
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Data type recommendations

Amazon Redshift has a library of SQL data types for various use cases. These include integer types
like INT and types to store characters, like VARCHAR. Redshift stores types in an optimized way

to provide fast access and good query performance. Also, Redshift provides functions for specific
types, which you can use to format or perform calculations on query results.

Analysis

Advisor performs analysis of your cluster's workload and database schema continually to identify
columns that can benefit significantly from a data type change.

Recommendation

Advisor provides an ALTER TABLE statement that adds a new column with the suggested data
type. An accompanying UPDATE statement copies data from the existing column to the new
column. After you create the new column and load the data, change your queries and ingestion
scripts to access the new column. Then leverage features and functions specialized to the new data
type, found in SQL functions reference.

Copying existing data to the new column can take time. We recommend that you implement each
advisor recommendation when the cluster’s workload is light. Reference the list of available data

types at Data types.

Note that Advisor doesn't provide recommendations when there isn't enough data or the expected
benefit of changing the data type is small.
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Tutorials for Amazon Redshift

Follow the steps in these tutorials to learn about Amazon Redshift features:

Tutorial: Loading data from Amazon S3

Tutorial: Querying nested data with Amazon Redshift Spectrum

Tutorial: Configuring manual workload management (WLM) queues

Tutorial: Using spatial SQL functions with Amazon Redshift

Tutorials for Amazon Redshift ML
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Working with automatic table optimization

Automatic table optimization is a self-tuning capability that automatically optimizes the design of
tables by applying sort and distribution keys without the need for administrator intervention. By
using automation to tune the design of tables, you can get started and get the fastest performance
without investing time to manually tune and implement table optimizations.

Automatic table optimization continuously observes how queries interact with tables. It uses
advanced artificial intelligence methods to choose sort and distribution keys to optimize
performance for the cluster's workload. If Amazon Redshift determines that applying a key
improves cluster performance, tables are automatically altered within hours from the time the
cluster was created, with minimal impact to queries.

To take advantage of this automation, an Amazon Redshift administrator creates a new table,
or alters an existing table to enable it to use automatic optimization. Existing tables with a
distribution style or sort key of AUTO are already enabled for automation. When you run queries
against those tables, Amazon Redshift determines if a sort key or distribution key will improve
performance. If so, then Amazon Redshift automatically modifies the table without requiring
administrator intervention. If a minimum number of queries are run, optimizations are applied
within hours of the cluster being launched.

If Amazon Redshift determines that a distribution key improves the performance of queries, tables
where distribution style is AUTO can have their distribution style changed to KEY.

Topics

« Enabling automatic table optimization

« Removing automatic table optimization from a table

» Monitoring actions of automatic table optimization

» Working with column compression

» Working with data distribution styles

» Working with sort keys

« Defining table constraints
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Enabling automatic table optimization

By default, tables created without explicitly defining sort keys or distributions keys are set to AUTO.
At the time of table creation, you can also explicitly set a sort or a distribution key manually. If you
set the sort or distribution key, then the table is not automatically managed.

To enable an existing table to be automatically optimized, use the ALTER statement options
to change the table to AUTO. You might choose to define automation for sort keys, but not for
distribution keys (and vice versa). If you run an ALTER statement to convert a table to be an
automated table, existing sort keys and distribution styles are preserved.

ALTER TABLE table_name ALTER SORTKEY AUTO;

ALTER TABLE table_name ALTER DISTSTYLE AUTO;

For more information, see ALTER TABLE.

Initially, a table has no distribution key or sort key. The distribution style is set to either EVEN or
ALL depending on table size. As the table grows in size, Amazon Redshift applies the optimal
distribution keys and sort keys. Optimizations are applied within hours after a minimum number
of queries are run. When determining sort key optimizations, Amazon Redshift attempts to
optimize the data blocks read from disk during a table scan. When determining distribution style
optimizations, Amazon Redshift tries to optimize the number of bytes transferred between cluster
nodes.

Removing automatic table optimization from a table

You can remove a table from automatic optimization. Removing a table from automation involves
selecting a sort key or distribution style. To change distribution style, specify a specific distribution
style.

ALTER TABLE table_name ALTER DISTSTYLE EVEN;
ALTER TABLE table_name ALTER DISTSTYLE ALL;

ALTER TABLE table_name ALTER DISTSTYLE KEY DISTKEY c1;
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To change a sort key, you can define a sort key or choose none.

ALTER TABLE table_name ALTER SORTKEY(cl, c2);

ALTER TABLE table_name ALTER SORTKEY NONE;

Monitoring actions of automatic table optimization

The system view SVV_ALTER_TABLE_RECOMMENDATIONS records the current Amazon Redshift
Advisor recommendations for tables. This view shows recommendations for all tables, those that
are defined for automatic optimization and those that aren't.

To view if a table is defined for automatic optimization, query the system view SVV_TABLE_INFO.
Entries appear only for tables visible in the current session's database. Recommendations are
inserted into the view twice per day starting within hours from the time the cluster was created.
After a recommendation is available, it's started within an hour. After a recommendation has been
applied (either by Amazon Redshift or by you), it no longer appears in the view.

The system view SVL_AUTO_WORKER_ACTION shows an audit log of all actions taken by Amazon
Redshift, and the previous state of the table.

The system view SVV_TABLE_INFO lists all of the tables in the system, along with a column to
indicate whether the sort key and distribution style of the table is set to AUTO.

For more information about these system views, see System monitoring (provisioned only).

Working with column compression

Compression is a column-level operation that reduces the size of data when it is stored.
Compression conserves storage space and reduces the size of data that is read from storage, which
reduces the amount of disk I/0O and therefore improves query performance.

ENCODE AUTO is the default for tables. When a table is set to ENCODE AUTO, Amazon Redshift
automatically manages compression encoding for all columns in the table. For more information,
see CREATE TABLE and ALTER TABLE.

However, if you specify compression encoding for any column in the table, the table is no longer
set to ENCODE AUTO. Amazon Redshift no longer automatically manages compression encoding
for all columns in the table.
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You can apply a compression type, or encoding, to the columns in a table manually when you create
the table. Or you can use the COPY command to analyze and apply compression automatically.
For more information, see Let COPY choose compression encodings. For details about applying

automatic compression, see Loading tables with automatic compression.

(@ Note

We strongly recommend using the COPY command to apply automatic compression.

You might choose to apply compression encodings manually if the new table shares the same data
characteristics as another table. Or you might do so if you discover in testing that the compression
encodings applied during automatic compression are not the best fit for your data. If you choose
to apply compression encodings manually, you can run the ANALYZE COMPRESSION command
against an already populated table and use the results to choose compression encodings.

To apply compression manually, you specify compression encodings for individual columns as part
of the CREATE TABLE statement. The syntax is as follows.

CREATE TABLE table_name (column_name
data_type ENCODE encoding-type)[, ...]

Here, encoding-type is taken from the keyword table in the following section.

For example, the following statement creates a two-column table, PRODUCT. When data is loaded
into the table, the PRODUCT_ID column is not compressed, but the PRODUCT_NAME column is
compressed, using the byte dictionary encoding (BYTEDICT).

create table product(
product_id int encode raw,
product_name char(20) encode bytedict);

You can specify the encoding for a column when it is added to a table using the ALTER TABLE
command.

ALTER TABLE table-name ADD [ COLUMN ] column_name column_type ENCODE encoding-type

Topics
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» Compression encodings

» Testing compression encodings

« Example: Choosing compression encodings for the CUSTOMER table

Compression encodings

A compression encoding specifies the type of compression that is applied to a column of data values
as rows are added to a table.

ENCODE AUTO is the default for tables. When a table is set to ENCODE AUTO, Amazon Redshift
automatically manages compression encoding for all columns in the table. For more information,
see CREATE TABLE and ALTER TABLE.

However, if you specify compression encoding for any column in the table, the table is no longer
set to ENCODE AUTO. Amazon Redshift no longer automatically manages compression encoding
for all columns in the table.

When you use CREATE TABLE, ENCODE AUTO is disabled when you specify compression encoding
for any column in the table. If ENCODE AUTO is disabled, Amazon Redshift automatically assigns
compression encoding to columns for which you don't specify an ENCODE type as follows:

o Columns that are defined as sort keys are assigned RAW compression.

o Columns that are defined as BOOLEAN, REAL, or DOUBLE PRECISION data types are assigned
RAW compression.

o Columns that are defined as SMALLINT, INTEGER, BIGINT, DECIMAL, DATE, TIMESTAMP, or
TIMESTAMPTZ data types are assigned AZ64 compression.

o Columns that are defined as CHAR or VARCHAR data types are assigned LZO compression.

You can change a table's encoding after creating it by using ALTER TABLE. If you disable ENCODE
AUTO using ALTER TABLE, Amazon Redshift no longer automatically manages compression
encodings for your columns. All columns will keep the compression encoding types that they had
when you disabled ENCODE AUTO until you change them or you enable ENCODE AUTO again.

The following table identifies the supported compression encodings and the data types that
support the encoding.
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Encoding type

Raw (no compression)

AZ64

Byte dictionary

Delta

LZO

Mostlyn

Run-length

Text

Keyword in CREATE TABLE
and ALTER TABLE

RAW

AZ64

BYTEDICT

DELTA

DELTA32K

LZO

MOSTLYS8
MOSTLY16
MOSTLY32

RUNLENGTH

TEXT255

TEXT32K

Data types

All

SMALLINT, INTEGER, BIGINT,
DECIMAL, DATE, TIMESTAMP,
TIMESTAMPTZ

SMALLINT, INTEGER, BIGINT,
DECIMAL, REAL, DOUBLE
PRECISION, CHAR, VARCHAR,
DATE, TIMESTAMP, TIMESTAMPTZ

SMALLINT, INT, BIGINT, DATE,
TIMESTAMP, DECIMAL

INT, BIGINT, DATE, TIMESTAMP,
DECIMAL

SMALLINT, INTEGER, BIGINT,
DECIMAL, CHAR, VARCHAR, DATE,
TIMESTAMP, TIMESTAMPTZ, SUPER

SMALLINT, INT, BIGINT, DECIMAL
INT, BIGINT, DECIMAL
BIGINT, DECIMAL

SMALLINT, INTEGER, BIGINT,
DECIMAL, REAL, DOUBLE
PRECISION, BOOLEAN, CHAR,
VARCHAR, DATE, TIMESTAMP,
TIMESTAMPTZ

VARCHAR only

VARCHAR only
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Encoding type Keyword in CREATE TABLE Data types
and ALTER TABLE
Zstandard ZSTD SMALLINT, INTEGER, BIGINT,

DECIMAL, REAL, DOUBLE
PRECISION, BOOLEAN, CHAR,
VARCHAR, DATE, TIMESTAMP,
TIMESTAMPTZ, SUPER

Raw encoding

Raw encoding is the default encoding for columns that are designated as sort keys and columns
that are defined as BOOLEAN, REAL, or DOUBLE PRECISION data types. With raw encoding, data is
stored in raw, uncompressed form.

AZ64 encoding

AZ64 is a proprietary compression encoding algorithm designed by Amazon to achieve a high

compression ratio and improved query processing. At its core, the AZ64 algorithm compresses
smaller groups of data values and uses single instruction, multiple data (SIMD) instructions for
parallel processing. Use AZ64 to achieve significant storage savings and high performance for
numeric, date, and time data types.

You can use AZ64 as the compression encoding when defining columns using CREATE TABLE and
ALTER TABLE statements with the following data types:

e SMALLINT

« INTEGER

« BIGINT

« DECIMAL

- DATE

o TIMESTAMP

o TIMESTAMPTZ
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Byte-dictionary encoding

In byte dictionary encoding, a separate dictionary of unique values is created for each block of
column values on disk. (An Amazon Redshift disk block occupies 1 MB.) The dictionary contains

up to 256 one-byte values that are stored as indexes to the original data values. If more than 256
values are stored in a single block, the extra values are written into the block in raw, uncompressed
form. The process repeats for each disk block.

This encoding is very effective on low cardinality string columns. This encoding is optimal when the
data domain of a column is fewer than 256 unique values.

For columns with the string data type (CHAR and VARCHAR) encoded with BYTEDICT, Amazon
Redshift performs vectorized scans and predicate evaluations that operate over compressed data
directly. These scans use hardware-specific single instruction and multiple data (SIMD) instructions
for parallel processing. This significantly speeds up the scanning of string columns. Byte-dictionary
encoding is especially space-efficient if a CHAR/VARCHAR column holds long character strings.

Suppose that a table has a COUNTRY column with a CHAR(30) data type. As data is loaded,
Amazon Redshift creates the dictionary and populates the COUNTRY column with the index value.
The dictionary contains the indexed unique values, and the table itself contains only the one-byte
subscripts of the corresponding values.

(® Note

Trailing blanks are stored for fixed-length character columns. Therefore, in a CHAR(30)
column, every compressed value saves 29 bytes of storage when you use the byte-
dictionary encoding.

The following table represents the dictionary for the COUNTRY column.

Unique data value Dictionary index Size (fixed length, 30 bytes
per value)

England 0 30

United States of America 1 30

Venezuela 2 30
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Unique data value

Dictionary index

Size (fixed length, 30 bytes
per value)

Sri Lanka 3 30
Argentina 4 30
Japan 5 30
Total 180
The following table represents the values in the COUNTRY column.
Original data value Original size (fixed Compressed value New size (bytes)

England
England

United States of
America

United States of
America

Venezuela
Sri Lanka
Argentina
Japan

Sri Lanka
Argentina

Total

length, 30 bytes per  (index)
value)

30 0
30 0
30 1
30 1
30 2
30 3
30 4
30 5
30 3
30 4
300

10
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The total compressed size in this example is calculated as follows: 6 different entries are stored in
the dictionary (6 * 30 = 180), and the table contains 10 1-byte compressed values, for a total of
190 bytes.

Delta encoding

Delta encodings are very useful for date time columns.

Delta encoding compresses data by recording the difference between values that follow each other
in the column. This difference is recorded in a separate dictionary for each block of column values
on disk. (An Amazon Redshift disk block occupies 1 MB.) For example, suppose that the column
contains 10 integers in sequence from 1 to 10. The first are stored as a 4-byte integer (plus a 1-
byte flag). The next nine are each stored as a byte with the value 1, indicating that it is one greater
than the previous value.

Delta encoding comes in two variations:

» DELTA records the differences as 1-byte values (8-bit integers)
» DELTA32K records differences as 2-byte values (16-bit integers)

If most of the values in the column could be compressed by using a single byte, the 1-byte
variation is very effective. However, if the deltas are larger, this encoding, in the worst case, is
somewhat less effective than storing the uncompressed data. Similar logic applies to the 16-bit
version.

If the difference between two values exceeds the 1-byte range (DELTA) or 2-byte range
(DELTA32K), the full original value is stored, with a leading 1-byte flag. The 1-byte range is from
-127 to 127, and the 2-byte range is from -32K to 32K.

The following table shows how a delta encoding works for a numeric column.

Original data Original size Difference Compressed Compressed
value (bytes) (delta) value size (bytes)
1 4 1 1+4 (flag +

actual value)

5 4 4 4 1
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Original data Original size Difference Compressed Compressed
value (bytes) (delta) value size (bytes)
50 4 45 45 1
200 4 150 150 1+4 (flag +

actual value)

185 4 -15 -15 1
220 4 35 35 1
221 4 1 1 1
Totals 28 15

LZO encoding

LZO encoding provides a very high compression ratio with good performance. LZO encoding works
especially well for CHAR and VARCHAR columns that store very long character strings. They are
especially good for free-form text, such as product descriptions, user comments, or JSON strings.

Mostly encoding

Mostly encodings are useful when the data type for a column is larger than most of the stored
values require. By specifying a mostly encoding for this type of column, you can compress the
majority of the values in the column to a smaller standard storage size. The remaining values
that cannot be compressed are stored in their raw form. For example, you can compress a 16-bit
column, such as an INT2 column, to 8-bit storage.

In general, the mostly encodings work with the following data types:

« SMALLINT/INT2 (16-bit)

« INTEGER/INT (32-bit)

« BIGINT/INT8 (64-bit)

« DECIMAL/NUMERIC (64-bit)
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Choose the appropriate variation of the mostly encoding to suit the size of the data type for the
column. For example, apply MOSTLY8 to a column that is defined as a 16-bit integer column.
Applying MOSTLY16 to a column with a 16-bit data type or MOSTLY32 to a column with a 32-bit
data type is disallowed.

Mostly encodings might be less effective than no compression when a relatively high number of
the values in the column can't be compressed. Before applying one of these encodings to a column,
perform a check. Most of the values that you are going to load now (and are likely to load in the
future) should fit into the ranges shown in the following table.

Encoding Compressed storage size Range of values that can be
compressed (values outside the range
are stored raw)

MOSTLYS8 1 byte (8 bits) -128 to 127

MOSTLY16 2 bytes (16 bits) -32768 to 32767

MOSTLY32 4 bytes (32 bits) -2147483648 to +2147483647
(® Note

For decimal values, ignore the decimal point to determine whether the value fits into the
range. For example, 1,234.56 is treated as 123,456 and can be compressed in a MOSTLY32
column.

For example, the VENUEID column in the VENUE table is defined as a raw integer column, which
means that its values consume 4 bytes of storage. However, the current range of values in the
column is @ to 3@9. Therefore, recreating and reloading this table with MOSTLY 16 encoding for
VENUEID would reduce the storage of every value in that column to 2 bytes.

If the VENUEID values referenced in another table were mostly in the range of 0 to 127, it might
make sense to encode that foreign-key column as MOSTLY8. Before making the choice, run several
queries against the referencing table data to find out whether the values mostly fall into the 8-bit,
16-bit, or 32-bit range.
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The following table shows compressed sizes for specific numeric values when the MOSTLYS,
MOSTLY16, and MOSTLY32 encodings are used:

Original Original INT MOSTLYS8 MOSTLY16 MOSTLY32
value or BIGINT size compressed compressed size compressed size
(bytes) size (bytes) (bytes) (bytes)

1 4 1 2 4

10 4 1 2 4

100 4 1 2 4

1000 4 Same as raw 2 4

data size

10000 4 2 4

20000 4 2 4

40000 8 Same as raw data 4

size

100000 8 4
2000000000 8 4

Run length encoding

Run length encoding replaces a value that is repeated consecutively with a token that consists of
the value and a count of the number of consecutive occurrences (the length of the run). A separate
dictionary of unique values is created for each block of column values on disk. (An Amazon
Redshift disk block occupies 1 MB.) This encoding is best suited to a table in which data values are
often repeated consecutively, for example, when the table is sorted by those values.

For example, suppose that a column in a large dimension table has a predictably small domain,
such as a COLOR column with fewer than 10 possible values. These values are likely to fall in long
sequences throughout the table, even if the data is not sorted.

We don't recommend applying run length encoding on any column that is designated as a sort key.
Range-restricted scans perform better when blocks contain similar numbers of rows. If sort key
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columns are compressed much more highly than other columns in the same query, range-restricted
scans might perform poorly.

The following table uses the COLOR column example to show how the run length encoding works.

Original data value Original size (bytes) = Compressed value Compressed size
(token) (bytes)

Blue 4 {2,Blue} 5

Blue 4 0
Green 5 {3,Green} 6
Green 5 0
Green 5 0

Blue 4 {1,Blue} 5
Yellow 6 {4 Yellow} 7
Yellow 6 0
Yellow 6 0
Yellow 6 0

Total 51 23

Text255 and Text32k encodings

Text255 and text32k encodings are useful for compressing VARCHAR columns in which the same
words recur often. A separate dictionary of unique words is created for each block of column
values on disk. (An Amazon Redshift disk block occupies 1 MB.) The dictionary contains the first
245 unique words in the column. Those words are replaced on disk by a one-byte index value
representing one of the 245 values, and any words that are not represented in the dictionary are
stored uncompressed. The process repeats for each 1-MB disk block. If the indexed words occur
frequently in the column, the column yields a high compression ratio.
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For the text32k encoding, the principle is the same, but the dictionary for each block does not
capture a specific number of words. Instead, the dictionary indexes each unique word it finds until
the combined entries reach a length of 32K, minus some overhead. The index values are stored in
two bytes.

For example, consider the VENUENAME column in the VENUE table. Words such as Arena, Center,
and Theatre recur in this column and are likely to be among the first 245 words encountered in
each block if text255 compression is applied. If so, this column benefits from compression. This is
because every time those words appear, they occupy only 1 byte of storage (instead of 5, 6, or 7
bytes, respectively).

Zstandard encoding

Zstandard (ZSTD) encoding provides a high compression ratio with very good performance across
diverse datasets. ZSTD works especially well with CHAR and VARCHAR columns that store a wide
range of long and short strings, such as product descriptions, user comments, logs, and JSON
strings. Where some algorithms, such as Delta encoding or Mostly encoding, can potentially use
more storage space than no compression, ZSTD is very unlikely to increase disk usage.

ZSTD supports SMALLINT, INTEGER, BIGINT, DECIMAL, REAL, DOUBLE PRECISION, BOOLEAN,
CHAR, VARCHAR, DATE, TIMESTAMP, and TIMESTAMPTZ data types.

Testing compression encodings

If you decide to manually specify column encodings, you might want to test different encodings
with your data.

(® Note

We recommend that you use the COPY command to load data whenever possible, and
allow the COPY command to choose the optimal encodings based on your data. Or you can
use the ANALYZE COMPRESSION command to view the suggested encodings for existing
data. For details about applying automatic compression, see Loading tables with automatic

compression.

To perform a meaningful test of data compression, you must have a large number of rows. For
this example, we create a table and insert rows by using a statement that selects from two tables;
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VENUE and LISTING. We leave out the WHERE clause that would normally join the two tables. The
result is that each row in the VENUE table is joined to all of the rows in the LISTING table, for a
total of over 32 million rows. This is known as a Cartesian join and normally is not recommended.
However, for this purpose, it's a convenient method of creating many rows. If you have an existing
table with data that you want to test, you can skip this step.

After we have a table with sample data, we create a table with seven columns. Each has a different
compression encoding: raw, bytedict, lzo, run length, text255, text32k, and zstd. We populate each
column with exactly the same data by running an INSERT command that selects the data from the
first table.

To test compression encodings, do the following:

1. (Optional) First, use a Cartesian join to create a table with a large number of rows. Skip this step
if you want to test an existing table.

create table cartesian_venue(

venueid smallint not null distkey sortkey,
venuename varchar(100),

venuecity varchar(30),

venuestate char(2),

venueseats integer);

insert into cartesian_venue
select venueid, venuename, venuecity, venuestate, venueseats
from venue, listing;

2. Next, create a table with the encodings that you want to compare.

create table encodingvenue (

venueraw varchar(100) encode raw,
venuebytedict varchar(100) encode bytedict,
venuelzo varchar(100) encode 1zo,
venuerunlength varchar(1@@) encode runlength,
venuetext255 varchar(10@) encode text255,
venuetext32k varchar(100) encode text32k,
venuezstd varchar(1l00) encode zstd);

3. Insert the same data into all of the columns using an INSERT statement with a SELECT clause.

insert into encodingvenue
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select venuename as venueraw, venuename as venuebytedict, venuename as venuelzo,
venuename as venuerunlength, venuename as venuetext32k, venuename as venuetext255,
venuename as venuezstd

from cartesian_venue;

4. Verify the number of rows in the new table.

select count(*) from encodingvenue

38884394
(1 row)

5. Query the STV_BLOCKLIST system table to compare the number of 1 MB disk blocks used by
each column.

The MAX aggregate function returns the highest block number for each column. The
STV_BLOCKLIST table includes details for three system-generated columns. This example uses
col < 6inthe WHERE clause to exclude the system-generated columns.

select col, max(blocknum)

from stv_blocklist b, stv_tbl_perm p

where (b.tbl=p.id) and name ='encodingvenue'
and col < 7

group by name, col

order by col;

The query returns the following results. The columns are numbered beginning with zero.
Depending on how your cluster is configured, your result might have different numbers, but
the relative sizes should be similar. You can see that BYTEDICT encoding on the second column
produced the best results for this dataset. This approach has a compression ratio of better

than 20:1. LZO and ZSTD encoding also produced excellent results. Different datasets produce
different results, of course. When a column contains longer text strings, LZO often produces the
best compression results.

col | max
_____ Fmm e
0 | 203
1] 10
2 | 22
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3 | 204
4 | 56
51 72
6 | 20
(7 rows)

If you have data in an existing table, you can use the ANALYZE COMPRESSION command to

view the suggested encodings for the table. For example, the following example shows the
recommended encoding for a copy of the VENUE table, CARTESIAN_VENUE, that contains 38
million rows. Notice that ANALYZE COMPRESSION recommends LZO encoding for the VENUENAME
column. ANALYZE COMPRESSION chooses optimal compression based on multiple factors, which
include percent of reduction. In this specific case, BYTEDICT provides better compression, but LZO
also produces greater than 90 percent compression.

analyze compression cartesian_venue;

Table | Column | Encoding | Est_reduction_pct
——————————————— R el e ket
reallybigvenue | venueid | 1zo | 97.54
reallybigvenue | venuename | 1lzo | 91.71
reallybigvenue | venuecity | 1lzo | 96.01
reallybigvenue | venuestate | 1lzo | 97.68
reallybigvenue | venueseats | 1lzo | 98.21

Example: Choosing compression encodings for the CUSTOMER table

The following statement creates a CUSTOMER table that has columns with various data types. This
CREATE TABLE statement shows one of many possible combinations of compression encodings for
these columns.

create table customex(

custkey int encode delta,

custname varchar(30) encode raw,
gender varchar(7) encode text255,
address varchar(200) encode text255,
city varchar(30) encode text255,
state char(2) encode raw,

zipcode char(5) encode bytedict,
start_date date encode delta32k);
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The following table shows the column encodings that were chosen for the CUSTOMER table and
gives an explanation for the choices:

Column

CUSTKEY

CUSTNAME

GENDER

ADDRESS

Data type

int

varchar(30)

varchar(7)

varchar(200)

Encoding

delta

raw

text255

text255

Explanation

CUSTKEY consists

of unique, consecuti
ve integer values.
Because the differenc
es are one byte,
DELTA is a good
choice.

CUSTNAME has a
large domain with
few repeated values.
Any compression
encoding would
probably be ineffecti
ve.

GENDER is very small
domain with many
repeated values.
Text255 works well
with VARCHAR
columns in which the
same words recur.

ADDRESS is a large
domain, but contains
many repeated
words, such as
Street, Avenue,
North, South, and

so on. Text 255 and
text 32k are useful
for compressing
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Column Data type
CITYy varchar(30)
STATE char(2)

Encoding

text255

raw

Explanation

VARCHAR columns
in which the same
words recur. The
column length is
short, so text255 is a
good choice.

CITY is a large
domain, with some
repeated values.
Certain city names
are used much more
commonly than
others. Text255 is

a good choice for
the same reasons as
ADDRESS.

In the United States,
STATE is a precise
domain of 50 two-
character values.
Bytedict encoding
would yield some
compression, but
because the column
size is only two
characters, compressi
on might not be
worth the overhead
of uncompressing the
data.
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Column Data type Encoding Explanation

ZIPCODE char(5) bytedict ZIPCODE is a known
domain of fewer
than 50,000 unique
values. Certain zip
codes occur much
more commonly
than others. Bytedict
encoding is very
effective when a
column contains a
limited number of
unique values.

START_DATE date delta32k Delta encodings
are very useful for
date time columns,
especially if the rows
are loaded in date
order.

Working with data distribution styles

When you load data into a table, Amazon Redshift distributes the rows of the table to each of
the compute nodes according to the table's distribution style. When you run a query, the query
optimizer redistributes the rows to the compute nodes as needed to perform any joins and
aggregations. The goal in choosing a table distribution style is to minimize the impact of the
redistribution step by locating the data where it must be before the query is run.

(® Note

This section will introduce you to the principles of data distribution in an Amazon Redshift
database. We recommend that you create your tables with DISTSTYLE AUTO. If you do so,
then Amazon Redshift uses automatic table optimization to choose the data distribution
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style. For more information, see Working with automatic table optimization. The rest of this
section provides details about distribution styles.

Topics

« Data distribution concepts

 Distribution styles

» Viewing distribution styles

« Evaluating query patterns

« Designating distribution styles

« Evaluating the query plan

e Query plan example

« Distribution examples

Data distribution concepts

Some data distribution concepts for Amazon Redshift follow.
Nodes and slices

An Amazon Redshift cluster is a set of nodes. Each node in the cluster has its own operating
system, dedicated memory, and dedicated disk storage. One node is the leader node, which
manages the distribution of data and query processing tasks to the compute nodes. The compute
nodes provide resources to do those tasks.

The disk storage for a compute node is divided into a number of slices. The number of slices per
node depends on the node size of the cluster. The nodes all participate in running parallel queries,
working on data that is distributed as evenly as possible across the slices. For more information
about the number of slices that each node size has, see About clusters and nodes in the Amazon
Redshift Management Guide.

Data redistribution

When you load data into a table, Amazon Redshift distributes the rows of the table to each of
the node slices according to the table's distribution style. As part of a query plan, the optimizer
determines where blocks of data must be located to best run the query. The data is then physically
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moved, or redistributed, while the query runs. Redistribution might involve either sending specific
rows to nodes for joining or broadcasting an entire table to all of the nodes.

Data redistribution can account for a substantial portion of the cost of a query plan, and the
network traffic it generates can affect other database operations and slow overall system
performance. To the extent that you anticipate where best to locate data initially, you can minimize
the impact of data redistribution.

Data distribution goals

When you load data into a table, Amazon Redshift distributes the table's rows to the compute
nodes and slices according to the distribution style that you chose when you created the table.
Data distribution has two primary goals:

» To distribute the workload uniformly among the nodes in the cluster. Uneven distribution, or
data distribution skew, forces some nodes to do more work than others, which impairs query
performance.

« To minimize data movement as a query runs. If the rows that participate in joins or aggregates
are already collocated on the nodes with their joining rows in other tables, the optimizer doesn't
need to redistribute as much data when queries run.

The distribution strategy that you choose for your database has important consequences for
query performance, storage requirements, data loading, and maintenance. By choosing the best
distribution style for each table, you can balance your data distribution and significantly improve
overall system performance.

Distribution styles

When you create a table, you can designate one of the following distribution styles: AUTO, EVEN,
KEY, or ALL.

If you don't specify a distribution style, Amazon Redshift uses AUTO distribution.
AUTO distribution

With AUTO distribution, Amazon Redshift assigns an optimal distribution style based on the size

of the table data. For example, if AUTO distribution style is specified, Amazon Redshift initially
assigns the ALL distribution style to a small table. When the table grows larger, Amazon Redshift
might change the distribution style to KEY, choosing the primary key (or a column of the composite
primary key) as the distribution key. If the table grows larger and none of the columns are suitable
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to be the distribution key, Amazon Redshift changes the distribution style to EVEN. The change in
distribution style occurs in the background with minimal impact to user queries.

To view actions that Amazon Redshift automatically performed to alter a table distribution key,
see SVL_AUTO_WORKER_ACTION. To view current recommendations regarding altering a table
distribution key, see SVV_ALTER_TABLE_RECOMMENDATIONS.

To view the distribution style applied to a table, query the PG_CLASS_INFO system catalog view.
For more information, see Viewing distribution styles. If you don't specify a distribution style with
the CREATE TABLE statement, Amazon Redshift applies AUTO distribution.

EVEN distribution

The leader node distributes the rows across the slices in a round-robin fashion, regardless of the
values in any particular column. EVEN distribution is appropriate when a table doesn't participate
in joins. It's also appropriate when there isn't a clear choice between KEY distribution and ALL
distribution.

KEY distribution

The rows are distributed according to the values in one column. The leader node places matching
values on the same node slice. If you distribute a pair of tables on the joining keys, the leader node
collocates the rows on the slices according to the values in the joining columns. This way, matching
values from the common columns are physically stored together.

ALL distribution

A copy of the entire table is distributed to every node. Where EVEN distribution or KEY distribution
place only a portion of a table's rows on each node, ALL distribution ensures that every row is
collocated for every join that the table participates in.

ALL distribution multiplies the storage required by the number of nodes in the cluster, and

so it takes much longer to load, update, or insert data into multiple tables. ALL distribution is
appropriate only for relatively slow moving tables; that is, tables that are not updated frequently
or extensively. Because the cost of redistributing small tables during a query is low, there isn't a
significant benefit to define small dimension tables as DISTSTYLE ALL.

(® Note

After you have specified a distribution style for a column, Amazon Redshift handles data
distribution at the cluster level. Amazon Redshift does not require or support the concept
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of partitioning data within database objects. You don't need to create table spaces or
define partitioning schemes for tables.

In certain scenarios, you can change the distribution style of a table after it is created. For more
information, see ALTER TABLE. For scenarios when you can't change the distribution style of a table
after it's created, you can recreate the table and populate the new table with a deep copy. For more
information, see Performing a deep copy

Viewing distribution styles

To view the distribution style of a table, query the PG_CLASS_INFO view or the SVV_TABLE_INFO
view.

The RELEFFECTIVEDISTSTYLE column in PG_CLASS_INFO indicates the current distribution style
for the table. If the table uses automatic distribution, RELEFFECTIVEDISTSTYLE is 10, 11, or 12,
which indicates whether the effective distribution style is AUTO (ALL), AUTO (EVEN), or AUTO
(KEY). If the table uses automatic distribution, the distribution style might initially show AUTO
(ALL), then change to AUTO (EVEN) or AUTO (KEY) when the table grows.

The following table gives the distribution style for each value in RELEFFECTIVEDISTSTYLE column:

RELEFFECTIVEDISTSTYLE Current distribution style
0 EVEN

1 KEY

8 ALL

10 AUTO (ALL)

11 AUTO (EVEN)

12 AUTO (KEY)

The DISTSTYLE column in SVV_TABLE_INFO indicates the current distribution style for the table. If
the table uses automatic distribution, DISTSTYLE is AUTO (ALL), AUTO (EVEN), or AUTO (KEY).
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The following example creates four tables using the three distribution styles and automatic
distribution, then queries SVV_TABLE_INFO to view the distribution styles.

create table public.dist_key (coll int)
diststyle key distkey (coll);

insert into public.dist_key values (1);

create table public.dist_even (coll int)
diststyle even;

insert into public.dist_even values (1);

create table public.dist_all (coll int)
diststyle all;

insert into public.dist_all values (1);
create table public.dist_auto (coll int);
insert into public.dist_auto values (1);

select "schema", "table", diststyle from SVV_TABLE_INFO
where "table" like 'dist%';

schema | table | diststyle
____________ S
public | dist_key | KEY(coll)
public | dist_even | EVEN
public | dist_all | ALL
public | dist_auto | AUTO(ALL)

Evaluating query patterns

Choosing distribution styles is only one aspect of database design. Consider distribution styles
within the context of the entire system, balancing distribution with other important factors such as
cluster size, compression encoding methods, sort keys, and table constraints.

Test your system with data that is as close to real data as possible.
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To make good choices for distribution styles, you must understand the query patterns for your
Amazon Redshift application. Identify the most costly queries in your system and base your initial
database design on the demands of those queries. Factors that determine the total cost of a query
include how long the query takes to run and how much computing resources it consumes. Other
factors that determine query cost are how often it is run, and how disruptive it is to other queries
and database operations.

Identify the tables that are used by the most costly queries, and evaluate their role in query
runtime. Consider how the tables are joined and aggregated.

Use the guidelines in this section to choose a distribution style for each table. When you have done
so, create the tables and load them with data that is as close as possible to real data. Then test the
tables for the types of queries that you expect to use. You can evaluate the query explain plans to
identify tuning opportunities. Compare load times, storage space, and query runtimes to balance
your system's overall requirements.

Designating distribution styles

The considerations and recommendations for designating distribution styles in this section use a
star schema as an example. Your database design might be based on a star schema, some variant
of a star schema, or an entirely different schema. Amazon Redshift is designed to work effectively
with whatever schema design you choose. The principles in this section can be applied to any
design schema.

1. Specify the primary key and foreign keys for all your tables.

Amazon Redshift does not enforce primary key and foreign key constraints, but the query
optimizer uses them when it generates query plans. If you set primary keys and foreign keys,
your application must maintain the validity of the keys.

2. Distribute the fact table and its largest dimension table on their common columns.

Choose the largest dimension based on the size of dataset that participates in the most common
join, not only the size of the table. If a table is commonly filtered, using a WHERE clause, only

a portion of its rows participate in the join. Such a table has less impact on redistribution than

a smaller table that contributes more data. Designate both the dimension table's primary key
and the fact table's corresponding foreign key as DISTKEY. If multiple tables use the same
distribution key, they are also collocated with the fact table. Your fact table can have only one
distribution key. Any tables that join on another key isn't collocated with the fact table.

3. Designate distribution keys for the other dimension tables.
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Distribute the tables on their primary keys or their foreign keys, depending on how they most
commonly join with other tables.

4. Evaluate whether to change some of the dimension tables to use ALL distribution.

If a dimension table cannot be collocated with the fact table or other important joining tables,
you can improve query performance significantly by distributing the entire table to all of the
nodes. Using ALL distribution multiplies storage space requirements and increases load times
and maintenance operations, so you should weigh all factors before choosing ALL distribution.
The following section explains how to identify candidates for ALL distribution by evaluating the
EXPLAIN plan.

5. Use AUTO distribution for the remaining tables.

If a table is largely denormalized and does not participate in joins, or if you don't have a clear
choice for another distribution style, use AUTO distribution.

To let Amazon Redshift choose the appropriate distribution style, don't explicitly specify a
distribution style.

Evaluating the query plan

You can use query plans to identify candidates for optimizing the distribution style.

After making your initial design decisions, create your tables, load them with data, and test them.
Use a test dataset that is as close as possible to the real data. Measure load times to use as a
baseline for comparisons.

Evaluate queries that are representative of the most costly queries you expect to run, specifically
queries that use joins and aggregations. Compare runtimes for various design options. When you
compare runtimes, don't count the first time the query is run, because the first runtime includes
the compilation time.

DS_DIST_NONE

No redistribution is required, because corresponding slices are collocated on the compute
nodes. You typically have only one DS_DIST_NONE step, the join between the fact table and
one dimension table.
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DS_DIST_ALL_NONE

No redistribution is required, because the inner join table used DISTSTYLE ALL. The entire table
is located on every node.

DS_DIST_INNER

The inner table is redistributed.

DS_DIST_OUTER

The outer table is redistributed.

DS_BCAST_INNER

A copy of the entire inner table is broadcast to all the compute nodes.

DS_DIST_ALL_INNER

The entire inner table is redistributed to a single slice because the outer table uses DISTSTYLE
ALL.

DS_DIST_BOTH

Both tables are redistributed.

DS_DIST_NONE and DS_DIST_ALL_NONE are good. They indicate that no distribution was required
for that step because all of the joins are collocated.

DS_DIST_INNER means that the step probably has a relatively high cost because the inner table is
being redistributed to the nodes. DS_DIST_INNER indicates that the outer table is already properly
distributed on the join key. Set the inner table's distribution key to the join key to convert this to
DS_DIST_NONE. In some cases, distributing the inner table on the join key isn't possible because
the outer table isn't distributed on the join key. If this is the case, evaluate whether to use ALL
distribution for the inner table. If the table isn't updated frequently or extensively, and it's large
enough to carry a high redistribution cost, change the distribution style to ALL and test again.

ALL distribution causes increased load times, so when you retest, include the load time in your
evaluation factors.

DS_DIST_ALL_INNER is not good. It means that the entire inner table is redistributed to a single
slice because the outer table uses DISTSTYLE ALL, so that a copy of the entire outer table is located
on each node. This results in inefficient serial runtime of the join on a single node, instead taking
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advantage of parallel runtime using all of the nodes. DISTSTYLE ALL is meant to be used only for
the inner join table. Instead, specify a distribution key or use even distribution for the outer table.

DS_BCAST_INNER and DS_DIST_BOTH are not good. Usually these redistributions occur because
the tables are not joined on their distribution keys. If the fact table does not already have a
distribution key, specify the joining column as the distribution key for both tables. If the fact table
already has a distribution key on another column, evaluate whether changing the distribution key
to collocate this join improve overall performance. If changing the distribution key of the outer
table isn't an optimal choice, you can achieve collocation by specifying DISTSTYLE ALL for the inner
table.

The following example shows a portion of a query plan with DS_BCAST_INNER and DS_DIST_NONE
labels.

-> XN Hash Join DS_BCAST_INNER (cost=112.50..3272334142.59 rows=170771 width=84)
Hash Cond: ("outer".venueid = "inner".venueid)
-> XN Hash Join DS_BCAST_INNER (cost=109.98..3167290276.71 rows=172456
width=47)

Hash Cond: ("outer".eventid = "inner".eventid)
-> XN Merge Join DS_DIST_NONE (cost=0.00..6286.47 rows=172456 width=30)
Merge Cond: ("outer".listid = "inner".listid)

-> XN Seq Scan on listing (cost=0.00..1924.97 rows=192497
width=14)
-> XN Seq Scan on sales (cost=0.00..1724.56 rows=172456 width=24)

After changing the dimension tables to use DISTSTYLE ALL, the query plan for the same query
shows DS_DIST_ALL_NONE in place of DS_BCAST_INNER. Also, there is a dramatic change in the
relative cost for the join steps. The total cost is 14142 .59 compared to 3272334142 .59 in the
previous query.

-> XN Hash Join DS_DIST_ALL_NONE (cost=112.50..14142.59 rows=170771 width=84)

Hash Cond: ("outer".venueid = "inner".venueid)
-> XN Hash Join DS_DIST_ALL_NONE (cost=109.98..10276.71 rows=172456 width=47)
Hash Cond: ("outer".eventid = "inner".eventid)
-> XN Merge Join DS_DIST_NONE (cost=0.00..6286.47 rows=172456 width=30)
Merge Cond: ("outer".listid = "inner".listid)

-> XN Seq Scan on listing (cost=0.00..1924.97 rows=192497
width=14)
-> XN Seq Scan on sales (cost=0.00..1724.56 rows=172456 width=24)
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Query plan example

This example shows how to evaluate a query plan to find opportunities to optimize the
distribution.

Run the following query with an EXPLAIN command to produce a query plan.

explain

select lastname, catname, venuename, venuecity, venuestate, eventname,
month, sum(pricepaid) as buyercost, max(totalprice) as maxtotalprice

from
join
join
join
join
join

category join event on category.catid = event.catid
venue on venue.venueid = event.venueid

sales on sales.eventid = event.eventid

listing on sales.listid = listing.listid
date on sales.dateid = date.dateid
users on users.userid = sales.buyerid

group by lastname, catname, venuename, venuecity, venuestate, eventname, month

having sum(pricepaid)>9999
order by catname, buyercost desc;

In the TICKIT database, SALES is a fact table and LISTING is its largest dimension. In order to
collocate the tables, SALES is distributed on the LISTID, which is the foreign key for LISTING, and
LISTING is distributed on its primary key, LISTID. The following example shows the CREATE TABLE
commands for SALES and LISTING.

create table sales(

salesid integer not null,

listid integer not null distkey,

sellerid integer not null,

buyerid integer not null,

eventid integer not null encode mostlyl6,
dateid smallint not null,

gtysold smallint not null encode mostlyS8,
pricepaid decimal(8,2) encode delta32k,
commission decimal(8,2) encode delta32k,
saletime timestamp,

primary key(salesid),

foreign key(listid) references listing(listid),
foreign key(sellerid) references users(userid),
foreign key(buyerid) references users(userid),
foreign key(dateid) references date(dateid))

sortkey(listid,sellerid);
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create table listing(

listid integer not null distkey sortkey,
sellerid integer not null,

eventid integer not null encode mostlyl6,
dateid smallint not null,

numtickets smallint not null encode mostlysS,
priceperticket decimal(8,2) encode bytedict,
totalprice decimal(8,2) encode mostly32,
listtime timestamp,

primary key(listid),

foreign key(sellerid) references users(userid),
foreign key(eventid) references event(eventid),
foreign key(dateid) references date(dateid));

In the following query plan, the Merge Join step for the join on SALES and LISTING shows

DS_DIST_NONE, which indicates that no redistribution is required for the step. However, moving up

the query plan, the other inner joins show DS_BCAST_INNER, which indicates that the inner table

is broadcast as part of the query