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Foreword

Once again, | would like scknowledge that this document is a distillation of materials written by many

authors. All | have done is to bring it together into a single document and try to apply some structure.

Many people reading this will recognise their fingerprints across sexfiorfact some will recognise

entire swathes of text). To all of you | give thanks because without your excellent work and lack of
O2LBNARIKG AYFNAYIASYSyd OflAyYa LQR adAftt o6S NBaSKN

This document has been updated to reflect the capabilitf Tablea®.0. Future releases of Tableau
will provide new features and capabilities that may change some of these guidelines.
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What is efficiency?
¢CKSNBE INBE aS@OSNrft FFO02NR GKIFIG YF1S | g2NjJoz221 a&S
some more usefocused but in general an efficient workbook is:
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the message of the author and the data, possibly by engaging the user in an interactive
experience.

1 A workbook that responds in a timely fashion. This can be a somewhat subjective measure, but in
general we would want the workbook fprovide an initial display of information and to respond
to user interactions within a couple of seconds.

The first section of this document focuses on the first point and is mostly about workbook design. The
second section then focuses on the factoratthffect workbook performance. As you will discover there
are many factors that contribute to workbook performance, including:

the data connectiorand underlying data source

the query;

the calculations;

the visualisation design;

some differences betweehableau Desktop and Seryer

other environmental factors such as hardware configuration and capacity

=A =4 =4 4 -8 A

Why do we care?

In our extensive experience, most performance problems that custosrasunterare workbook
related. If wecan fix these or better yet,through educatiorprevent them in the first place then we
canfix the problems.

If you ae working with small data volumaken many of these recommendations are not criticélu

can just bruteforce your way through the problem. However, evhyou are dealing withundreds of
millions of records the effect of poor workbook design is amplified and you must give more thought to
the guidance in this whitepaper.

Of coursepractice makes perfect anglfowing these guidelines for all workbooksésommended.
Remember, your design is not complete until you have tested your workbook over the expected
production data volumes.

The laws of physics
Before we dive into the technical details of how various features affect the performance of workbooks,
there are threebasic tenetghat will help you author efficient dashboards and views:

If it isn't fast in thedata sourceit won't be fast in Tableau.
If your Tableau workbook is based oslaw running query then your workbook will also be slowthe
following sections we will identify tuning tips for your databases to help improve the time it takes for
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performance.

If it isn't fast in Tableau Desktapwon't be fast in Tableau Server.
I g2N) 6221 OGKFG LISNF2Nya atz2g¢gfeé Ay ¢lFoftSkdz 55a102
Server. In general, workbooks will perform slightly slower on Tableau Server because

91 there are multiple users all shag the server resources to generate workbooks simultaneously;
and

1 the server has to do the work to render the dashboards and charts rather than this being done
on the client workstation.

You should invest your initial efforts tuning your workbook ibl&au Desktop before you start looking
to tune the performance in Tableau Server.

¢tKS SEOSLIiA2Y (2 (GKA& NHzZ S Aada AT ¢l ofSkdz 5841 02LJ
server¢ e.g. your PC does not have enough RAM to support thewddtene you are analysing. Some

dziA SNE Sy O2dzyiSNJ aft2¢ LISNF2NXIyYyOS 2NJ S@Sy az2dzi 27
their low-spec, 2GB RAM workstation, but find performance of the published workbook to be acceptably

fast because the server hfar more memory and processing power.

A quick note at this poirg throughout this document we refer to Tableau Serveritbumost

places the guidance is also appropriate for Tableau Online if you prefer to use our hosted
solution over an opremises deplyment. The obvious exceptions are points on tweaking/tuning
server configuration parameters and on installing/updating software on the serveritighe

Saa$S world these are being looked after for you!

Everything in moderation!

As with all thingsinfiSs (22 YdzZOK 2F | 322R (GKAy3 OFy ©6S ol R®
a single, monolithic workbook. While a Tableau workboakhave 50 dashboards, each with 20 chart

objects, talking to 50 different data sources, it will almost certgaaisform slowly.

If you find yourself with a workbook like this, consider breaking it into several separate files. This is easy

to do¢ since Tableau 8.1 you can simply copy dashboards between workbooks and Tableau will bring all

the associated worksheetsid data sources. If your dashboards are overly complex, consider simplifying
GKSY YR dzaAy3d AYyGiSNI OGA2ya G2 3IFdzARS (GKS SyR dza SN
software by the document so feel free to spread the data out a little.

What isTableau good for?

At Tableau Software, we seek to change how people view, interactavithunderstand data. As a
result, we do not attempt to deliver the same kind of experience as traditional enterprise Bl platforms.
Tableau is at its best when used to create workbooks that are:

9 Visualg there is a mountain of evidence that shows the meffective way for humans to
dzy RSNAEGFYR fFNBSTE O2YLX SE asSidia 2F RIGE A& GKNR



behaviour is to present data using charts, diagrams and dashboards. Tables and crosstabs have
their place (and are supported) and we Mélk more on how to best use them later.

1 Interactive ¢ Tableau documents are primarily designed for interactive delivery to users, either
on their desktops, over the web or on a mobile device. Unlike other Bl tools that primarily
produce printfocused otput (either to actual paper or to a document such as a PDF), the focus
is on creating rich, interactive experiences that allow users to explore data and be guided
through business questions.

9 lterative ¢ discovery is an inherently cyclical process. Tabisaesigned to speed the cycle from
guestion to insight to question so that users can quickly develop a hypothesis, test it with
available data, revise that hypothesis, test it again, and so on.

9 Fastc historically the Bl process has been slow. Slowdtalhand configure software, slow to
make data available for analysis and slow to design and implement documents, reports,
dashboards, etc. Tableau allows users to install, connect and develop documents faster than ever
before ¢ in many cases reducing thiene to produce an answer from months or weeks to hours
or minutes.

1 Simplec traditional enterprise Bl tools are often beyond the capability of most business users,
either through cost or complexity. In many cases, users need the assistance of IT @raipemw
to help create the queries and documents they want. Tableau provides an intuitive interface for
non-technical users to query and analyse complex data without needing them to become
database or spreadsheet experts.

9 Beautiful¢ they say beauty is ithe eye of the beholder, but when it comes to visual
O2YYdzyAOFIGA2Y GKSNB N’ o6Sad LINIYOGAOSa G42 o60S 7
Tableau guides notechnical users to create effective, understandable charts based on the data
being used.

9 Ubiquitous ¢ increasingly, users are no longer creating documents for a single delivery platform.
Users need to view and interact with data on their desktops, over the web, on mobile devices,
embedded in other applications and documents, and more. TableawsHcsingle document to
be published and then used across all these platforms without any porting or redesign.

What is Tableau not really good for?

¢FofSkdz Ada I NAOK IYyR LR2gSNFdA G22f odzi AdGQa AYLR
problSYa F2NJ 6KAOK AG A& LINRolofe y2d GKS ocSad azft dzi
Tableau can be coaxed to perform many tasks that were not in its original design specification. What we

mean is that these are not the types of problems Tableas developed to solve and therefore if you

pursue them the effort/reward ratio will likely be unfavourable and the resulting solution may perform

poorly or inflexibly.

We suggest you consider revisiting your requirements or consider another approach if:

1 You need a document that has been designed for paper, not the screen. By this, we mean if you
have a need to control complex page layouts, need features such as page, section and group
headers/footers, or need precise WYSIWYG formatiiafpleau can prodie multipage reports
but they lack the level of format control that is available in dedicated, barstidd reporting
tools.



1 You need a complex pustelivery mechanism for documents with personalisation (also called
GodzNEGOAYIE0 &Sy inodgsiTableatidzn behukdd © créate pridiSrNe
systems but this is not a native feature of Tableau. It requires development of a custom solution
built around the TABCMD utilitpr the introduction of 3 party solutions such aush
Intelligence fronMetric Insights. TableawServer includethe concept of report subscriptions
but this is a pewuser pull model/s.report bursting.

1 Theprimaryuse case for the reader is to export the data to another format (often a CSV or Excel
file). This often meanstabular report with many rows of detailed data. To be clear, Tableau
does allow users to export data from a view or dashboard to Exeigher at a summary or detalil
level. However, when thprimaryuse case is to export it means this is an ersatz eixtrac
transformload (ETL) process. There are much more efficient solutions than a reporting tool to
achieve this.

1 You need highly complex, crosststyle documents that perhaps mirror existing spreadsheet
reports with complex subotalling, crossreferencingetc. Common examples here are financial
reports such as P&L, balance sheet, Additionally,there may be the need for scenario
modelling, whatif analysis and even writkack of assumption data. If the underlying granular
datais not available orifh NB L2 NI €t 23A0 A& ol aSR 2y aOStt NB
records to totals then it might be appropriate to continue using a spreadsheet for this style of
report.

1 Push Intelligence for Tableatnttp://bit.ly/IHACxul



http://bit.ly/1HACxul

Is it the data connection/data source?

One of the powerful features of Tableauits ability to connect to data across many different platforms.
Broadly speaking these platforms can be characterised as one of the following:

i Filebased data sourcessuch as Excel and CSV

1 Relational database data souragsuch as Orac)eleradataeand SQL Serveas well as specialised
analytic appliances such as HP Vertica, IBM Nete#za,

1 OLAP data sourcessuch as Microsoft Analysis Services and Oracle Essbase

f a. A3 RI G é¢sichaslHadagp dzND S a

1 Cloudbased data sourcessuch asSalesforce, Googletc

Each type of data source has its own set of advantages and disadvantages, and is treated uniquely.

Note that Tableau Desktdp supportedon both Windows and Mac OS X armtset of supported data
sources on Mats notthe same a®n Windows. Minimisg the differences between the platforms is
somethingTableawwill work towards butodaythere are some data sourcethat are only supported on
one platform.

General advice

Use native drivers

Asof version 9, Tableau supports nativencectivity to over 40 different data sourceBhis means

Tableau has implemented techniques, capabilities and optimizations specific to these data sources.
Engineering and testing activities for these connections ensure they are the most robust Tableau has
offer.

Tableau also supports geneqalirpose ODBC for accessing data sources beyond the list of native
connectors. As a publicly defined standard, many database vendors make ODBC drivers available for
their databases and Tableau can also use these @EDNBLs to connect to datalhere can be

differences in how each database vendor interprets or implements capabilities of the ODBC standard. In
some cases Tableau will recommend or require you to create a data extract to continue working with a
particulardriver. There will also be some ODBC drivers and databases that Tableau is unable to connect
to.

If there is a native driver for the data source you are querying you should use this over the ODBC
connections as it will generally provide better performance

Test as close to the data as possible

As stated earlier, a general principal is that if a data source performs queries slowly then the experience
in Tableau will be slow. A good way to test the raw performance of the data source is to (if possible)
install Tableau Desktop on the machine where the data source resides and to run some queries. This will
eliminate factors such as network bandwidth and latency from the performance and allow you to better
understand the raw performance of the query in the dataurce. Additionally, using tHecalhostname

for the data source instead of the DNS name can help determine if environmental factors such as slow
name resolutioror proxy serverare adding to the poor performance.



Files

This category covers all filmsed data formats text files such as CSV, Excel spreadsheets and MS
Access being the most commdmowever this also includes data files from statistical platforms SPSS, SAS
and RBusiness users often use data in this format because it is a commoroway data out of

G 32 @S NY S ReeithBribyirtinnirg $eppaits or performing a query extract

In generalt is best practiceo import file-based data sourcesto the Tableau fast data engine. This will
make queries perform much faster and also résint a much smaller file to store the data values.
However, if the file is small or if you need a live connection to the file to reflect changing data you can
connect live.

Shadowextracts

In Tableau @nd later when yowonnect tonon-legacy Excel/texbr statistical filesTableau
transparently creates aextract fileas part of the connection process. This is called a shadow extract
and it makes working with the data much faster than if you were to directly query the file.

Youmaynotice that the fist time you use a large file it can take several seconds to load the data
previewpane This is because Tableau is extracting the data from the file and writing it to a shadow
extract file.By default these files are created in

C:\ Users \ <username> \ AppData \ Local \ Tableau \ Caching \ TemporaryExtracts  with a hashed name
based on the pathname and date last modified of the data file. Tableau lsbaplow extracts fothe

five mostrecently used file data sourc@sthis directory deleting the least recently usedefiwhen a

new one is createdf yousubsequently reusa file that has a shadow extract Tablesinply opens the
extract file and the data preview appears almost instantly

Although shadow extract files contain underlying data and other information sitoildne standard
Tableau extract, shadow extract files are saved in a different fofwiétt a .ttde extension)which
means that they cannot be used the same way Tableau extracts are.

Legacy connectoffer Excel and text files

Prior to Tableau 8.2 conntians to Exceandtext filesmade use o A O NB a idaiefgined\iver.din
Tableau 8.2 and later weave introduceda native driver for these filehat provides better

performance and works with larger, more complex files. However there are sovnatigits in which

you might prefer to use the legacy driveyg.g. if you want to use custom SQL to union data together
from multipletext files. In these scenariassers have the option to revert back to the legacy JET driver.
Access to MS Access filedl stses the JET driver.

A detailed listing of the differences between the two drivers can be found here:

http://tabsoft.co/IHACvm]

Note that the JET drivers are not available on Mac OS and therefore Tal@skiop for Mac does not
support reading MS Access files, nor does it provide the legacy connection option for Excel and text files.

10
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Relational

Relational data sources are the most common fofndata source for Tableau useasd Tableau

provides native drivers for a wide selection of platforms. These can be row or column based, personal or
enterprise, and accessed via native drivers or generic ODBC. This category technically also includes Map
Reduce data sources as they ace@ssed through SQL access layers like Hive or Impala, however we will
RA&A0dzaa GKSY Ay Y2NB RSGFAf Ay GKS aoA3l RIGFEE &S0
There are many internal factors that impact query speedri@laional database systemRDBM¥

Changing or tuning theseilwsually require assistance from your DBA, but can yield significant

performance improvements.

Rowbased vs. columbased

RDBMS systems come in two main flavapraw-based or columndased.Row-basedstorage layouts
are weltsuited for OLTHke workbads which are more heavily loaded with interactive transactions.
Columnbasedstorage layouts are wedluited foranalyticworkloads (e.g., data warehouses) which
typically involve highly complex queries olange sets otlata

Today, many high performgnanalytic solutions are based on coluimessed RDBMS and you may find
your queries perform faster if you use such a solutiexamples of columbased databases supported
by Tableau are Actian Vector, Amazon Redshift, HP Vertica, IBM N&aekecelPivotal Greenplum
SAP HANA and SAP Sybase IQ.

Indexes
Correct indexing on your database is essential for good query performance:

1 Make certain you have indexes on columns that are part of tilhs.
1 Make certain you have indexes on colusused irfilters.
1 Be aware that using discrete date filters in some databases can cause queries to not use indexes
2y RFGS YR RIFIGSGAYS O2fdzvyad 2SQff RA&AOdzaa (K.
date filter will ensure the date index is usdtbr exampleinstead of using
YEAR([DateDim])=2010  express the filter afpateDim] >= #2010 - 01- 01# and [DateDim] <=
#2010 - 12- 31#) .
1 Ensure you have statistics enabled on your data to allow the query optimiser to create high
quality query plans.

Many DBMS environments )@ management tools that will look at a query and recommend indexes
that would help.

NULLS

Having NULL values in dimension columns can reduce the effectiveness of inciasdatabases.

Consider an example where you have a dimension with incompleteastatsome records contain NULL
values. If you want to exclude those NULL records the NOT ISNULL filter can (in some cases) cause a full
table scan which is much slower than an index scan.

Where possible, define your dimension columns as NOT NULL.

11



Referemial Integrity
When you join multiple tables in a data source Tableau has a nifty (and generally invisible to the user)

FSIFGdzZNBE OFff SR a22Ay OdZfAy3aed {AyOS 22Aya Ozal
NBIffe R2y Qi eéveryjdin tiatwe Geglated § Nir dat source all the time. Join culling
allows us to query only the relevant tables instead of all tables defined in your join.

Consider the following scenario where we have joined multiple tables in a small star schema:

Tableau - Bookl - o X
File Data Server Window Help
e B R
© OrdersFact+ (NewWave) P — 3
Server P
OrdersFact (@ ) customenim
Datalia< ) DeliveryDim
NewWave -
) LocationDim
Table it
) ProductDim
B8 CustomerDim
B DeliveryDim (9 ) TimeDim
EB LocationDim
BB OrdersFact
B Productdim == P [ show aliases (] Show hidden fields  Rows
B8 TimeDim
Customer D (Custo. Name Delivery ID (Delivery. Shipping Mode Days Place 1D (
# #* a0 4 #
B New Custorn SQL
Update Now
Automatically Update
[ Data Source |SHEEH ‘m 3 o
[

With join cullingdouble-clicking on the Sales measigenerates the following query:

SELECT SUM([OrdersFact].[Sales]) AS [sum:Sales:0k]
FROM [dbo].[OrdersFact] [OrdersFact]
GROUP BY ()

Without it, a far less efficient quelig generated

SELECT SUM([OrdersFact].[Sales]) AS [sum:Sales:ok]
FROM [dbo].[OrdersFact] [OrdersFact]
INNER JOIN [dbo].[CustomerDim] [CustomerDim]
ON ([OrdersFact].[Customer ID] = [CustomerDim].[Customer ID])
INNER JOIN [dbo].[DeliveryDim] [DeliveryDim]
ON ([Orde rsFact].[Delivery ID] = [DeliveryDim].[Delivery ID])
INNER JOIN [dbo].[LocationDim] [LocationDim]
ON ([OrdersFact].[Place ID] = [LocationDim].[Place ID])
INNER JOIN [dbo].[ProductDim] [ProductDim]
ON ([OrdersFact].[Product ID] = [ProductDim]. [Product ID])
INNER JOIN [dbo].[TimeDim] [TimeDim]
ON ([OrdersFact].[Date ID] = [TimeDim].[Date ID])
GROUP BY ()

All the dimension tables must be joined in order to ensure that correct measure sums are calculated
from the start. For example, if odiact table contained data for 2068012 but the time dimension table
only had values for 202R012, the result SUM([Sales]) would potentially chadegpending on whether
the time table is included.

12



Prior to Tableau 8.1, join culling only occurs if refgal integrity rules are enforced in the source DBMS
-42YSUAYSE NBFSNNBR (2 Fa aKIFNRE NBFSNBYGALE AydS
where referential integrity is enforced either at the application layer or through an ETL prdbéesss
NEFSNNBER (2 a aaz2fié NBFSNBYyGALf AyGadSaNrAdGeo Ly ¢
referential integrity is in place and that join culling can be safely used.

Tableau - Book]
File | Data | Server Window Help
Edit Connection
Refresh
' New Data Source Ctrl+D Ve)
Paste Data Ctrl+V
Close
Se
Tableau Data Server L4 OrdersFad
Edit Data Source Filters...
Convert To Custom SOL
M Set Initial SOL...

I Assume Referential Integrity I

|||||

FH CustomerDim

Note that while Tableau can use either hard or soft referentialgritgit is often much better to use
hard referential integrity becausie database can do join culling toBor more information, see the
following series of articles by Russell Christopher on his Tableau Love blog:

http://bit.ly/IHACmPV
http://bit.ly/IHACgPn

Partitioning

Partitioning a database improves performance by splitting a large table into smaller, individual tables
(called partitions or shards). This means queries oarfaister because there is less data to scan and/or
there are more drives to service the 10. Patrtitioning is a recommended strategy for large data volumes
and is transparent to Tableau.

Partitioning works well for Tableau if it is done across a dimengseg. time, region, category, etg.
that is commonly filtered so that individual queries only have to read records within a single partition.

Be aware that for some databas@ésNJ- Yy Haf fiRefs (not discrete filters) are necessary to ensure
the partition indexes are correctly usedtherwise a full table scan can result with extremely poor
performance.

Temp Tables

There are many operations in Tableau that can result in the use of tabigst; e.g. creating aghoc

groups and sets, applying context filters, and performing data blending. It is recommended that you
grant your users permission to create and drop temp tables, and ensure your environment has sufficient
spool space for their qgries they are running.

13
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OLAP
Tableau supports several OLAP data sources:

1 Microsoft Analysis Services

1 Microsoft PowerPivot (both PowerPivot for Excel and PowerPivot for SharePoint)
9 Oracle Essbase

1 SAPBW

9 Teradata OLAP

There are functional differences whearmecting to OLAP versus relational due to the underlying
language differences between MDX/DAX and.S@Q& key points to keep in mind are that both have the
same user interface in Tableau, the same visualisations, and the same expression language for
calallated measures. The differences are mostly to do with metadata (how and where it is defined),
filtering, how totals and aggregations work and how the data source can be used in data blending.

More details on the differences using Tableau over relatioatd dources vs. OLAP data sources can be
found in the following knowledge base article:

http://tabsoft.co/1HAF47P

SAP BW data extracts

{AyOS ¢l o6ftSldz yom &2dz Oy SEGNI OlngineindtdgthiE N Y { ! t
requires a special keycode that can be obtained from Tabl@ableau retrieves leaf level nodes (not

drill-through level data) and makes them into a relational data source. Since multidimensional to

relational transformation does notrpserve all cube structures, switching back and forth between

extract and live connection freely without impacting the state of your visualisation is not supported for

cube extracts. You will need to make your choice before you start building up yodowizver you

R2y Qi KI @S (2 RSOARS 2y SOSNEBOKAY3I dzLJFNRBYy GO |, 2dz O
after the extraction.

More detailon creating SAP B¥ktracts can be found here:

http://tabsoft.co/1SuYf9d

Big Data

Big data is a heavily overloaded term in the world of data analysis, however in this document we are
particularly using it to refer to platforms that are basedtdadoop In Tableau 9.0, there are four
supported Hadooglistributionsthat support Hive and/or Impala connectians

 Amazon EMR
0 HiveServer
o0 HiveServer2
o Impala

1 Cloudera Hadoop
0 HiveServer
0 HiveServer2

14
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o Impala
1 Hortonworks Hadoop Hive
0 HiveServer
o0 HiveServer2
0 Hortonworks Hadoop Hive
I MaPR Hadoop Hive
0 HiveServer
o HiveServer2
1 Spark SQL
o0 SharkServer
o SharkServer2
o0 SparkThriftServer

Hive acts as a Sladoop translation layer, translating the query into MapReduce which is then run
over HDFS data. Impala executes the SQL statement directly on HDFS data (bypassing the need for
MapRedice).Tableau also supports Spa88KLan ope source processing engine fagldata thatcan
perform up to 100x faster than MapReduce by runningriemory rather than ordisk.

Impala is generally much faster than Harmed Spark is proving to be fastdills

Even with these additional components, Hadoop is often not sufficiently responsive for analytical
queries like Tableau creates. Tableau data extracts are often used to improve query response times
more information on extracts and how theycanb&UR oA GK GoA3I RIEGlF€é A& RA&Odz

Further details for improving performance against Hadoop data sources can be found here:

http://tabsoft.co/1BkF062

Cloud
Tableau currently supports the followirngpuddata sources:

1 Salesforce.com
1 Google Analytics
1 oData(includingWindows Azure Marketplace DataMarket

This first group of sources read a set of data records from a web service and load them into a Tableau
RIEGF SEGNI OG TAt So dfdr hebeg/datd sourded, ibSever haextsad file canybe 2 LIG A 2
refreshed to update the data it contains. Using Tableau Server, this update process can be automated

and scheduled.

1 Amazon Redshift
Amazon RDS

1
1 Google BigQuery
9 Microsoft Azure SQL Data Warehouse
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Whilethese are also cloudata sources they operate like a relational data source and allow both live
connections and extract¥Ve will not cover them further here (refer to the relational data source
section above) other than to point out you will generallynvio keep these as live connections to avoid
transferring large volumes of data from the cloud.

Salesforce

When connecting to Salesforce the following limitations of¢hanector need to be considered:
CKSNBO2HY EOU Gt A@GSE 2LIA2Y

There are severakasons we chose to go with extramtly instead of liveconnection including:

1 Performance; live analytic queries against Salesforce @megeneral) slow.

1 API quotas Hitting Salesforce live too often can cause an account to be suspended if the daily
guota is hit. By extracting, we make efficient use of APIs to minirtiizenumberof API calls
required and avoid hitting limitsTo maintain optimum performance and ensure that the
Force.com APl is avdile to all of their customers,afsforce.com blances transaction loads by

imposing two types of limit<Concurrent APl Request Lim(igtp://sforce.co/1f19cQ3
andTotal A2l Request Limit$itp://sforce.co/1f19kiH).

The initial extract can be very slow
The first time you extract the data out of Salesforce, it could take a while based on table size, force.com
load, etc. This is becausabjects aredownloadedin their entirety.

Join options are limited
When choosing thenultiple table option, be aware that you can only join objects on their PKel& k
(left and inner join only)

You cannot prélter data

There is no ability to prélter the datathrough the Salesforceonnector.If this requirement is critical
for you,you could use third party Salesforce ODBC driver (forregie from Simba, or DataDiredt)at
supports live connections. You could thake an extrachgainst this connectian

DBAmpmalso provide a solutiowhichallows youo dump Salesforcelata intoSQL Server databaséou
couldthen connect to Tableau via the SQn@r connector.

Formula columns caot be migrated over
If you have calculated fields, you will need to recreate them ineBabhfter you extract the data

There is a 10k charactiémit on queries

The Force.com API restricts queries to 10,000 total characters. If you are connecting to one or more
tables that are very wide (lots of columns with potentially long column names), you may hit that limit
when trying to create an extracin khese cases, you should select fewer columns to reduce the size of
the query. In some cases, Salesforce.com may be able to increase this query limit for your company.
Contact your Salesforce administrator to learn more.

Google Analytics
Google Analytic€GA) will sample your data when a report includes a large number of dimensions or a
large amount of data. If your data for a particular web property within a given date range exceeds (for a
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regular GA account) 50,000 visits, GA will aggregate the resulteeturn a sample set of that data.
When GA has returned a sample set of that data to Tableau, Tableau will display the following message
on the bottom rightcorner of a view:

GD223tS 1ylFfedAda NBUGAZNY SR al YL SRiludesadilarge { I YL Ay 3
number of dimensions or a large amount of data. Refer to the Google Analytics documentation to learn
Y2NB | 02dzi K2¢ &l YLIAYy3d | FFSOGA &2dzNJ NBLI2 NI NBadz

It is important to know when your data is being sampled because aggregating certgitessets of

data can cause highly skewed and inaccurate inferences. For example, suppose you aggregate a sample
set of data that describes an unusual category of your data. Inferences on the aggregated sample set
may be skewed because there are an insight number of samples contained in that category. To build

GA views that allow you to make accurate inferences about your data, ensure that you have a large
enough sample within the category that you are making inferences about. The recommended minimum
sample size is 30.

For information about adjusting the GA sample size and more information about GA sampling, refer to
the GA documentation:

http://bit.ly/1BKFoTG

To avoid sampling, there are two approaches to take:

1 Run multiple GA reports at the session or hit level to break the data into unsampled chunks. You
g2dz R (KSYy R2gyt2IR (GKS RIGF G2 Ly 9EOSt ¥FAtS
fromdatasourcX ¢ G2 NBIFaasSvyoftS GKS RFGF Ayid2 | aiAy3ats

1 Upgrade your GA to a Premium accougrthis increases the number of records that can be
included in a report. This will make it much easier to chunk the data down for analysis. Looking
forward, Google has announced that they will be enabling GA Premiumncegdo export
their session and hit level data to Google BigQuery for further analysis. This would be a much
simpler approach as Tableau can connect directly to BigQuery.

Finally, note that the API that Tableau uses to query GA limits the query to a amxifi¥ dimensions
and 10 measures.

Data Server

2 KAETS y2G | RFEGF &a2dz2NOS Ay AGASEFEI Fy20KSNJ gl & (2
server. The data server supports both live connections as well as data extracts and provides several
advantages over standalone data connections:

1 As the metadata is stored centrally on the Tableau Server it can be shared across multiple
workbooks and across multiple authors/analysts. The workbooks retain a pointer to the
centralised metadata definition andaeh time they are opened they check to see if there have
been any changes made. If so, the user is prompted to update the copy embedded in the
workbook. This means that changes to business logic only need to be made in one place and
they can then be propaged across all dependent workbooks.
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1 If the data source is a data extract, it can be used across multiple workbooks. Without the data
server, each workbook will contain its own local copy of the extract. This reduces the number of
redundant copies which iturn reduces the required storage space on the server as well as any
duplicate refresh processes.

91 If the data source is a live connection, the drivers for the data source do not need to be installed
2y SOSNER lylfeadQa t/ X sewdracts askaProxy loradeles lam{ S NI S N
Tableau Desktop.

One significant improvement in the data server in V9 is that it now supports the creation of temp tables.
This capability will significantly improve the performance of queries where there are fiftets and ad
hoc groups with large numbers of membeFar example, the following query which is based on an ad
hoc group of many points on a scatter plot will now be generated on the data server, just like it is in
Tableau Desktop:
SELECT [DimProduct].[ ProductName] AS [ProductName],
SUM([FactSales].[DiscountAmount]) AS [sum:DiscountAmount:ok],
SUM([FactSales].[SalesAmount]) AS [sum:SalesAmount:ok],
[tO].[Product Name (group)] AS [Product Name (group)]
FROM [dbo].[FactSales] [FactSales]
INNER JOIN [dbo].[DimProduct] [DimProduct] ON ([FactSales].[ProductKey] =
[DimProduct].[ProductKey])
INNER JOIN [#Tableau_5 3 _Group] [t0] ON ([DimProduct].[ProductName] =
[t0].[ProductName])

GROUP BY [t0].[Product Name (group)],
[DimProduct].[ProductName]

Extracts

So far we have discussed techniques for improving the performance of data connections where the data
remains in the original format. We call these live data connections and in these cases we are dependent

on the source data platform for both performamand functionality. In order to improve performance

GAUK fAQS O2yySOUA2yas A0Qa 2F0Sy ySOSaalNe (G2 Yl
this is simply not possible.

'y TEOGSNYIFGAGS @At ofS G2 éndide ardkzio®dct datd@fromthe £ SO S N.
source data system into a Tableau Data ExtrHais is for most users the quickest and easiest way to

significantly improve the performance of a workbook over any data source.

Anextract is:

1 Apersistent cache of datthat is written to disk and reproducible;

1 Acolumnar data store a format where the data has been optimised for analytic querying;

1 CGompletely disconnected from the database during querying. In effect, the extract is a
replacement for the live data connean;

1 Refreshable, either by completely regenerating the extract or by incrementally adding rows of
data to an existing extract;

1 Architectureawareg unlike most inmemory technologies it is not constrained by the amount of
physical RAM available;
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9 Portable¢ extracts are stored as files so can be copied to a local hard drive and used when the
user is not connected to the corporate network. They can also be used to embed data into
packaged workbooks that are distributed for use with Tableau Reader;

1 Often muchfaster than the underlying live data connection.

Tom Brown at The Information Lab has written an excellent article explaining several use cases where
extracts provide benefit (make sure you also read the comments for additional examples from other
users):

http://bit.ly/1F2iDnT

There is one important point to make about data extracteey are not a replacement for a data
warehouse, rather a complement. While they can be used to collect and aggregate data ovesetime (
incrementally add data according to a periodic cycle) this should be used as a tactical, rather than long
term, solution. Incremental updates do not support update or delete actions to records that have
already been processegichanging these requires full reload of the extract.

Finally, extracts cannot be created over OLAP data sources such as SQL Server Analysis Services, or
Oracle Essbas&he exception to this rule is that you careate extracts from SAP BW (see the relevant
section above).

Whento use extracts? When to use live connections?
[ A1S SOSNERUOKAY3AZ GKSNBQa | GAYS IyR I LXIFOS F2NJR
extracts may be beneficial:

1 Slow query executionif your source data system is slow to process the gsdoeing generated
by Tableau Desktop, creating an extract may be a simple way to improve performance. The
extract data format is inherently designed to provide fast response to analytic queries so in this
case you can think of the extract as a query aregion cache. For some connection types this is
a recommended best practice (e.g. large text files, custom SQL connections) and some sources
will only work in this model (see the section on cloud data sources).

9 Offline analysisif you need to work wittdata while the original data source is not available (e.g.
you are disconnected from the network while travelling or working from home). Data extracts
are persisted as a file which can easily be copied to a portable device such as a laptop. Itis a
simplematter to switch back and forth between an extract and a live connection if you move on
and off the network.

1 Packaged workbooks for Tableau Reader/Online/Pulfligou are planning to share your
workbooks for other users to open them in Tableau Readédfryaru are planning to publish them
to Tableau Online or Public, you will need to embed the data into a packaged workbook file. Even
if the workbook uses data sources that can also be embedded (i.e. file data sources) data extracts
inherently provide a Igh level of data compression so the resulting packaged workbook is
significantly smaller.

9 Additional functionality for some data sources (e.g. file data sources vide¢bacyJET driver)
there are functions in Tableau Desktop that are not supported (aeglian/count
distinct/rank/percentile aggregations, set IN/OUT operations, etc.). Extracting the data is a
simple way to enable these functions.
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9 Data security if you wish to share a subset of the data from the source data system, you can
create an extact and make that available to other users. You can limit the fields/columns you
include as well as share aggregated data where you want users to see summary values but not
the individual recoredevel data.

Extracts are very powerful, but they are not lvei bullet for all problems. There are some scenarios
where using extracts might not be appropriate:

1 Realtime data- because extracts are a point of time snapshot of data they would not be
appropriate if you need redlme data in your analysis. It is g&ible to automatically refresh
extracts using Tableau Server and many customers do this atdayrérequencies but true real
time data access would require a live connection.

1 Massive data if the volume of data you need to work with is massive (therdgdn of
GYl aaA@Se gAfft OFNE FTNRY dzaSNJ (2 dzaSNJ) odzi 3ISYyS
extracting this may not be practical. The resulting extract file may be excessively large or the
extract process may take many, many hours toptete. Note that there are a couple of
exceptions to this guideline. If you have a massive source data set but you are going to work over
a filtered, sampled and/or aggregated subset of this data, then using an extracts may actually be
a great idea. Genally speaking the Tableau extract engine was designed to work well for up to a
few hundred million records but this will be influenced by the shape and cardinality of your data.

1 Passhrough RAWSQL functionff your workbook uses paghrough functions hese will not
work with a data extract.

1 Robust usetevel security if you have a requirement for robustnforced, usettevel security
then this needs to be implemented in the data source. If you haveleset filters applied at the
workbook level the these can always be removed by a user allowing them access to all data in
the extract. The exception to this guideline is if the extract has been published to Tableau Server
with data source filters defined and other users are accessing this extratievitata server.
Note - you will need to ensure that download permissions are revoked from users to ensure they
cannot bypass the enforced filters.

Creating extracts Desktop

In most cases the initial creation of an extract is done in Tableau Desktap am simpleAfter you

have connected to your data, go the Datamenu andOf A O1 & 9 EtfieNacé@it thé defaultston

the dialog box (although more on this later). Tableau will ask where you want to save the extract

choose any locationtds@S G KS FAESI I fGK2dzZ3K ¢l o6t Slkdz gAff LINE
wSLI2aAl2NE p S5FGFaz2dNOSaQ 6KAOK Aa 2dzad FAyS (G22H
b2¢ oFAG F2NJ GKS SEGNIOG G2 0SS ONBIFGSRI K2g f2y3
used, network speed, data ltomes, etc. It is also dependent on the speed and capacity of your

workstation as creating an extract is a memory and processor intensive activity.

,2d2Qff 1y26 AGQa& R2yS ¢ Kibwil havkahotherdatdbasa i2odbeliil itA 02y O
reprS&ASYydAy3a | WwO2LR QY sKAOK Aa SEFOGte 6KIFG Iy SEGI
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When you create an extract this way (via Tableau Desktop) the processings onyour workstation

and so pu will need to ensurd@ has sufficient capacity to complete the task. Extract createesiall
resource typeg CPU, RAM, disk storage, network §@nd processing large data volumes on a small PC
can result in errors if any are exhausted. It is recommended that large extracts be done on a suitable
workstation¢ fast CPU with multiple coretots of RAM, fast I/O, etc.

The extract creation process requires temp disk space to write working; fileSableau 8.1 and earlier

it could require up to the square of the resulting extract file (e.g. a 100MB extract may require several
GB of temp sace) but in Tableau 8and laterthis has been reduced significantly and the process now

only needs up to 2x the final extract file size. This working space is allocated in the directory specified by
the TEMP environment variable (usuatty WINDOWSTEMPOT

C:\ Users \ USERNAMBAppData \ Local \ Temp). If this drive has insufficient space, point the environment
variable to a larger location.

If it is impossible (or just impractical) to do an initial extract process on a workstation, the following
workaround can b done to create an empty extract that is then published to Tableau Server. Create a
calculated field thathapat e Tr unc ( imi nut dt, Theradd it jo the extract filters and

exclude the single value it show$e quick because you have a minugfdre this filter is no longer

valid. If you need longer just make the publishing interval wider (e.g. round to 5 mins or 10 mins or an
hour if you need). This will build an empty extract on your desktop. When you publish to server and
trigger the refrestschedule, it will populate the full extract since the timestamp welwed is not the
same anymore.

Creating extracts usirige data extract API

Tableau also provides an application programming interface (API) to enable developers to directly create
a Tableau Data Extract (TDE) fil2evelopers can use this API to generate extracts frorpremises

software and software@asa-service. This API lets you systematically get data into Tableau when there is
not a native connector to the data source you are using

This API is available for developers in Python and C/C++/Java on both Windows and Linux. You can find
more information on tle API here:

http://tabsoft.co/1Sv1n55
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Creating extracts using 3rd party tools

Many 39 party tool developers have used the data extract API to add native TDE output to their
applications. These applications include analytic platforms like Adobe Marketing Cloud as well as ETL
tools like Alteryx and Informatica.

If you have complex data pregaion requirements, tools like Alteryx and Informatica can be used to
efficiently perform the ETL stages and then directly output the prepared data into a TDE file for use in
Tableau Desktop.

. - 1
) =@
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boundariss-june-

pu ints. Final select to only NZ Postcodes tde
|2011-ficensed-only- return regquired fiskds.
ffor-mix-shp

Aggregate extracts

Using an aggregate extract can always 2n@@S LISNF 2 NX¥ I yOSod 9@Sy AT &2 dzQNB
huge amounts of data, extracting data can provide an improvement, as long as you aggregate and filter

the data appropriately. For example, you can filter the data if you are concerned with entydst

recent data.

You can define the extract ahead of time by choosing which fields you want and selecting the

G! 3aINBIFGS REGE F2NIFff GAarAoftS RAYSyaizyaé OKSO]
Alternatively, after doing your analysisdabuilding your dashboard, when you are ready to publish, you

can go back into the Extract Data dialog box and click the button for Hide All Unused Fields. Then when

you extract the data, ivill bethe absolute minimum required to create the view.

Extract Data X

Specify how much data to extract:
Filters (Optional)

Filter Details

Add... Edit... Remove

Aggregation

I [] Aggregate data for visible dimensions
Roll up dates t

Number of Rows

@ Allrows

[[] Incremental refresh
) Top:
() sample: ows
Histary... | Hide All Unused Fields I ok Cancel

Creding aggregate extracts is a very powerful technique when you have a large amount of base data but
you need to create summary views that query across the whole data set. For example, you might have a
billion records of detailed transaction data represeqtitO years of sales and you want to start by

showing the overall 10 year sales trend. The query for this initial view would potentially be slow as it
needs to query across all billion rows. By creating an extract that is aggregated at the yearly lemel we c
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reduce the query effort required at view time as we will only have 10 numbers in the extract. Of course
this is an oversimplified examptgin reality you would have more dimensions than just time but the
effect of significantly reducing the number @&cords that need to be queried at view time.

We can create quite sophisticated workbooks that have multiple levels of detail by creating multiple
aggregated extracts, each tuned to support a specific level of detdily combining aggregated extracts

with live connectionsFor example, you might havesat of initial summary views that usehahly

aggregated extradbut when you drill to detail you use action filters from the summary views to another

sheet that connects via a live connection. Thisméafsl & G KS &adzyYlFI NBE @AS6a oAt
YySSR (2 (NI gf 20SN) GKS FdzZf oFaS RFEGF asSasx odzi | ¢
the drill down actions. Also, the live connection will perform quickly because at the drill doatrmlev

are only accessing a small set of records.

In this way, you can mix and match, and aggregate at different levels to resolve nearly any performance
issues so that get the results as fast as necessary. Since Tableau is efficient with memory, improving
performance this way is usually relatively easy and you can have multiple extracts running at the same
time.

Optimising extracts

Tableau Server not only optimises the physical columns that are in the database, but the additional
columns that are createdhiTableau. These columns include the results of deterministic calculations,
such as string manipulations and concatenations, where the result is never going to change, as well as
groups and sets. The results of Adeterministic calculations, such as tleothat involve a parameter or
aggregations (such as sum or average) that are calculated at runtime, cannot be stored.

A user might refresh an extract after adding only two rows of data, and notice that the size of the

extract has jumped from 100 MB to 1&(B. This jump in size is due to optimisation creating additional
columns containing calculated field values, because it is cheaper to store data to disk than to recalculate
it every time that data is needed.

One thing to watch out for is if you are makiegplicate copies of a connection to a data extract, you

YySSR (2 SyadanNB GKIFG Ftft OFfOdAf iSR FASt Ra SEAAG A
GWSFNBaKeg 2LIiA2yas 20KSNBAAS ¢FoftSldz gAf fabiy2da YI
is to define all calculated fields in the primary data source and copy them as necessary to the other
connections and then only ever refresh or optimise the extract from the primary data source.

Refreshing extracts

In Tableau Desktop, to refresh artrexct you make a menu selection (Data menu > [your data source] >

Extract > Refresh), which updates the data and adds any new rows. But in Tableau Server, during or after

the publishing process, you can attach a schedule defined by an administratorasiréifie extract

automatically. The smallest schedule increment allowed is every 15 minutes; the schedule can be to
NEFNBAK i G4KS &alyYS GAYS RIAfésx ¢SS{feéx yR az 2y
refresh the data to just the most recent.

Note: Ifyouwant to refreshyour data more often than every 15 minutegu shouldconsider
connectngto live data, or set up a synchronised report database.
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You can choose two refresh schedules for a single extract:

1 Anincremental refresh justddsrows, and does not includehanges to existing rows.

1 A full refresh discards the current extract and regenerates a new one from scratch from the data
source.

What happens if the refresh takes longer than the increment?
If the refresh time for an extract k&s longer than the increment then the intervening refreshes are

skipped. For example, the schedule is set to refresh the data every hour, but the amount of data is so
large that the refresh takes an hour and a half. Then:

9 The first refresh starts at 1:0fhd finishes at 2:30.
1 The next refresh is schedule to start at 2:00 but because the first is still running it is skipped.
9 The next refresh starts at 3:00 and finishes at 4:30.

Extract maintenance

The Maintenance screens show what Background tasks arentiyrranning, as well as those that have

run for the past 12 hours. Colour coding is used to show the status of those tasks. The Maintenance
screens are available to administrators and, with the appropriate permissions, to some other users, who
can have pemissions to initiate an ad hoc update to an extract. Also, for example, if a database is going
to load, you can set a trigger to initiate an extract after the database finishes loading.

Bl - O X
434 Server Status: Backgroun:! X

&« C & [1 demo-apac.tableau.com/#/server/analysis/BackgroundTasksforExtracts Q 5] {:2] D. ©®
Y Bookmarks (7] Tableau 43 APAC iii Home (T TabSrv (1] Blog ([ Services (] Mews [ Personal (] Links (7] Tablinks M myTableau [ Time [ Tasks [ ToDa

fitableau

Server Status » [i] Background Tasks for Extracts
LRV EORS
v < Background Tasks for Extracts >

How Have Extracts Performed on This Server? (click o filter)

Extract Task Timeline site Runtime (sec)
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‘What Extracts Ran on This Server?
Event Audit Data
Event Audit Data
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Time Range

Last 7 days - 147
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You also can refresh a workbook incrementally or fully viadtvemdcommand line tool if you are using
Tableau Server or the Tableau.exe command line if you are using Tableau Desktop. If you have complex
scheduling requirements you can invoke this from an external scheduling tool such as the Windows Task
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Scheduler. Thigpproach is required if you want a refresttlgythat is shorter thathe 15 minute
minimum allowed through the Tableau Server interface.

Finally, for users of Tableau Online, you can usd #i#eau Online sync client to keep-prem data
sources ugto-date via schedules defined on the Online service. You can find more information on this
utility here:

http://tabsoft.co/1fD1NXP

Data preparation

Tableau 9 introducese ability to performdata preparation functions on data sources.g. using the
data interpreter against Excel spreadsheets and using the Pivot function to reorient columns of data.
When working with large volumes of data these steps can be time consuming and it is recoatimend
that the output be written to a data extract.
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Is it the query?

So you have reviewed the data connection and ensured it is following best practice. However your
performance is still poor. The next point of review is to understand the specific quemoferlikely
gueries) to ensure they are optimal.

Wherecan | find the queries?

In Tableau you can find the full query text by looking in the log file. The default location is

C:\ Users \ <username> \ Documents \ My Tableau Repository \ Logs\ log.txt . This file is qite verbose
and is written as JSON encoded tdxit if you search foobeginquerye or dend-querye you can find the
query string being passed to the datasoubce [ 2 2 { A Y 3j dz8NRI &K St 215 yNRE 02 NR
the time it took for the query to ra and how many records were returned to Tableau

{"ts":"2015 - 05- 24T12:25:41.226","pid":6460,"tid":"1674","sev":"info","req":" -
" "sess"" - " site™:" - ""user":" -""k""  endoquery ",
"v":{"protocol":"4308fb0","cols":4,"query":"SELECT

[DimProductCategory].[Produ ctCategoryName] AS [none:ProductCategoryName:nk], \n
[DimProductSubcategory].[ProductSubcategoryName] AS

[none:ProductSubcategoryName:nkK], \' n SUM(CAST(([FactSales].[ReturnQuantity]) as

BIGINT)) AS [sum:ReturnQuantity:ok], \' n SUM([FactSales].[SalesAmount]) AS
[sum:SalesAmount:ok] \ NFROM [dbo].[FactSales] [FactSales] \'n INNER JOIN
[dbo].[DimProduct] [DimProduct] ON ([FactSales].[ProductKey] =

[DimProduct].[ProductKey]) \'n INNER JOIN [dbo].[DimProductSubcategory]
[DimProductSubcategory] ON ([DimProduct].[Produc tSubcategoryKey] =
[DimProductSubcategory].[ProductSubcategoryKey]) \'n INNER JOIN
[dbo].[DimProductCategory] [DimProductCategory] ON
([DimProductSubcategory].[ProductCategoryKey] =

[DimProductCategory].[ProductCategoryKey]) \ nGROUP BY
[DimProductCategory].[ ProductCategoryName], \n
[DimProductSubcategory].[ProductSubcategoryName]", "rows":32 , "elapsed":0.951 B

If you are looking on Tableau Server, the logs are\iRrogramData \ Tableau \ Tableau
Server \ data \ tabsvc \vizglserver \Logs.

Performance recordings
Anotherplace to look to understand the performance of a workbook is the Performance Recorder
feature of Tableau Desktop and Server. You enable this feature under the Help menu:
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Window TIp‘

Open Help F1 illx Show Me
- | Get Support...

Watch Training Videos
sheet Sample Workbooks 4
Tiers Sample Gallery | O
ieline [ ] B
3in Map Choose Language L4
stination Settings and Performance * Start Performance Recording

Manage Product Keys... Start Tableau Online Sync Client 150

About Tableau Enable Accelerated Graphics (Mot supported)

Manage R Connection...
sheet Show Messages Again
ieline ] Clear Saved Server Sign-ins [
Jin Map ] Dashboard Web View Security
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Tiers [ | [ [ ]
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Time (s)

Start performance recording, then open your workbook. Interact with it as if yoe ae end user and
when you feel you have gathered enough data go back in the help menu and stop recording. Another
Tableau Desktop window will open at this point with the data captured:

Performance Summary
This workbook shows the main events while recording performance. Search Help for details on how to interpret the workbook and improve performance of Tableau.

Show Events taking at least (in seconds): ™™ %1

[Timeline

Workbook Dashboard Workshe.. Event

Null Null Connecting to Data Sour.
Test Book 1 Null Open Workbook

Dashboard 1 2 Timeline Executing Query |

30rigin  Executing Query
Map

Events Sorted by Time
Executing Query
Executing Query
Executing Query
Executing Query
Executing Query
Executing Query
Executing Query

Evacutinn Ouary

5 10 15

20 2 30
Elapsed Time (s)

Query

SELECT "flightdata"."carrier" AS "carrier”,
(DATE_TRUNC( 'day', CAST("flightdata"."flight date” AS TIMESTAMP WITHOUT TIME ZONE) ) + (-EXTRACT(DOW FROM
CAST("flightdata"."flight date” AS TIMESTAMP WITHOUT TIME ZONE)) * INTERVAL '1 DAY")) AS "twk_flight_date_ok",
SUM(1) AS "sum_number_of_records_ok"
FROM "faa"."flightdata" "flightdata”
GROUP BY 1,
2

You can now identify the actions in the workbook that take the ntiost - for example in the above
imagethe selected query from the Timeline worksheet takes 3@&&€onds to complete. Clicking on the
bar shows the text of the query being executed.

You can use this information to identify those sections of a workleakare the best candidates for
review- i.e. where can you get the best improvement for the time you spend? More information on
interpreting these recordings can be found in the following link:

http://tabsoft.co/1RdF420
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Other tools for performance analysis

There are some other®Bparty tools available that will help you identify the performance characteristics

of your workbooks. OneptionA & dat 2 SNJ ¢22f & FT2NJ ¢l ofk&l dz¢ o6& Ly
performance aalyserthat allows you to drill in and understand what sheets and queries are taking the
longest time

(0p))

@ Workbook Tools for Tableau by InterWorks v1.74 - (m) x

View all events for the selected sheetor (7"
Dashboard 1 i
querer | [on
Workshests @ Data Partition @ Visual Quick Filter

Sheet Time Breakdown Shees Duration

1 Carriers 139445 Details
3 Origin Map | 1975 Details
2 Timeline | 65725 Details
4 Destination Map | 5765 Details

Events Threshold: Oms

Sheet Event Duration
13.903s View Query
13.896s View Query

88455 View Query

508 3 3

8.834s View Query

3)
VAT

.
HC
=

Under the covergmprovements

In Tableau 9.0 some of the biggest improvements to workbook efficiency and performance have been
made in the query enge ¢ i.e. how Tableau generates the queries requiredeioderthe
visualisation/dashboard design. Many of these improvements are invisible to the end user but it is
useful tounderstand them sgou can ensurgiour workbooks take full advantage.

Data engie improvements
Tableau 9ncludes significant performance improvements for queries against the Tableau data engine.
These improvements are achieved by taking advantage of technological adva@d@d iechnology.

Firstly, the Tableau 9 data engine will mureries faster by using multiple cores where possible. The data
engine can now run aggregations in parallel, splitting the work across multiple cores. By default, the
maximum degree of parallelism is (number of available logical processorghis2neas that query
operations on data extracts can run up to N times faster in Tableau 9 (where N is the number of cores in
the machine).

Secondly, the data engine will now use SIMD instructions to perforrielegl operations such as plus,
minus, divide, min, X, sum, etc. on multiple data in parallel. This means that basic computations can
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be performed more quicklyThis improvement is only available on CPUs that support SSBwelver
most modern Intel and AMD CPUs do.

So¢ how can youtake advantage of th@esimprovements in Tableau &mplyuse data extracts and run
your workbooks on a workstation with a modern CPU that has multiple cores.

Queryparallelism
Tableau 9akes advantage of thability of source databases to executaultiple queries at the same
time. Consider the following dashboard:

When this workbook is opened in Tableau 8.3, you can see that the three queries are run serially taking

1 Category

Product Category

2 Timeline

— |

Cameras and camcorders

TV and Video

o I

Cell phones

Music, Movies and Audio
Books

Audio []

Games and Toys I

. $100,000,000.00

N
AT

Sales Amou

$50,000,000.00

$0.00

$0.00 $4,000,000,000.00 2007 2008 2009 2010

Sales Amount

3 Map

(]
$3,218.94

$3,656.00

4.4 seconds in total:

Workbook Dashboard Workshe.. Event

Test Dashboard 1 Category Executing Query
2 Timeline Executing Query
3 Map Executing Query

Month of Date

$2,792.27

(4

.
* (]
$2,847.30 o g 342038 . Y
$2,818.783,476.06 z 5 $3,433.81

° .
$3,398.08 o $343973
$3,501.27

$3,023.45

$3,318.97

°
$3,430.94

120 125 130 135 140 145 150 155 160 165
Time (s)

Opening the same workbook in Tableau 9 shows different behaviour:

Workbook Dashboard Workshe.. Event
Test Dashboard 2 Timeline Executing Query
3 Map Executing Query

15.5 16.0 16.5 17.0 175 18.0 18.5 19.0
Time (s)

The gueries in Tableaur®w runin paralleltaking a total of 3.3econds; an improvement of 2598y

GF1Ay3

I ROFyidGr3as 27

GKS RFGF az2dz2NDSQa

the time it takes to render aashboard with mltiple elements.

FoAf AlGE

The level ofquery parallelism varies between source systems as some platforms handle simukane
gueries better than others. The default is to ratmaximum ofl6 parallel queries for all data sources
apart fromtext and Excel filesiighit is 1 query at a time), creating SAP BW extracts (limitis 1 query at a
time) andAmazon Redshiflimit is 2queries at a timg

In most cases changing these settings is not necessary and you should leave them at their default
settings, however if yo have a specific need to control the degree of parallelism this can be set as:
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aglobal limit on the number of parallel queries for Tableau Server

limits for a particular data source type, such as SQL Server

limits for a particular data source type orspecific serveror

limits for a particular data source type, on a specific server, when connecting to a specific
database

=A =4 =4 =

These settings are managed by an xml file named connectiofigs.xnl which you create and save
the app folder on Windows{\ Program Files  \ Tableau \ Tableau 9.0 ) and Mac (right click the App,
click Show Package Contents, and place the file lier&esktop oin the config directory in the
vizqlserver folder (for example:

C:\ ProgramData \ Tableau \ TableauServer \data \tabsvc \ config \viz glserver )for Server You must
copy this configuration file to all the vizglserver configuration directories in all worker machines.

You can read more about configuring parallel queries, including the syntax cbtinectiorconfigs.xnl
file, here

http://tabsoft.co/1HAIztD

Query batching

You canalsosee that in Tableau 9 we ondxecutediwo queries instead of threeBybatching the
gueriestogether, Tableau &an eliminate redundant queries. Tableau wittthe queriesto runthe

most complex queries first in the hope that subsequent queries can be sefuicedhe result cache. In

this example, because the timeline includes Product Category and because the SUM aggregation of Sales
Amount is fully additivethe data for the Category chart can be resolved from the query canbe

R2S&ay QG NBIdANBS || KAG 2y GKS RIFEGF &2 dz2NOS

Prior to Tableau 9 it was possible to have less complex queries serviced from the query cache however
the order in which Tableau ran the gues was determined a) by the alphabetical name order of the
sheets on the dashboard (in Tableau 8.2) or by the order in which the dashboard designer placed the
sheet objects on the dashboard (in Tableau 8.0 and 8.1).

Query fusion

2 Kl 0 Qa oS0 dgyheries K payalleRIRynhyifgwwer queries!in Tableau 9, the query engine
will look for queries that are at the same level of detail (i.e. they are specified by the same set of
dimensions) and will collapse them into a single query that returnegliested measures. Consider the
following dashboard:
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Sum Sales Avg Sales

$400,000,000.00 $4,000.00
£ $300,000,000.00 3 $3,000.00
g <

£
< b
3 $200,000,000.00 ¢ 52.000.00
2
$100,000,000.00 $1,000.00
$0.00 $0.00
2007 2008 2009 2010 December 2006 December 2007 December 2008 December 2009
Month of Date Month of Date
Num Records Disc Amount
150K
$15,000,000.00
E 100k €
g 2 $10,000,000.00
« <
5 z
]
£
Z 50K
$5,000,000.00
0K $0.00

June 2007 December 2007 June 2008 December 2008 June 2009 2007 2008 2009 2010
Month of Date Month of Date

As you can see, this dashboard contains 4 sheetsch showing a different measure over time. They all
have the same level of detail as they are showing the data using a continuous month. Rhisning
dashboard in Tableau 8.3 results in 4 queries being;sge the following performance recording

Dashboard Worksheet Event

Dashboard 1 Avg Sales Executing Query ]
Disc Amount Executing Query | ]
Num Records Executing Query | ]
Sum Sales  Executing Query | ]
Null Null Connecting to Data Sour..
18.0 18.5 19.0 195 20.0 205 21.0 215 220

Time (s)

Each querys fetching a single measure

SELECT DATEADD(month, DATEDIFF(month, O,
CAST(FLOOR(CAST(CAST([DimDate].[Datekey] as datetime) as float)) as datetime)),
0) AS [tmn:Datekey:ok],
SUM([FactSales].[DiscountAmount]) AS [sum:DiscountAmount:ok]
FROM [dbo].[FactSales] [FactSales]
INNER JOIN [dbo].[DimDate] [DimDate] ON ([FactSales].[DateKey] =
[DimDate].[Datekey])
GROUP BY DATEADD(month, DATEDIFF(m onth, 0,
CAST(FLOOR(CAST(CAST([DimDate].[Datekey] as datetim e) as float)) as datetime)),
0)

The same workbookpenedin Tableau $roducesaverydifferent result:

Workshe.. Event

Null Open Workbook |
Null Connecting to Data Sour..
Executing Query ]
19 20 21 22 23 24 25 26 27 28

Time (s)

Only a single query is run, returning all of the requested measures:

SELECT DATEADD(month, DATEDIFF(month, 0,
CAST(FLOOR(CAST(CAST([FactSales].[DateKey] as datetime) as float)) as
datetime)), 0) AS [tmn:Datekey:ok],
AVG(cast([FactSales].[SalesAmount] as float)) AS [avg:SalesAmount:ok],
SUM([FactSales].[DiscountAmount]) AS [sum:DiscountAmou nt:ok],
SUM(CAST(1 as BIGINT)) AS [sum:Number of Records:ok],
SUM([FactSales].[SalesAmount]) AS [sum:SalesAmount:ok]
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FROM [dbo].[FactSales] [FactSales]

GROUP BY DATEADD(month, DATEDIFF(month, O,
CAST(FLOOR(CAST(CAST([FactSales].[DateKey] as datetim e)a s float)) as
datetime)), 0)

As you can see, query fusioan improve the overall performansggnificantlyg in this example the
guery time was reducebly ~45%from 3.5 to 1.9 second§Vhere possible, consider setting the same
level of detail for multipt sheets on a dashboard.

Caching

What is better tharrunningfewer queries? Running no queries at &\hile Tableau has incorporated
caching features in the pasiableau 9ntroducesan external query cache for both Tableau Desktop and
Tableau Server vith can significantly reduce the number of queries that need toweonthe

underlying data source.

Desktop

Whenever Tableau 8ses a fildbased data sourcédata extracts, Excel, Access, text files, but not
statistical filespach query generatediso generates key-hash value that is unique for that particular
guery string and data source combinatidie use this keypash value as a lookup into the external
guerycache to determine if we have cached results we can use. If we find a hit in the gae will
simply load the data from thereXou can see this activity in the log file:

{"ts":"2015 - 05- 25T17:25:18.146","pid":2472,"tid":"2d14","sev":"info","req":" -

","SeSS"I" _ ",”Site":" - ","USEI‘"I" _ ||’ ukn:uec _ |Oadu ,
"v'{ "key -hash""395207117" , "outcome":"hi t" ,"key - size -
b":"1928","cns":"NativeQueryResultsV1","elapsed - ms":"2","value - size -

b":"2092806"}}

If we miss the cache, we hit the underlying data source and write the results into the query cache:

{"ts":"2015 - 05-25T17:24:10.280","pid":3784,"tid":"1224" "se v*:"info","req":" -
" "sess":" - " site™:" - " "user"" =", "k™"ec -store" ["v'{

"key - hash™"1319376522" , "outcome":"done" ,'key - size -

b":"944" "cns":"NativeQueryResultsV1","elapsed -ms":"11","load -time -
ms":"87","value - size - b":"1770608","lower - bound - ms":"20"}}

Akeydifference between this external cache and the caching in previous versions of Tableauts that
external cache datsincludedwhenthe file is saved as a packaged workbook. This allows Tableau to
rapidly render the initial view of the workbook whitecontinues to unpack the larger data source file in
the background. For an end user, this dramatically improves the responsiveness of opening the

workbook.Note that if the cache data is > 10% the size of the source data file then it is not included.

Addtionally,the external cache in Tableau 9 is persistent. That means the cache results are retained
between sessions in Tableau Desktop so if you use a file data source, restart Tableau Desktop and use it
again you will still benefit from the cache.

Theexternal cachds stored irsLOCALAPPDATA%ableau \ Caching on Windows and
~/Library/Caches/com.tableau/ on Mac. By default it is limited to 500MB in total, and it will be
invalidated if the user forces a refresh of the data source (e.g. preBSingR).
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Note that the externalquerycache is not used if your visualisation uses relative date filters, or if you are
using user filters.

Server
The query cache in Tableau Server 9 has been significantly enhanced over previous Rsianssly,
the query cach in Tableau Server was local to each VizQL instance

VizQL Server VizQL Server VizQL Server

Data
Source

Nowin addition to the local VizQiaches there is an external quargchethat is shared; not just across
all VizQL instances but across ALL processes tbegsathe underlying data source. A neawice called
the Cache Server now manages the external cache for all service instances across the cluster:

This change significantly increases the effectiveness of the cache, especially in deploymenthevhere
are multiple VizQL instanceBhe VizQIServer will check its local caché it misses, it will check the
Cache Server to see if the results are available from a query run elsewdmetber important change

the Cache Server brings is that teternalcache is now persistent. Previously trentents of the cache
were volatile and were lost whenever the VizQL instance was restaMted.the cache contents remain
between instantiations of theervices

Finally, a useful sideffect of the cache being shared is we can now realistically warmaibleecfor
workbooks that we know are slow on first view by running a subscription for the workbook. Doing this
early in the morning before your interactive users arrive at weitkensure that the workbook is run

and the query results loaded into the cachene cache will then be hit when the users view the
workbook, making the initial view time fast.
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