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Chapter 1 - Overview of SSAS Tabular

CHAPTER 1 - OVERVIEW OF SSAS TABULAR

1.1 What Tabular Models Do

The diagram below shows how tabular models combine data from tables, cubes and other data
sources, to present a single easy-to-read data source for business users:

Cube Relationa

| database Other data source

v

v

A

4

Tabular Model in Analysis Services

Pivot table in Excel ‘47

Examples for each of the 3 levels of this diagram

Database Level

Here’s the structure of the Construct-a-Creature

—> ‘ Power Bl Desktop report

are shown under separate headings below.

database used throughout this courseware:

Each purchase takes place in a particular shopping
centre (for example, the Trafford Centre) which belongs
to a town (Manchester) and region (North-West), as
well as having a centre type (such as Retail Park or
Shopping Park).

Each purchase is for a particular product (for
example, one of the products sold is Fenella the
Frog). This belongs to a family (Amphibians) and
has a habitat (Fresh Water) which is part of a larger
environment (Water).

1
Region Town
BE RegionName . B Productid BE EnviromentId
BB Productiame BE EnvironmentName
3 BB Animal
i 1
p— B 2 D
Legs T
CentreType B8 purchaseld B Familyzd %
E CentreTypeld m PurchaseDate m WeightGrams 1*
1
m CentreTypeName m CentreName m urchaseDateTime m ProductionCost k Habitat
B TownId B productid BE Habitatid
* BE CentreTypeld 4“ & centreld BE HabitatName
BE PostCode B Quantity Family AR EnvironmentId
m Price E BackColour
BE squareMetres B FamilyId
E NumberUnit: m PaymentDate amty 1 i ForeColour
umbertnits BE staffld BB FamilyName
e ——— | e ——

S

given shopping centre.

The Purchase table records one row for each time a customer buys one or more items of a particular product in a

© Copyright 2023
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Chapter 1 - Overview of SSAS Tabular

Model Level

Here’s what a model based
upon this database might
look like: AR Regionld 1q AR Townld
BE RegionName N A TownName
AE RegionId Ll
1
o
- BB Purchaseld -
BB CentreTypeld 1 A Centreld AR PurchaseDate...
m CentreTypeName A Centrename AR productid
M - BB centreld
B TownId n — i
* fAE centreTypeld i BB Quantity
/ BE PostCode B Price
Only certain tables and fields HE squareMetres : ::v;;ed"mate
have been included in the A8 NumberUnits -
model Total sales »
View Level
You could use this model to create (for example) a pivot table:
Total sales
i i v
Factory Outlet Retail Park Shopping Centre Shopping Park Grand Total PivotTable Fields
East Anglia 2,202 14,758 16,060 Show fields: | (Al B~
East Midlands 3,068 27,008 3,857 33,933
London 2,640 64,882 533 68,055 Search 0O
North 5,166 28,024 33,190
North West 2,449 20,499 62,182 5,187 00,316 - 2 Purchase
B Total sales
South East 5,625 7,902 115,776 1,074 130,376
South West 561 4,865 19,915 5,552 30,893 1 [E] CentreType
West Midlands 9,569 51,008 1,131 62,698 4 centreTypeName
Yorkshire & Humberside 2,616 15,337 42,738 1,446 62,138 2 [F Regi
egion
Grand Total 11,250 71,248 427,280 18,780 528,558 RegionName
A pivot table based on this model, showing total sales by region and by
centre type. rag fields between areas below:

T Filters

Rows

The pivot table field list. Notice that all of the other fields and tables have
been hidden from client view, so you see a nice clean field list.

RegionMame

Il Columns

CentreTypeName ~

2 Values

Total sales hd

SQL Server Analysis Services (SSAS) comes in two flavours: tabular models (the
subject of this courseware) and the legacy multi-dimensional models (still supported
by Microsoft, but unchanged for at least the last 10 years). The future lies with
tabular models, and this is the version of SSAS installed by default.

© Copyright 2023
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Chapter 1 - Overview of SSAS Tabular

1.2

Deployed Tabular Models

Typically you will create a tabular model on your local machine, then deploy it to the Analysis
Services database on your production server:

You create a model in
Visual Studio:

g oot T o

|4 F.-‘, Base model

Shared Analysis

= ¥ Databases
= [J TabularProject1_An
Connections

=

B . ==
*8 References Services database B 1 Centre
?" Model.bim Deploy Inspect : CentreType
in SSMS 7 Environment
T Family
Your computer T Habitat
7 Product
¢ ¢ T Purchase
7 Region
Pivot table Power Bl Pivot table = Town
(user 1) report (user 2) (user 3) Roles
Thus you can look at a model in three different ways:
When Software Who can see Example
While building Visual Studio Just you ==
BB Regionld 1h. BE TownId
% RegionName F TownName
B RegionId -
[z centretype ; :‘ e :
B8 centre 0 B Pu Dat
BE CentreTypeName BB Pro !
¥ w| Eee
BE CentreTypeld & E o
BE PostCode &
BF squareMetres ; L “‘
BE NumberUnits ) rotal sales
When deployed | SQL Server IT department = 1 Databases
Management =08} TabularProject1
Studio Connect] New Query
Tables Script
Roles
Management Process Database
Back Up...
Restore...
Restare from PowerPivot...
Brows,g...
nr:ﬂ'nr-l:a
In a client view Excel, Power Business A B C D
B|, etc users 1 |Total sales
2 Factory Outlet Retail Park Shopping Centr(
3 | East Anglia 2,202 14,75
4 |East Midlands 3,068 27,00
5 London 2,640 64,88

© Copyright 2023
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Chapter 1 - Overview of SSAS Tabular

1.3 Compatibility Levels

Any SSAS tabular model has a compatibility level. At the time of writing, here are the possible
compatibility levels that you may see:

Level

Used by

New features

1100

SQL Server 2012

1103

SQL Server 2012 SP1/

SQL Server 2014

The first version of SQL Server to include tabular models. These are
deprecated from SQL Server 2017 on.

1200

SQL Server 2016

A better DAX editor, DAX variables and some useful new DAX
functions; parallel processing of partitions; less restrictions on the use
of DirectQuery; support for R.

1400

SQL Server 2017

The incorporation of Power Query to transform data before loading it;
customisation of Excel drill-down; hiding blank members from
hierarchies. a new DAX editor; small DAX improvements.

1500

SQL Server 2019

Calculation groups of measures, many-to-many relationships.

At the time of writing SQL Server 2022 is in preview, but it doesn’t include any
significant updates to SSAS Tabular. This courseware assumes that you have at
least compatibility level 1400, and hence are using Power Query to load your data
(as for Power BI).

Viewing the Compatibility Level of your Model

Here’s how to find out which compatibility level your model uses:

Solution Explorer

WE o-2¢ @ A
Search Solution Explorer (Ctrl+;)
5] Solution 'Base model’ (1 of 1 projec
4 [ Base model
=8 References
¥ Model.bim

a) Click on your model Properties v B X
.rgi)ngebuwti(?nth:nrciight_ Model bim File Properties -
choose to change its | F
properties. Advanced

Data Access Options
B Misc
Collation Latin1_General_CI_AS
wzure Analysis Services (1409y ~
SQL Server 2012 RTM (1100)
SQL Server 2014 / SQL Server 2012 SP1 (1103)

b) You can see the SOl S5y et FILL T ALY
model’s compatibility S0L Server 2017 / Azure Analysis Services (1400}
level here. SQL Server 2019 / Azure Analysis Services (1500

TR S D T D

© Copyright 2023
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Chapter 2 - Creating Projects in Visual Studio

CHAPTER 2 - CREATING PROJECTS IN VISUAL STUDIO

This chapter shows how to create a new project to contain your model in Visual Studio. The first
thing you should do is check that you have an instance of Analysis Services running.

21

Ensuring Analysis Services is Running

You won’t be able to create an Analysis Services (SSAS) database unless the SSAS service is

running! To check this:

= Run

Type the name of a program, folder, document,

Internet resource, and Windows will o

Open: ‘ services.msc| w ‘

Run in separate memory space

a) Press|[m]+[R]to bring up the command dialog
box, and type in services.msc (there are many
other ways to list the services running on your
computer!).

#1501 Server Analysis Services (SQL2019)

‘Q; SQL Server Analysis Services CEIP (SQL2019)
1£).5QL Server Browser

€} SO Server CEIR sarvies (SOL201Q)

Running
Running
Running

Runnina

Supplies online analytical processing (OLAP) and ...
CEIP service for Sql Server Analysis Services
Provides SQL Server connection information to d..

(FID sorvira far Sal sarvar

Cancel Browse... b) Check that you have a running service for SQL
Server Analysis Services (Tabular Model).
Name Status Description Startup Type Log On As
-.‘2:. SQL Server Agent (SQL2019) Executes jobs, monitors SQL Server, fires alerts, a... Manu| NT Service\SQLAgent$SQL2019

Automatic NT Service\MSOLAP$SQL2019
Automatic
Automatic Local Service

Avntamati

NT Service\SSASTELEMETRY$SQL...

MT Servies\SOITEI EMETRYESON 2

SQL Server Analysis Services (SQL2019) Properties (Local Computer) X

General |ogOn Recovery Dependencies

Service name: MSOLAP$SQL2019

Display name: SOL Server Analysis Services (SQL2019)
Supplies online analytical processing (OLAP) and
data mining functionality for business intelligence

annlicatinne

Description:

Path to executable:
"C:\Program Files\Microsoft SQL ServerlMSAS15.SQL2019\0LAPbin\msmd
Startup type: Automatic W

Automatic (Delayed Start)

Manual
Disabled

FURnmng

Service status:

Start Stop Pause

Resume

c) If the service isn’t running automatically when you
load Windows, it may be an idea to double-click on
its entry in the list of services, then on the General
tab change the default Startup type of Analysis
Services to Automatic.

If you get a message about ImpersonationMode not being supported for
processing operations when you run SSAS, make sure that you have the SQL
Server Browser service running too.

© Copyright 2023
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Chapter 2 - Creating Projects in Visual Studio

2.2 Running Visual Studio

Running Visual Studio

To create a tabular model you'll need to
run Visual Studio. It doesn’t matter too
much which version you use (this
courseware uses Visual Studio 2019).

Changing Start-up Options

At the time of writing, the
two most recent versions
of Visual Studio.

I Visual Studio 2019
App

Apps

) Visual Studio 2022

Here’s how to tell Visual Studio to load the last thing you were working with when you shut it down

(to this owl’s mind, the most useful option):

a) From the menu Options

select Tools >

. 5 h Opti (Ctri+E)
Options, then earch Options (Ctr »p

select Startup on 4 Environment

the Environment General

tab in the Options Accounts

dia|og box. AutoRecover
Documents
Extensions

Find and Replace

Fonts and Colors

Import and Export Settings
International Settings
Keyboard

Preview Features

roduct Updates
\M

Tabs and Windows

b) Choose this
option from the
startup list.

Tz

On startup, open:

|Start window

|Start window
[Most recent solution
Empty environment

© Copyright 2023 8% WiseOwl
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Chapter 2 - Creating Projects in Visual Studio

Changing Analysis Services Settings

SSAS Tabular uses two different databases:

Database Notes

Workspace The local copy of changes you’re making in Visual Studio (usually held on your
local machine).

Deployment Essentially a copy of the workspace database, but copied to the production
server so other people can see and use your model.

You can select Tools > Options in Visual Studio to change the default location of either/both

databases as follows:

a) Choose Workspace
Database under the
Analysis Services
Tabular tab in the
Options dialog box.

b) Choose an Analysis
Server instance
running tabular
models (although
the easiest option
may be Integrated
workspace — see
later in this chapter
for what this

Options

Search Options (Ctrl+E)

P Settings are applied only to new tabular projects

> Environment
I+ Projects and Solutions
I> Source Control
P Work Items
I> Text Editor
> Debugging
Performance Tools
.NET Core Debugging with WSL
4\Analysis Services Tabular
Data Import
Deployment

Workspace Database
I AzupeData Lake
I» Kzure Service Authentication
[+ Business Intelligence Designers

I Container Tools

b aa

O Integrated workspace

Integrated workspace eliminates the need to provide an explicit AS
server instance.

© Workspace server
|\sal2019 -

Test Connection

/' Workspace database retention after the model is closed

() Keep workspace in memory (recommended for local workspaces)

Keep workspace databases on disk but unload from memory (recor
workspaces)

() Delete workspace (not recommended)

Data backup
O Keep backup of data on disk (minimizes load time after cancelling

© Do not keep backup of data on disk (minimizes save time)

means).
c) Now click on the Search Options (Ctrl+E) jo) Settings are applied only to new tabular projects
Deployment tab
and choose the I> Environment
ﬁr;?alyrlilz rSuenrr\:llr(];gs b Projects and Solutions Default deployment server:
tabular models to il el ——» ‘-\Sq'zmg "

which you want to
deploy models that
you've created (this
will usually be on a
different computer to
the workspace
server).

I* Text Editor
I- Debugging
I> Performance Tools

4 Analysis Services Tabular
Data Import

Diaanostics

I .NET Core Debugging with WSL

Deployment

It may also be a good idea to keep the workspace in memory when you close down
a model (providing you have enough memory on your computer), as this will make
it reload more quickly.

© Copyright 2023
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Chapter 2 - Creating Projects in Visual Studio

Installing the SSAS Extension

Before you can create an SSAS project in Visual Studio, you first need to install the appropriate
extension. Here’s how to do this in Visual Studio 2019, for example:

re Tools | Extensions | Window He| vianage xte
[ Manage Extensions b Installed Sort by: | Relevance -|
4 Online 7 Microsoft Analysis Services Projects
=i Download
. . F@ Microsoft Analysis Services projects provide project
4 V\fisual Studio Marketplace ) I
templates and design surfaces for building profess...
b Controls B \jicrosoft
P Templates — a
a) Choose this menu option T
to conf_lgure your VS b) Search for and download the Microsoft Analysis Services Projects
extensions. extension.
Download and Install X & VSiX Installer X

Downloading...

Downloading Microsoft Analysis Services Projects .7 of 1

Cancel

t I
c) Visual Studio will download your extension. Initializing...
d) When the download has finished, exit Visual
Studio: the installer will then automatically install

your requested extension.

Page 15
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Chapter 2 - Creating Projects in Visual Studio

2.3 Projects and Solutions

Creating a New Project

To create a tabular model, you’ll need a project to put it in. Here’s how to create one:

a) Choose this menu option (or m File | Edit View Git Project Build Debug Test Analyze Tools
press + + @) to T New *— 53 pProject
create a new project. . [
[— Open * | &= Repository..
b) Choose the sort of project that CO nfl ure vour new
C reate ad new pr you want to create (SSAS will g y p
only appear in this list if you've
_ installed the appropriate VS Analysis Services Tabular Project
Recent project templates extension, as shown on the
previous page). Project name
() Analysis Services Tabular Project ‘ Create a creature
& _
1 Integration Services Project ( Location
c) Give your project a name and / ‘ _
. Chwiseowl\
[} Windows Forms App choose where to store it.
Solution name @
Tabular model designer ? X
Select an Analysis Services instance to use while authoring projects. Place solution and project in the same directory
(O Integrated workspace
Framew:
Integrated workspace eliminatesithe need to provide an explicit AS server instance.
© Workspace server ‘ NET FrameN4.7.2
|\sgl2019 v
Test Connection d) See overleaf for a bit more about the
difference between projects and solutions.
There’s little point putting your solution
In order to create a new Tabular model, you must select a compatibilitytevel. The and project in different directories.
compatibility level must be compatible with the Analysis Services server versk
to deploy to.
Compatibility level e) If you choose to use an integrated
SQL Server 2016 RTM (1200) 2 workspace, SSAS will internally create a
Click here for more imformatior:mmatibilitv level. temporary model database — there’s no
need for you to specify an instance of
) : SSAS Tabular to connect to.
) Do not show this message again.
f)  Visual Studio will normally suggest the
highest compatibility level that your
0Ky, Cancel version of SQL Server will support.

Training
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Chapter 2 - Creating Projects in Visual Studio

Files and Folders Created

» This PC » OS5(C) » wiseowl »* Create a creature »

When you create a project, you get these files: Name -

bin

obj

u'-ag Create a creaturesin

/ D Create a creature.smproj
These two files give details of the configuration of your solution

[ ] Model.bim
and its project. They're both text format XML files, and easily
read.

D Model.bim.layout

Having Multiple Projects in a Solution

You can use a solution to work with more than one project Solution Explorer
at the same time: 8 o-2¢ B s

Search Solution Explorer (Ctrl+;)

51 Solution ‘Create a creature’ (2 of 2 projects)
4 [ Create a creature

=8 References
You can right-click on your solution in the Solution Explorer $ Modelbim
window and choose to add another project to it. Here we’ve got ‘/’E, TabularProiect?
two projects open, with the default one being Create a creature. ¥ 1abulareroe
Having more than one project open at a time like this is rarely *8 References
useful! ¥ Model.bim
© Copyright 2023
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Chapter 2 - Creating Projects in Visual Studio

2.4 Visual Studio Windows

Moving and Auto-Hiding Windows

Any of the (many) windows in Visual Studio can be in one of two modes:

i Solution Explorer

Search Solution Explorer (Ctrl+;)
51 Solution ‘Create a creature’ (1 of 1 proje
4 [ Create a creature
»8 References
W Model.bim

This window is being auto-hidden
(when you move the mouse off the
window, it will collapse to the edge
of the screen).

This window will occupy its space
on the screen, and you can drag it
to any new position.

Solution Explorer
() 3

Search Solution

iin ‘Create a creature’ (1 of 1 proj
Create a creature

»® References
W Model.bim

You can click on the map pin symbol to toggle between the two states shown.

The Three Main Windows to Show

You'll probably want always to have these three windows open in Visual Studio:

Window

Keystroke to display

View menu option

Example

Solution
Explorer

[Alt]+[Ctrl] + [L]

Solution Explorer

Solution Explorer
WE o-TCIT@

Search Solution Explorer (Ctrl+;) R~

51 Solution ‘Create a creature’ (1 of 1 proj
4 [ Create a creature

»® References

e Model.bim

Properties

Properties Window

Model.bim File Properties

[s2|n | 2

El Advanced -~

Build Action  Compile
Copy To Outpu: Do not copy
B Misc

Collatinn

Tabular
Model
Explorer

This window automatically appears when you edit
a model, and is unavailable otherwise.

Tabular Model Explorer
El | Search P~

4 @l Models

4 [ Create a creature
M Data Sources
Ml KPis
Ml Measures
Ml Perspectives
M Relationships
M Roles
Ml Tables
Ml Translations

© Copyright 2023
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What we do!

Basic Advanced Systems /
training training consultancy

Microsoft Excel

VBA macros

Eg
E.-
Office Scripts E"
Eﬁ

Microsoft Access

Power BI

Power Apps

Business
Intelligence

g e e

Power Automate / PAD

SQL

Reporting Services

Report Builder

-
(]
>
.
Q
)]
.|
o
)]

Integration Services

e Sl S S S
i Sl S S &
i Sl S S &

Analysis Services

Visual C# programming

VB programming

DAX

i Sl S Sl &
i Sl S Sl &

Python

g WiseOw!
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