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Introduction

Self-service business intelligence (BI)—you have heard the hype, seen the sales demos, and are ready to

give it a try. Now what? You have probably checked out a few web sites for examples, given them a try, and
learned a thing or two, but you are probably still left wondering how all the pieces fit together and how you
go about creating a complete solution. If so, this book is for you. It takes you step by step through the process
of analyzing data using the tools that are at the core of Microsoft’s self-service BI offering: Power Query,
Power Pivot, and Power BI.

Quite often, you need to take your raw data and transform it in some way before you load it into the data
model. You may need to filter, aggregate, or clean the raw data. I show you how Power Query allows you to
easily transform and refine data before incorporating it into your data model. Next, I show you how to create
robust, scalable data models using Power Pivot. Because Power Pivot is the core tool you will use to create
self-service BI solutions, I cover it extensively in this book. Next up, I show you how to use Power BI Desktop
to easily build interactive visualizations that allow you to explore your data to discover trends and gain
insight. Finally, I show you how to deploy your solution to the Power BI Service for your colleagues to use.

I strongly believe that one of the most important aspects of learning is doing. You can’t learn how to ride
a bike without jumping on a bike, and you can’t learn to use the BI tools without actually interacting with
them. Any successful training program includes both theory and hands-on activities. For this reason, I have
included a hands-on activity at the end of every chapter designed to solidify the concepts covered in the
chapter. I encourage you to work through these activities diligently. It is well worth the effort.

xvii



PART I

Building Models in Power Pivot




CHAPTER 1

Introducing Power Pivot

The core of Microsoft’s self-service business intelligence (BI) toolset is Power Pivot. It is integrated into both
Excel 2016 and Power BI and forms the foundation on top of which you will build your analytical reports and
dashboards. This chapter provides you with some background information on why Power Pivot is such an
important tool and what makes it perform so well. The chapter also provides you with an overview of the Power
Pivot interface in Excel 2016 and gives you with some experience using the different areas of the interface.

After reading this chapter you will be familiar with the following:

¢ Why you should use Power Pivot
e  The xVelocity in-memory analytics engine
e  Exploring the Data Model Management interface

e Analyzing data using a pivot table

Why Use Power Pivot?

You may have been involved in a traditional BI project consisting of a centralized data warehouse where

the various data stores of the organization are loaded, scrubbed, and then moved to an online analytical
processing (OLAP) database for reporting and analysis. Some goals of this approach are to create a data
repository for historical data, create one version of the truth, reduce silos of data, clean the company data
and make sure it conforms to standards, and provide insight into data trends through dashboards. Although
these are admirable goals and are great reasons to provide a centralized data warehouse, there are some
downsides to this approach. The most notable is the complexity of building the system and implementing
change. Ask anyone who has tried to get new fields or measures added to an enterprise-wide data
warehouse. Typically, this is a long, drawn-out process requiring IT involvement along with data steward
committee reviews, development, and testing cycles.

What is needed is a solution that allows for agile data analysis without so much reliance on IT and
formalized processes. To solve these problems, many business analysts have used Excel to create pivot tables
and perform ad hoc analysis on sets of data gleaned from various data sources. Some problems with using
isolated Excel workbooks for analysis are conflicting versions of the truth, silos of data, and data security.

So how can you solve this dilemma of the centralized data warehouse being too rigid while the Excel
solution is too loose? This is where Microsoft’s self-service BI toolset comes in. These tools do not replace
your centralized data warehouse solution but rather augment it to promote agile data analysis. Using Power
Pivot, you can pull data from the data warehouse, extend it with other sources of data such as text files or
web data feeds, build custom measures, and analyze the data using pivot tables and pivot charts. You can
create quick proofs of concepts that can be easily promoted to become part of the enterprise-wide solution.
Power Pivot also promotes one-off data analysis projects without the overhead of a drawn-out development

© Dan Clark 2017 3
D. Clark, Beginning Power BI, DOI 10.1007/978-1-4842-2577-6_1



CHAPTER 1 * INTRODUCING POWER PIVOT

cycle. When combined with SharePoint 2016, SQL Server Reporting Services 2016, and/or One Drive,
workbooks can be shared, secured, and managed. This goes a long way to satisfying IT’s need for governance
without impeding the business user’s need for agility.

Here are some of the benefits of Power Pivot:

e Functions as a free add-in to Excel

e  Easily integrates data from a variety of sources

e Handles large amounts of data, upward of tens to hundreds of millions of rows
e  Uses familiar Excel pivot tables and pivot charts for data analysis

¢ Includes a powerful Data Analysis Expressions (DAX) language

¢ Hasdatain the model that is read only, which increases security and integrity

When Excel Power Pivot workbooks are hosted in SharePoint, Reporting Services, and/or One Drive,
here are some of its added benefits:

¢ Enables the sharing and collaboration of Excel Power Pivot solutions
e Canschedule and automate data refresh

e Can audit changes through version management

e Cansecure users for read-only and updateable access

Now that you know some of the benefits of Power Pivot, let’s see what makes it tick.

The xVelocity In-memory Analytics Engine

The special sauce behind Power Pivot is the xVelocity in-memory analytics engine (yes, that is really the
name). xVelocity allows Power Pivot to provide fast performance on large amounts of data. One of the keys to
this is it uses a columnar database to store the data. Traditional row-based data storage stores all the data in
the row together and is efficient at retrieving and updating data based on the row key, for example, updating
or retrieving an order based on an order ID. This is great for the order-entry system but not so great when you
want to perform analysis on historical orders (say you want to look at trends for the past year to determine
how products are selling, for example). Row-based storage also takes up more space by repeating values for
each row; if you have a large number of customers, common names like John or Smith are repeated many
times. A columnar database stores only the distinct values for each column and then stores the row as a set
of pointers back to the column values. This built-in indexing saves a lot of space and allows for significant
optimization when coupled with data-compression techniques that are built into the xVelocity engine. It also
means that data aggregations (like those used in typical data analysis) of the column values are extremely fast.
Another benefit provided by the xVelocity engine is the in-memory analytics. Most processing
bottlenecks associated with querying data occur when data is read from or written to a disk. With in-memory
analytics, the data is loaded into the RAM memory of the computer and then queried. This results in
much faster processing times and limits the need to store pre-aggregated values on disk. This advantage
is especially apparent when you move from 32-bit to 64-bit operating systems and applications, which are
becoming the norm these days.
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Another benefit worth mentioning is the tabular structure of the Power Pivot model. The model consists
of tables and table relationships. This tabular model is familiar to most business analysts and database
developers. Traditional OLAP databases such as SQL Server Analysis Server (SSAS) present the data model
as a three-dimensional cube structure that is difficult to work with and requires a complex query language
called Multidimensional Expressions (MDX). I find that in most cases (but not all), it is easier to work with
tabular models and DAX than OLAP cubes and MDX.

Enabling Power Pivot for Excel

Power Pivot is a free add-in to Excel and has been available since Excel 2010. If you are using Excel 2010, you
have to download and install the add-in from the Microsoft Office website. If you are using Excel 2013, the
add-in is already installed and you just have to enable it. If you are using Excel 2016 (the version covered in
this book), it is already installed and enabled for you. To check what edition you have installed, click the File
menu in Excel and select the Account tab, as shown in Figure 1-1.

Account

Office Theme

Sign in to Office U Oﬁice

Get 1o your documents from amywhere Dy signing in to Office. Your
experience just gets better and more personalized on every device you
e

Product Information

Subscription Product
Microsoft Office 365 ProPlus
This product contains
droeerrese

Manage Account

Sign T

. Office Updates

Updates are automatically downloaded and installed

Update Deterrest Channe
OPUORS™ |y ersion: 16.067412063
0 About Excel
—_-—-—“ Learn more about Excel Support, Product 1D, and Copymight information.
About
Ewced

~ What's New
See the most recently installed updates

What's New

Figure 1-1. Checking for the Excel version
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On the Account tab, click the About Excel button. You are presented with a screen showing version
details, as shown in Figure 1-2. Take note of the edition and the version. Although the 32-bit version will
work fine for smaller data sets, to get the optimal performance and experience from Power Pivot you should
use the 64-bit version running on a 64-bit version of Windows with at least 8 GB of RAM.

About Microsoft® Excel® 2016 X

Microsoft® Excel® 2016 MSO (16.0.6701.1036) 64-bit g
Product 1D: 00202-50316-96783-AA371

V‘lewmeMiaosoﬂSomtjmTerms]

Portions of International CorrectSpell™ spelling correction system © 1993 by Lemout & Hauspie Speech  «
Products N.V. All rights reserved. The American Heritage® Dictionary of the English Language, Third

[Edition Copyright © 1992 Houghton Mifflin Company. Electronic version licensed from Lernout & Hauspie
Speech Products N.V. All rights reserved. PDF Reference, fourth edition: Adobe® Portable Document

Format version 1.5, © 1985-2003 Adobe Systems Incorporated. All rights reserved.
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Figure 1-2. Checking the Excel edition and version
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Once you have determined that you are running the correct version, you can enable/disable the Power
Pivot add-in by clicking the File menu and selecting the Options tab. In the Excel Options window, click the
Add-Ins tab. In the Manage drop-down select COM Add-ins and click the Go button (see Figure 1-3).

Excel Options ? X
I 1 |
| Soniut [; View and manage Microsoft Office Add-ins.
Formulas
Proofing Add-ins
Save |Name ~ ILocation IType 1;1!
Language IA.ﬂwr Application Add-ins _ - =
Advanced Analysis ToolPak - VBA CA-brar\Analysi\ATPVBAENXLAM  Excel Add-in
Customize RIbbOD ax Studio Excel Add-lq file/// .dio/DaxStudio.vstojvstolocal  COM Add-in
| @ Microsoft Power Bl Publisher for Excel C\Windows\System32\mscoree.dii COM Add-in
Quick Access T | Microsoft Power Map for Excel CA_Add-in\EXCELPLUGINSHELLDLL COM Add-in
Microsoft Power Pivot for Excel CA\PowerPivotExceiClientAddingll  COM Add-in
Microsoft Power View for Excel CA\AdHocReportingExceiClientdll  COM Add-in
Trust Center
Inactive Application Add-ins
Date (XML) CA_ft Shared\Smarn Tag\MOFLDLL Action
Euro Currency Tools CA-fice16\Libran\EURDTOOLXLAM  Excel Add-in
Inquite CAice\Dffice 16\DCF\NativeShim.dil  COM Add-in
Microsoft Actions Pane 3 XML Expansion Pack
Solver Add-in CA\Libran\SOLVER\SOLVERXLAM  Excel Add-in
Team Foundation Add-in CA_20\amd6A\TFSOfficeAdd-indll  COM Add-in
Team Foundation Add-in “C_ssemblies\TFSOfficeAdd-indli”  COM Add-in et
Add-in Analysis ToolPak

Publisher Microsoft Corporation
Compatibility: No compatibility information available
Location: CAProgram Files\M, ft Office\root\Office 16\Library\Analysis\ANALYS32XLL

Description:  Provides dat

Manage: | COM Add-ins

oK H Cancel

Figure 1-3. Managing COM add-ins
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You are presented with the COM Add-ins window (see Figure 1-4). Make sure Microsoft Power Pivot for
Excel is checked and click OK.

COM Add-ins ? X
~| Dax Studio Excel Add-In A
| Inquire Cancel

| Microsoft Power Bl Publisher for Excel
| Microsoft Power Map for Excel
Microsoft Power Pivot for Excel
| Microsoft Power View for Excel
Team Foundation Add-in Bemove

| Team Foundation Add-in

Location: CAProgram Files\Microsoft Office\Root\Office 16\ADDINS\PowerPivot Excel Add-in\PowerPivotExcelClientAddin.dil
Load Behavior: Load at Startup

Figure 1-4. Selecting the Power Pivot add-in

Now that you have ensured that the Power Pivot add-in for Excel is enabled, it is time to explore the
Data Model Manager.

Exploring the Data Model Manager Interface

If Power Pivot is enabled, you should see a Power Pivot tab in Excel (see Figure 1-5). Clicking the Manage
button launches the Data Model Management interface.

File Home Insert Page Layout Formulas Data Review View Developer Add-ins Power Bl JEeliSasiten l

. I i — e - |

@ fl o [ (< [ .Q &

Manage ~ Measures KPls Addto Update Detect  Settings
> - Data Model Al

Data Model Calculations Tables Relationships

Figure 1-5. Launching the Data Model Manager

When the Data Model Manager launches, you will have two separate but connected interfaces. You can
switch back and forth between the normal Excel interface and the Data Model Management interface. This
can be quite confusing for new Power Pivot users. Remember, the Data Model Manager (Figure 1-6) is where
you define the model including tables, table relationships, measures, calculated columns, and hierarchies.
The Excel interface (Figure 1-7) is where you analyze the data using pivot tables and pivot charts.
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Figure 1-6. The Data Model Manager interface
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Figure 1-7. The Excel Workbook interface
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There are two views of the data model in the Data Model Manager: the data view and the diagram view.
When it first comes up, it is in the data view mode. In data view mode, you can see the data contained in the
model. Each table in the model has its own tab in the view. Tables can include columns of data retrieved
from a data source and also columns that are calculated using DAX. The calculated columns appear a little
darker and have a different-colored header than the other columns. Figure 1-8 shows the Full Name column,
which is derived by concatenating the First Name and Last Name columns.

A B First Name B Middle Name B3| Last Name B3| Full Name B sirh... B
1 Latasha Suarez Latasha Suarez 9/25/197... !
2 Larry Gill Larry Gill 4/13/197... !
3 Edgar Sanchez Edgar Sanchez 6/3/1977... !
4 Shelby Bailey Shelby Bailey 6/3/1977... !
5 Alexa Watson Alexa Watson 8/25/197... !
6 Jacquelyn Dominguez Jacquelyn Dominguez 9/27/197... !
Kate Shan Kate Shan 1/24/197... !
8 Colleen Lu Colleen Lu 7/17/197... !
¢ Dale Shen Dale Shen 3/16/197... !
i) Tammy Sai Tammy Sai 11/14/19... !
11 Leah Li Leah Li 10/6/197... !
1Pl  Andrea Cox Andrea Cox 8/3/1977... !
EY  Alyssa Lee Alyssa Lee 8/13/197... !
14 Jill Rubio Jill Rubio 6/27/197... !
i8]  Dennis Li Dennis Li 7/17/197... !
il4 Natasha Sanz Natasha Sanz 5/18/197... !
17 Autumn Thu Am 1n/23/19 ]

Figure 1-8. A calculated column in the Data Model Manager

Each tab also contains a grid area below the column data. The grid area is where you define measures
in the model. The measures usually consist of some sort of aggregation function. For example, you may want
to look at sales rolled up by month or by products. Figure 1-9 shows some measures associated with the
Internet Sales table.

10
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[Sales Am... - f« Total Sales Amount:=SUM([Sales Amount])

Al Total Produc... B Sales Amount B Margin
$3.12
$3.12
$3.12
$3.12

$3.12
9312,

Total Margin: $12,080,883.65

Figure 1-9. The measures grid area in the Data Model Manager

There are four menu tabs at the top of the designer: File, Home, Design, and Advanced. If you don’t see
the Advanced tab, you can show it by clicking the File menu tab and selecting Switch To Advanced Mode.
You will become intimately familiar with the menus in the designer as you progress through this book.

For now, suffice it to say that this is where you initiate various actions such as connecting to data sources,
creating data queries, formatting data, setting default properties, and creating key performance indicators
(KPIs). Figure 1-10 shows the Home menu in the Data Model Manager.

Home Design Advanced
= te ADC [t - 1 I [t Miats T
Paste Append \ i \ \ Data Tvt
" &> s |
Paste Replace . g23 L ¢ —=s Format : Currency *
Paste From From Data From Other Exsting Refresh PivotTable *.0 .00
Database ~ Service ™  Sources Connections * > $-% > W43
Chpboard >et External Data Formatting

Figure 1-10. The Home menu tab in the Data Model Manager

On the right side of the Home menu you can switch from the data view mode to the diagram view
mode. The diagram view shown in Figure 1-11 illustrates the tables and the relationships between the tables.
This is where you generally go to establish relationships between tables and create hierarchies for drilling
through the model. The menus are much the same in both the data view and the diagram view. You will
find, however, that some things can only be done in the data view, and some things can only be done in the
diagram view.

11
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Figure 1-11. Using the diagram view in the Data Model Manager

Now that you are familiar with the various parts of the Data Model Manager, it’s time to get your hands
dirty and complete the following hands-on lab. This lab will help you become familiar with working in the
Data Model Manager.

Note To complete the labs in this book, make sure you download the starter files from https://github.com/
Apress/beginning-power-bi-2ed.

12
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HANDS-ON LAB: EXPLORING POWER PIVOT

In this following lab you will

-y

> oD

Verify that the Power Pivot add-in is enabled.

Analyze data using pivot tables.

Explore the Data Model Manager.

Open Excel 2016.

On the File menu, select Account (refer to Figure 1-1).

Click About Excel and check the version (32-bit or 64-bit) you are using.

On the File menu select Options and then click the Add-Ins tab. In the Manage
drop-down, select COM Add-ins and click Go.

In the COM Add-ins window, make sure the Power Pivot add-in (refer to Figure 1-4)
is checked.

Open the Chapter1Lab1.xlsx file located in the LabStarterFiles folder.

Click Sheet1. You should see a basic pivot table showing sales by year and country,
as shown in Figure 1-12.

Total Sales Amount Column Labels ~

Row Labels
#2001
#2002
#2003
+ 2004
Grand Total

*  Australia Canada France Germany United Kingdom United States Grand Total
$1,309,047.20 $146,829.81 $5180,571.69 $237,784.99 $291,590.52 $1,100,549.45 $3,266,373.66
$2,154,284.88 $621,602.38 $514,942.01 $521,230.85 $591,586.85 $2,126,696.55 $6,530,343.53
$3,033,784.21 $535,784.46 $1,026,324.97 $1,058,405.73  $1,298,248.57 $2,838,512.36 $9,791,060.30
$2,563,884.29 $673,628.21 $922,179.04 $1,076,890.77 $1,210,286.27 $3,324,031.16 $9,770,899.74
$9,061,000.58 $1,977,844.86 $2,644,017.71 $2,894,312.34  $3,391,712.21 $9,389,789.51 $29,358,677.22

Figure 1-12. Using a pivot table

13
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8. Click anywhere in the pivot table. You should see the field list on the right side, as
shown in Figure 1-13.

PivotTable Fields e
Active  All
Choose fields to add to report: o
jo,
4 [ Date a
4 | Calendar
Year
Quarter
Month

b ™ More Fields
fl Days in Current Quarter

Jx Days Current Quarter to Date

4 [T7 Geography
City

Country Region Code -

Drag fields between areas below:

Y Filters Il Columns

Country Region Name *

™ Rows 2. Values

Calendar A Total Sales Amount -

Defer Layout Update

Figure 1-13. The pivot table field list

9. Below the field list are the drop areas for the filters, rows, columns, and values. You
drag and drop the fields into these areas to create the pivot table.

10. Click the All tab at the top of the PivotTable Fields window. Expand the Product table in
the field list. Find the Product Category field and drag it to the Report Filter drop zone.

11.  Afilter drop-down appears above the pivot table. Click the drop-down filter icon.
You should see Product Categories.

12. Change the filter to Bikes and notice the values changing in the pivot table.

13.  When you select multiple items from a filter, it’s hard to tell what is being filtered on.
Filter on Bikes and Clothing. Notice that when the filter drop-down closes, it just shows
(Multiple ltems). Remove the Product Category field from the Report Filter drop zone.

14
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14.  Slicers act as filters but they give you a visual to easily determine what is selected. On the
Insert menu, click the Slicer. In the pop-up window that appears, select the All tab and then
select the Category hierarchy under the Product table, as shown in Figure 1-14.

Insert Slicers ? X

Active All

+

- Customer

8 [ Date

8 [ Geography
8 [T Internet Sales

= _ Product
=] |& Category
v Product Category

v Product Subcategory

# [, More Fields

Figure 1-14. Selecting slicer fields

15.  Product Category and Product Subcategory slicers are inserted and are used to
filter the pivot table. To filter by a value, click the value button. To select multiple
buttons, hold down the Ctrl key while clicking (see Figure 1-15). Notice that
because these fields were set up as a hierarchy, selecting a product category
automatically filters to the related subcategories in the Product Subcategory slicer.
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Product Category ‘= T Product Subcateg...
Accessories | Tires and Tubes
Bikes Mountain Bikes
Clothing Road Bikes
{blank) Touring Bikes
Components Caps

Gloves
Jerseys
Shorts

Figure 1-15. Using slicers to filter a pivot table

16.

w4

- 4=

Hierarchies are groups of columns arranged in levels that make it easier to navigate

the data. For example, if you expand the Date table in the field list, you can see the

Calendar hierarchy, as shown in Figure 1-

16. This hierarchy consists of the Year,

Quarter, and Month fields and represents a natural way to drill down into the data.

b 3 Customer

4[] Date
4 | Calendar

Year
Quarter
Month
b [y More Fields
Jx Days in Current Quarter

Jx Days Current Quarter to Date

b [ Geography
Drag fields between areas below:
Y Filters I Columns
Country Region Name
™ Rows X Values
Calendar - Total Sales Amount

Figure 1-16. Using hierarchies in a pivot table
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17.  If you expand the Internet Sales table in the field list, you will see a traffic light icon.
This icon represents a KPI. KPIs are used to gauge the performance of a value. They
are usually represented by a visual indicator to quickly determine performance.

18.  Under the Power Pivot menu, click the Manage Data Model button.

19. Inthe Data Model Manager, select the different tabs at the bottom to switch
between the different tables.

20. Go to the ProductAlternateKey column in the Product table. Notice that it’s grayed
out. This means it’s hidden from any client tool. You can verify this by switching
back to the Excel pivot table on sheet 1 and verifying that you cannot see the field
in the field list.

21. Inthe Internet Sales table, click the Margin column. Notice this is a calculated
column. It has also been formatted as currency.

22. Below the Sales Amount column in the Internet Sales table, there is a measure
called Total Sales Amount. Click the measure and note that in the formula bar above
the table is the DAX code used to calculate the measure.

23.  Onthe left side of the Home tab of the Data Model Manager, switch to the diagram
view. Observe the relationships between the tables.

24. If you hover over the relationship with the mouse pointer, you can see the fields
involved in the relationship, as shown in Figure 1-17.

T Date Internet Sales
T DateKey T ProductKey
T Date ™ OrderDateKey
T Day Number Of Week DueDateKey
™ Day Name | ShipDateKey

T Day of Month : CustomerKey

T Day of Year CurrencyKey

T Week Number Of Year ™ SalesTerritoryKey

™ Month Name M Sales Order Number

7 Month [ Sales Order Line Number
™ Calendar Quarter ™ Revision Number

Figure 1-17. Exploring relationships
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