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Introduction

In an effort to not sound like a complete Microsoft fan boy, SQL Server 2016 has some seriously cool
additions. Not the least of these is the inclusion of a massive data analysis tool widely used throughout the
industry. This tool is called, simply, R. Some of you might be asking why Microsoft would possibly include
this tool, since it isn’t really a database thing as it is an analysis or graphing tool.

The reason, I think, is fairly simple to deduce: Microsoft is expanding their reach. It seems to me that
Ris a great way to do that. The inclusion of R Tools as a part of the Visual Studio toolset and the SQL Server
database instance will most definitely be a game changer for SQL Server development. It used to be where
the database developer would have to prepare the data to be consumed by some service for analysis; not
anymore. R Tools for Visual Studio (RTVS) allows the user to either prepare their scripts in Visual Studio, or
directly in SQL Server Management Studio. Although this isn’t recommended by Microsoft, it is still possible.

What We Will Cover

What this book covers is pretty simple and straightforward. We will...
e  Setup anew instance on SQL Server 2016
e Setup the necessary R resources to properly create, consume, and execute R
e  Briefly review the history, syntax, and functions within R
e  Create a custom R solution using R Tools for Visual Studio
e  Configure SQL Server Reporting Services
e Install and configure Report Builder

e Create reports in Report Builder based on R code developed in R Tools for
Visual Studio

e  Consume those reports through Reporting Services
Itis important to note a few things at this point. Specifically, ...

e  RTools for Visual Studio is a brand-new release, so the chances of it being buggy are
pretty good.

e  We are fully installing SQL Server 2016 as a completely new instance because I
wanted to be able to show the advantages that a user stands to gain by incorporating R
into their workflow, even though they may not be completely sold on the benefits of R.

All the components needed to install and configure what is necessary to run R within SQL Server 2016
are covered on MSDN. As of now, the link for the resources is at https://msdn.microsoft.com/en-us/
library/mt604883.aspx. Please note that Microsoft may not keep that same link forever, so remember that
Google is your friend. I will explain what is needed to get it up and running. It may be up to you to find the
necessary tools on Microsoft.com.
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INTRODUCTION

Why R?

Good question. Why R? The answer is actually quite simple... I think because Microsoft wants to expand
their reach into the data science field with SQL Server, so it makes sense that they would want the best
product out there for data analysis, which is arguably R. Microsoft’s Business Intelligence offerings are
already extremely sharp, so if they could find away to ...

e  Acquire a data analysis product already in heavy usage

e Incorporate that product into their existing database platform
e  Offer a GUI which integrates seamlessly into Visual Studio

e  Make it all available for free

... then the (data analysis) world would be their oyster! To my knowledge, there isn’t any other database
system that will allow for such complete interaction with R. There are plenty of instances where data is
prepared in a database and then imported to R, but this is a totally different level of interaction.

SQL Server 2016 actually runs an instance of the R engine as native to the database engine. Fascinating!
For those of you that have worked with SQL Server when they radically changed to SQL Server 2005, you
remember the shock of Integration Services and “what happened to my DTS scripts??” This is on that same
sort of level; for those intrigued by data analysis or business intelligence, the implications of the addition of
R are guaranteed to be long-reaching and will most certainly result in some amazing advancements in data
science. I, for one, can’t wait to be a part of that.

Also, just to get this out of the way...

The MIT License (MIT)

Copyright (c) 2016 Microsoft

Permission is hereby granted, free of charge, to any person obtaining a copy of this
software and associated documentation files (the "Software"), to deal in the Software
without restriction, including without limitation the rights to use, copy, modify, merge,
publish, distribute, sublicense, and/or sell copies of the Software, and to permit persons
to whom the Software is furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all copies or
substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR

IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE

AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER

LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,

OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

In other words, thank you, Microsoft, for letting me use a whole lot of your stuff! I really appreciate it.

If you read my first book, Practical Maintenance Plans in SQL Server (Apress, 2016), then you are already
familiar with my writing style. I tend to try and keep the mood a bit light and sometimes quirky, without
sacrificing technical content. At times, I might divert down a rabbit hole, but I always have a point at the end.
Most of the time, it might take me a while to get there, but I do eventually get there in the end.

Right now—before we get into installing and setting up our environment—is a great time for you to take
a few minutes to get familiar with R and what it can do.

Once you've done that, let’s begin our journey as data scientists!
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PART I

Setup and Installation




CHAPTER 1

Setup and Installation of
SQL Server 2016

One of the major updates to SQL Server 2016 is the addition of R as an integral part of the database engine.
R began in 1993 as a data analysis language developed by Robert Gentleman and Ross Thaka at the
University of Auckland. It started as a language that could rival the S language in statistical analysis and
evolved into arguably the most popular language in the world for statistical computing, data analysis, and
machine learning.

With the business world making a major shift toward business intelligence and data analysis, the
addition of R as an integral part of SQL Server is a smart business move for Microsoft. Not only is Microsoft
introducing new functionality into an already widely accepted platform, but they are also leaving the core of
the language intact so that current R statisticians can easily move onto the SQL Server platform to enhance
their statistical computing methodology. In the end, this enhances visibility for Microsoft in the business
intelligence field, and hopefully, leads to even greater acceptance for SQL Server in everyday data analysis
operations.

In 2016, Microsoft bought Revolution Analytics, which is built around R and provides both an open
source (Revolution R Open) and commercial (Revolution R Enterprise) development platform for R. Heavy
integration of R into existing products is now Microsoft’s focus, with the obvious choice of SQL Server and,
eventually, Azure. This is an exciting release, because it gives Azure hosted services the opportunity to
deliver content based on R computations done in an Azure site or database.

Since R has been added as an installation portion of SQL Server 2016, all we need to do is select the
option during installation to add it and then run through some minor configuration tasks.

There are certain things that we need to check and install to make sure that R runs, but I will show
all that when we get there. For now, download SQL Server 2016, and then follow along with me on how to
install it. It is worth noting that your installation screens may vary slightly from mine, depending on the
service packs or if Microsoft decides to change the install screens, but I think that the gist of the content will
be the same.
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Planning

First things first though. Once you download SQL Server 2016, you want to plan out the basics, such as the
account that you're going to use and where your default file locations are going to be. If you read my last
book, then you know that I have a very particular way in which I organize my file system for SQL Server. For
this book, I make a separate logical disk (E:\) with the following folder structure:

e  E:A\SQL Server

e  Backups
e Data
e Logs

So, one main folder, SQL Server, and then three folders inside of that folder to hold the different bits as
needed. There can be other folders, such as DTSX or Output, which you can use for other things, but for the
most part, those three subfolders inside of the main folder work nicely.

Note There are other locations that SQL Server wants to place files in during installation; this is fine, since
this is how SQL Server wants to categorize the system files to keep everything copacetic. We will have control
over our data, logs, and backups in the folders specified earlier.

As far as which account you should use to run the functionality of SQL Server 2016, this should be a
no-brainer. It needs to run as if it were a regular database installation, so it needs to have the account
assigned that it would normally have. To be clear, assign the same account that you are currently using for
whatever version of SQL Server you are running. Most times, this needs to be an administrator in order to
install programs.

A quick side-note here: if you haven’t read the hardware and software requirements for SQL Server
2016, you probably want to do that. Also, Appendix A covers installation of SQL Server 2016 onto an existing
SQL Server 2014 server. If you are running SQL Server 2014 and want to try SQL Server 2016 on the same
server, then look to Appendix A for guidance. (But in no case should you ever use a production server to
follow along with this book).

Beginning the Installation

Here we go! Double-click the setup.exe file in the download folder. You should see what’s shown in
Figure 1-1.
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Planning E% Hazd and Scftware Requi
Instaltat View the hardware and software requirements.
Maintenance Security Documentation
| Took View the security documentation,
Resources F :h Onling Release Notes
View the latest information about the relesse.

Options. t-i- System Configuration Checker
—l) Launch a tool to check for conditions that prevent a successful SCGL Server installation.

LT Dewnload Upgrade Adviser

Upgrade Advisor analyzes SCL Server components that are installed and identifies
issues to foc either before or after you upgrade to SOL Server 2016,

E% Online Installation Help
Launch the enline installaticn documentation.

= How to Get Started with SOL Server 2015 Failover Clustering
Read instructions on how to get started with SOL Server 2016 failover clustering.

i) Get Started with the installation of Power Pivot for SharePaint
Read how to install, configure, and verify an installation of Power Pivet for SharePeint.

33 Get Started with the Installation of Reparting Services SharePoint Mode

Read how to install, configure, and verify an i ion of Reporting Services in
SharePoint mode.

Microsoft” SOL Server 2016

. Upgrade Dacumentstion
Vi the daciment abont hoe te anacads te SO Sense MR fram s nesuin e uscan Y.

Figure 1-1. Initial SQL Server 2016 installation screen

If you see the screen asking to make changes to your system, go ahead and say Yes.

Figure 1-1 shows the first screen that you should see when you start installation. This screen should look
pretty familiar to you, if you have ever installed SQL Server before. Click the Installation link on the left. You
should see what is shown in Figure 1-2.

Planning @ Mew SOL Server stand-alone installation or add features to an existing installation
Installation Launch 2 wizard to install SOL Server 2016 in 2 non-clustered environment or to add
features to an existing SQL Server 2016 instance.
Maintenance
| ok Install SQL Server Management Tools
e Launch a download page that provides a link to install 501 Server Management
| Resources Studhe, SOL Server command-line utilities (SQLCMD snd BCP), SQL Server PawerShell
provider, SQL Server Profiler and Database Tuning Advisor. An internet connection is
Advanced required to install these tools.
Options E ; Install SOL Server Data Tools
| .
Launch & download page that provides a link to install SOL Server Data Tools (S50T).

S50T prevides Visual Studio integration including preject system support for Azure
SOL Database, the SOL Server Database Engine, Reporting Senvices, Analysis Senices
and Integration Services. An internet connection is required to install SSOT,

Mew SOL Server failover cluster installation

Launch a wizard te install 8 single-node SOL Server 2016 faflover cluster.

Add node to 2 SOL Server failover cluster
Launch 2 wizard to add & node to an exsting SOL Server 2016 failover cluster.

Upgrade from a previous version of SOL Server
Launch a wizard to upgrade a previous version of SOL Server to SOL Server 2016,

Hew R Server (Standalone) installation

Launch a wizard to install R Server (Standalone] on a Windows machine. This is
typically used by data scientists as a standalone analysis server or a3 & S0L Server R
Services client.

a8 Bl S S

Microsoft” SOL Server 2016

Figure 1-2. SQL Server 2016 installation options
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Once here, click the top link, titled New SQL Server stand-alone installation or add features to an
existing installation.

Note that the very bottom option is something new. It says New R Server (Standalone) installation.
You would select this option if you only wanted to install R Server as either a server (standalone,
self-contained data analysis server, in other words) or a client (manipulating data from a remote SQL
Server R Services installation). Note that you need the SQL Server 2016 services running as well, so this
would be to add R services to an existing SQL Server 2016 installation.

Product Key

Next is to enter your product key. Figure 1-3 shows the screen you see after continuing from Figure 1-2 in the
prior section. Here you can specify that you wish to run the free edition, or you may enter a product key in
order to run alicensed edition.

12 SOL Server 2015 Setup - O x

Product Key
Specify the edition of SQL Server 2016 to install.

Product Key Validate this instance of SOL Server 2016 by entering the 25-character key from the Microsoft certificate
of suthenticity or product packaging. You can also specify a free edition of SOL Server: Developer,
Evaluation, or Express. Evaluation has the Largest set of SOL Server features, a5 documented in SOL Server
Glebal Rules Books Online, and is activated with 3 180-day expiration. Developer edition does not have an expiration
Product Updates has the same set of features found in Evaluation, but is licensad for non-production database application
development only. To upgrade from one installed edition to another, run the Edition Upgrade Wizard,

License Terms

Install Setup Files

Install Rules

Feature Selection ® Specify a free edition:

Festure Rules Evaluation v
Feature Configuration Rules O Enter the product key:

Ready to Install

Installation Progress

Complete

< Back Mext > Cancel

Figure 1-3. Product Key screen

SQL Server 2016 can be installed in one of three free editions:

e  Evaluation: A full set of features; basically, the Enterprise version of SQL Server
2016, but only good for 180-day spans.

e Developer: A full set of features, but cannot be used for production database work.

e  Express: The smallest, bare-bones installation of SQL Server 2016; does not expire
and can be used for production use.

If you would like to choose an option other than Evaluation, go right ahead. Just understand the
implications of choosing that option; for example, the Express option doesn’t support R so I wouldn’t choose
this option. For what you need here, the Evaluation version is perfect, because you certainly decide within 180
days if this new functionality is something you want to permanently include in your SQL Server installation.

When you have chosen the version you are most comfortable with, click Next to continue.
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License Terms

The next screen, shown in Figure 1-4, simply asks you to accept the license terms.

SETUP AND INSTALLATION OF SQL SERVER 2016

i~ SOL Server 2016 Setup = o x
License Terms
Toinstall SQL Server 2016, you must accept the Microsoft Software License Terms.

Product Key -
MICROSOFT EVALUATION SOFTWARE LICENSE TERMS

License Terms

Global Rules |MICROSOFT SQL SERVER 2016 EVALUATION

Product Updates : : s
These license terms are an ag between Mi ft Corp {or based on where you

Install Setup Files

live, one of its affiliates) and you. Please read them. They apply to the evaluation software

Install Rules named above, which includes the media on which you received it, if any. The terms also apply
Feature Selection to any Microsoft
F Rul
e * updates,
Feature Configuration Rules
Ready to Install s supplements,
Matstion rogrtss e Internet-based services, and
Complete
s cunnnrt tervices v
<2 = ]
Lopy  Brint

[]1 accept the license terms.
SOL Server 2016 transmits information about your installation experience, as well a5 other usage and

performance data, to Micrasoft to help improve the praduct. To lsam maore about SOL Server 2016 data
processing and privacy controls, pleass ses the Privacy Statemant.

< Back Hext > Cancel
Figure 1-4. License terms

I honestly have never read this license all the way through. I can’t say that I know anyone who has.
Obviously, just click the I accept the license terms check box and then click Next to move on.

Install Rules

This screen shows you what happens as SQL Server goes through the preliminary steps to check for a clean
installation. If you get any errors or warnings, you should look at correcting them so that you can install as
cleanly as possible.

My screen flashed a few times and I eventually ended up at the screen shown in Figure 1-5.
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% SOL Server 2016 Setup

Install Rules

Setup rules identify potential problems that might occur while running Setup. Failures must be comected before Setup

can continue.
Product Key COperation completed. Passed: 4. Failed 0. Waming 1. Skipped 0.
—_— e ——————
Glebal Rules
Product Updates Hide details << Be-run
Irestall Setup Files View detailed report
Install Rules — ~ —
Feature Selection Fule Status
Feature Rules @ Fusion Active Template Library (ATL) Passed
Feature Configuration Rules ';9 Comsistency validation for SOL Server registry keys | Bassed
Ready to Install Ia.Ccmpulef domain controller .Euﬂ!
Installation Progress '-\9 | Microsoft NET Application Security | Paszed
Complete | A .Windcm Firewall | Waming

< Back Next » Cancel

Figure 1-5. Install Rules

It's worth noting that there could be an update to SQL Server 2016 that gets downloaded and installed
during this step, so if a message comes up with that information, go ahead and install it.

So everything looks good except for my firewall rule. Since no connections come from a network on my
laptop, this should be fine, so I'm going to click Next to continue.

Feature Selection

Now we get to choosing what we want as part of the actual installation. Figure 1-6 shows the screen we have
been waiting for.
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Feature Selection
Select the Evaluation features to install.

Global Rules
Product Updates
Install Setup Files
Install Rules
Product Key
License Terms
Feature Selection
Feature Rules
Feature Configuration Rules
Ready to Install
Installation Progress
Complete

Ecatures:

Instance Features -~
[ Database Engine Services
[ 504 Server Replication
[] R Services (In-Database)
[ Full-Test and Semantic Extractions for Ses
[ Data Quality Services
[ PelyBase Query Service fer Extemal Data
[ Analysis Services
[ Reporting Senvices - Native
Shared Features
[ R Server (Standalone)
[ Reporting Services - SharePoint
[ Reporting Services Add-in for SharePoint Pro: v
< >

Feature description:

| Includes the Database Engine, the core service » |
for storing, processing and securing data. The |

| Database Engine provides controlled access

| and rapid transaction processing snd slio ¥|

PBrerequisites for selected features:

Dlslr Space Requirements

Select All Unselect All
Instance root directory:

Shared feature directony:

Shared feature directory (x86):

Figure 1-6. Feature Selection

Ci\Program Files\Microsoft SOL Server\
Ci\Program Files\Microsoft SOL Server)

C:\Pragram Files (x36)\Microsoft SQL Server\

< Back HNext > Cancel
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At this point, we need to choose just the bare minimum of what we need to test the functionality of R
within our database instance. In this book, we get familiar with R and create charts using R Tools for Visual
Studio, and then duplicate those results in SSMS, ultimately serving those results in reports through Reporting
Services. Because of this, we only install R Services (In-Database) and Reporting Services - Native. This gives
us everything we need to really get a feel for R and what it can do for us. It also means that we don’t need to
install the entirety of SQL Server 2016. Figure 1-7 shows the selected options that you should have at this time.

Feature Selection
Select the Evaluation features to install.

Global Rules

Features: Feature description:

Praduct Updates Instance Features | Includes the Database Engine, the core senvice A |
Install Setup Files Database Engine Services for storing, processing and securing data. The |
Install Rules [ 3G Server Replication | Database Engine provides controlled access |
Product K [ B Services (In-Database) | and rapid transaction processing and also v |

L ct
i’ = - i [ Full-Text and Semantic Extractions for Sea | Prerequisites for selected features:

b [ Data Quality Services r

i Already installed: ~
Feature Selection
- Dna,s;:‘gueqs«me fior External Data Win PowerShell 3.0 or higher
Festure Rules A Sapvitac Mirroenft Vienal Studio 3010 Redictributahle ¥
Instance Configuration = %] R:Pﬂﬂ"'g Services - Native 2 >
2 ared Features 5
Disk e Requirements.

S antauten [ R Server (standalone) i
Database Engine Configuration [ Reporting Services - SharePeint Drive C: 3164 MB required, 257381 MB |

eporting Services C i [ Reporting Services Add-in for SharePoint Pro. v || available
Consent to install Micrasoft A ... £ L
Feature Configuration Rules

Select All Unselect All

Ready to Install L
Installation Progress Instance roct directory: CA\Program Files\Microsoft SOL Server!,

Complete

Shared feature directony:

Shared feature directory (x86):

Figure 1-7. Selected options

C:\Pragram Files\Microsoft SQL Server)

C:\Pragram Files (x36)\Microsoft SQL Server\

< Back Cancel



CHAPTER 1 * SETUP AND INSTALLATION OF SQL SERVER 2016

Click Next here to move on. It takes a second to think about what it wants to do, but eventually, you see
the Instance Configuration screen shown in Figure 1-8.

% SOL Server 2016 Setup - u] x

Instance Configuration

Specify the name and instance ID for the instance of SQL Server. Instance D becomes part of the installation path.

Global Rules (®) Default instance
[
Toduct Uprates O Named instance: MSSQLSERVER
Inestall Setup Files
Install Rules
Product Key Instance I0x [mssauserver
License Terms
Feature Selection
Festure Rules SO Server directory: C\Program Files\Microsoft SQL Server\MSS0L13. MSSOLSERVER
Instance Configuration Reporting Services directory:  C:\Program Files\Microsoft SL Server\MSRS13. MSSOLSERVER

Server Configuration
Installed instances:

Database Engine Configuration — — — — 2
Reparting Services Configuration Instance Mame Instance 1D Festures Edition Version
Consent to install Microsoft AL ...

Feature Configuration Rules

Ready to Install

Installation Progress

Complete

< Back Hext > Cancel

Figure 1-8. Instance Configuration

Instance Configuration

Since this is a new installation and there isn’t a previous version of SQL Server installed, the option is
available for Default Instance. We can certainly do this with no issue, but I usually prefer to name my
instances. I leave this up to you, but understand that I will use a Named instance and not a Default instance
for the remainder of this book.

At this point, we need to define our new instance. If you look on the Installed Instances section, you
see that there is nothing there. We choose the Named Instance option and call it SQL2016RS for SQL Server
2016 R Services. The Instance ID field should be updated to SQL2016RS as well. Once you do that, you see
what is shown in Figure 1-9.

10
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% SOL Server 2016 Setup

Instance Configuration

Specify the name and instance ID for the instance of SCL Server. Instance ID becomes part of the installation path.

Global Rules () Default instance
P I
FoductUpdates (@) Mamed instance: [SQLZDWRS
Install Setup Files e
Install Rules
Product Key Instance [0 [SQLZD'&RH
License Terms
Feature Selection
Festure Rules SOL Server directony: C:\Program Files\Microsoft SOL Server\M550L13.50L 2016RS
Instance G o Rep g Services directory:  C\Program Files\Microsoft SOL Server\MSR513.50L2016R5
Server Configuration
Detabase Engine Config Installed instances:
Reporting Services C i I N Instance 1D Features Edetion Version

Consent to install Microsoft AL ...
Feature Configuration Rules
Ready to Install

Installation Progress

Complete

< Back Hext » Cancel

Figure 1-9. Updated Instance Configuration screen

Pay attention to the Named Instance field, the Instance ID field, the SQL Server directory location,
and the Reporting Services directory location listed on this screen. Those need to all have SQL2016RS
referenced in them. Once you are satisfied that everything is as it should be, click Next to continue.

When you are ready, click Next to move on.

Server Configuration

The next screen is where we define the service accounts and startup types for the services. This screen is
shown in Figure 1-10.

11
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= SOL Server 2016 Setup - o X

Server Configuration

Specify the service accounts and collation configuration.

Global Rules Service Accounts  Collation

Product Updates

Instail Setup Files Microsoft recommends that you use a separate account for each SQL Server senvice.

Install Rules Service Acceunt Name Password Startup Type
Product Key NT Service\SQLAgentss... Manal ]
License Terms SCL Server Database Engine INT Service\MSSCLSSOL... Automatic |~
Feature Selection SQL Server Reporting Services NT Service\ReportServer... [Butomatic |~
Feature Rules 5QL Server Launchpad INT Service\MSSQLLaun... Automatic
Instance Configuration SOL Server Browser INT AUTHORITY\LOCAL ... .!uulcmulnc I~ |
Server Configuration

Database Engine Configurstion [[] Grant Perform Violume Maintenance Task privilege to SOL Server Database Engine Service
Reporting Services Configuration This privilege enables instant file initialization by avoiding zercing of data pages. This may lead
Consent o install Micoasoft Bt ... to information disclosure by allowing deleted content to be accessed.

Feature Configuration Rules Llick here for detaily

Ready to Install

Installation Progress

Complete

< Back Hext » Cancel

Figure 1-10. Server Configuration

The only service to really pay attention to here is the SQL Server Launchpad service. This service handles
the execution of R within the database engine, so if R isn’t behaving as expected, check this service first.

The SQL Browser service is running under the context of local services, so there isn’t a new service
account being created. We won’t worry about that one, in other words.

These service accounts are the default, but can always be changed to your own service accounts, if you
have them. If you don’t have your own service accounts, you can keep these suggested service accounts.
I know a lot of server administrators that insist on employing the principal of least privilege for services,
so if that is the case for your particular environment, then you need to get the service name and login
information from the server administrator in order to proceed. Another way you can go about this is to copy
these service names and include them in a summary to your system administrator regarding the accounts
that were created during installation, so that the system administrator can audit the permissions for this
user as needed. It is important to note here that I am referring to a separate individual or entity for “system
administrator” that is not a database administrator, but rather the Windows-level administrator. The person
in charge of the operating system level, one step up from the Application layer, in other words.

We only want to change a little bit here; specifically, set the SQL Server Agent service Startup Type to
Automatic. That is the only change we need to make. Figure 1-11 shows what you should see at this point.
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